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ʈɽʂʆʅʉʊʈʋʂʎʀʗ ʋʉʃʆɺʀʁ ʆʉɸɼʂʆʅɸʂʆʇʃɽʅʀʗ ɺ ɼɺʀʅʉʂʆʄ 
ɿɸʃʀɺɽ ɹɽʃʆɻʆ ʄʆʈʗ ʇʆ ʄɸʊɽʈʀɸʃɸʄ 
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ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2
ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ.ʐʠʨʰʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ 

ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ [5]. ɺʤʝʩʪʝ ʩ 
ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʘʪʠʨʦʚʘʥʠʷ ʜʠʘʪʦʤʦʚʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 
ʤʥʦʛʠʝ ʜʝʪʘʣʠ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʦʛʘʱʘʷ 
ʠʤʝʶʱʠʝʩʷ ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ 
ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ ʢʦʣʦʥʢʠ ʦʪʣʦʞʝʥʠʡ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɼʚʠʥʩʢʦʛʦ ʟʘʣʠʚʘ. 

ʂʦʣʦʥʢʘ 6042 ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʩ ʧʦʤʦʱʴʶ ʪʨʫʙʢʠ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʚ 
ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɼʚʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʥʘ ʛʣʫʙʠʥʝ 61 ʤ ʚ ʨʝʡʩʝ ʅʀʉ çʇʨʦʬʝʩʩʦʨ 
ʐʪʦʢʤʘʥè ʚ 2006 ʛ. ʩʦʪʨʫʜʥʠʢʘʤʠ ʀʆ ʈɸʅ. ɺ ʥʝʡ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ ʩʝʨʦʮʚʝʪʥʳʭ 
ʧʝʣʠʪʦʚʳʭ ʦʩʘʜʢʦʚ ʜʦʩʪʠʛʘʝʪ 460 ʩʤ. ʇʦ ʜʝʪʨʠʪʫ ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ ʙʳʣ 
ʫʩʪʘʥʦʚʣʝʥ ʚʦʟʨʘʩʪ ʧʷʪʠ ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʦʤ ʫʩʢʦʨʠʪʝʣʴʥʦʡ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ 
(AMS 14ʉ) ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʛ. ʇʦʟʥʘʥʴ [4]. 

ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʠʟʫʯʝʥʳ ʚ 45 ʦʙʨʘʟʮʘʭ ʩ ʠʥʪʝʨʚʘʣʦʤ ʦʧʨʦʙʦʚʘʥʠʷ 
10 ʩʤ. ʊʝʭʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ 
ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [3] ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʀʆ 
ʈɸʅ. ɺʠʜʦʚʳʝ ʦʧʨʝʜʝʣʝʥʠʷ ʜʠʘʪʦʤʝʡ ʚ ʧʨʝʧʘʨʘʪʘʭ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 
ʤʠʢʨʦʩʢʦʧʘ JENAVAL (Carl Zeiss) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚ 1000 ʨʘʟ. 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʢʦʣʦʥʢʠ 6042 (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ɼʚʠʥʩʢʦʛʦ ʟʘʣʠʚʘ) 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʜʠʘʪʦʤʝʡ (ʜʦ 40 ʪʳʩ. 
ʩʪʚʦʨʦʢ ʥʘ ʛʨʘʤʤ ʩʫʭʦʛʦ ʦʩʘʜʢʘ) ʠ ʥʠʟʢʠʤ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ (ʚʩʝʛʦ 7 
ʚʠʜʦʚ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʘʥʥʝʛʦʣʦʮʝʥʦʚʳʭ (ʧʨʝʙʦʨʝʘʣʴʥʳʭ ʠ ʙʦʨʝʘʣʴʥʳʭ) 
ʦʪʣʦʞʝʥʠʡ ɼʚʠʥʩʢʦʛʦ ʟʘʣʠʚʘ [1, 2, 6]. ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʠʘʪʦʤʦʚʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʷʚʣʷʶʪʩʷ ʤʦʨʩʢʠʝ ʠ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʦ-ʤʦʨʩʢʠʝ - Paralia sulcata 
(Ehrenberg) Cleve ʠ Coscinodiscus radiatus Ehrenberg, ʘ ʪʘʢʞʝ ʙʝʥʪʦʩʥʳʝ ʚʠʜ  
Amphora proteus Gregory. ɺ ʠʥʪʝʨʚʘʣʘʭ 380-430 ʩʤ ʠ 440-460 ʜʠʘʪʦʤʦʚʳʭ 
ʚʦʜʦʨʦʩʣʝʡ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʊʘʢʞʝ ʜʦ ʛʣʫʙʠʥʳ 2,90 ʤ ʜʠʘʪʦʤʝʠ ʧʦʣʥʦʩʪʴʶ 
ʦʪʩʫʪʩʪʚʫʶʪ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʘʪʦʤʝʡ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʪʣʦʞʝʥʠʡ 
ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʝʦʙʣʘʜʘʶʪ ʤʦʨʩʢʠʝ ʠ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʦ-ʤʦʨʩʢʠʝ 
ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ (45 ʚʠʜʦʚ) ʚ ʠʟʦʙʠʣʠʠ (ʦʪ 56 ʜʦ 90%), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 
ʧʣʘʥʢʪʦʥʥʳʤʠ ʠ ʤʝʨʦʧʣʘʥʢʪʦʥʠʯʝʩʢʠʤʠ ʚʠʜʘʤʠ (Paralia sulcata, Thalassiosira 
angulata (Gregory) Hasle ʠ ʜʨ.). ɽʜʠʥʠʯʥʳʝ ʩʪʚʦʨʢʠ Meridion circulare (Greville) Agardh, 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʨʠʚʥʦʩʝ ʨʝʯʥʳʭ ʚʦʜ, ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʫʙʙʦʨʝʘʣʴʥʳʭ 
ʦʪʣʦʞʝʥʠʡ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʪʝʧʣʦʚʦʜʥʳʭ ʚʠʜʦʚ ʦʪ 
ʦʩʘʜʢʦʚ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʢ ʩʫʙʘʪʣʘʥʪʠʯʝʩʢʠʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʝʩʥʦʚʦʜʥʳʝ 
ʚʠʜʳ ʧʦʷʚʣʷʶʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʩʦʩʪʘʚʝ ʜʠʘʪʦʤʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʣʦʥʢʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʪʣʦʞʝʥʠʡ ʢʦʣʦʥʢʠ ʧʦʟʚʦʣʷʶʪ 
ʚʳʜʝʣʠʪʴ ʜʚʝ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʢʦʚ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʧʝʨʝʭʦʜʥʦʤʫ ʵʪʘʧʫ ʦʪ ʣʝʜʥʠʢʦʚʦ-ʤʦʨʩʢʠʭ ʢ ʤʦʨʩʢʠʤ ʫʩʣʦʚʠʷʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʇʦ 
ʜʘʥʥʳʤ AMS 14ʉ ʜʘʪʠʨʦʚʘʥʠʷ [2] ʠ ʢʦʨʨʝʣʷʮʠʠ ʦʪʣʦʞʝʥʠʡ ʩ ʜʨʫʛʠʤʠ ʢʦʣʦʥʢʘʤʠ 
ʤʦʨʩʢʠʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ ʵʪʫ ʩʪʘʜʠʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʨʝʙʦʨʝʘʣʴʥʦʤʫ ʠ 



4 

ʙʦʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ (11,5-8,6 ʪʳʩ. ʢʘʣ. ʣ. ʥ.). ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 
ʜʠʘʪʦʤʝʡ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʠʟʢʦʡ 
ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʪʦʛʜʘ ʩʠʣʴʥʦʨʘʩʧʨʝʩʥʝʥʥʦʛʦ ʤʦʨʩʢʦʛʦ ʟʘʣʠʚʘ. ɺ 
ʢʦʥʮʝ ʨʘʥʥʝʛʦ ʛʦʣʦʮʝʥʘ ʥʘʯʘʣʘʩʴ ʚʪʦʨʘʷ ʤʦʨʩʢʘʷ ʩʪʘʜʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʩʘʜʢʦʚ. 
ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʘʪʦʤʝʡ ʚ ʦʩʘʜʢʘʭ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʚʳʰʝʥʠʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʨʘʥʩʛʨʝʩʩʠʝʡ. 
ʋʚʝʣʠʯʠʚʘʶʱʝʝʩʷ ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʠʪʠʯʝʩʢʠʭ ʠ ʧʘʥʪʘʣʘʩʩʥʳʭ ʚʠʜʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 
ʦʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʫʩʪʦʡʯʠʚʦʡ ʩʚʷʟʠ ɹʝʣʦʛʦ ʤʦʨʷ ʩ ɹʘʨʝʥʮʝʚʳʤ. ʇʦʩʪʝʧʝʥʥʦʝ 
ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʪʝʧʣʦʚʦʜʥʦʛʦ ʚʠʜʘ Coscinodiscus radiatus ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ 
ʦʙ ʫʣʫʯʰʝʥʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʥʘʯʠʥʘʷ ʩ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʩʦʩʪʘʚʝ ʜʠʘʪʦʤʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ 
ʜʘʪʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ AMS 14ʉ ʦʪʣʦʞʝʥʠʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɼʚʠʥʩʢʦʛʦ ʟʘʣʠʚʘ 
ʧʦʟʚʦʣʠʣʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʤʝʥʫ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʠ ʚʳʷʚʠʪʴ 
ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɼʞʠʥʦʨʠʜʟʝ ʈ.ʅ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ / 
ʈ.ʅ. ɼʞʠʥʦʨʠʜʟʝ // ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʩʦʚʝʱʘʥʠʷ çɺʦʧʨʦʩʳ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʠ ʛʝʦʣʦʛʠʠ ʘʥʪʨʦʧʦʛʝʥʘ 
ʩʝʚʝʨʦ-ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʉʉʉʈè. ï ɸʧʘʪʠʪʳ, 1972. ï ʉ. 26-28. 

2. ɼʞʠʥʦʨʠʜʟʝ ʈ.ʅ. ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʠʟ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ ʤʦʨʷ ʚ ʩʚʷʟʠ ʩ ʝʛʦ ʠʩʪʦʨʠʝʡ 
ʚ ʛʦʣʦʮʝʥʝ: ʘʚʪʦʨʝʬ. ʜʠʩ. é ʢʘʥʜ. ʙʠʦʣ. ʥʘʫʢ. / ʈ.ʅ. ɼʞʠʥʦʨʠʜʟʝ. ï ʃ., 1971. ï 23 ʩ. 

3. ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʉʉʉʈ (ʠʩʢʦʧʘʝʤʳʝ ʠ ʩʦʚʨʝʤʝʥʥʳʝ). ï ʃ.: ʅʘʫʢʘ, 1974. ï ʊ. I. ï 403 ʩ. 
4. ʅʦʚʠʯʢʦʚʘ ɽ.ɸ. ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ɼʚʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ɹʝʣʦʛʦ ʤʦʨʷ ʚ ʛʦʣʦʮʝʥʝ / 
ɽ.ɸ. ʅʦʚʠʯʢʦʚʘ, ʃ.ɽ. ʈʝʡʭʘʨʜ, ɸ.ʇ. ʃʠʩʠʮʳʥ, ɸ.ɽ. ʈʳʙʘʣʢʦ, ɸ. ʜʝ ɺʝʨʥʘʣ // ɼɸʅ. ï 2017. ï ʊ. 474. ï 
ˉ 3. ï ʉ. 365-369. 

5. ʇʦʣʷʢʦʚʘ ɽ.ʀ. ɼʠʘʪʦʤʦʚʳʡ ʘʥʘʣʠʟ / ɽ.ʀ. ʇʦʣʷʢʦʚʘ // ʄʝʪʦʜʳ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ:  
ʧʦʜ ʨʝʜ.  ʇ.ɸ. ʂʘʧʣʠʥʘ, ʊ.ɸ. ʗʥʠʥʦʡ. ï ʄ., 2010. ï ʉ. 126-154. 

6. ʇʦʣʷʢʦʚʘ ɽ.ʀ. ʉʦʚʨʝʤʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʝʣʦʛʦ 
ʤʦʨʷ / ɽ.ʀ. ʇʦʣʷʢʦʚʘ, ɽ.ɸ. ʅʦʚʠʯʢʦʚʘ, ɸ.ʇ. ʃʠʩʠʮʳʥ, ʍ.ɸ. ɹʘʫʭ, ɸ.ɽ. ʈʳʙʘʣʢʦ // ɼɸʅ. ï 2014. ï 

ʊ. 454. ï ˉ 4. ï ʉ. 467-472.  
  



5 

ʆ ʉʆʉʊʆʗʅʀʀ ʀ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʀ ʅɽʂʆʊʆʈʓʍ ʇʈʀɽʄʆɺ 
ʀ ʄɽʊʆɼʆɺ ʀɿʋʏɽʅʀʗ ʊɽʈʈʀɻɽʅʅʓʍ ʆʊʃʆɾɽʅʀʁ 

ɺ ʅɽʌʊɽɻɸɿʆɺʆʁ ʃʀʊʆʃʆɻʀʀ 

 
ɺ.ʇ. ɸʣʝʢʩʝʝʚ 

 
ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʀʟʫʯʝʥʠʝ ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʨʝʩʫʨʩʳ, 
ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʢ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ. ʅʝ ʫʤʘʣʷʷ ʦʯʝʚʠʜʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠ 
ʧʦʩʪʦʷʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʤʥʦʛʦʧʣʘʥʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʦʜʠʤʳʭ ʚ ʜʘʥʥʦʡ 
ʦʙʣʘʩʪʠ, ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʤʦʤʝʥʪʘʭ, ʢʦʪʦʨʳʝ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʪʦʨʤʦʟʷʪ ʠ ʚ 
ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʙʝʜʥʷʶʪ ʠʤʝʶʱʠʝʩʷ ʜʦʩʪʠʞʝʥʠʷ. 

1. ʇʨʠ ʠʟʫʯʝʥʠʠ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʦʩʦʙʝʥʥʦ ʚʘʞʥʘ ʛʨʘʥʠʮʘ, ʧʦ ʢʦʪʦʨʦʡ 
ʨʘʟʜʝʣʷʶʪʩʷ ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ (ʚ ʛʨʫʙʦʤ ʧʨʠʙʣʠʞʝʥʠʠ çʢʦʣʣʝʢʪʦʨ/ʥʝ 
ʢʦʣʣʝʢʪʦʨè). ɺ çʫʧʨʦʱʝʥʥʦʤè ʚʠʜʝ ʦʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ 0.1 ʤʤ; ʚ ʫʪʦʯʥʝʥʥʦʤ ï 0.05 
ʤʤ, ʩ ʚʳʜʝʣʝʥʠʝʤ ʚ ʜʠʘʧʘʟʦʥʝ 0.1-0.05 ʤʤ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ (ʪʘʢ 
ʥʘʟʳʚʘʝʤʘʷ ʜʝʩʷʪʠʯʥʘʷ ʰʢʘʣʘ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʘʚʥʦ ʠ ʫʙʝʜʠʪʝʣʴʥʦ ʧʦʢʘʟʘʥʦ 
ʧʨʝʠʤʫʱʝʩʪʚʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʰʢʘʣ ʧʨʠ ʦʮʝʥʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ, 
ʩʣʘʛʘʶʱʠʭ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ [1, 5]. ɺ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʪʦ 
ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʰʢʘʣʘ ʌ (çʬʠè) ʩ ʦʩʥʦʚʘʥʠʝʤ ʣʦʛʘʨʠʬʤʘ 2 (ʙʦʣʝʝ ʤʝʣʢʠʝ ʬʨʘʢʮʠʠ 
ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ 1/2ʌ ʠ 

1/4ʌ), ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ï ʰʢʘʣʘ ɺ.ʇ.ɹʘʪʫʨʠʥʘ ɔ (çʛʘʤʤʘè) ʩ 
ʦʩʥʦʚʘʥʠʝʤ ʣʦʛʘʨʠʬʤʘ 10. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʧʝʩʯʘʥʦʡ ʠ 
ʘʣʝʚʨʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 0.063 ʤʤ, ʚʦ ʚʪʦʨʦʤ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ 
0.063, ʪʘʢ ʠ 0.05 ʤʤ. ʇʨʠ ʵʪʦʤ ʥʝʫʜʘʯʥʦ ʚʳʛʣʷʜʠʪ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʝʝʩʷ ʚʳʜʝʣʝʥʠʝ 
ʬʨʘʢʮʠʠ 0.05-0.063 ʤʤ, ʧʨʠ ʩʦʩʝʜʩʪʚʫʶʱʠʭ 0.063-0.125 ʠ 0.05-0.01 ʤʤ. ʕʪʦ 
ʟʘʚʝʜʦʤʦ ʠʩʢʘʞʘʝʪ ʣʶʙʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʠʩʪʠʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʟʤʝʨʥʦʩʪʠ 
ʯʘʩʪʠʮ, ʩʣʘʛʘʶʱʠʭ ʧʦʨʦʜʫ. 

2. ɺ ʧʨʦʜʦʣʞʝʥʠʝ çʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʡè ʪʝʤʳ ʫʢʘʞʝʤ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʊʨʘʩʢʘ (S) ʧʨʠ ʦʮʝʥʢʝ ʩʦʨʪʠʨʦʚʘʥʥʦʩʪʠ ʧʦʨʦʜʳ. 
ɹʫʜʫʯʠ ʦʧʨʝʜʝʣʷʝʤʳʤ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ 75% ʠ 25% ʢʚʘʨʪʠʣʝʡ, ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 
ʚʧʦʣʥʝ ʫʧʦʪʨʝʙʠʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʨʪʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ. 
ʆʜʥʘʢʦ ʧʨʠ ʧʦʣʠʤʦʜʘʣʴʥʦʤ, ʠ ʦʩʦʙʝʥʥʦ ï ʙʠʤʦʜʘʣʴʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʯʘʩʪʠʮ ʦʥ 
ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʳʰʘʝʪ ʠʩʪʠʥʥʳʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʭʦʨʦʰʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʦ 
ʉ.ʀ.ʈʦʤʘʥʦʚʩʢʠʤ [5] ʠ ʜʦʧʦʣʥʝʥʦ ʥʘʤʠ [1]. ɼʣʷ ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʩʦʨʪʠʨʦʚʢʠ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʤʦʤʝʥʪʦʚ, ʨʝʘʣʴʥʦ ʦʪʨʘʞʘʶʱʠʡ 
ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʤʝʨʝʥʥʳʭ ʯʘʩʪʠʮ. 

3. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ 
ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ, 
ʩʣʘʛʘʶʱʠʭ ʢʨʫʧʥʳʝ ʩʣʦʠ ʠ ʦʩʦʙʝʥʥʦ ï ʩʣʦʝʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʚʠʜʝ ʨʘʚʥʦʙʝʜʨʝʥʥʳʭ 
ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ɺʝʨʦʷʪʥʦ, ʚʧʝʨʚʳʝ ʵʪʦ ʩʜʝʣʘʥʦ ʊ.ʕʣʣʠʦʪʦʤ ʚ ʩʪʘʪʴʝ [7]. 
çʊʨʝʫʛʦʣʴʥʠʢʦʚʦʝè ʠʟʦʙʨʘʞʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʩʪʨʦʝʥʠʠ ʦʩʘʜʦʯʥʳʭ 
(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʛʝʥʥʳʭ) ʪʦʣʱ ʧʦʣʫʯʠʣʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʩʝʡʩʤʠʯʝʩʢʦʡ 
ʩʪʨʘʪʠʛʨʘʬʠʠ, ʛʜʝ ʚʳʜʝʣʷʝʤʳʝ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʦʙʨʘʟʦʤ ʮʠʢʣʠʪʳ ʧʦ ʩʫʪʠ 
ʩʠʥʦʥʠʤʠʟʠʨʫʶʪʩʷ ʩ ʧʘʨʘʩʝʢʚʝʥʩʘʤʠ (parasequence). ʇʦʜ ʥʠʤʠ ʧʦʥʠʤʘʝʪʩʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩʣʦʝʚ, ʩ ʦʙʳʯʥʦʡ ʪʦʣʱʠʥʦʡ ʦʪ ʧʝʨʚʳʭ 
ʤʝʪʨʦʚ ʜʦ (ʯʘʱʝ) ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʠ ʭʦʨʦʰʦ ʨʘʩʧʦʟʥʘʚʘʝʤʳʭ ʥʘ ʢʘʨʦʪʘʞʥʳʭ 
ʜʠʘʛʨʘʤʤʘʭ. ɼʘʥʥʘʷ ʮʠʢʣʠʯʥʦʩʪʴ ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʧʨʦʩʪʦʪʦʡ ʩʚʦʝʛʦ 
ʚ ʜrʝʣʝʥʠʷ, ʥʘʛʣʷʜʥʦʩʪʴʶ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʠ 
ʢʦʨʨʝʣʷʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʯʨʝʟʤʝʨʥʦʝ ʫʧʨʦʱʝʥʠʝ, ʠʣʠ çʤʝʭʘʥʠʟʠʨʦʚʘʥʠʝè (ʧʦ 
ʦʙʨʘʟʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʖ.ɸ.ɾʝʤʯʫʞʥʠʢʦʚʘ) ʚʳʜʝʣʷʝʤʳʭ ʫʢʘʟʘʥʥʳʤ ʩʧʦʩʦʙʦʤ 
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ʮʠʢʣʠʪʦʚ (ʧʘʨʘʩʝʢʚʝʥʩʦʚ) ʜʝʣʘʝʪ ʵʪʫ ʤʝʪʦʜʦʣʦʛʠʶ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠ ʦʪʯʘʩʪʠ 
ʩʧʦʨʥʦʡ [1]. 

4. ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʣʠʪʦʣʦʛʠʠ ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʪ.ʥ. ʜʠʩʪʘʥʮʠʦʥʥʳʝ 
ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʦʩʘʜʦʯʥʳʭ ʪʝʣ ʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʙʠʨʘʝʤʦʛʦ ʢʝʨʥʘ. ʎʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʟʜʝʩʴ ʟʘʥʠʤʘʶʪ 
ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ (ɻʀʉ) ʠʣʠ ʢʘʨʦʪʘʞ (ʩʤ. ʚʳʰʝ), 
ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠʣʠ ʬʘʮʠʡ [2]. 
ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʜʚʫʭ ʘʩʧʝʢʪʘʭ, ʢʦʪʦʨʳʝ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ 
ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ. 

4ʘ. ʄʝʪʦʜʦʣʦʛʠʷ ɺ.ʉ.ʄʫʨʦʤʮʝʚʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 
ʄʘʥʛʳʰʣʘʢʘ, ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ ʩʣʦʠ ʧʦʚʳʰʝʥʥʦʡ ʪʦʣʱʠʥʳ (ʙʦʣʝʝ 2 ʤ ʠ ʟʘʯʘʩʪʫʶ 
10-15 ʤ) [2]. ʊʝʤ ʩʘʤʳʤ ʦʥʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʮʠʢʣʠʪʘʤ ʠʣʠ ʧʘʨʘʩʝʢʚʝʥʩʘʤ (ʩʤ. 
ʚʳʰʝ), ʯʪʦ ʥʘʨʫʰʘʝʪ ʧʨʠʥʮʠʧ ʠʝʨʘʨʭʠʯʥʦʩʪʠ ʚ ʩʪʨʦʝʥʠʠ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ. 

4ʙ. ɺ ʦʩʥʦʚʥʳʭ ʪʘʙʣʠʮʘʭ ʨʘʙʦʪʳ [2] ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 14 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʬʘʮʠʡ, ʢʨʦʤʝ ʜʝʣʴʪʦʚʳʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 
ʤʥʦʛʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʠ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʟʘʚʝʜʦʤʦ çʦʩʪʘʚʣʷʶʪ ʟʘ ʢʘʜʨʦʤè ʧʦʜʚʦʜʥʦ-
ʜʝʣʴʪʦʚʳʝ ʧʝʩʯʘʥʠʢʠ. 

5. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʬʘʮʠʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ ʚ 
ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʥʠʤʘʶʪʩʷ ʜʚʝ ʨʘʙʦʪʳ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʚ ʧʝʨʝʚʦʜʝ 
ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ [3, 4]. ʆʪʤʝʪʠʤ ʟʜʝʩʴ ʜʚʘ ʘʩʧʝʢʪʘ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ. 

5ʘ. ʇʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʢ ʦʪʣʦʞʝʥʠʷʤ ʧʨʠʙʝʨʝʛʦʚʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʦʚ 
(ʧʨʦʬʠʣʴ ɻ.-ʕ.ʈʝʡʥʝʢʘ, ʜʦʧʦʣʥʝʥʥʳʡ ʨʷʜʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ) ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 
ʥʝʨʘʩʧʦʟʥʘʚʘʥʠʶ ʧʝʩʯʘʥʳʭ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʜʝʣʴʪ. (ʕʪʦ ʫʩʫʛʫʙʣʷʝʪʩʷ ʤʦʪʠʚʘʤʠ, 
ʠʟʣʦʞʝʥʥʳʤʠ ʚ ʧ. 4ʙ.) 

5ʙ. ʅʝʨʝʜʢʦ, ʚʩʣʝʜ ʟʘ ʤʥʦʛʠʤʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʥʝʢʨʠʪʠʯʝʩʢʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʘʢʪʫʘʣʠʟʤʘ, ʯʪʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʷʤʦʤ ʧʝʨʝʥʦʩʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 
ʦ ʩʦʚʨʝʤʝʥʥʦʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʥʘ ʦʙʩʪʘʥʦʚʢʠ ʫʜʘʣʝʥʥʦʛʦ ʧʨʦʰʣʦʛʦ. ʅʝʜʦʩʪʘʪʢʠ 
ʪʘʢʦʛʦ ʫʥʠʬʦʨʤʠʩʪʩʢʦʛʦ ʧʦʜʭʦʜʘ ʷʨʢʦ ʨʘʟʦʙʨʘʥʳ ɺ.ʊ.ʌʨʦʣʦʚʳʤ [6] ʠ ʧʦʚʪʦʨʝʥʳ 
ʥʘʤʠ [1].  

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʨʘʟʥʦʧʣʘʥʦʚʳʤ ʠ ʨʘʟʥʦʫʨʦʚʥʝʚʳʤ ʚʦʧʨʦʩʘʤ, ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʢʘʢʦʡ-ʪʦ 
ʩʪʝʧʝʥʠ ʦʥʠ ʙʝʩʩʧʦʨʥʳ (ʧʨʝʠʤʫʱʝʩʪʚʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʰʢʘʣ ʠ ʨʘʩʯʝʪʘ ʩʦʨʪʠʨʦʚʘʥʥʦʩʪʠ 
ʯʘʩʪʠʮ ʤʝʪʦʜʦʤ ʤʦʤʝʥʪʦʚ: ʩʤ. ʧʧ. 1, 2), ʚ ʢʘʢʦʡ-ʪʦ ï  ʜʠʩʢʫʩʩʠʦʥʥʳ (ʥʝʙʝʩʩʧʦʨʥʘʷ 
ʟʥʘʯʠʤʦʩʪʴ çʪʨʝʫʛʦʣʴʥʠʢʦʚʦʡ ʮʠʢʣʠʯʥʦʩʪʠè: ʩʤ. ʧ. 3), ʘ ʚ ʢʘʢʦʡ-ʪʦ ï ʷʚʣʷʶʪʩʷ ʩʚʦʝʛʦ ʨʦʜʘ 
çʧʨʠʟʳʚʦʤ ʢ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶè: ʩʤ. çʬʘʮʠʘʣʴʥʳʝè ʧʧ. 4, 5. 
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ɺ.ʇ. ɸʣʝʢʩʝʝʚ1, ʕ.ʆ. ɸʤʦʥ2, ʉ.ʆ. ɿʦʨʠʥʘ3, ʆ.ʉ. ʏʝʨʥʦʚʘ4 

 
1
ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
2
ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ. ɸ. ɹʦʨʠʩʷʢʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
3
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

4
ʊʦʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʅʦʚʳʝ ʟʥʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʩʦʮʠʫʤʝ ʩʘʤʳʤʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʫʪʷʤʠ ʠ ʩʨʝʜʩʪʚʘʤʠ. ɺ ʮʝʣʦʤ, ʩʦʛʣʘʩʥʦ ɼ. ɼʘʡʤʦʥʜʫ [2, ʩ. 345], 
ʚʦʟʤʦʞʥʳʝ ʩʧʦʩʦʙʳ ʧʝʨʝʜʘʯʠ ʠʥʥʦʚʘʮʠʡ ʦʙʨʘʟʫʶʪ ʩʧʝʢʪʨ, ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʚʫʤʷ 
ʧʨʝʜʝʣʘʤʠ. ʆʜʠʥ ʠʟ ʥʠʭ ï ʵʪʦ ʧʨʷʤʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʠʣʠ ʢʘʣʴʢʠʨʦʚʘʥʠʝ, ʜʨʫʛʦʡ ï 
ʜʠʬʬʫʟʠʷ ʠʜʝʡ ʠ ʠʥʥʦʚʘʮʠʡ. ʂʘʣʴʢʠʨʦʚʘʥʠʝ (ʦʪ ʬʨ. calque çʢʦʧʠʷè) ʧʨʝʜʧʦʣʘʛʘʝʪ, 
ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʠ ʛʦʪʦʚʳʡ ʚʦ ʚʩʝʭ ʜʝʪʘʣʷʭ ʧʨʦʝʢʪ ʢʦʧʠʨʫʝʪʩʷ ʮʝʣʠʢʦʤ ʠʣʠ ʩ 
ʧʦʧʨʘʚʢʘʤʠ. ɼʠʬʬʫʟʠʷ ʠʜʝʡ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʩʘʤʳʡ ʦʙʱʠʡ ʧʝʨʚʠʯʥʳʡ 
ʧʦʩʳʣ ʠ ʜʘʣʝʝ ʧʨʠʭʦʜʠʪʩʷ ʜʦʜʫʤʳʚʘʪʴ ʠ ʜʦʧʦʣʥʷʪʴ ʚʩʝ ʜʝʪʘʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 
ʇʨʠʝʤ ʢʘʣʴʢʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʝʥ ʚ ʣʠʥʛʚʠʩʪʠʢʝ, ʣʝʢʩʠʢʦʣʦʛʠʠ ʠ 
ʧʝʨʝʚʦʜʦʚʝʜʝʥʠʠ, ʛʜʝ ʦʟʥʘʯʘʝʪ ʟʘʠʤʩʪʚʦʚʘʥʠʝ ʠʥʦʷʟʳʯʥʳʭ ʩʣʦʚ, ʚʳʨʘʞʝʥʠʡ, ʬʨʘʟ 
ʙʫʢʚʘʣʴʥʳʤ ʧʝʨʝʚʦʜʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʷʟʳʢʦʚʦʡ ʝʜʠʥʠʮʳ. ɼʠʬʬʫʟʠʷ ʠʜʝʡ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʨʦʮʝʩʩ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʠʥʥʦʚʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ 
ʧʝʨʝʜʘʶʪʩʷ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʘʥʘʣʳ ʩʨʝʜʠ ʯʣʝʥʦʚ ʩʦʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ; ʵʪʘ 
ʪʝʦʨʠʷ ʦʙʲʷʩʥʷʝʪ ʢʘʢ, ʧʦʯʝʤʫ ʠ ʩ ʢʘʢʦʡ ʩʢʦʨʦʩʪʴʶ ʥʦʚʳʝ ʠʜʝʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 
ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʱʝʩʪʚʘʭ ʠ ʠʭ ʷʯʝʡʢʘʭ [7]. 

ʇʦʥʷʪʠʝ çʬʘʮʠʷè ʚʧʝʨʚʳʝ ʚʚʝʜʝʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ɸ.ɻʨʝʩʩʣʠ ʧʦʯʪʠ 200 ʣʝʪ 
ʥʘʟʘʜ (1838-1840 ʛʛ.). ɹʫʜʫʯʠ ʠʟʥʘʯʘʣʴʥʦ ʥʝʦʜʥʦʟʥʘʯʥʳʤ, ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʝʛʦ 
ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʣʫʯʠʣʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʥʳʭ ʪʦʣʢʦʚʘʥʠʡ [1 ʠ ʜʨ.]. ʇʦʜʦʙʥʘʷ 
ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʴ ʪʨʘʢʪʦʚʦʢ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʥʝʩʦʤʥʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʠʜʝʡ. 
ɺʤʝʩʪʝ ʩ ʪʝʤ, ʝʩʪʝʩʪʚʝʥʥʦʝ ʠ ʧʦʩʪʦʷʥʥʦʝ ʩʪʨʝʤʣʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʢ ʤʘʢʩʠʤʘʣʴʥʦ 
ʚʦʟʤʦʞʥʦʡ ʫʥʠʬʠʢʘʮʠʠ ʧʨʠʝʤʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʚ ʧʨʝʜʝʣʝ ï ʪʘʢ 
ʥʘʟʳʚʘʝʤʘʷ çʤʘʪʝʤʘʪʠʟʘʮʠʷ ʛʝʦʣʦʛʠʠè) ʦʙʫʩʣʦʚʣʠʚʘʝʪ çʦʙʲʝʢʪʠʚʠʟʘʮʠʶè 
ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷ çʬʘʮʠʷè ʩ ʮʝʣʴʶ ʝʛʦ ʦʜʥʦʟʥʘʯʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ 
ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ. ʇʦʩʣʝʜʥʝʝ ʷʚʣʷʝʪʩʷ ʫʞʝ ʧʨʠʟʥʘʢʦʤ ʧʨʠʥʮʠʧʘ 
ʢʘʣʴʢʠʨʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʷ ʝʛʦ ʜʫʭʫ ʩʦʙʣʶʜʝʥʠʷ ʪʦʯʥʦʩʪʠ ʢʦʧʠʡ. ʇʦʜʦʙʥʦʝ 
ʜʚʦʡʩʪʚʝʥʥʦʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦʜʭʦʜʦʚ ʚ 
ʩʭʝʤʘʪʠʯʝʩʢʦʤ ʚʠʜʝ ʥʘʛʣʷʜʥʦ ʦʪʨʘʞʝʥʦ ʥʘ ʪʨʝʫʛʦʣʴʥʠʢʝ, ʷʚʣʷʶʱʝʤʩʷ ʠʟʣʶʙʣʝʥʥʦʡ 
ʬʠʛʫʨʦʡ ʚ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ (ʩʤ. ʨʠʩ.). 

ɻʣʘʚʥʳʤ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʩʭʝʤʝ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʪʠʚʦʧʦʩʪʘʚʣʝʥʠʝ, ʘ 
ʩʦʛʣʘʩʦʚʘʥʠʝ ʧʦʜʭʦʜʦʚ. ʇʨʠ ʵʪʦʤ, ʦʪʪʘʣʢʠʚʘʷʩʴ çʦʪ ʧʨʦʪʠʚʥʦʛʦè, ʦʪʤʝʪʠʤ, ʯʪʦ 
ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʢʘʣʴʢʠʨʦʚʘʥʠʝ (ʪ.ʝ. ʩʥʷʪʠʝ ʢʦʧʠʠ ʚ ʙʫʢʚʘʣʴʥʦʤ ʩʤʳʩʣʝ) 
ʚʳʭʦʣʘʱʠʚʘʝʪ ʠʥʦʷʟʳʯʥʳʝ ʪʝʨʤʠʥʳ s.str. ʠ ʨʘʟʤʳʚʘʝʪ, ʠʩʢʘʞʘʝʪ ʠʩʭʦʜʥʳʝ ʧʦʥʷʪʠʷ 
s.l. ɼʣʷ ʥʝʬʪʷʥʦʡ ʛʝʦʣʦʛʠʠ ʵʪʦ ʭʦʨʦʰʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [4] ʥʘ ʧʨʠʤʝʨʘʭ 
ʪʝʨʤʠʥʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤʠ ʟʘʧʘʩʘʤʠ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ 
ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ï ʚ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʘʥʛʣʦ- ʠ ʨʫʩʩʢʦʷʟʳʯʥʳʭ ʪʝʨʤʠʥʦʚ 
[5]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʜʠʬʬʫʟʠʠ ʠʜʝʡ, ʪʦ ʙʝʟʛʨʘʥʠʯʥʳʡ ʧʝʨʝʙʦʨ ʚʩʝʚʦʟʤʦʞʥʳʭ 
ʚʘʨʠʘʥʪʦʚ ʟʘʚʝʜʦʤʦ ʩʫʙʲʝʢʪʠʚʠʩʪʩʢʠʭ ʛʠʧʦʪʝʟ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ çʞʦʥʛʣʠʨʦʚʘʥʠʶè 
ʠʤʠ, ʠ, ʚ ʠʪʦʛʝ, ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʧʨʦʚʝʨʷʝʤʳʤ ʧʦʩʪʨʦʝʥʠʷʤ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʩʪʨʘʪʠʛʨʘʬʠʠ 
ʠʟʣʦʞʝʥʥʦʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺʠʟʫʘʣʠʟʘʮʠʶ ʪʝʢʪʦʥʦ-ʵʚʩʪʘʪʠʯʝʩʢʦʛʦ 
ʨʝʞʠʤʘ ʚ ʦʩʘʜʦʯʥʦʤ ʙʘʩʩʝʡʥʝ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚ ʚʠʜʝ ʨʘʥʜʦʤʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 
ʵʚʩʪʘʟʠʠ, ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʠ ʦʙʲʝʤʘ ʧʦʩʪʫʧʘʶʱʝʛʦ 
ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [6]. ʇʨʠ ʵʪʦʤ ʩʪʘʪʠʯʝʩʢʠʝ ʩʝʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 
ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʝʨʤʘʥʝʥʪʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʨʘʟʨʝʟʘ. ɿʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 
ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʪʦʣʱʝ ʨʝʰʘʝʪ ʣʠʪʦʣʦʛʦ-ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʝ ʚʨʝʤʝʥʥ·ʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ [3], ʧʨʠ ʢʦʪʦʨʦʤ ʢʘʣʴʢʠʨʦʚʘʥʠʝ ʵʚʩʪʘʪʠʯʝʩʢʠʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʮʠʢʣʦʚ ʩʦʯʝʪʘʝʪʩʷ ʩ ʜʠʬʬʫʟʠʝʡ ʠʭ ʬʦʨʤ, ʘʤʧʣʠʪʫʜ, ʬʘʟ, ʯʘʩʪʦʪ, ʩʠʥʭʨʦʥʥʦʩʪʠ, 
ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʦ ʚʨʝʤʝʥʠ. 

 
 

 
 

ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʦʧʪʠʤʠʟʘʮʠʠ ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʌɸ) ʚ ʩʚʝʪʝ ʢʘʣʴʢʠʨʦʚʘʥʠʷ ʠ ʜʠʬʬʫʟʠʠ ʠʜʝʡ: 
ʂ ï ʢʘʣʴʢʠʨʦʚʘʥʠʝ, ɼʀ ï ʜʠʬʬʫʟʠʷ ʠʜʝʡ, ʄ ï ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 1ï3 ï ʩʦʦʪʥʦʰʝʥʠʝ ʠ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ: 1 ï ʚʟʘʠʤʦʜʦʧʦʣʥʷʝʤʦʩʪʴ, 2 ï ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, 3 ï ʧʨʦʚʝʨʢʘ 
(ʚʝʨʠʬʠʢʘʮʠʷ) 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʥʝʩʝʥʥʳʡ ʚ ʟʘʛʦʣʦʚʦʢ ʚʦʧʨʦʩ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʨʝʰʝʥʠʝ ʚʦ ʚʟʘʠʤʥʦʤ ʜʦʧʦʣʥʝʥʠʠ ʜʚʫʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʜʭʦʜʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 
ʦʪʩʪʨʘʠʚʘʪʴ ʘʜʝʢʚʘʪʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʦʜʣʝʞʘʱʠʝ ʧʨʦʚʝʨʢʝ 
(ʚʝʨʠʬʠʢʘʮʠʠ) ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʠ ʜʝʪʘʣʠʟʠʨʫʝʤʳʝ ʧʦ ʤʝʨʝ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʠ 
ʤʝʥʷʶʱʠʭʩʷ ʟʘʜʘʯ, ʯʪʦ ʧʦʣʥʦʩʪʴʶ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 
ʬʘʮʠʘʣʴʥʦʤ ʘʥʘʣʠʟʝ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɸʣʝʢʩʝʝʚ ɺ.ʇ. ʉʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʥʜʦʣʠʪʦʣʦʛʠʠ / ɺ.ʇ. ɸʣʝʢʩʝʝʚ, ʕ.ʆ. ɸʤʦʥ. ï 
ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀʟʜ-ʚʦ ʋɻɻʋ, 2017. ï 476 ʩ. 

2. ɼʘʡʤʦʥʜ ɼ. ʈʫʞʴʷ, ʤʠʢʨʦʙʳ ʠ ʩʪʘʣʴ: ʠʩʪʦʨʠʷ ʯʝʣʦʚʝʯʝʩʢʠʭ ʩʦʦʙʱʝʩʪʚ / ɼ. ɼʘʡʤʦʥʜ. ï ʄ.: ɸʉʊ, 
2018. ï 768 ʩ. 

3. ɿʦʨʠʥʘ ʉ.ʆ. ʖʨʩʢʠʝ - ʧʘʣʝʦʛʝʥʦʚʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦʩʪʦʢʘ ʈʫʩʩʢʦʡ ʧʣʠʪʳ: 
ʪʝʢʪʦʥʦ-ʵʚʩʪʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʝʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʷ, ʬʘʮʠʘʣʴʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʧʦʣʝʟʥʳʝ 
ʠʩʢʦʧʘʝʤʳʝ / ʉ.ʆ.  ɿʦʨʠʥʘ. ï ʄ.: ʂʥʠʞʥʳʡ ʧʝʨʝʢʨʝʩʪʦʢ, 2012. ï 192 ʩ. 

4. ʅʝʬʪʴ ʠ ʛʘʟ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ ʩʣʘʥʮʝʚʳʭ ʪʦʣʱ ï ʨʝʟʝʨʚ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʈʦʩʩʠʠ. ï 
ʉʇʙ.: ɺʅʀɻʈʀ, 2014. ï 323 ʩ. 

5. ʏʝʨʥʦʚʘ ʆ.ʉ. ʆʙʩʪʘʥʦʚʢʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʪʝʨʨʠʛʝʥʥʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / 
ʆ.ʉ. ʏʝʨʥʦʚʘ. ï ʊʶʤʝʥʴ: ʊʶʤɻʅɻʋ, 2011. ï 108 ʩ. 

6. Catuneanu O. Sequence Stratigraphy: Guidelines for a Standard Methodology. In: Montenari M. (Ed.) 
Advances in Sequence Stratigraphy / O. Catuneanu // Stratigraphy & Timescales. ï 2017. ï V. 2. ï P. 1-57. 

7. Rogers E. Diffusion of Innovations / E. Rogers. ï New York: Free Press of Glencoe, 1962. ï P. ix. 367. 
 

https://www.sciencedirect.com/science/article/pii/S2468517817300047
https://www.sciencedirect.com/science/journal/24685178
https://www.sciencedirect.com/science/journal/24685178/2/supp/C


9 

ʈɽɿʋʃʔʊɸʊʓ ʇɸʃʀʅʆʃʆɻʀʏɽʉʂʀʍ ʀ ʃʀʊʆɻɽʆʍʀʄʀʏɽʉʂʀʍ 
ʀʉʉʃɽɼʆɺɸʅʀʁ ʆʉɸɼʆʏʅʓʍ ʆʊʃʆɾɽʅʀʁ ɺ ʄʀʐʀʍʀʅʉʂʆʄ 
ʆʇʆʈʅʆʄ ʈɸɿʈɽɿɽ ʖɾʅʆɻʆ ʇʆɹɽʈɽɾʔʗ ʆɿ. ɹɸʁʂɸʃ: 
ɿʅɸʏɽʅʀɽ ɼʃʗ ʅɽʆʊɽʂʊʆʅʀʏɽʉʂʀʍ ʈɽʂʆʅʉʊʈʋʂʎʀʁ 

 
ɸ. ɸʣʴ ʍʘʤʫʜ1, ʉ.ɺ. ʈʘʩʩʢʘʟʦʚ1,2, ʀ.ʉ. ʏʫʚʘʰʦʚʘ1,2, ʊ.ʌ. ʊʨʝʛʫʙ3,  

ɺ.ʃ. ʂʦʣʦʤʠʝʮ4, ʈ.ʎ. ɹʫʜʘʝʚ4 
 

1
ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

3
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

4
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ɹʅʎ ʉʆ ʈɸʅ, ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ 

 

ɺʦ ʚʧʘʜʠʥʘʭ ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʝ ʦʩʘʜʦʯʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʫʛʣʝʥʦʩʥʦʡ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʩʤʝʥʷʶʪʩʷ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ ʦʭʨʠʩʪʦʡ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʩʨʝʜʥʝʧʣʠʦʮʝʥʦʚʫʶ ʩʤʝʥʫ 
ʤʝʜʣʝʥʥʳʭ ʨʘʥʥʝʦʨʦʛʝʥʳʭ (ʜʦʙʘʡʢʘʣʴʩʢʠʭ) ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʙʳʩʪʨʳʤʠ 
ʧʦʟʜʥʝʦʨʦʛʝʥʥʳʤʠ (ʥʦʚʦʙʘʡʢʘʣʴʩʢʠʤʠ). ʈʘʥʥʝʝ ʨʘʟʚʠʪʠʝ ʨʝʣʴʝʬʘ ʠ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʨʠʬʪʦʚʦʡ ʟʦʥʝ, ʦʜʥʘʢʦ, ʦʩʪʘʝʪʩʷ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʤ. ɺʨʝʤʷ 
ʥʘʯʘʣʘ ʧʦʛʨʫʞʝʥʠʷ ʨʠʬʪʦʚʳʭ ʚʧʘʜʠʥ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. ʇʦ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʤ 
ʵʦʮʝʥʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ, ʚʩʢʨʳʪʳʤ ʩʢʚʘʞʠʥʦʡ ʚ ʜʝʣʴʪʝ ʨ. ʉʝʣʝʥʛʘ ʥʘ ʛʣʫʙʠʥʝ 3200 
ʤ, ʜʦʧʫʩʢʘʣʦʩʴ ʥʘʯʘʣʦ ʧʦʛʨʫʞʝʥʠʷ ʚʧʘʜʠʥʳ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ ʫʞʝ ʚ ʧʘʣʝʦʮʝʥʝ [1]. 
ʆʜʥʘʢʦ ʧʘʣʝʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʙʝʨʝʛʦʚʳʭ ʦʙʥʘʞʝʥʠʷʭ ʠ ʩʢʚʘʞʠʥʘʭ ʜʦ ʩʠʭ ʧʦʨ 
ʥʝ ʠʟʚʝʩʪʥʦ, ʭʦʪʷ ʧʦʛʨʘʥʠʯʥʳʝ ʩʣʦʠ ʤʝʣʘ-ʧʘʣʝʦʛʝʥʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʉʝʣʝʥʛʠʥʦ-
ɺʠʪʠʤʩʢʦʛʦ ʠ ʇʨʝʜʙʘʡʢʘʣʴʩʢʦʛʦ ʧʨʦʛʠʙʦʚ [3].  

ʆʜʥʘ ʠʟ ʢʣʶʯʝʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʩʧʦʨʥʳʭ ʚʦʧʨʦʩʦʚ ʵʚʦʣʶʮʠʠ 
ʨʝʣʴʝʬʘ ï ʊʘʥʭʦʡʩʢʦʝ ʪʨʝʪʠʯʥʦʝ ʧʦʣʝ ʶʞʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ɹʘʡʢʘʣʘ ï ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʩʪʫʧʝʥʴ ʰʠʨʠʥʦʡ ʜʦ 8 ʢʤ, ʧʨʦʪʷʥʫʚʰʫʶʩʷ ʥʘ 80 ʢʤ ʤʝʞʜʫ ʭʨ. 
ʍʘʤʘʨ-ɼʘʙʘʥ ʥʘ ʶʛʝ ʠ ʩʫʙʘʢʚʘʣʴʥʦʡ ʯʘʩʪʴʶ ʖʞʥʦʙʘʡʢʘʣʴʩʢʦʡ ʚʧʘʜʠʥʳ ï ʥʘ ʩʝʚʝʨʝ. 
ʅʘ ʵʪʦʡ ʩʪʫʧʝʥʠ ʧʦʢʦʷʪʩʷ ʪʨʝʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ, ʢʘʢ 
ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ [1], ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʜʨʝʚʥʝʝ ʩʨʝʜʥʝʦʣʠʛʦʮʝʥʦʚʦʛʦ. ʕʪʦʪ ʚʦʟʨʘʩʪ 
ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʩʦʩʪʘʚʫ ʩʧʦʨ ʠ ʧʳʣʴʮʳ ʚ çʩʠʥʠʭ ʛʣʠʥʘʭè, ʟʘʣʝʛʘʶʱʠʭ ʚ ʦʩʥʦʚʘʥʠʠ 
ʨʘʟʨʝʟʘ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʦʚʦʛʦ 
ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ ʄʠʰʠʭʘ ʚʳʷʚʠʣʠ ʙʦʣʝʝ ʜʨʝʚʥʠʝ ʩʣʦʠ, ʩʦʚʤʝʱʝʥʥʳʝ ʚ ʝʜʠʥʦʤ 
ʨʘʟʨʝʟʝ ʩ ʫʞʝ ʠʟʚʝʩʪʥʳʤʠ ʩʪʨʘʪʦʥʘʤʠ ʚʝʨʭʥʝʛʦ ʢʘʡʥʦʟʦʷ: ʪʘʥʭʦʡʩʢʦʡ ʠ ʘʥʦʩʦʚʩʢʦʡ 
ʩʚʠʪʘʤʠ [2]. 

ʄʠʰʠʭʠʥʩʢʠʡ ʨʘʟʨʝʟ ʙʳʣ ʚʩʢʨʳʪ ʧʨʠ ʧʨʦʭʦʜʢʝ ʬʝʜʝʨʘʣʴʥʦʡ ʪʨʘʩʩʳ ʚ 2014 ʛ. 
ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ʄʠʰʠʭʘ ʚ ʨʘʩʯʠʩʪʢʘʭ ʩʝʚʝʨʥʦʛʦ ʠ ʶʞʥʦʛʦ ʙʦʨʪʦʚ ʜʦʨʦʛʠ. ɼʣʷ 
ʦʪʣʦʞʝʥʠʡ ʦʙʝʠʭ ʨʘʩʯʠʩʪʦʢ ʦʧʨʝʜʝʣʝʥʳ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʚʳʜʝʨʞʘʥʥʳʝ ʩʣʦʠ ʩ 
ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʠʭ ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ. ɺ 
ʦʪʣʦʞʝʥʠʷʭ ʢʘʞʜʦʛʦ ʩʣʦʷ ʧʨʦʚʝʜʝʥʳ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʝʚʝʨʥʦʤ 
ʬʨʘʛʤʝʥʪʝ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ ʚʳʜʝʣʝʥʦ 3 ʧʘʢʝʪʘ ʜʦʪʘʥʭʦʡʩʢʦʡ ʪʦʣʱʠ (ʵʦʮʝʥ-
ʦʣʠʛʦʮʝʥ), ʪʨʠ ʧʘʢʝʪʘ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ (ʤʠʦʮʝʥ) ʠ ʧʝʨʝʭʦʜʥʳʡ ʧʘʢʝʪ ʚʝʨʭʥʝʛʦ 
ʦʣʠʛʦʮʝʥʘïʥʠʞʥʝʛʦ ʤʠʦʮʝʥʘ. ɺ ʶʞʥʦʤ ʬʨʘʛʤʝʥʪʝ ʦʙʦʟʥʘʯʝʥʦ 2 ʧʘʢʝʪʘ 
ʜʦʪʘʥʭʦʡʩʢʦʡ ʪʦʣʱʠ ʠ 2 ʧʘʢʝʪʘ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ. ʆʪʣʦʞʝʥʠʷ ʩʤʷʪʳ ʚ ʩʢʣʘʜʢʠ, 
ʨʘʟʤʳʪʳ ʠ ʧʝʨʝʢʨʳʪʳ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʚʘʣʫʥʥʳʤʠ ʛʘʣʝʯʥʠʢʘʤʠ. 

ʀʥʪʝʛʨʘʣʴʥʳʡ ʵʬʬʝʢʪ ʵʢʟʦʛʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 
ʢʘʞʜʦʤ ʩʣʦʝ ʦʧʨʝʜʝʣʝʥ ʧʦ ʟʥʘʯʝʥʠʷʤ ʭʠʤʠʯʝʩʢʦʛʦ ʠʥʜʝʢʩʘ ʚʳʚʝʪʨʠʚʘʥʠʷ (CIA, 
Chemical Index of Alteration) [4]. ɼʣʷ ʧʦʨʦʜ ʦʭʨʠʩʪʦʡ ʘʥʦʩʦʚʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʛʦ 
ʧʣʠʦʮʝʥʘ-ʵʦʧʣʝʡʩʪʦʮʝʥʘ ʨʘʟʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦʣʫʯʝʥ ʠʥʪʝʨʚʘʣ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʡ CIA 
(61ï72). ɺ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʦʤ ʥʘʧʦʣʥʠʪʝʣʝ ʯʝʪʚʝʨʪʠʯʥʳʭ ʚʘʣʫʥʥʳʭ ʛʘʣʝʯʥʠʢʦʚ 
ʨʘʟʨʝʟʘ ʄʠʰʠʭʘ ʟʥʘʯʝʥʠʷ CIA ʩʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ (61ï67). ɼʣʷ ʧʦʨʦʜ 



10 

ʫʛʣʝʥʦʩʥʦʡ ʪʘʥʭʦʡʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʤʠʦʮʝʥʘ ʚ ʛʠʧʦʩʪʨʘʪʦʪʠʧʝ ʇʦʣʦʚʠʥʢʘ [2] 
ʦʧʨʝʜʝʣʝʥ ʠʥʪʝʨʚʘʣ ʧʦʚʳʰʝʥʥʳʭ ʟʥʘʯʝʥʠʡ CIA (73ï78). ɺ ʄʠʰʠʭʠʥʩʢʦʤ ʨʘʟʨʝʟʝ 
ʨʘʟʣʠʯʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʩʣʘʙʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ (CIA=61ï67), ʫʤʝʨʝʥʥʦʛʦ 
ʚʳʚʝʪʨʠʚʘʥʠʷ (CIA=68ï75) ʠ ʩʠʣʴʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ (CIA=78ï90). ʉʧʣʦʰʥʦʡ ʩʠʣʴʥʦ 
ʚʳʚʝʪʨʝʣʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʣʦʷ 
ʚʝʨʭʥʝʛʦ ʵʦʮʝʥʘ. ɼʨʫʛʠʝ ʩʣʦʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʟʘʤʝʪʥʳʝ ʚʘʨʠʘʮʠʠ ʟʥʘʯʝʥʠʡ CIA.  

ɺ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʩʣʦʝʚ ʩ çʩʠʥʠʤʠ ʛʣʠʥʘʤʠè ʚʝʨʭʥʝʛʦ ʦʣʠʛʦʮʝʥʘ ʠ 
ʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ ʩʦʯʝʪʘʶʪʩʷ ʩʠʣʴʥʦ ʠ ʫʤʝʨʝʥʥʦ ʚʳʚʝʪʨʝʣʳʝ ʧʦʨʦʜʳ. ʆʙʱʥʦʩʪʴ 
ʠʩʪʦʯʥʠʢʦʚ ʤʘʪʝʨʠʘʣʘ ʵʪʠʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʩʪʨʘʪʦʥʦʚ ʦʙʫʩʣʦʚʣʝʥʘ 
ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ ʠʟ ʥʠʭ ʟʘ ʩʯʝʪ ʧʦʟʜʥʝʦʣʠʛʦʮʝʥʦʚʦʛʦ ʨʘʟʤʳʚʘ 
ʤʠʣʦʥʠʪʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʰʚʘ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʩ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʛʦ 
ʧʨʦʪʦʧʦʜʥʷʪʠʷ (ʪ.ʝ. ʠʩʪʦʯʥʠʢ ʤʘʪʝʨʠʘʣʘ ʥʘʭʦʜʠʣʩʷ ʩʝʚʝʨʥʝʝ ʊʘʥʭʦʡʩʢʦʛʦ ʧʦʣʷ), ʘ 
ʙʦʣʝʝ ʤʦʣʦʜʦʛʦ ï ʟʘ ʩʯʝʪ ʧʦʟʜʥʝʤʠʦʮʝʥʦʚʦʛʦ ʩʤʳʚʘ ʚʝʨʭʥʝʦʣʠʛʦʮʝʥʦʚʳʭ 
ʦʪʣʦʞʝʥʠʡ çʩʠʥʠʭ ʛʣʠʥè ʩ ʧʦʜʥʷʪʠʷ ʍʘʤʘʨ-ɼʘʙʘʥʘ (ʠʩʪʦʯʥʠʢ ʤʘʪʝʨʠʘʣʘ ʥʘʭʦʜʠʣʩʷ 
ʶʞʥʝʝ ʊʘʥʭʦʡʩʢʦʛʦ ʧʦʣʷ).  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʥʦʚʦʛʦ ʦʧʦʨʥʦʛʦ ʄʠʰʠʭʠʥʩʢʦʛʦ ʨʘʟʨʝʟʘ, 
ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʩʧʝʮʠʬʠʢʝ ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʨʨʝʣʷʮʠʷʭ ʩ 
ʦʪʣʦʞʝʥʠʷʤʠ ʨʘʟʨʝʟʦʚ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʤʳ ʨʘʟʚʠʚʘʝʤ ʥʦʚʫʶ ʛʠʧʦʪʝʟʫ ʦ 
ʜʚʫʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʨʝʣʴʝʬʘ ʚ ʨʘʡʦʥʝ ʖʞʥʦʛʦ ɹʘʡʢʘʣʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 1) ʚ 
ʵʦʮʝʥʝ ʠ ʦʣʠʛʦʮʝʥʝ ʥʘ ʤʝʩʪʝ ʙʫʜʫʱʝʡ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʚʧʘʜʠʥʳ 
ʩʫʱʝʩʪʚʦʚʘʣʦ ʧʨʦʪʦʧʦʜʥʷʪʠʝ, ʨʘʟʜʝʣʷʚʰʝʝ ɺʠʪʠʤʦ-ʉʝʣʝʥʛʠʥʩʢʠʡ ʠ 
ʇʨʝʜʙʘʡʢʘʣʴʩʢʠʡ ʧʨʝʜʛʦʨʥʳʝ ʧʨʦʛʠʙʳ, ʠ 2) ʧʦʛʨʫʞʝʥʠʝ ʖʞʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ 
ʨʠʬʪʦʚʦʡ ʚʧʘʜʠʥʳ ʩ ʧʦʜʥʷʪʠʝʤ ʦʢʨʫʞʘʶʱʠʭ ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ ʥʘʯʘʣʦʩʴ ʪʦʣʴʢʦ ʚ 
ʨʘʥʥʝʤ ʤʠʦʮʝʥʝ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʡ ʧʦ ʧʨʦʝʢʪʘʤ ʀʥʩʪʠʪʫʪʘ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ 
ʈɸʅ ˉ 0346-2018-0004 ʩ ʯʘʩʪʠʯʥʦʡ ʧʦʜʜʝʨʞʢʦʡ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 18-35-00417 ʤʦʣ_ʘ. 
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ʅ.ɸ. ʃʷʤʠʥʘ, ʀ.ɺ. ʃʫʟʠʥʘ, ɻ.ʇ. ʏʝʨʥʷʝʚʘ, ʀ.ʉ. ʏʫʚʘʰʦʚʘ, ʄ.ɺ. ʋʩʦʣʴʮʝʚʘ // Geodynamics & 
Tectonophysics. ï 2014. ï V. 5. ï ˉ 4. ï P. 993ï1032. 

3. ʏʫʚʘʰʦʚʘ ʀ.ʉ. ʇʝʨʝʭʦʜ ʦʪ ʉʝʣʝʥʛʠʥʦ-ɺʠʪʠʤʩʢʦʛʦ ʧʨʦʛʠʙʘ ʢ ɺʠʪʠʤʩʢʦʤʫ ʧʣʦʩʢʦʛʦʨʴʶ: 
ʢʘʡʥʦʟʦʡʩʢʦʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʠ ʚʫʣʢʘʥʠʟʤ / ʀ.ʉ. ʏʫʚʘʰʦʚʘ, ɸ. ʍʘʩʩʘʥ, ɸ. ɸʣʴ ʍʘʤʫʜ, 
ʉ.ʅ. ʂʦʚʘʣʝʥʢʦ, ʅ.ɸ. ʈʫʜʥʝʚʘ, ʉ.ɺ. ʈʘʩʩʢʘʟʦʚ // ʀʟʚʝʩʪʠʷ ʀʨʢʫʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʝʨʠʷ ʅʘʫʢʠ ʦ ɿʝʤʣʝ. ï 2019. ï ʊ. 27. ï ˉ 1. ï ʉ. 138ï153. 

4. Nesbitt H.W. Early Proterozoic climates and plate motions inferred from major element chemistry of lutites 
/ H.W. Nesbitt, G.M. Young // Nature. ï 1982. ï V. 299. ï P. 715ï717.  
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ʉɽɼʀʄɽʅʊʆʃʆɻʀʗ ʆʉɸɼʂʆʅɸʂʆʇʃɽʅʀʗ ʅɽʌʊɽʅʆʉʅʓʍ 
ɻʆʈʀɿʆʅʊʆɺ ʄɽʉʊʆʈʆɾɼɽʅʀʗ SAB (ʉʀʈʀʗ) 

 

ɸʣʴʭʜʝʨ ɸʙʜaʣʴʩaʣaʤ, ɸ.ʉ. ɹʦʨʠʩʦʚ, ɽ.ʄ. ʅʫʨʠʝʚʘ 
 

ʂʘʟʘʥʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ SAB ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ ʩʝʥʪʷʙʨʝ 1989 ʛ. ʆʥʦ ʚʭʦʜʠʪ ʚ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʫʶ ʧʨʦʚʠʥʮʠʶ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʨʠʠ [1]. ʅʝʬʪʝʥʦʩʥʘʷ ʪʦʣʱʘ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ SAB ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʦʨʠʟʦʥʪʳ SERJ ʠ MUS, ʩʣʦʞʝʥʥʳʝ 
ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. ɼʦʩʪʠʛʥʫʪʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ (ʂʀʅ) ʥʘ 
ʤʝʩʪʦʨʦʞʜʝʥʠʠ SAB ʚ ʥʘʩʪʦʷʱʝʝ ʩʦʩʪʘʚʣʷʝʪ 38,7%. 

ʅʝʬʪʝʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ SERJ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʛʣʠʥ, 
ʤʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 45 ʜʦ 150 ʤ. ʇʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ 
ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʛʦʨʠʟʦʥʪ SERJ ʨʘʟʜʝʣʝʥ ʥʘ ʜʚʘ ʩʣʦʷ: ɺʝʨʭʥʠʡ 
SERJ ʠ ʅʠʞʥʠʡ SERJ. ʅʝʬʪʝʥʦʩʥʳʡ ʩʣʦʡ ɺʝʨʭʥʠʡ SERJ ʩʣʦʞʝʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʘʨʛʠʣʣʠʪʘʤʠ,  ʮʚʝʪ ʢʦʪʦʨʳʭ ʤʝʥʷʝʪʩʷ ʦʪ ʩʚʝʪʣʦ- ʜʦ ʪʝʤʥʦ-ʩʝʨʦʛʦ. 
ʉʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ, 
ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʩ ʜʘʥʥʳʤ ʛʦʨʠʟʦʥʪʦʤ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʘʥʥʳʝ 
ʘʨʛʠʣʣʠʪʳ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʚ ʰʝʣʴʬʦʚʦʡ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 
ʦʙʩʪʘʥʦʚʢʝ. 

ʅʝʬʪʝʥʦʩʥʳʡ ʩʣʦʡ ʅʠʞʥʠʡ SERJ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʨʝʜʦʚʘʥʠʝʤ  ʘʨʛʠʣʣʠʪʦʚ, 
ʠʣʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ  ʠ ʩʨʝʜʥʝ- ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ. ʕʪʠ 
ʠʥʪʝʨʚʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʘʜʢʠ ʚ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʡ 
ʤʦʨʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʘʢʞʝ ʙʦʣʝʝ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʡ 
ʭʘʨʘʢʪʝʨ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ. 

ʅʝʬʪʝʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ MUS, ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʠ ʢʘʨʦʪʘʞʥʳʤ 
ʜʠʘʛʨʘʤʤʘʤ, ʧʨʝʜʩʪʘʚʣʝʥ ʦʪʣʦʞʝʥʠʷʤʠ ʘʨʛʠʣʣʠʪʦʚ, ʠʣʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʠ 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ. 

ʏʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʚʩʪʨʝʯʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʬʣʶʚʠʘʣʴʥʳʭ ʠ ʵʩʪʫʘʨʠʝʚʳʭ 
ʨʫʩʣʘʭ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʙʦʣʝʝ ʤʦʱʥʳʭ ʧʝʩʯʘʥʳʭ ʪʝʣ ʚ ʜʝʣʴʪʦʚʳʭ  ʢʘʥʘʣʘʭ [2, 3]. 
ʆʙʨʘʟʮʳ ʢʝʨʥʘ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʧʣʘʩʪʘ MUS ʤʝʩʪʦʨʦʞʜʝʥʠʷ SAB, ʛʦʚʦʨʷʪ ʦʙ ʦʩʘʜʢʘʭ 
ʨʝʯʥʦʛʦ ʧʦʡʤʝʥʥʦʛʦ ʠʣʠ ʚʦʜʦʩʙʦʨʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʥʘ ʯʴʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʧʦʚʣʠʷʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʤʝʘʥʜʨʠʨʫʶʱʠʝ ʨʫʩʣʘ, ʟʘʧʦʣʥʝʥʥʳʝ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʠʤ ʧʝʩʢʦʤ, ʘ ʪʘʢʞʝ ʟʘʠʣʝʥʥʳʝ ʦʟʝʨʘ-ʩʪʘʨʠʮʳ.  
ʉʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʦʚ, 
ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʩ ʜʘʥʥʳʤ ʛʦʨʠʟʦʥʪʦʤ,  ʜʦʩʪʘʪʦʯʥʦ ʟʘʪʨʫʜʥʝʥ ʚʚʠʜʫ 
ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ʤʝʘʥʜʨʠʨʫʶʱʠʭ ʨʫʩʝʣ, ʥʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 
ʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʢʘʨʦʪʘʞʥʳʭ ʜʠʘʛʨʘʤʤ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ 
ʩʣʝʜʫʶʱʫʶ  ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘ MUS 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ SAB (ʈʠʩ.).  ʉʪʘʨʳʝ ʨʫʩʣʦʚʳʝ ʢʘʥʘʣʳ, ʘ ʪʘʢʞʝ ʢʘʥʘʣʳ ʧʨʦʨʳʚʘ 
ʜʝʣʴʪʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʠʜʝʘʣʴʥʳʝ ʣʦʚʫʰʢʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɺʳʚʦʜʳ. ɺʳʨʘʙʦʪʢʘ ʦʩʪʘʚʰʠʭʩʷ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ SAB ʚʦ 
ʤʥʦʛʦʤ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʧʦʨʠʩʪʳʭ ʨʫʩʣʦʚʳʭ ʠ ʜʝʣʴʪʦʚʳʭ ʢʘʥʘʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 
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ʈʠʩʫʥʦʢ. ʉʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘ MUS ʤʝʩʪʦʨʦʞʜʝʥʠʷ SAB 
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ɸʉʉʆʎʀɸʎʀʀ ʈɸɼʀʆʃʗʈʀʁ ʇʆɿɼʅɽʁ ʖʈʓ ï ʈɸʅʅɽɻʆ ʄɽʃɸ 
ʉʀɹʀʈʀ ʀ ʀʍ ʇɸʃɽʆɹʀʆɻɽʆɻʈɸʌʀʏɽʉʂʀɽ ʉɺʗɿʀ 

 
ʕ.ʆ. ɸʤʦʥ1, ɺ.ʉ. ɺʠʰʥʝʚʩʢʘʷ1,2 

 
1
ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ɸ. ɹʦʨʠʩʷʢʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ɺ ʩʝʚʝʨʥʦʡ ʧʦʣʦʚʠʥʝ ʩʨʝʜʠʥʥʦʡ ʯʘʩʪʠ ʛʨʦʤʘʜʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ɽʚʨʘʟʠʠ, 

ʥʘʯʘʚʰʝʛʦ ʧʨʠʦʙʨʝʪʘʪʴ ʩʚʦʡ ʩʦʚʨʝʤʝʥʥʳʡ ʦʙʣʠʢ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦ ʩʨʝʜʥʝʡ ʶʨʳ ʠ 
ʠʩʧʳʪʘʚʰʝʛʦ ʚ ʢʦʥʮʝ ʧʦʟʜʥʝʡ ʶʨʳ ʥʦʚʦʢʠʤʤʝʨʠʡʩʢʫʶ ʵʧʦʭʫ ʦʨʦʛʝʥʝʟʘ, ʚʳʜʝʣʷʝʪʩʷ 
ʙʦʨʝʘʣʴʥʦ-ʘʨʢʪʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʣʷʨʠʡ ʚʦʣʞʩʢʦ-ʨʷʟʘʥʩʢʦʛʦ 
ʚʦʟʨʘʩʪʘ (ʩʨʝʜʥʠʡ ʪʠʪʦʥ ï ʙʝʨʨʠʘʩ). ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ ʨʘʟʣʠʯʘʶʪʩʷ ʜʚʘ ʨʝʛʠʦʥʘ ï 
ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʠʡ ʠ ʉʝʚʝʨʦʩʠʙʠʨʩʢʠʡ. ʇʝʨʚʳʡ ʦʭʚʘʪʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʨʠʤʝʨʥʦ ʚ ʧʦʣʦʩʝ ʰʠʨʦʪ ʦʪ 58Á ʜʦ 66Á ʩ.ʰ.; ʟʜʝʩʴ 
ʚʦʣʞʩʢʦ-ʨʷʟʘʥʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʨʘʜʠʦʣʷʨʠʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʝʨʥʝ ʤʥʦʛʠʭ ʩʢʚʘʞʠʥ, 
ʚʩʢʨʳʚʰʠʭ ʚʳʩʦʢʦʙʠʪʫʤʠʥʦʟʥʫʶ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʫʶ ʪʦʣʱʫ 
ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ (ʛʦʨʠʟʦʥʪʘ) (ʂʦʟʣʦʚʘ, 1976ʘ,ʙ, 1983; ʄʝʩʝʞʥʠʢʦʚ, 1983; 
ɹʘʞʝʥʦʚʩʢʠʡé, 1986; ʈʝʰʝʥʠʝé, 2004 ʠ ʤʥ. ʜʨ.). ɺʪʦʨʦʡ ʨʝʛʠʦʥ ʧʨʝʜʩʪʘʚʣʝʥ 
ʨʘʡʦʥʦʤ ʩ ʥʘʭʦʜʢʘʤʠ ʨʘʜʠʦʣʷʨʠʡ ʩʨʝʜʥʝʡ-ʚʝʨʭʥʝʡ ʚʦʣʛʠ ʠ ʙʝʨʨʠʘʩʘ ʚ ʦʙʥʘʞʝʥʠʷʭ 
ʥʘ ʘʨʢʪʠʯʝʩʢʦʤ ʧʦʙʝʨʝʞʴʝ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ ʥʘ ʧ-ʚʝ ʅʦʨʜʚʠʢ, ɸʥʘʙʘʨʩʢʠʡ ʟʘʣʠʚ 
ʤʦʨʷ ʃʘʧʪʝʚʳʭ (74Á ʩ.ʰ.), ʚ ʢʦʪʦʨʳʭ ʨʘʜʠʦʣʷʨʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʛʣʠʥʠʩʪʳʭ 
ʧʦʨʦʜʘʭ ʠ ʚ ʢʦʥʢʨʝʮʠʷʭ (ɺʠʰʥʝʚʩʢʘʷ, ʄʘʣʠʥʦʚʩʢʠʡ, 1995; ɺʠʰʥʝʚʩʢʘʷ, 2001; ɹʨʘʛʠʥ, 
2005, 2007, 2009, 2010; ɸʤʦʥ ʠ ʜʨ., 2009ʘ,ʙ) [3]. ɺ ʉʝʚʝʨʦʩʠʙʠʨʩʢʠʡ ʨʝʛʠʦʥ ʚʭʦʜʠʪ 
ʪʘʢʞʝ ʨʘʡʦʥ ʦʙʥʘʨʫʞʝʥʠʷ ʙʝʨʨʠʘʩʢʠʭ ʨʘʜʠʦʣʷʨʠʡ ʥʘ ʘʨʢʪʠʯʝʩʢʦʤ ʧʦʙʝʨʝʞʴʝ 
ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ ʨ. ʃʝʥʳ, ʆʣʝʥʝʢʩʢʠʡ ʟʘʣʠʚ ʤʦʨʷ ʃʘʧʪʝʚʳʭ (73Á ʩ.ʰ.) 
(ɺʠʰʥʝʚʩʢʘʷ ʠ ʜʨ., 2014). 

ɺ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ 
ʚʳʜʝʣʷʣʠʩʴ ʦʪ ʜʚʫʭ ʜʦ ʯʝʪʳʨʝʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʢʦʤʧʣʝʢʩʦʚ 
ʨʘʜʠʦʣʷʨʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ɻ.ʕ. ʂʦʟʣʦʚʘ ʨʘʩʧʦʟʥʘʚʘʣʘ 3-4 ʢʦʤʧʣʝʢʩʘ ʩʨʝʜʥʝʡ ʚʦʣʛʠ ï 
ʙʝʨʨʠʘʩʘ, ʠʥʦʛʜʘ ʧʦʜ ʨʘʟʥʳʤʠ ʥʘʟʚʘʥʠʷʤʠ [2]. ʕ.ʆ. ɸʤʦʥʦʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʨʠ ʢʦʤʧʣʝʢʩʘ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ [1]. ɺ.ʉ. ɺʠʰʥʝʚʩʢʘʷ 
ʦʙʦʩʥʦʚʘʣʘ ʚʳʜʝʣʝʥʠʝ ʧʷʪʠ ʨʘʜʠʦʣʷʨʠʝʚʳʭ ʙʠʦʛʦʨʠʟʦʥʪʦʚ (ʩʥʠʟʫ ʚʚʝʨʭ): 
1) Parvicingula blowi, ʥʠʟʳ ʩʨʝʜʥʝʛʦ ʧʦʜʲʷʨʫʩʘ ʚʦʣʞʩʢʦʛʦ ʷʨʫʩʘ ʠʣʠ ʥʠʞʥʠʡ ʪʠʪʦʥ; 
2) Parvicingula jonesi, ʩʨʝʜʥʠʡ ʧʦʜʲʷʨʫʩ ʚʦʣʞʩʢʦʛʦ ʷʨʫʩʘ ʠʣʠ ʩʨʝʜʥʠʡ ʪʠʪʦʥ); 
3) Parvicingula haeckeli, ʚʝʨʭʥʠʡ ʧʦʜʲʷʨʫʩ ʚʦʣʞʩʢʦʛʦ ʷʨʫʩʘ ʠʣʠ ʚʝʨʭʥʠʡ ʪʠʪʦʥ, 
ʚʦʟʤʦʞʥʦ, ʚʢʣʶʯʘʷ ʥʠʟʳ ʙʝʨʨʠʘʩʘ; 4) Parvicingula khabakovi ï Williriedellum 
salymicum, ʙʝʨʨʠʘʩ, 5) Williriedellum, ʙʝʨʨʠʘʩ [4, 5]. ɺʦʟʨʘʩʪ ʥʝʢʦʪʦʨʳʭ 
ʙʠʦʛʦʨʠʟʦʥʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʭʦʜʢʘʤʠ ʘʤʤʦʥʠʪʦʚ ʠ ʙʫʭʠʡ (ʇʘʥʯʝʥʢʦ ʠ ʜʨ., 2015; 
Vishnevskaya, 2017) [4, 5]. 

ʋʯʠʪʳʚʘʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʚ ʧʦʟʜʥʝʡ ʶʨʝ ʉʝʚʝʨʥʳʡ ʧʦʣʶʩ ʥʘʭʦʜʠʣʩʷ ʚ 
ʨʘʡʦʥʝ ɹʘʨʝʥʮʦʚʘ ʤʦʨʷ, ʘʩʩʦʮʠʘʮʠʠ ʨʘʜʠʦʣʷʨʠʡ, ʦʙʠʪʘʚʰʠʭ ʚ ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʤ ʠ 
ʉʝʚʝʨʦʩʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʘʭ, ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʩʨʝʜʥʝ-ʚʳʩʦʢʦʰʠʨʦʪʥʳʤʠ ʠ ʪʠʧʠʯʥʦ 
ʙʦʨʝʘʣʴʥʳʤʠ. ɺʳʩʢʘʟʳʚʘʣʦʩʴ ʤʥʝʥʠʝ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʭ ʵʥʜʝʤʠʯʥʦʩʪʠ 
ʠ ʥʘʯʠʪʝʣʴʥʳʭ ʦʪʣʠʯʠʷʭ ʦʪ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʥʠʟʢʠʭ ʰʠʨʦʪ ʄʠʨʦʚʦʛʦ 
ʦʢʝʘʥʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʝʪʠʯʝʩʢʠʭ [3, ʩ. 326]. ʆʜʥʘʢʦ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ 
ʘʩʩʦʮʠʘʮʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʩʦʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʩʚʦʙʦʜʥʳʝ 
ʧʘʣʝʦʙʠʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʷʟʠ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʬʘʫʥʘʤʠ ʨʘʜʠʦʣʷʨʠʡ ʠʥʳʭ ʯʘʩʪʝʡ 
ʆʢʝʘʥʘ.  

ʉʭʦʜʩʪʚʦ ʧʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʠ ʧʦ ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 
(ʥʘʙʦʨʳ ʜʦʤʠʥʘʥʪ, ʧʨʝʦʙʣʘʜʘʶʱʠʝ ʪʠʧʳ ʫʩʪʨʦʡʩʪʚʘ ʩʢʝʣʝʪʦʚ, ʤʦʥʦ- 
ʠ ʤʫʣʴʪʠʮʠʨʪʠʜʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʠʛʣ, ʦʨʥʘʤʝʥʪʘʮʠʷ ʠ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʠ ʜʨ.) 
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ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʠʤʝʝʪ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʨʘʜʠʦʣʷʨʠʡ ʠʟ ʩʨʝʜʥʝʚʦʞʩʢʦʛʦ 
ʧʦʜʲʷʨʫʩʘ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʉʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ. ʈʘʡʦʥ ʧ-ʦʚʘ ʅʦʨʜʚʠʢ ʠ 
ʥʘʩʝʣʷʚʰʘʷ ʝʛʦ ʚ ʧʦʟʜʥʝʤ ʪʠʪʦʥʝ ʤʝʩʪʥʘʷ ʨʘʜʠʦʣʷʨʠʝʚʘʷ ʬʘʫʥʘ, ʧʦ ʩʫʱʝʩʪʚʫ, 
ʷʚʣʷʶʪʩʷ ʬʨʘʛʤʝʥʪʦʤ ʙʦʣʝʝ ʦʙʱʝʡ ʧʘʣʝʦʙʠʦʭʦʨʠʠ ʨʘʜʠʦʣʷʨʠʡ, ʟʘʥʠʤʘʚʰʝʡ 
ʩʝʚʝʨʥʫʶ ʧʦʣʦʚʠʥʫ ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʛʦ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ. ɺʝʨʦʷʪʥʦ, 
ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʙʳʣʘ ʩʬʦʨʤʠʨʦʚʘʥʘ ʚʩʝʣʝʥʮʘʤʠ-ʤʠʛʨʘʥʪʘʤʠ ʠʟ 
ʢʠʤʝʨʠʜʞ-ʪʠʪʦʥʩʢʦʡ ʨʘʜʠʦʣʷʨʠʝʚʦʡ ʬʘʫʥʳ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʨʥʦ 
ʪʘʢ ʞʝ, ʢʘʢ ʠ ʪʠʪʦʥʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ʉʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ (ɺʠʰʥʝʚʩʢʘʷ, ʇʨʘʣʴʥʠʢʦʚʘ, 
1999). ʌʘʫʥʘ ʨʘʡʦʥʘ ʜʝʣʴʪʳ ʃʝʥʳ, ʪʘʢʞʝ ʢʘʢ ʠ ʚʩʝʡ ʉʠʙʠʨʠ ʠ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʛʦ 
ʨʝʛʠʦʥʘ, ʚʢʣʶʯʘʷ ʄʝʟʝʥʴ (ɺʠʰʥʝʚʩʢʘʷ, 2000; ʃʳʶʨʦʚ, ɺʠʰʥʝʚʩʢʘʷ, 2000), 
ʦʙʦʛʘʱʝʥʘ ʪʠʭʦʦʢʝʘʥʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʇʦ ʥʘʣʠʯʠʶ ʢʦʩʤʦʧʦʣʠʪʥʳʭ ʚʠʜʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʨʷʤʳʝ ʩʚʷʟʠ 
ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʡ ʠ ʉʝʚʝʨʦʩʠʙʠʨʩʢʦʡ ʘʩʩʦʮʠʘʮʠʡ ʩ ʘʩʩʦʮʠʘʮʠʷʤʠ ʉʝʚʝʨʥʦʛʦ ʤʦʨʷ, 
ʉʝʚʝʨʥʦʡ ʂʘʣʠʬʦʨʥʠʠ, ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʈʦʩʩʠʠ (ʂʦʨʷʢʩʢʦʝ ʥʘʛʦʨʴʝ, 
ʂʘʤʯʘʪʢʘ, ʉʘʭʘʣʠʥ), ʉʠʭʦʪʵ-ɸʣʠʥʷ, ʗʧʦʥʩʢʠʭ ʦʩʪʨʦʚʦʚ ʠ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʡ 
ʇʘʮʠʬʠʢʠ, ʚʦʟʤʦʞʥʦ, ʃʦʤʙʘʨʜʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʩʝʚʝʨ ʀʪʘʣʠʠ, ʶʛ ʐʚʝʡʮʘʨʠʠ). ʕʪʠ 
ʩʚʷʟʠ ʩ ʥʘʟʚʘʥʥʳʤʠ ʨʘʡʦʥʘʤʠ ʠ ʠʭ ʘʢʚʘʪʦʨʠʷʤʠ, ʧʦ ʩʫʪʠ, ʷʚʣʷʶʪʩʷ ʤʘʨʰʨʫʪʘʤʠ 
ʦʙʤʝʥʘ ʵʣʝʤʝʥʪʘʤʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʜʠʦʣʷʨʠʝʚʳʭ ʬʘʫʥ. ʄʘʨʰʨʫʪʳ, ʧʦ ʢʦʪʦʨʳʤ 
ʧʨʦʠʩʭʦʜʠʣʠ ʤʠʛʨʘʮʠʠ, ʧʨʦʣʝʛʘʣʠ ʦʪ ʩʝʚʝʨʘ ʉʠʙʠʨʠ ʜʦ ʇʝʯʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ 
ʠ ʉʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʜʦ ʨʘʡʦʥʘ ʉʝʚʝʨʥʦʛʦ ʤʦʨʷ, ʜʦ 
ʘʢʚʘʪʦʨʠʡ ʂʘʣʠʬʦʨʥʠʠ ʠ ʆʨʝʛʦʥʘ, ʯʘʩʪʠʯʥʦ ʖʞʥʦʡ ɽʚʨʦʧʳ (ʀʪʘʣʠʷ, ʌʨʘʥʮʠʷ, 
ʐʚʝʡʮʘʨʠʷ), ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ (ʂʦʨʷʢʠʷ, ʂʘʤʯʘʪʢʘ, ʉʘʭʘʣʠʥ), ʗʧʦʥʠʠ ʠ ʇʨʠʤʦʨʴʷ. ʕʪʠ 
ʤʘʨʰʨʫʪʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʳʣʠ ʚʳʟʚʘʥʳ ʢ ʞʠʟʥʠ ʩʠʩʪʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ, 
ʜʝʡʩʪʚʦʚʘʚʰʝʡ ʚ ʦʢʝʘʥʘʭ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʚ ʢʦʥʮʝ ʧʦʟʜʥʝʡ ʶʨʳ, 
ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʫʩʪʦʡʯʠʚʦʡ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʝʡ. ɿʘʤʝʪʠʤ ʧʦʧʫʪʥʦ ʝʱʝ ʨʘʟ, 
ʯʪʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʠʢʨʦʬʘʫʥʳ ʨʘʜʠʦʣʷʨʠʡ ʩʝʚʝʨʘ ʉʠʙʠʨʠ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʣʦ ʟʘ ʩʯʝʪ ʩʝʚʝʨʦʪʠʭʦʦʢʝʘʥʩʢʦʡ ʙʠʦʪʳ (Vishnevskaya, 2010, 
2017), ʯʪʦ ʦʟʥʘʯʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ɻʀʅ ʈɸʅ (ˉ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 0135-
2019-0057), ʇʨʦʛʨʘʤʤʳ ʇʀʅ, ʘ ʪʘʢʞʝ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 
(ʧʨʦʝʢʪ ˉ 18-05-00494). 

 
ʃʀʊɽʈɸʊʋʈɸ 
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1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
 ʅʠʞʥʝʚʦʣʞʩʢʠʡ ʅʀʀ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

 

ʂʘʩʧʠʡʩʢʠʡ ʨʝʛʠʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʫʶ  
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ (ʤʝʛʘʙʘʩʩʝʡʥ). ɽʸ ʜʦʤʠʥʘʥʪʥʳʤ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʤ 
ʵʣʝʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʛʣʫʙʦʢʦʚʦʜʥʘʷ ʪʦʧʦʜʝʧʨʝʩʩʠʷ ʛʣʫʙʠʥʦʡ ʜʦ 2 ʢʤ. ɼʨʫʛʘʷ 
ʦʩʦʙʝʥʥʦʩʪʴ ʂʘʩʧʠʡʩʢʦʛʦ ʨʝʛʠʦʥʘ ʚ ʧʝʨʤʩʢʦʝ ʚʨʝʤʷ - ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ 
ʵʢʚʘʪʦʨʠʘʣʴʥʦʤʫ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʧʦʷʩʫ ʠ ʥʘʣʠʯʠʝ ʩʦʣʝʨʦʜʥʦʡ ʧʨʦʚʠʥʮʠʠ. 

ʆʙʰʠʨʥʘʷ ʘʢʚʘʪʦʨʠʷ, ʩʦʦʙʱʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʢʦʪʣʦʚʠʥʥʳʭ ʠ ʰʝʣʴʬʦʚʳʭ 
ʤʦʨʝʡ, ʧʦʪʝʨʷʣʘ ʧʦʩʪʦʷʥʥʫʶ ʩʚʷʟʴ ʩ ʦʢʝʘʥʦʤ ʠ ʩʪʘʣʘ ʠʟʦʣʠʨʦʚʘʥʥʳʤ 
ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʙʘʩʩʝʡʥʦʤ. ɹʘʟʠʩ ʵʨʦʟʠʠ ʚ ʢʫʥʛʫʨʩʢʦ-ʢʘʟʘʥʩʢʦʝ ʚʨʝʤʷ 
ʥʝʦʜʥʦʢʨʘʪʥʦ ʤʝʥʷʣʩʷ. ʈʘʟʤʘʭ ʝʛʦ ʢʦʣʝʙʘʥʠʡ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʣʩʷ ʚʦ ʚʨʝʤʝʥʠ, 
ʧʦ ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʢʦʪʣʦʚʠʥʳ ʦʩʘʜʢʘʤʠ. ɺ ʣʝʜʥʠʢʦʚʳʝ ʵʧʦʭʠ ʢʫʥʛʫʨʩʢʦʛʦ ʚʨʝʤʝʥʠ 
ʦʥ ʜʦʩʪʠʛʘʣ ʚʝʣʠʯʠʥʳ 1700 ʤ, ʘ ʚ ʫʬʠʤʩʢʦ-ʢʘʟʘʥʩʢʦʝ ʚʨʝʤʷ - ʧʝʨʚʳʝ ʩʦʪʥʠ ʤʝʪʨʦʚ. 
ʂʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʙʘʟʠʩʘ ʵʨʦʟʠʠ ʦʧʨʝʜʝʣʠʣʠ ʨʠʪʤʠʢʫ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʧʝʨʤʩʢʦʡ 
ʩʦʣʝʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ. 

ʇʝʨʤʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʨʝʛʠʦʥʘ ʠʤʝʶʪ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 
ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʟʥʘʯʠʪʝʣʴʥʳʤʠ (ʜʦ ʧʝʨʚʳʭ ʢʠʣʦʤʝʪʨʦʚ) ʧʝʨʝʧʘʜʘʤʠ ʛʣʫʙʠʥ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ; ʨʘʟʣʠʯʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʠ ʠʭ 
ʫʜʘʣʝʥʥʦʩʪʴʶ; ʧʨʦʷʚʣʝʥʠʝʤ ʘʥʦʤʘʣʴʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʵʚʩʪʘʪʠʯʝʩʢʠʭ ʠ 
ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʦʥʝʮ ʘʨʪʠʥʩʢʦʛʦ - ʥʘʯʘʣʦ ʢʫʥʛʫʨʩʢʦʛʦ ʚʨʝʤʝʥʠ ð ʵʪʦ ʧʝʨʠʦʜ ʵʢʩʪʨʝʤʘʣʴʥʦ 
ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʢʦʪʣʦʚʠʥʘʭ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʦʢʨʘʠʥʥʳʭ ʤʦʨʝʡ. 

ɿʥʘʯʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ ʚ ʠʟʫʯʝʥʠʠ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʚʷʟʘʥʳ ʩ 
ʠʟʤʝʥʝʥʠʷʤʠ ʠʭ ʧʝʨʚʠʯʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʦʣʷʥʦʡ ʪʝʢʪʦʥʠʢʦʡ ï 
ʪʝʢʪʦʥʦʢʠʥʝʟʦʤ ʠ ʛʘʣʦʢʠʥʝʟʦʤ. ɻʘʣʦʢʠʥʝʟ ʧʨʦʷʚʠʣʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʘ ʩʦʣʷʥʦʡ ʪʝʢʪʦʥʦʢʠʥʝʟ ʚ ʧʨʝʜʝʣʘʭ ʩʤʝʞʥʳʭ ʩ ʥʝʡ 
ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʚ ʵʪʦ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨ. 

ɼʠʩʛʘʨʤʦʥʠʯʥʳʝ ʩʪʨʫʢʪʫʨʳ ʛʘʣʦʢʠʥʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʥʠʭ 
ʧʝʨʝʤʝʱʝʥʠʝ ʩʦʣʷʥʳʭ ʤʘʩʩ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʠʣ, 
ʚʦʟʥʠʢʘʶʱʠʤʠ ʚ ʩʦʣʝʥʦʩʥʦʡ ʪʦʣʱʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʸ ʨʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʩʣʦʝʥʠʷ ʚ 
ʭʦʜʝ ʦʙʱʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʨʝʛʠʦʥʘ. ɼʣʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʜʝʬʦʨʤʘʮʠʠ ʚ 
ʨʝʣʴʝʬʝ ʢʨʦʚʣʠ ʩʦʣʠ ʥʝ ʥʘʭʦʜʷʪ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʧʦʜʩʦʣʝʚʳʭ ʛʦʨʠʟʦʥʪʘʭ. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ ʩʦʣʝʥʦʩʥʳʭ ʬʦʨʤʘʮʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʤʝʪʦʜʳ ʨʠʪʤʦʩʪʨʘʪʠʛʨʘʬʠʠ. ʆʜʥʘʢʦ, ʚ ʩʠʣʫ ʦʯʝʥʴ ʠʥʪʝʥʩʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩʦʣʷʥʦʡ 
ʪʝʢʪʦʥʠʢʠ ʜʘʥʥʳʝ ʦ ʨʠʪʤʠʯʥʦʩʪʠ ʛʘʣʦʛʝʥʥʦʡ ʪʦʣʱʠ, ʩʣʘʛʘʶʱʝʡ ʷʜʨʘ ʩʦʣʷʥʳʭ 
ʢʫʧʦʣʦʚ ʤʘʣʦ ʠʥʬʦʨʤʘʪʠʚʥʳ ʜʣʷ ʨʝʰʝʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺʥʫʪʨʠ ʢʫʥʛʫʨʘ 
ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʫʩʣʦʚʥʦ ʦʮʝʥʠʪʴ ʩ ʢʘʢʠʤʠ ʨʠʪʤʦʧʘʯʢʘʤʠ ʚʥʝʰʥʝʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 
ʧʨʠʙʦʨʪʦʚʦʡ ʯʘʩʪʠ ʚʧʘʜʠʥʳ ʚʝʨʭʥʠʤʠ ʠʣʠ ʥʠʞʥʠʤʠ ʩʚʷʟʘʥʳ ʩʦʣʠ ʚ ʷʜʨʘʭ ʢʫʧʦʣʦʚ, ʠ 
ʪʝʤ ʩʘʤʳʤ ʫʪʦʯʥʠʪʴ ʛʨʘʥʠʮʳ ʘʨʝʘʣʘ ʦʙʤʝʣʝʚʰʝʛʦ ʙʘʩʩʝʡʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʩʦʣʝʥʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚʰʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʢʘʣʠʡʥʳʭ ʠ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʩʦʣʝʡ. 
ʇʦʵʪʦʤʫ ʚ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʝ ʠ ʥʘ ʝʸ ʶʞʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʩʪʨʘʪʠʬʠʢʘʮʠʷ 
ʦʪʣʦʞʝʥʠʡ ʧʝʨʤʩʢʦʛʦ ʩʦʣʝʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʪʘʝʪʩʷ ʥʝʥʘʜʝʞʥʦʡ ʠ 
ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʡ, ʜʘʞʝ ʫ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʠʩʧʦʣʥʠʪʝʣʝʡ. 

ʉ ʫʯʝʪʦʤ ʠʤʝʶʱʠʭʩʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ [4, 6, 7] ʠ ʥʦʚʳʭ ʜʘʥʥʳʭ [1, 2] 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʘʨʠʘʥʪ ʤʝʩʪʥʦʡ ʰʢʘʣʳ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʟʘʣʦʞʝʥ ʧʨʠʥʮʠʧ 
ʩʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʨʘʟʨʝʟʘ ʩʦʣʝʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ (ʨʠʩ.).  
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ʈʠʩʫʥʦʢ. ʊʝʢʪʦʥʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʢʫʥʛʫʨʩʢʦʡ ʩʦʣʝʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ 
ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ʢ ʥʘʯʘʣʫ ʫʬʠʤʩʢʦʛʦ ʚʨʝʤʝʥʠ. 
1 - ʧʦʜʩʦʣʝʚʦʡ ʜʦʘʨʪʠʥʩʢʠʡ ʩʝʡʩʤʦʢʦʤʧʣʝʢʩ (ʉʂ), 2 - ʚʝʨʭʥʝʘʨʪʠʥʩʢʠʡ (ʩʘʨʛʠʥʩʢʠʡ) ʪʝʨʨʠʛʝʥʥʳʡ ʉʂ 
(ʢʫʰʫʤʩʢʠʡ ʉʂ), 3 - ʚʦʣʛʦʛʨʘʜʩʢʠʡ (ʩʘʨʘʥʠʥʩʢʦ-ʬʠʣʠʧʧʦʚʩʢʠʡ) ʥʠʞʥʠʡ ʵʚʘʧʦʨʠʪʦʚʳʡ ʉʂ, 4 ï 
ʙʘʣʳʢʣʝʡʩʢʠʡ (ʥʠʞʥʝʠʨʝʥʴʩʢʠʡ) ʛʘʣʦʛʝʥʥʳʡ ʉʂ, 5 - ʧʨʠʢʘʩʧʠʡʩʢʠʡ (ʠʨʝʥʴʩʢʦ-ʫʬʠʤʩʢʠʡ) 
ʚʝʨʭʥʝʵʚʘʧʦʨʠʪʦʚʳʡ ʉʂ, 6 -ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, 7 - ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʪʦʣʱʠ 
(ʩʝʡʩʤʦʬʘʮʠʠ - ʉʌ) 

 
ʅʘ ʚʨʝʤʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʩʦʣʝʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʜʝʣʷʝʪʩʷ ʤʝʞʜʫ 

ʦʪʨʘʞʘʶʱʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʇ1 ʠ VI. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʘʣʦʢʠʥʝʪʠʯʝʩʢʠʝ 
ʷʚʣʝʥʠʷ ʦʙʫʩʣʦʚʠʣʠ ʩʣʦʞʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʩʦʣʝʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ 
ʇʨʠʢʘʩʧʠʡʩʢʦʤ ʙʘʩʩʝʡʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʦʣʷʥʳʝ ʢʫʧʦʣʘ, ʠ 
ʤʝʞʢʫʧʦʣʴʥʳʝ ʜʝʧʨʝʩʩʠʠ, ʯʘʩʪʦ ʙʝʩʩʦʣʝʚʳʝ [3]. 

ɺʝʩʴ ʩʦʣʝʥʦʩʥʳʡ ʨʘʟʨʝʟ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ʜʦʣʛʦʝ ʚʨʝʤʷ 
ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʢʫʥʛʫʨʩʢʠʡ. ʉ ʥʘʢʦʧʣʝʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ 
ʩʦʣʝʥʘʢʦʧʣʝʥʠʝ ʟʜʝʩʴ ʧʨʦʠʩʭʦʜʠʣʦ ʠ ʚ ʫʬʠʤʩʢʦ-ʢʘʟʘʥʩʢʦʝ ʚʨʝʤʷ, ʧʨʠ ʵʪʦʤ ʘʨʝʘʣ 
ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ ʫʞʝ ʚ ʷʚʥʦ ʤʝʣʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʭʚʘʪʠʣ ʠ ʉʝʚʝʨʥʳʡ ʋʩʪʶʨʪ [3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʦʩʪʘʚʫ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʪʨʦʝʥʠʷ ʩʦʣʝʥʦʩʥʘʷ ʬʦʨʤʘʮʠʷ 
ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʥʠʞʥʶʶ ʢʫʥʛʫʨʩʢʫʶ, ʠ ʚʝʨʭʥʶʶ ʚʝʨʭʥʝʧʝʨʤʩʢʫʶ ʪʦʣʱʠ. 
ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʤʦʱʥʦʩʪʴ ʥʠʞʥʝʡ ʪʦʣʱʠ ʩʦʩʪʘʚʣʷʝʪ 2500 ï4000 ʤ ʠ ʩʦʩʪʦʠʪ ʥʘ 
95% ʠʟ ʢʘʤʝʥʥʦʡ ʩʦʣʠ. ʄʦʱʥʦʩʪʴ ʫʬʠʤʩʢʦ-ʢʘʟʘʥʩʢʠʭ ʩʦʣʝʥʦʩʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ 2000 ʤ, ʧʨʠʯʝʤ ʩʦʣʝʚʳʝ ʧʨʦʩʣʦʠ ʠʤʝʶʪ ʧʦʜʯʠʥʝʥʥʦʝ (ʜʦ 30%) 
ʟʥʘʯʝʥʠʝ, ʘ ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʢʨʘʩʥʦʮʚʝʪʥʫʶ ʦʢʨʘʩʢʫ.  

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʱʥʳʭ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ 
ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʞʥʳʭ ʤʦʤʝʥʪʦʚ ʠ ʵʤʧʠʨʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʥʦʚʝʡʰʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʚʨʝʤʷ ʥʝʪ ʘʥʘʣʦʛʦʚ 
ʦʛʨʦʤʥʳʤ ʧʦ ʧʣʦʱʘʜʷʤ ʠ ʤʦʱʥʦʩʪʷʤ ʠʩʢʦʧʘʝʤʳʤ ʩʦʣʝʨʦʜʥʳʤ ʪʦʣʱʘʤ, ʪ.ʝ. ʧʨʠʥʮʠʧ 
ʘʢʪʫʘʣʠʟʤʘ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʨʠʤʝʥʠʪʴ ʥʝ ʫʜʘʝʪʩʷ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʠʥʩʪʚʦ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʣʝʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʜʝʣʷʶʪ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʦʩʦʙʝʥʥʦʩʪʷʤ 
ʠʭ ʩʪʨʦʝʥʠʷ, ʘ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʛʣʫʙʠʥʳ ʩʦʣʝʨʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ 
ʪʨʘʢʪʫʶʪ ʧʦ-ʨʘʟʥʦʤʫ.[4, 5, 7]  

ɺ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʝ ʚ ʢʫʥʛʫʨʩʢʦ-ʢʘʟʘʥʩʢʦʝ ʚʨʝʤʷ ʥʘ ʧʣʦʱʘʜʠ ʙʦʣʝʝ 
0,5 ʤʣʥ. ʢʤ2 ʥʘʢʦʧʣʝʥʦ 3-6 ʢʤ ʩʦʣʝʡ, ʚ ʦʩʥʦʚʥʦʤ ʛʘʣʠʪʘ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʵʪʠʭ 
ʦʪʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ ʫʩʣʦʚʠʷʭ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʂ ʥʘʯʘʣʫ 
ʢʫʥʛʫʨʘ (ʩʘʨʘʥʠʥʩʢʦʝ ʚʨʝʤʷ) ʩʚʷʟʴ ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩ ʦʢʝʘʥʘʤʠ ʩʪʘʣʘ 
ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ, ʦʩʦʙʝʥʥʦ ʥʘ ʶʛʝ. ʅʘ ʩʝʚʝʨʝ ʚ ʧʨʝʜʝʣʘʭ ʇʝʨʤʩʢʦʛʦ ʨʘʡʦʥʘ ʚ 
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ʥʦʨʤʘʣʴʥʦ ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʦʪʣʘʛʘʣʠʩʴ ʠʟʚʝʩʪʥʷʢʠ, ʤʝʩʪʘʤʠ ʨʠʬʦʛʝʥʥʳʝ 
ʤʦʱʥʦʩʪʴʶ ʜʦ 70 ʤ. ɺ ʬʠʣʠʧʧʦʚʩʢʦʝ ʚʨʝʤʷ ʟʜʝʩʴ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʫʞʝ ʜʦʣʦʤʠʪʳ 
(80 ʤ), ʘ ʚ ʠʨʝʥʴʩʢʦʝ ʚʨʝʤʷ ʛʠʧʩʳ ʩ 4 ʧʣʘʩʪʘʤʠ ʠʟʚʝʩʪʥʷʢʦʚ ʤʦʱʥʦʩʪʴʶ 5-15 ʤ ʩ 
ʬʦʨʘʤʠʥʠʬʝʨʘʤʠ ʧʨʠ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ 50-180 ʤ. ʇʦ ʧʝʨʠʬʝʨʠʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ 
ʚʧʘʜʠʥʳ ʚ ʩʘʨʘʥʠʥʩʢʦʤ ʛʦʨʠʟʦʥʪʝ ʩʨʝʜʠ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʦʣʦʤʠʪʦʚ ʧʦʷʚʣʷʶʪʩʷ 
ʘʥʛʠʜʨʠʪʳ ʠ ʧʘʯʢʠ ʛʘʣʠʪʘ (ʂʘʨʘʩʘʣʴʩʢʘʷ ʤʦʥʦʢʣʠʥʘʣʴ). ʌʠʣʠʧʧʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ 
ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʛʠʜʨʠʪʘʤʠ ʠ ʜʦʣʦʤʠʪʘʤʠ, ʘ ʠʨʝʥʴʩʢʠʡ - ʚʥʠʟʫ ʛʘʣʠʪʦʤ ʩ 
ʧʨʦʩʣʦʷʤʠ ʘʥʛʠʜʨʠʪʦʚ, ʘ ʚʚʝʨʭʫ ʩ ʧʨʦʩʣʦʷʤʠ ʢʘʣʠʡʥʦ-ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʩʦʣʝʡ. 

ɺ ʢʘʟʘʥʩʢʦʝ ʚʨʝʤʷ ʦʯʝʨʝʜʥʦʡ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʦʢʝʘʥʘ ʠ ʨʘʩʰʠʨʝʥʠʝ 
ʊʠʤʘʥʩʢʦʛʦ ʠ ʋʩʪʶʨʪʩʢʦʛʦ ʧʨʦʣʠʚʦʚ ʧʨʠʚʝʣ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʚ ʇʨʠʢʘʩʧʠʡʩʢʦʡ 
ʚʧʘʜʠʥʝ ʦʙʰʠʨʥʦʛʦ ʤʝʣʢʦʛʦ ʤʦʨʷ. ʅʘ ʩʝʚʝʨʝ ʟʜʝʩʴ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʪʝʨʨʠʛʝʥʥʦ-
ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, ʘ ʚʦ ʚʧʘʜʠʥʝ - ʩʫʣʴʬʘʪʥʦ-ʩʦʣʝʥʦʩʥʳʝ. ɺ ʪʘʪʘʨʩʢʦʝ ʚʨʝʤʷ ʥʘ 
ʵʪʠʭ ʧʣʦʱʘʜʷʭ ʰʣʦ ʥʘʢʦʧʣʝʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʪʦʣʱʠ. 

ʇʨʦʚʝʜʝʥʦ ʨʘʡʦʥʠʨʦʚʘʥʠʝ ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ ʩʦʣʝʨʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʚʳʧʦʣʥʝʥʥʦʝ 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʨʦʝʥʠʷ ʝʛʦ ʚʝʨʭʥʝʘʨʪʠʥʩʢʦ-ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʠ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʨʘʟʤʝʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʣʷʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɺʳʷʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʇʨʠʢʘʩʧʠʡʩʢʠʡ ʨʝʛʠʦʥ ʢʘʢ 
ʪʝʢʪʦʥʦʪʠʧ ʩʦʣʷʥʦʢʫʧʦʣʴʥʳʭ ʦʙʣʘʩʪʝʡ, ʩ ʢʦʪʦʨʳʤ ʩʣʝʜʫʝʪ ʩʨʘʚʥʠʚʘʪʴ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 
ʩʦʣʝʥʦʩʥʳʝ ʙʘʩʩʝʡʥʳ ʤʠʨʘ. ɺʳʙʦʨʫ ʇʨʠʢʘʩʧʠʷ ʚ ʢʘʯʝʩʪʚʝ ʪʝʢʪʦʥʦʪʠʧʘ ʩʦʣʷʥʦ-
ʢʫʧʦʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʢʞʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʛʝʦʣʦʛʦ-
ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʵʪʦʛʦ ʨʝʛʠʦʥʘ. ɿʜʝʩʴ, ʢʘʢ ʥʠʛʜʝ ʙʦʣʝʝ, ʠʤʝʝʪʩʷ 
ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʣʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʪʨʦʝʥʠʠ ʥʝ ʪʦʣʴʢʦ ʥʘʜʩʦʣʝʚʦʛʦ ʠ ʩʦʣʝʥʦʩʥʦʛʦ, 
ʥʦ ʠ ʧʦʜʩʦʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʦʚ. ɹʣʘʛʦʜʘʨʷ ʦʪʤʝʯʝʥʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ ʠʤʝʥʥʦ 
ʩʦʣʷʥʳʝ ʩʪʨʫʢʪʫʨʳ ʇʨʠʢʘʩʧʠʷ ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ ʷʚʣʷʪʴʩʷ ʦʙʲʝʢʪʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ 
ʩʣʝʜʫʝʪ ʧʨʦʚʝʨʷʪʴ ʨʘʟʣʠʯʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʣʷʥʳʭ 
ʩʪʨʫʢʪʫʨ ʠ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʥʮʝʧʮʠʠ ʛʘʣʦʢʠʥʝʟʘ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
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ɻɽʅɽɿʀʉ ʀ ʉʊʈʋʂʊʋʈɸ ʇʋʉʊʆʊʅʆɻʆ ʇʈʆʉʊʈɸʅʉʊɺɸ  
ʇʆʈʆɼ-ʂʆʃʃɽʂʊʆʈʆɺ ɺɽʅɼʉʂʀʍ ʆʊʃʆɾɽʅʀʁ ɿʆʅʓ ɸʅɻɸʈʉʂʀʍ 

ʉʂʃɸɼʆʂ (ʅɸ ʇʈʀʄɽʈɽ ʄʆʐɸʂʆɺʉʂʆʁ ʉɺʀʊʓ) 
 

ʆ.ɸ. ɸʥʪʠʧʦʚʘ, ʆ.ɺ. ʇʦʩʪʥʠʢʦʚʘ 
 

ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ɺ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʟʦʥʳ ɸʥʛʘʨʩʢʠʭ ʩʢʣʘʜʦʢ ʦʪʢʨʳʪ ʨʷʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʚ ʢʦʪʦʨʳʭ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʂ ʥʘʠʙʦʣʝʝ 
ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʢ ɸʙʘʢʘʥʩʢʦʝ, ʀʣʴʙʦʢʠʯʩʢʦʝ, 
ɸʛʘʣʝʝʚʩʢʦʝ. 

ʂʦʣʣʝʢʪʦʨʳ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʦʰʘʢʦʚʩʢʦʡ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʢʦʤʧʣʝʢʩʦʤ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ, ʚʢʣʶʯʘʶʱʠʭ ʧʝʩʯʘʥʠʢʠ ʨʘʟʥʦ-, ʢʨʫʧʥʦ-, 
ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ, ʨʝʞʝ ʧʝʩʯʘʥʠʢʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ [1]. ʕʪʠ ʧʦʨʦʜʳ ʦʪʣʠʯʘʝʪ 
ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, 
ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʯʘʩʪʳʤ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʚ ʨʘʟʨʝʟʘʭ ʦʪʜʝʣʴʥʳʭ ʣʠʪʦʪʠʧʦʚ 
ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʚ ʥʠʭ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ ʦʪʣʦʞʝʥʠʡ ʤʦʰʘʢʦʚʩʢʦʡ ʩʚʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʨʦʚʦʤʫ 
ʠ ʧʦʨʦʚʦ-ʪʨʝʱʠʥʥʦʤʫ ʪʠʧʘʤ. 

ʇʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʢʦʣʣʝʢʪʦʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʦʩʥʦʚʥʦʤ 
ʤʝʞʟʝʨʥʦʚʳʤʠ ʧʦʨʘʤʠ, ʨʝʞʝ ʧʫʩʪʦʪʘʤʠ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʦ ʢʘʨʙʦʥʘʪʥʦʤʫ ʮʝʤʝʥʪʫ 
ʠ ʤʠʢʨʦʧʫʩʪʦʪʘʤʠ ʚ ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʭ ʦʙʣʦʤʢʘʭ ʢʘʣʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. 

ɻʨʘʥʠʮʳ ʤʝʞʟʝʨʥʦʚʳʭ ʧʫʩʪʦʪ ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʠʣʠʩʪʳʤʠ, ʘ ʪʘʢʞʝ ʠʤʝʪʴ 
ʧʨʘʚʠʣʴʥʳʝ ʠʟʦʤʝʪʨʠʯʥʳʝ ʬʦʨʤʳ ʚ ʫʯʘʩʪʢʘʭ ʨʘʟʚʠʪʠʷ ʨʝʛʝʥʝʨʘʮʠʠ ʟʝʨʝʥ. ʇʫʩʪʦʪʳ 
ʚʳʝɦʣʘʯʠʚʘʥʠʷ ʢʘʢ ʧʨʘʚʠʣʦ ʠʤʝʶʪ ʩʣʦʞʥʫʶ ʠʟʚʠʣʠʩʪʫʶ ʬʦʨʤʫ. ʄʠʢʨʦʧʫʩʪʦʪʳ 
ʚ ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʭ ʦʙʣʦʤʢʘʭ ʢʘʣʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʦʪʤʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʠʭ 
ʨʘʟʤʝʨʳ ʩʦʩʪʘʚʣʷʶʪ 1-3 ʤʢʤ. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʨʠʩʪʦʩʪʠ (ʂʧ) ʢʦʣʝʙʣʶʪʩʷ ʦʪ 2-3% ʜʦ 15-18%; 
ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʂʧʨ) ʧʦ ʛʘʟʫ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 0,001-0,002 ʤɼ 
ʜʦ 12 ʤɼ ï ʜʣʷ ʧʦʨʦʚʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʦʪ 0,1 ï 0,2 ʤɼ ʜʦ 110-140 ʪʳʩ. ʤɼ ï ʜʣʷ 
ʧʦʨʦʚʦ-ʪʨʝʱʠʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʳ ʪʘʢʠʝ ʚʪʦʨʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ 
ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʫʩʪʦʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʢʦʨʨʦʟʠʷ 
ʦʙʣʦʤʦʯʥʳʭ ʟʝʨʝʥ, ʠʭ ʧʣʘʩʪʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ, ʠʥʪʝʥʩʠʚʥʦʝ 
ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝ. 

ʉʘʤʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʂʧ ʚ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʭ 
ʦʪʣʦʞʝʥʠʷʭ ʦʢʘʟʘʣʠ ʧʨʦʮʝʩʩʳ ʨʝʛʝʥʝʨʘʮʠʠ ʢʚʘʨʮʘ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ 
ʚ ʯʘʩʪʠʯʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʬʦʨʤʳ ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ ʧʨʦʩʣʦʷʭ 
ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʝ ʢʘʝʤʢʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʪ ʧʫʩʪʦʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 
ʧʝʩʯʘʥʠʢʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʭ ʢʘʝʤʦʢ ʚʦʢʨʫʛ ʟʝʨʝʥ ʢʚʘʨʮʘ 
ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʧʝʩʯʘʥʠʢʘʭ ʚ ʩʨʝʜʥʝʤ ʚʳʜʝʣʷʝʪʩʷ 
ʜʦ 3-4 ʢʘʸʤʦʢ ʨʝʛʝʥʝʨʘʮʠʠ. 

ɺ ʧʝʩʯʘʥʠʢʘʭ ʩ ʭʦʨʦʰʝʡ ʩʪʝʧʝʥʴʶ ʩʦʨʪʠʨʦʚʢʠ ʨʝʛʝʥʝʨʘʮʠʷ ʢʚʘʨʮʘ ʧʨʦʷʚʣʝʥʘ 
ʥʝ ʪʘʢ ʠʥʪʝʥʩʠʚʥʦ, ʦʜʥʘʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʛʦ ʩʜʘʚʣʠʚʘʥʠʷ 
ʦʙʣʦʤʦʯʥʳʭ ʟʝʨʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʶʪʩʷ ʨʘʟʤʝʨʳ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ. 

ʉʣʝʜʳ ʠʥʪʝʥʩʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʚ ʧʨʦʩʣʦʷʭ, ʚ ʢʦʪʦʨʳʭ 
ʩʦʜʝʨʞʠʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʣʠʥʠʩʪʦʛʦ ʮʝʤʝʥʪʘ. 

ʅʘ ʢʦʥʬʦʨʤʥʦ-ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʝ ʢʘʝʤʢʠ ʦʙʣʦʤʦʯʥʦʛʦ ʢʚʘʨʮʘ ʯʘʩʪʦ ʙʳʚʘʶʪ 
ʥʘʣʦʞʝʥʳ ʩʪʨʫʢʪʫʨʳ ʥʘʯʘʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʦʙʣʘʩʪʝʟʘ.   
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ɺ ʧʝʩʯʘʥʠʢʘʭ ʩ ʥʠʟʢʦʡ ʠ ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʴʶ ʩʦʨʪʠʨʦʚʢʠ ʦʙʣʦʤʦʯʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʦʥʪʘʢʪʘʭ ʤʝʞʜʫ ʢʨʫʧʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʩʣʝʜʳ 
ʠʥʢʦʨʧʦʨʘʮʠʠʠ ʠ ʤʠʢʨʦʩʪʠʣʦʣʠʪʦʚʳʝ ʰʚʳ.  

ɺ ʦʩʪʘʪʦʯʥʦʤ ʧʫʩʪʦʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʘʫʪʠʛʝʥʥʳʝ 
ʢʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʨʘʟʤʝʨʦʤ ʦʪ 3-5 ʤʢʤ ʜʦ 200-300 ʤʢʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ 
ʢʚʘʨʮʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʝʥʘ ʧʨʦʮʝʩʩʘʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʦʨʨʦʟʠʠ, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʝʝ ʧʦʟʜʥʝʡ ʠʭ ʛʝʥʝʨʘʮʠʠ. ʉʦʥʘʭʦʞʜʝʥʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ 
ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʩ ʪʘʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʢʘʢ ʙʘʨʠʪ, ʮʝʣʝʩʪʠʥ, ʛʝʤʘʪʠʪ, ʧʦʟʚʦʣʷʝʪ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʘʫʪʠʛʝʥʥʦʛʦ ʢʚʘʨʮʘ 
ʩʚʷʟʘʥʳ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʉʥʠʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʨʠʩʪʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʦ ʪʘʢʞʝ 
ʧʨʦʮʝʩʩʘʤʠ ʨʝʛʝʥʝʨʘʮʠʠ ʦʙʣʦʤʢʦʚ ʢʘʣʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʦʜʥʘʢʦ ʧʨʦʮʝʩʩʳ 
ʢʘʣʠʰʧʘʪʠʟʘʮʠʠ ʧʨʦʷʚʣʝʥʳ ʤʝʥʝʝ ʤʘʩʰʪʘʙʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 
ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʭ ʢʘʝʤʦʢ ʢʚʘʨʮʘ. 

ɸʫʪʠʛʝʥʥʳʝ ʩʣʶʜʳ ʚʝʩʴʤʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʚ ʧʫʩʪʦʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʧʝʩʯʘʥʠʢʦʚ ʠ ʛʨʘʚʝʣʠʪʦʚ ʪʘʩʝʝʚʩʢʦʡ ʩʝʨʠʠ. ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʛʣʠʥʠʩʪʳʝ 
ʠʣʣʠʪʦʚʳʝ ʯʝʰʫʡʢʠ ʚʦ-ʤʥʦʛʦʤ ʫʩʣʦʞʥʷʶʪ ʢʦʥʬʠʛʫʨʘʮʠʶ ʤʝʞʟʝʨʥʦʚʳʭ ʧʫʩʪʦʪ 
ʠ ʫʤʝʥʴʰʘʶʪ ʜʠʘʤʝʪʨ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ. 

ɸʫʪʠʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʘʤʠ ʜʦʣʦʤʠʪʘ, ʘʥʢʝʨʠʪʘ, 
ʩʠʜʝʨʠʪʘ. ʆʥʠ ʯʘʩʪʠʯʥʦ ʣʠʙʦ ʠʥʦʛʜʘ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʷʶʪ ʦʩʪʘʪʦʯʥʦʝ ʧʫʩʪʦʪʥʦʝ 
ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʪʳ ʚ 
ʧʦʨʦʜʘʭ, ʢʦʪʦʨʳʝ ʠʟʥʘʯʘʣʴʥʦ ʦʙʣʘʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ ʧʫʩʪʦʪʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɸʫʪʠʛʝʥʥʳʝ ʩʫʣʴʬʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʥʛʠʜʨʠʪʦʤ, ʙʘʨʠʪʦʤ, ʮʝʣʝʩʪʠʥʦʤ. 
ɸʥʛʠʜʨʠʪ ʦʙʳʯʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚʤʝʩʪʝ ʩʦ ʚʪʦʨʠʯʥʳʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 
ʤʠʥʝʨʘʣʘʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʟʦʥ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʧʦʤʠʤʦ 
ʬʘʮʠʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 
ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʤʦʛʫʪ ʢʘʨʜʠʥʘʣʴʥʦ ʫʭʫʜʰʠʪʴ 
ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ. 
 
ʃʀʊɽʈɸʊʋʈɸ 
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ʄʆɼɽʃʔ ʈʆʉʊɸ ʀ ʆʈɻɸʅʆʄʀʅɽʈɸʃʀɿɸʎʀʀ ʂɸʈɹʆʅɸʊʅʓʍ 
ʆʆʀɼʆɺ 

 

ɸ.ʀ. ɸʥʪʦʰʢʠʥʘ 
 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʂʦʤʠ ʅʎ ʋʨʆ ʈɸʅ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʅ.ʇ. ʖʰʢʠʥʘ, ʉʳʢʪʳʚʢʘʨ, ʈʦʩʩʠʷ 
 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʢʘʨʙʦʥʘʪʥʳʝ ʦʦʠʜʳ ʠʟ ʚʦʩʴʤʠ ʧʘʣʝʦʟʦʡʩʢʠʭ ʨʘʟʨʝʟʦʚ ʊʠʤʘʥʦ-
ʉʝʚʝʨʦʫʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ 
ʤʠʢʨʦʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ ʠ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʚ 
ʥʠʭ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʤʠʢʨʦʙʥʳʝ ʧʣʝʥʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʦʨʛʘʥʦʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʚʢʣʶʯʘʷ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʙʘʢʪʝʨʠʡ 
ï ʛʣʠʢʦʢʘʣʠʢʩ (EPS) ʠ ʝʛʦ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ. 

ʂʘʨʙʦʥʘʪʥʳʝ ʦʦʠʜʳ, ʚʢʣʶʯʘʶʱʠʝ ʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʦʦʣʠʪʳ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 
ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʤʥʦʛʠʭ ʤʝʣʢʦʚʦʜʥʳʭ ʦʪʣʦʞʝʥʠʡ, 
ʦʜʥʘʢʦ ʠʭ ʘʙʠʦʪʠʯʝʩʢʦʝ ʠʣʠ ʙʠʦʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʰʠʨʦʢʦ ʦʙʩʫʞʜʘʣʦʩʴ ʠ 
ʦʙʩʫʞʜʘʝʪʩʷ. ʆʥʠ ʧʨʦʜʦʣʞʘʶʪ ʪʨʘʜʠʮʠʦʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʘʙʠʦʪʠʯʝʩʢʠʝ 
ʟʝʨʥʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʫʩʧʝʥʟʠʠ ʧʦʜʚʠʞʥʳʤʠ ʪʝʧʣʳʤʠ ʚʦʜʘʤʠ, 
ʧʝʨʝʩʳʱʝʥʥʳʤʠ CaCO3. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʫʩʪʘʥʦʚʠʚ ʩʣʝʜʳ ʤʠʢʨʦʙʦʚ ʚ 
ʦʙʦʣʦʯʢʘʭ ʦʦʠʜʦʚ, ʩʯʠʪʘʣʠ, ʯʪʦ ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʪʦʣʴʢʦ ʚ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʘʭ, 
ʠʟʤʝʥʷʶʱʠʭ ʭʠʤʠʶ ʠ ʤʠʥʝʨʘʣʦʛʠʶ ʦʦʠʜʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 
ʫʯʘʩʪʠʷ ʤʠʢʨʦʙʦʚ [3] ʧʦʢʘʟʘʣʠ ʠʭ ʚʘʞʥʦʩʪʴ ʚ ʛʝʥʝʟʠʩʝ ʦʦʠʜʦʚ, ʫʩʪʘʥʦʚʠʚ 
ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʣʝʜʳ, ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʝʥʳ, ʩʚʷʟʘʥʥʳʝ 
ʩ ʤʠʢʨʦʙʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ, ʠ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʤʠʢʨʦʙʥʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʢʘʣʴʮʠʪʦʚʳʭ ʦʦʣʠʪʦʚ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʭ ʚ 
ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʝ ʚʧʝʨʚʳʝ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʪʣʦʞʝʥʠʠ ʩʥʘʯʘʣʘ ʩʣʦʷ 
ʘʤʦʨʬʥʦʛʦ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ (ɸʂʂ) ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʞʜʦʛʦ ʢʦʥʮʝʥʪʨʘ, ʟʘʪʝʤ ï 
ʧʦʩʪʝʧʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʢʘʣʴʮʠʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʥʦʨʤʘʣʠ ʢ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ [1]. ɹʦʣʝʝ ʧʦʟʜʥʷʷ ʤʦʜʝʣʴ [4] ʦʙʲʷʩʥʷʝʪ ʢʘʨʙʦʥʘʪʥʫʶ 
ʙʠʦʤʠʥʝʨʘʣʠʟʘʮʠʶ ʧʫʪʝʤ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʦʧʦʩʨʝʜʦʚʘʥʥʦ ʥʘ 
ʨʝʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ EPS ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʢʘʨʙʦʥʘʪʦʚ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʦʨʛʘʥʦʤʠʥʝʨʘʣʠʟʘʮʠʠ EPS ʤʘʪʨʠʢʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʩʪʦ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ 
ʢʘʨʙʦʥʘʪʦʚ [5], ʪʘʢ ʢʘʢ ʛʣʠʢʦʢʘʣʠʢʩ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʥʳʤ ʠ ʣʠʧʢʠʤ ʤʘʪʨʠʢʩʦʤ, ʢʦʪʦʨʳʡ 
ʧʨʠʢʨʝʧʣʷʝʪ ʤʠʢʨʦʙʳ ʢ ʩʫʙʩʪʨʘʪʫ ʠ ʩʦʜʝʨʞʠʪ ʚʥʫʪʨʝʥʥʠʝ ʢʘʥʘʣʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ 
ʜʦʩʪʘʚʢʝ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʠ ʢʠʩʣʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʦʚ ʤʝʪʘʙʦʣʠʟʤʘ [6]. 
ʄʦʜʝʣʴ ʨʦʩʪʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʦʠʜʦʚ [3] ʚʢʣʶʯʘʝʪ: 1) ʬʘʟʘ ʥʘʥʦʯʘʩʪʠʮ 
ɸʂʂ ʩ ʥʠʟʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʪʘʙʠʣʴʥʳʡ ʧʦʣʠʤʦʨʬʥʳʡ ʉʘʉʆ3; 
2) ʙʠʦʧʣʝʥʢʘ EPS ʢʦʣʦʥʠʟʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʨʦʢ, ʩʧʦʩʦʙʩʪʚʫʷ ʧʝʨʚʳʤ ʩʪʘʜʠʷʤ 
ʦʩʘʞʜʝʥʠʷ CaCO3; 3) ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʩʣʦʠ ʚ ʦʦʠʜʘʭ ʦʙʨʘʟʫʶʪʩʷ ʚ ʤʘʪʨʠʮʘʭ EPS 
ʙʠʦʧʣʝʥʢʠ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʦʚ ʧʨʦʮʝʩʩʘ ʦʨʛʘʥʦʤʠʥʝʨʘʣʠʟʘʮʠʠ ï ʨʘʟʚʠʪʠʝ Aʂʂ 
ʚʝʜʝʪ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʥʘʥʦʟʝʨʝʥ ʚʥʝʰʥʝʡ ʢʦʨʢʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ; 4) 
ʤʝʭʘʥʠʯʝʩʢʦʝ ʩʛʣʘʞʠʚʘʥʠʝ ʧʨʠ ʜʚʠʞʝʥʠʠ ʠ ʟʘʩʦʣʝʥʠʠ ʦʦʠʜʘ ʧʦʣʠʨʫʝʪ ʧʦʚʝʨʭʥʦʩʪʴ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʨʦʩʪ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʠʛʣ 
ʘʨʘʛʦʥʠʪʘ ʠʣʠ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʢʘʣʴʮʠʪʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʦʠʜʳ ʨʘʩʪʫʪ ʚʦ ʚʨʝʤʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʧʦʜʚʠʞʥʦʤ 
ʤʝʣʢʦʚʦʜʴʝ, ʭʦʪʷ ʩʪʝʧʝʥʴ ʢʦʣʦʥʠʟʘʮʠʠ ʙʠʦʧʣʝʥʢʘʤʠ ʠ ʦʙʠʣʠʝ 
ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʚ ʙʦʣʝʝ ʩʧʦʢʦʡʥʦʚʦʜʥʳʭ 
ʦʙʩʪʘʥʦʚʢʘʭ. ʀʟʫʯʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʦʦʠʜʦʚ ʥʘ ɹʘʛʘʤʩʢʠʭ ʙʘʥʢʘʭ ʚʳʷʚʠʣʦ, ʯʪʦ 
ʤʝʣʢʠʝ ʦʦʠʜʳ ʷʚʣʷʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʧʦʢʦʡʥʦʚʦʜʥʳʤʠ ʘʚʪʦʭʪʦʥʥʳʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʘ ʢʨʫʧʥʳʝ ï ʧʦʜʚʠʞʥʦʚʦʜʥʳʤʠ ʘʣʣʦʭʪʦʥʥʳʤʠ [7]. ɺʦʟʤʦʞʥʳʤ 
ʧʨʠʟʥʘʢʦʤ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʩʣʝʜʦʚ 
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ʤʠʢʨʦʩʚʝʨʣʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʢʦʨʢʝ ʦʦʠʜʦʚ, ʭʦʪʷ ʩʣʝʜʳ ʩʚʝʨʣʝʥʠʡ ʠ 
ʤʠʢʨʠʪʠʟʘʮʠʷ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʤ, ʠʤʝʶʪʩʷ ʥʘ ʚʥʫʪʨʝʥʥʠʭ ʩʣʦʷʭ ʠʣʠ ʷʜʨʝ.  

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʣʝʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʦʠʜʦʚ, ʧʨʝʪʝʨʧʝʚʰʠʭ 
ʜʣʠʪʝʣʴʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ 
ʚʝʨʦʷʪʥʳʤ ʤʦʛ ʙʳʪʴ ʪʘʢʦʡ ʤʥʦʛʦʬʘʟʦʚʳʡ ʤʝʭʘʥʠʟʤ ʠʭ ʨʦʩʪʘ ʠ 
ʦʨʛʘʥʦʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʪʘʢ ʢʘʢ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʣʝʥʦʢ EPS ʚ 
ʦʦʠʜʘʭ ʚʳʷʚʠʣʦ ʠʭ ʩʚʷʟʴ ʥʝ ʪʦʣʴʢʦ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʦʙʦʣʦʯʝʢ, ʥʦ ʠ ʩ ʠʭ ʚʥʫʪʨʝʥʥʝʡ 
ʩʪʨʫʢʪʫʨʦʡ [2]. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʤʝʣʢʠʡ ʨʘʟʤʝʨ ʫʩʪʘʥʦʚʣʝʥ 
ʩʨʝʜʠ ʦʦʠʜʦʚ ʣʘʛʫʥʥʳʭ (ʨʠʩʫʥʦʢ): ʚʝʥʣʦʢʩʢʠʭ (ʛʨ. ʏʝʨʥʳʰʝʚʘ) ʠ ʣʫʜʣʦʚʩʢʠʭ 
(ʉʝʚʝʨʥʳʡ ʋʨʘʣ), ʘ ʪʘʢʞʝ ʚ ʩʪʨʦʤʘʪʦʣʠʪʘʭ ʣʫʜʣʦʚʘ ʠ ʧʨʞʠʜʦʣʘ (ʇʨʠʧʦʣʷʨʥʳʡ 
ʋʨʘʣʘ, ʧʦʜʥʷʪʠʝ ʏʝʨʥʦʚʘ), ʢʦʪʦʨʳʡ ʥʝ ʧʨʝʚʳʰʘʶʪ 1 ʤʤ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ 
ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʩʣʝʜʳ ʙʠʦʢʦʨʨʦʟʠʠ. 

 

ʘ) ʙ) 
ʈʠʩʫʥʦʢ. ʉʕʄ ʣʘʛʫʥʥʳʭ ʦʦʠʜʦʚ. ʘ ï ʣʫʜʣʦʚ, ʉʝʚʝʨʥʳʡ ʋʨʘʣ, ʚʦ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ; ʙ ï ʬʨʘʛʤʝʥʪ 
ʤʝʞʩʣʦʝʚʦʡ EPS ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʝʥʣʦʢ, ʛʨ. ʏʝʨʥʳʰʝʚʘ, ʚ ʫʧʨʫʛʦ-ʦʪʨʘʞʝʥʥʳʭ 
ʵʣʝʢʪʨʦʥʘʭ 
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ɺɸɾʅɽʁʐʀɽ ʉɽɼʀʄɽʅʊʆʃʆɻʀʏɽʉʂʀɽ ʀ ɻɽʆʍʀʄʀʏɽʉʂʀɽ 
ʉʆɹʓʊʀʗ ʈʋɹɽɾɸ ʇɽʈʄʀ ʀ ʊʈʀɸʉɸ ɺʆʉʊʆʏʅʆ-ɽɺʈʆʇɽʁʉʂʆʁ 
ʇʃɸʊʌʆʈʄʓ: ʆʊʈɸɾɽʅʀɽ ʇɽʈɽʉʊʈʆʁʂʀ ɻɽʆʉʌɽʈʓ ɺ ʕʇʆʍʋ 

ɺɽʃʀʂʆɻʆ ʇʆɿɼʅɽʇɽʈʄʉʂʆɻʆ ɺʓʄʀʈɸʅʀʗ 
 

ʄ.ʇ. ɸʨʝʬʴʝʚ1,2,3 
 

1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

3
ʄʫʟʝʡ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʩʪʦʨʠʠ ʉʚʷʪʦ-ɸʣʝʢʩʠʝʚʩʢʦʡ ʇʫʩʪʳʥʠ, ʅʦʚʦʘʣʝʢʩʝʝʚʢʘ, ʈʦʩʩʠʷ 

 

ʅʘ ʛʨʘʥʠʮʝ ʧʝʨʤʩʢʦʡ ʠ ʪʨʠʘʩʦʚʦʡ ʩʠʩʪʝʤ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 
ʯʠʪʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ 
ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ. 

1. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʚʷʪʩʢʦʛʦ ʚʝʢʘ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʝʣʠʯʠʥ ŭ18ʆ ʚ 
ʧʝʜʦʛʝʥʥʳʭ ʠ ʦʩʘʜʦʯʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʚʳʷʚʣʝʥʦ ʧʦʩʣʝʜʥʝʝ ʢʨʫʧʥʦʝ ʧʦʭʦʣʦʜʘʥʠʝ 
ʧʦʟʜʥʝʧʝʨʤʩʢʦʡ ʵʧʦʭʠ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʣʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʠʥʠʤʫʤʘ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʦʥʮʝ ʧʝʨʤʩʢʦʛʦ ʧʝʨʠʦʜʘ. ʇʦʟʜʥʝʚʷʪʩʢʦʝ ʧʦʭʦʣʦʜʘʥʠʝ 
ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʯʘʥʩʠʥʩʢʠʤ ʧʦʭʦʣʦʜʘʥʠʝʤ ʚ ʤʦʨʩʢʠʭ ʨʘʟʨʝʟʘʭ [5]. 

2. ʅʘ ʬʦʥʝ ʜʘʥʥʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ ʚʳʷʚʣʝʥʳ ʫʨʦʚʥʠ ʩ ʘʥʦʤʘʣʴʥʳʤʠ 
(ʚʩʧʣʝʩʢʦʚʳʤʠ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʦʥʢʦʡ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʫʢʘʟʳʚʘʪʴ ʥʘ ʥʝʦʨʜʠʥʘʨʥʳʝ çʢʦʩʤʠʯʝʩʢʠʝè ʩʦʙʳʪʠʷ. ɸʥʦʤʘʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʘʤʦʨʦʜʥʳʭ ʯʘʩʪʠʮ Ni ʠ Fe ʙʝʟ ʧʨʠʤʝʩʠ Ni ʩ ʤʠʢʨʦ- ʠ 
ʥʘʥʦ-ʟʦʥʘʤʠ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉ ʙʦʣʝʝ 50 %, ʢʦʪʦʨʳʝ ʚ ʦʙʨʘʪʥʦ-
ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (BSE) ʚʳʜʝʣʷʶʪʩʷ ʪʝʤʥʳʤ ʮʚʝʪʦʤ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʤʧʘʢʪʥʳʤʠ 
ʤʠʢʨʦ-ʘʣʤʘʟʘʤʠ. ʆʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Mt ʤʠʢʨʦʩʬʝʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 
ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ti. ʇʨʠʩʫʪʩʪʚʫʶʪ ʦʧʣʘʚʣʝʥʥʳʝ ʯʘʩʪʠʮʳ Fe ʠ ʚʳʩʦʢʦ-ʉ 
ʤʠʢʨʦʩʬʝʨʳ [1]. 

3. ʇʦʟʜʥʝʚʷʪʩʢʦʝ ʧʦʭʦʣʦʜʘʥʠʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʘʢʪʠʚʠʟʘʮʠʝʡ ʨʝʢ ʋʨʘʣʴʩʢʦʡ 
ʧʠʪʘʶʱʝʡ ʧʨʦʚʠʥʮʠʠ, ʚʳʷʚʣʝʥʥʦʡ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʵʧʠʜʦʪʘ-ʮʦʠʟʠʪʘ ʚ ʪʷʞʝʣʦʡ 
ʬʨʘʢʮʠʠ [2] ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ. ɸʢʪʠʚʠʟʘʮʠʷ ʫʨʘʣʴʩʢʠʭ ʨʝʢ 
ʦʪʚʝʯʘʝʪ ʥʘʯʘʣʴʥʦʤʫ ʵʪʘʧʫ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʝʨʝʩʪʨʦʡʢʠ. 
ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫʨʘʣʴʩʢʠʭ ʨʝʢ ʟʘʚʝʨʰʠʣʦʩʴ ʚ ʨʝʛʠʦʥʝ ʚ ʪʨʠʘʩʝ. ʇʨʠ ʵʪʦʤ 
ʧʨʦʠʩʭʦʜʠʣʦ ʦʤʦʣʦʞʝʥʠʝ ʧʝʨʚʳʭ ʫʨʘʣʴʩʢʠʭ ʧʝʩʯʘʥʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʣʠʥʟ ʩ ʚʦʩʪʦʢʘ 
ʥʘ ʟʘʧʘʜ. ʅʘʧʨʠʤʝʨ, ʫʨʘʣʴʩʢʠʡ ʤʘʪʝʨʠʘʣ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɺʝʪʣʫʛʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʩʝ 
ʚʷʪʩʢʠʝ ʨʘʟʨʝʟʳ. ɺ ʙʘʩʩʝʡʥʝ ʨ. ʂʣʷʟʴʤʳ ʧʦʜ ʛ. ɻʦʨʦʭʦʚʮʦʤ ʧʦʷʚʣʷʝʪʩʷ ʚʦ ʚʪʦʨʦʡ 
ʧʦʣʦʚʠʥʝ ʚʷʪʩʢʦʛʦ ʚʝʢʘ. ɿʘʧʘʜʥʝʝ ʧʦʜ ʛ. ɺʷʟʥʠʢʘʤʠ - ʪʦʣʴʢʦ ʚ ʝʛʦ ʢʦʥʮʝ. 

4. ʇʦʩʣʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʠʥʠʤʫʤʘ ʚ ʢʦʥʮʝ ʚʷʪʩʢʦʛʦ ʷʨʫʩʘ ʫʩʪʘʥʦʚʣʝʥʦ 
ʧʦʪʝʧʣʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʧʝʨʤʠ ʠ ʪʨʠʘʩʘ, ʢʦʨʨʝʣʠʨʫʶʱʝʝ ʩ ʙʳʩʪʨʳʤ ʧʦʚʳʰʝʥʠʝʤ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʤʦʨʩʢʠʭ ʨʘʟʨʝʟʘʭ. ʅʘ ʬʦʥʝ ʜʘʥʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥ 
ʥʝʛʘʪʠʚʥʳʡ ʵʢʩʢʫʨʩ ŭ13ʉ I-ʛʦ ʧʦʨʷʜʢʘ, ʢʦʨʨʝʣʠʨʫʶʱʠʡ ʩ ʩʦʙʳʪʠʡʥʳʤ ʫʨʦʚʥʝʤ 
ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʚʳʤʠʨʘʥʠʷ [5]. 

5. ɺ ʚʷʪʩʢʠʭ ï ʦʣʝʥʝʢʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʳʷʚʣʝʥ ʩʠʥʭʨʦʥʥʳʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʶ 
ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʚʠʪʨʦ- ʠ ʢʨʠʩʪʘʣʣʦʢʣʘʩʪʦʚ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʩ ʢʦʨʦʯʢʦʡ ʟʘʢʘʣʠʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚʦʢʨʫʛ ʯʘʩʪʠʮ ʞʠʜʢʦʡ ʣʘʚʳ ʧʨʠ 
ʨʝʟʢʦʤ ʠʟʤʝʥʝʥʠʠ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʚʳʙʨʦʩʝ ʵʥʜʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 
ʘʪʤʦʩʬʝʨʫ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʢʘʤʫʬʣʠʨʦʚʘʥʥʦʛʦ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʨʘʟʨʝʟʫ. ɽʩʣʠ ʚ ʚʷʪʩʢʦʝ ʚʨʝʤʷ 
ʦʪʤʝʯʘʝʪʩʷ ʧʝʧʣʦʚʳʡ ʤʘʪʝʨʠʘʣ ʢʠʩʣʦ-ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ, ʪʦ ʥʘ ʨʫʙʝʞʝ ʚʷʪʩʢʦʛʦ-
ʠʥʜʩʢʦʛʦ ʚʝʢʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʨʝʜʥʝʛʦ-
ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩ ʧʨʠʟʥʘʢʘʤʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʠʢʩʠʨʫʝʪʩʷ ʩ ʩʝʨʝʜʠʥʳ ʠʥʜʘ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 
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ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʠ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʦ ʥʘʣʠʯʠʶ ʧʘʣʳʛʦʨʩʢʠʪʘ ʚ 
ʧʝʣʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʩʝʨʧʝʥʪʠʥʦʤ ʠ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʚʫʣʢʘʥʦ-ʢʨʠʩʪʘʣʣʦʢʣʘʩʪʦʚ ʚʦ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʷʭ [3]. 

ɺʳʷʚʣʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ ʤʦʛʣʘ ʙʳʪʴ ʚʳʟʚʘʥʘ ʧʘʜʝʥʠʝʤ 
ʢʨʫʧʥʦʛʦ ʘʩʪʝʨʦʠʜʘ [6] ʠ ʜʘʣʴʥʝʡʰʝʡ ʘʢʪʠʚʠʟʘʮʠʝʡ ʉʠʙʠʨʩʢʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 
ʧʨʦʚʠʥʮʠʠ [7], ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʛʣʦʙʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʛʝʦʩʬʝʨʝ ɿʝʤʣʠ ʚ 
ʵʧʦʭʫ ʧʦʟʜʥʝʧʝʨʤʩʢʦʛʦ ʚʳʤʠʨʘʥʠʷ. 

ɸʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʠʥʜʩʢʠʭ ʧʝʜʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ 
ʧʦʢʘʟʘʣ ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʠʝ ʰʠʨʦʢʠʭ ʚʘʨʠʘʮʠʡ ʟʥʘʯʝʥʠʡ ŭ18O, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 
ʧʝʨʤʠ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʢʨʘʱʝʥʠʝ ʚ ʪʨʠʘʩʝ ʧʨʦʮʝʩʩʦʚ ʵʚʘʧʦʨʠʪʠʟʘʮʠʠ. 
ʀʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫʨʘʣʴʩʢʦʡ ʨʝʢ ʤʦʛʫʪ ʫʢʘʟʳʚʘʪʴ, 
ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʫʩʠʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ  ʛʫʤʠʜʥʦʩʪʠ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʧʦʪʝʧʣʝʥʠʠ 
[4], ʭʦʪʷ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʥʫʞʜʘʝʪʩʷ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʄʦʞʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʛʫʤʠʜʠʟʘʮʠʷ ʩʪʘʣʘ: 1) ʩʣʝʜʩʪʚʠʝʤ ʧʦʟʜʥʝʛʝʨʮʠʥʩʢʦʛʦ ʦʨʦʛʝʥʝʟʘ 
ʋʨʘʣʘ, ʠʩʧʳʪʘʚʰʝʛʦ ʧʦʜʥʷʪʠʝ ʚʦ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ 
ʉʠʙʠʨʠ 2) ʠ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʚʳʰʝʥʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʥʘ ʢʦʥʪʠʥʝʥʪ ʚʣʘʞʥʳʭ 
ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʩ ʦʢʝʘʥʘ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʤʦʛ ʫʩʠʣʠʪʴʩʷ ʚʦ ʚʨʝʤʷ ʧʦʪʝʧʣʝʥʠʷ. 
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ʆɹʃɸʉʊʀ ʆʇʋʉʂɸʅʀʗ ʅɽʂʆʄʇɽʅʉʇʀʈʆɺɸʅʅʆɻʆ ʊʀʇɸ  
ʀ ʅɽʂʆʊʆʈʓɽ ɺʆʇʈʆʉʓ ʄʀʅɽʈɸɻɽʅʀʀ 

 

ʗ.ɻ. ɸʫʭʘʪʦʚ 
 

ʆʆʆ çʎʉʄʈʥʝʬʪʴè ʧʨʠ ɸʅ ʈʊ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
 

ʆʙʣʘʩʪʠ ʦʧʫʩʢʘʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʫʨʦʯʝʥʦ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʝ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ, ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʢʘʢ çʠʣʦʚʘʷè 
ʠʣʠ çʜʦʤʘʥʠʢʦʚʘʷè ʚʧʘʜʠʥʘ, ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ ʧʨʦʛʠʙ, ʘʢʢʫʤʫʣʷʮʠʦʥʥʦ-
ʪʦʧʦʛʨʘʬʠʯʝʩʢʘʷ ʚʧʘʜʠʥʘ (ʧʦ ʄ.ʄ.ɻʨʘʯʝʚʩʢʦʤʫ) ʠ ʧʨʦʛʠʙʳ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ 
ʪʠʧʘ (ʧʦ ʉ.ʉ.ʕʣʣʝʨʥʫ).  

ɺ ʩʪʨʦʝʥʠʠ ʦʙʣʘʩʪʠ ʦʧʫʩʢʥʠʷ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʪʠʧʘ (ʆʆʅʊ ʫʯʘʩʪʚʫʶʪ 
ʬʦʨʤʘʮʠʠ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʮʠʢʣʘ (ʫʛʣʝʨʦʜʠʩʪʦ-ʢʨʝʤʥʠʩʪʘʷ, 
ʜʦʤʘʥʠʢʦʚʘʷ, ʨʠʬʦʚʘʷ, ʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʘʷ, ʛʘʣʦʛʝʥʥʘʷ, ʫʛʣʝʥʦʩʥʘʷ ʠ ʪ.ʜ.). 
ʄʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ ʆʆʅʊ ʟʘʚʠʩʠʪ, ʚʦ-
ʧʝʨʚʳʭ, ʦʪ ʧʘʨʘʛʝʥʝʟʠʩʘ ʬʦʨʤʘʮʠʡ (ʜʦʤʘʥʠʢʦʚʘʷ ï ʨʠʬʦʚʘʷ  - ʩʫʣʴʬʘʪʥʦ-
ʢʘʨʙʦʥʘʪʥʘʷ; ʫʛʣʝʨʦʜʠʩʪʦ-ʢʨʝʤʥʠʩʪʘʷ ï ʢʘʨʙʦʥʘʪʥʘʷ), ʚʦ-ʚʪʦʨʳʭ, ʦʪ ʧʦʩʪʫʧʣʝʥʠʷ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʘʩʩʝʡʥ  ʩʝʜʠʤʝʥʪʘʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʟʝʤʥʦʛʦ ʠ 
ʧʦʜʚʦʜʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʨʘʩʪʚʦʨʦʚ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʵʢʩʛʘʣʷʮʠʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ 
ʠʭ ʩʨʦʜʩʪʚʘ ʢ ʩʝʨʝ ( Mo, V, Pb, Zn, Cu ʠ ʜʨ.) ʠʣʠ ʢ ʢʠʩʣʦʨʦʜʫ ( P, Mn  ʠ ʜʨ.). 

ɺʝʨʪʠʢʘʣʴʥʘʷ ʨʷʜ ʬʦʨʤʘʮʠʡ ʆʆʅʊ ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ (ʂʘʤʩʢʦ-ʂʠʥʝʣʴʩʢʘʷ 
ʩʠʩʪʝʤʘ ʧʨʦʛʠʙʦʚ, ʇʨʠʢʘʩʧʠʡʩʢʘʷ ʩʠʥʝʢʣʠʟʘ, ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʘʷ ʤʝʛʘʩʠʥʝʢʣʠʟʘ), 
ʦʨʦʛʝʥʥʦʛʦ (ʇʨʝʜʫʨʘʣʴʩʢʠʡ ʧʝʨʝʜʦʚʦʡ ʧʨʦʛʠʙ), ʘʢʪʠʚʠʟʘʮʠʦʥʥʦʛʦ (ɼʥʝʧʨʦʚʩʢʦ-
ɼʦʥʝʮʢʠʡ ʘʚʣʦʢʦʛʝʥ) ʢʣʘʩʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʵʪʘʞ: 
ʥʝʬʪʝʛʝʥʝʨʠʨʫʶʱʘʷ (ʜʦʤʘʥʠʢʦʚʘʷ) ï ʥʝʬʪʝʛʘʟʦʨʝʟʝʨʚʫʘʨʥʘʷ (ʢʘʨʙʦʥʘʪʥʘʷ 
ʠ ʪʝʨʨʠʛʝʥʥʘʷ ʢʣʠʥʦʬʦʨʤʥʘʷ) ï ʥʝʬʪʝʵʢʨʘʥʠʨʫʶʱʘʷ (ʛʘʣʦʛʝʥʥʘʷ ʠ ʜʨ.). 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʝʟʢʦ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʜʦʤʘʥʠʢʦʚʳʤ ʬʦʨʤʘʮʠʷʤ ʚ ʩʚʷʟʠ ʩ 
ʜʦʙʳʯʦʡ ʩʣʘʥʮʝʚʦʡ ʥʝʬʪʠ. 

ʃʘʪʝʨʘʣʴʥʳʡ ʨʷʜ ʬʦʨʤʘʮʠʡ ʠ ʩʫʙʬʦʨʤʘʮʠʡ (ʜʦʤʘʥʠʢʦʚʘʷ ï ʨʠʬʦʚʘʷ ï 
ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ) ʧʣʘʪʬʦʨʤʝʥʥʦʛʦ (ɹʫʛʫʨʫʩʣʘʥʩʢʘʷ ʆʆʅʊ) ʠ ʦʨʦʛʝʥʥʦʛʦ 
(ʇʨʝʜʫʨʘʣʴʩʢʘʷ, ʀʥʜʦʣʦ-ʂʫʙʘʥʩʢʘʷ ʠ ʪ.ʜ.)  ʢʣʘʩʩʦʚ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ 
ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʩʝʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʩʝʨʦʧʨʦʷʚʣʝʥʠʡ ʢ ʨʠʬʦʚʳʤ ʠ ʩʫʣʴʬʘʪʥʦ-
ʢʘʨʙʦʥʘʪʥʳʤ ʬʦʨʤʘʮʠʷʤ ʠ ʩʫʙʬʦʨʤʘʮʠʷʤ. ɸ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ 
ʩʝʨʦʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʇʨʠʢʘʩʧʠʡʩʢʘʷ ʩʤʠʥʝʢʣʠʟʘ. 
ʇʨʝʜʫʨʘʣʴʩʢʠʡ ʧʨʦʛʠʙ, ʀʨʢʫʪʩʢʠʡ ʘʤʬʠʪʝʘʪʨ, ʂʘʤʩʢ-ʂʠʥʝʣʴʩʢʘʷ ʩʠʩʪʝʤʘ 
ʧʨʦʛʠʙʦʚ,ɹʫʛʫʨʫʩʣʘʥʩʢʘʷ ʚʧʘʜʠʥʘ ʠ ʪ.ʜ.) ʢ ʨʠʬʦʚʳʤ ʬʦʨʤʘʮʠʷʤ ʠ ʩʫʙʬʦʨʤʘʮʠʷʤ 
ʙʦʨʪʦʚʳʭ ʠ ʰʝʣʴʬʦʚʳʭ ʟʦʥ ʆʆʅʊ [2, 3]. 

ʉ ʵʪʘʧʦʤ ʢʦʤʧʝʥʩʘʮʠʠ ʩʚʷʟʘʥʳ ʢʘʣʠʡʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʛʘʣʦʛʝʥʥʳʭ 
ʬʦʨʤʘʮʠʷʭ (ʇʨʠʫʨʘʣʴʩʢʘʷ, ʇʨʠʢʘʩʧʠʡʩʢʘʷ ʠ ʪ.ʜ.). ʇʨʦʙʣʝʤʘ ʩʚʷʟʠ ʤʝʞʜʫ 
ʛʘʣʦʛʝʥʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʨʫʜʥʦʡ ʠ ʥʝʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 
ʙʳʣʘ ʧʦʜʥʷʪʘ ʚ 60ð70-ʝ ʛʦʜʳ ʚ ʨʘʙʦʪʘʭ ʅ.ʄ. ʉʪʨʘʭʦʚʘ, ʂ. ɼʵʚʠʜʩʦʥʘ, ɸ. ʈʝʥʬʨʦ. 
ʉ.ʄ. ʂʦʨʝʥʝʚʩʢʠʡ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʣ ʝʝ ʟʥʘʯʝʥʠʝ ʢʘʢ ʚʘʞʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ 
ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʧʨʦʙʣʝʤʳ. 

ʈʠʬʦʚʳʝ ʬʦʨʤʘʮʠʠ ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʩʳʨʴʸʤ ʜʣʷ ʭʠʤʠʯʝʩʢʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉ.ʉ.ʕʣʣʝʨʥʦʤ [4] ʚʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʣʠʷʥʠʝ ʆʆʅʊ ʥʘ ʨʘʟʤʝʱʝʥʠʝ 
ʙʦʢʩʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʉ ʬʦʨʤʘʮʠʷʤʠ ʪʠʧʘ ʢʫʣʴʤʘ ʩʚʷʟʘʥʳ ʞʝʣʝʟʠʩʪʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
(ɸʪʘʩʫʡʩʢʦ-ʂʘʨʛʘʥʜʠʥʩʢʘʷ ʆʆʅʊ, ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ). 
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ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʫʛʣʝʨʦʜʠʩʪʦ-ʢʨʝʤʥʠʩʪʦʡ ʬʦʨʤʘʮʠʠ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʢʦʪʦʨʳʤ 
ʟʘʧʦʟʜʘʥʠʝʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʮʠʢʣʦʚ ʠ ʬʘʟ ʩʧʠʣʠʪ-ʢʝʨʘʪʦʬʠʨʦʚʦʛʦ 
(ʵʚʛʝʦʩʠʥʢʣʠʥʘʣʠ), ʜʦʤʘʥʠʢʦʚʦʡ ï ʘʥʜʝʟʠʪʦʚʦʛʦ (ʦʩʪʨʦʚʥʳʝ ʜʫʛʠ), ʢʫʣʴʤʘ ï 
ʣʠʧʘʨʠʪʦʚʦʛʦ (ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʷʩʘ) ʚʫʣʢʘʥʠʟʤʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ 
ʤʝʪʘʣʣʦʛʝʥʠʪʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ [2]. 

ɼʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʜʦʤʘʥʠʢʦʚʳʭ ʬʦʨʤʘʮʠʡ ʙʦʣʴʰʦʝ 
ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʠʤʝʥʝʥʠʝ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʘ 
ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʛʝʥʝʨʘʣʠʟʘʮʠʠ ʈ.ɼ.ʄʫʭʘʤʝʜʷʨʦʚʘ (ʄɺʊɻʄ). ʄʝʪʦʜ ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ 
ʛʝʥʝʨʘʣʠʟʘʮʠ ï ʵʪʦ ʩʧʦʩʦʙ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʪʝʧʣʦʚʠʟʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ 
ʚ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʧʦʣʷ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 
ʪʝʧʣʦʚʠʟʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʦʟʦʥʝ ʚʦʣʥ 
8-12 ʤʢʤ. ʕʪʦʪ ʜʠʘʧʘʟʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʘʢ ʦʢʥʦ  ʧʨʦʟʨʘʯʥʦʩʪʠ ʜʣʷ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ. ʄʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʙʲʝʤʥʳʝ ʤʦʜʝʣʠ 
ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ [1].  ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʚ ʇʝʨʤʩʢʦʡ 
ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʐʘʣʳʤʩʢʠʡ ʧʨʦʛʠʙ ʂʘʤʩʢʦʦ-ʂʠʥʝʩʢʦʡ ʩʠʩʪʝʤʳ 
ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʧʨʦʛʠʙʦʚ ʭʦʨʦʰʦ  ʚʳʜʝʣʷʶʪʩʷ ʚ ʠʥʝʪʝʨʧʨʠʪʠʨʦʚʘʥʥʳʭ 
ʤʘʪʝʨʠʘʣʘʭ  ʪʝʧʣʦʚʠʟʠʦʥʥʦʡ ʛʝʥʝʨʘʣʠʟʘʮʠʠ.   

 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɸʤʠʥʝʚ ʀ.ʄ. ʆʙʲʝʤʥʳʝ ʧʦʨʪʨʝʪʳ ʐʠʭʘʥʦʚ ï ɹʝʣʴʩʢʦʡ ʚʧʘʜʠʥʳ / ʀ.ʄ. ɸʤʠʥʝʚ, ʗ.ɻ. ɸʫʭʘʪʦʚ, 
ʈ.ɼ. ʄʫʭʘʤʝʜʷʨʦʚ  // ɻʝʦʣʦʛʠʷ, ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʠ ʧʨʦʙʣʝʤʳ ʛʝʦʵʢʦʣʦʛʠʠ ɹʘʰʢʦʨʪʦʩʪʘʥʘ, 
ʋʨʘʣʘ ʠ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ï ʋʬʘ: ɼʠʟʘʡʥ ʇʨʝʩʩ, 2016. ï ʉ. 3-5. 

2. ɸʫʭʘʪʦʚ ʗ.ɻ. ʆʩʦʙʝʥʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʦʛʨʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ 
ʧʨʦʛʠʙʘʥʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ / ʗ.ɻ. ɸʫʭʘʪʦʚ // ʇʨʦʙʣʝʤʳ ʦʩʘʜʦʯʥʦʡ ʛʝʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ. ï 
1981. ï ɺʳʧ. 7. ï ʢʥ. 2. ï ʉ. 16-20. 

3. ɸʫʭʘʪʦʚ ʗ.ɻ. ʌʦʨʤʘʮʠʠ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʦʧʫʩʢʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʧʦʣʝʟʥʳʝ 
ʠʩʢʦʧʘʝʤʳʝ / ʗ.ɻ. ɸʫʭʘʪʦʚ // ʊʝʟ. ʜʦʢʣʘʜʦʚ ʥʘʫʯʥʦʡ ʩʝʩʩʠʠ ʀɻ ɹʅʎ ʋʨʆ ɸʅ ʉʉʉʈ (ʢ 100-ʣʝʪʠʶ ʩʦ 
ʜʥʷ ʨʦʞʜʝʥʠʷ ɻ.ʅ. ʌʨʝʜʝʨʠʢʩʘ). ï ʋʬʘ, 1989. ï ʉ. 53. 

4. ʕʣʣʝʨʥ ʉ.ʉ. ʕʚʦʣʶʮʠʷ ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ 
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ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʆʉʊɸʊʆʏʅʆɻʆ ʊʀʇɸ ɺ ɹɸʐʂʀʈʉʂʆʄ 
ʄɽɻɸʅʊʀʂʃʀʅʆʈʀʀ ʂɸʂ ʆʉʅʆɺɸ ɼʃʗ ʉʆɿɼɸʅʀʗ ʉʓʈʔɽɺʆʁ 

ɹɸɿʓ çʅɽɹʋʈʆɺʆɻʆè ɹɸʈʀʊɸ 
 

ɻ.ɻ. ɸʭʤʘʥʦʚ, ʀ.ʇ. ɽʛʦʨʦʚʘ, ʊ.ɸ. ɹʫʣʘʪʢʠʥʘ 

 
ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʊʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʝʡ, ʧʦʪʨʝʙʣʷʝʤʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʈʦʩʩʠʡʩʢʦʡ 
ʌʝʜʝʨʘʮʠʠ (ʈʌ), ʩʣʫʞʠʪ ʙʘʨʠʪʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʢʣʘʩʩʦʚ ɹ ʠ ɸ. ʇʝʨʚʳʡ (çʙʫʨʦʚʦʡè 
ʙʘʨʠʪ) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʫʪʷʞʝʣʠʪʝʣʷ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ, ʚʪʦʨʦʡ 
(çʥʝʙʫʨʦʚʦʡè ʙʘʨʠʪ) ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʭʠʤʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ. ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ʈʌ ʠʩʧʳʪʳʚʘʝʪ ʜʝʬʠʮʠʪ ʙʘʨʠʪʦʚʦʛʦ ʩʳʨʴʷ, ʦʩʦʙʝʥʥʦ 
ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ çʥʝʙʫʨʦʚʳʤè ʙʘʨʠʪʦʤ, ʜʝʬʠʮʠʪ ʧʦʢʨʳʚʘʝʪʩʷ 
ʠʤʧʦʨʪʦʤ. ʇʦʪʨʝʙʥʦʩʪʠ ʦʪʨʘʩʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ çʥʝʙʫʨʦʚʦʡè ʙʘʨʠʪ ʚ ʧʝʨʠʦʜ 2020-
2030 ʛʛ. ʦʮʝʥʠʚʘʝʪʩʷ ʚ 85 ʪʳʩ. ʪ ʚ ʛʦʜ. ʎʝʥʘ çʥʝʙʫʨʦʚʦʛʦè ʙʘʨʠʪʘ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ 
ʢʦʣʝʙʣʝʪʩʷ ʦʪ 220 ʜʦ 370$ ʟʘ ʪʦʥʥʫ. ʉʪʦʠʤʦʩʪʴ ʠʤʧʦʨʪʠʨʫʝʤʦʛʦ çʥʝʙʫʨʦʚʦʛʦè 
ʙʘʨʠʪʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʱʠʭ ʝʛʦ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʈʌ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 19 ʜʦ 32 ʤʣʥ. $ ʠʣʠ 1,3 ï 2,1 ʤʣʨʜ. ʨʫʙʣʝʡ ʚ ʛʦʜ. ʇʨʦʙʣʝʤʫ 
ʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ ʧʫʪʝʤ ʦʩʚʦʝʥʠʷ ʙʘʨʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʩʪʘʪʦʯʥʦʛʦ ʪʠʧʘ. 
ʆʙʲʝʢʪʳ ʵʪʦʛʦ ʪʠʧʘ ʠʟʚʝʩʪʥʳ ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ ʠ ʉʠʙʠʨʠ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 
ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ çʥʝʙʫʨʦʚʦʛʦè ʙʘʨʠʪʘ ʷʚʣʷʝʪʩʷ ʶʛ ɹʘʰʢʠʨʩʢʦʛʦ 
ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷ. ɺ ʧʦʩʣʝʜʥʝʤ ʙʘʨʠʪʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ: ʨʘʩʩʝʷʥʥʦʡ 
ʚ ʩʦʩʪʘʚʝ ʶʨʤʘʪʠʥʩʢʦʡ ʠ ʢʘʨʘʪʘʫʩʢʦʡ ʩʝʨʠʡ ʨʠʬʝʷ ʩʠʥʛʝʥʝʪʠʯʥʦ-ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ 
ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ; ʤʘʣʦʤʦʱʥʳʤʠ ʞʠʣʦʦʙʨʘʟʥʳʤʠ ʪʝʣʘʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʟʘ ʩʯʝʪ 
ʤʦʙʠʣʠʟʘʮʠʠ ʧʦʩʣʝʜʥʝʡ ʧʨʠ ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʚ ʨʝʛʠʦʥʝ ʘʢʪʠʚʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ; 
ʠ ʛʥʝʟʜʦ- ʠ ʧʣʘʩʪʦʦʙʨʘʟʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʦʩʪʘʪʦʯʥʦʛʦ ʪʠʧʘ ʚ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ 
ʧʦ ʧʦʨʦʜʘʤ ʨʠʬʝʷ. ʇʝʨʚʦʥʘʯʘʣʴʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʙʘʨʠʷ ʚ ʦʩʘʜʢʘʭ ʧʨʦʪʝʢʘʣʦ ʥʘ 
ʢʣʘʨʢʦʚʦʤ ʫʨʦʚʥʝ, ʥʘ ʩʪʘʜʠʠ ʜʠʘʛʝʥʝʟʘ ʠ ʢʘʪʘʛʝʥʝʟʘ ʰʣʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʙʘʨʠʪʘ ʠʟ ʩʣʘʥʮʝʚʳʭ ʪʦʣʱ ʚ ʧʦʨʦʜʳ ʢʦʣʣʝʢʪʦʨʳ: ʧʝʩʯʘʥʠʢʠ ʠ ʢʘʨʙʦʥʘʪʳ. ʅʘʠʙʦʣʝʝ 
ʠʥʪʝʥʩʠʚʥʦ ʦʥʦ ʧʨʦʪʝʢʘʣʦ ʚ ʟʦʥʘʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ, ʛʜʝ ʨʘʟʚʠʚʘʶʪʩʷ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʠʩʪʝʤʳ ʪʨʝʱʠʥ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʤʠʛʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ 
ʠ ʦʩʘʞʜʝʥʠʷ ʙʘʨʠʷ ʚ ʬʦʨʤʝ ʙʘʨʠʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʛʠʧʝʨʛʝʥʝʟʘ ʙʘʨʠʪʦʥʦʩʥʳʝ 
ʧʝʩʯʘʥʠʢʠ ʠ ʢʘʨʙʦʥʘʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʥʪʝʥʩʠʚʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʩ ʚʳʥʦʩʦʤ 
ʣʝʛʢʦʧʦʜʚʠʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʦʭʨ ʠ ʛʥʝʟʜ ʠ ʣʠʥʟ ʙʘʨʠʪʘ ʚ 
ʥʠʭ. ʀʟ ʚʩʝʭ ʚʳʰʝʫʧʦʤʷʥʫʪʳʭ ʪʠʧʦʚ ʦʨʫʜʝʥʝʥʠʷ ʚ ʥʘʩʪʦʷʱʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʫʩʠʣʠʷ ʥʘ ʦʮʝʥʢʝ ʧʨʦʷʚʣʝʥʠʡ ʦʩʪʘʪʦʯʥʦʛʦ 
ʪʠʧʘ, ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʳ ʚ ɹʝʣʦʨʝʮʢʦʤ ʠ ɹʫʨʟʷʥʩʢʦʤ 
ʨʘʡʦʥʘʭ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʙʘʨʠʪʦʥʦʩʥʳʝ ʟʦʥʳ: ɹʨʝʪʷʢʩʢʦ-
ʄʘʡʛʘʰʣʠʥʩʢʘʷ (ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ: ɹʨʝʪʷʢʩʢʦʝ, ʊʫʢʘʥʩʢʦʝ, ʄʘʡʛʘʰʣʠʥʩʢʦʝ, 
ʊʫʩʩʘʛʘʥʩʢʦʝ, ɿʘʧʘʜʥʦ-ʄʘʡʛʘʰʣʠʥʩʢʦʝ, ʊʘʨʩʢʦʝ, ʖʞʥʦ-ʊʘʨʩʢʦʝ ʠ ɻʘʟʦʧʨʦʚʦʜ), 
ɸʩʢʘʨʦʚʩʢʘʷ (ɸʩʢʘʨʦʚʩʢʦʝ), ʊʝʨʛʠʥʩʢʘʷ (ʊʝʨʛʘ-1, ʊʝʨʛʠʥʩʢʦʝ, ɹʘʡʢʘʡ, ɸʢʪʘʰʩʢʦʝ, 
ʂʘʣʴʪʷʛʘʫʩʢʦʝ) ʠ ʀʨʣʠʥʩʢʘʷ (ʀʨʣʠʥʩʢʦʝ, ʀʨʣʷ-1 ʠ ɸʰʢʘʨʢʘ). ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 
ʨʘʙʦʪʳ ʥʘ ʙʘʨʠʪ ʚ ɹʘʰʢʠʨʩʢʦʤ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʠ ʙʳʣʠ ʧʨʝʢʨʘʱʝʥʳ ʚ ʥʘʯʘʣʝ 80-ʭ 
ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʧʦʵʪʦʤʫ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 
ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʥʘ ʩʝʛʦʜʥʷ ʩʣʘʙʦ ʠʟʫʯʝʥʘ. ɺ 2016-2017ʛʛ. ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè 
ʠʟʫʯʘʣʠʩʴ ʨʫʜʳ ɹʨʝʪʷʢʩʢʦʛʦ ʠ ʀʨʣʠʥʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ, ʚ ʠʪʦʛʝ ʙʳʣʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ, ʧʦʟʚʦʣʠʚʰʘʷ ʧʦʣʫʯʠʪʴ ʠʟ ʨʫʜ 
ʀʨʣʠʥʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʙʘʨʠʪʦʚʳʡ ʢʦʥʮʝʥʪʨʘʪ ʢʣʘʩʩʘ ɸ ʤʘʨʢʠ ʂɹ-1, ʘ ʠʟ ʨʫʜ 
ɹʨʝʪʷʢʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ -  ʤʘʨʢʠ ʂɹ-3, ʠ ʜʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʠʟ ʨʫʜ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʩʪʘʪʦʯʥʦʛʦ ʪʠʧʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ï ʙʘʨʠʪʦʚʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʘ ʢʣ. ɸ. ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʪʦʣʴʢʦ ʩʝʤʠ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʠʙʦʣʝʝ 
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ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʦʚ) ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ 
ʚ ʤʝʞʜʫʨʝʯʴʝ ʅʫʛʫʰ ʠ ɹʝʣʦʡ, ʦʮʝʥʠʚʘʶʪʩʷ ʥʘ ʩʝʛʦʜʥʷ ʙʦʣʝʝ 10 ʤʣʥ ʪ ʙʘʨʠʪʘ ʧʦ ʢʘʪ. 
ʈ2, ʠ, ʢʦʥʝʯʥʦ, ʦʙʱʠʡ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʨʫʜʝʥʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʪʠʧʘ 
ɹʘʰʢʠʨʩʢʦʛʦ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷ ʵʪʠʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ. ʆʩʦʙʝʥʥʦʩʪʠ 
ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʦʩʪʘʪʦʯʥʦʛʦ ʪʠʧʘ (ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʟʘʣʝʛʘʥʠʝ, ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 
- ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʣʠʥʟʳ ʠ ʛʥʝʟʜʘ ʙʘʨʠʪʘ, ʧʨʦʩʪʦʡ ʚʝʱʝʩʪʚʝʥʥʳʡ 
ʩʦʩʪʘʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʪʘ ʚ ʨʫʜʘʭ) ʧʦʟʚʦʣʷʶʪ, ʠʩʧʦʣʴʟʫʷ 
ʦʪʢʨʳʪʳʡ ʩʧʦʩʦʙ ʜʦʙʳʯʠ ʠ ʤʘʣʦʟʘʪʨʘʪʥʳʝ ʤʝʪʦʜʳ ʦʙʦʛʘʱʝʥʠʷ,  ʚʝʩʪʠ ʨʘʟʨʘʙʦʪʢʫ 
ʤʘʣʳʤ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʠʩʢʣʶʯʠʚ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ  ʜʦʨʦʛʦʩʪʦʷʱʝʡ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʙʝʩʧʝʯʠʪʴ ʥʠʟʢʫʶ  ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʠ ʮʝʥʫ ʪʦʚʘʨʥʦʡ 
ʧʨʦʜʫʢʮʠʠ. ɺʦʟʦʙʥʦʚʣʝʥʠʝ ʧʨʝʢʨʘʱʝʥʥʳʭ ʚ 70-ʝ ʛʦʜʳ ʨʘʙʦʪ ʥʘ ʙʘʨʠʪ, ʧʝʨʝʦʮʝʥʢʘ 
ʠʟʚʝʩʪʥʳʭ, ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʧʨʦʙʣʝʤʳ 
ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤ ʩʳʨʴʝʤ, ʩʦʢʨʘʪʠʪʴ ʥʳʥʝ 
ʩʫʱʝʩʪʚʫʶʱʠʡ ʠʤʧʦʨʪ.  
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ʅʆɺʆɽ ʉʊʈɸʊʀɻʈɸʌʀʏɽʉʂʆɽ ʇʆɼʈɸɿɼɽʃɽʅʀɽ  
ɺ ʃɽʅʀɺɽʅʉʂʆ-ʂʃʖɽɺʉʂʆʁ ʉʊʈʋʂʊʋʈʅʆ-ʌʆʈʄɸʎʀʆʅʅʆʁ  

ɿʆʅɽ ʊɸʁʄʓʈɸ 
 

ɸ.ɸ. ɹʘʛʘʝʚʘ, ʀ.ʅ. ʄʦʟʦʣʝʚʘ, ʂ.ɺ. ɹʦʨʠʩʝʥʢʦʚ 
 

ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤʝʥʠ ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ  
(ʌɻɹʋ çɺʉɽɻɽʀè), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ 1:200 000 ʤʘʩʰʪʘʙʘ 
(ʥʦʤʝʥʢʣʘʪʫʨʘ ʣʠʩʪʦʚ S-48-I,II, T-48-XXXV-XXXVI) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʡʤʳʨʩʢʦʛʦ 
ʧʦʣʫʦʩʪʨʦʚʘ ʘʚʪʦʨʘʤʠ ʚʧʝʨʚʳʝ ʚʳʜʝʣʝʥʘ ʧʨʦʥʠʥʩʢʘʷ ʪʦʣʱʘ (ʆ1-2pr). 

ʆʪʣʦʞʝʥʠʷ, ʚʳʜʝʣʷʝʤʳʝ ʘʚʪʦʨʘʤʠ ʚ ʧʨʦʥʠʥʩʢʫʶ ʪʦʣʱʫ, ʨʘʥʝʝ ʚʳʜʝʣʷʣʠʩʴ 
ʄ. ʅ. ɿʣʦʙʠʥʳʤ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʟʘʦʟʝʨʥʦʚʩʢʘʷ ʩʚʠʪʘè [2]. ʇʦʟʜʥʝʝ ʛʝʦʣʦʛʘʤʠ 
ʎɸɻʈʕ, ʚ ʨʘʤʢʘʭ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʦʡ ʣʝʛʝʥʜʳ ɻʦʩʛʝʦʣʢʘʨʪʳ-200 ʊʘʡʤʳʨʩʢʦʡ ʩʝʨʠʠ 
ʣʠʩʪʦʚ, ʪʘ ʯʘʩʪʴ ʧʦʨʦʜ, ʯʪʦ ʦʭʚʘʪʳʚʘʝʪʩʷ ʥʳʥʝ ʚʳʜʝʣʷʝʤʦʡ ʧʨʦʥʠʥʩʢʦʡ ʩʚʠʪʦʡ, ʚ 
ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʢ ʥʠʞʥʝʡ ʧʦʜʩʚʠʪʝ ʪʦʣʣʝʚʩʢʦʡ ʩʚʠʪʳ çʢʘʨʙʦʥʘʪʥʦʡ 
ʟʦʥʳè (ʙʘʩʩʝʡʥ ʨ. ʇʨʦʥʷ) [3], ʥʦ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚʤʝʩʪʝ ʩ ʆʧʦʨʥʦʡ ʣʝʛʝʥʜʦʡ ʥʝ ʙʳʣʠ 
ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʠʥʷʪʳ. ʉʭʦʞʠʝ ʧʦʨʦʜʳ ʙʳʣʠ ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʘʚʪʦʨʘʤʠ ʧʨʠ ɻʉ-200 
ʣʠʩʪʘ S-48-I,II [1] ʚ ʜʦʣʠʥʝ ʨ. ʂʦʨʘʣʣʦʚʘʷ, ʘ ʪʘʢʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ 
ʩʦʩʪʘʚʣʝʥʠʶ ɻʂ-1000/3 ʣʠʩʪʘ ʊ-49 ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʂʣʶʝʚʢʘ, ʛʜʝ ʦʥʠ ʙʳʣʠ 
ʚʢʣʶʯʝʥʳ ʚ ʩʦʩʪʘʚ ʚʝʩʝʥʥʠʥʩʢʦʡ ʪʦʣʱʠ çʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʭʦʞʠʝ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʩʘʜʢʠ ʩ ʦʜʠʥʘʢʦʚʦʡ ʬʘʫʥʦʡ, 
ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʛʨʫʩʪʥʠʥʩʢʦʡ ʩʚʠʪʝ, ʥʘʟʳʚʘʶʪʩʷ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ 
ʧʦ-ʨʘʟʥʦʤʫ. ʊʘʢʠʝ ʚʳʚʦʜʳ ʠ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʡ 
ʧʨʦʥʠʥʩʢʦʡ ʪʦʣʱʠ, ʨʘʚʥʦʧʨʘʚʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʚ çʢʘʨʙʦʥʘʪʥʦʡè, 
ʠ ʚ çʧʝʨʝʭʦʜʥʦʡè ʟʦʥʝ. ʈʝʰʝʥʠʝ ʙʳʣʦ ʩʦʛʣʘʩʦʚʘʥʦ ʩ ʈ.ʌ. ʉʦʙʦʣʝʚʩʢʦʡ - ʘʚʪʦʨʦʤ 
ʨʝʛʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʨʜʦʚʠʢʘ ʊʘʡʤʳʨʘ [5]. 

ʇʨʦʥʠʥʩʢʘʷ ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ ʠ ʯʝʨʥʳʤʠ ʩʣʘʥʮʘʤʠ 
ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦ-ʙʨʝʢʯʠʡ ʠ ʣʠʥʟʘʤʠ ʛʨʘʚʝʣʠʪʦʚ (ʨʠʩ.). 

ɼʦʣʦʤʠʪʳ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʝ ʩ ʞʝʣʪʦʡ ʢʦʨʢʦʡ ʚʳʚʝʪʨʠʚʘʥʠʷ ʪʦʥʢʦ- 
ʠ ʪʦʣʩʪʦʧʣʠʪʯʘʪʳʝ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʢʦʩʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʩʦ ʟʥʘʢʘʤʠ ʚʦʣʥʦʡ ʨʷʙʠ. 
ʀʟʚʝʩʪʥʷʢʠ ʪʝʤʥʦ- ʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʠʥʦʛʜʘ ʞʝʣʪʦʚʘʪʳʝ, ʧʝʣʠʪʦʤʦʨʬʥʳʝ, 
ʛʦʨʠʟʦʥʪʘʣʴʥʦ- ʠ ʢʦʩʦʩʣʦʠʩʪʳʝ, ʪʦʣʩʪʦʧʣʠʪʯʘʪʳʝ, ʠʥʦʛʜʘ ʘʣʝʚʨʠʪʠʩʪʳʝ, 
ʜʦʣʦʤʠʪʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ. ʄʝʨʛʝʣʠ ʪʝʤʥʦ- ʠ ʜʳʤʯʘʪʦ-ʩʝʨʳʝ, ʩʣʘʙʦ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ 
ʠʣʠ ʠʟʚʝʩʪʢʦʚʦ-ʜʦʣʦʤʠʪʠʩʪʳʝ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ- ʠ ʚʦʣʥʠʩʪʦʩʣʦʠʩʪʳʝ. ʏʝʨʥʳʝ ʩʣʘʥʮʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʨʘʟʥʦʩʪʷʤʠ: ʘʨʛʠʣʣʠʪʘʤʠ ʪʝʤʥʦ-
ʩʝʨʳʤʠ ʠ ʯʝʨʥʳʤʠ, ʣʠʩʪʦʚʘʪʳʤʠ; ʘʣʝʚʨʦʣʠʪʘʤʠ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʠ ʯʝʨʥʳʤʠ, ʩʚʝʪʣʦ-
ʩʝʨʳʤʠ ʠ ʩʝʨʳʤʠ ʜʦʣʦʤʠʪʠʩʪʳʤʠ, ʠʟʚʝʩʪʢʦʚʦ-ʜʦʣʦʤʠʪʠʩʪʳʤʠ, ʠʥʦʛʜʘ 
ʩʣʘʙʦʦʢʨʝʤʥʝʥʥʳʤʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ- ʠ ʚʦʣʥʠʩʪʦʩʣʦʠʩʪʳʤʠ, ʪʦʥʢʦʧʣʠʪʯʘʪʳʤʠ, 
ʩ ʩʫʙʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʩʣʦʠʩʪʦʩʪʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ, ʩ ʨʘʢʦʚʠʩʪʳʤ ʠʟʣʦʤʦʤ, 
ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʧʦ ʪʨʝʱʠʥʘʤ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʨʢʠ ʦʞʝʣʝʟʥʝʥʠʷ. 

ʇʨʦʥʠʥʩʢʘʷ ʪʦʣʱʘ ʟʘʣʝʛʘʝʪ ʥʘ ʛʨʫʩʪʥʠʥʩʢʦʡ ʩʦʛʣʘʩʥʦ, ʛʨʘʥʠʮʘ ʧʨʦʚʦʜʠʪʩʷ 
ʧʦ ʩʤʝʥʝ ʘʣʝʚʨʠʪʠʩʪʳʭ ʠ ʜʦʣʦʤʠʪʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʛʨʫʩʪʥʠʥʩʢʦʡ ʩʚʠʪʳ ʜʳʤʯʘʪʦ-
ʩʝʨʳʤʠ ʢʦʩʦʩʣʦʠʩʪʳʤʠ ʜʦʣʦʤʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʯʝʨʥʳʭ ʛʣʠʥʠʩʪʳʭ ʠ ʛʣʠʥʠʩʪʦ-
ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʛʨʘʧʪʦʣʠʪʘʤʠ. ʇʝʨʝʢʨʳʚʘʝʪʩʷ ʚʝʩʝʥʥʠʥʩʢʦʡ ʪʦʣʱʝʡ 
ʚ çʧʝʨʝʭʦʜʥʦʡè ʟʦʥʝ ʠ ʵʥʛʝʣʴʛʘʨʜʪʦʚʩʢʦʡ ʩʚʠʪʦʡ ʚ çʢʘʨʙʦʥʘʪʥʦʡè ʟʦʥʝ. ʆʙʱʘʷ 
ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʙʦʣʝʝ 220 ʤ. 

 



29 

 
ʈʠʩʫʥʦʢ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ ʧʨʦʥʠʥʩʢʦʡ ʪʦʣʱʠ. ɸ) ʬʨʘʛʤʝʥʪ ʨʘʟʨʝʟʘ ʧʨʦʥʠʥʩʢʦʡ 
ʪʦʣʱʠ, ʨ. ʂʣʶʝʚʢʘ, ɹ) ʠʟʚʝʩʪʥʷʢʦʚʳʝ ʢʦʥʛʣʦʤʝʨʘʪʦ-ʙʨʝʢʯʠʠ, ʙʘʩʩʝʡʥ ʨ. ʇʨʦʥʷ, ɺ) ʪʠʧʳ ʢʦʩʦʡ 
ʩʣʦʠʩʪʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʦʨʦʜ ʧʨʦʥʠʥʩʢʦʡ ʪʦʣʱʠ, ʨ. ʂʣʶʝʚʢʘ 

 
ɺʦʟʨʘʩʪ ʧʨʦʥʠʥʩʢʦʡ ʪʦʣʱʠ ʧʦ ʥʘʭʦʜʢʘʤ ʛʨʘʧʪʦʣʠʪʦʚ ʠ ʢʦʥʦʜʦʥʪʦʚ ʧʨʠʥʷʪ 

ʨʘʥʥʝ-ʩʨʝʜʥʝʦʨʜʦʚʠʢʩʢʠʤ ʠ ʦʛʨʘʥʠʯʝʥ ʠʥʪʝʨʚʘʣʦʤ ʬʣʦʩʩʢʠʡ (ʟʦʥʘ 
Oncograptus/Isograptus) ï ʜʘʧʠʥʩʢʠʡ ʚʝʢʘ (ʟʦʥʳ Expansograptus). ɺʦʟʨʘʩʪ 
ʚʝʩʝʥʥʠʥʩʢʦʡ ʪʦʣʱʠ ʩʦʢʨʘʱʝʥ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʨʨʠʚʠʣʴʩʢʦʤʫ ʷʨʫʩʫïʥʠʟʘʤ 
ʢʘʪʠʡʩʢʦʛʦ ʷʨʫʩʘ. ʆʙʲʝʤ ʪʦʣʣʝʚʩʢʦʡ ʩʚʠʪʳ ʦʛʨʘʥʠʯʝʥ ʩʨʝʜʥʠʤ ʦʨʜʦʚʠʢʦʤ, ʪ.ʝ. 
ʦʩʪʘʚʣʝʥ ʚ ʧʨʝʞʥʝʤ ʧʦʥʠʤʘʥʠʠ. 
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ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʍʀʄʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ʊʗɾɽʃʆʁ 
ʌʈɸʂʎʀʀ ʇɽʉʏɸʅʀʂʆɺ ʂɸʊɸɺʉʂʆʁ ʉɺʀʊʓ 

 
ʃ.ɺ. ɹʘʜʠʜʘ 

 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʅʘʩʪʦʷʱʘʷ ʧʫʙʣʠʢʘʮʠʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʠʥʝʨʘʣʦʚ ʪʷʞʝʣʦʡ 
ʬʨʘʢʮʠʠ ʧʝʩʯʘʥʠʢʦʚ ʢʘʪʘʚʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʛʦ ʨʠʬʝʷ. ʊʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 
ʜʘʥʥʘʷ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ 
ʤʝʨʛʝʣʷʤʠ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʙʨʝʢʯʠʡ [1, 3, 4]. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ʂʘʪʘʚ-ʀʚʘʥʦʚʩʢ ʚ ʨʷʜʝ ʨʘʟʨʝʟʦʚ ʢʘʪʘʚʩʢʦʡ ʩʚʠʪʳ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʩʣʦʠ ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʭ ʪʦʥʢʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ 
(ʚ ʤʦʥʦʛʨʘʬʠʠ [2] ʨʘʟʨʝʟ ʦʧʠʩʘʥ ʥʘ ʩʪʨ. 31ï34). ʉʚʝʜʝʥʠʡ ʦ ʩʦʩʪʘʚʝ ʤʠʥʝʨʘʣʦʚ 
ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʵʪʠʭ ʧʝʩʯʘʥʠʢʦʚ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ. 

ʇʝʩʯʘʥʠʢʠ ʧʦ ʩʦʩʪʘʚʫ ʢʚʘʨʮʝʚʳʝ, ʩ ʨʝʜʢʠʤʠ ʦʙʣʦʤʢʘʤʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. 
ɿʸʨʥʘ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʫʦʢʘʪʘʥʥʳʝ, ʭʦʨʦʰʦ ʩʦʨʪʠʨʦʚʘʥʥʳʝ. ʈʘʟʚʠʪ ʙʘʟʘʣʴʥʳʡ 
ʠ ʢʦʨʨʦʟʠʦʥʥʳʡ ʢʘʨʙʦʥʘʪʥʳʡ ʮʝʤʝʥʪ. ʇʦʚʩʝʤʝʩʪʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʛʝʤʘʪʠʪ, 
ʢʘʢ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʤʝʞʟʝʨʥʦʚʳʭ ʧʷʪʝʥ ʠ ʧʣʸʥʦʢ. 

ʉʦʩʪʘʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʧʝʩʯʘʥʠʢʦʚ ʨʘʟʥʦʦʙʨʘʟʝʥ: ʮʠʨʢʦʥʳ, ʘʧʘʪʠʪʳ, 
ʠʣʴʤʝʥʠʪʳ, ʤʘʛʥʝʪʠʪʳ, ʨʫʪʠʣʳ, ʭʨʦʤʦʚʳʝ ʰʧʠʥʝʣʠ, ʪʫʨʤʘʣʠʥʳ, ʧʠʨʦʢʩʝʥʳ, ʵʧʠʜʦʪʳ 
ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ. ʈʘʟʤʝʨ ʟʝʨʝʥ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʰʣʠʭʘ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 0.06ï0.10 ʤʤ.  

ɺ ʧʝʩʯʘʥʠʢʘʭ ʢʘʪʘʚʩʢʦʡ ʩʚʠʪʳ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʨʘʟʥʳʝ ʛʨʫʧʧʳ ʪʫʨʤʘʣʠʥʦʚ, 
ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʪʝʧʝʥʠ ʦʢʘʪʘʥʥʦʩʪʠ ʠ ʦʢʨʘʩʢʝ. ʇʝʨʚʳʝ ʩʣʘʙʦʦʢʘʪʘʥʥʳʝ, 
ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʆʢʨʘʩʢʘ ʢʦʨʠʯʥʝʚʘʪʘʷ, ʩʝʨʦʚʘʪʘʷ. 
ɼʣʷ ʪʫʨʤʘʣʠʥʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʥʘ ʭʦʨʦʰʘʷ ʦʢʘʪʘʥʥʦʩʪʴ ʟʝʨʝʥ. ʆʢʨʘʩʢʘ 
ʩʝʨʦ-ʛʦʣʫʙʦʚʘʪʘʷ, ʩʝʨʦ-ʩʠʥʝʚʘʪʘʷ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʦʨʠʯʥʝʚʘʪʳʝ ʠʥʜʠʚʠʜʳ. 

ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨ Cameca SX 100, 
ʘʥʘʣʠʪʠʢʠ ʀ.ɸ. ɼʘʥʠʣʝʥʢʦ ʠ ɼ.ɸ. ɿʘʤʷʪʠʥ, ʎʂʇ "ɻʝʦʘʥʘʣʠʪʠʢ", ʢʘʢ ʠ ʚʩʝ ʘʥʘʣʠʟʳ 
ʥʠʞʝ), ʪʫʨʤʘʣʠʥʳ ʠʤʝʶʪ ʩʣʘʙʫʶ ʟʦʥʘʣʴʥʦʩʪʴ. 

ʅʘ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ ʪʫʨʤʘʣʠʥʳ ʠʟ ʨʘʟʥʳʭ ʛʨʫʧʧ ʯʘʩʪʠʯʥʦ 
ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ AlïFe50Al50ïMg50Al50 [6] ʪʦʯʢʠ ʩʦʩʪʘʚʘ 
ʪʫʨʤʘʣʠʥʦʚ ʚ ʦʩʥʦʚʥʦʤ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʙʣʘʩʪʷʭ ʩʚʷʟʘʥʥʳʭ ʩ ʛʨʘʥʠʪʘʤʠ ʠ 
ʧʨʦʜʫʢʪʘʤʠ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʘ ʜʠʘʛʨʘʤʤʝ CaïFeʦʙïɦMg [6] ʪʦʯʢʠ 
ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʪʫʨʤʘʣʠʥʦʚ ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʙʣʘʩʪʠ ʪʫʨʤʘʣʠʥʦʚ 
ʛʨʘʥʠʪʦʠʜʦʚ, ʪʦʛʜʘ ʢʘʢ ʪʦʯʢʠ ʦʢʘʪʘʥʥʳʭ ʪʫʨʤʘʣʠʥʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠ ʚ ʥʘʟʚʘʥʥʦʡ 
ʦʙʣʘʩʪʠ, ʠ ʚ ʦʙʣʘʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʧʦʨʦʜ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 
ʩʦʩʪʘʚʫ ʪʫʨʤʘʣʠʥʳ ʨʘʟʥʳʭ ʛʨʫʧʧ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʤʘʪʝʨʠʘʣʘ, 
ʥʦ ʦʥʠ ʤʦʛʣʠ ʧʨʦʡʪʠ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʧʝʨʝʦʪʣʦʞʝʥʠʷ. ʆʜʥʘʢʦ, ʨʝʟʢʦ 
ʨʘʟʣʠʯʥʘʷ ʦʢʨʘʩʢʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʛʦʚʦʨʠʪ ʦʙ ʦʙʨʘʪʥʦʤ. 

ʍʨʦʤʦʚʳʝ ʰʧʠʥʝʣʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʝʩʯʘʥʠʢʘʭ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ. 
ʆʢʨʘʩʢʘ ʞʝʣʝʟʥʦ-ʯʝʨʥʘʷ, ʙʣʝʩʢ ʤʝʪʘʣʣʠʯʝʩʢʠʡ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʚʝʯʘʝʪ 
ʭʨʦʤʠʪʘʤ. ʉʦʜʝʨʞʘʥʠʝ FeOʦʙ ɦ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 26.58ï31.29 ʤʘʩʩ. %, ʣʠʰʴ 
ʚ ʦʜʥʦʤ ʟʝʨʥʝ ʧʘʜʘʝʪ ʜʦ 12.79%, ʩʦʜʝʨʞʘʥʠʝ Al2O3 ʩʦʩʪʘʚʣʷʝʪ 4.11ï6.59%, MgO ï 
0.32ï6.83%. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʭ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʘʪʩʷ Ti (ʜʦ 1.25%, ʚʩʝ ʚʝʣʠʯʠʥʳ ʥʠʞʝ ʚ 
ʦʢʩʠʜʥʦʡ ʬʦʨʤʝ), Mn (ʜʦ 0.70%). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ V 
(ʜʦ 0.25%) ʠ Ni (ʜʦ 0.16%). 

ɼʣʷ ʜʠʘʛʨʘʤʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Al2O3ïTiO2 [7] ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʭʨʦʤʠʪʦʚ 
ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʭʨʦʤʰʧʠʥʝʣʠʜʳ ʦʩʪʨʦʚʥʳʭ ʜʫʛ. ʅʘ ʜʠʘʛʨʘʤʤʝ 
TiO2 ï Cr/(Cr+Al) [5] ʪʦʯʢʠ ʪʷʛʦʪʝʶʪ ʢ ʚʥʝʰʥʠʤ ʛʨʘʥʠʮʘʤ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʣʷ. 
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ʅʝ ʨʝʜʢʠʤ ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʰʣʠʭʝ ʦʢʘʟʘʣʩʷ ʧʠʨʦʢʩʝʥ. ʂʨʠʩʪʘʣʣʳ ʝʛʦ 
ʥʝʨʦʚʥʳʝ, ʫʛʣʦʚʘʪʳʝ, ʩʦ ʩʚʝʪʣʦ-ʟʝʣʝʥʦʡ ʥʝʥʘʩʳʱʝʥʥʦʡ ʦʢʨʘʩʢʦʡ. ʄʠʥʝʨʘʣʴʥʳʡ ʚʠʜ 
ï ʘʚʛʠʪ. ʇʦ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʦʢʘʪʘʥʥʦʩʪʠ ʠ ʥʝʠʟʤʝʥʝʥʥʦʩʪʠ ʟʝʨʝʥ ʤʦʞʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʠʥʝʨʘʣ ʧʨʝʪʝʨʧʝʣ ʣʠʰʴ ʦʜʠʥ ʮʠʢʣ ʩʝʜʠʤʝʥʪʘʮʠʠ. 

ʇʝʨʚʳʝ ʜʘʥʥʳʝ ʧʦ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʤʠʥʝʨʘʣʦʚ 
ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʢʘʪʘʚʩʢʦʡ ʩʚʠʪʳ ʛʦʚʦʨʷʪ ʦ ʚʣʠʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 
ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʠʪʳ. ʉʦʩʪʘʚ ʪʫʨʤʘʣʠʥʦʚ, ʭʨʦʤʠʪʦʚ ʠ 
ʧʠʨʦʢʩʝʥʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʧʘʣʝʦʚʦʜʦʨʘʟʜʝʣʘʭ ʢʘʪʘʚʩʢʦʛʦ ʚʨʝʤʝʥʠ ʢʘʢ 
ʤʠʥʠʤʫʤ ʪʨʝʭ ʦʙʣʘʩʪʝʡ, ʩʣʦʞʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʧʦʨʦʜ. ʆʩʥʦʚʥʳʤ 
ʠʩʪʦʯʥʠʢʦʤ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʝʨʦʷʪʥʦ, ʩʣʫʞʠʣʠ ʧʦʨʦʜʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 
ʬʫʥʜʘʤʝʥʪʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʚʢʣʶʯʘʶʱʠʝ ʛʨʘʥʠʪ-
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʢʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʘ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʤʳʚʘ ʨʝʣʠʢʪʦʚ 
ʦʩʪʨʦʚʥʳʭ ʜʫʛ. ʊʘʢʦʚʳ ʤʘʪʝʨʠʥʩʢʠʝ ʧʦʨʦʜʳ ʥʝʦʢʘʪʘʥʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ 
ʪʫʨʤʘʣʠʥʦʚ ʠ ʭʨʦʤʠʪʦʚ. ʆʢʘʪʘʥʥʳʝ ʪʫʨʤʘʣʠʥʳ ʤʦʛʣʠ ʧʨʦʡʪʠ ʥʝʩʢʦʣʴʢʦ ʮʠʢʣʦʚ 
ʩʝʜʠʤʝʥʪʘʮʠʠ (ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʠʭ ʠʩʪʦʯʥʠʢ ʤʦʛ ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ ʦʪʜʘʣʝʥʥʳʤ, ʯʝʤ 
ʪʫʨʤʘʣʠʥʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ, ʥʦ ʪʘʢ ʞʝ ʩʦʩʪʦʷʣ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʢʚʘʨʮ-ʪʫʨʤʘʣʠʥʦʚʳʭ 
ʧʦʨʦʜ). ʅʘ ʥʘʣʠʯʠʝ ʪʨʝʪʴʝʡ ʦʙʣʘʩʪʠ ʧʠʪʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʧʠʨʦʢʩʝʥʳ, ʩʪʝʧʝʥʴ ʠʭ 
ʩʦʭʨʘʥʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʝʩʴʤʘ ʥʝʜʘʣʝʢʠʡ ʧʝʨʝʥʦʩ, ʘ ʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʩʦʩʪʘʚʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʥʫʪʨʠʧʣʠʪʥʳʝ ʙʘʟʘʣʴʪʳ, ʢʘʢ ʠʩʪʦʯʥʠʢ ʦʙʣʦʤʦʯʥʦʛʦ 
ʤʘʪʝʨʠʣʘ. ʇʦʥʷʪʴ, ʢʘʢ ʩʦʦʪʥʦʩʠʪʩʷ ʚʩʝ ʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʩ ʨʝʘʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 
ʩʠʪʫʘʮʠʝʡ ʩʝʨʝʜʠʥʳ ʧʦʟʜʥʝʛʦ ʨʠʬʝʷ ï ʟʘʜʘʯʘ ʙʫʜʫʱʝʛʦ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ɸ.ɺ. ʄʘʩʣʦʚʫ ʠ ʉ.ɸ. ɼʫʙʫ 
ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʳ ʧʝʩʯʘʥʠʢʦʚ ʢʘʪʘʚʩʢʦʡ ʩʚʠʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʤʦʡ ˉ ɸɸɸɸ-ɸ18-118053090044-1 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ. 
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ʆʩʥʦʚʫ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦʙʝʨʝʞʠʡ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ 
ʩʦʩʪʘʚʣʷʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʇ.ɸ. ʇʨʘʚʦʩʣʘʚʣʝʚʘ, ʢʦʪʦʨʳʝ ʦʥ ʠʟʣʘʛʘʣ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ 
ʙʦʣʝʝ 100 ʣʝʪ ʥʘʟʘʜ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʥʦʛʠʝ ʠʟʚʝʩʪʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʜʘʥʥʦʛʦ 
ʨʝʛʠʦʥʘ ʚʥʦʩʠʣʠ ʩʚʦʠ ʜʦʙʘʚʣʝʥʠʷ, ʫʪʦʯʥʷʷ ʠ ʜʝʪʘʣʠʟʠʨʫʷ ʩʣʦʠ ʠ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 
ʥʠʤʠ ʚ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʭ ʠ ʜʦʩʪʦʚʝʨʥʳʭ ʨʘʟʨʝʟʘʭ ʚ ʅʠʞʥʝʤ ʇʦʚʦʣʞʴʝ. 
ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ, ʦʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, 
ʙʦʣʴʰʦʡ ʥʦʚʳʡ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʨʘʙʦʪʢʝ ʝʜʠʥʳʭ 
ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʠʩʪʦʨʠʠ  ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ ʮʠʢʣʦʚ  ʂʘʩʧʠʷ 
ʚ ʧʣʝʡʩʪʦʮʝʥʝ-ʛʦʣʦʮʝʥʝ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʪʠʨʦʚʦʢ ʪʘʢʞʝ ʥʝ ʚʥʝʩ 
ʷʩʥʦʩʪʠ ʚ  ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ. ɽʩʪʴ ʧʨʠʤʝʨʳ, ʢʦʛʜʘ ʦʜʥʘ ʠ ʪʘ ʞʝ ʪʦʣʱʘ 
ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʦʪʥʦʩʠʪʩʷ ʢ ʨʘʟʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʩʚʠʪʘʤ. ʌʘʮʠʘʣʴʥʘʷ 
ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʟʨʝʟʘʭ ʧʨʠʚʦʜʠʪ ʢ ʝʱʝ ʙʦʣʴʰʠʤ 
ʨʘʟʥʦʯʪʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʢʦʨʨʝʣʷʮʠʠ ʩʚʠʪ ʠ ʩʣʦʝʚ ʜʘʞʝ ʚ ʩʦʩʝʜʥʠʭ 
ʨʘʟʨʝʟʘʭ ʅʠʞʥʝʛʦ ʇʦʚʦʣʞʴʷ. 

ʇʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʠʩʪʦʨʠʠ ʂʘʩʧʠʷ ʜʦʩʪʦʚʝʨʥʦ 
ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʨʫʧʥʳʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʝ ʵʧʦʭʠ ï ʙʘʢʠʥʩʢʘʷ, ʭʘʟʘʨʩʢʘʷ 
ʠ ʭʚʘʣʳʥʩʢʘʷ. ʆʥʠ ʨʘʟʜʝʣʝʥʳ ʛʣʫʙʦʢʠʤʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤʠ ʨʝʛʨʝʩʩʠʷʤʠ, ʢʦʛʜʘ  
ʰʣʦ ʥʘʢʦʧʣʝʥʠʝ  ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ, ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ. 
ɿʘʣʝʛʘʶʪ ʦʥʠ, ʢʘʢ, ʧʨʘʚʠʣʦ, ʩ ʨʝʟʢʠʤ ʢʦʥʪʘʢʪʦʤ ʥʘ ʥʠʞʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʷʭ 
ʠ ʧʝʨʝʢʨʳʪʳ (ʪʘʢʞʝ ʩ ʨʝʟʢʠʤ ʢʦʥʪʘʢʪʦʤ) ʤʦʨʩʢʠʤʠ ʧʝʩʢʘʤʠ ʩ ʤʘʣʘʢʦʬʘʫʥʦʡ ʠʣʠ 
ʣʘʛʫʥʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʠ ʛʣʠʥʘʤʠ ʩ ʧʝʩʯʘʥʳʤʠ ʧʨʦʩʣʦʷʤʠ. 

ʀʟʫʯʝʥʠʝ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʂʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʉʝʚʝʨʥʦʛʦ 
ʂʘʩʧʠʷ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʦʙʨʘʱʝʥʠʷ ʢ ʚʦʧʨʦʩʫ ʛʝʥʝʟʠʩʘ ʠ ʚʦʟʨʘʩʪʘ ʰʦʢʦʣʘʜʥʳʭ ʛʣʠʥ 
(ʐɻ), ʟʘʥʠʤʘʶʱʠʭ ʟʜʝʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʠ ʷʚʣʷʶʱʠʭʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ 
ʠ ʭʘʨʘʢʪʝʨʥʦʡ ʬʘʮʠʝʡ ʭʚʘʣʳʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʐɻ ʟʘʣʝʛʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ 
ʧʦʯʚʦʡ, ʪ.ʝ.  ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʦʟʜʥʝʭʚʘʣʳʥʩʢʦʛʦ 
ʤʦʨʷ (2-0 ʤ ʘʙʩ.) ʖʞʥʝʝ ʐɻ ʪʘʢʞʝ ʚʩʢʨʳʚʘʶʪʩʷ ʚ ʨʘʟʨʝʟʘʭ, ʛʜʝ ʟʘʣʝʛʘʶʪ ʧʦʜ 
ʦʪʣʦʞʝʥʠʷʤʠ ʙʵʨʦʚʩʢʠʭ ʙʫʛʨʦʚ ʠʣʠ ʧʝʨʝʢʨʳʪʳ ʘʣʣʶʚʠʝʤ ʚ ʜʝʣʴʪʝ ɺʦʣʛʠ. 

ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʯʠʪʘʶʪ ʐɻ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ, ʘ ʠʭ ʚʦʟʨʘʩʪ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʨʘʥʥʝʭʚʘʣʳʥʩʢʠʡ, ʧʦʵʪʦʤʫ ʨʘʢʦʚʠʥʳ 
ʤʦʣʣʶʩʢʦʚ ʚ ʧʝʩʯʘʥʳʭ ʧʨʦʩʣʦʷʭ ʩʨʝʜʠ ʰʦʢʦʣʘʜʥʳʭ ʛʣʠʥ ʘʚʪʦʨʳ ʘʧʨʠʦʨʠ ʩʯʠʪʘʶʪ 
ʨʘʥʥʝʭʚʘʣʳʥʩʢʠʤʠ. ɺ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʥʘʤʠ ʨʘʥʝʝ ʩʪʘʪʴʷʭ ʜʝʣʘʣʩʷ ʚʳʚʦʜ 
ʦ ʣʘʛʫʥʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʐɻ, ʵʪʠʭ ʭʘʨʘʢʪʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ 
ʨʘʩʧʦʣʦʞʝʥ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ [1], ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʧʨʠʚʝʜʝʤ ʣʠʰʴ ʢʦʨʦʪʢʦ 
ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʦ ʛʝʥʝʟʠʩʝ ʐɻ ʆʥʠ ʯʘʩʪʦ ʣʝʞʘʪ ʣʠʥʟʘʤʠ ʠ ʨʝʟʢʦ 
ʚʳʢʣʠʥʠʚʘʶʪʩʷ. ɺ ʥʠʭ ʤʥʦʛʦ ʧʝʩʯʘʥʳʭ ʧʨʦʩʣʦʝʚ, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 
ʨʘʢʦʚʠʥʳ ʤʦʣʣʶʩʢʦʚ, ʧʨʝʜʧʦʯʠʪʘʶʱʠʭ ʞʠʪʴ ʚ ʩʦʣʦʥʦʚʘʪʳʭ ʠʣʠ ʧʨʝʩʥʳʭ ʚʦʜʘʭ 
ʥʘ ʤʝʣʢʦʚʦʜʴʝ.  ʐɻ ʟʘʣʝʛʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʫʙʘʵʨʘʣʴʥʳʭ, ʦʟʝʨʥʳʭ, 
ʘʣʣʶʚʠʘʣʴʥʳʭ, ʜʝʣʴʪʦʚʳʭ, ʘ ʪʘʢʞʝ ʥʘ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. 
ʅʘ ʤʝʣʢʦʚʦʜʥʦʩʪʴ ʙʘʩʩʝʡʥʘ, ʛʜʝ ʛʦʩʧʦʜʩʪʚʦʚʘʣʠ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, 
ʫʢʘʟʳʚʘʝʪ ʠ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʝ ʧʨʠʜʘʶʪ 
ʭʘʨʘʢʪʝʨʥʫʶ ʦʢʨʘʩʢʫ ʦʪʣʦʞʝʥʠʷʤ. 

ʇʨʠʥʠʤʘʷ ʐɻ ʟʘ ʣʘʛʫʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʥʘʜʦ ʦʙʲʷʩʥʠʪʴ ʠʭ ʩʪʦʣʴ ʰʠʨʦʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʨʘʟʨʝʟʘʭ ʚʜʦʣʴ ʅʠʞʥʝʡ ɺʦʣʛʠ 



33 

(ʵʪʦ ʩʦʪʥʠ ʢʤ). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʬʦʥʝ ʦʙʱʝʛʦ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʂʘʩʧʠʷ ʧʨʦʠʩʭʦʜʠʣʠ 
ʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʦʩʮʠʣʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʦʩʪʘʚʠʣʠ ʚ ʨʝʣʴʝʬʝ ʩʪʘʜʠʘʣʴʥʳʝ 
ʙʝʨʝʛʦʚʳʝ ʣʠʥʠʠ. ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʦʙʝʨʝʞʴʝ ɼʘʛʝʩʪʘʥʘ ʚ ʢʦʥʮʝ ʍʍ 
ʚʝʢʘ, ʢʦʛʜʘ ʫʨʦʚʝʥʴ ʂʘʩʧʠʷ ʧʦʜʥʷʣʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 2 ʤ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 
ʣʘʛʫʥʳ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʥʘ ʪʝʭ ʫʯʘʩʪʢʘʭ, ʛʜʝ ʧʝʨʚʠʯʥʳʝ ʫʢʣʦʥʳ ʩʫʰʠ, ʥʘ ʢʦʪʦʨʫʶ 
ʪʨʘʥʩʛʨʝʩʩʠʨʫʝʪ ʤʦʨʝ, ʤʝʥʴʰʝ ʫʢʣʦʥʦʚ ʧʨʠʫʨʝʟʦʚʦʡ ʧʦʣʦʩʳ ʜʥʘ ʧʨʠ ʚʳʨʘʙʦʪʘʥʥʦʤ 
ʧʨʦʬʠʣʝ ʨʘʚʥʦʚʝʩʠʷ [2]. ʀʤʝʥʥʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʙʳʣʘ ʚ ʉʝʚʝʨʥʦʤ ʇʨʠʢʘʩʧʠʠ, ʛʜʝ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʝ ʵʪʘʧʳ ʧʨʠʚʝʣʠ ʢ ʚʳʧʦʣʘʞʠʚʘʥʠʶ 
ʧʨʠʙʨʝʞʥʦʛʦ ʨʝʣʴʝʬʘ. 

ʃʘʛʫʥʘ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʚʰʝʡ ʨʝʛʨʝʩʩʠʚʥʦʡ ʪʝʨʨʘʩʳ, ʧʨʠ ʵʪʦʤ 
ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʪʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʣʘʛʫʥʘʭ, ʟʘʣʝʛʘʶʪ 
ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʥʝʩʦʛʣʘʩʠʝʤ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʠ ʚʦʟʨʘʩʪʘ, 
ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʥʝʩʦʛʣʘʩʠʝ ʤʝʞʜʫ ʣʘʛʫʥʥʳʤʠ ʠ ʥʠʞʝʣʝʞʘʱʠʤʠ  ʦʪʣʦʞʝʥʠʷʤʠ, 
ʧʨʠʯʝʤ ʵʪʦ ʥʝʩʦʛʣʘʩʠʝ ʥʝ  ʦʟʥʘʯʘʝʪ ʨʘʟʤʳʚ. ʆʜʥʘʢʦ, ʧʨʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 
ʨʝʢʦʥʩʪʨʫʢʮʠʷʭ ʟʘʣʝʛʘʥʠʝ ʣʘʛʫʥʥʳʭ ʦʩʘʜʢʦʚ ʥʘ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʩʣʘʛʘʶʱʠʭ 
ʨʝʛʨʝʩʩʠʚʥʫʶ ʪʝʨʨʘʩʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʨʘʟʤʳʚ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 
ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʙʘʩʩʝʡʥʘ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʣʘʛʫʥʳ ʥʘʙʣʶʜʘʝʪʩʷ 
ʧʘʨʘʛʝʥʝʟ ʦʩʘʜʢʦʚ, ʪ.ʝ. ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʨʘʟʥʳʭ 
ʪʠʧʦʚ ʦʩʘʜʢʦʚ ï ʣʘʛʫʥʥʳʭ ʠ ʧʣʷʞʝʚʳʭ, ʯʪʦ ʠ  ʬʠʢʩʠʨʫʝʪʩʷ ʠʥʦʛʜʘ  ʚ ʨʷʜʝ ʩʦʩʝʜʥʠʭ 
ʨʘʟʨʝʟʦʚ. 

ʇʨʠ  ʧʦʵʪʘʧʥʦʤ ʧʦʥʠʞʝʥʠʠ ʫʨʦʚʥʷ ʂʘʩʧʠʷ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 
ʦʩʮʠʣʣʷʮʠʡ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʝʨʠʠ ʙʦʣʴʰʠʭ ʣʘʛʫʥ, ʦʪʜʝʣʝʥʥʳʭ ʙʘʨʴʝʨʘʤʠ. 
ʇʨʠ ʫʥʘʩʣʝʜʦʚʘʥʥʦʤ ʨʘʟʚʠʪʠʠ ʙʝʨʝʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʤʥʦʛʦʢʨʘʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ 
ʤʦʨʷ ʧʨʠʚʝʣʠ ʢ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʴ 
ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʝʨʠʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʣʘʛʫʥʥʦ-ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ 
ʪʝʨʨʘʩ, ʣʝʞʘʱʠʭ ʥʘ ʚʩʝ ʙʦʣʝʝ ʥʠʟʢʠʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʦʪʤʝʪʢʘʭ (ʨʠʩ.). 

 

 

1-ʙʝʨʝʛʦʚʳʝ ʙʘʨʳ; 
2ïʟʘʭʦʨʦʥʝʥʥʳʡ ʙʘʨ; 
3-ʣʘʛʫʥʳ; 
4-ʵʦʣʦʚʳʝ ʬʦʨʤʳ; 
5-ʨʝʛʨʝʩʩʠʚʥʘʷ ʪʝʨʨʘʩʘ; 
6-ʩʝʨʠʷ ʣʘʛʫʥʥʦ-ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ 
ʪʝʨʨʘʩ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʂʘʩʧʠʷ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʤʝʥʷʚʰʝʛʦ ʩʚʦʡ 

ʫʨʦʚʝʥʴ, ʥʝʣʴʟʷ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʦʪʣʦʞʝʥʠʷ, ʚʩʢʨʳʪʳʝ ʚ ʦʙʥʘʞʝʥʠʷʭ ʠ ʩʢʚʘʞʠʥʘʭ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʜʨʝʚʥʠʭ ʙʝʨʝʛʦʚʳʭ ʣʠʥʠʡ. ɺ  ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ 
ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʰʠʙʦʯʥʦ ʧʨʠʥʷʪʴ ʟʘ ʝʜʠʥʫʶ ʪʦʣʱʫ ʦʪʣʦʞʝʥʠʷ 
ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʩʝʨʠʡ ʣʘʛʫʥʥʦ-ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ ʪʝʨʨʘʩ [3], ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚʦ 
ʚʨʝʤʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʪʨʘʥʩʛʨʝʩʩʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʦʪʤʝʪʢʘʭ. 
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ʉʆʉʊɸɺ ʀ ʉʊʈʆɽʅʀɽ ʇɽʉʏɸʅʓʍ ɻʈʋʅʊʆɺ ʊʋʂʋʃɸʅʆɺ ɼʆʃʀʅ 
ʈɽʂ ʃɽʅɸ ʀ ɺʀʃʖʁ 

 
ʉ.ɼ. ɹʘʣʳʢʦʚʘ, ɸ.ɽ. ʍʘʨʣʘʤʦʚʘ, ɸ.ɼ. ʂʫʥʘʬʠʥ, ʊ.ɺ. ɸʥʜʨʝʝʚʘ, ʊ.ʀ. ɸʚʝʨʢʠʥʘ 

 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 

ʊʫʢʫʣʘʥʳ ʄʘʭʘʪʪʘ ʠ ʂʳʩʳʣ-ʉʳʨʩʢʠʡ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʝʡʰʠʤʠ ʚ ʜʦʣʠʥʝ ɺʠʣʶʷ, 
ʂʳʩʳʣ-ʕʣʵʩʠʥ ʠ ʉʘʤʳʩ-ʂʫʤʘʛʘ ʚ ʜʦʣʠʥʝ ʃʝʥʳ [1]. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʝʩʢʦʚ ʠʟʫʯʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 
ʜʠʬʨʘʢʪʦʤʝʪʨʘ ULTIMA-IV ʬʠʨʤʳ Rigaku (ʗʧʦʥʠʷ). ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʟʝʨʝʥ ʧʝʩʢʦʚ ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ LEO 1450VP (Carl 
Zeiss, ɻʝʨʤʘʥʠʷ) ʠ ʧʦ ʤʘʢʨʦʠʟʦʙʨʘʞʝʥʠʷʤ ʩʨʝʜʥʝʡ ʧʨʦʙʳ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ 
ʤʠʢʨʦʩʢʦʧʘ Levenhuk DTX90. ʀʩʧʦʣʴʟʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠʦʙʨʝʪʝʥʦ ʟʘ ʩʯʝʪ 
ʩʨʝʜʩʪʚ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. 
ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʝʩʢʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʩʠʪʦʚʳʤ ʤʝʪʦʜʦʤ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʨʠʩ.): 

¶ ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʝʨʝʚʝʚʘʝʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʩʢʦʚ ʪʫʢʫʣʘʥʘ ʄʘʭʘʪʪʘ 
ï ʢʚʘʨʮʝʚʳʡ, ʜʦʛʦʣʦʮʝʥʦʚʳʭ ï ʧʦʣʝʚʦʰʧʘʪʦʚʦ-ʢʚʘʨʮʝʚʳʡ; 

¶ ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʩʝʭ ʧʝʩʢʦʚ ʪʫʢʫʣʘʥʘ ʂʳʩʳʣ-ʉʳʨʩʢʠʡ ï 
ʧʦʣʝʚʦʰʧʘʪʦʚʦ-ʢʚʘʨʮʝʚʳʡ; 

¶ ʇʝʩʢʠ ʣʝʥʩʢʠʭ ʪʫʢʫʣʘʥʦʚ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʧʦʣʝʚʦʰʧʘʪʦʚʦ-
ʢʚʘʨʮʝʚʳʡ ʩʦʩʪʘʚ; ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʘʭ ʦʪʤʝʯʝʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʣʶʜʳ ï ʜʦ 7-
8%, ʪʦʛʜʘ ʢʘʢ ʚ ʩʦʩʪʘʚʝ ʧʝʩʢʦʚ ʚʠʣʶʡʩʢʠʭ ʪʫʢʫʣʘʥʦʚ ʩʣʶʜʳ ʧʨʘʢʪʠʯʝʩʢʠ 
ʦʪʩʫʪʩʪʚʫʶʪ. 

¶ ʉʫʱʝʩʪʚʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʵʣʝʤʝʥʪʘʤ 
ʵʦʣʦʚʦʛʦ ʤʠʢʨʦʨʝʣʴʝʬʘ ʥʝ ʚʳʷʚʣʝʥʦ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʠʰ ʚʳʜʫʚʘʥʠʷ); 

¶ ɺ ʧʝʩʢʘʭ ʟʘʢʨʝʧʣʝʥʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʩ ʛʣʫʙʠʥʦʡ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʚʳʭ 
ʰʧʘʪʦʚ ʚʦʟʨʘʩʪʘʝʪ; 

¶ ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ ʵʦʣʦʚʳʭ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʭ 
ʧʝʩʢʘʭ ʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʢʘʭ ʢʘʨʛʠʥʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʚʠʣʶʡʩʢʠʝ ʪʫʢʫʣʘʥʳ) ʠ ʦʟʝʨʥʦ-
ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʢʘʭ (ʣʝʥʩʢʠʝ ʪʫʢʫʣʘʥʳ), ʷʚʣʷʶʱʠʭʩʷ ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʨʚʳʭ, ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʝʪʩʷ;  

 

 
 

ʈʠʩʫʥʦʢ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʟʫʯʝʥʥʳʭ ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʦʚ, %. ʇ - ʧʝʨʝʚʝʚʘʝʤʳʝ ʧʝʩʢʠ; ɿ - ʧʝʩʢʠ, 

ʟʘʢʨʝʧʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ; ʊ - ʥʝʧʦʜʚʠʞʥʘʷ ʧʦʜʩʪʠʣʘʶʱʘʷ ʪʦʣʱʘ ʵʦʣʦʚʳʭ ʧʝʩʢʦʚ 
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¶ ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʧʝʩʢʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ (ʂʥ<3), ʧʨʠ ʵʪʦʤ ʦʜʥʦʨʦʜʥʦʩʪʴ ʚʦʟʨʘʩʪʝʪ ʚ ʨʷʜʫ: ʘʣʣʶʚʠʘʣʴʥʳʝ ʠ ʦʟʝʨʥʦ-
ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʜʩʪʠʣʘʶʱʠʝ ʦʪʣʦʞʝʥʠʷ ï ʟʘʢʨʝʧʣʝʥʥʳʝ ʵʦʣʦʚʳʝ ʧʝʩʢʠ ï 
ʜʚʠʞʫʱʠʝʩʷ ʧʝʩʢʠ; 

¶ ɺ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʨʘʟʮʦʚ ʧʝʩʢʦʚ ʚʠʣʶʡʩʢʠʭ 
ʪʫʢʫʣʘʥʦʚ ʜʦʤʠʥʠʨʫʝʪ ʩʨʝʜʥʷʷ ʬʨʘʢʮʠʷ (0,25-0,5 ʤʤ), ʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ 
ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʦʚ ʧʝʩʢʦʚ ʣʝʥʩʢʠʭ ʪʫʢʫʣʘʥʦʚ ʧʨʝʦʙʣʘʜʘʝʪ ʤʝʣʢʘʷ ʬʨʘʢʮʠʷ (0,1-
0,25 ʤʤ); ʧʨʠ ʟʘʤʝʜʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʚʝʚʘʥʠʷ ʠ ʟʘʢʨʝʧʣʝʥʠʠ ʧʝʩʢʦʚ 
ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚ ʠʭ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʜʦʣʠ 
ʧʳʣʝʚʘʪʦ-ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ. 

¶ ɺ ʮʝʣʦʤ, ʧʝʩʢʠ ʂʳʩʳʣ-ʉʳʨʩʢʦʛʦ ʪʫʢʫʣʘʥʘ ʙʦʣʝʝ ʜʠʩʧʝʨʩʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʧʝʩʢʘʤʠ ʄʘʭʘʪʪʳ; 

¶ ʇʝʩʯʘʥʳʝ ʟʸʨʥʘ ʚʩʝʭ ʪʫʢʫʣʘʥʦʚ ʭʦʨʦʰʦ ʦʢʘʪʘʥʳ ʠ ʚ ʧʦʜʘʚʣʷʶʱʝʤ 
ʙʦʣʴʰʠʥʩʪʚʝ ʠʤʝʶʪ ʠʟʦʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ, ʙʣʠʟʢʫʶ ʢ ʩʬʝʨʠʯʥʦʡ ʠ ʦʚʘʣʴʥʦʡ, 
ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʧʝʩʢʦʚ ʵʦʣʦʚʦʛʦ ʛʝʥʝʟʠʩʘ. ɿʸʨʥʘ ʦʟʸʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʢʦʚ 
ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʝʡ ʦʢʘʪʘʥʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʬʝʨʠʯʥʦʩʪʠ. 
ɺ ʮʝʣʦʤ, ʧʨʦʮʝʥʪ ʫʛʣʦʚʘʪʳʭ, ʫʜʣʠʥʸʥʥʳʭ ʟʸʨʝʥ ʠ ʟʸʨʝʥ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ 
ʧʦʚʳʰʘʝʪʩʷ ʚ ʨʷʜʫ: ʵʦʣʦʚʳʝ ʧʝʩʢʠ ʄʘʭʘʪʪʳ ï ʂʳʩʳʣ-ʉʳʨʩʢʠʡ ʪʫʢʫʣʘʥ ï ʣʝʥʩʢʠʝ 
ʪʫʢʫʣʘʥʳ. ɼʣʷ ʧʦʩʣʝʜʥʠʭ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʢʨʘʰʝʥʥʳʭ ʟʸʨʝʥ 
ʩ ʤʘʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʦʛʜʘ ʢʘʢ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʩʯʘʥʳʭ ʟʸʨʝʥ 
ʚʠʣʶʡʩʢʠʭ ʪʫʢʫʣʘʥʦʚ ʠʤʝʶʪ ʧʨʦʟʨʘʯʥʫʶ, ʙʣʝʩʪʷʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ; 

¶ ɺ ʮʝʣʦʤ, ʧʦʚʝʨʭʥʦʩʪʴ ʟʸʨʝʥ ʥʝʨʦʚʥʘʷ, ʤʝʣʢʦ-ʷʤʯʘʪʘʷ, ʚ ʙʦʨʦʟʜʢʘʭ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʩʪʘʪʦʯʥʳʝ ʘʫʪʠʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ; 

¶ ɹʦʣʴʰʠʥʩʪʚʦ ʟʝʨʝʥ ʧʝʩʢʦʚ ʪʫʢʫʣʘʥʘ ʄʘʭʘʪʪʘ ʧʨʦʟʨʘʯʥʳʝ, 
ʩʚʝʪʣʦʦʢʨʘʰʝʥʥʳʝ, ʠʤʝʶʪ ʯʠʩʪʫʶ ʠʣʠ ʤʘʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ; ʚ ʧʝʩʢʘʭ ʪʫʢʫʣʘʥʘ 
ʂʳʩʳʣ-ʉʳʨ ʜʦʣʷ ʯʘʩʪʠʮ ʩ ʰʝʨʦʭʦʚʘʪʦʡ, ʤʘʪʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʟʨʘʩʪʘʝʪ. 

ʆʪʤʝʯʝʥʥʳʝ ʦʪʣʠʯʠʷ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ, ʩʪʨʦʝʥʠʠ ʵʦʣʦʚʳʭ ʧʝʩʢʦʚ 
ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʫʢʫʣʘʥʦʚ ʩʚʷʟʘʥʳ: ʩ ʨʘʟʥʳʤʠ ʠʩʪʦʯʥʠʢʠ ʧʝʨʚʠʯʥʦʛʦ ʧʝʩʯʘʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʙʣʠʟʢʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʠʣʶʡʩʢʠʭ ʪʫʢʫʣʘʥʦʚ; 
ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʚʝʚʘʝʤʳʭ ʧʝʩʯʘʥʳʭ ʤʘʩʩʠʚʦʚ ʥʘ ʵʪʠʭ 
ʪʝʨʨʠʪʦʨʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 17-05-00944a. 
 
ʃʀʊɽʈɸʊʋʈɸ 
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ɻɽʅɽʊʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʎɽʆʃʀʊʉʆɼɽʈɾɸʑʀʍ ʇʆʈʆɼ, 
ʈɸɿɺʀʊʓʍ ʅɸ ʖɻʆ-ɿɸʇɸɼɽ ʈɽʉʇʋɹʃʀʂʀ ʊɸʊɸʈʉʊɸʅ 

 
ɸ.ʀ. ɹʘʭʪʠʥ1, ɸ.ʅ. ʊʶʨʠʥ2, ɽ.ʄ. ʅʫʨʠʝʚʘ1, ʅ.ʉ. ɻʘʪʠʷʪʫʣʣʠʥ3 

 
1
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

2
ʊʘʪʘʨʩʢʦʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʇɸʆ çʊʘʪʥʝʬʪʴè, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

3
ʂʘʟʘʥʩʢʠʡ ʬʠʣʠʘʣ,ʌɹʋ çɻʂɿè, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʆʙʦʛʘʱʝʥʥʘʷ ʮʝʦʣʠʪʘʤʠ ʧʨʦʜʫʢʪʠʚʥʘʷ ʪʦʣʱʘ ʩʣʦʞʝʥʘ ʤʝʨʛʝʣʴʥʦ-
ʢʨʝʤʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʪʫʨʦʥ-ʩʘʥʪʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʚʝʨʭʥʝʛʦ ʤʝʣʘ. ʆʩʥʦʚʥʳʤʠ 
ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʷʚʣʷʶʪʩʷ: ʢʨʝʤʥʝʟʸʤʠʩʪʘʷ (ʦʧʘʣ-
ʢʨʠʩʪʦʙʘʣʠʪ-ʪʨʠʜʠʤʠʪʦʚʘʷ ï ʆʂʊ), ʢʘʨʙʦʥʘʪʥʘʷ, ʮʝʦʣʠʪʦʚʘʷ, ʛʣʠʥʠʩʪʘʷ, ʢʚʘʨʮʝʚʘʷ, 
ʧʦʣʝʚʦʰʧʘʪʦʚʘʷ. 

ɻʣʠʥʠʩʪʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ, ʠʣʣʠʪʦʤ. ɽʸ 
ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʝ ʩʦʩʪʘʚʣʷʝʪ 13,5%. ʂʚʘʨʮʝʚʘʷ 
ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 8,3% ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ: 1) ʦʩʪʨʦʫʛʦʣʴʥʳʤʠ 
ʦʙʣʦʤʢʘʤʠ ʢʚʘʨʮʘ ʪʦʥʢʦʧʝʩʯʘʥʦʡ-ʘʣʝʚʨʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (0,01-0,07 ʤʤ); 2) ʦʯʝʥʴ 
ʤʝʣʢʠʤʠ (<0,01 ʤʤ) ʠʛʦʣʦʯʢʘʤʠ ʠ ʧʣʘʩʪʠʥʢʘʤʠ ʭʘʣʮʝʜʦʥʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʠ 
ʜʠʘʛʝʥʝʟʝ ʧʦ ʢʨʝʤʥʠʩʪʳʤ ʦʩʪʘʪʢʘʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ; 3) ʦʢʨʫʛʣʳʤʠ ʛʥʸʟʜʘʤʠ 
ʨʘʟʤʝʨʦʤ 0,1-0,2 ʤʤ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʤʝʣʢʠʭ (0,01-0,02 ʤʤ) ʟʸʨʝʥ ʢʚʘʨʮʘ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʨʦʜʫʢʪ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʬʝʨʦʠʜʥʦʛʦ ʦʧʘʣʘ. 
ʂʘʨʙʦʥʘʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʪʦʣʱʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 21,1%. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʤ ʠ ʙʠʦʛʝʥʥʳʤ ʢʘʣʴʮʠʪʦʤ. ʇʦʣʝʚʦʰʧʘʪʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʣʢʠʤʠ (0,05-0,1 ʤʤ) ʦʙʣʦʤʢʘʤʠ ʤʠʢʨʦʢʣʠʥʘ ʠ ʢʠʩʣʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. 
ʀʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 0,74%. ʆʧʘʣ-ʢʨʠʩʪʦʙʘʣʠʪʦʚʘʷ-ʪʨʠʜʠʤʠʪʦʚʘʷ 
(ʆʂʊ) ʬʘʟʘ ʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʝ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 39,3% ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ: 
1) ʩʢʨʳʪʦʟʝʨʥʠʩʪʦʡ ʤʘʩʩʦʡ, ʩʣʘʛʘʶʱʝʡ ʦʧʦʢʠ; 2) ʩʬʝʨʘʤʠ ʦʧʘʣʘ ʨʘʟʤʝʨʦʤ ʜʦ 
0,1 ʤʤ, ʷʚʣʷʶʱʠʤʠʩʷ ʦʩʪʘʪʢʘʤʠ ʨʘʜʠʦʣʷʨʠʡ; 3) ʩʬʝʨʘʤʠ ʦʧʘʣʘ ʨʘʟʤʝʨʦʤ 0,05-
0,15 ʤʤ ʩ ʤʠʢʨʦʛʣʦʙʫʣʷʨʥʦʡ  ʩʪʨʫʢʪʫʨʦʡ, ʧʦ-ʚʠʜʠʤʦʤʫ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ; 4) ʤʘʩʩʠʚʥʳʤ ʦʧʘʣʦʤ, ʨʘʟʚʠʪʳʤ ʚ ʦʙʦʛʘʱʝʥʥʳʭ ʮʝʦʣʠʪʘʤʠ ʫʯʘʩʪʢʘʭ 
ʠ ʮʝʣʠʢʦʤ ʧʨʦʧʠʪʳʚʘʶʱʠʤ ʧʦʨʦʜʳ ʚ ʚʠʜʝ ʧʨʦʩʣʦʝʚ, ʧʦʣʦʩ, ʣʠʥʟ, ʧʷʪʝʥ. ʇʦʜ 
ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʤʘʩʩʠʚʥʳʡ ʦʧʘʣ ʠʤʝʝʪ ʤʠʢʨʦʛʣʦʙʫʣʷʨʥʦʝ  ʩʪʨʦʝʥʠʝ ʩ 
ʛʥʝʟʜʳʰʢʘʤʠ ʢʨʠʩʪʘʣʣʠʢʦʚ ʮʝʦʣʠʪʘ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʦʥ ʠʤʝʝʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ 
ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʎʝʦʣʠʪʦʚʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʝ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʛʝʡʣʘʥʜʠʪ-ʢʣʠʥʦʧʪʠʣʦʣʠʪʦʤ, ʢʦʪʦʨʳʝ ʚ ʚʠʜʝ ʦʯʝʥʴ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʠʢʦʚ 0,002-0,008 
ʤʤ ʨʘʩʩʝʷʥʳ ʚ ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʘʩʩʝ ʧʦʨʦʜʳ, ʪʷʛʦʪʝʷ ʢ ʙʦʣʝʝ 
ʦʧʘʣʠʟʠʨʦʚʘʥʥʳʤ ʝʸ ʫʯʘʩʪʢʘʤ, ʨʘʟʚʠʚʘʷʩʴ ʚʥʫʪʨʠ ʦʧʘʣʦʚʳʭ ʩʬʝʨ ʠ ʛʣʦʙʫʣʝʡ. 

ɻʝʥʝʟʠʩ ʮʝʦʣʠʪʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʨʦʜʘʭ ʩʯʠʪʘʝʪʩʷ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠ 
ʦʩʘʜʦʯʥʳʤ [1,2]. ʆʜʥʘʢʦ, ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʚ ʟʦʥʘʭ 
ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʸʥʥʳʭ ʮʝʦʣʠʪʦʤ, ʰʠʨʦʢʦ ʨʘʟʚʠʪ ʦʧʘʣ ʩ ʷʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʣʠʯʠʝ ʧʨʦʩʣʦʝʚ, 
ʧʦʣʦʩ, ʣʠʥʟ, ʧʷʪʥʦʦʙʨʘʟʥʳʭ ʩʢʦʧʣʝʥʠʡ ʤʘʩʩʠʚʥʦʛʦ ʦʧʘʣʘ ʩ ʷʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ 
ʟʘʪʝʢʘʥʠʷ ʠ ʟʘʧʦʣʥʝʥʠʷ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʩʘʜʢʘ ʞʠʜʢʠʤ ʦʧʘʣʦʤ, 
ʧʨʠʫʨʦʯʝʥʥʦʛʦ ʢ ʫʯʘʩʪʢʘʤ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʮʝʦʣʠʪʦʤ, ʘ ʪʘʢʞʝ ʢʦʪʦʨʳʡ 
ʢ ʧʝʨʠʬʝʨʠʠ ʵʪʠʭ ʫʯʘʩʪʢʦʚ ʩʤʝʥʷʝʪʩʷ ʛʣʦʙʫʣʷʨʥʳʤ ʩʬʝʨʦʠʜʥʳʤ ʦʧʘʣʦʤ (ʦʪʜʝʣʴʥʳʝ 
ʛʣʦʙʫʣʠ ʠ ʠʭ ʩʢʦʧʣʝʥʠʷ), ʦʙʨʘʟʫʶʱʠʤ ʰʠʨʦʢʠʡ ʧʨʦʪʷʞʝʥʥʳʡ ʦʨʝʦʣ ʨʘʩʩʝʷʥʠʷ 
ʚʦʢʨʫʛ ʟʦʥ ʨʘʟʚʠʪʠʷ ʤʘʩʩʠʚʥʦʛʦ ʦʧʘʣʘ. ʕʪʦʪ ʩʬʝʨʦʠʜʥʳʡ ʦʧʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʤʠʢʨʦʛʣʦʙʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʛʥʸʟʜʳʰʢʘʤʠ ʢʨʠʩʪʘʣʣʠʢʦʚ ʮʝʦʣʠʪʘ. ɺʩʝ ʵʪʦ 
ʥʘʚʦʜʠʪ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʮʝʦʣʠʪʦʚ ʧʦʤʠʤʦ ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʦʧʘʣʘ 
ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʦʧʘʣʘ, ʘ ʠʤʝʥʥʦ ï ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ 
ʠʩʪʦʯʥʠʢ. ɽʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʧʦʜʚʦʜʥʳʤ ʛʨʷʟʝʚʳʤ ʚʫʣʢʘʥʠʟʤʦʤ, 
ʧʨʦʪʝʢʘʚʰʠʤ ʩʠʥʭʨʦʥʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ. 
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ɿʦʥʘ ʨʘʟʚʠʪʠʷ ʤʘʩʩʠʚʥʦʛʦ ʦʧʘʣʘ ʤʦʛʣʘ ʦʪʚʝʯʘʪʴ ʚʳʭʦʜʘʤ ʧʦʜʚʦʜʥʳʭ ʛʠʜʨʦʪʝʨʤ, 
ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʛʨʷʟʝʚʦʡ ʚʫʣʢʘʥʠʟʤ ʚ çʛʨʠʬʦʥʥʫʶè ʩʪʘʜʠʶ ʝʛʦ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ɹʦʣʝʝ ʪʦʛʦ, ʵʪʠ ʦʙʦʛʘʱʝʥʥʳʝ ʤʘʩʩʠʚʥʳʤ ʦʧʘʣʦʤ ʠ ʮʝʦʣʠʪʘʤʠ ʫʯʘʩʪʢʠ ʚ ʧʣʘʥʝ 
ʪʨʘʩʩʠʨʫʶʪʩʷ ʪʝʪʦʥʠʯʝʩʢʠʤʠ ʨʘʟʣʦʤʘʤʠ, ʜʘ ʠ ʩʘʤ ʨʘʡʦʥ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ 
ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʳʢʝ ʜʚʫʭ ʩʪʨʫʢʪʫʨ ï ʄʝʣʝʢʝʩʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʊʦʢʤʦʚʩʢʦʛʦ ʩʚʦʜʘ. 
ɻʠʜʨʦʪʝʨʤʳ ʙʳʣʠ ʦʙʦʛʘʱʝʥʳ ʢʨʝʤʥʝʟʝʤʦʤ ʠ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚʩʣʝʜʩʪʚʠʝ 
ʛʠʜʨʦʣʠʟʘ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʜʨʝʥʠʨʫʝʤʳʭ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʧʦʨʦʜ. ʕʪʠ 
ʛʠʜʨʦʪʝʨʤʳ, ʨʘʟʛʨʫʞʘʷʩʴ ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ ʚ ʤʝʨʛʝʣʴʥʦ-ʢʨʝʤʥʠʩʪʳʭ ʦʩʘʜʢʘʭ, 
ʧʦʨʦʞʜʘʣʠ ʨʝʘʢʮʠʦʥʥʦʘʢʪʠʚʥʳʡ ʦʧʘʣ ʠ ʤʦʛʣʠ ʚʳʟʳʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʮʝʦʣʠʪʦʚ ʧʨʠ  ʜʠʘʛʝʥʝʟʝ ʦʩʘʜʢʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʥʝʩʸʥʥʦʛʦ ʦʧʘʣʘ ʩ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʠʦʥʘʤʠ K+, Na+, 
Ca2+ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʧʨʦʧʠʪʳʚʘʶʱʝʡ ʦʩʘʜʦʢ [3]. ʆʙ ʵʪʦʤ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 
ʨʝʟʫʣʴʪʘʪʳ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ 444 ʦʙʨʘʟʮʦʚ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ, 
ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʰʝʩʪʠ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʵʪʠʭ 
ʧʦʨʦʜ (ʪʘʙʣʠʮʘ). 

 

ʂʦʤʧʦʥʝʥʪʳ 
ʌʘʢʪʦʨʳ 

F1 F2 F3 F4 F5 F6 

ɻʣʠʥʘ -0,472 0,611 -0,351 0,276 -0,449 0,051 

ʂʚʘʨʮ 0,775 -0,085 -0,412 0,441 0,229 0,079 

ʆʂʊ-ʬʘʟʘ -0,554 -0,813 0,100 -0,067 -0,065 0,111 

ʎʝʦʣʠʪ -0,608 0,583 -0,007 -0,110 0,526 0,049 

ʂʘʣʴʮʠʪ 0,609 0,432 0,550 -0,330 -0,155 0,088 

ʧ/ʰʧʘʪ 0,177 -0,034 -0,781 -0,596 -0,042 0,012 

ɺʝʩ, % 31,2 26,2 20,3 12,5 9,3 0,5 

 
ʊʘʙʣʠʮʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʦʣʠʪʦʚ ʚ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʧʦʨʦʜʘʭ 

ʩʚʷʟʘʥʦ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʜʝʡʩʪʚʠʝʤ ʜʚʫʭ ʬʘʢʪʦʨʦʚ F2  ʠ F5. ʇʦʣʦʞʠʪʝʣʴʥʘʷ 
ʥʘʛʨʫʟʢʘ ʬʘʢʪʦʨʘ F2 ʩ ʛʣʠʥʦʡ (0,61), ʢʘʣʴʮʠʪʦʤ (0,43) ʠ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʩ ʆʂʊ-ʬʘʟʦʡ 
(-0,81) ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʵʪʠʭ ʮʝʦʣʠʪʦʚ ʚ ʟʦʥʘʭ ʚʳʭʦʜʘ 
ʧʦʜʚʦʜʥʳʭ ʛʠʜʨʦʪʝʨʤ ʛʨʷʟʝʚʳʭ ʚʫʣʢʘʥʦʚ. ʌʘʢʪʦʨ F5, ʠʤʝʶʱʠʡ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 
ʥʘʛʨʫʟʢʫ ʩ ʛʣʠʥʦʡ (-0,45), ʧʦ-ʚʠʜʠʤʦʤʫ ʦʪʚʝʯʘʝʪ ʮʝʦʣʠʪʘʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ 
ʜʠʘʛʝʥʝʪʠʯʝʩʢʠïʦʩʘʜʦʯʥʳʤ ʧʫʪʝʤ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʧʣʦʱʘʜʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 
ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜʘʭ. 
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ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  ʠʤ. ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ (ɺʉɽɻɽʀ), 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʰʠʨʦʢʦʝ ʠ ʤʘʩʰʪʘʙʥʦʝ ʧʨʦʷʚʣʝʥʠʝ 
ʨʘʟʛʨʫʟʦʢ ʚʦʩʭʦʜʷʱʠʭ çʭʦʣʦʜʥʳʭè ʬʣʶʠʜʦʚ ʚ ʩʬʝʨʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʧʦʥʷʪʠʝ 
çʬʣʶʠʜʳè  ʚʢʣʶʯʘʝʪʩʷ ʚʩʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʠʥʲʝʢʮʠʡ 
ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʥʝʬʪʝʡ, ʛʘʟʦʚ ʠ ʠʭ ʩʤʝʩʝʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ 
ʧʦʜʩʪʠʣʘʶʱʠʭ ʢʦʤʧʣʝʢʩʦʚ (ʦʩʘʜʦʯʥʳʭ, ʩʢʣʘʜʯʘʪʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ) ʠ ʩʦʜʝʨʞʘʱʠʭ 
çʜʦʙʘʚʢʠè ʠʟ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʩʬʝʨ [1]. ʆʯʘʛʠ ʬʣʶʠʜʥʦʡ ʨʘʟʛʨʫʟʢʠ ʠ ʠʭ ʦʨʝʦʣʳ 
ʩʦʟʜʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʠʭ ʚʣʠʷʥʠʝ ʥʘ 
ʙʘʩʩʝʡʥʦʚʫʶ ʩʨʝʜʫ ʠ ʙʘʩʩʝʡʥʦʚʳʝ ʙʠʦʮʝʥʦʟʳ, ʦʙʨʘʟʫʷ ʩʚʦʠ ʭʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ 
ʘʥʦʤʘʣʴʥʳʭ ʬʣʶʠʜʦʛʝʥʥʳʭ ʵʢʦʩʠʩʪʝʤ ð ʙʠʦʪʦʧʦʚ ʠ ʙʠʦʮʝʥʦʟʦʚ. ɺʤʝʩʪʝ ʦʥʠ 
ʢʦʥʪʨʦʣʠʨʫʶʪ ʠ ʨʝʛʫʣʠʨʫʶʪ ʘʥʦʤʘʣʴʥʳʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʬʦʥʦʚʳʤʠ, ʦʙʩʪʘʥʦʚʢʠ. 
ɸʥʦʤʘʣʴʥʦʩʪʴ ʩʨʝʜʳ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 
ʬʣʶʠʜʦʛʝʥʥʳʭ ʙʠʦʮʝʥʦʟʦʚ, ʫʪʠʣʠʟʠʨʫʶʱʠʭ ʧʨʠʚʥʝʩʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʬʣʶʠʜʦʚ 
ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʟʳʚʘʶʱʠʭ ʤʘʩʩʦʚʫʶ ʛʠʙʝʣʴ ʘʙʦʨʠʛʝʥʥʳʭ ʙʘʩʩʝʡʥʦʚʳʭ 
ʙʠʦʮʝʥʦʟʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʬʣʶʠʜʦʛʝʥʥʳʭ ʢʨʠʟʠʩʥʳʭ ʪʘʬʦʮʝʥʦʟʦʚ. ɺʩʝ ʵʪʦ 
ʦʧʨʝʜʝʣʷʝʪ ʘʥʦʤʘʣʴʥʫʶ ʩʧʝʮʠʬʠʢʫ ʬʣʶʠʜʦʛʝʥʥʳʭ ʙʠʦʭʝʤʦʛʝʥʥʳʭ ʦʩʘʜʢʦʚ. 
ɺʦʟʥʠʢʘʶʱʠʝ ʦʙʩʪʘʥʦʚʢʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʬʣʶʠʜʦʛʝʥʥʳʝ ʬʘʮʠʠ 
ʠ ʤʠʢʨʦʬʘʮʠʠ (ʚ ʪʝʨʤʠʥʘʭ ʣʠʪʦʣʦʛʠʠ) ʠ ʢʘʢ ʬʣʶʠʜʦʛʝʥʥʳʝ ʙʠʦʪʦʧʳ (ʚ ʪʝʨʤʠʥʘʭ 
ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʠ ʠ ʵʢʦʣʦʛʠʠ). ʀʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʪʣʠʯʥʳʝ ʦʪ ʬʦʥʦʚʳʭ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʝ ʠ ʙʠʦʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʤʦʨʬʦʣʦʛʠʷ, ʩʪʨʫʢʪʫʨʘ, ʟʦʥʘʣʴʥʦʩʪʴ, ʘ ʪʘʢʞʝ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʘʷ ʜʠʥʘʤʠʢʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ, ʨʝʛʫʣʠʨʫʝʤʘʷ 
ʵʥʜʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʥʝʜʨ. 

ɺ ʩʦʦʙʱʝʥʠʠ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʦʯʘʛʠ ʨʘʟʛʨʫʟʢʠ 
ʠ ʦʙʩʪʘʥʦʚʢʠ ʠʭ ʧʨʦʷʚʣʝʥʠʷ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʘ ʧʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ 
ʧʦʢʘʟʘʪʝʣʷʤ: ʩʦʩʪʘʚʫ ʬʣʶʠʜʦʚ, ʤʦʨʬʦʣʦʛʠʠ ʦʯʘʛʦʚ ʠ ʠʭ ʦʨʝʦʣʦʚ, ʨʘʟʤʝʨʫ, 
ʚʟʘʠʤʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʠ ʛʫʩʪʦʪʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʛʨʫʟʢʠ, ʝʝ ʜʠʥʘʤʠʢʝ ʠ ʨʠʪʤʫ.  
ɼʘʥʘ ʪʘʢʞʝ ʪʠʧʠʟʘʮʠʷ ʧʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʬʦʥʦʚʳʭ ʫʩʣʦʚʠʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʛʨʫʟʢʠ: 
ʬʘʮʠʘʣʴʥʳʤ, ʣʠʪʦʛʝʥʝʪʠʯʝʩʢʠʤ, ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ ʚʦʜʥʦʡ ʪʦʣʱʠ, ʩʦʦʪʥʦʰʝʥʠʶ 
ʤʝʞʜʫ ʦʯʘʛʘʤʠ ʠ ʦʨʝʦʣʘʤʠ ʠ ʜʨ. ɺ ʛʨʫʧʧʝ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʫʙʘʢʚʘʣʴʥʳʭ ʦʯʘʛʦʚ ʚʳʜʝʣʝʥʳ ʪʠʧʳ: ʢʦʪʣʦʚʠʥʥʦ-ʟʘʧʘʜʠʥʥʳʝ, 
ʧʨʠʩʢʣʦʥʦʚʳʝ, ʩʢʣʦʥʦʚʳʝ, ʜʦʥʥʦ-ʨʘʚʥʠʥʥʳʝ, ʢʘʥʴʦʥʥʳʝ, ʦʪʦʨʚʘʥʥʦ-ʧʝʣʘʛʠʯʝʩʢʠʝ, 
ʧʝʨʝʫʛʣʫʙʣʝʥʥʳʭ ʜʦʣʠʥ ʠ ʜʨ. ɺʦʟʜʝʡʩʪʚʠʝ ʦʯʘʛʦʚ ʨʘʟʛʨʫʟʢʠ ʢʘʞʜʦʛʦ ʪʠʧʘ ʥʘ 
ʙʘʩʩʝʡʥʦʚʫʶ ʩʨʝʜʫ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠʣʠ/ʠ 
ʘʥʦʤʘʣʴʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʚʘʞʥʳʭ ʜʣʷ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ. ʅʘʧʨʠʤʝʨ, ʦʯʘʛʠ 
ʢʦʪʣʦʚʠʥʥʦ-ʟʘʧʘʜʠʥʥʦʛʦ ʪʠʧʘ ʫʯʘʩʪʚʫʶʪ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʟʥʳʭ ʚʠʜʦʚ 
ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʙʘʩʩʝʡʥʦʚʳʭ ʚʦʜ, ʧʨʠʩʢʣʦʥʦʚʳʝ ʠ  ʩʢʣʦʥʦʚʳʝ ð ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʩʦʩʪʘʚʘ ʘʧʚʝʣʣʠʥʛʦʚʳʭ ʚʦʜ,  ʜʦʥʥʦ-ʨʘʚʥʠʥʥʳʝ ð ʚ ʧʦʷʚʣʝʥʠʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 
ʦʘʟʠʩʦʚ ʠ ʙʠʦʛʝʨʤʥʳʭ ʧʦʩʪʨʦʝʢ, ʦʪʦʨʚʘʥʥʦ-ʧʝʣʘʛʠʯʝʩʢʠʝ ð ʚ ʦʙʨʘʟʦʚʘʥʠʠ 
ʚʥʫʪʨʠʙʘʩʩʝʡʥʦʚʳʭ ʘʥʦʤʘʣʴʥʳʭ çʧʫʟʳʨʝʡè ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʘʥʦʤʘʣʴʥʳʭ 
ʧʣʝʥʦʯʥʳʭ ʵʢʦʩʠʩʪʝʤ ʠ ʪ. ʜ.  

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʢʦʪʣʦʚʠʥʥʦ-ʟʘʧʘʜʠʥʥʳʡ ʪʠʧ, ʦʪʚʝʯʘʶʱʠʡ 
ʟʘ ʦʜʥʦ ʠʟ ʦʯʝʥʴ ʚʘʞʥʳʭ ʜʣʷ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʷʚʣʝʥʠʡ ð ʟʘ ʩʪʨʘʪʠʬʠʢʘʮʠʶ 
(ʚʝʨʪʠʢʘʣʴʥʫʶ ʨʘʩʩʣʦʝʥʥʦʩʪʴ) ʙʘʩʩʝʡʥʦʚʳʭ ʚʦʜ. ʕʪʦʪ ʪʠʧ ʩʚʷʟʘʥ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʟʘʤʢʥʫʪʳʤʠ ʟʘʧʘʜʠʥʘʤʠ ʜʥʘ ʚʦʜʦʝʤʦʚ, ʨʘʟʥʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʘ ʠ ʛʝʥʝʟʠʩʘ. ʆʨʝʦʣʳ 
ʚʣʠʷʥʠʷ ʦʯʘʛʦʚ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʪʘʢʠʭ ʟʘʧʘʜʠʥʘʭ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 
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ʠ/ʠʣʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʦʷʚʣʝʥʠʠ ʨʘʟʛʨʫʟʦʢ ʦʨʝʦʣʳ, ʨʘʟʨʘʩʪʘʷʩʴ, ʩʣʠʚʘʶʪʩʷ ʠ ʮʝʣʠʢʦʤ 
ʟʘʧʦʣʥʷʶʪ ʧʨʠʜʦʥʥʳʝ ʯʘʩʪʠ ʟʘʧʘʜʠʥ ʠ ʢʦʪʣʦʚʠʥ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʯʝʥʴ ʢʨʫʧʥʳʭ. 
ʇʨʠʜʦʥʥʳʝ ʩʣʦʠ ʘʥʦʤʘʣʴʥʳʭ ʚʦʜ ʬʦʨʤʠʨʫʶʪ ʨʘʟʥʳʝ ʚʠʜʳ ʩʪʨʘʪʠʬʠʢʘʮʠʠ. 
ʍʘʨʘʢʪʝʨʥʳ ʘʥʦʤʘʣʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʧʣʦʪʥʦʩʪʠ, ʠʦʥʥʦ-ʩʦʣʝʚʦʛʦ ʠ ʛʘʟʦʚʦʛʦ 
ʩʦʩʪʘʚʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʝʨʦʚʦʜʦʨʦʜʘ, ʤʝʪʘʥʘ ʠ ʜʨʫʛʠʭ ʧʨʦʷʚʣʝʥʠʡ 
ʘʥʦʢʩʠʜʥʦʩʪʠ (ʙʝʩʢʠʩʣʦʨʦʜʥʦʩʪʠ) ʩʨʝʜʳ ʠ ʜʨ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ 
ʩʪʨʘʪʠʬʠʢʘʮʠʡ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʦʩʦʙʝʥʥʦʩʪʝʡ 
ʨʘʟʛʨʫʞʘʶʱʠʭʩʷ ʬʣʶʠʜʦʚ ʠ ʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʬʦʥʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʦʙʩʪʘʥʦʚʦʢ 
ʨʘʟʛʨʫʟʢʠ. ʄʦʱʥʦʩʪʴ ʧʨʠʜʦʥʥʳʭ ʘʥʦʤʘʣʴʥʳʭ ʩʣʦʝʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, 
ʜʦʩʪʠʛʘʷ ʤʥʦʛʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʇʨʦʷʚʣʝʥʠʷ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʦ ʤʥʦʛʠʭ 
ʚʥʫʪʨʝʥʥʠʭ ʠ ʦʢʨʘʠʥʥʳʭ ʤʦʨʷʭ, ʟʘʣʠʚʘʭ, ʦʟʝʨʘʭ. ʐʠʨʦʢʦ ʠʟʚʝʩʪʥʳ 
ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʤʝʪʘʣʣʦʥʦʩʥʳʝ ʧʨʠʜʦʥʥʳʝ ʨʘʩʩʦʣʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ 
ʛʣʫʙʠʥʘʭ ʜʦ ʜʚʫʭ ʠ ʙʦʣʝʝ ʢʤ ʧʦʜ ʪʦʣʱʘʤʠ ʥʦʨʤʘʣʴʥʦ-ʤʦʨʩʢʠʭ ʚʦʜ ʚʦ ʚʧʘʜʠʥʘʭ 
ʤʦʨʝʡ ʠ ʟʘʣʠʚʦʚ: ʂʨʘʩʥʦʛʦ, ʉʨʝʜʠʟʝʤʥʦʛʦ, ʄʝʢʩʠʢʘʥʩʢʦʛʦ ʠ ʜʨ. ʗʨʢʦ ʧʨʦʷʚʣʷʝʪʩʷ 
ʟʘʨʘʞʝʥʥʦʩʪʴ ʚʦʜ ʩʝʨʦʚʦʜʦʨʦʜʦʤ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʣʠʙʦ çʛʦʪʦʚʦʛʦè H2S, 
ʣʠʙʦ ʩ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʚ ʤʝʩʪʘʭ ʨʘʟʛʨʫʟʢʠ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʉʝʨʦʚʦʜʦʨʦʜʥʦ-ʤʝʪʘʥʦʚʳʝ ʚʦʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ 
ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠ ʚʩʝ ʯʘʱʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʧʨʠʜʦʥʥʳʭ ʚʧʘʜʠʥʘʭ 
ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʤʦʨʝʡ: ʂʘʨʠʙʩʢʦʛʦ, ɹʘʣʪʠʡʩʢʦʛʦ, ʂʘʩʧʠʡʩʢʦʛʦ, ʥʦʨʚʝʞʩʢʠʭ ʬʴʦʨʜʦʚ 
ʠ ʜʨ. ʈʘʟʥʳʝ ʚʠʜʳ ʩʪʨʘʪʠʬʠʢʘʮʠʠ (ʛʘʟʦʚʘʷ, ʩʦʣʝʚʘʷ, ʱʝʣʦʯʥʦ-ʢʠʩʣʦʪʥʘʷ, 
ʪʝʤʧʝʨʪʫʨʥʘʷ) ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʟʝʨ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʦʚʳʭ ʩʠʩʪʝʤ 
(ɺʦʩʪʦʯʥʦ-ɸʬʨʠʢʘʥʩʢʦʡ ʩʠʩʪʝʤʳ, ʄʝʨʪʚʦʛʦ ʤʦʨʷ ʠ ʜʨ.). ʈʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʨʘʟʛʨʫʟʢʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʜʲʝʤʦʤ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʟʦʥʳ ʧʨʠʜʦʥʥʦʡ 
ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʚʝʜʝʪ ʢ çʟʘʭʚʘʪʫè ʵʪʦʡ ʟʦʥʦʡ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʚʦʜʦʝʤʘ, ʘ ʚ ʧʨʝʜʝʣʝ 
ð ʚʦʜʦʝʤʘ ʚ ʮʝʣʦʤ. ɹʘʩʩʝʡʥ ʏʝʨʥʦʛʦ ʤʦʨʷ ʙʣʠʟʦʢ ʢ ʧʦʣʥʦʤʫ çʟʘʨʘʞʝʥʠʶè ʝʛʦ 
ʚʦʜʥʦʡ ʤʘʩʩʳ. ɺ ʤʝʣʢʦʚʦʜʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʠʟʤʝʥʝʥʠʷ ʜʦʚʦʣʴʥʦ ʙʳʩʪʨʦ ʟʘʭʚʘʪʳʚʘʶʪ 
ʚʩʶ ʚʦʜʥʫʶ ʪʦʣʱʫ ʚʦʜʦʝʤʦʚ. 

ʗʚʣʝʥʠʝ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʧʘʣʝʦʚʦʜʦʝʤʦʚ (ʧʘʣʝʦʩʪʨʘʪʠʬʠʢʘʮʠʠ) ð ʦʜʥʦ 
ʠʟ ʯʘʩʪʦ ʦʙʩʫʞʜʘʝʤʳʭ ʚ ʨʘʟʥʳʭ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ. ɽʛʦ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʠʚʣʝʢʘʶʪ ʚ 
ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʡ ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʚ ʦʩʘʜʦʯʥʳʭ ʨʘʟʨʝʟʘʭ ʨʘʟʥʦʛʦ ʨʦʜʘ 
ʘʥʦʤʘʣʴʥʳʭ ʙʠʦʪʠʯʝʩʢʠʭ, ʭʝʤʦʛʝʥʥʳʭ ʠ ʨʫʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʪʦʤ ʯʠʩʣʝ 
ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ ʧʨʠ  ʦʙʩʫʞʜʝʥʠʠ ʧʨʠʯʠʥ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʦʙʳʯʥʦ ʧʨʠʚʣʝʢʘʶʪʩʷ ʣʠʰʴ ʨʘʟʣʠʯʥʳʝ çʯʠʩʪʦè ʵʢʟʦʛʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 
ʠ ʠʭ ʩʣʝʜʩʪʚʠʷ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʝʡ ʧʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ (ʯʘʱʝ 
ʚʩʝʛʦ çʚʥʝʟʘʧʥʦʛʦè ʠ ʤʥʦʛʦʢʨʘʪʥʦʛʦ) ʩʪʨʘʪʠʬʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ (ʠ ʷʚʣʷʣʘʩʴ) 
ʘʢʪʠʚʠʟʘʮʠʷ ʚʦʩʭʦʜʷʱʠʭ ʨʘʟʛʨʫʟʦʢ, ʦʙʦʛʘʱʘʶʱʠʭ ʩʣʦʠ ʧʨʠʜʦʥʥʳʭ ʚʦʜ 
ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʣʶʠʜʦʚ ʠ ʚʳʟʳʚʘʶʱʠʭ ʠʭ ʢʨʠʟʠʩʥʳʝ ʠʟʤʝʥʝʥʠʷ. 

ʀʤʝʶʱʠʡʩʷ ʤʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʬʣʶʠʜʥʳʝ ʨʘʟʛʨʫʟʢʠ ʚ 
ʢʘʯʝʩʪʚʝ ʚʘʞʥʦʛʦ ʠ ʤʦʱʥʦʛʦ ʩʨʝʜʦʦʙʨʘʟʫʶʱʝʛʦ ʬʘʢʪʦʨʘ, ʚʳʟʳʚʘʶʱʝʛʦ ʥʳʥʝ 
(ʠ ʚʳʟʳʚʘʚʰʝʛʦ ʚ ʧʨʦʰʣʦʤ) ʨʘʟʥʳʝ ʚʠʜʳ ʘʥʦʤʘʣʠʡ ʩʨʝʜʳ, ʚʝʩʴʤʘ ʟʥʘʯʠʤʳʝ ʜʣʷ 
ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʨʫʜʦʛʝʥʝʟʘ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɹʝʣʝʥʠʮʢʘʷ ɻ.ɸ. çʌʣʶʠʜʥʦʝè ʥʘʧʨʘʚʣʝʥʠʝ ʣʠʪʦʣʦʛʠʠ: ʩʦʩʪʦʷʥʠʝ, ʦʙʲʝʢʪʳ, ʟʘʜʘʯʠ / 
ɻ.ɸ. ɹʝʣʝʥʠʮʢʘʷ // ʋʯʝʥʳʝ ʟʘʧʠʩʢʠ ʂʘʟʘʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ. ï 2011. ï ʊ. 153. 
ï ʂʥ. 4. ï ʉ. 97-113. 
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ʂʀʅɽʄɸʊʀʏɽʉʂɸʗ ʕɺʆʃʖʎʀʗ ʀ ʈɽʎʀʂʃʀʅɻ ʉʆʃʗʅʓʍ ʊɽʃ  
ɺ ʍʆɼɽ ʊɽʂʊʆʅʀʏɽʉʂʆɻʆ ʈɸɿɺʀʊʀʗ 

 
ɻ.ɸ. ɹʝʣʝʥʠʮʢʘʷ 

 
ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ  ʠʤ. ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ (ɺʉɽɻɽʀ), 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
 

ʉʦʚʨʝʤʝʥʥʘʷ ʢʘʨʪʠʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʠ ʩʦʣʷʥʳʭ ʪʝʣ ʚ ʥʝʜʨʘʭ 
ɿʝʤʣʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʢʣʶʯʝʚʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ð çʧʦʜʚʠʞʥʦʩʪʴʶè, ʘ 
ʧʦʪʦʤʫ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʧʣʦʭʦʡ ʩʦʭʨʘʥʷʝʤʦʩʪʴʶ ʥʘ ʤʝʩʪʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. ɸ ʵʪʦ, ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʩʚʦʝʦʙʨʘʟʠʝ ʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ï 
ʩʦʣʷʥʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠ ʩʦʙʩʪʚʝʥʥʦ ʪʝʢʪʦʥʠʯʝʩʢʦʡ. ʎʝʣʴ ʩʦʦʙʱʝʥʠʷ ï 
ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʦʙʱʠʝ ʪʝʥʜʝʥʮʠʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʩʦʣʝʡ ʚ ʭʦʜʝ 
ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʣʝʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʦʷʚʣʝʥʠʡ 
ʩʦʣʷʥʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʩʦʙʩʪʚʝʥʥʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ (ʦʨʪʦʪʝʢʪʦʥʠʯʝʩʢʠʭ) ʜʝʬʦʨʤʘʮʠʡ, 
ʦʧʨʝʜʝʣʷʶʱʠʭ ʠʪʦʛʦʚʫʶ ʢʘʨʪʠʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʩʦʣʝʡ.  

ʇʦ ʢʦʤʧʣʝʢʩʫ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʭ ʤʦʨʬʦʢʠʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʣʷʥʳʭ 
ʪʝʣ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʪʝʧʝʥʴʶ ʠ ʪʠʧʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʩʪʠ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 
ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ [1]: 1) ʩʫʙʧʣʘʩʪʦʚʳʝ ʩ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ 
ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ, ʥʝ ʥʘʨʫʰʝʥʥʳʝ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʬʦʨʤʘʮʠʷʤʠ; 2) 
ʩʦʣʷʥʦʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ ʩʦʣʷʥʦʡ ʪʝʢʪʦʥʠʢʦʡ, ʥʦ ʥʝ 
ʥʘʨʫʰʝʥʥʳʝ ʠʣʠ ʩʣʘʙʦ ʥʘʨʫʰʝʥʥʳʝ ʧʨʦʷʚʣʝʥʠʷʤʠ ʦʨʪʦʪʝʢʪʦʥʠʢʠ; 3) 
ʦʨʪʦʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʜʝʬʦʨʤʘʮʠʡ. ʆʩʥʦʚʥʳʝ ʚʳʷʚʣʝʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʙʲʝʤʳ ʩʦʣʝʡ 
ʟʘʢʣʶʯʝʥʳ ʚ ʩʦʩʪʘʚʝ ʪʝʣ ʜʚʫʭ ʧʝʨʚʳʭ ʛʨʫʧʧ, ʟʘʣʝʛʘʶʱʠʭ ʩʨʝʜʠ ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʝ 
ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʠʣʠ ʩʣʘʙʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʊʝʣʘ 
ʪʨʝʪʴʝʡ ʛʨʫʧʧʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʩʨʝʜʠ ʠʥʪʝʥʩʠʚʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, 
ʧʣʦʭʦ ʠʟʫʯʝʥʳ, ʩʦʜʝʨʞʘʪ ʩʦʣʠ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʤ, ʥʦ ʚʩʝ ʞʝ ʟʥʘʯʠʤʦʤ 
ʢʦʣʠʯʝʩʪʚʝ ʠ ʤʦʛʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʨʦʣʴ. 

ɺ ʩʦʣʷʥʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʚʳʜʝʣʝʥʳ ʜʚʘ ʤʦʨʬʦʢʠʥʝʪʠʯʝʩʢʠʭ ʚʠʜʘ 
ʩʦʣʷʥʳʭ ʪʝʣ, ʨʘʟʣʠʯʠʷ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʦʤʠʥʠʨʫʶʱʠʤ ʚʝʢʪʦʨʦʤ ʤʠʛʨʘʮʠʠ 
ʩʦʣʝʡ: ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʝ ð ʜʠʘʧʠʨʦʚʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʧʦʜʦʙʥʳʝ ʠʤ ʪʝʣʘ, 
ʠ ʩʫʙʣʘʪʝʨʘʣʴʥʳʝ ð ʧʦʢʨʦʚʦʦʙʨʘʟʥʳʝ ʠ ʜʨʫʛʠʝ ʩʫʙʧʣʘʩʪʦʚʳʝ ʪʝʣʘ, ʰʠʨʦʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʳʭ ʠ ʠʭ ʢʦʣʦʩʩʘʣʴʥʳʝ ʤʘʩʰʪʘʙʳ ʫʩʪʘʥʦʚʣʝʥʳ ʣʠʰʴ 
ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ. ʆʙʳʯʥʳ  ʚʟʘʠʤʦʧʝʨʝʭʦʜʳ ʠ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʩʦʯʝʪʘʥʠʷ 
ʪʝʣ ʜʚʫʭ ʚʠʜʦʚ. ɺ ʦʨʪʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʛʨʫʧʧʝ ʩʦʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 
ʚ ʚʠʜʝ ʦʩʪʘʪʦʯʥʳʭ ʠʥʩʠʪʥʳʭ ʠ ʠʥʲʝʢʮʠʦʥʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʆʥʠ 
ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʨʝʟʘʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʧʦʢʨʦʚʥʦ-ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ, ʤʘʢʩʠʤʘʣʴʥʦ 
ʚ ʟʦʥʘʭ ʠʭ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʦʧʨʷʞʝʥʠʷ ʩ ʧʣʘʪʬʦʨʤʘʤʠ, ʘ ʪʘʢʞʝ, ʭʦʪʷ ʠ ʨʝʞʝ, ʚ ʠʭ 
ʬʫʥʜʘʤʝʥʪʝ. ʉʦʭʨʘʥʠʚʰʠʝʩʷ ʩʦʣʷʥʳʝ ʪʝʣʘ ʵʪʦʡ ʛʨʫʧʧʳ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʤʘʩʰʪʘʙʥʳ, 
ʯʝʤ ʪʝʣʘ ʜʚʫʭ ʜʨʫʛʠʭ. ʉʦʣʠ ʟʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʩʦʩʪʘʚʝ 
ʘʣʣʦʭʪʦʥʥʳʭ ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʭ ʧʘʢʝʪʦʚ, ʘ ʪʘʢʞʝ ʧʝʨʝʢʨʳʪʳʭ ʠʤʠ ʘʚʪʦʭʪʦʥʥʳʭ 
ʩʦʣʝʥʦʩʥʳʭ ʦʩʘʜʦʯʥʳʭ ʩʝʨʠʡ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʦʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʦʢʨʦʚʥʦ-
ʩʢʣʘʜʯʘʪʳʭ ʩʠʩʪʝʤʘʭ ʤʦʣʦʜʳʭ (ʥʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ) ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʭ 
ʦʨʦʛʝʥʦʚ. ɺ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʘʥʘʣʦʛʘʭ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʘʩʰʪʘʙʳ 
ʙʦʣʝʝ ʦʛʨʘʥʠʯʝʥʥʳ, ʘ ʩʨʝʜʠ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ð ʥʝʟʥʘʯʠʪʝʣʴʥʳ, ʯʘʱʝ ʧʦʢʘ ʤʦʛʫʪ 
ʣʠʰʴ ʧʨʝʜʧʦʣʘʛʘʪʴʩʷ ʧʦ ʢʦʩʚʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣ̫ʤ. ʆʛʨʘʥʠʯʝʥʥʳ ʥʘʭʦʜʢʠ ʩʦʣʝʡ 
ʠ ʩʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ ʬʫʥʜʘʤʝʥʪʘ ʧʣʘʪʬʦʨʤ. ʄʘʣʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʩʦʣʝʡ 
ʦʨʪʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʥʝ ʷʚʣʷʝʪʩʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ; ʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʢʨʘʡʥʝ 
ʤʘʣʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʭʨʘʥʝʥʠʷ ʩʦʣʝʡ ʚ ʥʝʜʨʘʭ in situ ʚ ʭʦʜʝ ʛʝʦʣʦʛʦ-
ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ. ʄʘʩʰʪʘʙʳ ʠʩʭʦʜʥʦʡ (ʜʦʩʢʣʘʜʯʘʪʦʡ ʠ ʜʦʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ) 
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ʩʦʣʝʥʦʩʥʦʩʪʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ, ʥʝʨʝʜʢʦ ʛʨʘʥʜʠʦʟʥʳʤʠ. 
ɹʦʣʝʝ ʤʘʩʰʪʘʙʥʦʡ, ʯʝʤ ʧʨʠʥʷʪʦ ʜʫʤʘʪʴ, ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʠ ʩʦʭʨʘʥʠʚʰʘʷʩʷ 
ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʩʦʣʝʥʦʩʥʦʩʪʴ ʥʝʜʨ. ʉʦʭʨʘʥʝʥʠʝ ʩʦʣʝʡ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ 
ʚ çʧʦʜʥʘʜʚʠʛʦʚʳʭè ʠ/ʠʣʠ ʪʝʢʪʦʥʠʯʝʩʢʠ çʟʘʞʘʪʳʭè ʫʩʣʦʚʠʷʭ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʚ ʟʦʥʘʭ ʛʣʫʙʦʢʦ ʧʦʛʨʝʙʝʥʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʙʣʦʢʘʤʠ ʜʦʢʝʤʙʨʠʡʩʢʠʭ, 
ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʇʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʦʡ ʩʦʣʝʥʦʩʥʦʩʪʠ 
ʥʘʜʚʠʛʦʚʳʭ ʠ ʧʦʜʥʘʜʚʠʛʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ ʚʦ ʤʥʦʛʦʤ ʩʭʦʜʥʳ 
ʩ ʧʨʦʙʣʝʤʘʤʠ ʠʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʦʩʪʘʚʠʣʠ 
ʦʜʥʦ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ. 

ʅʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʩʦʣʝʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ 
ʜʦʤʠʥʠʨʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʠʧʳ ʩʦʣʷʥʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʦʨʪʦʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʜʝʬʦʨʤʘʮʠʡ ʩʦʣʷʥʳʭ ʪʝʣ ʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʠʭ ʩʤʝʥʳ. ʅʘ 
ʨʠʬʪʦʚʦʡ ʩʪʘʜʠʠ ʧʨʝʦʙʣʘʜʘʝʪ ʜʠʘʧʠʨʠʟʤ, ʥʘ ʧʘʩʩʠʚʥʦʦʢʨʘʠʥʥʦʡ ʠ ʦʩʦʙʝʥʥʦ ʥʘ 
ʨʘʥʥʝʩʫʙʜʫʢʮʠʦʥʥʦʡ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʧʨʠʦʙʨʝʪʘʝʪ ʩʦʣʷʥʦʪʝʢʪʦʥʠʯʝʩʢʦʝ 
ʧʦʢʨʦʚʦʦʙʨʘʟʦʚʘʥʠʝ. ɸʢʪʠʚʥʳʝ ʦʨʪʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʦʩʘʜʦʯʥʳʭ ʩʝʨʠʡ, 
ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʭʦʜʝ ʘʢʢʨʝʮʠʦʥʥʦ-ʢʦʣʣʠʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʦʢʨʦʚʥʦ-ʩʢʣʘʜʯʘʪʳʭ ʩʠʩʪʝʤ, ʚʝʜʫʪ ʢ ʤʘʩʩʦʚʦʤʫ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʚʳʞʠʤʘʥʠʶ 
ʨʘʩʩʦʣʴʥʦ-ʩʦʣʷʥʳʭ ʤʘʩʩ, ʚʧʣʦʪʴ ʜʦ ʩʦʭʨʘʥʝʥʠʷ ʥʘ ʤʝʩʪʘʭ ʠʭ ʙʳʣʦʛʦ ʟʘʣʝʛʘʥʠʷ 
ʣʠʰʴ çʩʦʣʷʥʳʭ ʰʚʦʚè, ʬʨʘʛʤʝʥʪʦʚ ʩʣʦʝʚ ʤʘʪʝʨʠʥʩʢʠʭ ʩʦʣʝʡ, ʦʪʜʝʣʴʥʳʭ ʙʦʣʝʝ 
ʤʦʱʥʳʭ ʦʩʪʘʪʦʯʥʳʭ ʙʣʦʢʦʚ. ʃʫʯʰʝ ʩʦʭʨʘʥʷʶʪʩʷ ʪʝʣʘ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʧʘʨʘʛʝʥʥʳʭ 
ʩʦʣʷʤ ʧʦʨʦʜ (ʘʥʛʠʜʨʠʪʦʚ, ʜʦʣʦʤʠʪʦʚ ʠ ʜʨ.). ʅʘ ʧʫʪʷʭ ʤʠʛʨʘʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 
ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʲʝʢʮʠʦʥʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳ ï ʚʪʦʨʠʯʥʳʝ ʠ ʪʨʝʪʠʯʥʳʝ 
çʩʦʣʷʥʳʝ ʰʚʳè, ʧʝʨʝʤʝʱʝʥʥʳʝ ʙʣʦʢʠ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʠʥʲʝʢʮʠʦʥʥʦ-
ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʚʥʝʜʨʝʥʠʷ ʠ ʜʨ.  

ʆʜʥʦ ʠʟ ʚʘʞʥʳʭ ʩʣʝʜʩʪʚʠʡ ʤʘʩʩʦʚʦʡ ʵʤʠʛʨʘʮʠʠ ʨʘʩʩʦʣʴʥʦ-ʩʦʣʷʥʳʭ ʤʘʩʩ 
ʚ ʭʦʜʝ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ð ʦʪʚʝʪʥʘʷ ʩʦʤʘʩʰʪʘʙʥʘʷ ʘʢʢʫʤʫʣʷʮʠʷ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʠʭ ʯʘʩʪʠ ʚ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʜʝʧʨʝʩʩʠʷʭ ʥʘ ʙʦʣʝʝ ʤʦʣʦʜʳʭ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʦʚʳʭ ʛʝʥʝʨʘʮʠʡ ʩʦʣʷʥʳʭ ʪʝʣ. ʕʪʠ 
ʧʨʦʮʝʩʩʳ ʧʨʦʷʚʣʷʶʪʩʷ ʫʞʝ ʚ ʭʦʜʝ ʘʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʦʣʷʥʦʡ ʪʝʢʪʦʥʠʢʠ, ʬʦʨʤʠʨʫʷ 
ʘʣʣʦʭʪʦʥʥʳʝ ʧʦʢʨʦʚʦʦʙʨʘʟʥʳʝ ʩʦʣʷʥʳʝ ʪʝʣʘ, ʘ ʚ ʬʘʟʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʝʨʝʩʪʨʦʝʢ 
ʜʦʩʪʠʛʘʶʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʤʘʩʰʪʘʙʦʚ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ 
ʙʘʩʩʝʡʥʘʭ ʚʦʟʥʠʢʘʶʪ ʩʦʣʷʥʳʝ ʪʝʣʘ ʥʝ  çʯʠʩʪʦè ʦʩʘʜʦʯʥʦʡ, ʘ ʠʥʲʝʢʮʠʦʥʥʦ-
ʦʩʘʜʦʯʥʦʡ (ʨʝʮʠʢʣʠʥʛʦʚʦʡ) ʧʨʠʨʦʜʳ [1]. ʆʥʠ ʠʤʝʶʪ ʧʣʘʩʪʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ 
ʠ ʩʫʙʩʦʛʣʘʩʥʳʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ ʩ ʚʤʝʱʘʶʱʠʤʠ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ. ɸ ʵʪʦ ʩʪʘʚʠʪ ʟʘʜʘʯʫ ʚʢʣʶʯʝʥʠʷ ʩʧʦʩʦʙʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʪʝʣ 
ʚ ʦʙʱʫʶ ʩʠʩʪʝʤʫ ʤʦʜʝʣʝʡ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ. 

ɼʣʷ ʚʩʝʭ  ʪʠʧʦʚ ʛʣʫʙʦʢʦ ʧʦʛʨʫʞʝʥʥʳʭ ʩʦʣʝʡ, ʦʩʦʙʝʥʥʦ ʦʨʪʦʪʝʢʪʦʥʠʯʝʩʢʦʡ 
ʛʨʫʧʧʳ, ʚʝʨʦʷʪʥʦ ʫʯʘʩʪʠʝ ʚ ʵʥʜʦʛʝʥʥʳʭ (ʤʘʛʤʘʪʠʯʝʩʢʠʭ, ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ, 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ) ʧʨʦʮʝʩʩʘʭ ʠ ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʧʝʪʨʦʣʦʛʠʯʝʩʢʫʶ, ʛʝʦʭʠʤʠʯʝʩʢʫʶ 
ʠ ʨʫʜʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ʏʘʩʪʠʯʥʦ ʵʪʠ ʚʦʧʨʦʩʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [2]. 
 
ʃʀʊɽʈɸʊʋʈɸ 
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// ʃʠʪʦʩʬʝʨʘ. ï 2017. ï ̄  17(3). ï C. 5-28. 
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ʩʦʣʷʥʦ-ʱʝʣʦʯʥʳʝ ʘʩʩʦʮʠʘʮʠʠ / ɻ.ɸ. ɹʝʣʝʥʠʮʢʘʷ // ʃʠʪʦʩʬʝʨʘ. ï 2018. ï ̄  18(2). ï ʉ. 153-176. 
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ʊɽʈʈʀɻɽʅʅʆ-ɼʀɸɻɽʅɽʊʀʏɽʉʂʀʍ ʇʆʃɽɿʅʓʍ ʀʉʂʆʇɸɽʄʓʍ 

ʈʆʉʉʀʀ 
 

ʇ.ɽ. ɹʝʣʦʫʩʦʚ1, ʅ.ʄ. ʏʫʧʘʣʝʥʢʦʚ2, ɺ.ɺ. ʂʨʫʧʩʢʘʷ1,3 
 

1
ʌɻɹʋ ʀɻɽʄ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʌɻɹʋ ɺʀʄʉ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3
ʄɻʋ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʢʨʘʪʢʦʤʫ ʦʙʟʦʨʫ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ, 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʨʘʟʤʝʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʝ ʪʝʨʨʠʛʝʥʥʦ-
ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʈʦʩʩʠʠ, ʥʘ ʧʨʠʤʝʨʝ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʠ 
ʮʝʦʣʠʪʘ. 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʟʘʧʘʩʳ ʙʝʥʪʦʥʠʪʦʚʦʡ ʛʣʠʥʳ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ 189 ʤʣʥ.ʪ. 
ʧʦ ʢʘʪʝʛʦʨʠʠ A+B+C1 ʠ 146 ʤʣʥ.ʪ. ʧʦ ʢʘʪʝʛʦʨʠʠ ʉ2 (ʪʘʙʣ .1). ʉʫʤʤʘʨʥʘʷ ʜʦʙʳʯʘ ʟʘ 
2017 ʛʦʜ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 700 ʪʳʩ. ʪʦʥʥ. [1-3] ɺ ʧʣʘʥʝ ʛʝʥʝʟʠʩʘ, ʚ ʈʦʩʩʠʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʙʝʥʪʦʥʠʪʳ ʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 
ʩʪʝʧʝʥʠ ʵʣʶʚʠʘʣʴʥʳʝ.  ʇʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʦʯʥʳʭ ʙʝʥʪʦʥʠʪʦʚ ʜʦʚʦʣʴʥʦ 
ʩʣʦʞʥʳʡ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʳʤʳʚʘʥʠʝ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʧʝʨʚʠʯʥʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ ʠ 
ʢʦʣʣʦʠʜʥʦ-ʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʟʦʥ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʠ 
ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʚ ʙʘʩʩʝʡʥʳ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʂ ʜʘʥʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʥʪʦʥʠʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ (ɹʠʢʣʷʥʩʢʦʝ, 
ɹʝʨʝʟʦʚʩʢʦʝ, ɿʳʨʷʥʩʢʦʝ, ʀʞʙʝʨʜʠʥʩʢʦʝ, ʉʘʨʘʡʙʘʰʩʢʦʝ, ʅʠʢʦʣʴʩʢʦʝ, ʄʘʡʜʘʥ-
ɹʝʥʪʦʥʠʪʦʚʦʝ ʠ ʜʨ.). ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʪʠʧʘ ʩʚʷʟʘʥʳ ʩ ʜʨʝʚʥʠʤʠ ʧʣʠʪʘʤʠ, 
ʧʣʘʪʬʦʨʤʘʤʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʛʦʨʥʳʤʠ ʧʨʦʛʠʙʘʤʠ, ʚ ʵʧʦʭʫ ʩʪʘʙʠʣʠʟʘʮʠʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʜʚʠʞʝʥʠʡ. 

 
ʊʘʙʣʠʮʘ 1  

ʄʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʙʝʥʪʦʥʠʪʘ ʠ ʮʝʦʣʠʪʘ ʈʦʩʩʠʠ 
ʇʦʣʝʟʥʦʝ 
ʠʩʢʦʧʘʝʤʦʝ 

ɿʘʧʘʩʳ 
ʢʘʪ. ABC1, 
ʤʣʥ.ʪ 

ɿʘʧʘʩʳ 
ʢʘʪ. C2, 
ʤʣʥ. ʪ 

ʂʦʣʠʯʝʩʪʚʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʥʘ ʙʘʣʘʥʩʝ 

ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʆʙʱʘʷ ʛʦʜʦʚʘʷ 
ʜʦʙʳʯʘ, ʪʳʩ.ʪ. 

ʎʝʦʣʠʪ 594 799 18 6 66,9 

ɹʝʥʪʦʥʠʪ 189 146 37 8 700 

 
ɼʣʷ ʙʝʥʪʦʥʠʪʦʚ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʦ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ 

ʩʳʨʴʷ ʠ ʩʣʦʞʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʆʥʠ ʬʦʨʤʠʨʫʶʪʩʷ ʧʫʪʝʤ 
ʧʦʜʚʦʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʝʧʣʦʚ ʚ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ 
ʧʨʠʙʨʝʞʥʳʭ ʯʘʩʪʝʡ ʤʦʨʝʡ ʠ ʦʟʝʨ. ɺʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʷʟʘʥʳ 
ʩʦ ʩʢʣʘʜʯʘʪʳʤʠ ʧʦʷʩʘʤʠ ʠ ʧʨʝʜʛʦʨʥʳʤ ʧʨʦʛʠʙʘʤʠ (ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ 
ʦʨʦʛʝʥʳ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʠʤ ʢʨʘʝʚʳʝ ʯʘʩʪʠ ʧʣʘʪʬʦʨʤ ʥʘ ʤʦʨʩʢʦʤ ʰʝʣʴʬʝ ʠ 
ʦʟʝʨʘʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ) ʚ ʧʝʨʠʦʜ ʘʢʪʠʚʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ [5]. ʆʙʳʯʥʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʪʠʧʘ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʦʛʝʥ-ʧʘʣʝʦʛʝʥʦʚʦʤʫ 
ʚʦʟʨʘʩʪʫ, ʨʝʞʝ ʤʝʣʦʚʦʤʫ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʤʫ. 

ɿʘʯʘʩʪʫʶ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʛʝʥʝʟʠʩʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 
ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳ ʩ ʫʛʦʣʴʥʳʤʠ ʙʘʩʩʝʡʥʘʤʠ ʠ ʦʙʨʘʟʫʶʪ ʙʝʥʪʦʥʠʪʦʥʦʩʥʳʝ 
ʧʨʦʚʠʥʮʠʠ. ʉʚʷʟʴ ʤʝʞʜʫ ʙʝʥʪʦʥʠʪʦʚʳʤʠ ʛʣʠʥʘʤʠ ʠ ʫʛʣʝʥʦʩʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 
ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʫʩʣʦʚʠʷ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʫʛʣʝʡ ʷʚʣʷʶʪʩʷ 
ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʥʪʦʥʠʪʦʚʳʭ ʟʘʣʝʞʝʡ. ʅʘʣʠʯʠʝ ʢʠʩʣʦʛʦ 
ʚʫʣʢʘʥʠʟʤʘ ʚ ʨʝʛʠʦʥʝ ʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʫʛʦʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʷʚʣʷʝʪʩʷ 
ʧʦʪʝʥʮʠʘʣʴʥʦ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-
ʦʩʘʜʦʯʥʳʭ ʙʝʥʪʦʥʠʪʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʧʨʦʚʠʥʮʠʡ ʷʚʣʷʶʪʩʷ ʨʝʩʧ. 
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ʍʘʢʘʩʠʷ (ʤ-ʝ 10-ʡ ʍʫʪʦʨ), ʦ-ʚ ʉʘʭʘʣʠʥ (ʊʠʭʤʝʥʝʚʩʢʦʝ ʤ-ʝ), ʍʘʙʘʨʦʚʩʢʠʡ (ʋʨʛʘʣʴʩʢʦʝ 
ʤ-ʝ) ʠ ʇʨʠʤʦʨʩʢʠʡ (ɿʝʨʢʘʣʴʥʦʝ ʤ-ʝ) ʢʨʘʡ.  

ʆʨʠʝʥʪʠʨʦʚʦʯʥʳʝ ʟʘʧʘʩʳ ʮʝʦʣʠʪʘ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ  594 ʤʣʥ.ʪ. ʧʦ 
ʢʘʪʝʛʦʨʠʠ A+B+C1 ʠ 799 ʤʣʥ.ʪ. ʧʦ ʢʘʪʝʛʦʨʠʠ ʉ2 (ʪʘʙʣ. 1). ʈʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ 
ʧʨʠʨʦʜʥʳʭ ʮʝʦʣʠʪʦʚ ʨʘʩʧʨʝʜʝʣʝʥʳ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʂ ʢʨʫʧʥʝʡʰʝʡ ʩʳʨʴʝʚʦʡ 
ʙʘʟʝ ʮʝʦʣʠʪʦʚ ʦʪʥʦʩʠʪʩʷ ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʢʨʘʡ (85% ʚʩʝʭ ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ) ʩ 
ʐʠʚʳʨʪʫʡʩʢʠʤ ʠ ʍʦʣʠʥʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ [5]. 

ʎʝʦʣʠʪʳ ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜ 
ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʘʛʝʥʝʟʘ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʥʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, 
ʮʝʦʣʠʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʪʨʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʘ: ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʡ, 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʠ ʦʩʘʜʦʯʥʳʡ. ʎʝʦʣʠʪʳ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʪʠʧʘ ʦʙʨʘʟʫʶʪʩʷ 
ʚ ʫʩʣʦʚʠʷʭ ʤʦʨʩʢʠʭ ʠ ʦʟʝʨʥʳʭ ʙʘʩʩʝʡʥʦʚ ʥʘ ʩʪʘʜʠʠ ʜʠʘʛʝʥʝʟʘ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʘʤ 
ʢʨʘʝʚʳʭ ʧʣʘʪʬʦʨʤ, ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ʠ ʦʙʣʘʩʪʷʤ ʘʢʪʠʚʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ. 
ʎʝʦʣʠʪʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ ʬʦʨʤʠʨʫʶʪʩʷ ʜʝʡʩʪʚʠʝʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 
(ʜʦ 100ʦʉ) ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʧʦʷʩʘʤ 
ʧʨʠʞʝʨʣʦʚʳʭ ʟʦʥ ʠ ʨʠʬʪʦʛʝʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ, ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʩʢʣʦʥʘʭ 
ʧʘʣʝʦʚʫʣʢʘʥʦʚ. ɼʣʷ ʦʩʘʜʦʯʥʦʛʦ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʮʝʦʣʠʪʦʚ ʭʘʨʘʢʪʝʨʥʦ 
ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʤʦʨʩʢʠʭ,  ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʙʘʩʩʝʡʥʘʭ ʩʦ ʩʧʦʢʦʡʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 
ʦʙʩʪʘʥʦʚʢʦʡ, ʚ ʫʩʣʦʚʠʷʭ ʛʫʤʠʜʥʦʛʦ ʠʣʠ ʧʦʣʫʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ [5].   

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʥʪʦʥʠʪʦʚ ʠ ʮʝʦʣʠʪʦʚ ʩʭʦʞ, ʢʘʢ 
ʧʦ ʩʦʩʪʘʚʫ ʤʘʪʝʨʠʥʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʧʦ ʫʩʣʦʚʠʷʤ. ɿʘʯʘʩʪʫʶ, ʮʝʦʣʠʪʦʚʳʝ ʠ 
ʙʝʥʪʦʥʠʪʦʚʳʝ ʧʦʨʦʜʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʜʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʜʘʞʝ ʚ 
ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʘʣʶʤʦ-ʢʨʝʤʥʠʩʪʦʛʦ ʛʝʣʷ ʷʚʣʷʝʪʩʷ ʨʅ ʨʘʩʪʚʦʨʘ (ʪʘʙʣ. 2). ɺ ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ 
(ʨʅ 7.5-8.0), ʦʙʨʘʟʫʶʪʩʷ ʤʠʥʝʨʘʣʳ ʩʤʝʢʪʠʪʦʚʦʡ ʛʨʫʧʧʳ, ʘ ʧʨʠ ʨʅ 8-9 - ʦʙʨʘʟʫʶʪʩʷ 
ʤʠʥʝʨʘʣʳ ʮʝʦʣʠʪʦʚʦʡ ʛʨʫʧʧʳ [5]. 

 

ʊʘʙʣʠʮʘ 2  
ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʚʘʞʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʝʥʪʦʥʠʪʘ ʠ ʮʝʦʣʠʪʘ 
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ʎʝʦʣʠʪ ʍʦʣʠʥʩʢʦʛʦ ʤ-  ̫ 37.9 13.4 8.6 5.5  2.6 27.5  4.5 

ɹʝʥʪʦʥʠʪ ʤ-ʷ 10ʡ ʍʫʪʦʨ   73  1.2 14,2  3 8,6 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ 

(ʧʨʦʝʢʪ ˉ 18-77-00015).  
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ɸʃʗʈʄɸʋʊʉʂʆɻʆ ʇʆɼʅʗʊʀʗ ɿɸʇɸɼʅʆʁ ʏʋʂʆʊʂʀ 
 

ɺ.ʕ. ɹʝʣʦʰʝʡ, ʄ.ʀ. ʊʫʯʢʦʚʘ 

 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʏʫʢʦʪʩʢʦʤ ʘʚʪʦʥʦʤʥʦʤ ʦʢʨʫʛʝ, ʚ 
ɹʠʣʠʙʠʥʩʢʦʤ ʨʘʡʦʥʝ. ʊʝʢʪʦʥʠʯʝʩʢʠ ʪʝʨʨʠʪʦʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ ɺʝʨʭʦʷʥʦ-ʏʫʢʦʪʩʢʦʡ 
ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ, ɸʥʶʡʩʢʦ-ʏʫʢʦʪʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʝ. ɹʣʦʢʠ ʚʝʨʭʥʝʜʝʚʦʥʩʢʦ-
ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʧʦʨʦʜ ʠ ʬʨʘʛʤʝʥʪʳ ʠʭ ʨʘʟʨʝʟʦʚ ʦʙʥʘʞʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 
ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʥʷʪʠʡ ʠ ʥʘ ʰʝʣʴʬʝ ʏʫʢʦʪʩʢʦʛʦ ʤʦʨʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʤʝʪʘʤʦʨʬʠʟʠʨʦʚʘʥʥʳʝ ʜʦ ʵʧʠʜʦʪ-
ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ [2] ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʠ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ 
ɸʣʷʨʤʘʫʪʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ɸʥʶʡʩʢʦʛʦ ʩʫʙʪʝʨʨʝʡʥʘ. ɺ ʧʨʝʜʝʣʘʭ ʧʦʜʥʷʪʠʷ 
ʧʘʣʝʦʟʦʡʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʝʡ 
ʚʝʨʭʥʝʜʝʚʦʥʩʢʦ-ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʘ ʣʶʧʚʝʝʤʩʢʫʶ 
ʪʦʣʱʫ (D3-C1lp) ʠ ʚʝʨʥʠʪʘʢʘʡʚʝʝʤʩʢʫʶ ʩʚʠʪʫ (ʉ1vr). 

ɺʝʨʭʥʠʡ ʦʪʜʝʣ ʜʝʚʦʥʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʥʠʞʥʠʡ ʦʪʜʝʣ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ 
ʦʙʲʝʜʠʥʝʥʳ ʚ ʣʶʧʚʝʝʤʩʢʫʶ ʪʦʣʱʫ (D3-C1lp), ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʤʘʩʩʠʚʥʳʤʠ ʩʠʣʴʥʦ 
ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʠ ʦʛʥʝʡʩʦʚʘʥʥʳʤʠ ʢʚʘʨʮʝʚʦ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ 
c ʧʨʦʩʣʦʷʤʠ ʢʚʘʨʮʠʪʦʚ. ʆʙʱʘʷ ʚʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ 730 ʤ, ʧʦʜʦʰʚʘ ʚ 
ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʠʛʜʝ ʥʝ ʦʙʥʘʞʘʝʪʩʷ [3-5]. 

ɺʝʨʥʠʪʘʢʘʡʚʝʝʤʩʢʘʷ ʩʚʠʪʘ (ʉ1vr) ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ ʣʶʧʚʝʝʤʩʢʦʡ ʪʦʣʱʝ, ʦʪ 
ʢʦʪʦʨʦʡ ʦʪʣʠʯʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ [1] ʠ ʘʤʬʠʙʦʣʦʚʦ-
ʧʠʨʦʢʩʝʥʦʚʳʭ ʩʣʘʥʮʝʚ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʚʠʪʳ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʧʦʷʚʣʝʥʠʶ ʧʝʨʚʳʭ 
ʧʨʦʩʣʦʝʚ ʠʟʚʝʩʪʥʷʢʦʚ ʩ Lonsdaleia cf. Floriformis Mart ʠ L. Floriformis var. 
Septentrionalis Gorsky [4]. ʀʩʢʦʧʘʝʤʳʝ ʢʦʨʘʣʣʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʫʨʥʝʡʩʢʦ-
ʚʠʟʝʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʦʪʣʦʞʝʥʠʡ. ʇʦʟʜʥʝʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʬʘʫʥʠʩʪʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ 
ʢʦʨʘʣʣʦʚ Siphonodendron irregulare ʠʣʠ S. Martini, ʢʦʪʦʨʳʝ ʙʳʣʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 
ʧʦʟʜʥʝʚʠʟʝʡʩʢʠʡ ʚʦʟʨʘʩʪ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ (ʦʧʨʝʜʝʣʝʥʠʝ ʆ.ɺ. ʂʦʩʩʦʚʦʡ, ɺʉɽɻɽʀ) 
[7]. ʅʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʣʦʞʝʥʠʷ ʩʚʠʪʳ ʩʠʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ. 
ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ.ʃʶʧʚʝʝʤ ʠ ʚ 
ʙʘʩʩʝʡʥʝ ʨ.ʂʠʪʝʧʚʝʝʤ ʚʙʣʠʟʠ ʢʨʫʧʥʳʭ ʠʥʪʨʫʟʠʚʦʚ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ 395 ʤ. ʅʘ 
ʚʝʨʥʠʪʘʢʘʡʚʝʝʤʩʢʦʡ ʩʚʠʪʝ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʶʪ ʦʪʣʦʞʝʥʠʷ ʪʨʠʘʩʘ 
(ʢʵʧʝʨʚʝʝʤʩʢʘʷ ʩʚʠʪʘ). 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ ʠʟʫʯʝʥʠʷ 
ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʘʣʝʦʟʦʷ [5] ʠ ʫʪʦʯʥʝʥʠʶ ʠʭ ʛʨʘʥʠʮ ʚ ɸʣʷʨʤʘʫʪʩʢʦʤ 
ʧʦʜʥʷʪʠʠ. ʅʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʧʝʪʨʦʛʨʘʬʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʠʟʦʪʦʧʠʠ ʜʝʚʦʥ-
ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ɸʣʷʨʤʘʫʪʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʢʘʢ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʶʧʚʝʝʤʩʢʦʡ ʪʦʣʱʠ, ʪʘʢ 
ʧʝʨʝʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ 
ʏʫʢʦʪʢʠ. 

ɺ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʝʨʝʩʤʦʪʨʝʥʳ ʤʘʪʝʨʠʘʣʳ 
ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (ʥʘʭʦʜʢʠ ʬʘʫʥʳ, ʜʘʪʠʨʦʚʢʠ, ʦʧʠʩʘʥʥʳʝ ʨʘʟʨʝʟʳ ʠ 
ʧʘʣʝʦʨʝʢʦʥʩʪʨʫʢʮʠʠ). ʇʦʟʜʥʝʝ ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʠʥʝʨʘʣʦʛʦ-
ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 9 ʦʙʥʘʞʝʥʠʡ ʚʝʨʭʥʝʜʝʚʦʥʩʢʦ-
ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 
ʧʨʝʜʝʣʘʭ ʧʦʜʥʷʪʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʥʦʚʳʭ ʜʘʥʥʳʭ ʜʣʷ ɸʣʷʨʤʘʫʪʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʩʜʝʣʘʥ 
ʚʳʚʦʜ ʦ ʧʝʨʝʩʤʦʪʨʝ ʛʨʘʥʠʮ ʤʝʞʜʫ ʣʶʧʚʝʝʤʩʢʦʡ ʪʦʣʱʝʡ ʠ ʚʝʨʥʠʪʘʢʘʡʚʝʝʤʩʢʦʡ 
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ʩʚʠʪʦʡ, ʫʪʦʯʥʝʥ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʶʧʚʝʝʤʩʢʦʡ ʪʦʣʱʠ ʠ ʚʝʨʥʠʪʘʢʘʡʚʝʝʤʩʢʦʡ 
ʩʚʠʪʳ, ʪʘʢʞʝ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦʙ ʫʩʣʦʚʠʷʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ 
ʨʝʞʠʤʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 18-05-
70061. ʉʦʪʨʫʜʥʠʢʠ ɻʀʅ ʈɸʅ ʦʙʝʩʧʝʯʝʥʳ ʙʘʟʦʚʳʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʟʘ ʩʯʝʪ 
ʩʫʙʩʠʜʠʠ ʧʦ ʪʝʤʝ ˉ 0135-2016-0022. 
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ɽ.ɺ. ɹʝʣʷʝʚ 
 

ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
 

ʂʘʚʢʘʟʩʢʘʷ ʧʨʦʚʠʥʮʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʂʘʚʢʘʟʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ (ʘʢʢʨʝʮʠʦʥʥʦ-
ʢʦʣʣʠʟʠʦʥʥʦʡ) ʦʙʣʘʩʪʠ, ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʩʦʩʪʦʠʪ ʠʟ ʮʝʣʦʛʦ ʨʷʜʘ 
ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʭ ʟʦʥ: ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʡ, ɿʘʧʘʜʥʦ-ʂʘʚʢʘʟʩʢʦʡ, ɻʣʘʚʥʦʛʦ ʍʨʝʙʪʘ 
ʠ ʜʨ., ï ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 10 ʧʦʜʟʦʥ. 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʘʷ ʟʦʥʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 3 ʧʦʜʟʦʥʳ: ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʡ 
ʄʦʥʦʢʣʠʥʘʣʠ, ʃʘʙʠʥʦ-ʄʘʣʢʠʥʩʢʫʶ, ʇʝʨʝʜʦʚʦʛʦ ʍʨʝʙʪʘ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʩʣʦʞʝʥʘ 
ʦʪʣʦʞʝʥʠʷʤʠ ʤʝʨʛʝʣʴʥʦ-ʠʟʚʝʩʪʥʷʢʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʂ2-P1mi), ʢ ʢʦʪʦʨʦʡ  ʧʨʠʫʨʦʯʝʥʳ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚ, ʘʙʨʘʟʠʚʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʧʠʛʤʝʥʪʦʚ, 
ʮʝʤʝʥʪʥʦʛʦ ʩʳʨʴʷ, ʦʙʣʠʮʦʚʦʯʥʳʭ ʢʘʤʥʝʡ; ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʦʡ ʠ ʛʣʘʫʢʦʥʠʪʦʚʳʭ 
ʧʝʩʯʘʥʠʢʦʚ (ʂ1) ï ʤʠʥʝʨʘʣʴʥʳʭ ʧʠʛʤʝʥʪʦʚ, ʮʚʝʪʥʳʭ ʢʘʤʥʝʡ; ʢʘʨʙʦʥʘʪʥʦ-
ʵʚʘʧʦʨʠʪʦʚʦʡ ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ (J2-3) ï ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ, ʛʠʧʩʦʚ, 
ʮʝʤʝʥʪʥʦʛʦ ʩʳʨʴʷ, ʮʚʝʪʥʳʭ ʢʘʤʥʝʡ; ʤʝʨʛʝʣʴʥʦ-ʛʣʠʥʠʩʪʦʡ (P1-2mg+gp) ï ʮʝʦʣʠʪʦʚ, 
ʮʝʤʝʥʪʥʦʛʦ ʠ ʢʨʝʤʥʠʩʪʦʛʦ ʩʳʨʴʷ; ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʦʨʤʘʮʠʡ ï 
ʠʟʚʝʩʪʥʷʢʦʚ, ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ, ʛʠʧʩʘ, ʬʘʨʬʦʨʦʚʳʭ, ʦʙʣʠʮʦʚʦʯʥʳʭ, ʮʚʝʪʥʳʭ ʢʘʤʥʝʡ 
ʠ ʢʦʣʣʝʢʮʠʦʥʥʦʛʦ ʩʳʨʴʷ.  

ɺ ʜʘʥʥʦʡ ʧʦʜʟʦʥʝ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʦʙʲʝʜʠʥʝʥʥʳʭ ʬʦʨʤʘʮʠʡ ʤʝʨʛʝʣʴʥʦ-
ʛʣʠʥʠʩʪʦʡ ʠ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩ ʬʦʩʬʦʨʠʪʘʤʠ (P1-2mg-gp) ʘʩʩʦʮʠʠʨʫʶʪ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʩʳʨʴʷ (ʤʝʨʛʝʣʴ), ʙʝʥʪʦʥʠʪʦʚ, ʮʝʦʣʠʪʦʚ, 
ʛʣʠʥ ʘʜʩʦʨʙʮʠʦʥʥʳʭ, ʤʝʣʘ ʠ ʦʙʣʠʮʦʚʦʯʥʳʭ ʢʘʤʥʝʡ; ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʦʡ 
ʠ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ (K1kg+gp) ï ʧʝʩʢʦʚ ʩʪʝʢʦʣʴʥʳʭ ʠ ʬʦʨʤʦʚʦʯʥʳʭ, 
ʠʟʚʝʩʪʥʷʢʦʚ; ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʂ1kt(e) ï ʠʟʚʝʩʪʥʷʢʦʚ, ʛʣʘʫʢʦʥʠʪʦʚ, ʘʙʨʘʟʠʚʦʚ. 
ɺ ʧʦʨʦʜʘʭ ʥʝʨʘʩʯʣʝʥʝʥʥʦʡ ʬʦʨʤʘʮʠʠ ʢʘʨʙʦʥʘʪʥʦ-ʵʚʘʧʦʨʠʪʦʚʦʡ ʠ ʪʝʨʨʠʛʝʥʥʦ-
ʢʘʨʙʦʥʘʪʥʦʡ (J2-3ke+tk) ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʷʚʣʝʥʠʷ ʛʠʧʩʘ, ʙʘʨʠʪʘ, ʠʟʚʝʩʪʥʷʢʦʚ, 
ʜʦʣʦʤʠʪʦʚ, ʦʙʣʠʮʦʚʦʯʥʳʭ ʢʘʤʥʝʡ, ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ 
ʧʠʛʤʝʥʪʦʚ. 

ʃʘʙʠʥʦ-ʄʘʣʢʠʥʩʢʘʷ ʧʦʜʟʦʥʘ ʚʳʧʦʣʥʝʥʘ ʧʦʨʦʜʘʤʠ ʧʝʩʯʘʥʠʢʦʚʦ-ʛʣʠʥʠʩʪʦʡ 
ʩ ʚʫʣʢʘʥʠʪʘʤʠ (J1-2 ʨg), ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʦʡ ʠ ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ ʫʛʣʝʥʦʩʥʦʡ 
(J1ad+dp(u) ʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʥʘ ʧʦʣʝʚʦʰʧʘʪʦʚʦʝ ʩʳʨʴʝ, 
ʦʙʣʠʮʦʚʦʯʥʳʝ ʢʘʤʥʠ, ʤʠʥʝʨʘʣʴʥʳʝ ʧʠʛʤʝʥʪʳ, ʦʛʥʝʫʧʦʨʥʳʝ ʛʣʠʥʳ. C ʯʝʪʚʝʨʪʠʯʥʳʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ (QIII) ʩʚʷʟʘʥʳ ʧʨʦʷʚʣʝʥʠʷ ʤʝʣʢʦʨʘʟʤʝʨʥʦʛʦ ʤʫʩʢʦʚʠʪʘ. ɺ ʧʦʨʦʜʘʭ 
ʥʝʨʘʩʯʣʝʥʝʥʥʦʡ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʦʡ ʠ ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ ʫʛʣʝʥʦʩʥʦʡ 
ʬʦʨʤʘʮʠʠ (J1ad+gp), ʪʝʨʨʠʛʝʥʥʦʡ (D2-3tt) ʣʦʢʘʣʠʟʫʶʪʩʷ ʦʙʲʝʢʪʳ ʦʙʣʠʮʦʚʦʯʥʳʭ 
ʢʘʤʥʝʡ, ʤʠʥʝʨʘʣʴʥʳʭ ʧʠʛʤʝʥʪʦʚ, ʙʘʨʠʪʘ, ʤʝʣʢʦʨʘʟʤʝʨʥʦʛʦ ʤʫʩʢʦʚʠʪʘ, ʛʠʧʩʘ, 
ʮʚʝʪʥʳʭ ʢʘʤʥʝʡ.  

ʄʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʧʦʜʟʦʥʘ ʇʝʨʝʜʦʚʦʛʦ ʍʨʝʙʪʘ ʩʣʘʛʘʝʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ-
ʰʝʣʴʬʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʬʦʨʤʘʮʠʡ ʪʝʨʨʠʛʝʥʥʦʛʦ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ 
ʩ ʚʫʣʢʘʥʠʪʘʤʠ ʩʦʩʪʘʚʘ (ʈ-ʊ1tg/v), ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʝʨʦʮʚʝʪʥʦʡ 
ʬʦʨʤʘʮʠʠ (ʉ1-3ms), ʰʝʣʴʬʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʧʨʦʬʠʣʷ 
(D3-C1tk), ʪʝʨʨʠʛʝʥʥʳʤʠ ʟʘʜʫʛʦʚʦʛʦ ʨʠʬʪʦʛʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ (D2-3tt) ʠ ʦʩʪʨʦʚʦʜʫʞʥʳʤʠ 
ʬʦʨʤʘʮʠʷʤʠ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʧʨʦʬʠʣʷ (D1-2v), ʦʬʠʦʣʠʪʦʚʦʡ ʢʨʝʤʥʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʦ-
ʚʫʣʢʘʥʦʛʝʥʥʦʡ (PZ1ktv) ʬʦʨʤʘʮʠʠ, ʩ ʢʦʪʦʨʳʤʠ ʘʩʩʦʮʠʠʨʫʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʠ ʧʨʦʷʚʣʝʥʠʷ ʦʙʣʠʮʦʚʦʯʥʳʭ ʢʘʤʥʝʡ, ʙʘʨʠʪʘ,  ʘʙʨʘʟʠʚʦʚ, ʪʘʣʴʢʘ ʠ ʘʩʙʝʩʪʘ, ʮʚʝʪʥʳʭ 
ʢʘʤʥʝʡ. ʉ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʬʦʨʤʘʮʠʝʡ (D3-ʉ1tk) ʩʚʷʟʘʥʳ ʦʙʲʝʢʪʳ 
ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʩʳʨʴʷ, ʘʙʨʘʟʠʚʦʚ, ʚʦʣʣʘʩʪʦʥʠʪʘ, ʩ ʢʨʝʤʥʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʦ-
ʚʫʣʢʘʥʦʛʝʥʥʦʡ (D2-3) ï ʙʘʨʠʪʦʚ ʠ ʷʰʤ.  
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ɺ ɿʘʧʘʜʥʦ-ʂʘʚʢʘʟʩʢʦʡ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ ʚʳʜʝʣʝʥʳ ʧʦʜʟʦʥʳ: 
ʅʦʚʦʨʦʩʩʠʡʩʢʦ-ʃʘʟʘʨʝʚʩʢʘʷ, ɸʙʠʥʦ-ɻʫʥʘʡʩʢʘʷ, ʏʚʝʞʝʧʩʠʥʩʢʘʷ, ɻʦʡʪʭʩʢʦ-
ɸʯʠʰʭʠʥʩʢʘʷ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʧʝʨʚʦʡ ʠʟ ʥʠʭ ʜʦʤʠʥʠʨʫʶʪ ʦʙʨʘʟʦʚʘʥʠʷ 
ʬʣʠʰʝʚʦʡ ʪʝʨʨʠʛʝʥʥʦ-ʠʟʚʝʩʪʥʷʢʦʚʦ-ʤʝʨʛʝʣʴʥʦʡ ʬʦʨʤʘʮʠʠ (ʂ2f), ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʳ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚ, ʦʙʣʠʮʦʚʦʯʥʳʭ ʢʘʤʥʝʡ, ʦʧʪʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʪʘ, 
ʩ ʬʣʠʰʦʠʜʥʦʡ ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʥʘʜʬʦʨʤʘʮʠʦʥʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ 
(P1-2fst) ï ʦʧʦʢʠ ʠ ʮʝʦʣʠʪʳ.  

ɺ ɸʙʠʥʦ-ɻʫʥʘʡʩʢʦʡ ʧʦʜʟʦʥʝ ʩ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʪʝʨʨʠʛʝʥʥʦ-ʠʟʚʝʩʪʥʷʢʦʚʦ-
ʤʝʨʛʝʣʠʩʪʦʡ (ʂ1mpg) ʬʦʨʤʘʮʠʠ ʘʩʩʦʮʠʠʨʫʶʪ ʙʝʥʪʦʥʠʪʦʧʦʜʦʙʥʳʝ ʧʦʨʦʜʳ. 
ɺ ʩʪʨʦʝʥʠʠ ʏʚʝʞʠʧʩʠʥʩʢʦʡ ʧʦʜʟʦʥʳ ʫʯʘʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚʦ-
ʤʝʨʛʝʣʠʩʪʦʡ (ʂ1-2im) ʬʦʨʤʘʮʠʠ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʦʙʣʠʮʦʚʦʯʥʳʭ ʢʘʤʥʝʡ. ɻʦʡʪʭʩʢʦ-
ɸʯʠʰʭʠʥʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʧʦʜʟʦʥʘ ʚʳʧʦʣʥʝʥʘ ʦʪʣʦʞʝʥʠʷʤʠ ʪʝʨʨʠʛʝʥʥʦʡ 
ʬʣʠʰʦʠʜʥʦʡ (ʩ ʚʫʣʢʘʥʠʪʘʤʠ) ʬʦʨʤʘʮʠʠ, J2(v) ʩ ʮʝʦʣʠʪʘʤʠ. 

ɺ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ ɻʣʘʚʥʦʛʦ ʭʨʝʙʪʘ ʨʘʟʚʠʪʘ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ 
ʬʦʨʤʘʮʠʷ (J2), ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʳ ʦʙʲʝʢʪʳ ʷʰʤ; ʩ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʡ 
(ʩ ʚʫʣʢʘʥʠʪʘʤʠ) ʬʦʨʤʘʮʠʝʡ (J1-2pg) ï ʢʨʦʚʝʣʴʥʳʭ ʩʣʘʥʮʝʚ, ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ, 
ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ; ʩ ʙʘʟʘʣʴʪʦʚʦʡ (J2b) ï ʦʙʣʠʮʦʚʦʯʥʳʭ ʢʘʤʥʝʡ; ʪʝʨʨʠʛʝʥʥʦ-
ʢʘʨʙʦʥʘʪʥʦʡ ʩ ʚʫʣʢʘʥʠʪʘʤʠ, ʉ3-ʈ2tk(v) ï ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʩʳʨʴʷ ʠ ʦʙʣʠʮʦʚʦʯʥʳʭ 
ʤʨʘʤʦʨʦʚ; ʥʝʨʘʩʯʣʝʥʝʥʥʦʡ ʧʝʩʯʘʥʠʢʦʚʦ-ʛʣʠʥʠʩʪʦʡ ʠ ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚʦʡ (J1-2ad+pg) 
ï ʘʙʨʘʟʠʚʥʦʛʦ ʩʳʨʴʷ, ʦʙʣʠʮʦʚʦʯʥʳʭ ʢʘʤʥʝʡ, ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʤʠʥʝʨʘʣʴʥʳʭ 
ʧʠʛʤʝʥʪʦʚ, ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʦʣʦʢʥʘ; ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʡ 
(ʩ ʚʫʣʢʘʥʠʪʘʤʠ) J1-2pg(v) ï ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ, ʦʙʣʠʮʦʚʦʯʥʳʭ ʠ ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ.  

ɺ ʩʦʩʪʘʚ ɺʦʩʪʦʯʥʦ-ʂʘʚʢʘʟʩʢʦʡ ʟʦʥʳ ʚʢʣʶʯʝʥʘ ʧʦʜʟʦʥʘ ʀʟʚʝʩʪʥʷʢʦʚʦʛʦ 
ɼʘʛʝʩʪʘʥʘ, ʩʣʦʞʝʥʥʘʷ ʦʪʣʦʞʝʥʠʷʤʠ ʤʝʨʛʝʣʴʥʦ-ʛʣʠʥʠʩʪʦʡ (P1-2mg+gp), ʤʝʨʛʝʣʴʥʦ-
ʠʟʚʝʩʪʥʷʢʦʚʦʡ (ʂ2-P1mi), ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʩ ʵʚʘʧʦʨʠʪʘʤʠ ʠ ʮʝʣʝʩʪʠʥʦʤ, 
ʂ1kt(e) ʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʢʘʨʙʦʥʘʪʥʦ-ʵʚʘʧʦʨʠʪʦʚʦʡ ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ (J2-3ke-
tk) ʬʦʨʤʘʮʠʷʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʦʙʲʝʢʪʳ ʮʝʦʣʠʪʦʚ, ʠʟʚʝʩʪʥʷʢʦʚ, ʦʙʣʠʮʦʚʦʯʥʳʭ 
ʢʘʤʥʝʡ, ʛʣʠʥ ʦʛʥʝʫʧʦʨʥʳʭ ʠ ʪʫʛʦʧʣʘʚʢʠʭ, ʜʦʣʦʤʠʪʦʚ, ʛʠʧʩʘ, ʘʙʨʘʟʠʚʦʚ, ʧʝʩʯʘʥʠʢʦʚ. 

ɸʛʚʘʣʠ-ʍʠʚʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʧʦʜʟʦʥʘ ʚʳʧʦʣʥʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʦʙʲʝʜʠʥʝʥʥʦʡ ʢʘʨʙʦʥʘʪʥʦ-ʵʚʘʧʦʨʠʪʦʚʦʡ ʠ ʪʝʨʨʠʛʝʥʥʦ-
ʢʘʨʙʦʥʘʪʥʦʡ ʬʦʨʤʘʮʠʠ (J2-3ke-tk), ʛʣʠʥʠʩʪʦʡ ʬʦʨʤʘʮʠʠ (J2g), ʪʝʨʨʠʛʝʥʥʦʡ 
ʘʩʩʦʮʠʘʮʠʠ (J1-2tmt) ʠ ʛʣʠʥʠʩʪʦʡ (ʩ ʧʝʩʯʘʥʠʢʘʤʠ) ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʡ ʩʫʙʬʦʨʤʘʮʠʠ 
(J1g(p), ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʧʨʦʷʚʣʝʥʠʷ ʢʨʦʚʝʣʴʥʳʭ ʩʣʘʥʮʝʚ, ʧʝʩʯʘʥʠʢʦʚ, 
ʠʟʚʝʩʪʥʷʢʦʚ, ʛʠʧʩʦʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʧʠʛʤʝʥʪʦʚ, ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ɺ ʧʦʨʦʜʘʭ ʥʝʨʘʯʣʝʥʝʥʥʦʡ ʥʠʞʥʝ-ʩʨʝʜʥʝʶʨʩʢʦʡ ʪʝʨʨʠʛʝʥʥʦʡ ʠ ʛʣʠʥʠʩʪʦʡ 
(ʩ ʚʫʣʢʘʥʠʪʘʤʠ) ʬʦʨʤʘʮʠʡ, J1-2pg(v) ʧʦʜʟʦʥʳ ɹʦʢʦʚʦʛʦ ʍʨʝʙʪʘ ʫʩʪʘʥʦʚʣʝʥʳ 
ʧʨʦʷʚʣʝʥʠʷ ʘʙʨʘʟʠʚʥʦʛʦ ʠ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ, ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ.  

ɺ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ ʖʞʥʦʛʦ ʉʢʣʦʥʘ ʨʘʟʚʠʪʳ ʧʦʨʦʜʳ ʧʝʩʯʘʥʠʢʦʚʦ-
ʛʣʠʥʠʩʪʦʡ ʬʦʨʤʘʮʠʠ (J1-2pg), ʚ ʢʦʪʦʨʳʤʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷ ʢʨʦʚʝʣʴʥʳʭ 
ʩʣʘʥʮʝʚ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ 
ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʮʝʣʳʡ ʨʷʜ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 
ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʣʘʥʠʨʦʚʘʥʠʶ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, 
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʠ ʦʩʚʦʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʪʚʝʨʜʳʭ 
ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʨʝʛʠʦʥʘ. 
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ʃʀʊʆʃʆɻʀʗ, ɺɽʑɽʉʊɺɽʅʅʓʁ ʉʆʉʊɸɺ ʀ ʇɽʈʉʇɽʂʊʀɺʓ 
ɼɸʃʔʅɽʁʐɽʁ ʕʂʉʇʃʋɸʊɸʎʀʀ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʄʀʅɽʈɸʃʔʅʓʍ 

ʉʆʃɽʁ ʆɿɽʈʆ ʂʋʏʋʂ (ʈɽʉʇʋɹʃʀʂɸ ɸʃʊɸʁ) 
 

ɽ.ɺ. ɹʝʣʷʝʚ, ʖ.ɺ. ɹʘʪʘʣʠʥ 
 

ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʠ ʙʨʦʤʘ ʆʟʝʨʦ ʂʫʯʫʢ (ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ) 
ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʂʫʯʫʢ-ʂʫʣʫʥʜʠʥʩʢʦʡ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʫʥʠʢʘʣʴʥʳʡ ʧʨʠʤʝʨ ʩʦʚʨʝʤʝʥʥʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʦʣʝʥʘʢʦʧʣʝʥʠʷ. ʕʨʦʟʠʦʥʥʦ-
ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʦʟʝʨʘ ʩʣʦʞʝʥʘ ʦʪʣʦʞʝʥʠʷʤʠ ʪʨʝʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 
ʛʦʨʠʟʦʥʪʦʚ (ʩʥʠʟʫ ʚʚʝʨʭ): ʥʝʦʛʝʥʦʚʦʛʦ (ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʩ ʣʠʥʟʘʤʠ ʠ ʧʨʦʩʣʦʷʤʠ 
ʧʝʩʢʦʚ) ʧʘʚʣʦʜʘʨʩʢʦʡ (N1-2pv) ʠ ʢʫʣʫʥʜʠʥʩʢʦʡ (N2kln) ʩʚʠʪ, ʩʨʝʜʥʝ-
ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ (ʠʣʦʚʘʪʳʝ ʩʫʧʝʩʠ ʠ ʩʫʛʣʠʥʢʠ, ʠʣʠʩʪʳʝ ʧʝʩʢʠ) ʢʘʨʘʩʫʢʩʢʦʡ (QII-

IIIkrs) ʩʚʠʪʳ, ʩʦʚʨʝʤʝʥʥʦʛʦ ʭʝʤʦʛʝʥʥʦʛʦ (chQIV) ʠ ʘʣʣʶʚʠʘʣʴʥʦʛʦ (aQIV). 
ɻʣʘʚʥʳʤ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʠʨʘʙʠʣʠʪ 

(Na2SO4Ŀ10H2O), ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʥʦʚʦʩʘʜʢʠ ʠ ʩʪʘʨʦʩʘʜʢʠ) 
ʠ ʢʦʨʥʝʚʦʡ ʟʘʣʝʞʠ. ɺ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʧʝ ʨʘʟʚʝʜʘʥʳ ʟʘʧʘʩʳ ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, ʘ 
ʪʘʢʞʝ ʭʣʦʨʠʩʪʳʭ ʩʦʣʝʡ ʥʘʪʨʠʷ ʠ ʤʘʛʥʠʷ, ʙʨʦʤʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʧʦʧʫʪʥʳʝ 
ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. 

ʇʦʣʝʟʥʘʷ ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʦʝʤ ʚʳʩʦʢʦʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʨʘʧʳ 
ʤʦʱʥʦʩʪʴʶ ʜʦ 3,4 ʤ (ʚ ʩʨʝʜʥʝʤ 1,3 ʤ) ʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʦʣʷʥʦ-ʠʣʠʩʪʳʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ, ʟʘʣʝʛʘʶʱʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʢʘʨʘʩʫʢʩʢʦʡ ʩʚʠʪʳ. ʇʦ 
ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʩʦʣʷʥʦ-ʠʣʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʯʝʪʳʨʝ 
ʦʩʥʦʚʥʳʝ ʪʦʣʱʠ (ʩʚʝʨʭʫ-ʚʥʠʟ): 

1) ʨʳʭʣʳʝ ʧʦʢʨʦʚʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʥʦʚʦʩʘʜʢʘ, ʩʪʘʨʦʩʘʜʢʘ) ʤʠʨʘʙʠʣʠʪʘ, ʚ 
ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʪʝʥʘʨʜʠʪʘ (Na2SO4), ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ (NaCl), ʠʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʚ 
ʩʨʝʜʥʝʤ 44,54% Na2SO4 ʠ ʠʤʝʶʱʠʝ ʤʦʱʥʦʩʪʴ 0,01-0,60 ʤ (ʚ ʩʨʝʜʥʝʤ 0,2 ʤ); 

2) ʧʣʦʪʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʤʠʨʘʙʠʣʠʪ-ʩʪʝʢʣʝʮ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 2,5 ʤ 
(ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 5,2 ʤ); 

3) ʤʠʨʘʙʠʣʠʪ ʩ ʠʣʦʤ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 0,7 ʤ; 
4) ʠʣ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʤʠʨʘʙʠʣʠʪʘ ʠ ʛʠʧʩʘ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʴʶ 1,8 ʤ. 
ɺ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʝʪʩʷ ʤʠʨʘʙʠʣʠʪ 

(45,4-85,6%). ɺ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ, ʨʘʩʩʯʠʪʘʥʥʦʤ ʯʝʨʝʟ ʘʩʪʨʘʭʘʥʠʪ ʠ ʵʧʩʦʤʠʪ, 
ʫʩʪʘʥʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʝʥʘʨʜʠʪʘ (4,6-25,1%) ʠ ʛʘʣʠʪʘ (7,3-40,6%). 

ʂ ʤʠʨʘʙʠʣʠʪʫ-ʩʪʝʢʣʝʮʫ ʦʪʥʦʩʷʪʩʷ ʩʦʣʷʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ Na2SO4 Ó 
32%, ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ (ʥ.ʦ.) Ò12%. ʄʠʨʘʙʠʣʠʪ ʩ ʠʣʦʤ (ʤʠʨʘʙʠʣʠʪ-ʩʘʛʳʟ) 
ʩʦʜʝʨʞʠʪ ʥ.ʦ. ʚ ʢʦʣʠʯʝʩʪʚʝ 12-50%; ʠʣ ʩ ʤʠʨʘʙʠʣʠʪʦʤ ï Ó50%. 

ɺ ʣʠʪʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʤʠʨʘʙʠʣʠʪ-ʩʪʝʢʣʝʮ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʡ ʘʛʨʝʛʘʪ (ʩʦʜʝʨʞʘʥʠʝ ʠʣʘ ʚ ʩʨʝʜʥʝʤ Ò15%) 
ʨʘʟʦʙʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʘʤʠ 0,5-5,0 ʩʤ, ʨʝʜʢʦ ʜʦ 10 ʩʤ ʩʪʦʣʙʯʘʪʦʛʦ ʠ 
ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ.  

ʂʦʨʥʝʚʘʷ ʟʘʣʝʞʴ, ʚ ʢʦʪʦʨʦʡ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʩʫʣʴʬʘʪʘ 
ʥʘʪʨʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʟʝʨʦ ʂʫʯʫʢ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʨʘʙʠʣʠʪʦʤ-ʩʪʝʢʣʝʮʦʤ. 
ʉʦʣʷʥʘʷ ʟʘʣʝʞʴ ʜʣʠʥʦʡ 16,3 ʢʤ ʠ ʰʠʨʠʥʦʡ 9,3 ʢʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʵʣʣʠʧʩʦʦʙʨʘʟʥʫʶ ʣʠʥʟʫ, ʠʤʝʶʱʫʶ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʦʚʣʠ ʠ ʚʳʧʫʢʣʫʶ ʧʦʜʦʰʚʫ. 
ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʟʘʣʝʞʠ 125 ʢʤ2. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʟʝʨʦ ʂʫʯʫʢ, ʥʘʯʘʪʘʷ ʚ 1961 ʛ., ʧʨʦʠʟʚʦʜʠʪʩʷ 
ʧʫʪʝʤ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʣʝʪʥʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʧʳ ʚ ʩʘʜʦʯʥʳʡ ʙʘʩʩʝʡʥ 
(ʦʟ. ʉʝʣʠʪʨʝʥʥʦʝ). ʉʧʦʩʦʙ ʜʦʙʳʯʠ, ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
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ʆɸʆ çʂʫʯʫʢʩʫʣʴʬʘʪè ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ: ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ, 
ʙʘʩʩʝʡʥʦʚʳʡ ʠ ʛʦʨʥʳʡ (ʢʘʨʴʝʨʥʳʡ). 

1. ɿʘ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʤ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 
ʦʟʝʨʘ ʂʫʯʫʢ ʧʨʦʠʟʦʰʣʠ ʠʟʤʝʥʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʘʢ ʧʨʠʨʦʜʥʳʤʠ, ʪʘʢ ʠ 
ʪʝʭʥʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʨʦʮʝʩʩʳ ʦʩʘʞʜʝʥʠʷ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʣʝʡ, ʘʢʪʠʚʥʦ 
ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʠʟʤʝʥʷʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʣʝʚʦʡ ʩʦʩʪʘʚ ʢʘʢ 
ʨʘʧʳ, ʪʘʢ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʠʥʪʝʛʨʠʨʫʶʪʩʷ ʚ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʘʧʘʩʦʚ ʩʦʣʝʡ ʤʝʞʜʫ ʪʚʝʨʜʦʡ ʠ ʞʠʜʢʦʡ ʬʘʟʘʤʠ. 

2. ɼʣʷ ʩʠʩʪʝʤʥʦʛʦ ʠʟʫʯʝʥʠʷ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʦʟ. ʂʫʯʫʢ, 
ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʧʳ, ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʨʥʝʚʦʡ ʟʘʣʝʞʠ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʩʦʪʨʫʜʥʠʢʘʤʠ ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʙʦʨ ʧʨʦʙ ʨʘʧʳ ʠ 
ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʤʦʱʥʦʩʪʠ, ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʢʦʨʥʝʚʦʡ 
ʣʠʥʟʳ ʤʠʨʘʙʠʣʠʪʘ-ʩʪʝʢʣʝʮʘ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʤʝʨʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʨʘʧʳ, ʝʝ 
ʧʣʦʪʥʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʫʞʘʪ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʜʝʪʘʣʴʥʦʡ 
ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʟʝʨʦ ʂʫʯʫʢ. ʈʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʚʳʧʦʣʥʷʪʴ ʚ ʛʦʜʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʦʙʲʝʤʘ ʨʘʧʳ, ʢʦʛʜʘ ʟʘʧʘʩʳ ʩʫʣʴʬʘʪʘ 
ʥʘʪʨʠʷ ʚ ʥʝʡ ʤʠʥʠʤʘʣʴʥʳ, ʘ ʚ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ï ʤʘʢʩʠʤʘʣʴʥʳ. ʂʦʨʥʝʚʘʷ 
ʟʘʣʝʞʴ ʤʠʨʘʙʠʣʠʪʘ-ʩʪʝʢʣʝʮʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʚʝʜʘʥʘ ʚ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ, ʢʦʛʜʘ 
ʤʦʱʥʦʩʪʴ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʠʥʠʤʘʣʴʥʘ. ɺ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʪʘʢʠʤʠ 
ʛʦʜʘʤʠ ʙʫʜʫʪ 2021-2022 ʛʛ. 

3. ʇʨʠ ʨʘʟʚʝʜʢʝ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʟʝʨʦ ʂʫʯʫʢ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʧʦ ʤʝʪʦʜʠʢʝ, 
ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʦʪʣʦʞʝʥʠʡ ʦʟ. ɹʦʣ. ʗʨʦʚʦʝ (ɸʣʪʘʡʩʢʠʡ ʢʨʘʡ) ʚ ʂʘʟʘʥʩʢʦʤ 
(ʇʨʠʚʦʣʞʩʢʦʤ) ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ (ʃ.ʈ.ʂʦʩʘʨʝʚʘ). 

4. ʉʫʱʝʩʪʚʫʶʱʠʡ ʩʧʦʩʦʙ ʜʦʙʳʯʠ ʤʠʨʘʙʠʣʠʪʘ ʠʤʝʝʪ ʨʷʜ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 
ʬʘʢʪʦʨʦʚ: ʜʚʫʭʛʦʜʠʯʥʳʡ ʮʠʢʣ ʟʘʢʘʯʢʠ ʨʘʧʳ ʚ ʩʘʜʦʯʥʳʡ ʙʘʩʩʝʡʥ, ʧʨʦʚʝʜʝʥʠʝ 
ʪʨʫʜʦʸʤʢʠʭ ʜʨʝʥʘʞʥʳʭ ʨʘʙʦʪ, ʧʨʦʢʣʘʜʢʘ ʠ ʜʝʤʦʥʪʘʞ ʚʨʝʤʝʥʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ 
ʧʫʪʝʡ, ʩʢʣʘʜʠʨʦʚʘʥʠʝ ʤʠʨʘʙʠʣʠʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʣʴʜʦʟʝʨʦʚ, ʧʦʛʨʫʟʢʘ ʝʛʦ 
ʵʢʩʢʘʚʘʪʦʨʘʤʠ ʚ ʜʫʤʧʢʘʨʳ. ɺʦʟʤʦʞʝʥ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʡ ʠ ʤʝʥʝʝ ʪʨʫʜʦ- ʠ 
ʬʠʥʘʥʩʦʚʦʟʘʪʨʘʪʥʳʡ ʩʧʦʩʦʙ ï ʛʠʜʨʦʜʦʙʳʯʘ ʤʠʨʘʙʠʣʠʪʘ. ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ 
ʦʙʦʩʥʦʚʘʥʠʝ ʛʠʜʨʦʜʦʙʳʯʠ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ ʧʦʩʣʝ ʜʝʪʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 
ʨʘʟʚʝʜʢʠ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

5. ʕʬʬʝʢʪʠʚʥʦʝ ʦʩʚʦʝʥʠʝ ʠ ʜʣʠʪʝʣʴʥʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʟʝʨʦ 
ʂʫʯʫʢ ʚʦʟʤʦʞʥʳ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʧʳ ʧʫʪʝʤ ʙʘʩʩʝʡʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 
ʤʠʨʘʙʠʣʠʪʘ ʠ ʛʘʣʠʪʘ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʭʣʦʨʤʘʛʥʠʝʚʳʭ ʨʘʩʩʦʣʦʚ ʚ ʨʘʟʜʝʣʴʥʳʭ 
ʙʘʩʩʝʡʥʘʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ. ʉ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʢʫʯʫʢʩʢʦʡ ʨʘʧʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʩʫʣʴʬʘʪʘ ʥʘʪʨʠʷ, ʩʘʜʦʯʥʦʡ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʠ ʭʣʦʨʤʘʛʥʠʝʚʳʭ ʨʘʩʩʦʣʦʚ 
(ʦʙʦʛʘʱʝʥʥʳʭ ʙʨʦʤʦʤ) ʜʣʷ ʟʘʚʦʜʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʘ ʠ ʚʝʩʴʤʘ 
ʘʢʪʫʘʣʴʥʘ. 

ɺ ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʜʦ 2050 ʛ. ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 
ʨʝʞʠʤʘ ʦʟʝʨʘ ʂʫʯʫʢ ʠ ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʝʜʦʧʨʝʜʝʣʠʪ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʫʶ ʜʦʙʳʯʫ ʩʳʨʴʷ ʧʫʪʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʨʘʙʦʪʢʠ ʢʦʨʥʝʚʦʡ 
ʣʠʥʟʳ ʠ ʨʘʧʳ ʦʟʝʨʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʩʪ ʨʝʘʣʴʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʝʛʦ ʜʣʠʪʝʣʴʥʦʡ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʩʦʭʨʘʥʝʥʠʷ. 
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ɻɽʆʍʀʄʀʗ ʈɸʅʅɽɻʆ ɼʀɸɻɽʅɽɿɸ ʊʆʈʌɸ ɺɽʈʍʆɺʆɻʆ ɹʆʃʆʊɸ 
ɺʓɼʈʀʅʆ (ʖɾʅʆɽ ʇʈʀɹɸʁʂɸʃʔɽ) 

 
ɺ.ɸ. ɹʦʙʨʦʚ1, ɸ.ɽ. ʄʘʣʴʮʝʚ1, ɻ.ɸ. ʃʝʦʥʦʚʘ1, ɺ.ʅ. ʄʝʣʝʥʝʚʩʢʠʡ2, ʄ.ɸ. ʂʣʠʤʠʥ3, 

ɸ.ʉ. ʐʘʚʝʢʠʥ1, ʖ.ʉ. ɺʦʩʝʣʴ1, ʃ.ɺ. ʄʠʨʦʰʥʠʯʝʥʢʦ1, ʉ.ɺ. ɹʦʙʨʦʚ1 
 

1
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

3
ʀʥʩʪʠʪʫʪ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ɼɺʆ ʈɸʅ, ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʆʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʦʣʦʮʝʥʦʚʳʡ ʨʘʟʨʝʟ ʚʝʨʭʦʚʦʛʦ 
ʙʦʣʦʪʘ ɺʳʜʨʠʥʦ (51 29' 664" ʩ.ʰ. ʠ 104 52' 798" ʚ.ʜ.), ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 3-ʭ ʢʠʣʦʤʝʪʨʘʭ 
ʦʪ ʫʩʪʴʷ ʨ. ɺʳʜʨʠʥʦʡ. ʄʦʱʥʦʩʪʴ ʚʩʢʨʳʪʦʡ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʩʦʩʪʘʚʣʷʝʪ 4,4 ʤ, ʘ 
ʚʦʟʨʘʩʪ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 11,3 ʪʳʩ. ʣ. (14ʉ). ʊʦʨʬʷʥʘʷ ʟʘʣʝʞʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʥʝʦʜʥʦʨʦʜʥʳʤ ʙʦʪʘʥʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ʨʠʩ.), ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʣʴʥʦʩʪʠ ʠ ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (Sr, Br, I, Rb, Cu, Zn). 
ʆʩʦʙʝʥʥʦ ʠʥʪʝʨʝʩʝʥ ʠʥʪʝʨʚʘʣ 360ï440 ʩʤ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʘʥʦʤʘʣʴʥʦ 
ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Cu, Zn ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ Rb, Sr ʠ ʟʦʣʴʥʦʩʪʠ, ʥʘ 
ʬʦʥʝ ʧʘʜʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʡʦʜʘ. ʕʪʘ ʯʘʩʪʴ ʪʦʨʬʷʥʦʡ ʪʦʣʱʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ 
ʥʘʯʘʣʝ ʛʦʣʦʮʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʚʣʘʞʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ, ʯʪʦ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʯʘʩʪʦʡ ʩʤʝʥʦʡ ʙʦʪʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʦʨʬʘ. ʇʦ-
ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʘʢʦʧʣʝʥʠʶ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʵʪʘʧʝ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʨʬʷʥʠʢʘ. 

 

 
ʈʠʩʫʥʦʢ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʦʣʦʪʥʳʭ ʚʦʜʘʭ ʠ ʪʦʨʬʝ, ʧʠʨʦʛʨʘʤʤʳ ʪʦʨʬʘ, 
ʦʙʱʘʷ ʯʠʩʣʝʥʥʦʩʪʴ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ (ʆʏʄ) ʠ ʛʝʪʝʨʦʪʨʦʬʥʳʝ ʙʘʢʪʝʨʠʠ (ɻɹ). ɸ) 0ï40 ʩʤ ð ʩʬʘʛʥʦʚʳʡ 
ʪʦʨʬ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʪʘʪʢʦʚ ʢʫʩʪʘʨʥʠʯʢʦʚ ʠ ʪʨʘʚ. ɹ) 40ï180 ʩʤ ð ʪʦʨʬ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʨʘʚʷʥʠʩʪʦʛʦ ʠʣʠ ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʪʨʘʚʷʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʯʘʩʪʠʝʤ 
ʜʨʝʚʝʩʥʳʭ ʠ ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʦʩʪʘʪʢʦʚ. ɺ) 180ï220 ʩʤ ð ʚ ʪʦʨʬʝ ʜʦʤʠʥʠʨʫʶʪ ʦʩʪʘʪʢʠ ʟʝʣʝʥʳʭ ʤʭʦʚ ʩ 
ʥʝʙʦʣʴʰʠʤ ʫʯʘʩʪʠʝʤ ʦʩʪʘʪʢʦʚ ʢʫʩʪʘʨʥʠʯʢʦʚ ʠ ʪʨʘʚ. ɻ) 220ï360 ʩʤ ð ʜʨʝʚʝʩʥʳʡ ʪʦʨʬ ʩ ʧʨʦʩʣʦʷʤʠ 
ʪʨʘʚʷʥʠʩʪʦʛʦ ʪʦʨʬʘ. ɼ) 360ï440 ʩʤ ð ʩʣʦʠʩʪʳʡ ʪʦʨʬ ʩ ʠʟʤʝʥʯʠʚʳʤ ʩʦʩʪʘʚʦʤ. ɺʳʜʝʣʷʶʪʩʷ 
ʤʘʣʦʤʦʱʥʳʝ ʧʨʦʩʣʦʠ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʦʩʪʘʪʢʠ ʣʠʙʦ ʜʨʝʚʝʩʥʳʭ, ʣʠʙʦ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ, 
ʘ ʪʘʢʞʝ ʩʬʘʛʥʦʚʳʭ, ʠʥʦʛʜʘ ʛʠʧʥʦʚʳʭ ʤʭʦʚ. 
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ɸʥʘʣʠʟ ʬʦʨʤ ʧʠʨʦʛʨʘʤʤ (ʩʧʝʢʪʨʦʚ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ) ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 
ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ) ʪʦʨʬʦʚ. ɼʘʥʥʳʝ ʧʠʨʦʣʠʟʘ ʧʦʜʪʚʝʨʞʜʘʶʪ 
ʠʟʤʝʥʝʥʠʝ ʙʦʪ. ʩʦʩʪʘʚʘ ʪʦʨʬʘ ʧʦ ʨʘʟʨʝʟʫ. ʊʘʢʞʝ ʬʦʨʤʳ ʧʠʨʦʛʨʘʤʤ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
ʩ ʛʣʫʙʠʥʦʡ ʆɺ ʪʦʨʬʷʥʠʢʘ ʪʝʨʷʝʪ ʣʘʙʠʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʧʠʢʘʤʠ S1, ʢʦʪʦʨʳʝ ʦʪʤʝʯʘʶʪʩʷ ʚ ʚʝʨʭʥʠʭ ʠʥʪʝʨʚʘʣʘʭ. ɺ 
ʧʦʜʩʪʠʣʘʶʱʠʭ ʪʦʨʬ ʦʪʣʦʞʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʞʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʠʢʠ S2, 
ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʝʨʦʛʝʥʘ (ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ), ʯʪʦ 
ʛʦʚʦʨʠʪ ʦ ʛʣʫʙʦʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʆɺ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʟʜʝʩʴ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʝʝ çʜʨʝʚʥʝʝè, ʟʨʝʣʦʝ ʆɺ (ʯʝʤ ʚ ʤʘʪʝʨʠʘʣʝ ʪʦʨʬʘ) ʫʞʝ ʧʨʦʰʝʜʰʝʝ 
ʨʷʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʜʠʘʛʝʥʝʟʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʜʠʘʛʝʥʝʟʘ, ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 
ʧʨʦʠʩʭʦʜʠʪ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʦʣʦʪʥʳʭ ʚʦʜ. ʉ ʛʣʫʙʠʥʦʡ ʚ ʥʠʭ 
ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʧʨʦʜʫʢʪʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʆɺ. ʊʘʢ, ʟʥʘʯʝʥʠʷ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 
ʫʛʣʝʨʦʜʘ (Cʦʨʛ) ʚʦʟʨʘʩʪʘʶʪ ʩ 27,6 ʜʦ 48,4 ʤʛ/ʣ ʥʘ ʬʦʥʝ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ 
ʛʝʪʝʨʦʪʨʦʬʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʆʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʩ ʛʣʫʙʠʥʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 
ʬʦʨʤ Fe, Mn, Cu, Zn (ʨʠʩ.). ʉʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ SO4

2ï ʫʞʝ ʚ ʚʝʨʭʥʠʭ ʠʥʪʝʨʚʘʣʘʭ 
ʪʦʨʬʘ ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ. ʆʜʥʘʢʦ, 
ʩʫʣʴʬʠʜʦʚ Fe ʚ ʤʘʪʝʨʠʘʣʝ ʪʦʨʬʘ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ, ʥʦ ʚ ʥʠʞʥʠʭ ʠʥʪʝʨʚʘʣʘʭ 
(360ï440 ʩʤ) ʪʦʨʬʘ ʩ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Cu, Zn ʫʩʪʘʥʦʚʣʝʥʳ 
ʩʫʣʴʬʠʜʳ Cu ʩ ʧʨʠʤʝʩʴʶ Zn ʨʘʟʤʝʨʦʤ ʜʦ 3 ʤʢʤ. ʇʨʠ ʫʯʘʩʪʠʠ 
ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ (ʉʈɹ) ʠ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʙʦʣʦʪʥʳʭ ʚʦʜʘʭ ʧʦʜʚʠʞʥʳʭ 
ʬʦʨʤ Zn2+ ʠ ʉu2+ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʉʈɹ ʨʦʜʘ Desulfovibrio ʩʧʦʩʦʙʥʳ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʫʙʩʪʨʘʪʝ Cu2+ 
ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʫʣʴʬʠʜʳ ʤʝʜʠ: ʢʦʚʝʣʣʠʥ, ʭʘʣʴʢʦʮʠʪ. ʆʙʨʘʟʦʚʘʥʠʝ ʘʫʪʠʛʝʥʥʳʭ 
ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʘʨʢʠʨʫʝʪ ʧʘʜʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ Cu, Zn ʠ SO4

2ï ʚ ʙʦʣʦʪʥʳʭ 
ʚʦʜʘʭ ʪʦʨʬʷʥʠʢʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ 18-35-00072 ʤʦʣ_ʘ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʀ ʍʀʄʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ 
ʐʋʃɽʇʆɺʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʆɻʅɽʋʇʆʈʅʓʍ ɻʃʀʅ 

 
ʄ.ɸ. ɹʦʛʫʩʣʘʚʩʢʠʡ 

 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠ ̫
 

ʐʫʣʝʧʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʛʣʠʥʳ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ 13 
ʢʤ ʶʛʦ-ʟʘʧʘʜʥʝʝ ʧʦʩ. ʄʠʣʦʩʣʘʚʩʢʦʝ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 
ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʦʚ, ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʧʣʘʩʪ 
ʚʢʣʶʯʘʝʪ ʛʣʠʥʫ ʦʜʥʦʛʦ ʩʦʨʪʘ [1]. 

ʐʫʣʝʧʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ 
ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ ʚ ʈʦʩʩʠʠ. ʆʛʥʝʫʧʦʨʥʳʝ ʛʣʠʥʳ ʷʚʣʷʶʪʩʷ ʜʝʬʠʮʠʪʥʳʤ ʩʳʨʴʝʤ ʜʣʷ 
ʈʌ ʧʨʠ ʝʞʝʛʦʜʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʯʪʠ ʚ 2 ʤʣʥ. ʪʦʥʥ, ʚ ʈʦʩʩʠʠ ʜʦʙʳʚʘʝʪʩʷ ʦʢʦʣʦ 1 
ʤʣʥ. ʪʦʥʥ. ʅʝʜʦʩʪʘʪʦʢ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ ʧʦʢʨʳʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʠʤʧʦʨʪʘ [5]. 

ʆʩʥʦʚʥʳʤ ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ ʐʫʣʝʧʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʷʚʣʷʶʪʩʷ 
ʦʛʥʝʫʧʦʨʥʳʝ ʠ ʪʫʛʦʧʣʘʚʢʠʝ ʛʣʠʥʳ, ʢʦʪʦʨʳʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʪʠʨʫʶʪʩʷ, ʢʘʢ 
ʛʣʠʥʳ ʥʠʞʥʝʛʦ ʤʝʣʘ ʙʘʨʨʝʤʩʢʦʛʦ ʷʨʫʩ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʝʜʠʥʦʡ ʣʠʥʟʦʦʙʨʘʟʥʦʡ ʟʘʣʝʞʠ, 
ʚʳʪʷʥʫʪʦʡ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʠʤʝʶʱʝʡ ʚ ʧʣʘʥʝ ʠʟʚʠʣʠʩʪʦʝ 
ʦʯʝʨʪʘʥʠʝ[4], ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʛʨʘʥʠʮʘʤʠ ʧʘʣʝʦʣʘʛʫʥʳ ʠ 
ʯʘʩʪʠʯʥʳʤ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤ ʨʘʟʤʳʚʦʤ. ʇʦʜʦʙʥʳʡ ʚʟʛʣʷʜ ʥʘ ʛʝʥʝʟʠʩ ʜʘʥʥʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʃʘʪʥʝʥʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ 
ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ [3], ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ 200 ʢʤ ʶʞʥʝʝ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʇʝʨʚʳʤʠ ʨʘʟʚʝʜʦʯʥʳʤʠ ʨʘʙʦʪʘʤʠ ʚ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʦʜʦʚ ʚʳʜʝʣʝʥʦ 4 ʣʠʥʟʳ ʥʘ 
ʜʘʥʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ʃʠʥʟʘ ˉ 1 ʫʞʝ ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʨʘʟʨʘʙʦʪʘʥʘ. ʃʠʥʟʘ ˉ 2 
ʩʝʡʯʘʩ ʨʘʟʚʝʜʘʝʪʩʷ ʠ ʠʟʫʯʘʝʪʩʷ - ʠʤʝʥʥʦ ʵʪʘ ʣʠʥʟʘ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 
ʧʨʠʩʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʚʘʣʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʛʣʠʥ ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʚ 
ʨʘʡʦʥʝ ʣʠʥʟʳ ˉ 2, ʧʦʢʘʟʘʣʦ ʥʝʙʦʣʴʰʦʝ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʘ, ʢʦʪʦʨʦʝ 
ʷʚʣʷʝʪʩʷ ʚʨʝʜʥʦʡ ʢʨʘʩʷʱʝʡ ʧʨʠʤʝʩʴʶ, ʧʦ ʚʝʨʪʠʢʘʣʠ. ʇʨʠ ʘʥʘʣʠʟʝ ʠʟʤʝʥʯʠʚʦʩʪʠ 
ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ: ʩʦʜʝʨʞʘʥʠʝ Al2O3, 
ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʥʠ ʧʦ ʚʝʨʪʠʢʘʣʠ, ʥʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ 
ʚʳʷʚʠʪʴ ʥʝ ʫʜʘʣʦʩʴ. 

ʉʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʣʠʥʟʳ ˉ 1 ʠ ʣʠʥʟʳ ˉ 2 
ʧʦʢʘʟʳʚʘʝʪ ʚ ʩʨʝʜʥʝʤ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ Fe2O3 ʠ ʫʚʝʣʠʯʝʥʠʝ 
ʢʦʣʠʯʝʩʪʚʘ Al2O3.ʚ ʣʠʥʟʝ ˉ 2 (ʪʘʙʣ. 1, 2), ʯʪʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ, 
ʥʦ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʜʚʫʦʢʠʩʠ ʘʣʶʤʠʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʥʦʤʝʥʢʣʘʪʫʨʫ 
ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʛʣʠʥ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ ʣʠʥʟʳ ˉ 1 
ʧʦʢʘʟʳʚʘʝʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʦʣʠʥʠʪʘ ʩ ʧʨʠʤʝʩʴʶ ʠʣʣʠʪʘ (ʜʦ 7%), ʢʚʘʨʮʘ (ʜʦ 
7%) ʠ ʩʣʝʜʘʤʠ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɼʣʷ ʣʠʥʟʳ ˉ 2 ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 
ʦʪʣʠʯʝʥ ʚʩʪʨʝʯʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ (ʜʦ 20%) ʠ ʚʝʜʫʱʝʤ 
ʤʠʥʝʨʘʣʝ ʢʘʦʣʠʥʠʪʝ. 

ʃʠʥʟʘ ˉ 2 ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʜʦʙʳʯʠ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ. 
ʇʦʣʦʞʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʠ ʚʦʟʨʘʩʪ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. 
ʇʨʦʪʦʯʥʳʡ ʜʠʘʛʝʥʝʟ, ʦʧʠʩʳʚʘʝʤʳʡ ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʨʦʮʝʩʩ, ʧʨʠʚʝʜʰʠʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 
ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ ʃʘʪʥʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝ ʥʘʭʦʜʠʪ ʩʚʦʝʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘ 
ʐʫʣʝʧʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʠ ʧʨʠ ʘʥʘʣʠʟʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʦʜʥʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʚʣʷʝʪʩʷ ʚʳʤʳʚʘʥʠʝ ʞʝʣʝʟʘ), ʥʠ ʧʨʠ ʘʥʘʣʠʟʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ. 
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ʊʘʙʣʠʮʘ 1  
ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ ʦʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʩʢʚʘʞʠʥ ʣʠʥʟʳ ˉ 2 

ˉ ʧʨʦʙʳ Na2O Mgo Al2O3 SiO2 K20 Ca0 TiO2 MnO Fe2O3 

7 0,14 0,28 33,03 51 0,82 0,27 1,00 <0,010 2,3 

8 0,15 0,3 33,13 49,83 0,82 0,30 1,01 <0,010 1,96 

9 0,14 0,3 34,08 49,29 0,82 0,33 1,02 <0,010 1,67 

10 0,12 0,29 32,94 50,63 0,79 0,32 1,02 0,012 2,64 

 
ʊʘʙʣʠʮʘ 2 

ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ ʦʜʥʦʡ ʠʟ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʣʠʥʟʳ ˉ 1 ʚʟʷʪʳʝ  
ʧʦ ʚʝʨʪʠʢʘʣʠ ʩ ʰʘʛʦʤ ʚ 1 ʤ 

ˉ ʧʨʦʙʳ Na2O Mgo Al2O3 SiO2 K20 Ca0 TiO2 MnO Fe2O3 

ʄʩ-1 0,04 0,28 31,56 42,11 0,74 0,35 0,91 0,006 1,41 

ʄʩ-2 0,06 0,28 33,62 43,36 0,75 0,31 0,92 0,005 1,58 

ʄʩ-3 0,05 0,27 30,50 42,53 0,62 0,35 0,85 0,007 1,71 

ʄʩ-4 0,05 0,26 31,19 41,99 0,75 0,27 0,88 0,007 1,34 
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ʃʀʊʆʃʆɻʀʗ ʀ ʀʉʊʆʏʅʀʂʀ ɹʃɸɻʆʈʆɼʅʓʍ ʄɽʊɸʃʃʆɺ (Au, Pt, Pd) 
ɺ ʏɽʈʅʓʍ ʉʃɸʅʎɸʍ ʉɽɺɽʈʅʆɻʆ ʂɸɺʂɸɿɸ 

 
ʀ.ɸ. ɹʦʛʫʰ1, ɺ.ʀ. ʏʝʨʢʘʰʠʥ2 

 
1
ʅʦʚʦʯʝʨʢʘʩʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʅʦʚʦʯʝʨʢʘʩʩʢ, ʈʦʩʩʠʷ

 

2
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʘʛʝʩʪʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ʄʘʭʘʯʢʘʣʘ, ʈʦʩʩʠʷ

 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ ʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʘ ʨʫʜʦʥʦʩʥʦʩʪʴ 
(Au,Pt,Pd) ʜʝʚʦʥʩʢʦʡ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʝʡ ʬʦʨʤʘʮʠʠ  ʯʝʨʥʦʩʣʘʥʮʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʆʪʣʦʞʝʥʠʷ ʨʫʜʦʥʦʩʥʦʡ ʧʘʣʝʦʟʦʡʩʢʦʡ ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ ʬʦʨʤʘʮʠʠ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʚʳʭʦʜʳ ʧʨʦʩʣʝʞʝʥʥʳʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 
200 ʢʤ ʟʦʥʳ ʇʝʨʝʜʦʚʦʛʦ ʭʨʝʙʪʘ. ɺʳʷʚʣʝʥʳ ʢʨʫʧʥʳʝ ʧʣʦʱʘʜʥʳʝ ʘʥʦʤʘʣʠʠ 
ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʩʫʤʤʘʨʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʣʣʦʚ Au, Pt, Pd ʚ ʧʨʝʜʝʣʘʭ 
1,0-1,5 ʛ/ʪ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʨʘʥʝʝ ʩʜʝʣʘʥʥʳʝ ʚʳʚʦʜʳ ʦ 
ʥʘʣʠʯʠʠ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ ʥʦʚʦʡ ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ ʧʨʦʚʠʥʮʠʠ ʙʣʘʛʦʨʦʜʥʳʭ 
ʤʝʪʘʣʣʦʚ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ʊʦʭʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 
ʦʙʲʝʜʠʥʷʶʱʠʝ ʘʥʜʨʶʢʩʢʫʶ, ʘʨʪʳʢʯʘʪʩʢʫʶ (ʙʘʭʤʫʪʢʠʥʩʢʫʶ) ʩʚʠʪʳ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ. 
ʊʦʭʘʥʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʩʣʦʞʝʥʥʳʡ ʪʝʨʨʠʛʝʥʥʳʤʠ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʛʣʠʥʠʩʪʦ-
ʢʨʝʤʥʠʩʪʳʤʠ, ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʠ ʧʩʘʤʤʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ ʠʩʧʳʪʘʣ 
ʟʝʣʝʥʦʢʘʤʝʥʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ. ʀʩʭʦʜʥʳʝ ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʠʩʢʣʁʯʠʪʝʣʴʥʦ ʬʠʣʣʠʪʘʤʠ (ʪʘʙʣʠʮʘ), ʛʣʠʥʠʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʘʤʝʥʝʥʘ 
ʛʠʜʨʦʩʣʶʜʘʤʠ, ʘ ʘʢʚʘʛʝʥʥʦʝ ʫʛʣʝʨʦʜʠʩʪʦʝ ʚʝʱʝʩʪʚʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʦ ʜʦ 
ʩʦʩʪʦʷʥʠʷ ʘʥʪʨʘʮʠʪʘ ʠ ʘʥʪʨʘʢʩʦʣʠʪʘ. ʊʦʣʱʘ ʧʨʦʨʚʘʥʘ ʞʠʣʴʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ 
ʧʦʨʦʜʘʤʠ ʠ ʤʘʣʳʤʠ ʠʥʪʨʫʟʠʷʤʠ çʍʫʜʝʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘè (ʛʨʘʥʦ-ʜʠʦʨʠʪʳ, ʛʨʘʥʠʪʳ, 
ʘʥʜʝʟʠʪʳ, ʣʘʤʧʨʦʬʠʨʳ), ʩʦʜʝʨʞʠʪ ʨʝʜʢʠʝ ʧʣʘʩʪʦʚʳʝ ʪʝʣʘ ʨʠʦʣʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ.  

 
ʊʘʙʣʠʮʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ  ʦʪʣʦʞʝʥʠʡ ʘʥʜʨʶʢʩʢʦʡ ʩʚʠʪʳ ʧʦ ʨ. ɹ. ʃʘʙʘ 
ʇʦʨʦʜʘ ʉʨʝʜʥʠʡ 

ʦʙʲʝʤ (%) 
ɺʘʨʠʘʮʠʠ 
ʦʙʲʝʤʘ (%) 

ʉʨʝʜʥʷʷ 
ʤʦʱʥʦʩʪʴ (ʩʤ) 

ɺʘʨʠʘʮʠʠ ʤʦʱ-
ʥʦʩʪʝʡ (ʩʤ) 

ʀʟʚʝʩʪʥʷʢʠ 0,5 0-0,7 6,2 1-20 

ʌʠʣʣʠʪʳ 74,5 62-83 8,1 0,2-115 

ʄʝʪʘʘʣʝʚʨʦʣʠʪʳ 8 2-20 1 0,1-5 

ʄʝʪʘʧʝʩʯʘʥʠʢʠ 2 1-3 4,3 1,5-10 

ʄʝʪʘʛʨʘʚʝʣʠʪʳ 12,5 2-28 14,3 1-120 

ʄʝʪʘʢʦʥʛʣʦʤʝʨʘʪʳ 2,5 0-7 42,5 20-65 

 
ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʠ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟʳ ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ ʪʦʣʱʠ ʧʦʢʘʟʘʣʠ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʩʪʘʚʝ ʧʦʨʦʜ ʪʝʨʨʠʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʊʦʭʘʥʩʢʦʛʦ 
ʧʦʢʨʦʚʘ ʧʨʦʜʫʢʪʦʚ ʨʘʟʤʳʚʘ ʦʬʠʦʣʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ï ʘʣʣʦʪʠʛʝʥʥʳʝ 
ʭʨʦʤʰʧʠʥʝʣʠʜʳ, ʢʣʘʩʪʠʢʘ ʫʣʴʪʨʘʙʘʟʠʪʦʚ, ʜʦʣʝʨʠʪʦʚ, ʛʘʙʙʨʦ, ʬʪʘʥʠʪʦʚ. 
ʇʝʣʠʪʦʤʦʨʬʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʣʘʥʮʝʚ ʪʘʢʞʝ ʧʦʜʯʝʨʢʠʚʘʝʪ ʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʟʘ 
ʩʯʝʪ ʧʨʦʜʫʢʪʦʚ ʨʘʟʤʳʚʘ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʩ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʘʛʥʠʷ, ʭʨʦʤʘ ʠ 
ʥʠʢʝʣʷ. 

ʊʠʧʦʤʦʨʬʥʳʤ ʜʣʷ ʯʝʨʥʳʭ ʩʣʘʥʮʝʚ ʘʨʪʳʢʯʘʪʩʢʦʡ ʩʚʠʪʳ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩ 
ʵʣʝʤʝʥʪʦʚ ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʧʦʨʦʜ: ʭʨʦʤ, ʢʦʙʘʣʴʪ, ʥʠʢʝʣʴ, ʪʠʪʘʥ, ʤʘʨʛʘʥʝʮ, 
ʚʘʥʘʜʠʡ, ʬʦʩʬʦʨ. ʅʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʝʥ ʭʨʦʤ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʦʪ 0,006% ʜʦ 
0,5%, ʚ ʩʨʝʜʥʝʤ 0,089% (ʂʂ= 10,72). ʅʠʢʝʣʴ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʢʦʙʘʣʴʪʦʤ ʠ ʩʦʜʝʨʞʠʪʩʷ 
ʧʦʩʪʦʷʥʥʦ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪ 0,003% ʜʦ 0,15%, ʚ ʩʨʝʜʥʝʤ 0,0243% (ʂʂ=4,19). 
ʂʦʙʘʣʴʪ ʩʪʘʙʠʣʴʥʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪ 0,0015% ʜʦ 
0,010%, ʩʨʝʜʥʝʝ 0,0065% (ʂʂ=3,6). ʈʘʟʙʨʦʩ ʧʦʢʘʟʘʪʝʣʷ ʤʘʨʛʘʥʮʘ ʦʪ 0,06 ʜʦ ʙʦʣʝʝ 1%, 
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ʩʨʝʜʥʝʝ 0,278% (ʂʂ=2,78). ʌʦʩʬʦʨ ʠ ʚʘʥʘʜʠʡ ʩʦʜʝʨʞʘʪʩʷ ʚ ʩʣʘʥʮʘʭ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʳʭ 
ʢʦʣʠʯʝʩʪʚʘʭ; ʚʘʥʘʜʠʡ - ʦʪ 0,06% ʜʦ 0,015%, ʩʨʝʜʥʝʝ 0,133% (ʂʂ=1,48), ʬʦʩʬʦʨ - ʦʪ 
0,05% ʜʦ 0,3%, ʩʨʝʜʥʝʝ 0,127% (ʂʂ=1,37). ʊʠʪʘʥ ʩʪʘʙʠʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 
ʠʥʪʝʨʚʘʣʝ 0,05-0,3%, ʩʨʝʜʥʝʝ 0,447% (ʂʂ=0,99). 

ʋʣʴʪʨʘʙʘʟʠʪʦʚʳʡ ʠʩʪʦʯʥʠʢ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʯʝʨʥʳʭ ʩʣʘʥʮʝʚ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʪʘʣʣʦʚ ʚ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʢʦʨʝ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʊʦʭʘʥʩʢʦʛʦ ʧʦʢʨʦʚʘ (ʜʘʥʥʳʝ ʧʝʪʨʦʛʨʘʬʠʠ, 
ʧʝʪʨʦʭʠʤʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʤʠʥʝʨʘʛʨʘʬʠʠ) ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʳʯʥʦʩʪʴ ʠʭ ʚʝʱʝʩʪʚʝʥʥʦʛʦ 
ʩʦʩʪʘʚʘ [1]. ɺ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ  ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [2, 3] 
ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ ʢʨʫʧʥʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʦʣʦʩʳ 
ʨʫʜʦʥʦʩʥʳʭ (Au,Pt,Pd) ʯʝʨʥʳʭ ʩʣʘʥʮʝʚ. ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʚʧʝʨʚʳʝ ʚ ʤʠʨʦʚʦʡ 
ʧʨʘʢʪʠʢʝ ʧʦʢʘʟʘʥ ʧʝʨʚʠʯʥʳʡ ʠʩʪʦʯʥʠʢ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʯʝʨʥʳʭ ʩʣʘʥʮʘʭ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
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ʃʀʊʆʃʆɻʀʗ ʀ ʆʈɻɸʅʀʏɽʉʂɸʗ ɻɽʆʍʀʄʀʗ ʇɸʃɽʆɿʆʁʉʂʀʍ ʀ 
ʅʀɾʅɽʄɽɿʆɿʆʁʉʂʀʍ ʅɽʌʊɽʄɸʊɽʈʀʅʉʂʀʍ ʊʆʃʑ  

ʉɽɺɽʈɸ ʉʈɽɼʅɽʁ ʉʀɹʀʈʀ 
 

ʃ.ʅ. ɹʦʣʜʫʰʝʚʩʢʘʷ, ɼ.ʄ. ʉʘʚʯʠʢ 

 
ʆʆʆ çʈʅ-ʂʨʘʩʥʦʷʨʩʢʅʀʇʀʥʝʬʪʴ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʟʨʝʟʘʭ ʩʢʚʘʞʠʥ ʠ ʦʙʥʘʞʝʥʠʷʭ ʉʠʙʠʨʠ ʧʦ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 
ʚʳʜʝʣʝʥ ʨʷʜ ʦʙʦʛʘʱʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (ʆɺ) ʛʣʠʥʠʩʪʳʭ, ʢʨʝʤʥʠʩʪʦ-
ʛʣʠʥʠʩʪʳʭ, ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʭ ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʭ ʪʦʣʱ, ʠʟʫʯʝʥʠʝ ʢʦʪʦʨʳʭ 
ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʙʘʩʩʝʡʥʦʚʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʦʮʝʥʢʝ ʨʠʩʢʦʚ ʟʘʧʦʣʥʝʥʠʷ 
ʣʦʚʫʰʝʢ ʠ ʩʦʭʨʘʥʥʦʩʪʠ ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʇʨʠʚʦʜʠʤ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 
ʧʦʪʝʥʮʠʘʣʴʥʦ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʭ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ, ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ 
ʠ ʥʠʞʥʝʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʘ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ. ʊʦʣʱʠ ʩʠʣʫʨʘ, ʜʝʚʦʥʘ ʠ 
ʢʘʨʙʦʥʘ ɿʘʧʘʜʥʦʛʦ ʊʘʡʤʳʨʘ. ɺ ʦʙʥʘʞʝʥʠʷʭ ʩʝʚʝʨʥʦʡ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ɿʘʧʘʜʥʦʛʦ 
ʊʘʡʤʳʨʘ ʚ ʨʘʟʨʝʟʘʭ ʨʝʢ ɽʬʨʝʤʦʚʘ, ɿʝʣʝʜʝʝʚʘ, ʋʙʦʡʥʘʷ ʚʳʜʝʣʷʶʪʩʷ ʛʣʠʥʠʩʪʦ-
ʫʛʣʝʨʦʜʠʩʪʳʝ ʩʣʘʥʮʝʚʳʝ ʪʦʣʱʠ ʩʠʣʫʨʘ, ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ: ʫʩʪʴ-ʧʷʩʠʥʩʢʘʷ ʩʚʠʪʘ (S2-
D2up), ʜʦʤʙʠʥʩʢʘʷ ʩʚʠʪʘ D3dm, ʟʝʣʝʜʝʝʚʩʢʘʷ ʩʚʠʪʘ (ʉ1zl), ʵʚʝʥʢʩʢʘʷ ʩʚʠʪʘ (ʉ3-ʈ1ev). 
ʇʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʨʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʠ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʩ 
ʧʨʦʩʣʦʷʤʠ ʪʝʤʥʦ-ʩʝʨʳʭ ʛʣʠʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʀʭ ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʠʣʦʚʦʡ ʚʧʘʜʠʥʝ ʩ ʟʘʩʪʦʡʥʳʤʠ ʚʦʜʘʤʠ. ʇʦʨʦʜʳ ʙʣʠʟʢʠ ʢ ʬʘʮʠʷʤ 
ʜʦʤʘʥʠʢʘ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʛʦ,  ɺʦʩʪʦʯʥʦ-ɹʘʨʝʥʮʝʚʩʢʦʛʦ ʙʘʩʩʝʡʥʦʚ [1-2]. 
ʉʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ) ʚ ʧʦʨʦʜʘʭ ʩʦʩʪʘʚʣʷʶʪ 0,99-5,1 %, 
ʚʦʜʦʨʦʜʥʳʡ ʠʥʜʝʢʩ ʥʠʟʢʠʡ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʢʘʪʘʛʝʥʝʟʘ ʆɺ. 
ʀʭ ʠʟʥʘʯʘʣʴʥʦ ʚʳʩʦʢʠʡ ʥʝʬʪʝʛʘʟʦʛʝʥʝʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 
ʠʩʪʦʨʠʠ ʧʦʣʥʦʩʪʴʶ ʨʝʘʣʠʟʦʚʘʥ, ʥʦ ʨʝʟʫʣʴʪʘʪʳ ʭʨʦʤʘʪʦʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ ʙʠʪʫʤʦʠʜʦʚ ʵʪʠʭ ʧʦʨʦʜ ʠ ʙʠʪʫʤʦʚ ʠʟ ʪʨʠʘʩʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʉʳʨʘʜʘʩʘʡʩʢʦʡ 
ʧʣʦʱʘʜʠ ʧʦʢʘʟʳʚʘʶʪ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ [3].  

ʇʝʨʤʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʥʝ ʠʩʢʣʶʯʘʶʪʩʷ ʢʘʢ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʝ ʚ ʚʦʩʪʦʯʥʦʡ 
ʯʘʩʪʠ ɽʥʠʩʝʡ-ʍʘʪʘʥʛʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ (ɽʍʈʇ) ʠ ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʦʡ 
ʩʝʜʣʦʚʠʥʝ [4]. ɺ ɽʍʈʇ (ɺʦʣʦʯʘʥʩʢʘʷ ʧʣʦʱʘʜʴ) ʠ ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʦʡ ʩʝʜʣʦʚʠʥʝ 
ʧʝʨʤʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʥʝʢʦʞʝʚʥʠʢʦʚʩʢʦʡ (ʈ1nk), 
ʚʝʨʭʥʝʢʦʞʝʚʥʠʢʦʚʩʢʦʡ (ʈ2vk) ʠ ʤʠʩʘʡʣʘʧʩʢʦʡ (P3ms) ʩʚʠʪʘʤʠ ʠ ʠʭ ʘʥʘʣʦʛʘʤʠ. 
ʕʪʠ ʪʦʣʱʠ ʩʣʦʞʝʥʳ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ, ʠʥʦʛʜʘ ʪʦʥʢʠʤ, ʪʝʤʥʦ-ʩʝʨʳʭ ʩʣʶʜʠʩʪʳʭ 
ʢʨʝʧʢʠʭ ʘʨʛʠʣʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ 
ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʢʦʩʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ʉʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ) 
ʚ ʛʣʠʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʘʭ ʠ ʘʨʛʠʣʣʠʪʘʭ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ  ɺʦʣʦʯʘʥʩʢʦʡ, ʖʞʥʦ-
ʉʫʦʣʝʤʩʢʦʡ ʠ ʋʣʘʭʘʥʩʢʦʡ ʧʣʦʱʘʜʝʡ ʚʘʨʴʠʨʫʶʪ ʦʪ 0,93 ʜʦ 4.1 %.  ʉʪʝʧʝʥʴ 
ʢʘʪʘʛʝʥʝʟʘ ʆɺ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ɺʦʣʦʯʘʥʩʢʦʡ ʧʣʦʱʘʜʠ ʚ ʜʦʩʪʠʛʘʝʪ 
ʢʦʢʩʦʚʦʡ ʩʪʘʜʠʠ (ʄʂ3

1(ʂ)), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʘʯʘʣʫ ʛʣʫʙʠʥʥʦʡ ʟʦʥʳ ʛʘʟʦʛʝʥʝʨʘʮʠʠ. 
ʇʝʨʤʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʤʘʩʩʠʚʦʚ ʊʫʣʘʡ-ʂʠʨʷʢʘ ʠ ʂʠʨʷʢʘ-ʊʘʩ ʩʤʷʪʳ 
ʚ ʩʢʣʘʜʢʠ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʪʨʫʟʠʡ ʜʦ ʩʪʘʜʠʠ ʘʧʦʢʘʪʘʛʝʥʝʟʘ. 
ɺ ʧʨʝʜʝʣʘʭ ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʦʡ ʩʝʜʣʦʚʠʥʳ ʩʪʝʧʝʥʴ ʢʘʪʘʛʝʥʝʟʘ ʆɺ ʧʝʨʤʩʢʠʭ 
ʦʪʣʦʞʝʥʠʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʘʚʥʦʡ ʟʦʥʝ ʥʝʬʪʝʛʝʥʝʨʘʮʠʠ (ʟʦʥʝ ʥʝʬʪʷʥʦʛʦ ʦʢʥʘ) ʪʘʤ, 
ʛʜʝ ʥʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʠʥʪʨʫʟʠʡ (ʥʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʢʚ. 1-ɸʭ ʥʘ ɺʦʩʪʦʯʥʦ-
ʊʘʡʤʳʨʩʢʦʤ ʣʠʮʝʥʟʠʦʥʥʦʤ ʫʯʘʩʪʢʝ, ʩʢʚ. ʉʝʚʝʨʦ-ʉʫʦʣʝʤʩʢʘʷ 4 ʚ ʶʞʥʦʡ ʯʘʩʪʠ 
ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʦʡ ʩʝʜʣʦʚʠʥʳ). ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʪʫʤʦʠʜʦʚ ʘʨʛʠʣʣʠʪʦʚ 
ʠ ʛʣʠʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʥʘ ʂʠʨʷʢʘ-ʊʘʩʩʢʦʤ ʚʳʩʪʫʧʝ (2017-2018 ʛ) ʵʪʠ ʧʦʨʦʜʳ 
ʩʦʜʝʨʞʘʪ ʘʚʪʦʭʪʦʥʥʳʡ ʠ ʘʣʣʦʭʪʦʥʥʳʡ ʙʠʪʫʤʦʠʜʳ, ʪ.ʝ. ʠʤʝʣʘ ʤʝʩʪʦ ʩʦʙʩʪʚʝʥʥʘʷ 
ʛʝʥʝʨʘʮʠʷ ʥʝʬʪʠ, ʠ ʤʠʛʨʘʮʠʷ ʠʟ ʥʠʞʝʣʝʞʘʱʠʭ ʛʦʨʠʟʦʥʪʦʚ. 
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ʅʘ ʟʘʧʘʜʥʦʤ ʊʘʡʤʳʨʝ ʚ ʧʨʝʜʝʣʘʭ ʉʳʨʘʜʘʩʘʡʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ ʆɺ 
ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʠʟ ʢʦʣʦʥʢʦʚʳʭ ʩʢʚʘʞʠʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʝʧʝʥʴʶ ʢʘʪʘʛʝʥʝʟʘ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʣʘʚʥʦʡ ʟʦʥʝ ʥʝʬʪʝʦʙʨʘʟʦʚʘʥʠʷ. ʉʝʚʝʨʥʝʝ, ʚ ʧʨʝʜʝʣʘʭ ʉʝʚʝʨʥʦʡ 
ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ, ʵʪʠ ʧʦʨʦʜʳ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʪʨʫʟʠʡ ʜʦ ʩʪʘʜʠʠ 
ʘʧʦʢʘʪʘʛʝʥʝʟʘ. ʉʦʜʝʨʞʘʥʠʝ ʉʦʨʛ ʚ ʧʝʨʤʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 
ʉʳʨʘʜʘʩʘʡʩʢʦʡ ʧʣʦʱʘʜʠ ʜʦʩʪʠʛʘʝʪ 8 % ʚ ʫʛʣʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʘʭ, ʪʠʧ ʆɺ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʘʧʨʦʧʝʣʝʚʦ-ʛʫʤʫʩʦʚʳʡ. 

ʆʪʣʦʞʝʥʠʷ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɽʍʈʇ ʠ ʶʛʘ 
ɸʥʘʙʘʨʦ-ʍʘʪʘʥʛʩʢʦʡ ʩʝʜʣʦʚʠʥʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʦʪʥʳʤʠ ʪʝʤʥʦ-ʩʝʨʳʤʠ 
ʘʣʝʚʨʦʣʠʪʘʤʠ, ʛʣʠʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ. 
ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʦ ʜʘʥʥʳʤ ʧʠʨʦʣʠʟʘ ʆɺ ʩʦʩʪʘʚʣʷʝʪ 0,54-
2,14%. ʂʦʣʠʯʝʩʪʚʦ ʩʚʦʙʦʜʥʳʭ ʋɺ ʚ ʧʦʨʦʜʝ (S1) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ  
ʩ ʚʳʭʦʜʦʤ ʋɺ ʚ ʧʨʦʮʝʩʩʝ ʜʝʩʪʨʫʢʮʠʠ (S2), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʫʩʪʴ ʦ ʥʝʙʦʣʴʰʦʤ 
(ʩʫʜʷ ʧʦ ʚʦʜʦʨʦʜʥʦʤʫ ʠʥʜʝʢʩʫ), ʥʦ ʩʦʙʩʪʚʝʥʥʦʤ ʥʝʬʪʝʛʘʟʦʛʝʥʝʨʘʮʠʦʥʥʦʤ 
ʧʦʪʝʥʮʠʘʣʝ. ʉʪʝʧʝʥʴ ʢʘʪʘʛʝʥʝʟʘ ʆɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʣʘʚʥʦʡ ʟʦʥʝ ʥʝʬʪʝʦʙʨʘʟʦʚʘʥʠʷ 
ʥʘ ɹʘʣʘʭʥʠʥʩʢʦʡ ʠ ɺʣʘʜʠʤʠʨʩʢʦʡ ʧʣʦʱʘʜʷʭ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɽʍʈʇ [5]. ʆʪʣʦʞʝʥʠʷ 
ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɽʍʈʇ ʥʘ ɺʦʣʦʯʘʥʩʢʦʡ ʧʣʦʱʘʜʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʠʥʠʩʪʳʤʠ ʩʣʶʜʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʫʛʣʠʩʪʦʛʦ 
ʜʝʪʨʠʪʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʚʳʩʦʢʦʡ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʩʪʴʶ 
ʥʘ ʫʨʦʚʥʝ ʄʂ1

1(ɼ). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ  ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 

ʦ ʪʦʤ, ʯʪʦ ʩʨʝʜʥʝ- ʠ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʝ, ʠ ʚʦʟʤʦʞʥʦ, ʥʠʞʥʝʤʝʟʦʟʦʡʩʢʠʝ ʪʦʣʱʠ 
ʩʝʚʝʨʘ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ ʙʳʣʠ ʠʩʪʦʯʥʠʢʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʚ ʟʦʥʘʭ, ʛʜʝ ʚʣʠʷʥʠʝ 
ʠʥʪʨʫʟʠʡ ʙʳʣʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʟʘʣʝʞʠ ʤʦʛʣʠ ʩʦʭʨʘʥʠʪʴʩʷ. 
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ʇʈʀʈʆɼʅʓɽ ʀʉʏɽʈʇɸɽʄʓɽ ʈɽʉʋʈʉʓ: ɿɽʄʃɽ ɻʈʆɿʀʊ ɼɽʌʀʎʀʊ 
ʇɽʉʂɸ. ɻɽʆʌʀɿʀʏɽʉʂʀɽ ʄɽʊʆɼʓ ʈɸɿɺɽɼʂʀ 

 
ʄ.ʗ. ɹʦʨʦʚʩʢʠʡ, ɺ.ʀ. ɹʦʛʘʪʦʚ 

 
ʆʆʆ çɻʝʦʬʠʟʩʝʨʚʠʩè, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ɺ ʉʄʀ ʦʪʤʝʯʘʝʪʩʷ (http://bzhde.ru/osobennosti-vzaimodejstviya-obshhestva-i-
prirody-na-sovremennom-etape/ ʠ ʜʨ.) çʀʩʯʝʨʧʘʝʤʳʝ ʨʝʩʫʨʩʳ ð ʵʪʦ ʥʝ ʪʦʣʴʢʦ 
ʫʛʣʝʚʦʜʦʨʦʜʳ, ʣʝʩʘ ʠʣʠ ʧʨʝʩʥʘʷ ʚʦʜʘ; ɿʝʤʣʝ ʛʨʦʟʠʪ ʜʝʬʠʮʠʪ ʧʝʩʢʘ: ʩʧʨʦʩ ʥʘ ʥʝʛʦ 
ʙʳʩʪʨʦ ʨʘʩʪʝʪ, ʘ ʟʘʧʘʩʳ ʩʦʢʨʘʱʘʶʪʩʷè ʊʘʢ, ʚ ʩʪʘʨʦʤ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʤ ʨʘʡʦʥʝ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ - ʊʘʪʘʨʩʪʘʥʝ, ʜʦʣʷ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ 
ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩʦʩʪʘʚʣʷʝʪ 7-8%. 

ʇʨʠʯʠʥʳ ʜʝʬʠʮʠʪʘ ʧʝʩʢʘ ð ʫʨʙʘʥʠʟʘʮʠʷ ʠ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʷ / ʀʩʪʦʯʥʠʢ: 
JohannesSchwaerzler // CC0. ʇʝʩʦʢ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʜʦʙʳʯʝ ʠ ʧʨʠʤʝʥʝʥʠʶ ʚʩʝ 
ʠʩʢʦʧʘʝʤʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ ʠ ʙʠʦʤʘʩʩʫ. ɺ ʦʙʱʝʤ, ʧʦʩʣʝ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ ʵʪʦ ʥʘʠʙʦʣʝʝ 
ʠʩʧʦʣʴʟʫʝʤʳʡ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʧʨʠʨʦʜʥʳʡ ʨʝʩʫʨʩ. ʊʨʠ ʛʦʜʘ ʥʘʟʘʜ ʩʦʪʨʫʜʥʠʢʠ 
ʇʨʦʛʨʘʤʤʳ ʆʆʅ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ (UNEP) ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʦʙʳʯʘ ʧʝʩʢʘ 
ʠ ʛʨʘʚʠʷ çʦʯʝʥʴ ʩʠʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʪʝʤʧʳ ʝʛʦ ʧʨʠʨʦʜʥʦʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷè. 
ɹʝʩʢʦʥʪʨʦʣʴʥʘʷ ʜʦʙʳʯʘ ʧʝʩʢʘ ʚʨʝʜʠʪ ʧʨʠʨʦʜʝ ʠ ʩʘʤʦʤʫ ʯʝʣʦʚʝʢʫ / ʀʩʪʦʯʥʠʢ: 
AnastasiyaMalova // CC0. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʧʦʤʦʱʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʝʛʠʦʥʦʚ 
ʦʢʘʟʳʚʘʶʪ ʤʘʣʦʟʘʪʨʘʪʥʳʝ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʝ ʤʝʪʦʜʳ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 
ʨʘʟʚʝʜʢʠ. ʈʘʟʨʘʙʦʪʘʥʳ [2-6, 8, 9] ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʛʥʦʟʘ, 
ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʝʩʢʦʚ: 
ʩʬʦʨʤʠʨʦʚʘʥʳ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʚʳʷʚʣʝʥʳ ʢʨʠʪʝʨʠʠ 
ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʪʝʨʝʩʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ, ʦʙʩʫʞʜʝʥʳ ʤʝʪʦʜʠʢʠ 
ʥʘʙʣʶʜʝʥʠʡ. 

ʈʝʚʦʣʶʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʙʘʟʝ ʠ ʩʭʝʤʦʪʝʭʥʠʢʝ, 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʰʠʨʦʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʡ ʧʨʦʮʝʩʩ ʥʘʫʢʦʝʤʢʠʭ 
ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʢʩʧʨʝʩʩʥʦʩʪʴ, ʦʭʚʘʪ 
ʦʙʰʠʨʥʳʭ ʫʜʘʣʝʥʥʳʭ ʠ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʘʷ 
ʩʪʦʠʤʦʩʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ 
ʘʟʨʦʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɺ ɻʅʇʇ çɸʵʨʦʛʝʦʬʠʟʠʢʘè ʩʦʟʜʘʥʳ [1, 7] ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʧʧʘʨʘʪʫʨʥʦ-
ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ: ʢʘʨʪʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʛʦʨʥʳʭ 
ʧʦʨʦʜ, ʚʳʷʚʣʝʥʠʝ ʫʯʘʩʪʢʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʧʦʠʩʢʠ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʧʝʩʯʘʥʳʭ, ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺʝʜʫʱʠʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ - 
ʘʵʨʦʵʣʝʢʪʦʨʘʟʚʝʜʢʘ ʥʘ ʯʝʪʳʨʝʭ ʯʘʩʪʦʪʘʭ ʠ ʘʵʨʦʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʥʘʢʦʧʣʝʥ 
ʦʛʨʦʤʥʳʡ ʦʧʳʪ. 

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʘʢʪʫʘʣʴʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʠʟʫʯʝʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 
ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ: 

- ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ, ʧʨʦʛʥʦʟʘ ʠ ʧʦʠʩʢʘ ʧʝʩʯʘʥʳʭ 
ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ; 

- ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʫʩʣʦʚʠʡ ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʥʠʤʘʷ 
ʚʦ ʚʥʠʤʘʥʠʝ ʥʝʧʨʠʛʦʜʥʦʩʪʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʠʜʦʚ ʧʝʩʢʘ (ʧʝʩʢʠ ʧʫʩʪʳʥʴ ʠ ʜʨ.) 
ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʕʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʘʜʘʯ, ʙʦʣʝʝ 
ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʩʚʦʝʚʨʝʤʝʥʥʦʤʫ ʧʨʦʚʝʜʝʥʠʶ 
ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ. 
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ɻɽʆʌʀɿʀʏɽʉʂʆɽ ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ɿʆʅ ɹʀʊʋʄʆʅɸʂʆʇʃɽʅʀʗ 
(ʅɸ ʇʈʀʄɽʈɽ ʇɽʈʄʉʂʀʍ ʆʊʃʆɾɽʅʀʁ  
ɺʆʉʊʆʂɸ ʄɽʃɽʂɽʉʉʂʆʁ ɺʇɸɼʀʅʓ) 

 
ʄ.ʗ. ɹʦʨʦʚʩʢʠʡ1, ɺ.ʀ. ɹʦʛʘʪʦʚ1, ɸ.ʉ. ɹʦʨʠʩʦʚ2, ɹ.ɺ. ʋʩʧʝʥʩʢʠʡ2 

 
1
ʆʆʆ çɻʝʦʬʠʟʩʝʨʚʠʩè, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

2
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʚʳʷʚʣʝʥʠʷ ʟʦʥ ʚʦʟʤʦʞʥʦʛʦ 
ʙʠʪʫʤʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʩ ʧʦʟʠʮʠʡ 
ʚʳʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʙʘʟʦʡ ʧʨʠ 
ʦʮʝʥʢʝ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʙʠʪʫʤʦʥʦʩʥʦʩʪʠ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʦʩʘʜʦʯʥʦʛʦ ʧʦʢʨʦʚʘ 
ʩʣʘʙʦʠʟʫʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɺʧʝʨʚʳʝ ʜʣʷ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʫʩʪʘʥʦʚʣʝʥʳ 
ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʘʥʦʤʘʣʠʷʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ 
ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʤʝʱʝʥʠʷ ʦʩʥʦʚʥʳʭ ʟʦʥ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠʨʦʜʥʳʭ 
ʙʠʪʫʤʦʚ. 

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠʣʠ ʠʭ ʦʪʜʝʣʴʥʳʭ 
ʯʘʩʪʝʡ ʧʨʦʚʦʜʷʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʨʘʙʦʪʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʩʫʱʠʭ ʠʤ ʯʝʨʪ 
ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʩʩʝʡʥʦʚ ʧʝʨʝʜ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʨʘʙʦʪʘʤʠ ʩʪʘʚʷʪʩʷ (ɺ.ɺ. ʉʝʤʝʥʦʚʠʯ 
ʠ ʜʨ.,1982) ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩʪʝʧʝʥʴʶ ʠʟʫʯʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ 
ʪʝʭʥʠʯʝʩʢʠʤʠ ʠ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ 
ʠʟʫʯʝʥʠʷ. ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʦʚ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ ʪʘʢʞʝ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʦʙʱʝʡ 
ʩʠʩʪʝʤʳ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʧʨʠʨʦʜʥʳʝ ʙʠʪʫʤʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ 
(ʀ.ʉ. ɻʦʣʴʜʙʝʨʛ, 1979) ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʧʨʦʜʫʢʪʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʠ. 

ʈʝʛʠʦʥʘʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚʢʣʶʯʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʥʝʝ 
ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʮʝʥʢʠ ʪʝʨʨʠʪʦʨʠʠ ʚ ʩʚʷʟʠ ʩ ʥʘʣʠʯʠʝʤ ʟʝʤʝʣʴ ʩ ʥʝʚʳʷʩʥʝʥʥʳʤʠ 
ʧʝʨʩʧʝʢʪʠʚʘʤʠ. 

ɻʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʪʘʨʩʪʘʥ ʫʩʪʘʥʦʚʣʝʥʦ 
(ʇ.ɸ. ʐʘʣʠʥ,1984; ɻ.ɺ. ɺʠʥʦʭʦʜʦʚʘ, ʉ.ʉ. ʕʣʣʝʨʥ,1985-1987; ɹ.ɺ. ʋʩʧʝʥʩʢʠʡ,1985 
ʠ ʜʨ.), ʯʪʦ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 
ʙʠʪʫʤʥʳʭ ʧʦʣʝʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʣʝʞʝʡ ʙʠʪʫʤʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 
ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʤʠ ʟʦʥʘʤʠ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʰʠʨʦʢʦʝ 
ʨʘʟʚʠʪʠʝ ʠʤʝʶʪ ʚʳʩʦʢʦʝʤʢʠʝ ʢʦʣʣʝʢʪʦʨʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ. ʅʘʫʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʷʚʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ 
ʦʪʦʙʨʘʞʝʥʠʷ ʪʘʢʠʭ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ ʚ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʛʦʥʘ ʚʳʙʨʘʥʘ ʪʝʨʨʠʪʦʨʠʷ  ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ ʄʝʣʝʢʝʩʩʢʦʡ 
ʚʧʘʜʠʥʳ (ɸʢʩʫʙʘʝʚʦ-ʄʘʤʳʢʦʚʩʢʠʡ ʫʯʘʩʪʦʢ), ʛʜʝ ʚ ʧʨʦʰʣʳʝ ʛʦʜʳ ʧʨʦʚʝʜʝʥ ʙʦʣʴʰʦʡ 
ʦʙʲʝʤ ʛʣʫʙʦʢʦʛʦ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ, ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʜʝʪʘʣʴʥʳʭ 
ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ. 

ʅʘ ɸʢʩʫʙʘʝʚʦ-ʄʘʤʳʢʦʚʩʢʦʤ ʫʯʘʩʪʢʝ (ʢʘʟʘʥʩʢʠʡ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʡ 
ʙʠʪʫʤʠʥʦʟʥʳʡ ʢʦʤʧʣʝʢʩ) ʦʩʥʦʚʥʳʝ ʩʢʦʧʣʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʙʠʪʫʤʦʚ ʧʨʠʫʨʦʯʝʥʳ 
(ɻ.ɸ. ʇʝʪʨʦʚ ʠ ʜʨ., 1986) ʢ ʧʝʩʯʘʥʳʤ ʧʦʨʦʜʘʤ ʩʨʝʜʥʝʛʦ (ʪʝʨʨʠʛʝʥʥʦʛʦ) 
ʙʠʪʫʤʠʥʦʟʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʙʘʨʙʘʰʠʥʩʢʠʝ ʩʣʦʠ, ʩʝʨʠʠ "ʷʜʨʝʥʳʡ ʢʘʤʝʥʴ" ʠ "ʩʣʦʠʩʪʳʡ 
ʢʘʤʝʥʴ"). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʘʟʘʥʩʢʦʛʦ ʷʨʫʩʘ 
ʩʚʷʟʳʚʘʝʪʩʷ (ɻ.ɺ. ɺʠʥʦʭʦʜʦʚʘ, ʉ.ʉ. ʕʣʣʝʨʥ,1985-1987) ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 
ʫʩʣʦʚʠʷʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ: ʥʘ ʟʘʧʘʜʝ ʠ ʚʦʩʪʦʢʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʦʙʩʪʘʥʦʚʢʠ 
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ʩʪʘʙʠʣʴʥʦʛʦ ʰʝʣʴʬʘ, ʦʪʣʠʯʘʚʰʠʝʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʬʘʮʠʘʣʴʥʳʤ ʦʙʣʠʢʦʤ, ʘ ʤʝʞʜʫ 
ʥʠʤʠ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʟʦʥʘ ʧʦʜʚʠʞʥʦʛʦ ʰʝʣʴʬʘ. ɺ ʦʙʣʘʩʪʠ ʧʦʜʚʠʞʥʦʛʦ ʰʝʣʴʬʘ 
(ʢʦʤʧʝʥʩʘʮʠʦʥʥʦʛʦ ʧʦʜʥʷʪʠʷ) ʠʤʝʣʠ ʤʝʩʪʦ ʠʥʪʝʥʩʠʚʥʳʡ ʨʘʟʤʳʚ ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʠ 
ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʧʦʣʥʝʥʠʝ ʵʪʦʡ ʟʦʥʳ ʤʦʱʥʦʡ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʝʡ ʜʨʝʚʥʝʛʦ 
ʧʦʜʥʷʪʠʷ. ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʟʦʥʝ ʠ ʚʳʷʚʣʝʥʳ ʟʘʣʝʞʠ ʙʠʪʫʤʦʚ. ʂʘʢ ʢ ʟʘʧʘʜʫ, ʪʘʢ ʠ ʢ 
ʚʦʩʪʦʢʫ ʦʪ ʵʪʦʡ ʧʦʣʦʩʳ ʚ ʩʦʩʪʘʚʝ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʢʘʟʘʥʩʢʦʛʦ 
ʷʨʫʩʘ ʧʝʩʯʘʥʳʝ ʧʦʨʦʜʳ ʪʝʨʷʶʪ ʩʚʦʶ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʠ ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʢʘʢʠʭ-
ʣʠʙʦ ʟʘʣʝʞʝʡ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ (ɻ.ɺ. ɺʠʥʦʭʦʜʦʚʘ, ʉ.ʉ. ʕʣʣʝʨʥ, 1985, 1987). 

ɸʥʘʣʠʟ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʩʲʝʤʢʘ 
ʤʘʩʰʪʘʙʘ 1:25 000, ʩʝʯʝʥʠʝ ʠʟʦʘʥʦʤʘʣ 0,2-0,15 ʤɻʘʣ; ʘʵʨʦʤʘʛʥʠʪʥʘʷ ʩʲʝʤʢʘ 
ʤʘʩʰʪʘʙʘ 1:50 000, ʩʝʯʝʥʠʝ ʠʟʦʜʠʥʘʤ 10 ʥʊʣ) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʙʣʘʩʪʴ ʨʘʟʚʠʪʠʷ 
ʧʦʨʦʜ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʢʦʣʣʝʢʪʦʨʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʦʚʦʣʴʥʦ ʯʝʪʢʦ ʦʧʦʷʩʳʚʘʝʪʩʷ 
ʟʦʥʘʤʠ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʜʫʛʦʦʙʨʘʟʥʳʭ ʧʦʣʦʩ 
ʣʦʢʘʣʴʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ. ʅʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʴ ʣʦʢʘʣʴʥʳʭ ʤʠʥʠʤʫʤʦʚ 
ʩʠʣʳ ʪʷʞʝʩʪʠ ʚʥʝʰʥʝʛʦ ʢʦʣʴʮʝʚʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʩ ʣʦʢʘʣʴʥʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʜʥʘʢʦ, ʢʦʣʴʮʝʚʦʡ ʧʦʷʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʤʠʥʠʤʫʤʦʚ 
ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʪʘʤ, ʛʜʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʝʚʳʨʘʟʠʪʝʣʴʥʦ: ʘʥʦʤʘʣʴʥʦʝ 
ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦ (ɺ.ʇ. ɹʦʨʦʥʠʥ ʠ ʜʨ., 1982; 
ɺ.ʇ. ʉʪʝʧʘʥʦʚ ʠ ʜʨ., 1983) ʢ ʣʶʙʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʝʨʝʩʪʨʦʡʢʘʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʧʨʠʫʨʦʯʝʥʘ ʢ ʦʩʝʚʦʡ ʯʘʩʪʠ ʜʨʝʚʥʝʛʦ ʧʦʜʥʷʪʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʙʠʪʫʤʦʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʚʳʷʚʣʝʥʥʳʭ ʟʦʥ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ-
ʢʦʣʣʝʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʝʤʘʣʦʚʘʞʥʦ 
ʟʥʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ 
ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʨʪʠʨʦʚʘʥʠʷ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʦʡ ʨʘʟʣʠʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 
ʜʠʘʩʪʨʦʬʠʟʤʘ ʟʝʤʥʦʡ ʢʦʨʳ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʠʩʪʦʣʢʦʚʘʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʦʣʠʛʦʥʘʭ 
ʧʦʢʘʟʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʥʝʝ ʧʨʦʚʦʜʠʚʰʠʭʩʷ 
ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʦʟʠʮʠʠ ʧʨʦʛʥʦʟʘ ʙʠʪʫʤʦʥʦʩʥʦʩʪʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 
ʨʘʟʨʝʟʘ. ʆʛʨʦʤʥʳʡ ʥʘʢʦʧʣʝʥʥʳʡ ʛʝʦʬʠʟʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʧʦʣʘʛʘʝʪ 
ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʣʷ ʧʦʠʩʢʦʚ ʫʯʘʩʪʢʦʚ, 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʧʨʠʨʦʜʥʳʝ ʙʠʪʫʤʳ (ʩʚʝʨʭʚʷʟʢʠʝ ʥʝʬʪʠ). 
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ʆʉʆɹɽʅʅʆʉʊʀ, ʉʆʉʊɸɺ ʀ ɺʆɿʈɸʉʊ ɺɽʅɼʉʂʀʍ 
ɻʈʋɹʆɿɽʈʅʀʉʊʓʍ ʆʊʃʆɾɽʅʀʁ ɾɸʃʊɸʋʉʂʆʁ ʉɺʀʊʓ 
ʋʃʋʊɸʋʉʂʆʁ ʉɽʈʀʀ, ʎɽʅʊʈɸʃʔʅʓʁ ʂɸɿɸʍʉʊɸʅ 

 
ɽ.ɸ. ɹʨʦʜʥʠʢʦʚʘ1,2 

 
1
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʦʜʥʠʤ ʠʟ 
ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʙʣʦʢʦʚ ʜʨʝʚʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ  ʷʚʣʷʝʪʩʷ  ʋʣʫʪʘʫʩʢʠʡ 
ʤʘʩʩʠʚ. ɺ ʩʪʨʦʝʥʠʠ ʄʘʡʪʶʙʠʥʩʢʦʡ ʟʦʥʳ  (ʘʥʪʠʢʣʠʥʦʨʠʷ) ʶʞʥʦʡ ʯʘʩʪʠ ʋʣʫʪʘʫʩʢʦʛʦ 
ʤʘʩʩʠʚʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ  ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ 
ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʛʜʝ ʚʫʣʢʘʥʠʪʳ ʠʤʝʶʪ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʠʩʣʳʡ ʠ ʩʨʝʜʥʠʡ  ʩʦʩʪʘʚ [5]. 

ɺ ʚʝʨʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʦʟʜʥʝʛʦ ʜʦʢʝʤʙʨʠʷ ʋʣʫʪʘʫʩʢʦʛʦ ʤʘʩʩʠʚʘ ʨʘʟʚʠʪʳ 
ʦʪʣʦʞʝʥʠʷ ʫʣʫʪʘʫʩʢʦʡ ʩʝʨʠʠ, ʢʦʪʦʨʘʷ ʚʤʝʩʪʝ ʩ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 
ʚʳʧʦʣʥʷʝʪ ɹʘʡʢʦʥʫʨʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ ʠ ʩʣʘʛʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʥʘ 
ʧʨʠʣʝʛʘʶʱʠʭ ʯʘʩʪʷʭ ʄʘʡʪʶʙʠʥʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ. ɺʩʝʛʦ ʚ ʩʦʩʪʘʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 
ʩʝʨʠʠ ʚʭʦʜʷʪ ʧʷʪʴ ʩʚʠʪ ï ʞʘʣʪʘʫʩʢʘʷ, ʩʘʪʘʥʩʢʘʷ, ʙʦʟʠʥʛʝʥʩʢʘʷ, ʢʫʨʘʡʣʠʥʩʢʘʷ 
ʠ ʙʘʡʢʦʥʫʨʩʢʘʷ [1]. 

ʋʣʫʪʘʫʩʢʘʷ ʩʝʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʠ ʪʝʨʨʠʛʝʥʥʦ-
ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʤʠʢʩʪʠʪʦʚ 
ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ. ɺ ʦʩʥʦʚʘʥʠʠ ʩʝʨʠʠ ʚ ʩʦʩʪʘʚʝ ʞʘʣʪʘʫʩʢʦʡ ʩʚʠʪʳ ʥʘʭʦʜʠʪʩʷ 
ʛʦʨʠʟʦʥʪ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʚʳʰʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʛʦʨʠʟʦʥʪ ʤʠʢʩʪʠʪʦʚ,  ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 
ʢʦʥʛʣʦʙʨʝʢʯʠʷʤʠ ʩʘʪʘʥʩʢʦʡ ʩʚʠʪʳ, ʚʝʥʯʘʶʪ ʨʘʟʨʝʟ ʵʪʦʡ ʩʝʨʠʠ ʪʠʣʣʠʪʳ ʙʘʡʢʦʥʫʨʩʢʦʡ 
ʩʚʠʪʳ [1].ʆʪʣʦʞʝʥʠʷ ʫʣʫʪʘʫʩʢʦʡ ʩʝʨʠʠ ʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʫʛʣʝʨʦʜʠʩʪʳʤʠ 
ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʬʪʘʥʠʪʘʤʠ ʢʦʢʪʘʣʴʩʢʦʡ ʩʚʠʪʳ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ 
ʨʘʥʥʝʛʦ ʢʝʤʙʨʠʷ [3]. 

ɾʘʣʪʘʫʩʢʘʷ ʩʚʠʪʘ ʠʤʝʝʪ ʢʨʝʤʥʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʳʡ ʩʦʩʪʘʚ, ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ 
ʘʣʶʤʦʬʦʩʬʘʪʦʚ. ɺ ʝʝ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʢʚʘʨʮʝʚʳʝ ʛʨʘʚʝʣʠʪʳ ʩ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ 
ʠ ʣʠʥʟʘʤʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ 
ʩ ʧʨʦʩʣʦʷʤʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʫʛʣʠʩʪʳʝ ʬʠʣʣʠʪʳ ʠ ʛʦʨʠʟʦʥʪ ʦʢʨʝʤʥʝʣʳʭ 
ʦʥʢʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʉʚʠʪʘ ʥʝʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ ʨʘʟʤʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʚʫʣʢʘʥʠʪʦʚ ʣʘʢʙʘʡʩʢʦʡ ʩʝʨʠʡ, ʤʝʩʪʘʤʠ ʥʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʥʝʦʧʨʦʪʝʨʦʟʦʷ 
[1]. ɺ ʢʦʥʛʣʦʤʝʨʘʪʦʚʦʤ ʛʦʨʠʟʦʥʪʝ ʚʩʪʨʝʯʝʥʳ ʚʘʣʫʥʳ ʠ ʛʘʣʴʢʘ ʢʚʘʨʮʠʪʦʚ ʪʝʤʥʦ-
ʩʝʨʦʛʦ ʮʚʝʪʘ (ʦʢʦʣʦ 70% ʦʙʣʦʤʢʦʚ), ʛʨʘʥʠʪʦʚ, ʚʫʣʢʘʥʠʪʦʚ ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ 
ʩʦʩʪʘʚʘ. 

ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ 
ʞʘʣʪʘʫʩʢʦʡ ʩʚʠʪʳ ʚ ʦʩʥʦʚʘʥʠʠ ʫʣʫʪʘʫʩʢʦʡ ʩʝʨʠʠ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʘ ʦʮʝʥʢʘ 
ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ ʧʠʪʘʶʱʠʭ ʧʨʦʚʠʥʮʠʡ, ʧʦʩʣʫʞʠʚʰʠʭ ʠʩʪʦʯʥʠʢʘʤʠ ʦʙʣʦʤʦʯʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʵʪʦʡ ʩʚʠʪʳ. ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ U-Pb ʜʘʪʠʨʦʚʘʥʠʝ 
ʤʝʪʦʜʦʤ LA-ICP-MC ʦʙʣʦʤʦʯʥʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʤʘʪʨʠʢʩʘ ʢʦʥʛʣʦʤʝʨʘʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ 
ʠ ʚʳʰʝʣʝʞʘʱʠʭ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʫʞʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʜʘʪʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʦʚ ʠʟ 
ʚʳʰʝʣʝʞʘʱʠʭ ʧʦʨʦʜ ʩʘʪʘʥʩʢʦʡ ʠ ʙʘʡʢʦʥʫʨʩʢʦʡ ʩʚʠʪ [2].ʊʘʢ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʦʙʣʦʤʦʯʥʳʝ ʮʠʨʢʦʥʳ ʠʟ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ ʩʘʪʘʥʩʢʦʡ ʩʚʠʪʳ ʠʤʝʶʪ ʚʦʟʨʘʩʪ 
740-888 ʤʣʥ. ʣʝʪ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʦʪʜʝʣʴʥʳʝ ʟʝʨʥʘ ʩ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʦʮʝʥʢʘʤʠ 
ʚʦʟʨʘʩʪʘ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 1989 ʜʦ 2600 ʤʣʥ. ʣʝʪ. ɸ ʜʣʷ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ 
ʙʘʡʢʦʥʫʨʩʢʦʡ ʩʚʠʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚʦʟʨʘʩʪʘ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ 650-708, 721-729 
ʠ 754-889 ʤʣʥ. ʣʝʪ. ʅʠʞʥʠʡ ʚʦʟʨʘʩʪʥʦʡ ʧʨʝʜʝʣ ʥʘʢʦʧʣʝʥʠʷ ʩʚʠʪʳ ï 674 ʤʣʥ. ʣʝʪ. 
ɼʦʤʠʥʠʨʫʶʱʠʝ ʚʦʟʨʘʩʪʘ ʩʨʝʜʠ ʦʙʣʦʤʦʯʥʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʦʨʦʜ ʩʘʪʘʥʩʢʦʡ 
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ʠ ʙʘʡʢʦʥʫʨʩʢʦʡ ʩʚʠʪ - ʦʪ 720 ʜʦ 889 ʤʣʥ. ʣʝʪ [2]. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ 
ʚ ʠʩʪʦʯʥʠʢʘʭ ʩʥʦʩʘ ʧʦʨʦʜ ʥʝʦʧʨʦʪʝʨʦʟʦʷ. 

ɺ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʧʨʦʙʝ ʧʝʩʯʘʥʠʢʦʚ ʞʘʣʪʘʫʩʢʦʡ ʩʚʠʪʳ, ʩʦʩʪʘʚʣʷʶʱʝʡ 
ʙʦʣʝʝ 10 ʢʛ, ʚʳʜʝʣʠʣʦʩʴ ʢʨʘʡʥʝ ʤʘʣʦ ʮʠʨʢʦʥʦʚ, ʤʝʥʝʝ 20 ʟʝʨʝʥ. ʂʦʥʢʦʨʜʘʥʪʥʳʝ 
ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ 10 ʟʝʨʝʥ (ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʴ ʙʦʣʝʝ 90%). ɺʩʝ 
ʦʥʠ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʢʘʪʘʥʥʫʶ ʬʦʨʤʫ ʦʙʣʦʤʢʦʚ ʠ ʦʩʮʠʣʷʪʦʨʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ 
ʪʠʧʠʯʥʫʶ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʮʠʨʢʦʥʦʚ. ɺʩʝ ʵʪʠ ʟʝʨʥʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʡ 
ʚʦʟʨʘʩʪʥʦʡ ʧʦʧʫʣʷʮʠʠ ʚ ʠʥʪʝʨʚʘʣʝ 680-728 ʤʣʥ. ʣʝʪ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʘʪʠʨʦʚʘʥʠʷ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʤʘʪʨʠʢʩʘ ʢʦʥʛʣʦʤʝʨʘʪʦʚ 
ʞʘʣʘʪʘʫʩʢʦʡ ʩʚʠʪʳ ʠʤʝʝʪ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʢʘʨʪʠʥʫ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʦʟʨʘʩʪʘ 
ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ. ʀʟ 100 ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ  ʟʝʨʝʥ  ʮʠʨʢʦʥʦʚ ʜʣʷ 92 
ʧʦʣʫʯʝʥʳ ʢʦʥʢʦʨʜʘʪʥʳʝ ʟʥʘʯʝʥʠʷ. ɼʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʚʦʟʨʘʩʪʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 
ʚʘʨʴʠʨʫʝʪ ʦʪ 665 ʤʣʥ. ʣʝʪ ʜʦ 809 ʤʣʥ. ʣʝʪ. ɺʳʜʝʣʷʝʪʩʷ ʜʚʝ ʥʘʠʙʦʣʝʝ 
ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʧʦʧʫʣʷʮʠʠ. ʇʝʨʚʘʷ ʧʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʩʪʠ ʧʦʧʫʣʷʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 
48 ʟʝʨʝʥ ʩ ʚʦʟʨʘʩʪʦʤ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 720 ʜʦ 740 ʤʣʥ. ʣʝʪ, ʛʜʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ 
ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 724 ʤʣʥ. ʣʝʪ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʮʠʨʢʦʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ 32 
ʟʝʨʥʘʤʠ ʮʠʨʢʦʥʦʚ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ 700 ʜʦ 720 ʤʣʥ. ʣʝʪ.  8 ʟʝʨʝʥ ʠʤʝʶʪ ʚʦʟʨʘʩʪ 
ʚ ʠʥʪʝʨʚʘʣʝ 740-760 ʤʣʥ. ʣʝʪ. ɼʚʘ ʟʝʨʥʘ ʜʘʶʪ ʚʦʟʨʘʩʪ ʥʘ ʨʫʙʝʞʝ 800 ʤʣʥ. ʣʝʪ. 
ɺʦʟʨʘʩʪ ʦʜʥʦʛʦ ʟʝʨʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʚʦʟʨʘʩʪʦʤ ʩʠʝʥʠʪʦʚ ʂʘʨʩʘʢʧʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ï 
680 ʤʣʥ. ʣʝʪ [4]. ʉʘʤʦʝ ʤʦʣʦʜʦʝ ʟʝʨʥʦ  ʠʤʝʝʪ ʚʦʟʨʘʩʪ 665 ʤʣʥ ʣʝʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
ʦʛʨʘʥʠʯʠʪʴ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʦʨʦʜ ʫʣʫʪʘʫʩʢʦʡ ʩʝʨʠʠ. 
ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʵʪʦʡ ʩʝʨʠʠ. 

ʉʦʧʦʩʪʘʚʣʷʷ ʜʘʥʥʳʝ U-Pb ʜʘʪʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ LA-ICP-MC ʦʙʣʦʤʦʯʥʳʭ 
ʮʠʨʢʦʥʦʚ ʠʟ ʧʝʩʯʘʥʠʢʦʚ ʠ ʤʘʪʨʠʢʩʘ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʞʘʣʪʘʫʩʢʦʡ ʩʚʠʪʳ ʥʝ ʚʳʟʳʚʘʝʪ 
ʩʦʤʥʝʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʥʠʭ ʩʫʱʝʩʪʚʦʚʘʣ ʝʜʠʥʳʡ ʠʩʪʦʯʥʠʢ ʧʦʩʪʫʧʣʝʥʠʷ 
ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʙʘʩʩʝʡʥ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʨʠ ʠʭ ʥʘʢʦʧʣʝʥʠʠ. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʩʥʦʩʘ ʠʤʝʣ ʣʦʢʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʪ.ʢ. ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ 
ʦʪʩʫʪʩʪʚʫʶʪ ʮʠʨʢʦʥʳ ʠʟ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
ʋʣʫʪʘʫʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ. ɺʦʟʤʦʞʥʦ, ʠʩʪʦʯʥʠʢʦʤ ʩʥʦʩʘ ʷʚʣʷʣʠʩʴ  
ʧʦʜʩʪʠʣʘʶʱʠʝ ʚʫʣʢʘʥʠʪʳ ʣʘʢʙʘʡʩʢʦʡ ʩʝʨʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
ʙʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʛʨʘʥʪ ˉ18-05-00604 ʠ ʚ 
ʨʘʤʢʘʭ ʟʘʜʘʥʠʷ ʧʦ ʙʘʟʦʚʳʤ ʧʨʦʝʢʪʘʤ ʀɻʄ ʉʆ ʈɸʅ. 
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ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆɽ ʈɸʉʇʈɽɼɽʃɽʅʀɽ, ʌʆʈʄʓ ʅɸʍʆɾɼɽʅʀʗ  

ʀ ʂʆʅʊʈʆʃʀʈʋʖʑʀɽ ʌɸʂʊʆʈʓ 
 

ɼ.ʌ. ɹʫʜʴʢʦ, ʃ.ʃ. ɼʝʤʠʥʘ 

 
ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʤʦʨʷ ʠ ʦʩʦʙʝʥʥʦ ʠʭ ʤʝʣʢʦʚʦʜʥʳʝ ʨʘʡʦʥʳ ʥʘʠʙʦʣʝʝ 
ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ [4]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 
ʧʝʨʝʥʦʩ, ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʙʠʦʘʢʢʫʤʫʣʷʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʨʩʢʠʭ 
ʵʢʦʩʠʩʪʝʤʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ. ɺʟʚʝʰʝʥʥʦʝ 
ʚʝʱʝʩʪʚʦ ʠ ʧʦʪʦʢʠ ʦʩʝʜʘʶʱʠʭ ʯʘʩʪʠʮ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ ʩʣʫʞʘʪ ʧʠʱʝʡ ʜʣʷ 
ʟʦʦʧʣʘʥʢʪʦʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʠʱʝʚʦʡ ʮʝʧʠ ʨʳʙ ʠ ʜʦʥʥʦʡ ʬʘʫʥʳ 
(ʚʢʣʶʯʘʷ ʤʠʜʠʠ), ʢʦʪʦʨʳʝ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʩʣʫʞʘʪ ʧʠʱʝʡ ʜʣʷ ʯʝʣʦʚʝʢʘ. ɺ ʩʚʷʟʠ 
ʩ ʣʦʢʘʣʴʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ ɸʨʢʪʠʢʠ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʢʦʥʪʨʦʣʴ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 
ʧʦʩʪʘʚʢʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʘʨʢʪʠʯʝʩʢʠʝ ʤʦʨʩʢʠʝ ʙʘʩʩʝʡʥʳ [3]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʟʫʯʠʪʴ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʨʫʧʧʳ 
ʤʝʪʘʣʣʦʚ (Al, Fe, Mn, Cu, Cr, Co, Mo, Ni, Pb, Cd) ʚ ʧʦʪʦʢʘʭ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ 
ɹʝʣʦʛʦ ʤʦʨʷ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 20 ʧʨʦʙ ʦʩʘʜʦʯʥʦʛʦ 
ʚʝʱʝʩʪʚʘ, ʩʦʙʨʘʥʥʦʛʦ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʣʦʚʫʰʢʘʤʠ ʥʘ 9 ʩʪʘʥʮʠʷʭ ʚ ɼʚʠʥʩʢʦʤ, 
ʆʥʝʞʩʢʦʤ ʟʘʣʠʚʘʭ, ɹʘʩʩʝʡʥʝ ʠ ɻʦʨʣʝ ɹʝʣʦʛʦ ʤʦʨʷ. ʌʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ ʚʳʜʝʣʷʣʠʩʴ ʤʝʪʦʜʠʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ [5]. 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʯʝʪʳʨʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ: (1) ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʡ 
ʢʦʤʧʣʝʢʩ ʠ ʢʘʨʙʦʥʘʪʳ; (2) Fe, Mn ʦʢʩʠʛʠʜʨʦʢʩʠʜʳ; (3) ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʆɺ) 
ʠ ʩʫʣʴʬʠʜʳ; (4) ʦʩʪʘʪʦʯʥʘʷ ʣʠʪʦʛʝʥʥʘʷ ʬʦʨʤʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʳʜʝʣʝʥʥʳʭ ʬʦʨʤʘʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦ-
ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ (ɸɸʉ çʂɺɸʅʊ-2ɸè, ʆʆʆ ʂʆʈʊʕʂ, ʈʦʩʩʠʷ) ʠ ʤʘʩʩ-
ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ʄʉ, "Agilent 7500ʘ", ʉʐɸ). 

ɸʥʘʣʠʟ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʩʝʷʥʥʦʤ ʦʩʘʜʦʯʥʦʤ 
ʤʘʪʝʨʠʘʣʝ ɹʝʣʦʛʦ ʤʦʨʷ ʧʦʢʘʟʘʣ ʧʨʝʦʙʣʘʜʘʥʠʝ ʣʠʪʦʛʝʥʥʦʡ ʬʦʨʤʳ (ʦʪ 60 ʜʦ 90% 
ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ) ʚ ʥʘʢʦʧʣʝʥʠʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ Al, Fe, Cr, Ni, ʉʦ ʠ ʄʦ. 
ɻʦʩʧʦʜʩʪʚʦ ʪʝʨʨʠʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤʘʭ ʚʧʦʣʥʝ 
ʪʠʧʠʯʥʦ [1]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʢʦʪʦʨʳʭ ʵʣʝʤʝʥʪʦʚ 
ʩʦʭʨʘʥʷʶʪʩʷ ï ʥʘʭʦʞʜʝʥʠʝ Mn, Cu, Cd ʠ Pb ʚ ʦʩʘʜʦʯʥʦʤ ʚʝʱʝʩʪʚʝ ɹʝʣʦʛʦ ʤʦʨʷ 
ʦʙʷʟʘʥʦ (ʦʪ 52 (Cu) ʜʦ 83 (Mn) % ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ), ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 
ʛʠʜʨʦʛʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ (ʘʫʪʠʛʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ, ʩʦʨʙʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ, 
ʩʚʷʟʴ ʩ ʆɺ). ʕʪʠ ʜʚʝ ʛʨʫʧʧʳ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʦ-ʨʘʟʥʦʤʫ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 
ʚ ʧʦʪʦʢʘʭ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ. ɻʨʫʧʧʘ ʵʣʝʤʝʥʪʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʠʪʦʛʝʥʥʦʡ 
ʬʦʨʤʳ ʩʣʘʙʦ ʠʟʤʝʥʷʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʚʦʜʥʦʡ ʪʦʣʱʠ. ʊʦʛʜʘ ʢʘʢ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ Mn, ʥʘʧʨʦʪʠʚ, ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚ ʧʨʠʜʦʥʥʦʤ 
ʛʦʨʠʟʦʥʪʝ ʛʝʦʭʠʤʠʯʝʩʢʠ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ï ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ 
ʠ ʦʢʩʠʛʠʜʨʦʢʩʠʜʳ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʭʠʤʠʯʝʩʢʠʤ, ʪʘʢ ʠ ʩ ʙʘʢʪʝʨʠʘʣʴʥʳʤ 
ʦʢʠʩʣʝʥʠʝʤ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʚ ʠ ʠʦʥʦʚ Mn (II) [6, 7] ʚ ʫʩʣʦʚʠʷʭ ʩ ʭʦʨʦʰʝʡ 
ʦʙʝʩʧʝʯʝʥʥʦʩʪʴʶ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ɹʝʣʦʛʦ ʤʦʨʷ ʨʘʩʪʚʦʨʝʥʥʳʤ ʢʠʩʣʦʨʦʜʦʤ, 
ʧʦʩʪʫʧʘʶʱʠʤ ʚ ʛʣʫʙʠʥʥʳʝ ʚʦʜʳ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʨʠ ʦʩʝʥʥʝ-ʟʠʤʥʝʡ ʢʦʥʚʝʢʮʠʠ [2]. 
ʉʦʛʣʘʩʥʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʤʫ ʘʥʘʣʠʟʫ (R > 0.5; p<0.05), ʩ ʵʪʠʤʠ ʬʦʨʤʘʤʠ Mn 
ʩʦʦʪʥʦʩʠʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Pb, Mo, Cu, ʉʦ). 

ʆʙʥʘʨʫʞʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʨʘʟʣʠʯʠʷ (ʩ ʧʦʤʦʱʴʶ ANOVA) ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʘʜʦʯʥʦʤ ʚʝʱʝʩʪʚʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʣʦʚʫʰʝʢ, 
ʩʦʙʨʘʥʥʦʤ ʚ ʘʢʚʘʪʦʨʠʷʭ ɹʝʣʦʛʦ ʤʦʨʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʝʜʠʤʝʥʪʘʮʠʠ. ɺ ʤʝʩʪʘʭ 
ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʧʦʪʦʢʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʣʘʩʪʷʤ 
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ʩ ʘʢʪʠʚʥʳʤ ʣʘʪʝʨʘʣʴʥʳʤ ʧʝʨʝʥʦʩʦʤ (ʬʨʦʥʪʘʣʴʥʳʝ ʟʦʥʳ, ʫʟʢʠʝ ʧʨʦʣʠʚʳ) 
ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 
ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʥʦʡ ʜʦʣʠ ʛʠʜʨʦʦʢʠʩʣʦʚ Mn ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ 
ʦʨʛʘʥʦʩʚʷʟʘʥʥʦʡ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ. 

ɸʥʘʣʠʟ ʬʘʢʪʦʨʦʚ (ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ), ʚʣʠʷʶʱʠʭ ʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ 
ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʝʷʥʥʦʤ ʦʩʘʜʦʯʥʦʤ ʚʝʱʝʩʪʚʝ ɹʝʣʦʛʦ ʤʦʨʷ 
ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʝʚʘʣʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʬʘʢʪʦʨʳ ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʦʛʝʥʥʦʛʦ 
ʚʝʱʝʩʪʚʘ (ʦʢʦʣʦ 35% ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʚʢʣʘʜʘ ʬʘʢʪʦʨʦʚ), ʘʫʪʠʛʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 
ʦʢʩʠʛʠʜʨʦʢʩʠʜʦʚ Mn ʠ Fe (ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʢʦʣʦ 30%), ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, 
ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʦʢʦʣʦ 20% ʦʪ ʩʫʤʤʘʨʥʦʛʦ ʚʢʣʘʜʘ ʬʘʢʪʦʨʦʚ). 

ɺʢʣʘʜ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚ ʤʦʙʠʣʠʟʘʮʠʶ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ 
ʚ ʘʢʚʘʪʦʨʠʠ ɹʝʣʦʛʦ ʤʦʨʷ ʫʩʪʘʥʦʚʣʝʥ ʩʦʛʣʘʩʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʨʘʙʦʪʝ 
ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ (ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʦʛʘʱʝʥʠʷ EF, ʛʝʦʘʢʢʫʤʫʣʷʪʠʚʥʳʡ 
ʠʥʜʝʢʩ Igeo, ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʘʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ) ʪʦʣʴʢʦ ʜʣʷ 
Cd ʚ ʧʷʪʠ ʦʙʨʘʟʮʘʭ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʡ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʧʨʠʚʥʦʩ ʚʦʟʤʦʞʝʥ ʪʘʢʞʝ ʜʣʷ 
Cu ʠ Ni (ʩʦʛʣʘʩʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩ ɼʂ). ʀʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʠ ʘʵʨʦʟʦʣʝʡ ʥʘʜ ɹʝʣʳʤ 
ʤʦʨʝʤ ʧʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʳʡ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʚʢʣʘʜ ʜʣʷ Cu, Ni ʠ Cd, ʢʦʪʦʨʳʝ, 
ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʫ ʦʙʨʘʪʥʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʧʦʩʪʫʧʘʶʪ ʩ ʚʦʟʜʫʰʥʳʤʠ ʤʘʩʩʘʤʠ 
ʩ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʳ ʢʨʫʧʥʳʝ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ 
[ʉʪʘʨʦʜʳʤʦʚʘ ʠ ʜʨ., 2016]. ʉʨʝʜʥʝʝ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ Mn ʠ Mo, 
ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʜʣʷ ʧʨʠʜʦʥʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʚʷʟʘʥʦ ʩ ʧʨʠʨʦʜʥʳʤ 
ʧʨʦʮʝʩʩʦʤ ï ʘʫʪʠʛʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʛʠʜʨʦʢʩʠʜʦʚ Mn ʚ ʧʨʠʜʦʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 
ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʩʪʘʥʮʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʦʨʦʰʝʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʢʠʩʣʦʨʦʜʦʤ, 
ʩʦʭʨʘʥʠʚʰʠʤʩʷ ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 
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ʕʂʉʊʈɽʄɸʃʔʅʆ ʅʀɿʂʀɽ ɿʅɸʏɽʅʀʗ 87Sr/86Sr  ɺ ɹʀʆɻɽʅʅʓʍ 
ʂɸʈɹʆʅɸʊɸʍ ʇɽʈʄʀ ʆʄʆʃʆʅʉʂʆɻʆ ʄʀʂʈʆʂʆʅʊʀʅɽʅʊɸ 
(ʉɽɺɽʈʆ-ɺʆʉʊʆʂ ʈʆʉʉʀʀ): ɺʆɿʄʆɾʅʓɽ ʇʈʀʏʀʅʓ 
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ʀʟʫʯʝʥʠʝ ʩʪʨʦʥʮʠʝʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (87Sr/86Sr) ʚʩʝ ʰʠʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯ [3, 7]. 
ʅʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ʈʦʩʩʠʠ ʪʘʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʣʴʢʦ ʥʘʯʘʣʠʩʴ, ʥʦ ʫʞʝ ʠʭ ʧʝʨʚʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʢʘʞʫʪʩʷ ʚʦ ʤʥʦʛʦʤ ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʳʤʠ. 

ɺ ʪʝʯʝʥʠʝ ʧʝʨʤʠ ʩʦʦʪʥʦʰʝʥʠʝ 87Sr/86Sr ʚʘʨʴʠʨʦʚʘʣʦ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 
ʧʨʝʜʝʣʘʭ: ʦʪ 0.7081 ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʧʝʨʠʦʜʘ, ʫʩʪʦʡʯʠʚʦ ʧʦʥʠʞʘʷʩʴ  ʜʦ 0.70680ï
0.70685  ʚ ʧʦʟʜʥʝʤ ʢʝʧʠʪʝʥʝ (ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʚʩʝʛʦ ʬʘʥʝʨʦʟʦʷ), ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʨʦʩʪʦʤ ʜʦ 0.7073 ʚʙʣʠʟʠ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʛʦ ʨʫʙʝʞʘ [4, 7]. ʉʯʠʪʘʝʪʩʷ, 
ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʚʘ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʘ ʩʪʨʦʥʮʠʷ ʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʚʦʜʝ: 
ʨʝʯʥʦʡ ʩʪʦʢ, ʧʦʩʪʘʚʣʷʶʱʠʡ ʪʷʞʝʣʳʡ ʩʠʘʣʠʯʝʩʢʠʡ ʩʪʨʦʥʮʠʡ, ʠ ʦʢʝʘʥʠʯʝʩʢʠʝ 
ʙʘʟʘʣʴʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʦʤ ʦʙʣʝʛʯʝʥʥʦʛʦ ʬʝʤʠʯʝʩʢʦʛʦ ʩʪʨʦʥʮʠʷ [3]. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʨʦʥʮʠʝʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʟʘʚʠʩʷʪ, ʧʨʝʞʜʝ 
ʚʩʝʛʦ, ʦʪ ʩʢʦʨʦʩʪʠ ʵʨʦʟʠʠ ʥʘ ʢʦʥʪʠʥʝʥʪʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ, ʘ ʧʦʥʠʞʝʥʥʳʝ ʝʛʦ ʟʥʘʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʧʘʣʝʦʩʧʨʝʜʠʥʛʦʤ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʢʝʧʠʪʝʥʩʢʠʭ ʢʘʨʙʦʥʘʪʘʭ ʗʧʦʥʠʠ (ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʩʘʤʠ 
ʠʟʚʝʩʪʥʷʢʠ) ʧʘʣʝʦʘʪʦʣʣʦʚ ʬʦʨʤʘʮʠʠ ɸʢʘʩʘʢʘ [5], ʘ ʪʘʢʞʝ ʚ ʤʝʣʢʦʚʦʜʥʳʭ 
ʠʟʚʝʩʪʥʷʢʘʭ ʬʦʨʤʘʮʠʷ ʀʚʘʡʟʘʢʠ [6] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʩʪʨʦʥʮʠʝʚʦʛʦ 
ʩʦʦʪʥʦʰʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʠʝ (ʜʦ 0.706754ï0.706808), ʯʝʤ ʨʘʥʝʝ 
ʚʳʯʠʩʣʝʥʥʳʝ (0.706965ï0.706897) ʂ. ʂʦʨʪʝ ʠ ʜʨ. [7]. ʊ. ʂʘʥʠ ʠ ʜʨ. [5] ʩʚʷʟʳʚʘʶʪ 
ʪʘʢʠʝ ʥʠʟʢʠʝ ʩʪʨʦʥʮʠʝʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʨʘʟʚʠʪʠʝʤ ʤʘʪʝʨʠʢʦʚʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, 
ʢʦʪʦʨʦʝ ʨʝʟʢʦ ʧʦʜʘʚʠʣʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩʪʦʢ ʠ ʧʦʩʪʫʧʣʝʥʠʝ ʨʘʜʠʦʛʝʥʥʦʛʦ ʩʪʨʦʥʮʠʷ 
ʚ ʦʢʝʘʥ. ʇʦʩʣʝʜʫʶʱʠʡ ʨʝʟʢʠʡ ʨʦʩʪ ʩʪʨʦʥʮʠʝʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʵʪʠʤʠ 
ʘʚʪʦʨʘʤʠ ʜʝʛʣʷʮʠʘʮʠʝʡ ʠʣʠ ʨʠʬʪʦʛʝʥʝʟʦʤ ʇʘʥʛʝʠ. ʉʣʝʜʫʝʪ ʦʜʥʘʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 
ʦʩʥʦʚʥʳʝ ʵʧʠʟʦʜʳ ʛʦʥʜʚʘʥʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʚʷʟʘʥʳ ʩʦ ʚʪʦʨʦʡ 
ʧʦʣʦʚʠʥʦʡ ʢʘʨʙʦʥʘ ʠ ʥʘʯʘʣʦʤ ʧʝʨʤʠ, ʥʦ ʩʪʨʦʥʮʠʝʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʵʪʦ ʚʨʝʤʷ 
ʙʳʣʦ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʤ (ʧʦʨʷʜʢʘ 0.7081ï0.7083), ʧʦʵʪʦʤʫ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʚʨʷʜ 
ʣʠ ʥʠʟʢʠʝ ʩʪʨʦʥʮʠʝʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʝʧʠʪʝʥʩʢʦʛʦ ʚʝʢʘ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ 
ʦʣʝʜʝʥʝʥʠʝʤ.   

ʇʦʵʪʦʤʫ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʤ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ 
ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (ʢʝʧʠʪʝʥʘ) ʠʟ ʨʘʟʨʝʟʦʚ 
ʆʤʦʣʦʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ), ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʣʩʷ 
ʦʜʥʦʠʤʝʥʥʳʡ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʙʘʩʩʝʡʥ, ʩ ʠʟʚʝʩʪʥʳʤʠ ʥʘ ʩʝʛʦʜʥʷ ʜʘʥʥʳʤʠ. 
ʆʤʦʣʦʥʩʢʠʡ ʙʘʩʩʝʡʥ, ʩʦʛʣʘʩʥʦ ʥʘʰʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ [1] ʚ ʧʝʨʤʠ ʪʘʢʞʝ, ʢʘʢ 
ʠ ʧʘʣʝʦʘʪʦʣʣʳ ʗʧʦʥʠʠ, ʙʳʣ ʫʜʘʣʝʥ ʦʪ ʢʨʫʧʥʳʭ ʤʘʩʩʠʚʦʚ ʩʫʰʠ ʠ ʨʘʩʧʦʣʘʛʘʣʩʷ 
ʚ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ.  

ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ 16 ʦʙʨʘʟʮʦʚ ʨʘʢʦʚʠʥ ʙʨʘʭʠʦʧʦʜ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ (ʧʦʯʪʠ 
ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʧʠʨʠʬʝʨʠʜ) ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʜʚʫʭ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ 
ʆʤʦʣʦʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ï ʧʦ ʨʫʯ. ɺʦʜʦʧʘʜʥʳʡ ʠ ʨ. ʈʫʩʩʢʘʷ ʆʤʦʣʦʥʩʢʘʷ [2]. ʂʨʦʤʝ 
ʚʠʟʫʘʣʴʥʦʡ ʦʮʝʥʢʠ, ʠʩʢʣʶʯʘʚʰʝʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʨʘʢʦʚʠʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʯʪʠ 
ʚʩʝ ʦʙʨʘʟʮʳ ʧʨʦʰʣʠ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʪʝʩʪ-ʢʦʥʪʨʦʣʴ. ʀʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 
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ʦʭʚʘʪʳʚʘʶʪ ʚʝʨʭʠ ʚʦʨʜʩʢʦʛʦ ï ʥʠʟʳ ʯʘʥʩʠʥʩʢʦʛʦ ʷʨʫʩʘ. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ 
ʠʟʫʯʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʟʨʝʟʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʧʦʤʠʤʦ ʠʤʝʶʱʠʭʩʷ 
ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʝʜʘʚʥʦ ʧʦʣʫʯʝʥʥʳʤʠ ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ ʧʦ CA-
IDTIMS ʠ SHRIMP-II ʜʘʪʠʨʦʚʘʥʠʶ ʮʠʨʢʦʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʪʫʬʦʚ ʆʭʦʪʩʢʦʛʦ, ɸʷʥ-
ʖʨʷʭʩʢʦʛʦ ʠ ɹʘʣʳʛʳʯʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʦʚ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ 
ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʠ ŭ13Corg. ʚ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʘʭ ɹʘʣʳʛʳʯʘʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 87Sr/86Sr ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʃʠʜʩʘ, 
ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ʀʟʤʝʨʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʥʦʨʤʠʨʦʚʘʥʳ 
ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ 0,710248 ʜʣʷ ʩʪʘʥʜʘʨʪʘ NBS-987. 

ɺ ʮʝʣʦʤ ʧʦʣʫʯʝʥʥʘʷ ʢʨʠʚʘʷ 87Sr/86Sr ʧʦʚʪʦʨʷʝʪ ʠʟʚʝʩʪʥʳʡ ʤʠʨʦʚʦʡ ʪʨʝʥʜ 
ʩʪʨʦʥʮʠʝʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ [4, 7], ʦʪʣʠʯʘʷʩʴ ʥʝʩʢʦʣʴʢʦ ʟʘʥʠʞʝʥʥʳʤʠ (ʚ ʩʨʝʜʥʝʤ ʥʘ 
0.0005ï0.0008) ʝʛʦ ʟʥʘʯʝʥʠʷʤʠ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʩʣʝʜʫʝʪ ʠʩʢʣʶʯʠʪʴ ʤʘʪʝʨʠʢʦʚʦʝ 
ʦʣʝʜʝʥʝʥʠʝ ʢʘʢ ʛʣʘʚʥʫʶ ʧʨʠʯʠʥʫ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʩʪʨʦʥʮʠʝʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚ 
ʢʝʧʠʪʝʥʝ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʶʱʠʝʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʩʦʜʝʨʞʘʪ ʷʚʥʳʭ 
ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʘʢʦʚʦʛʦ. ʇʦʵʪʦʤʫ, ʦʩʪʘʝʪʩʷ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʦ ʫʤʝʥʴʰʝʥʠʝ ʤʦʞʝʪ 
ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʦʢʝʘʥ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʦʙʣʝʛʯʝʥʥʦʛʦ 
ʬʝʤʠʯʝʩʢʦʛʦ ʩʪʨʦʥʮʠʷ ʚ ʩʚʷʟʠ ʩ ʨʝʟʢʠʤ ʫʩʠʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʨʠʬʪʦʛʝʥʝʟʘ ʧʦ 
ʧʝʨʠʬʝʨʠʠ ʆʤʦʣʦʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʨʘʩʰʠʨʝʥʠʝʤ 
ʆʡʤʷʢʦʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʦʢʝʘʥʘ ɸʥʛʘʶʯʘʤ [1]. 

ʄʠʥʠʤʘʣʴʥʦʝ ʚʳʯʠʩʣʝʥʥʦʝ ʥʘʤʠ ʩʦʦʪʥʦʰʝʥʠʝ 87Sr/86Sr ʦʢʘʟʘʣʦʩʴ 0.706707 ʠ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʨʭʥʝʢʝʧʠʪʝʥʩʢʦʤʫ ʩʪʨʦʥʮʠʝʚʦʤʫ ʤʠʥʠʤʫʤʫ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ 
ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʦʙʨʘʟʮʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʛʠʞʠʛʠʥʩʢʦʛʦ 
ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɽʱʝ ʦʜʥʦ ʵʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ (0.706709) 
ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʥʘʤʠ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʢʝʧʠʪʝʥʘ ʠ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 
ʘʥʘʣʦʛʠʯʥʦʤʫ ʤʠʥʠʤʫʤʫ, ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʚ ʢʝʧʠʪʝʥʩʢʠʭ ʢʘʨʙʦʥʘʪʘʭ ʗʧʦʥʠʠ [5, 6]. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʨʦʥʮʠʝʚʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠʟ ʠʟʫʯʝʥʥʦʛʦ ʥʘʤʠ 
ʩʨʝʜʥʝ-ʚʝʨʭʥʝʧʝʨʤʩʢʦʛʦ ʠʥʪʝʨʚʘʣʘ ʧʦʣʫʯʝʥʳ ʜʣʷ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʙʠʚʘʣʴʚʠʝʚʦʡ 
ʧʦʜʟʦʥʳ Intomodesma evenicum ʠ ʩʦʩʪʘʚʣʷʶʪ 0.706986, ʯʪʦ ʦʪʚʝʯʘʝʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 
ʚʫʯʘʧʠʥʩʢʦʛʦ ʷʨʫʩʘ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʳ ʧʝʨʤʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 17-05-00109, ʘ 
ʪʘʢʞʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ 
ʌʝʜʝʨʘʮʠʠ ʧʦ ʜʦʛʦʚʦʨʫ ˉ 14.Y26.31.0029 ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʥʦʚʣʝʥʠʷ 
ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ˉ 220. 
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ɸʋʊʀɻɽʅʅʆɽ ʄʀʅɽʈɸʃʆʆɹʈɸɿʆɺɸʅʀɽ ɺ ɺɽʈʍʅɽʖʈʉʂʀʍ 
ʊɽʈʈʀɻɽʅʅʓʍ ʂʆʃʃɽʂʊʆʈɸʍ ʅɸ ʖɻɽ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ 

 
ʃ.ɻ. ɺʘʢʫʣʝʥʢʦ1,2, ʆ.ɼ. ʅʠʢʦʣʝʥʢʦ1, ɽ.ʄ. ʍʘʙʘʨʦʚ1,2, ʇ.ɸ. ʗʥ1,2 

 
1
ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ. ʊʨʦʬʠʤʫʢʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

2
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

 
ʆʩʥʦʚʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʚ ʶʞʥʦʡ ʧʦʣʦʚʠʥʝ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ ʩʚʷʟʘʥʳ ʩ ʢʝʣʣʦʚʝʡ-ʦʢʩʬʦʨʜʩʢʠʤ ʛʦʨʠʟʦʥʪʦʤ ʖ1. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʩʣʫʞʠʪ 
ʦʙʲʝʢʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ (ɺʝʨʭʪʘʨʩʢʦʝ ʠ 
ɺʦʩʪʦʯʥʦ-ʊʘʨʩʢʦʝ ʥʝʬʪʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ). ʂʘʯʝʩʪʚʦ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ, ʥʘʨʷʜʫ ʩ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ, ʚ ʨʘʟʥʦʡ 
ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 
ʇʦʩʣʝʜʥʠʝ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʮʝʩʩʘʤʠ ʘʫʪʠʛʝʥʥʦʛʦ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʜʝʪʘʣʴʥʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʨʦʜ 
ɺʝʨʭʪʘʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʠʥʪʝʨʚʘʣ ʛʣʫʙʠʥ 2486-2902 ʤ) ʚʳʷʚʣʝʥʳ ʘʩʩʦʮʠʘʮʠʠ 
ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʣʠʪʦʛʝʥʝʟʘ ʠ ʚʭʦʜʷʱʠʝ 
ʚ ʦʩʥʦʚʥʦʤ ʚ ʩʦʩʪʘʚ ʮʝʤʝʥʪʘ. ʋʩʪʘʥʦʚʣʝʥʳ: ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ ʛʣʘʫʢʦʥʠʪ, ʧʠʨʠʪ, 
ʢʘʣʴʮʠʪ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ, ʩʠʜʝʨʠʪ, ʘʥʘʪʘʟ, ʣʝʡʢʦʢʩʝʥ; ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ-
ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʝ ʢʘʣʴʮʠʪ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ, ʭʣʦʨʠʪ, ʢʘʦʣʠʥʠʪ; ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʝ 
ʩʠʜʝʨʠʪ, ʢʚʘʨʮ, ʧʦʣʝʚʦʡ ʰʧʘʪ, ʮʝʦʣʠʪ, ʢʘʣʴʮʠʪ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ, ʜʦʣʦʤʠʪ. 

ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʘʫʪʠʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 
ʢʘʨʙʦʥʘʪʥʳʝ ʤʠʥʝʨʘʣʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʢʘʣʴʮʠʪ (ʦʪ 
ʧʝʨʚʳʭ ʜʦ 45-50%). ʋʩʪʘʥʦʚʣʝʥʦ 3 ʝʛʦ ʛʝʥʝʨʘʮʠʠ: ʪʦʥʢʦ-ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 
ʢʘʣʴʮʠʪ ʷʚʣʷʝʪʩʷ ʨʝʣʠʢʪʦʤ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ-ʨʘʥʥʝʜʠʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʤʠʢʨʠʪʘ, 
ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ ʚ ʚʠʜʝ ʩʛʫʩʪʢʦʚ ʠ ʧʷʪʝʥ. ɺʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʦʪʜʝʣʴʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʠ ʘʛʨʝʛʘʪʘʤʠ ʢʘʣʴʮʠʪʘ ʪʦʥʢʦ-, ʤʝʣʢʦ-, ʨʝʜʢʦ ʩʨʝʜʥʝ-
ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʬʦʨʤʠʨʫʶʱʠʤʠ ʧʦʨʦʚʳʡ, ʫʯʘʩʪʢʘʤʠ ʙʘʟʘʣʴʥʦ-
ʧʦʨʦʚʳʡ ʮʝʤʝʥʪ. ʂ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ ʦʪʥʝʩʝʥ ʧʦʡʢʠʣʠʪʦʚʳʡ ʤʝʣʢʦ-ʩʨʝʜʥʝ-, ʠʥʦʛʜʘ 
ʩʨʝʜʥʝ-ʢʨʫʧʥʦ- ʠ ʛʨʫʙʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʘʣʴʮʠʪ. ʆʥ ʢʦʨʨʦʜʠʨʫʝʪ ʦʙʣʦʤʢʠ (ʚ ʪʦʤ 
ʯʠʩʣʝ, ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʢʘʝʤʢʠ), ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʘʝʪ 
ʯʘʩʪʴ ʠʟ ʥʠʭ, ʬʦʨʤʠʨʫʷ ʧʦʨʦʚʦ-ʙʘʟʘʣʴʥʳʡ, ʙʘʟʘʣʴʥʳʡ ʮʝʤʝʥʪ, ʯʘʩʪʦ ʦʪʤʝʯʘʶʱʠʡʩʷ 
ʚ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜʘʭ. ʉʠʜʝʨʠʪ ʦʙʨʘʟʫʝʪ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʠ ʧʝʣʠʪʦʤʦʨʬʥʳʝ 
ʩʛʫʩʪʢʠ ʠ ʧʷʪʥʘ, ʢʦʥʮʝʥʪʨʠʨʫʷʩʴ ʚ ʫʯʘʩʪʢʘʭ ʩʢʦʧʣʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʝʪʨʠʪʘ. ʂʨʦʤʝ 
ʪʦʛʦ, ʚ ʩʪʘʜʠʶ ʢʘʪʘʛʝʥʝʟʘ ʧʝʣʠʪʦʤʦʨʬʥʳʡ ʩʠʜʝʨʠʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʙʠʦʪʠʪʫ ʠ 
ʥʝʢʦʪʦʨʳʤ ʣʠʪʦʢʣʘʩʪʘʤ (ʦʙʣʦʤʢʘʤ ʩʣʘʥʮʝʚ, ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ, 
ʵʬʬʫʟʠʚʦʚ). ɼʦʣʦʤʠʪ ʦʪʤʝʯʝʥ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ʜʦ 0,05 ʤʤ), 
ʨʝʞʝ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ (ʜʦ 0,1 ʤʤ) ʨʦʤʙʦʵʜʨʦʚ ʠ ʠʭ ʘʛʨʝʛʘʪʦʚ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ 
ʧʦ ʦʙʣʦʤʢʘʤ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʚʩʝʤ ʪʠʧʘʤ ʮʝʤʝʥʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ, 
ʧʦʡʢʠʣʠʪʦʚʳʤ ʮʝʦʣʠʪʦʚʦʤʫ ʠ ʢʘʣʴʮʠʪʦʚʦʤʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʣʦʤʠʪ ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʤ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʤ ʤʠʥʝʨʘʣʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʝʛʦ ʦʙʳʯʥʦ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ï ʦʪ ʜʦʣʝʡ % ʜʦ 1-2, ʨʝʜʢʦ ʜʦ 5-8%. 

ʉʨʝʜʠ ʘʫʪʠʛʝʥʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 
ʢʘʦʣʠʥʠʪ. ʌʦʨʤʳ ʝʛʦ ʚʳʜʝʣʝʥʠʷ, ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ 
ʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʳ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ 
ʛʝʥʝʨʘʮʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʘʢ ʚ ʜʠʘʛʝʥʝʟʝ, ʪʘʢ ʠ ʚ ʢʘʪʘʛʝʥʝʟʝ. ʅʘʠʙʦʣʝʝ ʨʘʥʥʷʷ 
ʛʝʥʝʨʘʮʠʷ ʪʦʥʢʦʯʝʰʫʡʯʘʪʦʛʦ (ʜʦ 0,01 ʤʤ) ʢʘʦʣʠʥʠʪʘ ʦʪʤʝʯʝʥʘ ʚ ʫʯʘʩʪʢʘʭ ʧʷʪʥʠʩʪʦʛʦ 
ʨʘʟʚʠʪʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ (ʢʘʦʣʠʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ) ʤʘʪʝʨʠʘʣʘ. 
ɹʦʣʝʝ ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥ ʧʦʨʦʚʳʡ ʢʘʦʣʠʥʠʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʛʨʝʛʘʪʘʤʠ ʦʪ ʪʦʥʢʦ- ʜʦ 
ʢʨʫʧʥʦʯʝʰʫʡʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʠʥʦʛʜʘ ʚʝʨʤʠʢʫʣʠʪʦʧʦʜʦʙʥʦʛʦ, ʩʬʝʨʦʣʠʪʦʚʦʛʦ, 
ʩʥʦʧʦʚʠʜʥʦʛʦ ʦʙʣʠʢʘ, ʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʨʦʚʳʭ 
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ʨʘʩʪʚʦʨʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʢʘʦʣʠʥʠʪʦʤ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʧʣʘʩʪʠʥʦʢ 
ʤʫʩʢʦʚʠʪʘ. ʀʟʨʝʜʢʘ ʧʨʦʷʚʣʝʥʳ ʘʫʪʠʛʝʥʥʳʡ ʭʣʦʨʠʪ, ʟʘʤʝʱʘʶʱʠʡ ʙʠʦʪʠʪ, ʘ ʪʘʢʞʝ 
ʘʣɹʙʠʪ, ʬʦʨʤʠʨʫʶʱʠʡ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʝ ʢʘʝʤʢʠ ʚʦʢʨʫʛ ʦʙʣʦʤʢʦʚ ʢʘʣʠʝʚʳʭ ʧʦʣʝʚʳʭ 
ʰʧʘʪʦʚ. 

ɺʧʝʨʚʳʝ ʚ ʶʨʩʢʠʭ ʧʝʩʯʘʥʠʢʘʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʦ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʮʝʦʣʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʨʘʥʝʝ ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʨʝʟʝ 
ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʪʦʣʴʢʦ ʚ ʥʝʦʢʦʤʝ. ʈʘʟʚʠʪʠʝ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʥʝ-
ʛʨʫʙʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʡʢʠʣʠʪʦʚʦʛʦ ʮʝʦʣʠʪʘ ʧʨʠʫʨʦʯʝʥʦ ʢ ʥʘʠʙʦʣʝʝ 
ʛʨʫʙʦʟʝʨʥʠʩʪʳʤ ʧʨʦʩʣʦʷʤ. ʍʘʨʘʢʪʝʨʥʦ ʟʘʤʝʱʝʥʠʝ ʮʝʦʣʠʪʦʤ ʧʣʘʛʠʦʢʣʘʟʦʚ. ʇʦʟʜʥʝʝ 
ʧʦ ʮʝʦʣʠʪʘʤ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦʡʢʠʣʠʪʦʚʳʡ ʢʘʣʴʮʠʪ ʠ ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʦʣʦʤʠʪ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʣʷʥʦʢʠʩʣʳʭ ʚʳʪʷʞʝʢ 
ʠʟ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦʛʦ ʮʝʤʝʥʪʘ ʧʦʢʘʟʘʣʠ 
ʦʪʯʝʪʣʠʚʦʝ ʨʘʟʣʠʯʠʝ ʨʘʟʥʳʭ ʛʝʥʝʨʘʮʠʡ ʢʘʣʴʮʠʪʘ. ɺʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ, ʠʥʦʛʜʘ ʩ 
ʨʝʣʠʢʪʘʤʠ ʧʝʨʚʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʦʙʣʝʛʯʝʥʥʳʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ 
ʫʛʣʝʨʦʜʘ (ŭ13C PDB ʩʦʩʪʘʚʣʷʝʪ ʦʪ -12,3 ʜʦ -17,8ă) ʠ ʫʪʷʞʝʣʝʥʥʳʤ ʢʠʩʣʦʨʦʜʘ (ŭ18ʆ 
PDB ʦʪ -4,7 ʜʦ -9,6ă), ʧʦʥʠʞʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Fe (0,69-1,89%) ʠ ʫʤʝʨʝʥʥʳʤʠ Sr 
(0,12-0,17%). ɺ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ ŭ13C ʩʦʩʪʘʚʣʷʝʪ ʦʪ -9,1 ʜʦ -9,7ă, ŭ18ʆ - ʦʪ -19,4 ʜʦ 
-20,2ă, ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ Fe (3,3-5,9%) ʠ Sr (0,2-0,36%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʣʴʮʠʪʘ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ, 
ʙʣʠʟʢʠʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤ (ʵʪʘʧ ʜʠʘʛʝʥʝʟʘ), ʠ ʩʚʷʟʘʥʦ ʩ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 
ʧʦʨʦʚʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʦʙʦʛʘʱʝʥʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʫʛʣʝʢʠʩʣʦʪʦʡ. ʌʦʨʤʠʨʦʚʘʥʠʝ 
ʢʘʣʴʮʠʪʘ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ ʩʚʷʟʘʥʦ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʩ 
ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʡ ʫʛʣʝʢʠʩʣʦʪʳ (ʵʪʘʧ ʢʘʪʘʛʝʥʝʟʘ). ʆʪʜʝʣʴʥʦ 
ʦʪʤʝʪʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 
ʟʘʤʝʪʥʦʛʦ ʚʣʠʷʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʥʘ ʧʨʦʮʝʩʩʳ ʘʫʪʠʛʝʥʥʦʛʦ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʌʅʀ ˉ 0331-2019-0021 çʆʩʥʦʚʥʳʝ 
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ 
ʵʚʦʣʶʮʠʠ ʚ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʠ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʉʠʙʠʨʠè, ʠ 
ʧʨʦʝʢʪʘ ʈʌʌʀ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ˉ18-45-540004 ʨ_ʘ. 



70 

ʉʋʃʔʌɸʊʅʓɽ ʂɸʃʀʁʅʆ-ʄɸɻʅʀɽɺʓɽ ʉʆʃʀ  
ɺ ʂɸʃʀʅʀʅɻʈɸɼʉʂʆ-ɻɼɸʅʔʉʂʆʄ ʉʆʃɽʅʆʉʅʆʄ ɹɸʉʉɽʁʅɽ 

 
ʄ.ʉ. ɺʘʬʠʥʘ 

 
ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦ-ɻʜʘʥʴʩʢʠʡ ʩʦʣʝʨʦʜʥʳʡ ʙʘʩʩʝʡʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 
ʇʦʣʴʩʢʦ-ʃʠʪʦʚʩʢʦʡ ʚʧʘʜʠʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ ɺʦʩʪʦʯʥʦ-
ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʙʦʣʴʰʦʛʦ ʉʨʝʜʥʝʝʚʨʦʧʝʡʩʢʦʛʦ 
ʩʦʣʝʨʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

ʂʘʣʠʥʠʥʛʨʘʜʩʢʦ-ɻʜʘʥʴʩʢʠʡ ʙʘʩʩʝʡʥ ʧʨʠʫʨʦʯʝʥ ʢ ʨʘʟʣʠʯʥʳʤ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤ 
ʵʣʝʤʝʥʪʘʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʝʛʦ ʬʫʥʜʘʤʝʥʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʣʦʢʦʚʳʤ ʩʪʨʦʝʥʠʝʤ [5, 
6] ʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʷʝʪʩʷ ʨʷʜ ʢʨʫʧʥʳʭ ʠ ʤʝʣʢʠʭ 
ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ [3, 4]. ɺʳʜʝʣʷʶʪʩʷ ʇʦʣʴʩʢʦ-ʃʠʪʦʚʩʢʘʷ ʠ ʎʝʥʪʨʘʣʴʥʦ-
ʇʦʣʴʩʢʘʷ ʚʧʘʜʠʥʳ. ʂ ʇʦʣʴʩʢʦ-ʃʠʪʦʚʩʢʦʡ ʚʧʘʜʠʥʝ ʧʨʠʫʨʦʯʝʥʳ ɹʦʣʴʰʘʢʦʚʩʢʦ-
ʏʝʨʥʘʭʦʚʩʢʠʡ, ʉʣʘʚʠʥʩʢʦ-ʂʨʝʩʧʦʙʦʨʩʢʠʡ ʠ ʄʘʤʦʥʦʚʩʢʠʡ ʧʨʦʛʠʙʳ, ʚ ʧʨʝʜʝʣʘʭ 
ʢʦʪʦʨʳʭ ʠʤʝʝʪʩʷ ʨʷʜ ʧʦʥʠʞʝʥʠʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʣʠʯʠʝʤ ʫʯʘʩʪʢʦʚ 
ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʛʘʣʦʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʅʠʚʝʥʩʢʦʝ, ʃʘʜʫʰʢʠʥʩʢʦʝ, 
ʇʝʨʚʦʤʘʡʩʢʦʝ). 

ʉʦʣʷʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʨʭʥʝʧʝʨʤʩʢʠʤ 
ʦʪʣʦʞʝʥʠʷʤ ʠ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʮʝʭʰʪʝʡʥʦʚʳʤʠ ʧʦʨʦʜʘʤʠ ʮʠʢʣʘ ɺʝʨʨʘ, ʯʘʩʪʠʯʥʦ 
ʉʪʨʘʩʩʬʫʨʪʘ ʠ ʃʝʡʥʝ.  ʉʦʣʝʥʦʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʨʝʛʦʣʴʩʢʘʷ ʠ ʘʡʩʪʤʘʨʩʢʘʷ 
ʩʚʠʪʳ ʮʠʢʣʘ ɺʝʨʨʘ. 

ɺ ʧʨʝʜʝʣʘʭ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦ-ɻʜʘʥʴʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩʨʝʜʠ ʛʘʣʦʛʝʥʥʦʡ ʪʦʣʱʠ 
ʧʨʝʛʦʣʴʩʢʦʡ ʩʚʠʪʳ ʫʩʪʘʥʦʚʣʝʥʦ ʙʦʣʝʝ 20 ʧʨʦʷʚʣʝʥʠʡ ʢʘʣʠʡʥʳʭ ʠ ʢʘʣʠʡʥʦ-
ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ. ɺʩʝ ʦʥʠ ʚʳʷʚʣʝʥʳ ʧʦ ʜʘʥʥʳʤ ɻʀʉ ʩʪʨʫʢʪʫʨʥʳʭ, ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ 
ʠʣʠ ʧʦʠʩʢʦʚʳʭ ʥʘ ʥʝʬʪʴ ʩʢʚʘʞʠʥ, ʧʦ ʧʦʚʳʰʝʥʥʦʡ ʛʘʤʤʘ-ʘʢʪʠʚʥʦʩʪʠ: 10-25 ʤʢʈ/ʯʘʩ 
ʥʘ ʬʦʥʝ 2-4 ʤʢʈ/ʯʘʩ. ʅʘʠʙʦʣʝʝ ʥʘʩʳʱʝʥʥʦʡ ʚ ʦʪʥʦʰʝʥʠʠ ʢʘʣʠʝʥʦʩʥʦʩʪʠ ʚ 
ʛʘʣʦʛʝʥʥʦʡ ʪʦʣʱʝ ʷʚʣʷʝʪʩʷ ʄʘʤʦʥʦʚʩʢʠʡ ʧʨʦʛʠʙ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʫʨʦʯʝʥʳ 
ʧʨʦʷʚʣʝʥʠʷ ʢʘʣʠʡʥʳʭ ʠ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʭ ʠ ʩʫʣʴʬʘʪʥʳʭ 
ʩʦʣʝʡ. 

ʍʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʝ  ʩʦʣʠ  ʮʠʢʣʘ ɺʝʨʨʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʚʦʣʴʥʦ 
ʩʣʦʞʥʳʤ ʚʝʱʝʩʪʚʝʥʥʳʤ  ʩʦʩʪʘʚʦʤ. ʆʥʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʅʠʚʝʥʩʢʦʡ ʚʧʘʜʠʥʝ 
ʄʘʤʦʥʦʚʩʢʦʛʦ ʧʨʦʛʠʙʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʣʴʚʠʥ-ʙʠʰʦʬʠʪ-ʢʘʨʥʘʣʣʠʪʦʚʦʡ, 
ʢʘʨʥʘʣʣʠʪ-ʩʠʣʴʚʠʥ-ʢʠʟʝʨʠʪʦʚʦʡ (ʢʠʟʝʨʠʪʦʚʳʡ ʭʘʨʪʟʘʣʴʮ) ʠ ʢʠʟʝʨʠʪ-ʩʠʣʴʚʠʥ-
ʢʘʠʥʠʪʦʚʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʪʠʧʘʤʠ [1]. ʂʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʝ ʩʦʣʠ ʩʣʘʛʘʶʪ ʜʦ 17 
ʩʣʦʝʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʦʙʲʝʜʠʥʝʥʘ ʚ 8 ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʘʩʪʦʚ. ʇʣʘʩʪʳ 
ʚʳʜʝʣʝʥʳ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʡ ʢʨʠʚʳʭ ɻʂ ʠ ʩʢʦʨʨʝʣʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 
ʚʳʜʝʣʝʥʥʦʛʦ ʨʝʧʝʨʥʦʛʦ ʧʣʘʩʪʘ, ʪʘʢ ʢʘʢ ʩʣʘʛʘʶʱʠʝ ʠʭ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʙʦʣʴʰʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʦʩʪʘʚʘ. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ  ʢʨʦʚʣʠ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʭ 
ʩʦʣʝʡ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 950-1000 ʤ. ʄʦʱʥʦʩʪʴ ʠʭ ʤʝʥʷʝʪʩʷ ʦʪ 10 ʜʦ 30 ʤ. 

ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʳʷʚʠʣ ʣʦʢʘʣʠʟʘʮʠʶ ʦʩʥʦʚʥʳʭ 
ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʦʪʚʝʯʘʶʱʠʭ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʥʜʠʮʠʡ [2]. ʂʘʨʥʘʣʣʠʪ ʠ 
ʙʠʰʦʬʠʪ ʪʷʛʦʪʝʶʪ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʅʠʚʝʥʩʢʦʡ ʚʧʘʜʠʥʳ, ʢʠʟʝʨʠʪ ï ʠ 
ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ, ʢʘʠʥʠʪ ï ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʩʝʚʝʨʝ, ʩʠʣʴʚʠʥ ï 
ʥʘ ʶʛʝ. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʫʯʘʩʪʢʠ ʠʭ ʚʪʦʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʣʦʢʘʣʴʥʦ 
ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ɺ ʵʪʠʭ ʟʦʥʘʭ 
ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʳʝ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʝ ʤʠʥʝʨʘʣʳ ʟʘʤʝʱʝʥʳ ʧʦʨʦʜʘʤʠ 
ʩʣʦʞʝʥʥʳʤʠ ʧʦʣʠʛʘʣʠʪʦʤ, ʨʝʞʝ ʣʘʥʛʙʝʡʥʠʪʦʤ, ʢʘʠʥʠʪʦʤ ʠ ʢʠʟʝʨʠʪʦʤ. ʇʦ 
ʧʨʠʩʫʪʩʪʚʠʶ ʚ ʥʠʭ ʥʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 
ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʪʦʨʠʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʪʘʢʠʭ ʟʦʥ ʟʘʤʝʱʝʥʠʡ, 
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ʚʦʟʥʠʢʣʦ ʟʘ ʩʯʸʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʝ ʧʦʨʦʜʳ ʚʝʨʪʠʢʘʣʴʥʦ-
ʤʠʛʨʠʨʫʶʱʠʭ ʚʦʜ ʠʟ ʧʦʜʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʉʫʣʴʬʘʪʥʳʡ ʪʠʧ ʮʠʢʣʘ ɺʝʨʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʠʛʘʣʠʪʦʚʳʤ, ʛʘʣʠʪ-
ʧʦʣʠʛʘʣʠʪʦʚʳʤ ʠ ʘʥʛʠʜʨʠʪ-ʧʦʣʠʛʘʣʠʪʦʚʳʤ ʤʠʥʝʨʘʣʴʥʳʤʠ ʪʠʧʘʤʠ. ʇʦ ʛʝʦʣʦʛʦ-
ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʢʘʣʠʡʥʦ-
ʤʘʛʥʠʝʚʳʝ ʩʦʣʠ ʩʫʣʴʬʘʪʥʦʛʦ ʪʠʧʘ (ʧʦʣʠʛʘʣʠʪʦʚʳʝ ʧʦʨʦʜʳ). ʇʦʣʠʛʘʣʠʪʳ 
ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʧʦʜʩʦʣʝʚʳʭ ʘʥʛʠʜʨʠʪʘʭ ʠ ʢʘʢ ʫʧʦʤʷʥʫʪʳʝ  ʚʪʦʨʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 
ʚ ʩʦʣʝʥʦʩʥʦʡ ʪʦʣʱʝ ʧʨʝʛʦʣʴʩʢʦʡ ʩʚʠʪʳ, ʘ ʪʘʢʞʝ ʚ ʘʥʛʠʜʨʠʪʘʭ ʘʡʩʤʘʨʩʢʦʡ ʠ 
ʤʘʤʦʥʦʚʩʢʦʡ ʩʚʠʪ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ, ʟʘʣʝʞʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ 
ʦʮʝʥʦʯʥʳʭ ʢʦʥʜʠʮʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʧʦʜʩʦʣʝʚʳʭ ʘʥʛʠʜʨʠʪʘʭ ʠ, ʨʝʞʝ, ʢʘʢ 
ʚʪʦʨʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʦʣʱʠ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʧʨʝʛʦʣʴʩʢʦʡ ʩʚʠʪʳ.  ʇʦʣʠʛʘʣʠʪʦʚʳʝ 
ʧʦʨʦʜʳ ʜʦʚʦʣʴʥʦ ʯʝʪʢʦ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʛʘʤʤʘ-ʢʘʨʦʪʘʞʘ (ʂ40) ʠ ʛʨʘʚʠʤʝʪʨʠʠ 
ʚ ʚʠʜʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ. ɻʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʨʦʚʣʠ ʪʘʢʠʭ ʧʦʨʦʜ ʢʦʣʝʙʣʝʪʩʷ 
ʦʪ 648 ʤ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʜʦ 1370 ʤ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʨʝʛʠʦʥʘ. 
ʄʦʱʥʦʩʪʴ ʠʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 5 ʜʦ 119 ʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʝʜʘʥʦ ʧʨʦʷʚʣʝʥʠʝ ʭʣʦʨʠʜʥʦ-ʩʫʣʴʬʘʪʥʦʛʦ ʪʠʧʘ 
ʚ ʧʨʝʜʝʣʘʭ ʅʠʚʝʥʩʢʦʡ ʚʧʘʜʠʥʳ ʄʘʤʦʥʦʚʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʢʦʪʦʨʦʝ ʧʦʜʛʦʪʘʚʣʠʚʘʝʪʩʷ ʢ 
ʨʘʟʨʘʙʦʪʢʝ ʰʘʭʪʥʳʤ ʩʧʦʩʦʙʦʤ, ʠ ʦʮʝʥʝʥ ʩʫʣʴʬʘʪʥʳʡ (ʧʦʣʠʛʘʣʠʪʦʚʳʡ) ʢʦʤʧʣʝʢʩ ï ʚ 
ʨʘʡʦʥʝ ʉʝʚʝʨʦ-ʂʨʘʩʥʦʙʦʨʩʢʦʡ (ɺʦʩʪʦʯʥʦ-ʇʦʣʝʩʩʢʦʡ).  ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ 
ʫʯʘʩʪʢʘʤʠ, ʦʙʣʘʜʘʶʱʠʤʠ ʝʱʝ ʙʦʣʝʝ ʤʦʱʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʦʣʠʛʘʣʠʪʘ ʚ 
ʧʦʜʩʪʠʣʘʶʱʠʭ ʘʥʛʠʜʨʠʪʘʭ, ʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ ʚ ʨʘʡʦʥʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ 
ɻʫʨʴʝʚʩʢ, ɿʥʘʤʝʥʩʢ, ʇʨʘʚʜʠʥʩʢ. 

ʉʦʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ ʮʠʢʣʘ ʉʪʨʘʩʩʬʫʨʪ  ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʡʩʪʤʘʨʩʢʦʡ 
ʩʚʠʪʦʡ. ʈʘʟʚʠʪʳ ʥʘ ʢʨʘʡʥʝʤ ʶʛʦ-ʟʘʧʘʜʝ ʦʭʚʘʪʳʚʘʷ ʶʞʥʫʶ ʯʘʩʪʴ ʅʠʚʝʥʩʢʦʡ, 
ʃʘʜʫʰʢʠʥʩʢʦʡ ʠ ʜʨʫʛʠʭ ʚʧʘʜʠʥ. ʇʝʨʝʢʨʳʚʘʶʱʠʝ ʠ ʧʦʜʩʪʠʣʘʶʱʠʝ ʩʦʣʝʥʦʩʥʫʶ ʪʦʣʱʫ 
ʩʫʣʴʬʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʘʥʛʠʜʨʠʪʳ) ʵʪʦʡ ʩʚʠʪʳ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʘʨʝʘʣ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɺʩʝ ʦʥʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʦʮʝʥʦʯʥʳʭ ʢʦʥʜʠʮʠʡ ʠ ʥʝ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɺʠʰʥʷʢʦʚ ɸ.ʂ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʘʣʦʛʝʥʥʳʭ ʧʦʨʦʜ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʅʠʚʝʥʩʢʦʡ ʚʧʘʜʠʥʳ 
ʂʘʣʠʥʠʥʛʨʘʜʩʢʦ-ɻʜʘʥʴʩʢʦʛʦ ʩʦʣʝʥʦʩʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʫʩʣʦʚʠʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ / ɸ.ʂ. ɺʠʰʥʷʢʦʚ, 
ɻ.ɸ. ʄʦʩʢʦʚʩʢʠʡ, ʆ.ʇ. ɻʦʥʯʘʨʝʥʢʦ, ʄ.ʉ. ɺʘʬʠʥʘ, ɼ.ʉ. ɺʝʨʰʠʥʠʥ, ʀ.ɺ. ʉʦʧʠʚʥʠʢ // ʃʠʪʦʩʬʝʨʘ. ï 
2016. ï ˉ 4. ï ʉ. 102-114. 

2. ɺʠʰʥʷʢʦʚ ɸ.ʂ. ʉʪʨʦʝʥʠʝ ʠ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʣʠʡʥʦ-ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 
ʅʠʚʝʥʩʢʦʡ ʚʧʘʜʠʥʳ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦ-ɻʜʘʥʴʩʢʦʛʦ ʩʦʣʝʥʦʩʥʦʛʦ ʙʘʩʩʝʡʥʘ / ɸ.ʂ. ɺʠʰʥʷʢʦʚ, 
ɸ.ɼ. ʉʤʳʯʥʠʢ, ɺ.ɼ. ʇʘʥʦʚ, ʄ.ʉ. ɺʘʬʠʥʘ, ʆ.ʐ. ʈʘʭʤʘʪʫʣʣʠʥʘ // ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ. ï 2017. ï 
ˉ4. ï ʉ. 90-97. 

3. ɻʘʨʝʮʢʠʡ ʈ.ɻ. ʉʪʨʦʝʥʠʝ ʩʝʚʝʨʦʤʦʨʩʢʦʛʦ ʩʝʢʪʦʨʘ ʉʨʝʜʥʝʝʚʨʦʧʝʡʩʢʦʡ ʧʣʠʪʳ / ʈ.ɻ. ɻʘʨʝʮʢʠʡ,  
ɺ.ʗ. ʂʦʞʝʥʦʚ // ɹʶʣʣ. ʄʆʀʇ. ʆʪʜ. ʛʝʦʣ. ï 1986. ï ˉ 5. ï ʉ. 20-26. 

4. ɾʘʨʢʦʚ ʄ.ɸ. ʇʘʣʝʦʟʦʡʩʢʠʝ ʩʦʣʝʥʦʩʥʳʝ ʬʦʨʤʘʮʠʠ ʤʠʨʘ / ʄ.ɸ. ɾʘʨʢʦʚ. ï ʄ.: ʅʝʜʨʘ, 1974. ï 392 ʩ. 
5. ɺʳʩʦʮʢʠʡ ʀ.ɺ. ʅʝʬʪʝʛʘʟʦʥʦʩʥʳʝ ʙʘʩʩʝʡʥʳ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ / ʀ.ɺ. ɺʳʩʦʮʢʠʡ, 
ɺ.ɹ. ʆʣʝʥʠʥ, ɺ.ʀ. ɺʳʩʦʮʢʠʡ. ï ʄ.: ʅʝʜʨʘ, 1981. ï 479 ʩ. 

6. ʉʦʣʦʚʴʝʚ ɹ.ɸ. ʇʨʦʙʣʝʤʳ ʪʝʢʪʦʥʠʢʠ ʉʨʝʜʥʝʝʚʨʦʧʝʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ / ɹ.ɸ. ʉʦʣʦʚʴʝʚ // ɻʝʦʪʝʢʪʦʥʠʢʘ. 
ï 1982. ï ˉ 5. ï ʉ. 45-55.  



72 

ʕɺʆʃʖʎʀʗ ʆʉɸɼʂʆʅɸʂʆʇʃɽʅʀʗ ɸʗʅ-ʖʈʗʍʉʂʆɻʆ 
ʆʉɸɼʆʏʅʆɻʆ ɹɸʉʉɽʁʅɸ ɺ ʇʆɿɼʅɽʁ ʇɽʈʄʀ ï ʅɸʏɸʃɽ ʊʈʀɸʉɸ 

(ʉɽɺɽʈʆ-ɺʆʉʊʆʂ ʈʆʉʉʀʀ) 
 

ʀ.ʃ. ɺʝʜʝʨʥʠʢʦʚ1, ɸ.ʉ. ɹʷʢʦʚ1,2, ʀ.ɺ. ɹʨʳʥʴʢʦ1,2, ɸ.ʅ. ʅʘʫʤʦʚ1, ʉ.ʉ. ɹʫʨʥʘʪʥʳʡ1 
 

1
ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ɼɺʆ ʈɸʅ, ʄʘʛʘʜʘʥ, ʈʦʩʩʠʷ 

2
ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʄʘʛʘʜʘʥ, ʈʦʩʩʠʷ 

 
ʆʪʣʦʞʝʥʠʷ ʧʝʨʤʠ ʠ ʨʘʥʥʝʛʦ ʪʨʠʘʩʘ ɸʷʥ-ʖʨʷʭʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ï ʵʪʦ 

ʤʦʱʥʳʝ ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʳʝ ʯʝʨʥʦʩʣʘʥʮʝʚʳʝ ʪʦʣʱʠ, ʥʘʢʦʧʠʚʰʠʝʩʷ ʚ 
ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʟʘʜʫʛʦʚʦʛʦ ʙʘʩʩʝʡʥʘ [3]. ɺ ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʚʳʜʝʣʷʝʪʩʷ 
ʨʷʜ ʬʘʮʠʡ ʚʫʯʘʧʠʥʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ï ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʠʥʜʩʢʦʛʦ ʷʨʫʩʘ 
ʪʨʠʘʩʘ, ʘʥʘʣʦʛʠʯʥʳʭ ʦʧʠʩʘʥʥʳʤ ʚ [1], ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 
çʚʩʪʘʚʥʳʝè ʠ ʬʦʥʦʚʳʝ. ʇʝʨʚʳʝ ʢʨʘʡʥʝ ʥʝʚʳʜʝʨʞʘʥʳ ʧʦ ʤʦʱʥʦʩʪʠ, ʩʦʜʝʨʞʘʪ 
ʚʢʣʶʯʝʥʠʷ ʧʩʝʬʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʥʝ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʭʠʤʠʯʝʩʢʠʡ 
ʩʦʩʪʘʚ ʠʭ ʠʟʤʝʥʯʠʚ. ʌʦʥʦʚʳʝ ʞʝ ʬʘʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʜʝʨʞʘʥʳ ʧʦ ʤʦʱʥʦʩʪʠ, 
ʫʚʝʨʝʥʥʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʢʘʢ ʧʦ ʧʣʦʱʘʜʠ ʙʘʩʩʝʡʥʘ, ʪʘʢ ʠ ʩ ʩʦʧʨʝʜʝʣʴʥʳʤʠ 
ʦʩʘʜʦʯʥʳʤʠ ʙʘʩʩʝʡʥʘʤʠ; ʧʦʯʪʠ ʥʘ 100% ʩʣʦʞʝʥʳ ʤʘʪʝʨʠʘʣʦʤ ʧʝʣʠʪʦʚʦʡ 
ʨʘʟʤʝʨʥʦʩʪʠ ʠ, ʦʯʝʚʠʜʥʦ, ʩʚʦʠʤ ʩʦʩʪʘʚʦʤ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 
ʭʠʤʠʟʤ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʀʭ ʬʘʮʠʘʣʴʥʳʡ ʨʷʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʵʪʘʧʥʳʡ 
ʧʝʨʝʭʦʜ ʦʪ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʳʤ ʦʙʩʪʘʥʦʚʢʘʤ ʚʚʝʨʭ 
ʧʦ ʨʘʟʨʝʟʫ. ʕʪʘ ʛʨʫʧʧʘ ʬʘʮʠʡ ʠ ʦʧʨʦʙʦʚʘʣʘʩʴ ʥʘ ʩʠʣʠʢʘʪʥʳʡ ʘʥʘʣʠʟ. 

ʅʘʤʠ ʙʳʣ ʦʧʨʦʙʦʚʘʥ ʨʘʟʨʝʟ ʥʘ ʨʝʢʝ ʊʝʥʢʝ (ʚʝʨʭʥʝʝ ʪʝʯʝʥʠʝ ʨ. ʂʦʣʳʤʘ). 
ʆʪʦʙʨʘʥʦ 243 ʧʨʦʙʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʢʦʨʝʥʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ 
ʦʙʥʘʞʝʥʠʡ. ʕʪʠ ʧʨʦʙʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 6 ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʨʘʥʛʘ ʧʦʜʩʚʠʪ. 
ʉʘʤʠ ʧʦʜʩʚʠʪʳ ʚʳʜʝʣʷʣʠʩʴ ʥʘʤʠ ʨʘʥʝʝ ʧʦ ʪʝʢʩʪʫʨʥʳʤ ʠ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ 
ʧʨʠʟʥʘʢʘʤ [2]. 

ʇʨʦʙʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʉɺʂʅʀʀ ɼɺʆ ʈɸʅ ʤʝʪʦʜʦʤ 
ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʠʩʣʦʚ ʠ 
ʨʷʜʘ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ (V, Cr, Ni, Ba ʠ ʜʨ.). 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʦ-ʧʝʨʚʳʭ, ʩʦʚʧʘʜʝʥʠʝ 
ʛʨʘʥʠʮ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʪʝʢʩʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ, ʠ ʛʨʘʥʠʮ 
ʦʙʦʩʦʙʣʝʥʥʳʭ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʢʣʘʩʪʝʨʦʚ ʥʘ ʨʷʜʝ ʤʦʜʫʣʴʥʳʭ ʜʠʘʛʨʘʤʤ ʠ, ʚʦ-
ʚʪʦʨʳʭ, (ʠ ʩʘʤʦʝ ʛʣʘʚʥʦʝ) ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʫʶ ʵʚʦʣʶʮʠʶ ʣʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʉʪʫʧʝʥʯʘʪʦʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʣʠʪʦʭʠʤʠʠ ʣʠʪʦʪʠʧʦʚ ʬʦʥʦʚʳʭ 
ʦʪʣʦʞʝʥʠʡ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʥʘʧʨʠʤʝʨ, ʤʦʜʫʣʴʥʘʷ ʜʠʩʢʨʠʤʠʥʘʥʪʥʘʷ 
ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʩʠʩʪʝʤʘʪʠʢʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʗ.ʕ. ʖʜʦʚʠʯʘ ʠ ʄ.ʇ. ʂʝʪʨʠʩ [4]. ʇʦʣʷ 
ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ 5 ʟʦʥ, 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʱʘʶʱʠʭʩʷ ʚ ʦʙʣʘʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʥʘʪʨʠʡ-ʢʘʣʠʝʚʦʛʦ ʤʦʜʫʣʷ, 
ʨʦʩʪʘ ʬʝʤʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ (ʨʠʩʫʥʦʢ). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʣʘʩʪʷʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʵʪʦʡ ʤʦʜʫʣʴʥʦʡ 
ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ ʣʠʪʦʭʠʤʠʠ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ 
ʥʘʤʠ ʢʘʢ ʩʪʫʧʝʥʯʘʪʳʡ ʧʝʨʝʭʦʜ ʦʪ ʛʣʠʥʠʩʪʳʭ, ʯʘʱʝ ʚʩʝʛʦ ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ, ʧʦʨʦʜ ʢ 
ʩʪʘʥʜʘʨʪʥʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ ʭʣʦʨʠʪ+ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ+ʛʠʜʨʦʩʣʶʜʘ. 

ʀʟʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʪʨʫʜʥʦ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʚ ʰʣʠʬʘʭ 
ʧʝʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʥʦ ʷʚʥʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʚ 
ʤʘʪʨʠʮʘʭ ʧʘʨʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. 

ɺʨʷʜ ʣʠ ʪʘʢʘʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʪʤʝʯʝʥʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ 
ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʦʩʪʴʶ, ʫʯʠʪʳʚʘʷ ʚʨʝʤʷ ʠ ʤʝʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ. ʄʳ 
ʚʠʜʠʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʥʫʶ ʵʚʦʣʶʮʠʶ ʧʨʦʮʝʩʩʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʚ ʢʦʪʦʨʫʶ 
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ʫʢʣʘʜʳʚʘʝʪʩʷ ʠ ʩʢʘʯʦʢ ʣʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʧʝʨʤʠ ʠ 
ʪʨʠʘʩʘ. 
 

 
 
ʈʠʩʫʥʦʢ. ʇʦʣʦʞʝʥʠʝ ʦʙʣʘʩʪʝʡ ʩʦʩʪʘʚʦʚ ʘʨʛʠʣʣʠʪʦʚ ʥʘ ʤʦʜʫʣʴʥʦʡ (ʅʂʄ-ʌʄ) ʜʠʩʢʨʠʤʠʥʘʥʪʥʦʡ 
ʜʠʘʛʨʘʤʤʝ ʜʣʷ ʩʠʩʪʝʤʘʪʠʢʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ  ʧʦ [4] ʜʣʷ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʠ ʪʨʠʘʩʦʚʳʭ ʣʠʪʦʪʠʧʦʚ 
ʘʨʛʠʣʣʠʪʦʚ ʨʘʟʨʝʟʘ ʥʘ ʨʝʢʝ ʊʝʥʢʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʈʌɸ 243 ʧʨʦʙ (2017 ʛ.). I-VI ʣʠʪʦʭʠʤʠʯʝʩʢʠʝ ʪʠʧʳ 
ʧʦ [4]. ʏʝʨʥʳʝ ʩʧʣʦʰʥʳʝ ʣʠʥʠʠ ï ʧʦʣʷ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʣʠʪʦʪʠʧʦʚ ʘʨʛʠʣʣʠʪʦʚ: 1,2 ï 
ʩʨʝʜʥʝʦʤʯʘʢʩʢʦʡ ʧʦʜʩʚʠʪʳ, 4-ʚʝʨʭʥʝʦʤʯʘʢʩʢʦʡ ʧʦʜʩʚʠʪʳ, 7ʙ ï ʥʠʞʥʝʩʪʘʨʘʪʝʣʴʩʢʦʡ ʧʦʜʩʚʠʪʳ, 5,6 ï 
ʩʨʝʜʥʝʩʪʘʨʘʪʝʣʴʩʢʦʡ ʧʦʜʩʚʠʪʳ, 7ʘ ï ʚʝʨʭʥʝʩʪʘʨʘʪʝʣʴʩʢʦʡ ʧʦʜʩʚʠʪʳ, 8 ï ʥʠʟʦʚ ʙʘʣʪʠʥʩʢʦʡ ʪʦʣʱʠ, 9 ï 
ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʙʘʣʪʠʥʩʢʦʡ ʪʦʣʱʠ. ʇʫʥʢʪʠʨʥʳʝ ʧʨʷʤʳʝ ʣʠʥʠʠ ï ʛʨʘʥʠʮʳ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʟʦʥ. ʊʦʣʩʪʦʡ 
ʯʝʨʥʦʡ ʩʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʵʚʦʣʶʮʠʦʥʥʳʡ ʪʨʝʥʜ. 

 
ʉ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʈʌɸ (ʧʦ ʨʷʜʫ ʵʣʝʤʝʥʪʦʚ) ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ 

ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʙʦʣʴʰʦʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ (ʙʦʣʝʝ 3000 ʧʨʦʙ), 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʥʘ 38 ʵʣʝʤʝʥʪʦʚ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ 
ʧʦʚʳʰʝʥʥʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ. 

ʃʠʪʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʝʟʘ ɸʷʥ-ʖʨʷʭʩʢʦʛʦ ʙʘʩʩʝʡʥʘ 
ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʪʫʧʝʥʯʘʪʦʝ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠ ʧʦʵʪʘʧʥʦʝ 
ʩʦʢʨʘʱʝʥʠʝ, ʥʘʯʠʥʘʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩ ʚʫʯʘʧʠʥʩʢʦʛʦ ʚʝʢʘ, ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ 
ʢʨʝʤʥʠʡ-ʱʝʣʦʯʥʦʛʦ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʪʨʦʚʦʛʦ) ʚʢʣʘʜʘ ʆʭʦʪʩʢʦ-ʊʘʡʛʦʥʦʩʩʢʦʡ 
ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʫʛʠ ʚ ʦʙʱʠʡ ʧʝʪʨʦʬʦʥʜ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʆʜʥʦʚʨʝʤʝʥʥʦ 
ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʦʝ ʞʝ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʨʦʣʠ ʬʝʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 
ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʧʝʪʨʦʬʦʥʜʘ (ʚʝʨʦʷʪʥʦ, ʟʘ ʩʯʝʪ ʤʘʥʪʠʡʥʳʭ ʠʩʪʦʯʥʠʢʦʚ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ, ʧʨʦʝʢʪ ˉ 17-05-00109. 
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ʀʉʊʆʈʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ ʆɼʀʅʆʏʅʓʍ ʌʈɸʅʉʂʀʍ ʈʀʌʆɺ 
ʈʓɹʂʀʅʉʂʆʁ ɻʈʋʇʇʓ 

 
ɸ.ʇ. ɺʠʣʝʩʦʚ  

 
ʆʆʆ çʊʶʤʝʥʩʢʠʡ ʥʝʬʪʷʥʦʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨè, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 
ʅʘ ʶʛʝ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʧʝʨʚʳʡ ʬʨʘʥʩʢʠʡ ʨʠʬ (ɿʘʧ.-ʈʳʙʢʠʥʩʢʠʡ) ʩ 

ʘʤʧʣʠʪʫʜʥʦʡ ʥʝʬʪʷʥʦʡ ʟʘʣʝʞʴʶ ʙʳʣ ʩʣʫʯʘʡʥʦ ʦʪʢʨʳʪ ʚ 1990 ʛ. ʧʨʠ ʧʦʠʩʢʦʚʦ-
ʨʘʟʚʝʜʦʯʥʦʤ ʙʫʨʝʥʠʠ ʥʘ ʪʝʨʨʠʛʝʥʥʳʡ ʜʝʚʦʥ [3]. ʇʦʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʥʳʝ ʧʦʠʩʢʠ 
ʧʨʠʚʝʣʠ ʢ ʦʪʢʨʳʪʠʶ ʨʷʜʦʤ ʉʝʚʝʨʦ-ɾʦʭʦʚʩʢʦʛʦ ʨʠʬʘ, ʢʦʪʦʨʳʡ ʪʘʢ ʞʝ ʦʢʘʟʘʣʩʷ 
ʧʨʦʜʫʢʪʠʚʥʳʤ. ɿʘʧʘʩʳ ʵʪʠʭ ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʥʘ ʛʦʩ. ʙʘʣʘʥʩ ʚ 
ʩʦʩʪʘʚʝ ʈʳʙʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʈʄ). ʈʠʬʳ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʠ ʦʙʣʝʢʘʶʪʩʷ 
ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʦʡ ʢʦʣʛʘʥʩʢʦʡ ʪʦʣʱʝʡ (ʚʝʨʭʥʠʡ ʬʨʘʥ ï ʥʠʞʥʠʡ 
ʬʘʤʝʥ). ʇʨʠ ʪʠʧʠʟʘʮʠʠ ʦʜʠʥʦʯʥʳʭ ʬʨʘʥʩʢʠʭ ʨʠʬʦʚ ʆʨʝʥʙʫʨʞʴʷ ʧʦʩʪʨʦʡʢʠ ʈʄ ʙʳʣʠ 
ʚʳʜʝʣʝʥʳ ʚ ʦʪʜʝʣʴʥʳʡ ʪʠʧ, ʠʣʠ ʛʨʫʧʧʫ [1]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʜʠʥʦʯʥʳʭ ʨʠʬʦʚ ʜʚʫʭ 
ʜʨʫʛʠʭ ʪʠʧʦʚ ï ʧʝʰʢʦʚʩʢʦʛʦ ʠ ʚʘʭʠʪʦʚʩʢʦʛʦ, ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʳʙʢʠʥʩʢʠʭ ʧʦʩʪʨʦʝʢ 
ʟʘʚʝʨʰʠʣʦʩʴ ʨʘʥʴʰʝ, ʢ ʢʦʥʮʫ ʚʦʨʦʥʝʞʩʢʦʛʦ ʚʨʝʤʝʥʠ. 

ɺ 2012-2013 ʛʛ. ʇɸʆ çʆʨʝʥʙʫʨʛʥʝʬʪʴè ʧʨʦʚʝʣʦ ʥʘ ɺʦʣʦʩʪʥʦʚʩʢʦʤ 
ʣʠʮʝʥʟʠʦʥʥʦʤ ʫʯʘʩʪʢʝ (ɺʃʋ), ʚʢʣʶʯʘʶʱʝʤ ʚ ʩʚʦʡ ʢʦʥʪʫʨ ʨʠʬʳ ʈʄ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʫ 
3D. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʢ ʙʫʨʝʥʠʶ ʦʢʦʣʦ 30 ʬʨʘʥʩʢʠʭ 
ʦʜʠʥʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚʳʭ ʨʠʬʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʨʳʙʢʠʥʩʢʠʤ [2]. ɺ 2015-2018 ʛʛ. 
ʧʨʦʚʝʜʝʥʦ ʨʘʟʙʫʨʠʚʘʥʠʝ ʵʪʠʭ ʦʨʛʘʥʦʛʝʥʥʳʭ ʧʦʩʪʨʦʝʢ (ʆʇ), ʩʦʧʨʦʚʦʞʜʘʚʰʝʝʩʷ 
ʦʪʢʨʳʪʠʝʤ ʥʦʚʳʭ ʟʘʣʝʞʝʡ ʋɺ ʚ ʨʠʬʦʚʳʭ ʨʝʟʝʨʚʫʘʨʘʭ. ɺ ʭʦʜʝ ʙʫʨʝʥʠʷ ʠʟ ʨʠʬʦʚʦʡ 
ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʪʙʠʨʘʣʩʷ ʢʝʨʥ ʠ ʙʳʣ ʧʦʣʫʯʝʥ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʬʨʘʥʩʢʦʤʫ ʵʪʘʧʫ 
ʜʝʚʦʥʩʢʦʛʦ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʈʫʩʩʢʦʡ ʧʣʠʪʝ. ʉʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʢʝʨʥʘ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʜʘʥʥʳʭ ɻʀʉ, ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʙʫʨʝʥʠʷ 
ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʪʦʯʥʠʪʴ ʧʨʝʜʣʦʞʝʥʥʳʝ ʨʘʥʝʝ [1] ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʳʙʢʠʥʩʢʠʭ ʨʠʬʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ɺʃʋ ʙʫʨʝʥʠʝʤ ʚʩʢʨʳʪʦ ʫʞʝ ʙʦʣʝʝ 20-ʪʠ ʦʜʠʥʦʯʥʳʭ 
ʨʠʬʦʚ. ʀʭ ʚʳʩʦʪʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 180 ʜʦ 220 ʤ, ʜʠʘʤʝʪʨ ʦʪ 0,6 ʜʦ 1,5 ʢʤ. 
ɹʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʠʬʳ ʠʤʝʶʪ ʨʝʯʠʮʢʦ-ʚʦʨʦʥʝʞʩʢʠʡ 
ʚʦʟʨʘʩʪ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʨʠʬʦʚʦʛʦ ʨʘʟʨʝʟʘ ʢʝʨʥʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠ 
ʧʦʢʘ ʥʝ ʧʦʣʫʯʠʣʘ ʜʦʣʞʥʦʡ ʚʦʟʨʘʩʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʘʢʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʠʟʫʯʝʥʠʷ ʥʦʚʦʛʦ ʢʝʨʥʘ ʩʦʩʝʜʥʠʭ ʃʋ ʧʦʣʫʯʝʥʳ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʦ ʥʘʯʘʣʝ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʠʬʦʚ ʚ ʜʦʤʘʥʠʢʦʚʦʝ ʚʨʝʤʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ 
ʤʝʣʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʣʘʪʬʦʨʤ (ʂʇ), ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʉʦʣʴ-ʀʣʝʮʢʦʤʫ ʩʚʦʜʫ (ʉʀʉ), 
ʥʘʯʘʣʦʩʴ ʠʤʝʥʥʦ ʚ ʜʦʤʘʥʠʢʦʚʦʝ ʚʨʝʤʷ ʩʨʝʜʥʝʛʦ ʬʨʘʥʘ. ɺ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʨʠʬʦʚ ʨʳʙʢʠʥʩʢʦʡ ʛʨʫʧʧʳ ʚʳʜʝʣʝʥʳ ʪʨʠ ʵʪʘʧʘ. 

ʇʝʨʚʳʡ ʵʪʘʧ ï ʜʦʤʘʥʠʢʦʚʳʡ. ʆʙʦʩʦʙʣʝʥʥʳʝ ʩʪʨʦʤʘʪʦʧʦʨʦʚʦ-ʢʦʨʘʣʣʦʚʳʝ ʆʇ 
ʟʘʨʦʜʠʣʠʩʴ ʠ ʨʘʟʚʠʚʘʣʠʩʴ ʥʘ ʬʦʥʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʠ ʛʣʦʙʘʣʴʥʦʡ ʜʦʤʘʥʠʢʦʚʦʡ 
ʪʨʘʥʩʛʨʝʩʩʠʠ. ʈʘʟʚʠʪʠʝ ʥʘʯʘʣʦʩʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʢʦʣʦʥʠʟʘʮʠʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʭ ʚ 
ʨʝʣʴʝʬʝ ʜʥʘ ʧʦʜʥʷʪʠʡ ʠ ʣʠʥʝʡʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʣʝʢʩʫʨ. ʇʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ 
ʪʘʢʠʝ ʧʦʜʥʷʪʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʩʦʢʨʘʱʝʥʠʠ ʤʦʱʥʦʩʪʠ ʧʦʨʦʜ ʧʦʜʩʪʠʣʘʶʱʝʛʦ 
ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ. ʆʇ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʥʦʛʦ ʨʦʩʪʘ 
ʢʘʨʢʘʩʦʩʪʨʦʠʪʝʣʝʡ ʠ ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ ʧʦʜʲʝʤʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ (ʆʋʄ) 
ʦʢʘʟʘʣʠʩʴ ʦʢʨʫʞʝʥʥʳʝ ʟʦʥʘʤʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʢʦʚ. ɺ 
ʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʦʡ ʟʦʥʝ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʉʀʉ, ʚ ʜʦʤʘʥʠʢʦʚʦʝ ʚʨʝʤʷ 
ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʂʇ ʪʦʣʱʠʥʦʡ ʜʦ 40-70 ʤ. ʂʘʨʙʦʥʘʪʥʘʷ ʩʝʜʠʤʝʥʪʘʮʠʷ ʥʘ 
ʧʣʘʪʬʦʨʤʝ ʧʨʦʪʝʢʘʣʘ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʨʘʟʤʳʚʘ ʉʀʉ ï ʚ 
ʧʦʨʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʪʝʨʨʠʛʝʥʥʘʷ ʧʨʠʤʝʩʴ. ɺ ʨʳʙʢʠʥʩʢʠʭ ʨʠʬʘʭ ʫʞʝ 
ʚ ʜʦʤʘʥʠʢʦʚʦʝ ʚʨʝʤʷ ʚʤʝʩʪʝ ʩ ʢʦʤʧʣʝʢʩʦʤ ʬʘʮʠʡ ʨʠʬʦʚʦʛʦ ʷʜʨʘ ʦʬʦʨʤʠʣʠʩʴ 



75 

ʬʘʮʠʠ ʩʢʣʦʥʘ. ʅʘ ʵʪʘʧʝ LHST ʦʙʨʘʟʦʚʘʣʩʷ ʟʝʨʥʠʩʪʳʡ ʩʢʣʦʥʦʚʳʡ ʰʣʝʡʬ. ɺ ʢʦʥʮʝ 
ʜʦʤʘʥʠʢʦʚʦʛʦ ʚʨʝʤʝʥʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʆʋʄ, ʚʳʟʚʘʥʥʦʛʦ ʚ 
ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʙʣʦʢʦʚ ʉʀʉ, ʦʜʠʥʦʯʥʳʝ ʨʠʬʳ 
ʧʦʜʚʝʨʛʣʠʩʴ ʢʘʨʩʪʫ. ɺ ʨʘʟʨʝʟʝ ʧʦ ʢʝʨʥʫ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʛʦʨʠʟʦʥʪʳ ʙʨʝʢʯʠʡ. 
ʄʦʱʥʦʩʪʴ ʜʦʤʘʥʠʢʦʚʳʭ ʨʠʬʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 40 ʜʦ 80 ʤ. 

ɺʪʦʨʦʡ ʵʪʘʧ ʩʚʷʟʘʥ ʩ ʵʚʩʪʘʪʠʯʝʩʢʠʤ ʧʦʚʳʰʝʥʠʝʤ ʆʋʄ ʚ ʨʝʯʠʮʢʦʝ ʚʨʝʤʷ. 
ʆʜʠʥʦʯʥʳʝ ʨʠʬʳ ʚʦʟʦʙʥʦʚʠʣʠ ʩʚʦʝ ʨʘʟʚʠʪʠʝ; ʦʩʥʦʚʥʳʝ ʢʘʨʢʘʩʦʩʪʨʦʠʪʝʣʠ ï 
ʩʪʨʦʤʘʪʦʧʦʨʦʠʜʝʠ, ʪʘʙʫʣʷʪʳ ʠ ʨʫʛʦʟʳ. ɺ ʢʝʨʥʝ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʬʘʮʠʠ ʨʠʬʦʚʦʛʦ 
ʷʜʨʘ ʠ ʩʢʣʦʥʘ. ʅʘ ʩʪʘʜʠʠ TST ʠ EHST ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʠʬʦʚʦʛʦ ʩʢʣʦʥʘ 
ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʙʠʦʛʝʨʤʳ ʩ ʣʠʩʪʦʚʠʜʥʳʤʠ ʠ ʚʝʪʚʠʩʪʳʤʠ ʩʢʝʣʝʪʥʳʤʠ ʬʦʨʤʘʤʠ. ʅʘ 
ʩʪʘʜʠʠ LHST ʨʘʟʥʦʟʝʨʥʠʩʪʳʡ ʢʘʨʙʦʥʘʪʥʳʡ ʤʘʪʝʨʠʘʣ ʨʠʬʦʚʦʛʦ ʤʝʣʢʦʚʦʜʴʷ 
ʚʳʥʦʩʠʣʩʷ ʥʘ ʩʢʣʦʥʳ, ʦʙʨʘʟʫʷ ʦʪʣʦʞʝʥʠʷ ʰʣʝʡʬʘ. ɿʘʢʦʥʯʠʣʩʷ 2-ʡ ʵʪʘʧ 
ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʘʜʝʥʠʝʤ ʆʋʄ, ʚʳʟʚʘʥʥʳʤ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ 
ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʦʥʝ ʉʀʉ. ɺ ʨʳʙʢʠʥʩʢʠʭ ʨʠʬʘʭ ʥʘ ʩʪʘʜʠʠ ʧʦʟʜʥʝʨʝʯʠʮʢʦʛʦ LST 
ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚʪʦʨʦʡ ʵʪʘʞ ʢʘʨʩʪʦʧʨʦʷʚʣʝʥʠʡ. ʇʦ ʢʝʨʥʫ ʚ ʩʢʣʦʥʦʚʳʭ ʬʘʮʠʷʭ 
ʉʪʨʝʣʝʮʢʦʡ ʆʇ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʘʚʝʨʪʠʥʳ, ʤʘʨʢʠʨʫʶʱʠʝ ʫʯʘʩʪʦʢ ʨʘʟʛʨʫʟʢʠ 
ʢʘʨʩʪʦʚʳʭ ʚʦʜ. ʄʦʱʥʦʩʪʴ ʨʝʯʠʮʢʦʡ ʯʘʩʪʠ ʨʠʬʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 50 ʜʦ 80 ʤ. 

ʊʨʝʪʠʡ ʵʪʘʧ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ (ʚʦʨʦʥʝʞʩʢʠʡ) ʩʚʷʟʘʥ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 
ʧʦʚʳʰʝʥʠʝʤ ʆʋʄ ʚ ʚʦʨʦʥʝʞʩʢʦʝ ʚʨʝʤʷ. ɺ ʬʘʮʠʷʭ ʨʠʬʦʚʦʛʦ ʷʜʨʘ ʥʘʙʣʶʜʘʝʪʩʷ 
ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʩʪʨʦʤʘʪʦʧʦʨʦʠʜʝʡ ʠ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʨʦʣʠ ʢʦʨʘʣʣʦʚ. ʅʘ 
ʩʪʘʜʠʷʭ TST ʠ EHST ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʣʦʪʥʳʝ ʙʠʦʛʝʨʤʥʳʝ ʧʘʯʢʠ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 
ʩʢʣʦʥʘ. ʅʘ ʩʪʘʜʠʠ LHST ʨʘʟʥʦʟʝʨʥʠʩʪʳʡ ʢʘʨʙʦʥʘʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʙʨʘʟʫʶʱʠʡʩʷ ʚ 
ʫʩʣʦʚʠʷʭ ʨʠʬʦʚʦʛʦ ʤʝʣʢʦʚʦʜʴʷ, ʚʳʥʦʩʠʣʩʷ ʥʘ ʩʢʣʦʥʳ. ʆʥ ʘʢʢʫʤʫʣʠʨʦʚʘʣʩʷ ʚ 
ʣʠʥʟʦʚʠʜʥʳʭ ʪʝʣʘʭ ʪʳʣʦʚʳʭ ʩʢʣʦʥʦʚʳʭ ʰʣʝʡʬʦʚ. ʊʦʣʱʠʥʘ ʚʦʨʦʥʝʞʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 
ʚ ʨʠʬʘʭ ʜʦʩʪʠʛʘʝʪ 80-100 ʤ. ɺ ʢʦʥʮʝ ʚʦʨʦʥʝʞʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʠʦʥʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ 
ʆʋʄ [4]. ʅʘ ɺʃʋ ʦʥʦ ʙʳʣʦ ʫʩʠʣʝʥʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʦʜʥʷʪʠʷʤʠ ʉʀʉ. ʅʘʯʘʣʘʩʴ 
ʪʨʝʪʴʷ ʵʧʦʭʘ ʢʘʨʩʪʦʚʘʥʠʷ ʨʠʬʦʚ. ʇʦ ʨʘʟʚʠʪʠʶ ʢʘʨʩʪʦʧʨʦʷʚʣʝʥʠʡ ʘʤʧʣʠʪʫʜʘ 
ʧʘʜʝʥʠʷ ʆʋʄ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 40 ʤ. ɼʣʷ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʝʥ ʠʥʪʝʥʩʠʚʥʳʡ 
ʧʨʠʚʥʦʩ ʪʝʨʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʚʥʝʜʨʝʥʠʝ ʧʦ ʢʘʨʩʪʦʚʳʤ ʟʦʥʘʤ ʚ 
ʆʇ. ɺ ʤʝʞʨʠʬʦʚʳʭ ʧʨʦʤʝʞʫʪʢʘʭ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʘʣʝʚʨʦʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ. ʅʘ ʨʫʙʝʞ 
ʚʦʨʦʥʝʞʩʢʦʛʦ ʠ ʝʚʣʘʥʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʢʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʭʦʜʠʪʩʷ ʠ ʩʦʙʳʪʠʝ 
ʤʘʩʩʦʚʦʛʦ ʚʳʤʠʨʘʥʠʷ ʙʝʥʪʦʩʥʳʭ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ï ʨʘʥʥʠʡ Kellwasser.  

ʅʘ ʵʪʘʧʝ ʝʚʣʘʥʦʚʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʨʳʙʢʠʥʩʢʠʝ ʨʠʬʳ ʙʳʣʠ ʧʝʨʝʢʨʳʪʳ 
ʤʦʨʩʢʠʤʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ. ʈʘʟʚʠʪʠʝ ʨʠʬʦʚ ʙʦʣʴʰʝ ʥʝ 
ʚʦʟʦʙʥʦʚʠʣʦʩʴ: ʦʙʠʣʴʥʳʡ ʪʝʨʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʩʪʫʧʘʶʱʠʡ ʩ ʉʀʉ, 
ʩʳʛʨʘʣ ʨʦʣʴ ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ ʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʦʚ-
ʢʘʨʢʘʩʦʩʪʨʦʠʪʝʣʝʡ.  
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ʉʀɹʀʈʀ 
 

ʆ.ɺ. ɺʠʥʦʛʨʘʜʦʚʘ1 
 

ʄʦʩʢʦʚʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 

ʉʢʫʣʴʧʪʫʨʥʦ-ʵʨʦʟʠʦʥʥʳʡ ʨʝʣʴʝʬ ʩʢʘʣʴʥʦʛʦ ʣʦʞʘ ʜʦʣʠʥ, ʩʦʟʜʘʚʘʝʤʳʡ 
ʧʦʪʦʢʦʤ ʚ ʧʨʦʮʝʩʩʝ ʚʨʝʟʘʥʠʷ ʚ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ, ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʛʦʨʥʦʛʦ 
ʘʣʣʶʚʠʷ, ʷʚʣʷʝʪʩʷ ʞʝʩʪʢʠʤ ʢʘʨʢʘʩʦʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʪʨʘʥʩʧʦʨʪ ʥʘʥʦʩʦʚ ʠ 
ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʪʘʙʠʣʴʥʦʩʪʴ ʫʯʘʩʪʢʦʚ ʠʭ ʪʨʘʥʟʠʪʘ ʠ ʘʢʢʫʤʫʣʷʮʠʠ.  

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʨʦʟʠʦʥʥʦ-ʩʢʫʣʴʧʪʫʨʥʦʛʦ ʨʝʣʴʝʬʘ ʧʦʛʨʝʙʝʥʥʳʭ 
ʜʦʣʠʥ ʦʙʫʩʣʦʚʣʝʥʳ ʣʠʪʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ɺ ʨʝʣʴʝʬʝ ʧʦʛʨʝʙʝʥʥʳʭ 
ʜʦʣʠʥ ʤʦʞʝʪ ʙʳʪʴ ʜʘʞʝ ʙʦʣʝʝ ʯʝʪʢʦ, ʯʝʤ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʫʩʣʘʭ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 
çʧʨʠʩʧʦʩʦʙʣʷʝʤʦʩʪʴè ʨʫʩʣʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʢ ʧʝʨʚʠʯʥʳʤ ʣʠʪʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ 
ʫʩʣʦʚʠʷʤ.  

ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʨʬʦʣʦʛʠʠ ʩʢʫʣʴʧʪʫʨʥʦ-ʵʨʦʟʠʦʥʥʦʛʦ ʨʝʣʴʝʬʘ 
ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʫʯʘʩʪʢʦʚ ʜʦʣʠʥ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʦʨʷʜʢʦʚ, ʚʳʨʘʙʦʪʘʥʥʳʭ ʚ ʧʦʨʦʜʘʭ ʩ 
ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʘʟʤʳʚʫ. ʆʙʱʘʷ ʢʘʨʪʠʥʘ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 
ʢʦʨʝʥʥʦʛʦ ʣʦʞʘ ʨʝʢ ʚʦ ʚʩʝʭ ʧʦʨʦʜʘʭ ʠʤʝʝʪ ʤʥʦʛʦ ʦʙʱʝʛʦ, ʪ.ʝ. ʩʢʫʣʴʧʪʫʨʥʦ-
ʵʨʦʟʠʦʥʥʳʝ ʬʦʨʤʳ ʧʦʜʦʙʥʳ, ʚʳʜʝʣʷʶʪʩʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʪʠʧʳ ʢʦʨʝʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʥʦ 
ʜʣʷ ʤʝʥʝʝ ʧʨʦʯʥʳʭ ʧʦʨʦʜ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʨʫʩʣʦʚʳʭ ʬʦʨʤ. ʆʥʘ 
ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜʘʭ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʨʝʚʳʰʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ 
ʨʝʣʴʝʬʘ, ʚ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʬʦʨʤ, ʚ ʙʦʣʝʝ ʯʘʩʪʦʡ ʩʤʝʥʝ ʪʠʧʦʚ 
ʨʝʣʴʝʬʘ. ʄʘʣʝʡʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ çʧʨʦʯʥʦʩʪʠè ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʥʘ ʢʦʪʦʨʳʝ 
ʚʦʟʜʝʡʩʪʚʫʝʪ ʧʦʪʦʢ, ʚʣʝʢʫʪ ʟʘ ʩʦʙʦʡ ʫʩʠʣʝʥʠʝ ʨʘʟʣʠʯʠʡ ʚ ʧʨʦʷʚʣʝʥʠʠ ʝʛʦ 
ʵʨʦʟʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʊʘʢ ʥʘ ʫʯʘʩʪʢʘʭ, ʩʣʦʞʝʥʥʳʭ, ʤʷʛʢʠʤʠ, ʧʦʜʘʪʣʠʚʳʤʠ ʢ 
ʨʘʟʤʳʚʫ ʧʦʨʦʜʘʤʠ, ʥʘʧʨʠʤʝʨ ʚ ʪʨʝʱʠʥʦʚʘʪʳʭ ʩʣʘʥʮʘʭ, ʠʤʝʶʱʠʭ ʰʠʨʦʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʦʩʩʳʧʥʳʭ ʨʘʡʦʥʘʭ, ʩʢʫʣʴʧʪʫʨʥʦ-ʵʨʦʟʠʦʥʥʳʝ ʬʦʨʤʳ ʯʝʪʢʦ 
ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʢʘʢ ʚ ʜʥʠʱʘʭ ʧʦʛʨʝʙʝʥʥʳʭ ʜʦʣʠʥ, ʪʘʢ ʠ ʥʘ ʵʨʦʟʠʦʥʥʳʭ ʪʝʨʨʘʩʘʭ 
ʧʦʛʨʝʙʝʥʥʳʭ ʜʦʣʠʥ. ʅʘ ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʦʣʝʝ ʧʨʦʯʥʳʭ ʧʦʨʦʜ 
(ʘʨʛʠʣʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʢʦʚ) ʧʘʣʝʦʨʫʩʣʘ ʯʘʩʪʦ ʤʦʛʫʪ 
ʪʦʣʴʢʦ ʥʘʤʝʯʘʪʴʩʷ ʚ ʚʠʜʝ ʰʠʨʦʢʠʭ ʠ ʥʝʛʣʫʙʦʢʠʭ ʵʨʦʟʠʦʥʥʳʭ ʙʦʨʦʟʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʠʥʦʛʜʘ ʠʭ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʧʨʝʜʝʣʘʭ ʵʨʦʟʠʦʥʥʳʭ 
ʫʨʦʚʥʝʡ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʩʢʫʣʴʧʪʫʨʥʳʝ ʬʦʨʤʳ ʚ ʧʣʘʥʝ ʠʤʝʶʪ ʧʣʘʚʥʳʝ ʦʯʝʨʪʘʥʠʷ. 
ʅʝʨʝʜʢʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʘʣʝʦʠʟʣʫʯʠʥ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ 
ʵʨʦʟʠʦʥʥʦʡ ʙʦʨʦʟʜʳ ʚʜʦʣʴ ʢʦʥʪʘʢʪʘ ʩ ʙʦʣʝʝ ʪʚʝʨʜʳʤʠ ʢʦʨʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ 
(ʚʳʥʫʞʜʝʥʥʳʝ ʠʣʠ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʠʟʣʫʯʠʥʳ).  

ʃʠʪʦʣʦʛʠʷ ʧʦʨʦʜ ʦʪʨʘʞʘʝʪʩʷ ʠ ʚ ʤʦʨʬʦʣʦʛʠʠ ʩʪʨʫʢʪʫʨʥʳʭ ʫʩʪʫʧʦʚ. ʀʭ 
ʢʨʫʪʠʟʥʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʫʢʣʦʥʦʚ ʦʪ 20-40ă ʚ ʧʦʨʦʜʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʩʣʘʥʮʝʚʦʛʦ ʩʦʩʪʘʚʘ ʜʦ 40-70ă ʚ ʙʦʣʝʝ ʪʚʝʨʜʳʭ ʧʦʨʦʜʘʭ ï ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ 
ʠʟʚʝʩʪʥʷʢʘʭ, ʧʝʩʯʘʥʠʢʘʭ, ʜʦʣʦʤʠʪʘʭ, ʚ ʟʦʥʘʭ ʧʨʦʢʚʘʨʮʝʚʘʥʠʷ ʠ ʪ.ʜ. ʈʘʟʤʝʨʳ ʠ 
ʛʣʫʙʠʥʘ ʵʨʦʟʠʦʥʥʳʭ ʢʦʪʣʦʚ ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʣʠʪʦʣʦʛʠʠ ʠ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʧʦʨʦʜ. ɺ 
ʤʷʛʢʠʭ ʣʝʛʢʦ ʨʘʟʤʳʚʘʝʤʳʭ ʧʦʨʦʜʘʭ ʛʣʫʙʠʥʘ ʵʨʦʟʠʦʥʥʦʛʦ ʢʦʪʣʘ ʥʠʞʝ ʧʦʨʦʛʘ ʤʦʞʝʪ 
ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ ʜʝʩʷʪʠ ʤʝʪʨʦʚ.  

ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʛʨʝʙʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʠ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʤʦʨʬʦʜʠʥʘʤʠʯʝʩʢʠʤ ʪʠʧʦʤ ʨʫʩʣʘ, ʢʦʪʦʨʳʡ ʦʪʨʘʞʘʝʪʩʷ ʚ ʨʝʣʴʝʬʝ ʢʦʨʝʥʥʦʛʦ ʣʦʞʘ.. 

                                                 
1
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ʏʘʩʪʠʮʳ ʟʦʣʦʪʘ, ʦʙʣʘʜʘʷ ʙʦʣʴʰʠʤ ʫʜʝʣʴʥʳʤ ʚʝʩʦʤ ʠ ʥʝʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, 
ʧʦʧʘʜʘʷ ʚ ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʪʦʢʘ, ʙʳʩʪʨʦ ʧʨʦʩʝʜʘʶʪ ʚ ʥʠʞʥʠʡ ʛʦʨʠʟʦʥʪ ʜʦʥʥʳʭ 
ʥʘʥʦʩʦʚ ʠ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ ʥʝʨʦʚʥʦʩʪʷʭ ʧʣʦʪʠʢʘ. ʅʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʳʝ ʟʦʣʦʪʦʤ 
ʩʪʨʫʠ ʘʣʣʶʚʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʘʣʝʦʨʫʩʣʘʤ. ʅʘ ʫʯʘʩʪʢʘʭ ʫʟʢʦʛʦ ʜʥʠʱʘ ʧʦʛʨʝʙʝʥʥʳʝ 
ʨʦʩʩʳʧʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʤ ʨʫʩʣʦʤ 
ʠʣʠ ʚʨʝʟʘʶʱʝʡʩʷ ʠʟʣʫʯʠʥʦʡ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʚ ʧʝʨʠʦʜ ʨʦʩʩʳʧʝʦʙʨʘʟʦʚʘʥʠʷ, 
ʠʤʝʶʪ ʬʦʨʤʫ ʫʟʢʦʡ ʣʝʥʪʦʯʥʦʡ ʟʘʣʝʞʠ, ʧʨʠʫʨʦʯʝʥʥʦʡ ʢ çʛʣʫʙʦʢʦʤʫ ʪʘʣʴʚʝʛʫè 
(ʧʘʣʝʦʨʫʩʣʫ, ʚʳʨʘʞʝʥʥʦʤʫ ʚ ʨʝʣʴʝʬʝ ʢʦʨʝʥʥʦʛʦ ʣʦʞʘ ʚ ʚʠʜʝ ʵʨʦʟʠʦʥʥʦʡ ʙʦʨʦʟʜʳ) 
ɺ ʰʠʨʦʢʦʧʦʡʤʝʥʥʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʣʠʥʝʡʥʦʤ ʥʝʨʘʟʚʝʪʚʣʝʥʥʦʤ ʨʫʩʣʝ 
ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʘʢʞʝ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚʜʦʣʴ çʛʣʫʙʦʢʠʭ 
ʪʘʣʴʚʝʛʦʚè. ʅʘ ʚʳʨʦʚʥʝʥʥʳʭ ʧʣʦʱʘʜʢʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʮʦʢʦʣʴʥʳʝ 
ʦʩʥʦʚʘʥʠʷ ʧʦʡʤ, ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ. ɺ ʤʝʘʥʜʨʠʨʫʶʱʝʤ ʨʫʩʣʝ 
ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʢ ʧʘʣʝʦʨʫʩʣʘʤ, 
ʢʦʥʪʫʨʳ ʦʙʦʛʘʱʝʥʥʳʭ ʟʦʣʦʪʦʤ ʩʪʨʫʡ ʧʦʚʪʦʨʷʶʪ ʬʦʨʤʫ ʠʟʣʫʯʠʥ. ʅʘ ʫʯʘʩʪʢʘʭ 
ʩʚʦʙʦʜʥʦʛʦ ʤʝʘʥʜʨʠʨʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʠʟʣʫʯʠʥ ʜʣʷ ʛʦʨʥʳʭ ʨʝʢ, 
ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʶʪ ʜʠʩʢʨʝʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʪʦʤ, ʯʪʦ ʠʟʣʫʯʠʥʳ ʥʘ 
ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʝʨʠʦʜʦʚ ʨʝʟʢʦ ʠʟʤʝʥʷʶʪ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ. 
ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʨʝʣʴʝʬ ʩʢʘʣʴʥʦʛʦ ʣʦʞʘ ʠ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ 
ʵʨʦʟʠʦʥʥʳʤ ʙʦʨʦʟʜʘʤ ʦʙʦʛʘʱʝʥʥʳʭ ʟʦʣʦʪʦʤ ʩʪʨʫʡ ʘʣʣʶʚʠʷ. ɺ ʧʨʝʜʝʣʘʭ 
ʠhʨʦʢʦʧʦʡʤʝʥʥʦʛʦ ʜʥʠʱʘ ʥʝʨʝʜʢʦ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʩʪʨʫʡ, 
ʧʦʚʪʦʨʷʶʱʠʭ ʬʦʨʤʫ ʠʟʣʫʯʠʥ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʬʠʢʩʠʨʫʶʪʩʷ ʫʯʘʩʪʢʠ ʩ 
ʥʝʧʨʦʤʳʰʣʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ. ʄʦʨʬʦʣʦʛʠʷ ʩʢʘʣʴʥʦʛʦ ʣʦʞʘ ʥʘ ʫʯʘʩʪʢʘʭ 
ʤʥʦʛʦʨʫʢʘʚʥʦʛʦ ʨʫʩʣʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʩʪʨʦʚʦʚ ʠ 
ʵʨʦʟʠʦʥʥʳʭ ʙʦʨʦʟʜ. ʆʥʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʠ 
ʦʨʠʝʥʪʠʨʦʚʢʫ. ɿʜʝʩʴ ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʯʘʩʪʢʦʚ ʪʨʘʥʩʧʦʨʪʘ 
ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ. ʐʠʨʠʥʘ ʨʦʩʩʳʧʠ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. 
ɺʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʨʦʩʩʳʧʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʳʤ ʛʥʝʟʜʦʚʦ-ʩʪʨʫʡʯʘʪʳʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʦʣʦʪʘ. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʦʪʤʝʯʘʶʪʩʷ ʚʜʦʣʴ ʵʨʦʟʠʦʥʥʳʭ 
ʙʦʨʦʟʜ.  

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʦʟʜʘʶʪʩʷ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʣʠʥ, ʩʣʦʞʝʥʥʳʭ 
ʧʦʨʦʜʘʤʠ, ʧʦʜʚʝʨʞʝʥʥʳʤʠ ʢʘʨʩʪʦʚʳʤ ʧʨʦʮʝʩʩʘʤ. ʅʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʧʦʜ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʘʢ ʨʫʩʣʦʚʳʭ, ʪʘʢ ʠ ʢʘʨʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʦʩʦʙʳʡ ʪʠʧ 
ʨʦʩʩʳʧʝʡ. ʂʘʨʩʪʦʚʳʝ ʚʦʨʦʥʢʠ ʟʘʧʦʣʥʝʥʳ ʧʣʦʭʦ ʦʢʘʪʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʟʦʣʦʪʦ 
ʨʘʩʩʝʷʥʦ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ  

ʆʩʦʙʳʡ ʧʠʣʦʦʙʨʘʟʥʳʡ ʪʠʧ ʩʢʫʣʴʧʪʫʨʥʦ-ʵʨʦʟʠʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʬʦʨʤʠʨʫʝʪʩʷ ʘ 
ʫʯʘʩʪʢʘʭ ʨʘʟʚʠʪʠʷ ʩʣʘʥʮʝʚʳʭ ʪʨʝʱʠʥʦʚʘʪʳʭ ʧʦʨʦʜ ʧʨʠ ʚʧʘʜʝʥʠʠ ʚ ʜʦʣʠʥʫ ʢʨʫʧʥʦʛʦ 
ʧʘʣʝʦʧʨʠʪʦʢʘ.. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʵʨʦʟʠʠ ʦʙʨʘʟʫʝʪʩʷ ʢʨʘʡʥʝ ʩʣʦʞʥʳʡ 
ʩʢʫʣʴʧʪʫʨʥʦ-ʵʨʦʟʠʦʥʥʳʡ ʨʝʣʴʝʬ. ʇʦʧʝʨʝʯʥʳʡ ʧʨʦʬʠʣʴ ʜʥʠʱʘ ʜʦʣʠʥʳ ʠʤʝʝʪ 
ʧʠʣʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ï ʛʨʝʙʥʝʚʠʜʥʳʝ ʫʟʢʠʝ ʧʦʚʳʰʝʥʠʷ ʩʤʝʥʷʶʪʩʷ ʱʝʣʝʚʠʜʥʳʤʠ 
ʛʣʫʙʦʢʠʤʠ ʫʟʢʠʤʠ ʙʦʨʦʟʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʩʣʝʜʳ ʩʤʝʱʘʶʱʝʛʦʩʷ ʧʘʣʝʦʨʫʩʣʘ 
ʧʨʠʪʦʢʘ. ʉʪʨʦʝʥʠʝ ʨʦʩʩʳʧʝʡ ʢʨʘʡʥʝ ʩʣʦʞʥʦʝ ï ʦʪʤʝʯʘʝʪʩʷ ʢʦʥʪʨʘʩʪʥʦʝ ʠʟʤʝʥʝʥʠʝ 
ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʚ ʧʨʦʙʘʭ ʦʪ ʩʢʚʘʞʠʥʳ ʢ ʩʢʚʘʞʠʥʝ.  

ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʚ ʧʦʛʨʝʙʝʥʥʳʭ ʨʦʩʩʳʧʷʭ. 
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ʈʘʜʠʦʣʷʨʠʠ ʚ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʙʦʣʝʝ 

40 ʣʝʪ ʥʘʟʘʜ [5 ʠ ʜʨ.], ʥʦ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ 
ʚʦʩʩʦʟʜʘʥʠʷ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ɹʘʞʝʥʦʚʩʢʦʛʦ ʤʦʨʷ ʦʥʠ ʜʦ 
ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʣʠʩʴ ʨʝʜʢʦ [1, 3 ʠ ʜʨ.]. ɺ ʢʘʯʝʩʪʚʝ 
ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʦʪʣʦʞʝʥʠʡ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ (ʟʘʚʝʨʰʝʥʠʝ ʶʨʳ ï 
ʥʘʯʘʣʦ ʤʝʣʘ) ʜʣʷ ɹʘʞʝʥʦʚʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʝʜʣʦʞʝʥ ʨʷʜ ʙʠʦʩʪʨʘʪʦʥʦʚ ï 
ʨʘʜʠʦʣʷʨʠʝʚʳʝ ʙʠʦʛʦʨʠʟʦʥʪʳ, ʦʙʲʝʤ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʶʪ ʜʠʘʧʘʟʦʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʠʜʦʚȤʠʥʜʝʢʩʦʚ [3, 4]. ʅʠʞʥʠʡ ʨʘʜʠʦʣʷʨʠʝʚʳʡ ʙʠʦʛʦʨʠʟʦʥʪ Parvicingula blowi (ʥʠʟʳ 
ʩʨʝʜʥʝʛʦ ʧʦʜʲʷʨʫʩʘ ʚʦʣʞʩʢʦʛʦ ʷʨʫʩʘ ʠʣʠ ʥʠʞʥʠʡ ʪʠʪʦʥ) ʫʩʪʘʥʦʚʣʝʥ ʚ ʢʨʝʤʥʠʩʪʦ-
ʢʘʨʙʦʥʘʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ. ɹʠʦʛʦʨʠʟʦʥʪ Parvicingula 
jonesi (ʩʨʝʜʥʠʡ ʧʦʜʲʷʨʫʩ ʚʦʣʞʩʢʦʛʦ ʷʨʫʩʘ ʠʣʠ ʩʨʝʜʥʠʡ ʪʠʪʦʥ) ʫʩʪʘʥʦʚʣʝʥ ʚ ʪʦʣʱʝ 
ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ï ʨʘʜʠʦʣʷʨʠʪʦʚ. ɹʠʦʛʦʨʠʟʦʥʪ Parvicingula haeckeli 
(ʚʝʨʭʥʠʡ ʧʦʜʲʷʨʫʩ ʚʦʣʞʩʢʦʛʦ ʷʨʫʩʘ ʠʣʠ ʚʝʨʭʥʠʡ ʪʠʪʦʥ, ʚʦʟʤʦʞʥʦ, ʚʢʣʶʯʘʷ ʥʠʟʳ 
ʙʝʨʨʠʘʩʘ) ʫʩʪʘʥʦʚʣʝʥ ʚ ʪʦʣʱʝ ʢʘʨʙʦʥʘʪʥʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ (ʩ ʧʨʦʩʣʦʷʤʠ 
ʨʘʜʠʦʣʷʨʠʪʦʚ). ɹʠʦʛʦʨʠʟʦʥʪʳ Parvicingula khabakovi ï Williriedellum salymicum 
(ʙʝʨʨʠʘʩ) ʠ Williriedellum (ʙʝʨʨʠʘʩ) ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʘʨʙʦʥʘʪʥʦ-
ʢʨʝʤʥʠʩʪʦʛʦ ʨʘʟʨʝʟʘ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ. 

ɹʠʦʛʦʨʠʟʦʥʪ ʩ Parvicingula blowi. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʩʦʚʧʘʜʘʝʪ ʩ ʤʘʩʩʦʚʳʤ 
ʧʦʷʚʣʝʥʠʝʤ ʨʘʜʠʦʣʷʨʠʡ ʚ ʧʦʜʦʰʚʝ ʙʠʪʫʤʠʥʦʟʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʠ, ʚʝʨʦʷʪʥʦ, ʢ ʥʘʯʘʣʫ 
ʩʨʝʜʥʝʚʦʣʞʩʢʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥ ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʡ 
ʙʘʩʩʝʡʥ ʩ ʧʘʣʝʦʦʙʩʪʘʥʦʚʢʘʤʠ, ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 
ʢʨʝʤʥʠʩʪʦʛʦ ʧʣʘʥʢʪʦʥʘ. ɺ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʩʪʘʪʢʠ ʧʝʣʘʛʠʯʝʩʢʠʭ 
ʬʦʨʤ, ʯʪʦ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʛʣʫʙʦʢʦʚʦʜʴʝ; ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʚʩʝ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʨʘʜʠʦʣʷʨʠʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʢʨʳʪʳʡ ʤʦʨʩʢʦʡ ʭʘʨʘʢʪʝʨ 
ʙʘʩʩʝʡʥʘ, ʘ ʧʨʠʩʫʪʩʪʚʠʝ 20Ȥ40% Parvicingula ï ʥʘ ʚʦʟʤʦʞʥʫʶ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʛʣʫʙʠʥ 
ʠʣʠ ʙʣʠʟʦʩʪʴ ʧʦʜʥʷʪʠʡ (ʦʩʪʨʦʚʘ ʠ ʧʘʩʩʠʚʥʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʦʢʨʘʠʥʘ). ʋʞʝ ʚ 
ʥʘʯʘʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʠʦʛʦʨʠʟʦʥʪʘ P. blowi ʦʪʤʝʯʘʝʪʩʷ ʧʠʨʠʪʠʟʘʮʠʷ ʬʦʨʤ, ʘ ʪʘʢʞʝ 
ʥʘʣʠʯʠʝ ʜʨʦʙʣʝʥʳʭ ʩʢʝʣʝʪʦʚ ʨʘʜʠʦʣʷʨʠʡ ʚ ʚʠʜʝ ʩʚʘʣʦʚ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʩ 
ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʙ ʵʚʢʩʠʥʠʟʘʮʠʠ ʙʘʩʩʝʡʥʘ, ʠ, ʩ ʜʨʫʛʦʡ, ʦ ʪʫʨʙʠʜʥʦʤ ʭʘʨʘʢʪʝʨʝ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʦʩʘʜʢʦʚ. ʕʪʠ ʞʝ ʧʨʠʟʥʘʢʠ (ʩʝʨʦʚʦʜʦʨʦʜʥʦʝ ʟʘʨʘʞʝʥʠʝ ʧʨʠʜʦʥʥʳʭ 
ʚʦʜʥʳʭ ʩʣʦʝʚ, ʪʫʨʙʠʜʥʦʩʪʴ) ʜʘʣʝʝ ʧʦʚʪʦʨʷʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʜʨʫʛʠʭ ʨʘʜʠʦʣʷʨʠʝʚʳʭ ʙʠʦʛʦʨʠʟʦʥʪʦʚ. 

ɹʠʦʛʦʨʠʟʦʥʪ ʩ Parvicingula jonesi.ʆʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʦʝ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 
ʚʳʩʦʢʦʢʦʥʠʯʝʩʢʠʭ ʬʦʨʤ ʨʦʜʘ Parvicingula, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 75Ȥ90% 
ʨʘʜʠʦʣʷʨʠʝʚʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʜʦʚʦʣʴʥʦ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʛʣʫʙʠʥ (ʩʦʪʥʠ ʤʝʪʨʦʚ) ʙʘʩʩʝʡʥʘ ʦʙʠʪʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ 
ʟʦʥʘ ʧʦʜʲʝʤʘ ʚʦʜ ʪʠʧʘ ʘʧʚʝʣʣʠʥʛʘ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʚʦʟʥʠʢʥʫʪʴ ʚʜʦʣʴ ʩʢʣʦʥʘ 

ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʂʦʣʪʦʛʦʨʩʢʦȤ
ʋʨʝʥʛʦʡʩʢʦʛʦ ʠ ʩʝʨʠʠ ʩʨʝʜʥʝʦʙʩʢʠʭ ʨʠʬʪʦʚ ɿʘʧʘʜʥʦȤʉʠʙʠʨʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ. 
ʂʨʦʤʝ ʪʦʛʦ, ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʚʠʜʦʚ ʨʦʜʘ Parvicingula ʩʣʫʞʠʪ ʷʚʥʳʤ ʧʨʠʟʥʘʢʦʤ 
ʙʦʨʝʘʣʴʥʦʩʪʠ. ʇʨʠʩʫʪʩʪʚʠʝ Parvicingula ʚ ʨʘʜʠʦʣʷʨʠʝʚʦʤ ʢʦʤʧʣʝʢʩʝ ʷʚʣʷʝʪʩʷ 
ʠʥʜʠʢʘʪʦʨʦʤ ʩʝʚʝʨʥʦʛʦ ʪʝʯʝʥʠʷ, ʟʘʥʦʩʠʚʰʝʛʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 
ʵʪʦʛʦ ʨʦʜʘ ʠʟ ʘʨʢʪʠʯʝʩʢʦʡ ʠ ʩʝʚʝʨʦʪʠʭʦʦʢʝʥʩʢʦʡ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡ. 
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ʄʘʢʩʠʤʘʣʴʥʳʝ ʛʣʫʙʠʥʳ ɹʘʞʝʥʦʚʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ 
ʩʪʦʷʥʠʷ ʚʦʜʳ, ʚʝʨʦʷʪʥʦ, ʧʨʠʭʦʜʠʣʠʩʴ ʥʘ ʩʝʨʝʜʠʥʫ ʠ ʢʦʥʝʮ ʩʨʝʜʥʝʚʦʣʞʩʢʦʛʦ 

ʚʨʝʤʝʥʠ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʜʦʩʪʠʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʢʘʤʝʨ (ʜʦ 15Ȥ20) ʫ 
ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Parvicingula, ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʦʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʤʝʨ 
ʩʚʦʡʩʪʚʝʥʥʦ ʠʤ ʠʟ ʩʠʥʭʨʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʪʠʭʦʦʢʝʘʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ [2, 4]. 

ɹʠʦʛʦʨʠʟʦʥʪ ʩ Parvicingula haeckeli. ʏʠʩʣʦ ʚʳʩʦʢʦʥʠʯʝʩʢʠʭ ʤʫʣʴʪʠʢʘʤʝʨʥʳʭ 
ʬʦʨʤ, ʪʷʛʦʪʝʶʱʠʭ ʢ ʙʦʣʴʰʠʤ ʛʣʫʙʠʥʘʤ, ʩʦʢʨʘʱʘʝʪʩʷ, ʥʦ ʧʦʷʚʣʷʝʪʩʷ ʤʥʦʛʦ 
ʪʨʠʮʠʨʪʠʜʥʳʭ ʩʢʝʣʝʪʦʚ. ʇʦʩʪʝʧʝʥʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ ʚʳʩʦʢʦʢʦʥʠʯʝʩʢʠʭ 
ʚʝʨʝʪʝʥʦʚʠʜʥʳʭ ʬʦʨʤ ʠ ʦʙʱʝʝ ʫʤʝʥʴʰʝʥʠʝ ʚʳʩʦʪʳ ʮʠʨʪʦʠʜʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʠʟʤʝʥʝʥʠʷ ʛʣʫʙʠʥʳ ʙʘʩʩʝʡʥʘ ʚ ʩʪʦʨʦʥʫ ʦʙʤʝʣʝʥʠʷ, ʠ, ʚʦʟʤʦʞʥʦ, ʚʳʧʦʣʘʞʠʚʘʥʠʝ 
ʨʝʣʴʝʬʘ. 

ɹʠʦʛʦʨʠʟʦʥʪ ʩ Parvicingula khabakovi ï Williriedellum salymicum ʠ ʙʠʦʛʦʨʠʟʦʥʪ 
Williriedellum. ʇʦʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ [6, 7] ʩʢʨʳʪʦʮʝʬʘʣʠʯʝʩʢʠʝ 
ʧʨʝʜʩʪʘʚʠʪʝʣʠ Williriedellum, ʘ ʪʘʢʞʝ Quasicrolanium ʠ ʬʦʨʤʳ ʩ 7-ʶ ʨʦʛʘʤʠï
ʚʥʝʰʥʠʤʠ ʠʛʣʘʤʠ (ʩʝʤ. Echinocampidae). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʧʨʦʜʦʣʞʝʥʠʠ 
ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʣʦʛʠʠ ʙʘʩʩʝʡʥʘ ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʛʣʫʙʠʥ. ɺ ʙʠʦʛʦʨʠʟʦʥʪʝ 
ʦʪʤʝʯʝʥʦ ʮʚʝʪʝʥʠʝ ʢʦʢʢʦʣʠʪʦʬʦʨʠʜ.  

ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ 
ʚʳʩʦʢʦ ʙʠʦʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ  ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ ɻʀʅ ʈɸʅ (ˉ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 0135-
2019-0057), ʇʨʦʛʨʘʤʤʳ ʇʀʅ, ʘ ʪʘʢʞʝ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ 
(ʧʨʦʝʢʪ ˉ 18-05-00494). 
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ʈʆʃʔ ɻɽʆʍʀʄʀʏɽʉʂʀʍ ɹɸʈʔɽʈʆɺ ɺ ʌʆʈʄʀʈʆɺɸʅʀʀ 
ʉʋʃʔʌʀɼʅʆɻʆ ʆʈʋɼɽʅɽʅʀʗ ʅɸ ʂʆʅʊʀʅɽʅʊɽ ʀ ɺ ʆʂɽɸʅɽ 

 
ʀ.ʌ. ɻʘʙʣʠʥʘ 

 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʚʝʱʝʩʪʚʝʥʥʦʛʦ 
ʩʦʩʪʘʚʘ ʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʩʣʘʥʮʝʚ 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ ʷʚʣʷʶʪʩʷ 
ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʘ-ʧʦʨʦʜʘ, ʘ ʣʦʢʘʣʠʟʘʮʠʷ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʝʨʦʚʦʜʦʨʦʜʥʳʭ ʙʘʨʴʝʨʘʭ. ʕʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʟʘʣʦʞʝʥʳ ʢʨʫʧʥʳʤʠ 
ʨʦʩʩʠʡʩʢʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ɸ.ʀ. ʇʝʨʝʣʴʤʘʥ, ɸ.ʀ. ɻʝʨʤʘʥʦʚ, 
ɽ.ɸ.ɹʘʩʢʦʚ, ʉ.ʈ. ʂʨʘʡʥʦʚ, ɹ.ʅ. ʈʳʞʝʥʢʦ, ʃ.ʄ. ʃʝʙʝʜʝʚ, ɸ.ʄ. ʃʫʨʴʝ, ʃ.ɹ. ɻʫʩʪʘʬʩʦʥ, ʅ. 
ʋʠʣʴʷʤʩ,  A.W.Rose, W.S. White ʠ ʜʨ.) ʠ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ ʚ ʥʘʰʠʭ ʨʘʙʦʪʘʭ [1, 2 ʠ ʜʨ.]. 
ɺʘʞʥʝʡʰʝʝ ʤʝʩʪʦ ʚ ʵʪʦʤ ʨʷʜʫ ʟʘʥʠʤʘʶʪ ʪʨʫʜʳ ɸ.ʀ.ʇʝʨʝʣʴʤʘʥʘ [5, 6 ʠ ʜʨ.], 
ʨʘʟʨʘʙʦʪʘʚʰʝʛʦ ʫʯʝʥʠʝ ʦ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ ʠ ʧʨʠʤʝʥʠʚʰʝʛʦ ʝʛʦ ʢ ʨʘʩʰʠʬʨʦʚʢʝ 
ʛʝʥʝʟʠʩʘ ʩʪʨʘʪʠʬʦʨʤʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʜʠʩʪʳʭ 
ʧʝʩʯʘʥʠʢʦʚ  (ʥʘ ʧʨʠʤʝʨʝ ɼʞʝʟʢʘʟʛʘʥʘ). 

ʆʪʢʨʳʪʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʥʘ ʜʥʝ ʦʢʝʘʥʘ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʘʪʴ 
ʧʨʦʮʝʩʩ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʟʘʤʝʨʦʚ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɹʳʣʦ 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦ ʢʠʩʣʳʝ (pH 2-4) ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ (ʊ ʜʦ 350-

400ϊʉ) ʨʘʩʪʚʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ CH4, CO2, H2S, He, Fe, Cu, Zn, Pb, Si  [3, 4 ʠ ʜʨ.]. 
ʉʦʚʨʝʤʝʥʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ, ʨʫʜʦʥʦʩʥʳʝ ʠ ʬʦʥʦʚʳʝ ʦʩʘʜʢʠ ʠʟʫʯʝʥʳ ʚ ʟʦʥʝ 

13-20ϊʩ.ʰ. ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ (ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʦʣʷ ɸʰʘʜʟʝ-1, 
ʉʝʤʝʥʦʚ-4, ɿʝʥʠʪ-ɺʠʢʪʦʨʠʷ, ʇʝʪʝʨʙʫʨʛʩʢʦʝ, ʨʫʜʥʳʡ ʫʟʝʣ ʇʦʙʝʜʘ) ʧʦ ʤʘʪʝʨʠʘʣʘʤ 
ʨʝʡʩʦʚ ʥʠʩ çʇʨʦʬʝʩʩʦʨ ʃʦʛʘʯʝʚè ʌɻʋʅʇʇ çʇʦʣʷʨʥʘʷ ʤʦʨʩʢʘʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʘʷ 
ʵʢʩʧʝʜʠʮʠʷè ʚ ʈʦʩʩʠʡʩʢʦʤ ʨʘʟʚʝʜʦʯʥʦʤ ʨʘʡʦʥʝ. 

ɹʳʣ ʧʨʦʚʝʜʝʥ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ, 
ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ (ʟʘʤʝʨʳ Eh-pH -ʧʘʨʘʤʝʪʨʦʚ 
ʨʫʜʦʥʦʩʥʳʭ ʠ ʬʦʥʦʚʳʭ ʦʩʘʜʢʦʚ ʚ ʨʝʡʩʝ) ʤʝʪʦʜʳ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ, 
ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʳʤʠ, ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ 
ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʜʢʦʚ ʠ ʨʫʜ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʩʣʘʥʮʝʚ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʩʣʫʞʠʣʠ  ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʩʣʘʥʮʝʚ - ʋʜʦʢʘʥ 
(Pt1?), ɻʨʘʚʠʡʩʢʦʝ ʚ ʀʛʘʨʩʢʦʤ ʨʘʡʦʥʝ (V-ɭ1), ɼʞʝʟʢʘʟʛʘʥ ʚ ʂʘʟʘʭʩʪʘʥʝ (ʉ2-3), ɿʘʧʘʜʥʦʝ 
ʇʨʠʫʨʘʣʴʝ, ʃʶʙʠʥ-ʉʝʨʦʰʦʚʠʮʝ ʚ ʇʦʣʴʰʝ,  ʄʘʥʩʬʝʣʴʜ ʚ ɻʝʨʤʘʥʠʠ (P2) ʠ ʜʨ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʦʟʨʘʩʪʘ ʠ ʩʪʝʧʝʥʠ 
ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʨʫʜʳ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʩʣʘʥʮʝʚ ʣʦʢʘʣʠʟʫʶʪʩʷ 
ʣʠʙʦ ʚ ʩʘʤʠʭ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʪʦʣʱʘʭ, ʣʠʙʦ ʚ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠʭ 
ʤʦʨʩʢʠʭ ʩʝʨʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
ʤʝʜʠ ʠ ʚʤʝʱʘʶʱʠʭ ʦʨʫʜʝʥʝʥʠʝ ʦʪʣʦʞʝʥʠʡ. ʄʝʜʴ ʧʦʜʚʠʞʥʘ ʚ ʩʣʘʙʦ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 
ʦʙʩʪʘʥʦʚʢʝ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʬʦʨʤʘʮʠʡ. ɺ ʧʣʘʩʪʦʚʳʭ 
ʚʦʜʘʭ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʬʦʨʤʘʮʠʡ, ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʣʦʨ-ʠʦʥ, ʩ ʢʦʪʦʨʳʤ Cu+ 
ʦʙʨʘʟʫʝʪ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʢʦʤʧʣʝʢʩʳ. ʉʣʘʙʦ ʦʢʠʩʣʠʪʝʣʴʥʳʝ, ʙʦʛʘʪʳʝ Cl-ʠʦʥʦʤ ʚʦʜʳ 
ʚʳʱʝʣʘʯʠʚʘʶʪ ʠʟ ʧʦʨʦʜ ʧʦʣʝʟʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (Cu, Pb, Zn) ʠ ʧʝʨʝʥʦʩʷʪ ʠʭ ʚ ʚʠʜʝ 
ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʝ ʚ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʝʨʦʚʦʜʦʨʦʜʥʦʡ ʩʨʝʜʝ (ʥʘ ʩʝʨʦʚʦʜʦʨʦʜʥʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʤ 
ʙʘʨʴʝʨʝ). ʀʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʙʠʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩʫʣʴʬʠʜʥʦʡ 
ʩʝʨʳ ʚ ʨʫʜʘʭ. ʅʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʙʘʨʴʝʨʦʚ ï ʩʠʥʛʝʥʝʪʠʯʝʩʢʠʝ ʠ 
ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ.  ʆʙʨʘʟʦʚʘʥʠʝ ʧʝʨʚʳʭ ʩʚʷʟʘʥʦ ʩ ʥʘʢʦʧʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 
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ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʩʘʜʢʘʤʠ, ʘ ʚʪʦʨʳʭ ï ʩ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ 
(ʫʛʣʝʚʦʜʦʨʦʜʦʚ, H2S) ʥʘ ʩʪʘʜʠʷʭ ʢʘʪʘʛʝʥʝʟʘ ʚ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ. 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʩʫʣʴʬʠʜʦʚ Cu-Fe ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ 
ʫʩʪʦʡʯʠʚʦʩʪʠ (ʦʪ ʭʘʣʴʢʦʟʠʥʘ ʜʦ ʧʠʨʠʪʘ ʩʦ ʩʥʠʞʝʥʠʝʤ Eh ʦʪ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʦʨʦʜ ʢ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʩʝʨʦʚʦʜʦʨʦʜʥʦʤʫ ʙʘʨʴʝʨʫ).  

ʉʦʚʨʝʤʝʥʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʠ ʨʫʜʦʥʦʩʥʳʝ ʦʩʘʜʢʠ ʦʢʝʘʥʘ. ʀʟʫʯʝʥʥʳʝ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʫʜʥʳʝ ʧʦʣʷ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʙʦʨʪʘʭ ʨʠʬʪʦʚʦʡ ʜʦʣʠʥʳ ʉɸʍ ʚ 
ʨʘʡʦʥʝ ʦʪ 13Á ʜʦ 20Á08Ëʩ.ʰ. ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ å 2400 ʜʦ 4200ʤ. ɺ ʠʭ ʩʪʨʦʝʥʠʠ ʧʨʠʥʠʤʘʶʪ 
ʫʯʘʩʪʠʝ ʙʘʟʘʣʴʪʳ, ʛʘʙʙʨʦ ʠ ʧʝʨʠʜʦʪʠʪʳ, ʢʘʨʙʦʥʘʪʥʳʝ, ʤʝʪʘʣʣʦʥʦʩʥʳʝ ʠ ʨʫʜʦʥʦʩʥʳʝ 
ʦʩʘʜʢʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. ʈʫʜʥʳʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʝʣʠʢʪʦʚʳʝ 
ʠ ʘʢʪʠʚʥʳʝ ʪʨʫʙʦʦʙʨʘʟʥʳʝ ʧʦʩʪʨʦʡʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʦʟʥʝʥʥʳʝ 
ʛʨʫʧʧʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʩʫʣʴʬʠʜʥʳʭ (ʩʫʣʴʬʠʜʳ Fe, Cu-Fe, Zn) ʧʦʩʪʨʦʝʢ ʚ ʨʫʜʦʥʦʩʥʳʭ 
ʦʩʘʜʢʘʭ. 

ʌʦʥʦʚʳʝ ʢʘʨʙʦʥʘʪʥʳʝ (ʜʦ 75-90% CaCO3) ʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʣʴʮʠʪʦʚʳʤʠ 
ʨʘʢʦʚʠʥʘʤʠ ʬʦʨʘʤʠʥʠʬʝʨ, ʢʦʢʢʦʣʠʪʦʚ ʠ ʧʪʝʨʦʧʦʜ ʩ ʧʨʠʤʝʩʴʶ ʛʣʠʥʠʩʪʦʛʦ 
ʠ ʵʜʘʬʦʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʥʠ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʩʢʨʳʪʫʶ ʤʦʱʥʦʩʪʴ 100-150ʩʤ. 
ɺʦʟʨʘʩʪ ʦʩʘʜʢʦʚ  ʛʦʣʦʮʝʥ-ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʡ (0-128 ʪʳʩ.ʣʝʪ). ɺ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʠ 
ʦʩʦʙʝʥʥʦ ʚ ʨʫʜʦʥʦʩʥʳʭ ʦʩʘʜʢʘʭ ʢʘʨʙʦʥʘʪʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ (ʜʦ 0-
ʥʝʩʢʦʣʴʢʠʭ %) ʠ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ (ʨʝʮʠʢʣʠʥʛʦʚʘʷ ʤʦʜʝʣʴ), 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʬʦʨʤʠʨʫʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ 
ʩ ʧʦʨʦʜʘʤʠ ʣʦʞʘ ʦʢʝʘʥʘ. ʇʨʝʦʙʨʘʟʦʚʘʥʥʘʷ ʤʦʨʩʢʘʷ ʚʦʜʘ, ʨʘʟʦʛʨʝʪʘʷ ʚʙʣʠʟʠ 
ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ,  ʦʙʨʘʟʫʝʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ,  ʠʟ ʢʦʪʦʨʳʭ 
ʥʘ ʜʥʝ ʦʢʝʘʥʘ ʦʩʘʞʜʘʶʪʩʷ ʩʫʣʴʬʠʜʳ [3 ʠ ʜʨ.]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 
ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ, ʦʙʨʘʟʫʶʱʝʤʩʷ ʚ ʟʦʥʝ ʩʤʝʰʝʥʠʷ ʢʠʩʣʳʭ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʭʦʣʦʜʥʦʡ ʤʦʨʩʢʦʡ ʚʦʜʦʡ, ʩʦʜʝʨʞʘʱʝʡ 
ʢʠʩʣʦʨʦʜ ʠ SO4 (çʯʝʨʥʳʝ ʢʫʨʠʣʴʱʠʢʠè). ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʠ ʨʫʜʦʥʦʩʥʳʭ ʦʩʘʜʢʦʚ ʵʪʦʡ ʟʦʥʳ 
ʉɸʍ  ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʠʬʬʫʟʥʦʛʦ ʪʠʧʘ, 
ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʙʠʦʛʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʜʦʥʥʳʝ ʠʣʳ ʠʟ ʧʦʨʦʜ ʩʫʙʩʪʨʘʪʘ. 
ʄʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʙʘʨʴʝʨʝ, ʚ ʟʦʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ, ʤʦʨʩʢʦʡ ʚʦʜʳ, ʥʘʩʳʱʘʶʱʝʡ ʦʩʘʜʢʠ, ʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 
ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʙʠʦʛʝʥʥʦʛʦ ʢʘʣʴʮʠʪʘ ʦʩʘʜʢʦʚ. ʂʘʨʙʦʥʘʪʥʳʝ ʜʦʥʥʳʝ ʠʣʳ ʩʣʫʞʘʪ 
ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ (ʧʨʠʩʫʪʩʪʚʠʝ ʨʝʘʢʮʠʦʥʥʦ-ʩʧʦʩʦʙʥʦʛʦ  ʢʘʨʙʦʥʘʪʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ), ʠ ʬʠʟʠʯʝʩʢʠʤ - ʟʘʪʨʫʜʥʷʶʱʠʤ ʙʳʩʪʨʫʶ ʤʠʛʨʘʮʠʶ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ 
ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʦʩʘʞʜʝʥʠʶ ʠ ʥʘʢʦʧʣʝʥʠʶ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʅʘ ʥʘʯʘʣʴʥʳʭ 
ʵʪʘʧʘʭ ʟʘ ʩʯʝʪ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʨʘʢʦʚʠʥ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 
ʬʦʨʤʠʨʫʶʪʩʷ ʨʫʜʦʥʦʩʥʳʝ ʠ/ʠʣʠ ʤʝʪʘʣʣʦʥʦʩʥʳʝ ʦʩʘʜʢʠ. ɼʣʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 
ʛʠʜʨʦʪʝʨʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ ʦʩʘʜʦʯʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘ ʝʛʦ ʤʝʩʪʝ ʩʫʣʴʬʠʜʥʳʭ ʧʦʩʪʨʦʝʢ ʠ/ʠʣʠ ʧʣʠʪʦʦʙʨʘʟʥʦʛʦ ʮʦʢʦʣʷ 
çʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚè.  
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ʉɽɼʀʄɽʅʊʆʃʆɻʀʏɽʉʂʀɽ ʀ ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʉʃɽɼʉʊɺʀʗ 
ʂʆʃɽɹɸʅʀʁ ʋʈʆɺʅʗ ʄʆʈʗ ʈɸɿʅʆɻʆ ʇʆʈʗɼʂɸ  
ɺ ʇɸʃɽʆɹɸʉʉɽʁʅɸʍ ɹʆʃʔʐʆɻʆ ʂɸɺʂɸɿɸ 

 
ʖ.ʆ. ɻʘʚʨʠʣʦʚ 

 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺʳʜʝʣʝʥʠʝ ʅ.ʄ. ʉʪʨʘʭʦʚʳʤ ʪʠʧʦʚ ʣʠʪʦʛʝʥʝʟʘ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʙʣʦʢʝ 
ɿʝʤʣʠ (1958-1963 ʛʛ.) [5 ʠ ʜʨ.] ï ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʫʤʠʜʥʦʛʦ, ʘʨʠʜʥʦʛʦ, ʣʝʜʦʚʦʛʦ ï 
ʫʙʝʜʠʪʝʣʴʥʦ ʦʙʦʩʥʦʚʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʢʘʢ ʦʩʥʦʚʥʳʭ 
ʨʝʛʫʣʷʪʦʨʦʚ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʫʱʝʩʪʚʫʶʪ ʬʘʢʪʦʨʳ ʠʥʦʡ ʧʨʠʨʦʜʳ, ʘʢʪʠʚʥʦ ʚʣʠʷʶʱʠʝ 
ʥʘ ʦʩʘʜʦʯʥʳʝ ʧʨʦʮʝʩʩʳ. ʊʘʢ, ʅ.ʄ. ʉʪʨʘʭʦʚʳʤ ʙʳʣʘ ʦʙʩʫʞʜʝʥʘ ʧʨʦʙʣʝʤʘ 
ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʩʚʷʟʠ ʨʘʟʣʠʯʥʳʭ ʦʩʘʜʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ 
ʪʨʘʥʩʛʨʝʩʩʠʷʤʠ ʠ ʨʝʛʨʝʩʩʠʷʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʛʣʦʙʘʣʴʥʳʤʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʵʪʦ 
ʢʘʩʘʣʦʩʴ ʦʩʘʜʦʯʥʳʭ ʮʠʢʣʦʚ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʚ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤʠʣʣʠʦʥʦʚ ʣʝʪ, 
ʪʦ ʝʩʪʴ ʚ ʨʘʤʢʘʭ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʩ ʮʠʢʣʘʤʠ 2-ʛʦ ʧʦʨʷʜʢʘ. ʉ ʩʝʨʝʜʠʥʳ 80-
ʭ ʛʦʜʦʚ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʦʙʦʩʥʦʚʳʚʘʣʦʩʴ 
ʚʳʜʝʣʝʥʠʝ ʬʣʫʢʪʫʘʮʠʡ ʫʨʦʚʥʷ ʤʦʨʷ 3-ʛʦ ʧʦʨʷʜʢʘ (1-3 ʤʣʥ ʣʝʪ), ʘ ʪʘʢʞʝ ʙʦʣʝʝ 
ʤʝʣʢʠʭ (4, 5-ʛʦ) ʧʦʨʷʜʢʦʚ [8 ʠ ʜʨ.]. 

ʉʦ ʚʨʝʤʝʥʝʤ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʢʦʨʦʪʢʦʧʝʨʠʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ 
ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʦʝ ʧʦ ʩʫʱʝʩʪʚʫ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʣʠʪʦʛʝʥʝʟʘ ï ʢʘʢ ʥʘ 
ʩʪʨʫʢʪʫʨʫ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ, ʪʘʢ ʠ ʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʘʣʝʦʙʘʩʩʝʡʥʘʭ 
ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʢʦʛʦ ʠʣʠ ʥʠʟʢʦʛʦ ʩʪʦʷʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ: ʧʨʠ 
ʚʳʩʦʢʦʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʤ ʩʪʦʷʥʠʠ ï ʧʨʝʦʙʣʘʜʘʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-
ʩʣʦʠʩʪʳʡ ʪʠʧ ʘʢʢʫʤʫʣʷʮʠʠ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠ ʝʛʦ ʧʘʜʝʥʠʠ ï ʯʘʩʪʦ 
ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʨʘʙʦʪʢʘ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ 
ʣʘʪʝʨʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʧʨʦʛʨʘʜʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ. 
ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʣʘʪʬʦʨʤ, 
ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʡʦʥʘʭ ʤʠʨʘ. ɺ ʂʘʚʢʘʟʩʢʦʤ ʨʝʛʠʦʥʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʩʪʨʫʢʪʫʨʳ ʚʝʨʭʥʝʶʨʩʢʦʡ ï ʥʠʞʥʝʤʝʣʦʚʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʢʦʣʝʙʘʥʠʷ 
ʫʨʦʚʥʷ ʤʦʨʷ ʠʛʨʘʣʠ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʩʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
(ʥʘʧʨʠʤʝʨ, ʐʘʭʜʘʛʩʢʠʡ ʤʘʩʩʠʚ ʚ ʶʞʥʦʤ ɼʘʛʝʩʪʘʥʝ [2]). ʇʘʜʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ 
ʧʨʠʚʝʣʦ ʢ ʥʘʢʦʧʣʝʥʠʶ ʦʣʠʩʪʦʩʪʨʦʤʦʚʦʡ ʪʦʣʱʠ ʚ ʥʘʯʘʣʝ ʧʦʟʜʥʝʡ ʶʨʳ. ʆʩʦʙʝʥʥʦ 
ʨʝʣʴʝʬʥʦ ʚʣʠʷʥʠʝ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ ʧʨʦʷʚʠʣʦʩʴ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 
ʢʣʠʥʦʬʦʨʤ ʚ ʪʠʪʦʥʝ. ʇʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ ʦʩʘʜʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʩʝʚʝʨʥʦʡ ʢʨʘʝʚʦʡ 
ʯʘʩʪʠ ʐʘʭʜʘʛʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʥʝʩʢʦʣʴʢʠʭ ʵʧʠʟʦʜʘʭ ʫʩʠʣʝʥʠʷ ʧʦʜʘʯʠ 
ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʦʥʫ ʙʦʢʦʚʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʢʣʠʥʦʬʦʨʤ. ʇʨʠ ʦʩʣʘʙʣʝʥʠʠ 
ʪʝʤʧʦʚ ʧʨʠʚʥʦʩʘ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦ ʚʨʝʤʷ ʧʦʜʲʝʤʘ ʫʨʦʚʥʷ ʤʦʨʷ, 
ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʨʠʬʦʛʝʥʥʳʝ ʧʦʩʪʨʦʡʢʠ. ʆʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʪʠʭ 
ʬʣʫʢʪʫʘʮʠʡ ʟʘʚʠʩʝʣʘ ʚʝʣʠʯʠʥʘ ʣʘʪʝʨʘʣʴʥʦʛʦ ʥʘʨʘʱʠʚʘʥʠʷ ʢʣʠʥʦʬʦʨʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ɺʦ ʚʨʝʤʷ ʧʦʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ ʚʦʟʥʠʢʘʣʠ 
ʧʦʣʫʠʟʦʣʠʨʦʚʘʥʥʳʝ ʚʦʜʦʝʤʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʵʚʘʧʦʨʠʪʳ [2]. 

ɺ ʨʘʥʥʝʶʨʩʢʦʤ-ʘʘʣʝʥʩʢʦʤ ʧʘʣʝʦʚʦʜʦʝʤʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ 
ʂʘʚʢʘʟʘ ʚ ʮʝʣʦʤ ʢʣʠʥʦʬʦʨʤʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʤʝʝʪ ʜʝʣʴʪʦʚʳʡ-ʧʨʦʜʝʣʴʪʦʚʳʡ 
ʦʩʘʜʦʯʥʳʡ ʢʦʤʧʣʝʢʩ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʤʘʛʥʠʪʫʜʝ ʵʚʩʪʘʪʠʯʝʩʢʠʝ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ 
ʤʦʨʷ 3-ʛʦ ʧʦʨʷʜʢʘ ʚ ʩʘʤʦʤ ʥʘʯʘʣʝ ʪʦʘʨʘ ʠ ʦʩʦʙʝʥʥʦ ʥʘ ʛʨʘʥʠʮʝ ʪʦʘʨʘ ʠ ʘʘʣʝʥʘ 
ʧʨʠʚʝʣʠ ʢ ʤʘʩʰʪʘʙʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʦʛʦ ʚ ʧʨʠʙʨʝʞʥʳʭ ʯʘʩʪʷʭ 
ʚʦʜʦʝʤʘ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʳʜʚʠʞʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʜʝʣʴʪʦʚʳʭ ʬʘʮʠʡ (0,6 ʠ 
ʙʦʣʝʝ 1 ʢʤ ʧʦ ʤʦʱʥʦʩʪʠ) ʚ ʙʦʣʝʝ ʤʦʨʠʩʪʳʝ ʨʘʡʦʥʳ ʧʘʣʝʦʙʘʩʩʝʡʥʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
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ʜʣʷ ʚʩʝʛʦ ʜʝʣʴʪʦʚʦʛʦ ʠ ʧʨʦʜʝʣʴʪʦʚʦʛʦ ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʥʳ 
ʦʩʘʜʦʯʥʳʝ ʮʠʢʣʳ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʤʦʨʷ 4 ʠ 5-ʛʦ 
ʧʦʨʷʜʢʘ. ɺ ʨʘʡʦʥʝ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʚʢʘʟʘ ʩ ʨʘʥʥʝʘʘʣʝʥʩʢʦʡ ʨʝʛʨʝʩʩʠʝʡ ʩʚʷʟʘʥʦ 
ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʨʠʟʦʥʪʦʚ  Fe-ʦʦʣʠʪʦʚʳʭ  ʨʫʜ (ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʨʫʜʦʥʦʩʥʳʭ ʢʦʨ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʄʘʣʢʠʥʩʢʦʛʦ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ); ʜʘʣʝʝ ʢ ʟʘʧʘʜʫ ʥʘ ʵʪʦʤ 
ʫʨʦʚʥʝ ʦʪʤʝʯʝʥ ʧʝʨʝʨʳʚ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʵʧʠʟʦʜ 
ʵʚʩʪʘʪʠʯʝʩʢʦʛʦ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʢʨʫʧʥʦʛʦ ʧʘʣʝʦʙʘʩʩʝʡʥʘ 
ʟʘʧʝʯʘʪʣʝʥ ʚ ʦʩʘʜʦʯʥʦʡ ʣʝʪʦʧʠʩʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦ-ʨʘʟʥʦʤʫ: 1) ʧʝʨʝʨʳʚ ʚ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ, 2) ʦʙʨʘʟʦʚʘʥʠʝ, ʛʦʨʠʟʦʥʪʦʚ Fe-ʦʦʣʠʪʦʚʳʭ ʨʫʜ, 3) ʨʘʟʤʳʚ ʠ 
ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʙʦʣʴʰʠʭ ʤʘʩʩ ʦʩʘʜʢʦʚ ʥʘʟʝʤʥʦʡ ʯʘʩʪʠ ʜʝʣʴʪʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 
ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʪʦʣʱʝ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʦʱʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, 
ʩʦʜʝʨʞʘʱʝʛʦ ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʬʘʮʠʠ ï ʘʣʣʶʚʠʘʣʴʥʳʝ, ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʝ 
ʠ ʪ.ʜ. [1, 6]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʪʨʘʥʩʛʨʝʩʩʠʷʤʠ ʩʚʷʟʘʥʦ ʥʘʢʦʧʣʝʥʠʝ ʦʩʘʜʢʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ 
ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (ʆɺ) [7]. ɺ ʨʘʥʥʝ- ʠ ʩʨʝʜʥʝʶʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ɹ. ʂʘʚʢʘʟʘ 
ʥʘʢʦʧʣʝʥʠʝ ʚ ʦʩʘʜʢʘʭ ʆɺ ʦʙʫʩʣʦʚʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʫʧʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ 
ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʩʠʜʝʨʠʪʦʚ [1]. 

ɺ ʤʝʣʦʚʦʝ ʚʨʝʤʷ ʠ ʚ ʧʘʣʝʦʛʝʥʝ ʩ ʙʳʩʪʨʳʤʠ ʵʚʩʪʘʪʠʯʝʩʢʠʤʠ ʪʨʘʥʩʛʨʝʩʩʠʷʤʠ, 
ʢʦʪʦʨʳʤ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʨʝʛʨʝʩʩʠʚʥʳʝ ʵʧʠʟʦʜʳ, ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʦʨʠʟʦʥʪʦʚ 
ʫʛʣʝʨʦʜʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ OAEs) ʠ ʣʦʢʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʘʥʦʢʩʠʜʥʳʭ 
ʦʙʩʪʘʥʦʚʦʢ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚʩʣʝʜʩʪʚʠʝ ʚʳʥʦʩʘ ʠʟ ʥʘʟʝʤʥʳʭ ʧʨʠʙʨʝʞʥʳʭ 
ʣʘʥʜʰʘʬʪʦʚ ʚ ʚʦʜʦʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʝʟʢʦʛʦ ʨʦʩʪʘ 
ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʬʠʪʦʧʣʘʥʢʪʦʥʘ. ʅʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʟʚʠʪʠʷ ʪʨʘʥʩʛʨʝʩʩʠʠ 
ʧʨʠʚʦʜʠʣ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʧʦʩʪʘʚʢʠ ʚ ʚʦʜʦʝʤ ʙʠʦʬʠʣʦʚ, ʯʪʦ ʧʦʚʣʠʷʣʦ ʥʘ 
ʦʙʨʘʟʦʚʘʥʠʝ ʮʠʢʣʠʯʝʩʢʠ ʧʦʩʪʨʦʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ [3]. 

ʇʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʨʝʚʥʠʭ ʦʙʩʪʘʥʦʚʦʢ ʣʠʪʦʛʝʥʝʟʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ 
ʤʠʥʝʨʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʢʣʠʤʘʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʦʨ ʚʣʠʷʥʠʷ ʥʘ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʵʚʩʪʘʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʝʡ. ʊʘʢ, ʚ ʙʘʩʩʝʡʥʘʭ, 
ʠʤʝʶʱʠʭ ʩʚʦʙʦʜʥʳʝ ʩʚʷʟʠ ʠ ʚʦʜʦʦʙʤʝʥ ʩ ʄʠʨʦʚʳʤ ʦʢʝʘʥʦʤ, ʚʣʠʷʥʠʝ ʢʣʠʤʘʪʘ ʥʘ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʥʝʛʦ ʤʠʥʝʨʘʣʴʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ, ʦʛʨʘʥʠʯʝʥʦ; 
ʥʘʧʨʦʪʠʚ, ʧʨʠ ʧʘʜʝʥʠʠ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʳʭ ʦʙʩʪʘʥʦʚʦʢ 
ʚ ʫʩʣʦʚʠʷʭ ʘʨʠʜʥʦʛʦ ʠʣʠ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ï ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʥʜʠʢʘʪʦʨʦʚ ʚʦʟʨʘʩʪʘʝʪ [4]. 
(ɻʦʩʟʘʜʘʥʠʝ ɻʀʅ ʈɸʅ, ˉ 0135-2019-0070). 
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ʉʝʨʠʷ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʚ ʮʝʥʪʨʝ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʪʨʘʜʠʮʠʦʥʥʦ ʩʯʠʪʘʝʪʩʷ 
ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʚ ʭʦʜʝ ʧʦʩʣʝʜʥʝʛʦ ʩʨʝʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ (ʤʦʩʢʦʚʩʢʦʛʦ) 
ʦʣʝʜʝʥʝʥʠʷ. ɺʝʜʫʱʘʷ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʣʦʞʝʥʠʡ ʠ ʨʝʣʴʝʬʘ ʟʜʝʩʴ 
ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʣʝʜʥʠʢʦʚʳʤ ʘʛʝʥʪʘʤ, ʪʦʛʜʘ ʢʘʢ ʫʯʘʩʪʠʝ ʧʦʩʪʣʝʜʥʠʢʦʚʳʭ 
ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʤʦʨʬʦʣʠʪʦʛʝʥʝʟʘ ʦʙʳʯʥʦ ʩʚʦʜʠʪʩʷ ʢ ʥʘʢʦʧʣʝʥʠʶ ʤʘʣʦʤʦʱʥʦʛʦ 
(2-3 ʤ) ʧʣʘʱʘ ʧʦʢʨʦʚʥʳʭ ʩʫʛʣʠʥʢʦʚ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʣʝʜʥʠʢʦʚʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʬʣʶʚʠʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʟʥʘʚʘʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʩʫʙʘʵʨʘʣʴʥʳʡ ʛʝʥʝʟʠʩ ʧʦʢʨʦʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʩʫʨʦʚʳʭ ʧʝʨʠʛʣʷʮʠʘʣʴʥʳʭ 
ʫʩʣʦʚʠʷʭ, ʠʭ ʠʥʦʛʜʘ ʛʝʥʝʪʠʯʝʩʢʠ ʩʦʧʦʩʪʘʚʣʷʶʪ ʤʦʱʥʳʤ ʣʝʩʩʦʚʳʤ ʧʦʢʨʦʚʘʤ ʙʦʣʝʝ 
ʶʞʥʳʭ ʨʝʛʠʦʥʦʚ. ʆʜʥʘʢʦ, ʧʦʩʣʝʜʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɹʦʨʠʩʦʛʣʝʙʩʢʦʡ 
ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠ ʋʛʦʨʩʢʦ-ʇʨʦʪʚʠʥʩʢʦʡ ʥʠʟʠʥʳ ʧʦʢʘʟʳʚʘʶʪ ʰʠʨʦʢʦʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʤʦʱʥʳʭ (ʜʦ 5-9 ʤ) ʠʣʦʚʘʪʳʭ ʠ ʦʧʝʩʯʘʥʝʥʥʳʭ 
ʩʫʛʣʠʥʢʦʚ ʠ ʘʣʝʚʨʠʪʦʚ ʜʘʞʝ ʥʘ ʚʳʩʦʢʠʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ï ʚ ʟʘʧʦʣʥʝʥʠʷʭ 
ʣʝʜʥʠʢʦʚʦʛʦ ʠ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʦʛʦ ʨʝʣʴʝʬʘ ʤʝʞʜʫʨʝʯʠʡ (ʥʘ ʘʙʩ. ʚʳʩʦʪʘʭ 140-180 ʤ). 
ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʩʝʨʳʝ ʛʦʣʫʙʦʚʘʪʦ-ʙʫʨʦʚʘʪʳʝ ʦʪʪʝʥʢʠ ʠ ʙʦʛʘʪʳʝ ʦʨʛʘʥʠʯʝʩʢʠʤ 
ʚʝʱʝʩʪʚʦʤ ʣʠʥʟʳ. ʆʩʣʦʞʥʝʥʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʢʨʠʦʛʝʥʥʳʤʠ ʠ ʧʝʜʦʛʝʥʥʳʤʠ 
ʧʨʠʟʥʘʢʘʤʠ ʠ ʯʘʩʪʠʯʥʦ ʵʨʦʜʠʨʦʚʘʥʥʳʝ, ʵʪʠ ʧʘʯʢʠ ʥʝ ʚʩʝʛʜʘ ʨʘʩʧʦʟʥʘʶʪʩʷ ʚ ʙʫʨʦʚʳʭ 
ʢʝʨʥʘʭ ʠ ʜʘʞʝ ʨʘʟʨʝʟʘʭ.  

ɼʣʷ ʠʭ ʜʦʩʪʦʚʝʨʥʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʬʘʮʠʘʣʴʥʦ-ʛʝʥʝʪʠʯʝʩʢʦʛʦ 
ʨʘʩʯʣʝʥʝʥʠʷ ʤʳ ʧʨʠʤʝʥʠʣʠ ʧʦʜʭʦʜ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʦʛʦ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ ʦʨʛʘʥʠʟʘʮʠʠ ʤʘʪʝʨʠʠ, ʚʢʣʶʯʘʷ 
ʜʝʪʘʣʴʥʦʝ ʤʘʢʨʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʠʭ 
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 
ʤʠʢʨʦʪʝʢʩʪʫʨʥʳʭ ʠ ʧʘʣʝʦʧʦʯʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ ʩʧʝʢʪʨʦʚ, ʘ ʪʘʢʞʝ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʝ 
ʜʘʪʠʨʦʚʘʥʠʝ. 

ʅʘ ʬʦʥʝ ʦʙʱʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ 
ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʪʦʣʱʠ ʩʚʝʨʭʫ-ʚʥʠʟ ʪʠʧʠʯʥʘ ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʤʝʥʘ ʪʨʝʭ ʧʘʯʝʢ: ʦʪ 
ʥʝʢʦʥʪʨʘʩʪʥʦ ʩʣʦʠʩʪʦʡ ʩʚʝʪʣʦ-ʩʝʨʦʡ ʞʝʣʪʦʚʘʪʦʡ ʢ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʦ ʩʣʦʠʩʪʦʡ ʩʝʨʦʡ 
ʛʦʣʫʙʦʚʘʪʦʡ ʠ ʟʘʪʝʤ ʢ ʙʫʨʦʚʘʪʦ-ʩʝʨʦʡ ʩ ʢʦʥʪʨʘʩʪʥʳʤʠ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʠ ʪʝʤʥʦ-
ʙʫʨʳʤʠ ʣʠʥʟʘʤʠ, ʙʦʛʘʪʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (ʢʘʢ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ, ʪʘʢ ʠ 
ʦʙʠʣʴʥʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʤʘʢʨʦʦʩʪʘʪʢʘʤʠ), ʯʴʠ ʯʘʩʪʦʪʘ ʠ ʤʦʱʥʦʩʪʴ 
ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʢʥʠʟʫ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ, ʚʳʷʚʣʝʥʦ ʧʷʪʴ ʧʦʨʷʜʢʦʚ ʨʠʪʤʠʯʥʦʡ 
ʩʣʦʠʩʪʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʢʣʶʯʠʪʴ ʧʨʝʦʙʣʘʜʘʥʠʝ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ (ʥʝʧʨʝʨʳʚʥʦʛʦ) ʩʫʙ- ʠ ʩʫʧʝʨʘʢʚʘʣʴʥʦʛʦ ʪʠʧʘ ʩʝʜʠʤʝʥʪʘʮʠʠ.  

ʅʘʠʙʦʣʝʝ ʚʠʟʫʘʣʴʥʦ ʢʦʥʪʨʘʩʪʥʳʝ ʩʣʦʠ ï ʩʘʥʪʠʤʝʪʨʦʚʦʛʦ ʠ ʜʝʮʠʤʝʪʨʦʚʦʛʦ 
ʰʘʛʘ ï ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʢʠʝ ʨʘʟʣʠʯʠʷ ʢʘʢ ʮʚʝʪʘ ʠ ʨʘʟʤʝʨʥʦʩʪʠ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʩʣʦʞʝʥʠʷ. 
ɺ ʧʨʝʜʝʣʘʭ ʥʠʞʥʝʡ ʧʘʯʢʠ ʙʦʣʝʝ ʤʦʱʥʳʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʦʣʝʝ ʦʧʝʩʯʘʥʝʥʥʳʝ 
ʧʨʦʩʣʦʠ ʟʘʯʘʩʪʫʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝʙʦʣʴʰʠʭ (ʧʝʨʚʳʝ ʤʤ) ʩʣʘʙʦ 
ʦʢʘʪʘʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʤʘʪʝʨʠʘʣʘ ʙʦʣʝʝ ʪʦʥʢʠʭ ʠʣʠʩʪʳʭ ʠ ʧʳʣʝʚʘʪʳʭ ʧʨʦʩʣʦʝʚ, ʯʪʦ 
ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʧʦʚʳʰʝʥʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʨʘʟʤʳʚʝ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʠ 
ʙʝʨʝʛʦʚʳʭ ʬʘʮʠʡ. ɺ ʥʝʡ ʯʘʩʪʳ ʠ ʧʘʣʝʦʧʦʯʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ (ʧʦʨʳ-ʪʨʫʙʢʠ ʠ ʧʦʨʳ-
ʧʣʦʩʢʦʩʪʠ, ʦʨʛʘʥʦʛʝʥʥʳʝ ʛʦʨʠʟʦʥʪʳ), ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʚʝʨʦʷʪʥʳʝ ʧʝʨʝʨʳʚʳ 
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ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ, ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʦʩʫʰʝʥʠʝ ʠ ʟʘʙʦʣʘʯʠʚʘʥʠʝ ʚʦʜʦʝʤʦʚ. 
ɺ ʩʨʝʜʥʝʡ ʧʘʯʢʝ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʚʳʨʘʞʝʥʘ ʪʦʥʢʘʷ ʩʣʦʠʩʪʦʩʪʴ (ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʠ 
ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʰʘʛʘ), ʧʦʟʚʦʣʷʷ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʠʙʦʣʝʝ ʩʧʦʢʦʡʥʳʝ ʠ, ʚʝʨʦʷʪʥʦ, 
ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʫʩʣʦʚʠʷ ʥʘʢʦʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ɺʝʨʭʥʝʡ ʧʘʯʢʝ, ʧʨʘʢʪʠʯʝʩʢʠ 
ʣʠʰʝʥʥʦʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʚʦʡʩʪʚʝʥʥʳ ʥʘʪʝʯʥʳʝ ʠ ʢʨʠʦʪʫʨʙʘʮʠʦʥʥʳʝ 
ʤʠʢʨʦʪʝʢʩʪʫʨʳ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʦʙʤʝʣʝʥʠʝ ʚʦʜʦʝʤʘ ʚ ʩʫʨʦʚʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ ʠ ʚʦʟʨʦʩʰʫʶ ʨʦʣʴ ʜʝʣʶʚʠʘʣʴʥʦ-ʩʦʣʠʬʣʶʢʮʠʦʥʥʦʛʦ ʧʨʠʚʥʦʩʘ.  

ɺʳʷʚʣʝʥʥʘʷ ʤʥʦʛʦʧʦʨʷʜʢʦʚʘʷ ʩʣʦʠʩʪʦʩʪʴ, ʧʦʜʯʝʨʢʥʫʪʘʷ ʨʠʪʤʠʯʥʦʡ ʪʝʢʩʪʫʨʥʦ-
ʩʪʨʫʢʪʫʨʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ, ʦʙʱʘʷ ʣʘʪʝʨʘʣʴʥʘʷ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ 
ʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʦʪʣʦʞʝʥʠʷ ʦʪʚʝʯʘʶʪ ʦʟʝʨʥʦʤʫ ʪʠʧʫ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ. ʉʝʨʠʷ 
ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪ, ʘ ʪʘʢʞʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ (ʚ ʪ.ʯ. ʧʦʜʩʪʠʣʘʥʠʝ ʤʦʨʝʥʦʡ ʩ 
ʧʨʠʟʥʘʢʘʤʠ ʪʝʢʩʪʫʨʥʦ-ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʧʦʯʚ ʣʠʙʦ ʤʦʱʥʳʤʠ ʪʦʨʬʷʥʠʢʘʤʠ 
ʤʠʢʫʣʠʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ) ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʧʦʟʠʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʣʦʠʩʪʳʭ 
ʧʘʯʝʢ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʠʭ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚ ʜʣʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ (ʩ 
ʤʠʢʫʣʠʥʩʢʦʛʦ (MIS5e) ʣʠʙʦ ʨʘʥʥʝʚʘʣʜʘʡʩʢʦʛʦ (MIS5d-MIS4) ʚʨʝʤʝʥʠ) ʦʟʝʨʘʭ, 
ʩʦʭʨʘʥʷʚʰʠʭʩʷ ʚʧʣʦʪʴ ʜʦ ʧʦʟʜʥʝʛʦ ʚʘʣʜʘʷ (MIS2) ʠ ʤʝʩʪʘʤʠ ʥʘʯʘʣʘ ʛʦʣʦʮʝʥʘ, ʢʦʛʜʘ 
ʦʥʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʷʣʠʩʴ ʘʢʪʠʚʠʟʠʨʦʚʘʚʰʠʤʩʷ ʧʦʩʪʫʧʣʝʥʠʝʤ 
ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʢʣʦʥʦʚ. ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʘʧʨʘʚʣʝʥʥʦʤ ʚʳʧʦʣʘʞʠʚʘʥʠʠ 
ʧʦʟʜʥʝʤʦʩʢʦʚʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʨʝʣʴʝʬʘ ʟʘ ʩʯʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʦʟʝʨʥʦʛʦ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʩʦʢʨʘʱʝʥʠʠ ʘʤʧʣʠʪʫʜ 
ʚʳʩʦʪ ʚ ʧʨʝʜʝʣʘʭ ʤʝʞʜʫʨʝʯʠʡ, ʢʘʢ ʤʠʥʠʤʫʤ, ʚʜʚʦʝ. 

ʍʘʨʘʢʪʝʨ ʩʣʦʠʩʪʦʩʪʠ (ʠʩʢʣʶʯʘʷ, ʚʝʨʦʷʪʥʦ, ʩʫʙʤʠʣʣʠʤʝʪʨʦʚʫʶ) ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʥʝ ʩʝʟʦʥʥʦʡ, ʘ ʩʦʙʳʪʠʡʥʦʡ ʨʠʪʤʠʢʦʡ. ɺʳʷʚʣʝʥʥʘʷ ʩʚʷʟʴ ʩ ʧʠʢʘʤʠ ʘʢʪʠʚʥʦʩʪʠ 
ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ (ʘʙʨʘʟʠʦʥʥʳʭ, ʩʢʣʦʥʦʚʳʭ, ʢʨʠʦʛʝʥʥʳʭ) ʠ ʧʦʯʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, 
ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʷʤʠ ʚʦʜʥʦʩʪʠ ʦʟʝʨʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 
ʬʘʮʠʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ (ʩʤʝʱʝʥʠʝ ʤʝʜʠʘʥ ʦʪ ʢʨʫʧʥʦʡ ʧʳʣʠ ʠ 
ʪʦʥʢʦʛʦ ʧʝʩʢʘ ʜʦ ʤʝʣʢʦʡ ʧʳʣʠ ʚ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʩʧʝʢʪʨʘʭ, ʢʦʣʝʙʘʥʠʷ 
ʘʙʩʦʣʶʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʢʨʫʧʥʦʜʠʩʧʝʨʩʥʦʛʦ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʝʪʨʠʪʘ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʥʳʭ ʧʘʯʝʢ) ʥʘ ʬʦʥʝ ʩʦʭʨʘʥʝʥʠʷ ʦʙʱʠʭ 
ʪʨʝʥʜʦʚ (ʦʙʝʜʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʳʭ 
ʩʧʝʢʪʨʦʚ, ʜʣʠʥʥʦʧʝʨʠʦʜʥʳʝ ʮʠʢʣʳ ʠʟʤʝʥʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʨʘʟʤʝʨʥʳʭ ʬʨʘʢʮʠʡ 
ʯʘʩʪʠʮ ʠ ʪ.ʜ.), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʥʘʧʨʘʚʣʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ ʚ 
ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ.  

ɺʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠʤʝʶʪ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʮʠʘʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ 
ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʣʠʪʦʩʪʨʘʪʦʪʠʧʘ ʟʘʧʦʣʥʝʥʠʡ ʥʝʨʦʚʥʦʩʪʝʡ ʣʝʜʥʠʢʦʚʦʛʦ ʨʝʣʴʝʬʘ 
ʠ ʦʙʳʯʥʦ ʤʝʥʝʝ ʤʦʱʥʳʭ (ʜʦ 3 ʤ), ʦʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʦʙʥʘʨʫʞʠʚʘʝʤʳʭ 
ʚ ʧʨʝʜʝʣʘʭ ʚʝʨʰʠʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʝʷʩʥʦ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʘʣʝʚʨʠʪʦ-ʩʫʛʣʠʥʠʩʪʳʭ 
ʦʙʨʘʟʦʚʘʥʠʡ, ʧʝʨʝʢʨʳʪʳʭ ʥʝʩʣʦʠʩʪʳʤʠ ʦʜʥʦʨʦʜʥʳʤʠ (çʧʦʢʨʦʚʥʳʤʠè) ʩʫʛʣʠʥʢʘʤʠ 
ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 1 ʤ. ʀʟʚʝʩʪʥʘʷ ʧʨʦʙʣʝʤʘ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ ʚʦʟʨʘʩʪʥʦʡ 
ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʪʘʢʠʭ çʥʝʤʳʭè ʧʦʢʨʦʚʦʚ, ʦʜʥʘʢʦ ʥʝʩʫʱʠʭ ʜʝʪʘʣʴʥʫʶ ʟʘʧʠʩʴ 
ʦ ʨʘʟʚʠʪʠʠ ʤʝʞʜʫʨʝʯʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʨʝʰʝʥʘ ʟʘ ʩʯʝʪ 
ʢʦʨʨʝʣʷʮʠʠ ʩ ʪʦʣʱʘʤʠ ʦʟʝʨʥʳʭ ʩʫʛʣʠʥʢʦʚ ʚ ʧʦʜʯʠʥʝʥʥʳʭ ʧʦʟʠʮʠʷʭ ʤʝʞʜʫʨʝʯʥʦʛʦ 
ʣʘʥʜʰʘʬʪʘ, ʙʦʣʝʝ ʙʦʛʘʪʳʭ ʦʨʛʘʥʦʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 
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ʈʆʃʔ ʌɸʎʀɸʃʔʅʆ-ʎʀʂʃʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ ʇʈʀ ɺʓɼɽʃɽʅʀʀ 
ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀ ʅɽʉɺʗɿɸʅʅʓʍ ʊɽʃ ʉ ʎɽʃʔʖ 
ʆɹʆʉʅʆɺɸʅʀʗ ʌʃʖʀɼɸʃʔʅʆʁ ʄʆɼɽʃʀ ʅɸ ʇʈʀʄɽʈɽ 

ʅʆɺʆʇʆʈʊʆɺʉʂʆʁ ʊʆʃʑʀ 
 

ʆ.ʉ. ɻʝʥʝʨʘʣʝʥʢʦ, ɸ.ɺ. ʂʘʨʥʘʫʭʦʚ, ʊ.ʉ. ʄʘʣʳʰʝʚʩʢʘʷ 
 

ʆʆʆ çɻʘʟʧʨʦʤʥʝʬʪʴ ʅʊʎè ʛ. ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 
ʅʦʚʦʧʦʨʪʦʚʩʢʦʝ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ 

ʧʦʣʫʦʩʪʨʦʚʝ ʗʤʘʣ. ʉʦʛʣʘʩʥʦ ʨʝʛʠʦʥʘʣʴʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʩʭʝʤʘʤ 
ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʠʩʩʣʝʜʫʝʤʳʝ ʧʣʘʩʪʳ ʥʦʚʦʧʦʨʪʦʚʩʢʦʡ ʪʦʣʱʠ ʦʪʥʦʩʷʪʩʷ ʢ 
ʘʭʩʢʦʡ ʩʚʠʪʝ ʚʘʣʘʥʞʠʥʩʢʦʛʦ ʠ ʛʦʪʝʨʠʚʩʢʦʛʦ ʷʨʫʩʦʚ ʥʠʞʥʝʛʦ ʤʝʣʘ ʗʤʘʣʦ-ɻʳʜʘʥʩʢʦʛʦ 
ʬʘʮʠʘʣʴʥʦʛʦ ʨʘʡʦʥʘ. ʆʪʣʦʞʝʥʠʷ ʥʦʚʦʧʦʨʪʦʚʩʢʦʡ ʪʦʣʱʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ 
ʩʝʷʭʠʥʩʢʠʤʠ ʘʨʛʠʣʣʠʪʦʧʦʜʦʙʥʳʤʠ ʛʣʠʥʘʤʠ ʪʦʣʱʠʥʦʡ 80-160 ʤ. ʇʨʦʜʫʢʪʠʚʥʳʝ 
ʧʣʘʩʪʳ ʅʇ1-ʅʇ4, ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 36 ʜʦ 180 ʤ, ʟʘʣʝʛʘʶʪ 
ʚ ʢʨʦʚʝʣʴʥʦʡ ʯʘʩʪʠ ʥʦʚʦʧʦʨʪʦʚʩʢʦʡ ʩʚʠʪʳ.  

ɿʘʣʝʞʴ ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʘʷ, ʧʝʨʚʦʦʯʝʨʝʜʥʦʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʙʫʨʝʥʠʝ 
ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʟʘʣʝʞʠ, ʚʩʝ ʧʨʦʙʫʨʝʥʥʳʝ ʩʢʚʘʞʠʥʳ 
ʧʦʜʪʚʝʨʞʜʘʣʠ ʠʤʝʶʱʫʶʩʷ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ʉ ʥʘʯʘʣʦʤ ʨʘʟʙʫʨʠʚʘʥʠʷ ʶʛʦ-
ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʚ ʢʘʞʜʦʤ ʧʠʣʦʪʥʦʤ ʠ ʪʨʘʥʟʠʪʥʦʤ ʩʪʚʦʣʝ ʦʪʤʝʯʘʣʦʩʴ 
ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʛʘʟʦʥʝʬʪʷʥʦʛʦ ʢʦʥʪʘʢʪʘ (ɻʅʂ), ʦʪʙʠʚʘʝʤʦʛʦ ʧʦ ʜʘʥʥʳʤ ɻʀʉ ʠ 
ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ - ʨʘʩʭʦʞʜʝʥʠʷ ʜʦʩʪʠʛʘʣʠ 14 ʤ. 

ʌʘʢʪ ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʪʣʠʯʠʷ ɻʅʂ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ʟʘʣʝʞʠ 
ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʜʚʫʤʷ ʧʨʠʯʠʥʘʤʠ. ʇʝʨʚʘʷ ï ʥʘʣʠʯʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʵʢʨʘʥʘ, 
ʦʜʥʘʢʦ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʩʪʦʣʴ ʧʨʦʪʷʞʝʥʥʳʝ 
ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ ʚ ʠʟʫʯʘʝʤʦʤ ʨʘʡʦʥʝ ʦʪʩʫʪʩʪʚʫʶʪ. ɺʪʦʨʘʷ ʧʨʠʯʠʥʘ -  
ʬʘʮʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ʧʣʦʱʘʜʠ, ʯʪʦ 
ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʧʨʠʯʠʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʦʙʱʝʥʥʦʩʪʠ ʟʘʣʝʞʝʡ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 
ʨʘʟʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ɻʅʂ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʘʮʠʘʣʴʥʦ-ʮʠʢʣʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʣʦʩʴ 
ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʢʝʨʥʘ ʧʦ 17-ʪʠ ʩʢʚʘʞʠʥʘʤ, ʚʩʢʨʳʚʘʶʱʠʤ ʦʪʣʦʞʝʥʠʷ ʧʣʘʩʪʦʚ 
ʅʇ1-ʅʇ4, ʟʘʪʝʤ ʚʳʧʦʣʥʷʣʩʷ ʵʣʝʢʪʨʦʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʇʦ ʢʦʤʧʣʝʢʩʫ 
ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚ ʢʨʦʚʣʝ ʥʦʚʦʧʦʨʪʦʚʩʢʦʡ ʪʦʣʱʠ ʘʚʪʦʨʘʤʠ ʚʳʜʝʣʝʥʦ 6 
ʬʘʮʠʡ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʤʘʢʨʦʬʘʮʠʠ - ʦʪʣʦʞʝʥʠʷ ʜʝʣʴʪʳ ʨʝʯʥʦʛʦ ʪʠʧʘ ʠ 
ʦʪʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʰʝʣʴʬʘ. 

ʄʘʢʨʦʬʘʮʠʷ ʦʪʣʦʞʝʥʠʡ ʜʝʣʴʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʩʩʠʚʥʳʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ 
ʠ ʩʨʝʜʥʝ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʧʨʦʩʣʦʷʤʠ ʩ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 
ʩʣʦʠʩʪʦʩʪʴʶ ʬʘʮʠʠ ʧʨʦʢʩʠʤʘʣʴʥʦʡ ʯʘʩʪʠ ʬʨʦʥʪʘ ʜʝʣʴʪʳ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ 
ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʠ ʤʘʣʦʤʦʱʥʳʤʠ ʧʨʦʩʣʦʷʤʠ 
ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʘʣʝʚʨʦʣʠʪʘ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʬʨʦʥʪʘ ʜʝʣʴʪʳ ʠ 
ʬʘʮʠʝʡ ʘʣʝʚʨʠʪʦʛʣʠʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʧʨʦʜʝʣʴʪʦʚʦʡ ʦʙʣʘʩʪʠ, ʩʣʦʞʝʥʥʦʡ 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʧʦʣʦʛʦʚʦʣʥʠʩʪʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, 
ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʨʦʩʣʦʷʤʠ ʢʦʩʦʩʣʦʠʩʪʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʫʯʘʩʪʢʘʤʠ 
ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʤʠ 
ʦʧʦʣʟʘʥʠʝʤ. 

ʄʘʢʨʦʬʘʮʠʷ ʦʪʣʦʞʝʥʠʡ ʚʥʫʪʨʝʥʥʝʛʦ ʰʝʣʴʬʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʘʮʠʝʡ ʥʠʞʥʝʡ 
ʯʘʩʪʠ ʧʨʝʜʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʳ ʧʣʷʞʘ, ʩʣʦʞʝʥʥʦʡ ʧʝʩʯʘʥʠʢʘʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʠ 
ʪʦʥʢʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʛʣʠʥʠʩʪʳʤʠ ʠʥʪʝʥʩʠʚʥʦ 
ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʤʠ (Helmintchopsis, Phycosiphon, Schaubcylindrichnus), ʬʘʮʠʝʡ 
ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʳ ʧʣʷʞʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʛʣʠʥʠʩʪʳʝ, ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 
ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʝ, ʧʝʩʯʘʥʠʢʠ, ʢʦʪʦʨʳʝ ʟʘʣʝʛʘʶʪ ʚ ʢʨʦʚʣʝ ʥʦʚʦʧʦʨʪʦʚʩʢʦʡ ʩʚʠʪʳ, ʘ 
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ʪʘʢʞʝ ʘʣʝʚʨʠʪʦʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʰʝʣʴʬʘ ï ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʘʣʝʚʨʦʣʠʪʳ 
ʜʦ ʘʨʛʠʣʣʠʪʦʚ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʤʠʢʨʦʣʠʥʟʦʚʠʜʥʦʡ ʩʣʦʠʩʪʦʩʪʴ ʟʘ ʩʯʝʪ 
ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ, ʠʥʪʝʥʩʠʚʥʦ ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʝ (Phycosiphon). 

ʇʨʠ ʜʝʪʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩʢʚʘʞʠʥ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, 
ʯʪʦ ʮʝʣʝʚʦʡ ʧʣʘʩʪ ʩʦʩʪʦʠʪ ʠʟ 2-ʭ ʮʠʢʣʠʪʦʚ ʨʝʛʨʝʩʩʠʚʥʦʛʦ 
ʪʠʧʘ. ɺ ʩʢʚʘʞʠʥʘʭ, ʚʩʢʨʳʚʘʶʱʠʭ ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʟʘʣʝʞʠ, 
ʦʙʘ ʮʠʢʣʠʪʘ ʩʣʦʞʝʥʳ ʦʪʣʦʞʝʥʠʷʤʠ ʜʝʣʴʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʉʢʚʘʞʠʥʳ, ʚʩʢʨʳʚʘʶʱʠʝ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʧʣʦʱʘʜʠ, 
ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ï ʥʠʞʥʠʡ ʮʠʢʣʠʪ ʚʩʢʨʳʚʘʝʪ 
ʦʪʣʦʞʝʥʠʷ ʜʝʣʴʪʳ, ʚʝʨʭʥʠʡ ï ʦʪʣʦʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ 
ʰʝʣʴʬʘ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣ ʚʳʧʦʣʥʝʥ 
ʩʝʡʩʤʦʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ. ʅʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʨʝʟʘʭ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 3D, ʚ ʚʦʣʥʦʚʦʤ ʧʦʣʝ ʠʥʪʝʨʚʘʣʘ 
ʦʪʤʝʯʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʢʣʠʥʦʬʦʨʤʳ ï 
çʯʝʨʝʧʠʮʳè, ʧʨʦʛʨʘʜʠʨʫʶʱʠʝ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-
ʚʦʩʪʦʢ. ʊʘʢʦʡ ʨʠʩʫʥʦʢ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʭʘʨʘʢʪʝʨʝʥ 
ʜʣʷ ʜʝʣʴʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʜʦʚʦʣʴʥʦ 
ʢʨʫʧʥʦʡ ʨʝʢʠ. ɺʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ çʯʝʨʝʧʠʮʳè ʜʦʩʪʠʛʘʶʪ 
2 ʢʤ, ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʟʦʥʘ ʠʭ ʨʘʟʚʠʪʠʷ ʜʦʩʪʠʛʘʝʪ 15-16 
ʢʤ, ʘʤʧʣʠʪʫʜʘ ï ʦʪ 12 ʜʦ 26 ʤʩ. 

ʏʝʨʝʧʠʮʝʦʙʨʘʟʥʳʝ ʦʪʨʘʞʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ 
ʚ ʟʘʧʘʜʥʦʡ ʧʦʣʦʚʠʥʝ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʩʪʝʧʝʥʥʦ 
ʧʝʨʝʭʦʜʷʪ ʚ ʙʦʣʝʝ ʧʦʣʦʛʠʝ, ʧʨʦʪʷʞʝʥʥʳʝ, ʜʠʥʘʤʠʯʝʩʢʠ 
ʚʳʨʘʞʝʥʥʳʝ ʦʪʨʘʞʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʤʝʥʝ 
ʬʘʮʠʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʙʦʣʝʝ ʩʧʦʢʦʡʥʦʡ ʵʥʝʨʛʠʠ 

ʧʨʠʚʥʦʩʘ ʦʩʘʜʢʦʚ. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 
ʪʦʣʱʠʥ ʚ ʠʥʪʝʨʚʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʟʚʘʥʦ ʨʘʟʚʠʪʠʝʤ ʬʦʥʜʦʬʦʨʤʥʳʭ ʦʪʣʦʞʝʥʠʡ 
ʢʨʫʧʥʳʭ ʢʣʠʥʦʬʦʨʤ ʩ ʙʦʣʝʝ ʧʨʠʚʳʯʥʳʤ ʧʘʜʝʥʠʝʤ - ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ. 
ʇʦʜʦʙʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʩʪʨʝʯʥʦʝ ʧʘʜʝʥʠʝ 
ʢʣʠʥʦʬʦʨʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʥʦʩʘ ʥʘ 
ʜʘʥʥʦʤ ʣʦʢʘʣʴʥʦʤ ʫʯʘʩʪʢʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʘʮʠʘʣʴʥʦ-ʮʠʢʣʠʯʝʩʢʦʛʦ ʠ ʩʝʡʩʤʦʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʥʦʩ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʝʣʴʪʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʟʘʧʘʜʥʦʡ ʠ 
ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʪʣʦʞʝʥʠʷ çʚʦʩʪʦʯʥʦʡè ʣʦʧʘʩʪʠ 
ʨʘʟʤʳʚʘʣʠʩʴ ʙʘʩʩʝʡʥʦʚʳʤʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦʣʥʦʚʳʤʠ) ʧʨʦʮʝʩʩʘʤʠ, ʩ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʣʷʞʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʚʝʨʭʥʝʤ ʮʠʢʣʠʪʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
çʚʦʩʪʦʯʥʘʷè ʠ çʟʘʧʘʜʥʘʷè ʣʦʧʘʩʪʠ ʜʝʣʴʪʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝ ʩʚʷʟʘʥʳ ʤʝʞʜʫ 
ʩʦʙʦʡ, ʠ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨʘʟʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ɻʅʂ ʷʚʣʷʶʪʩʷ ʬʘʮʠʘʣʴʥʘʷ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʥʦʩʘ. 
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ɽʚʨʦ-ɸʟʠʘʪʩʢʠʡ ʢʦʥʪʠʥʝʥʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʠʛʘʥʪʩʢʠʡ ʨʝʛʠʦʥ, ʛʜʝ 
ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʢʦʣʦʩʩʘʣʴʥʳʝ ʟʘʧʘʩʳ ʬʦʩʬʘʪʦʚ ʧʦʯʪʠ ʚʩʝʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʘʬʘʥʠʪʦʚʳʭ, ʤʠʢʨʦʟʝʨʥʠʩʪʳʭ, ʟʝʨʥʠʩʪʳʭ, 
ʞʝʣʚʘʢʦʚʳʭ, ʨʘʢʫʰʥʷʢʦʚʳʭ). ɺ ʠʭ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʬʦʩʬʦʛʝʥʝʟʘ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʦʪʚʦʜʠʪʩʷ ʙʠʦʛʝʥʥʦʤʫ ʬʘʢʪʦʨʫ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʨʦʣʴ 
ʧʦʩʣʝʜʥʝʛʦ ʚ ʦʩʘʜʦʯʥʦʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ: ʘ) ʚ 
ʠʟʤʝʥʝʥʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʦʩʘʞʜʝʥʠʶ ʠʟ ʙʘʩʩʝʡʥʦʚʳʭ ʠ ʠʣʦʚʳʭ ʚʦʜ ʨʫʜʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ; ʙ) ʚ ʠʭ ʩʦʨʙʮʠʦʥʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʥʘ ʫʙʠʪʦʡ ʙʠʦʛʝʥʥʦʡ 
ʪʢʘʥʠ, ʚʦʢʨʫʛ ʢʦʪʦʨʦʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʥʢʨʝʮʠʠ, 
ʨʘʟʣʠʯʥʳʝ ʬʠʪʦ- ʠ ʟʦʦʤʦʨʬʦʟʳ; ʚ) ʚ ʙʠʦʛʝʥʥʦʤ ʦʩʘʞʜʝʥʠʠ ʚʝʱʝʩʪʚʘ ʩ ʮʝʣʴʶ 
ʥʘʢʦʧʣʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʨʝʟʝʨʚʦʚ, ʘ ʪʘʢʞʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 
ʟʘʱʠʪʥʳʭ ʧʦʢʨʦʚʦʚ ʚ ʚʠʜʝ ʯʝʭʣʦʚ, ʧʘʥʮʠʨʝʡ ʠ ʨʘʢʦʚʠʥ ʦʨʛʘʥʠʟʤʦʚ. ʀʟ 
ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʙʠʦʛʝʥʥʦʛʦ ʨʫʜʦʛʝʥʝʟʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ 
ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʬʦʩʬʦʨʠʪʦʦʙʨʘʟʦʚʘʥʠʠ ʚʳʟʳʚʘʝʪ ʜʝʷʪʝʣʴʥʦʩʪʴ 
ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʩʦʦʙʱʝʩʪʚ ʢʘʢ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʬʦʩʬʦʨʘ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ 
ʬʦʩʬʦʨʠʪʘʭ ʤʠʢʨʦʙʠʦʪʳ ʠʟʚʝʩʪʥʦ ʜʘʚʥʦ. ʉʠʩʪʝʤʥʦ ʦʥʘ ʩʪʘʣʘ ʠʟʫʯʘʪʴʩʷ ʧʦ ʤʝʨʝ 
ʚʥʝʜʨʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʩʬʦʨʠʪʦʚ ʤʝʪʦʜʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 
ʆʙʟʦʨ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʧʫʙʣʠʢʘʮʠʷʭ ʖ.ʅ. 
ɿʘʥʠʥʘ [5]. ʆʩʦʙʦ ʨʝʟʦʥʘʥʩʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʜʘʥʥʳʝ ʠʟʫʯʝʥʠʷ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ 
ʩʣʦʡʢʦʚʳʭ ʘʬʘʥʠʪʦʚʳʭ ʬʦʩʬʦʨʠʪʦʚ ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ ʠ ɹʫʨʵʥʭʘʥʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʄʦʥʛʦʣʠʠ. ɿʜʝʩʴ ʚʳʷʚʣʝʥ ʢʦʤʧʣʝʢʩ ʬʦʩʬʘʪʥʦʡ ʤʠʢʨʦʙʠʦʪʳ ʮʠʘʥʦ-
ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʘʪʦʚ [6]. ʉʦʭʨʘʥʥʦʩʪʴ ʦʩʪʘʪʢʦʚ ʦʢʘʟʘʣʘʩʴ ʩʪʦʣʴ ʭʦʨʦʰʝʡ, ʯʪʦ 
ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʝʥʠʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʮʠʘʥʦʙʘʢʪʝʨʠʡ 
ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʬʦʩʬʘʪʳ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʢʫʣʴʪʫʨʝ Microcoleus 
chthonoplastes ʚ ʀʥʩʪʠʪʫʪʝ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʈɸʅ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʘʢʘʜʝʤʠʢʘ 
ɻ.ɸ. ɿʘʚʘʨʟʠʥʘ [4]. ʂʘʢ ʧʦʢʘʟʘʣʠ ʦʧʳʪʳ, ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ 
ʤʠʢʨʦʙʠʦʪʳ ʩʢʣʘʜʳʚʘʣʠʩʴ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʩʨʝʜʝ 4 ʤʛ/ʣ ʈ. ʇʨʠ ʚʦʟʨʘʩʪʘʥʠʠ 
ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʘ ʜʦ 36 ʤʛ/ʣ ʠʟʙʳʪʦʢ ʬʦʩʬʦʨʘ ʫʪʠʣʠʟʠʨʦʚʘʣʩʷ ʩʥʘʯʘʣʘ 
ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʚ ʬʦʨʤʝ ʚʘʣʶʪʠʥʦʚʳʭ ʤʠʢʨʦʛʨʘʥʫʣ, ʘ ʟʘʪʝʤ ʚ ʚʠʜʝ ʟʘʱʠʪʥʳʭ ʯʝʭʣʦʚ 
ʬʦʩʬʘʪʘ ʚʦʢʨʫʛ ʪʨʠʭʦʤ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. ɼʘʣʴʥʝʡʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʘ ʚʝʣʘ ʢ 
ʛʠʙʝʣʠ ʤʠʢʨʦʙʠʦʪʳ ʠ ʬʦʩʬʘʪʠʟʘʮʠʠ ʝʝ ʪʢʘʥʝʡ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʬʦʩʬʘʪʘ 
ʮʠʘʥʦʙʘʢʪʝʨʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʕʪʦʪ ʬʘʢʪ ʩʪʘʣ ʜʣʷ ʤʥʦʛʠʭ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ ʟʘʢʣʶʯʝʥʠʷ ʦ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʨʦʣʠ 
ʤʠʢʨʦʙʠʦʪʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʦʩʬʦʨʠʪʦʚ. ʆʜʥʘʢʦ, ʪʘʢʦʝ ʟʘʢʣʶʯʝʥʠʝ ʧʝʨʝʩʪʘʝʪ 
ʢʘʟʘʪʴʩʷ ʫʙʝʜʠʪʝʣʴʥʳʤ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. ʈʝʯʴ 
ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʜʝʪ ʦʙ ʵʜʠʘʢʘʨʩʢʠʭ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠ ʦʥʢʦʣʠʪʦʚʳʭ ʬʦʩʬʦʨʠʪʘʭ, ʚ 
ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʝʩʩʧʦʨʥʦ ʫʯʘʩʪʚʦʚʘʣʘ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʘʷ ʙʠʦʪʘ. ʊʘʢʠʝ 
ʬʦʩʬʦʨʠʪʳ ʨʘʟʚʠʪʳ ʚ ʂʠʪʘʝ, ʚ ʆʢʠʥʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʤ, ɸʣʪʘʝ-ʉʘʷʥʩʢʦʤ, ʂʘʨʘʪʘʫʩʢʦʤ 
ʙʘʩʩʝʡʥʘʭ. ɺ ʀʥʜʠʠ ʠʭ ʦʪʨʘʙʘʪʳʚʘʶʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɼʞʘʤʘʨʢʦʪʨʘ. ʍʘʨʘʢʪʝʨʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʵʪʠʭ ʠ ʜʨʫʛʠʭ ʦʪʤʝʯʝʥʥʳʭ ʨʫʜ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʬʦʩʬʘʪʘ. ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 
ʩʪʦʣʙʯʘʪʳʭ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʬʦʩʬʦʨʠʪʘʭ, ʢʦʛʜʘ ʚ ʦʜʥʦʤ ʰʪʫʬʝ ʩʦʧʨʠʢʘʩʘʶʪʩʷ 
ʩʪʦʣʙʠʢʠ, ʦʜʥʠ ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ, ʘ ʜʨʫʛʠʝ ʯʘʩʪʠʯʥʦ, ʣʠʙʦ ʩʦʚʩʝʤ ʥʝ 
ʬʦʩʬʘʪʠʟʠʨʦʚʘʥʳ. ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʚ ʰʣʠʬʘʭ ʦʥʢʦʣʠʪʦʚʳʭ 



89 

ʬʦʩʬʦʨʠʪʦʚ, ʛʜʝ ʩʦʯʝʪʘʶʪʩʷ ʦʥʢʦʣʠʪʦʚʳʝ ʤʠʢʨʦʞʝʣʚʘʯʢʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 
ʬʦʩʬʘʪʥʦʩʪʠ. ɽʩʪʝʩʪʚʝʥʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩ: ʢʘʢ ʦʙʲʷʩʥʠʪʴ ʩ ʧʦʟʠʮʠʡ ʙʠʦʛʝʥʥʦʛʦ 
ʬʦʩʬʦʨʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʤʝʯʝʥʥʳʝ ʬʘʢʪʳ? ʊʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: 
ʣʠʙʦ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʚʦʢʨʫʛ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʦʩʪʨʦʝʢ 
ʙʳʣʘ ʨʘʟʥʘʷ, ʣʠʙʦ ʠʭ ʬʦʨʤʠʨʦʚʘʣʠ ʨʘʟʥʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʢʫʣʴʪʫʨʳ. 
ʇʨʦʙʣʝʤʘʪʠʯʥʦʩʪʴ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʦʯʝʚʠʜʥʘ. ʆʪʩʶʜʘ ʝʩʪʝʩʪʚʝʥʥʳʤ ʩʪʘʥʦʚʠʪʩʷ 
ʚʳʚʦʜ ʦ ʩʠʣʴʥʦ ʧʨʝʫʚʝʣʠʯʝʥʥʦʡ ʨʦʣʠ ʚ ʬʦʩʬʦʨʠʪʦʚʦʤ ʨʫʜʦʛʝʥʝʟʝ 
ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʳ. ɽʱʝ ʙʦʣʝʝ ʚ ʵʪʦʤ ʫʙʝʞʜʘʝʪ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʪʝʣ 
ʬʦʩʬʦʨʠʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʈʘʟʚʝʜʦʯʥʳʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʆʢʠʥʦ-
ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʍʫʙʩʫʛʫʣʴʩʢʦʤ, ʍʘʨʘʥʫʨʩʢʦʤ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ 
ʫʧʠʨʘʶʪʩʷ, ʣʠʙʦ ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʪʩʷ ʨʠʬʦʚʳʤʠ ʦʥʢʦʣʠʪʦ-ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʤʠ 
ʩʦʦʨʫʞʝʥʠʷʤʠ, ʥʦ ʪʦʣʴʢʦ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʩʝʨʴʝʟʥʦʡ ʬʦʩʬʘʪʠʟʘʮʠʠ. ʀʥʘʯʝ ʛʦʚʦʨʷ, 
ʦʪʤʝʯʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʩʬʦʨʠʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʞʝʩʪʢʦʤ 
ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʀʥʩʪʠʪʫʪʘ ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʈɸʅ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʳ ʠʥʳʝ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʂʣʶʯʦʤ ʢ 
ʧʦʥʠʤʘʥʠʶ ʧʨʦʙʣʝʤʳ ʤʦʞʝʪ ʩʪʘʪʴ ʘʥʘʣʠʟ ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʦʩʬʘʪʥʳʭ ʣʠʥʛʫʣʠʥ ʠ 
ʮʠʘʥʦʙʘʢʪʝʨʠʡ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥʘ ʩʦʟʠʜʘʪʝʣʴʥʘʷ, ʧʦʩʢʦʣʴʢʫ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 
ʘʢʢʫʤʫʣʷʮʠʶ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʠʟʝʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʨʘʩʪʚʦʨʝʥʥʳʭ 
ʬʦʩʬʘʪʦʚ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʦʥʘ ʧʘʩʩʠʚʥʘ. ʎʠʘʥʦʙʘʢʪʝʨʠʠ ʟʜʝʩʴ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ 
ʧʨʦʩʪʦʛʦ ʩʪʘʪʠʩʪʘ, ʢʦʪʦʨʳʡ ʧʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʚ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʜʦʩʪʠʛʘʝʪ ʩʚʝʨʭʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, 
ʛʠʙʝʣʴʥʳʭ ʜʣʷ ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʫ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʨʘʙʘʪʳʚʘʝʪ 
ʟʘʱʠʪʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ. ʆʥʠ ʥʘʯʠʥʘʶʪ 
ʬʦʨʤʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣʴʥʳʝ ʟʘʱʠʪʥʳʝ ʯʝʭʣʳ, ʧʳʪʘʷʩʴ ʪʝʤ ʩʘʤʳʤ ʧʨʦʜʣʠʪʴ ʩʚʦʝ 
ʩʫʱʝʩʪʚʦʚʘʥʠʝ. ʅʘʢʦʥʝʮ, ʩʣʝʜʫʶʱʘʷ ʟʘ ʵʪʠʤ ʛʠʙʝʣʴ ʤʠʢʨʦʙʠʦʪʳ ʚʝʜʝʪ ʢ 
ʥʘʢʦʧʣʝʥʠʶ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ - ʤʘʪʨʠʮʳ, ʢʦʪʦʨʘʷ ʣʝʛʢʦ ʧʦʜʜʘʝʪʩʷ 
ʜʘʣʴʥʝʡʰʝʡ ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʬʦʩʬʘʪʠʟʘʮʠʠ. ʆ ʪʦʤ, ʯʪʦ ʧʨʠʨʦʜʦʡ 
ʮʠʘʥʦʙʘʢʪʝʥʠʷʤ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ ʫʛʦʪʦʚʘʥʘ ʨʦʣʴ ʩʪʘʪʠʩʪʘ, ʨʝʘʛʠʨʫʶʱʝʛʦ ʪʦʣʴʢʦ 
ʥʘ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ çʤʥʦʛʦʧʨʦʬʠʣʴʥʦʩʪʴè 
ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʘʪʦʚ. ʇʦʤʠʤʦ ʢʘʣʴʮʠʪʦʚʳʭ, ʜʦʣʦʤʠʪʦʚʳʭ, ʢʨʝʤʥʠʩʪʳʭ ʠ 
ʬʦʩʬʦʨʠʪʦʚʳʭ ʧʦʨʦʜ, ʨʝʣʠʢʪʳ ʩʪʨʫʢʪʫʨ ʟʘʱʠʪʥʳʭ ʯʝʭʣʦʚ ʮʠʘʥʦʙʘʢʪʝʨʠʡ 
ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʨʫʜʘʭ ʤʘʨʛʘʥʮʘ, ʤʘʛʥʝʪʠʪʘ, ʤʘʛʥʝʟʠʪʘ, ʟʦʣʦʪʘ ʠ ʢʦʣʯʝʜʘʥʦʚ 
ʩʦʚʨʝʤʝʥʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚ ʥʘ ʜʥʝ ʦʢʝʘʥʦʚ [1ï3]. 
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ɽʚʨʦ-ɸʟʠʘʪʩʢʠʡ ʢʦʥʪʠʥʝʥʪ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʛʠʦʥʫ, ʛʜʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ 
ʢʦʣʦʩʩʘʣʴʥʳʝ ʟʘʧʘʩʳ ʩʣʦʡʢʦʚʳʭ ʘʬʘʥʠʪʦʚʳʭ, ʤʠʢʨʦʟʝʨʥʠʩʪʳʭ, ʟʝʨʥʠʩʪʳʭ, 
ʞʝʣʚʘʢʦʚʳʭ ʠ ʨʘʢʫʰʥʷʢʦʚʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʬʦʩʬʦʨʠʪʦʚ. ɿʘ 
ʧʦʣʪʦʨʘ ʚʝʢʘ ʠʟʫʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʤʝʭʘʥʠʟʤʝ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʜʥʦʢʨʘʪʥʦ 
ʤʝʥʷʣʠʩʴ. ʆʜʥʘʢʦ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʫʯʘʩʪʠʝ ʙʠʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ. 
ʇʨʠ ʵʪʦʤ, ʧʦʩʣʝʜʥʝʤʫ ʦʪʚʦʜʠʣʘʩʴ ʪʦ ʢʦʩʚʝʥʥʘʷ, ʪʦ ʛʣʘʚʥʘʷ (ʨʫʜʦʦʙʨʘʟʫʶʱʘʷ) ʨʦʣʴ 
ʚ ʬʦʩʬʦʛʝʥʝʟʝ. ʉʝʡʯʘʩ, ʧʦʩʣʝ ʠʟʚʝʩʪʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ c ʦʩʘʞʜʝʥʠʝʤ ʬʦʩʬʘʪʘ 
ʮʠʘʥʦ-ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʦʡ [2], ʙʠʦʛʝʥʥʳʡ ʬʘʢʪʦʨ ʚʥʦʚʴ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʠʢʝ 
ʧʦʧʫʣʷʨʥʦʩʪʠ [3]. ʅʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʚʘʞʥʦʩʪʴ, ʧʨʘʚʦʤʝʨʝʥ ʚʦʧʨʦʩ ʦ ʟʥʘʯʠʤʦʩʪʠ 
ʙʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʬʦʩʬʦʨʠʪʦʦʙʨʘʟʦʚʘʥʠʠ. ɹʝʩʩʧʦʨʥʦ 
ʙʠʦʛʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʥʘʢʦʧʣʝʥʠʷ ʬʦʩʬʘʪʘ ʧʨʦʷʚʣʝʥ ʫ ʨʘʢʫʰʥʷʢʦʚʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 
ʪʠʧʘ ʬʦʩʬʦʨʠʪʦʚ, ʩʣʦʞʝʥʥʳʭ ʠʟʥʘʯʘʣʴʥʦ ʬʦʩʬʘʪʥʳʤʠ ʨʘʢʦʚʠʥʘʤʠ ʙʨʘʭʠʦʧʦʜ 
ʣʠʥʛʫʣʠʥ. ʆʜʥʘʢʦ, ʠ ʟʜʝʩʴ ʠʤʝʝʪʩʷ ʦʜʠʥ ʥʶʘʥʩ, ʥʘ ʢʦʪʦʨʳʡ ʚ ʩʚʦʝ ʚʨʝʤʷ ʦʙʨʘʪʠʣ 
ʚʥʠʤʘʥʠʝ ɸ.ʀ. ʉʤʠʨʥʦʚ ï ʢʨʫʧʥʳʡ ʫʯʝʥʳʡ ʠ ʟʥʘʪʦʢ ʣʠʪʦʣʦʛʠʠ ʬʦʩʬʦʨʠʪʦʚ [5]. ʇʦʩʣʝ 
ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʨʘʢʦʚʠʥ ʜʨʝʚʥʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʣʠʥʛʫʣʠʥ, ʠʤ 
ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ, ʧʦʯʪʠ ʜʚʫʭ ʢʨʘʪʥʦʤ, ʧʨʝʚʦʩʭʦʜʩʪʚʝ ʢʘʯʝʩʪʚʘ 
ʧʝʨʚʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʪʦʨʳʭ. ʕʪʦʪ ʬʘʢʪ ʧʦʟʚʦʣʠʣ ɸ.ʀ. ʉʤʠʨʥʦʚʫ ʩʜʝʣʘʪʴ 
ʟʘʢʣʶʯʝʥʠʝ, ʯʪʦ ʨʘʢʫʰʥʷʢʦʚʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʬʦʩʬʦʨʠʪʦʚ ʩʦʩʪʦʠʪ ʥʝ ʪʦʣʴʢʦ ʠʟ 
ʙʠʦʛʝʥʥʦʛʦ ʬʦʩʬʘʪʘ, ʥʦ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʩʣʦʞʝʥ ʘʙʠʦʛʝʥʥʦʡ ʝʛʦ ʨʘʟʥʦʩʪʴʶ. 
ʅʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʜʪʦʢ P2O5 ʧʦʩʪʫʧʘʣ ʚʤʝʩʪʝ ʩ 
ʠʣʦʚʳʤʠ ʚʦʜʘʤʠ ʚ ʜʠʘʛʝʥʝʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʩʬʦʨʠʪʦʚ. ʋʯʠʪʳʚʘʷ 
ʩʪʨʦʝʥʠʝ ʨʘʢʦʚʠʥ ʩʦʚʨʝʤʝʥʥʳʭ ʣʠʥʛʫʣʠʥ, ʬʦʩʬʘʪ ʦʯʝʚʠʜʥʦ ʟʘʤʝʱʘʣ ʚ ʜʨʝʚʥʠʭ 
ʙʨʘʭʠʦʧʦʜʘʭ ʭʠʪʠʥʦʚʳʡ ʧʦʢʨʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʣʦʠ ʩʪʚʦʨʦʢ ʨʘʢʦʚʠʥ. ʀʥʘʷ ʩʠʪʫʘʮʠʷ 
ʩʢʣʘʜʳʚʘʝʪʩʷ, ʢʦʛʜʘ ʚ ʤʠʢʨʦʟʝʨʥʠʩʪʳʭ, ʟʝʨʥʠʩʪʳʭ ʠ ʞʝʣʚʘʢʦʚʳʭ ʬʦʩʬʦʨʠʪʘʭ 
ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʥʘʯʘʣʴʥʦ ʢʘʨʙʦʥʘʪʥʦʡ ʠʣʠ ʢʨʝʤʥʠʩʪʦʡ 
ʙʠʦʪʦʡ, ʢʦʪʦʨʘʷ ʪʦʣʴʢʦ ʚ ʜʠʘʛʝʥʝʟʝ ʠʩʧʳʪʘʣʘ ʬʦʩʬʘʪʠʟʘʮʠʶ. ʀ ʥʝʚʘʞʥʦ, ʢʘʢʦʛʦ ʦʥʘ 
ʙʳʣʘ ʨʘʟʤʝʨʘ: ʢʨʫʧʥʦʡ, ʪʠʧʘ ʘʤʤʦʥʠʪʦʚ, ʠʣʠ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ, ʚ ʚʠʜʝ 
ʥʘʥʥʦʧʣʘʥʢʪʦʥʘ ʠ ʩʧʠʢʫʣ ʛʫʙʦʢ, ʚʠʜʠʤʳʭ ʣʠʰʴ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ. ʉʫʪʴ 
ʦʩʪʘʝʪʩʷ ʦʜʥʘ: ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʵʪʦ ʪʦʣʴʢʦ çʤʘʪʨʠʮʘè, ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʜʣʷ 
ʬʦʩʬʘʪʠʟʘʮʠʠ. ʅʦ ʪʘʢʦʡ çʤʘʪʨʠʮʳè ʩʢʦʣʴʢʦ ʫʛʦʜʥʦ ʚ ʣʶʙʦʤ ʨʝʛʠʦʥʝ ʠ ʚ ʪʦʣʱʘʭ 
ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʆʜʥʘʢʦ, ʬʦʩʬʦʨʠʪʘʤʠ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ʀ ʟʜʝʩʴ ʥʝ 
ʛʦʜʠʪʩʷ ʪʝʟʠʩ ʧʨʦ ʬʦʩʬʦʨ ʚ ʤʷʛʢʠʭ ʪʢʘʥʷʭ ʦʨʛʘʥʠʟʤʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʤʦʛʣʠ 
ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʪʘʢʠʝ ʨʫʜʳ. ʋʪʚʝʨʞʜʝʥʠʝ ʧʝʨʝʩʪʘʝʪ ʙʳʪʴ ʟʥʘʯʠʤʳʤ, ʢʘʢ ʪʦʣʴʢʦ 
ʚʩʧʦʤʠʥʘʝʤ ʧʨʦ ʨʠʬʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʠʭ ʛʠʛʘʥʪʩʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʞʠʚʦʛʦ 
ʚʝʱʝʩʪʚʘ. ʆʜʥʘʢʦ, ʬʦʩʬʦʨʠʪʳ ʟʜʝʩʴ ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʦʪʤʝʯʘʶʪʩʷ ʚ ʤʠʟʝʨʥʳʭ 
ʢʦʣʠʯʝʩʪʚʘʭ (ʧʝʨʤʩʢʠʝ ʰʠʭʘʥʳ ɹʘʰʢʠʨʠʠ). ʊʦ ʝʩʪʴ, ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 
ʤʠʢʨʦʟʝʨʥʠʩʪʳʭ, ʟʝʨʥʠʩʪʳʭ ʠ ʞʝʣʚʘʢʦʚʳʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʬʦʩʬʦʨʠʪʦʚ 
ʙʠʦʛʝʥʥʳʡ ʬʘʢʪʦʨ - ʥʝ ʙʦʣʝʝ ʯʝʤ çʚʩʧʦʤʦʛʘʪʝʣʴʥʦʝè ʧʨʠʨʦʜʥʦʝ ʷʚʣʝʥʠʝ. ʆʩʥʦʚʥʘʷ 
(ʨʫʜʦʦʙʨʘʟʫʶʱʘʷ) ʧʨʠʯʠʥʘ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ. ʆʥʘ ʢʨʦʝʪʩʷ ʚ 
ʧʦʜʚʦʜʥʳʭ ʧʝʨʝʤʳʚʘʭ ʦʩʘʜʢʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʠʣʦ ʰʣʠʭʦʚʘʥʠʝ ʠ 
ʥʘʢʦʧʣʝʥʠʝ ʬʦʩʬʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʚʦʝ ʚʨʝʤʷ ʪʘʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʙʳʣʠ ʷʨʢʦ 
ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ɸ.ʀ. ʉʤʠʨʥʦʚʳʤ [4]. ʇʦ ʝʛʦ ʜʘʥʥʳʤ, ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʝʨʭʥʝʛʦ 
(ʛʣʘʚʥʦʛʦ) ʧʣʘʩʪʘ ʤʠʢʨʦʢʨʦʟʝʨʥʠʩʪʳʭ ʬʦʩʬʦʨʠʪʦʚ ʂʘʨʘʪʘʫʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʦʩʘʜʢʠ 
ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʦʥʥʳʤ ʧʝʨʝʤʳʚʘʤ ʙʦʣʝʝ ʪʳʩʷʯʠ ʨʘʟ. ʅʘʢʦʥʝʮ, ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ 
ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʫʶ ʙʠʦʪʫ. ʀʤʝʥʥʦ ʝʝ ʜʝʷʪʝʣʴʥʦʩʪʴ ʤʥʦʛʠʝ ʛʝʦʣʦʛʠ ʩʝʡʯʘʩ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʛʣʘʚʥʳʡ ʬʘʢʪʦʨ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʬʦʩʬʦʛʝʥʝʟʘ. ʂʘʢ ʫʞʝ 
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ʦʪʤʝʯʘʣʦʩʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʬʠʢʩʘʮʠʠ ʬʦʩʬʘʪʘ ʮʠʘʥʦʙʘʢʪʝʨʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʘ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʕʪʦʪ ʬʘʢʪ ʩʪʘʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ 
ʟʘʢʣʶʯʝʥʠʷ ʦ ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ ʨʦʣʠ ʤʠʢʨʦʙʠʦʪʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʦʩʬʦʨʠʪʦʚ. 
ʆʜʥʘʢʦ, ʪʘʢʦʝ ʟʘʢʣʶʯʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʩʧʦʨʥʳʤ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʨʝʘʣʴʥʳʭ 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ. ʈʝʯʴ ʠʜʝʪ ʦʙ ʵʜʠʘʢʘʨʩʢʠʭ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠ ʦʥʢʦʣʠʪʦʚʳʭ 
ʬʦʩʬʦʨʠʪʘʭ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʝʩʩʧʦʨʥʦ ʫʯʘʩʪʚʦʚʘʣʘ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʘʷ 
ʙʠʦʪʘ. ʍʘʨʘʢʪʝʨʥʦʡ ʠʭ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʬʦʩʬʘʪʘ, ʢʘʢ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʪʦʣʙʯʘʪʳʭ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʬʦʩʬʦʨʠʪʘʭ. ɿʜʝʩʴ ʚ 
ʦʜʥʦʤ ʰʪʫʬʝ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʮʝʣʠʢʦʤ ʬʦʩʬʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠ ʩʦʚʩʝʤ ʥʝ 
ʬʦʩʬʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʪʦʣʙʠʢʠ ʩʪʨʦʤʘʪʦʣʠʪʦʚ. ʇʦʜʦʙʥʘʷ ʢʘʨʪʠʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ 
ʚ ʰʣʠʬʘʭ ʦʥʢʦʣʠʪʦʚʳʭ ʬʦʩʬʦʨʠʪʦʚ, ʛʜʝ ʩʦʯʝʪʘʶʪʩʷ ʦʥʢʦʣʠʪʦʚʳʝ ʤʠʢʨʦʞʝʣʚʘʯʢʠ 
ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʬʦʩʬʘʪʥʦʩʪʠ. ɺʩʪʘʝʪ ʚʦʧʨʦʩ: ʢʘʢ ʦʙʲʷʩʥʠʪʴ ʦʪʤʝʯʝʥʥʳʝ ʬʘʢʪʳ? 
ɺʦʟʤʦʞʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ: ʣʠʙʦ ʩʨʝʜʘ ʚʦʢʨʫʛ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ 
ʧʦʩʪʨʦʝʢ ʙʳʣʘ ʨʘʟʥʘʷ, ʣʠʙʦ ʠʭ ʬʦʨʤʠʨʦʚʘʣʘ ʨʘʟʥʘʷ ʤʠʢʨʦʙʠʦʪʘ. ʇʨʦʙʣʝʤʘʪʠʯʥʦʩʪʴ 
ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʦʯʝʚʠʜʥʘ. ʆʪʩʶʜʘ ʥʘʧʨʘʰʠʚʘʝʪʩʷ ʚʳʚʦʜ ʦ ʩʠʣʴʥʦ ʧʨʝʫʚʝʣʠʯʝʥʥʦʡ 
ʨʦʣʠ ʮʠʘʥʦ-ʙʘʢʪʝʨʠʡ ʚ ʬʦʩʬʦʛʝʥʝʟʝ. ɺ ʵʪʦʤ ʫʙʝʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʚʝʜʦʯʥʳʭ 
ʨʘʙʦʪ ʥʘ ʍʫʙʩʫʛʫʣʴʩʢʦʤ ʠ ʍʘʨʘʥʫʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʆʢʠʥʦ-ʍʫʙʩʫʛʫʣʴʩʢʦʛʦ 
ʙʘʩʩʝʡʥʘ. ɿʜʝʩʴ ʬʦʩʬʦʨʠʪʳ ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʪʩʷ ʨʠʬʦʚʳʤʠ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʤʠ 
ʩʦʦʨʫʞʝʥʠʷʤʠ, ʥʦ ʪʦʣʴʢʦ ʚ ʥʠʭ ʥʝʪ ʩʝʨʴʝʟʥʦʡ ʬʦʩʬʘʪʠʟʘʮʠʠ. ʀʥʘʯʝ ʛʦʚʦʨʷ, 
ʦʪʤʝʯʝʥʥʳʝ ʧʨʠʨʦʜʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʩʬʦʨʠʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʞʝʩʪʢʦʤ 
ʧʨʦʪʠʚʦʨʝʯʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʀʥʩʪʠʪʫʪʝ 
ʤʠʢʨʦʙʠʦʣʦʛʠʠ ʈɸʅ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʙʠʦʛʝʥʥʳʡ ʬʘʢʪʦʨ ï 
ʚʘʞʥʘʷ, ʥʦ ʥʝ ʛʣʘʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʬʦʩʬʦʛʝʥʝʟʘ. ʏʘʱʝ ʚʩʝʛʦ ʧʨʦʤʳʰʣʝʥʥʳʡ ʝʛʦ 
ʚʘʨʠʘʥʪ ʦʙʷʟʘʥ ʩʦʯʝʪʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʜʠʘʛʝʥʝʟʘ ʩ ʧʝʨʝʤʳʚʘʤʠ ʦʩʘʜʢʦʚ, ʘ ʚ ʨʷʜʝ 
ʩʣʫʯʘʝʚ, ʩ ʨʘʥʥʝʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ ʠʭ ʬʦʩʬʘʪʠʟʘʮʠʠ (ʘʬʘʥʠʪʦʚʳʝ ʬʦʩʬʦʨʠʪʳ) [1]. 
ʅʘʢʦʥʝʮ, ʦʪʤʝʪʠʤ, ʯʪʦ ʬʦʩʬʦʛʝʥʝʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 
ʤʥʦʛʦʛʨʘʥʥʦʝ ʧʨʠʨʦʜʥʦʝ ʷʚʣʝʥʠʝ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʩʪʘʚʠʪʴ ʚʦ ʛʣʘʚʫ ʝʛʦ ʢʘʢʦʡ-ʪʦ 
ʦʜʠʥ, ʪʝʤ ʙʦʣʝʝ ʙʠʦʛʝʥʥʳʡ ʬʘʢʪʦʨ, - ʩʦ ʚʩʝʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ʢʦʥʪʨʧʨʦʜʫʢʪʠʚʥʦ. 
ʉʢʘʟʘʥʥʦʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ ʧʨʠ ʦʮʝʥʢʝ ʧʣʦʜʦʪʚʦʨʥʦʩʪʠ ʠʜʝʠ 
ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʬʦʩʬʦʨʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. ɸ ʦʥʘ 
ʢʨʘʡʥʝ ʥʠʟʢʘʷ. ɼʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʝʝ ʩʪʦʨʦʥʥʠʢʘʤʠ ʥʝ ʧʨʝʜʣʦʞʝʥʦ ʥʠ ʦʜʥʦʛʦ 
ʧʦʠʩʢʦʚʦʛʦ ʢʨʠʪʝʨʠʷ, ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʩʪʘʣ ʙʳ 
ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʡ ʬʦʩʬʦʛʝʥʝʟ. 
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ʄɿʓʄʊʓ (ʏɽʈʅʆɽ ʄʆʈɽ) 

 
ɽ.ɸ. ɻʣʘʟʳʨʠʥ 

 
ɸʆ çʖʞʤʦʨʛʝʦʣʦʛʠʷè, ɻʝʣʝʥʜʞʠʢ, ʈʦʩʩʠʷ 

 

ʇʦʜʚʦʜʥʳʝ ʢʘʥʴʦʥʳ ʩʣʫʞʘʪ ʦʩʥʦʚʥʳʤʠ ʧʫʪʷʤʠ ʧʝʨʝʥʦʩʘ ʪʝʨʨʠʛʝʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʠʟ ʙʘʩʩʝʡʥʘ ʜʝʥʫʜʘʮʠʠ ʚ ʢʦʪʣʦʚʠʥʳ ʤʦʨʝʡ [2, 4]. ɺ ʨʦʩʩʠʡʩʢʦʤ ʩʝʢʪʦʨʝ 
ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦʜʚʦʜʥʳʡ ʢʘʥʴʦʥ ʄʟʳʤʪʳ ʩʣʫʞʠʪ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʠ ʘʢʪʠʚʥʳʤ. ʆʥ 
ʧʨʦʨʝʟʘʝʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩʢʣʦʥ ʩ ʚʳʭʦʜʦʤ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʚ ʘʙʠʩʩʘʣʴʥʫʶ 
ʢʦʪʣʦʚʠʥʫ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʘ ʚʝʨʭʦʚʴʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʳ ʢ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ. 
ɻʦʣʦʚʥʘʷ ʯʘʩʪʴ ʢʘʥʴʦʥʘ ʄʟʳʤʪʳ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘʧʨʦʪʠʚ ʫʩʪʴʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʡ 
ʨʝʢʠ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʈʦʩʩʠʠ - ʄʟʳʤʪʘ. ʉ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ ʚ ʢʘʥʴʦʥ 
ʄʟʳʤʪʳ ʚʧʘʜʘʶʪ ʢʘʥʴʦʥʳ ʘʙʭʘʟʩʢʦʛʦ ʩʝʢʪʦʨʘ ʏʝʨʥʦʛʦ ʤʦʨʷ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʢ 
ʝʛʦ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʠ ʪʘʢʞʝ ʠʤʝʶʱʠʝ ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʥʠʤʠ ʙʘʩʩʝʡʥʳ ʜʝʥʫʜʘʮʠʠ ʨʝʢ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʥʴʦʥ ʄʟʳʤʪʳ ʪʝʩʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥ ʩ ʩʫʭʦʧʫʪʥʳʤ ʙʘʩʩʝʡʥʦʤ 
ʜʝʥʫʜʘʮʠʠ ʠ ʧʦʩʪʘʚʢʦʡ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ ʨʝʢʘʤʠ ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ, ʚʢʣʶʯʘʷ 
ʘʙʭʘʟʩʢʠʡ ʩʝʢʪʦʨ. 

ɼʣʠʥʘ ʨʫʩʣʘ ʧʦʜʚʦʜʥʦʛʦ ʢʘʥʴʦʥʘ ʄʟʳʤʪʳ ʙʝʟ ʢʦʥʫʩʘ ʚʳʥʦʩʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 
93 ʢʤ, ʩ ʧʝʨʝʧʘʜʦʤ ʚʳʩʦʪ 2 ʢʤ. ʂʦʥʫʩ ʚʳʥʦʩʘ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 
54 ʢʤ ʧʨʠ ʰʠʨʠʥʝ ʜʦ 28 ʢʤ. ʉʦʧʨʷʞʝʥʥʳʡ ʩʫʭʦʧʫʪʥʳʡ ʙʘʩʩʝʡʥ ʜʝʥʫʜʘʮʠʠ (ʙʘʩʩʝʡʥʳ 
ʨʝʢ) ʠ ʙʘʩʩʝʡʥ ʧʦʜʚʦʜʥʦʛʦ ʢʘʥʴʦʥʘ ʦʙʨʘʟʫʶʪ ʢʨʫʧʥʫʶ ʜʝʥʫʜʘʮʠʦʥʥʦ-
ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʫʶ ʢʘʥʴʦʥʥʫʶ ʩʠʩʪʝʤʫ ʄʟʳʤʪʳ, ʢʦʪʦʨʘʷ ʩ ʫʯʝʪʦʤ ʢʦʥʫʩʘ ʚʳʥʦʩʘ 
ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ 230 ʢʤ ʩ ʧʨʝʚʳʰʝʥʠʝʤ 5,1 ʢʤ [1]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [3] ʚʜʦʣʴ ʪʘʣʴʚʝʛʘ ʢʘʥʴʦʥʘ ʄʟʳʤʪʳ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 
ʥʝʩʢʦʣʴʢʦ ʫʯʘʩʪʢʦʚ (ʨʠʩ.), ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʛʝʦʤʦʨʬʦʣʦʛʠʝʡ ʠ ʭʘʨʘʢʪʝʨʦʤ 
ʣʠʪʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʋʯʘʩʪʢʠ ʦʪʣʠʯʘʶʪʩʷ ʩʦʥʘʨʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʠ 
ʨʘʟʨʝʟʦʤ ʛʨʫʥʪʦʚʳʭ ʢʦʣʦʥʦʢ. 

ʂ ʛʦʣʦʚʝ ʢʘʥʴʦʥʘ ʧʨʠʤʳʢʘʝʪ ʫʟʢʠʡ ʫʯʘʩʪʦʢ ʰʝʣʴʬʘ ʰʠʨʠʥʦʡ ʦʪ 17 ʜʦ 3200 ʤ 
(ʚ ʩʨʝʜʥʝʤ 600 ʤ), ʛʣʫʙʠʥʘʤʠ ʦʪ 4 ʜʦ 150 ʤ (ʨʠʩʫʥʦʢ). ʕʪʦ ʫʯʘʩʪʦʢ ʜʨʝʥʘʞʥʦʛʦ 
ʨʘʟʨʳʚʘ ʤʝʞʜʫ ʩʫʭʦʧʫʪʥʳʤ ʙʘʩʩʝʡʥʦʤ ʜʝʥʫʜʘʮʠʠ ʠ ʢʘʥʴʦʥʦʤ, ʘʢʢʫʤʫʣʷʮʠʠ ʥʘʥʦʩʦʚ 
ʩ ʙʘʩʩʝʡʥʘ ʜʝʥʫʜʘʮʠʠ ʩʫʰʠ. 

ʅʘ ʛʨʘʥʠʮʝ ʰʝʣʴʬõʢʘʥʴʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚʳʧʫʢʣʳʡ - ʦʧʦʣʟʥʝʚʦʡ - ʫʯʘʩʪʦʢ (ʨʠʩ.). 
ɽʛʦ ʰʠʨʠʥʘ ʚ ʛʦʣʦʚʝ ʢʘʥʴʦʥʘ ʦʢʦʣʦ 100 ʤ, ʩ ʨʘʩʰʠʨʝʥʠʝʤ ʚ ʙʦʢʦʚʳʭ ʠ 
ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʜʦ ʧʝʨʚʳʭ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʅʘ ʵʪʦʤ ʫʯʘʩʪʢʝ 
ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚʳʥʦʩʠʤʳʡ ʨʝʢʘʤʠ ʪʝʨʨʠʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ. ʈʘʟʨʝʟ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ 
ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʴʶ. ʍʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʫʯʘʩʪʢʘ ʩʣʫʞʠʪ ʰʠʨʦʢʦʝ 
ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʡ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʧʦʣʟʘʥʠʷ ʦʩʘʜʢʦʚ, ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʭʩʷ 
ʥʠʞʝ ʧʦ ʩʢʣʦʥʫ ʚ ʤʫʪʴʝʚʳʝ ʧʦʪʦʢʠ. 

 

 
 
ʈʠʩʫʥʦʢ. ʃʠʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʯʘʩʪʢʠ ʥʘ ʧʨʦʜʦʣʴʥʦʤ ʧʨʦʬʠʣʝ ʧʦʜʚʦʜʥʦʛʦ ʢʘʥʴʦʥʘ ʄʟʳʤʪʳ. 
ʎʠʬʨʳ ʚ ʩʢʦʙʢʘʭ: 1 - ʰʝʣʴʬ; 2 - ʚʳʧʫʢʣʳʡ (ʦʧʦʣʟʥʝʚʦʡ) ʫʯʘʩʪʦʢ; 3 - ʚʨʝʟʘʥʥʳʡ ʫʯʘʩʪʦʢ ʢʘʥʴʦʥʘ 
(ʚʦʛʥʫʪʳʡ ʧʨʦʬʠʣʴ); 4 - ʫʯʘʩʪʦʢ ʟʘʪʨʫʜʥʝʥʠʷ ʜʚʠʞʝʥʠʷ (ʚʳʧʦʣʘʞʠʚʘʥʠʝ ʧʨʦʬʠʣʷ);                      5 - 
ʛʣʫʙʦʢʦʚʦʜʥʳʡ ʢʦʥʫʩ ʚʳʥʦʩʘ; 6 - ʰʣʝʡʬ ʨʘʟʥʦʩʘ. 
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ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʢʘʥʴʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʨʝʟʘʥʥʳʤ ʫʯʘʩʪʢʦʤ. ʆʥ ʠʤʝʝʪ 
ʚʳʨʘʞʝʥʥʳʡ ʚʦʛʥʫʪʳʡ ʧʨʦʬʠʣʴ ʠ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʜʦ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 1450õ1500 ʤ 
(ʨʠʩ.). ʇʨʦʬʠʣʴ ʢʘʥʴʦʥʘ ʠ ʝʛʦ ʧʨʠʪʦʢʦʚ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚʥʠʟ ʧʦ ʪʘʣʴʚʝʛʫ ʦʪ 
ʱʝʣʝʦʙʨʘʟʥʦʛʦ ʜʦ V- ʠ U-ʦʙʨʘʟʥʦʛʦ. ʋ ʥʠʞʥʝʡ ʛʨʘʥʠʮʳ ʫʯʘʩʪʢʘ ʧʦʧʝʨʝʯʥʳʡ ʧʨʦʬʠʣʴ 
ʢʘʥʴʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʢʦʨʳʪʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʰʠʨʠʥʦʡ ʜʦ 5 ʢʤ. 

ɺʨʝʟʘʥʥʳʡ ʫʯʘʩʪʦʢ - ʵʪʦ ʦʙʣʘʩʪʴ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʙʨʘʟʠʦʥʥʦ-
ʵʨʦʟʠʦʥʥʳʭ ʠ ʦʙʚʘʣʴʥʦ-ʦʩʳʧʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʚʝʪʚʣʝʥʠʷ ʚʝʨʰʠʥʥʦʡ ʯʘʩʪʠ ʠ 
ʫʛʣʫʙʣʝʥʠʷ ʜʥʠʱʘ, ʪʨʘʥʟʠʪʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʭʦʞʜʝʥʠʷ ʤʫʪʴʝʚʳʭ 
ʧʦʪʦʢʦʚ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘʨʘʩʪʘʝʪ ʢ ʚʝʨʰʠʥʘʤ ʢʘʥʴʦʥʘ. 
ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʜʚʠʞʝʥʠʷ ʘʙʨʘʟʠʦʥʥʦ-ʵʨʦʟʠʦʥʥʦʡ ʛʨʘʥʠʮʳ ʢʘʥʴʦʥʘ ʢ 
ʙʝʨʝʛʫ ʟʘ 2008-2018 ʛʦʜʳ ʩʦʩʪʘʚʠʣʘ 2,2 ʤ/ʛʦʜ ʩ ʚʘʨʠʘʮʠʷʤʠ ʦʪ -9 ʜʦ 16,8 ʤ/ʛʦʜ ʥʘ 
ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. ɺ ʩʦʩʪʘʚʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʢ 
ʤʘʪʝʨʠʘʣ ʩʫʭʦʧʫʪʥʦʛʦ ʙʘʩʩʝʡʥʘ ʜʝʥʫʜʘʮʠʠ, ʪʘʢ ʠ ʤʘʪʝʨʠʘʣ ʨʘʟʨʫʰʝʥʠʷ ʢʦʨʝʥʥʦʛʦ 
ʣʦʞʘ ʢʘʥʴʦʥʘ. 

ʋʯʘʩʪʦʢ ʟʘʪʨʫʜʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʦʪʚʝʯʘʝʪ ʠʥʪʝʨʚʘʣʫ ʚʳʧʦʣʘʞʠʚʘʥʠʷ ʜʥʠʱʘ 
ʢʘʥʴʦʥʘ (ʨʠʩ.). ʇʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 70 ʢʤ ʜʦ ʛʣʫʙʠʥʳ ʧʨʠʤʝʨʥʦ 2030 
ʤ. ʅʘ ʫʯʘʩʪʢʝ ʚ ʦʩʥʦʚʥʦʝ ʨʫʩʣʦ ʢʘʥʴʦʥʘ ʚʧʘʜʘʶʪ ʢʨʫʧʥʳʝ ʙʦʢʦʚʳʝ ʢʘʥʴʦʥʳ 
ʘʙʭʘʟʩʢʦʛʦ ʩʝʢʪʦʨʘ ʠ ʥʝʙʦʣʴʰʠʝ ʧʨʘʚʦʛʦ ʙʦʨʪʘ, ʩʛʨʫʞʘʶʱʠʝ ʩʶʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 
ʦʙʲʝʤ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʫʯʘʩʪʢʘ ʩʣʫʞʠʪ ʰʠʨʦʢʘʷ 
ʢʦʨʳʪʦʦʙʨʘʟʥʘʷ ʜʦʣʠʥʘ ʠ ʦʪʣʦʞʝʥʠʝ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʦʪ ʚʘʣʫʥʥʦʡ ʜʦ 
ʘʣʝʚʨʦʧʝʣʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 
ʚʳʩʦʢʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ, ʟʘʛʘʟʦʚʘʥʥʦʩʪʴ ʠ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʳʭ 
ʧʨʦʮʝʩʩʦʚ. ʆʧʦʣʟʥʝʚʳʝ ʪʝʣʘ ʦʙʨʘʟʫʶʪ ʧʦʧʝʨʝʯʥʳʡ ʚʦʣʥʠʩʪʦ-ʛʨʷʜʦʚʳʡ ʨʝʣʴʝʬ 
ʜʥʠʱʘ. ʐʠʨʠʥʘ ʢʨʫʧʥʳʭ ʦʧʦʣʟʥʝʚʳʭ ʪʝʣ (ʛʨʷʜ) ʩʦʩʪʘʚʣʷʝʪ 0,5õ1,5 ʢʤ, ʜʣʠʥʘ ʜʦ 5 ʢʤ. 

ɼʘʣʝʝ ʢʘʥʴʦʥ ʧʝʨʝʭʦʜʠʪ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʡ ʧʣʦʩʢʠʡ ʢʦʥʫʩ ʚʳʥʦʩʘ ʩ 
ʨʘʟʚʝʪʚʣʷʶʱʠʤʩʷ ʚʝʝʨʦʤ ʨʫʩʝʣ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʦʙʰʠʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ 
ʛʣʫʙʠʥʘʭ ʦʪ 2025 ʤ ʜʦ ʧʨʠʤʝʨʥʦ 2100 ʤ ʠ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʥʘ 53 ʢʤ ʧʨʠ ʰʠʨʠʥʝ ʜʦ 
28 ʢʤ. ʂʦʥʫʩ ʚʳʥʦʩʘ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʦʙʰʠʨʥʳʡ ʠ ʧʨʦʪʷʞʝʥʥʳʡ ʰʣʝʡʬ 
ʧʝʨʝʤʳʚʘ ʠ ʨʘʟʥʦʩʘ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʜʦʥʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʧʦ ʘʙʠʩʩʘʣʴʥʦʡ ʨʘʚʥʠʥʝ. 
ɿʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʦʮʝʩʩʳ ʘʢʢʫʤʫʣʷʮʠʠ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ ʵʨʦʟʠʦʥʥʳʭ 
ʨʫʩʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʣʦʩʢʦʩʪʥʦʛʦ ʨʘʟʤʳʚʘ ʦʪ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʠʜʦʥʥʳʭ ʢʦʥʪʫʨʥʳʭ 
ʪʝʯʝʥʠʡ ʠ ʦʪʛʦʣʦʩʢʦʚ ʤʫʪʴʝʚʳʭ ʧʦʪʦʢʦʚ ʧʦ ʢʘʥʴʦʥʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ɸʆ çʖʞʤʦʨʛʝʦʣʦʛʠʷè (ʨʘʥʝʝ ʌɻʋɻʇ 
ɻʅʎ çʖʞʤʦʨʛʝʦʣʦʛʠʷè) ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 
ʢʘʨʪʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʘ 1:200 000 (ʦʙʲʝʢʪ 31/95-ɻ, ʢʦʥʪʨʘʢʪ 44/01/13-56) ʠ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʥʝʜʨ ʧʨʠʙʨʝʞʥʦ-ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ 
(ʢʦʥʪʨʘʢʪʳ 02/2018-04-ʖʈʎ(02), 14/2017-04-ʖʈʎ(02), 25/2016-04-1), ʘ ʪʘʢʞʝ 
ʩʚʝʜʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʌɻʋɻʇ ɻʅʎ çʖʞʤʦʨʛʝʦʣʦʛʠʷè ʚ 1996-1998 ʛ. ʧʨʠ ʩʲʝʤʢʝ ʜʥʘ 
ʏʝʨʥʦʛʦ ʤʦʨʷ ʤʥʦʛʦʣʫʯʝʚʳʤ ʵʭʦʣʦʪʦʤ Simrad EM-12 (ʦʙʲʝʢʪ 5/97-ɻ). 
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ʌɸʂʊʆʈʓ ʌʆʈʄʀʈʆɺɸʅʀʗ ʂʆʃʃɽʂʊʆʈʆɺ  
ɺ ɺɽʈʍʅɽʖʈʉʂʆ-ʅʀɾʅɽʕʆʎɽʅʆɺʆʄ ʂɸʈɹʆʅɸʊʅʆʄ ʈɸɿʈɽɿɽ 

ʖɾʅʆʁ ɿʆʅʓ ɿɸʇɸɼʅʆɻʆ ʂɸɺʂɸɿɸ 
 

ɽ.ɸ. ɻʣʘʟʳʨʠʥ, ʅ.ɺ. ɻʣʘʟʳʨʠʥʘ 
 

ɸʆ çʖʞʤʦʨʛʝʦʣʦʛʠʷè, ɻʝʣʝʥʞʜʠʢ, ʈʦʩʩʠʷ 
 

ɺʝʨʭʥʝʶʨʩʢʦ-ʥʠʞʥʝʵʦʮʝʥʦʚʳʡ ʢʘʨʙʦʥʘʪʥʳʡ ʨʘʟʨʝʟ ʶʞʥʦʡ ʟʦʥʳ ɿʘʧʘʜʥʦʛʦ 
ʂʘʚʢʘʟʘ ʦʙʥʘʞʘʝʪʩʷ ʚ ɸʙʭʘʟʩʢʦʡ (ɻʘʛʨʦ-ɼʞʘʚʩʢʦʡ) ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʝ ʠ ʧʦʛʨʫʞʘʝʪʩʷ 
ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʏʝʨʥʦʝ ʤʦʨʝ, ʛʜʝ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʥʦʚʥʦʡ 
ʧʣʦʱʘʜʴʶ ʚʘʣʘ ʐʘʪʩʢʦʛʦ ʠ ʯʘʩʪʴʶ ʊʫʘʧʩʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʆʪʣʦʞʝʥʠʷ 
ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʰʝʣʴʬʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ. ʉ ʥʠʤʠ ʩʚʷʟʘʥʳ 
ʢʘʨʙʦʥʘʪʥʳʝ ʧʣʘʪʬʦʨʤʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʣʦʢʘʣʠʟʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [1]. 

ɺʝʨʭʥʝʶʨʩʢʦ-ʥʠʞʥʝʵʦʮʝʥʦʚʳʡ ʢʦʤʧʣʝʢʩ ʟʘʣʝʛʘʝʪ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤ 
ʥʝʩʦʛʣʘʩʠʝʤ ʥʘ ʥʠʞʥʝ-ʩʨʝʜʥʝʶʨʩʢʦʤ ʪʝʨʨʠʛʝʥʥʦʤ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʦʤ. 
ʀʟʫʯʝʥ ʜʝʪʘʣʴʥʳʤʠ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʨʘʟʨʝʟʘʤʠ ʧʦ ʧʣʦʱʘʜʠ ʩ 
ʢʦʤʧʣʝʢʩʥʳʤ ʘʥʘʣʠʟʦʤ ʧʨʦʙ (ʰʣʠʬʳ, ʨʘʩʪʨʦʚʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʢʘʨʙʦʥʘʪʥʦʩʪʴ, 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ) ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʧʘʣʝʦʬʘʮʠʘʣʴʥʳʭ ʢʘʨʪ ʜʣʷ ʦʩʥʦʚʥʳʭ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʝʧʝʨʥʳʝ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʢʦʤʧʣʝʢʩʘ. 

ɺ ʢʘʨʙʦʥʘʪʥʦʤ ʨʘʟʨʝʟʝ ʥʘ ʦʩʥʦʚʝ ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [2] ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʪʠʧʳ ʠʟʚʝʩʪʥʷʢʦʚ, ʦʙʨʘʟʫʶʱʠʝ 
ʬʘʮʠʘʣʴʥʳʡ ʣʠʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʨʷʜ: 

- ʧʝʩʯʘʥʠʩʪʳʝ ï ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʙʘʨʦʚʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʛʨʫʧʧʳ ʦʪʣʦʞʝʥʠʡ 
ʦʪʢʨʳʪʦʛʦ ʰʝʣʴʬʘ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʝ ʠ ʚʦʜʦʨʦʩʣʝʚʳʝ; 

- ʙʠʦʛʝʨʤʥʳʝ ʨʠʬʦʚʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʦʪʣʦʞʝʥʠʡ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʙʠʦʤʦʨʬʥʦ-ʜʝʪʨʠʪʦʚʳʝ ʩ ʰʣʘʤʦʚʦ-ʜʝʪʨʠʪʦʚʳʤ ʠ ʢʦʤʢʦʚʘʪʳʤ ʟʘʧʦʣʥʝʥʠʝʤ; 

- ʤʝʞʙʠʦʛʝʨʤʥʳʝ - ʤʠʢʨʦʩʣʦʠʩʪʳʝ ʩ çʛʣʘʟʢʦʚʦʡè ʪʝʢʩʪʫʨʦʡ ʧʨʠʣʠʚʥʦ-
ʦʪʣʠʚʥʦʡ ʟʦʥʳ ʠ ʤʠʢʨʦʟʝʨʥʠʩʪʳʝ ʤʝʞʨʠʬʦʚʳʭ ʣʘʛʫʥ; 

- ʦʙʣʦʤʦʯʥʳʝ ʰʣʝʡʬʦʚʦʡ ʬʘʮʠʠ ʨʠʬʦʚ; 
- ʜʝʪʨʠʪʦʚʦ-ʦʨʛʘʥʦʛʝʥʥʳʝ ï ʦʙʲʝʜʠʥʷʶʪ ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʝ 

ʤʝʞʙʠʦʛʝʨʤʥʳʝ ʦʪʣʦʞʝʥʠʷ ʟʦʥʳ ʨʠʬʦʚ ʠ ʙʘʥʦʢ ʤʝʣʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʘ; 
- ʚʦʜʦʨʦʩʣʝʚʦ-ʜʝʪʨʠʪʦʚʳʝ, ʜʝʪʨʠʪʦʚʦ-ʚʦʜʦʨʦʩʣʝʚʳʝ, ʦʨʛʘʥʦʛʝʥʥʦ-ʢʦʤʢʦʚʘʪʦ-

ʚʦʜʦʨʦʩʣʝʚʳʝ - ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʙʘʥʦʢ ʤʝʣʢʦʚʦʜʥʦʛʦ ʰʝʣʴʬʘ ʠ ʦʢʦʣʦʨʠʬʦʚʳʭ 
ʤʝʣʢʦʚʦʜʥʳʭ ʰʝʣʴʬʦʚʳʭ ʨʘʚʥʠʥ, ʚʳʜʝʣʷʶʪʩʷ ʟʘ ʩʯʸʪ ʚʘʨʠʘʮʠʡ ʩʦʦʪʥʦʰʝʥʠʷ 
ʢʦʤʧʦʥʝʥʪ; 

- ʤʠʢʨʦʢʦʤʢʦʚʘʪʦ-ʚʦʜʦʨʦʩʣʝʚʳʝ - ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʙʩʪʘʥʦʚʢʫ ʤʝʣʢʦʚʦʜʥʳʭ 
ʨʘʚʥʠʥ ʦʪʢʨʳʪʦʛʦ ʰʝʣʴʬʘ, ʦʩʦʙʝʥʥʦ ʙʣʠʟ ʧʦʜʥʷʪʠʡ (ʙʘʥʦʢ), ʠʤʝʷ ʧʝʨʝʭʦʜʥʳʝ 
ʨʘʟʥʦʩʪʠ ʩ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʪʠʧʦʤ ʠʟʚʝʩʪʥʷʢʦʚ; 

- ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʝ ʩ ʤʠʢʨʦʙʠʘʣʴʥʦ-ʚʦʜʦʨʦʩʣʝʚʳʤʠ ʢʦʤʦʯʢʘʤʠ ï 
ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʦʙʩʪʘʥʦʚʢʫ ʤʝʣʢʦʚʦʜʥʳʭ ʨʘʚʥʠʥ ʦʪʢʨʳʪʦʛʦ ʰʝʣʴʬʘ ʠ ʧʦʜʚʠʞʥʳʭ 
ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʟʘʢʨʳʪʦʛʦ ʰʝʣʴʬʘ, ʥʦ ʙʦʣʝʝ ʫʜʘʣʸʥʥʫʶ ʦʪ ʧʦʜʥʷʪʠʡ (ʙʘʥʦʢ); 
ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʙʦʣʝʝ ʤʝʣʢʠʤ (ʧʩʘʤʤʦʘʣʝʚʨʠʪʦʚʳʤ) ʜʝʪʨʠʪʦʤ ʠ 
ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʦʤʦʯʢʦʚ ʩʠʥʝʟʝʣʸʥʳʭ ʚʦʜʦʨʦʩʣʝʡ; 

- ʰʣʘʤʦʚʦ-ʜʝʪʨʠʪʦʚʳʝ ʩ ʚʦʜʦʨʦʩʣʝʚʳʤʠ ʢʦʤʦʯʢʘʤʠ - ʤʘʨʢʠʨʫʶʪ 
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʤʝʥʝʝ ʘʢʪʠʚʥʳʝ ʟʦʥʳ ʤʝʣʢʦʚʦʜʥʳʭ ʨʘʚʥʠʥ ʦʪʢʨʳʪʦʛʦ ʠ ʟʘʢʨʳʪʦʛʦ 
ʰʝʣʴʬʘ, ʭʘʨʘʢʪʝʨʥʳ ʜʦʣʦʤʠʪʠʩʪʦʩʪʴ, ʢʦʧʨʦʣʠʪʳ ʠ ʙʠʦʪʫʨʙʠʨʦʚʘʥʠʝ; 

- ʰʣʘʤʦʚʦ-ʜʝʪʨʠʪʦʚʳʝ, ʜʝʪʨʠʪʦʚʦ-ʰʣʘʤʦʚʳʝ, ʰʣʘʤʦʚʦ-ʦʨʛʘʥʦʛʝʥʥʦ-
ʜʝʪʨʠʪʦʚʳʝ ï ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʘʷ ʛʨʫʧʧʘ, ʤʘʨʢʠʨʫʶʱʘʷ ʛʣʫʙʦʢʠʡ ʰʝʣʴʬ ʠ 
ʦʩʝʚʫʶ ʟʦʥʫ, ʛʜʝ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʣʫʞʘʪ ʰʣʘʤ, ʜʝʪʨʠʪ ʧʣʘʥʢʪʦʥʥʳʭ 
ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʥʘʥʦʬʦʩʩʠʣʠʡ; 
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- ʰʣʘʤʦʚʳʝ - ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʘʠʙʦʣʝʝ ʜʠʩʪʘʣʴʥʳʭ ʯʘʩʪʝʡ ʛʣʫʙʦʢʦʛʦ ʰʝʣʴʬʘ 
ʠ ʦʩʝʚʦʡ ʟʦʥʳ. 

ɺʳʜʝʣʝʥʦ ʪʨʠ ʬʘʢʪʦʨʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʚ ʚʝʨʭʥʝʶʨʩʢʦ-
ʥʠʞʥʝʵʦʮʝʥʦʚʦʤ ʢʘʨʙʦʥʘʪʥʦʤ ʨʘʟʨʝʟʝ: ʬʘʮʠʘʣʴʥʳʡ, ʜʠʘʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ, 
ʵʣʠʟʠʦʥʥʳʡ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ, ʪʝʢʪʦʥʠʯʝʩʢʠʡ. 

ʌʘʮʠʘʣʴʥʳʡ ʬʘʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʨʚʠʯʥʦʡ ʤʝʞʬʦʨʤʝʥʥʦʡ 
ʧʦʨʠʩʪʦʩʪʠ, ʛʜʝ ʥʘʠʣʫʯʰʠʤʠ ʢʦʣʣʝʢʪʦʨʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʶʪ ʙʠʦʛʝʨʤʥʳʝ, 
ʦʙʣʦʤʦʯʥʳʝ (ʰʣʝʡʬʦʚʳʝ), ʜʝʪʨʠʪʦʚʦ-ʦʨʛʘʥʦʛʝʥʥʳʝ ʠ ʚʦʜʦʨʦʩʣʝʚʦ-ʜʝʪʨʠʪʦʚʳʝ 
ʠʟʚʝʩʪʥʷʢʠ ʟʘ ʩʯʸʪ ʥʘʣʠʯʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʚʠʯʥʳʭ ʧʦʨ ʠ ʢʘʥʘʣʦʚ (ʜʦ 1 ʤʤ 
ʠ ʙʦʣʝʝ, ʜʦ 25 % ʠ ʙʦʣʝʝ). ʄʠʥʠʤʘʣʴʥʦʝ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ (ʤʝʥʝʝ 0,n ʤʤ ʠ 
0,0n%) ʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ ʰʣʘʤʦʚʳʭ, ʰʣʘʤʦʚʦ-ʜʝʪʨʠʪʦʚʳʭ ʠ ʜʝʪʨʠʪʦʚʦ-ʰʣʘʤʦʚʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ. 

ɼʠʘʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʦʙʫʩʣʦʚʣʝʥ ʧʨʦʮʝʩʩʘʤʠ ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʩ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʆʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩ 
ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʜʦʣʦʤʠʪʠʟʘʮʠʝʡ ʢʘʨʙʦʥʘʪʘ ʤʠʢʨʦʙʠʘʣʴʥʦ-ʚʦʜʦʨʦʩʣʝʚʦʡ ʧʨʠʨʦʜʳ ʟʘ 
ʩʯʝʪ ʝʛʦ ʧʦʚʳʰʝʥʥʦʡ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʠ. ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʠʤʝʝʪ ʠ ʬʘʮʠʘʣʴʥʫʶ 
ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʝʨʚʠʯʥʦ ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʢʘʨʙʦʥʘʪ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 
ʜʝʪʨʠʪʦʚʦ-ʚʦʜʦʨʦʩʣʝʚʳʭ ʠ ʤʠʢʨʦʢʦʤʢʦʚʘʪʦ-ʚʦʜʦʨʦʩʣʝʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. 

ʕʣʠʟʠʦʥʥʳʡ ʬʘʢʪʦʨ ʬʦʨʤʠʨʫʝʪ ʚʪʦʨʠʯʥʦʝ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘ ʩʯʝʪ 
ʠʥʪʝʥʩʠʚʥʦʡ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʠʟʚʝʩʪʥʷʢʦʚ, ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ 
ʛʠʜʨʦʨʘʟʨʳʚʘ. ɼʘʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʪʳ ʚ ʦʩʥʦʚʘʥʠʠ 
ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʟʨʝʟʘ, ʦʩʦʙʝʥʥʦ ʩ ʚʳʨʘʞʝʥʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʩʢʦʣʴʞʝʥʠʝʤ ʥʘ 
ʪʝʨʨʠʛʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ. ʄʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ ʟʘʪʨʦʥʫʪʳ ʦʩʥʦʚʘʥʠʷ ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ 
ʮʠʢʣʦʚ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʥʝʩʦʛʣʘʩʠʷ ʚʥʫʪʨʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʟʨʝʟʘ. 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʣʦʢʘʣʝʥ ʠ ʨʝʜʦʢ. ʉʚʷʟʘʥ ʩʦ 
ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʤ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ. ʇʨʠ 
ʵʪʦʤ ʧʦ ʠʟʚʝʩʪʥʷʢʘʤ ʬʦʨʤʠʨʫʶʪʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʜʦʣʦʤʠʪʳ 
ʧʦʚʳʰʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʟʘ ʩʯʝʪ ʠʭ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʤʝʪʘʩʦʤʘʪʦʟʘ ʠ 
ʚʳʱʝʣʘʯʠʚʘʥʠʷ. 

ʊʝʢʪʦʥʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʢʦʥʪʨʦʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ ʩʪʠʣʦʣʠʪʦʚʳʭ ʰʚʦʚ ʠ 
ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ 
ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʘʟʨʝʟʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʚ ʚʝʨʭʥʝʶʨʩʢʦ-
ʥʠʞʥʝʵʦʮʝʥʦʚʦʤ ʢʘʨʙʦʥʘʪʥʦʤ ʨʘʟʨʝʟʝ ʶʞʥʦʡ ʟʦʥʳ ɿʘʧʘʜʥʦʛʦ ʂʘʚʢʘʟʘ ʥʘʠʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʨʘʟʚʠʪʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʠ 
ʥʘʤʝʪʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʟʦʥʳ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʧʣʘʥʝ ʥʘ ʦʩʥʦʚʝ ʧʘʣʝʦʬʘʮʠʘʣʴʥʳʭ 
ʧʦʩʪʨʦʝʥʠʡ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɸʬʘʥʘʩʝʥʢʦʚ ɸ.ʇ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ɺʦʩʪʦʯʥʦ-ʏʝʨʥʦʤʦʨʩʢʦʛʦ 
ʨʝʛʠʦʥʘ / ɸ.ʇ. ɸʬʘʥʘʩʝʥʢʦʚ, A.M. ʅʠʢʠʰʠʥ, ɸ.ʅ. ʆʙʫʭʦʚ. ï ʄ.: ʅʘʫʯʥʳʡ ʤʠʨ, 2007. ï 172 ʩ. 

2. ʉʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ / ʉʦʩʪ. ʠ ʦʙʱ. ʨʝʜ. 
ʅ.ʂ. ʌʦʨʪʫʥʘʪʦʚʦʡ. ï ʄ.: ʈʕʌʀɸ, 2000. ï 239 ʩ. 



96 

ʊɽʂʉʊʋʈʅʆ-ʉʊʈʋʂʊʋʈʅʓɽ ʇʈʆʀɿɺʆɼʅʓɽ ʄɽʊɸʅʆɺʆʁ 
ʈɸɿɻʈʋɿʂʀ ɺ ʈɸɿʈɽɿɽ ɼʆʅʅʓʍ ʆʊʃʆɾɽʅʀʁ  

ʉɽɺɽʈʅʆɻʆ ʂɸʉʇʀʗ 
 

ʅ.ɺ. ɻʣʘʟʳʨʠʥʘ 
 

ɸʆ çʖʞʤʦʨʛʝʦʣʦʛʠʷè, ɻʝʣʝʥʜʞʠʢ, ʈʦʩʩʠʷ 
 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʘ ʩʚʷʟʴ ʩ ʤʝʪʘʥʦʚʦʡ ʨʘʟʛʨʫʟʢʦʡ ʥʘ ʜʥʝ 
ʤʦʨʝʡ ʘʥʦʤʘʣʴʥʦʛʦ ʙʠʦʮʝʥʦʟʘ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 
(ʚʦʨʦʥʢʦʦʙʨʘʟʥʳʝ ʪʝʣʘ, ʢʦʨʢʠ, ʧʣʠʪʳ, ʭʦʣʤʦʦʙʨʘʟʥʳʝ ʧʦʩʪʨʦʡʢʠ, ʪʨʫʙʦ- ʠ 
ʞʠʣʦʦʙʨʘʟʥʳʝ ʪʝʣʘ, ʮʝʤʝʥʪʘʮʠʷ ʙʠʦʪʫʨʙʘʮʠʠ, ʩʪʷʞʝʥʠʷ, ʛʥʝʟʜʦʚʦ-ʚʢʨʘʧʣʝʥʥʘʷ 
ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠ ʜʨ.). 

ʈʘʙʦʪʘʤʠ ʧʦ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʰʝʣʴʬʘ ʠ 
ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʥʝʜʨ, ʘ ʪʘʢʞʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠʟʳʩʢʘʥʠʷʤʠ ʚ 
ʧʨʝʜʝʣʘʭ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʤʝʪʘʥʦʚʦʡ 
ʨʘʟʛʨʫʟʢʠ ʠ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʥʝʣʠʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʨʘʟʨʝʟʘ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 
[1-4]. ʄʘʢʩʠʤʫʤʳ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʩ ʚʳʩʦʢʠʤ ʚʥʫʪʨʠʧʣʘʩʪʦʚʳʤ ʜʘʚʣʝʥʠʝʤ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʳ, ʛʜʝ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʤ ʧʘʯʢʘʤ, 
ʨʘʟʜʝʣʝʥʥʳʭ ʛʣʠʥʠʩʪʳʤʠ. ʅʘ ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ ʜʝʰʠʬʨʠʨʫʝʪʩʷ 
ʚʝʨʪʠʢʘʣʴʥʘʷ ʤʠʛʨʘʮʠʷ ʟʘʛʘʟʦʚʘʥʥʦʩʪʠ ʚ ʚʠʜʝ ʧʝʨʝʩʢʦʢʦʚ ʛʘʟʦʚʳʭ ʘʥʦʤʘʣʠʡ ʯʝʨʝʟ 
ʛʣʠʥʠʩʪʳʝ ʧʦʢʨʳʰʢʠ ʚ ʚʳʰʝ ʟʘʣʝʛʘʶʱʠʝ ʧʘʯʢʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʘʟʦ-
ʬʣʶʠʜʥʳʭ ʧʨʦʨʳʚʘʭ ʚ ʧʨʦʮʝʩʩʝ ʣʠʪʦʛʝʥʝʟʘ. 

ʂʘʨʪʠʨʦʚʦʯʥʦʝ ʙʫʨʝʥʠʝ ʥʘ ʦʜʥʦʤ ʠʟ ʪʘʢʠʭ ʫʯʘʩʪʢʦʚ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ 
ʰʠʨʦʢʦʝ ʥʘʣʠʯʠʝ ʛʘʟʦʚʳʭ ʧʨʦʨʳʚʦʚ ʠ ʥʝʦʜʥʦʢʨʘʪʥʦʩʪʴ ʠʭ ʧʨʦʷʚʣʝʥʠʷ. ʉʢʚʘʞʠʥʳ 
ʛʣʫʙʠʥʦʡ ʜʦ 95,4 ʤ ʧʨʦʙʫʨʝʥʳ ʚ ʨʘʡʦʥʝ ʦ. ʊʶʣʝʥʠʡ ʥʘ ʛʣʫʙʠʥʘʭ ʤʦʨʷ 3,5-4,4 ʤ. ʇʨʠ 
ʙʫʨʝʥʠʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʠʩʭʦʜʠʣʠ ʛʘʟʦʚʳʝ ʚʳʙʨʦʩʳ ʩ ʘʣʝʚʨʦʧʝʣʠʪʦʚʦʡ ʧʫʣʴʧʦʡ. 
ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʝ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʛʘʟʦʚʳʝ ʚʳʙʨʦʩʳ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ 
ʛʣʫʙʠʥʘʭ 35, 44 ʠ 71 ʤ ʦʪ ʤʦʨʩʢʦʛʦ ʜʥʘ ʩ ʚʳʩʦʪʦʡ ʚʳʙʨʦʩʘ ʛʨʷʟʠ ʥʘʜ ʙʫʨʦʚʦʡ 
ʧʣʦʱʘʜʢʦʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ 0,5, 2 ʠ ʙʦʣʝʝ 10 ʤ. ʉʦʩʪʘʚ ʛʘʟʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʤʝʪʘʥʦʚʳʡ [2]. 

ɻʘʟʦʚʳʝ ʧʨʦʨʳʚʳ ʚ ʢʝʨʥʝ ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʣʠʥʠʩʪʳʤ ʧʘʯʢʘʤ. ʀʩʪʦʯʥʠʢʘʤʠ 
ʧʨʦʨʳʚʘ ʩʣʫʞʘʪ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʝ ʧʘʯʢʠ. ʇʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʝ ʧʘʯʢʠ, 
ʧʨʠʤʳʢʘʶʱʠʝ ʥʠʞʝ ʢ ʛʘʟʦʚʳʤ ʧʨʦʨʳʚʘʤ, ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʝʡ ʩʫʭʦʩʪʴʶ 
(ʛʘʟʦʥʘʩʳʱʝʥʳ). ʉʚʝʞʠʝ ʧʨʦʨʳʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠ ʢʦʩʦʩʝʢʫʱʠʤʠ 
ʧʣʦʩʢʦʩʪʷʤʠ ʠ ʛʨʷʟʝʚʳʤʠ ʙʨʝʢʯʠʷʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 0,5 ʤ (ʚ ʩʨʝʜʥʝʤ 15-20 ʩʤ), ʛʜʝ 
ʢʦʤʢʠ ʚʤʝʱʘʶʱʠʭ ʪʫʛʦʧʣʘʩʪʠʯʥʳʭ ʛʣʠʥ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʩʘʥʪʠʤʝʪʨʦʚ 
ʥʘʭʦʜʷʪʩʷ ʚ ʛʘʟʠʨʦʚʘʥʥʦʡ ʩʫʛʣʠʥʠʩʪʦʡ ʧʫʣʴʧʝ. ɺ ʢʫʩʢʘʭ ʛʣʠʥʳ ʥʝʨʝʜʢʦ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʜʝʬʦʨʤʠʨʦʚʘʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʨʘʟʣʠʯʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ ʚ ʨʘʟʥʳʭ 
ʢʫʩʢʘʭ. ɺ ʠʥʪʝʨʚʘʣʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʳʰʝ ʠ ʥʠʞʝ ʧʨʠʤʳʢʘʶʱʠʭ ʯʘʩʪʝʡ ʢʝʨʥʘ, 
ʦʪʩʫʪʩʪʚʫʝʪ ʩʣʦʠʩʪʦʩʪʴ, ʦʥ ʦʙʚʦʜʥʝʥ ʠ ʛʘʟʦʥʘʩʳʱʝʥ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʮʝʤʝʥʪʘ ʚ ʙʨʝʢʯʠʷʭ ʩʣʫʞʠʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʢʦʡ 
ʬʘʫʥʳ (ʦʩʪʨʘʢʦʜʳ, Theodoxus pallasi, Hipanis, Didacna(?)), ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ 
ʚʝʨʦʷʪʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʧʘʨʘʮʠʠ. 

ʉʪʘʨʳʝ ʛʘʟʦʚʳʝ ʧʨʦʨʳʚʳ ʠʤʝʶʪ ʢʦʥʩʠʩʪʝʥʮʠʶ, ʘʥʘʣʦʛʠʯʥʫʶ ʚʤʝʱʘʶʱʠʤ 
ʦʩʘʜʢʘʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʝʢʫʱʠʤʠ ʠʥʪʝʨʚʘʣʘʤ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʤʦʱʥʦʩʪʴʶ ʜʦ 0,5 ʤ, 
ʥʘʨʫʰʝʥʠʷ ʠ ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʠʷ ʩʣʦʠʩʪʦʩʪʠ, ʩʙʣʠʞʝʥʥʳʤʠ ʩʝʢʫʱʠʤʠ ʧʣʦʩʢʦʩʪʷʤʠ 
ʩʦ ʩʤʝʱʝʥʠʷʤʠ ʚʜʦʣʴ ʥʠʭ, ʦʩʘʜʦʯʥʳʤʠ ʜʘʡʢʘʤʠ ʙʦʣʝʝ ʧʝʩʯʘʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ʅʝʨʝʜʢʦ ʚʜʦʣʴ ʩʝʢʫʱʠʭ ʧʣʦʩʢʦʩʪʝʡ ʠ ʚ ʮʝʤʝʥʪʝ ʙʨʝʢʯʠʡ ʨʘʟʚʠʪʘ ʠʤʧʨʝʛʥʘʮʠʷ 
ʜʠʩʫʣʴʬʠʜʦʚ ʠ (ʠʣʠ) ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʘʟʦʚʳʭ ʧʨʦʨʳʚʦʚ ʚ ʚʝʨʭʥʝʤ ʨʘʟʨʝʟʝ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 
ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʚʦʜʷʱʘʷ ʩʝʪʴ ʢʘʥʘʣʦʚ ʩ ʩʝʢʫʱʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʩʣʦʠʩʪʦʩʪʠ, 
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ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʨʷʟʝʚʳʭ ʙʨʝʢʯʠʡ, ʦʩʘʜʦʯʥʳʭ ʜʘʝʢ ʠ ʩʪʨʫʡʯʘʪʦʡ ʠʤʧʨʝʛʥʘʮʠʠ 
ʩʫʣʴʬʠʜʦʚ ʞʝʣʝʟʘ ʠʣʠ ʚʪʦʨʠʯʥʳʭ ʛʠʜʨʦʦʢʠʩʣʦʚ ʧʨʠ ʦʢʠʩʣʝʥʠʠ. ʇʦ ʜʣʠʥʝ ʢʝʨʥʘ 
ʠʥʪʝʨʚʘʣʳ ʛʘʟʦʚʳʭ ʧʨʦʨʳʚʦʚ ʚ ʩʫʤʤʝ ʟʘʥʠʤʘʶʪ 5-7 %, ʛʜʝ ʚʤʝʱʘʶʱʠʝ ʠʭ 
ʛʣʠʥʠʩʪʳʝ ʠʥʪʝʨʚʘʣʳ ʟʘʥʠʤʘʶʪ ʚ ʩʨʝʜʥʝʤ 50 % ʨʘʟʨʝʟʘ. 

ɺ ʰʣʠʬʘʭ ʠʥʪʝʨʚʘʣʳ ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʥʝʣʠʪʠʬʠʮʠʨʦʚʘʥʥʘʷ 
ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʘʷ ʙʨʝʢʯʠʷ ʬʣʶʠʜʥʦ-ʛʘʟʦʚʦʡ ʨʘʟʛʨʫʟʢʠ ʩ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤ 
ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʩʘʤʤʠʪʦʚʦʡ (ʧʝʩʦʢ, ʘʣʝʚʨʠʪ) ʠ ʧʝʣʠʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʊʝʢʩʪʫʨʘ 
ʤʠʢʨʦʢʦʤʢʦʚʘʪʘʷ, ʙʨʝʢʯʠʝʚʠʜʥʘʷ ʠ ʤʠʢʨʦʛʥʝʟʜʦʚʘʷ, ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʢʦʤʢʦʚ ï 
ʟʦʥʘʣʴʥʘʷ, ʫʯʘʩʪʢʘʤʠ ʤʠʢʨʦʩʝʧʪʘʨʠʝʚʘʷ. ʉʪʨʫʢʪʫʨʘ ʥʝʦʜʥʦʨʦʜʥʘʷ ï 
ʧʩʘʤʤʦʘʣʝʚʨʦʧʝʣʠʪʦʚʘʷ, ʧʩʘʤʤʠʪʦʚʘʷ, ʧʩʝʬʠʪʦʚʘʷ, ʜʝʪʨʠʪʦʚʘʷ. 

ʄʠʢʨʦʢʦʤʢʦʚʘʪʘʷ ʠ ʙʨʝʢʯʠʝʚʠʜʥʘʷ ʪʝʢʩʪʫʨʘ ʦʙʨʘʟʦʚʘʥʘ ʢʦʤʦʯʢʘʤʠ 
ʩʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʤʝʨʦʤ ʚ ʰʣʠʬʝ ʜʦ 2 ʤʤ, ʧʦʛʨʫʞʝʥʥʳʤʠ ʚ 
ʠʟʚʝʩʪʢʦʚʠʩʪʳʡ ʧʝʣʠʪʦʚʦʘʣʝʚʨʦ-ʧʝʩʯʘʥʳʡ ʤʘʪʨʠʢʩ ʩ ʨʘʢʦʚʠʥʥʳʤ ʜʝʪʨʠʪʦʤ. 
ɻʨʘʥʠʮʳ ʢʦʤʦʯʢʦʚ ʦʪ ʥʝʷʩʥʳʭ ʜʦ ʯʝʪʢʠʭ. ʂʦʤʦʯʢʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ 
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ ʦʢʨʫʞʝʥʳ ʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ 
ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʦʥʘʪʥʦ-ʘʣʝʚʨʦ-ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʨʠʢʩʘ. ʈʘʟʣʠʯʥʳʡ 
ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʢʦʤʢʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʝʣʠʪʦʚʦʡ ʠ 
ʘʣʝʚʨʠʪʦʚʦʡ ʬʨʘʢʮʠʠ ï ʦʪ ʘʣʝʚʨʦ-ʧʝʣʠʪʦʚʦʛʦ ʜʦ ʧʝʣʠʪʦʚʦ-ʘʣʝʚʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 
ʇʨʝʦʙʣʘʜʘʝʪ ʘʣʝʚʨʦʧʝʣʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ. 

ʏʘʩʪʴ ʢʦʤʢʦʚ ʦʙʣʘʜʘʝʪ ʟʦʥʘʣʴʥʦʡ ʪʝʢʩʪʫʨʦʡ, ʛʜʝ ʠʭ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 
ʦʙʦʛʘʱʝʥʘ ʞʝʣʝʟʠʩʪʳʤ ʢʘʨʙʦʥʘʪʦʤ ʠ ʟʘ ʩʯʝʪ ʵʪʦʛʦ ʧʠʛʤʝʥʪʠʨʦʚʘʥʘ ʛʠʜʨʦʦʢʠʩʣʘʤʠ 
ʞʝʣʝʟʘ. ʕʪʠ ʢʦʤʦʯʢʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠʤʝʶʪ ʩʝʧʪʘʨʠʝʚʦʝ ʩʪʨʦʝʥʠʝ ï ʨʘʟʙʠʪʳ 
ʩʝʪʢʦʡ ʠʟʚʠʣʠʩʪʳʭ ʪʨʝʱʠʥʦʢ ʫʩʳʭʘʥʠʷ ʪʦʣʱʠʥʦʡ ʜʦ 0,01 ʤʤ, ʚʳʧʦʣʥʝʥʥʳʭ 
ʤʠʢʨʦʟʝʨʥʠʩʪʳʤ ʢʘʨʙʦʥʘʪʦʤ. 

ɺʤʝʱʘʶʱʠʡ ʤʘʪʨʠʢʩ ʥʝʦʜʥʦʨʦʜʥʳʡ ï ʦʪ ʘʣʝʚʨʦ-ʧʝʣʠʪʦʚʦʛʦ ʜʦ ʧʝʩʯʘʥʦʛʦ. 
ʇʝʩʯʘʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʩʧʨʝʜʝʣʝʥ ʭʘʦʪʠʯʥʦ - ʚ ʚʠʜʝ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʟʝʨʝʥ, 
ʤʠʢʨʦʛʥʝʟʜʦʚʳʭ ʩʛʫʱʝʥʠʡ ʩ ʙʘʟʘʣʴʥʳʤ ʮʝʤʝʥʪʦʤ ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʠ 
çʨʫʙʘʰʢʠè ʚʦʢʨʫʛ ʢʦʤʦʯʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʣʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ɺ ʩʦʩʪʘʚʝ ʮʝʤʝʥʪʠʨʫʶʱʝʛʦ ʤʘʪʨʠʢʩʘ, ʨʝʞʝ ʛʣʠʥʠʩʪʳʭ ʢʦʤʦʯʢʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʜʝʪʨʠʪ ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ ʠ ʨʘʢʦʚʠʥʢʠ ʦʩʪʨʘʢʦʜ. ʄʝʣʢʠʝ ʦʙʣʦʤʢʠ ʨʘʢʦʚʠʥ, 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʪʨʘʢʦʜ, ʥʝʨʝʜʢʦ ʦʙʨʘʟʫʶʪ çʨʫʙʘʰʢʫè ʚʦʢʨʫʛ ʢʦʤʦʯʢʦʚ. 

ɺ ʩʦʩʪʘʚʝ ʙʨʝʢʯʠʠ ʦʪʤʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʦʙʣʦʤʢʠ ʨʘʟʤʝʨʦʤ ʜʦ 1 ʤʤ 
ʤʠʢʨʦʟʝʨʥʠʩʪʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʠʟʚʝʩʪʥʷʢʘ ʩ ʝʜʠʥʠʯʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʪʝʨʨʠʛʝʥʥʳʭ 
ʟʝʨʝʥ. 

ʀʩʧʦʣʴʟʦʚʘʥʳ ʤʘʪʝʨʠʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʥʪʨʘʢʪʦʚ 
42/01/60-9; 49/01/16-5. 
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ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
 

ɺ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʤʠʢʨʦʯʘʩʪʠʮʳ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʤʠʢʨʦʩʬʝʨʫʣʳ. ʀʟʫʯʝʥʠʝ ʠʭ ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʠʤ ʚʥʠʤʘʥʠʝʤ ʫ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 19 ʚʝʢʘ [3]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ 
ʤʠʢʨʦʯʘʩʪʠʮ ʤʦʞʝʪ ʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʦʮʝʩʩʘʭ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ɿʝʤʣʝ ʠ ʚ ʢʦʩʤʦʩʝ, ʘ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ, 
ʦʥʠ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʤʘʨʢʝʨʦʤ ʧʨʠ ʢʦʨʨʝʣʷʮʠʠ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʠ 
ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ [1]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦ ʥʘʭʦʜʢʘʤ 
ʤʘʛʥʠʪʥʳʭ ʤʠʢʨʦʩʬʝʨʫʣ ʧʣʘʩʪʦʚ ʛʠʧʩʘ ʂʘʤʩʢʦ-ʋʩʪʴʠʥʩʢʦʛʦ [2] ʠ ɹʘʡʤʘʪʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 15 ʢʤ), ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʧʝʨʤʩʢʠʤ 
(ʚʝʨʭʥʝʢʘʟʘʥʩʢʠʡ ʧʦʜʲʷʨʫʩ) ʵʚʘʧʦʨʠʪʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ɺʦʣʛʘ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ. ʆʪʤʝʪʠʤ, ʯʪʦ ɹʘʡʤʘʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 
ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʧʦ ʟʘʧʘʩʘʤ ʛʠʧʩʘ ʚ ʈʦʩʩʠʠ. ɺ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʭʦʜʠʣʦ 
ʦʙʥʘʨʫʞʝʥʠʝ ʤʠʢʨʦʩʬʝʨʫʣ ʚ ʵʚʘʧʦʨʠʪʘʭ, ʠʟʫʯʝʥʠʝ ʠʭ ʤʦʨʬʦʣʦʛʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 
ʩʦʩʪʘʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ, ʨʝʥʪʛʝʥʦʚʩʢʦʡ 
ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʳ 4 ʦʙʨʘʟʮʘ ʛʠʧʩʘ (ʨʠʩʫʥʦʢ) ɹʘʡʤʘʪʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ. ɺʩʝ ʦʙʨʘʟʮʳ 
ʧʦʜʚʝʨʛʣʠʩʴ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʣʷ 
ʦʙʥʘʨʫʞʝʥʠʷ ʨʝʥʪʛʝʥʦʧʣʦʪʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʳʯʥʦ 
ʞʝʣʝʟʦʦʢʩʠʜʥʳʤʠ ʤʠʢʨʦʯʘʩʪʠʮʘʤʠ. ɿʘʪʝʤ ʧʦʨʦʜʘ ʠʩʪʠʨʘʣʘʩʴ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʠ 
ʧʨʦʚʦʜʠʣʘʩʴ ʩʝʧʘʨʘʮʠʷ ʥʝʦʜʠʤʦʚʳʤ ʤʘʛʥʠʪʦʤ. ʀʟ ʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʦʪʙʠʨʘʣʠʩʴ 
ʤʠʢʨʦʩʬʝʨʫʣʳ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʤʠʢʨʦʩʢʦʧʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʂʌʋ 
(ʦʧʝʨʘʪʦʨʳ ɽ. ʆ. ʉʪʘʮʝʥʢʦ ʠ ɹ. ʄ. ɻʘʣʠʫʣʣʠʥ). ʈʘʥʝʝ ʚ ʛʠʧʩʝ ʥʠʞʥʝʛʦ ʧʣʘʩʪʘ 
ʂʘʤʩʢʦ-ʋʩʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [2] ʘʚʪʦʨʘʤʠ ʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʝ 
ʤʠʢʨʦʩʬʝʨʫʣʳ ʠʤʝʶʪ ʩʠʣʴʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʣʝʩʢ ʠ ʨʘʟʣʠʯʥʫʶ ʪʝʢʩʪʫʨʥʫʶ 
ʧʦʚʝʨʭʥʦʩʪʴ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʚʫʭ ʦʙʨʘʟʮʘʭ ʛʠʧʩʘ ʥʠʞʥʝʛʦ ʧʣʘʩʪʘ 
ɹʘʡʤʘʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʝʝ 20 ʤʠʢʨʦʩʬʝʨʫʣ ʜʠʘʤʝʪʨʦʤ 5-
50 ʤʢʤ (ʨʠʩʫʥʦʢ). ɺ ʦʙʨʘʟʮʘʭ ʚʝʨʭʥʝʛʦ ʧʣʘʩʪʘ ʦʙʥʘʨʫʞʝʥʦ ʚʩʝʛʦ 4 ʤʠʢʨʦʩʬʝʨʳ 
ʨʘʟʤʝʨʦʤ 5-10 ʤʢʤ. ɺʩʝ ʤʠʢʨʦʩʬʝʨʫʣʳ ʠʤʝʶʪ ʠʜʝʘʣʴʥʫʶ ʩʬʝʨʠʯʥʦʩʪʴ, 
ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʣʝʩʢ, ʜʝʥʜʨʠʪʦʚʠʜʥʫʶ ʠ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʍʠʤʠʯʝʩʢʠʡ 
ʩʦʩʪʘʚ ʤʠʢʨʦʩʬʝʨʫʣ ʧʨʝʜʩʪʘʚʣʝʥ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʤʠʢʨʦʩʬʝʨʫʣʘʭ 
ʦʙʥʘʨʫʞʝʥ ʥʠʢʝʣʴ. ʉ ʫʯʝʪʦʤ ʦʪʩʫʪʩʪʚʠʷ ʪʠʪʘʥʘ ʪʘʢʦʡ ʩʦʩʪʘʚ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ 
ʚʥʝʟʝʤʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʚʳʧʘʜʝʥʠʝ ʚ ʚʠʜʝ ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ ʚ ʧʦʟʜʥʝʢʘʟʘʥʩʢʦʝ 
ʚʨʝʤʷ. 

ʀʩʭʦʜʷ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ. 
1. ʄʠʢʨʦʩʬʝʨʫʣʳ ɹʘʡʤʘʪʩʢʦʛʦ ʠ ʂʘʤʩʢʦ-ʋʩʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. 
2. ʄʠʢʨʦʪʦʤʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʤʝʞʟʝʨʥʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʚʘʧʦʨʠʪʦʚ ʞʝʣʝʦʢʩʠʜʥʳʭ ʤʠʢʨʦʩʬʝʨʫʣ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ, ʯʪʦ 
ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʠʭ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

3. ʅʘʣʠʯʠʝ Ni ʠ ʦʪʩʫʪʩʪʚʠʝ Ti ʚ ʩʦʩʪʘʚʝ ʤʠʢʨʦʩʬʝʨʫʣ ɹʘʡʤʘʪʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʚʳʧʘʜʝʥʠʝ ʚ ʚʠʜʝ ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ. 



99 

4. ʅʘʭʦʜʢʠ ʤʠʢʨʦʩʬʝʨʫʣ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʨʢʠʨʫʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʧʨʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ 
ʢʦʨʨʝʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʳʚʘʶʪ ʢʦʩʤʠʯʝʩʢʠʝ ʠ ʟʝʤʥʳʝ ʩʦʙʳʪʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 
ʧʨʦʰʣʦʛʦ. 
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ʇɸʃɽʆɻɽʆɻʈɸʌʀʗ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ  
ɺ ʇʆɿɼʅɽʄɽʃʆɺʆɽ ɺʈɽʄʗ 

 
ʊ.ɺ. ɻʣʫʭʦʚ, ʉ.ɽ. ɸʛʘʣʘʢʦʚ, ɸ.ʀ. ʂʫʜʘʤʘʥʦʚ, ɺ.ɸ. ʄʘʨʠʥʦʚ 

 
ʆʆʆ çʊʶʤʝʥʩʢʠʡ ʥʝʬʪʷʥʦʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨè, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 

ʇʝʨʚʳʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ ʜʣʷ ʧʦʟʜʥʝʛʦ ʤʝʣʘ ɿʘʧʘʜʥʦʡ 
ʉʠʙʠʨʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʢʦʣʣʝʢʪʠʚʦʤ ɸʵʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʪʨʝʩʪʘ [3] ʠ ʧʨʝʜʩʪʘʚʣʷʣʠ 
ʧʝʨʚʳʡ ʦʧʳʪ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʦʩʘʜʢʦʚ. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʦʧʨʝʜʝʣʠʣʘ ʫʩʣʦʚʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʧʘʣʝʦʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥ. ɺ ʜʘʣʴʥʝʡʰʝʤ 
ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ ʫʪʦʯʥʷʣʠʩʴ ʩʦʪʨʫʜʥʠʢʘʤʠ ʨʷʜʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʦʨʛʘʥʠʟʘʮʠʡ ï ɿʘʧʉʠʙʅʀɻʅʀ, ʉʅʀʀɻɻʠʄʉ, ʀɻʠɻ ʉʆ ɸʅ, ɺʅʀʀʄʉ. ʈʝʟʫʣʴʪʘʪʳ 
ʦʙʦʙʱʝʥʠʷ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ ɸ.ʕ. ʂʦʥʪʦʨʦʚʠʯʘ ʩ 
ʩʦʘʚʪʦʨʘʤʠ [5]. ɺ 2005-2018 ʛʛ. ʧʦʷʚʠʣʩʷ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ 
(ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʧʦ ʟʘʢʨʳʪʳʤ ʪʝʨʨʠʪʦʨʠʷʤ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʉʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʠʩʴ ʚʟʛʣʷʜʳ ʥʘ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʩʚʠʪ, ʧʣʘʩʪʦʚ ʠ ʧʘʯʝʢ ʚʝʨʭʥʝʛʦ ʤʝʣʘ ɿʘʧʘʜʥʦʡ 
ʉʠʙʠʨʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʚʠʟʠʠ ʩʭʝʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ, 
ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʫʪʦʯʥʠʪʴ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʥʦʚʳʭ 
ʜʘʥʥʳʭ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ.ɽ. ɸʛʘʣʘʢʦʚʘ [1, 2]. 

ɺ ʪʫʨʦʥʩʢʦʝ ʚʨʝʤʷ ʤʦʨʝ ʟʘʥʠʤʘʣʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ɺ 
ʤʦʨʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʛʣʠʥʳ (ʊʶʤʝʥʩʢʦ-ʗʤʘʣʴʩʢʠʡ ʨʘʡʦʥ), ʚ ʢʨʘʝʚʳʭ 
ʯʘʩʪʷʭ ʙʘʩʩʝʡʥʘ, ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʙʨʝʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ï ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ 
ʘʣʝʚʨʠʪʳ. ʄʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʩʦʜʝʨʞʘʪ ʙʦʛʘʪʳʝ ʢʦʤʧʣʝʢʩʳ ʘʤʤʦʥʠʪʦʚ, 
ʙʝʣʝʤʥʠʪʦʚ, ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ ʠ ʬʦʨʘʤʠʥʠʬʝʨ. ʇʨʠʙʨʝʞʥʳʝ ʧʝʩʢʠ ʠ 
ʘʣʝʚʨʠʪʳ ʩ ʛʣʘʫʢʦʥʠʪʦʤ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʂʫʣʫʥʜʠʥʦ-ʏʫʣʳʤʩʢʦʤ ʨʘʡʦʥʝ ʠ ʉʝʚʝʨʥʦʤ 
ɿʘʫʨʘʣʴʝ. ʅʘʭʦʜʢʠ ʬʘʫʥʳ ʚ ʥʠʭ ʨʝʜʢʠ, ʵʪʦ ʨʘʢʦʚʠʥʳ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ ʜʚʫʩʪʚʦʨʦʢ 
ʠ ʦʩʪʨʘʢʦʜ. ʇʝʩʪʨʦʮʚʝʪʥʳʝ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʩ 
ʘʥʪʠʙʝʩʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʬʣʦʨʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʫʣʫʥʜʠʥʦ-
ʏʫʣʳʤʩʢʦʛʦ ʠ ʶʛʝ ʆʤʩʢʦ-ʊʘʟʦʚʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʚ ʉʨʝʜʥʝʤ ʠ ʖʞʥʦʤ ɿʘʫʨʘʣʴʝ. 
ʅʘʠʙʦʣʴʰʫʶ ʪʦʣʱʠʥʫ ʪʫʨʦʥ ʠʤʝʝʪ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ʯʘʩʪʷʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʥʘ ʶʛʝ 
ʆʤʩʢʦ-ʊʘʟʦʚʩʢʦʛʦ ʠ ʂʦʣʧʘʰʝʚʩʢʦʛʦ ʨʘʡʦʥʦʚ) (ʜʦ 230 ʤ). 

ɺ ʢʦʥʴʷʢʩʢʦʤ ʠ ʩʘʥʪʦʥʩʢʦʤ ʚʝʢʘʭ ʠʟʤʝʥʠʣʩʷ ʨʝʞʠʤ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʅʘ 
ʪʝʨʨʠʪʦʨʠʠ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʗʤʘʣʦ-ʊʶʤʝʥʩʢʠʡ, ʆʤʩʢʦ-ɻʳʜʘʥʩʢʠʡ, ʥʘʯʘʣʠ 
ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʨʝʤʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʙʝʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʤʘʢʨʦ- ʠ 
ʤʠʢʨʦʬʘʫʥʳ. ʅʘʭʦʜʢʠ ʩʪʝʥʦʛʘʣʠʥʥʦʡ ʬʘʫʥʳ (ʙʝʣʝʤʥʠʪʳ, ʘʤʤʦʥʠʪʳ, ʜʚʫʩʪʚʦʨʢʠ ʠ 
ʧʣʘʥʢʪʦʥʥʳʝ ʬʦʨʘʤʠʥʠʬʝʨʳ) ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʥʘ ʧʝʨʠʬʝʨʠʠ ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʛʦ 
ʙʘʩʩʝʡʥʘ, ʚʙʣʠʟʠ ʧʨʦʣʠʚʦʚ ʚ ʩʦʧʨʝʜʝʣʴʥʳʝ ʙʘʩʩʝʡʥʳ ï ʊʫʨʛʘʡʩʢʦʛʦ, ʇʨʠʫʨʘʣʴʩʢʦʛʦ, 
ʅʦʚʦʟʝʤʝʣʴʩʢʦʛʦ, ʍʘʪʘʥʛʩʢʦʛʦ [4]. ɺ ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʘʭ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ 
ʦʙʦʩʦʙʠʣʘʩʴ ʟʦʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʝʤʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ 
ʦʪʣʦʞʝʥʠʡ ʩ ʛʣʘʫʢʦʥʠʪʦʤ ʠ ʰʘʤʦʟʠʪ-ʛʠʜʨʦʛʝʪʠʪʦʚʳʤʠ ʦʦʣʠʪʘʤʠ (ʂʦʣʧʘʰʝʚʦ-
ɽʥʠʩʝʡʩʢʠʡ, ʯʘʩʪʠʯʥʦ ʇʷʩʠʥʩʢʠʡ ʠ ʂʫʣʫʥʜʠʥʦ-ʏʫʣʳʤʩʢʠʡ ʨʘʡʦʥʳ). ʆʙʣʘʩʪʴ 
ʥʝʤʦʨʩʢʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʩʦʢʨʘʪʠʣʘʩʴ. ʇʝʩʪʨʦʮʚʝʪʥʳʝ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʂʫʣʫʥʜʠʥʦ-ʏʫʣʳʤʩʢʦʛʦ 
ʨʘʡʦʥʘ, ʉʨʝʜʥʝʤ ɿʘʫʨʘʣʴʝ ʠ ʶʞʥʦʡ ʧʝʨʠʬʝʨʠʠ ʆʤʩʢʦ-ɻʳʜʘʥʩʢʦʛʦ ʨʘʡʦʥʘ. 
ʅʘʠʙʦʣʴʰʠʝ ʤʦʱʥʦʩʪʠ ʢʦʥʴʷʢ-ʩʘʥʪʦʥʩʢʦʛʦ ʷʨʫʩʦʚ  ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ, ʚ 
ʈʫʩʩʢʦ-ʈʝʯʝʥʩʢʦʤ ʨʘʡʦʥʝ (ʜʦ 200 ʤ). 

ɺ ʢʘʤʧʘʥʩʢʦʤ ʚʝʢʝ ʧʣʦʱʘʜʴ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʫʚʝʣʠʯʠʣʘʩʴ. ʇʨʦʜʦʣʞʘʣʦʩʴ 
ʥʘʢʦʧʣʝʥʠʝ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ (ʦʧʦʢ ʠ ʦʧʦʢʦʚʠʜʥʳʭ ʛʣʠʥ). ʅʘʭʦʜʢʠ ʩʪʝʥʦʛʘʣʠʥʥʳʭ 
ʦʨʛʘʥʠʟʤʦʚ (ʘʤʤʦʥʠʪʳ) ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʙʘʩʩʝʡʥʘ ʦʪʩʫʪʩʪʚʫʶʪ. ʀʟʚʝʩʪʥʳ 
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ʥʘʭʦʜʢʠ ʘʤʤʦʥʠʪʦʚ ʪʦʣʴʢʦ ʚʙʣʠʟʠ ʧʨʦʣʠʚʦʚ, ʩʦʝʜʠʥʷʚʰʠʭ ɿʘʧʘʜʥʦʩʠʙʠʨʩʢʦʝ ʤʦʨʝ ʩ 
ʩʦʧʨʝʜʝʣʴʥʳʤʠ ʙʘʩʩʝʡʥʘʤʠ. ʕʪʦ ʊʫʨʛʘʡʩʢʠʡ ʥʘ ʶʛʝ, ʇʨʠʫʨʘʣʴʩʢʠʡ ʥʘ ʟʘʧʘʜʝ, 
ʍʘʪʘʥʛʩʢʠʡ ʠ ʅʦʚʦʟʝʤʝʣʴʩʢʠʡ ʧʨʦʣʠʚʳ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ, ʄʘʨʠʠʥʩʢʠʡ ʥʘ ʶʛʦ-
ʚʦʩʪʦʢʝ. ʇʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ, ʚ ʢʦʪʦʨʳʭ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʙʦʛʘʪʳʝ 
ʞʝʣʝʟʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʦʨʦʜʳ, ʩʫʱʝʩʪʚʦʚʘʣʠ ʥʘ ʟʘʧʘʜʥʦʡ, ʶʞʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ 
ʧʝʨʠʬʝʨʠʠ ʙʘʩʩʝʡʥʘ. ʆʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ ʧʦʨʦʜʳ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ, 
ʙʦʛʘʪʦʡ ʬʣʦʨʦʡ (ʩʳʤʩʢʠʡ ʬʣʦʨʠʩʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ) ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʂʫʣʫʥʜʠʥʦ-ʏʫʣʳʤʩʢʦʛʦ ʨʘʡʦʥʘ ʠ ʩʘʤʦʤ ʶʛʝ ʆʤʩʢʦ-ɻʳʜʘʥʩʢʦʛʦ ʨʘʡʦʥʘ. ɼʝʬʠʮʠʪ 
ʧʦʩʪʫʧʣʝʥʠʷ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʦʧʨʝʜʝʣʠʣ ʢʨʘʡʥʝ 
ʥʠʟʢʠʝ ʪʝʤʧʳ (2-4 ʤ/ʤʣʥ. ʣʝʪ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ) ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ [1]. 
ʅʘʠʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ ʢʘʤʧʘʥʩʢʠʡ ʷʨʫʩ, ʘʥʘʣʦʛʠʯʥʦ ʢʦʥʴʷʢʩʢʦʤʫ ʠ ʩʘʥʪʦʥʩʢʦʤʫ, 
ʠʤʝʝʪ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ï ʚ ɻʳʜʘʥʩʢʦʤ ʠ ʈʫʩʩʢʦʨʝʯʝʥʩʢʦʤ ʨʘʡʦʥʘʭ (ʜʦ 210 ʤ). 

ɺ ʤʘʘʩʪʨʠʭʪʩʢʦʤ ʚʝʢʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʫʥʠʢʘʣʴʥʳʝ ʜʣʷ ʤʝʣʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 
ʢʘʨʙʦʥʘʪʥʳʝ ʦʩʘʜʢʠ ï ʤʝʨʛʝʣʠ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʛʣʠʥʳ. ʇʣʦʱʘʜʴ ʤʦʨʷ ʙʳʣʘ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʟʘ ʚʩʝ ʤʝʣʦʚʦʝ ʚʨʝʤʷ. ɹʘʩʩʝʡʥ ʥʘʩʝʣʷʣʠ ʙʦʛʘʪʳʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 
ʙʠʦʮʝʥʦʟʳ ʬʘʫʥʳ, ʦʙʠʪʘʚʰʝʡ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʩʪʘʙʠʣʴʥʦʡ ʤʦʨʩʢʦʡ ʩʦʣʝʥʦʩʪʠ 
(ʘʤʤʦʥʠʪʳ, ʙʝʣʝʤʥʠʪʳ, ʜʚʫʩʪʚʦʨʯʘʪʳʝ ʤʦʣʣʶʩʢʠ). ɿʦʥʘ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʡ 
ʩʝʜʠʤʝʥʪʘʮʠʠ ʟʘʥʠʤʘʣʘ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 
ʂʦʣʧʘʰʝʚʦ-ɽʥʠʩʝʡʩʢʦʤ ʨʘʡʦʥʝ ʠ ʶʞʥʫʶ ʧʝʨʠʬʝʨʠʶ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ɺ ʥʝʡ 
ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʘʣʝʚʨʠʪʳ, ʧʝʩʢʠ ʠ ʧʝʩʯʘʥʠʢʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʞʝʣʝʟʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 
ʠ ʙʦʢʩʠʪʦʚ. ʅʝʤʦʨʩʢʠʝ (ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ) ʦʪʣʦʞʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʶʛʦ-
ʚʦʩʪʦʢʝ (ʂʫʣʫʥʜʠʥʦ-ʏʫʣʳʤʩʢʠʡ ʨʘʡʦʥ) ʠ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ (ʇʷʩʠʥʩʢʠʡ ʨʘʡʦʥ). 
ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʦʣʱʠʥʳ ʤʘʘʩʪʨʠʭʪʘ, ʢʘʢ ʠ ʢʘʤʧʘʥʘ, ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ 
ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʜʦ 280 ʤ). 
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ʇɸʃɽʆʆɹʉʊɸʅʆɺʂʀ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ʉɽɼʀʄɽʅʊʆɻɽʅɽɿɸ  
ɺ ʇʈʀʃɽɼʅʀʂʆɺʓʍ ʆɿɪʈɸʍ ɻʆʈʅʆɻʆ ɸʃʊɸʗ ɺ ʇʃɽʁʉʊʆʎɽʅɽ 

 
ʅ.ʀ. ɻʣʫʰʘʥʢʦʚʘ 

 
ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʊʠʧʠʯʥʳʤ ʵʣʝʤʝʥʪʦʤ ʣʘʥʜʰʘʬʪʦʚ ʦʙʣʘʩʪʝʡ ʛʦʨʥʳʭ ʦʣʝʜʝʥʝʥʠʡ ʷʚʣʷʶʪʩʷ 
ʧʨʠʣʝʜʥʠʢʦʚʳʝ ʦʟʝʨʘ, ʤʘʩʩʦʚʦʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 
ʵʧʦʭ ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʥʠʢʦʚʳʭ ʧʦʢʨʦʚʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʦʙʩʪʚʝʥʥʦ ʣʝʜʥʠʢʦʚʳʭ 
ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʦʩʘʜʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʦʥʢʠʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ 
ʩʦʩʪʘʚʦʤ, ʭʦʨʦʰʝʡ ʩʦʨʪʠʨʦʚʘʥʥʦʩʪʴʶ, ʩʣʦʠʩʪʦʩʪʴʶ, ʯʘʩʪʦ ʣʝʥʪʦʯʥʦʛʦ ʪʠʧʘ, 
ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʦʙʲʝʢʪ, ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʜʣʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 
ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʃʝʥʪʦʯʥʳʤ ʛʣʠʥʘʤ ʤʘʪʝʨʠʢʦʚʦʛʦ ʦʣʝʜʝʥʝʥʠʷ 
ʌʝʥʥʦʩʢʘʥʜʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʈʦʩʩʠʠ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʪʘʚʰʠʝ ʢʣʘʩʩʠʯʝʩʢʠʤʠ (ʂ.ʂ. ʄʘʨʢʦʚ, ɽ.ɺ. ʈʫʭʠʥ, ɸ.ɺ. 
ʈʘʫʢʘʩ, ʀ.ʀ. ʂʨʘʩʥʦʚ, ɼ.ɼ. ʂʚʘʩʦʚ ʠ ʜʨ.).  

ʆʙʲʝʢʪʦʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʠ ʦʟʸʨʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ 
ɻʦʨʥʦʛʦ ɸʣʪʘʷ, ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʫʯʘʩʪʢʘʭ ʜʨʝʚʥʠʭ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 
ʣʝʜʥʠʢʦʚ, ʦʙʳʯʥʦ ʚ ʧʦʥʠʞʝʥʠʷʭ ʤʦʨʝʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʣʠʙʦ ʧʝʨʝʜ ʛʨʷʜʘʤʠ 
ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ. ɺ ʧʨʝʜʝʣʘʭ ʚʳʩʦʢʦʛʦʨʥʦʡ ʏʫʡʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʥʘ ʟʘʧʘʜʥʦʡ ʝʸ 
ʧʝʨʠʬʝʨʠʠ, ʚ ʜʦʣʠʥʝ ʨ. ʏʘʛʘʥ-ʋʟʫʥ, ʙʝʨʫʱʝʡ ʥʘʯʘʣʦ ʫ ʧʦʜʥʦʞʴʷ ʉʦʬʠʡʩʢʦʛʦ 
ʣʝʜʥʠʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʛʝʥʝʨʘʮʠʠ ʦʟʸʨʥʳʭ ʦʪʣʦʞʝʥʠʡ. 
ʅʝʧʨʝʨʳʚʥʳʡ ʨʘʟʨʝʟ ʣʝʜʥʠʢʦʚʳʭ ʠ ʜʦʣʝʜʥʠʢʦʚʳʭ ʦʩʘʜʢʦʚ, ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ 
ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 215 ʤ, ʚʩʢʨʳʚʘʝʪʩʷ ʧʦ ʣʝʚʦʤʫ ʙʦʨʪʫ ʜʦʣʠʥʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5 
ʢʤ ʚʚʝʨʭ ʦʪ ʫʩʪʴʷ ʏʘʛʘʥʘ. 

ʃʠʥʟʘ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʦʩʘʜʢʦʚ, ʧʝʨʝʢʨʳʪʳʭ ʠ ʧʦʜʩʪʠʣʘʝʤʳʭ ʤʦʨʝʥʦʡ, 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʘʣʝʚʨʠʪʘ, ʛʣʠʥʳ ʠ ʧʝʩʢʘ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ, 
ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʳʭ, ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ~ 45 ʤ. ʃʠʪʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 
ʣʝʥʪʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʛʦʜʦʚʳʝ ʣʝʥʪʳ ʩʦʩʪʦʷʪ ʠʭ ʜʚʫʭ, ʪʨʝʭ ʠ ʯʝʪʳʨʝʭ 
ʩʣʦʡʢʦʚ. ɼʚʫʯʣʝʥʥʳʝ ʣʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥʳ 
ʤʦʱʥʦʩʪʴʶ 1-2 ʩʤ, ʚʳʰʝ ï ʘʣʝʚʨʠʪʘ ʤʦʱʥʦʩʪʴʶ 25-26 ʩʤ. ʆʥʠ ʥʘʠʙʦʣʝʝ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʨʘʟʨʝʟʫ. ʊʨʝʭʯʣʝʥʥʳʝ 
ʠ ʯʝʪʳʨʝʭʯʣʝʥʥʳʝ ʣʝʥʪʳ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ɼʣʷ ʠʭ ʩʪʨʦʝʥʠʷ 
ʭʘʨʘʢʪʝʨʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʣʝʥʪ, ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘʷ 30-35 ʩʤ, ʠ 
ʧʨʠʩʫʪʩʪʚʠʝ, ʧʦʤʠʤʦ ʛʣʠʥ ʠ ʘʣʝʚʨʠʪʦʚ, ʩʣʦʡʢʦʚ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʛʦ ʠ 
ʘʣʝʚʨʠʪʦʛʣʠʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ, ʦʪʨʘʞʘʶʱʠʭ ʭʘʨʘʢʪʝʨ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʝʨʝʭʦʜʥʳʭ 
ʩʝʟʦʥʦʚ ʛʦʜʘ. ɺʩʝʛʦ ʥʘ 22-ʤʝʪʨʦʚʫʶ ʠʩʩʣʝʜʦʚʘʥʥʫʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʦʟʝʨʥʦ-
ʣʝʜʥʠʢʦʚʳʭ ʦʩʘʜʢʦʚ ʧʨʠʭʦʜʠʪʩʷ 72 ʛʦʜʦʚʳʝ ʣʝʥʪʳ. 

ʀʟʫʯʝʥʠʝ ʣʝʥʪʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʰʣʠʬʘʭ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʧʦʢʘʟʘʣʦ, ʯʪʦ 
ʘʣʝʚʨʠʪʦʚʳʝ ʩʣʦʡʢʠ ʩʦʩʪʦʷʪ ʠʟ ʟʝʨʝʥ ʢʚʘʨʮʘ (80-90%), ʩʣʶʜʠʩʪʳʭ (7-15%) ʠ ʨʫʜʥʳʭ 
ʤʠʥʝʨʘʣʦʚ (3-5%) ʩ ʨʝʜʢʠʤʠ ʟʝʨʥʘʤʠ ʧʣʘʛʠʦʢʣʘʟʦʚ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ. ʉʨʝʜʠ 
ʘʣʝʚʨʠʪʦʚʳʭ ʩʣʦʡʢʦʚ ʚʳʜʝʣʷʶʪʩʷ ʦʩʘʜʢʠ ʩ ʘʣʝʚʨʠʪʦʚʦʡ ʠ ʘʣʝʚʨʠʪʦ-ʧʝʣʠʪʦʚʦʡ 
ʩʪʨʫʢʪʫʨʦʡ. ɼʣʷ ʘʣʝʚʨʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʥʘ ʭʦʨʦʰʘʷ ʩʦʨʪʠʨʦʚʢʘ ʧʦ 
ʨʘʟʤʝʨʥʦʩʪʠ. ʆʪʣʦʞʝʥʠʷ ʩ ʘʣʝʚʨʠʪʦʚʦ-ʧʝʣʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʳʯʥʦ ʠʤʝʶʪ 
ʣʝʥʪʦʯʥʫʶ ʪʝʢʩʪʫʨʫ ʩ ʷʩʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʤʠʢʨʦʩʣʦʠʩʪʦʩʪʴʶ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 
ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʯʘʩʪʠʮ ʧʝʣʠʪʦʚʦʡ ʠ ʘʣʝʚʨʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ɼʝʪʘʣʴʥʳʡ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ ʘʥʘʣʠʟ ʣʝʥʪʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ʏʘʛʘʥ 
ʧʦʢʘʟʘʣ ʙʣʠʟʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʳʣʴʮʳ ʜʨʝʚʝʩʥʳʭ ʠ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ. ʉʦʩʪʘʚ 
ʧʳʣʴʮʳ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʥʝʦʜʠʥʘʢʦʚ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʪʤʝʯʝʥʦ 
ʙʦʣʴʰʝʝ ʨʘʟʥʦʦʙʨʘʟʠʝ: ʟʜʝʩʴ ʥʘʨʷʜʫ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʳʣʴʮʳ ʢʝʜʨʘ 
(ʦʪ 25 ʜʦ 70 %) ʚʩʪʨʝʯʘʝʪʩʷ ʪʘʢʞʝ ʧʳʣʴʮʘ ʩʦʩʥʳ (ʜʦ 50 %), ʜʨʝʚʦʚʠʜʥʦʡ ʠ 
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ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʙʝʨʝʟʳ (ʜʦ 40 %), ʝʣʠ (ʜʦ 6 %), ʣʠʩʪʚʝʥʥʠʮʳ (ʜʦ 4 %). ɼʣʷ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʴʰʝʝ ʦʜʥʦʦʙʨʘʟʠʝ ʩʦʩʪʘʚʘ ʜʨʝʚʝʩʥʦʡ ʧʳʣʴʮʳ, 
ʘʙʩʦʣʶʪʥʦʝ ʛʦʩʧʦʜʩʪʚʦ ʧʳʣʴʮʳ ʢʝʜʨʘ ʩ ʧʨʠʤʝʩʴʶ ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʙʝʨʝʟʢʠ. ʉʨʝʜʠ 
ʧʳʣʴʮʳ ʪʨʘʚʷʥʠʩʪʳʭ ʨʘʩʪʝʥʠʡ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ ʧʦʣʳʥʝʡ ʠ ʤʘʨʝʚʳʭ. 
ɺʩʪʨʝʯʘʝʪʩʷ ʪʘʢʞʝ ʧʳʣʴʮʘ ʟʣʘʢʦʚ ʠ ʨʘʟʥʦʪʨʘʚʴʷ. ʇʨʠʚʝʜʝʥʥʳʝ ʧʘʣʠʥʦʣʦʛʠʯʝʩʢʠʝ 
ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʟʥʦʦʙʨʘʟʠʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 
ʦʢʨʫʞʘʶʱʠʭ ʧʨʠʣʝʜʥʠʢʦʚʦʝ ʦʟʝʨʦ ʪʝʨʨʠʪʦʨʠʷʭ. ʏʫʡʩʢʘʷ ʢʦʪʣʦʚʠʥʘ ʧʦʢʨʳʚʘʣʘʩʴ 
ʩʪʝʧʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʢʩʝʨʦʬʠʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩ ʫʯʘʩʪʠʝʤ ʪʫʥʜʨʦʚʳʭ 
ʵʣʝʤʝʥʪʦʚ. ʆʢʨʫʞʘʶʱʠʝ ʢʦʪʣʦʚʠʥʫ ʛʦʨʥʳʝ ʭʨʝʙʪʳ, ʩʚʦʙʦʜʥʳʝ ʦʪ ʣʝʜʥʠʢʦʚ, ʙʳʣʠ 
ʟʘʥʷʪʳ ʨʘʟʨʝʞʝʥʥʳʤʠ ʣʝʩʘʤʠ ʠʟ ʩʠʙʠʨʩʢʦʛʦ ʢʝʜʨʘ, ʣʠʩʪʚʝʥʥʠʮʳ, ʜʨʝʚʦʚʠʜʥʦʡ ʠ 
ʢʫʩʪʘʨʥʠʢʦʚʦʡ ʙʝʨʝʟʳ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ, ʚʦʟʤʦʞʥʦ, ʚʩʪʨʝʯʘʣʠʩʴ ʩʦʩʥʘ ʠ ʝʣʴ. ɺʦ 
ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ ʥʘʢʦʧʣʝʥʠʷ ʦʟʝʨʥʳʭ ʦʩʘʜʢʦʚ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʠ ʢʣʠʤʘʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚʳʧʘʜʝʥʠʝ ʠʟ ʨʘʩʪʠʪʝʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ 
ʥʝʢʦʪʦʨʳʭ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ. ʅʘ ʩʢʣʦʥʘʭ ʛʦʨ ʧʨʦʠʟʨʘʩʪʘʣʠ ʨʘʟʨʝʞʝʥʥʳʝ ʢʝʜʨʦʚʳʝ ʠ 
ʣʠʩʪʚʝʥʥʠʯʥʳʝ ʣʝʩʘ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʳʣʠ ʟʘʥʷʪʳ ʢʫʩʪʘʨʥʠʢʦʚʦʡ 
ʙʝʨʝʟʦʡ. ɹʳʪʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʦʙʝʟʣʝʩʠʚʘʥʠʠ ʧʝʨʠʛʣʷʮʠʘʣʴʥʦʡ ʟʦʥʳ ʚʦ 
ʚʨʝʤʷ ʤʘʪʝʨʠʢʦʚʳʭ ʦʣʝʜʝʥʝʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʨʘʚʥʠʥʥʳʭ 
ʪʝʨʨʠʪʦʨʠʡ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʧʨʠʝʤʣʝʤʦ ʢ ʫʩʣʦʚʠʷʤ ʛʦʨʥʦʛʦ ʨʝʣʴʝʬʘ. ʊʘʢ, ʢʝʜʨ 
ʩʠʙʠʨʩʢʠʡ ʚ ʧʨʝʜʝʣʘʭ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʥʝ ʚʳʜʝʨʞʠʚʘʣ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʣʝʜʥʠʢʦʚʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʚ ʛʦʨʘʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ɸʣʪʘʷ, ʚ 
ʤʝʩʪʘʭ, ʥʝ ʧʦʢʨʳʪʳʭ ʣʝʜʥʠʢʦʤ, ʧʝʨʝʞʠʚʘʣ ʥʝʢʦʪʦʨʳʝ ʣʝʜʥʠʢʦʚʳʝ ʵʧʦʭʠ. ʀ ʚ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʝʜʨ ʩʦʩʪʘʚʣʷʝʪ ʚʝʨʭʥʶʶ ʛʨʘʥʠʮʫ ʣʝʩʘ ʚ ʛʦʨʘʭ, ʧʦʜʭʦʜʷ ʠʥʦʛʜʘ ʢ 
ʩʦʚʨʝʤʝʥʥʳʤ ʣʝʜʥʠʢʘʤ ɸʣʪʘʷ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ ʦ ʩʦʭʨʘʥʥʦʩʪʠ ʥʝʢʦʪʦʨʳʭ 
ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʚ ʛʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʩʨʝʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 
ʤʘʪʝʨʠʘʣʘʤʠ ɸ.ɺ. ʂʫʤʠʥʦʚʦʡ. 

ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ 
ʦʪʣʦʞʝʥʠʡ ʧʨʠʣʝʜʥʠʢʦʚʳʭ ʚʦʜʦʝʤʦʚ ɻʦʨʥʦʛʦ ɸʣʪʘʷ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʨʷʜ 
ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʯʝʨʪ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʢʘʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 
ʘʢʪʠʚʥʦʩʪʴʶ, ʪʝʨʤʠʯʝʩʢʠʤʠ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ, ʪʘʢ ʠ 
ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʘʣʝʦʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʧʨʠʨʦʜʥʳʭ ʦʙʩʪʘʥʦʚʦʢ. 
ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʠʝ 
ʪʘʢʦʚʳʝ ʚ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʘʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ, ʩʦʩʪʘʚʣʷʣʠ ʦʜʥʫ ʠʟ 
ʭʘʨʘʢʪʝʨʥʝʡʰʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʠʣʝʜʥʠʢʦʚʳʭ ʚʦʜʦʝʤʦʚ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ 
ʧʝʨʠʦʜʳ ʜʝʛʨʘʜʘʮʠʠ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʣʝʜʥʠʢʦʚʳʭ ʧʦʢʨʦʚʦʚ. 

ʄʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʠʣʝʜʥʠʢʦʚʦʝ ʦʟʝʨʦ ʩʫʱʝʩʪʚʦʚʘʣʦ ʚ ʥʝʙʦʣʴʰʦʤ, 
ʥʦ ʢʦʥʪʨʘʩʪʥʦʤ (ʛʣʫʙʠʥʘ ~ 40 ʤ) ʧʦʥʠʞʝʥʠʠ ʤʦʨʝʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ 
ʧʨʠ ʦʜʥʦʡ ʠʟ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. 
ʆʪʩʫʪʩʪʚʠʝ ʟʘʤʝʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʨʝʜʠ ʣʝʥʪʦʯʥʳʭ 
ʦʩʘʜʢʦʚ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʷʭ ʦʟʝʨʘ, ʚʦʟʤʦʞʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ 
ʩʠʩʪʝʤʳ ʦʪʩʪʦʡʥʳʭ ʚʦʜʦʸʤʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʣʝʜʥʠʢʦʤ, ʚ ʢʦʪʦʨʦʤ 
ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʝʝ ʛʨʫʙʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʩʪʫʧʣʝʥʠʝ ʛʨʫʙʦʛʦ ʧʝʩʯʘʥʦ-
ʚʘʣʫʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʦʟʝʨʦ ʙʳʣʦ ʨʝʜʢʠʤ, ʵʧʠʟʦʜʠʯʝʩʢʠʤ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚ ʚʠʜʝ 
ʧʨʦʨʳʚʘ ʩʪʨʫʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʣʝʜʥʠʢʦʚʳʭ ʚʦʜ. 



104 

ʃʀʊʆʃʆɻʆ-ɻɽʆʍʀʄʀʏɽʉʂɸʗ ʉʇɽʎʀʌʀʂɸ ʀ ʆʉʆɹɽʅʅʆʉʊʀ 
ʂʈɽʄʅɽʅɸʂʆʇʃɽʅʀʗ ɸɹɸɿʀʅʉʂʆʁ ʉɺʀʊʓ (ʈɸɿʈɽɿ ʈ. ʍɽʋ) 

 
ʆ.ɺ. ɻʦʣʦʚʘʥʦʚʘ 

 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɸʙʘʟʠʥʩʢʘʷ ʩʚʠʪʘ ʥʠʞʥʝʛʦ ʵʦʮʝʥʘ ʎʝʥʪʨʘʣʴʥʦʛʦ ʇʨʝʜʢʘʚʢʘʟʴʷ, ʚʳʜʝʣʷʝʪʩʷ 
ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʦʙʦʛʘʱʝʥʥʦʩʪʴʶ ʢʨʝʤʥʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ. ʆʥʘ 
ʟʘʣʝʛʘʝʪ ʤʝʞʜʫ ʦʪʣʦʞʝʥʠʷʤʠ ʥʘʣʴʯʠʢʩʢʦʡ ʠ ʯʝʨʢʝʩʩʢʦʡ ʩʚʠʪ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 
ʥʘʣʴʯʠʢʩʢʦʡ ʩʚʠʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʘʧʨʦʧʝʣʠʪʦʚʳʡ ʛʦʨʠʟʦʥʪ (ʉɻ) ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 
ʠʟʦʪʦʧʥʳʤ ʵʢʩʢʫʨʩʦʤ (ʠ ŭ18ʆ, ʠ ŭ13ʉ), ʩʬʦʨʤʠʨʦʚʘʚʰʠʡʩʷ ʚ ʭʦʜʝ ʛʣʦʙʘʣʴʥʦʛʦ 
ʙʠʦʩʬʝʨʥʦʛʦ ʩʦʙʳʪʠʷ ʈɽʊʄ (ʇʘʣʝʦʮʝʥ-ʕʦʮʝʥ ʊʝʨʤʘʣʴʥʳʡ ʄʘʢʩʠʤʫʤ) [1]. 

ɺ ʠʟʫʯʘʝʤʦʤ ʨʘʟʨʝʟʝ ʨ. ʍʝʫ (ʦʧʨʦʙʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʖ.ʆ. ɻʘʚʨʠʣʦʚʳʤ ʠ 
ɽ.ɸ. ʑʝʨʙʠʥʠʥʦʡ) ʘʙʘʟʠʥʩʢʘʷ ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʘʩʪʘʤʠ ʧʝʨʝʩʣʘʠʚʘʶʱʠʭʩʷ 
ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ ʢʨʝʤʥʠʩʪʳʭ ʛʣʠʥ: ʙʦʣʝʝ ʠ ʤʝʥʝʝ ʢʨʝʧʢʠʭ, ʤʘʩʩʠʚʥʳʭ ʠ 
ʨʘʩʧʘʜʘʶʱʠʭʩʷ ʧʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ ʚʧʣʦʪʴ ʜʦ ʪʦʥʢʦʧʣʘʩʪʠʥʯʘʪʳʭ ʬʨʘʛʤʝʥʪʦʚ. 
ʄʦʱʥʦʩʪʴ ʧʨʦʩʣʦʝʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 0,05 - 0,1ʤ ʜʦ 0,2 - 0,5ʤ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ - ʦʢʦʣʦ 
20ʤ. ɼʣʷ ʧʣʘʩʪʦʚ ʠ ʩʚʠʪʳ, ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʦ ʣʠʥʟʦʚʠʜʥʦ-ʧʣʘʩʪʦʚʦʝ ʟʘʣʝʛʘʥʠʝ ð 
ʧʨʠʟʥʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʣʢʦʚʦʜʥʳʭ ʰʝʣʴʬʦʚʳʭ ʪʦʣʱ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʟʨʘʯʥʳʭ ʰʣʠʬʦʚ, ʧʦʨʦʜʘ ʧʝʣʠʪʦʚʘʷ, 
ʩʦʩʪʘʚʣʝʥʥʘʷ ʚʦʣʦʢʥʠʩʪʳʤʠ ʠ ʯʝʰʫʡʯʘʪʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ 10-30% 
ʤʠʢʨʦʛʨʘʥʦʙʣʘʩʪʦʚʦʛʦ ʭʘʣʮʝʜʦʥʘ, ʫʤʝʨʝʥʥʦ ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʘʷ, ʯʘʩʪʠʯʥʦ 
ʩʦʭʨʘʥʷʶʱʘʷ ʪʦʥʢʫʶ ʩʣʦʠʩʪʦʩʪʴ (ʟʘ ʩʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʫʣʴʩʠʨʫʶʱʝʛʦ 
ʥʘʩʣʦʝʥʠʷ), ʩʦʜʝʨʞʘʱʘʷ ʦʪ 5-7% ʜʦ 10-15% ʨʘʜʠʦʣʷʨʠʡ, ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʜʨʫʛʠʭ, 
ʮʝʣʳʭ ʨʘʢʦʚʠʥʦʢ ʠ ʙʠʦʢʣʘʩʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʦʧʘʣʦʤ, ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 
(ʪʦʥʢʦʚʦʣʦʢʥʠʪʩʦʛʦ ʧʦʛʘʩʘʥʠʷ) ʭʘʣʮʝʜʦʥʦʤ ʠ ʛʣʦʙʫʣʷʨʥʳʤ ʧʠʨʠʪʦʤ, ʠʤʝʶʱʘʷ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʘʣʝʚʨʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʪʦʥʢʠʡ 
ʟʦʦ- ʠ ʬʠʪʦʜʝʪʨʠʪ, ʛʣʘʫʢʦʥʠʪ, ʭʣʦʨʠʪ (ʚʩʝ ð ʧʦ 1-2%). 

ɼʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (D8 Advance ñBrukerò, ʣʘʙʦʨʘʪʦʨʠʷ 
ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ, ɻʀʅ ʈɸʅ) 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʠʥʠʩʪʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʜʩʪʘʚʣʝʥʦ, ʩʤʝʰʘʥʦʩʣʦʡʥʳʤ ʠʣʣʠʪ-
ʩʤʝʢʪʠʪʦʤ, ʘ ʪʘʢʞʝ ʭʣʦʨʠʪʦʤ. ʇʦʨʦʜʘ ʩʦʜʝʨʞʠʪ ʢʚʘʨʮ, ʦʧʘʣ-ʢʨʠʩʪʦʙʘʣʠʪ (ʦʧʘʣ-ʉʊ), 
ʮʝʦʣʠʪ (ʛʨʫʧʧʳ ʢʣʠʥʦʧʪʠʣʦʣʠʪ-ʛʝʡʣʘʥʜʠʪ), ʢʘʣʴʮʠʪ.  

ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ ʩ ʤʠʢʨʦʟʦʥʜʦʤ) ʧʦʢʘʟʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʨʦʜʝ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʩʤʝʢʪʠʪʘ (ʯʝʰʫʡʢʠ ʠ ʩʬʝʨʠʯʝʩʢʠʝ ʘʛʨʝʛʘʪʳ), 
ʮʝʦʣʠʪʘ (ʭʦʨʦʰʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʣʠʥʦʧʪʠʣʦʣʠʪʘ ʠ ʛʝʡʣʘʥʜʠʪʘ), 
ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʧʣʝʥʦʢ ʠ ʤʠʢʨʦʩʬʝʨʫʣ ʉ-Si-ʉʘ ʩʦʩʪʘʚʘ. ʂʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʯʘʩʪʠʯʥʦ ʬʦʩʬʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʳʙʥʳʝ ʢʦʩʪʠ, ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʢʦʢʢʦʣʠʪʳ ʠ ʦʩʪʘʪʢʠ ʩʪʝʥʦʢ ʨʘʢʦʚʠʥ ʤʠʢʨʦʙʠʦʥʪʦʚ. 

ʄʝʪʦʜʦʤ ʈʝʥʪʛʝʥ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ  (S4 Pioner, ʣʘʙʦʨʘʪʦʨʠʷ 
ʭʠʤʠʢʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ɻʀʅ ʈɸʅ) ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 
ʩʦʦʪʥʦʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʨʦʜʳ SiO2 ï 60-75%, Al2O3 ï 10-15%. CaCO3 

2-5%. ɿʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ V, ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ S ʠ ʧʦʥʠʞʝʥʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ Mn, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʥʝʢʦʪʦʨʦʤ ʦʙʝʜʥʝʥʠʠ ʙʘʩʩʝʡʥʘ 
ʩʝʜʠʤʝʥʪʘʮʠʠ ʢʠʩʣʦʨʦʜʦʤ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʮʝʦʣʠʪʦʚ ʛʨʫʧʧʳ ʢʣʠʥʦʧʪʠʣʦʣʠʪ-ʛʝʡʣʘʥʜʠʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 
ʧʦʢʘʟʘʪʝʣʴ ʥʦʨʤʘʣʴʥʦ-ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʨʅ ʩʨʝʜʳ ʜʠʘʛʝʥʝʟʘ. ʂʠʩʣʘʷ ʩʨʝʜʘ, 
ʩʦʧʨʦʚʦʞʜʘʶʱʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʠʥʪʝʨʚʘʣ ʈɽʊʄ), ʜʣʷ 
ʵʪʦʛʦ ʥʝ ʙʣʘʛʦʧʨʠʷʪʥʘ. ʆʜʥʘʢʦ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʜʠʦʣʷʨʠʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤ ʠʟ 
ʠʩʪʦʯʥʠʢʦʤ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ, ʥʝ ʨʘʩʪʚʦʨʠʣʠʩʴ ʝʱʝ ʚ ʚʦʜʥʦʡ ʪʦʣʱʝ, 
ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʠʭ ʧʨʝʙʳʚʘʥʠʝ ʚ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʝ 



105 

ʤʦʨʩʢʦʡ ʚʦʜʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʝʱʝ ʦʜʥʠʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 
ʛʣʫʙʠʥʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʉ ʠ ʆ (ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨ Delta V Advantage ʩ 
Gas-Bench (Thermoelectron), ʣʘʙʦʨʘʪʦʨʠʷ ʛʝʦʭʠʤʠʠ ʠʟʦʪʦʧʦʚ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ɻʀʅ 
ʈɸʅ) ʧʦʢʘʟʘʣʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ (-4,5ï-5,5 PDB) ʘʙʘʟʠʥʩʢʦʡ ʩʚʠʪʳ, 
ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ PETM, ʯʪʦ ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʦʯʝʥʴ ʪʝʧʣʦʛʦ ʢʣʠʤʘʪʘ. 
ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʷ ŭ13ʉ ï ʬʦʥʦʚʳʝ (ʦʢʦʣʦ 1,0%PDB). 

ʋʩʪʘʥʦʚʣʝʥʠʝ SiO2-ʬʦʨʤ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʩʪʦʯʥʠʢʠ ʢʨʝʤʥʝʚʦʛʦ ʚʝʱʝʩʪʚʘ: 
1 - ʦʨʛʘʥʠʟʤʳ ʩ ʩʠʣʠʢʘʪʥʳʤ ʩʢʝʣʝʪʦʤ (ʨʘʜʠʦʣʷʨʠʠ, ʜʠʘʪʦʤʦʚʳʝ?); 2 - ʨʘʩʪʚʦʨʝʥʥʘʷ ʚ 
ʤʦʨʩʢʦʡ ʚʦʜʝ SiO2, ʧʦʩʪʫʧʠʚʰʘʷ ʚ ʧʦʨʦʚʫʶ ʚʦʜʫ ʦʩʘʜʢʘ; 3 - ʤʠʢʨʦʙʠʘʣʴʥʘʷ 
ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ; 4 - ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ? ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʚʢʣʘʜʘ ʵʪʠʭ 
ʬʦʨʤ ʥʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ ʧʦʢʘʟʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘ ʩʪʘʜʠʠ ʩʝʜʠʤʝʥʪʦ- ʠ ʜʠʘʛʝʥʝʟʘ 
ʠ, ʚʦʟʤʦʞʥʦ, ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʂʨʘʡʥʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʷ ʢʘʨʙʦʥʘʪʥʦʛʦ ʥʘʥʥʦʧʣʘʥʢʪʦʥʘ ʚ 
ʘʙʘʟʠʥʩʢʦʡ ʩʚʠʪʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʣʥʦʪʘ ʢʦʪʦʨʳʭ 
ʨʘʟʚʝʨʥʫʣʘʩʴ ʚ ʪʝʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʈɽʊʄ. ɺʳʭʦʜ ʩʦʦʙʱʝʩʪʚ ʠʟ ʩʪʨʝʩʩʦʚʳʭ 
ʫʩʣʦʚʠʡ ʈɽʊʄ ʙʳʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʜʦʣʛʠʤ. ʅʘʰʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, 
ʯʪʦ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʙʘʟʠʥʩʢʦʡ ʩʚʠʪʳ ʩʫʱʝʩʪʚʦʚʘʣʠ ʥʝ ʩʪʦʣʴ ʢʨʠʟʠʩʥʳʝ, ʥʦ 
ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʩʪʨʝʩʩʦʚʳʝ ʫʩʣʦʚʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʳʭ 
ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ʤʦʨʷ, ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʨʝʣʴʝʬʘ ʤʦʛʣʠ ʩʢʣʘʜʳʚʘʪʴʩʷ 
ʨʘʟʣʠʯʥʳʝ ʦʙʩʪʘʥʦʚʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʝʜʥʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʢʠʩʣʦʨʦʜʦʤ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʨʩʢʠʝ ʦʨʛʘʥʠʟʤʳ ʟʘʥʠʤʘʣʠ ʨʘʟʣʠʯʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʥʠʰʠ, 
(ʨʘʜʠʦʣʷʨʠʠ, ʚʦʟʤʦʞʥʦ, ʟʘʥʠʤʘʣʠ ʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʳʝ ʟʦʥʳ), ʠʟʤʝʥʷʣʠ ʤʦʨʬʦʣʦʛʠʶ 
ʠ ʜʘʞʝ ʚʳʤʠʨʘʣʠ. 

ʇʨʠ ʢʦʣʝʙʘʥʠʷʭ ʫʨʦʚʥʷ ʤʦʨʷ ʩʦʟʜʘʚʘʣʠʩʴ ʫʩʣʦʚʠʷ ʢʘʢ ʜʣʷ ʧʦʚʳʰʝʥʥʦʛʦ 
ʧʦʩʪʫʧʣʝʥʠʷ ʧʠʪʘʥʠʷ ʤʦʨʩʢʦʡ ʙʠʦʪʳ, ʚʳʟʳʚʘʶʱʝʝ ʚʩʧʳʰʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 
(ʬʘʙʨʠʢʦʡ ʥʫʪʨʠʝʥʪʦʚ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʣʠʩʴ ʚʳʨʦʚʥʝʥʥʳʝ ʧʨʠʙʨʝʞʥʳʝ ʥʠʟʤʝʥʥʦʩʪʠ 
ʩ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤʠ ʣʘʥʜʰʘʬʪʘʤʠ, ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʪ.ʜ.), ʪʘʢ ʠ ʜʣʷ 
ʙʠʦʪʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ (ʫʩʣʦʚʠʷ ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʧʦʜʲʝʤʝ ʫʨʦʚʥʷ ʤʦʨʷ ʠ 
ʧʨʝʢʨʘʱʝʥʠʠ ʚʝʥʪʠʣʷʮʠʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʜʘʥʠʷ, ʪʝʤʘ 0135-2019-0070. 
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ɸʋʊʀɻɽʅʅʆɽ ʄʀʅɽʈɸʃʆʆɹʈɸɿʆɺɸʅʀɽ ɺ ʂʋʅɻʋʈʉʂʆʄ 
ʉʆʃɽʈʆɼʅʆʄ ɹɸʉʉɽʁʅɽ ʇʈʀʂɸʉʇʀʁʉʂʆʁ ɺʇɸɼʀʅʓ 

 
ʆ.ʇ. ɻʦʥʯʘʨʝʥʢʦ, ɻ.ɸ. ʄʦʩʢʦʚʩʢʠʡ, ʄ.ɺ. ʉʦʣʦʤʦʥ 

 
ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 
 

ʄʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʩʦʣʝʨʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ, 
ʚʳʧʦʣʥʝʥʥʳʭ ʥʘʤʠ ʚ ʨʘʡʦʥʘʭ ʨʘʟʚʠʪʠʷ ʥʠʞʥʝʧʝʨʤʩʢʠʭ ʛʘʣʦʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ 
ʂʘʨʘʩʘʣʴʩʢʦʡ ʤʦʥʦʢʣʠʥʘʣʠ (ʧʠʛʘʨʸʚʩʢʘʷ, ʘʥʪʠʧʦʚʩʢʘʷ, ʧʦʛʦʞʩʢʘʷ ʨʠʪʤʦʧʘʯʢʠ). 
ʆʙʰʠʨʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ ʥʘ ʉʘʬʨʦʥʦʚʩʢʦʤ ʫʯʘʩʪʢʝ ʇʨʠʚʦʣʞʩʢʦʡ ʤʦʥʦʢʣʠʥʘʣʠ. 
ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʨʘʟʨʝʟ ʛʘʣʦʛʝʥʦʡ ʪʦʣʱʠ ʢʫʥʛʫʨʘ ʚʩʢʨʳʪ ʚ ʩʝʚʝʨʥʦʡ ʝʛʦ ʯʘʩʪʠ ʠ ʪʘʢʞʝ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ ʨʠʪʤʦʧʘʯʢʘʤ ʠʨʝʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ: ʧʠʛʘʨʝʚʩʢʦʡ, ʘʥʪʠʧʦʚʩʢʦʡ ʠ 
ʧʦʛʦʞʩʢʦʡ [3]. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʉʘʬʨʦʥʦʚʩʢʦʛʦ ʫʯʘʩʪʢʘ (ɻʨʝʤʷʯʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 
ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ) ʩʢʚʘʞʠʥʘʤʠ ʚʩʢʨʳʪʳ ʦʪʣʦʞʝʥʠʷ ʪʦʣʴʢʦ ʧʦʛʦʞʩʢʦʡ ʨʠʪʤʦʧʘʯʢʠ. 
ʇʨʦʜʫʢʪʠʚʥʘʷ ʯʘʩʪʴ ʧʦʛʦʞʩʢʦʡ ʨʠʪʤʦʧʘʯʢʠ ʠʤʝʝʪ ʚʳʜʝʨʞʘʥʥʳʡ ʩʠʣʴʚʠʥʠʪʦʚʳʡ ʩʦʩʪʘʚ 
ʩ ʥʝʙʦʣʴʰʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʢʘʨʥʘʣʣʠʪʘ ʠ ʙʠʰʦʬʠʪʘ. 

ɺ ʛʘʣʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ:  
ʢʚʘʨʮ, ʙʦʨʘʪʳ, ʬʣʶʦʨʠʪ, ʩʝʣʣʘʠʪ, ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ, ʩʠʨʣʝʟʠʪ, ʩʫʣʴʬʘʪʳ, ʢʘʨʙʦʥʘʪʳ, 
ʘʥʛʠʜʨʠʪ, ʛʠʧʩ, ʙʘʩʩʘʥʠʪ, ʮʝʦʣʠʪʳ ʠ ʜʨ. ʀʭ ʘʩʩʦʮʠʘʮʠʠ ʫʢʘʟʳʚʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ 
ʩʚʦʝʦʙʨʘʟʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʚ ʙʘʩʩʝʡʥʘʭ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠʣʠ ʚ 
ʦʪʜʝʣʴʥʳʭ ʧʦʣʫʠʟʦʣʠʨʦʚʘʥʥʳʭ ʘʢʚʘʪʦʨʠʷʭ ʝʜʠʥʦʛʦ ʩʦʣʝʨʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʘ ʪʘʢʞʝ  
ʩʚʷʟʘʥʳ ʩ ʚʪʦʨʠʯʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʣʠʙʦ ʟʘ ʩʯʸʪ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ 
ʦʩʪʘʪʢʘ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʟʘʭʚʘʯʝʥʥʦʛʦ ʧʝʣʠʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʘʩʪʦ ʩʦʩʪʘʚʣʷʶʱʝʛʦ 
20-30%), ʣʠʙʦ ʟʘ ʩʯʸʪ ʤʠʛʨʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ:(ʛʘʟʦʚ, ʨʘʩʪʚʦʨʦʚ ʠ ʜʨ.). ʀʥʦʛʜʘ  
ʩʢʦʧʣʝʥʠʷ ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʙʨʘʟʫʶʪ ʜʘʞʝ ʮʝʣʳʝ ʧʨʦʩʣʦʠ ʧʦʣʠʛʘʣʠʪʘ, 
ʪʝʥʘʨʜʠʪʘ (ʂʘʨʘʩʘʣʴʩʢʘʷ ʤʦʥʦʢʣʠʥʘʣʴ, ɿʘʧʘʜʥʳʡ ɸʟʛʠʨ [1]). 

ʅʝʩʦʤʥʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʫʪʠʛʝʥʥʳʝ ʙʦʨʥʳʝ ʤʠʥʝʨʘʣʳ, 
ʷʚʣʷʶʱʠʝʩʷ ʯʫʪʢʠʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʠʭ (ʥʝ ʪʦʣʴʢʦ 
ʛʘʣʦʛʝʥʥʳʭ) ʧʦʨʦʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʛʝʦʭʠʤʠʠ ʙʦʨʘ ʠ 
ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʛʘʣʦʛʝʥʝʟʘ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚʦ ʤʥʦʛʠʭ 
ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʦʙʣʝʤʘ ʝʛʦ 
ʠʩʪʦʯʥʠʢʘ - ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪ 
ʦʙʲʷʩʥʝʥʠʷ ʧʘʨʘʛʝʥʝʟʠʩ ʩʦʣʝʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʫʣʴʬʘʪʘʤʠ (ʙʘʨʠʪ, ʮʝʣʝʩʪʠʥ ʠ ʜʨ.) 
ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʡ ʪʝʦʨʠʠ ʠʩʧʘʨʝʥʠʷ ʠ ʤʝʪʘʤʦʨʬʠʟʘʮʠʠ ʠʩʭʦʜʥʳʭ ʤʦʨʩʢʠʭ ʨʘʩʪʚʦʨʦʚ. 

ɺ ʛʘʣʦʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ 
ʘʫʪʠʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʘʥʛʠʜʨʠʪʦʤ, ʛʠʧʩʦʤ, ʮʝʣʝʩʪʠʥʦʤ, ʙʘʩʩʘʥʠʪʦʤ, 
ʢʘʨʙʦʥʘʪʘʤʠ ʤʘʛʥʠʡ-ʢʘʣʴʮʠʝʚʦʛʦ, ʠʥʦʛʜʘ ʞʝʣʝʟʠʩʪʦʛʦ ʩʦʩʪʘʚʦʚ, ʙʦʨʘʪʘʤʠ (ʚʠʪʯʠʪʦʤ, 
ʩʠʨʣʝʟʠʪʦʤ, ʝʨʝʤʝʝʚʠʪʦʤ,), ʙʘʨʠʪʦʤ, ʮʝʦʣʠʪʘʤʠ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʢʚʘʨʮʝʤ (ʤʝʥʝʝ 
2% ʠʣʠ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ). ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩ ʛʝʥʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘ ʠʤʝʥʥʦ 
ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʩʦʣʝʨʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʫʪʠʛʝʥʥʳʡ ʢʚʘʨʮ 
ʠ ʚʧʝʨʚʳʝ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʙʘʩʩʘʥʠʪ, ʘ ʪʘʢʞʝ ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʝ ʩʦʣʝʥʦʩʥʳʤ 
ʦʪʣʦʞʝʥʠʷ ʙʦʨʘʪʳ: ʚʠʪʯʠʪ, ʝʨʝʤʝʝʚʠʪ ʠ ʩʠʨʣʝʟʠʪ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʥʝʨʘʩʪʚʦʨʠʤʦʤ ʦʩʪʘʪʢʝ ʩʦʣʝʡ ʘʫʪʠʛʝʥʥʦʛʦ ʢʚʘʨʮ ʦʪʤʝʯʘʝʪʩʷ ʚ 
ʨʘʟʨʝʟʘʭ ʛʘʣʦʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʕʣʴʪʦʥʩʢʦʡ, ɹʘʩʢʫʥʯʘʢʩʢʦʡ, ʀʥʜʝʨʩʢʦʡ, 
ɾʠʣʷʥʩʢʦʡ ʠ ɻʨʠʛʦʨʴʝʚʩʢʦʡ ʩʦʣʷʥʦʢʫʧʦʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ [4]. ɺ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ 
ʨʘʟʨʝʟʘʭ ʜʣʷ ʘʫʪʠʛʝʥʥʦʛʦ ʢʚʘʨʮʘ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘ: 1 ʪʠʧ 
ʢʚʘʨʮʘ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʭʘʨʘʢʪʝʨʥʳʭ ʭʘʣʮʝʜʦʥʦʚʳʭ ʩʪʷʞʝʥʠʡ, ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ 
ʟʦʥʘʣʴʥʳʭ ʠ ʨʘʜʠʘʣʴʥʦ-ʣʫʯʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ ʘʛʨʝʛʘʪʦʚ ʩ ʦʙʣʘʯʥʳʤ ʫʛʘʩʘʥʠʝʤ; 2 ʪʠʧ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʣʠʥʥʦʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʩ ʧʠʨʘʤʠʜʘʣʴʥʳʤʠ 
ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʦʙʣʠʢʘ; 3 ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʭʦʨʦʰʦ 
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ʦʛʨʘʥʝʥʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʢʚʘʨʮʘ ʩ ʭʦʨʦʰʦ-ʨʘʟʚʠʪʳʤʠ ʛʨʘʥʷʤʠ ʨʦʤʙʦʵʜʨʦʚ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʭʘʣʮʝʜʦʥʦʚʳʭ ʩʪʷʞʝʥʠʡ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚ ʨʘʧʝ 
ʭʣʦʨʢʘʣʴʮʠʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʨʘʩʪʚʦʨʦʚ 
ʟʘʧʘʜʥʳʭ ʠ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʯʘʩʪʝʡ ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. 

ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʛʠʧʩʘ ï ʙʘʩʩʘʥʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʜʢʦ. 
ʇʦʣʫʛʠʜʨʘʪ ʢʘʣʴʮʠʷ ʦʙʥʘʨʫʞʝʥ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ 
ʪʘʙʣʠʪʯʘʪʦʛʦ ʠʣʠ ʪʦʥʢʦʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ ʠ ʚʦʣʦʢʥʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ. ɽʛʦ 
ʩʦʜʝʨʞʘʥʠʝ ʚ ʅ.ʆ. ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1 ʜʦ 20%. ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʫʩʪʘʥʦʚʣʝʥʦ 
ʟʘʤʝʱʝʥʠʝ ʟʝʨʝʥ ʘʥʛʠʜʨʠʪʘ ʙʘʩʩʘʥʠʪʦʤ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʛʠʜʨʘʪ ʢʘʣʴʮʠʷ 
ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʬʘʟʘ ʤʝʞʜʫ ʛʠʧʩʦʤ ʠ ʘʥʛʠʜʨʠʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
ʚʳʰʝ 500ʉ. ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʷʜʘ CaSO4Ŀ2H2O - CaSO4Ā1/2H2O - CaSO4 

ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ, ʚʝʨʦʷʪʥʦ, ʥʝ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ [2], ʥʦ ʠ 
ʭʣʦʨʢʘʣʴʮʠʝʚʳʤ ʩʦʩʪʘʚʦʤ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʨʘʧʳ. 

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʠʪʯʠʪʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʥʘʭʦʞʜʝʥʠʝ ʢʘʢ ʚ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʛʘʣʦʛʝʥʥʦʛʦ, ʪʘʢ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ,ɺ 
ʛʘʣʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʦʛʨʘʥʠʯʝʥʥʦ ʠ ʯʘʱʝ ʘʩʩʦʮʠʠʨʫʝʪ ʩ 
ʘʥʛʠʜʨʠʪʦʤ ʠ ʜʦʣʦʤʠʪʦʤ. ɺ ʠʟʫʯʝʥʥʳʭ ʥʘʤʠ ʨʘʟʨʝʟʘʭ, ʚʠʪʯʠʪ ʦʪʤʝʯʘʝʪʩʷ ʚʳʰʝ 
ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ. ʂʨʠʩʪʘʣʣʳ ʚʠʪʯʠʪʘ ʯʘʩʪʦ ʧʨʦʟʨʘʯʥʳ, ʠʤʝʶʪ ʬʦʨʤʫ 
ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɺ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚʠʜʥʳ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʟʦʥʳ 
ʨʦʩʪʘ, ʚʜʦʣʴ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʜʥʦʬʘʟʦʚʳʝ ʚʢʣʶʯʝʥʠʷ (ʧʨʠʟʥʘʢ 
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ). ʄʝʞʜʫ ʟʦʥʘʤʠ ʨʦʩʪʘ ʚʩʪʨʝʯʝʥʳ ʦʜʠʥʦʯʥʳʝ 
ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʠ ʪʚʝʨʜʦ-ʞʠʜʢʠʝ ʚʘʢʫʦʣʠ (ʪʚʝʨʜʘʷ ʬʘʟʘ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʘʣʠʪʦʤ). 

ɽʨʤʝʝʚʠʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʝʜʢʠʭ ʙʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ 
ʥʘʭʦʜʢʠ ʝʛʦ ʩʚʷʟʘʥʳ ʩ ʧʝʛʤʘʪʠʪʘʤʠ. ɽʨʝʤʝʝʚʠʪ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥ ʚ ʨʘʟʨʝʟʘʭ 
ʉʘʬʨʦʥʦʚʩʢʦʛʦ ʫʯʘʩʪʢʘ ʠ ʖʞʥʦ-.ʇʣʦʜʦʚʠʪʝʥʩʢʦʛʦ ʫʯʘʩʪʢʘ. ʆʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ 
ʢʨʠʩʪʘʣʣʦʚ ʩʪʦʣʙʯʘʪʦʛʦ ʦʙʣʠʢʘ ʩ ʛʨʘʥʷʤʠ ʛʝʢʩʦʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ. ɺ ʙʘʟʘʣʴʥʦʤ 
ʩʝʯʝʥʠʠ ʦʪʤʝʯʘʶʪʩʷ ʨʘʟʣʠʯʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʝʢʪʦʨʳ ʢʨʠʩʪʘʣʣʦʚ. 

ʉʠʨʣʝʟʠʪ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʙʘʩʩʝʡʥʦʚ ʩʦʜʦʚʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ 
ʠʟʚʝʩʪʝʥ ʚ ʪʫʬʦʛʝʥʥʦ-ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʪʫʬʦʤ ʠ 
ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʧʨʠ ʝʛʦ ʨʘʟʣʦʞʝʥʠʠ ʤʦʥʪʤʦʨʠʣʦʥʠʪʦʤ ʠ ʮʝʦʣʠʪʘʤʠ, ʘ ʢʨʦʤʝ ʪʦʛʦ ʚ 
ʘʩʩʦʮʠʘʮʠʠ ʩ ʪʝʥʘʨʜʠʪʦʤ, ʛʘʣʠʪʦʤ ʠ ʩʦʜʦʡ. ʅʘʤʠ ʩʠʨʣʝʟʠʪʫʩʪʘʥʦʚʣʝʥ ʚ ʛʘʣʦʛʝʥʥʦʤ 
ʨʘʟʨʝʟʝ ʂʘʨʘʩʘʣʴʩʢʦʡ ʤʦʥʦʢʣʠʥʘʣʠ, ʛʜʝ ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ ʪʝʥʘʨʜʠʪʘ. ʉʠʨʣʝʟʠʪ 
ʦʙʨʘʟʫʝʪ ʤʝʣʢʠʝ ʩʬʝʨʦʣʠʪʳ ʨʘʜʠʘʣʴʥʦ-ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ, ʠʥʦʛʜʘ ʚ ʚʠʜʝ 
ʢʨʠʩʪʘʣʣʦʚ ʪʘʙʣʠʪʯʘʪʦʛʦ ʦʙʣʠʢʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʪʫʧʠʢʦʚʦʡ ʯʘʩʪʠ 
ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʘʫʪʠʛʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʥʝ ʚʩʝʛʜʘ ʦʧʨʝʜʝʣʷʣʦʩʴ 
ʧʝʨʚʠʯʥʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ ʩʦʣʝʨʦʜʥʦʛʦ ʙʘʩʩʝʡʥʘ (ʟʘ 
ʠʩʢʣʶʯʝʥʠʝʤ ʘʥʛʠʜʨʠʪʘ, ʛʠʧʩʘ, ʯʘʩʪʠʯʥʦ ʮʝʣʝʩʪʠʥʘ ʠ ʙʘʨʠʪʘ). ʉʦʩʪʘʚ 
ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 
ʯʪʦ ʚ ʙʘʩʩʝʡʥ ʧʦʩʪʫʧʘʣʠ ʙʦʛʘʪʳʝ ʢʨʝʤʥʝʟʝʤʦʤ ʠ ʱʝʣʦʯʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ 
ʧʨʦʜʫʢʪʳ ʚʫʣʢʘʥʠʟʤʘ, ʥʝʬʪʷʥʳʝ ʠ ʛʣʫʙʠʥʥʳʝ ʨʘʩʪʚʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳʪʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʨʝʤʥʠʷ, ʙʘʨʠʷ, ʩʪʨʦʥʮʠʷ, ʙʦʨʘ, ʘʣʶʤʠʥʠʷ ʠ ʤʘʛʥʠʷ. 
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GSSP (ɻʈɸʅʀʎɸ ɸʈʊïʂʋʅɻʋʈ, ʈɸɿʈɽɿ ʄɽʏɽʊʃʀʅʆ) 
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ʈʘʟʨʝʟ ʄʝʯʝʪʣʠʥʦ ʷʚʣʷʝʪʩʷ ʢʘʥʜʠʜʘʪʦʤ ʛʨʘʥʠʮʳ GSSP,  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʙʣʘʛʦʜʘʨʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʘʩʯʠʩʪʢʝ ʭʦʨʦʰʦ ʦʙʥʘʞʝʥ (ʨʠʩʫʥʦʢ) ʠ ʠʟʫʯʝʥ  
ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠ [1, 2]. ʀʟʫʯʝʥʠʝ ʣʠʪʦʣʦʛʠʠ ʵʪʦʛʦ ʨʘʟʨʝʟʘ ʧʦʟʚʦʣʠʣʦ ʥʘʤ 
ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʬʘʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʦʚ. ɺ ʦʪʣʦʞʝʥʠʷʭ 
ʫʩʪʘʥʦʚʣʝʥʳ  ʬʣʠʰʝʚʳʝ ʨʠʪʤʳ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʢʘʢ ʚʥʠʟʫ, ʪʘʢ ʠ ʚʚʝʨʭʫ ʨʘʟʨʝʟʘ, 
ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʡ ʛʦʨʠʟʦʥʪ ʠ ʧʨʦʩʣʦʠ ʦʙʣʦʤʦʯʥʳʭ ʦʨʛʘʥʦʛʝʥʥʳʭ  ʢʨʠʥʦʠʜʥʦ-
ʬʫʟʫʣʠʥʠʜʦʚʦ-ʘʤʤʦʥʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʚ ʩʣʦʝ 5 (ʥʫʤʝʨʘʮʠʷ ʩʣʦʝʚ ʧʨʠʚʦʜʠʪʩʷ ʧʦ 
[1, 2]),  ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʦʠʩʪʦʩʪʴ ʰʪʦʨʤʦʚʦʛʦ ʪʠʧʘ (hummoky). 

ʆʣʠʩʪʦʩʪʨʦʤʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚʳʷʚʣʝʥ ʚ ʩʣʦʷʭ 4ï5, ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʧʨʦʩʣʦʡ ʦʙʚʘʣʴʥʦ-ʦʧʦʣʟʥʝʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ, ʚʦʟʤʦʞʥʦ, 
ʩʚʷʟʘʥʦ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʠʯʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʡ 
ʤʝʛʘʙʨʝʢʯʠʠ ï ʜʠʩʛʘʨʤʦʥʠʯʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩ ʦʙʣʦʤʢʘʤʠ 
ʧʦʨʦʜ ʩʤʝʰʘʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʤʠʢʩʪʠʪʦʚ, ʠ ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʥʠʭ ʛʣʠʥʠʩʪʳʭ 
ʦʪʣʦʞʝʥʠʡ (ʘʨʛʠʣʣʠʪʦʚ), ʢʦʪʦʨʳʝ ʩʤʷʪʳ ʚ ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʫʶ ʩʢʣʘʜʢʫ. ɹʨʝʢʯʠʷ 
ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʘʢʞʝ ʦʢʨʫʛʣʦ-ʦʚʘʣʴʥʳʝ ʙʣʦʢʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ï 
ʦʣʠʩʪʦʣʠʪʳ. 

ɺʳʰʝ ʛʨʘʥʠʮʳ  ʩʘʨʘʥʠʥʩʢʦʛʦ ʠ ʩʘʨʛʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ, ʚ ʧʝʩʯʘʥʦ-
ʘʣʝʚʨʠʪʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʤʦʞʥʦ ʚʠʜʝʪʴ ʛʨʘʜʘʮʠʦʥʥʫʶ ʩʣʦʠʩʪʦʩʪʴ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ  
ʛʨʘʚʝʣʠʪʦʚ ʚʥʠʟʫ  ʢ ʘʣʝʚʨʦʣʠʪʘʤ ʚʚʝʨʭʫ, ʘ ʪʘʢʞʝ ʨʦʣʣʳ ʠʣʠ ʩʪʨʫʢʪʫʨʳ 
ʬʣʶʠʜʠʟʘʮʠʠ ʚ  ʢʨʦʚʣʝ ʨʠʪʤʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʣʠʰ ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʚ 
ʤʝʣʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʣʷ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤ ʛʣʫʙʦʢʦʚʦʜʥʳʡ ʪʨʦʛ ʩ 
ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʢʘʪʳʚʘʣʠʩʴ ʪʫʨʙʠʜʥʳʝ ʠ ʦʙʣʦʤʦʯʥʳʝ 
ʧʦʪʦʢʠ ʩ ʥʘʢʦʧʣʝʥʥʳʤ ʦʩʘʜʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʆʣʠʩʪʦʩʪʨʦʤʦʚʳʡ ʧʨʦʩʣʦʡ 
ʧʦʢʘʟʳʚʘʝʪ ʩʪʨʦʝʥʠʝ ʢʘʥʘʣʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ çʤʫʩʦʨʥʳʤè ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ 
ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʥʦʛʜʘ ʠʤʝʥʫʝʪʩʷ çʜʠʢʠʤ ʬʣʠʰʝʤè. ɺʳʰʝ 
ʧʝʩʯʘʥʠʢʦʚ ʩʣʦʷ 15 ʚʚʝʨʭ ʧʦ ʩʢʣʦʥʫ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʳʧʢʠ ʪʦʥʢʦʩʣʦʠʩʪʳʭ 
ʧʝʣʠʪʦʤʦʨʬʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʢʨʦʚʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ 
ʬʣʠʰʝʚʳʭ ʨʠʪʤʦʚ. ʇʦ ʜʘʥʥʳʤ ɺ.ɺ. ʏʝʨʥʳʭʘ [1], ʚ ʥʠʭ ʦʙʥʘʨʫʞʝʥʳ ʢʦʥʦʜʦʥʪʳ, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ʙʳʣʠ  ʜʦʩʪʘʪʦʯʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʀʟ 
ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʦʙʤʝʣʝʥʠʠ ʙʘʩʩʝʡʥʘ ʥʘ 
ʚʳʜʝʣʝʥʥʦʡ ʛʨʘʥʠʮʝ ʘʨʪʠʥʩʢʦʛʦ ʠ ʢʫʥʛʫʨʩʢʦʛʦ ʷʨʫʩʦʚ ʨʘʥʥʝʡ ʧʝʨʤʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʦʙʦʩʥʦʚʘʥʦ. ʇʝʨʝʭʦʜ ʢ ʩʦʣʝʥʦʩʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʟʘʛʠʧʩʦʚʘʥʥʦʡ  ʤʝʣʢʦʚʦʜʥʦʡ 
ʣʘʛʫʥʳ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʢʫʥʛʫʨʩʢʦʛʦ ʷʨʫʩʘ ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ ʧʨʦʛʠʙʘ ʚ ʜʘʥʥʦʤ 
ʨʘʟʨʝʟʝ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʆʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʩʘʨʘʥʠʥʩʢʦ-ʩʘʨʛʠʥʩʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 
ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʬʘʫʥʳ, ʚ ʪʦʤ 
ʘʤʤʦʥʦʠʜʝʠ ʠ ʢʦʥʦʜʦʥʪʳ. ʀʤʝʥʥʦ ʵʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʦʙʫʩʣʦʚʣʝʥ ʚʳʙʦʨ 
ʪʠʧʦʚʦʛʦ ʨʘʟʨʝʟʘ ʛʨʘʥʠʮʳ. ʂʦʤʧʣʝʢʩ ʦʪʣʦʞʝʥʠʡ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʛʣʫʙʦʢʦʚʦʜʥʦʡ 
ʟʦʥʝ ʰʝʣʴʬʘ, ʚ ʢʦʪʦʨʫʶ ʧʦʩʪʫʧʘʣ ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʢʘʢ ʩʦ ʩʢʣʦʥʘ ʰʝʣʴʬʘ, ʪʘʢ 
ʠ ʩ ʫʜʘʣʝʥʥʦʛʦ ʦʨʦʛʝʥʘ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠʩʫʪʩʪʚʠʝ 
ʛʦʨʠʟʦʥʪʦʚ, ʦʙʦʛʘʱʸʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ (ʩʣʦʠ 11 ʠ 13) ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ 
ʪʘʢʦʡ ʪʨʘʢʪʦʚʢʝ, ʦʥ ʩʥʦʩʠʣʩʷ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʡ ʙʘʩʩʝʡʥ ʠ ʟʘʪʘʧʣʠʚʘʣʩʷ, ʫʚʣʝʢʘʝʤʳʡ 
ʪʫʨʙʠʪʥʳʤʠ ʧʦʪʦʢʘʤʠ.  
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ʈʠʩʫʥʦʢ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʟʨʝʟʝ ʄʝʯʝʪʣʠʥʦ.  
ʘ - ʬʣʠʰʝʚʳʝ ʨʠʪʤʳ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʚ ʩʣʦʝ 1,  ʦʪʤʝʯʝʥʳ ʩʪʨʝʣʢʘʤʠ ʢʨʦʚʣʠ ʨʠʪʤʦʚ, ʙ ï 
ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʳʝ ʨʫʣʝʪʳ ʚ ʢʨʦʚʣʝ ʬʣʠʰʝʚʦʛʦ ʨʠʪʤʘ, ʚ ï ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʡ ʛʦʨʠʟʦʥʪ ʩʢʨʫʧʥʳʤʠ 
ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʳʤʠ ʩʢʣʘʜʢʘʤʠ ʠ ʦʣʠʩʪʦʣʠʪʘʤʠ, ʚʳʧʦʣʥʷʝʪ ʵʨʦʟʠʦʥʥʳʡ ʢʘʥʘʣ; ʣʝʩʪʥʠʮʘ ʚʳʩʦʪʦʡ 
3 ʤ ʜʣʷ ʤʘʩʰʪʘʙʘ,  ʛ ï ʧʨʦʩʣʦʠ ʧʝʩʯʘʥʠʢʦʚ ʩʦ ʩʣʦʠʩʪʦʩʪʴʶ ʪʠʧʘ ʭʘʤʦʢʫ ʩʨʝʜʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-
ʩʣʦʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ  ʩʣʦʷ 5, ʜ ï  ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʘʷ ʩʢʣʘʜʢʘ  ʚ ʩʣʦʝ 10, ʚʳʧʦʣʥʝʥʘ ʧʝʩʯʘʥʠʢʦʤ, ʝ 
- ʧʝʩʯʘʥʳʡ ʬʣʠʰʝʚʳʡ ʨʠʪʤ ʚ ʩʣʦʝ 15 ʩ ʛʨʘʜʘʮʠʦʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʠ ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʳʤʠ 
ʩʢʣʘʜʢʘʤʠ ʚ ʢʨʦʚʣʝ 

 
ʃʀʊɽʈɸʊʋʈɸ 
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ʈɸɿʈɽɿ ɼɸʃʔʅʀʁ ʊʖʃʔʂɸʉ,  ʂɸʅɼʀɼɸʊ ʊʆʏʂʀ GSSP ɻʈɸʅʀʎʓ 
ʉɸʂʄɸʈïɸʈʊ:  ʆʉʆɹɽʅʅʆʉʊʀ ʃʀʊʆʃʆɻʀʀ ʀ ɻɽʅɽɿʀʉɸ 

ʆʊʃʆɾɽʅʀʁ 
 

ɺ.ʄ. ɻʦʨʦʞʘʥʠʥ, ɽ.ʅ. ɻʦʨʦʞʘʥʠʥʘ 
 

ʀɻ ʋʌʀʎ ʈɸʅ, ʋʬʘ, ʈʦʩʩʠʷ 

 
ʈʘʟʨʝʟ ɼʘʣʴʥʠʡ ʊʶʣʴʢʘʩ (ʨʠʩʫʥʦʢ) ʷʚʣʷʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʢʘʥʜʠʜʘʪʦʤ 

ʛʨʘʥʠʮʳ GSSP [1], ʢʦʪʦʨʘʷ ʙʣʘʛʦʜʘʨʷ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʬʘʫʥʝ ʠ ʪʫʬʦʚʳʤ ʧʨʦʩʣʦʷʤ 
ʭʦʨʦʰʦ ʦʙʦʩʥʦʚʘʥʘ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠ.  

ʈʘʟʨʝʟ ʩʣʦʞʝʥ ʪʝʨʨʠʛʝʥʥʳʤʠ ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʨʝʜʢʠʤʠ 
ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʨʦʩʣʦʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʜʚʫʭ ʪʠʧʦʚ. 

ʀʟʚʝʩʪʥʷʢʠ  ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʧʷʪʥʠʩʪʳʝ. ʇʷʪʥʠʩʪʦʩʪʴ ʩʚʷʟʘʥʘ ʩ 
ʦʙʣʦʤʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʨʦʜʘ ʠʤʝʝʪ ʟʝʨʥʠʩʪʳʡ ʦʙʣʠʢ, ʚ ʤʝʣʢʠʭ ʦʙʣʦʤʢʘʭ 
ʨʘʟʣʠʯʠʤʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʢʦʚʠʥʘʤʠ 
ʬʫʟʫʣʠʥʠʜ. ʕʪʦʪ ʠʟʚʝʩʪʥʷʢ ʩʬʦʨʤʠʨʦʚʘʣʩʷ  ʠʟ ʟʝʨʥʦʚʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ ʧʦʪʦʢʘ 
ʪʚʝʨʜʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʯʘʩʪʠʮ, ʩʥʝʩʝʥʥʳʭ ʩ ʢʘʨʙʦʥʘʪʥʦʛʦ ʰʝʣʴʬʘ. 

ʀʟʚʝʩʪʥʷʢʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʪʝʤʥʦ-ʩʝʨʳʝ, ʩ ʦʜʥʦʨʦʜʥʦʡ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ 
(ʘʬʘʥʠʪʦʚʦʡ) ʩʪʨʫʢʪʫʨʦʡ, ʙʝʟ ʩʣʝʜʦʚ ʢʘʢʦʡ-ʣʠʙʦ ʬʘʫʥʳ. ʆʥʠ ʦʙʨʘʟʫʶʪ ʚ ʨʘʟʨʝʟʝ 
ʧʨʦʩʣʦʠ  ʠ ʫʜʣʠʥʝʥʥʳʝ ʢʦʥʢʨʝʮʠʠ  ï  ʤʝʩʪʘʤʠ ʦʥʠ ʠʤʝʶʪ ʚʠʜ ʩʣʦʷ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ 
ʩʥʠʟʫ ʠ ʩʚʝʨʭʫ ʧʣʦʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʦʜʥʘʢʦ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʦʥʠ ʤʦʛʫʪ ʪʫʧʦ 
ʚʳʢʣʠʥʠʪʴʩʷ, ʘ ʟʘʪʝʤ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʪʝʣ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʬʦʨʤʳ, 
ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʦʥʢʨʝʮʠʡ ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ 
ʧʨʠʯʠʥʝ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʚ ʥʠʭ ʠʤʝʝʪ ʥʝʦʙʳʯʥʳʝ ʜʣʷ  ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ 
ʢʘʨʙʦʥʘʪʦʚ  ʚʳʩʦʢʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ [1]. ʕʪʠ ʢʘʨʙʦʥʘʪʳ ʦʙʨʘʟʦʚʘʣʠʩʴ  ʚ 
ʩʨʝʜʝ ʜʠʘʛʝʥʝʟʘ ï ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʤ ʠʣʝ, ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ ʤʝʪʘʙʦʣʠʟʤʘ ʤʝʪʘʥʘ, 
ʧʦʣʫʯʘʶʱʝʛʦʩʷ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʢʠ, ʙʳʣʘ ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ. ʇʦ ʩʫʪʠ, ʵʪʠ 
ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʝʨʦʜʘ ʦʪʨʘʞʘʶʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʚʝʱʝʩʪʚʘ ʚ ʠʣʝ ʠ ʤʝʪʘʥʦʛʝʥʝʨʘʮʠʶ ʠ ʦʢʠʩʣʝʥʠʝ ʤʝʪʘʥʘ ʜʦ ʫʛʣʝʢʠʩʣʦʪʳ ʩ 
ʧʦʩʣʝʜʫʶʱʝʡ ʝʝ ʬʠʢʩʘʮʠʝʡ ʚ ʢʘʨʙʦʥʘʪʥʳʝ ʧʨʦʩʣʦʠ ʠ ʢʦʥʢʨʝʮʠʠ. 

ɺ ʦʪʣʦʞʝʥʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʳʝ ʩʢʣʘʜʢʠ. ʆʜʥʘ ʠʟ ʥʠʭ 
ʥʘʭʦʜʠʪʩʷ ʚ 2-3 ʤ  ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʚʳʰʝ ʛʨʘʥʠʮʳ ʩʘʢʤʘʨïʘʨʪ. ʇʝʣʠʪʦʤʦʨʬʥʳʡ 
ʩʝʨʳʡ  ʢʘʨʙʦʥʘʪ, ʢʨʦʤʝ ʦʙʳʯʥʳʭ ʢʦʥʢʨʝʮʠʡ ʠ ʣʠʥʟʦʚʠʜʥʳʭ ʧʨʦʩʣʦʝʚ ʩʣʘʛʘʝʪ ʠ 
ʥʝʦʙʳʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʧʘʢʝʪʘ ʩʣʦʝʚ, ʯʘʩʪʦ ʩʣʦʞʝʥʥʳʭ ʚʜʚʦʝ, ʢʦʪʦʨʳʝ ʠ 
ʷʚʣʷʶʪʩʷ ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʳʤʠ ʩʢʣʘʜʢʘʤʠ. ɺʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʵʪʠʭ  
ʢʘʨʙʦʥʘʪʥʳʭ ʧʨʦʩʣʦʝʚ  ʧʨʦʭʦʜʠʣʦ ʚ ʜʚʘ ʵʪʘʧʘ. ɺʥʘʯʘʣʝ, ʚ ʫʩʣʦʚʠʷʭ ʩʢʣʦʥʘ 
ʛʣʫʙʦʢʦʛʦ ʰʝʣʴʬʘ, ʚ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʤ ʧʦʣʫʞʠʜʢʦʤ ʠʣʝ ʧʨʦʠʩʭʦʜʠʣʦ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʬʦʨʤʠʨʫʷ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ ʢʦʥʢʨʝʮʠʠ 
ʠʣʠ ʧʨʦʩʣʦʠ ʧʨʠ ʣʠʪʠʬʠʮʠʢʘʮʠʠ. ɿʘʪʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ 
ʥʘʢʦʧʠʚʰʠʡʩʷ ʧʦʣʫʪʚʝʨʜʳʡ ʠʣ ʩʦʩʢʘʣʴʟʳʚʘʣ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ ʚʧʘʜʠʥʳ, ʦʙʨʘʟʫʷ 
ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʳʝ ʩʢʣʘʜʢʠ. 

ɺ ʨʘʟʨʝʟʝ ʥʘ ʛʨʘʥʠʮʝ ʩʘʢʤʘʨ-ʘʨʪ ʥʘʙʣʶʜʘʝʪʩʷ  ʧʨʦʩʣʦʡ ʦʙʣʦʤʦʯʥʦʛʦ 
ʦʨʛʘʥʦʛʝʥʥʦʛʦ ʢʘʨʙʦʥʘʪʘ, ʢʦʪʦʨʳʡ, ʧʦ ʥʘʙʣʶʜʝʥʠʷʤ ʚ ʢʘʥʘʚʘʭ, ʠʤʝʝʪ ʙʳʩʪʨʦ 
ʠʟʤʝʥʷʶʱʫʶʩʷ ʦʪ 1,0 ʤ ʜʦ 0,3 ʤ ʤʦʱʥʦʩʪʴ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ  ʥʘʣʠʯʠʝʤ 
ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʫʶ ʩʣʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ 
ʦʙʥʘʞʝʥʥʦʩʪʠ  ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ. ɺ ʠʨʛʠʥʩʢʦʤ ʛʦʨʠʟʦʥʪʝ ʧʦʟʜʥʝʛʦ 
ʘʨʪʘ, ʬʣʠʰʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ 
ʦʙʣʦʤʦʯʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʙʘʟʘʣʴʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ 
ʨʠʪʤʦʚ. ɺ ʘʨʛʠʣʣʠʪʦʚʳʭ ʧʨʦʩʣʦʷʭ ʦʙʥʘʨʫʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦʞʠʣʢʠ ʛʠʧʩʘ 
ʩʝʣʝʥʠʪʦʚʦʛʦ ʪʠʧʘ, ʦʙʨʘʟʫʶʱʠʝ ʨʦʤʙʠʯʝʩʢʫʶ ʩʝʪʢʫ.  
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ʉʝʪʴ ʛʠʧʩʦʚʳʭ ʧʨʦʞʠʣʢʦʚ ʦʪʨʘʞʘʝʪ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʵʪʘʧ ʠʟʤʝʥʝʥʠʷ  
(ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ) ʣʠʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʛʝʥʝʟʠʩ ʠʭ ʩʚʷʟʘʥ ʩ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ 
ʘʨʛʠʣʣʠʪʦʚ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ  ʩʫʣʴʬʘʪʦʚ ʠʟ ʚʳʰʝʣʝʞʘʱʠʭ ʛʠʧʩʦʚ ʢʫʥʛʫʨʩʢʦʛʦ 
ʷʨʫʩʘ. 

 

 
 
ʈʠʩʫʥʦʢ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʨʪʠʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʟʨʝʟʝ ɼʘʣʴʥʠʡ ʊʶʣʴʢʘʩ.  
ʘ - ʦʙʱʠʡ ʚʠʜ ʨʘʟʨʝʟʘ (ʩʘʨʛʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ), ʩʧʨʘʚʘ ʚʚʝʨʭʫ ʨʝʣʠʢʪʳ ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʦʡ ʩʢʣʘʜʢʠ, ʙ 
- ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʘʷ ʩʢʣʘʜʢʘ ʠʟʚʝʩʪʥʷʢʦʚʦʛʦ ʧʨʦʩʣʦʷ ʚ ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʘʭ, ʚ ï ʩʣʦʡ ʦʨʛʘʥʦʛʝʥʥʦ-
ʦʙʣʦʤʦʯʥʦʛʦ ʠʟʚʝʩʪʥʷʢʘ ʩ ʣʠʪʦʢʣʘʩʪʦʚʦʡ ʙʨʝʢʯʠʝʡ ʚ ʪʦʯʢʝ GSSP, ʛ ï ʪʦ ʞʝ, ʜʝʪʘʣʴ, ʜ ï ʦʙʱʠʡ ʚʠʜ 
ʠʨʛʠʥʩʢʦʡ ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʦʚʦʡ  ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩ ʧʨʦʩʣʦʷʤʠ ʦʙʣʦʤʦʯʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʞʝʣʪʳʡ 
ʧʨʦʩʣʦʡ ï ʪʫʬʦʚʳʡ ʛʦʨʠʟʦʥʪ, ʝ ï ʛʫʩʪʘʷ ʩʝʪʴ ʪʦʥʢʠʭ ʧʨʦʞʠʣʢʦʚ ʛʠʧʩʘ-ʩʝʣʝʥʠʪʘ, ʩʝʢʫʱʠʭ 
ʘʣʝʚʨʦʘʨʛʠʣʣʠʪʳ 
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V.N. Puchkov, N.N. Kochetova, V.M. Gorozhanin, V.A.Konovalova // A Field Guidebook of XVIII 
International Congress on the Carboniferous and Permian, August 11ï 15, 2015, Kazan, Russia. ï 
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ʉʊʈʆɽʅʀɽ ʈʀʌɽʁʉʂʆʁ ʂɸʈɹʆʅɸʊʅʆʁ ʇʃɸʊʌʆʈʄʓ  
ɺ ʖɻʆ-ɿɸʇɸɼʅʆʁ ʏɸʉʊʀ ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ 

 
ɼ.ɸ. ɻʦʨʰʢʦʚ1, ʄ.ʉ. ʂʫʯʝʨʷ1, ɺ.ʉ. ʇʘʨʘʩʳʥʘ2 

 
1
ʌɻɹʋ çɺʅʀɻʅʀè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ɺʠʥʪʝʨʩʭʘʣʣ ʈʫʩʩʣʘʥʜ ɻʤʙʍ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʤʢʘʭ ʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ ʚ 2016-2018 ʛʛ., ʩ ʮʝʣʴʶ ʫʪʦʯʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 
ʩʪʨʦʝʥʠʷ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʨʠʬʝʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʌɻɹʋ 
çɺʅʀɻʅʀè ʠ ɺʠʥʪʝʨʩʭʘʣʣ ʈʫʩʩʣʘʥʜ ɻʤʙʍ ʧʨʦʚʦʜʠʣʦʩʴ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʵʪʠʭ 
ʦʪʣʦʞʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʧʦ ʨʝʢʘʤ ʂʘʤʝʥʢʘ (2017 ʛ.), ʅʠʞʥʷʷ ʊʝʨʷ ʠ 
ʀʨʢʠʥʝʝʚʘ (2018ʛ.) (ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ), ʠʟʫʯʝʥʠʷ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʥʘ ʣʠʮʝʥʟʠʦʥʥʳʭ 
ʫʯʘʩʪʢʘʭ ʇɸʆ çɻʘʟʧʨʦʤè ʚ ʧʨʝʜʝʣʘʭ ɹʘʡʢʠʪʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, ʂʘʪʘʥʛʩʢʦʡ ʩʝʜʣʦʚʠʥʳ ʠ 
ɸʥʛʘʨʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ, 
ʧʨʝʜʣʦʞʝʥʘ, ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʨʠʬʝʡʩʢʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ (ʂʇ). 

ʆʩʥʦʚʦʡ ʜʣʷ ʨʘʩʯʣʝʥʝʥʠʷ ʨʘʟʨʝʟʘ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʩʣʫʞʠʪ 
ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʧʨʠʥʷʪʘʷ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʳʤ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʢʦʤʠʪʝʪʦʤ (ʄʉʂ) ʚ 1979 ʛ. ʜʣʷ ʚʩʝʛʦ ʚʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ 
ʨʘʟʨʝʟʘ ʧʦ ʉʨʝʜʥʝʡ ʉʠʙʠʨʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ 
ʥʘʢʦʧʣʝʥʥʳʡ ʤʘʩʩʠʚ ʜʘʥʥʳʭ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʥʦʚʳʝ 
ʚʘʨʠʘʥʪʳ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʝ ʫʜʦʚʣʝʪʚʦʨʠʣʠ ʫʩʣʦʚʠʷʤ ʄʉʂ 
ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʷ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʦʬʠʮʠʘʣʴʥʦʡ ʩʭʝʤʳ [1-3]. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʟʠʣʠʩʴ ʚ ʚʘʨʠʘʥʪʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 
ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʩʚʷʟʘʥʥʦʤ ʩ ʦʙʰʠʨʥʦʡ ʂʇ, ʨʘʟʚʠʚʘʚʰʝʡʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 
ʢʝʨʧʳʣʴʩʢʦ-ʣʘʭʘʥʜʠʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ɹʘʡʢʠʪʩʢʦʡ ʘʥʪʝʢʣʠʟʝ ʠ ɽʥʠʩʝʡʩʢʦʤ ʢʨʷʞʝ. 
ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʚʠʪ ʚ ʨʘʟʨʝʟʝ ʢʦʨʨʝʢʪʠʨʫʝʪʩʷ 
ʧʨʝʜʢʝʨʧʳʣʴʩʢʠʤ ʠ ʧʨʝʜʣʘʭʘʥʜʠʥʩʢʠʤ ʥʝʩʦʛʣʘʩʠʷʤʠ, ʦʪʤʝʯʘʝʤʳʤʠ ʚ ʠʟʫʯʘʝʤʳʭ 
ʨʘʟʨʝʟʘʭ. ʅʘ ʧʨʠʤʝʨʝ ʠʟʫʯʝʥʠʷ ʂʇ ʚ ʂʘʤʝʥʩʢʦʡ ʟʦʥʝ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ ʧʨʦʩʣʝʞʝʥʳ 
ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʨʠʬʦʛʝʥʥʳʭ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʬʘʮʠʡ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ, ʂʇ 
ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʫʥʘʩʣʝʜʦʚʘʥʥʦʡ ʯʘʩʪʠ (ʧʦʜʥʷʪʠʡ), 
ʘ ʪʦʣʱʠ ʪʨʘʢʪʦʚ ʚʳʩʦʢʦʛʦ ʩʪʦʷʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʜʠʩʪʘʣʴʥʳʭ ʯʘʩʪʷʭ 
ʙʘʩʩʝʡʥʘ ʟʘʣʝʛʘʶʪ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʥʝʩʦʛʣʘʩʠʷ. 

ʅʘ ʦʩʥʦʚʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 
ʥʘ ɽʥʠʩʝʡʩʢʦʤ ʢʨʷʞʝ, ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʂʇ ʠ 
ʰʝʣʴʬʘ, ʛʜʝ ʚʳʜʝʣʝʥʦ 5 ʬʘʮʠʘʣʴʥʳʭ ʟʦʥ (ʨʠʩʫʥʦʢ): 1) ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʂʇ, ʛʜʝ 
ʨʘʟʚʠʚʘʣʠʩʴ ʢʨʘʡʥʝ ʤʝʣʢʦʚʦʜʥʳʝ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʤʦʨʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 
ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʚʦʝʦʙʨʘʟʥʳʭ ʩʣʦʠʩʪʦ-ʣʘʤʠʥʠʪʦʚʳʭ ʪʝʢʩʪʫʨ ʠ ʤʠʢʨʦʙʠʘʣʴʥʳʭ 
ʤʘʪʦʚ; 2) ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʂʇ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʭ ʚ ʨʝʣʴʝʬʝ 
ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʧʦʩʪʨʦʝʢ; 3) ʩʢʣʦʥ ʂʇ, ʦʙʨʘʟʫʝʤʳʡ ʚ ʦʩʥʦʚʥʦʤ ʩʥʦʩʠʤʳʤʠ 
ʦʙʣʦʤʢʘʤʠ ʬʠʪʦʛʝʥʥʳʭ ʨʘʟʥʦʩʪʝʡ; 4) ʧʨʦʢʩʠʤʘʣʴʥʳʡ ʰʝʣʴʬ, ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʡ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʤʠ ʠʣʘʤʠ; 5) ʜʠʩʪʘʣʴʥʳʡ ʰʝʣʴʬ, ʛʜʝ 
ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʛʣʠʥʠʩʪʳʝ, ʚ ʦʩʥʦʚʥʦʤ ʥʝʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, 
ʟʘʯʘʩʪʫʶ ʩ ʧʨʠʟʥʘʢʘʤʠ ʟʘʩʪʦʡʥʳʭ ʦʙʩʪʘʥʦʚʦʢ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʠʬʝʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ɽʥʠʩʝʡʩʢʦʤ ʢʨʷʞʝ 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʳ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʉʇ ʷʚʣʷʶʪʩʷ 
ʫʥʘʩʣʝʜʦʚʘʥʥʳʤʠ, ʘ ʢʘʨʙʦʥʘʪʥʳʝ ʧʣʘʪʬʦʨʤʳ ï ʧʨʝʝʤʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʤʠ. ʂʨʦʤʝ 
ʪʦʛʦ, ʫʪʦʯʥʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʟʨʝʟʦʚ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʥʘ ʩʢʣʦʥʘʭ 
ɹʘʡʢʠʪʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʥʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʷʭ ʟʘʬʠʢʩʠʨʦʚʘʥ ʬʘʮʠʘʣʴʥʳʡ 
ʧʝʨʝʭʦʜ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ ʂʇ ʢ ʧʨʦʢʩʠʤʘʣʴʥʳʤ ʠ ʜʠʩʪʘʣʴʥʳʤ ʯʘʩʪʷʤ ʰʝʣʴʬʘ. 
ʂʨʘʡ ʂʇ (ʦʪ ʜʨʝʚʥʠʭ ʦʪʣʦʞʝʥʠʡ ʢ ʙʦʣʝʝ ʤʦʣʦʜʳʤ) ʥʘʭʦʜʠʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʡ 
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ʣʠʥʠʠ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ, ʯʪʦ 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʘʛʨʘʜʘʮʠʦʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. 

ɺʦʣʥʦʚʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʜʝʧʨʝʩʩʠʦʥʥʦʛʦ ʪʠʧʘ ʚ 
ʀʨʢʠʥʝʝʚʦ-ʏʘʜʦʙʝʮʢʦʤ ʧʨʦʛʠʙʝ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʉʇ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʨʘʟʚʠʪʠʠ 
ʥʘ ʤʝʩʪʝ ʧʨʦʛʠʙʘ ʫʥʘʩʣʝʜʦʚʘʥʦ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʥʘ ʙʦʨʪʘʭ, ʯʪʦ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʫʨʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʢʚ. ʉʦʙʠʥʩʢʘʷ-131, ʛʜʝ 
ʚʩʢʨʳʪʘ ʧʦʯʪʠ ʢʠʣʦʤʝʪʨʦʚʘʷ ʪʦʣʱʘ ʨʠʬʝʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

 

 
 

ʈʠʩʫʥʦʢ. ʄʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʨʠʬʝʡʩʢʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʬʘʮʠʘʣʴʥʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʩʨʝʜʥʝ-
ʚʝʨʭʥʝʨʠʬʝʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʩʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʆɻ R4-R1) 
ʠ, ʩʦʚʤʝʩʪʥʦ ʩ ʢʘʨʪʘʤʠ ʨʘʟʚʠʪʠʷ ʵʨʦʟʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 
ʧʨʦʛʥʦʟʘ ʟʦʥ ʨʘʟʤʝʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ. 

 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɻʫʪʠʥʘ ʆ.ɺ. ʂʦʤʧʣʝʢʩʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʶʛʦ-
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ʃʀʊʆʊɽʍʅʆɻɽʅɽɿ ʄɽʃʂʆɿɽʈʅʀʉʊʓʍ ʇɽʉʏɸʅʓʍ ʊɽʍʅʆɻɽʅʅʓʍ 
ʆɹʈɸɿʆɺɸʅʀʁ 

 
ʆ.ʄ. ɻʫʤʘʥ, ɸ.ɹ. ʄʘʢʘʨʦʚ 

 
ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʇʨʦʮʝʩʩʳ ʣʠʪʦʪʝʭʥʦʛʝʥʝʟʘ ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʧʦʨʦʜ, 
ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʛʝʥʝʟʘ, ʦʭʚʘʪʠʚʰʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʚʝʨʭʥʦʩʪʴ 
ʟʝʤʣʠ ʠ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʢ ʵʢʟʦʛʝʥʥʳʤ 
ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʪʝʢʘʶʱʠʤ ʚ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʣʠʪʦʩʬʝʨʳ. 

ʃʠʪʦʪʝʭʥʦʛʝʥʝʟ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʝʪ ʚ ʧʨʦʮʝʩʩʘʭ, 
ʠʥʠʮʠʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʠ ʧʨʠʚʦʜʠʪ ʢ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ, ʪʝʭʥʦʛʝʥʥʳʭ ʧʦʨʦʜ, ʢʘʢ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ, ʜʝʟʠʥʪʝʛʨʘʮʠʠ 
ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʨʫʜ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʭʚʦʩʪʦʚ, ʰʣʘʤʦʚ, ʟʦʣ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʛʝʥʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʛʨʫʥʪʦʚ. ɺ 
ʨʷʜʝ ʩʣʫʯʘʝʚ ʣʠʪʦʪʝʭʥʦʛʝʥʝʟ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʪʝʭʥʦʛʝʥʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ [4]. 

ʈʘʥʝʝ [6] ʜʣʷ ʣʠʪʦʪʝʭʥʦʛʝʥʝʟʘ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʥʘ ʧʝʨʚʦʡ ʠʟ 
ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘ ʚʪʦʨʦʡ ïʩʦʙʩʪʚʝʥʥʦ çʧʣʘʩʪ ʠʣʠ 
ʩʣʦʡè ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ï ʵʪʘʧ ʵʧʠʛʝʥʝʟʘ, ʠʟʤʝʥʝʥʠʷ 
ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʃʠʪʦʪʝʭʥʦʛʝʥʝʟ ʠ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʨʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ 
ʧʝʩʯʘʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 
ʤʝʜʝʧʣʘʚʠʣʴʥʳʭ ʰʣʘʢʦʚ. 

ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʤʝʜʝʧʣʘʚʠʣʴʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʋʨʘʣʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʭʦʜʦʚ 
- ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ, ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʶʪ 
ʤʝʜʥʳʡ ʢʦʥʮʝʥʪʨʘʪ ʠ ʦʪʭʦʜʳ ʦʙʦʛʘʱʝʥʠʷ ï ʧʝʩʢʠ. ʇʝʩʢʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ 
ʜʝʪʘʣʴʥʦ [2, 3, 5]. ʇʣʦʱʘʜʠ ʤʘʩʩʠʚʦʚ, ʩʣʦʞʝʥʥʳʭ ʧʝʩʢʘʤʠ, ʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʢʠ ʠ 
ʙʦʣʝʝ ʛʝʢʪʘʨ. ʄʦʱʥʦʩʪʠ ʤʝʥʷʶʪʩʷ ʦʪ 1 ʜʦ 10 ʤʝʪʨʦʚ. 

ʀʟʥʘʯʘʣʴʥʦ ʧʝʩʢʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʩʣʝ ʨʘʟʤʝʱʝʥʠʷ ʠʭ ʚ ʢʘʨʴʝʨʝ 
(2008 ʛ.). ɺ 2017 ʛʦʜʫ ʧʝʩʢʠ ʠʟʫʯʘʣʠʩʴ ʚ ʤʘʩʩʠʚʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʦʩʪʘʚʘ, 
ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʣʘʞʥʦʩʪʠ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʚʦʡʩʪʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ ʤʘʛʥʝʪʠʪʦʤ, ʩʫʣʴʬʠʜʘʤʠ ʞʝʣʝʟʘ, ʤʝʜʠ ʠ ʜʨʫʛʠʤʠ 
ʤʝʪʘʣʣʦʬʘʟʘʤʠ (ʬʝʨʨʠʪʘʤʠ). ʅʝʨʫʜʥʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʦʣʠʚʠʥʘ 
ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ, ʧʨʦʟʨʘʯʥʦʛʦ ʬʘʷʣʠʪʘ ʠ, ʚʝʨʦʷʪʥʦ, ʢʨʠʩʪʦʙʘʣʠʪʘ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʪʦʥʢʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʚʘʨʮ 1-
2 %, ʛʠʜʨʦʢʩʠʜʳ ʞʝʣʝʟʘ ʜʦ 2 %, ʨʝʜʢʠʝ ʟʝʨʥʘ ʢʘʨʙʦʥʘʪʘ, ʝʜʠʥʠʯʥʳʝ ʧʣʘʩʪʠʥʢʠ 
ʩʣʶʜʳ.  ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʪʝʭʥʦʛʝʥʥʳʭ ʧʝʩʢʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ 
ʦʪʚʘʣʴʥʳʭ ʰʣʘʢʦʚ, ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʢʘʢʠʭ-ʣʠʙʦ ʚʪʦʨʠʯʥʳʭ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʟʘ ʧʨʦʰʝʜʰʝʝ ʩ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʚʨʝʤʷ ʥʝ ʧʨʝʪʝʨʧʝʣ, ʚʪʦʨʠʯʥʳʝ 
ʠʟʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʠʟʫʯʝʥʥʳʭ ʧʨʦʙʘʭ ʥʝ ʚʳʷʚʣʝʥʳ [1]. 

ʇʝʩʢʠ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ (2,2-2,5 ʛ/ʩʤ3), ʦʯʝʥʴ ʚʳʩʦʢʦʡ 
ʧʣʦʪʥʦʩʪʴʶ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (3,7-3,9 ʛ/ʩʤ3). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘ ʚʩʝʭ 
ʫʯʘʩʪʢʘʭ, ʩʣʦʞʝʥʥʳʭ ʛʣʠʥʠʩʪʳʤʠ ʛʨʫʥʪʘʤʠ,  ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʦʧʣʝʥʠʝ ʚʣʘʛʠ ʚ ʥʠʞʥʝʡ 
ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʧʝʩʢʦʚ, ʥʘ ʭʦʨʦʰʦ ʬʠʣʴʪʨʫʶʱʠʭ ʦʩʥʦʚʘʥʠʷʭ ʥʘʢʦʧʣʝʥʠʷ ʚʣʘʛʠ ʥʝ 
ʧʨʦʠʩʭʦʜʠʪ, ʧʦʵʪʦʤʫ ʚʣʘʞʥʦʩʪʴ ʠ ʩʪʝʧʝʥʴ ʚʦʜʦʥʘʩʳʱʝʥʠʷ ʚ ʤʘʩʩʠʚʝ ʫʤʝʥʴʰʘʶʪʩʷ. 

ʀʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʝʩʢʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʚʳʧʦʣʥʝʥʦ ʚ 
ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʋʅʎ ʌɻʠɻ ʋɻɻʋ. 
ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 
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ʊʘʙʣʠʮʘ 
ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʝʩʢʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ˉ 
ʧʨʦʙʳ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, % ʤʘʩ. 

SiO2 Al2O3 TiO2 Fe2O3 FeO MgO CaO Na2O K2O P2O5 SO3 Cu Zn 

1 37,40 6,60 0,24 8,05 37,34 1,41 0,88 0,85 0,76 0,65 2,87 0,29 2,68 

2 33,00 8,65 0,27 11,02 37,10 0,98 0,88 0,852 0,80 0,61 2,62 0,35 2,93 

3 37,00 8,10 0,27 11,21 32,87 0,87 1,14 0,78 0,89 0,60 2,77 0,39 3,17 

ʉʨʝʜʥʝʝ 35,8 7,78 0,26 10,09 35,77 1,09 0,97 0,83 0,82 0,62 2,75 0,34 2,93 

 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʝʭʥʦʛʝʥʥʳʭ ʧʝʩʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʨʝʟʦʚ ʫʯʘʩʪʢʦʚ ʚ ʮʝʣʦʤ 

ʪʘʢʞʝ ʥʝ ʠʟʤʝʥʠʣʩʷ. ʅʝʢʦʪʦʨʳʝ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ ʦʢʩʠʜʦʚ ʦʙʲʷʩʥʷʶʪʩʷ 
ʨʘʟʣʠʯʠʷʤʠ ʚ ʩʦʩʪʘʚʝ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʜʝʧʣʘʚʠʣʴʥʳʭ ʰʣʘʢʦʚ. 

ɻʣʘʚʥʳʤʠ ʦʧʘʩʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ-ʧʨʠʤʝʩʷʤʠ ʚ ʧʝʩʢʘʭ ʷʚʣʷʶʪʩʷ ʪʷʞʝʣʳʝ 
ʤʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʚʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 
ʤʝʜʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʦʛʘʱʝʥʠʷ ʰʣʘʢʦʚ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʳ ʠʟ 
ʥʠʭ. ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʧʝʩʢʘʭ ʧʦʢʘʟʘʣ ʚ 
ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʣʝʜʫʶʱʠʡ ʢʦʤʧʣʝʢʩ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ: ʤʝʜʴ, 
ʮʠʥʢ, ʩʚʠʥʝʮ, ʤʳʰʴʷʢ ʠ ʩʫʨʴʤʘ, ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʩʦʜʝʨʞʘʥʠʷ ʦʣʦʚʘ, ʭʨʦʤʘ, 
ʤʦʣʠʙʜʝʥʘ ʠ ʢʘʜʤʠʷ. ʉʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʥʝʤʘʛʥʠʪʥʦʡ ʠ ʤʘʛʥʠʪʥʦʡ 
ʬʨʘʢʮʠʷʭ ʩʦʚʝʨʰʝʥʥʦ ʠʜʝʥʪʠʯʥʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʨʘʚʥʦʤʝʨʥʦʤ 
ʨʘʩʩʝʷʥʠʠ ʧʦ ʤʘʩʩʝ ʯʘʩʪʠʮ ʧʝʩʢʦʚ [1]. ʉʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ (Cu, Zn, Pb, 
Cd, As) ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʦʪʭʦʜʦʚ ʤʝʜʝʧʣʘʚʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʨʘʟʨʝʟʝ ʧʝʩʢʦʚ 
ʚʘʨʴʠʨʫʶʪ ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 
ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʥʝ 
ʧʨʦʠʩʭʦʜʠʪ. 

ʇʨʠ ʥʘʣʠʯʠʠ ʧʦʥʠʞʝʥʠʡ ʚ ʤʘʩʩʠʚʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʪʦʢʦʚ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ 
ʠʥʪʝʥʩʠʚʥʳʡ ʚʳʥʦʩ ʯʘʩʪʠʮ ʧʝʩʢʘ ʩ ʠʭ ʨʘʟʫʧʣʦʪʥʝʥʠʝʤ, ʯʪʦ ʤʦʞʝʪ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ 
ʜʚʠʞʝʥʠʝ ʚʩʝʡ ʪʦʣʱʠ ʧʨʠ ʥʘʣʠʯʠʠ ʦʙʣʘʩʪʠ ʚʳʥʦʩʘ.  
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ɻɽʆʍʀʄʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʂʈɽʄʅʀʉʊʓʍ ʆʊʃʆɾɽʅʀʁ 
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ʄ.ʖ. ɻʫʱʠʥʘ, ɸ.ɺ. ʄʦʠʩʝʝʚ, ʄ.ʀ. ʊʫʯʢʦʚʘ 

 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɸʣʛʘʥʩʢʠʝ ʛʦʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʦʨʷʢʩʢʦ-ʂʘʤʯʘʪʩʢʦʡ 
ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʆʪʣʦʞʝʥʠʷ ɸʣʛʘʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʦʪʥʦʩʷʪʩʷ ʢ ɸʥʘʜʳʨʩʢʦ-
ʂʦʨʷʢʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʝ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʤʷʪʳʤʠ ʚ ʩʠʩʪʝʤʫ ʩʢʣʘʜʦʢ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʢʦʤʧʣʝʢʩʘʤʠ ʚʫʣʢʘʥʦ-ʢʨʝʤʥʠʩʪʦ-ʪʫʬʦʪʝʨʨʠʛʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, 
ʦʪʥʦʩʷʱʠʤʠʩʷ ʢ ʘʣʛʘʥʩʢʦʡ ʩʚʠʪʝ (J3-K1v) [5]. ʂʨʝʤʥʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʘʪʠʨʦʚʘʥʳ 
ʧʦ ʝʜʠʥʠʯʥʳʤ ʥʘʭʦʜʢʘʤ ʬʘʫʥʳ, ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠʭ ʚʦʟʨʘʩʪ ʥʝʷʩʝʥ, 
ʯʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʠʭ ʩʦʩʪʘʚʝ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ. 
ʆʪʣʦʞʝʥʠʷ ʘʣʛʘʥʩʢʦʡ ʩʚʠʪʳ ʧʝʨʝʢʨʳʪʳ ʧʝʨʝʢʘʪʥʠʥʩʢʦʡ (K1al-K2t) ʩʚʠʪʦʡ, 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʘʢ ʩʣʘʙʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ ʯʝʭʦʣ [5]. ɺʦʟʨʘʩʪ ʧʝʨʝʢʨʳʚʘʶʱʠʭ 
ʢʦʤʧʣʝʢʩʦʚ ʦʮʝʥʠʚʘʣʩʷ ʥʠʟʘʤʠ ʘʣʴʙʘ, ʦʜʥʘʢʦ ʥʝʜʘʚʥʦ ʚ ʨʝʛʠʦʥʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 
ʧʦʨʦʜʳ ʩʭʦʜʥʳʝ ʩ ʧʦʨʦʜʘʤʠ ʘʣʛʘʥʩʢʦʡ ʩʚʠʪʳ ʜʘʪʠʨʦʚʘʥʥʳʤʠ ʧʦ ʬʘʫʥʝ K2cp [3]. 
ʇʦʨʦʜʳ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ (ʶʨʘ-ʤʝʣ ʠ ʢʘʤʧʘʥ) ʥʝʦʪʣʠʯʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʦ ʧʦ 
ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʵʪʘʧʘʤ. ʆʙʨʘʟʦʚʘʥʠʝ 
ʶʨʩʢʦ-ʤʝʣʦʚʳʭ ʢʨʝʤʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʢʨʘʠʥʥʦ-ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʚ 
ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʦʢʨʘʠʥʥʳʭ ʯʘʩʪʷʭ ʙʘʩʩʝʡʥʘ [1]. ɼʣʷ ʢʘʤʧʘʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʜʘʥʥʦʛʦ 
ʨʘʡʦʥʘ ʩʯʠʪʘʶʪʩʷ ʭʘʨʘʢʪʝʨʥʳʤʠ ʬʘʮʠʠ ʤʝʣʢʦʛʦ ʤʦʨʷ [4]. ɺ ʵʪʦʡ ʩʚʷʟʠ, ʚʦʟʥʠʢʣʘ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʥʷʪʴ, ʚ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʠ ʦʙʨʘʟʦʚʘʥʳ ʢʨʝʤʥʠʩʪʳʝ ʧʦʨʦʜʳ, 
ʜʘʪʠʨʦʚʘʥʥʳʝ ʢʘʤʧʘʥʦʤ [3]. ʊʘʢ ʞʝ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ ʢʨʝʤʥʠʩʪʳʝ 
ʦʪʣʦʞʝʥʠʷ ʧʝʨʝʢʘʪʥʠʥʩʢʦʡ ʩʚʠʪʳ (K1al-K2t). 

ɺ ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʣʝʛʣʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ɻʀʅ ʈɸʅ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ɸʣʛʘʥʩʢʠʭ ʛʦʨ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ 2016 ʛʦʜʫ. 

ʂʨʝʤʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʦʙʥʘʞʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʚʦʡ ʠ 
ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪ-ʪʝʨʨʠʛʝʥʥʦʡ ʘʩʩʦʮʠʘʮʠʷʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʘʩʥʳʤʠ, ʯʝʨʥʳʤʠ ʠ 
ʟʝʣʝʥʳʤʠ ʷʰʤʘʤʠ ʠ ʨʘʜʠʦʣʷʨʠʪʘʤʠ, ʩʣʦʞʝʥʥʳʤʠ ʤʝʣʢʦ-, ʢʨʠʧʪʦʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮ-
ʭʘʣʮʝʜʦʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʘʱʝ ʚʩʝʛʦ ʩ ʧʷʪʥʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ, ʧʦʜʯʝʨʢʥʫʪʦʡ 
ʨʘʩʧʳʣʝʥʥʦʡ ʚ ʤʘʪʨʠʢʩʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʧʨʠʤʝʩʴʶ ʞʝʣʝʟʘ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʦʩʪʘʚʦʚ, ʨʘʩʩʝʷʥʥʳʭ ʠ 
ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʨʝʤʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʢʘʤʧʘʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (11 ʧʨʦʙ) ʠ 
ʧʝʨʝʢʘʪʥʠʥʩʢʦʡ ʩʚʠʪʳ (2 ʧʨʦʙʳ), ʩʦʜʝʨʞʘʥʠʷ ʧʦʤʝʨʝʥʳ ʤʝʪʦʜʦʤ IʉP-MS.  

ʉʫʤʤʘʨʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʈɿʕ ʚ ʢʨʝʤʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʘʤʧʘʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 
ʩʦʩʪʘʚʣʷʶʪ 13,0-196,6 ʛ/ʪ, ʦʪʣʦʞʝʥʠʷ ʧʝʨʝʢʘʪʥʠʥʩʢʦʡ ʩʚʠʪʳ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʳ ʈɿʕ ï 
88,5-238,6 ʛ/ʪ. ɼʣʷ ʦʪʣʦʞʝʥʠʡ ʢʘʤʧʘʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʦʩʥʦʚʥʦʤ ʭʘʨʘʢʪʝʨʥʘ 
ʧʦʣʦʞʠʪʝʣʴʥʘʷ Ce ʘʥʦʤʘʣʠʷ, ʚ ʯʝʨʥʳʭ ʨʘʟʥʦʩʪʷʭ ʠ ʚ ʜʚʫʭ ʩʘʤʳʭ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ 
ʦʙʨʘʟʮʘʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʉʝ ʘʥʦʤʘʣʠʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ. 
ɼʣʷ ʧʝʨʝʢʘʪʥʠʥʩʢʦʡ ʩʚʠʪʳ, ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʉʝ ʘʥʦʤʘʣʠʷ. ɺʩʝ ʧʦʨʦʜʳ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʢʨʫʧʥʦʠʦʥʥʳʭ ʣʠʪʦʬʠʣʦʚ (ʟʘ 
ʠʩʢʣʶʯʝʥʠʝʤ Sr) ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ, ʦʙʝʜʥʝʥʳ Ta ʠ Nb ʦʪʥʦʩʠʪʝʣʴʥʦ Th 
ʠ Ce, ʦʙʦʛʘʱʝʥʠʝʤ ʣʝʛʢʠʭ ʈɿʕ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʠʭ ʠ ʪʷʞʝʣʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 
ɽu-ʘʥʦʤʘʣʠʝʡ. 

ʇʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʤʦʱʠ 
ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤ ʆ.ʃ. ʄʦʨʦʟʦʚʘ [2] ʠ R.W. Murray [6, 7], ʦʩʥʦʚʘʥʥʳʭ 
ʥʘ ʩʦʜʝʨʞʘʥʠʠ TiO2, Al2O3, Fe2O3, MnO, La, Ce, Y, V, ʠ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ 
(ʪʘʙʣʠʮʘ). ʇʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʂʨʝʤʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʢʘʤʧʘʥʘ 
ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʧʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʠ ʧʝʣʘʛʠʯʝʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʜʘʣʝʢʦ ʦʪ ʉʆʍ ʠ ʟʦʥ 
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ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʨʘʟʛʨʫʟʢʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʭʦʨʦʰʦ ʘʵʨʠʨʫʝʤʦʤ ʙʘʩʩʝʡʥʝ, ʟʘ 
ʠʩʢʣʶʯʝʥʠʝʤ ʯʝʨʥʳʭ ʢʨʝʤʥʝʡ, ʬʦʨʤʠʨʦʚʘʚʰʠʭ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʂʨʝʤʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʧʝʨʝʢʘʪʥʠʥʩʢʦʡ ʩʚʠʪʳ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʧʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 
ʦʙʩʪʘʥʦʚʢʝ, ʚ ʭʦʨʦʰʦ ʘʵʨʠʨʫʝʤʦʤ ʙʘʩʩʝʡʥʝ, ʜʘʣʝʢʦ ʦʪ ʉʆʍ ʠ ʟʦʥ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ 
ʨʘʟʛʨʫʟʢʠ. ʅʘʣʠʯʠʝ ʧʝʣʘʛʠʯʝʩʢʠʭ ʬʘʮʠʡ ʚ ʢʨʝʤʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʢʘʤʧʘʥʩʢʦʛʦ 
ʚʦʟʨʘʩʪʘ ʚʥʦʩʠʪ ʠʟʤʝʥʝʥʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

 
ʊʘʙʣʠʮʘ  

ʃʠʪʦʭʠʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʨʝʤʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ɸʣʛʘʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ 
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ɸ.ʉ. ʉʦʣʦʤʘʪʠʥʘ1 
 

1
ʀʥʩʪʠʪʫʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʜʘʪʠʨʦʚʘʥʥʳʭ ʢʦʣʦʥʢʘʭ ʥʝʥʘʨʫʰʝʥʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, 
ʧʦʣʫʯʝʥʥʳʭ ʤʫʣʴʪʠʢʦʨʝʨʦʤ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʧʨʦʙʦʦʪʙʦʨʘ 1 ʩʤ, ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ 
ʚʘʣʦʚʳʭ ʩʦʜʝʨʞʘʥʠʡ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʭ ʬʦʨʤ  ʠʭ ʥʘʭʦʞʜʝʥʠʷ (ʚʢʣʶʯʘʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʝ ʪʷʞʝʣʳʝ 
ʤʝʪʘʣʣʳ Pb, Cd, As, Cu). ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, 
ʚʢʣʶʯʘʷ ʪʦʢʩʠʯʥʳʝ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ (ʊʄ), ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʘʤʠ ʘʪʦʤʥʦ-
ʘʙʩʦʨʙʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ (ʧʣʘʤʝʥʥʦʡ ʠ ʵʣʝʢʪʨʦʪʝʨʤʠʯʝʩʢʦʡ), ʤʘʩʩ-
ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ʀʉʇ-ʄʉ), ʘ ʪʘʢʞʝ ʨʝʥʪʛʝʥʦ-
ʬʣʶʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʌɸ). ʂʨʦʤʝ ʵʪʦʛʦ, ʦʧʨʝʜʝʣʝʥʦ ʩʦʜʝʨʞʘʥʠʝ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʫʛʣʝʨʦʜʘ ʢʫʣʦʥʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 142 ʧʨʦʙʳ ʠʟ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʠʭ ʢʦʣʦʥʦʢ, ʚʟʷʪʳʭ ʚ ʦʪʢʨʳʪʦʡ 
ʯʘʩʪʠ ʤʦʨʷ ʥʘ ʛʨʘʥʠʮʝ ʩ ʅʦʨʚʝʞʩʢʠʤ ʤʦʨʝʤ (ʩʪ. 5432), ʠʟ ʙʫʭʪ ɿʝʤʣʠ ʌʨʘʥʮʘ-
ʀʦʩʠʬʘ (ʩʪ.5454)  ʠ ʅʦʚʦʡ ɿʝʤʣʠ (ʩʪ. 5424). ʅʘ ʪʨʝʭ ʩʪʘʥʮʠʷʭ (ʩʪ. 5548, 5555 ʠ 
5579), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʂʦʣʴʩʢʦʤ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ (ʚʜʦʣʴ 34ʦ ʚ.ʜ.) 
ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 700 ʢʤ, ʥʘʯʠʥʘʷ ʦʪ ʤʝʣʢʦʚʦʜʴʷ ʥʘ ʶʛʝ ʠ ʜʦ ʛʣʫʙʠʥ ʦʢʦʣʦ 
450 ʤ ʥʘ ʩʝʚʝʨʝ (80ʦ ʩ.ʰ.), ʚ ʩʣʦʝ 0-10 ʩʤ ʰʘʛʦʤ 1 ʩʤ ʚʳʧʦʣʥʝʥ  ʘʥʘʣʠʟ ʬʦʨʤ 
ʥʘʭʦʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ 
ʠʩʩʣʝʜʦʚʘʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʵʢʩʪʨʘʢʮʠʡ, ʨʘʟʜʝʣʷʷ 1) ʘʜʩʦʨʙʮʠʦʥʥʦ-ʦʙʤʝʥʥʳʡ 
ʢʦʤʧʣʝʢʩ ʠ ʢʘʨʙʦʥʘʪʳ [4]; 2) Fe-Mn ʛʠʜʨʦʢʩʠʜʳ ʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʥʘ ʥʠʭ ʤʝʪʘʣʣʳ 
[2];     3) ʊʄ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ [3]; 4) ʣʠʪʦʛʝʥʥʘʷ (ʦʩʪʘʪʦʯʥʘʷ). 
ʇʝʨʚʳʝ ʪʨʠ ʬʦʨʤʳ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʛʝʦʭʠʤʠʯʝʩʢʠ ʧʦʜʚʠʞʥʳʭ ʤʝʪʘʣʣʦʚ, 
ʪʦʛʜʘ ʢʘʢ ʯʝʪʚʝʨʪʘʷ ʷʚʣʷʝʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠ ʠʥʝʨʪʥʦʡ ʬʦʨʤʦʡ. ʇʨʘʚʠʣʴʥʦʩʪʴ 
ʘʥʘʣʠʟʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ 
ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʨʘʟʮʦʚ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ (ʉɼʆ-1, -3, NIST 2703). 

ɺ ʪʝʨʨʠʛʝʥʥʳʭ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʩʦʜʝʨʞʘʥʠʷ Zn, Cu, Pb ʠ  Cr ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝ ʧʨʝʚʳʰʘʶʪ ʬʦʥʦʚʳʭ ʟʥʘʯʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʵʪʦʡ ʘʢʚʘʪʦʨʠʠ ʄʄɹʀ ʈɸʅ ʠ ʇʀʅʈʆ [1]. 
ʇʨʝʚʳʰʝʥʠʝ ʬʦʥʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ Co ʠ Ni ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʣʠʷʥʠʠ 
ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ (ʜʦʙʳʯʘ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʢʦʙʘʣʴʪʦ-ʥʠʢʝʣʝʚʳʭ ʨʫʜ ʥʘ 
ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ). ɼʦʣʷ ʛʠʜʨʦʛʝʥʥʳʭ ʬʦʨʤ Cu, Pb,  Co ʠ Ni (ʩʦʨʙʠʨʦʚʘʥʥʳe ʥʘ 
ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʘʭ ʠ Fe-Mn ʘʤʦʨʬʥʳʭ ʛʠʜʨʦʢʩʠʜʘʭ, ʘ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʝ ʩ ʆɺ) 
ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʨʝʜʥʝʤ ʦʪ 26 ʜʦ 38 % ʚʘʣʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ 
ʤʝʪʘʣʣʦʚ. ɺ ʧʨʝʜʝʣʘʭ ʩʣʦʷ 0-10 ʩʤ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠ 
ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ Ni, Cu, Pb ʩ ʠʭ ʜʘʣʴʥʝʡʰʠʤ ʦʜʥʦʨʦʜʥʳʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʥʠʞʝʣʝʞʘʱʠʭ ʩʣʦʷʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʜʠʢʘʪʦʨʥʳʭ ʦʪʥʦʰʝʥʠʡ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ (Si/Al, Ca/Al, P/Al, 
Mn/Fe, V/Mn ʠ ʜʨ.) ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 
ʧʘʣʝʦʩʨʝʜʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʦʪʥʦʰʝʥʠʷ Si/Al ʚ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ  ʩʣʦʷʭ (ʜʦ 40 ʩʤ) ʦʩʘʜʢʦʚ ʠʟ ʤʝʣʢʦʚʦʜʥʳʭ ʙʫʭʪ ɿʝʤʣʠ ʌʨʘʥʮʘ-
ʀʦʩʠʬʘ ʠ ʅʦʚʦʡ ɿʝʤʣʠ ʦʯʝʚʠʜʥʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʣʘʙʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 
ʚ ʧʦʩʪʫʧʣʝʥʠʠ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ 
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ʦʩʘʜʢʦʚ. ʆʩʦʙʝʥʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʜʠʘʛʝʥʝʟʘ ʚ ʨʘʟʥʳʭ 
ʫʯʘʩʪʢʘʭ ʤʦʨʷ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʷ ʠʥʜʠʢʘʪʦʨʦʚ Mn/Fe ʠ V/Mn; 
ʪʘʢ, ʧʦʩʪʦʷʥʩʪʚʦ ʠʣʠ ʤʠʥʠʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʵʪʦʛʦ ʠʥʜʠʢʘʪʦʨʘ ʚ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʦʩʘʜʢʘʭ (ʛʣʫʙʞʝ 7 ʩʤ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʧʦʩʪʦʷʥʩʪʚʝ 
ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʦʩʘʜʢʘʭ ʙʫʭʪʳ ɿʝʤʣʠ ʌʨʘʥʮʘ ʀʦʩʠʬʘ. 

ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʜʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʯʘʩʪʠʯʥʦ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ 
ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʪʝʤʘ ˉ 0149-2019-0007 (ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʘʢʘʜʝʤʠʢ ɸ.ʇ. 
ʃʠʩʠʮʳʥ), ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ, ʧʨʦʝʢʪ ˉ 19-17-
00234. 
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ʅɽʌʊɽɻɸɿʆɺɸʗ ʃʀʊʆʃʆɻʀʗ: ʅʆɺʓɽ ɺʓɿʆɺʓ ʀ ʅʆɺʓɽ 
ʈɽʐɽʅʀʗ 

 
ɸ.ʅ. ɼʤʠʪʨʠʝʚʩʢʠʡ 

 
ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

1. ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ  ʥʝʚʦʟʤʦʞʥʦ 
ʙʝʟ ʩʦʟʜʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʪʨʦʝʥʠʷ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ, ʫʩʪʘʥʦʚʣʝʥʠʷ 
ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝʬʪʠ ʚ ʪʦʣʱʝ ʧʦʨʦʜ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʤʠʥʝʨʘʣʴʥʦʡ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʦʡ ʤʘʪʨʠʮʳ ʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʯʘʛʦʚ ʠ 
ʩʢʦʧʣʝʥʠʡ ʥʝʬʪʠ/ 

ɺʳʧʦʣʥʝʥʥʳʝ  ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʥʘʣʠʯʠʠ 
ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ ʨʘʟʤʝʱʝʥʠʷ ʥʝʬʪʠ ʚ ʙʘʞʝʥʦʚʩʢʦʡ ʪʦʣʱʝ: 

Å  ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ ʛʣʠʥʠʩʪʦ-
ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʝʜʠʥʠʯʥʳʭ ʤʠʢʨʦʩʢʦʧʣʝʥʠʡ ʥʝʬʪʠ; 

Å  ʢʦʥʮʝʥʪʨʘʮʠʷ ʣʝʛʢʦʡ ʥʝʬʪʠ ʚ ʦʯʘʛʘʭ (ʥʘʟʳʚʘʝʤʳʭ ʚ ʘʤʝʨʠʢʘʥʩʢʦʡ 
ʩʣʘʥʮʝʚʦʡ ʣʠʪʝʨʘʪʫʨʝ çsweet spotsè), ʧʨʠ ʚʩʢʨʳʪʠʠ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʚʳʩʦʢʠʝ 
ʜʝʙʠʪʳ; 

Å  ʫʯʘʩʪʢʠ ʠ ʟʦʥʳ ʙʘʞʝʥʦʚʩʢʠʭ ʧʦʨʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʢʝʨʦʛʝʥʦʤ; 
Å  ʨʘʟʤʝʱʝʥʠʝ ʥʝʬʪʠ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʠ ʪʦʣʱʘʭ ʢʨʝʤʥʠʩʪʦ-

ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʳ 
ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ). 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʦʟʜʘʚʘʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʜʦʣʞʥʳ 
ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʝʝ ʚ ʪʦʣʱʝ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʘʜʨʝʩʥʦʛʦ ʥʘʙʦʨʘ 
ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʤʘʩʰʪʘʙʳ ʠ 
ʩʧʝʮʠʬʠʢʫ ʨʘʟʤʝʱʝʥʠʷ ʥʝʬʪʠ. ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʫʩʧʝʰʥʦʛʦ 
ʦʩʚʦʝʥʠʷ ʥʝʬʪʷʥʳʭ ʨʝʩʫʨʩʦʚ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ. 

2. ɼʣʷ ʜʦʙʳʯʠ ʩʣʘʥʮʝʚʦʡ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʚ ʉʐɸ) ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ 
ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʛʠʜʨʦʨʘʟʨʳʚʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʩʨʝʜʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 
ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʙʫʭʘʶʱʠʝ ʠ ʩʤʝʰʘʥʥʦ-ʩʣʦʡʥʳʝ ʨʘʟʥʦʩʪʠ ʧʨʠ 
ʛʠʜʨʦʨʘʟʨʳʚʝ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ 
ʩʨʝʜʫ. ɺʦʪ ʧʦʯʝʤʫ, ʝʚʨʦʧʝʡʩʢʠʝ ʩʪʨʘʥʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ ʜʦʙʳʯʠ ʩʣʘʥʮʝʚʦʡ ʥʝʬʪʠ 
ʠ ʛʘʟʘ. 

ʉʦʟʜʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʣʘʟʤʝʥʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʇʀɺ) ʥʘ 
ʩʣʘʥʮʝʚʫʶ ʪʦʣʱʫ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʝʪʩʷ ʩʝʪʴ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʠʢʨʦʪʨʝʱʠʥ. ʊʝʭʥʦʣʦʛʠʷ ʇʀɺ ʠʤʝʝʪ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 
ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʩʪʘʜʠʡʥʳʤ ʛʠʜʨʦʨʘʟʨʳʚʦʤ. 

ʊʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʟ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʝʪ 
ʧʨʠ ʧʦʜʙʦʨʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʦʤ 
ʧʦʨʦʜ. 

3. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʩʪʘʪʢʦʚ ʠʟ ʩʝʧʘʨʘʮʠʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 
ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ 
ʚʳʜʝʣʝʥʳ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ɺʄʂ), ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ 
ʦʟʦʢʝʨʠʪʦ- ʠ ʮʝʨʝʟʠʥʦʧʦʜʦʙʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʪʚʝʨʜʳʭ ʧʘʨʘʬʠʥʦʚ ʠ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʝʬʪʷʥʦʛʦ ʨʷʜʘ. 

ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ɺʄʂ ʧʨʠʚʝʣʦ ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʦʛʦ ʚʠʜʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ 
ʩʳʨʴʷ, ʥʘʟʚʘʥʥʦʛʦ ʥʘʤʠ ñʤʘʪʨʠʯʥʦʡ ʥʝʬʪʴʶò. ʕʪʘ ʥʝʬʪʴ ʩʚʷʟʘʥʘ ʩ ʥʘʠʙʦʣʝʝ 
ʧʣʦʪʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. 
ʅʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ ʢʘʨʙʦʥʘʪʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ ʦʙʫʩʣʦʚʣʝʥʦ ʬʘʮʠʘʣʴʥʳʤʠ 
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ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ 
ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʪʘ ʠ (ʠʣʠ) ʜʦʣʦʤʠʪʘ. ʅʘʠʙʦʣʝʝ ʧʣʦʪʥʳʝ ʫʯʘʩʪʢʠ 
ʨʝʟʝʨʚʫʘʨʘ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ 
ʢʘʨʙʦʥʘʪʥʳʭ ʠʣʦʚ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʦʜʦʙʥʳʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʵʚʦʣʶʮʠʶ ʢʘʨʙʦʥʘʪʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʛʨʝʙʝʥʥʦʛʦ ʚʤʝʩʪʝ ʩ ʥʠʤ ʆɺ. 

ʋʞʝ ʥʘ ʧʝʨʚʳʭ, ʩʘʤʳʭ ʨʘʥʥʠʭ, ʩʪʘʜʠʷʭ ʜʠʘʛʝʥʝʟʘ ʦʙʨʘʟʫʝʪʩʷ ʢʦʣʣʦʠʜʥʘʷ 
ʩʠʩʪʝʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ 
(ʂʆʇ). ʇʨʠ ʵʪʦʤ ʧʝʣʠʪʦʤʦʨʬʥʳʡ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʙʦʥʘʪʥʳʡ ʤʘʪʝʨʠʘʣ 
(ʢʘʣʴʮʠʪ ʠ ʜʦʣʦʤʠʪ) ʠ ʨʘʩʩʝʷʥʥʦʝ ʆɺ ʚ ʧʨʦʮʝʩʩʝ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʬʦʨʤʠʨʫʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʢʘʨʙʦʥʘʪʥʳʡ ʠʣ ʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʝ ʦʩʪʘʪʢʠ ʙʠʦʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʦʙʨʘʟʫʶʪ 
ʘʤʦʨʬʥʳʝ ʧʦʣʠʤʝʨʳ. 

ʆʩʥʦʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʂʆʇ ʷʚʣʷʶʪʩʷ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʥʦʝ ʠ ʭʠʤʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 
ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʛʣʦʙʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩʫʥʦʢ). 
ʅʝʩʤʦʪʨʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʠ ʭʠʤʠʯʝʩʢʦʝ ʝʜʠʥʩʪʚʦ, ʦʨʛʘʥʠʯʝʩʢʘʷ ʠ ʤʠʥʝʨʘʣʴʥʘʷ 
ʩʦʩʪʘʚʣʷʶʱʠʝ ʂʆʇ ʠʤʝʶʪ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʈʊ-
ʫʩʣʦʚʠʡ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʢʦʥʜʝʥʩʘʮʠʠ ʠ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 
ʦʨʛʘʥʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʙʨʘʟʫʶʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʝʬʪʷʥʦʛʦ ʨʷʜʘ ʠ 
ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʣʣʦʠʜʥʦʝ ʛʦʤʦʛʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʂʆʇ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ 
ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʂʆʇ. 
 

 
 

 

 
 

ʈʠʩʫʥʦʢ. ɻʣʦʙʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʢʘʨʙʦʥʘʪʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ 
ʈ1art: ʧʦʨʠʩʪʦʩʪʴ 16,9%, ʩʦʜʝʨʞʘʥʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï 3,8% (ʤʘʩʩ.), ʚ ʪʦʤ 

ʯʠʩʣʝ ʘʩʬʘʣʴʪʝʥʳ ï 80%, ʩʤʦʣʳ ï 15%, ʤʘʩʣʘ ï 5% 
 

ʇʨʦʪʠʚʦʙʦʨʩʪʚʦ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʩʤʝʥʫ 

ʢʦʣʣʦʠʜʥʦʛʦ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʡ ʂʆʇ. ɼʘʣʴʥʝʡʰʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʧʦʨʮʠʡ ʥʠʟʢʦ- ʠ ʩʨʝʜʥʝʤʦʣʝʢʫʣʷʨʥʳʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʢʦʪʦʨʳʝ, ʧʦʢʠʜʘʷ ʧʨʝʜʝʣʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʂʆʇ, ʬʦʨʤʠʨʫʶʪ 
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ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʫʶ ʟʘʣʝʞʴ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʧʨʦʜʦʣʞʘʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʠʩʯʝʨʧʘʥʠʷ 
ʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʂʆʇ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ ʠ ʧʦʩʣʝʜʫʶʱʝʤʫ ʨʘʟʨʫʰʝʥʠʶ ʧʦʣʠʤʝʨʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 
ʂʆʇ ʚ ʪʨʘʜʠʮʠʦʥʥʳʡ ʢʘʨʙʦʥʘʪʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʠʨʦʜʥʳʡ ʨʝʟʝʨʚʫʘʨ. 

ʇʦ-ʠʥʦʤʫ ʩʢʣʘʜʳʚʘʝʪʩʷ ʵʚʦʣʶʮʠʷ ʘʤʦʨʬʥʳʭ ʢʘʨʙʦʥʘʪʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʭ 
ʧʦʣʠʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʫʞʝ ʚ ʨʘʥʥʝʤ ʜʠʘʛʝʥʝʟʝ ʬʦʨʤʠʨʫʶʪ ʟʦʥʳ ʠʣʠ ʦʯʘʛʠ ʘʤʦʨʬʥʳʭ ʂʆʇ. 
ɸʤʦʨʬʥʳʝ ʢʘʨʙʦʥʘʪʥʦ-ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʝʡ 
ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ ʤʝʥʝʝ ʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣ. 
ʇʦʜʦʙʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʤʦʨʬʥʳʭ ʂʆʇ ʠʩʢʣʶʯʘʶʪ ʤʘʩʰʪʘʙʥʳʝ ʧʨʦʮʝʩʩʳ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʤʘʪʨʠʯʥʘʷ ʥʝʬʪʴ ʷʚʣʷʝʪʩʷ ʥʦʚʦʡ 
ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʨʝʜʝʣʘʭ ʢʘʨʙʦʥʘʪʥʳʭ 
ʨʝʟʝʨʚʫʘʨʦʚ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʦ ʟʘʢʣʶʯʝʥʠʶ ʵʢʩʧʝʨʪʥʦʡ ʢʦʤʠʩʩʠʠ 
ɻʂɿ ʄʠʥʠʩʪʝʨʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʦʪ 03.06.2005 ʛ. ʨʝʩʫʨʩʳ ʤʘʪʨʠʯʥʦʡ ʥʝʬʪʠ 
ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ 2,56 ʤʣʨʜ. ʪ ʥʝʬʪʷʥʦʛʦ 
ʵʢʚʠʚʘʣʝʥʪʘ. 

4. ʊʝʦʨʠʷ ʬʠʣʴʪʨʘʮʠʠ, ʧʦʣʫʯʠʚʰʘʷ ʧʝʨʚʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʚ ʨʘʙʦʪʘʭ ɸ. ɼʘʨʩʠ, 
ʥʘʰʣʘ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʫʯʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, 
ʧʦʜʟʝʤʥʘʷ ʛʠʜʨʦʤʝʭʘʥʠʢʘ, ʠʟʫʯʘʶʱʘʷ ʬʠʣʴʪʨʘʮʠʶ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʚ ʧʦʨʠʩʪʳʭ ʠ 
ʪʨʝʱʠʥʦʚʘʪʦ-ʧʦʨʠʩʪʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʦʡ ʨʘʟʨʘʙʦʪʢʠ 
ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.ɺ ʧʦʜʟʝʤʥʦʡ ʛʠʜʨʦʤʝʭʘʥʠʢʝ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 
ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ çʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʦʜʥʦʟʥʘʯʥʦʡ ʤʦʜʝʣʠ ʥʝʬʪʝʛʘʟʦʚʦʡ 
ʟʘʣʝʞʠ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠ ʥʝʪʦʯʥʦʩʪʠ ʩʚʝʜʝʥʠʡ ʦ ʩʪʨʦʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ 
ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʠ ʧʣʘʩʪʦʚʳʭ ʬʣʶʠʜʦʚè. ʇʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʬʪʝʛʘʟʦʚʦʛʦ 
ʧʣʘʩʪʘ, ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʠ ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ 
ʵʪʠʤ ʢʘʢ çʩʠʩʪʝʤʘ ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʦʜʥʦʨʦʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʣʘʙʦʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ 
ʩʦʙʦʡè. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʪʘʢʠʝ ʩʠʩʪʝʤʳ ʦʧʠʩʳʚʘʶʪʩʷ 
ʢʘʢ ʥʝʢʦʪʦʨʳʝ ʩʧʣʦʰʥʳʝ ʩʨʝʜʳ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʥʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʩʚʦʡʩʪʚʘ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʷʚʣʷʶʪʩʷ ʫʩʨʝʜʥʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʩʪʘʪʦʯʥʦ 
ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʩʨʝʜʳ. 

ʇʦʜʦʙʥʳʡ ʧʦʜʭʦʜ ʦʢʘʟʘʣʩʷ ʧʨʦʜʫʢʪʠʚʥʳʤ ʠ ʧʦʟʚʦʣʠʣ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ 
ʪʝʦʨʠʶ ʬʠʣʴʪʨʘʮʠʠ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʟʥʘʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʠʨʦʜʳ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ 
ʥʝʦʙʭʦʜʠʤʦ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚ ʧʨʝʜʝʣʘʭ 
ʢʦʪʦʨʦʛʦ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʢʘʢ ʬʠʣʴʪʨʘʮʠʠ, ʪʘʢ ʠ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʘ ʬʠʣʴʪʨʘʮʠʠ ʬʣʶʠʜʦʚ. 

ʂʦʣʣʝʢʪʦʨ, ʟʘʧʦʣʥʝʥʥʳʡ ʥʝʬʪʴʶ ʠ ʛʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʮʝʣʦʩʪʥʫʶ 
ʧʨʠʨʦʜʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʜʚʫʭ ʧʦʜʩʠʩʪʝʤ, ʆʜʥʘ ʧʦʜʩʠʩʪʝʤʘ ï ʧʦʜʚʠʞʥʳʝ 
ʫʛʣʝʚʦʜʦʨʦʜʳ, ʚʪʦʨʘʷ ʧʦʜʩʠʩʪʝʤʘ ï ʤʠʥʝʨʘʣʴʥʳʡ ʩʢʝʣʝʪ ʛʦʨʥʦʡ ʧʦʨʦʜʳ. ʕʪʠ 
ʧʦʜʩʠʩʪʝʤʳ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʡ ʛʝʥʝʟʠʩ ʠ ʧʦ-ʨʘʟʥʦʤʫ ʨʝʘʛʠʨʫʶʪ 
ʥʘ ʠʟʤʝʥʝʥʠʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ʂʘʞʜʘʷ ʠʟ ʧʦʜʩʠʩʪʝʤ ʪʨʝʙʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 
ʠʟʫʯʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʩʚʦʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ 
ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʥʝʜʨ. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʬʝʥʦʤʝʥʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ 
ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʙʝʟʫʩʣʦʚʥʦ, ʦʢʘʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ʬʦʨʤʘʮʠʷʭ, ʘ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʩʪʨʦʝʥʠʷ ʷʚʣʷʶʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ 
ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʶʪ ʜʝʪʘʣʴʥʳʝ 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʨʘʟʣʠʯʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, 
ʠʭ ʧʦʣʠʪʠʧʦʚ ʠ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʠʟʫʯʝʥʠʝ ʩʪʝʧʝʥʠ ʜʝʬʝʢʪʥʦʩʪʠ ʠʭ 
ʩʪʨʫʢʪʫʨʳ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʅʘʜʝʞʥʘʷ ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ 
ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʢʦʤʧʣʝʢʩʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʢʠ ʠ ʭʠʤʠʠ ʪʚʝʨʜʳʭ ʪʝʣ. 

ɸʚʪʦʨʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ, ʢʦʤʧʣʝʢʩʥʳʡ 
ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ 
ʛʨʘʥʠʪʦʠʜʦʚ ʥʘ ʛʣʫʙʠʥʘʭ 850-2550 ʤ ʫʨʘʥʦʚʦʨʫʜʥʦʛʦ ʤ-ʷ ɸʥʪʝʡ (ɿʘʙʘʡʢʘʣʴʩʢʠʡ 
ʢʨʘʡ). ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ ʚʦʟʥʠʢʣʘ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ 
ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʘʞʝ ʠʭ ʪʦʥʢʠʝ ʬʨʘʢʮʠʠ < 2 ʠ 
0.5 ʤʢʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʤʝʩʴʶ ʨʘʟʣʠʯʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʥʝʛʣʠʥʠʩʪʳʭ 
ʧʨʠʤʝʩʝʡ (ʢʚʘʨʮ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʢʘʨʙʦʥʘʪʳ ʠ ʧʨ.). ʇʝʨʚʘʷ ʯʘʩʪʴ ʤʝʪʦʜʠʯʝʩʢʦʛʦ 
ʧʦʜʭʦʜʘ, ʢʘʩʘʶʱʘʷʩʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʨʝʥʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ, 
ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʠʥʬʨʘʢʨʘʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 
ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʦʜʨʦʙʥʦʡ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʘʢʪʠʢʦʡ. ʅʦʚʠʟʥʘ 
ʧʦʜʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ 
ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʯʠʪʘʥʠʷ ʚʢʣʘʜʘ 
çʧʨʠʤʝʩʥʳʭè ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʢʘʨʪʠʥ ʦʪ ʧʨʘʢʪʠʯʝʩʢʠ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ, ʯʪʦ 
ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʠʟ ʛʨʘʥʠʪʦʠʜʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʥʪʝʡ ʬʦʨʤʠʨʫʶʪ ʚʥʠʟ ʧʦ 
ʨʘʟʨʝʟʫ ʪʨʠ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ: 1) (ʜʦ 1000 ʤ) ʧʨʝʦʙʣʘʜʘʝʪ ʩʤʝʰʘʥʦʩʣʦʡʥʳʡ 
ʪʨʘʥʩʚʘʢʘʥʪʥʳʡ ʠʣʣʠʪ-ʩʤʝʢʪʠʪ ʧʦʣʠʪʠʧʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 1Md ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
ʩʤʝʢʪʠʪʦʚʳʭ ʤʝʞʩʣʦʝʚ ʦʪ 10 ʜʦ 16%. ʂʘʦʣʠʥʠʪ ʠ ʙʝʨʪʴʝʨʠʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ 2-5%; 2) (1500-2000 ʤ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʧʦʣʠʪʠʧʥʳʝ 
ʤʦʜʠʬʠʢʘʮʠʠ: 1Md (Mg,Fe-ʙʝʜʥʳʝ ʠʣʣʠʪʳ) ʠ 2ʄ1 ʠʣʣʠʪʳ; ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʝʝ 
ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʩʪʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʙʝʨʪʴʝʨʠʥʘ, ʢʘʦʣʠʥʠʪʘ ʠ ʩʤʝʢʪʠʪʘ ʜʦ 
20%; 3) (2100-2200 ʤ) ʦʪʣʠʯʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʞʝʣʝʟʠʩʪʦʛʦ ʭʣʦʨʠʪʘ ʠ ʧʦʯʪʠ 
ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʢʘʦʣʠʥʠʪʘ. 

ɺʳʷʚʣʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʧʦ ʨʘʟʨʝʟʫ ʦʪʨʘʞʘʶʪ 
ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦ ʛʨʘʥʠʪʘʤ 
ʤ-ʷ ɸʥʪʝʡ: ʚʩʣʝʜ ʟʘ ʜʦʨʫʜʥʳʤ ʧʦʚʩʝʤʝʩʪʥʳʤ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʣʣʠʪʘ ʠ ʤʫʩʢʦʚʠʪʘ 
(ʧʨʠʯʝʤ, ʤʫʩʢʦʚʠʪ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦ ʠʣʣʠʪʘʤ) ʚ ʨʘʥʥʶʶ ʧʦʩʪʨʫʜʥʫʶ ʩʪʘʜʠʶ 
ʦʙʨʘʟʫʝʪʩʷ ʙʝʨʪʴʝʨʠʥ, ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʭʣʦʨʠʪ, ʧʨʠ ʵʪʦʤ ʢʘʦʣʠʥʠʪ 
ʷʚʣʷʝʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʠʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʚ ʟʥʘʯʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ. 
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ʈʠʩʫʥʦʢ. ʉʭʝʤʘ ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ ʠʟʫʯʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 

 
ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥ ʜʣʷ 

ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʩʘʜʦʯʥʳʭ ʪʝʣ ʠ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʦʧʨʦʩʦʚ ʦʩʘʜʦʯʥʦʡ 
ʛʝʦʣʦʛʠʠ. 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ɺ.ɸ. ɼʨʠʮʫ ʟʘ ʮʝʥʥʳʝ ʩʦʚʝʪʳ ʠ 
ʧʦʤʦʱʴ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ɽ.ɺ. ʇʦʢʨʦʚʩʢʦʡ, ʉ.ɸ. ɻʘʨʘʥʠʥʦʡ 
ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʅ.ɺ. ɻʦʨʴʢʦʚʦʡ ʟʘ 
ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ. ʄʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʠʟʫʯʝʥʠʷ 
ʙʝʥʪʦʥʠʪʦʚʳʭ ʛʣʠʥ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʈʅʌ ˉ16-17-10270. 
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ʃʀʊʆʉʊʈɸʊʀɻʈɸʌʀʏɽʉʂʀɽ ʀ ʊɽʂʊʆʅʀʏɽʉʂʀɽ ʇʈɽɼʇʆʉʓʃʂʀ 
ʌʆʈʄʀʈʆɺɸʅʀʗ ɺʆɿʄʆɾʅʓʍ ʉʂʆʇʃɽʅʀʁ ʂʈʀʆɻɽʅʅʓʍ 

ɻʀɼʈɸʊʆɺ ʇʈʀʈʆɼʅʆɻʆ ɻɸɿɸ ʅɸ ʂʆʅʊʀʅɽʅʊɸʃʔʅʆʁ ʆʂʈɸʀʅɽ 
ɺʆʉʊʆʏʅʆʁ ɸʈʂʊʀʂʀ 

 
ɺ.ɸ. ɼʨʫʱʠʮ 

 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɼʦʢʘʟʘʥʥʳʝ ʩʢʦʧʣʝʥʠʷ ʢʨʠʦʛʝʥʥʳʭ ʛʠʜʨʘʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (ʂɻɻ) ʥʘʭʦʜʷʪʩʷ ʚ 
ʧʝʨʝʜʝʣʘʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʙʘʩʩʝʡʥʦʚ: ʥʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʄʝʩʩʦʷʭʩʢʦʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʝ), ʥʘ ʩʝʚʝʨʥʦʤ ʧʦʙʝʨʝʞʴʝ ʠ ʰʝʣʴʬʝ ɸʣʷʩʢʠ ʠ ʚ ʜʝʣʴʪʝ, ʠ ʥʘ ʚʟʤʦʨʴʝ 
ʨʝʢʠ ʄʘʢʢʝʥʟʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʰʝʣʴʬʝ ʧ-ʦʚʘ ʗʤʘʣ 
ʠ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʃʝʥʠʥʛʨʘʜʩʢʦʤ ʠ ʈʫʩʘʥʦʚʩʢʦʤ, ʥʝ ʫʜʘʣʦʩʴ 
ʦʙʥʘʨʫʞʠʪʴ ʧʨʠʟʥʘʢʦʚ ʧʨʠʩʫʪʩʪʚʠʷ ʂɻɻ. ʇʦ ʧʨʠʨʦʜʥʳʤ ʫʩʣʦʚʠʷʤ ʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 
ʦʢʨʘʠʥʝ ʤʦʨʷ ɹʦʬʦʨʪʘ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʦʢʨʘʠʥʘ ʨʦʩʩʠʡʩʢʦʡ 
ɺʦʩʪʦʯʥʦʡ ɸʨʢʪʠʢʠ (ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʠ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʝ). ʏʫʢʦʪʩʢʦʝ ʤʦʨʝ 
ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʚʦʜ ɹʝʨʠʥʛʦʚʘ ʧʨʦʣʠʚʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʨʠʦʣʠʪʦʟʦʥʳ 
ʥʦʩʠʪ ʦʩʪʨʦʚʥʦʡ ʭʘʨʘʢʪʝʨ, ʙʦʣʝʝ ʪʦʛʦ, ʚ ʥʝʦʧʣʝʡʩʪʦʮʝʥʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʮʝʥʪʨʳ 
ʛʦʨʥʦ-ʜʦʣʠʥʥʦʛʦ (ʚʦʟʤʦʞʥʦ ʠ ʧʦʢʨʦʚʥʦʛʦ) ʦʣʝʜʝʥʝʥʠʷ ʨʘʟʛʨʫʟʢʘ ʢʦʪʦʨʳʭ 
ʧʨʦʠʩʭʦʜʠʣʘ ʥʘ ʰʝʣʴʬʝ, ʯʪʦ ʥʘʨʫʰʘʣʦ ʫʩʣʦʚʠʷ ʩʦʭʨʘʥʝʥʠʷ ʂɻɻ [2]. 

ɺ ʘʢʚʘʪʦʨʠʠ ʤʦʨʝʡ ʃʘʧʪʝʚʳʭ ʠ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʠ ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʩʫʰʝ 
ʛʦʩʧʦʜʩʪʚʫʝʪ ʩʫʨʦʚʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʤʦʱʥʘʷ 
ʢʨʠʦʣʠʪʦʟʦʥʘ, ʩ ʪʘʢʠʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʘʢ ʠ ʚ ʤʦʨʝ ɹʦʬʦʨʪʘ. ʎʝʥʪʨʦʤ ʨʘʟʚʠʪʠʷ 
ʨʝʣʠʢʪʦʚʳʭ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʢʦʣʦ 700 ʤ) 
ʷʚʣʷʶʪʩʷ ʅʦʚʦʩʠʙʠʨʩʢʠʝ ʦʩʪʨʦʚʘ, ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʢʦʪʦʨʳʭ ʤʝʨʟʣʦʪʘ ʩʦʢʨʘʱʘʝʪʩʷ 
[6]. ʂɻɻ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʧʦʜ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʚ ʥʠʭ. ʇʦ 
ʩʦʦʪʥʦʰʝʥʠʶ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʩʢʦʧʣʝʥʠʷ ʂɻɻ ʥʘ ʰʝʣʴʬʝ ɺʦʩʪʦʯʥʦʡ 
ɸʨʢʪʠʢʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ Ó100 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ. ʄʝʪʘʥ, ʦʩʥʦʚʥʦʡ 
ʛʠʜʨʘʪʦʦʙʨʘʟʫʶʱʠʡ ʛʘʟ, ʠʤʝʝʪ ʙʠʦʛʝʥʥʦʝ ʠ ʪʝʨʤʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʉʢʦʧʣʝʥʠʷ 
ʂɻɻ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠʣʠ ʰʝʣʴʬʦʚʳʭ ʨʘʟʨʝʟʦʚ, 
ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʙʠʦʛʝʥʥʳʡ ʛʝʥʝʟʠʩ, ʘ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ Ƅ ʪʝʨʤʦʛʝʥʥʳʡ ʠʣʠ 
ʩʤʝʰʘʥʥʳʡ [3, 4]. 

ʄʦʨʷ ɺʦʩʪʦʯʥʦʡ ɸʨʢʪʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʤʦʱʥʳʤ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ. ʇʦ 
ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʝʩʯʘʥʳʭ ʤʝʣʢʦʚʦʜʥʳʭ 
ʠ ʙʦʣʝʝ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʚʢʣʶʯʝʥʠʝʤ ʤʦʱʥʳʭ 
ʜʝʣʴʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʦʙʥʘʞʝʥʠʷʤʠ ʥʘ ʦʩʪʨʦʚʘʭ ʠ ʜʘʥʥʳʤʠ ʙʫʨʝʥʠʷ 
ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʦʩʣʦʝʚ ʫʛʣʷ. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ 
ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʜʘʥʥʳʭ ʩʝʡʩʤʦʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʚ 
ʦʩʘʜʦʯʥʦʤ ʨʘʟʨʝʟʝ ʠ ʢʦʣʣʝʢʪʦʨʦʚ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠ ʧʦʢʨʳʰʝʢ [1]. 

ɺ ʧʦʟʜʥʝʤ ʢʘʡʥʦʟʦʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʩʬʦʨʤʠʨʦʚʘʣʠ 
ʘʣʣʶʚʠʘʣʴʥʦ-ʦʟʝʨʥʳʡ ʧʦʢʨʦʚ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʨʠʙʨʝʞʥʳʭ 
ʥʠʟʤʝʥʥʦʩʪʷʭ ʠ ʰʝʣʴʬʝ ʚʦʩʪʦʯʥʦ-ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 
Ó4000 ʤ). ɼʝʧʦʮʝʥʪʨ ʵʪʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʨʘʩʧʦʣʦʞʝʥ ʚ ʢʘʡʥʦʟʦʡʩʢʦʡ ʨʠʬʪʦʚʦʡ 
ʩʠʩʪʝʤʝ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʩ ʘʢʪʠʚʥʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʠʥʘʤʠʢʦʡ [5]. ʅʘ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʝ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʘʛʠ ʨʘʟʛʨʫʟʢʠ ʤʝʪʘʥʘ ʠʟ 
ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʪʘʣʠʢʘʤʠ, ʨʘʟʚʠʪʳʤʠ ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤ 
ʥʘʨʫʰʝʥʠʷʤ, ʧʦ ʧʘʣʝʦʨʫʩʣʘʤ ʢʨʫʧʥʳʭ ʨʝʢ ʠ ʦʟʝʨ, ʧʦ ʜʨʫʛʠʤ ʥʘʨʫʰʝʥʠʷʤ 
ʢʨʠʦʣʠʪʦʟʦʥʳ [3]. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʢʦʧʣʝʥʠʡ ʂɻɻ ʚ ʙʘʩʩʝʡʥʝ 
ʤʦʨʷ ʃʘʧʪʝʚʳʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʚʝʩʴʤʘ ʚʳʩʦʢʫʶ ʥʝʬʪʝʛʘʟʦʚʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ. 

ʅʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʢʘʢ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʢʦʥʩʝʨʚʘʮʠʠ 
ʩʢʦʧʣʝʥʠʡ ʂɻɻ ʩʦʟʜʘʶʪʩʷ ʚ ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʤ ʤʦʨʝ ʚ ʧʦʟʜʥʝʤ ʢʘʡʥʦʟʦʝ. ʇʦʤʠʤʦ 
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ʥʘʣʠʯʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʤʦʱʥʦʡ ʢʨʠʦʣʠʪʦʟʦʥʳ, ʟʜʝʩʴ ʩʢʣʘʜʳʚʘʶʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 
ʫʩʣʦʚʠʷ ʘʥʘʣʦʛʠʯʥʳʝ ʜʣʷ ʧʦʟʜʥʝʛʦ ʢʘʡʥʦʟʦʷ ʤʦʨʷ ɹʦʬʦʨʪʘ: ʥʠʟʢʘʷ ʩʝʡʩʤʠʯʝʩʢʘʷ 
ʘʢʪʠʚʥʦʩʪʴ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ. ɺ ʪʝʯʝʥʠʝ ʢʘʡʥʦʟʦʷ ʰʝʣʴʬ 
ɺʦʩʪʦʯʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʤʦʨʷ ʧʦʛʨʫʞʘʣʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʘ ʚ 
ʧʦʩʣʝʣʝʜʥʠʢʦʚʴʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʠ ʥʘ ʩʫʰʝ, ʠ ʥʘ ʘʢʚʘʪʦʨʠʠ ʧʨʦʠʩʭʦʜʷʪ ʩ 
ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ. ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʜʠʩʣʦʢʘʮʠʠ ʦʛʨʘʥʠʯʝʥʳ ʥʘʯʘʣʦʤ ʧʦʟʜʥʝʛʦ 
ʢʘʡʥʦʟʦʷ ʠ ʨʝʜʢʦ ʟʘʪʨʘʛʠʚʘʶʪ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʡ ʧʦʢʨʦʚ. ɻʦʩʧʦʜʩʪʚʦ 
ʧʝʨʠʛʣʷʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʦʪʩʫʪʩʪʚʠʝ ʛʣʷʮʠʦʠʟʦʩʪʘʟʠʠ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʦʭʨʘʥʝʥʠʝ ʩʢʦʧʣʝʥʠʡ ʂɻɻ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʠʨʦʜʥʦʡ 
ʦʙʩʪʘʥʦʚʢʝ [2-4, 7]. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʛʠʧʦʪʝʟʫ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʢʨʦʚʥʦʛʦ 
ʦʣʝʜʝʥʝʥʠʷ ʥʘ ʅʦʚʦʩʠʙʠʨʩʢʠʭ ʦʩʪʨʦʚʘʭ, ʵʪʘ ʦʙʣʘʩʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʠʦʣʠʪʦʟʦʥʦʡ 
ʚʳʭʦʜʠʪ ʠʟ ʩʬʝʨʳ ʢʦʥʮʝʥʪʨʘʮʠʠ ʂɻɻ. ʉʢʦʧʣʝʥʠʷ ʂɻɻ ʢʦʥʩʝʨʚʠʨʫʶʪʩʷ ʠ ʤʦʛʫʪ 
ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʧʝʨʠʛʣʷʮʠʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʥʦ ʥʝ ʚ ʣʝʜʥʠʢʦʚʳʭ ʫʩʣʦʚʠʷʭ [4]. 

ʈʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʫʩʣʦʚʠʷʤ ʛʘʟʦʛʠʜʨʘʪʦʥʦʩʥʦʩʪʠ ʘʢʚʘʪʦʨʠʡ ɺʦʩʪʦʯʥʦʡ 
ɸʨʢʪʠʢʠ [2] ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʛʠʦʥʘ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ ʢʘʢ 
ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʦʙʣʘʩʪʴ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʦʥʩʝʨʚʘʮʠʠ ʂɻɻ ī ʰʝʣʴʬ ʦʪ 
ʫʩʪʴʷ ʀʥʜʠʛʠʨʢʠ ʜʦ ʫʩʪʴʷ ʂʦʣʳʤʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ɻʀʅ ʈɸʅ (ˉ 0135-2016-0022) ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ 
ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 17-05-00795). 
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ʎʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ ʚ ʙʠʦʭʝʤʦʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 
ʥʘʜʸʞʥʳʭ ʠʥʜʠʢʘʪʦʨʦʚ ʨʝʜʦʢʩ-ʦʙʩʪʘʥʦʚʦʢ ʚ ʧʘʣʝʦʙʘʩʩʝʡʥʘʭ [5, 6]. ʇʦʩʢʦʣʴʢʫ ʚ ʙʦʛʘʪʦʡ 
ʢʠʩʣʦʨʦʜʦʤ ʩʨʝʜʝ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʫʜʘʣʝʥʠʝ ʮʝʨʠʷ ʠʟ ʤʦʨʩʢʦʡ ʚʦʜʳ [0], ʘ 
ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʥʝʡ ʢʘʨʙʦʥʘʪʥʳʝ ʦʩʘʜʢʠ ʥʘʩʣʝʜʫʶʪ ʩʧʝʢʪʨ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʸʥʥʳʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) [7], ʪʦ ʧʦ ʚʝʣʠʯʠʥʝ 
ʮʝʨʠʝʚʦʡ ʘʥʦʤʘʣʠʠ ʚ ʯʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʘʭ (ʠʣʠ ʚ ʠʭ ʢʦʤʧʦʥʝʥʪʘʭ) ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 
ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʚʦʜ ʙʘʩʩʝʡʥʘ ʢʠʩʣʦʨʦʜʦʤ: ʯʝʤ ʤʝʥʴʰʝ ʝʸ ʟʥʘʯʝʥʠʝ, ʪʝʤ ʚʳʰʝ 
ʙʳʣʦ ʩʦʜʝʨʞʘʥʠʝ O2 ʚ ʚʦʜʝ. ɹʦʣʝʝ ʪʦʛʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ ʦʪʨʘʞʘʝʪ 
ʫʩʨʝʜʥʸʥʥʫʶ ʨʝʜʦʢʩ-ʠʩʪʦʨʠʶ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʦʜʥʦʡ ʤʘʩʩʳ, ʩʦʩʪʦʷʱʝʡ ʠʟ 
ʧʝʨʝʤʝʰʠʚʘʶʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ, ʛʣʫʙʠʥʥʳʭ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʦʜ, ʪʦ ʝʩʪʴ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʘʩʩʝʡʥ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʮʝʣʦʤ [6]. ʉ ʮʝʣʴʶ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʨʝʜʦʢʩ-
ʦʙʩʪʘʥʦʚʦʢ ʚ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʤ ʙʘʩʩʝʡʥʝ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ, ʠ ʠʭ ʵʚʦʣʶʮʠʠ ʚʦ ʚʨʝʤʝʥʠ ʥʘʤʠ 
ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʨʘʟʨʝʟʘʤ ï ʩʫʤʤʘʨʥʦ ʧʦʨʷʜʢʘ ʩʦʪʥʠ 
ʚʘʣʦʚʳʭ ʧʨʦʙ ʠʟʚʝʩʪʥʷʢʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʩʦʩʪʘʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʛʣʠʥʠʩʪʦʝ ʚʝʱʝʩʪʚʦ, 
ʨʘʩʩʝʷʥʥʳʝ ʟʸʨʥʘ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʦʩʬʘʪʦʚ, ʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ 
(ʦʢʩʠ) ʛʠʜʨʦʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ [2, 5]. ʉʦʜʝʨʞʘʥʠʝ ʈɿʕ ʚ ʫʢʘʟʘʥʥʳʭ ʬʘʟʘʭ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʦʝ ʚ ʢʘʨʙʦʥʘʪʘʭ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʠʩʢʣʶʯʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʳʭ ʢʦʣʠʯʝʩʪʚ ʥʝʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ-ʥʦʩʠʪʝʣʝʡ ʈɿʕ 
ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʟʚʘʥʥʦʝ ʠʤʠ ʠʩʢʘʞʝʥʠʝ ʩʧʝʢʪʨʦʚ ʛʠʜʨʦʛʝʥʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ, ʤʳ 
ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʦʪʙʦʨʘ ʥʘʠʙʦʣʝʝ ʯʠʩʪʳʭ ʧʨʦʙ: Ɇʈɿʕ 
< 5 ʛ/ʪ, ʩʦʜʝʨʞʘʥʠʷ Ba < 5 ʛ/ʪ, Zr < 2 ʛ/ʪ, Rb < 0,5 ʛ/ʪ, Th < 0,1 ʛ/ʪ. ʊʘʢ, ʚʳʩʦʢʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ Ba ʠ Rb ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʦʥʪʘʤʠʥʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʛʣʠʥʠʩʪʳʤ 
ʚʝʱʝʩʪʚʦʤ, ʘ Zr ʠ Th - ʤʠʥʝʨʘʣʘʤʠ ʪʷʞʸʣʦʡ ʬʨʘʢʮʠʠ, ʧʨʠ ʵʪʦʤ Th ʤʦʞʝʪ ʪʘʢʞʝ ʚʭʦʜʠʪʴ 
ʚ ʩʦʩʪʘʚ ʛʠʜʨʦʢʩʠʜʦʚ Mn ʠ Fe [1, 2].  ʆʪʤʝʯʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ ʚʳʙʦʨʢʫ 
ʠʟ 40 ʧʨʦʙ, ʜʣʷ ʢʦʪʦʨʳʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʧʘʨʘʤʝʪʨʦʚ Ɇʈɿʕ ʠ Ce/Ce* 
(=Ceʘʥʦʤ) ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʢʘʟʘʣʠʩʴ ʥʘʠʤʝʥʝʝ ʟʥʘʯʠʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʈɿʕ ʚ ʠʟʫʯʝʥʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦʩʪʠ 
ʫʥʘʩʣʝʜʦʚʘʥʦ ʦʪ ʤʦʨʩʢʦʡ ʚʦʜʳ. 

ʂʨʠʚʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʝ ʚʘʨʠʘʮʠʠ 
ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʨʘʥʥʝʛʦ 
ʢʘʨʙʦʥʘ. ɺʝʨʦʷʪʥʦ, ʦʪʯʘʩʪʠ ʦʥʠ ʙʳʣʠ ʦʙʫʩʣʦʚʣʝʥʳ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʤʦʨʷ. ʂʨʦʤʝ 
ʪʦʛʦ, ʥʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʬʘʮʠʘʣʴʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ. ɺ 
ʯʘʩʪʥʦʩʪʠ, ʚʝʨʭʥʝʪʫʨʥʝʡʩʢʠʝ (ʢʠʟʝʣʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ) ʠ ʚʠʟʝʡʩʢʦ-ʥʠʞʥʝʩʝʨʧʫʭʦʚʩʢʠʝ 
ʠʟʚʝʩʪʥʷʢʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʣʘʪʬʦʨʤ ʩ ʛʣʫʙʠʥʘʤʠ ʥʝ ʙʦʣʝʝ 
ʪʨʸʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. ɺ ʪʦʤ ʯʠʩʣʝ ʠʟʚʝʩʪʥʷʢʠ ʙʫʨʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʥʠʞʥʝʝ ʚʠʟʝ) 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʩʪʘʥʦʚʢʝ ʤʝʣʢʦʚʦʜʥʳʭ ʠʣʦʚʳʭ ʭʦʣʤʦʚ. ɺ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ 
ʚʦʜʘʭ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʢʘʨʙʦʥʘʪʳ ʨʘʥʥʝʪʫʨʥʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʅʘ ʨʫʙʝʞʝ ʨʘʥʥʝʛʦ ʠ 
ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʫʱʝʩʪʚʦʚʘʣʠ ʚʦʜʥʳʝ ʤʘʩʩʳ ʩ 
ʨʘʟʣʠʯʥʳʤʠ ʢʠʩʣʦʨʦʜʥʳʤʠ ʨʝʞʠʤʘʤʠ:  ʚʝʣʠʯʠʥʘ ʮʝʨʠʝʚʦʡ ʘʥʦʤʘʣʠʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʠʟʚʝʩʪʥʷʢʘʭ ʨʘʟʨʝʟʘ çʀʩʝʪʩʢʠʡ ʢʘʨʴʝʨè ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʪʘʢʦʚʦʡ ʚ ʤʝʣʢʦʚʦʜʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʦʙʥʘʞʘʶʱʠʭʩʷ ʥʘ ʨ. ʈʝʞ ʥʘʧʨʦʪʠʚ ʜ. ʃʫʛʦʚʘʷ.  
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ʈʠʩʫʥʦʢ. ʀʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʮʝʨʠʝʚʦʡ ʘʥʦʤʘʣʠʠ ʚ ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʠʟʚʝʩʪʥʷʢʘʭ ʚʦʩʪʦʯʥʦʛʦ 
ʩʢʣʦʥʘ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ. ʎʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ ʨʘʩʩʯʠʪʘʥʘ ʧʦ [3]. 
ʎʠʬʨʳ ʚ ʢʨʫʞʢʘʭ ï ʥʦʤʝʨʘ ʨʘʟʨʝʟʦʚ: 1 - çʇʝʨʰʠʥʦè, ʨ. ʈʝʞ; 2 ï çʄʠʨʦʥʦʚʦè, ʨ. ʈʝʞ; 3 ï 
çʋʩʪʴʷʥʯʠʢʠè, ʨ. ʅʝʡʚʘ; 4 ï çʃʠʧʠʥʩʢʠʡ ʣʦʛè, ʨ. ʈʝʞ; 5 ï çʃʫʛʦʚʘʷè, ʨ. ʈʝʞ; 6 ï çʀʩʝʪʩʢʠʡ ʢʘʨʴʝʨè, 
ʧʨʘʚʳʡ ʙʝʨʝʛ ʨ. ʀʩʝʪʴ. ʉʝʨʳʝ ʪʦʯʢʠ - ʟʥʘʯʝʥʠʷ ʮʝʨʠʝʚʦʡ ʘʥʦʤʘʣʠʠ ʚ ʚʘʣʦʚʳʭ ʧʨʦʙʘʭ, 
ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ, ʦʢʦʥʪʫʨʝʥʳ ʩʝʨʦʡ ʦʙʣʘʩʪʴʶ; ʯʸʨʥʳʝ ʪʦʯʢʠ - ʤʝʜʠʘʥʥʳʝ 
ʟʥʘʯʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ, ʩʦʝʜʠʥʝʥʳ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ. ʌʠʛʫʨʥʳʝ ʩʢʦʙʢʠ ʦʟʥʘʯʘʶʪ, ʯʪʦ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʙʳ ʧʨʠʥʘʜʣʝʞʘʪ ʰʠʨʦʢʦʤʫ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʜʠʘʧʘʟʦʥʫ. ʈʘʟʨʝʟʳ 5 ʠ 6 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʜʥʦʤʫ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʫʨʦʚʥʶ.  
 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʮʝʨʠʝʚʘʷ ʘʥʦʤʘʣʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ (ʙʣʠʟʢʘ ʢ 1), ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʤʝʨʝʥʥʦ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʩʨʝʜʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺʦʟʤʦʞʥʦ, 
ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʘʪʝʨʠʢʦʚ, 
ʧʘʜʝʥʠʝʤ ʫʨʦʚʥʷ ʤʦʨʷ ʠ ʠʟʤʝʥʝʥʠʝʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʙʘʩʩʝʡʥʦʚ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤʠʩʷ ʜʣʷ ʵʪʦʛʦ ʚʨʝʤʝʥʠ [4]. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʜʝʩʴ ʨʝʟʫʣʴʪʘʪʳ, ʥʝʩʦʤʥʝʥʥʦ, ʥʫʞʜʘʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʡ 
ʜʝʪʘʣʠʟʘʮʠʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʳ ʥʘʜʝʝʤʩʷ, ʯʪʦ ʦʥʠ ʧʦʤʦʛʫʪ ʫʪʦʯʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 
ʨʘʟʚʠʪʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʦʩʣʝ ʝʛʦ ʛʣʦʙʘʣʴʥʦʡ ʦʢʩʠʛʝʥʘʮʠʠ, ʧʨʦʠʟʦʰʝʜʰʝʡ ʚ 
ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ [6], ʠ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʵʚʦʣʶʮʠʝʡ ʤʦʨʩʢʦʡ ʙʠʦʪʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ˉ ɸɸɸɸ-ɸ18-118053090044-1 
ʛʦʩʟʘʜʘʥʠʷ ʀɻɻ ʋʨʆ ʈɸʅ. 
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ʉʆʉʊɸɺ ʀ ʉʊʈʆɽʅʀɽ ʈɸɿʈɽɿʆɺ ʇɸʃɽʆʎɽʅɸ-ʕʆʎɽʅɸ  
ʖɻʆ-ɿɸʇɸɼʅʆɻʆ ʀ ʎɽʅʊʈɸʃʔʅʆɻʆ ʂʈʓʄɸ 

 
ʂ.ɸ. ɼʫʙʢʦʚʘ, ʉ.ɹ. ʐʠʰʣʦʚ 

 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʈʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʜʝʪʘʣʴʥʦʛʦ ʦʧʠʩʘʥʠʷ ʨʘʟʨʝʟʦʚ ʧʘʣʝʦʛʝʥʘ ʫ 
ʩ. ʉʢʘʣʠʩʪʦʝ, ʩ. ʄʘʟʘʥʢʘ ʠ ʥʘ ʛ. ɸʢ-ʂʘʷ (ʨʠʩʫʥʦʢ) ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 200 ʤ. 
ɺʝʱʝʩʪʚʝʥʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʫʪʦʯʥʝʥʳ ʧʨʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ 
ʦʧʠʩʘʥʠʠ ʰʣʠʬʦʚ ʠ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʨʘʟʮʦʚ. ʊʘʢʞʝ 
ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʦʧʠʩʘʥʠʷ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ ʧʘʣʝʦʛʝʥʘ ʫ ʛ. 
ɹʘʭʯʠʩʘʨʘʡ, ʚ ʩ. ʉʪʘʨʦʩʝʣʴʝ [1, 2]. 
 

 
 
ʈʠʩʫʥʦʢ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʧʘʣʝʦʮʝʥʘ-ʵʦʮʝʥʘ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʨʳʤʘ 
1 ï ʢʦʥʛʣʦʤʝʨʘʪʳ, 2 ï ʧʝʩʯʘʥʠʢʠ, 3 ï ʛʨʘʥʫʣʷʨʥʳʝ ʢʘʨʙʦʥʘʪʳ, 4 ï ʛʣʠʥʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʤʝʨʛʝʣʠ, 5 ï 
ʛʣʠʥʳ 

 
ɹʝʣʦʢʘʤʝʥʩʢʠʡ ʛʦʨʠʟʦʥʪ ʜʘʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʩ ʨʘʟʤʳʚʦʤ ʟʘʣʝʛʘʝʪ ʥʘ 

ʦʪʣʦʞʝʥʠʷʭ ʤʘʘʩʪʨʠʭʪʘ. ʋ ʦʩʥʦʚʘʥʠʷ ʣʦʢʘʣʠʟʫʶʪʩʷ ʧʝʩʯʘʥʠʢʠ ʩʨʝʜʥʝ-
ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʢʚʘʨʮʝʚʦ-ʛʣʘʫʢʦʥʠʪʦʚʳʝ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ, ʢʦʪʦʨʳʝ ʚʚʝʨʭ ʧʦ 
ʨʘʟʨʝʟʫ ʩʤʝʥʷʶʪʩʷ ʠʟʚʝʩʪʥʷʢʘʤʠ (ʨʫʜ-ʬʣʘʫʪʩʪʦʫʥʘʤʠ) ʜʝʪʨʠʪʦʚʳʤʠ ʢʨʠʥʦʠʜʥʦ-
ʤʰʘʥʢʦʚʳʤʠ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʤʠ. ʄʦʱʥʦʩʪʴ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʟʘʧʘʜʘ (0,1ï0,6 ʤ) ʥʘ ʚʦʩʪʦʢ (ʜʦ 5 ʤ), ʚ ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʪʝʪ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʤ [3]. ɺʝʨʦʷʪʥʦ, ʜʘʪʩʢʠʝ ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ ʖʛʦ-
ɿʘʧʘʜʥʦʛʦ ʂʨʳʤʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 
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ʧʨʦʛʠʙʘʥʠʷ ʠ ʜʘʣʴʰʝ ʦʪ ʦʙʣʘʩʪʠ ʩʥʦʩʘ, ʯʝʤ ʩʠʥʭʨʦʥʥʳʝ ʠʤ ʦʩʘʜʢʠ ʎʝʥʪʨʘʣʴʥʦʛʦ 
ʂʨʳʤʘ. ʂʨʠʥʦʠʜʥʦ-ʤʰʘʥʢʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠʤʝʶʪ ʫʩʪʦʡʯʠʚʳʝ ʥʘ ʧʣʦʱʘʜʠ 
ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪ. ʝ. ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ 
ʧʦʛʨʫʞʝʥʠʠ. ʀʭ ʤʦʱʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʶʛʦ-ʟʘʧʘʜʫ: ʛ. ɸʢ-ʂʘʷ ï 4 ʤ, ʩ. ʉʢʘʣʠʩʪʦʝ ï 
15 ʤ, ʩ. ʉʪʘʨʦʩʝʣʴʝ ï ʜʦ 50 ʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʛʣʫʙʠʥʳ ʵʨʦʟʠʦʥʥʦʛʦ 
ʚʨʝʟʘ ʠ ʨʦʩʪʦʤ ʉʠʤʬʝʨʦʧʦʣʴʩʢʦʛʦ ʧʦʜʥʷʪʠʷ. 

ʆʪʣʦʞʝʥʠʷ ʟʝʣʘʥʜʩʢʦʛʦ ʷʨʫʩʘ ʟʜʝʩʴ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʵʪʦ ʚʨʝʤʷ 
ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʨʝʛʠʦʥʘʣʴʥʦʝ ʥʝʩʦʛʣʘʩʠʝ ʤʝʞʜʫ ʙʝʣʦʢʘʤʝʥʩʢʠʤ ʠ ʢʘʯʠʥʩʢʠʤ 
ʛʦʨʠʟʦʥʪʘʤʠ. 

ʂʘʯʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ ʪʘʥʝʪʘ ʚ ʖʛʦ-ɿʘʧʘʜʥʦʤ ʂʨʳʤʫ ʩʣʦʞʝʥ ʠʟʚʝʩʪʥʷʢʘʤʠ 
(ʧʘʢʩʪʦʫʥʘʤʠ) ʜʝʪʨʠʪʦʚʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʩʝʨʳʤʠ, ʩ ʛʘʣʴʢʦʡ ʪʝʤʥʦ-ʩʝʨʳʭ ʛʣʠʥʠʩʪʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ. ɺ ʨʘʟʨʝʟʘʭ ʩ. ʄʘʟʘʥʢʘ ʠ ʛ. ɸʢ-ʂʘʷ ʦʥʠ ʚʳʢʣʠʥʠʚʘʶʪʩʷ (ʨʠʩʫʥʦʢ 1). 
ɺʝʨʦʷʪʥʦ, ʚ ʪʘʥʝʪʝ ʉʠʤʬʝʨʦʧʦʣʴʩʢʦʝ ʧʦʜʥʷʪʠʝ ʙʳʣʦ ʩʫʰʝʡ, ʘ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ 
ʧʨʦʠʩʭʦʜʠʣʦ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʧʨʦʛʠʙʘʥʠʝ. ɺʪʦʨʦʡ ʧʨʠʯʠʥʦʡ ʚʳʢʣʠʥʠʚʘʥʠʷ ʢʘʯʠʥʩʢʦʛʦ 
ʛʦʨʠʟʦʥʪʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʭ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʨʘʟʤʳʚ ʠʟ-ʟʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 
ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʜʲʝʤʘ, ʢʦʪʦʨʳʡ ʩʬʦʨʤʠʨʦʚʘʣ ʫʛʣʦʚʦʝ ʥʝʩʦʛʣʘʩʠʝ ʤʝʞʜʫ ʵʦʮʝʥʦʤ 
ʠ ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. 

ʇʦʨʦʜʳ ʙʘʭʯʠʩʘʨʘʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠʧʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫ ʧʦʜʦʰʚʳ 
ʧʝʩʯʘʥʠʢʘʤʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʢʚʘʨʮʝʚʦ-ʛʣʘʫʢʦʥʠʪʦʚʳʤʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ, ʚʳʰʝ 
ʛʣʠʥʘʤʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʤʠ, ʩʤʝʥʷʶʱʠʤʠʩʷ ʤʝʨʛʝʣʷʤʠ. ʆʥʠ 
ʩʦʜʝʨʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʩʪʘʪʢʠ ʜʚʫʩʪʚʦʨʦʢ ʠ ʥʫʤʤʫʣʠʪʠʜ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 25 ʤ ʫ ʩ. ʉʢʘʣʠʩʪʦʝ ʜʦ 45 ʤ ʫ ʩ. ʉʪʘʨʦʩʝʣʴʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʦʩʪ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʛʠʙʘʥʠʷ ʢ ʶʛʦ-ʟʘʧʘʜʫ. ɺ ʩ. ʄʘʟʘʥʢʘ ʵʪʦʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ 
ʠʥʪʝʨʚʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʛʣʘʫʢʦʥʠʪʦʚʳʤʠ ʠʟʚʝʩʪʢʦʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʛʘʣʴʢʦʡ ʢʚʘʨʮʘ 
ʠ ʥʫʤʤʫʣʠʪʘʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 0,4 ʤ. ɺ ʨʘʡʦʥʝ ʛ. ɸʢ-ʂʘʷ ʙʘʭʯʠʩʘʨʘʡʩʢʠʡ ʛʦʨʠʟʦʥʪ 
ʤʦʱʥʦʩʪʴʶ ʜʦ 4 ʤ ʦʙʨʘʟʦʚʘʥ ʠʟʚʝʩʪʢʦʚʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʩʣʦʞʝʥʥʳʤʠ 
ʧʦʣʫʦʢʘʪʘʥʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʧʦʜʩʪʠʣʘʶʱʠʭ ʜʘʪʩʢʠʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʛʣʘʫʢʦʥʠʪʦʚʳʭ 
ʠʟʚʝʩʪʢʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʬʦʩʬʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʩʪʘʪʢʠ ʥʫʤʤʫʣʠʪʦʚ, ʟʝʨʥʘ 
ʛʣʘʫʢʦʥʠʪʘ ʠ ʫʛʣʦʚʘʪʳʝ ʢʚʘʨʮʝʚʳʝ ʧʝʩʯʠʥʢʠ. ʃʘʪʝʨʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 
ʙʘʭʯʠʩʘʨʘʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʥʘʯʘʣʝ ʠʧʨʩʢʦʛʦ ʚʝʢʘ 
ʧʨʦʠʟʦʰʝʣ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ʤʦʨʷ, ʚʠʜʠʤʦ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ 
ʨʝʛʠʦʥʘʣʴʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʨʦʛʠʙʘʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ, ʩ ʤʠʥʠʤʘʣʴʥʦʡ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚ ʨʘʡʦʥʝ ʉʠʤʬʝʨʦʧʦʣʴʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʩʦʙʦʡ 
ʵʨʦʜʠʨʫʝʤʫʶ ʩʫʰʫ ʠ ʙʳʣʦ ʟʘʪʦʧʣʝʥʦ ʪʦʣʴʢʦ ʚ ʢʦʥʮʝ ʵʪʦʛʦ ʵʪʘʧʘ. 

ʉʠʤʬʝʨʦʧʦʣʴʩʢʠʡ ʛʦʨʠʟʦʥʪ ʠʧʨʘ-ʣʶʪʝʪʘ ʩʣʦʞʝʥ ʠʟʚʝʩʪʥʷʢʘʤʠ ʜʝʪʨʠʪʦʚʳʤʠ 
ʥʫʤʤʫʣʠʪʦʚʳʤʠ (ʬʣʘʫʪʩʪʦʫʥʘʤʠ) ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʠ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʤʠ. 
ʉʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʤʦʱʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʦʪ 50 ʤ ʫ ʩ. ʉʪʘʨʦʩʝʣʴʝ ʜʦ 15 ʤ ʫ ʩ. 
ʉʢʘʣʠʩʪʦʛʦ ʠ 12 ʤ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʨʳʤʫ ʧʨʠ ʠʭ ʙʣʠʟʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʦʛʨʫʞʝʥʠʝʤ 
ʪʝʨʨʠʪʦʨʠʠ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʂʨʳʤʘ. 
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ʆʆʆ çʊʶʤʝʥʩʢʠʡ ʥʝʬʪʷʥʦʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨè, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 
 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʥʝʬʪʝʥʦʩʥʦʩʪʴ ʋʚʘʪʩʢʦʛʦ ʨʘʡʦʥʘ ʶʛʘ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩʚʷʟʘʥʘ 
ʩ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʠʥʪʝʨʚʘʣʘʤʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ: ʚʝʨʭʥʝʶʨʩʢʠʤ 
(ʙʘʞʝʥʦʚʩʢʘʷ, ʚʘʩʶʛʘʥʩʢʘʷ ʩʚʠʪʳ ï ʧʣʘʩʪʳ ʖ0, ʖ1), ʩʨʝʜʥʝʶʨʩʢʠʤ (ʪʶʤʝʥʩʢʘʷ ʩʚʠʪʘ ï 
ʧʣʘʩʪʳ ʖ2-5) ʠ ʥʠʞʥʝʤʝʣʦʚʳʤ (ʩʦʨʪʳʤʩʢʘʷ ʩʚʠʪʘ ï ʧʣʘʩʪʳ ɹʉ10-12; ʫʩʪʴ-ʙʘʣʳʢʩʢʘʷ ʩʚʠʪʘ 
ï ʧʣʘʩʪʳ ɹʉ6-9). ʆʩʥʦʚʥʳʝ ʨʝʩʫʨʩʳ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʨʝʟʝʨʚʫʘʨʘʭ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ, ʥʘ 
ʢʦʪʦʨʫʶ ʧʨʠʭʦʜʠʪʩʷ ʧʦʨʷʜʢʘ 75% ʫʞʝ ʦʪʢʨʳʪʳʭ ʟʘʣʝʞʝʡ ʋɺ. 

ʊʘʢ ʢʘʢ ʦʪʢʨʳʪʠʝ ʥʦʚʳʭ ʟʘʣʝʞʝʡ ʋɺ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ ʩʨʝʜʥʝʶʨʩʢʦʤ 
ʠʥʪʝʨʚʘʣʝ ʨʘʟʨʝʟʘ ʦʥ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ ʜʣʷ 
ʚʦʩʧʦʣʥʝʥʠʷ ʨʝʩʫʨʩʥʦʡ ʙʘʟʳ ʋɺ ʋʚʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ. ʆʜʥʘʢʦ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʟʘʣʝʞʝʡ 
ʵʪʠʭ ʦʪʣʦʞʝʥʠʷʭ ʩʦʧʨʷʞʝʥʦ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʠʭ 
ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʨʦʜʦʡ, ʥʦ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. 

ʅʘ ʙʦʣʴʰʠʥʩʪʚʝ ʪʝʨʨʠʪʦʨʠʡ ʋʚʘʪʘ ʥʘʢʦʧʣʝʥʠʝ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 
ʫʩʣʦʚʠʷʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ 
ʩʣʦʞʥʦʝ, ʭʘʦʪʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦ ʧʣʦʱʘʜʠ ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʨʘʟʥʳʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-
ʝʤʢʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʌɽʉ) ʠ ʟʘʛʣʠʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʨʝʟʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟ-ʟʘ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʧʨʠʨʦʜʳ ʦʪʣʦʞʝʥʠʡ ʥʝʬʪʷʥʳʝ ʟʘʣʝʞʠ ʦʢʘʟʘʣʠʩʴ ʧʨʠʫʨʦʯʝʥʳ ʢ 
ʣʦʚʫʰʢʘʤ ʩʪʨʫʢʪʫʨʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʣʦʢʘʣʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ 
ʟʦʥ ʛʣʠʥʠʟʘʮʠʠ, ʚʳʜʝʣʷʝʤʳʭ ʧʦ ʢʘʨʪʘʤ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ, ʧʦʩʪʨʦʝʥʥʳʤ ʧʦ ʜʘʥʥʳʤ 
3D-ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ʊʘʢ ʢʘʢ ʦʪ ʜʦʩʪʦʚʝʨʥʦʛʦ ʚʳʜʝʣʝʥʠʷ ʟʦʥ ʛʣʠʥʠʟʘʮʠʠ ʚ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠ ʨʘʩʯʝʪʘ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʢʦʣʣʝʢʪʦʨʦʚ ʟʘʚʠʩʠʪ 
ʢʦʨʨʝʢʪʥʘʷ ʛʝʦʤʝʪʨʠʟʘʮʠʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʘʣʝʞʝʡ ʋɺ ʠ ʨʘʩʯʝʪ ʠʭ ʨʝʩʫʨʩʥʦʛʦ 
ʧʦʪʝʥʮʠʘʣʘ, ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʫʯʸʪ ʚʩʝʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
(ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ), ʚʣʠʷʶʱʠʭ ʌɽʉ ʩʦʚʨʝʤʝʥʥʳʭ 
ʪʶʤʝʥʩʢʠʭ ʨʝʟʝʨʚʫʘʨʦʚ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʧʝʮʠʘʣʠʩʪʦʚ ʨʘʙʦʪʘʶʱʠʭ ʚ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʮʝʥʪʨʘʭ 
ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ɻʈʈ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʣʝʢʪʦʨʦʚ ʧʦ ʧʣʦʱʘʜʠ 
ʢʦʥʪʨʦʣʠʨʫʶʪ ʬʘʮʠʘʣʴʥʳʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ 
ʪʦʣʱʠʥ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ ʜʘʥʥʳʤ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ 3D, ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʢʝʨʥʘ, ɻʀʉ ʠ 
ʜʠʥʘʤʠʯʝʩʢʠʭ ʘʪʨʠʙʫʪʦʚ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ ʦʥʠ ʩʪʨʦʷʪ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ 
ʯʘʩʪʦ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʟʦʥ ʛʣʠʥʠʟʘʮʠʠ. 

ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʧʦʜʭʦʜʫ, ʧʨʠ ʣʠʪʦʬʘʮʠʘʣʴʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʝ ʢʨʫʧʥʳʭ ʦʙʩʪʘʥʦʚʢʠ: ʩʦʙʩʪʚʝʥʥʦ ʨʝʯʥʦʡ ʜʦʣʠʥʳ ʠ 
ʧʦʡʤʳ. ɺ ʨʘʟʨʝʟʘʭ ʧʝʨʚʦʡ ʜʦʤʠʥʠʨʫʝʪ ʛʨʫʧʧʘ ʨʫʩʣʦʚʳʭ ʬʘʮʠʡ, ʢʦʪʦʨʘʷ ʠ 
ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʨʘʟʚʠʪʠʝʤ ʦʩʥʦʚʥʦʛʦ ʦʙʲʝʤʘ ʢʦʣʣʝʢʪʦʨʦʚ ʤʦʱʥʦʩʪʴʶ 10-30 ʤ. ɺ 
ʨʘʟʨʝʟʘʭ ʚʪʦʨʦʡ ʦʙʩʪʘʥʦʚʢʠ ʧʨʝʦʙʣʘʜʘʝʪ ʛʨʫʧʧʘ ʧʦʡʤʝʥʥʳʭ ʬʘʮʠʡ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʯʘʩʪʢʘʤ ʛʣʠʥʠʟʘʮʠʠ ʥʘ ʢʘʨʪʘʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʠ ʯʘʩʪʠʯʥʦ ʟʦʥʘʤ 
ʨʘʟʚʠʪʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ 2-5 ʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʤʝʥʷʝʤʳʡ ʧʦʜʭʦʜ, ʦʧʳʪ ʙʫʨʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʋʚʘʪʘ 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʦʧʦʠʩʢʦʚʘʥʠʠ ʣʦʚʫʰʝʢ ʚ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʝ ʧʦʢʘ ʥʝ ʫʜʘʝʪʩʷ ʚʩʢʨʳʚʘʪʴ 
ʧʦ ʬʘʢʪʫ ʧʨʦʛʥʦʟʥʳʝ ʪʦʣʱʠʥʳ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ (ʦʰʠʙʢʘ ʤʦʞʝʪ 
ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ +/-2 ʤ ʜʦ +/-10 ʤ), ʢʘʢ ʠ ʢʦʨʨʝʢʪʥʦ, ʚʳʜʝʣʷʪʴ ʟʦʥʳ ʛʣʠʥʠʟʘʮʠʠ. 

ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ, ʧʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʶ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʦʧʨʝʜʝʣʝʥʥʳʤ 
ʬʘʮʠʘʣʴʥʳʤ ʟʦʥʘʤ, ʠʥʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ ʨʘʩʯʝʪʝ ʤʦʱʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʦʚ ʧʦ 
ʜʘʥʥʳʤ ɻʀʉ ʚ ʦʪʜʝʣʴʥʳʭ ʩʢʚʘʞʠʥʘʭ, ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʧʦʩʣʝʜʥʠʝ ʧʨʦʙʫʨʝʥʳ ʚ ʟʦʥʘʭ 
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ʨʘʟʚʠʪʠʷ ʛʨʫʧʧʳ ʧʦʪʝʥʮʠʘʣʴʥʦ ʨʫʩʣʦʚʳʭ ʬʘʮʠʡ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʘʟʨʝʟ 
ʧʣʘʩʪʘ ʖ3 ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʦʜʥʦʡ ʠʟ ʩʢʚʘʞʠʥ ʉʝʚʝʨʦ-ʊʘʤʘʨʛʠʥʩʢʦʡ ʧʣʦʱʘʜʠ, ʛʜʝ ʧʨʠ 
ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʚʩʢʨʳʪʳʭ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʨʷʜʢʘ 15 ʤ, ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ 
ʧʦ ɻʀʉ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ 4.1 ʤ (ʨʠʩʫʥʦʢ). 

 
                         ɸ)                                                     ɹ) 

 
 

ʈʠʩʫʥʦʢ. ɸ) ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʧʣʘʩʪʘ ʖ3 ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ. ʉʢʚ.ˉ55ʈ 
ʉʝʚʝʨʦ-ʊʘʤʘʨʛʠʥʩʢʦʡ ʧʣʦʱʘʜʠ. ɹ) ɺʳʜʝʣʝʥʠʝ ʬʘʮʠʡ ʧʦ ʢʝʨʥʫ ʠ ʢʦʣʣʝʢʪʦʨʦʚ ʧʦ ɻʀʉ 

 

ɸʥʘʣʠʟ ʣʠʪʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, 
ʦʪʥʝʩʝʥʥʳʭ ʢ ʛʨʫʧʧʝ ʨʫʩʣʦʚʳʭ ʬʘʮʠʡ, ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʨʦʜʳ ʦʢʘʟʘʣʠʩʴ ʩʠʣʴʥʦ 
ʧʦʜʚʝʨʞʝʥʳ ʘʫʪʠʛʝʥʥʦʤʫ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʶ. ʀʟʤʝʥʝʥʠʶ ʧʦʜʚʝʨʛʣʘʩʴ ʥʝ ʪʦʣʴʢʦ 
ʦʙʣʦʤʦʯʥʘʷ ʯʘʩʪʴ (ʢʚʘʨʮ, ʂʇʐ, ʦʙʣʦʤʢʠ ʧʦʨʦʜ), ʥʦ ʠ ʮʝʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʢʨʦʤʝ ʛʣʠʥʠʩʪʳʭ 
ʤʠʥʝʨʘʣʦʚ ʦʙʥʘʨʫʞʠʣʦʩʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʦʥʘʪʥʦʛʦ, ʢʨʝʤʥʠʩʪʦʛʦ ʠ ʧʠʨʠʪʦʚʦʛʦ 
ʤʘʪʝʨʠʘʣʘ (ʨʠʩʫʥʦʢ). 

ʇʦʩʢʦʣʴʢʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʋʚʘʪʘ ʦʪʣʦʞʝʥʠʷ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʟʘʣʝʛʘʶʪ ʥʘ ʛʣʫʙʠʥʘʭ 
ʦʪ 2300 ʤ ʜʦ 2600 ʤ, ʯʘʩʪʴ ʢʦʣʣʝʢʪʦʨʦʚ ʧʣʘʩʪʦʚ ʖ2-5 ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʟʥʳʭ ʟʦʥʘʭ 
ʜʠʘʛʝʥʝʟʘ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʝʤʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʢʦʣʣʝʢʪʦʨʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʘʟʥʳʭ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʧʦ-ʨʘʟʥʦʤʫ 
ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʫʪʠʛʝʥʥʦʤʫ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʶ. ʇʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʪʦʨʠʯʥʳʝ 
ʧʨʦʮʝʩʩʳ ʟʘʪʨʘʛʠʚʘʶʪ ʧʦʨʦʜʳ ʚʳʩʦʢʠʤʠ ʧʝʨʚʠʯʥʳʤʠ ʌɽʉ. ɺ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʘʟʨʝʟʘʭ 
ʵʪʦ ʛʨʫʧʧʘ ʬʘʮʠʡ ʨʝʯʥʳʭ ʜʦʣʠʥ: ʧʨʠʨʫʩʣʦʚʳʝ ʦʪʤʝʣʠ ʠ ʙʝʨʝʛʦʚʳʝ ʚʘʣʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʥʠʭ, ʢʦʣʣʝʢʪʦʨʳ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʧʦʡʤʳ, ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʘʣʝʚʨʦʣʠʪʦʚ, ʨʝʜʢʦ 
ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʣʠʪʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʘʣʝʚʨʠʪʦ-ʧʝʩʯʘʥʳʭ 
ʧʦʨʦʜ ʚ ʩʢʚʘʞʠʥʘʭ ʋʚʘʪʘ ʧʦʢʘʟʘʣ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʧʨʷʤʫʶ ʬʘʮʠʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ 
ʦʙʦʩʥʦʚʘʥʠʷ ʧʨʦʛʥʦʟʥʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʩʝʡʩʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ 
ʙʝʟ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʝʤʢʦʩʪʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʝʟʝʨʚʫʘʨʦʚ, ʢʦʛʜʘ 
ʢʦʣʣʝʢʪʦʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʟʘʣʝʛʘʶʪ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ 
ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 2000 ʤ, ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʕʪʦ ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʘʤ ʚ ʧʨʦʛʥʦʟʝ 
ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʦʛʦ 
ʙʫʨʝʥʠʷ ʟʦʥʳ ʛʣʠʥʠʟʘʮʠʠ ʠ ʢʦʥʪʫʨʳ ʩʪʨʫʢʪʫʨʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʣʦʚʫʰʝʢ, ʯʪʦ 
ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʝʨʝʩʯʝʪʝ ʨʝʩʫʨʩʥʦʡ ʦʮʝʥʢʠ ʧʦʠʩʢʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ ʢʘʢ ʤʝʥʷʝʪʩʷ ʥʝ 
ʪʦʣʴʢʦ ʠʭ ʧʣʦʱʘʜʴ, ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʸʤʢʦʩʪʴ ʨʝʟʝʨʚʫʘʨʦʚ. 
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ʉɺʗɿʔ ʉʆʉʊɸɺɸ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ɺɽʑɽʉʊɺɸ ʉ ɺʊʆʈʀʏʅʆʁ 
ɼʆʃʆʄʀʊʀɿɸʎʀɽʁ ɼʆʄɸʅʀʂʀʊʆɺ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʊɸʊɸʈʉʊɸʅɸ 

 
ɸ.ɸ. ɽʩʢʠʥ, ɺ.ʇ. ʄʦʨʦʟʦʚ, ʕ.ɸ. ʂʦʨʦʣʸʚ, ɸ.ʅ. ʂʦʣʴʯʫʛʠʥ, ʈ.ʈ. ɺʘʣʠʫʣʣʠʥ 

 
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ɼʦʤʘʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʦʤ ʦʩʦʙʳʭ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʡ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘʮʠʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʩʪʦʢʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ 
ʧʣʘʪʬʦʨʤʳ. ʇʦʜ ʪʝʨʤʠʥʦʤ çʜʦʤʘʥʠʢè ʧʦʥʠʤʘʝʪʩʷ ʪʦʣʱʘ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ, 
ʚ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, 
ʦʙʦʛʘʱʝʥʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ʊʘʢʠʝ ʠ ʧʦʜʦʙʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʵʪʦ 
ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʘʷ ʬʦʨʤʘʮʠʷ, ʩʧʦʩʦʙʥʘʷ ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʴ ʫʛʣʝʚʦʜʦʨʦʜʳ 
ʩʦʙʩʪʚʝʥʥʳʤʠ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʤʠ ʪʦʣʱʘʤʠ, ʪʘʢ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʠʭ ʚ ʦʪʜʝʣʴʥʳʭ 
ʧʣʘʩʪʘʭ ʠ ʟʦʥʘʭ, ʚʳʧʦʣʥʷʶʱʠʭ ʨʦʣʴ ʨʝʟʝʨʚʫʘʨʘ [1, 2]. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʪʘ ʪʦʣʱʘ 
ʚ ʩʚʷʟʠ ʩ ʥʘʫʯʥʳʤ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʠʥʪʝʨʝʩʦʤ ʢ ʩʣʘʥʮʝʚʳʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʘʢʪʠʚʥʦ 
ʠʟʫʯʘʝʪʩʷ. ʄʘʣʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʝʥʘ ʠʭ 
ʦʛʨʘʥʠʯʝʥʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ. ʊʘʢʠʝ ʧʦʨʦʜʳ ʨʘʟʚʠʪʳ ʣʠʰʴ ʚ 
ʦʪʣʦʞʝʥʠʷʭ ʩʝʤʠʣʫʢʩʢʦʛʦ (ʜʦʤʘʥʠʢʦʚʦʛʦ) ʛʦʨʠʟʦʥʪʘ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʛʦ 
ʜʝʚʦʥʘ. ʀʭ ʤʦʱʥʦʩʪʴ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ʆʜʥʘʢʦ ʠʭ 
ʧʦʪʝʥʮʠʘʣ ʢʘʢ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʝʬʪʠ - ʦʜʠʥ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʦʧʨʦʩʦʚ 
ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ [3]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠ ʤʠʥʝʨʘʣʦʛʦ-
ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʜʦʤʘʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʢʘʢ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʠʭ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 
ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʤʝʱʘʝʤʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʚʝʱʝʩʪʚʘ. ʇʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʚʦʟʤʦʞʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʨʦʪʝʢʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠ ʵʚʦʣʶʮʠʠ ʢʨʝʤʥʠʩʪʦ-
ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʩʷ ʢʝʨʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʨʷʜʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 
ʦʪʦʙʨʘʥʥʳʡ ʠʟ ʩʝʤʠʣʫʢʩʢʦʛʦ (ʜʦʤʘʥʠʢʦʚʦʛʦ) ʛʦʨʠʟʦʥʪʘ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʛʦ 
ʜʝʚʦʥʘ. ʆʙʨʘʟʮʳ ʢʝʨʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʣʠʪʦʪʠʧʘʤʠ: 1) ʢʘʨʙʦʥʘʪʥʦ-ʢʨʝʤʥʠʩʪʳʝ 
ʧʦʨʦʜʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, 2) ʠʟʚʝʩʪʥʷʢʠ (ʤʘʜʩʪʦʫʥ, ʚʘʢʩʪʦʫʥ) 
ʠ 3) ʦʙʣʦʤʦʯʥʳʝ (ʣʠʪʦʢʣʘʩʪʦʚʳʝ) ʠʟʚʝʩʪʥʷʢʠ, ʩʣʦʞʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʙʣʦʤʢʘʤʠ, 
ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤʠ ʢʘʨʙʦʥʘʪʥʦ-ʢʨʝʤʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʦʙʦʛʘʱʝʥʥʳʤ 
ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ. ʇʦʤʠʤʦ ʥʘʟʚʘʥʥʳʭ ʪʠʧʦʚ ʥʝʨʝʜʢʦ ʚ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʶʪʩʷ 
ʟʦʥʳ ʣʦʢʘʣʴʥʦʡ ʜʦʣʦʤʠʪʠʟʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ: ʦʧʪʠʢʦ-
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ (ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ CarlZeiss Axio Imeger A2), 
ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʡ (ʜʠʬʨʘʢʪʦʤʝʪʨ Bruker D2 Phaser) ʠ ʩʠʥʭʨʦʥʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ 
(NETZSCH STA 449 F3 Jupiter) ʘʥʘʣʠʟʳ. 

ʆʩʘʜʦʯʥʳʡ ʢʦʤʧʣʝʢʩ ʜʦʤʘʥʠʢʦʠʜʥʦʡ ʬʦʨʤʘʮʠʠ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʛʦ 
ʜʝʚʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʪʳʨʝʭʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 
ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʦʪʥʦʰʝʥʠʝ 
ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʘʣʴʮʠʪ + ʜʦʣʦʤʠʪ (75%); 
ʭʘʣʮʝʜʦʥ + ʦʧʘʣ (15%); ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʩʘʧʨʦʧʝʣʝʚʦʛʦ ʪʠʧʘ (9%); 
ʘʣʣʦʪʠʛʝʥʥʳʝ ʟʝʨʥʘ ʦʙʣʦʤʦʯʥʦʡ ʢʦʤʧʦʥʝʥʪʳ (1%). 

ʆʩʥʦʚʥʦʡ ʘʢʮʝʥʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʜʝʣʘʥ ʥʘ ʟʦʥʳ ʚʪʦʨʠʯʥʦʡ 
ʜʦʣʦʤʠʪʠʟʘʮʠʠ. ʇʦ ʜʘʥʥʳʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʦʣʦʤʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʢʦʨʠʯʥʝʚʘʪʦ-ʪʝʤʥʦ-ʩʝʨʦʡ ʦʢʨʘʩʢʦʡ, ʯʘʩʪʠʯʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠ ʧʣʦʪʥʳʤ 
ʩʣʦʞʝʥʠʝʤ. ɼʦʣʦʤʠʪʘʤ ʩʚʦʡʩʪʚʝʥʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ. ɺ ʢʘʯʝʩʪʚʝ 
ʧʨʠʤʝʩʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʟʸʨʥʘ ʢʘʣʴʮʠʪʘ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 12%. ʈʘʟʤʝʨ ʟʝʨʝʥ 
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ʜʦʣʦʤʠʪʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 0,01 ʜʦ 0,4 ʤʤ. ɿʝʨʥʘ ʙʦʣʴʰʠʭ 
ʨʘʟʤʝʨʦʚ (0,1ð0,4 ʤʤ) ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʚʠʜʝ ʦʙʦʩʦʙʣʝʥʥʳʭ ʠʥʜʠʚʠʜʫʫʤʦʚ ʠʣʠ 
ʥʝʙʦʣʴʰʠʭ ʩʢʦʧʣʝʥʠʡ. ʊʦʥʢʦʟʝʨʥʠʩʪʳʡ ʜʦʣʦʤʠʪ ʦʙʨʘʟʫʝʪ ʠʥʦʛʜʘ ʩʛʫʩʪʢʠ ʚʝʣʠʯʠʥʦʡ 
ʜʦ 0,1 ʤʤ. 

ɿʝʨʥʘ ʜʦʣʦʤʠʪʘ ʦʙʳʯʥʦ ʠʤʝʶʪ ʠʟʦʤʝʪʨʠʯʥʫʶ, ʨʝʞʝ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ. 
ʉʨʝʜʠ ʥʠʭ ʦʙʦʩʦʙʣʷʶʪʩʷ ʷʩʥʦ ʚʳʨʘʞʝʥʥʳʝ ʨʦʤʙʦʵʜʨʳ. ɺ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʟʝʨʥʘʭ 
ʜʦʣʦʤʠʪʘ ʦʪʤʝʯʘʶʪʩʷ ʪʨʝʱʠʥʢʠ ʩʧʘʡʥʦʩʪʠ, ʨʝʣʠʢʪʳ ʧʝʨʚʠʯʥʦʛʦ ʧʝʣʠʪʦʤʦʨʬʥʦʛʦ 
ʢʘʨʙʦʥʘʪʘ, ʛʣʠʥʠʩʪʦ-ʙʠʪʫʤʠʥʦʟʥʦʝ ʚʝʱʝʩʪʚʦ. ɺ ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʦʡ ʤʘʩʩʝ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʨʫʛʣʳʝ, ʤʝʣʢʠʝ (ʜʦ 0,15 ʤʤ) ʘʛʨʝʛʘʪʳ ʧʠʨʠʪʘ, ʘ ʧʦ ʪʨʝʱʠʥʢʘʤ 
ʩʢʦʧʣʝʥʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʢʘʣʴʮʠʪʘ. ʊʘʢʞʝ ʚ ʢʘʯʝʩʪʚʝ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 
ʚʳʩʪʫʧʘʶʪ ʢʚʘʨʮ, ʨʦʣʝʚʦʡ ʰʧʘʪ ʠ ʨʝʜʢʠʝ ʯʝʰʫʡʢʠ ʤʫʩʢʦʚʠʪʘ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʙʠʪʫʤʠʥʦʟʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚʳʧʦʣʥʷʝʪ 
ʪʦʥʢʠʝ ʪʨʝʱʠʥʢʠ, ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʟʝʨʥʘʤʠ ʜʦʣʦʤʠʪʘ. ʉʦʛʣʘʩʥʦ 
ʜʘʥʥʳʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʳʘ 7,4%, 
ʛʜʝ ʦʪʥʦʰʝʥʠʝ ʣʸʛʢʠʭ ʠ ʪʷʞʸʣʳʭ ʬʨʘʢʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 1/4. 

ʇʨʦʷʚʣʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʜʦʣʦʤʠʪʘ ʚ ʰʣʠʬʘʭ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʥʝ ʧʦʚʩʝʤʝʩʪʥʦ. 
ɼʦʣʦʤʠʪʠʟʘʮʠʷ ʣʦʢʘʣʴʥʘ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʦʙʣʘʩʪʷʤ ʨʘʟʚʠʪʠʷ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʭ 
ʪʨʝʱʠʥʦʢ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʦʜʦʙʥʘʷ ʩʚʷʟʴ ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʩʭʦʜʷʱʝʡ ʤʠʛʨʘʮʠʝʡ 
ʬʣʶʠʜʦʚ ʯʝʨʝʟ ʢʘʨʙʦʥʘʪʥʦ-ʢʨʝʤʥʠʩʪʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʧʨʦʮʝʩʩʝ ʤʠʛʨʘʮʠʠ 
ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʦʮʝʩʩʳ ʨʘʩʪʚʦʨʝʥʠʷ ʘʫʪʠʛʝʥʥʦʛʦ ʢʘʣʴʮʠʪʘ ʠ ʧʘʨʘʣʣʝʣʴʥʦ 
ʧʨʠʚʥʦʩʠʣʠʩʴ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʠʣʘ ʢ 
ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʶ ʜʦʣʦʤʠʪʘ.  

ʇʨʦʜʦʣʞʘʶʱʘʷʩʷ ʤʠʛʨʘʮʠʷ ʬʣʶʠʜʦʚ, ʚʠʜʠʤʦ, ʪʘʢ ʞʝ ʚʳʟʳʚʘʣʘ ʨʘʩʪʚʦʨʝʥʠʝ 
ʠ ʚʳʥʦʩ ʙʦʣʝʝ ʣʸʛʢʦʡ ʢʦʤʧʦʥʝʥʪʳ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ. 
ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʠ ʧʨʠʚʝʣʠ ʢ ʥʘʢʦʧʣʝʥʠʶ 
ʪʷʞʸʣʦʡ ʢʦʤʧʦʥʝʥʪʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʜʦʣʦʤʠʪʦʚ ʥʘ ʧʫʪʷʭ ʤʠʛʨʘʮʠʠ. 

ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʜʦʣʦʤʠʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ, 
ʦʙʨʘʟʦʚʘʥʥʳʝ ʥʘ ʧʫʪʷʭ ʤʠʛʨʘʮʠʠ ʬʣʶʠʜʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʚʩʝʡ ʠʟʫʯʝʥʥʦʡ 
ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʧʦʩʪʨʦʝʥʥʳʡ ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ ʂʘʤʩʢʦ-ʂʠʥʝʣʴʩʢʦʡ 
ʩʠʩʪʝʤʳ ʧʨʦʛʠʙʦʚ ʩ ʧʦʣʦʞʝʥʠʝʤ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠʟʫʯʝʥʥʳʭ ʩʢʚʘʞʠʥ ʥʝ 
ʧʦʢʘʟʳʚʘʝʪ ʢʘʢʦʛʦ-ʣʠʙʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ 
ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʠʣʠ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ ʦʩʝʚʦʡ, ʢʨʘʝʚʦʡ, ʙʦʨʪʦʚʦʡ ʠʣʠ ʰʝʣʴʬʦʚʦʡ 
ʦʙʣʘʩʪʠ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʠ ʥʘʙʣʶʜʝʥʠʡ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 
ʨʝʛʠʦʥʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʧʨʦʷʚʣʝʥʠʷ ʚʦʩʭʦʜʷʱʝʡ ʤʠʛʨʘʮʠʠ ʬʣʶʠʜʘ ʯʝʨʝʟ 
ʢʘʨʙʦʥʘʪʥʦ-ʢʨʝʤʥʠʩʪʳʝ ʪʦʣʱʠ ʜʦʤʘʥʠʢʠʪʦʚ. 
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ʀɿʋʏɽʅʀɽ ʃʀʊʆʃʆɻʀʏɽʉʂʀʍ ʆʉʆɹɽʅʅʆʉʊɽʁ ʀ ʍɸʈɸʂʊɽʈɸ 
ʈɸʉʇʈɽɼɽʃɽʅʀʗ ʃʀʊʆʃʆɻʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʊʀʇʆɺ ʇʆʈʆɼ  

ɺ ʈɸɿʈɽɿɸʍ ʉʂɺɸɾʀʅ ɻʈʋʇʇʓ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 
ʂʆɻɸʃʓʄʉʂʆɻʆ ʈɽɻʀʆʅɸ ʉ ʎɽʃʔʖ ʆʇʊʀʄʀɿɸʎʀʀ ʇʈʆʎɽʉʉɸ 

ʈɸɿʈɸɹʆʊʂʀ 
 

ɺ.ɸ. ɾʦʣʫʜʝʚʘ, ɺ.ɺ. ʂʦʣʧʘʢʦʚ, ʆ.ʂ. ʄʘʨʪʳʥʦʚʘ 
 

ʌʠʣʠʘʣ ʆʆʆ çʃʋʂʆʁʃ-ʀʥʞʠʥʠʨʠʥʛè çʂʦʛʘʣʳʤʅʀʇʀʥʝʬʪʴè ʚ ʛ. ʊʶʤʝʥʴ, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʦʩʪʘʝʪʩʷ 
ʚʦʧʨʦʩ ʦ ʚʦʚʣʝʯʝʥʠʠ ʚ ʨʘʟʨʘʙʦʪʢʫ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ. ɺ ɿʘʧʘʜʥʦ-
ʉʠʙʠʨʩʢʦʤ ʨʝʛʠʦʥʝ ʜʘʥʥʳʡ ʪʠʧ ʟʘʧʘʩʦʚ ʟʘʢʣʶʯʝʥ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱʘʭ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʛʦ ʛʣʠʥʠʩʪʦʛʦ 
ʮʝʤʝʥʪʘ ʠ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʝʬʪʝʠʟʚʣʝʯʝʥʠʷ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʜʦʙʳʯʠ 
ʥʝʬʪʠ ʚ ʜʘʥʥʳʭ ʪʦʣʱʘʭ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ 
ʥʘ ʧʦʨʦʜʫ. ʆʜʥʘʢʦ, ʨʝʟʫʣʴʪʘʪ ʥʝ ʚʩʝʛʜʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ, ʯʘʱʝ ʵʬʬʝʢʪ 
ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ. ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʜʙʦʨʝ ʚʠʜʘ ʠ ʢʦʤʧʣʝʢʩʘ 
ʤʝʪʦʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪ ʥʝ ʫʜʝʣʷʝʪʩʷ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ 
ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʘʢ 
ʧʦʨʦʜʳ, ʪʘʢ ʠ ʮʝʤʝʥʪʘ, ʠʭ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ 
ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 
ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʢʘʢ ʧʦ ʨʘʟʨʝʟʫ ʩʢʚʘʞʠʥʳ, ʪʘʢ ʠ ʧʦ ʧʣʦʱʘʜʠ ʨʘʙʦʪ. 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ [1] ʘʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʘ ʣʠʪʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 
ʪʠʧʠʟʘʮʠʷ ʧʦʨʦʜ (ʃʊʊʇ) ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʫʯʝʪʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʮʝʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪʩʷ ʥʘ ʭʘʨʘʢʪʝʨʝ ʠʭ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʦʜʦʡ ʠ ʠʥʳʤʠ ʪʠʧʘʤʠ ʨʝʘʛʝʥʪʦʚ (ʇɸɺ, ʱʝʣʦʯʥʳʝ ʨʘʩʪʚʦʨʳ, 
ʧʦʣʠʤʝʨʳ ʠ ʪ.ʜ.). ɺʳʜʝʣʝʥʦ ʪʨʠ ʣʠʪʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘ ʧʦʨʦʜ (I-III ʃʊʊʇ). 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʜʝʪʘʣʴʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʘʞʜʦʛʦ ʠʟ ʃʊʊʇ, ʚʳʷʚʣʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
ʧʦ ʨʘʟʨʝʟʫ ʩʢʚʘʞʠʥ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 
ʥʝʬʪʝʜʦʙʳʯʝ. 

ʇʦʨʦʜʳ I ʃʊʊʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʝʚʨʦʣʠʪʘʤʠ ʢʨʫʧʥʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʜʦ 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʠ ʧʝʩʯʘʥʠʢʘʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ. ɺ ʮʝʤʝʥʪʝ ʬʠʢʩʠʨʫʝʪʩʷ 
ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɸ.ɸ. 
ʍʘʥʠʥʘ I ʃʊʊʇ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʢʦʣʣʝʢʪʦʨʘʤ, ʝʜʠʥʠʯʥʦ ʢ ʢʦʣʣʝʢʪʦʨʘʤ VI ʢʣʘʩʩʘ. 
ʆʩʥʦʚʥʳʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ʠʟʤʝʥʝʥʳ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ: ʧʦʣʝʚʳʝ 
ʰʧʘʪʳ ʯʘʱʝ ʚʩʝʛʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʳ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ; ʦʙʣʦʤʢʠ 
ʵʬʬʫʟʠʟʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʳ; ʩʣʶʜʳ ʛʠʜʨʘʪʠʨʦʚʘʥʳ, ʥʝʟʥʘʯʠʪʝʣʴʥʦ 
ʩʠʜʝʨʠʪʠʟʠʨʦʚʘʥʳ. ʈʝʛʝʥʝʨʘʮʠʠ ʢʚʘʨʮʝʚʳʭ ʟʝʨʝʥ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. 

ʇʦʨʦʜʳ II ʃʊʊʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʝʚʨʦʣʠʪʘʤʠ ʤʝʣʢʦ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ ʠ 
ʧʝʩʯʘʥʠʢʘʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ, ʨʝʞʝ ʩʨʝʜʥʝ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ. ɺ ʮʝʤʝʥʪʝ 
ʬʠʢʩʠʨʫʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʚʦʟʨʘʩʪʘʥʠʝ 
ʩʦʜʝʨʞʘʥʠʷ ʢʘʦʣʠʥʠʪʘ ʠ ʭʣʦʨʠʪʘ. ʇʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʣʝʢʪʦʨʘʤ VI, V ʢʣʘʩʩʦʚ, 
ʝʜʠʥʠʯʥʦ IV ʢʣʘʩʩʘ ʠ ʥʝʢʦʣʣʝʢʪʦʨʘʤ. ʀʟ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʰʣʠʬʘʭ 
ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʛʝʥʝʨʘʮʠʷ ʢʚʘʨʮʝʚʳʭ ʟʝʨʝʥ ʚ ʚʠʜʝ ʧʨʝʨʳʚʠʩʪʳʭ ʢʘʝʤʦʢ, ʨʝʞʝ ï 
ʯʘʩʪʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʘʥʝʡ. ʇʦʣʝʚʳʝ ʰʧʘʪʳ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʳ, ʝʜʠʥʠʯʥʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ ʠ ʚʳʱʝʣʦʯʝʥʳ. 
ʆʙʣʦʤʢʠ ʵʬʬʫʟʠʟʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʳ. ʉʣʶʜʳ ʛʠʜʨʘʪʠʨʦʚʘʥʳ, 
ʝʜʠʥʠʯʥʦ ʩʠʜʝʨʠʪʠʟʠʨʦʚʘʥʳ. 

ʇʦʨʦʜʳ III ʃʊʊʇ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʠʢʘʤʠ ʦʪ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʜʦ 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ. ɺ ʮʝʤʝʥʪʝ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʦʣʠʥʠʪʘ. 
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ʇʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʣʝʢʪʦʨʘʤ V, IV ʢʣʘʩʩʦʚ. ʆʩʥʦʚʥʳʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ 
ʤʠʥʝʨʘʣʳ ʠʟʤʝʥʝʥʳ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ. ʈʝʛʝʥʝʨʘʮʠʷ ʢʚʘʨʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ 
ʯʘʩʪʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʘʥʝʡ, ʨʝʞʝ ʚ ʚʠʜʝ ʧʨʝʨʳʚʠʩʪʳʭ 
ʢʘʝʤʦʢ, ʝʜʠʥʠʯʥʦ ʰʠʧʠʢʦʚ. ʇʦʣʝʚʳʝ ʰʧʘʪʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʳ, 
ʚʳʱʝʣʦʯʝʥʳ, ʧʦʩʣʝʜʥʠʝ ʩʦʟʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʦʪʦʨʦʝ 
ʯʘʩʪʠʯʥʦ ʚʳʧʦʣʥʷʝʪ ʤʠʢʨʦʯʝʰʫʡʯʘʪʳʡ ʢʘʦʣʠʥʠʪ. ʆʙʣʦʤʢʠ ʵʬʬʫʟʠʟʦʚ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʝʣʠʪʠʟʠʨʦʚʘʥʳ. ʉʣʶʜʳ ʛʠʜʨʘʪʠʨʦʚʘʥʳ. 

ʇʨʦʚʝʜʝʥʥʘʷ ʢʨʘʪʢʘʷ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʃʊʊʇ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 
ʦʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʠ ʧʦ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʢʘʨʢʘʩʘ, ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ 
ʩʦʦʪʥʦʰʝʥʠʶ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʮʝʤʝʥʪʝ, ʯʪʦ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʪʨʘʞʘʝʪʩʷ ʥʘ 
ʨʘʟʣʠʯʠʷʭ ʃʊʊʇ ʧʦ ʢʣʘʩʩʫ ʢʦʣʣʝʢʪʦʨʘ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʜʘʥʥʳʭ ʨʘʟʣʠʯʠʡ ʙʫʜʝʪ 
ʦʪʨʘʞʘʪʴʩʷ ʠ ʥʘ ʪʘʢʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʢʘʢ: ʥʘʙʫʭʘʶʱʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ, ʥʘ ʚʝʣʠʯʠʥʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʚʝʣʠʯʠʥʝ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ 
ʦʙʤʝʥʘ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʧʨʠ ʧʦʜʙʦʨʝ ʚʠʜʘ ʠ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ʧʦ 
ʫʚʝʣʠʯʝʥʠʶ ʥʝʬʪʝʦʪʜʘʯʠ [1]. 

ʀʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʃʊʊʇ ʧʦ ʨʘʟʨʝʟʫ ʩʢʚʘʞʠʥ ʧʦʢʘʟʘʣʦ 
ʩʣʝʜʫʶʱʝʝ: ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʨʦʜʳ III ʃʊʊʇ; ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ï II 
ʃʊʊʇ; ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ï I ʃʊʊʇ. ʆʜʥʘʢʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʢʚʘʞʠʥʘʭ ʜʘʥʥʘʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʨʫʰʘʝʪʩʷ ʚʳʜʝʣʝʥʠʝʤ ʚ ʪʦʣʱʝ II ʣʠʙʦ I ʃʊʊʇ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʤʦʱʥʳʭ ʧʨʦʩʣʦʝʚ III ʃʊʊʇ. ʋʯʠʪʳʚʘʷ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʃʊʊʇ, ʤʦʞʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʜʯʠʥʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʦʣʦʞʝʥʠʷʤ 
ʤʝʭʘʥʥʦʛʝʥʥʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʜʠʘʛʝʥʝʟʫ ʠ ʢʘʪʘʛʝʥʝʟʫ, ʘ 
ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʥʠʭ ʩʚʷʟʘʥʦ ʩ ʣʦʢʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʢʘʦʣʠʥʠʪʠʟʘʮʠʠ ʧʦʨʦʜ [2]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ 
ʃʊʊʇ ʠ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʨʝʟʫ ʩʢʚʘʞʠʥʳ, ʘ ʪʘʢʞʝ 
ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [1], ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 
ʠʥʪʝʨʚʘʣʘʭ ʨʘʟʚʠʪʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʃʊʊʇ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. ʂ ʧʨʠʤʝʨʫ, ʚ ʠʥʪʝʨʚʘʣʘʭ ʨʘʟʚʠʪʠʷ I ʃʊʊʇ, ʩ 
ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʜʦʙʘʚʦʢ ʨʘʟʣʠʯʥʳʭ ʇɸɺ ʣʠʙʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ; ʚ ʠʥʪʝʨʚʘʣʘʭ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ II ʃʊʊʇ 
ʵʬʬʝʢʪʠʚʥʳ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʠʜʳ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ; ʚ 
ʠʥʪʝʨʚʘʣʘʭ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ III ʃʊʊʇ ïʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ɹɸɿɸʃʔʅʓɽ ɻʆʈʀɿʆʅʊʓ ʆʉɸɼʆʏʅʆɻʆ ʏɽʍʃɸ  
ʇɸʅʅʆʅʉʂʆɻʆ ɹɸʉʉɽʁʅɸ 

 
ɽ.ɸ. ɾʫʢʦʚʩʢʘʷ 

 
ʆʆʆ çɻʘʟʧʨʦʤʥʝʬʪʴ ʅʊʎè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʀʟʫʯʝʥʠʝ ʙʘʟʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʩʘʜʦʯʥʳʭ ʯʝʭʣʦʚ ʜʨʝʚʥʠʭ ʙʘʩʩʝʡʥʦʚ 
ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ ʮʝʣʴʶ ʧʦʠʩʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ 
ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʝʡʩʤʦʨʘʟʚʝʜʢʠ. ʇʨʠʩʪʫʧʠʚ ʚ ʧʦʩʣʝʜʥʝʝ 
ʜʝʩʷʪʠʣʝʪʥʠʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʇʘʥʥʦʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, 
ʢʦʤʧʘʥʠʷ ɻʘʟʧʨʦʤʥʝʬʪʴ ʩʦʚʤʝʩʪʥʦ ʩ ʅʀʉ ʅʘʬʪʘʛʘʟ (ʉʝʨʙʠʷ) ʥʘʢʦʧʠʣʘ ʙʦʣʴʰʦʡ 
ʤʘʪʝʨʠʘʣ ʚ ʩʚʷʟʠ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʟʦʥ ʧʝʨʝʭʦʜʘ ñʬʫʥʜʘʤʝʥʪïʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣò. 
ɼʦʥʝʦʛʝʥʦʚʦʝ ʦʩʥʦʚʘʥʠʝ ʠʤʝʝʪ ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜ, 
ʩʣʘʛʘʶʱʠʭ ʙʣʦʢʠ, ʠ ʚ ʮʝʣʦʤ ʭʦʨʦʰʦ ʨʘʩʧʦʟʥʘʝʪʩʷ ʚ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʘʧʠʩʠ.  

ʂ ʙʘʟʘʣʴʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʦʪʥʦʩʠʪʩʷ ʩʠʥʨʠʬʪʦʚʳʡ ʢʦʤʧʣʝʢʩ 
ʥʠʞʥʝ-ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ʩʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʉʉʂ 1 ʠ 
ʉʉʂ 2 [1]), ʢ ʢʦʪʦʨʳʤ ʧʨʠʫʨʦʯʝʥ ʮʝʣʳʡ ʨʷʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʩ ʩʘʤʳʤʠ 
ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʣʦʚʫʰʢʘʤʠ: ʩʪʨʫʢʪʫʨʥʳʤʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʵʢʨʘʥʠʨʦʚʘʥʥʳʤʠ, 
ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʛʦʨʠʟʦʥʪʦʚ ʷʚʣʷʝʪʩʷ 
ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʨʝʣʴʝʬʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʆʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʬʘʮʠʘʣʴʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʨʝʟʢʘʷ 
ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʦʪʣʦʞʝʥʠʡ ʧʦ ʧʣʦʱʘʜʠ, ʤʦʱʥʦʩʪʠ ʠ ʩʚʦʡʩʪʚʘʤ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ 
ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʘʟʳ, ʨʘʚʥʦ ʢʘʢ ʠ ʧʦʨʠʩʪʦʩʪʴ, ʯʪʦ ʩʚʷʟʘʥʦ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʠʭ ʨʘʟʣʠʯʥʦʡ ʬʘʮʠʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ - ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʢʦʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʦʛʦ ʠ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʚʦʟʤʦʞʥʦ 
ʠʥʫʥʜʠʪʳ (ʦʪʣʦʞʝʥʠʷ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʥʘʚʦʜʥʝʥʠʡ ʠ ʨʘʟʣʠʚʦʚ ʨʝʢ, ʦʪʣʦʞʝʥʠʷ 
ʧʨʦʨʳʚʘ ʧʦʜʧʨʫʜʥʳʭ ʦʟʝʨ), ʘ ʪʘʢʞʝ ʤʝʣʢʦʚʦʜʥʳʝ ʙʘʩʩʝʡʥʦʚʳʝ ʧʝʩʯʘʥʳʝ ʦʪʣʦʞʝʥʠʷ. 

ʌʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʦʙʲʝʢʪ ʚ ʦʩʥʦʚʘʥʠʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʠʤʝʝʪ ʩʚʦʠ 
ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʝʛʦ ʚ 
ʦʪʜʝʣʴʥʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʦʪʣʦʞʝʥʠʡ.  

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʦʙʲʝʢʪ ï 
ʧʨʦʣʶʚʠʘʣʴʥʳʝ ʢʦʥʫʩʳ ʚʳʥʦʩʘ, ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʀʜʞʦʰ 
(ʉʝʨʙʠʷ) [2]. ʉʦʩʪʘʚ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʛʣʳʙ ʠ ʚʘʣʫʥʦʚ, ʦʜʥʦʪʠʧʝʥ 
ʢʦʨʝʥʥʳʤ ʧʦʨʦʜʘʤ ʬʫʥʜʘʤʝʥʪʘ, ʩʣʦʞʝʥʥʦʛʦ ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ 
ʧʦʨʦʜʘʤʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ (ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ ʠ ʙʠʦʪʠʪʦʚʳʤʠ ʜʠʦʨʠʪʘʤʠ) ʠ ʢʚʘʨʮ-
ʩʣʶʜʷʥʳʤʠ ʠ ʢʚʘʨʮ-ʭʣʦʨʠʪ-ʩʣʶʜʷʥʳʤʠ ʩʣʘʥʮʘʤʠ. ʂʨʫʧʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʦʙʣʦʤʢʠ) 
ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ, ʠʥʪʝʨʧʨʝʪʠʨʫʝʤʳʝ ʢʘʢ ʢʫʨʫʤʳ, ʧʝʨʝʤʝʞʘʶʪʩʷ 
ʤʘʣʦʤʦʱʥʳʤʠ (ʦʪ ʧʝʨʚʳʭ ʩʤ ʜʦ 15ʩʤ) ʧʨʦʩʣʦʷʤʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ (ʦʢʘʪʘʥʥʳʝ ʛʨʘʚʠʡ 
ʠ ʛʘʣʴʢʘ ʩ ʧʝʩʯʘʥʳʤ ʤʘʪʨʠʢʩʦʤ), ʚʝʨʦʷʪʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʧʦʣʥʝʥʠʷ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʨʝʤʝʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ ʠ ʠʭ ʢʦʥʫʩʘʤʠ ʚʳʥʦʩʘ. ʆʧʨʝʜʝʣʝʥʠʝ 
ʥʘʧʨʘʚʣʝʥʠʷ ʩʥʦʩʘ ʦʩʘʜʢʦʚ ʩ ʣʦʢʘʣʴʥʳʭ ʚʳʩʪʫʧʦʚ ʬʫʥʜʘʤʝʥʪʘ, ʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʳʭ 
ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʢʠ. ʈʘʟʤʝʨ ʦʩʘʜʦʯʥʳʭ ʪʝʣ 
ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40ʤʝʪʨʦʚ ʤʦʱʥʦʩʪʠ ʠ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ ʚ ʰʠʨʠʥʫ, ʦʜʥʘʢʦ, 
ʣʘʪʝʨʘʣʴʥʦʝ ʩʦʯʣʝʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʢʦʥʫʩʦʚ (ʘʥʘʣʦʛ ʰʣʝʡʬʘ) ʟʥʘʯʠʪʝʣʴʥʦ 
ʫʚʝʣʠʯʠʚʘʝʪ ʩʫʤʤʘʨʥʫʶ ʧʣʦʱʘʜʴ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʘʪʝʨʘʣʴʥʳʭ ʛʨʘʥʠʮ ʢʦʥʫʩʦʚ 
ʚʳʥʦʩʘ ʠ ʧʦʣʦʞʝʥʠʷ ʟʦʥ ʥʘʠʤʝʥʴʰʠʭ ʵʬʬʝʢʪʠʚʥʳʭ ʪʦʣʱʠʥ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ 
ʦʙʣʘʩʪʷʤʠ ʚʦʟʜʳʤʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʝʡʩʤʠʯʝʩʢʠʝ ʘʪʨʠʙʫʪʳ. 
ʇʝʨʝʢʨʳʚʘʶʪʩʷ ʧʨʦʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʩ 
ʣʠʪʦʪʘʤʥʠʷʤʠ, ʩʤʝʥʷʶʱʠʤʠʩʷ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʤʠ ʠ 
ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʤʝʨʛʝʣʷʤʠ. 
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ɹʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘ ʠ ʩʣʝʜʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʚ 
ʩʠʥʨʠʬʪʦʚʳʡ ʵʪʘʧ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʘʟʨʝʟʦʤ ʩʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʦʡ ʚ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. ʕʪʘ ʩʢʚʘʞʠʥʘ ʧʦʜʪʚʝʨʜʠʣʘ ʥʘʣʠʯʠʝ 
ʨʘʟʣʦʤʘ, ʪʘʢ ʢʘʢ ʚʩʢʨʳʣʘ ʨʝʧʝʨʥʳʡ ʧʣʘʩʪ ʣʠʪʦʪʘʤʥʠʝʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘ 50 ʤʝʪʨʦʚ 
ʥʠʞʝ, ʯʝʤ ʚ ʧʝʨʚʦʡ ʩʢʚʘʞʠʥʝ. ɺ ʦʩʥʦʚʘʥʠʠ ʪʝʨʨʠʛʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʥʘ ʜʝʣʶʚʠʘʣʴʥʦ-
ʢʦʣʣʶʚʠʘʣʴʥʳʭ ʜʨʝʩʚʷʥʠʢʘʭ ʠ ʢʦʥʛʣʦʙʨʝʢʯʠʷʭ ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʦ ʩʣʝʜʘʤʠ 
ʦʢʠʩʣʝʥʠʷ ʥʘʢʘʧʣʠʚʘʣʘʩʴ ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦʚʘʷ ʪʦʣʱʘ ʥʝʷʚʥʦ ʨʠʪʤʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ 
ʟʘ ʩʯʝʪ ʯʝʨʝʜʦʚʘʥʠʷ ʪʝʤʥʦ- ʠ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʩ ʟʝʣʝʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ 3ʝʨʝʢʨʳʪʠʝ 
ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʤʠ (ʙʘʩʩʝʡʥʦʚʳʤʠ) ʧʝʩʢʘʤʠ, ʙʣʠʟʦʩʪʴ ʠʩʪʦʯʥʠʢʘ 
ʩʥʦʩʘ ʧʨʠ ʨʘʩʯʣʝʥʝʥʥʦʤ ʨʝʣʴʝʬʝ ʠ ʘʢʪʠʚʥʦʡ ʪʝʢʪʦʥʠʢʝ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʚʠʪʠʷ ʜʝʣʴʪʳ ʛʠʣʙʝʨʪʦʚʘ ʪʠʧʘ. ɼʘʣʝʝ ʧʦʩʣʝʜʦʚʘʣʦ 
ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʦʛʝʥʥʳʭ ʣʠʪʦʪʘʤʥʠʝʚʳʭ  ʠʟʚʝʩʪʥʷʢʦʚ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʝʟʢʦʡ 
ʪʨʘʥʩʛʨʝʩʠʠ. 

ʉʦʚʩʝʤ ʜʨʫʛʦʡ ʭʘʨʘʢʪʝʨ ʦʩʘʜʢʘ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʬʫʥʜʘʤʝʥʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 
ʩʢʚʘʞʠʥʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʶʞʥʝʝ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ. 

ʅʘ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ ʠ ʛʥʝʡʩʘʭ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 
ʧʣʦʡʯʘʪʦʩʪʠ ʦʢʦʣʦ 60ę ʢ ʦʩʠ ʢʝʨʥʘ, ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʛʘʝʪ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʥʝʷʚʥʦ 
ʩʣʦʡʯʘʪʳʡ ʘʣʝʚʨʠʪʠʩʪʳʡ ʤʝʨʛʝʣʴ. ɺ ʥʝʤ ʦʪʤʝʯʘʝʪʩʷ ʧʨʝʨʳʚʠʩʪʘʷ ʚʦʣʥʠʩʪʘʷ 
ʩʣʦʡʯʘʪʦʩʪʴ, ʩʣʝʜʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʙʠʦʪʫʨʙʘʮʠʠ ʠʭʥʦʬʘʮʠʠ Cruziana. ʀʟʨʝʜʢʘ 
ʦʪʤʝʯʘʶʪʩʷ ʠʥʪʨʘʢʣʘʩʪʳ ʢʘʢ ʩʣʝʜʳ ʧʝʨʝʨʘʙʦʪʢʠ ʚʦʣʥʦʚʦʡ (ʰʪʦʨʤʦʚʦʡ) ʧʝʨʝʨʘʙʦʪʢʠ 
ʩʣʘʙʦ ʫʧʣʦʪʥʝʥʥʦʛʦ ʦʩʘʜʢʘ. ɺʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʦʨʩʢʦʤ 
ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʠ ʚ ʠʥʪʝʨʚʘʣʝ ʩʨʝʜʥʠʭ ʛʣʫʙʠʥ ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʩ 
ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʧʦʢʦʡʥʳʭ ʫʩʣʦʚʠʡ ʩ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʦʡ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ 
ʚʦʣʥʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʂʦʣʣʝʢʪʦʨʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝʪ ʦʪʩʫʪʩʪʚʫʶʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 
ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʇʘʥʥʦʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦʢʘʟʘʣʘ ʢʨʘʡʥʶʶ ʬʘʮʠʘʣʴʥʫʶ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ ʥʘ ʩʠʥʨʠʬʪʦʚʦʤ 
ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʙʘʩʩʝʡʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʢʦʤʙʠʥʘʮʠʝʡ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, 
ʵʚʩʪʘʪʠʯʝʩʢʠʭ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʚʨʝʤʝʥʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 
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ʊ.ɺ. ʆʣʴʥʝʚʘ, ɽ.ɸ. ɾʫʢʦʚʩʢʘʷ // ɿʘʧʠʩʢʠ ɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. ï 2017. ï ʊ. 228. ï ʉ. 631-640.  

2. ʄʠʣʝʡ ɽ.ʉ. ʄʦʜʝʣʴ ʩʝʜʠʤʝʥʪʘʮʠʠ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʨʝʜʥʝʛʦ 
ʤʠʦʮʝʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʀʜʞʦʰ ʉʝʚʝʨ (ʉʝʨʙʠʷ) / ɽ.ʉ. ʄʠʣʝʡ, ɽ.ɸ. ɾʫʢʦʚʩʢʘʷ, ʃ.ɻ. ʉʪʫʣʦʚ // 
ɻʝʦʬʠʟʠʢʘ. ï 2018. ï  ˉ 4. ï ʉ. 65-72. 
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ʄʆʈʌʆʃʆɻʆ-ɻɽʅɽʊʀʏɽʉʂʀɽ ʊʀʇʓ ʅʀɾʅɽʇɽʈʄʉʂʀʍ ʈʀʌʆɺ 
ʈʋʉʉʂʆʁ ʇʃɸʊʌʆʈʄʓ ʀ ʀʍ ʅɽʌʊɽɻɸɿʆʅʆʉʅʆʉʊʔ 

 
ʃ.ʄ. ɾʫʨʘʚʣʝʚʘ 

 
ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

  

ɺ ʥʘʯʘʣʝ ʨʘʥʥʝʡ ʧʝʨʤʠ ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʙʳʣʘ 
ʦʢʨʫʞʝʥʘ ʜʚʫʤʷ ʩʚʷʟʘʥʥʳʤʠ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʙʘʩʩʝʡʥʘʤʠ. ʆʜʠʥ ʠʟ ʥʠʭ, 
ʇʨʝʜʫʨʘʣʴʩʢʠʡ, ʟʘʣʦʞʠʣʩʷ ʚ ʥʘʯʘʣʝ ʨʘʥʥʝʡ ʧʝʨʤʠ ʠ ʦʢʘʡʤʣʷʣ ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʢʨʘʡ 
ʩ ʚʦʩʪʦʢʘ, ʚʪʦʨʦʡ, ʇʨʠʢʘʩʧʠʡʩʢʠʡ, ʛʣʫʙʦʢʦʚʦʜʥʳʡ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʝʱʝ ʩ ʜʝʚʦʥʘ, 
ʣʦʢʘʣʠʟʦʚʘʣʩʷ ʥʘ ʶʛʝïʁ ʛʦ-ʚʦʩʪʦʢʝ. ʕʪʠ ʙʘʩʩʝʡʥʳ ʦʙʨʘʤʣʷʣʠʩʴ ʰʝʣʴʬʘʤʠ ʩ 
ʢʘʨʙʦʥʘʪʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʝʡ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʠʭ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʤʦʨʝʡ ʰʣʦ ʘʢʪʠʚʥʦʝ 
ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʝ. 

ʅʘ ʩʢʣʦʥʘʭ ʰʝʣʴʬʦʚ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʨʠʬʦʚʳʝ ʩʠʩʪʝʤʳ, 
ʦʙʨʘʤʣʷʚʰʠʝ ʠ ʇʨʝʜʫʨʘʣʴʩʢʦʝ ʠ ʇʨʠʢʘʩʧʠʡʩʢʦʝ ʤʦʨʷ. ʉʦ ʩʪʦʨʦʥʳ ʛʣʫʙʦʢʦʚʦʜʥʦʡ 
ʟʦʥʳ ʨʠʬʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ ʛʨʘʥʠʯʘʪ ʩ ʜʝʧʨʝʩʩʠʦʥʥʳʤʠ ʬʘʮʠʷʤʠ, ʩ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ï ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 
(ʂʫʥʘʢʙʘʝʚʩʢʠʡ, ɿʘʧʘʜʥʦ-ʊʝʧʣʦʚʩʢʠʡ, ɻʨʝʤʷʯʠʥʩʢʠʡ, ʂʘʨʧʝʥʩʢʠʡ ʨʠʬʳ ʠ ʜʨ.) [4].  

ʇʦʣʦʞʝʥʠʝ ʙʨʦʚʢʠ ʰʝʣʴʬʘ ʤʝʥʷʣʦʩʴ ʚʦ ʚʨʝʤʝʥʠ, ʠ ʚ ʛʣʫʙʦʢʦʚʦʜʥʳʭ 
ʬʘʮʠʘʣʴʥʳʭ ʟʦʥʘʭ ʥʘ ʧʨʠʧʦʜʥʷʪʳʭ ʫʯʘʩʪʢʘʭ ʜʥʘ ï ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʩʦʦʨʫʞʝʥʠʷʭ 
ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʨʠʬʦʚʳʭ ʩʠʩʪʝʤ ï ʚʳʨʘʩʪʘʣʠ ʤʦʱʥʳʝ ʦʜʠʥʦʯʥʳʝ ʩʠʤʤʝʪʨʠʯʥʳʝ 
ʨʠʬʳ, ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʦʢʨʫʞʝʥʥʳʝ ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʜʝʧʨʝʩʩʠʦʥʥʳʤʠ ʦʩʘʜʢʘʤʠ 
(ʀʰʠʤʙʘʡʩʢʠʡ, ʉʪʦʣʷʨʦʚʩʢʠʡ, ɺʚʝʜʝʥʦʚʩʢʠʡ, ʉʪʘʨʦ-ʂʘʟʘʥʢʦʚʩʢʠʡ, ʂʘʥʯʫʨʠʥʩʢʠʡ, 
ʉʦʚʭʦʟʥʳʡ ʠ ʜʨ.) [5] .   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʠʞʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 
ʈʫʩʩʢʦʡ  ʧʣʘʪʬʦʨʤʳ ʩʫʱʝʩʪʚʫʶʪ ʨʠʬʳ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ: 
ʦʜʠʥʦʯʥʳʝ ʙʘʩʩʝʡʥʦʚʳʝ ʢʫʧʦʣʦʚʠʜʥʳʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʳʝ ʨʠʬʦʚʳʝ 
ʤʘʩʩʠʚʳ ʠ ʘʩʠʤʤʝʪʨʠʯʥʳʝ ʨʠʬʳ ʢʨʘʝʚʳʭ ʩʠʩʪʝʤ.  

ʈʠʬʳ ʦʙʦʠʭ ʪʠʧʦʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳ, ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʠʭ ʚʝʨʭʥʝʘʨʪʠʥʩʢʘʷ 
ʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʘʷ ʠ ʢʫʥʛʫʨʩʢʘʷ ʩʦʣʝʥʦʩʥʘʷ ʪʦʣʱʠ ʩʣʫʞʘʪ ʥʘʜʝʞʥʳʤ 
ʨʝʛʠʦʥʘʣʴʥʳʤ ʬʣʶʠʜʦʫʧʦʨʦʤ. ʇʨʠ ʵʪʦʤ ʦʙʲʸʤ ʣʦʚʫʰʝʢ ʨʠʬʦʚʳʭ ʨʝʟʝʨʚʫʘʨʦʚ 
ʨʘʟʣʠʯʥʳ.   

ʆʜʠʥʦʯʥʳʝ ʙʘʩʩʝʡʥʦʚʳʝ  ʢʫʧʦʣʦʚʠʜʥʳʝ ʨʠʬʦʚʳʝ ʤʘʩʩʠʚʳ  ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ 
ʧʨʦʛʠʙʘ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʟʦʥʝ, ʩʢʦʨʦʩʪʠ ʧʦʛʨʫʞʝʥʠʷ ʠ 
ʨʦʩʪʘ ʨʠʬʘ ʙʳʣʠ ʩʦʠʟʤʝʨʠʤʳ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ 
ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ ï ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʣʦʚʫʰʢʠ ʚʳʩʦʪʦʡ ʦʪ 400 ʜʦ 
800 ʤ, ʩ ʢʨʫʪʳʤʠ ʩʢʣʦʥʘʤʠ (30 ï 45ʦ).  

ɸʥʘʣʦʛʠʯʥʦ, ʥʦ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʦ ʨʘʟʚʠʪʠʝ ʠ ʩʪʨʦʝʥʠʝ ʙʘʩʩʝʡʥʦʚʳʭ ʨʠʬʦʚ 
ʇʨʠʢʘʩʧʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʧʨʠʤʝʨʦʤ ʯʝʤʫ ʩʣʫʞʠʪ ʨʠʬ ʂʘʨʘʯʘʛʘʥʘʢ ʩʦ ʩʣʦʞʥʦʡ 
ʠʩʪʦʨʠʝʡ, ʦʧʨʝʜʝʣʠʚʰʝʡ ʝʛʦ ʩʪʨʦʝʥʠʝ. ʆʜʥʘʢʦ ʥʠʞʥʝʧʝʨʤʩʢʫʶ ʝʛʦ ʯʘʩʪʴ, ʩ ʢʦʪʦʨʦʡ 
ʩʚʷʟʘʥʦ ʢʨʫʧʥʦʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʨʷʜʫ 
ʩʠʤʤʝʪʨʠʯʥʳʭ ʢʫʧʦʣʦʚʠʜʥʳʭ ʤʘʩʩʠʚʦʚ. ɺʳʩʦʪʘ ʟʘʣʝʞʠ ʟʜʝʩʴ ʩʦʩʪʘʚʣʷʝʪ 900 ʤ [3].  

ʀʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʠʤʝʶʪ ʣʦʚʫʰʢʠ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʨʠʬʦʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 
ʩʣʫʯʘʝʚ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʢʘʨʙʦʥʘʪʥʦʛʦ ʰʝʣʴʬʘ, ʢʦʪʦʨʳʤʠ 
ʟʘʤʝʱʘʶʪʩʷ ʨʠʬʦʛʝʥʥʳʝ ʬʘʮʠʠ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʜʷʱʠʤʠ 
ʜʣʷ ʬʣʶʠʜʦʚ, ʧʦʵʪʦʤʫ ʠʟʥʘʯʘʣʴʥʘʷ  ʚʳʩʦʪʘ ʣʦʚʫʰʝʢ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʝʚʳʰʝʥʠʝʤ 
ʧʦʚʝʨʭʥʦʩʪʠ ʨʠʬʦʚʦʛʦ ʤʘʩʩʠʚʘ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩʠʥʭʨʦʥʥʳʭ ʟʘʨʠʬʦʚʳʭ ʬʘʮʠʡ, 
ʧʝʨʝʢʨʳʪʳʭ  ʩʦʣʝʚʳʤ ʬʣʶʠʜʦʫʧʦʨʦʤ. ɺ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʨʠʬʘʭ ʵʪʘ ʨʘʟʥʠʮʘ 
ʥʝʚʝʣʠʢʘ. ʊʘʢ, ʚʳʩʦʪʘ ʟʘʣʝʞʠ ʂʫʥʘʢʙʘʝʚʩʢʦʛʦ ʛʘʟʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï 102 ʤ, 
ʆʟʝʨʢʠʥʩʢʦʛʦ ʥʝʬʪʷʥʦʛʦ ï 163 ʤ, ʧʨʠʯʝʤ, ʪʘʢʠʝ ʟʥʘʯʝʥʠʷ, ʩʢʦʨʝʝ, ʠʩʢʣʶʯʝʥʠʝ: ʚ 
ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʚʳʩʦʪʘ ʣʦʚʫʰʝʢ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ï ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤ [5].   
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ʂʨʦʤʝ ʪʦʛʦ, ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʨʠʬʦʚ 
ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʙʦʨʪʦʚʦʡ ʟʦʥʳ ʩʪʘʣʘ ʤʝʥʝʝ ʯʝʪʢʦʡ ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʧʦʟʜʥʝʤʫ 
ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʥʘʢʣʦʥʫ ʜʥʘ ʙʘʩʩʝʡʥʘ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʯʘʩʪʴ ʚʧʘʜʠʥʳ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ 
ʫʤʝʥʴʰʝʥʠʶ ʧʨʝʚʳʰʝʥʠʷ ʨʠʬʘ ʥʘʜ ʟʘʨʠʬʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʣʦʚʫʰʝʢ 
ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʨʠʬʦʚ ʦʧʨʝʜʝʣʷʝʪ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʬʘʢʪʦʨ. ʊʘʢ, ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ 
ʧʨʝʚʳʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʠʬʘ ʥʘʜ ʩʠʥʭʨʦʥʥʳʤʠ ʟʘʨʠʬʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 
ɿʘʧʘʜʥʦ-ʊʝʧʣʦʚʩʢʦʛʦ ʛʘʟʦʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʦ ʥʝʙʦʣʴʰʠʤ, ʯʪʦ ʥʝ 
ʜʘʚʘʣʦ ʟʥʘʯʠʤʦʛʦ ʧʦʣʝʟʥʦʛʦ ʦʙʲʝʤʘ ʣʦʚʫʰʢʠ. ʋʚʝʣʠʯʝʥʠʝ ʚʳʩʦʪʳ ʨʠʬʦʚʦʛʦ 
ʩʦʦʨʫʞʝʥʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʦʙʲʝʤʘ ʣʦʚʫʰʢʠ ʧʨʦʠʟʦʰʣʦ ʧʦʟʜʥʝʝ ʟʘ ʩʯʝʪ 
ʥʘʣʦʞʝʥʠʷ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʚʦʟʜʳʤʘʶʱʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ [1, 2].  

ʀʥʦʛʜʘ ʩʠʥʭʨʦʥʥʳʝ ʨʠʬʦʛʝʥʥʳʤ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʝ ʟʘʨʠʬʦʚʳʝ ʬʘʮʠʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʯʪʦ ʩʦʟʜʘʝʪ ʚ ʨʠʬʦʚʳʭ ʨʝʟʝʨʚʫʘʨʘʭ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʝʤ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʤʦʱʥʦʩʪʴʶ ʥʝʧʨʦʥʠʮʘʝʤʳʭ ʧʦʨʦʜ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʣʦʚʫʰʝʢ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʨʠʬʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʠʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʚʳʩʦʪʦʡ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʟʘʤʝʱʝʥʠʷʤʠ 
ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʢʪʦʥʠʢʦʡ. ʇʝʨʚʠʯʥʳʡ ʦʙʲʝʤ ʣʦʚʫʰʝʢ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʨʠʬʦʚ 
ʥʝʚʝʣʠʢ, ʦʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʚʦʟʚʳʰʝʥʠʝʤ ʥʘʜ ʟʘʨʠʬʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʦʜʥʘʢʦ 
ʠʥʦʛʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ, ʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 
ï ʧʦʩʣʝʜʫʶʱʠʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ 
ʩʢʣʘʜʦʢ.  
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ɻɽʆʍʈʆʅʆʃʆɻʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ 
 

ɺ.ɸ. ɿʘʠʢʘ1, ʖ.ʅ. ʉʤʠʨʥʦʚʘ1, ʃ.ʀ. ʇʦʧʝʢʦ2, ʖ.ɺ. ʉʤʠʨʥʦʚ1 

 
1
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ɼɺʆ ʈɸʅ, ɹʣʘʛʦʚʝʱʝʥʩʢ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʪʝʢʪʦʥʠʢʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ, ʍʘʙʘʨʦʚʩʢ, ʈʦʩʩʠʷ 

 

ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʠʡ ʩʢʣʘʜʯʘʪʳʡ ʧʦʷʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ 
ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦʩʪʦʯʥʦʡ ɸʟʠʠ. ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ 
ʵʪʦʪ ʧʦʷʩ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʣʠʢʪʘ ʦʜʥʦʠʤʝʥʥʦʛʦ ʧʘʣʝʦʦʢʝʘʥʘ, 
ʟʘʢʨʳʚʰʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʠ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠ ɸʤʫʨʩʢʦʛʦ 
ʩʫʧʝʨʪʝʨʨʝʡʥʘ. ʆʜʥʘʢʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ 
ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʠʤʝʶʪ ʚʦ ʤʥʦʛʦʤ 
ʧʨʦʪʠʚʦʨʝʯʠʚʳʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʦ 
ʚʦʟʨʘʩʪʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʪʨʦʝʥʠʠ ʧʦʷʩʘ, ʘ ʪʘʢʞʝ ʦ 
ʚʨʝʤʝʥʠ ʠ ʭʘʨʘʢʪʝʨʝ ʧʨʦʷʚʣʝʥʠʷ ʘʢʢʨʝʮʠʦʥʥʳʭ ʠ ʢʦʣʣʠʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 
ʠʩʪʦʨʠʠ ʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʠʭ ʚʦʧʨʦʩʦʚ 
ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʝʩʫʱʠʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʥʘʯʠʤʫʶ 
ʠʥʬʦʨʤʘʮʠʶ, ʢʘʢ ʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ ʧʝʨʠʦʜ ʠʭ 
ʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʦ ʚʦʟʨʘʩʪʝ ʠ ʩʦʩʪʘʚʝ ʢʦʨʳ ʚ ʦʙʣʘʩʪʷʭ ʩʥʦʩʘ ʢʣʘʩʪʠʯʝʩʢʦʛʦ 
ʤʘʪʝʨʠʘʣʘ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʄʦʥʛʦʣʦ-ʆʭʦʪʩʢʦʛʦ 
ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ ʷʚʣʷʝʪʩʷ ʏʠʨʦʥʩʢʠʡ ʧʨʦʛʠʙ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ U-Pb ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ 
ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʰʘʟʘʛʘʡʪʫʡʩʢʦʡ ʠ ʞʠʧʭʦʰʠʥʩʢʦʡ ʩʚʠʪ 
ʏʠʨʦʥʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ɻʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʎʝʥʪʨʝ 
ɸʨʠʟʦʥʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ (Arizona LaserChron Center, USA) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʩʠʩʪʝʤʳ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ Photon Machines Analyte G2 ʠ ICP ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ 
Thermo Element 2. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʧʨʠʚʝʜʝʥʦ ʥʘ ʩʘʡʪʝ 
ʣʘʙʦʨʘʪʦʨʠʠ (www.laserchron.org). ʂʦʥʢʦʨʜʘʥʪʥʳʝ ʚʦʟʨʘʩʪʳ (Concordia Ages) 
ʨʘʩʩʯʠʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ Isoplot (version 3.6). 

ʀʟ 115 ʠʟʫʯʝʥʥʳʭ ʟʝʨʝʥ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʠʟ ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʤʝʣʢʦ-
ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ (ʦʙʨ. ʖ-97) ʰʘʟʘʛʘʡʪʫʡʩʢʦʡ ʩʚʠʪʳ ʢʦʥʢʦʨʜʘʥʪʥʳʝ 
ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʧʦʣʫʯʝʥʳ ʜʣʷ 82 ʟʝʨʝʥ. ʆʥʠ, ʚ ʦʩʥʦʚʥʦʤ, ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ 
387-324, 1973-1837 ʠ 2530-2404 ʤʣʥ ʣʝʪ. ʅʘʠʙʦʣʝʝ ʤʦʣʦʜʦʡ ʮʠʨʢʦʥ ʠʤʝʝʪ 
ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ 324+/-4.1 ʤʣʥ ʣʝʪ. ʇʠʢʠ ʥʘ ʢʨʠʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʨʘʩʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ 334, 379, 1885, 2417 ʠ 2504 ʤʣʥ 
ʣʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʮʠʨʢʦʥʦʚ ʩ ʢʦʥʢʦʨʜʘʥʪʥʳʤʠ 
ʜʝʚʦʥʩʢʠʤ (~ 412 ʤʣʥ ʣʝʪ), ʦʨʜʦʚʠʢʩʢʠʤ (~ 472 ʤʣʥ ʣʝʪ) ʠ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ (~ 
876, 879 ʤʣʥ ʣʝʪ) ʚʦʟʨʘʩʪʘʤʠ. 

ʀʟ ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ (ʦʙʨ. ʖ-94) ʞʠʧʭʦʰʠʥʩʢʦʡ 
ʩʚʠʪʳ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 116 ʟʝʨʝʥ ʜʝʪʨʠʪʦʚʳʭ ʮʠʨʢʦʥʦʚ. ʂʦʥʢʦʨʜʘʥʪʥʳʝ 
ʦʮʝʥʢʠ ʚʦʟʨʘʩʪʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 106 ʟʝʨʝʥ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ 
388-315, 469-507, 903-781, 2030-1847 ʤʣʥ ʣʝʪ. ʅʘʠʙʦʣʝʝ ʤʦʣʦʜʦʡ ʮʠʨʢʦʥ ʠʤʝʝʪ 
ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ 313+/-3.1 ʤʣʥ ʣʝʪ. ʇʠʢʠ ʥʘ ʢʨʠʚʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʨʘʩʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʝʥʠʷʤ 328, 379, 500, 808, 1862 ʤʣʥ ʣʝʪ. 

ʅʘʠʙʦʣʝʝ ʜʨʝʚʥʠʝ ʮʠʨʢʦʥʳ ʚ ʧʝʩʯʘʥʠʢʘʭ ʰʘʟʘʛʘʡʪʫʡʩʢʦʡ ʠ ʞʠʧʭʦʰʠʥʩʢʦʡ 
ʩʚʠʪ ʠʤʝʶʪ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ. ʀʩʪʦʯʥʠʢʘʤʠ ʵʪʠʭ ʮʠʨʢʦʥʦʚ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 
ʷʚʣʷʶʪʩʷ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʶʞʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ 
ʢʨʘʪʦʥʘ, ʘ ʠʤʝʥʥʦ ʧʦʨʦʜʳ ʤʦʛʦʯʠʥʩʢʦʡ ʩʝʨʠʠ, ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ 
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ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ (ʚʦʟʨʘʩʪ ʤʝʪʘʤʦʨʬʠʟʤʘ 1873+/-8 ʤʣʥ ʣʝʪ) [2]) ʠ 
ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ (1866+/-6 ʤʣʥ ʣʝʪ) ʛʘʙʙʨʦ-ʘʥʦʨʪʦʟʠʪʳ [1]. ʂʨʦʤʝ ʪʦʛʦ, 
ʧʦʩʪʫʧʣʝʥʠʝ ʮʠʨʢʦʥʦʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʪʘʢʞʝ ʤʦʞʥʦ ʩʚʷʟʳʚʘʪʴ ʩ 
ʜʝʥʫʜʘʮʠʝʡ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ (1.88-1.84 ʤʣʨʜ ʣʝʪ) ʛʨʘʥʠʪʦʠʜʦʚ ʨʘʟʚʠʪʳʭ ʚ 
ʶʞʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ 
ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʮʠʨʢʦʥʦʚ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʀʢʘʪ-
ɹʘʛʜʘʨʠʥʩʢʦʡ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʢʦʤʧʣʝʢʩʳ ʂʝʣʷʥʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ [5, 
6 ʠ ʜʨ.]. ʅʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ ʢʝʤʙʨʠʡʩʢʠʭ ʮʠʨʢʦʥʦʚ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʘ ʩ 
ʜʝʥʫʜʘʮʠʝʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʘʥʜʝʟʠʪ-ʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ 
ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʢʘʣʝʜʦʥʩʢʦʤʫ ʵʪʘʧʫ ʨʘʟʚʠʪʠʷ ʋʜʠʥʦ-ɺʠʪʠʤʩʢʦʡ ʦʩʪʨʦʚʦʜʫʞʥʦʡ 
ʩʠʩʪʝʤʳ, ʧʨʦʪʷʥʫʚʰʝʡʩʷ ʚʜʦʣʴ ʶʞʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ. ɼʣʷ 
ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠ ʠʟʫʯʝʥʥʳʭ ʚʫʣʢʘʥʦʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʩʪʨʫʢʪʫʨ (ɺʊʉ) ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ [3]: 529+/-
3 ʤʣʥ ʣʝʪ (ʧʣʘʛʠʦʨʠʦʣʠʪʳ ɽʨʘʚʥʠʥʩʢʦʡ ɺʊʉ), 516+/-5 ʤʣʥ ʣʝʪ (ʢʚʘʨʮʝʚʳʝ ʧʦʨʬʠʨʳ 
ɽʨʘʚʥʠʥʩʢʦʡ ɺʊʉ), 529+/-3 ʤʣʥ ʣʝʪ, 534+/-6 ʤʣʥ ʣʝʪ (ʨʠʦʣʠʪʳ ʆʣʜʳʥʜʠʥʩʢʦʡ ɺʊʉ), 
530+/-26 ʤʣʥ ʣʝʪ (ʜʘʮʠʪʳ ʂʳʜʞʠʤʠʪʩʢʦʡ ɺʊʉ). ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʮʠʨʢʦʥʦʚ ʚ 
ʧʝʩʯʘʥʠʢʘʭ ʰʘʟʘʛʘʡʪʫʡʩʢʦʡ ʠ ʞʠʧʭʦʰʠʥʩʢʦʡ ʩʚʠʪ ʠʤʝʝʪ ʜʝʚʦʥʩʢʠʡ ʠ 
ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʚʦʟʨʘʩʪ. ʅʘ ʨʦʣʴ ʦʜʥʦʛʦ ʠʟ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʧʦʣʥʝ ʧʨʝʪʝʥʜʫʶʪ 
ʛʨʘʥʠʪʦʠʜʳ ʦʣʝʢʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʚʦʟʨʘʩʪʦʤ 358+/-6 ʤʣʥ ʣʝʪ [4]. ʊʘʢʞʝ ʚ 
ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʭ ʠ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʮʠʨʢʦʥʦʚ ʤʦʞʥʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʟʫʥ-ʰʠʚʝʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʨʠʦʣʠʪʳ, ʨʠʦʜʘʮʠʪʳ, 
ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ) [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 
ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʢʣʘʩʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʦʪʣʦʞʝʥʠʡ 
ʰʘʟʘʛʘʡʪʫʡʩʢʦʡ ʠ ʞʠʧʭʦʰʠʥʩʢʦʡ ʩʚʠʪ ʏʠʨʦʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʧʦʩʣʫʞʠʣʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 
ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʶʞʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 
ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 18-35-20004. 
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ɼʀʅɸʄʀʂɸ ʇʃʆʑɸɼʀ ʂʆʅʊɸʂʊɸ ʌʃʖʀɼ-ʌʃʖʀɼ  
ʀ ʌʃʖʀɼ-ʉʂɽʃɽʊ ʇʈʀ ɼɺʋʍʌɸɿʅʓʍ ʊɽʏɽʅʀʗʍ ɺ ʇʆʈʀʉʊʓʍ 
ʉʈɽɼɸʍ ʉ ʈɸɿʃʀʏʅʓʄ ʂʆʕʌʌʀʎʀɽʅʊʆʄ ɹɽʉʇʆʈʗɼʆʏʅʆʉʊʀ 

 
ʊ.ʈ. ɿʘʢʠʨʦʚ, ɸ.ʈ. ʌʘʡʟʫʣʣʠʥʘ, ʕ.ɸ. ʂʦʨʦʣʝʚ 

 
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 
ɹʦʣʴʰʠʥʩʪʚʦ ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ 

ʧʨʦʚʠʥʮʠʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʘʚʝʨʰʘʶʱʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ [2]. ʇʦʵʪʦʤʫ ʜʣʷ 
ʧʦʜʜʝʨʞʘʥʠʷ ʧʨʠʝʤʣʝʤʦʛʦ ʫʨʦʚʥʷ ʥʝʬʪʝʜʦʙʳʯʠ ʥʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʥʝʬʪʷʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʨʠʭʦʜʠʪʩʷ ʩʛʫʱʘʪʴ ʩʝʪʢʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʦʙʳʚʘʶʱʠʭ ʠ 
ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʠ ʟʘʢʘʯʠʚʘʪʴ ʚ ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʣʘʩʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦ-
ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʥʝʬʪʝʦʪʜʘʯʫ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ [3]. ɺʩʝ ʵʪʠ 
ʤʝʨʳ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʬʪʝʥʦʩʥʳʝ ʧʣʘʩʪʳ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʷʤ 
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʢ ʥʦʚʳʤ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʥʫʪʨʠ ʠʭ ʢʦʥʪʫʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 
ʚʦʟʥʠʢʘʶʪ ʤʝʣʢʠʝ ʣʠʥʟʦʚʠʜʥʳʝ ʮʝʣʠʢʠ ʥʝʬʪʠ, ʩʣʦʞʥʦ ʧʦʜʜʘʶʱʠʝʩʷ ʠʟʚʣʝʯʝʥʠʶ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʮʝʣʷʭ ʧʨʦʛʥʦʟʘ ʧʨʦʮʝʩʩʦʚ ʜʝʬʨʘʛʤʝʥʪʘʮʠʠ ʥʝʬʪʷʥʳʭ 
ʟʘʣʝʞʝʡ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʝʛʤʝʥʪʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʦʜʭʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ [1]. ʇʦ ʤʝʨʝ ʨʦʩʪʘ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʧʦʷʚʣʷʶʪʩʷ ʚʩʝ ʙʦʣʝʝ ʥʦʚʳʝ 
ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ ʚʝʨʦʷʪʥʦʩʪʠ 
ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ 
ʨʘʟʨʘʙʦʪʢʠ. ɺ ʨʘʤʢʘʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʧʨʦʮʝʩʩʦʚ ʚʳʪʝʩʥʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʬʣʶʠʜʦʚ ʠʟ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ 
ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʤʥʦʛʦʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ 
ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ. ʇʨʠ ʵʪʦʤ ʚʧʝʨʚʳʝ ʫʯʠʪʳʚʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʬʣʶʠʜʘ ʩ ʤʠʥʝʨʘʣʴʥʳʤ ʩʢʝʣʝʪʦʤ ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʨʘʥʫʣʷʨʥʳʝ ʤʦʜʝʣʠ 
ʧʝʩʯʘʥʠʢʦʚ ʩ ʪʨʠʘʥʛʫʣʷʨʥʦʡ ʩʠʩʪʝʤʦʡ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ. ʆʙʨʘʟʮʳ ʩʦʩʪʦʷʪ ʠʟ ʟʝʨʝʥ 
ʢʨʫʛʣʦʡ ʬʦʨʤʳ, ʜʠʘʤʝʪʨʳ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ (1 ï ɚ; 1 + ɚ)Åd (d ï 
ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʛʨʘʥʫʣ) ʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʨʘʚʥʦʤʝʨʥʦʤʫ ʟʘʢʦʥʫ. ʇʘʨʘʤʝʪʨ ɚ 
ʷʚʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʙʝʩʧʦʨʷʜʦʯʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʠʩʧʝʨʩʠʶ ʜʣʷ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʧʦ ʨʘʟʤʝʨʘʤ [4]. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ɚ ʚʦʟʨʘʩʪʘʝʪ 
ʜʠʘʧʘʟʦʥ ʚʘʨʴʠʨʦʚʘʥʠʷ ʨʘʟʤʝʨʦʚ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʤʦʜʝʣʠ ʧʝʩʯʘʥʠʢʦʚ ʧʨʠ ɚ = 0.2 ʠ 0.75 ʠ d = 50 ʤʢʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʥʦʛʦʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 
ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʚʫʭʬʘʟʥʦʛʦ ʪʝʯʝʥʠʷ ʚ 
ʤʘʩʰʪʘʙʝ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʰʝʪʦʯʥʳʝ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ; 
ʤʝʞʬʘʟʥʳʝ ʵʬʬʝʢʪʳ ʠ ʩʤʘʯʠʚʘʥʠʝ ʦʧʠʩʳʚʘʣʦʩʴ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʠ ʛʨʘʜʠʝʥʪʘ 
ʮʚʝʪʦʚʦʛʦ ʧʦʣʷ [5]. ʂʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʧʨʠ ʨʘʩʯʝʪʘʭ ʩʦʩʪʘʚʣʷʣ 300; 
ʤʝʞʬʘʟʥʦʝ ʥʘʪʷʞʝʥʠʝ ʨʘʚʥʦ 5 ʤʅ/ʤ; ʩʦʦʪʥʦʰʝʥʠʝ ʚʷʟʢʦʩʪʝʡ ʥʘʛʥʝʪʘʝʤʦʛʦ 
ʥʝʩʤʘʯʠʚʘʶʱʝʛʦ ʠ ʚʳʪʝʩʥʷʝʤʦʛʦ ʩʤʘʯʠʚʘʶʱʝʛʦ ʬʣʶʠʜʦʚ ʩʦʩʪʘʚʣʷʝʪ 25. ʈʘʩʯʝʪʳ 
ʧʨʦʚʦʜʷʪʩʷ ʧʨʠ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʷ ï 0.001, 0.003 ʠ 0.01 ʤ/ʩ. ɺ 
ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʥʘ ʚʭʦʜʥʦʤ ʩʝʯʝʥʠʠ ʧʦʩʪʦʷʥʝʥ. 
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ʈʠʩʫʥʦʢ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʞʠʜʢʦʩʪʴ ï ʞʠʜʢʦʩʪʴ 
(ʩʣʝʚʘ) ʠ ʥʘʛʥʝʪʘʝʤʘʷ ʞʠʜʢʦʩʪʴ ï ʩʢʝʣʝʪ (ʩʧʨʘʚʘ) ʜʣʷ ɚ = 0.2 ʠ ɚ = 0.75. 

 
ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʝʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʘʨʘʤʝʪʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʥʘʛʥʝʪʘʝʤʦʡ ʠ ʚʳʪʝʩʥʷʝʤʦʡ ʞʠʜʢʦʩʪʴʶ ʠ 
ʤʝʞʜʫ ʥʘʛʥʝʪʘʝʤʦʡ ʞʠʜʢʦʩʪʴʶ ʠ ʩʢʝʣʝʪʦʤ, ʥʦʨʤʠʨʦʚʘʥʥʫʶ ʥʘ ʦʙʲʝʤ ʧʦʨʦʚʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. ɺʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ: 

1) ʜʠʥʘʤʠʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʞʠʜʢʦʩʪʴ ï ʞʠʜʢʦʩʪʴ ʠ ʥʘʛʥʝʪʘʝʤʘʷ 
ʞʠʜʢʦʩʪʴ ï ʩʢʝʣʝʪ ʠʤʝʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ; 

2) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʞʠʜʢʦʩʪʴ ï 
ʞʠʜʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ; 

3) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʞʠʜʢʦʩʪʴ ï ʩʢʝʣʝʪ 
ʥʝ ʠʟʤʝʥʷʝʪʩʷ; 

4) ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʝʩʧʦʨʷʜʦʯʥʦʩʪʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 
ʢʦʥʪʘʢʪʘ ʞʠʜʢʦʩʪʴ ï ʞʠʜʢʦʩʪʴ; 

5) ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʝʩʧʦʨʷʜʦʯʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʞʠʜʢʦʩʪʴ ï ʩʢʝʣʝʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 18-31-00134, ʘ ʪʘʢʞʝ ʟʘ 
ʩʯʝʪ ʩʨʝʜʩʪʚ ʩʫʙʩʠʜʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʂʘʟʘʥʩʢʦʤʫ (ʇʨʠʚʦʣʞʩʢʦʤʫ ʬʝʜʝʨʘʣʴʥʦʤʫ) 
ʫʥʠʚʝʨʩʠʪʝʪʫ ʚ ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ. 
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ɸ.ɻ. ɿʘʤʠʨʘʡʣʦʚʘ, ɺ.ɻ. ʕʜʝʨ, ɽ.ɸ. ʂʦʩʪʳʨʝʚʘ 
 

ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʠʤ. ɸ.ɸ. ʊʨʦʬʠʤʫʢʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
 

ʋʛʣʝʨʦʜʠʩʪʳʝ ʧʦʨʦʜʳ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ (ʚʝʨʭʥʷʷ ʧʦʣʦʚʠʥʘ ʥʠʞʥʝʛʦ ʪʠʪʦʥʘ-
ʥʠʟʳ ʚʝʨʭʥʝʛʦ ʙʝʨʨʠʘʩʘ) ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʤʦʨʩʢʦʛʦ ʧʘʣʝʦʙʘʩʩʝʡʥʘ ʠʟʫʯʘʣʠʩʴ 
ʤʥʦʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʝʛʦ ʯʘʩʪʠ. ʆʩʦʙʝʥʥʦʩʪʠ 
ʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʦʚ ʩʚʠʪʳ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʦʩʚʝʱʝʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʚ ʤʝʥʴʰʝʡ 
ʩʪʝʧʝʥʠ. ɹʘʞʝʥʦʚʩʢʘʷ ʩʚʠʪʘ ʧʦʜʩʪʠʣʘʝʪʩʷ ʛʝʦʨʛʠʝʚʩʢʦʡ ʩʚʠʪʦʡ (ʚʝʨʭʠ ʦʢʩʬʦʨʜʘ-
ʢʠʤʝʨʠʜʞ) ʠ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʢʫʣʦʤʟʠʥʩʢʦʡ ʩʚʠʪʳ (ʚʝʨʭʥʠʡ 
ʙʝʨʨʠʘʩ ï ʥʠʟʳ ʚʘʣʘʥʞʠʥʘ).  

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʠʟʫʯʘʣʠʩʴ ʨʘʟʨʝʟʳ, ʚʩʢʨʳʪʳʝ ʙʫʨʝʥʠʝʤ ʥʘ 
ɻʦʨʩʪʦʚʦʡ ʠ ʇʦʣʦʥʩʢʦʡ ʧʣʦʱʘʜʷʭ (ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʚʝʨʥʦʡ ʠ 
ʶʞʥʦʡ ʯʘʩʪʷʭ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʩʚʦʜʘ. ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʪʦʣʦʛʦ-
ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʦʚ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 
ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʤ ʩʚʦʜʝ, ʧʦʟʚʦʣʷʪ ʫʪʦʯʥʠʪʴ ʠ ʜʦʧʦʣʥʠʪʴ ʜʘʥʥʳʝ ʦ ʣʠʪʦʣʦʛʠʠ 
ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ʠ ʨʘʟʚʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ ʠʭ 
ʬʦʨʤʠʨʦʚʘʥʠʷ. ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʨʦʜ ʧʦ 
ʢʝʨʥʫ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚ ʰʣʠʬʘʭ, ʪʝʢʩʪʫʨʥʳʡ ʘʥʘʣʠʟ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ 
ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʷʭ, ʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʨʦʜ ʤʝʪʦʜʘʤʠ ʈʌɸ ʠ çʤʦʢʨʦʡ 
ʭʠʤʠʠè ʩ ʧʝʨʝʩʯʝʪʦʤ ʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦ ʤʝʪʦʜʠʢʝ ʆ.ʄ. ʈʦʟʝʥʘ ʠ 
ʖ.ɸ. ʅʠʩʪʨʘʪʦʚʘ [3]. ʇʦʨʦʜʳ ʙʳʣʠ ʥʘʟʚʘʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ 
ɸ.ʕ. ʂʦʥʪʦʨʦʚʠʯʘ ʠ ʩʦʘʚʪʦʨʦʚ. [2]. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦ-
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ 
ʩʪʝʧʝʥʠ ʧʠʨʠʪʠʟʘʮʠʠ ʞʝʣʝʟʘ (ʉʇ=Feʧʠʨʠʪʥʦʝ/(Feʧʠʨʠʪʥʦʝ+Fe ʨʘʩʪʚʦʨʠʤʦʝ ʚ HCl) [5]. 
ɻʝʦʭʠʤʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟʫʯʘʣʘʩʴ ʧʦ ʤʝʪʦʜʠʢʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʀʅɻɻ 
ʉʆ ʈɸʅ [1]. 

ʄʦʱʥʦʩʪʴ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ɻʦʨʩʪʦʚʦʡ ʧʣʦʱʘʜʠ, ʟʘʣʝʛʘʶʱʝʡ ʚ ʠʥʪʝʨʚʘʣʝ 
ʛʣʫʙʠʥ 2217,3-2199,8 ʤ, ʩʦʩʪʘʚʣʷʝʪ 17,5 ʤʝʪʨʦʚ. ʅʠʞʥʷʷ (ʤ=3,7 ʤ, ʢʝʨʦʛʝʥ 12-13%) ʠ 
ʩʨʝʜʥʷʷ ʯʘʩʪʠ (ʤ=6,7 ʤ, ʢʝʨʦʛʝʥ 15-19%) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʤʠ 
ʧʦʨʦʜʘʤʠ -  ʤʠʢʩʪʠʪʘʤʠ ʢʝʨʦʛʝʥ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ. ʅʘ ʧʦʨʦʜʘʭ ʥʠʞʥʝʡ ʧʘʯʢʠ 
ʟʘʣʝʛʘʶʪ ʩʠʣʠʮʠʪʳ ʢʝʨʦʛʝʥʦʚʳʝ (ʤ=4,6 ʤ, ʢʝʨʦʛʝʥ 10-15%), ʩ ʤʠʢʨʦʧʨʦʩʣʦʷʤʠ 
ʢʨʝʤʥʠʩʪʳʭ ʨʘʜʠʦʣʷʨʠʪʦʚ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʢʩʪʠʪʘʤʠ 
ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ (ʤ=3,2 ʤ, ʢʝʨʦʛʝʥ 4-7 %), ʛʜʝ ʛʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʠ 
ʤʠʢʨʦʟʝʨʥʠʩʪʳʡ ʢʨʝʤʥʝʟʝʤ ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʧʦʨʦʜʳ. ɹʘʞʝʥʦʚʩʢʘʷ ʩʚʠʪʘ 
ʥʘ ʇʦʣʦʥʩʢʦʡ ʧʣʦʱʘʜʠ ʟʘʣʝʛʘʝʪ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 2443,7-2469,6 ʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʪʨʝʤʷ ʪʠʧʘʤʠ ʧʦʨʦʜ - ʤʠʢʩʪʠʪʦʤ ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʤ ʚ ʚʝʨʭʥʝʡ (ʤ=3 ʤ, ʢʝʨʦʛʝʥ 4-6 
%) ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ (ʤ=8,6 ʤ, ʢʝʨʦʛʝʥ 2-7%), ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ - ʩʠʣʠʮʠʪʘʤʠ 
ʢʝʨʦʛʝʥʦʚʳʤʠ (ʤ=6,0 ʤ, ʢʝʨʦʛʝʥ 12-14%,) ʠ ʤʠʢʩʪʠʪʘʤʠ ʢʝʨʦʛʝʥ-ʢʨʝʤʥʠʩʪʳʤʠ (ʤ=6,6 
ʤ, ʢʝʨʦʛʝʥ 10-22%) ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʢʘʨʙʦʥʘʪʥʳʭ ʨʘʜʠʦʣʷʨʠʪʦʚ. ʄʦʱʥʦʩʪʴ ʝʝ 
ʩʦʩʪʘʚʣʷʝʪ 25,9 ʤʝʪʨʦʚ. ɺ ʤʠʢʩʪʠʪʘʭ ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 
ʦʪʤʝʯʘʶʪʩʷ ʤʘʣʦʤʦʱʥʳʝ ʧʨʦʩʣʦʠ (0,5 ʤ) ʩ ʨʝʣʠʢʪʘʤʠ ʢʦʢʢʦʣʠʪʦʬʦʨʠʜ. ʇʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʱʥʦʩʪʴ çʢʦʢʢʦʣʠʪʦʚʦʡè ʧʘʯʢʠ ʚ 
ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʘʭ ʩʦʩʪʘʚʣʷʝʪ 6-8 ʤ [4].  

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʨʘʟʣʠʯʠʷ ʚ 
ʩʪʨʦʝʥʠʠ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʠ ʫʩʣʦʚʠʷʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ 
ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʩʚʦʜʘ (ʇʦʣʦʥʩʢʘʷ ʧʣʦʱʘʜʴ) ʜʣʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 
ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʛʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ (ʤʠʢʩʪʠʪʳ ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ), ʯʪʦ 
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ʦʙʲʷʩʥʷʝʪʩʷ ʙʣʠʟʦʩʪʴʶ ʢ ʠʩʪʦʯʥʠʢʫ ʩʥʦʩʘ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ʩʠʣʠʮʠʪʦʚ ʢʝʨʦʛʝʥʦʚʳʭ 
ʥʘ ʵʪʦʡ ʧʣʦʱʘʜʠ ʧʦʚʳʰʝʥʘ (6 ʤ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɻʦʨʩʪʦʚʦʡ ʧʣʦʱʘʜʴʶ, ʛʜʝ ʝʝ 
ʤʦʱʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 4,6 ʤ. ʅʘ ʵʪʦʡ ʧʣʦʱʘʜʠ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʦʩʣʦʠ, 
ʩʦʜʝʨʞʘʱʠʝ ʨʝʣʠʢʪʳ ʢʦʢʢʦʣʠʪʦʬʦʨʠʜ. ɸʥʘʣʠʟ ʩʪʝʧʝʥʠ ʧʠʨʠʪʠʟʘʮʠʠ ʞʝʣʝʟʘ ʧʦʢʘʟʘʣ, 
ʯʪʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʛʦ ʩʚʦʜʘ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʞʝʥʦʚʩʢʦʡ 
ʩʚʠʪʳ ʚ ʜʠʘʛʝʥʝʟʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʚʳʩʦʢʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ (ʉʇ >0,8). ɺ 
ʶʞʥʦʡ ʯʘʩʪʠ ʵʪʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʜʳ ʚʝʨʭʥʝʡ ʠ ʩʨʝʜʥʝʡ ʯʘʩʪʝʡ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ 
ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʚʳʩʦʢʦʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʥʠʞʥʝʡ 
ʯʘʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ (ʉʇ <0,5). 

ʀʟʫʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ) ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʣʷ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ 
ʧʦʨʦʜ ɻʦʨʩʪʦʚʦʡ ʧʣʦʱʘʜʠ ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ S1 (4,4 ʠ 5,1 ʤʛʋɺ/ʛʧʦʨʦʜʳ) ʠ S2 (54,6 ʠ 72,0 ʤʛʋɺ/ʛ ʧʦʨʦʜʳ), ʯʝʤ ʥʘ 
ʇʦʣʦʥʩʢʦʡ ʧʣʦʱʘʜʠ. ʊʘʢʦʝ ʦʪʣʠʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ, ʧʦ-ʚʠʜʠʤʦʤʫ ʪʝʤ, ʯʪʦ ʆɺ ʥʘ 
ɻʦʨʩʪʦʚʦʡ ʧʣʦʱʘʜʠ (ʊʤʘʢʩ=437-440ǓC) ʙʦʣʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʦ, ʯʝʤ ʥʘ ʇʦʣʦʥʩʢʦʡ 
(ʊʤʘʢʩ=427-433ǓC). ɼʣʷ ʢʘʨʙʦʥʘʪʦʚ ʇʦʣʦʥʩʢʦʡ ʧʣʦʱʘʜʠ ʪʠʧʠʯʥʳ ʩʘʤʳʝ ʥʠʟʢʠʝ 
ʟʥʘʯʝʥʠʷ ʧʠʨʦʣʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ S1 =1,2ʤʛʋɺ/ʛ ʧʦʨʦʜʳ ʠ S2 =13,0ʤʛʋɺ/ʛ ʧʦʨʦʜʳ 
ʧʨʠ ʉʦʨʛ ʚʩʝʛʦ 2,6% ʥʘ ʧʦʨʦʜʫ. ʆɺ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʦʙʣʘʜʘʝʪ ʙʦʛʘʪʳʤ 
ʥʝʬʪʝʛʝʥʝʨʘʮʠʦʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (HI=400-600 ʤʛʋɺ/ʛʉʦʨʛ). ʉʦʜʝʨʞʘʥʠʝ 
ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ, ʦʧʨʝʜʝʣʝʥʥʦʝ ʪʦʣʴʢʦ ʚ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʧʦʨʦʜʘʭ 
ɻʦʨʩʪʦʚʦʡ ʧʣʦʱʘʜʠ, ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,5 ʜʦ 1,6% ʥʘ ʧʦʨʦʜʫ. ɺ ʛʨʫʧʧʦʚʦʤ ʩʦʩʪʘʚʝ 
ʜʦʤʠʥʠʨʫʶʪ ʋɺ (ʜʦ 70% ʥʘ ʙʠʪʫʤʦʠʜ). ʅʘ ʘʩʬʘʣʴʪʝʥʳ ʧʨʠʭʦʜʠʪʩʷ ʥʝ ʙʦʣʝʝ 10%. ʇʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʋɺ-ʙʠʦʤʘʨʢʝʨʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʡ: 
ʥ-ʉ27/ʥ-ʉ17<0,5, Pr/Ph<0,5, ʩʪʝʨʘʥʦʚ ʉ29/ʉ27Ò1,0, ʪʨʠʮʠʢʣʘʥʦʚʦʛʦ ʠʥʜʝʢʩʘ 
(2(ʉ19+ʉ20)/×ʉi (i = 23, 24, 25, 26)) Ò0,5, ʊɸʉ/ʄɸʉÓ10, ʩʦʜʝʨʞʘʥʠʡ: ʭʝʡʣʘʥʪʘʥʦʚÓ20% 
ʦʪ ×ʪʝʨʧʘʥʦʚ ʠ ʜʠʙʝʥʟʦʪʠʦʬʝʥʦʚÓ25%) ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʘʢʚʘʛʝʥʥʦʝ, ʯʪʦ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ (-29,2 ʜʦ -30,5ă).  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʘ ʌʅʀ ˉ 0331-2019-0021 ʠ ˉ 0331-
2019-0022.  
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ɸ.ʃ. ɿʘʭʘʨʦʚ, ɽ.ɸ. ʂʦʥʩʪʘʥʪʠʥʦʚ, ɽ.ɸ. ʄʘʟʥʝʚʘ, ʂ.ɻ. ʌʠʣʠʧʧʦʚʘ 

 
ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ʅʠʟʤʝʥʥʳʝ ʨʘʚʥʠʥʳ ɺʦʩʪʦʯʥʦʛʦ ʇʨʠʘʟʦʚʴʷ (ʩʝʚʝʨʦ-ʟʘʧʘʜ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 

ʢʨʘʷ ʠ ʶʛ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ) ʦʩʣʦʞʥʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʟʘʤʢʥʫʪʳʤʠ ʢʨʫʧʥʳʤʠ 
ʜʝʧʨʝʩʩʠʷʤʠ ʧʣʦʱʘʜʴʶ ʦʪ ʧʝʨʚʳʭ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ. 
ɺ ʣʠʪʝʨʘʪʫʨʝ ʠ ʥʘ ʢʘʨʪʘʭ ʨʝʛʠʦʥʘ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʠʭ ʤʝʩʪʥʳʝ ʥʘʟʚʘʥʠʷ ð ʧʘʜʠ, 
ʧʘʜʠʥʳ, ʣʠʤʘʥʳ. ɹʦʣʝʝ ʦʙʱʠʡ ʪʝʨʤʠʥ, ʧʨʠʥʷʪʳʡ ʚ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 
ʧʦʣʦʛʠʭ ʟʘʤʢʥʫʪʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʦʤʝʪʨʠʯʥʳʭ ʜʝʧʨʝʩʩʠʡ ï ʟʘʧʘʜʠʥʳ. ɽʜʠʥʦʛʦ 
ʤʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʨʦʜʳ ʢʨʫʧʥʳʭ ʟʘʧʘʜʠʥ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʚʳʨʘʙʦʪʘʥʦ. 
ʂʨʫʧʥʦʟʘʧʘʜʠʥʥʳʡ ʨʝʣʴʝʬ ʭʦʨʦʰʦ ʯʠʪʘʝʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʷʭ 
ʨʝʣʴʝʬʘ. ɸʨʝʘʣ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʠʪ ɺʦʨʦʥʮʦʚʩʢʘʷ ʧʘʜʴ, ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 
130 ʦʙʲʝʢʪʦʚ, ʜʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʘ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ ʟʘʧʘʜʠʥ, 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʧʣʝʚʠʜʥʳʭ ʠ ʪʨʝʫʛʦʣʴʥʳʭ. ɿʘʧʘʜʠʥʳ ʜʘʥʥʦʛʦ ʘʨʝʘʣʘ 
ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʜʣʠʥʥʦʡ ʦʩʴʶ ʥʘ ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʟʘʧʘʜ. 

ɺʦʨʦʥʮʦʚʩʢʘʷ ʧʘʜʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɽʡʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, 
ʦʢʨʫʞʝʥʘ ʧʣʦʩʢʦʡ ʣʸʩʩʦʚʦʡ ʨʘʚʥʠʥʦʡ. ʉ ʩʝʚʝʨʘ, ʦʙʨʘʟʫʷ ʧʨʦʪʷʞʝʥʥʦʝ ʦʙʨʳʚʠʩʪʦʝ 
ʦʙʥʘʞʝʥʠʝ, ʟʘʧʘʜʠʥʘ ʙʳʩʪʨʦ (1-2 ʤ ʚ ʛʦʜ) ʨʘʟʤʳʚʘʝʪʩʷ ʚʦʜʘʤʠ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ 
ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ. ʅʘ ʚʦʩʪʦʯʥʦʤ ʙʦʨʪʫ ʧʘʜʠ, ʨʘʩʧʦʣʦʞʠʣʦʩʴ ʩʝʣʦ ɺʦʨʦʥʮʦʚʢʘ, 
ʪʝʨʨʠʪʦʨʠʷ ʢʦʪʦʨʦʛʦ ʧʦʜʚʝʨʞʝʥʘ ʘʙʨʘʟʠʠ ʠ ʧʦʩʪʦʷʥʥʦ ʩʦʢʨʘʱʘʝʪʩʷ. ɿʘʧʘʜʠʥʘ 
ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ: ʝʝ ʧʣʦʱʘʜʴ ʧʨʝʚʳʰʘʝʪ 23 ʢʤ2. ʆʥʘ ʠʤʝʝʪ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʪʳʝ ʩʢʣʦʥʳ, ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ï ʜʦ 15Á. ʄʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ 
ʩʦʩʪʘʚʣʷʝʪ 15 ʤ. ɼʥʠʱʝ ʧʣʦʩʢʦʝ, ʨʦʚʥʦʝ, ʥʘ ʟʘʧʘʜʝ ʦʩʣʦʞʥʝʥʦ ʛʨʷʜʦʚʳʤ ʨʝʣʴʝʬʦʤ, 
ʚʦʟʚʳʰʘʶʱʠʤʩʷ ʥʘ 6-8 ʤʝʪʨʦʚ ʥʘʜ ʥʠʟʢʠʤ ʜʥʠʱʝʤ. ɺʩʝʛʦ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʪʨʠ 
ʢʨʫʧʥʳʭ ʛʨʷʜʳ, ʧʨʦʪʷʛʠʚʘʶʱʠʝʩʷ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ ʧʘʜʠ. 

ʂʣʶʯʝʚʳʝ ʨʘʟʨʝʟʳ ɺʦʨʦʥʮʦʚʩʢʦʡ ʧʘʜʠ ʟʘʣʦʞʝʥʳ ʥʘ ʫʯʘʩʪʢʘʭ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʘʟʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʨʦʝʥʠʷ ʟʘʧʘʜʠʥʳ ʠ ʤʝʞʜʫʨʝʯʠʡ (ʧʣʘʢʦʨ, 
ʜʥʠʱʝ, ʛʨʷʜʳ). ɻʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʢʣʶʯʝʚʦʛʦ ʫʯʘʩʪʢʘ ʷʚʣʷʣʠʩʴ 
ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʥʦʛʦ ʨʦʜʘ ʦʯʝʚʠʜʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 
ʥʝʩʦʛʣʘʩʠʡ ʚ ʨʘʟʨʝʟʝ. ʂʘʞʜʳʡ ʫʯʘʩʪʦʢ ʧʨʠʚʷʟʘʥ ʢ ʙʝʨʝʛʦʚʦʤʫ ʦʙʥʘʞʝʥʠʶ, ʚ ʢʦʪʦʨʦʤ 
ʚʩʢʨʳʚʘʝʪʩʷ ʣʸʩʩʦʚʦ-ʧʦʯʚʝʥʥʘʷ ʩʝʨʠʷ (ʃʇʉ) ʠ ʧʦʜʩʪʠʣʘʶʱʠʝ ʝʸ ʦʪʣʦʞʝʥʠʷ 
ʪʝʨʨʘʩʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʩʥʦʚʥʳʝ ʬʘʟʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʝʜʦʢʦʤʧʣʝʢʩʦʚ (ʇʂ) ʚ ʃʇʉ, 
ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ɸ.ɸ. ɺʝʣʠʯʢʦ, ʩʦʦʪʥʦʩʷʪʩʷ ʩ ʤʝʞʣʝʜʥʠʢʦʚʳʤʠ ʵʧʦʭʘʤʠ ʠ ʤʦʨʩʢʠʤʠ 
ʠʟʦʪʦʧʥʳʤʠ ʩʪʘʜʠʷʤʠ (MIS): ʤʝʟʠʥʩʢʠʡ ï ʤʠʢʫʣʠʥʩʢʦʝ ʤʝʞʣʝʜʥʠʢʦʚʴʝ ï MIS 5e ï 
135-117 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ, ʢʘʤʝʥʩʢʠʡ ï ʢʘʤʝʥʩʢʦʝ ʤʝʞʣʝʜʥʠʢʦʚʴʝ ï MIS 7 ï 190 ï 
220 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ, ʠʥʞʘʚʠʥʩʢʠʡ ï ʣʠʭʚʠʥʩʢʦʝ ʤʝʞʣʝʜʥʠʢʦʚʴʝ ï MIS 9 ï 300 ï 
340 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ, ʚʦʨʦʥʩʢʠʡ ï ʤʫʯʢʘʧʩʢʦʝ ʤʝʞʣʝʜʥʠʢʦʚʴʝ ï MIS 13 ï 470 ï 
500 ʪʳʩ. ʣʝʪ ʥʘʟʘʜ [1]. 

ʉʨʝʜʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʦʣʴʰʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ  
ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʪʣʦʞʝʥʠʡ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 
ʧʘʣʝʦʘʨʭʠʚʦʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʀʥʩʪʠʪʫʪʘ ɻʝʦʛʨʘʬʠʠ ʈɸʅ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʣʘʟʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ Malvern Mastersizer 3000. ɼʣʷ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʨʘʟʨʝʟʦʚ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʘʣʝʦʧʦʯʚʝʥʥʳʤ 
ʤʝʪʦʜʘʤ ʧʨʠʤʝʥʷʣʠʩʴ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ ʚʘʣʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ 
ʩʦʩʪʘʚʘ ʠ ʘʥʘʣʠʟ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. 

ʉʘʤʳʡ ʚʦʩʪʦʯʥʳʡ ʨʘʟʨʝʟ V4 (N46.65782, E038.07865) ʭʘʨʘʢʪʝʨʠʟʫʝʪ 
ʧʣʘʢʦʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʢʨʫʞʘʶʱʠʝ ʟʘʧʘʜʠʥʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʥʘʞʝʥʠʝʤ ʚ 
ʘʙʨʘʟʠʦʥʥʦʤ ʦʙʨʳʚʝ ʊʘʛʘʥʨʦʛʩʢʦʛʦ ʟʘʣʠʚʘ ʚʳʩʦʪʦʡ 13 ʤ ʥ.ʫ.ʤ. ɺ ʣʸʩʩʦʚʦʤ ʯʝʭʣʝ 
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ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʯʝʪʳʨʝ ʧʦʛʨʝʙʝʥʥʳʭ ʧʦʯʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘ. ʅʘ ʛʣʫʙʠʥʝ 4-6.5 ʤʝʪʨʘ 
ʟʘʣʝʛʘʝʪ ʤʝʟʠʥʩʢʠʡ ʇʂ. ɼʚʝ ʧʘʣʝʦʧʦʯʚʳ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ, ʢʨʫʪʠʮʢʘʷ ʠ 
ʩʘʣʳʥʩʢʘʷ ʨʘʟʜʝʣʝʥʳ ʤʘʣʦʤʦʱʥʳʤ, ʥʦ ʟʘʤʝʪʥʳʤ, ʧʨʦʩʣʦʝʤ ʩʣʘʙʦ ʛʫʤʫʩʠʨʦʚʘʥʥʦʛʦ 
ʣʸʩʩʘ. ʅʘ ʛʣʫʙʠʥʘʭ 6.5-8.5 ʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʜ ʤʝʟʠʥʩʢʠʤ ʇʂ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥ 
ʢʘʤʝʥʩʢʠʡ ʇʂ. ʅʘ ʛʣʫʙʠʥʘʭ 8.5-10.5 ʤ ʟʘʣʝʛʘʝʪ ʠʥʞʘʚʠʥʩʢʠʡ ʇʂ. ʅʘ ʛʣʫʙʠʥʘʭ 10.5 ð 
13.5 ʤ ʟʘʣʝʛʘʝʪ ʚʦʨʦʥʩʢʠʡ ʇʂ. ʄʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʝʩʩʦʚʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 
ʟʥʘʯʠʪʝʣʴʥʦ ʪʷʞʝʣʝʝ ʥʠʞʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʡ ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʵʪʦ ʪʦʥʢʘʷ ʧʳʣʴ ʠ ʜʦ 8% ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʤʘʛʥʠʪʥʦʡ 
ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʇʂ (0.4-0.6) ʠ ʩʘʤ ʣʝʩʩ (0.2-0.3). ʇʦʪʝʨʠ ʧʨʠ 
ʧʨʦʢʘʣʠʚʘʥʠʠ ʧʨʠ 1000Áʉ (ʇʇʇ1000) ʚ ʣʝʩʩʦʚʦʡ ʪʦʣʱʝ ʨʘʥʞʠʨʫʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 8-
12%. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ, ʥʘ ʛʣʫʙʠʥʝ 3 ʤ ʥʠʞʝ ʫʨʦʚʥʷ ʤʦʨʷ, ʚʩʢʨʳʪʳ ʩʫʧʝʩʯʘʥʦ-
ʩʫʛʣʠʥʠʩʪʳʝ ʨʠʪʤʠʯʥʦ-ʩʣʦʠʩʪʳʝ ʩʫʙʘʢʚʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʦʨʩʢʦʡ ʪʝʨʨʘʩʳ. ʆʥʠ 
ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʳʰʝʣʝʞʘʱʠʭ ʢʨʘʡʥʝ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʤʘʛʥʠʪʥʦʡ 
ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ (<0.2) ʠ ʚʜʚʦʝ ʤʝʥʴʰʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʇʇʇ1000. 

ʈʘʟʨʝʟ V9 (N46.6487, E038.06231) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʨʦʝʥʠʝ ʜʥʠʱʘ 
ɺʦʨʦʥʮʦʚʩʢʦʡ ʧʘʜʠ, ʚʳʩʦʪʦʡ 4 ʤʝʪʨʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ɺ ʜʘʥʥʦʤ ʨʘʟʨʝʟʝ ʥʝ 
ʚʩʪʨʝʯʝʥʳ ʯʝʪʢʠʝ ʧʨʠʟʥʘʢʠ ʧʘʣʝʦʧʦʯʚ, ʘ ʤʦʱʥʦʩʪʴ ʣʝʩʩʦʚʦʡ ʪʦʣʱʠ ʧʦʯʪʠ ʚʜʚʦʝ 
ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʧʣʘʢʦʨʝ. ʅʘ ʛʣʫʙʠʥʝ 4 ʤ ʥʠʞʝ ʫʨʦʚʥʷ ʤʦʨʷ ʚʩʢʨʳʪʳ ʦʪʣʦʞʝʥʠʷ 
ʪʝʨʨʘʩʳ. ʇʦ ʩʦʩʪʘʚʫ ʦʪʣʦʞʝʥʠʡ ʦʩʥʦʚʥʳʭ ʩʣʦʝʚ ʜʘʥʥʳʡ ʨʘʟʨʝʟ ʩʭʦʞ ʩ ʨʘʟʨʝʟʦʤ V4. 

ʈʘʟʨʝʟ V5 (N46.64435 E038.05326) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʨʦʝʥʠʝ ʛʨʷʜ ʚ ʨʝʣʴʝʬʝ 
ɺʦʨʦʥʮʦʚʩʢʦʡ ʧʘʜʠ. ɺ ʝʛʦ ʩʪʨʦʝʥʠʠ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʨʘʟʣʠʯʥʳʭ ʛʦʨʠʟʦʥʪʘ. 
ɺʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ (0 ï 4 ʤ) ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʣʜʘʡʩʢʠʤ ʣʝʩʩʦʤ ʩ ʨʘʟʚʠʪʦʡ ʩʦʚʨʝʤʝʥʥʦʡ 
ʧʦʯʚʦʡ. ʅʠʞʝ ʟʘʣʝʛʘʝʪ ʩʣʦʠʩʪʘʷ ʪʦʣʱʘ (4 ï 8 ʤ). ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʝʜʦʚʘʥʠʝʤ 
ʨʘʟʣʠʯʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʪʝʢʩʪʫʨʝ ʛʦʨʠʟʦʥʪʦʚ. ɺ ʧʝʨʝʩʣʘʠʚʘʥʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 
ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʦʪʣʦʞʝʥʠʡ. ʇʝʨʚʳʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʦʭʦ-ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤʠ 
ʛʣʠʥʠʩʪʳʤʠ ʤʠʢʨʦʘʛʨʝʛʘʪʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ. ɺʪʦʨʦʡ ʪʠʧ ʧʨʝʜʩʪʘʚʣʝʥ 
ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʤʠ ʠ ʧʦʢʨʳʪʳʤʠ ʞʝʣʝʟʠʩʪʦ-ʤʘʨʛʘʥʮʝʚʳʤʠ ʢʫʪʘʥʘʤʠ ʛʣʠʥʠʩʪʳʤʠ 
ʘʛʨʝʛʘʪʘʤʠ ʨʘʟʤʝʨʦʤ ʦʪ ʧʝʨʚʳʭ ʤʠʣʣʠʤʝʪʨʦʚ ʜʦ 8-10 ʤʠʣʣʠʤʝʪʨʦʚ. ʊʨʝʪʠʡ ʪʠʧ 
ʧʨʝʜʩʪʘʚʣʝʥ ʭʦʨʦʰʦ ʦʪʤʳʪʳʤ ʩʚʝʪʣʳʤ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʧʝʩʢʦʤ ʠ ʘʣʝʚʨʠʪʦʤ. 
ʉʪʨʫʢʪʫʨʘ ʩʣʦʠʩʪʦʡ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʦʪʣʦʞʝʥʠʡ ʧʝʨʚʦʛʦ ʠ 
ʚʪʦʨʦʛʦ ʪʠʧʦʚ ʧʦʜʯʝʨʢʥʫʪʳʭ ʧʨʦʩʣʦʷʤʠ ʦʪʣʦʞʝʥʠʡ ʪʨʝʪʴʝʛʦ ʪʠʧʘ.  ʅʠʞʝ ʟʘʣʝʛʘʶʪ 
ʣʝʩʩʦʚʠʜʥʳʝ ʩʫʛʣʠʥʢʠ ʩ ʨʘʟʚʠʪʳʤ ʚ ʥʠʭ ʤʝʟʠʥʩʢʠʤ ʧʦʯʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 
ʛʠʜʨʦʤʦʨʬʥʦʛʦ ʤʦʨʬʦʪʠʧʘ (8 ï 15.5 ʤ). ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ʪʝʢʩʪʫʨ ʠ ʦʙʱʫʶ 
ʧʝʩʪʨʦʪʫ ʣʝʩʩʦʚʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʝʝ ʩʦʩʪʘʚ ʦʩʪʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤ ʠ 
ʩʭʦʞʠʤ ʩ ʪʘʢʦʚʳʤ ʚ ʨʘʟʨʝʟʘʭ V4 ʠ V9. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʥʘ ʛʣʫʙʠʥʝ 4 ʤ ʥʠʞʝ 
ʫʨʦʚʥʷ ʤʦʨʷ ʟʘʣʝʛʘʶʪ ʦʪʣʦʞʝʥʠʷ ʪʝʨʨʘʩʳ (15.5 ï 16.5 ʤ). 

ʅʘʩʪʦʷʱʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ ˉ18-35-00686. 
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ʈʘʟʚʠʪʠʝ ʫʩʪʴʝʚʦʡ ʦʙʣʘʩʪʠ ʉʝʣʝʥʛʠ ʩ ʩʝʨʝʜʠʥʳ ʍʍ ʚʝʢʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ɹʘʡʢʘʣʘ 
ʠ ʢʣʠʤʘʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭʬʣʫʢʪʫʘʮʠʡ ʞʠʜʢʦʛʦ ʠ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ ʨʝʢʠ. 
ʈʘʜʠʦʮʝʟʠʝʚʳʤ ʤʝʪʦʜʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩ 1963 ʛʦʜʘ ʥʘ 
ʩʨʝʜʥʝʡ ʧʦʡʤʝ ʩʦʩʪʘʚʣʷʝʪ 0,7-0,8 ʤʤ/ʛʦʜ +/- 0,5 ʤʤ/ʛʦʜ, ʚ ʩʪʘʨʠʯʥʦʤ ʧʦʥʠʞʝʥʠʠ ʚ 
ʪʳʣʦʚʦʤ ʰʚʝ ʩʨʝʜʥʝʡ ʧʦʡʤʳ (ʍʣʳʩʪʦʚ ɿʘʪʦʥ) - ʥʝ ʤʝʥʝʝ 2,9 ʩʤ/ʛʦʜ, ʥʘ ʥʠʟʢʦʡ ʧʦʡʤʝ 
ï 1,2-1,3 ʩʤ/ʛʦʜ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʜʣʷ ʘʥʪʨʦʧʦʛʝʥʥʦ ʥʝʟʘʨʝʛʫʣʠʨʦʚʘʥʥʳʭ 
ʢʨʫʧʥʳʭ ʨʝʢ ʖʞʥʦʡ ʉʠʙʠʨʠ.  ʅʘʢʦʧʣʝʥʠʝ ʥʘʠʣʢʘ ʜʠʩʢʨʝʪʥʦ ʚʦ ʚʨʝʤʝʥʠ ʠ 
ʧʨʠʫʨʦʯʝʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʧʘʚʦʜʢʘʤ ʠ ʧʦʜʥʷʪʠʶ ʫʨʦʚʥʷ ɹʘʡʢʘʣʘ. 
ʄʘʢʩʠʤʘʣʴʥʳʡ ʩ ʤʦʤʝʥʪʘ ʧʦʩʪʨʦʡʢʠ ʀʨʢʫʪʩʢʦʡ ɻʕʉ ʧʦʜʲʝʤ ʫʨʦʚʥʷ ɹʘʡʢʘʣʘ 
ʧʨʦʠʟʦʰʝʣ ʚ 1986 ʛʦʜʫ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʘʤʦʤʫ ʤʦʱʥʦʤʫ ʧʠʢʫ ʘʢʢʫʤʫʣʷʮʠʠ 
ʘʣʣʶʚʠʷ.  ʊʝʤʧʳ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʦʚ ʚʦʜʳ ʚ 
ʨ. ʉʝʣʝʥʛʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʠ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
ʨʝʣʴʝʬʘ ʜʝʣʴʪʳ: ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʳʩʦʪʳ ʫʩʪʫʧʦʚ ʤʝʞʜʫ ʜʝʣʴʪʦʚʳʤʠ ʫʨʦʚʥʷʤʠ, 
ʧʣʦʱʘʜʠ ʜʝʣʴʪʦʚʳʭ ʧʦʡʤ, ʥʘʣʠʯʠʝ, ʦʨʠʝʥʪʘʮʠʷ, ʢʦʣʠʯʝʩʪʚʦ ʠ ʧʣʦʱʘʜʴ ʩʪʘʨʠʯʥʳʭ 
ʧʦʥʠʞʝʥʠʡ ʠ ʪ.ʜ. ʇʦ ʤʦʱʥʦʩʪʠ ʠ ʭʘʨʘʢʪʝʨʫ ʥʘʢʦʧʣʝʥʠʷ  ʥʘ ʧʦʡʤʝ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ 
ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʙʦʣʴʰʝ ʚʩʝʛʦ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʩʨʝʜʥʝʡ ʧʦʡʤʝ 
ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʜʝʣʴʪʦʡ ʚ ʧʝʨʠʦʜʳ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʘʚʦʜʢʦʚ. 

ʉʝʜʠʤʝʥʪʘʮʠʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ ʧʨʦʠʩʭʦʜʠʪ ʩ 
ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʥʘʤʠʯʥʦʩʪʠ ʩʨʝʜʳ ʠ ʩʢʦʨʦʩʪʝʡ ʚ ʨʷʜʫ: ʩʨʝʜʥʷʷ ʧʦʡʤʘ, ʩʪʘʨʠʮʘ, 
ʟʘʚʦʜʴ. ɸʢʢʫʤʫʣʷʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʫʯʘʩʪʠʠ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʟʚʝʩʠ: 
ʦʪ 70-50% ʥʘ ʧʦʡʤʝ ʠ ʜʦ 15-10% ʚ ʟʘʚʦʜʠ. ʄʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ ʧʦʡʤ 
ʪʦʥʢʦʜʠʩʧʝʨʩʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʟʚʝʰʝʥʥʳʭ ʥʘʥʦʩʦʚ, ʷʚʣʷʷʩʴ ʜʦʤʠʥʠʨʫʶʱʠʤ 
ʠʩʪʦʯʥʠʢʦʤ ʘʢʢʫʤʫʣʷʮʠʠ, ʯʪʦ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪ ʧʦʡʤʫ ʦʪ ʜʨʫʛʠʭ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 
ʧʦʟʠʮʠʡ. ʅʘʠʙʦʣʝʝ ʧʦʭʦʞʠʤʠ ʧʦ ʩʦʩʪʘʚʫ ʷʚʣʷʶʪʩʷ ʩʪʘʨʠʯʥʘʷ ʬʘʮʠʷ ʠ ʬʘʮʠʷ 
ʧʣʝʩʦʚʳʭ ʣʦʱʠʥ, ʩʭʦʜʩʪʚʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʦʣʠ ʦʨʛʘʥʦʛʝʥʥʦʛʦ 
ʬʠʟʠʯʝʩʢʦʛʦ ʠʣʘ (d=0,01-0,001), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʘʢʪʠʚʥʳʤ ʧʨʦʜʫʮʠʨʦʚʘʥʠʝʤ ʙʠʦʤʘʩʩʳ 
ʚ ʚʝʛʝʪʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʣʠʯʥʳʭ ʚʝʜʫʱʠʭ ʧʨʦʮʝʩʩʘʭ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʠʭ ʨʘʟʥʦʤ ʚʢʣʘʜʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʟʦʥ ʜʝʣʴʪʳ.  

ʇʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʢʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʠʥʛʝʨʧʨʠʥʪʠʥʛʘ1 
ʨʝʟʫʣʴʪʘʪʳ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʜʝʣʴʪʦʚʳʭ ʬʘʮʠʡ ʜʦʩʪʘʪʦʯʥʦ ʥʝʪʠʧʠʯʥʳ 
ʜʣʷ ʨʝʢ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʫʢʣʦʥʳ ʚ ʚʝʨʭʦʚʴʷʭ, 
ʨʘʩʧʘʰʢʫ ʟʝʤʝʣʴ ʠ ʚʳʧʘʩ ʩʢʦʪʘ ʚ ʙʘʩʩʝʡʥʝ, ʢʦʪʦʨʳʝ, ʢʘʢ ʦʞʠʜʘʣʦʩʴ, ʙʫʜʫʪ 
ʫʚʝʣʠʯʠʚʘʪʴ ʜʦʣʶ ʚʢʣʘʜʘ ʙʘʩʩʝʡʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʣʷ ʚʩʝʭ ʬʘʮʠʡ [1], ʚ 
ʧʦʡʤʝʥʥʦʡ ʚʩʝ ʞʝ ʧʨʝʚʘʣʠʨʫʝʪ ʠʤʝʥʥʦ ʨʫʩʣʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʪʦʢʘ ʥʘʥʦʩʦʚ. 

ʆʙʥʘʨʫʞʝʥʦ ʪʘʢʞʝ ʠʥʪʝʨʝʩʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʦʪʣʦʞʝʥʠʡ ʠ 
ʢʨʫʧʥʦʩʪʠ ʥʘʥʦʩʦʚ (ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ). ʂʣʘʩʩʠʯʝʩʢʠʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 
ʨʝʢ ʷʚʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʘʩʩʝʡʥʦʚʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ, ʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʥʘʥʦʩʦʚ - ʨʫʩʣʦʚʦʡ. ɼʣʷ ʥʠʟʦʚʴʝʚ ʉʝʣʝʥʛʠ 
ʥʘʙʣʶʜʘʝʪʩʷ ʟʝʨʢʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʷʚʣʷʶʪʩʷ ʥʘʥʦʩʳ 
ʙʘʩʩʝʡʥʦʚʦʡ ʬʘʮʠʠ. ʄʘʪʝʨʠʘʣ ʧʦʡʤ ʩʦʩʪʦʠʪ ʠʟ ʧʨʦʜʫʢʪʦʚ ʨʘʟʤʳʚʘ ʙʝʨʝʛʦʚ ʨʫʩʣʘ, 
ʩʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʛʣʠʥʦʡ ʠ ʠʣʦʤ. ʆʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ 
ʩʪʘʨʠʮʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʝʨʤʘʥʝʥʪʥʦʤ ʟʘʪʦʧʣʝʥʠʠ ʩ ʫʞʝ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ 
ʫʯʘʩʪʠʝʤ ʙʘʩʩʝʡʥʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʢʩʪʨʝʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʧʘʚʦʜʢʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ 
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ʵʪʦ, ʨʫʩʣʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʩʝ ʝʱʝ ʧʨʦʜʦʣʞʘʝʪ ʠʛʨʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ. ʀʩʪʦʯʥʠʢʦʤ ʜʣʷ ʬʘʮʠʠ ʟʘʪʦʥʘ ʩʣʫʞʠʪ ʙʦʣʝʝ ʢʨʫʧʥʳʡ 
ʙʘʩʩʝʡʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʣʝʪʥʠʭ ʠ ʦʩʝʥʥʠʭ ʧʘʚʦʜʢʦʚ ʚʳʰʝ ʩʨʝʜʥʝʛʦ ʨʘʩʭʦʜʘ ʚʦʜʳ 
(ʦʢʦʣʦ 2000 ʤ3/ʩ), ʧʨʠʯʝʤ ʢʨʫʧʥʳʡ ʤʘʪʝʨʠʘʣ ʦʪʢʣʘʜʳʚʘʝʪʩʷ ʧʨʠ ʩʤʝʱʝʥʠʠ ʩʪʨʝʞʥʷ 
ʧʦʪʦʢʘ ʢ ʚʳʧʫʢʣʦʤʫ ʙʝʨʝʛʫ ʚ ʧʝʨʠʦʜʳ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʘʚʦʜʢʦʚ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʟʘʪʦʧʣʝʥʠʝʤ ʧʦʡʤʳ. ʕʪʘ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ 
ʪʝʥʜʝʥʮʠʷ ʠʤʝʝʪ ʦʙʲʷʩʥʝʥʠʝ: ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʩʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʪʦʢʘ 
ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʙʝʨʝʛʦʚ ʚʳʩʦʢʦʡ ʧʦʡʤʳ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ, ʢʦʪʦʨʳʝ 
ʩʣʦʞʝʥʳ ʙʦʣʝʝ ʤʝʣʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʥʦʩʘʤʠ ʚʝʨʭʥʠʭ ʟʚʝʥʴʝʚ 
ʨʝʯʥʦʡ ʩʝʪʠ ʉʝʣʝʥʛʠ.  

ʇʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 
ʤʝʭʘʥʠʟʤʘ ʥʘʢʦʧʣʝʥʠʷ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚʥʫʪʨʠ ʤʘʨʛʠʥʘʣʴʥʦʛʦ ʬʠʣʴʪʨʘ ï 
ʜʝʣʴʪʳ ʉʝʣʝʥʛʠ ʧʨʠ ʨʘʟʥʳʭ ʬʘʟʘʭ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ ʠ ʢʦʣʝʙʘʥʠʡ ʫʨʦʚʥʷ ɹʘʡʢʘʣʘ. 
ʄʝʪʘʣʣʳ ʠ ʤʝʪʘʣʣʦʠʜʳ, ʧʦʩʪʫʧʘʶʱʠʝ ʩ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 
ʫʛʦʜʠʡ ʚ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʉʝʣʝʥʛʠ ʩ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʡ ʨʫʩʣʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ 
ʚʳʩʦʢʠʭ ʧʘʚʦʜʢʘʭ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʡʤʳ, ʜʝʣʴʪʦʚʳʭ ʦʟʝʨʘʭ ʠ 
ʩʪʘʨʠʮʘʭ. ɺʝʨʦʷʪʥʦ, ʧʨʠ ʥʘʤʝʪʠʚʰʝʡʩʷ ʪʝʥʜʝʥʮʠʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʪʦʢʘ ʚ ʧʘʚʦʜʢʠ, 
ʚʩʝ ʙʦʣʴʰʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʙʫʜʝʪ ʚʳʥʦʩʠʪʴʩʷ ʚ ʘʢʚʘʪʦʨʠʶ ɹʘʡʢʘʣʘ ʠ ʚʩʝ 
ʤʝʥʴʰʝ ʦʩʪʘʚʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ ʜʝʣʴʪʦʚʦʛʦ ʤʘʩʩʠʚʘ. ʀʟʫʯʘʷ ʤʝʭʘʥʠʟʤ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʨʠ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʦʷʚʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʯʨʝʟʤʝʨʥʳʡ ʩʪʦʢ  ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ. 
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ɺʦʨʦʙʴʝʚʳ ʛʦʨʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʛ. ʄʦʩʢʚʳ ʚ ʧʨʘʚʦʤ ʙʦʨʪʫ 
ʜʦʣʠʥʳ ʨ. ʄʦʩʢʚʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʫʪʦʡ, ʤʝʩʪʘʤʠ ʟʘʣʝʩʝʥʥʳʡ, ʩʢʣʦʥ 
(ʚʳʩʦʪʦʡ ʜʦ 70 ʤ) ʩʦ ʩʚʦʝʦʙʨʘʟʥʳʤ ʛʨʷʜʦʚʦ-ʦʧʦʣʟʥʝʚʳʤ ʨʝʣʴʝʬʦʤ, 
ʧʨʦʪʷʛʠʚʘʶʱʠʡʩʷ ʚʜʦʣʴ ʨʝʢʠ (ʦʪʤ. ʫʨʦʚʥʷ 120 ʤ). ɺ ʩʪʨʦʝʥʠʠ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʯʘʩʪʠ 
ɺʦʨʦʙʴʝʚʳʭ ʛʦʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʥʠʟʫ-ʚʚʝʨʭ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʛʦ 
ʢʘʨʙʦʥʘ, ʙʘʪʩʢʦʛʦ-ʪʠʪʦʥʩʢʦʛʦ ʷʨʫʩʦʚ ʶʨʳ, ʙʝʨʨʠʘʩʩʢʦʛʦ-ʘʧʪʩʢʦʛʦ ʷʨʫʩʦʚ ʥʠʞʥʝʛʦ 
ʤʝʣʘ, ʠ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʦʨʝʥʥʳʤʠ ʠ ʚʦʜʥʦ-
ʣʝʜʥʠʢʦʚʳʤʠ ʥʘʢʦʧʣʝʥʠʷʤʠ. 

ʉʪʨʦʝʥʠʝ ʠʟʫʯʝʥʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʩʣʦʞʝʥʥʦʛʦ ʚʝʨʭʥʝʶʨʩʢʠʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʠʤʤʝʨʠʜʞʩʢʦʛʦ ʠ ʦʢʩʬʦʨʜʩʢʦʛʦ ʷʨʫʩʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ (ʨʘʩʯʣʝʥʝʥʠʝ ʧʨʦʚʝʜʝʥʦ ʄ.ʈʦʛʦʚʳʤ). ʇʦʜʤʦʩʢʦʚʥʘʷ ʩʚʠʪʘ ʩ ʨʘʟʤʳʚʦʤ 
ʟʘʣʝʛʘʝʪ ʥʘ ʧʦʜʦʩʠʥʢʦʚʩʢʦʡ ʠ ʯʘʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʙʲʝʜʠʥʝʥʦ ʩ ʚʳʰʝʣʝʞʘʱʝʡ 
ʢʦʣʦʤʝʥʩʢʦʡ. ʕʪʠ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ, ʤʘʩʩʠʚʥʳʤʠ ʠ 
ʩʣʘʥʮʝʚʘʪʳʤʠ, ʚʝʩʴʤʘ ʧʣʦʪʥʳʤʠ ʛʣʠʥʘʤʠ: ʧʦʜʤʦʩʢʦʚʥʘʷ ʩʚʠʪʘ - ʧʘʯʢʦʡ ʪʝʤʥʦ-
ʩʝʨʳʭ ʠ ʯʝʨʥʳʭ, ʧʣʦʪʥʳʭ, ʩʣʶʜʠʩʪʳʭ, ʩʣʦʠʩʪʳʭ ʠ ʩʣʘʥʮʝʚʘʪʳʭ, ʩʦ ʩʪʷʞʝʥʠʷʤʠ ʠ 
ʧʣʠʪʢʘʤʠ ʧʠʨʠʪʘ, ʬʦʩʬʦʨʠʪʘʤʠ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ - ʩ ʧʨʦʩʣʦʷʤʠ ʫʛʣʝʨʦʜʠʩʪʳʭ 
ʩʣʘʥʮʝʚ, ʩ ʘʤʤʦʥʠʪʘʤʠ Amoebocerasilovaiskii (Sokolov), ʤʦʱʥʦʩʪʴʶ ʜʦ 7,0 ʤ; 
ʢʦʣʦʤʝʥʩʢʘʷ ʩʚʠʪʘ - ʛʣʠʥʘʤʠ ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʳʤʠ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ, ʩʠʣʴʥʦ 
ʘʣʝʚʨʠʪʦʚʳʤʠ, ʩʣʶʜʠʩʪʳʤʠ, ʠʟʚʝʩʪʢʦʚʳʤʠ, ʩ ʭʦʜʘʤʠ ʠʣʦʝʜʦʚ (ʬʫʢʦʠʜʥʳʝ), ʚʥʠʟʫ ʩ 
ʤʝʣʢʠʤʠ ʬʦʩʬʦʨʠʪʘʤʠ, ʚʚʝʨʭʫ ʩ ʛʥʝʟʜʘʤʠ ʟʝʣʝʥʦʛʦ ʛʣʘʫʢʦʥʠʪʘ (5,3-5,6 ʤ), ʩ 
ʢʨʫʧʥʳʤʠ Perisphinctes, A. alternoides (Nikitin), A. serratum (Sowerby), ʤʦʱʥʦʩʪʴʶ ʜʦ 
6,0 ʤ. ɿʘʣʝʛʘʶʱʘʷ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʝʨʤʦʣʠʥʩʢʘʷ ʩʚʠʪʘ - ʛʣʠʥʳ ʯʝʨʥʳʝ, ʧʣʦʪʥʳʝ, 
ʩʣʦʠʩʪʳʝ, ʩʠʣʴʥʦ ʩʣʶʜʠʩʪʳʝ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ, ʯʘʩʪʦ ʩ ʦʙʠʣʴʥʳʤ 
ʧʠʨʠʪʦʤ (ʨʳʭʣʳʝ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ, ʣʠʙʦ ʧʣʦʪʥʳʝ ʩʪʷʞʝʥʠʷ), ʘʤʤʦʥʠʪʘʤʠ (ʨʘʟʥʳʝ 
ʚʠʜʳ Amoeboceras), ʙʣʠʟ ʢʨʦʚʣʠ ï ʩʦ ʩʢʦʧʣʝʥʠʷʤʠ ʢʨʫʧʥʳʭ ʨʘʢʦʚʠʥ ʜʚʫʩʪʚʦʨʦʢ 
(ʤʦʱʥʦʩʪʴ 5,5-6,5 ʤ) ʚ ʚʦʟʨʘʩʪʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʭʚʘʪʳʚʘʝʪ ʚʝʨʭʠ ʦʢʩʬʦʨʜʩʢʦʛʦ ʷʨʫʩʘ 
ʠ ʥʠʞʥʠʡ ʢʠʤʤʝʨʠʜʞ, ʟʘʚʝʨʰʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʝʟ ʩʨʝʜʥʝʛʦ ʣʠʪʦʣʦʛʦ-
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʝʟʦʟʦʷ.  

ʈʘʟʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ, ʫʩʣʦʚʠʷʭ ʥʘʢʦʧʣʝʥʠʷ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʤ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ 
ʤʠʢʨʦʩʪʨʫʢʪʫʨ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʚʘʨʠʘʮʠʠ ʩʚʦʡʩʪʚ ʵʪʠʭ ʧʦʨʦʜ [1]. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʵʪʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʳʣʦ ʠʟʫʯʝʥʦ 
ʤʠʢʨʦʩʪʨʦʝʥʠʝ ʦʙʨʘʟʮʦʚ ʪʨʝʭ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ, ʩʚʠʪ ï ʧʦʜʤʦʩʢʦʚʥʦʡ, 
ʢʦʣʦʤʝʥʩʢʦʡ ʠ ʝʨʤʦʣʠʥʩʢʦʡ (ʪʘʙʣʠʮʘ). ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ, 
ʧʨʦʚʝʜʝʥʥʳʡ ʂʦʩʦʨʫʢʦʚʳʤ ɺ.ʃ. (ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ ʄɻʋ) ʧʦʢʘʟʘʣ, ʯʪʦ 
ʧʦʜʤʦʩʢʦʚʥʘʷ ʠ ʝʨʤʦʣʠʥʩʢʘʷ ʩʚʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʩʤʝʢʪʠʪʘ (42 ʠ 58% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʪʦʛʜʘ ʢʘʢ ʚ ʢʦʣʦʤʝʥʩʢʦʡ ʩʚʠʪʝ ʩʤʝʢʪʠʪʘ 7%, ʘ 
ʮʝʦʣʠʪʘ ʟʘʬʠʢʩʠʨʦʚʘʥʦ 37%. ʆʙʨʘʟʮʳ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʧʦʜʤʦʩʢʦʚʥʦʡ ʠ ʝʨʤʦʣʠʥʩʢʦʡ 
ʩʚʠʪ, ʩʦʜʝʨʞʘʪ 10 ʠ 7% ʢʚʘʨʮʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 8 ʠ 13% ʢʘʣʴʮʠʪʘ. 

ʊʦʛʜʘ ʢʘʢ ʦʙʨʘʟʝʮ ʢʦʣʦʤʝʥʩʢʦʡ ʩʚʠʪʳ ʩʦʜʝʨʞʠʪ 22% ʢʚʘʨʮʘ ʠ 14% ʢʘʣʴʮʠʪʘ. 
ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʠʪʘ ʚ ʦʙʨʘʟʮʝ ʧʦʜʤʦʩʢʦʚʥʦʡ ʩʚʠʪʳ 
ʜʦ 7%, ʠ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ ʤʝʥʴʰʝʝ ʚ ʦʙʨʘʟʮʘʭ ʝʨʤʦʣʠʥʩʢʦʡ ʠ ʢʦʣʦʤʝʥʩʢʦʡ ʧʦ 4%.  
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ʊʘʙʣʠʮʘ 
ʆʩʦʙʝʥʥʦʩʪʠ ʤʠʢʨʦʩʪʨʦʝʥʠʷ ʶʨʩʢʠʭ ʛʣʠʥ 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ 
ʩʭʝʤʘ (ʩʚʠʪʘ) 

ʆʩʦʙʝʥʥʦʩʪʠ 
ʤʠʢʨʦʩʪʨʦʝʥʠʷ 

ʈʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ 

ʋʚʝʣʠʯʝʥʠʝ ʭ500 ʋʚʝʣʠʯʝʥʠʝ ʭ10000 

ɽʨʤʦʣʠʥʩʢʘʷ 
ʩʚʠʪʘ 

ʆʨʠʝʥʪʠʨʦʚʘʥʥʦʝ 
ʤʠʢʨʦʩʪʨʦʝʥʠʝ, 
ʩʣʦʞʝʥʥʦʝ 
ʫʜʣʠʥʝʥʥʳʤʠ 
ʢʘʨʙʦʥʘʪʥʦ-
ʛʣʠʥʠʩʪʳʤʠ 
ʘʛʨʝʛʘʪʘʤʠ ʩ 
ʨʝʜʢʠʤʠ 
ʩʢʝʣʝʪʘʤʠ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ 

  

ʂʦʣʦʤʝʥʩʢʘʷ 
ʩʚʠʪʘ 

ʉʣʘʙʦʦʨʠʝʥʪʠʨʦ-
ʚʘʥʥʦʝ ʤʠʢʨʦ-
ʩʪʨʦʝʥʠʝ, 
ʩʣʦʞʝʥʥʦʝ ʙʦʣʝʝ 
ʠʟʦʤʝʪʨʠʯʥʳʤʠ 
ʛʣʠʥʠʩʪʦ-ʧʳʣʝʚʘ-
ʪʳʤʠ ʘʛʨʝʛʘʪʘʤʠ ʩ 
ʨʝʜʢʠʤʠ 
ʧʝʩʯʘʥʳʤʠ 
ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ ʠ 
ʧʣʘʛʠʦʢʣʘʟʦʚ 

  

ʇʦʜʤʦʩʢʦʚʥʘʷ 
ʩʚʠʪʘ 

ʅʝʦʨʠʝʥʪʠʨʦʚʘʥ-
ʥʦʝ ʤʠʢʨʦ-
ʩʪʨʦʝʥʠʝ, ʩʣʦ-
ʞʝʥʥʦʝ ʠʟʦʤʝʪ-
ʨʠʯʥʳʤʠ ʘʛʨʝʛʘ-
ʪʘʤʠ ʛʣʠʥʠʩʪʳʭ 
ʤʠʥʝʨʘʣʦʚ ʩ 
ʚʢʣʶʯʝʥʠʝʤ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 
ʦʩʪʘʪʢʦʚ ʩʢʝʣʝ-ʪʦʚ 
ʤʠʢʨʦʬʘʫʥʳ  

  

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ 

ʚ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. ʆʩʠʧʦʚ ɺ.ʀ. ɻʣʠʥʳ ʠ ʠʭ ʩʚʦʡʩʪʚʘ. ʉʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ / ɺ.ʀ. ʆʩʠʧʦʚ, 
ɺ.ʅ. ʉʦʢʦʣʦʚ. ï ʄ.: ɻɽʆʉ, 2013. ï 576 ʩ. 
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ʇʈʀʄɽʅɽʅʀɽ ʃʀʊʆʃʆɻʆ-ʇɸʃɽʆɻɽʆɻʈɸʌʀʏɽʉʂʀʍ 
ʀʉʉʃɽɼʆɺɸʅʀʁ ʇʈʀ ʈɽʊʈʆʉʇɽʂʊʀɺʅʆʄ ɸʅɸʃʀɿɽ 

ɻɽʆɼʀʅɸʄʀʂʀ ɺʆʃɾʉʂʆ-ʂɸʄʉʂʆʁ ɸʅʊɽʂʃʀɿʓ ɼʃʗ ʇʈʆɻʅʆɿɸ 
ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʋɻʃɽɺʆɼʆʈʆɼʆɺ 

 
ʍ.ɻ. ɿʠʥʘʪʦʚ, ɸ.ɸ. ɽʬʠʤʦʚ 

 
ʆʆʆ çʅʇʆ çɻɽʆʊʆʅè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

1. ɿʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʚʳʷʚʣʝʥʠʝ ʥʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ ʟʘʧʘʩʘʤ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʋɺ) ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ɺʦʣʞʩʢʦ-ʂʘʤʩʢʦʡ ʘʥʪʝʢʣʠʟʳ 
(ɺʂɸ), ʨʘʚʥʦ ʢʘʢ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ (ʈʊ) ʥʘ ʦʩʥʦʚʝ 
çɸʥʪʠʢʣʠʥʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ɸʙʠʭʘè ʤʘʢʩʠʤʘʣʴʥʦ 
ʨʝʘʣʠʟʦʚʘʥʦ. ʇʦʵʪʦʤʫ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʷʚʣʝʥʠʶ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋɺ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ ʪʝʨʨʠʪʦʨʠʡ ɺʂɸ ʠ ʈʊ, ʢʦʪʦʨʳʝ 
ʥʘʩʪʦʡʯʠʚʦ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʵʪʠ ʛʦʜʳ, ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʈ.ʍ. ʄʫʩʣʠʤʦʚʘ [5], ʧʦ-
ʧʨʝʞʥʝʤʫ ʘʢʪʫʘʣʴʥʳ ʠ ʚʘʞʥʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ 
ʋɺ ʚ ʈʊ ʠ ʚ ʮʝʣʦʤ ʚ ɺʂɸ. 

2. ʀʩʭʦʜʷ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʝʦʣʦʛʦʚ-ʥʝʬʪʷʥʠʢʦʚ ʦʙ 
ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʤʦʣʦʜʦʤ ï ʧʦʟʜʥʝʧʣʠʦʮʝʥ - ʯʝʪʚʝʨʪʠʯʥʦʤ ʚʦʟʨʘʩʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʋɺ ʠ ʦ ʧʦʩʣʝʜʥʝʡ ï ʧʣʝʡʩʪʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʡ ʬʘʟʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ çʧʦʜʧʠʪʢʠè 
ʟʘʣʝʞʝʡ ʋɺ ʠ ʧʨʠʥʮʠʧʦʚ çʩʪʨʫʢʪʫʨʥʦʡ ʠ ʨʫʜʥʦʡ ʩʠʥʭʨʦʥʥʦʩʪʠè, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 
ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʛʝʦʜʠʥʘʤʠʢʠ, ʘ ʪʘʢ ʞʝ ʥʘ 
ʦʩʥʦʚʝ çʨʝʪʨʦʩʧʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘè - ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʝʦʜʠʥʘʤʠʢʠ ʅɻɹ ʦʪ ʛʦʣʦʮʝʥʘ 
ʜʦ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʅɻɹ [2-4]. 

3. ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʠʢʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʧʨʦʛʥʦʟʘ ʠ 
ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʠ ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʦʥʠʤʘʥʠʷ 
çʛʝʦʜʠʥʘʤʠʢʠè ʠ ʧʨʠʥʮʠʧʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʝʜʧʦʩʳʣʦʢ ʧʦʠʩʢʦʚ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [1, 4]. 

4. ʅʘ ʦʩʥʦʚʝ ʩʦʚʦʢʫʧʥʦʛʦ ʪʝʢʪʦʥʦʬʠʟʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ 
ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ (ʂʉ) ʠ ʥʘʟʝʤʥʦʡ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʪʝʨʨʠʪʦʨʠʡ ɺʂɸ ʠ ʈʊ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ, ʧʦ ʧʨʠʥʮʠʧʘʤ - çʦʪ ʦʙʱʝʛʦ ʢ 
ʯʘʩʪʥʦʤʫè, ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʢʘʨʪʳ. 
ʈʝʪʨʦʩʧʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʨʘʟʤʝʱʝʥʠʷ ʜʨʝʚʥʠʭ ʬʘʮʠʡ ʠ ʣʠʪʦʬʘʮʠʡ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ 
ʢʘʨʪ ʧʦʟʚʦʣʷʶʪ ʦʙʦʩʥʦʚʘʪʴ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʫʶʱʫʶ ʧʨʠʨʦʜʫ ʥʝʢʦʪʦʨʳʭ ʣʠʥʝʘʤʝʥʪʦʚ, 
ʢʦʪʦʨʳʝ ʦʪʜʝʰʠʬʨʠʨʦʚʘʥʳ ʥʘ ʂʉ, ʢʘʢ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʨʘʥʝʝ ʥʝ ʚʳʷʚʣʝʥʥʳʭ 
ʥʘʟʝʤʥʳʤʠ ʛʝʦʣʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʫʱʝʩʪʚʝʥʥʦ 
ʧʨʦʷʩʥʠʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 
ʜʠʥʘʤʠʯʝʩʢʠʭ (ʚ ʩʚʝʪʝ ʧʦʣʝʡ ʥʘʧʨʷʞʝʥʠʡ) ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʭʨʘʥʥʦʩʪʠ, 
ʨʘʟʨʫʰʝʥʠʷ ʠ çʧʦʜʧʠʪʢʠè ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋɺ [2-4]. 

5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ɺʂɸ ʠ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʈʊ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʜʠʥʘʤʠʢʠ ʨʝʛʠʦʥʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ 
ʛʝʦʜʠʥʘʤʠʢʠ ɺʂɸ, ʢʘʢ ʚʥʝʰʥʠʤʠ ï ʩʦ ʩʪʦʨʦʥʳ ʋʨʘʣʴʩʢʦʛʦ ʦʨʦʛʝʥʘ, ʪʘʢ ʠ 
ʚʥʫʪʨʝʥʥʠʤʠ ï ʩʦ ʩʪʦʨʦʥʳ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ʪʨʘʩʧʨʝʩʩʠʷʤʠ ʜʣʷ ɺʦʩʪʦʯʥʦ-
ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʠʪʳ, ʘ ʪʘʢʞʝ ʥʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʚʥʫʪʨʠʧʣʠʪʥʳʤʠ ʜʚʠʞʝʥʠʝʤ ʠ 
ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʘʟʥʦʧʦʨʷʜʢʦʚʳʭ ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʠ 
ʬʦʨʤʠʨʫʶʱʠʭʩʷ, ʧʨʠ ʵʪʦʤ, ʥʘ ʛʨʘʥʠʮʘʭ ʠ ʚʥʫʪʨʠ ʙʣʦʢʦʚ, ʦʜʥʦʧʦʨʷʜʢʦʚʳʭ ʵʪʠʤ 
ʙʣʦʢʘʤ, ʧʦʪʝʥʮʠʘʣʴʥʦ ʋɺ-ʚʤʝʱʘʶʱʠʭ, ʧʘʨʘʛʝʥʝʪʠʯʥʳʭ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʠ 
ʧʣʠʢʘʪʠʚʥʳʭ ʜʠʩʣʦʢʘʮʠʡ [2-4]. 
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6. ʇʨʦʛʥʦʟ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʠ ʚ 
ʬʫʥʜʘʤʝʥʪʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʊ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʟʤʝʱʝʥʠʷ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʦʭʨʘʥʥʦʩʪʠ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ, ʧʨʠʚʝʜʸʥ ʚ [4]. 

7. ʉʦʦʪʥʦʰʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʚʠʟʝʡʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʠʪʫʤʦʚ ʚ ʫʬʠʤʩʢʠʭ ʠ ʢʘʟʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʩ 
ʪʘʢʦʚʳʤʠ ʜʣʷ ʛʠʛʘʥʪʩʢʠʭ ʧʦ ʟʘʧʘʩʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʚ ʈʊ ʧʦʟʚʦʣʷʶʪ ʩ ʦʜʥʦʡ 
ʩʪʦʨʦʥʳ ʩʯʠʪʘʪʴ, ʯʪʦ ʛʣʫʙʠʥʥʳʡ ʧʨʠʪʦʢ ʋɺ ʚ ʚʠʟʝʡʩʢʦʤ ʚʝʢʝ ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʟʝʤʥʦʡ 
ʢʦʨʳ ʤʦʛ ʩʫʱʝʩʪʚʝʥʥʦ, ʧʦʚʣʠʷʪʴ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, ʘ ʚ 
ʧʣʠʦʮʝʥ-ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʝ ʚʨʝʤʷ ʠ ʙʠʪʫʤʦʚ, ʘ ʩ ʜʨʫʛʦʡ - ʫʩʦʤʥʠʪʴʩʷ ʚʦ 
ʚʣʠʷʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʠ ʙʠʪʫʤʦʚ ʚ ʈʊ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʦʜʧʠʪʢʫ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʚ ʈʊ ʠ ʚ ɺʂɸ. ʊʘʢʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʊ ʠ ɺʂɸ, ʚʳʩʢʘʟʘʥʥʘʷ ʩʪʦʨʦʥʥʠʢʘʤʠ 
ʙʠʦʛʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋɺ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʝʪʘʬʠʟʠʯʥʘ [3]. 

8. ʇʦʜʚʝʨʞʝʥʥʦʩʪʴ ʧʦʨʦʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ 
ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʂɸ ʚ ʥʝʦʛʝʦʜʠʥʘʤʠʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʤʥʦʛʠʭ ʥʝʬʪʝʥʦʩʥʳʭ ʚʟʙʨʦʩʦ-ʥʘʜʚʠʛʦʚʳʭ ʘʥʪʠʢʣʠʥʘʣʝʡ ʠ ʠʭ ʢʫʣʠʩʥʳʭ ʨʷʜʦʚ ï 
çʚʘʣʦʚè, ʧʦʟʚʦʣʷʶʪ ʫʯʠʪʳʚʘʪʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʥʝʦ- ʠ, ʚ ʮʝʣʦʤ, 
ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ [2ï4] ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʥʘʜʸʞʥʳʭ ʦʙʦʩʥʦʚʘʥʠʡ ʧʨʦʛʥʦʟʘ ʠ ʧʦʠʩʢʦʚ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋɺ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ. 
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ɾʀɺɽʊʉʂʆɻʆ ʗʈʋʉɸ ʅɸ ʉɽɺɽʈʆ-ʊɸʊɸʈʉʂʆʄ ʉɺʆɼɽ 

ʈɽʉʇʋɹʃʀʂʀ ʊɸʊɸʈʉʊɸʅ 
 

ʀ.ʇ. ɿʠʥʘʪʫʣʣʠʥʘ, ʈ.ɼ. ʇʝʪʨʦʚʘ 
 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
 

ɺ ʊʘʪʘʨʩʪʘʥʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʦʝ 
ʙʫʨʝʥʠʝ ʥʘ ʞʠʚʝʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʧʦʢʘʟʘʣʠ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʳʭ 
ʛʦʨʠʟʦʥʪʦʚ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ, ʥʠʟʢʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʩʪʦʚ-
ʢʦʣʣʝʢʪʦʨʦʚ. 

ɻʣʫʙʦʢʠʤʠ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ʉʝʚʝʨʦ-ʊʘʪʘʨʩʢʦʤ ʩʚʦʜʝ (ʉʊʉ) ʚʩʢʨʳʪʳ 
ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ɺʝʩʴ ʠʤʝʶʱʠʡʩʷ 
ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʮʝʣʦʩʪʥʫʶ ʢʘʨʪʠʥʫ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 
ʩʪʨʦʝʥʠʷ ʉʝʚʝʨʦ-ʊʘʪʘʨʩʢʦʛʦ ʩʚʦʜʘ ʠ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ 
ʵʪʠʭ ʧʦʨʦʜ. ʆʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʷʚʣʷʣʩʷ ʂʫʢʤʦʨʩʢʠʡ ʙʣʦʢ, ʪʝʨʨʠʪʦʨʠʷ ʢʦʪʦʨʦʛʦ ʚ 
ʨʝʛʠʦʥʘʣʴʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʉʊʉ ʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʠʶ ʛʣʫʙʠʥʥʳʭ ʟʦʥ [3]. ʇʦ 
ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʤ-ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʧʣʘʥʘʤ ʵʪʘ ʪʝʨʨʠʪʦʨʠʷ ʉʊʉ 
ʦʩʣʦʞʥʝʥʘ ʚʥʫʪʨʠʬʦʨʤʘʮʠʦʥʥʳʤʠ ʄʦʞʛʠʥʩʢʠʤ ʠ ʅʠʞʥʝʢʘʤʩʢʠʤ ʧʨʦʛʠʙʘʤʠ ʂʘʤʩʢʦ-
ʂʠʥʝʣʴʩʢʦʡ ʩʠʩʪʝʤʳ. ʉʣʦʞʥʦʩʪʴ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 
ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ ʚʦ ʤʥʦʛʦʤ ʧʨʝʜʦʧʨʝʜʝʣʠʣʘ ʦʩʥʦʚʥʳʝ ʯʝʨʪʳ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 
ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ, ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ, ʣʠʪʦʬʘʮʠʘʣʴʥʦʛʦ, 
ʛʝʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦʨʦʜ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 
ʬʫʥʜʘʤʝʥʪʘ ʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʝʚʝʨʦ-ʊʘʪʘʨʩʢʦʛʦ 
ʙʘʩʩʝʡʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ɸʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ ʧʦ ʩʢʚʘʞʠʥʝ 667 ʇʨʠʚʷʪʩʢʦʡ ʧʣʦʱʘʜʠ ʂʘʙʳʢ-ʂʫʧʝʨʩʢʦʛʦ 
ʨʘʡʦʥʘ ʧʦʟʚʦʣʠʣ ʚʥʝʩʪʠ ʫʪʦʯʥʝʥʠʷ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʪʝʨʨʠʛʝʥʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ʥʘ ʩʝʚʝʨʥʦʤ ʢʫʧʦʣʝ ʊʘʪʘʨʩʢʦʛʦ ʩʚʦʜʘ. ʉʢʚʘʞʠʥʦʡ ʚʩʢʨʳʪʳ ʧʦʨʦʜʳ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʤʦʱʥʦʩʪʴʶ 12,0 ʤ, ʥʘʜ ʢʦʪʦʨʳʤʠ ʟʘʣʝʛʘʶʪ ʧʦʨʦʜʳ 
ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʞʠʚʝʪʩʢʦʛʦ ʷʨʫʩʘ ʘʨʜʘʪʦʚʩʢʦʛʦ ʠ ʚʦʨʦʙʴʝʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʠ 
ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ ʩʘʨʛʘʝʚʩʢʦʛʦ, ʢʳʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ. ʅʝʬʪʝʧʨʦʷʚʣʝʥʠʷ ʚʳʷʚʣʝʥʳ 
ʚ ʘʨʜʘʪʦʚʩʢʦʤ ʛʦʨʠʟʦʥʪʝ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʪʝʨʨʠʛʝʥʥʦʛʦ ʜʝʚʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʩʦʢʨʘʱʝʥʥʳʤ ʧʦ ʤʦʱʥʦʩʪʠ ʨʘʟʨʝʟʦʤ, ʥʦ ʚ ʨʘʟʨʝʟʝ ʤʥʦʛʠʭ ʩʢʚʘʞʠʥ, ʯʝʪʢʦ 
ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ, ʨʘʥʝʝ ʥʝ ʚʳʜʝʣʷʝʤʳʝ ʚ ʵʪʦʡ ʯʘʩʪʠ ʉʊʉ, ʦʪʣʦʞʝʥʠʷ ʵʡʬʝʣʴʩʢʦʛʦ 
ʷʨʫʩʘ. ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʠʟ ʩʢʚʘʞʠʥʳ, ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʩʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʛʦ 
ʘʥʘʣʠʟʘ, ʠʟ ʢʳʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʝʛʦ ʨʝʧʝʨʥʦʡ ʧʘʯʢʠ, ʧʦʜʪʚʝʨʜʠʣʠ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʭ ʢ ʢʳʥʦʚʩʢʦʤʫ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ. ɺ ʣʠʪʝʨʘʪʫʨʝ [1] 
ʦʪʤʝʯʝʥʦ, ʯʪʦ çʚ ʩʚʷʟʠ ʩ ʥʘʨʫʰʝʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷè 
ʥʘ ʧʣʦʱʘʜʷʭ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʉʊʉ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʩʘʨʛʘʝʚʩʢʦʛʦ 
ʛʦʨʠʟʦʥʪʘ ʜʦ 9,0 - 4,0 ʤ. 

ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ:  
1. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʢʚʘʞʠʥ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʩʘʨʛʘʝʚʩʢʠʤ ʠ ʢʳʥʦʚʩʢʠʤ 

ʛʦʨʠʟʦʥʪʘʤʠ ʥʘ ʢʘʨʦʪʘʞʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʯʝʪʢʦ ʦʪʙʠʚʘʝʪʩʷ ʧʦ ʧʦʜʦʰʚʝ ʧʘʯʢʠ 
ʠʟʚʝʩʪʥʷʢʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʚʳʰʝ ʧʦʜʦʰʚʳ ʨʝʧʝʨʘ çʘʷʢʩʳè. ɺ ʩʢʚʘʞʠʥʘʭ, ʛʜʝ ʵʪʠ 
ʧʨʦʩʣʦʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʥʘ ʢʘʨʦʪʘʞʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʩʣʠʚʘʶʪʩʷ ʩ ʨʝʧʝʨʦʤ 
çʘʷʢʩʳè, ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʩʘʨʛʘʝʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʝʨʭʥʶʶ - 
ʢʳʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ  ʤʳ ʦʪʙʠʚʘʝʤ ʧʦ ʩʤʝʥʝ ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

2. ʇʨʠʟʥʘʢʠ ʥʝʩʦʛʣʘʩʥʦʛʦ, ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʛʦ ʥʘʣʝʛʘʥʠʷ ʢʳʥʦʚʩʢʠʭ ʩʣʦʝʚ ʥʘ 
ʥʠʞʝʣʝʞʘʱʠʝ ʚʝʨʭʥʝ-ʞʠʚʝʪʩʢʠʝ ʠ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʥʘ 
ʢʨʘʡʥʝʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʈʊ [4]. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʢʳʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦ 
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ʧʦʜʦʰʚʝ çʚʝʨʭʥʝʛʦ ʠʟʚʝʩʪʥʷʢʘè. ɺʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʦʪʙʠʚʘʝʪʩʷ ʧʦ ʧʦʜʦʰʚʝ ʧʘʯʢʠ 
ʠʟʚʝʩʪʥʷʢʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʧʦʜʦʰʚʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʧʝʨʘ çʘʷʢʩʳè. 

3. ʂʳʥʦʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚ ʨʘʡʦʥʝ ʂʘʙʳʢ-ʂʫʧʝʨʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʨʘʟʚʠʪʳ 
ʧʦʚʩʝʤʝʩʪʥʦ, ʥʦ ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʦʝ ʢʦʣʝʙʘʥʠʝ ʪʦʣʱʠʥ ʦʪ 3 ʜʦ 15-25 ʤ. ɺ ʩʢʚʘʞʠʥʝ 
667 ʢʳʥʦʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚʩʢʨʳʪʳ ʪʦʣʱʠʥʦʡ 6,5 ʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 
ʤʘʢʨʦʬʘʫʥʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. ʀʟʚʝʩʪʥʷʢʠ ʠ ʘʨʛʠʣʣʠʪʳ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ 
ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʳʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʧʦʨʦʜ ʢʳʥʦʚʩʢʦʛʦ 
ʚʦʟʨʘʩʪʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʚʝʨʭʥʷʷ ʩ ʨʘʟʤʳʚʦʤ ʟʘʣʝʛʘʝʪ ʥʘ ʧʦʨʦʜʘʭ ʘʨʜʘʪʦʚʩʢʦʛʦ 
ʛʦʨʠʟʦʥʪʘ. ɸ ʚʦʪ ʚ ʩʢʚʘʞʠʥʘʭ 40, 98, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʪʦʤ ʞʝ ʨʘʡʦʥʝ ʢʳʥʦʚʩʢʠʝ 
ʦʪʣʦʞʝʥʠʷ ʩʦʢʨʘʱʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʨʘʟʤʳʚʦʤ ʟʘʣʝʛʘʶʪ ʥʘ ʧʦʨʦʜʘʭ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ɺ ʩʢʚ. 667, ʢʳʥʦʚʩʢʠʝ ʧʦʨʦʜʳ ʧʦʜʩʪʠʣʘʶʪ ʧʨʦʩʣʦʡ 
ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʛʦ ʧʝʩʯʘʥʠʢʘ ʘʨʜʘʪʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʪʦʣʱʠʥʦʡ 1,7 ʤ 
ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ, ʧʣʦʪʥʦʛʦ ʟʘ ʩʯʝʪ ʦʢʚʘʨʮʝʚʘʥʠʷ ʚʳʜʝʣʝʥʠʡ ʢʘʣʴʮʠʪʦʚʳʭ ʙʣʷʰʝʢ, 
ʞʝʣʚʘʢʦʚ ʧʠʨʠʪʘ. ɺ ʠʟʫʯʘʝʤʦʡ ʩʢʚʘʞʠʥʝ ʪʘʢʞʝ ʚʩʢʨʳʪʘ ʧʘʯʢʘ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʷʨʢʦ-
ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ, ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʠ ʦʦʣʠʪʦʚʳʭ ʩʠʜʝʨʠʪʦ-
ʰʘʤʦʟʠʪʦʚʳʭ ʨʫʜ. ʂʝʨʥ ʨʘʟʙʠʪ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʡ ʧʦʜ ʫʛʣʦʤ 600, ʥʘ ʩʢʦʣʝ 
ʧʦʨʦʜʳ ʚʳʜʝʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʭʣʦʨʠʪʠʟʘʮʠʠ ʠ ʚʢʨʘʧʣʝʥʠʷ ʢʘʣʠʝʚʦ-ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. 
ɼʘʥʥʘʷ ʧʘʯʢʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʨʝʧʝʨʥʦʡ ʧʘʯʢʠ çʬʦʥʘʨʠʢè ʚʩʪʨʝʯʘʝʤʦʛʦ ʥʘ ʖʞʥʦ-
ʊʘʪʘʨʩʢʦʤ ʩʚʦʜʝ [2]. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʤʦʨʩʢʠʭ ʞʝʣʝʟʠʩʪʳʭ ʨʫʜ 
ʧʨʠʫʨʦʯʝʥʦ ʣʠʙʦ ʢ ʥʘʯʘʣʫ ʢʨʫʧʥʳʭ ʠ ʜʣʠʪʝʣʴʥʳʭ ʚʦʣʥ ʧʦʛʨʫʞʝʥʠʡ, ʢ ʵʧʦʭʘʤ 
ʪʨʘʥʩʛʨʝʩʩʠʡ, ʣʠʙʦ ʢ ʢʦʥʮʫ, ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʧʘʯʢʘ ʧʦʨʦʜ, ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ʢʨʦʚʝʣʴʥʦʡ 
ʯʘʩʪʠ ʚʦʨʦʙʴʝʚʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʨʘʟʜʝʣʦʤ ʤʝʞʜʫ ʚʦʨʦʙʴʝʚʩʢʠʤ ʠ 
ʘʨʜʘʪʦʚʩʢʠʤ ʛʦʨʠʟʦʥʪʘʤʠ. ʇʝʩʯʘʥʠʢʠ ʚʦʨʦʙʴʝʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ 
ʩʢʚʘʞʠʥʝ 165 ʇʨʠʚʷʪʩʢʦʡ ʧʣʦʱʘʜʠ. ɺ ʧʦʜʦʰʚʝ ʝʛʦ ʟʘʣʝʛʘʶʪ ʛʘʣʝʯʥʦ-ʛʨʘʚʠʡʥʳʝ 
ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʩʤʝʥʷʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʟʝʨʥʠʩʪʳʤʠ 
ʧʝʩʯʘʥʠʢʘʤʠ ʦʯʝʥʴ ʩʚʝʪʣʳʤʠ ʥʝʩʣʦʠʩʪʳʤʠ. ʆʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʣʘʛʘʶʱʠʡ 
ʧʦʨʦʜʫ, ʥʝ ʦʪʩʦʨʪʠʨʦʚʘʥ. ɺ ʩʦʩʪʘʚʝ ʦʙʣʦʤʢʦʚ ʚ ʦʩʥʦʚʥʦʤ ʢʚʘʨʮ, ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ 
ʪʫʨʤʘʣʠʥʘ, ʢʚʘʨʮʠʪʘ, ʮʠʨʢʦʥʘ, ʤʥʦʛʦ ʯʝʰʫʝʢ ʤʫʩʢʦʚʠʪʘ, ʨʝʞʝ ʙʠʦʪʠʪʘ, ʧʦʣʝʚʳʝ 
ʰʧʘʪʳ. ʅʘ ʧʝʩʯʘʥʠʢʘʭ ʟʘʣʝʛʘʶʪ ʘʣʝʚʨʦʣʠʪʳ ʞʝʣʪʦʚʘʪʦ-ʩʚʝʪʣʦ-ʩʝʨʳʝ ʠ ʟʝʣʝʥʦʚʘʪʦ-
ʩʝʨʳʝ, ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʧʝʩʯʘʥʳʝ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʛʣʠʥʠʩʪʳʝ, ʧʣʦʪʥʳʝ, 
ʥʝʷʩʥʦʩʣʦʠʩʪʳʝ. ʕʪʘ ʧʘʯʢʘ ʘʣʝʚʨʦʣʠʪʦʚ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʥʠʞʥʝʡ ʚʦʨʦʙʴʝʚʩʢʦʡ 
ʧʝʩʯʘʥʦʡ ʧʘʯʢʠ ɼIVʙ. ɺʦʨʦʙʴʝʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʟʘʣʝʛʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʢʨʦ-ʠ-ʤʘʢʨʦʬʘʫʥʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜ ʧʦʟʚʦʣʠʣʠ ʙʦʣʝʝ 
ʜʝʪʘʣʴʥʦ ʠ ʥʝʩʢʦʣʴʢʦ ʧʦ ʠʥʦʤʫ, ʯʝʤ ʨʘʥʝʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʪʴ ʦʩʘʜʢʠ ʪʝʨʨʠʛʝʥʥʦʛʦ 
ʜʝʚʦʥʘ ʚ ʨʘʡʦʥʝ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʊʘʪʘʨʩʪʘʥʘ.  
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ʂʆʅʊʀʅɽʅʊɸʃʔʅɸʗ ʆʂʈɸʀʅɸ ɺʆʉʊʆʏʅʆʁ ɸʈʂʊʀʂʀ: ʄɽʃʆɺʓɽ  
ʀ ʂɸʁʅʆɿʆʁʉʂʀɽ ʂʃʀʅʆʌʆʈʄʅʓɽ ʉʀʉʊɽʄʓ  
ʀ ʇɸʃɽʆɻɽʆɻʈɸʌʀʏɽʉʂʀɽ ʈɽʂʆʅʉʊʈʋʂʎʀʀ 

 
ɺ.ʅ. ɿʠʥʯʝʥʢʦ, ʃ.ɸ. ɼʘʨʘʛʘʥ-ʉʫʱʦʚʘ 

 
ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʇ. ʂʘʨʧʠʥʩʢʦʛʦ (ɺʉɽɻɽʀ), 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 
 

ɼʘʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʢʘʨʢʘʩʘ ʠʟ ʙʦʣʝʝ ʯʝʤ 20-ʪʠ 
ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʨʦʬʠʣʝʡ ʄʆɺ ʆɻʊ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʩ 
ʜʘʥʥʳʤʠ ʧʦ ʟʦʥʜʘʤ, ʦʭʚʘʪʳʚʘʶʱʠʭ ʰʝʣʴʬ, ʘ ʪʘʢʞʝ ʯʘʩʪʴ ʘʢʚʘʪʦʨʠʠ ʚ ʦʙʣʘʩʪʠ 
ʧʦʜʥʷʪʠʡ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʥʠʤʠ ʛʣʫʙʦʢʦ ʧʦʛʨʫʞʝʥʥʳʭ ʚʧʘʜʠʥ ʠ ʢʦʪʣʦʚʠʥ: 13 
ʧʨʦʬʠʣʝʡ ï ʜʣʠʥʘ ʢʦʩʳ 4,0 ʢʤ; ʧʨʦʬʠʣʠ ʥʘ ʰʝʣʴʬʘʭ ʠ ʧʨ. ɸ7 ï 8,0 ʢʤ; ʦʩʪʘʣʴʥʳʝ ï 
0,6 ʢʤ. ɺʩʝ ʦʥʠ ʧʨʦʰʣʠ ʩʪʘʥʜʘʨʪʥʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʛʨʘʬ ʦʙʨʘʙʦʪʢʠ.  

ʄʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʦʧʦʨʥʳʭ 
ʩʝʡʩʤʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʦʚ (ʆɻ) ʠ ʢʚʘʟʠʩʠʥʭʨʦʥʥʳʭ ʩʝʡʩʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 
ʢʦʤʧʣʝʢʩʦʚ (ʂʉʉʂ) ʠ ʠʭ ʚʦʟʨʘʩʪʥʘʷ ʧʨʠʚʷʟʢʘ ʦʙʦʩʥʦʚʘʥʘ ʨʘʥʝʝ ʚ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ 
ʢʘʢ ʥʘʤʠ, ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ɺʅʀʀʆʢʝʘʥʛʝʦʣʦʛʠʷ, ʄɸɻʕ, ɼʄʅɻ, çʈʦʩʥʝʬʪʴè [2-
4, 6] ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʩʪʨʦʝʥʠʡ ʨʷʜʘ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1, 5]. 
ʂʣʠʥʦʬʦʨʤʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʥʝʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʧʦʤʠʥʘʣʠʩʴ [2-5, 7] ʠ ʯʘʩʪʠʯʥʦ 
ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ [5] ʚ ʧʫʙʣʠʢʘʮʠʷʭ. ʅʘʤʠ ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʫʛʣʫʙʣʝʥʥʦʝ ʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʝ; ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʣʦʞʝʥʳ ʥʠʞʝ. 

ɺ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʨʝʛʠʦʥʘ ʥʘʤʠ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʥʳʭ 
ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʢʣʠʥʦʬʦʨʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʝʢʚʝʥʮʠʡ), ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʚʦ 
ʚʨʝʤʝʥʠ: ʘʧʪʩʢʦ-ʧʦʟʜʥʝʤʝʣʦʚʦʡ ï ʦʪʚʝʯʘʶʱʠʡ ʂʉʉʂ ʤʝʞʜʫ ʆɻ BU ʠ pCU; ʦʣʠʛʦʮʝʥ-
ʨʘʥʥʝʤʠʦʮʝʥʦʚʳʡ (UB ï RU); ʧʦʟʜʥʝʤʠʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʡ (RU ï ʜʥʦ). 

ʂʣʠʥʦʬʦʨʤʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʂʉʉʂ ʨʘʟʚʠʪʳ ʧʦ ʶʞʥʦʡ ʧʝʨʠʬʝʨʠʠ 
ɸʤʝʨʘʟʠʡʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʀʭ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʵʪʘʧ ʥʘʢʦʧʣʝʥʠʷ 
ʚʝʨʭʥʝʶʨʩʢʦ-ʥʝʦʢʦʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʂʉʉʂ JU ï LCU ʠ LCU ï BU) ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʪʠʧʘ 
ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʦʨʷ ï ʦʪ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʜʦ ʛʣʫʙʦʢʦʛʦ ʰʝʣʴʬʘ (ʙʦʣʝʝ 200 
ʤ). ɺ ʘʧʪʝ, ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛʣʫʙʦʢʦʡ ʂʘʥʘʜʩʢʦʡ ʢʦʪʣʦʚʠʥʳ [7], ʧʨʦʠʟʦʰʣʦ 
ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʝʛʠʦʥʘʣʴʥʦʝ ʧʦʛʨʫʞʝʥʠʝ (çʦʙʨʫʰʝʥʠʝè) ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʥʝʡ ʩ 
ʟʘʧʘʜʘ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʡ ʩʫʰʝ ʝʤʫ ʦʪʚʝʯʘʝʪ ʧʠʢ ʦʨʦʛʝʥʥʳʭ ʜʚʠʞʝʥʠʡ ʚ 
ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ ʠ ʅʦʚʦʩʠʙʠʨʩʢʦ-ʏʫʢʦʪʩʢʦʡ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʷʭ (120-130 ʤʣʥ 
ʣʝʪ), ʘ ʪʘʢʞʝ ʦʤʦʣʦʞʝʥʠʝ ʨʝʣʴʝʬʘ ʚ ʩʢʣʘʜʯʘʪʦʤ ʦʙʨʘʤʣʝʥʠʠ ʶʛʘ ʉʠʙʠʨʩʢʦʡ 
ʧʣʘʪʬʦʨʤʳ. ʉ ʵʪʠʭ ʚʳʩʦʢʠʭ ʦʨʦʛʝʥʦʚ ʥʘʯʘʣʩʷ ʩʥʦʩ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʦʚʘʣ ʢʠʣʦʤʝʪʨʦʚʳʝ ʪʦʣʱʠ ʧʝʩʯʘʥʦ-
ʘʣʝʚʨʠʪʦʚʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʣʠʬʘʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʘʨʢʪʠʯʝʩʢʠʭ ʧʨʠʙʨʝʞʥʳʭ 
ʨʘʚʥʠʥʘʭ, ʥʘ ʰʝʣʴʬʘʭ, ʠʭ ʩʢʣʦʥʘʭ ʠ ʚ ʧʦʜʥʦʞʠʠ; ʤʘʣʦʤʦʱʥʳʤʠ ʰʣʝʡʬʘʤʠ ʵʪʦʪ 
ʤʘʪʝʨʠʘʣ ʧʨʦʥʠʢʘʣ ʚ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʘʢʚʘʪʦʨʠʠ.  

ʂʣʠʥʦʬʦʨʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʂʉʉʂ BU ï pCU ʤʦʱʥʦʩʪʴʶ ʜʦ 7-7,5 ʢʤ ʰʠʨʦʢʦ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʉʝʚʝʨʦ-ʏʫʢʦʪʩʢʦʤ ʧʨʦʛʠʙʝ [2, 3, 5], ʛʜʝ ʦʥʠ ʭʦʨʦʰʦ ʨʘʩʧʦʟʥʘʶʪʩʷ ʥʘ 
ʨʷʜʝ ʧʨʦʬʠʣʝʡ (ES10z22_m, ES10z23_m, AR1401, Arʩ 2012_01 ʠ 03). ɼʦʩʪʘʪʦʯʥʦ 
ʥʘʜʝʞʥʦ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ ʩʝʡʩʤʦʬʘʮʠʠ ʰʝʣʴʬʘ, ʢʣʠʥʦʬʦʨʤʳ ʩʢʣʦʥʘ, ʫʜʘʣʝʥʥʳʭ ʦʪ 
ʰʝʣʴʬʘ ʟʦʥ, ʨʝʞʝ ï ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ (ʬʵʥʦʚ) ʧʦʜʥʦʞʴʷ. ɺʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ 
ʜʘʥʥʦʛʦ ʂʉʉʂ ʧʨʝʜʩʪʘʚʣʷʶʪ 11 ʢʨʫʧʥʳʭ ʩʝʢʚʝʥʮʠʡ ʢʣʠʥʦʬʦʨʤʥʦʛʦ ʩʪʨʦʝʥʠʷ, 7 ʠʟ 
ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪ ʥʠʞʥʝʤʝʣʦʚʫʶ, ʘ 4 ï ʚʝʨʭʥʝʤʝʣʦʚʫʶ ʪʦʣʱʠ. ʅʘʙʣʶʜʘʝʪʩʷ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʨʦʛʨʘʜʘʮʠʷ ʢʣʠʥʦʬʦʨʤ ʦʪ ʶʞʥʦʛʦ ʙʦʨʪʘ ʧʨʦʛʠʙʘ, ʛʜʝ ʪʦʛʜʘ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʭʦʜʠʣʩʷ ʚʥʝʰʥʠʡ ʢʨʘʡ ʰʝʣʴʬʘ, ʢ ʩʝʚʝʨʥʦʤʫ ï ʚ ʩʪʦʨʦʥʫ 
ʚʥʫʪʨʝʥʥʠʭ ʨʘʡʦʥʦʚ ɸʤʝʨʘʟʠʡʩʢʦʛʦ ʦʪʢʨʳʪʦʛʦ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ: ʢ ʢʦʥʮʫ ʨʘʥʥʝʛʦ 
ʤʝʣʘ ʰʝʣʴʬ ʥʘʭʦʜʠʣʩʷ ʥʘ 250 ʢʤ ʩʝʚʝʨʥʝʝ ʝʛʦ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʘ ʚ 
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ʧʦʟʜʥʝʤʝʣʦʚʦʝ ʚʨʝʤʷ ʰʝʣʴʬ ʧʨʦʜʚʠʥʫʣʩʷ ʤʘʢʩʠʤʫʤ ʥʘ 50-60 ʢʤ. ɻʣʫʙʠʥʫ ʤʦʨʷ ʟʘ 
ʧʨʝʜʝʣʘʤʠ ʰʝʣʴʬʘ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʪʴ ʧʦ ʚʳʩʦʪʝ ʢʣʠʥʦʬʦʨʤ ï ʨʘʟʥʠʮʝ 
ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʪʤʝʪʦʢ ʝʛʦ ʙʨʦʚʢʠ ʠ ʧʦʜʥʦʞʠʷ ʩʢʣʦʥʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚ ʥʘʯʘʣʝ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʉʉʂ BU ï pCU (1-ʷ ï 3-ʷ ʩʝʢʚʝʥʮʠʠ) ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʣ 
ʦʢʦʣʦ 1000 ʤ, ʟʘʪʝʤ ʫʚʝʣʠʯʠʣʩʷ ʜʦ 1500 ʤ, ʦʜʥʘʢʦ ʚ ʬʠʥʘʣʝ ʩʦʢʨʘʪʠʣʩʷ ʜʦ 800-900ʤ 
ʟʘ ʩʯʝʪ ʤʘʩʰʪʘʙʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 7-ʡ ʩʝʢʚʝʥʮʠʠ ʠ 
ʧʨʠʤʝʨʥʦ ʪʘʢʠʤ ʞʝ ʦʩʪʘʚʘʣʩʷ ʜʦ ʢʦʥʮʘ ʤʝʣʦʚʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʢʨʳʪʳʭ 
ʘʢʚʘʪʦʨʠʡ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʣʠ ʧʝʣʘʛʠʯʝʩʢʠʝ ʠ ʢʦʥʪʫʨʠʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʦʩʣʝʜʥʠʝ 
ʮʠʬʨʳ ʜʦʣʞʥʳ, ʚʝʨʦʷʪʥʦ, ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʧʨʝʚʳʰʘʪʴ, ʚ ʩʨʝʜʥʝʤ, 1000-1100 ʤ; 
ʜʘʥʥʳʝ ʦʙʣʘʩʪʠ ʠ ʚ ʢʘʡʥʦʟʦʝ ʦʩʪʘʚʘʣʠʩʴ ʛʣʫʙʦʢʠʤʠ ʤʦʨʩʢʠʤʠ ʚʧʘʜʠʥʘʤʠ 
ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʜʦʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤʠ ʦʩʘʜʢʘʤʠ. ʇʨʦʩʣʝʞʠʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ 
ʢʣʠʥʦʬʦʨʤʥʳʭ ʩʝʢʚʝʥʮʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʜʥʷʪʠʷ ʄʝʥʜʝʣʝʝʚʘ ʠ ʏʫʢʦʪʩʢʦʝ, ʭʦʪʷ ʠ 
ʙʳʣʠ ʚʳʨʘʞʝʥʳ ʚ ʨʝʣʴʝʬʝ, ʥʦ ʪʘʢʞʝ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʘʤʧʣʠʪʫʜʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʦʭʚʘʪʠʣ ʦʛʨʦʤʥʳʝ ʪʝʨʨʠʪʦʨʠʠ 
ʘʨʢʪʠʯʝʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʠʣʦʩʴ: ʨʝʛʠʦʥʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ 
ʢʣʠʥʦʬʦʨʤʥʳʭ ʩʠʩʪʝʤ ʚ ʩʦʩʪʘʚʝ ʂʉʉʂ UB ï RU, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʘ 
ʃʘʧʪʝʚʦʤʦʨʩʢʠʡ ï ɽʚʨʘʟʠʡʩʢʠʡ ʙʘʩʩʝʡʥʳ; ʨʝʟʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʙʨʦʚʢʠ ʰʝʣʴʬʘ ʚ 
ʉʝʚʝʨʦ-ʏʫʢʦʪʩʢʦʤ ʙʘʩʩʝʡʥʝ ʢ ʶʛʫ (ʨʝʪʨʦʛʨʘʜʘʮʠʷ), ʛʜʝ ʦʥʘ ʟʘʥʷʣʘ ʧʨʠʤʝʨʥʦ ʪʦ ʞʝ 
ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʠ ʚ ʘʧʪʝ. ɼʣʷ ʦʙʣʘʩʪʝʡ ʩʥʦʩʘ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʥʘ ʬʘʟʘ 
ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʷ (ɹ.ɺ. ʠ ɺ.ɺ. ʉʧʝʢʪʦʨ, 2008 ʛ.), ʯʪʦ ʧʨʠʚʝʣʦ ʥʘ ʧʘʣʝʦʩʫʰʝ ʢ 
ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚ ʨʘʟʨʝʟʘʭ ʜʦʣʠ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɸʥʘʣʠʟ ʩʝʡʩʤʠʯʝʩʢʠʭ 
ʚʦʣʥʦʚʳʭ ʧʦʣʝʡ ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʠ ʧʨʦʩʣʝʜʠʪʴ ʰʝʩʪʴ ʩʝʢʚʝʥʮʠʡ ʢʣʠʥʦʬʦʨʤʥʦʛʦ 
ʩʪʨʦʝʥʠʷ, ʢʦʪʦʨʳʝ, ʢʘʢ ʠ ʚ ʤʝʣʦʚʦʤ ʤʝʛʘʢʦʤʧʣʝʢʩʝ, ʧʨʦʜʚʠʛʘʣʠʩʴ ʚʦ ʚʨʝʤʝʥʠ ʚ 
ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ; ʚʝʣʠʯʠʥʘ ʧʨʦʛʨʘʜʘʮʠʠ ʩʦʩʪʘʚʠʣʘ 60-85 ʢʤ ʠʣʠ 3,5-4,0 ʤ/ʪʳʩ 
ʣʝʪ (ʜʣʷ ʩʨʘʚʥʝʥʠʷ: ʚ ʘʧʪ-ʘʣʴʙʩʢʦʝ ʚʨʝʤʷ ï 10-12 ʤ/ʪʳʩ ʣʝʪ, ʚ ʧʦʟʜʥʝʤʝʣʦʚʦʝ ï 2,0-
2,5 ʤ/ʪʳʩ ʣʝʪ). ɹʣʠʟ ʛʨʘʥʠʮʳ ʚʥʝʰʥʝʛʦ ʰʝʣʴʬʘ ʢ ʢʦʥʮʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʉʉʂ 
ʛʣʫʙʠʥʳ ʘʢʚʘʪʦʨʠʠ ʩʦʩʪʘʚʣʷʣʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ ʙʦʣʝʝ 900-1000 ʤ; ʥʝʩʢʦʣʴʢʦ 
ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʨʝʢʦʥʩʪʨʫʠʨʫʶʪʩʷ ʜʣʷ ʎʝʥʪʨʘʣʴʥʦ-ɸʨʢʪʠʯʝʩʢʠʭ ʧʦʜʥʷʪʠʡ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʉʉʂ RU ï ʜʥʦ ʠʤʝʣʦ ʤʝʩʪʦ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ 
ʫʨʦʚʥʷ ʤʦʨʷ ʙʦʣʴʰʦʡ ʘʤʧʣʠʪʫʜʳ (ʚʝʨʦʷʪʥʦ, ʙʦʣʝʝ 200 ʤ) ʩ ʧʦʣʥʳʤ ʦʩʫʰʝʥʠʝʤ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʰʝʣʴʬʘ, ʘ ʟʘʪʝʤ ʩʪʦʣʴ ʞʝ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʧʦʛʨʫʞʝʥʠʝ 
ʨʝʛʠʦʥʘ ʧʦʜ ʫʨʦʚʝʥʴ ʤʦʨʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʰʝʣʴʬʘʭ ʩʦʭʨʘʥʠʣʠʩʴ ʦʩʪʘʪʢʠ ʥʝ 
ʚʳʨʦʚʥʝʥʥʦʛʦ ʵʨʦʟʠʦʥʥʦʛʦ ʨʝʣʴʝʬʘ ʆɻ RU. ʅʘʯʘʣʦ ʵʪʦʛʦ ʵʪʘʧʘ ʧʦʛʨʫʞʝʥʠʷ 
ʬʠʢʩʠʨʫʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝʤ ʢʨʘʷ ʧʘʣʝʦʰʝʣʴʬʘ ʚ ʩʪʦʨʦʥʫ ʩʫʰʠ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʧʦʜʩʪʠʣʘʶʱʝʡ ʢʣʠʥʦʬʦʨʤʥʦʡ ʩʝʢʚʝʥʮʠʠ, ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 10-15 ʜʦ 30 ʢʤ. ɺ ʜʘʥʥʦʤ 
ʂʉʉʂ ʚʳʜʝʣʝʥʦ ʠ ʧʨʦʩʣʝʞʝʥʦ 5 ʢʣʠʥʦʬʦʨʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʡ ʠʟ 
ʥʠʭ, ʧʦʩʣʝʜʥʠʡ, ʚʝʨʦʷʪʥʦ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʡ, ʢʦʨʨʝʣʠʨʫʝʪʩʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩ 
ʧʦʩʣʝʜʥʠʤʠ, ʩʘʤʳʤʠ ʟʥʘʯʠʤʳʤʠ ʧʦ ʘʤʧʣʠʪʫʜʝ ʬʘʟʘʤʠ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʷ. ʂʘʢ ʠ ʚ 
ʥʠʞʝʣʝʞʘʱʠʭ ʩʝʡʩʤʦʢʦʤʧʣʝʢʩʘʭ, ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʜʚʠʞʝʥʠʝ ʢʣʠʥʦʬʦʨʤ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʦʪʢʨʳʪʦʡ ʘʢʚʘʪʦʨʠʠ, ʢʦʪʦʨʦʝ ʥʘ ʨʘʟʥʳʭ ʫʯʘʩʪʢʘʭ ʩʦʩʪʘʚʠʣʦ ʦʪ 15-20 ʜʦ 
60 ʢʤ (1,5-4,0 ʤ/ʪʳʩ ʣʝʪ). 

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʚʳʪʝʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ: 
ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ɸʨʢʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘʯʘʣʦʩʴ, ʚʝʨʦʷʪʥʦ, ʩ 

ʂʘʥʘʜʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ʚ ʜʦʘʧʪʩʢʦʝ ʚʨʝʤʷ); ʚ ʘʧʪʩʢʦ-ʧʦʟʜʥʝʤʝʣʦʚʦʝ ʚʨʝʤʷ ʚ ʨʝʟʢʦʝ 
ʦʧʫʩʢʘʥʠʝ ʙʳʣʠ ʚʦʚʣʝʯʝʥʳ ʘʢʚʘʪʦʨʠʠ ʚʧʣʦʪʴ ʜʦ ʧʦʜʥʷʪʠʷ ɻʝʦʬʠʟʠʢʦʚ ʠ ʭʨ. 
ʃʦʤʦʥʦʩʦʚʘ, ʘ ʚ ʧʦʟʜʥʝʤ ʧʘʣʝʦʛʝʥʝ ʧʝʨʚʳʡ ʠʤʧʫʣʴʩ ʟʘʤʝʪʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʜʥʘ ʤʦʨʷ 
ʠʩʧʳʪʘʣ ʠ ɽʚʨʘʟʠʡʩʢʠʡ ʙʘʩʩʝʡʥ. 

ï ɺʳʜʝʣʝʥʥʳʝ ʪʨʠ ʵʪʘʧʘ ʧʨʦʛʨʘʜʘʮʠʠ ʢʣʠʥʦʬʦʨʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʫʢʘʟʳʚʘʶʪ 
ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʠ ʧʨʝʨʳʚʠʩʪʦʝ ʚʦ ʚʨʝʤʝʥʠ ʧʦʛʨʫʞʝʥʠʝ ʨʝʛʠʦʥʘ, ʩʚʷʟʘʥʥʦʝ, 
ʚʝʨʦʷʪʥʦ, ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʪʝʢʪʦʥʦ-ʵʚʩʪʘʪʠʯʝʩʢʠʤʠ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ. 

ï ʉʦʚʨʝʤʝʥʥʘʷ ʙʣʦʢʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ɸʨʢʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ 
ʦʬʦʨʤʠʣʘʩʴ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʥʦʚʝʡʰʫʶ ʬʘʟʫ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʨʝʛʠʦʥʘ, 
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ʢʦʪʦʨʘʷ ʥʘʯʘʣʘʩʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ ʩʝʨʝʜʠʥʝ ʤʠʦʮʝʥʘ.  
ï ʐʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʢʣʠʥʦʬʦʨʤʥʳʭ ʘʧʪ-ʢʘʡʥʦʟʦʡʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 

ʠʟ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ ʨʝʛʠʦʥʘ ʩ ʧʦʟʠʮʠʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʩ 
ʪʘʢʠʤʠ ʦʙʲʝʢʪʘʤʠ ʯʘʩʪʦ ʩʚʷʟʘʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  
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ʆɹ ʀɿʄɽʅɽʅʀʗʍ ʂʀʄɹɽʈʃʀʊʆɺ ɺ ʉɺʗɿʀ ʉ ʇʈʆɹʃɽʄʆʁ 
ʆɹʈɸɿʆɺɸʅʀʗ ʈʆʉʉʓʇɽʁ ɸʃʄɸɿʆɺ 

 
ʅ.ʅ. ɿʠʥʯʫʢ 

 
ɿʘʧʘʜʥʦ-ʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ (ɿʗʅʎ) ɸʅ ʈʉ (ʗ), ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 

 

ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ, ʜʘʡʢʠ, ʞʠʣʳ ʠ ʩʠʣʣʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʥʳʝ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤʠ 
ʠ ʛʠʧʝʨʛʝʥʥʳʤʠ (ʚʝʨʭʥʠʝ ʯʘʩʪʠ) ʧʨʦʮʝʩʩʘʤʠ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ ʵʪʦʤ 
ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʚʪʦʨʠʯʥʳʤ ʤʠʥʝʨʘʣʘʤ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ 
ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʩʣʘʛʘʶʱʠʤʠ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʧʦʨʦʜ. ʈʝʘʣʴʥʳʡ 
ʦʙʣʠʢ ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʜʠʘʪʨʝʤʘʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʚʠʪʠʝʤ 
ʢʦʤʧʣʝʢʩʘ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚʦʟʥʠʢʰʠʭ ʧʦʩʣʝ ʢʦʥʩʦʣʠʜʘʮʠʠ ʧʦʨʦʜʳ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʵʥʜʦ- ʠ ʵʢʟʦʛʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʢʠʤʙʝʨʣʠʪʳ 
ʧʨʝʪʝʨʧʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʥʦʚʣʝʥʠʷ ʜʠʘʪʨʝʤ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʠʟʤʝʥʝʥʠʷ. ʀʭ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʫʙʦʢ ʠʤʝʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 
ʭʘʨʘʢʪʝʨ ʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʙʳʯʥʦ ʙʦʣʝʝ 
ʜʝʩʷʪʠ ʧʨʦʮʝʥʪʦʚ ʪʘʢʠʭ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜʳ ʩʣʦʞʝʥʘ ʢʘʨʙʦʥʘʪʘʤʠ (ʠʟ ʢʩʝʥʦʣʠʪʦʚ ʠ 
ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʤʠ), ʘ ʪʘʢʞʝ ʪʘʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʢʘʢ ʭʘʣʮʝʜʦʥ, ʙʨʫʩʠʪ ʠ ʜʨ., 
ʚʳʩʪʫʧʘʶʱʠʤʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ. ʕʪʠ ʤʠʥʝʨʘʣʳ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ 
ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ, ʭʣʦʨʠʪʠʟʘʮʠʠ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ï ʦʩʥʦʚʥʳʭ 
ʧʨʦʮʝʩʩʦʚ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ 
ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʢʘʞʜʦʡ ʜʠʘʪʨʝʤʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦ, ʯʪʦ ʚʳʟʚʘʥʦ ʨʘʟʣʠʯʠʷʤʠ ʧʨʦʮʝʩʩʦʚ 
ʧʨʠʚʥʦʩʘ-ʚʳʥʦʩʘ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʦʢʩʠʜʦʚ. ʆʪʤʝʯʝʥʥʘʷ 
ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʜʠʘʪʨʝʤʘʭ ʦʙʴʷʩʥʷʶʪʩʷ] 
ʩʧʝʮʠʬʠʢʦʡ ʧʩʝʚʜʦʤʦʨʬʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʤʠʥʝʨʘʣʦʚ. ɿʘʢʦʥʦʤʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 
ʦʙʳʯʥʦ ʩʚʷʟʘʥʳ ʩ ʚʳʚʝʪʨʠʚʘʥʠʝʤ ʠʣʠ ʚʣʠʷʥʠʝʤ ʥʘ ʩʦʩʪʘʚ ʢʠʤʙʝʨʣʠʪʦʚ ʚʤʝʱʘʶʱʠʭ 
ʜʠʘʪʨʝʤʫ ʧʦʨʦʜ. ʇʨʠ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʩʝʚʜʦʤʦʨʬʥʦʝ ʠ 
ʥʝʧʩʝʚʜʦʤʦʨʬʥʦʝ ʟʘʤʝʱʝʥʠʝ ʩʣʘʛʘʶʱʠʭ ʠʭ ʤʠʥʝʨʘʣʦʚ. ʧʨʠ ʧʦʚʪʦʨʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ 
ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ. ɺ ʢʠʤʙʝʨʣʠʪʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʪʘʢʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 
ʩʝʨʧʝʥʪʠʥʘ, ʢʘʢ ʣʠʟʘʨʜʠʪ ʠ ʭʨʠʟʦʪʠʣ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʚ ʨʘʟʥʳʭ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ      ɺ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜʘʭ ʬʣʦʛʦʧʠʪ ʦʪʥʦʩʠʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ 
ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʛʜʝ ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ 
ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʦʡ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʷʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʫʯʝʥʥʳʭ 
ʜʠʘʪʨʝʤ ʬʣʦʛʦʧʠʪ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʦʩʪʦʷʥʥʳʤ ʤʠʥʝʨʘʣʦʤ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ 
ʢʦʪʦʨʦʛʦ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʘ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʩʣʘʙʦʛʦ 
ʚʦʜʦʦʙʤʝʥʘ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʳ ʩ ʠʟʙʳʪʢʦʤ Mg2+.      ʍʘʨʘʢʪʝʨ ʠ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 
ʧʦʨʦʜ ʉʇ ʧʦʢʘʟʳʚʘʝʪ  ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʮʝʩʩʦʚ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʠ ʭʣʦʨʠʪʠʟʘʮʠʠ, ʥʦ 
ʥʝ ʨʘʩʢʨʳʚʘʶʪ ʚʩʝʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʧʝʥʪʠʥʦʚ ʠ 
ʬʣʦʛʦʧʠʪʦʚ. ʇʦʩʣʝʜʥʠʝ ʦʪʥʦʩʷʪʩʷ ʢ ʠʥʜʠʢʘʪʦʨʥʳʤ ʤʠʥʝʨʘʣʘʤ ʢʠʤʙʝʨʣʠʪʦʚ (ʀʄʂ), 
ʠʤʝʶʱʠʭ ʩʣʦʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʧʦʩʦʙʥʫʶ ʦʪʨʘʞʘʪʴ ʫʩʣʦʚʠʷʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 
ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʠ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʧʦʣʥʳʭ ʩʚʝʜʝʥʠʡ ʦ ʩʦʩʪʘʚʝ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʦʨʦʜ ʚ 
ʢʠʤʙʝʨʣʠʪʘʭ ʨʘʟʣʠʯʥʳʭ ʛʣʫʙʠʥ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʨʦʞʠʣʢʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ 
ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʵʪʠʭ ʞʝ ʨʘʟʨʝʟʦʚ. ʆʙʦʙʱʘʷ 
ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʥʘ ʛʣʫʙʠʥʫ ʥʝʢʦʪʦʨʳʭ ʪʨʫʙʦʢ, 
ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʦʜʥʠʭ ʩʣʫʯʘʷʭ 
(ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ) ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʯʝʪʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʤʝʥʳ ʘʩʩʦʮʠʘʮʠʡ ʢʘʢ 
ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢ ʠ ʤʠʥʝʨʘʣʦʚ-ʧʨʠʤʝʩʝʡ. ʆʜʥʘʢʦ ʫʩʪʘʥʦʚʣʝʥʘ 
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ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ʦʣʠʚʠʥʘ, ʩʚʷʟʘʥʥʘʷ ʚ ʦʩʥʦʚʥʦʤ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ 
ʚ ʨʘʟʨʝʟʘʭ ʙʣʦʢʦʚ ʧʦʨʦʜ ʩ ʨʘʟʣʠʯʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ. ʕʪʦ ʧʨʠʚʝʣʦ ʢ ʩʣʘʙʦʤʫ 
ʟʘʤʝʱʝʥʠʶ ʨʝʣʠʢʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʜʥʠʭ ʙʣʦʢʘʭ ʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʠʭ 
ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ ï ʚ ʜʨʫʛʠʭ. ʆʙʨʘʟʦʚʘʥʠʝ ʙʣʦʢʦʚ ʧʣʦʪʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʥʝʨʝʜʢʦ 
ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʥʘʣʦʞʝʥʥʦʡ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʧʦʨʦʜ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ (ʪʨʫʙʢʠ 
ʉʳʪʳʢʘʥʩʢʘʷ, ʄʠʨ ʠ ʜʨ.) ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʚʦʣʴʥʦ ʯʝʪʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 
ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʘʢ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʦʨʦʜ, ʪʘʢ 
ʠ ʧʨʦʞʠʣʢʦʚʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʦʪʤʝʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʠʥʝʨʘʣʦʚ-ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʜʣʷ 
ʪʠʧʠʟʘʮʠʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʚ ʮʝʣʦʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʷʜʘ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʢʘʢ ʧʦ ʣʠʪʦʨʘʣʠ, ʪʘʢ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ 
ʪʨʫʙʦʢ), ʥʘʤʝʯʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʭ ʨʘʟʤʝʱʝʥʠʠ, ʪ.ʝ. ʚʦʟʥʠʢʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʦʥ. ʕʪʘ ʟʦʥʘʣʴʥʦʩʪʴ ʚʦʟʥʠʢʣʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳʪʴ ʥʝ ʩʠʥʭʨʦʥʥʳ ʧʦ ʚʨʝʤʝʥʠ ʠ 
ʧʨʦʪʝʢʘʣʠ ʚ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʦʣʝʝ ʵʪʘʧʳ 
ʚʪʦʨʠʯʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘʣʦʞʠʣʠʩʴ ʥʘ ʧʨʦʷʚʣʝʥʠʷ ʙʦʣʝʝ ʨʘʥʥʠʭ. 
ɼʦʩʪʫʧʥʘʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʘʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʣʠʘʪʨʝʤ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 
ʧʨʝʪʝʨʧʝʣʠ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɺ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʫʙʦʢ 
ʙʳʣʠ ʨʘʟʥʳʤʠ ʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʥʝʩʢʦʣʴʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʛʣʘʚʥʳʤʠ ʩʨʝʜʠ ʢʦʪʦʨʳʭ 
ʷʚʣʷʶʪʩʷ: ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʩʦʩʪʘʚ ʢʠʤʙʝʨʣʠʪʦʚ ʠ 
ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜ, ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʡʦʥʦʚ 
ʨʘʟʚʠʪʠʷ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ ʩʪʝʧʝʥʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʣʫʙʠʥʥʳʭ 
ʵʤʘʥʘʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʢʘʞʜʦʡ 
ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʜʠʘʪʨʝʤʳ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʤʠʥʠʨʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 
ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʦʚ ʥʘʜ ʠʭ ʦʙʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʛʣʘʚʥʳʤʠ ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 
ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʝʨʧʝʥʪʠʥ-ʢʘʣʴʮʠʪʦʚʳʭ, ʢʘʣʴʮʠʪ-ʩʝʨʧʝʥʪʠʥʦʚʳʭ, ʭʣʦʨʠʪ-
ʩʝʨʧʝʥʪʠʥʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʫʨʦʚʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ Mg-Fe-ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 
ʬʣʦʛʦʧʠʪʘ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ. ʆʪʣʠʯʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ 
ʦʙʫʩʣʦʚʣʝʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʘʟʚʠʪʠʷ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʜʦʤʠʥʠʨʫʶʱʠʭ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ (ʢʘʣʴʮʠʪʘ, ʜʦʣʦʤʠʪʘ, 
ʧʠʨʦʘʫʨʠʪʘ, ʬʣʦʛʦʧʠʪʘ, ʭʣʦʨʠʪʘ, ʣʠʟʘʨʜʠʪʘ ʠ ʭʨʠʟʦʪʠʣʘ). ʉʫʱʝʩʪʚʫʶʪ ʦʪʣʠʯʠʷ ʚ 
ʩʦʩʪʘʚʝ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʟʥʳʭ 
ʪʨʫʙʢʘʭ, ʥʦ ʠ ʚ ʧʣʘʥʝ ʠʭ ʦʪʜʝʣʴʥʳʭ ʪʝʣ ʠ ʜʘʞʝ ʙʣʦʢʦʚ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜʘʭ ʘʩʩʦʮʠʘʮʠʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, 
ʩʦʩʪʦʷʱʠʝ ʠʟ ʜʚʫʭ ʠ ʙʦʣʝʝ ʤʠʥʝʨʘʣʦʚ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 
ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʤʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʝʰʠʪʴ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ ʠʭ 
ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ɺʘʞʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʦʟʤʦʞʥʦʩʪʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ 
ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʜʠʘʪʨʝʤ ʠ 
ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʪʨʫʙʢʘʤ ʪʝʨʨʠʪʦʨʠʷʤ 
ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ. 
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ʆɹ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ɸʉʉʆʎʀɸʎʀʁ ɻʃʀʅʀʉʊʓʍ ʄʀʅɽʈɸʃʆɺ 
ʇʈʀ ɸʃʄɸɿʆʇʆʀʉʂʆɺʓʍ ʈɸɹʆʊɸʍ 

 
ʅ.ʅ. ɿʠʥʯʫʢ 

 
ɿʘʧʘʜʥʦ-ʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ (ɿʗʅʎ) ɸʅ ʈʉ (ʗ), ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 

 

ʅʘʢʘʧʣʠʚʘʶʱʠʝʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʣʠʯʥʳʭ ʦʩʘʜʦʯʥʳʭ ʬʦʨʤʘʮʠʡ ʛʣʠʥʠʩʪʳʝ 
ʤʠʥʝʨʘʣʳ ʩ ʫʯʝʪʦʤ ʠʭ ʠʟʤʝʥʝʥʠʷ ʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ 
ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʢʘʞʜʦʤ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʭʠʤʠʢʦ-
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʠ ʤʦʨʬʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʘʣʣʦʪʠʛʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʬʦʨʤʘʮʠʦʥʥʦʤ ʘʥʘʣʠʟʝ ʚ ʢʘʞʜʦʡ ʠʟ 
ʚr ʜʝʣʷʝʤʳʭ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʟʝʤʥʦʡ ʢʦʨʳ ʯʝʪʳʨʝʭ ʟʦʥ, ʪʠʧʦʤʦʨʬʥʦʝ ʟʥʘʯʝʥʠʝ 
ʠʤʝʶʪ ʠ ʘʫʪʠʛʝʥʥʳʝ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʠ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʨʝʜʳ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʘ ʬʦʥʝ 
ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʠʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ ʩ ʫʯʝʪʦʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʛʣʘʚʥʝʡʰʠʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 
ʬʦʨʤʘʮʠʷʭ (ʪʝʨʨʠʛʝʥʥʦʡ, ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ, ʢʘʨʙʦʥʘʪʥʦʡ, ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʠ 
ʛʘʣʦʛʝʥʥʦʡ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ɺʘʞʥʝʡʰʝʡ 
ʧʨʝʜʧʦʩʳʣʢʦʡ ʦʙʲʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʫʯʝʥʠʷ ʛʣʠʥʠʩʪʳʭ 
ʤʠʥʝʨʘʣʦʚ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʟʝʤʥʦʡ ʢʦʨʳ (ʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʦʪʜʝʣʴʥʳʭ ʦʩʘʜʦʯʥʳʭ 
ʬʦʨʤʘʮʠʡ) ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, 
ʦʧʨʝʜʝʣʷʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʬʦʨʤʘʮʠʡ, ʥʦ ʠ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʬʦʨʤʘʮʠʠ ʪʦʣʱ ʩ 
ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʠ ʜʫʙʣʠʨʫʶʱʝʝ ʯʠʩʣʦ 
ʦʙʨʘʟʮʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʦʚ. ʀʥʪʝʥʩʠʚʥʦʝ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʝ 
ʚʳʚʝʪʨʠʚʘʥʠʝ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ, ʜʦʣʝʨʠʪʦʚ, 
ʘʛʣʦʤʝʨʘʪʦʚʳʭ ʪʫʬʦʚ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʠ ʪʫʬʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢʦʨʚʫʥʯʘʥʩʢʦʡ 
ʩʚʠʪʳ (ʊ1) ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʠʡ ʨʘʟʤʳʚ ʧʨʠʚʝʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ 
ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ: ʠʨʝʣʷʭʩʢʘʷ (ʊ3-
J1ir) ʠ ʫʢʫʛʫʪʩʢʘʷ (J1uk) ʩʚʠʪʳ, ʘ ʪʘʢʞʝ ʧʣʠʥʩʙʘʭʩʢʠʡ (J1p) ʠ ʪʦʘʨʩʢʠʡ (J1t) ʷʨʫʩʳ. 
ɻʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʚʳʜʝʣʝʥʥʦʡ ʠʟ ʚʩʝʭ ʪʠʧʦʚ ʧʦʨʦʜ ʠʨʝʣʷʭʩʢʦʡ ʠ ʫʢʫʛʫʪʩʢʦʡ 
ʩʚʠʪ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ (ʄɹɸʈ) ʩʚʦʡʩʪʚʝʥ 
ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʣʦʪʠʛʝʥʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 
ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʛʠʜʨʦʩʣʶʜʳ, ʢʘʦʣʠʥʠʪʘ, ʤʝʪʘʛʘʣʣʫʘʟʠʪʘ ʠ ʭʣʦʨʠʪʘ, ʥʝʙʦʣʴʰʘʷ 
ʧʨʠʤʝʩʴ ʚʝʨʤʠʢʫʣʠʪʘ, ʩʝʨʧʝʥʪʠʥʘ, ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʭ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 
ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʭ ʠ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʚʝʨʤʠʢʫʣʠʪ-
ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʭ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ). ʗʨʫʩʘ. ʆʩʦʙʝʥʥʦʩʪʠ 
ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦʡ 
ʬʦʨʤʘʮʠʡ ʩʚʷʟʘʥʳ ʩ ʠʭ ʣʦʢʘʣʠʟʘʮʠʝʡ ʣʠʙʦ ʚ ʚʠʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʥʢʠʭ ʧʨʦʩʣʦʝʚ, 
ʯʝʪʢʦ ʚʳʜʝʣʷʶʱʠʭʩʷ ʚ ʤʦʱʥʳʭ ʪʦʣʱʘʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʣʠʙʦ ʚ ʩʫʱʝʩʪʚʝʥʥʦ 
ʦʙʦʛʘʱʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʦʪʣʦʞʝʥʠʷʭ ʢʘʨʙʦʥʘʪʥʦʛʦ ʪʠʧʘ. ɺʩʣʝʜʩʪʚʠʝ 
ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʘʛʨʘʜʘʮʠʠ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʨʘʟʙʫʭʘʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʚ 
ʦʪʣʦʞʝʥʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʬʦʨʤʘʮʠʡ, ʵʪʫ ʦʩʦʙʝʥʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 
ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʭ ʠʟʫʯʝʥʠʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʵʪʠʭ 
ʬʦʨʤʘʮʠʡ, ʯʪʦʙʳ ʥʝ ʟʘʚʳʰʘʪʴ ʩʪʝʧʝʥʠ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʱʠʭ ʠʭ 
ʦʪʣʦʞʝʥʠʡ. ʂʨʦʤʝ ʘʣʣʦʪʠʛʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʪʝʨʨʠʛʝʥʥʦ-
ʘʣʣʦʪʠʛʝʥʥʳʤ ʧʨʦʩʣʦʷʤ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʨʝʟʘʭ ʦʪʣʦʞʝʥʠʡ ʵʪʠʭ ʬʦʨʤʘʮʠʡ 
(ʦʩʦʙʝʥʥʦ ʚ ʩʦʙʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʦʡ) ʠʤʝʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ  ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ 
ʟʝʤʥʦʡ ʢʦʨʳ ʩʣʦʠʩʪʦ-ʮʝʧʦʯʝʯʥʳʭ Mg-ʩʠʣʠʢʘʪʦʚ.  



163 

ʅʘ ʧʨʠʤʝʨʝ ʠʟʫʯʝʥʠʷ ʦʪʣʦʞʝʥʠʡ  ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʮʠʡ ʧʦʢʘʟʘʥʦ, ʯʪʦ 
ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʚ ʥʠʭ ʢʘʢ ʘʫʪʠʛʝʥʥʦʛʦ, ʪʘʢ ʠ ʘʣʣʦʪʠʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʦʚʝʨʰʝʥʥʳʤʠ ʚ ʩʪʨʫʢʪʫʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. 
ɿʥʘʯʠʪʝʣʴʥʳʝ ʜʝʬʝʢʪʳ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʣʘʩʪʦʚʳʭ ʚʦʜʘʭ ʠ ʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʘʭ 
ʧʨʠ ʣʠʪʦʛʝʥʝʟʝ ʩʦʭʨʘʥʷʝʪʩʷ ʜʝʬʠʮʠʪ ʛʣʘʚʥʝʡʰʠʭ ʜʣʷ ʩʪʨʫʢʪʫʨ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ 
ʢʘʪʠʦʥʦʚ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʘʪʝʨʠʘʣʘ 
ʧʝʨʝʦʪʣʦʞʝʥʥʳʭ ʂɺ ʚ ʙʘʩʩʝʡʥʘʭ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʧʨʠʤʝʨʝ 
ʤʝʟʦʟʦʡʩʢʠʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʦʩʥʦʚʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ʉʇ. ʇʨʦʜʫʢʪʳ 
ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʜʨʝʚʥʠʭ ʂɺ ʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʄɹɸʈ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ 
ʬʠʢʩʠʨʫʶʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʘʣʣʦʪʠʛʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʩʣʦʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 
ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʝʢʦʪʦʨʳʭ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢ, ʜʣʷ ʦʪʣʦʞʝʥʠʡ 
ʠʨʝʣʷʭʩrʦʡ ʩʚʠʪʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʤʝʥʥʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ 
ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʘʩʩʦʮʠʠʨʫʶʱʝʛʦ ʩ ʚʝʨʤʠʢʫʣʠʪ-
ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʤʠ ʩʤʝʰʘʥʦʩʣʦʡʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ɺ ʛʣʠʥʠʩʪʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʚʫʭ ʜʨʫʛʠʭ ʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥ (ʦʟʝʨʥʦʡ ʠ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʦʡ, ʘ ʪʘʢʞʝ 
ʜʝʥʫʜʘʮʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʨʘʚʥʠʥʳ) ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʦʣʠʥʠʪ ʠ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʘʷ 
ʛʠʜʨʦʩʣʶʜʘ 2ʄ1. ɺʩʝ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ 
ʦʙʦʛʘʱʝʥʥʦʩʪʴʶ ʠʨʝʣʷʭʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʠʟʤʝʥʥʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ 
ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʜʚʫʭ ʜʨʫʛʠʭ 
ʣʘʥʜʰʘʬʪʥʳʭ ʟʦʥʘʭ ʦʙʳʯʥʦ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʝʪ ʤʘʪʝʨʠʘʣ ʧʝʨʝʦʪʣʦʞʝʥʠʷ 
ʚʳʚʝʪʨʝʣʳʭ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʪʨʘʧʧʦʚ ʠ ʢʠʤʙʝʨʣʠʪʦʚ. ɼʣʷ 
ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʨʝʤʝʥʠ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʥʳ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʨʝʤʳʚʘ ʠ 
ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʜʨʝʚʥʠʭ ʂɺ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʘʟʚʠʪʠʝʤ ʚ ʨʘʡʦʥʝ ʜʚʫʭ ʩʪʨʫʢʪʫʨʥʦ-
ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ. ɺ ʦʜʥʦʡ ʠʟ ʥʠʭ (ʶʛʦ-ʚʦʩʪʦʯʥʦʡ) ʫʩʣʦʚʠʷ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ 
ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠʭ ʦʪʣʦʞʝʥʠʷʭ ʩʫʱʝʩʪʚʦʚʘʣʠ ʚ 
ʠʨʝʣʷʭʩʢʦʝ ʚʨʝʤʷ ʪʦʣʴʢʦ ʥʘ ʩʢʣʦʥʘʭ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʛʠʙʘ. ɺ ʫʢʫʛʫʪʩʢʠʡ 
ʧʝʨʠʦʜ ʵʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʚʝʨʛʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʨʦʟʠʠ, ʘ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʦʪ 
ʨʘʟʤʳʚʘ ʠʭ ʦʩʪʘʥʮʳ ʧʝʨʝʢʨʳʣʠʩʴ ʤʦʱʥʦʡ (ʜʦ 100 ʤ) ʪʦʣʱʝʡ ʘʣʣʶʚʠʘʣʴʥʳʭ 
ʦʪʣʦʞʝʥʠʡ, ʦʙʦʛʘʱʝʥʥʳʭ ʯʫʞʜʳʤ ʨʘʡʦʥʫ ʤʘʪʝʨʠʘʣʦʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʠʥʩʙʘʭʩʢʠʭ 
ʠ ʪʦʘʨʩʢʠʭ ʦʩʘʜʢʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʟʜʝʩʴ ʚ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʩʪʫʧʣʝʥʠʠ ʵʣʶʚʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʟ ʦʙʣʘʩʪʝʡ ʨʘʟʤʳʚʘ, 
ʦʙʨʘʤʣʷʚʰʠʭ ʚʦʟʥʠʢʰʠʡ ʤʦʨʩʢʦʡ ʙʘʩʩʝʡʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 
ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʝ, ʟʘʥʠʤʘʶʱʝʡ ʪʨʘʧʧʦʚʦʝ ʧʣʘʪʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 
ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʠʨʝʣʷʭʩʢʦʛʦ, ʫʢʫʛʫʪʩʢʦʛʦ ʠ ʢʘʨʠʢʩʢʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʚʦʟʚʳʰʝʥʥʳʭ 
ʧʣʘʪʦʦʙʨʘʟʥʳʭ ʧʦʜʥʷʪʠʷʭ ʧʨʦʠʩʭʦʜʠʣʦ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 
ʨʘʟʤʳʚʦʤ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʨʘʩʧʦʣʘʛʘʚʰʠʝʩʷ ʚʙʣʠʟʠ 
ʣʦʢʘʣʴʥʳʝ ʜʝʧʨʝʩʩʠʠ ʠ ʯʘʩʪʠʯʥʳʤ ʚʳʥʦʩʦʤ ʠʭ ʟʘ ʧʨʝʜʝʣʳ ʜʘʥʥʦʡ ʟʦʥʳ. ɿʜʝʩʴ 
ʩʫʱʝʩʪʚʦʚʘʣʠ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ, 
ʧʨʦʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ ʦʟʝʨʥʳʭ (ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ) ʬʘʮʠʡ. ɺ ʜʦʤʝʨʩʢʦʝ 
ʚʨʝʤʷ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʦʥʝ ʧʨʦʜʫʢʪʳ ʂɺ ʠ ʦʪʣʦʞʝʥʠʷ, 
ʦʙʦʛʘʱʝʥʥʳʝ ʠʤʠ, ʧʦʜʚʝʨʛʣʠʩʴ ʘʙʨʘʟʠʠ ʠ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ 
ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʊʦʘʨʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʫʞʝ ʧʦʩʣʝ 
ʧʝʨʝʢʨʳʪʠʷ ʂɺ ʠʣʠ ʠʭ ʧʦʣʥʦʛʦ ʨʘʟʤʳʚʘ.  
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ʃʀʊʆɻɽʅɽɿ ʆɹʑɽʈɸʉʇʈʆʉʊʈɸʅɪʅʅʓʍ ʇʆʃɽɿʅʓʍ 
ʀʉʂʆʇɸɽʄʓʍ (ʅɸ ʇʈʀʄɽʈɽ ʇɽʈʄʉʂʆɻʆ ʂʈɸʗ) 

 
ʈ.ɻ. ʀʙʣʘʤʠʥʦʚ, ɸ.ʂ. ɸʣʚʘʥʷʥ 

 
ʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʆʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 
ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠʣʠ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʛʣʫʙʠʥʝ ʛʦʨʥʳʝ 
ʧʦʨʦʜʳ ʠ ʦʩʘʜʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʩʝʣʴʩʢʦʤ 
ʭʦʟʷʡʩʪʚʝ [2]. ʃʠʪʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʘʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚʢʣʶʯʘʶʪ ʜʚʝ 
ʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ: ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʦʩʘʜʦʯʥʫʶ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚ ʩʝʚʝʨʥʳʭ 
ʪʝʨʨʠʪʦʨʠʷʭ ʧʨʝʦʙʣʘʜʘʝʪ ʦʙʣʦʤʦʯʥʳʡ ʧʨʦʬʠʣʴ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʘ 
ʛʠʜʨʦʩʣʶʜʠʩʪʳʡ ʠ ʧʝʨʝʭʦʜʥʳʡ ʢʘʦʣʠʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʡ ï ʚ ʶʞʥʳʭ. 

ɺ ʦʙʣʦʤʦʯʥʦʡ ʟʦʥʝ ʚ ʧʦʣʦʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ 
ʚʝʨʭʥʝʛʦ ʦʪʜʝʣʘ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʥʟʘʤʠ 
ʛʘʣʝʯʥʠʢʦʚ ʠ ʧʝʩʢʦʚ. ʊʘʤ, ʛʜʝ ʢʦʨʝʥʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʨʛʠʣʣʠʪʘʤʠ, 
ʦʙʨʘʟʫʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʣʠʥ. ʂ ʧʦʣʦʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ (ʙʠʘʨʤʠʡʩʢʦʛʦ) ʦʪʜʝʣʘ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ 
ʢʨʘʷ ʧʨʠʫʨʦʯʝʥʳ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʟʘʣʝʞʠ ʠʟʚʝʩʪʥʷʢʦʚʦʡ ʤʫʢʠ. ʅʘ 
ʶʛʝ ʢʨʘʷ, ʪʘʤ, ʛʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʦʣʦʤʠʪʳ, ʚ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʜʦʣʦʤʠʪʦʚʘʷ ʤʫʢʘ (ɹʦʣʴʰʝ-ʉʘʨʩʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ) [3]. 

ɺ ʛʠʜʨʦʩʣʶʜʠʩʪʦʡ ʟʦʥʝ ʥʘʭʦʜʷʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʣʠʥ ʠ ʛʠʧʩʘ. ɺ ʥʠʞʥʝʡ 
ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʛʣʠʥʠʩʪʳʭ ʢʦʨ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʨʝʩʚʷʥʦ-ʱʝʙʝʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ. ɺʳʰʝ 
ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩʝʨʦʮʚʝʪʥʘʷ ʧʝʩʯʘʥʠʩʪʘʷ ʛʣʠʥʘ ʛʠʜʨʦʩʣʶʜʠʩʪʦʡ ʟʦʥʳ, ʘ ʥʘʜ ʥʝʡ ï 
ʢʦʨʠʯʥʝʚʘʷ ʩʣʘʙʦ ʧʝʩʯʘʥʠʩʪʘʷ ʤʝʣʢʦʘʣʝʚʨʠʪʦʚʘʷ ʛʣʠʥʘ ʢʘʦʣʠʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʦʡ 
ʟʦʥʳ. ʇʦʩʣʝʜʥʷʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʠʨʧʠʯʘ. ɺ 
ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʝ ʩ ʛʣʫʙʠʥʦʡ ʧʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ 
ʘʥʘʣʠʟʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ 
ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʛʠʜʨʦʩʣʶʜʘ, ʢʘʦʣʠʥʠʪ, ʭʣʦʨʠʪ, ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ 
ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʧʣʘʛʠʦʢʣʘʟʦʚ ʠ ʢʘʨʙʦʥʘʪʦʚ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʛʠʧʩʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʘʥʛʠʜʨʠʪʦʚʳʭ 
ʧʦʨʦʜ ʚ ʩʚʷʟʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʛʠʜʨʘʪʘʮʠʠ ʚ ʟʦʥʝ ʘʢʪʠʚʥʦʛʦ ʚʦʜʦʦʙʤʝʥʘ, ʧʨʠʫʨʦʯʝʥʥʦʡ 
ʢ ʨʝʯʥʳʤ ʚʨʝʟʘʤ [1]. 

ʂʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʘʦʣʠʥʠʪʦʚʦʛʦ ʧʨʦʬʠʣʷ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʤʝʟʦʟʦʡʩʢʠʭ 
ʪʦʣʱʘʭ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʢʘʦʣʠʥʠʪʦʚʳʭ ʛʣʠʥ ʪʷʛʦʪʝʶʪ ʢ ʥʘʜʨʫʜʥʦʡ ʧʘʯʢʝ ʩʨʝʜʥʝʡ 
ʶʨʳ ʥʘ ʟʘʧʘʜʝ ʨʝʛʠʦʥʘ [3]. 

ʉʨʝʜʠ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʦʪʥʦʩʷʪʩʷ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʚʝʩʪʢʦʚʳʭ ʪʫʬʦʚ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ 
ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʡ ʬʘʟʳ ʢʘʢ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ 
ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ ʜʣʷ ʠʟʚʝʩʪʢʦʚʘʥʠʷ ʧʦʯʚ (ʂʠʰʝʨʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ). 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʧʝʨʤʩʢʦʡ ʩʠʩʪʝʤʳ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ 
ʫʩʣʦʚʠʷʭ ʧʝʨʠʢʦʣʣʠʟʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʈʫʩʩʢʦʡ ʧʣʠʪʳ ʠ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʨʝʞʠʤʘ 
ʋʨʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ, ʛʜʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʤʦʣʘʩʩʦʚʦʡ 
ʬʦʨʤʘʮʠʝʡ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʟʘʣʝʞʠ ʪʝʨʨʠʛʝʥʥʳʭ ʦʩʘʜʢʦʚ. ʆʥʠ 
ʚʢʣʶʯʘʶʪ ʩʝʜʠʤʝʥʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʠ ʜʠʘʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʜʢʣʘʩʩʳ. ʂ ʧʝʨʚʦʤʫ 
ʧʦʜʢʣʘʩʩʫ ʦʪʥʦʩʷʪ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʣʠʥ, ʧʝʩʢʘ, ʛʨʘʚʠʷ, ʧʝʩʯʘʥʦ-
ʛʨʘʚʠʡʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʜʝʣʶʚʠʘʣʴʥʳʤʠ, 
ʘʣʣʶʚʠʘʣʴʥʳʤʠ, ʦʟʝʨʥʳʤʠ, ʣʝʜʥʠʢʦʚʳʤʠ. ɼʠʘʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʜʢʣʘʩʩ 
ʧʨʝʜʩʪʘʚʣʝʥ ʟʘʣʝʞʘʤʠ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ: ʘʨʛʠʣʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, 
ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ɺʦʚʣʝʯʝʥʠʝ ʟʘʣʝʞʝʡ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʛʨʘʬʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʂ ʪʝʭʥʦʛʝʥʥʳʤ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʦʪʥʝʩʝʥʳ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚʤʝʱʘʶʱʠʝ ʨʦʩʩʳʧʠ, ʘ 
ʪʘʢʞʝ ʦʪʭʦʜʳ ʦʙʦʛʘʱʝʥʠʷ (ʭʚʦʩʪʳ). 

ʇʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʦʩʘʜʢʘʤ ʠʟ ʠʩʪʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, 
ʦʙʨʘʟʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʘʜʝʥʠʷ ʚ ʦʩʘʜʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ɿʝʤʣʠ ʚʝʱʝʩʪʚʘ ʠʟ ʠʦʥʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʉʝʜʠʤʝʥʪʦʛʝʥʝʪʠʯʝʩʢʠʡ 
ʨʷʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï ʦʩʘʜʢʦʚ ʠʟ ʠʩʪʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʚʨʝʤʝʥʥʳʤʠ 
ʦʟʸʨʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠʟʚʝʩʪʥʷʢʘ (ʛʘʞʠ), ʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 
ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʤʝʨʝʥʥʦʛʦ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ [4]. ɼʠʘʛʝʥʝʪʠʯʝʩʢʠʡ ʨʷʜ 
ʚʢʣʶʯʘʝʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ ʟʘʣʝʞʝʡ ʢʘʨʙʦʥʘʪʦʚ, ʩʫʣʴʬʘʪʦʚ ʠ ʩʦʣʝʡ 
ʵʚʘʧʦʨʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. ʉʨʝʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʣʘʩʩʘ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʝʤʦʛʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ: ɻʦʨʘ ʄʘʪʶʢʦʚʘʷ ʠ ɼʘʥʠʣʦʚʩʢʦʝ; 
ʜʦʣʦʤʠʪʦʚ: ɹʝʣʳʡ ʂʘʤʝʥʴ ʠ ɹʦʣʴʰʝ-ʉʘʨʩʠʥʩʢʦʝ; ʘʥʛʠʜʨʠʪʦʚ: ʉʦʢʦʣʠʥʦ-
ʉʘʨʢʘʝʚʩʢʦʝ ʠ ʜʨ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʭ ʦʩʘʜʢʦʚ ï ʤʝʨʛʝʣʝʡ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ 
ʧʦʟʜʥʝʙʠʘʨʤʠʡʩʢʠʡ ʚʝʢ ʧʝʨʤʩʢʦʛʦ ʧʝʨʠʦʜʘ. ʆʥʠ (ʂʘʡʩʘʨʦʚʩʢʦʝ, ʄʦʩʢʚʠʥʩʢʦʝ, 
ʆʪʝʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʘʛʨʦʩʳʨʴʸ. 

ʉʨʝʜʠ ʙʠʦʛʝʥʥʳʭ ʢʘʢ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʘʧʨʦʧʝʣʷ, ʪʦʨʬʘ ʠ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. 
ʉʝʜʠʤʝʥʪʦʛʝʥʝʪʠʯʝʩʢʠʡ ʨʷʜ ʚʢʣʶʯʘʝʪ ʬʠʪʦʛʝʥʥʳʡ ʩʘʧʨʦʧʝʣʴ, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʘʝʪʩʷ 
ʥʘ ʨʷʜʝ ʪʦʨʬʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʂ ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʤʫ ʨʷʜʫ ʦʪʥʦʩʷʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʪʦʨʬʘ (ɹʦʣʴʰʦʝ ʂʘʤʩʢʦʝ) ʠ ʦʨʛʘʥʦʛʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ (ʐʘʨʘʰʠʥʩʢʦʝ). 

ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʦʨʬʘ ʚʳʜʝʣʷʶʪ 4 ʩʪʘʜʠʠ. ɺ ʪʝʯʝʥʠʝ 1-ʡ 
ʩʪʘʜʠʠ ʩʣʦʡ ʩʘʧʨʦʧʝʣʷ ʧʦʢʨʳʚʘʝʪ ʦʟʝʨʦ. ʅʘ 2-ʡ ʩʪʘʜʠʠ ʥʘʯʠʥʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 
ʪʦʨʬʘ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ. 3-ʷ ʩʪʘʜʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʨʘʩʪʘʥʠʝʤ ʦʟʝʨʘ ʜʨʝʚʝʩʥʳʤʠ 
ʨʘʩʪʝʥʠʷʤʠ. ʅʘ 4-ʡ ʩʪʘʜʠʠ ʦʟʝʨʦ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʙʦʣʦʪʦ, ʛʜʝ ʧʨʦʠʩʭʦʜʷʪ ʨʘʥʥʠʝ 
ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʨʬʘ. 

ʆʨʛʘʥʦʛʝʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʷ, ʠʤʝʶʪ 
ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʠ ʧʝʨʤʩʢʠʡ ʚʦʟʨʘʩʪ. ɺ ʩʚʦʸʤ ʦʙʨʘʟʦʚʘʥʠʠ ʦʥʠ ʧʨʝʪʝʨʧʝʣʠ 2 
ʩʪʘʜʠʠ: ʩʪʘʜʠʶ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʩʪʘʜʠʶ ʧʦʩʣʝʜʫʶʱʝʛʦ ʜʠʘʛʝʥʝʟʘ. ʇʦʨʦʜʳ 
ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʋʨʘʣʘ ʚ ʇʨʝʜʫʨʘʣʴʩʢʦʡ ʠ ɿʘʧʘʜʥʦ-
ʋʨʘʣʴʩʢʦʡ ʟʦʥʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʇʝʨʤʩʢʦʤ ʢʨʘʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʩʪʘʪʦʯʥʳʝ ʠ 
ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʦʩʘʜʦʯʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʩʝʭ 
ʪʨʸʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ: ʤʝʭʘʥʠʯʝʩʢʦʛʦ, ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɼʘʨʦʚʩʢʠʭ ʅ.ɸ. ɻʝʦʣʦʛʠʷ ʠ ʧʦʠʩʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʜʝʣʦʯʥʦʛʦ ʛʠʧʩʘ / ʅ.ɸ. ɼʘʨʦʚʩʢʠʭ, 
ɸ.ʀ. ʂʫʜʨʷʰʦʚ. ï ʇʝʨʤʴ: ɻʀ ʋʨʆ ʈɸʅ, 2001. ï 161 ʩ. 

2. ʀʙʣʘʤʠʥʦʚ ʈ.ɻ. ʈʝʛʠʦʥʘʣʴʥʘʷ ʤʠʥʝʨʘʛʝʥʠʷ ʦʙʱʝʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʥʘ 
ʧʨʠʤʝʨʝ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ): ʤʦʥʦʛʨʘʬʠʷ / ʈ.ɻ. ʀʙʣʘʤʠʥʦʚ, ɸ.ʂ. ɸʣʚʘʥʷʥ. ï ʇʝʨʤʴ: ʇʝʨʤ. ʛʦʩ. ʥʘʮ. 
ʠʩʩʣʝʜ. ʫʥ-ʪ, 2018. ï 120 ʩ. 

3. ʀʙʣʘʤʠʥʦʚ ʈ.ɻ. ɻʝʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ ʂʦʤʠ-ʇʝʨʤʷʮʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ / 
ʈ.ɻ. ʀʙʣʘʤʠʥʦʚ, ɻ.ɺ. ʃʝʙʝʜʝʚ. ï ʂʫʜʳʤʢʘʨ: ʂʦʤʠ-ʇʝʨʤʷʮʢʦʝ ʢʥ. ʠʟʜ-ʚʦ, 1995. ï 136 ʩ. 

4. ʇʝʪʨʦʚʘ ʃ.ʀ. ɸʛʨʦʢʘʨʙʦʥʘʪʳ ʇʝʨʤʩʢʦʡ ʦʙʣʘʩʪʠ / ʃ.ʀ. ʇʝʪʨʦʚʘ, ɺ.ʂ. ʂʦʢʘʨʦʚʮʝʚ. ï ʇʝʨʤʴ: ʇʝʨʤ. 
ʧʦʣʠʪʝʭʥ. ʠʥ-ʪ, 1990. ï 150 ʩ. 



166 
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ʉɸʅɻʀʃɽʅʉʂʆɻʆ ʅɸɻʆʈʔʗ, ʊʋɺɸ 
 

ɸ.ɺ. ʀʚʘʥʦʚ 
 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ.ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
 

ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʉʘʥʛʠʣʝʥʩʢʦʛʦ ʥʘʛʦʨʴʷ ʊʫʚʳ ʚ ʢʝʤʙʨʠʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ 
ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʠʭ ʨʘʟʨʝʟʝ ʢʦʥʛʣʦʤʝʨʘʪʦʚ.  ʅʘʰʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ 
ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ ʰʫʨʤʘʢʩʢʦʡ ʩʚʠʪʳ. ɹʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘ ʠʟʫʯʘʝʤʦʡ 
ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʚʳʷʚʣʝʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʩʪʦʚʝʨʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʝʸ ʥʘʣʝʛʘʥʠʝ ʥʘ 
ʙʦʣʝʝ ʜʨʝʚʥʠʝ ʧʦʨʦʜʳ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦ ʨʝʢʝ ʐʫʨʤʘʢ. ʊʘʤ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 
ʨʘʟʨʝʟʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ  ʢʦʥʛʣʦʙʨʝʢʯʠʠ ʩ ʭʣʦʨʠʪʦʚʳʤ ʤʘʪʨʠʢʩʦʤ. ɺ 
ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠ ʧʨʝʦʙʣʘʜʘʶʪ ʚʳʪʷʥʫʪʳʝ ʣʠʥʟʦʦʙʨʘʟʥʳʝ, ʯʘʩʪʦ ʥʝ ʦʢʘʪʘʥʥʳʝ, 
ʦʙʣʦʤʢʠ ʣʠʣʦʚʳʭ ʠ ʟʝʣʝʥʳʭ ʘʨʛʠʣʣʠʪʦʚ, ʧʦ ʜʣʠʥʥʦʡ ʦʩʠ ʵʪʠ ʦʙʣʦʤʢʠ ʤʦʛʫʪ 
ʜʦʩʪʠʛʘʪʴ 15 ʩʤ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ ʦʢʘʪʘʥʥʳʝ ʦʙʣʦʤʢʠ ʣʠʣʦʚʳʭ ʢʨʝʤʥʠʩʪʳʭ 
ʧʦʨʦʜ. ɹʦʣʝʝ ʤʝʣʢʠʝ ʦʙʣʦʤʢʠ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʝʣʳʤ ʢʚʘʨʮʝʤ, ʤʘʪʨʠʢʩ ʚ ʵʪʠʭ 
ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ ʧʦʨʦʜʘʭ, ʠʤʝʝʪ ʚʫʣʢʘʥʦʤʠʢʪʦʚʫʶ ʧʨʠʨʦʜʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʩʤʝʩʴʶ 
ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʭʣʦʨʠʪʘ.  ʆʙʣʦʤʢʠ ʨʘʟʥʦʨʘʟʤʝʨʥʳ ʦʪ ʜʝʩʷʪʢʦʚ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 
ʧʝʨʚʳʭ ʤʠʣʣʠʤʝʪʨʦʚ. ʅʘʙʣʶʜʘʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʦʙʣʦʤʢʦʚ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʥʦ 
ʩʣʝʜʦʚ ʩʣʦʠʩʪʦʩʪʠ ʥʝ ʦʪʤʝʯʝʥʦ. ɺ ʧʝʨʝʩʣʘʠʚʘʥʠʠ ʩ ʵʪʠʤʠ ʛʨʫʙʦʟʝʨʥʠʩʪʳʤʠ 
ʧʦʨʦʜʘʤʠ ʥʘʭʦʜʷʪʩʷ ʛʦʨʠʟʦʥʪʳ ʟʝʣʝʥʦ-ʩʝʨʳʭ ʧʝʩʯʘʥʠʢʦʚ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ 
ʚʫʣʢʘʥʠʪʘʤʠ ʩʨʝʜʥʝʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʣʷ ʧʝʩʯʘʥʠʢʦʚ ʭʘʨʘʢʪʝʨʥʘ 
ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʚ 
ʢʦʥʛʣʦʙʨʝʢʯʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʬʨʘʛʤʝʥʪʳ ʙʘʟʘʣʴʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʥʝ ʷʩʥʳʝ 
ʦʯʝʨʪʘʥʠʷ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʚ ʦʙʣʦʤʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʢʘʪʘʥʥʳʝ ʣʠʪʦʢʣʘʩʪʳ 
ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʠ ʚʫʣʢʘʥʠʪʦʚ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʦʙʣʦʤʢʠ ʙʘʟʘʣʴʪʦʚ ʠʤʝʶʪ 
ʥʝʠʟʦʤʝʪʨʠʯʥʳʝ ʬʦʨʤʳ ʠ ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʧʨʝʪʝʨʧʝʣʠ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʬʦʨʤʳ 
ʦʙʣʦʤʢʦʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʚ ʙʘʩʩʝʡʥ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ 
ʦʥʠ ʧʦʧʘʣʠ ʚ ʦʩʘʜʦʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʠʟʣʠʷʥʠʠ 
ʙʘʟʘʣʴʪʦʚʳʭ ʤʘʛʤ. ʕʪʦ ʥʘʙʣʶʜʝʥʠʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʚ 
ʨʘʟʨʝʟʝ ʢʦʥʛʣʦʙʨʝʢʯʠʡ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ. 

ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʚ ʟʝʣʸʥʦʤ ʤʘʪʨʠʢʩʝ ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʢʨʫʧʥʳʝ 
ʦʢʘʪʘʥʥʳʝ ʦʙʣʦʤʢʠ ʛʨʘʥʠʪʦʚ ʠ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʙʣʦʤʢʠ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ 
ʠ ʢʚʘʨʮʘ ʚ ʩʦʩʪʘʚʝ ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ ʧʦʨʦʜ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. ɺ 
ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʙʣʦʤʢʠ ʚʘʣʫʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɼʘʣʝʝ ʧʦ 
ʨʘʟʨʝʟʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʦʤʢʦʚ ʚ ʢʦʥʛʣʦʤʝʨʘʪʘʭ. ʅʘʙʣʶʜʘʶʪʩʷ 
ʦʙʣʦʤʢʠ ʛʨʘʥʠʪʦʚ, ʚʫʣʢʘʥʠʪʦʚ ʢʠʩʣʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʠ 
ʘʨʛʠʣʣʠʪʦʚ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʙʣʦʤʢʦʚ ʦʢʘʪʘʥʥʘʷ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 
ʨʘʟʥʦʨʘʟʤʝʨʥʦʩʪʴ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʝʛʦ ʩʦʨʪʠʨʦʚʢʠ. ɺ ʩʨʝʜʥʝʡ 
ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʛʦʨʠʟʦʥʪʦʚ ʪʫʬʦʚ, ʢʦʪʦʨʳʝ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʣʦʤʢʘʤʠ ʧʝʩʯʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʛʣʠʥʠʩʪʦʤ ʤʘʪʨʠʢʩʝ.  

ʊʘʢ ʞʝ ʰʫʨʤʘʢʩʢʘʷ ʩʚʠʪʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʚ ʦʪʜʘʣʝʥʥʦʤ ʨʘʟʨʝʟʝ ʣʝʚʦʙʝʨʝʞʴʷ 
ʨʝʢʠ ʊʝʩ-ʍʝʤ. ɿʜʝʩʴ ʢʦʥʛʣʦʤʝʨʘʪʳ ʥʝ ʠʤʝʶʪ ʦʪʣʠʯʠʡ ʚ ʩʦʩʪʘʚʝ ʦʙʣʦʤʦʯʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʦʪ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʥʘʤʠ ʧʦ ʨʝʢʝ ʐʫʨʤʘʢ. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ ʯʪʦ ʚ ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠ ʵʪʠʭ ʧʦʨʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʢʨʘʩʥʳʭ ʠ 
ʩʝʨʝʥʝʚʳʭ ʢʚʘʨʮʠʪʦʚ, ʦʙʣʦʤʢʠ ʵʪʠʭ ʧʦʨʦʜ ʠʤʝʶʪ ʨʘʟʤʝʨʥʦʩʪʴ ʦʪ ʚʘʣʫʥʦʚ, ʜʦ 
ʛʨʘʚʠʡʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʣʠʯʠʝ ʠʭ ʚ ʩʪʨʫʢʪʫʨʥʳʭ 
ʦʩʦʙʝʥʦʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʩʣʦʠʩʪʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʩʦʨʪʠʨʦʚʢʦʡ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʠʤ 
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ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʰʫʨʤʘʢʩʢʘʷ ʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ 
ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʧʦʣʠʤʠʢʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʡ ʥʝ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 
ʚʨʝʤʝʥʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʄʘʪʨʠʢʩ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʢʦʥʛʣʦʙʨʝʢʯʠʡ ʧʦʚʩʝʤʝʩʪʥʦ ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʡ 
ʭʣʦʨʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʡ ʩʦʩʪʘʚ ʧʝʩʯʘʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʦʣʝʚʳʝ ʰʧʘʪʳ ʯʘʩʪʦ 
ʠʤʝʶʪ ʪʘʙʣʠʯʠʪʫʶ ʬʦʨʤʫ ʟʝʨʝʥ. ʇʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʤʘʪʨʠʢʩ ʦʜʥʦʪʠʧʝʥ ʩ ʧʨʦʩʣʦʷʤʠ 
ʘʥʜʝʟʠʪʦʚʳʭ ʪʫʬʦʚ ʚ ʨʘʟʨʝʟʝ ʰʫʨʤʘʢʩʢʦʡ ʩʚʠʪʳ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ 
ʚʫʣʢʘʥʦʤʠʢʪʦʚʫʶ ʧʨʠʨʦʜʫ. 

ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʰʫʨʤʘʢʩʢʦʡ ʩʚʠʪʳ ʦʧʨʝʜʝʣʝʥ ʥʘʤʠ ʥʘ ʦʩʥʦʚʝ U-Pb 
ʜʘʪʠʨʦʚʘʥʠʷ ʮʠʨʢʦʥʦʚ ʠʟ ʪʫʬʦʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ɺʦʟʨʘʩʪ ʮʠʨʢʦʥʦʚ ʠʟ ʵʪʠʭ 
ʧʦʨʦʜ ʦʧʨʝʜʝʣʝʥ ʚ ʠʥʪʝʨʚʘʣʝ 495-505 ʤʣʥ ʣʝʪ ʥʘ ʦʩʥʦʚʝ ʠʭ U-Pb ʜʘʪʠʨʦʚʘʥʠʷ 
ʤʝʪʦʜʦʤ LA-ICP-MC (ɻɽʆʍʀ ʈɸʅ) ʠ ʦʪʨʘʞʘʝʪ ʚʦʟʨʘʩʪ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʦʯʥʦ-
ʚʫʣʢʘʥʦʛʝʥʥʦʡ ʪʦʣʱʠ ʰʫʨʤʘʢʩʢʦʡ ʩʚʠʪʳ. ʆ ʪʫʬʦʛʝʥʥʦʡ ʧʨʠʨʦʜʝ ʤʘʪʨʠʢʩʘ 
ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʪʘʢ ʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʚʦʟʨʘʩʪʝ ʦʙʣʦʤʦʯʥʳʭ ʮʠʨʢʦʥʦʚ ʚ 
ʠʭ ʩʦʩʪʘʚʝ. ʅʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ ʠʤʝʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʩ ʪʫʬʘʤʠ 
ʚʦʟʨʘʩʪ ʥʘ ʨʫʙʝʞʝ 500 ʤʣʥ ʣʝʪ. ʂʨʦʤʝ ʵʪʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʮʠʷ 
ʮʠʨʢʦʥʦʚ ʩ ʚʦʟʨʘʩʪʦʤ 800 ʤʣʥ ʣʝʪ. ɽʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʠʤʝʶʪ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ 
ʚʦʟʨʘʩʪ. ɸʥʘʣʦʛʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʧʦʧʫʣʷʮʠʡ ʮʠʨʢʦʥʦʚ ʠʤʝʶʪ 

ʪʫʬʦʧʝʩʯʘʥʠʢʠ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ.  
ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʚʫʣʢʘʥʦʤʠʢʪʦʚʫʶ ʧʨʠʨʦʜʫ 

ʦʙʨʘʟʦʚʘʥʠʷ ʰʫʨʤʘʢʩʢʦʡ ʩʚʠʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ, ʝʝ ʢʦʥʛʣʦʤʝʨʘʪʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. 
ʇʨʦʷʚʣʝʥʠʝ ʚʫʣʢʘʥʠʟʤʘ ʧʨʦʠʩʭʦʜʠʣʦ ʩʠʥʭʨʦʥʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʨʦʜ ʵʪʦʡ ʩʚʠʪʳ 
ʥʘ ʨʫʙʝʞʝ 500 ʤʣʥ ʣʝʪ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ ʈʌʌʀ, ʛʨʘʥʪʳ 18-05-00604,     
18-35-0025 ʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʥʠʷ ʧʦ ʙʘʟʦʚʦʤʫ ʧʨʦʝʢʪʫ ʀɻʄ ʉʆ ʈɸʅ. 
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ʈʝʢʦʥʩʪʨʫʢʮʠʷʤ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʞʥʝʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʅʝʧʩʢʦ-
ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʧʦʩʚʷʱʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ɸ.ʉ. ɸʥʮʠʬʝʨʦʚʘ, ʊ.ʂ. 
ɹʘʞʝʥʦʚʦʡ, ʊ.ʀ. ɻʫʨʦʚʦʡ, ɸ.ʅ. ɼʤʠʪʨʠʝʚʩʢʦʛʦ, ʃ.ʀ. ʂʠʣʠʥʦʡ, ɺ.ʅ. ʂʠʨʢʠʥʩʢʦʡ, ʅ.ɺ. 
ʄʝʣʴʥʠʢʦʚʘ, ʆ.ɺ. ʇʦʩʪʥʠʢʦʚʦʡ, ʈ.ʉ. ʈʦʷʢ, ʃ.ʉ. ʏʝʨʥʦʚʦʡ, ɻ.ɻ. ʐʝʤʠʥʘ ʠ ʤʥ. ʜʨ. ɺ 
ʨʘʟʥʦʝ ʚʨʝʤʷ ʛʝʥʝʟʠʩ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, 
ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʬʘʮʠʡ ʦʪ ʜʝʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʳʭ ʠ 
ʘʣʣʶʚʠʘʣʴʥʳʭ, ʜʦ ʜʝʣʴʪʦʚʳʭ, ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʠ ʜʘʞʝ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʪʘʝʪʩʷ ʮʝʣʳʡ ʨʷʜ 
ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ ʥʝ ʪʦʣʴʢʦ ʛʝʥʝʟʠʩʘ ʦʪʣʦʞʝʥʠʡ, ʥʦ ʠ ʩ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʩʣʦʞʥʦʛʦ, ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʭ ʠʟʤʝʥʝʥʠʷ, 
ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʚ ʥʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 
ʩʣʫʯʘʝʚ ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʝʧʩʢʦʡ ʩʚʠʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʪʝʣ ʘʣʣʶʚʠʘʣʴʥʦ-ʧʨʦʣʶʚʠʘʣʴʥʦʛʦ 
ʛʝʥʝʟʠʩʘ (ʚʨʝʤʝʥʥʳʭ ʠ ʧʦʩʪʦʷʥʥʳʭ ʚʦʜʦʪʦʢʦʚ), ʪʝʣ ʜʝʣʴʪʦʚʦʛʦ ʠ ʧʨʠʙʨʝʞʥʦ-
ʤʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʦʩʪʝʧʝʥʥʦʡ çʚʪʦʨʠʯʥʦʡè ʠʭ ʮʝʤʝʥʪʘʮʠʝʡ ʚ ʧʨʦʮʝʩʩʝ 
ʧʦʩʣʝʜʫʶʱʠʭ ʩʪʘʜʠʡ ʵʧʠʛʝʥʝʟʘ, ʛʜʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʣʘʩʴ ʩʪʘʜʠʷʤ 
ʢʘʪʘʛʝʥʝʟʘ ʠ ʤʝʪʘʛʝʥʝʟʘ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʶ ʚʥʝʩʪʘʜʠʡʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʠʤ ʢʘʢ: 
ʪʨʘʧʧʦʚʳʡ ʤʘʛʤʘʪʠʟʤ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ 
ʧʨʦʮʝʩʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʣʦʤʥʦʡ ʪʝʢʪʦʥʠʢʦʡ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʦʧʫʩʢʘʥʠʝ ʨʘʩʩʦʣʦʚ ʠ ʜʨ. 

ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʷ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 
ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʪʝʨʨʠʛʝʥʥʦʛʦ ʚʝʥʜʘ, ʘ ʪʘʢʞʝ 
ʠʟʫʯʝʥʠʷ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʠ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ɺʝʨʭʥʝʯʦʥʩʢʦʛʦ, 
ʀʛʥʷʣʠʥʩʢʦʛʦ, ɺʘʢʫʥʘʡʩʢʦʛʦ ʠ ʊʳʤʧʫʯʠʢʘʥʩʢʦʛʦ ʣʠʮʝʥʟʠʦʥʥʳʭ ʫʯʘʩʪʢʦʚ (ʃʋ), ʧʨʠʰʣʠ 
ʢ ʚʳʚʦʜʫ ʦ ʥʘʢʦʧʣʝʥʠʠ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ [1], ʯʪʦ 
ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʬʘʮʠʘʣʴʥʦʤ ʘʥʘʣʠʟʝ. ʊʘʢʞʝ, ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʚ ʩʚʷʟʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʦʚʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 
ʜʘʥʥʳʭ, ʘ ʠʤʝʥʥʦ - ʬʠʢʩʠʨʦʚʘʥʠʝʤ ʚ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʦʚ ʧʣʘʩʪʦʚ ʘʥʛʠʜʨʠʪʘ (ʜʦ 10-
40 ʩʤ), ʧʨʦʩʣʦʝʚ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʥʘ ʙʘʟʘʣʴʥʦʤ ʘʥʛʠʜʨʠʪʦʚʦʤ 
ʮʝʤʝʥʪʝ, ʧʦʷʚʠʣʦʩʴ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʥʦʚʦʡ ʬʘʮʠʠ ʩʨʝʜʠ ʫʢʘʟʘʥʥʦʛʦ ʚʳʰʝ 
ʢʦʤʧʣʝʢʩʘ - ʬʘʮʠʠ ʩʦʣʝʥʳʭ ʩʘʤʦʩʘʜʦʯʥʳʭ (ʩʫʣʴʬʘʪʥʳʭ) ʦʟʝʨ. ʕʪʦ ʣʦʢʘʣʴʥʳʝ ʦʟʝʨʘ 
- ʜʝʧʨʝʩʩʠʠ, (ʧʦʡʤʝʥʥʳʝ ʦʟʝʨʘ) ʧʨʦʪʦʯʥʦʛʦ ʠʣʠ ʙʝʩʩʪʦʯʥʦʛʦ ʪʠʧʘ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʚʨʝʤʝʥʥʳʤʠ, ʣʠʙʦ ʧʦʩʪʦʷʥʥʳʤʠ, ʚʦʜʦʪʦʢʘʤʠ ʜʨʝʥʠʨʫʶʱʠʤʠ ʢʦʨʫ ʚʳʚʝʪʨʠʚʘʥʠʷ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʨʝʜʢʠʭ ʧʫʩʪʳʥʥʳʭ ʣʠʚʥʝʡ ʦʙʨʘʟʫʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʦʟʝʨʘ, ʙʘʩʩʝʡʥʦʚʘʷ 
ʩʝʜʠʤʝʥʪʘʮʠʷ ʚ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʙʝʜʥʦʩʪʴʶ ʬʦʨʤ ʠ ʩʚʦʜʠʪʩʷ ʢ ʩʘʜʢʝ 
ʦʙʣʦʤʦʯʥʳʭ ʯʘʩʪʠʮ, ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʠʣʠ ʛʠʧʩʘ, ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ 
ʙʳʩʪʨʦʝ ʚʳʩʳʭʘʥʠʝ ñʙʦʣʴʰʦʡ ʜʦʞʜʝʚʦʡ ʣʫʞʠò [2]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʤʝʯʘʝʪʩʷ 
ʩʦʯʝʪʘʥʠʝ ʪʝʨʨʠʛʝʥʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʭʝʤʦʛʝʥʥʦʡ ʵʚʘʧʦʨʠʪʦʚʦʡ. ʇʦʩʣʝʜʥʝʝ 
ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʨʝʢʨʘʩʥʦ ʧʨʦʷʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʙʘʟʘʣʴʥʳʭ, ʥʦ ʠ ʚ 
ʚʳʰʝʟʘʣʝʛʘʶʱʠʭ ʛʦʨʠʟʦʥʪʘʭ, ʥʦ ʫʞʝ ʚ ʚʠʜʝ ʨʘʥʥʝʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ ʮʝʤʝʥʪʘʮʠʠ, ʯʪʦ 
ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʢʘʢ çʚʪʦʨʠʯʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝè, ʘ 
ʩʠʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ-ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʝ. 

ɺ ʦʙʱʝʤ ʞʝ ʩʣʫʯʘʝ ʜʣʷ ʨʘʟʨʝʟʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʚʝʥʜʘ ʅʝʧʩʢʦʛʦ ʩʚʦʜʘ ʘʚʪʦʨʩʢʘʷ 
ʬʘʮʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ ʠ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ. 
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ʅʘ ʥʘʯʘʣʦ ʥʝʧʩʢʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʀʛʥʷʣʠʥʩʢʦʛʦ ʃʋ, ʩʫʱʝʩʪʚʦʚʘʣʘ ʜʝʥʫʜʘʮʠʦʥʥʘʷ ʩʫʰʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ 
ʩʣʘʙʦʨʘʩʯʣʝʥʝʥʥʳʡ ʛʦʨʥʳʡ ʤʘʩʩʠʚ, ʩʣʦʞʝʥʥʳʡ ʧʦʨʦʜʘʤʠ ʛʨʘʥʠʪʥʦʛʦ ʨʷʜʘ, ʩ 
ʧʦʣʦʛʠʤ ʫʢʣʦʥʦʤ (2-3ʦ) ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʤʠ 
ʦʩʪʘʥʮʘʤʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ. ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʝ - ʙʘʟʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʣʘʩʪʘ ɺ13 
ʩʥʘʯʘʣʘ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ (ʧʨʦʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʝ 
ʢʦʥʫʩʳ ʚʳʥʦʩʘ) ʧʦʩʪʝʧʝʥʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʦʛʨʘʜʠʨʫʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʣʘʩʪʘ ɺ13 ʦʪʤʝʯʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʤʝʥʘ ʛʨʘʚʠʡʥʦ-
ʛʘʣʝʯʥʳʭ ʠ ʛʘʣʝʯʥʦ-ʛʨʘʚʠʡʥʳʭ ʬʘʮʠʡ ʩʧʣʝʪʝʥʥʳʭ ʨʝʢ, ʥʘ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʝ ʬʘʮʠʠ 
ʠʟʚʠʣʠʩʪʳʭ ʨʝʢ. ɺ ʩʨʝʜʥʝʥʝʧʩʢʦʝ ʚʨʝʤʷ, ʥʘ ʬʦʥʝ ʥʘʩʪʫʧʘʶʱʝʡ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ 
ʤʦʨʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ, ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʫʩʪʘʥʦʚʠʣʠʩʴ ʧʨʠʙʨʝʞʥʦ-
ʤʦʨʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʩ ʦʙʰʠʨʥʦʡ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʦʡ ʨʘʚʥʠʥʦʡ - ʧʨʦʠʩʭʦʜʠʣʦ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʘʨʦʚʳʭ ʪʝʣ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʣʘʩʪʘ ɺ13 ʠ ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦʚʦʡ 
ʧʝʨʝʤʳʯʢʠ ʥʘʜ ʥʠʤ. ɺ ʨʘʤʢʘʭ ʧʦʩʣʝʜʥʝʡ ʪʦʣʱʠ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ 
ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ ʤʦʨʷ, ʨʘʟʚʠʚʘʣʠʩʴ ʜʝʣʴʪʦʚʳʝ ʠ ʙʘʨʦʚʳʝ ʩʠʩʪʝʤʳ 
(ʣʦʢʘʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʣʘʩʪ ɺ12). ɻʦʨʠʟʦʥʪ ɺ12 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʝʚʨʦ-
ʧʝʩʯʘʥʳʤʠ ʬʘʮʠʷʤʠ ʙʘʨʦʚ ʠ ʢʘʥʘʣʦʚ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʦʡ ʨʘʚʥʠʥʳ ʠ ʬʘʮʠʷʤʠ 
ʜʝʣʴʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʝʛʦ ʦʪʣʦʞʝʥʠʷʭ ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʚʢʣʶʯʝʥʠʷ ʛʣʘʫʢʦʥʠʪʘ. ɺ 
ʧʦʟʜʥʝʥʝʧʩʢʦʝ ʚʨʝʤʷ ʥʘ ʤʘʢʩʠʤʫʤʝ ʨʝʛʨʝʩʩʠʠ, ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʠʩʪʦʯʥʠʢʠ ʩʥʦʩʘ ʠ 
ʚ ʩʝʚʝʨʦ-, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʚʦʟʦʙʥʦʚʠʣʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʨʝʞʠʤ 
(ʛʜʝ ʛʦʨʠʟʦʥʪ ɺ10 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʤʠ ʬʘʮʠʷʤʠ ʠʟʚʠʣʠʩʪʳʭ ʨʝʢ, ʚ ʶʛʦ-
ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʤʝʥʷʶʱʠʤʠʩʷ ʥʘ ʧʝʩʯʘʥʳʝ ʬʘʮʠʠ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʳʭ 
ʜʝʣʴʪʦʚʳʭ ʨʫʢʘʚʦʚ ʠ ʢʘʥʘʣʦʚ ʪʝʯʝʥʠʡ), ʘ ʚ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʜʦʣʞʘʣʘ 
ʩʫʱʝʩʪʚʦʚʘʪʴ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʘʷ ʨʘʚʥʠʥʘ. ɺ ʧʦʩʣʝʜʫʶʱʫʶ ʪʨʘʥʩʛʨʝʩʩʠʶ, ʥʘ 
ʛʨʘʥʠʮʝ ʧʦʟʜʥʝʥʝʧʩʢʦʛʦ ʠ ʨʘʥʥʝʪʠʨʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʧʨʝʜʩʪʘʚʣʷʣʘ 
ʩʦʙʦʡ ʤʝʣʢʦʚʦʜʥʫʶ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʫʶ ʨʘʚʥʠʥʫ, ʫʯʘʩʪʢʘʤʠ ʣʘʛʫʥʫ ʠ ʪʝʨʨʠʛʝʥʥʫʶ 
ʩʝʙʭʫ, ʩ ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʦʚʳʤʠ ʦʩʘʜʢʘʤʠ ʠ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ 
ʚ ʥʠʭ. ʀʟʨʝʜʢʘ ʚ ʦʧʠʩʳʚʘʝʤʦʡ ʪʦʣʱʝ ʦʪʤʝʯʘʶʪʩʷ ʧʝʩʯʘʥʳʝ ʦʩʘʜʢʠ ʧʨʠʣʠʚʥʦ-
ʦʪʣʠʚʥʳʭ ʢʘʥʘʣʦʚ ʠʣʠ ʦʪʤʝʣʝʡ (ʧʣʘʩʪʳ ɺ10-1 ʠʣʠ ɺ5). 
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ʕʊɸʇʓ ʆɹʈɸɿʆɺɸʅʀʗ ʀ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ɻʃɸʋʂʆʅʀʊʆɺʓʍ 
ɿɽʈɽʅ ɺ ʊɽʈʈʀɻɽʅʅʆ-ʂɸʈɹʆʅɸʊʅʓʍ ʆʊʃʆɾɽʅʀʗʍ ʅʀɾʅɽɻʆ 
ʂɽʄɹʈʀʗ (ʉɽɺɽʈʅɸʗ ʉʀɹʀʈʔ, ʆʃɽʅɽʂʉʂʆɽ ʇʆɼʅʗʊʀɽ) 

 
ʊ.ɸ. ʀʚʘʥʦʚʩʢʘʷ, ɸ.ʈ. ɻʝʧʪʥʝʨ, ɽ.ɺ. ʑʝʧʝʪʦʚʘ, ʃ.ʇ. ɹʘʨʳʰʥʠʢʦʚʘ 

 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʅʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʆʣʝʥʝʢʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʚ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ 
ʧʦʨʦʜʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʝʩʩʶʩʠʥʩʢʦʡ ʩʝʨʠʠ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ (ʚ ʢʨʦʚʣʝ ʤʘʪʪʘʡʩʢʦʡ 
ʩʚʠʪʳ ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʯʫʩʢʫʥʩʢʦʡ ʩʚʠʪʳ), ʘ ʪʘʢʞʝ ʚ ʦʩʥʦʚʘʥʠʠ ʵʨʢʝʢʝʪʩʢʦʡ ʩʚʠʪʳ 
ʰʠʨʦʢʦ ʨʘʟʚʠʪ ʛʣʘʫʢʦʥʠʪ. ʇʦ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ [2], ʠʟʫʯʝʥʥʳʝ ʧʦʨʦʜʳ 
ʦʪʥʦʩʷʪʩʷ ʢ ʪʦʤʤʦʪʩʢʦʤʫ ʷʨʫʩʫ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ. ʆʙʨʘʟʮʳ ʦʪʙʠʨʘʣʠʩʴ ʚ ʪʨʝʭ 
ʨʘʟʨʝʟʘʭ (ʨ.ʨ. ʍʦʨʙʫʩʫʦʥʢʘ (1), ʆʣʝʥʝʢ (2) ʠ ʙʘʩʩʝʡʥ ʨ. ʆʣʝʥʝʢ (3)). ɺ ʜʚʫʭ ʧʝʨʚʳʭ 
ʨʘʟʨʝʟʘʭ, ʤʦʱʥʦʩʪʴʶ 13-15 ʤ, ʩʨʝʜʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʪʝʨʨʠʛʝʥʥʦʡ ʧʨʠʤʝʩʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʦʙʣʦʤʦʯʥʦ-ʦʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ 
ʛʣʘʫʢʦʥʠʪʦʤ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʙʠʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʝ ʠ ʛʣʠʥʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʘ 
ʪʘʢʞʝ ʠʟʚʝʩʪʥʷʢʦʚʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ ʩ ʛʣʘʫʢʦʥʠʪʦʤ. ʉʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʶʪʩʷ 
ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ï ʛʨʘʚʝʣʠʪʳ ʠ 
ʛʨʘʚʝʣʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʩ ʠʟʚʝʩʪʢʦʚʦʡ ʧʨʠʤʝʩʴʶ, ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʛʣʘʫʢʦʥʠʪʦʚʳʝ 
ʧʝʩʯʘʥʠʢʠ ʩ ʤʦʟʘʠʯʥʳʤ ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʠ 
ʘʣʝʚʨʦʣʠʪʳ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʫʜʥʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ (ʠʣʴʤʝʥʠʪ, ʨʫʪʠʣ ʠ ʜʨ.) ʠ/ʠʣʠ 
ʩ ʛʣʠʥʠʩʪʦʡ ʧʨʠʤʝʩʴʶ. ɻʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʚ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ 
ʧʨʝʜʩʪʘʚʣʝʥ ʩʤʝʩʴʶ ʩʣʶʜʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʭʣʦʨʠʪʘ. ʂʦʥʬʦʨʤʥʦ-ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʝ 
ʩʪʨʫʢʪʫʨʳ ʚ ʧʝʩʯʘʥʠʢʘʭ ʠ ʩʦʩʪʘʚ ʘʩʩʦʮʠʘʮʠʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 
ʦ ʚʪʦʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʧʦʨʦʜ, ʜʦʩʪʠʛʰʠʭ ʩʪʘʜʠʠ ʛʣʫʙʠʥʥʦʛʦ ʢʘʪʘʛʝʥʝʟʘ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʯʘʩʪʦ ʩʦʭʨʘʥʷʶʪ 
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ ʩʣʦʠʩʪʦʩʪʴ ʨʘʟʣʠʯʥʦʛʦ ʤʘʩʰʪʘʙʘ (ʦʪ ʛʨʫʙʦʡ ʜʦ ʪʦʥʢʦʡ, ʚʢʣʶʯʘʷ 
ʪʦʥʢʫʶ ʣʘʤʠʥʘʮʠʶ ʠ ʤʠʢʨʦʧʝʨʝʩʣʘʠʚʘʥʠʝ) ï ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ, ʚʦʣʥʠʩʪʫʶ, ʢʦʩʫʶ, 
ʢʦʩʦ-ʚʦʣʥʠʩʪʫʶ. ʉʣʦʠʩʪʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 
ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʯʝʨʢʥʫʪʘ ʨʘʟʣʠʯʠʷʤʠ ʚ ʨʘʟʤʝʨʥʦʩʪʠ ʪʝʨʨʠʛʝʥʥʳʭ 
ʟʝʨʝʥ, ʢʦʣʝʙʘʥʠʷʤʠ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʢʘʨʙʦʥʘʪʥʳʭ, ʛʣʠʥʠʩʪʳʭ ʠ ʨʫʜʥʳʭ 
ʤʠʥʝʨʘʣʦʚ. ʇʠʨʠʪ ʚ ʧʦʨʦʜʘʭ  ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʨʘʩʩʝʷʥʥʦʤ ʩʦʩʪʦʷʥʠʠ: ʚ ʚʠʜʝ 
ʬʨʘʤʙʦʠʜʦʚ,  ʢʫʙʠʯʝʩʢʠʭ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʢʦʚ ʠ ʠʭ ʩʢʦʧʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ 
ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʚʥʫʪʨʠ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʟʝʨʝʥ. ʀʥʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ 
ʟʘʤʝʱʝʥʠʝ ʛʣʘʫʢʦʥʠʪʘ ʧʠʨʠʪʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ  ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟ. 
ɻʝʤʘʪʠʪ ʰʠʨʦʢʦ ʨʘʟʚʠʪ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜʘʭ, ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ 
ʥʝʨʝʜʢʦ ʟʘʤʝʱʘʶʪ ʛʣʘʫʢʦʥʠʪʦʚʳʝ ʟʝʨʥʘ. ɺ ʧʦʨʦʜʘʭ ʦʩʥʦʚʘʥʠʷ ʵʨʢʝʢʝʪʩʢʦʡ ʩʚʠʪʳ 
ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʛʝʪʠʪ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ ʟʘʤʝʱʘʪʴ ʛʣʘʫʢʦʥʠʪ, ʟʝʨʥʘ 
ʧʦʩʣʝʜʥʝʛʦ ʥʘ ʵʪʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠʤʝʶʪ ʷʚʥʳʝ ʧʨʠʟʥʘʢʠ ʜʨʝʚʥʝʛʦ 
ʵʢʟʦʛʝʥʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ. ɺ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʷʭ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʧʘʪʠʪ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʪʦʥʢʠʝ (2ï10 ʤʢʤ) ʧʨʝʨʳʚʠʩʪʳʝ ʢʘʝʤʢʠ 
ʚʦʢʨʫʛ ʪʝʨʨʠʛʝʥʥʳʭ ʟʝʨʝʥ ʢʚʘʨʮʘ, ʠʣʴʤʝʥʠʪʘ ʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʟʘʤʝʱʘʝʪ 
ʛʣʘʫʢʦʥʠʪʦʚʳʝ ʟʝʨʥʘ ʠ ʢʘʣʴʮʠʪ. ɺ ʠʟʚʝʩʪʥʷʢʘʭ ʵʨʢʝʢʝʪʩʢʦʡ ʩʚʠʪʳ ʨʘʩʩʝʷʥ 
ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʘʧʘʪʠʪ, ʦʙʨʘʟʫʶʱʠʡ ʤʠʢʨʦʘʛʨʝʛʘʪʳ ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ. 

ɻʣʘʫʢʦʥʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʟʝʨʥʘʤʠ ʛʣʦʙʫʣʷʨʥʦʡ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʫʛʣʦʚʘʪʳʤʠ ʠ ʧʦʣʫʫʛʣʦʚʘʪʳʤʠ, ʨʘʟʤʝʨʥʦʩʪʴʶ ʚ ʩʨʝʜʥʝʤ ʦʪ 0.1 ʜʦ 1.0 ʤʤ ʠ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʦʡ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ɿʝʨʥʘ ʩʣʦʞʝʥʳ 
ʩʤʝʰʘʥʦʩʣʦʡʥʳʤʠ ʩʣʶʜʘ-ʩʤʝʢʪʠʪ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (10-20% ʨʘʟʙʫʭʘʶʱʠʭ ʩʣʦʝʚ), ʚ 
ʢʦʪʦʨʳʭ ʩʣʶʜʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪ ʨʷʜ ʦʪ ʛʣʘʫʢʦʥʠʪʘ ʜʦ Al-ʛʣʘʫʢʦʥʠʪʘ (ʩʪʝʧʝʥʴ 
ʘʣʶʤʠʥʠʝʚʦʩʪʠ ʂAl = VIAl / (VIFe3+ + VIAl) ʨʘʚʥʘ 0.11ï0.47 ʠ 0.60, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
ʇʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ b ʩʣʁʜʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 9.0 ʜʦ 9.12 ¡. 
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ɺ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʘʣʣʦʪʠʛʝʥʥʳʝ ʛʣʘʫʢʦʥʠʪʦʚʳʝ ʟʝʨʥʘ 
(ʧʝʨʝʤʳʪʳʝ ʠ ʩʛʨʫʞʝʥʥʳʝ ʥʘ ʤʝʩʪʝ ʠ/ʠʣʠ ʧʝʨʝʤʝʱʝʥʥʳʝ ʠʟ ʩʦʩʝʜʥʠʭ ʬʘʮʠʘʣʴʥʳʭ 
ʟʦʥ ʧʘʣʝʦʙʘʩʩʝʡʥʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʨʫʧʥʳʝ ʘʫʪʠʛʝʥʥʳʝ ʛʣʦʙʫʣʠ (ʜʦ 1.0-1.8 ʤʤ), 
ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʪʝʨʨʠʛʝʥʥʳʝ ʦʙʣʦʤʢʠ, ʠʛʨʘʶʪ 
ʧʦʜʯʠʥʝʥʥʫʶ ʨʦʣʴ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʨʦʚʥʷʭ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ. 
ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʧʦʟʚʦʣʷʶʪ ʦʙʩʫʜʠʪʴ ʫʩʣʦʚʠʷ ʥʘʢʦʧʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʠʝ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʟʝʨʝʥ. 

ɺ ʩʧʦʢʦʡʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ 
ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʯʘʩʪʴ ʧʘʣʝʦʙʘʩʩʝʡʥʘ, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
ʩʚʝʞʝʛʦ ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʚ ʚʝʨʭʥʝʤ ʩʣʦʝ 
ʟʘʭʦʨʦʥʷʶʱʠʭʩʷ ʦʩʘʜʢʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʩʫʙʦʢʩʠʜʥʦ-ʜʠʟʦʢʩʠʜʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ 
ʦʙʩʪʘʥʦʚʢʠ ʨʘʥʥʝʛʦ ʜʠʘʛʝʥʝʟʘ, ʠ ʧʨʦʠʩʭʦʜʠʣʦ ʘʫʪʠʛʝʥʥʦʝ ʛʣʘʫʢʦʥʠʪʦʦʙʨʘʟʦʚʘʥʠʝ. 
ʇʦʜʦʙʥʳʝ ʧʝʨʠʦʜʳ ʯʝʨʝʜʦʚʘʣʠʩʴ ʩ ʵʧʠʟʦʜʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 
ʘʢʪʠʚʥʦʩʪʠ ʚʦʜʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʚʟʤʫʯʠʚʘʥʠʶ ʠ ʧʝʨʝʤʳʚʫ 
ʛʣʘʫʢʦʥʠʪʩʦʜʝʨʞʘʱʠʭ ʦʩʘʜʢʦʚ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʟʝʨʝʥ ʥʘ ʤʝʩʪʝ ʠʣʠ ʠʭ 
ʧʝʨʝʤʝʱʝʥʠʶ ʠ ʩʛʨʫʞʝʥʠʶ ʚ ʧʦʥʠʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʤʦʨʩʢʦʛʦ ʜʥʘ. ɺ ʥʝʢʦʪʦʨʳʭ 
ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʧʝʨʚʠʯʥʳʭ ʦʩʘʜʢʦʚ ʛʣʘʫʢʦʥʠʪʦʚʳʝ ʟʝʨʥʘ 
ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʣʦʙʫʣʷʨʥʳʝ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʣʠʩʴ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʜʢʘ ʠ ʢʦʥʪʘʢʪʠʨʦʚʘʣʠ ʩ ʪʝʧʣʳʤʠ, ʥʘʩʳʱʝʥʥʳʤʠ ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ 
ʧʦʜʚʠʞʥʳʤʠ ʤʦʨʩʢʠʤʠ ʚʦʜʘʤʠ, ʵʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʘʨʙʦʥʘʪʥʳʭ ʦʦʣʠʪʦʚ, 
ʷʜʨʘʤʠ ʢʦʪʦʨʳʭ ʥʝʨʝʜʢʦ ʩʣʫʞʠʣ ʛʣʘʫʢʦʥʠʪ. ɺʧʦʩʣʝʜʩʪʚʠʠ, ʧʦʩʣʝ ʟʘʭʦʨʦʥʝʥʠʷ ʵʪʠʭ 
ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʟʦʥʝ ʜʠʘʛʝʥʝʟʘ ʚʥʦʚʴ ʚʦʟʥʠʢʘʣʠ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʘʫʪʠʛʝʥʥʳʭ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʛʣʦʙʫʣʴ, ʢʦʪʦʨʳʝ ʩʦʩʝʜʩʪʚʦʚʘʣʠ ʩ ʘʣʣʦʪʠʛʝʥʥʳʤʠ 
ʨʘʟʥʦʩʪʷʤʠ. 

ʇʦʜʦʙʥʳʝ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʩʦʛʣʘʩʥʦ [1], ʥʘ ʬʘʮʠʘʣʴʥʦʤ 
ʧʨʦʬʠʣʝ ʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʥʘʭʦʜʠʣʠʩʴ ʙʣʠʟʢʦ ʢ ʧʨʝʜʬʨʦʥʪʘʣʴʥʦʡ ʟʦʥʝ ʧʣʷʞʘ 
(ʟʦʥʝ ʚʦʣʥʝʥʠʷ) ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʧʝʨʝʭʦʜʥʳʤ ʦʙʩʪʘʥʦʚʢʘʤ, ʢʦʪʦʨʳʝ 
ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʙʘʟʠʩʘ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʨʩʢʠʭ ʚʦʣʥ, ʚ ʦʩʥʦʚʥʦʤ ʩʦ 
ʩʧʦʢʦʡʥʳʤʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʆʜʥʘʢʦ ʵʪʠ ʫʩʣʦʚʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠ 
ʥʘʨʫʰʘʣʠʩʴ, ʚʝʨʦʷʪʥʦ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʰʪʦʨʤʦʚʳʭ ʩʦʙʳʪʠʡ, 
ʩʦʧʨʦʚʦʞʜʘʚʰʠʭʩʷ ʨʘʟʤʳʚʦʤ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʦʩʘʜʢʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʝʤ (ʥʘ ʤʝʩʪʝ 
ʠʣʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ) ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʝʛʦ ʢʦʤʧʦʥʝʥʪʦʚ.  

ʉʨʝʜʠ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʢʦʪʦʨʳʤ ʧʦʜʚʝʨʛʣʠʩʴ ʘʣʣʦʪʠʛʝʥʥʳʝ ʠ 
ʘʫʪʠʛʝʥʥʳʝ ʛʣʘʫʢʦʥʠʪʦʚʳʝ ʟʝʨʥʘ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʣʠʪʦʛʝʥʝʟʘ, ʥʘʠʙʦʣʝʝ 
ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʷʚʣʝʥʳ ʢʘʣʴʮʠʪʠʟʘʮʠʷ, ʬʦʩʬʘʪʠʟʘʮʠʷ ʠ ʦʞʝʣʝʟʥʝʥʠʝ, ʣʦʢʘʣʴʥʦ 
ʨʘʟʚʠʚʘʣʘʩʴ ʧʠʨʠʪʠʟʘʮʠʷ ʛʣʦʙʫʣʴ, ʟʘʤʝʱʝʥʠʝ Fe-ʜʦʣʦʤʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʢʚʘʨʮʝʤ ʠ 
ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʧʨʦʝʢʪ 17-05-00254). 
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ʉʊʈʋʂʊʋʈʅʆ-ɺɽʑɽʉʊɺɽʅʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʀ ʋʉʃʆɺʀʗ 
ʌʆʈʄʀʈʆɺɸʅʀʗ ʅʀɾʅɽɺɽʅɼʉʂʀʍ ʊɽʈʈʀɻɽʅʅʓʍ ʆʊʃʆɾɽʅʀʁ 

ʉɽɺɽʈʆ-ɺʆʉʊʆʏʅʆʁ ʏɸʉʊʀ ʅɽʇʉʂʆ-ɹʆʊʋʆɹʀʅʉʂʆʁ 
ɸʅʊɽʂʃʀɿʓ 

 
ɸ.ɼ. ʀʟʲʶʨʦʚ 

 
ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʅɹɸ) ʦʜʥʠʤ ʠʟ 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ 
ʥʠʞʥʝʛʦ ʚʝʥʜʘ, ʚʳʜʝʣʷʶʱʠʝʩʷ ʚ ʨʘʟʨʝʟʘʭ ʏʘʷʥʜʠʥʩʢʦʛʦ, ʉʨʝʜʥʝʙʦʪʫʦʙʠʥʩʢʦʛʦ ʠ 
ɼʞʫʥʢʫʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʧʨʦʚʝʜʝʥʥʳʭ 
ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʪʘʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʥʝʧʩʢʦ-
ʪʠʨʩʢʦʛʦ ʧʘʣʝʦʙʘʩʩʝʡʥʘ, ʚʳʩʦʢʠʤʠ ʦʪʣʠʯʠʷʤʠ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʦʙʲʝʤʝ ʠ 
ʤʦʱʥʦʩʪʷʭ ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʨʘʟʙʫʨʝʥʥʦʩʪʴʶ ʪʝʨʨʠʪʦʨʠʠ. ɺ ʩʚʷʟʠ 
ʩ ʵʪʠʤ ʚʳʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʩʣʦʚʠʡ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʞʥʝʚʝʥʜʩʢʠʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʅɹɸ 
ʷʚʣʷʶʪʩʷ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤʠ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʘʡʦʥʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 
ʧʦʨʦʜʳ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʷ, ʧʘʣʝʦʟʦʷ, ʤʝʟʘʟʦʷ ʠ ʢʘʡʥʦʟʦʷ. ɺ ʧʨʝʜʝʣʘʭ ʥʠʞʥʝʚʝʥʜʩʢʠʭ 
ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʪʘʣʘʭʩʢʠʡ, ʭʘʤʘʢʠʥʩʢʠʡ ʠ ʙʦʪʫʦʙʠʥʩʢʠʡ 
ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ ʥʘ ʶʛʝ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʫʣʘʭʘʥʩʢʠʡ ʠ 
ʙʦʪʫʦʙʠʥʩʢʠʡ ʥʘ ʩʝʚʝʨʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʢʝʨʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʨʷʜʫ 
ʩʢʚʘʞʠʥ. ɹʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʪʘʣʘʭʩʢʠʡ ʧʨʦʜʫʢʪʠʚʥʳʡ ʛʦʨʠʟʦʥʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʩʣʘʛʘʶʪ ʢʦʥʛʣʦʤʝʨʘʪʦʚʘʷ, ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʘʷ ʠ ʧʝʩʯʘʥʘʷ ʧʦʨʦʜʥʳʝ ʘʩʩʦʮʠʘʮʠʠ 
(ʇɸ). ʂʦʥʛʣʦʤʝʨʘʪʦʚʘʷ ʇɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʩʦʨʪʠʨʦʚʢʠ ʠ ʨʘʟʥʦʡ 
ʩʪʝʧʝʥʴʶ ʦʢʘʪʘʥʥʦʩʪʠ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʷʩʥʦʩʣʦʠʩʪʳʤʠ, ʤʘʩʩʠʚʥʳʤʠ 
ʪʝʢʩʪʫʨʘʤʠ. ɻʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʘʷ ʇɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʘʩʪʳʤ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ 
ʛʨʘʚʠʡʥʦʛʦ ʠ ʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ, ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʩʦʨʪʠʨʦʚʢʠ, ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʴʶ 
ʦʢʘʪʘʥʥʦʩʪʠ. ʊʝʢʩʪʫʨʘʤʠ ʥʘʢʣʦʥʥʦʩʣʦʠʩʪʳʤʠ, ʧʨʝʨʳʚʠʩʪʦʩʣʦʠʩʪʳʤʠ, ʩʨʝʟʘʥʠʷ 
ʩʣʦʡʢʦʚ, ʧʷʪʥʠʩʪʳʤʠ. ʇʝʩʯʘʥʘʷ ʇɸ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʝʩʯʘʥʠʢʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 
ʟʝʨʥʠʩʪʦʩʪʠ, ʩ ʨʘʟʥʳʤʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʝʩʯʘʥʘʷ ʇɸ 
ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ 2 ʪʠʧʘ: 1 ï ʧʝʨʚʳʡ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʦʩʦʩʣʦʠʩʪʳʤʠ ʠ 
ʥʘʢʣʦʥʥʦʩʣʦʠʩʪʳʤʠ ʪʝʢʩʪʫʨʘʤʠ, 2 ï ʚʪʦʨʦʡ ʩ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʷʪʥʠʩʪʳʭ ʪʝʢʩʪʫʨ 
ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ ʩʫʣʴʬʘʪʠʟʘʮʠʠ ʦʪʣʦʞʝʥʠʡ. ʊʘʣʘʭʩʢʠʡ ʧʨʦʜʫʢʪʠʚʥʳʡ ʛʦʨʠʟʦʥʪ 
ʠʤʝʝʪ ʧʨʦʛʨʘʜʘʮʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʥʛʣʦʤʝʨʘʪʦʚʘʷ ʇɸ ʚʚʝʨʭ ʧʦ 
ʨʘʟʨʝʟʫ ʩʤʝʥʷʝʪʩʷ ʥʘ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʫʶ ʠ ʧʝʩʯʘʥʫʶ. 

ʍʘʤʘʢʠʥʩʢʠʡ ʧʨʦʜʫʢʪʠʚʥʳʡ ʛʦʨʠʟʦʥʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʘʛʘʶʪ ʧʝʩʯʘʥʘʷ ʠ 
ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʘʷ ʇɸ. ʇʝʩʯʘʥʘʷ ʇɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʩʯʘʥʠʢʘʤʠ ʨʘʟʥʦʡ 
ʩʪʝʧʝʥʠ ʟʝʨʥʠʩʪʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʚʝʚʦʛʦ ʩʦʩʪʘʚʘ ʩ 
ʧʦʣʦʛʦʚʦʣʥʠʩʪʦʩʣʦʠʩʪʳʤʠ ʠ ʧʨʝʨʳʚʠʩʪʳʤʠ ʪʝʢʩʪʫʨʘʤʠ. ɻʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʦ-
ʛʣʠʥʠʩʪʘʷ ʇɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʘʩʪʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʭ ʠ 
ʛʣʠʥʠʩʪʳʭ ʧʨʦʩʣʦʝʚ ʩ ʨʝʟʢʠʤʠ ʢʦʥʪʘʢʪʘʤʠ, ʩʣʦʠʩʪʳʤʠ ʠ ʵʢʩʪʨʘʢʣʘʩʪʦʚʳʤʠ 
ʪʝʢʩʪʫʨʘʤʠ. ʍʘʤʘʢʠʥʩʢʠʡ ʧʨʦʜʫʢʪʠʚʥʳʡ ʛʦʨʠʟʦʥʪ ʠʤʝʝʪ ʨʝʛʨʝʩʩʠʚʥʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʠ 
ʢʦʪʦʨʦʤ ʧʝʩʯʘʥʘʷ ʇɸ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʩʤʝʥʷʝʪʩʷ ʥʘ ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʫʶ ʩ 
ʵʢʩʪʨʘʢʣʘʩʪʦʚʳʤʠ ʪʝʢʩʪʫʨʘʤʠ. 

ɹʦʪʫʦʙʠʥʩʢʠʡ ʧʨʦʜʫʢʪʠʚʥʳʡ ʛʦʨʠʟʦʥʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʘʛʘʶʪ ʧʝʩʯʘʥʘʷ ʠ 
ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʘʷ ʇɸ. ʇʝʩʯʘʥʘʷ ʇɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ 
ʤʘʩʩʠʚʥʳʤʠ ʩʣʘʙʦʚʦʣʥʠʩʪʦʩʣʦʠʩʪʳʤʠ ʪʝʢʩʪʫʨʘʤʠ. ʆʪʤʝʯʘʶʪʩʷ ʪʝʢʩʪʫʨʳ ʢʘʯʝʥʠʷ ʠ 
ʚʦʣʥʝʥʠʷ. ʇʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʘʷ ʇɸ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʯʘʩʪʳʤ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ 
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ʧʝʩʯʘʥʦʛʦ ʠ ʘʣʝʚʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʪʦʥʢʠʭ ʛʣʠʥʠʩʪʳʭ ʧʨʦʩʣʦʡʢʦʚ, ʥʠʟʢʦʡ 
ʩʪʝʧʝʥʴʶ ʩʦʨʪʠʨʦʚʢʠ, ʩʨʝʜʥʝʡ ʦʢʘʪʘʥʥʦʩʪʴʶ ʦʙʣʦʤʢʦʚ. ʆʪʤʝʯʘʶʪʩʷ ʪʝʢʩʪʫʨʳ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʣʦʠʩʪʳʝ, ʧʦʣʦʛʦʚʦʣʥʠʩʪʦʩʣʦʠʩʪʳʝ. ɹʦʪʫʦʙʠʥʩʢʠʡ ʧʨʦʜʫʢʪʠʚʥʳʡ 
ʛʦʨʠʟʦʥʪ ʠʤʝʝʪ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʝʩʯʘʥʘʷ ʇɸ ʚʚʝʨʭ ʧʦ 
ʨʘʟʨʝʟʫ ʩʤʝʥʷʝʪʩʷ ʥʘ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʪʠʨʩʢʦʡ ʩʚʠʪʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ 
ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʟʨʝʟʝ ʥʠʞʥʝʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʢʨʫʧʥʳʭ 
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʮʠʢʣʠʪʘ. ʅʠʞʥʠʝ ʜʚʘ ʮʠʢʣʠʪʘ ʦʪʨʘʞʘʶʪ ʧʨʦʛʨʘʜʘʮʠʦʥʥʦʝ 
ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ, ʛʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʨʘʟʥʦʩʪʠ ʩʤʝʥʷʶʪʩʷ 
ʘʣʝʚʨʦ-ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʜʦʣʦʤʠʪʘʤʠ. ʊʨʝʪʠʡ ʮʠʢʣʠʪ ʠʤʝʝʪ ʨʝʛʨʘʜʘʮʠʦʥʥʦʝ ʩʪʨʦʝʥʠʝ, 
ʛʜʝ ʜʦʣʦʤʠʪʳ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʩʤʝʥʷʪʩʷ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ. ʏʝʪʚʝʨʪʳʡ 
ʮʠʢʣʠʪ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʜʘʮʠʦʥʥʳʤ. ɺ ʥʝʤ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ 
ʧʝʩʯʘʥʠʢʠ ʧʣʘʚʥʦ ʩʤʝʥʷʶʪʩʷ ʜʦʣʦʤʠʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʚ ʮʝʣʦʤ ʦʪʤʝʯʘʝʪʩʷ ʦʙʱʘʷ 
ʪʨʘʥʩʛʨʝʩʩʠʚʥʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. 

ʇʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʮʠʢʣʠʪʳ ʦʪʨʘʞʘʶʪ ʧʝʨʝʭʦʜ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʡ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʢ ʦʙʩʪʘʥʦʚʢʘʤ ʧʨʠʙʨʝʞʥʦʡ ʨʘʚʥʠʥʳ, ʧʝʨʠʦʜʠʯʝʩʢʠ 
ʟʘʪʘʧʣʠʚʘʝʤʦʡ ʤʦʨʝʤ, ʘ ʠʤʝʥʥʦ ʦʪʣʦʞʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ 
ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʦʡ ʨʘʚʥʠʥʳ, ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʢʨʘʡʥʝʛʦ 
ʤʝʣʢʦʚʦʜʴʷ. ʅʘʩʪʫʧʣʝʥʠʝ ʚʝʥʜʩʢʦʛʦ ʤʦʨʷ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ 
ʅɹɸ ʥʦʩʠʣʦ ʩʧʦʨʘʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʨʝʪʠʡ ʮʠʢʣʠʪ 
ʨʝʛʨʘʜʘʮʠʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʏʝʪʚʝʨʪʳʡ ʮʠʢʣʠʪ ʠʤʝʝʪ ʷʚʥʦʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʝ 
ʩʪʨʦʝʥʠʝ. ʇʝʩʯʘʥʠʢʠ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʦʩʥʦʚʘʥʠʠ ʮʠʢʣʠʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʦʪʣʦʞʝʥʠʷ ʙʘʨʦʚʦʛʦ ʪʝʣʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʰʝʣʴʬʘ. ʂʦʛʜʘ 
ʧʨʠʚʥʦʩ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʢʦʥʯʠʣʩʷ ʠʣʠ ʦʛʨʘʥʠʯʠʣʩʷ, ʚ ʤʝʣʢʦʚʦʜʥʦʤ 
ʙʘʩʩʝʡʥʝ ʥʘʯʘʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, 
ʦʪʨʘʞʘʶʱʠʝ ʚʳʩʦʢʦʝ ʩʪʦʷʥʠʝ ʚʝʥʜʩʢʦʛʦ ʤʦʨʷ. 
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ʃʀʊʆʃʆɻʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʀ ʋʉʃʆɺʀʗ ʆɹʈɸɿʆɺɸʅʀʗ 
ɹɸɿɸʃʔʅʓʍ ʆʊʃʆɾɽʅʀʁ ɺɽʅɼɸ ʖɻʆ-ɺʆʉʊʆʂɸ  

ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ 
 

ɽ.ʉ. ʀʟʲʶʨʦʚʘ 
 

ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 

ʂ ʙʘʟʘʣʴʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʚʝʥʜʘ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʅɹɸ) 
ʧʨʠʫʨʦʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʋɺ). ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ 
ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʣʦʚʫʰʝʢ ʠ ʚʝʜʫʱʝʡ ʨʦʣʴʶ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʚ 
ʨʘʟʤʝʱʝʥʠʠ ʟʘʣʝʞʝʡ ʋɺ, ʦʩʚʦʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʋɺ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʮʠʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʦʪʣʦʞʝʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʩʦʙʫʶ 
ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʬʘʮʠʘʣʴʥʦ-ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʛʦ ʚʝʥʜʘ. 
ʈʝʢʦʥʩʪʨʫʢʮʠʷʤ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʞʥʝʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʶʛʘ ʉʠʙʠʨʩʢʦʡ 
ʧʣʘʪʬʦʨʤʳ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ɸ.ʉ. ɸʥʮʠʬʝʨʦʚʘ, ʕ.ɸ. ɹʘʟʘʥʦʚʘ, ʅ.ʅ. ɹʝʣʦʟʝʨʦʚʦʡ, 
ɼ.ʂ. ɻʦʨʥʰʪʝʡʥʘ, ʊ.ʀ. ɻʫʨʦʚʦʡ, ʉ.ʄ. ɼʘʥʠʣʢʠʥʘ, ʊ.ʅ. ɼʝʨʛʘʯʝʚʦʡ, 
ʖ.ʂ. ɼʟʝʚʘʥʦʚʩʢʦʛʦ, ɸ.ʆ. ɽʬʠʤʦʚʘ, ʄ.ɸ. ɾʘʨʢʦʚʘ, ɸ.ʇ. ɾʝʣʝʟʥʦʚʦʡ, ʂ.ɺ. ɿʚʝʨʝʚʘ, 
ʃ.ʅ. ʀʣʶʭʠʥʘ, ɹ.ʄ. ʂʝʣʣʝʨʘ, ʃ.ʀ. ʂʠʣʠʥʦʡ, ɺ.ʅ. ʂʠʨʢʠʥʩʢʦʡ, ɸ.ɸ. ʂʫʣʴʢʦʚʦʡ, 
ɻ.ɺ. ʃʝʙʝʜʝʚʘ, ʅ.ɺ. ʄʝʣʴʥʠʢʦʚʘ, ʄ.ɸ. ʄʠʥʘʝʚʦʡ, ʗ.ʂ, ɺ.ɻ. ʇʦʩʪʥʠʢʦʚʘ, 
ʆ.ɺ. ʇʦʩʪʥʠʢʦʚʦʡ, ʉ.ʀ. ʉʠʨʳʢ, ɹ.ʉ. ʉʦʢʦʣʦʚʘ, ʃ.ʅ. ʌʦʤʠʯʝʚʦʡ, ɻ.ʉ. ʌʨʘʜʢʠʥʘ, 
ʕ. ʍʝʣʣʝʤʘ, ɸ.ʗ. ʍʣʝʙʥʠʢʦʚʘ, ɺ.ɺ. ʍʦʤʝʥʪʦʚʩʢʦʛʦ ɻ.ɺ. ʍʦʣʤʦʚʦʡ, ɻ.ɸ. ʍʦʭʣʦʚʘ, 
ɸ.ɺ. ʎʘʨʝʚʘ, ʃ.ʉ. ʏʝʨʥʦʚʦʡ, ʕ.ʀ. ʏʝʯʝʣʷ, ɻ.ɻ. ʐʝʤʠʥʘ, ʊ.ʅ. ʗʢʦʚʝʥʢʦ ʠ ʜʨ. ɺ 
ʠʟʣʦʞʝʥʥʳʭ ʨʘʙʦʪʘʭ ʛʝʥʝʟʠʩ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʢʘʢ ʘʣʣʶʚʠʘʣʴʥʳʡ, 
ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʡ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʡ [1-3]. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʩʷ 
ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʧʦʪʨʝʙʦʚʘʣ 
ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʩ ʧʦʟʠʮʠʡ ʩʦʚʨʝʤʝʥʥʳʭ 
ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ. 

ʅʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʅɹɸ ʧʦʨʦʜʳ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʣʘʛʘʶʪ ʙʝʟʳʤʷʥʥʳʡ ʠ 
ʷʨʘʢʪʠʥʩʢʠʡ ʧʨʦʜʫʢʪʠʚʥʳʝ ʛʦʨʠʟʦʥʪʳ. ʆʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʚʝʣʠʪʘʤʠ, 
ʧʝʩʯʘʥʠʢʘʤʠ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʟʝʨʥʠʩʪʦʩʪʠ ʠ ʘʣʝʚʨʦ-ʘʨʛʠʣʣʠʪʘʤʠ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ 
ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʤʦʱʥʦʩʪʠ ʦʪʣʦʞʝʥʠʷ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ɺ ʮʝʣʦʤ 
ʥʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʛʨʫʙʦʟʝʨʥʠʩʪʘʷ ʠ ʟʘʣʝʛʘʝʪ ʥʘ 
ʵʨʦʜʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘ (ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ). ʊʦʣʱʠʥʘ ʢʦʨʳ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0 ʜʦ 35 ʤ. ɺʳʩʦʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦ ʧʣʦʱʘʜʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʦʞʝʪ ʦʪʨʘʞʘʪʴ ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʡ 
ʧʘʣʝʦʨʝʣʴʝʬ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ ʙʘʟʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʥʜʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʠʪʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 
ʮʠʢʣʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʨʘʟʨʝʟʳ ʙʝʟʳʤʷʥʥʦʛʦ ʠ 
ʷʨʘʢʪʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʮʠʢʣʠʪʦʚ ʧʨʦʛʨʘʜʘʮʠʦʥʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. 
ʆʙʱʠʝ ʪʦʣʱʠʥʳ ʛʦʨʠʟʦʥʪʦʚ ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 0 ʜʦ 50 ʤ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚ ʙʘʟʘʣʴʥʦʡ 
ʯʘʩʪʠ ʥʠʞʥʝʚʝʥʜʩʢʦʛʦ ʨʘʟʨʝʟʘ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʣʦʢʘʣʴʥʦʝ ʘʥʦʤʘʣʴʥʦʝ 
ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥ ʚ 2-3 ʨʘʟʘ ʟʘ ʩʯʝʪ ʨʘʟʨʘʩʪʘʥʠʷ ʙʝʟʳʤʷʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʊʘʢʠʝ 
ʨʘʟʨʝʟʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʨʝʢʯʠʷʤʠ (ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʣʦʤʢʠ 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʜʦ 5-7 ʩʤ, ʢʚʘʨʮʘ, ʂʇʐ) ʩʦ ʩʤʝʰʘʥʥʳʤ ʛʣʠʥʠʩʪʦ-ʩʫʣʴʬʘʪʥʦ-
ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʧʠʨʠʪʘ. ʊʝʢʩʪʫʨʳ ʧʦʨʦʜ 
çʧʫʜʜʠʥʛʦʚʳʝè ʠ ʣʠʥʟʦʚʠʜʥʦʩʣʦʠʩʪʳʝ ʟʘ ʩʯʝʪ ʘʥʛʠʜʨʠʪʘ. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʟʘʣʝʛʘʶʪ 
ʘʨʛʠʣʣʠʪʳ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʥʢʦʩʣʦʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ, ʢʦʪʦʨʳʝ ʩʤʝʥʷʶʪʩʷ 
ʧʝʩʯʘʥʠʢʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʣʦʠʩʪʳʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦ-ʘʨʛʠʣʣʠʪʦʚ. ʊʘʢʦʛʦ ʨʦʜʘ 
ʦʪʣʦʞʝʥʠʷ ʟʘʧʦʣʥʷʶʪ ʚʦʨʦʥʢʦʚʠʜʥʳʝ ʣʦʢʘʣʴʥʳʝ ʢʦʣʴʮʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. 
ʀʟʦʭʨʦʥʥʳʝ ʛʨʘʥʠʮʳ ʚ ʦʙʣʘʩʪʷʭ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠ ʦʧʫʱʝʥʳ ʧʦ 
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ʦʪʥʦʰʝʥʠʶ ʢ ʩʨʝʜʥʠʤ ʦʪʤʝʪʢʘʤ ʧʦ ʧʣʦʱʘʜʠ ʥʘ 55-60 ʤ. ʆʪʩʫʪʩʪʚʠʝ ʤʠʥʝʨʘʣʴʥʳʭ 
ʘʩʩʦʮʠʘʮʠʡ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʚʫʣʢʘʥʦʛʝʥʥʳʝ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʣʠ ʠʤʧʘʢʪʥʳʝ 
ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʪʝʢʩʪʫʨ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 
ʦʪʣʦʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ 
ʩʪʨʫʢʪʫʨ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʨʘʡʦʥʘ 
ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʤʦʛʣʠ ʷʚʣʷʪʴʩʷ ʛʠʜʨʦʣʘʢʢʦʣʠʪʘʤʠ (ʙʘʡʜʞʘʨʘʭʘʤʠ), 
ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʚ ʵʧʦʭʫ ʚʝʥʜʩʢʠʭ ʦʣʝʜʝʥʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ 
ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʚʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ. 

ɺ ʨʷʜʝ ʨʘʟʨʝʟʦʚ ʷʨʘʢʪʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʚ ʝʛʦ ʥʠʞʥʠʭ ʯʘʩʪʷʭ, ʙʳʣʠ ʚʳʷʚʣʝʥʳ 
ʢʦʥʛʣʦʤʝʨʘʪʳ ʠ ʙʨʝʢʯʠʠ ʩ ʫʛʣʦʚʘʪʳʤʠ ʦʙʣʦʤʢʘʤʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʠ 
çʧʫʜʜʠʥʛʦʚʳʤʠè ʪʝʢʩʪʫʨʘʤʠ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʥʘʭʦʜʷʩʴ ʥʘ 
ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʥʦʩʘ, ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʨʝʣʠʢʪʳ 
ʢʦʥʝʯʥʦʡ ʤʦʨʝʥʳ ʠ ʷʚʣʷʪʴʩʷ ʙʘʨʴʝʨʦʤ ʜʣʷ ʥʠʞʥʝʛʦ ʮʠʢʣʠʪʘ ʷʨʘʢʪʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, 
ʨʘʟʜʝʣʷʶʱʠʤ ʟʦʥʫ ʢʨʘʡʥʝʛʦ ʤʝʣʢʦʚʦʜʴʷ ʠ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʫʶ ʨʘʚʥʠʥʫ. ʇʦ ʤʝʨʝ 
ʪʘʷʥʠʷ ʣʝʜʥʠʢʘ ʠ ʨʘʩʰʠʨʝʥʠʷ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʚ ʩʪʦʨʦʥʫ ʩʫʰʠ ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ 
ʟʥʘʯʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʨʳʚʘʣʠ ʙʘʨʴʝʨ ʠ 
ʧʨʦʜʚʠʛʘʣʠʩʴ ʜʘʣʝʝ ʢʘʢ ʧʦʜʚʦʜʥʳʝ ʢʦʥʫʩʳ ʚʳʥʦʩʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʩʯʘʥʳʭ ʪʝʣ 
ʬʝʩʪʦʥʯʘʪʦʡ ʬʦʨʤʳ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʵʢʟʘʨʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʣʝʜʥʠʢʘ 
ʦʧʨʝʜʝʣʠʣʘ ʦʙʨʘʟʦʚʘʥʠʝ ʰʭʝʨʥʦʛʦ ʪʠʧʘ ʙʝʨʝʛʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʣʦʢʘʣʴʥʳʭ 
ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʥʘ ʤʦʤʝʥʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʛʦ ʮʠʢʣʠʪʘ. ʂ ʢʦʥʮʫ 
ʷʨʘʢʪʠʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʢʦʥʪʠʥʝʥʪʘ ʦʩʣʘʙʣʘ, ʠ ʧʝʩʯʘʥʳʡ ʤʘʪʝʨʠʘʣ, 
ʚʳʥʦʩʠʤʳʡ ʧʦʪʦʢʘʤʠ, ʘʢʢʫʤʫʣʠʨʦʚʘʣʩʷ ʚ ʟʦʥʝ ʙʘʨʴʝʨʦʚ, ʥʘʨʘʱʠʚʘʷ ʠʭ ʚʚʝʨʭ ʠ ʚ 
ʩʪʦʨʦʥʫ ʢʦʥʪʠʥʝʥʪʘ. ɺ ʨʷʜʝ ʨʘʟʨʝʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʘʨʴʝʨʦʚ, 
ʦʪʩʫʪʩʪʚʫʝʪ ʛʣʠʥʠʩʪʘʷ ʯʘʩʪʴ ʚʝʨʭʥʝʛʦ (ʪʨʝʪʴʝʛʦ) ʮʠʢʣʠʪʘ, ʠ ʧʝʩʯʘʥʳʡ ʤʘʪʝʨʠʘʣ 
ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩʤʝʰʘʥʥʳʤʠ ʛʣʠʥʠʩʪʦ-ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ ʪʠʨʩʢʦʡ ʩʚʠʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʫʢʣʦʥ ʜʥʘ ʙʘʩʩʝʡʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ 
ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʢʦʥʪʠʥʝʥʪʘ ʥʘʜ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ ʤʦʨʷ 
ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʘʢʪʠʚʥʦʤʫ ʚʳʥʦʩʫ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʟʘʧʦʣʥʝʥʠʶ 
ʵʨʦʟʠʦʥʥʳʭ ʬʦʨʤ ʧʦʩʪʣʝʜʥʠʢʦʚʦʛʦ ʨʝʣʴʝʬʘ ʥʘ ʧʨʦʪʷʞʝʥʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʩʫʰʠ. 
ʆʩʪʘʥʮʳ, ʢʘʢ ʠ ʢʨʳʣʴʷ ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ ʛʠʜʨʦʣʘʢʢʦʣʠʪʦʚ, ʷʚʣʷʣʠʩʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʩʥʦʩʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʌʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʝ 
ʧʦʪʦʢʠ, ʧʝʨʝʛʨʫʞʝʥʥʳʝ ʥʘʥʦʩʘʤʠ, ʯʨʝʟʚʳʯʘʡʥʦ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʣʠ ʙʦʣʴʰʠʝ 
ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʮʠʢʣʠʯʝʩʢʠ ʚʳʩʪʨʘʠʚʘʣʠʩʴ ʚʜʦʣʴ ʦʙʨʘʤʣʝʥʠʷ 
ʧʘʣʝʦʩʚʦʜʘ ʅɹɸ. 
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ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʝʨʥʘ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʬʨʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠʟ ʩʢʚʘʞʠʥ ʚ 
ʧʨʝʜʝʣʘʭ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʛʦ ʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʦʨʦʜ, 
ʨʝʥʪʛʝʥʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟʳ, ICP-MS, ʘ ʪʘʢʞʝ 
ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʤʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ. ʂʨʦʤʝ ʪʦʛʦ, 
ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʠʨʦʣʠʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ., ʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʪʠʧʘ ʢʝʨʦʛʝʥʘ ʠ ʜʨʫʛʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 
ʦʪʣʦʞʝʥʠʡ ʜʦʤʘʥʠʢʦʚʦʡ ʬʦʨʤʘʮʠʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʛʦ ʠ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʛʦ ʨʝʛʠʦʥʦʚ 
ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʠʧʠʯʥʳʭ ʩʣʘʥʮʝʚ. ɼʦʤʘʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʢʨʝʤʥʝʥʥʳʝ ʙʠʪʫʤʠʥʦʟʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ 
ʧʦʨʦʜʳ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ (ʥʝ ʙʦʣʝʝ 5 %), ʪʦʛʜʘ ʢʘʢ 
ʩʣʘʥʮʳ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʬʦʨʤʘʮʠʡ (Barnett, Eagle Ford, ʙʘʞʝʥʦʚʩʢʘʷ ʩʚʠʪʘ ʠ ʜʨ.) 
ʩʣʦʞʝʥʳ ʢʚʘʨʮʝʤ ʠ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʘ ʢʘʨʙʦʥʘʪʳ ʠʤʝʶʪ ʧʦʜʯʠʥʝʥʥʦʝ 
ʟʥʘʯʝʥʠʝ [4]. 

ʅʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʜʦʤʘʥʠʢʦʚʦʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʣʦ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʭ ʚʧʘʜʠʥ ʠ ʧʨʦʛʠʙʦʚ [5]. ɺʳʩʦʢʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʦʨʛ. ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʪʝ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʙʳʣʘ ʧʦʜʘʚʣʝʥʘ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ, ʠ ʪʝʨʨʠʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ 
ʚʝʱʝʩʪʚʦʤ ʥʝ ʨʘʟʙʘʚʣʷʣʩʷ ʠʣʠ ʨʘʟʙʘʚʣʷʣʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 
ʩʦʭʨʘʥʥʦʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʘʥʦʢʩʠʠ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʠ 
ʦʩʘʜʢʘ [1]. ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʫʩʣʦʚʠʷ ʧʦʚʣʠʷʣʠ ʠ ʥʘ ʤʠʥʝʨʘʣʴʥʳʡ ʢʘʨʢʘʩ 
ʜʦʤʘʥʠʢʠʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʦʪʣʦʞʝʥʠʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ ʘʥʦʢʩʠʠ 
(ʠʣʠ ʙʣʠʟʢʠʭ ʢ ʥʠʤ), ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʣʝʜʫʶʱʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ. 

ʄʠʥʝʨʘʣʳ ʢʨʝʤʥʝʟʝʤʘ (ʢʚʘʨʮ, ʦʧʘʣ-ʢʨʠʩʪʦʙʘʣʠʪ-ʪʨʠʜʠʤʠʪʦʚʘʷ (ʆʂʊ) -
ʬʘʟʘ), ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʠ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ. ʅʘ ʪʨʝʫʛʦʣʴʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʩ 
ʚʝʨʰʠʥʘʤʠ (ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ)-(ʢʘʨʙʦʥʘʪʳ)-(ʤʠʥʝʨʘʣʳ ʢʨʝʤʥʝʟʝʤʘ + ʂʇʐ) 
ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʜʚʘ ʪʨʝʥʜʘ ʠʟʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʜʠʥ ʪʨʝʥʜ, ʢʫʜʘ 
ʧʦʧʘʜʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʪʦʯʝʢ ʜʦʤʘʥʠʢʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʩʚʷʟʳʚʘʝʪ ʚ ʨʘʟʣʠʯʥʦʡ 
ʩʪʝʧʝʥʠ ʦʢʨʝʤʥʝʥʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʩ ʘʫʪʠʛʝʥʥʳʤʠ ʢʘʣʠʝʚʳʤʠ ʧʦʣʝʚʳʤʠ 
ʰʧʘʪʘʤʠ ʠ ʆʂʊ-ʬʘʟʦʡ ʧʨʠ ʥʝʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʦ 
ʩʦʜʝʨʞʘʥʠʶ ʉʦʨʛ. ʜʘʥʥʳʝ ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʜʦʤʘʥʠʢʦʠʜʘʤ (0,5-5,0 %) ʠ 
ʜʦʤʘʥʠʢʠʪʘʤ (>5,0 %) [3]. 

ʂʦ ʚʪʦʨʦʤʫ ʪʨʝʥʜʫ ʦʪʥʦʩʷʪʩʷ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚ ʩʦʩʪʘʚʝ 
ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʘʣʣʦʪʠʛʝʥʥʳʝ ʢʘʣʠʝʚʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʥʝʨʝʜʢʦ ʧʣʘʛʠʦʢʣʘʟʳ, 
ʘ ʢʦʣʠʯʝʩʪʚʦ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚʳʰʝ, ʯʝʤ ʚ ʜʨʫʛʦʡ ʛʨʫʧʧʝ. ɻʣʠʥʠʩʪʦ-
ʢʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʣʷ ʧʦʜ- ʠ 
ʥʘʜʜʦʤʘʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʬʨʘʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʂʦʣʠʯʝʩʪʚʦ ʉʦʨʛ. ʚ 
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ʪʘʢʠʭ ʧʦʨʦʜʘʭ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 1 %, ʪʘʢ ʯʪʦ ʜʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
ʩʫʙʜʦʤʘʥʠʢʦʠʜʘʤ. 

ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʘʫʪʠʛʝʥʥʳʤʠ (ʩʘʥʠʜʠʥ-ʦʨʪʦʢʣʘʟ) ʠ ʘʣʣʦʪʠʛʝʥʥʳʤʠ 
(ʤʠʢʨʦʢʣʠʥ) ʢʘʣʠʝʚʳʤʠ ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ ʥʘʜʝʞʥʦ ʬʠʢʩʠʨʫʶʪʩʷ 
ʨʝʥʪʛʝʥʜʠʬʨʘʢʪʦʤʝʪʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ. ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ 
ʥʘʣʠʯʠʝ ʆʂʊ-ʬʘʟʳ. ʆʙʨʘʟʦʚʘʥʠʝ ʘʫʪʠʛʝʥʥʳʭ ʢʘʣʠʰʧʘʪʦʚ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ 
ʛʠʜʨʦʣʠʟʥʳʤ ʨʘʟʣʦʞʝʥʠʝʤ ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʛʠʜʨʦʩʣʶʜ. 
ɺʳʩʚʦʙʦʜʠʚʰʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʢʨʝʤʥʝʟʝʤ, ʛʣʠʥʦʟʝʤ ʠ ʢʘʣʠʡ 
ʩʬʦʨʤʠʨʦʚʘʣʠ ʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ï ʤʠʥʝʨʘʣʳ ʢʨʝʤʥʝʟʝʤʘ ʠ ʂʇʐ.  

ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʛʣʠʥʠʩʪʳʝ 
ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʣʣʠʪʦʤ. ʇʦʷʚʣʝʥʠʝ ʢʘʦʣʠʥʠʪʘ ʚ 
ʜʦʤʘʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʚʥʦʩʝ 
ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʪʦʨʦʥʳ ʩʫʰʠ, ʧʦʩʢʦʣʴʢʫ ʢʘʦʣʠʥʠʪ ʩʯʠʪʘʝʪʩʷ ʤʠʥʝʨʘʣʦʤ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ [2]. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʙʤʝʣʝʥʠʝʤ 
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚʩʣʝʜʩʪʚʠʝ ʨʝʛʨʝʩʩʠʠ ʤʦʨʷ. ɺ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʤ 
ʨʝʛʠʦʥʝ ʢʘʦʣʠʥʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ, ʥʦ ʚ ʧʦʜ- ʠ ʥʘʜʜʦʤʘʥʠʢʦʚʳʭ 
ʦʪʣʦʞʝʥʠʷʭ ʧʦʤʠʤʦ ʠʣʣʠʪʘ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠʤʝʩʠ ʭʣʦʨʠʪʘ. ʋʩʠʣʝʥʠʝ ʨʦʣʠ 
ʪʝʨʨʠʛʝʥʥʦʛʦ ʩʥʦʩʘ ʥʘʨʫʰʘʣʦ ʩʪʘʛʥʘʮʠʶ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʚʧʘʜʠʥʳ, ʯʪʦ 
ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʤʝʥʦʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʙʦʣʝʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʩʝʨʚʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʪʦ 
ʦʪʨʘʞʘʝʪʩʷ ʚ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʠ ʉʦʨʛ. 

ʌʨʘʤʙʦʠʜʘʣʴʥʳʡ ʧʠʨʠʪ. ʇʠʨʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠʤʝʩʠ ʚʦ 
ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʘʭ. ʅʝʨʝʜʢʦ ʩ ʥʠʤ ʘʩʩʦʮʠʠʨʫʝʪ ʝʱʝ ʦʜʠʥ ʩʫʣʴʬʠʜ ʞʝʣʝʟʘ ï 
ʤʘʨʢʘʟʠʪ. ʅʘ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʩʥʠʤʢʘʭ ʚʠʜʥʦ, ʯʪʦ ʩʫʣʴʬʠʜʳ ʞʝʣʝʟʘ 
ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʚ ʚʠʜʝ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʨʦʩʩʳʧʴʶ, ʪʘʢ ʠ ʚ ʬʦʨʤʝ 
ʬʨʘʤʙʦʠʜʦʚ ï ʩʬʝʨʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 
ʌʨʘʤʙʦʠʜʘʣʴʥʳʝ ʩʫʣʴʬʠʜʳ ʞʝʣʝʟʘ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʦʨʛʘʥʠʢʠ 
ʚʩʣʝʜʩʪʚʠʝ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʠ ʩʯʠʪʘʶʪʩʷ ʥʘʜʝʞʥʳʤ ʠʥʜʠʢʘʪʦʨʦʤ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʚʳʜʝʣʠʪʴ 
ʤʠʥʝʨʘʣʴʥʳʝ ʠʥʜʠʢʘʪʦʨʳ ʘʥʦʢʩʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʙʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʛʝʥʝʨʘʮʠʠ ʥʝʬʪʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ 
ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʠ ʜʦʤʘʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʛʦ ʠ ɺʦʣʛʦ-
ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʦʚ. 
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ʃʸʩʩʦʚʦ-ʧʦʯʚʝʥʥʘʷ ʬʦʨʤʘʮʠʷ ï ʵʪʦ ʢʨʫʧʥʳʡ ʢʦʤʧʣʝʢʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʦʟʥʠʢʰʠʡ ʚ ʫʩʣʦʚʠʷʭ 
ʯʝʨʝʜʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚʳʭ ʠ ʤʝʞʣʝʜʥʠʢʦʚʳʭ ʵʧʦʭ [1]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʸʩʩʦʚ ʚ 
ʦʩʥʦʚʥʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʦʩʦʙʳʭ ʢʨʠʦʘʨʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʣʝʜʥʠʢʦʚʠʡ ʧʦʜ ʚʣʠʷʥʠʝʤ 
ʢʦʤʧʣʝʢʩʘ ʩʫʙʘʵʨʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʣʘ ʩʝʜʠʤʝʥʪʘʮʠʷ ʠʟ 
ʚʦʟʜʫʭʘ ʘʣʝʚʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʂ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʣʸʩʩʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʫʩʩʢʦʡ 
ʨʘʚʥʠʥʳ ʦʪʥʦʩʷʪ ʦʙʣʦʤʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʦʪʩʪʫʧʣʝʥʠʠ 
ʧʦʢʨʦʚʥʳʭ ʣʝʜʥʠʢʦʚ [3]. ʕʪʦʪ ʤʘʪʝʨʠʘʣ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʧʦʨʦʜʳ 
ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ. ɽʱʝ ʦʜʥʠʤ 
ʠʩʪʦʯʥʠʢʦʤ ʤʦʛʣʠ ʙʳʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʋʢʨʘʠʥʩʢʦʛʦ ʱʠʪʘ ʠ 
ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʂʘʩʧʠʡʩʢʦ-ɸʨʘʣʴʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʠ ʂʘʚʢʘʟʘ 
(ʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʧʝʩʢʠ, ʶʨʩʢʠʝ ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʠ ʧʝʩʯʘʥʠʢʠ). ɹʦʣʴʰʠʥʩʪʚʦ 
ʥʘʫʯʥʳʭ ʟʘʢʣʶʯʝʥʠʡ ʦʙ ʠʩʪʦʯʥʠʢʘʭ ʣʸʩʩʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʦʩʠʪ ʭʘʨʘʢʪʝʨ ʛʠʧʦʪʝʟ, 
ʩʣʘʙʦ ʦʙʝʩʧʝʯʝʥʥʳʭ ʜʘʥʥʳʤʠ ʝʩʪʝʩʪʚʝʥʥʦ-ʥʘʫʯʥʳʭ ʘʥʘʣʠʟʦʚ, ʢʘʢ ʩʘʤʠʭ ʣʸʩʩʦʚ, ʪʘʢ 
ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʚ ʚʦʧʨʦʩʝ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 
ʣʸʩʩʦʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 
ʩʢʣʦʥʷʝʪʩʷ ʢ ʠʭ çʣʝʜʥʠʢʦʚʦʤʫè ʧʨʦʠʩʭʦʞʜʝʥʠʶ, ʪʦ ʛʝʥʝʟʠʩ ʣʸʩʩʦʚʦʡ ʬʦʨʤʘʮʠʠ 
ʇʨʝʜʢʘʚʢʘʟʴʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʠʩʢʫʩʩʠʦʥʥʳʤ ʚʦʧʨʦʩʦʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʣʸʩʩʦʚʳʭ ʧʦʨʦʜ ʮʝʥʪʨʘʣʴʥʦʛʦ ʇʨʝʜʢʘʚʢʘʟʴʷ, ʧʨʦʚʝʜʝʥʥʦʝ 
ʃ.ɻ. ɹʘʣʘʝʚʳʤ ʠ ʇ.ɺ. ʎʘʨʝʚʳʤ ʚ 1964 ʛʦʜʫ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦʡ 
ʷʚʣʷʝʪʩʷ ʛʠʧʦʪʝʟʘ ʦʙ ʵʦʣʦʚʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʣʸʩʩʦʚʳʭ ʧʦʨʦʜ ʨʝʛʠʦʥʘ. ʇʦ ʠʭ 
ʜʘʥʥʳʤ ʤʘʪʝʨʠʘʣ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʸʩʩʦʚ ʧʦʩʪʫʧʘʣ ʠʟ ʂʘʩʧʠʡʩʢʦ-ɸʨʘʣʴʩʢʦʡ 
ʜʝʧʨʝʩʩʠʠ. 

ʂʣʶʯʦʤ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ, 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʣʸʩʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ 
ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʸʩʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʩʦʩʪʘʚʫ ʚʝʨʭʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 
ʢʦʨʳ [5]. ʆʜʥʘʢʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʦʙʱʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʭʦʞʝʩʪʴ, ʣʸʩʩ ʨʘʟʣʠʯʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ ʩʚʦʝʤʫ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʢʦʪʦʨʳʡ ʥʘʩʣʝʜʫʝʪʩʷ 
ʦʪ ʧʝʨʚʠʯʥʳʭ ʧʦʨʦʜ ï ʠʩʪʦʯʥʠʢʦʚ ʣʸʩʩʦʚʦʡ ʧʳʣʠ [4]. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʤʘʢʨʦ ʠ 
ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, 
ʤʦʞʥʦ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʩʭʦʜʥʳʭ 
ʧʦʨʦʜ, ʧʦʩʣʫʞʠʚʰʠʭ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʸʩʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʦʯʪʠ ʚʩʝ 
ʣʸʩʩʳ ʩʦʜʝʨʞʘʪ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʠʥʝʨʘʣʦʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ. ʇʨʠ ʵʦʣʦʚʦʤ 
ʧʝʨʝʤʝʱʝʥʠʠ ʤʝʣʢʦʟʝʤʘ ʧʨʦʠʩʭʦʜʠʪ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʦʩʘʜʢʘ ʧʦ 
ʧʫʪʠ ʝʛʦ ʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʯʝʤ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʨʦʜʝ ʤʠʥʝʨʘʣʦʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ 
ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʦʙʣʘʩʪʝʡ ʧʠʪʘʥʠʷ ʢ ʦʙʣʘʩʪʷʤ 
ʦʪʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʏʪʦ ʜʝʣʘʝʪ ʵʪʠ ʚʘʨʠʘʮʠʠ ʚʘʞʥʳʤ ʤʘʨʢʝʨʦʤ ʛʦʨʥʳʭ ʧʦʨʦʜʳ - 
ʠʩʪʦʯʥʠʢʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʸʩʩʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʸʩʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 
ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʩ 
ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ 
ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʣʸʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ (ʃʇʂ) (ʨʘʟʨʝʟʳ ʆʪʢʘʟʥʦʝ, ʇʦʨʪ-ʂʘʪʦʥ, ʐʘʙʝʣʴʩʢʦʝ ʠ ʄʝʣʝʢʠʥʦ), 
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ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʝʨʩʢʦ-ʂʫʤʩʢʦʡ ʨʘʚʥʠʥʳ ʠ ɸʟʦʚʦ-ʂʫʙʘʥʩʢʦʡ 
ʥʠʟʤʝʥʥʦʩʪʠ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʸʩʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʶʛʘ 
ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʠʤʝʶʪ ʩʭʦʞʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ SiO2, Al2O3, 
Fe2O3 ʠ CaO. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʸʩʩʦʚ ʇʨʝʜʢʘʚʢʘʟʴʷ (ʃʇʂ ʆʪʢʘʟʥʦʝ) ʥʝʩʢʦʣʴʢʦ 
ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʣʸʩʩʦʚ ʇʨʠʘʟʦʚʴʷ. ʇʝʨʚʳʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Al2O3 ʠ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ CaO ʠ MgO ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʣʸʩʩʘʤʠ ʇʨʠʘʟʦʚʴʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʪʦʯʥʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʣʸʩʩʦʚʦʡ ʧʳʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʶʛʘ 
ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʤʝʰʘʥʥʳʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʚ ʮʝʣʦʤ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʜʚʫʤ ʯʘʩʪʷʤ ʢʠʩʣʳʭ ʠ ʦʜʥʦʡ ʯʘʩʪʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʷʚʣʷʝʪʩʷ 
ʙʣʠʟʢʠʤ ʢ ʩʨʝʜʥʝʤʫ ʩʦʩʪʘʚʫ ʚʝʨʭʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ (UCC) [2, 5]. ʀʟʫʯʝʥʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ K2O/Al2O3 ʠ Na2O/Al2O3, ʯʝʤ ʭʘʨʘʢʪʝʨʥʳʝ 
ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʳʡ ʤʝʣʢʦʟʝʤ 
ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʦʠʪ ʥʝ ʠʟ ʤʝʭʘʥʠʯʝʩʢʠ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 
ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ, ʘ ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʛʣʫʙʦʢʦʡ ʛʠʧʝʨʛʝʥʥʦʡ 
ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʦ 
ʨʘʟʨʫʰʝʥʠʝ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʙʠʦʪʠʪʘ, ʧʠʨʦʢʩʝʥʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʠʧʝʨʛʝʥʥʳʭ 
ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʣʸʩʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʦʤʠʤʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʚʢʣʘʜʳ ʦʪ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ 
ʦʩʘʜʦʯʥʳʭ (ʛʣʠʥʠʩʪʳʭ) ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʈʫʩʩʢʦʡ ʨʘʚʥʠʥʳ. ʀʭ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ 
ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʣʸʩʩʦʚ ʇʨʝʜʢʘʚʢʘʟʴʷ, ʛʜʝ ʦʪʤʝʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
Al2O3 (ʜʦ 17 %).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʠʟʫʯʝʥʥʳʭ ʣʸʩʩʘʭ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʫʤʝʥʴʰʘʝʪʩʷ 
ʢʦʥʮʝʥʪʨʘʮʠʷ SiO2 ʠ Zr, ʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ Al2O3 ʠ K2O, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ 
ʫʤʝʥʴʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢʚʘʨʮʘ ʠ ʤʠʥʝʨʘʣʦʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ 
ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʛʣʠʥʳ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʦʚʦʨʠʪ ʦ 
ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʵʦʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʝʨʝʥʦʩʝ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ. 
ɼʣʷ ʧʨʝʜʢʘʚʢʘʟʩʢʠʭ ʣʸʩʩʦʚ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ SiO2 ʠ 
Zr, ʩʦʧʦʩʪʘʚʠʤʦʝ ʩ ʣʸʩʩʘʤʠ ʇʨʠʘʟʦʚʴʷ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ, 
ʙʦʣʝʝ ʙʣʠʟʢʠʡ ʠʩʪʦʯʥʠʢ ʧʦʩʪʫʧʣʝʥʠʷ ʧʳʣʠ, ʚʦʟʤʦʞʥʦ, ʩ ʚʦʩʪʦʢʘ ʠʣʠ ʩ ʂʘʚʢʘʟʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 
ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ 18-05-00869-ɸ. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 
ʨʘʤʢʘʭ ʪʝʤʳ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ 0191-2019-0048. 
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ʄʆɼɽʃʔ ʌʆʈʄʀʈʆɺɸʅʀʗ ʂʆʃʃɽʂʊʆʈʆɺ ɿɸʃɽɾɽʁ ʋɺ  
ɺ ʂɸʈɹʆʅɸʊʅʓʍ ʇʆʈʆɼɸʍ ʇʃɸʉʊɸ ɹ5 ɺɽʅɼɸ-ʂɽʄɹʈʀʗ 

ɺʆʉʊʆʏʅʆʁ ʉʀɹʀʈʀ 
 

ʅ.ʌ. ʂʘʷʯʝʚ, ɼ.ɺ. ʅʘʟʘʨʦʚ, ʅ.ʄ. ɼʘʜʘʢʠʥ 
 

ʆʆʆ çʈʅ-ʂʨʘʩʥʦʷʨʩʢʅʀʇʀʥʝʬʪʴè, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 
 

ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʛʘʣʦʛʝʥʥʳʭ ʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʩʘʜʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʚʷʟʠ ʚʳʩʦʢʠʭ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʚʝʥʜ-
ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʥʘ 
ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʜʥʦʚʦʟʨʘʩʪʥʦʡ ʩʦʣʝʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ [1, 4]. ʇʨʠ ʵʪʦʤ ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʘʥʥʘʷ ʩʚʷʟʴ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʨʘʢʪʦʚʢʦʡ ʩʦʣʝʥʦʩʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ʢʘʢ ʚʘʞʥʝʡʰʝʛʦ ʬʣʶʠʜʦʫʧʦʨʘ ʜʣʷ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ 
ʩʭʝʤʘʭ ʣʠʪʦʛʝʥʝʟʘ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʟʘʩʦʣʦʥʝʥʠʝ ʧʦʨʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʦʧʠʩʳʚʘʝʪʩʷ ʚ 
ʢʘʯʝʩʪʚʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ. 

ʆʜʥʘʢʦ ʜʣʷ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʚʝʨʥʦʟʥʦʩʪʠ ʜʦʣʦʤʠʪʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʧʣʘʩʪʘ ɹ5 ʪʵʪʵʨʩʢʦʡ ʩʚʠʪʳ ʚ ʧʨʝʜʝʣʘʭ ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ɺʦʩʪʦʯʥʦʡ 
ʉʠʙʠʨʠ ʫʩʪʘʥʦʚʣʝʥʘ ʜʨʫʛʘʷ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʠ ʩʪʘʜʠʡʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ. 
ʉʦʣʝʥʦʩʥʦʩʪʴ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʧʣʘʩʪʘ ɹ5 ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʦʩʪʘʚʘ 
ʦʩʘʜʢʦʚ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʜʠʘʛʝʥʝʟʘ ʠ ʢʘʪʘʛʝʥʝʟʘ, ʘ ʠʭ ʚʳʩʦʢʠʝ ʌɽʉ ʷʚʣʷʶʪʩʷ 
ʩʣʝʜʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʨʘʩʩʦʣʠʚʘʥʠʷ ʧʦʨʦʜ ʚ ʵʣʠʟʠʦʥʥʫʶ ʩʪʘʜʠʶ ʨʘʟʚʠʪʠʷ 
ʙʘʩʩʝʡʥʦʚ ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʷ [3]. ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʘʚʪʦʨʘʤʠ ʤʦʜʝʣʠ, 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʚʝʨʥʦʟʥʳʭ ʜʦʣʦʤʠʪʦʚ ʩ ʚʳʩʦʢʠʤʠ ʌɽʉ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ɹ5 
ʚʝʥʜ-ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʝ 
ʚʳʱʝʣʘʯʠʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʘ ʦʙʳʯʥʳʤ çʚʳʤʳʚʘʥʠʝʤè ʚ ʥʠʭ 
ʧʝʨʚʠʯʥʦ ʦʩʘʜʦʯʥʳʭ ʩʦʣʝʡ. 

ʂʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʧʣʘʩʪʘ ɹ5 ʧʨʝʜʩʪʘʚʣʝʥʳ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 
ʚʦʜʦʨʦʩʣʝʚʳʤʠ ʙʘʫʥʜʩʪʦʫʥʘʤʠ, ʢʦʪʦʨʳʝ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʧʝʨʝʢʨʳʚʘʶʪʩʷ 
ʤʘʣʦʤʦʱʥʦʡ (ʜʦ 10 ʤ) ʧʘʯʢʦʡ ʛʣʠʥʠʩʪʳʭ ʜʦʣʦʤʠʪʦʚ, ʘʨʛʠʣʣʠʪʦʚ ʠ ʘʥʛʠʜʨʠʪʦʚ, 
ʚʳʧʦʣʥʷʶʱʠʭ ʨʦʣʴ ʬʣʶʠʜʦʫʧʦʨʘ ʠ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʦʙʩʪʘʥʦʚʢʝ, ʙʣʠʟʢʦʡ ʢ 
ʵʚʘʧʦʨʠʪʩʦʜʝʨʞʘʱʝʡ ʚʦʜʦʥʦʩʥʦʡ ʩʠʩʪʝʤʝ. ʃʠʪʦʛʠʜʨʦʛʝʦʭʠʤʠʷ ʠ ʢʘʪʘʛʝʥʝʟ 
ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʵʚʘʧʦʨʠʪʩʦʜʝʨʞʘʱʠʭ ʚʦʜʦʥʦʩʥʳʭ ʩʠʩʪʝʤʘʭ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥ ʚ 
ʨʘʙʦʪʝ [3]. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʜʵʚʘʧʦʨʠʪʦʚʳʝ (ʧʦʜʩʦʣʝʚʳʝ) ʟʦʥʳ ʦʩʘʜʦʯʥʦ-
ʧʦʨʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ ð ʚʤʝʩʪʠʣʠʱʝ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʨʘʩʩʦʣʦʚ. ʕʪʠ 
ʨʘʩʩʦʣʳ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʨʘʩʩʦʣʦʚ (ʨʘʧʳ), ʦʙʨʘʟʫʶʱʠʭʩʷ 
ʚ ʩʦʣʝʨʦʜʥʳʭ ʚʦʜʦʸʤʘʭ ʥʘʨʷʜʫ ʩ ʵʚʘʧʦʨʠʪʦʚʳʤʠ ʦʩʘʜʢʘʤʠ. ʇʦʜ ʨʝʛʠʦʥʘʣʴʥʦ 
ʚʳʜʝʨʞʘʥʥʳʤʠ ʛʠʧʩʦïʘʥʛʠʜʨʠʪʦʚʳʤʠ ʬʦʨʤʘʮʠʷʤʠ ʦʙʳʯʥʦ ʟʘʣʝʛʘʶʪ 
ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʝ ʨʘʩʩʦʣʳ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 140ï280 ʛ/ʣ. ʅʘʢʦʧʣʝʥʠʝ ʠ ʫʧʣʦʪʥʝʥʠʝ 
ʵʚʘʧʦʨʠʪʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʧʨʦʥʠʮʘʝʤʦʛʦ ʩʦʣʷʥʦʛʦ ʠʣʠ 
ʩʫʣʴʬʘʪʥʦʛʦ ʵʢʨʘʥʘ ʥʘ ʧʫʪʠ ʩʪʝʢʘʥʠʷ ʥʘʜʜʦʥʥʦʡ ʨʘʧʳ ʚ ʧʦʜʵʚʘʧʦʨʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ. 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʥʛʠʜʨʠʪʘ ʠ ʛʘʣʠʪʘ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ 
ʧʦʜʵʚʘʧʦʨʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʦʩʠʪ ʨʝʛʠʦʥʘʣʴʥʳʡ, ʘʬʦʨʤʘʮʠʦʥʥʳʡ ʠ ʘʬʘʮʠʘʣʴʥʳʡ 
ʭʘʨʘʢʪʝʨ [3]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʦʙʤʝʣʝʥʠʠ 
ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʢʦʥʝʮ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʪʣʦʞʝʥʠʡ ʧʣʘʩʪʘ ɹ5 ʚʦʜʦʨʦʩʣʝʚʳʝ 
ʙʘʫʥʜʩʪʦʫʥʳ ʙʳʣʠ ʥʝ ʣʠʪʠʬʠʮʠʨʦʚʘʥʳ ʠ ʩʦʜʝʨʞʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʨʘʩʩʦʣʦʚ (ʨʘʧʳ). ʇʦʩʪʝʧʝʥʥʦʝ çʚʳʧʘʨʠʚʘʥʠʝè ʧʦʜʟʝʤʥʳʭ ʨʘʩʩʦʣʦʚ ʧʨʠʚʦʜʠʣʦ ʢ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ ʛʘʣʠʪʘ, 
ʢʦʪʦʨʳʡ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ɺ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʤʥʦʛʠʭ ʃʋ ʚ 
ʀʨʢʫʪʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʣʘʩʪʘ ɹ5 ʩʦʜʝʨʞʘʥʠʝ ʛʘʣʠʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʘʥʘʣʠʟʦʚ ʩʦʩʪʘʚʣʷʝʪ: ʚ ʩʢʚʘʞʠʥʘʭ ʉʥʨ-5, 6 ï ʜʦ 16%; ʚ ɼʥʣ-72 ï ʜʦ 20-38%; ʚ ʄʛʜ-9 
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ï ʜʦ 15% ʠ ʪ.ʜ. ʆʢʦʥʯʘʪʝʣʴʥʘʷ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʦʣʝʡ ʠ ʣʠʪʠʬʠʢʘʮʠʷ ʧʦʨʦʜ 
ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʠ ʢʘʪʘʛʝʥʝʟʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʛʘʣʠʪ-ʜʦʣʦʤʠʪʦʚʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ 
ʤʳ ʥʘʙʣʶʜʘʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʝʨʥʝ ʩʢʚʘʞʠʥ. ɿʘʩʦʣʦʥʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 
ʧʣʘʩʪʘ ɹ5, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʣʦ ʨʝʛʠʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʈʘʩʩʦʣʠʚʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʣʘʩʪʘ ɹ5, ʥʘʧʨʦʪʠʚ, ʠʤʝʝʪ 
ʠʟʙʠʨʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʧʣʘʩʪʘ ɹ5 ʤʦʜʝʣʴ ʨʘʩʩʦʣʠʚʘʥʠʷ ʛʘʣʠʪ-ʢʘʨʙʦʥʘʪʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤʠ ʌɽʉ ʨʘʩʩʤʦʪʨʝʥʘ ʥʘ ʧʨʠʤʝʨʝ 
ɼʘʥʠʣʦʚʩʢʦʛʦ ʃʋ [2]. ʇʨʦʮʝʩʩʳ ʨʘʩʩʦʣʠʚʘʥʠʷ ʩʚʷʟʳʚʘʶʪʩʷ ʩ ʵʣʠʟʠʦʥʥʦʡ ʩʪʘʜʠʝʡ 
ʣʠʪʦʛʝʥʝʟʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʛʝʥʝʨʘʮʠʷ ʬʣʶʠʜʦʚ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʜʠʘʛʝʥʝʟʘ ʠ 
ʢʘʪʘʛʝʥʝʟʘ ʥʠʞʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʡ ʥʝʧʩʢʦʡ ʩʚʠʪʳ. ʇʨʠ ʫʧʣʦʪʥʝʥʠʠ ʠ ʠʟʤʝʥʝʥʠʠ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʥʝʧʩʢʦʡ ʩʚʠʪʳ ʚʳʜʝʣʷʝʪʩʷ 
ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ (ʙʦʣʝʝ 50 ʤʣʨʜ. ʪ). ʌʣʶʠʜʦʜʠʥʘʤʠʢʘ, 
ʦʧʨʝʜʝʣʷʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʛʨʘʮʠʠ ʬʣʶʠʜʦʚ ʧʨʠ ʵʣʠʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ 
ʧʨʝʜʝʣʘʭ ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, 
ʟʘʚʠʩʠʪ ʦʪ ʩʪʨʦʝʥʠʷ ʞʝʩʪʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ ʧʨʠ 
ʵʣʠʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʠʛʨʘʶʪ ʵʨʦʟʠʦʥʥʳʝ ʚʳʩʪʫʧʳ ʚ ʬʫʥʜʘʤʝʥʪʝ. ʀʭ 
ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʦʪʣʦʞʝʥʠʷʭ ʥʝʧʩʢʦʡ ʩʚʠʪʳ 
ʜʚʠʞʝʥʠʝ ʬʣʶʠʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʣʠʟʠʠ ʙʫʜʝʪ ʣʘʪʝʨʘʣʴʥʳʤ ʠ ʥʘʧʨʘʚʣʝʥʦ ʚ ʩʪʦʨʦʥʫ 
ʚʳʩʪʫʧʦʚ, ʩʦʟʜʘʚʘʷ ʚʦʢʨʫʛ ʥʠʭ ʣʦʢʘʣʴʥʳʝ çʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘè. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ 
ʧʨʝʜʝʣʘʭ ʩʘʤʠʭ ʚʳʩʪʫʧʦʚ ʥʘʨʘʩʪʘʶʱʝʝ ʧʦʨʦʚʦʝ ʜʘʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 
ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʬʣʶʠʜʦʚ [2]. 

ɼʦʩʪʠʛʘʷ ʫʨʦʚʥʷ ʟʘʩʦʣʦʥʝʥʥʳʭ ʜʦʣʦʤʠʪʦʚ ʧʣʘʩʪʘ ɹ5 ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ 
ʚʳʩʪʫʧʘʤʠ ʬʫʥʜʘʤʝʥʪʘ, ʥʝʜʦʩʳʱʝʥʥʳʝ ʬʣʶʠʜʳ, ʚʳʞʠʤʘʝʤʳʝ ʠʟ ʛʣʠʥʠʩʪʳʭ 
ʦʪʣʦʞʝʥʠʡ ʥʝʧʩʢʦʡ ʩʚʠʪʳ, ʙʫʜʫʪ ʨʘʩʪʚʦʨʷʪʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʛʘʣʠʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʪʝʩʥʘʷ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʵʚʘʧʦʨʠʪʦʚ ʠ ʜʦʣʦʤʠʪʦʚ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 
ʪʨʘʢʪʦʚʢʦʡ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʢʘʢ ʚʘʞʥʝʡʰʝʛʦ ʬʣʶʠʜʦʫʧʦʨʘ ʜʣʷ 
ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʉʦʣʝʥʦʩʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 
ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤʠ ʌɽʉ ʧʨʠ ʨʘʩʩʦʣʠʚʘʥʠʠ ʠʭ ʚ ʵʣʠʟʠʦʥʥʫʶ ʠ 
ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʫʶ ʩʪʘʜʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʢʨʠʪʝʨʠʷʤʠ ʧʨʦʛʥʦʟʘ ʚʳʜʝʣʝʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʩ ʚʳʩʦʢʠʤʠ ʌɽʉ ʚ 
ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʦʩʣʦʞʥʝʥʥʳʭ 
ʨʘʟʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (ʚʳʩʪʫʧʳ, ʨʘʟʣʦʤʳ ʠ ʪ.ʜ.) ʠ ʧʦʠʩʢʦʚ ʥʦʚʳʭ 
ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
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ʂʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʚʘʞʥʝʡʰʠʭ 
ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʦʠʩʢʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʘ ʶʛʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʮʝʣʦʤ ʠ ʚ 
ʯʘʩʪʥʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. ʀʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ 
ʜʦʢʘʟʘʥʘ ʦʪʢʨʳʪʠʝʤ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʘʢ ɺʝʨʭʥʝʯʦʥʩʢʦʝ, ʊʘʣʘʢʘʥʩʢʦʝ, 
ʉʨʝʜʥʝʙʦʪʫʦʙʠʥʩʢʦʝ, ɼʘʥʠʣʦʚʩʢʦʝ. 

ɺ ʮʝʣʦʤ ʚ ʨʘʟʨʝʟʝ ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʝʦʙʣʘʜʘʶʪ ʜʦʣʦʤʠʪʦʚʳʝ ʧʦʨʦʜʳ, 
ʷʚʣʷʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʚʪʦʨʠʯʥʦʡ ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ.  

ʈʘʟʨʝʟ ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʦʩʪʦʠʪ ʠʟ 4-ʭ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ 
ʮʠʢʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʫʚʝʨʝʥʥʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ɺ ʦʩʥʦʚʘʥʠʠ 1 ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʮʠʢʣʠʪʘ ʟʘʣʝʛʘʶʪ ʜʦʣʦʤʠʪʳ 
ʤʠʢʨʦʢʨʠʩʪʣʘʣʣʠʯʝʩʢʠʝ, ʩʣʦʠʩʪʳʝ, ʚ ʵʪʠʭ ʦʪʣʦʞʝʥʠʷʭ ʜʦʣʷ ʪʦʥʢʦʡ ʛʣʠʥʠʩʪʦʡ 
ʧʨʠʤʝʩʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 5%. ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ-ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʝ ʨʘʟʥʦʩʪʠ, ʚ 
ʚʝʨʭʥʝʡ - ʞʝʣʚʘʢʠ ʠ ʠʥʪʨʘʢʣʘʩʪʳ. ʉ ʫʨʦʚʥʝʤ ʨʘʟʚʠʪʠʷ 2 ʮʠʢʣʠʪʘ ʩʚʷʟʘʥʦ ʥʘʯʘʣʦ 
ʤʘʩʩʦʚʦʛʦ ʙʠʦʛʝʨʤʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ 3 ʮʠʢʣʠʪʝ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ 
ʠʥʪʨʘʢʣʘʩʪʦʚʳʝ ʪʝʢʩʪʫʨʳ, ʚ ʪʦʞʝ ʚʨʝʤʷ, ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʮʠʢʣʠʪʘ ʦʪʤʝʯʘʶʪʩʷ 
ʙʠʦʤʦʨʬʥʳʝ ʨʘʟʥʦʩʪʠ. ɺ ʦʪʣʦʞʝʥʠʷʭ 4 ʮʠʢʣʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʤʘʩʩʦʚʦʝ ʨʘʟʚʠʪʠʝ 
ʘʨʭʝʦʮʠʘʪ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʝ ʙʠʦʛʝʨʤʥʳʝ ʤʘʩʩʠʚʳ, 
ʠʤʝʥʥʦ ʚ ʵʪʠʭ ʟʦʥʘʭ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥ ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ɺ ʧʨʝʜʝʣʘʭ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʘʟʨʝʟʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ 
ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʦʢʘʟʘʥʠʷʤʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʚ ʢʘʨʙʦʥʘʪʥʳʭ 
ʦʪʣʦʞʝʥʠʷʭ ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʬʠʢʩʠʨʫʝʤʘʷ ʤʝʪʦʜʘʤʠ ɻʀʉ 
ʝʩʪʝʩʪʚʝʥʥʘʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʤʤʫ ʩʠʛʥʘʣʦʚ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ: 
ʢʘʣʠʷ, ʫʨʘʥʘ ʠ ʪʦʨʠʷ. 

ɺ ʦʩʘʜʦʯʥʳʭ ʧʨʦʮʝʩʩʘʭ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʫʨʘʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʩʝʷʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ ï ʚ ʘʜʩʦʨʙʠʨʦʚʘʥʥʦʡ ʬʦʨʤʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʠ ʟʝʨʝʥ [1]. 

ɺ ʨʘʟʨʝʟʝ ʦʩʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʩʪʨʝʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ 
ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʨʘʟʣʠʯʥʳʭ ʧʦ ʛʝʥʝʟʠʩʫ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ.  

ʇʝʨʚʳʡ ʫʨʦʚʝʥʴ ï ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʛʦʨʠʟʦʥʪʘ - ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʯʘʩʪʢʘʤ 
ʨʘʟʨʝʟʘ, ʩʣʦʞʝʥʥʳʭ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʜʦʣʦʤʠʪʘʤʠ. ɸʥʦʤʘʣʠʠ 
ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʩʚʷʟʘʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʢʘʣʠʝʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʛʣʠʥʠʩʪʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʤʥʦʛʦ, ʜʦ 5%. ɺʦʟʤʦʞʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ 
ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʦʩʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ 
ʦʪʣʦʞʝʥʠʷʭ. 

ʉʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ ʧʦʚʳʰʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʬʠʢʩʠʨʫʝʪʩʷ ʚʦ ʚʪʦʨʦʡ 
ʧʘʯʢʝ ʠ ʩʚʷʟʘʥ ʩ ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʘʪʘʤʠ. ɿʜʝʩʴ ʫʨʘʥʦʚʳʝ ʯʘʩʪʠʮʳ 
ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʥʘ ʛʣʠʥʠʩʪʳʭ ʯʝʰʫʡʢʘʭ ʚ ʧʨʦʩʣʦʷʭ, ʦʙʦʛʘʱʝʥʥʳʭ ʆɺ, ʢʦʪʦʨʦʝ 
ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʚ ʩʝʙʝ ʫʨʘʥ ʧʫʪʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʵʥʝʨʛʠʷ ʨʘʩʧʘʜʘ ʫʨʘʥʘ 
ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʆɺ ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʤʘʪʦʚ ʚ ʤʦʣʝʢʫʣʳ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʇʦʜʦʙʥʦʛʦ ʨʦʜʘ ʦʪʣʦʞʝʥʠʷ, ʥʘʩʳʱʝʥʥʳʝ ʆɺ, ʠ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʳʤʠ 
ʟʥʘʯʝʥʠʷʤʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʧʦ ʨʘʙʦʪʘʤ 
ʉ.ɻ. ʅʝʨʫʯʝʚʘ [2]. 

ʉʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ ʧʦʚʳʰʝʥʥʦʡ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ï ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʦʩʠʥʩʢʦʛʦ 
ʛʦʨʠʟʦʥʪʘ (ʯʝʪʚʝʨʪʘʷ ʧʘʯʢʘ). ɺʦʟʤʦʞʥʦ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʨʘʥʘ ʚ ʜʘʥʥʦʡ ʧʘʯʢʝ ʩʚʷʟʘʥʘ 
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ʩ ʤʘʩʩʦʚʳʤ ʧʦʷʚʣʝʥʠʝʤ ʚ ʙʘʩʩʝʡʥʝ ʧʝʨʚʳʭ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʩʢʝʣʝʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ - 
ʘʨʭʝʦʮʠʘʪ. 

ʇʦʩʢʦʣʴʢʫ ʘʨʭʝʦʮʠʘʪʳ ʷʚʣʷʣʠʩʴ ʬʠʣʴʪʨʫʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ, ʤʦʞʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ ʩʢʚʦʟʴ ʩʪʝʥʢʠ ʩʢʝʣʝʪʘ ʚ ʧʦʨʘʭ 
ʧʨʦʠʩʭʦʜʠʣʦ ʟʘʤʝʱʝʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠʦʥʘʤʠ ʫʨʘʥʘ [3]. ʊʘʢʦʡ ʠʟʦʤʦʨʬʠʟʤ 
ʚʦʟʤʦʞʝʥ, ʧʦʩʢʦʣʴʢʫ ʠʦʥʳ ʠʤʝʶʪ ʩʭʦʞʠʝ ʨʘʜʠʫʩʳ U4+ = 1.05 ¡, Ca2+ = 1.06¡.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʨʘʭ ʘʨʭʝʦʮʠʘʪʦʚʦʛʦ ʩʢʝʣʝʪʘ ʦʙʥʘʨʫʞʝʥʳ ʢʨʠʩʪʘʣʣʳ 
ʬʣʶʦʨʠʪʘ CaF2, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʠʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʞʝʪ 
ʩʦʜʝʨʞʘʪʴ ʧʨʠʤʝʩʴ ʫʨʘʥʘ (ʚ ʥʝʤ ʪʘʢ ʞʝ ʚʦʟʤʦʞʝʥ ʠʟʦʤʦʨʬʠʟʤ). 

ʇʦʚʳʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʚ ʙʘʩʩʝʡʥʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʬʦʥʦʚʳʤ 
ʟʥʘʯʝʥʠʷʤ ʥʝʚʦʟʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʣʠʰʴ ʟʘ ʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʦʣʞʝʥ 
ʙʳʪʴ ʚʢʣʘʜ ʠ ʛʣʫʙʠʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [2, 4] ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ʤʠʥʝʨʘʣʦʚ ʩʝʨʝʙʨʘ ʠ ʩʚʠʥʮʘ ʚ ʠʥʪʝʨʚʘʣʘʭ, ʦʙʦʛʘʱʝʥʥʳʭ ʫʨʘʥʦʤ. 

ɸʚʪʦʨʳ ʨʠʩʢʫʶʪ ʩʜʝʣʘʪʴ ʩʤʝʣʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʚʦʣʶʮʠʦʥʥʳʡ ʩʢʘʯʝʢ 
ʩʣʫʯʠʚʰʠʡʩʷ ʚ ʨʘʥʥʝʤ ʢʝʤʙʨʠʠ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʦʚʳʰʝʥʠʝʤ 
ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʠ ʚ ʙʘʩʩʝʡʥʘʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʉ.ɻ. ʅʝʨʫʯʝʚ ʚ ʩʚʦʠʭ ʨʘʙʦʪʘʭ ʦʪʤʝʯʘʝʪ, ʯʪʦ ʥʘ ɿʝʤʣʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʧʝʨʠʦʜʳ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʦʪʣʦʞʝʥʠʷ, ʦʪʤʝʯʘʶʱʠʝʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 
ʆɺ ʠ ʫʨʘʥʘ. ʇʨʠʯʝʤ ʵʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʩʠʥʭʨʦʥʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ï ʚ 
ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʤʦʨʷʭ, ʦʢʝʘʥʘʭ, ʦʟʝʨʘʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʠʥʝʥʪʦʚ. ʕʪʠ 
ʧʝʨʠʦʜʳ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤʠ (1-3 ʤʣʥ. ʣʝʪ). 

ɺ ʪʘʢʠʝ ʵʧʦʭʠ ʩʦʜʝʨʞʘʥʠʝ ʧʣʘʥʢʪʦʥʦʛʝʥʥʦʛʦ ʆɺ ʚʦʟʨʘʩʪʘʣʦ ʚ ʩʨʝʜʥʝʤ ʚ 11 
ʨʘʟ, ʫʨʘʥʘ ï ʚ 23 ʨʘʟʘ, ʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʘʞʝ ʚ 115 ʨʘʟ [2]. 

ɼʘʥʥʘʷ ʠʜʝʷ ï ʩʠʥʭʨʦʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʭʦʞʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʜʦʚʦʣʴʥʦ 
ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʷʭ - ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ɿʝʤʣʠ ʪʘʢʦʛʦ ʨʦʜʘ ʙʘʩʩʝʡʥʳ ʚʦʟʥʠʢʘʣʠ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʠ ʚ ʚʝʥʜ-ʢʝʤʙʨʠʡʩʢʦʝ ʚʨʝʤʷ. 
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ʋʉʃʆɺʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ ʇʃɸʉʊɸ ʖ-2 ʅɸ ʇʈʀʄɽʈɽ ʆɼʅʆɻʆ  
ʀɿ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʐʀʈʆʊʅʆɻʆ ʇʈʀʆɹʔʗ 
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ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʥʝ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʡʦʥ ʧʨʠʫʨʦʯʝʥ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 
ʌʨʦʣʦʚʩʢʦʡ ʤʝʛʘʚʧʘʜʠʥʳ, ʦʩʣʦʞʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʘʤʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ: ʊʘʰʠʥʩʢʦʡ 
ʪʝʨʨʘʩʦʡ ʠ ʕʨʛʠʥʩʢʠʤ ʚʘʣʦʤ [6]. ʅʝʬʪʝʛʘʟʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʖ-2, ʚʳʜʝʣʷʝʤʳʡ ʚ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʐʠʨʦʪʥʦʛʦ ʇʨʠʦʙʴʷ ʨʝʛʠʦʥʘʣʴʥʦ 
ʥʝʬʪʝʥʦʩʝʥ. ɺ ʩʚʷʟʠ ʩ ʠʩʪʦʱʝʥʠʝʤ ʘʢʪʠʚʥʳʭ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚ 
ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʛʦʨʠʟʦʥʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʙʲʝʢʪʦʤ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ ʚ ʩʨʝʜʥʝʶʨʩʢʦʤ ʪʝʨʨʠʛʝʥʥʦʤ 
ʢʦʤʧʣʝʢʩʝ [4]. 

ʀʟʫʯʘʝʤʳʡ ʦʙʲʝʢʪ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʧʦʣʠʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʣʘʪʝʨʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ 
ʟʘʪʨʫʜʥʷʝʪ ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʥ ʨʘʟʚʠʪʠʷ ʢʦʣʣʝʢʪʦʨʦʚ. 
ʈʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʥʦʚʳʭ ʩʢʚʘʞʠʥ ʩʦ ʩʪʦʧʨʦʮʝʥʪʥʳʤ 
ʚʳʥʦʩʦʤ ʧʦʟʚʦʣʠʣʠ ʫʪʦʯʥʠʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʨʝʜʣʦʞʠʪʴ ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ 
ʤʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʘ ʖ2 ʥʘ ʠʟʫʯʘʝʤʦʤ ʫʯʘʩʪʢʝ ʐʠʨʦʪʥʦʛʦ ʇʨʠʦʙʴʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʡ 
ʘʥʘʣʠʟ ʧʦ 7 ʩʢʚʘʞʠʥʘʤ (ʚʩʝʛʦ 72,4 ʤ, ʚʳʥʦʩ 99,9%). ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʝʪʘʣʴʥʦʛʦ 
ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʥʘ ʩʢʚʘʞʠʥ (ʩ ʚʳʜʝʣʝʥʠʝʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 
ʪʠʧʦʚ, ʠʭʥʦʬʦʩʩʠʣʠʡ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ), ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ 
ʢʦʤʧʣʝʢʩʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʰʣʠʬʦʚ, ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ 
ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʦʚ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʥʘ ʨʘʩʪʨʦʚʦʤ 
ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ (ʈʕʄ), ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 
(ʌɽʉ) ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 
ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʘ ʖ-2 ʘʚʪʦʨʳ ʧʦʣʴʟʦʚʘʣʠʩʴ ʪʨʫʜʘʤʠ ʠʟʚʝʩʪʥʳʭ 
ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ [1, 
3, 5]. ʋʚʷʟʢʘ ʬʘʮʠʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʢʦʤʧʣʝʢʩʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ, ʩ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʟʚʦʣʠʣʘ ʧʨʦʚʝʩʪʠ 
ʵʣʝʢʪʨʦʬʘʮʠʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʢʚʘʞʠʥʘʭ ʙʝʟ ʢʝʨʥʘ ʧʦ ʤʝʪʦʜʠʢʝ 
ɺ.ʉ. ʄʫʨʦʤʮʝʚʘ [2]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʣʦʞʝʥʠʷ ʧʣʘʩʪʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 
ʠʟʤʝʥʷʶʱʠʭʩʷ (ʦʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʢ ʤʦʨʩʢʠʤ) ʦʙʩʪʘʥʦʚʢʘʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʚ 
ʨʝʞʠʤʝ ʧʦʩʪʝʧʝʥʥʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʣʘʩʪ ʖ-2 ʩʣʦʞʝʥ ʧʦʨʦʜʘʤʠ, 
ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʘ ʚ ʚʝʨʭʥʝʡ 
ï ʧʝʨʝʭʦʜʥʳʭ. ʉʨʝʜʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʘʮʠʡ ʧʦ ʢʝʨʥʦʚʦʤʫ ʤʘʪʝʨʠʘʣʫ 
ʚʳʜʝʣʝʥʳ ʬʘʮʠʠ ʧʝʩʢʦʚ ʨʘʟʣʠʚʘ, ʙʦʣʦʪ; ʧʝʨʝʭʦʜʥʳʝ ʦʙʩʪʘʥʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʳʤʠ ʦʪʤʝʣʷʤʠ, ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʳʤʠ ʢʘʥʘʣʘʤʠ; ʚʜʦʣʴʙʝʨʝʛʦʚʳʤʠ 
ʙʘʨʘʤʠ ʠ ʣʘʛʫʥʘʤʠ. ɼʘʜʠʤ ʢʨʘʪʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʝʢʦʪʦʨʳʤ ʠʟ ʥʠʭ. 

ʌʘʮʠʷ ʣʘʛʫʥʳ ʩʣʦʞʝʥʘ ʘʨʛʠʣʣʠʪʦʤ ʘʣʝʚʨʠʪʦʚʳʤ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ 
ʣʠʥʟʦʚʠʜʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʙʠʦʪʫʨʙʘʮʠʠ (ʭʦʜʳ ʠʣʦʝʜʦʚ ʪʠʧʘ 
Planolites, Teichichnus). ʆʪʤʝʯʘʶʪʩʷ ʥʘʤʳʚʳ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 
ʜʝʪʨʠʪʘ (ʋʈɼ) ʠ ʤʝʣʢʠʝ ʩʪʷʞʝʥʠʷ ʧʠʨʠʪʘ. ʄʦʱʥʦʩʪʴ ʬʘʮʠʠ 0,6-1,0 ʤ. ʆʪʢʨʳʪʘʷ 
ʧʦʨʠʩʪʦʩʪʴ (ʂʧ) ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4,1% ʜʦ 6,5%, ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʂʧʨ) 
ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,1-5,0 ʤɼ. ʌʘʮʠʷ ʚʜʦʣʴʙʝʨʝʛʦʚʳʭ ʙʘʨʦʚ ʩʣʦʞʝʥʘ 
ʧʝʩʯʘʥʠʢʦʤ ʩʨʝʜʥʝ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ, ʩʚʝʪʣʦ-ʩʝʨʳʤ, ʭʦʨʦʰʦ ʩʦʨʪʠʨʦʚʘʥʥʳʤ, ʩ 
ʛʣʠʥʠʩʪʳʤ ʠ ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ ʧʦʨʦʚʦʛʦ ʪʠʧʘ. ʆʪʤʝʯʘʝʪʩʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʘʷ 
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ʤʝʣʢʘʷ ʢʦʩʘʷ ʠ ʧʨʝʨʳʚʠʩʪʘʷ ʩʣʘʙʦʥʘʢʣʦʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ, ʧʦʜʯʝʨʢʥʫʪʘʷ ʥʘʤʳʚʘʤʠ 
ʯʝʨʥʦʛʦ ʋʈɼ. ʄʦʱʥʦʩʪʴ ʬʘʮʠʠ 0,9-3,0 ʤ. ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ (ʂʧ) ʤʝʥʷʝʪʩʷ ʚ 
ʜʠʘʧʘʟʦʥʝ ʦʪ 11,5% ʜʦ 15,8%, ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʂʧʨ) ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,6 ʜʦ 
13,7 ʤɼ. 

ʌʘʮʠʷ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʦʡ ʦʪʤʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʳʤ 
ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʧʝʩʯʘʥʠʢʘ ʪʦʥʢʦ-ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʠ ʘʣʝʚʨʦʣʠʪʘ ʛʣʠʥʠʩʪʦʛʦ. 
ʊʝʢʩʪʫʨʘ - ʚʦʣʥʦʚʘʷ ʨʷʙʴ, ʣʠʥʟʦʚʠʜʥʦ-ʚʦʣʥʠʩʪʘʷ. ʆʪʤʝʯʘʝʪʩʷ ʩʣʘʙʘʷ ʙʠʦʪʫʨʙʘʮʠʷ 
(ʭʦʜʳ ʠʣʦʝʜʦʚ Gyrolithes, Planolites). ɺ ʧʦʨʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʝʱʠʥʳ ʩʠʥʝʨʝʟʠʩʘ ʠ 
ʋʈɼ. ʄʦʱʥʦʩʪʴ ʬʘʮʠʠ 0,4-2,0 ʤ. ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ (ʂʧ) ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 
6,2% ʜʦ 14,0%, ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʂʧʨ) ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,1-0,5 ʤɼ. ʌʘʮʠʷ 
ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʦʛʦ ʢʘʥʘʣʘ. ʇʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʠʢʦʤ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʩ 
ʛʣʠʥʠʩʪʳʤ ʠ ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ, ʩ ʬʣʘʟʝʨʥʦʡ, ʨʷʙʠ ʪʝʯʝʥʠʷ ʠ ʚʦʣʥʦʚʦʡ ʨʷʙʠ 
ʪʝʢʩʪʫʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʯʝʨʢʥʫʪʳ ʥʘʤʳʚʘʤʠ ʋʈɼ ʠ ʩʠʜʝʨʠʪʘ. ʄʦʱʥʦʩʪʴ ʬʘʮʠʠ 0,6-
1,0 ʤ. ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ (ʂʧ) ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10,4% ʜʦ 12,9%, 
ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʂʧʨ) ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,4-0,5, ʨʝʜʢʦ ʜʦ 7,8 ʤɼ. 

ʌʘʮʠʷ ʙʦʣʦʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʛʠʣʣʠʪʦʤ ʩʣʘʙʦ ʘʣʝʚʨʠʪʠʩʪʳʤ, ʫʛʣʠʩʪʳʤ, 
ʚʧʣʦʪʴ ʜʦ ʫʛʣʷ ʯʝʨʥʦʛʦ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 
ʩʪʷʞʝʥʠʷʤʠ ʧʠʨʠʪʘ, ʪʦʥʢʦʧʣʠʪʯʘʪʳʡ. ʄʦʱʥʦʩʪʴ ʬʘʮʠʠ 0,15-0,6 ʤ. ʌʘʮʠʷ ʧʝʩʢʦʚ 
ʨʘʟʣʠʚʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʩʯʘʥʠʢʘʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ, ʘʣʝʚʨʠʪʠʩʪʳʤʠ, ʩ 
ʛʣʠʥʠʩʪʳʤ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʤ ʮʝʤʝʥʪʦʤ, ʩ ʪʝʢʩʪʫʨʦʡ ʪʦʥʢʦʡ ʢʦʩʦʡ ʩʣʦʡʯʘʪʦʩʪʠ 
ʨʷʙʠ ʪʝʯʝʥʠʷ. ʊʝʢʩʪʫʨʘ ʧʦʜʯʝʨʢʥʫʪʘ ʥʘʤʳʚʘʤʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʦʩʪʘʪʢʦʚ ʠ, ʟʘʯʘʩʪʫʶ, ʩʠʜʝʨʠʪʘ. ʄʦʱʥʦʩʪʴ ʬʘʮʠʠ 0,5-1,5 ʤ. ʆʪʢʨʳʪʘʷ ʧʦʨʠʩʪʦʩʪʴ 
(ʂʧ) ʤʝʥʷʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 7,1% ʜʦ 14,4%, ʧʨʦʥʠʮʘʝʤʦʩʪʴ (ʂʧʨ) ʠʟʤʝʥʷʝʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ 0,1-0,5 ʤɼ. 

ɺʳʧʦʣʥʝʥʥʳʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʣʘʩʪʘ ʖ-2 ʧʦʤʦʛʫʪ 
ʫʤʝʥʴʰʠʪʴ ʨʠʩʢʠ ʧʨʠ ʟʘʣʦʞʝʥʠʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʯʝʩʪʴ ʣʘʪʝʨʘʣʴʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʢʦʣʣʝʢʪʦʨʘ ʠ 
ʚʳʧʦʣʥʠʪʴ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʫʶ ʦʮʝʥʢʫ ʟʘʧʘʩʦʚ. 
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ʋʉʃʆɺʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ ʊɽʈʈʀɻɽʅʅʆɻʆ ʅʀɾʅɽɺʀɿɽʁʉʂʆɻʆ 
ʂʆʄʇʃɽʂʉɸ ʖɻʆ-ɿɸʇɸɼʅʆʁ ʏɸʉʊʀ ɹʋɿʋʃʋʂʉʂʆʁ ɺʇɸɼʀʅʓ 

 
ɽ.ɺ. ʂʣʠʤʦʚʘ, ʉ.ɹ. ʐʠʰʣʦʚ 

 
ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʙʦʙʨʠʢʦʚʩʢʠʝ ʪʝʨʨʠʛʝʥʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 
ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʜʦ 40% ʚʩʝʭ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ [3]. 

ɼʦ ʩʠʭ ʧʦʨ ʚʦʧʨʦʩ ʦʙ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ 
ʠʥʪʝʨʚʘʣʘ ʦʩʪʘʝʪʩʷ ʩʧʦʨʥʳʤ. ʈʷʜ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʛʦ ʘʣʣʶʚʠʘʣʴʥʳʡ 
ʠ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʡ ʛʝʥʝʟʠʩ [2], ʜʨʫʛʠʝ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʥ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ 
ʦʙʩʪʘʥʦʚʢʘʭ ʤʦʨʩʢʦʛʦ ʤʝʣʢʦʚʦʜʴʷ [1]. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʘʢʪʫʘʣʴʥʦ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ 
ʵʚʦʣʶʮʠʠ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʙʨʠʢʦʚʩʢʦʛʦ 
ʛʦʨʠʟʦʥʪʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʫʟʫʣʫʢʩʢʦʡ ʚʧʘʜʠʥʳ. ɼʣʷ ʵʪʦʛʦ ʚʳʧʦʣʥʝʥ ʩʪʨʫʢʪʫʨʥʦ-
ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʝʨʥʘ (ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʙʦʣʝʝ 100 ʤ) ʠ ʢʦʤʧʣʝʢʩʘ ɻʀʉ 
6 ʩʢʚʘʞʠʥ. 

ʇʦ ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʤʩʷ ʧʨʠʟʥʘʢʘʤ ʧʦʨʦʜ ʚʳʜʝʣʝʥʦ 7 ʩʪʨʫʢʪʫʨʥʦ-
ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʩʣʦʝʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʣʦʠ ʧʝʩʯʘʥʠʢʦʚ ʩʨʝʜʥʝ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ, ʩ 
ʢʦʩʦʡ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʡ ʩʣʦʡʯʘʪʦʩʪʴʶ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʙʩʪʘʥʦʚʢʘʭ ʙʘʨʦʚʦʛʦ 
ʧʦʣʷ. ʕʪʦ ʛʨʘʥʫʣʷʨʥʳʝ ʢʦʣʣʝʢʪʦʨʳ ʚʳʩʦʢʦʡ ʝʤʢʦʩʪʠ ʩ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ (ʂʧ) 
16,57% ʠ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ (ʂʧʨ) 215,1 ʤɼ. ʉʣʦʠ, ʦʙʨʘʟʦʚʘʥʥʳʝ 
ʣʠʥʟʦʚʠʜʥʦ-ʧʦʣʦʩʯʘʪʳʤʠ ʯʝʨʝʜʦʚʘʥʠʷʤʠ ʘʣʝʚʨʦʣʠʪʘ ʛʣʠʥʠʩʪʦʛʦ ʠ ʧʝʩʯʘʥʠʢʘ 
ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ, ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʣʘʛʫʥʳ. ʊʘʢʠʝ 
ʦʪʣʦʞʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʨʦʚʳʤ ʢʦʣʣʝʢʪʦʨʘʤ ʥʠʟʢʦʡ ʝʤʢʦʩʪʠ (ʂʧ ï 7,0 %, ʂʧʨ ï 
5,8 ʤɼ). ʉʣʦʠ ʘʨʛʠʣʣʠʪʦʚ ʘʣʝʚʨʠʪʠʩʪʳʭ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʡʯʘʪʦʩʪʴʶ, ʷʚʣʷʶʪʩʷ 
ʦʪʣʦʞʝʥʠʷʤʠ ʤʘʣʦʧʦʜʚʠʞʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʣʘʛʫʥʳ. ʆʥʠ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ 
ʧʦʣʫʧʦʢʨʳʰʢʘ (ʂʧ ï 2,5 %, ʂʧʨ ï 2,0 ʤɼ). 

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʪʠʧʦʚ 
ʩʣʦʝʚ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ, ʧʦ ʢʦʪʦʨʳʤ ʧʨʦʚʝʜʝʥʘ ʜʝʪʘʣʴʥʘʷ 
ʢʦʨʨʝʣʷʮʠʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʘʟʨʝʟʦʚ. ʇʨʠ ʵʪʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʝʟ 
ʙʦʙʨʠʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 6 ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ 
ʮʠʢʣʦʚ ʩʝʜʠʤʝʥʪʘʮʠʠ. 

ʉʝʨʠʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ ʜʣʷ ʫʟʢʠʭ ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʤ ʠ ʨʝʛʨʝʩʩʠʚʥʳʤ ʤʘʢʩʠʤʫʤʘʤ (ʨʠʩʫʥʦʢ), 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʙʦʙʨʠʢʦʚʩʢʦʝ ʚʨʝʤʷ ʧʝʩʯʘʥʦʝ ʙʘʨʦʚʦʝ ʧʦʣʝ ʧʨʦʩʪʠʨʘʣʦʩʴ ʩ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ʂ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʥʝʛʦ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʣʘʛʫʥʘ, ʘ ʢ ʩʝʚʝʨʦ-
ʚʦʩʪʦʢʫ ï ʦʙʩʪʘʥʦʚʢʠ ʦʪʢʨʳʪʦʛʦ ʤʦʨʩʢʦʛʦ ʰʝʣʴʬʘ, ʢʦʪʦʨʳʝ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 
ʢʝʨʥʦʤ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻʀʉ. 
ʕʚʦʣʶʮʠʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 6 ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ 
ʮʠʢʣʦʚ ʦʪʨʘʞʘʝʪ ʦʙʱʫʶ ʨʝʛʨʝʩʩʠʶ ʙʦʙʨʠʢʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʨʠʩʫʥʦʢ). ʅʘ 
ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʤ ʤʘʢʩʠʤʫʤʝ I ʮʠʢʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʧʣʦʱʘʜʴ ʙʳʣʘ ʘʢʚʘʪʦʨʠʝʡ 
ʦʪʢʨʳʪʦʛʦ ʰʝʣʴʬʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʨʝʩʩʠʠ ʚ ʝʝ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʚʦʟʥʠʢʣʠ 
ʦʙʩʪʘʥʦʚʢʠ ʙʘʨʦʚʦʛʦ ʧʦʣʷ. ʅʘ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʤ ʤʘʢʩʠʤʫʤʝ II ʮʠʢʣʘ ʙʘʨʦʚʦʝ ʧʦʣʝ 
ʩʤʝʩʪʠʣʦʩʴ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ. ʅʘ ʨʝʛʨʝʩʩʠʚʥʦʤ ʵʪʘʧʝ ʙʦʣʴʰʘʷ ʶʛʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ 
ʧʣʦʱʘʜʠ ʩʪʘʣʘ ʣʘʛʫʥʦʡ. ɺ ʪʝʯʝʥʠʝ IVïVI ʮʠʢʣʦʚ ʥʘ ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʭ ʬʘʟʘʭ ʙʘʨʦʚʦʝ 
ʧʦʣʝ ʩʤʝʱʘʣʦʩʴ ʢ ʶʛʦ-ʟʘʧʘʜʫ, ʘ ʥʘ ʨʝʛʨʝʩʩʠʚʥʳʭ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ. 
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ʈʠʩʫʥʦʢ. ʕʚʦʣʶʮʠʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʪʝʯʝʥʠʝ I-IV ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʭ 
ʮʠʢʣʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʞʥʝʚʠʟʝʡʩʢʦʛʦ ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʫʟʫʣʫʢʩʢʦʡ 
ʚʧʘʜʠʥʳ  
1ï4 ï ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ: 1 ï ʦʪʢʨʳʪʳʡ ʰʝʣʴʬ (ʦʰ); 2 ï ʙʘʨʦʚʦʝ ʧʦʣʝ (ʙʧ); 3 ï ʧʦʜʚʠʞʥʦʝ 
ʤʝʣʢʦʚʦʜʴʝ ʣʘʛʫʥʳ (ʧʣ), 4 ï ʤʘʣʦʧʦʜʚʠʞʥʦʝ ʤʝʣʢʦʚʦʜʴʝ ʣʘʛʫʥʳ (ʤʣ); 5 ï ʥʦʤʝʨ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-
ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʮʠʢʣʘ; 6 ï ʪʨʘʥʩʛʨʝʩʩʠʚʥʳʡ ʤʘʢʩʠʤʫʤ; 7 ï ʨʝʛʨʝʩʩʠʚʥʳʡ ʤʘʢʩʠʤʫʤ; 8 ï ʛʨʘʥʠʮʘ 
ʉʘʤʘʨʩʢʦʡ ʦʙʣʘʩʪʠ 

 
ʈʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʨʦʛʥʦʟʘ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ɹʫʟʫʣʫʢʩʢʦʡ ʚʧʘʜʠʥʳ. 
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1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

3
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

 
çʇʦ ʚʩʝʤʫ ʟʘʧʘʜʥʦʤʫ ʩʢʣʦʥʫ ʋʨʘʣʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʝʩʴʤʘ ʤʦʱʥʘʷ ʩʝʨʠʷ 

ʜʨʝʚʥʠʭ ʦʩʘʜʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʟʘʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʝ ʣʠʰʴ ʚʝʩʴʤʘ ʩʢʫʜʥʳʝ, 
ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʤʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʦʯʪʠ 
ʮʝʣʠʢʦʤ ʨʘʟʣʠʯʥʳʤ ʛʨʫʧʧʘʤ ʜʨʝʚʥʠʭ ʚʦʜʦʨʦʩʣʝʡè ï ʪʘʢ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 
ʦʩʘʜʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʢʨʘʠʥʳ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʙʦʣʝʝ 70 ʣʝʪ 
ʥʘʟʘʜ ʠʟʚʝʩʪʥʳʤ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʛʝʦʣʦʛʦʤ, ʧʨʦʬʝʩʩʦʨʦʤ ʉʘʨʘʪʦʚʩʢʦʛʦ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸ.ʀ. ʆʣʣʠ [1], ʚ ʝʛʦ ʦʙʦʙʱʘʶʱʝʡ ʤʦʥʦʛʨʘʬʠʠ 
çɼʨʝʚʥʠʝ ʦʪʣʦʞʝʥʠʷ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʋʨʘʣʘè. ɸ.ʀ. ʆʣʣʠ ʩʪʘʣ ʧʝʨʚʳʤ, ʢʪʦ 
ʧʨʝʜʣʦʞʠʣ ʠʟ çʜʨʝʚʥʠʭ ʦʪʣʦʞʝʥʠʡè ʚʳʜʝʣʠʪʴ ʦʪʜʝʣʴʥʫʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʩʝʨʠʶ ï 
ʘʰʠʥʩʢʫʶ, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ (ʢʝʤʙʨʠʡ-ʦʨʜʦʚʠʢʩʢʦʛʦ) ʵʪʘʧʘ 
ʨʘʟʚʠʪʠʷ çʫʨʘʣʴʩʢʦʡ ʛʝʦʩʠʥʢʣʠʥʘʣʠè. ʅʘ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʦʨʜʦʚʠʢʩʢʠʡ 
(ʪʨʝʤʘʜʦʢʩʢʠʡ) ʚʦʟʨʘʩʪ, ʧʦ ʝʛʦ ʤʥʝʥʠʶ, ʫʢʘʟʳʚʘʣʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ, 
ʩʦʙʨʘʥʥʳʝ ɸ.ɸ. ɹʣʦʭʠʥʳʤ ʠʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ. ʆʜʥʘʢʦ, ʝʱʝ ʚ 
1945 ʛʦʜʫ ʅ.ʉ. ʐʘʪʩʢʠʡ ʚʧʝʨʚʳʝ ʫʢʘʟʘʣ ʥʘ ʚʦʟʤʦʞʥʳʡ ʜʦʢʝʤʙʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ 
ʘʰʠʥʩʢʦʡ çʩʚʠʪʳè, ʩ ʯʝʤ ʧʦʟʞʝ ʩʦʛʣʘʩʠʣʩʷ ʠ ʩʘʤ ɸ.ʀ. ʆʣʣʠ. ʉʧʫʩʪʷ ʥʝʢʦʪʦʨʦʝ 
ʚʨʝʤʷ ʙʳʣʠ ʚʳʩʢʘʟʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʫʞʝ ʦ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʦʤ ʚʦʟʨʘʩʪʝ ʘʰʠʥʩʢʦʡ 
ʩʝʨʠʠ ï ʚʝʥʜʩʢʦʤ [2, 3]. ɺ ʩʦʩʪʘʚʝ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʧʨʝʜʣʘʛʘʣʦʩʴ ʚʳʜʝʣʷʪʴ ʤʝʥʴʰʠʝ 
ʧʦ ʨʘʥʛʫ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ï ʙʘʢʝʝʚʩʢʫʶ, ʫʨʶʢʩʢʫʶ, ʙʘʩʠʥʩʢʫʶ, ʢʫʢʢʘʨʘʫʢʩʢʫʶ ʠ 
ʟʠʛʘʥʩʢʫʶ ʩʚʠʪʳ [1, 4]. ʇʦʟʞʝ ʙʘʢʝʝʚʩʢʘʷ ʩʚʠʪʘ ʙʳʣʘ ʫʧʨʘʟʜʥʝʥʘ, ʘ ʝʝ ʦʩʘʜʦʯʥʳʝ 
ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʩʦʩʪʘʚ ʚʳʰʝʣʝʞʘʱʝʡ ʫʨʶʢʩʢʦʡ ʩʚʠʪʳ [6]. ɺ ʧʦʣʴʟʫ 
ʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʪʘʢʞʝ ʦʙʨʘʪʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʦʮʝʥʦʯʥʳʭ 
ʚʦʟʨʘʩʪʦʚ ʛʣʘʫʢʦʥʠʪʦʚ çʙʘʢʝʝʚʩʢʦʡè (615ï625 ʤʣʥ. ʣʝʪ), ʫʨʶʢʩʢʦʡ (590 ʤʣʥ. ʣʝʪ) ʠ 
ʙʘʩʠʥʩʢʦʡ (570 ʤʣʥ. ʣʝʪ) ʩʚʠʪ [4]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʪʣʦʞʝʥʠʷʭ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʚʧʝʨʚʳʝ 
ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʠʩʢʦʧʘʝʤʳʝ ʦʩʪʘʪʢʠ ʦʨʛʘʥʠʟʤʦʚ ʵʜʠʘʢʘʨʩʢʦʛʦ ʪʠʧʘ [5]. ʊʝʤ ʥʝ 
ʤʝʥʝʝ, ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʚʝʨʭʥʝʛʦ çʚʝʥʜʘè ʷʚʣʷʣʦʩʴ 
ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʝʥʜʩʢʠʭ ʤʷʛʢʦʪʝʣʳʭ ʦʨʛʘʥʠʟʤʦʚ 
[6]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʜʘʚʥʝʡ ʨʝʚʠʟʠʠ ʚʩʝʭ ʠʟʚʝʩʪʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʪʘʢʩʦʥʦʚ ʠʟ 
ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʷ ʩʝʨʠʷ ʧʦ ʩʚʦʝʤʫ ʦʙʲʝʤʫ ʤʦʛʣʘ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʢʦʪʣʠʥʩʢʦʤʫ ʠʣʠ ʙʦʣʝʝ ʤʦʣʦʜʳʤ ʨʝʛʠʦʷʨʫʩʘʤ ɺʦʩʪʦʯʥʦ-
ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʦʪʩʫʪʩʪʚʠʝ ʛʣʘʚʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʝʥʜʩʢʠʭ 
ʤʷʛʢʦʪʝʣʳʭ ʦʨʛʘʥʠʟʤʦʚ ʩʚʷʟʳʚʘʣʦʩʴ ʩ ʢʦʪʣʠʥʩʢʠʤ ʙʠʦʛʝʦʮʝʥʦʪʠʯʝʩʢʠʤ ʢʨʠʟʠʩʦʤ ʚ 
ʢʦʥʮʝ ʚʝʥʜʘ (ʵʜʠʘʢʘʨʠʷ) [6]. ɺ 2013 ʛ. ʙʳʣ ʧʦʣʫʯʝʥ U-Pb ʚʦʟʨʘʩʪ 547Ñ3.8 ʤʣʥ. ʣʝʪ 
ʮʠʨʢʦʥʦʚ ʠʟ ʧʨʦʩʣʦʝʚ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʫʬʦʚ [7], ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ, ʥʦ 
ʩ ʥʝʷʩʥʳʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʦʣʦʞʝʥʠʝʤ ʥʘ ʨʘʟʨʝʟʝ. ʊʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʵʪʠʭ 
ʪʫʬʦʚ ʚʳʟʳʚʘʣʦ ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ: ʧʦ ʤʥʝʥʠʶ ʄ.ʃ. ɹʘʞʝʥʦʚʘ ʧʨʦʩʣʦʠ ʪʫʬʦʚ ʙʳʣʠ 
ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʟʠʛʘʥʩʢʦʡ ʩʚʠʪʳ ʚ ʢʣʶʯʝʚʦʤ ʨʘʟʨʝʟʝ ʚ ʨʘʡʦʥʝ ʛ. ʋʩʪʴ-
ʂʘʪʘʚ, ʦʜʥʘʢʦ, ʜʝʪʘʣʴʥʦʝ ʧʝʨʝʠʟʫʯʝʥʠʝ ʜʘʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʛʦʨʦʜʩʢʦʡ 
ʯʝʨʪʝ ʟʠʛʘʥʩʢʘʷ ʩʚʠʪʘ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʨʘʟʨʝʟ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ 
ʪʦʣʴʢʦ ʫʨʶʢʩʢʦʡ ʠ ʙʘʩʠʥʩʢʦʡ ʩʚʠʪʘʤʠ, ʧʝʨʝʢʨʳʪʳʭ ʥʝʩʦʛʣʘʩʥʦ ʜʝʚʦʥʩʢʠʤʠ ʪʦʣʱʘʤʠ 
[6]. ɺ ʩʘʤʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ, ʚ ʟʠʛʘʥʩʢʦʡ ʩʚʠʪʝ, ʙʳʣʠ 
ʚʩʪʨʝʯʝʥʳ ʠʩʢʦʧʘʝʤʳʝ ʩʣʝʜʳ Didymaulichnus tirasensis Palij, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 
ʧʦʛʨʘʥʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʟʜʥʝʛʦ ʚʝʥʜʘ ʠ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ) ʨʘʥʥʝʛʦ ʢʝʤʙʨʠʷ. ɺ 
ʩʚʷʟʠ ʩ ʯʝʤ, ʧʦʷʚʠʣʠʩʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʘʢ ʤʠʥʠʤʫʤ 
ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ çʚʝʥʜʘè ʖʞʥʦʛʦ ʋʨʘʣʘ ʫʞʝ ʤʦʛʣʘ ʠʤʝʪʴ 
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ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ. ɻʠʧʦʪʝʟʘ ʦ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʧʦʜʢʨʝʧʠʣʘʩʴ 
ʥʦʚʳʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ 2017-2018 ʛʛ., ʦ ʤʦʱʥʦʩʪʠ ʦʙʱʝʛʦ ʨʘʟʨʝʟʘ, 
ʢʦʨʨʝʣʷʮʠʠ ʦʪʜʝʣʴʥʳʭ ʦʙʥʘʞʝʥʠʡ, ʧʦʣʦʞʝʥʠʷ ʥʘ ʨʘʟʨʝʟʝ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪʢʦʚ ʠ 
ʫʨʦʚʥʝʡ ʜʘʪʠʨʦʚʘʥʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʫʬʦʚ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ 2018 ʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ ʨʘʟʨʝʟʦʚ ʙʘʩʠʥʩʢʦʡ ʩʚʠʪʳ ʚ ʢʘʨʴʝʨʘʭ ʫ ʛ. ʋʩʪʴ-ʂʘʪʘʚ ʏʝʣʷʙʠʥʩʢʦʡ 
ʦʙʣʘʩʪʠ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʧʦʷʚʣʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ 
ʩʣʝʜʦʚ Didymaulichnus tirasensis Palij. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 
ʧʦʷʚʣʷʶʪʩʷ ʝʱʝ ʙʦʣʝʝ ʚʝʩʦʤʳʝ ʘʨʛʫʤʝʥʪʳ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʦʟʨʘʩʪ ʘʰʠʥʩʢʦʡ 
ʩʝʨʠʠ ʤʦʛ ʙʳʪʴ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʤ, ʘ ʥʝ ʚʝʥʜʩʢʠʤ, ʢʘʢ ʩʯʠʪʘʣʦʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 
ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ. 

ʉʪʘʣʦ ʙʳʪʴ, ʙʦʣʝʝ 70 ʣʝʪ ʥʘʟʘʜ ʧʨʦʬʝʩʩʦʨ ɸ.ʀ. ʆʣʣʠ ʙʳʣ ʧʨʘʚ ʚ ʩʚʦʠʭ 
ʩʫʞʜʝʥʠʷʭ ʦ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʘʰʠʥʩʢʦʡ ʩʝʨʠʠ ʖʞʥʦʛʦ ʋʨʘʣʘ [1]. ɿʘ 
ʙʦʣʝʝ ʯʝʤ ʧʦʣʫʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʤʝʞʜʫ ʘʰʠʥʩʢʦʡ ʩʝʨʠʝʡ 
ʠ ʨʠʬʝʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʝ ʙʳʣʦ ʚʩʪʨʝʯʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʦʩʘʜʦʯʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʤʦʛʣʦ 
ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʣʠʪʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. 
ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʧʦʣʥʦʤ 
ʦʪʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚʝʥʜʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʠʣʠ ʜʘʞʝ ʢʨʠʦʛʝʥʠʷ-
ʵʜʠʘʢʘʨʠʷ) ʤʦʞʥʦ ʙʫʜʝʪ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʵʚʦʣʶʮʠʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ï ʚ 
ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ, ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʣʘʪʬʦʨʤʳ ʠ ʝʝ ʩʢʣʘʜʯʘʪʦʤ 
ʦʙʨʘʤʣʝʥʠʠ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʖʞʥʦʛʦ ʋʨʘʣʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ 
ʤʦʛʣʦ ʥʘʯʘʪʴʩʷ ʩ ʟʘʜʝʨʞʢʦʡ ʥʘ 40-50 ʤʣʥ. ʣʝʪ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ 
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ʗʨʝʛʩʢʦʝ ʥʝʬʪʝʪʠʪʘʥʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʥʝ ʠʤʝʶʱʝʝ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ, 
ʩʯʠʪʘʝʪʩʷ ʜʨʝʚʥʝʡ ʧʦʛʨʝʙʝʥʥʦʡ ʨʦʩʩʳʧʴʶ. ʋʥʠʢʘʣʴʥʦʩʪʴ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʚʳʨʘʞʝʥʘ ʥʝ ʪʦʣʴʢʦ ʢʦʣʦʩʩʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʠʪʘʥʦʚʳʭ ʨʫʜ (ʦʢʦʣʦ 50% ʟʘʧʘʩʦʚ 
ʈʦʩʩʠʠ) ʠ ʠʭ ʥʝʦʙʳʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠ 
ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ɿʘʣʝʛʘʷ ʚ ʩʨʝʜʥʝ-ʚʝʨʭʥʝʜʝʚʦʥʩʢʦʡ ʪʦʣʱʝ, ʦʥʦ ʥʘʭʦʜʠʪʩʷ 
ʚ ʪʝʩʥʦʤ ʧʘʨʘʛʝʥʝʟʝ ʩ ʨʘʥʥʝʬʨʘʥʩʢʦʡ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʝʡ ʠ ʩ ʧʨʦʤʳʰʣʝʥʥʦʡ 
ʥʝʬʪʴʶ ʚ ʣʝʡʢʦʢʩʝʥ-ʢʚʘʨʮʝʚʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʣʦʚʫʰʢʘʭ, ʚʦʟʥʠʢʰʠʭ 
ʥʘ ʨʫʙʝʞʝ ʧʘʣʝʦʟʦʡʩʢʦʡ ʠ ʤʝʟʦʟʦʡʩʢʦʡ ʵʨ. ʅʝʧʦʚʪʦʨʠʤʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʧʨʦʷʚʣʝʥʘ ʠ ʤʦʥʦʢʦʤʧʦʥʝʥʪʥʳʤ ʣʝʡʢʦʢʩʝʥʦʚʳʤ ʩʦʩʪʘʚʦʤ ʨʫʜ, ʠ ʥʝʦʙʳʯʥʦʡ 
(ʯʫʞʜʦʡ) ʜʣʷ ʨʦʩʩʳʧʝʡ ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʡ (ʛʨʫʙʦʧʩʝʬʠʪʦʚʦʡ) ʠʭ ʩʪʨʫʢʪʫʨʦʡ, ʠ ʜʘʞʝ 
ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʚ ʨʫʜʘʭ TiO2 (ʙʦʣʝʝ 9%), ʧʨʝʚʳʰʘʶʱʝʡ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʩʝʭ ʜʨʫʛʠʭ 
ʪʠʪʘʥʦʚʳʭ ʨʦʩʩʳʧʝʡ. 

ʂʘʞʝʪʩʷ ʦʯʝʚʠʜʥʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʝʦʨʠʠ ɺ.ɸ.ʂʘʣʶʞʥʦʛʦ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ 
çʛʠʜʨʦʛʝʥʥʳʭ ʠ ʥʝʬʪʴʛʠʜʨʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚè, ʥʘʣʦʞʠʚʰʠʭʩʷ ʥʘ ʠʟʥʘʯʘʣʴʥʦ 
ʠʣʴʤʝʥʠʪʦʚʳʝ ʨʦʩʩʳʧʠ ʠ ʚʳʟʚʘʚʰʠʭ ʪʦʪʘʣʴʥʫʶ ʣʝʡʢʦʢʩʝʥʠʟʘʮʠʶ ʠʣʴʤʝʥʠʪʘ ʠ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʨʫʜ ʪʠʪʘʥʦʤ [1]. ʕʪʘ ʪʝʦʨʠʷ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʪʦʣʴʢʦ ʥʘ 
ʗʨʝʛʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʣʝʡʢʦʢʩʝʥ, ʘ, 
ʢ ʧʨʠʤʝʨʫ, ʥʘ ʦʜʥʦʚʦʟʨʘʩʪʥʦʤ ʩ ʥʠʤ ʇʠʞʝʤʩʢʦʤ ʪʠʪʘʥʦʚʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʪʦʡ ʞʝ 
ʊʠʤʘʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʥʦ ʟʘ ʧʨʝʜʝʣʘʤʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʦʙʣʘʩʪʠ, ʨʫʜʳ ʣʝʡʢʦʢʩʝʥ-
ʠʣʴʤʝʥʠʪʦʚʳʝ ʠ ʢ ʪʦʤʫ ʞʝ ʟʘʤʝʪʥʦ ʙʝʜʥʝʝ ʷʨʝʛʩʢʠʭ. 

ʉʪʦʨʦʥʥʠʢʠ ʦʧʧʦʥʠʨʫʶʱʝʡ ʧʦʟʠʮʠʠ ʩʯʠʪʘʶʪ, ʯʪʦ ʗʨʝʛʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 
ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʜʨʝʚʥʝʡ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʡ ʨʦʩʩʳʧʴʶ. ʇʦ ʤʥʝʥʠʶ 
ʃ.ɺ. ʄʘʭʣʘʝʚʘ, ʚ ʥʝʡ çʣʝʡʢʦʢʩʝʥ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʥʝʬʪʠ, ʘ ʧʦʩʪʫʧʘʣ ʚ 
ʵʪʫ ʨʦʩʩʳʧʴ ʠʟʥʘʯʘʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥ, ʘ ʥʝ ʠʣʴʤʝʥʠʪ ʙʳʣ ʪʠʪʘʥʦʚʳʤ 
ʤʠʥʝʨʘʣʦʤ ʚ ʩʦʩʪʘʚʝ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜè [3, ʩ. 117]. ʕʪʘ ʤʦʜʝʣʴ ʟʘʚʦʨʘʞʠʚʘʝʪ ʩʚʦʝʡ 
ʧʨʦʩʪʦʪʦʡ, ʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʣʦʞʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʪʝʟʠʩ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʠʣʴʤʝʥʠʪʘ ʚ 
ʧʠʪʘʶʱʠʭ ʧʦʨʦʜʘʭ ʗʨʝʛʩʢʦʡ ʨʦʩʩʳʧʠ ʦʧʨʦʚʝʨʛʘʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ 
ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʊʝʦʨʠʷ ɺ.ɸ.ʂʘʣʶʞʥʦʛʦ ʦʪʚʝʯʘʝʪ ʚʘʞʥʝʡʰʝʤʫ ʢʨʠʪʝʨʠʶ ʥʘʫʯʥʦʛʦ ʩʪʘʪʫʩʘ 
(ʦʧʨʦʚʝʨʞʠʤʦʩʪʴ) [4] ʠ ʩʫʣʠʪ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʩʣʝʜʩʪʚʠʷ, ʥʦ ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ 
ʚʘʨʠʘʥʪʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʘʣʦʞʝʥʥʦʛʦ ʜʠʦʢʩʠʜʘ ʪʠʪʘʥʘ. ʉ ʮʝʣʴʶ 
ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʡ ʜʦʣʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 
ʘʥʘʣʠʟ ʗʨʝʛʩʢʦʛʦ ʥʝʬʪʝʪʠʪʘʥʦʚʦʛʦ ʠ ʇʠʞʝʤʩʢʦʛʦ ʪʠʪʘʥʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ 
ʧʨʦʮʝʩʩʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʭʦʜʥʳʭ ʬʘʮʠʘʣʴʥʳʭ 
ʦʙʩʪʘʥʦʚʢʘʭ, ʘ ʢʘʨʜʠʥʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʧʦ ʩʝʤʠ 
ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ) ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 
ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʩʪʜʠʘʛʝʥʝʪʠʯʝʩʢʦʡ (ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʡ) ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʝʜʫʱʝʛʦ ʤʝʪʦʜʘ ʠʟʫʯʝʥʠʷ ʦʢʦʣʦʨʫʜʥʳʭ ʠ ʨʫʜʥʳʭ ʧʦʨʦʜ ʥʘʤʠ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʥʝ ʩʘʤʳʡ ʤʦʜʥʳʡ ʩʝʛʦʜʥʷ (ʥʦ ʚʝʩʴʤʘ ʧʨʦʜʫʢʪʠʚʥʳʡ) ʪʝʢʩʪʫʨʥʳʡ 
ʘʥʘʣʠʟ. ʊʝʢʩʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʤʦʛ ʫʚʠʜʝʪʴ ʠ ʨʘʩʰʠʬʨʦʚʘʪʴ ʚ ʦʢʦʣʦʨʫʜʥʳʭ ʧʦʨʦʜʘʭ 
ʗʨʝʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʝ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʘʩʩʦʮʠʠʨʫʶʱʠʝʩʷ ʩʦ ʩʣʝʜʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʫʜʥʳʝ ʠ 
ʦʢʦʣʦʨʫʜʥʳʝ ʧʦʨʦʜʳ ʧʦʪʦʢʦʚ ʥʘʣʦʞʝʥʥʳʭ ʚʝʨʦʷʪʥʦ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ. 
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ɺʪʦʨʠʯʥʳʝ ʚʝʱʝʩʪʚʝʥʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʥʝʩʫʱʠʝ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʬʠʛʫʨʘʮʠʠ, 
ʜʠʥʘʤʠʢʝ ʠ ʚʝʢʪʦʨʝ ʬʠʣʴʪʨʘʮʠʠ ʧʦʪʦʢʦʚ ʬʣʶʠʜʘ ʯʝʨʝʟ ʦʩʘʜʦʯʥʫʶ ʪʦʣʱʫ, ʤʳ 
ʥʘʟʚʘʣʠ ʬʣʶʠʜʦʪʫʨʙʠʪʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ [2]. 

ʉʣʘʙʦ ʧʦʜʚʝʨʛʥʫʚʰʠʡʩʷ ʧʨʦʮʝʩʩʘʤ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ ʩʪʨʫʢʪʫʨʥʦ-
ʪʝʢʩʪʫʨʥʳʡ ʦʙʣʠʢ ʇʠʞʝʤʩʢʦʡ ʨʦʩʩʳʧʠ ʧʦʟʚʦʣʠʣ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʛʠʜʨʦʜʠʥʘʤʠʢʫ 
ʗʨʝʛʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʨʦʩʩʳʧʝʦʙʨʘʟʦʚʘʥʠʷ, ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʧʦ ʘʥʘʣʦʛʠʠ ʧʦʣʫʯʠʪʴ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʠʪʘʥʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʩʪʘʜʠʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʷʨʝʛʩʢʦʡ ʨʦʩʩʳʧʠ. ɽʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʥʘ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʩʪʘʜʠʠ 
ʢʦʥʮʝʥʪʨʘʮʠʷ TiO2 ʚ ʷʨʝʛʩʢʠʭ ʠʣʴʤʝʥʠʪʩʦʜʝʨʞʘʱʠʭ ʦʩʘʜʢʘʭ ʤʘʣʦ ʦʪʣʠʯʘʣʘʩʴ ʦʪ 
ʧʠʞʝʤʩʢʠʭ (ʦʢʦʣʦ 5%), ʘ ʩʝʡʯʘʩ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 9%, ʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 
ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʦʣʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ ʚ ʨʫʜʘʭ ʗʨʝʛʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʦʜʠʪʩʷ ʢ ʦʜʥʦʤʫ ʘʨʠʬʤʝʪʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ: 9 ī 5 = 4. ʋʯʠʪʳʚʘʷ 
ʨʷʜ ʥʝ ʩʪʨʦʛʠʭ ʜʦʧʫʱʝʥʠʡ, ʪʨʫʜʥʦ ʙʝʟ ʦʛʦʚʦʨʦʢ ʧʨʠʥʷʪʴ ʧʦʣʫʯʝʥʥʫʶ ʚʝʣʠʯʠʥʫ, ʥʦ 
ʦʥʘ ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʚʝʨʦʷʪʥʦʤ ʦʯʝʥʴ ʙʦʣʴʰʦʤ ʚʢʣʘʜʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ TiO2, 
ʧʦʯʪʠ ʚʜʚʦʝ ʫʚʝʣʠʯʠʚʘʶʱʝʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʀʟʣʦʞʝʥʥʘʷ ʛʠʧʦʪʝʟʘ ʦ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʠ ʥʘʬʪʠʜʥʦ-ʛʠʜʨʦʛʝʥʥʳʭ 
ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʦʙʣʠʢ ʷʨʝʛʩʢʠʭ ʪʠʪʘʥʦʚʳʭ ʨʫʜ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 
ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʚʳʩʦʢʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʚʦʜʥʦʡ ʩʨʝʜʳ, 
ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʥʝʬʪʴ [5]. ʀʟʣʦʞʝʥʥʘʷ ʚʝʨʩʠʷ ʢʘʢ ʙʫʜʪʦ ʚʩʪʫʧʘʝʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ 
ʧʦʩʪʫʣʘʪʦʤ ʦʙ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦʩʪʠ ʪʠʪʘʥʘ, ʦʜʥʘʢʦ, ʠʤʝʶʪʩʷ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʧʨʠʨʦʜʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ, ʚ ʢʦʪʦʨʳʭ ʵʪʦʪ 
ʵʣʝʤʝʥʪ ʦʙʨʘʟʫʝʪ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ [6 ʠ ʜʨ.]. 

ɺʳʚʦʜʳ: 
1) ʗʨʝʛʩʢʦʝ ʥʝʬʪʝʪʠʪʘʥʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʪʥʝʩʪʠ ʢ 

ʦʩʘʜʦʯʥʦ-ʥʘʬʪʠʜʥʦ-ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠʧʫ. 
2) ɽʩʣʠ ʧʦʜʩʯʠʪʘʥʥʘʷ ʜʦʣʷ (ʮʝʣʳʝ %) ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʪʘʥʘ ʦʪʨʘʞʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʬʪʠʜʥʦ-ʛʠʜʨʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 
ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʙʘʩʩʝʡʥʘʭ ʄʠʨʘ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʦʚʦʛʦ, ʧʦʢʘ ʯʪʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʜʣʷ ʪʠʪʘʥʘ ʬʣʶʠʜʥʦ-ʫʛʣʝʚʦʜʦʨʦʜʥʦ-
ʣʝʡʢʦʢʩʝʥʦʚʦʛʦ ʪʠʧʘ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ 
ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʥʝʬʪ-ɹʛʠʜʨʦʛʝʥʥʳʤʠ ʬʣʶʠʜʘʤʠ. 
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ʂ ɺʆʇʈʆʉʋ ʃʀʊʆʃʆɻʆ-ʇɽʊʈʆʌʀɿʀʏɽʉʂʆʁ ʅɽʆɼʅʆʈʆɼʅʆʉʊʀ 
ʇʃɸʉʊɸ ʖɺ1

1 ʋʈʔɽɺʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ  
(ɿɸʇɸɼʅɸʗ ʉʀɹʀʈʔ) 

 
ɺ.ɺ. ʂʦʣʧʘʢʦʚ, ʉ.ɺ. ɸʩʪʘʨʢʠʥ, ʆ.ʂ. ʄʘʨʪʳʥʦʚʘ, ʉ.ʆ. ʉʘʤʦʭʠʥ 

 
ʌʠʣʠʘʣ ʆʆʆ çʃʋʂʆʁʃ-ʀʥʞʠʥʠʨʠʥʛè çʂʦʛʘʣʳʤʅʀʇʀʥʝʬʪʴè ʚ ʛ. ʊʶʤʝʥʠ, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠʨʦʩʪ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʧʦʜʜʝʨʞʘʥʠʝ ʠ 
ʫʚʝʣʠʯʝʥʠʝ ʜʦʙʳʯʠ ʚ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʩʚʷʟʳʚʘʶʪʩʷ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʢʦʣʣʝʢʪʦʨʦʚ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʦʩʘʜʦʯʥʳʤ ʪʦʣʱʘʤ 
ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʩ ʯʘʩʪʦʡ ʩʤʝʥʦʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʧʦʨʦʜ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠ 
ʣʘʪʝʨʘʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʪʦʨʠʯʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʨʝʛʝʥʝʨʘʮʠʷ, 
ʢʘʨʙʦʥʘʪʠʟʘʮʠʷ ʠ ʪ.ʜ.) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ ʧʫʩʪʦʪʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʘʟʨʘʙʦʪʢʘ ʜʦʩʪʦʚʝʨʥʦʡ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʘʢʠʭ ʢʦʣʣʝʢʪʦʨʦʚ, 
ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ, 
ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʭ ʠʟʫʯʝʥʠʶ [1, 2]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʤʝʨʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʦʚʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʋʨʴʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʘʩʪ ʖɺ1

1 ʧʨʝʜʩʪʘʚʣʝʥ 
ʩʣʦʞʥʳʤ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝʤ ʘʨʛʠʣʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ ʚ ʨʘʟʥʦʡ 
ʩʪʝʧʝʥʠ ʢʘʨʙʦʥʘʪʥʳʭ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʭ ʬʨʘʢʮʠʡ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚ ʨʘʟʨʝʟʝ ʧʣʘʩʪʘ ʧʝʩʯʘʥʠʢʦʚ (ʜʦ 57 %), ʚ ʤʝʥʴʰʝʡ 
ʩʪʝʧʝʥʠ ʘʣʝʚʨʦʣʠʪʦʚ (ʜʦ 33 %) ʠ ʘʨʛʠʣʣʠʪʦʚ (ʜʦ 10 %). ɺʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ 
ʦʙʣʦʤʦʯʥʦʡ ʯʘʩʪʠ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥ ʢʚʘʨʮʝʤ (ʜʦ 37 %), 
ʧʣʘʛʠʦʢʣʘʟʘʤʠ (ʜʦ 32 %) ʠ ʢʘʣʠʝʚʳʤʠ ʧʦʣʝʚʳʤʠ ʰʧʘʪʘʤʠ (ʜʦ 24 %), ʚ ʝʜʠʥʠʯʥʳʭ 
ʜʦʣʷʭ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ ʪʷʞʝʣʳʭ ʤʠʥʝʨʘʣʦʚ. 

ɼʣʷ ʧʣʘʩʪʘ ʖɺ1
1 ʦʪʤʝʯʘʝʪʩʷ ʭʘʦʪʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʨʙʦʥʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʘʣʴʮʠʪʦʤ (ʜʦ 65 %) ʠ ʜʦʣʦʤʠʪʦʤ (ʜʦ 
22 %), ʨʝʞʝ ʩʠʜʝʨʠʪʦʤ (ʜʦ 9 %), ʢʘʢ ʧʦ ʨʘʟʨʝʟʫ, ʪʘʢ ʠ ʧʦ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ 
ʩʦʩʪʘʚʝ ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ ʫʩʪʘʥʦʚʣʝʥʳ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʪʘʢʞʝ ʚʳʧʦʣʥʷʶʱʠʝ 
ʨʦʣʴ ʮʝʤʝʥʪʘ, ʢʘʢ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʤʠʥʝʨʘʣʳ. ʇʨʝʦʙʣʘʜʘʝʪ ʢʘʦʣʠʥʠʪ (66 %), ʚ 
ʤʝʥʴʰʝʡ ʤʝʨʝ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʛʠʜʨʦʩʣʶʜ (19 %) ʠ ʭʣʦʨʠʪʘ (12 %). ʅʘ ʜʦʣʶ 
ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʉʉʆ) ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 3 %. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʢʨʦʚʣʝ ʧʣʘʩʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʢʘʦʣʠʥʠʪʘ (ʜʦ 93 %) ʠ 
ʫʤʝʥʴʰʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʭʣʦʨʠʪʘ (ʜʦ 1 %) ʠ ʛʠʜʨʦʩʣʶʜ (ʜʦ 4 %) ʚ ʩʦʩʪʘʚʝ 
ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʘʩʧʝʢʪʳ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 
ʩʪʨʦʝʥʠʷ ʧʣʘʩʪʘ ʖɺ1

1 ʥʝ ʚʩʝʛʜʘ ʠʤʝʶʪ ʦʪʦʙʨʘʞʝʥʠʷ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ɻʀʉ ʠ 
ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʢʘʢ çʢʣʘʩʩʠʯʝʩʢʠʝè ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʝ ʢʦʣʣʝʢʪʦʨʳ, ʩ ʨʝʜʢʠʤʠ 
ʧʨʦʩʣʦʷʤʠ ʛʣʠʥ. 

ʄʝʞʩʢʚʘʞʠʥʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʦʪʣʦʞʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʣʠʪʦʣʦʛʠʯʝʩʢʫʶ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʘʩʪʘ ʖɺ1

1 ʠ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʜʚʘ ʠʥʪʝʨʚʘʣʝ ʚ ʩʪʨʦʝʥʠʠ 
ʨʘʟʨʝʟʘ: ʥʠʞʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʣʠʥʠʩʪʳʤʠ, ʩʠʣʴʥʦ 
ʛʣʠʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʢʦʚʦ-ʜʦʣʦʤʠʪʦʚʳʭ ʧʦʨʦʜ, ʠ ʚʝʨʭʥʠʡ, 
ʩʣʦʞʝʥʥʳʡ ʯʝʨʝʜʦʚʘʥʠʝʤ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ 
ʢʘʨʙʦʥʘʪʥʳʭ. ʉ çʯʠʩʪʳʤʠè ʘʣʝʚʨʦ-ʧʝʩʯʘʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʝʨʭʥʝʛʦ ʠʥʪʝʨʚʘʣʘ 
ʩʚʷʟʘʥʳ ʟʦʥʳ ʫʣʫʯʰʝʥʥʳʭ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ ʠʟʤʝʥʝʥʠʝ ʌɽʉ ʧʦ 
ʨʘʟʨʝʟʫ ʩʢʚʘʞʠʥ ʋʨʴʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘʙʣʶʜʘʝʪʩʷ ʫʣʫʯʰʝʥʠʝ 
ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʧʦʜʦʰʚʳ ʧʣʘʩʪʘ ʢ ʝʛʦ ʢʨʦʚʣʝ, ʜʦʩʪʠʛʘʷ 

ʟʥʘʯʝʥʠʡ ʂʧʦ - ʜʦ 17,6 %, ʂʧʨ ï ʜʦ 13,46Ā10-3 ʤʢʤ2. ɸʥʘʣʠʟ ʧʣʦʱʘʜʥʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʘʣ ʨʘʟʣʠʯʠʝ ʟʥʘʯʝʥʠʡ 
ʤʝʞʜʫ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʴʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʋʨʴʝʚʩʢʦʛʦ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ɻʀʉ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ 
ʩʪʝʧʝʥʴʶ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʧʣʘʩʪʘ ʖɺ1

1, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʌɽʉ. 
ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʨʘʟʙʫʨʝʥʥʦʩʪʴʶ ʠ ʠʟʫʯʝʥʥʦʩʪʴʶ 
ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʣʘ. ʇʨʠ ʘʥʘʣʠʟʝ ʠʟʤʝʥʝʥʠʡ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦ 
ʧʣʦʱʘʜʠ ʧʦ ʜʘʥʥʳʤ ɻʀʉ ʫʩʪʘʥʦʚʣʝʥʦ ʨʝʟʢʦʝ ʢʦʣʝʙʘʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ 

0,30Ā10-3 ʜʦ 237,7Ā10-3 ʤʢʤ2 ʠ ʧʦʨʠʩʪʦʩʪʠ - ʦʪ 11,3 ʜʦ 22,8 %. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʦʙʱʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʣʠʪʦʣʦʛʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ, ʚʳʜʝʣʝʥʦ 
4 ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʪʠʧʘ (ʃʇʊ): 

ʇʝʨʚʳʡ ʃʇʊ (ʥʝʢʦʣʣʝʢʪʦʨʳ) ï ʠʟʚʝʩʪʥʷʢʠ ʘʣʝʚʨʠʪʦʚʳʝ, ʘʣʝʚʨʦʣʠʪʳ 
ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʧʣʦʪʥʳʝ ʩ ʜʦʣʝʡ ʢʘʨʙʦʥʘʪʦʚ ʦʪ 8 ʜʦ 99 %, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 
ʥʠʟʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʜʦ 5 % ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʤʝʥʝʝ 1Ā10-3 ʤʢʤ2. 

ɺʪʦʨʦʡ ʃʇʊ (ʥʝʢʦʣʣʝʢʪʦʨʳ) ï ʘʣʝʚʨʦʣʠʪʳ ʛʣʠʥʠʩʪʳʝ, ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʩ 
ʧʦʨʠʩʪʦʩʪʴʶ ʦʪ 6 ʜʦ 13,2 %, ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʤʝʥʝʝ 1Ā10-3 ʤʢʤ2, ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʝʡ 
ʩʧʦʩʦʙʥʦʩʪʴʶ 57,6-99,1 % 

ʊʨʝʪʠʡ ʃʇʊ (ʢʦʣʣʝʢʪʦʨʳ 6 ʠ 5 ʢʣʘʩʩʘ) ï ʘʣʝʚʨʦʣʠʪʳ ʛʣʠʥʠʩʪʳʝ, ʩʣʘʙʦ 
ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ, ʠʤʝʶʱʠʝ ʧʦʨʠʩʪʦʩʪʴ ʦʪ 13,8 ʜʦ 17,3 %, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʪ     1Ā10-3 
ʜʦ 10Ā10-3 ʤʢʤ2 ʠ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 44,4-56,1 %. 

ʏʝʪʚʝʨʪʳʡ ʃʇʊ (ʢʦʣʣʝʢʪʦʨʳ 4 ʢʣʘʩʩʘ) ï ʘʣʝʚʨʦʣʠʪʳ ʩʣʘʙʦ ʛʣʠʥʠʩʪʳʝ, ʩʣʘʙʦ 
ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ; ʧʝʩʯʘʥʠʢʠ ʩʣʘʙʦ ʛʣʠʥʠʩʪʳʝ, ʩʣʘʙʦ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʩ ʧʦʨʠʩʪʦʩʪʴʶ 
ʦʪ 17,6 ʜʦ 18,9 % ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʦʪ 10Ā10-3 ʤʢʤ2, ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ ï 35,9-45 %. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʘ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʠ 
ʧʝʪʨʦʬʠʟʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʘʩʪʘ ʖɺ1

1. ʇʨʦʚʝʜʝʥʘ ʪʠʧʠʟʘʮʠʷ ʧʦʨʦʜ-
ʢʦʣʣʝʢʪʦʨʦʚ ʧʣʘʩʪʘ ʖɺ1

1 ʋʨʴʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʠʟʫ 
ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ, ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ 
ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʠʟʫʯʝʥʥʳʭ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʳʭ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʝʥʘ 
ʠʟʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ, ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ 
ʢʦʣʠʯʝʩʪʚʘ ʮʝʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʦʙʷʟʘʥʳ ʩʚʦʠʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʜʝʡʩʪʚʦʚʘʚʰʠʤ ʚ 
ʦʩʘʜʦʯʥʦʤ ʙʘʩʩʝʡʥʝ ʧʨʦʮʝʩʩʘʤ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʠ ʷʚʣʷʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ. 
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ʋʨʴʝʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ / ɺ.ɺ. ʂʦʣʧʘʢʦʚ, ʗ.ʍ. ʉʘʝʪʛʘʣʝʝʚ, ɺ.ɸ. ʐʤʳʨʠʥʘ ʠ ʜʨ. // ʅʝʬʪʷʥʦʝ 
ʭʦʟʷʡʩʪʚʦ. ï 2016. ï ˉ 8. ï ʉ. 52-53.  
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ʅɽʌʊɽʅʆʉʅʓʍ ʂɸʈɹʆʅɸʊʅʓʍ ʂʆʃʃɽʂʊʆʈʆɺ ʅʀɾʅɽɻʆ 

ʂɸʈɹʆʅɸ ɺʆʃɻʆʋʈɸʃʔʉʂʆɻʆ ʈɽɻʀʆʅɸ 

 
ɸ.ʅ. ʂʦʣʴʯʫʛʠʥ, ɺ.ʇ. ʄʦʨʦʟʦʚ, ɸ.ɸ. ɽʩʢʠʥ, ʕ.ɸ. ʂʦʨʦʣʝʚ 

 
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 
ɺʪʦʨʠʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 

ʨʘʟʦʙʨʘʥʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʨʘʙʦʪ [1, 2, 3]. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 
ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʦʚʳʝ 
ʠʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʝʨʝʩʤʘʪʨʠʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʚʧʦʣʥʝ 
ʫʩʪʦʷʚʰʠʝʩʷ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʩʪʘʜʠʡʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʪʦʣʱ ʚ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʤ 
ʨʝʛʠʦʥʝ [4]. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʙʨʘʟʮʳ ʢʝʨʥʘ ʚʪʦʨʠʯʥʳʭ 
ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʭ ʜʦʣʦʤʠʪʦʚ ʪʫʨʥʝʡʩʢʦʛʦ ʠ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʦʚ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʨʷʜʘ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʶʛʦ-ʚʦʩʪʦʢʘ ʊʘʪʘʨʩʪʘʥʘ. 

ʆʪʣʦʞʝʥʠʷ ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʘ ʩʣʦʞʝʥʳ ʥʦʨʤʘʣʴʥʦ ʤʦʨʩʢʠʤʠ ʤʝʣʢʦʚʦʜʥʳʤʠ 
ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʘʢʩʪʦʫʥʘʤʠ ʠ ʚʘʢʩʪʦʫʥʘʤʠ ʚ 
ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʦʪ ʨʘʟʨʝʟʘ ʢ ʨʘʟʨʝʟʫ. ɼʦʣʦʤʠʪʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʪʫʨʥʝʡʩʢʦʛʦ 
ʷʨʫʩʘ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʘʣʝʢʦ ʥʝ ʧʦʚʩʝʤʝʩʪʥʦ, ʠ ʢʘʢ ʧʨʘʚʠʣʦ 
ʦʪʤʝʯʘʶʪʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʷʨʫʩʘ, ʚ ʩʦʩʪʘʚʝ ʦʪʣʦʞʝʥʠʡ ʫʧʠʥʩʢʦʛʦ ʠ ʤʘʣʝʚʩʢʦʛʦ 
ʛʦʨʠʟʦʥʪʦʚ. ɽʱʸ ʨʝʞʝ ʚʪʦʨʠʯʥʳʝ ʜʦʣʦʤʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʚʠʟʝʡʩʢʦʛʦ 
ʷʨʫʩʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ ʟʘʣʝʞʝʡ ʷʚʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝ 
ʜʦʣʦʤʠʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʫʢʪʫʨʳ. ʊʘʢ ʜʦʣʦʤʠʪʳ ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʘ ʨʘʟʚʠʪʳ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʫʧʦʣʴʥʦʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʫʷ ʥʝʩʢʦʣʴʢʦ ʩʝʨʠʡ 
ʜʦʣʦʤʠʪʦʚʳʭ ʩʣʦʝʚ. ʊʦʛʜʘ ʢʘʢ ʚ ʚʠʟʝʡʩʢʦʤ ʷʨʫʩʝ ʜʦʣʦʤʠʪʳ ʨʘʟʚʠʪʳ ʥʘ ʢʨʳʣʝ 
ʥʝʬʪʝʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʦʣʦʤʠʪʦʚ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʠ 
ʢʘʪʦʜʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʩʦʩʪʘʚʘ ʩʪʘʙʠʣʴʥʳʭ ʠʟʦʪʦʧʦʚ 
ŭ13C ʠ ŭ18O ʧʦʢʘʟʘʣʦ ʥʝ ʩʣʠʰʢʦʤ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʣʠʯʠʷ ʠʟʫʯʝʥʥʳʭ ʜʦʣʦʤʠʪʦʚ. 
ɿʦʥʘʣʴʥʦʩʪʴ ʩʪʨʦʝʥʠʷ ʟʝʨʝʥ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʘʣʘʩʴ ʠ ʚʩʝʛʜʘ ʙʳʣʘ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʚ 
ʧʦʨʠʩʪʳʭ ʜʦʣʦʤʠʪʘʭ, ʫʩʣʦʞʥʷʷʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʝʨʝʥ ʢ 
ʧʝʨʠʬʝʨʠʠ. ɺ ʙʦʣʝʝ ʧʣʦʪʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʜʦʣʦʤʠʪʘʭ ʟʦʥʘʣʴʥʦʩʪʴ ʙʳʣʘ ʤʝʥʝʝ 
ʚʳʨʘʞʝʥʥʦʡ (ʨʠʩʫʥʦʢ). ʅʝʨʝʜʢʦ ʚʥʝʰʥʠʝ ʟʦʥʳ ʨʦʩʪʘ ʜʦʣʦʤʠʪʦʚ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ 
ʛʘʟʦʚʦʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʠ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʉʣʝʜʫʶʱʝʡ ʩʪʘʜʠʝʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʦʩʴ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʳʷʚʣʝʥʥʳʭ 
ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʧʦʟʥʘʥʳ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʜʦʣʦʤʠʪʘʭ. 
ʇʦʤʠʤʦ ʜʚʫʭʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ (ʛʘʟʦʚʦ-ʞʠʜʢʠʭ) ʚʩʪʨʝʯʘʣʠʩʴ ʠ ʚʢʣʶʯʝʥʠʷ ʠ 
ʤʥʦʛʦʬʘʟʥʳʝ, ʚ ʢʦʪʦʨʳʭ ʥʝʨʝʜʢʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 
ʊʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʢʣʶʯʝʥʠʡ ʚ ʜʦʣʦʤʠʪʘʭ 
ʪʫʨʥʝʡʩʢʦʛʦ ʠ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ ʚʘʨʴʠʨʫʶʪ ʦʪ 160oC ʜʦ 215oC, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 
190,4oC. ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʚʥʝʰʥʠʝ ʨʘʟʣʠʯʠʷ, ʠʟʫʯʝʥʥʳʝ ʜʦʣʦʤʠʪʳ, ʜʦʚʦʣʴʥʦ 
ʩʭʦʞʠ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʘ ʪʘʢʞʝ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʠ 
ʪʝʤʧʝʨʘʪʫʨʳ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʚʢʣʶʯʝʥʠʡ. ʉʪʦʣʴ ʚʳʩʦʢʘʷ ʩʭʦʞʝʩʪʴ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ 
ʚ ʪʫʨʥʝʡʩʢʠʭ ʜʦʣʦʤʠʪʘʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ ʚʳʩʦʢʘʷ ʩʭʦʞʝʩʪʴ 
ʩ ʜʦʣʦʤʠʪʘʤʠ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ, ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʪʦʨʠʯʥʫʶ 
ʜʦʣʦʤʠʪʠʟʘʮʠʶ ʚʳʟʳʚʘʣʠ ʬʣʶʠʜʳ ʦʜʥʦʡ ʧʨʠʨʦʜʳ, ʧʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦ ʛʦʨʷʯʠʝ. 
ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʤʠʛʨʘʮʠʷ ʫʢʘʟʘʥʥʳʭ ʬʣʶʠʜʦʚ ʤʦʛʣʘ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ 
ʥʘ ʵʪʘʧʘʭ ʧʨʦʛʨʝʚʘ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʜʘʥʥʳʝ ʧʦ 
ʢʘʣʴʮʠʪʘʤ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ. ʊʘʢʦʡ ʧʨʦʛʨʝʚ ʠ ʘʢʪʠʚʥʳʡ ʬʣʶʠʜʥʳʡ ʨʝʞʠʤ ʙʘʩʩʝʡʥʘ 
ʤʦʛ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʤʠʛʨʘʮʠʶ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ, ʚʧʦʩʣʝʜʩʪʚʠʠ 
ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʟʘʣʝʞʠ ʥʝʬʪʠ ʚ ʨʝʛʠʦʥʝ. 
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A-B - ʚʠʟʝʡʩʢʠʝ ʜʦʣʦʤʠʪʳ, C-F - ʪʫʨʥʝʡʩʢʠʝ ʜʦʣʦʤʠʪʳ 
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Geology. ï 2016. ï Is. 72. ï P. 45-61. 
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ʉʊʈʆɽʅʀɽ ɼʆʅʅʓʍ ʆʊʃʆɾɽʅʀʁ ʆɿɽʈɸ ʅɽʈʆ (ʗʈʆʉʃɸɺʉʂɸʗ 
ʆɹʃɸʉʊʔ) ʀ ʀʍ ʇɸʃɽʆɻɽʆɻʈɸʌʀʏɽʉʂɸʗ ʀʅʊɽʈʇʈɽʊɸʎʀʗ 

 
ɽ.ɸ. ʂʦʥʩʪʘʥʪʠʥʦʚ1, ʅ.ɺ. ʂʘʨʧʫʭʠʥʘ1, ʉ.ʉ. ɹʨʠʯʝʚʘ2 

 
1
ʀʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʠʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʙʫʨʝʥʠʷ (9 ʩʢʚʘʞʠʥ), ʛʝʦʨʘʜʠʦʣʘʢʘʮʠʦʥʥʦʛʦ 
ʟʦʥʜʠʨʦʚʘʥʠʷ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʦʟʝʨʥʳʤ 
ʢʦʣʦʥʢʘʤ ʧʦʩʪʨʦʝʥ ʨʘʟʨʝʟ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ʅʝʨʦ ʧʦ ʣʠʥʠʠ ʛ. ʈʦʩʪʦʚ - 
ʜ. ʋʛʦʜʠʯʠ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ - 4,3 ʢʤ). ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʨʘʜʘʨʥʦʡ ʩʲʝʤʢʠ ʧʦʟʚʦʣʠʣʠ 
ʫʪʦʯʥʠʪʴ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʧʨʦʬʠʣʶ, ʧʨʦʩʣʝʜʠʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ 
ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʣʝʛʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʣʦʝʚ ʩ ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʜʦ 
ʛʣʫʙʠʥʳ 3-5 ʤ. ɼʘʥʥʳʝ ʩ ʛʝʦʨʘʜʘʨʘ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʩʣʦʡ 
ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʥʘʜ ʩʣʦʝʤ ʩʣʘʙʦʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʛʦ ʠʣʘ. ɹʳʣʠ ʫʪʦʯʥʝʥʳ 
ʛʣʫʙʠʥʳ ʧʝʨʝʭʦʜʥʦʛʦ ʩʣʦʷ ʠ ʚʳʷʚʣʝʥʳ ʯʸʪʢʠʝ ʙʨʦʚʢʠ ʫʛʣʫʙʣʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 
ʯʘʩʪʠ ʦʟʝʨʘ. ʇʦ ʨʘʜʘʨʦʛʨʘʤʤʝ ʧʨʦʩʣʝʞʝʥ ʧʦʛʨʝʙʝʥʥʳʡ ʧʦʜ ʩʣʦʝʤ ʠʣʘ ʧʝʩʯʘʥʳʡ 
ʙʝʨʝʛʦʚʦʡ ʚʘʣ ʥʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ, ʢʦʪʦʨʳʡ ʥʝ ʦʪʨʘʟʠʣʩʷ ʥʘ 
ʙʘʪʠʤʝʪʨʠʯʝʩʢʦʤ ʧʨʦʬʠʣʝ. ʇʝʩʯʘʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʧʣʦʪʴ ʜʦ ʙʨʦʚʢʠ 
ʦʟʝʨʥʦʡ ʧʦʡʤʳ. ʇʦ ʨʘʜʘʨʦʛʨʘʤʤʝ ʚʳʷʚʣʝʥ ʨʘʟʤʳʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʦʩʘʜʢʘ 
(ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠʣʘ) ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ. ɿʦʥʘ ʨʘʟʤʳʚʘ ʦʩʘʜʢʘ ʚ ʨʝʣʴʝʬʝ 
ʧʨʦʷʚʣʷʝʪʩʷ ʢʘʢ ʣʦʞʙʠʥʘ ʛʣʫʙʠʥʦʡ ʜʦ 4 ʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʩ ʖɿ ʥʘ ʉɺ. ʇʨʠʨʦʜʘ 
ʵʪʦʡ ʣʦʞʙʠʥʳ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʚʘ ʤʝʭʘʥʠʟʤʘ ʝʝ 
ʦʙʨʘʟʦʚʘʥʠʷ: 1) ʘʥʪʨʦʧʦʛʝʥʥʳʡ ï ʚʳʙʦʨʢʘ ʩʘʧʨʦʧʝʣʷ ʟʝʤʩʥʘʨʷʜʦʤ; 2) ʬʣʶʚʠʘʣʴʥʳʡ 
ï ʧʦʚʳʰʝʥʥʳʝ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʩʫʞʝʥʠʷ ʦʟʝʨʘ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʤʳʚʫ ʜʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ (ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʧʦʪʝʨʠ 
ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ)  ʧʦʟʚʦʣʠʣʠ ʧʨʦʚʝʩʪʠ ʙʦʣʝʝ ʥʘʜʝʞʥʫʶ 
ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʢʦʣʦʥʢʘʤʠ ʥʘ ʧʨʦʬʠʣʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʢʦʨʨʝʣʷʮʠʶ ʩ ʢʦʣʦʥʢʦʡ, 
ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [1]. ʍʘʨʘʢʪʝʨʥʳʡ ʨʠʩʫʥʦʢ ʢʨʠʚʳʭ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʠ 
ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ ʜʦʚʦʣʴʥʦ ʫʚʝʨʝʥʥʦ ʩʦʧʦʩʪʘʚʣʷʪʴ ʦʪʜʝʣʴʥʳʝ 
ʛʦʨʠʟʦʥʪʳ ʦʪʣʦʞʝʥʠʡ ʚ ʢʦʣʦʥʢʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʞʝ ʥʘ ʜʘʥʥʦʤ  ʵʪʘʧʝ ʤʳ ʨʘʩʧʦʣʘʛʘʝʤ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʦʡ ʚʦʟʨʘʩʪʘ ʦʪʜʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʢʦʨʨʝʣʠʨʫʷ ʠʭ ʩ ʧʦʜʨʦʙʥʦ 
ʜʘʪʠʨʦʚʘʥʥʦʡ ʢʦʣʦʥʢʦʡ ʠʟ ʨʘʙʦʪʳ [1]. ɺ ʨʘʟʨʝʟʝ, ʥʘ ʫʯʘʩʪʢʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʙʝʨʝʛʫ, 
ʚʳʷʚʣʝʥʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʥʝʩʦʛʣʘʩʠʝ ʧʦʜ ʩʣʦʝʤ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʛʦ ʠʣʘ. ʕʪʦ 
ʥʝʩʦʛʣʘʩʠʝ ʧʦʜʯʝʨʢʥʫʪʦ ʟʦʥʦʡ ʦʧʝʩʯʘʥʝʥʥʦʩʪʠ. ʇʦ ʜʘʥʥʳʤ [1] ʟʜʝʩʴ ʫʩʪʘʥʦʚʣʝʥ ʩʢʘʯʦʢ 
ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪ ʩ 13,05Ñ400 ʜʦ 7,55Ñ295 ʢʘʣ. ʪʳʩ. ʣ. ʥ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 
ʯʘʩʪʠ ʦʟʝʨʘ (NER-5) ʪʘʢʦʛʦ ʧʝʨʝʨʳʚʘ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʊʘʢʦʝ 
ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʧʘʜʝʥʠʝʤ ʫʨʦʚʥʷ ʦʟʝʨʘ ʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʝ 
ʛʦʣʦʮʝʥʘ, ʢʦʪʦʨʦʝ ʩʤʝʥʠʣʦʩʴ ʪʨʘʥʩʛʨʝʩʩʠʝʡ ʚ ʥʘʯʘʣʝ ʘʪʣʘʥʪʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ. ɻʣʫʙʠʥʘ 
ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʜʦʩʪʠʛʘʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʦʪʤʝʪʢʠ 85 ʤ ʘʙʩ., ʯʪʦ ʥʘ 8 ʤ ʥʠʞʝ 
ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʦʟʝʨʝ. ʈʘʟʤʝʨʳ ʦʟʝʨʘ, ʚʝʨʦʷʪʥʦ, 
ʩʦʢʨʘʱʘʣʠʩʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʈʝʢʠ ʠ ʨʫʯʴʠ, ʜʨʝʥʠʨʫʶʱʠʝ ʙʦʨʪʘ ʈʦʩʪʦʚʩʢʦʡ ʢʦʪʣʦʚʠʥʳ 
ʚʳʜʚʠʛʘʣʠ ʩʚʦʠ ʨʫʩʣʘ ʠ ʜʝʣʴʪʳ ʢ ʵʪʦʤʫ ʦʩʪʘʪʦʯʥʦʤʫ ʚʦʜʦʝʤʫ, ʧʨʠʥʦʩʷ ʧʝʩʦʢ ʠ ʨʘʟʤʳʚʘʷ 
ʦʟʝʨʥʦʝ ʜʥʦ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠ ʧʨʠʯʠʥʳ ʚʳʷʚʣʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʠʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʧʨʦʝʢʪ 
ˉ 18-77-00083). 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. Wohlfarth B. Late glacial and Holocene palaeoenvironmental changes in the Rostov-Yaroslavlô area, West 

Central Russia / B. Wohlfarth, P. Tarasov, O. Bennike, T. Lacourse, D. Subetto, P. Torssander, 
F. Romanenko // Journal of Paleolimnology. ï 2006. ï V. 35. ï P. 543ï569. 
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ʌʆʈʄʀʈʆɺɸʅʀɽ ʈɽʃʔɽʌɸ ʀ ʈʓʍʃʓʍ ʆʊʃʆɾɽʅʀʁ ɺʅʋʊʈɽʅʅʀʍ 
ɼʆʃʀʅ ʍʀɹʀʅʉʂʆɻʆ ʄɸʉʉʀɺɸ, ʂʆʃʔʉʂʀʁ ʇʆʃʋʆʉʊʈʆɺ 

 
ʅ.ɻ. ʂʦʥʩʪʘʥʪʠʥʦʚʘ 

 
ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʩʦʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʠʣʠʝ 
ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʛʠʧʦʪʝʟ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʡ, ʧʦʷʚʠʚʰʠʭʩʷ ʝʱʸ ʚ XIX ʚʝʢʝ, ʠʥʪʝʨʝʩ ʢ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʦʟʜʥʝʡʰʝʡ ʜʠʥʘʤʠʢʠ ʨʝʣʴʝʬʘ ʜʦʣʠʥ 
ʦʩʪʘʝʪʩʷ ʚʳʩʦʢ, ʪ.ʢ. ʠʤʝʥʥʦ ʟʜʝʩʴ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʤʘʩʩʠʚʳ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ 
ʜʘʥʥʳʭ. 

ɺ ʦʩʥʦʚʥʳʭ ʯʝʨʪʘʭ ʜʦʣʠʥʥʘʷ ʩʝʪʴ ʍʠʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʟʘʣʦʞʠʣʘʩʴ ʟʘʜʦʣʛʦ ʜʦ 
ʥʘʩʪʫʧʣʝʥʠʷ ʣʝʜʥʠʢʦʚʦʡ ʵʧʦʭʠ ʧʦ ʪʨʝʱʠʥʘʤ ʠ ʨʘʟʣʦʤʘʤ, ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ, ʢʘʢ ʚʦ 
ʚʨʝʤʷ ʦʩʪʳʚʘʥʠʷ ʠʥʪʨʫʟʠʠ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʳʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʝʣʴʝʬ, ʦʩʦʙʝʥʥʦ ʚʝʨʭʥʠʭ ʟʚʝʥʴʝʚ 
ʵʨʦʟʠʦʥʥʦʡ ʩʝʪʠ, ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚʦ ʚʨʝʤʷ ʜʝʛʨʘʜʘʮʠʠ ʧʦʢʨʦʚʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʠ 
ʧʦʩʣʝ ʥʝʛʦ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʠ ʠʟʫʯʝʥʥʳʡ ʨʘʟʨʝʟ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʭʚʘʪʳʚʘʝʪ 
ʚʪʦʨʫʶ ʧʦʣʦʚʠʥʫ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʠ ʛʦʣʦʮʝʥ. ʇʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ ʥʘ 
ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʫʩʪʘʥʦʚʣʝʥʳ ʦʪʣʦʞʝʥʠʷ ʤʦʩʢʦʚʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, 
ʤʠʢʫʣʠʥʩʢʦʡ ʤʝʞʩʪʘʜʠʘʣʴʥʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ, ʤʦʨʝʥʘ ʨʘʥʥʝʚʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, 
ʤʝʞʩʪʘʜʠʘʣʴʥʳʝ ʦʩʘʜʢʠ, ʦʪʣʦʞʝʥʠʷ ʧʦʟʜʥʝʚʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʠ ʛʦʣʦʮʝʥʦʚʳʝ 
ʦʩʘʜʢʠ. ʌʨʘʛʤʝʥʪʳ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʩʘʤʳʭ ʛʣʫʙʦʢʠʭ 
ʜʝʧʨʝʩʩʠʷʭ ʢʦʨʝʥʥʦʛʦ ʨʝʣʴʝʬʘ, ʛʜʝ ʦʙʥʘʨʫʞʝʥʘ ʜʦʣʝʜʥʠʢʦʚʘʷ ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ 
ʜʨʫʛʠʝ ʜʦʣʝʜʥʠʢʦʚʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ [1, 2]. 

ʇʦ ʜʘʥʥʳʤ J.I. Svendsen et. ʘl. [1] ʧʦʩʣʝʜʥʝʝ (ʚʘʣʜʘʡʩʢʦʝ) ʦʣʝʜʝʥʝʥʠʝ 
ʧʝʨʝʢʨʳʚʘʣʦ ʚʝʩʴ ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ ʠ ʠʤʝʣʦ ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ (ʙʦʣʝʝ 
ʜʚʫʭ ʪʳʩʷʯ ʤʝʪʨʦʚ), ʦʜʥʘʢʦ ʜʣʷ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʣʫʦʩʪʨʦʚʘ ʨʷʜʦʤ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʄ.ʂ. ɻʨʘʚʝ, ɸ.ɸ. ʅʠʢʦʥʦʚ, ɺ.ʗ. ɽʚʟʝʨʦʚ, ɹ.ʀ. ʂʦʰʝʯʢʠʥ ʠ ʜʨ.) ʦʥʦ 
ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʩʪʘʜʠʠ. ɺ ʧʝʨʚʫʶ ʩʪʘʜʠʶ ʧʦʢʨʦʚ ʠʤʝʣ ʤʘʢʩʠʤʘʣʴʥʳʝ ʤʦʱʥʦʩʪʴ 
(ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʢʦʣʦ ʪʳʩʷʯʠ ʪʳʩʷʯ ʤʝʪʨʦʚ) ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʧʝʨʝʢʨʳʚʘʷ 
ʚʝʨʰʠʥʳ ʥʠʟʢʦʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ. ɺʦ ʚʪʦʨʫʶ ʩʪʘʜʠʶ ʧʦʚʝʨʭʥʦʩʪʴ ʣʴʜʘ ʜʦʩʪʠʛʘʣʘ 
ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʦʚ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʦʢʨʦʚʥʳʤ ʦʣʝʜʝʥʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʧʦʩʣʝ 
ʥʝʛʦ, ʚ ʢʨʫʧʥʳʭ ʜʦʣʠʥʘʭ ʩʫʱʝʩʪʚʦʚʘʣʦ ʛʦʨʥʦ-ʜʦʣʠʥʥʦʝ ʦʣʝʜʝʥʝʥʠʝ [2, 3]. 

ʈʘʟʥʳʝ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 
ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʚʦ ʚʨʝʤʷ ʥʘʩʪʫʧʘʥʠʷ ʠ ʜʝʛʨʘʜʘʮʠʠ ʧʦʟʜʥʝʚʘʣʜʘʡʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ 
ʧʦʢʨʦʚʘ, ʘ ʪʘʢʞʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʛʦʨʥʦ-ʜʦʣʠʥʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʦʙʫʩʣʦʚʠʣʠ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦ ʤʦʨʬʦʣʦʛʠʠ, ʚʦʟʨʘʩʪʫ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ 
ʨʝʣʴʝʬʘ ʠ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʜʥʠʱʘʭ ʜʦʣʠʥ ʠ ʢʦʪʣʦʚʠʥʘʭ. 

ɼʣʷ ʚʥʫʪʨʝʥʥʠʭ ʜʦʣʠʥ ʶʞʥʦʡ ʯʘʩʪʠ ʍʠʙʠʥ ʚ ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʝ ʠ 
ʛʦʣʦʮʝʥʦʚʦʝ ʚʨʝʤʷ ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʚʠʪʠʝ ʧʦʜʧʨʫʞʝʥʥʳʭ ʢʨʘʝʤ ʣʝʜʥʠʢʘ ʦʟʝʨ. 
ʇʨʠʯʝʤ ʨʝʣʴʝʬ ʠ ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʩʤʝʞʥʳʭ ʜʦʣʠʥ, ʥʘʭʦʜʷʱʠʭʩʷ ʧʨʠʤʝʨʥʦ ʚ 
ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʠ ʠʤʝʶʱʠʭ ʩʭʦʞʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ. 
ʊʘʢʠʤʠ ʜʦʣʠʥʘʤʠ ʷʚʣʷʶʪʩʷ, ʥʘʧʨʠʤʝʨ, ʜʦʣʠʥʳ ʇʦʘʯʚʫʤʡʦʢʘ, ɺʫʜʲʷʚʨʡʦʢʘ ʠ ʨʫʯʴʷ 
ʉʥʝʞʥʦʛʦ. ɼʣʷ ʜʦʣʠʥ ʨ. ʇʦʘʯʚʫʤʡʦʢ ʠ ʨʫʯ. ʉʥʝʞʥʳʡ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʤʦʱʥʳʭ 
ʪʦʣʱ ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʜʦʣʠʥʝ ʨʫʯ. ʉʥʝʞʥʳʡ ʦʥʠ ʩʣʘʛʘʶʪ 
ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʫʶ ʜʝʣʴʪʫ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʢʨʳʪʫʶ ʢʘʨʴʝʨʦʤ ʧʦ ʜʦʙʳʯʝ ʇɻʉ. 
ɺ ʜʦʣʠʥʝ ʨ. ʇʦʘʯʚʫʤʡʦʢ ʵʪʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʣʦʞʝʥʳ ʪʝʨʨʘʩʳ, ʨʘʟʚʠʪʳʝ ʚ ʥʠʞʥʝʤ 
ʪʝʯʝʥʠʠ. 

ɺʦ ʚʨʝʤʷ ʜʝʛʨʘʜʘʮʠʠ ʧʦʢʨʦʚʥʦʛʦ ʣʝʜʥʠʢʘ ʚ ʧʨʝʜʝʣʘʭ ʚʥʫʪʨʝʥʥʠʭ ʜʦʣʠʥ ʦʪ 
ʥʝʛʦ ʦʪʯʣʝʥʷʣʠʩʴ ʤʘʩʩʠʚʳ ʣʴʜʘ, ʟʘʥʠʤʘʚʰʠʝ ʜʝʧʨʝʩʩʠʶ ʩ ʦʟʝʨʘʤʠ ʄʘʣʳʡ ʠ 
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ɹʦʣʴʰʦʡ ɺʫʜʲʷʚʨ. ʇʝʨʝʜ ʢʨʘʝʤ ʧʦʢʨʦʚʥʦʛʦ ʣʴʜʘ ʥʘʢʦʧʠʣʠʩʴ ʤʦʱʥʳʝ ʪʦʣʱʠ 
ʬʣʶʚʠʦʛʣʷʮʠʘʣʴʥʳʭ ʠ ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ. ʇʨʠʣʝʜʥʠʢʦʚʳʡ ʚʦʜʦʝʤ ʤʝʞʜʫ ʛʦʨʥʳʤʠ 
ʣʝʜʥʠʢʘʤʠ ʥʘ ʩʝʚʝʨʝ ʠ ʧʦʢʨʦʚʥʳʤ ʣʝʜʥʠʢʦʤ ʥʘ ʶʛʝ ʩʫʱʝʩʪʚʦʚʘʣ, ʚʝʨʦʷʪʥʦ, ʚ 
ʪʝʯʝʥʠʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʆʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʦʟ. ʂʫʧʘʣʴʥʦʤ, ʩʫʜʷ ʧʦ 
ʤʘʪʝʨʠʘʣʘʤ ɼ.ɹ.ɼʝʥʠʩʦʚʘ, ʥʘʯʘʣʦʩʴ ʚ ʢʦʥʮʝ ʧʨʝʙʦʨʝʘʣʴʥʦʛʦ ï ʥʘʯʘʣʝ ʙʦʨʝʘʣʴʥʦʛʦ 
ʧʝʨʠʦʜʘ [3]. 

ʉʣʝʜʳ ʛʦʨʥʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʭʦʣʤʠʩʪʦ-ʟʘʧʘʜʠʥʥʳʤʠ 
ʢʘʨʦʚʳʤʠ ʤʦʨʝʥʘʤʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʜʦʣʠʥʘʭ, ʚʳʭʦʜʷʱʠʭ ʟʘ ʧʨʝʜʝʣʳ ʢʘʨʘ, ʠ ʩʝʨʠʝʡ 
ʢʦʥʝʯʥʦ-ʤʦʨʝʥʥʳʭ ʬʦʨʤ ʛʦʣʦʮʝʥʦʛʦ ʠ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ ʚʦʟʨʘʩʪʘ. ɺʦ ʚʨʝʤʷ 
ʦʪʩʪʫʧʘʥʠʷ ʧʦʢʨʦʚʘ ʩʦʭʨʘʥʷʣʠʩʴ ʫʩʣʦʚʠʷ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʛʦʨʥʳʭ ʣʝʜʥʠʢʦʚ, 
ʢʦʪʦʨʳʝ ʚ ʧʨʝʜʝʣʘʭ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʍʠʙʠʥ ʪʘʢʞʝ ʠʩʧʳʪʘʣʠ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ 
ʘʢʪʠʚʠʟʘʮʠʠ ʠ ʩʧʫʩʢʘʣʠʩʴ ʜʦ ʘʙʩ. ʦʪʤʝʪʦʢ 400-500 ʤ. ɼʝʛʨʘʜʘʮʠʷ ʛʦʨʥʦ-ʜʦʣʠʥʥʳʭ 
ʣʝʜʥʠʢʦʚ ʥʦʩʠʣʘ ʭʘʨʘʢʪʝʨ ʘʨʝʘʣʴʥʦʡ ʜʝʛʣʷʮʠʘʮʠʠ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʣʦ ʦʪʯʣʝʥʝʥʠʝ ʠ 
ʧʘʩʩʠʚʥʦʝ ʪʘʷʥʠʝ ʥʝʧʦʜʚʠʞʥʳʭ ʛʣʳʙ ʣʴʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʜʥʠʱʘʭ ʢʘʨʦʚ ʠ 
ʪʨʦʛʦʚʳʭ ʜʦʣʠʥ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʩʚʦʝʦʙʨʘʟʥʳʡ ʭʦʣʤʠʩʪʦ-ʟʘʧʘʜʠʥʥʳʡ ʨʝʣʴʝʬ 
ʘʙʣʷʮʠʦʥʥʦʡ ʤʦʨʝʥʳ. 

ɼʝʪʘʣʠ ʩʪʨʦʝʥʠʷ ʨʝʣʴʝʬʘ ʠ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʶʞʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʝʡ 
ʛʦʨ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʡ ʦʙʲʸʤ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʱʠʪʘ, ʩ 
ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʥʘ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʢʘʨʪʠʥʫ ʜʝʛʣʷʮʠʘʮʠʠ, ʩ ʜʨʫʛʦʡ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʊʈʆɽʅʀʗ ʀ ʄʀʅɽʈɸʃʔʅʓʁ ʉʆʉʊɸɺ 
ʆʊʃʆɾɽʅʀʁ ʅʀɾʅɽʅɽʇʉʂʆɻʆ ʅɸɼɻʆʈʀɿʆʅʊɸ ɺ ʈɸɿʈɽɿɽ 
ɺɽʅɼɸ ʅɸ ʖɻʆ-ɿɸʇɸɼʅʆʄ ʉʂʃʆʅɽ ʅɽʇʉʂʆɻʆ ʉɺʆɼɸ 

 
ɸ.ʀ. ʂʦʥʶʭʦʚ, ʄ.ɼ. ɹʘʣʘʛʫʨʦʚ 

 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 

ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʥʠʞʥʝʥʝʧʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʝʥʜʘ, ʧʝʨʝʢʨʳʚʘʶʱʝʛʦ 
ʧʦʨʦʜʳ ʘʨʭʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʟʘʣʝʛʘʶʪ ʛʨʘʚʝʣʠʪʳ ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ, 
ʩʦʜʝʨʞʘʱʠʝ ʪʦʥʢʠʝ ʧʨʦʩʣʦʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ (ʨʠʩʫʥʦʢ) ʠ 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʢʦʩʦʡ ʠ ʧʦʣʦʛʦ-ʚʦʣʥʠʩʪʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ɺʳʰʝ ʦʥʠ ʩʤʝʥʷʶʪʩʷ 
ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʛʨʘʚʝʣʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, 
ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʝʨʝʢʨʳʪʳ ʘʣʝʚʨʠʪʠʩʪʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʩ ʨʝʜʢʠʤʠ 
ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ. ʆʪ ʦʩʥʦʚʘʥʠʷ ʢ ʢʨʦʚʣʝ ʛʦʨʠʟʦʥʪʘ 
ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʪʦʥʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʠ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ. ʄʦʱʥʦʩʪʴ 
ʛʦʨʠʟʦʥʪʘ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʅʝʧʩʢʦʛʦ ʩʚʦʜʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 15 ʜʦ 35 ʤ. ɺ 
ʧʝʩʯʘʥʠʢʘʭ, ʷʚʣʷʶʱʠʭʩʷ ʚ ʨʝʛʠʦʥʝ ʢʦʣʣʝʢʪʦʨʘʤʠ ʜʣʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʨʘʟʚʠʪ 
ʛʣʠʥʠʩʪʳʡ, ʢʘʨʙʦʥʘʪʥʳʡ ʠ ʩʫʣʴʬʘʪʥʳʡ ʮʝʤʝʥʪʳ ʧʦʨʦʚʦʛʦ ʠ ʧʣʝʥʦʯʥʦʛʦ ʪʠʧʘ. 

ɺ ʮʝʥʪʨʘʣʴʥʦʤ ʩʝʢʪʦʨʝ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ ʨʘʟʨʝʟʘ 
ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪʩʷ, ʪʘʢ ʢʘʢ ʚ ʥʠʞʥʝʡ ʝʛʦ ʧʦʣʦʚʠʥʝ ʩʨʝʜʠ ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ 
ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʩʣʦʠ, ʩʣʦʞʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷʤʠ ʠʥʦʛʦ ʩʦʩʪʘʚʘ. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ 
ʢʝʨʥʘ, ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʰʣʠʬʘʭ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʘʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ 
ʨʝʥʪʛʝʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʜʦʣʦʤʠʪʘʤʠ ʠ ʘʥʛʠʜʨʠʪʘʤʠ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʜʦʣʦʤʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʤʝʨʛʝʣʝʡ. 
ʇʨʝʦʙʣʘʜʘʝʪ ʜʦʣʦʤʠʪ, ʢʦʪʦʨʳʤ ʥʘʮʝʣʦ ʩʣʦʞʝʥʳ ʦʪʜʝʣʴʥʳʝ ʧʨʦʧʣʘʩʪʢʠ. ʆʥ ʪʘʢʞʝ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʮʝʤʝʥʪʘ ʚ ʣʠʥʟʘʭ ʠ ʧʨʦʩʣʦʷʭ ʧʝʩʯʘʥʠʢʦʚ. ɺ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ 
ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʚʳʰʘʝʪ 90%. ʉʦʭʨʘʥʠʚʰʠʝʩʷ ʪʝʢʩʪʫʨʥʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ 
ʧʨʠʟʥʘʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥ ʟʘʤʝʱʘʝʪ ʢʘʨʙʦʥʘʪʥʳʝ ʧʣʝʥʢʠ, 
ʚʳʜʝʣʝʥʥʳʝ ʮʠʘʥʦ-ʙʘʢʪʝʨʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʙʠʘʣʴʥʳʭ ʧʦʩʪʨʦʝʢ. 
ɺ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʷʭ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʜʦʣʦʤʠʪʦʤ ʥʘʭʦʜʷʪʩʷ ʛʠʧʩ ʠ ʘʥʛʠʜʨʠʪ, ʚʤʝʩʪʝ 
ʩ ʢʦʪʦʨʳʤʠ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʝʨʝʜʢʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʘʣʠʪ. ʉʫʤʤʘʨʥʘʷ 
ʪʦʣʱʠʥʘ ʧʦʨʦʜ ʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʢʚʘʞʠʥʘʭ ʤʝʥʷʝʪʩʷ 
ʦʪ 2 ʜʦ 5 ʤ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ 
ʥʝʩʢʦʣʴʢʦ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ: ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪ-ʘʥʛʠʜʨʠʪʦʚʘʷ, ʜʦʣʦʤʠʪ-
ʘʥʛʠʜʨʠʪ-ʢʘʣʴʮʠʪ-ʛʘʣʠʪʦʚʘʷ ʠ ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪ-ʛʘʣʠʪʦʚʘʷ. ʇʝʨʚʘʷ ʘʩʩʦʮʠʘʮʠʷ 
ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʥʠʞʥʝʛʦ ʵʚʘʧʦʨʠʪʦʚʦʛʦ ʧʨʦʩʣʦʷ, ʚʪʦʨʘʷ  - ʜʣʷ ʧʨʦʩʣʦʷ, ʣʝʞʘʱʝʛʦ 
ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ. ʆʙʘ ʧʨʦʩʣʦʷ ʨʘʟʜʝʣʝʥʳ ʪʦʥʢʠʤ ʧʨʦʧʣʘʩʪʢʦʤ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. 

ʊʨʝʪʴʷ ʢʘʣʴʮʠʪ-ʜʦʣʦʤʠʪ-ʛʘʣʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʧʘʯʢʝ 
ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʪʦʣʱʠʥʦʡ ʜʦ 3 ʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʧʨʠʢʨʦʚʝʣʴʥʦʡ 
ʯʘʩʪʠ ʥʠʞʥʝʥʝʧʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʛʘʣʠʪʘ, ʢʦʪʦʨʳʤ ʟʘʧʦʣʥʝʥʳ ʧʦʨʳ ʚ 
ʧʦʨʦʜʝ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 30%, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʣʷ ʢʘʣʴʮʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 15%. ɺ 
ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʝʩʯʘʥʠʢʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 
ʤʠʥʝʨʘʣʳ ʩʫʣʴʬʘʪʥʦʡ ʠ ʭʣʦʨʠʜʥʦʡ ʛʨʫʧʧ. ʀʭ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠ ʵʪʦʤ ʥʝ ʧʨʝʚʳʰʘʶʪ 
5%. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʠ ʦʩʘʜʢʠ ʘʢʢʫʤʫʣʠʨʦʚʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʜʨʝʚʥʝʡ 
ʩʝʙʭʠ, ʨʘʩʧʦʣʘʛʘʚʰʝʡʩʷ ʚ ʙʝʨʝʛʦʚʦʡ ʟʦʥʝ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. 
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ʈʠʩʫʥʦʢ. ʃʠʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʥʝʧʩʢʦʛʦ ʥʘʜʛʦʨʠʟʦʥʪʘ ʧʦ ʨʝʟʫʣʴʪʘʤ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ 

 
ʇʦʤʠʤʦ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʘ ʨʷʜʝ 

ʫʯʘʩʪʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʚʠʪʠʝ ʚ ʧʝʩʯʘʥʠʢʘʭ ʛʘʣʠʪʦʚʦʛʦ ʮʝʤʝʥʪʘ, ʚʳʟʚʘʥʥʦʝ 
ʜʚʠʞʝʥʠʝʤ ʫʩʦʣʴʩʢʠʭ ʩʦʣʝʡ ʚʥʠʟ ʧʦ ʨʘʟʨʝʟʫ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ɺʪʦʨʠʯʥʦʝ 
ʟʘʩʦʣʦʥʝʥʠʝ ʛʘʣʠʪʦʤ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʫʭʫʜʰʝʥʠʶ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ 
ʩʚʦʡʩʪʚ (ʌɽʉ) ʧʝʩʯʘʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. ʇʨʦʛʥʦʟ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ 
ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʧʨʦʚʦʜʷʪʩʷ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʅʝʧʩʢʦʛʦ ʩʚʦʜʘ. ɸʥʘʣʠʟ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, 
ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 2ɼ ʠ 3ɼ ʩʲʝʤʢʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 
ʟʘʩʦʣʦʥʝʥʥʳʝ ʧʣʦʱʘʜʠ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʡʦʥʘʭ ʰʠʨʦʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʟʣʦʤʥʦʡ 
ʪʝʢʪʦʥʠʢʠ, ʪʦʛʜʘ ʢʘʢ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʵʚʘʧʦʨʠʪʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʜʝʧʨʝʩʩʠʷʤ ʚ 
ʩʪʨʫʢʪʫʨʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʝʚʥʝʛʦ ʨʝʣʴʝʬʘ, ʛʜʝ ʤʦʛʣʠ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʝʙʦʣʴʰʠʝ 
ʣʘʛʫʥʳ ʠ ʩʝʙʭʠ. 
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ʂ ɺʆʇʈʆʉʋ ʉʆʆʊʅʆʐɽʅʀʗ ʉʊɸɼʀʁ ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ 
ʆʈɻɸʅʀʏɽʉʂʆɻʆ ɺɽʑɽʉʊɺɸ ʋɻʃɽʁ ʀ ʄʀʅɽʈɸʃʔʅʓʍ 
ʂʆʄʇʆʅɽʅʊʆɺ ɺʄɽʑɸʖʑʀʍ ʀʍ ʊɽʈʈʀɻɽʅʅʓʍ ʊʆʃʑ 

 
ɸ.ɼ. ʂʦʨʦʙʦʚ, ʃ.ɸ. ʂʦʨʦʙʦʚʘ 

 
ʉʘʨʘʪʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʉʘʨʘʪʦʚ, ʈʦʩʩʠʷ 

 

ʌʦʨʤʠʨʫʶʱʠʝʩʷ ʫʛʦʣʴʥʳʝ ʧʣʘʩʪʳ ʷʚʣʷʶʪʩʷ ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʣʝʪʫʯʠʭ 
ʢʦʤʧʦʥʝʥʪʦʚ: ʚʦʜʳ, ʫʛʣʝʢʠʩʣʦʪʳ, ʤʝʪʘʥʘ, ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 
ʩʝʨʦʚʦʜʦʨʦʜʘ ʠ ʜʨʫʛʠʭ ʛʘʟʦʚ. ʆʯʝʥʴ ʚʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦʪ 
ʬʘʢʪ, ʯʪʦ ʥʘʙʦʨ ʣʝʪʫʯʠʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʧʦʪʝʨʴ ʚ ʭʦʜʝ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʡ, ʟʘʤʝʪʥʦ ʤʝʥʷʝʪʩʷ: ʥʘ ʩʪʘʜʠʷʭ ʪʦʨʬʘ ʠ ʙʫʨʦʛʦ ʫʛʣʷ ʪʝʨʷʝʪʩʷ 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ CO2, ʪʦʛʜʘ ʢʘʢ ʥʘ ʩʪʘʜʠʷʭ ʘʥʪʨʘʮʠʪʘ ï ʤʝʪʘʥ (ʋʩʧʝʥʩʢʠʡ, 1970; 
ʍʦʣʦʜʦʚ, 2006). ʉʞʠʤʘʷʩʴ ʠ ʫʧʣʦʪʥʷʷʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʨʘʩʪʘʶʱʝʡ 
ʛʝʦʩʪʘʪʠʯʝʩʢʦʡ (ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ) ʥʘʛʨʫʟʢʠ ʠ ʫʚʝʣʠʯʠʚʘʷ ʫʨʦʚʝʥʴ 
ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʩʪʠ (ʢʘʨʙʦʥʠʟʘʮʠʠ), ʟʘ ʩʯʝʪ ʥʘʨʘʩʪʘʶʱʝʛʦ ʧʨʦʛʨʝʚʘ ʫʛʣʠ 
çʩʙʨʘʩʳʚʘʶʪè ʨʦʞʜʘʶʱʠʝʩʷ ʚ ʥʠʭ ʛʦʨʷʯʠʝ ʛʘʟʦʚʦʜʥʳʝ ʬʣʶʠʜʳ ʚ ʫʯʘʩʪʢʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ. ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʝ ʧʣʘʩʪʳ ï ʢʦʣʣʝʢʪʦʨʳ, 
ʪ.ʝ. ʧʝʩʯʘʥʠʢʠ, ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʟʘʣʝʛʘʶʪ ʤʝʞʜʫ ʫʛʣʝʥʦʩʥʳʤʠ 
ʧʘʯʢʘʤʠ ʠ ʩʚʠʪʘʤʠ, ʘ ʪʘʢʞʝ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʨʘʟʣʦʤʦʚ ʠ ʪʨʝʱʠʥ. ɻʘʟʦʚʦʜʥʳʡ 
ʬʣʶʠʜ ʚʢʣʶʯʘʝʪʩʷ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ (ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ) ʧʨʦʮʝʩʩ, ʜʝʡʩʪʚʫʶʱʠʡ 
ʚ ʫʧʦʤʷʥʫʪʳʭ ʧʣʘʩʪʘʭ-ʢʦʣʣʝʢʪʦʨʘʭ. ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠ, ʢ 
ʩʦʞʘʣʝʥʠʶ, ʥʝ ʚʩʝʛʜʘ ʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʯʠʪʳʚʘʶʪ ʫʯʘʩʪʠʝ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʚ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ. ʀ ʫʞʝ ʩʦʚʩʝʤ ʠʛʥʦʨʠʨʫʶʪ ʤʝʥʷʶʱʠʡʩʷ ʩʦʩʪʘʚ 
ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʫʨʦʚʥʷ ʢʘʨʙʦʥʠʟʘʮʠʠ ʫʛʣʝʡ. 
ʋʩʪʘʥʦʚʣʝʥʦ (ʉʪʘʥʦʚ,1982), ʯʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʩʪʝʧʝʥʴ ʤʝʪʘʤʦʨʬʠʟʤʘ ʫʛʣʷ ʤʦʞʝʪ 
ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʨʘʟʥʠʮʝʡ ʚ 100-200Á ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ. ʉʚʷʟʘʥʦ ʵʪʦ, ʧʦ ʤʥʝʥʠʶ ʍ.ʃ. ʍʝʜʝʤʘʥʥʘ (Hedemann, 1963), ʩ 
ʦʙʩʪʘʥʦʚʢʘʤʠ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʪʦʣʱ, ʢʦʛʜʘ ʧʨʦʮʝʩʩʳ ʤʝʪʘʤʦʨʬʠʟʤʘ ʫʛʣʷ 
ʧʨʦʠʩʭʦʜʷʪ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʜʝʩʪʨʫʢʮʠʠ ʫʛʣʷ ʚ 
ʩʠʣʫ ʩʚʦʝʡ ʠʥʝʨʪʥʦʩʪʠ ʦʪʩʪʘʝʪ ʦʪ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʶʱʝʛʦ ʧʨʦʛʨʝʚʘ. ʇʦʵʪʦʤʫ ʚ 
ʤʦʙʠʣʴʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ʩ ʙʳʩʪʨʦ ʨʘʩʪʫʱʝʡ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 
(ʧʨʦʛʠʙʘʥʠʷ) ʦʜʠʥʘʢʦʚʘʷ ʤʘʩʩʘ ʣʝʪʫʯʠʭ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʙʘʣʘʥʩʦʤ CO2 ï CH4 
ʩʧʦʩʦʙʥʘ ʧʦʩʪʫʧʘʪʴ ʚ ʢʦʣʣʝʢʪʦʨ, ʚʦʜʳ ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʙʦʣʴʰʠʤ 
(100-200Á) ʨʘʟʙʨʦʩʦʤ ʪʝʤʧʝʨʘʪʫʨ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 
ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʤʘʨʢʝ ʫʛʣʝʡ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʠʟʤʝʥʝʥʠʷ ʧʝʩʯʘʥʠʢʦʚ ʤʦʛʫʪ ʦʧʝʨʝʞʘʪʴ 
ʢʘʪʘʛʝʥʝʟ ʫʛʣʝʡ (ʗʧʘʩʢʫʨʪ, 1983) ʠ, ʯʝʤ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ (ʚ ʥʘʰʝʤ 
ʧʦʥʠʤʘʥʠʠ ʩʢʦʨʦʩʪʴ ʧʦʛʨʫʞʝʥʠʷ) ʚʳʰʝ, ʪʝʤ ʢʦʥʪʨʘʩʪʥʝʝ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʩʪʝʧʝʥʠ 
ʠʟʤʝʥʝʥʥʦʩʪʠ ʧʦʨʦʜ ʠ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʅ.ʄ. ʉʪʨʘʭʦʚ ʠ ʅ.ɺ. ʃʦʛʚʠʥʝʥʢʦ (1959), 
ʩʯʠʪʘʷ, ʯʪʦ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʨʝʞʠʤ ʥʘʧʨʘʚʣʷʝʪ ʧʨʦʮʝʩʩʳ ʣʠʪʠʬʠʢʘʮʠʠ ʚ ʧʝʨʠʦʜ 
ʜʠʘʛʝʥʝʟʘ, ʢʘʪʘʛʝʥʝʟʘ ʠ ʜʘʞʝ ʤʝʪʘʛʝʥʝʟʘ, ʥʝ ʧʨʠʜʘʚʘʣʠ ʜʦʣʞʥʦʛʦ ʚʥʠʤʘʥʠʷ ʬʘʢʪʦʨʫ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʛʠʙʘʥʠʷ, ʪ.ʝ. ʩʢʦʨʦʩʪʠ ʧʨʦʛʨʝʚʘ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ. ʆʜʥʘʢʦ, ʜʣʷ 
ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʵʪʦ ʠʤʝʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʏʪʦʙʳ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʦʪʜʝʣʷʶʱʠʭʩʷ ʣʝʪʫʯʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (CO2 ʠ CH4) ʚ 
ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ ï ʢʦʣʣʝʢʪʦʨʦʚ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ, 
ʢʦʛʜʘ ʦʜʥʠ ʠ ʪʝ ʞʝ çʬʦʥʦʚʳʝè ʠʟʤʝʥʝʥʠʷ ʤʝʞʫʛʦʣʴʥʳʭ ʪʦʣʱ (ʟʘ ʩʯʝʪ ʣʠʪʦʛʝʥʝʟʘ 
ʧʦʛʨʫʞʝʥʠʷ) ʦʢʘʟʳʚʘʣʠʩʴ ʩʦʧʨʷʞʝʥʥʳʤʠ ʩ ʫʛʣʝʥʦʩʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ ʨʘʟʥʳʭ ʩʪʘʜʠʡ 
ʢʘʨʙʦʥʠʟʘʮʠʠ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʨʦʣʴ CO2 ʠ CH4 ʚ ʵʧʠʛʝʥʝʟʝ ʥʝ ʨʘʚʥʦʟʥʘʯʥʘ. 
ʋʛʣʝʢʠʩʣʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʘʤʳʡ ʞʝʩʪʢʠʡ ʢʦʥʪʨʦʣʴ ʚʝʣʠʯʠʥʳ pH, Ůh ʠ ʠʭ ʠʟʤʝʥʝʥʠʷ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʫʩʣʦʚʠʷ ʧʝʨʝʥʦʩʘ ʠʣʠ ʦʪʣʦʞʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ 
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ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʝ ʩʦʝʜʠʥʝʥʠʡ (ʅʘʫʤʦʚ, ʄʘʣʠʥʠʥ, 1968). ʄʝʪʘʥ ʞʝ 
ʭʠʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʝʥ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʢʠʩʣʷʝʪʩʷ, ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ ʠ ʝʛʦ 
ʫʯʘʩʪʠʝ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʤʠʥʝʨʘʛʝʥʝʟʝ ʚʝʩʴʤʘ ʩʢʨʦʤʥʦʝ, ʝʩʣʠ ʥʝ ʩʢʘʟʘʪʴ 
ʙʦʣʴʰʝʛʦ. ɺ ʜʦʢʣʘʜʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʧʨʦʮʝʩʩ ʣʦʤʦʥʪʠʪʠʟʘʮʠʠ 
(ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʮʝʦʣʠʪʦʚʦʡ ʧʨʦʧʠʣʠʪʠʟʘʮʠʠ) ʛʨʘʚʠʡʥʦ-ʧʝʩʯʘʥʳʭ ʧʣʘʩʪʦʚ ʥʘ 
ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʥʝʦʜʠʥʘʢʦʚʳʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʫʩʪʘʥʦʚʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʛʠʙʘʥʠʷ ʫʛʣʝʥʦʩʥʳʭ ʪʦʣʱ, ʧʨʠ 
ʢʦʪʦʨʦʡ ʛʘʟʦʚʦʜʥʳʡ ʬʣʶʠʜ, ʦʪʜʝʣʷʶʱʠʡʩʷ ʦʪ ʤʝʪʘʤʦʨʬʠʟʫʶʱʠʭʩʷ ʫʛʣʝʡ, 
ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʚʪʦʨʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʤʝʞʫʛʦʣʴʥʳʭ 
ʢʦʣʣʝʢʪʦʨʘʭ. ʋʩʢʦʨʝʥʠʝ ʪʝʤʧʦʚ ʧʦʛʨʫʞʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʵʪʦʛʦ 
ʨʘʚʥʦʚʝʩʠʷ.  ʊʘʢ, ʧʨʠ ʩʢʦʨʦʩʪʠ ʦʧʫʩʢʘʥʠʷ, ʦʙʫʩʣʦʚʣʠʚʘʶʱʝʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 
ʧʨʦʧʠʣʠʪʠʟʘʮʠʶ ʚ ʘʨʢʦʟʦʚʳʭ ʧʝʩʯʘʥʠʢʘʭ ʤʝʞʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʠ ʩʪʝʧʝʥʴ 
ʫʛʣʝʬʠʢʘʮʠʠ ɻ ʠ ɾ ʩʘʤʠʭ ʢʘʫʩʪʦʙʠʦʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ 
ʢʦʣʠʯʝʩʢʪʚʦ (79 ʤ3/ʪ ʛ.ʤ) ʦʪʜʝʣʷʶʱʝʛʦʩʷ CO2 (ɹʦʯʢʘʨʝʚ, 1984), ʣʦʤʦʥʪʠʪ ʮʝʤʝʥʪʘ 
ʧʝʩʯʘʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʘʫʪʠʛʝʥʥʳʤ ʤʠʥʝʨʘʣʦʤ (ʃʝʥʩʢʠʡ 
ʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ). ɺ ʉʘʥʛʘʨʩʢʦʤ ʨʘʡʦʥʝ ʦʥ ʩʣʫʞʠʪ ʢʦʨʨʝʣʷʪʠʚʦʤ ʧʨʠ 
ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʠ ʨʘʩʯʣʝʥʝʥʠʠ ʨʘʟʨʝʟʦʚ (ʇʯʝʣʠʥʘ, 1960; ɿʘʧʦʨʦʞʮʝʚʘ, 1960; ɻʫʩʝʚ, 
ɿʘʧʦʨʦʞʮʝʚʘ, 1960; ʂʦʩʩʦʚʩʢʘʷ, 1962; ʠ ʜʨ.). ʇʨʠ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʧʨʦʛʠʙʘʥʠʷ, 
ʩʦʟʜʘʶʱʝʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʧʨʦʧʠʣʠʪʠʟʘʮʠʶ ʚ ʤʝʞʫʛʦʣʴʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʚ 
ʩʦʯʝʪʘʥʠʠ ʩʦ ʩʣʘʙʦ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʤʠ ʫʛʣʷʤʠ (ɹ,ɼ), ʦʪʜʘʶʱʠʤʠ ʩ ʦʧʦʟʜʘʥʠʝʤ 
ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ (133 ʤ3/ʪ ʛ.ʤ) CO2 (ɹʦʯʢʘʨʝʚ, 1984; ʄʘʟʦʨ, 1983),ʧʨʦʠʩʭʦʜʠʪ 
ʨʝʟʢʦʝ ʧʦʢʠʩʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ. ʕʪʦ ʷʚʠʣʦʩʴ ʧʨʠʯʠʥʦʡ ʠʥʪʝʥʩʠʚʥʦʡ ʢʘʦʣʠʥʠʟʘʮʠʠ 
ʣʦʤʦʥʪʠʪʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʘʫʪʠʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʫʶ ʦʧʠʩʳʚʘʝʪ 
ɺ.ʀ. ʂʦʧʦʨʫʣʠʥ (1961, 1962) ʚ ʇʨʠʠʨʢʫʪʩʢʦʡ ʚʧʘʜʠʥʝ ʀʨʢʫʪʩʢʦʛʦ ʫʛʣʝʥʦʩʥʦʛʦ 
ʙʘʩʩʝʡʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 
ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʫʛʣʝʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʣʠ 
ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʠʟʤʝʥʷʣʠʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʫʩʪʦʙʠʦʣʠʪʘʤʠ, 
ʠʣʠ ʢʦʛʜʘ ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʦ ʩʪʝʧʝʥʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʛʣʫʙʠʥʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ) ʙʳʣʠ 
ʨʘʚʥʦʟʥʘʯʥʳ. ʇʦʩʣʝʜʥʠʡ ʩʣʫʯʘʡ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʷʤʦʛʦ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 
ʩʪʘʜʠʡ ʠʟʤʝʥʝʥʠʷ ʫʛʣʝʡ ʠ ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜ ʚ ʰʠʨʦʢʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ 
ʜʠʘʧʘʟʦʥʝ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʪʘʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 
ʩʯʠʪʘʣʦʩʴ ʜʦʧʫʩʪʠʤʳʤ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩʝʜʠʤʝʥʪʦ - ʠ ʜʠʘʛʝʥʝʟʘ. ɸ 
ʧʨʠʚʦʜʠʤʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʡ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ 
ʤʝʪʘʤʦʨʬʠʟʤʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʙʷʟʘʪʝʣʴʥʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ ʤʝʞʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ ʢʘʢ 
ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʤʠ. 
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ɺ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʙʘʩʩʝʡʥʘʭ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʛʠʦʥʘʣʴʥʳʭ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʠ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠʟʦʭʠʤʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʦʨʦʜ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʘʷ 
ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʷʚʣʝʥʠʷʤ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʦʜ ʚʣʠʷʥʠʝʤ 
ʛʣʫʙʠʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʧʨʝʜʝʣʷʶʱʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ, 
ʦʪʣʠʯʘʶʱʘʷ ʝʛʦ ʦʪ ʨʝʛʠʦʥʘʣʴʥʦʛʦ, - ʙʦʣʝʝ ʫʟʢʠʡ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ 
ʧʨʦʷʚʣʝʥʠʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʦʪʦʨʳʡ ʥʝ ʟʘʚʠʩʠʪ 
ʠʣʠ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʦʨʦʜ ʠ ʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʠʭ 
ʬʦʨʤʠʨʦʚʘʥʠʷ. ʆʙʫʩʣʦʚʣʝʥ ʞʝ ʦʥ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʧʦʨʦʜ ʩ 
ʧʨʦʥʠʢʘʶʱʠʤʠ ʨʘʩʪʚʦʨʘʤʠ çʯʫʞʦʛʦè (ʭʠʤʠʯʝʩʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʩ ʥʠʤʠ) ʩʦʩʪʘʚʘ. ɺ 
ʵʪʦʡ ʩʚʷʟʠ ʇ.ʇ.ʊʠʤʦʬʝʝʚ, ɸ.ɻ. ʂʦʩʩʦʚʩʢʘʷ, ɺ.ɼ. ʐʫʪʦʚ ʩ ʩʦʘʚʪʦʨʘʤʠ (1974) 
ʚʳʜʝʣʷʶʪ ʛʠʧʦʛʝʥʥʳʡ ʥʘʣʦʞʝʥʥʳʡ ʵʧʠʛʝʥʝʟ. ʕʪʦʪ ʪʠʧ ʧʨʦʮʝʩʩʦʚ ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʚ ʩʢʣʘʜʯʘʪʳʭ ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʦʥ ʩʚʷʟʘʥ ʩ ʟʦʥʘʤʠ 
ʛʣʫʙʠʥʥʦʡ ʨʘʟʜʨʦʙʣʝʥʥʦʩʪʠ ʥʘ ʫʯʘʩʪʢʘʭ ʥʘʣʝʛʘʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʥʘ ʬʫʥʜʘʤʝʥʪ. 

ʌʦʨʤʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ ʛʠʧʦʛʝʥʥʦʛʦ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ 
ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤʠ ʠ ʬʠʢʩʠʨʦʚʘʪʴʩʷ ʚ ʚʠʜʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʟʦʥ, ʩʚʦʝʛʦ 
ʨʦʜʘ çʩʪʦʣʙʦʚè, ʩʚʷʟʘʥʥʳʭ ʩ ʩʠʩʪʝʤʘʤʠ ʩʢʚʦʟʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ 
ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʟʦʥʘʤʠ, ʠʣʠ ʚʦʜʦʧʨʦʥʠʮʘʝʤʳʤʠ ʧʣʘʩʪʘʤʠ. ʈʦʣʴ ʠ ʤʘʩʰʪʘʙʳ ʪʘʢʠʭ 
ʥʘʣʦʞʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʙʳʚʘʶʪ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳ ʚ ʩʚʷʟʠ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴʶ 
ʪʠʧʦʚ ʛʣʫʙʠʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʟʥʘʪʴ ʦʩʦʙʦʝ ʚʣʠʷʥʠʝ ʪʨʠʘʩʦʚʳʭ ʧʦʛʨʝʙʝʥʥʳʭ 
ʨʠʬʪʦʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʘ ʧʨʦʮʝʩʩʳ ʛʣʫʙʠʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦʪ 
ʬʘʢʪʦʨ ʯʘʩʪʦ ʥʝʜʦʦʮʝʥʠʚʘʝʪʩʷ ʛʝʦʣʦʛʘʤʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʘʥʦʤʘʣʠʠ 
ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ ʚ ʠʩʢʦʧʘʝʤʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʣʦʢʘʣʴʥʳʤʠ 
ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʟʦʥʘʭ ʨʘʟʣʦʤʦʚ, 
ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʩʷ ʜʦ 100 ʤʣʥ ʣʝʪ ʠ ʙʦʣʝʝ (ʈʘʤʙʝʨʛ, ʄʦʨʛʘʥ, 1984). ʇʨʠ ʵʪʦʤ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʚʦ ʤʥʦʛʦʤ ʥʘʩʣʝʜʫʶʱʠʝ ʛʝʦʭʠʤʠʶ ʣʝʪʫʯʠʭ ʩʦʝʜʠʥʝʥʠʡ 
ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ, ʧʦʨʦʞʜʘʶʪ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 
ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʥʠʢʘʶʪ ʨʘʟʥʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-
ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ. ʀʭ ʭʘʨʘʢʪʝʨ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ 
ʤʘʩʰʪʘʙʦʚ ʧʨʦʷʚʣʝʥʠʷ ʨʠʬʪʦʛʝʥʝʟʘ, ʢʦʪʦʨʳʝ ʥʘ ʩʝʚʝʨʝ ʠ ʶʛʝ ʠʩʩʣʝʜʫʝʤʦʡ 
ʪʝʨʨʠʪʦʨʠʠ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʳ. 

ʅʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʬʫʥʜʘʤʝʥʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥ 
ʨʠʬʪʦʛʝʥʝʟʦʤ. ɺ ʘʨʢʪʠʯʝʩʢʫʶ ʘʢʚʘʪʦʨʠʶ ʨʘʩʢʨʳʚʘʶʪʩʷ  ʥʝ ʪʦʣʴʢʦ ʩʪʝʨʞʥʝʚʦʡ ʜʣʷ 
ʨʝʛʠʦʥʘ ʂʦʣʪʦʛʦʨʩʢʦ-ʋʨʝʥʛʦʡʩʢʠʡ, ʥʦ ʠ ʗʤʘʣʴʩʢʠʡ ʠ ʍʫʜʦʩʝʡʩʢʠʡ ʨʠʬʪʳ, ʜʦʩʪʠʛʘʶʪ 
ʛʨʦʤʘʜʥʳʭ ʨʘʟʤʝʨʦʚ ʤʝʞʨʠʬʪʦʚʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʣʘʪʦ. ɺ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
ʨʠʬʪʦʛʝʥʝʟ  ʦʩʣʘʙʝʚʘʝʪ ʠ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʠʩʯʝʟʘʝʪ ʧʦʣʥʦʩʪʴʶ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʆ.ɻ. ʉʦʨʦʭʪʠʥʘ (1979) ʠ ʉ.ɺ. ɸʧʣʦʥʦʚʘ ʩ 
ʢʦʣʣʝʛʘʤʠ (1996), ʥʘʙʣʶʜʘʝʤʦʝ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʫʛʘʩʘʥʠʝ ʨʠʬʪʦʛʝʥʝʟʘ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʤʦʞʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʝʨʝʭʦʜ ʦʪ ʨʘʡʦʥʦʚ ʩ ʙʦʣʝʝ 
ʠʩʪʦʱʝʥʥʦʡ ʤʘʥʪʠʝʡ ʢ ʦʙʣʘʩʪʷʤ ʛʜʝ ʦʥʘ ʠʩʪʦʱʝʥʘ ʤʝʥʴʰʝ ʚʩʝʛʦ. ʕʪʦ ʩʢʘʟʳʚʘʝʪʩʷ 
ʥʘ ʢʦʣʠʯʝʩʪʚʝ ʠ ʩʦʩʪʘʚʝ ʛʣʫʙʠʥʥʳʭ ʛʘʟʦʚ, ʧʦʩʪʘʚʣʷʝʤʳʭ ʧʦʛʨʝʙʝʥʥʳʤ ʨʠʬʪʦʤ ʩ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ ʚ ʦʩʘʜʦʯʥʳʭ ʯʝʭʦʣ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ 
ʨʝʛʠʦʥʘ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʠʤʝʨ ç ʥʝʘʢʪʠʚʥʦʡ 
ʨʠʬʪʦʚʦʡ ʛʨʫʧʧʳè (ʐʝʥʛʸʨ, ʅʘʪʘʣʴʠʥ, 2009), ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʢʘʨʪʠʥʘ ʩʪʝʧʝʥʠ 
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ʠʩʪʦʱʝʥʠʷ ʤʘʥʪʠʠ ʜʦʧʣʠʪʥʦʡ ʩʪʘʜʠʠ ʚʦ ʤʥʦʛʦʤ ʩʦʭʨʘʥʠʣʘʩʴ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ï ʥʘ 
ʧʣʠʪʥʦʤ ʵʪʘʧʝ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʦʢʣʘʜʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ. 
1. ɼʣʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʪʠʧʠʯʝʥ ʛʠʧʦʛʝʥʥʳʡ ʥʘʣʦʞʝʥʥʳʡ ʵʧʠʛʝʥʝʟ, 

ʚʳʟʚʘʥʥʳʡ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʦʡ ʨʝʛʠʦʥʘ. ʅʘ ʦʩʦʙʝʥʥʦʩʪʠ ʛʣʫʙʠʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ 
ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʣʠ ʧʦʛʨʝʙʝʥʥʳʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʨʠʬʪʳ. ɺ ʶʞʥʦʤ ʠ 
ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʘʭ ʥʘʣʦʞʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. 

2. ʅʘ ʩʝʚʝʨʝ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʘʷ ʧʣʠʪʘ ʥʘʠʙʦʣʝʝ ʦʩʣʦʞʥʝʥʘ ʨʠʬʪʦʛʝʥʝʟʦʤ 
(ʊʘʟʦʚʩʢʘʷ ʛʫʙʘ, ɻʳʜʘʥʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ ʠ ʪ.ʜ.). ʊʘʤ, ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʝʬʠʮʠʪʘ ʉʆ2 (ʟʘ ʩʯʝʪ ʜʝʧʣʝʪʠʨʦʚʘʥʠʷ ʤʘʥʪʠʠ) ʚʜʦʣʴ ʛʣʫʙʠʥʥʳʭ 
ʨʘʟʣʦʤʦʚ, ʨʘʩʩʝʢʘʶʱʠʭ ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ (ʧʝʨʝʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ) ʠ ʯʝʭʣʘ, 
ʰʠʨʦʢʦ ʨʘʟʚʠʪʘ ʮʝʦʣʠʪʦʚʘʷ ʬʘʮʠʷ (ʤʠʥʝʨʘʣ-ʠʥʜʠʢʘʪʦʨ ʣʦʤʦʥʪʠʪ) ʠ ʩʧʦʨʘʜʠʯʝʩʢʠ ï 
ʪʨʘʥʩʠʣʴʚʘʥʩʢʘʷ (ʭʘʨʘʢʪʝʨʥʳʡ ʤʠʥʝʨʘʣ ʢʘʣʴʮʠʪ). ʆʙʝ ʬʘʮʠʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʧʠʣʠʪʦʚ. 

3. ʆʙ-ɹʀʨʪʳʰʩʢʦʝ ʤʝʞʜʫʨʝʯʴʝ (ʶʛ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ) ï ʪʝʨʨʠʪʦʨʠʷ, 
ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʨʠʬʪʦʛʝʥʝʟʦʤ. ʊʘʤ ʚ ʦʙʩʪʘʥʦʚʢʝ ʙʦʣʝʝ 
ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʛʣʫʙʠʥʥʦʛʦ ʉʆ2 (ʧʨʠʟʥʘʢ 
ʥʝʠʩʪʦʱʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʥʪʠʠ) ʚʜʦʣʴ ʨʘʟʣʦʤʦʚ, ʩʝʢʫʱʠʭ ʯʝʭʦʣ ʠ ʬʫʥʜʘʤʝʥʪ, 
ʤʘʩʰʪʘʙʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʠ ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʦʮʝʩʩʳ 
ʢʘʦʣʠʥʠʟʘʮʠʠ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ. 

4. ʂʦʥʪʨʦʣʴ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ ʛʣʫʙʠʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʠ ʦʧʝʨʷʶʱʝʡ 
ʪʨʝʱʠʥʥʦʚʘʪʦʩʪʴʶ ʧʨʠʚʸʣ ʢ ʪʦʤʫ, ʯʪʦ ʚʦʟʥʠʢʣʠ ʚʝʨʪʠʢʘʣʴʥʳʝ ʘʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʚʠʜʝ ʩʚʦʝʛʦ ʨʦʜʘ çʩʪʦʣʙʦʚè: ʣʦʤʦʥʪʠʪʦʚʳʭ ʥʘ ʩʝʚʝʨʝ, 
ʢʘʦʣʠʥʠʪʦʚʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʣʴʮʠʪʦʚʳʭ) ï ʥʘ ʶʛʝ. 

5. ʎʝʦʣʠʪʦʚʳʝ ʧʨʦʧʠʣʠʪʳ, ʠʤʝʶʱʠʝ ʨʝʛʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʧʨʦʜʫʢʪʠʚʥʳ. ʇʦʵʪʦʤʫ çʣʦʤʦʥʪʠʪʦʚʳʝ ʩʪʦʣʙʳè ʥʝʦʙʭʦʜʠʤʦ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʘʢ ʚʤʝʩʪʠʣʠʱʘ ʛʘʟʦʢʦʥʜʝʥʩʘʪʘ ʠ (ʠʣʠ) 
ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘ ʥʠʭ ʫʯʘʩʪʢʠ ʥʘʜʦ ʠʩʢʘʪʴ ʚ ʚʫʣʢʘʥʠʪʘʭ (ʊ1-2) 
ʂʦʣʪʦʛʦʨʩʢʦ-ʋʨʝʥʛʦʡʩʢʦʛʦ, ʗʤʘʣʴʩʢʦʛʦ, ʍʫʜʦʩʝʡʩʢʦʛʦ, ʍʫʜʦʪʪʝʡʩʢʦʛʦ ʠ ʜʨʫʛʠʭ 
ʘʥʘʣʦʛʠʯʥʳʭ ʨʠʬʪʦʚ. ʅʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʣʝʜʫʝʪ ʠʩʢʘʪʴ  ʚ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠʭ 
ʥʠʞʥʝʤʝʣʦʚʳʭ ʠ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ (ʧʝʩʯʘʥʠʢʘʭ, ʘʣʝʚʨʦ-
ʧʝʩʯʘʥʠʢʘʭ), ʦʙʨʘʟʫʶʱʠʭ ʘʥʪʠʢʣʠʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʥʘʜʨʠʬʪʦʚʳʝ ʠʥʚʝʨʩʠʦʥʥʳʝ 
ʚʘʣʳ, ʢʦʪʦʨʳʝ ʩʦʩʝʜʩʪʚʫʶʪ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʋʨʝʥʛʦʡʩʢʦʛʦ ʨʘʡʦʥʘ, 
ʧʦʣʫʦʩʪʨʦʚʦʚ ʗʤʘʣ ʠ ɻʳʜʘʥ, ʆʙʩʢʦʡ ʠ ʊʘʟʦʚʩʢʦʡ ʛʫʙ, ʰʝʣʴʬʘ ʂʘʨʩʢʦʛʦ ʤʦʨʷ. 
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ʆʉɸɼʆʏʅʆ-ɼʀɸɻɽʅɽʊʀʏɽʉʂʆɽ ʈʋɼʆʆɹʈɸɿʆɺɸʅʀɽ ɺ ʖʈʉʂʀʍ 
ʊɽʈʈʀɻɽʅʅʓʍ ʆʊʃʆɾɽʅʀʗʍ ʊɸʊɸʈʉʊɸʅɸ 

 
ʕ.ɸ. ʂʦʨʦʣʸʚ1, ɸ.ʀ. ɹʘʭʪʠʥ1, ɸ.ɸ. ɽʩʢʠʥ1, ɸ.ʕ. ʂʦʨʦʣʸʚ1, ʕ.ʈ. ɹʘʨʠʝʚʘ2 

 
1
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

2
ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʆʩʘʜʦʯʥʳʡ ʨʫʜʦʛʝʥʝʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ 
ʨʫʜʥʦʡ ʛʝʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʩʪʨʘʪʠʬʦʨʤʥʳʤ ʟʘʣʝʞʘʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 
ʝʱʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ, ʪʦ ʨʘʩʩʝʷʥʥʳʤʠ ʚ ʧʦʨʦʜʘʭ ʧʝʨʚʠʯʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʨʫʜʥʳʤʠ 
ʤʠʥʝʨʘʣʘʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʥʠʤʘʶʪʩʷ. ʍʦʪʷ ʤʥʦʛʠʝ ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʠ 
ʥʝ ʦʪʨʠʮʘʶʪ ʠʭ ʚʝʜʫʱʫʶ ʨʦʣʴ, ʢʘʢ ʧʝʨʚʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ [1, 2]. ʋʯʠʪʳʚʘʷ ʵʪʦ, ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʢʮʝʩʩʦʨʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʪʝʨʨʠʛʝʥʥʳʭ 
ʦʪʣʦʞʝʥʠʷʭ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʘʪʘʨʩʪʘʥʘ. 

ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʘʤ ɺ.ɺ. ʄʠʪʪʘ, ʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʟʘʧʘʜʝ ʊʘʪʘʨʩʪʘʥʘ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʨʨʠʛʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʙʘʡʦʩʢʦʛʦ, ʙʘʪʩʢʦʛʦ, ʢʝʣʣʦʚʝʡʩʢʦʛʦ ʠ 
ʦʢʩʬʦʨʜʩʢʦ-ʢʠʤʝʨʠʜʞʩʢʦʛʦ ʷʨʫʩʦʚ, ʩ ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʵʨʦʜʠʨʦʚʘʥʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʨʘʟʨʝʟʘʭ ʶʨʳ ʉʨʝʜʥʝʛʦ ʇʦʚʦʣʞʴʷ ʧʨʝʦʙʣʘʜʘʶʪ 
ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʠ ʯʝʨʥʳʝ ʛʣʠʥʳ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ ʠ 
ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜʳ ʥʝ 
ʠʩʧʳʪʳʚʘʣʠ ʛʣʫʙʦʢʠʭ ʧʦʛʨʫʞʝʥʠʡ, ʦʩʪʘʚʰʠʩʴ ʥʘ ʩʪʘʜʠʠ ʜʠʘʛʝʥʝʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʩʦʭʨʘʥʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʝʨʚʠʯʥʦʡ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʩʘʜʦʯʥʳʭ 
ʦʪʣʦʞʝʥʠʡ, ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʣʠʪʠʬʠʢʘʮʠʠ ʠʣʠʩʪʳʭ ʦʩʘʜʢʦʚ.  

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʷʚʣʷʣʩʷ ʘʚʪʦʵʤʠʩʩʠʦʥʥʳʡ 
ʩʢʘʥʠʨʫʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʤʠʢʨʦʩʢʦʧ Merlin Carl Zeiss, ʩʦʚʤʝʱʝʥʥʳʡ ʩʦ 
ʩʧʝʢʪʨʦʤʝʪʨʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ Bruker AXS. ʈʘʟʨʝʰʝʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ 
129 ʵɺ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 0.1-1%. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʨʦʜʳ, ʦʪʨʘʞʘʶʱʠʝ 
ʚʘʨʠʘʮʠʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʮʠʡ ʈʫʩʩʢʦʛʦ ʧʘʣʝʦʤʦʨʷ: ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʛʣʠʥʳ. 
ʄʝʣʢʦʚʦʜʥʳʝ ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ ʩʦ ʟʥʘʢʘʤʠ ʚʦʣʥʦʚʦʡ ʨʷʙʠ ʧʨʝʜʩʪʘʚʣʷʣʠ 
ʦʪʣʦʞʝʥʠʷ ʦʢʩʠʜʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʬʘʮʠʠ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʠ ʯʝʨʥʳʝ ʛʣʠʥʳ ï 
ʜʠʟʦʢʩʠʜʥʦʡ ʠ ʘʥʦʢʩʠʜʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʝʩʯʘʥʠʢʠ, ʩʦʛʣʘʩʥʦ ʦʧʪʠʢʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʥʘ 85% 
ʩʣʦʞʝʥʳ ʘʣʣʦʪʠʛʝʥʥʳʤʠ ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʯʝʰʫʡʢʘʤʠ ʤʫʩʢʦʚʠʪʘ ʠ 
ʭʣʦʨʠʪʘ, ʥʘ 15% ï ʢʘʣʴʮʠʪʦʚʳʤ ʮʝʤʝʥʪʦʤ ʙʘʟʘʣʴʥʦʛʦ ʪʠʧʘ, ʚʳʧʦʣʥʝʥʠʷ. ɺ 
ʘʣʝʚʨʦʣʠʪʘʭ ʦʙʣʦʤʦʯʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʧʦ ʩʦʩʪʘʚʫ ʘʥʘʣʦʛʠʯʥʘ ʧʝʩʯʘʥʠʢʘʤ, ʮʝʤʝʥʪ 
ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʡ ʧʦʨʦʚʦʛʦ ʠ ʢʦʥʪʘʢʪʦʚʦʛʦ ʪʠʧʘ. ʇʦʨʠʩʪʦʩʪʴ ʧʝʩʯʘʥʠʢʦʚ 
ʩʦʩʪʘʚʣʷʝʪ 3-5%, ʘʣʝʚʨʦʣʠʪʦʚ ï 10-15%. ʕʣʝʢʪʨʦʥʥʦ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʝʩʯʘʥʠʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ 
ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʩ ʧʨʠʤʝʩʴʶ ʤʘʨʛʘʥʮʘ ʠ ʦʢʩʠʜʳ ʤʘʨʛʘʥʮʘ. ʆʢʩʠʜʳ ʞʝʣʝʟʘ ʧʦ 
ʚʝʩʦʚʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʤʘʛʥʝʪʠʪʫ c 
ʬʦʨʤʫʣʦʡ MnFe2O4. ʆʥʠ ʦʙʨʘʟʫʶʪ ʫʧʣʦʱʝʥʥʳʝ ʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʜʣʠʥʦʡ ʜʦ 
10,0 ʤʢʤ, ʰʠʨʠʥʦʡ ʜʦ 6,0 ʤʢʤ, ʪʦʣʱʠʥʦʡ ʜʦ 2,5 ʤʢʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʘʠʙʦʣʝʝ 
ʨʘʟʚʠʪʳʭ ʛʨʘʥʝʡ ʦʪʤʝʯʘʶʪʩʷ ʚʠʮʠʥʘʣʴʥʳʝ ʬʦʨʤʳ ʨʦʩʪʘ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʥʝʟʘʣʝʯʝʥʥʳʝ ʷʤʢʠ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʬʦʨʤʳ ʤʘʛʥʝʪʠʪʘ ʨʘʟʤʝʨʦʤ 
ʜʦ 2,5 ʤʢʤ. ʆʢʩʠʜʳ ʤʘʨʛʘʥʮʘ ʧʦ ʚʝʩʦʚʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʙʣʠʟʢʠ ʧʦ 
ʩʦʩʪʘʚʫ ʢ ʧʠʨʦʣʶʟʠʪʫ (MnO2). ʆʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʰʘʨʦʚʠʜʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʩ 
ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʂʘʞʜʘʷ 
ʟʦʥʘ ʨʦʩʪʘ ʘʛʨʝʛʘʪʘ ʩʣʦʞʝʥʘ ʧʣʦʪʥʦ ʩʨʦʩʰʠʤʠʩʷ ʠʛʦʣʴʯʘʪʳʤʠ ʢʨʠʩʪʘʣʣʠʢʘʤʠ. 
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ɺ ʘʣʝʚʨʦʣʠʪʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʞʝʣʝʟʦ-ʪʠʪʘʥʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʨʫʜʥʳʭ 
ʤʠʥʝʨʘʣʦʚ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʩʦʝʜʠʥʝʥʠʷ ʩ ʚʝʩʦʚʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ 
ʙʣʠʟʢʠʤ ʢ ʤʘʛʥʝʪʠʪʘʤ, ʪʘʢ ʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʙʣʠʟʢʠʤ ʢ 
ʨʫʪʠʣʫ (TiO2). ɾʝʣʝʟʦ-ʪʠʪʘʥʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʧʦʨʘʤ ʧʦʨʦʜʳ, ʠʭ 
ʘʛʨʝʛʘʪʳ ʨʘʟʤʝʨʦʤ 8,0-15,0 ʤʢʤ ʥʘʨʘʩʪʘʶʪ ʥʘ ʟʝʨʥʘʭ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. 
ʌʦʨʤʳ ʚʳʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʦʚʘʣʦʠʜʘʤʠ, ʰʠʰʢʦʚʠʜʥʳʤʠ 
ʧʩʝʚʜʦʩʪʘʣʘʢʪʠʪʦʚʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʩʫʞʘʶʱʠʤʠʩʷ ʢ ʮʝʥʪʨʫ ʧʦʨ ʘʣʝʚʨʦʣʠʪʦʚ. 
ʇʦʚʝʨʭʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʝʰʫʡʯʘʪʳʤ ʩʪʨʦʝʥʠʝʤ.    

ɿʝʣʝʥʳʝ ʛʣʠʥʳ ʩʣʦʞʝʥʳ ʘʢʩʠʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ 
ʯʝʰʫʡʢʘʤʠ ʠʣʣʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʨʠʤʝʩʴʶ ʭʣʦʨʠʪʘ ʠ ʠʣʣʠʪʘ. 
ʆʙʣʦʤʦʯʥʘʷ ʢʦʤʧʦʥʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ 
ʦʩʪʘʪʢʘʤʠ ʢʦʢʢʦʣʠʪʦʬʦʨʠʜ, ʥʝ ʧʨʝʚʳʰʘʝʪ 20%. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʛʦ ʩʦʩʪʘʚʘ. ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ ʦʙʨʘʟʫʶʪ 
ʫʧʣʦʱʝʥʥʳʝ ʦʙʦʩʦʙʣʝʥʠʷ ʨʘʟʤʝʨʦʤ ʜʦ 25,0 ʤʢʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ. ʆʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʛʣʠʥʠʩʪʦʡ ʤʘʩʩʝ ʩʦʛʣʘʩʥʦ ʩʣʦʠʩʪʦʩʪʠ ʧʦʨʦʜʳ. 

ʏʝʨʥʳʝ ʛʣʠʥʳ ʠ ʛʦʨʶʯʠʝ ʩʣʘʥʮʳ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʩʣʦʞʝʥʳ ʛʣʠʥʠʩʪʳʤʠ 
ʤʠʥʝʨʘʣʘʤʠ (ʠʣʣʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʭʣʦʨʠʪ, ʠʣʣʠʪ), ʦʙʣʦʤʦʯʥʳʝ ʟʝʨʥʘ ʢʚʘʨʮʘ, 
ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʯʝʰʫʡʢʠ ʤʫʩʢʦʚʠʪʘ ʠ ʭʣʦʨʠʪʘ ʥʝ ʧʨʝʚʳʰʘʶʪ 25%. ʇʦʨʦʜʳ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʣʦʪʥʳʤ ʩʣʦʞʝʥʠʝʤ, ʤʠʥʝʨʘʣʴʥʳʝ ʟʝʨʥʘ ʧʣʦʪʥʦ ʩʦʧʨʠʢʘʩʘʶʪʩʷ 
ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʩʪʨʫʢʪʫʨʘ ʧʝʣʠʪʦʚʘʷ, ʪʝʢʩʪʫʨʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʩʣʦʠʩʪʘʷ. ʍʘʨʘʢʪʝʨʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʨʦʜ ʘʥʦʢʩʠʜʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʬʘʮʠʠ ʷʚʣʷʝʪ ʥʘʣʠʯʠʝ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5,0 ʜʦ 20,0% [Korolev]. ʈʫʜʥʘʷ 
ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʠʨʠʪʦʚʳʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʜʦʭʦʜʠʪ 
ʜʦ 4,0% ʦʙʲʝʤʥʦʡ ʤʘʩʩʳ ʧʦʨʦʜ. ɺ ʯʝʨʥʳʭ ʛʣʠʥʘʭ ʧʠʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʨʘʤʙʦʠʜʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 5,0 ʤʢʤ. ʋʯʘʩʪʢʘʤʠ ʬʨʘʤʙʦʠʜʳ, 
ʩʨʘʩʪʘʷʩʴ, ʦʙʨʘʟʫʶʪ ʤʘʣʦʧʨʦʪʷʞʝʥʥʳʝ ʣʠʥʟʦʯʢʠ, ʫʯʘʩʪʢʘʤʠ ï ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʠʜʝ 
ʦʜʠʥʦʯʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʚ ʛʣʠʥʠʩʪʦʡ ʤʘʩʩʝ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʘʛʨʝʛʘʪʥʳʝ ʩʨʦʩʪʢʠ, 
ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʥʳʭ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 
ʢʨʠʩʪʘʣʣʦʚ ʧʠʨʠʪʘ. ɺ ʛʦʨʶʯʠʭ ʩʣʘʥʮʘʭ ʧʠʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʫʧʣʦʱʝʥʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ 
ʩ ʥʝʨʦʚʥʦʡ ʙʫʛʦʨʯʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʟʤʝʨʦʤ ʜʦ 4,0 ʤʢʤ. ɺʩʝ ʘʛʨʝʛʘʪʳ 
ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩʦʛʣʘʩʥʦ ʩʣʦʠʩʪʦʩʪʠ ʠ ʩʣʘʥʮʝʚʘʪʦʩʪʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ʏʘʩʪʴ ʠʟ ʥʠʭ 
ʟʘʤʝʱʘʝʪʩʷ ʘʫʪʠʛʝʥʥʳʤ ʛʠʧʩʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʣʦʞʝʥʠʷʭ ʶʨʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 
ʯʝʪʢʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʟʦʥʘʤ 
ʉʨʝʜʥʝʨʫʩʩʢʦʛʦ ʧʘʣʝʦʤʦʨʷ. ɺʙʣʠʟʠ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʚ ʧʝʩʯʘʥʠʢʘʭ, ʦʩʘʞʜʘʣʠʩʴ 
ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʠʞʝ, ʚ ʦʙʣʘʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʘʣʝʚʨʦʣʠʪʦʚ, ï 
ʞʝʣʝʟʦ-ʪʠʪʘʥʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʧʝʨʝʭʦʜʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʝ, ʛʜʝ 
ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʟʝʣʝʥʳʝ ʛʣʠʥʳ, ï ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʠ ʚ ʥʘʠʙʦʣʝʝ 
ʛʣʫʙʦʢʦʚʦʜʥʦʡ, ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ ʟʦʥʝ, ʛʜʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʯʝʨʥʳʝ ʛʣʠʥʳ ʠ ʛʦʨʶʯʠʝ 
ʩʣʘʥʮʳ, ï ʩʫʣʴʬʠʜʳ ʞʝʣʝʟʘ. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɹʘʩʢʦʚ ɽ.ɸ. ʆʩʥʦʚʳ ʧʘʣʝʦʛʠʜʨʦʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ / ɽ.ɸ. ɹʘʩʢʦʚ. ï ʃ.: ʅʝʜʨʘ, 1983. ï 
263 ʩ. 

2. ʀʛʥʘʪʦʚ ʇ.ɸ. ʇʘʣʝʦʛʠʜʨʦʛʝʦʣʦʛʠʷ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʇ.ɸ. ʀʛʥʘʪʦʚ. ï ʄ.: ʈɻɻʈʋ, 
2012. ï 115 ʩ. 
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ʇʈɽɼɺɸʈʀʊɽʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺɽʑɽʉʊɺɽʅʅʆɻʆ 
ʉʆʉʊɸɺɸ ʆʉɸɼʆʏʅʓʍ ʆʊʃʆɾɽʅʀʁ ʆɿɽʈɸ ʄɸʃʆɽ 
ʄʀɸʉʉʆɺʆɽ (ʏɽʃʗɹʀʅʉʂɸʗ ʆɹʃɸʉʊʔ, ʈʌ) 

 
ʃ.ʈ. ʂʦʩʘʨʝʚʘ, ʅ.ɻ. ʅʫʨʛʘʣʠʝʚʘ, ɸ.ʈ. ʖʩʫʧʦʚʘ 

 
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʆʟʝʨʥʳʝ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʨʝʰʝʥʠʷ 
ʟʘʧʠʩʠ ʦʩʘʜʦʯʥʦʡ ʠʩʪʦʨʠʠ [1], ʯʪʦ ʮʝʥʥʦ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʩʘʜʦʯʥʳʭ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ ʩʚʝʪʝ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ 
ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ ʠ ʩʦʙʳʪʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʦʙʲʝʢʪʦʚ ʠʟʫʯʝʥʠʷ ʚ 
ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʂʌʋ ʀɻʠʅɻʊ 2019 ʛ., 
ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʟʝʨʦ ʄʘʣʦʝ ʄʠʘʩʩʦʦʚʦ. ʆʥʦ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʚʦʩʪʦʯʥʳʭ ʧʨʝʜʛʦʨʴʷʭ 
ʋʨʘʣʴʩʢʠʭ ʛʦʨ, ʥʘ ʛʨʘʥʠʮʝ ʏʝʙʘʨʢʫʣʴʩʢʦʛʦ ʠ ɸʨʛʘʷʰʩʢʦʛʦ ʨʘʡʦʥʦʚ ʏʝʣʷʙʠʥʩʢʦʡ 
ʦʙʣʘʩʪʠ (55Á9'59"N 60Á21'3"E). ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʦʟʝʨʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʨʨʠʪʦʨʠʠ 
ʀʣʴʤʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ. ʂʦʪʣʦʚʠʥʘ ʦʟʝʨʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʣʦʱʘʜʴ ʚʦʜʥʦʛʦ ʟʝʨʢʘʣʘ - 12,2 ʢʤ2, ʜʣʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 9 ʢʤ, ʰʠʨʠʥʘ 
- ʜʦ 3 ʢʤ. ɿʦʥʘ ʤʘʢʩʠʤʘʣʴʥʳʭ ʛʣʫʙʠʥ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʘʢʚʘʪʦʨʠʠ ʠ 
ʩʦʩʪʘʚʣʷʝʪ 8,5 ʤ, ʩʨʝʜʥʷʷ ʛʣʫʙʠʥʘ - 4,1 ʤ. ɺ ʦʟʝʨʦ ʚʧʘʜʘʶʪ ʥʝʙʦʣʴʰʠʝ ʨʝʯʢʠ, ʘ 
ʚʳʪʝʢʘʝʪ ʨʝʢʘ ʂʘʨʘʩʠ. 

ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʚʘʪʦʨʠʠ, ʧʦʟʚʦʣʠʣʠ ʦʧʨʝʜʝʣʠʪʴ 
ʭʘʨʘʢʪʝʨ, ʤʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ, ʣʦʢʘʣʠʟʦʚʘʪʴ ʛʘʟʦʥʘʩʳʱʝʥʥʳʝ ʫʯʘʩʪʢʠ ʠ ʦʙʥʘʞʝʥʠʷ 
ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʚ ʪʦʣʱʝ ʚʦʜʳ, ʥʘʤʝʪʠʪʴ ʤʝʩʪʘ ʦʪʙʦʨʘ ʢʝʨʥʦʚʳʭ ʢʦʣʦʥʦʢ [2]. ʆʪʙʦʨ 
ʯʝʪʳʨʝʭ ʢʝʨʥʦʚ ʜʣʠʥʦʡ ʦʪ 1,4 ʜʦ 5,24 ʤ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʫʥʠʢʘʣʴʥʦʛʦ ʜʦʥʥʦʛʦ ʧʨʦʙʦʦʪʙʦʨʥʠʢʘ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʚ 
ʂʘʟʘʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ [3]. ʇʦʩʣʦʡʥʳʡ ʦʪʙʦʨ ʧʨʦʙ ʩ ʰʘʛʦʤ 2 ʩʤ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ 
ʧʦʣʝʚʦʤ ʣʘʛʝʨʝ ʩʨʘʟʫ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʢʝʨʥ ʙʳʣ ʜʦʩʪʘʚʣʝʥ ʥʘ ʙʝʨʝʛ. 

ʀʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʦʩʘʜʢʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʦʙʨʘʟʮʘʤ ʢʝʨʥʦʚʦʡ 
ʢʦʣʦʥʢʠ ˉ 3 ʜʣʠʥʦʡ 5,24 ʤ ʩ ʰʘʛʦʤ ʦʪʙʦʨʘ 10 ʠ 20 ʩʤ. ʀʟʤʝʨʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʯʠʥʘʷ ʩ Na ʠ ʜʦ Zr, Ba ʠ Pb ʤʝʪʦʜʦʤ 
ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʢʪʨʦʤʝʪʨʘ 
Bruker S8 Tiger. ʈʘʟʨʝʟ ʦʪʣʦʞʝʥʠʡ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩʦʜʝʨʞʘʥʠʝʤ 27 ʭʠʤʠʯʝʩʢʠʤʠ 
ʵʣʝʤʝʥʪʘʤʠ. ʆʩʥʦʚʥʳʤʠ ʤʘʢʨʦʵʣʝʤʝʥʪʘʤʠ ʚʳʩʪʫʧʘʶʪ Na, Mg, Al, Si, S, Cl, K, Ca, Fe, 
P ʠ Ti. ʈʷʜ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ V, Cr, Mn, Zn, Br, Rb, Sr, Zr, Ni, Cu, As. ɼʣʷ 
ʚʳʷʩʥʝʥʠʷ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʟʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ 
ʩʣʝʜʫʶʱʠʝ ʣʠʪʦʭʠʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ: SrO, SO3, CaO, Ti/K, SiO2/Al2O3, STI, 
ʪʠʪʘʥʦʚʳʡ ʠ ʞʝʣʝʟʥʳʡ ʤʦʜʫʣʠ [4-6]. 

ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ 
ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʠ ʩʦʩʪʘʚʠʣʦ ʦʪ 12 ʜʦ 76 %. ʀʩʩʣʝʜʫʝʤʳʝ ʜʦʥʥʳʝ 
ʦʙʨʘʟʦʚʘʥʠʷ ï ʵʪʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʪʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 
ʩʘʧʨʦʧʝʣʷʤʠ ʢʨʝʤʥʝʟʝʤʠʩʪʳʤʠ, ʤʘʣʦʟʦʣʴʥʳʤʠ ʠ ʩʘʧʨʦʧʝʣʠʪʘʤʠ. ʄʠʥʝʨʘʣʴʥʳʡ 
ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker D2 Phaser. ʍʣʦʨʠʪ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ; ʢʣʘʩʪʠʢʘ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʩʣʶʜʦʡ, ʢʚʘʨʮʝʤ, 
ʘʣʴʙʠʪʦʤ, ʪʨʠʜʠʤʠʪʦʤ, ʢʨʠʩʪʦʙʘʣʠʪʦʤ, ʨʝʞʝ ʤʠʢʨʦʢʣʠʥʦʤ, ʘʤʬʠʙʦʣʘʤʠ, 
ʘʥʪʠʛʦʨʠʪʦʤ ʠ ʪʘʣʴʢʦʤ; ʢʘʣʴʮʠʪ ʠ ʜʦʣʦʤʠʪ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 
ʛʨʫʧʧʫ ʢʘʨʙʦʥʘʪʦʚ. 

ɼʘʪʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʝʜʝʥʦ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʨʘʟʨʝʟʫ ʧʦ 9 ʦʙʨʘʟʮʘʤ. 
ʇʨʦʙʳ ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʚ ʊʘʡʚʘʥʴ ʥʘ ʌʘʢʫʣʴʪʝʪ ʅʘʫʢ ʦ ɿʝʤʣʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʘʡʚʘʥʷ (NTUAMS Lab) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘ ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʤʘʩʩ-
ʩʧʝʢʪʨʦʤʝʪʨʝ 1.0 MV HVE.  

https://howlingpixel.com/i-ru/%D0%A3%D1%80%D0%B0%D0%BB%D1%8C%D1%81%D0%BA%D0%B8%D0%B5_%D0%B3%D0%BE%D1%80%D1%8B


208 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʦʪʤʝʯʝʥʘ ʚʦʟʨʘʩʪʦʤ 19730Ñ615 ʣʝʪ ʥʘʟʘʜ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʦʪʥʝʩʪʠ ʦʪʣʦʞʝʥʠʷ ʢ ʛʦʣʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ 
ʚʦʟʨʘʩʪʫ. 

 

 
 
ʈʠʩʫʥʦʢ. ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ SiO2% ʠ 
(Al2O3+K2O+Na2O)% ʧʦ [7]. ʏʝʨʥʳʝ ʪʦʯʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʣʘʞʥʳʤ ʢʣʠʤʘʪʦʤ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʦ ʛʣʫʙʠʥʳ 3,5 ʤ; ʩʝʨʳʝ ʪʦʯʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʭʠʤ ʢʣʠʤʘʪʦʤ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʞʥʝʡ 
ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʪ 3,5 ʜʦ 5,24 ʤ. 

 
ɺʳʷʚʣʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʝʱʝʩʪʚʝʥʥʦʛʦ 

ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ ʄʘʣʦʝ ʄʠʘʩʩʦʚʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʚʘʨʠʘʮʠʠ 
ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʛʦʣʦʮʝʥʘ ʠ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ ʧʨʦʠʩʭʦʜʠʚʰʠʝ 
ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʞʥʦʛʦ ʋʨʘʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʩʫʙʩʠʜʠʠ, ʚʳʜʝʣʝʥʥʦʡ ʂʘʟʘʥʩʢʦʤʫ 
ʬʝʜʝʨʘʣʴʥʦʤʫ ʫʥʠʚʝʨʩʠʪʝʪʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ 
ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 5.3174.2017/4.6. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. Evans M.E. Environmental magnetism: Principles and applications of enviromagnetics / M.E. Evans, 

F. Heller. ï San Diego: Academic Press, 2003. ï 311p. 
2. Kosareva L. Seismic and magneto-mineralogical investigations lake Maloe Miassovo (South Ural, Russia) 

/ L. Kosareva, D. Kuzina, D. Nurgaliev,  P. Krylov, V. Antonenko // International Multidisciplinary Scientific 
GeoConference Surveying Geology and Mining Ecology Management, SGEM. ï 2018. ï V. 18(4.3). ï 
P. 383-390. 

3. ɹʦʨʠʩʦʚ ɸ.ʉ. ʉʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʣʦʞʝʥʠʡ 
ʩʦʚʨʝʤʝʥʥʳʭ ʦʟʝʨ: ʜʠʩé  ʜʦʢʪ. ʛʝʦʣ.-ʤʠʥʝʨʘʣ. ʥʘʫʢ / ɸ.ʉ. ɹʦʨʠʩʦʚ. ï ʂʘʟʘʥʴ, 2004. ï 146 ʩ. 

4. Ruxton B.P. Measures of the degree of chemical weathering of rocks / B.P.  Ruxton // Journal of Geology. 
ï 1968. ï V. 76. ï P. 518ï527. 

5. ʖʜʦʚʠʯ ʗ.ʕ. ʆʩʥʦʚʳ ʣʠʪʦʭʠʤʠʠ / ʗ.ʕ. ʖʜʦʚʠʯ, ʄ.ʇ. ʂʝʪʨʠʩ. ï ʉʇʙ.: ʅʘʫʢʘ, 2000. ï 479 ʩ. 
6. Suttner L.J. Alluvial sandstone composition and paleoclimate, I. Framework mineralogy / L.J. Suttner, 

P.K. Dutta // J. Sediment. Petrol. ï 1986. ï V. 56. ï P. 329ï345. 
7. High Resolution geochemical XRF data from Elk Lake, Minnesota: A Holocene paleoclimate record from 

varved lacustrine sediments. A thesis submitted to the faculty of the graduate school of the university of 
minnesota by robert allen rush in partial fulfillment of the equirements for the degree of master of science 
- Erik T. Brown, September 2010.  
http://141.150.157.117:8080/prokPUB/chaprender/jsp/showchap.jsp?chapnum=281&initsec=04_02 

https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56786061300&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85063088161&origin=resultslist&sort=plf-f&src=s&sid=50072641101b373035556e2739336170&sot=autdocs&sdt=autdocs&sl=18&s=AU-ID%2856786061300%29&relpos=3&citeCnt=0&searchTerm=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56786061300&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56709605200&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=6507640079&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=56006624400&zone=
https://www.scopus.com/authid/detail.uri?origin=AuthorProfile&authorId=57193933011&zone=
https://www.scopus.com/sourceid/21100274701?origin=resultslist
https://www.scopus.com/sourceid/21100274701?origin=resultslist


209 

ʆ ʅʆɺʓʍ ɼɸʅʅʓʍ ʇʆ ɺɽʑɽʉʊɺɽʅʅʆʄʋ ʉʆʉʊɸɺʋ ɼʆʅʅʓʍ 
ʆʉɸɼʆʏʅʓʍ ʆʊʃʆɾɽʅʀʁ ʆɿɽʈɸ ʊʋʈɻʆʗʂ  

(ʏɽʃʗɹʀʅʉʂɸʗ ʆɹʃɸʉʊʔ, ʈʌ) 
 

ʃ.ʈ. ʂʦʩʘʨʝʚʘ, ɸ.ʈ. ʖʩʫʧʦʚʘ, ʅ.ɻ. ʅʫʨʛʘʣʠʝʚʘ, ʇ.ʉ. ʂʨʳʣʦʚ 
 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
 

ʆʟʝʨʘ - ʵʣʝʤʝʥʪ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʜʨʝʚʥʠʭ ʣʘʥʜʰʘʬʪʥʳʭ ʦʙʩʪʘʥʦʚʦʢ. 
ʏʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʠʟʤʝʥʝʥʠʷʤ ʢʣʠʤʘʪʘ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʦʩʘʜʦʯʥʳʭ 
ʬʘʮʠʡ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ 
ʦʟʝʨʘ ʦʜʥʠʤʠ ʠʟ ʣʫʯʰʠʭ ʘʨʭʠʚʦʚ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʩʣʝʜʥʠʭ 
ʪʳʩʷʯʝʣʝʪʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʨʩʢʠʤʠ, ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʦʩʘʜʢʘʤʠ, ʣʝʩʩʘʤʠ ʠ 
ʣʝʜʷʥʳʤʠ ʢʝʨʥʘʤʠ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʩʪʫʧʘʝʪ ʦʜʥʦ ʠʟ ʢʨʫʧʥʳʭ ʦʟʝʨ ʖʞʥʦʛʦ 
ʋʨʘʣʘ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ï ʦʟʝʨʦ ʊʫʨʛʦʷʢ. ʆʟʝʨʦ ʠ ʧʨʠʣʝʛʘʶʱʠʝ 
ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʇʘʤʷʪʥʠʢʦʤ ʧʨʠʨʦʜʳ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ [2] ʇʣʦʱʘʜʴ 
ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʟʝʨʘ ʩʦʩʪʘʚʣʷʝʪ 26,4 ʢʤ2. ɺʳʩʦʪʘ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ 320 ʤ. 
ʉʨʝʜʥʷʷ ʛʣʫʙʠʥʘ - 19 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʜʦʩʪʠʛʘʝʪ 36,5 ʤ. ʇʠʪʘʥʠʝ ʦʟʝʨʘ ʚ 
ʦʩʥʦʚʥʦʤ ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʨʝʢʠ ʠ ʨʫʯʴʠ. ʇʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ 
ʩʦʩʪʘʚʣʷʝʪ 476 ʢʤ2. ɺʦʜʘ ʦʟʝʨʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 
10 ʜʦ 17,5 ʤ. 

ɺ ʨʘʤʢʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ ʩʦʪʨʫʜʥʠʢʦʚ ʂʌʋ ʀɻʠʅɻʊ ʚ 
2017 ʛ., ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʠʟʫʯʝʥʠʝ ʜʦʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʘ, ʙʳʣʦ 
ʧʦʣʫʯʝʥʦ 6 ʢʝʨʥʦʚʳʭ ʢʦʣʦʥʦʢ. ʉ ʮʝʣʴʶ ʦʪʙʦʨʘ ʢʝʨʥʘ ʥʝʥʘʨʫʰʝʥʥʳʭ 
ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʩʘʜʢʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 
ʩʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ. ʇʨʠ ʦʪʙʦʨʝ ʢʝʨʥʦʚʳʭ ʢʦʣʦʥʦʢ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʫʥʠʢʘʣʴʥʳʡ ʜʦʥʥʳʡ ʧʨʦʙʦʦʪʙʦʨʥʠʢ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʠ 
ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʂʘʟʘʥʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ [3]. ʇʦʩʣʦʡʥʳʡ ʦʪʙʦʨ ʧʨʦʙ ʚ 
ʤʘʨʢʠʨʦʚʘʥʥʳʝ ʟʠʧ-ʧʘʢʝʪʳ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʣʩʷ ʩ ʰʘʛʦʤ 
2 ʩʤ ʚ ʧʦʣʝʚʦʤ ʣʘʛʝʨʝ ʩʨʘʟʫ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʢʝʨʥ ʜʦʩʪʘʚʣʷʣʩʷ ʥʘ ʙʝʨʝʛ. 

ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʦʩʘʜʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʠʣʢʦʤ ʩʣʘʙʦʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʤ, 
ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʘʧʨʦʧʝʣʠʪʘʤʠ ʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʆʧʨʦʙʦʚʘʥʠʝ 
ʦʟʝʨʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 
ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʦʙʨʘʟʮʘʤ ʢʝʨʥʦʚʦʡ ʢʦʣʦʥʢʠ ˉ 5 ʜʣʠʥʦʡ 
5,65 ʤ ʩ ʰʘʛʦʤ ʦʪʙʦʨʘ 10 ʩʤ. ʇʨʠ ʧʦʤʦʱʠ ʩʧʝʢʪʨʦʤʝʪʨʘ Bruker S8 Tiger ʙʳʣʠ 
ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʯʠʥʘʷ ʩ ʘʪʦʤʥʦʛʦ 
ʥʦʤʝʨʘ 11 (Na), ʚʧʣʦʪʴ ʜʦ Ba, La ʠ Nh. ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʦʪʣʦʞʝʥʠʡ 
ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩʦʜʝʨʞʘʥʠʝʤ 29 ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘ. ɺʳʷʚʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʫʛʣʝʨʦʜʘ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʨʴ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ. 
ʉʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 12-40%. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 
ʦʧʨʝʜʝʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker D2 Phaser. ɻʣʠʥʠʩʪʳʝ 
ʤʠʥʝʨʘʣʳ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʣʦʨʠʪʦʤ; ʪʘʢʞʝ ʚ ʩʦʩʪʘʚʝ ʦʙʨʘʟʮʦʚ 
ʚ ʢʣʘʩʪʠʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʶʜʘ, ʢʚʘʨʮ, ʘʣʴʙʠʪ, ʪʨʠʜʠʤʠʪ, ʢʨʠʩʪʦʙʘʣʠʪ, ʨʝʞʝ 
ʚʩʪʨʝʯʘʶʪʩʷ ʤʠʢʨʦʢʣʠʥ, ʘʤʬʠʙʦʣʳ, ʘʥʪʠʛʦʨʠʪ, ʪʘʣʴʢ; ʛʨʫʧʧʘ ʢʘʨʙʦʥʘʪʦʚ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʣʴʮʠʪʦʤ ʠ ʜʦʣʦʤʠʪʦʤ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ.  

ɼʣʷ ʜʘʪʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʨʘʟʨʝʟʫ ʙʳʣʦ 
ʦʪʦʙʨʘʥʦ 9 ʦʙʨʘʟʮʦʚ. ʇʦʜʛʦʪʦʚʣʝʥʥʳʝ ʧʨʦʙʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʊʘʡʚʘʥʴ ʥʘ ʌʘʢʫʣʴʪʝʪ 
ʅʘʫʢ ʦ ɿʝʤʣʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʊʘʡʚʘʥʷ (NTUAMS Lab) ʜʣʷ ʠʟʤʝʨʝʥʠʷ 
ʥʘ ʫʩʢʦʨʠʪʝʣʴʥʦʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ 1.0 MV HVE. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʧʦʟʚʦʣʷʶʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʦʪʥʝʩʪʠ ʦʪʣʦʞʝʥʠʷ ʢ ʛʦʣʦʮʝʥ-ʧʣʝʡʩʪʦʮʝʥʦʚʳʤ. 

https://ru.wikipedia.org/wiki/%D0%A2%D1%83%D1%80%D0%B3%D0%BE%D1%8F%D0%BA_(%D0%BE%D0%B7%D0%B5%D1%80%D0%BE)#cite_note-redbook-4
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B7%D1%80%D0%B0%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C_(%D0%B3%D0%B8%D0%B4%D1%80%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
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ʉʝʡʩʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʚʘʪʦʨʠʠ ʦʟʝʨʘ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ 
ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʢʦʪʣʦʚʠʥʳ, ʭʘʨʘʢʪʝʨ ʟʘʣʝʛʘʥʠʷ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʠ 
ʝʝ ʤʦʱʥʦʩʪʴ. ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʨʘʟʨʝʟʘ ʢʝʨʥʦʚʦʡ ʢʦʣʦʥʢʠ ʦʟʝʨʥʦʡ ʩʠʩʪʝʤʳ 
ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʝʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʤʘʢʨʦ ʠ 
ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʠʭ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʨʘʟʨʝʟʫ, ʨʘʩʯʝʪ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ 
ʦʪʥʦʰʝʥʠʡ ʠ ʠʥʜʝʢʩʦʚ, ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʣʝʛʣʠ ʚ 
ʦʩʥʦʚʫ ʚʳʷʚʣʝʥʠʷ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʨʠʩʫʥʦʢ) ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ 
20 ʪʳʩ. ʣʝʪ. ʆʪʤʝʯʘʝʪʩʷ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʚʥʦʩʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 
ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʛʜʝ ʦʥ ʥʘʢʘʧʣʠʚʘʣʩʷ ʙʣʘʛʦʜʘʨʷ ʨʝʮʠʢʣʠʨʦʚʘʥʠʶ 
ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʝʨʚʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʜʣʷ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʣ ʖʞʥʳʡ ʋʨʘʣ, 
ʙʦʛʘʪʳʡ ʩʫʣʴʬʠʜʥʳʤʠ ʨʫʜʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ. 
 

 
 

ʈʠʩʫʥʦʢ. ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢ ʧʘʣʝʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʛʨʫʧʧʘʤ ʧʦ ʩʦʦʪʥʦʰʝʥʠʷʤ SiO2% ʠ 
(Al2O3+K2O+Na2O)% ʧʦ [4]. 
ʉʝʨʳʝ ʪʦʯʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʣʘʞʥʳʤ ʢʣʠʤʘʪʦʤ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʜʦ ʛʣʫʙʠʥʳ 3 ʤ; 
ʯʝʨʥʳʝ ʪʦʯʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʭʠʤ ʢʣʠʤʘʪʦʤ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʪ 3 ʜʦ 5,65 ʤ. 

 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ ʩʫʙʩʠʜʠʠ, ʚʳʜʝʣʝʥʥʦʡ ʂʘʟʘʥʩʢʦʤʫ 

ʬʝʜʝʨʘʣʴʥʦʤʫ ʫʥʠʚʝʨʩʠʪʝʪʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ 
ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 5.3174.2017/4.6. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. Evans M.E. Environmental magnetism: Principles and applications of enviromagnetics / M.E. Evans, 

F. Heller. ï San Diego: Academic Press, 2003. ï 311 p. 
2. ʇʦʣʦʞʝʥʠʝ ʦ ʧʘʤʷʪʥʠʢʝ ʧʨʠʨʦʜʳ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʦʟʝʨʝ ʊʫʨʛʦʷʢ. ï 

http://www.redbook.ru/article569.htm 
3. ɹʦʨʠʩʦʚ ɸ.ʉ. ʉʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʣʦʞʝʥʠʡ 
ʩʦʚʨʝʤʝʥʥʳʭ ʦʟʝʨ: ʜʠʩé  ʜʦʢʪ. ʛʝʦʣ.-ʤʠʥʝʨʘʣ. ʥʘʫʢ. / ɸ.ʉ.  ɹʦʨʠʩʦʚ. ï ʂʘʟʘʥʴ, 2004. ï 146 ʩ. 

4. Suttner L.J. Alluvial sandstone composition and paleoclimate, I. Framework mineralogy / L.J. Suttner, 
P.K. Dutta // J. Sediment. Petrol. ï 1986. ï V. 56. ï P. 329ï345. 



211 

ʆɹʉʊɸʅʆɺʂʀ ʅɸʂʆʇʃɽʅʀʗ ʆʊʃʆɾɽʅʀʁ ʊʖʄɽʅʉʂʆʁ ʉɺʀʊʓ  
ɺ ʈɸʁʆʅɽ ʂʈɸʉʅʆʃɽʅʀʅʉʂʆɻʆ ʉɺʆɼɸ  

(ɿɸʇɸɼʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɻɹ) 
 

ʖ.ɸ. ʂʦʪʦʯʢʦʚʘ, ɸ.ʇ. ɺʘʡʪʝʭʦʚʠʯ, ʅ.ɺ. ʇʨʦʥʠʥʘ 
 

ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 

ʀʟʫʯʘʝʤʳʡ ʨʘʡʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʂʨʘʩʥʦʣʝʥʠʥʩʢʦʛʦ ʩʚʦʜʘ, ʢʦʪʦʨʳʡ 
ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʉʚʦʜ 
ʚʳʪʷʥʫʪ ʩ ʶʛʦ-ʚʦʩʪʦʢʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʠ ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʜʦ 115-165 ʢʤ. 
ɸʤʧʣʠʪʫʜʘ ʩʚʦʜʘ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʩʚʦʜ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ 
ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦ ʢʨʦʚʣʝ ʧʘʣʝʦʛʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ʐʧʠʣʴʤʘʥ ʠ ʜʨ., 
2003). ʂʨʘʩʥʦʣʝʥʠʥʩʢʠʡ ʩʚʦʜ ï ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 1-ʛʦ ʧʦʨʷʜʢʘ, 
ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ɿʘʫʨʘʣʴʩʢʦʛʦ ʛʝʦʙʣʦʢʘ, ʦʪʜʝʣʷʷʩʴ ʦʪ ʩʦʧʨʝʜʝʣʴʥʳʭ 
ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʚʦʩʪʦʢʘ ï ɽʣʠʟʘʨʦʚʩʢʠʤ ʤʝʛʘʧʨʦʛʠʙʦʤ, ʩ ʟʘʧʘʜʘ ï ʖʞʥʦ-
ɹʦʙʨʦʚʩʢʠʤ ʤʝʛʘʧʨʦʛʠʙʦʤ. ʉ ʶʛʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʗʭʣʠʥʩʢʦʡ ʩʝʜʣʦʚʠʥʳ, ʧʨʦʠʩʭʦʜʠʪ 
ʝʛʦ ʩʦʯʣʝʥʝʥʠʝ ʩ ʐʘʠʤʩʢʠʤ ʤʝʛʘʚʘʣʦʤ, ʩ ʚʦʩʪʦʢʘ ï ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢʦʡ ʚʧʘʜʠʥʦʡ, 
ʩʚʦʜ ʦʩʣʦʞʥʝʥ ʜʚʫʤʷ ʚʝʨʰʠʥʘʤʠ ð ɽʤ-ɽʛʦʚʩʢʦʡ ʠ ʂʘʤʝʥʥʦʡ, ʨʘʟʜʝʣʝʥʥʳʤʠ 
ʩʣʦʞʥʳʤ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʇʘʣʴʷʥʦʚʩʢʠʤ ʧʨʦʛʠʙʦʤ. ʇʦ ʬʫʥʜʘʤʝʥʪʫ ʩʚʦʜ ʠʤʝʝʪ 
ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ [3]. 

ʊʶʤʝʥʩʢʘʷ ʩʚʠʪʘ ʚʧʝʨʚʳʝ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚ 1954 ʛ. ʅ.ʅ. ʈʦʩʪʦʚʮʝʚʳʤ ʚ 
ʩʢʚʘʞʠʥʝ ʐʝʨʢʘʣʠʥʩʢʘʷ-139ʈ. ʆʪʣʦʞʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ 
ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ-ʉʠʙʠʨʠ. ʉʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ 
ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʘʨʛʠʣʣʠʪʦʚ ʠ ʫʛʣʝʡ. ʉʚʠʪʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩ ʘʘʣʝʥʩʢʦʛʦ 
ʧʦ ʙʘʪʩʢʠʡ ʚʝʢʘ [4]. 

ɺ ʘʘʣʝʥʩʢʦʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ ʩʫʱʝʩʪʚʦʚʘʣʠ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ. ɺ ʟʦʥʝ ʐʠʨʦʪʥʦʛʦ ʇʨʠʦʙʴʷ, ʥʘ ʩʘʤʦʤ ʟʘʧʘʜʝ ʢʦʪʦʨʦʡ 
ʨʘʩʧʦʣʦʞʝʥ ʠʟʫʯʘʝʤʳʡ ʦʙʲʝʢʪ, ʨʘʟʚʠʚʘʣʠʩʴ ʥʠʟʤʝʥʥʳʝ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʘʚʥʠʥʳ, ʚ 
ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʦʙʣʘʩʪʠ ʜʝʥʫʜʘʮʠʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʚʦʜʦʚʳʤ ʯʘʩʪʷʤ ʣʦʢʘʣʴʥʳʭ 
ʧʦʜʥʷʪʠʡ. ɺ ʵʪʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʥʠʞʥʷʷ ʧʦʜʩʚʠʪʘ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ. ɺ 
ʦʩʥʦʚʘʥʠʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʛʨʘʚʝʣʠʪʳ, 
ʢʦʥʛʣʦʙʨʝʢʯʠʠ ʠ ʜʨ. 

ɺ ʙʘʡʦʩʩʢʦʝ ʚʨʝʤʷ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʠʤʘʣʠ ʥʠʟʤʝʥʥʳʝ 
ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʠ ʧʨʠʙʨʝʞʥʳʝ ʨʘʚʥʠʥʳ, ʧʦʩʣʝʜʥʠʝ ʠʥʦʛʜʘ ʟʘʪʦʧʣʷʣʠʩʴ ʤʦʨʝʤ. ɺ 
ʨʘʡʦʥʝ ʐʠʨʦʪʥʦʛʦ ʇʨʠʦʙʴʷ ʧʦʣʫʯʘʶʪ ʨʘʟʚʠʪʠʝ ʢʨʫʧʥʳʝ ʦʟʸʨʘ ʩ ʟʘʩʪʦʡʥʳʤ 
ʨʝʞʠʤʦʤ. ʇʨʦʠʟʦʰʝʜʰʝʝ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʚʝʢʘ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ 
ʧʦʚʣʠʷʣʦ ʥʘ ʵʪʫ ʦʙʣʘʩʪʴ: ʚ ʥʝʡ ʥʘʯʘʣʠ ʧʨʝʦʙʣʘʜʘʪʴ ʣʘʛʫʥʥʳʝ, ʙʦʣʦʪʥʳʝ, ʦʟʝʨʥʳʝ, 
ʨʝʯʥʳʝ ʠ ʜʝʣʴʪʦʚʳʝ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʌʦʨʤʠʨʦʚʘʣʘʩʴ ʩʨʝʜʥʷʷ 
ʧʦʜʩʚʠʪʘ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ [2]. 

ɺ ʙʘʪʩʢʦʝ ʠ ʥʘʯʘʣʝ ʢʝʣʣʦʚʝʡʩʢʦʛʦ ʚʨʝʤʝʥʠ ʫʩʠʣʠʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʵʨʦʟʠʠ ʠ 
ʜʝʥʫʜʘʮʠʠ ʚ ʦʙʣʘʩʪʷʭ ʩʥʦʩʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʟʚʠʪʘ ʥʠʟʤʝʥʥʘʷ 
ʘʢʢʫʤʫʣʷʪʠʚʥʘʷ ʨʘʚʥʠʥʘ. ʂʨʘʩʥʦʣʝʥʠʥʩʢʠʡ ʩʚʦʜ ʥʘʭʦʜʠʣʩʷ ʚ ʦʙʣʘʩʪʠ ʧʨʠʙʨʝʞʥʦʡ 
ʨʘʚʥʠʥʳ, ʠʟʨʝʜʢʘ ʟʘʪʦʧʣʷʝʤʦʡ ʤʦʨʝʤ. ʐʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ, 
ʜʝʣʴʪʦʚʳʭ, ʣʘʛʫʥʥʳʭ, ʨʝʞʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʧʝʩʢʦʚ, ʘʣʝʚʨʠʪʦʚ, ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʠ ʪʦʨʬʘ ʚ ʟʦʥʘʭ ʤʝʣʢʦʛʦ ʤʦʨʷ, ʘ ʥʘ ʧʨʠʙʨʝʞʥʦʡ ʨʘʚʥʠʥʝ ʦʪʣʘʛʘʣʠʩʴ ʘʣʣʶʚʠʘʣʴʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʨʝʢ, ʦʟʝʨ ʠ ʧʦʡʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢʨʦʤʝ ʢʦʤʧʣʝʢʩʘ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ 
ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʫʛʣʝʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʝʡ, ʷʚʣʷʶʱʠʭʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ. ɹʳʣʠ 
ʚʳʧʦʣʥʝʥʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ (72 ʦʙʨ.), ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ (38) ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ 
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ʪʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (12) ʠʟ 6 ʩʢʚʘʞʠʥ - 8717, 8227, 14791, 8793, 
6974, 1189. 

ʄʦʱʥʦʩʪʴ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 30 ʤ ʜʦ 135 
ʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʮʠʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʭʘʨʘʢʪʝʨʥʳʭ 
ʧʨʠʟʥʘʢʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʩʪʨʫʢʪʫʨʦʡ, ʪʝʢʩʪʫʨʦʡ, ʬʘʫʥʠʩʪʠʯʝʩʢʠʤʠ ʠ 
ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʠʭʥʦʬʦʩʩʠʣʠʷʤʠ ʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ɼʣʷ 
ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʧʨʠʟʥʘʢʦʚ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʬʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʪʣʘʩ ʬʘʮʠʡ 
ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ɺ. ʇ. ɸʣʝʢʩʝʝʚʘ [1]. 

ʆʪʣʦʞʝʥʠʷ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ʟʘʣʝʛʘʶʪ ʥʝʩʦʛʣʘʩʥʦ ʥʘ ʧʦʨʦʜʘʭ ʬʫʥʜʘʤʝʥʪʘ. 
ʊʘʢʞʝ ʚ ʦʩʥʦʚʘʥʠʠ ʩʚʠʪʳ ʤʦʞʝʪ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʙʘʟʘʣʴʥʳʡ ʛʦʨʠʟʦʥʪ (ɹɻ), 
ʦʙʨʘʟʦʚʘʥʥʳʡ ʧʨʠ ʨʘʟʤʳʪʠʠ ʚʳʩʪʫʧʦʚ ʬʫʥʜʘʤʝʥʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʥʠʞʥʷʷ ʧʦʜʩʚʠʪʘ (ʖʂ7-ʖʂ9) 
ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʫʩʣʦʚʠʷʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʟʸʨ, ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʝʚʨʦ-
ʛʠʣʠʥʠʩʪʳʡ ʩʦʩʪʘʚ. ʉʨʝʜʥʷʷ ʧʦʜʩʚʠʪʘ (ʖʂ5-6) ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʦʟʸʨʥʳʭ ʠ 
ʘʣʣʶʚʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʤʝʝʪ ʧʝʩʯʘʥʦʝ, ʘʣʝʚʨʦʣʠʪʦʚʦʝ ʠ ʘʨʛʠʣʣʠʪʦʚʦʝ ʩʪʨʦʝʥʠʝ. 
ɺʝʨʭʥʷʷ ʧʦʜʩʚʠʪʘ (ʖʂ2-ʖʂ4) ʩʚʷʟʘʥʘ ʩ ʦʙʩʪʘʥʦʚʢʘʤʠ ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʥʠʟʤʝʥʥʦʩʪʠ 
(ʦʟʸʨʘ ʠ ʨʝʯʥʳʝ ʩʠʩʪʝʤʳ) ʠ ʧʨʠʙʨʝʞʥʦʡ ʨʘʚʥʠʥʳ. 

ɺ ʥʠʞʥʝʡ ʧʦʜʩʚʠʪʝ ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʘʮʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ 
ʢʦʣʣʦʪʝʣʠʥʠʪ ï ʚʠʪʨʠʥʠʪ, ʧʨʘʢʪʠʯʝʩʢʠ ʫʪʨʘʪʠʚʰʠʡ ʠʩʭʦʜʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚ ʫʩʣʦʚʠʷʭ 
ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʚ ʟʘʩʪʦʡʥʳʭ ʘʥʘʵʨʦʙʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʫʛʣʷʭ ʩʨʝʜʥʝʡ 
ʧʦʜʩʚʠʪʳ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʟʥʘʢʠ ʧʨʦʪʦʯʥʦʩʪʠ ʚʦʜʦʝʤʘ ʪʦʨʬʦʥʘʢʦʧʣʝʥʠʷ 
(ʧʦʚʳʰʘʝʪʩʷ ʟʦʣʴʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʝʚ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʠʥʝʨʪʠʥʠʪʘ). ɼʣʷ 
ʚʝʨʭʥʝʡ ʧʦʜʩʚʠʪʳ ʭʘʨʘʢʪʝʨʥʦ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʝʨʪʠʥʠʪʘ. 
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ɺ ʩʚʷʟʠ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 
ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʰʝʣʴʬʦʚʳʭ 
ʤʦʨʷʭ ɸʨʢʪʠʢʠ. ʂʘʨʙʦʥʘʪʳ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʛʣʝʢʠʩʣʦʪʘ, 
ʦʙʨʘʟʦʚʘʥʥʘʷ ʧʨʠ ʤʠʢʨʦʙʥʦʤ ʦʢʠʩʣʝʥʠʠ ʤʝʪʘʥʘ (MDAC) ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ, 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʵʪʠʭ ʤʦʨʷʭ. ɸʫʪʠʛʝʥʥʦʝ ʢʘʨʙʦʥʘʪʦʦʙʨʘʟʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʤʦʱʥʳʭ ʬʠʣʴʪʨʦʚ, ʧʦʤʠʤʦ ʘʥʘʵʨʦʙʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʥʘ (ɸʆʄ), ʩʥʠʞʘʶʱʠʭ 
ʧʨʠʨʦʜʥʫʶ ʵʤʠʩʩʠʶ ʤʝʪʘʥʘ ï ʦʜʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʫʚʝʣʠʯʝʥʠʝ 
ʧʦʩʪʫʧʣʝʥʠʷ ʢʦʪʦʨʦʛʦ ʚ ʘʪʤʦʩʬʝʨʫ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʤʛʥʦʚʝʥʥʳʡ 
ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ [2]. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʢʣʘʜ ʦʢʝʘʥʘ ʚ ʛʣʦʙʘʣʴʥʳʡ ʙʘʣʘʥʩ 
ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʝ ʦʯʝʥʴ ʤʘʣ ʠ ʧʦ ʥʝʢʦʪʦʨʳʤ ʦʮʝʥʢʘʤ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2% [4]. 
ɸʨʢʪʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʘʥʘ ʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʤ ʬʦʥʦʤ ʵʪʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʰʠʨʦʢʦʡ 
ʟʦʥʳ ʚʳʩʘʯʠʚʘʥʠʷ ʤʝʪʘʥʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, 
ʧʨʦʪʷʛʠʚʘʶʱʝʡʩʷ ʥʘ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ ʤʝʞʜʫ 74Á ʠ 79Áʩ.ʰ., ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʝ ʚʢʣʘʜ ʚ 
ʘʪʤʦʩʬʝʨʫ ʧʨʠʚʦʜʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ 0,07% [7]. ʇʨʠʟʥʘʢʠ ʩʣʘʙʦʡ ʣʦʢʘʣʴʥʦʡ 
ʵʤʠʩʩʠʠ ʤʝʪʘʥʘ ʚ ʘʪʤʦʩʬʝʨʫ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʤʦʨʷʭ ʉʠʙʠʨʩʢʦʡ ɸʨʢʪʠʢʠ [3]. 

ʍʦʣʦʜʥʳʝ ʤʝʪʘʥʦʚʳʝ ʩʠʧʳ ï ʚʳʭʦʜʳ ʤʝʪʘʥʩʦʜʝʨʞʘʱʠʭ ʨʘʩʪʚʦʨʦʚ ʠ ʛʘʟʦʚʳʭ 
ʩʪʨʫʡ ʠʟ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ï ʙʳʣʠ ʦʪʢʨʳʪʳ 35 ʣʝʪ ʥʘʟʘʜ ʚ ʄʝʢʩʠʢʘʥʩʢʦʤ ʟʘʣʠʚʝ ʥʘ 
ʛʣʫʙʠʥʝ 3200 ʤ ʚ 1983 ʛ. [8]. ɺʧʦʩʣʝʜʩʪʚʠʠ ʤʝʪʘʥʦʚʳʝ ʩʠʧʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚʦ 
ʚʩʝʭ ʦʢʝʘʥʘʭ [2]. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ 
ʠʩʩʣʝʜʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʘʫʪʠʛʝʥʥʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʤʝʪʘʥʦʚʳʭ ʩʠʧʦʚ, ʚ ʮʝʣʦʤ. ʆʙʟʦʨʳ ʵʪʠʭ ʨʘʙʦʪ ʜʘʥʳ ʚ 
ʧʫʙʣʠʢʘʮʠʷʭ [1, 2, 6]. 

ɺʧʝʨʚʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʰʝʣʴʬʦʚʳʭ ʦʩʘʜʢʦʚ ʉʠʙʠʨʩʢʠʭ 
ʘʨʢʪʠʯʝʩʢʠʭ ʤʦʨʝʡ ʚ 69-ʤ ʨʝʡʩʝ ʅʀʉ çɸʢʘʜʝʤʠʢ ʄʩʪʠʩʣʘʚ ʂʝʣʜʳʰè ʦʙʥʘʨʫʞʝʥʳ 
ʢʨʫʧʥʳʝ ʬʨʘʛʤʝʥʪʳ (ʨʘʟʤʝʨʦʤ ʜʦ 51Ĭ40Ĭ10 ʩʤ, ʤʘʩʩʦʡ ʜʦ 5,9 ʢʛ ʠ ʧʣʦʪʥʦʩʪʴʶ 2,1 
ʛ/ʤ3) ʘʫʪʠʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʩʪʨʦʝʢ ʠ ʦʪʜʝʣʴʥʳʝ ʢʦʨʢʠ, ʩ ʤʘʛʥʝʟʠʘʣʴʥʳʤ 
ʢʘʣʴʮʠʪʦʚʳʤ ʮʝʤʝʥʪʦʤ [5]. ʂʘʨʙʦʥʘʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʥʷʪʳ ʪʨʘʣʦʤ ʩ ʛʣʫʙʠʥʳ 63 
ʤ ʚ ʤʦʨʝ ʃʘʧʪʝʚʳʭ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʦʡ ʢʘʩʘʥʠʷ ʠ ʦʪʨʳʚʘ ʪʨʘʣʘ ʦʪ ʜʥʘ 
ʩʦʩʪʘʚʠʣʦ 421 ʤ, ʘ ʮʝʥʪʨ ʠʟʫʯʝʥʥʦʛʦ ʧʦʣʠʛʦʥʘ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 13 ʢʤ2 ʧʨʠʫʨʦʯʝʥ ʢ 
ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 76.894 ʩ.ʰ. ʠ 127.798 ʚ.ʜ. ɺ ʦʙʣʘʩʪʠ ʪʨʘʣʝʥʠʷ ʚʠʟʫʘʣʴʥʦ 
ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʪʘʥʦʚʳʝ ʩʠʧʳ ʠ ʤʠʢʨʦʙʥʳʝ ʤʘʪʳ. ʀʟʫʯʝʥʳ ʩʦʩʪʘʚ, ʤʦʨʬʦʣʦʛʠʷ, 
ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʪʨʦʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʩʪʨʦʝʢ ʠ ʢʦʨʦʢ. ɸʫʪʠʛʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 
ʢʘʨʙʦʥʘʪʦʚ ʧʦʩʪʨʦʝʢ ʠ ʢʦʨʦʢ (ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ Mg-ʢʘʣʴʮʠʪʘ ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ 5ï27 mol% MgCO3), ʤʘʨʢʘʟʠʪʘ ʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʦʨʤ Mn 
(ʪʦʜʦʨʦʢʠʪʘ) ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʥʴʰʝ ʠ, ʦʯʝʚʠʜʥʦ, ʥʝ ʥʘ ʵʪʦʤ ʤʝʩʪʝ. ɼʦʢʘʟʘʥʦ ʫʯʘʩʪʠʝ 
ʤʝʪʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʢʘʨʙʦʥʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ ʧʦʩʪʨʦʝʢ ʠ ʢʦʨʦʢ. ɺʝʣʠʯʠʥʘ ŭ13ʉ-ʉʢʘʨʙ 
ʚ ʦʙʨʘʟʮʘʭ ʧʦʩʪʨʦʝʢ ʠ ʢʦʨʦʢ ʜʦʩʪʠʛʘʣʘ ï40.1ă, ŭ13ʉ-ʉʦʨʛ ï ï40.2ă ʠ ŭ

18ʆ ï +4.8ă vs. 
VPDB (ʨʠʩʫʥʦʢ). ʀʤʝʶʱʠʝʩʷ ʫ ʥʘʩ ʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ 
ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʘʪʦʚ ʜʘʶʪ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ CH4, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ 
ʢʘʨʙʦʥʘʪʘʤʠ, ʥʘ 25ï30ă ʠʟʦʪʦʧʥʦ ʣʝʛʯʝ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʘʪʦʚ, ʘ ʠʤʝʥʥʦ ŭ13ʉ 
ʠʩʭʦʜʥʦʛʦ ʉʅ4 ʚʘʨʴʠʨʦʚʘʣ ʦʪ ï55 ʜʦ ï70ă VPDB, ʪʦ ʝʩʪʴ ʚ ʧʨʝʜʝʣʘʭ, ʠʟʚʝʩʪʥʳʭ ʜʣʷ 
ʪʝʨʤʦʛʝʥʥʦʛʦ ʤʝʪʘʥʘ ʩ ʧʨʠʤʝʩʴʶ ʤʠʢʨʦʙʥʦʛʦ. ʆʙʦʛʘʱʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʩʪʨʦʝʢ ʠ 
ʢʦʨʦʢ ʠʟʦʪʦʧʦʤ ʢʠʩʣʦʨʦʜʘ (ŭ18ʆ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠʩʪʦʯʥʠʢ ʤʝʪʘʥʘ ʤʦʛ 
ʚʦʟʥʠʢʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʩʦʮʠʘʮʠʠ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 
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ʧʦʩʪʫʧʣʝʥʠʷ ʬʣʶʠʜʘ (ʦʙʦʛʘʱʝʥʥʦʛʦ ʵʪʠʤ ʠʟʦʪʦʧʦʤ) ʚ ʦʩʘʜʦʯʥʫʶ ʪʦʣʱʫ ʥʘ 
ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʢʘʨʙʦʥʘʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ. ʆʪʩʫʪʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦʡ 
ʚʘʨʠʘʙʝʣʴʥʦʩʪʠ ʚʝʣʠʯʠʥ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ŭ18ʆ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʤʦʡ 
ʬʣʫʢʪʫʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʜʦʥʥʦʡ ʚʦʜʳ ʚʦ ʚʨʝʤʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɺʳʩʢʘʟʘʥʦ 
ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʤʦʛʝʥʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʤʝʪʘʥʘ, 
ʫʯʘʩʪʚʦʚʘʚʰʝʛʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʩʪʨʦʝʢ ʠ ʢʦʨʦʢ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 
ʛʘʟʦʛʠʜʨʘʪʦʚ ʚ ʧʝʨʠʦʜ ʧʦʪʝʧʣʝʥʠʷ ʚ ɸʨʢʪʠʢʝ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʛʦʣʦʮʝʥʝ 
ʧʨʠʤʝʨʥʦ 10.5ï8.5 ʪʳʩ. ʣ.ʥ. 

 

 
ʈʠʩʫʥʦʢ. (ʘ) ʬʦʪʦ ʢʘʨʙʦʥʘʪʥʦʡ ʧʦʩʪʨʦʡʢʠ ʠʟ ʤʦʨʷ ʃʘʧʪʝʚʳʭ, ʧʦʜʥʷʪʦʡ ʜʦʥʥʳʤ ʪʨʘʣʦʤ ʩ ʛʣʫʙʠʥʳ 63 ʤ 
ʚ 69-ʤ ʨʝʡʩʝ ʅʀʉ çɸʢʘʜʝʤʠʢ ʄʩʪʠʩʣʘʚ ʂʝʣʜʳʰè, 2017 ʛ. ʄʘʩʰʪʘʙ ʩʣʝʚʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 10 ʩʤ. (ʙ) 
ʜʠʘʛʨʘʤʤʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ŭ
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ʉ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʩʪʨʦʝʢ (ʢʨʫʞʢʠ) ʠ ʢʦʨʦʢ 

(ʨʦʤʙʳ), ʧʦʜʥʷʪʳʭ ʪʨʘʣʦʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʜʢʘ. ʀʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ 
13
ʉ ʠ 

18
ʆ ʘʫʪʠʛʝʥʥʳʭ ʢʘʨʙʦʥʘʪʦʚ 

ʚʳʧʦʣʥʝʥ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ Delta V+ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤ ʢʦʤʧʣʝʢʩʦʤ GasBenchII (ʘʥʘʣʠʪʠʢ 
ɽ.ʆ. ɼʫʙʠʥʠʥʘ, ʀɻɽʄ ʈɸʅ). 

 

ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʥʘʯʘʣʴʥʠʢʫ ʵʢʩʧʝʜʠʮʠʠ ʄ.ɺ. ʌʣʠʥʪʫ, ʘ ʪʘʢʞʝ 
ɸ.ʖ. ʄʠʨʦʰʥʠʢʦʚʫ, ɽ.ʆ. ɼʫʙʠʥʠʥʦʡ ʠ ʆ.ʄ. ɼʘʨʘ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 
ʧʦʤʦʱʴ ʚ ʦʙʨʘʙʦʪʢʝ ʧʨʦʙ. ʕʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ 
ʧʦʜʜʝʨʞʢʝ ʛʦʩʙʶʜʞʝʪʘ (ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʤʦʨʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ) ʠ ʧʨʦʝʢʪʘ 
ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 14-50-00095. ʈʘʙʦʪʘ ʧʨʦʚʝʜʝʥʘ ʚ ʨʘʤʢʘʭ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ, ʪʝʤʘ no. 0149-2019-0007. 
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ʂɽʈɸʄʀʏɽʉʂʀɽ ɻʃʀʅʓ ʎɽʅʊʈɸʃʔʅʆʁ ʈʆʉʉʀʀ 
 

ɸ.ɺ. ʂʨʘʡʥʦʚ, ʉ.ɺ. ʄʘʥʫʢʦʚʩʢʠʡ 

 
ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʡ ʈʦʩʩʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʧʨʦʷʚʣʝʥʠʷ ʪʫʛʦʧʣʘʚʢʠʭ 
ʛʣʠʥ ʧʨʠʫʨʦʯʝʥʳ ʢ ʰʝʩʪʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʫʨʦʚʥʷʤ ï ʤʘʤʦʥʩʢʦʤʫ, ʘʧʪʩʢʦʤʫ, 
ʵʦʮʝʥʦʚʦʤʫ, ʦʣʠʛʦʮʝʥ-ʤʠʦʮʝʥʦʚʦʤʫ, ʤʠʦʮʝʥʦʚʦʤʫ ʠ ʧʣʠʦʮʝʥʦʚʦʤʫ [3]. 

ɺʦʟʨʘʩʪʥʳʝ ʛʨʘʥʠʮʳ ʤʘʤʦʥʩʢʦʡ ʧʝʩʯʘʥʦ-ʢʘʦʣʠʥʦʚʦʡ ʪʦʣʱʠ (ʇʂʊ) ï ʧʝʪʠʥʩʢʦʝ 
ï ʢʫʜʝʷʨʦʚʩʢʦʝ ʚʨʝʤʷ (D3f3-fm3). ʇʂʊ ʦʙʨʘʟʦʚʘʥʘ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʢʦʨʳ 
ʚʳʚʝʪʨʠʚʘʥʠʷ (ʂɺ) ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʜʦʢʝʤʙʨʠʷ ʶʞʥʦʡ ʯʘʩʪʠ 
ɺʦʨʦʥʝʞʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʪʝʣʦ, ʩʣʦʞʝʥʥʦʝ ʧʦʨʦʜʘʤʠ 
ʢʚʘʨʮ-ʢʘʦʣʠʥʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʂʝʨʘʤʠʯʝʩʢʠʝ ʛʣʠʥʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʤ, 
ʜʝʣʶʚʠʘʣʴʥʳʤ, ʧʨʦʣʶʚʠʘʣʴʥʳʤ ʠʣʠ ʘʣʣʶʚʠʘʣʴʥʳʤ ʧʦʡʤʝʥʥʦ-ʩʪʘʨʠʯʥʳʤ ʬʘʮʠʷʤ. 
ʇʨʦʣʶʚʠʘʣʴʥʳʝ ʠ ʜʝʣʶʚʠʘʣʴʥʳʝ ʛʣʠʥʳ ʧʝʩʪʨʦ-ʮʚʝʪʥʳʝ; ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʝ ʩʝʨʳʝ, 
ʪʝʤʥʦ-ʩʝʨʳʝ, ʩʠʣʴʥʦ ʛʫʤʫʩʠʨʦʚʘʥʥʳʝ, ʘʣʝʚʨʠʪʠʩʪʳʝ, ʞʠʨʥʳʝ ʥʘ ʦʱʫʧʴ, ʩ 
ʨʘʢʦʚʠʩʪʳʤ ʠʟʣʦʤʦʤ, ʩ ʘʚʪʦʭʪʦʥʥʳʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ, ʯʘʩʪʦ 
ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʤʠ ʠ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʤʠ. ɺ ʥʠʭ ʦʪʤʝʯʘʶʪʩʷ ʥʝʷʩʥʘʷ ʚʦʣʥʠʩʪʘʷ 
ʪʝʢʩʪʫʨʘ ʠ ʧʷʪʥʠʩʪʘʷ ʦʢʨʘʩʢʘ ʟʘ ʩʯʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʫʤʫʩʘ. 
ʇʦʡʤʝʥʥʦ-ʩʪʘʨʠʯʥʳʝ ʛʣʠʥʳ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʜʦ ʩʝʨʳʭ, ʘʣʝʚʨʠʪʠʩʪʳʝ, ʚ ʨʘʟʣʠʯʥʦʡ 
ʩʪʝʧʝʥʠ ʟʘʧʝʩʦʯʝʥʥʳʝ, ʩ ʨʘʢʦʚʠʩʪʳʤ ʠʟʣʦʤʦʤ, ʨʝʜʢʠʤʠ ʘʣʣʦʭʪʦʥʥʳʤʠ ʋʈʆ ʠ 
ʧʨʠʩʳʧʢʘʤʠ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʧʝʩʢʘ ʧʦ ʧʣʦʩʢʦʩʪʷʤ ʥʘʧʣʘʩʪʦʚʘʥʠʷ [4]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʦʣʠʥʠʪʘ ʚ ʥʝʡ 
98,5ï99,5%. ʊʘʢʞʝ ʬʠʢʩʠʨʫʶʪʩʷ ʨʝʬʣʝʢʩʳ ʠʣʣʠʪʘ (ʜʦ 1,5%), ʣʝʧʠʜʦʢʨʦʢʠʪʘ, ʛʝʪʠʪʘ, 
ʛʝʤʘʪʠʪʘ (ʚ ʩʫʤʤʝ ʦʪ 0,5 ʜʦ 1%). ʇʦ ʜʘʥʥʳʤ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 
(ʈʕʄ) ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʘʦʣʠʥʠʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,2ï0,3 ʤʢʤ ʜʦ 2,0ʭ3,5 ʤʢʤ, ʦʙʳʯʥʦ 
ʤʝʥʝʝ 1 ʤʢʤ. ɻʝʢʩʘʛʦʥʘʣʴʥʳʝ ʛʨʘʥʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʥʝʠʟʤʝʥʝʥʥʦʛʦ (ʧʝʨʚʠʯʥʦʛʦ) 
ʢʘʦʣʠʥʠʪʘ ʂɺ [2], ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ. ʇʣʘʩʪʠʥʯʘʪʳʝ ʯʘʩʪʠʯʢʠ ʤʠʥʝʨʘʣʘ ʧʦʚʩʝʤʝʩʪʥʦ 
ʠʤʝʶʪ ʩʛʣʘʞʝʥʥʳʝ (ʦʙʣʦʤʘʥʥʳʝ) ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʠ ʚʪʦʨʠʯʥʦʛʦ ʧʝʨʝʦʪʣʦʞʝʥʠʷ 
ʬʦʨʤʳ. ɻʨʘʥʠ ʧʣʘʩʪʠʥʦʢ ʦʙʳʯʥʦ ʠʤʝʶʪ ʥʝʨʦʚʥʳʝ ʢʦʥʪʫʨʳ, ʯʘʩʪʦ ʩ ʚʦʣʥʠʩʪʳʤʠ 
ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʤʠ ʢʨʘʷʤʠ. ɺ ʪʝʤʥʦ-ʩʝʨʳʭ ʛʫʤʫʩʠʨʦʚʘʥʥʳʭ ʛʣʠʥʘʭ ʥʘʨʷʜʫ ʩ 
çʦʢʘʪʘʥʥʳʤʠè ʠ ʙʝʩʬʦʨʤʝʥʥʳʤʠ ʧʣʘʩʪʠʥʢʘʤʠ ʤʠʥʝʨʘʣʘ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʛʘʙʠʪʫʩʦʤ ʚ ʚʠʜʝ ʮʝʣʳʭ ʰʝʩʪʠʫʛʦʣʴʥʳʭ 
ʪʘʙʣʠʯʝʢ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝʤ ʢʘʦʣʠʥʠʪʘ ʚ ʦʟʝʨʥʦ-
ʙʦʣʦʪʥʳʭ ʫʩʣʦʚʠʷʭ [3]. 

ʂʝʨʘʤʠʯʝʩʢʠʝ ʛʣʠʥʳ ʘʧʪʩʢʦʛʦ ʫʨʦʚʥʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ: 
ʚʦʟʚʳʰʝʥʥʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ, ʥʠʟʦʚʴʝʚ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ, ʣʘʛʫʥʥʦ-
ʤʦʨʩʢʠʭ. ʂ ʦʪʣʦʞʝʥʠʷʤ ʚʦʟʚʳʰʝʥʥʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ ʧʨʠʫʨʦʯʝʥʳ 
ʦʛʥʝʫʧʦʨʥʳʝ ʛʣʠʥʳ ʣʘʪʥʝʥʩʢʦʛʦ ʪʠʧʘ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʟʜʝʩʴ ʠʛʨʘʣʦ ʜʦʟʨʝʚʘʥʠʝ 
ʚʝʱʝʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʪʝʧʣʦʛʦ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʪʦʯʥʳʡ ʜʠʘʛʝʥʝʟ 
[1]. ʇʦʵʪʦʤʫ ʚ ʛʣʠʥʘʭ ʨʝʟʢʦ ʧʦʚʳʰʝʥʳ ʢʦʣʠʯʝʩʪʚʘ ʢʘʦʣʠʥʠʪʘ ʠ ʚ ʥʠʭ ʤʦʞʝʪ 
ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʛʠʙʙʩʠʪ. ɺ ʥʠʟʦʚʴʷʭ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ, ʧʨʦʮʝʩʩʳ ʜʦʟʨʝʚʘʥʠʷ 
ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʪʦʷʥʠʷ 
ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʕʪʦ ʚʝʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʛʥʝʫʧʦʨʥʳʭ ʛʣʠʥ ʢʨʠʫʰʘʥʩʢʦʛʦ ʪʠʧʘ ʩ 
ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʤʝʰʘʥʦʩʣʦʡʥʳʭ ʤʠʥʝʨʘʣʦʚ ʪʠʧʘ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-
ʢʘʦʣʠʥʠʪ, ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʠʣʣʠʪ. ʂ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ ʧʨʠʫʨʦʯʝʥʳ 
ʪʫʛʦʧʣʘʚʢʠʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʛʣʠʥʳ. ʆʥʠ ʠʤʝʶʪ ʠʣʣʠʪ-ʢʘʦʣʠʥʠʪʦʚʳʡ ʩʦʩʪʘʚ, 
ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʂɺ ʠ ʧʨʦʜʫʢʪʦʚ ʠʭ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʚ ʠʩʪʦʯʥʠʢʘʭ 
ʩʥʦʩʘ. ɺ ʣʘʛʫʥʥʦ-ʤʦʨʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʙʦʣʴʰʠʥʩʪʚʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʝʨʘʤʠʯʝʩʢʠʭ ʛʣʠʥ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ. ɻʣʠʥʳ ʠʟ ʧʦʨʦʜ ʵʪʦʡ ʟʦʥʳ ʠʤʝʶʪ 
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ʠʣʣʠʪ-ʢʘʦʣʠʥʠʪʦʚʳʡ ʩʦʩʪʘʚ, ʫʥʘʩʣʝʜʦʚʘʥʥʳʡ ʦʪ ʨʘʟʤʳʪʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʩʪʦʯʥʠʢʦʚ 
ʩʥʦʩʘ. ʆʥ ʜʦʚʦʣʴʥʦ ʚʳʜʝʨʞʘʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʡ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ʄʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʛʣʠʥʠʩʪʦʡ ʠ ʢʚʘʨʮʝʚʦʡ ʢʦʤʧʦʥʝʥʪ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʢʘʦʣʠʥʠʪʘ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʩʚʷʟʘʥʳ ʩ ʜʨʦʙʣʝʥʠʝʤ ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ ʠ ʥʝʢʦʪʦʨʳʤ 
ʨʘʟʫʧʦʨʷʜʦʯʠʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʳ. 

ɺ ɻ ʦʮʝʥʦʚʫʶ ʵʧʦʭʫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʛʣʠʥ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 
ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʨʘʟʤʳʚʝ ʤʝʟʦʟʦʡʩʢʠʭ ʠ ʧʘʣʝʦʟʦʡʩʢʠʭ 
ʢʘʦʣʠʥʠʪʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ. ɻʣʠʥʳ ʢʠʝʚʩʢʦʡ ʩʚʠʪʳ ʵʦʮʝʥʘ ʠʤʝʶʪ ʩʤʝʢʪʠʪ-ʠʣʣʠʪ-
ʢʘʦʣʠʥʠʪʦʚʳʡ ʩʦʩʪʘʚ. ʕʪʦ ʢʠʩʣʳʝ ʠ ʧʦʣʫʢʠʩʣʳʝ ʛʣʠʥʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʢʨʘʩʷʱʠʭ ʦʢʩʠʜʦʚ. ʇʦ ʜʘʥʥʳʤ ʈʕʄ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʢʘʦʣʠʥʠʪʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,5 ʜʦ 
2,0 ʤʢʤ, ʦʙʳʯʥʦ ʤʝʥʝʝ 1 ʤʢʤ. ɻʝʢʩʘʛʦʥʘʣʴʥʳʝ ʛʨʘʥʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 
ʥʝʠʟʤʝʥʝʥʥʦʛʦ (ʧʝʨʚʠʯʥʦʛʦ) ʢʘʦʣʠʥʠʪʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɻʨʘʥʠ ʧʣʘʩʪʠʥʦʢ 
ʦʙʳʯʥʦ ʠʤʝʶʪ ʥʝʨʦʚʥʳʝ ʢʦʥʪʫʨʳ, ʯʘʩʪʦ ʩ ʚʦʣʥʠʩʪʳʤʠ ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʤʠ ʢʨʘʷʤʠ. 
ʇʣʘʩʪʠʥʯʘʪʳʝ ʯʘʩʪʠʯʢʠ ʤʠʥʝʨʘʣʘ ʠʤʝʶʪ ʩʛʣʘʞʝʥʥʳʝ (ʦʙʣʦʤʘʥʥʳʝ) ʬʦʨʤʳ. 

ɺ ʦʣʠʛʦʮʝʥ-ʤʠʦʮʝʥʦʚʫʶ ʵʧʦʭʫ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʫʛʦʧʣʘʚʢʠʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʛʣʠʥ 
ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʝʣʢʦʚʦʜʥʦ-ʤʦʨʩʢʦʤ ʙʘʩʩʝʡʥʝ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʂɺ ʠ ʦʩʘʜʦʯʥʳʭ 
ʧʦʨʦʜ ʧʘʣʝʦʮʝʥʘ ʠ ʵʦʮʝʥʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʦʨʤʘʭ ʤʦʨʩʢʦʛʦ ʜʥʘ. ɻʣʠʥʳ 
ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ, ʠʣʣʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʢʘʦʣʠʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʟʘʤʝʪʥʦʡ 
ʧʨʠʤʝʩʴʶ ʢʚʘʨʮʘ, ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʣʫʢʠʩʣʳʤ ʠ ʢʠʩʣʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʦʨʪʘʤ. 
ʏʝʰʫʡʢʠ ʢʘʦʣʠʥʠʪʘ ʠʟ ʛʣʠʥ ʠʤʝʶʪ ʨʘʟʤʝʨ ʤʝʥʝʝ 0,5 ʤʢʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ 
ʦʪʩʫʪʩʪʚʠʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʧʣʘʩʪʠʥʦʢ. ʊʘʢʘʷ ʬʦʨʤʘ ʯʝʰʫʝʢ ʪʠʧʠʯʥʘ ʜʣʷ 
ʘʣʣʦʪʠʛʝʥʥʦʛʦ ʢʘʦʣʠʥʠʪʘ. 

ʄʠʦʮʝʥʦʚʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʛʣʠʥʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʦʟʝʨʦʚʠʜʥʳʭ ʩʪʘʨʠʯʥʳʭ 
ʙʘʩʩʝʡʥʘʭ ʚʳʨʦʚʥʝʥʥʦʡ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ ʚ ʧʝʨʩʪʨʘʪʠʚʥʫʶ ʬʘʟʫ ʥʘʢʦʧʣʝʥʠʷ 
ʘʣʣʶʚʠʷ [5]. ʀʭ ʨʘʟʨʝʟ ʩʭʦʜʝʥ ʩ ʧʝʨʝʚʝʨʥʫʪʳʤ ʢʘʦʣʠʥʦʚʳʤ ʧʨʦʬʠʣʝʤ 
ʚʳʚʝʪʨʠʚʘʥʠʷ, ʢʦʛʜʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʝʨʚʦʛʦ ʟʘʣʝʛʘʶʪ ʢʘʦʣʠʥʦʚʳʝ ʛʣʠʥʳ, ʘ ʚ 
ʚʝʨʭʥʝʡ ï ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ. 

ɺ ʧʣʠʦʮʝʥʦʚʦʝ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʝʨʘʤʠʯʝʩʢʠʭ ʛʣʠʥ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 
ʧʦʡʤʝʥʥʦʡ ʬʘʮʠʠ ʢʦʥʩʪʨʘʪʠʚʥʦʡ ʬʘʟʳ ʥʘʢʦʧʣʝʥʠʷ ʜʦʣʠʥʥʦʛʦ ʘʣʣʶʚʠʷ [5]. 
ʀʩʪʦʯʥʠʢʦʤ ʩʥʦʩʘ ʜʣʷ ʢʘʦʣʠʥʠʪʘ ʩʣʫʞʠʣʠ ʢʘʦʣʠʥʠʪʦʚʳʝ ʛʣʠʥʳ ʠʟ ʘʣʣʶʚʠʘʣʴʥʦʡ 
ʪʦʣʱʠ ʘʧʪʘ, ʨʘʟʚʠʪʦʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʫʯʠʪʳʚʘʷ 
ʟʥʘʯʠʪʝʣʴʥʫʶ ʤʦʱʥʦʩʪʴ ʘʣʣʶʚʠʷ ʫʩʤʘʥʩʢʦʡ ʩʚʠʪʳ ʧʦʜʚʝʰʝʥʥʦʩʪʴ ʩʣʦʝʚ ʛʣʠʥ ʚ ʥʝʡ, 
ʧʨʦʮʝʩʩʳ ʧʨʦʪʦʯʥʦʛʦ ʜʠʘʛʝʥʝʟʘ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʢʘʦʣʠʥʠʪʘ, 
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ʍʈʆʅʆʉʊʈɸʊʀɻʈɸʌʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʅɽʆɻɽʅ-ʏɽʊɺɽʈʊʀʏʅʓʍ 
ʆʊʃʆɾɽʅʀʁ ʉɽɺɽʈʆ-ɿɸʇɸɼʅʆɻʆ ʊʗʅʔ-ʐɸʅʗ 

 
ʂ.ɸ. ʂʨʘʭʤʘʣʴ 

 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʊʝʨʨʠʪʦʨʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʘʤʳʤʠ 
ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʠ ʢʦʥʪʨʘʩʪʥʳʤʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ. ʆʩʦʙʦʝ 
ʤʝʩʪʦ ʨʝʛʠʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʦʥʪʠʥʝʥʪʝ ɽʚʨʘʟʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 
ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚ ʟʦʥʝ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʦʚ ɺʳʩʦʢʦʡ ɸʟʠʠ. ɺʳʩʦʢʘʷ ɸʟʠʷ, ʢʘʢ ʨʝʛʠʦʥ 
ʧʣʘʥʝʪʳ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʩ 
ʢʦʥʪʨʘʩʪʥʳʤ ʢʣʠʤʘʪʦʤ, ʫʥʠʢʘʣʴʥʳʤ ʧʦ ʩʦʩʪʘʚʫ ʨʘʩʪʠʪʝʣʴʥʳʤ ʠ ʞʠʚʦʪʥʳʤ ʤʠʨʦʤ 
ʚʩʝʛʜʘ ʚʳʟʳʚʘʣʘ ʧʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʠ ʠʟʫʯʘʝʪʩʷ ʥʘʫʯʥʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʩʦ 
ʚʨʝʤʝʥ ʨʘʙʦʪ ɸ. ʬʦʥ ɻʫʤʙʦʣʴʜʪʘ. 

ʅʘ ʶʛʝ ʠ ʶʛʦ-ʚʦʩʪʦʢʝ ɺʳʩʦʢʦʡ ɸʟʠʠ ʧʨʦʩʪʠʨʘʶʪʩʷ ɻʠʤʘʣʘʠ ï ʩʘʤʳʝ ʶʞʥʳʝ ʠʟ 
ʛʦʨʥʳʭ ʭʨʝʙʪʦʚ ɽʚʨʘʟʠʠ, ʢʦʪʦʨʳʝ ʦʢʘʡʤʣʷʶʪ ʊʠʙʝʪʩʢʦʝ ʧʣʦʩʢʦʛʦʨʴʝ. ʅʘ ʩʝʚʝʨʝ ʠ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʨʘʩʧʦʣʦʞʝʥ ʚʝʣʠʯʘʡʰʠʡ ʭʨʝʙʝʪ ɿʝʤʣʠ ï ʊʷʥʴ-ʐʘʥʴ, 
ʧʨʦʩʪʠʨʘʶʱʠʡʩʷ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʚ ʧʨʝʜʝʣʘʭ 3 000 ʢʤ ʠ ʰʠʨʠʥʦʡ 600 ʢʤ. ʂ 
ʚʦʩʪʦʢʫ ʛʦʨʥʘʷ ʩʠʩʪʝʤʘ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ ʭʨʝʙʪʦʚ ʊʷʥʴ-ʐʘʥʷ ʠʩʯʝʟʘʝʪ ʚ ʧʫʩʪʳʥʝ 
ɻʦʙʠ. ʅʦ ʟʘʧʘʜʥʝʝ ʋʨʫʤʯʠ, ʊʷʥʴ-ʐʘʥʴ ʚʩʪʘʝʪ ʚ ʩʚʦʡ ʧʦʣʥʳʡ ʨʦʩʪ. ɿʜʝʩʴ ʥʘʭʦʜʠʪʩʷ 
ʚʝʣʠʯʘʡʰʠʡ ʧʠʢ ʇʦʙʝʜʳ ï 7439 ʠ ʧʠʢ ʍʘʥ-ʊʝʥʛʨʠ ï 7200 ʤ. ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ, 
ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʨʝʟʢʠʡ ʢʦʥʪʨʘʩʪ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʝʛʦ ʛʣʫʙʦʢʠʤʠ ʚʧʘʜʠʥʘʤʠ. 
ʉʘʤʦʝ ʟʘʧʘʜʥʦʝ ʧʨʦʜʦʣʞʝʥʠʝ ʊʷʥʴ-ʐʘʥʷ ï ʛʦʨʳ ʂʘʨʘʪʘʫ, ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʶʞʥʳʭ ʦʪʨʦʛʦʚ ʋʨʘʣʘ, ʩʦʝʜʠʥʷʶʱʠʭ ʢʦʥʪʠʥʝʥʪʳ ɽʚʨʦʧʳ ʠ ɸʟʠʠ. 

ɺʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʝʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʛʦʨʥʳʭ ʩʠʩʪʝʤ, ʩ 
ʚʳʩʦʯʘʡʰʠʤʠ ʚʝʨʰʠʥʘʤʠ ʥʘ ɿʝʤʣʝ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʠʚʣʝʢʘʝʪ 
ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʫ ʠʭ ʧʦʜʥʦʞʠʡ 
ʣʝʞʘʪ ʟʘʛʘʜʦʯʥʳʝ ʩʪʨʘʥʳ ʩ ʠʥʪʝʨʝʩʥʦʡ ʠ ʙʦʛʘʪʦʡ ʠʩʪʦʨʠʝʡ. ɺʦʟʤʦʞʥʦ, ʥʝ ʩʣʫʯʘʡʥʦ 
ʚʨʝʤʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʧʣʘʥʝʪʳ, ʢʦʛʜʘ ʯʝʣʦʚʝʢ ʩʪʘʣ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 
ʜʨʝʚʥʝʡʰʠʝ ʦʨʫʜʠʷ ʪʨʫʜʘ ʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʦʛʥʝʤ, ʩʦʚʧʘʜʘʝʪ ʩ ʵʧʦʭʦʡ ʠʥʪʝʥʩʠʚʥʦʛʦ 
ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʡ ʩʠʩʪʝʤʳ ɺʳʩʦʢʦʡ ɸʟʠʠ. ʀʤʝʥʥʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ 
ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʚ ʟʦʥʝ ɺʳʩʦʢʦʡ ɸʟʠʠ ʧʨʦʠʟʦʰʣʦ ʨʘʟʚʠʪʠʝ 
ʛʨʘʥʜʠʦʟʥʳʭ ʧʝʨʝʤʝʥ ʚ ʣʘʥʜʰʘʬʪʥʦʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʠ ʩʚʷʟʘʥʥʳʝ ʩ 
ʥʠʤʠ ʠʟʤʝʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʠ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ.  ʅʦ ʛʣʘʚʥʦʝ ʟʘʢʣʶʯʘʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʦʪʤʝʯʝʥʦ ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʦʙʳʪʠʡ ʧʦʩʣʝʜʥʝʛʦ ʵʪʘʧʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ 
ɿʝʤʣʠ - ʥʘ ʧʣʘʥʝʪʝ ʧʦʷʚʣʷʝʪʩʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ çʏʝʣʦʚʝʢè, ʝʛʦ ʜʫʭʦʚʥʘʷ ʠ 
ʤʘʪʝʨʠʘʣʴʥʘʷ ʢʫʣʴʪʫʨʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʧʝʨʠʦʜʳ ʬʦʨʤʠʨʫʶʪʩʷ 
ʮʠʚʠʣʠʟʘʮʠʠ, ʩʦʮʠʘʣʴʥʳʝ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʅʘ ʛʦʨʥʳʭ ʩʢʣʦʥʘʭ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʦʪʢʨʳʪʦ ʨʷʜ ʧʘʤʷʪʥʠʢʦʚ 
ʜʨʝʚʥʝʡʰʝʡ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʀʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʚ 
ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʘʤʷʪʥʠʢʦʚ ʨʘʥʥʝʛʦ ʘʥʪʨʦʧʦʛʝʥʝʟʘ ʊʷʥʴ-ʐʘʥʷ, ɸʣʘʷ, ʇʘʤʠʨʘ, 
ʀʥʜʦʩʪʘʥʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʤʘʩʰʪʘʙʘʭ ɺʳʩʦʢʦʡ ɸʟʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʠ ʢʦʨʨʝʣʷʮʠʶ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʭ 
ʦʪʣʦʞʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʦʙʲʝʢʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʠʟʫʯʝʥʠʠ ʛʝʦʣʦʛʦ-ʠʩʪʦʨʠʯʝʩʢʦʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʳ ʧʦʣʫʯʝʥʳ ʚ ʧʨʦʮʝʩʩʝ 
ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʩʤʝʞʥʳʭ ʥʘʫʯʥʳʭ 
ʜʠʩʮʠʧʣʠʥ. ʂʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʟʘʠʤʥʳʡ ʢʦʥʪʨʦʣʴ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʦ ʨʷʜʫ ʥʝʟʘʚʠʩʠʤʳʭ ʧʨʠʟʥʘʢʦʚ. 
ʍʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʜʝʪʘʣʠʟʘʮʠʷ  ʵʪʘʧʦʚ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʳ ʚ 
ʵʧʦʭʠ ʧʦʟʜʥʝʛʦ ʢʘʡʥʦʟʦʷ, ʚʢʣʶʯʘʝʪ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʨʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ, 
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ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ, ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʝ, ʧʘʣʝʦʧʦʯʚʝʥʥʳʝ, ʧʘʣʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ, 
ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʩʦʙʳʪʠʡʥʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ, ʩʝʡʩʤʦʪʝʢʪʦʥʠʯʝʩʢʠʝ, 
ʛʝʦʤʘʛʥʠʪʥʳʝ ʠ ʨʷʜ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ 
ʦʧʨʝʜʝʣʝʥʠʶ ʠ ʜʝʪʘʣʠʟʘʮʠʠ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʵʪʘʧʦʚ ʵʚʦʣʶʮʠʦʥʥʦʛʦ 
ʨʘʟʚʠʪʠʷ ʧʨʠʨʦʜʳ ʚ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʤ ʧʝʨʠʦʜʝ ʚ ʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʠʙʦʣʝʝ 
ʜʨʝʚʥʠʭ ʧʘʤʷʪʥʠʢʦʚ ʨʘʥʥʝʛʦ ʧʘʣʝʦʣʠʪʘ. ʆʥʠ ʦʪʢʨʳʪʳ ʥʘ ʩʢʣʦʥʘʭ ɸʣʘʷ, ʊʷʥʴ-ʐʘʥʷ, 
ʇʘʤʠʨʘ, ɻʠʥʜʫʢʫʰ, ʂʘʨʘʢʦʨʫʤ, ʂʫʥʴʣʫʥʴ, ʊʠʙʝʪ, ɻʠʤʘʣʘʠ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 
ʦʨʦʛʨʘʬʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ɺʳʩʦʢʦʡ ɸʟʠʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʩʣʦʞʥʫʶ 
ʛʦʨʥʫʶ ʩʠʩʪʝʤʫ, ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥ ɺʳʩʦʢʦʡ ɸʟʠʠ ï ʌʝʨʛʘʥʩʢʫʶ ʠ ɸʬʛʘʥʦ-ʊʘʜʞʠʢʩʢʫʶ 
ʜʝʧʨʝʩʩʠʠ, ʘ ʪʘʢʞʝ ʧʨʠʣʝʛʘʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʙʰʠʨʥʦʡ ʊʫʨʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ 
ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʱʠʪʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʥʦʛʦ 
ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʨʝʚʥʝʡʰʠʭ ʧʘʤʷʪʥʠʢʦʚ ʨʘʥʥʝʛʦ ʘʥʪʨʦʧʦʛʝʥʘ 
ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ, ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʛʣʫʙʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ 
ʠʩʪʦʨʠʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʟʦʥʘʭ, ʢʦʪʦʨʳʝ ʧʦ 
ʩʚʦʠʤ ʠʩʪʦʨʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʦʪʥʦʩʷʪʩʷ ʢ 
ʧʨʠʣʝʛʘʶʱʠʤ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʠʩʪʝʤʘʤ ɺʳʩʦʢʦʡ ɸʟʠʠ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʥʘ ʩʝʚʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʄʫʛʦʜʞʘʨʩʢʠʭ ʛʦʨ ʜʨʝʚʥʝʡʰʠʭ 
ʧʘʤʷʪʥʠʢʦʚ ʂʘʟʘʭʩʪʘʥʘ, ʥʘ ʚʦʩʪʦʢʝ ʧʘʤʷʪʥʠʢʦʚ ɿʘʧʘʜʥʦʛʦ ʂʠʪʘʷ, ʠ ʥʘ ʶʛʝ 
ʧʘʤʷʪʥʠʢʦʚ ʠʩʪʦʨʠʠ ʨʘʥʥʝʛʦ ʘʥʪʨʦʧʦʛʝʥʝʟʘ ʀʥʜʦʩʪʘʥʘ. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʧʦʭ ʨʘʥʥʝʛʦ ʘʥʪʨʦʧʦʛʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʉʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʦʟʜʘʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʦʩʥʦʚʳ ʠ 
ʧʨʦʚʝʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʩ ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʝʩʪʝʩʪʚʝʥʥʦʡ 
ʧʝʨʠʦʜʠʟʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʦʩʬʝʨʳ. ʉʦʛʣʘʩʥʦ 
ʥʦʚʝʡʰʠʤ ʠʩʪʦʨʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʩʬʦʨʤʠʨʦʚʘʣʠ ʚ 
ʮʝʥʪʨʝ ɽʚʨʘʟʠʠ ʩʝʚʝʨʥʝʝ ʀʥʜʦʩʪʘʥʘ ʢʨʫʧʥʝʡʰʫʶ ʥʘ ɿʝʤʣʝ ʛʦʨʥʫʶ ʩʠʩʪʝʤʫ ɺʳʩʦʢʦʡ 
ɸʟʠʠ, ʚʢʣʶʯʠʚʰʫʶ ʊʷʥʴ-ʐʘʥʴ, ʙʳʣʠ ʧʦʜʥʷʪʳ ʥʘ ʟʘʦʙʣʘʯʥʳʝ ʚʳʩʦʪʳ ʚ ʩʘʤʦʝ 
ʥʝʜʘʚʥʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʚʨʝʤʷ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʚ ʨʝʛʠʦʥʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʪʦʨʠʷ 
ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʡ 
ʧʝʨʠʦʜ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʨʝʜʝʣʘʭ 2,54 ʤʣʥ. ʣʝʪ, X.ɸ. ʊʦʡʯʠʝʚʳʤ 
ʦʧʨʝʜʝʣʝʥʘ ʢʘʢ ʪʷʥʴ-ʰʘʥʴʩʢʠʡ ʦʨʦʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ. ɺʥʫʪʨʠ ʢʦʤʧʣʝʢʩʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 
ʮʠʢʣʠʯʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚʳʜʝʣʝʥʳ ʢʨʠʪʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ ʠʤʧʫʣʴʩʥʦʛʦ 
(ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ) ʨʘʟʚʠʪʠʷ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 
ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʦʱʥʦʡ (ʨʝʧʝʨʥʦʡ) ʪʦʣʱʠ 
ʛʨʫʙʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʪʣʦʞʝʥʠʷ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʚ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ 
ʵʪʠʤʠ ʧʝʨʠʦʜʘʤʠ, ʚʳʜʝʣʝʥʳ ʢʘʢ ʩʝʨʠʠ. ɺʥʫʪʨʠ ʦʨʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʜʝʣʝʥʦ ʪʨʠ 
ʩʝʨʠʠ. ʆʥʠ ʦʧʨʝʜʝʣʝʥʳ ʢʘʢ: ʨʘʥʥʝʪʷʥʴʰʘʥʴʩʢʘʷ - Q1, ʧʦʟʜʥʷʷ ʪʷʥʴ-ʰʘʥʴʩʢʘʷ - Q2, 
ʘʨʘʣʴʩʢʘʷ - Q3. ʂʘʞʜʘʷ ʩʝʨʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ 
ʜʘʥʥʳʭ   ʚʢʣʶʯʘʝʪ ʙʦʣʝʝ ʜʨʦʙʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʚʠʪʘʤʠ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʆʉʊɸɺɸ ʌʃʖʀɼʆɺ ʀ ʄʀʅɽʈɸɻɽʅʀʀ 
ʆʉɸɼʆʏʅʓʍ ʅɸɼʈʀʌʊʆɺʓʍ ɹɸʉʉɽʁʅʆɺ ʉ ʕɺɸʇʆʈʀʊɸʄʀ 

 
ʄ.ʊ. ʂʨʫʧʝʥʠʥ 

 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʋʨʆ ʈɸʅ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʅʘʜʨʠʬʪʦʚʳʝ ʦʩʘʜʦʯʥʳʝ ʙʘʩʩʝʡʥʳ (ʅʆɹ) ʠʣʠ ʜʝʧʨʝʩʩʠʠ (ʩʠʥʝʢʣʠʟʳ) 
ʟʘʥʠʤʘʶʪ ʟʘʤʝʪʥʳʡ ʦʙʲʝʤ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʦʚ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʤʠʥʝʨʘʛʝʥʠʝʡ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʝʱʸ ʪʨʝʙʫʶʪ 
ʫʪʦʯʥʝʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʅʆɹ ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʷʜʫ ʆɹ [1] ʷʚʣʷʝʪʩʷ ʩʚʷʟʴ 
ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʪʝʣʘ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʚʥʝʰʥʠʭ ʛʣʫʙʠʥʥʳʭ 
ʨʠʬʪʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʤʘʛʤʘʪʠʟʤʦʤ ʠ/ʠʣʠ ʪʝʢʪʦʥʦ-ʪʝʨʤʘʣʴʥʦʡ 
ʘʢʪʠʚʠʟʘʮʠʝʡ [3]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʘʤʦʨʘʟʚʠʪʠʝ ʅʆɹ ʟʘʚʠʩʠʪ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʚʘʨʠʘʮʠʡ ʢʣʠʤʘʪʘ [5], ʦʧʨʝʜʝʣʷʶʱʠʭ ʪʠʧ ʬʣʶʠʜʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 
ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʕʪʘʧʳ ʨʘʟʚʠʪʠʷ ʅʆɹ ʩ ʛʫʤʠʜʥʳʤʠ ʠʣʠ ʘʨʠʜʥʳʤʠ 
ʫʩʣʦʚʠʷʤʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʘʢʢʫʤʫʣʷʮʠʶ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʦʩʘʜʦʯʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʧʨʝʩʥʳʭ/ʤʦʨʩʢʠʭ ʠʣʠ ʤʦʨʩʢʠʭ/ʨʘʩʩʦʣʴʥʳʭ ʚʦʜ. ʕʪʠ 
ʨʘʩʪʚʦʨʳ ʚ ʢʘʪʘʛʝʥʝʟʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʣʶʠʜʦʚ, ʤʠʛʨʘʮʠʷ 
ʢʦʪʦʨʳʭ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʵʥʜʦʛʝʥʥʳʤ ʪʝʧʣʦʤ ʵʧʠʟʦʜʦʚ ʨʠʬʪʦʛʝʥʝʟʘ ʷʚʣʷʝʪʩʷ 
ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ 
ʦʙʣʠʢʘ ʅʆɹ. 

ʕʪʘʧʳ ʵʚʘʧʦʨʠʪʦʚʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʅʆɹ ʧʨʠʚʦʜʷʪ ʢ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʤ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʚ ʩʦʩʪʘʚʝ ʬʣʶʠʜʦʚ ʠ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. ɼʣʷ 
ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ, ʚʢʣʶʯʘʶʱʠʭ ʵʚʘʧʦʨʠʪʳ, ʭʘʨʘʢʪʝʨʥʳ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʣʦʠ ʩʫʣʴʬʘʪʦʚ 
ʠ ʛʘʣʦʛʝʥʠʜʦʚ, ʥʦ ʪʘʢʞʝ ʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʩʪʨʘʪʠʬʦʨʤʥʳʝ ʘʤʘʛʤʘʪʠʯʝʩʢʠʝ ʟʘʣʝʞʠ 
ʤʝʜʠ ʠ ʧʦʣʠʤʝʪʘʣʣʦʚ, ʙʘʨʠʪʘ, ʮʝʣʝʩʪʠʥʘ, ʬʣʶʦʨʠʪʘ, ʢʠʥʦʚʘʨʠ, ʠʥʦʛʜʘ ʬʦʩʬʦʨʘ, 
ʫʨʘʥʘ ʠ ʤʘʨʛʘʥʮʘ, ʢʦʪʦʨʳʤ ʧʦʩʚʷʱʝʥʘ ʛʠʛʘʥʪʩʢʘʷ ʣʠʪʝʨʘʪʫʨʘ. 

ʅʦʚʳʤ, ʨʘʥʝʝ ʥʝ ʦʪʤʝʯʝʥʥʳʤ ʚ ʜʘʥʥʦʤ ʨʷʜʫ ʦʙʲʝʢʪʦʤ, ʷʚʣʷʶʪʩʷ Mg-Fe 
ʢʘʨʙʦʥʘʪʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ, ʢʘʢ ʚʳʷʩʥʠʣʦʩʴ, ʢʘʢ ʨʘʟ ʢ ʅʆɹ ʩ 
ʫʯʘʩʪʠʝʤ ʵʚʘʧʦʨʠʪʦʚ. ʉʶʜʘ ʦʪʥʦʩʷʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʛʥʝʟʠʪʘ, 
ʩʠʜʝʨʠʪʘ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ ʜʨʝʚʥʝʝ ʤʝʟʦʟʦʷ, ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʧʨʦʷʚʣʝʥʠʷ ʤʘʩʰʪʘʙʥʦʡ ʜʦʣʦʤʠʪʠʟʘʮʠʠ ʧʦʜʩʦʣʝʥʦʩʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
ʅʆɹ [4]. ɼʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʤʠ ʧʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʙʘʩʩʝʡʥʦʚ, ʚ ʢʦʪʦʨʳʭ ʜʣʷ 
ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʛʥʝʟʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ  ʫʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ 
ʠʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʷʚʣʷʶʪʩʷ ʚʝʨʭʥʝʜʦʢʝʤʙʨʠʡʩʢʠʡ ʇʨʠʫʨʘʣʴʩʢʠʡ 
(ɹʘʰʢʠʨʩʢʠʡ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʡ) [2] ʠ ʧʘʣʝʦʟʦʡʩʢʦ-ʤʝʟʦʟʦʡʩʢʠʡ ʚ ʎʝʥʪʨʘʣʴʥʦʡ 
ɽʚʨʦʧʝ [7]. ɺ ʦʙʦʠʭ ʅʆɹ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʤʘʛʥʝʟʠʪʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ ʦʛʥʝʫʧʦʨʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ 
ʤʝʪʘʣʣʫʨʛʠʠ, ʘ ʪʘʢʞʝ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʟʘʣʝʞʝʡ ʞʝʣʝʟʠʩʪʳʭ ʢʘʨʙʦʥʘʪʦʚ (ʘʥʢʝʨʠʪ, 
ʙʨʝʡʥʝʨʠʪ, ʩʠʜʝʨʦʧʣʝʟʠʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʫʧʥʝʡʰʠʝ ʚ ʤʠʨʝ ʩʠʜʝʨʠʪʦʚʳʝ ɹʘʢʘʣʴʩʢʦʝ 
ʠ ʕʨʮʙʝʨʛ). ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʳʝ ʅʆɹ ʠʤʝʶʪ ʠ ʪʨʘʜʠʮʠʦʥʥʳʡ ʥʘʙʦʨ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ, ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʡ ʜʣʷ ʙʘʩʩʝʡʥʦʚ ʩ ʵʚʘʧʦʨʠʪʘʤʠ. ʂ ʫʢʘʟʘʥʥʳʤ 
ʙʘʟʦʚʳʤ ʜʣʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʩʩʝʡʥʘʤ ʷʚʥʦ ʪʷʛʦʪʝʶʪ ʅʆɹ ʇʨʠʘʥʛʘʨʩʢʠʡ 
(ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ), ʘ ʪʘʢʞʝ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ (ʉʘʚʠʥʩʢʦʝ ʠ ʆʥʦʪʩʢʦʝ), ʉʝʚʝʨʦ-
ʂʠʪʘʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʃʷʦʥʠʥʴ) [6] ʠ ʨʷʜ ʜʨʫʛʠʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ 
ʧʨʦʚʠʥʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʘʛʥʝʟʠʪʦʚ ʠ Mg-Fe ʢʘʨʙʦʥʘʪʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, 
ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. ʆʙʱʝʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʥʥʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʘʛʥʝʟʠʪʦʚ, ʟʘʪʝʤ Fe-
ʢʘʨʙʦʥʘʪʦʚ. 

ʌʣʶʠʜʳ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʟʘʭʦʨʦʥʸʥʥʳʭ ʤʦʨʩʢʠʭ ʚʦʜ. ɺ ʩʣʫʯʘʝ ʧʨʠʩʫʪʩʪʚʠʷ 
ʵʚʘʧʦʨʠʪʦʚ ʨʘʩʩʦʣʳ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʶʪ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʷʚʣʷʶʪʩʷ 
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ʢʨʫʧʥʝʡʰʠʤ ʚ ʩʪʨʘʪʠʩʬʝʨʝ ʘʢʢʫʤʫʣʷʪʦʨʦʤ ʤʘʛʥʠʷ. ʆʙʘ ʪʠʧʘ ʚʦʜ ʜʘʶʪ ʥʘʯʘʣʦ 
ʬʣʶʠʜʘʤ, ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʭ ʜʦʣʦʤʠʪʦʚ ʠ ʜʘʞʝ 
ʤʘʛʥʝʟʠʪʦʚ ʚʦ ʚʤʝʱʘʶʱʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ, ʝʩʣʠ ʚʦʟʥʠʢʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʜʦʣʦʤʠʪʘ 
ʤʘʛʥʝʟʠʪʦʤ, ʢʘʢ ʧʦʢʘʟʘʣʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʷʚʣʷʝʪʩʷ ʥʘʛʨʝʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʤʦʨʩʢʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʚʳʩʦʢʠʤ ʦʪʥʦʰʝʥʠʝʤ Mg/Ca ʜʦ ʊ = 200 ï 250Áʉ, 
ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʤʝʱʝʥʠʶ ʨʘʚʥʦʚʝʩʠʷ Dol + Mg2+ = 2 Mgs + Ca2+ ʚʧʨʘʚʦ [2]. ɺʳʩʦʢʦʝ 
ʦʪʥʦʰʝʥʠʝ Mg/Ca ʚ ʵʚʘʧʦʨʠʪʦʚʦʤ ʨʘʩʩʦʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʨʩʢʦʡ ʚʦʜʦʡ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʤʝʱʝʥʠʝ ʜʦʣʦʤʠʪʘ ʤʘʛʥʝʟʠʪʦʤ ʫʞʝ ʧʨʠ ʦʪʥʦʰʝʥʠʠ ʬʣʶʠʜ/ʧʦʨʦʜʘ 
ʦʢʦʣʦ 30ï40. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ 
ʦʙʨʘʟʦʚʘʥʠʠ ʤʘʛʥʝʟʠʪʦʚʳʭ ʟʘʣʝʞʝʡ (ʠʥʘʯʝ ʬʦʨʤʠʨʫʝʪʩʷ ʤʘʛʥʝʟʠʪ-ʘʥʛʠʜʨʠʪʦʚʳʡ 
ʧʘʨʘʛʝʥʝʟ).   

ɼʘʣʴʥʝʡʰʘʷ ʵʚʦʣʶʮʠʷ ʬʣʶʠʜʦʚ: ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʘʪʘʛʝʥʝʟʘ 
ʧʨʦʠʩʭʦʜʠʪ ʯʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ Mg2+ ʥʘ Fe2+ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʥʳʭ ʨʝʘʢʮʠʡ ʩ 
ʛʣʠʥʠʩʪʳʤʠ ʠ ʪʝʤʥʦʮʚʝʪʥʳʤʠ ʦʙʣʦʤʦʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʉʪʝʧʝʥʴ Mg-Fe ʦʙʤʝʥʘ 
ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʥʘʩʳʱʝʥʥʦʩʪʠ ʅʆɹ ʪʝʨʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ, ʪʘʢ ʠ ʦʪ 
ʚʨʝʤʝʥʠ ʪʘʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʜʦ 300 ʤʣʥ ʣʝʪ). ʅʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ 
ʨʘʟʚʠʪʠʷ ʅʆɹ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ ʦʙʨʘʟʫʶʪʩʷ Fe-ʤʘʛʥʝʟʠʪʳ, ʙʨʝʡʥʝʨʠʪʳ, 
ʘʥʢʝʨʠʪʳ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʟʘʣʝʞʠ ʩʠʜʝʨʦʧʣʝʟʠʪʦʚ. 
ɿʘʭʦʨʦʥʸʥʥʳʝ ʭʣʦʨʠʜʥʳʝ ʨʘʩʩʦʣʳ ʚ ʩʠʣʫ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ 
ʦʙʦʛʘʱʘʶʪʩʷ ʪʘʢʞʝ Cu, Zn, Pb ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʪʝʨʨʠʛʝʥʥʳʤʠ ʠ 
ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʥʘ ʧʫʪʷʭ ʤʠʛʨʘʮʠʠ ʵʚʘʧʦʨʠʪʦʚʳʭ ʨʘʩʩʦʣʦʚ. ɺ 
ʢʘʨʙʦʥʘʪʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʙʘʨʴʝʨʘʭ ʵʪʦ 
ʧʨʠʚʦʜʠʪ  ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʠʤʝʪʘʣʣʦʚ (MVT). ʇʨʠ ʤʠʛʨʘʮʠʠ 
ʧʦʜʦʛʨʝʪʳʭ ʬʪʦʨʦʥʦʩʥʳʭ ʵʚʘʧʦʨʠʪʦʚʳʭ ʨʘʩʩʦʣʦʚ ʯʝʨʝʟ ʨʠʬʪʦʛʝʥʥʳʝ ʛʨʘʥʠʪʦʠʜʳ ʠ 
ʜʨʫʛʠʝ ʠʟʚʝʨʞʝʥʥʳʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʬʪʦʨʦʤ, ʚ 
ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʅʆɹ ʬʦʨʤʠʨʫʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʬʣʶʦʨʠʪʘ. ɺʩʝ ʫʢʘʟʘʥʥʳʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ ʧʨʠʟʥʘʢʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ, ʥʘʣʦʞʝʥʥʳʭ, ʥʦ 
ʥʝ ʠʤʝʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʩ ʤʘʩʩʠʚʘʤʠ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 
ʚʦʟʨʘʩʪ ʦʨʫʜʝʥʝʥʠʷ ʦʙʳʯʥʦ ʧʦʟʚʦʣʷʝʪ ʩʚʷʟʳʚʘʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤ 
ʠʟʚʝʩʪʥʳʤ ʪʝʢʪʦʥʦ-ʪʝʨʤʘʣʴʥʳʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʅʆɹ.  
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ʇʈɽʆɹʈɸɿʆɺɸʅʀɽ ɻʃʀʅʀʉʊʓʍ ʄʀʅɽʈɸʃʆɺ ɺ ʊɽʍʅʆɻɽʅʅʓʍ 
ʇʈʆʎɽʉʉɸʍ 

 
ɺ.ɺ. ʂʨʫʧʩʢʘʷ1, ʉ.ɺ. ɿʘʢʫʩʠʥ1,2, ʆ.ɺ. ɼʦʨʞʠʝʚʘ1,3 

 
1
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʈɸʅ,  

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
2
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɻʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʣʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʘʠʙʦʣʝʝ ʨʝʘʢʮʠʦʥʥʳʤʠ 
ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʤʝʱʘʶʱʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ, ʷʚʣʷʶʪʩʷ ʪʝʭʥʦʛʝʥʥʳʝ ʠ 
ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʩʧʦʩʦʙʥʳʝ ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʧʨʠʚʝʩʪʠ ʢ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʧʦʨʦʜ, ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʤʠʥʝʨʘʣʴʥʳʭ, ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ ʛʣʠʥʠʩʪʳʭ, ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ 
ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʟʦʣʷʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ʈɸʆ) ʚ 
ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʳʭ ʟʘʭʦʨʦʥʝʥʠʡ ʚ ʢʠʩʣʳʭ ʠ ʱʝʣʦʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʚ ʭʦʜʝ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʨʝʜʳ ʜʣʷ ʦʮʝʥʢʠ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʣʫʙʠʥʥʳʭ ʭʨʘʥʠʣʠʱ ʈɸʆ. 

ʀʟʦʣʷʮʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. 
ʂʨʦʤʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʭʨʘʥʠʣʠʱ, ʚ ʈʌ 
ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʟʘʭʦʨʦʥʝʥʠʝ ʞʠʜʢʠʭ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ (ɾʈʆ) ʚ ʧʝʩʢʠ-
ʢʦʣʣʝʢʪʦʨʳ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʛʣʫʙʠʥʘʭ 300-350 ʤʝʪʨʦʚ ʠ ʦʪʛʦʨʦʞʝʥʥʳʝ ʤʦʱʥʳʤʠ 
ʛʣʠʥʠʩʪʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ. ɿʘʭʦʨʦʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘʛʥʝʪʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦ 
ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʞʠʜʢʠʭ ʈɸʆ ʯʝʨʝʟ ʩʠʩʪʝʤʳ ʥʘʛʥʝʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʧʦ ʧʨʠʥʮʠʧʫ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʊʝʭʥʦʛʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʝʩʢʘʭ-ʢʦʣʣʝʢʪʦʨʘʭ ʥʘ 
ʧʦʣʠʛʦʥʝ ʆɸʆ çʉʠʙʠʨʩʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪè (ʆɸʆ ʉʍʂ) ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 
ʟʘʢʘʯʠʚʘʝʤʳʭ ʢʠʩʣʳʭ ʨʘʩʪʚʦʨʦʚ ʚʳʨʘʞʝʥʳ ʚ ʩʠʥʪʝʟʝ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʤʝʢʪʠʪʦʚʳʭ 
çʪʝʭʥʦʛʝʥʥʳʭè ʬʘʟ ʩ ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʨʠʩʫʥʦʢ). 

ʊʚʝʨʜʳʝ ʈɸʆ (ʊʈʆ) ʚ ʮʝʤʝʥʪʥʳʭ ʧʫʣʴʧʘʭ ʥʘ ʧʦʣʠʛʦʥʝ ɸʥʛʘʨʩʢʦʛʦ 
ʵʣʝʢʪʨʦʣʠʟʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʟʘʭʦʨʦʥʝʥʳ ʚ ʧʝʩʯʘʥʠʢʘʭ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʠʩʧʳʪʳʚʘʶʪ ʚʣʠʷʥʠʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʱʝʣʦʯʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 
ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʬʦʨʤʠʨʫʶʪʩʷ 
ʩʧʝʮʠʬʠʯʝʩʢʠʝ çʪʝʭʥʦʛʝʥʥʳʝ ʠʣʣʠʪʳè. ʆʧʠʩʘʥʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʝ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʢʪʠʪʘ ʚ ʠʣʣʠʪ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ 
ʧʝʩʯʘʥʠʢʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʠ ʩʚʦʡʩʪʚ 
ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʚ ʫʩʣʦʚʠʷʭ ʟʘʭʦʨʦʥʝʥʠʡ ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʦʪʭʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʳ, ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʨʘʟʥʳʝ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʢʦʪʦʨʳʝ 
ʙʫʜʫʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʴ ʭʨʘʥʠʣʠʱʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 
ʧʨʠ ʧʨʦʛʥʦʟʥʳʭ ʦʮʝʥʢʘʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʮʝʧʮʠʡ ʧʦ ʠʟʦʣʷʮʠʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʚ 
ʦʩʦʙʝʥʥʦʩʪʠ, ʚʳʩʦʢʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ, ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʤʫʣʴʪʠʙʘʨʴʝʨʥʦʡ 
ʩʠʩʪʝʤʝ, ʚ ʢʦʪʦʨʦʡ ʙʝʥʪʦʥʠʪʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʞʝʥʝʨʥʳʭ 
ʙʘʨʴʝʨʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʈʌ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʥʮʝʧʮʠʷ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʫʥʢʪʘ ʛʣʫʙʠʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ ʚ ʅʠʞʥʝ-
ʂʘʥʩʢʦʤ ʤʘʩʩʠʚʝ (ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ). 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʇʦʜʟʝʤʥʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (Exploratory Rock 
Laboratory In Krasnoyarsk region ï ERLIK) ʫʞʝ ʥʘʯʘʪʦ ʠ full-scale ʵʢʩʧʝʨʠʤʝʥʪʳ 
ʧʣʘʥʠʨʫʝʪʩʷ ʥʘʯʘʪʴ ʚ 2021 ʛʦʜʘ, ʝʩʣʠ ʥʠʯʝʛʦ ʥʝ ʠʟʤʝʥʠʪʩʷ ʚ ʢʦʥʮʝʧʮʠʠ ʠʣʠ 
ʩʠʪʫʘʮʠʠ ʚ ʩʪʨʘʥʝ. 
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ʈʠʩʫʥʦʢ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʛʝʥʥʳʭ ʩʤʝʢʪʠʪʦʚ -I, ʪʝʭʥʦʛʝʥʥʳʭ ʠʣʣʠʪʦʚ -II (a, ʙ, ʚ ï ʨʘʟʣʠʯʥʳʡ 
ʤʘʩʰʪʘʙ), ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʢʪʠʪʘ ʚ ʤʦʜʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ- III (a ï ʧʨʠʨʦʜʥʳʡ ʙʝʥʪʦʥʠʪ, ʙ - Na-
ʙʝʥʪʦʥʠʪ, ʚ ï ʢʠʩʣʦʪʥʦ-ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʙʝʥʪʦʥʠʪ) 

 
ɺ ʵʪʦʡ ʩʚʷʟʠ, ʚʳʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠ ʠʭ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʠʪ ʩʦʩʪʘʚʣʷʪʴ ʧʨʦʛʥʦʟʳ ʵʚʦʣʶʮʠʠ ʩʚʦʡʩʪʚ ʠʥʞʝʥʝʨʥʳʭ 
ʙʘʨʴʝʨʦʚ ʥʘ ʙʣʠʞʥʶʶ ʠ ʜʘʣʴʥʶʶ ʧʝʨʩʧʝʢʪʠʚʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʙʝʥʪʦʥʠʪʦʚ ʢʨʫʧʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʧʦʚʝʜʝʥʠʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʚ ʘʛʨʝʩʩʠʚʥʳʭ 
ʫʩʣʦʚʠʷʭ ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʩʦʩʪʘʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʝʪʦʢ, ʪʦʯʥʝʝ 
ʦʨʠʝʥʪʘʮʠʷ ʚʘʢʘʥʪʥʳʭ ʧʦʟʠʮʠʡ ʚ ʥʠʭ ʧʦ ʮʠʩ- ʠ ʪʨʘʥʩ-ʤʦʪʠʚʫ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʜʝʛʠʜʨʦʢʩʠʣʘʮʠʠ ʮʠʩ-ʚʘʢʘʥʪʥʳʭ ʦʢʪʘʵʜʨʦʚ ʚʳʰʝ, ʯʝʤ ʫ ʪʨʘʥʩ-ʚʘʢʘʥʪʥʳʭ (650ʉ̄ 

ʧʨʦʪʠʚ 550ʉ̄), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʝʡ ʫʜʘʣʝʥʥʦʩʪʴʶ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʆʅ-ʛʨʫʧʧ ʚ 
ʩʪʨʫʢʪʫʨʝ ʮʠʩ-ʚʘʢʘʥʪʥʳʭ ʦʢʪʘʵʜʨʦʚ. ʊʝ ʞʝ ʤʝʭʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʮʠʩ-ʚʘʢʘʥʪʥʳʭ ʩʤʝʢʪʠʪʦʚ, ʯʪʦ ʠ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʭ ʙʦʣʴʰʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʛʨʝʩʩʠʚʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 
ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 
ʯʪʦ ʚʳʷʚʣʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʢʨʠʪʝʨʠʡ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ/ʥʝ 
ʩʪʘʙʠʣʴʥʦʩʪʴ ʙʝʥʪʦʥʠʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʟʘʭʦʨʦʥʝʥʠʷ ʈɸʆ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʳʩʦʢʦ-
ʘʢʪʠʚʥʳʭ ʈɸʆ (ɺɸʆ) ʚ ʛʣʫʙʦʢʠʭ ʬʦʨʤʘʮʠʷʭ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʅʌ ˉ 16-17-10270. ʀʩʩʣʝʜʦʚʘʥʠʷ 
ʦʙʨʘʟʮʦʚ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʧʦʣʥʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʦʙʨʝʪʝʥʥʦʛʦ ʚ ʨʘʤʢʘʭ 
ʨʝʘʣʠʟʘʮʠʠ ʇʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʄʦʩʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ 
ɸ.ɸ. ɿʫʙʢʦʚʫ (ʆɸʆ ʉʍʂ), ʆ.ɺ. ʐʝʤʝʣʠʥʦʡ ʠ ɸ.ɸ. ɹʦʛʫʩʣʘʚʩʢʦʤʫ (ʀɻʄ ʉʆ ʈɸʅ) ʟʘ 
ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʩʦʜʝʡʩʪʚʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉɽɼʀʄɽʅʊɸʎʀʀ ʆʇʆʂ ʍʕʗʍʀʅʉʂʆʁ ʇɸʏʂʀ 
ɺɽʈʍʅɽɻʆ ʄɽʃɸ ʅɸ ʉɽɺɽʈɽ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ 

 
ɸ.ʀ. ʂʫʜʘʤʘʥʦʚ, ʊ.ʄ. ʂʘʨʠʭ, ɺ.ɸ. ʄʘʨʠʥʦʚ 

 
ʆʆʆ çʊʶʤʝʥʩʢʠʡ ʥʝʬʪʷʥʦʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨè, ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

 

ɼʝʪʘʣʠʟʘʮʠʷ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʚʝʨʭʥʝʛʦ ʤʝʣʘ 
ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ (ɿʉʇ), ʚʩʢʨʳʪʳʭ ʥʘ ʛʣʫʙʠʥʝ 800-1100 ʤ (ʤʦʱʥʦʩʪʴʶ 200-
300 ʤ, ʥʘ ʩʝʚʝʨʝ ʜʦ 400-450 ʤ), ʚʳʟʚʘʥʘ ʚʳʩʦʢʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʚ ʦʪʥʦʰʝʥʠʠ 
ʛʘʟʦʥʦʩʥʦʩʪʠ. ʇʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʭʵʷʭʠʥʩʢʦʡ ʧʘʯʢʠ ʦʧʦʢ ʥʘ ʛʨʘʥʠʮʝ ʩʘʥʪʦʥʘ-
ʢʘʤʧʘʥʘ ʧʦʨʷʜʢʘ 1,5 ʤʣʥ. ʢʤ2. ʇʨʠ ʤʦʱʥʦʩʪʠ 10 ʤ ʦʙʲʝʤ ʢʨʝʤʥʝʟʝʤʘ ʩʦʩʪʘʚʣʷʝʪ 
15 ʤʣʥ. ʢʤ3. ʄʘʢʩʠʤʘʣʴʥʳʝ ʪʦʣʱʠʥʳ (25 ʤ) ʦʧʦʢ ï ʚ ʮʝʥʪʨʝ ɿʉʇ, ʩʦ ʩʥʠʞʝʥʠʝʤ ʚ 
ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʙʦʪ ʚʳʜʝʣʝʥʳ ʯʝʪʳʨʝ 
ʩʝʡʩʤʦʢʦʤʧʣʝʢʩʘ ï ʢʫʟʥʝʮʦʚʩʢʠʡ (ʪʫʨʦʥ-ʥʠʞʥʠʡ ʢʦʥʴʷʢ), ʥʠʞʥʝʙʝʨʝʟʦʚʩʢʠʡ (ʚʝʨʭʥʠʡ 
ʢʦʥʴʷʢ-ʩʘʥʪʦʥ), ʚʝʨʭʥʝʙʝʨʝʟʦʚʩʢʠʡ (ʢʘʤʧʘʥ) ʠ ʛʘʥʴʢʠʥʩʢʠʡ (ʤʘʘʩʪʨʠʭʪ) [1]. ʂʨʦʚʣʷ 
ʥʠʞʥʝʙʝʨʝʟʦʚʩʢʦʛʦ ʩʝʡʩʤʦʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʧʦʢʘʤʠ ʭʵʷʭʠʥʩʢʦʡ ʧʘʯʢʠ [5]. 
ʍʵʷʭʠʥʩʢʘʷ ʧʘʯʢʘ ʠ ʚʝʨʭʥʝʙʝʨʝʟʦʚʩʢʠʡ ʩʝʡʩʤʦʢʦʤʧʣʝʢʩ ʥʘ ʩʝʚʝʨʝ ɿʉʇ 
ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʝʨʥʦʤ ʚ ʩʢʚʘʞʠʥʝ XXʈ. ʇʦ ʢʝʨʥʫ ʥʘ ʛʨʘʥʠʮʝ ʩʘʥʪʦʥʘ-ʢʘʤʧʘʥʘ 
ʫʩʪʘʥʦʚʣʝʥ ʯʝʪʢʠʡ ʢʦʥʪʘʢʪ ʜʚʫʭ ʨʝʟʢʦ ʨʘʟʣʠʯʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʪʦʣʱ. 

ɿʦʥʘ ʧʝʨʝʭʦʜʘ (ʜʦ 4 ʩʤ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʨʝʩʚʳ ʠ ʱʝʙʥʷ ʦʧʦʢ ʩʘʥʪʦʥʘ, 
ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʠʩʪʳʤʠ ʛʣʠʥʘʤʠ ʚʳʰʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʡ ʢʘʤʧʘʥʘ. ʆʧʦʢʠ 
(ʜʦ 12 ʤ) ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʣʝʛʢʠʝ, ʩ ʨʘʢʦʚʠʩʪʳʤ ʠʟʣʦʤʦʤ, ʧʦʩʣʦʡʥʦ ʩʣʘʙʦ ʛʣʠʥʠʩʪʳʝ 
(ʧʝʨʚʳʝ %; ʘʙʩʦʣʶʪʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʩʤʝʢʪʠʪʳ), ʩ ʨʝʜʢʠʤʠ ʩʣʝʜʘʤʠ ʙʠʦʪʫʨʙʘʮʠʠ, 
ʪʨʝʱʠʥʦʚʘʪʳʝ (ʥʝʨʝʜʢʦ ʚ ʪʨʝʱʠʥʘʭ ʩʫʣʴʬʘʪʳ ʠ ʧʠʨʠʪ). ʍʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʜʦʣʷ 
ʦʢʠʩʠ ʢʨʝʤʥʠʷ (ʧʦ ʜʘʥʥʳʤ ʈʌɸ 80-90 %) ʠ ʚʝʩʴʤʘ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʨʫʛʠʭ 
ʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʣʠʯʠʝ ʩʣʘʙʦʡ ʧʨʠʤʝʩʠ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʙʳʯʥʦ 
ʘʣʝʚʨʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʢʚʘʨʮ ʠ ʧʦʣʝʚʳʝ ʰʧʘʪʳ), ʨʘʩʩʝʷʥʥʳʭ ʟʝʨʝʥ ʛʣʘʫʢʦʥʠʪʘ ʠ 
ʨʝʜʢʠʭ ʢʨʝʤʥʝʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ (ʨʘʜʠʦʣʷʨʠʡ, ʜʠʘʪʦʤʝʡ). ɺʳʩʦʢʘʷ ʜʦʣʷ 
ʢʨʝʤʥʝʟʝʤʘ, ʭʣʦʧʴʝʚʠʜʥʳʝ ʝʛʦ ʘʛʨʝʛʘʪʳ (ʧʦ ʜʘʥʥʳʤ ʨʘʩʪʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ, ʈʕʄ), ʘ 
ʪʘʢʞʝ ʝʜʠʥʠʯʥʳʝ ʥʘʭʦʜʢʠ ʢʨʝʤʥʝʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ 
ʦʧʦʢʠ ʩʘʥʪʦʥʘ ʢ ʭʝʤʦʛʝʥʥʦʤʫ ʪʠʧʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ɺʳʰʝ, ʩ ʧʨʠʟʥʘʢʘʤʠ ʵʨʦʟʠʠ ʥʘ ʢʦʥʪʘʢʪʝ (ʙʨʝʢʯʠʝʚʠʜʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʦʧʦʢ), 
ʟʘʣʝʛʘʶʪ ʢʨʝʤʥʠʩʪʳʝ ʛʣʠʥʳ (6,8 ʤ ʢʝʨʥʘ) ʘʣʝʚʨʠʪʠʩʪʳʝ (ʜʦ 15 % ʘʣʝʚʨʠʪʘ), ʩ 
ʛʣʘʫʢʦʥʠʪʦʤ (ʜʦ 1 %), ʩʪʷʞʝʥʠʤʠ ʧʠʨʠʪʘ (ʜʦ 2 %), ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʩʪʘʪʢʘʤʠ (ʩ 
ʫʚʝʣʠʯʝʥʠʝʤ ʚʚʝʨʭ ʧʦ ʢʝʨʥʫ ʜʦ 10-20 %; ʨʘʜʠʦʣʷʨʠʠ, ʜʠʘʪʦʤʝʠ), ʨʘʩʪʠʪʝʣʴʥʦʛʦ 
ʜʝʪʨʠʪʘ (ʜʦ 2 %), ʫʤʝʨʝʥʥʦ ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʝ (Phycosiphon), ʦʪʥʦʩʷʱʠʝʩʷ ʢ 
ʚʝʨʭʥʝʙʝʨʝʟʦʚʩʢʦʤʫ ʩʝʡʩʤʦʢʦʤʧʣʝʢʩʫ ʢʘʤʧʘʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʢ 
ʩʥʠʞʘʝʪʩʷ ʜʦʣʷ ʢʨʝʤʥʝʟʝʤʘ (65-70 %), ʚʦʟʨʘʩʪʘʶʪ ʟʥʘʯʝʥʠʷ ʦʩʪʘʣʴʥʳʭ 
ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʠ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ. ʍʘʨʘʢʪʝʨʥʦ ʪʦʥʢʦʝ ʧʦʩʣʦʡʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ 
ʧʦʚʳʰʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʨʝʤʥʝʟʝʤʘ ʠ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʨʝʦʙʣʘʜʘʝʪ ʩʫʤʤʘ 
ʩʤʝʢʪʠʪʦʚ ʠ ʠʣʣʠʪʘ; ʩʫʤʤʘ ʭʣʦʨʠʪʘ ʠ ʢʘʦʣʠʥʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 20-25 %), ʟʘʤʝʪʥʦʝ 
ʫʚʝʣʠʯʝʥʠʝ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ï ʜʦʣʠ ʘʣʝʚʨʠʪʘ, ʛʣʘʫʢʦʥʠʪʘ, ʩʪʝʧʝʥʠ ʙʠʦʪʫʨʙʘʮʠʠ. 
ɺʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ (ʧʦ ʢʝʨʥʫ) ʧʦʥʠʞʘʝʪʩʷ ʜʦʣʷ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ (ʈʉɸ), ʥʦ 
ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʝʚʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 
ʦʪʨʘʞʝʥʠʝʤ ʥʦʨʤʘʣʠʟʘʮʠʠ ʫʩʣʦʚʠʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ. ɼʘʥʥʳʝ ʦʩʘʜʢʠ ʪʘʢʞʝ 
ʭʝʤʦʛʝʥʥʦʛʦ ʪʠʧʘ ʩʝʜʠʤʝʥʪʘʮʠʠ (ʩʤʝʢʪʠʪʳ, ʛʣʘʫʢʦʥʠʪ, ʢʨʝʤʥʝʟʝʤ, ʧʠʨʠʪ ʠ ʧʨ.), ʥʦ 
ʫʞʝ ʩ ʟʘʤʝʪʥʳʤ ʚʣʠʷʥʠʝʤ ʙʠʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʤʝʪʥʘʷ ʧʨʠʤʝʩʴ 
ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʜʦ 10-20 % ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʝʨʥʘ), ʘ ʪʘʢʞʝ ʩʫʤʤʳ ʭʣʦʨʠʪʘ 
ʠ ʢʘʦʣʠʥʠʪʘ ʚ ʩʦʩʪʘʚʝ ʛʣʠʥ, ʧʦʟʚʦʣʷʝʪ ʜʦʧʫʩʪʠʪʴ ʫʯʘʩʪʠʝ ʚʝʪʨʦʚʳʭ ʧʨʦʮʝʩʩʦʚ 
ʨʘʟʥʦʩʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʠ/ʠʣʠ ʧʝʧʣʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʅʘ ʢʦʥʪʘʢʪʝ (ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʟʦʥʘ ʤʦʱʥʦʩʪʴʶ 4-5 ʩʤ) ʩʘʥʪʦʥʘ ʠ ʢʘʤʧʘʥʘ 
ʚʠʟʫʘʣʴʥʦ ʠ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʦʧʠʩʘʥʘ ʙʨʝʢʯʠʷ ʦʧʦʢ (ʦʙʣʦʤʢʠ 25-30 ʤʤ ʩ ʨʚʘʥʥʳʤʠ 
ʢʨʘʷʤʠ) ʩ ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʤ ʮʝʤʝʥʪʦʤ (ʩʣʝʜʳ ʧʣʘʩʪʠʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ) 
ʚʳʰʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʡ. 

ʇʦ ʜʘʥʥʳʤ ʧʘʣʝʦʥʪʦʣʦʛʠʠ ʠ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʠ ʦʪʣʦʞʝʥʠʷ ʩʘʥʪʦʥʘ-
ʢʘʤʧʘʥʘ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʙʘʩʩʝʡʥʝ ʩ ʥʝʩʪʘʙʠʣʴʥʦʡ ʩʦʣʝʥʦʩʪʴʶ ʠ 
ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʚʦʜ, ʵʧʠʟʦʜʠʯʝʩʢʠʤ ʜʝʬʠʮʠʪʦʤ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚ 
ʧʨʠʜʦʥʥʦʤ ʩʣʦʝ ʚʦʜ ʠ ʩʧʦʢʦʡʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ ʚ ʧʨʠʜʦʥʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ. 

ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘʥʦʤʘʣʴʥʦʝ 
ʦʙʦʛʘʱʝʥʠʝ ʤʦʨʩʢʠʭ ʚʦʜ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʘʚʪʦʭʪʦʥʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ (ʦʧʘʣʘ, ʩʤʝʢʪʠʪʦʚ, ʛʣʘʫʢʦʥʠʪʘ ʠ ʧʨ.), ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 
ʘʢʪʠʚʠʟʘʮʠʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʥʘʟʝʤʥʳʭ ʠ ʧʦʜʚʦʜʥʳʭ ï ʯʝʨʥʳʝ ʠ ʙʝʣʳʝ 
ʢʫʨʠʣʴʱʠʢʠ) [2, 3]. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʧʦʢ ʭʵʷʭʠʥʩʢʦʡ ʧʘʯʢʠ (ʩʘʥʪʦʥ), ʚʝʨʦʷʪʥʦ, 
ʦʪʨʘʞʘʝʪ ʟʘʚʝʨʰʝʥʠʝ ʠʤʧʫʣʴʩʘ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ (ʩ ʵʚʦʣʶʮʠʝʡ ʦʪ 
ʜʘʮʠʪʦʚ ʜʦ ʢʠʩʣʦʡ ʧʠʨʦʢʣʘʩʪʠʢʠ). ʇʝʨʝʢʨʳʚʘʶʱʠʝ ʢʨʝʤʥʠʩʪʳʝ ʛʣʠʥʳ ʢʘʤʧʘʥʘ, 
ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʥʳʝ ʞʝʣʝʟʦʤ (ʚ 3-4 ʨʘʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʦʢ) ʠ ʜʨ., ʦʪʨʘʞʘʶʪ 
ʦʯʝʨʝʜʥʦʡ ʵʪʘʧ ʘʢʪʠʚʠʟʘʮʠʠ ʚʫʣʢʘʥʠʟʤʘ (ʚʦʟʤʦʞʥʦ, ʘʥʜʝʟʠ-ʜʘʮʠʪʦʚʦʛʦ ʧʦ ʩʦʩʪʘʚʫ 
ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ). 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʩʠʥʭʨʦʥʥʦʩʪʴ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 
(ʧʦʟʜʥʠʡ ʤʝʣ, ʩʝʥʦʥ) ʥʘ ʈʫʩʩʢʦʡ ʧʣʠʪʝ [ɿʦʨʠʥʘ ʠ ʜʨ., 2012] ʠ ɿʉʇ [1, 4], ʩ ʙʦʣʴʰʦʡ 
ʜʦʣʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʵʪʠʭ 
ʉʦʙʳʪʠʡ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʙʨʝʢʯʠʝʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʛʨʘʥʠʮʝ ʦʧʦʢ ʩʘʥʪʦʥʘ ʠ 
ʚʳʰʝʣʝʞʘʱʠʭ ʢʨʝʤʥʠʩʪʳʭ ʛʣʠʥ ʢʘʤʧʘʥʘ, ʩ ʙʦʣʴʰʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ 
ʩʣʝʜʩʪʚʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʦʡ ʩʤʝʥʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ 
ʤʘʩʰʪʘʙʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʪʝʤʧʦʚ ʩʪʘʨʝʥʠʷ ʢʦʣʣʦʠʜʥʳʭ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʠʣʦʚ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʝʤʥʝʚʦʛʦ (ʦʧʘʣʦʚʦʛʦ) ʩʦʩʪʘʚʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʠʟʘʮʠʠ 
ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʤʘʩʰʪʘʙʥʳʭ ʧʝʧʣʦʧʘʜʦʚ ʜʘʮʠʪʦʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. 
ʊʘʢʞʝ ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʘʢʪʠʚʠʟʘʮʠʠ ʂʦʣʪʦʛʦʨʩʢʦ-ʋʨʝʥʛʦʡʩʢʦʡ ʩʠʩʪʝʤʳ 
ʨʠʬʪʦʚ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʛʣʫʙʠʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʬʣʶʠʜʦʚ ʚ 
ʘʢʚʘʪʦʨʠʶ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʧʦʟʜʥʝʤʝʣʦʚʦʝ ʚʨʝʤʷ. 
 
ʃʀʊɽʈɸʊʋʈɸ 
1. ɸʛʘʣʘʢʦʚ ʉ.ɽ. ʌʘʮʠʘʣʴʥʘʷ ʤʦʜʝʣʴ ʚʝʨʭʥʝʛʦ ʤʝʣʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ / ʉ.ɽ. ɸʛʘʣʘʢʦʚ, 
ɸ.ʀ. ʂʫʜʘʤʘʥʦʚ, ɺ.ɸ. ʄʘʨʠʥʦʚ // ʅʝʜʨʦʧʦʣʴʟʦʚʘʥʠʝ. ɻʦʨʥʦʝ ʜʝʣʦ. ʅʘʧʨʘʚʣʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ 
ʧʦʠʩʢʘ, ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʕʢʦʥʦʤʠʢʘ. ɻʝʦʵʢʦʣʦʛʠʷ: ʩʙ. 
ʤʘʪ.  XIII ʄʝʞʜʫʥʘʨ. ʥʘʫʯ. ʢʦʥʛʨ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʉɻʋɻʠʊ, 2017. ï ʊ. 1. ï ʉ. 101-105. 

2. ɽʤʝʣʴʷʥʦʚ ɽ.ʄ. ɹʘʨʴʝʨʥʳʝ ʟʦʥʳ ʚ ʦʢʝʘʥʝ: ʦʩʘʜʢʦ- ʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ, ʛʝʦʵʢʦʣʦʛʠʷ / 
ɽ.ʄ. ɽʤʝʣʴʷʥʦʚ // ʈɸʅ, ʀʥ-ʪ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ. ï ʂʘʣʠʥʠʥʛʨʘʜ: ʗʥʪʘʨ. ʩʢʘʟ, 1998. ï 
416 ʩ. 

3. ɿʦʨʠʥʘ ʉ.ʆ. ʉʣʝʜʳ ʧʠʨʦʢʣʘʩʪʠʢʠ ʚ ʩʘʥʪʦʥ-ʢʘʤʧʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʨʝʟʘ çɺʠʰʥʝʚʦʝè (ʉʨʝʜʥʝʝ 
ʇʦʚʦʣʞʴʝ) / ʉ.ʆ. ɿʦʨʠʥʘ, ʅ.ʀ. ɸʬʘʥʘʩʴʝʚʘ, ɸ.ɺ. ɾʘʙʠʥ // ʃʠʪʦʩʬʝʨʘ. ï 2012. ï ˉ 3. ï ʉ. 3ï13. 

4. ʂʫʜʘʤʘʥʦʚ ɸ.ʀ. ʊʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʳʡ ʭʘʨʘʢʪʝʨ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʢʦʥʴʷʢʝ-ʩʘʥʪʦʥʝ 
ʚʝʨʭʥʝʛʦ ʤʝʣʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ / ɸ.ʀ. ʂʫʜʘʤʘʥʦʚ, ʉ.ɽ. ɸʛʘʣʘʢʦʚ, ɺ.ɸ. ʄʘʨʠʥʦʚ // ʅʝʬʪʷʥʦʝ 
ʭʦʟʷʡʩʪʚʦ. ï 2018. ï ˉ 7. ï ʉ. 58-63. 

5. ʈʝʰʝʥʠʝ 6-ʛʦ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ ʧʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʠ ʧʨʠʥʷʪʠʶ 
ʫʪʦʯʥʸʥʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 
2004.  



225 

ʆʂɽɸʅʀʏɽʉʂʀɽ ʀ ʆɿɽʈʅʓɽ ʆʉɸɼʂʀ, ʂɸʂ ɸʈʍʀɺʓ 
ʂʆʉʄʀʏɽʉʂʆɻʆ ɺɽʑɽʉʊɺɸ 

 
ɼ.ʄ. ʂʫʟʠʥʘ1, ɼ.ʂ. ʅʫʨʛʘʣʠʝʚ1, ɼ.ʄ. ʇʝʯʝʨʩʢʠʡ2 

 
1
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʂʌʋ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɿʝʤʣʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʀʟʫʯʝʥʠʝ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʥʘ ɿʝʤʣʶ ʢʦʩʤʠʯʝʩʢʦʛʦ 
ʚʝʱʝʩʪʚʘ (ʂɺ) (ʤʝʪʝʦʨʠʪʦʚ, ʤʠʢʨʦʤʝʪʝʦʨʠʪʦʚ, ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ ʠ ʜʨ.) ʷʚʣʷʝʪʩʷ 
ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʂɺ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ 
ʛʣʦʙʘʣʴʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʣʠʤʘʪ, ʨʘʟʚʠʪʠʝ ʞʠʟʥʠ ʥʘ ʧʣʘʥʝʪʝ, ʘ, 
ʚʦʟʤʦʞʥʦ, ʷʚʣʷʝʪʩʷ ʧʨʘʨʦʜʠʪʝʣʝʤ ʚʩʝʛʦ ʞʠʚʦʛʦ ʥʘ ʥʝʡ. ʆʥʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʣʶʙʦʡ 
ʦʩʘʜʦʯʥʦʡ ʧʦʨʦʜʳ, ʧʦʯʚʳ, ʩʥʝʛʘ, ʣʴʜʘ ʩʘʤʦʛʦ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʦ ʵʪʦʡ 
ʧʨʠʯʠʥʝ ʦʩʘʜʦʯʥʳʝ ʘʨʭʠʚʳ ʩʦʜʝʨʞʘʪ ʙʦʛʘʪʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʥʝ 
ʪʦʣʴʢʦ ɿʝʤʣʠ, ʥʦ ʪʘʢʞʝ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʜʨʫʛʠʭ ʯʘʩʪʝʡ ɻʘʣʘʢʪʠʢʠ. ʄʘʩʩʘ 
ʚʳʧʘʜʘʶʱʠʭ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 2 ʜʦ 150 ʪʳʩʷʯ ʪʦʥʥ ʚ ʛʦʜ [3, 6 ʠ ʜʨ.]. 

ʆʢʝʘʥʠʯʝʩʢʠʝ, ʤʦʨʩʢʠʝ ʠ ʦʟʝʨʥʳʝ ʦʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʝʥʥʳʝ ʘʨʭʠʚʳ 
ʢʦʩʤʠʯʝʩʢʦʡ ʧʳʣʠ ʠ ʤʠʢʨʦʤʝʪʝʦʨʠʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʜʥʝ ʚʦʜʦʝʤʦʚ ʚ ʦʩʘʜʢʝ ʦʥʠ 
ʤʝʥʴʰʝ ʧʦʜʚʝʨʞʝʥʳ ʧʝʨʝʥʦʩʫ ʠ ʚʳʚʝʪʨʠʚʘʥʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ 
ʜʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʂɺ, ʝʛʦ ʩʦʩʪʘʚ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ. 

ʆʙʳʯʥʦ ʂɺ ʠʟʫʯʘʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʛʝʦʭʠʤʠʠ, ʠʟʦʪʦʧʠʠ, 
ʦʧʪʠʯʝʩʢʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʥʦ ʩ ʫʯʝʪʦʤ ʢʨʘʡʥʝ ʤʘʣʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 
ʫʢʘʟʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʟʝʤʥʳʭ ʦʙʲʝʢʪʘʭ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʘʢʠʭ ʨʘʙʦʪ 
ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʘ. ʋʥʠʢʘʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ Fe-Ni ʩʧʣʘʚʦʚ, ʘ ʠʤʝʥʥʦ 
ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʚʳʰʝ 700Áʉ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ Ni ʤʝʥʝʝ 17 %, ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʤʝʪʦʜʦʚ, ʘ ʠʤʝʥʥʦ ʪʝʨʤʦʤʘʛʥʠʪʥʦʛʦ ʘʥʘʣʠʟʘ.  

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʘʚʪʦʨʘʤʠ ʷʚʠʣʦʩʴ ʦʙʥʘʨʫʞʝʥʠʝ ʠ ʧʦʜʩʯʝʪ 
ʢʦʣʠʯʝʩʪʚʘ ʂɺ ʚ ʦʩʘʜʢʘʭ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ʦʟʝʨʘ ɹʘʡʢʘʣ. 

ʆʙʨʘʟʮʳ ɸʪʣʘʥʪʠʢʠ ʦʭʚʘʪʳʚʘʶʪ ʚʦʟʨʘʩʪʥʦʡ ʜʠʘʧʘʟʦʥ ʦʪ ʧʦʟʜʥʝʡ ʶʨʳ ʜʦ 
ʤʠʦʮʝʥʘ. ʉʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʜʣʷ ʚʩʝʭ ʩʢʚʘʞʠʥ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 2,5 ʜʦ 
50 ʤ/ʤʣʥ. ʣʝʪ. ʆʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʠʥʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, 
ʠʟʚʝʩʪʥʷʢʘʤʠ, ʨʘʜʠʦʣʷʨʠʝʚʳʤʠ ʠʣʘʤʠ ʠ ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʪ.ʜ. [4, 7].  

ʀʟʫʯʘʝʤʳʝ ʦʩʘʜʢʠ ʩʢʚ. BDP-98 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʠʩʪʳʤ ʘʣʝʚʨʠʪʦʤ. 
ɺʦʟʨʘʩʪ ʠʩʩʣʝʜʫʝʤʦʛʦ ʠʥʪʝʨʚʘʣʘ 7,2ï8,4 ʤʣʥ. ʣʝʪ. ʉʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 67ï
130 ʤ/ʤʣʥ. ʣʝʪ [2]. ʆʩʘʜʢʠ ʢʝʨʥʘ GC-99 ʩʦʩʪʦʷʪ ʠʟ ʙʠʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʦʛʦ ʠʣʘ ʩ 
ʦʩʪʘʪʢʘʤʠ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʜʦ ʛʣʫʙʠʥʳ 90 ʩʤ, ʥʠʞʝ ʠʜʫʪ ʣʝʜʥʠʢʦʚʦ-ʦʟʝʨʥʳʝ 
ʛʣʠʥʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʠʘʪʦʤʦʚʳʭ ʦʢʦʣʦ 3% [5]. ɺʦʟʨʘʩʪ ʦʩʘʜʢʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 25 
ʪʳʩ. ʣʝʪ. ʉʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 80 ʜʦ 120 ʤ/ʤʣʥ. ʣʝʪ. 

ɼʣʷ ʧʦʜʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ, ʚʳʧʘʜʘʶʱʝʛʦ ʥʘ ɿʝʤʣʶ Fe-Ni ʯʘʩʪʠʮ, ʜʣʷ ʚʩʝʭ 
ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʦʤʘʛʥʠʪʥʳʡ ʘʥʘʣʠʟ (ɼʊʄɸ) [1]. 
ʀʟʤʝʨʝʥʠʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʠʩʴʚ ʧʦʣʝ 0.2 ʤʊʣ ʠ ʥʘʛʨʝʚʝ ʜʦ 800Áʉ. ʉʢʦʨʦʩʪʴ 
ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 100Áʉ/ʤʠʥ. ɼʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʚʳʝ 
ʠʥʜʫʢʪʠʚʥʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ï Ji(T), ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʥʘʛʨʝʚʦʚ. 
ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʦʥʠʢʝʣʝʚʦʛʦ ʩʧʣʘʚʘ ʠ ʜʨʫʛʠʭ ʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ 
ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʠʥʜʫʢʪʠʚʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ. ʉʫʤʤʘʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ Fe-Ni ʟʝʨʝʥ Ms (700Áʉ), ʧʦʪʝʨʷʥʥʳʡ 
700ï800Áʉ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʣʦʱʘʜʴ ʬʠʛʫʨʳ ʚʥʫʪʨʠ ʧʠʢʘ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʜʝʣʠʣʘʩʴ 
ʥʘ ʫʜʝʣʴʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʥʘʩʳʱʝʥʠʷ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ (Js). ɺʝʩʦʚʦʝ 
ʢʦʣʠʯʝʩʪʚʦ Fe-Ni ʟʝʨʝʥ ʚ ʧʦʨʦʜʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢ: P (Fe-Ni) = Ms (700Áʉ) / Js 
(700Áʉ). 
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ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ 
ʦʙʨʘʟʮʘʭ Fe-Ni ʤʘʪʝʨʠʘʣʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʵʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ 
ʠʥʪʝʨʚʘʣʦʚ. 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ Fe-Ni ʚʝʱʝʩʪʚʘ, 
ʚʳʧʘʜʘʶʱʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ ʟʘ 1 ʛʦʜ (MFe-Ni), ʨʘʩʩʯʠʪʘʥʥʦʝ ʧʦ ʜʘʥʥʳʤ 
ɼʊʄɸ, ʜʣʷ ɸʪʣʘʥʪʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʩʦʩʪʘʚʣʷʝʪ 3924,7+3452,6 ʪʦʥʥ/ʛʦʜ, ɹʘʡʢʘʣʴʩʢʠʭ 
ï 14209+9958 ʪʦʥʥ/ʛʦʜ (ʈʠʩʫʥʦʢ). 

 

 
 
ʈʠʩʫʥʦʢ. ʉʨʝʜʥʷʷ ʤʘʩʩʘ Fe-Ni ʤʘʪʝʨʠʘʣʘ, ʧʦʧʘʜʘʶʱʝʛʦ ʝʞʝʛʦʜʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ. ʇʫʥʢʪʠʨʦʤ 
ʧʦʢʘʟʘʥʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʨʝʟʦʚ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ʦʟʝʨʘ ɹʘʡʢʘʣ. ɾʝʣʪʳʡ ʙʦʢʩ 
ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ 

 
ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ MFe-Ni ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʩʘʜʢʘʭ ʠ ʦʩʘʜʦʯʥʳʭ 

ʧʦʨʦʜʘʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠʤʠ, ʠʭ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʧʦʪʦʢʘ ʂɺ Fe-Ni ʩʦʩʪʘʚʘ ʥʘ ɿʝʤʣʶ ʟʘ ʧʦʩʣʝʜʥʠʝ 
~150 ʤʣʥ. ʣʝʪ. 

ʈʘʟʙʨʦʩ ʩʦʩʪʘʚʦʚ ʂɺ Fe-Ni ʩʦʩʪʘʚʘ (Ni ʦʪ 5.06 ʜʦ 10.1 %) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʩʣʦʞʥʦʤ ʠ ʥʝʦʜʥʦʨʦʜʥʦʤ ʩʦʩʪʘʚʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʢʦʣʦʟʝʤʥʦʤ 
ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ~150 ʤʣʥ. ʣʝʪ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʪʘʢʞʝ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʢʦʣʦʟʝʤʥʦʝ ʂɺ Fe-Ni ʩʦʩʪʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʩʪʘʪʢʘʤʠ 
ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʧʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 
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ʀɿʄɽʅɽʅʀɽ ʂʀʉʃʆʊʅʆ-ʑɽʃʆʏʅʓʍ ʆɹʉʊɸʅʆɺʆʂ ɺʅɽʐʅʀʍ 
ʆɹʆʃʆʏɽʂ ɺ ɻɽʆʃʆɻʀʏɽʉʂʆʁ ʀʉʊʆʈʀʀ ɿɽʄʃʀ 

 
ɺ.ɻ. ʂʫʟʥʝʮʦʚ 

 
ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʧʦʩʣʝʜʥʝʡ ʯʝʪʚʝʨʪʠ ʍʍ ʩʪʦʣʝʪʠʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʨʘʟʜʝʣʳ ʣʠʪʦʣʦʛʠʠ ï 
ʩʪʘʜʠʘʣʴʥʳʡ ʠ ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʠʡ ï ʜʦʧʦʣʥʠʣʠʩʴ ʵʚʦʣʶʮʠʦʥʥʳʤ, ʦʙʲʝʢʪʦʤ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʵʚʦʣʶʮʠʷ ʦʩʘʜʦʯʥʦʛʦ ʧʦʨʦʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʠʩʪʦʨʠʠ 
ɿʝʤʣʠ. ʇʦʜʦʙʥʦʝ ʠʟʫʯʝʥʠʝ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʡʪʠ ʟʘ ʨʘʤʢʠ ʢʦʥʩʪʘʪʘʮʠʠ ʬʘʢʪʦʚ ʠ 
ʧʝʨʝʡʪʠ ʢ ʚʳʚʦʜʘʤ ʛʣʦʙʘʣʴʥʦʛʦ ʦʙʱʝʧʣʘʥʝʪʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʢ ʠʩʪʦʨʠʠ 
ʠʟʤʝʥʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ [6, 7] ʚʥʝʰʥʠʭ ʛʝʦʩʬʝʨ. ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ 
ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʷʚʣʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, ʠʟʤʝʥʝʥʠʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ 
ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ï ʵʚʦʣʶʮʠʷ 
ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʭ ʩʨʝʜ. ɸʥʘʣʠʟʫ ʧʦʩʣʝʜʥʠʭ ʧʦʩʚʷʱʝʥʦ ʥʘʩʪʦʷʱʝʝ ʩʦʦʙʱʝʥʠʝ. 
ʆʩʥʦʚʦʡ ʪʘʢʦʛʦ ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ 
ʨʘʟʨʝʟʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʟʥʘʯʝʥʠʷ 
ʨʅ ʩʨʝʜʳ ï ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʢʨʝʤʥʠʩʪʳʭ, ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʦ ʥʘ 
ʨʠʩʫʥʢʝ. ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʦʙ ʵʪʦʤ ʯʘʩʪʠʯʥʦ ʦʧʫʙʣʠʢʦʚʘʥ ʨʘʥʝʝ [1ï5]. 
 

 
 
ʈʠʩʫʥʦʢ. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, ʦʩʥʦʚʥʳʝ 
ʙʠʦʪʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʠ ʵʚʦʣʶʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ. 

 
ʅʘʣʠʯʠʝ ʚ ʘʨʭʝʝ ʠ ʥʘʯʘʣʝ ʧʨʦʪʝʨʦʟʦʷ ʢʘʨʙʦʥʘʪʦʚ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʠʩʣʳʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ 
ʦʧʨʝʜʝʣʠʣʠ ʯʠʩʪʦ ʭʠʤʠʯʝʩʢʦʝ ʜʦʙʠʦʛʝʥʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 
ʧʦʨʦʜ, ʧʦʷʚʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʬʦʨʤ ʞʝʣʝʟʘ ʠ ʢʨʝʤʥʝʟʝʤʘ. ʆʩʪʘʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʚ 
ʚʠʜʝ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 
ʘʨʭʝʝ ï ʥʘʯʘʣʝ ʧʨʦʪʝʨʦʟʦʷ. 

ʉʠʪʫʘʮʠʷ ʢʘʨʜʠʥʘʣʴʥʦ ʧʦʤʝʥʷʣʘʩʴ ʚ ʨʘʥʥʝʤ ʧʨʦʪʝʨʦʟʦʝ, ʪʦʯʥʝʝ, ʧʦʩʣʝ 
ʩʠʜʝʨʠʷ, ʢʦʛʜʘ ʧʦʩʣʝ çʚʝʣʠʢʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʦʙʳʪʠʷè, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ 
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ʚʟʨʳʚʥʳʤ ʠ ʤʘʩʩʦʚʳʤ ʨʘʟʚʠʪʠʝʤ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠ 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ï ʮʠʘʥʦʬʠʪʦʚ, ʥʘʯʘʣʘʩʴ ʠʥʪʝʥʩʠʚʥʘʷ ʫʪʠʣʠʟʘʮʠʷ ʫʛʣʝʢʠʩʣʦʛʦ 
ʛʘʟʘ, ʯʪʦ ʠ ʧʨʠʚʝʣʦ ʢ ʙʳʩʪʨʦʡ ʩʤʝʥʝ ʢʠʩʣʳʭ ʩʨʝʜ ʚʦʜʦʝʤʦʚ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦ 
ʱʝʣʦʯʥʳʝ. ɺ ʧʦʩʣʝʜʥʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ʦʩʘʞʜʘʣʠʩʴ ʫʞʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʢʘʨʙʦʥʘʪʳ ï ʜʦʣʦʤʠʪʳ ʠ ʜʘʞʝ ʤʘʛʥʝʟʠʪʳ. 

ʉʣʝʜʫʶʱʠʡ ʨʫʙʝʞ ʢʘʨʜʠʥʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ï ʵʪʦ ʛʨʘʥʠʮʘ ʚʝʥʜ-ʢʝʤʙʨʠʡ, 
ʢʦʛʜʘ ʚʥʦʚʴ ʚʦʟʥʠʢʰʘʷ ʚʳʩʦʢʦʦʨʛʘʥʠʟʦʚʘʥʥʘʷ ʙʠʦʪʘ ʚʳʪʝʩʥʠʣʘ 
ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʝ ʩʦʦʙʱʝʩʪʚʘ ʚ ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʦ ʤʘʩʰʪʘʙʘʤ ʠ ʥʝ 
ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʞʠʟʥʠ ʫʩʣʦʚʠʷ ʩʨʝʜʳ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʴ ʚʥʦʚʴ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ 
ʦʨʛʘʥʠʟʤʦʚ ʧʨʦʜʦʣʞʘʣʘ ʫʩʚʦʝʥʠʝ CO2, ʥʦ ʧʦʷʚʠʣʘʩʴ ʠ ʜʨʫʛʘʷ, ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʘʢʪʠʚʥʦ 
ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ. ʇʦʩʣʝʜʥʝʝ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ pH ʤʦʨʩʢʠʭ ʚʦʜ, ʢʦʪʦʨʦʝ ʙʳʩʪʨʦ 
ʩʪʘʣʦ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʢʦʧʣʝʥʠʝ 
ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʢʘʨʙʦʥʘʪʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʤʝʥʷʣʦʩʴ ʦʩʘʞʜʝʥʠʝʤ ʢʘʨʙʦʥʘʪʦʚ 
ʢʘʣʴʮʠʝʚʳʭ ï ʠʟʚʝʩʪʥʷʢʦʚ. 

ʉʚʦʝʦʙʨʘʟʥʳʤ ʵʪʘʧʦʤ ʙʳʣʘ ʜʝʚʦʥʩʢʘʷ ʢʦʣʦʥʠʟʘʮʠʷ ʦʨʛʘʥʠʟʤʘʤʠ ʩʫʰʠ, 
ʢʦʪʦʨʘʷ ʚʳʟʚʘʣʘ ʠ ʛʣʦʙʘʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʞʠʟʥʠ 
ʧʠʪʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʥʫʪʨʠʝʥʪʦʚ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʠʣʦ 
ʛʝʥʝʨʘʮʠʶ ʠ ʥʘʢʦʧʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʛʠʜʨʦʩʬʝʨʝ ʠ, ʦʧʨʝʜʝʣʠʣʦ 
ʧʝʨʝʤʝʱʝʥʠʝ ʝʛʦ ʥʘ ʢʦʥʪʠʥʝʥʪ, ʠ ʧʨʠʚʝʣʦ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʤʦʨʩʢʠʭ ʦʙʦʛʘʱʝʥʥʳʭ 
ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ï ʬʪʘʥʠʪʦʚ ʠ ʣʠʜʠʪʦʚ. 

ɺʘʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʚ ʤʝʣʦʚʦʤ ʧʝʨʠʦʜʝ. ʇʦʷʚʣʝʥʠʝ ʪʨʦʧʠʯʝʩʢʠʭ 
ʣʝʩʦʚ ʦʙʫʩʣʦʚʠʣʦ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʚʝʪʨʠʚʘʥʠʝ ʟʘ ʩʯʝʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, ʤʘʩʩʦʚʦʝ 
ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʢʩʠʪʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʳʥʦʩʦʤ ʚ ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʦʛʨʦʤʥʳʭ ʤʘʩʩ 
ʢʨʝʤʥʝʟʝʤʘ. ʇʦʩʣʝʜʥʝʝ ʦʙʫʩʣʦʚʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʧʦʢʦʚʦʡ ʬʦʨʤʘʮʠʠ ʥʘ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʙʣʦʢʝ ʠ ʨʘʟʚʠʪʠʝ ʜʠʘʪʦʤʦʚʳʭ ʦʩʘʜʢʦʚ ʚ ʦʢʝʘʥʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʦʯʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ʠ ʝʛʦ ʵʚʦʣʶʮʠʷ ʪʝʩʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʳ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʞʠʟʥʴʶ ʠ 
ʵʚʦʣʶʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ. 
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ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ɺ ʧʘʣʝʦʟʦʝ ʚʳʜʝʣʷʝʪʩʷ ʧʷʪʴ ʢʨʫʧʥʳʭ ʮʠʢʣʦʚ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ ï 
ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʡ, ʩʨʝʜʥʝ-ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʠʡ, ʩʠʣʫʨʠʡʩʢʦ-ʜʝʚʦʥʩʢʠʡ, 
ʧʦʟʜʥʝʚʠʟʝʡʩʢʦ-ʩʝʨʧʫʭʦʚʩʢʠʡ ʠ ʧʝʨʤʩʢʠʡ. ʀʭ ʚʝʨʭʥʠʝ ʛʨʘʥʠʮʳ ʦʧʨʝʜʝʣʷʶʪʩʷ 
ʧʝʨʠʦʜʘʤʠ ʙʠʦʪʠʯʝʩʢʠʭ ʢʨʠʟʠʩʦʚ ʠ ʤʘʩʩʦʚʳʭ ʚʳʤʠʨʘʥʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʩʨʝʜʥʠʡï
ʧʦʟʜʥʠʡ ʢʝʤʙʨʠʡ, ʦʨʜʦʚʠʢïʩʠʣʫʨ (ʠʣʠ ʭʠʨʥʘʥʪïʨʫʜʜʘʥʠʘʥ), ʬʨʘʥïʬʘʤʝʥ, ʩʝʨʧʫʭʦʚï
ʙʘʰʢʠʨ, ʠ, ʥʘʢʦʥʝʮ, ʧʝʨʤʴïʪʨʠʘʩ [1]. 

ʂʘʨʢʘʩʦʦʙʨʘʟʫʶʱʠʤʠ ʦʨʛʘʥʠʟʤʘʤʠ ʨʠʬʦʚ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ ʙʳʣʠ ʘʨʭʝʦʮʠʘʪʳ, 
ʚʦʟʤʦʞʥʦ, ʵʧʠʬʠʪʦʥʳ, ʠʥʳʝ ʞʝ ʚʦʜʦʨʦʩʣʠ ʠ ʢʘʣʴʮʠʤʠʢʨʦʙʳ, ʚ ʦʩʥʦʚʥʦʤ, 
ʧʦʩʪʘʚʣʷʣʠ ʢʘʨʙʦʥʘʪʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʩʣʫʞʠʣʠ ʮʝʤʝʥʪʘʪʦʨʘʤʠ. 

ʄʘʩʩʦʚʦʝ ʚʳʤʠʨʘʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜʥʠʡïʧʦʟʜʥʠʡ ʢʝʤʙʨʠʡ ʧʨʠʚʝʣʦ ʢ 
ʧʦʣʥʦʤʫ ʠʩʯʝʟʥʦʚʝʥʠʶ ʘʨʭʝʦʮʠʘʪ, ʠ ʢʘʨʢʘʩʥʦʝ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘʜʦʣʛʦ 
ʧʨʝʢʨʘʪʠʣʦʩʴ [2, 3]: ʚʧʣʦʪʴ ʜʦ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ  ʪʦʣʴʢʦ ʠʣʦʚʳʝ 
ʭʦʣʤʳ, ʘ ʢʘʨʢʘʩʥʳʝ ʧʦʩʪʨʦʡʢʠ ʧʦʷʚʠʣʠʩʴ ʣʠʰʴ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʩʨʝʜʥʝʛʦ 
ʦʨʜʦʚʠʢʘ. ʈʠʬʦʩʪʨʦʠʪʝʣʷʤʠ ʦʨʜʦʚʠʢʩʢʦʛʦ ʮʠʢʣʘ ʙʳʣʠ ʩʪʨʦʤʘʪʦʧʦʨʦʠʜʝʠ, ʪʘʙʫʣʷʪʳ, 
ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʨʫʛʦʟʳ, ʤʰʘʥʢʠ, ʣʠʩʪʠʯʝʩʢʠʝ ʛʫʙʢʠ ʚ ʙʠʦʮʝʥʦʪʠʯʝʩʢʦʤ 
ʩʦʦʙʱʝʩʪʚʝ ʩ ʚʦʜʦʨʦʩʣʷʤʠ ʠ ʤʠʢʨʦʙʠʘʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 

ɹʠʦʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ ʥʘ ʛʨʘʥʠʮʝ ʦʨʜʦʚʠʢʘ ï ʩʠʣʫʨʘ ʦʩʪʘʥʦʚʠʣ ʢʘʨʢʘʩʥʦʝ 
ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʝ  [4], ʦʜʥʘʢʦ ʝʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʙʳʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʳʤ ï ʫʞʝ 
ʚ ʨʘʥʥʝʤ ʩʠʣʫʨʝ ʥʘʯʘʣʩʷ ʩʘʤʳʡ ʜʣʠʪʝʣʴʥʳʡ ʠ ʤʦʱʥʳʡ ʵʪʘʧ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ ï 
ʩʠʣʫʨʠʡʩʢʦ-ʜʝʚʦʥʩʢʠʡ. 

ʈʦʣʴ ʢʘʨʢʘʩʦʦʙʨʘʟʦʚʘʪʝʣʝʡ ʧʨʠʥʘʜʣʝʞʘʣʘ ʨʫʛʦʟʘʤ, ʪʘʙʫʣʷʪʘʤ, 
ʩʪʨʦʤʘʪʦʧʦʨʦʠʜʝʷʤ, ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ï ʤʰʘʥʢʘʤ ʠ ʨʝʮʝʧʪʘʢʫʣʠʪʘʤ. 
ɺʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʣʠ ʚʦʜʦʨʦʩʣʠ ʠ ʢʘʣʴʮʠʤʠʢʨʦʙʳ. 

ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʨʘʩʮʚʝʪʘ ʠ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʨʠʬʦʚ ʦʪʤʝʯʘʝʪʩʷ ʥʝʢʦʪʦʨʳʡ ʩʧʘʜ ʠʭ ʨʘʟʚʠʪʠʷ ʚ ʢʦʥʮʝ ʩʠʣʫʨʘïʥʘʯʘʣʝ ʜʝʚʦʥʘ, 
ʢʦʪʦʨʳʡ ʜʝʣʠʪ ʩʠʣʫʨʠʡʩʢʦ-ʜʝʚʦʥʩʢʠʡ ʮʠʢʣ ʥʘ ʜʚʘ ʧʦʜʮʠʢʣʘ. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ 
ʧʦʜʦʙʥʦʛʦ ʩʧʘʜʘ ʙʳʣʠ ʢʨʫʧʥʳʝ ʧʣʘʥʝʪʘʨʥʳʝ ʩʦʙʳʪʠʷ ʪʦʛʦ ʚʨʝʤʝʥʠ: ʦʪʥʦʩʠʪʝʣʴʥʦʝ 
ʧʦʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʩʫʰʠ; ʥʝʢʦʪʦʨʦʝ 
ʧʦʭʦʣʦʜʘʥʠʝ ʚ ʮʝʣʦʤ ʪʝʧʣʦʡ ʵʧʦʭʠ; ʠ, ʥʘʢʦʥʝʮ, ʚʘʞʥʝʡʰʝʝ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʩʦʙʳʪʠʝ ï 
ʢʦʣʦʥʠʟʘʮʠʷ ʩʫʰʠ: ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʘʟʝʤʥʦʡ ʙʠʦʪʳ  ʧʨʦʠʟʦʰʣʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʧʦʪʦʢʘ ʧʠʪʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʥʫʪʨʠʝʥʪʦʚ ï ʩ ʚʦʜʥʦʡ ʦʙʦʣʦʯʢʠ ʥʘ ʩʫʰʫ. ʆʜʥʘʢʦ 
ʚʨʝʤʝʥʥʦʝ ʦʩʣʘʙʣʝʥʠʝ ʥʝ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʢʨʠʟʠʩʫ ï ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 
ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘïʬʨʘʥʝ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʝ ʜʦʩʪʠʛʣʦ ʤʘʢʩʠʤʫʤʘ. 

ʂʨʠʪʠʯʝʩʢʠʤ ʦʢʘʟʘʣʦʩʴ ʤʘʩʩʦʚʦʝ ʚʳʤʠʨʘʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʬʨʘʥʘïʬʘʤʝʥʘ, 
ʨʝʟʢʦ ʧʨʝʢʨʘʪʠʚʰʝʝ ʢʘʨʢʘʩʥʦʝ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʩʪʫʧʠʣ ʚʝʩʴʤʘ 
ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʣʦʚʳʭ ʭʦʣʤʦʚ, ʢʦʪʦʨʳʡ ʧʨʦʜʦʣʞʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 
ʬʘʤʝʥʘ, ʪʫʨʥʝ ʠ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʚʠʟʝ. 

ʂʘʨʢʘʩʦʩʪʨʦʠʪʝʣʷʤʠ ʩʣʝʜʫʶʱʝʛʦ, ʥʝ ʩʣʠʰʢʦʤ ʤʦʱʥʦʛʦ ʧʦʟʜʥʝʚʠʟʝʡʩʢʦ-
ʩʝʨʧʫʭʦʚʩʢʦʛʦ ʮʠʢʣʘ ʙʳʣʠ ʤʰʘʥʢʠ, ʚʦʜʦʨʦʩʣʠ ʠ ʤʠʢʨʦʙʥʳʝ ʩʦʦʙʱʝʩʪʚʘ [5]. 

ʉʨʝʜʥʠʡ ʠ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʧʦʟʜʥʠʡ ʢʘʨʙʦʥ ï ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʠʬʦʦʙʨʘʟʦʚʘʥʠʝ ʧʝʨʤʩʢʦʛʦ ʮʠʢʣʘ ʧʨʦʷʚʣʷʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʜʚʫʭ 
ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ: ʚ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ (ʉʝʚʝʨʥʘʷ ʇʘʥʛʝʷ) ʧʨʦʮʝʩʩ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʠʬʦʚʳʭ ʪʝʣ ʦʪʯʝʪʣʠʚʦ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʧʦʜʮʠʢʣʘ. ʈʠʬʳ 
ʚʦʩʪʦʢʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦ ʚʦʟʨʘʩʪʫ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʥʥʝʡ ʧʝʨʤʠ, 
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ʦʙʨʘʟʦʚʘʥʳ  ʤʰʘʥʢʘʤʠ, ʛʠʜʨʦʠʜʥʳʤʠ (ʧʘʣʝʦʘʧʣʝʟʠʥʳ), ʦʨʛʘʥʠʟʤʘʤʠ ʥʝʷʩʥʦʛʦ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ï ʪʫʙʠʬʠʪʘʤʠ, ʘ ʪʘʢʞʝ ʚʦʜʦʨʦʩʣʷʤʠ. ʕʪʦʪ ʧʦʜʮʠʢʣ 
ʟʘʚʝʨʰʠʣʩʷ ʚ ʩʚʷʟʠ ʩ ʨʝʛʨʝʩʩʠʝʡ, ʨʝʟʢʠʤ ʦʩʦʣʦʥʝʥʠʝʤ ʚʦʜʦʝʤʘ, ʯʪʦ ʚʳʟʚʘʣʦ 
ʧʝʨʝʢʨʳʪʠʝ ʨʠʬʦʚ ʩʦʣʝʥʦʩʥʳʤʠ ʪʦʣʱʘʤʠ. ʈʠʬʳ ʚʪʦʨʦʛʦ, ʩʨʝʜʥʝʧʝʨʤʩʢʦʛʦ, 
ʧʦʜʮʠʢʣʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʧʨʝʜʝʣʘʭ ʇʝʨʤʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʉʐɸ, ʩʦʟʜʘʥʳ 
ʠʟʚʝʩʪʢʦʚʳʤʠ ʛʫʙʢʘʤʠ, ʤʰʘʥʢʘʤʠ, ʙʘʛʨʷʥʳʤʠ ʠ ʟʝʣʝʥʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ, ʚ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ï ʢʦʨʘʣʣʘʤʠ. ɺ ɻʝʨʤʘʥʠʠ, ʇʦʣʴʰʝ, ʃʠʪʚʝ ʨʠʬʳ ʢʦʥʮʘ 
ʩʨʝʜʥʝʡ ʧʝʨʤʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʩʥʦʚʘʥʠʠ ʮʝʭʰʪʝʡʥʘ, ʯʪʦ, ʚʠʜʠʤʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʚʝʨʭʘʤ ʛʚʘʜʝʣʫʧʩʢʦʛʦ ʦʪʜʝʣʘ. ʆʥʠ ʧʦʩʪʨʦʝʥʳ ʤʰʘʥʢʘʤʠ ʠ ʮʠʘʥʦ-ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 

ʈʠʬʳ ʶʞʥʦʡ, ʊʝʪʠʯʝʩʢʦʡ, ʦʙʣʘʩʪʠ (ʨʠʬʳ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʂʠʪʘʷ), 
ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʧʦʟʜʥʝʡ ʧʝʨʤʠ. ʈʠʬʦʩʪʨʦʷʱʘʷ ʙʠʦʪʘ ʧʦʩʪʨʦʝʢ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ 
ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʬʠʥʢʪʦʟʦʘ ʠ ʜʨʫʛʠʤʠ ʠʟʚʝʩʪʢʦʚʳʤʠ ʛʫʙʢʘʤʠ, 
ʚʦʜʦʨʦʩʣʷʤʠ, ʛʠʜʨʦʠʜʥʳʤʠ, ʢʦʨʘʣʣʘʤʠ, ʤʰʘʥʢʘʤʠ. ɸʥʘʣʦʛʠʯʝʥ ʥʘʙʦʨ 
ʧʦʟʜʥʝʧʝʨʤʩʢʠʭ ʨʠʬʦʩʪʨʦʠʪʝʣʝʡ ʖʞʥʦʛʦ ʂʠʪʘʷ ï ʤʰʘʥʢʠ, ʢʦʨʘʣʣʳ ʠ, ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʛʫʙʢʠ ï ʢʘʣʴʮʠʩʧʦʥʛʠʠ, ʩʬʠʥʢʪʦʟʦʠ, ʠʥʦʟʦʠ, ʪʘʙʫʣʦʟʦʠ, 
ʛʠʜʨʦʠʜʥʳʝ, ʯʘʩʪʠʯʥʦ, ʩʪʨʦʤʘʪʦʧʦʨʳ; ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʜʦʨʦʩʣʠ ʠ 
ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʙʘʢʪʝʨʠʘʣʴʥʳʝ ʬʦʨʤʳ. 

ʉʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʦʙʫʩʣʦʚʣʝʥʳ, ʚʠʜʠʤʦ, ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ, ʪʦʯʥʝʝ, 
ʛʣʦʙʘʣʴʥʳʤʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ, ʧʨʠʯʠʥʘʤʠ. ʉʝʚʝʨʥʘʷ ʇʘʥʛʝʷ ʥʘʭʦʜʠʣʘʩʴ ʚ 
ʟʦʥʝ ʘʨʠʜʥʦʛʦ ʠ ʩʝʤʠʘʨʠʜʥʦʛʦ ʢʣʠʤʘʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʊʝʪʠʯʝʩʢʘʷ ï ʚ ʟʦʥʝ 
ʛʫʤʠʜʥʦʛʦ, ʯʪʦ ʠ ʦʧʨʝʜʝʣʠʣʦ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʥʘʙʦʨ ʨʠʬʦʩʪʨʦʠʪʝʣʝʡ. 

ɺ ʢʘʞʜʦʤ ʮʠʢʣʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʮʠʢʣʠʯʥʦʩʪʴ 
ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʫʨʦʚʥʷ: ʚ ʦʜʥʦʤ ʨʝʛʠʦʥʝ ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʨʚʘʣʦʚ 
ʨʠʬʦʩʪʨʦʝʥʠʷ, ʨʘʟʜʝʣʝʥʥʳʭ ʥʝʨʠʬʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʊʘʢ, ʚ ɿʘʧʘʜʥʦ-ʂʘʥʘʜʩʢʦʤ 
ʙʘʩʩʝʡʥʝ ʨʠʬʳ ʚʨʝʤʝʥʠ ʈʝʡʥʙʦʫ ʧʨʝʨʳʚʘʶʪʩʷ ʩʦʣʝʥʦʩʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ ʄʘʩʢʝʛ ʠ 
ʉʘʣʬʝʨ ʇʦʡʥʪ, ʨʠʬʳ ʉʫʦʥ ʍʠʣʣʩ ʠ ʃʝʜʶʢ ï ʛʣʠʥʠʩʪʳʤʠ ʧʘʯʢʘʤʠ ʬʦʨʤʘʮʠʡ 
ʋʦʪʪʝʨʚʝʡʩ ʠ ɸʡʨʪʦʥ. ɺ ʇʝʯʦʨʩʢʦʡ ʩʠʥʝʢʣʠʟʝ ʜʦʤʘʥʠʢʦʚʳʝ ʠ ʩʠʨʘʯʦʡʩʢʠʝ ʨʠʬʳ 
ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʪʣʘʩʷʥʩʢʦʡ ʠ ʥʠʞʥʝʫʭʪʠʥʩʢʦʡ ʛʣʠʥʠʩʪʳʤʠ 
ʧʘʯʢʘʤʠ. ɸʥʘʣʦʛʠʯʥʘ ʢʘʨʪʠʥʘ ʠ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, 
ʛʜʝ ʨʠʬʳ ʨʘʟʜʝʣʝʥʳ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ, ʛʣʠʥʠʩʪʳʤʠ ʠ ʨʝʞʝ ʥʝʨʠʬʦʚʳʤʠ 
ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʠʢʣʠʯʥʦʩʪʴ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ ʧʘʣʝʦʟʦʷ ʠʤʝʝʪ, ʧʦ ʢʨʘʡʥʝʡ 
ʤʝʨʝ, ʪʨʠ ʧʦʨʷʜʢʘ. ʎʠʢʣʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ï ʛʣʦʙʘʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʮʠʢʣʳ, ʠʭ 
ʛʨʘʥʠʮʳ ʦʙʫʩʣʦʚʣʝʥʳ ʫʨʦʚʥʷʤʠ ʤʘʩʩʦʚʳʭ ʚʳʤʠʨʘʥʠʡ. ɺ ʦʩʥʦʚʝ ʮʠʢʣʦʚ ʚʪʦʨʦʛʦ 
ʧʦʨʷʜʢʘ ʥʘʭʦʜʷʪʩʷ ʢʨʫʧʥʳʝ  ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʝ 
ʧʝʨʝʩʪʨʦʡʢʠ. ʅʘʢʦʥʝʮ, ʮʠʢʣʠʯʥʦʩʪʴ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʛʫʙʦ 
ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ. 
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ʂʆʄʇʃɽʂʉʓ ʀ ʉʊʈʋʂʊʋʈʓ ɿɸɸʅɻɸʈʉʂʆʁ ʏɸʉʊʀ ɽʅʀʉɽʁʉʂʆɻʆ 
ʂʈʗɾɸ ï ʀʅɼʀʂɸʊʆʈʓ ʇʆɿɼʅɽʅɽʆʇʈʆʊɽʈʆɿʆʁʉʂʆɻʆ 

ɺʅʋʊʈʀʇʃʀʊʅʆɻʆ ʆʈʆɻɽʅɸ ʅɸ ɿɸʇɸɼɽ  
ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ? 

 
ʅ.ɹ. ʂʫʟʥʝʮʦʚ1,2, ɸ.ɸ. ʂʦʣʝʩʥʠʢʦʚʘ1, ɸ.ɺ. ɹʘʨʰʠʥ2, ɸ.ɺ. ʐʘʮʠʣʣʦ3, ʊ.ɺ. ʈʦʤʘʥʶʢ3 

 
1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ. ʄ.ʀ.ɻʫʙʢʠʥʘ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

3
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ɿʝʤʣʠ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʅʘ ʟʘʧʘʜʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʉʇ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ, ʝʛʦ 
ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ʚʳʜʝʣʷʝʪʩʷ ʢʘʢ ʦʩʦʙʳʡ ʨʘʡʦʥ ï ɿʘʘʥʛʘʨʴʝ. ɿʜʝʩʴ ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʨʘʟʥʦʨʦʜʥʳʝ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʩʣʦʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 
ʠʥʪʨʫʜʠʨʫʶʱʠʝ ʠʭ ʛʨʘʥʠʪʦʠʜʳ ʠ ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʥʠʤʠ ʤʘʬʠʯʝʩʢʠʝ ʤʘʛʤʘʪʠʪʳ, ʘ 
ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʩʝʭ ʵʪʠʭ ʚʝʱʝʩʪʚʝʥʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʛʦʩʧʦʜʩʪʚʫʶʪ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʢʦʪʦʨʳʤʠ ʧʦʟʜʥʝʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ 
ʩʪʨʫʢʪʫʨʳ ɿʘʘʥʛʘʨʴʷ ï ʵʪʦ ʨʝʣʠʢʪʳ ʢʨʫʧʥʦʡ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʢʦʣʣʠʟʠʦʥʥʦ-
ʘʢʢʨʝʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʘʨʢʠʨʫʶʱʠʝ ʩʦʙʦʡ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʢʨʘʡ (ʦʢʨʘʠʥʫ) 
ʉʠʙʠʨʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ. ʇʨʠ ʵʪʦʤ ʢʦʥʢʫʨʠʨʫʶʪ ʜʚʝ ʩʠʩʪʝʤʳ ʚʟʛʣʷʜʦʚ, ʚ ʨʘʤʢʘʭ 
ʢʦʪʦʨʳʭ ʧʦ-ʨʘʟʥʦʤʫ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʦ ʩʪʨʦʝʥʠʝ ʨʝʛʠʦʥʘ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʝʛʦ 
ʧʦʟʜʥʝʜʦʢʝʤʙʨʠʡʩʢʘʷ ʵʚʦʣʶʮʠʷ. ʆʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʧʦʥʠʤʘʥʠʠ 
ʨʦʣʠ ʠ ʟʥʘʯʝʥʠʷ ʪʝʢʪʦʥʦʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʧʨʦʷʚʣʝʥʥʦʤʫ ʚʦ 
ʤʥʦʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ ʛʨʝʥʚʠʣʴʩʢʦʤʫ (ʩʚʝʢʦʥʦʨʚʝʞʩʢʦʤʫ) ʦʨʦʛʝʥʝʟʫ (ʪʝʢʪʦʛʝʥʝʟʫ). 
ʅʝ ʩʤʦʪʨʷ ʥʘ ʵʪʠ ʨʘʟʣʠʯʠʷ ʚ ʧʦʜʭʦʜʘʭ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʩʝʥʩʫʩ ʚ 
ʦʪʥʦʰʝʥʠʠ ʧʦʥʠʤʘʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ɿʘʘʥʛʘʨʴʷ. ɿʜʝʩʴ ʚʳʜʝʣʷʶʪ 
ɺʦʩʪʦʯʥʦ-ɸʥʛʘʨʩʢʠʡ ʙʣʦʢ (ɺɸɹ), ʎʝʥʪʨʘʣʴʥʦ-ɸʥʛʘʨʩʢʠʡ ʙʣʦʢ (ʎɸɹ) ʠ ʀʩʘʢʦʚʩʢʠʡ 
ʙʣʦʢ. ʕʪʠ ʙʣʦʢʠ ʨʘʟʜʝʣʝʥʳ ʊʘʪʘʨʩʢʦ-ʀʰʠʤʙʠʥʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʦʡ [1, 2], 
ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʘʜʚʠʛʘʤʠ, ʦʩʣʦʞʥʝʥʥʳʤʠ ʩʜʚʠʛʦʚʳʤʠ ʩʤʝʱʝʥʠʷʤʠ. ʆʜʥʘʢʦ 
ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʠ ʧʝʨʚʠʯʥʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʎɸɹ ʧʦʥʠʤʘʝʪʩʷ 
ʧʦ-ʨʘʟʥʦʤʫ ʨʘʟʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʊʘʢ, ʚ ʨʘʙʦʪʘʭ (ɺʝʨʥʠʢʦʚʩʢʠʡ ʠ ʜʨ., 2016 ʠ 
ʤʥ. ʜʨ.) ʎɸɹ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʢʘʢ ʪʝʨʨʝʡʥ, ʯʫʞʝʨʦʜʥʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʩʦʧʨʷʞʝʥʥʦʤʫ ʩ ʥʠʤ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʨʘʶ ʉʇ. ʇʨʠ ʵʪʦʤ ʦʪʜʝʣʷʶʱʘʷ ʎɸɹ 
ʦʪ ɺɸɹ ʊʘʪʘʨʩʢʦ-ʀʰʠʤʙʠʥʩʢʘʷ ʟʦʥʘ ï ʵʪʦ ʦʬʠʦʣʠʪʦʚʘʷ ʩʫʪʫʨʘ ï ʩʣʝʜ ʦʪ 
ʧʨʦʠʟʦʰʝʜʰʝʛʦ ʥʘ ʚʨʝʤʝʥʥʦʤ ʨʫʙʝʞʝ ~760-750 ʤʣʥ ʣʝʪ ʟʘʢʨʳʪʠʷ ʙʘʩʩʝʡʥʘ ʩ ʢʦʨʦʡ 
ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʦʤʫ ʚ ʨʘʙʦʪʘʭ [2 ʠ ʜʨ.] ʎɸɹ ï ʵʪʦ ʵʣʝʤʝʥʪ 
ʧʦʟʜʥʝʜʦʢʝʤʙʨʠʡʩʢʦʡ ʦʢʨʘʠʥʳ ʉʇ. ʇʨʠ ʵʪʦʤ ʦʪʜʝʣʷʶʱʘʷ ʎɸɹ ʦʪ ɺɸɹ ʊʘʪʘʨʩʢʦ-
ʀʰʠʤʙʠʥʩʢʘʷ ʟʦʥʘ ï ʵʪʦ ʨʝʣʠʢʪ ʧʦʟʜʥʝʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʈʳʙʠʥʩʢʦ-
ʇʘʥʠʤʙʠʥʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʥʘ ʦʢʨʘʠʥʝ ʉʇ ʧʨʠ ʝʛʦ 
ʨʠʬʪʦʛʝʥʝʟʝ [2]. 

ʇʦʜʚʦʜʷ ʥʝʢʦʪʦʨʳʡ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʠʪʦʛ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ɿʘʘʥʛʘʨʴʝ, 
ʦʪʤʝʪʠʤ, ʯʪʦ ʫ ʥʘʩ ʥʝ ʧʦʷʚʠʣʦʩʴ ʦʩʦʙʝʥʥʳʭ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʫʪʚʝʨʞʜʝʥʠʡ ʦ 
ʯʫʞʝʨʦʜʥʦʩʪʠ ʚʝʨʭʥʝʜʦʢʝʤʙʨʠʡʩʢʠʭ ʪʦʣʱ ʎɸɹ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʜʥʦʚʦʟʨʘʩʪʥʳʤ 
ʦʙʨʘʟʦʚʘʥʠʷʤ ɺɸɹ. ɸ ʫʞ ʝʩʣʠ, ʢʘʢ ʧʦʣʘʛʘʶʪ ʬʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʨʝʛʠʦʥʘ 
[1, 2, 5], ɺɸɹ ï ʵʪʦ ʬʨʘʛʤʝʥʪ ʉʇ, ʪʦ ʠ ʎɸɹ ʷʚʣʷʝʪʩʷ ʝʝ ʯʘʩʪʴʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʦʡ 
ʚʳʚʦʜ, ʤʳ ʚʩʝ ʞʝ ʧʦʥʠʤʘʝʤ, ʯʪʦ ʨʘʟʣʠʯʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʎɸɹ ʠ 

ɺɸɹ ʩʫʱʝʩʪʚʫʶʪ ʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʝʚʝʨʥʝʝ ʙʘʩʩʝʡʥʘ ʨ.ɹ.ʇʠʪ ʚ ʩʪʨʫʢʪʫʨʝ ʎɸɹ 
ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʨʘʥʠʪʦʠʜʳ, ʘ ʪʘʢʞʝ ʛʣʫʙʦʢʦ ʠ ʥʝʦʜʥʦʢʨʘʪʥʦ 
ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ.  
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ɺʳʧʦʣʥʝʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ ʨʝʟʫʣʴʪʘʪʦʚ Sm/Nd-
ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʢʨʝʤʥʝʢʠʩʣʳʭ ʯʣʝʥʦʚ 
ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʎɸɹ [2 ʠ ʜʨ.] ʧʦʢʘʟʘʣ, ʯʪʦ Sm/Nd-ʤʦʜʝʣʴʥʳʝ 
ʚʦʟʨʘʩʪʳ ʤʘʛʤʘʛʝʥʝʨʠʨʫʶʱʝʛʦ ʩʫʙʩʪʨʘʪʘ ʵʪʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ, 
ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʨʝʤʝʥʠ ʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʊʫʥʛʫʩʩʢʦʛʦ 
ʜʦʤʝʥʘ ʬʫʥʜʘʤʝʥʪʘ ʉʇ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚ ʛʨʘʥʠʪʦʠʜʘʭ 
ʎɸɹ ʫʩʪʘʥʦʚʣʝʥʳ ʢʩʝʥʦʢʨʠʩʪʳ ʮʠʨʢʦʥʘ ʩ ʚʦʟʨʘʩʪʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʬʫʥʜʘʤʝʥʪʘ ʉʇ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʨʦʜʘʭ ʠʟ 
ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʤʝʪʘʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʎɸɹ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʥʥʝʜʦʢʝʤʙʨʠʡʩʢʠʝ 
ʜʝʪʨʠʪʦʚʳʝ ʮʠʨʢʦʥʳ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ ʟʝʨʥʘ ʩʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʤʠ 
ʚʦʟʨʘʩʪʘʤʠ 1,84-1,87 ʤʣʨʜ. ʣʝʪ [4]. ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ 
Sm/Nd-ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʳ ʚ ʧʝʣʠʪʘʭ ʠ ʤʝʪʘʧʝʣʠʪʘʭ ʠʟ ʚʝʨʭʥʝʜʦʢʝʤʙʨʠʡʩʢʠʭ ʪʦʣʱ 
ʎɸɹ [3] ʤʦʜʝʣʴʥʳʝ ʚʦʟʨʘʩʪʳ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʧʦʧʘʜʘʶʪ ʚ ʜʠʘʧʘʟʦʥ ʟʥʘʯʝʥʠʡ ʦʪ 
~1,8 ʜʦ ~2,7 ʤʣʨʜ. ʣʝʪ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʢʨʠʚʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʤʦʜʝʣʴʥʳʭ ʚʦʟʨʘʩʪʦʚ ʯʫʪʴ ʤʝʥʝʝ 2,0 ʤʣʨʜ. ʣʝʪ. ɺʩʝ ʵʪʦʪ ʪʘʢʞʝ ʥʝ 
ʜʘʝʪ ʦʩʥʦʚʘʥʠʡ ʧʨʝʜʧʦʣʘʛʘʪʴ ʯʫʞʝʨʦʜʥʦʩʪʴ ʎɸɹ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʉʇ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ 
ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ʎɸɹ ʩ ʢʦʣʣʠʟʠʦʥʥʦ/ʘʢʢʨʝʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʝ 
ʦʯʝʚʠʜʥʘ. ʕʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʢʘʢ ʚʥʫʪʨʠʧʣʠʪʥʳʝ. ʂʨʦʤʝ 
ʪʦʛʦ, ʤʝʪʘʤʦʨʬʠʟʤ ʚʝʨʭʥʝʜʦʢʝʤʙʨʠʡʩʢʠʭ ʪʦʣʱ, ʘ ʪʘʢʞʝ ʧʨʦʨʳʚʘʶʱʠʭ ʠʭ 
ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʛʘʙʙʨʦʠʜʦʚ ʦʙʫʩʣʦʚʣʝʥ ʩʢʦʨʝʝ ʚʩʝʛʦ ʥʝ ʢʦʣʣʠʟʠʦʥʥʦ/ʘʢʢʨʝʮʠʦʥʥʳʤʠ 
ʧʨʦʮʝʩʩʘʤʠ, ʘ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʠʬʪʦʛʝʥʝʟʦʤ, ʘ ʪʘʢʞʝ 
ʧʨʦʮʝʩʩʘʤʠ ʙʣʘʩʪʦʤʠʣʦʥʠʪʠʟʘʮʠʠ ʧʨʠ ʢʨʫʧʥʦʘʤʧʣʠʪʫʜʥʳʭ ʩʜʚʠʛʦʚʳʭ 
ʧʝʨʝʤʝʱʝʥʠʷʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ɿʘʘʥʛʘʨʴʝ ʤʳ ʠʤʝʝʤ 
ʜʝʣʦ ʩ ʨʝʣʠʢʪʘʤʠ ʧʦʟʜʥʝʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʵʧʠʧʣʘʪʬʦʨʤʝʥʥʦʛʦ ʪʨʘʥʩʪʝʥʩʠʦʥʥʦʛʦ 
ʪʝʢʪʦʛʝʥʝʟʘ ï ʢʦʤʙʠʥʘʮʠʠ ʨʠʬʪʦʛʝʥʝʟʘ ʠ ʢʨʫʧʥʦʘʤʧʣʠʪʫʜʥʳʭ ʩʜʚʠʛʦʚ. 

ʈʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ɻʀʅ ʈɸʅ ʠ ʀʌɿ ʈɸʅ. ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ɿʘʘʥʛʘʨʴʝ ʠ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 
ɿʘʘʥʛʘʨʴʶ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (17-05-00021 ʠ 19-05-00794, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
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ï 2007. ï ʊ. 48. ï ˉ 9. ï ʉ. 921-933. 
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ʄɽʉʊʆʈʆɾɼɽʅʀʁ (ɽʅʀʉɽʁʉʂʀʁ ʂʈʗɾ, ʂʈɸʉʅʆʗʈʉʂʀʁ ʂʈɸʁ) 
 

ɺ.ʅ. ʂʫʣʝʰʦʚ1, ʃ.ʀ. ʉʚʠʨʠʜʦʚ2,1 
 

1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

 

ʇʦʨʦʞʠʥʩʢʘʷ ʛʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʘʨʛʘʥʮʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ɺʦʨʦʛʦʚʩʢʦʤ 
ʧʨʦʛʠʙʝ (ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ) ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʧʦʜʲʝʤʩʢʦʡ ʩʚʠʪʝ ʯʘʧʩʢʦʡ ʩʝʨʠʠ 
ʥʝʦʧʨʦʪʝʨʦʟʦʷ. ʉʚʠʪʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʧʦʜʩʚʠʪʳ: ʥʠʞʥʝʧʦʜʲʝʤʩʢʫʶ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʚ ʦʩʥʦʚʥʦʤ ʜʦʣʦʤʠʪʘʤʠ, ʠ ʚʝʨʭʥʝʧʦʜʲʝʤʩʢʫʶ, ʢʦʪʦʨʘʷ ʩʣʦʞʝʥʘ 
ʪʫʬʦʛʝʥʥʦ-ʢʨʝʤʥʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʳʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʨʛʘʥʮʘ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ [1-3], ʩʚʷʟʘʥʳ ʩ ʤʝʟʦʟʦʡʩʢʦ-
ʨʘʥʥʝʢʘʡʥʦʟʦʡʩʢʠʤʠ ʢʦʨʘʤʠ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʢʘʨʩʪʦʚʳʝ ʜʝʧʨʝʩʩʠʠ) ʧʦ ʦʪʣʦʞʝʥʠʷʤ 
ʚʝʨʭʥʝʧʦʜʲʝʤʩʢʦʡ ʧʦʜʩʚʠʪʳ. 

ʅʠʞʥʝʧʦʜʲʝʤʩʢʘʷ ʧʦʜʩʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʣʦʤʠʪʘʤʠ 
ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʠ ʛʝʪʝʨʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨ. ɼʦʣʦʤʠʪʳ 
ʚʩʢʨʳʚʘʶʪʩʷ ʥʘ ʚʩʝʭ ʫʯʘʩʪʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʩʪʠʣʘʶʪ 
ʤʘʨʛʘʥʮʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʡ ʧʦʜʩʚʠʪʳ ʠ ʤʘʨʛʘʥʮʝʥʦʩʥʳʝ ʢʦʨʳ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʪʠʧʘ. ɺʜʦʣʴ ʢʦʥʪʘʢʪʘ ʜʦʣʦʤʠʪʦʚ ʩ ʚʳʰʝʣʝʞʘʱʠʤʠ 
ʤʘʨʛʘʥʮʦʚʠʩʪʳʤʠ ʪʫʬʦʘʣʝʚʨʦʣʠʪʘʤʠ ʯʘʩʪʦ ʨʘʟʚʠʚʘʶʪʩʷ ʣʠʥʝʡʥʳʝ ʨʫʜʦʥʦʩʥʳʝ ʢʦʨʳ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʘʨʩʪʦʚʳʤʠ ʜʝʧʨʝʩʩʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʥʠʞʥʝʡ ʧʦʜʩʚʠʪʳ ʩʝʛʦʜʥʷ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ 
ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʤʘʨʛʘʥʮʘ, ʠʟʫʯʝʥʠʝ ʜʦʣʦʤʠʪʦʚ 
ʵʪʦʡ ʧʦʜʩʚʠʪʳ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʫʩʣʦʚʠʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ 
ʠʩʪʦʯʥʠʢʘ ʤʘʨʛʘʥʮʘ ʚ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʦʤ ʙʘʩʩʝʡʥʝ ʩʝʜʠʤʝʥʪʘʮʠʠ ʥʝʦʧʨʦʪʝʨʦʟʦʷ. 

ʅʘʤʠ ʠʟʫʯʝʥʳ ʩʣʘʙʦ- ʠ ʥʝʠʟʤʝʥʝʥʥʳʝ ʛʠʧʝʨʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʜʦʣʦʤʠʪʳ 
ʄʦʭʦʚʦʛʦ, ʇʦʨʦʞʠʥʩʢʦʛʦ, ʂʦʞʝʚʝʥʩʢʦʛʦ ʠ ʉʝʚʝʨʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʦʙʳ ʙʳʣʠ 
ʦʪʦʙʨʘʥʳ ʢʘʢ ʠʟ ʨʘʟʚʝʜʦʯʥʳʭ ʢʘʥʘʚ, ʪʘʢ ʠ ʠʟ ʢʝʨʥʘ ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥ. ʈʝʟʫʣʴʪʘʪʳ 
ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʜʦʣʦʤʠʪʦʚ ʚ ʮʝʣʦʤ ʧʦʢʘʟʳʚʘʶʪ ʧʦʚʳʰʝʥʥʳʝ 
ʩʦʜʝʨʞʘʥʠʷ ʤʘʨʛʘʥʮʘ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʶʱʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ 
ʟʝʤʥʦʡ ʢʦʨʝ (0,16ï0,31% ʠ ʚʳʰʝ), ʠʥʦʛʜʘ ʜʦʩʪʠʛʘʶʪ 6% ʠ ʙʦʣʝʝ. ɸʥʘʣʦʛʠʯʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ ʨʘʥʝʝ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʘʭ [2, 3]. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ (ŭ13ʉ) ʠ ʢʠʩʣʦʨʦʜʘ (ŭ18ʆ) ʜʦʣʦʤʠʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ 
ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʩʦʩʪʘʚʣʷʝʪ -1,9é2,0ă (PDB) ʜʣʷ ŭ13ʉ, ʠ 22,3é31,0ă (SMOW) 
ʜʣʷ ŭ18ʆ. ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʟʥʳʭ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 
ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʣʦʤʠʪʦʚ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʳʡ ʙʘʩʩʝʡʥ 
ʩʝʜʠʤʝʥʪʘʮʠʠ ɺʦʨʦʛʦʚʩʢʦʛʦ ʧʨʦʛʠʙʘ ʚ ʥʝʦʧʨʦʪʝʨʦʟʦʝ ʙʳʣ ʥʝʦʜʥʦʨʦʜʥʳʤ ʠ 
ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ, ʨʘʟʥʳʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʢʠʩʣʦʨʦʜʘ ʚʦʜʳ ʠ, ʚʦʟʤʦʞʥʦ, ʨʘʟʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʦʡ. ʕʪʦ ʦʙʫʩʣʦʚʠʣʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʜʦʣʦʤʠʪʦʚ ʜʚʫʭ ʛʨʫʧʧ (ʛʨʫʧʧʳ 1 ʠ 2, 
ʨʠʩʫʥʦʢ), ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʢʠʩʣʦʨʦʜʘ. ʇʨʦʮʝʩʩʳ 
ʚʪʦʨʠʯʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʳ ʠʩʢʣʶʯʘʝʤ ʠʟ ʦʙʩʫʞʜʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʪʘʢʠʭ 
ʥʘʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 
ʢʠʩʣʦʨʦʜʘ, ʥʦ ʠ ʫʛʣʝʨʦʜʘ, ʘ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʝʣʠʯʠʥ ŭ13ʉ ʠ ŭ18ʆ ʥʘʙʣʶʜʘʝʪʩʷ 
ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʫʝʪ. 
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18
ʆ ʚ ʢʘʨʙʦʥʘʪʘʭ ʥʠʞʥʝʧʦʜʲʝʤʩʢʦʡ ʧʦʜʩʚʠʪʳ ʇʦʨʦʞʠʥʩʢʦʡ ʛʨʫʧʧʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
1 ï ʜʦʣʦʤʠʪʳ ʄʦʭʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 2 - ʜʦʣʦʤʠʪʳ ʇʦʨʦʞʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʛʣʫʙʦʢʠʝ 
ʛʦʨʠʟʦʥʪʳ); 3 - ʜʦʣʦʤʠʪʳ ʇʦʨʦʞʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʢʘʨʩʪʦʚʘʷ ʜʝʧʨʝʩʩʠʷ); 4 ï ʜʦʣʦʤʠʪʳ 
ʂʦʞʝʚʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 5 ï ʜʦʣʦʤʠʪʳ ʄʦʭʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʢʘʥʘʚʳ); 6 ï ʦʥʢʦʣʠʪʦʚʳʡ 
ʜʦʣʦʤʠʪ, ʄʦʭʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ; 7 ï ʦʙʣʦʤʦʯʥʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʧʦʨʦʜʘ, ʇʦʨʦʞʠʥʩʢʦʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʝ; 8 ï ʢʘʨʙʦʥʘʪ ʦʢʩʠʜʥʳʭ ʨʫʜ, ʇʦʨʦʞʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. (1 ʠ 2 ʚ ʢʨʫʞʢʘʭ ï ʩʤ. 
ʪʝʢʩʪ). 
 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) 
ʜʦʣʦʤʠʪʦʚ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʥʝ ʪʦʣʴʢʦ ʧʦ ʮʝʨʠʶ, ʥʦ ʠ, 
ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʧʦ ʝʚʨʦʧʠʶ. ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 
ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʦʙʫʩʣʦʚʠʚʰʝʛʦ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʙʘʩʩʝʡʥ 
ʩʝʜʠʤʝʥʪʘʮʠʠ ʚʝʱʝʩʪʚʘ (ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠ ʤʘʨʛʘʥʮʘ) ʥʝ ʪʦʣʴʢʦ ʩ ʩʫʰʠ, ʥʦ 
ʠʟ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʨʝʛʠʦʥʘ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʦʯʘʛʘʤʠ [1]. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʇʨʦʛʨʘʤʤʳ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 1.48. 
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ʄʀʅɽʈɸʃʆɻʆ-ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ɹʀʆʄʆʈʌʅʓʍ 
ʈʋɼʅʓʍ ʆɹʈɸɿʆɺɸʅʀʁ ɺ ʄɽɿʆɿʆʁʉʂʀʍ ʆʊʃʆɾɽʅʀʗʍ 

ʈɽʉʇʋɹʃʀʂʀ ʊɸʊɸʈʉʊɸʅ 
 

ɸ.ʌ. ʂʫʣʤʘʪʦʚ, ʆ.ʇ. ʐʠʣʦʚʩʢʠʡ, ʈ.ʈ. ʍʘʩʘʥʦʚ 
 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ, ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 
ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʠʦʤʦʨʬʥʳʭ 

ʨʫʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʤʝʝʪ ʙʦʣʴʰʦʝ  ʟʥʘʯʝʥʠʝ ʢʘʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ 
ʧʦʩʪʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʠ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ.  

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʪʢʘʥʝʡ ʚ ʫʩʣʦʚʠʷʭ 
ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ.  

ʆʙʨʘʟʮʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, 
ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 
ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠ ʤʠʢʨʦʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʪʥʦʛʦ 
ʘʥʘʣʠʟʘ.  

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ 
ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʙʠʦʤʦʨʬʥʳʝ ʨʫʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʙʨʘʥʥʳʝ ʠʟ ʤʝʟʦʟʦʡʩʢʠʭ 
(ʚʝʨʭʥʝʶʨʩʢʠʭ) ʦʪʣʦʞʝʥʠʡ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨ. ɺʦʣʛʘ ʚʙʣʠʟʠ ʥʘʩʝʣʝʥʥʦʛʦ ʧʫʥʢʪʘ 
ɹʦʣʴʰʠʝ ʊʘʨʭʘʥʳ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ 
ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʜʨʝʚʝʩʥʳʭ ʩʪʝʙʣʝʡ 
ʚʳʩʰʠʭ ʨʘʩʪʝʥʠʡ. 

ɸʥʘʣʠʟ ʫʩʣʦʚʠʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʦʩʪʘʪʢʦʚ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʨʳʭ, ʪʦʥʢʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʚ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʨʠ ʤʘʣʦʘʢʪʠʚʥʦʤ 
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩ ʚʳʩʦʢʠʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ 
ʦʪʤʝʨʰʠʭ ʧʣʘʥʢʪʦʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ [2]. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʙʠʦʤʦʨʬʥʳʭ ʨʫʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʦʩʥʦʚʥʦʤ 
ʧʨʝʜʩʪʘʚʣʝʥ ʧʠʨʠʪʦʤ. ɺ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʜʝʨʞʘʪʩʷ ʢʚʘʨʮ, ʙʘʨʠʪ, ʤʘʛʥʝʪʠʪ, 
ʠʣʣʠʪ, ʥʘʪʨʦʘʣʫʥʠʪ. ɺʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ ʫʯʘʩʪʢʠ ʩʣʦʞʝʥʥʳʝ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʦʡ 
ʦʨʛʘʥʠʢʦʡ. ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ [3], ʠʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʛʜʝ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʤʠʢʨʦʟʝʨʥʠʩʪʳʤ 
ʧʠʨʠʪʦʤ ʠ ʫʛʣʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʘ ʧʝʨʠʬʝʨʠʡʥʘʷ ʯʘʩʪʴ ï ʨʘʜʠʘʣʴʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ 
ʤʝʣʢʦ- ʠ/ʠʣʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʧʠʨʠʪʘ. ʋ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʦʚ ʟʦʥʘʣʴʥʦʩʪʴ 
ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʥʦ ʚ ʤʘʩʩʝ ʧʠʨʠʪʘ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʦʙʣʦʤʦʯʥʳʝ ʯʘʩʪʠʮʳ ʢʚʘʨʮʘ, ʯʪʦ, 
ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ ʚ ʙʦʣʝʝ ʤʝʣʢʦʚʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʠʨʠʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ 
ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʛʠʜʨʦʪʨʦʠʣʠʪʘ. ʇʠʨʠʪ ʚ ʚʠʜʝ ʥʘʨʦʩʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʝ ʧʦʩʪʨʦʡʢʠ ʤʠʢʨʦʙʠʘʣʴʥʳʭ ʢʦʣʦʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 
ʮʠʘʥʦʙʠʦʥʪʘʤʠ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ [2]. ʅʘʪʨʦʘʣʫʥʠʪ ʤʦʛ 
ʦʙʨʘʟʦʚʘʪʴʩʷ ʢʘʢ ʥʘ ʜʥʝ ʙʘʩʩʝʡʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 
ʩʝʨʦʚʦʜʦʨʦʜʘ ʥʘ ʩʠʣʠʢʘʪʳ (ʛʣʠʥʠʩʪʳʝ ʠ ʩʣʶʜʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ), 
ʪʘʢ ʠ ʧʨʠ ʵʢʟʦʛʝʥʥʦʤ ʦʢʠʩʣʝʥʠʠ ʧʠʨʠʪʘ. 

ʄʘʛʥʝʪʠʪ ʚʪʦʨʠʯʥʦ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʦ ʧʠʨʠʪʫ ʧʨʠ ʥʘʣʠʯʠʠ ʩʚʦʙʦʜʥʦʛʦ 
ʢʠʩʣʦʨʦʜʘ [3], ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʩʤʝʥʫ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʝ. ʀʣʣʠʪ, ʷʚʣʷʷʩʴ 
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ʛʣʠʥʠʩʪʳʤ ʤʠʥʝʨʘʣʦʤ, ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʤʦʛ ʦʢʘʟʘʪʴʩʷ ʚ 
ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ, ʧʦʧʘʚ ʚ ʥʠʭ ʧʦ ʪʨʝʱʠʥʘʤ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ. 

ʅʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʨʠʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 
ʪʨʝʱʠʥʳ ʚ ʜʨʝʚʝʩʠʥʝ ʙʳʣʠ ʟʘʧʦʣʥʝʥʳ ʦʙʣʦʤʦʯʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʢʚʘʨʮʘ 
ʘʣʝʚʨʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʣʦ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 
ʧʦʜʚʠʞʥʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʚ ʦʙʨʘʟʮʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʩʣʘʙʠʣ ʙʠʦʛʝʥʥʫʶ ʧʠʨʠʪʠʟʘʮʠʶ ʠ 
ʫʩʢʦʨʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʠʨʠʪʘ ʭʝʤʦʛʝʥʥʳʤ ʧʫʪʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʝʨʳ ʩʫʣʴʬʘʪ-ʠʦʥʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʩʦʭʨʘʥʥʦʩʪʴ ʠ 
ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʥʠʭ ʩʫʣʴʬʘʪʦʚ (ʪʘʢʠʭ ʢʘʢ ʙʘʨʠʪ, ʛʠʧʩ) 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʧʠʨʠʪʦʤ [1]. 

ʇʦ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʦʜʦʤ ʤʠʢʨʦʨʝʥʪʛʝʥʦ-
ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʫʛʣʠʩʪʦʡ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ Ge ʠ As. ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʤʝʥʪʦʚ 
ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʨʘʩʪʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ, ʦʢʘʟʘʚʰʠʩʴ ʚ ʫʩʣʦʚʠʷʭ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʙʘʨʴʝʨʦʤ, ʧʦʵʪʦʤʫ ʩʦʨʙʠʨʫʝʪ 
ʨʘʟʣʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʠʟ ʚʤʝʱʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 
ʩʦʜʝʨʞʘʥʠʠ ʠʟʦʪʦʧʦʚ Ra226 ʚ ʙʠʦʤʦʨʬʥʳʭ ʨʫʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʠ ʙʦʣʝʝ ʥʠʟʢʦʝ 
ʩʦʜʝʨʞʘʥʠʠ ʠʟʦʪʦʧʦʚ Th232 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. ʇʦʚʳʰʝʥʥʳʝ 
ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʠʟʦʪʦʧʦʚ Ra226 (ʧʨʦʜʫʢʪ ʨʘʩʧʘʜʘ ʫʨʘʥʘ),  ʦʙʲʷʩʥʷʝʪʩʷ 
ʥʘʢʦʧʣʝʥʠʝʤ ʫʨʘʥʘ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʘʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʣʦʢʘʣʴʥʳʝ  ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʙʘʨʴʝʨʳ. 

ʇʨʦʮʝʩʩ ʬʦʩʩʠʣʠʟʘʮʠʠ ʨʘʩʪʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʜʨʝʚʝʩʠʥʳ ʧʨʦʪʝʢʘʣ, ʧʦ ʚʩʝʡ 
ʚʠʜʠʤʦʩʪʠ, ʚ  7 ʵʪʘʧʦʚ: 1) ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʜʨʝʚʝʩʠʥʝ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʧʦʩʪʨʦʝʢ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ; 2) ʧʦʛʨʫʞʝʥʠʝ ʜʨʝʚʝʩʠʥʳ ʥʘ ʜʥʦ 
ʙʘʩʩʝʡʥʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ; 3) ʫʛʣʝʬʠʢʘʮʠʷ ʠ ʧʠʨʠʪʠʟʘʮʠʷ ʩʪʝʥʦʢ ʨʘʩʪʠʪʝʣʴʥʳʭ 
ʪʢʘʥʝʡ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ; 4) ʟʘʧʦʣʥʝʥʠʝ ʧʦʣʦʩʪʝʡ ʢʣʝʪʦʢ ʧʠʨʠʪʦʤ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʩʫʣʴʬʘʪʨʝʜʫʮʠʨʫʶʱʠʭ ʙʘʢʪʝʨʠʡ; 5) ʙʠʦ-ʭʝʤʦʛʝʥʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
ʠʟʚʝʩʪʢʦʚʳʭ ʥʘʨʦʩʪʦʚ ʚ ʧʠʨʠʪʦʚʳʝ ʦʪʦʨʦʯʢʠ; 6) ʭʝʤʦʛʝʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʧʠʨʠʪʘ; 7) 
ʨʘʟʣʦʞʝʥʠʝ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʫʩʣʦʚʠʷʭ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʥʘʪʨʦʘʣʫʥʠʪʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʣʝʥʘ ʩʪʘʜʠʡʥʦʩʪʴ ʫʛʣʝʬʠʢʘʮʠʠ ʠ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʧʠʨʠʪʠʟʘʮʠʠ) ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ  ʚ ʧʨʦʮʝʩʩʝ ʥʘʢʦʧʣʝʥʠʷ ʠ 
ʣʠʪʠʬʠʢʘʮʠʠ ʦʩʘʜʢʦʚ ʧʦʟʜʥʝʨʫʩʩʢʦʛʦ ʤʦʨʷ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʨʷʟʝʚʳʭ ʚʫʣʢʘʥʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ ʥʝʬʪʝʛʘʟʘʥʦʩʥʳʭ 
ʙʘʩʩʝʡʥʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʧʦʜʚʠʞʥʳʭ ʧʦʷʩʘʭ ɿʝʤʣʠ. ʆʜʥʘʢʦ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʶʪʩʷ 
ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ ʚʦʧʨʦʩʳ ʛʣʫʙʠʥ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʘʟʦʚʦʡ ʠ ʚʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ 
ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʚʳʙʨʦʩʦʚ, ʤʝʭʘʥʠʟʤʦʚ ʦʙʦʛʘʱʝʥʠʷ ʚʦʜ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ 
ʨʦʣʠ ʢʘʡʥʦʟʦʡʩʢʠʭ ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ 
ʛʨʷʟʝʚʳʭ ʚʫʣʢʘʥʦʚ. 

ʕʪʠ ʚʦʧʨʦʩʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʘ ʙʘʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ 40 ʛʨʷʟʝʚʳʭ ʚʫʣʢʘʥʦʚ ɿʘʧʘʜʥʦ-ʂʫʙʘʥʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 
2001, 2009, 2015 ʠ 2017 ʛʛ. ɻʨʷʟʝʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʩʪʨʦʡʢʠ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚʙʣʠʟʠ 
ʶʞʥʦʛʦ ʙʦʨʪʘ ʧʨʦʛʠʙʘ ʚ ʧʦʣʦʩʝ ~150ʭ30 ʢʤ. ʀʟ ʥʠʭ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ ʧʨʦʙ ʚʦʜʳ ʠ 
ʛʘʟʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʠʟʦʪʦʧʥʳʭ (87Sr/86Sr, ŭ18ʆ ʠ ŭ2ʅ ʚ ʅ2ʆ, ŭ

13ʉ ʚ 
ʅʉʆ3, ŭ

13ʉ ʚ ʉʅ4 ʠ ʉʆ2, ʘ ʪʘʢʞʝ ŭ
15N ʚ N2) ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ ʦʮʝʥʢʠ ʪʝʤʧʝʨʘʪʫʨ 

ʬʣʶʠʜʦʛʝʥʝʨʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ ʛʝʦʪʝʨʤʦʤʝʪʨʳ (Mg-Li ʠ Na-Li) [3]. 
ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ 
ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʘʟʦʚʦʡ ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʤʝʪʘʥ (ʜʦ 97 %). 

ʆʜʥʘʢʦ ʚ ʛʘʟʘʭ ʦʪʜʝʣʴʥʳʭ ʚʫʣʢʘʥʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 (ʜʦ 
~80 %). ɻʨʷʟʝʚʫʣʢʘʥʠʯʝʩʢʠʝ ʚʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʅ ʦʪ 7,7 ʜʦ 8,7. ʄʠʥʝʨʘʣʠʟʘʮʠʷ 
ʚʦʜ ʤʝʥʷʝʪʩʷ ʦʪ 5,2 ʜʦ 53,2 ʛ/ʣ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 12,5 ʛ/ʣ. ɺ ʚʦʜʘʭ ʯʘʩʪʦ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʘ ʅʉʆ3 - ʦʪ 1,9 ʜʦ 9 ʛ/ʣ. ʇʦʵʪʦʤʫ ʦʥʠ 
ʦʪʥʦʩʷʪʩʷ ʢ ʅʉʆ3-Cl/Na ʠʣʠ Cl-HCO /Naïʪʠʧʘʤ.  

ʆʮʝʥʢʠ ʧʣʘʩʪʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨ ʬʣʶʠʜʦʛʝʥʝʨʘʮʠʠ ʧʦ ʊMg-Li-ʛʝʦʪʝʨʤʦʤʝʪʨʫ 

ʚʘʨʴʠʨʫʶʪ ʚ ʜʠʘʧʘʟʦʥʘʭ ʦʪ 34 ʜʦ 160ÁC (ʊʩʨ = 88,4ÁC; n =45) ʜʣʷ ʂʝʨʯʠ ʠ ʦʪ 18 ʜʦ 
137Áʉ (ʊʩʨ = 77,2ÁC; n =18) ʜʣʷ ʊʘʤʘʥʠ. ʋʯʠʪʳʚʘʷ ʚʝʣʠʯʠʥʳ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ 
ʛʨʘʜʠʝʥʪʘ, ʛʣʫʙʠʥʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʷʟʝʚʫʣʢʘʥʠʯʝʩʢʠʭ ʚʦʜ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʢʘʢ ʅMg/Li = 

1,0 · 4,0 ʢʤ ʜʣʷ ʂʝʨʯʠ ʠ ʅMg/Li = 0,5 · 3,4 ʢʤ ʜʣʷ ʊʘʤʘʥʠ. ʕʪʦ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʠʥʪʝʨʚʘʣʫ ʟʘʣʝʛʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʤʘʡʢʦʧʩʢʦʡ ʩʝʨʠʠ ʚ ʵʪʦʡ ʧʨʦʚʠʥʮʠʠ [1, 2]. 

ʈʝʛʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ 
ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʆ2 ʠ ʅʉʆ3

- ʦʪʤʝʯʘʝʪʩʷ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ï ʠʭ 
ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʚʫʣʢʘʥʘʭ ʪʷʛʦʪʝʶʱʠʭ ʢ ʧʦʙʝʨʝʞʴʶ 
ʂʝʨʯʝʥʩʢʦʛʦ ʧʨʦʣʠʚʘ. ɼʣʷ ʚʦʜ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʅʉʆ3

- ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ 
ʙʦʣʝʝ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨ-ʠʦʥʘ. 

ɿʥʘʯʝʥʠʷ ŭ13ʉ ʚ ʉʆ2 ʤʝʥʷʶʪʩʷ ʦʪ -22,9 ʜʦ +22,0 ă. ʇʨʠ ʵʪʦʤ ʚʫʣʢʘʥʳ ʂʨʳʤʘ 
ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʚʝʣʠʯʠʥʝ ʩʨʝʜʥʝʛʦ ŭ13ʉ (ʉʆ2) ʦʪ ʚʫʣʢʘʥʦʚ ʊʘʤʘʥʩʢʦʛʦ 
ʧʦʣʫʦʩʪʨʦʚʘ (-7,16 ʠ +6,91 ă ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʚʦʡ ʬʘʟʳ ʛʨʷʟʝʚʳʝ ʚʫʣʢʘʥʳ ʂʝʨʯʠ 
ʠ ʊʘʤʘʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʜʠʘʧʘʟʦʥʫ ʚʘʨʠʘʮʠʡ ŭ13ʉ ʚ ʅʉʆ3 ï ʦʪ  
-18,7 ʜʦ +38,9 ă. ɺ ʢʝʨʯʝʥʩʢʠʭ ʚʫʣʢʘʥʘʭ ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʪʘʤʘʥʩʢʠʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ 
ʘʥʦʤʘʣʴʥʦ-ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ŭ13ʉ ʚ ʅʉʆ3 (ʦʪ +10 ʜʦ +38,9 ă). ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 
ʟʥʘʯʝʥʠʷʤʠ ŭ13ʉ ʚ ʅʉʆ3 ʠ ʉʆ2 ʥʝ ʚʳʷʚʣʷʝʪʩʷ. 

ɺʦʜʳ ʚʫʣʢʘʥʦʚ ʂʝʨʯʠ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ (ŭD =  
-25,1é.+5,8ă, ŭ18ʆ = -6,03é+14,5ă) ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ 
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ʨʝʛʠʦʥʘ ʚʳʩʦʢʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ18ʆ. ʇʨʠ ʵʪʦʤ ʚ ʢʨʳʤʩʢʠʭ ʚʫʣʢʘʥʘʭ 
ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ŭ18ʆ (>+10 ă) ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ, ʯʝʤ ʚ ʚʫʣʢʘʥʘʭ ʊʘʤʘʥʩʢʦʛʦ 
ʧʦʣʫʦʩʪʨʦʚʘ. ʇʦʵʪʦʤʫ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ŭ18ʆʩʨʝʜʥ 
(+5,6ă), ʯʝʤ ʚʫʣʢʘʥʳ ʊʘʤʘʥʠ (+3,9 ă). 

ʆʙʥʘʨʫʞʝʥʘ ʢʦʨʨʝʣʷʮʠʷ ŭ18ʆ ʩʦ ʟʥʘʯʝʥʠʷʤʠ t(Mg-Li). ʉʭʦʞʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 
ʚʳʷʚʣʷʝʪʩʷ ʠ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʘ ʅʉʆ3

- ʠ ʟʥʘʯʝʥʠʡ ŭ13ʉ ʚ 
ʚʦʜʥʦʨʘʩʪʚʦʨʝʥʥʳʭ ʬʦʨʤʘʭ ʫʛʣʝʢʠʩʣʦʪʳ. 

ɺʧʝʨʚʳʝ ʙʳʣ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʘʟʦʪʘ ʚ ʛʘʟʘʭ 28 ʛʨʷʟʝʚʳʭ 
ʚʫʣʢʘʥʦʚ. ɿʥʘʯʝʥʠʷ ŭ15N ʚ ʛʘʟʘʭ ʂʝʨʯʝʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʚʘʨʴʠʨʫʶʪ ʦʪ -3,1 ʜʦ -
0,4 ă (ŭ15Nʩʨ=-2,2 Ñ 0,38ă), ʘ ʥʘ ʊʘʤʘʥʩʢʦʤ - ʦʪ -5,2 ʜʦ -0,8ă (ŭ15Nʩʨ= -2,6 Ñ 0,76). 

ɺʝʣʠʯʠʥʘ ŭ13ʉ (ʉʅ4) ʚ ʛʘʟʘʭ ʂʝʨʯʝʥʩʢʦ-ʊʘʤʘʥʩʢʦʡ ʦʙʣʘʩʪʠ ʤʝʥʷʝʪʩʷ ʦʪ -72,5 
ʜʦ -34,6 ă. ʄʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ŭ13ʉ ʦʪʤʝʯʝʥʳ ʚ ʪʘʤʘʥʩʢʠʭ 
ʚʫʣʢʘʥʘʭ (ʛ. ɻʥʠʣʘʷ ʠ ɻʣʘʜʢʦʚʩʢʠʡ). ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ŭ13ʉ ʚ ʉʅ4 ʚʫʣʢʘʥʦʚ 
ʊʘʤʘʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʩʦʩʪʘʚʣʷʝʪ -51,65ă, ʘ ʜʣʷ ʂʝʨʯʝʥʩʢʦʛʦ -  
-45,29 ă. ʆʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ13ʉ(ʉʅ4) ʚ  ʟʘʧʘʜʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥ ʬʣʶʠʜʦʛʝʥʝʨʘʮʠʠ 
ʛʨʷʟʝʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ (ʤʝʪʘʥʘ), ʯʪʦ ʪʘʢʞʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʡ ʧʣʘʩʪʦʚʳʭ (Mg-Li) ʪʝʤʧʝʨʘʪʫʨ ʚ ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʠ 
ʪʝʥʜʝʥʮʠʠ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʘʩʪʠʷ ʚʦʜ ʠ ʛʘʟʦʚ ʧʦʜʤʘʡʢʦʧʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 
(ʤʝʣ-ʶʨʘ) ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʷʟʝʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʨʝʛʠʦʥʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʠʩʩʣʝʜʦʚʘʣʩʷ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʪʨʦʥʮʠʷ ʚ 
ʩʦʣʝʚʦʤ ʩʦʩʪʘʚʝ ʚʦʜ. ɿʥʘʯʝʥʠʷ 87Sr/86Sr ʙʦʣʴʰʠʥʩʪʚʘ ʚʫʣʢʘʥʦʚ ʚʘʨʴʠʨʫʶʪ ʦʪ 
0,70804 ʜʦ 0,70978. ʀʟ ʥʝʛʦ ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʜʚʘ ʚʫʣʢʘʥʘ ʊʘʤʘʥʩʢʦʛʦ 
ʧʦʣʫʦʩʪʨʦʚʘ ï ɻʣʘʜʢʦʚʩʢʠʡ (0,71076) ʠ ʉʝʤʠʛʦʨʩʢʠʡ (0,70734), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ 
ʧʨʝʜʛʦʨʴʷʭ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʝ 87Sr/86Sr ʧʦʣʦʞʠʪʝʣʴʥʦ 
ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ŭ18ʆ ʠ t(Mg-Li). ʕʪʦ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʫʯʘʩʪʠʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʨʷʟʝʚʫʣʢʘʥʠʯʝʩʢʠʭ ʚʦʜ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ ʧʦʜʤʘʡʢʦʧʩʢʠʭ 
ʦʪʣʦʞʝʥʠʡ, ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ɺ ʮʝʣʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʨʷʟʝʚʫʣʢʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ɿʘʧʘʜʥʦ-ʂʫʙʘʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʧʨʦʠʩʭʦʜʠʪ 
ʚ ʦʩʥʦʚʥʦʤ ʚ ʤʘʡʢʦʧʩʢʦʡ (ʦʣʠʛʦʮʝʥ-ʤʠʦʮʝʥʦʚʦʡ) ʯʘʩʪʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʥʘ 
ʛʣʫʙʠʥʘʭ ʜʦ 4 ʢʤ. ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʬʠʢʘ ʛʨʷʟʝʚʫʣʢʘʥʠʯʝʩʢʠʭ ʬʣʶʠʜʦʚ ʚ 
ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʟʘʚʠʩʠʤʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 
ʩʠʩʪʝʤʝ çʚʦʜʘ-ʧʦʨʦʜʘ-ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦè, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠʩʷ ʪʘʢʞʝ 
ʧʨʦʮʝʩʩʦʤ ʜʝʛʠʜʨʘʪʘʮʠʠ ʛʣʠʥ. ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʟʥʘʢʠ ʫʯʘʩʪʠʷ ʚ ʠʭ 
ʬʦʨʤʠʨʦʚʘʥʠʠ  ʬʣʶʠʜʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʦʪʣʦʞʝʥʠʡ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ: ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 17-17-01056. 
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ɺ ʧʨʝʜʝʣʘʭ ʶʞʥʳʭ ʨʘʚʥʠʥ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʉʝʚʝʨʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʢʨʦʚʥʳʝ ʞʝʣʪʦʚʘʪʦ-ʙʫʨʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ - ʣʸʩʩʳ, 
ʣʸʩʩʦʚʠʜʥʳʝ  ʩʫʛʣʠʥʢʠ, ʩʫʧʝʩʠ ʠ ʧʝʩʢʠ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʵʪʠʭ ʦʩʘʜʢʦʚ ʟʘʣʝʛʘʝʪ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʩʦʚʨʝʤʝʥʥʳʤ ʧʦʯʚʝʥʥʳʤ ʧʦʢʨʦʚʦʤ. ʆʥʠ ʠʤʝʶʪ ʤʦʱʥʦʩʪʴ ʦʪ 1-
1,5 ʤ ʜʦ 2-5 ʤ, ʢ ʶʛʫ ʜʦ 7-10 ʤ, ʨʝʟʢʫʶ ʥʠʞʥʶʶ ʛʨʘʥʠʮʫ ʠ ʧʝʨʝʢʨʳʚʘʶʪ ʨʘʟʥʳʝ ʧʦ 
ʦʙʣʠʢʫ, ʛʝʥʝʟʠʩʫ, ʩʦʩʪʘʚʫ ʠ ʚʦʟʨʘʩʪʫ ʦʩʘʜʢʠ. ɺ ʜʦʣʠʥʘʭ ʨʝʢ ʥʘ ʥʠʭ ʠʥʦʛʜʘ ʥʘʣʝʛʘʶʪ 
ʘʣʣʶʚʠʘʣʴʥʳʝ ʠ ʦʟʝʨʥʳʝ ʦʩʘʜʢʠ, ʥʘ ʤʝʞʜʫʨʝʯʴʷʭ - ʦʩʘʜʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʦʟʝʨ ʠ 
ʪʦʨʬ. ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ (ʮʚʝʪ, ʩʪʨʫʢʪʫʨʘ, ʩʣʦʠʩʪʦʩʪʴ, 
ʩʦʨʪʠʨʦʚʢʘ ʤʘʪʝʨʠʘʣʘ, ʢʘʨʙʦʥʘʪʥʦʩʪʴ ʠ ʪ.ʜ.) ʚʳʜʝʨʞʘʥʳ ʥʘ ʦʛʨʦʤʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ɺʦʟʨʘʩʪ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ, 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʧʦʭʝ ʧʦʩʣʝʜʥʝʛʦ (ʩʘʨʪʘʥʩʢʦʛʦ) ʦʣʝʜʝʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 
ʠʥʪʝʨʚʘʣʝ 20-13 ʪʳʩ. ʣ. ʥ. [2]. ʏʘʱʝ ʚʩʝʛʦ ʧʦʢʨʦʚʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʯʠʪʘʶʪ 
ʨʝʟʫʣʴʪʘʪʦʤ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʵʦʣʦʚʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʚ ʵʧʦʭʠ ʘʨʠʜʠʟʘʮʠʠ ʠ ʧʦʪʝʧʣʝʥʠʷ 
ʢʣʠʤʘʪʘ ʠʣʠ ʚʦʜʥʳʭ ʵʨʦʟʠʦʥʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 
ʦʙʚʦʜʥʝʥʠʠ ʪʝʨʨʠʪʦʨʠʠ. ɿʘʤʝʪʥʦʝ ʫʯʘʩʪʠʝ ʚ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ ʧʨʠʥʠʤʘʣʠ ʥʦʚʝʡʰʠʝ 
ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ [1-3]. 

ʄʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʚʪʦʨʦʚ ʚ ʧʨʝʜʝʣʘʭ ʊʦʙʦʣ-ʀʰʠʤʩʢʦʛʦ ʠ ʀʰʠʤ-
ʀʨʪʳʰʩʢʦʛʦ ʤʝʞʜʫʨʝʯʠʡ ʩʚʦʝʦʙʨʘʟʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ (ʛʨʠʚ (ʛʨʷʜ), ʙʫʛʨʦʚ, 
ʢʦʪʣʦʚʠʥ, ʟʘʧʘʜʠʥ), ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʢʨʦʚʦʤ ʣʸʩʩʦʚʠʜʥʳʭ ʦʪʣʦʞʝʥʠʡ, 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʠ ʦʪʣʦʞʝʥʠʡ ʛʨʠʚ ʠ ʙʫʛʨʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʩʫʛʣʠʥʠʩʪʳʝ ʠ ʩʫʧʝʩʯʘʥʦ-
ʧʝʩʯʘʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʳʝ ʦʩʘʜʢʠ. 
ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʪʠʧʳ ʩʣʦʠʩʪʦʩʪʠ - ʚʦʣʥʠʩʪʘʷ, ʣʠʥʟʦʚʠʜʥʘʷ, ʢʦʩʘʷ, ʵʦʣʦʚʘʷ ʧʨʷʤʦ ʠʣʠ 
ʚ ʩʦʯʝʪʘʥʠʷʭ ʥʦʩʷʪ ʧʦʜʯʠʥʝʥʥʳʡ ʭʘʨʘʢʪʝʨ [1]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʝʥʝʟʠʩʘ, ʩʪʝʧʝʥʠ ʭʠʤʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ ʧʦʢʨʦʚʥʳʭ 
ʦʪʣʦʞʝʥʠʡ ʠ ʦʪʨʘʞʝʥʠʷ ʚ ʥʠʭ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʙʳʣʠ 
ʨʘʩʩʯʠʪʘʥʳ ʠʥʜʝʢʩʳ - ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʤʦʜʫʣʠ - ʧʦʢʘʟʘʪʝʣʠ ʫʩʣʦʚʠʡ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ: CIA, CIW, ICV, ʘ ʪʘʢʞʝ ʨʷʜ  ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ  ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
(ʢʨʝʤʥʝʢʠʩʣʳʡ, ʦʩʥʦʚʥʦʡ, ʟʨʝʣʦʩʪʠ, ʦʢʠʩʣʝʥʠʷ, ʢʘʨʙʦʥʘʪʥʳʡ, ʱʝʣʦʯʥʦʡ, 
ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʨʦʜ ʠ ʭʠʤʠʯʝʩʢʦʡ ʟʨʝʣʦʩʪʠ ʪʦʥʢʦʛʦ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʫʨʦʚʥʷ 
ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʧʦʚʝʜʝʥʠʷ ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʣʝʡ ʠ ʜʨ.) [4-7]. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ (CIA =59-65, CIW =72-64, ICV =1,0-1,2) 
ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ  ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʛʨʠʚ ʠʩʧʳʪʘʣʘ ʩʣʘʙʦʝ ʠʣʠ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ ʘʨʠʜʥʦʛʦ ʣʠʙʦ ʩʣʘʙʦ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ. 
ɺʝʨʭʥʠʝ ʯʘʩʪʠ ʨʘʟʨʝʟʦʚ ʦʪʣʦʞʝʥʠʡ ʛʨʠʚ ʠʩʧʳʪʘʣʠ ʙʦʣʴʰʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ 
ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʙʦʣʝʝ ʛʫʤʠʜʥʳʭ ʫʩʣʦʚʠʷʭ (CIA=76-79, 
ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʙʨʘʟʮʳ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ CIA=71-73;CIW=88-82; 
ICV =0,8-0,9). ɺ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʦʚ, ʬʠʢʩʠʨʫʝʪʩʷ 
ʨʝʟʢʘʷ ʚʦʣʥʘ ʧʦʭʦʣʦʜʘʥʠʷ ʠ ʘʨʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ (CIA=51-55;CIW=65). ʈʘʟʣʠʯʠʷ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʦʪʨʘʞʝʥʳ ʚ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʨʘʟʨʝʟʦʚ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ. 
ɺʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʢʨʠʦʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ [1], ʚ 
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ʯʘʩʪʥʦʩʪʠ ʩʥʠʞʝʥʠʝʤ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʘʤ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʨʠʦʛʝʥʥʦʡ 
ʢʦʥʪʨʘʩʪʥʦʩʪʠ (ʂʂʂ) ʧʦ [5], ʫʯʠʪʳʚʘʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ 
ʩʧʝʢʪʨʫ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʚʦ ʬʨʘʢʮʠʷʭ 0,05-0,01 ʤʤ ʠ 0,1-0,05 ʤʤ, ʘ ʪʘʢʞʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ 
ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʫʣʷʤʠ ʛʨʘʬʠʢʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 
ʧʦʢʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 
ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ. ɺ ʦʩʥʦʚʘʥʠʠ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʯʘʩʪʠ 
ʪʦʣʱʠ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʟʥʘʯʝʥʠʷ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ 
ʨʝʟʢʠʝ ʢʦʥʪʨʘʩʪʳ. 

ɺ ʮʝʣʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʦʩʘʜʦʯʥʦʡ 
ʧʦʢʨʦʚʥʦʡ ʪʦʣʱʠ ʠʩʧʳʪʘʣʘ ʩʣʘʙʦʝ ʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 
ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʥʦʛʦ 
ʘʨʠʜʥʦʛʦ ʠʣʠ ʩʣʘʙʦ ʫʤʝʨʝʥʥʦʛʦ ʢʣʠʤʘʪʘ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʪʦʣʱʠ ʠʩʧʳʪʘʣʘ ʙʦʣʴʰʝʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʙʦʣʝʝ ʛʫʤʠʜʥʳʭ 
ʫʩʣʦʚʠʷʭ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʛʦʩʟʘʜʘʥʠʶ, ʩʦʛʣʘʩʥʦ ʇʣʘʥʫ ʅʀʈ ʊʶʤʅʎ ʉʆ ʈɸʅ ʥʘ 
2018-2020 ʛʦʜʳ, ʧʨʦʪʦʢʦʣ ˉ2 ʦʪ 8.12.2017 (ʇʨʠʦʨʠʪʝʪʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ IX.135. 
ʇʨʦʛʨʘʤʤʘ IX.135.2 ʇʨʦʝʢʪ: IX.135.2.2. ʀʟʤʝʥʝʥʠʷ ʚ ʣʠʪʦʩʬʝʨʝ ʠ ʣʘʥʜʰʘʬʪʘʭ 
ʢʨʠʦʣʠʪʦʟʦʥʳ ʈʦʩʩʠʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ: 
ʛʣʦʙʘʣʴʥʳʝ, ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥ·ʡ 
ʠʟʤʝʥʯʠʚʦʩʪʠ). 
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ʉʝʜʠʤʝʥʪʦʛʝʥʝʟ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʷʚʣʝʥʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ 
ʠ ʧʨʠʚʦʜʷʱʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ ʦʩʘʜʦʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʟʘ ʩʯʸʪ ʧʝʨʝʨʘʙʦʪʢʠ 
ʨʘʥʝʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʧʦʨʦʜ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʩʤʳʚ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ 
ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʦʩʘʞʜʝʥʠʝ (ʩʝʜʠʤʝʥʪʘʮʠʷ). ʅʝʢʦʪʦʨʘʷ ʘʥʘʣʦʛʠʷ ʩ ʧʨʠʨʦʜʥʳʤʠ 
ʧʨʦʮʝʩʩʘʤʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʠ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʤ ʥʘʤʳʚʝ  ʛʨʫʥʪʦʚ. 

ɺ ʈʦʩʩʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʘʤʳʚʥʳʭ ʧʣʦʱʘʜʝʡ, ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʦʜ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʦʚʳʰʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʫʯʘʩʪʢʦʚ ʧʦʡʤʳ, 
ʚʦʟʚʝʜʝʥʠʷ ʧʣʦʪʠʥ ʩ 50-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 
ʛʠʜʨʦʥʘʤʳʚʘ ʛʨʫʥʪʦʚ. ʅʘʤʳʚʥʳʝ ʛʨʫʥʪʳ ï ʵʪʦ ʫʣʦʞʝʥʥʳʝ ʩʧʦʩʦʙʦʤ 
ʛʠʜʨʦʤʝʭʘʥʠʟʘʮʠʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ. ʅʘʤʳʚʥʳʝ ʛʨʫʥʪʳ 
ʫʥʘʩʣʝʜʫʶʪ ʦʪʜʝʣʴʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ ʢʘʨʴʝʨʥʳʭ ʛʨʫʥʪʦʚ ï  
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʦʜʝʨʞʘʥʠʝ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʬʨʘʢʮʠʡ. ɼʣʷ ʚʦʟʚʝʜʝʥʠʷ 
ʥʘʤʳʚʥʳʭ ʤʘʩʩʠʚʦʚ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʩʯʘʥʳʝ ʛʨʫʥʪʳ, ʢʦʪʦʨʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʢʦʤʧʣʝʢʩʘ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʦʭʦʜʷʪ ʩʪʘʜʠʶ ʢʦʥʩʦʣʠʜʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʥʘʤʳʚʥʳʭ ʛʨʫʥʪʦʚ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʠʟʤʝʥʝʥʠʷ ʚʦ 
ʚʨʝʤʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ 
ʢʘʨʴʝʨʥʳʭ ʧʝʩʢʦʚ, ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʫʯʘʩʪʢʘ 
ʚʦʟʚʝʜʝʥʠʷ ʥʘʤʳʚʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʜʨʝʥʠʨʦʚʘʥʥʦʩʪʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ, ʥʘ 
ʢʦʪʦʨʦʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʤʳʚ. ʅʘ ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʪʦʣʱʠ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ 
ʦʢʘʟʳʚʘʶʪ ʚʳʙʨʘʥʥʳʡ ʩʧʦʩʦʙ, ʪʝʭʥʦʣʦʛʠʷ ʠ ʨʝʞʠʤ ʥʘʤʳʚʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʫʣʴʧʳ ʠ 
ʝʝ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ.  

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʥʘʤʳʚʘ: ʥʘʜʚʦʜʥʳʡ ʠ ʧʦʜʚʦʜʥʳʡ. ʇʨʠ ʥʘʜʚʦʜʥʦʤ 
ʩʧʦʩʦʙʝ ʥʘʤʳʚʘʝʤʳʝ ʛʨʫʥʪʳ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʧʦʩʣʦʡʥʦ ʠʣʠ 
ʧʦʷʨʫʩʥʦ. ʇʨʠ ʧʦʜʚʦʜʥʦʤ ʩʧʦʩʦʙʝ ʥʘʤʳʚʘ ʛʨʫʥʪ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʚʦʜʫ, ʠ ʣʫʯʰʠʝ 
ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʨʠ ʟʘʛʣʫʙʣʝʥʠʠ ʛʠʜʨʦʩʤʝʩʠ ʧʦʜ ʫʨʦʚʝʥʴ ʚʦʜʳ ʥʘ 1,0-1,5 ʤ. 
ʂʘʞʜʳʡ ʩʧʦʩʦʙ ʩʦʟʜʘʝʪ ʩʚʦʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʥʘʤʳʚʥʳʭ ʛʨʫʥʪʦʚ, 
ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʭ ʧʦ ʢʨʫʧʥʦʩʪʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʧʦ ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʦʬʠʣʝ ʚʦʟʚʦʜʠʤʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ʇʨʠ ʧʦʜʚʦʜʥʦʤ ʥʘʤʳʚʝ 
ʦʪʤʝʯʘʶʪʩʷ ʤʝʥʴʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʪʥʦʩʪʠ, ʯʝʤ ʧʨʠ ʥʘʜʚʦʜʥʦʤ. ɺ ʥʘʯʘʣʴʥʳʡ 
ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʝʩʢʠ ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʩ ʧʣʦʪʥʦʩʪʴʶ, ʧʦʯʪʠ ʨʘʚʥʦʡ ʧʨʝʜʝʣʴʥʦ-
ʨʳʭʣʦʤʫ ʩʣʦʞʝʥʠʶ. ʇʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ ʧʝʩʢʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ 
ʧʨʠʤʝʨʥʦ ʥʘ 0,01 ʛ/ʩʤ3 ʥʘ ʢʘʞʜʳʡ ʤʝʪʨ ʛʣʫʙʠʥʳ ʚʦʜʦʝʤʘ. ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ 
ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʧʝʩʯʘʥʳʭ ʛʨʫʥʪʦʚ ʨʘʟʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʝʥʘ 
ʨʳʭʣʘʷ ʫʢʣʘʜʢʘ ʧʝʩʢʘ ʚ ʥʠʞʥʠʭ ʩʣʦʷʭ ʦʪʣʦʞʝʥʠʡ.  

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʫʣʴʧʳ ʧʣʦʪʥʦʩʪʴ ʩʢʝʣʝʪʘ ʛʨʫʥʪʘ 
ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʙʦʣʴʰʠʭ (ʙʦʣʝʝ 50 ʣ/ʩ) ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ʥʘʤʳʚʥʦʡ ʛʨʫʥʪ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʫʶ ʤʘʩʩʫ, ʘ ʧʨʠ ʤʘʣʳʭ ʨʘʩʭʦʜʘʭ (1,5-
2,0 ʣ/ʩ) ʦʥ ʩʣʦʠʩʪʳʡ [3]. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʥʘʤʳʚʥʳʭ 
ʛʨʫʥʪʦʚ ʩʣʝʜʫʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʘʤʳʚ ʧʨʠ ʫʜʝʣʴʥʦʤ ʨʘʩʭʦʜʝ ʙʦʣʝʝ 20 ʣ/ʩ ʠ 
ʢʦʥʩʠʩʪʝʥʮʠʠ ʧʫʣʴʧʳ ʥʝ ʙʦʣʝʝ 20%. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʤʳʚʘ 
ʧʣʦʪʥʦʩʪʴ ʥʘʤʳʪʦʡ ʛʨʫʥʪʦʚʦʡ ʪʦʣʱʠ ʫʤʝʥʴʰʘʝʪʩʷ.  

ʇʨʠ ʥʘʤʳʚʝ ʧʨʦʠʩʭʦʜʠʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʛʨʫʥʪʘ. ʉ ʫʜʘʣʝʥʠʝʤ ʦʪ ʤʝʩʪʘ 
ʧʦʩʪʫʧʣʝʥʠʷ ʧʫʣʴʧʳ ʩʦʜʝʨʞʘʥʠʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʙʦʣʝʝ ʤʝʣʢʠʭ ï 
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ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘ ʬʠʣʴʪʨʘʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ɺʩʣʝʜʩʪʚʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʩʪʨʫʢʪʫʨʳ ʥʘʤʳʪʦʛʦ ʛʨʫʥʪʘ ʦʪʤʝʯʘʝʪʩʷ ʘʥʠʟʦʪʨʦʧʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʬʠʣʴʪʨʘʮʠʠ ʥʘʤʳʪʦʛʦ ʛʨʫʥʪʘ ʥʝʥʘʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʥʦʨʤʘʣʴʥʦʤ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʠʠ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʥʘʤʳʚʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ (ʟʦʣʦʰʣʘʢʦʚ, ʰʣʘʤʦʚ). 
ʈʘʟʣʠʯʠʝ ʚ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʥʘʤʳʪʳʭ ʧʝʩʢʦʚ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʜʣʷ 
ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ kʛʦʨʠʟ.=2,1 kʚʝʨʪ.; ʜʣʷ ʤʝʣʢʠʭ ʧʝʩʢʦʚ kʛʦʨʠʟ.=1,2 kʚʝʨʪ [3]. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʨʫʥʪʦʚ ʧʨʠ ʥʘʤʳʚʝ ʠ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʠʭ 
ʬʨʘʢʮʠʡ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʤʝʩʪʘ ʚʳʧʫʩʢʘ ʧʫʣʴʧʳ ʩʥʠʞʘʝʪʩʷ ʠʭ ʬʠʣʴʪʨʘʮʠʦʥʥʘʷ 
ʩʧʦʩʦʙʥʦʩʪʴ. 

ɼʠʥʘʤʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʥʘʤʳʚʥʳʭ ʛʨʫʥʪʦʚ ʚʦ 
ʚʨʝʤʝʥʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ. ʀ.ɺ. ɼʫʜʣʝʨ ʧʨʝʜʣʘʛʘʝʪ ʚʳʜʝʣʷʪʴ 
ʯʝʪʳʨʝ ʩʪʘʜʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ ʥʘʤʳʚʥʳʭ ʛʨʫʥʪʦʚ ʚʦ ʚʨʝʤʝʥʠ: 
ʩʝʜʠʤʝʥʪʘʮʠʷ, ʜʠʘʛʝʥʝʟ, ʵʧʠʛʝʥʝʟ ʠ ʛʠʧʝʨʛʝʥʝʟ [2]. ʉʪʘʜʠʷ ʩʝʜʠʤʝʥʪʘʮʠʠ ï ʵʪʦ 
ʧʨʦʮʝʩʩ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ. ɻʨʫʥʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ, ʙʣʠʟʢʦʤ ʢ ʧʦʣʥʦʤʫ 
ʚʦʜʦʥʘʩʳʱʝʥʠʶ, ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ ʨʳʭʣʦʝ ʩʣʦʞʝʥʠʝ. ɺ ʢʦʥʮʝ ʵʪʦʡ ʩʪʘʜʠʠ 
ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʤʳʚʥʦʛʦ ʛʨʫʥʪʘ. ʂʨʠʪʝʨʠʝʤ ʝʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʠ 
ʥʘʜʚʦʜʥʦʤ ʥʘʤʳʚʝ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʪʝʧʝʥʠ ʚʦʜʦʥʘʩʳʱʝʥʠʷ ʜʦ 0,8. 
ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʪʦʡ ʩʪʘʜʠʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʯʘʩʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. 

ʉʪʘʜʠʷ ʥʘʯʘʣʴʥʦʛʦ ʜʠʘʛʝʥʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ 
ʧʨʦʮʝʩʩʦʚ ʫʧʣʦʪʥʝʥʠʷ ʥʘʤʳʚʥʳʭ ʛʨʫʥʪʦʚ ï ʧʨʦʠʩʭʦʜʠʪ ʦʪʞʠʤ ʚʦʜʳ, ʠʟʤʝʥʷʝʪʩʷ ʝʛʦ 
ʚʣʘʞʥʦʩʪʴ,  ʧʣʦʪʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʚʝʣʠʯʠʥʫ, ʙʣʠʟʢʫʶ ʢ ʧʨʦʝʢʪʥʦʡ. 

ʉʪʘʜʠʷ ʵʧʠʛʝʥʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʫʧʨʦʯʥʝʥʠʷ ʥʘʤʳʚʥʳʭ 
ʛʨʫʥʪʦʚ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʜʦʩʪʦʡʢʠʭ ʮʝʤʝʥʪʘʮʠʦʥʥʳʭ ʩʚʷʟʝʡ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʝʣʝʤ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 
ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʥʘʤʳʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ 
(ʧʣʦʪʥʦʩʪʴ, ʩʮʝʧʣʝʥʠʝ, ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʨ.). ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʧʝʨʠʦʜ ʥʘ 
ʩʪʘʜʠʠ ʛʠʧʝʨʛʝʥʝʟʘ ʥʘʤʳʚʥʳʝ ʛʨʫʥʪʳ ʤʦʛʫʪ ʧʨʝʪʝʨʧʝʚʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 
ʛʠʧʝʨʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝ ñʚʦʟʨʘʩʪʘò 
ʥʘʤʳʚʥʳʭ ʛʨʫʥʪʦʚ ʩʦʜʝʨʞʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 
ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠʟʤʝʥʷʝʪʩʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ SiO2, Al2O3, CaO 
ʠ Fe2O3. ɺ ʥʘʤʳʪʳʭ ʛʨʫʥʪʘʭ, ʠʤʝʶʱʠʭ ʚʦʟʨʘʩʪ 13 ʣʝʪ, ʩʦʜʝʨʞʠʪʩʷ ʚ 1,5-4,0 ʨʘʟʘ 
ʙʦʣʴʰʝ SiO2, Al2O3, Fe2O3, Cao, ʯʝʤ ʚ ʩʚʝʞʝʥʘʤʳʪʳʭ ʨʘʟʥʦʩʪʷʭ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʤʳʚʥʳʭ ʧʝʩʢʦʚ 
ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʪʝʢʘʶʱʠʭ 
ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʫʧʣʦʪʥʝʥʠʷ ʠ ʫʧʨʦʯʥʝʥʠʷ. ʋʧʨʦʯʥʝʥʠʝ ʥʘʤʳʚʥʳʭ ʛʨʫʥʪʦʚ ʩʚʷʟʘʥʦ ʩ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʛʨʫʥʪʘʭ ʩʪʨʫʢʪʫʨʥʳʭ ʩʚʷʟʝʡ (ʟʘ ʩʯʝʪ ʛʝʣʷ ʢʨʝʤʥʠʝʚʦʡ ʢʠʩʣʦʪʳ), 
ʟʘʚʠʩʷʱʠʭ ʦʪ ʩʦʩʪʘʚʘ ʛʨʫʥʪʦʚ ʠ ʚʦʜʳ, ʚʨʝʤʝʥʠ ʥʘʤʳʚʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 17ī05ī00944ʘ 
 

ʃʀʊɽʈɸʊʋʈɸ 
1. ɹʘʨʘʮ ʅ.ʀ. ʇʨʠʤʝʥʝʥʠʝ ʥʘʤʳʚʥʳʭ ʧʝʩʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚ ʛ. ʆʤʩʢʝ / 
ʅ.ʀ. ɹʘʨʘʮ, ɸ.ʉ. ʅʝʩʪʝʨʦʚ // ʊʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ï 2015. ï ˉ 3(3). ï ʉ. 52-59. 

2. ɼʫʜʣʝʨ ʀ.ɺ. ʀʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʤʳʚʥʳʭ 
ʩʦʦʨʫʞʝʥʠʡ / ʀ.ɺ. ɼʫʜʣʝʨ. ï ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1987. ï 182 ʩ. 

3. ʄʝʣʝʥʴʪʴʝʚ ɺ.ɸ. ʅʘʤʳʚʥʳʝ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʝ ʩʦʦʨʫʞʝʥʠʷ / ɺ.ɸ. ʄʝʣʝʥʴʪʴʝʚ, ʅ.ʇ. ʂʦʣʧʘʰʥʠʢʦʚ, 
ɹ.ɸ. ɺʦʣʥʠʥ. ï ʄ.: ʕʥʝʨʛʠʷ, 1973. ï 247 ʩ. 
  



243 

ʃʀʊʆɻɽʅɽɿ ʀ ʌʃʖʀɼʀʅɸʄʀʂɸ ɻʃʋɹʆʂʆʇʆɻʈʋɾɽʅʅʓʍ 
ɻʆʈʀɿʆʅʊʆɺ ʆʉɸɼʆʏʅʓʍ ɹɸʉʉɽʁʅʆɺ ʉʂʀʌʉʂʆ-ʊʋʈɸʅʉʂʆʁ 

ʇʃɸʊʌʆʈʄʓ 
 

ɺ.ɺ. ʃʘʨʠʯʝʚ, ɺ.ʀ. ʇʦʧʢʦʚ, ʀ.ɺ. ʇʦʧʢʦʚ 

 
ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

 

ʀʟʫʯʝʥʠʝ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʠʞʥʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʪʘʞʝʡ 
ʤʦʣʦʜʦʡ ʉʢʠʬʩʢʦ-ʊʫʨʘʥʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʧʝʨʝʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ, ʬʫʥʜʘʤʝʥʪ) 
ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʯʝʭʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʦʥʠ ʦʙʣʘʜʘʶʪ 
ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʥʳʭ ʯʝʨʪ, ʧʦʟʚʦʣʷʶʱʠʭ ʛʦʚʦʨʠʪʴ ʦʙ ʦʩʦʙʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ ʵʪʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʪʦʨʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʠʭ 
ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʇʦʩʣʝʜʥʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʦʚʣʝʥʦ 
ʚr ʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʦʨʦʜ. 

ʆʙʳʯʥʦ ʩʪʝʧʝʥʴ ʣʠʪʠʬʠʢʘʮʠʠ ʧʦʨʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʛʨʝʩʩʠʚʥʦ, ʩ 
ʥʘʨʘʩʪʘʥʠʝʤ ʛʣʫʙʠʥʳ, ʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ ʮʝʣʦʛʦ 
ʨʷʜʘ ʬʘʢʪʦʨʦʚ: ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʧʦʨʦʜ, 
ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʪ. ʜ., ʛʣʘʚʥʳʤ 
ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚ ʧʦʨʦʜ, ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʠʟʦʥʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦ ʧʨʦʥʠʮʘʝʤʳʤ ʩʚʦʡʩʪʚʘʤ ʚ ʣʘʪʝʨʘʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʘ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʩʪʘʜʠʷʭ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ 
ʜʠʘʛʝʥʝʟʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ. ɺ 
ʧʣʘʩʪʘʭ ʧʝʩʯʘʥʠʢʦʚ ʩ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʛʣʠʥʠʩʪʳʤ ʮʝʤʝʥʪʦʤ ʚ ʟʦʥʘʭ 
ʧʦʟʜʥʝʛʦ ʢʘʪʘʛʝʥʝʟʘ ʬʦʨʤʠʨʫʶʪʩʷ ʬʣʶʠʜʦʫʧʦʨʥʳʝ ʠʣʠ ʧʦʣʫʬʣʶʠʜʦʫʧʦʨʥʳʝ 
ʫʯʘʩʪʢʠ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʶʱʠʝ ʣʘʪʝʨʘʣʴʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʣʘʩʪʦʚ, ʘ ʧʨʠ 
ʧʨʦʭʦʞʜʝʥʠʠ ʩʪʘʜʠʠ ʄʂ4 ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʝʩʯʘʥʠʢʦʚ ʦʮʝʥʠʚʘʶʪʩʷ 
ʧʦʣʦʞʠʪʝʣʴʥʦ ʣʠʰʴ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʥʝʤ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ 
ʧʝʨʝʭʦʜʘ ʧʦʨʦʚʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʚ ʧʦʨʦʚʦ-ʪʨʝʱʠʥʥʳʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʟʦʥʳ 
ʢʦʣʣʝʢʪʦʨʦʚ ʧʨʠʦʙʨʝʪʘʶʪ "ʦʩʪʨʦʚʥʦʡ" (ʧʷʪʥʠʩʪʳʡ) ʭʘʨʘʢʪʝʨ, ʘ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ 
ʦʪʥʦʰʝʥʠʠ ʦʙʨʘʟʫʶʪʩʷ ʣʘʪʝʨʘʣʴʥʦ-ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʣʠ ʚʝʩʴʤʘ 
ʪʨʫʜʥʦʩʦʦʙʱʘʶʱʠʝʩʷ ʩʠʩʪʝʤʳ [1, 3-6]. 

ʈʘʟʤʝʨʳ ʵʪʠʭ ʟʦʥ, ʧʦ ʤʥʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [2, 3 ʠ ʜʨ.] ʥʝ 
ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʩʪʨʫʢʪʫʨ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʣʘʪʝʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚ ʜʠʥʘʤʠʢʝ 
ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʝʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ 
ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʣʫʙʠʥʘʭ ʵʣʠʟʠʦʥʥʳʡ ʚʦʜʦʦʙʤʝʥ, 
ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʜʘʣʴʥʶʶ ʣʘʪʝʨʘʣʴʥʫʶ ʤʠʛʨʘʮʠʶ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 
ɹʦʣʝʝ ʪʦʛʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʧʨʦʮʝʩʩʝ ʣʠʪʠʬʠʢʘʮʠʠ ʠ ʧʦʪʝʨʝ ʧʝʨʚʠʯʥʦʡ 
ʧʦʨʠʩʪʦʩʪʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪʩʷ ʨʳʭʣʦʩʚʷʟʘʥʥʳʝ ʚʦʜʳ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ 
ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʣʠʥʠʩʪʳʝ ʠ ʧʨʦʯʠʝ ʤʠʥʝʨʘʣʳ ʪʝʨʷʶʪ ʬʠʟʠʯʝʩʢʠ ʩʚʷʟʘʥʥʫʶ 
ʚʦʜʫ, ʠ ʠʩʯʝʟʘʶʪ ʩʠʣʳ, ʫʜʝʨʞʠʚʘʶʱʠʝ ʚʦʜʫ ʚʙʣʠʟʠ ʤʠʥʝʨʘʣʴʥʳʭ ʟʝʨʝʥ, ʪʝʤ ʩʘʤʳʤ 
ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪʩʷ ʝʝ ʬʠʣʴʪʨʘʮʠʷ, ʠʥʪʝʥʩʠʬʠʮʠʨʫʶʪʩʷ ʨʝʘʢʮʠʠ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʳ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʢʝʣʝʪʘ ʧʦʨʦʜʳ (ʪʝʨʤʦʜʝʛʠʜʨʘʪʘʮʠʷ 
ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ).  

ʕʧʠʛʝʥʝʟ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʠ ʚʪʦʨʠʯʥʳʡ ʭʘʨʘʢʪʝʨ 
ʥʘʩʳʱʘʶʱʠʭ ʝʛʦ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʠʯʥʳʤ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʤ, ʦ 
ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝʟʫʣʴʪʘʪʳ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʦʤʠʥʘʥʪʦʤ ʚ 
ʚʦʜʦʨʘʩʪʚʦʨʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʚʳʩʪʫʧʘʶʪ ʛʠʜʨʦʢʘʨʙʦʥʘʪʳ ʱʝʣʦʯʝʡ, ʘ 
ʧʦ ʩʚʦʝʤʫ ʛʝʥʝʟʠʩʫ ʵʪʠ ʚʦʜʳ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ, ʦʪʥʦʩʷʪʩʷ ʢ ʛʣʫʙʠʥʥʳʤ 
ʜʝʛʘʟʘʮʠʦʥʥʳʤ [3-5]. 
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ʆʪʩʫʪʩʪʚʠʝ ʣʘʪʝʨʘʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʙʳʩʪʨʦʡ ʨʝʣʘʢʩʘʮʠʠ 
ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʟʘʤʢʥʫʪʳʭ ʢʦʣʣʝʢʪʦʨʘʭ, 
ʧʨʠʚʦʜʠʪ ʢ ʰʠʨʦʢʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʉɻɼʇ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 
ʩʦʜʝʨʞʘʥʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʛʘʟʦʦʙʨʘʟʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʨʦʯʠʭ ʛʘʟʦʚ ʚ ʧʦʜʟʝʤʥʳʭ 
ʚʦʜʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʣʠʪʠʬʠʢʘʮʠʠ ʢʦʣʣʝʢʪʦʨʦʚ 
ʠ ʫʧʣʦʪʥʝʥʠʶ ʧʦʢʨʳʰʝʢ ʚ ʩʤʝʞʥʳʭ ʬʣʶʠʜʦʫʧʦʨʘʭ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ 
ʚʳʩʦʢʦʛʦ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ ʬʣʶʠʜʦʚ ʥʘ ʩʪʝʥʢʠ ʧʦʨ. ɺʳʩʦʢʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 
ʛʨʘʜʠʝʥʪʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʳʤʠ ʟʦʥʘʤʠ ʚ 
ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ, ʢʨʘʪʥʦ ʧʨʝʚʳʰʘʶʪ ʪʘʢʦʚʳʝ ʚ ʣʘʪʝʨʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ 
ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʣʠʪʠʬʠʢʘʮʠʷ ʠʜʝʪ ʧʫʣʴʩʘʮʠʦʥʥʦ, ʚ ʤʦʤʝʥʪ ʧʨʦʨʳʚʘ ʬʣʶʠʜʦʚ (ʠ 
ʩʪʨʘʚʣʠʚʘʥʠʷ ʜʘʚʣʝʥʠʷ) ʚ ʚʝʨʭʥʠʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʛʦʨʠʟʦʥʪʳ. ʆʜʥʦʚʨʝʤʝʥʥʦ 
ʧʨʦʠʩʭʦʜʠʪ ʠ ʩʘʤʦʟʘʣʝʯʠʚʘʥʠʝ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʬʣʶʠʜʦʚ ʚʳʧʘʜʘʶʱʠʤʠ 
ʤʠʥʝʨʘʣʘʤʠ - ʢʘʣʴʮʠʪʦʤ, ʜʦʣʦʤʠʪʦʤ, ʘʥʛʠʜʨʠʪʦʤ ʚ ʦʢʨʫʞʘʶʱʝʤ ʟʦʥʫ ʉɻʇɼ 
ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʉʭʝʤʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘʤʠ ʧʦ ʦʪʜʝʣʴʥʳʤ 
ʩʪʨʫʢʪʫʨʘʤ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʋɺ [3], ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʣʘʚʥʳʤ ʥʘʨʘʩʪʘʥʠʝʤ 
ʧʣʘʩʪʦʚʳʭ ʜʘʚʣʝʥʠʡ ʢ ʩʚʦʜʦʚʳʤ ʠʭ ʯʘʩʪʷʤ. ɹʣʠʞʝ ʢ ʢʨʳʣʴʷʤ ʧʣʘʩʪʦʚʳʝ ʜʘʚʣʝʥʠʷ 
ʚʳʨʘʚʥʠʚʘʶʪʩʷ ʜʦ ʥʦʨʤʘʣʴʥʳʭ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʭ. ʆʪʤʝʯʝʥʥʘʷ ʧʣʦʱʘʜʥʘʷ 
ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʢʦʛʜʘ 
ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʩʚʦʜʦʚ ʩʪʨʫʢʪʫʨ ʢ ʢʨʳʣʴʷʤ. ɺʩʝ ʵʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʚʨʝʤʝʥʥʦʤ (ʥʦʚʝʡʰʝʤ) ʚʦʟʨʘʩʪʝ ʠʜʫʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʛʜʝ 
ʚʦʩʭʦʜʷʱʘʷ ʤʠʛʨʘʮʠʷ ʩʪʠʤʫʣʠʨʫʝʪ çʥʝʨʘʚʥʦʚʝʩʥʦʝè ʩʦʩʪʦʷʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ 
ʩʠʩʪʝʤʳ. ʅʘ ʵʪʦʤ ʬʦʥʝ ʚʳʩʦʢʠʝ ʛʨʘʜʠʝʥʪʳ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʩʣʝʜʫʝʪ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʝʱʝ ʦʜʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚ ʧʦʣʴʟʫ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ ʟʦʥ 
ʨʘʟʚʠʪʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʧʦʢʘʟʘʪʝʣʝʤ ʩʪʝʧʝʥʠ ʦʪʩʫʪʩʪʚʠʷ ʠʭ ʣʘʪʝʨʘʣʴʥʦʡ 
ʚʟʘʠʤʦʩʚʷʟʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʠ ɸʜʤʠʥʠʩʪʨʘʮʠʠ 
ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ʧʨʦʝʢʪ 19-45-230005 ʨ_ʶʛ_ʘ. 
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ʀ.ɺ. ʃʘʪʳʰʝʚʘ1,2, ɸ.ʅ. ʉʪʘʬʝʝʚ2, ʊ.ɺ. ʉʫʭʘʥʦʚʘ2, ʖ.ʆ. ɻʘʚʨʠʣʦʚ1 
 

1
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

2
ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʅʘ ʧʘʩʩʠʚʥʦʡ ʂʨʳʤʩʢʦ-ʂʘʚʢʘʟʩʢʦʡ ʦʢʨʘʠʥʝ ʤʝʟʦʟʦʡʩʢʦʛʦ ʦʢʝʘʥʘ ʊʝʪʠʩ, ʢʘʢ ʠ 
ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ [2], ʥʘ ʨʫʙʝʞʝ ʧʣʠʥʩʙʘʭʘ-ʪʦʘʨʘ ʧʨʦʠʟʦʰʣʘ ʩʤʝʥʘ ʨʝʞʠʤʘ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʝʨʝʩʪʨʦʡʢʦʡ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ. 

ʇʦʨʦʜʳ ʧʣʠʥʩʙʘʭʩʢʦ-ʪʦʘʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʧʨʝʜʝʣʘʭ ʂʨʳʤʩʢʦ-ʂʘʚʢʘʟʩʢʦʡ 
ʦʢʨʘʠʥʳ ʦʢʝʘʥʘ ʊʝʪʠʩ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʠʥʭʨʦʥʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʦʙʱʠʭ ʬʠʟʠʢʦ-
ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʠ ʢʣʠʤʘʪʘ. 

ʇʨʦʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʨʦʜ ʧʣʠʥʩʙʘʭʩʢʦ-ʪʦʘʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ɻʦʨʥʦʤ 
ʂʨʳʤʫ (ʨʘʡʦʥ ʧʦʩ. ʆʙʩʝʨʚʘʪʦʨʠʷ), ɺʦʩʪʦʯʥʦʤ ʇʨʝʜʢʘʚʢʘʟʴʝ (ʧʦ ʤʘʪʝʨʠʘʣʫ ʢʝʨʥʘ 
ʩʢʚʘʞʠʥ ɺʦʩʪʦʯʥʘʷ-1, ɺʝʣʠʯʘʝʚʩʢʘʷ-43 ʠ ɿʫʨʤʫʪʠʥʩʢʘʷ-10) ʠ ʚ ʧʨʝʜʝʣʘʭ ʉʝʚʝʨʥʦʛʦ 
ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ (ʜʦʣʠʥʳ ʨʝʢ ɹʝʣʦʡ, ɸʚʘʨʩʢʦʛʦ ʂʦʡʩʫ, ʊʝʨʝʢʘ). 

ɺ ɺʦʩʪʦʯʥʦʤ ʇʨʝʜʢʘʚʢʘʟʴʝ ʧʣʠʥʩʙʘʭʩʢʦ-ʪʦʘʨʩʢʠʡ ʠʥʪʝʨʚʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 
ʮʝʣʦʤ ʜʚʫʯʣʝʥʥʦʡ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʦʡ ʧʘʯʢʦʡ, ʥʠʞʥʷʷ ʯʘʩʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʧʝʩʯʘʥʠʩʪʘʷ, ʚʝʨʭʥʷʷ ï ʙʦʣʝʝ ʛʣʠʥʠʩʪʘʷ. ʀʟ ʵʪʦʡ ʧʘʯʢʠ ʧʦ ʩʢʚʘʞʠʥʝ ɺʦʩʪʦʯʥʦʡ 
ʧʦʣʫʯʝʥʳ ʧʘʣʠʥʦʢʦʤʧʣʝʢʩʳ ʪʦʘʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [4]. ʄʦʱʥʦʩʪʴ ʵʪʦʡ ʧʘʯʢʠ ʠʟʤʝʥʷʝʪʩʷ 
ʦʪ 20 ʜʦ 50 ʤʝʪʨʦʚ. ʇʣʠʥʩʙʘʭʩʢʦ-ʪʦʘʨʩʢʠʝ ʧʦʨʦʜʳ ʟʘʣʝʛʘʶʪ ʥʘ ʠʟʚʝʩʪʥʷʢʘʭ 
ʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʠʣʠ ʥʘ ʛʨʘʥʠʪʦʠʜʘʭ ʧʘʣʝʦʟʦʷ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʘʯʢʠ ʟʘʣʝʛʘʶʪ 
ʧʝʩʯʘʥʠʢʠ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʘ, ʠʥʦʛʜʘ ʩʫʙʛʨʘʫʚʘʢʢʦʚʳʝ ʩ ʦʙʣʦʤʢʘʤʠ 
ʢʠʩʣʳʭ ʚʫʣʢʘʥʠʪʦʚ. ɺ ʧʝʩʯʘʥʠʢʘʭ ʦʪʤʝʯʘʝʪʩʷ ʢʦʩʘʷ ʩʣʦʠʩʪʦʩʪʴ ʠ ʦʧʦʣʟʥʝʚʳʝ 
ʪʝʢʩʪʫʨʳ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʨʠʯʥʝʚʳʤʠ ʪʦʥʢʦʩʣʦʠʩʪʳʤʠ ʛʣʠʥʘʤʠ ʠʣʠ 
ʘʣʝʚʨʠʪʠʩʪʳʤʠ ʛʣʠʥʘʤʠ, ʥʝʨʝʜʢʦ ʙʠʪʫʤʠʥʦʟʥʳʤʠ, ʩ ʦʙʣʦʤʢʘʤʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʦʛʦ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʝʪʨʠʪʘ. 

ɺ ʂʨʳʤʫ ʠ ʥʘ ʂʘʚʢʘʟʝ ʚ ʥʠʞʥʝʤ ʪʦʘʨʝ ʧʦʚʩʝʤʝʩʪʥʦ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʛʣʠʥʠʩʪʳʝ 
ʪʦʣʱʠ. ɺ ɻʦʨʥʦʤ ʂʨʳʤʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʚʨʝʤʝʥʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʪʘʢʞʝ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʯʝʥʢʩʢʘʷ ʪʦʣʱʘ ï ʧʝʩʯʘʥʘʷ ʬʘʮʠʷ ʬʣʶʚʠʘʣʴʥʦʡ ʜʝʣʴʪʦʚʦʡ ʣʦʧʘʩʪʠ 
ʧʦʟʜʥʝʧʣʠʥʩʙʘʭʩʢʦ-ʨʘʥʥʝʪʦʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʳʜʝʣʷʶʱʘʷʩʷ ʩʨʝʜʠ ʦʢʨʫʞʘʶʱʠʭ 
ʝʝ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ [6]. ʇʦ ʩʦʩʪʘʚʫ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʪʦʣʱʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ 
ʯʘʩʪʠ: ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʘʦʣʠʥʠʪ, ʚ ʚʝʨʭʥʝʡ ï ʢʘʦʣʠʥʠʪ 
ʠʩʯʝʟʘʝʪ, ʧʦʷʚʣʷʝʪʩʷ ʩʤʝʢʪʠʪ, ʭʣʦʨʠʪ-ʩʤʝʢʪʠʪ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 
ʧʨʦʷʚʣʝʥʠʝʤ ʚ ʂʨʳʤʫ ʧʣʠʥʩʙʘʭʩʢʦ-ʪʦʘʨʩʢʦʛʦ ʚʫʣʢʘʥʠʟʤʘ. ʉʧʦʨʦʚʦ-ʧʳʣʴʮʝʚʦʡ 
ʩʧʝʢʪʨ ʠʟ ʯʝʥʢʩʢʦʡ ʪʦʣʱʠ ʭʦʨʦʰʦ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʪʦʘʨʩʢʠʤ ʧʘʣʠʥʦʢʦʤʧʣʝʢʩʦʤ ʠʟ 
ʃʦʟʦʚʩʢʦʡ ʟʦʥʳ ɻʦʨʥʦʛʦ ʂʨʳʤʘ [6]. 

ɺ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ ɹʦʣʴʰʦʛʦ ʂʘʚʢʘʟʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʩʝʚʝʨʥʦʤ ʙʦʨʪʫ 
ʧʘʣʝʦʧʨʦʛʠʙʘ (ɸʨʭʳʟ-ɻʫʟʝʨʠʧʣʴʩʢʘʷ ʠ ɼʠʛʦʨʦ-ʆʩʝʪʠʥʩʢʘʷ ʉʌɿ, ʧʦ [3]), ʧʦʚʩʝʤʝʩʪʥʦ 
ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʠʡ ʧʝʨʝʭʦʜ ʦʪ ʧʝʩʯʘʥʠʢʦʚ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ 
ʘʨʛʠʣʣʠʪʦʚ (ʚʝʨʭʥʠʡ ʧʣʠʥʩʙʘʭ) ʢ ʛʣʠʥʠʩʪʳʤ ʪʦʣʱʘʤ ʥʠʞʥʝʛʦ ʪʦʘʨʘ. ʉʚʠʪʳ 
ʥʠʞʥʝʪʦʘʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʯʘʩʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʩ ʧʨʦʩʣʦʷʤʠ 
ʯʝʨʥʳʭ ʩʣʘʥʮʝʚ ʠ ʧʠʨʠʪʦʚʳʤʠ ʩʪʷʞʝʥʠʷʤʠ, ʩ ʧʦʜʯʠʥʝʥʥʳʤʠ ʧʦ ʤʦʱʥʦʩʪʠ ʧʝʩʯʘʥʦ-
ʘʣʝʚʨʠʪʦʚʳʤʠ ʧʨʦʩʣʦʷʤʠ [1]. 

ʂ ʥʘʯʘʣʫ ʪʦʘʨʩʢʦʛʦ ʚʝʢʘ ʥʘ ʉʢʠʬʩʢʦʡ ʧʣʠʪʝ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʨʫʧʥʘʷ, ʩʘʤʘʷ 
ʟʘʧʘʜʥʘʷ ʠʟ ʨʝʯʥʳʭ ʩʠʩʪʝʤ, ʧʠʪʘʚʰʠʭ ʨʘʥʥʝʶʨʩʢʠʝ ʙʘʩʩʝʡʥʳ ʂʘʚʢʘʟʘ ʠ ʂʨʳʤʘ. 
ʈʝʯʥʘʷ ʩʠʩʪʝʤʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʣʘ ʦʩʘʜʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʨʦʪʦʯʥʳʭ 
ʦʟʝʨʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚ ʰʝʣʴʬʦʚʳʡ ʙʘʩʩʝʡʥ ɿʘʧʘʜʥʦʛʦ ʇʨʝʜʢʘʚʢʘʟʴʷ ʠ ʚ ʖʞʥʦ-
ʂʨʳʤʩʢʠʡ ʙʘʩʩʝʡʥ, ʠʤʝʣʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʪʷʞʝʥʠʝ ʠ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ, 
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ʚʝʨʦʷʪʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʣʝʚʦʩʜʚʠʛʦʚʳʭ ʜʚʠʞʝʥʠʡ; ʧʨʦʪʦʯʥʳʝ ʦʟʝʨʘ 
ʪʘʢʞʝ ʠʤʝʣʠ ʧʨʠʩʜʚʠʛʦʚʫʶ ʧʨʠʨʦʜʫ. 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʪʦʯʥʳʭ ʦʟʝʨʥʳʭ ʙʘʩʩʝʡʥʦʚ ʉʢʠʬʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 
ʥʘʭʦʜʠʣʠʩʴ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʮʝʥʪʨʳ. ɺ ʨʘʟʨʝʟʘʭ ʩʢʚʘʞʠʥ ʫʩʪʘʥʦʚʣʝʥʳ 
ʘʥʜʝʟʠʜʘʮʠʪʦʚʳʝ ʠ ʨʠʦʣʠʪʦʚʳʝ ʚʫʣʢʘʥʠʪʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʝʨʭʥʝʧʣʠʥʩʙʘʭʩʢʦʛʦ 
ʚʦʟʨʘʩʪʘ [4]. ɺʝʨʦʷʪʥʦ, ʩ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʩʚʷʟʘʥʦ ʠ ʥʘʣʠʯʠʝ ʚ ʛʣʠʥʘʭ 
ʚʝʨʭʦʚ ʧʣʠʥʩʙʘʭʘ ï ʥʠʟʦʚ ʪʦʘʨʘ ʚʝʨʤʠʢʫʣʠʪʘ (ʜʦ 15%), ʢʦʪʦʨʳʡ ʤʦʛ ʬʦʨʤʠʨʦʚʘʪʴʩʷ 
ʧʦ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʦʤʫ ʤʘʪʝʨʠʘʣʫ. ʃʦʢʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 
ʚ ɻʦʨʥʦʤ ʂʨʳʤʫ ʪʘʢʞʝ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʠʩʜʚʠʛʦʚʳʭ ʙʘʩʩʝʡʥʦʚ ʪʠʧʘ 
çpull-apartè. 

ʇʘʣʠʥʦʩʧʝʢʪʨʳ ʚʝʨʭʦʚ ʧʣʠʥʩʙʘʭʘ ʦʪʣʠʯʘʶʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʪʝʧʣʦ- ʠ 
ʚʣʘʛʦʣʶʙʠʚʳʭ ʤʘʪʦʥʠʝʚʳʭ ʧʘʧʦʨʦʪʥʠʢʦʚ, ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ 
ʚʣʘʛʦʣʶʙʠʚʳʭ ʦʩʤʫʥʜʦʚʳʭ, ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʧʣʦʣʶʙʠʚʳʭ ʜʠʧʪʝʨʠʝʚʳʭ (ʜʦ 
25%). ɺ ʩʧʝʢʪʨʘʭ ʤʥʦʛʦ ʚʣʘʛʦʣʶʙʠʚʳʭ ʢʠʧʘʨʠʩʦʚʳʭ ʠ ʪʘʢʩʦʜʠʝʚʳʭ (ʜʦ 20%), 
ʧʨʝʦʙʣʘʜʘʶʪ ʣʠʩʪʦʧʘʜʥʳʝ ʛʠʥʢʛʦʚʳʝ (ʜʦ 33%), ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʣʠ ʤʦʱʥʫʶ 
ʣʝʩʥʫʶ ʧʦʜʩʪʠʣʢʫ ʠ ʦʙʦʛʘʱʝʥʠʝ ʧʦʯʚ ʛʫʤʫʩʦʤ. ɻʫʤʠʜʥʳʡ ʢʣʠʤʘʪ ʠ ʚʳʨʦʚʥʝʥʥʳʡ 
ʨʝʣʴʝʬ, ʚʦʟʥʠʢʰʠʡ ʚ ʫʩʣʦʚʠʷʭ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʢʦʷ, ʧʨʠʚʝʣʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʨ 
ʚʳʚʝʪʨʠʚʘʥʠʷ [5]. ɺ ʥʘʯʘʣʝ ʪʦʘʨʘ ʢʣʠʤʘʪ ʩʪʘʣ ʙʦʣʝʝ ʞʘʨʢʠʤ ʠ ʤʝʥʝʝ ʚʣʘʞʥʳʤ. ɺ 
ʩʧʝʢʪʨʘʭ ʪʦʘʨʘ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʪʝʧʣʦʣʶʙʠʚʳʭ ʭʝʡʨʦʣʝʧʠʜʠʝʚʳʭ 
(Classopolis, ʜʦ 30 % ʚ ʂʨʳʤʫ, ʜʦ 60 % ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ). ɺʤʝʩʪʝ ʩ 
ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʠʟ ʛʣʠʥ ʢʘʦʣʠʥʠʪʘ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʨʠʜʠʟʘʮʠʠ ʢʣʠʤʘʪʘ. ʂʦʨʳ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʢʨʳʣʠʩʴ ʧʘʥʮʠʨʷʤʠ, ʵʨʦʟʠʷ ʟʘʤʝʜʣʠʣʘʩʴ, ʤʘʪʝʨʠʘʣ ʪʚʝʨʜʦʛʦ ʩʪʦʢʘ 
ʨʝʢ ʩʪʘʣ ʙʦʣʝʝ ʪʦʥʢʠʤ ʠ ʟʨʝʣʳʤ, ʩʢʦʨʦʩʪʴ ʩʝʜʠʤʝʥʪʘʮʠʠ ʚ ʙʘʩʩʝʡʥʘʭ ʩʥʠʟʠʣʘʩʴ. 
ʇʦʣʫʟʘʤʢʥʫʪʳʝ ʙʘʩʩʝʡʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʟʘʩʪʦʡʥʦʩʪʴʶ ʧʨʠʜʦʥʥʳʭ ʚʦʜ ʠʟ-ʟʘ 
ʩʣʘʙʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʧʨʠʣʠʚʥʦ-ʦʪʣʠʚʥʳʭ ʪʝʯʝʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʪʝʤʝ ˉ 0135-2019-0070. 
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ʌɸʎʀɸʃʔʅɸʗ ʉʊʈʋʂʊʋʈɸ ʀ ʂʆʃʀʏɽʉʊɺɽʅʅʓɽ ʇɸʈɸʄɽʊʈʓ 
ʇʃɽʁʉʊʆʎɽʅʆɺʓʍ ʆʊʃʆɾɽʅʀʁ ʊʀʍʆɻʆ ʆʂɽɸʅɸ 

 
ʄ.ɸ. ʃʝʚʠʪʘʥ 

 
ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 1) ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʦ 
ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʤ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʩʘʜʢʦʚ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 
ʜʣʷ ʜʚʫʭ ʚʨʝʤʝʥʥʳʭ ʩʨʝʟʦʚ: ʵʦʧʣʝʡʩʪʦʮʝʥʘ (1,8-0,8 ʤʣʥ ʣʝʪ) ʠ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ (0,8-
0,01 ʤʣʥ. ʣʝʪ); 2) ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 
ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ ʜʣʷ ʜʚʫʭ ʤʝʛʘʬʘʮʠʘʣʴʥʳʭ ʦʙʣʘʩʪʝʡ: ʧʝʣʘʛʠʯʝʩʢʦʡ 
ʦʙʣʘʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʧʦʜʚʦʜʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ; 3) ʚʳʷʚʣʝʥʠʝ 
ʜʦʣʛʦʚʨʝʤʝʥʥʳʭ ʪʨʝʥʜʦʚ ʧʣʝʡʩʪʦʮʝʥʦʚʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʕʪʠ ʟʘʜʘʯʠ ʨʝʰʘʶʪʩʷ 
ʧʦʩʪʨʦʝʥʠʝʤ ʦʙʟʦʨʥʳʭ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʢʘʨʪ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʚʨʝʤʝʥʥʳʭ ʩʨʝʟʦʚ 
(ʚ ʤʘʩʰʪʘʙʝ 1:35 000 000 ʜʣʷ ʧʝʣʘʛʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʚ ʤʘʩʰʪʘʙʝ 1:20 000 000 ʜʣʷ 
ʧʦʜʚʦʜʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ) ʠ ʦʙʩʯʝʪʦʤ ʧʦʩʪʨʦʝʥʥʳʭ ʢʘʨʪ ʩ ʧʦʤʦʱʴʶ 
ʦʙʲʝʤʥʦʛʦ ʤʝʪʦʜʘ ɸ.ɹ. ʈʦʥʦʚʘ [6]. ɺ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʣʝʞʘʪ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʘʥʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ ʛʣʫʙʦʢʦʚʦʜʥʦʛʦ 
ʙʫʨʝʥʠʷ [7], ʯʘʩʪʠʯʥʦ ʫʯʪʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʣʠʪʦʣʦʛʠʠ ʢʝʨʥʦʚ ʜʣʠʥʥʳʭ ʪʨʫʙʦʢ ʠ 
ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. 

ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʝ ʢʘʨʪʳ ʦʪʯʘʩʪʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʘʚʪʦʨʦʤ 
ʜʦʢʣʘʜʘ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ [3-5] ʠʣʠ ʩʜʘʥʳ ʚ ʧʝʯʘʪʴ. ɺ ʮʝʣʦʤ ʟʘʢʘʨʪʠʨʦʚʘʥʦ ʧʦʨʷʜʢʘ 
87.3% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. ʇʦ ʚʩʝʤ ʢʘʨʪʘʤ ʨʘʩʩʯʠʪʘʥʳ ʧʣʦʱʘʜʠ ʠ 
ʦʙʲʝʤʳ, ʟʘʥʷʪʳʝ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ ʛʨʘʜʘʮʠʷʤʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʜʘʥʥʳʭ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʩʘʜʢʦʚ ʦʙʲʝʤʳ ʧʝʨʝʩʯʠʪʘʥʳ ʚ ʤʘʩʩʳ ʩʫʭʦʛʦ 
ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦʣʫʯʝʥʳ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʤʘʩʩʘʤ ʦʩʘʜʢʦʚ ʚ ʝʜʠʥʠʮʫ 
ʚʨʝʤʝʥʠ, ʘʙʩʦʣʶʪʥʳʤ ʤʘʩʩʘʤ ʦʩʘʜʢʦʚ ʠ ʦʩʘʜʢʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʟʫʯʝʥʥʳʭ 
ʨʘʟʨʝʟʦʚ ʧʝʨʚʘʷ ʟʘʜʘʯʘ ʚʳʧʦʣʥʝʥʘ. 

ɺʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʟʘʜʘʯʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ. ʆʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʝʣʘʛʠʯʝʩʢʠʭ ʠ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 
ʦʩʘʜʢʦʚ ʚ ʥʝʦʧʣʝʡʩʪʦʮʝʥʝ ʩʦʩʪʘʚʠʣʦ 4,90. ʊʘʢʦʝ ʞʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ 
ʵʦʧʣʝʡʩʪʦʮʝʥʘ ʨʘʚʥʦ 4,89, ʠ ʜʣʷ ʧʣʝʡʩʪʦʮʝʥʘ ʚ ʮʝʣʦʤ ï 4,89. ʆʪʥʦʰʝʥʠʷ ʦʙʲʝʤʦʚ ʚ 
ʧʝʣʘʛʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥʘʭ ʜʣʷ ʫʢʘʟʘʥʥʳʭ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʚʥʳ 1,16, 1,05 ʠ 1,11. 
ʉʦʦʪʥʦʰʝʥʠʝ ʩʨʝʜʥʠʭ ʤʦʱʥʦʩʪʝʡ ʩʦʩʪʘʚʣʷʝʪ 0,18. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʠʩʭʦʜʠʪʴ 
ʠʟ ʦʢʨʫʛʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʪʦ ʚ ʩʨʝʜʥʝʤ ʤʦʱʥʦʩʪʴ ʦʩʘʜʢʦʚ ʧʣʝʡʩʪʦʮʝʥʘ ʥʘ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥʘʭ ʚ 5 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʚ ʧʝʣʘʛʠʘʣʴʥʦʡ ʯʘʩʪʠ ʣʦʞʘ ʊʠʭʦʛʦ 
ʦʢʝʘʥʘ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠʤʝʨʥʦʝ ʨʘʚʝʥʩʪʚʦ ʦʙʲʝʤʦʚ. 

ʄʘʩʩʳ ʩʫʭʠʭ ʦʩʘʜʢʦʚ ʜʣʷ ʧʝʣʘʛʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʜʣʷ 
ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ, ʵʦʧʣʝʡʩʪʦʮʝʥʘ ʠ ʚʩʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʚʥʳ 969, 
722 ʠ 1691ʭ1018ʛ. ʉʫʤʤʘʨʥʳʝ ʚʝʣʠʯʠʥʳ ʜʣʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 
ʦʢʨʘʠʥ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʚʥʳ 1333, 1219 ʠ 2552ʭ1018ʛ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʨʝʜʥʝʤ ʚ 
ʧʣʝʡʩʪʦʮʝʥʝ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥʘʭ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʥʘʢʘʧʣʠʚʘʣʦʩʴ ʚ 1,5 ʨʘʟʘ 
ʙʦʣʴʰʝ ʩʫʭʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʝʤ ʚ ʧʝʣʘʛʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʠ ʵʪʦ ï ʙʝʟ ʫʯʝʪʘ 
ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ. 

ɸʙʩʦʣʶʪʥʳʝ ʤʘʩʩʳ ʦʩʘʜʢʦʚ (ʜʣʷ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ, ʵʦʧʣʝʡʩʪʦʮʝʥʘ ʠ ʚʩʝʛʦ 
ʧʣʝʡʩʪʦʮʝʥʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʨʘʚʥʳ: ʜʣʷ ʧʝʣʘʛʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ï 0,909, 0,548 ʠ 0,708 
ʛ/ʩʤ2 ʭ ʪʳʩ. ʣʝʪ; ʜʣʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ï 7,681, 5,683 ʠ 6,567 ʛ/ʩʤ2 ʭ ʪʳʩ. ʣʝʪ. 

ɺ ʧʝʣʘʛʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʥʝʦʧʣʝʡʩʪʦʮʝʥʝ, ʵʦʧʣʝʡʩʪʦʮʝʥʝ ʠ ʧʣʝʡʩʪʦʮʝʥʝ ʚ 
ʮʝʣʦʤ ʩʦʦʪʥʦʰʝʥʠʝ ʣʠʪʦʛʝʥʥʳʭ, ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʢʨʝʤʥʠʩʪʳʭ ʦʩʘʜʢʦʚ ʩʦʩʪʘʚʣʷʣʦ 
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67:28:5, 74:21:5 ʠ 70:25:5, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʚʩʝʡ ʠʟʫʯʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʜʚʦʜʥʳʭ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 78:16:5, 75:19:6 
ʠ 77:17:6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʦʣʴ ʢʘʨʙʦʥʘʪʦʚ ʚʳʰʝ ʚ 
ʧʝʣʘʛʠʘʣʠ, ʘ ʣʠʪʦʛʝʥʥʳʭ ʦʩʘʜʢʦʚ ï ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥʘʭ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ 
ʨʦʣʴ ʢʨʝʤʥʠʩʪʳʭ ʦʩʘʜʢʦʚ, ʚʝʨʦʷʪʥʦ, ʥʝ ʠʟʤʝʥʷʣʘʩʴ. 

ʆʪʥʦʰʝʥʠʷ ʘʙʩʦʣʶʪʥʳʭ ʤʘʩʩ ʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʩʥʦʚʥʳʭ 
ʦʩʘʜʢʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢ ʪʝʤ ʞʝ ʢʦʤʧʦʥʝʥʪʘʤ ʵʦʧʣʝʡʩʪʦʮʝʥʘ ʚ ʧʝʣʘʛʠʘʣʠ 
ʨʘʚʥʳ ʜʣʷ ʣʠʪʦʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʉʘʉʆ3 ʠ ʙʠʦʛʝʥʥʦʛʦ ʦʧʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 1,561, 
2,276 ʠ 1,941. ɼʣʷ ʤʝʛʘʬʘʮʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ʵʪʦʪ ʨʷʜ ʙʫʜʝʪ 
ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 1,545, 1,483 ʠ 0,579. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ 
ʥʝʦʧʣʝʡʩʪʦʮʝʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʦʧʣʝʡʩʪʦʮʝʥʦʤ ʧʦʪʦʢʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ 
ʘʢʢʫʤʫʣʠʨʦʚʘʚʰʝʛʦʩʷ ʥʘ ʜʥʝ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʨʦʩʣʠ ʚ ʧʝʣʘʛʠʯʝʩʢʦʡ 
ʦʙʣʘʩʪʠ, ʘ ʧʦʪʦʢʠ ʣʠʪʦʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʉʘʉʆ3 ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 
ʦʢʨʘʠʥʘʭ. ʇʨʠ ʵʪʦʤ ʧʦʪʦʢʠ ʙʠʦʛʝʥʥʦʛʦ ʦʧʘʣʘ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥʘʭ ʩʪʘʣʠ 
ʤʝʥʴʰʝ. ɺ ʥʝʦʧʣʝʡʩʪʦʮʝʥʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʦʧʣʝʡʩʪʦʮʝʥʦʤ ʚ ʧʝʣʘʛʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ 
ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ʚʦʟʨʦʩʣʘ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʦʣʴ ʉʘʉʆ3. 

ʆʙʲʷʩʥʝʥʠʝ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ 
ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʧʝʣʘʛʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ ʚ ʪʝʯʝʥʠʝ ʧʣʝʡʩʪʦʮʝʥʘ 
ʙʳʣʦ ʜʘʥʦ ʘʚʪʦʨʦʤ ʨʘʥʝʝ [2]. ʆʥʦ ʩʦʩʪʦʠʪ ʚ ʨʦʣʠ ʫʩʠʣʠʚʰʠʭʩʷ 
ʛʦʨʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʚʰʠʭʩʷ ʚ ʨʷʜʝ 
ʨʝʛʠʦʥʦʚ ʚʦʟʨʘʩʪʘʥʠʝʤ ʦʙʲʝʤʦʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʦʨʥʳʭ) ʣʝʜʥʠʢʦʚ. 
ɺʩʝ ʵʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʦʩʪʫ ʧʦʩʪʘʚʢʠ ʥʝ ʪʦʣʴʢʦ ʣʠʪʦʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʦ ʠ 
ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʙʠʦʛʝʥʥʦʛʦ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ. 
ɽʜʠʥʩʪʚʝʥʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʠʟ ʵʪʦʛʦ ʦʙʱʝʛʦ ʧʨʘʚʠʣʘ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʝ ʚ ʧʨʝʜʝʣʘʭ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥ ʠ ʦʙʲʷʩʥʝʥʥʦʝ ʨʘʥʝʝ [1], ʦʪʥʦʩʠʪʩʷ ʢ ʠʩʪʦʨʠʠ 
ʢʨʝʤʥʝʥʘʢʦʧʣʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ17-05-00217. 
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7. www.iodp.org/iodp-expedition-reports 
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ɹʀʆɻɽʆʍʀʄʀʗ ʆʈɻɸʅʀʏɽʉʂʆɻʆ ʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ɺɽʑɽʉʊɺɸ 
ʊʆʈʌʗʅʀʂʆɺ ɺɽʈʍʆɺʓʍ ɹʆʃʆʊ ʃɽʉʆʉʊɽʇʅʆʁ ɿʆʅʓ 

ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ 
 

ɻ.ɸ. ʃʝʦʥʦʚʘ1, ʉ.ɹ. ɿʘʷʢʠʥʘ1, ʖ.ʀ. ʇʨʝʡʩ2, ɸ.ɽ. ʄʘʣʴʮʝʚ1, ɺ.ɸ. ɹʦʙʨʦʚ1, 
ʄ.ɺ. ʈʫʙʘʥʦʚ1 

 
1
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ. ʉʦʙʦʣʝʚʘ ʉʆ ʈɸʅ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʉʆ ʈɸʅ, ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ɺʝʨʭʦʚʳʝ ʩʦʩʥʦʚʦ-ʢʫʩʪʘʨʥʠʯʢʦʚʦ-ʩʬʘʛʥʦʚʳʝ ʙʦʣʦʪʘ (ʨʷʤʳ) ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ 
ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʶʞʥʦʡ ʛʨʘʥʠʮʝ ʘʨʝʘʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ, ʛʜʝ ʠʩʧʳʪʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʠ 
ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʥʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʢʦʥʮʝ ʩʫʙʙʦʨʝʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ 
ʚ ʫʩʣʦʚʠʷʭ ʧʦʭʦʣʦʜʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʢʣʠʤʘʪʘ [5]. 

ɺʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʳʝ ʢʣʶʯʝʚʳʝ ʫʯʘʩʪʢʠ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ ʚ 
ʧʨʝʜʝʣʘʭ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 
(ʐʝʨʩʪʦʙʠʪʦʚʩʢʠʡ ʨʷʤ) ʠ ʘʥʪʨʦʧʦʛʝʥʥʦ-ʥʘʨʫʰʝʥʥʳʝ, ʠʤʝʶʱʠʝ ʧʨʠʟʥʘʢʠ ʚʣʠʷʥʠʷ 
ʤʝʣʠʦʨʘʮʠʠ ʠ ʧʦʞʘʨʦʚ (ʋʙʠʥʩʢʠʡ ʛʦʨʝʣʳʡ ʨʷʤ). ɺ ʩʝʥʪʷʙʨʝ 2017 ʛ. ʪʦʨʬʷʥʳʤ ʙʫʨʦʤ 
ɹʊɻ-1 ʦʪʦʙʨʘʥʳ ʢʝʨʥʳ ʩ ʥʝʥʘʨʫʰʝʥʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʝʡ ʪʦʨʬʷʥʦʡ ʟʘʣʝʞʠ ʋʙʠʥʩʢʦʛʦ 
ʛʦʨʝʣʦʛʦ (55Ü19' ʩ.ʰ., 79Ü42' ʚ.ʜ.) ʠ ʐʝʨʩʪʦʙʠʪʦʚʩʢʦʛʦ (54ʦ58ô ʩ.ʰ., 81ʦ 0ô ʚ.ʜ.) ʨʷʤʦʚ 
ʜʣʠʥʦʡ 4 ʠ 3 ʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʥʦʚʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ-ʪʦʨʬʦʦʙʨʘʟʦʚʘʪʝʣʷʤʠ 
ʜʘʥʥʳʭ ʪʦʨʬʷʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʩʬʘʛʥʦʚʳʝ ʤʭʠ: Sphagnum fuscum (Schmp.) Rlinggr. ʠ 
S. capillifolium (Ehrh.) Hedw. ɺʦʟʨʘʩʪ ʪʦʨʬʷʥʳʭ ʪʦʣʱ ʧʨʦʜʘʪʠʨʦʚʘʥ ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʤ 
ʤʝʪʦʜʦʤ (14ʉ) ʚ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʎʂʇ ʀʄʂʕʉ ʉʆ ʈɸʅ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʨʷʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʜʝʨʞʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʙʠʦʛʝʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ (C, H, N) ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ ʨʘʟʨʝʟʦʚ, ʠ ʪʦʣʴʢʦ ʚ ʥʠʞʥʠʭ ʠʥʪʝʨʚʘʣʘʭ, ʛʜʝ 
ʪʦʨʬʷʥʦʝ ʚʝʱʝʩʪʚʦ ʧʝʨʝʭʦʜʠʪ ʚ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʟʦʣʴʥʦʩʪʴ> 50%) 
ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʝʟʢʦ ʧʘʜʘʶʪ [3]. ɺʳʷʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ S ʧʦ ʛʣʫʙʠʥʝ 
ʨʘʟʨʝʟʦʚ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʘʫʪʠʛʝʥʥʦʤ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʠ ʩʫʣʴʬʠʜʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ð ʧʠʨʠʪʘ (FeS), ʩʫʣʴʬʠʜʦʚ 
Cu ʠ Zn ʩʦʛʣʘʩʥʦ [1, 2]. 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 
ʜʝʩʪʨʫʢʮʠʠ ʆɺ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʢʝʨʥʦʚ ʪʦʨʬʷʥʠʢʦʚ ʧʦ 
ʤʝʪʦʜʠʢʝ [4]. ʋʩʪʘʥʦʚʣʝʥʘ ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʦʨʛʘʥʦʪʨʦʬʦʚ ʚ ʨʘʟʨʝʟʝ ʪʦʨʬʘ: ʚ 
ʋʙʠʥʩʢʦʤ ʛʦʨʝʣʦʤ ð 16,7 ʤʣʥ ʂʆɽ/ʛ, ʚ ʐʝʨʩʪʦʙʠʪʦʚʩʢʦʤ ð 9,9 ʤʣʥ ʂʆɽ/ʛ. ɺ ʧʨʦʙʘʭ 
ʪʦʨʬʘ ʋʙʠʥʩʢʦʛʦ ʛʦʨʝʣʦʛʦ ʩʨʝʜʥʷʷ ʯʠʩʣʝʥʥʦʩʪʴ ʘʤʤʦʥʠʬʠʢʘʪʦʨʦʚ ʩʦʩʪʘʚʠʣʘ 
1 ʤʣʥ ʂʆɽ/ʛ, ʚ ʧʨʦʙʘʭ ʪʦʨʬʘ ʐʝʨʩʪʦʙʠʪʦʚʩʢʦʛʦ ð 750 ʪʳʩ. ʂʆɽ/ʛ. ʉʨʝʜʥʷʷ 
ʯʠʩʣʝʥʥʦʩʪʴ ʬʦʩʬʘʪʤʦʙʠʣʠʟʫʶʱʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʜʝʩʪʨʫʢʮʠʠ 
ʬʦʩʬʦʨʘ ʆɺ, ʩʦʩʪʘʚʠʣʘ ʚ ʪʦʨʬʝ ʋʙʠʥʩʢʦʛʦ ʛʦʨʝʣʦʛʦ ʪʦʨʬʷʥʠʢʘ ï 26,8 ʪʳʩ. ʂʆɽ/ʛ, 
ʐʝʨʩʪʦʙʠʪʦʚʩʢʦʛʦ ð 8,6 ʂʆɽ/ʛ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʵʣʝʤʝʥʪʦʚ (ʙʦʣʝʝ 
20) ʚ ʨʘʟʨʝʟʘʭ ʋʙʠʥʩʢʦʛʦ ʛʦʨʝʣʦʛʦ ʠ ʐʝʨʩʪʦʙʠʪʦʚʩʢʦʛʦ ʪʦʨʬʷʥʠʢʦʚ. ɺʝʨʭʥʠʝ 
ʠʥʪʝʨʚʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Hg, Pb, Cd ʠ Sb 
(ʚʦʟʜʫʰʥʳʭ ʤʠʛʨʘʥʪʦʚ), ʦʙʨʘʟʫʶʱʠʭ ʣʝʪʫʯʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 
ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʘʪʤʦʩʬʝʨʫ ʚ XX ʠ XXI ʚʚ. [3]. ɺʳʷʚʣʝʥʦ ʣʦʢʘʣʴʥʦʝ 
ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ Ag ʠ Au ʚ 10ï20-ʩʘʥʪʠʤʝʪʨʦʚʳʭ ʧʨʦʩʣʦʷʭ ʪʦʨʬʘ ʧʦ 
ʛʣʫʙʠʥʝ ʨʘʟʨʝʟʦʚ ʪʦʨʬʷʥʠʢʦʚ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦʩʪʴʶ ʤʭʦʚ 
ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʧʨʠ ʞʠʟʥʠ ʚ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʢʘʭ ʥʘʥʦʯʘʩʪʠʮʳ ʙʣʘʛʦʨʦʜʥʳʭ 
ʤʝʪʘʣʣʦʚ ʩʦʛʣʘʩʥʦ [2]. ʉ ʮʝʣʴʶ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ 
Ag ʠ Au ʚ ʪʦʨʬʝ ʚ ʚʠʜʝ ʥʘʥʦʯʘʩʪʠʮ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 



250 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ ʤʝʪʦʜʦʤ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʘʪʦʤʥʦ-
ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʘʥʘʣʠʪʠʢʠ ʜ.ʪ.ʥ. ʉ.ɹ. ɿʘʷʢʠʥʘ, ʘʩʧ. ɸ.ɺ. 
ʐʘʚʝʢʠʥ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʨʘʟʨʝʟʘʭ ʋʙʠʥʩʢʦʛʦ ʛʦʨʝʣʦʛʦ ʠ 
ʐʝʨʩʪʦʙʠʪʦʚʩʢʦʛʦ ʪʦʨʬʷʥʠʢʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ (Ag ʠ Au) ʚ 
ʩʘʤʦʨʦʜʥʦʡ ʬʦʨʤʝ ʚ ʚʠʜʝ ʥʘʥʦʯʘʩʪʠʮ ʠ ʚ ʚʠʜʝ ʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʝʜʴʶ ʠ ʮʠʥʢʦʤ 
(ʨʠʩʫʥʦʢ). 

 

 
 

ʈʠʩʫʥʦʢ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʬʦʨʤ Au ʚ ʨʘʟʨʝʟʝ ʋʙʠʥʩʢʦʛʦ ʛʦʨʝʣʦʛʦ ʪʦʨʬʷʥʠʢʘ 
 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦ ʛʣʫʙʠʥʝ ʨʘʟʨʝʟʦʚ 
ʪʦʨʬʷʥʠʢʦʚ ʝʩʪʝʩʪʚʝʥʥʦ ʨʘʜʠʦʘʢʪʠʚʥʳʭ (238U, 210,212Pb, 226Ra, 228Ak, 40K) ʠ 
ʪʝʭʥʦʛʝʥʥʳʭ (137Cs, 241Am) ʠʟʦʪʦʧʦʚ. ʍʘʨʘʢʪʝʨʥʦʝ ʚ ʮʝʣʦʤ ʜʣʷ ʚʝʨʭʦʚʳʭ ʙʦʣʦʪ 
ʧʘʜʝʥʠʝ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʋʙʠʥʩʢʦʤ 
ʛʦʨʝʣʦʤ ʨʷʤʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʨʬʷʥʦʡ ʢʦʯʢʠ ʩ ʛʦʨʠʟʦʥʪʘ 6 ʩʤ, ʘ ʥʠʞʝ ʛʦʨʠʟʦʥʪʘ 10 
ʩʤ ʬʠʢʩʠʨʫʝʪʩʷ çʧʦʣʥʳʡè ʨʘʩʧʘʜ 210Pb ʠ 137Cs. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 
ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʐʝʨʩʪʦʙʠʪʦʚʩʢʦʛʦ ʪʦʨʬʷʥʠʢʘ ʫʜʝʣʴʥʳʝ ʘʢʪʠʚʥʦʩʪʠ 
ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʚʧʣʦʪʴ ʜʦ 
40 ʩʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʘʢʦʚʳʭ ʥʘ ʋʙʠʥʩʢʦʤ ʛʦʨʝʣʦʤ ʨʷʤʝ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʥʝ ʥʠʞʝ 
ʛʦʨʠʟʦʥʪʘ 22 ʩʤ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ï ʧʨʦʝʢʪ ˉ 0330-2016-0011, ʧʨʠ 
ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 17-45-540063 ʨ_ʘ, ̄  18-35-00072 ʤʦʣ_ʘ. 
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