
      
 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ  

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

ʋɼʂ 504.42:551.581 

 

ɺʦʣʦʱʫʢ ɽʢʘʪʝʨʠʥʘ ɺʘʩʠʣʴʝʚʥʘ 

 

 

ʆʎɽʅʂɸ ɺʃʀʗʅʀʗ ɸɹʀʆʊʀʏɽʉʂʀʍ ʀ ɹʀʆʊʀʏɽʉʂʀʍ ʌɸʂʊʆʈʆɺ ʅɸ 

ʕʂʆʃʆɻʀʏɽʉʂʆɽ ʉʆʉʊʆʗʅʀɽ ʇʈʀɼʆʅʅʓʍ ɺʆɼ ʀ ɼʆʅʅʓʍ ʆʊʃʆɾɽʅʀʁ 

ʌʀʅʉʂʆɻʆ ɿɸʃʀɺɸ ɺ ʋʉʃʆɺʀʗʍ ʀɿʄɽʅɽʅʀʗ ʂʃʀʄɸʊɸ 

 

ʉʧʝʮʠʘʣʴʥʦʩʪʴ: 25.00.36 ï ʛʝʦʵʢʦʣʦʛʠʷ 

 

ɼʀʉʉɽʈʊɸʎʀʗ 

ʅʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ɼʦʢʪʦʨ ʬ.-ʤ. ʥʘʫʢ,  

ʈʷʙʯʝʥʢʦ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʝʝʚʠʯ 

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ: 

ʂʘʥʜʠʜʘʪ ʬ.-ʤ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɽʨyʤʠʥʘ ʊʘʪʴʷʥʘ ʈʵʤʦʚʥʘ 

 

 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

2016 



2 
 

ʉʆɼɽʈɾɸʅʀɽ 

 ɺɺɽɼɽʅʀɽ 4 

1 ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʜʦʥʥʳʭ 

ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ...................................... 

 

12 

1.1 ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ...................... 12 

1.2 ɻʠʧʦʢʩʠʡʥʦ-ʘʥʦʢʩʠʡʥʳʝ ʫʩʣʦʚʠʷ ʚ ʛʣʫʙʠʥʥʳʭ ʚʦʜʘʭ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ éééééééééééééééééééééééé.. 

 

20 

1.3 ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ.................................................. 

 

29 

 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1éééééééééééééé.éééé..é. 33 

2 ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʚʩʝʣʝʥʠʝ ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ 

ʌʠʥʩʢʠʡ ʟʘʣʠʚ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷé................................................... 

 

35 

2.1 ɺʠʜʳ-ʚʩʝʣʝʥʮʳ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ..................................................... 35 

2.2 ʕʢʦʣʦʛʦ-ʬʘʫʥʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʭʝʪ Marenzelleria 

sppéééééééééééééééééééééééé........... 

 

39 

2.3 ʊʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ......................... 

 

 

46 

 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2ééééééééééééééééééé.. 52 

3 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ Marenzelleria spp. ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦ ʜʘʥʥʳʤ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ééééééééééééé..éé 

 

 

53 

3.1 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ ʧʦ ʜʘʥʥʳʤ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ......................................... 

 

 

53 

3.2 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ Marenzelleria spp. ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡéééééééééé..ééé 

 

67 

3.3 ɹʝʥʪʦʩʥʘʷ ʤʦʜʝʣʴ ʜʠʘʛʝʥʝʟʘ ʫʛʣʝʨʦʜʘ ʠ ʙʠʦʛʝʥʥʳʭ 

ʚʝʱʝʩʪʚéééééééééééééééééééééééé 

 

74 



3 
 

3.3.1 ʆʙʟʦʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʘʛʝʥʝʟʘ 

ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ ............................................... 

 

74 

3.3.2 ʆʧʠʩʘʥʠʝ ʙʝʥʪʦʩʥʦʡ ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ CANDI................... 75 

3.3.3 ɺʝʨʠʬʠʢʘʮʠʷ ʤʦʜʝʣʠ ........................................................................... 82 

3.3.4 ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠéééééééééééééééé.. 84 

3.3.5 ʄʦʜʝʣʴʥʳʝ ʦʮʝʥʢʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ .......................................................................................... 

 

88 

 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 3ééééééé.éééééééééééé.. 93 

4 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʙʫʜʫʱʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʣʠʭʝʪ Marenzelleria spp éé.......................................................... 

 

 

94 

4.1 

 

 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘ ̫ ʤʦʜʝʣʴ ʵʚʪʨʦʬʠʢʘʮʠʠ (Saint-Petersburg 

Baltic Eutrophication Model, SPBEM) ʠ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʜʤʦʜʝʣʠ 

ʙʝʥʪʦʩʥʦʛʦ ʩʣʦʷ ʜʣʷ ʫʯʝʪʘ ʙʠʦʠʨʨʠʛʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

Marenzelleria sppéééééééééééééééééééé. 

 

 

 

94 

4.2 ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ............................... 98 

4.3 ɸʥʘʣʠʟ ʵʚʦʣʶʮʠʠ ʵʢʦʩʠʩʪʝʤʳ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʙʫʜʫʱʝʤ 

ʢʣʠʤʘʪʝ ʩ ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʠʭʝʪ Marenzelleria spp. ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷééééééééééé..éééé 

 

 

99 

 ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 4éééééééééééééééééééé.. 103 

 ɿɸʂʃʖʏɽʅʀɽ .................................................................................... 104 

 ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ .......................... 106 

 



4 
 

ɺʚʝʜʝʥʠʝ 

ʆʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʨʠʜʦʥʥʳʭ ʚʦʜ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʷʚʣʷʝʪʩʷ ʩʤʝʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʙʝʥʪʦʩʥʦʤ ʩʣʦʝ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ  ʠʟʤʝʥʝʥʠʷ ʟʘʧʘʩʦʚ 

ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ. ʆʮʝʥʢʘ ʟʘʧʘʩʦʚ ʘʟʦʪʘ ʠ 

ʬʦʩʬʦʨʘ ʠ ʧʦʥʠʤʘʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʠʭ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʤʦʨʩʢʫʶ ʩʨʝʜʫ ï ʘʢʪʫʘʣʴʥʘʷ 

ʟʘʜʘʯʘ ʚ ʫʩʣʦʚʠʷʭ ʫʭʫʜʰʘʶʱʝʛʦʩʷ ʩʦʩʪʦʷʥʠʷ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚʩʣʝʜʩʪʚʠʝ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ. ɺ ʦʙʱʝʤ ʩʤʳʩʣʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ (ʛʨʝʯ. çeuè ï çʭʦʨʦʰʦè ʠ 

«trope» ï çʧʠʪʘʥʠʝè) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʣʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚʦʜʳ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ 

ʨʦʩʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʘʩʩʝʡʥʘ. ʇʦʩʣʝʜʩʪʚʠʷ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ 

ʚʝʩʴʤʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ: ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʚʩʧʳʰʢʫ ʮʚʝʪʝʥʠʷ ʚʦʜʦʨʦʩʣʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ ʛʣʫʙʠʥʘ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʝʪʘ ʚʛʣʫʙʴ ʚʦʜʦʝʤʘ, ʟʘʪʨʫʜʥʷʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ ʨʘʩʪʝʥʠʡ 

ʧʝʣʘʛʠʘʣʠ. ʆʪʤʝʨʰʠʝ ʘʚʪʦʪʨʦʬʳ ʦʧʫʩʢʘʶʪʩʷ ʥʘ ʜʥʦ ʠ ʬʦʨʤʠʨʫʶʪ ʟʘʧʘʩ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘ ʦʢʠʩʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʨʘʩʭʦʜʫʝʪʩʷ ʢʠʩʣʦʨʦʜ. 

ʋʩʪʘʥʦʚʣʝʥʠʝ ʛʠʧʦʢʩʠʠ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʆ2 < 2 ʤʣ/ʣ) ʚʣʝʯʝʪ ʚʳʭʦʜ ʬʦʩʬʦʨʘ ʠʟ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʨʦʩʪ ʚʦʜʦʨʦʩʣʝʡ ʠ ʧʦʚʳʰʝʥʠʝ 

ʘʟʦʪʬʠʢʩʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʩʣʝʜʩʪʚʠʷ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʩʪʘʥʦʚʷʪʩʷ 

ʧʨʠʯʠʥʘʤʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʠʣʝʥʠʷ, ʦʙʨʘʟʫʷ ʟʘʤʢʥʫʪʳʡ ʢʨʫʛ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʧʦʨʦʯʥʳʡè ʢʨʫʛ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ [140, 151, 153]. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʫʭʫʜʰʘʶʪʩʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʚʦʜ (ʚʢʫʩ, 

ʟʘʧʘʭ, ʮʚʝʪ), ʠʟʤʝʥʷʝʪʩʷ pH, ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʚʦʜʝ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, 

ʤʝʪʘʥʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʨʘʩʪʝʪ ʤʫʪʥʦʩʪʴ, ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʪʦʢʩʠʯʥʦʡ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʜ,r 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʚʦʜʦʝʤʘ, ʩʥʠʞʘʝʪ ʨʳʙʥʳʝ ʫʣʦʚʳ. 

ʌʠʥʩʢʠʡ ʟʘʣʠʚ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʵʚʪʨʦʬʠʨʦʚʘʥʥʳʭ ʟʘʣʠʚʦʚ ɹʘʣʪʠʡʩʢʦʛʦ 

ʤʦʨʷ [111]. ʉʦʩʪʦʷʥʠ ̫ʛʠʧʦʢʩʠʠ ʠ ʘʥʦʢʩʠʠ (ʦʪʩʫʪʩʪʚʠʝ ʆ2) ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ 

ʜʥʝ ʟʘʣʠʚʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠ  ʧʨʠʚʦʜʷʪ ʢ ʛʠʙʝʣʠ ʞʠʚʦʪʥʳʭ ʠ ʦʙʨʘʟʦʚʘʥʠʶ 
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çʤʝʨʪʚʳʭè ʟʦʥ. ɼʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʚʢʣʘʜʝ ʧʨʠʨʦʜʥʦʛʦ ʠ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʦʚ ʚ ʨʘʟʚʠʪʠʠ ʛʠʧʦʢʩʠʡʥʳʭ ʷʚʣʝʥʠʡ. 

ɽʱʝ ʦʜʥʦʡ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʩʫʜʦʭʦʜʥʦʡ ʦʪʨʘʩʣʠ ʷʚʣʷʝʪʩʷ ʚʩʝʣʝʥʠʝ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ. ʀʥʚʘʟʠʚʥʳʝ 

(ʠʥʚʘʟʠʦʥʥʳʝ) ʚʠʜʳ, ʠʣʠ, ʚʠʜʳ-ʚʩʝʣʝʥʮʳ, ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʛʨʦʟʫ 

ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʵʢʦʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʢʦʨʝʥʥʳʤʠ ʚʠʜʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʚʩʝʣʝʥʮʝʚ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʵʢʦʩʠʩʪʝʤʳ, ʢʦʛʜʘ ʠʥʚʘʟʠʦʥʥʳʝ ʚʠʜʳ ʩʪʘʥʦʚʷʪʩʷ ʧʠʱʝʚʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʨʝʜʢʠʭ 

ʠʣʠ ʫʷʟʚʠʤʳʭ ʢʦʨʝʥʥʳʭ ʚʠʜʦʚ ʠʣʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ [16, 144]. 

ʀʩʢʦʨʝʥʝʥʠʝ ʚʠʜʦʚ-ʚʩʝʣʝʥʮʝʚ ʧʦʩʣʝ ʠʭ ʠʥʪʨʦʜʫʢʮʠʠ ʠ ʟʘʩʝʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. ɺ ʪʝʯʝʥʠʝ ʜʚʫʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʩʪʦʣʝʪʠʡ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʙʳʣʦ 

ʥʘʡʜʝʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 120 ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ, ʚʩʝʣʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ 

ʧʨʦʠʟʦʰʣʦ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦ ʩ ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʩʪʘʥʠʷ ʩʫʜʦʚ 

ʠʣʠ ʨʘʩʩʝʣʝʥʠʷ ʠʟ ʤʝʩʪʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʠʥʪʨʦʜʫʢʮʠʠ. ʆʜʥʘʢʦ, ʜʦʩʪʘʪʦʯʥʦ 

ʥʠʟʢʘʷ ʩʦʣʝʥʦʩʪʴ ʚʦʜ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ (ʚ ʩʨʝʜʥʝʤ 7 ă) ʷʚʣʷʝʪʩʷ 

ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʚʩʝʣʝʥʠʷ ʚʠʜʦʚ.  

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʚ 1985 ʛ., ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʚ 

1990 ʛ., ʚ 2008 ʛ. ʧʦʣʠʭʝʪʳ ʨʦʜʘ Marenzelleria spp. ʤʘʩʩʦʚʦ ʟʘʩʝʣʠʣʠ ʫʯʘʩʪʢʠ ʜʥʘ ʚ 

ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ. ɺʠʜ ʵʚʨʠʛʘʣʠʥʝʥ ʠ ʫʩʪʦʡʯʠʚ ʢ ʛʠʧʦʢʩʠʡʥʳʤ ʷʚʣʝʥʠʷʤ, ʯʪʦ ʚ 

ʠʪʦʛʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʩʧʝʰʥʦʤʫ ʝʛʦ ʚʩʝʣʝʥʠʶ. ʂ 2009 ʛ. Marenzelleria spp. 

ʦʢʢʫʧʠʨʦʚʘʣʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʘʢʚʘʪʦʨʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʠ ʩʪʘʣʠ ʚʝʜʫʱʠʤ, ʘ 

ʤʝʩʪʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ [22]. 

ɸʢʪʠʚʥʘʷ ʙʠʦʪʫʨʙʘʮʠʦʥʥʘʷ ʠ ʙʠʦʠʨʨʠʛʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʣʠʭʝʪ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʜʦʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʠ ʨʦʩʪʫ ʧʣʦʱʘʜʠ ʦʢʠʩʣʝʥʥʦʛʦ ʩʣʦʷ. ʀʟʤʝʥʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʙʝʥʪʦʩʥʦʛʦ ʩʣʦʷ ʦʧʨʝʜʝʣʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʦʚ ʙʠʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʣʠʷʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʠʭʝʪ Marenzelleria spp. ʧʦ ɹʘʣʪʠʡʩʢʦʤʫ 

ʤʦʨʶ ʠ ʠʭ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʳ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
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ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʚ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʘʭ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ 

ʙʠʦʠʨʨʠʛʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʠʭʝʪ Marenzelleria spp. ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤʳ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʳʧʦʣʥʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ɺʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʛʠʧʦʢʩʠʠ ʚ ʛʣʫʙʠʥʥʳʭ ʚʦʜʘʭ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. 

2. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ 

ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ 

Marenzelleria spp. 

3. ʇʦʣʫʯʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʙʠʦʠʨʨʠʛʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦʣʠʭʝʪ Marenzelleria spp. ʥʘ ʠʟʤʝʥʝʥʠʝ ʟʘʧʘʩʦʚ ʙʠʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ. 

4. ɼʘʪʴ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʫʨʦʚʥʷ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ  ʩ 

ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ Marenzelleria spp. ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ 

ʢʣʠʤʘʪʘ. 

ʇʨʝʜʤʝʪ ʠ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʇʨʝʜʤʝʪʦʤ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚ 

ʤʦʨʩʢʦʡ ʩʨʝʜʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʙʠʦʠʨʨʠʛʘʮʠʦʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ Marenzelleria spp. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʌʠʥʩʢʠʡ 

ʟʘʣʠʚ. 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠ.̫ 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʋʩʪʘʥʦʚʣʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ 

ʛʠʧʦʢʩʠʡʥʳʭ ʷʚʣʝʥʠʡ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʠʥʜʝʢʩʦʤ ʉʝʚʝʨʦ-
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ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ. 

2. ɺʧʝʨʚʳʝ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʚʳʷʚʣʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ 

Marenzelleria spp. 

3. ɺʧʝʨʚʳʝ ʜʣʷ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʙʝʥʪʦʩʥʘʷ ʤʦʜʝʣʴ 

ʜʠʘʛʝʥʝʟʘ ʫʛʣʝʨʦʜʘ ʠ ʙʠʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

4. ɺʧʝʨʚʳʝ ʜʣʷ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʦʣʫʯʝʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ 

ʟʘʧʘʩʦʚ ʙʠʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʫʯʝʪʦʤ ʙʠʦʠʨʨʠʛʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʠʭʝʪ 

Marenzelleria spp. ʯʝʨʝʟ 5 ʣʝʪ. 

5. ɺʧʝʨʚʳʝ ʜʣʷ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʦʣʫʯʝʥʘ ʦʮʝʥʢʘ ʨʘʟʚʠʪʠʷ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʩ 

ʫʯʝʪʦʤ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʛʠʧʦʢʩʠʡʥʳʭ ʷʚʣʝʥʠʡ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 

ʦʙʫʩʣʦʚʣʝʥʦ ʫʩʠʣʝʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʢʦʣʝʙʘʥʠʷ. 

2. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ Marenzelleria spp. 

3. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʩ ʫʯʝʪʦʤ ʙʠʦʠʨʨʠʛʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʠʭʝʪ Marenzelleria spp. 

4. ʇʨʦʛʥʦʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʘʟʚʠʪʠʷ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʩ 

ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ Marenzelleria spp.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʪʙʦʨʝ ʠ ʭʠʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʧʨʦʙ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʭʦʜʝ ʵʢʩʧʝʜʠʮʠʠ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ 2015 ʛ. ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʧʨʦʚʦʜʠʣ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ɸʚʪʦʨʦʤ ʚʳʷʚʣʝʥʘ 

ʚʟʘʠʤʦʩʚʷʟʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʠʧʦʢʩʠʡʥʳʭ ʷʚʣʝʥʠʡ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʩ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. 
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ɸʚʪʦʨʦʤ ʙʳʣʘ ʘʜʘʧʪʠʨʦʚʘʥʘ ʙʝʥʪʦʩʥʘʷ ʤʦʜʝʣʴ CANDI ʜʣʷ ʫʩʣʦʚʠʡ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ  ʠ ʧʦʣʫʯʝʥʳ ʧʨʦʛʥʦʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ɼʠʩʩʝʨʪʘʥʪ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʘʚʪʦʨʦʤ ʩʪʘʪʴʠ, 

ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʞʫʨʥʘʣʝ ʠʟ ʧʝʨʝʯʥʷ ɺɸʂ ʠ ʜʚʫʭ ʨʘʩʰʠʨʝʥʥʳʭ ʪʝʟʠʩʦʚ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

ɸʚʪʦʨ ʧʨʠʟʥʘʪʝʣʝʥ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ, ʜ. ʬ.-ʤ. ʥʘʫʢ ʈʷʙʯʝʥʢʦ 

ɺ.ɸ. ʠ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ ʢ. ʬ.-ʤ. ʥʘʫʢ ɽʨʸʤʠʥʦʡ ʊ.ʈ. ʟʘ ʚʩʝʩʪʦʨʦʥʥʶʶ 

ʧʦʤʦʱʴ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʢʨʠʪʠʢʫ ʚ ʧʨʦʮʝʩʩʝ ʥʘʧʠʩʘʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʦʙʫʶ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʚʪʦʨ ʚʳʨʘʞʘʝʪ ʢ. ʛ. ʥ., ʩʦʪʨʫʜʥʠʢʫ ʈɻɻʄʋ ʀʩʘʝʚʫ ɸ.ɺ. ʟʘ 

ʩʦʜʝʡʩʪʚʠʝ ʚ ʨʘʙʦʪʝ ʩ ʤʦʜʝʣʷʤʠ ʠ ʢ.ʙ.ʥ., ʩʪʘʨʰʝʤʫ ʥʘʫʯʥʦʤʫ ʩʦʪʨʫʜʥʠʢʫ 

ɿʦʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʈɸʅ ʄʘʢʩʠʤʦʚʫ ɸ.ɸ.  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦʣʫʯʝʥʥʳʝ ʦʮʝʥʢʠ ʨʘʟʚʠʪʠʷ ʫʨʦʚʥʷ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʩ 

ʫʯʝʪʦʤ ʠʨʨʠʛʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ Marenzelleria spp. ʤʦʛʫʪ ʙʳʪʴ ʫʯʪʝʥʳ ʧʨʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʩʥʠʞʝʥʠʶ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ɹʘʣʪʠʡʩʢʦʝ 

ʤʦʨʝ ʚ ʨʘʤʢʘʭ ʧʨʠʥʷʪʦʛʦ HELCOM ʇʣʘʥʘ ɼʝʡʩʪʚʠʡ ʧʦ ɹʘʣʪʠʡʩʢʦʤʫ ʄʦʨʶ 

(ʇɼɹʄ). 

ʆʮʝʥʢʠ ʙʠʦʠʨʨʠʛʘʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʘʩʯʝʪʘʭ ʵʚʦʣʶʮʠʠ ʵʢʦʩʠʩʪʝʤʳ ʚʩʝʛʦ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʚ 

ʙʫʜʫʱʝʤ ʢʣʠʤʘʪʝ. 

ʄʘʩʩʠʚʳ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʦ ʩʦʜʝʨʞʘʥʠʠ ʙʠʦʛʝʥʥʳʭ ʠ ʠʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ, ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʚʥʝʜʨʝʥʳ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪʘʭ 

ʩʪʫʜʝʥʪʦʚ-ʦʢʝʘʥʦʣʦʛʦʚ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʩʠʩʪʝʤè. 

ʉʦʦʪʚʝʪʩʪʚʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʩʧʦʨʪʫ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 25.00.36 

çɻʝʦʵʢʦʣʦʛʠʷè ʧʦ ʩʣʝʜʫʶʱʠʤ ʧʫʥʢʪʘʤ: 
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ʇ. 1.7  «ʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʘʩʧʝʢʪʳ ʩʪʨʘʪʝʛʠʠ ʚʳʞʠʚʘʥʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ 

ʨʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ»; 

ʇ. 1.12 çɻʝʦʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʨʝʜʩʪʚʘ ʢʦʥʪʨʦʣʷè; 

ʇ. 1.14 çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ». 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ  LITTORAL2014 ʛ. ʂʣʘʡʧʝʜʘ, ʃʠʪʚʘ (2014 ʛ.), ʥʘ ʦʙʫʯʘʶʱʝʤ ʢʫʨʩʝ 

ʜʣʷ ʘʩʧʠʨʘʥʪʦʚ çɻʣʦʙʘʣʴʥʳʝ ʮʠʢʣʳ ʵʣʝʤʝʥʪʦʚ ʠ ʠʟʤʝʥʝʥʠʷ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝè, ʛ. ʃʫʥʜ, ʐʚʝʮʠʷ (Global Element Cycles and Environmental Change) ʚ 2014 

ʛʦʜʫ, ʥʘ 10-ʤ ʥʘʫʯʥʦʤ ʂʦʥʛʨʝʩʩʝ ʧʦ ɹʘʣʪʠʡʩʢʦʤʫ ʤʦʨʶ, ʛ. ʈʠʛʘ, ʃʘʪʚʠʷ (Baltic 

Sea Science Congress) (2015 ʛ.), ʥʘ ʣʝʪʥʝʡ ʰʢʦʣʝ ʜʣʷ ʘʩʧʠʨʘʥʪʦʚ çɺʣʠʷʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʤʦʨʩʢʫʶ ʩʨʝʜʫ, ʨʦʣʴ ʠʟʤʝʥʷʶʱʠʭʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʷʚʣʝʥʠʡè, ʦ. ɸʩʢʦ, ʐʚʝʮʠʷ  (Impact of climate change on the marine environment 

with special focus on the role of changing extremes) ʚ 2015 ʛʦʜʫ, ʥʘ IV ʦʙʲʝʜʠʥʝʥʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ  ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʄɸɻ-2015 çʇʨʠʢʣʘʜʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʘʢʫʩʪʠʢʠ ʠ ʛʠʜʨʦʬʠʟʠʢʠè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʚ 2015 ʛʦʜʫ, ʥʘ 

ʥʘʫʯʥʦʤ ʬʦʨʫʤʝ ʪʨʝʭʩʪʦʨʦʥʥʝʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʦ ʌʠʥʩʢʦʤʫ ʟʘʣʠʚʫ (Gulf of 

Finland Trilateral Co-operation Scientific Forum), ʛ. ʊʘʣʣʠʥʥ, ʚ 2015 ʛʦʜʫ, ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʠ çʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʝʡ ʈʦʩʩʠʠè, ʛ. ʉʝʚʘʩʪʦʧʦʣʴ, ʚ 2016 

ʛ., ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ çʄʦʨʩʢʠʝ ʙʝʨʝʛʘè: ʋʧʨʘʚʣʝʥʠʝ ʨʠʩʢʘʤʠ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʚ 

ʫʩʣʦʚʠʷʭ ʤʝʥʷʶʱʝʛʦʩʷ ʤʠʨʘ (EMECS'11 SeaCoasts XXVI : Managing risks to coastal 

regions and communities in a changing world), ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʚ 2016 ʛ. 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ 

ʦʙʱʝʩʪʚʘ ʈɻʆ_ʘ ˉ13-05-41464, ʘ ʪʘʢʞʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ ˉ14-50-

00095. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʨʦʝʢʪʝ COCOA ʧʨʦʛʨʘʤʤʳ BONUS (ɹʆʅʋʉ_ʘ 

ˉ14-04-91721). 

 

http://www.gof2014.fi/en/research/gulf-of-finland-trilateral-co-operation-and-baltic-earth-scientific-forum/
http://www.gof2014.fi/en/research/gulf-of-finland-trilateral-co-operation-and-baltic-earth-scientific-forum/
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ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 9 ʨʘʙʦʪ, 3 ʠʟ 

ʢʦʪʦʨʳʭ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʥʘʫʢʠ ʈʌ. 

ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ ʧʝʨʝʯʥʷ ɺɸʂ 

1. ɽʨʸʤʠʥʘ ʊ.ʈ., ʄʘʢʩʠʤʦʚ ɸ.ɸ., ɺʦʣʦʱʫʢ ɽ.ɺ. ɺʣʠʷʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʢʣʠʤʘʪʘ ʥʘ ʢʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 

//  ʆʢʝʘʥʦʣʦʛʠʷ. 2012. ʊ. 52, ˉ 6. ʉ. 1ï9.  

2. ɺʦʣʦʱʫʢ ɽ.ɺ., ɽʨʸʤʠʥʘ ʊ.ʈ., ʈʷʙʯʝʥʢʦ ɺ.ɸ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ // ʌʫʥʜʘʤ. ʠ ʧʨʠʢʣ. ʛʠʜʨʦʬʠʟ. 

2015. ʊ. 8, ˉ 4. ʉ. 106-113.  

3. ɽʨʸʤʠʥʘ ʊ.ʈ., ɺʦʣʦʱʫʢ ɽ.ɺ., ʄʘʢʩʠʤʦʚ ɸ.ɸ. ʆʮʝʥʢʘ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ ʚʩʣʝʜʩʪʚʠʝ ʚʩʝʣʝʥʠʷ ʧʦʣʠʭʝʪ Marenzelleria spp. // ʀʟʚʝʩʪʠʷ ʈɻʆ. 2016. ʊ. 

148, ʚʳʧ. 1. ʉ. 55-71. 

ʚ ʪʝʟʠʩʘʭ ʢʦʥʬʝʨʝʥʮʠʡ 

4. Eremina T., Voloshchuk E., Maximov A. Assessment of biogeochemical 

changes at the sediment-water interface due to large scale Marenzelleria spp. invasion 

in the eastern part of the Gulf of Finland // Abstract book of 12th international 

conference Littoral 2014: Facing present and future coast challenges September 22-26 

2014. ï Marine Science and Technology Center, 2014. ï P. 108. 

5. Eremina T., Voloshchuk E., Maximov A., Ryabchenko V. Possible future 

consequences of Marenzelleria spp. invasion in the eastern part of the gulf of Finland: 

results of diagenetic sediment model // Abstract book of 10th Baltic Sea Science 

Congress June 15-19 2015. ï P. 154. 

6. ɺʦʣʦʱʫʢ ɽ.ɺ., ɽʨʸʤʠʥʘ ʊ.ʈ., ʈʷʙʯʝʥʢʦ ɺ.ɸ. ʈʦʣʴ ʠʨʨʠʛʘʮʠʦʥʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ // ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ IV ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʄɸɻ-2015 çʇʨʠʢʣʘʜʥʳʝ 
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ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʦʘʢʫʩʪʠʢʠ ʠ ʛʠʜʨʦʬʠʟʠʢʠè. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ï 2015. ï ʉ. 221-

224. 

7. Eremina T., Isaev A., Voloshchuk E., Ryabchenko V. New approach to 

model benthic layer with impact of bioirrigation activity of Marenzelleria spp. in the 

Gulf of Finland //Abstract book of Gulf of Finland Trilateral Co-operation Scientific 

Forum, November 17-18 2015.  ï Tallinn, Estonia. ï P. 63.  

8. ɺʦʣʦʱʫʢ ɽ.ɺ., ɽʨʸʤʠʥʘ ʊ.ʈ., ʄʘʢʩʠʤʦʚ ɸ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ // ʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʝʡ ʈʦʩʩʠʠ: ʦʧʝʨʘʪʠʚʥʘʷ 

ʦʢʝʘʥʦʛʨʘʬʠʷ ʠ ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʘʪʝʨʠʘʣʳ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ, ʛ. ʉʝʚʘʩʪʦʧʦʣʴ, 25-29 ʘʧʨʝʣʷ 2016 ʛ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï 

ʉʝʚʘʩʪʦʧʦʣʴ: ʌɻɹʋʅ ʄɻʀ. ï 2016. ï ʉ. 375-379. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://mhi-

ras.ru/news/news_201605201055.htm. 

9. Voloshchuk E., Eremina T., Isaev A. Assessment of bioturbation activity 

of Marenzelleria spp. in the eastern Gulf of Finland. Abstract book of the EMECS'11 

SeaCoasts XXVI conference: Managing risks to coastal regions and communities in a 

changing world. - August 22-27 2016, Saint-Petersburg, Russia. - P. 69 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 4 ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ. 

ʆʙʱʠʡ ʦʙʲʝʤ ʨʘʙʦʪʳ 122 ʩʪʨʘʥʠʮ,r 45 ʨʠʩʫʥʢʦʚ, 12 ʪʘʙʣʠʮ ʠ ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

ʠʟ 162 ʠʩʪʦʯʥʠʢʦʚ. 
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1 ʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ 

1.1 ʌʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 

 

ʌʠʥʩʢʠʡ ʟʘʣʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʦʤʳʚʘʝʪ 

ʙʝʨʝʛʘ ʌʠʥʣʷʥʜʠʠ, ʈʦʩʩʠʠ ʠ ʕʩʪʦʥʠʠ (ʨʠʩ. 1.1). ʇʣʦʱʘʜʴ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ï 29.5 

ʪʳʩ. ʢʤĮ. ɿʘʣʠʚ ʚʳʪʷʥʫʪ ʚ ʤʝʨʠʜʠʘʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʝʛʦ ʜʣʠʥʘ ʦʪ 

ʧʦʣʫʦʩʪʨʦʚʘ ʍʘʥʢʦ (ʟʘʧʘʜʥʘʷ ʛʨʘʥʠʮʘ) ʜʦ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʩʦʩʪʘʚʣʷʝʪ 420 ʢʤ, 

ʰʠʨʠʥʘ ʦʪ 70 ʢʤ ʚ ʛʦʨʣʝ ʜʦ 130 ʢʤ ʚ ʩʘʤʦʡ ʰʠʨʦʢʦʡ ʯʘʩʪʠ (ʥʘ ʤʝʨʠʜʠʘʥʝ ʦʩʪʨʦʚʘ 

ʄʦʱʥʳʡ), ʚ ʅʝʚʩʢʦʡ ʛʫʙʝ ʰʠʨʠʥʘ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 12 ʢʤ. ʌʠʥʩʢʠʡ ʟʘʣʠʚ 

ʤʝʣʢʦʚʦʜʝʥ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 38 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ï 123 ʤ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʫ ʧʦʙʝʨʝʞʴʷ ʕʩʪʦʥʠʠ, ʚ ʅʝʚʩʢʦʡ ʛʫʙʝ ʛʣʫʙʠʥʘ ʜʦʩʪʠʛʘʝʪ 3-5 ʤ [109]. ʇʨʦʬʠʣʴ ʜʥʘ 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʛʦʨʣʘ ʢ ʚʝʨʰʠʥʝ. ʆʩʦʙʝʥʥʦ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʡʦʥʝ ʅʘʨʚʘ-ʁʳʵʩʫʫ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʅʘʨʚʩʢʦʡ ʩʪʝʥʢʠ. ɺʨʝʤʷ 

ʧʦʣʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʚʦʜ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʩʦʩʪʘʚʣʷʝʪ 5 ʣʝʪ [111]. 

 

 

 

 

ʈʠʩ. 1.1. ʂʘʨʪʘ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʂʣʠʤʘʪ ʨʘʡʦʥʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʪʠʧʫ ʫʤʝʨʝʥʥʦʛʦ ʩ ʠʟʙʳʪʦʯʥʳʤ ʫʚʣʘʞʥʝʥʠʝʤ ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʤʝʞʜʫ 

ʤʦʨʩʢʠʤ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ [32]. ʇʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ ʨʝʛʠʦʥʝ ʦʧʨʝʜʝʣʷʶʪ 

ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ. ʎʠʢʣʦʥʠʯʝʩʢʘʷ 
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ʮʠʨʢʫʣʷʮʠʷ ʚ ʨʝʛʠʦʥʝ ʧʨʝʦʙʣʘʜʘʝʪ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʛʦʜʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʤʘʷ ʠ 

ʠʶʣʷ, ʢʦʛʜʘ ʥʘʜ ʌʠʥʩʢʠʤ ʟʘʣʠʚʦʤ ʧʨʝʚʘʣʠʨʫʶʪ ʘʥʪʠʮʠʢʣʦʥʳ ʠ ʤʘʣʦʛʨʘʜʠʝʥʪʥʳʝ 

ʙʘʨʠʯʝʩʢʠʝ ʧʦʣʷ. ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʚʝʪʨʦʚ ʟʘʧʘʜʥʦʛʦ, ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʶʞʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʡ ʙʦʣʝʝ 50 %, ʦʥʠ ʞʝ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʩʠʣʴʥʳʤʠ [40].  

ʈʘʡʦʥ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʠʟʙʳʪʦʯʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ. ʇʨʠ 

ʩʨʝʜʥʝʡ ʛʦʜʦʚʦʡ ʥʦʨʤʝ ʦʩʘʜʢʦʚ ʦʢʦʣʦ 600 ʤʤ, ʠʩʧʘʨʷʝʤʦʩʪʴ ʙʣʠʟʢʘ ʢ 250 ʤʤ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʛʦʜʘ ï 70 %, ʥʘ 

ʭʦʣʦʜʥʳʡ ʧʝʨʠʦʜ ï ʣʠʰʴ 30 %. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʙʩʦʣʶʪʥʘʷ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʳʰʝ, ʯʝʤ ʚ ʟʠʤʥʠʡ. ɼʣʷ ʚʩʝʭ ʩʝʟʦʥʦʚ ʭʘʨʘʢʪʝʨʥʘ ʧʦʚʳʰʝʥʥʘʷ 

ʚʣʘʞʥʦʩʪʴ ʟʘʧʘʜʥʳʭ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʨʘʡʦʥʦʚ ʠ ʥʘʣʠʯʠʝ ʥʘʠʙʦʣʝʝ ʩʫʭʦʛʦ 

ʚʦʟʜʫʭʘ ʥʘʜ ʚʦʩʪʦʯʥʳʤ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ ʧʦʙʝʨʝʞʴʝʤ [32]. 

ʇʦʛʦʜʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʚ ʨʘʡʦʥʝ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʫʤʝʨʝʥʥʦ ʪʝʧʣʘʷ ʠ 

ʚʣʘʞʥʘʷ, ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ ʦʪ 0 ʜʦ -8 0ʉ. ʆʜʥʘʢʦ ʥʘʯʠʥʘʷ ʩ ʷʥʚʘʨʷ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʭʦʣʦʜʥʘʷ ʩʫʭʘʷ ʧʦʛʦʜʘ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʦʟʜʫʭʘ -17 ï -25 0ʉ. ɿʘ 

ʟʠʤʫ ʚʳʧʘʜʘʝʪ ʦʢʦʣʦ ʯʝʪʚʝʨʪʠ ʛʦʜʦʚʦʡ ʥʦʨʤʳ ʦʩʘʜʢʦʚ [40]. 

ɺʝʩʥʦʡ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʚʦʟʚʨʘʪʳ ʭʦʣʦʜʦʚ ʠ ʧʦʟʜʥʠʝ ʩʥʝʛʦʧʘʜʳ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʦʩʪʘʚʣʷʝʪ 1-3 0ʉ, ʦʜʥʘʢʦ ʚ ʦʪʜʝʣʴʥʳʝ ʷʩʥʳʝ ʜʥʠ ʤʦʞʝʪ 

ʧʦʜʥʷʪʴʩʷ ʜʦ 20 0ʉ. 

ʃʝʪʦ ʫʤʝʨʝʥʥʦ ʪʝʧʣʦʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʜʦʩʪʠʛʘʝʪ 12-20 0ʉ, ʦʜʥʘʢʦ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚ ʨʘʡʦʥ ʘʨʢʪʠʯʝʩʢʠʭ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʤʦʞʝʪ ʧʦʥʠʟʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʜʦ 5-10 0ʉ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʛʦʜʦʚʦʡ ʥʦʨʤʳ ʦʩʘʜʢʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʚ ʦʩʥʦʚʥʦʤ ʦʥʠ ʥʦʩʷʪ ʣʠʚʥʝʚʦʡ ʭʘʨʘʢʪʝʨ. 

ʆʩʝʥʴʶ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʩʥʠʞʘʝʪʩʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʣʘʞʥʦʩʪʴ ʠ 

ʦʙʣʘʯʥʦʩʪʴ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ ʚ ʦʢʪʷʙʨʝ ʠ ʥʦʷʙʨʝ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2-3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʪʦʤ, ʥʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ 

ʦʙʣʦʞʥʳʤʠ, ʧʦʵʪʦʤʫ ʤʝʩʷʯʥʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʣʝʪʦʤ.  

ɺʩʣʝʜʩʪʚʠʝ ʪʠʧʠʯʥʦʡ ʜʣʷ ʨʘʡʦʥʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʯʘʩʪʦʡ ʩʤʝʥʳ ʚʦʟʜʫʰʥʳʭ 

ʤʘʩʩ, ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ [40]. 

ʃʝʜʦʚʳʡ ʨʝʞʠʤ. ʃʝʜʦʚʳʡ ʨʝʞʠʤ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ, ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʛʣʫʙʠʥʦʡ, 
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ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʙʤʝʥʘ ʩ ɹʘʣʪʠʡʩʢʠʤ ʤʦʨʝʤ ʠ ʩʠʣʴʥʳʤ ʨʘʩʧʨʝʩʥʝʥʠʝʤ ʟʘʣʠʚʘ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʩʦʙʝʥʥʦʩʪʠ ʣʝʜʦʚʦʛʦ ʨʝʞʠʤʘ ʟʘʣʠʚʘ 

ʩʚʷʟʘʥʳ ʩ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ 

ʈʦʩʩʠʠ, ʦʙʰʠʨʥʦʩʪʴʶ ʧʣʦʱʘʜʠ ʚʦʜʦʝʤʦʚ, ʙʦʣʴʰʠʤʠ ʟʘʧʘʩʘʤʠ ʪʝʧʣʘ ʚʦʜʥʳʭ ʤʘʩʩ 

ʠ ʧʦʩʪʦʷʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ  ʚʝʪʨʘ  ʨʘʟʣʠʯʥʳʭ  ʥʘʧʨʘʚʣʝʥʠʡ [36].  

ʋʩʪʦʡʯʠʚʳʡ ʣʝʜʦʚʳʡ ʧʦʢʨʦʚ ʥʘ ʧʣʦʱʘʜʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʢʘʞʜʫʶ ʟʠʤʫ ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʝʩʷʮʝʚ ʩ ʜʝʢʘʙʨʷ ʧʦ ʘʧʨʝʣʴ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʣʴʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʬʝʚʨʘʣʝ ʠʣʠ ʤʘʨʪʝ. ɿʘʣʠʚ 

ʥʘʯʠʥʘʝʪ ʟʘʤʝʨʟʘʪʴ ʦʪ ʅʝʚʩʢʦʡ ʛʫʙʳ ʠ ɺʳʙʦʨʛʩʢʦʛʦ ʟʘʣʠʚʘ ʥʘ ʟʘʧʘʜ ʚʜʦʣʴ 

ʩʝʚʝʨʥʦʛʦ ʧʦʙʝʨʝʞʴʷ, ʪʘʷʥʠʝ ʣʴʜʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʩ ʟʘʧʘʜʘ 

ʥʘ ʚʦʩʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʷʥʠʷ ʛʨʘʥʠʮʳ ʧʨʠʧʘʷ ʠ ʜʨʝʡʬʫʶʱʠʭ ʣʴʜʦʚ ʩʤʝʱʘʶʪʩʷ 

ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ. ʆʯʠʱʝʥʠʝ ʦʪʦ ʣʴʜʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ ʘʧʨʝʣʷ, ʚ ʚʦʩʪʦʯʥʦʡ ï ʚ ʥʘʯʘʣʝ ʤʘʷ. ɺ ʮʝʣʦʤ ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʟʠʤ 

ʪʘʷʥʠʝ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʝʛʦ ʥʘʨʘʩʪʘʥʠʝ: 

1.5-2 ʠ 3.5-4 ʤʝʩʷʮʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [2]. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʨʠʙʨʝʞʥʦʛʦ ʣʴʜʘ ʤʝʥʷʝʪʩʷ ʦʪ 30 ʜʦ 80 ʩʤ ʚ ɺʳʙʦʨʛʝ 

ʠ ʅʝʚʩʢʦʡ ʛʫʙʝ. ɺ ʩʫʨʦʚʳʝ ʟʠʤʳ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ ʪʦʣʱʠʥʘ ʣʴʜʘ 

ʜʦʩʪʠʛʘʝʪ 70-80 ʩʤ, ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 40-50 ʩʤ [2]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʴʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʢʦʨʦʩʪʴ ʠ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʨʝʡʬʘ ʣʴʜʘ, ʩʦʩʪʘʚ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʧʦ ʨʘʟʤʝʨʘʤ ʣʴʜʠʥ, ʪʦʨʦʩʳ ʠ 

ʥʘʚʘʣʳ ʣʴʜʘ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʌʠʥʩʢʦʤ 

ʟʘʣʠʚʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ 3 ʨʘʡʦʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʝʜʦʚʳʤʠ ʫʩʣʦʚʠʷʤʠ [40]: 

1. ʄʝʞʦʩʪʨʦʚʥʘʷ ʧʨʠʙʨʝʞʥʘʷ ʟʦʥʘ, ʚʢʣʶʯʘʶʱʘʷ ɺʳʙʦʨʛʩʢʠʡ ʟʘʣʠʚ ʩ 

ʧʨʦʣʠʚʦʤ ɹʴʝʨʢʝʟʫʥʜ, ʅʝʚʩʢʫʶ ʛʫʙʫ, ʶʞʥʫʶ ʧʨʠʙʨʝʞʥʫʶ ʯʘʩʪʴ ʟʘʣʠʚʘ ʢ ʟʘʧʘʜʫ 

ʦʪ ʦ. ʄʦʭʥʠ, ʨʘʡʦʥ ʰʭʝʨ ʠ ʦʩʪʨʦʚ ʫ ʧʦʙʝʨʝʞʴʷ ʌʠʥʣʷʥʜʠʠ. ɺ ʵʪʦʡ ʟʦʥʝ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʥʥʝʝ ʨʘʟʚʠʪʠʝ ʧʨʠʧʘʷ, ʦʪʩʫʪʩʪʚʫʝʪ ʜʨʝʡʬ ʣʴʜʘ ʠ ʪʦʨʦʰʝʥʠʷ ʧʦʩʣʝ 

ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʧʘʷ ʠ ʜʦ ʤʦʤʝʥʪʘ ʝʛʦ ʚʟʣʦʤʘ. ʊʦʨʦʩʳ ʚ ʵʪʦʡ ʟʦʥʝ ʦʙʨʘʟʫʶʪʩʷ ʚ 

ʦʩʝʥʥʝʝ-ʟʠʤʥʠʡ ʧʝʨʠʦʜ. 

2. ʆʢʦʣʦʙʝʨʝʛʦʚʘʷ ʟʦʥʘ. ɺ ʜʘʥʥʦʡ ʟʦʥʝ ʨʘʩʧʦʣʦʞʝʥʳ ʦʪʢʨʳʪʳʝ ʠ ʟʘʢʨʳʪʳʝ 

ʟʘʧʨʠʧʘʡʥʳʝ ʧʦʣʳʥʴʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʨʝʡʬ ʣʴʜʦʚ ʠʤʝʝʪ ʩʚʷʟʘʥʥʳʡ, ʩʣʦʞʥʳʡ 
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ʭʘʨʘʢʪʝʨ. ʊʦʨʦʩʳ ʠʤʝʶʪ ʟʠʤʥʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʦʙʨʘʟʫʶʪʩʷ ʢʘʢ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʜʨʝʡʬʘ ʣʴʜʘ ʧʨʠ ʟʘʢʨʳʪʠʝ ʧʦʣʳʥʴʠ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʱʝʛʦʩʷ ʚ 

ʵʪʦʡ ʟʦʥʝ ʩʞʘʪʠʷ ʣʴʜʘ, ʝʩʣʠ ʧʨʠʙʨʝʞʥʳʝ ʧʦʣʳʥʴʠ ʟʘʢʨʳʪʳ. 

3. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʟʘʣʠʚʘ. ɺ ʦʪʢʨʳʪʳʭ ʨʘʡʦʥʘʭ ʟʘʣʠʚʘ ʥʘʙʣʶʜʘʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʜʨʝʡʬʘ ʣʴʜʘ. ʊʦʨʦʩʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʟʦʥʘʭ 

ʢʦʥʪʘʢʪʘ ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ʣʝʜʷʥʳʭ ʧʦʣʝʡ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʣʝʥʦʩʪʴ ʚʦʜr. ɻʦʜʦʚʦʡ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ. ɺ ʷʥʚʘʨʝ-ʤʘʨʪʝ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ ʙʣʠʟʢʘ ʢ 0 0ʉ, ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʟʘʧʘʜʥʳʭ ʯʘʩʪʷʭ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 0-2 0ʉ. ɺ ʧʝʨʠʦʜ 16-28 ʘʧʨʝʣʷ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʧʝʨʝʭʦʜ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʯʝʨʝʟ 

3 0ʉ, ʘ ʚ ʧʝʨʠʦʜ 10-27 ʤʘʷ ï ʯʝʨʝʟ 10 0ʉ. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʟʘʣʠʚʘ ʠ ʚ ʅʝʚʩʢʦʡ ʛʫʙʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ, 

ʧʨʦʛʨʝʚʘʷʩʴ ʜʦ 18-20 0ʉ, ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʟʘʣʠʚʘ ï ʜʦ 16-18 0ʉ. 

ɺ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʚʦʜʳ, ʠ ʧʝʨʝʭʦʜ ʯʝʨʝʟ 

10 0ʉ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʝʨʠʦʜ ʩ 20 

ʩʝʥʪʷʙʨʷ ʧʦ 5 ʦʢʪʷʙʨʷ, ʘ ʯʝʨʝʟ 5 0ʉ ï ʚ ʧʝʨʠʦʜ ʩ 20 ʧʦ 30 ʦʢʪʷʙʨʷ [40]. 

ɺ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʦʜ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨʥʦ 

ʥʘʣʠʯʠʝ ʪʝʨʤʦʢʣʠʥʘ, ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʨʦʛʨʝʚʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʘʣʦʚʝʪʨʝʥʦʡ ʧʦʛʦʜʝ. ɺ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʦʚʦʛʦ 

ʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʳ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʚʳʨʘʚʥʠʚʘʝʪʩʷ, 

ʠ ʩʝʟʦʥʥʳʡ ʪʝʨʤʦʢʣʠʥ ʨʘʟʨʫʰʘʝʪʩʷ. ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʭʘʨʘʢʪʝʨ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʜʦʩʪʘʪʦʯʥʦ 

ʦʜʥʦʨʦʜʥʳʡ. 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ 

ʫʤʝʨʝʥʥʦʡ ʚʘʨʠʘʮʠʝʡ, ʘ ʚʨʝʤʷ ʥʘʩʪʫʧʣʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩʜʚʠʛʘʝʪʩʷ 

ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʧʝʨʠʦʜ. 

ɺ ʧʨʠʙʨʝʞʥʦʡ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ ʚʝʪʨʦ-

ʚʦʣʥʦʚʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʩʷ ʪʦʣʱʘ ʚʦʜ ʚ ʪʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ ʜʦʩʪʠʛʘʝʪ ʧʦʣʥʦʡ ʛʦʤʦʪʝʨʤʠʠ. ʇʨʦʛʨʝʚ ʚ ʚʝʩʝʥʥʠʡ ʧʝʨʠʦʜ ʠ 
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ʚʳʭʦʣʘʞʠʚʘʥʠʝ ʦʩʝʥʴʶ ʟʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʦʪʢʨʳʪʦʡ ʛʣʫʙʦʢʦʚʦʜʥʦʡ 

ʯʘʩʪʠ. ʇʦʵʪʦʤʫ ʚ ʚʝʩʝʥʥʠʡ ʠ ʦʩʝʥʥʠʡ ʧʝʨʠʦʜʳ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ ʥʝʨʝʜʢʦ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʝʨʤʠʯʝʩʢʠʡ ʙʘʨ (ʧʨʠʙʨʝʞʥʳʡ ʬʨʦʥʪ), ʚ 

ʢʦʪʦʨʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʛʨʘʜʠʝʥʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ ʜʦʩʪʠʛʘʶʪ 0.5-1.0 0ʉ/ʢʤ 

[40]. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʘʣʠʚʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʫʩʪʦʡʯʠʚʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʩʪʨʘʪʠʬʠʢʘʮʠʷ (ʢʨʦʤʝ ʅʝʚʩʢʦʡ ʛʫʙʳ), ʦʛʨʘʥʠʯʠʚʘʶʱʘʷ ʢʦʥʚʝʢʮʠʶ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʝʧʷʪʩʪʚʫʶʱʘʷ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʜʦʥʥʳʝ ʩʣʦʠ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʯʨʝʟʤʝʨʥʦʡ ʦʙʦʛʘʱʝʥʥʦʩʪʠ ʚʦʜʦʝʤʘ ʙʠʦʛʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʛʠʧʦʢʩʠʡʥʳʝ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʆ2 < 2 ʤʣ/ʣ) ʠ ʘʥʦʢʩʠʡʥʳʝ (ʦʪʩʫʪʩʪʚʠʝ 

ʆ2) ʷʚʣʝʥʠʷ ʯʘʩʪʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʠ ʥʘ ʜʥʝ ʟʘʣʠʚʘ. ʅʘ ʨʝʞʠʤ 

ʩʦʣʝʥʦʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʧʨʝʩʥʷʶʱʠʡ 

ʩʪʦʢ ʚʧʘʜʘʶʱʠʭ ʚ ʥʝʝ ʨʝʢ, ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʜʚʝʢʮʠʠ ʩʦʣʝʥʳʭ ʚʦʜ ʩ ʟʘʧʘʜʥʳʭ 

ʨʘʡʦʥʦʚ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʉʦʣʝʥʦʩʪʴ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʝʪ ʩ ʚʦʩʪʦʢʘ ʥʘ 

ʟʘʧʘʜ. ɺʦ ʚʩʝʡ ʅʝʚʩʢʦʡ ʛʫʙʝ ʜʦ ʂʨʦʥʰʪʘʜʪʘ ʚʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʩʥʘʷ ʠʟ-ʟʘ 

ʤʦʱʥʦʛʦ ʚʣʠʷʥʠʷ ʩʪʦʢʘ ʨʝʢʠ ʅʝʚʳ. ɺ ʨʘʡʦʥʝ ʦʩʪʨʦʚʦʚ ʉʝʩʢʘʨ ʠ ʄʦʱʥʳʡ 

ʩʦʣʝʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 3-3.5 ă ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 4-6 ă ʫ ʜʥʘ. ɺ ʨʘʡʦʥʝ ʦ. ɻʦʛʣʘʥʜ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʩʦʣʝʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 4-4.5 ă ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 7 ă ʫ 

ʜʥʘ (ʜʦ 7.6 ă ʚ ʨʘʡʦʥʘʭ ʩ ʛʣʫʙʠʥʦʡ ʩʚʳʰʝ 40 ï 50 ʤ).  

ʈʝʣʴʝʬ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺ ʩʪʨʫʢʪʫʨʝ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ 

ʌʠʥʩʢʠʡ ʟʘʣʠʚ ʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʙʦʩʦʙʣʝʥʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʨʝʛʠʦʥʦʤ. 

ʌʠʥʩʢʠʡ ʟʘʣʠʚ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ɹʘʣʪʠʡʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʱʠʪʘ 

ʠ ʈʫʩʩʢʦʡ ʧʣʠʪʳ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʧʥʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʫʶ 

ʚʧʘʜʠʥʫ, ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʦ ʩ ʢʘʡʥʦʟʦʡʩʢʠʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ 

ʜʚʠʞʝʥʠʷʤʠ. ɺ ʯʝʪʚʝʨʪʠʯʥʳʡ ʧʝʨʠʦʜ ʨʘʡʦʥ ʧʦʜʚʝʨʛʘʣʩʷ ʥʝʦʜʥʦʢʨʘʪʥʦʤʫ 

ʚʦʟʜʝʡʩʪʚʠʶ ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʱʥʦʛʦ (ʚ 

ʩʨʝʜʥʝʤ 20-40 ʤ, ʤʘʢʩʠʤʫʤ ï 90 ʤ) ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʯʝʭʣʘ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ [38].  
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ʈʝʣʴʝʬ ʜʥʘ ʠ ʩʢʣʦʥʳ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʦʩʪʘʥʮʘʤʠ ʚ ʚʠʜʝ ʦʩʪʨʦʚʢʦʚ ʠ ʙʘʥʦʢ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʩʝʚʝʨʥʦʛʦ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʝʛʦ ʙʦʨʪʦʚ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʪʘʢʠʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʩʚʷʟʘʥʦ ʩ 

ʧʦʛʨʫʞʝʥʠʝʤ ʠ ʜʨʦʙʣʝʥʠʝʤ ʜʨʝʚʥʠʭ ʧʦʨʦʜ ʶʞʥʦʛʦ ʢʨʘʷ ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ, 

ʧʦʛʨʫʞʘʶʱʝʛʦʩʷ ʜʦ 50-ʤʝʪʨʦʚʦʡ ʠʟʦʙʘʪʳ. ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʨʝʣʴʝʬʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʪʘʢʠʝ ʬʦʨʤʳ ʢʘʢ ʚʨʝʟʳ ʠ ʧʘʣʴʮʝʦʙʨʘʟʥʳʝ ʚʳʩʪʫʧʳ. ʄʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤ ʷʚʣʷʝʪʩʷ 

ʨʝʣʴʝʬ ʚʜʦʣʴ ʩʝʚʝʨʥʦʛʦ ʢʨʘʷ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ: ʟʜʝʩʴ 

ʧʨʝʦʙʣʘʜʘʝʪ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʙʣʦʢʦʚʳʡ ʪʠʧ ʨʘʩʯʣʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʜʨʦʙʣʝʥʠʝʤ ʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʨʦʜ ʉʝʚʝʨʦ-ʕʩʪʦʥʩʢʦʛʦ ʛʣʠʥʪʘ (ʛʣʠʥʪ ï 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ; ʧʨʠʨʦʜʥʳʡ ʫʩʪʫʧ, ʦʙʨʘʟʦʚʘʥʥʳʡ ʦʩʘʜʦʯʥʳʤʠ 

ʧʦʨʦʜʘʤʠ, ʩʚʦʝʛʦ ʨʦʜʘ ʩʨʝʟ ʧʣʘʩʪʘ ʟʝʤʥʦʡ ʢʦʨʳ). ɺʳʩʦʪʘ ʦʪʜʝʣʴʥʳʭ ʛʣʠʥʪʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 60 ʤ. ɺ ʩʪʦʨʦʥʫ ʅʘʨʚʩʢʦʛʦ ʟʘʣʠʚʘ ʫʩʪʫʧ ʧʦʩʪʝʧʝʥʥʦ ʪʝʨʷʝʪ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ. ʆʩʥʦʚʥʘʷ ʚʧʘʜʠʥʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʜʦʩʪʠʛʘʶʱʘʷ ʚ 

ʰʠʨʠʥʫ 20 ʢʤ, ʷʚʣʷʝʪʩʷ ʢʘʢ ʙʳ çʰʦʚʥʦʡè ʟʦʥʦʡ ʤʝʞʜʫ ɹʘʣʪʠʡʩʢʠʤ ʱʠʪʦʤ ʥʘ 

ʩʝʚʝʨʝ ʠ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʠʪʦʡ ʥʘ ʶʛʝ, ʠ ʠʤʝʝʪ ʫʥʘʩʣʝʜʦʚʘʥʥʳʡ ʨʝʣʴʝʬ. 

ʕʪʦʪ ʨʝʣʴʝʬ ʙʳʣ ʫʩʠʣʝʥ ʵʢʟʘʨʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʣʝʜʥʠʢʦʚ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʥʝʩʢʦʣʴʢʦ ʩʛʣʘʞʝʥ ʘʢʢʫʤʫʣʷʮʠʝʡ ʟʜʝʩʴ ʛʣʠʥ ɹʘʣʪʠʡʩʢʦʛʦ ʃʝʜʥʠʢʦʚʦʛʦ ʦʟʝʨʘ ʠ 

ʠʣʦʚ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʛʦʣʦʮʝʥʘ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʣʴʝʬʝ ʝʱʝ ʩʦʭʨʘʥʠʣʠʩʴ 

ʪʘʢʠʝ ʬʦʨʤʳ, ʢʘʢ ʜʦʣʠʥʳ, ʙʦʨʦʟʜʳ ʠ ʛʨʷʜʳ. ɼʦʯʝʪʚʝʨʪʠʯʥʳʡ ʨʝʣʴʝʬ ʩʪʘʣ ʢʘʢ ʙʳ 

ʦʩʥʦʚʦʡ ʜʣʷ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʤʦʨʬʦʣʦʛʠʠ ʟʘʣʠʚʘ [20]. 

ʉ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʨʝʣʴʝʬ ʬʫʥʜʘʤʝʥʪʘ ʠ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʨʦʛʨʝʩʩʠʚʥʦ ʩʛʣʘʞʠʚʘʝʪʩʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʪʜʝʣʴʥʳʭ 

ʙʘʩʩʝʡʥʦʚ, ʢʦʪʦʨʳʝ ʙʣʠʞʝ ʢ ʅʝʚʩʢʦʡ ʛʫʙʝ ʩʣʠʚʘʶʪʩʷ ʢʘʢ ʙʳ ʚ ʦʜʠʥ. 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʝʣʴʝʬʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʘʢʪʠʚʥʳʤ ʟʘʭʦʨʦʥʝʥʠʝʤ ʧʝʨʚʠʯʥʦʛʦ ʨʝʣʴʝʬʘ ʟʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʩʘʜʢʦʥʘʧʦʧʣʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʟʘʣʠʚʘ [40]. 

ɻʣʘʚʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʢʘʪʝʛʦʨʠʷʤʠ ʨʝʣʴʝʬʘ ʜʥʘ ʟʘʣʠʚʘ ʷʚʣʷʶʪʩʷ 

ʣʝʜʥʠʢʦʚʘʷ, ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʘʷ ʠ ʚʦʜʥʘʷ. ʃʝʜʥʠʢʦʚʳʡ ʨʝʣʴʝʬ ʩʚʷʟʘʥ ʩ 

ʵʢʟʘʨʘʮʠʦʥʥʦʡ (ʚʳʧʘʭʠʚʘʥʠʝ) ʠ ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʣʝʜʥʠʢʦʚ. ɺʦʜʥʦ-
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ʣʝʜʥʠʢʦʚʳʡ ʨʝʣʴʝʬ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ, ʚʦʜʥʳʡ ʪʠʧ ʨʝʣʴʝʬʘ ʨʘʟʚʠʪ ʤʝʩʪʘʤʠ ʠ 

ʟʘʥʠʤʘʝʪ ʧʦʥʠʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʜʥʘ [38]. 

ɼʦʥʥʳʝ ʦʪʣʦʞʝʥʠ.̫ ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ 

ʦʙʨʘʟʦʚʘʣʘʩʴ ʚʦ ʚʨʝʤʷ ʠ ʧʦʩʣʝ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ (20 ï 13 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ). 

ʆʥʠ ʚʢʣʶʯʘʶʪ ʛʣʷʮʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʜʠʘʤʠʢʪʦʥ, ʬʣʶʚʠʦ-

ʛʣʷʮʠʘʣʴʥʳʝ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʛʣʷʮʠʘʣʴʥʳʝ ʛʣʠʥʳ ʠ ʠʣʳ, ʘ ʪʘʢʞʝ ʧʦʩʪʛʣʷʮʠʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. ʄʦʨʩʢʦʝ ʜʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʣʦʞʝʥʠʷʤʠ ʨʘʟʥʦʛʦ ʪʠʧʘ ʠ 

ʚʦʟʨʘʩʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʦʤʠʥʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ (ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʡ, ʨʘʟʤʝʨ 

ʯʘʩʪʠʮʳ, ʛʣʫʙʠʥʘ, ʪʦʧʦʛʨʘʬʠʷ, ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʙʝʨʝʛʘ, ʢʣʠʤʘʪ, ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʴ 

ʠ ʪ.ʜ.). 

ʆʩʘʜʢʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʪʝʨʨʠʛʝʥʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʘʤʳʡ ʨʘʟʥʳʡ: ʦʪ ʚʘʣʫʥʦʚ 

ʜʦ ʧʝʣʠʪʦʚʳʭ ʠʣʦʚ. ʆʩʥʦʚʥʳʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ ʠʣʦʚ ʷʚʣʷʶʪʩʷ 

ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʝ ʩ ʚʘʣʫʥʘʤʠ, ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʝ ʠ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʝ, 

ʘʣʝʚʨʠʪʦʚʳʝ ʠ ʧʝʣʠʪʦʚʳʝ ʠʣʳ. ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.2. 

ʊʠʧ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʩʘʜʢʦʚ ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʙʣʠʢ 

ʜʦʥʥʳʭ ʙʠʦʪʦʧʦʚ, ʩʦʦʙʱʝʩʪʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʥʦʛʠʭ ʚʠʜʦʚ [29]. ʇʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʪʠʧʳ: 1) ʛʨʘʚʠʡʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʧʨʝʦʙʣʘʜʘʶʪ ʬʨʘʢʮʠʠ > 1 ʠ 1.0-0.1 ʤʤ); 2) ʧʝʩʢʠ 

(ʧʨʝʦʙʣʘʜʘʶʪ ʬʨʘʢʮʠʠ 1.0-0.1 ʤʤ); 3) ʘʣʝʚʨʠʪʳ (ʢʨʫʧʥʳʝ ʘʣʝʚʨʠʪʳ ʠ 

ʤʝʣʢʦʘʣʝʚʨʠʪʦʚʳʝ ʠʣʳ (ʧʨʝʦʙʣʘʜʘʶʪ ʬʨʘʢʮʠʠ 0.1-0.01 ʤʤ); 4) ʘʣʝʚʨʠʪʦʚʦ-

ʧʝʣʠʪʦʚʳʝ ʠʣʳ (ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ <0.01 ʤʤ ʩʦʩʪʘʚʣʷʝʪ 50-70 %); 5) ʧʝʣʠʪʦʚʳʝ 

(ʛʣʠʥʠʩʪʳʝ) ʠʣʳ (ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ < 0.01 ʤʤ ʙʦʣʝʝ 70 %) [40]. 
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ʈʠʩ. 1.2 ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʜʥʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ [6] 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʦʪʣʦʞʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ ʚ ʮʝʣʦʤ 

ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʘʚʠʣʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ: ʥʘ ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ (ʜʦ 20-30 ʤ) 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʧʝʩʢʠ, ʛʣʫʙʞʝ ï ʘʣʝʚʨʠʪʳ ʠ ʠʣʳ. ʆʙʳʯʥʦ 
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ʩʦʙʣʶʜʘʝʪʩʷ ʨʷʜ: ʧʝʩʢʠ ï ʢʨʫʧʥʳʝ ʘʣʝʚʨʠʪʳ ï ʤʝʣʢʦ-ʘʣʝʚʨʠʪʦʚʳʝ ʠʣʳ ï 

ʘʣʝʚʨʠʪʦʚʦ-ʧʝʣʠʪʦʚʳʝ ʠʣʳ ï ʧʝʣʠʪʦʚʳʝ ʠʣʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʥʘʠʙʦʣʝʝ 

ʤʝʣʢʦʚʦʜʥʳʭ ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʚʦʜʥʳʤ ʨʘʡʦʥʘʤ. ʆʜʥʘʢʦ ʚ ʜʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʠʩʢʣʶʯʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, ʪʠʧʠʯʥʦ 

ʘʣʝʚʨʠʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (ʦʩʦʙʝʥʥʦ ʢʨʫʧʥʳʝ ʘʣʝʚʨʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ 

ʬʨʘʢʮʠʠ 0.1-0.05 ʤʤ) ʣʠʙʦ ʟʘʥʠʤʘʶʪ ʦʯʝʥʴ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʛʣʫʙʠʥ, ʣʠʙʦ 

ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʶʪ, ʠ ʧʝʩʢʠ ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʱʘʶʪʩʷ ʠʣʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʧʦʣʫʯʘʶʪʩʷ ʩʤʝʰʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʨʝʜʢʦ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʥʘʟʳʚʘʶʪʩʷ ʠʣʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʠʣʠ ʧʝʩʯʘʥʳʤʠ ʠʣʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʚ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʫʯʘʩʪʢʘʭ ʧʝʩʢʠ ʩʧʫʩʢʘʶʪʩʷ ʥʘ ʪʘʢʠʝ ʞʝ ʛʣʫʙʠʥʳ, ʢʘʢ 

ʠ ʠʣʳ (50-68 ʤ), ʘ ʧʝʣʠʪʦʚʳʝ ʠʣʳ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ çʩʧʦʢʦʡʥʳʭè ʫʯʘʩʪʢʘʭ 

ʧʦʜʥʠʤʘʶʪʩʷ ʜʦ ʛʣʫʙʠʥ ʭʘʨʘʢʪʝʨʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʝʩʢʦʚ (27-40 ʤ) [40]. 

ʈʝʣʴʝʬ ʜʥʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʩʠʣʴʥʦ ʠʟʨʝʟʘʥ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦʤ 

ʧʦʣʫʠʟʦʣʠʨʦʚʘʥʥʳʭ ʚʧʘʜʠʥʦʢ, ʦʩʪʨʦʚʢʦʚ ʠ ʧʦʜʥʷʪʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʙʣʶʜʘʝʪʩʷ 

ʤʦʟʘʠʯʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʣʠʩʪʳʭ ʪʠʧʦʚ ʦʪʣʦʞʝʥʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʝʣʠʪʦʚʳʭ 

ʠʣʦʚ. ɺʧʘʜʠʥʢʠ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʶʪʩʷ ʣʦʚʫʰʢʘʤʠ ʧʝʣʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 

1.2 ɻʠʧʦʢʩʠʡʥʦ-ʘʥʦʢʩʠʡʥʳʝ ʫʩʣʦʚʠʷ ʚ ʛʣʫʙʠʥʥʳʭ ʚʦʜʘʭ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ 

 

ʉʦʩʪʦʷʥʠʷ ʛʠʧʦʢʩʠʠ (ʢʦʥʮʝʥʪʨʘʮʠʷ ʆ2< 2 ʤʣ/ʣ) ʠ ʘʥʦʢʩʠʠ (ʦʪʩʫʪʩʪʚʠʝ ʆ2) 

ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘ ʜʥʝ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠ  ʧʨʠʚʦʜʷʪ ʢ ʛʠʙʝʣʠ 

ʞʠʚʦʪʥʳʭ ʠ ʦʙʨʘʟʦʚʘʥʠʶ çʤʝʨʪʚʳʭè ʟʦʥ. ʄʝʭʘʥʠʟʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʠʧʦʢʩʠʠ ʚ 

ʟʘʣʠʚʝ ʩʚʷʟʘʥ ʩ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʬʠʟʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʧʦʩʪʫʧʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʜʥʦ. ɺʩʣʝʜʩʪʚʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʚʦʜ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʜʦʥʥʳʝ ʩʣʦʠ, ʘ ʥʘʢʦʧʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʜʥʝ çʩʲʝʜʘʝʪè ʦʩʪʘʪʢʠ ʧʨʠʜʦʥʥʦʛʦ ʆ2 ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʩʝʨʦʚʦʜʦʨʦʜʘ.  
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ɻʠʧʦʢʩʠʡʥʳʝ ʷʚʣʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʝʤʘ. ɺ 

ʦʙʱʝʤ ʩʤʳʩʣʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ (ʛʨʝʯ. çeuè ï çʭʦʨʦʰʦè ʠ çtropeè ï çʧʠʪʘʥʠʝè) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚʦʜʳ 

ʙʠʦʛʝʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʨʦʩʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʘʩʩʝʡʥʘ. ʇʦʩʣʝʜʩʪʚʠʷ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʝʩʴʤʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ: 

ʨʦʩʪ ʧʨʝʜʣʦʞʝʥʠʷ ʙʠʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʩʧʳʰʢʫ ʮʚʝʪʝʥʠʷ 

ʚʦʜʦʨʦʩʣʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʥʠʞʘʝʪʩʷ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʩʚʝʪʘ ʚʛʣʫʙʴ 

ʚʦʜʦʝʤʘ, ʟʘʪʨʫʜʥʷʝʪʩʷ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ ʨʘʩʪʝʥʠʡ ʧʝʣʘʛʠʘʣʠ. ʆʪʤʝʨʰʠʝ 

ʘʚʪʦʪʨʦʬʳ ʦʧʫʩʢʘʶʪʩʷ ʥʘ ʜʥʦ ʠ ʬʦʨʤʠʨʫʶʪ ʟʘʧʘʩ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘ 

ʦʢʠʩʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʨʘʩʭʦʜʫʝʪʩʷ ʢʠʩʣʦʨʦʜ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠ ̫ ʫʭʫʜʰʘʶʪʩʷ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʚʦʜ (ʚʢʫʩ, ʟʘʧʘʭ, ʮʚʝʪ), ʠʟʤʝʥʷʝʪʩʷ pH, ʧʦʚʳʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʚʦʜʝ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʤʝʪʘʥʘ ʠ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʨʘʩʪʝʪ ʤʫʪʥʦʩʪʴ, ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ 

ʪʦʢʩʠʯʥʦʡ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʚʦʜ,r 

ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʚʦʜʦʝʤʘ, ʩʥʠʞʘʝʪ ʨʳʙʥʳʝ ʫʣʦʚʳ. 

ʆʧʘʩʥʦʩʪʴ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʦʙʨʘʟʫʶʪ ʟʘʤʢʥʫʪʳʡ ʢʨʫʛ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

çʧʦʨʦʯʥʳʡè ʢʨʫʛ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ [140, 151, 153], ʢʦʛʜʘ ʫʩʠʣʝʥʠʝ ʦʜʥʦʛʦ ʠʟ 

ʟʚʝʥʴʝʚ (ʧʨʦʮʝʩʩʦʚ) ʮʝʧʠ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʟʚʝʥʴʝʚ ʧʨʠʚʦʜʠʪ ʚ 

ʠʪʦʛʝ ʢ ʫʩʠʣʝʥʠʶ ʵʪʦʛʦ ʟʚʝʥʘ (ʧʨʦʮʝʩʩʘ) (ʨʠʩ. 1.3).  

ʇʨʠʚʥʝʩʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʦʩʬʦʨʘ ʠ ʘʟʦʪʘ ʚ ʚʦʜʦʝʤ ʩ 

ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʤʝʥʷʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʣʠʤʠʪʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʝ 

ʈʝʜʬʠʣʴʜʘ N/P ʚ ʘʪʦʤʘʭ ʩʦʩʪʘʚʣʷʝʪ 16:1. ʄʝʥʴʰʝʝ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʥʦʰʝʥʠʝ N/P 

ʦʟʥʘʯʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʥʝʭʚʘʪʢʫ ʘʟʦʪʘ, ʪʦʛʜʘ ʢʘʢ ʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʵʪʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʭʚʘʪʢʝ ʬʦʩʬʦʨʘ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʀʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʈʝʜʬʠʣʴʜʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ 

ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʵʢʦʩʠʩʪʝʤʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʙʠʦʤʘʩʩʫ ʬʠʪʦʧʣʘʥʢʪʦʥʘ, 

ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʤʦʚ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʥʘ ʜʠʥʘʤʠʢʫ ʧʠʱʝʚʳʭ ʮʝʧʦʯʝʢ 

[4, 19]. ʉʦʦʪʥʦʰʝʥʠʝ N:P ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠʤʝʝʪ ʯʝʪʢʫʶ 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ (ʪʘʙʣ. 1.1). ɺ ʢʦʥʮʝ XX ï ʥʘʯʘʣʝ 

XXI  ʚʚ. ʥʘʙʣʶʜʘʝʤʳʝ ʩʦʦʪʥʦʰʝʥʠʷ N:P ʠʟʤʝʥʷʣʠʩʴ ʦʪ 30 ʚ ʅʝʚʩʢʦʡ ʛʫʙʝ ʜʦ 2.1-

2.9 ʚʦ ʚʥʝʰʥʝʤ ʛʣʫʙʦʢʦʚʦʜʥʦʤ ʨʘʡʦʥʝ.  

 

 

ʈʠʩ. 1.3. çʇʦʨʦʯʥʳʡè ʢʨʫʛ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ 

 

ʊʘʙʣʠʮʘ 1.1 

ʉʦʦʪʥʦʰʝʥʠʷ ʘʟʦʪ/ʬʦʩʬʦʨ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʷ ʚ ʠʶʥʝ-ʥʦʷʙʨʝ 1996-2002 ʛʛ. [141] 

ʈʘʡʦʥ 
ɺʥʝʰʥʠʡ 

ʛʣʫʙʦʢʦʚʦʜʥʳʡ 

ɺʥʫʪʨʝʥʥʠʡ 

ʛʣʫʙʦʢʦʚʦʜʥʳʡ 
ʄʝʣʢʦʚʦʜʥʳʡ 

ʅʝʚʩʢʘʷ 

ʛʫʙʘ 

ɻʨʘʥʠʮʳ 

ʨʘʡʦʥʘ [128] 

ʦ. ɻʦʛʣʘʥʜ - 

ʪʨʘʥʩʝʢʪʘ ʦ-ʚʘ 

ɹʝʨʝʟʦʚʳʝ ï 

ʦ. ʉʝʩʢʘʨ 

ʪʨʘʥʩʝʢʪʘ ʦ-ʚʘ 

ɹʝʨʝʟʦʚʳʝ ï ʦ. 

ʉʝʩʢʘʨ ʜʦ 

ʪʨʘʥʩʝʢʪʘ 

ʤ. ʐʝʧʝʣʝʚʩʢʠʡ ï 

ʤ. ʌʣʦʪʩʢʠʡ 

ʪʨʘʥʩʝʢʪʘ 

ʤ. ʐʝʧʝʣʝʚʩʢʠʡ 

ï ʤ. ʌʣʦʪʩʢʠʡ 

ʜʦ ʦ. ʂʦʪʣʠʥ 

ʦ. ʂʦʪʣʠʥ ï 

ʙʘʨ ʨ. ʅʝʚʘ 

N/P 2.1 ï 2.9 3.0 3.7 30 
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ʌʠʥʩʢʠʡ ʟʘʣʠʚ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʵʚʪʨʦʬʠʨʦʚʘʥʥʳʭ ʧʦʜʙʘʩʩʝʡʥʦʚ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ [111]. ʍʝʣʴʩʠʥʩʢʦʡ ʢʦʤʠʩʩʠʝʡ (HELCOM)  ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʧʷʪʴ 

ʦʩʥʦʚʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʩʪʦʷʥʠʷ ʤʦʨʷ: ʟʠʤʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ (0-10 ʤ); ʣʝʪʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʭʣʦʨʦʬʠʣʣʘ ʘ ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ (0-10 ʤ), ʛʣʫʙʠʥʘ ʜʠʩʢʘ ʉʝʢʢʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ  ʠ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʩʣʦʝ ʚʦʜʳ ʥʠʞʝ ʛʘʣʦʢʣʠʥʘ [77]. ʇʦ ʩʦʜʝʨʞʘʥʠʶ 

ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʧʦʜʙʘʩʩʝʡʥʦʚ ʤʦʨʷ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʡ ʮʝʣʝʚʦʡ ʫʨʦʚʝʥʴ, ʜʦ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ ʩʥʠʟʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʘʟʦʪʘ ʠ 

ʬʦʩʬʦʨʘ. ɿʘ ʧʝʨʠʦʜ 2007-2011 ʛʛ. ʥʘʙʣʶʜʘʝʤʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ 

ʚ ʚʦʜʘʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʝʚʳʰʘʣʠ ʫʩʪʘʥʦʚʣʝʥʥʳʡ HELCOM ʮʝʣʝʚʦʡ ʫʨʦʚʝʥʴ, ʚ 

2 ʨʘʟʘ ʧʦ ʬʦʩʬʦʨʫ ʠ ʚ 1.4 ʨʘʟʘ ʧʦ ʘʟʦʪʫ (ʨʠʩ. 1.4). 

 

ʘ) ʙ) 

 ʉʨʝʜʥʷʷ ʛʦʜʦʚʘʷ ʟʠʤʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ 

 ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘ ʧʝʨʠʦʜ 2007-2011 ʛʛ. 

 ʎʝʣʝʚʦʡ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ 

ʈʠʩ. 1.4. ɿʠʤʥʷʷ (ʜʝʢʘʙʨʴ-ʬʝʚʨʘʣʴ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʘʟʦʪʘ (ʘ) ʠ ʬʦʩʬʦʨʘ (ʙ) ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʩ 2007 ʧʦ 2011 ʛʛ. [77] 

 

ʆʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʦʩʪʫʧʣʝʥʠ ̫ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʌʠʥʩʢʠʡ ʟʘʣʠʚ 

ʩ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʷʚʣʷʶʪʩʷ (ʨʠʩ. 1.5): ʚʳʥʦʩ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠʟ 

ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ ʩʦ ʩʪʦʢʦʤ ʨ. ʅʝʚʘ, ʠʟ ʏʫʜʩʢʦ-ʇʩʢʦʚʩʢʦʛʦ ʦʟʝʨʘ ʠ ʅʘʨʚʩʢʦʛʦ 

ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʩʦ ʩʪʦʢʦʤ ʨ. ʅʘʨʚʘ, ʩ ʯʘʩʪʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠ 

ʩʙʨʦʩʳ ʩʪʦʯʥʳʭ ʚʦʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ.  
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ʈʠʩ. 1.5. ʉʭʝʤʘ ʚʦʜʦʩʙʦʨʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ: 1 ð ʚʦʜʦʩʙʦʨ ʃʘʜʦʞʩʢʦʛʦ 

ʦʟʝʨʘ; 2 ð ʏʫʜʩʢʦ-ʇʩʢʦʚʩʢʦʛʦ ʦʟʝʨʘ, ʨ. ʅʘʨʚʘ ʠ ʅʘʨʚʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ; 3 ð 

ʯʘʩʪʥʳʡ ʚʦʜʦʩʙʦʨ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ [18] 

 

ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʥʘ ʌʠʥʩʢʠʡ ʟʘʣʠʚ ʩ 

ʝʛʦ ʚʦʜʦʩʙʦʨʥʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2008 ʛ.:  

ʊʘʙʣʠʮʘ 1.2 

ɹʠʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʌʠʥʩʢʠʡ ʟʘʣʠʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʧʦ 

ʩʦʩʪʦʷʥʠʶ ʥʘ 2008 ʛ. [26] 

ʀʩʪʦʯʥʠʢ ʅʘʛʨʫʟʢʘ ʧʦ Nʦʙ,ɦ ʪ/ʛʦʜ ʅʘʛʨʫʟʢʘ ʧʦ Pʦʙ,ɦ ʪ/ʛʦʜ 

ʃʘʜʦʞʩʢʦʝ ʦʟʝʨʦ 40100 1000 

ʏʘʩʪʥʳʡ ʚʦʜʦʩʙʦʨ 13150 2736 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 11000 1200 

ʨ. ʅʘʨʚʘ 6570 297 

 

ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʥʝʰʥʝʡ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 
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ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʦʢʘʟʳʚʘʝʪ ʩʪʦʢ ʨʝʢʠ ʅʝʚʳ [14, 34]. ɻʦʨʦʜ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ ʩ ʙʦʣʝʝ 5 ʤʠʣʣʠʦʥʥʳʤ ʥʘʩʝʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʦʡ ʠʥʜʫʩʪʨʠʝʡ 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚ ʠ ʢʘʯʝʩʪʚʦ ʥʝʚʩʢʦʡ ʚʦʜʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʙʨʦʩʦʚ ʠ ʚʳʙʨʦʩʦʚ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʩʪʦʢʦʚ, ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʧʨ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʢʣʘʜ ʨ. ʅʝʚʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʥʝʰʥʝʡ ʙʠʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʅʝʚʩʢʫʶ ʛʫʙʫ ʠ ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʳʤ. 

ʇʦ ʦʮʝʥʢʘʤ [34] ʚ ʧʝʨʠʦʜ 1970-ʭ ï ʥʘʯʘʣʦ 1980-ʭ ʧʦʩʪʫʧʣʝʥʠʝ ʬʦʩʬʦʨʘ 

ʯʝʨʝʟ ʩʪʚʦʨ ʜʝʣʴʪʳ ʨ. ʅʝʚʳ ʚ ʅʝʚʩʢʫʶ ʛʫʙʫ ʩʦʩʪʘʚʠʣʦ 4000 ʪ/ʛʦʜ. ʉʙʨʦʩʳ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʘ ʙʳʣʠ ʦʮʝʥʝʥʳ ʚ 1600 ʪʈ/ʛʦʜ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʜʣʷ 1984-1986 

ʛʛ. [17] ʧʦʩʪʫʧʣʝʥʠʝ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ ʚ ʅʝʚʩʢʫʶ ɻʫʙʫ ʩ ʅʝʚʩʢʠʤ ʩʪʦʢʦʤ ʠ 

ʩʙʨʦʩʘʤʠ ʩʪʦʯʥʳʭ ʚʦʜ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ ʩʦʩʪʘʚʠʣʦ 4440 ʠ 1836 ʪ/ʛʦʜ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʦʥʥʳʭ ʛʨʫʥʪʘʭ ʥʘʢʘʧʣʠʚʘʣʦʩʴ 1076 ʪʈ/ʛʦʜ. ʈʝʟʫʣʴʪʘʪʳ ʙʦʣʝʝ 

ʧʦʟʜʥʠʭ ʨʘʩʯʝʪʦʚ (1990-2005 ʛʛ.) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʥʠʞʝʥʠʠ ʚʢʣʘʜʘ ʩʪʦʢʘ ʨ. 

ʅʝʚʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʦʩʬʦʨʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʅʝʚʩʢʫʶ ʛʫʙʫ. ɼʣʷ ʫʩʣʦʚʠʡ 2009 ʛ. 

ʩʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ (ʚʳʥʦʩ ʠʟ ʃʘʜʦʞʩʢʦʛʦ ʦʟʝʨʘ, ʩʙʨʦʩʳ ʩʪʦʯʥʳʭ ʚʦʜ 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʘ, ʚʳʥʦʩ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʩ ʯʘʩʪʥʦʛʦ ʚʦʜʦʩʙʦʨʘ ʨʝʢʠ ʅʝʚʳ) 

ʩʦʩʪʘʚʠʣʦ 2550 ʪ ʬʦʩʬʦʨʘ ʚ ʛʦʜ ʠ 54660 ʪ ʘʟʦʪʘ ʚ ʛʦʜ [14]. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʙʘʣʘʥʩʘ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ ʚ ʅʝʚʩʢʦʡ ʛʫʙʝ ʙʳʣʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʝ ʩʦ ʩʪʦʢʦʤ ʨʝʢʠ ʅʝʚʳ ʠ ʝʝ ʨʫʢʘʚʦʚ ʚʳʰʝ, ʯʝʤ 

ʝʛʦ ʚʳʥʦʩ ʟʘ ʧʨʝʜʝʣʳ ʅʝʚʩʢʦʡ ʛʫʙʳ [39]. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʤ 

ʨʘʩʯʝʪʘʤ, ʟʘ ʧʝʨʠʦʜ ʩ 1990 ʧʦ 2005 ʛʛ. ʚ ʅʝʚʩʢʫʶ ʛʫʙʫ ʧʦʩʪʫʧʠʣʦ 29450 ʪ 

ʬʦʩʬʦʨʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʥʦʩ ʩʦʩʪʘʚʠʣ 26432 ʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʅʝʚʩʢʦʡ ʛʫʙʝ 

ʙʳʣʦ ʫʜʝʨʞʘʥʦ 3018 ʪ ʬʦʩʬʦʨʘ. ʀʟ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʦʮʝʥʦʢ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʦʙʱʝʛʦ ʬʦʩʬʦʨʘ ʚ ʅʝʚʩʢʫʶ ʛʫʙʫ ʩʦ ʩʪʦʢʦʤ ʨʝʢʠ ʅʝʚʳ 

ʠ ʝʝ ʨʫʢʘʚʦʚ ʚ ʧʝʨʠʦʜ 1990-2005 ʛʛ. ʩʦʩʪʘʚʣʷʣʦ 1840 ʪ/ʛʦʜ.  

ʇʦ ʦʮʝʥʢʘʤ [97] ʩʫʤʤʘʨʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʌʠʥʩʢʠʡ 

ʟʘʣʠʚ ʚ 2000 ʛʦʜʫ ʩʦʩʪʘʚʠʣʦ 120000 ʪ ʘʟʦʪʘ ʠ 6400 ʪ ʬʦʩʬʦʨʘ.  

ʉʦʝʜʠʥʝʥʠʷ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʦʧʫʩʢʘʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʝʜʠʤʝʥʪʘʮʠʠ ʥʘ 

ʜʥʦ ʚʦʜʦʝʤʘ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʧʨʝʚʨʘʱʝʥʠʷʤ: ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʠʭ N ʠ P 
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ʤʠʥʝʨʘʣʠʟʫʝʪʩʷ, ʜʨʫʛʘʷ (ʧʨʦʜʫʢʪʳ ʜʝʩʪʨʫʢʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ) 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʞʠʜʢʦʡ ʬʘʟʝ ʦʩʘʜʢʘ; ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʘʤʤʦʥʠʡʥʳʭ ʠ ʬʦʩʬʘʪ-

ʠʦʥʦʚ ʧʦʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʩʦʨʙʠʨʫʝʪʩʷ ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ; ʯʘʩʪʴ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ, ʧʦʛʣʦʱʘʷʩʴ 

ʙʘʢʪʝʨʠʷʤʠ, ʚʥʦʚʴ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʫʶ ʬʦʨʤʫ [27]. ɺ ʪʘʙʣʠʮʝ 1.3 

ʧʨʠʚʝʜʝʥʳ ʬʦʨʤʳ N ʠ P, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʝ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ. 

ʊʘʙʣʠʮʘ 1.3 

ʌʦʨʤʳ ʘʟʦʪʘ ʠ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ [27] 

ʌʘʟʘ ʦʩʘʜʢʘ ʌʦʨʤʘ ʩʦʝʜʠʥʝʥʠʷ ɸʟʦʪ ʌʦʩʬʦʨ 

ʊʚʝʨʜʘʷ 

ʆʨʛʘʥʠʯʝʩʢʘʷ ɹʝʣʢʠ, ʣʠʧʠʜʳ, ʩʘʭʘʨʘ 

ʄʠʥʝʨʘʣʴʥʘʷ 
ʉʦʨʙʠʨʦʚʘʥʥʳʡ 

NH4
+ 

ʉʦʨʙʠʨʦʚʘʥʥʳʝ 

ʬʦʩʬʘʪʳ, 

ʬʦʩʬʘʪʥʳʝ 

ʤʠʥʝʨʘʣʳ 

ɾʠʜʢʘʷ 

ʆʨʛʘʥʠʯʝʩʢʘʷ 

ɹʝʣʢʠ, ʧʝʧʪʠʜʳ, 

ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʘʤʠʥʳ ʠ ʧʨʦʯ. 

ɼʅʂ ʠ ʝʝ 

ʬʨʘʛʤʝʥʪʳ, ʩʘʭʘʨʘ, 

ʬʦʩʬʦʣʠʧʠʜʳ ʠ 

ʧʨʦʯ. 

ʄʠʥʝʨʘʣʴʥʘʷ NH4
+, NO3

ī, NO2
ī 

H2PO4
ī, HPO4

2ī, 

PO4
3ī 

 

ʇʦʪʦʢʠ ʙʠʦʛʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠʟ ʧʨʠʜʦʥʥʦʡ ʚʦʜʳ ʠ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʘʚʠʩʷʪ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʠʩʭʦʜʷʱʠʭ ʥʘ ʜʥʝ ʠ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʬʦʩʬʘʪʳ (ʨʠʩ. 1.6) ʠʤʝʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʘʜʩʦʨʙʠʨʦʚʘʪʴʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʩʠʜʦʚ/ʛʠʜʨʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʞʝʣʝʟʘ [46, 125, 150] 

ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʝʨʝʭʦʜʠʪʴ ʚ ʟʘʭʦʨʦʥʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʦ ʝʩʪʴ ʨʦʩʪ ʩʦʜʝʨʞʘʥʠʷ 

ʞʝʣʝʟʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʠʣʦʚ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʩʬʘʪ-ʠʦʥʫ; ʧʨʠ  ʚr ʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 
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ʩʦʨʙʮʠʷ ʈ ʩʥʠʞʘʝʪʩ ̫ [27]. ʇʨʠ ʩʤʝʥʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠʜʫʪ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʢʦʤʧʣʝʢʩ Fe-P 

ʨʘʟʨʫʰʘʝʪʩʷ, ʧʨʦʠʩʭʦʜʠʪ ʚʳʭʦʜ ʬʦʩʬʘʪʦʚ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʧʦʨʦʚʦʡ ʚʦʜʝ ʚʦʟʨʘʩʪʘʝʪ. ɾʝʣʝʟʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʜʠʬʬʫʟʠʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʟʦʥʫ, ʠ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. ʈʘʟʨʫʰʝʥʠʝ 

ʢʦʤʧʣʝʢʩʘ Fe-P ʚ ʙʝʟʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʨʝʜʝ 

ʩʝʨʦʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʷʩʴ ʩ Fe2+, ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʠ ʫʤʝʥʴʰʘʝʪ 

ʜʦʩʪʫʧʥʦʩʪʴ ʠʦʥʦʚ ʞʝʣʝʟʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʬʦʩʬʘʪʦʚ. ʆʜʥʘʢʦ ʯʝʤ ʜʦʣʴʰʝ 

ʢʦʤʧʣʝʢʩ Fe-P ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʭʦʨʦʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʪʝʤ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤ ʦʥ 

ʩʪʘʥʦʚʠʪʩʷ ʠ ʪʝʤ ʤʝʥʴʰʝ ʧʦʜʚʝʨʞʝʥ ʨʘʟʨʫʰʝʥʠʶ [125]. 

 

 

ʈʠʩ. 1.6. ɼʠʘʛʝʥʝʟ ʩʦʝʜʠʥʝʥʠʡ ʬʦʩʬʦʨʘ ʠ ʞʝʣʝʟʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ɼʠʘʛʝʥʝʟ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ: 

ʧʨʦʪʝʢʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝʦʜʥʦʟʥʘʯʥʦ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, 

ʢʨʦʤʝ ʵʪʦʛʦ ʘʟʦʪ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ ʚ ʪʨʝʭ ʬʘʟʘʭ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʬʦʨʤʘʭ (ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʟʦʪ (Nʦʨʛ), ʘʤʤʦʥʠʡ (NH4
+), ʥʠʪʨʘʪʳ (NO3

ï), ʥʠʪʨʠʪʳ 

(NO2
ï), ʦʢʩʠʜ ʘʟʦʪʘ II  (NO), ʦʢʩʠʜ ʘʟʦʪʘ IV (N2O) ʠ ʤʦʣʝʢʫʣʷʨʥʳʡ  ʘʟʦʪ (N2)). 

ʇʨʦʮʝʩʩ rʥʠʪʨʠʬʠʢʘʮʠʠ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʷʚʣʷʪʁʩʷ ʦʜʥʠʤʠ ʠʟ ʛʣʘʚʥʳʭ 
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ʢʦʤʧʦʥʝʥʪ ʮʠʢʣʘ ʘʟʦʪʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (ʨʠʩ. 1.7). ʅʠʪʨʠʬʠʢʘʮʠʷ ï ʵʪʦ 

ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ ʘʤʤʦʥʠʷ ʜʦ ʥʠʪʨʠʪʦʚ ʠ ʥʠʪʨʘʪʦʚ. ʇʨʦʮʝʩʩ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʩʘʤʦʤ ʚʝʨʭʥʝʤ ʩʣʦʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʣʠʤʠʪʠʨʦʚʘʥ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʤʦʥʠʷ.  

 

 

ʈʠʩ. 1.7. ɼʠʘʛʝʥʝʟ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 

 

ɼʝʥʠʪʨʠʬʠʢʘʮʠʷ ï ʵʪʦ ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʠʪʨʘʪʳ 

ʨʝʜʫʮʠʨʫʶʪʩʷ ʜʦ ʥʠʪʨʠʪʦʚ ʠ ʜʘʣʝʝ ʜʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ ʧʦʢʠʜʘʝʪ 

ʤʦʨʩʢʫʶ ʩʨʝʜʫ. ʇʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʪʘʜʠʷʤ: NO3
ï Ÿ NO2

ï Ÿ NO Ÿ N2O Ÿ N2. 

ɼʝʥʠʪʨʠʬʠʢʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʙʝʟʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ ʠ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʢʠʩʣʦʨʦʜʥʦʡ ʠ ʙʝʟʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜ, ʛʜʝ 

ʜʝʥʠʪʨʠʬʠʮʠʨʫʶʱʠʝ ʙʘʢʪʝʨʠʠ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢ ʥʠʪʨʘʪʘʤ [151], ʢʦʪʦʨʳʝ ʦʥʠ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʧʪʦʨʘ ʵʣʝʢʪʨʦʥʦʚ. ʂʠʩʣʦʨʦʜ ʤʦʞʝʪ ʧʦʜʘʚʣʷʪʴ 

ʬʝʨʤʝʥʪʳ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʥʠʪʨʠʬʠʢʘʮʠʶ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʷʚʣʷʶʱʫʶʩʷ ʠʩʪʦʯʥʠʢʦʤ NO3
ï [55]. ʆʜʥʘʢʦ ʚ ʘʥʦʢʩʠʡʥʳʭ 

ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ ʩʢʦʨʦʩʪʴ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʪʘʢʞʝ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʜʦʩʪʫʧʘ ʥʠʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʝʚʦʩʭʦʜʩʪʚʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʨʝʜʫʮʠʨʫʶʱʠʭ ʥʠʪʨʘʪʳ ʜʦ ʘʤʤʦʥʠʷ [63, 94]. ʂʨʦʤʝ ʢʠʩʣʦʨʦʜʘ 
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ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʜʝ ʘʥʠʦʥʘ HSï ʪʘʢʞʝ ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʮʝʩʩ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ [147] 

ʠ ʥʠʪʨʠʬʠʢʘʮʠʠ [88]. 

ʂʨʦʤʝ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʘʥʦʢʩʠʡʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʪʝʢʘʶʪ ʧʨʦʮʝʩʩʳ 

ʘʥʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʘʤʤʦʥʠʷ (ʨʝʘʢʮʠʷ ʦʢʠʩʣʝʥʠʷ ʘʤʤʦʥʠʷ ʥʠʪʨʠʪʘʤʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ ï anammox)  

NO2
ï + NH4

+ = N2 + 2H2O (1.1) 

ʠ ʜʠʩʩʠʤʠʣʷʪʦʨʥʦʡ ʥʠʪʨʘʪ-ʨʝʜʫʢʮʠʷ ʜʦ ʘʤʤʦʥʠʷ (ɼʅʈɸ) 

NO3
ï + 2eï Ÿ NO2

ï + 6eï Ÿ NH4
+ (1.2) 

ʈʝʘʢʮʠ ̫ anammox ʪʘʢʞʝ ʢʘʢ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠ ̫ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʛʘʟʘ N2, ʢʦʪʦʨʳʡ ʚʳʜʝʣʷʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʫ, ʠ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʦʨʩʢʦʡ ʩʨʝʜʝ 

ʩʥʠʞʘʝʪʩʷ [79, 98, 151]. ʆʜʥʘʢʦ ʚʢʣʘʜ anammox ʚ ʦʙʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ N2 ʥʝʚʝʣʠʢ 

ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 10 ʜʦ 15 % [80].  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ɼʅʈɸ ʦʙʨʘʟʫʶʱʠʡʩʷ NH4
+, ʥʘʧʨʦʪʠʚ, ʩʦʭʨʘʥʷʝʪʩʷ ʚ 

ʤʦʨʩʢʦʡ ʩʨʝʜʝ. ɼʅʈɸ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʧʨʦʮʝʩʩʦʤ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʚʳʰʝʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʥʠʟʢʦʡ ʜʦʩʪʫʧʥʦʩʪʠ 

ʥʠʪʨʘʪʦʚ (ʪ.ʝ. ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʉʦʨʛ/NO3
ï) [87], ʠʥʪʝʥʩʠʚʥʦʡ ʩʫʣʴʬʘʪ-

ʨʝʜʫʢʮʠʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ, ʟʘʤʝʪʥʦ ʚʳʨʘʞʝʥʥʦʝ 

ʚ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ  ʚ ɹʘʣʪʠʡʩʢʦʤ ʨʝʛʠʦʥʝ [8] ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʧʨʦʮʝʩʩʦʤ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʧʨʝʦʙʣʘʜʘʥʠʶ ɼʅʈɸ, ʪʦ ʝʩʪʴ 

ʥʘʢʦʧʣʝʥʠʶ ʘʟʦʪʘ ʚ ʤʦʨʩʢʦʡ ʵʢʦʩʠʩʪʝʤʝ. 

 

1.3 ɺʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʥʘ ʩʦʩʪʦʷʥʠʝ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 

 

ʇʨʦʙʣʝʤʘ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚ ɹʘʣʪʠʡʩʢʦʤ ʨʝʛʠʦʥʝ ʩʪʘʥʦʚʠʪʩʷ ʚʝʩʴʤʘ 

ʘʢʪʫʘʣʴʥʦʡ ʚ ʩʚʷʟʠ ʩ ʥʘʙʣʶʜʘʝʤʳʤʠ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʵʪʠʭ 

ʠʟʤʝʥʝʥʠʡ. 

ʇʨʠʧʦʚʝʨʭʥʦʩʪʥʘ ̫ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘʜ ɹʘʣʪʠʡʩʢʠʤ ʨʝʛʠʦʥʦʤ ʩ ʢʦʥʮʘ 

1980-ʭ ʛ. ʜʦ 2013 ʛ. ʚʳʨʦʩʣʘ ʥʘ 2 0C, ʠ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʩʦʩʪʘʚʠʣʘ 0.07 0C/ʛʦʜ. 
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ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʩ 1958 

ʧʦ 2009 ʛʛ. ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 2.8 0ʉ, ʣʝʪʥʷʷ ï ʥʘ 1.2 0ʉ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʧʦʢʨʳʪʠʷ ʣʴʜʦʤ ʟʘ ʵʪʦʪ ʞʝ ʧʝʨʠʦʜ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ 15 ʩʫʪʦʢ [8].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʥʘʜ 

ɹʘʣʪʠʡʩʢʠʤ ʨʝʛʠʦʥʦʤ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝ ʠʥʜʝʢʩʘ ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ 

ʢʦʣʝʙʘʥʠʷ (ʉɸʂ, ʘʥʛʣ. North Atlantic Oscillation ï NAO) [145]. ʀʥʜʝʢʩ NAO 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʘʟʥʦʩʪʴ ʧʨʠʟʝʤʥʳʭ ʜʘʚʣʝʥʠʡ ʥʘʜ ɸʟʦʨʩʢʠʤ ʤʘʢʩʠʤʫʤʦʤ ʠ 

ʀʩʣʘʥʜʩʢʠʤ ʤʠʥʠʤʫʤʦʤ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʥʜʝʢʩʘ ʧʨʝʦʙʣʘʜʘʶʪ 

ʩʠʣʴʥʳʝ ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ, ʥʝʩʫʱʠʝ ʪʝʧʣʳʡ ʠ ʚʣʘʞʥʳʡ ʘʪʣʘʥʪʠʯʝʩʢʠʡ ʚʦʟʜʫʭ ʥʘ 

ʩʝʚʝʨ ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʠʤʳ ʩʪʘʥʦʚʷʪʩʷ ʤʷʛʯʝ, ʘ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʘʦʙʦʨʦʪ, ʚ ʧʝʨʠʦʜʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʭʦʣʦʜʘʥʠʝ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʠ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 

ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ [82-84; 35]. 

ʀʟʤʝʥʝʥʠʝ ʠʥʜʝʢʩʘ NAO ʩʧʦʩʦʙʩʪʚʫʝʪ ʟʘʪʦʢʘʤ ʩʝʚʝʨʦʤʦʨʩʢʠʭ ʚʦʜ ʚ 

ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ. ɺ ʧʝʨʠʦʜʳ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʬʘʟʳ NAO ʚʝʪʨʘ ʚʦʩʪʦʯʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ʩʛʦʥʷʶʪ ʥʘ ʟʘʧʘʜ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʧʨʝʩʥʝʥʥʳʝ ʚʦʜʳ. ɺʩʣʝʜʩʪʚʠʝ 

ʵʪʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʜʦʥʥʳʡ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʡ ʧʨʠʪʦʢ ʚʦʜ ʚ ʩʘʤʫʶ 

ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʪʦʢ ʚ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ 

ʧʦʩʪʫʧʘʶʪ ʙʦʣʴʰʠʝ ʤʘʩʩʳ ʙʦʣʝʝ ʩʦʣʝʥʦʡ ʠ ʥʘʩʳʱʝʥʥʦʡ ʢʠʩʣʦʨʦʜʦʤ ʚʦʜʳ. ɹʦʣʝʝ 

ʭʦʣʦʜʥʳʝ ʠ ʪʷʞʝʣʳʝ ʚʦʜʳ ʉʝʚʝʨʥʦʛʦ ʤʦʨʷ ʧʨʦʜʚʠʛʘʶʪʩʷ ʧʦ ʜʥʫ, ʟʘʤʝʱʘʷ 

ʦʙʝʜʥʝʥʥʳʝ ʢʠʩʣʦʨʦʜʦʤ ʚʦʜʳ ʚʦ ʚʧʘʜʠʥʘʭ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʧʝʨʝʤʝʱʘʶʪ ʠʭ 

ʜʘʣʝʝ ʚ ʌʠʥʩʢʠʡ ʟʘʣʠʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʭʫʜʰʘʝʪʩʷ ʝʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ [12, 13, 151]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʝ ʚʦʩʪʦʯʥʳʝ ʚʝʪʨʳ ʥʝ ʧʨʦʠʟʚʦʜʷʪ 

ʛʣʫʙʦʢʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚʦʜʳ, ʘ ʧʦʩʣʝ ʟʘʤʝʨʟʘʥʠʷ, ʢʦʪʦʨʦʝ ʠʟ-ʟʘ ʩʠʣʴʥʳʭ 

ʤʦʨʦʟʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʥʥʠʝ ʩʨʦʢʠ, ʦʥʦ ʩʦʚʩʝʤ ʧʨʝʢʨʘʱʘʝʪʩʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʚʢʣʘʜ ʚ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʤʦʞʝʪ ʪʘʢʞʝ ʠʛʨʘʪʴ ʧʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʚ ʛʦʜʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ NAO, 

ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʧʦʪʨʝʙʣʝʥʠʶ ʢʠʩʣʦʨʦʜʘ.  

ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠʥʜʝʢʩʘʭ NAO ʥʘʙʣʶʜʘʶʪʩʷ ʤʷʛʢʠʝ ʟʠʤʳ ʩ ʧʦʟʜʥʠʤ 

ʣʝʜʦʩʪʘʚʦʤ. ɼʫʶʪ ʩʠʣʴʥʳʝ ʟʘʧʘʜʥʳʝ ʚʝʪʨʳ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʥʘʛʦʥ 
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ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʢ ʚʦʩʪʦʯʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ  ʟʘʣʠʚʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʪʦʢ 

ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʥʘ ʟʘʧʘʜ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʝʪ ʤʝʩʪʦ ʛʣʫʙʦʢʦʝ ʚʝʪʨʦʚʦʝ ʠ 

ʢʦʥʚʝʢʮʠʦʥʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʵʨʘʮʠʷ ʠ ʦʭʣʘʞʜʝʥʠʝ ʚʩʝʡ 

ʚʦʜʥʦʡ ʪʦʣʱʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʦʧʨʝʜʝʣʷʶʪ 

ʬʘʢʪʠʯʝʩʢʠ ʚʩʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʧʦʩʦʙʥʳʝ ʧʦʚʣʠʷʪʴ ʥʘ 

ʘʵʨʘʮʠʶ ʛʣʫʙʠʥʥʳʭ ʚʦʜ [13]. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʦ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʠʧʦʢʩʠʡʥʳʝ ʷʚʣʝʥʠʷ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 1990-ʭ ʠ 2000-ʭ ʛʛ. ʦʙʫʩʣʦʚʣʝʥʳ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʩʝʚʝʨʥʦʛʦ 

ʧʦʣʫʰʘʨʠʷ [13]. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʷʚʣʝʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʆ2 ʚ ʛʣʫʙʠʥʥʳʭ ʩʣʦʷʭ ʚʦʜʳ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠ 

ʧʨʝʜʰʝʩʪʚʫʶʱʠʤʠ ʟʠʤʥʠʤʠ (ʜʝʢʘʙʨʴ-ʤʘʨʪ) ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ NAO (ʨʠʩ. 1.9 ʠ 

1.10). ʈʘʩʩʯʠʪʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ ʠʩʩʣʝʜʫʝʤʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʩʪʘʚʠʣ 0.86 ʠ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʳʤ (ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ Ŭ=0.05). 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʠʥʜʝʢʩʘ NAO ʥʘ ʢʠʩʣʦʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ 

ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1.11.  
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                                           ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʆ2, ʤʣ/ʣ                                 ï  NAO 

ʈʠʩ. 1.9. ɿʠʤʥʠʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ NAO (ʜʝʢʘʙʨʴ-ʤʘʨʪ) ʠ ʣʝʪʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʥʘ ʛʣʫʙʠʥʝ 40 ʤ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ  

ʚ ʧʝʨʠʦʜ c 1995 ʧʦ 2010 ʛʛ. [13] 

 

 

ï ʣʠʥʝʡʥʳʡ ʪʨʝʥʜ 

R2=0.76  ï ʚʝʣʠʯʠʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʪʨʝʥʜʘ 

 

ʈʠʩ. 1.10. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʥʘ ʛʣʫʙʠʥʝ 40 ʤ ʦʪ ʠʥʜʝʢʩʘ NAO [13] 
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ʈʠʩ. 1.11. ʉʭʝʤʘ, ʦʙʲʷʩʥʷʶʱʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʠʧʦʢʩʠʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʛʦʜʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ NAO [13] 

 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 1  

ʇʨʠʜʦʥʥʳʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʦʜʝʨʞʘʥʠʝ 

ʙʠʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʚʦʜʘʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ. ʅʘʨʫʰʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʙʠʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ 

ʛʠʧʦʢʩʠʠ ʷʚʣʷʝʪʩʷ ʬʘʢʪʦʨʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʶ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ.  

 ʅʘʨʷʜʫ ʩ ʘʥʪʨʦʧʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʧʨʠʨʦʜʥʦʡ ʛʨʫʧʧʦʡ ʬʘʢʪʦʨʦʚ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʵʚʪʨʦʬʠʨʦʚʘʥʠʝ ʚʦʜ ʘʢʚʘʪʦʨʠʠ ʚ ʧʦʩʣʝʜʥʝʝ ʪʨʠʜʮʘʪʠʣʝʪʠʝ 

ʷʚʣʷʶʪʩʷ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ: ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ, ʩʤʷʛʯʝʥʠʝ 

ʣʝʜʦʚʳʭ ʫʩʣʦʚʠʡ, ʫʯʘʱʝʥʠʝ ʟʘʪʦʢʦʚ ʦʙʝʜʥʝʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ, ʥʦ ʙʦʛʘʪʳʭ 

ʙʠʦʛʝʥʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʚʦʜ ʠʟ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʕʪʠ 

ʟʘʪʦʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʚʥʫʪʨʝʥʥʶʶ ʙʠʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʘʢʚʘʪʦʨʠʶ, 

ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʦʦʙʱʝʩʪʚʘ ʟʦʦʙʝʥʪʦʩʘ, ʫʥʠʯʪʦʞʘʷ 

ʩʦʦʙʱʝʩʪʚʘ ʜʦʥʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʥʘ ʟʘʣʠʚʘ ʠ ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ çʤʝʨʪʚʳʭè ʟʦʥ. ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʚʣʠʷʶʱʠʝ ʥʘ 
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ʘʵʨʘʮʠʶ ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʟʘʣʠʚʘ (ʘʜʚʝʢʮʠʷ ʦʙʝʜʥʝʥʥʳʭ ʢʠʩʣʦʨʦʜʦʤ ʩʦʣʝʥʳʭ ʚʦʜ ʠʟ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʝʥʥʝ-ʟʠʤʥʝʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ), ʢʦʨʨʝʣʠʨʫʶʪ 

ʩ ʠʥʜʝʢʩʦʤ ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ, ʯʪʦ ʦʧʨʝʜʝʣʠʣʦ ʪʝʩʥʫʶ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ (r = +0.86) ʩʚʷʟʴ ʤʝʞʜʫ ʵʪʠʤ ʠʥʜʝʢʩʦʤ ʠ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ. 

ɻʠʧʦʢʩʠʡʥʳʝ ʷʚʣʝʥʠʷ ʚ ʟʘʣʠʚʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʛʦʜʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ 

ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʢʦʣʝʙʘʥʠʷ. ʋʭʫʜʰʝʥʠʝ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚʝʨʰʠʥʳ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʢʦʥʮʝ XX ī ʥʘʯʘʣʝ XXI ʩʪʦʣʝʪʠʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚʳʟʚʘʥʦ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʘʪʤʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. 
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2 ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʦʝ ʚʩʝʣʝʥʠʝ ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ 

ʇʦʣʠʭʝʪʳ ʨʦʜʘ Marenzelleria spp. ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʥʳʝ ʚ 

ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʚ 1985 ʛ. [54]. ɺʩʝʣʝʥʠʝ ʧʦʣʠʭʝʪ ʧʨʦʠʟʦʰʣʦ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʩ ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ ʩʫʜʦʚ. ɼʘʣʴʥʝʡʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʤʦʨ,ʁ ʦʯʝʚʠʜʥʦ, 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʥʘ ʩʪʘʜʠʠ ʣʠʯʠʥʢʠ. ɺ ʧʝʨʚʦʡ 

ʧʦʣʦʚʠʥʝ 1990-ʭ  Marenzelleria spp. ʧʨʦʥʠʢʣʘ ʚ ʵʩʪʦʥʩʢʠʝ ʠ ʬʠʥʩʢʠʝ ʚʦʜʳ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ [99, 124, 149].  ɺ 1996 ʛʦʜʫ ʥʝʩʢʦʣʴʢʦ ʵʢʟʝʤʧʣʷʨʦʚ ʧʦʣʠʭʝʪ ʙʳʣʠ 

ʚʩʪʨʝʯʝʥʳ ʚ ʃʫʞʩʢʦ-ʂʦʧʦʨʩʢʦʤ ʨʘʡʦʥʝ. ɺ 2008 ʛ. ʵʪʠ ʧʦʣʠʭʝʪʳ ʤʘʩʩʦʚʦ ʟʘʩʝʣʠʣʠ 

ʫʯʘʩʪʢʠ ʜʥʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʜʘʥʥʦʛʦ ʨʦʜʘ 

ʫʩʪʦʡʯʠʚ r ʢ ʛʠʧʦʢʩʠʡʥʳʤ ʷʚʣʝʥʠʷʤ. ʂʨʦʤʝ ʵʪʦʛʦ, ʫʩʧʝʰʥʦʤʫ ʨʘʩʩʝʣʝʥʠʶ 

ʧʦʣʠʭʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʠʭ ʙʳʩʪʨʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ, ʚʳʩʦʢʘʷ ʨʝʧʨʦʜʫʢʪʠʚʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʘʷ ʢʦʨʤʦʚʘʷ ʙʘʟʘ [161]. ʂ 2009 ʛ. Marenzelleria spp. 

ʦʢʢʫʧʠʨʦʚʘʣʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʘʢʚʘʪʦʨʠʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʠ ʩʪʘʣʠ ʚʝʜʫʱʠʤ, ʘ 

ʤʝʩʪʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʝʜʠʥʩʪʚʝʥʥʳʤ, ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ [22].  

 

2.1 ɺʠʜʳ-ʚʩʝʣʝʥʮʳ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʵʢʦʩʠʩʪʝʤʘʭ ʩʦʣʦʥʦʚʘʪʳʭ ʚʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʠ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʫʷʟʚʠʤʳ ʢ ʠʥʚʘʟʠʷʤ [23, 

148]. ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ ʚ ʤʠʨʝ ʧʦ ʦʙʲʝʤʫ ʚʦʜ 

ʢʨʠʪʠʯʝʩʢʦʡ ʩʦʣʝʥʦʩʪʠ ʠ ʥʘʩʝʣʝʥʦ ʦʯʝʥʴ ʙʝʜʥʦʡ ʬʘʫʥʦʡ, ʩʠʣʴʥʦ ʧʦʩʪʨʘʜʘʚʰʝʡ ʦʪ 

ʠʥʚʘʟʠʡ [108, 109].  

ɺʩʝʣʝʥʠʝ ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʨʘʩʪʝʥʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ 

ʧʨʠʨʦʜʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

çʙʠʦʣʦʛʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝè [31]. ʀʥʚʘʟʠʦʥʥʳʝ ʚʠʜʳ, ʠʣʠ, ʚʠʜʳ-ʚʩʝʣʝʥʮʳ, 

ʧʨʠʥʷʪʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʛʨʦʟʫ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʢʦʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʢʦʥʢʫʨʝʥʮʠʠ ʩ 

ʢʦʨʝʥʥʳʤʠ ʚʠʜʘʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʫʱʝʩʪʚʫʶʪ ʧʨʠʤʝʨʳ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ 

ʚʩʝʣʝʥʮʝʚ, ʢʦʛʜʘ ʠʥʚʘʟʠʦʥʥʳʝ ʚʠʜʳ ʩʪʘʥʦʚʷʪʩʷ ʧʠʱʝʚʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʨʝʜʢʠʭ 
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ʠʣʠ ʫʷʟʚʠʤʳʭ ʢʦʨʝʥʥʳʭ ʚʠʜʦʚ ʠʣʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ [16, 144]. 

ʀʩʢʦʨʝʥʝʥʠʝ ʚʠʜʦʚ-ʚʩʝʣʝʥʮʝʚ ʧʦʩʣʝ ʠʭ ʠʥʪʨʦʜʫʢʮʠʠ ʠ ʟʘʩʝʣʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. 

ɽʩʪʝʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʦʩʚʦʝʥʠʷ ʚʠʜʘʤʠ ʥʦʚʳʭ ʤʝʩʪ ʦʙʠʪʘʥʠʷ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʩʢʦʨʷʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴ,ʁ ʘ ʩʘʤʠ 

ʵʢʦʩʠʩʪʝʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘʨʫʰʘʶʪʩʷ. ʉʢʦʨʦʩʪʴ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʥʚʘʟʠʡ ʚ XXI  ʚʝʢʝ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʘʟʳ, ʥʝ ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʥʦʚʠʪʩʷ 

ʠ ʌʠʥʩʢʠʡ ʟʘʣʠʚ, ʚ ʢʦʪʦʨʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʢʪʠʚʥʘʷ ʩʫʜʦʭʦʜʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, 

ʩʪʨʦʷʪʩʷ ʥʦʚʳʝ ʧʦʨʪʳ, ʚ ʧʨʦʰʣʳʭ ʩʪʦʣʝʪʠʷʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʘʥʘʣʳ, 

ʩʦʝʜʠʥʷʶʱʠʝ ʙʘʩʩʝʡʥʳ ʨʝʢ ʇʦʥʪʦ-ʂʘʩʧʠʡʩʢʦʛʦ (ʏʝʨʥʦʝ, ɸʟʦʚʩʢʦʝ ʠ ʂʘʩʧʠʡʩʢʦʝ 

ʤʦʨʝ) ʠ ɹʘʣʪʠʡʩʢʦʛʦ ʨʝʛʠʦʥʦʚ. ʇʨʦʚʝʜʝʥʠʝ ʜʥʦʫʛʣʫʙʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚ ʌʠʥʩʢʦʤ 

ʟʘʣʠʚʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʠ ʢʦʨʝʥʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ [15, 

37]. 

ɺ ʪʝʯʝʥʠʝ ʜʚʫʭ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʩʪʦʣʝʪʠʡ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʙʳʣʦ 

ʥʘʡʜʝʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 120 ʯʫʞʝʨʦʜʥʳʭ ʚʠʜʦʚ (ʨʠʩ. 2.1), 77 ʠʟ ʥʠʭ ʧʨʠʞʠʣʠʩʴ, 

18 ï ʥʝ ʧʨʠʞʠʣʠʩʴ, ʩʪʘʪʫʩ ʝʱʝ 24 ʚʠʜʦʚ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʠʟʚʝʩʪʝʥ [76].  

ɺʩʝʣʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʵʪʠʭ ʚʠʜʦʚ ʧʨʦʠʟʦʰʣʦ ʥʝʧʨʝʜʥʘʤʝʨʝʥʥʦ ʩ 

ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ, ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʩʪʘʥʠʷ ʩʫʜʦʚ ʠʣʠ ʨʘʩʩʝʣʝʥʠʷ ʠʟ ʤʝʩʪʘ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʠʥʪʨʦʜʫʢʮʠʠ. ʆʜʥʘʢʦ, ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ ʩʦʣʝʥʦʩʪʴ (ʚ ʩʨʝʜʥʝʤ 

7 ă), ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʠ ʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʦʜ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ  

ʷʚʣʷʝʪʩʷ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʩʧʝʰʥʦʡ ʠʥʪʨʦʜʫʢʮʠʠ ʚʠʜʦʚ. ʇʦʵʪʦʤʫ ʚ 

ʩʣʫʯʘʷʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʥʚʘʟʠʡ ʵʚʨʠʛʘʣʠʥʥʳʝ ʚʠʜʳ (ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʚʦʜʘʭ 

ʩ ʠʟʤʝʥʯʠʚʦʡ ʩʦʣʝʥʦʩʪʴʶ) ʧʦʣʫʯʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ.  

ʉʦʛʣʘʩʥʦ ʙʘʟʝ ʜʘʥʥʳʭ ʠʥʚʘʟʠʦʥʥʳʭ ʚʠʜʦʚ [48] ʩ ʥʘʯʘʣʘ XX ʚʝʢʘ ʚ ʌʠʥʩʢʦʤ 

ʟʘʣʠʚʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 15 ʚʠʜʦʚ-ʚʩʝʣʝʥʮʝʚ ʨʘʢʦʦʙʨʘʟʥʳʭ, 1 ʥʘʩʝʢʦʤʦʝ, 3 

ʤʦʣʣʶʩʢʘ, 4 ʦʣʠʛʦʭʝʪʳ, 9 ʚʠʜʦʚ ʨʳʙ ʠ 1 ʚʠʜ ʧʦʣʠʭʝʪ. ʈʘʩʩʝʣʝʥʠʝ ʚʠʜʦʚ 

ʧʨʦʠʩʭʦʜʠʣʦ ʠʟ ʩʘʤʳʭ ʨʘʟʥʳʭ ʨʝʛʠʦʥʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, 

ʇʦʥʪʦ-ʂʘʩʧʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ, ʖʞʥʦ-ʂʠʪʘʡʩʢʦʛʦ ʤʦʨʷ, ʉʠʙʠʨʠ ʠ ɸʪʣʘʥʪʠʢʠ. 
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ʈʠʩ. 2.1. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ-ʚʩʝʣʝʥʮʝʚ ʚ ʙʘʩʩʝʡʥʘʭ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ 

(ʚʢʣʶʯʘʷ ʥʝʧʨʠʞʠʚʰʠʝʩʷ ʚʠʜʳ), ʘ ʪʘʢʞʝ ʨʘʡʦʥʳ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʠʪʘʥʠʷ 

[76]. 

 

ʉʨʝʜʠ ʚʠʜʦʚ-ʚʩʝʣʝʥʮʝʚ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʙʳʯʦʢ-ʢʨʫʛʣʷʢ 

Neogobius melanostomus, ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʥʳʡ ʚ 1990 ʛ. ɼʘʥʥʳʡ ʚʠʜ ʤʝʣʢʦʡ 

ʨʳʙʳ ʩʝʤʝʡʩʪʚʘ ʙʳʯʢʦʚʳʭ ʢʦʥʢʫʨʠʨʦʚʘʣ ʩ ʚʘʞʥʳʤ ʧʨʦʤʳʩʣʦʚʳʤ ʚʠʜʦʤ 

ʢʘʤʙʘʣʳ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʪʘʢʞʝ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʤʝʞʜʫ ʯʠʩʣʝʥʥʦʩʪʷʤʠ 

ʙʳʯʢʘ-ʢʨʫʛʣʷʢʘ ʠ ʣʫʯʝʧʝʨʦʡ ʨʳʙʳ ʠʟ ʦʪʨʷʜʘ ʢʦʣʶʰʢʦʦʙʨʘʟʥʳʭ  Gasterosteus 

aculeatus ʚ ɻʜʘʥʴʩʢʦʤ ʟʘʣʠʚʝ.  

ɼʨʫʛʦʡ ʧʨʠʤʝʨ, ʨʘʯʦʢ Gammarus tigrinus, ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 

ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʚ 1975 ʛʦʜʫ. ɺ 1990-ʭ ʦʥ ʨʘʩʩʝʣʠʣʩʷ ʚ ʚʦʜʘʭ ʶʞʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ 

ɹʘʣʪʠʢʠ.  ɺ ʵʩʪʫʘʨʠʡ ʨ. ʅʝʚʳ ʨʘʯʦʢ ʚʧʝʨʚʳʝ ʙʳʣ ʚʩʪʨʝʯʝʥ ʚ 2005 ʛ., ʟʘʚʝʟʝʥ, 

ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩ ʙʘʣʣʘʩʪʥʳʤʠ ʚʦʜʘʤʠ ʩʫʜʦʚ [49]. ʇʦ-ʚʠʜʠʤʦʤʫ, Gammarus tigrinus 

ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʫʝʪʩʷ ʢ ʫʩʣʦʚʠʷʤ ʥʦʚʳʭ ʤʝʩʪ ʠ ʙʳʩʪʨʦ ʦʩʚʘʠʚʘʝʪ ʥʦʚʳʝ 
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ʪʝʨʨʠʪʦʨʠʠ. ʇʨʠʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʩʝʣʝʥʠʷ ʨʘʯʢʘ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʩʦʩʪʘʚʠʣʘ 

ʦʢʦʣʦ 100 ʢʤ/ʛʦʜ [49]. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʜʘʥʥʳʡ ʚʠʜ ʦʙʠʪʘʝʪ ʚ ʂʫʨʰʩʢʦʤ, 

ʈʠʞʩʢʦʤ, ʌʠʥʩʢʦʤ ʠ ɺʠʩʣʝʥʩʢʦʤ ʟʘʣʠʚʘʭ, ʂʘʪʪʝʛʘʪʝ, ʤʦʨʝ ɹʝʣʴʪʦʚ ʠ ʧʨ. 

ʈʘʢʦʦʙʨʘʟʥʳʝ Gammarus tigrinus ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʠʟʤʝʥʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʙʝʥʪʦʩʥʳʭ ʩʦʦʙʱʝʩʪʚ ʠ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦ ʚʩʝʡ ʧʨʠʙʨʝʞʥʦʡ 

ʟʦʥʝ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʢʦʥʢʫʨʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ 

ʧʨʝʚʦʩʭʦʜʷʪ ʢʦʨʝʥʥʳʭ ʚʠʜʦʚ ʘʤʬʠʧʦʜ ʢʨʦʤʝ ʨʘʯʢʦʚ Gammarus duebeni [108]. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʤʘʣʦʚʝʨʦʷʪʥʳʤ, ʯʪʦ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ Gammarus tigrinus ʩʤʦʛʫʪ 

ʚʳʪʝʩʥʠʪʴ Gammarus oceanicus, ʢʦʪʦʨʳʝ ʧʨʝʚʦʩʭʦʜʷʪ ʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʚ 3-5 ʨʘʟ 

[126]. Gammarus tigrinus ̫ ʚʣʷʶʪʩʷ ʭʠʱʥʠʢʘʤʠ ʠ ʢʦʨʤʷʪʩʷ ʤʦʣʦʜʳʤʠ ʠ ʚʟʨʦʩʣʳʤʠ 

ʦʩʦʙʷʤʠ ʢʨʝʚʝʪʦʢ Mysis relicta, ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ Gammarus [112], ʘ ʪʘʢʞʝ ʤʦʛʫʪ 

ʧʦʝʜʘʪʴ ʘʤʬʠʧʦʜ ʢʨʫʧʥʝʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʧʝʨʠʦʜ ʣʠʥʴʢʠ, ʢʦʛʜʘ ʧʘʥʮʠʨʴ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʤʷʛʢʠʤ [65, 66]. 

ʂʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʚʠʜr-ʚʩʝʣʝʥʮ r Gammarus tigrinus ʦʙʣʘʜʘʪʁ 

ʢʘʯʝʩʪʚʘʤʠ ʫʩʧʝʰʥʦʛʦ ʚʩʝʣʝʥʮʘ: ʷʚʣʷʪʁʩʷ ʭʠʱʥʠʢʘʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʪʁʩʷ ʚʳʩʦʢʦʡ 

ʧʣʦʜʦʚʠʪʦʩʪʴʶ, ʵʚʨʠʛʘʣʠʥʥʳ ʠ ʪʦʣʝʨʘʥʪʥʳ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ 

(ʥʘʣʠʯʠʶ ʭʠʤʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʧʘʪʦʛʝʥʦʚ, ʵʚʪʨʦʬʠʢʘʮʠʠ) [75, 126, 

158]. 

ɺ 90-ʭ ʛʦʜʘʭ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʚʩʝʣʠʣʠʩʴ ʇʦʥʪʦ-ʂʘʩʧʠʡʩʢʠʝ Cercopagis 

pengoi ʠ ʇʦʥʪʦ-ɸʨʘʣʦ-ʂʘʩʧʠʡʩʢʠʝ Evadne anonyx. ʆʙʘ ʚʠʜʘ ʷʚʣʷʶʪʩʷ ʭʠʱʥr ʤʠ 

ʚʝʪʚʠʩʪʦʫʩʳʤʠ ʨʘʢʦʦʙʨʘʟʥʳʤʠ, ʧʨʠʰʝʜʰʠʤʠ ʠʟ ʦʜʥʦʛʦ ʨʝʛʠʦʥʘ ï ɽʚʨʘʟʠʠ. ɺʠʜʳ 

ʵʚʨʠʛʘʣʠʥʥʳ ʠ ʭʦʨʦʰʦ ʧʨʠʞʠʚʘʶʪʩʷ ʚ ʚʦʜʘʭ ʩ ʥʠʟʢʦʡ ʩʦʣʝʥʦʩʪʴʶ.  

ɼʣʷ ʤʦʣʣʶʩʢʘ-ʦʙʨʘʩʪʘʪʝʣʷ Dreissena polymorpha ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʨʘʩʩʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʢʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʧʣʘʥʢʪʦʥʥʦʡ 

ʣʠʯʠʥʢʠ. Dreissena, ʦʙʣʘʜʘʷ ʧʣʘʥʢʪʦʥʥʳʤʠ ʣʠʯʠʥʢʘʤʠ, ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʝ ʤʦʛʣʘ 

ʨʘʩʧʨʦʩʪʨʘʥʠʪʴʩʷ ʟʘ ʧʨʝʜʝʣʳ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʘʨʝʘʣʘ ï ʫʩʪʴʝʚʳʭ ʦʙʣʘʩʪʝʡ 

ʦʪʜʝʣʴʥʳʭ ʨʝʢ ʇʦʥʪʦ-ʂʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʇʦ ʧʨʦʨʳʪʳʤ ʤʝʞʙʘʩʩʝʡʥʦʚʳʤ 

ʢʘʥʘʣʘʤ ʦʥʘ ʥʘʯʘʣʘ ʨʘʩʩʝʣʷʪʴʩʷ ʚ ʥʦʚʳʝ ʨʝʯʥʳʝ ʙʘʩʩʝʡʥʳ, ʘ ʧʨʠ ʧʦʤʦʱʠ ʨʝʯʥʦʛʦ 

ʬʣʦʪʘ ʧʦʧʘʣʘ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʠ ʟʘʪʝʤ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ ʩʚʦʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʤʝʩʪʦʦʙʠʪʘʥʠʷ. ʊʝʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʨʘʥʝʝ ʷʚʣʷʣʦʩʴ ʜʣʷ ʜʨʝʡʩʝʥʳ ʟʦʦʛʝʦʛʨʘ-
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ʬʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ, ʩʪʘʣʦ ʬʘʢʪʦʨʦʤ, ʫʩʢʦʨʷʶʱʠʤ ʨʘʩʩʝʣʝʥʠʝ. ʀʟ ʏʝʨʥʦʛʦ ʤʦʨʷ 

ʯʝʨʝʟ ɼʥʝʧʨ, ʆʛʠʥʩʢʠʡ ʢʘʥʘʣ ʤʦʣʣʶʩʢ ʜʚʠʥʫʣʩʷ ʚ ʨʝʢʫ ʅʝʤʘʥā ʘ ʟʘʪʝʤ ʚ 

ʂʫʨʰʩʢʠʡ ʟʘʣʠʚ [7]. 

ɸʤʬʠʧʦʜʘ Chelicorophium curvispinum ʝʱʝ ʦʜʥʠ ʫʩʧʝʰʥʳʝ ʚʩʝʣʝʥʮʳ ʚ 

ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ. ɺʳʩʦʢʘʷ ʧʣʦʜʦʚʠʪʦʩʪʴ, ʙʳʩʪʨʳʡ ʨʦʩʪ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʟʘʛʨʷʟʥʠʪʝʣʷʤ ʧʦʟʚʦʣʠʣʠ ʵʪʠʤ ʦʨʛʘʥʠʟʤʘʤ ʙʳʩʪʨʦ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʚ ʥʦʚʳʭ 

ʫʩʣʦʚʠʷʭ [64]. Chelicorophium curvispinum ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʪʨʦʬʠʯʝʩʢʦʡ 

ʩʝʪʠ ʢʘʢ ʬʠʣʴʪʨʘʪʦʨ-ʩʝʜʠʤʝʥʪʘʪʦʨ, ʥʦ ʩʧʦʩʦʙʝʥ ʪʘʢʞʝ ʧʦʪʨʝʙʣʷʪʴ ʜʝʪʨʠʪ ʠ 

ʦʙʨʘʩʪʘʥʠʷ [25]. ɸʤʬʠʧʦʜʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʘʚʪʦʭʪʦʥʥʦʡ ʬʘʫʥʳ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʚʦʜʦʝʤʦʚ ɸʟʦʚʦ-ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ [3], ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʧʨʝʩʥʳʭ ʠ ʦʣʠʛʦʛʘʣʠʥʥʳʭ ʚʦʜʘʭ ʧʨʠ ʩʦʣʝʥʦʩʪʠ ʥʝ ʚʳʰʝ 5 ă [30, 33]. 

ʀʥʪʨʦʜʫʢʮʠʷ ʚʠʜʘ ʧʨʦʠʟʦʰʣʘ, ʚʝʨʦʷʪʥʦ, ʩ ʩʫʜʘʤʠ ʠʟ ʶʞʥʳʭ ʯʘʩʪʝʡ ɹʘʣʪʠʡʩʢʦʛʦ 

ʤʦʨʷ. ʆʜʥʘʢʦ ʨʘʩʩʝʣʝʥʠʝ ʤʦʛʣʦ ʧʨʦʠʟʦʡʪʠ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟ ʵʩʪʦʥʩʢʦʡ ʯʘʩʪʠ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ (ʨʘʡʦʥ ʛ. ʉʠʣʣʘʤʷʵ). ɼʨʫʛʠʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʷʚʣʝʥʠʷ ʚʠʜʘ ʚ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʤʦʛʣʠ ʩʪʘʪʴ ʧʦʧʫʣʷʨʥʳʝ ʚ ʉʉʉʈ ʥʘʤʝʨʝʥʥʳʝ 

ʠʥʪʨʦʜʫʢʮʠʠ ʨʘʢʦʦʙʨʘʟʥʳʭ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʨʳʙʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʦʟʝʨ ʠ 

ʚʦʜʦʭʨʘʥʠʣʠʱ [25]. 

 

2.2 ʕʢʦʣʦʛʦ-ʬʘʫʥʠʩʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʭʝʪ Marenzelleria spp. 

ʄʥʦʛʦʱʝʪʠʥʢʦʚʳʝ ʯʝʨʚʠ ʨʦʜʘ Marenzelleria ʚʢʣʶʯʘʶʪ 6 ʚʠʜʦʚ, 3 ʠʟ 

ʢʦʪʦʨʳʭ viridis, neglecta ʠ arctia ʚʩʪʨʝʯʘʶʪʩʷ ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ. ɺʠʜʳ viridis ʠ 

neglecta ʚʩʝʣʠʣʠʩʴ ʠʟ ʤʦʨʝʡ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʘ ʚʠʜ arctia ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʦʙʠʪʘʣ ʚ ʤʦʨʷʭ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ɸʨʢʪʠʢʠ.  

3 ʜʘʥʥʳʭ ʚʠʜʘ ʧʦʣʠʭʝʪ ʪʨʫʜʥʦʨʘʟʣʠʯʠʤʳ, ʠʭ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʚʳʷʚʣʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʨʘʟʤʝʨʘʭ ʦʩʦʙʝʡ, ʬʦʨʤʝ ʠʭ ʥʦʨ ʠ ʛʣʫʙʠʥʝ ʟʘʨʳʚʘʥʠʷ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ [133]. ɺʠʜʳ viridis ʠ neglecta ʦʙʨʘʟʫʝʪ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʝ ʪʫʧʠʢʦʚʳʝ 

ʥʦʨʳ L-, J- ʠ I-ʬʦʨʤʳ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 2 ʤʤ, ʜʦʩʪʠʛʘʶʱʠʝ ʛʣʫʙʠʥʳ 25-35 ʩʤ. 

ɺʠʜ arctia, ʥʘʧʨʦʪʠʚ, ʩʦʟʜʘʝʪ ʫʟʢʠʝ (0.5 ʤʤ) ʩʢʚʦʟʥʳʝ ʥʦʨʳ J-, Y- U-ʬʦʨʤʳ, 
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ʛʣʫʙʠʥʦʡ 6-8 ʩʤ. 

ɺ ʨʘʟʚʠʪʠʠ ʧʦʣʠʭʝʪ ʚʳʜʝʣʷʶʪ 4 ʩʪʘʜʠʠ, ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 

2.2. 

 

ʈʠʩ. 2.2. ʉʪʘʜʠʠ ʨʘʟʚʠʪʠʷ Marenzelleria cf. viridis: ʘ) 4-ʭ ʱʝʪʠʥʢʦʚʘʷ 

ʣʠʯʠʥʢʘ; ʙ) 15-ʪʠ ʱʝʪʠʥʢʦʚʘʷ ʣʠʯʠʥʢʘ; ʚ) ʤʦʣʦʜʘʷ ʦʩʦʙʴ; ʛ) ʪʝʣʦʩʣʦʞʝʥʠʝ 

ʚʟʨʦʩʣʦʡ ʦʩʦʙʠ [161] 

 

ʇʦʣʠʭʝʪʳ Marenzelleria spp. ʠʤʝʶʪ ʚʘʞʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʚʦ-ʧʝʨʚʳʭ, ʦʥʠ 

ʤʦʛʫʪ ʦʙʠʪʘʪʴ ʚ ʚʦʜʘʭ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʩʦʣʝʥʦʩʪʠ, ʠ ʥʠʟʢʘʷ ʩʦʣʝʥʦʩʪʴ ʚʦʜ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʥʝ ʷʚʠʣʘʩʴ ʩʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʠʭ ʠʥʪʨʦʜʫʢʮʠʠ. ʊʘʢ, 

ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʟʥʘʯʝʥʠʡ ʩʦʣʝʥʦʩʪʠ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 0.03 ă, ʦʜʥʘʢʦ ʨʘʟʚʠʪʠʝ ʣʠʯʠʥʢʠ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ 

ʩʦʣʝʥʦʩʪʠ ʚʦʜ ʥʝ ʥʠʞʝ 5 ă [56, 71]. ɺʦ-ʚʪʦʨʳʭ, ʜʘʥʥʳʝ ʧʦʣʠʭʝʪʳ ʤʦʛʫʪ 

ʚʳʜʝʨʞʠʚʘʪʴ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʛʠʧʦʢʩʠʡʥʳʝ ʫʩʣʦʚʠʷ [103, 142], ʘ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʤʝʭʘʥʠʟʤʦʤ ʜʝʪʦʢʩʠʬʠʢʘʮʠʠ ʠ ʚʳʜʝʨʞʠʚʘʶʪ ʜʣʠʪʝʣʴʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʚʦʜʝ 
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ʩʝʨʦʚʦʜʦʨʦʜʘ [57, 143]. ɼʘʥʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʩʧʝʰʥʦʤʫ ʠʭ ʚʩʝʣʝʥʠʶ. 

ʆʪʢʨʳʪʳʤ ʦʩʪʘʝʪʩʷ ʚʦʧʨʦʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Marenzelleria spp. 

ʩ ʢʦʨʝʥʥʳʤʠ ʚʠʜʘʤʠ ʙʝʥʪʦʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʘʩʧʝʢʪʝ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ 

ʧʠʱʫ ʠ ʤʝʩʪʦ ʦʙʠʪʘʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

[123] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʝʥʥʳʝ ʚʠʜʳ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʘʤʬʠʧʦʜʳ Monoporeia 

affinis ʢʘʢ ʙʦʣʝʝ çʤʦʙʠʣʴʥʳʝè ʦʨʛʘʥʠʟʤʳ, ʠʟʙʝʛʘʶʪ ʫʯʘʩʪʢʦʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ 

ʚʳʩʦʢʠʤʠ ʯʠʩʣʝʥʥʦʩʪʷʤʠ Marenzelleria spp. ʠ ʚ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʙʦʨʘ 

ʧʨʝʜʧʦʯʠʪʘʶʪ ʟʘʨʳʚʘʪʴʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʧʦʣʠʭʝʪ. 

ʂʦʪʪʘ [100] ʦʪʤʝʯʘʝʪ, ʯʪʦ ʢʦʥʢʫʨʝʥʪʥʳʡ ʪʠʧ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

Marenzelleria neglecta ʠ ʢʦʨʝʥʥʳʤʠ ʚʠʜʘʤʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʦʙʲʷʩʥʷʝʪ ʥʠʟʢʫʶ 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʣʠʭʝʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ Macoma balthica, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝ Monoporeia affinis ʚ ʨʘʡʦʥʘʭ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ Marenzelleria. 

ʂʦʥʢʫʨʝʥʪʥʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ Macoma balthica ʥʘʜ Marenzelleria neglecta ʩʚʷʟʘʥʦ, 

ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩ ʨʘʟʣʠʯʠʝʤ ʚ ʨʝʞʠʤʘʭ ʧʠʪʘʥʠʷ ʠ ʣʫʯʰʝʡ ʧʝʨʝʥʦʩʠʤʦʩʪʠ 

ʥʝʭʚʘʪʢʠ ʧʠʱʠ.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [152] ʩ ʧʨʦʙʘʤʠ ʠʟ ɺʠʩʣʝʥʩʢʦʛʦ ʟʘʣʠʚʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, 

ʯʪʦ ʙʠʦʪʫʨʙʘʮʠʦʥʥʘ ̫ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʣʠʭʝʪ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʞʠʟʥʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʠʜʦʚ 

ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʯʠʩʣʝʥʥʦʩʪʴ ʤʝʟʦʙʝʥʪʦʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, 

ʦʙʠʪʘʶʱʠʭ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʣʦʷʭ ʛʨʫʥʪʦʚ (5-10 ʩʤ) ʚʦʟʨʦʩʣʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʦʣʠʭʝʪ Marenzelleria spp. ʚʳʩʦʢʦʡ (2000 ʵʢʟ./ʤ2) ʠ ʥʠʟʢʦʡ (300 ʵʢʟ./ʤ2) 

ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 6 ʠ 11%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʦʡ 

ʢʘʤʝʨʦʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʦʣʝʝ ʛʣʫʙʦʢʦʝ ʟʘʨʳʚʘʥʠʝ ʤʝʟʦʙʝʥʪʦʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʤʫ ʫʣʫʯʰʝʥʠʶ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʠʟʤʝʥʝʥʠʶ 

ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʝʥʪʦʩʥʦʤ ʩʣʦʝ. ɺ ʪʦʤ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʠ ʬʠʟʠʯʝʩʢʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʣʠʭʝʪ Marenzelleria spp., ʥʠ ʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʝ ʧʦʚʣʠʷʣʠ ʥʘ ʩʦʦʙʱʝʩʪʚʦ ʦʙʠʪʘʶʱʠʭ ʪʘʤ ʥʝʤʘʪʦʜ. 

ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʧʦʣʠʭʝʪ ʤʦʞʝʪ ʙʳʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʠʤʠ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʠʭ, ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʭ ʥʦʨ ʠʣʠ ʩʣʘʙʳʡ ʦʪʢʣʠʢ ʩʦʦʙʱʝʩʪʚʘ 
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ʥʝʤʘʪʦʜ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʠʟʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ; ʢʨʦʤʝ ʵʪʦʛʦ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ɺʠʩʣʝʥʩʢʦʤ ʟʘʣʠʚʝ ʤʦʞʝʪ ʩʥʠʞʘʪ ɹ

ʵʬʬʝʢʪ ʙʠʦʪʫʨʙʘʮʠʠ [152]. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʦʜʥʦʟʥʘʯʥʳ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʛʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʤʝʞʚʠʜʦʚʘʷ ʢʦʥʢʫʨʝʥʮʠʷ ʙʝʥʪʦʩʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʩʣʘʙʘʷ ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʂʨʦʤʝ ʵʪʦʛʦ, ʙʠʦʪʫʨʙʘʮʠʦʥʥʘʷ ʠ 

ʠʨʨʠʛʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʣʠʭʝʪ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʣʫʯʰʝʥʠʶ ʢʠʩʣʦʨʦʜʥʳʭ 

ʫʩʣʦʚʠʡ ʠ çʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠè ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ. ʕʪʠʤ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʦʙʲʷʩʥʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʚʠʜʦʤ-

ʚʩʝʣʝʥʮʝʤ Marenzelleria viridis ʠ ʥʝʢʦʪʦʨʳʤʠ ʢʦʨʝʥʥʳʤʠ ʚʠʜʘʤʠ ɹʘʣʪʠʡʩʢʦʛʦ 

ʤʦʨʷ [160, 161].  

ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 1997-2004 ʛʛ. ʧʦʣʠʭʝʪʳ Marenzelleria 

spp. ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʦʙʠʣʴʥʳ ʥʘ ʪʝʭ ʞʝ ʩʪʘʥʮʠʷʭ, ʛʜʝ ʠ ʢʦʨʝʥʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ 

ʙʝʥʪʦʩʘ, ʯʪʦ ʦʪʨʘʞʘʣʦʩʴ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʙʠʦʤʘʩʩʘʤʠ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʙʝʥʪʦʩʘ. ʇʨʠ ʵʪʦʤ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ (+0.8) ʙʳʣ ʦʪʤʝʯʝʥ ʤʝʞʜʫ Marenzelleria neglecta ʠ Macoma balthica 

[21]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʷʜ ʘʚʪʦʨʦʚ ʦʪʤʝʯʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʠʥʪʨʦʜʫʢʮʠʠ Marenzelleria [162]. ɿʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ 

ʤʘʢʨʦʟʦʦʙʝʥʪʦʩʘ ʧʨʦʠʟʦʰʣʠ ʚ ɺʠʩʣʝʥʩʢʦʤ ʟʘʣʠʚʝ ʚ ʢʦʥʮʝ 1980-ʭ, ʢʦʛʜʘ ʧʦʣʠʭʝʪʳ  

Marenzelleria ʚʳʪʝʩʥʠʣʠ ʜʦʤʠʥʠʨʦʚʘʚʰʠʭ ʜʦ ʵʪʦʛʦ ʣʠʯʠʥʦʢ ʭʠʨʦʥʦʤʠʜ 

(Chironomidae) ʠ ʦʣʠʛʦʭʝʪ [162]. ʋʯʠʪʳʚʘʷ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʣʠʯʠʥʦʢ 

ʭʠʨʦʥʦʤʠʜ ʚ ʵʢʦʩʠʩʪʝʤʝ ʟʘʣʠʚʘ (ʷʚʣʷʶʪʩʷ ʢʦʨʤʦʤ ʜʣʷ ʮʝʥʥʳʭ ʚʠʜʦʚ ʨʳʙ ʠ 

ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʘʤʦʦʯʠʱʝʥʠʷ), ʦʯʝʚʠʜʥʦ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʠʭ ʯʠʩʣʝʥʥʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʣʠʷʣʦ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʵʢʦʩʠʩʪʝʤʳ ʟʘʣʠʚʘ. 

ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʷʚʣʷʝʪʩʷ ʙʠʦʪʫʨʙʘʮʠʦʥʥʘʷ ʠ ʙʠʦʠʨʨʠʛʘʮʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʇʨʦʮʝʩʩ 

ʙʠʦʪʫʨʙʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʥʘʨʫʰʝʥʠʡ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, 

ʚʳʟʚʘʥʥʳʭ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ [59]. ʕʪʠ ʧʨʦʮʝʩʩʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 
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ʚʳʢʘʧʳʚʘʥʠʝ ʥʦʨ ʠ ʪʫʥʥʝʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʨʘʟʨʫʰʘʶʪʩʷ ʠʣʠ ʟʘʩʳʧʘʶʪʩʷ, 

ʧʦʛʣʦʱʝʥʠʝ ʠ ʵʢʩʢʨʝʮʠ ʁ ʦʪʣʦʞʝʥʠʡ, ʚʩʧʘʭʠʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘʩʳʧʝʡ ʠ ʨʳʪʴʝ ʚʦʨʦʥʦʢ. ɺ ʧʨʦʮʝʩʩʝ ʙʠʦʪʫʨʙʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʘʢ ʪʚʝʨʜʦʡ, ʪʘʢ ʠ ʞʠʜʢʦʡ ʬʘʟʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ.  

ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʦʙʠʪʘʥʠʷ ʪʨʝʭ ʪʠʧʠʯʥʳʭ ʚʠʜʦʚ ʙʝʥʪʦʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.3. 

 

 

ʈʠʩ. 2.3. ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ ʦʙʠʪʘʥʠʷ ʪʨʝʭ ʚʠʜʦʚ ʙʝʥʪʦʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ Monoporeia affinis, Macoma balthica ʠ Marenzelleria viridis. 

ʆʢʠʩʣʝʥʥʘʷ ʟʦʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʙʣʠʟʠ ʥʦʨ ʦʨʛʘʥʠʟʤʦʚ, 

ʚʳʜʝʣʝʥʘ ʩʝʨʳʤ ʮʚʝʪʦʤ [94] 

 



44 
 

ɹʠʦʠʨʨʠʛʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʫʩʢʦʨʷʶʱʠʡ ʦʙʤʝʥ ʧʦʨʦʚʦʡ ʚʦʜʳ ʩ 

ʚʳʰʝʣʝʞʘʱʠʤʠ ʚʦʜʘʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ [118]. 

ʈʘʟʜʝʣʝʥʠʝ ʜʚʫʭ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʫʩʣʦʚʥʦ, ʚ ʰʠʨʦʢʦʤ 

ʩʤʳʩʣʝ ʙʠʦʪʫʨʙʘʮʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʢʣʶʯʘʝʪ ʚʩʝ ʧʨʦʮʝʩʩʳ ʧʝʨʝʥʦʩʘ, 

ʩʦʚʝʨʰʘʝʤʳʝ ʙʝʥʪʦʩʥʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ [102]; ʩʣʝʜʫʷ ʜʘʥʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ, 

ʠʨʨʠʛʘʮʠʶ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʚʠʜ ʙʠʦʪʫʨʙʘʮʠʠ, ʢʦʪʦʨʳʡ ʩʚʷʟʘʥ ʩ ʦʙʤʝʥʦʤ 

ʞʠʜʢʦʡ ʬʨʘʢʮʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʚʳʰʝʣʝʞʘʱʠʤʠ ʤʦʨʩʢʠʤʠ ʚʦʜʘʤʠ.  

ɺ ʧʨʦʮʝʩʩʝ ʙʠʦʪʫʨʙʘʮʠʠ ʠ ʙʠʦʠʨʨʠʛʘʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʨʠʩʪʦʩʪʴ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʧʣʦʱʘʜʴ ʦʢʠʩʣʝʥʥʦʛʦ ʩʣʦʷ ʠ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (ʨʠʩ. 

2.4 ʠ 2.5). 

 

ʈʠʩ. 2.4. ʇʣʦʱʘʜʴ ʦʢʠʩʣʝʥʥʦʛʦ ʩʣʦʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ (ʘ) ʠ 

ʥʘʣʠʯʠʠ (ʙ) ʟʘʨʳʚʘʶʱʠʭʩʷ ʦʨʛʘʥʠʟʤʦʚ 

 

ɺʝʥʪʠʣʷʮʠʷ ʥʦʨ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʠʨʨʠʛʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ 

ʠ ʩʦʩʪʦʠʪ ʠʟ 2 ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: 1) ʙʠʝʥʠʝ ʱʝʪʠʥʦʢ 

ʧʝʨʝʢʘʯʠʚʘʝʪ ʩʦʜʝʨʞʘʱʫʶ ʢʠʩʣʦʨʦʜ ʚʦʜʫ ʚ ʥʦʨʫ; 2) ʤʫʩʢʫʣʴʥʳʝ ʩʦʢʨʘʱʝʥʠʷ ʪʝʣʘ 

ʚʳʢʘʯʠʚʘʶʪ ʙʝʩʢʠʣʦʨʦʜʥʫʶ ʚʦʜʫ ʠʟ ʥʦʨʳ [130]. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ [88] ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙ·ʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʧʦʣʠʭʝʪ ʟʘʥʠʤʘʝʪ ʙʠʝʥʠʝ ʱʝʪʠʥʦʢ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʫʩʢʫʣʴʥʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʪʝʣʘ (77 % ʧʨʦʪʠʚ 23 %), ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʤʝʜʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʜʳ ʚ ʥʦʨʫ.  

ɹʠʦʪʫʨʙʘʮʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʨʛʘʥʠʟʤʘʤʠ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʮʝʩʩ ʟʘʭʦʨʦʥʝʥʠʷ ʬʦʩʬʦʨʘ. ɺʨʝʤʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚʳʭʦʜʘ 

ʬʦʩʬʦʨʘ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʙʠʦʪʫʨʙʘʮʠʠ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ ʤʠʢʨʦʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 
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ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʛʣʫʙʠʥʝ. ʆʜʥʘʢʦ, ʝʩʣʠ ʧʨʠʜʦʥʥʳʝ ʚʦʜʳ ʩʦʜʝʨʞʘʪ 

ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʬʦʩʬʦʨ ʦʙʨʘʪʥʦ ʟʘʭʦʨʘʥʠʚʘʝʪʩʷ [80, 125]. 

 

 

ʈʠʩ. 2.5. ʀʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʥʦʨʘʭ, ʧʨʦʨʳʪʳʭ 

Marenzelleria ʧʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ [152] 

 

ʂʨʦʤʝ ʵʪʦʛʦ, ʙʠʦʪʫʨʙʘʮʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʟʜʘʝʪ ʛʨʘʥʠʮʫ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʢʠʩʣʦʨʦʜʥʦʡ ʠ ʙʝʟʢʠʩʣʦʨʦʜʥʦʡ ʤʠʢʨʦʩʨʝʜ, ʚʣʠʷʝʪ ʥʘ 

ʥʠʪʨʠʬʠʢʘʮʠʶ ʠ ʜʝʥʠʪʨʠʬʠʢʘʮʠʶ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʜʳʭʘʥʠʷ ʠ ʵʢʩʢʨʝʮʠʠ 

ʤʘʢʨʦʬʘʫʥʳ, ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʯʝʨʝʟ ʚʳʨʳʪʫʶ ʥʦʨʫ ʠ ʚʝʥʪʠʣʷʮʠʠ [73, 

107, 137]. ʉʪʠʤʫʣʠʨʦʚʘʥʠʝ ʥʠʪʨʠʬʠʢʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʝʥʪʦʩʥʳʭ 

ʦʨʛʘʥʠʟʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʣʫʯʰʝʥʠʷ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ, ʘ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ ï ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʪʫʧʣʝʥʠʷ NO3
ï ʠʟ 

ʚʳʰʝʣʝʞʘʱʠʭ ʚʦʜ. ʉʪʝʧʝʥʴ ʚʦʟʜʝʡʩʪʚʠʷ ʙʝʥʪʦʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʧʦʪʦʢʠ 

ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪ ʝʛʦ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ; ʢʨʦʤʝ ʵʪʦʛʦ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ. ɹʠʦʪʫʨʙʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʜʚʫʩʪʚʦʨʯʘʪʳʭ 

ʤʦʣʣʶʩʢʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʠʤʫʣʠʨʫʝʪ ʧʨʦʪʝʢʘʥʠʝ ʩʚʷʟʘʥʥʦʡ 
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ʥʠʪʨʠʬʠʢʘʮʠʠ/ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʢʪʠʚʥʦʩʪʴ ʤʥʦʛʦʱʝʪʠʥʢʦʚʳʭ 

ʯʝʨʚʝʡ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʜʝʥʠʪʨʠʬʠʢʘʮʠʶ [95]. 

 

2.3 ʊʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ 

 

ʊʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ Marenzelleria ʚ ʧʝʨʠʦʜ 

ʚʩʝʣʝʥʠʷ ʠ ʧʦʩʣʝ ʥʝʛʦ ʪʠʧʠʯʥʳ ʜʣʷ ʠʥʚʘʟʠʦʥʥʳʭ ʚʠʜʦʚ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʦ 

ʚʨʝʤʷ ʚʩʝʣʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʴ ʥʝʚʳʩʦʢʘʷ, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʣʝʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʝʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ, ʠ ʟʘʪʝʤ ʯʠʩʣʝʥʥʦʩʪʴ ʧʘʜʘʝʪ ʠ 

ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʨʦʚʥʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʠʭʝʪ ʚ ʨʘʟʣʠʯʥʳʭ 

ʨʘʡʦʥʘʭ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. 

ʅʝʤʝʮʢʦʝ ʧʦʙʝʨʝʞʴʝ (ʮʝʧʦʯʢʘ ʣʘʛʫʥ ɼʘʨʩʩ-ʎʠʥʛʩʪ). ɺ ʶʞʥʦʡ ʯʘʩʪʠ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ (ʮʝʧʦʯʢʘ ʣʘʛʫʥ ɼʘʨʩʩ-ʎʠʥʛʩʪ) ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ 

Marenzelleria spp. ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 1985 ʛʦʜʫ. ʄʦʥʠʪʦʨʠʥʛʦʚʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 1991-1994 ʛʛ. ʧʦʢʘʟʘʣʠ ʧʨʦʜʦʣʞʘʶʱʝʝʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ 

ʚʠʜʘ ʠ ʚʳʷʚʠʣʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʢʦʨʝʥʥʳʝ ʚʠʜʳ ʟʦʦʙʝʥʪʦʩʘ. ʉʘʤʳʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʧʦʣʠʭʝʪ (30000 ʠʥʜ./ʤ2 ʠ 400 ʛ ʩʳʨ. ʚʝʩʘ/ʤ2) 

ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʵʩʪʫʘʨʠʷ, ʛʜʝ ʩʦʣʝʥʦʩʪʴ ʚʦʜ ʩʦʩʪʘʚʣʷʣʘ 

ʚ ʩʨʝʜʥʝʤ 3-5 PSU [159]. 

ʅʝʤʝʮʢʘʷ ʯʘʩʪʴ ɸʨʢʦʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɺ 1985 ʛ. ʚ ʑʝʮʠʥʩʢʦʤ ʟʘʣʠʚʝ 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʠʭʝʪʳ Marenzelleria viridis, ʯʠʩʣʝʥʥʦʩʪʴ ʠʭ ʙʳʣʘ 

ʦʢʦʣʦ  1000 ʠʥʜ./ʤ2 [104]. ʇʦʯʪʠ 10 ʣʝʪ ʩʧʫʩʪʷ ʚ 1993/1994 ʛʛ. ʩʨʝʜʥʠʝ ʧʣʦʪʥʦʩʪʠ 

ʧʦʣʠʭʝʪ  ʜʦʩʪʠʛʘʣʠ 1000-5000 ʠʥʜ./ʤ2 (ʤʘʢʩʠʤʫʤ 28000-39000 ʠʥʜ./ʤ2). ɺ 

ʦʬʬʰʦʨʥʦʡ ʠ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʯʘʩʪʷʭ ʯʠʩʣʝʥʥʦʩʪʴ Marenzelleria ʧʘʜʘʣʘ ʜʦ 100-300 

ʠʥʜ./ʤ2 ʠ ʤʝʥʝʝ. ʇʦʟʜʥʝʝ, ʚ 1990-ʭ ʧʣʦʪʥʦʩʪʴ ʧʦʧʫʣʷʮʠʠ ʫʩʪʘʥʦʚʠʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 

3000 ʠʥʜ./ʤ2 ʚʦ ʚʥʝʰʥʠʭ ʨʘʡʦʥʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʤʝʥʝʝ ʩʦʣʝʥʳʭ ʚʥʫʪʨʝʥʥʠʭ 

ʨʘʡʦʥʘʭ ʦʥʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʠʥʜ./ʤ2 [161]. 
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ʇʦʣʴʩʢʦʝ ʧʦʙʝʨʝʞʴʝ (ʇʦʤʦʨʩʢʘʷ ʙʫʭʪʘ, ɻʜʘʥʴʩʢʠʡ ʟʘʣʠʚ). ʇʦ ʜʘʥʥʳʤ 1996-

2002 ʛʛ. ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʣʠʭʝʪ Marenzelleria ʚ ʇʦʤʦʨʩʢʦʡ ʙʫʭʪʝ ʩʦʩʪʘʚʠʣʘ 

857 ʠʥʜ./ʤ2, ʚ ɻʜʘʥʴʩʢʦʤ ʟʘʣʠʚʝ ï 388 ʠʥʜ./ʤ2 ʠ ʚ ʦʪʢʨʳʪʦʡ ʯʘʩʪʠ ʧʨʠʙʨʝʞʥʦʡ 

ʟʦʥʳ 147 ʠʥʜ./ʤ2. ʆʪʤʝʯʝʥʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʣʠʭʝʪ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʘʥʮʠʷʭ ʇʦʣʴʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ï ʙʦʣʝʝ 70 %. ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʠ ʙʠʦʤʘʩʩʳ ʧʦʣʠʭʝʪ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʫʩʪʴʝ 

ʨʝʢʠ ʉʚʠʥʳ (ʙʦʣʝʝ 3000 ʠʥʜ./ʤ2, 90 ʛ/ʤ2) ʠ ʨʝʢʠ ɺʠʩʣʳ (ʙʦʣʝʝ 1500 ʠʥʜ./ʤ2, 

169 ʛ/ʤ2). ʇʦʣʠʭʝʪʳ Marenzelleria  ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʘʢ ʥʘ ʤʝʣʢʦʚʦʜʥʳʭ 

(ʛʣʫʙʠʥʘ ʦʪ 4 ʤ), ʪʘʢ ʠ ʥʘ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʪʘʥʮʠʷʭ ʩ ʧʝʩʯʘʥʳʤ ʜʥʦʤ (ʜʦ 45 ʤ) ʠ 

ʠʣʠʩʪʳʤ (ʛʣʫʙʠʥʳ ʜʦ 76 ʤ). ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʣʠʭʝʪʳ ʙʳʣʠ ʪʘʢʞʝ ʦʙʥʘʨʫʞʝʥʳ ʥʘ 

ʩʪʘʥʮʠʷʭ ʩ ʛʣʫʙʠʥʘʤʠ ʦʪ 60 ʜʦ 75 ʤ, ʛʜʝ ʥʘʙʣʶʜʘʣʠʩʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ 

ʢʠʩʣʦʨʦʜʥʳʝ ʫʩʣʦʚʠʷ [156]. 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ (ɺʠʩʣʝʥʩʢʠʡ) ʟʘʣʠʚ. ɺʧʝʨʚʳʝ ʧʦʣʠʭʝʪʳ Marenzelleria ʙʳʣʠ 

ʦʙʥʘʨʫʞʝʥʳ ʚʥʝ ʣʘʛʫʥʳ, ʚʙʣʠʟʠ ʚʭʦʜʘ ʚ ʤʦʨʝ ʚ 1988-1991 ʛʛ., ʯʠʩʣʝʥʥʦʩʪʴ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 100 ʠʥʜ./ʤ2 ʠ ʙʠʦʤʘʩʩʘ 0.08 ʛ/ʤ2. ɺ 1992-1994 ʛʛ. ʥʘʙʣʶʜʘʣʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ʯʠʩʣʝʥʥʦʩʪʠ ʜʦ 5000-7000 ʠʥʜ./ʤ2 [162]. ɺ 1997-2004 ʛʛ. 

M. neglecta  ʟʘʩʝʣʠʣʠ ʚʩʶ ʣʘʛʫʥʫ, ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 1100 ʜʦ 3000 

ʠʥʜ./ʤ2, ʯʘʩʪʦʪʘ ʦʙʥʘʨʫʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣʘ 97 % , ʘ ʜʦʣʷ ʙʠʦʤʘʩʩʳ ʧʦʣʠʭʝʪ ʚ ʦʙʱʝʡ 

ʙʠʦʤʘʩʩʝ ʟʦʦʙʝʥʪʦʩʘ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 5 ʜʦ 75 % [69]. 

ʈʠʞʩʢʠʡ ʟʘʣʠʚ. ʇʦʣʠʭʝʪʳ Marenzelleria neglecta ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʚ ʈʠʞʩʢʦʤ ʟʘʣʠʚʝ ʚ 1988 ʛʦʜʫ [105]. ʇʦʣʠʭʝʪ r ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩɹ ʥʘ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʟʘʣʠʚʘ. ɺ ʤʝʣʢʦʚʦʜʥʳʭ ʯʘʩʪʷʭ ʈʠʞʩʢʦʛʦ ʟʘʣʠʚʘ Marenzelleria 

neglecta ʧʨʝʜʧʦʯʠʪʘʝʪ ʦʙʠʪʘʪʴ ʥʘ ʧʝʩʯʘʥʳʭ ʠ ʛʨʘʚʠʡʥʳʭ ʩʫʙʩʪʨʘʪʘʭ, ʚ ʙʦʣʝʝ 

ʛʣʫʙʦʢʠʭ ʨʘʡʦʥʘʭ ʝʝ ʨʘʩʩʝʣʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʠʣʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ɺʠʜ 

Marenzelleria neglecta ʷʚʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʣʠʰʴ ʚ ʩʘʤʦʡ ʛʣʫʙʦʢʦʡ ʯʘʩʪʠ 

ʈʠʞʩʢʦʛʦ ʟʘʣʠʚʘ, ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʝʛʦ ʜʦʣʷ ʚ ʦʙʱʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ 

ʤʘʣʘ. ʇʦ ʜʘʥʥʳʤ [99] ʚ ʧʝʨʠʦʜ 1991-1997 ʛʛ. ʯʠʩʣʝʥʥʦʩʪʴ ʚʟʨʦʩʣʳʭ 

ʦʩʦʙʝʡ Marenzelleria neglecta ʢʦʣʝʙʘʣʘʩʴ ʦʪ 1 ʜʦ 1000 ɻ ʢʟ./ʤ2 (ʙʠʦʤʘʩʩʘ ʦʪ 0.005 ʜʦ 

0.05 ʛ ʩʫʭ. ʚʝʩʘ/ʤ2) ʚ ʵʩʪʦʥʩʢʠʭ ʚʦʜʘʭ ʈʠʞʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʦʙʣʘʩʪʠ Väinämeri. ɺ 
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ʇʷʨʥʫʩʢʦʤ ʟʘʣʠʚʝ ʙʠʦʤʘʩʩʘ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʩʦʩʪʘʚʣʷʣʘ  0.01-0.1 ʛ ʩʫʭ. ʚʝʩʘ/ʤ2, ʘ 

ʯʠʩʣʝʥʥʦʩʪʴ ʣʠʯʠʥʦʢ ʦʪ 1000 ʜʦ 4000 ʵʢʟ./ʤ2 ʚ ʧʝʨʠʦʜ 1996-2004 ʛʛ.  

ɹʦʪʥʠʯʝʩʢʠʡ ʟʘʣʠʚ ʠ ɸʨʭʠʧʝʣʘʛʦʚʦʝ ʤʦʨʝ. ɺ ɹʦʪʥʠʯʝʩʢʦʤ ʤʦʨʝ ʧʦʣʠʭʝʪʳ 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 1992 ʛ., ʘ ʢ 1993 ʛ. ʠʭ ʯʠʩʣʝʥʥʦʩʪʴ ʜʦʩʪʠʛʣʘ 60 

ʠʥʜ./ʤ2. [149]. ɺ 2006 ʛ. ʯʠʩʣʝʥʥʦʩʪʴ Marenzelleria  spp. ʚʦʟʨʦʩʣʘ ʜʦ 2500 ʠʥʜ./ʤ2. 

ɺ 2000 ʛ. ʧʦʣʠʭʝʪʳ Marenzelleria spp.  ʚʭʦʜʠʣʠ ʚ ʧʷʪʝʨʢʫ ʩʘʤʳʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʟʦʦʙʝʥʪʦʩʘ ʚ ɸʣʘʥʜʩʢʦʤ ʤʦʨʝ [128]. 

ʌʠʥʩʢʠʡ ʟʘʣʠʚ. ʏʠʩʣʝʥʥʦʩʪʴ Marenzelleria spp. ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ 

ʟʘʣʠʚʘ (ʚ ʨʘʡʦʥʝ ʛ. ʍʘʥʢʦ, ʌʠʥʣʷʥʜʠʷ) ʙʳʣʘ ʥʠʟʢʦʡ (11 ʵʢʟ./ʤ2) ʧʦʩʣʝ ʧʝʨʚʦʛʦ 

ʦʙʥʘʨʫʞʝʥʠʷ ʚ 1990 ʛ., ʥʦ 1993 ʛ. ʚʦʟʨʦʩʣʘ ʜʦ 1000 ʵʢʟ./ʤ2 [149]. ɺ ʨʘʡʦʥʝ 

ʍʝʣʴʩʠʥʢʠ ʧʦʣʠʭʝʪʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ 1991 ʛ. (ʚʦʟʤʦʞʥʦ 1990 ʛ.) ʠ 

ʯʠʩʣʝʥʥʦʩʪʴ ʚ 1993 ʛ. ʜʦʩʪʠʛʘʣʘ 333 ʵʢʟ./ʤ2. ɺ ʨʘʡʦʥʝ ʃʦʚʠʡʩʘ (100 ʢʤ ʚʦʩʪʦʯʥʝʝ 

ʍʝʣʴʩʠʥʢʠ) ʚ ʪʦʤ ʞʝ 1993 ʛ. ʧʣʦʪʥʦʩʪʴ Marenzelleria spp. ʩʦʩʪʘʚʣʷʣʘ 300 ʵʢʟ./ʤ2 

[149]. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʥʘ 13 ʝʞʝʛʦʜʥʦ ʠʩʩʣʝʜʫʝʤʳʭ ʈɻɻʄʋ 

ʩʪʘʥʮʠʷʭ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʣʠʭʝʪ ʚ 2009-2015 ʛʛ. ʢʦʣʝʙʘʣʘʩʴ ʦʪ 2065 ʵʢʟ./ʤ2 (2014 ʛ.) 

ʜʦ 9637 ʵʢʟ./ʤ2 (2011 ʛ.), ʘ ʙʠʦʤʘʩʩʘ ʦʪ 10.34 ʛ/ʤ2 ʚ ʛʦʜ ʚʩʝʣʝʥʠʷ (2009 ʛ.) ʜʦ 41-46 

ʛ/ʤ2 ʚ 2011-2012 ʛʛ. 

ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʠ ʙʠʦʤʘʩʩʳ ʧʦʣʠʭʝʪ Marenzelleria spp. ʥʘ ʩʪʘʥʮʠʷʭ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʩʝʥʪʷʙʨʝ 

2013 ʛ. ʠ ʠʶʣʝ-ʘʚʛʫʩʪʝ 2015 ʛ. ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2.6 ʠ 2.7. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʤʥʦʛʦʣʝʪʥʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ 

Marenzelleria spp. ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚʳʧʦʣʥʝʥ ʚ ʨʘʙʦʪʝ [114]. 

ɿʜʝʩʴ ʦʪʤʝʪʠʤ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʘʤʦʡ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʘʢʚʘʪʦʨʠʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʧʦʟʜʥʠʤ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ Marenzelleria spp. ʚ ʚʝʨʰʠʥʫ ʟʘʣʠʚʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʳʩʦʢʘʷ 

ʙʠʦʤʘʩʩʘ ʧʦʣʠʭʝʪ ʥʘʙʣʶʜʘʣʘʩʴ ʠ ʚ ʟʘʧʘʜʥʦʡ, ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʛʜʝ 

ʧʨʝʦʙʣʘʜʘʣʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʦʩʦʙʠ.  
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ʈʠʩ. 2.6. ʏʠʩʣʝʥʥʦʩʪʴ ʧʦʣʠʭʝʪ Marenzelleria spp. ʥʘ ʩʪʘʥʮʠʷʭ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 2013 ʠ 2015 ʛʛ.  

 

 

ʈʠʩ. 2.7. ɹʠʦʤʘʩʩʘ ʧʦʣʠʭʝʪ Marenzelleria spp. ʥʘ ʩʪʘʥʮʠʷʭ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 2013 ʠ 2015 ʛʛ. 
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ʅʝ ʤʝʥʝʝ ʚʘʞʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʚʳʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʨʝʜʳ - 

ʘʙʠʦʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʚʘʟʠʦʥʥʦʛʦ 

ʚʠʜʘ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʠʭʝʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʝʣʴ ʜʝʨʝʚʘ ʨʝʛʨʝʩʩʠʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [96]). ɺ ʤʦʜʝʣʠ ʧʨʦʠʩʭʦʜʠʪ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ) ʥʘ 

ʢʣʘʩʩʳ ʥʘ ʦʩʥʦʚʝ ʠʝʨʘʨʭʠʠ ʧʨʝʜʠʢʪʦʨʦʚ (ʪʝʤʧʝʨʘʪʫʨʳ, ʩʦʣʝʥʦʩʪʠ ʚʦʜ, 

ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ, ʧʦʢʘʟʘʪʝʣʷ pH ʠ ʛʣʫʙʠʥʳ ʟʘʣʠʚʘ). ʇʦʤʠʤʦ 

ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʭʘʨʘʢʪʝʨ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʜʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʨʫʥʪʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ [1]. ɺʳʙʦʨʢʘ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 2013 ʠ 2015 ʛʛ. ʥʝ ʟʥʘʯʠʪʝʣʴʥʘ ʠ 

ʩʦʩʪʘʚʣʷʝʪ N=27. ʈʘʩʩʯʠʪʘʥʥʦʝ ʜʝʨʝʚʦ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.8. 

ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʟʘʣʠʚʘ ʠʛʨʘʝʪ ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ. ʊʘʢ, ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʯʠʩʣʝʥʥʦʩʪʴ Marenzelleria spp. (ʙʦʣʝʝ 3000 ʠʥʜ./ʤ2) ʚʩʪʨʝʯʘʝʪʩʷ ʥʘ ʤʝʣʢʦʚʦʜʴʝ 

(ʛʣʫʙʠʥʳ ʜʦ 30 ʤ) (ʨʠʩ. 2.9) ʚ ʚʦʜʘʭ ʩ ʥʝʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʴʶ (ʦʪ 3 ʜʦ 6 ă), 

ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 8.6 0ʉ ʠ ʩʨʝʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ pH, ʨʘʚʥʳʤ 7.3. 

ʅʠʟʢʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ (ʤʝʥʝʝ 1000 ʠʥʜ./ʤ2), ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʫʨʦʯʝʥʳ 

ʢ ʙʦʣʝʝ ʛʣʫʙʦʢʦʚʦʜʥʳʤ ʟʘʧʘʜʥʳʤ ʯʘʩʪʷʤ ʟʘʣʠʚʘ; ʚʦʜʘ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʙʦʣʝʝ 

ʩʦʣʝʥʘʷ (4-7.5 ă) ʠ ʭʦʣʦʜʥʘʷ (ʚ ʩʨʝʜʥʝʤ 5.7 0ʉ), ʘ ʧʦʢʘʟʘʪʝʣʴ pH ʚʳʰʝ ʠ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 7.4. 

ɼʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʝʨʚʝʡ: ʩʦʜʝʨʞʘʥʠʝ ʆ2 ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʚ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʥʝ 

ʦʧʫʩʢʘʣʦʩʴ ʥʠʞʝ 2.3 ʤʣ/ʣ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʥʮʠʠ 20F, ʥʘ ʢʦʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʠʩʣʦʨʦʜʘ ʦʧʫʩʪʠʣʘʩʴ ʜʦ 1.16 ʤʣ/ʣ, ʘ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʣʠʭʝʪ ʩʥʠʟʠʣʘʩʴ ʜʦ 240 

ʵʢʟ./ʤ2. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʧʦʣʠʭʝʪʳ Marenzelleria spp. ʤʦʛʫʪ 

çʚʳʜʝʨʞʠʚʘʪʴè ʫʩʣʦʚʠʷ ʛʠʧʦʢʩʠʠ. 
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ʈʠʩ. 2.8. ʄʦʜʝʣʴ ʜʝʨʝʚʘ ʨʝʛʨʝʩʩʠʠ, ʧʦʢʘʟʳʚʘʶʱʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʣʠʭʝʪ Marenzelleria spp. ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʜʦʥʥʳʭ ʚʦʜ 

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʦ ʜʘʥʥʳʤ 2013 ʠ 2015 ʛʛ. N ï ʢʦʣʠʯʝʩʪʚʦ 

ʥʘʙʣʶʜʝʥʠʡ, ʄ ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ, ʵʢʟ/ʤ2, ʅ ï ʛʣʫʙʠʥʘ, t ʠ 

S ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʣʝʥʦʩʪʴ ʚʦʜʳ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ 

 

 

ʈʠʩ. 2.9. ʀʟʤʝʥʝʥʠʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʛʣʫʙʠʥʳ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʚ 2015 ʛ. 
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ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʚʳʙʦʨʢʠ, 

ʨʘʩʰʠʨʝʥʠʝ ʙʘʟʳ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ. 

 

ɺʳʚʦʜʳ ʢ ʛʣʘʚʝ 2 

 

ʇʦʣʠʭʝʪʳ ʨʦʜʘ Marenzelleria spp. ï ʚʠʜ-ʚʩʝʣʝʥʝʮ, ʩ 2009 ʛ. ʤʘʩʩʦʚʦ 

ʟʘʩʝʣʠʚʰʠʡ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʜʥʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʧʦʣʠʭʝʪ ʚ 

2009-2015 ʛʛ. ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʠ ʢʦʣʝʙʘʣʘʩʴ ʦʪ 2065 ʵʢʟ./ʤ2 (2014 ʛ.) ʜʦ 

9637 ʵʢʟ./ʤ2 (2011 ʛ.), ʘ ʙʠʦʤʘʩʩʘ ʦʪ 10.34 ʛ/ʤ2 ʚ ʛʦʜ ʚʩʝʣʝʥʠʷ (2009 ʛ.) ʜʦ 41-46 

ʛ/ʤ2 ʚ 2011-2012 ʛʛ. 

ʇʦʣʠʭʝʪʳ Marenzelleria spp. ʟʘʨʳʚʘʶʪʩʷ ʚ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʛʣʫʙʞʝ, ʯʝʤ 

ʢʦʨʝʥʥʳʝ ʚʠʜʳ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʪʫʨʙʘʮʠʠ ʠ ʙʠʦʠʨʨʠʛʘʮʠʠ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʣʠʭʝʪʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʢʠʩʣʦʨʦʜʘ 

ʚ ʛʨʫʥʪʳ ʠ ʧʣʦʱʘʜʴ ʦʢʠʩʣʝʥʥʦʛʦ ʩʣʦʷ.  

ɼʣʷ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʠʭʝʪ Marenzelleria spp. ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʧʨʠʤʝʥʝʥʘ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʯʠʩʣʝʥʥʦʩʪʴ 

Marenzelleria spp. (ʙʦʣʝʝ 3000 ʠʥʜ./ʤ2) ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʟʘʣʠʚʘ 

(ʛʣʫʙʠʥʳ ʜʦ 34 ʤ) ʩ ʥʝʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʴʶ ʚʦʜ ʦʪ 3 ʜʦ 6 ă, ʩʨʝʜʥʝʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ 8.6 0ʉ ʠ ʩʨʝʜʥʠʤ ʧʦʢʘʟʘʪʝʣʝʤ pH ʨʘʚʥʳʤ 7.3. 
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3 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ Marenzelleria spp. ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦ ʜʘʥʥʳʤ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

3.1 ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘ ̫ʠʟʤʝʥʯʠʚʦʩʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʧʦ 

ʜʘʥʥʳʤ ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

 

ɼʣʷ ʦʮʝʥʢʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʠʜʦʥʥʳʭ ʚʦʜʘʭ ʠ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʌʠʥʩʢʦʛʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ Marenzelleria spp. ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʤʦʨʩʢʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʵʢʩʧʝʜʠʮʠʠ ʥʘ ʧʘʨʫʩʥʦ-ʤʦʪʦʨʥʦʤ 

ʢʘʪʘʤʘʨʘʥʝ çCentaurus IIè ʚ ʩʝʥʪʷʙʨʝ 2013 ʛ. ʠ ʠʶʣʝ-ʘʚʛʫʩʪʝ 2015 ʛ. ʂʘʨʪʘ ʩʪʘʥʮʠʡ 

ʦʪʙʦʨʘ ʧʨʦʙ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.1. 

 

ʈʠʩ. 3.1. ʂʘʨʪʘ ʩʪʘʥʮʠʡ ʦʪʙʦʨʘ ʧʨʦʙ ʧʨʠʜʦʥʥʦʡ ʚʦʜʳ ʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ  

ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʚ 2013 ʠ 2015 ʛʛ. 

 

 ʆʪʙʦʨ ʧʨʦʙ ʧʨʠʜʦʥʥʦʡ ʚʦʜʳ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ (ʆ2), ʬʦʩʬʘʪʳ (PO4
3-

), ʥʠʪʨʘʪʳ (NO3
ï) ʠ pH ʧʦʢʘʟʘʪʝʣʴ ʧʨʦʠʟʚʦʜʠʣʩʷ ʙʘʪʦʤʝʪʨʦʤ ʚ 1 ʤ ʦʪ ʜʥʘ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʆ2 ʦʧʨʝʜʝʣʷʣʘʩʴ ʡʦʜʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʤʝʪʦʜ ɺʠʥʢʣʝʨʘ). 
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ʄʝʪʦʜʠʢʘ ʦʪʙʦʨʘ ʧʨʦʙ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ 2013 ʛ.: ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʦʪʙʠʨʘʣʠʩʴ ʢʦʚʰʦʤ ɺʘʥ-ɺʠʥʘ ʠ ʥʘʨʝʟʘʣʠʩʴ ʩʣʦʷʤʠ ʪʦʣʱʠʥʦʡ 1-2 ʩʤ. ʇʦʨʦʚʳʝ 

ʚʦʜʳ ʦʪʞʠʤʘʣʠʩʴ ʠʟ ʧʨʦʙʳ ʛʨʫʥʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʩʪʦʣʴʥʦʡ ʮʝʥʪʨʠʬʫʛʠ ʉʄ-

6ʄ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʨʠʤʝʨʥʦ 2500 ʦʙʦʨʦʪʦʚ/ʤʠʥ, ʜʘʣʝʝ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʝʥʥʳʭ ʬʦʩʬʘʪʦʚ, ʥʠʪʨʘʪʦʚ, ʘʤʤʦʥʠʷ (NH4
+), 

ʚʘʣʦʚʦʛʦ ʞʝʣʝʟʘ (ɆFe) ʠ ʚʘʣʦʚʦʛʦ ʤʘʨʛʘʥʮʘ (ɆMn) ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, 

ʩʫʣʴʬʘʪʦʚ (SO4
2ï) ï ʪʫʨʙʠʜʠʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʈɻɻʄʋ. ɸʥʘʣʠʟ 

ʧʨʦʙ ʪʚʝʨʜʦʡ ʬʘʟʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʠʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʘʪʦʤʥʦ-

ʘʙʩʦʨʙʮʠʦʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ ñVarianò, ʠʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʘʪʦʨʝ ʥʘ ʫʛʣʝʨʦʜ ɸʅ 7529 ʄ. 

ɺ 2015 ʛ. ʤʝʪʦʜʠʢʘ ʙʳʣʘ ʘʥʘʣʦʛʠʯʥʦʡ, ʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʚʰ ɹʦʨʫʮʢʦʛʦ, ʠ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʥʘʨʝʟʘʣʠʩʴ ʩʣʦʷʤʠ ʪʦʣʱʠʥʦʡ 2.5 ʩʤ ʠʣʠ ʙʦʣʝʝ ʪʦʣʩʪʳʤʠ ʩʣʦʷʤʠ ʧʨʠ 

ʟʘʪʨʫʜʥʝʥʥʦʤ ʧʨʦʙʦʦʪʙʦʨʝ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʠʦʤʘʩʩʳ ʠ ʯʠʩʣʝʥʥʦʩʪʠ ʙʝʥʪʦʩʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʘʥʮʠʷʭ ʦʪʙʠʨʘʣʠ 5 ʧʨʦʙ ʜʥʦʯʝʨʧʘʪʝʣʝʤ ɺʘʥ-ɺʠʥʘ (ʧʣʦʱʘʜʴ 

ʟʘʭʚʘʪʘ 0.025 ʤ2). ʉʦʙʨʘʥʥʳʡ ʛʨʫʥʪ ʧʨʦʤʳʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ ʩ ʷʯʝʝʡ 0.4 ʤʤ. ʆʩʪʘʪʦʢ 

ʬʠʢʩʠʨʦʚʘʣʠ 4 % ʬʦʨʤʘʣʠʥʦʤ. ʆʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 

ɿʦʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʈɸʅ. 

ʂʠʩʣʦʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʚ ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʚ ʥʘʙʣʶʜʘʝʤʳʝ ʧʝʨʠʦʜʳ ʙʳʣʠ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ: ʩʦʜʝʨʞʘʥʠʝ ʆ2 ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʥʝ ʦʧʫʩʢʘʣʦʩʴ ʥʠʞʝ 2 ʤʣ/ʣ (ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʥʮʠʠ 20F, ʥʘ ʢʦʪʦʨʦʡ ʚ 2013 ʛʦʜʫ ʦʥʦ ʩʦʩʪʘʚʠʣʦ 1.16 ʤʣ/ʣ) (ʨʠʩ. 

3.2). ʊʝʤ ʥʝ ʤʝʥʝʝ ʚ 2015 ʛ. ʩʠʪʫʘʮʠʷ ʥʘ ʩʪʘʥʮʠʠ 20F ʨʝʟʢʦ ʠʟʤʝʥʠʣʘʩʴ: 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʚʳʨʦʩʣʦ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ, ʜʦ 4.6 ʤʣ/ʣ. 

ʋʣʫʯʰʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ 2015 ʛ. ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʘʥʮʠʡ, ʚ ʩʨʝʜʥʝʤ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ2 ʩʦʩʪʘʚʠʣ 40 % ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 2013 ʛʦʜʦʤ. 
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ʈʠʩ. 3.2. ʉʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʚʦʜʳ ʚ 2013 ʠ 2015 ʛʛ. ʥʘ 

ʩʪʘʥʮʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. 

 

ʅʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʠʩʣʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʣʦʚ ʷʚʣʷʝʪʩʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʦʜʥʘʢʦ ʝʛʦ ʠʟʤʝʨʝʥʠʝ ʚ ʭʦʜʝ 

ʵʢʩʧʝʜʠʮʠʡ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʎʚʝʪ ʠʣʦʚ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʦʮʝʥʢʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ ʚ ʟʘʣʠʚʝ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ ʠʥʝʨʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ʪʘʙʣ. 3.1). 

ɹʫʨʳʡ  ʮʚʝʪ ʛʨʫʥʪʦʚ  (ʦʢʠʩʣʝʥʥʳʡ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʢʠʩʣʦʨʦʜʥʳʝ 

ʫʩʣʦʚʠʷ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ, ʩʝʨʳʝ ʛʨʫʥʪʳ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʥʳʤʠ, ʘ ʯʝʨʥʳʝ ï 

ʙʝʩʢʠʩʣʦʨʦʜʥʳʝ, ʯʘʩʪʦ ʩ ʟʘʧʘʭʦʤ ʩʝʨʦʚʦʜʦʨʦʜʘ.  

ɺ 2015 ʚʝʣʠʯʠʥʘ pH ʠʟʤʝʥʷʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ 7.28-7.47, ʘ ʚ 2013 - 7.03-7.13. 

ʋʣʫʯʰʝʥʠʝ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʨʠʜʦʥʥʳʭ ʚʦʜʘʭ ʧʨʠʚʝʣʦ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʟʘʭʦʨʦʥʝʥʠʷ ʬʦʩʬʦʨʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʢʦʣʦ ʜʥʘ ʩʥʠʟʠʣʘʩʴ ʚ ʩʨʝʜʥʝʤ ʥʘ ʯʝʪʚʝʨʪʴ (ʨʠʩ. 3.3), ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʩʪʘʥʮʠʠ 4F. ʈʘʩʧʦʣʦʞʝʥʥʘʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ 

ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʩʪʘʥʮʠʷ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʘʢʢʫʤʫʣʷʮʠʠ ʚʝʱʝʩʪʚʘ, ʧʨʠʥʦʩʠʤʦʛʦ 

ʩʪʦʢʦʤ ʨ. ʅʝʚʳ. 
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                                                                                                               ʊʘʙʣʠʮʘ 3.1 

ʊʠʧʳ ʛʨʫʥʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ pH ʧʦʢʘʟʘʪʝʣʴ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʚ 

ʌʠʥʩʢʦʤ ʟʘʣʠʚʝ ʚ 2013 ʠ 2015 ʛʛ. 

ʉʪʘʥʮʠʷ  ɻʣʫʙʠʥʘ, ʤ 
2013 2015 

ʊʠʧ ʛʨʫʥʪʘ O2, ʤʣ/ʣ pH ʊʠʧ ʛʨʫʥʪʘ O2, ʤʣ/ʣ pH 

2UGMS  36 ʙʫʨʳʡ 2.79 7.11 ʩʝʨʳʡ 3.83 7.47 

10F  35 ʠʣ ʠ ɾʄʂ 2.55 7.13 ʩʝʨʳʡ 3.76 7.35 

2L  33 ʙʫʨʡr 2.31 7.03 ʩʝʨʳʡ 4.31 7.47 

17F  49 
ʩʝʨʳʡ, ʟʘʧʘʭ 

H2S 
2.51 7.12 ʯʝʨʥʳʡ 4.02 7.28 

4F  28 ʙʫʨʳʡ 2.98 7.09 ʩʝʨʳʡ 2.64 7.38 

20F 46 
ʯʝʨʥʳʡ ʠʣ ʩ 

ʩʝʨʳʤ ʥʘʠʣʢʦʤ 
1.16 7.08 

ʟʘʠʣʝʥʥʳʝ 

ɾʄʂ 
4.6 7.40 

ɾʄʂ ï ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ 

 

 

ʈʠʩ. 3.3. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʦʨʘ ʬʦʩʬʘʪʦʚ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʚʦʜʳ ʚ 2013 ʠ 

2015 ʛʛ. ʥʘ ʩʪʘʥʮʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 

 

ɺ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʘʟʦʪʘ (ʥʠʪʨʠʪʦʚ+ʥʠʪʨʘʪʦʚ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʪʝʥʜʝʥʮʠʷ: ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 2015 ʛ. ʥʘ 

ʟʘʧʘʜʥʳʭ ʩʪʘʥʮʠʷʭ ï 20F, 17F, 2L, 10F ʠ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʦʩʪʦʯʥʳʭ 

ʩʪʘʥʮʠʷʭ ï 2UGMS, 6F ʠ 4F (ʨʠʩ. 3.4). 
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ʈʠʩ. 3.4. ʉʦʜʝʨʞʘʥʠʝ ʘʟʦʪʘ ʥʠʪʨʠʪʦʚ+ʥʠʪʨʘʪʦʚ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʚʦʜʳ ʚ 

2013 ʠ 2015 ʛʛ. ʥʘ ʩʪʘʥʮʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 

 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʦʣʠʭʝʪ Marenzelleria spp. ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʪʘʥʮʠʠ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʛʨʫʧʧʳ: ʩ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ 

ʯʠʩʣʝʥʥʦʩʪʴʶ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ. ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ (Nʩʨ) ʠ ʙʠʦʤʘʩʩʳ (ɹʩʨ) ʧʦʣʠʭʝʪ, ʘ ʪʘʢʞʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʧʨʦʬʠʣʶ (ʪʦʣʴʢʦ ʜʣʷ 2013 ʛ. ʚʚʠʜʫ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʜʠʥʘʢʦʚʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ʦʙʨʘʟʮʦʚ). ɺ 2015 ʛ. ʪʦʣʱʠʥʘ ʩʣʦʝʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʦʪʙʦʨʘ ʧʨʦʙ ʚʝʩʴʤʘ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʣʠ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʩʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʩʨʝʜʥʠʭ ʧʦ ʧʨʦʬʠʣʶ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʚʝʱʝʩʪʚ ʚ ʜʚʫʭ ʛʨʫʧʧʘʭ ʥʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʧʨʠʝʤʣʝʤʳʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʙ ʧʦʨʦʚʦʡ ʚʦʜʳ ʠ ʪʚʝʨʜʦʡ ʬʘʟʳ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʥʝʢʦʪʦʨʳʭ ʩʪʘʥʮʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 2013 ʠ 2015 ʛʛ. 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.5-3.8. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʨʘʩʯʝʪʘʤ ʜʣʷ 2013 ʛ., ʜʣʷ ʛʨʫʧʧʳ ʩʪʘʥʮʠʡ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʧʦʣʠʭʝʪ Marenzelleria spp. (4-ʭ ʢʨʘʪʥʳʤ ʧʨʝʚʦʩʭʦʜʩʪʚʦʤ) 

ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʙʠʦʤʘʩʩʦʡ (ʚ 1.6 ʨʘʟʘ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 1.5 ʨʘʟʘ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʩʨʝʜʥʠʝ ʧʦ ʧʨʦʬʠʣʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ, ʚ 1.6 ʨʘʟʘ ʥʠʪʨʘʪʦʚ, ʚ 1.7 ʘʤʤʦʥʠʷ ʚ 
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ʧʦʨʦʚʦʡ ʚʦʜʝ. ʂʨʦʤʝ ʵʪʦʛʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ (ʚ 1.4 ʨʘʟʘ) ʠ ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ (ʚ 1.5 ʨʘʟʘ) ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʈʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ ʥʝ ʧʦʚʣʠʷʣʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʫʣʴʬʘʪʦʚ ʚ ʧʦʨʦʚʦʡ ʚʦʜʝ ʠ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ ʚ 

ʪʚʝʨʜʦʡ ʬʘʟʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳ ʜʣʷ ʜʚʫʭ ʛʨʫʧʧ 

ʩʪʘʥʮʠʡ. 

ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ ʚ ʧʦʨʦʚʦʡ ʚʦʜʝ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʤ ʟʘʭʦʨʦʥʝʥʠʠ ʈ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʥʠʪʨʘʪʦʚ ʠ ʘʤʤʦʥʠʷ ʚ ʧʦʨʦʚʳʭ ʚʦʜʘʭ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʠʭ 

ʟʘʭʦʨʦʥʝʥʠʷ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʠʣʠ ʚʳʭʦʜʘ ʚ ʧʨʠʜʦʥʥʫʶ ʚʦʜʫ. ɹʠʦʪʫʨʙʘʮʠʷ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʦʣʠʭʝʪʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʚʝʨʭʥʝʤ 

ʩʣʦʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʢʠʩʣʝʥʠʶ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʥʘ ʩʪʘʥʮʠʷʭ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ 

Marenzelleria spp. ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʥʠʞʝ, ʯʝʤ ʥʘ ʩʪʘʥʮʠʷʭ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʯʠʩʣʝʥʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʠ (ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦ ʚʣʠʷʥʠʠ ʧʦʣʠʭʝʪ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʚʝʱʝʩʪʚ ʚ ʪʚʝʨʜʦʡ  ʬʘʟʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʤ. ʨʘʟʜʝʣ 3.2).  

ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʩʪʦʷʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʥʝʙʦʣʴʰʦʡ ʚʳʙʦʨʢʠ 

ʠʟ 4 ʩʪʘʥʮʠʡ, ʜʣʷ ʙʦʣʴʰʝʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʥʮʠʡ. 

 

 

 

 

 

 



      
 

ʉʪ. 2UGMS ʉʪ. 2L ʉʪ. 17F ʉʪ. 20F 

Nʩʨ = 3420 ʵʢʟ./ʤ2;    ɹʩʨ = 35.5 ʛ/ʤ2 

 

Nʩʨ = 784 ʵʢʟ./ʤ2;   ɹʩʨ = 22.0 ʛ/ʤ2 
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ʉʪ. 2UGMS 

 

ʉʪ. 2L ʉʪ. 17F ʉʪ. 20F 

    
ʠ) ʢ) ʣ) ʤ) 

 

ʈʠʩ. 3.5. ʂʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ (PO4
3-), ʥʠʪʨʘʪʦʚ (NO3

-), ʘʤʤʦʥʠʷ (NH4
+) ʠ ʩʫʣʴʬʘʪʦʚ (SO4

2-) ʚ ʧʦʨʦʚʦʡ ʚʦʜʝ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʪʘʥʮʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 2013 ʛ. 
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Nʩʨ = 3420 ʵʢʟ./ʤ2;    ɹʩʨ = 35.5 ʛ/ʤ2 Nʩʨ = 784 ʵʢʟ./ʤ2;   ɹʩʨ = 22.0 ʛ/ʤ2 
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ʉʪ. 2UGMS ʉʪ. 2L ʉʪ. 17F ʉʪ. 20F 

    

  
  

ʜ) ʝ) ʞ) ʟ) 

 

 
   

ʠ) ʢ) ʣ) ʤ) 

 

 

ʈʠʩ. 3.6. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ), ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ (ɆFe) ʠ ʤʘʨʛʘʥʮʘ (ɆMn) ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʪʘʥʮʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ 2013 ʛ. 
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ʉʪ. 2F ʉʪ. 2UGMS ʉʪ. 17F ʉʪ. 10F 

Nʩʨ = 9080 ʵʢʟ./ʤ2;    ɹʩʨ = 29.9 ʛ/ʤ2 Nʩʨ = 1060 ʵʢʟ./ʤ2;     ɹʩʨ = 13.0 ʛ/ʤ2 
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ʉʪ. 2F ʉʪ. 2UGMS ʉʪ. 17F ʉʪ. 10F 
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ʈʠʩ. 3.7. ʂʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ (PO4
3-), ʥʠʪʨʘʪʦʚ (NO3

-), ʘʤʤʦʥʠʷ (NH4
+), ʩʫʣʴʬʘʪʦʚ (SO4

2-) ʠ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʤʘʨʛʘʥʮʘ (×Mn) ʚ ʧʦʨʦʚʦʡ ʚʦʜʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʪʘʥʮʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ 2015 ʛ. 
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ʉʪ. 2F ʉʪ. 2UGMS ʉʪ. 17F ʉʪ. 10F 
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ʈʠʩ. 3.8. ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ), ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ (ɆFe) ʠ ʤʘʨʛʘʥʮʘ (ɆMn) ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʪʘʥʮʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ 2015 ʛ. 
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ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʨʦʚʦʡ 

ʚʦʜʝ ʠ ʪʚʝʨʜʦʡ ʬʘʟʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʥʦʦʙʨʘʟʥʦʡ. ɺ ʮʝʣʦʤ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʚʝʱʝʩʪʚ. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ ʚ ʧʦʨʦʚʦʡ ʚʦʜʝ ʩʦʩʪʘʚʠʣ 0.005-0.028 

ʤʤʦʣʴ/ʣ ʚ 2015 ʛ. ʠ 0.11-0.45 ʤʤʦʣʴ/ʣ ʚ 2013 ʛ., ʪ.ʝ. ʟʘ 2 ʛʦʜʘ ʧʨʦʠʟʦʰʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ (ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ) ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʉʚʷʟʘʥʦ ʵʪʦ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʙʝʥʪʦʩʥʦʤ ʩʣʦʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚʠʜʘ-ʚʩʝʣʝʥʮʘ Marenzelleria spp. 

ʋʯʠʪʳʚʘʷ ʥʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ ʚ ʧʨʠʜʦʥʥʦʡ ʚʦʜʝ, 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʬʦʩʬʘʪʦʚ ʚ ʧʦʨʦʚʦʡ ʚʦʜʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ 

ʟʘʭʦʨʦʥʝʥʠʠ ʚ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʋʣʫʯʰʝʥʠʶ ʢʠʩʣʦʨʦʜʥʦʛʦ ʨʝʞʠʤʘ ʙʝʥʪʦʩʥʦʛʦ ʩʣʦʷ ʤʦʛʣʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠ 

ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ: 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʦʨʛ ʚ 2015 ʛ. ʚ ʩʨʝʜʥʝʤ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ 2013 ʛ. ʆʜʥʘʢʦ 

ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʉʦʨʛ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ ʨʘʟʥʳʤʠ ʧʝʨʠʦʜʘʤʠ ʦʪʙʦʨʘ ʧʨʦʙ 

(ʢʦʥʝʮ ʠʶʣʷ ï ʥʘʯʘʣʦ ʘʚʛʫʩʪʘ ʚ 2013 ʛ. ʠ ʩʝʥʪʷʙʨʴ ʚ 2015 ʛ.), ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠʩʷ 

ʨʘʟʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʦʩʣʦ ʚʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ 

ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʜʠʘʧʘʟʦʥ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʩʦʩʪʘʚʣʷʣ 3.98-5.50 % ʚ 2013 ʛ. ʠ 4.23-6.67 % ʚ 2015 ʛ.), ʯʪʦ ʪʘʢʞʝ 

ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʙʝʥʪʦʩʥʦʤ ʩʣʦʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʨʦʩʪ pH 

ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʤʦʛ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤʫ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʛʠʜʨʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ [120]. 

ɺ 2015 ʛʦʜʫ ʥʘʙʣʶʜʘʣʠʩʴ 2 ʣʦʢʘʣʴʥʳʭ ʤʘʢʩʠʤʫʤʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʪʨʘʪʦʚ ʚ 

ʚʝʨʭʥʝʤ ʛʦʨʠʟʦʥʪʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ: 3.79 ʤʤʦʣʴ/ʣ ʠ 3.07 ʤʤʦʣʴ/ʣ ʜʣʷ ʩʪʘʥʮʠʡ 

2F ʠ 2UGMS, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʵʪʠ ʧʠʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʠʥʪʝʥʩʠʚʥʦʝ ʦʢʠʩʣʝʥʠʝ ʘʤʤʦʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ. ʅʘ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʘʭ 

ʥʘʙʣʶʜʘʝʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪʦʚ ʦʢʘʟʘʣʘʩʴ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ.  

ʆʪʤʝʪʠʤ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʘʪʦʚ ʚ 2015 ʛ.: 

ʩʦʜʝʨʞʘʥʠʝ SO4
2- ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 

80 ʜʦ 395 ʤʤʦʣʴ/ʣ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ 2013 ʛ. ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝ ʧʨʝʚʳʰʘʣʘ 30 

ʤʤʦʣʴ/ʣ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʣʴʬʘʪʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʚʦʜʦʝʤʳ ʚ ʧʨʦʮʝʩʩʝ 

ʦʪʤʠʨʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʠ ʦʢʠʩʣʝʥʠʷ ʥʘʟʝʤʥʳʭ ʠ ʚʦʜʥʳʭ ʚʝʱʝʩʪʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ 

ʞʠʚʦʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʅʘ ʨʝʞʠʤ ʩʫʣʴʬʘʪʦʚ ʚ ʧʦʨʦʚʦʡ ʚʦʜʝ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ 
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ʦʢʘʟʳʚʘʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʫʣʫʯʰʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ 2015 ʛ., 

ʧʨʠʚʝʣʦ ʢ ʦʢʠʩʣʝʥʠʶ ʩʫʣʴʬʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʣʴʬʘʪʦʚ ʚ 

ʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʘʭ. 

ɺʘʣʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʨʛʘʥʮʘ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʠʟʤʝʥʠʣʦʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. 

 

3.2 ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ Marenzelleria spp. ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚ ʪʚʝʨʜʦʡ 

ʬʘʟʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʄʝʪʘʙʦʣʠʟʤ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʨʦʚʦʡ ʚʦʜʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʙʘʣʘʥʩʦʤ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ 

ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʥʦʩʘ [86, 91]. ʕʪʦ 

ʨʘʚʥʦʚʝʩʠʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʨʫʰʝʥʦ, ʝʩʣʠ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʪʫʨʙʠʨʫʶʱʠʝ ʦʨʛʘʥʠʟʤʳ, ʯʴʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ [44, 125, 138, 157]. 

ʄʘʢʨʦʙʝʥʪʦʩʥʳʝ ʦʨʛʘʥʠʟʤʳ ʧʦʚʳʰʘʶʪ ʩʢʦʨʦʩʪʴ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʟʘ ʩʯʝʪ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʠ ʦʢʠʩʣʝʥʠʷ ʧʨʦʥʠʢʘʶʱʠʤ ʚ 

ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ. ɺ ʦʙʱʝʤ ʚʠʜʝ ʵʬʬʝʢʪ ʚʣʠʷʥʠʷ ʙʠʦʪʫʨʙʘʮʠʠ ʥʘ 

ʮʠʨʢʫʣʷʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3.9. ʇʨʠ ʵʪʦʤ 

ʙʠʦʪʫʨʙʘʮʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʟʣʦʞʝʥʠʷ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʫʩʪʦʡʯʠʚʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [47].  

ɺ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʧʝʨʝʤʝʱʝʥʠʝ ʦʢʠʩʣʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʛʣʫʙʴ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʚʦʩʭʦʜʷʱʠʡ ʪʨʘʥʩʧʦʨʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ. 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʨʝʜʥʝʡ ʛʣʫʙʠʥʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ [78].  

ɺ ʤʦʨʩʢʦʡ ʩʨʝʜʝ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʞʝʣʝʟʦ ʠ ʤʘʨʛʘʥʝʮ 

ʥʘʭʦʜʷʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʬʦʨʤʝ ʦʢʩʠʜʦʚ/ʛʠʜʨʦʢʩʠʜʦʚ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʘʥʘʵʨʦʙʥʦʤ ʦʢʠʩʣʝʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʚʝʜʫʪ ʩʝʙʷ ʩʭʦʞʠʤ ʦʙʨʘʟʦʤ ʚ 

ʧʨʦʮʝʩʩʝ ʙʠʦʪʫʨʙʘʮʠʠ [70]. ʀʨʨʠʛʘʮʠʷ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʝʥʪʦʩʥʳʤʠ 

ʦʨʛʘʥʠʟʤʘʤʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʨʘʩʪʚʦʨʝʥʥʳʭ Fe2+ ʠ Mn2+ ʠʟ ʧʦʨʦʚʦʡ ʚʦʜʳ ʚ 
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ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʦʢʠʩʣʝʥʠʷ ʠ ʦʩʘʞʜʝʥʠʷ ʚ ʬʦʨʤʝ ʛʠʜʨʦʢʩʠʜʦʚ (ʦʢʠʜʦʚ) 

Fe(OH)3/Fe2O3 ʠ MnO2.  

 

ʈʠʩ. 3.9. ɺʣʠʷʥʠʝ ʙʠʦʪʫʨʙʘʮʠʠ ʥʘ ʮʠʨʢʫʣʷʮʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 

 

ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦʣʠʭʝʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʥʘʪʫʨʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʦ ʩʦʜʝʨʞʘʥʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ 

ʠ ʤʘʨʛʘʥʮʘ ʪʚʝʨʜʦʡ ʬʘʟʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʣʠʭʝʪ 

Marenzelleria spp. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʥʮʠʠ ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ ʛʦʜʘ ʙʳʣʠ ʨʘʟʙʠʪʳ 

ʥʘ 2 ʛʨʫʧʧʳ: ʩ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʧʦʣʠʭʝʪ (ʪʘʙʣ. 3.2). 

ɼʣʷ ʢʘʞʜʦʡ ʠʟ ʛʨʫʧʧ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ (ʪʘʙʣ. 3.3). 

ɿʥʘʯʠʤʦʩʪʴ ʨʘʟʣʠʯʠʡ ʧʦ ʜʚʫʤ ʚʳʙʦʨʢʘʤ ʦʧʨʝʜʝʣʷʣʦʩʴ ʩ ʧʦʤʦʱʴʶ t-ʢʨʠʪʝʨʠʷ 

ʉʪʴʶʜʝʥʪʘ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ p=0.05. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʪʘʙʣʠʮʝ 3.3, ʟʘʤʝʪʥʳʝ ʨʘʟʣʠʯʠʷ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, 

ʧʨʠ ʵʪʦʤ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʠ Marenzelleria spp. ʩʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ 
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ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʩʨʝʜʥʝʤ ʚ 1.5 ʨʘʟʘ ʥʠʞʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʦ ʚʩʝʡ 

ʚʠʜʠʤʦʩʪʠ, ʙʦʣʝʝ ʛʣʫʙʦʢʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ ʪʦʣʱʫ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʟʘ ʩʯʝʪ ʙʠʦʪʫʨʙʘʮʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʦʢʠʩʣʝʥʠʝʤ 

ʫʛʣʝʨʦʜʘ. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʣʦʪʥʦʩʪʴʶ ʧʦʧʫʣʷʮʠʠ ʤʘʢʨʦʦʨʛʘʥʠʟʤʦʚ ʪʘʢʞʝ ʙʳʣʘ 

ʚʳʷʚʣʝʥʘ ʚ ʨʘʙʦʪʘʭ [94, 155]. 

ʊʘʙʣʠʮʘ 3.2 

ʏʠʩʣʝʥʥʦʩʪʴ ʧʦʣʠʭʝʪ Marenzelleria spp. ʥʘ ʩʪʘʥʮʠʷʭ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ  

ʉʪʘʥʮʠʷ/ʛʦʜ 2013 ʛ. 2015 ʛ.  

2L 2928 1700 

17F 1328 1120 

2UGMS 3912 1140 

4F 3784 4080 

20F 240 1000 

10F 1064  340 

2F   17020 

8F   620 

ɾʠʨʥʳʤ ʚʳʜʝʣʝʥʳ ʩʪʘʥʮʠʠ ʩ ʚʳʩʦʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ Marenzelleria spp. 

 

ʊʘʙʣʠʮʘ 3.3 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ (± ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ) Cʦʨʛ,  SFe ʠ SMn ʪʚʝʨʜʦʡ ʬʘʟʳ 

ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʪʘʥʮʠʷʭ ʩ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʧʦʣʠʭʝʪ 

Marenzelleria spp. 

ɿʥʘʯʠʤʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ * 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
2013 ʛ. 2015 ʛ. 

ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

Cʦʨʛ 4.12±0.42* 5.82±0.60* 1.78±0.54* 3.14±0.50* 

ɆFe 4.86±0.56 4.85±0.25 4.99±0.56 5.14±0.49 

ɆMn 0.14±0.08 0.18±0.10 0.17±0.08 0.16±0.07 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʚʳʜʝʣʝʥʠʝ ʛʨʫʧʧ ʩʪʘʥʮʠʡ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ Marenzelleria 

spp. ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʢʨʠʪʝʨʠʶ çʙʦʣʴʰʝ-ʤʝʥʴʰʝè, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʷʚʣʷʣʦʩʴ ʟʘʚʠʩʠʤʳʤ ʧʘʨʘʤʝʪʨʦʤ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ, ɆFe ʠ ɆMn ʚ ʪʦʣʱʝ 




