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1.0  ʋɺʆɼ 
 
ʄʠʥʠʩʪʘʨʩʪʚʦ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ ʨʝʘʣʠʟʫʿʝ ʄʦʥʠʪʦʨʠʥʛ 
ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ (ɺɹʂ) ʢʘʦ ʜʝʦ 
ʇʨʦʿʝʢʪʘ Ăʂʦʥʘʯʥʦ ʨʝʰʘʚʘˁʝ ʧʨʦʙʣʝʤʘ ʟʘʛʘʹʝˁʘ ʠ ʯʠʰ˂ʝˁʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ 
ʢʘʥʘʣʘñ. ʇʨʦʛʨʘʤʦʤ ʤʦʥʠʪʦʨʠʥʛʘ ʩʫ ʧʦʨʝʜ ɺɹʂ ʦʙʫʭʚʘ˂ʝʥʠ ʠ ʣʘʪʝʨʘʣʥʠ ʢʘʥʘʣʠ 
I-61, I-64 ʠ KC-III. 
 
ɻʨʘʜʩʢʠ ʟʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ɹʝʦʛʨʘʜ (ɻɿɿɱɿ), ʠʟʚʨʰʠʦ ʿʝ ʫ ʧʨʦʣʝ˂ʥʦʤ ʠ 
ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ 2009. ʛʦʜʠʥʝ, ʠʩʧʠʪʠʚʘˁʘ ʧʨʝʜʚʠʹʝʥʘ ʄʦʥʠʪʦʨʠʥʛ  ʧʨʦʛʨʘʤʦʤ 
ʥʘ ʦʩʥʦʚʫ ʫʛʦʚʦʨʘ ʙʨ. 401-00-520/2009-01, ʦʜ 19. ʤʘʿʘ 2009. ʠ  ʫʛʦʚʦʨʘ ʙʨ. 401-
00-350/2009-02 ʦʜ 6. ʘʧʨʠʣʘ 2009. ʛʦʜʠʥʝ, ʟʘʢˀʫʯʝʥʠʭ ʩʘ ʄʠʥʠʩʪʘʨʩʪʚʦʤ 
ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ. ʇʨʦʛʨʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʿʝ ʩʘʩʪʘʚʥʠ ʜʝʦ 
ʥʘʚʝʜʝʥʠʭ ʫʛʦʚʦʨʘ. 
 
ʀʩʧʠʪʠʚʘˁʘ ʩʫ ʦʙʘʚˀʝʥʘ ʥʘ 10 ʧʨʦʬʠʣʘ, ʘ ʦʙʫʭʚʘ˂ʝʥ ʿʝ ʩʝʢʪʦʨ ɺɹʂ ʦʜ ʦʢʦ 20ʢʤ. 
ʉʚʘ ʪʝʨʝʥʩʢʘ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʠʟʚʨʰʠʦ ʿʝ ɻɿɿɱɿ, ʢʦʿʠ ʿʝ 
ʩʝʨʪʠʬʠʢʦʚʘʥ ʠ ʘʢʨʝʜʠʪʦʚʘʥ ʟʘ ʦʚʫ ʚʨʩʪʫ ʠʩʧʠʪʠʚʘˁʘ.  
 
ʆʮʝʥʘ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ ʠʟʚʨʰʝʥʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʨʝʛʫʣʘʪʠʚʝ ʈʉ ʠ ICPDR - Water 
Quality Classification ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʪʨʘʥʩʥʘʮʠʦʥʘʣʥʫ ʤʦʠʪʦʨʠʥʛ ʤʨʝʞʫ ʥʘ ɼʫʥʘʚʫ 
(TNMN), ʘ ʩʝʜʠʤʝʥʪʘ ʧʨʝʤʘ Canadian Quality Sediment Guideline ʠ ICPDR -
Determinand list for sediments of TNMN. 
 
ʅʘʧʦʤʠˁʝʤʦ ʜʘ ʩʫ ʠʩʪʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘ ʠʩʧʠʪʠʚʘˁʘ ʠʟʚʨʰʝʥʘ ʠ ʫ ʿʝʩʝʥ 
2008. ʛʦʜʠʥʝ ʥʘ ʦʩʥʦʚʫ ʫʛʦʚʦʨʘ ʩʘ ʋʅɼʇ ʉʨʙʠʿʘ, ʪʘʢʦ ʜʘ ʧʦʩʪʦʿʠ ʢʦʥʪʠʥʫʠʪʝʪ ʫ 
ʥʘʚʝʜʝʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʠ ʤʦʛʫ˂ʥʦʩʪ ʧʦʨʝʹʝˁʘ ʨʝʟʫʣʪʘʪʘ. 
 
ʀʟʚʝʰʪʘʿ ʩʘʜʨʞʠ ʪʝʢʩʪ ʩʘ ʧʨʠʢʘʟʦʤ: ʜʦʩʘʜʘʰʥʠʭ ʘʢʪʠʚʥʦʩʪʠ, ʤʝʪʦʜʦʣʦʛʠʿʝ ʨʘʜʘ, 
ʧʦʿʝʜʠʥʘʯʥʠʭ ʠ ʫʧʦʨʝʜʥʠʭ ʨʝʟʫʣʪʘʪʘ ʩʚʠʭ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ, ʭʝʤʠʿʩʢʠʭ, 
ʩʘʥʠʪʘʨʥʦ-ʤʠʢʨʦʙʠʦʣʦʰʢʠʭ, ʤʠʢʨʦʙʠʦʣʦʰʢʠʭ ʠ ʭʠʜʨʦʙʠʦʣʦʰʢʠʭ ʠʩʧʠʪʠʚʘˁʘ 
ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ, ʛʨʘʬʠʢʦʥʘ, ʪʘʙʝʣʘ, ʮʨʪʝʞʘ, ʬʦʪʦʛʨʘʬʠʿʘ,  
ʢʦʤʝʥʪʘʨʘ ʨʝʟʫʣʪʘʪʘ ʠʩʧʠʪʠʚʘˁʘ ʠʟ ʿʫʥʘ ʠ ʦʢʪʦʙʨʘ, ʟʘʢˀʫʯʘʢʘ ʠ ʧʨʝʧʦʨʫʢʘ ʟʘ 
ʜʘˀʠ ʨʘʜ ʢʘʦ ʠ ʨʝʬʝʨʝʥʮʠ.  

 
ɺʝʣʠʢʠ ɹʘʯʢʠ ʢʘʥʘʣ, ʩʘʛʨʘʹʝʥ ʿʝ ʫ XVIII ʚʝʢʫ ʟʘ ʧʦʪʨʝʙʝ ʚʦʜʦʩʥʘʙʜʝʚʘˁʘ, 
ʧʣʦʚʠʜʙʝ ʠ ʦʜʚʦʜˁʘʚʘˁʘ. ɺʨʝʤʝʥʦʤ, ʦʢʦ ˁʝʛʘ ʿʝ ʬʦʨʤʠʨʘʥʘ ʤʨʝʞʘ ʜʨʝʥʘʞʥʠʭ 
ʠ ʠʨʠʛʘʮʠʦʥʠʭ ʢʘʥʘʣʘ, ʢʘʦ ʠ ʥʘʩʝˀʘ ʩʘ ʙʨʦʿʥʠʤ ʦʙʿʝʢʪʠʤʘ ʘʛʨʦ ʢʦʤʧʣʝʢʩʘ. 
 
ɼʘʥʘʩ ʩʫ ʬʫʥʢʮʠʿʝ ʢʘʥʘʣʘ ʠ: ʥʘʚʦʜˁʘʚʘˁʝ, ʩʧʦʨʪ, ʨʝʢʝʘʮʠʿʘ, ʪʫʨʠʟʘʤ, ʘʣʠ ʠ 
ʧʨʠʭʚʘʪʘˁʝ ʩʚʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʠʟ ʥʘʩʝˀʘ, ʠʥʜʫʩʪʨʠʿʝ ʠ ʘʛʨʦʢʦʤʧʣʝʢʩʘ ʥʘ 
ˁʝʛʦʚʠʤ ʦʙʘʣʘʤʘ. ɺʠʰʝʜʝʮʝʥʠʿʩʢʦ ʠʩʧʫʰʪʘˁʝ ʠʥʜʫʩʪʨʠʿʩʢʠʭ, ʢʦʤʫʥʘʣʥʠʭ ʠ 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʩʘ ʬʘʨʤʠ, ʙʝʟ ʧʨʝʯʠʰ˂ʘʚʘˁʘ, ʢʘʦ ʠ ʩʣʘʙʘ ʧʨʦʪʦʯʥʦʩʪ ʠ ʤʘʣʠ 
ʝʢʦʣʦʰʢʠ ʢʘʧʘʮʠʪʝʪ ʚʦʜʦʪʦʢʘ, ʜʦʚʝʣʠ ʩʫ ʜʦ ʧʦʪʧʫʥʝ ʜʝʛʨʘʜʘʮʠʿʝ ʧʦʿʝʜʠʥʠʭ 
ʩʝʢʪʦʨʘ ʥʠʟʚʦʜʥʦ ʦʜ ʥʘʿʚʝ˂ʠʭ ʟʘʛʘʹʠʚʘʯʘ. 
 
ʉʚʘ ʜʦ ʩʘʜʘ ʦʙʘʚˀʝʥʘ ʠʩʧʠʪʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ ʢʘʥʘʣ ɺʨʙʘʩ-ɹʝʟʜʘʥ, ʦʜ 6 km 
ʜʦ ʫʰ˂ʘ ʫ ʢʘʥʘʣ ɹʦʛʦʿʝʚʦ-ɹʝʯʝʿ, ʥʘʿʟʘʛʘʹʝʥʠʿʠ ʚʦʜʦʪʦʢ ʫ ɺʦʿʚʦʜʠʥʠ, ʘ ʉʨʙʠʿʘ ʿʝ, 
ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ ʄʝʹʫʥʘʨʦʜʥʝ ʢʦʤʠʩʠʿʝ ʟʘ ʟʘʰʪʠʪʫ ɼʫʥʘʚʘ (ICPDR), ʥʘ ʪʨʝ˂ʝʤ 
ʤʝʩʪʫ ʧʦ ʫʥʦʩʫ ʥʫʪʨʠʿʝʥʘʪʘ, ʩʘ ʯʘʢ 45 ʢʨʠʪʠʯʥʠʭ ʤʝʩʪʘ. 
 
ʇʨʦʪʦʢ ʚʦʜʝ ʥʘ ʧʦʪʝʟʫ ʎʨʚʝʥʢʘ-ɺʨʙʘʩ ʧʦʩʪʦʿʠ ʩʘʤʦ ʢʘʜʘ ʩʫ ʦʪʚʦʨʝʥʝ ʫʩʪʘʚʘ ʫ 
ʄʘʣʦʤ ʉʪʘʧʘʨʫ ʠ ʧʨʝʚʦʜʥʠʮʘʤʘ ʫ ɺʨʙʘʩʫ, ʨʘʜʠ ʜʦʪʦʢʘ ʩʚʝʞʝ ʚʦʜʝ ʠʟ ɼʫʥʘʚʘ ʠ 
ʦʜʥʦʰʝˁʘ ʜʝʣʘ ʠʩʪʘʣʦʞʝʥʦʛ ʩʝʜʠʤʝʥʪʘ. ʋ ʪʦʢʫ ʢʘʤʧʘˁʝ ʧʨʝʨʘʜʝ ʰʝ˂ʝʨʥʝ ʨʝʧʝ 
ʧʨʦʪʦʢʘ ʥʝʤʘ ʥʘ ʩʝʢʪʦʨʫ ʎʨʚʝʥʢʘ-ɺʨʙʘʩ, ʜʦʢ ʥʠʟʚʦʜʥʦ ʧʨʦʪʦʢ ʫʩʣʦʚˀʘʚʘʿʫ ʩʘʤʦ 
ʦʪʧʘʜʥʝ ʚʦʜʝ ʢʦʿʝ ʩʝ ʠʟ ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64 ʠ I-61 ʠʟʣʠʚʘʿʫ ʫ ɺɹʂ. 
 
ʋ ʦʚʘʢʚʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʦʜ ʧʦʩʝʙʥʝ ʚʘʞʥʦʩʪʠ je ʠʩʧʠʪʠʚʘˁʝ ʩʝʜʠʤʝʥʪʘ, ʿʝʨ ʩʝ 
ʦʨʛʘʥʩʢʠ ʠ ʥʝʦʨʛʘʥʩʢʠ ʤʠʢʨʦʧʦʣʫʪʘʥʪʠ ʫʛʣʘʚʥʦʤ ʘʜʩʦʨʙʫʿʫ ʥʘ ʥʘʿʩʠʪʥʠʿʦʿ ʦʨʛʘʥʦ-
ʤʠʥʝʨʘʣʥʦʿ ʬʨʘʢʮʠʿʠ ʩʝʜʠʤʝʥʪʘ, ʢʦʿʫ ʜʦʤʠʥʘʥʪʥʦ ʯʠʥʠ ʛʣʠʥʘ.  
 

 
 

ʉʣʠʢʘ 1. Rumex hydrolapathum 
 

ʋ ʨʝʘʣʠʟʘʮʠʿʠ ʄʦʥʠʪʦʨʠʥʛʘ ʩʚʝʩʨʜʥʫ ʧʦʤʦ˂ ʫ ʦʙʝʟʙʝʹʝˁʫ ʯʘʤʮʘ ʟʘ ʫʟʦʨʢʦʚʘˁʝ, 
ʠ ʨʘʜʫ ʥʘ ʪʝʨʝʥʫ, ʧʨʫʞʠʣʝ ʩʫ ʥʘʤ ʢʦʣʝʛʝ ʠʟ ɱɺʇ ñɺʆɼɽ ɺʆɱɺʆɼʀʅɽò, ʰʪʦ ʥʘʤ ʿʝ 
ʙʠʣʦ ʠʟʫʟʝʪʥʦ ʜʨʘʛʦʮʝʥʦ, ʿʝʨ ʩʫ ʢʘʦ ʫʧʨʘʚˀʘʯʠ ʦʚʠʤ ʚʦʜʥʠʤ ʧʦʜʨʫʯʿʝʤ, 
ʠʟʫʟʝʪʥʠ ʧʦʟʥʘʚʘʦʮʠ ʣʦʢʘʣʥʠʭ ʧʨʠʣʠʢʘ. 
 
ʅʘʧʦʤʠˁʝʤʦ ʜʘ ʿʝ ʫ ʧʨʦʣʝ˂ʥʦʤ ʧʝʨʠʦʜʫ ʠʩʧʠʪʘʥ ʫʟʦʨʘʢ ʠʟ ʢʘʥʘʣʘ 
ʰʝ˂ʝʨʘʥʝ ʫ ɺʨʙʘʩʫ (ʧʨʦʬʠʣ 2), ʘʣʠ ʫ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ ʫ ʢʘʥʘʣʫ ʥʠʿʝ ʙʠʣʦ 
ʚʦʜʝ, ʧʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʜʦʛʦʚʦʨʘ ʩʘ ʧʨʝʜʩʪʘʚʥʠʮʠʤʘ ʄʠʥʠʩʪʘʨʩʪʚʘ, 
ʀʥʩʪʠʪʫʪʘ ʟʘ ʚʦʜʦʧʨʠʚʨʝʜʫ Ăɱʘʨʦʩʣʘʚ ʏʝʨʥʠñ ʠ ʉʪʨʫʯʥʝ ʛʨʫʧʝ ʇʨʦʿʝʢʪʘ, 
ʫʟʦʨʘʢ ʫʟʝʪ ʥʘ ʠʥʜʫʩʪʨʠʿʩʢʦʤ ʣʘʪʝʨʘʣʥʦʤ ʢʘʥʘʣʫ I-64, ʥʠʟʚʦʜʥʦ ʦʜ 
ʎʨʚʝʥʢʝ, ʘ ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ, ʢʦʜ ʚʦʜʦʟʘʭʚʘʪʘ ʧʦʜʩʠʩʪʝʤʘ Ăɫʫʨʦ ʉʪʨʫʛʘʨñ. 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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2.0  ɼʆʉɸɼɸʐɳɽ ɸʂʊʀɺʅʆʉʊʀ  

 
ɺɹʂ ʿʝ ʦʢʦʩʥʠʮʘ ʟʘ ʥʠʟ ʤʘˁʠʭ ʜʨʝʥʘʞʥʠʭ ʢʘʥʘʣʘ ʠʣʠ ʢʘʥʘʣʘ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ ʫ 
ʮʝʥʪʨʘʣʥʦʤ ʜʝʣʫ ɹʘʯʢʝ. ʀʥʪʝʥʟʠʚʥʦ ʟʘʛʘʹʠʚʘˁʘ ɺɹʂ ʥʘ ʧʦʪʝʟʫ ʦʜ ʎʨʚʝʥʢʝ ʜʦ 
ʪʨʠʘʥʛʣʘ ʝʢʩʢʘʣʠʨʘ ʦʜ ʰʝʟʜʝʩʝʪʠʭ ʛʦʜʠʥʘ XX ʚʝʢʘ.  
 
ɽʢʦʣʦʰʢʠ ʢʘʧʘʮʠʝʪ ɺɹʂ ʿʝ ʧʨʝʚʘʟʠʹʝʥ, ʪʘʢʦ ʜʘ ʿʝ ʘʥʘʝʨʦʙʠʿʘ ʥʦʨʤʘʣʥʘ ʧʦʿʘʚʘ ʥʘ 
ʩʝʢʪʦʨʫ: ʧʨʝʚʦʜʥʠʮʘ ʫ ɺʨʙʘʩʫ-ʪʨʠʥʘʛʣ, ʰʪʦ ʧʦʚʨʝʤʝʥʦ ʨʝʟʫʣʪʠʨʘ ʧʦʤʦʨʦʤ ʨʠʙʘ. 
ɿʙʦʛ ʤʠʥʠʤʘʣʥʦʛ ʧʨʦʪʠʮʘʿʘ, ʩʧʠʨʘˁʘ ʟʝʤˀʝ ʫ ʢʘʤʧʘˁʠ ʧʨʝʨʘʜʝ ʰʝ˂ʝʨʥʝ ʨʝʧʝ ʠ 
ʜʨʫʛʠʭ ʥʝʧʦʚʦˀʥʠʭ ʫʪʠʮʘʿʘ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ, ʥʘ ʦʚʦʤ ʧʦʪʝʟʫ 
ʬʦʨʤʠʨʘʦ ʩʝ ʩʣʦʿ ʩʝʜʠʤʝʥʪʘ ʯʠʿʘ ʜʝʙˀʠʥʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʤʝʩʪʠʤʘ ʧʨʝʣʘʟʠ 1 m. 
  
ʇʦʪʨʝʙʘ ʟʘ ʯʠʰ˂ʝˁʝʤ ʠ ʨʝʤʝʜʠʿʘʮʠʿʦʤ ʥʘʚʝʜʝʥʦʛ ʩʝʢʪʦʨʘ ɺɹʂ ʧʦʩʪʦʿʠ ʚʝ˂ ʜʫʛʠ 
ʥʠʟ ʛʦʜʠʥʘ ʘʣʠ ʥʠʿʝ ʩʪʨʫʯʥʦ ʦʧʨʘʚʜʘʥʦ ʠʟʤʫˀʠʚʘʪʠ ʩʝʜʠʤʝʥʪ ʢʘʥʘʣʘ, ʘ ʥʝ 
ʩʘʥʠʨʘʪʠ ʥʘʿʟʥʘʯʘʿʥʠʿʝ ʠʟʚʦʨʝ ʟʘʛʘʹʠʚʘˁʘ ʦʪʧʘʜʥʠʤ ʚʦʜʘʤʘ. 
 
ʋ ʧʦʩʣʝʜˁʠʭ 20 ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ ʩʧʨʦʚʝʜʝʥʝ ʩʫ ʦʜʨʝʹʝʥʝ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 
ʬʦʨʤʠʨʘˁʫ ʂʘʪʘʩʪʨʘ ʟʘʛʘʹʠʚʘʯʘ, ʫʪʚʨʹʠʚʘˁʫ ʚʨʩʪʝ ʠ ʢʦʣʠʯʠʥʝ ʟʘʛʘʹʫʿʫ˂ʠʭ 
ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʩʝ ʠʟʣʠʚʘʿʫ ʫ ɺɹʂ. ʂʘʪʘʩʪʘʨ ʿʝ ʬʦʨʤʠʨʘʦ ʇʨʠʨʦʜʥʦ - ʤʘʪʝʤʘʪʠʯʢʠ 
ʬʘʢʫʣʪʝʪ, ɼʝʧʘʨʪʤʘʥ ʟʘ ʭʝʤʠʿʫ, ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʦʚʦʤ ʉʘʜʫ.  
 
ʉʠʩʪʝʤʘʪʩʢʫ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʘ ʧʦʩʣʝʜˁʠʭ ʛʦʜʠʥʘ ʠ ʩʝʜʠʤʝʥʪʘ ʢʘʥʘʣʘ 
ɺʨʙʘʩ-ɹʝʟʜʘʥ, ʚʨʰʠ ʈʝʧʫʙʣʠʯʢʠ ʭʠʜʨʦʤʝʪʝʦʨʦʣʦʰʢʠ ʟʘʚʦʜ (ʈʍʄɿ), ʥʘ 
ʧʨʦʬʠʣʠʤʘ Ăɺʨʙʘʩ 1ñ ʠ Ăɺʨʙʘʩ 2ñ, ʘ ʨʝʟʫʣʪʘʪʝ ʜʦʩʪʘʚˀʘ ʩʚʠʤ ʥʘʜʣʝʞʥʠʤ 
ʠʥʩʪʠʪʫʮʠʿʘʤʘ ʠ ʦʨʛʘʥʠʤʘ ʫ ʈʝʧʫʙʣʠʮʠ ʠ ʇʦʢʨʘʿʠʥʠ.  
 
ʋ ʧʝʨʠʦʜʫ ʦʜ 2005. ʛʦʜʠʥʝ ʫ ʚʠʰʝ ʥʘʚʨʘʪʘ ʚʨʰʝʥʘ ʩʫ ʧʦʚʨʝʤʝʥʘ, ʮʠˀʘʥʘ 
ʠʩʧʠʪʠʚʘˁʘ ʟʘʛʘʹʝʥʦʩʪʠ ʚʦʜʝ ʠ ʩʝʜʠʤʝʥʪʘ, ʘ ʨʝʘʣʠʟʦʚʘʣʠ ʩʫ ʠʭ: ĂNIVA, 
Ăɼʝʢʦʥʪʘñ ʠ Ăɻʨʘʜʩʢʠ ʟʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ɹʝʦʛʨʘʜñ.  
 
NIVA ʿʝ ʩʧʨʦʚʝʣʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʥʘ ʧʦʪʝʟʫ ñʫʟʚʦʜʥʦ ʦʜ ʎʨʚʝʥʢʝ-ʥʠʟʚʦʜʥʦ ʦʜ 
ʊʨʠʘʥʛʣʘò ʫʩʤʝʨʝʥʘ ʥʘ: ʨʝʛʠʩʪʨʦʚʘˁʝ ʠʟʚʦʨʘ ʟʘʛʘʠ́ʚʘˁʘ ɺɹʂ ʠ ʣʘʪʝʨʘʣʥʠʭ 
ʢʘʥʘʣʘ, ʜʝʬʠʥʠʩʘˁʝ ʚʨʩʪʝ ʠ ʢʦʣʠʯʠʥʝ ʟʘʛʘʫ́ʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʢʦʿʝ ʠʩʧʫʪhʘʿʫ, 
ˁʠʭʦʚʦʛ ʫʪʠʮʘʿʘ ʥʘ ʢʚʘʣʠʪʝʪ ʚʦʜʝ ʠ ʩʝʜʠʤʝʥʪʘ, ʢʘʦ ʠ ʧʨʝʜʣʘʛʘˁʝ ʤʝʨʘ ʟʘ 
ʩʘʥʘʮʠʿʫ ʫʪʚʨʝ́ʥʦʛ ʩʪʘˁʘ.  
 
ɼʝʢʦʥʪʘ ʿʝ ʩʚʦʿʘ ʠʩʧʠʪʠʚʘˁʘ ʫʩʤʝʨʠʣʘ ʥʘ ʫʪʚʨʠ́ʚʘˁʝ ʧʦʣʦʞʘʿʘ, ʜʝʙˀʠʥʝ ʠ 
ʩʪʝʧʝʥʘ ʟʘʛʘʝ́ʥʦʩʪʠ ʩʝʜʠʤʝʥʪʘ, ʩʘ ʧʨʝʜʣʦʟʠʤʘ ʟʘ ʥʘʯʠʥ ʚʘ́ʝˁʘ, ʪʝʭʥʦʣʦʛʠʿʫ 
ʪʨʝʪʤʘʥʘ ʠ ʤʦʛʫʥ˂ʦʩʪʠ ʦʜʣʘʛʘˁʘ ʩʝʜʠʤʝʥʪʘ. ʆʚʘ ʠʩʧʠʪʠʚʘˁʘ ʦʙʫʭʚʘʪʠʣʘ ʩʫ 
ʩʘʤʦ ʩʝʢʪʦʨ ɺɹʂ ʦʜ ʧʨʝʚʦʜʥʠʮʝ ʫ ɺʨʙʘʩʫ ʜʦ ʊʨʠʘʥʛʣʘ, ʫ ʜʫʞʠʥʠ ʦʜ 6 km.  
 
ɻʨʘʜʩʢʠ ʟʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ɹʝʦʛʨʘʜ ʧʦʨʝʜ ʠʩʧʠʪʠʚʘˁʘ ʟʘʛʘʹʝʥʦʩʪʠ ʚʦʜʝ ʠ 
ʩʝʜʠʤʝʥʪʘ ɺɹʂ, ʣʘʪʝʨʘʣʥʠʭ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʠ ʧʦˀʦʧʨʠʚʨʝʜʥʠʭ ʢʘʥʘʣʘ, ʦʙʘʚʠʦ ʿʝ 
ʠ ʠʩʧʠʪʠʚʘˁʝ ʢʫʤʫʣʘʮʠʿʝ ʪʝʰʢʠʭ ʤʝʪʘʣʘ ʫ ʭʠʜʨʦʙʠʦʥʪʠʤʘ, ʢʘʦ ʠ ʨʝʛʠʩʪʨʘʮʠʿʫ 
ʧʨʠʩʫʪʥʠʭ ʚʨʩʪʘ ʘʣʛʠ, ʤʘʢʨʦʬʠʪʘ, ʟʦʦʧʣʘʥʢʪʦʥʘ, ʤʘʢʨʦʠʥʚʝʨʪʝʙʨʘʪʘ ʠ 
ʠʭʪʠʦʬʘʫʥʝ. 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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3.0  ʄɽʊʆɼʆʃʆɻʀɱɸ 
 
ʄʦʥʠʪʦʨʠʥʛ ʨʝʘʣʠʟʦʚʘʥ ʫ 2009. ʛʦʜʠʥʠ ʧʨʝʜʩʪʘʚˀʘ ʥʘʩʪʘʚʘʢ ʠʩʧʠʪʠʚʘˁʘ 
ʩʧʨʦʚʝʜʝʥʠʭ ʫ 2008. ʛʦʜʠʥʠ, ʢʦʿʘ ʿʝ ʬʠʥʘʥʩʠʨʘʦ ʋʅɼʇ, ʧʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʠʩʪʘ 
ʤʝʪʦʜʦʣʦʛʠʿʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʧʦʨʝʹʝˁʝ ʨʝʟʫʣʪʘʪʘ ʠ ʚʘʣʠʜʥʦ ʟʘʢˀʫʯʠʚʘˁʝ. 
  
ʋ ʦʢʚʠʨʫ ʧʨʠʤʝˁʝʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʜʝʬʠʥʠʩʘʥʠ ʩʫ: ʥʘʯʠʥ ʠʟʙʦʨʘ ʤʦʥʠʪʦʨʠʥʛ 
ʧʨʦʬʠʣʘ, ʫʟʠʤʘˁʘ ʫʟʦʨʘʢʘ ʚʦʜʝ ʩʝʜʠʤʝʥʪʘ ʠ ʙʠʦʪʝ, ʦʧʨʝʤʘ ʠ ʥʘʯʠʥ ʪʝʨʝʥʩʢʠʭ ʠ 
ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʠʩʧʠʪʠʚʘˁʘ, ʧʨʦʚʝʨʘ ʧʦʫʟʜʘʥʦʩʪʠ ʘʥʘʣʠʪʠʯʢʠʭ ʨʝʟʫʣʪʘʪʘ, 
ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʦʮʝʥʫ ʠ ʥʘʯʠʥ ʦʮʝʥʝ ʩʪʝʧʝʥʘ ʟʘʛʘʹʝʥʦʩʪʠ 
 
3.1 ʀɿɹʆʈ  ʄʆʅʀʊʆʈʀʅɻ  ʇʈʆʌʀʃɸ 
 
ʇʦʣʦʞʘʿ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ ʫ ʦʢʚʠʨʫ ʩʧʨʦʚʝʜʝʥʦʛ ʄʦʥʠʪʦʨʠʥʛʘ, ʛʝʥʝʨʘʣʥʦ ʿʝ 
ʜʝʬʠʥʠʩʘʥ ʇʨʦʛʨʘʤʦʤ ʤʦʥʠʪʦʨʠʥʛʘ, ʘʣʠ ʢʦʥʢʨʝʪʥʠ ʠʟʙʦʨ ʤʠʢʨʦʣʦʢʘʮʠʿʝ 
ʧʨʦʬʠʣʘ ʠʟʚʨʰʝʥ ʿʝ ʥʘʢʦʥ ʦʙʠʣʘʩʢʘ ʪʝʨʝʥʘ, ʫ ʜʦʛʦʚʦʨʫ ʩʘ ʧʨʝʜʩʪʘʚʥʠʮʠʤʘ: 
ʄʠʥʠʩʪʘʨʩʪʚʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ, ʉʪʨʫʯʥʝ ʛʨʫʧʝ 
ʇʨʦʿʝʢʪʘ  ʠ ɱɺʇ Ăɺʦʜʝ ɺʦʿʚʦʜʠʥʝñ. 
 
ʆʜʨʝʹʠʚʘˁʝ ʥʝʧʦʩʨʝʜʥʝ ʣʦʢʘʮʠʿʝ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ ʠʟʚʨʰʝʥʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ 
ʩʣʝʜʝ˂ʠʤ ʧʨʠʥʮʠʧʠʤʘ:  

¶ ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪ ʟʘ ʫʟʚʦʜʥʠ ʩʝʢʪʦʨ ʚʦʜʦʪʦʢʘ. 

¶ ʐʪʦ ʙʦʘˀ ʠʟʤʝʰʘʥʦʩʪ ʠ ʭʦʤʦʛʝʥʦʩʪ ʚʦʜʝ ʫ ʚʦʜʦʪʦʢʫ, ʜʘ ʢʦʝʬʠʮʠʿʝʥʪ 
ʠʟʤʝʰʘʥʦʩʪʠ ʙʫʜʝ 0,70-0,90. 

¶ ʃʦʢʘʮʠʿʘ ʢʦʥʪʨʦʣʥʦʛ ʧʨʦʬʠʣʘ ʿʝ ʚʘʥ ʟʦʥʝ ʜʠʨʝʢʪʥʦʛ ʫʪʠʮʘʿʘ ʫʣʠʚʘ 
ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʠ ʧʨʠʪʦʢʘ. 

¶ ʄʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣ ʿʝ ʧʨʠʩʪʫʧʘʯʘʥ,  ʙʝʟʙʝʜʘʥ ʟʘ ʤʘʥʠʧʫʣʘʮʠʿʫ ʦʧʨʝʤʦʤ ʠ 
ʫʟʦʨʮʠʤʘ, ʦʜʥʦʩʥʦ, ʦʤʦʛʫ˂ʘʚʘ ʫʟʦʨʢʦʚʘˁʝ ʠ ʪʝʨʝʥʩʢʘ ʠʩʧʠʪʠʚʘˁʘ. 

 
3.2. ʋɿʆʈʂʆɺɸɳɽ ɺʆɼɽ, ʉɽɼʀʄɽʅʊɸ ʀ ʍʀɼʈʆɹʀʆʅɸʊɸ 
 
ʊʦʢʦʤ ʫʟʦʨʢʦʚʘˁʘ ʧʨʠʤʝˁʝʥʠ ʩʫ ʥʠʞʝ ʥʘʚʝʜʝʥʠ ʩʪʘʥʜʘʨʜʠ ʈʉ, ʢʦʿʠ ʩʫ 
ʠʜʝʥʪʠʯʥʠ ʤʝʹʫʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʜʠʤʘ ʠ ʪʦ: 

¶ ʉɼʈʉ-ʀʉʆ 5667-1 ʉʤʝʨʥʠʮʝ ʟʘ ʠʟʘʨʜʫ ʧʨʦʛʨʘʤʘ ʟʘ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-2 ʉʤʝʨʥʠʮʝ ʟʘ ʧʦʩʪʫʧʢʝ ʫʟʠʤʘˁʘ ʫʟʦʨʘʢʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-3 ʉʤʝʨʥʠʮʝ ʟʘ ʟʘʰʪʠʪʫ ʠ ʧʦʩʪʫʧʘˁʝ ʩʘ ʫʟʦʨʮʠʤʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-4 ʉʤʝʨʥʠʮʝ ʟʘ ʧʦʩʪʫʧʢʝ ʫʟʠʤʘˁʘ ʫʟʦʨʘʢʘ ʠʟ ʧʨʠʨʦʜʥʠʭ ʠ 
ʚʝʰʪʘʯʢʠʭ ʿʝʟʝʨʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-6 ʉʤʝʨʥʠʮʝ ʟʘ ʫʟʠʤʘˁʘ ʫʟʦʨʘʢʘ ʨʝʢʘ ʠ ʧʦʪʦʢʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-10 ʉʤʝʨʥʠʮʝ ʟʘ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʦʪʧʘʜʥʠʭ ʚʦʜʘ 

¶ ʉɼʈʉ-ʀʉʆ 5667-12 ʉʤʝʨʥʠʮʝ ʟʘ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʩʝʜʠʤʝʥʪʘ ʜʥʘ 

¶ ʉɼʈʉ-ʀʉʆ 7828 ʄʝʪʦʜʝ ʫʟʠʤʘˁʘ ʙʠʦʣʦʰʢʠʭ ʫʟʦʨʘʢʘ - ʉʤʝʨʥʠʮʝ ʟʘ 
ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʤʘʢʨʦʙʝʩʢʠʯʤʝˁʘʢʘ ʥʘʩʪʘˁʝʥʠʭ ʥʘ ʜʥʫ, ʧʦʤʦ˂ʫ ʨʫʯʥʠʭ 
ʤʨʝʞʘ. 

 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʐʠʨʠʥʘ ʚʦʜʝʥʦʛ ʦʛʣʝʜʘʣʘ ɺɹʂ ʿʝ ʚʨʣʦ ʤʘʣʘ, 15-30ʤ, (ʦʙʘʣʝ ʩʫ ʿʘʢʦ ʟʘʨʘʩʣʝ ʫ 
ʪʨʩʢʫ ʠ ʨʦʛʦʟ), ʘ ʣʘʪʝʨʘʣʥʠ ʢʘʥʘʣʠ ʩʫ ʰʠʨʦʢʠ ʩʚʝʛʘ ʧʘʨ ʤʝʪʘʨʘ, ʧʘ ʩʫ ʫʟʦʨʮʠ 
ʚʦʜʝ ʫʟʠʤʘʥʠ ʢʘʦ ʧʦʿʝʜʠʥʘʯʥʠ ʩʘ ʜʫʙʠʥʝ ʦʜ 0,5 ʤ. ɼʫʙʠʥʘ ɺɹʂ ʿʝ ʤʘʢʩʠʤʘʣʥʦ 
2,5ʤ ʧʘ ʥʠʩʫ ʫʟʠʤʘʥʠ ʫʟʦʨʮʠ ʩʘ ʚʠʰʝ ʜʫʙʠʥʘ ʧʦ ʚʝʨʪʠʢʘʣʠ. 
 
ʋʟʦʨʢʦʚʘˁʝ ʚʦʜʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʧʦʢʘʟʘʪʝˀʘ ʢʚʘʣʠʪʝʪʘ 
ʚʨʝhʥʦ ʿʝ ʩʣʝʜʝ˂ʠʤ ʨʝʜʦʤ: 

¶ ʆʜʨʝʹʠʚʘˁʝ ʚʠʜˀʠʚʠʭ ʦʪʧʘʜʥʠʭ ʧʣʠʚʘʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ, ʙʦʿʝ ʚʦʜʝ ʠ 
ʧʨʦʚʠʜʥʦʩʪʠ. 

¶ ʄʝʨʝˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʝ, pH ʚʨʝʜʥʦʩʪʠ, ʝʣʝʢʪʨʦʧʨʦʚʦʜˀʠʚʦʩʪʠ ʠ 
ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʨʘʩʪʚʦʨʝʥʦʛ ʢʠʩʝʦʥʠʢʘ. 

¶ ʋʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʟʘ ʤʠʢʨʦʙʠʦʣʦʰʢʫ ʘʥʘʣʠʟʫ. 

¶ ʋʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʟʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʫ ʠ ʭʝʤʠʿʩʢʫ ʘʥʘʣʠʟʫ. 
 
ʋʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʚʦʜʝ ʟʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʘ ʠ ʭʝʤʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ ʚʨʝhʥʦ ʿʝ 
Friedinger-ʦʚʦʤ ʙʦʮʦʤ, ʟʘʧʨʝʤʠʥʝ 3 ʣʠʪʘʨʘ, ʰʪʦ ʦʙʝʟʙʝʹʫʿʝ ʜʦʚʦˀʥʫ ʢʦʣʠʯʠʥʫ 
ʚʦʜʝ ʟʘ ʩʚʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ. ɺʦʜʘ ʝʿ ʩʠʧʘʥʘ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʩʪʘʢʣʝʥʫ 
ʠ ʧʣʘʩʪʠʯʥʫ ʘʤʙʘʣʘʞʫ, ʬʠʣʪʨʠʨʘʥʘ ʠ ʬʠʢʩʠʨʘʥʘ ʟʘʚʠʩʥʦ ʦʜ ʚʨʩʪʝ ʧʦʢʘʟʘʪʝˀʘ 
ʢʦʿʠ ʩʝ ʦʜʨʝʹʫʿʫ.  
 
ʋʟʦʨʘʢ ʟʘ ʤʠʢʨʦʙʠʦʣʦʰʢʘ ʠʩʧʠʪʠʚʘˁʘ ʫʟʠʤʘʥ ʝʿ ʫ ʩʪʝʨʠʣʥʫ ʙʦʮʫ, ʘ ʟʘ 
ʦʜʨʝʹʠʚʘˁʝ ʭʣʦʨʦʬʠʣʘ ʘ, ʫ ʤʝʪʘʣʥʫ ʙʦʮʫ. 
 
ʌʠʪʦʧʣʘʥʢʪʦʥ ʠ ʟʦʦʧʣʘʥʢʪʦʥ ʧʨʠʢʫʧˀʘʥʠ ʩʫ ʢʣʘʩʠʯʥʠʤ ʧʣʘʥʢʪʦʥʩʢʠʤ ʤʨʝʞʘʤʘ 
M¿ller gaze No 20 i No 25, ʘ ʙʝʥʪʦʬʘʫʥʘ ʿʝ ʫʟʦʨʢʦʚʘʥʘ Van Veen-ʦʚʠʤ ʙʘʛʝʨʦʤ 
ʟʘʭʚʘʪʥʝ ʧʦʚʨʰʠʥʝ 270 ʮʤ2. ɿʘ ʧʨʦʩʝʿʘʚʘˁʝ ʩʝʜʠʤʝʥʪʘ ʢʦʨʠʰ˂ʝʥʦ ʿʝ ʩʠʪʦ 

ʧʦʨʦʟʥʦʩʪʠ 200 mʤ, ʫ ʩʢʣʘʜʫ ʩʘ U.S. Standard No. 60 sieve.  
 
ɿʘ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʥʝʧʦʨʝʤʝ˂ʝʥʦʛ ʩʝʜʠʤʝʥʪʘ ʢʦʨʠʰ˂ʝʥ ʿʝ ñcore samplerò ʬʠʨʤʝ 
Eijkelkamp. ʂʘʢʦ ʿʝ ʜʝʙˀʠʥʘ ʩʣʦʿʘ ʩʝʜʠʤʝʥʪʘ ʙʠʣʘ ʤʘʣʦ ʠʩʧʦʜ 1m, ʥʘ ʩʚʠʤ 
ʧʨʦʬʠʣʠʤʘ ʬʦʨʤʠʨʘʥ ʿʝ ʧʨʦʩʝʯʘʥ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʠ ʫʟʦʨʘʢ. ɿʘ ʘʥʘʣʠʟʫ ʫʟʠʤʘʥ ʝʿ 
ʩʝʜʠʤʝʥʪ ʯʠʿʘ ʩʫ ʯʝʩʪʠʮʝ ʤʘʝˁ ʦʜ 1 mm, ʦʜʥʦʩʥʦ ʥʘʿʩʠʪʥʠʿʘ ʬʨʘʢʮʠʿʘ ʢʦʿʘ ʩʝ ʥʘ 
ʧʨʦʬʠʣʫ ʤʦʛʣʘ ʥʘ˂ʠ. 
  
ʋʟʦʨʮʠ ʨʠʙʘ ʫʣʦʚˀʝʥʠ ʩʫ ʢʣʘʩʠʯʥʠʤ ʨʠʙʘʨʩʢʠʤ ʘʣʘʪʦʤ, ʤʨʝʞʦʤ, ʧʨʝʤʘ ʨʝʰʝˁʫ 
ʄʠʥʠʩʪʘʨʩʪʚʘ ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ, ʙʨ. 324-04-224/2009-
03, ʦʜ 24.09.2009. ʛʦʜʠʥʝ, ʫ ʧʨʠʩʫʩʪʚʫ ʥʘʜʣʝʞʥʦʛ ʠʥʩʧʝʢʪʦʨʘ. 
 
ʉʚʠ ʣʘʢʦ ʧʨʦʤʝʥˀʠʚʠ ʧʘʨʘʤʝʪʨʠ ʦʜʨʝʹʠʚʘʥʠ ʩʫ ʦʜʤʘʭ ʥʘ ʤʝʩʪʫ ʫʟʦʨʢʦʚʘˁʘ 
(ʧʨʠʩʫʩʪʚʦ ʧʣʠʚʘʿʫ˂ʠʭ ʦʪʧʘʜʥʠʭ ʤʘʪʝʨʠʿʘ, ʧʨʦʚʠʜʥʦʩʪ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʝ, 
ʝʣʝʢʪʨʦʧʨʦʚʦʜˀʠʚʦʩʪ, pH ʚʨʝʜʥʦʩʪ, ʨʘʩʪʚʦʨʝʥʠ ʢʠʩʝʦʥʠʢ ʠ ʩʣ). 
 
ʉʚʠ ʦʩʪʘʣʠ ʧʦʢʘʟʘʪʝˀʠ ʩʪʘˁʘ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʧʦʩʝʙʥʦ ʦʥʠ ʢʦʿʠ ʟʘʭʪʝʚʘʿʫ 
ʩʦʬʠʩʪʠʮʠʨʘʥʝ ʫʨʝʹʘʿʝ ʟʘ ʜʝʪʝʢʮʠʿʫ, ʢʘʦ ʦʨʛʘʥʩʢʠ ʠ ʥʝʦʨʛʘʥʩʢʠ ʤʠʢʨʦʧʦʣʫʪʘʥʪʠ, 
ʦʜʨʝʹʠʚʘʥʠ ʩʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ. 
 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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3.3.ʊɽʈɽʅʉʂɸ ʀ ʃɸɹʆʈɸʊʆʈʀɱʉʂɸ ʀʉʇʀʊʀɺɸɳɸ 

O ʩʚʠʤ ʪʝʨʝʥʩʢʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʚʦʹʝʥ ʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʟʘʧʠʩʥʠʢ ʫ ʩʢʣʘʜʫ ʩʘ 
ʘʢʨʝʜʠʪʘʮʠʿʦʤ.  
  

 
 

ʉʣʠʢʘ 2. ʊʝʨʝʥʩʢʦ ʦʜʨʝʹʠʚʘˁʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʠʩʝʦʥʢʘ 
 
3.3.1. ʄɽʊʆɼɽ ʀ ʆʇʈɽʄɸ ʀʉʇʀʊʀɺɸɳA ʇʆɺʈʐʀʅʉʂʀʍ ɺʆɼɸ ʀ ʉɽɼʀʄɽʅʊɸ   

 
ɸʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʚʦʜʝ ʠ ʩʝʜʠʤʝʥʪ ʠʟʚʨʰʝʥʘ ʿʝ ʩʝ ʧʨʝʤʘ ʉʪʘʥʜʘʨʜʥʠʤ ʤʝʪʦʜʘʤʘ 
ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʭʠʛʠʿʝʥʩʢʝ ʠʩʧʨʘʚʥʦʩʪʠ ʚʦʜʝ ʟʘ ʧʠ˂ʝ, ʩʝʜʠʤʝʥʘʪʘ ʠ  ʟʝʤˀʝ, US 
EPA, SRPS ISO, ISO, SMEWW ʩʪʘʥʜʘʨʜʘ.  
 
ʅʘ ʪʝʨʝʥʫ ʦʜʨʝʹʠʚʘʥʠ ʩʫ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʝ ʠ ʩʝʜʠʤʝʥʪʘ, ʪʝʨʤʦʤʝʪʨʦʤ ʪ°0,1 
ʦʎ, ʘ ʠʟʛʣʝʜ, ʙʦʿʘ, ʤʠʨʠʩ ʠ ʚʠʜˀʠʚʝ ʦʪʘʜʥʝ ʤʘʪʝʨʠʿʝ ʦʜʨʝʹʝʥʠ ʩʫ 
ʦʨʛʘʥʦʣʝʧʪʠʯʢʠ. 
 
ʋʟʦʨʘʢ ʩʝʜʠʤʝʥʪʘ ʿʝ ʟʘ ʘʥʘʣʠʟʫ ʧʨʠʧʨʝʤˀʝʥ ʤʦʢʨʠʤ ʬʨʘʛʤʝʥʪʠʩʘˁʝʤ 
ʜʝʩʪʠʣʦʚʘʥʦʤ ʚʦʜʦʤ, ʦʜʚʘʿʘˁʝʤ  ʬʨʘʢʮʠʿʝ ʤʘˁʝ ʦʜ 63Õm, ʧʨʦʩʝʿʘʚʘˁʝʤ.  
 
ɽʣʝʢʪʨʦʭʝʤʠʿʩʢʠ ʩʫ ʦʜʨʝʹʝʥʠ ʧʘʨʘʤʝʪʨʠ: ʨʘʩʪʚʦʨʝʥʠ ʢʠʩʝʦʥʠʢ, ʟʘʩʠ˂ʝˁʝ 
ʢʠʩʝʦʥʠʢʦʤ ʠ ʙʠʦʭʝʤʠʿʩʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʧʦʩʣʝ 5 ʜʘʥʘ (ɹʇʂ5), 
ʝʣʝʢʪʨʦʧʨʦʚʦʜˀʠʚʦʩʪ ʠ pH ʚʨʝʜʥʦʩʪ ʥʘ ʪʝʨʝʥʫ ʠ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ. 
 
ʋ ʚʦʜʠ ʠ ʩʝʜʠʤʝʥʪʫ ʩʣʝʜʝ˂ʠ ʧʘʨʘʤʝʪʨʠ ʩʫ ʦʜʨʝʹʝʥʠ ʛʨʘʚʠʤʝʪʨʠʿʩʢʠ: ʞʘʨʝʥʠ 
ʦʩʪʘʪʘʢ, ʦʩʪʘʪʘʢ ʞʘʨʝˁʝʤ, ʩʫʩʧʝʥʜʦʚʘʥʝ ʤʘʪʝʨʠʿʝ,  ʩʝʜʠʤʝʥʪʥʝ ʤʘʪʝʨʠʿʝ, ʢʘʦ ʠ 
ʥʝʦʨʛʘʥʩʢʠ ʠ ʦʨʛʘʥʩʢʠ ʜʝʦ ʤʫˀʘ. 
 
ʍʝʤʠʿʩʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʍʇʂ, ʦʜʨʝʹʝʥʘ ʿʝ ʦʢʩʠʜʘʮʠʿʦʤ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ 
ʢʘʣʠʿʫʤ ʙʠʭʨʦʤʘʪʦʤ (K2Cr2O7).  
 

ʋʢʫʧʘʥ ʘʟʦʪ N, ʦʜʨʝʹʝʥ ʿʝ ʥʘʢʦʥ ʪʝʨʤʦ-ʢʘʪʘʣʠʪʠʯʢʦʛ ʨʘʟʘʨʘˁʘ. 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʉʣʠʢʘ 3. ʀʟʣʠʚ ʦʪpʘʜʥʠʭ ʚʦʜʘ ʫ ʠʥʜʫʩʪʨʠʿʩʢʠ ʣʘʪʝʨʘʣʥʠ ʢʘʥʘʣ I-64 

 
ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠ  ʩʫ ʦʜʨʝʹʝʥʠ: 

¶ ɺʦʜʦʥʠʢ ʩʫʣʬʠʜ (H2S) ʩʘ N,N-ʜʠʤʝʪʠʣ-p-ʬʝʥʠʣʝʥʜʠʘʤʠʥʦʤ  

¶ ʋʢʫʧʥʠ ʬʦʩʬʦʨ (P), ʩʘ ʘʤʦʥʠʿʫʤʤʦʣʠʙʜʘʪʦʤ ʠ ʘʩʢʦʨʙʠʥʩʢʦʤ ʢʠʩʝʣʠʥʦʤ.  

¶ ɼʝʪʝʨ˅ʝʥʪʠ (ɸɹʉ ʠʣʠ ʄɹɸʉ), ʩʘ ʤʝʪʠʣʝʥʩʢʠʤ ʧʣʘʚʠʤ  
 
ʄʠʥʝʨʘʣʥʘ ʫˀ ʘ ʠ ʫʢʫʧʥʝ ʤʘʩʪ ʠ ʫˀʘ, ʦʜʨʝʹʝʥʠ ʩʫ IR ʩpʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʦʤ  
 
ɻʘʩʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ ʩʘ ʌʀɼ ʜʝʪʝʢʪʦʨʦʤ (CG/FID), ʘʥʘʣʠʟʠʨʘʥ ʿʝ, ʠʥʜʝʢʩ 
ʫʛˀʦʚʦʜʦʥʠʢʘ C10-C40 (ʫʢʫʧʥʠ ʫʛˀʦʚʦʜʦʥʠʮʠ) ʥʘʢʦʥ ʝʢʩʪʨʘʢʮʠʿʝ ʭʝʢʩʘʥʦʤ. 
 
Jʦʥʩʢʦʤ  ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ ʦʜʨʝʹʠʚʘʥʠ ʩʫ ʩʣʝʜʝ˂ʠ ʢʘʪʿʦʥʠ ʠ ʘʥʦʿʥʠ: ʘʤʦʥʠʿʫʤ ʿʦʥ 
(NH4

+), ʩʫʣʬʘʪʠ (SO4
-2),  ʥʠʪʨʘʪʠ (NO3

-), ʥʠʪʨʘʪʠ (NO2
-), ʭʣʦʨʠʜʠ (Cl) 

 
ʊʝʰʢʠ ʤʝʪʘʣʠ:  

¶ ʆʣʦʚʦ (Pb), ʢʘʜʤʠʿʫʤ (Cd), ʭʨʦʤ (Cr), ʮʠʥʢ (Zn), ʙʘʢʘʨ (Cu), ʥʠʢʣ (Ni), ʢʘʣʘʿ 
(Sn), ʛʚʦʞʹʝ (Fe), ʤʘʥʛʘʥ (Mn), ʫʢʫʧʘʥ ʬʦʩʬʦʨ (P), ʢʘʣʮʠʿʫʤ (Ca), ʤʘʛʥʝʟʠʿʫʤ 
(Mg), ʥʘʪʨʠʿʫʤ (Na) ʠ ʢʘʣʠʿʫʤ (K), ʦʜʨʝʹʝʥʠ ʩʫ ICP-OES ʪʝʭʥʠʢʦʤ ʥʘʢʦʥ 
ʢʠʩʝʣʝ ʜʠʛʝʩʪʠʿʝ ʢʦʥʮʝʥʪʨʦʚʘʥʦʤ ʘʟʦʪʥʦʤ ʢʠʩʝʣʠʥʦʤ ʠ ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜʦʤ 
(ʥʘ 70ʦʎ). 

¶ ʉʘʜʨʞʘʿ ʞʠʚʝ (Hg) ʦʜʨʝʹʝʥ ʿʝ AAS-ʘʪʦʤʩʢʦʤ ʘʙʩʦʨʧʮʠʦʥʦʤ 
ʩpʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʦʤ / ʪʝʭʥʠʢʘ ʭʣʘʜʥʠʭ ʧʘʨʘ.  

¶ ʉʘʜʨʞʘʿ ʘʨʩʝʥʘ (As) ʦʜʨʝʹʝʥ ʿʝ AAS-ʘʪʦʤʩʢʦʤ ʘʙʩʦʨʧʪʮʠʦʥʦʤ 
ʩpʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʦʤ / ʭʠʜʨʠʜʥʘ ʪʝʭʥʠʢʘ.  

 
ɻʘʩʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ  ʩʘ ʤʘʩʝʥʠʤ ʜʝʪʝʢʪʦʨʦʤ (CG/MSD),  ʘʥʘʣʠʟʠʨʘʥ ʿʝ 
ʩʘʜʨʞʘʿ ʧʝʩʪʠʮʠʜʘ, ʧʦʣʠʮʠʢʣʠʯʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʫʛˀʦʚʦʜʦʥʠʢʘ, ʧʦʣʠʭʣʦʨʦʚʘʥʠʭ 
ʙʠʬʝʥʠʣʘ ʠ ʬʝʥʦʣʘ. 
 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʆʨʛʘʥʦʭʣʦʨʥʘ ʣʘʢʦʠʩʧʘʨˀʠʚʘ ʿʝʜʠˁʝˁʘ ʠ BTEX ʦʜʨʝʹʝʥʠ ʩʫ ʛʘʩʥʦʤ 
ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ ʩʘ ʢʘʧʠʣʘʨʥʦʤ ʢʦʣʦʥʦʤ ʠ ʤʘʩʝʥʠʤ ʜʝʪʝʢʪʦʨʦʤ CG/MSD ʩʘ 
purge and trap ʫʟʦʨʢʠʚʘʯʝʤ. 
 
ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʭʣʦʨʦʬʠʣʘ ʘ, ʦʜʨʝʹʫʿʝ ʩʝ ʫ ʘʣʢʦʭʦʣʥʦʤ ʝʢʩʪʨʘʢʪʫ 
ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠ. 
 

ʀʥʜʝʢʩ ʬʦʩʬʘʪʘʟʥʝ ʘʢʪʠʚʥʦʩʪʠ ʦʜʨʝʹʫʿʝ ʩʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʿʩʢʠ ʧʨʝʢʦ 
ʩʘʜʨʞʘʿʘ ʥʘʩʪʘʣʦʛ ʧʘʨʘ-ʥʠʪʨʦʬʝʥʦʣʘ.  
 
ʀʟʜʚʘʿʘˁʝ ʦʨʛʘʥʠʟʘʤʘ ʙʠʦʠʥʜʠʢʘʪʦʨʘ ʠ ʜʝʬʠʥʠʩʘˁʝ ʩʪʫʧˁ ʘ ʪʨʦʬʠʿʝ ʠ 
ʩʘʧʨʦʙʥʦʩʪʠ ʠʟʚʨʰʝʥʦ ʿʝ ʧʨʝʤʘ ʩʠʩʪʝʤʫ Sladecek, 1972.  
 
ʀʥʜʝʢʩ ʩʘʧʨʦʙʥʦʩʪʠ ʠʟʨʘʯʫʥʘʪ ʿʝ ʧʦ ʤʝʪʦʜʠ Pantle-Buck- ʘ. 
 

3.4 ʇʈʆɺɽʈɸ ʇʆʋɿɼɸʅʆʉʊʀ ɸʅɸʃʀʊʀʏKʀʍ ʈɽɿʋʃʊɸʊɸ 
 

ʆʙʝʟʙʝʹʝˁʝ ʧʦʚʝʨʝˁʘ ʫ ʢʚʘʣʠʪʝʪ ʨʝʟʫʣʪʘʪʘ ʠʩʧʠʪʠʚʘˁʘ ʪʦʢʦʤ ʨʝʘʣʠʟʘʮʠʿʝ 
ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʩʪʠʛʥʫʪʦ ʿʝ ʇʨʦʛʨʘʤʦʤ ʢʦʥʪʨʦʣʝ ʢʚʘʣʠʪʝʪʘ. ʇʨʦʛʨʘʤ 
ʧʦʜʨʘʟʫʤʝʚʘ: ʘʥʘʣʠʟʫ ʩʣʝʧʝ ʧʨʦʙʝ ʤʝʪʦʜʝ, ʢʦʨʠʰ˂ʝˁʝ ʩʪʘʥʜʘʨʜʘ ʟʘ 
ʚʝʨʠʬʠʢʘʮʠʿʫ ʢʘʣʠʙʨʘʮʠʿʝ, ʘʥʘʣʠʟʫ ʩʣʝʧʝ ʧʨʦʙʝ ʫʟʦʨʘʢʘ ʩʘ ʪʝʨʝʥʘ, ʘʥʘʣʠʟʫ 
ʜʫʧʣʠʭ ʫʟʦʨʘʢʘ, ʘʥʘʣʠʟʫ ʫʟʦʨʘʢʘ ʩʘ ʜʦʜʘʪʠʤ ʩʪʘʥʜʘʨʜʦʤ ʠ ʩʪʘʪʠʩʪʠʯʢʫ ʦʙʨʘʜʫ 
ʜʦʙʠʿʝʥʠʭ ʨʝʟʫʣʪʘʪʘ. 

 
3.5. Kʈʀʊɽʈʀɱʋʄʀ ɿɸ ʆʎɽʅʋ ʀ ʆʎɽʅɸ ʉʊɸɳɸ 
 

3.5.1. Kʈʀʊɽʈʀɱʋʄʀ Kɺɸʃʀʊɽʊɸ ɺʆɼɽ 

 
Kʨʠʪʝʨʠʿʫʤʠ ʟʘ ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ ɺɹK ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʋʨʝʜʙʦʤ ʦ 
ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʚʦʜʘ (ʉʣ. ɻʣʘʩʥʠʢ ʉʈ ʉʨʙʠʿʝ ʙʨ. 5/68) ʠ ʇʨʘʚʠʣʥʠʢoʤ ʦ ʦʧʘʩʥʠʤ 
ʤʘʪʝʨʠʿʘʤʘ ʫ ʚʦʜʘʤʘ (ʉʣ. ɻʣʘʩʥʠʢ ʉʈ ʉʨʙʠʿʝ ʙʨ. 31/82).  
 
ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʩʫ ʠ ʋʨʝʜʙʘ ʠ ʇʨʘʚʠʣʥʠʢ ʜʦʩʪʘ ʩʪʘʨʠ ʠ ʥʝʧʦʪʧʫʥʠ, ʢʦʨʠʰ˂ʝʥʘ 
ʿʝ ʠ ʃʠʩʪʘ ʜʝʪʨʤʠʥʘʥʪʠ ʟʘ ʚʦʜʫ ʟʘ ʪʨʘʥʩ ʥʘʮʠʦʥʘʣʥʫ ʤʦʥʠʪʦʨʠʥʛ ʤʨʝʞʫ ʥʘ 
ɼʫʥʘʚʫ (TNMN), ʢʦʿʫ ʿʝ ʫʩʚʦʿʠʣʘ ICPDR. Kʘʢʦ ɺɹK ʧʨʠpʘʜʘ ʩʣʠʚʫ ɼʫʥʘʚʘ, ʪʘʯʥʠʿʝ, 
ʥʘʿʚʝ˂ʠ ʜʝʦ ˁʝʛʦʚʠʭ ʚʦʜʘ ʯʠʥʝ ʚʦʜʝ ɼʫʥʘʚʘ ʟʘʭʚʘ˂ʝʥʝ ʢʦʜ ɹʝʟʜʘʥʘ, ʩʤʘʪʨʘʤʦ 
ʜʘ ʃʠʩʪʫ ICPDR ʪʨʝʙʘ ʢʦʨʠʩʪʠʪʠ ʠ ʢʦʜ ʥʘʩ, ʠʟʤʝʹʫ ʦʩʪʘʣʦʛ ʿʝʨ ʩʝ ʦʥʘ ʧʨʠʤʝˁʫʿʝ 
ʫ ʩʚʠʤ ʧʦʜʫʥʘʚʩʢʠʤ ʟʝʤˀʘʤʘ ʠ ʟʘ ɼʫʥʘʚ ʠ ʟʘ ˁʝʛʦʚʝ ʧʨʠʪʦʢʝ. 
 
3.5.2. Kʈʀʊɽʈʀɱʋʄʀ Kɺɸʃʀʊɽʊɸ ʉɽɼʀʄɽʅʊɸ 
 

ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ ʥʝ ʧʦʩʪʦʿʝ ʢʨʠʪʝʨʠʿʫʤʠ ʟʘ ʦʮʝʥʫ ʢʚʘʣʠʪʝʪʘ ʩʝʜʠʤʝʥʪʘ, ʚʝ˂ 
ʩʝ ʢʦʨʠʩʪʝ ʟʘʚʠʩʥʦ ʦʜ ʥʘʤʝʥʝ ʠʩʪʨʘʞʠʚʘˁʘ ʠ ʟʘʭʪʝʚʘ ʠʥʚʝʩʪʠʪʦʨʘ: ICPDR ʃʠʩʪʘ 
ʜʝʪʝʨʤʠʥʘʥʪʠ ʟʘ ʩʝʜʠʤʝʥʪ ʟʘ ʪʨʘʥʩ ʥʘʮʠʦʥʘʣʥʫ ʤʦʥʠʪʦʨʠʥʛ ʤʨʝʞʫ ʥʘ ɼʫʥʘʚʫ, 
Kʘʥʘʜʩʢʠ ʚʦʜʠʯ ʟʘ ʢʚʘʣʠʪʝʪ ʩʝʜʠʤʝʥʪʘ (CSQG), ʘ ʨʝ́ʝ ʠ ʍʦʣʘʥʜʩʢʘ ʪʟʚ. ĂDuchñ 
ʣʠʩʪʘ. 
 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʉʣʠʢʘ 4. ʋʟʦʨʢʦʚʘˁʝ ʩʝʜʠʤʝʥʪʘ ʥʘ ʧʨʦʬʠʣʫ 6. 
 

ʅʘ ʩʘʜʨʞʘʿ ʪʝʰʢʠʭ ʠ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʘ ʫ ʩʝʜʠʤʝʥʪʫ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʫʪʠʯʝ ʩʘʩʪʘʚ 
ʧʝʜʦʣʦʰʢʦʛ ʧʦʢʨʠʚʘʯʘ ʠ ʛʝʦʣʦʰʢʠʭ ʩʪʨʫʢʪʫʨʘ ʩʣʠʚʥʦʛ ʧʦʜʨʫʯʿʘ, ʦʜʥʦʩʥʦ 
ʛʝʦʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʠ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʤʠʥʝʨʘʣʘ. 
 

ʉ'ʦʙʟʠʨʦʤ ʜʘ ʥʝ ʧʦʩʪʦʿʝ ʨʝʣʝʚʘʥʪʥʠ ʧʦʜʘʮʠ ʦ ʛʝʦʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʩʣʠʚʥʦʛ 
ʧʦʜʨʫʯʿʘ ʠ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ ʤʠʥʝʨʘʣʘ, ʟʘ ʧʦʪʨʝʙʝ ʉʪʫʜʠʿʝ, ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʠ 
ñʥʘʿʚʝʨʦʚʘʪʥʠʿʠ ʝʬʝʢʪʠʚʥʠ ʥʠʚʦʠò ʠʟ Canadian Sediment Quality Guidelines 
(CSQG). 
 

ʋ ʦʚʦʤ ʠʟʚʝʰʪʘʿʫ ʩʫ ʥʘʚʝʜʝʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʨʛʘʥʩʢʠʭ ʠ ʥʝʦʨʛʘʥʩʢʠʭ 
ʤʠʢʨʦʧʦʣʫʪʘʥʘʪʘ ʢʦʿʝ ʠʤʘʿʫ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʥʝʛʘʪʠʚʥʝ ʝʬʝʢʪʝ ʥʘ ʦʨʛʘʥʠʟʤʝ 
ʙʝʥʪʦʩʘ, ʘʣʠ ʩʫ ʥʘʿʚʝʨʦʚʘʪʥʠʿʠ ʝʬʝʢʪʠʚʥʠ ʥʠʚʦʠ ʜʝʬʠʥʠʩʘʥʠ ʩʘʤʦ ʟʘ ʤʘʣʠ ʙʨʦʿ 
ʧʘʨʘʤʝʪʘʨʘ. 
 

ʂʘʥʘʜʩʢʠ ʧʨʠʩʪʫʧ ʧʨʠʢʘʟʫʿʝ ʧʦʚʝʟʘʥʦʩʪ ʭʝʤʠʿʩʢʠʭ ʠ ʙʠʦʣʦʰʢʠʭ ʝʬʝʢʘʪʘ, ʠ 
ʫʩʧʦʩʪʘʚˀʘ ʫʟʨʦʯʥʦ ʧʦʩʣʝʜʠʯʥʝ ʦʜʥʦʩʝ. ʅʘʿʚʝʨʦʚʘʪʥʠʿʠ ʥʝʛʘʪʠʚʥʠ ʥʠʚʦʠ 
ʦʙʝʟʙʝʹʫʿʫ ʜʦʜʘʪʥʝ ʠʥʬʦʨʤʘʮʠʿʝ, ʫʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʤʦʛʫ˂ʥʦʩʪ ʫʦʯʘʚʘˁʘ 
ʥʝʛʘʪʠʚʥʠʭ ʙʠʦʣʦʰʢʠʭ ʝʬʝʢʘʪʘ ʧʨʠ ʚʠʰʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ. 
 

ʋ ʧʨʠʣʦʛʫ ʩʫ ʜʘʪʝ ʚʨʝʜʥʦʩʪʠ Ăʥʘʿʚʠʰʝʛ ʥʠʚʦʘ ʠʥʪʝʨʝʩʘñ (PLI) ʧʨʝʤʘ ICPDR ʠ 
ñʥʘʿʚʝʨʦʚʘʪʥʠʿʠ ʝʬʝʢʪʠʚʥʠ ʥʠʚʦʠò CSQG.   
 
3.5.3. ʂʈʀʊɽʈʀɱʋʄʀ ɿɸ ɹʀʆʂʋʄʋʃɸʎʀɱʋ 

 
ʂʨʠʪʝʨʠʿʫʤʠ ʟʘ ʦʮʝʥʫ ʩʘʜʨʞʘʿʘ ʫʪʚʨʹʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʧʦʿʝʜʠʥʠʭ ʪʝʰʢʠʭ ʠ 
ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʘ, ʫ ʤʠʰʠ˂ʥʦʤ ʪʢʠʚʫ ʨʠʙʘ ʜʝʬʠʥʠʩʘʥʠ ʩʫ ʫ Ăʇʨʘʚʠʣʥʠʢʫ ʦ 
ʢʦʣʠʯʠʥʘʤʘ ʧʝʩʪʠʮʠʜʘ, ʤʝʪʘʣʘ ʠ ʤʝʪʘʣʦʠʜʘ ʠ ʜʨʫʛʠʭ ʦʪʨʦʚʥʠʭ ʩʫʙʩʪʘʥʮʠʿʘ, 
ʘʥʘʙʦʣʠʢʘ ʠ ʜʨʫʛʠʭ ʩʫʙʩʪʘʥʮʠʿʘ ʢʦʿʠ ʩʝ ʤʦʛʫ ʥʘʣʘʟʠʪʠ ʫ ʥʘʤʠʨʥʠʮʘʤʘñ (ʉʣ. ʣʠʩʪ 
ʉʌʈɱ ʙʨ.5/92) ʠ ʇʨʝʧʦʨʫʢʘʤʘ ʉʚʝʪʩʢʝ ʟʜʨʘʚʩʪʚʝʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ. 
 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʉʣʠʢʘ 5. ʋʟʦʨʢʦʚʘˁʝ ʨʠʟʦʤʘ Nuphar luteum-ʞʫʪʦʛ ʣʦʢʚʘˁʘ  
 

ɿʘ ʦʮʝʥʫ ʙʠʦʢʫʤʫʣʘʮʠʿʝ ʪʝʰʢʠʭ ʠ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʘ ʫ ʤʘʢʨʦʬʠʪʘʤʘ ʥʝ ʧʦʩʪʦʿʝ ʥʠ 
ʜʦʤʘ˂ʠ ʥʠ ʠʥʦʩʪʨʘʥʠ ʢʨʠʪʝʨʠʿʫʤʠ ʥʠ ʧʨʝʧʦʨʫʢʝ, ʿʝʜʠʥʦ ʿʝ ʤʦʛʫ˂ʝ ʠʟʚʨʰʠʪʠ 
ʧʦʨʝʹʝˁʝ ʩʘ ʩʣʠʯʥʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʥʘ ʜʨʫʛʠʤ ʣʦʢʘʣʠʪʝʪʠʤʘ ʠʣʠ ʚʦʜʦʪʦʮʠʤʘ. 
 
3.5.4. ʆʎɽʅɸ ʈɽɿʋʃʊɸʊɸ 
  
ʆʮʝʥʘ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ ɺɹʂ ʚʨʰʝʥʘ ʿʝ ʥʘ ʦʩʥʦʚʫ ʋʨʝʜʙʝ ʦ ʢʘʪʝʛʦʨʠʟʘʮʠʿʠ 
ʚʦʜʦʪʦʢʘ (ʉʣ. ɻʣʘʩʥʠʢ ʉʈ ʉʨʙʠʿʝ ʙʨ. 5/68), ʋʨʝʜʙʝ ʦ ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʚʦʜʘ (ʉʣ. 
ɻʣʘʩʥʠʢ ʉʈ ʉʨʙʠʿʝ ʙʨ. 5/68) ʠ ʇʨʘʚʠʣʥʠʢʦʤ ʦ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʫ ʚʦʜʘʤʘ (ʉʣ. 
ɻʣʘʩʥʠʢ ʉʈ ʉʨʙʠʿʝ ʙʨ. 31/82). ɿʘ ʧʘʨʘʤʝʪʨʝ ʢʦʿʠ ʥʠʩʫ ʜʝʬʠʥʠʩʘʥʠ ʥʘʰʠʤ 
ʧʨʦʧʠʩʠʤʘ ʢʦʨʠʰ˂ʝʥʘ ʿʝ Water Quality Classification Criteria ICPDR, ʟʘ TNMN. 
 
ɺʦʜʘ ʢʘʥʘʣʘ ɹʝʟʜʘʥ-ɹʝʯʝʿ, ʪʨʝʙʘʣʘ ʙʠ ʜʘ ʦʜʛʦʚʘʨʘ ʥʘ ʧʦʪʝʟʫ ʦʜ ɹʝʟʜʘʥʘ ʜʦ 
ɺʨʙʘʩʘ IIʘ, ʘ ʥʠʟʚʦʜʥʦ ʦʜ ɺʨʙʘʩʘ ʜʦ ɹʝʯʝʿʘ IIʙ ʢʣʘʩʠ, ʥʘ ʦʩʥʦʚʫ ʋʨʝʜʙʝ ʦ 
ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʚʦʜʘ. ɺʦʜʝ ʢʣʘʩʝ II, ʚʘʥ ʛʨʘʥʠʯʥʠʭ ʪʦʢʦʚʘ ʠ ʪʦʢʦʚʘ ʧʨʝʩʝʯʝʥʠʭ 
ʛʨʘʥʠʮʦʤ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʜʝʣʝ ʩʝ ʥʘ ʧʦʪʢʣʘʩʝ, ʠ ʪʦ: 

¶ ʧʦʪʢʣʘʩʘ IIʘ, ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʚʦʜʝ ʢʦʿʝ ʩʝ ʫʟ ʫʦʙʠʯʘʿʝʥʝ ʤʝʪʦʜʝ ʦʙʨʘʜʝ 
(ʢʦʘʛʫʣʘʮʠʿʘ, ʬʠʣʪʨʘʮʠʿʘ ʠ ʜʝʟʠʥʬʝʢʮʠʿʘ) ʤʦʛʫ ʫʧʦʪʨʝʙˀʘʚʘʪʠ ʟʘ 
ʩʥʘʙʜʝʚʘˁʝ ʥʘʩʝˀʘ ʚʦʜʦʤ ʟʘ ʧʠ˂ʝ, ʟʘ ʢʫʧʘˁʝ ʠ ʫ ʧʨʝʭʨʘʤʙʝʥʦʿ 
ʠʥʜʫʩʪʨʠʿʠ, ʠ 

¶ ʧʦʪʢʣʘʩʘ IIʙ, ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʚʦʜʝ ʢʦʿʝ ʩʝ ʤʦʛʫ ʠʩʢʦʨʠʰ˂ʘʚʘʪʠ ʠʣʠ 
ʫʧʦʪʨʝʙˀʘʚʘʪʠ ʟʘ ʩʧʦʨʪʦʚʝ ʥʘ ʚʦʜʠ, ʨʝʢʨʝʘʮʠʿʫ, ʟʘ ʛʘʿʝˁʝ ʤʘˁʝ 
ʧʣʝʤʝʥʠʪʠʭ ʚʨʩʪʘ ʨʠʙʘ (ʮʠʧʨʠʥʠʜʘ) ʠ ʟʘ ʧʦʿʝˁʝ ʩʪʦʢʝ.   

 
ʇʦʚʨʰʠʥʩʢʝ ʚʦʜʝ ʩʫ ʧʨʝʤʘ ICPDR ʢʣʘʩʠʬʠʢʘʮʠʿʠ, ʧʦʜʝˀʝʥʝ ʫ 5 ʢʣʘʩʘ ʠ ʩʘʜʨʞʝ 
ʥʝʰʪʦ ʚʠʰʝ ʧʘʨʘʤʝʪʘʨʘ. ʋ ICPDR ʩʝ ʢʦʨʠʩʪʠ ʠ ʃʠʩʪʘ ʧʨʠʦʨʠʪʝʪʥʠʭ ʩʫʧʩʪʘʥʮʠ.  
 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʉʣʠʢʘ 6. ʅʘʿ ʟʘʛʘʹʝʥʠʿʠ ʜʝʦ ɺɹʂ- ʧʨʦʬʠʣ 3 
 

ʃʘʪʝʨʘʣʥʠ ʢʘʥʘʣʠ ʥʠʩʫ ʢʘʪʝʛʦʨʠʩʘʥʠ ʥʘʚʝʜʝʥʠʤ, ʥʠʪʠ ʙʠʣʦ ʢʦʿʠʤ ʜʨʫʛʠʤ 
ʜʦʢʫʤʝʥʪʦʤ. ʆʮʝʥʘ ʩʘʜʨʞʘʿʘ ʧʦʿʝʜʠʥʠʭ ʟʘʛʘʹʫʿʫ˂ʠʭ ʤʘʪʝʨʠʿʘ ʫ ʣʘʪʝʨʘʣʥʠʤ 
ʢaʥʘʣʠʤʘ ʜʘʪʘ ʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʚʝʜʝʥʝ ʜʦʤʘ˂ʝ ʠ ʤʝʹʫʥʘʨʦʜʥʝ ʧʨʦʧʠʩʝ, ʘ ʜʘʪʠ 
ʩʫ ʠ ʢʦʤʝʥʪʘʨʠ ʧʨʝʤʘ ʫʦʙʠʯʘʿʝʥʦʤ ʩʘʜʨʞʘʿʫ ʧʦʿʝʜʠʥʠʭ ʤʘʪʝʨʠʿʘ ʫ 
ʢʘʥʘʣʠʟʘʮʠʦʥʠʤ ʚʦʜʘʤʘ. 

 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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4.0. ʆʇʀʉ ɸʂʊʀɺʅʆʉʊʀ 
 
ʇʨʝʤʘ ʇʨʦʛʨʘʤʫ ʤʦʥʠʪʦʨʠʥʛʘ, ʘ ʫ ʜʦʛʦʚʦʨʫ ʩʘ ʧʨʝʜʩʪʘʚʥʠʮʠʤʘ ʄʠʥʠʩʪʘʨʩʪʚʘ 
ʞʠʚʦʪʥʝ ʩʨʝʜʠʥʝ ʠ ʧʨʦʩʪʦʨʥʦʛ ʧʣʘʥʠʨʘˁʘ ʠ ɱɺʇ Ăɺʦʜʝ ɺʦʿʚʦʜʠʥʝñ, ʩʘʯʠˁʝʥ ʿʝ 
ʇʣʘʥ ʫʟʦʨʢʦʚʘˁʘ.  
 
ʋʟʠʤʘˁʝ ʫʟʦʨʘʢʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ʦʙʘʚʠʣʝ ʩʫ ʜʚʝ ʝʢʠʧʝ. ʇʨʚʘ 
ʝʢʠʧʘ ʿʝ ʫʟʦʨʢʝ ʫʟʠʤʘʣʘ ʠʟ ʯʘʤʮʘ ʥʘ ɺɹʂ, ʘ ʜʨʫʛʘ ʩʘ ʤʦʩʪʦʚʘ ʠʣʠ ʧʨʦʧʫʩʪʘ ʥʘ 
ʣʘʪʝʨʘʣʥʠʤ ʢʘʥʘʣʠʤʘ.  
 
ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʧʦʣʦʞʘʿ ʫʩʪʘʚʝ ʫ ɺʨʙʘʩʫ ʠ ʥʝʤʦʛʫ˂ʥʦʩʪ ʧʨʦʣʘʩʢʘ ʯʘʤʮʝʤ, 
ʫʟʦʨʢʦʚʘˁʝ je ʠ ʿʫʥʘ ʠ ʦʢʪʦʙʨʘ ʧʦʜʝˀʝʥʦ ʫ ʜʚʘ ʜʘʥʘ, ʫʟʚʦʜʥʦ ʠ ʥʠʟʚʦʜʥʦ ʦʜ ˁʝ. 
ʇʨʦʣʝ˂ʥʦ ʫʟʦʨʢʦʚʘˁʝ ʦʙʘʚˀʝʥʦ ʿʝ 4 ʠ 8 ʿʫʥʘ, ʘ ʿʝʩʝˁʝ, 6 ʠ 9 ʦʢʪʦʙʨʘ.  
 
ʉʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʨʘʩʧʦʨʝʜa ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ ʢʘʦ ʠ ʚʨʩʪʝ ʦʙʘʚˀʝʥʠʭ 
ʠʩʧʠʪʠʚʘˁʘ ʥʘ ˁʠʤʘ ʜʘʪ ʿʝ ʫ ɻʨʘʬʠʢʫ 1. 
 

 

 
 

ɻʨʘʬʠʢ 1. ʉʭʝʤʘʪʩʢʠ ʧʨʠʢʘʟ ʠʩʧʠʪʠʚʘʥʦʛ ʩʝʢʪʦʨʘ ɺɹʂ ʠ ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ 
ʩʘ ʧʦʣʦʞʘʿʝʤ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ ʠ ʚʨʩʪʦʤ ʠʩʧʠʪʠʚʘˁʘ 

 

 
ʊʦʢʦʤ ʨʘʜʘ ʥʘ ʪʝʨʝʥʫ ʬʦʪʦʛʨʘʬʠʩʘʥʠ ʩʫ ʩʚʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʠ, ʧʨʦʮʝʩ 
ʫʟʠʤʘˁʘ ʠ ʧʨʠʧʨʝʤʝ ʫʟʦʨʘʢʘ, ʪʝʨʝʥʩʢʦ ʦʜʨʝ́ ʠʚʘˁʝ ʧʦʿʝʜʠʥʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʠ 
ʟʥʘʯʘʿʥʠʿʠ ʠʟʣʠʚʠ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʫ ʣʘʪʝʨʘʣʥʝ ʢʘʥʘʣʝ. ʅʘʿʢʘʨʘʢʪʝʨʠʩʪʠʯʥʠʿʝ 
ʬʦʪʦʛʨʘʬʠʿʝ ʜʘʪʝ ʩʫ ʫ ʪʝʢʩʪʫ, a ʦʩʪʘʣʝ ʨʝʣʝʚʘʥʪʥʝ, ʢʦʿʝ ʜʦʢʫʤʝʥʪʫʿʫ ʩʠʪʫʘʮʠʿʫ 
ʥʘ ʪʝʨʝʥʫ ʜʘʪʝ ʩʫ ʫ ʇʨʠʣʦʛʫ.  
 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʇʨʠ ʫʟʦʨʢʦʚʘˁʫ ʚʦʹʝʥ ʿʝ ʟʘʧʠʩʥʠʢ ʦ ʧʨʠʢʫʧˀʘˁʫ ʫʟʦʨʘʢʘ, ʩʘ ʝʚʠʜʝʥʮʠʿʦʤ 
ʤʝʪʝʦʨʦʣʦʰʢʠʭ ʫʩʣʦʚʘ, ʦʧʠʩʦʤ ʥʝʫʦʙʠʯʘʿʝʥʠʭ ʧʦʿʘʚʘ ʥʘ ʢʦʥʪʨʦʣʥʦʤ ʧʨʦʬʠʣʫ ʠ 
ʫʟʨʦʮʠʤʘ ʝʚʝʥʪʫʘʣʥʠʭ ʩʤʝʪˁʠ.  
 
ʊʦʢʦʤ ʫʟʦʨʢʦʚʘˁʘ ʥʠʿʝ ʙʠʣʦ ʠʟʫʟʝʪʥʦ ʿʘʢʦʛ ʚʝʪʨʘ ʠʣʠ ʦʙʠʣʥʠʿʠʭ ʧʘʜʘʚʠʥʘ ʢʦʿʠ ʙʠ 
ʨʝʤʝʪʠʣʠ ʨʘʜ ʥʘ ʪʝʨʝʥʫ. 
 
ʋ ʪʘʙʝʣʠ 1. ʩʫ ʜʘʪʝ ʢʦʦʨʜʠʥʘʪʝ ʧʨʦʬʠʣʘ, ʙʣʠʞʠ ʦʧʠʩ ʣʦʢʘʮʠʿʝ, ʠ ʦʙʠʤ 
ʠʟʚʨʰʝʥʠʭ ʠʩʧʠʪʠʚʘˁʘ. 

 
ʊʘʙʝʣʘ 1. ʇʦʣʦʞʘʿ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ 

ʠ ʦʙʠʤ ʠʟʚʨʰʝʥʠʭ ʠʩʧʠʪʠʚʘˁʘ 
 

 ʂʦʥʪʨʦʣ. 
 ʧʨʦʬʠʣ 

GPS  
ʂʦʦʨʜʠʥʘʪʝ 

ʃʦʢʘʮʠʿʘ ʢʦʥʪʨʦʣʥʦʛ  
ʧʨʦʬʠʣʘ 

 ʆʙʠʤ  
  ʠʩʧʠʪʠʚʘˁʘ 

1. N  45Á 33' 05''   
E  19Á 41' 32''   

ɺɹʂ, ʥʠʟʚʦʜʥʦ ʦʜ ʪʨʠʘʥʛʣʘ  
ʀʩʧʦʜ ʪʨʝ˂ʝʛ ʜʘʣʝʢʦʚʦʜʘ  

ʚʦʜʘ, ʩʝʜʠʤʝʥʪ, 
ʭʠʜʨʦʙʠʦʥʪʠ 

2. 
 ʧʨʦʣʝ˂ʝ 

N 45Á 35' 40'' 
E 19Á 36' 25''   

ʂʘʥʘʣ ʰʝ˂ʝʨʘʥʝ, ʧʨʝ ʫʣʠʚʘ ʫ  
ʢʘʥʘʣ I-64, 

ʚʦʜʘ, 

2. 
ʿʝʩʝʥ 

N  45Á 37' 55''  
E  19Á 30' 23''   

ʂʘʥʘʣ I-64, ʠʟʤʝʹʫ ʎʨʚʝʥʢʝ ʠ ʂʫʣʝ, 
ʢʦʜ ʚʦʜʦʟʘʚʘʪʘ ''ɫʫʨʦ ʉʪʨʫʛʘʨ'' 

ʚʦʜʘ, 

3. N  45Á 34' 46''   
E  19Á 37' 53'' 

ɺɹʂ, ʤʦʩʪ ''ɺʠʥʦʛʨʘʜʠ'' ʫ ɺʨʙʘʩʫ 
 

ʚʦʜʘ, ʩʝʜʠʤʝʥʪ, 
ʭʠʜʨʦʙʠʦʥʪʠ 

4. N  45Á 36' 21''   
E  19Á 33' 53'' 

ɺɹʂ, ʠʟʤʝʹʫ ʂʫʣʝ ʠ ɺʨʙʘʩʘ,  
ʢʦʜ ʩʪʘʨʦʛ ʚʦʜʦʟʘʭʚʘʪʘ 

ʚʦʜʘ,  
ʭʠʜʨʦʙʠʦʥʪʠ 

5. N  45Á 37' 55''   
E  19Á 30' 06''   

ɺɹʂ, ʠʟʤʝʹʫ ʎʨʚʝʥʢʝ ʠ ʂʫʣʝ, ʢʦʜ 
ʚʦʜʦʟʘʚʘʪʘ ''ɫʫʨʦ ʉʪʨʫʛʘʨ''  

ʚʦʜʘ, ʩʝʜʠʤʝʥʪ, 
ʭʠʜʨʦʙʠʦʥʪʠ 

6. N  45Á 35' 05''   
E  19Á 37' 20'' 

ʂʘʥʘʣ I-64, ʤʦʩʪ ʧʨʝ ʫʰ˂ʘ ʫ ɺɹʂ ʘ 
ʧʦʩʣʝ ʫʰ˂ʘ ʢʘʥʘʣʘ ʂʎ III,  

ʚʦʜʘ,  
ʩʝʜʠʤʝʥʪ 

7. N  45Á 35' 15''   
E  19Á 36' 59'' 

ʂʘʥʘʣ I-64, ʤʦʩʪ ʫ ɺʨʙʘʩʫ,   
ʫʟʚʦʜʥʦ ʦʜ ʫʰ˂ʘ ʢʘʥʘʣʘ Kʎ-III, 

ʚʦʜʘ, 

8. N  45Á 36' 12''   
E  19Á 33' 52''   

ʂʘʥʘʣ I-64, ʤʦʩʪ ʠʩʧʦʜ ʂʫʣʝ ʠ  
ʫʣʠʚʘ ʚʦʜʘ ʠʟ Ăʈʦʜʠ˂ʘñ  

ʚʦʜʘ, 

9. N  45Á 35' 03''   
E  19Á 36' 59''   

ʂʘʥʘʣ Kʎ-III, ʠʟʘ ''ʂʘʨʥʝʢʩʘ'', ʘ ʧʨʝ 
ʫʰ˂ʘ ʫ ʢʘʥʘʣ I-64  

ʚʦʜʘ, 

10. N  45Á 36' 21''   
E  19Á 34' 22''   

ʂʘʥʘʣ I-61, ʢʦʜ ʚʦʜʦʟʘʭʚʘʪʘ  
ʧʦʜʩʠʩʪʝʤʘ ʂʫʣʘ-ʄʘʣʠ ʀʹʦʰ 

ʚʦʜʘ, 

 
ʋ ʇʨʠʣʦʛʫ 9.4., ʬʦʪʦʛʨʘʬʠʿʝ I-IV, ʜʘʪ ʿʝ ʠ ʧʦʣʦʞʘʿ ʢʘʥʘʣʘ ʠ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ 
ʥʘ ʦʩʥʦʚʫ ʩʘʪʝʣʠʪʩʢʠʭ ʩʥʠʤʘʢʘ ʧʨʝʫʟʝʪʠʭ ʩʘ Google Earth. 
 
ʈʘʜʠ ʣʘʢʰʝʛ ʩʘʛʣʝʜʘʚʘˁʘ ʧʨʦʩʪʦʨʥʠʭ ʦʜʥʦʩʘ ʥʘ ʪʝʨʝʥʫ, ʫ ʇʨʠʣʦʛʫ 9.5. ʜʘʪʘ ʿʝ 
ʢʘʨʪʘ ʩʘ ʧʦʣʦʞʘʿʝʤ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ ʫ ʦʜʥʦʩʫ ʥʘ ʥʘʩʝˀʘ, ʦʙʿʝʢʪʝ ʠʥʜʫʩʪʨʠʿʝ 
ʠ ʘʛʨʦʢʦʤʧʣʝʢʩʘ, ʢʘʦ ʠ ʤʨʝʞʫ ʛʣʘʚʥʠʭ ʩʘʦʙʨʘ˂ʘʿʥʠʮʘ ʠ  ʞʝʣʝʟʥʠʯʫ ʧʨʫʛʫ. 
 
ʉʘʤʦ ʫʟʦʨʢʦʚʘˁʝ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ, ʦʧʨʝʤʘ ʟʘ ʫʟʠʤʘˁʝ ʫʟʦʨʘʢʘ 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʠ ʘʤʙʘʣʘʞʘ ʟʘ ʫʟʦʨʢʝ, ʢʘʦ ʠ ʦʧʨʝʤʘ ʟʘ ʯʫʚʘˁʝ ʫʟʦʨʘʢʘ ʫ ʪʦʢʫ ʪʨʘʥʩʧʦʨʪʘ, ʙʠʣʠ 
ʩʫ ʫ ʩʢʣʘʜʫ ʩʘ ʄʝʪʦʜʦʣʦʛʠʿʦʤ ʥʘʚʝʜʝʥʦʤ ʫ ʪʘʯʢʠ 3.2. ʅʘʧʦʤʠˁʝʤʦ ʜʘ ʩʫ ʫ ʩʚʘʢʦʿ 
ʩʝʨʠʿʠ ʫʟʦʨʘʢʘ ʫʟʠʤʘʥʠ ʠ ʜʫʧʣʠ ʫʟʦʨʮʠ ʟʘ ʢʦʥʪʨʦʣʫ ʢʚʘʣʠʪʝʪʘ ʨʘʜʘ. 
 
ʊʝʨʝʥʩʢʦ ʦʜʨʝʹʠʚʘˁʝ ʧʦʿʝʜʠʥʠʭ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʭ ʧʘʪʨʘʤʝʪʘʨʘ, ʢʘʦ ʠ 
ʣʘʙʦʨʘʪʦʨʠʿʩʢʘ ʠʩʧʠʪʠʚʘˁʘ, ʠʟʚʨʰʝʥʘ ʫʟ ʧʨʠʤʝʥʫ ʤʝʹʫʥʘʨʦʜʥʦ ʧʨʠʟʥʘʪʠʭ 
ʘʥʘʣʠʪʠʯʢʠʭ ʪʝʭʥʠʢʘ ʠ ʩʪʘʥʜʘʨʜʘ ʫ ʩʢʣʘʜʫ ʩʘ ʥʘʚʝʜʝʥʠʤ ʫ ʧʦʛʣʘʚˀʫ 3.3. 
ʄʝʪʦʜʦʣʦʛʠʿʝ. ʉʚʠ ʫʟʦʨʮʠ ʜʦʧʨʝʤʘʥʠ ʩʫ ʫ ʣʘʙʦʨʘʪʦʨʠʿʫ ʫ ʪʦʢʫ 3h ʦʜ ʟʘʚʨʰʝʪʢʘ 
ʫʟʦʨʢʦʚʘˁʘ, ʛʜʝ ʩʫ ʦʜʤʘʭ ʚʨʰʝʥʝ ʘʥʘʣʠʟʝ ʣʘʢʦ ʧʨʦʤʝʥˀʠʚʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʢʘʦ ʠ 
ʟʘʩʝʿʘʚʘˁʝ ʤʠʢʨʦʙʠʦʣʦʰʢʠʭ ʫʟʦʨʘʢʘ. 
 
ʇʨʦʚʝʨʘ ʧʦʫʟʜʘʥʦʩʪʠ ʨʝʟʫʣʪʘʪʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ ʠʩʧʠʪʠʚʘˁʘ ʠʟʚʨʰʝʥʘ ʿʝ ʫ 
ʩʚʝʤʫ ʧʨʝʤʘ ʪʘʯʢʠ 4.4 ʄʝʪʦʜʦʣʦʛʠʿʝ, ʦ ʯʝʤʫ ʧʦʩʪʦʿʠ ʚʘʣʠʜʥʘ ʝʚʠʜʝʥʮʠʿʘ ʫ 
ʩʢʣʘʜʫ ʩʘ ʘʢʨʝʜʠʪʘʮʠʿʦʤ, QA ʠ QC ʧʨʦʮʝʜʫʨʦʤ. 
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5.0 ɸʅɸʃʀɿɸ ʈɽɿʋʃʊɸʊɸ ʀʉʇʀʊʀɺɸɳɸ  
 
ʈʘʩʧʦʨʝʜ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʬʠʣʘ ʩʘ ʩʪʘʮʠʦʥʘʞʦʤ ʠ ʢʦʦʨʜʠʥʘʪʘʤʘ, ʫ ʦʜʥʦʩʫ ʥʘ 
ʥʘʩʝˀʘ, ʩʘʦʙʨʘ˂ʘʿʥʠʮʝ ʠ ʛʣʘʚʥʝ ʟʘʛʘʹʠʚʘʯʝ, ʧʨʠʢʘʟʘʥ ʿʝ ʫ ʦʜʛʦʚʘʨʘʿʫ˂ʦʿ 
ʨʘʟʤʝʨʠ, ʥʘ ʢʘʨʪʠ 1, ʜʘʪʦʿ ʫ ɸʥʝʢʩʫ 5. 
 
ʆʢʦ ʣʘʪʝʨʘʣʥʦʛ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʢʘʥʘʣʘ I-64 ʫ ɺʨʙʘʩʫ, ʠ ʫ ʧʨʦʣʝ˂ʥʦʤ ʠ ʫ ʿʝʩʝˁʝʤ 
ʧʝʨʠʦʜʫ, ʰʠʨʠʦ ʩʝ ʥʝʧʨʠʿʘʪʥʠ ʤʠʨʠʩ ʠʩʧʘʨʝˁʘ ʩʤʝʰʝ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ ʠ 
ʿʝʜʠˁʝˁʘ ʩʫʤʧʦʨʘ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʘʥʘʝʨʦʙʥʫ ʨʘʟʛʨʘʜˁʫ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ.   
 
5.1 ɺʆɼɸ 
 

ʅʘ ʧʨʦʬʠʣʠʤʘ ɺɹʂ, ʨʝʛʠʩʪʨʦʚʘʥʘ ʿʝ ʤʘˁʝ ʠʣʠ ʚʠʰʝ ʠʟʨʘʞʝʥʘ ʧʦʿʘʚʘ ʤʠʨʠʩʘ ʥʘ 
ʙʘʨʫ, ʘ ʥʘ ʧʨʦʬʠʣʠʤ ʣʘʪʝʨʘʣʥʦʛ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʢʘʥʘʣʘ I-64 ʠ ʢʘʥʘʣʘ ʂʎ-III ʥʘ 
ʢʘʥʘʣʠʟʘʮʠʿʫ, ʘ ʫʦʯʝʥʘ ʿʝ ʧʨʦʤʝʥʘ ʙʦʿʝ ʚʦʜʝ ʫ ʞʫ˂ʢʘʩʪʫ ʠʣʠ ʤʨʢʫ. ʅʘ ʧʨʦʬʠʣʫ 3 
ʧʨʠʩʫʪʘʥ ʿʝ ʤʘʩʥʠ Ăʬʠʣʤñ ʠ ʦʪʧʘʜʥʝ ʦʨʛʘʥʩʢʝ ʤʘʪʝʨʠʿʝ ʥʘ ʧʦʚʨʰʠʥʠ ʚʦʜʝ, ʘ 
ʿʘʚˀʘʿʫ ʩʝ ʠ ʤʝʭʫʨʠ˂ʘ ʛʘʩʘ (ʤʝʪʘʥʘ ʠ ʚʦʜʦʥʠʢ ʩʫʣʬʠʜʘ) ʦʩʣʦʙʦʹʝʥʦʛ ʠʟ 
ʩʝʜʠʤʝʥʪʘ. 
 
5.1.1 ʌʀɿʀʏʂʆ-ʍɽʄʀɱʉʂɽ ʀ ʍɽʄʀɱʉʂɽ ʂɸʈɸʂʊɽʈʀʉʊʀʂɽ 

 
ʋ ʚʦʜʘʤʘ ɺɹʂ, ʧʦˀʦʧʨʠʚʨʝʜʥʦʛ ʣʘʪʝʨʘʣʥʦʛ ʢʘʥʘʣʘ I-61, ʠʥʜʫʩʪʨʠʿʩʢʦʛ 
ʣʘʪʝʨʘʣʥʦʛ ʢʘʥʘʣʘ I-64 ʠ ʢʘʥʘʣʘ ʂʎ-III ʥʠʿʝ ʜʦʢʘʟʘʥʦ ʧʨʠʩʫʩʪʚʦ ʦʨʛʘʥʩʢʠʭ 
ʤʠʢʨʦʧʦʣʫʪʘʥʘʪʘ: ʦʨʛʘʥʦʭʣʦʨʥʠʭ ʠʥʩʝʢʪʠʮʠʜʘ, ʭʝʨʙʠʮʠʜʘ ʥʘ ʙʘʟʠ 
ʭʣʦʨʘʮʝʪʘʥʠʣʠʜʘ ʠ ʭʣʦʨʬʝʥʦʢʩʠ ʢʘʨʙʦʥʩʢʠʭ ʢʠʩʝʣʠʥʘ, ʧʦʣʠʭʣʦʨʦʚʘʥʠʭ 
ʙʠʬʝʥʠʣʘ ʠ ʧʦʿʝʜʠʥʠʭ ʪʨʠʘʟʠʥʩʢʠʭ ʭʝʨʙʠʮʠʜʘ,  
 
ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʋʨʝʙʦʤ ʦ ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʚʦʜʘ ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ, ʟʘʧʘʞʘ ʩʝ ʜʘ ʿʝ: 
 

¶ ʂʠʩʝʦʥʠʯʢʠ ʨʝʞʠʤ je ʧʦʨʝʤʝ˂ʝʥ ʠ ʫ ʧʨʦʣʝ˂ʥʦʤ ʠ ʫ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ ʥʘ 
ʧʨʦʬʠʣʠʤʘ: 2, 3, 6, 7, 8 ʠ 9. ɼʝʬʠʮʠʪ ʢʠʩʝʦʥʠʢʘ ʥʘ ʧʨʦʬʠʣʫ 1 ʨʝʛʠʩʪʨʫʿʝ ʩʝ ʫ 
ʿʝʩʝˁʝʤ, ʘ ʥʘ ʧʨʦʬʠʣʫ 10 ʫ ʧʨʦʣʝ˂ʥʦʤ ʧʝʨʠʦʜʫ. ʅʘ ɺɹʂ ʫʟʚʦʜʥʦ ʦʜ ʫʩʪʘʚʝ ʫ 
ɺʨʙʘʩʫ, ʧʨʦʬʠʣʠ 4 ʠ 5, ʩʠʪʫʘʮʠʿʘ ʿʝ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ 
ʧʝʨʠʦʜʘ. 

¶ ʉʘʜʨʞʘʿ ʨʘʩʪʚʦʨʝʥʦʛ ʢʠʩʝʦʥʠʢʘ ʢʨʝ˂ʝ ʦʜ ʩʢʦʨʦ ʧʦʪʧʫʥʝ ʘʥʘʝʨʦʙʠʿʝ, 0,42 mg/l, 
ʫ ʦʢʪʦʙʨʫ ʥʘ ʢʘʥʘʣʫ I-64  ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ, ʧʨʦʬʠʣ 2, ʜʦ ʙʣʘʛʦʛ ʜʝʬʠʮʠʪʘ, 
5,85 mg/l, ʥʘ ɺɹʂ, ʧʨʦʬʠʣ 3, ʫ ʧʨʦʣʝ˂ʥʦʤ ʧʝʨʠʦʜʫ. 

¶ ʋ ʧʨʦʣʝ˂ʥʦʤ ʧʝʨʠʦʜʫ ʥʘ ɺɹʂ ʥʠʟʚʦʜʥʦ ʦʜ ʫʩʪʘʚʝ ʫ ɺʨʙʘʩʫ ʩʢʦʨʦ ʜʘ ʩʝ ʥʝ 
ʧʨʠʤʝ˂ʫʿʝ ʨʘʟʣʠʢʘ ʫ ʩʘʜʨʞʘʿʫ ʨʘʩʪʚʦʨʝʥʦʛ ʢʠʩʝʦʥʠʢʘ ʫ ʦʜʥʦʩʫ ʥʘ ʫʟʚʦʜʥʠ 
ʜʝʦ.  
 

ʈʝʛʠʩʪʨʦʚʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʢʠʩʝʦʥʠʢʘ ʥʘ ʧʨʦʬʠʣʠʤʘ ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ ʧʝʨʠʦʜʘ, 
ʫ ʦʜʥʦʩʫ ʥʘ ʄɼʂ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʥʘʨʝʜʥʦʤ ʛʨʘʬʠʢʫ.  
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ɻʨʘʬʠʢ 2. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʢʠʩʝʦʥʠʢʘ (mg/l) ʧʨʝʤʘ ʂʣʘʩʠʬʠʢʘʮʠʿʠʫ ʚʦʜʘ ʈʉ 
 

¶ ʇʝʪʦʜʥʝʚʥʘ ʙʠʦʣʦʰʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʿʝ ʫ ʛʨʘʥʠʮʘʤʘ IIʙ ʢʣʘʩʝ ʥʘ 
ʧʨʦʬʠʣʠʤʘ: 1,4,5 ʠ 10 ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ ʧʝʨʠʦʜʘ ʠ ʥʘ ʧʨʦʬʠʣʫ 3 ʫ ʿʫʥʫ ʤʝʩʝʮʫ. 
ʋ ʩʚʠʤ ʦʩʪʘʣʠʤ ʫʟʦʨʮʠʤʘ ɹʇʂ5 ʿʝ ʧʦʚʝ˂ʘʥʘ, ʠ ʦʜʛʦʚʘʨʘ IV ʢʣʘʩʠ, ʘ ʢʨʝ˂ʝ ʩʝ 
ʦʜ 10,4 mg/l ʆ2, ʥʘ ʧʨʦʬʠʣʫ 3 ʫ ʦʢʪʦʙʨʫ, ʜʦ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢʝ ʥʘ ʧʨʦʬʠʣʫ 8 ʫ 
ʿʫʥʫ, ʢʦʿʘ ʿʝ ʜʦʩʪʠʛʣʘ ʯʘʢ 112,8 mg/l O2. 

¶ ʅʘ ʢʘʥʘʣʠʤʘ I-64 ʠ ʂʎ-III, ɹʇʂ5 ʿʝ ʢʦʥʩʪʘʥʪʥʦ ʠʟʫʟʝʪʥʦ ʚʠʩʦʢʘ. 

¶ ʋ ʦʜʥʦʩʫ ʥʘ ʨʝʟʫʣʪʘʪʝ ʠʩʧʠʪʠʚʘˁʘ ʠʟ 2008. ʛʦʜʠʥʝ ʫʦʯʘʚʘ ʩʝ ʟʥʘʪʥʦ ʚʝ˂ʘ 
ɹʇʂ5, ʧʦʩʝʙʥʦ ʫ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ. 

 

 
 

ɻʨʘʬʠʢ 3. ɹʇʂ5 (mg/l ʆ2) ) ʫ ʦʜʥʦʩʫ ʥʘ ʂʣʘʩʠʬʠʢʘʮʠʿʫ ʚʦʜʘ ʈʉ  

 
ʇʝʪʦʜʥʝʚʥʝ ʙʠʦʣʦʰʢʝ ʧʦʪʨʦʰˁʝ ʢʠʩʝʦʥʠʢʘ ʥʘ ʧʨʦʬʠʣʠʤʘ ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ 
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ʧʝʨʠʦʜʘ, ʫ ʦʜʥʦʩʫ ʥʘ ʄɼʂ, ʧʨʠʢʘʟʘʥʝ ʩʫ ʫ ʥʘʨʝʜʥʦʤ ʛʨʘʬʠʢʫ.  
 

¶ ʇʦʚʝ˂ʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʤʘʪʝʨʠʿʘ ʫʪʚʨʹʝʥʝ ʩʫ ʿʫʥʘ ʠ ʦʢʪʦʙʨʘ 
ʥʘ ʧʨʦʬʠʣʠʤʘ 6, 7 ʠ 9, ʜʦʢ ʿʝ ʧʨʝʢʦʨʘʯʝˁʝ ʄɼʂ ʟʘʙʝʣʝʞʝʥʦ ʥʘ ʢʘʥʘʣʫ I-64 
(ʧʨʦʬʠʣ 2) ʦʢʪʦʙʨʘ, ʘ ʥʘ ɺɹʂ (ʧʨʦʬʠʣ 3) ʿʫʥʘ ʤʝʩʝʮʘ. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʠʟʥʘʜ 
ʄɼʂ ʢʨʝ˂ʫ ʩʝ ʦʜ 34 mg/l, ʜʦ 97 mg/l, ʰʪʦ ʿʝ ʚʨʣʦ ʩʣʠʯʥʦ ʨʝʟʫʣʪʘʪʠʤʘ ʠʟ 2008. 
ʛʦʜʠʥʝ. 

¶ ʅʘ ʩʣʠʚʥʦʤ ʧʦʜʨʫʯʿʫ ɺɹʂ ʚʦʜʥʘ ʝʨʦʟʠʿʘ ʿʝ ʟʘʥʝʤʘʨʠʚʘ, ʘ ʝʦʣʩʢʘ ʚʝʦʤʘ ʤʘʣʘ, 
ʧʘ ʩʫʩʧʝʥʜʦʚʘʥʝ ʤʘʪʝʨʠʿʝ ʧʦʪʠʯʫ ʫʛʣʘʚʥʦʤ ʠʟ ʦʪʧʘʜʥʠʭ ʚʦʜʘ. 

¶ ʅʘʧʦʤʠˁʝʤʦ ʜʘ ʩʫ ʩʝʜʠʤʝʥʪʥʝ ʤʘʪʝʨʠʿʝ ʥʘʿʯʝʰ˂ʝ ʙʠʣʝ ʠʩʧʦʜ ʛʨʘʥʠʮʝ 
ʜʝʪʝʢʮʠʿʝ (<0,5 mg/l), ʘ ʤʘʢʩʠʤʘʣʥʦ ʜʦ 4 mg/l ʪhʦ ʙʠ ʛʦʚʦʨʠʣʦ ʜʘ 
ʩʫʩʧʝʥʜʦʚʘʥʝ ʤʘʪʝʨʠʿʝ ʥʝ ʯʠʥʝ ʯʝʩʪʠʮʝ ʟʝʤˀʝ ʠʣʠ ʧʝʩʢʘ, ʚʝ˂ ʦʨʛʘʥʩʢʝ 
ʤʘʪʝʨʠʿʝ ʠʟ ʦʪʧʘʜʥʠʭ ʚʦʜʘ ʧʨʝʭʨʘʤʙʝʥʝ ʠʥʜʫʩʪʨʠʿʝ ʠ ʘʛʨʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʿʝ ʩʝ 
ʪʝʰʢʦ ʠ ʩʧʦʨʦ ʪʘʣʦʞʝ.  

 

 
 

ɻʨʘʬʠʢ 4. ʉʘʜʨʞʘʿ ʩʫʩʧʝʥʜʦʚʘʥʠʭ ʤʘʪʝʨʠʿʘ (mg/l)  
ʧʨʝʤʘ ʢʣʘʩʠʬʠʢʘʮʠʿʠ ʚʦʜʘ ʈʉ  

 

ʋ ʧʦʨʝʹʝˁʫ ʩʘ ʥʦʨʤʘʤʘ ʇʨʘʚʠʣʥʠʢa ʦ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʫ ʚʦʜʘʤʘ ʈʉ 
ʢʦʥʩʪʘʪʦʚʘʥʦ ʿʝ: 
 

¶ ʉʘʜʨʞʘʿ ʘʤʦʥʠʿʫʤ ʿʦʥʘ ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ ʧʝʨʠʦʜʘ ʙʠʦ ʿʝ ʧʦʚʝ˂ʘʥ ʥʘ 
ʧʨʦʬʠʣʠʤʘ 1, 3, 6, 7, 8, 9 ʠ 10, ʘ ʫ ʦʢʪʦʙʨʫ ʠ ʥʘ ʧʨʦʬʠʣʫ 2. ʂʦʥʮʝʥʪʨʘʮʠʿʘ 
ʚʘʨʠʨʘ ʦʜ ʤʠʥʠʤʘʣʥʠʭ 1,20 mg/l ʜʦ ʤʘʢʩʠʤʘʣʥʠʭ 109,5 mg/l. ʅʘʧʦʤʠˁʝʤʦ ʜʘ 
ʿʝ ʫ ʢʘʥʘʣʠʟʘʮʠʦʥʠʤ ʚʦʜʘʤʘ ʩʘʜʨʞʘʿ ʘʤʦʥʠʿʫʤ ʿʦʥʘ 20-30 mg/l, ʜʦʢ 
ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʦʜ 123 mg/l ʚʠʰʝ ʦʜʛʦʚʘʨʘ ʥʝʧʨʝʯʠʰ˂ʝʥʦʿ ʦʩʦʢʠ ʩʘ ʬʘʨʤʝ. 

¶ ʅʘ ɺɹʂ ʫʟʚʦʜʥʦ ʦʜ ʫʩʪʘʚʝ ʫ ɺʨʙʘʩʫ, ʧʨʦʬʠʣʠ 4 ʠ 5, ʩʠʪʫʘʮʠʿʘ ʿʝ ʧʦʪʧʫʥʦ 
ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʜʛʦʚʘʨʘʿʫ ʧʨʦʧʠʩʘʥʦʿ ʢʣʘʩʠ ʙʦʥʠʪʝʪʘ.  
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ɻʨʘʬʠʢ 5. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʘʤʦʥʠʿʫʤ ʿʦʥʘ (mg/l) ʫ ʦʜʥʦʩʫ ʥʘ 
ʇʨʘʚʠʣʥʠʢ ʦ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʫ ʚʦʜʘʤʘ ʈʉ 

 

¶ ʂʦʜ ʩʘʜʨʞʘʿʘ ʥʠʪʨʠʪʘ ʦʜʩʪʫʧʘˁʘ ʦʜ II ʢʣʘʩʝ ʙʦʥʠʪʝʪʘ ʩʫ ʨʝʪʢʘ ʠ ʫʦʯʝʥʘ ʩʫ 
ʩʘʤʦ ʥʘ ʧʨʦʬʠʣʫ 10, ʛʜʝ ʩʫ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʠʣʝ 0,176 mg/l ʠ 0,082 mg/l, 
ʨʝʩʧʝʢʪʠʚʥʦ.  

¶ ʆʚʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʟʙʦʛ ʠʟʨʘʟʠʪʦʛ ʜʝʬʠʮʠʪʘ ʢʠʩʝʦʥʠʢʘ ʧʨʦʮʝʩ ʥʠʪʨʠʬʘʢʘʮʠʿʝ 
ʥʘ ʢʘʥʘʣʠʤʘ I-64 ʠ ʂʎ-III ʚʝʦʤʘ ʦʪʝʞʘʥ ʠ ʫʩʧʦʨʝʥ. ʋ ʩʣʫʯʘʿʝʚʠʤʘ ʧʦʪʧʫʥʦʛ 
ʦʜʩʫʩʪʚʘ ʢʠʩʝʦʥʠʢʘ ʫ ʚʦʜʠ ʜʦʣʘʟʠ ʜʦ ʜʝʥʠʪʨʠʬʠʢʘʮʠʿʝ, ʦʜʥʦʩʥʦ ʨʝʜʫʢʮʠʿʝ 
ʥʠʪʨʘʪʘ ʠ ʥʠʪʨʠʪʘ ʠ ʦʩʣʦʙʘʹʘˁʘ ʘʟʦʪʘ ʫ ʘʪʤʦʩʬʝʨʫ. 

 

 
              

             ɻʨʘʬʠʢ 6. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʥʠʪʨʠʪʘ (mg/l) ʫ ʦʜʥʦʩʫ ʥʘ 
                    ʇʨʘʚʠʣʥʠʢ ʦ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʫ ʚʦʜʘʤʘ ʈʉ 

 

¶ ʋ ʦʜʥʦʩʫ ʥʘ ʨʝʟʫʣʪʘʪʝ ʠʟ 2008. ʛʦʜʠʥʝ, ʢʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʤʦʥʠʿʫʤ ʿʦʥʘ ʠ 
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ʥʠʪʨʠʪʘ, ʥʝ ʫʦʯʘʚʘ ʩʝ ʙʠʪʥʠʿʘ ʨʘʟʣʠʢʘ ʢʦʿʘ ʙʠ ʫʢʘʟʠʚʘʣʘ ʥʘ ʧʨʦʤʝʥʝ ʫ ʩʘʩʪʘʚʫ 
ʠ ʢʦʣʠʯʠʥʠ ʠʩʧʫʰʪʝʥʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ.  

¶ ʇʦʚʝ˂ʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʬʝʥʦʣʘ ʠʟʥʘʜ ʛʨʘʥʠʮʘ II ʢʣʘʩʝ ʙʦʥʠʪʝʪʘ 
ʜʝʪʝʢʪʦʚʘʥʝ ʩʫ ʥʘ ʧʨʦʬʠʣʠʤʘ: 2, 3, 6, 7, 8 ʠ 9, ʘ ʢʨʝʪʘʣʝ ʩʫ ʩʝ ʦʜ ʤʠʥʠʤʘʣʥʠʭ 
0,003 mg/l ʜʦ ʤʘʢʩʠʤʘʣʥʠʭ 0,139 mg/l. ɽʢʩʪʨʝʤʥʦ ʚʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ 
ʨʝʛʠʩʪʨʦʚʘʥʝ ʩʫ ʫ ʦʢʪʦʙʨʫ ʥʘ ʧʨʦʬʠʣʠʤʘ: 2, 6 ʠ 9. 

¶ ʂʦʜ ʩʘʜʨʞʘʿʘ ʬʝʥʦʣʘ, ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʨʝʪʭʦʜʥʦʤ ʛʦʜʠʥʦʤ, ʫʦʯʘʚʘ ʩʝ 
ʠʟʨʘʟʠʪʠ ʧʦʨʘʩʪ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʧʨʦʬʠʣʠʤʘ, ʘ ʥʘʣʘʟ ʿʝ ʚʝʟʘʥ ʟʘ 
ʤʘˁʝ ʠʣʠ ʚʠʰʝ ʠʟʨʘʞʝʥ ʫʪʠʮʘʿ ʠʥʜʫʩʪʨʠʿʩʢʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ. 

 

               
 

      ɻʨʘʬʠʢ 7. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʬʝʥʦʣʘ (ɛg/l) ʫ ʦʜʥʦʩʫ ʥʘ  
ʇʨʘʚʠʣʥʠʢ ʦ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʫ ʚʦʜʘʤʘ ʈʉ 

 

¶ ʇʦʿʝʜʠʥʘ ʣʘʢʦ ʠʩʧʘʨˀʠʚʘ ʦʨʛʘʥʩʢʘ ʿʝʜʠˁʝˁʘ (ʪʦʣʫʝʥ ʠ ʢʩʠʣʝʥ) ʠ ʠʩʧʘʨˀʠʚʠ 
ʭʣʦʨʦʚʘʥʠ ʫʛˀʦʚʦʜʦʥʠʮʠ (1,2 ʜʠʭʦʣʝʪʝʥ, ʪʨʠʭʣʦʨʝʪʝʥ ʠ ʪʝʪʨʘʭʣʦʨʝʪʝʥ) 
ʜʝʪʝʢʪʦʚʘʥʠ ʩʫ ʫ 9 ʫʟʦʨʘʢʘ (6 ʠʟ ʿʫʥʘ ʠ 3 ʠʟ ʦʢʪʦʙʨʘ).  

¶ ʄʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʦʣʫʝʥʘ, 11,47 Õg/l, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʦʢʪʦʙʨʘ ʥʘ 
ʢʘʥʘʣʫ I-64 ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ, ʰʪʦ ʙʠ ʟʥʘʯʠʣʦ ʜʘ ʚʝ˂ʠʥʘ ʟʘʛʘʹʝˁʘ ʜʦʣʘʟʠ ʩʘ 
ʪʝʨʠʪʦʨʠʿʝ ʎʨʚʝʥʢʝ.   

¶ Kʦʥʮʝʥʪʨʘʮʠʿʝ ʦʚʠʭ ʤʘʪʝʨʠʿʘ ʩʫ ʟʘ 2 ʨʝʜʘ ʚʝʣʠʯʠʥʝ ʥʠʞʝ ʦʜ ʄɼʂ ʟʘ II ʢʣʘʩʫ 
ʙʦʥʠʪʝʪʘ ʘʣʠ ʠʧʘʢ ʫʢʘʟʫʿʫ ʜʘ ʧʦʩʪʦʿʠ ʟʘʛʘʹʝˁʝ ʦʨʛʘʥʩʢʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ ʠ 
ʦʜʤʘʰ˂ʠʚʘʯʠʤʘ. 

¶ ɺʦʜʦʥʠʢ ʩʫʣʬʠʜ (H2S) ʿʝ ʫʛʣʘʚʥʦʤ ʧʨʠʩʫʪʘʥ ʫ ʚʦʜʠ ʢʘʥʘʣʘ I-64 ʠ ʢʘʥʘʣʘ ʂʎ-III 
ʜʦʤʠʥʘʥʪʥʦ ʫ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ. 

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʚʝ˂ʝ ʦʜ ʥʦʨʤʝ ʟʘ III ʠ IV ʢʣʘʩʫ ʚʦʜʘ (ʥʝ ʧʦʩʪʦʿʠ ʄɼʂ ʟʘ I ʠ II 
ʢʣʘʩʫ), ʨʝʛʠʩʪʨʦʚʘʥʝ ʩʫ ʫ 5 ʫʟʦʨʘʢʘ (4 ʫ ʦʢʪʦʙʨʫ ʠ 1 ʫ ʿʫʥʫ), ʦʜʥʦʩʥʦ ʫ ʦʚʠʤ 
ʫʟʦʨʮʠʤʘ ʚʦʜʘ ʿʝ ʙʠʣʘ ʚʘʥ ʢʣʘʩʝ. 

¶ ʄʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ, 1,62 Õg/l, ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʦʢʪʦʙʨʘ ʥʘ ʢʘʥʘʣʫ I-64 
ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ (ʧʨʦʬʠʣ 2) ʠ ʯʘʢ 16 ʧʫʪʘ ʿʝ ʚʝ˂ʘ ʦʜ ʄɼʂ, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ 
ʝʥʦʨʤʥʦ ʟʘʛʘʹʝˁʝ ʦʨʛʘʥʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ ʢʦʿʝ ʩʘʜʨʞʝ ʩʫʤʧʦʨ, ʢʦʿʝ ʥʘʩʪʘʿʝ ʥʘ 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
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ʧʨʦʩʪʦʨʫ ʎʨʚʝʥʢʝ.    
 

 
 

ɻʨʘʬʠʢ 8. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʚʦʜʦʥʠʢ ʩʫʣʬʠʜʘ (mg/l) ʫ ʦʜʥʦʩʫ ʥʘ 
ʇʨʘʚʠʣʥʠʢ ʦ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʫ ʚʦʜʘʤʘ ʈʉ 

 

¶ ʄʠʥʝʨʘʣʥʘ ʫˀʘ ʥʠʩʫ ʧʨʠʩʫʪʥʘ ʫ ʚʦʜʠ ɺɹʂ, ʜʦʢ ʩʫ ʫ ʠʥʜʫʩʪʨʠʿʩʢʦʤ 
ʣʘʪʝʨʘʣʥʦʤ ʢʘʥʘʣʫ I-64 ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʠʣʝ ʠʩʧʦʜ ʛʨʘʥʠʮʝ ʜʝʪʝʢʮʠʿʝ (<0,005 
mg/l) ʠʣʠ ʥʝʟʥʘʪʥʦ ʠʟʥʘʜ ʘʣʠ ʠ ʜʦ 5 ʧʫʪʘ ʥʠʞʝ ʦʜ ʄɼʂ. 

¶ ʇʦʣʠʮʠʢʣʠʯʥʠ ʘʨʦʤʘʪʠʯʥʠ ʫʛˀʦʚʦʜʦʥʠʮʠ ʨʝʛʠʩʪʨʫʿʫ ʩʝ ʥʘ ɺɹʂ ʠ ʣʘʪʝʨʘʣʥʠʤ 
ʢʘʥʘʣʠʤʘ ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ ʧʝʨʠʦʜʘ. ʋ ʦʢʪʦʙʨʫ ʧʦʚʝ˂ʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ 
ʫʪʚʨʹʝʥʘ ʿʝ ʥʘ ʢʘʥʘʣʫ I-64 ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ (ʧʨʦʬʠʣ 2), ʜʦʢ ʩʫ ʫ ʿʫʥʫ 
ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʠʟʥʘʜ ʄɼʂ ʟʘʙʝʣʝʞʝʥʝ ʥʘ ʧʨʦʬʠʣʠʤʘ: 1, 2, 3 ʠ 6. Mʘʢʩʠʤʫʤ 
ʦʜ 0,62 Õg/l, ʰʪʦ ʿʝ 3 ʧʫʪʘ ʚʠʰʝ ʦʜ ʜʦʟʚʦˀʝʥʦʛ, ʨʝʛʠʩʪʨʦʚʘʥ ʿʝ ʥʘ ɺɹʂ 
ʥʝʧʦʩʨʝʜʥʦ ʥʠʟʚʦʜʥʦ ʦʜ ʫʩʪʘʚʝ (ʧʨʦʬʠʣ 3). 

 

 
 

ɻʨʘʬʠʢ 9. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʣʠʮʠʢʣʠʯʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ ʫʛˀʦʚʦʜʦʥʠʢʘ (ɛg/l) 
ʫ ʦʜʥʦʩʫ ʥʘ ʇʨʘʚʠʣʥʠʢ ʦ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʫ ʚʦʜʘʤʘ ʈʉ 

¶ ʋ ʩʚʠʤ ʫʟʦʨʮʠʤʘ ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʩʘʜʨʞʘʿʝʤ ʧʦʣʠʮʠʢʣʠʯʥʠʭ ʘʨʦʤʘʪʠʯʥʠʭ 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʫʛˀʦʚʦʜʦʥʠʢʘ ʦʜ ʜʦʢʘʟʘʥʠʭ ʢʘʥʮʝʨʦʛʝʥʘ ʧʨʠʩʫʪʘʥ ʿʝ ʩʘʤʦ ʬʣʫʦʨʘʥʪʝʥ.  
 
ʇʦʨʝʹʝˁʝ ʫʪʚʨʹʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʪʝʰʢʠʭ ʠ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʘ ʩʘ ʥʘʰʦʤ ʠ 
ICPDR ʢʣʘʩʠʬʠʢʘʮʠʿʦʤ ʧʦʢʘʟʫʿʫ ʜʘ ʩʫ: 
 

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʚʝ˂ʠʥʝ ʫʢʫʧʥʠʭ ʪʝʰʢʠʭ ʠ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʘ ʫ ʩʚʠʤ ʫʟʦʨʮʠʤʘ 
ʙʠʣʝ ʫ ʛʨʘʥʠʮʘʤʘ II ʢʣʘʩʝ ʙʦʥʠʪʝʪʘ, ʠʟʫʟʝʪʘʢ ʩʫ ʛʚʦʞʹʝ ʠ ʤʘʥʛʘʥ ʢʦʿʠ ʩʫ 
ʥʘʿʯʝʰ˂ʝ ʧʦʚʝ˂ʘʥʠ ʥʘ ʣʘʪʝʨʘʣʥʠʤ ʢʘʥʘʣʠʤʘ. 

¶ ʂʦʜ ʩʘʜʨʞʘʿʘ ʪʝʰʢʠʭ ʠ ʪʦʢʩʠʯʥʠʭ ʤʝʪʘʣʘ ʫ ʬʠʣʪʨʠʨʘʥʠʤ ʠ ʥʝʬʠʣʪʨʠʨʘʥʠʤ 
ʫʟʦʨʮʠʤʘ, ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʧʦʩʪʦʿʝ ʩʘʤʦ ʢʦʜ ʛʚʦʞʹʘ ʠ ʤʘʥʛʘʥʘ, ʰʪʦ ʫʢʘʟʫʿʝ 
ʜʘ ʩʫ ʦʥʠ ʚʝʟʘʥʠ ʜʦʤʠʥʘʥʪʥʦ ʥʘ ʩʫʩʧʝʥʜʦʚʘʥʠʤ ʤʘʪʝʨʠʿʘʤʘ. 

¶ ʉʘʜʨʞʘʿ ʛʚʦʞʹʘ ʿʝ ʧʦʚʝ˂ʘʥ ʠʟʥʘʜ ʄɼʂ ʟʘ II ʢʣʘʩʫ ʙʦʥʠʪʝʪʘ ʫ 8 ʫʟʦʨʘʢʘ (5 ʠʟ 
ʿʫʥʘ ʠ 3 ʠʟ ʦʢʪʦʙʨʘ), ʘ ʤʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ, 0,885 mg/l, ʫʪʚʨʹʝʥʘ ʿʝ ʿʫʥʘ 
ʫ ʢʘʥʘʣʫ ʰʝ˂ʝʨʘʥʝ (ʧʨʦʬʠʣ 2).   

 

 
 

ɻʨʘʬʠʢ 10. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʛʚʦʞʹʘ ʫ ʦʜʥʦʩʫ ʥʘ  
ʇʨʘʚʠʣʥʠʢ ʦ ʦʧʘʩʥʠʤ ʤʘʪʝʨʠʿʘʤʘ ʫ ʚʦʜʘʤʘ ʈʉ 

 

ʂʣʘʩʠʬʠʢʘʮʠʿʫ ʚʦʜʘ ʟʘ ʧʦʪʨʝʙʝ ʊʨʘʥʩ ʥʘʮʠʦʥʘʣʥʝ ʤʦʥʠʪʦʨʠʥʛ ʤʨʝʞʝ ʥʘ ɼʫʥʘʚʫ 
ʬʦʨʤʠʨʘʦ ʿʝ ʠ ICPDR, ʧʘ ˂ʝʤʦ ʿʝ ʠ ʤʠ ʢʦʨʠʩʪʠʪʠ, ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʩʘʜʨʞʠ 
ʧʘʨʘʤʝʪʨʝ ʢʦʿʠʭ ʥʝʤʘ ʫ ʥʘʰʦʿ ʂʣʘʩʠʬʠʢʘʮʠʿʠ (ʫʢʫʧʥʠ N, ʫʢʫʧʥʠ P, ʭʝʤʠʿʩʢʘ 
ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʠʟ ʢʘʣʠʿʫʤʙʠʭʨʦʤʘʪʘ, ʘʪʨʘʟʠʥ ʠ ʭʣʦʨʦʬʠʣ ʘ).   
 

¶ ʍʝʤʠʿʩʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʠʟ KCr2 ʿʝ ʟʘʚʠʩʥʦ ʦʜ ʧʨʦʬʠʣʘ ʝʢʩʪʨʝʤʥʦ 
ʚʘʨʠʨʘʣʘ ʦʜ II ʜʦ V ʢʣʘʩʝ, ʘ ʢʨʝʪʘʣʘ ʩʝ ʦʜ 11 mg/l O2 ʥʘ ʧʨʦʬʠʣʫ 1, ʜʦ 296 
mg/l O2 ʥʘ ʧʨʦʬʠʣʫ 9.  

¶ ʋ 8 ʫʟʦʨʘʢʘ (5 ʠʟ ʿʫʥʘ ʠ 3 ʠʟ ʦʢʪʦʙʨʘ) ʭʝʤʠʿʩʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ ʿʝ ʙʠʣʘ ʫ 
ʛʨʘʥʠʮʘʤʘ II ʢʣʘʩʝ, a 3 ʫʟʦʨʢʘ (1 ʠʟ ʿʫʥʘ ʠ 2 ʠʟ ʦʢʪʦʙʨʘ) ʦʜʛʦʚʘʨʘʣʘ ʩʫ V ʢʣʘʩʠ 
ʙʦʥʠʪʝʪʘ. 

¶ ʄʘʢʩʠʤʫʤ je ʨʝʛʠʩʪʨʦʚʘʥ ʥʘ ʢʘʥʘʣʫ ʂʎ III (ʧʨʦʬʠʣ 9) ʠ ʟʥʘʢ ʿʝ ʜʘ ʟʘʛʘʹʝˁʝ 
ʥʘʩʪʘʿʝ ʥʘ ʧʦʜʨʫʯʿʫ ɺʨʙʘʩʘ.  

¶ ɻʣʦʙʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ, ʩʣʠʯʥʘ ʩʠʪʫʘʮʠʿʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʠ 2008. ʛʦʜʠʥʝ. 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  

             
           ɻʨʘʜʩʢʠ ʟʘʚʦʜ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ɹʝʦʛʨʘʜ  

 
26 

  

 
 

      ɻʨʘʬʠʢ 7. ʍʝʤʠʿʩʢʘ ʧʦʪʨʦʰˁʘ ʢʠʩʝʦʥʠʢʘ (mg/l O2)  
ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʝ ʚʦʜʘ ICPDR 

 

¶ ʉʘʜʨʞʘʿ ʫʢʫʧʥʦʛ ʘʟʦʪʘ ʿʝ ʝʢʩʪʨʝʤʥʦ ʚʘʨʠʨʘʦ, ʟʘʚʠʩʥʦ ʦʜ ʧʨʦʬʠʣʘ ʠ ʚʨʝʤʝʥʘ 
ʫʟʦʨʢʦʚʘˁʘ, ʯʘʢ ʠ ʜʦ 3 ʨʝʜʘ ʚʝʣʠʯʠʥʘ. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʿʝ ʙʠʣʘ ʦʜ 0,66 mg/l ʥʘ 
ʧʨʦʬʠʣʫ 5 ʫ ʿʫʥʫ, ʜʦ 93,2 mg/l ʥʘ ʧʨʦʬʠʣʫ 9 ʠʩʪʦʛ ʤʝʩʝʮʘ, ʠ 96,5 mg/l ʥʘ 
ʧʨʦʬʠʣʫ 2 ʦʢʪʦʙʨʘ ʤʝʩʝʮʘ. ʄʘʢʩʠʤʘʣʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʧʦʩʣʝʜʠʮʘ ʩʫ 
ʠʩʧʫʰʪʘˁʘ ʥʝʧʨʝʯʠʰ˂ʝʥʝ ʦʩʦʢʝ ʩʘ ʬʘʨʤʝ ʫ ʢʘʥʘʣ Kʎ III ʠ ʟʘʛʘʹʝˁʘ ʢʦʿʝ 
ʜʦʩʧʝʚʘ ʠʟ ʎʨʚʝʥʢʝ ʫ ʢʘʥʘʣ I-64. 

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʫ ʛʨʘʥʠʮʘʤʘ V ʢʣʘʩʝ ʜʝʪʝʢʪʦʚʘʥʝ ʩʫ ʫ 8 ʫʟʦʨʘʢʘ, ʦʜ ʢʦʿʠʭ ʩʫ 6 
ʨʝʛʠʩʪʨʦʚʘʥʘ ʫ ʪʦʢʫ ʦʢʪʦʙʨʘ. 

  

 
 

ɻʨʘʬʠʢ 11. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʫʧʥʦʛ ʘʟʦʪʘ  (mg/l) 
ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʝ ʚʦʜʘ ICPDR 

¶ ʉʘʜʨʞʘʿ ʭʣʦʨʦʬʠʣʘ ʘ, ʢʦʥʪʨʦʣʠʩʘʥ ʿʝ ʩʘʤʦ ʥʘ ɺɹʂ, ʘ ʟʘʚʠʩʥʦ ʦʜ ʧʨʦʬʠʣʘ ʠ 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʛʦʜʠʰˁʝʛ ʜʦʙʘ, ʚʘʨʠʨʘʦ ʿʝ ʦʜ 43 ɛg/l ʜʦ 71 ɛg/l. ʈʝʛʠʩʪʨʦʚʘʥʝ ʚʨʝʜʥʦʩʪʠ 
ʦʜʛʦʚʘʨʘʿʫ II ʠ III ʢʣʘʩʠ. 

¶ ʅʝ ʫʦʯʘʚʘʿʫ ʩʝ ʚʝ˂ʝ ʩʝʟʦʥʩʢʝ ʨʘʟʣʠʢʝ ʧʦʩʝʙʥʦ ʥʘ ʧʨʦʬʠʣʠʤʘ ʫʟʚʦʜʥʦ ʦʜ 
ʫʩʪʘʚʝ ʫ ɺʨʙʘʩʫ (ʧʨʦʬʠʣʠ 4 ʠ 5). 

 

 
 

ɻʨʘʬʠʢ 12. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʭʣʦʨʦʬʠʣʘ a (ɛg/l)  
ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʝ ʚʦʜʘ ICPDR 

 

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʫʢʫʧʥʦʛ ʬʦʩʬʦʨʘ ʝʢʩʪʨʝʤʥʦ ʚʘʨʠʨʘ, ʢʘʦ ʠ ʫʢʫʧʥʦʛ ʘʟʦʪʘ. 
Mʠʥʠʤʫʤ ʦʜ <0,02 mg/l, ʨʝʛʠʩʪʨʦʚʘʥ ʿʝ ʥʘ ʧʨʦʬʠʣʫ 5, ʘ ʤʘʢʩʠʤʫʤ ʦʜ 5,84 mg/l 
ʥʘ ʧʨʦʬʠʣʫ 9, ʦʙʘ ʦʢʪʦʙʨʘ ʤʝʩʝʮʘ.  

¶ ɿʘʙʨʠˁʘʚʘ ʜʘ ʿʝ ʩʘʜʨʞʘʿ ʬʦʩʬʦʨʘ ʫ ʯʘʢ 9 ʫʟʦʨʘʢʘ (3 ʫ ʿʫʥʫ ʠ 6 ʫ ʦʢʪʦʙʨʫ) ʙʠʦ 
ʫ ʛʨʘʥʠʮʘʤʘ V ʢʣʘʩʝ. 

 

 
 

ɻʨʘʬʠʢ 13. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʫʢʫʧʥʦʛ ʬʦʩʬʦʨʘ (mg/l)  
ʫ ʦʜʥʦʩʫ ʥʘ ʢʣʘʩʝ ʚʦʜʘ ICPDR 

¶ ʆʚʦ ʿʝ ʿʝʜʠʥʠ ʧʦʢʘʟʘʪʝˀ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ ʛʜʝ ʩʝ ʤʠʥʠʤʘʣʥʘ ʠ ʤʘʢʩʠʤʘʣʥʘ 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
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ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʨʘʟʣʠʢʫʿʫ ʩʢʦʨʦ 3000 ʧʫʪʘ. ʅʘʿʟʘʛʘʹʝʥʠʿʠ ʿʝ ʢʘʥʘʣ ʂʎ-III, ʰʪʦ ʿʝ 
ʠ ʦʯʝʢʠʚʘʥʦ, ʩôʦʙʟʠʨʦʤ ʜʘ ʩʝ ʫ ˁʝʛʘ ʩʣʠʚʘʿʫ ʥʝʧʨʝʯʠʰ˂ʝʥʝ ʚʦʜʝ ʩʘ ʬʘʨʤʝ ʠ 
ʦʩʦʢa.  

 
ʊʨʠʘʟʠʥʩʢʠ ʭʝʨʙʠʮʠʜ ʘʪʨʘʟʠʥ ʿʝ ʿʝʜʠʥʠ ʜʝʪʝʢʪʦʚʘʥ ʫ ʤʝʨˀʠʚʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ 
ʠʟ ʛʨʫʧʝ ʠʩʧʠʪʠʚʘʥʠʭ ʧʝʩʪʠʮʠʜʘ (ʦʨʛʘʥʦʭʣʦʨʥʠ ʠʥʩʝʢʪʠʮʠʜʠ, ʭʝʨʙʠʮʠʜʠ ʥʘ ʙʘʟʠ 
ʪʨʠʘʟʠʥʘ, ʫʨʝʿʝ, ʭʣʦʨʬʝʥʦʢʩʠ ʢʘʨʙʦʥʩʢʠʭ ʢʠʩʝʣʠʥʘ, ʢʘʨʙʘʤʘʪʘ ʠ ʘʟʦʪ-ʬʦʩʬʦʨʥʠ 
ʧʝʩʪʠʮʠʜʠ). ʇʨʠʩʫʩʪʚʦ ʿʝ ʜʦʢʘʟʘʥʦ ʫ 6 ʫʟʦʨʘʢʘ, ʫʛʣʘʚʥʦʤ ʥʘ ʧʨʦʬʠʣʠʤʘ ɺɹʂ ʫ 
ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʩʫ ʙʠʣʝ ʫ ʛʨʘʥʠʮʘʤʘ II ʢʣʘʩʝ, ʩʘʤʦ ʿʝ ʥʘ 
ʧʨʦʬʠʣʫ 4 ʫ ʦʢʪʦʙʨʫ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʜʦʩʪʠʛʣʘ 0,24Õg/l, ʰʪʦ ʦʜʛʦʚʘʨʘ IV ʢʣʘʩʠ. 
 
5.1.2. ʉɸʅʀʊɸʈʅʆ-ʄʀʂʈʆɹʀʆʃʆʐʂɽ ʂɸʈɸʂʊɽʈʀʉʊʀʂɽ  
 

ʈʝʟʫʣʪʘʪʠ ʠʩʧʠʪʠʚʘˁʘ ʧʦʢʘʟʫʿʫ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʫ ʢʦʣʠ ʪʠʪʨʫ (ʄʇʅ) 
ʨʝʛʠʩʪʨʦʚʘʥʦʤ ʥʘ ʠʩʪʠʤ ʧʨʦʬʠʣʠʤʘ ʫ ʧʨʦʣʝ˂ʥʦʤ ʠ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ, ʧʦʩʝʙʥʦ ʥʘ 
ʣʘʪʝʨʘʣʥʠʤ ʢʘʥʘʣʠʤʘ.  
 
ʅʘʿʚʝʨʦʚʘʪʥʠʿʠ ʙʨʦʿ ʫʢʫʧʥʠʭ ʢʦʣʠʬʦʨʤʘ ʠ ʬʝʢʘʣʥʠʭ ʢʦʣʠʬʦʨʤʘ ʩʝ ʤʘʣʦ 
ʨʘʟʣʠʢʫʿʝ, ʠ ʪʦ ʿʝ ʟʥʘʢ ʜʘ ʬʝʢʘʣʥʠ ʢʦʣʠʬʦʨʤʠ, ʦʜʥʦʩʥʦ ʪʝʨʤʦ ʪʦʣʝʨʘʥʪʥʠ 
ʢʦʣʠʬʦʨʤʠ, ʯʠʥʝ ʜʘʣʝʢʦ ʥʘʿʚʝ˂ʠ ʜʝʦ ʤʠʢʨʦʙʠʦʣʦʰʢʦʛ ʟʘʛʘʹʝˁʘ. 
 
ɺʝʣʠʢʠ ʙʨʦʿ ʫʢʫʧʥʠʭ ʠ ʪʝʨʤʦʪʦʣʝʨʘʥʪʥʠʭ  ʢʦʣʠʬʦʨʤʘ ʿʝ ʩʠʛʥʘʣ ʜʘ ʩʝ ʚʦʜʝ 
ʣʘʪʝʨʘʣʥʦʛ ʢʘʥʘʣʘ I-64 ʠ ʂʎ-III, ʢʘʦ ʠ ʚʦʜʘ ɺɹʂ ʦʜ ˁʠʭʦʚʦʛ ʫʰ˂ʘ ʜʦ ʪʨʠʘʥʛʣʘ, ʥʝ 
ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʨʝʢʨʝʘʮʠʿʫ ʠ ʥʘʧʘʿʘˁʝ ʩʪʦʢʝ, ʢʘʦ ʥʠ ʟʘ ʥʘʚʦʜˁʘʚʘˁʝ 
ʧʦʚʨʪʘʨʩʢʠʭ ʢʫʣʪʫʨʘ ʢʦʿʝ ʩʝ ʢʦʥʟʫʤʠʨʘʿʫ ʫ ʩʠʨʦʚʦʤ ʩʪʘˁʫ, ʟʙʦʛ ʚʝʣʠʢʦʛ ʨʠʟʠʢʘ ʦʜ 
ʠʥʬʝʢʮʠʿʝ. 
 
ʉʘʤʦ ʥʘ ʧʨʦʬʠʣʠʤʘ 4 ʠ 5 ʥʘ ɺɹʂ, ʚʦʜʘ ʿʝ ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ ʧʝʨʠʦʜʘ ʠʤʘʣʘ 
ʨʝʣʘʪʠʚʥʦ ʥʠʟʘʢ ʄʇʅ ʫʢʫʧʥʠʭ ʢʦʣʠʬʦʨʤʥʠʭ ʠ ʬʝʢʘʣʥʠʭ ʢʦʣʠʬʦʨʤʥʠʭ ʙʘʢʪʝʨʠʿʘ, 
500-2100 ʫ 100 ml, ʰʪʦ ʦʜʛʦʚʘʨʘ II ʢʣʘʩʠ ʙʦʥʠʪʝʪʘ ʠ ʜʦʙʨʦ ʢʦʨʝʣʠʨʘ ʩʘ 
ʨʝʟʫʣʪʘʪʠʤʘ ʠʩʧʠʪʠʚʘˁʘ ʜʨʫʛʠʭ ʨʝʣʝʚʘʥʪʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʥʘ ʦʚʠʤ ʧʨʦʬʠʣʠʤʘ. 
ɿʙʦʛ ʩʪʘʣʥʦʛ ʧʨʠʩʫʩʪʚʘ Enterococcus faecalis ʥʠ ʥʘ ʦʚʠʤ ʧʨʦʬʠʣʠʤʘ ʥʝ 
ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʢʫʧʘˁʝ. 
 
ʋ ʚʦʜʠ ɺɹʂ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢ ʢʦʣʠ ʪʠʪʘʨ (ʄʇʅ 24000 ʠ 38000) ʫʪʚʨʹʝʥ ʿʝ ʩʘʤʦ ʥʘ 
ʧʨʦʬʠʣʫ 1 ʫ ʿʝʩʝˁʝʤ ʠ ʧʨʦʬʠʣʫ 3 ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ ʧʝʨʠʦʜʘ. 
 
ʅʘ ʣʘʪʝʨʘʣʥʦʤ ʧʦˀʦʧʨʠʚʨʝʜʥʦʤ ʢʘʥʘʣʫ I-61, ʧʨʦʬʠʣ 10, ʄʇʅ ʿʝ ʫ ʦʢʪʦʙʨʫ ʙʠʦ 
1200, ʠʩʪʦ ʢʘʦ ʠ 2008. ʛʦʜʠʥʝ, ʰʪʦ ʦʜʛʦʚʘʨʘ II ʢʣʘʩʠ ʙʦʥʠʪʝʪʘ ʠ ʤʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ 
je ʚʦʜʘ ʦʚʦʛ ʢʘʥʘʣʘ ʧʦʚʦˀʥʦ ʫʪʠʮʘʣʘ ʥʘ ʢʚʘʣʠʪʝʪ ʚʦʜʝ ɺɹʂ, ʫ ʩʘʥʠʪʘʨʥʦ 
ʤʠʢʨʦʙʠʦʣʦʰʢʦʤ ʧʦʛʣʝʜʫ. ʋ ʿʫʥʫ ʢʦʣʠ ʪʠʪʘʨ ʿʝ ʙʠʦ ʯʘʢ 24000, ʰʪʦ ʿʝ ʚʘʥ ʛʨʘʥʠʮʘ 
IV ʢʣʘʩʝ.   
 
ʋ ʫʟʦʨʮʠʤʘ ʩʘ ʣʘʪʝʨʘʣʥʦʛ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʢʘʥʘʣʘ I-64 (ʧʨʦʬʠʣʠ 6, 7 ʠ 8), ʂʎ-III 
(ʧʨʦʬʠʣ 9) ʠ ʢʘʥʘʣʫ ʰʝ˂ʝʨʘʥʝ (ʧʨʦʬʠʣ 2) ʩʘʤʦ ʫ ʿʫʥʫ ʤʝʩʝʮʫ, ʨʝʛʠʩʪʨʦʚʘʥ ʿʝ 
ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢ ʢʦʣʠ ʪʠʪʘʨ, ʄʇʅ 24000 ʠ 38000, ʢʦʿʠ ʦʜʛʦʚʘʨʘ ʚʦʜʠ ʛʨʘʜʩʢʝ 
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ʢʘʥʘʣʠʟʘʮʠʿʝ, ʘ ʥʝ ʚʦʜʠ ʢʘʥʘʣʘ ʠʣʠ ʨʝʢʝ. ʋ ʦʢʪʦʙʨʫ ʥʘ ʢʘʥʘʣʫ I-64 ʫʟʚʦʜʥʦ ʦʜ 
ʂʫʣʝ (ʧʨʦʬʠʣ 2) ʢʦʣʠ ʪʠʪʘʨ ʿʝ ʙʠʦ (ʄʇʅ 24.000) ʰʪʦ ʿʝ ʚʘʥ ʛʨʘʥʠʮʘ IV ʢʣʘʩʝ.   
 
ʀʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʢʦʿʝ ʩʝ ʩʚʝ ʦʪʧʘʜʥʝ ʚʦʜʝ ʠʟʣʠʚʘʿʫ ʫ ʦʚʝ ʢʘʥʘʣʝ, ʦʚʘʢʘʚ ʥʘʣʘʟ ʿʝ 
ʦʯʝʢʠʚʘʥ, ʘ ʚʝʨʦʚʘʨʥʦ ʩʫ ʫ ʚʦʜʠ ʧʨʠʩʫʪʥʠ ʠ ʝʥʪʝʨʦʧʘʪʦʛʝʥʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʠ. 
ʀʟʥʝʥʘʹʝˁʝ ʧʨʝʜʩʪʘʚˀʘ ʰʪʦ ʫ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ ʫ ʚʦʜʠ ʢʘʥʘʣʘ I-64 ʠ ʂʎ-III ʢʦʣʠ 
ʪʠʪʘʨ ʥʠʿʝ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢ ʢʘʢʘʚ ʿʝ ʙʠʦ ʫ ʦʢʪʦʙʨʫ 2008. ʛʦʜʠʥʝ. ʅʘʿʚʝʨʦʚʘʪʥʠʿʝ 
ʜʘ ʩʫ ʚʠʩʦʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʰʪʝʪʥʠʭ ʠ ʦʧʘʩʥʠʭ ʤʘʪʝʨʠʿʘ ʥʝʧʦʚʦˀʥʦ ʜʝʣʦʚʘʣʝ ʥʘ 
ʦʚʫ ʛʨʫʧʫ ʙʘʢʪʝʨʠʿʘ. 
 
Enterococcus faecalis, ʿʝ ʩʪʘʣʥʦ ʧʨʠʩʫʪʘʥ, ʘ ʥʘ ʧʦʿʝʜʠʥʠʤ ʧʨʦʬʠʣʠʤʘ ʄʇʅ 
ʜʦʩʪʠʞʝ ʠ 24000 ʫ 100 ml. ʆʙʟʠʨʦʤ ʜʘ ʿʝ ʦʚʘ ʙʘʢʪʝʨʠʿʘ ʠʥʜʠʢʘʪʦʨ ʩʚʝʞʝʛ 
ʬʝʢʘʣʥʦʛ ʟʘʛʘʹʝˁʘ, ˁʝʛʦʚ ʥʘʣʘʟ ʿʝ ʟʘʙʨʠˁʘʚʘʿʫ˂ʠ, ʠ ʟʥʘʢ ʿʝ ʜʠʨʝʢʪʥʦʛ 
ʠʩʧʫʰʪʘˁʘ ʥʝʧʨʝʯʠʰ˂ʝʥʠʭ ʩʘʥʠʪʘʨʥʠʭ ʦʪʧʘʜʥʠʭ ʚʦʜʘ.  
 
ʋ ʿʫʥʫ ʿʝ ʥʘ ʩʚʠʤ ʧʨʦʬʠʣʠʤʘ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎïIII ʨʝʛʠʩʪʨʦʚʘʥʦ ʧʨʠʩʫʩʪʚʦ 
Proteus sp. ʠ Pseudomonas aeruginosa, ʘ ʙʨʦʿ ʫ 100ml ʿʝ ʙʠʦ 220-24000 ʠ 22-1500, 
ʨʝʩʧʝʢʪʠʚʥʦ. ʋ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ ʨʝʹʝ ʿʝ ʧʨʠʩʫʩʪʚʦ ʥʘʚʝʜʝʥʠʭ ʤʠʢʨʦʨʦʛʘʥʠʟʘʤʘ 
ʥʘ ʧʦʿʝʜʠʥʠʤ ʧʨʦʬʠʣʠʤʘ, ʧʦʩʝʙʥʦ Proteus sp., ʘ ʠ ʙʨʦʿ ʠʤ ʿʝ ʙʠʦ ʜʘʣʝʢʦ ʤʘˁʠ, 
200-880 ʫ 100ml. 
 
ʉʢʦʨʦ ʨʝʜʦʚʘʥ ʥʘʣʘʟ ʚʨʩʪʘ Pseudomonas aeruginosa ʠ Proteus ʫʦʙʠʯʘʿʝʥ ʿʝ ʟʘ ʚʦʜʫ 
ʢʘʥʘʣʘ, ʿʝʨ ʿʝ Proteus ʢʣʠʮʘ ʪʨʫˀʝˁʘ, ʘʣʠ ʠ ʫʩʣʦʚʥʦ ʧʘʪʦʛʝʥʘ ʙʘʢʪʝʨʠʿʘ, ʘ 
Pseudomonas aeruginosa ʫʙʠʢʚʠʪʘʨʥʘ, ʚʝʦʤʘ ʨʝʟʠʩʪʝʥʪʥʘ ʙʘʢʪʝʨʠʿʘ. ʅʘʧʦʤʠˁʝʤʦ 
ʜʘ ʩʧʦʨʘʜʠʯʥʦ ʦʚʝ ʙʘʢʪʝʨʠʿʝ ʤʦʛʫ ʜʘ ʜʦʚʝʜʫ ʜʦ ʠʥʬʝʢʮʠʿʝ ʩʣʫʟʦʢʦʞʝ ʦʯʠʿʫ, ʫʭʘ 
ʠʣʠ ʛʨʣʘ, ʢʦʜ ʧʦʿʝʜʠʥʠʭ ʦʩʝʪˀʠʚʠʭ ʦʩʦʙʘ, ʘ ʥʘʨʦʯʠʪʦ ʢʦʜ ʜʝʮʝ. ʇʨʠʩʫʪʥʝ ʩʫ 
ʫʛʣʘʚʥʦʤ ʫ ʤʫʪʥʠʤ ʚʦʜʘʤʘ ʠ ʧʨʠ ʧʦʜʠʟʘˁʫ ʩʝʜʠʤʝʥʪʘ ʩʘ ʜʥʘ, ʛʜʝ ʿʝ ʧʨʠʩʫʩʪʚʦ 
ʦʚʠʭ ʘʣʠ ʠ ʜʨʫʛʠʭ ʙʘʢʪʝʨʠʿʘ ʥʘʿʚʝ˂ʝ. 
 
ʋ ʧʨʘʢʪʠʯʥʦ ʩʚʠʤ ʫʟʦʨʮʠʤʘ ʜʦʢʘʟʘʥʦ ʿʝ ʧʨʠʩʫʩʪʚʦ ʠʥʜʠʢʘʪʦʨʘ ʩʚʝʞʝʛ ʬʝʢʘʣʥʦʛ 
ʟʘʛʘʹʝˁʘ (E. colli, Enterobacter ʠ Enterococcus faecalis), ʫʟ ʜʦʤʠʥʘʮʠʿʫ ʩʚʝʞʝʛ 
ʟʘʛʘʹʝˁʘ.  
 
ʉʫʣʬʠʪʦʨʝʜʫʢʫʿʫ˂ʝ ʢʣʦʩʪʨʠʜʠʿʝ ʩʫ ʨʝʛʠʩʪʨʦʚʘʥʝ ʫ ʩʚʠʤ ʫʟʦʨʮʠʤʘ, ʘ ʙʨʦʿ ʠʤ ʿʝ 
ʚʘʨʠʨʘʦ ʦʜ 10 ʫ 100ml ʥʘ ʧʨʦʬʠʣʫ 5 ʫ ʿʫʥʫ, ʜʦ ʯʘʢ 20000 ʥʘ ʧʨʦʬʠʣʫ 2 ʦʢʪʦʙʨʫ 
ʤʝʩʝʮʫ. ɳʠʭʦʚʦ ʩʪʘʣʥʦ ʧʨʠʩʫʩʪʚʦ ʥʘ ʩʚʠʤ ʧʨʦʬʠʣʠʤʘ ʿʝ ʟʥʘʢ ʜʘ ʩʝ ʨʘʟʛʨʘʜˁʘ 
ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ ʫ ʤʫˀʫ ʦʜʚʠʿʘ ʫ ʘʥʘʝʨʦʙʥʠʤ ʫʩʣʦʚʠʤʘ, ʠ ʥʘ ɺɹʂ ʠ ʥʘ 
ʣʘʪʝʨʘʣʥʠʤ ʢʘʥʘʣʠʤʘ. 
 

ɻʝʥʝʨʘʣʥʦ ʧʦʩʤʘʪʨʘʥʦ ʩʘʤʦ ʥʘ ʧʨʦʬʠʣʠʤʘ 4 ʠ 5 ʥʘ ɺɹʂ ʤʠʢʨʦʙʠʦʣʦʰʢʦ 
ʟʘʛʘʹʝˁʝ ʥʠʿʝ ʚʝʣʠʢʦ, ʜʦʢ ʿʝ ʥʘ ʩʚʠʤ ʦʩʪʘʣʠʤ ʧʨʦʬʠʣʠʤʘ ʪʘʢʚʦ ʜʘ ʧʨʝʜʩʪʘʚˀʘ 
ʨʠʟʠʢ ʧʨʠ ʫʧʦʪʨʝʙʠ ʦʚʠʭ ʚʦʜʘ ʫ ʙʠʣʦ ʢʦʿʝ ʩʚʨʭʝ, ʘ ʧʦʩʝʙʥʦ ʥʘ ʩʝʢʪʦʨʫ ʦʜ ʫʩʪʘʚʝ 
ʫ ɺʨʙʘʩʫ ʜʦ ʪʨʠʘʥʛʣʘ. 
 
 
 
5.1.3. ʄʀʂʈʆɹʀʆʃʆʐʂɽ ʂɸʈɸʂʊɽʈʀʉʊʀʂɽ  
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ʄʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ, ʤʝʨʝˁʝʤ ʝʥʟʠʤʩʢʝ ʘʢʪʠʚʥʦʩʪʠ, 
ʧʨʝʜʩʪʘʚˀʘ ʢʘʨʠʢʫ ʢʦʿʘ ʧʦʚʝʟʫʿʝ ʭʝʤʠʿʩʢʝ ʠ ʙʠʦʣʦʰʢʝ ʤʝʪʦʜʝ ʤʦʥʠʪʦʨʠʥʛʘ. 
 
ʅʘ ʦʩʥʦʚʫ ʠʥʜʝʢʩʘ ʬʦʩʬʘʪʘʟʥʝ ʘʢʪʠʚʥʦʩʪʠ, ʢʣʘʩʠʬʠʢʘʮʠʿʝ ʧʦ ʂʦʭʣ-ʫ, ʩʪʝʧʝʥʘ 
ʩʘʤʦʧʨʝʯʠʰ˂ʘʚʘˁʘ, ʙʨʦʿʥʦʩʪʠ ʙʘʢʪʝʨʠʿʘ ʨʘʟʛʨʘʹʠʚʘʯʘ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ, 
ʩʘʜʨʞʘʿʘ ʭʣʦʨʦʬʠʣʘ ʘ, ʂʘʨʣʩʦʥ-ʦʚʠʭ ʠʥʜʝʢʩʘ ʪʨʦʬʠʿʝ ʠ ʥʘʪʠʚʥʦʛ ʧʨʝʛʣʝʜʘ, 
ʦʙʘʚˀʝʥʠʭ ʿʫʥʘ ʠ ʦʢʪʦʙʨʘ, ʟʘʧʘʞʘ ʩʝ ʜʘ ʥʝ ʧʦʩʪʦʿʝ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ ʫ ʢʚʘʣʠʪʝʪʫ  
ʚʦʜe ʫ ʦʜʥʦʩʫ ʥʘ ʧʝʨʠʦʜ ʫʟʦʨʢʦʚʘˁʘ. 
 
ʇʨʝʤʘ ʠʥʜʝʢʩʫ ʬʦʩʬʘʪʘʟʥʝ ʘʢʪʠʚʥʦʩʪʠ (IFA 1,11-1,72), ʚʦʜʘ ʥʘ ɺɹʂ (ʧʨʦʬʠʣʠ 4 
ʠ 5) ʠ ʢʘʥʘʣʫ I-61 (ʧʨʦʬʠʣ 10) ʦʜʛʦʚʘʨʘ II-III ʢʣʘʩʠ, ʦʜʥʦʩʥʦ ʫʤʝʨʝʥʦ ʟʘʛʘ́ʝʥʦʿ 
ʚʦʜʠ. ʅʘ ʩʚʠʤ ʧʨʦʬʠʣʠʤʘ ʢʘʥʘʣʘ I-64 ʠ ʂʎ-III, ʢʘʦ ʠ ʧʨʦʬʠʣʠʤʘ 1 ʠ 3 ɺɹʂ, IFA ʿʝ 
ʚʠʩʦʢ (2,95) ʜʦ ʝʢʩʪʨʝʤʥʦ ʚʠʩʦʢ (21,42), ʰʪʦ ʦʜʛʦʚʘʨʘ ʟʘʛʘʹʝʥʦʿ ʜʦ ʤʘʢʩʠʤʘʣʥʦ 
ʟʘʛʘʹʝʥʦʿ ʚʦʜʠ. ʅʘʿʣʦʰʠʿʘ ʩʠʪʫʘʮʠʿʘ ʿʝ ʥʘ ʢʘʥʘʣʫ I-64 ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ (ʧʨʦʬʠʣ 2) 
ʫ ʦʢʪʦʙʨʫ ʤʝʩʝʮʫ. 
 
ʉʪʝʧʝʥ ʩʘʤʦʧʨʝʯʠʰ˂ʘʚʘˁʘ ʚʝʦʤʘ ʚʘʨʠʨʘ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʪʨʦʣʥʠ ʧʨʦʬʠʣ ʠ 
ʢʨʝ˂ʝ ʩʝ ʦʜ ʫʛʨʦʞʝʥʝ ʘʫʪʦʧʫʨʠʬʠʢʘʮʠʿʝ (0,72) ʥʘ ʧʨʦʬʠʣʫ 6, ʧʨʝʢʦ ʫʩʧʦʨʝʥʝ 
ʘʫʪʦʧʫʨʠʬʠʢʘʮʠʿʝ (1,0) ʥʘ ʧʨʦʬʠʣʠʤʘ 7 ʠ 9, ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʝ ʘʫʪʦʧʫʨʠʬʠʢʘʮʠʿʝ 
(1,2-8,0) ʥʘ ʧʨʦʬʠʣʠʤʘ 1, 2, 3, 5, 8 ʠ 10, ʜʦ ʜʦʙʨʦʛ ʩʘʤʦʧʨʝʯʠʰ˂ʘʚʘˁʘ (11,3) ʥʘ 
ʧʨʦʬʠʣʫ 4. ʉʚʝ ʝʢʩʪʨʝʤʥʝ ʚʨʝʜʥʦʩʪʠ ʨʝʛʠʩʪʨʦʚʘʥʝ ʩʫ ʫ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ. 
 
ʋ ʥʘʨʝʜʥʦʿ ʪʘʙʝʣʠ ʧʨʠʢʘʟʘʥʦ ʿʝ ʢʨʝʪʘˁʝ ʠʥʜʝʢʩʘ ʬʦʩʬʘʪʘʟʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ 
ʩʪʝʧʝʥʘ ʩʘʤʦʧʨʝʯʠʰ˂ʘʚʘˁʘ ʫ ʿʫʥʫ ʠ ʦʢʪʦʙʨʫ, ʧʦ ʢʦʥʪʨʦʣʥʠʤ ʧʨʦʬʠʣʠʤʘ. 
 
ʊʘʙʝʣʘ 2. ʀʥʜʝʢʩ ʬʦʩʬʘʪʘʟʥʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʩʪʝʧʝʥ ʩʘʤʦʧʨʝʯʠʰ˂ʘʚʘˁʘ  

 

ʇʨʦʬ.     1     2     3     4    5    6     7    8    9  10 
ʤʝʩʝʮ VI X VI X VI X VI X VI X VI X VI X VI X VI X VI X 
IFA 3,88  3,77 21,4    13,7 2,95 3,23 1,40 1,17 1,36 1,11 8,02 8,71 13,76 7,52 19,6  4,4 6,83 11,3 1,68 1,72 

 ʉʘʤʦʧʨ. 3,0 2,6 1,6 2,9 1,4  2,3 2,4 11,3  6,5  8,0  1,7  0,7 3,5  1,0  2,2  3,1  1,3  1,0  3,5  1,2 

 

ʇʨʝʤʘ Kohl ʢʣʘʩʠʬʠʢʘʮʠʿʠ, ʢʚʘʣʠʪʝʪ ʚʦʜʝ ʿʝ ʥʘʙʦˀʠ ʥʘ ʧʨʦʬʠʣʠʤʘ 4 ʠ 5 ʛʜʝ 
ʦʜʛʦʚʘʨʘ II ʢʣʘʩʠ, ʥʝʰʪʦ ʣʦʰʠʿʠ ʿʝ ʥʘ ʧʨʦʬʠʣʠʤʘ 10 ʠ 1, ʛʜʝ ʦʜʛʦʚʘʨʘ III ʠ III-IV 
ʢʣʘʩʠ ʨʝʩʧʝʢʪʠʚʥʦ, ʜʦʢ ʿʝ ʥʘ ʩʚʠʤ ʦʩʪʘʣʠʤ ʧʨʦʬʠʣʠʤʘ, ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ 
ʧʝʨʠʦʜʘ, ʚʘʥ IV ʢʣʘʩʝ, ʦʜʥʦʩʥʦ ʦʜʛʦʚʘʨʘ ʚʝʦʤʘ ʟʘʛʘʹʝʥʦʿ ʚʦʜʠ.   
 
ʀʥʜʝʢʩ ʪʨʦʬʠʯʥʦʩʪʠ ʧʦ Carlson-ʫ ʥʠʿʝ ʩʝ ʤʦʛʘʦ ʠʟʨʘʯʫʥʘʪʠ ʥʘ ʧʦʿʝʜʠʥʠʤ 
ʧʨʦʬʠʣʠʤʘ ʿʝʨ ʿʝ ʚʦʜʘ ʙʠʣʘ ʧʨʦʚʠʜʥʘ ʜʦ ʜʥʘ ʢʘʥʘʣʘ.  
 
ɿʘ ʭʣʦʨʦʬʠʣ ʘ ʠʥʜʝʢʩʠ ʪʨʦʬʠʯʥʦʩʪʠ ʧʦ Carlson-ʫ, ʥʘ ɺɹʂ, ʫ ʧʨʦʣʝ˂ʥʦʤ ʠ 
ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ ʧʦʢʘʟʫʿʫ ʨʘʟʣʠʢʝ ʫ ʦʜʥʦʩʫ ʥʘ ʢʦʥʪʨʦʣʥʠ ʧʨʦʬʠʣ. ʋ ʦʙʘ 
ʢʦʥʪʨʦʣʥʘ ʧʝʨʠʦʜʘ ʥʘ ʧʨʦʬʠʣʠʤʘ 4 ʠ 5 ʚʦʜʘ ʠʤʘ ʤʝʟʦʪʨʦʬʘʥ, ʘ ʥʘ ʧʨʦʬʠʣʫ 3 
ʝʫʪʨʦʬʘʥ ʩʪʘʪʫʩ. ʉʘʤʦ ʩʝ ʥʘ ʧʨʦʬʠʣʫ 1 ʫ ʿʫʥʫ ʙʝʣʝʞʠ ʭʠʧʝʨʝʫʪʨʦʬʘʥ, ʘ ʫ 
ʦʢʪʦʙʨʫ ʝʫʪʪʨʦʬʘʥ ʩʪʘʪʫʩ, ʘ ʨʘʟʣʠʢʝ ʚʝʨʦʚʘʪʥʦ ʧʦʪʠʯʫ ʦʜ ʨʘʟʣʠʯʠʪʦʛ ʜʦʪʦʢʘ 
ʚʦʜʝ ʢʘʥʘʣʦʤ Ăɹʝʯʝʿ-ɹʦʛʦʿʝʚʦñ. ʉʠʪʫʘʮʠʿʘ ʿʝ ʚʝʦʤʘ ʩʣʠʯʥʘ ʦʥʦʿ ʠʟ 2008. ʛʦʜʠʥʝ. 
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Carlson-ʦʚ ʠʥʜʝʢʩ ʪʨʦʬʠʿʝ ʟʘ ʫʢʫʧʥʠ ʬʦʩʬʦʨ ʥʘ ʧʦʩʤʘʪʨʘʥʠʤ ʧʨʦʬʠʣʠʤʘ ʧʨʘʪʠ 
ʪʨʝʥʜ ʧʦʚʝ˂ʘʚʘˁʘ ʟʘʛʘʹʝˁʘ ʚʦʜʝ ɺɹʂ-ʘ ʦʜ ʎʨʚʝʥʢʝ ʜʦ ɺʨʙʘʩʘ ʠ ʫ ʧʨʦʣʝ˂ʥʦʤ ʠ 
ʫ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ, ʰʪʦ ʩʝ ʚʠʜʠ ʫ ʥʘʨʝʜʥʦʤ ʛʨʘʬʠʢʫ. 
 

 
 

ɻʨʘʬʠʢ 14. ɺʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʪʨʦʬʠʿʝ ʟʘ ʫʢʫʧʥʠ ʬʦʩʬʦʨ ʧʦ Carlson-ʫ 

 
ʅʘʿʙʦˀʘ ʩʠʪʫʘʮʠʿʘ ʿʝ ʥʘ ʧʨʦʬʠʣʫ 5, ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ, ʛʜʝ ʿʝ Carlson-ʦʚ ʠʥʜʝʢʩ 
ʪʨʦʬʠʿʝ ʦʜʛʦʚʘʨʘ ʝʫʪʨʦʬʠʿʠ ʠ ʤʝʟʦʪʨʦʬʠʿʠ, ʜʦʢ ʩʝ ʥʠʟʚʦʜʥʦ Carlson-ʦʚ ʠʥʜʝʢʩ 
ʪʨʦʬʠʿʝ ʩʚʝ ʚʠʰʝ ʧʦʚʝ˂ʘʚʘ. ʅʠʟʚʦʜʥʦ ʦʜ ʂʫʣʝ, ʥʘ ʧʨʦʬʠʣʫ 4, ʨʝʛʠʩʪʨʫʿʝʤʦ 
ʝʫʪʨʦʬʠʿʫ ʫ ʦʙʘ ʢʦʥʪʨʦʣʥʘ ʧʝʨʠʦʜʘ, ʜʦʢ ʩʝ ʭʠʧʝʨʝʫʪʨʦʬʠʿʘ ʿʘʚˀʘ ʥʘ ʧʨʦʬʠʣʠʤʘ 
3 ʠ 1, ʪʘʢʦʹʝ ʠ ʿʫʥʘ ʠ ʦʢʪʦʙʨʘ.  
 
ʋʦʯʝʥʦ ʿʝ ʜʘ ʚʨʝʜʥʦʩʪ ʠʥʜʝʢʩʘ ʪʨʦʬʠʿʝ ʟʥʘʥʪʦ ʚʠʰʝ ʚʘʨʠʨʘ ʫ ʿʝʩʝˁʝʤ ʧʝʨʠʦʜʫ, 
47-115, ʜʦʢ ʩʫ ʫ ʿʫʥʫ ʚʨʝʜʥʦʩʪʠ ʫʿʝʜʥʘʯʝʥʠʿʝ, 58-95.  
 
ɹʣʘʛʠ ʧʘʜ ʚʨʝʜʥʦʩʪʠ ʠʥʜʝʢʩʘ ʪʨʦʬʠʿʝ ʥʘ ʧʨʦʬʠʣʫ 1, ʫ ʦʜʥʦʩʫ ʥʘ ʧʨʦʬʠʣ 3, 
ʿʘʚˀʘ ʟʙʦʛ ʫʣʠʚʘˁʘ ʚʦʜʝ ʠʟ ʢʘʥʘʣʘ Ăɹʝʯʝʿ-ɹʦʛʦʿʝʚʦñ ʫ ʢʘʥʘʣ Ăɺʨʙʘʩ-ɹʝʟʜʘʥñ. 
ʄʠʥʠʤʘʣʥʦ ʧʦʙʦˀʰʘˁʝ ʜʦ ʢʦʛʘ ʧʨʠ ʪʦʤʝ ʜʦʣʘʟʠ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʚʦʜʘ ʢʘʥʘʣʘ 
Ăɹʝʯʝʿ-ɹʦʛʦʿʝʚʦñ ʫ ʤʘˁʦʿ ʤʝʨʠ ʦʧʪʝʨʝ˂ʝʥʘ ʬʦʩʬʦʨʦʤ ʥʝʛʦ ʫ ʢʘʥʘʣʫ Ăɺʨʙʘʩ-
ɹʝʟʜʘʥñ.  
 
ɺʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ Carlson-ʦʚʦʛ ʠʥʜʝʢʩʘ ʪʨʦʬʠʿʝ ʟʘ ʫʢʫʧʥʠ ʬʦʩʬʦʨ ʩʫ ʚʝʦʤʘ 
ʥʝʧʦʚʦˀʥʝ. ʅʝ ʩʘʤʦ ʰʪʦ ʧʨʦʜʫʢʮʠʿʘ ʙʠʦʤʘʩʝ ʥʠʿʝ ʣʠʤʠʪʠʨʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʦʤ 
ʬʦʩʬʦʨʘ ʚʝ˂ ʿʝ ˁʝʛʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʜʦʚʦˀʥʦ ʚʝʣʠʢʘ ʜʘ ʧʦʜʨʞʠ ʠʟʫʟʝʪʥʦ 
ʚʝʣʠʢʫ ʧʨʦʜʫʢʮʠʿʫ, ʯʘʢ ʜʦ ʭʠʧʝʨʝʫʪʨʦʬʠʿʝ, ʰʪʦ ʠʤʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʧʦʚʝ˂ʘʥʦ 
ʪʘʣʦʞʝˁʝ ʙʠʦʤʘʩʝ ʥʘ ʢʨʘʿʫ ʩʚʘʢʝ ʚʝʛʝʪʘʮʠʦʥʝ ʩʝʟʦʥʝ ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʩʤʘˁʠʚʘˁʝ 
ʜʫʙʠʥʝ ɺɹʂ. ʆʚʦ ʦʤʦʛʫ˂ʘʚʘ ʜʘ ʚʝ˂ʘ ʢʦʣʠʯʠʥʘ ʩʚʝʪʣʦʩʪʠ ʜʦʧʠʨʝ ʜʦ ʜʥʘ ʯʠʤʝ ʩʝ 
ʦʣʘʢʰʘʚʘ, ʫʙʨʟʘʚʘ ʠ ʧʦʚʝ˂ʘʚʘ ʨʘʩʪ ʚʦʜʝʥʠʭ ʤʘʢʨʦʬʠʪʘ ʰʪʦ ʜʦʜʘʪʥʦ ʫʙʨʟʘʚʘ 
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ʧʨʦʮʝʩʝ ʝʫʪʨʦʬʠʟʘʮʠʿʝ ʠ ʟʘʙʘʨʠʚʘˁʘ ʢʘʥʘʣʘ ʠ ʥʝʛʘʪʠʚʥʦ ʫʪʠʯʝ ʥʘ ʤʦʛʫ˂ʥʦʩʪ 
ˁʝʛʦʚʦʛ ʚʠʰʝʥʘʤʝʥʩʢʦʛ ʢʦʨʠʰ˂ʝˁʘ. 
 
ʇʦʪʧʫʥʠʿʠ ʫʚʠʜ ʫ ʩʪʝʧʝʥ ʟʘʛʘʹʝʥʦʩʪʠ ʧʦʚʨʰʠʥʩʢʠʭ ʚʦʜʘ ʧʦʿʝʜʠʥʠʤ ʦʨʛʘʥʩʢʠʤ 
ʤʘʪʝʨʠʿʘʤʘ ʤʦʞʝ ʩʝ ʩʪʝ˂ʠ ʠʩʧʠʪʠʚʘˁʝʤ ʬʠʟʠʦʣʦʰʢʠʭ ʛʨʫʧʘ ʙʘʢʪʝʨʠʿʘ 
ʨʘʟʛʨʘʹʠʚʘʯʘ ʦʨʛʘʥʩʢʠʭ ʤʘʪʝʨʠʿʘ. 
 
ʇʨʦʪʝʦʣʠʪʠʯʥʝ ʙʘʢʪʝʨʠʿʝ ʩʫ ʧʨʠʩʫʪʥʝ ʫ ʩʚʠʤ ʫʟʦʨʮʠʤʘ ʠʟ ʿʫʥʘ ʠ ʦʢʪʦʙʨʘ ʤʝʩʝʮʘ, 
ʘʣʠ ʙʨʦʿ ʝʢʩʪʨʝʤʥʦ ʨʘʟʣʠʢʫʿʝ ʟʘʚʠʩʥʦ ʦʜ ʧʨʦʬʠʣʘ ʥʘ ʢʦʤʝ ʿʝ ʫʟʦʨʢʦʚʘˁʝ 
ʠʟʚʨʰʝʥʦ. ɼʦʢ ʩʝ ʥʘ ʧʨʦʬʠʣʠʤʘ 4, 5 ʠ 10. ˁʠʭʦʚ ʙʨʦʿ ʢʨʝ˂ʝ ʦʜ ʩʘʤʦ 500 ʜʦ 
35.000 ʫ ml, ʥʘ ʧʨʦʬʠʣʫ 7 ʦʥ ʤʘʢʩʠʤʘʣʥʦ ʜʦʩʪʠʞʝ 21.000.000. 
 
ʉʢʦʨʦ ʠʩʪʘ ʩʠʪʫʘʮʠʿʘ ʩʝ ʨʝʛʠʩʪʨʫʿʝ ʢʘʜʘ ʩʫ ʫ ʧʠʪʘˁʫ ʣʠʧʦʣʠʪʠʯʥʝ ʙʘʢʪʝʨʠʿʝ. ʀ 
ʦʥʝ ʩʫ ʜʝʪʝʢʪʦʚʝʥʝ ʫ ʩʚʠʤ ʫʟʦʨʮʠʤʘ, ʘ ʧʦʩʪʦʿʝ ʦʛʨʦʤʥʝ ʨʘʟʣʠʢʝ ʫ ʟʘʩʪʫʧˀʝʥʦʩʪʠ 
ʥʘ ʧʦʿʝʜʠʥʠʤ ʧʨʦʬʠʣʠʤʘ. ʅʘʿʤʘˁʠ ʙʨʦʿ ʨʝʛʠʩʪʨʦʚʘʥ ʿʝ ʥʘ ʧʨʦʬʠʣʠʤʘ 4, 5 ʠ 10, 
ʦʜ 100 ʜʦ 19.000 ʫ ml, ʜʦʢ ʩʝ ʤʘʢʩʠʤʫʤ ʙʝʣʝʞʠ ʫ ʦʢʪʦʙʨʫ ʥʘ ʧʨʦʬʠʣʫ 7 ʠ 
ʜʦʩʪʠʞʝ 32.000.000. 
 
ɸʤʠʣʦʣʠʪʠʯʥʝ ʙʘʢʪʝʨʠʿʝ ʩʫ ʤʘˁʝ ʙʨʦʿʥʝ, ʘ ʫ 7 ʫʟʦʨʘʢʘ (3 ʠʟ ʿʫʥʘ ʠ 4 ʠʟ ʦʢʪʦʙʨʘ) 
ˁʠʭʦʚʦ ʧʨʠʩʫʩʪʚʦ ʥʠʿʝ ʨʝʛʠʩʪʨʦʚʘʥʦ. ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʿʝ ʜʘ ʩʝ ʤʘʢʩʠʤʘʣʥʠ ʙʨʦʿ 
ʦʚʠʭ ʙʘʢʪʝʨʠʿʘ, 2.000.000 ʫ ml, ʦʧʝʪ ʙʝʣʝʞʠ ʥʘ ʧʨʦʬʠʣʫ 7 ʫ ʦʢʪʦʙʨʫ ʤʝʩʝʮʫ.  
 
ʅʘʿʤʘʣʦʙʨʦʿʥʠʿʝ ʩʫ ʩʘʭʘʨʦʣʠʪʠʯʥʝ ʙʘʢʪʝʨʠʿʝ, ʤʘʢʩʠʤʫʤ ʦʜ 550.000 ʫ ml ʫʪʚʨʹʝʥ 
ʿʝ ʦʢʪʦʙʨʘ ʥʘ ʧʨʦʬʠʣʫ 7. ʆʥʝ ʪʘʢʦʹʝ ʥʠʩʫ ʨʝʛʠʩʪʨʦʚʘʥʝ ʫ 7 ʫʟʦʨʘʢʘ (2 ʠʟ ʿʫʥʘ ʠ 5 
ʠʟ ʦʢʪʦʙʨʘ). 
 
ɽʚʠʜʝʥʪʥʦ ʿʝ ʜʘ ʿʝ ʧʨʦʬʠʣ 7 ʥʘ ʢʘʥʘʣʫ I-64 ʫʟʚʦʜʥʦ ʦʜ ʫʰ˂ʘ ʢʘʥʘʣʘ ʂʎ-III, 
ʜʘʣʝʢʦ ʥʘʿʟʘʛʘʹʝʥʠʿʠ ʦʨʛʘʥʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ, ʘ ʧʦʩʝʙʥʦ ʤʘʪʝʨʠʿʘʤʘ ʤʘʩʥʝ, ʫˀʥʝ 
ʠ ʧʨʦʪʝʠʥʩʢʝ ʧʨʠʨʦʜʝ. ʅʘʛʣʘʰʘʚʘʤʦ ʜʘ ʦʚʘʢʦ ʚʠʩʦʢ ʩʪʝʧʝʥ ʟʘʛʘʹʝˁʘ ʥʠʩʤʦ 
ʨʝʛʠʩʪʨʦʚʘʣʠ ʫ ʥʘʰʝʤ ʚʠʰʝʜʝʮʝʥʠʿʩʢʦʤ ʨʘʜʫ. ʅʘ ɺɹʂ ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ (ʧʨʦʬʠʣʠ 
4 ʠ 5) ʩʠʪʫʘʮʠʿʘ ʿʝ ʧʦʪʧʫʥʦ ʟʘʜʦʚʦˀʘʚʘʿʫ˂ʘ ʠ ʦʜʛʦʚʘʨʘ ʧʦʚʨʰʠʥʩʢʠʤ ʚʦʜʘʤʘ 
ʤʘʣʦ ʟʘʛʘʹʝʥʠʤ ʦʨʛʘʥʩʢʠʤ ʤʘʪʝʨʠʿʘʤʘ. 
 
ɹʘʢʪʝʨʠʿʝ ʠʥʜʠʢʘʪʦʨʠ ʧʨʠʩʫʩʪʚʘ ʚʦʜʦʥʠʢ ʩʫʣʬʠʜʘ (H2S), Beggiatoa sp., Thiothrix 
sp., Spirohaeta sp. ʠ Zoogloea ramigera, ʫʪʚʨʹʝʥʝ ʩʫ ʿʫʥʘ ʠ ʦʢʪʦʙʨʘ ʫ ʫʟʦʨʮʠʤʘ ʩʘ 
ʧʨʦʬʠʣʘ 2, 3, 6, 7, 8, 9 ʠ 10, ʘ ʧʦʩʝʙʥʦ ʩʫ ʤʘʩʦʚʥʝ ʥʘ ʧʨʦʬʠʣʠʤʘ 3, 7 ʠ 9. 
 
ɼʦʙʘʨ ʝʢʦʣʦʰʢʠ ʧʦʪʝʥʮʠʿʘʣ ʠʤʘʣʘ ʿʝ ʚʦʜʘ ɺɹʂ ʢʘʥʘʣʘ ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ 
(ʧʨʦʬʠʣʠ 4 ʠ 5) ʠ ʢʘʥʘʣʘ I-61 (ʧʨʦʬʠʣ 10), ʜʦʢ ʿʝ ʣʦʰ ʠ ʚʝʦʤʘ ʣʦʰ ʝʢʦʣʦʰʢʠ 
ʧʦʪʝʥʮʠʿʘʣ ʟʘʙʝʣʝʞʝʥ ʥʘ ʧʨʦʬʠʣʠʤʘ 1, 2, 3, 6, 7 ʠ 9, ʰʪʦ ʿʝ ʠ ʦʯʝʢʠʚʘʥʦ. 
ʀʟʥʝʥʘʹʝˁʝ ʿʝ ʜʘ ʩʝ ʦʩʨʝʜˁʠ ʝʢʦʣʦʰʢʠ ʧʦʪʝʥʮʠʿʘʣ ʨʝʛʠʩʪʨʫʿʝ ʥʘ ʧʨʦʬʠʣʫ 8, 
ʢʦʿʠ ʿʝ ʧʨʝʤʘ ʬʠʟʠʯʢʦ-ʭʝʤʠʿʩʢʠʤ ʠʩʧʠʪʠʚʘˁʠʤʘ ʚʝʦʤʘ ʦʧʪʝʨʝ˂ʝʥ ʦʨʛʘʥʩʢʠʤ 
ʤʘʪʝʨʠʿʘʤʘ. 
 
5.1.4. ʍʀɼʈʆɹʀʆʃʆʐʂɽ ʂɸʈɸʂʊɽʈʀʉʊʀʂɽ 

 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ʆʩʥʦʚʥʝ ʭʠʜʨʦʙʠʦʣʦʰʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʦʜʝ ɺɹʂ ʫ ʥʘʿʢʨʘ˂ʝʤ ʙʠ ʩʝ ʤʦʛʣʝ 
ʩʘʞʝʪʠ ʫ ʩʣʝʜʝ˂ʝ: 
 

¶ ʉʘʧʨʦʙʠʦʣʦʰʢʘ ʘʥʘʣʠʟʘ ʧʦʢʘʟʫʿʝ ʜʘ ʿʝ ʧʨʦʮʝˁʝʥʠ ʢʚʘʣʠʪʝʪ ʚʦʜʝ, ʟʘʚʠʩʥʦ 
ʦʜ ʧʨʦʬʠʣʘ, ʙʠʦ ʫ ʛʨʘʥʠʮʘʤʘ II ʢʣʘʩʝ ʥʘ ʧʨʦʬʠʣʠʤʘ 4 ʠ 5, III ʢʣʘʩʝ ʥʘ 
ʧʨʦʬʠʣʫ 1 ʠ ʚʘʥ ʢʣʘʩʘ ʥʘ ʧʨʦʬʠʣʫ 3.  

¶ ʅʘ ʦʩʥʦʚʫ ʩʘʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʝ ʧʣʘʥʢʪʦʥʩʢʠʭ ʟʘʿʝʜʥʠʮʘ ʥʘ ʧʨʦʬʠʣʫ 1 
ʩʪʝʧʝʥ ʩʘʧʨʦʙʥʦʩʪʠ ʿʝ ʫ ʦʙʣʘʩʪʠ ʙʝʪʘ-ʘʣʬʘʤʝʟʦʩʘʧʨʦʙʥʦʩʪʠ, ʜʦʢ 
ʙʠʦʠʥʜʠʢʘʪʦʨʩʢʝ ʚʨʩʪʝ ʬʘʫʥʝ ʜʥʘ ʠʥʜʠʢʫʿʫ ʩʘʧʨʦʙʥʠ ʩʪʫʧʘˁ ʚʦʜʝ ʫ 
ʦʙʣʘʩʪʠ ʘʣʬʘ-ʤʝʟʦʩʘʧʨʦʙʥʦʩʪʠ. 

¶ ɸʥʘʣʠʟʘ ʧʣʘʥʢʪʦʥʩʢʠʭ ʟʘʿʝʜʥʠʮʘ ʥʘ ʧʨʦʬʠʣʫ 3, ʫʢʘʟʫʿʝ ʥʘ ʧʦʿʘʚʫ 
ʦʨʛʘʥʠʟʘʤʘ ʢʦʿʠ ʩʫ ʠʥʜʠʢʘʪʦʨʠ ʚʠʩʦʢʦ ʝʫʪʨʦʬʠʟʦʚʘʥʠʭ ʠ ʟʘʛʘʹʝʥʠʭ ʚʦʜʘ, 
ʦʜʥʦʩʥʦ ʧʦʩʪʦʿʘˁʝ ʧʦʣʠʩʧʨʦʙʥʦʩʪʠ. 

¶ ʅʘ ʧʨʦʬʠʣʫ 5, ʩʘʧʨʦʙʠʦʣʦʰʢʘ ʘʥʘʣʠʟʘ ʧʣʘʥʢʪʦʥʘ ʠ ʬʘʫʥʝ ʜʥʘ ʦʤʦʛʫ˂ʠʣʘ 
ʿʝ ʦʜʨʝʹʠʚʘˁʝ ʩʘʧʨʦʙʥʦʛ ʩʪʘʪʫʩʘ ʫ ʦʙʣʘʩʪʠ ʙʝʪʘ-ʤʝʟʦʩʘʧʨʦʙʥʦʩʪʠ. 

¶ ɸʥʘʣʠʟʘ ʫʟʦʨʘʢʘ ʬʠʪʦ- ʠ ʟʦʦʧʣʘʥʢʪʦʥʘ, ʢʘʦ ʠ ʬʘʫʥʝ ʜʥʘ, ʥʘ ʧʨʦʬʠʣʫ 4, 
ʧʦʢʘʟʫʿʝ ʜʘ ʩʫ ʧʨʠʩʫʪʥʠ ʦʨʛʘʥʠʟʤʠ ʫʛʣʘʚʥʦʤ ʠʥʜʠʢʘʪʦʨʠ ʥʠʞʠʭ ʩʪʫʧˁʝʚʘ 
ʩʘʧʨʦʙʥʦʩʪʠ - ʙʝʪʘ- ʠ ʙʝʪʘ-ʘʣʬʘʤʝʟʦʩʘʧʨʦʙʥʦʩʪʠ.  

 
5.2. ʉɽɼʀʄɽʅʊ 
 
ʇʨʦʚʝʨʘ ʟʘʛʘʹʝʥʦʩʪʠ ʩʝʜʠʤʝʥʪʘ ɺɹʂ ʠ ʣʘʪʝʨʘʣʥʦʛ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʢʘʥʘʣʘ I-64 ʿʝ 
ʦʜ ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʜʝʬʠʥʠʩʘˁʝ ʦʙʠʤʘ ʠ ʚʨʩʪʝ ʙʫʜʫ˂ʠʭ ʘʢʪʠʚʥʦʩʪʠ ʥʘ 
ʩʘʥʘʮʠʿʠ ʧʦʩʪʦʿʝ˂ʝʛ ʩʪʘˁʘ. 
 
ɼʝʙˀʠʥʘ ʩʝʜʠʤʝʥʪʘ ʚʘʨʠʨʘʣʘ ʿʝ ʦʜ 0,30m ʥʘ ʧʨʦʬʠʣʫ 5, ʧʨʝʢʦ 0,50m ʥʘ 
ʧʨʦʬʠʣʫ 6,  ʜʦ ʦʢʦ 1,0 m, ʥʘ ʧʨʦʬʠʣʠʤʘ 1 ʠ 3. ʆʪʚʘʨʘˁʝ ʫʩʪʘʚʝ ʫ ʧʨʦʣʝ˂ʥʦʤ 
ʧʝʨʠʦʜʫ ʜʦʚʝʣʦ ʿʝ ʜʦ ʪʨʘʥʩʧʦʨʪʘ ʩʝʜʠʤʝʥʪʘ, ʧʘ ʿʝ ʩʣʦʿ ʩʝʜʠʤʝʥʪʘ ʪʘˁʠ ʥʘ 
ʧʨʦʬʠʣʫ 3, ʘ ʜʝʙˀʠ ʥʘ ʧʨʦʬʠʣʫ 1, ʥʝʛʦ ʰʪʦ ʿʝ ʙʠʦ ʧʨʝʪʭʦʜʥʝ ʛʦʜʠʥʝ. 
 
ʀʩʧʠʪʠʚʘʥ ʿʝ ʫ ʧʨʦʩʝʯʥʠ ʫʟʦʨʘʢ ʩʪʫʙʘ ʩʝʜʠʤʝʥʪʘ, ʿʝʨ ʜʝʙˀʠʥʘ ʩʝʜʠʤʝʥʪʘ ʥʠʿʝ 
ʙʠʣʘ ʚʝʣʠʢʘ ʜʘ ʙʠ ʩʝ ʦʜʚʦʿʝʥʦ ʘʥʘʣʠʟʠʨʘʣʠ ʧʦʚʨʰʠʥʩʢʠ ʠ ʜʫʙʦʢʠ ʩʣʦʿ.  
 
ɹʝʟ ʦʙʟʠʨʘ ʜʘ ʣʠ ʩʝ ʢʦʨʠʩʪʝ ʥʦʨʤʝ CSQG ʠʣʠ ICPDR, ʟʘʧʘʞʘ ʩʝ ʜʘ:  

 

ʅʠ ʿʝʜʘʥ ʫʟʦʨʘʢ ʩʝʜʠʤʝʥʘʪʘ ɺɹʂ ʠ ʣʘʪʝʨʘʣʥʦʛ ʠʥʜʫʩʪʨʠʿʩʢʦʛ ʢʘʥʘʣʘ I-64 ʥʠʿʝ 
ʟʘʛʘʹʝʥ ʦʨʛʘʥʦʭʣʦʨʥʠʤ ʠʥʩʝʢʪʠʮʠʜʠʤʘ, ʪʨʠʿʘʟʠʥʩʢʠʤ ʭʝʨʙʠʮʠʜʠʤʘ, 
ʧʦʣʠʭʣʦʨʦʚʘʥʠʤ ʙʠʬʝʥʠʣʠʤʘ ʠ ʬʝʥʦʣʥʠʤ ʿʝʜʠˁʝˁʠʤʘ.   

¶ ʋ ʩʚʠʤ ʫʟʦʨʮʠʤʘ ʩʝʜʠʤʝʥʪʘ ʩʘʜʨʞʘʿ ʞʠʚʝ ʠ ʘʥʪʠʤʦʥʘ ʙʠʦ ʿʝ ʠʩʧʦʜ 
ʛʨʘʥʠʮʝ ʜʝʪʝʢʮʠʿʝ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʿa ʘʨʩʝʥʘ ʙʠʣa ʿʝ ʥʠʞa ʠ ʦʜ ʝʬʝʢʪʠʚʥʠʭ 
ʚʨʝʜʥʦʩʪʠ (PEL) ʠ ʦʜ ʚʨʝʜʥʦʩʪʠ ʥʘʿʚʠʝhʛ ʥʠʚʦʘ ʠʥʪʝʨʝʩʘ (PLI). 

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʮʠʥʢʘ ʙʠʣʘ ʿʝ ʠʟʥʘʜ PLI ʥʘ ʧʨʦʬʠʣʫ 3, ʘ ʠʟʥʘʜ PEL ʥʘ 
ʧʨʦʬʠʣʠʤʘ 3 ʠ 6. 

 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ɻʨʘʬʠʢ 15. ʂʦʥʮʝʥʪʨʘʮʠʿʘ Zn (mg/kg)  
ʫ ʦʜʥʦʩʫ ʥʘ PEL (CSQG) ʠ PLI (ICPDR) 

 

¶ ʅʘ ʧʨʦʬʠʣʠʤʘ 1 ʠ 5 ʩʘʜʨʞʘʿ ʮʠʥʢʘ ʫ ʩʝʜʠʤʝʥʪʫ ʿʝ ʟʥʘʪʥʦ ʥʠʞʠ ʦʜ PLI ʠ 
PEL ʠ ʥʝ ʫʛʨʦʞʘʚʘ ʧʨʠʩʫʪʥʫ ʙʝʥʪʦʬʘʫʥʫ. 

¶ ʉʘʜʨʞʘʿ ʭʨʦʤʘ ʿʝ ʥʘ ʩʚʠʤ ʧʨʦʬʠʣʠʤʘ ʠʟʥʘʜ PLI, ʘ ʥʘ ʧʨʦʬʠʣʫ 3 
ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʚʠʰʝʩʪʨʫʢʦ ʧʨʝʚʘʟʠʣʘʟʠ ʝʬʝʢʪʠʚʥʫ ʚʨʝʜʥʦʩʪ, ʰʪʦ ʿʝ ʦʜ 
ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ, ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʨʘʜʠ ʦ ʜʦʢʘʟʘʥʦ ʢʘʥʮʝʨʦʛʝʥʦʤ ʝʣʝʤʝʥʪʫ. 

 

 
 

ɻʨʘʬʠʢ 16. ʂʦʥʮʝʥʪʨʘʮʠʿʘ Cr (mg/kg)  
ʫ ʦʜʥʦʩʫ ʥʘ PEL (CSQG) ʠ PLI (ICPDR) 

 

¶ ʉʢʦʨʦ ʠʩʪʘ ʩʠʪʫʘʮʠʿʘ ʿʝ ʢʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʘʢʨʘ, ʢʦʿʘ ʿʝ ʪʘʢʦʹʝ ʠʟʥʘʜ PLI ʫ 
ʩʚʠʤ ʫʟʦʨʮʠʤʘ, ʜʦʢ ʿʝ ʩʘʤʦ ʥʘ ʧʨʦʬʠʣʫ 3 ʠʟʥʘʜ PEL ʚʨʝʜʥʦʩʪʠ, ʘʣʠ 
ʧʨʝʢʦʨʘʯʝˁʝ ʥʠʿʝ ʪʘʢʦ ʚʝʣʠʢʦ ʢʘʦ ʢʦʜ ʭʨʦʤʘ. 

 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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ɻʨʘʬʠʢ 17. ʂʦʥʮʝʥʪʨʘʮʠʿʘ Cu (mg/kg)  
ʫ ʦʜʥʦʩʫ ʥʘ PLI (ICPDR) ʠ PEL (CSQG) 

 

¶ ʋ ʩʝʜʠʤʝʥʪʫ ɺɹʂ, ʩʠʪʫʘʮʠʿʘ ʿʝ  ʥʘʿʣʦʰʠʿʘ ʥʘ ʧʨʦʬʠʣʫ 3, ʿʝʨ ʩʫ 
ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʙʘʢʨʘ, ʮʠʥʢʘ ʠ ʫʢʫʧʥʦʛ ʭʨʦʤʘ, ʠʟʥʘʜ ʝʬʝʢʪʠʚʥʠʭ ʚʨʝʜʥʦʩʪʠ, 
ʦʜʥʦʩʥʦ ʪʘʢʦ ʩʫ ʚʠʩʦʢʝ ʜʘ ʠʤʘʿʫ ʥʝʛʘʪʠʚʥʝ ʠʤʧʣʠʢʘʮʠʿʝ ʥʘ ʭʠʜʨʦʙʠʦʥʪʝ 
ʙʝʥʪʦʩʘ, ʰʪʦ ʿʝ ʟʘʙʝʣʝʞʝʥʦ ʠ 2008. ʛʦʜʠʥʝ. 

 

ɿʘ ʿʝʜʘʥ ʙʨʦʿ ʝʣʝʤʝʥʪʘʪʘ ʥʦʨʤʝ ʧʦʩʪʦʿʝ ʩʘʤʦ ʫ ICPDR ʢʘʦ ʚʨʝʜʥʦʩʪʠ ʥʘʿʚʠʰʝʛ 
ʥʠʚʦʘ ʠʥʪʝʨʝʩʘ (PLI). ʋ ʧʦʨʝʹʝˁʫ ʩʘ ˁʠʤʘ, ʩʠʪʫʘʮʠʿʘ ʿʝ ʥʝʰʪʦ ʥʝʧʦʚʦˀʥʠʿʘ, ʿʝʨ 
ʩʫ ʢʨʠʪʝʨʠʿʫʤʠ ʜʨʫʛʘʯʠʿʠ, ʫʛʣʘʚʥʦʤ ʩʪʨʦʞʠʿʠ ʠ ʤʘˁʝ ʩʝʣʝʢʪʠʚʥʠ. 
 

¶ Kʦʥʮʝʥʪʨʘʮʠʿʘ ʢʘʣʮʠʿʫʤʘ ʚʠʰʝʩʪʨʫʢʦ ʿʝ ʠʟʥʘʜ PLI ʥʘ ʩʚʠʤ ʧʨʦʬʠʣʠʤʘ, ʘ 
ʥʘ ʧʨʦʬʠʣʫ 5 ʟʘʙʝʣʝʞʝʥ ʿʝ ʤʘʢʩʠʤʫʤ. ʉʠʪʫʘʮʠʿʘ ʿʝ ʠʜʝʥʪʠʯʥʘ ʦʥʦʿ ʠʟ 
2008. ʛʦʜʠʥʝ. 

 

 
 

ɻʨʘʬʠʢ 18. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʢʘʣʮʠʿʫʤʘ (mg/kg) 
ʫ ʦʜʥʦʩʫ ʥʘ PLI (ICPDR) 



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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¶ ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʫʧʥʦʛ ʬʦʩʬʦʨʘ ʩʫ ʫ ʩʚʠʤ ʫʟʦʨʮʠʤʘ ʠʟʥʘʜ PLI. ʅʘʿʥʠʞʘ 
ʚʨʝʜʥʦʩʪ ʨʝʛʠʩʪʨʫʿʝ ʩʝ ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ, ʥʘ ʧʨʦʬʠʣʫ 5, ʜʦʢ ʿʝ ʤʘʢʩʠʤʫʤ 
ʫʪʚʨʹʝʥ ʥʘ ʧʨʦʬʠʣʫ 6 ʠ ʚʠʰʝʩʪʨʫʢʦ ʿʝ ʠʟʥʘʜ ʥʦʨʤʠʨʘʥʦʛ. 

 

 
 

ɻʨʘʬʠʢ 19. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʫʢʫʧʥʦʛ ʬʦʩʬʦʨʘ  
(mg/kg)  ʫ ʦʜʥʦʩʫ ʥʘ PLI (ICPDR) 

 

¶ ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʫʧʥʦʛ ʘʟʦʪʘ ʩʫ ʫ ʩʚʠʤ ʫʟʦʨʮʠʤʘ ʚʠʰʝʩʪʨʫʢʦ ʠʟʥʘʜ PLI. 
ʅʘʿʥʠʞʘ ʚʨʝʜʥʦʩʪ ʨʝʛʠʩʪʨʫʿʝ ʩʝ ʫʟʚʦʜʥʦ ʦʜ ʂʫʣʝ, ʥʘ ʧʨʦʬʠʣʫ 5. 
ʄʘʢʩʠʤʘʣʥʠ ʩʘʜʨʞʘʿ ʘʟʦʪʘ ʫʪʚʨʹʝʥ ʿʝ ʥʘ ʧʨʦʬʠʣʫ 3, ʠ ʦʢʦ 30 ʧʫʪʘ ʿʝ ʚʝ˂ʠ 
ʦʜ PLI. 

 

 
 

ɻʨʘʬʠʢ 20. ʂʦʥʮʝʥʪʨʘʮʠʿʝ ʫʢʫʧʥʦʛ ʘʟʦʪʘ, (mg/kg)  
ʫ ʦʜʥʦʩʫ ʥʘ PLI (ICPDR)  



Mʦʥʠʪʦʨʠʥʛ ʢʚʘʣʠʪʝʪʘ ʚʦʜʝ, ʩʝʜʠʤʝʥʪʘ ʠ ʭʠʜʨʦʙʠʦʥʘʪʘ ɺʝʣʠʢʦʛ ɹʘʯʢʦʛ ʢʘʥʘʣʘ, ʠ 
ʣʘʪʝʨʘʣʥʠʭ ʢʘʥʘʣʘ I-64, I-61 ʠ ʂʎ III ʫ ʧʨʦʣʝ˂ʝ ʠ ʿʝʩʝʥ 2009. ʛʦʜʠʥʝ  
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¶ ʂʦʜ ʩʘʜʨʞʘʿʘ ʫʢʫʧʥʦʛ ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ ʧʦ ʧʨʦʬʠʣʠʤʘ, ʥʝ ʫʦʯʘʚʘʿʫ ʩʝ 
ʙʠʪʥʠʿʝ ʧʨʦʤʝʥʝ, ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʟʫʣʪʘʪʝ ʠʟ 2008. ʛʦʜʠʥʝ. 

¶ ʋ ʫʟʦʨʮʠʤʘ ʩʘ ʩʚʠʭ ʧʨʦʬʠʣʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʣʦʚʘ, ʥʠʢʣʘ ʩʫ ʠʟʥʘʜ PLI, ʘʣʠ 
ʟʥʘʯʘʿʥʦ ʚʘʨʠʨʘʿʫ. 

¶ ʄʘʢʩʠʤʘʣʥʠ ʩʘʜʨʞʘʿ ʦʚʠʭ ʤʝʪʘʣʘ ʫʪʚʨʹʝʥ ʿʝ ʥʘ ʧʨʦʬʠʣʫ 3, ʘ ʥʘʿʤʘˁʠ ʥʘ 
ʧʨʦʬʠʣʫ 5, ʰʪʦ ʙʠ ʫʢʘʟʠʚʘʣʦ ʛʜʝ ʟʘʛʘʹʝˁʝ ʜʦʤʠʥʘʥʪʥʦ ʥʘʩʪʘʿʝ. 

¶ ʉʘʜʨʞʘʿ ʢʘʜʤʠʿʫʤʘ ʿʝ ʧʦʚʝ˂ʘʥ ʩʘʤʦ ʥʘ ʧʨʦʬʠʣʠʤʘ 3 ʠ 6. ɼʦʢ ʿʝ ʥʘ 
ʧʨʦʬʠʣʫ 6 ʧʨʝʢʦʨʘʯʝˁʝ PLI ʤʠʥʠʤʘʣʥʦ, ʥʘ ʧʨʦʬʠʣʫ 3 ʨʝʛʠʩʪʨʦʚʘʥʘ ʿʝ 3 
ʧʫʪʘ ʚʝ˂ʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ. 

 

 
 

ɻʨʘʬʠʢ 21. ʂʦʥʮʝʥʪʨʘʮʠʿʘ ʢʘʜʤʠʿʫʤʘ (mg/kg)  
ʫ ʦʜʥʦʩʫ ʥʘ PLI (ICPDR) 

 

¶ ʄʠʥʝʨʘʣʥʘ ʫˀʘ (TPH) ʧʨʠʩʫʪʥʘ ʩʫ ʫ ʩʚʠʤ ʫʟʦʨʮʠʤʘ ʘʣʠ ʩʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ 
ʝʢʩʪʨʝʤʥʦ ʨʘʟʣʠʢʫʿʫ, ʘ ʦʥʝ ʠʟʥʘʜ PLI ʜʝʪʝʢʪʫʿʫ ʩʝ ʩʘʤʦ ʥʘ ʧʨʦʬʠʣʠʤʘ 3 ʠ 
6. ʅʘ ʧʨʦʬʠʣʫ 3 ʿʝ ʨʝʛʠʩʪʨʦʚʘʥʘ ʤʘʢʩʠʤʘʣʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʢʦʿʘ ʿʝ ʩʢʦʨʦ 6 
ʧʫʪʘ ʚʝ˂ʘ ʦʜ PLI. 

 

 
 

ɻʨʘʬʠʢ 22. ʂʦʥʮʝʥʪʨʘʮʠʿa ʤʠʥʝʨʘʣʥʠʭ ʫˀʘ (mg/kg)  
ʫ ʦʜʥʦʩʫ ʥʘ PLI (ICPDR) 

 


