
ʅʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ 2012 ʛ., 

 ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

 

ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ VI.42. ɹʠʦʣʦʛʠʷ ʨʘʟʚʠʪʠʷ ʠ ʵʚʦʣʶʮʠʷ ʞʠʚʳʭ 

ʩʠʩʪʝʤ. 

ʇʨʦʝʢʪ VI.42.1.3. çɻʝʥʦʤʥʳʝ ʠ ʧʨʦʪʝʦʤʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʦʧʦʣʠʪʥʳʭ ʠ 

ʵʥʜʝʤʠʯʥʳʭ ʙʘʡʢʘʣʴʩʢʠʭ ʛʫʙʦʢ: ʧʨʦʙʣʝʤʘ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʠʤʙʠʦʪʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʙ.ʥ., ʧʨʦʬ. ʉ.ʀ. ɹʝʣʠʢʦʚ.  

 

ɺʧʝʨʚʳʝ ʚ ʛʝʥʦʤʝ ʧʨʝʩʥʦʚʦʜʥʦʡ ʛʫʙʢʠ ʥʘʡʜʝʥʳ ʛʝʥʳ ʭʠʪʠʥʘʟʳ-ʬʝʨʤʝʥʪʘ, 

ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʩʠʥʪʝʟ ʭʠʪʠʥʘ - ʦʩʥʦʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʢʝʣʝʪʘ 

ʨʘʢʦʦʙʨʘʟʥʳʭ, ʥʘʩʝʢʦʤʳʭ ʠ ʪ.ʧ. (ʨʠʩ. 1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʝʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʤ ʫʯʘʩʪʠʠ ʭʠʪʠʥʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʩʧʠʢʫʣ ʛʫʙʦʢ. 

ɺʧʝʨʚʳʝ ʚ ʩʧʠʢʫʣʘʭ ʙʘʡʢʘʣʴʩʢʦʡ ʛʫʙʢʠ Baikalospongia bacillifera ʦʙʥʘʨʫʞʝʥ 

ʥʦʚʳʡ ʙʝʣʦʢ ʩ ʤʘʩʩʦʡ 62 kDa (ʨʠʩ. 1) ʧʨʦʯʥʦ ʩʚʷʟʳʚʘʶʱʠʡʩʷ ʩ ʢʨʝʤʥʝʟʝʤʦʤ. ʉ 

ʧʦʤʦʱʴʶ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʠʟʦʬʦʨʤʦʡ 

ʠʟʚʝʩʪʥʳʭ ʙʝʣʢʦʚ ʩʠʣʠʢʘʪʝʠʥʦʚ ʠ ʥʝ ʠʤʝʝʪ ʛʦʤʦʣʦʛʦʚ ʩ ʜʨʫʛʠʤʠ ʨʘʥʝʝ 

ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʙʝʣʢʘʤʠ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʶ, ʤʦʞʥʦ 

ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʫʯʘʩʪʠʠ ʜʘʥʥʦʛʦ ʙʝʣʢʘ ʚ ʧʨʦʮʝʩʩʝ ʙʠʦʩʠʣʠʬʠʢʘʮʠʠ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʧʠʢʫʣ ʛʫʙʦʢ.  

 

 
ʈʠʩ.1. ʘ ï ʆʙʥʘʨʫʞʝʥʠʝ ʛʝʥʦʚ ʭʠʪʠʥʩʠʥʪʘʟ ʚ ʛʝʥʦʤʘʭ ʵʥʜʝʤʠʯʥʦʡ ʙʘʡʢʘʣʴʩʢʦʡ ʛʫʙʢʠ 

Lubomirskia baicalensis  ʠ ʧʨʝʩʥʦʚʦʜʥʦʡ ʢʦʩʤʦʧʦʣʠʪʥʦʡ ʛʫʙʢʠ Spongilla lacustris: ʕʣʘʡʥʤʝʥʪ 

ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ C-ʢʦʥʮʘ ʭʠʪʠʥʩʠʥʪʘʟʳ L. baicalensis ʩ 

S. lacustris, Amphimedon queenslandica, Hydra magnipapillata, Nematostella vectensis ʠ 

Branchiostoma floridae. ʙ ï ʆʙʥʘʨʫʞʝʥʠʝ  ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʥʦʚʦʛʦ ʙʝʣʢʘ ʩʧʠʢʫʣ ʛʫʙʦʢ: ɸ) 

ʕʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʪʦʪʘʣʴʥʦʛʦ ʙʝʣʢʘ ʩʧʠʢʫʣ ʛʫʙʦʢ Lubomirskia baicalensis (L.b.) 

ʠ Baikalospongia bacillifera (B.b.), ʉʪʨʝʣʢʦʡ ʫʢʘʟʘʥ ʙʝʣʦʢ ʩ ʤʘʩʩʦʡ 62 kDa. B) ʄʘʩʩ-

ʩʧʝʢʪʨʦʛʨʘʤʤʘ ʪʨʠʧʩʠʥʦʚʦʛʦ ʛʠʜʨʦʣʠʟʘʪʘ ʙʝʣʢʘ ʩ ʤʘʩʩʦʡ 62 kDa. ʀʥʪʝʥʩʠʚʥʳʝ ʧʠʢʠ ʩ 

ʦʙʚʝʜʝʥʥʳʤʠ ʤʘʩʩʘʤʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʬʨʘʛʤʝʥʪʘʮʠʝʡ. 

 

 

 



ʇʨʦʝʢʪ VI.42.1.4. çʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ʛʝʥʦʤʘ ʚ ʦʥʪʦ- ʠ 

ʬʠʣʦʛʝʥʝʟʝ ʥʘ ʧʨʠʤʝʨʝ ʙʘʡʢʘʣʴʩʢʠʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠ ʨʳʙè. ʅʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʙ.ʥ., ʜʦʮʝʥʪ ʉ.ɺ. ʂʠʨʠʣʴʯʠʢ.  

 

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʨʘʩʪʥʦʡ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʪʝʣʦʤʝʨʥʳʭ 

ʨʘʡʦʥʦʚ ɼʅʂ (ʪɼʅʂ) ʚʠʜʦʚ ʨʦʛʘʪʢʦʚʠʜʥʳʭ ʠ ʩʠʛʦʚʳʭ ʨʳʙ ʦʟ. ɹʘʡʢʘʣ ï ʤʘʣʦʡ ʠ 

ʙʦʣʴʰʦʡ ʛʦʣʦʤʷʥʦʢ ʠ ʦʤʫʣʷ (ʨʠʩ. 2). ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ 

ʇʎʈ. ɼʣʷ ʛʦʣʦʤʷʥʦʢ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʦʜʳʭ ʦʩʦʙʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʠʯʠʥʢʠ ʚʦʟʨʘʩʪʦʤ 

1-2 ʤʝʩʷʮʘ, ʜʣʷ ʦʤʫʣʷ ï ʵʤʙʨʠʦʥʳ ʠʟ ʦʧʣʦʜʦʪʚʦʨʝʥʥʦʡ ʠʢʨʳ. ɺ ʢʘʯʝʩʪʚʝ ʚʟʨʦʩʣʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʣʦʚʦʟʨʝʣʳʝ ʨʳʙʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʪɼʅʂ ʤʘʣʦʡ ʛʦʣʦʤʷʥʢʠ ʠ ʦʤʫʣʷ ʫʢʦʨʘʯʠʚʘʝʪʩʷ ʚ ʦʥʪʦʛʝʥʝʟʝ. ɼʣʠʥʘ ʪɼʅʂ ʙʦʣʴʰʦʡ 

ʛʦʣʦʤʷʥʢʠ, ʥʘʧʨʦʪʠʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʘʞʥʳ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʣʦʤʝʨʥʦʡ ʙʠʦʣʦʛʠʠ ʠ ʧʦʥʠʤʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʵʚʦʣʶʮʠʠ. 

 

 
ʈʠʩ. 2. ɺʦʟʨʘʩʪʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʥʝ ʪʝʣʦʤʝʨʥʦʡ ɼʅʂ ʫ ʙʘʡʢʘʣʴʩʢʠʭ ʨʳʙ. 

 

ʇʨʦʝʢʪ VI.42.1.5. çʀʩʩʣʝʜʦʚʘʥʠʷ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʤʝʪʦʜʘʤʠ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʛʝʥʦʤʠʢʠ ʠ ʧʨʦʪʝʦʤʠʢʠ ʩ ʮʝʣʴʶ ʨʘʩʰʠʬʨʦʚʢʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʝʤʥʠʩʪʦʛʦ ʵʢʟʦʩʢʝʣʝʪʘ ʠ ʵʚʦʣʶʮʠʠ 

ʢʨʫʧʥʳʭ ʪʘʢʩʦʥʦʚè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʙ.ʥ. ɽ.ɺ. ʃʠʭʦʰʚʘʡ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʛʝʥʦʤʘ  ʜʠʘʪʦʤʦʚʦʡ 

ʚʦʜʦʨʦʩʣʠ Synedra acus ʦʙʥʘʨʫʞʝʥʳ ʠ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ LTR- ʠ non-

LTR-ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʳ ʠ ʧʨʦʚʝʜʝʥ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ 

ʜʠʘʪʦʤʝʡ. 

ɼʣʷ ʧʦʠʩʢʘ LTR ʠ non-LTR ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ de novo ʠʜʝʥʪʠʬʠʢʘʮʠʶ ʪʘʢʠʭ ʧʦʚʪʦʨʦʚ ʚ ʛʝʥʦʤʝ. ɸʥʘʣʠʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʙʦʨʢʠ ʛʝʥʦʤʘ ʜʠʘʪʦʤʦʚʦʡ ʚʦʜʦʨʦʩʣʠ Synedra acus ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ 

2192 ʧʦʚʪʦʨʘ ʜʣʠʥʦʡ ʙʦʣʝʝ 50 ʧ.ʦ., ʚʩʪʨʝʯʘʝʤʦʩʪʴ ʚ ʛʝʥʦʤʝ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 20 

ʢʨʘʪʥʦʝ ʟʥʘʯʝʥʠʝ. ɼʘʥʥʳʝ ʧʦʚʪʦʨʳ ʦʙʨʘʟʫʶʪ 19 ʙʦʣʴʰʠʭ ʢʣʘʩʪʝʨʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 



ʫʜʘʣʦʩʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ 6 LTR ʠ 8 non-LTR ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʛʝʥʦʤʝ ʩʦʜʝʨʞʘʪʩʷ ʩʝʤʝʡʩʪʚʘ Ty1/Copia ʠ Ty3/Gypsy LTR-

ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ. ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ LTR ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ 

(ʪʘʙʣ. 1), ʧʨʦʚʝʜʝʥ ʠʭ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʦʙʱʝʛʦ 

ʧʨʝʜʢʘ LTR-ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʜʠʘʪʦʤʝʡ. 

ʊʘʙʣ. 1.  

ʂʣʘʩʩʠʬʠʢʘʮʠʷ LTR ʨʝʪʨʦʪʨʘʥʩʧʦʟʦʥʦʚ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ VI.50. ɹʠʦʬʠʟʠʢʘ. ʈʘʜʠʦʙʠʦʣʦʛʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʙʠʦʣʦʛʠʠ. ɹʠʦʠʥʬʦʨʤʘʪʠʢʘ. 

ʇʨʦʝʢʪ VI.50.1.3 çʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʵʢʦʩʠʩʪʝʤʝ 

ʦʟʝʨʘ ɹʘʡʢʘʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, 

ʛʝʥʦʤʠʢʠ ʠ ʙʠʦʠʥʬʦʨʤʘʪʠʢʠè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʙ.ʥ. ɼ.ʖ. ʑʝʨʙʘʢʦʚ.  

 

ʅʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ ʥʫʢʣʝʦʪʠʜʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʛʝʥʘ ʮʠʪʦʭʨʦʤʘ ɹ ʚʳʷʚʣʝʥ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ 

ʙʘʡʢʘʣʴʩʢʦʛʦ ʚʠʜʘ ʨʦʛʘʪʢʦʚʠʜʥʳʭ ʨʳʙ Batrachocottus talievi Sidelyova, 1999 ʠ ʝʛʦ 

ʯʝʪʢʘʷ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʟʝʨʘ. ʇʦʢʘʟʘʥʦ (ʨʠʩ. 3), ʯʪʦ ʚʠʜ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ 

ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʫʨʦʯʝʥʘ ʢ ʶʞʥʦʡ ʠ ʩʨʝʜʥʝʡ 

ʢʦʪʣʦʚʠʥʘʤ, ʘ ʜʨʫʛʘʷ ï ʢ ʩʝʚʝʨʥʦʡ ʢʦʪʣʦʚʠʥʝ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʤʝʞʜʫ 

ʧʦʧʫʣʷʮʠʷʤʠ ʩʦʧʦʩʪʘʚʠʤ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʚʠʜʘʤʠ 

ʨʦʛʘʪʢʦʚʠʜʥʳʭ ʨʳʙ ɹʘʡʢʘʣʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʤ ʘʣʣʦʧʘʪʨʠʯʝʩʢʦʤ 

ʚʠʜʦʦʙʨʘʟʦʚʘʥʠʠ, ʚʝʩʴʤʘ ʥʝʦʙʳʯʥʦʤ ʜʣʷ ɹʘʡʢʘʣʘ.  

ʊʠʧ Phaeodactylum 

tricornutum 

Thalassiosira 

pseudonana 

Synedra acus 

Codi1 1.1   

Codi2 2.1  2.2  2.3  2.4   

Codi3 3.1   

Codi4 4.1  4.2  4.4 4.5  

Codi5 5.1  5.2  5.3 5.4  5.5  5.6 5.7 

Codi6 6.4  6.5  6.6  6.7 6.1  6.2  6.3 6.8  6.9  6.10 

Codi7 7.1   

Gydi1  1.1  

Gydi2  2.1 2.2  2.3 
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ʈʠʩ. 3. ɻʝʥʝʪʠʯʝʩʢʘʷ ʧʦʜʨʘʟʜʝʣʝʥʥʦʩʪʴ ʰʠʨʦʢʦʣʦʙʢʠ Batrachocottus talievi Sidelyova, 

1999 ʚ ʦʟʝʨʝ ɹʘʡʢʘʣ. 

 

ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ VI.51. ɹʠʦʪʝʭʥʦʣʦʛʠʷ. 

ʇʨʦʝʢʪ VI.51.1.9. çʆʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʞʠʟʥʝʥʥʘʷ ʩʪʨʘʪʝʛʠʷ 

ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʠ ʚʠʨʫʩʦʚ ʚ ʙʠʦʧʣʝʥʢʘʭ ʚ ʦʟ. ɹʘʡʢʘʣè.  ʅʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʙ.ʥ., ʜʦʮʝʥʪ ɺ.ɺ. ʇʘʨʬʝʥʦʚʘ. 

  

ʉ ʧʦʤʦʱʴʶ ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 30660 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʦ 

ʩʨʝʜʥʝʡ ʜʣʠʥʦʡ 430 ʧ.ʥ. (12844, 3670, 3854, 4393 ʠ 5899 ï ʩ ʤʨʘʤʦʨʘ, ʛʨʘʥʠʪʘ, 

ʘʤʬʠʙʦʣʠʪʘ, ʢʦʥʪʨʦʣʴʥʦʛʦ ʢʘʤʥʷ ʠ ʩʪʘʣʴʥʦʡ ʧʣʘʩʪʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɺ ʩʦʩʪʘʚʝ 

ʩʦʦʙʱʝʩʪʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʠʦʧʣʝʥʦʢ ʜʦʤʠʥʠʨʫʶʪ ʪʨʠ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʬʠʣʳ: 

Cyanobacteria (8-46%), Proteobacteria (14-43%) ʠ Bacteroidetes (10-40%). ɺ ʜʦʤʝʥʝ 

Eukarya ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 10 ʨʦʜʦʚ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ 

(ʜʦʤʠʥʠʨʫʶʱʠʡ ʨʦʜ Cocconeis), ʦʪʤʝʯʝʥʳ ʪʘʢʞʝ ʛʝʥʦʪʠʧʳ ʢʨʠʧʪʦʬʠʪʦʚʳʭ ʠ ʟʝʣʝʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ. ʄʦʣʝʢʫʣʷʨʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʧʦ ʉʵʥʛʝʨʫ ʦʧʨʝʜʝʣʝʥʳ ʛʝʥʦʪʠʧʳ 

ʜʦʤʠʥʠʨʫʶʱʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʬʠʣ Bacteroidetes, Cyanobacteria ʠ ʢʣʘʩʩʦʚ 

Alphaproteobacteria ʠ Betaproteobacteria (ʨʠʩ. 4). ʆʪʤʝʯʝʥʦ ʙʦʣʴʰʦʝ ʠʭ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʫʞʝ ʚ ʧʝʨʚʳʡ ʛʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʧʣʝʥʢʠ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʬʠʣʳ Bacteroidetes. ɺ 

ʟʨʝʣʦʡ ʙʠʦʧʣʝʥʢʝ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʩʪʨʫʢʪʫʨʳ ʩʦʦʙʱʝʩʪʚʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Cyanobacteria ʠ Proteobacteria. ʇʦ ʤʝʨʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʧʣʝʥʦʢ 

Alphaproteobacteria ʚʳʪʝʩʥʷʶʪ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʬʠʣʳ Bacteroidetes. ʇʦ ʥʘʣʠʯʠʶ 

ʭʣʦʨʦʧʣʘʩʪʥʦʡ ɼʅʂ ʤʘʩʩʦʚʳʡ ʚʠʜ ʬʠʪʦʧʣʘʥʢʪʦʥʘ Synedra acus ʦʙʥʘʨʫʞʝʥ ʚ ʤʦʣʦʜʳʭ 

ʠ ʟʨʝʣʳʭ ʙʠʦʧʣʝʥʢʘʭ. 



 
ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʤʠʢʨʦʙʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ, ʜʝʪʝʢʪʠʨʦʚʘʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʧʦ ʉʵʥʛʝʨʫ (ʦʙʦʟʥʘʯʝʥʠʷ: ʩʪʘʣʴ 1 ʠ.ʪ.ʜ. - ʤʦʣʦʜʘʷ ʙʠʦʧʣʝʥʢʘ, ʚʨʝʤʷ 

ʵʢʩʧʦʟʠʮʠʠ 1 ʛʦʜ; ʩʪʘʣʴ 5 ʠ ʜʨ. - ʟʨʝʣʘʷ ʙʠʦʧʣʝʥʢʘ, ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ 5 ʣʝʪ. 

 

 

ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ VII.62. ɼʠʥʘʤʠʢʘ ʠ ʦʭʨʘʥʘ ʧʦʜʟʝʤʥʳʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʣʝʜʥʠʢʠ, ʧʨʦʙʣʝʤʳ ʚʦʜʦʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʘʥʳ. 

ʇʨʦʝʢʪ VII.62.1.3. çʂʦʤʧʣʝʢʩʥʳʡ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʘʫʜʠʪ ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʠ ʵʢʦʩʠʩʪʝʤʳ ʦʟʝʨʘ ɹʘʡʢʘʣ ï ʫʯʘʩʪʢʘ ʤʠʨʦʚʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷè. 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ʘʢ. ʄ.ɸ. ɻʨʘʯʝʚ, ʜ.ʛ.ʥ. ʊ.ɺ. ʍʦʜʞʝʨ. 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʝʟʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʛʣʘʚʥʳʭ ʠʦʥʦʚ, ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, 52 

ʩʣʝʜʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨ. ʉʝʣʝʥʛʝ ʠ ʝʝ ʧʨʠʪʦʢʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʚ ʧʨʦʪʦʢʘʭ ʠ ʚ 

ʙʘʨʴʝʨʥʦʡ ʟʦʥʝ ʦʟ. ɹʘʡʢʘʣ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʠ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʝʜʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʥʠʞʝ ʘʥʘʣʦʛʠʯʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʨʝʯʥʦʛʦ ʬʦʥʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʣʷ ʙʦʣʝʝ 30 ʨʝʢ 

ʤʠʨʘ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʘʭ ʩ ʥʠʟʢʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ (ʨʠʩ. 5).  

 



 
ʈʠʩ. 5. ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʣʝʜʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨ. ʉʝʣʝʥʛʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ 

ʛʣʦʙʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʨʝʯʥʦʛʦ ʬʦʥʘ ï ɻʇʈʌ (ʙʦʣʝʝ 30 ʢʨʫʧʥʝʡʰʠʭ ʨʝʢ ʤʠʨʘ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʘʭ ʩ ʥʠʟʢʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ). ɹʘʨʘʤʠ (ʪʝʤʥʦ-ʩʠʥʠʡ ʮʚʝʪ) 

ʧʦʢʘʟʘʥʳ ʜʠʘʧʘʟʦʥʳ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ɻʇʈʌ, (ʞʝʣʪʳʡ ʮʚʝʪ) ʚ ʨ. ʉʝʣʝʥʛʝ. 

ʂʨʘʩʥʳʤʠ ʢʨʫʞʢʘʤʠ ʧʦʢʘʟʘʥʳ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚ ʨ. ʉʝʣʝʥʛʝ, 

2010ʛ. 

 

ʇʨʦʝʢʪ VII.62.1.4. çʄʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʧʣʝʩʢʦʚʦʡ ʟʦʥʳ ʢʘʢ 

ʚʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʠʪʦʨʘʣʠ ʦʟʝʨʘ ɹʘʡʢʘʣè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʙ.ʥ. ʆ.ɸ. 

ʊʠʤʦʰʢʠʥ.  

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʟʦʥʳ ʟʘʧʣʝʩʢʘ ʦʟʝʨʘ ɹʘʡʢʘʣ ʩʚʷʟʘʥ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʬʘʢʪʦʨʦʚ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (S, P, Ca, 

Mg, Na, K, Fe, Mn, Cu, Zn ʠ ʜʨ.) ʧʦʩʪʫʧʘʝʪ ʚ ʵʪʫ ʟʦʥʫ ʚ ʧʝʨʠʦʜ ʨʘʟʣʦʞʝʥʠʷ ʙʝʨʝʛʦʚʳʭ 

ʩʢʦʧʣʝʥʠʡ ʜʝʪʨʠʪʘ (ɹʉɼ). ʇʨʠ ʵʪʦʤ ʚʦʜʘ ʦʙʦʛʘʱʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʵʣʝʤʝʥʪʘʤʠ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ɹʉɼ, ʥʦ ʠ ʵʣʝʤʝʥʪʘʤʠ (Al, Si, Fe, Mn, Ti, ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʠ 

ʜʨ.), ʧʝʨʝʭʦʜʷʱʠʤʠ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʧʣʷʞʥʳʭ ʛʨʫʥʪʦʚ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʢʠʩʣʦʪʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ɹʉɼ (ʨʠʩ. 6). ɿʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʚʦʜʳ ʟʦʥʳ ʟʘʧʣʝʩʢʘ ʦʢʘʟʳʚʘʶʪ ʨʘʩʪʠʪʝʣʴʥʳʡ ʠ ʧʦʯʚʝʥʥʳʡ 

ʧʦʢʨʦʚ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʙʝʨʝʛʦʚ, ʘ ʪʘʢʞʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ɺʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝ ʠ ʦʪʤʠʨʘʥʠʝ 

ʧʨʠʙʨʝʞʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. 
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ʈʠʩ. 6. ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʡ ʚʦʜʝ ʟʦʥʳ ʟʘʧʣʝʩʢʘ: 1 ï 

ʧʨʦʙʘ ʚʦʜʳ, ʦʪʦʙʨʘʥʥʘʷ ʩ ʫʯʘʩʪʢʘ ʙʝʟ ɹʉɼ; 2 ï ʧʨʦʙʘ ʚʦʜʳ, ʦʪʦʙʨʘʥʥʘʷ ʧʦʜ ʙʝʨʝʛʦʚʳʤʠ 

ʩʢʦʧʣʝʥʠʷʤʠ ʦʪʤʝʨʰʠʭ ʠʤʘʛʦ ʨʫʯʝʡʥʠʢʦʚ. 

 

ʇʨʦʝʢʪ VII.62.1.5. çʌʠʟʠʯʝʩʢʘʷ ʣʠʤʥʦʣʦʛʠʷ ɹʘʡʢʘʣʘ: ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʦʡ ʪʦʣʱʠ (2010-2012 ʛʛ.)è. 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ʢ.ʛ.ʥ. ʅ.ɻ. ɻʨʘʥʠʥ, ʜ.ʛ.ʥ. ʄ.ʅ. ʐʠʤʘʨʘʝʚ.  

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʠʩʪʨʘʮʠʠ ʵʭʦʣʦʪʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʉʨʝʜʥʝʤ ʠ ʖʞʥʦʤ ɹʘʡʢʘʣʝ 

ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 17 ʚʳʭʦʜʦʚ ʛʘʟʘ (ʨʠʩ. 7). ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʦʪʦʢʘ ʛʘʟʘ 

ʘʢʫʩʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ɼʘʥʥʳʝ ʦ ʧʦʪʦʢʝ ʤʝʪʘʥʘ ʚ ʬʘʢʝʣʘʭ (54-110 ʪ/ʛʦʜ) ʧʦʟʚʦʣʠʣʠ 

ʦʮʝʥʠʪʴ ʧʦʪʦʢ ʤʝʪʘʥʘ ʜʣʷ ʘʢʚʘʪʦʨʠʠ ʖʞʥʦʛʦ ʠ ʉʨʝʜʥʝʛʦ ɹʘʡʢʘʣʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʠʣ 

1400-2800 ʪ/ʛʦʜ. ʇʦʩʪʫʧʣʝʥʠʝ ʤʝʪʘʥʘ ʚ 2002-2004 ʛʛ. ʜʣʷ ʚʩʝʛʦ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʣʦ 50-80 

ʪ/ʛʦʜ. ʆʮʝʥʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʧʦʩʪʫʧʣʝʥʠʷ ʤʝʪʘʥʘ, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʨʦʩʪʦʤ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 

ʚʦʜʥʦʡ ʪʦʣʱʝ ʦʟʝʨʘ. 

  
 

E104° E105° E106° E107° E108° E109°

N52°

N53°

1121/85
589/339

1206/83

1340/480

1297/854
1095/548

Stupa 481/427

716/450

KrYar 726/416

930/594

1054/601

K13 1168/800

SPb 1346/954
1405/675

1392/659

870/493

522/413 ʈʠʩ. 7. ʂʘʨʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʛʘʟʦʚʳʭ 

ʬʘʢʝʣʦʚ ʚ ʉʨʝʜʥʝʤ ʠ ʖʞʥʦʤ 

ɹʘʡʢʘʣʝ, ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʛʣʫʙʠʥʘ ʚʦʜʳ / ʚʳʩʦʪʘ ʬʘʢʝʣʘ. 

ɻʦʣʫʙʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʘ 

ʠʩʩʣʝʜʦʚʘʥʥʘʷ ʧʣʦʱʘʜʴ ʜʥʘ. 

 



ʊʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʩʪʦʢʘ ʦʩʥʦʚʥʳʭ ʧʨʠʪʦʢʦʚ ʦʟ. ɹʘʡʢʘʣ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʪʝʧʣʝʥʠʷ ʢʣʠʤʘʪʘ ʨʘʟʣʠʯʥʳ. ɼʣʷ ʨ. ʉʝʣʝʥʛʠ, ʙʦʣʝʝ 80% ʙʘʩʩʝʡʥʘ ʢʦʪʦʨʦʡ 

ʠʩʧʳʪʳʚʘʝʪ ʜʝʬʠʮʠʪ ʚʣʘʛʠ, ʧʦʪʝʧʣʝʥʠʝ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʠʩʧʘʨʝʥʠʷ ʠ ʫʤʝʥʴʰʝʥʠʶ ʩʪʦʢʘ 

(ʨʠʩ. 8 ʙ). ʅʘʦʙʦʨʦʪ, ʜʣʷ ʨʝʢ ɺʝʨʭ. ɸʥʛʘʨʳ ʠ ɹʘʨʛʫʟʠʥʘ (ʨʠʩ. 8 ʚ, ʛ), ʙʘʩʩʝʡʥʳ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʫʤʝʨʝʥʥʦʛʦ ʫʚʣʘʞʥʝʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʟʠʤʥʝʛʦ ʩʥʝʛʦʥʘʢʦʧʣʝʥʠʷ, ʧʦʪʝʧʣʝʥʠʝ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʚʣʝʯʝʥʠʶ ʚ ʧʠʪʘʥʠʝ ʨʝʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʛʠ, ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʨʦʩʪ 

ʠʭ ʩʪʦʢʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʨ. ɺʝʨʭ. ɸʥʛʘʨʳ. ʉʥʠʞʝʥʠʝ ʜʦʣʠ ʨ. ʉʝʣʝʥʛʠ ʚ ʩʫʤʤʘʨʥʦʤ 

ʧʨʠʪʦʢʝ ʯʘʩʪʠʯʥʦ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʨʦʩʪʦʤ ʩʪʦʢʘ ʨʝʢ ɺʝʨʭ. ɸʥʛʘʨʳ ʠ ɹʘʨʛʫʟʠʥʘ. ʊʨʝʥʜ 

ʩʫʤʤʘʨʥʦʛʦ ʧʨʠʪʦʢʘ ʚ ɹʘʡʢʘʣ ʚ 1966-2008 ʛʛ. ʙʳʣ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʟʥʘʯʠʤʦʩʪʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʬʦʥʘ ʚ ʨʝʛʠʦʥʝ ʚ 

ʙʣʠʞʘʡʰʠʝ 5 ʣʝʪ ʩʦʭʨʘʥʠʪʩʷ ʪʨʝʥʜ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʧʨʠʪʦʢʘ ʠ ʩʪʦʢʘ ʧʨʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʦʩʪʝ ʠʩʧʘʨʝʥʠʷ. ʆʜʥʘʢʦ, ʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ ʥʦʚʦʛʦ ʮʠʢʣʘ ʚʦʜʥʦʩʪʠ 

ʩʦ ʩʥʠʞʝʥʠʝʤ ʠʩʧʘʨʝʥʠʷ ʠ ʨʦʩʪʦʤ ʦʩʪʘʣʴʥʳʭ ʙʘʣʘʥʩʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.  
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ʈʠʩ. 8. ɻʦʜʦʚʳʝ ʘʥʦʤʘʣʠʠ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ, ʦʩʨʝʜʥʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ 8 

ʙʘʡʢʘʣʴʩʢʠʭ ʩʪʘʥʮʠʡ (ʘ) ʠ ʛʦʜʦʚʳʝ ʘʥʦʤʘʣʠʠ ʧʨʠʪʦʢʘ ʨʝʢ ʉʝʣʝʥʛʠ (ʙ), ɺʝʨʭ. ɸʥʛʘʨʳ (ʚ) 

ʠ ɹʘʨʛʫʟʠʥʘ (ʛ). ɸʥʦʤʘʣʠʠ ʨʘʩʩʯʠʪʘʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʢʦʚ ʟʘ 

1966-2008 ʛʛ. (358 ʤʤ), ʩʨʝʜʥʝʛʦ ʧʨʠʪʦʢʘ ʟʘ 1966-2008 ʛʛ. ʨ. ʉʝʣʝʥʛʠ (28 ʢʤ
3
), ɺʝʨʭ. 

ɸʥʛʘʨʳ (9 ʢʤ
3
) ʠ ɹʘʨʛʫʟʠʥʘ (4 ʢʤ

3
). ʂʨʠʚʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 11 ʣʝʪʥʝʤʫ 

ʩʛʣʘʞʠʚʘʥʠʶ. ʃʠʥʝʡʥʳʡ ʪʨʝʥʜ ʧʦʢʘʟʘʥ ʧʨʷʤʦʡ ʣʠʥʠʝʡ. 



ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ VII.65. ʕʚʦʣʶʮʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʢʣʠʤʘʪʘ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʨʦʜʥʳʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʘʫʯʥʳʝ ʦʩʥʦʚʳ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʥʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 

ʇʨʦʝʢʪ VII.65.1.2. çʈʝʢʦʥʩʪʨʫʢʮʠʷ ʠʟʤʝʥʝʥʠʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʠ ʢʣʠʤʘʪʘ ʟʘ 

ʧʦʩʣʝʜʥʠʝ 75 ʪʳʩ. ʣʝʪ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʜʢʦʚ ʧʨʦʣʠʚʘ ʄʘʣʦʛʦ ʄʦʨʷ ʦʟ. 

ɹʘʡʢʘʣè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʢ.ʛ.ʥ. ʕ.ʖ. ʆʩʠʧʦʚ.  

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʥʘ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠʟ 

ʧʨʦʣʠʚʘ ʄʘʣʦʝ ʄʦʨʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʠʛʥʘʣʦʚ ʩʦʜʝʨʞʘʪ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʪʢʣʠʢʠ ʥʘ ʩʦʙʳʪʠʷ ɼʘʥʩʛʘʘʨʜʘ-ʆʰʛʝʨʘ ʚ ɻʨʝʥʣʘʥʜʠʠ, ʦʜʥʘʢʦ ʦʥʠ 

ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʝʥʣʘʥʜʩʢʦʡ ʠʟʦʪʦʧʥʦ-

ʢʠʩʣʦʨʦʜʥʦʡ ʢʨʠʚʦʡ (ʨʠʩ. 9). ʉʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʄʘʣʦʛʦ ʄʦʨʷ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʝʨʨʠʛʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ, ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ï ʨʝʢʠ ɺʝʨʭ. ɸʥʛʘʨʘ, 

ɹʘʨʛʫʟʠʥ, ʉʝʣʝʥʛʘ, ʪʚʸʨʜʳʡ ʩʪʦʢ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ ʠ çʣʝʜʥʠʢʦʚʦʝ ʤʦʣʦʢʦè ï 

ʨʝʟʫʣʴʪʘʪ ʣʝʜʥʠʢʦʚʦʡ ʵʨʦʟʠʠ ʧʦʨʦʜ ʚ ʛʦʨʥʦʤ ʦʢʨʫʞʝʥʠʠ ɹʘʡʢʘʣʘ. 
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ʈʠʩ. 9. ɺʦʜʥʳʝ, ʙʠʦʛʝʥʥʳʝ ʠ 

ʪʝʨʨʠʛʝʥʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʠʟʤʝʥʝʥʠʷ 

ʧʘʣʝʦʢʣʠʤʘʪʘ ʚ ʦʩʘʜʢʘʭ ʧʨʦʣʠʚʘ 

ʄʘʣʦʝ ʄʦʨʝ ʦʟʝʨʘ ɹʘʡʢʘʣ. (ʘ) ï 

ʧʨʦʬʠʣʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʘʫʪʠʛʝʥʥʦʛʦ ʫʨʘʥʘ ʚ ʦʩʘʜʢʘʭ st7 

(ʄʘʣʦʝ ʄʦʨʝ) ʠ st2 (ɸʢʘʜʝʤʠʯʝʩʢʠʡ 

ʭʨʝʙʝʪ), ʛʣʫʙʠʥʥʦ-ʚʦʟʨʘʩʪʥʘʷ ʰʢʘʣʘ 

ʜʣʷ st7 ʧʦʩʪʨʦʝʥʘ ʧʫʪʸʤ ʢʦʨʨʝʣʷʮʠʠ 

ʧʨʦʬʠʣʝʡ ʧʦ ʧʷʪʠ ʪʦʯʢʘʤ (ʟʝʣʸʥʳʝ 

ʢʨʫʞʢʠ), ʢʝʨʥ st2 ʜʘʪʠʨʦʚʘʥ ʨʘʥʝʝ U-

Th ʤʝʪʦʜʦʤ (ʏʝʙʳʢʠʥ ʠ ʜʨ., 2004); (ʙ) 

ï ʦʪʥʦʰʝʥʠʝ ʙʝʥʪʦʩʥʳʭ ʚʠʜʦʚ 

ʜʠʘʪʦʤʝʡ ʢ ʧʣʘʥʢʪʦʥʥʳʤ ʚ ʦʩʘʜʢʘʭ, 

ʤʘʨʢʠʨʫʶʱʝʝ ʵʢʩʪʨʝʤʘʣʴʥʦ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʨʘʟʚʠʪʠʷ 

ʜʠʘʪʦʤʝʡ; (ʚ) - ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʦʬʠʣʷ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʦʩʘʜʢʘʭ st7 ʩ 

ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʢʠʩʣʦʨʦʜʘ ʚ 

ʛʨʝʥʣʘʥʜʩʢʠʭ ʣʴʜʘʭ (Jouzel et al.,2008); 

(ʛ) ï ʧʨʦʬʠʣʴ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʛʝʥʥʦʛʦ 

ʢʨʝʤʥʝʟʸʤʘ, ʘ ʪʘʢʞʝ ʩʭʦʜʥʳʝ ʩ ʥʠʤ 

ʧʨʦʬʠʣʠ ʦʪʥʦʰʝʥʠʡ Si/Al ʠ Ge/Al ʚ 

ʦʩʘʜʢʘʭ; (ʜ-ʠ) ï ʦʩʥʦʚʥʳʝ ʪʠʧʳ 

ʧʨʦʬʠʣʝʡ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ Al ɻ ʣʝʤʝʥʪʦʚ ʚ ʦʩʘʜʢʘʭ st7 

ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʧʨʦʬʠʣʝʤ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʘʫʪʠʛʝʥʥʦʛʦ ʫʨʘʥʘ 

(U/U = (
234
U/
238
U)t=0, ʢʨʘʩʥʳʡ) 



ʇʨʦʝʢʪ VII.65.2.4. çʀʩʩʣʝʜʦʚʘʥʠʝ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʚ ʟʦʥʘʭ 

ʟʘʣʝʛʘʥʠʷ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʠ ʨʘʟʛʨʫʟʢʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʛʨʘʥʠʮʝ 

ʨʘʟʜʝʣʘ çʚʦʜʘ-ʜʥʦè ʦʟʝʨʘ ɹʘʡʢʘʣè. ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʙ.ʥ. ʊ.ʀ. ɿʝʤʩʢʘʷ.  

 

ɼʣʷ ʨʘʡʦʥʘ ʩ ʨʘʟʛʨʫʟʢʦʡ ʤʘʣʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ (ʭʦʣʦʜʥʳʡ ʩʠʧ 

çɻʦʣʦʫʩʪʥʦʝè) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʥʝʪʨʦʤʝʪʨʘ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʢʘʨʪʠʨʦʚʘʥʠʝ 

ʢʨʦʚʣʠ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ (ɻɻ). ʌʦʨʤʠʨʦʚʘʥʠʝ ɻɻ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʜʦʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʠʭ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʢʦʧʣʝʥʠʷ ʪʷʛʦʪʝʶʪ ʢ ʤʝʩʪʘʤ ʜʣʠʪʝʣʴʥʦʡ 

ʧʫʟʳʨʴʢʦʚʦʡ ʨʘʟʛʨʫʟʢʠ ʛʘʟʘ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 363 ʤ. ʉ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʵʭʦʣʦʢʘʮʠʠ 

ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ɻɻ (ʨʠʩ. 10). ʆʮʝʥʝʥʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʘʷ ʤʦʱʥʦʩʪʴ ʩʣʦʝʚ ɻɻ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ 35-80 ʤ ʜʣʷ ʨʘʟʛʨʫʟʢʠ ʯʠʩʪʦʛʦ 

ʤʝʪʘʥʘ ʠ 50-100 ʤ ʜʣʷ ʩʤʝʰʘʥʥʦʛʦ ʛʘʟʘ (98,5% ʤʝʪʘʥʘ ʠ 1,5% ʵʪʘʥʘ).  

  
ʈʠʩ. 10. ʉʭʝʤʳ ʛʣʫʙʠʥʳ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʩʪʘʙʠʣʴʥʦʩʪʠ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ. ʉʣʝʚʘ 

ʜʣʷ ʯʠʩʪʦʛʦ ʤʝʪʘʥʘ (100%), ʩʧʨʘʚʘ ʜʣʷ ʤʝʪʘʥʘ 98,5% ʠ ʵʪʘʥʘ 1,5 %. 

 

ʇʦʨʦʚʳʝ ʚʦʜʳ ʦʩʘʜʢʦʚ ʚ ʨʘʡʦʥʘʭ ʚʳʭʦʜʦʚ ʤʝʪʘʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ 

ʩʧʝʢʪʨʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʆʙʦʛʘʱʝʥʠʝ ʦʩʘʜʢʦʚ ʠʦʥʘʤʠ SO4
-2
, NH4

+
, HCO3

ï
, 

CH3COO
ï
, Feʦʙ ɦ ʠ ʤʝʪʘʥʘ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʤʠʢʨʦʬʣʦʨʳ. ɺ 

ʨʘʡʦʥʝ ʨʘʟʛʨʫʟʢʠ ʚʦʜ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʥʠʞʝ, ʯʝʤ ʚ ʙʘʡʢʘʣʴʩʢʦʡ ʚʦʜʝ (ʭʦʣʦʜʥʳʡ ʩʠʧ 

çɻʦʣʦʫʩʪʥʦʝè) ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʦʩʘʜʢʘʭ ʥʘʡʜʝʥʳ ʘʵʨʦʙʥʳʝ ʤʝʪʘʥʦʪʨʦʬʳ ʚʩʝʭ 

ʠʟʚʝʩʪʥʳʭ ʤʦʨʬʦʪʠʧʦʚ, ʘ ʪʘʢʞʝ ʥʦʚʳʝ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʙʘʢʪʝʨʠʡ ʠ ʘʨʭʝʡ. 

 

 

 

 

 



ʅʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʦʚ ʧʦ 

ʇʨʦʛʨʘʤʤʘʤ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ 

 

ʇʨʦʛʨʘʤʤʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 4. ʇʨʠʨʦʜʥʘʷ ʩʨʝʜʘ ʈʦʩʩʠʠ: ʘʜʘʧʪʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʫʩʣʦʚʠʷʭ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʢʣʠʤʘʪʘ ʠ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. 

ʇʨʦʝʢʪ ˉ 4.11. çʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʮʝʩʩʦʚ ʦʧʫʩʪʳʥʠʚʘʥʠʷ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ 

ʧʦ ʣʝʜʥʠʢʘʤ ʠ ʣʝʜʥʠʢʦʚʳʤ ʢʦʤʧʣʝʢʩʘʤè. ʂʦʦʨʜʠʥʘʪʦʨ: ʢ.ʛ.ʥ. ʕ.ʖ. ʆʩʠʧʦʚ 

 

ɻʣʷʮʠʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʦʣʠʥʝ ʨ. ʄʫʛʫʚʝʢ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʦʥʝʯʥʦ-ʤʦʨʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʣʝʜʥʠʢʘ ʇʝʨʝʪʦʣʯʠʥʘ (ʚʳʩʦʪʘ 2700-2900 ʤ) ʤʘʨʢʠʨʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʳʜʚʠʞʝʥʠʝ ʣʝʜʥʠʢʘ ʚʦ ʚʨʝʤʷ ʄʘʣʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʝʨʠʦʜʘ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʚʳʩʦʪʳ ʛʨʘʥʠʮʳ ʧʠʪʘʥʠʷ (ɻʇ) ʥʘ ʣʝʜʥʠʢʝ ʇʝʨʝʪʦʣʯʠʥʘ ʜʣʷ ʧʦʩʣʝʜʥʠʭ 

4 ʪʳʩ. ʣʝʪ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʠ ʩʨʝʜʥʝʚʝʢʦʚʦʛʦ ʦʧʪʠʤʫʤʘ ɻʇ ʩʥʠʟʠʣʘʩʴ ʥʘ 300 ʤ, 

ʟʘʪʝʤ ʧʦʚʳʩʠʣʘʩʴ ʥʘ 150 ʤ. ʅʘʠʙʦʣʝʝ ʥʠʟʢʦʝ ʧʦʣʦʞʝʥʠʝ ɻʇ ʥʘʙʣʶʜʘʣʦʩʴ ʚʦ ʚʨʝʤʷ 

ʤʘʣʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʝʨʠʦʜʘ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʧʨʝʩʩʠʷ ʚ ʛʦʣʦʮʝʥʝ). ʉ ʪʦʛʦ ʤʦʤʝʥʪʘ ʠ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʧʦʜʲʝʤ ʩʥʝʛʦʚʦʡ ʣʠʥʠʠ ʠ ʦʪʩʪʫʧʘʥʠʝ 

ʣʝʜʥʠʢʘ ʥʘ 720 ʤ (ʩʦ ʩʢʦʨʦʩʪʴʶ 4,6 ʤ/ʛʦʜ). 

 

ʇʨʦʛʨʘʤʤʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 6. ʄʦʣʝʢʫʣʷʨʥʘʷ ʠ ʢʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷ. 

ʇʨʦʝʢʪ 6.3 çʄʦʣʝʢʫʣʷʨʥʳʝ ʠ ʢʣʝʪʦʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʩʠʥʪʝʟʘ ʢʨʝʤʥʠʩʪʳʭ 

ʧʘʥʮʠʨʝʡ ʜʠʘʪʦʤʝʡè. ʂʦʦʨʜʠʥʘʪʦʨ: ʘʢ. ʄ.ɸ. ɻʨʘʯʝʚ. 

 

ɺ ʭʦʜʝ ʨʘʩʰʠʬʨʦʚʢʠ ʧʦʣʥʦʛʦ ʛʝʥʦʤʘ ʜʠʘʪʦʤʝʠ Synedra acus ʤʝʪʦʜʦʤ 

ʧʠʨʦʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʥʫʪʦ 20-ʢʨʘʪʥʦʝ ʧʝʨʝʢʨʳʚʘʥʠʝ ʧʨʦʯʪʝʥʠʡ. ɺʳʷʚʣʝʥʳ 

ʛʝʥʳ ï ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʫʯʘʩʪʥʠʢʠ ʤʦʨʬʦʛʝʥʝʟʘ ʢʨʝʤʥʠʩʪʦʡ ʩʪʚʦʨʢʠ ʜʠʘʪʦʤʝʡ. 

ʆʙʥʘʨʫʞʝʥʳ ʜʚʘ ʥʦʚʳʭ ʛʝʥʘ ʙʝʣʢʦʚ ʪʨʘʥʩʧʦʨʪʘ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ SIT. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʥʝʝ ʨʘʩʰʠʬʨʦʚʘʥʥʦʤʫ ʛʝʥʫ ʪʨʘʥʩʧʦʨʪʘ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ sit1 

ʥʘʡʜʝʥʳ ʥʦʚʳʝ ʛʝʥʳ sit2 ʠ sit3. ʄʝʪʦʜ ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ ʧʦ ʉʵʥʛʝʨʫ ʧʦʟʚʦʣʠʣ 

ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʛʝʥʳ sit2 ʠ sit3 ʦʙʨʘʟʫʶʪ ʪʘʥʜʝʤ. ɻʝʥʳ sit2 ʠ sit3 ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʛʦʤʦʣʦʛʠʶ ʩ ʛʝʥʦʤ sit1 ʥʘ ʧʨʦʪʷʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ, ʥʦ ʥʝ ʠʜʝʥʪʠʯʥʳ ʝʤʫ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 183 ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʙʝʣʢʦʚ SIT ʫ 70 

ʚʠʜʦʚ ʜʠʘʪʦʤʦʚʳʭ ʠ 2 ʚʠʜʦʚ ʭʨʠʟʦʬʠʪʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʫ ʧʦʜʘʚʣʷʶʱʝʛʦ 

ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʠʤʝʝʪʩʷ ʤʦʪʠʚ CML(I)D ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ 

ʩʚʷʟʳʚʘʥʠʷ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ. ɺ ʛʝʥʦʤʝ Synedra acus ʦʙʥʘʨʫʞʝʥ ʛʝʥ 

ʘʢʚʘʧʦʨʠʥʧʦʜʦʙʥʦʛʦ ʙʝʣʢʘ (ʨʠʩ. 11).  

ɹʝʣʢʠ ʩʝʤʝʡʩʪʚʘ MIP (major intrinsic proteins), ʠʣʠ ʘʢʚʘʧʦʨʠʥʳ, ʫ ʚʩʝʭ 

ʦʨʛʘʥʠʟʤʦʚ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʧʘʩʩʠʚʥʦʛʦ ʪʨʘʥʩ-ʤʝʤʙʨʘʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʤʦʣʝʢʫʣ 

ʚʦʜʳ ʠ ʜʨʫʛʠʭ ʤʘʣʳʭ ʥʝʟʘʨʷʞʝʥʥʳʭ ʧʦʣʷʨʥʳʭ ʤʦʣʝʢʫʣ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ 

ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʘʢʚʘʧʦʨʠʥʳ ʫʯʫʚʩʪʚʫʶʪ ʚ ʩʠʥʪʝʟʝ ʢʨʝʤʥʠʩʪʳʭ ʩʪʝʥʦʢ ʜʠʘʪʦʤʝʡ 

ʧʫʪʝʤ ʫʜʘʣʝʥʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʠʟ ʚʝʟʠʢʫʣ ʦʪʣʦʞʝʥʠʷ ʢʨʝʤʥʝʟʝʤʘ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ 

ʙʠʦʠʥʬʦʨʤʘʪʠʯʝʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʘʤʠʥʦʢʠʩʣʦʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 15 



ʙʝʣʢʦʚ MIP ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʮʘʨʩʪʚʘ Chromista - ʜʠʘʪʦʤʦʚʳʭ ʠ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ ʩ 8 

429 ʘʢʚʘʧʦʨʠʥʘʤʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ ʧʦʟʚʦʣʠʣ ʚʧʝʨʚʳʝ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʵʪʠ MIP 

ʙʝʣʢʠ ʚʦʜʦʨʦʩʣʝʡ. ʇʷʪʴ ʙʝʣʢʦʚ ʭʨʦʤʠʩʪ ʚʳʜʝʣʝʥʳ ʚ ʦʪʜʝʣʴʥʦʝ ʧʦʜʩʝʤʝʡʩʪʚʦ, LIPs 

(large intrinsic proteins). 

 
ʈʠʩ. 11. ʌʠʣʦʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʝʣʢʦʚ ʩʝʤʝʡʩʪʚʘ ʘʢʚʘʧʦʨʠʥʦʚ (MIP) ʩ ʧʦʤʦʱʴʶ 

MEGA5 ʧʦ ʤʦʜʝʣʠ JTT: AQP ï ʘʢʚʘʧʦʨʠʥʳ; GLA ï ʘʢʚʘʛʣʠʮʝʨʦʧʦʨʠʥʳ; GLP ï 

ʛʣʠʮʝʨʦʧʦʨʠʥʳ; MIP ï ʛʣʘʚʥʳʝ ʚʥʫʪʨʠʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ; NIP ï ʥʦʜʫʣʠʥ-26-ʧʦʜʦʙʥʳʝ 

ʙʝʣʢʠ; PIP ï ʧʣʘʟʤʘʣʝʤʥʳʝ ʛʣʘʚʥʳʝ ʙʝʣʢʠ; SIP ï ʤʘʣʳʝ ʛʣʘʚʥʳʝ ʚʥʫʪʨʠʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ; 

LIP ï ʙʦʣʴʰʠʝ ʛʣʘʚʥʳʝ ʚʥʫʪʨʠʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ; TIP ï ʚʥʫʪʨʠʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ 

ʪʦʥʦʧʣʘʩʪʦʚ; XIP ï ʥʝʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʳʝ MIP; e ï ʵʫʢʘʨʠʦʪʳ; ʨ - ʧʨʦʢʘʨʠʦʪʳ (Å - ʙʝʣʢʠ 

ʜʠʘʪʦʤʦʚʳʭ ʠ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ). 

 

ʇʨʦʛʨʘʤʤʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 23. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʢʝʘʥʦʣʦʛʠʠ: 

ʬʠʟʠʢʘ, ʛʝʦʣʦʛʠʷ, ʙʠʦʣʦʛʠʷ, ʵʢʦʣʦʛʠʷ. ʇʦʜʧʨʦʛʨʘʤʤʘ: çɻʣʫʙʦʢʦʚʦʜʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʟʝʨʘ ɹʘʡʢʘʣè. 

ʇʨʦʝʢʪ ˉ 23.7. çɻʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʧʦʜʚʦʜʥʳʭ 

ʪʦʧʦʩʪʨʫʢʪʫʨ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʥʦʛʦʣʫʯʝʚʦʡ ʵʭʦʣʦʢʘʮʠʝʡ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʜʥʘ ʦʟʝʨʘ ɹʘʡʢʘʣè. ʂʦʦʨʜʠʥʘʪʦʨ: ʆ.ʄ. ʍʣʳʩʪʦʚ.  

 

ʉ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʩʠʩʪʝʤʳ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʦʛʨʘʬʘ-ʵʭʦʣʦʪʘ ʩ ʣʠʥʝʡʥʦ-

ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʃʏʄ) ʟʦʥʜʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ Bathy-2012PC CHIRP Sub-

Bottom Profiler ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʩʣʝʜʫʝʤʳʝ ʧʦʜʚʦʜʥʳʝ ʪʦʧʦʩʪʨʫʢʪʫʨʳ ʧʦ 

ʩʝʡʩʤʠʯʝʩʢʦʤʫ ʨʠʩʫʥʢʫ ʷʚʣʷʶʪʩʷ ʛʨʷʟʝʚʳʤʠ ʚʫʣʢʘʥʘʤʠ (ʨʠʩ. 12). ɺ ʭʦʜʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʚ ʥʠʭ ʦʙʥʘʨʫʞʝʥʘ ʛʨʷʟʝʚʫʣʢʘʥʠʯʝʩʢʘʷ ʙʨʝʢʯʠʷ ʠ, ʚ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ, ʩʢʦʧʣʝʥʠʷ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ. ɿʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ 5 ʥʦʚʳʭ ʤʝʩʪ ʩʢʦʧʣʝʥʠʡ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ: ʪʨʠ ʚ ʥʦʚʳʭ ʛʨʷʟʝʚʳʭ 

ʚʫʣʢʘʥʘʭ, ʦʜʥʦ ʚ ʫʞʝ ʠʟʚʝʩʪʥʦʤ ʨʘʡʦʥʝ ʨʘʟʛʨʫʟʢʠ ʛʘʟʘ (seep), ʠ ʝʱʝ ʦʜʥʦ ʚ ʨʘʡʦʥʝ 



ʧʦʢʤʘʨʢʘ. ʕʪʦ ʧʝʨʚʘʷ ʥʘʭʦʜʢʘ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʚ ʦʩʘʜʢʘʭ ʧʦʢʤʘʨʢʘ ʚ ɹʘʡʢʘʣʝ. ʂ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘ ʜʥʝ ʦʟʝʨʘ ʦʙʥʘʨʫʞʝʥʦ 26 ʨʘʡʦʥʦʚ ʩ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʤ 

ʟʘʣʝʛʘʥʠʝʤ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ, 15 ʠʟ ʥʠʭ ʙʳʣʠ ʦʪʢʨʳʪʳ ʟʘ ʧʦʩʣʝʜʥʠʝ 3 ʛʦʜʘ ʙʣʘʛʦʜʘʨʷ 

ʜʘʥʥʳʤ ʩʲʝʤʢʠ 2009 ʛ. ʤʥʦʛʦʣʫʯʝʚʳʤ ʵʭʦʣʦʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʘʤʢʘʭ ʧʨʝʜʳʜʫʱʝʛʦ 

ʧʨʦʝʢʪʘ ʇʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ 21.8. 

 

 
ʈʠʩ. 12. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʠʜʨʘʪʦʚ. ɾʝʣʪʳʝ ʢʨʫʞʢʠ ï ʤʝʩʪʘ 

ʨʘʟʛʨʫʟʢʠ ʛʘʟʘ (ʩʠʧ), ʢʨʘʩʥʳʝ ï ʛʨʷʟʝʚʳʝ ʚʫʣʢʘʥʳ. ʌʠʦʣʝʪʦʚʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥʳ 

ʥʘʟʚʘʥʠʷ ʤʝʩʪ ʥʘʭʦʜʦʢ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʚ 2012 ʛ. 

 

ʇʨʦʝʢʪ ˉ23.9. çʂʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ ʘʙʠʩʩʘʣʠ 

ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ ʠʭ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʠʧʘ ʨʘʟʛʨʫʞʘʶʱʝʛʦʩʷ ʬʣʶʠʜʘè. ʅʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜ.ʙ.ʥ. ʊ.ʀ. ɿʝʤʩʢʘʷ.  

 

ɿʘʢʦʥʯʝʥ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʢʨʦ- ʠ ʤʝʡʦʬʘʫʥʳ ʚ ʯʝʪʳʨʸʭ ʨʘʡʦʥʘʭ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʠ ʧʦ ʩʦʩʪʘʚʫ ʨʘʟʛʨʫʞʘʶʱʠʭʩʷ 

ʫʛʣʝʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʬʣʶʠʜʦʚ. ʇʦʜʦʙʥʦ ʤʦʨʩʢʠʤ ʩʠʧʘʤ, ʜʣʷ ʤʘʢʨʦʬʘʫʥʳ ʠʟ ʟʦʥ 

ʨʘʟʛʨʫʟʦʢ ʦʪʤʝʯʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩ. 13). ʆʙʣʝʛʯʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ŭ
13
C ʠ ŭ

15
N ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʧʨʦʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʭʝʤʦʩʠʥʪʝʟʘ, ʠ/ʠʣʠ ʚ ʧʨʦʮʝʩʩʝ ʤʝʪʘʥʦʪʨʦʬʠʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʙʦʣʝʝ ʪʷʞʝʣʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ŭ
13
C ʥʝʢʦʪʦʨʳʭ ʧʦʜʚʠʞʥʳʭ 

ʘʤʬʠʧʦʜ ʦʪʨʘʞʘʝʪ ʧʦʪʨʝʙʣʝʥʠʝ ʠʤʠ ʫʛʣʝʨʦʜʘ, ʧʨʦʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ 

ʬʦʪʦʩʠʥʪʝʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʷʶʪ, ʧʦʯʝʤʫ 

ʦʟʝʨʦ ɹʘʡʢʘʣ ʠʤʝʝʪ ʪʘʢʫʶ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʶʙʳʤ 

ʜʨʫʛʠʤ ʦʟʝʨʦʤ ʚ ʤʠʨʝ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʦʡ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

 




