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ʂʥʠʛʘ ʘʢʘʜʝʤʠʢʘ ʅɸʅ ʈʂ ʇ.ɺ.ɽʨʤʦʣʦʚʘ ʚʦʟʨʦʞʜʘʝʪ ʤʝʪʦʜʳ ʠ ʧʨʠʝʤʳ 
ʠʟʦʪʦʧʥʦʡ ʛʝʦʣʦʛʠʠ, ʫʪʨʘʯʝʥʥʳʝ ʧʦʣʥʦʩʪʴʶ ʥʘ ʨʫʙʝʞʝ 80-ʭ ï 90-ʭ ʛʦʜʦʚ ʚ ʩʚʷʟʠ ʩ 
ʠʟʚʝʩʪʥʳʤʠ ʧʦʣʠʪʠʯʝʩʢʠʤʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʩʦʙʳʪʠʷʤʠ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɿʘ ʧʦ-
ʩʣʝʜʥʠʝ 20 ʣʝʪ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ɻʝʨʤʘʥʠʠ, ʂʠʪʘʷ ʠ ʈʦʩʩʠʠ ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ 40 
ʘʚʪʦʨʩʢʠʭ ʜʘʪʠʨʦʚʦʢ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʦʚʨʝʤʝʥʥʳʤʠ 
ʠʟʦʪʦʧʥʳʤʠ ʤʝʪʦʜʘʤʠ SHRIMP-II, LA-ICP-MS, ʨʫʙʠʜʠʡ-ʩʪʨʦʥʮʠʝʚʳʤ ʠʟʦʭʨʦʥʥʳʤ  
ʠ  ʜʨʫʛʠʤʠ. ʆʥʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʨʝʜʩʪʚʘ ʦʪ ʧʷʪʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʦʝʢʪʦʚ, ʚ 
ʢʦʪʦʨʳʭ ʇ.ɽʨʤʦʣʦʚ ʙʳʣ ʨʝʛʠʦʥʘʣʴʥʳʤ ʢʦʦʨʜʠʥʘʪʦʨʦʤ ʦʪ ʂʘʟʘʭʩʪʘʥʘ, ʠ ʩʢʨʦʤʥʦ-
ʛʦ ʙʶʜʞʝʪʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʂ. ɿʘ ʵʪʦ ʞʝ ʚʨʝʤʷ 
ʢʦʣʣʝʢʮʠʦʥʠʨʦʚʘʥʦ ʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʦʢʦʣʦ 25 ʜʘʪʠʨʦʚʦʢ ʜʚʫʭ ʨʦʩʩʠʡʩʢʠʭ ʠʥʩʪʠ-
ʪʫʪʦʚ: ɻʀʅ ʈɸʅ (ʄʦʩʢʚʘ) ʠ ʀɻʠʄ ʉʆ ʈɸʅ (ʅʦʚʦʩʠʙʠʨʩʢ), ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴ-
ʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɺ ʠʪʦʛʝ, ʚʥʠʤʘʥʠʶ ʯʠʪʘʪʝʣʷ ʧʨʝʜ-
ʣʘʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʣʘʩʪ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʛʝʦʣʦʛʠʠ ʠ ʤʝʪʘʣʣʦʛʝʥʠʠ 
ʂʘʟʘʭʩʪʘʥʘ, ʨʝʰʝʥʥʳʭ ʧʦ ʥʦʚʦʤʫ ʩ ʧʦʟʠʮʠʡ, ʙʦʣʝʝ ʦʙʝʩʧʝʯʝʥʥʳʭ ʘʙʩʦʣʶʪʥʳʤʠ 
ʜʘʪʠʨʦʚʢʘʤʠ, ʯʝʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʝ ʚʝʨʩʠʠ ʵʪʠʭ ʞʝ ʧʨʦʙʣʝʤ. ʂ ʠʭ ʯʠʩʣʫ ʦʪʥʦʩʷʪ-
ʩʷ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ:  ʦʬʠʦʣʠʪʦʚʳʝ ʧʦʷʩʘ ʂʘʟʘʭʩʪʘʥʘ: ʩʦʩʪʘʚ, ʚʦʟʨʘʩʪ, ʛʝʦʜʠʥʘ-
ʤʠʢʘ; ʂʘʣʙʘ-ʅʘʨʳʤʩʢʠʡ ʪʝʨʨʝʡʥ ʠ ʀʨʪʳʰʩʢʘʷ ʟʦʥʘ ʩʤʷʪʠʷ; ʛʝʦʜʠʥʘʤʠʢʘ ʶʞʥʦʛʦ 
ʋʣrʪʘʫ ʚ ʧʦʟʜʥʝʤ ʇʨʦʪʝʨʦʟʦʝ; ʤʘʛʤʘʪʠʟʤ ʠ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʉʝʚʝʨʦ-
ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʚ ʨʘʥʥʝʤ ʇʘʣʝʦʟʦʝ; ʚʦʟʨʘʩʪʥʳʝ ʫʨʦʚʥʠ ʤʘʛʤʘʪʠʟʤʘ, 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʥʘ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ;  ʛʝʦʜʠʥʘʤʠʢʘ ʠ ʤʝʪʘʣ-
ʣʦʛʝʥʠʷ ʂʘʟʘʭʩʪʘʥʘ ʦʪ ʇʨʦʪʝʨʦʟʦʷ ʜʦ ʂʘʡʥʦʟʦʷ. ʇʨʠʚʝʜʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʠʟʦʪʦʧʥʳʝ ʜʘʪʠʨʦʚʢʠ. ʂʥʠʛʘ ʙʦʛʘʪʦ ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʯʝʨʥʦ-ʙʝʣʦʡ ʠ ʮʚʝʪʥʦʡ ʢʦʤ-
ʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʦʡ. ʇʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʘʩʪʠʪʳʭ ʫʯʝʥʳʭ-ʛʝʦʣʦʛʦʚ, ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʠ ʣʶʙʦʟʥʘʪʝʣʴʥʳʭ ʩʪʫʜʝʥʪʦʚ. 
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ʆʪ  ʨʝʜʘʢʪʦʨʘ 
 

ʅʘʫʯʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʦʞʝʥʥʳʝ ʚ ʦʩʥʦʚʫ ʢʥʠʛʠ ʘʢʘʜʝʤʠʢʘ ʅɸʅ ʈʂ 
ʇ.ɺ.ɽʨʤʦʣʦʚʘ, ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ. ʈʝʘʥʠʤʘʮʠʷ ʠʟʦʪʦʧʥʦʛʦ 
ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦʩʣʝ ʨʘʩʧʘʜʘ ʉʉʉʈ, ʧʦʩʣʝʜʩʪʚʠʝʤ ʢʦʪʦ-
ʨʦʛʦ ʙʳʣʦ ʧʦʣʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʧʨʝʞʥʝʡ ʠʟʦʪʦʧʥʦʡ ʩʣʫʞʙʳ,  ʥʘʯʘʣʘʩʴ ʩ  
ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʧʨʦʝʢʪʘ  INTAS ʚ 1993  ʛʦʜʫ. ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʢʦʣ-
ʣʝʢʪʠʚʘ ʛʝʦʣʦʛʦʚ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ  ʦʩʚʦʝʥʠʷ ʥʝʜʨ 
ʄʆʅ ʈʂ  ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ  ʇ.ɽʨʤʦʣʦʚʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʩ ʫʯʝʥʳʤʠ 
ʠʟ 8 ʩʪʨʘʥ ʟʘʚʝʨʰʠʣʦʩʴ ʚ 1996-1998 ʛʛ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʚʳʭ ʜʘʪʠʨʦʚʦʢ, 
ʧʦʣʫʯʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʈʦʩʩʠʠ ʠ ɻʝʨʤʘʥʠʠ ʥʘ ʩʨʝʜʩʪʚʘ ʜʘʥʥʦʛʦ 
ʧʨʦʝʢʪʘ. ɺ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʚ ʈʦʩʩʠʠ (ʉ.-ʇʝʪʝʨʙʫʨʛ) ʧʦʷʚʠʣʘʩʴ 
ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠʟʦʪʦʧʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʠ ʚ ʝʝ ʩʦʩʪʘʚʝ ï ʤʝ-
ʪʦʜ  ʫʨʘʥ-ʩʚʠʥʮʦʚʦʛʦ ʣʦʢʘʣʴʥʦʛʦ   ʜʘʪʠʨʦʚʘʥʠʷ SHRIMP-II ʧʦ ʠʥʜʠʚʠ-
ʜʫʘʣʴʥʳʤ ʟʝʨʥʘʤ ʮʠʨʢʦʥʘ. ɺʥʝʜʨʝʥʠʝ ʚ ʵʪʫ ʣʘʙʦʨʘʪʦʨʠʶ ʙʳʣʦ ʜʣʷ 
ʇ.ɽʨʤʦʣʦʚʘ ʠ ʙʦʣʝʟʥʝʥʥʳʤ  
(ʯʫʞʦʡ) ʠ ʜʦʨʦʛʠʤ, ʚʧʣʦʪʴ ʜʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2011 ʛʛ ʚ ʵʪʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʚ ʣʘ-
ʙʦʨʘʪʦʨʠʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʠʪʘʷ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʙʦʣʝʝ 30 ʜʘʪʠʨʦʚʦʢ 
ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʥʳʭ ʨʝʛʠʦʥʘʭ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʢʦʥʮʝ 
ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʩʪʘʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʦʚʳʡ ʤʝʪʦʜ  LA-ICP-MS , ʫʞʝ 
ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʤʠʨʦʚʦʡ ʥʘʫʢʝ, ʧʦ ʜʚʫʤ ʢʨʠʪʝʨʠʷʤ: ʩʪʦʠʤʦ-
ʩʪʠ ʠ ʪʦʯʥʦʩʪʠ, ʧʨʝʚʦʩʭʦʜʠʪ ʤʝʪʦʜ SHRIMP-II. ɹʳʣʠ ʧʨʠʥʷʪʳ ʦʨʛʘ-
ʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʳ ʠ ʧʦʷʚʠʣʦʩʴ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩʦ ʉʪʘʤʙʫʣʴʩʢʠʤ 
ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʠ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʛʦʨʦʜʘ Nanking ʚ ʚʦʩʪʦʯʥʦʤ ʂʠʪʘʝ, 
ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʚ ʤʘʨʪʝ 2013 ʛʦʜʘ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ  ʩʝʤʴ 
ʜʘʪʠʨʦʚʦʢ ʧʦ ʋʣʳʪʘʫ ʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʩʤʷʪʠʷ.  

 

ɺ ʠʪʦʛʝ, ʟʘ 15-17 ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʧʦʷʚʠʣʘʩʴ ʬʘʢʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 
ʜʣʷ ʧʝʨʝʩʤʦʪʨʘ ʛʝʦʣʦʛʠʠ  ʨʷʜʘ ʨʝʛʠʦʥʦʚ ʂʘʟʘʭʩʪʘʥʘ. 

1. ʅʘʡʜʝʥʳ ʩʣʝʜʳ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʇʨʦʪʝʨʦʟʦʝ 
ʋʣʳʪʘʫ ʠ ʜʦʢʘʟʘʥʘ ʘʢʢʨʝʮʠʷ ʠʭ ʢ ʢʨʘʪʦʥʫ ʚ ʩʨʝʜʥʝʤ-ʧʦʟʜʥʝʤ ʆʨʜʦʚʠ-
ʢʝ. 

2. ʈʘʩʢʨʳʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ  ʢʦʤʧʣʝʢʩʘ  ʠ 
ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʥʠʤ.  ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 
ʢʨʳʢʢʫʜʫʢʩʢʘʷ ʩʝʨʠʷ ʨʘʟʚʠʚʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 480-430 ʤʣʥ. ʣʝʪ ʚ ʬʦʨ-
ʤʝ ʪʨʝʭ ʩʘʤʦʩʪʦ̫ ʪʝʣʴʥʳʭ  ʠʥʪʨʫʟʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ,  ʢʘʞʜʦʤʫ ʠʟ 
ʢʦʪʦʨʳʭ ʩʦʧʫʪʩʪʚʦʚʘʣʦ ʩʦʙʩʪʚʝʥʥʦʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ. ʉʦʙ-
ʩʪʚʝʥʥʦ ʟʘʚʝʨʰʘʶʱʠʡ ʩʝʨʠʶ ʢʨʳʢʢʫʜʫʢʩʢʠʡ ʢʦʤʧʣʝʢʩ ʠʤʝʣ ʙʘʪʦʣʠ-
ʪʦʚʫʶ ʬʦʨʤʫ ʚʥʝʜʨʝʥʠʷ ʠ ʥʘʠʤʝʥʴʰʫʶ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ. 

3. ʄʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ ʥʫʨʢʘʟʛʘʥʩʢʦʛʦ ʪʠʧʘ ʙʳʣʦ 
ʜʘʪʠʨʦʚʘʥʦ ʚ ʥʘʯʘʣʝ 90-ʭʛʦʜʦʚ  ʪʦʯʥʦ ʧʦ ʧʨʠʥʮʠʧʫ: çʧʦʭʦʞʝ ʥʘ ʪʦ-
ʪʦè, çʩʭʦʜʝʥ ʩ ʪʝʤ-ʪʦè. ʇʨʠʯʠʥʘ ï ʦʪʩʫʪʩʪʚʠʝ ʥʘ ʨʫʜʥʦʤ ʧʦʣʝ ʢʘʢ 
ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ, ʪʘʢ ʠ ʠʟʦʪʦʧʥʳʭ ʜʘʪʠʨʦʚʦʢ. ɺʦʟʨʘʩʪ ʨʘʟʥʳʤʠ 
ʢʦʣʣʝʢʪʠʚʘʤʠ ʛʝʦʣʦʛʦʚ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ɼ 2 ʠʣʠ ɼ2-3. ʅʘ ʵʪʦʤ ʦʩʥʦ-
ʚʘʥʠʠ ʠ ʚʩʷ ʟʘʧʘʜʥʘʷ ʧʝʨʠʬʝʨʠʷ ʜʝʚʦʥʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ 



ʧʦʷʩʘ ʧʨʠʟʥʘʚʘʣʘʩʴ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʦʨʫʜʝʥʝʥʠʷ. ʊʨʠ 
ʜʘʪʠʨʦʚʢʠ ʮʠʨʢʦʥʘ ʠʟ ʜʠʦʨʠʪʦʚ, ʚʤʝʱʘʶʱʠʭ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʨʫ-
ʜʳ, ʦʧʨʝʜʝʣʠʣʠ ʚʦʟʨʘʩʪ ʚʥʝʜʨʝʥʠʷ ʧʣʫʪʦʥʘ ʚ ʜʠʘʧʘʟʦʥʝ 430-457 ʤʣʥ. 
ʣʝʪ. ʉʪʦʨʦʥʥʠʢʠ ʜʝʚʦʥʩʢʦʡ ʚʝʨʩʠʠ ʧʣʫʪʦʥʘ ʠ ʦʨʫʜʝʥʝʥʠʷ ʧʨʝʜʧʦʣʦ-
ʞʠʣʠ ʢʦʤʧʨʦʤʠʩʩ: ʧʣʫʪʦʥ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ, ʘ ʦʨʫʜʝʥʝʥʠʝ ʚ ʥʝʤ ʜʝ-
ʚʦʥʩʢʦʝ. ʇʦʷʚʠʣʘʩʴ ʠʥʪʨʠʛʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʝʰʝʥʘ ʪʦʣʴʢʦ 
ʧʫʙʣʠʢʘʮʠʝʡ ʚʦʟʨʘʩʪʘ ʨʫʜʥʦʛʦ ʤʦʣʠʙʜʝʥʠʪʘ ʨʝʥʠʡ-ʦʩʴʤʠʝʚʳʤ ʤʝʪʦ-
ʜʦʤ ʚ 2013-2014 ʛʦʜʘʭ. ʆʜʥʘʢʦ, ʩʝʛʦʜʥʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʅʫʨʢʘʟʛʘʥ 
ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʦʨʜʦʚʠʢ-ʩʠʣʫʨʠʡʩʢʠʝ ʜʘʪʠʨʦʚʢʠ, ʧʨʦʣʠʚʘʶʱʠʝ ʩʚʝʪ 
ʠ ʥʘ ʧʣʫʪʦʥ, ʠ ʥʘ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʨʫʜʳ ʠ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʟʘʧʘʜʥʦʡ 
ʯʘʩʪʠ ʜʝʚʦʥʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. 

4. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚʥʝʩʣʠ ʠʟʦʪʦʧʥʳʝ ʜʘʪʠʨʦʚʢʠ ʚ ʧʦʥʠʤʘʥʠʝ 
ʩʪʨʫʢʪʫʨʳ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʟʦʥʘ , ʧʦ ʩʫʱʝ-
ʩʪʚʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʢʢʨʝʮʠʦʥʥʳʡ ʧʘʢʝʪ ʧʦʢʨʦʚʦʚ ʨʘʟʥʦʛʦ ʩʦ-
ʩʪʘʚʘ ʠ ʚʦʟʨʘʩʪʘ. ʆʩʥʦʚʫ ʝʛʦ ʩʦʩʪʘʚʣʷʶʪ ʛʥʝʡʩʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 
ʩʣʘʥʮʳ 503-506 ʤʣʥ. ʣʝʪ ʠ ʢʦʤʧʣʝʢʩ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ ʧʨʦʙʣʝʤʘʪʠʯʥʦ-
ʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʛʥʝʡʩʘʭ ʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʨʝʣʠʢʪʦʚʳʡ ʮʠʨʢʦʥ ʩ ʚʦʟʨʘʩʪʦʤ 765-2135 ʤʣʥ. ʣʝʪ. ʕʢʟʦʪʠʢʦʡ ʷʚʣʷ-
ʶʪʩʷ ʢʠʘʥʠʪʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʦʨʜʦʚʠʢʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 
(440-460 ʤʣʥ. ʣʝʪ)  ʠ ʢʣʠʥʴʷ ʢʝʤʙʨʠʡʩʢʠʭ ʜʚʫʩʣʶʜʷʥʳʭ ʛʨʘʥʠʪʦʚ 512 
ʤʣʥ. ʣʝʪ. ɺʧʝʨʚʳʝ ʥʘʡʜʝʥʳ ʬʘʢʪʳ ʧʝʨʝʩʝʯʝʥʠʷ ʘʢʢʨʝʮʠʦʥʥʦʛʦ  ʧʘʢʝ-
ʪʘ ʛʥʝʡʩʦʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʥʘ ʥʘʙʣʶʜʘʝʤʦʤ ʫʨʦʚʥʝ  ʜʘʡ-
ʢʘʤʠ  ɼ3 ï ʉ1 (350-360 ʤʣʥ. ʣʝʪ). ʕʪʦʪ ʚʦʟʨʘʩʪʥʦʡ ʫʨʦʚʝʥʴ ʧʨʠʥʷʪ 
ʚʨʝʤʝʥʝʤ ʩʪʘʥʦʚʣʝʥʠʷ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ. ɺ ʨʘʥʥʝʡ ʇʝʨʤʠ ʥʘ 
ʧʦʨʦʜʳ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʣʦʞʠʣʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 
ʤʝʪʘʤʦʨʬʠʟʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʥʝʜʨʝʥʠʝʤ ʂʘʣʙʠʥʩʢʦʛʦ ʙʘʪʦʣʠʪʘ. 
ʕʪʦʪ ʵʪʘʧ ʟʘʬʠʢʩʠʨʦʚʘʥ ʧʦ ʠʟʦʪʦʧʥʳʤ ʜʘʪʠʨʦʚʢʘʤ ʙʠʦʪʠʪʘ ʘʨʛʦʥ-
ʘʨʛʦʥʦʚʳʤ ʤʝʪʦʜʦʤ ʠ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʤʠ ʜʘʪʠʨʦʚʢʘʤʠ ʮʠʨʢʦʥʘ ʧʦ 
ʚʥʝʰʥʠʤ ʢʘʝʤʢʘʤ 

5. ʅʦʚʦʝ ʥʘʧʦʣʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʚʦʧʨʦʩʳ ʛʝʥʝʟʠʩʘ ʦʬʠʦʣʠʪʦ-
ʚʳʭ ʧʦʷʩʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ 
ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ  ʧʦʷʩʘ  ʚ ɾʦʥʛʘʨʦ-ɹʘʣʭʘʰʩʢʦʤ ʙʘʩʩʝʡʥʝ. 

 
ʆʪʚʝʪʳ ʥʘ ʵʪʠ ʠ ʜʨʫʛʠʝ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʛʝʦʣʦʛʠʠ ʠ ʤʝ-

ʪʘʣʣʦʛʝʥʠʠ ʂʘʟʘʭʩʪʘʥʘ ʯʠʪʘʪʝʣʴ ʥʘʡʜʝʪ ʚ ʢʥʠʛʝ ʘʢʘʜʝʤʠʢʘ ʅɸʅ ʈʂ 
ʇ.ɽʨʤʦʣʦʚʘ, ʢʦʪʦʨʘʷ ʧʦʜʚʦʜʠʪ ʠʪʦʛ ʝʛʦ  25-ʣʝʪʥʝʡ ʥʘʫʯʥʦʡ ʜʝʷ-
ʪʝʣʴʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ  ʦʪʜʝʣʝʥʠʷ ʅɸʅ 
ʈʂ ʠ 20-ʣʝʪʥʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʦʩʪʘʚʝ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʢʦʤ-
ʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʝʜʨ (ʊʆʆ çʀʇʂʆʅè).                                                       

ʂʥʠʛʘ ʙʫʜʝʪ ʧʦʣʝʟʥʦʡ ʢʘʢ ʤʘʩʪʠʪʳʤ ʫʯʝʥʳʤ, ʪʘʢ ʠ ʜʣʷ ʧʨʝʧʦ-
ʜʘʚʘʪʝʣʝʡ, ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʦʜʘʨʝʥʥʳʭ ʩʪʫʜʝʥʪʦʚ. 

 
 

ɼʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 
ɸʢʘʜʝʤʠʢ ɸʄʈ ʈʂ ɾʘʫʪʠʢʦʚ ʊ.ʄ. 

 



ɻʃɸɺɸ 1.  
ʆʬʠʦʣʠʪʦʚʳʝ ʧʦʷʩʘ ʂʘʟʘʭʩʪʘʥʘ: ʩʦʩʪʘʚ,  
ʚʦʟʨʘʩʪ, ʛʝʦʜʠʥʘʤʠʢʘ 

 
 

ɿʘ ʧʦʯʪʠ ʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ 
ʂʘʟʘʭʩʪʘʥʘ ʩʫʱʝʩʪʚʦʚʘʣʦ ʪʨʠ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʠʭ ʧʨʦʠʩʭʦʞʜʝ-
ʥʠʝ:  
1) ʘʢʪʠʚʥʳʝ ʚ ʦʪʥʦʰʝʥʠʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʛʣʫʙʠʥ-
ʥʳʝ ʨʘʟʣʦʤʳ ʤʘʥʪʠʡʥʦʛʦ ʟʘʣʦʞʝʥʠʷ; 2) ʨʠʬʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʩ 
ʨʘʩʠhʨʷʶʱʠʤʩʷ ʜʥʦʤ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ; 3) ʨʝʣʠʢʪʦʚʳʝ ʩʣʝʜʳ 
ʦʙʜʫʢʮʠʦʥʥʦ-ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʛʨʘʥʠʮʝ ʦʢʝʘʥ-
ʢʦʥʪʠʥʝʥʪ ʠʣʠ ʦʢʝʘʥ-ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʤʠʨʦʚʦʡ 
ʥʘʫʢʦʡ ʥʘʢʘʧʣʠʚʘʣʩʷ ʵʤʧʠʨʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʤʦʣʦʜʳʤ ʠ ʩʦ-
ʚʨʝʤʝʥʥʳʤ ʛʣʦʙʘʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʩ ʫʯʘʩʪʠʝʤ ʦʬʠʦʣʠʪʦʚ, ʢʦ-
ʪʦʨʳʡ ʚʥʦʩʠʣ ʩʫʱʝʩʪʚʝʥʥʳʝ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʧʦʥʠʤʘʥʠʝ ʧʨʠʨʦ-
ʜʳ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʩ̫ʦʚ. 

ʈʘʟʣʦʤʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʛʠʧʦʪʝʟʘ ʦʢʘʟʘʣʘʩʴ ʧʦʣʥʦʩʪʴʶ 
ʥʝʩʦʩʪʦʷʪʝʣʴʥʦʡ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʚʥʝʜʨʝʥʠʝ ʫʣʴ-
ʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʚ ʚʠʜʝ ʭʦʣʦʜʥʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʭ ʤʘʩʩ ʠ 
ʦʪʩʫʪʩʪʚʠʝ  ʠʭ ʪʝʨʤʘʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ. 

ʈʠʬʪʦʚʘʷ ʛʠʧʦʪʝʟʘ ʠ ʚʳʪʝʢʘʚʰʘʷ ʠʟ ʥʝʝ ʪʝʢʪʦʥʠʯʝʩʢʘʷ 
ʤʦʜʝʣʴ ʂʘʟʘʭʩʪʘʥʘ ʪʠʧʘ çʨʘʟʙʠʪʦʡ ʪʘʨʝʣʢʠè ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʩʪʝʧʝʥʠ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʪʦʤ ʬʘʢʪʝ, ʯʪʦ ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʫʣʴ-
ʪʨʘʦʩʥʦʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʙʘʟʘʣʴʪʳ ʠʤʝʶʪ ʚʦ ʤʥʦʛʠʭ ʧʦʷʩʘʭ ʱʝ-
ʣʦʯʥʦʡ ʩʦʩʪʘʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʠʟʦʰʣʠ ʠʟ ʦʙʦʛʘʱʝʥʥʦʡ 
ʤʘʥʪʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʠʧʘ. ʆʜʥʘʢʦ, ʜʚʘ ʜʨʫʛʠʭ ʧʨʠʟʥʘʢʘ ʥʝ 
ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʠʬʪʦʚʦʡ  ʤʦʜʝʣʴʶ, ʘ ʠʤʝʥʥʦ: 

- ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʦʢʨʫʞʝʥʠʠ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ  
ʥʝ ʥʘʡʜʝʥʦ ʠ ʥʝ ʜʦʢʘʟʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʭʘʨʘʢʪʝʨʥʳʭ ʬʦʨʤʘʮʠʡ, 
ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʟʘʨʦʞʜʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʨʠʬʪʘ; 

- ʩʣʝʜʳ ʜʨʝʚʥʠʭ ʨʠʬʪʦʚ ʚ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʷʭ ʥʝ ʜʦʣʞʥʳ 
ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʧʨʠʥʮʠʧʝ (ʤʦʞʝʪ ʙʳʪʴ, ʟʘ ʦʯʝʥʴ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝ-
ʥʠʝʤ) ʠʟ-ʟʘ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝʥʠʷ ʧʣʠʪ ʥʘ ʦʯʝʥʴ 
ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʭʘʦʪʠʯʝʩʢʦʛʦ ʩʤʝʰʝʥʠʷ ʪʝʨʨʝʡʥʦʚ, 
ʠʤʝʚʰʠʭ ʩʦʚʝʨh ʝʥʥʦ ʨʘʟʥʳʝ ʨʝʞʠʤʳ ʨʘʟʚʠʪʠʷ [1,2] ʠ ʤʥʦʛʠʝ 
ʜʨʫʛʠʝ . 

ʄʦʜʝʣʴ ʦʙʜʫʢʮʠʦʥʥʦ-ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝ ʚ ʩʦ-
ʩʪʦʷʥʠʠ ʦʙʲʷʩʥʠʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʤʝʣʘʥʞʝ ʤʥʦʛʠʭ ʧʦʷʩʦʚ ʤʝʪʘ-
ʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ (ʈ > 14 ʢʙʘʨ). ʇʨʠ ʦʙʜʫʢ-



ʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʥʘ ʢʦʥʪʠʥʝʥʪ ʠʣʠ ʦʩʪʨʦʚʥʫʶ ʜʫʛʫ ʪʘʢʠʝ 
ʜʘʚʣʝʥʠʷ ʧʨʦʩʪʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ, ʧʨʠ ʩʫʙʜʫʢʮʠʠ ʞʝ ʠ 
ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ ʠ ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦ ʥʝʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 
ʧʦʨʦʜʳ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʧʦʛʨʫʞʘʶʪʩʷ ʛʣʫʙʦʢʦ ʚ ʤʘʥʪʠʶ. ɼʣʷ 
ʪʦʛʦ, ʯʪʦʙʳ ʦʥʠ ʧʦʷʚʠʣʠʩʴ ʥʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʢʦʨʳ, ʪʨʝʙʫʝʪ-
ʩʷ ʦʩʦʙʳʡ ʤʝʭʘʥʠʟʤ, ʧʦʣʫʯʠʚʰʠʡ ʚ ʤʠʨʦʚʦʡ ʥʘʫʢʝ ʚ ʧʦʩʣʝʜʥʝʝ 
ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʟʚʘʥʠʝ çʵʢʩʛʫʤʘʮʠʷè, ʦ ʯʝʤ ʥʠʞʝ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ ʦʬʠʦʣʠʪʦʚ ʠ ʠʩʪʦʨʠʠ ʠʭ ʧʦʷʚʣʝ-
ʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʨʦʟʠʦʥʥʦʤ ʫʨʦʚʥʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʟʥʘʯʝ-
ʥʠʝ ʠʤʝʶʪ ʜʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʩʦʩʪʘʚʘ ʠʭ ʙʘʟʘʣʴʪʦʚ, ʚʢʣʶ-
ʯʝʥʠʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʤʝʣʘʥʞʝ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ 
ʠ ʚʦʟʨʘʩʪ ʧʦʨʦʜ, ʦʙʨʘʟʫʶʱʠʭ ʦʬʠʦʣʠʪʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ. 

ʇʦʟʠʮʠʷ ʦʬʠʦʣʠʪʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ 
ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.1 

 

 
 

ʈʠʩʫʥʦʢ 1.1. ʇʦʟʠʮʠʷ ʦʩʥʦʚʥʳʭ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ  
ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʠ  ɺʦʩʪʦʯʥʦʤ  ʂʘʟʘʭʩʪʘʥʝ.  

 

1-ʆʣʝʥʪʳ, 2-ʄʘʡʢʘʠʥ-ʂʳʟʳʣʪʘʩʩʢʠʡ, 3- ʊʝʢʪʫʨʤʘʩ,  
4-ɻʦʨʥʦʩʪʘʝʚʩʢʠʡ, 5-ʏʘʨʩʢʠʡ, 6- ɹʘʣʢʠʙʝʢ,   7-ʀʪʤʫʨʫʥʜʳ,  

8-ʉʝʚʝʨʦ-ɾʫʥʛʘʨʩʢʠʡ, 9-ɾʘʣʘʠʨ-ʅʘʡʤʘʥʩʢʠʡ,  
10-ʂʦʢʰʝʪʘʫʩʢʠʝ, ʚʢʣʶʯʘʷ ʂʫʤʜʳʢ-ʂʦʣʴ. 

 
1.1 ʌʦʨʤʳ ʧʨʦʷʚʣʝʥʠʷ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ ʂʘʟʘʭ-
ʩʪʘʥʘ 

 



ɺʳʜʝʣʷʝʪʩʷ ʪʨʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʘ ʦʬʠʦʣʠʪʦʚ: ʪʨʝ-
ʱʠʥʥʳʝ, ʩʢʣʘʜʯʘʪʳʝ ʠ ʠʟʦʤʝʪʨʠʯʥʳʝ. 

ʂ ʪʨʝʱʠʥʥʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʦʬʠʦʣʠʪʳ ʏʘʨʩʢʦ-
ɻʦʨʥʦʩʪʘʝʚʩʢʦ-ɿʠʤʫʥʘʡʩʢʦʛʦ, ʊʝʢʪʫʨʤʘʩʩʢʦʛʦ, ʕʢʠʙʘʩʪʫʟʩʢʦʛʦ, 
ʆʣʝʥʪʠʥʩʢʦʛʦ  ʧʦʷʩʦʚ. ʆʥʠ ʧʨʷʤʦʣʠʥʝʡʥʳ, ʠʥʦʛʜʘ ʧʦʣʦʛʦ ʠʟʦ-
ʛʥʫʪʳ,  ʩ ʦʜʥʠʤ  ʠʣʠ ʦʙʦʠʤʠ ʢʨʫʪʳʤʠ ʢʦʥʪʘʢʪʘʤʠ, ʠʥʦʛʜʘ ʩ ʟʦʥʦʡ 
ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʚʜʦʣʴ ʦʜʥʦʛʦ ʠʟ ʥʠʭ. ʆʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʢ ʰʠ-
ʨʠʥʝ ʚ ʪʘʢʠʭ ʧʦʷʩʘʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 1:20 ʜʦ 1:35 ʠ ʙʦʣʝʝ. ʇʦʷʩʘ 
ʜʘʥʥʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʩʢʚʦʟʴʩʪʨʫʢʪʫʨʥʦʝ ʧʦʣʦʞʝʥʠʝ: ʧʨʠ ʜʣʠʥʝ ʚ 
ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʢʠʣʦʤʝʪʨʦʚ ʦʥʠ ʠʤʝʶʪ ʣʠʥʝʡʥʫʶ ʤʦʨʬʦʣʦʛʠʶ, ʚ 
ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʦʨʪʘ ʩʣʦʞʝʥʳ ʩʢʣʘʜʯʘʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʅʘ ʨʠ-
ʩʫʥʢʝ 1.2-ɸ ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʦʪʨʘʞʘʝʪ ʧʦʟʠʮʠʶ ʫʟʢʦʛʦ (ʩʦʪʥʠ 
ʤʝʪʨʦʚ ʜʦ ʧʝʨʚʳʭ ʢʠʣʦʤʝʪʨʦʚ) ʠ ʧʨʦʪʷʞʝʥʥʦʛʦ (ʦʢʦʣʦ 10 ʢʤ) 
ʪʨʝʱʠʥʥʦʛʦ ʪʝʣʘ, ʠʤʝʥʫʝʤʦʛʦ ʄʘʡʢʘʠʥ-ʂʳʟʳʣʪʘʩʩʢʦʡ çʩʫʪʫʨʦʡè 
[3, 4]. ʇʝʨʚʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʪʝʨʤʠʥ çʩʫʪʫʨʘè ʢʘʢ 
ʛʨʘʥʠʮʫ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʠʣʠ ʪʝʨʨʝʡʥʦʚ [5]. ʊʘʢʦʝ ʦʧʨʝʜʝʣʝ-
ʥʠʝ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʄʘʡʢʘʠʥ-ʂʳʟʳʣʪʘʩʩʢʦʤʫ ʦʬʠʦʣʠʪʦʚʦʤʫ 
ʧʦʷʩʫ, ʪ.ʢ., ʠ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʠ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʥʝʛʦ ʨʘʟʚʠʪʳ ʚʫʣʢʘ-
ʥʠʪʳ ʤʘʡʢʘʠʥʩʢʦʡ ʩʝʨʠʠ ʆ1-2,  ʘ ʪʘʢʞʝ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʦʪ ʦʬʠʦʣʠ-
ʪʦʚʦʛʦ ʧʦʷʩʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʢʦʣʯʝʜʘʥʥʳʝ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ-ʙʣʠʟʥʝʮʳ ʄʘʡʢʘʠʥ ɺ ʠ ʊʦʨʪʢʫʜʫʢ (Cu, Zn, Pb, Ba, Au, 
Ag}. 

 

 
 

ʈʠʩʫʥʦʢ 1.2. ʆʬʠʦʣʠʪʦʚʳʝ ʧʦʷʩʘ ʪʨʝʱʠʥʥʦʛʦ ʪʠʧʘ.  
 

ɸ-ɹʦʛʝʥʙʘʡ-ɸʥʛʨʝʥʩʦʨʩʢʠʡ ʧʦʷʩ [4]: 



1-ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ; 2-ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʡ ʤʝʣʘʥʞ;  
3- ʧʨʦʩʪʠʨʘʥʠʝ ʧʦʨʦʜ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʘʭ. ɹ- ʧʨʦʝʢʮʠʷ ʏʘʨʩʢʦ-
ɻʦʨʥʦʩʪʘʝʚʩʢʦ-ɿʠʤʫʥʘʡʩʢʦʛʦ ʧʦʷʩʘ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ [6]:  

1-ʧʦʨʦʜʳ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ; 2-ʧʦʨʦʜʳ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ;  
3- ʧʦʨʦʜʳ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ; 4-ʛʨʘʥʠʪʥʳʝ ʦʯʘʛʠ;  

5- ʛʘʙʙʨʦ-ʛʨʘʥʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ; 6-ʙʘʟʠʪʳ; 7-ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʡ ʤʝʣʘʥʞ  
ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ; 8-ʨʘʟʣʦʤʳ 

ʆʙʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʫʨʘʣʴʩʢʦʤʫ ʪʠʧʫ ʠ ʩʚʦʡ-
ʩʪʚʝʥʥʳ ʦʙʳʯʥʦ ʵʥʩʠʘʣʠʯʝʩʢʠʤ ʜʫʛʘʤ (ʧʨʠʩʫʪʩʪʚʠʝ Pb ʠ Ag). ʀʟ 
ʨʠʩʫʥʢʘ ʪʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʦʬʠʦʣʠʪʳ ʟʘʥʠʤʘʶʪ ʦʪʢʨʦʚʝʥʥʦ ʠʥ-
ʜʠʬʬʝʨʝʥʪʥʫʶ ʧʦʟʠʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʷʞʝʥʥʦʛʦ ʜʠʟʲʶʥʢ-
ʪʠʚʥʦʛʦ ʧʣʘʥʘ ʚʤʝʱʘʶʱʝʡ ʨʘʤʳ, ʘ ʪʘʢʞʝ ʭʘʦʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʱʝ-
ʥʠʷ ʙʣʦʢʦʚ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʣʠʥʠʡ ʚʥʫʪ-
ʨʠ  ʥʠʭ. ʆʥʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʠʥʜʠʬʬʝʨʝʥʪʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ 
ʚʩʝʤ ʚʫʣʢʘʥʠʯʝʩʢʠʤ ʠ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ ʦʪ ʢʝʤʙʨʠʷ ʜʦ ʧʦʟʜʥʝ-
ʛʦ ʜʝʚʦʥʘ. ʌʘʢʪ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʦʬʠʦʣʠʪʦʚ ʩ ʢʦʥʪʠʥʝʥ-
ʪʘʣʴʥʳʤʠ D1-2 ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʤʠ D2-3 ʧʦʨʦʜʘʤʠ ʜʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
ʧʦʟʠʮʠʷ, ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1.2-ɸ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʧʨʦʤʝʞʫʪʦʯ-
ʥʦʡ ʩʪʘʥʮʠʝʡ ʥʘ ʧʫʪʠ ʧʨʦʪʨʫʟʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʣʘʥʞʘ ʥʘ ʙʦʣʝʝ 
ʚʳʩʦʢʠʝ ʫʨʦʚʥʠ ʢʦʨʳ. ɸ ʚ ʢʘʯʝʩʪʚʝ ʬʦʨʤʳ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦ-
ʣʦʜʦʡ ʨʘʟʣʦʤ.  

ʏʘʨʩʢʦ-ɻʦʨʥʦʩʪʘʝʚʩʢʦ-ɿʠʤʫʥʘʡʩʢʠʝ ʦʬʠʦʣʠʪʳ ʧʦ ʚʩʝʤ ʧʘʨʘ-
ʤʝʪʨʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʫʪʫʨʥʦʡ ʟʦʥʝ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʝ ʚ 
ʨʘʟʜʫʚʝ 8-10 ʢʤ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʝʝ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘ-
ʥʘ ʧʨʝʚʳʰʘʝʪ 320 ʢʤ, ʧʨʠʯʝʤ ʦʬʠʦʣʠʪʳ ʟʘʣʝʛʘʶʪ ʚ ʥʘʧʨʷʞʝʥʥʦ-
ʩʢʣʘʜʯʘʪʦʛʦ ʦʙʨʘʤʣʝʥʠʷ.. ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʷʩ ʧʦ-
ʧʘʜʘʝʪ ʚ ʟʦʥʫ ʚʣʠʷʥʠʷ ɼʘʨʙʫʪʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʢʦʨʥʠ ʢʦʪʦʨʦʛʦ ʧʨʦ-
ʩʣʝʞʠʚʘʶʪʩʷ ʚ ʣʠʪʦʩʬʝʨʫ [7]. ʅʘ ʨʠʩʫʥʢʝ 1.2-ɹ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 
ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ʬʣʘʥʛ ʩʫʪʫʨʳ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʯʝʪʢʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝ-
ʩʢʦʤ  ʬʫʥʜʘʤʝʥʪʝ ɿʘʡʩʘʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʚ ʦʙʰʠʨʥʦʤ ʧʦ-
ʣʝ ʧʦʨʦʜ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʟʦʥʳ ʧʦʨʦʜ ʧʨʦʤʝʞʫ-
ʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʣʦʢʘʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, 
ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʠʥʪʨʫʟʠʚʥʳʤʠ, ʪʘʢ ʠ ʙʣʦʢʘʤʠ ʛʘʙʙʨʦ-
ʘʤʬʠʙʦʣʠʪʦʚ, ʥʘʩʳʱʝʥʥʳʤʠ ʪʝʣʘʤʠ ʠ ʤʠʛʤʘʪʠʪʘʤʠ ʧʣʘʛʠʦʛʨʘʥʠʪ-
ʥʦʛʦ ʩʦʩʪʘʚʘ. ʊʘʢʠʝ ʙʣʦʢʠ ʨʘʟʤʝʨʦʤ ʜʦ 1-1,5 ʢʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʝ-
ʣʘʥʞʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʨʦʟʠʦʥʥʦʤ ʫʨʦʚʥʝ ʤʝʞʜʫ ʧʦʩ. ɹʘʪʫʨʠʥʢʘ ʠ 
ʇʝʨʷʪʠʥʢʘ. ʎʝʥʪʨʘʣʴʥʘʷ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʝ ʯʘʩʪʠ ʩʫʪʫʨʳ ʨʘʩʧʦʣʘ-
ʛʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʦʣʝ ʧʦʨʦʜ ʥʠʟʢʦʡ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʧʣʦʪʥʦ-
ʩʪʠ, ʩʚʦʡʩʪʚʝʥʥʦʡ ʩʝʨʧʝʥʪʠʥʠʪʘʤ ʚʦʦʙʱʝ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʳ-
ʚʘʶʪ ʨʘʩʯʝʪʳ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʛʦ ʪʝʣʘ ʥʘ ʄʘʡʢʘʠʥ-ʂʳʟʳʣʪʘʩʩʢʦʤ 
ʧʦʷʩʝ [4], ʥʠʞʥʷʷ ʢʨʦʤʢʘ ʩʝʨʧʝʥʪʠʥʘʥʠʪʦʚ ʪʘʤ ʟʘʣʝʛʘʝʪ ʥʘ ʛʣʫʙʠ-
ʥʘʭ ʦʪ 0,5 ʜʦ 2 ʢʤ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʦʪʥʦʰʝʥʠʠ ʤʝʣʘʥʞʝʚʳʭ ʟʘ-



ʣʝʞʝʡ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʦʥʠ ʩʢʦʨʝʝ ʚʩʝʛʦ ʧʨʝʜʩʪʘʚʣʷ-
ʶʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʨʘʟʦʙʱʝʥʥʳʭ ʣʝʥʪ ʠ ʣʠʥʟ, ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʨʘʟʥʳʭ 
ʛʣʫʙʠʥʘʭ ʚ ʪʝʣʝ ʩʫʪʫʨʳ. ʉʚʦʡ ʚʢʣʘʜ ʚ ʨʘʟʦʙʱʝʥʠʝ ʤʝʣʘʥʞʘ ʥʘ ʦʪ-
ʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʚʥʦʩʷʪ ʪʘʢʞʝ ʪʨʘʥʩʬʦʨʤʥʳʝ ʨʘʟʣʦʤʳ, ʚ ʢʦʪʦ-
ʨʳʭ ʤʝʣʘʥʞʝʚʳʝ ʣʝʥʪʳ ʠ ʣʠʥʟʳ ʧʝʨʝʞʠʤʘʶʪʩʷ ʠ ʨʘʩʯʣʝʥʷʶʪʩʷ ʥʘ 
ʬʨʘʛʤʝʥʪʳ ʦʩʦʙʝʥʥʦ ʣʝʛʢʦ. ʇʨʠ ʵʪʦʤ, ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ ʵʬʬʝʢʪ 
ʥʘʛʥʝʪʘʥʠʷ ʦʬʠʦʣʠʪʦʚʦʡ ʤʘʩʩʳ ʚ ʦʪʩʣʦʝʥʠʷ ʧʦʣʦʛʠʭ ʠ ʛʦʨʠʟʦʥ-
ʪʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ, ʩʦʟʜʘʶʱʠʭ ʣʦʞʥʳʡ ʵʬʬʝʢʪ ʧʦʢʨʦʚʥʦʡ ʪʝʢʪʦʥʠ-
ʢʠ. ʊʘʢʫʶ ʧʨʠʨʦʜʫ ʠʤʝʝʪ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʝʨʧʝʥʪʠʥʠʪʦʚʘʷ ʟʘʣʝʞʴ, 
ʟʘʣʝʛʘʶʱʘʷ ʥʘ ʠʟʚʝʩʪʥʷʢʘʭ ʥʘ ʃʝʚʦʙʝʨʝʞʥʦʤ ɻʦʨʥʦʩʪʘʝʚʩʢʦʤ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʠ, ʨʘʟʙʫʨʝʥʥʘʷ ʅ.ɺ.ʉʫʩʧʠʮʝʥʳʤ ʧʨʠ ʨʘʟʚʝʜʢʝ ʠʤ ʩʠʣʠ-
ʢʘʪʥʦʛʦ ʥʠʢʝʣʷ ʚ ʚʦʝʥʥʳʝ ʛʦʜʳ. ɺ ʏʘʨʩʢʦ-ɻʦʨʥʦʨʩʪʘʝʚʩʢʦ-
ɿʠʤʫʥʘʡʩʢʦʤ ʤʝʣʘʥʞʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʧʳʪʢʠ ʚʳ-
ʷʚʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʧʨʠʟʥʘʢʠ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʜʝʚʦʥʝ 
ʠʣʠ ʚ ʢʘʨʙʦʥʝ, ʪʘʢʠʝ ʧʦʧʳʪʢʠ ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ (ʩʤ. ʥʠʞʝ). 
ʊʘʤ, ʢʘʢ ʛʦʚʦʨʠʪʩʷ, ʥʘ ʢʘʞʜʦʤ ʰʘʛʫ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʜʦʢʘʟʘ-
ʪʝʣʴʩʪʚʘ ʦʨʜʦʚʠʢʩʢʦʡ ʩʫʙʜʫʢʮʠʠ, ʜʦʧʦʣʥʷʶʱʠʝ ʩʧʠʩʦʢ ʘʨʛʫʤʝʥʪʦʚ 
ʚ ʧʦʣʴʟʫ ʧʨʦʪʨʫʟʠʚʥʦʡ ʤʦʜʝʣʠ ʤʝʣʘʥʞʘ  ʚ ʨʘʥʥʝʛʝʨʮʠʥʩʢʦʝ ʚʨʝʤʷ. 
ʇʨʠʟʥʘʚʘʷ ʩʪʘʪʫʩ ʩʫʪʫʨʳ ʟʘ ʏʘʨʩʢʦ-ɻʦʨʥʦʩʪʘʝʚʩʢʦ-ɿʠʤʫʥʘʡʩʢʠʤ 
ʤʝʣʘʥʞʝʤ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʝʛʦ ʢʘʢ ʧʨʦʝʢʮʠʶ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ 
ʵʨʦʟʠʦʥʥʦʤ ʫʨʦʚʥʝ ʪʦʡ ʧʘʣʝʦʩʫʪʫʨʳ, ʢʦʪʦʨʘʷ ʨʘʟʜʝʣʷʣʘ ʂʘʟʘʭ-
ʩʪʘʥʩʢʫʶ ʠ ɸʣʪʘʡʩʢʫʶ ʧʣʠʪʳ ʚ ʩʨʝʜʥʝʤ ʇʘʣʝʦʟʦʝ. 

ʉʢʣʘʜʯʘʪʫʶ ʤʦʨʬʦʣʦʛʠʶ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠʤʝʶʪ ʪʦʣʴʢʦ ʀʪ-
ʤʫʨʫʥʜʠʥʩʢʠʝ ʦʬʠʦʣʠʪʳ (ʨʠʩ.1.3). 

 

 
 

ʈʠʩʫʥʦʢ 1.3. ʋʧʨʦʱʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ  
ʀʪʤʫʨʫʥʜʠʥʩʢʦʛʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ (ʄ.ɿ.ʅʦʚʠʢʦʚʘ ʠ ʜʨ., 1991).   



1-3 ïʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ: 1- ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ P2;  
2- ʩʘʷʢʩʢʠʡ ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ ʉ2-3;  

3-ʩʪʝʧʥʷʢʩʢʠʡ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʪʦʥʘʣʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ O3-S1;  

 4-ʥʝʦʘʚʪʦʭʪʦʥ: ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ S2-T(?);  
5-ʘʚʪʦʭʪʦʥ: ʘʢʢʨʝʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʤʠ  
ʛʦʨʠʟʦʥʪʘʤʠ S1-2. 6-9- ʘʣʣʦʭʪʦʥ: 6- ʪʶʨʝʪʘʡʩʢʠʡ ʢʦʤʧʣʝʢʩ O3  
(ʙʘʟʘʣʴʪʳ, ʪʫʬʦʛʝʥʥʳʝ ʧʦʨʦʜʳ, ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ);  

7- ʠʪʤʫʨʫʥʜʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ O2 (ʧʦʜʫʰʝʯʥʳʝ ʙʘʟʘʣʪɹʳ,  
ʪʨʘʭʠʙʘʟʘʣʴʪʳ, ʪʨʘʭʠʪʳ, ʷʰʤʳ); 8- ʢʳʟʳʢʩʢʠʡ ʢʦʤʧʣʝʢʩ O1-2 (ʷʰʤʳ);  

9- ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʡ ʤʝʣʘʥʞ; 10-11-ʧʨʦʯʠʝ:10 ïʨʘʟʣʦʤʳ;  
11-ʧʦʟʠʮʠʷ ʀʪʤʫʨʫʥʜʠʥʩʢʦʛʦ ʞʘʜʝʠʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʅʘʠʙʦʣʝʝ ʛʨʘʤʦʪʥʫʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠʤ 
ʜʘʣʘ ʄ.ɿ.ʅʦʚʠʢʦʚʘ ʚ 1991 ʛʦʜʫ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʜʦʠʟʫʯʝʥʠʠ 
ʪʝʨʨʠʪʦʨʠʠ ʚ ʤʘʩʰʪʘʙʝ 1:200 000. ʇʦʷʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘ-
ʢʝʪ ʧʦʢʨʦʚʦʚ, ʩʦʙʨʘʥʥʳʭ ʚ ʩʢʣʘʜʢʠ. ɺ ʣʝʞʘʯʝʤ ʙʦʢʫ ʧʘʢʝʪʘ ʭʦ-
ʨʦʰʦ ʩʦʭʨʘʥʠʣʘʩʴ ʩʠʣʫʨʠʡʩʢʘʷ ʦʣʠʩʪʦʩʪʨʦʤʘ, ʩʣʦʞʝʥʥʘʷ ʧʝʩʯʘ-
ʥʠʢʘʤʠ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʣʠʥʘ ʠ ʦʙʣʦʤʢʘʤʠ ʵʢʩʛʫʤʠʨʦʚʘʥʥʳʭ 
ʦʬʠʦʣʠʪʦʚ, ʙʘʟʘʣʴʪʦʚ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʇʝʩʯʘʥʳʡ ʤʘʪ-
ʨʠʢʩ ʦʣʠʩʪʦʩʪʨʦʤʳ ʦʙʦʛʘʱʝʥ ʢʚʘʨʮʝʤ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʟʘ ʩʯʝʪ ʨʘʟʤʳʚʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʢʣʦʥʘ. ʆʙ-
ʣʦʤʢʠ ʤʝʣʘʥʞʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ 
ʢʦʨʳ, ʧʦʛʨʫʞʝʥʥʦʡ ʥʘ ʛʣʫʙʠʥʫ 90 ʠ ʙʦʣʝʝ ʢʤ (ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʤʝ-
ʣʘʥʞʝ ʛʨʘʥʘʪʦʚʳʭ ʘʤʬʠʙʦʣʠʪʦʚ, ʛʣʘʫʢʦʬʘʥʦʚʳʭ ʩʣʘʥʮʝʚ, ʞʘʜʝ-
ʠʪʠʪʦʚ ʠ ʣʴʜʠʩʪʦʛʦ ʢʚʘʨʮʘ) ʠ ʟʘʪʝʤ ʵʢʩʛʫʤʠʨʦʚʘʥʥʳʭ ʥʘ ʜʘʥʥʳʡ 
ʫʨʦʚʝʥʴ ʚʩʪʨʝʯʥʳʤ ʚʦʩʭʦʜʷʱʠʤ ʧʦʪʦʢʦʤ. ʉʭʝʤʘ ʪʘʢʦʡ ʤʦʜʝʣʠ 
ʦʧʫʙʣʠʢʦʚʘʥʘ [8] ʚ 1982 ʛʦʜʫ ʥʘ ʧʨʠʤʝʨʝ ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ ʚʦ-
ʩʪʦʯʥʦʛʦ ʙʦʨʪʘ ʦʩʪʨʦʚʘ ʍʦʥʩʶ ʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ (ʨʠʩ. 1.4). ʉʨʝʜ-
ʥʝʩʢʦʨʦʩʪʥʳʝ ʙʣʦʢʠ ʚ ʘʢʢʨʝʮʠʦʥʥʦʤ ʢʣʠʥʝ (5.0;  
5.7 ʢʤ/ʩ) ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʵʢʩʛʫʤʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 
ʩʣʘʙʦ ʜʠʘʛʝʥʝʟʠʨʦʚʘʥʥʦʤ ʤʘʪʨʠʢʩʝ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚ-
ʣʷʝʪ 3-3,1ʢʤ/ʩ.  

 

 



 
ʈʠʩʫʥʦʢ 1.4. ʉʝʡʩʤʦʪʦʤʦʛʨʘʬʠʷ ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ  

ʦʢʝʘʥʘ ʠ ʦʩʪʨʦʚʘ ʍʦʥʩʶ [8], ʧʦʷʩʥʷʶʱʘʷ  
ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʣʠʩʪʦʩʪʨʦʤʳ  

ʥʘ ʨʠʩ. 1.3.  
 

ɾʝʣʪʦʝ ï ʘʢʢʨʝʮʠʦʥʥʳʡ ʢʣʠʥ; ʟʝʣʝʥʦʝ ʩʧʨʘʚʘ ï ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ;  
ʨʦʟʦʚʳʝ ʩʪʨʝʣʢʠ ʚ ʤʘʥʪʠʠ ï ʧʦʛʨʫʞʝʥʠʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʠ  

ʟʘʪʷʛʠʚʘʥʠʝ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʣʠʥʘ ʧʦʜ ʦʩʪʨʦʚ; ʦʨʘʥʞʝʚʳʝ ʩʪʨʝʣʢʠ ï  
ʚʦʩʭʦʜʷʱʠʡ ʧʦʪʦʢ ʤʝʣʘʥʞʝʚʦʡ ʩʤʝʩʠ (ʵʢʩʛʫʤʘʮʠʷ),  

ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʩʪʨʦʝʥʠʠ ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ  
ʤʝʣʘʥʞʝʚʳʭ ʧʦʢʨʦʚʦʚ ʚ ʘʢʢʨʝʮʠʦʥʥʦʤ ʢʣʠʥʝ. 

ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʀʪʤʫʨʫʥʜʠʥʩʢʦʛʦ ʧʦʷʩʘ ʠʤʝʝʪʩʷ ʧʨʘʚʦ-
ʩʪʦʨʦʥʥʠʡ ʩʜʚʠʛ ʦʬʠʦʣʠʪʦʚ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩ 
ʘʤʧʣʠʪʫʜʦʡ ʦʢʦʣʦ 30 ʢʤ (ʨʠʩ. 1.3), ʢʦʪʦʨʳʡ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠ-
ʨʫʝʪ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥʥʳʭ ʦʬʠʦʣʠʪʦʚ, ʢʦʛʜʘ ʦʥʠ 
ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 
ʪʝʨʷʶʪ ʧʦʣʥʦʩʪʴʶ ʢʦʨʥʠ ʩʦ ʩʚʦʝʡ ʧʝʨʚʠʯʥʦʡ ʧʦʢʨʦʚʥʦ-ʩʢʣʘʜʯʘʪʦʡ 
ʩʪʨʫʢʪʫʨʦʡ.    

ʀʟʦʤʝʪʨʠʯʥʳʡ ʪʠʧ ʦʬʠʦʣʠʪʦʚ ʷʨʢʦ ʧʨʦʷʚʣʝʥ ʚ ʦʬʠʦʣʠʪʘʭ  
ʂʘʨʘʫʣʯʝʢʫ, ʊʦʣʧʘʢ (ʨʠʩ.1.5), ʥʘ ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ʀʪʤʫʨʫʥʜʠʥ-
ʩʢʦʛʦ ʧʦʷʩʘ, ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʊʝʢʪʫʨʤʘʩʩʢʦʛʦ ʧʦʷʩʘ ʠ ʚ 
ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ.  



 
 

ʈʠʩʫʥʦʢ 1.5. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ  
ʦʬʠʦʣʠʪʦʚʦʛʦ ʧʦʢʨʦʚʘ ʂʘʨʘʫʣʯʝʢʫ [4].  

 

1-ʨʘʟʣʦʤʳ, 2- ʘʚʪʦʭʪʦʥ ʬʣʠʰʦʠʜʥʦʛʦ ʪʠʧʘ,  
3- ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʘʷ ʪʦʣʱʘ (ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ, ʪʫʬʳ ʜʘʮʠʪʦʚ, 

 ʷʰʤʳ, ʧʝʩʯʘʥʠʢʠ), 4- ʙʘʟʘʣʴʪʳ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʪʠʧʘ, 5- ʨʘʩʩʣʦʝʥʥʳʡ 
ʛʘʨʮʙʫʨʛʠʪ-ʧʠʨʦʢʩʝʥʠʪ-ʛʘʙʙʨʦ-ʥʦʨʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ. 

ʕʪʦ ï ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠʣʠ ʦʯʝʥʴ ʧʦʣʦʛʠʝ ʠʟʦʤʝʪʨʠʯʥʳʝ 
ʬʨʘʛʤʝʥʪʳ ʧʦʢʨʦʚʦʚ, ʟʘʣʝʛʘʶʱʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʦʣʠʩʪʦʩʪʨʦ-
ʤʘʭ ʠʣʠ ʬʣʠʰʝ. ɼʨʫʛʦʡ ʬʦʨʤʦʡ ʠʟʦʤʝʪʨʠʯʥʳʭ ʦʬʠʦʣʠʪʦʚ ʷʚʣʷ-
ʝʪʩʷ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʬʨʘʛʤʝʥʪʘʤ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʢʘʢ 
ʪʨʝʱʠʥʥʳʭ, ʪʘʢ ʠ ʩʢʣʘʜʯʘʪʳʭ ʦʬʠʦʣʠʪʦʚ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʠ 
ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʦʤʦʤ ʠʣʠ ʩʝʪʴʶ ʨʘʟʣʦʤʦʚ.  

ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 
ʦʬʠʦʣʠʪʦʚ ʷʚʣʷʶʪʩʷ ʧʦʨʦʞʜʝʥʠʝʤ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʛʝʦʜʠʥʘʤʠʯʝ-
ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʠʤʝʥʥʦ, ʩʦʯʝʪʘʥʠʝʤ ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ 



ʩʫʙʜʫʢʮʠʠ ʠ ʵʢʩʛʫʤʘʮʠʠ. ʆʬʠʦʣʠʪʳ ʫʨʦʯʠʱʘ ʂʘʨʘʫʣʯʝʢʫ ʠʤʝʶʪ 
ʥʝʩʢʦʣʴʢʦ ʠʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

 
1.2 ɺʦʟʨʘʩʪ ʦʬʠʦʣʠʪʦʚ 
 

ɺ ʠʩʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʠʟʦʪʦʧʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ 
ʜʚʘ ʦʩʥʦʚʥʳʭ ʨʫʙʝʞʘ ʨʘʟʚʠʪʠʷ ʦʬʠʦʣʠʪʦʚ: ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʡ ʠ 
ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʠʡ, ʨʘʟʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʦʤ ʚ 50 ʤʣʥ. ʣʝʪ. ʕʪʠ 
ʨʫʙʝʞʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ, 
ʠʩʢʣʶʯʘʷ ʙʘʟʘʣʴʪʳ, ʬʘʫʥʠʩʪʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʢʦʪʦʨʳʭ ʚ ʨʘʥ-
ʥʝʤ ʢʝʤʙʨʠʷ ʧʦʢʘ ʟʘʪʨʫʜʥʝʥʘ. 

ʏʝʪʳʨʝ ʜʘʪʠʨʦʚʢʠ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʂʘ-
ʟʘʭʩʪʘʥʘ ʠ ʧʦʛʨʘʥʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʂʠʪʘʷ ʫʚʝʨʝʥʥʦ ʦʯʝʨʯʠʚʘʶʪ 
ʚʨʝʤʷ ʧʨʦʷʚʣʝʥʠʷ ʦʬʠʦʣʠʪʦʚ ʚ ʠʥʪʝʨʚʘʣʝ 520-530 ʤʣʥ. ʣʝʪ. 
ʕʪʦ: 

- ʦʨʪʦʛʥʝʡʩʳ ʩ ʵʢʣʦʛʠʪʘʤʠ ʠ ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʤʠ ʪʝʣʘʤʠ ʚ 
ʨʘʟʨʝʟʘʭ ʦʟʝʨʘ ʂʫʤʜʳ-ʢʦʣʴ ʚ ʂʦʢʰʝʪʘʫʩʢʦʤ ʤʘʩʩʠʚʝ, ʚʦʟʨʘʩʪ 
ʦʧʨʝʜʝʣʝʥ ʧʦ ʮʠʨʢʦʥʫ 530Ñ7 ʤʣʥ. ʣʝʪ [9] ʠ ʠʟʦʭʨʦʥʥʳʤ Sm/Nd 
ʤʝʪʦʜʦʤ ʧʦ ʵʢʣʦʛʠʪʘʤ 535Ñ3 ʤʣʥ. ʣʝʪ [10]; 

- ʚ ɹʦʱʝʢʫʣʴʩʢʦʡ ʟʦʥʝ ʚ ʨʘʡʦʥʝ ʛʦʨ ɾʠʣʘʥʜʳ ʠʟ ʪʦʥʘʣʠ-
ʪʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʤʠ ʛʘʨʮʙʫʨʛʠʪʘʤʠ 
ʠ ʜʦʣʝʨʠʪʘʤʠ ʢʦʤʧʣʝʢʩʘ ʩʠʣʣ ʚ ʩʠʣʣʝ ʚʳʜʝʣʝʥ ʮʠʨʢʦʥ, ʧʦ ʢʦʪʦ-
ʨʦʤʫ ʧʦʣʫʯʝʥ ʚʦʟʨʘʩʪ 524Ñ4 ʤʣʥ. ʣʝʪ [11]; 

- ʚ ɾʘʣʘʠʨ-ʅʘʡʤʘʥʩʢʦʡ ʟʦʥʝ ʚ ʤʝʞʜʫʨʝʯʴʝ ɸʥʜʘʩʩʘʡ-
ʂʘʨʰʠʛʘʣʳ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʝʪʩʷ ʧʦʣʦʩʯʘʪʳʡ ʢʦʤ-
ʧʣʝʢʩ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʩ ʛʘʨʮʙʫʨʛʠʪʘʤʠ ʠ ʣʝʨʮʦʣʠʪʘʤʠ. ʀʟ 
ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʤʠʢʨʦʛʘʙʙʨʦ ʧʦʣʦʩʯʘʪʦʛʦ 
ʢʦʤʧʣʝʢʩʘ, ʚʳʜʝʣʝʥ ʮʠʨʢʦʥ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʣʫʯʝʥ ʚʦʟʨʘʩʪ 
519Ñ4 ʤʣʥ. ʣʝʪ [11]; 

- ʚ ʵʪʦʡ ʞʝ ʟʦʥʝ ʚ ʛʦʨʘʭ ɼʫʣʘʥʢʦʨʘ ʠʟ ʛʨʘʥʦʬʠʨʦʚʳʭ ʧʣʘ-
ʛʠʦʛʨʘʥʠʪʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʧʦʣʦʩʯʘʪʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʚ ʢʦ-
ʪʦʨʦʤ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʫʥʠʪʳ ʠ ʧʠʨʦʢʩʝʥʠʪʳ, ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ 
ʛʘʙʙʨʦ, ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʜʠʦʨʠʪʳ ʚʳʜʝʣʝʥ ʮʠʨʦʢʦʥ, ʧʦʢʘʟʘʚʰʠʡ 
ʚʦʟʨʘʩʪ  
521Ñ2 ʤʣʥ. ʣʝʪ (ʪʘʤ ʞʝ);   

- ʮʠʨʢʦʥ ʠʟ ʨʘʩʩʣʦʝʥʥʦʛʦ ʛʘʙʙʨʦ ʦʬʠʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ 
ʊʘʥʛʙʝʡʣ (ʨʠʩ. 1.6) ʥʘ ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ ɾʫʥʛʘʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, 
ʧʨʠʤʳʢʘʶʱʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʛʨʘʥʠʮʝ, ʜʘʪʠ-
ʨʦʚʘʥ ʧʦ 20 ʟʝʨʥʘʤ ʤʝʪʦʜʦʤ ʐʈʀʄʇ ʩ ʚʦʟʨʘʩʪʦʤ 531Ñ15 ʤʣʥ. 
ʣʝʪ [12]. ʕʪʘ ʮʠʬʨʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʮʠʬ-
ʨʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ ʩʬʝʥʫ ʠʟ ʣʝʡʢʦʛʘʙʙʨʦ 502Ñ18 ʄʘ [13].  



ʅʝʩʤʦʪʨʷ ʥʘ ʚʦʟʨʘʩʪ ʜʘʪʠʨʦʚʦʢ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ, ʧʨʦʠʩ-
ʭʦʞʜʝʥʠʝ ʦʬʠʦʣʠʪʦʚ ʥʝ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʝʜʠʥʫʶ ʤʦʜʝʣʴ. ɺ ʂʦʢ-
ʰʝʪʘʫʩʢʦʤ ʤʘʩʩʠʚʝ ʚʩʣʝʜʩʪʚʠʝ ʥʘʭʦʞʜʝʥʠʷ ʘʣʤʘʟʦʚ ʠ ʢʦʵʩʠʪʘ ʚ 
ʵʢʣʦʛʠʪʘʭ ʝʜʠʥʩʪʚʝʥʥʦʡ ʚʦʟʤʦʞʥʦʡ ʤʦʜʝʣʴʶ ʩʪʘʥʦʚʠʪʩʷ ʩʫʙʜʫʢ-
ʮʠʷ ʦʬʠʦʣʠʪʦʚ ʜʦ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ ʤʠʥʝ-
ʨʘʣʦʚ ʚ ʤʘʥʪʠʠ (100 ʠ ʙʦʣʝʝ ʢʤ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʛʫʤʘʮʠʝʡ 
ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʦʨʪʦʛʥʝʡʩʦʚ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ 
ʧʦʨʦʜ [14]. ɸ ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʟʥʘʯʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙ-
ʩʪʘʥʦʚʢʠ ʦʪʢʨʪrʦʛʦ ʦʢʝʘʥʘ ʠʣʠ ʦʢʨʘʠʥʥʦʛʦ ʤʦʨʷ. ɺ ʦʬʠʦʣʠʪʘʭ 
ɹʦʟʰʘʢʦʣʩɹʢʦʡ ʠ ɼʞʘʣʘʠʨʥʘʡʤʘʥʩʢʦʡ ʟʦʥ ʦʪʤʝʯʝʥ ʩʪʘʙʠʣʴʥʳʡ 
ʧʘʨʘʛʝʥʝʟʠʩ ʦʬʠʦʣʠʪʦʚ ʩ ʪʦʥʘʣʠʪʘʤʠ, ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ, ʛʨʘʥʦ-
ʬʠʨʦʚʳʤʠ ʤʠʢʨʦʛʨʘʥʠʪʘʤʠ ʠ ʨʠʦʣʠʪʘʤʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʜʫ-
ʛʦʚʳʡ ʨʠʬʪʠʥʛ ʵʥʩʠʘʣʠʯʝʩʢʠʭ ʜʫʛ [11]. ɺ ʧʦʷʩʝ ʊʘʥʛʙʝʡʣ ʧʨʠʩʫʪ-
ʩʪʚʠʝ ʧʦʣʥʦʛʦ ʥʘʙʦʨʘ ʦʬʠʦʣʠʪʦʚ ʩ ʥʝʢʦʪʦʨʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʣʘ-
ʛʠʦʛʨʘʥʠʪʥʳʭ ʜʘʝʢ ʠ ʥʘʣʠʯʠʝ ʛʦʣʫʙʳʭ ʩʣʘʥʮʝʚ ʤʦʞʝʪ ʥʘ ʧʝʨʚʳʡ 
ʚʟʛʣʷʜ ʩʢʣʦʥʷʪʴ ʢ ʧʝʨʚʦʡ ʤʦʜʝʣʠ. ʅʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ 
ʠʤʝʶʱʠʝʩʷ ʥʘ ʩʝʛʦʜʥʷ ʜʘʥʥʳʝ ʧʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤʫ ʦʙʨʘʤʣʝ-
ʥʠʶ ɾʫʥʛʘʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʜʣʠʪʝʣʴʥʦʩʪʠ 
ʦʬʠʦʣʠʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʯʘʣʦ ʢʦʪʦʨʳʤ ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʚ ʨʘʥ-
ʥʝʤ ʂʝʤʙʨʠʠ, ʘ ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ (ʩʤ. 
ʜʘʣʝʝ). ʇʦʵʪʦʤʫ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʷʩʝ ʊʘʥʛʙʝʡʣ ʛʦʣʫʙʳʭ ʩʣʘʥʮʝʚ 
(ʥʝ ʜʘʪʠʨʦʚʘʥʥʳʭ) ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʩʧʦʨʠʤʳʤ ʢʨʠʪʝʨʠʠʝʤ ʦʪʥʝ-
ʩʝʥʠʷ ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʬʠʦʣʠʪʦʚ ʢ ʧʝʨʚʦʡ ʤʦʜʝʣʠ.   

ʅʘ ʤʥʦʛʠʭ ʫʯʘʩʪʢʘʭ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʘ-
ʟʘʣʴʪʳ, ʥʝʨʝʜʢʦ ʧʦʜʫʰʝʯʥʳʝ, ʦʜʥʘʢʦ ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʘʷ ʜʘʪʠ-
ʨʦʚʢʘ ʠʭ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʙʣʝʤʘʪʠʯʥʘ. ɺ ɹʘʣʢʠʙʝʢ-
ʩʢʦʤ ʩʝʛʤʝʥʪʝ ʠʥʜʠʢʘʪʦʨʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʨʘʥʥʝʤ ʢʝʤʙʨʠʠ 
ʢʦʨʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʷʚʣʷʶʪʩʷ ʩʫʙʱʝʣʦʯʥʳʝ ʧʠʣʣʦʫ-
ʙʘʟʘʣʴʪʳ, ʣʝʥʪʠʢʫʣʷʨʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʪʫʬʳ ʩ ʘʨʭʝʦʮʠʘʪʘʤʠ  
[15]. ʇʨʠʩʫʪʩʪʚʠʝ ʟʜʝʩʴ ʠʟʚʝʩʪʥʢ̫ʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʷʰʤ ʠ ʢʨʝʤʥʝʡ 
ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʩʪʘʥʦʚʢʠ ʦʪʢʨʳ-
ʪʦʛʦ ʦʢʝʘʥʘ. ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʩʚʦʜʢʘ ʀ.ʌ. ʅʠʢʠʪʠʥʘ [16] ʪʘʢʞʝ 
ʦʜʥʦʟʥʘʯʥʦ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʫɦ ʝʩʪʚʦʚʘʥʠʝ ʚ ʨʘʥʥʝʤ ʢʝʤʙʨʠʠ 
ʢʦʥʦʜʦʥʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʢʨʝʤʥʠʩʪʳʭ ʠ ʷʰʤʦ-ʙʘʟʘʣʴʪʦʚʳʭ 
ʢʦʤʧʣʝʢʩʘʭ ʂʘʟʘʭʩʪʘʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ 
ʦʙʰʠʨʥʳʭ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ.  

ʀʪʘʢ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʘʨʛʫʤʝʥʪʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʫʙʜʫʢʮʠ-
ʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʚ ʨʘʥʥʝʤ ʢʝʤʙʨʠʠ 
ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʤʦʜʝʣʴ ʢʦʣʣʝʢʪʠʚʘ ʛʝʦʣʦʛʦʚ ʉʆ ʈɸʅ ʧʨʠ-
ʤʝʥʠʪʝʣʴʥʦ ʢ ʂʦʢʰʝʪʘʫʩʢʦʤʫ ʤʘʩʩʠʚʫ [14] .       



ʈʘʥʥʝʦʨʜʦʚʠʢʩʢʠʝ ʩʫʙʜʫʢʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠʤʝʶʪ ʥʘʜʝʞ-
ʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʦ ʪʨʝʤ ʢʦʤʧʦʥʝʥʪʘʤ: 1) ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʦ-
ʨʦʜʘʤ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʦʬʠʦʣʠʪʘʤʠ, 2) ʙʘʟʘʣʴʪ-ʷh ʤʦʚʳʤ 
ʢʦʤʧʣʝʢʩʘʤ ʠ 3) ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 
ʢʘʢ ʜʦʢʘʟʘʪʝʣʩɹʪʚʦ ʬʘʢʪʘ ʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ ʚ ʤʘʥʪʠʶ. 

ʈʘʥʥʝʦʨʜʦʚʠʢʩʢʠʝ ʜʘʪʠʨʦʚʢʠ ʙʘʟʠʪʦʚ, ʘʥʦʨʪʦʟʠʪʦʚ ʠ ʧʣʘ-
ʛʠʦʛʨʘʥʠʪʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʠ ʚ ɿʘʧʘʜ-
ʥʦʡ ɾʦʥʛʘʨʠʠ ʚ ʉʠʥʮʟʷʥʝ.       

ɺ ʛʦʨʘʭ ʊʘʣʧʘʢ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ɺ.ɻ.ʉʪʝʧʘʥʮʦʤ ʠ 
ʇ.ɺ.ɽʨʤʦʣʦʚʳʤ ʚʦʟʨʘʩʪ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʬʠʦʣʠʪʦʚʦʛʦ ʧʦʢʨʦʚʘ 
ʦʧʨʝʜʝʣʝʥ ʧʦ ʮʠʨʢʦʥʫ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʇʦʢʨʦʚ ʧʨʝʜʩʪʘʚ-
ʣʝʥ ʟʜʝʩʴ ʨʘʩʩʣʦʝʥʥʳʤ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪ-ʛʘʙʙʨʦʚʳʤ ʤʘʩʩʠʚʦʤ, 
ʢʦʪʦʨʳʡ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʩʤʝʥʷʝʪʩʷ  ʙʘʟʘʣʴʪʘʤʠ ʠ ʬʪʘʥʠʪʘʤʠ. 
ʀʟ ʛʘʙʙʨʦ-ʘʥʦʨʪʦʟʠʪʦʚ ʙʳʣ ʚʳʜʝʣʝʥ ʮʠʨʢʦʥ, ʢʦʪʦʨʳʡ ʜʘʪʠʨʦʚʘʥ 
ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɽ.ɺ.ɹʠʙʠʢʦʚʦʡ ʚ 1988 ʛʦʜʫ. ʈʝʟʫʣʴʪʘʪ ʧʨʠʚʝʜʝʥ ʚ 
ʪʘʙʣʠʮʝ 1.1. ʇʦʣʫʯʝʥʥʳʡ ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʨʘʥʥʝʤʫ ʦʨʜʦʚʠʢʫ. 

 

ʊʘʙʣʠʮʘ 1.1 ɺʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟ ʧʝʛʤʘʪʦʠʜʥʳʭ ʛʘʙʙʨʦ-
ʘʥʦʨʪʦʟʠʪʦʚ ʛʦʨ ʊʘʣʧʘʢ [17]. 
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ʇʨʠʤʝʯʘʥʠʝ: ʧʦʧʨʘʚʢʠ 206/204 ï 18,143; 207/204 ï 15,634 
 

ɺ ʉʠʥʮʟʷʥʝ (ʨʠʩ.1.6) ʨʝʣʠʢʪʳ ʇʘʣʝʦ-ɸʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʩʴʤʘ ʰʠʨʦʢʦ ʚ ʚʠʜʝ ʟʘʧʘʜʥʦʡ ʩʠʩʪʝʤʳ ʧʦʷʩʦʚ 
ʊʘʥʛʙʵʡ-ʄʘʡʣʠ-ɼʘʨʙʫʪ-ʍʦʥʛʫʣʝʣʝʥʛ ʠ ʚʦʩʪʦʯʥʦʛʦ ɾʝʭʝʜʘ-
ɸʠʨʤʘʥʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʧʨʦʜʦʣʞʝʥʠʠ 
ʨʘʡʦʥʘ. ɺ ʨʘʡʦʥʝ ʜʝʨʝʚʥʠ ɾʝʭʝʜʘ [12] ʚ ʦʙʥʘʞʝʥʠʠ ʙʣʦʢʘ ʛʘʙʙ-
ʨʦ, ʘʥʦʨʪʦʟʠʪʦʚ, ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʨʘʟʤʝʨʦʤ 300ʤ

2
, ʟʘʢʘʪʘʥʥʦʛʦ ʚ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʤ ʤʝʣʘʥʞʝ ʤʝʪʦʜʦʤ ʐʈʀʄʇ ʠʟʫʯʝʥʳ ʩʣʝʜʫʁ-
ʱʠʝ ʦʙʨʘʟʮʳ: ʚ 13 ʟʝʨʥʘʭ ʠʟ ʨʘʩʩʣʦʝʥʥʦʛʦ ʛʘʙʙʨʦ ʧʦʣʫʯʝʥ ʚʦʟ-
ʨʘʩʪ 489Ñ4 ʤʣʥ. ʣʝʪ; ʪʘʤ ʞʝ ʠʟ ʘʥʦʨʪʦʟʠʪʦʚʦʡ ʞʠʣʳ, ʨʘʩʩʝʢʘʶ-
ʱʝʡ ʨʘʩʩʣʦʝʥʥʦʝ ʛʘʙʙʨʦ ʚ ʢʣʘʩʪʝʨʝ ʠʟ 20 ʘʥʘʣʠʟʦʚ ʮʠʨʢʦʥʘ ʧʦ-
ʣʫʯʝʥ ʚʦʟʨʘʩʪ 481Ñʤʣʥ. ʣʝʪ; ʘʥʘʣʦʛʠʯʥʦ, ʮʠʨʢʦʥ ʠʟ ʧʣʘʛʠʦʛʨʘʥʠ-



ʪʘ ʚ ʤʘʩʩʠʚʥʦʤ ʛʘʙʙʨʦ ʧʦ 13 ʟʝʨʥʘʤ ʮʠʨʢʦʥʘ ʧʦʣʫʯʝʥ ʚʦʟʨʘʩʪ 
487Ñ5 ʤʣʥ. ʣʝʪ.  

 

 
 

ʈʠʩʫʥʦʢ 1.6. ʇʦʟʠʮʠʷ ʦʬʠʦʣʠʪʦʚ ʚ ʉ-ɿ ʉʠʥʮʟʷʥʝ.  
 

1- ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ;  2-ʛʨʘʥʠʪʳ; 3- ʦʬʠʦʣʠʪʳ.  

ɺʤʝʱʘʶʱʠʝ  ʧʦʨʦʜʳ - ʦʪ ʆ2 ʜʦ ʈ. 
 

ʇʦʜʫʰʝʯʥʳʝ ʙʘʟʘʣʴʪʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʛʣʘʚʥʳʡ ʵʣʝʤʝʥʪ 
ʢʦʨʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʜʝʪʘʣʴʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʦʥʦʜʦʥ-
ʪʘʤʠ ʚ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʙʘʟʘʣʴʪʘʤʠ ʷʰʤʘʭ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 
ʧʦʟʜʥʝʛʦ ʢʝʤʙʨʠʷ ʜʦ ʥʠʟʦʚ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩ-
ʥʦʚʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʚʦʜʢʘ 
ʀ.ʌ.ʅʠʢʠʪʠʥʘ [16]. 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 
ʬʘʢʪʘ ʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ  ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʜʦ ʤʘʥ-
ʪʠʡʥʳʭ ʛʣʫʙʠʥ ʜʝʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʠ ʏʘʨ-
ʩʢʦʤ ʤʝʣʘʥʞʘʭ.      

ɺ ʏʘʨʩʢʦʤ ʤʝʣʘʥʞʝ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʤʝʪʘʤʦʨʬʠʟʤʘ 
ʚʳʧʦʣʥʝʥʘ ʩ ʫʯʝʪʦʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʪʝʨʤʦ-ʙʘʨʦʤʝʪʨʠʠ [18].  
ɼʣʷ ʛʣʘʫʢʦʬʘʥʦʚʳʭ ʩʣʘʥʮʝʚ ʧʦʣʫʯʝʥ ʫʟʢʠʡ ʠʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ 
(500-570

0
 ʉ), ʥʦ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʜʘʚʣʝʥʠʡ (5-13 ʢʙʘʨ). ʕʢʣʦʛʠ-

ʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 675-775
0
ʉ ʠ ʜʘʚʣʝ-

ʥʠʡ  



15-20 ʢʙʘʨ. ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʜʘʚʣʝʥʠʶ ʦʙʲʷʩʥʷʝʪʩʷ 
ʨʘʟʥʦʡ ʛʣʫʙʠʥʦʡ ʧʦʛʨʫʞʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʙʣʦʢʦʚ, ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ 
ʥʘ ʠʭ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ. ɿʝʨʥʘ ʮʠʨʢʦʥʘ ʠʟ ʛʨʘʥʘʪ-
ʛʣʘʫʢʦʬʘʥʦʚʳʭ ʢʚʘʨʮʠʪʦʚ ʚ ʨʘʡʦʥʝ ʬʝʨʤʳ ɹʫʨʰʝ-ʙʫʣʘʢ ʩʤʦʪ-
ʨʷʪʩʷ ʢʘʢ ʙʣʠʟʥʝʮʳ (ʨʠʩʫʥʦʢ 1.7).    

 

 
 

ʈʠʩʫʥʦʢ 1.7.  ʂʘʪʦʜʦ-ʣʶʤʠʥʠʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ  
ʘʥʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʮʠʨʢʦʥʘ. 

 

ʇʦʣʥʳʡ ʩʧʠʩʦʢ  ʘʥʘʣʠʟʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1.2. ʇʨʝʦʙ-
ʣʘʜʘʶʪ ʦʨʜʦʚʠʢʩʢʠʝ ʜʘʪʠʨʦʚʢʠ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʧʨʠ-
ʩʫʪʩʪʚʠʝ ʜʝʚʦʥʩʢʠʭ ʮʠʬʨ ʚ ʮʠʨʢʦʥʘʭ ʩʚʦʡʩʪʚʝʥʥʦ ʚʩʝʤ ʤʝʣʘʥ-
ʞʘʤ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. 

 

ʊʘʙʣʠʮʘ 1.2. ɺʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟ ʢʚʘʨʮʠʪʦʚ ʚʳʩʦʢʠʭ ʜʘʚ-
ʣʝʥʠʡ ʏʘʨʩʢʦʛʦ ʧʦʷʩʘ 

 

ʅʦʤʝʨ 
ʟʝʨʥʘ 

206
Pb 

U, 
ppm 

Th, 
ppm 

(1) 
206/238 

(2) 
206/238 

(3) 
206/238 

1 2 3 4 5 6 7 

76-3-1 0,31 359 208 456.1Ñ7,3 456.7Ñ7,4 458Ñ 8 

76-4-2 2,19 198 51 453,8Ñ8,3 455.6Ñ8 454,3Ñ8,6 



76-5-1 5,77 790 718 441,7Ñ7 441.2Ñ8 451.7Ñ9.2 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.2. 
 

1 2 3 4 5 6 7 

76-5-2 0.75 917 734 455Ñ7,1 455Ñ7,1 459,7Ñ8,1 

76-6-1 3,92 840 815 426.1Ñ6,8 426,1Ñ6,7 444.4Ñ8,2 

76.2.1 21.63 19 1 495 Ñ 5.6 484 Ñ18 494 Ñ25 

76.6.4 0.829 12 40.829 484 Ñ 22 483 Ñ 17 506 Ñ 19 

76-8-1 2,0 815 614 486.2Ñ7.6 486.1Ñ7,7 495,7Ñ8.8 

76-7-1 7.29 953 1104 391.7Ñ6.6 394.1Ñ7.1 417.9Ñ9.8 

76-7-2 8.71 717 734 354.8Ñ6.1 354.6Ñ5.7 378.4Ñ7.4 

ʇʨʠʤʝʯʘʥʠʝ. (1) ʆʙʱʠʡ ʩʚʠʥʝʮ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʧʦ ʦʙʳʢʥʦʚʝʥʥʦʤʫ 

ʩʚʠʥʮʫ; (2) ʦʙʱʠʡ ʩʚʠʥʝʮ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʜʦʧʫʱʝʥʠʝʤ ʢʦʥʢʦʨʜʘʥʪʥʦʛʦ 
ʚʦʟʨʘʩʪʠ 206/238 ï 207/235; .(3) ʦʙʱʠʡ ʩʚʠʥʝʮ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ ʜʦʧʫʱʝ-
ʥʠʝʤ ʢʦʥʢʦʨʜʘʥʪʥʦʛʦ  ʚʦʟʨʘʩʪʘ 206/238 - 208/232   

 
ʀʜʝʘʣʴʥʫʶ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʴ ʠʤʝʶʪ ʪʨʠ ʟʝʨʥʘ, ʧʦʢʘʟʘʥʥʳʝ 

ʚ ʪʘʙʣʠʮʝ 1.3. 
 

ʊʘʙʣʠʮʘ 1.3. ʊʨʠ ʟʝʨʥʘ ʮʠʨʢʦʥʘ ʠʟ ʪʘʙʣʠʮʳ 1.2, ʠʤʝʶʱʠʝ  
ʠʜʝʘʣʴʥʫʶ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʴ.  

 

 
ʀʤʝʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ Ar-Ar ʜʘʪʠʨʦʚʢʠ [18, 19] ʧʦ ʩʣʶʜʘʤ 

ʠ ʛʣʘʫʢʦʬʘʥʫ ʠʟ ʛʨʘʥʘʪʦʚʦʛʦ ʘʤʬʠʙʦʣʠʪʘ ʠ ʛʣʘʫʢʦʬʘʥʦʚʦʛʦ 
ʩʣʘʥʮʘ ʨʘʡʦʥʘ ʜʝʨʝʚʥʠ ɹʘʪʫʨʠʥʢʘ, ʘ ʪʘʢʞʝ ʠʟ ʜʠʘʬʪʦʨʠʨʦʚʘʥʥʦ-
ʛʦ ʵʢʣʦʛʠʪʘ ʫʨʦʯʠʱʘ ɹʫʨʰʘ-ʙʫʣʘʢ. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʥʥʝʤʫ 
ʩʠʣʫʨʫ (ʤʫʩʢʦʚʠʪ ʠʟ ʛʨʘʥʘʪʦʚʦʛʦ ʘʤʬʠʙʦʣʠʪʘ: 429-437 ʤʣʥ. ʣʝʪ) 
ʠ ʧʦʟʜʥʝʤʫ ʦʨʜʦʚʠʢʫ (ʤʫʩʢʦʚʠʪ ʠʟ ʛʣʘʫʢʦʬʘʥʦʚʦʛʦ ʩʣʘʥʮʘ 440-
445Ñ7 ʤʣʥ. ʣʝʪ); ʤʫʩʢʦʚʠʪ ʠ ʘʤʬʠʙʦʣ ʠʟ ʵʢʣʦʛʠʪʘ ʠʤʝʝʪ ʧʦʟʜʥʝ-
ʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ: 449.3 Ñ1; 449.8 Ñ5; 450.0 Ñ2.7; 449.2 Ñ5.5 
ʤʣʥ. ʣʝʪ.  

ɿʝʨʥʦ 
ˉ 

206/238,  
ʤʣʥ. ʣʝʪ 

Pb/Pb, % 
ʜʠʩʢʦʨʜ. 

207/235, Ñ% 206/238, Ñ% 

3.1 

5.2 

8.1 

456,7 Ñ 7.4 

459,7 Ñ 8,1 

486,2 Ñ 7,6 

- 10 

3 

7 

3,4 

5.4 

4.6 

1.7 

1.6 

1.6 



ɺ ʏʘʨʩʢʦʤ ʤʝʣʘʥʞʝ ʧʦʣʫʯʝʥʘ ʪʘʢʞʝ ʜʘʪʠʨʦʚʢʘ ʧʦ ʘʤʬʠʙʦ-
ʣʠʪʫ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʛʣʘʚʥʳʡ ʪʠʧ ʧʦʨʦʜʳ ʚ ʥʠʟʢʦʙʘʨʠʯʝʩʢʦʤ 
ʢʦʤʧʣʝʢʩʝ (ʨʠʩ 1.8 ʠ 1.9). 

 
 

ʈʠʩʫʥʦʢ 1. 8.  ʎʠʨʢʦʥ ʚ ʘʤʬʠʙʦʣʠʪʘʭ ʏʘʨʩʢʦʛʦ ʤʝʣʘʥʞʘ, ʧʨʦʙʘ 77 
 
 



 
 

ʈʠʩʫʥʦʢ 1.9. ʂʦʥʢʦʨʜʠʷ ʧʨʦʙʳ 77 ʠʟ ʘʤʬʠʙʦʣʠʪʦʚ  
ʏʘʨʩʢʦʛʦ ʤʝʣʘʥʞʘ 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʚʦʟʨʘʩʪ ʧʦ 16 ʪʦʯʢʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʨʘʥʥʝʤʫ ʩʠʣʫʨʫ 436,5Ñ5,6 ʄʘ (ʪʘʙʣ. 1.4). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, ʧʦʣʫʯʠʚ-
ʰʠʝ ʜʘʪʠʨʦʚʢʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʪ-
ʥʦʩʷʪʩʷ ʢ ʢʘʣʝʜʦʥʩʢʦʤʫ ʧʝʨʠʦʜʫ ʨʘʟʚʠʪʠʷ ʧʦʷʩʘ. 

 

ʊʘʙʣʠʮʘ 1.4. ɺʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʘʤʬʠʙʦʣʠ-
ʪʦʚ ʏʘʨʩʢʦʛʦ ʤʝʣʘʥʞʘ 
 

ʅʦʤʝʨ 
ʪʦʯʢʠ 

ʋʨʘʥ, ʛ/ʪ ʊʦʨʠʡ, ʛ/ʪ 
ɺʦʟʨʘʩʪ 
206/238 

ɺʦʟʨʘʩʪ  
207/206 

ɼʠʩʢʦʨʜ., 
% 

1.1 108 1177 451Ñ13 384Ñ130 -15 

1.2 124 31 452Ñ12 472Ñ90 4 

2.1 304 47 417Ñ11 417Ñ43 0 

3.1 355 115 420Ñ11 406Ñ39 -3 

4.1 336 52 434Ñ11 424Ñ44  

5.1 411 65 442Ñ11 442Ñ38 0 



6.1 99 1 530 472Ñ13 470Ñ73 -2 

7.1 374 50 428Ñ11 438Ñ39 2 

8.1 552 80 432Ñ11 476Ñ33 10 

8.2 308 43 442Ñ12 424Ñ44 -4 

9.1 299 47 433Ñ11 424Ñ44 -2 

10.1 563 81 435Ñ11 414Ñ32 -5 

11.1 169 85 439Ñ12 518Ñ120 18 

11.2 401 65 420Ñ11 457Ñ58 9 

12.1 1145 101 452Ñ12 470Ñ69 4 

13.1 1081 136 437Ñ11 450Ñ32 3 

 

ɺ ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʧʦʷʩʝ ʚʦʟʨʘʩʪ ʧʦʨʦʜ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ 
ʦʧʨʝʜʝʣʝʥ U-Pb ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʫ ʠʟ ʧʦʣʦʩʯʘʪʳʭ ʘʣʴʙʠʪ-
ʢʚʘʨʮ-ʦʤʬʘʮʠʪʦʚʳʭ ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʝʚ, ʩʦʜʝʨʞʘʱʠʭ ʣʠʥʟʳ ʠ 
ʤʝʪʨʦʚʳʝ ʩʣʦʠ ʣʴʜʠʩʪʦʛʦ ʢʚʘʨʮʘ. ʎʠʨʢʦʥ ʥʘʧʨʷʞʝʥʥʦ ʢʘʪʘʢʣʘ-
ʟʠʨʦʚʘʥ. ɺ ʧʨʦʮʝʩʩʝ ʝʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʧʦʨʦʜʳ ʦʙʨʘʟʫʝʪʩʷ ʤʝʣ-
ʢʘʷ ʢʨʦʰʢʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʜʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1.10.  

 
 

ʈʠʩʫʥʦʢ 1.10.  ʇʨʠʟʥʘʢʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʮʠʨʢʦʥʝ  
ʠʟ ʘʣʴʙʠʪ-ʢʚʘʨʮ-ʦʤʬʘʮʠʪʦʚʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ  

ʚ ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʤʝʣʘʥʞʝ 



 
ɺʦʟʨʘʩʪ ʦʧʨʝʜʝʣʷʣʩʷ ʦʪʜʝʣʴʥʦ ʧʦ ʢʨʦʰʢʝ ʠ ʢʨʫʧʥʳʤ ʢʨʠ-

ʩʪʘʣʣʘʤ. ʎʠʬʨʳ ʚʦʟʨʘʩʪʘ ʦʢʘʟʘʣʠʩʴ ʢʦʥʢʦʨʜʘʥʪʥʳʤʠ ʠ ʩʦʦʪʚʝʪ-
ʩʪʚʫʶʪ ʵʧʦʭʝ Darriwillian ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ (ʪʘʙʣʠʮʘ 1.5) ɼʠʩ-
ʢʦʨʜʘʥʪʥʦʩʪʴ ʧʦ 207/206 ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʎʠʬʨʳ ʚʦʟʨʘʩʪʘ ʧʦʧʘ-
ʜʘʶʪ ʧʨʠʤʝʨʥʦ ʚ ʪʦʪ ʞʝ ʜʠʘʧʘʟʦʥ, ʯʪʦ ʠ ʮʠʨʢʦʥ ʠʟ ʛʨʘʥʘʪ-
ʛʣʘʫʢʦʬʘʥʦʚʳʭ ʢʚʘʨʮʠʪʦʚ ʏʘʨʩʢʦʛʦ ʤʝʣʘʥʞʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 
ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 466-456 ʤʣʥ. ʣʝʪ (ʩʨʝʜʥʠʡ ʦʨʜʦʚʠʢ). ʎʠʬʨʘ 
486 ʤʣʥ. ʣʝʪ ʙʣʠʟʢʘ ʢ ʮʠʬʨʘʤ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʬʠʦʣʠʪʦʚ, ʮʠʬʨʳ 
ʧʦ ʩʣʶʜʘʤ ʠ ʘʤʬʠʙʦʣʘʤ 429-450 ʤʣʥ. ʣʝʪ, ʧʦʣʫʯʝʥʥʳʝ ʅ.ʀ. 
ɺʦʣʢʦʚʦʡ ʠ ʜʨ. Ar-Ar ʤʝʪʦʜʦʤ [18,19] ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʬʘʟ 
ʜʠʘʬʪʦʨʝʟʘ. 

 

ʊʘʙʣʠʮʘ 1.5. ʀʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝ-
ʩʢʠʭ ʩʣʘʥʮʝʚ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʤʝʣʘʥʞʝ.  
 

ˉ ʌʨʘʢʮʠʠ 
ʉʦʜʝʨʞʘʥʠʝ ʆʪʥʦʰʝʥʠʷ ʠ ʚʦʟʨʘʩʪ, ʤʣʥ. ʣʝʪ 

Pb U 207/206 206/238 207/235 

468 ʂʨʫʧʥʘʷ 38,1 546,7 
0.05657 

475 
0,07464 

463 
0,5822 

466 

468 ʄʝʣʢʘʷ 43,7 639,0 
0.05570 

440 
0,07434 

462 
0,57075 

458 

ʃʘʙʦʨʘʪʦʨʠʷ ɻɽʆʍʀ ʈɸʅ (1992ʛ). ʇʦʧʨʘʚʢʠ: 206/204 ï 18,143; 207/204 ï 
15,634  

ʉʫʤʤʠʨʫʷ ʠʪʦʛʠ ʧʦ ʠʟʦʪʦʧʥʳʤ ʜʘʪʠʨʦʚʢʘʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, 
ʯʪʦ  ʚʦʟʨʘʩʪ ʤʝʪʘʧʦʨʦʜ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʏʘʨʩʢʦʤ ʠ ʀʪʤʫʨʫʥ-
ʜʠʥʩʢʦʤ ʤʝʣʘʥʞʘʭ ʥʝ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ. ɺ ʜʨʫʛʠʭ 
ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʘʭ ʠʟʫʯʝʥʥʦʡ ʯʘʩʪʠ ʂʘʟʘʭʩʪʘʥʘ ʤʝʪʘʤʦʨʬʠʯʝ-
ʩʢʠʡ ʢʦʤʧʣʝʢʩ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ  ʥʝ ʠʟʚʝʩʪʝʥ.  

ʈʘʥʥʝʢʘʣʝʜʦʥʩʢʘʷ ʩʫʙʜʫʢʮʠʷ, ʥʘʯʘʣʦ ʢʦʪʦʨʦʡ ʜʘʪʠʨʦʚʘʥʦ 
ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʤʠ ï ʦʨʜʦʚʠʢʩʢʠʤʠ ʮʠʬʨʘʤʠ, ʟʘʚʝʨʰʠʣʘʩʴ ʚ 
ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʚ ʧʦʟʜʥʝʤ ʆʨʜʦʚʠʢʝ-ʉʠʣʫʨʝ. ʅʘ ʚʦʩʪʦ-
ʢʝ, ʩʫʜʷ ʧʦ ʠʟʦʪʦʧʥʳʤ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʦʥʘ ʧʨʦʜʦʣʞʘ-
ʣʘʩʴ ʜʦ ʧʦʟʜʥʝʛʦ ɼʝʚʦʥʘ - ʨʘʥʥʝʛʦ ʂʘʨʙʦʥʘ. ʆʩʥʦʚʘʥʠʝʤ ʜʣʷ 
ʪʘʢʦʡ ʚʝʨʩʠʠ ʩʣʫʞʘʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ.  

1. ʊʝʦʨʠʷ ʛʣʘʩʠʪ, ʯʪʦ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʷʩʘ ʥʘ ʦʩʪʨʦʚʥʳʭ 
ʜʫʛʘʭ ʠ ʥʘ ʦʢʨʘʠʥʘʭ ʢʦʥʪʠʥʝʥʪʦʚ ʘʥʜʠʡʩʢʦʛʦ ʪʠʧʘ ʚʦʟʥʠʢʘʶʪ ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ  ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʫʙʜʫʮʠʨʦʚʘʥʥʳʭ ʦʢʝʘ-
ʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ ʦʩʘʜʢʦʚ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʣʠʥʘ, ʦʙʦʛʘʱʝʥʥʳʭ ʚʦ-
ʜʦʡ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ  ʚ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʡ ʧʣʠʪʝ ʚʦʟʥʠʢʘʶʪ ʚʪʦʨʠʯʥʳʝ 



ʦʯʘʛʠ, ʧʠʪʘʶʱʠʝ ʚʫʣʢʘʥʳ. ʆʜʥʠʤ ʠʟ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʩʣʫʞʠʪ ʦʩʪ-
ʨʦʚ ʍʦʥʩʶ ʚ ʗʧʦʥʠʠ (ʨʠʩ. 1.11).  

 

 
 

ʈʠʩʫʥʦʢ 1.11. ʉʝʡʩʤʦʪʦʤʦʛʨʘʬʠʷ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʟʦʥʳ, 
 ʦʩʪʨʦʚ ʍʦʥʩʶ, ʗʧʦʥʠʷ [20].   

 

ɹʝʣʦʝ ʚ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʡ ʧʣʠʪʝ ï ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʯʘʛʠ,  
ʧʠʪʘʶʱʠʝ ʚʫʣʢʘʥʳ. ʉʝʨʦʝ - ʨʘʟʤʷʛʯʝʥʥʘʷ ʤʘʥʪʠʷ. ɺ ʧʦʜʩʫʙʜʫʢʮʠʦʥʥʦʡ 

ʧʣʠʪʝ ʠ ʪʦ ʠ ʜʨʫʛʦʝ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʛʣʫʙʠʥʘʭ  ʙʦʣʝʝ 200 ʢʤ.  
ʂʨʘʩʥʳʝ ʪʦʯʢʠ ï ʦʯʘʛʠ ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʅʘ ʛʨʘʥʠʮʝ ʦʩʪʨʦʚʘ ʠ ʗʧʦʥʩʢʦʛʦ 

ʤʦʨʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘʣʦʞʝʥʠʝ ʥʦʚʦʡ, ʤʦʣʦʜʦʡ, ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ. 
ʅʘ ʚʦʩʪʦʢʝ ʂʘʟʘʭʩʪʘʥʘ ʚ ɼʝʚʦʥʝ - ʨʘʥʥʝʤ ʂʘʨʙʦʥʝ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʣʠʩʴ ʜʚʘ ʧʦʷʩʘ: ɸʣʪʘʡʩʢʠʡ ʠ ʂʘʟʘʭʩʪʘʥʩʢʠʡ. ɸʣʪʘʡʩʢʠʡ 
ʧʦʷʩ ʨʘʟʚʠʚʘʣʩʷ ʢʦʤʧʘʢʪʥʦ ʚ ɼʝʚʦʥʝ ʦʪ ʵʤʩʘ ʜʦ ʬʘʤʝʥʘ; ʂʘʟʘʭ-
ʩʪʘʥʩʢʠʡ ʧʦʷʩ ʚ ʨʘʥʥʝʤ-ʩʨʝʜʥʝʤ ɼʝʚʦʥʝ ʷʚʣʷʣʩʷ ʬʨʦʥʪʘʣʴʥʦʡ 
ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʫʛʦʡ, ʥʦ ʚ ʧʦʟʜʥʝʤ ɼʝʚʦʥʝ ʦʥ ʩʪʘʣ ʨʝʜʫʮʠʨʦʚʘʥ-
ʥʳʤ ʠ ʩ ʞʠʚʝʪʘ ʧʦ ʪʫʨʥʝʡʩʢʠʡ ʷʨʫʩ ʨʘʥʥʝʛʦ ʂʘʨʙʦʥʘ ʘʢʪʠʚʥʦʡ 
ʙʳʣʘ ɾʘʨʤʘ-ʉʘʫʨʩʢʘʷ ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʜʫʛʘ. 

2. ɺ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʥʝ ʠʟʚʝʩʪʥʳ ʬʘʢʪʳ ʥʘʭʦʞʜʝ-
ʥʠʷ ʜʝʚʦʥʩʢʦʡ ʢʦʨʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚ ʤʝʣʘʥʞʝʚʳʭ ʢʦʤʧʣʝʢ-
ʩʘʭ, ʘ ʠʤʝʥʥʦ, ʧʦʜʫʰʝʯʥʳʭ ʙʘʟʘʣʴʪʦʚ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʷʰʤʘʤʠ 
ʠʣʠ ʢʘʢʠʤʠ-ʣʠʙʦ ʜʨʫʛʠʤʠ ʩʠʣʠʮʠʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʜʝʚʦʥʩʢʠʝ 
ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ (ʢʦʥʦʜʦʥʪʳ, ʨʘʜʠʦʣʷʨʠʠ). ɺ ɺʦʩʪʦʯʥʦʤ 
ʂʘʟʘʭʩʪʘʥʝ ʚ ʉʝʚʝʨʦ-ɾʦʥʛʘʨʩʢʦʤ, ʚ ɿʘʧʘʜʥʦʡ ɾʦʥʛʘʨʩʢʦʤ 
(ʉʠʥʮʟʷʥ), ʠ ʚ ʏʘʨʩʢʦʤ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʚ-
ʤʝʩʪʥʦʝ  ʥʘʭʦʞʜʝʥʠʝ ʙʘʟʘʣʴʪʦʚ ʠ ʷʰʤ ʩ ʢʦʥʦʜʦʥʪʘʤʠ ʠ ʨʘʜʠʦ-



ʣʷʨʠʷʤʠ ʦʨʜʦʚʠʢʩʢʦʛʦ  
(ʆ1-2 ʠ ɼ 3 fm) ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʦʚ [21-25].     

3. ɺ ʤʝʣʘʥʞʘʭ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, ʥʘʨʷʜʫ ʩ ʨʘʥʥʝʦʨ-
ʜʦʚʠʢʩʢʠʤʠ ʛʘʙʙʨʦʠʜʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʦʪʥʦ-
ʩʠʪʴʩʷ ʢ ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʝ,  ʧʨʠʩʫʪʩʪʚʫʶʪ 
ʪʘʢʞʝ ʦʢʘʪʘʥʥʳʝ ʦʙʣʦʤʢʠ ʛʘʙʙʨʦʠʜʦʚ, ʪʦʥʘʣʠʪʦʚ ʠ ʧʣʘʛʠʦʛʨʘʥʠ-
ʪʦʚ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ ʧʦʟʜʥʝʛʦ ʦʨʜʦʚʠʢʘ ʜʦ ʧʦʟʜʥʝʛʦ ʜʝʚʦʥʘ. ɺ ʀʪ-
ʤʫʨʫʥʜʠʥʩʢʦʤ ʤʝʣʘʥʞʝ  ʠʟ ʯʘʩʪʠʯʥʦ ʦʤʬʘʮʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʘʙʙ-
ʨʦʠʜʦʚ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʚʳʜʝʣʝʥ ʮʠʨʢʦʥ, ʢʦʪʦʨʳʡ ʠʟʫʯʝʥ ʚ 1988 
ʛ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɻɽʆʍʀ, ʄʦʩʢʚʘ. ɺʦʟʨʘʩʪ 
ʮʠʨʢʦʥʘ ʠʟ ʛʘʙʙʨʦ ʩʦʩʪʘʚʠʣ 415 (206/238) ʠ 413 (207/235) ʤʣʥ. 
ʣʝʪ. ɼʠʩʢʦʨʜʘʥʪʥʦʩʪʴ ʧʦ ʩʚʠʥʮʫ (207/206) ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠ-
ʤʳʭ ʧʨʝʜʝʣʘʭ 407 ʤʣʥ. ʣʝʪ. ɺ ʧʝʛʤʘʪʦʠʜʥʳʭ ʧʣʘʛʠʦʛʨʘʥʠʪʘʭ ʧʦ-
ʣʫʯʝʥʳ ʚʦʟʨʘʩʪʘ 358 (206/238) ʠ 367 (207/235) ʤʣʥ. ʣʝʪ, ʥʦ ʜʠʩ-
ʢʦʨʜʘʥʪʥʦʩʪʴ ʧʦ ʩʚʠʥʮʫ ʟʘʚʳʰʝʥʘ (424 ʤʣʥ. ʣʝʪ). ɺ ɿʘʧʘʜʥʦʤ 
ʉʠʥʮʟʷʥʝ [12]  ʤʝʪʦʜʦʤ ʐʈʀʄʇ ʧʦ ʮʠʨʢʦʥʫ ʚ ʧʦʷʩʝ ʂʘʣʘʤʘʡʣʠ 
(ʨʠʩ.1.6) ʚ ʧʣʘʛʠʦʛʨʘʥʠʪʝ ʥʘʡʜʝʥ ʮʠʨʢʦʥ ʩ ʚʦʟʨʘʩʪʦʤ 403Ñ9 ʤʣʥ. 
ʣʝʪ, ʚ ʧʦʷʩʝ ʍʦʥʛʫʣʝʣʝʥʛ - ʮʠʨʢʦʥ ʩ ʚʦʟʨʘʩʪʦʤ 409Ñ23 ʤʣʥ. ʣʝʪ,  
ʚ ʧʦʷʩʝ ɾʘʭʝʜʘ ʤʘʩʩʠʚʥʳʝ ʛʘʙʙʨʦ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʧʣʘʛʠʦ-
ʛʨʘʥʠʪʳ ʩʦʜʝʨʞʘʪ ʤʦʣʦʜʫʶ ʧʦʧʫʣʷʮʠʶ ʮʠʨʢʦʥʘ ʤʝʞʜʫ 396 ʠ 419 
ʤʣʥ. ʣʝʪ, ʚʟʚʝʰʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʝʜʝʣʝʥʦ ʢʘʢ 
403Ñ9 ʤʣʥ. ʣʝʪ. ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ ʧʦʷʚʣʷʝʪʩʷ ʩʦʙʣʘʟʥ ʟʘ-
ʷʚʠʪʴ ʦ ʤʫʣʴʪʠʧʣʝʪʥʦʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ ɺʦʩʪʦʯʥʦʤ ʂʘʟʘʭ-
ʩʪʘʥʝ  ʚ ʜʠʘʧʘʟʦʥʝ  480 ï 360 ʤʣʥ. ʣʝʪ. ʆʜʥʘʢʦ, ʚʩʝ ʧʝʨʝʯʠʩʣʝʥ-
ʥʳʝ ʜʘʪʠʨʦʚʢʠ ʥʝ ʦʙʝʩʧʝʯʝʥʳ ʦʮʝʥʢʦʡ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʙʘʟʘʣʴʪʦʚ 
ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ  ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʚʳʰʝ ʛʘʙʙʨʦʠʜʘʤ. ʊʘʢʘʷ 
ʦʮʝʥʢʘ ʧʨʦʚʝʜʝʥʘ ʥʘʤʠ ʜʣʷ  ʏʘʨʩʢʦʛʦ ʠ ʀʪʤʫʨʫʥʜʠʥʩʢʦʛʦ ʧʦʷ-
ʩʦʚ, ʛʜʝ ʩʦʧʦʩʪʘʚʣʝʥʳ ʙʘʟʘʣʴʪʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʘʩʩʦʮʠʠʨʦ-
ʚʘʥʥʳʝ ʩ ʢʨʘʩʥʳʤʠ ʷʰʤʘʤʠ ʠ ʧʨʦʯʠʤʠ ʬʪʘʥʠʪʘʤʠ, ʩ ʦʜʥʦʡ ʩʪʦ-
ʨʦʥʳ, ʠ ʛʘʙʙʨʦʠʜʳ,  ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʘʤ-
ʬʠʙʦʣʠʪʘʤʠ ʠ ʤʠʛʤʘʪʠʪʘʤʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ (ʨʠʩ.1.12). ʀʟ ʨʠ-
ʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʙʘʟʘʣʴʪʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠ ʛʘʙʙʨʦʠʜʳ ʚ 
ʤʝʣʘʥʞʘʭ ʧʨʠʥʘʜʣʝʞʘʪ ʨʘʟʥʳʤ ʧʦʧʫʣʷʮʠʷʤ. ɺ ʦʪʥʦʰʝʥʠʠ ʧʝʨ-
ʚʳʭ ʤʦʞʥʦ ʦʙʩʫʞʜʘʪʴ ʤʦʜʝʣʴ ʦʢʝʘʥʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʦʪʢʨʳʪʦ-
ʛʦ ʪʠʧʘ, ʚʪʦʨʳʝ ʦʜʥʦʟʥʘʯʥʦ ʷʚʣʷʶʪʩʷ ʦʩʪʨʦʚʦʜʫʞʥʳʤʠ, ʥʘʠʙʦ-
ʣʝʝ ʚʝʨʦʷʪʥʦ, ʬʨʘʛʤʝʥʪʘʤʠ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʜʨʝ-
ʥʠʨʦʚʘʥʥʦʛʦ ʤʝʣʘʥʞʝʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʛʫʤʘʮʠʠ ʝʛʦ ʩ ʙʦʣʴʰʠʭ 
ʛʣʫʙʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦ ʩʭʝʤʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʘʭ 1.4 ʠ 
1.11. 

 



 
 

ʈʠʩʫʥʦʢ 1.12. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʟʘʣʴʪʦʚ ʠ  
ʛʘʙʙʨʦʠʜʦʚ (ʚʢʣʶʯʘʷ ʙʝʟʛʨʘʥʘʪʦʚʳʝ ʘʤʬʠʙʦʣʠʪʳ)  

ʚ ʤʝʣʘʥʞʘʭ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ.    
 

ʅʘ ʜʠʘʛʨʘʤʤʘʭ: 1- ʧʦʣʝ ʙʘʟʘʣʴʪʦʚ MORB,  
ʦʢʝʘʥʠʯʝʩʢʠʭ ʪʦʣʝʠʪʦʚ ʠ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ;  
2- ʧʦʣʝ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʙʘʟʘʣʴʪʦʚ ʠ ʪʦʣʝʠʪʦʚ.  

ɺ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ: 1-ʱʝʣʦʯʥʳʝ ʛʘʙʙʨʦʠʜʳ  
ʚ ʤʝʣʘʥʞʝ (ʦʯʝʥʴ ʨʝʜʢʠʝ); 2- ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ  

ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʢʨʘʩʥʤrʠ ʷʰʤʘʤʠ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ;  
3- ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʳ ʠ ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʘʤʬʠʙʦʣʠʪʳ  

ʚ ʪʝʭ ʞʝ ʤʝʣʘʥʞʝʚʳʭ ʟʦʥʘʭ. 
 

ʇʨʠʚʝʜʝʥʥʳʝ ʘʨʛʫʤʝʥʪʳ ʦʜʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 
ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʡ ʩʫʙʜʫʢʮʠʠ ʥʘ ʚʦʩʪʦʢʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʎ. ʂʘ-
ʟʘʭʩʪʘʥʦʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʘʢʠʝ ʥʝʦʩʧʦʨʠʤʳʝ ʜʘʥʥʳʝ, ʢʘʢ 
ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʜʝʚʦʥʝ ʠ ʨʘʥʥʝʤ ʢʘʨʙʦʥʝ ʧʘʨʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 
ʜʫʛ, ʩʦʚʤʝʱʝʥʠʝ ʚ ʤʝʣʘʥʞʝʚʳʭ ʟʦʥʘʭ ʦʨʜʦʚʠʢʩʢʠʭ ʠ ʜʝʚʦʥʩʢʠʭ 
ʷʰʤʦ-ʙʘʟʘʣʴʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʨʘʩʪʷʥʫʪʦʩʪʴ ʚʦʟʨʘʩʪʥʳʭ ʨʷʜʦʚ 
ʵʢʟʦʪʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ ʛʘʙʙʨʦʠʜʦʚ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʠʜʦʚ ʚ ʤʝ-
ʣʘʥʞʝʚʳʭ ʟʦʥʘʭ. ʕʪʠ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʩʢʦʣʴʢʠʭ ʩʪʘ-
ʜʠʷʭ ʢʦʣʣʠʟʠʡ ʠ ʵʢʩʛʫʤʘʮʠʡ ʦʪ ʆʨʜʦʚʠʢʘ ʜʦ ʨʘʥʥʝʛʦ ʂʘʨʙʦʥʘ. ʅʘ 
ʨʠʩʫʥʢʝ 1.13 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʤʳʚ ʠ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʝ ʧʝʨʝʢʨʳ-
ʪʠʝ ʩʤʷʪʳʭ ʚ ʩʢʣʘʜʢʠ ʦʬʠʦʣʠʪʦʚ ʚ ʀʪʤʫʨʫʥʜʘʭ ʧʨʦʠʟʦʰʣʦ ʚ 
ʧʦʟʜʥʝʤ ɼʝʚʦʥʝ. 

 



 
 

ʈʠʩʫʥʦʢ 1.13.  ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ  
ʀʪʤʫʨʫʥʜʠʥʩʢʦʛʦ ʞʘʜʝʠʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

1- ʧʦʟʠʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʨʝʛʠʦʥʝ; 2-3- ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʡ ʤʝʣʘʥʞ:  
2-ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʝ ʩʣʘʥʮʳ, 3a-ʨʝʣʠʢʪʦʚʳʝ ʙʣʦʢʠ ʤʘʩʩʠʚʥʳʭ ʘʧʦʧʝʨʠʜʦʪʠ-
ʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ, 3b- ʙʠʨʙʠʨʠʪʦʚʦʝ ʧʦʢʨʳʪʠʝ ʜʫʥʠʪʦʚʳʭ ʙʣʦʢʦʚ;  
4-6- ʚʢʣʁʯʝʥʠʷ ʚ ʤʝʣʘʥʞʝ (4- ʘʣʴʙʠʪ-ʘʢʪʠʥʦʣʠʪ-ʦʤʬʘʮʠʪ-ʢʚʘʨʮʝʚʳʝ  

ʩʣʘʥʮʳ, 5a- ʞʘʜʝʠʪʳ, 5b ï ʩʫʱʝʩʪʚʝʥʥʦ ʘʣʴʙʠʪʦʚʳʝ ʧʦʨʦʜʳ ʩ ʧʨʠʤʝʩʴʶ ʘʢ-
ʪʠʥʦʣʠʪʘ, ʜʠʦʧʩʠʜʘ, ʢʚʘʨʮʘ, 6- ʙʘʟʘʣʴʪʳ, ʷʰʤʳ ʠ ʜʨʫʛʠʝ ʥʝ ʤʝʪʘʤʦʨʬʠʟʦ-
ʚʘʥʥʳʝ ʧʦʨʦʜʳ); 7- ʀʪʤʫʨʫʥʜʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ  O2 (ʧʦʜʫʰʝʯʥʳʝ ʙʘʟʘʣʪɹʳ, 
ʪʨʘʭʠʪʳ, ʷʰʤʳ); 8- Kʳʟʳʢʩʢʠʡ ʢʦʤʧʣʝʢʩ O1-2 (ʷʰʤʳ); 9-ʊʫʨʝʪʘʡʩʢʠʡ ʢʦʤ-

ʧʣʝʢʩ O2 ?  
(ʢʨʝʤʥʠʩʪʳʝ ʘʣʝʚʨʦʣʠʪʳ, ʪʫʬʬʠʪʳ); 10- ʥʠʞʥʷʷ ʦʣʠʩʪʦʩʪʨʦʤʘ O3 ? (ʙʨʝʢ-
ʯʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʦʨʦʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʀʪʤʫʨʫʥʜʠʥʩʢʦʛʦ ʠ ʂʳʟʳʢʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʦʣʠʩʪʦʣʠʪʦʚ ʙʘʟʘʣʴʪʦʚ  ʠ ʷʰʤ); 11- ʚʝʨʭʥʷʷ ʦʣʠʩʪʦʩʪʨʦʤʘ S1 ʩ 
ʙʣʦʢʘʤʠ ʙʘʟʘʣʴʪʦʚ, ʷʰʤ, ʛʘʙʙʨʦ; 12- ʘʢʢʨʝʮʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ  O3-S2 (ʧʨʝ-
ʠʤʫʱʝʩʪʚʝʥʥʦ  ʧʝʩʯʘʥʠʢʠ);  13-ʩʝʜʠʤʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ  D3fr (ʥʝʦʘʚʪʦʭʪʦʥ) ; 

14- ʩʝʜʠʤʝʥʪʥʳʡ ʢʦʤʧʣʝʢʩ  D3-C1 ʥʝ ʨʘʩʯʣʝʥʝʥʥʳʡ; 15 ï ʜʘʡʢʠ ʜʘʮʠʪʦʚ;  16-
ʨʘʟʣʦʤʳ;   

17- ʣʠʩʪʚʝʥʠʪʳ; 18 ï ʬʘʫʥʘ. 



ʅʘ ʥʝʤ ʚ ʮʝʥʪʨʝ (ʣʠʪʝʨʘ ɺ) ʚ ʵʨʦʟʠʦʥʥʦʤ ʦʢʥʝ ʬʨʘʥʩʢʠʭ 
ʦʪʣʦʞʝʥʠʡ ɼʝʚʦʥʘ ʦʙʥʘʞʘʝʪʩʷ ʚʳʩʪʫʧ ʧʦʜʫʰʝʯʥʳʭ ʙʘʟʘʣʴʪʦʚ, ʚ 
ʢʦʪʦʨʦʤ ʪʨʝʱʠʥʳ ʟʘʧʦʣʥʝʥʳ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦʡ ʩʤʝʩʴʶ ʩ ʬʘʫ-
ʥʦʡ ʙʨʘʭʠʦʧʦʜ ʠ ʢʨʠʥʦʠʜʝʡ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʦʣʠʩʪʦʩʪʨʦʤʘ ʩʣʘʛʘ-
ʝʪ ʵʨʦʟʠʦʥʥʳʡ ʚʳʩʪʫʧ ʚ ʦʪʣʦʞʝʥʠʷʭ ɼ3fr, ʙʘʟʘʣʴʥʳʝ ʢʦʥʛʣʦʤʝʨʘ-
ʪʳ ʢʦʪʦʨʳʭ ʥʘ 70-75% ʩʦʩʪʦʷʪ ʠʟ ʙʣʝʜʥʦ-ʨʦʟʦʚʳʭ ʠ ʢʨʘʩʥʳʭ 
ʷʰʤ. ɺ ʏʘʨʩʢʦʤ ʧʦʷʩʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʝ ʧʝʨʝʢʨʳʪʠʝ ʦʬʠʦʣʠʪʦʚ 
ʧʨʦʠʟʦʰʣʦ ʚ ʢʦʥʮʝ ʨʘʥʥʝʛʦ ʢʘʨʙʦʥʘ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʝ-
ʣʠʢʪʦʚʳʝ ʢʦʥʛʣʦʤʝʨʘʪʦʚʳʝ ʤʫʣʴʜʳ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʤʝʣʘʥʞʝ 
ʚʜʦʣʴ ʜʦʨʦʛʠ ʚ 8ʢʤ ʚʦʩʪʦʯʥʝʝ  ʩʪ. ʏʘʨʩʢ.  

 
1.3. ʉʦʩʪʘʚ ʦʬʠʦʣʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ 
 

ʇʨʠʩʫʪʩʪʚʠʝ ʬʨʘʛʤʝʥʪʦʚ ʢʦʨʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚʦ ʚʩʝʭ 
ʧʦʷʩʘʭ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʥʠʭ 
ʷʰʤ ʠ ʬʪʘʥʠʪʦʚ ʜʚʫʭ ʚʦʟʨʘʩʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ: ʨʘʥʥʝ-
ʩʨʝʜʥʝʦʨʜʦʚʠʢʩʢʦʛʦ ʠ ʜʝʚʦʥʩʢʦʛʦ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʦʬʠʦʣʠʪʦʚʳʭ 
ʧʦʷʩʦʚ ʠʤʝʶʪʩʷ ʧʠʣʣʦʫ-ʙʘʟʘʣʴʪʳ, ʷʚʣʷʶʱʠʝʩʷ ʚʪʦʨʳʤ ʥʝʦʪʲ-
ʝʤʣʝʤʳʤ ʢʦʧʦʥʝʥʪʦʤ ʢʦʨʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ  ʪʠʧʘ. ʉʦʩʪʘʚ ʙʘʟʘʣʴ-
ʪʦʚ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ ɽ.ɼ ʄʫʣʴʝʥʘ 
[26], ʚʳʷʚʣʷʝʪ ʪʨʠ ʛʣʘʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʠʤʝʶʱʠʝ ʦʪʥʦʰʝ-
ʥʠʝ ʢ ʧʦʥʠʤʘʥʠʶ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʚ ʢʦʪʦʨʳʭ ʬʦʨʤʠ-
ʨʦʚʘʣʠʩʴ ʦʬʠʦʣʠʪʳ (ʨʠʩ.1.14): 

- ʚʦ ʚʩʝʭ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʘʭ ʜʦʤʠʥʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ 
ʠʤʝʶʪ ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ;  

- ʧʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʥʝ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝ-
ʥʠʝ ʠʤʝʶʪ  ʪʦʣʝʡʠʪʳ; 

- ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʩʦʩʝʜʩʪʚʝ ʩ ʦʬʠʦʣʠʪʘʤʠ ʚʩʝʛʜʘ ʧʨʠ-
ʩʫʪʩʪʚʫʶʪ ʬʨʘʛʤʝʥʪʳ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; ʠʤʝʶʪʩʷ ʪʘʢ-
ʞʝ ʧʨʠʤʝʨʳ ʩʦʯʝʪʘʥʠʷ ʨʘʩʩʣʦʝʥʥʳʭ ʫʣʴʪʨʘʤʘʬʠʪ-ʤʘʬʠʪʦʚʳʭ 
ʪʝʣ ʦʬʠʦʣʠʪʦʚʦʛʦ ʪʠʧʘ ʩ ʦʩʪʨʦʚʦʜʫʞʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʂʘʨʘ-
ʫʣʰʦʢʳ, ʨʠʩ. 1.14).  

 
ʑʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ ʚ ʦʪʜʝʣʴʥʳʭ ʧʦʷʩʘʭ ʜʦʧʦʣʥʷʶʪʩʷ ʜʨʫ-

ʛʠʤʠ ʧʦʨʦʜʘʤʠ ʱʝʣʦʯʥʦʛʦ ʨʷʜʘ. ɺ ʏʘʨʩʢʦʤ ʦʬʠʦʣʠʪʦʚʦʤ ʧʦʷʩʝ 
ɹ.ʂ.ʂʦʨʘʙʣʝʚʳʤ ʚ ʧʷʪʠʜʝʩʷʪʳʭ ʛʦʜʘʭ ʥʘʡʜʝʥʦ  5 ʙʫʜʠʥ ʩʝʣʴʚ-
ʩʙʝʨʛʠʪʦʚ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʤʝʣʘʥʞʠʨʦʚʘʥʥʳʭ ʙʘʟʘʣʴʪʘʭ (ʪʘʙʣʠʮʘ 
1.6). ɺ ʀʪʤʫʨʫʥʜʘʭ ʠ ʚ ʊʝʢʪʫʨʤʘʩʝ ʩʨʝʜʠ ʧʦʜʫʰʝʯʥʳʭ ʱʝʣʦʯʥʳʭ 
ʙʘʟʘʣʪɹʦʚ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʨʘʭʠʪʳ ʠ ʧʘʥʪʝʣʣʝʨʠʪʳ 
(ʪʘʙʣʠʮʘ 1.6). 



 
 

ʈʠʩʫʥʦʢ 1.14.  ʉʦʩʪʘʚ ʦʬʠʦʣʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʂʘʟʘʭʩʪʘʥʘ (ʧʦ 
ʢʣʘʩʩʠʬʠʢʘʮʠʠ Mullen,  E.D. [26]. ʇʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ. 

 
ʀʟ ʨʠʩʫʥʢʘ 1.14 ʚʠʜʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʏʘʨʩʢʦʛʦ 

ʧʦʷʩʘ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʨʝʘʣʴʥʦʡ ʧʨʠʤʝʩʠ  ʙʘʟʘʣʴʪʦʚ ʪʠʧʘ ɽ-
ʄORB. ʄʘʣʳʝ ʵʣʝʤʝʥʪʳ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʧʝʮʠʬʠʢʫ 
ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ ʂʘʟʘʭʩʪʘʥʘ, ʚʳʷʚʣʝʥʥʫʶ ʧʨʠ  ʦʙʨʘʙʦʪʢʝ 
ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʏʘʨʩʢʦʤ ʧʦʷʩʝ ʛʨʫʧʧʘ ʧʨʦʙ, ʧʨʝʜ-
ʩʪʘʚʣʷʶʱʠʭ ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ, ʨʝʟʢʦ ʦʙʦʛʘʱʝʥʘ ʣʝʛʢʠʤʠ ʠ 
ʦʙʝʜʥʝʥʘ ʪʷʞʝʣʳʤʠ ʈɿʕ, ʘ ʛʨʫʧʧʘ ʧʨʦʙ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʪʦ-
ʣʝʡʠʪʳ, ʧʨʠʙʣʠʞʝʥʘ ʢ ʝʜʠʥʠʮʝ. ɺ ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʧʦʷʩʝ ʩʨʝʜ-



ʥʠʡ ʩʦʩʪʘʚ ʙʘʟʘʣʴʪʦʚ ʧʦ 15 ʧʨʦʙʘʤ ʨʝʟʢʦ ʧʝʨʝʩʳʱʝʥ ʧʦ ʩʨʘʚʥʝ-
ʥʠʶ ʩ MORB ʨʝʜʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ (Rb, U, Th) ʠ ʣʝʛʢʠʤʠ ʣʘʥʪʘ-
ʥʦʠʜʘʤʠ, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʩʦʩʪʘʚʫ ʙʘʟʘʣʴʪʦʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʦʩʪʨʦ-
ʚʦʚ (ʨʠʩ. 1.15).  

 

 
 

ʈʠʩʫʥʦʢ 1.15. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ  
ʵʣʝʤʝʥʪʦʚ ʚ ʙʘʟʘʣʴʪʘʭ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ ʂʘʟʘʭʩʪʘʥʘ.  

ʇʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ. 
 

ʊʘʙʣʠʮʘ 1.6. ʑʝʣʦʯʥʳʝ ʧʦʨʦʜʳ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʪʠʧʘ ʚ 
ʦʬʠʦʣʠʪʘʭ.  

 

ʆʢʠʩʣʳ 1 2 3 4 

SiO2 62.26 55.20 62.40 68.90 

TiO2 0.10 1.74 0.64 0.28 

Al2O3 18.42 14.80 15.30 13.90 

Fe2O3 0.69 4.19 3.59 1.55 

FeO 4.31 6.86 5.10 2.79 

MnO 0.16 0.17 0.20 0.04 

MgO 1.03 2.55 1.91 1.51 

CaO 0.45 3.44 0.70 0.56 

Na2O 7.52 5.45 6.03 5.01 

K2O 4.80 0.65 0.86 2.89 

P2O5 0.04 1.11 0.67 0.64 

ʇ.ʧ.ʧ 0.18 2.60 1.25 1.24 

ʉʫʤʤʘ 99.96 98.76 98.65 99.31 

ʇʨʠʤʝʯʘʥʠʝ: 1-ʩʝʣʴʚʩʙʝʨʛʠʪ ʚ ʏʘʨʩʢʦʤ ʧʦʷʩʝ; 2-ʪʨʘʭʠʙʘʟʘʣʴʪ ʚ ʊʝʢ-

ʪʫʨʤʘʩʝ: 3-4 ï ʱʝʣʦʯʥʳʝ ʧʦʨʦʜʳ ʚ ʀʪʤʫʨʫʥʜʳ: 3-ʪʨʘʭʠʪ, 4-ʧʘʥʪʝʣʣʝʨʠʪ. 

 



ʉʦʩʪʘʚ ʙʘʟʘʣʴʪʦʚ ʂʘʨʘʫʣʰʦʢʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ 
ʦʪ ʙʘʟʘʣʴʪʦʚ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʦʷʩʦʚ. ʅʘ ʜʠʘʛʨʘʤʤʝ TiO2 ï 
10MnO -10P2O5 (ʨʠʩ.1.14) ʦʥʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʦʚʝʨʰʝʥʥʦ ʦʪ-
ʯʝʪʣʠʚʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʦʩʪʨʦʚʦʜʫʞʥʳʤ ʪʦʣʝʠʪʘʤ. ʊʘʢʦʡ 
ʩʦʩʪʘʚ  ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʘʢʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʢʘʢ ʩʨʝʜʠ ʩʘʤʠʭ ʙʘ-
ʟʘʣʴʪʦʚ, ʪʘʢ ʠ ʚ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʱʝʡ ʥʘ ʥʠʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-
ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʝ ʘʥʜʝʟʠʪʦʚ ʠ ʜʘʮʠʪʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʚ ʙʘʟʘʣʴ-
ʪʘʭ ʤʘʣʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 1.15, ʙʣʠʟʢʘ ʢ 
ʪʘʢʦʚʦʡ ʚ ʙʘʟʘʣʴʪʘʭ MORB ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Rb ʠ  Ba, ʢʦʪʦʨʳʝ  
ʧʦʢʘʟʳʚʘʶʪ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʫʩʣʦʚʠʷ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ.    

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʦʙʷʟʘʪʝʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴʶ ʚʩʝʭ ʨʘʩ-
ʩʤʦʪʨʝʥʥʳʭ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ ʂʘʟʘʭʩʪʘʥʘ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪ-
ʩʪʚʠʝ ʚ ʥʠʭ 50 ʠ ʙʦʣʝʝ ʧʨʦʮʝʥʪʦʚ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ.  ʅʠ ʦʜʠʥ 
ʠʟ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ ʂʘʟʘʭʩʪʘʥʘ ʧʦ ʩʦʩʪʘʚʫ 
ʙʘʟʘʣʴʪʦʚ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʚ 
ʩʪʨʫʢʪʫʨʘʭ ʪʠʧʘ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ 
ʜʦʣʠ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ ʚ ʏʘʨʩʢʦʤ ʠ ɹʦʛʝʥʙʘʡ-ɸʥʛʨʝʥʩʦʨʩʢʦʤ 
ʧʦʷʩʘʭ ʠ ʧʦʜʘʚʣʷʶʱʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ 
ʚ ʊʝʢʪʫʨʤʘʩʩʢʦʤ ʠ ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʧʦʷʩʘʭ. ɺʦ ʬʨʘʛʤʝʥʪʝ ʧʦ-
ʢʨʦʚʘ ʂʘʨʘʫʣʰʦʢʳ ʚʦʦʙʱʝ ʨʘʟʚʠʪʳ ʪʦʣʴʢʦ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʪʦ-
ʣʝʡʠʪʳ.  

ɺʢʣʶʯʝʥʠʷ ʛʘʙʙʨʦʠʜʦʚ ʚ ʦʬʠʦʣʠʪʘʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʥʦ ʦʥʠ 
ʯʝʪʢʦ ʜʠʬʬʝʨʝʥʮʠʨʫʶʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: ʱʝʣʦʯʥʳʝ ʠ ʠʟʚʝʩʪʢʦʚʦ-
ʱʝʣʦʯʥʳʝ. ʇʝʨʚʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɺ ʏʘʨʩʢʦʤ ʠ 
ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʧʦʷʩʘʭ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʚʩʝʛʦ ʜʚʝ ʜʘʡʢʠ ʢʝʨʩʫ-
ʪʠʪʦʚʦʛʦ ʛʘʙʙʨʦ-ʜʠʘʙʘʟʘ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʙʣʦʢʘʭ ʷʰʤʦ-
ʙʘʟʘʣʴʪʦʚʳʭ ʨʘʟʨʝʟʦʚ. ʉʦʩʪʘʚ ʠʭ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1.7. ʆʙʨʘ-
ʱʘʷʩʴ ʢ ʜʠʘʛʨʘʤʤʘʤ ʥʘ ʨʠʩʫʥʢʝ 1.12 ʚʠʜʠʤ, ʯʪʦ ʢʝʨʩʫʪʠʪʦʚʳʝ 
ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ ʢʦʛʝʨʝʥʪʥʳ ʱʝʣʦʯʥʳʤ ʙʘʟʘʣʴʪʘʤ, ʥʦ ʚʩʪʨʝʯʘʶʪ-
ʩʷ ʦʯʝʥʴ ʨʝʜʢʦ. ʇʨʝʦʙʣʘʜʘʁ ʪ ʚ ʤʝʣʘʥʞʘʭ ʛʘʙʙʨʦʠʜʳ ʵʚʢʨʠʪʦʚʦʛʦ 
ʪʠʧʘ, ʩʣʦʞʝʥʥʳʝ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʤ ʠ ʘʤʬʠʙʦʣʦʤ. 
ʆʪʜʝʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʷ, ʟʘʥʷʪʳʝ ʪʦʣʝʡʠʪʘʤʠ 
MORB ʠ ʩʫʙʱʝʣʦʯʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ, ʥʦ ʦʩʥʦʚʥʘʷ ʠʭ ʤʘʩʩʘ ʪʷʛʦ-
ʪʝʝʪ ʢ ʧʦʣʷʤ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʪʦʣʝʡʠʪʦʚ ʠ ʦʩʪʨʦʚʜʫʞʥʳʭ ʙʘʟʘʣʴ-
ʪʦʚ, ʜʝʤʦʥʩʪʨʠʨʫʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʡ ʠʩʪʦʯʥʠʢ, ʥʝ ʩʚʷʟʘʥʥʳʡ ʩ 
ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʱʝʣʦʯʥʦʡ ʠ ʪʦʣʝʡʠʪʦʚʦʡ ʩʝʨʠʡ. ʇʨʠʯʠʥʳ ʪʘʢʦʛʦ 
ʨʘʟʣʠʯʠʷ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ. 

 

ʊʘʙʣʠʮʘ 1.7. ɼʘʡʢʠ ʱʝʣʦʯʥʳʭ ʢʝʨʩʫʪʠʪʦʚʳʭ ʛʘʙʙʨʦ ʚ ʷʰ-
ʤʦ-ʱʝʣʦʯʥʦ-ʙʘʟʘʣʴʪʦʚʳʭ ʨʘʟʨʝʟʘʭ ʏʘʨʩʢʦʛʦ ʠ ʀʪʤʫʨʫʥʜʠʥʩʢʦʛʦ 
ʧʦ̫ʩʦʚ.   
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869 46.96 4.15 16.51 4.01 5.74 3.93 0.29 6.49 3.88 2.73 0.81 3.04 98.54 

476 51.00 2.32 14.2 5.41 5.31 0.21 2.88 4.27 9.00 0.70 0.55 4.20 100.05 

1.4 ʉʦʩʪʘʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 
 

ɺ ʤʝʣʘʥʞʝ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩ-
ʣʝʥʥʳʝ ʵʢʟʦʪʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʣʷ ʨʘʩʩʤʘʪʨʠ-
ʚʘʝʤʦʡ ʪʝʤʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʜʚʘ ʧʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʘ: ʘ) ʚʳʩʦ-
ʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʫʤʝʨʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʙ) ʤʝʪʘʧʦʨʦʜ ʚʳʩʦʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨ ʠ ʫʤʝʨʝʥʥʳʭ ʜʘʚʣʝʥʠʡ. ʊʝʦʨʠʷ ʛʣʘʩʠʪ, ʯʪʦ ʧʝʨʚʳʡ 
ʢʦʤʧʣʝʢʩ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʤʘʥʪʠʠ  ʟʘ ʩʯʝʪ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʠ 
ʧʦʨʦʜ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʣʠʥʘ (ʨʠʩ. 1.4, 1.11) ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʠʭ ʚ 
ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥʘʭ  ʥʘ ʛʣʫʙʠʥʳ ʙʦʣʝʝ 100 ʢʤ. ɺʪʦʨʦʡ ʢʦʤʧʣʝʢʩ 
ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʦʨʝ ʠ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʦʩʥʦʚʘʥʠʶ ʦʩʪʨʦʚ-
ʥʦʡ ʜʫʛʠ ʠʣʠ ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ.   

ʂʦʤʧʣʝʢʩ ʧʦʨʦʜ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ ʚ ʏʘʨ-
ʩʢʦʤ ʠ ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʧʦʷʩʘʭ [21, 27]. ɻʣʘʫʢʦʬʘʥʦʚʳʝ ʩʣʘʥʮʳ 
ʫʧʦʤʠʥʘʶʪʩʷ ɺ.ɻ. ʉʪʝʧʘʥʮʦʤ [4] ʪʘʢʞʝ ʚ ɹʦʛʝʥʙʘʡ-
ɸʥʛʨʝʥʩʦʨʩʢʦʤ ʧʦʷʩʝ, ʥʦ ʪʘʤ ʦʥʠ ʥʝ ʠʟʫʯʝʥʳ. 

ɺ ʏʘʨʩʢʦʤ ʤʝʣʘʥʞʝ ʢʦʤʧʣʝʢʩ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʳ-
ʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚʢʣʶʯʘʝʪ ʵʢʣʦʛʠʪʳ, ʛʨʘʥʘʪʦʚʳʝ ʘʤʬʠʙʦʣʠʪʳ, 
ʛʨʘʥʘʪ-ʛʣʘʫʢʦʬʘʥʦʚʳʝ ʩʣʘʥʮʳ, ʨʠʙʝʥʠʪʦʚʳʝ ʢʚʘʨʮʠʪʳ, ʛʣʘʫʢʦ-
ʬʘʥʦʚʳʝ ʠ ʛʨʘʥʘʪ-ʛʣʘʫʢʦʬʘʥʦʚʳʝ ʢʚʘʨʮʠʪʳ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʨʦʜʳ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠʤʝʶʪ ʚ ʤʝʣʘʥʞʝ I ʪʠ-
ʧʘ, ʨʘʟʚʠʪʦʛʦ  ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʷʩʘ ʜʣʠʥʦʡ 50 ʢʤ (ʮʝʥʪʨ ï 
ʧʦʩ. ʂʘʣʙʘʪʘʫ, ʨʠʩ. 1.16) ʦʪ ʬʝʨʤʳ ɹʫʨʰʘ-ʙʫʣʘʢ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ 
ʜʦ ʜʝʨʝʚʥʠ ɹʘʪʫʨʠʥʢʘ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ.. ʇʨʝʜʩʪʘʚʣʝʥʠʠʝ ʦ ʤʝ-
ʣʘʥʞʝ  ʧʝʨʚʦʛʦ ʪʠʧʘ ʜʘʝʪ ʨʠʩʫʥʦʢ 1.17.  

 
ʕʢʣʦʛʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʛʣʳʙ ʨʘʟʤʝʨʦʤ ʧʝʨʚʳʝ ʤʝʪ-

ʨʳ ʠ ʚ ʚʠʜʝ ʙʫʜʠʥ ʚ ʛʨʘʥʘʪʦʚʳʭ ʘʤʬʠʙʦʣʠʪʘʭ ʠ ʟʝʣʝʥʦʩʣʘʥʮʝ-
ʚʳʭ ʜʠʘʬʪʦʨʠʪʘʭ ʨʘʟʤʝʨʦʤ ʦʪ ʧʝʨʚʳʭ ʩʤ ʜʦ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʩʤ 
ʚ ʜʠʘʤʝʪʨʝ. ʆʥʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ. ʇʝʨʚʳʝ ʩʣʦʞʝʥʳ ʛʦ-
ʣʫʙʳʤ  
ʦʤʬʘʮʠʪʦʤ, ʛʨʘʥʘʪʦʤ, ʨʫʪʠʣʦʤ, ʩʠʥʝ-ʟʝʣʝʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ, 
ʤʫʩʢʦʚʠʪʦʤ, ʩʬʝʥʦʤ, ʭʣʦʨʠʪʦʤ. ɺ ʦʤʬʘʮʠʪʝ ʩʦʜʝʨʞʠʪʩʷ  
ʉʘʆ = 12,97%, Na2O = 7,06%. ɻʨʘʥʘʪ ʩʦʜʝʨʞʠʪ ʧʠʨʦʧʘ 14-17%, 
ʛʨʦʩʩʫʣʨ̫ʘ 30-44%, ʘʣʴʤʘʥʜʠʥʘ 27-55%. ɺʪʦʨʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ 



ʵʢʣʦʛʠʪʦʚ ʩʣʦʞʝʥʘ ʵʛʠʨʠʥ-ʩʦʜʝʨʞʘʱʠʤ ʦʤʬʘʮʠʪʦʤ, ʛʨʘʥʘʪʦʤ, 
ʛʘʩʪʠʥʛʩʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʢʚʘʨʮʝʤ ʠ ʨʫʪʠʣʦʤ. ɻʨʘʥʘʪ ʩʦʜʝʨʞʠʪ 
ʘʣɹʤʘʥʜʠʥʘ 65%, ʛʨʦʩʩʫʣʷʨʘ 26%, ʧʠʨʦʧʘ 9%.                          

 
ɺ ʛʨʘʥʘʪʦʚʳʭ ʘʤʬʠʙʦʣʠʪʘʭ ʩʦʩʪʘʚ ʘʤʬʠʙʦʣʘ  ʢʦʣʝʙʣʝʪʩʷ 

ʦʪ ʦʙʳʢʥʦʚʝʥʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʜʦ ʛʘʩʪʠʥʛʩʠʪʘ. ɻʨʘʥʘʪ ʩʦʩʪʦ-
ʠʪ  ʠʟ ʘʣʴʤʘʥʜʠʥʘ ʩ ʧʨʠʤʝʩʴʶ ʛʨʦʩʩʫʣʷʨʘ (ʜʦ 30%) ʠ ʧʠʨʦʧʘ (ʜʦ 
22%).  

 

 
 

ʈʠʩʫʥʦʢ 1.16. ʆʙʟʦʨʥʘʷ ʢʘʨʪʘ ʏʘʨʩʢʦʛʦ ʧʦʷʩʘ.  
 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ.  1- 3 -  ʥʝʦʘʚʪʦʭʪʦʥ: 1-ʊʶʨʝʰʦʢʠʥʩʢʠʡ 
ʢʦʤʧʣʝʢʩ C3 (ʙʘʟʘʣʴʪʳ, ʪʨʘʭʠʘʥʜʝʟʠʪʳ,ʪʨʘʭʠʪʳ); 2- ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ C2-3 
(ʢʦʥʛʣʦʤʝʨʘʪʳ, ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʠ); 3- ɼʘʫʙʘʡʩʢʠʡ ʢʦʤ-
ʧʣʝʢʩ C2-3 (ʘʥʜʝʟʠʪʳ, ʙʘʟʘʣʴʪʳ, ʪʨʘʭʠʪʳ). 4-5 ï ʘʚʪʦʭʪʦʥ: 4- ɹʫʢʦʥʴʩʢʠʡ 
ʦʩʘʜʦʯʥʳʡ ʢʦʤʧʣʝʢʩ C2-3 (ʢʦʥʛʣʦʤʝʨʘʪʳ, ʠʟʚʝʩʪʥʷʢʠ, ʘʣʝʚʨʦʣʠʪʳ); 5- ʦʩʘ-
ʜʦʯʥʳʡ ʢʦʤʧʣʝʢʩ C1

3 (ʧʝʩʯʘʥʠʢʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ). 6-14 ï ʘʣʣʦʭʪʦʥ: 6-7 ï 
ʧʦʣʠʬʘʮʠʘʣʴʥʘʷ ʩʝʨʠʷ ʧʦʨʦʜ C1

2 (6a ï ʠʟʚʝʩʪʥʷʢʦʚʦ-ʧʝʩʯʘʥʦ-
ʘʣʝʚʨʦʣʠʪʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ, 6b- ʦʣʠʩʪʦ-
ʩʪʨʦʤʦʚʳʡ ʢʦʤʧʣʝʢʩ, 7a-ʨʠʬʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ, 7b- ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ: 
ʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʪʳ, ʜʘʮʠʪʳ, ʨʠʦʣʠʪʳ); 8- ʙʘʟʘʣʪɹʳ, ʘʥʜʝʟʠʪʳ, ʢʨʝʤʥʠʩʪʳʝ 
ʧʦʨʦʜʳ D2-C1(?); 9- ʨʠʬʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ ɼʝʚʦʥʘ ʦʙʲʝʜʠʥʝʥʥʳʝ; 10- ʢʨʝʤʥʠ-



ʩʪʳʝ ʠ ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʷʰʤʳ, ʠʟʚʝʩʪʥʷʢʠ D2-3; 11- ʦʪʣʦʞʝʥʠʷ 
ʉʠʣʫʨʘ ʠ ɼʝʚʦʥʘ    ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ; 12- ʷʰʤʦ-ʙʘʟʘʣʴʪʦʚʳʡ ʢʦʤʧʣʝʢʩ O2-D3: 
a-ʙʘʟʘʣʴʪʳ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ, ʩʝʨʳʝ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʬʪʘʥʠʪʳ; b- ʧʦʜʫ-
ʰʝʯʥʳʝ ʙʘʟʘʣʴʪʳ ʠ ʢʨʘʩʥʳʝ ʷʰʤʳ; 13- ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʚʫʣʢʘʥʠʯʝ-
ʩʢʠʝ ʩʝʨʠʠ D1 14- ʛʨʘʧʪʦʣʠʪʦʚʳʝ ʩʣʘʥʮʳ S1-2. 15-24 ï ʠʥʪʨʫʟʠʚʥʳʝ ʢʦʤ-
ʧʣʝʢʩʳ: 15- ʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ P2-T1; 16- ʜʝʣʴʙʝʛʝʪʝʡʩʢʠʡ ʢʦʤʧʣʝʢʩ ʘʣʷʩʢʠ-
ʪʦʚ C3-P1; 17-20- ʊʘʩʪʘʫʩʢʠʡ ʢʦʤʧʣʝʢʩ  C3: 17- ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ ʛʨʘʥʠʪʳ, 18- 
ʛʨʘʥʦʩʠʝʥʠʪʳ, 19-ʜʘʡʢʠ ʠ ʤʘʣʳʝ ʪʝʣʘ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ, ʛʨʘʥʦʩʠʝʥʠʪ-
ʧʦʨʬʠʨʦʚ, 20-ʛʘʙʙʨʦ-ʥʦʨʠʪʳ; 21-23-ʘʨʛʠʤʙʘʡʩʢʠʡ ʢʦʤʧʣʝʢʩ C2-3:  

21-ʜʘʡʢʠ, 22-ʛʨʘʥʦʜʠʦʨʠʪʳ, 23-ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ; 24-ʅʠʢʦʣʘʝʚʩʢʠʡ ʛʘʙʙʨʦ-
ʪʦʥʘʣʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ C1; 25-ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʡ ʤʝʣʘʥʞ; 26-ʨʘʟʣʦʤʳ;  

27-ʥʝʩʦʛʣʘʩʠʷ; 28- ʬʘʫʥʘ. 

 
 

ʈʠʩʫʥʦʢ 1.17. ʊʠʧʠʯʥʳʡ ʤʝʣʘʥʞ ʧʝʨʚʦʛʦ ʪʠʧʘ  
ʚ ʨʘʡʦʥʝ ʬʝʨʤʳ ɹʫʨh ʝʙʫʣʘʢ.  

 

1- ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ; 2-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ  
ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ; 3- ʪʦ ʞʝ, ʫʤʝʨʝʥʥʳʭ ʜʘʚʣʝʥʠʡ;  

4-ʱʝʣʦʯʥʳʝ ʦʬʠʦʣʠʪʦʚʳʝ ʙʘʟʘʣʴʪʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ  
ʢʨʘʩʥʳʭ ʷʰʤ; 5- ʢʨʝʤʥʠʩʪʳʝ ʧʦʨʦʜʳ ʠ ʷʰʤʦʠʜʳ ɼ2-3;  

6- ʠʟʚʝʩʪʥʷʢʠ ʨʠʬʦʚʦʛʦ ʪʠʧʘ  ɼ1-2 ʠ ʉ1 ʥʝ ʨʘʩʯʣʝʥʝʥʥʳʝ;  
7- ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʝ ʩʣʘʥʮʳ 

 
ɻʣʘʫʢʦʬʘʥʦʚʳʝ ʩʣʘʥʮʳ ʠ ʜʠʘʬʪʦʨʠʪʳ ʧʦ ʥʠʤ ʩʦʩʪʘʚʣʷʶʪ 

ʛʣʘʚʥʳʡ ʦʙʲʝʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. 
ʈʘʟʤʝʨ r ʚʢʣʶʯʝʥʠʡ ʢʦʣʝʙʣʶʪʩʷ ʦʪ ʧʝʨʚʳʭ ʝʜʠʥʠʮ ʜʦ ʩʦʪʝʥ 



ʤʝʪʨʦʚ. ʇʦ ʩʦʩʪʘʚʫ ʧʨʦʪʦʣʠʪʘ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʪʘʙʘʟʘʣʴʪʳ, ʤʝʪʘ-
ʪʫʬʳ, ʤʝʪʘʛʨʘʫʚʘʢʢʠ, ʢʚʘʨʮʠʪʳ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ 
ʧʘʨʘʛʝʥʝʟʠʩ ʛʣʘʫʢʦʬʘʥʘ ʩ ʛʨʘʥʘʪʦʤ ʠ ʨʫʪʠʣʦʤ. ɻʣʘʫʢʦʬʘʥ ʠʤʝʝʪ 
ʞʝʣʝʟʠʩʪʦʩʪʴ  
47-53%, ʛʨʘʥʘʪ ʧʦ ʩʦʩʪʘʚʫ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʛʨʘʥʘ-
ʪʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʘʤʬʠʙʦʣʠʪʘʭ. ʈʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʩʦʜʝʨʞʠʪ 
Na2O = 5,39%, CaO = 5,48% ʠ ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʨʨʫʘʟʠʪʫ. ʇʨʝʜʰʝ-
ʩʪʚʝʥʥʠʢʘʤʠ ʦʧʠʩʘʥʘ ʪʘʢʞʝ ʘʩʩʦʮʠʘʮʠʷ ʛʨʘʥʘʪ-ʛʣʘʫʢʦʬʘʥ-
ʣʘʚʩʦʥʠʪ. ʕʢʟʦʪʠʢʦʡ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʨʦʜ ʷʚʣʷʶʪʩʷ ʢʚʘʨʮʠ-
ʪʳ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʩ ʛʣʘʫʢʦʬʘʥʦʤ, ʛʨʘʥʘʪʦʤ (58% ʩʧʝʩʩʘʨʪʠ-
ʥʘ) ʠ ʩʪʠʣʧʥʦʤʝʣʘʥʦʤ. ɺ ʛʣʘʫʢʦʬʘʥʘʭ ʜʘʥʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʩʦ-
ʜʝʨʞʠʪʩʷ ʨʝʣʠʢʪʦʚʳʡ ʦʤʬʘʮʠʪ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʝʪʘʧʦʨʦʜ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʩʨʘʚʥʝ-
ʥʠʠ ʩ ʦʬʠʦʣʠʪʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1.8. 

 

ʊʘʙʣʠʮʘ 1.8 . ʉʦʩʪʘʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʳʩʦʢʠʭ 
ʜʘʚʣʝʥʠʡ ʏʘʨʩʢʦʛʦ ʧʦʷʩʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʦʬʠʦʣʠʪʦʚʳʤʠ ʙʘʟʘʣɹ-
ʪʘʤʠ.  
 

ʆʢʠʩ-
ʣ  r

ʕʢʣʦ-
ʛʠʪ 

ɻʨʘʥʘʪʦʚ. 
ʘʤʬʠʙʦʣʠ-

ʪ  r

ɻʨ-
ʛʣʘʫʢ. 
ʩʣʘ-
ʥʝʮ 

ɻʨ-
ʛʣʘʫʢ. 
ʢʚʘʨ-
ʮʠʪ 

ɹʘʟʘʣʴʪʳ  
ʆ2 ï ɼ3 

1 2 
ʑʝʣ. 
ʙʘʟ . 

ʃʝʡʢʦ-
ʙʘʟ. 

SiO2 49.48 
45.2

5 
47.5

2 
46.95 82.85 49.82 48.20 

TiO2 1.42 2.05 2.56 2.05 0.48 2.18 2.33 

Al2O3 16.09 
14.7

2 
15.3

5 
15.16 5.32 15.24 17.23 

Fe2O3 2.56 3.69 3.22 5.28 1.46 4.77 3.63 

FeO 11.12 9.72 8.25 5.81 3.91 7.24 7.46 

MnO 0.15 0.22 0.18 0.16 0.46 0.20 0.22 

MgO 5.08 7.91 7.02 6.56 2.25 5.77 5.43 

CaO 9.30 
12.1

3 
8.07 7.29 0.66 8.47 7.11 

Na2O 2.91 1.85 2.77 2.22 0.60 3.29 3.60 

K2O 1.39 0.35 2.59 3.96 1.19 0.37 0.7 3 

P2O5 0.25 0.07 0.26 0.18 0.08 0.30 0.56 

ʧʧʧ 0.20 1.34 1.77 3.44 0.34 2.25 3.00 



ʉʫʤʤʘ 99.95 
99.1

8 
99.5

3 
99.06 99.60 

100.1
0 

100.50 

ʇʨʠʤʝʯʘʥʠʝ: ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ ï ʩʨʝʜʥʝʝ ʠʟ 25 ʘʥʘʣʠʟʦʚ; ʣʝʡʢʦʙʘ-

ʟʘʣʴʪʳ ʩʨʝʜʥʝʝ ʠʟ 36 ʘʥʘʣʠʟʦʚ.  

 
ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʦʙʨʘʟʮʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʢʨʦʤʝ ʢʚʘʨʮʠʪʘ, ʠʤʝʶʪ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 
ʩʦʦʪʥʦʰʝʥʠʷ ʦʢʠʩʣʦʚ. ʉ ʙʘʟʘʣʴʪʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʢʦʥʮʝ 
ʪʘʙʣʠʮr , ʠʭ ʨʦʜʥʠʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ, ʢʘʢ ʦʜʥʦʛʦ ʠʟ 
ʩʘʤʳʭ ʠʥʝʨʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.      

ɺ ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʤʝʣʘʥʞʝ ʢʦʤʧʣʝʢʩ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 
ʧʦʨʦʜ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʞʘʜʝʠʪʠʟʠʨʦʚʘʥʥʳʤʠ 
ʘʣʴʙʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʳʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʘʥʮʘʤʠ, ʩʦʜʝʨʞʘ-
ʱʠʤʠ  ʧʨʦʩʣʦʡʢʠ ʠ ʤʦʱʥʳʝ ʩʣʦʠ ʣʴʜʠʩʪʦʛʦ ʢʚʘʨʮʘ, ʚʢʣʶʯʝʥʠʷ-
ʤʠ ʞʘʜʝʠʪʠʪʦʚ ʠ ʦʤʬʘʮʝʪʠʪʦʚ, ʛʨʘʥʘʪʦʚʳʤʠ ʘʤʬʠʙʦʣʠʪʘʤʠ ʠ 
ʛʨʘʥʘʪ-ʛʣʘʫʢʦʬʘʥʦʚʳʤʠ ʩʣʘʥʮʘʤʠ. ɼʚʘ ʧʦʩʣʝʜʥʠʭ ʧʘʨʘʛʝʥʝʟʠʩʘ 
ʚʩʪʨʝʯʘʁ ʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʫʯʝʥʳ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʩʣʘʛʘʶʪ ʣʠʥʟʦʚʠʜʥʳʝ ʙʣʦʢʠ ʚ 
ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʤ ʤʝʣʘʥʞʝ. ʈʘʟʤʝʨʳ ʧʦ ʫʜʣʠʥʝʥʠʶ ʦʪ ʧʝʨʚʳʭ 
ʜʝʩʷʪʢʦʚ  ʜʦ ʧʝʨʚʳʭ ʩʦʪʝʥ ʤʝʪʨʦʚ, ʰʠʨʠʥʘ ï ʧʝʨʚʳʝ ʤʝʪʨʳ- 
ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ. ʉʪʨʦʝʥʠʝ ʧʦʨʦʜ ʧʣʦʡʯʘʪʦ-ʩʣʦʠʩʪʦʝ, 
ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʝʨʚʠʯʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʣʦʞʝʥʳ 
ʩʢʣʘʜʢʠ ʦʪ ʜʝʩʷʪʢʦʚ ʩʤ ʜʦ ʧʝʨʚʳʭ ʤʝʪʨʦʚ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 
ʩʣʦʝʚ ʰʠʨʦʢʦ ʚʘʨʴʠʨʫʝʪ, ʯʪʦ ʚʠʜʥʦ ʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ: 

-ʤʝʪʘʬʪʘʥʠʪʳ: SiO2 = 84,0-90,5%; Na2O = 4,0-1,8%; 
- ʤʝʪʘʘʨʢʦʟʳ:  SiO2 =68,9 ï 81,4%;  Na2O = 12,7-4,52; 
- ʪʦ ʞʝ, ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ: SiO2=59,8%; Na2o = 12,8%.  
ʇʨʠʚʝʜʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʪʨʘʞʘʝʪ ʚʘʨʠʘʮʠʠ ʚ ʧʦ-

ʨʦʜʝ ʪʨʝʭ ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʘʣʴʙʠʪʘ, ʘʢʪʠʥʦʣʠʪʘ-ʨʠʭʪʝʨʠʪʘ  ʠ 
ʢʚʘʨʮʘ. ʋʩʪʦʡʯʠʚʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʫʙʠʜʠʷ ʠ ʢʘʣʠʷ, ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ  1.8-5.2ʛ/ʪ ʠ 0.25-0.45 ʛ/ʪ, ʫʢʘʟʳʚʘʝʪ, ʚʦ-ʧʝʨʚʳʭ, ʥʘ ʛʣʫ-
ʙʠʥʥʳʡ  ʩʝʜʠʤʝʥʪʦʛʝʥʝʟ (ʦʙʠʣʠʝ ʣʴʜʠʩʪʦʛʦ ʢʚʘʨʮʘ), ʘ, ʚʦ-ʚʪʦʨʳʭ, 
ʫʯʘʩʪʠʝ ʦʩʥʦʚʥʳʭ ʠ ʩʨʝʜʥʠʭ ʧʦʨʦʜ. ʂʨʦʤʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʨʝʭ 
ʤʠʥʝʨʘʣʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʨʪʠʪ (Th ʦʪ 2.7 ʜʦ 50 ʛ/ʪ), ʮʠʨʢʦʥ (Zr ʦʪ 
ʧʝʨʚʳʭ ʛ/ʪ ʜʦ ʧʝʨʚʳʭ ʢʛ/ʪ), ʩʬʝʥ, ʪʠʪʘʥ-ʙʘʨʠʝʚʳʡ ʩʠʣʠʢʘʪ, ʵʛʠʨʠʥ, 
ʛʣʘʫʢʦʬʘʥ, ʦʤʬʘʮʠʪ. ʉʦʜʝʨʞʘʥʠʝ ʧʦʩʣʝʜʥʠʭ ʪʨʝʭ ʤʠʥʝʨʘʣʦʚ ʥʝ 
ʚʳʩʦʢʦ, ʦʢʦʣʦ 0,5-1%, ʥʦ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠʩʪʦʨʠʠ  ʧʨʦʠʩʭʦʞʜʝʥʠʷ 
ʧʦʨʦʜ ʠ ʤʝʣʘʥʞʝ ʚ ʮʝʣʦʤ, ʦʥʠ ʠʛʨʘʶʪ ʚʝʜʫʱʫʶ ʨʦʣʴ. ʅʘ ʩʥʠʤʢʝ 
(ʨʠʩ.1.18) ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʜʠʘʬʪʦʨʝʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʭ ʩʣʘʥʮʝʚ 
ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʞʘʜʝʠʪʘ ʠ ʦʤʬʘʮʠʪʘ ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 90-
100 ʢʤ ʚ ʤʘʥʪʠʠ. ʅʘ ʥʝʤ ʢʨʫʧʥʳʡ ʧʦʨʬʠʨʦʙʣʘʩʪ ʥʘʪʨʠʡ- ʩʦʜʝʨ-



ʞʘʱʝʛʦ ʘʤʬʠʙʦʣʘ ʟʘʤʝʱʘʝʪ ʠ ʧʦʛʣʦʱʘʝʪ ʦʤʬʘʮʠʪʦʚʫʶ çʧʳʣʴè, 
ʧʨʠʩʫʪʩʪʚʫʶʱʫʶ ʚ ʘʣʴʙʠʪʝ. 

 

 
 

ʈʠʩʫʥʦʢ 1.18. ʇʨʦʮʝʩʩ ʟʘʤʝʱʝʥʠʷ ʤʝʣʢʦʛʦ ʦʤʬʘʮʠʪʘ  
ʢʨʫʧʥʳʤ ʧʦʨʬʠʨʦʙʣʘʩʪʦʤ ʘʤʬʠʙʦʣʘ 

ɼʘʥʥʳʡ ʩʥʠʤʦʢ ʥʘʛʣʷʜʥʦ ʦʙʲʷʩʥʷʝʪ ʧʨʦʮʝʩʩ ʵʢʩʛʫʤʘʮʠʠ, 
ʧʨʠ ʢʦʪʦʨʦʤ ʞʘʜʝʠʪ-ʦʤʬʘʮʠʪʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, ʦʙ-
ʨʘʟʦʚʘʥʥʳʝ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʚ ʤʘʥʪʠʠ, ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦʨʦʜ 
ʚ ʚʝʨʭʥʠʝ ʩʣʦʠ ʢʦʨʳ ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʧʦʨʦʜʳ ʥʠʟʢʠʭ ʜʘʚʣʝ-
ʥʠʡ. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʤʝʞʜʫ ʦʤʬʘʮʠʪʦʤ ʠ ʘʢʪʠʥʦʣʠʪʦʤ ʛʣʘʫʢʦ-
ʬʘʥ ʩʦʭʨʘʥʠʣʩʷ ʚ ʧʦʨʦʜʝ ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ. 

ɾʘʜʝʠʪʠʪʳ ʠ ʦʤʬʘʮʠʪʠʪʳ ʩʣʘʛʘʶʪ ʦʢʘʪʘʥʥʳʝ ʛʣʳʙʳ ʨʘʟ-
ʤʝʨʦʤ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʚ ʜʠʘʤʝʪʨʝ. 
ʇʦ ʩʦʩʪʘʚʫ ʨʘʟʣʠʯʘʶʪʩʷ ʞʘʜʝʠʪʠʪʳ (ʦʙʳʯʥʦ ʙʝʣʳʝ ʠʣʠ ʩʝʨʳʝ), 
ʦʤʬʘʮʠʪʠʪʳ (ʦʙʳʯʥʦ ʛʨʷʟʥʦ-ʟʝʣʝʥʳʝ) ʠ ʩʤʝʰʘʥʥʳʝ. ʖʚʝʣʠʨ-
ʥʳʡ ʦʢʨʘʩ ʠʤʝʶʪ ʪʦʣʴʢʦ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʠ ʙʝʣʳʝ ʞʘʜʝʠʪʠʪʳ, ʩʦ-
ʜʝʨʞʘɦ ʠʝ ʧʨʦʞʠʣʢʠ ʠ ʧʷʪʥʘ, ʦʙʦʛʘʱʝʥʥʳʝ ʪʨʝʭʦʢʠʩʴʶ ʭʨʦʤʘ. ɺ 
ʮʝʥʪʨʝ ʧʪ̫ʝʥ ʥʝʨʝʜʢʦ ʤʦʞʥʦ ʚʠʜʝʪ ʟʝʨʥʘ ʭʨʦʤʠʪʘ, ʦʪ ʢʦʪʦʨʳʭ 
ʨʘʩʧʨʦʩʪʨʘʥʷʪʁʩʷ ʟʝʣʝʥʳʝ ʟʦʥʳ ʨʘʟʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩʦʜʝʨ-
ʞʘʱʠʝ ʦʪ 5% ʜʦ  
0,5-0.3% Cr2O3 ʠ, ʧʨʠ ʵʪʦʤ ʯʝʤ, ʙʦʣʴʰʝ ʭʨʦʤʘ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ 
ʟʝʣʝʥʳʡ ʦʢʨʘʩ. ʆʤʬʘʮʠʪʠʪʳ ʪʘʢʞʝ ʧʦʜʚʝʨʞʝʥʳ ʦʢʨʘʰʠʚʘʥʠʶ 
ʪʨʝʭʦʢʠʩʴʶ ʭʨʦʤʘ, ʥʦ ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʦʞʝʥʠʷ ʟʝʣʝʥʦʛʦ ʦʢʨʘʩʘ ʥʘ 
ʧʝʨʚʠʯʥʳʡ ʛʨʷʟʥʦ-ʟʝʣʝʥʳʡ ʮʚʝʪ ʦʤʬʘʮʠʪʘ ʩʫʤʤʘʨʥʳʡ ʦʢʨʘʩ ʜʘ-
ʝʪ ʪʦʣʴʢʦ ʧʦʜʝʣʦʯʥʳʝ ʩʦʨʪʘ ʦʙʨʘʟʮʦʚ. ʄʘʩʩʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ 
ʩʦʩʪʘʚʘ ʜʠʦʧʩʠʜʘ, ʦʤʬʘʮʠʪʘ ʠ ʞʘʜʝʠʪʘ ʠʟ ʨʘʟʥʳʭ ʧʘʨʘʛʝʥʝʟʠ-
ʩʦʚ ʚʳʷʚʠʣʠ  ʜʚʘ ʨʘʟʨʳʚʘ ʩʤʝʩʠʤʦʩʪʠ ʵʪʠʭ ʪʨʝʭ ʤʠʥʝʨʘʣʦʚ 



ʤʝʞʜʫ ʩʦʙʦʡ. ʆʥʠ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.19. ʈʘʟʨʳʚ ʩʤʝʩʠʤʦʩʪʠ 
ʤʝʞʜʫ ʦʤʬʘʮʠʪʦʤ ʠ ʞʘʜʝʠʪʦʤ ʜʦʢʘʟʘʥ ʪʘʢʞʝ ʚ ʦʙʨʘʟʮʘʭ, ʛʜʝ ʵʪʠ 
ʜʚʘ ʤʠʥʝʨʘʣʘ ʪʝʩʥʦ ʩʨʘʩʪʘʶʪʩʷ (ʣʝʚʘʷ ʯʘʩʪʴ ʨʠʩ.1.19).    

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʨʘʟʥʳʭ ʧʦʨʦʜ ʥʘ ʀʪʤʫʨʫʥʜʠʥʩʢʦʤ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʠ ʚʳʷʚʣʝʥʦ ʪʨʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚʢʣʶʯʝʥʠʡ ʞʘʜʝʠʪʠ-
ʪʦʪʦʚ ʠ ʞʘʜʝʠʪ-ʩʦʜʝʞʘʱʠʭ ʧʦʨʦʜ (ʨʠʩʫʥʦʢ 1.20):                           

- ʦʢʘʪʘʥʥʳʝ ʛʣʳʙʳ ʩʝʨʳʭ ʠ ʙʝʣʳʭ ʞʘʜʝʠʪʠʪʦʚ ʩ ʚʢʣʶʯʝʥʠ-
ʷʤʠ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʝʥʦʛʦ ʞʘʜʝʠʪʘ; 

- ʛʣʳʙʳ ʘʣʴʙʠʪʠʪʦʚ (ʙʳʚʰʠʭ ʘʥʦʨʪʦʟʠʪʦʚ?), ʚ ʢʦʪʦʨʳʭ 
ʩʧʣʦʰʥʘʷ ʢʘʡʤʘ  ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʛʦ ʞʘʜʝʠʪʘ ʦʢʦʥʪʫʨʠʚʘʝʪ ʛʣʳ-
ʙʫ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ; 

- ʛʣʳʙʳ ʩʧʣʦʰʥʦʛʦ ʞʘʜʝʠʪʠʪʘ, ʦʢʘʡʤʣʝʥʥʦʛʦ ʩʦ ʩʪʦʨʦʥʳ 
ʩʝʨʧʝʥʪʠʥʠʪʘ ʘʤʬʠʙʦʣʠʪʦʤ ʘʢʪʠʥʦʣʠʪʦʚʦʛʦ ʨʷʜʘ.       

ʕʪʠ ʥʘʙʣʶʜʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʯʘʩʪʴ ʞʘ-
ʜʝʠʪʦʚʳʭ ʛʣʳʙ ʙʳʣʦ ʦʙʨʘʟʦʚʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʤʝʣʘʥʞʘ 
ʚ ʢʦʨʫ ʟʘ ʩʯʝʪ ʚʳʥʦʩʘ ʢʨʝʤʥʝʟʝʤʘ ʠ ʢʘʣʴʮʠʷ ʚ ʩʪʦʨʦʥʫ ʛʝʦʭʠʤʠ-
ʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ, ʢʦʪʦʨʳʤʠ ʷʚʣʷʣʠʩʴ ʩʝʨʧʝʥʪʠʥʠʪʳ ʠ ʥʘ ʢʦʥʪʘʢʪʝ 
ʩ ʢʦʪʦʨʳʤʠ ʙʳʣʘ ʦʙʨʘʟʦʚʘʥʘ ʨʝʘʢʮʠʦʥʥʘʷ ʘʤʬʠʙʦʣʠʪʦʚʘʷ ʢʘʡ-
ʤʘ. ʂʦʣʠʯʝʩʪʚʦ ʛʣʳʙ ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʙʳʣʦ, ʧʦ-ʚʠʜʠʤʦʤʫ ʚ ʥʘʯʘʣʝ 
ʧʫʪʠ ʚʝʣʠʢʦ, ʥʦ ʚ ʧʨʦʮʝʩʩʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠʭ ʚ ʩʦʩʪʘʚʝ ʤʝ-
ʣʘʥʞʘ ʘʢʪʠʥʦʣʠʪʦʚʘʷ ʢʘʡʤʘ ʧʨʦʩʪʦ ʙʳʣʘ ʵʨʦʜʠʨʦʚʘʥʘ. 

 
 



 

ʈʠʩʫʥʦʢ 1.19. ʈʘʟʨʳʚʳ ʩʤʝʩʠʤʦʩʪʠ ʚ ʨʷʜʫ ʜʠʦʧʩʠʜ ï ʞʘʜʝʠʪ. 

 
 

 
 
 

ʈʠʩʫʥʦʢ 1. 20. ʊʠʧʳ ʞʘʜʝʠʪʦʚʳʭ ʠ  
ʞʘʜʝʠʪ-ʩʦʜʝʨʞʘʱʠʭ ʚʢʣʶʯʝʥʠʡ  ʚ ʤʝʣʘʥʞʝ (ʩʤ. ʪʝʢʩʪ) 

 
ʂʦʤʧʣʝʢʩ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʫʤʝʨʝʥʥʳʭ ʜʘʚʣʝʥʠʡ ʠʤʝ-

ʝʪ ʨʘʟʚʠʪʠʝ ʚʦ ʚʩʝʭ ʧʦʷʩʘʭ, ʥʦ ʧʦʣʥʦʪʘ ʝʛʦ ʧʦʨʦʜʥʦʛʦ ʩʦʩʪʘʚʘ 
ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʚ ʏʘʨʩʢʦʤ ʧʦʷʩʝ.  

ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ  ʙʝʟʛʨʘʥʘʪʦʚʳʝ ʘʤʬʠʙʦʣʠʪʳ, ʘʥʦʨʪʦ-
ʟʠʪ,r ʘʥʦʨʪʦʟʠʪ- ʮʦʟʠʪʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, ʟʝʣʝʥʦ-
ʩʣʘʥʮʝʚʳʝ ʜʠʘʬʪʦʨʠʪʳ ʧʦ ʘʤʬʠʙʦʣʠʪʘʤ, ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʳ, 
ʪʦʥʘʣʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪʳ, ʦʙʰʠʨʥʘʷ ʛʨʫʧʧʘ ʢʚʘʨʮʠʪʦʚ ʦʪ ʩʝʨʳʭ 
ʠ ʪʝʤʥʦ-ʩʝʨʳʭ ʜʦ ʙʝʣʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʣʘʥʞʝ ʜʘʥʥʦʛʦ ʪʠ-
ʧʘ ʜʘʝʪ ʨʠʩʫʥʦʢ 1.21. 

 



 
 

ʈʠʩʫʥʦʢ 1. 21. ʄʝʣʘʥʞ ʚʪʦʨʦʛʦ ʪʠʧʘ  
ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʜʝʨʝʚʥʠ ɹʘʪʫʨʠʥʢʘ.  

 

1-ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ; 2-ʣʠʩʪʚʝʥʠʪʳ; 3-ʨʝʣʠʢʪʦʚʳʡ ʚʳʭʦʜ  
ʤʝʣʘʥʞʘ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩ ʵʢʣʦʛʠʪʘʤʠ, ʛʨʘʥʘʪʦʚʳʤʠ ʘʤʬʠʙʦʣʠʪʘʤʠ;  

4- ʧʣʘʛʠʦʢʣʘʟ-ʩʦʜʝʨʞʘʱʠʝ ʘʤʬʠʙʦʣʠʪʳ, ʯʘʩʪʠʯʥʦ  
ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩ ʤʘʣʤrʠ ʪʝʣʘʤʠ ʪʦʥʘʣʠʪʦʚ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ;  

5-ʟʝʣʝʥʳʝ ʩʣʘʥʮʳ; 6-ʪʦʥʘʣʠʪʳ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʳ;  
7- ʛʘʙʙʨʦʠʜʳ ʠ ʙʘʟʘʣʴʪʳ ʦʙʲʝʜʠʥʝʥʥʳʝ;  

8- ʙʘʟʘʣʴʪʳ ʆ2 ʩ ʧʨʦʩʣʦʷʤʠ ʬʪʘʥʠʪʦʚ;  
9-ʤʠʢʨʦʢʚʘʨʮʠʪʳ D2; 10-ʠʟʚʝʩʪʥʷʢʠ ʉ1;  

11-ʜʘʡʢʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʉ2-3;  
12- ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʝ ʩʣʘʥʮʳ. 

 

ɹʝʟʛʨʘʥʘʪʦʚʳʝ ʘʤʬʠʙʦʣʠʪʳ ʩʣʦʞʝʥʳ ʙʫʨʦ-ʟʝʣʝʥʦʡ  ʨʦʛʦ-
ʚʦʡ ʦʙʤʘʥʢʦʡ ʠ ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥʥʳʤ ʧʣʘʛʠʦʢʣʘʟʦʤ. ʆʪʤʝʯʝʥʳ 
ʨʝʣʠʢʪʳ ʧʠʨʦʢʩʝʥʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʨʦʜʘ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʢʘʢ ʤʝ-
ʪʘʛʘʙʙʨʦ ʠʣʠ ʤʝʪʘʜʠʘʙʘʟ. ʂʚʘʨʮʠʪʳ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʴ ʤʫʩʢʦʚʠ-
ʪʘ, ʛʨʘʬʠʪʘ, ʨʫʪʠʣʘ. ɻʘʙʙʨʦ ʠʤʝʝʪ ʪʠʧʠʯʥʳʡ ʵʚʢʨʠʪʦʚʳʡ ʩʦʩʪʘʚ: 
ʧʣʘʛʠʦʢʣʘʟ-ʢʣʠʥʦʧʠʨʦʢʩʝʥ-ʘʤʬʠʙʦʣ.. ʇʦ ʥʠʤ ʨʘʟʚʠʚʘʶʪʩʷ ʜʚʘ 
ʪʠʧʘ ʨʦʜʠʥʛʠʪʦʚ : ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩ ʮʦʠʟʠʪʦʤ ʠ ʚʳʩʦʢʦʪʝʤ-
ʧʝʨʘʪʫʨʥʳʡ ʩ ʛʨʘʥʘʪʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʛʨʦʩʩʫʣʷʨʦʚʦʛʦ ʩʦʩʪʘʚʘ. 
ʂʠʩʣʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʥʘʣʠʪʘʤʠ, ʧʣʘ-
ʛʠʦʛʨʘʥʠʪʘʤʠ, ʧʣʘʛʠʦʩʠʝʥʠʪʘʤʠ. ʉʦʩʪʘʚ ʘʣʴʙʠʪ-ʦʣʠʛʦʢʣʘʟ 65-
75%, ʢʚʘʨʮ 18-25%, ʤʠʢʨʦʢʣʠʥ 0-3%, ʪʝʤʥʦʮʚʝʪʥʳʝ ʤʠʥʝʨʘʣʳ 2-
7%. ɻʣʘʚʥʳʤʠ ʪʝʤʥʦʮʚʝʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ  ʧʫʤʧʝʣ-
ʣʠʠʪ, ʘʥʪʦʬʠʣʣʠʪ, ʵʧʠʜʦʪ, ʭʣʦʨʠʪ, ʢʦʨʠʯʥʝʚʦ - ʢʨʘʩʥʳʡ ʮʠʨʢʦʥ. 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʣʘʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʥʠʟʢʦʙʘʨʠʯʝ-
ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1.9. ɸʤʬʠʙʦʣʠʪʳ ʠ ʵʚʢʨʠ-



ʪʦʚʳʝ ʛʘʙʙʨʦ ʥʝ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʨʘʟʣʠʯʠʡ ʠ ʩʢʦʨʝʝ ʚʩʝ-
ʛʦ ʘʤʬʠʙʦʣʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʫʶ ʬʘ-
ʮʠʶ ʛʘʙʙʨʦʠʜʦʚ. ɸʥʦʨʪʦʟʠʪʳ ʧʦʯʪʠ ʪʦʯʥʦ  ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʨʝʜ-
ʥʝʤʫ  ʟʝʤʥʦʤʫ ʘʥʦʨʪʦʟʠʪʫ [28]. ʂʚʘʨʮʠʪʳ ʷʚʣʷʶʪʩʷ ʤʝʪʘʤʦʨʬʠ-
ʯʝʩʢʦʡ ʬʘʮʠʝʡ ʬʪʘʥʠʪʦʚ. ɻʘʙʙʨʦʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʠʟʚʝʩʪ-
ʢʦʚʦ-ʱʝʣʦʯʥʳʭ ʠ ʢʦʥʪʨʘʩʪʥʦ ʦʪʣʠʯʘʶʪʩʷ  ʦʪ ʦʬʠʦʣʠʪʦʚʳʭ ʙʘ-
ʟʘʣʴʪʦʚ ʠ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʥʠʭ ʢʝʨʩʫʪʠʪʦʚʳʭ ʛʘʙʙʨʦ-
ʜʠʘʙʘʟʦʚ. ʂʠʩʣʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʛʨʫʧʧʫ ʪʦʥʘʣʠʪʦʚ ʠ ʧʣʘ-
ʛʠʦʛʨʘʥʠʪʦʚ. 

 

ʊʘʙʣʠʮʘ 1.9. ʉʦʩʪʘʚ ʛʣʘʚʥʳʭ ʪʠʧʦʚ ʧʦʨʦʜ ʥʠʟʢʦʙʘʨʠʯʝʩʢʦ-
ʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʏʘʨʩʢʦʤ ʤʝʣʘʥʞʝ. 

ʆʢʠʩʣʳ 1(6) 2(12) 3(2) 4(5) 5(6) 

SiO2 46,11 49,57 54,82 73,34 88,64 

TiO2 1,42 0,91 0,26 0,25 0,29 

Al2O3 16,30 16,00 22,99 14,07 4,24 

Fe2O3 2,29 1,97 1,50 1,18 0,79 

FeO 7,66 7,93 1,65 0,67 2,52 

MnO 0,22 0,17 0,05 0,02 0,13 

MgO 8,92 6,38 1,95 0,83 1,18 

CaO 12,32 9,24 9,21 1,12 0,33 

Na2O 1,84 3,14 5,97 5,97 0,37 

K2O 0,93 0,57 0,13 0,64 0,77 

P2O5 0,10 0,12 0,03 0,04 0,07 

ʇ.ʧ.ʧ 1,53 2,50 1,46 0,78 0,55 

ʉʫʤʤʘ 99,64 99,10 100,02 98,91 99,88 

ʇʨʠʤʝʯʘʥʠʝ: ʚ ʩʢʦʙʢʘʭ - ʯʠʩʣʦ ʘʥʘʣʠʟʦʚ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʝ ʧʦʨʦʜʳ;  

1-ʤʝʪʘʘʤʬʠʙʦʣʠʪʳ, ʫʯʘʩʪʢʘʤʠ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ; 2- ʵʚʢʨʠʪʦʚʳʝ ʛʘʙ-
ʙʨʦ; 3-ʘʥʦʨʪʦʟʠʪʳ, 4-ʧʣʘʛʠʦʛʨʘʥʠʪʳ, 5- ʤʝʪʘʬʪʘʥʠʪʳ. 



1.5 ɺʦʟʤʦʞʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠ-
ʨʦʚʘʥʠʷ ʦʬʠʦʣʠʪʦʚ. 

 
ʇʝʨʚʳʝ ʠʟʦʪʦʧʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʧʦʷʚʣʝʥʠʷ ʦʬʠʦʣʠʪʦʚ  ʚ 

ʩʪʨʫʢʪʫʨʘʭ ʂʘʟʘʭʩʪʘʥʘ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʥʥʝʤʫ ʂʝʤʙʨʠʶ. ʆʥʠ ʦʪʤʝ-
ʯʝʥʳ ʚ ɾʘʣʘʠʨ-ʅʘʡʤʘʥʩʢʦʡ ʟʦʥʝ (521Ñ2 ʄʘ ʠ 519Ñ4 ʄʘ, [14], ʚ 
ɹʦʟʰʘʢʦʣʴʩʢʦʡ ʟʦʥʝ (524Ñ4 ʄʘ, [14], ʚ ʦʬʠʦʣʠʪʦʚʦʤ ʧʦʷʩʝ 
Tangbale ʚ ʟʘʧʘʜʥʦʤ ʉʠʥʮʟʷʥʝ (531Ñ15 ʄʘ, [12] ʠ 502Ñ18 ʄʘ, [13] 
ʠ ʚ ʂʦʢʰʝʪʘʫʩʢʦʤ ʤʘʩʩʠʚʝ ʚ ʤʝʣʘʥʞʝ ʂʫʤʜʳ-ʂʦʣʴ (530Ñ7 ʄʘ [9]. 
ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʨʦʤʝ ʧʦʷʩʘ Tangbale, ʛʜʝ ʚʦʟʨʘʩʪ ʦʧʨʝʜʝʣʝʥ 
ʧʦ 20 ʟʝʨʥʘʤ ʮʠʨʢʦʥʘ ʠʟ ʨʘʩʩʣʦʝʥʥʳʭ ʛʘʙʙʨʦ ʠ ʧʦ ʩʬʝʥʫ ʠʟ ʣʝʡ-
ʢʦʛʘʙʙʨʦ, ʚ ʯʝʪʳʨʝʭ ʜʨʫʛʠʭ ʪʦʯʢʘʭ ʚʦʟʨʘʩʪ ʦʧʨʝʜʝʣʝʥ ʧʦ ʮʠʨʢʦʥʫ 
ʣʠʙʦ ʠʟ ʪʦʥʘʣʠʪʦʚ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʦʬʠʦ-
ʣʠʪʘʤʠ [14], ʣʠʙʦ  ʚʦʚʩʝ ʧʦ ʮʠʨʢʦʥʫ ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʙʠʦʪʠʪ-
ʛʨʘʥʘʪʦʚʳʭ ʛʥʝʡʩʦʚ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʘʣʤʘʟʦʥʦʩʥʳʤʠ ʵʢʣʦʛʠ-
ʪʘʤʠ ʠ ʫʣʴʪʨʘʤʘʬʠʪʘʤʠ.  ɼʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʠʯʠʥʥʦʡ ʩʚʷʟʠ ʦʬʠ-
ʦʣʠʪʦʚ ʩ ʩʫʙʜʫʢʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʨʘʥʥʝʛʦ ʂʝʤʙʨʠʷ ʠʤʝʶʪʩʷ 
ʪʦʣʴʢʦ ʚ ʂʫʤʜ -rʂʦʣʴʩʢʦʤ ʤʝʣʘʥʞʝ, ʛʜʝ ʠ ʚ ʛʥʝʡʩʘʭ ʠ ʚ ʵʢʣʦʛʠʪʘʭ 
ʫʩʪʘʥʦʚʣʝʥʳ ʘʣʤʘʟʳ ʩ ʤʠʢʨʦʢʣʶʯʝʥʠʷʤʠ ʢʦʵʩʠʪʘ. ʕʪʠ ʜʘʥʥʳʝ 
ʧʦʟʚʦʣʷʶʪ ʘʚʪʦʨʘʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʂʦʢʰʝʪʘ-
ʫʩʢʦʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʠʣʠ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ ʚ ʮʝʣʦʤ ʚ ʧʝʨʠʦʜ ʩ 
535 ʜʦ 523 Ma ʧʦʛʨʫʞʘʣʩʷ ʚ ʤʘʥʪʠʶ ʥʘ ʛʣʫʙʠʥʫ 150-200 ʢʤ [29]. 

ʆʙʨʘʱʘʷʩʴ ʪʝʧʝʨʴ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʚʠʜʠʤ, ʯʪʦ ʥʠ 
ʚ ʦʜʥʦʤ ʪʝʨʨʝʡʥʝ ʢʘʟʘʭʩʪʘʥʩʢʠʭ ʢʘʣʝʜʦʥʠʜ ʚ ʧʦʟʜʥʝʤ ʇʨʦʪʝʨʦ-
ʟʦʝ ʠ ʚ ʨʘʥʥʝʤ ʂʝʤʙʨʠʠ ʥʝ ʦʪʤʝʯʝʥʳ ʬʘʮʠʠ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ, 
ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʣʠ ʙʳ ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʫʶ ʩʫʙʜʫʢʮʠʶ ʚ ʝʝ 
ʢʣʘʩʩʠʯʝʩʢʦʤ ʚʘʨʠʘʥʪʝ. ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʬʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʣʠʙʦ ʙʘʟʘʣʴʪʘʤʠ ʠ ʱʝʣʦʯʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʝʣ-
ʢʦʚʦʜʥʳʤʠ ʣʝʥʪʠʢʫʣʷʨʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ (ʄʘʡʢʘʠʥ-
ʂʳʟʳʣʪʘʩʩʢʠʡ, ɹʘʣʢʠʙʝʢʩʢʠʡ ʠ ʊʦʢʘʡʩʢʠʡ ʪʝʨʨʝʡʥʳ ʇʨʠʯʠʥ-
ʟʠʟʴʷ, ɺʦʩʪʦʯʥʦ-ɽʨʤʝʥʪʘʫʩʢʠʡ ʠ ɾʘʣʘʠʥ-ʅʘʡʤʘʥʩʢʠʡ ʪʝʨʨʝʡʥʳ), 
ʣʠʙʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-ʨʠʦʣʠʪʦʚʳʤʠ ʠ 
ʙʘʟʘʣʴʪ-ʨʠʦʣʠʪʦʚʳʤʠ ʩʝʨʠʷʤʠ (ʎʝʥʪʨʘʣʴʥʦ-ʐʠʥʛʠʟʩʢʠʡ, ɹʦʟʘh-
ʢʦʣʴʩʢʠʡ, ɸʱʠʢʦʣʴʩʢʠʡ, ʉʝʣʝʪʠʥʩʢʠʡ ʪʝʨʨʝʡʥʳ). ɽʜʠʥʩʪʚʝʥʥʘʷ 
ʩʝʨʠʷ, ʚ ʦʪʥʦʰʝʥʠʠ  ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʡ ʧʨʠ-
ʥʘʜʣʝʞʥʦʩʪʠ ʢ ʦʢʝʘʥʠʯʝʩʢʦʡ ʬʘʮʠʠ, ʷʚʣʷʝʪʩʷ ʢʘʨʩʘʢʧʘʡʩʢʘʷ ʩʝ-
ʨʠʷ Pt3-ú1 , ʩʣʦʞʝʥʥʘʷ ʧʦʨʬʠʨʠʪʦʠʜʘʤʠ, ʘʤʬʠʙʦʣʠʪʘʤʠ ʠ ʟʝʣʝ-
ʥʳʤʠ ʩʣʘʥʮʘʤʠ ʧʦ ʦʩʥʦʚʥʳʤ ʚʫʣʢʘʥʠʪʘʤ, ʩ ʨʝʜʢʠʤʠ ʣʠʥʟʘʤʠ ʠ 
ʧʨʦʩʣʦʷʤʠ ʤʨʘʤʦʨʦʚ ʠ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ [30]. ʆʜʥʘʢʦ, ʦʙ-
ʨʘʱʘʷʩʴ ʢ ʵʪʠʤ ʞʝ ʘʚʪʦʨʘʤ, ʚʠʜʠʤ, ʯʪʦ ʧʦ ʩʦʩʪʘʚʫ ʧʝʨʝʯʠʩʣʝʥ-
ʥʳʝ ʤʝʪʘʙʘʟʠʪʳ ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ ʩ ʱʝʣʦʯʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ ʠ 



ʪʦʣʝʡʠʪʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʪʠʧʘ, ʘ ʧʨʠʩʫʪʩʪʚʠʝ 
ʤʨʘʤʦʨʦʚ ʠ ʚʦʚʩʝ  ʩʙʣʠʞʘʝʪ ʝʝ ʩ ʙʘʣʢʠʙʝʢʩʢʦʡ ʠ ʜʨʫʛʠʤ ʧʦʜʦʙ-
ʥʳʤ ʩʚʠʪʘʤ. ʀʟʚʝʩʪʥʦ ʟʥʘʤʝʥʠʪʦʝ ʠʟʨʝʯʝʥʠʝ ʂʦʣʤʘʥʘ ʦ ʪʦʤ, ʯʪʦ 
ʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʦʬʠʦʣʠʪʦʚ ʥʘʜʦ ʩʫʜʠʪʴ ʥʝ ʧʦ ʙʘ-
ʟʘʣʴʪʘʤ ʠ ʜʘʞʝ ʥʝ ʧʦ ʤʘʬʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ, ʘ ʧʦ ʩʝʜʠʤʝʥʪʘʤ, 
ʘʩʩʦʮʠʠʨʫʶʱʠʤ ʩ ʦʬʠʦʣʠʪʘʤʠ. ʇʨʠʚʝʜʝʥʥʳʝ ʩʦʚʦʢʫʧʥʳʝ ʜʘʥ-
ʥʳʝ ʧʨʠʚʦʜʷʪ ʢ ʧʨʠʟʥʘʥʠʶ ʚ ʨʘʥʥʝʤ ʂʝʤʙʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʩʠʩʪʝ-
ʤʳ ʤʝʣʢʦʚʦʜʥʳʭ ʤʘʨʛʠʥʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʨʠʬʪʦʚʦʛʦ ʪʠʧʘ, ʨʘʟ-
ʜʝʣʝʥʥʳʭ ʜʫʛʘʤʠ ʩ ʢʦʥʪʨʘʩʪʥʳʤ ʚʫʣʢʘʥʠʟʤʦʤ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʠ 
ʦʢʨʘʠʥʥʦʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʠʧʦʚ. ʇʦʟʠʮʠʷ ʂʫʤʜʳ-ʂʦʣʴʩʢʦʛʦ ʤʝ-
ʣʘʥʞʘ ʠ ʝʛʦ ʩʫʙʜʫʢʮʠʦʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʥʠʢʘʢʠʤʠ ʛʝʦʣʦʛʠʯʝ-
ʩʢʠʤʠ ʜʘʥʥʳʤʠ ʧʦʢʘ ʥʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʘ ʠ ʦʧʠʨʘʝʪʩʷ ʚ ʦʩʥʦʚ-
ʥʦʤ ʥʘ ʪʝʦʨʠʶ ʦ ʤʘʥʪʠʡʥʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʘʣʤʘʟʦʚ. ɽʩʣʠ ʘʚʪʦ-
ʨʳ ʵʪʦʡ ʤʦʜʝʣʠ ʩʤʝʣʦ ʧʦʛʨʫʞʘʶʪ ʚʝʩʴ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ ʚ ʤʘʥʪʠʶ 
ʥʘ ʛʣʫʙʠʥʫ ʜʦ 200 ʠ ʙʦʣʝʝ ʢʤ, ʪʦ ʧʦʯʝʤʫ ʘʣʤʘʟʳ ʧʦʷʚʠʣʠʩʴ 
ʪʦʣʴʢʦ ʚ ʂʫʤʜʳ-ʂʦʣʴʩʢʦʤ ʤʝʣʘʥʞʝ ʠ ʠʭ ʥʝʪ ʙʦʣʴʰʝ ʥʠʛʜʝ ʚ 
ʤʘʩʰʪʘʙʝ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ. ɺ ʵʪʦʤ ʚʦʧʨʦʩʝ ʧʦʢʘ ʙʦʣʴʰʝ ʟʘʛʘ-
ʜʦʢ, ʯʝʤ ʨʝʘʣʴʥʳʭ ʨʝʰʝʥʠʡ.  

ɺ ʧʝʨʠʦʜ ʩ ʧʦʟʜʥʝʛʦ ʂʝʤʙʨʠʠʷ ʠ ʜʦ ʩʨʝʜʥʝʛʦ ʆʨʜʦʚʠʢʘ 
ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʤʝʥʷʝʪʩʷ: ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʢʦʨʘ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ, 
ʫʚʝʣʠʯʠʣʘʩʴ ʨʦʣʴ ʦʬʠʦʣʠʪʦʚ, ʫʢʘʟʳʚʘʶʱʘʷ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʩʫʙ-
ʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʝʥʥʳʝ ʜʦʢʘʟʘʪʝʣʴ-
ʩʪʚʘ ʵʢʩʛʫʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʫʙʜʫʢʮʠʠ. 
ʆʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ ʚ ʬʦʨʤʝ ʷʰʤʦ-ʙʘʟʘʣʴʪʦʚʳʭ ʠ ʷʰʤʦʚʳʭ ʢʦʤ-
ʧʣʝʢʩʦʚ, ʟʘʯʘʩʪʫʶ ʦʙʦʛʘʱʝʥʥʳʭ ʤʘʨʛʘʥʮʝʚʳʤʠ ʠ ʛʝʤʘʪʠʪ-
ʤʘʨʛʘʥʮʝʚʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʨʫʜʘʤʠ, ʦʪʤʝʯʝʥʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 
ʟʦʥ: ʉʘʨʳʩʫ-ʊʝʥʠʟ, ɽʨʤʝʥʪʘʫ, ɸʪʘʩʫ, ɹʦʟʰʘʢʦʣʴ, ʄʘʡʢʘʠʥ-
ʂʳʟʳʣʪʘʩ, ʊʝʢʪʫʨʤʘʩ, ɸʛʘʜʳʨʴ, ʀʪʤʫʨʫʥʜʳ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘ-
ʟʘʭʩʪʘʥʝ, ʏʠʥʛʠʟ-ʊʘʨʙʘʛʘʪʘʡ, ʟʘʧʘʜʥʘʷ ɾʦʥʛʘʨʠʷ, ʏʘʨʩʢʠʡ ʧʦʷʩ 
ʚ ɺʦʩʪʦʯʥʦʤ ʂʘʟʘʭʩʪʘʥʝ. ɹʘʟʘʣʴʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʘʢ ʵʪʦ ʚʠʜʥʦ 
ʠʟ ʨʠʩʫʥʢʘ 1.14, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʱʝʣʦʯʥʳʤʠ ʠ ʪʦ-
ʣʝʡʠʪʦʚʳʤʠ ʩʝʨʠʷʤʠ ʩ ʦʪʯʝʪʣʠʚʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʝʨʚʳʭ. ɺ 
ʩʝʜʠʤʝʥʪʥʦʤ ʧʨʦʮʝʩʩʝ ʜʦʤʠʥʠʨʫʶʪ ʢʨʝʤʥʠʩʪʳʝ ʬʘʮʠʠ, ʚ ʦʪʣʠ-
ʯʠʝ ʦʪ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʚ ʨʘʥʥʝʤ ʂʝʤʙʨʠʠ. ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ ʷʰʤʦ-ʙʘʟʘʣʴʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ 
ʜʚʫʤʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ ʠ ʤʦʜʝʣʷʤʠ: ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ ʩ ʫʯʘʩʪʠ-
ʝʤ ʦʩʪʨʦʚʦʚ (ʨʠʩ. 1.22) ʠ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʘʨʭʠʧʝʣʘʛʘ ʩ ʤʠʢʨʦ-
ʢʦʥʪʠʥʝʥʪʘʤʠ, ʛʣʫʙʦʢʦʚʦʜʥʳʤʠ ʙʘʩʩʝʡʥʘʤʠ ʠ ʨʘʟʚʝʪʚʣʝʥʥʦʡ 
ʩʝʪʴʶ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʪʨʝʥʯʝʡ, ʪʠʧʘ ʖʛʦ-ɿʘʧʘʜʥʦʡ ʀʥʜʦʥʝʟʠʠ 
(ʈʠʩ. 1.23). ʇʝʨʚʘʷ ʤʦʜʝʣʴ ʫʷʟʚʠʤʘ, ʪ.ʢ., ʦʢʝʘʥʠʯʝʩʢʠʝ ʦʩʪʨʦʚʘ 



ʯʘʱʝ ʚʩʝʛʦ ʥʝʩʫʪ ʥʘ ʩʝʙʝ ʢʦʨʘʣʣʦʚʳʝ ʰʘʧʢʠ, ʦʙʠʣʠʝ ʢʦʪʦʨʳʭ ʚ 
ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʝ ʦʪʤʝʯʝʥʦ. ɺʪʦʨʘʷ ʤʦʜʝʣʴ  ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠ-
ʪʝʣʴʥʘ, ʪ.ʢ., ʧʦʜʢʨʝʧʣʷʝʪʩʷ ʦʙʠʣʠʝʤ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʦʚ ʥʝ ʪʦʣʴʢʦ 
ʚ ʂʘʟʘʭʩʪʘʥʝ, ʥʦ ʠ ʥʘ ʚʩʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ 
ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ. 

 
 

ʈʠʩʫʥʦʢ 1. 22. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ,  
ʦʙʲʷʩʥʷʶʱʘʷ ʩʦʚʤʝʱʝʥʠʝ ʚ ʏʘʨʩʢʦʤ ʧʦʷʩʝ  ʱʝʣʦʯʥʳʭ ʠ  

ʪʦʣʝʡʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ.   
 

1- ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ; 2- ʦʢʝʘʥʠʯʝʩʢʘʷ ʧʣʠʪʘ; 3- ʩʠʤʘʫʥʪ, ʩʣʦʞʝʥʥʳʡ ʱʝ-
ʣʦʯʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ, ʧʝʨʝʢʨʳʪʳʤʠ ʨʠʬʦʚʦʡ ʰʘʧʢʦʡ 

 



 
 

ʈʠʩʫʥʦʢ 1.23. ʉʦʚʨʝʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ɺʦʩʪʦʯʥʦʡ ʀʥʜʦʥʝʟʠʠ [31].  
 

1- ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʳ; 2- ʟʦʥʳ ʩʫʙʜʫʢʮʠʡ ʘʢʪʠʚʥʳʝ;  
3- ʪʦ ʞʝ, ʧʘʩʩʠʚʥʳʝ; 4-ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʜʫʛʠ 

ʇʨʠ ʦʮʝʥʢʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ 
ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢ-
ʩʳ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʶʪ ʦʬʠʦʣʠʪʦʚʳʝ ʧʦʷʩʘ ʧʦʩʪʦʷʥʥʦ ʠ ʧʦ-
ʚʩʝʤʝʩʪʥʦ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʠʭ ʚʳʪʝʢʘʝʪ ʠʟ ʩʘʤʦʡ ʠʜʝʠ ʩʫʙʜʫʢ-
ʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʧʦʩʢʦʣʴʢʫ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ ʧʦʛʨʫʞʘʝʪʩʷ ʚ 
ʤʘʥʪʠʶ ʥʘ ʛʨʘʥʠʮʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʧʣʠʪʳ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ 
ʩʪʨʫʢʪʫʨʳ (ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ, ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʦʢʨʘʠʥʘ), ʪʦ ʥʘ ʚʦʩ-
ʭʦʜʷʱʝʡ ʬʘʟʝ ʩʝʨʧʝʥʪʠʥʠʪʦʚʳʡ ʤʝʣʘʥʞ, ʥʘʨʷʜʫ ʩ ʛʣʫʙʦʢʦ ʤʝ-
ʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʟʘʭʚʘʯʝʥʥʳʤʠ ʚ ʤʘʥʪʠʠ (HP/UHP 
ʤʝʪʘʤʦʨʬʠʟʤ), ʜʨʝʥʠʨʫʝʪ ʠ ʪʷʥʝʪ  ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʬʨʘʛʤʝʥʪʳ 
ʢʦʨʥʝʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʠʣʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ʚ ʩʦʦʪʚʝʪ-
ʩʪʚʠʠ ʩ ʤʝʭʘʥʠʟʤʦʤ, ʦʪʦʙʨʘʞʝʥʥʦʤ ʥʘ ʨʠʩʫʥʢʝ 1.4. ʅʘʛʣʷʜʥʳʤ 
ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʩʣʫʞʠʪ ʨʠʩʫʥʦʢ 1.12, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ 
ʙʘʟʘʣʴʪ-ʷʰʤʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʛʘʙ-
ʙʨʦʠʜʦʚ  ʠ ʤʝʪʘʙʘʟʠʪʦʚ LT ʚ ʤʝʣʘʥʞʝ ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ 
ʨʦʜʩʪʚʝʥʥʠʢʘʤʠ, ʘ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʜʦʣʞʥʳ 
ʚʢʣʶʯʘʪʴʩʷ ʚ ʩʦʩʪʘʚ ʦʬʠʦʣʠʪʦʚ. ʕʪʫ ʠʜʝʶ ʚʧʝʨʚʳʝ ʦʟʚʫʯʠʣ 
ɸ.ʄʠʘʰʠʨʦ ʚ 1973 ʛʦʜʫ  ʚ ʦʬʠʦʣʠʪʦʚʳʭ ʧʦʷʩʘʭ ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ 
ʦʙʨʘʤʣʝʥʠʷ, ʚʳʜʝʣʠʚ ʧʘʨʥʳʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʷʩʘ, ʩʦʦʪʚʝʪ-
ʩʪʚʝʥʥʦ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʝ ʠ ʥʠʟʢʦʙʘʨʠʯʝʩʢʠʝ [32].  



ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʦʬʠʦʣʠʪʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ 
ʦʮʝʥʝʥʘ ʧʦ ʮʠʨʢʦʥʫ ʠʟ ʦʬʠʦʣʠʪʦʚʳʭ ʨʘʩʩʣʦʝʥʥʳʭ ʛʘʙʙʨʦ ʫʨʘʥ-
ʩʚʠʥʮʦʚʳʤ ʤʝʪʦʜʦʤ. ʆʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 497-475 ʄʘ, 
ʯʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʛʨʘʥʠʮʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʢʦʥʦʜʦʥʪʦʚ ʚ ʷʰʤʘʭ, 
ʘʩʩʦʮʠʠʨʫʶʱʠʭ ʩ ʙʘʟʘʣʴʪʘʤʠ. ɺʦʟʨʘʩʪ HP/UHP ʢʦʤʧʣʝʢʩʘ  ʥʘ 
ʧʨʦʛʨʘʜʥʦʡ ʩʪʘʜʠʠ ʚ ʧʨʠʥʮʠʧʝ ʩʦʚʧʘʜʘʝʪ ʩ ʚʦʟʨʘʩʪʦʤ ʦʬʠʦʣʠ-
ʪʦʚ: ʚ ʢʚʘʨʮʠʪʘʭ ʏʘʨʘ 495-484 ʄʘ ʧʨʠ ʜʦʧʫʱʝʥʠʠ ʢʦʥʢʦʨʜʘʥʪʥʦ-
ʩʪʠ ʧʦ  
206/238 ï 207/235 ʠ 506-494ʄʘ ʧʨʠ ʜʦʧʫʱʝʥʠʠ ʢʦʥʢʦʨʜʘʥʪʥʦʩʪʠ 
ʧʦ 206/238 ï 208/232. ʅʘ ʨʝʪʨʦʛʨʘʜʥʦʡ ʩʪʘʜʠʠ ʚ ʢʚʘʨʮʠʪʘʭ ʏʘʨʘ  
456-453ʄʘ ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʧʦ 206/238 ï 207/235 ʠ ʚ ʵʢʣʦʛʠʪʘʭ 
ʏʘʨʘ 449-450ʄʘ ʩʣʶʜʳ ʠ ʘʤʬʠʙʦʣ Ar-Ar ʤʝʪʦʜʦʤ. ɺ ʞʘʜʝʠʪ-
ʦʤʬʘʮʠʪʦʚʳʭ ʩʣʘʥʮʘʭ ʥʘ ʨʝʪʨʦʛʨʘʜʥʦʡ ʩʪʘʜʠʠ 466-458 ʄʘ ʢʦʥ-
ʢʦʨʜʘʥʪʥʳʡ ʧʦ 206/238 ï 207/235. ʈʘʩʯʝʪʳ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ 
ʮʠʬʨʘʤ ʧʨʠʚʦʜʷʪ ʢ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʜʲʝʤʘ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ 
ʧʦʨʦʜ ʠʟ ʤʘʥʪʠʠ ʥʘ ʥʘʙʣʶʜʘʝʤʳʡ ʫʨʦʚʝʥʴ ʢ 25-35ʄʘ, ʯʪʦ ʚ 5-7 
ʨʘʟ ʧʦʥʠʞʘʝʪ ʪʘʢʠʝ ʞʝ ʦʮʝʥʢʠ , ʩʜʝʣʘʥʥʳʝ ʅ.ʃ.ɼʦʙʨʝʮʦʚʳʤ ʠ 
ʜʨ. [29] ʜʣʷ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʨʦʜ ʂʦʢh ʝʪʘʫʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʀʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ ʦʪ ʩʨʝʜʥʝʛʦ ʆʨʜʦʚʠʢʘ ʜʦ ʨʘʥʥʝʛʦ ɼʝʚʦʥʘ 
(ʦʢʣʦʣʦ 50 ʤʣʥ. ʣʝʪ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʦʙʩʪʘʥʦʚʢʠ ʦʪ-
ʢʨʳʪʦʛʦ ʦʢʝʘʥʘ ʠ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦʪ ʧʝʨʠʦʜ ʠʩʪʦʨʠʠ  
ʂʘʟʘʭʩʪʘʥʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʟʚʘʥ ʧʝʨʠʦʜʦʤ ʘʢʢʨʝʪʠʨʦʚʘʥʠʷ ʢʘʟʘʭ-
ʩʪʘʥʩʢʦʡ ʯʘʩʪʠ ʢ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʤʫ ʢʦʥʪʠʥʝʥʪʫ. ʉʣʝʜʳ ʜʝ-
ʚʦʥʩʢʦʡ ʢʦʨʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʥʦ ʠʤʝʥʥʦ ʩʣʝʜʳ) ʧʦʷʚʣʷʶʪʩʷ ʚ 
ʪʨʝʭ ʪʦʯʢʘʭ ʂʘʟʘʭʩʪʘʥʘ: ʚ ʏʘʨʩʢʦʤ ʧʦʷʩʝ, ʚ ʦʬʠʦʣʠʪʘʭ ʩʝʚʝʨʥʳʭ 
ʦʪʨʦʛʦʚ ɾʦʥʛʘʨʩʢʦʛʦ ɸʣʘʪʘʫ (ʶʞʥʝʝ ʠ ʶʛʦ-ʟʘʧʘʜʥʝʝ ʦʟ. ɸʣʘʢʦʣʴ) 
ʠ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʂʠʪʘʝ ʚ ʶʞʥʳʭ ʦʪʨʦʛʘʭ ʭʨ. ʊʘʨʙʘʛʘʪʘʡ. ɺʦ 
ʚʩʝʭ ʪʨʝʭ ʪʦʯʢʘʭ ʬʨʘʛʤʝʥʪʳ ʦʬʠʦʣʠʪʦʚ, ʙʘʟʘʣʴʪʦʚ, ʛʘʙʙʨʦ ʠ ʬʪʘ-
ʥʠʪʦʚ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʦʨʜʦʚʠʢʩʢʠʤʠ ʦʬʠʦʣʠʪʘʤʠ, ʙʘʟʘʣʴʪʘʤʠ, 
ʬʪʘʥʠʪʘʤʠ ʠ ʵʢʩʛʫʤʠʨʦʚʘʥʥʳʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʠ 
ʢʚʘʨʮʠʪʘʤʠ ʚʳʩʦʢʠʭ ʠ ʫʤʝʨʝʥʥʳʭ ʜʘʚʣʝʥʠʡ ʦʨʜʦʚʠʢʩʢʦʛʦ ʚʦʟʨʘʩ-
ʪʘ. ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʦʜʥʦʟʥʘʯʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʚʦʚʣʝʯʝ-
ʥʠʝʤ ʢʘʣʝʜʦʥʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʚ ʩʫʙʜʫʢʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. ʊʦ, ʯʪʦ 
ʜʝʚʦʥʩʢʘʷ ʩʫʙʜʫʢʮʠʷ ʠʤʝʣʘ ʤʝʩʪʦ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʚʦʩʪʦʯʥʦʛʦ 
ʂʘʟʘʭʩʪʘʥʘ, ʜʦʢʘʟʳʚʘʝʪʩʷ ʨʝʘʣʴʥʳʤ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ɸʣʪʘʡʩʢʦʛʦ 
ʠ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʜʝʚʦʥʩʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʷʩʦʚ, ʦʢʘʡʤʣʷʶʱʠʭ 
ʩʪʨʫʢʪʫʨʳ ɿʘʡʩʘʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ. ɼʨʫʛʦʡ ʚʦʧʨʦʩ: ʛʜʝ 
ʦʥʘ ʨʝʘʣʴʥʦ ʦʩʪʘʚʠʣʘ ʩʚʦʡ ʩʣʝʜ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ɿʘʡ-
ʩʘʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ? ʅʘ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʘʭ ʦʬʠʦʣʠʪʳ ʦʙ-
ʥʘʞʘʶʪʩʷ ʬʨʘʛʤʝʥʪʘʨʥʦ. ʊʘʢʞʝ ʠ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʠʪʘʷ 
ʚʠʜʠʤ ʭʦʪʷ ʠ ʢʨʫʧʥʳʝ, ʥʦ ʚʩʝ ʞʝ ʜʠʩʪʘʥʮʠʨʦʚʘʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 



ʬʨʘʛʤʝʥʪʳ ʦʬʠʦʣʠʪʦʚ ʩ ʜʝʚʦʥʩʢʠʤʠ  ʢʦʥʦʜʦʥʪʘʤʠ ʚʦ ʬʪʘʥʠʪʘʭ ʠ 
ʜʝʚʦʥʩʢʠʤʠ ʛʘʙʙʨʦʠʜʘʤʠ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ ʩʨʝʜʠ ʤʦʨʷ ʢʘʤʝʥ-
ʥʦʫʛʦʣʴʥʳʭ ʪʫʨʙʠʜʠʪʦʚ. ʀ ʪʦʣʴʢʦ ʚ ʏʘʨʩʢʦ-ɻʦʨʥʦʩʪʘʝʚʩʢʦ-
ɿʠʤʫʥʘʡʩʢʦʡ ʩʫʪʫʨʝ  (ʨʠʩ. 1.16) ʚʠʜʠʤ ʧʨʦʪʷʞʝʥʥʳʝ ʦʬʠʦʣʠʪʦʚʳʝ 
ʬʨʘʛʤʝʥʪʳ , ʢʦʪʦʨʳʝ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʜʣʠʥʫ ʥʘ 300-320 ʢʤ ʧʨʠ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʝ 10-12 ʢʤ (ʫʜʣʠʥʝʥʠʝ 1:26 ʪʦʣʴ ʢʦ ʚ ʠʟʫʯʝʥ-
ʥʦʡ ʯʘʩʪʠ ʩʫʪʫʨʳ). ʉʘʤʳʝ ʧʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʚ 
ʏʘʨʩʢʦʡ ʟʦʥʝ, ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1.10. 

 

ʊʘʙʣʠʮʘ 1.10. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʠ ʜʝʚʦʥ-
ʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʏʘʨʩʢʦʡ ʩʫʪʫʨʝ 

 

ʈʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʢʦʤʧʣʝʢʩʳ  
(ʆ1 ï S1) 

ɼʝʚʦʥʩʢʠʝ ʢʦʤʧʣʝʢʩʳ  
(D1-2) 

ɸʤʬʠʙʦʣʠʪʳ, ʪʦʥʘʣʠʪʳ  S1 

ʕʢʣʦʛʠʪʳ, ʛʦʣʫʙʳʝ ʩʣʘʥʮʳ, ʛʦʣʫʙʳʝ  

ʢʚʘʨʮʠʪʳ ʆ1-2 

ʌʪʘʥʠʪʳ  ʆ2 

ɹʘʟʘʣʴʪʳ  ʆ2 
ʆʬʠʦʣʠʪʳ 

ʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭ   

ʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭʭ     

 

ʌʪʘʥʠʪʳ D2 

ɹʘʟʘʣʴʪʳ D2 

ʆʬʠʦʣʠʪʳ   

    

ʊʘʢʦʝ ʩʦʯʝʪʘʥʠʝ ʧʦʨʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʦʟʤʦʞʥʦ ʚ ʥʝ-
ʩʢʦʣʴʢʠʭ ʩʣʫʯʘʷʭ: 

1- ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʦʙʩʪʘʥʦʚʢʠ, ʦʪʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1.24, ʪ.ʝ, 
ʧʦʷʚʣʝʥʠʠ ʥʦʚʦʡ, ʚʥʫʪʨʝʥʥʝʡ, ʩʫʙʜʫʢʮʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʘʢʢʨʝʪʠʨʦʚʘʥʠʠ ʗʧʦʥʩʢʠʭ ʦʩʪʨʦʚʦʚ ʢ ʢʦʥ-
ʪʠʥʝʥʪʫ ʚ ʩʫʪʫʨʥʦʡ ʟʦʥʝ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʷ ʩʤʝʩʠ ʠʟ 
ʜʨʝʚʥʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʩʦʢʦʛʦ ʠ ʫʤʝʨʝʥʥʦʛʦ 
ʜʘʚʣʝʥʠʡ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʙʘʟʘʣʴʪʦʚ. ʕʢʩʛʫʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥ-
ʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʥʦʚʦʡ 
ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʟʦʥʝ ʝʱʝ ʥʝ ʩʦʩʪʦʷʣʦʩʴ. ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʥʝ 
ʦʟʥʘʯʘʝʪ  ʧʝʨʝʥʝʩʝʥʠʷ ʚ ʏʘʨʩʢʫʶ ʟʦʥʫ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʠ 
ʦʩʪʨʦʚʘ ʍʦʥʩʶ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ. ʄʳ ʣʠʰʴ ʧʦʜʯʝʨʢʠʚʘʝʤ, ʯʪʦ 
ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʧʦʟʚʦʣʷʝʪ ʜʦʧʫʩʢʘʪʴ ʧʦʜʦʙʥʳʝ 
ʫʩʣʦʚʠʷ  ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚ ʜʝʚʦʥʩʢʦʡ ʏʘʨʩʢʦʡ ʟʦʥʝ.   

 



 
 

ʈʠʩʫʥʦʢ 1. 24. ʅʦʚʘʷ ʟʘʜʫʛʦʚʘʷ ʩʫʙʜʫʢʮʠʷ   
ʚ ʗʧʦʥʩʢʦʤ ʘʨʭʠʧʝʣʘʛʝ. ʂʨʘʩʥʘʷ ʣʠʥʠʷ ï ʛʝʦʪʨʘʚʝʨʩ [33] 
2 - ʚ ʩʣʫʯʘʝ ʨʠʬʪʦʚʦʡ ʧʨʠʨʦʜʳ ʏʘʨʩʢʦʡ ʟʦʥʳ, ʨʘʟʚʠʚʰʝʡ-

ʩʷ ʥʘ ʢʘʣʝʜʦʥʩʢʦʤ ʦʩʥʦʚʘʥʠʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʞʝʪ ʙʳʪʴ ʪʦʪ ʞʝ 
ʩʣʫʯʘʡ, ʯʪʦ ʠ 1, ʥʦ ʪʦʛʜʘ ʥʘʜʦ ʠʩʢʘʪʴ ʜʚʝ ʩʫʙʜʫʢʮʠʦʥʥʳʝ ʟʦʥʳ 
ʧʦʜ ɸʣʪʘʡʩʢʠʡ ʠ ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʷʩʘ. ʊʘʢʫʶ ʦʙ-
ʩʪʘʥʦʚʢʫ ʥʝ ʠʩʢʣʶʯʘʶʪ ʠ [34].   
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ɻʣʘʚʘ 2.  
ʂʘʣʙʘ-ʅʘʨʳʤʩʢʠʡ ʪʝʨʨʝʡʥ ʠ ʀʨʪʳʰʩʢʘʷ ʟʦʥʘ  
ʩʤ̫ʪʠʷ  

 
 
ɺʚʝʜʝʥʠʝ 
 

ʇʦʟʠʮʠʷ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢ-
ʪʫʨʘʭ ʨʝʛʠʦʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.1. ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʦʥ 
ʦʛʨʘʥʠʯʝʥ ɻʣʘʚʥʳʤ ʀʨʪʳʰʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʢʦʪʦʨʳʡ ʧʨʦʷʚʣʝʥ ʚ 
ʚʠʜʝ ʯʝʪʢʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʰʚʘ. ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ʛʨʘʥʠʮʘ ʂʘʣʙʘ-
ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʊʝʨʝʢʪʠʥʩʢʦʤʫ ʨʘʟʣʦʤʫ, ʢʦ-
ʪʦʨʳʡ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʝʨʝʢʨʳʪ ʥʠʞʥʝʢʘʤʝʥʥʦ-
ʫʛʦʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʥʦ ʯʝʪʢʦ ʚʳʨʘʞʝʥ ʚ ʚʠʜʝ ʢʨʦʤʢʠ ʂʘʣʙʠʥʩʢʦ-
ʛʦ ʙʘʪʦʣʠʪʘ.  

 

 
 
ʈʠʩʫʥʦʢ 2.1.   ʋʧʨʦʱʝʥʥʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʢʘʨʪʘ  

ʦʙʣʘʩʪʠ ʩʦʯʣʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨ ʂʘʟʘʭʩʪʘʥʘ, ʈʦʩʩʠʠ ʠ ʂʠʪʘʷ.  
ʂʨʘʩʥʳʡ ʰʪʨʠʭ-ʧʫʥʢʪʠʨ ʚ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʤ ʪʝʨʨʝʡʥʝ -   

ʧʦʟʠʮʠʷ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ. 
 

1-ʈʫʜʥʦʘʣʪʘʡʩʢʠʡ ʧʘʢʝʪ ʪʝʨʨʝʡʥʦʚ (ʘʢʪʠʚʥʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʦʢʨʘʠ-
ʥʘ);  

2-ʂʘʣʙʘ-ʅʘʨrʤʩʢʠʡ ʪʝʨʨʝʡʥ (ʚ ʨʘʥʥʝʤ-ʩʨʝʜʥʝʤ ʇʘʣʝʦʟʦʝ -  
ʧʘʩʩʠʚʥʘʷ  ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʦʢʨʘʠʥʘ);  3-ʏʘʨʩʢʠʡ ʧʘʢʝʪ ʪʝʨʨʝʡʥʦʚ  
(ʚ ʨʘʥʥʝʤ-ʩʨʝʜʥʝʤ ʇʘʣʝʦʟʦʝ ʙʘʩʩʝʡʥ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ);  

4-ɾʘʨʤʘ-ʉʘʫʨʩʢʘʷ ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ; 5-ʏʠʥʛʠʟ-ʊʘʨʙʘʛʘʪʘʡʩʢʠʡ ʧʘʢʝʪ  



ʪʝʨʨʝʡʥʦʚ (ʚ ʩʨʝʜʥʝʤ ʠ ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ - ʢʦʥʪʠʥʝʥʪ); 6-ɾʦʥʛʘʨʦ-
ɹʘʣʭʘʰʩʢʠʡ ʧʘʢʝʪ ʪʝʨʨʝʡʥʦʚ (ʚ ʩʨʝʜʥʝʤ ʇʘʣʝʦʟʦʝ ʦʢʨʘʠʥʥʳʡ  ʙʘʩ-

ʩʝʡʥ). 
ɺ ʧʦʥʠʤʘʥʠʠ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ ʶʛʦ-

ʟʘʧʘʜʥʦʡ (ʩʦʙʩʪʚʝʥʥʦ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʡ) ʯʘʩʪʠ ʪʝʨʨʝʡʥʘ ʫ ʛʝʦ-
ʣʦʛʦʚ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ  ʨʘʟʥʦʛʣʘʩʠʡ ʩʝʛʦʜʥʷ ʥʝʪ. ʏʪʦ ʢʘʩʘʝʪʩʷ 
ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ, ʚʳʜʝʣʷʚʰʝʡʩʷ ʤʥʦʛʠʤʠ ʛʝʦʣʦʛʘʤʠ 
ʨʘʥʴʰʝ  ʚ ʀʨʪʳʰʩʢʫʶ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʫʶ ʟʦʥʫ (ʀʨʪʳʰ-
ʩʢʠʡ ʛʦʨʩʪ, ʀʨʪʳʰʩʢʫʶ ʟʦʥʫ ɹʝʥʴʦʬʘ), ʪʦ ʟʜʝʩʴ ʮʝʣʳʡ ʙʫʢʝʪ ʥʝ-
ʨʝʰʝʥʥʳʭ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʙʣʝʤ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʜʝʣʠʤ ʪʨʠ ʛʣʘʚʥʳʭ: 
1- ʷʚʣʷʝʪʩʷ ʣʠ ʀʨʪʳʰʩʢʘʷ ʯʘʩʪʴ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʝʜʠʥʦʛʦ ʂʘʣ-
ʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʠʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʪʝʨʨʝʡʥʦʤ;  2- 
ʚʦʟʨʘʩʪ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʦʢʦʣʦ 85% ʧʣʦʱʘ-
ʜʠ ʀʨʪʳʰʩʢʦʡ ʯʘʩʪʠ ʪʝʨʨʝʡʥʘ; 3- ʚʦʟʨʘʩʪ ʠ ʘʤʧʣʠʪʫʜʘ ʩʜʚʠʛʘ, 
ʦʪʜʝʣʷʶʱʝʛʦ ʀʨʪʳʩhʢʫʶ ʟʦʥʫ ʩʤʷʪʠʷ ʦʪ ʈʫʜʥʦʛʦ ɸʣʪʘʷ. 

ʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ ʥʘʩʯʠʪʳʚʘʝʪ 
ʙʝʟ ʤʘʣʦʛʦ 100 ʣʝʪ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʢʘʞʜʳʡ ʫʩʧʝʭ, 
ʧʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʩʦʚʨʝʤʝʥ-
ʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʪʢʨʳʚʘʣ ʥʦ-
ʚʳʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳʪʴ ʨʝʰʝʥʳ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʠ-
ʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. ɺʩʝʛʦ ʚ ʠʩʪʦʨʠʠ ʠʟʫʯʝʥʠʷ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ 
ʤʦʞʝʪ ʙʳʪʴ ʚʜrʝʣʝʥʦ ʯʝʪʳʨʝ ʢʨʫʧʥʳʭ ʵʪʘʧʘ. 

1925 ï 1958. ʆʩʥʦʚʥʳʤʠ ʷʚʣʷʣʠʩʴ ʧʦʣʝʚʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 
ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉʦʩʫʱʝʩʪʚʦʚʘʣʠ ʧʘ-
ʨʘʣʣʝʣʴʥʦ ʜʚʝ ʤʦʜʝʣʠ: ʧʦʟʜʥʝʛʝʨʮʠʥʩʢʘʷ ʟʦʥʘ ʩʤʷʪʠʷ, ʦʙʨʘʟʦ-
ʚʘʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʚ ʩʨʝʜʥʝ- ʠ ʧʦʟʜʥʝ-
ʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʨʦʜʘʭ [1,2,3];  ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʟʦʥʘ ʩʙʨʦʩʦ-
ʩʜʚʠʛʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʙʳʣʠ ʚʳʚʝʜʝʥʳ ʥʘ ʚʝʨʭʥʠʡ 
ʫʨʦʚʝʥʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʜʨʝʚʥʝʛʦ ʬʫʥʜʘʤʝʥʪʘ [4]   

1958 ï 1973. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣ ʢʘʣʠʡ-ʘʨʛʦʥʦʚʳʡ 
ʤʝʪʦʜ, ʝʜʠʥʠʯʥʳʝ ʜʘʪʠʨʦʚʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʤ ʠ 
ʩʚʠʥʮʦʚʦ-ʠʟʦʭʨʦʥʥʳʤ ʤʝʪʦʜʘʤʠ. ʅʘʨʷʜʫ ʩ ʠʟʦʪʦʧʥʳʤʠ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷʤʠ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʪʘʢʞʝ ʠʤʝʣʠ 
ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ. ʇʨʦʜʦʣʞʘʣʠ ʩʫʱʝʩʪʚʦʚʘʪʴ ʜʚʝ ʚʳʰʝʫʢʘʟʘʥ-
ʥʳʝ ʤʦʜʝʣʠ: ʧʝʨʚʘʷ ʤʦʜʝʣʴ ʨʘʟʚʠʚʘʣʘʩʴ [5,6], ʚʪʦʨʘʷ [7-10]. ɺ 
ʧʦʣʴʟʫ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʧʨʠʚʦʜʠʣʠʩʴ ʤʘʩʩʦʚʳʝ ʤʦʣʦʜʳʝ ʜʘʪʠʨʦʚʢʠ 
ʩʣʶʜ ʢʘʣʠʡ-ʘʨʛʦʥʦʚʳʤ ʤʝʪʦʜʦʤ, ʚ ʧʦʣʴʟʫ ʚʪʦʨʦʡ ï ʜʨʝʚʥʠʝ ʩʚʠʥ-
ʮʦʚʦ-ʠʟʦʭʨʦʥʥʳʝ ʜʘʪʠʨʦʚʢʠ ʤʨʘʤʦʨʦʚ ʚ ʩʦʩʪʘʚʝ ʛʥʝʡʩʦʚʦ-
ʩʣʘʥʮʝʚʳʭ ʪʦʣʱ. 

1975 ï 1997. ʇʦʣʫʯʝʥʳ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʝ ʜʘʪʠʨʦʚʢʠ ʥʘʚʝʩʦʢ 
ʮʠʨʢʦʥʘ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʛʥʝʡʩʦʚ ʠ ʤʠʛʤʘʪʠʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʜʠʩ-
ʢʦʨʜʘʥʪʥʳʭ ʤʦʜʝʣʝʡ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ 



ʮʠʨʢʦʥʘ, ʢʦʪʦʨʦʝ ʢʦʣʝʙʘʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ  1450 ï 1800 ʤʣʥ. ʣʝʪ, 
ʠ ʚʨʝʤʷ ʧʦʩʣʝʜʥʝʛʦ ʟʘʢʨʳʪʠʷ ʩʠʩʪʝʤʳ  462 ï 305 ʤʣʥ. ʣʝʪ [11-
14]. ʉʘʤʳʝ ʤʦʣʦʜʳʝ ʩʦʙʳʪʠʷ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʜʝʪʘʣʠʟʠʨʫʝʪ 
ʨʘʙʦʪʘ [15], ʚ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʠʥʪʝʨʚʘʣʘ:276-283 ʠ 265-
272 ʤʣʥ. ʣʝʪ, ʦʪʚʝʯʘʶʱʠʝ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʚʷʟʢʦ-
ʧʣʘʩʪʠʯʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʚʦʟʥʠʢʰʠʤ ʚʦ ʚʨʝʤʷ ʚʥʝʜʨʝʥʠʷ ʂʘʣ-
ʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ ʠ ʢʦʤʧʣʝʢʩʘ ʦʥʛʦʥʠʪʦʚʳʭ ʜʘʝʢ, ʧʝʨʝʩʝ-
ʢʘʶʱʠʭ ʢʘʢ ʙʘʪʦʣʠʪ, ʪʘʢ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʀʨʪʳh-
ʩʢʦʡ ʟʦʥʳ ʩʤʪ̫ʠʷ.  

2005-2009. ɺ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʦ ɺʉɽɻɽʀ (ʈʦʩʩʠʷ) ʩʦ-
ʚʨʝʤʝʥʥʦʛʦ ʠʟʦʪʦʧʥʦʛʦ ʮʝʥʪʨʘ ʠ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʣʦʢʘʣʴʥʦʛʦ ʠʟʦ-
ʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʥʘ ʧʨʠʙʦʨʝ SHRIMP-II, ʫʜʘ-
ʣʦʩʴ ʚʳ̫ ʚʠʪʴ ʠʟʦʪʦʧʥʫʶ ʵʚʦʣʶʮʠʶ ʥʝʢʦʪʦʨʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ, ʨʘʩʰʠʬʨʦʚʘʪʴ ʧʨʠ-
ʨʦʜʫ ʪʝʭ ʚʦʟʨʘʩʪʦʚ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʨʝʜʳʜʫʱʠʡ ʧʝ-
ʨʠʦʜ ʧʦ ʜʠʩʢʦʨʜʘʥʪʥʳʤ ʤʦʜʝʣʷʤ, ʠ ʚʧʝʨʚʳʝ ʚʳʷʚʠʪʴ ʥʦʚʝʡʰʫʶ 
ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʫʶ ʘʢʪʠʚʠʟʘʮʠʶ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʀʨ-
ʪʳʰʩʢʦʡ ʟʦʥʝ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʨʘʙʦʪ ʠʟʣʘʛʘʶʪʩʷ ʥʠʞʝ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʦʙʟʦʨʝ ʫʢʘʟʘʥʳ ʪʦʣʴʢʦ ʢʨʫʧʥʳʝ ʦʩ-
ʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʨʘʙʦʪʳ, ʚʥʝʩʰʠʝ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʟʦʥʳ ʠ ʧʦ-
ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪʩʪʘʠʚʘʚʰʠʝ ʩʚʦʠ ʧʦʟʠʮʠʠ. ʆʙʱʝʝ ʯʠʩʣʦ ʨʘʙʦʪ, 
ʧʦʩʚʷʱʝʥʥʳʭ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ, ʧʨʝʚʳʰʘʝʪ ʧʦʣʥʫʶ ʩʦʪʥʶ ʠ ʧʝ-
ʨʝʯʠʩʣʝʥʠʝ ʠʭ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʝʚʦʟʤʦʞʥʦ.  

 
2.1 ʉʦʩʪʦʷʥʠʝ ʠʟʫʯʝʥʥʦʩʪʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ 

 

ɿʘ ʚʩʶ ʠʩʪʦʨʠʶ ʠʟʫʯʝʥʠʷ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 
ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʥʝʩʦʤʥʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʚ, ʧʦʟʚʦʣʷʶ-
ʱʠʭ ʩʫʜʠʪʴ ʦ ʚʨʝʤʝʥʠ ʟʘʣʦʞʝʥʠʷ ʠ ʚʦʟʨʘʩʪʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 
ʧʦʨʦʜ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

- ʙʝʩʩʧʦʨʥʦʝ ʜʠʩʢʦʨʜʘʥʪʥʦʝ ʩʝʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʤʦʨ-
ʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʠʤ ʧʣʫʪʦʥʦʤ, ʚʥʝʜʨʝʥʠʝ ʢʦʪʦʨʦ-
ʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʨʘʥʥʝʡ ʇʝʨʤʠ;  

- ʧʝʨʝʩʝʯʝʥʠʝ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʦʥʛʦʥʠʪʦʚʳʤʠ ʜʘʡʢʘʤʠ ʩʝ-
ʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ  ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʠ ʋʩʪʴ-
ʂʘʤʝʥʦʛʦʨʩʢʘ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʳʭ ʧʦ ʜʘʥʥʳʤ Rb-Sr ʠʟʦʭʨʦʥʥʦʛʦ 
ʤʝʪʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 266Ñ7ʤʣʥ. ʣʝʪ [16]; 

- ʧʝʨʝʩʝʯʝʥʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʥʪʨʫʟʠʚʘʤʠ ʇʨʠ-
ʠʨʪʳʰʩʢʦʛʦ ʛʘʙʙʨʦ-ʧʣʘʛʠʦʛʨʘʥʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʥʥʝʢʘʤʝʥʥʦ-
ʫʛʦʣʴʥʦʛʦ (354Ñ2,5ʄʘ) ʚʦʟʨʘʩʪʘ (ʂʫʡʙʠʜʘ ʄ.ʃ., 2009 ʢʘʥʜ.  
ʜʠʩʩ.).   



ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʶ ʠʭ ʦʯʝʚʠʜ-
ʥʦʩʪʴ, ʥʝ ʤʦʛʣʠ ʦʪʚʝʪʠʪʴ ʥʘ ʚʦʧʨʦʩ, ʢʦʛʜʘ ʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʪʴ-
ʩʷ ʀʨʪʳʰʩʢʘʷ ʟʦʥʘ ʠ ʢʘʢʦʚ ʚʦʟʨʘʩʪ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ. 
ʉʣʠʰʢʦʤ ʚʝʣʠʢʦ ʙʳʣʦ ʨʘʟʣʠʯʠʝ  ʤʝʞʜʫ  ʩʪʝʧʝʥʴʶ ʜʝʬʦʨʤʠʨʦ-
ʚʘʥʥʦʩʪʠ ʧʦʨʦʜ ʟʦʥʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ  ʧʨʦʨʳʚʘʶʱʠʭ  ʠʭ ʤʘʛ-
ʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʩ ʜʨʫʛʦʡ. ʋʚʝʨʝʥʥʳʡ ʦʪʚʝʪ ʦ ʚʨʝʤʝʥʠ ʚʳʚʝ-
ʜʝʥʠʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʥʘ ʥʘʙʣʶʜʘʝʤʳʡ ʫʨʦʚʝʥʴ ʤʦʞʥʦ 
ʙʳʣʦ ʜʘʪʴ ʣʠʰʴ ʪʘʢʦʡ: ʜʦ ʚʥʝʜʨʝʥʠʷ ʧʨʠʠʨʪʳʰʩʢʦʛʦ ʛʘʙʙ-
ʨʦ-ʧʣʘʛʠʦʛʨʘʥʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʉ1.  

ʀʟʦʪʦʧʥʳʝ ʜʘʪʠʨʦʚʢʠ ʘʨʛʫʤʝʥʪʠʨʦʚʘʣʠ ʠ ʧʨʦʜʦʣʞʘʶʪ ʘʨ-
ʛʫʤʝʥʪʠʨʦʚʘʪʴ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʚʳʚʦʜʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠʟ-ʟʘ 
ʥʝʩʦʚʝʨʰʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʚʦʟʨʘʩʪʘ 
ʧʦ ʜʠʩʢʦʨʜʠʠ, ʘ ʩ ʜʨʫʛʦʡ, ʚ ʩʚʷʟʠ ʚʥʝʜʨʝʥʠʝʤ ʚ ʨʘʥʥʝʡ ʧʝʨʤʠ 
ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʢʦʪʦʨʳʡ ʩʪʝʨ ʠʟʦʪʦʧʥʫʶ ʧʘʤʷʪʴ ʫ 
ʤʥʦʛʠʭ ʤʠʥʝʨʘʣʦʚ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʥʥʠʝ ʢʘʣʠʡ-ʘʨʛʦʥʦʚʳʝ ʜʘʪʠʨʦʚʢʠ ʧʦʢʘʟʳ-
ʚʘʣʠ ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ: ʦʪ 217 ʜʦ 600 ʤʣʥ. ʣʝʪ. ʅʘʠʙʦ-
ʣʝʝ ʜʨʝʚʥʠʝ ʟʥʘʯʝʥʠʷ (424-460 ʤʣʥ. ʣʝʪ) ʧʦʢʘʟʳʚʘʣʠ ʘʤʬʠʙʦʣʠ-
ʪʳ ʂʫʨʯʫʤ-ʂʘʣʴʜʞʠʨʩʢʦʛʦ ʙʣʦʢʘ [17]. ʉʚʠʥʝʮ-ʩʚʠʥʮʦʚʳʤ ʤʝʪʦ-
ʜʦʤ ʤʨʘʤʦʨʦʚ ʚ ʵʪʦʤ ʞʝ ʨʝʛʠʦʥʝ ʧʦʣʫʯʝʥʘ ʮʠʬʨʘ 870Ñ100ʤʣʥ. 
ʣʝʪ [10]. ɺ 70-80-ʝ ʛʦʜʳ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʤ ʨʘʩʯʝʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦ 
ʜʠʩʢʦʨʜʠʠ ʧʦʣʫʯʝʥʳ ʜʨʝʚʥʠʝ ʚʦʟʨʘʩʪʘ ʦʪ 1450 ʜʦ 1800 ʤʣʥ. ʣʝʪ 
ʧʦ ʮʠʨʢʦʥʫ (ʚʘʣ), ʠʟʚʣʝʯʝʥʥʦʤʫ ʠʟ ʤʠʛʤʘʪʠʪʦʚ ʠ ʛʥʝʡʩʦʚ [11,13] 
ʇʨʠ ʵʪʦʤ ʥʠʞʥʠʝ ʧʝʨʝʩʝʯʝʥʠʷ ʢʦʥʢʦʨʜʠʠ ʙʳʣʠ ʥʘ ʫʨʦʚʥʝ 368-
305 ʤʣʥ. ʣʝʪ.  
ʕʪʠ ʮʠʬʨʳ ʥʝ ʚʳʟʚʘʣʠ ʦʩʦʙʦʛʦ ʵʥʪʫʟʠʘʟʤʘ, ʧʦʪʦʤʫ ʯʪʦ, ʢʘʢ ʠ 
ʩʝʡʯʘʩ, ʢ ʵʪʦʤʫ ʤʝʪʦʜʫ ʦʪʥʦʩʠʣʠʩʴ ʪʘʢ: ʣʫʯʰʝ ʭʦʪʴ ʯʪʦ-ʪʦ, 
ʯʝʤ ʥʠʯʝʛʦ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ çʤʝʨʪʚʳʡ ʩʝʟʦʥè ʥʘ ʧʨʦʪʷʞʝʥʠʠ 
ʦʢʦʣʦ 18 ʣʝʪ, ʢʦʛʜʘ, ʧʦ ʠʟʚʝʩʪʥʳʤ ʧʨʠʯʠʥʘʤ, ʥʝ ʙʳʣʦ ʧʦʣʫʯʝʥʦ 
ʥʠ ʦʜʥʦʡ ʜʘʪʠʨʦʚʢʠ. 

ʉʣʝʜʫʶʱʠʡ ʚʠʪʦʢ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʂʘʣʙʘ-
ʅʘʨʳʤʩʢʦʡ ʟʦʥʝ  ʧʨʠʭʦʜʠʪʩʷ ʥʘ 2009 ʛʦʜ. ɹʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ 
ʪʨʠ ʠʥʩʪʠʪʫʪʘ: ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʉʆ ʈɸʅ [18-21], ʀʥʩʪʠʪʫʪ ʛʝʦ-
ʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʈɸʅ [22] ʠ ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʥʝʜʨ, ʂʘʟʘʭʩʪʘʥ [23,24].  

ɼʘʪʠʨʦʚʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ ʉʆ ʈɸʅ, ʧʨʠ-
ʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.2. ɹʦʣʴʰʫʶ ʮʝʥʥʦʩʪʴ ʠʤʝʶʪ ʩʘʤʘʨʠʡ-
ʥʝʦʜʠʤʦʚʳʝ ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʚʧʝʨʚʳʝ 
ʧʦʣʫʯʠʪʴ ʤʦʜʝʣʴʥʳʝ ʚʦʟʨʘʩʪʘ ʜʣʷ ʛʣʘʚʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 
ʢʦʤʧʣʝʢʩʦʚ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ ʠ ʛʨʘʥʠʪʦʚ ʂʘʣʙʘ-
ʅʘʨʳʤʩʢʦʛʦ  



ʙʘʪʦʣʠʪʘ. ɸʨʛʦʥ-ʘʨʛʦʥʦʚʳʝ ʠ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʝ ʜʘʪʠʨʦʚʢʠ ʥʝ ʨʝ-
ʰʠʣʠ ʧʨʦʙʣʝʤʫ ʚ ʮʝʣʦʤ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ: 1) ʘʨʛʦʥ-ʘʨʛʦʥʦʚʳʡ 
ʤʝʪʦʜ  
ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʬʠʢʩʠʨʫʝʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʳ 
ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢ ʢʘʢ ʧʨʘʢʪʠʯʝʩʢʠ  
ʚʩʝ ʧʦʨʦʜʳ, ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʤʫ ʙʘʪʦʣʠʪʫ, ʧʨʝ-
ʪʝʨʧʝʣʠ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʥʝʛʦ ʠ ʙʦʣʝʝ 
ʧʦʟʜʥʝʝ ʩʪʨʝʩʩʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʦʪ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 
ʟʦʥʝ  
ʀʨʪʳʰʩʢʦʛʦ ʩʜʚʠʛʘ, ʪʦ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʦʟʨʘʩʪʘ ʦʪ ʨʘʥʥʝʡ  

 

 
 
ʈʠʩʫʥʦʢ 2.2.  ʇʦʣʦʞʝʥʠʝ ʠʟʦʪʦʧʥʳʭ ʜʘʪʠʨʦʚʦʢ,  

ʧʦʣʫʯʝʥʥʳʭ ʢʦʣʣʝʢʪʠʚʦʤ ʫʯʝʥʳʭ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ  
ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ ʚ 2000-2009 ʛʦʜʘʭ.  

 

1-ʄʝʟʦ-ʂʘʡʥʦʟʦʡ; 2- ʢʘʣʙʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʈ1;  
3-ʧʨʠʠʨʪʳʰʩʢʠʡ ʢʦʤʧʣʝʢʩ ʉ1; 4-ʪʝʨʨʠʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ D2gv-C1;  

5- ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʥʝʨʘʩʯʣʝʥʝʥʥʳʡ 
Pz1(?); 6-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ Pt3 - Pz1. 



 
ʇʝʨʤʠ ʜʦ ʊʨʠʘʩʘ (ʨʠʩʫʥʦʢ 2.2). ɼʘʪʠʨʦʚʢʠ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʤ 

ʤʝʪʦʜʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʚʘʣʦʚʳʤ ʧʨʦʙʘʤ ʮʠʨʢʦʥʘ, ʧʨʝʜʩʪʘʚʣʷ-
ʶʪ ʩʦʙʦʡ ʚʦʟʨʘʩʪ ʥʝ ʢʦʥʢʨʝʪʥʦʛʦ ʩʦʙʳʪʠʷ, ʘ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ 
ʚʦʟʨʘʩʪ ʥʘʚʝʩʢʠ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʨʘʩʪ ʢʦʥʢʨʝʪʥʳʭ ʟʝʨʝʥ ʤʦʞʝʪ ʤʝ-
ʥʷʪʴʩʷ ʦʪ ʩʨʝʜʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ ʜʦ ʤʝʟʦʟʦʷ (ʩʤ. ʥʠʞʝ). 

ʀʥʩʪʠʪʫʪʦʤ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʨʦʥʦʣʦʛʠʠ ʜʦʢʝʤʙʨʠʷ ʧʦʣʫʯʝʥʳ 
ʜʘʪʠʨʦʚʢʠ ʞʠʣʴʥʳʭ ʩʫʙʘʚʪʦʭʪʦʥʥʳʭ (?) ʛʨʘʥʠʪʦʠʜʦʚ, ʨʘʟʚʠʪʳʭ 
ʩʨʝʜʠ ʛʥʝʡʩʦʚ ʂʫʨʯʫʤʦ-ʂʘʣʴʜʞʠʨʩʢʦʛʦ ʙʣʦʢʘ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ. 
ʆʥʠ, ʧʦ-ʩʫʱʝʩʪʚʫ, ʦʧʨʝʜʝʣʷʶʪ ʦʜʥʫ ʠʟ ʚʝʨʭʥʠʭ ʛʨʘʥʠʮ ʤʝʪʘ-
ʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʜʠʥʦʯʥʳʝ ʜʘʪʠʨʦʚʢʠ 
(ʛʨʘʥʠʮʘ ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ), ʦʜʥʦʟʥʘʯʥʦ ʧʨʦʪʠʚʦʨʝʯʘʪ ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʛʠʧʦʪʝʟʝ ʦ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʤʝ-
ʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʩʤʷʪʠʷ.  

ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘ-
ʩʪʝʡ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʡ ʟʦʥʳ ʚ ʩʨʝʜʥʝʤ ʠ ʚʝʨʭʥʝʤ ʧʘʣʝʦʟʦʝ ʚ 
ʧʨʠʥʮʠʧʝ ʥʝ ʚʳʟʳʚʘʝʪ ʨʘʟʥʦʛʣʘʩʠʡ ʫ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɿʘʪʷʞʥʦʡ 
ʜʠʩʢʫʩʩʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠʦʙʨʝʣ ʚʦʧʨʦʩ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟ-
ʚʠʪʠʠ ʟʦʥʳ ʚ ʨʘʥʥʝʤ ʇʘʣʝʦʟʦʝ, ʢʦʪʦʨʳʡ, ʢʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʤʦ-
ʞʝʪ ʙʳʪʴ ʨʝʰʝʥ ʪʦʣʴʢʦ ʠʟʦʪʦʧʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
ʧʦʩʢʦʣʴʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 
ʫʞʝ ʠʩʯʝʨʧʘʥʘ. ɿʘ ʧʝʨʠʦʜ  ʩ 2002 ʧʦ 2011 ʛʛ. ʥʘʤʠ ʙʳʣʦ ʦʪʦʙʨʘ-
ʥʦ 8 ʧʨʦʙ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʀʨʪʳʰ-
ʩʢʦʡ ʟʦʥʳ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʜʘʪʠʨʦʚʦʢ ʥʦʚʳʤ (ʜʣʷ ʂʘ-
ʟʘʭʩʪʘʥʘ) ʤʝʪʦʜʦʤ ʪʦʯʝʯʥʦʛʦ ʫʨʘʥ-ʩʚʠʥʮʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʮʠʨʢʦʥʘ. 

ʎʠʨʢʦʥ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʚʣʝʢʘʣʩʷ ʠʟ 
ʧʨʦʙ ʚʝʩʦʤ 8-10 ʢʛ, ʦʪʦʙʨʘʥʥʳʭ ʚ ʧʦʣʝ ʠʟ ʢʦʨʝʥʥʳʭ ʚʳʭʦʜʦʚ 
ʛʥʝʡʩʦʚ, ʤʠʛʤʘʪʠʪʦʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ. ɻʝʦʛʨʘʬʠʯʝ-
ʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʙ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 2.3 ʠ 2.4.  
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ʈʠʩʫʥʦʢ 2.4.   
ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʧʨʦʙ 56, 57 

 
ʇʨʦʙʳ ʦʪʦʙʨʘʥʳ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʦʨʦʜ:  
56 ï ʞʠʣʘ ʩʫʙʘʚʪʦʭʪʦʥʥʦʛʦ ʪʦʥʘʣʠʪʘ ʚ ʛʥʝʡʩʘʭ; 
57 ï ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪ-ʙʠʦʪʠʪ-ʛʨʘʥʘʪʦʚʳʝ ʛʥʝʡʩʳ, ʫʯʘʩʪ-

ʢʘʤʠ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʝ; 
58 ï ʢʚʘʨʮ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʜʠʩʪʝʥʦʚʳʝ ʪʦʥʢʦʧʣʦʡʯʘʪʳʝ 

ʩʣʘʥʮʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʛʨʘʬʠʪʦʤ; 
59 ï ʧʦʣʝʚʦʰʧʘʪ-ʙʠʦʪʠʪ-ʛʨʘʥʘʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʝ ʤʠʛʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʝ ʛʥʝʡʩʳ; 
75 ï ʧʣʘʛʠʦʢʣʘʟ-ʜʠʦʧʩʠʜ-ʛʨʦʩʩʫʣʷʨ-ʩʢʘʧʦʣʠʪʦʚʳʝ ʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʩ ʧʨʦʩʣʦʷʤʠ ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪ-ʛʨʘʥʘʪʦʚʳʭ 
ʩʣʘʥʮʝʚ; 

78 ï ʛʥʝʡʩʦʚʠʜʥʳʝ ʛʨʘʥʘʪ-ʜʠʩʪʝʥ ʜʚʫʩʣʶʜʷʥʳʝ ʣʝʡʢʦʛʨʘʥʠ-
ʪʳ; 

94 ï ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ, ʨʘʩʩʝʢʘʶʱʠʝ ʤʠʛʤʘ-
ʪʠʪʦ-ʛʥʝʡʩʳ ʠ ʜʠʦʧʩʠʜʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʚ ʢʨʝʩʪ 
ʧʨʦʩʪʠʨʘʥʠʷ ʧʦʩʣʝʜʥʠʭ. 



104 ï ʜʚʫʩʣʶʜʷʥʳʝ ʩ ʛʨʘʥʘʪʦʤ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʳ ʠʟ ʮʝʥ-
ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʝʣʘ ʚ ʢʘʨʴʝʨʝ çʆʚʝʯʠʡ ʣʦʛè 

ʆʪʦʙʨʘʥʥʳʝ ʚʨʫʯʥʫʶ ʟʝʨʥʘ ʮʠʨʢʦʥʦʚ ʙʳʣʠ ʠʤʧʣʘʥʪʠʨʦʚʘ-
ʥʳ ʚ ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ʚʤʝʩʪʝ ʩ ʟʝʨʥʘʤʠ ʮʠʨʢʦʥʦʚʳʭ ʩʪʘʥʜʘʨ-
ʪʦʚ TEMORA ʠ 91500. ɼʘʣʝʝ ʟʝʨʥʘ ʮʠʨʢʦʥʦʚ ʙʳʣʠ ʩʦʰʣʠʬʦʚʘ-
ʥʳ ʠ ʧʨʠʧʦʣʠʨʦʚʘʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʧʦʣʦʚʠʥʫ ʩʚʦʝʡ ʪʦʣʱʠ-
ʥʳ.  
ɼʣʷ ʚʳʙʦʨʘ ʫʯʘʩʪʢʦʚ ʜʘʪʠʨʦʚʘʥʠʷ (ʩʚʝʪʣʳʝ ʵʣʣʠʧʩʳ ʥʘ ʟʝʨʥʘʭ 
ʮʠʨʢʦʥʘ ʥʘ ʨʠʩʫʥʢʘʭ ʥʠʞʝ) ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʧʪʠʯʝʩʢʠʝ (ʚ ʧʨʦʭʦ-
ʜʷʱʝʤ ʠ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ) ʠ ʢʘʪʦʜʦ-ʣʶʤʠʥʠʩʮʝʥʪʥʳʝ ʠʟʦʙʨʘ-
ʞʝʥʠʷ, ʦʪʨʘʞʘʶʱʠʝ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʠ ʟʦʥʘʣʴʥʦʩʪʴ ʮʠʨʢʦ-
ʥʦʚ. ʀʟʤʝʨʝʥʠʷ U-Pb ʦʪʥʦʰʝʥʠʡ ʥʘ SHRIMP-II ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ 
ʘʧʨʦʙʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʝʨʚʠʯʥʦʛʦ ʧʫʯʢʘ ʤʦ-
ʣʝʢʫʣʷʨʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʩʦʩʪʘʚ-
ʣʷʣʘ 5 ʥɸ, ʜʠʘʤʝʪʨ ʧʷʪʥʘ (ʢʨʘʪʝʨʘ) ʩʦʩʪʘʚʣʷʣ 25 ʤʢʤ. ʆʙʨʘʙʦʪ-
ʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦ-
ʛʨʘʤʤʳ SQUID.  
U-Pb ʦʪʥʦʰʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʣʠʩʴ ʥʘ ʟʥʘʯʝʥʠʝ 0.0668, ʧʨʠʧʠ-
ʩʘʥʥʦʝ ʩʪʘʥʜʘʨʪʥʦʤʫ ʮʠʨʢʦʥʫ TEMORA, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟ-
ʨʘʩʪʫ ʵʪʦʛʦ ʮʠʨʢʦʥʘ 416.75 ʤʣʥ. ʣʝʪ. ʇʦʛʨʝʰʥʦʩʪʠ ʝʜʠʥʠʯʥʳʭ 
ʘʥʘʣʠʟʦʚ (ʦʪʥʦʰʝʥʠʡ ʠ ʚʦʟʨʘʩʪʦʚ) ʨʘʩʩʯʠʪʘʥʳ  ʥʘ ʫʨʦʚʥʝ ʦʜʥʦʡ 
ʩʠʛʤʳ, ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʥʳʭ ʢʦʥʢʦʨʜʘʥʪʥʳʭ ʚʦʟʨʘʩʪʦʚ ʠ 
ʧʝʨʝʩʝʯʝʥʠʡ ʩ ʢʦʥʢʦʨʜʠʝʡ ʧʨʠʚʦʜʷʪʩʷ ʥʘ ʫʨʦʚʥʝ ʜʚʝ ʩʠʛʤʳ. ʇʦ-
ʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʩ ʢʦʥʢʦʨʜʠʝʡ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʧʨʦʛʨʘʤʤʳ ISOPLOT/EX. 

ʉʦ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʧʝʨʚʦʡ ʩʪʘʪʴʠ [12] ʥʘʰʘ ʧʦʟʠʮʠʷ ʦ 
ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʥʝ 
ʤʝʥ̫ʣʘʩʴ ʚ ʧʨʠʥʮʠʧʝ. ʇʦʵʪʦʤʫ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʘʚʝ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ, 
ʤʦʞʥʦ ʧʦʯʝʨʧʥʫʪʴ ʠʟ ʫʢʘʟʘʥʥʦʡ ʩʪʘʪʴʠ, ʘ ʪʘʢʞʝ ʠʟ [25]. ɺʩʝʛʦ ʤʳ 
ʚʳʜʝʣʷʝʤ ʜʚʝ ʩʝʨʠʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ: 

- ʨʝʛʠʦʥʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʚʳʩʦʢʠʭ ʪʝʤ-
ʧʝʨʘʪʫʨ ʠ ʥʠʟʢʠʭ ʜʘʚʣʝʥʠʡ, ʷʚʣʷʶʱʠʝʩʷ ʬʨʘʛʤʝʥʪʘʤʠ ʢʨʠʩʪʘʣ-
ʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-
ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ (ʧʨʦʙʳ 56, 57, 59, 75) ʠ  ʩʣʘʛʘʶʱʠʝ 93-95% 
ʦʙʲʝʤʘ ʚʩʝʡ ʀʨʪʳʩhʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ;                                             

- ʫʟʢʠʝ ʣʠʥʝʡʥʳʝ ʟʦʥʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʳʩʦʢʠʭ ʠ 
ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʢʦʣʣʠʟʠʦʥʥʦʛʦ 
ʪʠʧʘ, ʚʦʟʥʠʢʰʠʝ  ʚ ʧʨʦʮʝʩʩʝ  ʢʦʣʣʠʟʠʦʥʥʦ-ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘ-
ʮʠʡ  ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʠ ɸʣʪʘʡʩʢʦʡ ʠ ʂʘʟʘʭʩʪʘʥʦ-ɼʞʫʥʛʘʨʩʢʦʡ ʣʠ-



ʪʦʩʬʝʨʥʳʭ ʧʣʠʪ [26]. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʙʳ 58, 78 
ʠ 104. 

ʉʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʣʝʪ [20,21], ʜʦʧʦʣ-
ʥʝʥʥʳʝ ʥʘʰʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ ʀʨʪʳʰʩʢʫʶ 
ʟʦʥʫ ʢʘʢ ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʩʙʨʦʩʦ-ʩʜʚʠʛ, ʢʦʪʦʨʳʡ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ  
ʜʣʠʪʝʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʜʥʷʣ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʛʣʫʙʦʢʦ-
ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ (ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ) ʠ 
ʩʬʦʨʤʠʨʦʚʘʣ ʰʦʚʥʳʝ ʟʦʥʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚʳʩʦʢʠʭ 
ʜʘʚʣʝʥʠʡ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʪʠʧʘ - ʩ ʜʨʫʛʦʡ. ɺʳʧʦʣʥʝʥʥʳʝ ʠʟʦʪʦʧ-
ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ ʚʨʝʤʝʥʥʫʶ ʦʮʝʥʢʫ ʦʙʦʠʤ  
ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʦʙʳʪʠʷʤ.  

 
2.2 ʈʝʛʠʦʥʘʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʬʫʥʜʘ-
ʤʝʥʪʘ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ         

 

ʀʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʦ-
ʨʳʚʘʶʱʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʫʧʦʤʷʥʫʪʳ ʚʳʰʝ. ɺ ʧʦ-
ʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʧʝʨʝʩʝʯʝʥʠʠ ʤʝʪʘ-
ʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʘʢʞʝ ʠ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʤʘʛʤʘ-
ʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ʅʘ ʶʞʥʦʤ ɸʣʪʘʝ ʠʟʫʯʝʥ ʨʘʟʨʝʟ ʧʦ ʧʨʘʚʦʤʫ 
ʙʝʨʝʛʫ  
ʨ. ʂʫʨʯʫʤ ʠ ʝʛʦ ʧʨʘʚʦʤʫ ʧʨʠʪʦʢʫ ʨ. ʄʘʨʘʣʠʭʠ (ʨʠʩʫʥʦʢ 2.3). ʊʝʢ-
ʪʦʥʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʠ ʛʥʝʡʩʦʚ ʦʩʝʚʦʡ 
ʯʘʩʪʠ ʂʫʨʯʫʤʦ-ʂʘʣʴʜʞʠʨʩʢʦʛʦ ʛʦʨʩʪʘ ʩ ʟʝʣʝʥʳʤʠ ʩʣʘʥʮʘʤʠ ʩʝ-
ʚʝʨʥʦʛʦ ʙʦʨʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 300 ʤʝʪʨʘʭ ʶʞʥʝʝ ʄʘʨʘʣʠʭʠʥʩʢʦ-
ʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂ ʶʛʫ ʦʪ ʥʝʛʦ ʜʦ ʶʞʥʦʡ ʦʢʨʘʠʥʳ ʧʦʩ. ʄʘʨʘʣ-
ʜʳ ʥʘʙʣʜʁʘʶʪʩʷ ʩʝʨʳʝ ʪʦʥʢʦʧʣʦʡʯʘʪʳʝ ʛʥʝʡʩʳ ʧʦʣʝʚʦʰʧʘʪ-
ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʀʟ ʥʠʭ ʦʪʦʙʨʘʥʘ ʩʙʦʨʥʘʷ ʧʨʦʙʘ 
ˉ 57.  
ɼʘʣʝʝ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʨ. ʂʫʰʠʤ (ʂʫʨʯʫʤ) ʜʦ ʧʝʨʚʦʛʦ ʨʫʯʴʷ, 
ʚʧʘʜʘʶʱʝʛʦ ʚ ʥʝʛʦ, ʩʧʨʘʚʘ ʦʙʥʘʞʘʶʪʩʷ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 
ʙʠʦʪʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪ-ʛʨʘʥʘʪʦʚʳʝ ʛʥʝʡʩʳ. ʀʟ ʵʪʠʭ ʛʥʝʡʩʦʚ 
ʦʪʦʙʨʘʥʘ ʩʙʦʨʥʘʷ ʧʨʦʙʘ 57-ʘ, ʚ ʢʦʪʦʨʦʡ ʧʦʩʣʝ ʝʝ ʦʙʨʘʙʦʪʢʠ 
ʮʠʨʢʦʥ ʥʝ ʦʙʥʘʨʫʞʝʥ. ʇʦ ʚʳʰʝʫʧʦʤʷʥʫʪʦʤʫ ʨʫʯʴʶ ʧʨʦʭʦʜʠʪ 
ʢʦʥʪʘʢʪ ʤʝʞʜʫ  
ʜʚʫʤʷ ʢʦʥʪʨʘʩʪʥʳʤʠ ʪʦʣʱʘʤʠ: ʚʳʰʝʫʧʦʤʷʥʫʪʳʤʠ ʤʠʛʤʘʪʠʪʘʤʠ 
ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʛʨʘʥʘʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʟʝʣʝʥʦʚʘʪʦ-
ʩʝʨʳʤʠ ʩʣʘʙʦ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʦʣʝʚʦʰʧʘʪ-ʘʤʬʠʙʦʣʦʚʳʤʠ 
ʛʥʝʡʩʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʨʝʣʠʢʪʦʚʳʝ ʙʫʜʠʥʳ ʧʦʣʝʚʦʰʧʘʪ-
ʜʠʦʧʩʠʜʦʚʳʭ ʧʦʨʦʜ. ɺʙʣʠʟʠ ʢʦʥʪʘʢʪʘ ʚ ʪʝʤʥʳʭ ʛʥʝʡʩʘʭ ʦʪʤʝʯʘ-
ʶʪʩʷ ʧʨʦʩʣʦʡʢʠ ʙʠʦʪʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ 



ʚ ʞʁʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʩʪʝʧʝʥʥʦ ʠʩʯʝʟʘʶʪ. ɺ ʪʝʤʥʳʭ ʛʥʝʡʩʘʭ 
ʦʪʤʝʯʝʥʳ ʜʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ (ʠ ʛʝʥʝʪʠʯʝʩʢʠʝ) ʨʘʟʥʦʚʠʜʥʦʩʪʠ  
ʛʨʘʥʠʪʥʳʭ ʞʠʣ: ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʚ ʚʠʜʝ ʣʝʡʢʦʩʦʤ (ʨʠʩʫʥʦʢ 2.5), 
ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʠ ʧʣʘʛʠʦʩʠʝʥʠʪʳ ʚ ʚʠʜʝ ʩʝʢʫʱʠʭ ʞʠʣ. ʀʟ ʪʝʤʥʳʭ  
ʛʥʝʡʩʦʚ ʦʪʦʙʨʘʥʘ ʠ ʦʙʨʘʙʦʪʘʥʘ ʧʨʦʙʘ, ʥʦ ʮʠʨʢʦʥʘ ʚ ʥʝʡ ʥʝ ʦʢʘ-
ʟʘʣʦʩʴ.  

 
ʀʟ ʩʝʢʫʱʝʛʦ ʪʝʣʘ ʧʣʘʛʠʦʩʠʝʥʠʪʘ ʦʪʦʙʨʘʥʘ ʧʨʦʙʘ ˉ 56. ɺ 

ʥʝʡ ʦʢʘʟʘʣʩʷ  ʪʠʧʠʯʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʮʠʨʢʦʥ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʢʦʨ-
ʨʦʟʠʠ ʠ ʩ ʨʘʟʚʠʪʦʡ ʨʠʪʤʠʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

 
 

ʈʠʩʫʥʦʢ 2.5. ʄʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʘʤʬʠʙʦʣ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʡ 
ʛʥʝʡʩ ʩ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʡ ʣʝʡʢʦʩʦʤʦʡ. 

 
ʊʘʙʣʠʮʘ 2.1 ï ʋʨʘʥ-ʩʚʠʥʮʦʚʳʝ ʜʘʪʠʨʦʚʢʠ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʠʟ 

ʧʨʦʙʳ 56 
 

ʊʦʯʢʠ 
ʥʘ ʨʠʩ.5 

U, ppm Th, ppm Th/U 
206

Pb/
238

U 
Age, Ma 

207
Pb/

206
Pb 

Age, Ma 

% dis-
cor- 

dance 

5.1 294 33 0.11 344Ñ7.6 387Ñ 110 13 

8.1 600 86 0.14 348Ñ6.9 295Ñ110 -15 

7.2 848 139 0.16 349Ñ6.7 336Ñ110 -4 



3.1 1030 212 0.20 350Ñ6.6 315Ñ80 -10 

1.1 498 67 0.13 351Ñ7.3 342Ñ120 -3 

9.1 459 54 0.12 355Ñ7.2 345Ñ100 -3 

2.1 597 85 0.14 355Ñ7.2 356Ñ100 0 

6.1 676 111 0.16 357Ñ7.2 368Ñ250 3 

4.1 548 77 0.14 357Ñ7.1 353Ñ100 -1 

7.1 437 48 0.11 361Ñ7.7 290Ñ86 -20 

ʉʨʝʜʥʝʚʟʚʝʰʝʥʥʳʡ ʚʦʟʨʘʩʪ 352Ñ2 ʤʣʥ. ʣʝʪ, ʯʪʦ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʪʫʨʥʝʡʩʢʦʤʫ ʷʨʫʩʫ ʨʘʥʥʝʛʦ ʂʘʨʙʦʥʘ. ɺʦʟʨʘʩʪ ʪʘʢʦʡ ʞʝ 
ʞʠʣʳ ʛʨʘʥʘʪʦʚʦʛʦ ʛʨʘʥʠʪʘ ʚ ʦʙʨʳʚʝ ʨ. ʂʘʣʴʜʞʠʨ  ʩʦʩʪʘʚʠʣ 362Ñ5 
ʤʣʥ. ʣʝʪ [22], ʯʪʦ ʦʪʚʝʯʘʝʪ ʛʨʘʥʠʯʥʦʤʫ ʟʥʘʯʝʥʠʶ ʤʝʞʜʫ ʧʦʟʜʥʠʤ 
ɼʝʚʦʥʦʤ ʠ ʨʘʥʥʠʤ ʂʘʨʙʦʥʦʤ.  

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ ʥʘ ʩʝʚʝʨʦ-
ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʉʦʛʨʘ (ʨʠʩ. 
2.6) ʧʦʣʫʯʝʥʳ ʫʙʝʜʠʪʝʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ, ʠʩʢʣʶʯʘʶʱʠʝ ʰʠ-
ʨʦʢʦ ʧʨʠʟʥʘʥʥʫʶ ʚʝʨʩʠʶ ʦ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʀʨ-
ʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ. ɿʜʝʩʴ ʚ ʦʙʨʳʚʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪ-
ʥʘ ʜʘʡʢʠ ʤʝʣʢʦ- ʩʨʝʜʥʝʟʝʨʥʠʩʪʴʭ ʘʜʘʤʝʣʣʠʪʦʚ, ʟʘʣʝʛʘʶʱʠʝ 
ʜʠʩʢʦʨʜʘʥʪʥʦ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʨʳʚʘʶʪ 
ʛʥʝʡʩʦʤʠʛʤʘʪʠʪʳ ʠ ʜʠʦʧʩʠʜʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, ʠʤʝ-
ʶʱʠʝ ʛʝʥʝʨʘʣʴʥʦʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ (ʨʠʩ. 2.6). ʍʠ-
ʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʜʘʤʝʣʣʠʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2.2. 

 

 
 



ʈʠʩʫʥʦʢ  2.6. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʧʨʦʙʳ 94  
ʚ ʧʦʣʦʩʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ  ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ 

 

1 ï ʘʜʘʤʝʣʣʠʪ ʠ ʧʦʟʠʮʠʷ ʧʨʦʙʳ ˉ 94; 2 ï ʪʫʨʤʘʣʠʥʦʚʳʝ  
ʧʣʘʛʠʦʛʨʘʥʠʪʳ Pz1; 3 ï ʜʠʦʧʩʠʜʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ;  

4 ï ʛʥʝʡʩʦ-ʤʘʛʥʠʪʳ 

 
ʊʘʙʣʠʮʘ 2.2 ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʘʜʘʤʝʣʣʠʪʦʚ ʧʨʦʙʳ 94 

 

ˉ SiO2 Al2O3 Fe2O3 TiO2 CaO MgO MnO K2O Na2O P2O5 FeO ʧʧʧ 

94/1 68.91 15.81 3.62 0.27 3.40 0.84 0.05 2.00 3.56 0.10 2.79 0.27 

94/2 69.48 15.71 3.92 0.30 3.40 0.99 0.06 1.88 3.56 0.11 2.34 0.14 

ʎʠʨʢʦʥ ʠʤʝʝʪ ʚʩʝ ʧʨʠʟʥʘʢʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-
ʥʠʷ: ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʘʷ ʨʠʪʤʠʯʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʩʦʚʝʨʰʝʥʥʘʷ 
ʦʛʨʘʥʢʘ, ʦʪʩʫʪʩʪʚʠʝ ʨʝʣʠʢʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝ-
ʨʠʩʪʠʢʠ  ʠ ʚʦʟʨʘʩʪ ʪʦʯʝʢ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2.3. 
 

ʊʘʙʣʠʮʘ 2.3. ʋʨʘʥ-ʩʚʠʥʮʦʚʳʝ ʜʘʪʠʨʦʚʢʠ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʠʟ 
ʧʨʦʙʳ 94. 
 

ʊʦʯʢʠ %
206

Pbc U, ppm 
Th, 

ppm 
232

Th/
238

U 
206

Pb
*
,ppm 

206
Pb

 / 238
U, 

Ma 

94.1.1 

94.2.1 

94.3.1 

94.4.1 

94.5.1 

94.6.1 

94.7.1 

94.8.1 

94.9.1 

94.10.1 

1.24 

0.30 

0.26 

0.00 

0.30 

0.09 

0.22 

0.47 

0.77 

0. 26 

70 

275 

447 

385 

129 

369 

241 

238 

119 

326 

26 

192 

268 

225 

54 

178 

104 

67 

44 

184 

0.39 

0.72 

0.62 

0.60 

0.44 

0.50 

0.45 

0.29 

0.38 

0.58 

3.36 

13.8 

21.4 

19.1 

6.3 

18.4 

11.8 

11.3 

5.95 

15.8 

344 

365 

349 

361 

356 

363 

356 

346 

364 

354 

Ñ 8.4 

Ñ 6.7 

Ñ 6.2 

Ñ 6.7 

Ñ 7.2 

Ñ 6.4 

Ñ 6.8 

Ñ 6.3 

Ñ 7.6 

Ñ 6.4 
 

ʇʦʣʦʞʝʥʠʝ ʩʨʝʜʥʝ-ʚʟʚʝʰʝʥʥʦʛʦ ʵʣʣʠʧʩʘ ʥʘ ʜʚʫʭ ʢʦʥʢʦʨ-
ʜʠʷʭ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2.7. ʆʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʮʝ ʧʦʟʜʥʝ-
ʛʦ ɼʝʚʦʥʘ ʠ ʨʘʥʥʝʛʦ ʂʘʨʙʦʥʘ: 356Ñ4 ʄʘ. 

 



 
 

ʈʠʩʫʥʦʢ 2.7. ɺʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟ ʘʜʘʤʝʣʣʠʪʘ (ʧʨʦʙʘ 94),  
ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ.2.6 ʠ ʚ ʪʘʙʣ.2.2. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʪʳʨʝ ʜʘʪʠʨʦʚʢʠ ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʛʤʘʪʠʯʝ-
ʩʢʠʭ ʪʝʣ, ʩʝʢʫʱʠʭ ʛʥʝʡʩʳ, ʤʠʛʤʘʪʠʪʦ-ʛʥʝʡʩʳ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 
ʩʣʘʥʮʳ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ ʠ ʫʜʘʣʝʥʥʳʭ 
ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʜʝʩʷʪʢʠ ʠ ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 
ʨʝʛʠʦʥʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʩʦʙʪrʠʷ, ʠʤʝʚʰʝʛʦ ʤʝʩʪʦ ʥʘ ʛʨʘʥʠʮʝ 
ʧʦʟʜʥʝʛʦ ɼʝʚʦʥʘ ʠ ʨʘʥʥʝʛʦ ʂʘʨʙʦʥʘ. ʎʠʬʨʳ ʚʦʟʨʘʩʪʘ, ʤʝʪʦʜ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʢʨʘʪʢʘʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʙ ʢʦʤʧʘʢʪʥʦ ʩʚʝʜʝ-
ʥʳ ʚ ʪʘʙʣʠʮʝ 2.4. 

 

ʊʘʙʣʠʮʘ 2.4. ɺʦʟʨʘʩʪ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʧʨʦʨʳʚʘʶʱʠʭ 
ʨʝʛʠʦʥʘʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ  
ʩʤ̫ʪʠʷ. 
 

ˉ 
ʧ/ʧ 

ɺʦʟʨʘʩʪ ʄʝʪʦʜ 
ʂʨʘʪʢʘʷ  

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

1 
352 Ñ 2 
ʄʘ 

SHRIMP 
ɾʠʣʘ ʧʣʘʛʠʦʩʠʝʥʠʪʘ ʚ ʛʥʝʡʩʘʭ ʚ 
ʦʙʨʳʚʝ ʨ. ʂʫʨʯʫʤ, ʖʞʥʳʡ ɸʣʪʘʡ 

2 
362 Ñ 5 
ʄʘ 

ʂʣʘʩʩʠʯʝʩʢʠʡ 
ɾʠʣʘ ʛʨʘʥʠʪʘ ʚ ʛʥʝʡʩʘʭ ʚ ʦʙʨʚrʝ 
ʨ. ʂʘʣʴʜʞʠʨ, ʖʞʥʳʡ ɸʣʪʘʡ [22] 

3 
354 Ñ 2,5 
ʄʘ 

SHRIMP 
ʇʣʘʛʠʦʛʨʘʥʠʪʳ ʤʘʩʩʠʚʘ ʉʘʨ -rʊʘʫ, 
ʟʘʣʝʛʘʶʱʝʛʦ ʚ ʛʥʝʡʩʘʭ, ʖʞʥʳʡ 
ɸʣʪʘʡ [36]. 



4 
356 Ñ 4 
ʄʘ 

SHRIMP 

ʄʘʣʳʝ ʪʝʣʘ ʠ ʜʘʡʢʠ, ʧʨʦʨʳʚʘʶ-
ʱʠʝ ʛʥʝʡʩʦ-ʤʠʛʤʘʪʠʪʳ ʠ ʧʣʘʛʠʦ-
ʢʣʘʟ-ʜʠʦʧʩʠʜʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝ-
ʩʢʠʝ ʩʣʘʥʮʳ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʉʦʛʨʘ, 
ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʀʨʪʳʰʩʢʦʡ 
ʟʦʥʳ. 

 
ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ 

ʚʦʟʨʘʩʪ ʨʝʛʠʦʥʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʀʨʪʳʰʩʢʦʡ ʟʦ-
ʥʳ, ʢʘʢ ʤʠʥʠʤʫʤ, ʧʦʣʠʭʨʦʥʥʳʡ: ʠʤʝʶʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʢʘʢ ʜʦ 
ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʡ, ʪʘʢ ʠ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʩʪʘʜʠʷʭ ʤʝʪʘʤʦʨ-
ʬʠʟʤʘ. ʅʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʩʪʘʜʠʠ ʤʝʪʘ-
ʤʦʨʬʠʟʤʘ ʫʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ [15, 20].   

ɼʣʷ ʨʝʛʠʦʥʘʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʀʨʪʳʰʩʢʦʡ 
ʟʦʥʳ ʩʤʷʪʠʷ ʩʚʦʡʩʪʚʝʥʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʢʘʢ ʚʝʱʝ-
ʩʪʚʝʥʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʪʘʢ ʠ ʚʨʝʤʝʥʠ ʠʭ ʧʨʦʷʚʣʝʥʠʷ. 
ʆʜʥʘ ʠʟ ʚʝʱʝʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʢʦʣʦʥʦʢ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 
2.8. ʆʥʘ ʩʦʩʪʘʚʣʝʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ 
ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʛ.ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘ ʜʦ ʧʦʩ. ʂʦʞʦʭʦʚʦ, ʨʘʩʧʦʣʦ-
ʞʝʥʥʦʛʦ ʚ 26 ʢʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʛʦʨʦʜʘ. 



 
 

ʈʠʩʫʥʦʢ 2.8. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʚʦʟʨʘʩʪʥʘʷ ʢʦʣʦʥʢʘ  
ʨʝʛʠʦʥʘʣʥɹʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ. 

ʇʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ. 
 
ʅʘ ʥʝʡ ʮʠʬʨʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʚʝʱʝʩʪʚʝʥʥʦ ʩʪʨʫʢʪʫʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ (ʦʪ ʜʨʝʚʥʠʭ ʢ ʤʦʣʦʜʳʤ): 
0 ï ʩʠʣʣʠʤʘʥʠʪ- ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʤʠʛʤʘʪʠ-

ʟʠʨʦʚʘʥʥʳʝ ʛʥʝʡʩʳ; 
1- ʤʝʣʘʥʞ, ʩʦʩʪʦʷʱʠʡ ʠʟ  ʬʨʘʛʤʝʥʪʦʚ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚ ʠ 

ʧʦʣʝʚʦʰʧʘʪ-ʙʠʦʪʠʪʦʚʦʛʦ ʤʘʪʨʠʢʩʘ; 
2- ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʘʜʘʤʝʣʣʠʪʦ-ʛʥʝʡʩʳ; 
3- ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʘʜʘʤʝʣʣʠʪʦ-ʛʥʝʡʩʳ (ʚʝʱʝʩʪʚʝʥʥʳʝ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 2 ʠ 3 ʠ ʨʝʟʢʠʡ ʢʦʥʪʘʢʪ ʚʠʜʥʳ ʥʘ ʜʝʪʘʣʴʥʦʡ ʚʨʝʟ-
ʢʝ) ; 



4- ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʳ. 
 
ʅʘʰʠ ʧʦʧʳʪʢʠ ʚʳʜʝʣʠʪʴ ʮʠʨʢʦʥ ʠʟ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʦʠʜʦʚ 2-4 ʠ 

ʜʘʪʠʨʦʚʘʪʴ ʠʭ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʤ ʤʝʪʦʜʦʤ ʐʈʀʄʇ-II ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʂʘʟʘʭʩʪʘʥʘ ʧʦʢʘ ʦʢʘʟʘʣʠʩʴ ʙʝʟʫʩʧʝʰʥʳʤʠ ʚ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚ 
ʥʠʭ ʮʠʨʢʦʥʘ. ʅʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʧʨʦʜʦʣʞʝʥʠʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʥʘ 
ʪʝʨʨʠʪʦʨʠʠ ʂʘʪʘʷ ʧʦʣʫʯʝʥʳ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ [27]. ɼʣʷ 
ʠʟʫʯʝʥʠʷ ʮʠʨʢʦʥʘ ʠʩʧʦʣʟɹʦʚʘʣʩʷ ʤʠʢʨʦʟʦʥʜ ULCA CAMECA IMS-
1270 ʠ ʮʠʨʢʦʥʦʚʳʡ ʩʪʘʥʜʘʨʪ AS3. ʀʟ ʨʠʩʫʥʢʘ 2.9 ʚʠʜʥʦ, ʯʪʦ ʤʦʣʦ-
ʜʦʡ (ʧʝʨʤʩʢʠʡ) ʚʦʟʨʘʩʪ 286Ñ12 ʄʘ  ʧʦʣʫʯʝʥ ʪʦʣʴʢʦ ʧʦ ʜʠʩʢʦʨ-
ʜʘʥʪʥʳʤ ʞʠʣʘʤ ʛʨʘʥʠʪʦʠʜʦʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ɻʨʘ-
ʥʠʪʦʠʜʳ ʢʦʥʢʦʨʜʘʥʪʥʦʡ ʦʨʠʝʥʪʘʮʠʠ (ʛʥʝʡʩʦ-ʛʨʘʥʠʪ, ʦʨʪʦʛʥʝʡʩ, 
ʪʦʥʘʣʠʪʦ-ʛʥʝʡʩ), ʟʘʣʝʛʘʶʱʠʝ ʩʦʛʣʘʩʥʦ ʩ ʛʝʥʝʨʘʣʴʥʦʡ ʛʥʝʡʩʦʚʠʜ-
ʥʦʩʪʴʶ, ʠʤʝʶʪ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʠʝ ʚʦʟʨʘʩʪʘ: 448Ñ30, 451Ñ14 ʠ 
451Ñ23 ʄʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʥʘʮʠʪʘ Th-Pb ʤʝʪʦʜʦʤ, ʘ ʪʘʢʞʝ ʙʠʦ-
ʪʠʪʘ, ʘʤʬʠʙʦʣʘ, ʤʫʩʢʦʚʠʪʘ ʠ ʢʘʣʠʝʚʦʛʦ ʰʧʘʪʘ Ar-Ar ʤʝʪʦʜʦʤ ʚʳ-
ʷʚʠʣʦ ʪʦʣʴʢʦ ʤʦʣʦʜʳʝ ʧʝʨʤʩʢʠʝ ʚʦʟʨʘʩʪʘ ʚʦ ʚʩʝʭ ʪʠʧʘʭ ʧʦʨʦʜ ʦʪ 
265 ʜʦ 275 ʄʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʜʨʝʚʥʷʷ ʦʨʜʦʚʠʢʩʢʘʷ U-Pb ʩʠʩʪʝ-
ʤʘ ʩʦʭʨʘʥʠʣʘʩʴ ʪʦʣʴʢʦ ʚ ʮʠʨʢʦʥʘʭ ʠʟ ʛʥʝʡʩʦʚʠʜʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ, 
ʢʦʥʢʦʨʜʘʥʪʥʳʭ ʩ ʛʝʥʝʨʘʣʴʥʳʤ ʧʨʦʩʪʠʨʘʥʠʝʤ ʀʨʪʳʰʩʢʦʛʦ ʤʝʪʘ-
ʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʪʘʢʘʷ ʞʝ ʪʝʥ-
ʜʝʥʮʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠ ʚʦ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʦʨʦʜʘʭ ʀʨʪʳʰʩʢʦʛʦ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2.9.  ʀʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʧʦʨʦʜ 
 ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ʌʫʶʥ  

ʚ  ʉʠʥʮʟʷʥʝ (ʂʠʪʘʡ) [27].   
 



1- ʀʨʪʳʰʩʢʠʡ ʛʥʝʡʩʦʚʳʡ ʢʦʤʧʣʝʢʩ; 2-ʛʥʝʡʩʦʛʨʘʥʠʪʦʠʜʳ ʚ ʀʨʪʳʰʩʢʦʤ 
ʛʥʝʡʩʦʚʦʤ ʢʦʤʧʣʝʢʩʝ; 3 ï ʦʨʪʦʛʥʝʡʩʳ; 4- ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ;  

5-ʥʦʤʝʨ ʧʨʦʙʳ ʠ ʚʦʟʨʘʩʪ ʢʦʥʢʦʨʜʘʥʪʥʳʭ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʦʚ;  
6- ʩʝʢʫʱʠʝ (ʜʠʩʢʦʨʜʘʥʪʥʳʝ) ʪʝʣʘ ʛʨʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ. 
ʉʣʝʜʫʶʱʠʡ ʚʦʟʨʘʩʪʥʦʡ ʫʨʦʚʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʪʨʠ ʧʨʦʙʳ: 

57, 59 ʠ 75. ɻʝʦʛʨʘʬʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʠʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 3,4.  
ʇʨʦʙʳ75 ʠ 59. ʅʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʦʙʥʘʞʝʥʳ ʜʚʘ ʤʝʪʘʤʦʨ-

ʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘ: ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʠ 
ʛʥʝʡʩʦ-ʤʠʛʤʘʪʠʪʳ. ɺʥʝʰʥʠʡ ʦʙʣʠʢ ʧʦʨʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʠʩʫʥʦʢ 
2.10. 

 

 
 

ʈʠʩʫʥʦʢ 2.10. ɺʥʝʰʥʠʡ ʦʙʣʠʢ ʧʦʨʦʜ  
ʧʣʘʛʠʦʢʣʘʟ-ʜʠʦʧʩʠʜʦʚʦʛʦ (ʩʣʝʚʘ) ʠ ʤʠʛʤʘʪʠʪ-ʛʥʝʡʩʦʚʦʛʦ (ʩʧʨʘ-
ʚʘ) ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʉʦʛʨʠʥʩʢʦʤ ʫʯʘʩʪʢʝ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ. 

 
ʆʙʘ ʢʦʤʧʣʝʢʩʘ ʧʦ ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʥʘ 

ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ 
ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʉʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦ-
ʩʪʘʚ ʢʘʞʜʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ  2.5.  

 

ʊʘʙʣʠʮʘ 2.5 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʟʚʝʩʪʢʦʚʠʩʪʦʛʦ (ʧʣʘʛʠʦ-
ʢʣʘʟ-ʜʠʦʧʩʠʜʦʚʦʛʦ) ʠ ʛʣʠʥʦʟʝʤʠʩʪʦʛʦ (ʛʥʝʡʩʦ-ʤʠʛʤʘʪʠʪʦʚʦʛʦ) 
ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʉʦʛʨʠʥʩʢʦʤ ʫʯʘʩʪʢʝ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ. 

 

ʆʢʠʩ-
ʣ  r

1/3 2/3 
ʆʢʠʩ-
ʣ  r

1/3 2/3 
ʆʢʠʩ
ʣ  r

1/3 2/3 

SiO2 65,20 62,15 MnO 0,1 0,09 H2O
+ 

2,22 1,32 

TiO2 0,43 0,67 MgO 2,15 4,04 H2O
- 

0,06 0.11 

Al2O3 10,07 15,25 CaO 11,95 4,14 P2O5 0,14 0,16 

Fe2O3 0,66 1,11 Na2O 1,55 2,93 Ɇ 99,42 99.95 



FeO 3,55 5,16 K2O 1,34 2,82    

ʇʨʠʤʝʯʘʥʠʷ: 1/3-ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ; 2/3-ʛʥʝʡʩʦ-

ʤʠʛʤʘʪʠʪʳ. ɺ ʯʠʩʣʠʪʝʣʝ - ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʦʚ ʧʨʠ ʧʦʜʩʯʝʪʝ ʩʨʝʜʥʝʛʦ 
ʩʦʩʪʘʚʘ. 

ʀʟʚʝʩʪʢʦʚʠʩʪʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʦʠʩʪʦʡ ʪʦʣʱʝʡ,  
ʚ ʢʦʪʦʨʦʡ ʩʣʦʠ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʭ ʧʣʘʛʠʦʢʣʘʟ-ʩʢʘʧʦʣʠʪ-
ʜʠʦʧʩʠʜʦʚʳʭ ʧʦʨʦʜ ʯʝʨʝʜʫʶʪʩʷ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʧʦʣʝ-
ʚʦʰʧʘʪ-ʢʚʘʨʮ-ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʩʣʘʥʮʝʚ. ʊʦʣʱʘ ʩʤʷʪʘ ʚ ʠʟʦ-
ʢʣʠʥʘʣʴʥʳʝ ʩʢʣʘʜʢʠ ʩ ʨʘʟʤʘʭʦʤ ʢʨʳʣʴʝʚ ʜʦ 1 ʢʤ ʠ ʧʦʣʦʛʠʤ (30

0
) 

ʧʦʛʨʫʞʝʥʠʝʤ ʦʩʠ ʥʘ ʟʘʧʘʜ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʨʳʣʴʷ 
ʦʩʣʦʞʥʝʥʳ ʤʘʣʦʘʤʧʣʠʪʫʜʥʦʡ ʩʢʣʘʜʯʘʪʦʩʪʴʶ, ʦʜʥʘʢʦ, ʪʘʢʘʷ 
ʛʦʬʨʠʨʦʚʢʘ ʥʘʙʣʶʜʘʣʘʩʴ ʪʦʣʴʢʦ ʚ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʯʘʩʪʷʭ ʨʘʟʨʝ-
ʟʘ ʠ ʥʝ ʦʪʤʝʯʝʥʘ ʚ ʪʝʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ, 
ʛʜʝ ʤʦʱʥʦʩʪʴ ʧʣʘʛʠʦʢʣʘʟ-ʮʝʦʣʠʪ-ʜʠʦʧʩʠʜʦʚʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʜʦʩʪʠʛʘʝʪ 10 ʠ ʙʦʣʝʝ ʩʤ. ɼʣʷ ʢʦʤʧʣʝʢ-
ʩʘ ʭʘʨʘʢʪʝʨʥʳ ʜʚʘ ʧʘʨʘʛʝʥʝʟʠʩʘ ʤʠʥʝʨʘʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʝʛʦ ʢ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʥʘ 
ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʵʚʦʣʶʮʠʠ:   

1) ʦʨʪʦʢʣʘʟ ï ʩʢʘʧʦʣʠʪ (ʤʝʡʦʥʠʪ) ï ʢʣʠʥʦʧʠʨʦʢʩʝʥ ï ʧʣʘ-
ʛʠʦʢʣʘʟ; 

2) ʢʣʠʥʦʧʠʨʦʢʩʝʥ ï ʛʨʦʩʩʫʣʷʨ ï ʚʦʣʣʘʩʪʦʥʠʪ. 
 

ɻʥʝʡʩʦ-ʤʠʛʤʘʪʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ (ʨʠʩʫʥʦʢ 10) ʧʨʦʨʳʚʘʝʪ ʠʟ-
ʚʝʩʪʢʦʚʠʩʪʳʡ ʢʦʤʧʣʝʢʩ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʩʪʘʥʮʳ ʚʪʦʨʦʛʦ 
ʚ ʧʝʨʚʦʤ ʩʦ ʩʣʝʜʘʤʠ ʙʫʜʠʥʠʨʦʚʘʥʠʷ ʠ ʯʘʩʪʠʯʥʦʛʦ ʤʝʪʘʩʦʤʘʪʠ-
ʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ.   

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʤʠʛʤʘʪʠʪʦʚ ʥʦʩʠʣʦ ʧʨʦ-
ʪʨʫʟʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʯʘʩʪʠʯʥʦʝ ʫʩʚʦʝʥʠʝ ʠʟʚʝʩʪʢʦʚʠʩʪʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ ʤʠʛʤʘʪʠʪʘʤʠ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ 
ʬʣʶʠʜʥʘʩʳʱʝʥʥʦʩʪʴʶ ʚ ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ. ʆʙ ʵʪʦʤ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʝʪ  ʦʙʠʣʠʝ ʣʝʡʢʦʩʦʤʳ ʚ ʤʠʛʤʘʪʠʪʘʭ, ʧʨʝʚʳʰʘʶʱʝʝ 50 
% ʠʭ ʦʙʲʝʤʘ (ʨʠʩʫʥʦʢ 2.10), ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʥʘʪ ʣʝʡ-
ʢʦʩʦʤʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʠʨʦʧʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 30% (ʊʘʙʣʠʮʘ 
2.6). ɼʣʷ ʤʠʛʤʘʪʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʫʢʦʚʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ ʧʘʨʘ-
ʛʝʥʝʟʠʩ ʤʠʥʝʨʘʣʦʚ: ʧʦʣʝʚʳʝ ʰʧʘʪʳ ï ʙʠʦʪʠʪ ï ʛʨʘʥʘʪ ï ʢʚʘʨʮ ï 
ʩʠʣʣʠʤʘʥʠʪ. ʋʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʧʦ 
ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʦʤʫ ʪʝʨʤʦʤʝʪʨʫ ʦʮʝʥʠʚʘʶʪʩʷ ʮʠʬʨʘʤʠ: t=750 ï 
780

0
C, p=8 ʢʙʘʨ [28], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ. 

ʉʭʦʜʥʫʶ ʦʮʝʥʢʫ ʈ-ʊ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʛʤʘʪʠʪʦ-ʛʥʝʡʩʦʚ 
ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ʌʫʶʥ (ʉʠʥʮɹʟʷʥ) ʜʘʣʠ [27]: t = 
669Ñ120

0
 C, p = 7,7Ñ1,5ʢʙʘʨ.

     



 
ʊʘʙʣʠʮʘ 2.6 . ʉʦʩʪʘʚ ʛʨʘʥʘʪʘ ʤʠʛʤʘʪʠʪʦʚ ʉʦʛʨʳ 

 

 
ʄʝʣʘʥʦʩʦʤʘ ʃʝʡʢʦʩʦʤʘ 

1 2 3 1 2 3 

1 2 3 4 5 6 7 

SiO2 38.25 38.20 38.48 38.45 37.92 38.78 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.6. 
 

1 2 3 4 5 6 7 

Al2O3 20.95 20.75 21.12 21.11 21.36 20.93 

FeO 31.34 29.30 29.67 29.76 29.59 29.57 

MnO 1.80 2.64 1.47 1.45 1.64 1.82 

MgO 6.73 6.99 8.07 7.94 7.86 7.80 

CaO 1.17 1.48 1.27 1.28 1.28 1.34 

Ɇ 100.24 99.36 100.08 99.99 99.65 100.24 

ʇʠʨʦʧ 26.20 27.10 31.10 30.60 30.30 29.90 

ɸʣɹ -
ʤʘʥʜʠʥ 

66.40 62.90 61.90 63.10 62.50 62.50 

ʉʧʝʩ-
ʩʘʨʪʠʥ 

4.10 5.90 3.30 3.30 3.60 3.90 

ɻʨʦʩʩʫ-
ʣʷʨ 

3.30 3.90 3.60 3.60 3.60 3.70 

 
ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ  ʮʠʨʢʦʥʘ ʤʠʛʤʘʪʠʪʦʚ ʠ ʚʦʟʨʘʩʪ 

ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 2.7. ʉ ʫʯʝʪʦʤ ʪʘʙʣʠʮʳ ʠ ʨʠʩʫʥʢʘ 2.11, ʚʳʜʝ-
ʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ  

1- ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʡ ʨʝʣʠʢʪʦʚʳʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʷʜʨʘʤʠ 
ʦʙʣʘʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚ ʟʝʨʥʘʭ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʮʠʨʢʦʥʘ (9.1 ʠ 
13.1 ʥʘ ʨʠʩʫʥʢʝ 2.11); 

2- ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʦʛʨʘʥʝʥʥʳʡ ʠ ʨʠʪʤʠʯʥʦ ʟʦʥʘʣʥɹʳʡ 
(3.1, 4.1, 5.1, 6.1, 7.1, 9.1, 10.1, 14.1. 13.2); 
 

ʊʘʙʣʠʮʘ 2.7 - ʆʩʥʦʚʥʳʝ ʠʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʨʢʦʥʘ  
ʤʠʛʤʘʪʠʪʦʚ  ʉʦʛʨʳ. 
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U, 

ppm 
Th, 

ppm 
U/Th 

206
Pb/
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Age 

207
Pb/

206
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Age 

% 
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cor- 
dant 

1 2 3 4 5 6 7 8 

ʈʝʣʠʢʪʦʚʳʡ ʮʠʨʢʦʥ 

13.1 0.00 379 224 1.7 524Ñ11
 

558Ñ79
 

7 

9.1 0.00 549 446 1.2 539Ñ10
 

571Ñ61
 

6 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.7 
 

1 2 3 4 5 6 7 8 

ʎʠʨʢʦʥ ʛʣʘʚʥʦʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʬʘʟʳ 

14.2 1.20 148 48 3.1 475Ñ13 392Ñ290 -18 

5.1 0.40 723 122 5.9 489Ñ9.1 528Ñ81 8 

6.1 0.00 234 139 1.7 496Ñ10 515Ñ92 4 

3.1 0.08 325 270 1.2 497Ñ9.9 506Ñ79 2 

7.1 0.34 506 294 1.7 502Ñ9.8 526Ñ95 5 

10.1 0.26 904 371 2.4 506Ñ9.4 539Ñ67 7 

4.1 0.30 154 207 0.7 506Ñ12 417Ñ150 -18 

1.1 0.00 785 99 7.9 512Ñ9.4 546Ñ48 7 

ʎʠʨʢʦʥ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ 

8.3 2.78 623 293 2.1 414Ñ9.2 399Ñ340 -4 

2.1 0.58 515 59 8.7 420Ñ8.4 420Ñ130 0 

8.4 0.90 492 306 1.6 435Ñ10 292Ñ230 -33 

ʎʠʨʢʦʥ ʵʪʘʧʘ ʧʝʨʤʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 

12.1 0.27 1236 11 112 293Ñ5,6 322Ñ110 10 

8.1 0.00 645 4 161 296Ñ5.9 328Ñ79 11 

8.2 0.30 725 5 145 296Ñ6.2 251Ñ100 -15 

14.1 0.00 1218 18 68 296Ñ5.9 340Ñ62 15 



12.2 0.00 837 5 167 303Ñ6 353Ñ73 16 

 

3- ʮʠʨʢʦʥ ʨʘʥʥʝʧʝʨʤʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʦʪ ʂʘʣʙʠʥʩʢʦʛʦ ʙʘʪʦ-
ʣʠʪʘ, ʦʙʨʘʟʫʝʪ ʚʥʝʰʥʠʝ ʢʘʝʤʢʠ ʚʦʢʨʫʛ ʜʨʝʚʥʠʭ ʮʠʨʢʦʥʦʚ, ʘ ʪʘʢ-
ʞʝ ʤʝʪʘʤʠʢʪʥʳʝ ʟʝʨʥʘ (8.1, 8.2, 12.1, 12.2, 14.1)  

ʀʟʚʝʩʪʢʦʚʠʩʪʳʡ (ʜʠʦʧʩʠʜ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʡ) ʢʦʤʧʣʝʢʩ  ʚ 
ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʪʷʛʦʪʝʝʪ ʢ ɻʣʘʚʥʦʤʫ ʀʨ-
ʪʳʰʩʢʦʤʫ ʨʘʟʣʦʤʫ ʠ ʦʙʥʘʞʘʝʪʩʷ ʤʝʞʜʫ ʧʦʩ. ʉʦʛʨʘ ʠ ʋʰʘʥʦʚ-
ʩʢʠʡ. ʇʨʦʩʪʠʨʘʥʝ ʝʛʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ, ʜʣʠʥʘ ʦʢʦʣʦ 10 ʢʤ, ʰʠ-
ʨʠʥʘ ʧʝʨʚʳʝ ʩʦʪʥʠ ʤʝʪʨʦʚ. ɺʳʭʦʜʳ ʝʛʦ ʪʘʢʞʝ ʦʪʤʝʯʝʥʳ ʚ ʨʘʡ-
ʦʥʝ ʧʦʩ. ʂʦʞʦʭʦʚʦ ʠ ʶʞʥʝʝ ʛ. ʐʝʤʦʥʘʠʭʘ ʥʘ ʦʢʨʘʠʥʝ ʩ. ɺʦʣʯʠʭʘ. 
ʇʦʣʥʘʷ ʚʳʙʦʨʢʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʘ, ʠʟʚʣʝ-
ʯʝʥʥʦʛʦ ʠʟ ʧʣʘʛʠʦʢʣʘʟ-ʜʠʦʧʩʠʜʦʚʦʛʦ ʩʣʦʷ ( ʧʨʦʙʘ 75), ʧʨʠʚʝʜʝ-
ʥʳ ʚ ʪʘʙʣʠʮʝ 2.8 ʠ ʥʘ ʨʠʩʫʥʢʝ 2.12.  

 

 
 

ʈʠʩʫʥʦʢ 2.11. ʈʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ  (ʩʣʝʚʘ) ʠ ʧʝʨʤʩʢʠʡ (ʩʧʨʘʚʘ) ʮʠʨ-
ʢʦʥ  ʤʠʛʤʘʪʠʪʦʚ ʉʦʛʨʠʥʩʢʦʛʦ ʫʯʘʩʪʢʘ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ 

 



 
 

ʈʠʩʫʥʦʢ 2.12. ʎʠʨʢʦʥ ʜʠʦʧʩʠʜ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ  
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ. ʎʠʬʨʳ ʥʘʜ ʬʦʪʦʛʨʘʬʠʷʤʠ  

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʠʬʨʘʤ ʚ ʪʘʙʣʠʮʝ 2.8. 
ʊʘʙʣʠʮʘ 2.8. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʧʣʘʛʠʦ-

ʢʣʘʟ-ʜʠʦʧʩʠʜʦʚʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ 
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%
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c 
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Th, 
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U/Th 
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Pb/
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U 
Age 

207
Pb/

206
Pb 

Age 

% dis-
cor- 
dant 

1.  ʈʝʣʠʢʪʦʚʳʡ ʮʠʨʢʦʥ 

5.1  280 311 0,9 545Ñ8.8 594Ñ60 9 

9.1  269 47 5.7 765Ñ12
 

745Ñ63
 

-3 

2. ʎʠʨʢʦʥ ʛʣʘʚʥʦʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʬʘʟʳ 

11.2 4.45 139 160 0.87 496.7Ñ9.3 544Ñ260 9 

11.1 0.38 361 426 0.85 502.2Ñ8.1 513Ñ66 2 



10.1 0.09 484 341 1.4 514.3Ñ8.1 487Ñ36 -5 

6.1 0.22 812 574 1.4 517.1Ñ8 467Ñ36 -5 

5.2 0.14 368 334 1.1 508Ñ8 553Ñ42 9 

3.1 0.29 303 135 2.2 506Ñ8.4 461Ñ70 -9 

3. ʎʠʨʢʦʥ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ 

1.1 0.13 398 73 5.4 458.7Ñ7.3 458Ñ55 -3 

2.1 0.13 312 225 1.4 452.5Ñ7.3 426Ñ58 -6 

4.1 0.07 335 112 3.0 473.5Ñ7.5 504Ñ38 6 

7.1 0.01 305 99 3.1 469.5Ñ7.7 522Ñ38 11 

4. ʎʠʨʢʦʥ ʵʪʘʧʘ ʧʝʨʤʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ 

2.2 0.20 222 13 17.1 293.9Ñ5.1 270Ñ95 -8 

6.2 0.60 321 23 13.9 294.6Ñ4.9 258Ñ95 -12 

                                  
ɺ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʝ ʞʝ ʧʦʧʫʣʷʮʠʠ ʮʠʨʢʦʥʦʚ, 

ʯʪʦ ʠ ʚ ʤʠʛʤʘʪʠʪʦ-ʛʥʝʡʩʦʚʦʤ ʢʦʤʧʣʝʢʩʝ. ʉʘʤʳʝ ʜʨʝʚʥʠʝ ʷʜʨʘ ʚ 
ʟʦʥʘʣʴʥʳʭ ʟʝʨʥʘʭ ʚ ʧʨʦʙʝ 75 (ʨʠʩʫʥʦʢ 2.12; ʚʦʟʨʘʩʪ 765Ñ12 ʠ 
545Ñ8.8 ʤʣʥ. ʣʝʪ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʣʘʯʥʳʤ ʮʠʨʢʦʥʦʤ ʠ ʠʤʝʶʪ 
ʨʝʣʠʢʪʦʚʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ.    

ʇʨʦʙʘ 57 ʷʚʣʷʝʪʩʷ ʩʙʦʨʥʦʡ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʟʨʝʟ ʜʣʠʥʦʡ 
ʦʢʦʣʦ 600 ʤ. ʦʪ ʢʨʘʡʥʠʭ ʶʞʥʳʭ ʜʦʤʦʚ ʄʘʨʘʣʜʳ ʜʦ ʤʘʟʘʨʘ. ɺ ʥʝʡ 
ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚʦʟʨʘʩʪʥʳʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝ-
ʩʢʠʭ ʪʠʧʦʚ ʮʠʨʢʦʥʘ (ʨʠʩʫʥʦʢ 2.13  ʪʘʙʣʠʮʘ 2.9). ʋʯʠʪʳʚʘʷ ʩʣʦʞ-
ʥʳʡ ʩʦʩʪʘʚ ʧʦʨʦʜʳ ʠ ʚʘʞʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʝʝ ʚʦʟʨʘʩʪʘ, ʥʘʤʠ ʙʳ-
ʣʦ ʚʳʧʦʣʥʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʚ 24 ʪʦʯʢʘʭ. 

 

ʊʘʙʣʠʮʘ 2.9 ï ʋʨʘʥ-ʩʚʠʥʮʦʚʳʝ ʜʘʪʠʨʦʚʢʠ ʟʝʨʝʥ ʮʠʨʢʦʥʘ ʚ 
ʧʨʦʙʝ 57 

 

ʊʦʯʢʠ 
ʅʘ 
ʨʠʩ.13 
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U 
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Th 

Th/U 
206

Pb  / 
238

U 
ʄʣʥ. ʣʝʪ   Ñ 

207
Pb / 

206
Pb 

ʄʣʥ. ʣʝʪ  Ñ 

% dis-
cordan

t. 

1 2 3 4 5 6 7 

ʈʝʣʠʢʪʦʚʳʡ ʠ ʜʝʪʨʠʪʦʚʳʡ ʮʠʨʢʦʥ 

57.2.1 333 274 0,82 537             14 526            120 -2 

57.13.1 306 157 0,51 549             13 474            110 -14 



57.9.1 191 76 0,40 895             21 896             70 0 

57.7.1 
141
3 

290 0,20 919             21 957              35 4 

57.12.1 182 61 0,33 1716           38 1816            72 6 

57.5.1 93 246 2,64 1887           43 2010            48 7 

57.5.2 127 84 0,66 2018           44 1969            32 -2 

57.3.1 807 122 0,15 2061           42 2290            15 11 

57.22.1 77 9 0,12 2135           47 2067            33 -3 

ʎʠʨʢʦʥ ʛʣʘʚʥʦʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ ʬʘʟʳ 

57.15.1 219 135 0,62 470             12 541              83 15 

57.16.1 721 191 0,26 488             12 511              45 5 

57.21.1 1236 444 0,36 489             11 422              89 -14 

57.17.1 379 253 0,67 490           1.3 550              74 12 

57.20.1 1650 686 0,41 491             11 468            140 -5 

57.1.1 252 143 0,57 493             13 587            190 19 

57.8.1 233 132 0,57 496             12 484             87 -2 

57.14.1 313 189 0,60 499             12 388            130 -22 

57.11.1 256 164 0,64 501             12 463            110 -8 

57.18.1 1391 1174 0,84 522             12 473             56 -9 

57.10.1 410 152 0,37 528             13 489            130 -7 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.9. 
 

1 2 3 4 5 6 7 

ʎʠʨʢʦʥ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ 

57.6.1 2247 1085 0,48 451             10 378             56 -9 

57.6.2 358 170 0,47 426             10 359            170 -16 

57.19.1 1093 319 0,29 439             10 412              44 -6 

 

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʮʠʨʢʦʥʦʚ (ʥʘ ʨʠʩʫʥʢʝ 2.13 ʣʝʚʳʡ ʚʝʨʭʥʠʡ 
ʩʝʢʪʦʨ) ʧʨʝʜʩʪʘʚʣʝʥʘ çʦʢʘʪʘʥʥʳʤʠè ʬʦʨʤʘʤʠ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ-
ʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʦʙʣʘʯʥʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ, ʚ ʦʜʥʦʤ 
ʩʣʫʯʘʝ ï ʦʙʣʘʯʥʳʤ ʷʜʨʦʤ ʚʦ ʬʨʘʛʤʝʥʪʘʨʥʦ ʩʦʭʨʘʥʠʚʰʝʡʩʷ 
ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʢʘʝʤʢʝ. ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʦʜʥʦ ʷʜʨʦ ʤʘʛʤʘʪʠʯʝʩʢʦ-



ʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩ ʦʩʮʠʣʣʷʨʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ  
ʧʦʣʦʚʠʥʢʦʡ ʢʨʠʩʪʘʣʣʘ (9.1). ʕʪʘ ʛʨʫʧʧʘ ʟʝʨʝʥ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʘ 
ʢʘʢ ʨʝʣʠʢʪʦʚʘʷ,ʦʙʲʝʜʠʥʷʶʱʘʷ ʢʘʢ ʜʝʪʨʠʪʦʚʳʡ, ʪʘʢ ʠ ʫʥʘʩʣʝʜʦ-
ʚʘʥʥʳʡ ʦʪ ʨʘʥʥʠʭ ʬʘʟ ʤʝʪʘʤʦʨʬʠʟʤʘ ʮʠʨʢʦʥ. ɺ ʨʝʣʠʢʪʦʚʦʡ 
ʛʨʫʧʧʝ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʤʫ ʮʠʨʢʦʥʫ (ʨʠʩʫʥʦʢ  2.13)  ʥʘ ʢʦʥʢʦʨʜʠʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʠ ʟʥʘʯʝʥʠʷ: 1735Ñ34, 1969Ñ20 ʠ 2090Ñ 27ʤʣʥ. 
ʣʝʪ, ʧʨʠʯʝʤ, ʝʩʣʠ ʜʣʷ ʪʦʯʢʠ 3.1 ʧʨʠʥʠʤʘʪʴ ʚʦʟʨʘʩʪ ʧʦ ʩʚʠʥʝʮ-
ʩʚʠʥʮʦʚʦʤʫ ʦʪʥʦʰʝʥʠʶ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʯʘʩʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʜʣʷ 
ʚʦʟʨʘʩʪʦʚ ʙʦʣʝʝ 1500 ʤʣʥ. ʣʝʪ, ʪʦ ʧʦʩʣʝʜʥʷʷ ʮʠʬʨʘ ʤʦʞʝʪ ʙʳʪʴ 
ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʘ ʜʦ 2290Ñ15 ʤʣʥ. ʣʝʪ. ʇʨʠʚʝʜʝʥʥʳʝ ʮʠʬʨʳ ʩʚʠ-
ʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʚ ʨʘʡʦʥʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʥʝʡʩʦʚ ʀʨ-
ʪʳʰʩʢʦʡ ʟʦʥʳ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʢʨʘʪʦʥʘ ʠʣʠ ʝʛʦ ʬʨʘʛʤʝʥ-
ʪʦʚ. ʄʘʛʤʘʪʦʛʝʥʥʳʡ ʮʠʨʢʦʥ (ʟʝʨʥʘ 9.1 ʠ 22.1) ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦ-
ʦʪʚʝʪʩʪʚʫʝʪ ʚʦʟʨʘʩʪʫ 913Ñ13 ʤʣʥ. ʣʝʪ ʠ 2135 ʤʣʥ. ʣʝʪ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʟʝʨʥʘ 9.1 ʠ 22.1 ʬʠʢʩʠʨʫʶʪ ʩʘʤʳʝ ʨʘʥʥʠʝ ʧʨʦʷʚʣʝʥʠʷ 
ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʪʦʣʠʪʘ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʛʥʝʡʩʦʚ. ʇʦ ʪʦʨʠʡ-ʫʨʘʥʦʚʦʤʫ ʦʪʥʦʰʝʥʠʶ ʮʠʨ-
ʢʦʥ 9.1, 22.1 ʦʪʥʦʩʠʪʩʷ ʢ ʦʩʪʨʦʚʦʜʫʞʥʦʤʫ ʠʩʪʦʯʥʠʢʫ ʩʨʝʜʥʝʛʦ ʠ 
ʫʤʝʨʝʥʥʦ-ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʂʘʝʤʢʘ ʟʝʨʥʘ 7.1, ʦʙʦʛʘʱʝʥʥʘʷ ʫʨʘ-
ʥʦʤ, ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʢʨʝʤʥʝʢʠʩʣʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʨʝʜʝ. 

ʉʣʝʜʫʶʱʘʷ ʛʨʫʧʧʘ ʟʝʨʝʥ ï ʮʠʨʢʦʥʳ ʩ ʭʦʨʦʰʦ ʨʘʟʚʠʪʦʡ ʦʩ-
ʮʠʣʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʦʜʝʨʞʘʱʠʝ ʫʥʘʩʣʝʜʦʚʘʥʥʳʝ (11.1; 18.1; 
14.1) ʠ ʨʝʣʠʢʪʦʚʳʝ (1.1; 10.1; 17.1) ʷʜʨʘ. ʈʝʣʠʢʪʦʚʳʝ  ʷʜʨʘ ʥʝ 
ʠʟʫʯʘʣʠʩʴ, ʚʝʨʦʷʪʥʦ, ʦʥʠ ʠʤʝʶʪ ʪʘʢʦʝ ʞʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʯʪʦ ʠ 
ʧʝʨʚʘʷ ʛʨʫʧʧʘ ʮʠʨʢʦʥʦʚ. ʋʥʘʩʣʝʜʦʚʘʥʥʳʝ ʷʜʨʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ  
ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦ ʚʦʟʨʘʩʪʫ ʦʪ ʩʚʦʠʭ ʢʘʝʤʦʢ ʠ ʛʦʤʦʛʝʥʥʳʭ  ʩʠʤ-
ʤʝʪʨʠʯʥʦ-ʟʦʥʘʣʴʥʳʭ (oscillatory)  ʮʠʨʢʦʥʦʚ ʠ ʚʩʝ ʚʤʝʩʪʝ ʬʦʨʤʠ-
ʨʫʶʪ ʥʘ ʢʦʥʢʦʨʜʠʠ  ʧʫʯʦʢ ʵʣʣʠʧʩʦʚ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 503Ñ8.8 ʤʣʥ. 
ʣʝʪ. ʇʨʠ ʵʪʦʤ ʦʜʠʥ ʘʥʘʣʠʟ ʫʥʘʩʣʝʜʦʚʘʥʥʦʛʦ ʷʜʨʘ ʧʦʢʘʟʘʣ ʚʦʟʨʘʩʪ 
501Ñ12 ʤʣʥ. ʣʝʪ, ʯʪʦ ʥʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʨʝʤʝʥʥʦʡ 
ʨʘʟʨʳʚ ʤʝʞʜʫ ʷʜʨʦʤ ʠ ʦʩʪʘʣʴʥʳʤʠ ʩʠʤʤʝʪʨʠʯʥʦ-ʟʦʥʘʣʴʥʳʤʠ 
(oscillatory) ʮʠʨʢʦʥʘʤʠ. ʎʠʨʢʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʛʨʫʧʧʳ ʚ ʤʠʨʦ-
ʚʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʳʚʘʶʪʩʷ ʢʘʢ ʤʘʛʤʘʪʠʯʝʩʢʠʝ. ʆʩʥʦʚʥʳʤ ʢʨʠ-
ʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʦʩʮʠʣʣʷʪʦʨʥʘʷ (ʨʠʪʤʠʯʥʦ-ʟʦʥʘʣʴʥʘʷ) ʩʪʨʫʢʪʫʨʘ. 
ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʪʘʢʠʤ ʨʝʰʝʥʠʝʤ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʠ 
ʦʪʥʝʩʪʠ ʜʘʥʥʫʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʢ ʦʨʪʦʛʥʝʡʩʘʤ, ʝʩʣʠ ʙʳ ʥʝ ʦʜʥʦ 
ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. ʂʘʢ ʙʫʜʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʠʞʝ, ʨʠʪʤʠʯʥʦ-
ʟʦʥʘʣʴʥʳʝ ʮʠʨʢʦʥʳ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʚʩʝʭ ʮʠʨ-
ʢʦʥʦʚʳʭ ʤʦʥʦʬʨʘʢʮʠʡ ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʜʨʫʛʠʭ ʧʦʨʦʜ ʀʨʪʳʰʩʢʦʡ 
ʟʦʥʳ, ʥʘʧʨʠʤʝʨ, ʠʟ ʛʠʧʝʨʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʠ ʛʠʧʝʨʛʣʠʥʦʟʝʤʠʩʪʳʭ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʠ ʛʥʝʡʩʦʚ ʨʘʡʦʥʘ ʉʦʛʨʳ, ʢʦʪʦʨʳʝ ʥʝ-



ʚʦʟʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʨʪʦʛʥʝʡʩʘʤ ʠ ʦʨʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʩʣʘʥʮʘʤ. 
ʀ ʚʩʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʘʢʩʠʤʫʤ ʥʘ ʢʦʥʢʦʨʜʠʠ ʠʤʝʥ-
ʥʦ ʚ ʪʦʯʢʘʭ 503 - 506Ñ3ʤʣʥ. ʣʝʪ. 
 

 
 

ʈʠʩʫʥʦʢ 2.13.  ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʪʠʧʳ ʮʠʨʢʦʥʘ ʠʟ ʧʨʦʙʳ ˉ 57 
ʊʨʝʪʴʶ ʛʨʫʧʧʫ ʦʙʨʘʟʫʶʪ ʜʚʘ ʟʝʨʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʛʦ 

ʩʪʨʦʝʥʠʷ ʚ ʣʝʚʦʤ ʥʠʞʥʝʤ ʩʝʢʪʦʨʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʦʙʣʘʯʥʦʡ ʟʦ-
ʥʘʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦ ʤʠʨʦʚʳʤ ʩʪʘʥʜʘʨʪʘʤ ʚʧʦʣʥʝ ʤʦʞʥʦ ʦʪʥʝ-
ʩʪʠ ʢ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʤ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ. ʀʭ ʚʦʟʨʘʩʪ ʧʦʟʜ-
ʥʠʡ ʦʨʜʦʚʠʢ-ʨʘʥʥʠʡ ʩʠʣʫʨ (ʦʪ 451Ñ10 ʜʦ 426Ñ10). ʇʨʠʤʝʨʥʦ ʪʘ-
ʢʠʝ ʞʝ ʜʘʪʠʨʦʚʢʠ ʧʦʣʫʯʝʥʳ [27] ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʛ. ʌʫʶʥ ʚ ʂʠʪʘʝ 
ʩʤ. ʨʠʩʫʥʦʢ 2.9.  

   
ɺʳʚʦʜʳ ʧʦ ʢʦʤʧʣʝʢʩʫ ʨʝʛʠʦʥʘʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦ-

ʚʘʥʥʳʭ ʧʦʨʦʜ 



1. ɼʣʷ ʚʩʝʭ ʪʨʝʭ ʧʨʦʙ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʭ ʨʘʟʣʠʯʥʳʡ  ʩʦʩʪʘʚ ʠ 
ʟʥʘʯʠʪʝʣʴʥʫʶ ʫʜʘʣʝʥʥʦʩʪʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (300 ʢʤ ʤʝʞʜʫ ʧʨʦʙʘʤʠ 
57ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʠ 59, 75 ʥʘ ʩʝʚʝʨ-ʟʘʧʘʜʝ) ʠʤʝʶʪʩʷ ʦʙʱʠʝ ʯʝʨ-
ʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʝʜʠʥʦʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ: 

- ʚʦ ʚʩʝʭ ʪʨʝʭ ʧʨʦʙʘʭ ʚ ʠʥʪʝʨʚʘʣʝ 500Ñ10 ʤʣʥ. ʣʝʪ ʧʨʦ-
ʩʣʝʞʠʚʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʘʢʩʠʤʫʤ ʟʝʨʝʥ  ʩ ʥʠʟʢʠʤ U/Th ʦʪ-
ʥʦʝhʥʠʝʤ, ʩ  ʨʠʪʤʠʯʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʠ ʷʜʨʘʤʠ çʦʙʣʘʯʥʦʛʦè 
ʮʠʨʢʦʥʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ,  ʢʦʪʦʨʳʡ ʤʳ ʦʪʦʞ-
ʜʝʩʪʚʣʷʝʤ ʩ ʛʣʘʚʥʦʡ ʬʘʟʦʡ ʨʝʛʠʦʥʘʣʥɹʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ (ʨʠʩ. 
2.14) 

 

 
 

ʈʠʩʫʥʦʢ 2.14.  ʉʚʦʜʥʘʷ ʢʦʥʢʦʨʜʠʷ ʧʨʦʙ  
ˉˉ 57 (ʛʥʝʡʩʳ ʄʘʨʘʣʠʭʠ), 59 (ʤʠʛʤʘʪʠʪʳ ʉʦʛʨʳ) ʠ  

75 (ʜʠʦʧʩʠʜʦʚʳʝ ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʳ ʉʦʛʨʳ). 

 
- ʚʦ ʚʩʝʭ ʪʨʝʭ ʧʨʦʙʘʭ ʜʘʥʥʦʤʫ ʫʨʦʚʥʶ ʚ ʠʥʪʝʨʚʘʣʝ 540-920 

ʤʣʥ. ʣʝʪ ʧʨʝʜʰʝʩʪʚʫʝʪ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʡ ʮʠʨʢʦʥ ʧʨʠ ʨʝʟʢʦ ʧʦʜ-
ʯʠʥʝʥʥʦʡ ʨʦʣʠ ʤʘʛʤʘʪʦʛʝʥʥʦʛʦ ;  

- ʚ ʜʚʫʭ ʧʨʦʙʘʭ, ʚʟʷʪʳʭ ʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʚ ʮʝʥ-
ʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ,  ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʨʘʥʥʝ-
ʧʝʨʤʩʢʘʷ ʛʨʫʧʧʘ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʚʳʩʦʢʦʫʨʘʥʦʚʳʭ ʮʠʨʢʦʥʦʚ, 
ʩʚʷʟʘʥʥʘʷ ʩ ʚʥʝʜʨʝʥʠʝʤ ʂʘʣʙʠʥʩʢʦʛʦ ʙʘʪʦʣʠʪʘ; ʦʪʩʫʪʩʪʚʠʝ ʝʝ ʚ 
ʛʥʝʡʩʘʭ ʄʘʨʘʣʠʭʠ ʩʚʷʟʘʥʦ, ʚʝʨʦ̫ ʪʥʦ, ʩ ʧʦʣʦʞʝʥʠʝʤ ʛʥʝʡʩʦ-
ʤʠʛʤʘʪʠʪʦʚʦʛʦ  ʤʘʩʩʠʚʘ ʚʜʘʣʠ ʦʪ ʅʘʨʳʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ.  

2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʐʈʀʄʇ-II ʜʣʷ ʜʘʪʠʨʦʚʘʥʠʷ 
ʮʠʨʢʦʥʘ ʧʦʟʚʦʣʠʣʦ ʧʨʠʤʠʨʠʪʴ ʜʚʝ  ʩʣʦʞʠʚʰʠʝʩʷ ʚʝʨʩʠʠ ʠʩʪʦʨʠʠ 
ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ, ʩʫʱʝʩʪʚʦ-
ʚʘʚʰʠʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʢʦʣʦ 100 ʣʝʪ. ʄʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʢʘʟʘʥ-
ʥʳʤ, ʯʪʦ  ʛʣʘʚʥʘʷ ʤʘʪʝʨʠʘʣʴʥʘʷ ʦʩʥʦʚʘ ʟʦʥʳ, ʢʦʤʧʣʝʢʩ ʨʝʛʠʦ-
ʥʘʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ,  ʥʘʯʘʣ ʩʢʣʘʜʳʚʘʪʴʩʷ ʚ ʇʘ-



ʣʝʦʧʨʦʪʝʨʦʟʦʝ ʠ ʘʢʪʠʚʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦ-
ʯʪʠ ʜʚʫʭ ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ ʜʦ ʨʘʥʥʝʡ ʇʝʨʤʠ ʚʢʣʶʯʠʪʝʣʴʥʦ.   

  
2.3. ʂʦʣʣʠʟʠʦʥʥʳʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ  
ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʢʦʣʣʠʟʠʦʥʥʦʛʦ 

ʪʠʧʘ ʩʣʘʛʘʶʪ ʫʟʢʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʰʚʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʫʙ-
ʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʩʨʝʜʠ ʧʦʨʦʜ ʨʝʛʠʦʥʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʟʦ-
ʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʪʣʦʞʝʥʠʡ ʪʘʢʳʨʩʢʦʡ ʩʚʠʪʳ ʧʨʦʙʣʝʤʘʪʠʯʥʦ-
ʛʦ ʚʦʟʨʘʩʪʘ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʠʤʝʥʥʦ ʚ ʵʪʠʭ ʰʚʘʭ ʧʨʦʠʩʭʦʜʠʣʘ 
ʨʘʟʨʷʜʢʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʩʦʚʨʝʤʝʥ-
ʥʦʛʦ ʦʙʣʠʢʘ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ. ɼʨʫʛʠʤ ʠʥʜʠʢʘʪʦʨʦʤ ʪʘʢʠʭ 
ʰʚʦʚ ʷʚʣʷʶʪʩʷ ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʝ ʯʝʰʫʠ, ʦʩʦʙʝʥʥʦ ʪʝ, ʚ ʢʦʪʦʨʳʭ 
ʤʘʪʝʨʠʘʣ ʪʦʥʢʦ ʛʦʬʨʠʨʦʚʘʥ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʳʜʝʣʝʥʠʷʤʠ çʪʝ-
ʢʫʯʝʛʦè ʢʚʘʨʮʘ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʩʦʛʣʘʩʥʦ ʩʦ ʩʣʘʥʮʝʚʘʪʦʩʪʴʶ. 
ʂ ʩʦʞʘʣʝʥʠʶ, ʜʝʪʘʣʴʥʦ ʪʘʢʠʝ ʯʝʰʫʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ ʧʦʢʘ ʥʝ 
ʠʟʫʯʝʥʳ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʤʝʪʘʤʦʨʬʠʯʝ-
ʩʢʠʝ ʧʦʨʦʜʳ ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ 
ʯʝʪʳʨʝʭ ʫʯʘʩʪʢʘʭ (ʨʠʩʫʥʦʢ 2.15). 

 

 
 

ʈʠʩʫʥʦʢ 2.15.  ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 
ʚr ʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʚ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʩʤʷʪʠʷ 
ɿʜʝʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ ʚʳ-

ʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʨʝʣʠʢʪʦʚʳʝ ʯʝʰʫʠ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ . 

1.ɹʝʨʝʟʦʚʩʢʘʷ, ʩʣʦʞʝʥʘ ʢʠʘʥʠʪ-ʩʪʘʚʨʦʣʠʪʦʚʳʤʠ, ʛʨʘʥʘʪ-
ʢʠʘʥʠʪ-ʙʠʦʪʠʪʦʚʳʤʠ ʠ ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʘʥʜʘʣʫʟʠʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ 
ʧʨʠ ʨʝʟʢʦ ʧʦʜʯʠʥʝʥʥʦʡ ʨʦʣʠ ʭʠʘʩʪʦʣʠʪ-ʢʠʘʥʠʪʦʚʳʭ ʠ ʩʠʣʣʠʤʘ-



ʥʠʪ-ʭʠʘʩʪʦʣʠʪʦʚʳʭ ʩʣʘʥʮʝʚ. ɺ ʧʦʯʚʝ ʠ ʢʨʦʚʣʝ ʯʝʰʫʠ ʨʘʩʧʦʣʘʛʘ-
ʶʪʩʷ ʬʠʣʣʠʪʦʚʠʜʥʳʝ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʪʘʢʠʨʩʢʦʡ 
ʩʚʠʪʳ, ʯʪʦ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʝʨʦʷʪʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʙʘ-
ʨʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠʤʝʥʥʦ ʧʦ ʬʣʠʰʦʠʜʥʳʤ ʩʣʘʥʮʘʤ ʵʪʦʡ ʩʚʠʪʳ. ɺ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʦʙʨʳʚʘʭ ʨ. ʋʙʳ ʚ ʩʦʩʪʘʚʝ ʯʝ-
ʰʫʠ ʧʦʷʚʣʷʶʪʩʷ ʞʝʜʨʠʪ-ʢʚʘʨʮ-ʘʥʜʨʘʪʠʪʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 
ʩʣʘʥʮʳ ʩ ʫʙʦʛʦʡ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

2. ʏʝʰʫʷ ʚ ʆʚʝʯʴʝʤ ʣʦʛʫ (ʨʠʩ. 2.15) ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ 
ʦʢʨʘʠʥʝ ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘ ʩʣʦʞʝʥʘ ʦʜʥʦʨʦʜʥʳʤʠ ʢʠʘ-
ʥʠʪ(ʬʠʙʨʦʣʠʪ)-ʛʨʘʥʘʪ-ʙʠʦʪʠʪ-ʢʚʘʨʮʝʚʳʤʠ (Ñ ʩʪʘʚʨʦʣʠʪ) ʩʣʘʥʮʘ-
ʤʠ. ɺ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʥʘ ʩʤʝʥʷʝʪʩʷ ʛʥʝʡʩʦʛʨʘʥʠʪʘ-
ʤʠ, ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʦʙʥʘʞʘʶʪʩʷ ʧʦʣʝʚʦʰʧʘʪ-ʛʨʘʥʘʪ-ʩʪʘʚʨʦʣʠʪ-
ʩʣʶʜʠʩʪʳʝ ʩʣʘʥʮʳ. ɺ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʯʝʨʝʟ ʨʘʟ-
ʣʦʤ ʯʝʰʫʷ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʤʝʥʷʝʪʩʷ ʨʘʩʩʣʘʥʮʦʚʘʥ-
ʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʨʝʛʠʦʥʘʣʥɹʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ. 

ʉʦʛʣʘʩʥʦ ʛʨʘʥʘʪ-ʩʪʘʚʨʦʣʠʪʦʚʦʤʫ ʪʝʨʤʦʤʝʪʨʫ [28] ʪʝʤʧʝ-
ʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʤʝʪʘʤʦʨʬʠʟʤʘ ʛʨʘʥʘʪ-ʢʠʘʥʠʪ-ʢʚʘʨʮ-
ʩʣʶʜʠʩʪʳʭ (Ñ ʩʪʘʚʨʦʣʠʪ) ʩʣʘʥʮʝʚ ʥʝ ʧʨʝʚʳʰʘʣʠ  400-420

o
C.  

ɻʨʘʥʘʪ ʢʠʘʥʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʥʘʩʳʱʝʥ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ 
ʤʠʥʝʨʘʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʠʢʨʦʟʦʥʜʦʤ ʦʙʥʘʨʫʞʝʥʳ ʪʠʪʘʥʦʤʘʛ-
ʥʝʪʠʪ, ʙʠʦʪʠʪ, ʜʚʘ ʪʠʧʘ ʬʦʩʬʘʪʦʚ. 

 

ʊʘʙʣʠʮʘ 2.10- ʉʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ, ʣʝʡʢʦʛʨʘ-
ʥʠʪʘ, ʠ ʛʨʘʥʘʪʘ ʆʚʝʯʠʡ ʣʦʛ.  

 

 
ʇʦʨʦʜʘ ʄʠʥʝʨʘʣʳ 

1 2 Ga-1
 

St-1 Ga-2 Ga-3 Ga-3 

1 2 3 4 5 6 7 8 

SiO2 82,75 74,08 37,23 27,76 36,31 36,50 36,85 

TiO2 0,28 0,05 0,05 0,64    

Al2O3 7,04 14,40 20,35 53,31 21,19 21,36 21,49 

Fe2O3 2,21 0,23      

FeO 1,46 0,93 28,99 13,07 27,90 23,87 25,91 

MnO 0,10 0,06 6,86 0,47 13,05 15,14 13,67 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.10. 
 

1 2 3 4 5 6 7 8 

MgO 1,65 0,30 3,13 1,79 0,16 0,57 0,78 



CaO 0,84 0,84 1,92  0,72 1,64 1,45 

Na2O 0,96 4,27 Py 12,7  Py  - 3,4 3,4 

K2O 1,46 3,75 Al 65,9  Al 67,60 56,0 69,1 

H2O, F 0,93 0,65 Sp15,7 2,0 Sp 32,0 35,8 32,1 

P2O5 0,04 0,11 Gr 5,7  Gr 3,4 4,8 4,4
 

Ɇ 99,72 99,67 98,03 99,04 99,33 99,08 100,15 

ʇʨʠʤʝʯʘʥʠʷ 

1- ʘʥʘʣʠʟʳ ʤʠʥʝʨʘʣʦʚ ʚʳʧʦʣʥʝʥʳ ʥʘ ʤʠʢʨʦʟʦʥʜʝ  IXA-5A 
2- ʘʙʙʨʝʚʠʘʪʫʨʘ ʤʠʥʝʨʘʣʦʚ: Ga- ʛʨʘʥʘʪ, St-ʩʪʘʚʨʦʣʠʪ, Py- ʧʠʨʦʧ,  
Al-ʘʣʴʤʘʥʜʠʥ, Sp-ʩʧʝʩʩʘʨʪʠʥ,   Gr-ʛʨʦʩʩʫʣʷʨ. 
3 ï  ʧʦʨʦʜʘ: 1- ʛʨʘʥʘʪ-ʢʠʘʥʠʪ-ʢʚʘʨʮ-ʩʣʶʜʠʩʪʳʡ ʩʣʘʥʝʮ; 2- ʛʨʘʥʘʪ-ʢʠʘʥʠʪ-
ʩʦʜʝʨʞʘʱʠʡ ʣʝʡʢʦʢʨʘʪʦʚʳʡ ʛʨʘʥʠʪ; 
4 -  Ga-1, St-1 ï ʠʟ ʛʨʘʥʘʪ-ʢʠʘʥʠʪ-ʢʚʘʨʮ-ʩʣʶʜʠʩʪʦʛʦ ʩʣʘʥʮʘ; Ga-2 ï ʠʟ 
ʣʝʡʢʦʛʨʘʥʠʪʘ; Ga-3 ï ʠʟ ʤʝʟʦʢʨʘʪʦʚʦʛʦ ʛʨʘʥʠʪʘ. 

 

 
ɺʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʛʨʘʬʠʪ. ɺ ʬʦʩʬʘʪʘʭ ʚʳʜʝ-

ʣʷʶʪʩʷ ʜʚʝ ʛʨʫʧʧʳ: ʮʝʨʠʝʚʘʷ ʠ ʠʪʪʨʠʝʚʘʷ (ʪʘʙʣʠʮʘ 2.11).  
 
 
 

ʊʘʙʣʠʮʘ  2.11 ï ʉʦʩʪʘʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʬʦʩʬʘʪʦʚ   ʚ ʛʨʘ-
ʥʘʪʝ ʢʠʘʥʠʪʦʚʳʭ ʩʣʘʥʮʝʚ. 

 

ʎʝʨʠʝʚʘʷ ʛʨʫʧʧʘ 

P2O5 SO3 CaO Fe2ʆ3 La2O3 Ce2O3 Pr2O3 Nd2O3 Sm2O3 Gd2O3 ThO2 × 

29,98 1,07 1,63 0,51 12,95 31,87 3,35 11,51 1,53 0,38 5,28 100.0 

ʀʪʪʨʠʝʚʘʷ ʛʨʫʧʧʘ 

P2O5 CaO MnO Fe2O3 Y2O3 Gd2O3 Dy2O3 Ho2O3 Er2O3 Yb2O3   

39,10 0,20 0,68 1,36 42,50 1,03 6,75 1,37 3,81 3,18  100,0 

 
ɻʨʘʥʠʪʳ, ʦʢʘʡʤʣʷʶʱʠʝ ʢʠʘʥʠʪʦʚʳʝ ʩʣʘʥʮʳ ʩ ʶʛʦ-ʟʘʧʘʜʘ, 

ʩʣʦʞʝʥʳ ʙʠʦʪʠʪʦʤ, ʤʫʩʢʦʚʠʪʦʤ ʠ ʛʨʘʥʘʪʦʤ. ʂʦʣʠʯʝʩʪʚʦ ʪʝʤʥʦ-
ʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʢ ʤʝʟʦʢʨʘʪʦ-
ʚʳʤ.  ʇʝʨʝʭʦʜ ʤʝʞʜʫ ʥʠʤʠ ʨʘʩʧʣʳʚʯʘʪʳʡ (ʚʝʨʦʷʪʥʦ, ʚʩʣʝʜʩʪʚʠʝ 
ʥʘʣʦʞʝʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ). ɺ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʛʨʘʥʠʪʘʭ ʚ ʘʢ-
ʮʝʩʩʦʨʥʦʡ ʬʦʨʤʝ ʦʪʤʝʯʝʥʳ ʛʨʘʥʘʪ ʠ ʢʠʘʥʠʪ. ɻʨʘʥʘʪ ʜʠʘʛʥʦʩʪʠ-
ʨʫʝʪʩʷ ʢʘʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʧʝʩʩʘʨʪʠʥ, ʩʚʦʡʩʪʚʝʥʥʳʡ ʣʝʡ-



ʢʦʛʨʘʥʠʪʘʤ ʠ ʘʧʣʠʪʘʤ S-ʪʠʧʘ. ɻʨʘʥʠʮʳ ʛʣʘʚʥʦʛʦ ʪʝʣʘ ʧʨʷʤʦʣʠ-
ʥʝʡʥʳʝ, ʧʨʦʩʪʠʨʘʥʠʝ ʠʭ ʩʦʛʣʘʩʥʦʝ ʩ ʦʙʱʠʤ ʨʘʩʩʣʘʥʮʝʚʘʥʠʝʤ 
ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ.         

ɺ ʢʚʘʨʮ-ʛʨʘʥʘʪ-ʢʠʘʥʠʪ-ʩʣʶʜʷʥʳʭ ʩʣʘʥʮʘʭ  ʦʢʘʟʘʣʦʩʴ ʤʥʦʛʦ 
ʘʢʮʝʩʩʦʨʥʦʛʦ ʤʦʥʘʮʠʪʘ ʠ ʦʯʝʥʴ ʤʘʣʦ  ʤʝʣʢʦʛʦ ʮʠʨʢʦʥʘ. ɺʩʝ ʚʳ-
ʜʝʣʝʥʥʳʝ ʟʝʨʥʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʝʪʦʜʦʤ ʐʈʀʄʇ. ʂʘʪʦʜʦʣʶʤʠʩ-
ʮʝʥʪʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʨʢʦʥʘ ʜʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.16, ʘ ʨʝʟʫʣʴʪʘ-
ʪʳ ʠʟʦʪʦʧʥʦʛʦ ʠʟʫʯʝʥʠʷ  ʚ ʪʘʙʣʠʮʝ 2.12.  

 

 
 

ʈʠʩʫʥʦʢ 2. 16.  ʂʘʪʦʜʦ-ʣʶʤʠʥʠʩʮʝʥʪʥʳʝ  
ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʨʢʦʥʘ ʧʨʦʙʳ 58 ʠʟ  

ʛʨʘʥʘʪ- ʢʠʘʥʠʪ-ʙʠʦʪʠʪʦʚʳʭ ʩʣʘʥʮʝʚ. 
 

ʅʘ ʢʦʥʢʦʨʜʠʠ (ʨʠʩ. 2.17)  ʚʩʝ 11 ʪʦʯʝʢ ʦʙʨʘʟʦʚʘʣʠ ʜʚʘ ʨʦʷ 
ʩ ʮʝʥʪʨʘʤʠ 453Ñ4 ʠ 369Ñ6.1 ʤʣʥ. ʣʝʪ. ʂʦʥʢʦʨʜʘʥʪʥʦʩʪʴ ʧʦ 
207/235 ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʨʝʭ ʪʦʯʝʢ ʭʦʨʦʰʘʷ. ʀʩʢʣʶʯʠʚ ʠʟ ʨʘʩ-
ʩʤʦʪʨʝʥʠʷ ʪʦʯʢʠ ʩ ʜʠʩʢʦʨʜʘʥʪʥʦʩʪʴʶ ʧʦ ʩʚʠʥʮʫ ʚʳʰʝ 15%, ʧʦ-



ʣʫʯʠʣʠ 5 ʧʦʣʥʦʩʪʴʶ ʢʦʥʢʦʨʜʘʥʪʥʳʭ ʪʦʯʝʢ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ 
454Ñ5ʤʣʥ. ʣʝʪ (ʧʦʟʜʥʠʡ ʦʨʜʦʚʠʢ) ʠ 369Ñ6.1 ʤʣʥ. ʣʝʪ (ʧʦʟʜʥʠʡ 
ʜʝʚʦʥ). 

 

 
 

ʈʠʩʫʥʦʢ 2.17. ʇʦʣʦʞʝʥʠʝ  
ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʵʣʣʠʧʩʦʚ ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ  
ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʘ ʠʟ  

ʢʚʘʨʮ-ʛʨʘʥʘʪ-ʢʠʘʥʠʪ-ʙʠʦʪʠʪʦʚʳʭ ʩʣʘʥʮʝʚ (2),  
ʛʥʝʡʩʦʛʨʘʥʠʪʦʚ ʠʟ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʢʦʥʪʘʢʪʘ (1)  

ʠ ʛʥʝʡʩʦʛʨʘʥʠʪʦʚ ʠʟ ʮʝʥʪʨʘ ʪʝʣʘ (3)  
ʚ ʨʘʡʦʥʝ ʆʚʝʯʴʝʛʦ ʣʦʛʘ  

(ʦʙʨʘʟʮʳ 58, 78, 104 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 
 

ɺʩʝ ʟʝʨʥʘ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʦʛʦ ʨʦʷ ʠʤʝʶʪ ʚ ʷʜʨʘʭ ʤʝʪʘ-
ʤʦʨʬʠʯʝʩʢʠʡ ʮʠʨʢʦʥ ʩ ʦʙʣʘʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʦʢʨʫʞʝʥʳ ʠʥʦʨʦʜ-
ʥʦʡ ʪʦʥʢʦʡ ʤʦʣʦʜʦʡ  ʢʘʡʤʦʡ. ʉʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʢʘʡʤʳ ʥʝ ʠʟʫʯʝʥ 
ʠʟ-ʟʘ ʝʝ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʘ 
ʠʤʝʝʪ ʪʦ ʞʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʪʦʪ ʞʝ ʚʦʟʨʘʩʪ, ʯʪʦ ʠ ʚʥʦʚʴ ʦʙʨʘ-
ʟʦʚʘʥʥʘʷ ʢʘʡʤʘ ʥʘ ʟʝʨʥʝ 3.1 (371Ñ9 ʤʣʥ. ʣʝʪ). ʇʨʠʟʥʘʢʠ ʧʨʠʩʫʪ-
ʩʪʚʠʷ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʚʠʜ-
ʥʳ ʠ ʚ ʮʠʨʢʦʥʝ 3.1 ʠ 4.1. 

 
 



ʊʘʙʣʠʮʘ 2.12. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟ 
ʢʚʘʨʮ-ʛʨʘʥʘʪ-ʢʠʘʥʠʪ-ʙʠʦʪʠʪʦʚʳʭ ʩʣʘʥʮʝʚ (ʧʨʦʙʘ 58).                          
 

Spot 
U, 

ppm 
Th , 
ppm 

 
U/Th 

(1) 
206

Pb/
238

U 
Age 

(1) 
207

Pb/
206

Pb 
   Age 

% ɼʠʩ-
ʢʦʨʜʘʥ 
ʪʥʦʩʪʴ 

4.1 559 82 6.8 366Ñ9 409Ñ61 12 

3.1 522 60 8.7 371Ñ9 355Ñ63 -4 

7.1 700 431 1.6 443Ñ11 589Ñ260 33 

1.2 734 872 0,84 446Ñ11 355Ñ130 -21 

9.1 194 99 1.9 449Ñ13 527Ñ410 18 

1.1 479 447 1.07 449Ñ11 401Ñ110 -11 

6.1 521 281 1.8 450Ñ11 323Ñ140 -28 

5.1 771 553 1.4 456Ñ11 505Ñ58 11 

6.2 536 232 2.3 457Ñ11 432Ñ110 -5 

8.1 1797 2506 0.71 464Ñ11 573Ñ290 24 

2.1 250 402 0.62 472Ñ11 392Ñ92 -17 

ʇʨʠʤʝʯʘʥʠʷ: (1)  ʦʙʱʠʡ Pb, ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʡ ʧʦ ʠʟʤʝʨʝʥʥʦʤʫ  
204

Pb 

            
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʚʦʣʶʮʠʠ ʢʚʘʨʮ-ʛʨʘʥʘʪ-ʢʠʘʥʠʪ-

ʙʠʦʪʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʚʦʟʨʘʩʪʥʳʭ ʵʪʘʧʘ: ʧʦʟʜʥʝ-
ʦʨʜʦʚʠʢʩʢʠʡ  ʠ ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʡ. ɺʣʠʷʥʠʷ ʂʘʣʙʠʥʩʢʦʛʦ  ʙʘʪʦʣʠ-
ʪʘ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʣʘʥʮʝʚ ʠ ʟʦʥ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʪʠʧʘ ʥʝ ʦʙʥʘ-
ʨʫʞʝʥʦ. ʀʟ ʜʚʫʭ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʵʪʘʧʦʚ ʣʶʙʦʡ ʤʦ-
ʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʟʘ ʥʘʯʘʣʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷ-
ʪʠʷ, ʦʜʥʘʢʦ ʦʙʲʝʢʪʠʚʥʳʤ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʪʘʢʦʝ ʟʘʢʣʯʁʝʥʠʝ: 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʠʘʥʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ï ʠʥʜʠʢʘʪʦʨʦʚ ʩʦʙʳʪʠʡ ʢʦʣ-
ʣʠʟʠʦʥʥʦʛʦ ʪʠʧʘ - ʧʨʦʠʩʭʦʜʠʣʦ ʥʝ ʧʦʟʜʥʝʝ ʧʦʟʜʥʝʛʦ ʜʝʚʦʥʘ.  
ʊʘʢʦʤʫ ʫʪʚʝʨʞʜʝʥʠʶ ʠʤʝʶʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠ ʚ ʮʠʨʢʦʥʝ ʢʠʘ-
ʥʠʪ-ʩʦʜʝʨʞʘʱʠʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ.               

ɼʘʥʥʳʝ ʧʦ ʠʟʦʪʦʧʥʦʤʫ ʠʟʫʯʝʥʠʶ ʮʠʨʢʦʥʘ ʚ ʜʚʫʭ ʧʨʦʙʘʭ 
ʣʝʡʢʦʛʨʘʥʠʪʦʚ ˉ 78 ʠ 104 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.13 ʠ ʥʘ ʨʠʩʫʥʢʝ 
2.17.  

ʉʘʤʳʡ ʜʨʝʚʥʠʡ ʮʠʨʢʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʤ 
ʬʨʘʛʤʝʥʪʦʤ (ʢʩʝʥʦʢʨʠʩʪ ʠʣʠ ʨʝʣʠʢʪʦʚʳʡ) ʝʱʝ ʙʦʣʝʝ ʨʘʥʥʝʡ ʩʪʘ-



ʜʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 833Ñ13 ʤʣʥ. 
ʣʝʪ (ʪʦʯʢʘ 5.1). ɺʪʦʨʘʷ ʪʦʯʢʘ ʚ ʵʪʦʤ ʬʨʘʛʤʝʥʪʝ ʤʦʣʦʞʝ ʧʝʨʚʦʡ ʥʘ 
70 ʤʣʥ. ʣʝʪ ʠʟ-ʟʘ ʟʘʭʚʘʪʘ ʣʫʯʦʤ ʯʘʩʪʠ ʤʦʣʦʜʦʡ ʢʘʡʤʳ, ʥʦ ʠ ʦʥʘ 
ʪʘʢʞʝ  ʜʘʝʪ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʝ ʚʨʝʤʷ. ʕʪʦ ʚʨʝʤʷ ʤʳ ʨʘʩʩʤʘʪʨʠ-
ʚʘʝʤ ʢʘʢ ʚʦʟʨʘʩʪ ʩʫʙʩʪʨʘʪʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʧʣʘʚʣʷʣʠʩʴ ʣʝʡʢʦʛʨʘ-
ʥʠʪʳ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʟʝʨʥʦʤ ʚ ʧʨʦʙʝ 78, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʤ ʚʝʨ-
ʩʠʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʟʝʨʥʦ 4 (ʨʠʩʫʥʦʢ 
17, ʪʘʙʣʠʮʘ 13). ɽʛʦ ʚʥʫʪʨʝʥʥʝʝ ʷʜʨʦ ʠʤʝʝʪ ʯʝʪʢʫʶ ʦʛʨʘʥʢʫ, ʚʦʟ-
ʨʘʩʪ 512.9Ñ8.2 (ʛʨʘʥʠʮʘ ʨʘʥʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʢʝʤʙʨʠʷ). ʐʠʨʦʢʘʷ 
ʢʘʡʤʘ ʥʘʩʣʝʜʫʝʪ ʦʛʨʘʥʢʫ ʷʜʨʘ, ʠʤʝʝʪ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʫʶ ʨʠʪ-
ʤʠʯʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ ʠ ʚʦʟʨʘʩʪ 440.7Ñ7.4 (ʛʨʘʥʠʮʘ ʧʦʟʜʥʝʛʦ ʦʨ-
ʜʦʚʠʢʘ ʠ ʨʘʥʥʝʛʦ ʩʠʣʫʨʘ). ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʪʦʯʢʘʤʠ 1 ʠ 2 ʩʦʩʪʘʚ-
ʣʷʝʪ ʦʢʦʣʦ 70 ʤʣʥ. ʣʝʪ. ʕʪʦ ï ʤʥʦʛʦ ʜʣʷ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʚʝʨʩʠʠ. 
ʆʜʥʘʢʦ ʚʠʜʠʤ, ʯʪʦ ʜʠʩʢʦʨʜʘʥʪʥʦʩʪʴ ʧʦ ʩʚʠʥʮʫ ʚ ʪʦʯʢʝ 1 ʚʩʝʛʦ 
3%, ʘ ʚ ʪʦʯʢʝ 2 ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ  15%. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʚʦʟʨʘʩʪ 
ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʪʘʜʠʠ ʣʝʡʢʦʛʨʘʥʠʪʦʚ  ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʪʦʯʢʝ 1, ʘ 
ʠʤʝʥʥʦ, ʢʝʤʙʨʠʡʩʢʠʡ. ɺ ʧʨʦʙʝ 104 ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʩʪʘʜʠʷ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʛʥʝʡʩʦʛʨʘʥʠʪʦʚ ʦʧʨʝʜʝʣʝʥʘ ʧʦ ʜʦʩʢʦʨʜʠʠ ʚ ʢʦʦʨʜʠ-
ʥʘʪʘʭ 207/206 ï 206/238. ɺʦʟʨʘʩʪ 488Ñ17. ʆʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʛʨʘʥʠʮʝ ʂʝʤʙʨʠʷ ʠ ʆʨʜʦʚʠʢʘ, ʘ ʧʨʠ ʜʦʧʫʩʢʝ +17 ï ʫʭʦʜʠʪ ʚ 
ʩʨʝʜʥʠʡ ʢʝʤʙʨʠʡ. ɼʚʝ ʮʠʬʨʳ  512.9Ñ8.2 ʠ 488Ñ17, ʧʦʣʫʯʝʥʥʳʝ 
ʧʦ ʧʨʦʙʘʤ 78 ʠ 104 ʠʟ ʧʦʨʦʜ, ʠʩʧʳʪʘʚʰʠʭ ʞʝʩʪʢʠʡ ʢʦʣʣʠʟʠʦʥʥʳʡ 
ʤʝʪʘʤʦʨʬʠʟʤ,  ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʘʢ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ 
ʩʭʦʜʠʤʳʝ. ɺʩʝ ʙʦʣʝʝ ʤʦʣʦʜʳʝ ʮʠʬʨʳ ʠ ʥʘ ʢʦʥʢʦʨʜʠʠ 78 ʠ ʥʘ 
ʢʦʥʢʦʨʜʠʠ 104 ʦʪʨʘʞʘʶʪ ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʠ ʤʝʥʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘ-
ʪʫʨʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʂʦʥʢʨʝʪʥʦ, ʫʨʦ-
ʚʝʥʴ 293-297 ʄʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥ ʩ ʘʢʪʠʚʠʟʘʮʠʝʡ ʂʘʣ-
ʙʠʥʩʢʦʛʦ ʧʣʫʪʦʥʘ.  

ɻʨʫʧʧʘ ʪʦʯʝʢ ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʪ ʧʦʟʜʥʝʛʦ ʜʝʚʦʥʘ ʜʦ 
ʨʘʥʥʝʛʦ ʢʘʨʙʦʥʘ ʥʝʦʜʥʦʨʦʜʥʘ ʧʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ 
ʟʝʨʥʝ 6 ʚʠʜʠʤ ʦʙʣʦʤʦʢ ʮʠʨʢʦʥʘ ʩ ʨʠʪʤʠʯʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʚ 
ʢʘʡʤʝ ʦʙʣʘʯʥʦʛʦ ʮʠʨʢʦʥʘ. ʇʝʨʚʳʡ ʥʝ  ʠʤʝʝʪ ʜʦʚʝʨʠʷ ʚʚʠʜʫ 
ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʜʠʩʢʦʨʜʘʥʪʥʦʩʪʠ ʧʦ ʩʚʠʥʮʫ (41%). ɹʦʣʝʝ ʚʝʨʦʷʪ-
ʥʦ, ʯʪʦ ʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʝʜʳʜʫʱʝʡ (ʤʘʛʤʘʪʠʯʝʩʢʦʡ) ʩʪʘʜʠʠ. 
ʂʘʡʤʘ ʩ ʦʙʣʘʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʤʝʝʪ ʚʩʝ ʧʨʠʟʥʘʢʠ ʤʝʪʘʩʦʤʘʪʠʯʝ-
ʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ʦʙʣʘʯʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʚʳʩʦʢʦʝ ʫʨʘʥ-
ʪʦʨʠʝʚʦʝ ʦʪʥʦʰʝʥʠʝ),  ʘ ʝʝ ʚʦʟʨʘʩʪ 363.9Ñ6.7ʤʣʥ. ʣʝʪ -  ʚʳʩʦʢʠʡ 
ʨʝʡʪʠʥʛ  ʜʦʚʝʨʠʷ. ʊʨʝʪʴʝ ʟʝʨʥʦ (2.1 ʩ ʚʦʟʨʘʩʪʦʤ  346.9Ñ6. ʤʣʥ. 
ʣʝʪ) ʪʘʢʞʝ ʚʳʧʘʜʘʝʪ ʠʟ ʜʦʚʝʨʠʷ ʚʚʠʜʫ ʙʦʣʴʰʦʡ ʜʠʩʢʦʨʜʘʥʪʥʦ-
ʩʪʠ ʧʦ ʩʚʠʥʮʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʨʘʩʪ ʧʝʨʚʦʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʡ 



ʩʪʘʜʠʠ, ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʦʜʚʝʨʞʝʥʳ ʣʝʡʢʦʛʨʘʥʠʪʳ, ʤʳ ʦʮʝʥʠʚʘʝʤ 
ʧʦ ʧʦʣʥʦʩʪʴʶ ʢʦʥʢʦʨʜʘʥʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʪʦʯʢʝ 6.2 , ʘ ʠʤʝʥʥʦ,  
363.9Ñ6.7 ʤʣʥ. ʣʝʪ ï ʧʦʟʜʥʠʡ ʜʝʚʦʥ (ʪʘʙʣʠʮʘ 2.13). ʆʙʨʘʱʘʷʩʴ 
ʪʝʧʝʨʴ ʢ ʢʠʘʥʠʪʦʚʳʤ ʩʣʘʥʮʘʤ, ʚʠʜʠʤ, ʯʪʦ ʧʦʯʪʠ ʪʦʯʥʦ ʪʘʢʘʷ ʞʝ 
ʮʠʬʨʘ (369Ñ6,1ʤʣʥ. ʣʝʪ) ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʧʦʣʫʯʝʥʘ ʠ ʜʣʷ ʥʠʭ. ʊʘʢʦʝ ʩʦʚʧʘʜʝʥʠʝ ʚʦʟʨʘʩʪʘ ʤʝʪʘʤʦʨʬʠʯʝ-
ʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʨʢʦʥʘ ʚ ʧʦʨʦʜʘʭ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦ-
ʠʩʭʦʞʜʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʣʫʯʘʡʥʳʤ. ʆʥʦ ʜʘʝʪ ʥʘʤ ʦʩʥʦʚʘʥʠʝ 
ʚʳʜʝʣʷʪʴ ʚ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʧʦʟʜʥʝʜʝʚʦʥʩʢʫʶ ʬʘʟʫ   ʜʝʬʦʨʤʘ-
ʮʠʡ ʚʜʦʣʴ ʫʟʢʠʭ ʣʠʥʝʡʥʳʭ ʟʦʥ. ʇʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʠʝ ʚ ʢʦʤʧʣʝʢʩʝ 
ʨʝʛʠʦʥʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʛʦ ʮʠʨ-
ʢʦʥʘ ʛʦʚʦʨʠʪ ʦ ʣʦʢʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʧʨʦʷʚʣʝʥʠʷ ʜʘʥʥʳʭ ʜʝʬʦʨ-
ʤʘʮʠʡ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʥʦʩʠʚʰʠʭ ʩʙʨʦʩʦʚʦ-ʩʜʚʠʛʦʚʳʡ ʭʘʨʘʢʪʝʨ, 
ʢʦʪʦʨʳʝ ʥʝ ʦʪʨʘʟʠʣʠʩʴ ʥʘ ʮʠʨʢʦʥʝ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ ʙʣʦʢʦʚ 
ʨʝʛʠʦʥʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʉʣʝʜʫʶʱʘʷ ʬʘʟʘ ʘʢʪʠʚʥʦʡ ʞʠʟʥʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʟʘʬʠʢ-
ʩʠʨʦʚʘʥʘ ʚ ʨʘʥʥʝʡ ʇʝʨʤʠ    ʠʟʤʝʥʝʥʠʷʤʠ ʢʘʢ ʫʨʘʥ-ʩʚʠʥʮʦʚʦʡ, 
ʪʘʢ ʠ ʘʨʛʦʥ-ʘʨʛʦʥʦʚʦʡ [32] ʠʟʦʪʦʧʥʳʭ ʩʠʩʪʝʤ. ʉʫʜʷ ʧʦ ʪʦʤʫ, ʯʪʦ 
ʮʠʨʢʦʥ ʵʪʦʡ ʬʘʟʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʢʘʢ 
ʨʝʛʠʦʥʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʣʦʢʘʣʴʥʦʛʦ ʚʳʩʦʢʦʙʘʨʠ-
ʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ,  ʜʝʬʦʨʤʘʮʠʠ ʠʤʝʣʠ ʨʝʛʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʠʝ ʠ ʩʚʷʟʘʥʳ ʩ ʚʥʝʜʨʝʥʠʝʤ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ. 
ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʪʦʧʥʳʭ ʩʠʩʪʝʤ ʦʮʝ-
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ʉ (ʧʦ Ar-Ar ʩʠʩʪʝʤʝ).  

 

ʊʘʙʣʠʮʘ 2.13. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʣʝʡʢʦ-
ʢʨʘʪʦʚʳʭ ʢʠʘʥʠʪʩʦʜʝʨʞʘʱʠʭ ʛʨʘʥʠʪʦʚ. ʇʨʦʙʘ ˉ78, ʆʚʝʯʠʡ ʣʦʛ. 
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1 2 3 4 5 6 7 8 

ʆʙʨʘʟʝʮ 78, ʶʛʦ-ʟʘʧʘʜʥʳʡ ʢʦʥʪʘʢʪ 

ʈʝʩʪʠʪ ʩʫʙʩʪʨʘʪʘ 

78.5.1c 0.14 217 141 1.5 832Ñ13 797Ñ37 -4 

78.5.2r 0.28 216 31 7.0 763Ñ13 835Ñ78 9 

ʄʘʛʤʘʪʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 

78.4.1c 0.29 292 346 0.8 513.1Ñ8.2 528Ñ75 3 



78.4.2r 2.01 257 141 1.8 440.7Ñ7.4 376Ñ130 -15 

ʄʝʪʘʤʦʨʬʠʟʤ ɼ3-ʉ1 

78.6.2r 8.91 551 18 30.6 363.9Ñ6.7 372Ñ310 3 

78.6.1 8.26 246 273 0.9 404.2Ñ8.9 568Ñ430 41 

78.2.1c 0.90 132 61 2.2 346.9Ñ6.3 438Ñ300 26 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.13. 
 

1 2 3 4 5 6 7 8 

ʈʘʥʥʝʧʝʨʤʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ 

78.1.3 13.24 993 176 5.6 
275.4Ñ 

4.6 
303Ñ340 10 

78.1.2 0.04 821 115 7.1 297.1Ñ4.7 319Ñ35 7 

78.2.2 3.49 2037 695 2.9 298.2Ñ4.8 310Ñ140 4 

ʄʝʣ - ʇʘʣʝʦʛʝʥ ï ʅʝʦʛʝʥʦʚʘʷ ʘʢʪʠʚʠʟʘʮʠʷ 

78.3.3 55.13 19301 1896 10.2 
22.95Ñ0.7

3 
642Ñ920 2650 

78.3.2 45.80 2359 205 11.5 40.8Ñ 1 962Ñ770 2193 

78.3.1 39.21 2318 107 21.7 112.4Ñ4 137Ñ960 22 

ʆʙʨʘʟʝʮ 104, ʮʝʥʪʨ ʛʥʝʡʩʦʛʨʘʥʠʪʥʦʛʦ ʪʝʣʘ 

ʄʘʛʤʘʪʠʯʝʩʢʠʡ ʮʠʨʢʦʥ 

1.1 1.47 76 42 1.8 490.2Ñ7.6   

3.1 11,51 1848 269 6.86 
520.4Ñ 

5.8 
  

3.2 29,32 1283 342 3.75 493 Ñ16   

ʈʘʥʥʝʧʝʨʤʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ 

1.2 10,27 63 4 15.75 
293.4Ñ 

6.2 
  

2.1 2,36 437 216 2.02 297 Ñ 3.4   

2.2 1,30 533 263 2.02 
293.2Ñ 

3.1 
  

2.3 0,27 1221 773 1.57 
297.1Ñ 

2.3 
  

ʇʨʠʤʝʯʘʥʠʝ. ʂʫʨʩʠʚʦʤ ʧʦʢʘʟʘʥʳ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʜʠʩʢʦʨʜʘʥʪʥʦʩʪʴ ʧʦ 

ʩʚʠʥʮʫ ʧʨʝʚʳʰʘʝʪ  ʤʠʨʦʚʳʝ ʥʦʨʤʳ. 
 



ɿʘʢʣʶʯʠʪʝʣʴʥʘʷ ʬʘʟʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʨʢʦʥʘ ʦʭʚʘʪʳʚʘ-
ʝʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʦʪ ʨʘʥʥʝʛʦ ʄʝʣʘ ʜʦ ʄʠʦʮʝʥʘ (112 ï 23 ʤʣʥ. 
ʣʝʪ; ʪʘʙʣʠʮʘ 2.13). ɻʣʘʚʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʝʝ ʙʳʣʦ ʧʨʝʦʙʨʘʟʦʚʘ-
ʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʦʨʤ ʮʠʨʢʦʥʘ ʚ ʚʳʩʦʢʦʫʨʘʥʦʚʳʝ ʤʝʪʘ-
ʤʠʢʪʥʳʝ ʬʦʨʤʳ. ʇʨʠ ʵʪʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ ʮʠʨʢʦʥʘ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʤʝʪʘʤʠʢʪʥʳʭ ʚ ʚʠʜʝ ʨʝʣʠʢʪʦʚʳʭ ʟʝʨʝʥ. ʊʝʤʧʝʨʘ-
ʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʷʚʣʝʥʠʠ ʜʝʬʦʨʤʘʮʠʡ ʵʪʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ 
ʫʨʦʚʥʷ ʙʳʣʠ ʤʝʥʝʝ 280
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ʉ, ʪ.ʢ. ʥʝ ʟʘʜʝʣʠ ʨʘʥʥʝʧʝʨʤʩʢʫʶ ʘʨʛʦʥ-

ʘʨʛʦʥʦʚʫʶ ʩʠʩʪʝʤʫ.  
ɺʳʚʦʜʳ ʧʦ ʚʳʩʦʢʦʙʘʨʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ  
1. ʃʝʡʢʦʛʨʘʥʠʪʳ ʠ ʜʠʩʪʝʥʦʚʳʝ ʩʣʘʥʮʳ ʠʟʦʬʘʮʠʘʣʴʥʳ ʧʦ 

ʩʦʩʪʘʚʫ: ʧʝʨʚʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʪʠʧʠʯʥʳʤ S-ʛʨʘʥʠʪʘʤ ʠ ʦʙʨʘʟʦʚʘ-
ʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʚʣʝʥʠʷ  ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʤʝʪʘʦʩʘ-
ʜʦʯʥʳʭ ʧʦʨʦʜ. ɺʪʦʨʳʝ  ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩʠʯʝʩʢʠʝ ʚʳʩʦ-
ʢʦʛʣʠʥʦʟʝʤʠʩʪʳʝ ʤʝʪʘʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ.  

2. ɺʦʟʨʘʩʪ ʧʨʦʪʦʣʠʪʘ  ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʙʦʣʝʝ ʜʨʝʚʥʠʡ, ʯʝʤ 
ʜʠʩʪʝʥʦʚʳʭ ʩʣʘʥʮʝʚ: ʅʝʦʧʨʦʪʝʨʦʟʦʡ ʜʣʷ ʛʨʘʥʠʪʦʚ ʠ  ʧʦʟʜʥʠʡ 
ʆʨʜʦʚʠʢ  ʜʣʷ ʜʠʩʪʝʥʦʚʳʭ ʩʣʘʥʮʝʚ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʛʨʘʥʠʪʳ 
ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʝ ʧʦ  ʵʪʠʤ ʠʤʝʥʥʦ ʩʣʘʥʮʘʤ, ʘ ʦʢʘʟʘʣʠʩʴ ʩʦʚʤʝ-
ʱʝʥʥʳʤʠ ʩ ʥʠʤʠ ʙʣʘʛʦʜʘʨʷ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʠʣʠ ʠʥʪʨʫʟʠʚʥʳʤ 
ʧʨʦʮʝʩʩʘʤ.     

3. ʄʘʛʤʘʪʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ   ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʧʨʦʠʩ-
ʭʦʜʠʣʘ ʚ ʂʝʤʙʨʠʠ, ʘ ʚ ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚ ʛʨʘʥʠ-
ʪʘʭ ʠ ʚ ʜʠʩʪʝʥʦʚʳʭ ʩʣʘʥʮʘʭ ʦʪʤʝʪʠʣʘʩʴ ʬʘʟʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʮʠʨʢʦʥʘ,  ʢʦʪʦʨʘʷ ʚʦʟʤʦʞʥʦ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩʦ 
ʩʪʨʝʩʩʦʚʳʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʩʜʚʠʛʦʚʦ-ʚʟʙʨʦʩʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ 
ʰʦʚʥʳʭ ʣʠʥʝʡʥʳʭ ʟʦʥʘʭ. 

  
2.4.ʈʦʣʴ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʚ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʤ ʪʝʨ-

ʨʝʡʥʝ 
 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʯʘʩʪʴ ɿʘʡʩʘʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ  
ʧʨʝʞʜʝ ʚʳʜʝʣʷʣʘʩʴ, ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʘʷ 
ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʘʷ ʟʦʥʘ. ʇʦʟʜʥʝʝ ʚ ʥʝʡ ʩʪʘʣʠ ʨʘʟʣʠʯʘʪʴ  
ʀʨʪʳʰʩʢʫʶ ʠ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʫʶ ʧʦʜʟʦʥʳ. ʊʘʢʦʝ ʯʣʝʥʝʥʠʝ ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ ʧʨʘʚʦʤʦʯʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʩʨʝʜʥʝʛʦ ʇʘʣʝʦʟʦʷ , ʪʘʢ ʢʘʢ   
ʦʯʝʚʠʜʝʥ ʬʘʢʪ ʨʘʟʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʶʛʦ-
ʟʘʧʘʜʥʦʡ ʯʘʩʪʝʡ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ. ʆʜʥʘʢʦ ʵʪʦ ʨʘʟ-
ʣʠʯʠʝ ʥʝ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʦʡ ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ, ʘ ʣʠʰʴ ʨʘʟʥʳ-
ʤʠ ʵʨʦʟʠʦʥʥʳʤʠ ʩʨʝʟʘʤʠ: ʫʨʦʚʝʥʴ ʩʨʝʟʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 
ʥʘ 4-5 ʢʤ ʛʣʫʙʞʝ ʫʨʦʚʥʷ ʩʨʝʟʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ. ʇʨʘʚʠʣʴʥʝʝ 
ʟʜʝʩʴ ʤʦʞʥʦ  ʛʦʚʦʨʠʪʴ ʦ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʨʘʡʦʥʠʨʦʚʘʥʠʠ: ʩʝʚʝʨʦ-



ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ï ʘʥʪʠʢʣʠʥʦʨʠʡ, ʘ ʶʛʦ-ʟʘʧʘʜʥʘʷ ï ʢʨʳʣʦ ʵʪʦʛʦ 
ʘʥʪʠʢʣʠʥʦʨʠʷ. ɺ ʪʘʢʦʤ ʨʘʢʫʨʩʝ ʠ ʙʳʚʰʘʷ ʀʨʪʳʰʩʢʘʷ ʟʦʥʘ ʠ 
ʙʳʚʰʘʷ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʘʷ ʟʦʥʘ ʦʙʝ ʚʤʝʩʪʝ ʚʧʠʩʳʚʘʶʪʩʷ ʚ ʧʦʥʷ-
ʪʠʝ  ʂʘʣʙʘ-ʅʘʨʳʤʩʢʠʡ ʪʝʨʨʝʡʥ. ɺ ʵʪʦ ʧʦʥʷʪʠʝ  ʚʢʣʘʜʳʚʘʝʪʩʷ 
ʥʝʩʢʦʣʴʢʦ ʠʥʦʡ ʩʤʳʩʣ, ʘ ʠʤʝʥʥʦ: çʊʝʨʨʝʡʥ ð ʵʪʦ ʦʛʨʘʥʠʯʝʥʥʦʝ 
ʨʘʟʣʦʤʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʪʝʣʦ ʨʝʛʠʦʥʘʣʴʥʦʡ ʧʨʦʪʞ̫ʝʥʥʦʩʪʠ, 
ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝ-
ʩʢʠʤʠ, ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 
ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ, 
ʦʪʣʠʯʘʶʱʫʶ ʝʛʦ ʦʪ ʩʦʩʝʜʥʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ. ʇʦ ʢʨʘʡʥʝʡ 
ʤʝʨʝ, ʪʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʘʚʘʣʠ ʩʣʦʚʫ ʪʝʨʨʝʡʥ ʘʚʪʦʨʳ ʢʦʥʮʝʧ-
ʮʠʠ: P. C. Coney, D. G. Howell, D. L. Jones, J. W. H. Monger, 
E.R.Shermer, N. J..è. (ɺʠʢʠʧʝʜʠʷ: - 
2006;ru.wikipedia.org/wiki/ʊʝʨʨʝʡʥ). ʄʳ ʥʘʤʝʨʝʥʳ ʜʦʢʘʟʘʪʴ ʚ 
ʜʘʣʴʥʝʡʰʝʤ, ʯʪʦ ʠ ʀʨʪʳʰʩʢʘʷ ʠ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʘʷ ʯʘʩʪʠ ʪʝʨ-
ʨʝʡʥʘ   ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʩʦʩʪʘʚʝ ʝʜʠʥʦʡ ʩʪʨʫʢʪʫʨʳ ʛʣʦʙʘʣʴʥʦʛʦ 
ʨʘʥʛʘ, ʢʦʪʦʨʘʷ ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʪʨʘʞʘʝʪʩʷ 
ʢʘʢ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʦʢʨʘʠʥʘ (ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʩʢʣʦʥ, ʢʦʥʪʠʥʝʥ-
ʪʘʣʴʥʳʡ ʰʝʣʴʬ). 

ʖʛʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʪʝʨʨʝʡʥʘ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʦʛʨʘʥʠʯʝʥʘ 
ʨʘʟʣʦʤʘʤʠ, ʥʦ ʷʚʥʳʭ ʨʘʟʨʳʚʦʚ ʩʧʣʦʰʥʦʩʪʠ, ʪʘʢʠʭ, ʥʘʧʨʠʤʝʨ, 
ʢʦʪʦʨʳʝ ʦʪʜʝʣʷʶʪ ʀʨʪʳʰʩʢʫʶ ʟʦʥʫ ʦʪ ʈʫʜʥʦʛʦ ɸʣʪʘʷ, ʥʘ ʩʦʚʨʝ-
ʤʝʥʥʦʤ ʵʨʦʟʠʦʥʥʦʤ ʩʨʝʟʝ ʥʝʪ. ʀʤʝʶʪʩʷ ʢʦʩʚʝʥʥʳʝ ʧʨʠʟʥʘʢʠ, 
ʧʦʟʚʦʣʷʶʱʠʝ ʛʦʚʦʨʠʪʴ ʦ ʚʝʨʦʷʪʥʳʭ ʨʘʟʣʦʤʘʭ, ʪʘʢʠʝ ʢʘʢ,  ʧʦʷʩ 
ʙʘʟʠʪʦʚʳʭ ʪʝʣ ʚʜʦʣʴ ʢʦʥʪʘʢʪʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ  ʶʛʦ-ʟʘʧʘʜʥʦʡ 
ʯʘʩʪʝʡ ʪʝʨʨʝʡʥʘ ʪʦ ʣʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ, ʪʦ ʣʠ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʠʣʠ ʨʝʟʢʦʝ ʚʳʢʣʠʥʠʚʘʥʠʝ ʛʨʘʥʠʪʥʦʛʦ ʙʘʪʦʣʠʪʘ 
ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʪʝʨʨʝʡʥʘ.    

ʖʛʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʪʝʨʨʝʡʥʘ ʥʘ  70% ʩʣʦʞʝʥʘ ʛʨʘʥʠʪʘʤʠ 
ʠ ʛʨʘʥʠʪʦʠʜʘʤʠ, ʘ 30% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ 
ʩʨʝʜʥʝʛʦ ʇʘʣʝʦʟʦʷ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ ʬʠʣʣʠʪʳ ʧʦ 
ʬʣʠʰʦʠʜʘʤ ʠ ʯʝʨʥʳʤ ʩʣʘʥʮʘʤ, ʘ ʪʘʢʞʝ ʥʝ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ 
ʧʦʨʦʜʳ ʬʣʠʰʦʠʜʥʦʛʦ ʠ ʛʨʘʫʚʘʢʢʦʚʦʛʦ ʪʠʧʦʚ. ʆʩʦʙʦ ʦʪʤʝʪʠʤ, ʯʪʦ 
ʚ ʩʦʩʪʘʚʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʨʝʜʥʝʛʦ ʧʘʣʝʦʟʦʷ, 
ʢʦʪʦʨʳʤʠ ʩʣʦʞʝʥ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʠʡ ʪʝʨʨʝʡʥ, ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠ 
ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʦʪʩʫʪʩʪʚʫʶʪ.   

ɻʨʘʥʠʪʥʳʡ ʙʘʪʦʣʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  ʤʝʞʬʦʨʤʘʮʠʦʥʥʦʝ 
ʪʝʣʦ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʦʜʚʦʜʷɦ ʠʤʠ ʢʘʥʘʣʘʤʠ (ʨʠʩʫʥʦʢ 2.18). 
ɺʦʟʨʘʩʪ ʛʨʘʥʠʪʦʚ ʧʦ ʘʨʛʦʥ-ʘʨʛʦʥʦʚʳʤ ʠ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʤ ʜʘʪʠʨʦʚ-
ʢʘʤ ʨʘʥʥʝʧʝʨʤʩʢʠʡ (268-297) ʤʣʥ. ʣʝʪ [19]. ʇʦʜʦʰʚʘ ʝʛʦ ʟʘʣʝʛʘʝʪ 
ʥʘ ʛʣʫʙʠʥʝ ʦʪ 3 ʜʦ 5 ʢʤ, ʢʨʦʚʣʷ ʚʦʟʚʳʰʘʣʘʩʴ ʥʘʜ ʩʦʚʨʝʤʝʥʥʳʤ 

http://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B7%D0%BB%D0%BE%D0%BC
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B0%D1%82%D0%B8%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B0%D1%82%D0%B8%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%BC
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BC%D0%BE%D1%80%D1%84%D0%B8%D0%B7%D0%BC


ʵʨʦʟʠʦʥʥʳʤ ʩʨʝʟʦʤ ʥʘ 3-4 ʢʤ (ʧʦ ʩʪʨʫʢʪʫʨʥʳʤ ʧʦʩʪʨʦʝʥʠ̫ ʤ  [25]). 
ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʛʦ ʙʘʪʦʣʠʪʘ, 
ʦʙʲʝʤ ʢʦʪʦʨʦʛʦ ʥʘ ʫʨʦʚʥʝ ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʚʳʰʘʣ 70 000 ʢʫʙ ʢʤ, ʚ 
ʢʦʨʝ ʜʦʣʞʝʥ ʙʳʣ ʙʳʪʴ ʧʨʦʧʣʘʚʣʝʥ ʩʧʣʦʰʥʦʡ ʩʣʦʡ ʤʦʱʥʦʩʪʴʶ 6 -
7 ʢʤ. ʈʝʘʣʴʥʦʩʪʴ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ ʧʦ ʦʜʥʦʤʫ 
ʠʟ ʘʥʘʣʦʛʦʚ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ ï ɻʣʘʚʥʦʤʫ ʂʦʣʳʤʩʢʦʤʫ 
ʨʝʜʢʦʤʝʪʘʣʴʥʦʤʫ ʙʘʪʦʣʠʪʫ. ʉʦʛʣʘʩʥʦ ʄ.ʉ.ʈʦʜʠʦʥʦʚʫ [33], ʤʦʱ-
ʥʦʩʪʴ ʧʨʦʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ ʢʦʨʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʘʪʦʣʠʪʘ 
ʤʦʛʣʘ ʜʦʩʪʠʛʘʪʴ 8-9 ʢʤ. ʀ ʚ ʪʦʤ ʠ  ʚ ʜʨʫʛʦʤ ʩʣʫʯʘʝ ʪʘʢʠʝ ʩʣʦʠ 
ʜʦʣʞʥʳ ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʛʦʤʦʛʝʥʥʳʡ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʢ ʧʣʘʚʣʝ-
ʥʠʶ ʩʦʩʪʘʚ, ʩʦʩʪʦʷʱʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʛʥʝʡʩʦʚ ʠ ʤʠʛʤʘʪʠʪʦʚ. ʕʪʦ, 
ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʟʥʘʯʘʝʪ, ʯʪʦ ʢ ʤʦʤʝʥʪʫ ʧʣʘʚʣʝʥʠʷ ʚ ʦʩʥʦʚʘʥʠʠ 
ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʟʘʣʝʛʘʣʘ ʟʨʝʣʘʷ ʢʦʨʘ ʢʦʥʪʠʥʝʥʪʘʣʴ-
ʥʦʛʦ ʪʠʧʘ, ʘʥʘʣʦʛʠʯʥʘʷ ʪʦʡ, ʢʦʪʦʨʘʷ ʦʙʥʘʞʘʝʪʩʷ ʚ ʚʠʜʝ ʪʝʢʪʦʥʠ-
ʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʩʤʷʪʠʷ. ʉʦʩʪʘʚ ʧʨʦʧʣʘʚ-
ʣʝʥʥʦʛʦ  ʩʣʦʷ ʢʦʨʳ, ʧʦʩʪʘʚʣʷʚʰʝʛʦ ʤʘʛʤʫ ʚ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʠʡ 
ʙʘʪʦʣʠʪ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ  ʩʦʩʪʘʚʫ ʧʦʨʦʜ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʪʨʦʝ-
ʥʠʠ ʙʘʪʦʣʠʪʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2.18.  ʂʘʣʙʘ-ʅʘʨʳʤʩʢʠʡ ʙʘʪʦʣʠʪ ʠ  
ʨʘʩʯʝʪʥʳʝ ʧʨʦʬʠʣʠ ʝʛʦ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ [25]. 

 

ʉʣʝʚʘ: 1-ʚʤʝʱʘʶʱʠʝ ʩʣʘʥʮʳ ʪʘʢʠʨʩʢʦʡ ʩʚʠʪʳ D3-C1;  
2 ï ʦʙʦʙʱʝʥʥʳʡ ʢʦʥʪʫʨ ʙʘʪʦʣʠʪʘ ʚ ʨʘʟʨʝʟʝ; 3-ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʚʝʨʭ-
ʥʦʩʪʥʳʡ ʩʨʝʟ ʙʘʪʦʣʠʪʘ. ʉʧʨʘʚʘ: 1- ʦʙʦʙʱʝʥʥʳʡ ʢʦʥʪʫʨ ʙʘʪʦʣʠʪʘ ʥʘ ʩʦ-
ʚʨʝʤʝʥʥʦʤ ʵʨʦʟʠʦʥʥʦʤ ʩʨʝʟʝ;  2- ʨʘʩʯʝʪʥʳʝ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʚʝʨʪʠ-

ʢʘʣʴʥʳʝ ʨʘʟʨʝʟʳ ʙʘʪʦʣʠʪʘ; 3- ʨʘʩʯʝʪʥʳʝ ʧʨʦʬʠʣʠ. 
 



1. ʉʦʦʪʥʦʰʝʥʠʝ ʧʦʨʦʜ ʨʘʟʥʦʛʦ ʪʠʧʘ ʚ ʙʘʪʦʣʠʪʝ ʧʨʠʤʝʨʥʦ 
ʪʘʢʦʝ:ʧʣʘʛʠʦʛʨʘʥʠʪʳ <1%,  ʛʨʘʥʠʪʳ ʚʩʝʭ ʪʠʧʦʚ 80-85% , ʣʝʡʢʦ-
ʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʳ ʠ ʘʣʷʩʢʠʪʳ 15-18%. ʇʣʘʛʠʦʛʨʘʥʠʪʳ ʩʘʤʦʡ 
ʨʘʥʥʝʡ ʬʘʟʳ ʙʘʪʦʣʠʪʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʘʡʢʘʤʠ ʠ ʤʘʣʳ-
ʤʠ ʪʝʣʘʤʠ, ʥʝ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ ʦʪ ʩʫʙʘʚʪʦʭʪʦʥ-
ʥʳʭ ʤʘʣʳʭ ʪʝʣ  ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʭ ʚ ʩʦʩʪʘʚʝ ʧʣʘ-
ʛʠʦʢʣʘʟʦʚʳʭ ʘʤʬʠʙʦʣʠʪʦʚ ʚ ʛʥʝʡʩʦʚʦ-ʤʠʛʤʘʪʠʪʦʚʦʤ ʢʦʤʧʣʝʢʩʝ 
ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ. ʇʦ ʘʥʘʣʦʛʠʠ, ʧʨʠʩʫʪʩʪʚʠʝ ʪʘʢʠʭ ʞʝ 
ʢʦʤʧʣʝʢʩʦʚ ʧʦʚʳʰʝʥʥʦʡ ʙʘʟʠʪʦʚʦʩʪʠ ʥʘ ʫʨʦʚʥʝ ʟʘʨʦʞʜʝʥʠ ̫
ʤʘʛʤ ʙʘʪʦʣʠʪʘ ʠʣʠ ʥʠʞʝ ʵʪʦʛʦ ʫʨʦʚʥʷ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ. ʂʘʢ ʙʫ-
ʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʙʘʟʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʷʚʣʷʚʰʠʝʩʷ ʩʫʙʩʪʨʘ-
ʪʦʤ ʜʣʷ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ, ʠʤʝʣʠ  ʙʦʣʝʝ ʤʦʣʦʜʦʡ ʤʦʜʝʣʴʥʳʡ ʚʦʟ-
ʨʘʩʪ ʠ ʚʳʩʦʢʫʶ ʜʦʣʶ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʘʥʪʠʡʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 
ʯʪʦ ʩʙʣʠʞʘʝʪ ʠʭ ʩ ʦʨʪʦʛʥʝʡʩʘʤʠ ʙʘʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɻʨʘʥʠʪʳ 
ʚʩʝʭ ʪʠʧʦʚ, ʩʫʜʷ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ (ʦʪʩʫʪʩʪʚʠʝ ʤʘʛʥʝʪʠ-
ʪʘ ʠ, ʥʘʧʨʦʪʠʚ, ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʠʣʴʤʝʥʠʪʘ,  ʙʠʦʪʠʪʦʚʳʡ ʠ ʙʠʦ-
ʪʠʪ-ʤʫʩʢʦʚʠʪʦʚʳʡ ʩʦʩʪʘʚ, ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʘʢʮʝʩ-
ʩʦʨʥʦʛʦ ʛʨʘʥʘʪʘ ʧʠʨʘʣʴʩʧʠʪʦʚʦʛʦ ʨʷʜʘ), ʩʦʧʫʪʩʪʚʫʶʱʝʡ ʤʝʪʘʣ-
ʣʦʛʝʥʠʠ (Ta, Be, Li, Sn, W) ʠ ʩʦʩʪʘʚʫ ʛʣʫʙʠʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ (ʙʠʦ-
ʪʠʪʦʚʳʝ, ʙʠʦʪʠʪ-ʛʨʘʥʘʪʦʚʳʝ, ʙʠʦʪʠʪ-ʛʨʘʥʘʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʝ) 
ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʘʥʠʪʘʤ S-ʪʠʧʘ, ʢʦʪʦʨʳʝ ʚ ʧʨʠʨʦʜʝ ʦʙʨʘʟʫʶʪʩʷ  ʧʨʠ 
ʧʣʘʚʣʝʥʠʠ ʧʘʨʘʛʥʝʡʩʦʚ. ɺ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʩʤʷʪʠʷ ʧʦʜʘʚʣʷʶ-
ʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʥʝʡʩʦ-ʤʠʛʤʘʪʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ  ʪʘʢʞʝ ʠʤʝ-
ʶʪ ʚʩʝ ʧʨʠʟʥʘʢʠ ʧʘʨʘʛʥʝʡʩʦʚ. ʃʝʡʢʦʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʳ ʜʝʣʷʪʩʷ 
ʥʘ ʜʚʝ ʛʨʫʧʧʳ. ʊʝ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʢʘʣʙʠʥʩʢʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ, ʷʚʣʷʶʪʩʷ ʠʭ ʧʨʷʤʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ, ʠʤʝʶʪ ʪʝ ʞʝ ʩʚʦʡ-
ʩʪʚʘ. ʃʝʡʢʦʛʨʘʥʠʪʳ ʤʦʥʘʩʪʳʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 
ʢʘʣʙʠʥʩʢʠʭ ʧʨʦʬʠʣʠʨʫʶʱʠʤ ʤʦʥʘʮʠʪʦʚʳʤ ʩʦʩʪʘʚʦʤ ʘʢʮʝʩʩʦʨ-
ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʩʣʘʙʳʤ ʨʘʟʚʠʪʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩ-
ʩʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʙʦʣʝʝ ʩʫʭʦʡ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʦʣʝʝ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʤʘʛʤʝ. 

ʄʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʩʫʙʩʪʨʘʪʘ ʠ ʝʛʦ ʩʦʩʪʘʚ ʧʦ ʠʟʦʪʦʧʥʳʤ 
ʜʘʥʥʳʤ (Sm-Nd)  ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 2.14. ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 
ʧʦʨʦʜʳ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ, ʛʥʝʡʩʦʛʨʘʥʠʪʳ ʚ ʩʦʩʪʘʚʝ ʛʥʝʡʩʦʚʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʠ ʛʨʘʥʠʪʳ ʂʘʣʙʘ - ʅʘʨrʤʩʢʦʛʦ ʧʣʫ-
ʪʦʥʘ ʠʤʝʣʠ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʩʫʙʩʪʨʘʪ, ʚʦʟʨʘʩʪ ʢʦʪʦʨʦʛʦ ʥʘʭʦ-
ʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0.8-1.2 ʤʣʨʜ. ʣʝʪ. ʀʟ ʵʪʦʛʦ ʨʷʜʘ ʚʳʙʠʚʘʶʪʩʷ 
ʜʘʥʥʳʝ ʧʦ ʘʤʬʠʙʦʣʠʪʘʤ ʚ ʩʦʩʪʘʚʝ ʛʥʝʡʩʦʚ (ʄʝʟʦʧʨʦʪʝʨʦʟʦʡ 1,5 
ʤʣʨʜ. ʣʝʪ) ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʘʤ ʚ ʩʦʩʪʘʚʝ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʧʣʫ-
ʪʦʥʘ  (ʚʝʨʭʠ ʅʝʦʧʨʦʪʝʨʦʟʦʷ 0,6 ʤʣʨʜ. ʣʝʪ). ʕʪʦʤʫ ʷʚʣʝʥʠʶ ʠʤʝ-
ʝʪʩʷ ʩʚʦʝ ʦʙʲʷʩʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʳ ʧʦʢʘ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ. ɺʘʞ-



ʥʦ ʪʦ, ʯʪʦ  ʜʦʣʷ ʵʪʠʭ ʧʦʨʦʜ ʥʘ ʥʘʙʣʶʜʘʝʤʦʤ ʫʨʦʚʥʝ ʠ, ʚʝʨʦʷʪʥʦ, 
ʚ ʩʦʩʪʘʚʝ ʩʫʙʩʪʨʘʪʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 1% . ɺ ʮʝʣʦʤ, ʧʦ ʠʟʦʪʦʧʥʳʤ 
ʜʘʥʥʳʤ ʥʝ ʥʘʤʝʯʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʦʜʝʣʴ-
ʥʳʤʠ ʚʦʟʨʘʩʪʘʤʠ ʨʝʛʠʦʥʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ  
ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ ʠ ʩʫʙʩʪʨʘʪʘ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʙʘʪʦʣʠ-
ʪʘ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʦʜʥʦʛʦ ʠʟ ʛʣʘʚʥʳʭ ʘʨʛʫʤʝʥʪʦʚ ʜʣʷ 
ʨʘʟʜʝʣʝʥʠʷ ʘʥʪʠʢʣʠʥʦʨʠʷ ʠ ʝʛʦ ʢʨʳʣʘ ʚ ʨʘʟʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-
ʬʦʨʤʘʮʠʦʥʥʳʝ ʟʦʥʳ:   ʩʫʙʩʪʨʘʪ, ʠʟ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ 
ʪʝʨʨʝʡʥʘ, ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʝʛʦ ʯʘʩʪʷʭ ʦʜʠʥʘ-
ʢʦʚʳʡ.  

ɽʩʣʠ ʤʳ ʪʝʧʝʨʴ ʦʙʨʘʪʠʤʩʷ ʢ ʪʘʙʣʠʮʝ 2.14, ʪʦ ʫʚʠʜʠʤ, ʯʪʦ 

eNd(0) ʚ ʧʦʨʦʜʘʭ  ʨʝʛʠʦʥʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʝʨʨʝʡʥʘ (ʚʢʣʶʯʘʷ ʛʥʝʡʩʦʛʨʘʥʠʪʳ ʚ ʝʛʦ 
ʩʦʩʪʘʚʝ) ʠ ʩʫʙʩʪʨʘʪ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʦʠʟʦʰʣʠ ʛʨʘʥʠʪʳ ʂʘʣʙʘ-
ʅʘʨʳʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʤʝʥʷʶʪʩʷ ʚ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʧʨʝʜʝʣʘʭ: ʦʪ 
+1,7 ʜʦ ï 2,1. ʀʤʝʶʪʩʷ ʜʚʘ ʦʙʲʷʩʥʠʤʳʭ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʵʪʦʡ ʟʘ-
ʢʦʥʦʤʝʨʥʦʩʪʠ: 1- ʚ ʘʤʬʠʙʦʣʠʪʘʭ ʨʝʛʠʦʥʘʣʴʥʦ-
ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʦʥʠ ʠʤʝʶʪ ʵʢʟʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢ-

ʪʝʨ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪ.ʝ., ʤʝʥʝʝ 1%) ʟʥʘʯʝʥʠʝ eNd(0) ʜʦʩʪʠʛʘʝʪ   
+6,1, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ  ʠʭ ʧʦ ʛʘʙʙʨʦ ʠʣʠ ʙʘʟʘʣʴʪʘʤ 

ʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ; 2 ï ʟʥʘʯʝʥʠʝ eNd(0)= -5,7 ʠ -6,7 ʚ 
ʜʚʫʭ ʚʝʨʭʥʠʭ ʦʙʨʘʟʮʘʭ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʤ 
(ʤʠʛʤʘʪʠʪʳ ʩ ʛʨʘʥʘʪʦʤ ʠ ʩʠʣʣʠʤʘʥʠʪʦʤ) ʠ ʛʠʧʝʨʛʣʠʥʦʟʝʤʠʩʪʳʤ 
(ʛʥʝʡʩʳ ʩ ʛʨʘʥʘʪʦʤ, ʜʠʩʪʝʥʦʤ ʠ ʤʫʩʢʦʚʠʪʦʤ) ʩʦʩʪʘʚʦʤ ʧʝʨʚʠʯʥʦ-
ʩʝʜʠʤʝʥʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʚʢʣʘʜ ʤʘʥʪʠʡʥʦʛʦ ʤʘ-
ʪʝʨʠʘʣʘ, ʝʩʪʝʩʪʚʝʥʥʦ,  ʟʘʥʠʞʝʥ ʧʨʦʪʠʚ ʥʦʨʤʘʣʴʥʳʭ ʧʦʨʦʜ ʪʦʛʦ 
ʞʝ ʚʦʟʨʘʩʪʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʘʢʠʭ ʧʦʨʦʜ ʚ ʨʝʛʠʦʥʘʣʴʥʦ-
ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʝʨʨʝʡ-
ʥʘ ʠʤʝʝʪ ʵʢʟʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. 

 

ʊʘʙʣʠʮʘ 2.14.  ʄʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʠ ʩʦʩʪʘʚ ʩʫʙʩʪʨʘʪʘ 
ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ 
 

ˉ 
ʧʨʦʙ 

ʄʝʩʪʦ 
ʦʪʙʦʨʘ 

ʂʦʤ-
ʧʣʝʢʩ 

Sm Nd 147/144 143/144 
ŮNd 
(0) 

TD

M 

1 2 3 4 5 6 7 8 9 

ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ 

98-
14/19 

ʂʘʟʘʭʩʪʘʥ 
ʉʦʛʨʘ 

ʈʝʛ. ʤʝ- 
ʪʘʤʦʨʬ. 

4.21 21.5 0,1176 0,51234 -5,7 1,12 



98-
17/18 

ʂʘʟʘʭʩʪʘʥ, 
ʇʨʝʜʛʦʨ-
ʥʦʝ 

UP-UHP 7,94 41,0 0,1159 0,512292 -6,7 1,18 

ALT 
12 

ʂʠʪʘʡ, 
ʌʫʶʥ 

ɻʨʘʥʠʪʦ-
ʛʥʝʡʩ 

9.13 43.24 0,1276 0.512658 0.4 0,87 

ALT 
13 

--  /  -- ɻʥʝʡʩ 3.56 16.04 0.1342 0.512680 0.8 0.90 

ALT 
14 

--  /  -- ɻʥʝʡʩ 4.75 23.14 0.1240 0.512587 -1.0 0.96 

ALT 
15 

--  /  -- ɻʥʝʡʩ 6.90 33.62 0.1240 0.512627 -0.2 0.89 

ALT 
16 

-- /  -- 
ɸʤʬʠ-
ʙʦʣʠʪ 

2.10 6.58 0.1933 0.512951 6.1 1.49 

ALT 
17 

--  /  -- ɻʥʝʡʩ 2.21 10,41 0.1284 0.512647 0.2 0.90 

ɻʨʘʥʠʪʳ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʧʣʫʪʦʥʘ, ʂʘʟʘʭʩʪʘʥ 

98-
14/33 

ɼʘʡʢʠ ʠ 
ʤʘʣʳʝ 
ʪʝʣʘ 

ʢʫʥʫʰ-
ʩʢʠʡ 

5,49 26,5 0,1241 0.512728 1.7 0.6 

ʊ-184 
ɹʝʣʦʛʦʨ-
ʩʢʠʡ 

ʢʘʣʙʠʥ-
ʩʢʠʡ 

6,99 30,6 0,13806 0,512568 -1.4 0.87 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.14. 
 

1 2 3 4 5 6 7 8 9 

ʊ-186 ʏʝʙʫʥʜʘ 
ʢʘʣʙʠʥ-
ʩʢʠʡ 

4,78 17,8 0,16265 0,512632 0.12 0.83 

ʊ-102 ʉʝʙʠʥʩʢʠʡ 
ʤʦʥʘ-
ʩʪʳʨ. 

5,82 28 0,12596 0,512532 -2.1 1076 

1-205 --  /  -- --  /  -- 7,13 33,2 0,12997 0,512695 1.1 831 

ʇʨʠʤʝʯʘʥʠʷ. ʇʨʦʙʳ 98-14/19, 98-17/18, ʊ-103 ʠ 1-205 ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ  

[14]. ʇʨʦʙʳ ʊ-184 ʠ ʊ-186 ʠʟ [34]. ʇʨʦʙʳ ALT-12-17  ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ 
[35]: ʀʨʪʳʰʩʢʘʷ ʟʦʥʘ, ʨʠʩ.2. 2 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʢʦʥʪʨʘʩʪʥʳʭ ʨʘʟʣʠ-

ʯʠʡ ʚ ʚʦʟʨʘʩʪʝ ʠ ʩʦʩʪʘʚʝ ʬʫʥʜʘʤʝʥʪʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʶʛʦ-
ʟʘʧʘʜʥʦʡ ʯʘʩʪʝʡ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ, ʘ ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ 
ʠ ʷʩʥʦ ʚʳʨʘʞʝʥʥʦʛʦ ʨʘʟʣʦʤʘ ʤʝʞʜʫ ʥʠʤʠ ʥʝʪ, ʘ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ 
ʢʦʩʚʝʥʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʪʦ ʦʙʝ̡ʜʠʥʝʥʠʝ ʠʭ ʚ ʝʜʠʥʳʡ ʬʨʘʛʤʝʥʪ 
ʛʣʦʙʘʣʴʥʦʡ ʧʘʣʝʦʩʪʨʫʢʪʫʨʳ ʪʠʧʘ  ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʤ.  

 
ɿɸʂʃʖʏɽʅʀɽ 



1. ʀʨʪʳʰʩʢʘʷ ʟʦʥʘ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʣʠʥʝʘʤʝʥʪʦʤ 
ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ. ʕʪʦ ï ʰʠʨʦʢʘʷ ʟʦʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦ-
ʩʪʠʨʘʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʨʘʟʣʦʤʦʚ 
ʠ ʟʦʥ ʩʤʷʪʠʷ, ʧʨʦʩʪʠʨʘʶʱʠʭʩʷ ʥʘ ʪʳʩʷʯʠ ʢʠʣʦʤʝʪʨʦʚ. ʉʪʨʫʢʪʫʨ-
ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʠʡ: 
ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʥʦʨʤʘʣʴʥʳʝ ʚʟʙʨʦʩʳ ʠ ʣʝʚʦʩʪʦʨʦʥʥʠʝ ʩʜʚʠʛʠ.       

2. ɼʚʘ ʵʣʝʤʝʥʪʘ ʦʧʨʝʜʝʣʷʶʪ ʩʪʨʫʢʪʫʨʥʳʡ ʦʙʣʠʢ ʟʦʥʳ: 
ɻʣʘʚʥʳʡ ʀʨʪʳʰʩʢʠʡ ʨʘʟʣʦʤ, ʷʚʣʷʶʱʠʡʩʷ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠ-
ʮʝʡ ɸʣʪʘʷ, ʠ ʟʦʥʘ ʩʤʷʪʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʥʝʛʦ.   
ʊʨʠ ʪʠʧʘ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʣʠʯʠʤʳ ʚ ʟʦʥʝ ʩʤʷ-
ʪʠʷ: 1)ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʡ (ʜʝʪʘʣʴʥʦ ʥʝ ʠʟʫʯʝʥ), 2)ʢʦʤʧʣʝʢʩ ʨʝʛʠʦ-
ʥʘʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʠʟʢʠʭ 
ʠ ʫʤʝʨʝʥʥʳʭ ʜʘʚʣʝʥʠʡ ʠ 3)ʢʦʣʣʠʟʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʩʦʢʠʭ ʠ 
ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. ɼʘʥʥʦʝ ʟʘʢʣʶʯʝʥʠʝ ʙʘʟʠʨʫʝʪʩʷ ʥʘ 
ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʢʦʣʣʝʢʮʠʠ 7 ʤʦʥʦʬʨʘʢ-
ʮʠʡ ʮʠʨʢʦʥʘ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʧʦʨʦʜ ʨʝʛʠʦʥʘʣʴʥʦ ʤʝʪʘʤʦʨʬʠʟʦ-
ʚʘʥʥʦʛʦ ʠ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ.    

3.ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʨʝʛʠʦʥʘʣʴʥʦ-
ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʩʣʘʛʘʝʪ ʬʫʥʜʘʤʝʥʪ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ 
ʩʤʷʪʠʷ ʠ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʡ ʟʦʥʳ ʚ ʮʝʣʦʤ. ʆʥ ʦʙʥʘʞʘʝʪʩʷ ʧʨʠ-
ʤʝʨʥʦ ʥʘ 90-95% ʪʝʨʨʠʪʦʨʠʠ ʀʨʪʳʩhʢʦʡ ʟʦʥʳ, ʘ ʚ ʂʘʣʙʘ-
ʅʘʨʳʤʩʢʦʡ ʟʦʥʝ ʧʝʨʝʢʨʳʪ ʯʝʭʣʦʤ ʩʨʝʜʥʝ- ʠ  ʧʦʟʜʥʝʧʘʣʝʦʟʦʡ-
ʩʢʠʭ ʧʦʨʦʜ. ɺ ʢʦʤʧʣʝʢʩʝ ʨʘʟʣʠʯʘʶʪʩʷ ʪʨʠ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠ-
ʘʮʠʠ: 

- ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʘʷ: ʛʨʘʥʘʪ-ʩʠʣʣʠʤʘʥʠʪ-ʜʚʫʩʣʶʜʷʥʳʝ 
ʤʠʛʤʘʪʠʪʳ ʠ ʤʠʛʤʘʪʠʪʦ-ʛʥʝʡʩʳ; 

- ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʘʷ: ʛʨʘʥʠʪʦ-ʛʥʝʡʩʳ;             
- ʚʳʩʦʢʦʠʟʚʝʩʪʢʦʚʠʩʪʘʷ: ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣ-

ʢʣʠʥʦʧʠʨʦʢʩʝʥ-ʮʝʦʣʠʪʦʚʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ ʩ ʨʝʣʠʢʪʦ-
ʚʦʡ ʧʦʣʦʩʯʘʪʦʩʪʴʶ ʚ ʬʦʨʤʝ ʧʨʦʩʣʦʝʚ ʧʦʣʝʚʦʰʧʘʪ-ʙʠʦʪʠʪ-
ʢʚʘʨʮʝʚʳʭ ʩʣʘʥʮʝʚ.                                             

ɺʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʭ ʛʥʝʡʩʦʚ ʠ ʤʠʛ-
ʤʘʪʠʪʦ-ʛʥʝʡʩʦʚ. ɺ ʤʠʛʤʘʪʠʪʘʭ ʩʦʦʪʥʦʰʝʥʠʝ ʣʝʡʢʦʩʦʤʳ ʠ ʤʝʣʘ-
ʥʦʩʦʤʳ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ,  ʜʦʩʪʠʛʘʷ ʚ ʤʘʢʩʠʤʫʤʝ 
ʟʥʘʯʝʥʠʡ 50 ʭ 50%. ɻʨʘʥʘʪ ʚ ʣʝʡʢʦʩʦʤʝ  ʤʠʛʤʘʪʠʪʦʚ ʢʨʠʩʪʘʣʣʠ-
ʟʦʚʘʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ T = 870-920

0
ʉ. ʄʠʥʝʨʘʣʴʥʳʝ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʪʘʢʠʤ ʛʨʘʥʘʪʦʤ  ʧʨʠʥʘʜʣʝʞʘʪ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ 
ʤʝʪʘʤʦʨʬʠʟʤʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ ʦ ʜʚʫʭ ʠʤʧʫʣʴʩʘʭ ʭʨʫʧʢʦ-ʧʣʘʩʪʠʯʝʩʢʠʭ 
ʜʝʬʦʨʤʘʮʠʡ ʚ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʠ ʨʘʥʥʝʧʝʨʤʩʢʦʤ ʚʦʟʨʘʩʪʝ ʤʝ-
ʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʚʳʜʝʣʷʝʤʳʭ ʥʘʤʠ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʦ-



ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ. ʕʪʦ ʤʥʝʥʠʝ ʦʧʨʦʚʝʨ-
ʛʘʝʪʩʷ  ʧʦʣʫʯʝʥʥʳʤʠ ʮʠʬʨʘʤʠ ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʘ ʠʟ ʤʘʛʤʘʪʠʯʝ-
ʩʢʠʭ ʧʦʨʦʜ, ʧʨʦʨʳʚʘʶʱʠʭ ʛʥʝʡʩʦ-ʤʠʛʤʘʪʠʪʳ  ʚ ʂʘʣʴʜʞʠʨʦ-
ʂʫʨʯʫʤʩʢʦʤ ʙʣʦʢʝ. ɺʩʝ ʯʝʪʳʨʝ ʮʠʬʨʳ ʜʘʶʪ ʚʦʟʨʘʩʪ, ʛʨʘʥʠʯʥʳʡ 
ʤʝʞʜʫ ʧʦʟʜʥʠʤ ʜʝʚʦʥʦʤ ʠ ʨʘʥʥʠʤ ʢʘʨʙʦʥʦʤ ʠ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶ-
ʯʘʶʪ ʚʝʨʩʠʶ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʥʝʡʩʦʚ ʚ ʨʘʥʥʝʡ ʇʝʨʤʠ.    

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʨʝʭ ʦʙʨʘʟ-
ʮʦʚ ʮʠʨʢʦʥʘ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʤʝʪʘʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ, ʧʦʟʚʦʣʷʝʪ 
ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ ʮʠʨʢʦʥʦʚ.  

3.1 ʈʝʣʠʢʪʦʚʳʡ ʮʠʨʢʦʥ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ 765 ʜʦ 2135 ʤʣʥ. 
ʣʝʪ. ʈʘʟʚʠʪʳ ʦʢʨʫʛʣʳʝ ʟʝʨʥʘ ʩ ʦʙʣʘʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɼʚʘ ʟʝʨʥʘ 
ʠʤʝʶʪ ʚ ʷʜʨʝ ʨʝʣʠʢʪʦʚʳʝ ʟʝʨʥʘ ʩ ʦʩʮʠʣʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʨʦ-
ʠʩʭʦʞʜʝʥʠʝ ʜʘʥʥʦʛʦ ʮʠʨʢʦʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʢʘʢ 
ʜʝʪʨʠʪʦʚʳʤ, ʪʘʢ ʠ ʩʘʤʳʤ ʨʘʥʥʠʤ ʨʝʣʠʢʪʦʚʳʤ, ʧʨʠʥʘʜʣʝʞʘʱʠʤ 
ʩʘʤʳʤ ʨʘʥʥʠʤ ʩʪʘʜʠʷʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ.  

3.2 ʉʘʤʘʷ ʤʥʦʛʦʯʠʩʣʝʥʥʘʷ ʛʨʫʧʧʘ ʟʝʨʝʥ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ 
549 ʜʦ 414 ʤʣʥ. ʣʝʪ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʘ ʥʘ ʜʚʝ ʧʦʧʫʣʷ-
ʮʠʠ.  

ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ 549 ʜʦ 522 ʤʣʥ. ʣʝʪ ʧʨʝʜ-
ʩʪʘʚʣʝʥʘ ʦʙʣʘʯʥʳʤʠ ʷʜʨʘʤʠ ʠ ʧʦʛʨʘʥʠʯʥʳʤʠ ʟʦʥʘʤʠ ʤʝʞʜʫ ʷʜ-
ʨʦʤ ʠ ʚʥʝʰʥʝʡ ʦʩʮʠʣʣʷʨʥʦʡ ʢʘʡʤʦʡ. ɺʪʦʨʘʷ ʧʦʧʫʣʷʮʠʷ ʦʙʲʝʜʠ-
ʥʷʝʪ ʦʩʮʠʣʣʷʨʥʳʝ ʷʜʨʘ ʠ ʦʩʮʠʣʣʷʨʥʳʝ ʧʦʣʥʳʝ ʟʝʨʥʘ. ɺʦʟʨʘʩʪ 
ʦʪ 506 ʜʦ 414 ʤʣʥ. ʣʝʪ. ʅʘ ʚʩʝʭ ʪʨʝʭ ʢʦʥʢʦʨʜʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝ-
ʤʳʭ ʦʙʨʘʟʮʦʚ ʦʥʠ ʬʦʨʤʠʨʫʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʮʝʧʦʯʢʠ ʵʣʣʠʧʩʦʚ ʩ 
ʤʘʢʩʠʤʫʤʦʤ ʚʩʪʨʝʯʘʝʤʦʩʪʠ  ʚ ʜʠʘʧʘʟʦʥʝ 503-506 ʤʣʥ. ʣʝʪ. ɼʘ-
ʣʝʝ ʚ ʜʠʘʧʘʟʦʥʝ 463-422 ʤʣʥ. ʣʝʪ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʵʣʣʠʧ-
ʩʦʚ ʩʥʠʞʘʝʪʩʷ. ɺ ʮʝʣʦʤ ʜʘʥʥʫʶ ʧʦʧʫʣʷʮʠʶ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠ-
ʨʦʚʘʪʴ ʪʘʢ: ʧʠʢ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠʤʝʣ ʤʝʩʪʦ ʚ 
ʩʨʝʜʥʝʤ ʂʝʤʙʨʠʠ, ʘ ʟʘʪʝʤ ʜʦ ʧʦʟʜʥʝʛʦ ʩʠʣʫʨʘ ʠʤʝʣ ʤʝʩʪʦ ʜʠʘ-
ʬʪʦʨʝʟ ʢʝʤʙʨʠʡʩʢʠʭ ʮʠʨʢʦʥʦʚ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʦʜʥʷʪʠʝʤ ʧʦʨʦʜ 
ʬʫʥʜʘʤʝʥʪʘ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ.       

3.3 ʀʥʪʝʨʚʘʣ ʦʪ 420 ʤʣʥ. ʣʝʪ ʠ ʜʦ 293-296 ʤʣʥ. ʣʝʪ ʤʦʞʝʪ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ çʤʝʨʪʚʘʷ ʧʘʫʟʘè, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ, 
ʥʘʙʣʶʜʘʣʦʩʴ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʧʦʢʦʡʩʪʚʠʝ. 

3.4 ʇʦʩʣʝʜʥʷʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ 
ʠ ʫʨʘʥ-ʩʚʠʥʮʦʚʦʡ ʩʠʩʪʝʤʳ ʮʠʨʢʦʥʘ ʠʤʝʣʘ ʤʝʩʪʦ ʚ ʠʥʪʝʨʚʘʣʝ 
ʚʨʝʤʝʥʠ 293-303 ʤʣʥ. ʣʝʪ. ʄʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʦ ʙʳʣʘ ʦʜʥʘ 
ʠʟ ʩʪʘʜʠʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, 
ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʥʝʜʨʝʥʠʝʤ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ. ʎʠʨʢʦʥ 
ʵʪʦʛʦ ʫʨʦʚʥʷ ʦʯʝʥʴ ʧʨʦʩʪ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʚʳʩʦʢʦʫʨʘʥʦʚʳʡ ʧʦ ʩʦ-
ʩʪʘʚʫ, ʚʧʣʦʪʴ ʜʦ ʤʝʪʘʤʠʢʪʥʳʭ ʨʘʟʥʦʩʪʝʡ.  



4. ʂʦʤʧʣʝʢʩ ʧʦʨʦʜ ʚʳʩʦʢʠʭ ʠ ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʨʘʟ-
ʚʠʪ ʵʧʠʟʦʜʠʯʝʩʢʠ. ɼʚʝ ʝʛʦ ʯʝʰʫʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʪʝʣʝ ɻʣʘʚʥʦʛʦ 
ʀʨʪʳʰʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʘ ʪʨʝʪʴʷ ï ʦʛʨʘʥʠʯʠʚʘʝʪ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʢʦʤ-
ʧʣʝʢʩ ʨʝʛʠʦʥʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ. ʄʳ 
ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʞʝ ʯʝʰʫʡ  ʧʨʝʪʝʨʧʝʣʠ 
ʨʝʪʨʦʛʨʘʜʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʜʦ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ ʠ ʬʠʣʣʠʪʦʚ. 
ʂʦʤʧʣʝʢʩ ʩʣʦʞʝʥ ʜʚʫʤʷ ʪʠʧʘʤʠ ʧʦʨʦʜ: ʢʠʘʥʠʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʠ 
ʛʥʝʡʩʦ-ʛʨʘʥʠʪʘʤʠ. ʇʝʨʚʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʧʦʩʝʜʠʤʝʥʪʥʳʝ 
ʦʙʨʘʟʦʚʘʥʠʷ, ʧʝʨʝʩʳʱʝʥʥʳʝ ʢʨʝʤʥʝʢʠʩʣʦʪʦʡ; ʚʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 
ʙ ʚrh ʠʤʠ S-ʛʨʘʥʠʪʘʤʠ.      

ʅʘ ʢʦʥʢʦʨʜʠʠ ʢʠʘʥʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʠʤʝʶʪʩʷ ʜʚʘ ʧʫʯʢʘ ʵʣ-
ʣʠʧʩʦʚ ʩ ʮʝʥʪʨʘʤʠ 453,5Ñ4 (ʧʦʟʜʥʠʡ ʆʨʜʦʚʠʢ) ʠ 369Ñ6.1 (ʧʦʟʜ-
ʥʠʡ ʜʝʚʦʥ). ʆʨʜʦʚʠʢʩʢʠʡ ʧʫʯʦʢ ʵʣʣʠʧʩʦʚ ʦʙʨʘʟʦʚʘʥ ʪʦʯʢʘʤʠ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚʥʫʪʨʠ ʷʜʝʨ ʩ ʦʙʣʘʯʥʳʤ ʩʪʨʦʝʥʠʝʤ. U/Th ʦʪ-
ʥʦʰʝʥʠʷ ʚ ʥʠʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0.62 ʜʦ 2.3. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʪʠ 
ʷʜʨʘ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚʦ ʚʨʝʤʷ ʧʨʦʷʚʣʝʥʠʷ ʦʨʜʦʚʠʢʩʢʦʛʦ 
ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɼʝʚʦʥ-
ʩʢʠʡ ʧʫʯʦʢ ʵʣʣʠʧʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʵʣʣʠʧʩʘʤʠ ʚ ʝʜʠʥʦʤ 
ʟʝʨʥʝ. ʕʪʦ ʟʝʨʥʦ ʦʢʘʡʤʣʝʥʦ ʚʥʦʚʴ ʦʙʨʘʟʦʚʘʥʥʦʡ ʤʘʥʪʠʝʡ ʦʙ-
ʣʘʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʊʘʢʠʝ ʞʝ ʫʯʘʩʪʢʠ ʦʙʣʘʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʦʪʤʝʯʝ-
ʥʳ ʚ ʮʝʥʪʨʝ ʟʝʨʥʘ. U/Th ʦʪʥʦh ʝʥʠʷ ʠ ʚ ʤʘʥʪʠʠ ʠ ʚ ʮʝʥʪʨʝ ʟʝʨʥʘ 
ʢʦʥʪʨʘʩʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʆʨʜʦʚʠʢʩʢʠʭ ʟʝʨʝʥ: 6,8 ʠ 8,7. ʆʙʣʘʯ-
ʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʚʳʩʦʢʦʫʨʘʥʦʚʳʡ ʩʦʩʪʘʚ ʮʠʨʢʦʥʘ ʜʘʥʥʦʛʦ ʟʝʨʥʘ 
ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʷʚʣʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝ-
ʨʘʪʫʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʩʚʷʟʘʥʥʦʛʦ, ʚʦʟʤʦʞʥʦ, ʩ ʥʘʯʘʣʦʤ ʧʨʦ-
ʷʚʣʝʥʠʷ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɺʘʞʥʦ, ʯʪʦ ʩʭʦʜʥʳʝ 
ʮʠʬʨʳ ʚʦʟʨʘʩʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʚ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʘʭ.     

5. ʀʟʦʪʦʧʥʘʷ ʵʚʦʣʶʮʠʷ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚ  ʙʦʣʝʝ ʩʣʦʞʥʘ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʘʥʠʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ. ɺ ʥʠʭ ʠʤʝʝʪʩʷ ʨʝʣʠʢʪʦʚʳʡ 
ʮʠʨʢʦʥ ʅʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʆʜʥʦ ʟʝʨʥʦ ʠʤʝʝʪ ʚʩʝ 
ʥʝʩʦʤʥʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʠʨʢʦʥʘ. ɽʛʦ ʚʦʟʨʘʩʪ 513 
ʤʣʥ. ʣʝʪ (ʩʨʝʜʥʠʡ ʂʝʤʙʨʠʡ) ʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʚʦʟʨʘʩʪ ʤʘʛʤʘʪʠ-
ʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʠʪʦʚ.  ʇʦʩʣʝ ʢʝʤʙʨʠʷ ʠ ʚʧʣʦʪʴ ʜʦ 
ʇʘʣʝʦʛʝʥʘ ʤʳ ʠʤʝʝʤ ʪʦʣʴʢʦ ʚʳʩʦʢʦʫʨʘʥʦʚʳʡ ʮʠʨʢʦʥ, ʯʪʦ ʨʘʚʥʦ-
ʩʠʣʴʥʦ ʧʨʠʟʥʘʥʠʶ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɺ ʵʪʦʪ 
ʧʝʨʠʦʜ ʚʘʞʥʘ ʜʝʚʦʥʩʢʘʷ ʮʠʬʨʘ, ʢʦʪʦʨʘʷ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʪʘʢʦʡ 
ʞʝ ʮʠʬʨʦʡ ʚ ʢʠʘʥʠʪʦʚʳʭ ʩʣʘʥʮʘʭ ʠ ʟʥʘʤʝʥʫʝʪ ʥʘʯʘʣʦ ʢʦʣʣʠʟʠ-
ʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʷʚʣʝʥʠʝ ʚʳʩʦʢʠʭ ʠ ʫʣʴʪʨʘʚʳʩʦʢʠʭ ʜʘʚʣʝ-
ʥʠʡ. 



ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 
ʚʥʝʩʣʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʨʬʦʣʦʛʠʠ 
ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʟ ʥʠʭ ʩʣʝʜʫʶʱʠʝ:   

- ʫʨʦʚʝʥʴ 297 Ma ʩʦʚʧʘʜʘʝʪ ʩ ʚʥʝʜʨʝʥʠʝʤ ʂʘʣʙʘ-
ʅʘʨʳʤʩʢʦʛʦ ʙʘʪʦʣʠʪʘ;     

- ʫʨʦʚʝʥʴ 275 Ma ʩʦʚʧʘʜʘʝʪ ʩ ʚʥʝʜʨʝʥʠʝʤ ʛʨʘʥʠʪʦʚ ʤʦʥʘ-
ʩʪʳʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ;  

- ʫʨʦʚʝʥʴ  112 Ma    ʥʝ ʠʟʫʯʝʥ ʚ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʩʤʷʪʠʷ, ʥʦ 
ʟʜʝʩʴ ʤʦʛʫʪ ʙʳʪʴ ʫʧʦʤʷʥʫʪʳ  ʜʘʡʢʠ ʜʠʘʙʘʟʦʚ ʚ ʄʝʟʦʟʦʡʩʢʠʭ ʫʛ-
ʣʝʥʦʩʥʳʭ ʤʫʣʜɹʘʭ ɸʣʪʘʷ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ; 

-ʫʨʦʚʝʥʴ  23-50 Ma ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʣʠʷʥʠʝʤ ʚ ʉ-ɺ ʊʷʥʴ-
ʐʘʥʝ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ ʠ ʚʥʝʜʨʝʥʠʝʤ ʙʘʟʘʥʠʪʦʚʳʭ ʪʨʫʙʦʢ 
ʚʟʨʳʚʘ ʩ ʤʘʥʪʠʡʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ.   
  

 

ʃʀʊɽʈɸʊʋʈɸ 

1. ʅʝʭʦʨʦʰʝʚ ɺ.ʇ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʇʨʠʠʨʪʳʰʩʢʠʭ ʛʦʨ 
ʙʣʠʟ ʫʩʪʴʷ ʨ. ɹʫʭʪʘʨʤʳ ʚ ʈʫʜʥʦʤ ɸʣʪʘʝ  / ʀʟʚ. ɻʝʦʣ. ʢʦʤ-ʪʘ.  1925. ʊ. 43, 
ˉ 6. 

2. ʅʝʭʦʨʦʰʝʚ ɺ.ʇ. ɻʝʦʣʦʛʠʷ ɸʣʪʘʷ /  ʄ.: ɻʦʩʛʝʦʣʪʝʭʠʟʜʘʪ. 1958. 

3. ʅʝʭʦʨʦʰʝʚ ɺ.ʇ. ʊʝʢʪʦʥʠʢʘ ɸʣʪʘʷ / ʄ.: ʅʝʜʨʘ. 1966. 

4. ɽʣʠʩʝʝʚ ʅ.ɸ. ʇʝʪʨʦʛʨʘʬʠʷ ʉʉʉʈ / ʄ.: ʀʟʜ-ʚʦ ɸʅ ʉʉʉʈ. 1938. 
ʉʝʨʠʷ 1, ʚʳʧ.1. 

5. ʀʚʘʥʢʠʥ ʇ.ʌ. , ʀʥʰʠʥ ʇ.ʇ., ʂʫʟʝʙʥʳʡ ɺ.ʉ. ʈʫʜʥʳʝ ʬʦʨʤʘʮʠʠ 
ʈʫʜʥʦʛʦ ɸʣʪʘʷ / ɸʣʤʘ-ɸʪʘ, ɻʳʣʳʤ.  1961. ʉ. 286. 

6. ʂʫʟʝʙʥʳʡ ɺ.ʉ.  ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ ʖɿ ɸʣʪʘʷ ʠ ʠʭ ʨʫʜʦ-
ʥʦʩʥʦʩʪʴ// ɸʚʪʦʨʝʬʝʨʘʪ  ʜʦʢʪ. ʜʠʩʩ.  / ʅʦʚʦʩʠʙʠʨʩʢ. 1973. ʉ. 38. 

7. ɻʘʚʨʠʣʦʚʘ ʉ.ʇ. ʇʘʨʘʛʝʥʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 
ʦʙʨʘʟʦʚʘʥʠʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ  / ʀʟʚʝ-
ʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ɻʝʦʣʦʛʠʷ ʠ ʨʘʟʚʝʜʢʘ.  1959.  ˉ 12.  ʉ. 
8-17. 

8. ʍʦʨʝʚʘ ɹ.ʗ. ʆ ʥʘʣʠʯʠʠ ʜʦʢʝʤʙʨʠʷ ʚ ʀʨʪʳʰʩʢʦʡ ʟʦʥʝ ʩʤʷʪʠʷ /  

ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ɻʝʦʣʦʛʠʷ ʠ ʨʘʟʚʝʜʢʘ.  1961.  ˉ 
10. 

9. ʍʦʨʝʚʘ ɹ.ʗ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʠʥʪʨʫʟʠʚʥʳʡ ʤʘʛʤʘʪʠʟʤ ʠ 
ʤʝʪʘʤʦʨʬʠʟʤ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ /  ʄ.: ɻʦʩʛʝʦʣʪʝʭʠʟʜʘʪ.  1963. ʉ. 
207. 

10. ʍʦʨʝʚʘ ɹ.ʗ., ʀʩʢʘʥʜʝʨʦʚʘ ɸ.ɼ., ʏʫʭʦʥʠʥ ɸ.ʇ. ʆ ʚʦʟʨʘʩʪʝ 

ʜʨʝʚʥʝʡʰʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʖʞʥʦʛʦ ɸʣʪʘʷ ʠ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣ-
ʢʫʤʦʚ ʧʦ ʜʘʥʥʳʤ ʩʚʠʥʮʦʚʦ-ʠʟʦʭʨʦʥʥʦʛʦ ʤʝʪʦʜʘ /  ʀʟʚʝʩʪʠʷ ɸʅ ʉʉʉʈ. 
ʉʝʨʠʷ ʛʝʦʣ.  1971. ˉ 11.  ʉ. 3-8. 



11. ʅʘʡʜʝʥʦʚ ɹ.ʄ., ʇʦʣʷʥʩʢʠʡ ʅ.ɺ.,ɽʬʠʤʦʚ ʀ.ɸ. ʅʦʚʳʝ ʜʘʥʥʳʝ ʦ 

ʚʦʟʨʘʩʪʝ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ɸʣʪʘʷ / ʀʟʦʪʦʧ-
ʥʘʷ ʛʝʦʭʨʦʥʦʣʦʛʠʷ ʜʦʢʝʤʙʨʠʷ.  ʋʬʘ. 1979.  ʉ. 131-132. 

12. ɽʨʤʦʣʦʚ ʇ.ɺ., ʇʦʣʷʥʩʢʠʡ ʅ.ɺ. ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ 
ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ ʈʫʜʥʦʛʦ ɸʣʪʘʷ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʂʘʣʙʳ /  ɻʝʦʣʦʛʠʷ ʠ 
ʛʝʦʬʠʟʠʢʘ. 1980.  ˉ 3.  ʉ. 49-57. 

13. ɽʨʤʦʣʦʚ ʇ.ɺ., ʇʘʪʘʣʘʭʘ ɽ.ʀ., ɽʬʠʤʦʚ ʀ.ɸ. ʄʝʪʘʤʦʨʬʠʯʝ-
ʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ ʥʝʢʦʪʦʨʳʝ ʯʝʨʪʳ ʪʝʢʪʦʥʠʢʠ ɿʘʡʩʘʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ 
ʩʠʩʪʝʤʳ ʠ ʈʫʜʥʦʛʦ ɸʣʪʘʷ /   ɻʝʦʪʝʢʪʦʥʠʢʘ.  1984.  ˉ  4.  ʉ. 61-74. 

14. ɹʝʩʧʘʝʚ ʍ.ɸ., ʇʦʣʷʥʩʢʠʡ ʅ.ɺ., ɻʘʥʞʝʥʢʦ ɻ.ɼ. ʠ ʜʨ. ɻʝʦʣʦʛʠʷ ʠ 
ʤʝʪʘʣʣʦʛʝʥʠʷ ʖ-ɿ ɸʣʪʘʷ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʠ ʂʠʪʘʷ /  
ɸʣʤʘʪʳ: ɻʳʣʳʤ. 1997.  280ʩ. 

15. Travin A.V., Ponomarchuk V. A., Ponomareva A.P. et al. Implica-
tion of Stepwise Heating and UV Laser Ablation 

40
Ar-

39
Ar and U-Pb Data on 

the Timing of Ductile Movement in the Irtysh Shear Zone and the Kalbinsky 
Granite Magmatism (East Kazakhstan) /  Mineralogical Magazine.  1998.   ˉ 
62.   P. 1535-1536. 

16. ɼʦʚʛʘʣʴ ɺ.ʅ., ɼʠʩʪʘʥʦʚʘ ɸ.ʅ., ʉʘʙʦʪʦʚʠʯ ʉ.ɸ. ʆ ʧʨʦʠʩʭʦʞ-
ʜʝʥʠʠ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʣʠʪʠʡ - ʬʪʦʨʠʩʪʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʖʛʦ-
ɿʘʧʘʜʥʦʛʦ ɸʣʪʘʷ /  ɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘ.  1995.  ʊ. 36,  ˉ 3.  ʉ.64-72. 

17. ʍʦʨʝʚʘ ɹ.ʗ. ʆ ʚʦʟʨʘʩʪʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʂʫʨʯʫʤʩʢʦ-

ʂʘʣʴʜʞʠʨʩʢʦʛʦ ʚʦʜʦʨʘʟʜʝʣʘ: ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷ-
ʪʠʷ /  ʀʟʚ. ɸʅ ʉʉʉʈ. ʉʝʨʠʷ ʛʝʦʣ.  1965.  ˉ 6.  ʉ.39-50. 

18. ɺʣʘʜʠʤʠʨʦʚ ɸ.ɻ., ʂʦʟʣʦʚ ʄ.ʉ., ʐʦʢʘʣʴʩʢʠʡ ʉ.ʇ.  ʜʨ.  ʆʩʥʦʚ-
ʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʨʫʙʝʞʠ ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ, 
ɸʣʪʘʷ ʠ ʂʘʣʙʳ (ʧʦ ʜʘʥʥʳʤ U-Pb ʠʟʦʪʦʧʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ) /  ɻʝʦʣʦʛʠʷ ʠ 
ʛʝʦʬʠʟʠʢʘ.  2001.  ʊ. 42, ˉ 8.  ʉ.1157-1178. 

19. ɺʣʘʜʠʤʠʨʦʚ ɸ.ɻ., ʂʨʫʢ ʅ.ʅ., ʇʦʣʷʥʩʢʠʮ ʆ.ʇ. ʠ ʜʨ.  ʂʦʨʨʝʣʷʮʠʷ 
ʛʝʨʮʠʥʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʤʘʛʤʘʪʠʟʤʘ ʘʣʪʘʡʩʢʦʡ 
ʢʦʣʣʠʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ,  ʢʘʢ ʦʪʨʘʞʝʥʠʝ ʧʣʝʡʪ - ʠ ʧʣʶʤʪʝʢʪʦʥʠʢʠ: ʛʝʦʜʠ-
ʥʘʤʠʯʝʩʢʘʷ ʵʚʦʣʶʮʠʷ ʣʠʪʦʩʬʝʨʳ  ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʧʦʜʚʠʞʥʦʛʦ 
ʧʦʷʩʘ  (ʦʪ ʦʢʝʘʥʘ ʢ ʢʦʥʪʠʥʝʥʪʫ) / ʄ.: ɻʀʅ ʈɸʅ.  2005. ʉ. 182 - 215.   

20. ɺʣʘʜʠʤʠʨʦʚ ɺ.ɻ., ʊʨʘʚʠʥ ɸ.ɺ., ʇʣʦʪʥʠʢʦʚ ɸ.ɺ.  ʉʪʨʫʢʪʫʨʥʳʡ 
ʘʥʘʣʠʟ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʭʨʫʧʢʦ-ʠ ʚʷʟʢʦʧʣʘʩʪʠʯʥʦʛʦ ʪʝʯʝʥʠʷ ʛʦʨʥʳʭ ʧʦ-
ʨʦʜ (ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ) /  ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚ ʛʝʦʣʦʛʠʯʝ-
ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ: ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨ. ʩʝʤʠʥʘʨʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ.  
ʊʦʤʩʢ: ʎʅʊʀ. 1999.  ʉ. 60-64. 

21. Kruk N.N., Vladimirov A.G., Rudnev S.N.  Nd isotopic composition 
of granitoids of different geochemical types as the reflection of main conti-
nental crust growth mechanism: evidence from the western part of Altai-
Sayan folded region/ Fourth Workshop of the Project IGCP- 420. Abstracts 
and Guidebook, Changchun, China. 2002.  P.69-73. 



22. ʂʦʟʘʢʦʚ ʀ.ʂ., ɹʠʙʠʢʦʚʘ ɽ.ɺ., ʂʠʨʥʦʟʦʚʘ ʊ.ʀ. ʠ ʜʨ. ɻʝʨʮʠʥʩʢʠʡ 

ʚʦʟʨʘʩʪ ʤʝʪʘʤʦʨʬʠʟʤʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʢʦʨʳ  ʂʫʨʯʫʤʦ-ʂʘʣʴʜʞʠʨʩʢʦʛʦ 
ʙʣʦʢʘ ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ (ɺʦʩʪʦʯʥʳʡ ʂʘʟʘʭʩʪʘʥ) /  ʀʟʦʪʦʧʥʘʷ ʛʝʦ-
ʭʨʦʥʦʣʦʛʠʷ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ  ʛʝʦʜʠʥʘʤʠʢʠ ʠ ʨʫʜʦʛʝʥʝʟʘ.  ʉ. ï ʇʝʪʝʨ-
ʙʫʨʛ. 2003.  ʉ. 203-205. 

23. Yermolov P. Isotopy evolution of metamorphic and magmatic 
rocks of the Irtysh shear zone in Kazakhstan / 33 IGC, Oslo. 2008.  Report 
ASI05407L. 

24. ɽʨʤʦʣʦʚ ʇ.ɺ., ʇʦʣʷʥʩʢʠʡ ʅ.ɺ. ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʪʝʢʪʦʥʠʯʝʩʢʦ-
ʛʦ ʨʘʟʚʠʪʠʷ  ʀʨʪʳʰʩʢʦʡ ʟʦʥʳ ʩʤʷʪʠʷ: ʧʦ ʜʘʥʥʳʤ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ 
ʮʠʨʢʦʥʘ ʤʝʪʦʜʦʤ ʐʈʀʄʇ /  ɻʝʦʣʦʛʠʷ ʠ ʦʭʨʘʥʘ ʥʝʜʨ.  2008.  ˉ 3(28).  ʉ. 
17-24. 

25. ʃʦʧʘʪʥʠʢʦʚ ɺ.ɺ., ʀʟʦʭ ʕ.ʇ., ʇʦʥʦʤʘʨʝʚʘ ɸ.ʇ. ʄʘʛʤʘʪʠʟʤ ʠ 
ʨʫʜʦʥʦʩʥʦʩʪʴ ʂʘʣʙʘ-ʅʘʨʳʤʩʢʦʡ ʟʦʥʳ ɺʦʩʪʦʯʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ/ ʄ.: ʅʘʫʢʘ. 
1982. ʉ. 247. 

26. Zhao J., Liu G., Lu Z. et al. Litospheric structure and dynamic pro-

cesses of the Tienshan orogenic belt and the Jungar basin / ʊectonophisics. 
2004.   ˉ 476.  P.199-239. 

27. Briggs S.M., Yin A., Manning C. E. Late Paleozoic tectonic history 

of the Ertix Fault in the Chinese Altai and its implications for the development 
of the Central Asian Orogenic System / Grove GSA Bulletin, Jily-August.  
2007.  V.119, ˉ 7/8.  P. 944-960. 

28. ʇʝʨʯʫʢ ʃ.ʃ., ʈʷʙʯʠʢʦʚ ʀ.ɼ.  ʌʘʟʦʚʳʝ ʩʦʦʪʚʝʪʩʪʚʠʷ ʚ ʤʠʥʝ-
ʨʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ /  ʄ.: ʅʝʜʨʘ.  1976. ʉ. 378. 

29. Green D.H., Ringwood A.E. Crystallization of garnet-bearing rhy-

odacite under high pressure hydrous conditions /  J. Geol.  Soc. Austral.  
1972.  ˉ 19. 

30. ɽʨʤʦʣʦʚ ʇ.ɺ., ʀʟʦʭ ɸ.ʕ, ɺʣʘʜʠʤʠʨʦʚ ɸ.ɻ. ɻʨʘʥʘʪ ʢʘʢ ʠʥʜʠʢʘ-
ʪʦʨ ʫʩʣʦʚʠʡ ʛʨʘʥʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʦʨʝ /  ɼʦʢʣʘʜʳ ɸʅ ʉʉʉʈ. 1979. 
ʊ.245,  
ˉ 1. 

31. ʇʦʣʷʢʦʚ ɻ.ɺ., ʀʟʦʭ ɸ.ʕ., ɹʦʨʠʩʝʥʢʦ ɸ.ʉ. ʇʝʨʤʩʢʠʡ ʫʣʴʪʨʘʙʘ-
ʟʠʪʙʘʟʠʪʦʚʳʡ ʤʘʛʤʘʪʠʟʤ ʠ ʩʦʧʫʪʩʪʚʫʶʱʝʝ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʝ ʦʨʫʜʝʥʝ-
ʥʠʝ ɻʦʙʠ-ʊʷʥʴʰʘʥʩʢʦʛʦ ʧʦʷʩʘ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʊʘʨʠʤʩʢʦʛʦ ʧʣʶʤʘ / ɻʝʦʣʦ-
ʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘ.  2008.  ʊ. 9,  ˉ 7.  ʉ.605.  

32. Travin A.V. et al. Implication of stepwise heating and UV laser ab-

lation  
40

Ar-
39

Ar and U-Pb data on the timing of ductile movement in the Irtysh 
Shear Zone and the Kalbinsky granite magmatism (East Kazakhstan) / Gold-
cshmidt conference. Toulouse.  1998.  P. 1535-1536.   

33. ʈʦʜʠʦʥʦʚ ʉ.ʄ. ʄʝʪʘʣʣʦʛʝʥʠʷ ʦʣʦʚʘ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ: ʜʠʩc. 
ʜʦʢʪʦʨʘ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ /  ʄʦʩʢʚʘ. 2003. C. 438. 

34. Kruk N.N., Rudnev S.N., Vistavnoi S.A. et al.  Sr-Nd isotop sys-

tematics of granitoids and evolution of continental crust of the Western part 



of Altay-Sayan folded region. /  III Workshop of the IGCP-420 Project ñConti-
nental Growth in the Phanerozoic: Evidence from Central Asia. Abstracts. 
Novosibirsk. 2001.  P. 68-72. 

35. Hu A. et al. Crustal evolution and Phanerozoic crustal growth in 
northern  Xinjiang: Nd isotopic evidence. Part I. Isotopic characterization of 
basement rock /   Tectonophysics.   2000.  ˉ 328.  P. 15-51.  

36. ʂʫʡʙʠʜʘ ʄ.ʃ. ʇʝʪʨʦʣʦʛʠʷ ʧʣʘʛʠʦʛʨʘʥʠʪʦʠʜʦʚ ɸʣʪʘʷ//ɸʚʪʦʨʝʬ. 
ʢʘʥʜ. ʜʠʩʩ./ ʅʦʚʦʩʠʙʠʨʩʢ. 2009. ʉ.16 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ɻʃɸɺɸ 3.  
ɻʝʦʜʠʥʘʤʠʢʘ ʶʞʥʦʛʦ ʋʣʳʪʘʫ ʚ ʧʦʟʜʥʝʤ ʇʨʦʪʝʨʦ-

ʟʦʝ         

 

 
ɺʚʝʜʝʥʠʝ 
 

ɺ ʭʨ. ʋʣʳʪʘʫ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʜʦʢʝʤʙʨʠʷ ʦʙ-
ʥʘʞʘʶʪʩʷ ʨʘʟʦʙʱʝʥʥʦ ʚ ʧʨʠʧʦʜʥʷʪʳʭ ʙʣʦʢʘʭ ʚ ʦʢʨʫʞʝʥʠʠ ʧʘ-
ʣʝʦʟʦʡʩʢʠʭ ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨ (ʨʠʩʫʥʦʢ 3.1). ɺʦʟʨʘʩʪʥʳʝ ʜʘʪʠ-
ʨʦʚʢʠ ʵʪʠʭ ʪʦʣʱ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʘʭ ʧʨʦʰʣʦ-
ʛʦ ʩʪʦʣʝʪʠʷ  
U-Pb ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʦʚʳʤ ʥʘʚʝʩʢʘʤ ʛʝʦʣʦʛʘʤʠ 
ʄɻʋ [1]. ɺʝʨʭʥʠʡ ʚʦʟʨʘʩʪʥʦʡ ʧʨʝʜʝʣ ʛʨʘʥʠʪʦʠʜʦʚ ɸʢʪʘʩʩʢʦʛʦ ʠʥ-
ʪʨʫʟʠʚʥʦʛʦ ʤʘʩʩʠʚʘ ʦʮʝʥʠʚʘʣʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 610-650Ñ20-30 ʄʘ. 
ɺʦʟʨʘʩʪ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʪʝʤ ʞʝ ʤʝʪʦʜʦʤ, ʘ ʠʥʪʝʨ-
ʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʫʭ-
ʩʪʘʜʠʡʥʳʭ ʜʠʩʢʦʨʜʠʡ, ʚʝʨʭʥʝʝ ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʣʦ 
ʢ ʮʠʬʨʝ 1800 ʄʘ, ʘ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʝʨʝʩʝʯʝʥʠʝ ʥʘʭʦʜʠʣʦʩʴ ʚ 
ʪʦʯʢʝ ʜʠʩʢʦʨʜʠʠ ʩ ʚʦʟʨʘʩʪʦʤ 640 ʄʘ. 

ʅʘʤʠ ʚ ʖʞʥʦʤ ʋʣʳʪʘʫ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʷʪʴ  ʧʨʦʙ: ˉ87 ʠʟ 
ʙʠʦʪʠʪ-ʛʘʩʪʠʥʛʩʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ ɸʢʪʘʩ, ˉ88 ʠʟ ʧʦʨʬʠ-
ʨʦʠʜʦʚ ʞʘʫʥʢʘʨʩʢʦʡ ʩʚʠʪʳ  ʤʘʡʪʶʙʠʥʩʢʦʡ ʩʝʨʠʠ,  ˉ90 ʠʟ ʙʠʦʪʠ-
ʪʦʚʳʭ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚ ʗʢʦʥʤʦʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ˉ 92, 93 ʠʟ 
ʙʝʢʪʫʨʛʘʥʩʢʦʡ ʩʝʨʠʠ  ʫʩʣʦʚʥʦʛʦ ʈʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ   
ʕʩʢʫʣʠʥʩʢʦʛʦ  ʢʫʧʦʣʘ , ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚʦʩʪʦʯʥʝʝ ʭʨʝʙʪʦʚʦʡ ʯʘ-
ʩʪʠ ʋʣʳʪʘʫ (ʨʠʩ. 3.1). ʇʨʠ ʵʪʦʤ, ʧʨʦʙʳ ˉˉ 87, 90 ʦʪʦʙʨʘʥʳ ʠʟ 
ʪʝʭ ʞʝ ʤʝʩʪ, ʛʜʝ ʚ ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʦʪʙʠʨʘ-
ʣʠʩʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʧʨʦʙʳ ʛʝʦʣʦʛʘʤʠ ʄɻʋ. ʀʟʚʣʝʯʝʥʠʝ ʮʠʨ-
ʢʦʥʘ ʠʟ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʧʨʦʙ ʧʨʦʠʟʚʝʜʝʥʦ ʚ ʊʆʆ çʀʇʂʆʅè, 
ʠʟʦʪʦʧʥʳʡ ʘʥʘʣʠʟ ʠ ʧʦʣʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʦʩʫ-
ʱʝʩʪʚʣʝʥʳ ʚ ʀʟʦʪʦʧʥʦʤ ʮʝʥʪʨʝ ɺʉɽɻɽʀ (ʈʦʩʩʠʷ) ʧʦ ʪʝʭʥʦʣʦʛʠʠ  
SRIMP-II ʥʘ ʩʨʝʜʩʪʚʘ  
ʊʆʆ çʀʇʂʆʅè. ʆʜʥʦʚʨʝʤʝʥʥʦ,  ʢʦʣʣʝʢʪʠʚʦʤ ʛʝʦʣʦʛʦʚ ɻʀʅ ʈɸʅ 
(ʄʦʩʢʚʘ) ʠʟ ʪʝʭ ʞʝ ʢʦʤʧʣʝʢʩʦʚ ʚʳʜʝʣʝʥʳ ʧʨʦʙʳ ʮʠʨʢʦʥʘ, ʢʦʪʦ-
ʨʳʝ ʪʝʩʪʠʨʦʚʘʥʳ U/Pb  ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʇʦʣʫʯʝʥʥʳʝ 
ʮʠʬʨʳ, ʠʤʝʷ ʥʝʙʦʣʴʰʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʩ ʥʘʰʠʤʠ ʜʘʪʠʨʦʚʢʘʤʠ,  
ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ  ʪʦʣʢʦʚʘʪʴ ʛʝʦʜʠʥʘʤʠʢʫ ʖʞʥʦʛʦ ʋʣʳʪʘʫ ʚ 
ʧʦʟʜʥʝʤ ʇʨʦʪʝʨʦʟʦʝ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʛʝʦʣʦʛʠʠ 
ʨʘʡʦʥʘ ʠʟʣʦʞʝʥʳ ʚ [2]. 

ʆʪʙʦʨ ʧʨʦʙ ʠ ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠ ̫
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(ʨʠʩ. 3.1). ʄʘʩʩʠʚ ʠʤʝʝʪ ʣʠʥʝʡʥʦ-ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ  ʠ ʦʪʥʦʩʠʪʩʷ 
ʢ ʪʨʝʱʠʥʥʦʤʫ ʪʠʧʫ. ʆʥ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʦʢʦʣʦ 20 ʢʤ ʧʨʠ ʰʠʨʠʥʝ 4 ʢʤ. ɺʦ-
ʩʪʦʯʥʳʡ ʢʦʥʪʘʢʪ ʤʘʩʩʠʚʘ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʪʝʢʪʦʥʠʯʝ-
ʩʢʠʡ, ʥʘ ʟʘʧʘʜʝ ʦʥ ʛʨʘʥʠʯʠʪ ʩ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʢʠʩʣʳʤʠ 
ʚʫʣʢʘʥʠʪʘʤʠ ʧʦʟʜʥʝʛʦ ʇʨʦʪʝʨʦʟʦʷ. ʂʦʥʪʘʢʪʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 
ʢʠʩʣʳʭ  ʚʫʣʢʘʥʠʪʘʭ ʧʨʦʷʚʣʝʥʳ ʦʯʝʥʴ ʩʣʘʙʦ ʠ ʚʳʨʘʟʠʣʠʩʴ ʚ ʧʝ-
ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ  ʠʭ ʜʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʘʛ-
ʨʝʛʘʪʘ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʜʦ 0.1 ʤʤ.    

ʕʥʜʦʢʦʥʪʘʢʪʦʚʘʷ ʬʘʮʠʷ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʝʚʳ-
ʤʠ ʩʠʝʥʠʪʘʤʠ. ʆʥʠ ʠʤʝʶʪ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ  ʚ ʛʨʘʥʠʪʳ ʠ 
ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʠʭ ʤʝʥʴʰʝʡ ʟʝʨʥʠʩʪʦʩʪʴʶ (ʜʦ 2-3ʤʤ), ʤʝʥʴʰʠʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʘ (ʜʦ 10%) ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʟ-
ʥʦʩʪʷʭ ʛʘʩʪʠʥʛʩʠʪʘ. 

ɻʣʘʚʥʘʷ ʬʘʮʠʷ ʢʦʣʝʙʣʝʪʩʷ ʧʦ ʩʦʩʪʘʚʫ ʦʪ ʛʨʘʥʠʪʘ ʜʦ ʣʝʡʢʦ-
ʛʨʘʥʠʪʘ. ʆʥʠ ʩʣʘʛʘʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʤʘʩʩʠʚʘ, ʦʙʳʯʥʦ ʢʘʪʘʢʣʘ-
ʟʠʨʦʚʘʥʳ, ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʳ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʩ 
ʥʝʙʦʣʴʰʠʤ ʢʦʣʝʙʘʥʠʝʤ ʧʦ ʟʝʨʥʠʩʪʦʩʪʠ. ʉʦʜʝʨʞʘʥʠʝ ʢʚʘʨʮʘ ʢʦ-
ʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 25-30%. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʨʘʥʠ-
ʪʦʚ ɸʢʪʘʩʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʠʭ ʧʝʨʚʠʯʥʦʛʦ 
ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʧʦ ʜʘʥʥʳʤ 
[3] ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʢʩʠʤʘʣʴʥʳʤ ʤʠʢʨʦʢʣʠʥʦʤ ʩ ʚʳʩʦʢʦʡ ʨʝʥʪʛʝ-
ʥʦʚʩʢʦʡ ʪʨʠʢʣʠʥʥʦʩʪʴʶ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʘʣʴʙʠʪʘ 
ʥʝ ʧʨʝʚʳʰʘʝʪ 9%, ʨʝʜʢʦ ʜʦʩʪʠʛʘʷ 20% ʚ ʘʣʴʙʠʪʠʟʠʨʦʚʘʥʥʳʭ 
ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʛʨʘʥʠʪʘ. ʇʝʨʚʠʯʥʳʝ ʮʚʝʪʥʳʝ ʤʠʥʝʨʘʣʳ ʥʝ ʩʦ-
ʭʨʘʥʠʣʠʩʴ. ɺʪʦʨʠʯʥʳʡ ʙʠʦʪʠʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʩʣʘʥʮʝʚʘʪʦʩʪʠ. ɺ 
ʩʦʩʪʘʚʝ ʘʢʮʝʩʩʦʨʠʝʚ ʦʪʤʝʯʝʥʳ ʦʨʪʠʪ, ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʬʣʶʦʨʠʪ.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʣʘʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʤʘʩʩʠ-
ʚʘ ɸʢʪʘʩ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.1. 

 

ʊʘʙʣʠʮʘ 3.1. ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʚ ʧʦʨʦʜʘʭ ʘʢʪʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

 

ˉ,                                                                     
ʧ/ʧ 

SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O 

1(7) 74.29 0.20 12.46 1.45 1.16 0.04 0.45 0.51 3.21 5.17 

2(2) 70.47 0.20 15.43 0.82 1.61 0.05 0.32 0.80 3.80 5.70 



3(2) 66.81 0.24 15.17 2.96 3.28 0.16 1.68 1.65 3.81 4.21 

ʇʨʠʤʝʯʘʥʠʝ.1-ʣʝʡʢʦʛʨʘʥʠʪ, 2-ʛʨʘʥʠʪ, 3-ʢʚʘʨʮʝʚʳʡ ʩʠʝʥʠʪ. ɺ ʩʢʦʙʢʘʭ- 

ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʦʚ 

 
 

ʈʠʩʫʥʦʢ 3.1. ɺʳʭʦʜʳ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʖʞʥʦʤ ʋʣr -
ʪʘʫ.    

 

1-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, ʧʘʨʘʛʥʝʡʩʳ, ʢʚʘʨʮʠʪʳ,  
ʬʠʣʣʠʪʦʚʳʝ ʩʣʘʥʮʳ ʅʝʦʧʨʦʪʝʨʦʟʦʷ, ʩʠʩʪʝʤʘ Cryogenian;  



2-ʙʠʦʪʠʪʦʚʳʝ ʠ ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʳ ʅʝʦʧʨʦʪʝʨʦʟʦʷ, ʩʠʩʪʝʤʘ 
Cryogenian; 3- ʩʠʝʥʠʪʳ ʂʘʨʩʘʢʧʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ  ʅʝʦʧʨʦʪʝʨʦʟʦʷ;  

4-ʘʢʪʘʩʩʢʠʡ ʛʨʘʥʦʩʠʝʥʠʪ-ʛʨʘʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ ʅʝʦʧʨʦʪʝʨʦʟʦʷ, ʩʠʩʪʝʤʘ 
Cryogenian; 5-ʧʦʨʬʠʨʦʠʜʳ ʠ ʢʠʩʣʳʝ ʤʝʪʘʚʫʣʢʘʥʠʪʳ ʅʝʦʧʨʦʪʝʨʦʟʦʷ, 
ʩʠʩʪʝʤʘ Cryogenian; 6-ʤʝʪʘʙʘʟʘʣʴʪʳ ʢʘʨʩʘʢʧʘʡʩʢʦʡ ʩʝʨʠʠ ʧʨʦʙʣʝʤʘ-
ʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ; 7- ʧʘʣʝʦʟʦʡʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ; 8-ʥʦʤʝʨ ʧʨʦʙʳ, ʤʝʩʪʦ 

ʦʪʙʦʨʘ ʠ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʡ ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ. 
ɺʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ ʘʢʪʘʩʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʘʣʠʝʚʦʡ ʩʝʨʠʠ. ʄʘʢʩʠʤʘʣʴʥʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʧʨʦʷʚʣʝʥʦ ʚ ʛʨʘʥʠ-
ʪʘʭ ʛʣʘʚʥʦʡ ʬʘʮʠʠ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʝ K2O ʚ ʩʨʝʜʥʝʤ ʥʘ 2% ʚʳʰʝ 
ʩʦʜʝʨʞʘʥʠʷ Na2O. ʊʘʢʦʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʯʝʥʴ ʟʨʝʣʦʝ ʩʦ-
ʩʪʦʷʥʠʝ ʢʦʨʳ, ʠʟ ʢʦʪʦʨʦʡ ʚʧrʣʘʚʣʷʣʠʩʴ ʛʨʘʥʠʪʳ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʮʠʨʢʦʥʘ, ʠʟʚʣʝ-
ʯʝʥʥʦʛʦ ʠʟ ʛʨʘʥʠʪʦʚ, ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʨʘʩʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠ-
ʩʫʥʢʝ 3.2 ʠ ʚ ʪʘʙʣʠʮʝ 3.2. ɺʩʝ ʟʝʨʥʘ ʮʠʨʢʦʥʘ ʚ ʢʘʪʦʜʦ-
ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʠʪʤʠʯʥʫʶ ʤʘʛ-
ʤʘʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ.  

 

 
 

ʈʠʩʫʥʦʢ 3.2.  ʀʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʛʨʘʥʠʪʦʚ ʤʘʩʩʠʚʘ ɸʢʪʘʩ. 
 



ɺʢʣʶʯʝʥʠʷ ʦʙʣʘʯʥʦʛʦ ʮʠʨʢʦʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʦʙʳʯʥʦ 
ʨʝʩʪʠʪʦʚʳʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʮʠʨʢʦʥ, ʥʝ ʚʳʷʚʣʝʥʳ, ʯʪʦ ʫʢʘʟʳ-
ʚʘʝʪ ʥʘ ʛʣʫʙʦʢʦʝ ʧʨʦʧʣʘʚʣʝʥʠʠʝ ʩʫʙʩʪʨʘʪʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ. ʂʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ ʛʨʘʥʠʪʦʚ 
640Ñ6ʄʘ. ɺʝʨʦʷʪʥʦʩʪʴ ʪʘʢʦʛʦ ʚʦʟʨʘʩʪ ʩʦʩʪʘʚʣʷʝʪ 93%. 

ɻʝʦʣʦʛʘʤʠ ɻʀʅ ʈɸʅ  [4] ʠʟʫʯʝʥʘ ʧʨʦʙʘ, ʦʪʦʙʨʘʥʥʘʷ ʠʟ ʛʨʘ-
ʥʠʪʦʚ ʛʣʘʚʥʦʡ ʬʘʟʳ ʤʘʩʩʠʚʘ ɸʢʪʘʩ ʚ 4.5 ʢʤ ʟʘʧʘʜʥʝʝ ʧʦʩ. ɸʢʪʘʩ: 
ʩʰ 66

ʦ 
18
ô
 48,6

ò
; ʚʜ. 48

ʦ
02
ô
59,5ò.  ɺʦʟʨʘʩʪ 791Ñ7 ʤʣʥ. ʣʝʪ. ʇʦʨʦʜʘ  

ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʝʪ ʱʝʣʦʯʥʳʤ ʛʨʘʥʠʪʘʤ. ʅʝ ʠʩ-
ʢʣʶʯʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ ʤʘʩʩʠʚʘ ʠ ʧʨʠʩʫʪʩʪʚʠʝ 
ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʥʝʩʢʦʣʴʢʠʭ ʚʦʟʨʘʩʪʥʳʭ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʘʟʥʦ-
ʚʠʜʥʦʩʪʝʡ. ʕʪʠʤ ʞʝ ʢʦʣʣʝʢʪʠʚʦʤ ʛʝʦʣʦʛʦʚ  ʠʟʫʯʝʥʳ ʱʝʣʦʯʥʳʝ 
ʩʠʝʥʠʪʳ ʢʘʨʩʘʢʧʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʦʜʥʦʠʤʝʥʥʦʤ ʤʘʩʩʠʚʝ. ʇʦ-
ʣʫʯʝʥʥʳʡ ʚʦʟʨʘʩʪ 673Ñ2 ʤʣʥ. ʣʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚ ʩ ʚʦʟ-
ʨʘʩʪʦʤ ʛʨʘʥʠʪʦʚ ɸʢʪʘʩʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʠʟʫʯʝʥʥʦʡ ʥʘʤʠ ʪʦʯʢʝ. 
ɿʜʝʩʴ ʟʦʥʘ ʵʥʜʦʢʦʥʪʘʢʪʘ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʝʥʠʪʘʤʠ, ʢʦ-
ʪʦʨʳʝ ʚʛʣʫʙʴ ʤʘʩʩʠʚʘ ʩʤʝʥʷʶʪʩʷ ʣʝʡʢʦʢʨʘʪʦʚʳʤʠ ʙʠʦʪʠʪ-
ʛʘʩʪʠʥʛʩʠʪʦʚʳʤʠ  ʛʨʘʥʠʪʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥ ʚʳʰʝʫʢʘʟʘʥ-
ʥʳʡ ʚʦʟʨʘʩʪ 640Ñ6 ʤʣʥ. ʣʝʪ. ʇʦʵʪʦʤʫ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʨʫʙʝʞ 
640-670 ʤʣʥ. ʣʝʪ ʢʘʢ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʢʪʘʩʩʢʦʛʦ ʩʠʝʥʠʪ-
ʣʝʡʢʦʛʨʘʥʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʑʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ, ʠʟʫʯʝʥʥʳʝ [4], 
ʚʦʟʤʦʞʥʦ, ʧʨʠʥʘʜʣʝʞʘʪ ʙʦʣʝʝ ʜʨʝʚʥʝʤʫ ʢʦʤʧʣʝʢʩʫ. 

 
ʊʘʙʣʠʮʘ  3.2. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʧʨʦʙʳ ˉ 87, 

ʛʨʘʥʠʪʳ ʤʘʩʩʠʚʘ ɸʢʪʘʩ, ʭʨ. ʋʣʳʪʘʫ. 
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ʇʨʠʤʝʯʘʥʠʝ. ʆʰʠʙʢʘ 1 ʩʠʛʤʘ;  Pbc ʠ Pb*  ʫʢʘʟʘʥʳ ʢʘʢ ʦʙʱʠʡ ʠ ʨʘʜʠʦ-
ʛʝʥʥʳʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʦʰʠʙʢʘ ʚ ʪʝʨʤʘʣʴʥʦʤ ʩʪʘʥʜʘʨʪʝ  ʢʘʣʠʙʨʦʚʢʠ 
0.32%;  (1)- ʦʙʱʠʡ ʩʚʠʥʝʮ ʢʦʨʨʝʢʪʠʨʦʚʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

204
Pb. 

 
ʇʨʦʙʘ 88 ʦʪʦʙʨʘʥʘ ʠʟ ʛʦʤʦʛʝʥʥʳʭ ʧʦʨʬʠʨʦʠʜʦʚ ʚ ʧʨʝʜʝ-

ʣʘʭ ʭʨʝʙʪʦʚʦʡ ʯʘʩʪʠ ʖʞʥʦʛʦ ʋʣʳʪʘʫ. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʦʪʙʦʨʘ 
ʩʣʝʜʫʁ ʱʠʝ: 48

ʦ
05'00òʩʰ ; 66

o
34ô53ò ʚʜ.  ʇʦʨʬʠʨʦʠʜʳ ʦʙʨʘʟʫʶʪ 

ʩʝʨʠʶ ʢʨʫʧʥʳʭ ʚʳʭʦʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʭʨʝʙʪʦʚʦʡ ʯʘʩʪʠ ʋʣʳʪʘʫ 
(ʨʠʩ. 3.1) . ʇʨʦʙʘ ʥʘ ʠʟʦʪʦʧʥʦʡ ʚʦʟʨʘʩʪ ʚʟʷʪʘ ʠʟ ʧʦʨʬʠʨʦʠʜʦʚ ʩ 
ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʬʣʶʠʜʘʣʴʥʦʩʪʴʶ, ʯʝʪʢʠʤʠ ʦʛʨʘʥʝʥʥʳʤʠ 
ʬʝʥʦʢʨʠʩʪʘʤʠ ʢʚʘʨʮʘ ʠ ʦʙʠʣʴʥʦʛʦ ʤʘʛʥʝʪʠʪʘ. ʆʪʤʝʯʝʥʳ ʧʨʠʟʥʘ-
ʢʠ ʬʝʣʜɹʰʧʘʪʠʟʘʮʠʠ ʩ ʨʘʟʚʠʪʠʝʤ ʧʦʨʬʠʨʦʙʣʘʩʪ  ʨʘʟʤʝʨʦʤ 1.5-
2.5 ʤʤ. ʀʥʦʛʜʘ ʬʝʣʴʜʰʧʘʪʠʟʘʮʠʷ ʠʤʝʝʪ ʩʪʨʫʡʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ 
ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʬʦʨʤʠʨʫʝʪʩʷ ʘʛʨʝʛʘʪ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʩ ʢʚʘʨʮʝʤ.  
ɺ ʧʦʨʬʠʨʦʠʜʘʭ ʚ ʮʝʣʦʤ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚʳʜʝʣʷʶʪʩʷ 
ʜʚʝ ʛʨʫʧʧʳ ʧʦʨʦʜ: ʜʘʮʠʪʳ ʠ ʨʠʦʣʠʪʳ. ʆʙʝ ʛʨʫʧʧʳ ʧʝʨʝʩʳʱʝʥʳ 
ʢʨʝʤʥʝʟʝʤʦʤ. ɼʘʮʠʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʠʦʣʠʪʦʚ ʠʤʝʶʪ ʧʦʚʳʰʝʥ-
ʥʳʡ ʛʣʠʥʦʟʝʤ (Al2O3 ʚ ʩʨʝʜʥʝʤ 14.93%)  ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʦʩʪʴ (ʚ 
ʩʨʝʜʥʝʤ 1-1,5%, ʥʘʩʳʱʝʥʥʦʩʪʴ ʧʣʘʛʠʦʢʣʘʟʦʤ). ʈʠʦʣʠʪʳ ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʜʘʮʠʪʦʚ ʨʝʟʢʦ ʦʙʦʛʘʱʝʥʳ ʢʘʣʠʝʤ (K2O = 4.86% ʧʨʠ Na2O 
= 2.56%), ʙʝʜʥʳ ʛʣʠʥʦʟʝʤʦʤ ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʨʝʟʢʦ ʦʙʦʛʘʱʝʥʳ 
ʩʚʦʙʦʜʥʳʤ ʢʚʘʨʮʝʤ (48-52%). ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʚʫʣʢʘʥʠʯʝʩʢʦʡ 
ʬʘʮʠʠ ʧʦʨʬʠʨʦʠʜʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.3. ʇʦ ʩʦʩʪʘʚʫ ʦʥʠ 
ʧʦʜʦʙʥʳ ʣʝʡʢʦʢʨʘʪʦʚʳʤ ʛʨʘʥʠʪʘʤ  
ɸʢʪʘʩ. 

 

ʊʘʙʣʠʮʘ 3.3. ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ  
ʧʦʨʬʠʨʦʠʜʥʦʡ ʪʦʣʱʠ 

 

ˉ ʧ/ʧ SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O 

1(3) 69.46 0.35 14.93 3.70 1.73 0.06 0.89 0.98 3.74 4.05 

2(14) 75.10 0.22 12.30 1.95 1.35 0.07 0.45 0.51 2.56 4.86 

ʇʨʠʤʝʯʘʥʠʝ.1-ʜʘʮʠʪʳ, 2-ʨʠʦʣʠʪʳ.  ɺ ʩʢʦʙʢʘʭ- ʢʦʣʠʯʝʩʪʚʦ ʘʥʘʣʠʟʦʚ ʧʨʠ 

ʨʘʩʯʝʪʝ ʩʨʝʜʥʝʛʦ 

 
ʉʦʯʝʪʘʥʠʝ ʙʣʠʟʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʚʦʟʨʘʩʪʦʚ ʧʦʟʚʦ-

ʣʷʝʪ ʠʭ ʦʙʲʝʜʠʥʷʪʴ ʚ ʝʜʠʥʳʡ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ 
ʢʘʣʴʜʝʨʥʦʛʦ ʪʠʧʘ. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʦʨʬʠʨʦʠ-
ʜʦʚ ʢ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʬʘʮʠʠ ʩʣʫʞʠʪ ʟʘʣʝʛʘʶʱʘʷ ʚʳʰʝ ʪʫʬʦ-



ʪʫʬʦʛʝʥʥʘʷ ʧʘʯʢʘ: ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʚ ʨʘʟʥʳʭ 
ʧʦʨʦʜʘʭ  ʢʦʣʝʙʣʝʪʩʷ ʦʪ 66,8 ʜʦ 73,3% ʧʨʠ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʥʳʭ 
ʟʥʘʯʝʥʠʡ ʦʪ 64 ʜʦ 87%; ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʂ2ʆ ʠ Na2O ʧʨʠ-
ʤʝʨʥʦ ʨʘʚʥʳ ʠ ʩʦʩʪʘʚʣʷʶʪ 2,6-2,7% ʧʨʠ ʢʦʣʝʙʘʥʠʠ ʂ2ʆ ʦʪ 0,3 ʜʦ 
5,9%, Na2O ʦʪ 0.2 ʜʦ 6.4%.   

ɺʦʟʨʘʩʪ ʧʦʨʬʠʨʦʠʜʦʚ ʦʧʨʝʜʝʣʝʥ ʧʦ 11 ʟʝʨʥʘʤ ʮʠʨʢʦʥʘ  
(ʨʠʩ. 3.3, ʪʘʙʣ. 3.4). ʀʟ ʥʠʭ ʚ ʪʨʝʭ ʟʝʨʥʘʭ ʘʥʘʣʠʟʠʨʦʚʘʥʘ ʪʝʤʥʘʷ 
ʢʘʡʤʘ ʧʦ ʢʨʘʶ ʟʝʨʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʝʪʘʤʠʢʪʥʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ 
ʚʳʚʝʪʨʠʚʘʥʠʝʤ ʠ ʚʳʥʦʩʦʤ ʫʨʘʥʘ. ɺʩʝ ʪʦʯʢʠ ʦʙʨʘʟʦʚʘʣʠ ʜʠʩʢʦʨ-
ʜʠʶ, ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩ ʢʦʥʢʦʨʜʠʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʦʯʢʝ ʩ 
ʚʦʟʨʘʩʪʦʤ 666Ñ11. ɼʘʥʥʘʷ ʮʠʬʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʤʘʛʤʘʪʠʯʝʩʢʠʡ 
ʚʦʟʨʘʩʪ ʧʦʨʬʠʨʦʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʢʦʥʢʦʨʜʠʠ ʦʙʨʘʟʦʚʘʣʩʷ 
ʢʣʘʩʪʝʨ ʵʣʣʠʧʩʦʚ ʩ ʚʦʟʨʘʩʪʦʤ 845Ñ17 ʄʘ. ʂʘʢʠʭ-ʣʠʙʦ ʩʫʱʝ-
ʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʚ ʮʠʨʢʦʥʝ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 
ʮʠʨʢʦʥʦʤ ʧʦʨʬʠʨʦʠʜʦʚ ʤʳ ʥʝ ʦʪʤʝʪʠʣʠ.  

 

ʊʘʙʣʠʮʘ 3.4. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʧʦʨʬʠʨʦʠʜʦʚ.  
ʇʨʦʙʘ ˉ 88 
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ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʠ ʮʠʨʢʦʥʳ ʷʚʣʷʶʪʩʷ ʢʩʝʥʦʛʝʥʥʳʤ ʤʘʪʝʨʠ-

ʘʣʦʤ ʦʪ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʦʚ, ʩ ʢʦʪʦʨʳʤʠ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʧʦʩʨʝʜ-
ʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ. ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʵʪʘ ʛʨʫʧʧʘ ʮʠʨʢʦ-



ʥʦʚ ʧʦʯʪʠ ʪʦʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʮʠʨʢʦʥʘʤʠ ʦʩʥʦʚʥʦʛʦ ʢʣʘʩʪʝʨʘ ʚ 
ʛʥʝʡʩʦʛʨʘʥʠʪʘʭ. ʂʘʢ ʧʦʣʘʛʘʶʪ [2],  ʛʨʘʥʠʪʳ ɸʢʪʘʩ, ʧʦʨʬʠʨʦʠʜʳ ʠ 
ʛʥʝʡʩʦʛʨʘʥʠʪʳ ʫʚʷʟʳʚʘʶʪʩʷ ʚ ʦʜʥʫ ʩʠʩʪʝʤʫ, ʠ ʚ ʥʝʡ  ʛʥʝʡʩʦʛʨʘ-
ʥʠʪʳ ʠʛʨʘʶʪ ʨʦʣʴ ʩʫʙʩʪʨʘʪʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʧʣʘʚʣʷʣʠʩʴ ʠ  ʛʨʘʥʠ-
ʪʳ ʠ ʧʦʨʬʠʨʦʠʜʳ. ʆʜʥʘʢʦ, ʵʪʦʤʫ ʧʨʦʪʠʚʦʨʝʯʠʪ ʤʘʛʤʘʪʠʯʝʩʢʦʝ 
ʧʝʨʚʠʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʛʥʝʡʩʦʛʨʘʥʠʪʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʠʭ 
ʢʘʢʠʭ-ʣʠʙʦ ʧʨʠʟʥʘʢʦʚ ʛʣʫʙʦʢʦʛʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦ-
ʚʘʥʠʷ. ɺʝʨʭʥʷʷ ʜʠʘʛʨʘʤʤʘ ï ʧʦʟʠʮʠʷ ʪʦʯʝʢ ʥʘ ʦʙʱʝʡ ʢʦʥʢʦʨʜʠʠ. 
ʅʠʞʥʷʷ ʜʠʘʛʨʘʤʤʘ ï ʜʝʪʘʣʠʟʘʮʠʷ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ  ʢʦʥʢʦʨʜʠʠ 
ʜʠʩʢʦʨʜʠʝʡ. 



 
 

ʈʠʩʫʥʦʢ 3.3.  ʀʟʦʪʦʧʥʳʡ  ʚʦʟʨʘʩʪ   
ʧʦʨʬʠʨʦʠʜʦʚ ʭʨʝʙʪʦʚʦʡ ʯʘʩʪʠ ʋʣʳʪʘʫ. 

 



ʇʨʦʙʘ 90 ʦʪʦʙʨʘʥʘ ʠʟ ʗʢʦʥʤʦʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʢʦʦʨʜʠʥʘʪʳ 
48
ʦ
03'00ò ʩʰ., 66

ʦ
37
ô
35ò ʚ. ʜ. (ʨʠʩ. 3.4). ʆʥ ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʞʜʫʨʝʯʴʝ 

ɹʝʪʧʘʢʘʨʘ ʠ ʂʘʰʢʘʥʩʫ, ʠʤʝʝʪ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ. 
ɼʣʠʥʘ ʤʘʩʩʠʚʘ ʦʢʦʣʦ 8 ʢʤ, ʰʠʨʠʥʘ 2 ʢʤ. ɺ ʩʪʨʦʝʥʠʠ ʝʛʦ ʧʨʠʥʠʤʘ-
ʶʪ ʫʯʘʩʪʠʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʧʦʨʬʠʨʦʙʣʘʩʪʦ-
ʚʳʝ ʠ ʦʯʢʦʚʳʝ ʤʠʢʨʦʢʣʠʥ-ʘʣʴʙʠʪʦʚʳʝ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʳ. ʈʝʞʝ 
ʚʩʪʨʝʯʘʶʪʩʷ ʠʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ  ʧʦʨʬʠʨʦ-
ʚʠʜʥʳʝ ʨʘʟʥʦʩʪʠ, ʩʣʘʛʘʶʱʠʝ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ ʦʪ 2-3 ʜʦ 20 ʤʝʪ-
ʨʦʚ. ʆʯʝʥʴ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʞʠʣʳ ʛʥʝʡʩʦʚʠʜʥʳʭ ʘʧʣʠʪʦʚ ʤʦʱ-
ʥʦʩʪʴʶ ʜʦ 1 ʤʝʪʨʘ.  

ʂʦʥʪʘʢʪʳ ʗʢʦʥʤʦʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘ-
ʤʠ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʧʝʨʝʢʨʳʪʳ ʨʳʭʣʳʤʠ ʧʦʨʦʜʘʤʠ. ɺ ʚʦʩʪʦʯ-
ʥʦʡ ʯʘʩʪʠ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʳ ʩʦʧʨʠʢʘʩʘʶʪʩʷ ʩ ʙʣʘʩʪʦʧʩʘʤʤʠʪʦʚʳʤʠ 
ʫʛʣʝʨʦʜʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ɺʝʥʜ-ʂʝʤʙʨʠʡʩʢʦʛʦ (?) ʚʦʟʨʘʩʪʘ. ʅʘ ʟʘ-
ʧʘʜʝ ʦʥʠ ʛʨʘʥʠʯʘʪ ʩ ʧʦʨʬʠʨʦʠʜʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚʳʰʝ. ɺʦʩʪʦʯ-
ʥʘʷ ʛʨʘʥʠʮʘ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨ ʢʨʫʪʳʭ ʥʘʜʚʠʛʦʚ, ʧʘʜʝʥʠʝ ʩʤʝʩʪʠʪʝ-
ʣʝʡ 65-70

ʦ
 ʥʘ ʚʦʩʪʦʢ. ɿʘʧʘʜʥʘʷ ʛʨʘʥʠʮʘ  ʩ ʧʦʨʬʠʨʦʠʜʘʤʠ ʠʥʪʝʥ-

ʩʠʚʥʦ ʢʣʠʚʘʞʠʨʦʚʘʥʘ ʠ ʨʘʩʩʣʘʥʮʦʚʘʥʘ. ʇʘʜʝʥʠʝ ʩʤʝʩʪʠʪʝʣʝʡ 
ʢʨʫʪʦʝ 60-80

ʦ 
ʥʘ ʟʘʧʘʜ. ɺʦʟʨʘʩʪ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʦʚ  841Ñ11ʄʘ (ʪʘʙ-

ʣʠʮʘ 3.5, ʨʠʩ. 3.4). ɺʝʨʭʥʷʷ ʜʠʘʛʨʘʤʤʘ ï ʪʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʦʥ-
ʢʦʨʜʠʠ  ʜʠʩʢʦʨʜʠʝʡ. ʅʠʞʥʷʷ ʜʠʘʛʨʘʤʤʘ ï ʜʝʪʘʣʴ ʪʦʯʢʠ ʩʝʯʝʥʠʷ ʠ 
ʚʦʟʨʘʩʪ. 

 

ʊʘʙʣʠʮʘ 3.5. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʛʨʘʥʠʪʦ-ʛʥʝʡʩʦʚ 
ʗʢʦʥʤʦʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʖʞʥʦʛʦ  ʋʣʳʪʘʫ. ʇʨʦʙʘˉ 90 
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ʈʠʩʫʥʦʢ 3.4.  ʀʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʦʚ  
ʗʢʦʥʤʦʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

 
ʌʦʨʤʘ ʤʘʩʩʠʚʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʣʘʩʪʦʦʙʨʘʟʥʘʷ, ʩʫʙʩʦʛʣʘʩ-

ʥʘʷ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʚʤʝʱʘʶʱʠʭ ʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ ʜʨʫ-
ʛʠʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʙʱʝʝ ʟʘʧʨʦʢʠʜʳʚʘʥʠʝ  ʥʘ ʚʦʩʪʦʢ. ʇʦ 
ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʳ ʗʢʦʥʤʦʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 
ʧʦʜʩʪʠʣʘʶʪ ʩʣʘʥʮʝʚʦ-ʧʦʨʬʠʨʦʠʜʥʫʶ ʪʦʣʱʫ, ʦʧʠʩʘʥʥʫʶ ʚʳʰʝ 
(ʧʨʦʙʘ 88).  

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʥʝʡʩʦ-ʛʨʘʥʠʪʦʚ, ʧʦ ʜʘʥʥʳʤ 
ʃ.ʀ.ʌʠʣʘʪʦʚʦʡ, ʢʦʣʝʙʣʝʪʩʷ ʚ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʝʣʘʭ: ʧʣʘʛʠʦʢʣʘʟ 
17-21%, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ 37-42%, ʢʚʘʨʮ 30-42%, ʙʠʦʪʠʪ 2-
5%, ʤʫʩʢʦʚʠʪ 2.8-3.8, ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ 0.5%.  

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚ ʗʢʦʥʤʦʣʠʥʩʢʦʤ ʤʘʩʩʠʚʝ ʧʨʦʩʣʝ-
ʞʠʚʘʶʪʩʷ ʜʚʝ ʬʘʮʠʠ: ʩʠʝʥʠʪʦʚʘʷ  ʠ ʛʨʘʥʠʪʥʘʷ (ʪʘʙʣʠʮʘ 3.6). ʉʫ-
ʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʠʤʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʠʟ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʦʟʚʦʣʷʶʪ ʛʦʚʦʨʠʪʴ ʦ ʜʚʫʭʬʘʟʥʦʤ ʩʪʨʦʝ-
ʥʠʠ ʤʘʩʩʠʚʘ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 
ʷʚʣʷʝʪʩʷ ʯʝʪʢʦ  ʚʳʨʘʞʝʥʥʘʷ ʢʘʣʠʝʚʘʷ ʱʝʣʦʯʥʦʩʪʴ. ʆʥʘ ʥʝ ʪʘʢ 
ʨʝʟʢʦ ʚʳʨʘʞʝʥʘ, ʢʘʢ ʚ ʛʨʘʥʠʪʘʭ ɸʢʪʘʩʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚ ʧʦʨʬʠʨʦ-
ʠʜʘʭ ʧʨʦʙ 87 ʠ 88, ʥʦ ʚʧʠʩʳʚʘʝʪʩʷ ʚ ʪʦ ʞʝ ʟʘʢʣʶʯʝʥʠʝ , ʯʪʦ ʠ ʜʚʘ 
ʧʨʝʜʳʜʫʱʠʭ ʢʦʤʧʣʝʢʩʘ, ʘ ʠʤʝʥʥʦ, ʛʥʝʡʩʦ-ʛʨʘʥʠʪʦʠʜʳ ʗʢʦʥʤʦʣʠʥ-
ʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʯʝʥʴ ʟʨʝʣʦʡ ʢʦʨʳ ʢʨʘ-
ʪʦʥʥʦʛʦ ʪʠʧʘ. ʂʦʣʣʝʢʪʠʚʦʤ ʛʝʦʣʦʛʦʚ ɻʀʅ ʈɸʅ (ʄʦʩʢʚʘ) ʛʨʘʥʠʪʦ-
ʛʥʝʡʩʳ ʞʘʫʥʢʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟʫʯʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʪʦʤ ʞʝ 
ʤʝʩʪʝ, ʯʪʦ ʠ ʦʧʠʩʘʥʥʘʷ ʚʳʰʝ ʥʘʰʘ ʧʨʦʙʘ ˉ90: ʩʰ. 47

ʦ
56
ô
26,1

ò
, ʚʜ. 

66
o
26
ô
55,1

ò
. ɺʦʟʨʘʩʪ 803Ñ27 ʤʣʥ. ʣʝʪ. ʇʨʠʤʝʥʠʚ ʥʠʞʥʠʡ ʧʦ ʚʦʟʨʘʩ-

ʪʫ ʜʦʧʫʩʢ, ʧʦʣʫʯʘʝʤ 830 ʤʣʥ. ʣʝʪ. ʈʘʟʣʠʯʠʝ ʤʝʞʜʫ ʥʘʰʝʡ ʮʠʬʨʦʡ 
ʠ ʮʠʬʨʦʡ ʥʘʰʠʭ ʢʦʣʣʝʛ ʠʟ ʄʦʩʢʚʳ ʩʚʦʜʠʪʩʷ  ʢ 0.7 %. 

 

ʊʘʙʣʠʮʘ 3.6. ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʥʝʡ-
ʩʦ-ʛʨʘʥʠʪʦʠʜʦʚ ʗʢʦʥʤʦʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ 

 

ˉ 
ʧ/ʧ 

SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O 

1(2) 73.80 0.15 13.10 2.15 1.40 0.04 0.70 0.50 3.59 4.70 

2(2) 64.36 0.16 18.97 0.79 1.58 0.08 0.47 1.45 5.32 6.28 

ʇʨʠʤʝʯʘʥʠʝ.1-ʛʥʝʡʩʦ-ʛʨʘʥʠʪ;  2-ʛʥʝʡʩʦ-ʩʠʝʥʠʪ.  ɺ ʩʢʦʙʢʘʭ- ʢʦʣʠʯʝʩʪʚʦ 

ʘʥʘʣʠʟʦʚ . 

 



ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʚʳʰʝ  ʛʨʘʥʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʢʦʤʘʛʤʘ-
ʪʠʯʥʳʝ ʩ ʥʠʤʠ ʧʦʨʬʠʨʦʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʣʠʝʚʦʡ ʩʝʨʠʠ ʠ ʫʢʘʟʳ-
ʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʢʨʘʪʦʥʥʦʛʦ ʪʠʧʘ. 
ʕʪʦ ï ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʛʠʦʥʝ 
ʚ ʧʦʟʜʥʝʤ ʇʨʦʪʝʨʦʟʦʝ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 
ʖʞʥʦʛʦ ʋʣʳʪʘʫ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ ʦʬʠ-
ʦʣʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚ ʚʠʜʝ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʠ ʤʝʪʘʙʘʟʘʣʴʪʦʚ 
ʢʘʨʩʘʢʧʘʡʩʢʦʡ ʩʝʨʠʠ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʬʨʘʛʤʝʥʪʦʤ ʛʝʦʜʠʥʘʤʠ-
ʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʪʦʛʦ  ʚʨʝʤʝʥʠ. ʉʠʥʭʨʦʥʥʦʩʪʴ ʵʪʠʭ ʜʚʫʭ ʩʦʙʳ-
ʪʠʡ ʧʦʢʘ ʥʝ ʜʦʢʘʟʘʥʘ. ɼʦʢʝʤʙʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ ʩʝʨʠʠ ʧʦʢʘ ʘʨʛʫ-
ʤʝʥʪʠʨʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥʘ  ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʘ  ʚ ʫʩʣʦʚʠʷʭ ʘʤʬʠ-
ʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʫʧʝʥʠ ʟʝʣʝʥʦʩʣʘʥ-
ʮʝʚʦʡ ʬʘʮʠʠ, ʘ ʧʦ ʩʦʩʪʘʚʫ ʠʤʝʝʪ ʚʩʝ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ, 
ʩʚʦʡʩʪʚʝʥʥʳʝ ʦʬʠʦʣʠʪʦʚʳʤ ʙʘʟʘʣʴʪʘʤ (ʨʠʩ. 3.5): ʩʦʯʝʪʘʥʠʝ ʪʦ-
ʣʝʡʠʪʦʚ ʨʘʟʥʦʛʦ ʪʠʧʘ ʩ ʱʝʣʦʯʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ. ʊʘʢʠʝ ʚʘʨʠʘʮʠʠ 
ʙʘʟʘʣʴʪʦʚ ʩʚʦʡʩʪʚʝʥʥʳ ʙʦʣʴh ʠʥʩʪʚʫ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ, 
ʠʟʫʯʝʥʥʳʭ ʚ ʂʘʟʘʭʩʪʘʥʝ [5]. ʆʬʠʦʣʠʪʦʚʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʘʨ-
ʩʘʢʧʘʡʩʢʦʡ ʩʝʨʠʠ ʜʦʧʦʣʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʝʝ ʩʦʩʪʘʚʝ ʷʰʤʦ-
ʚʠʜʥʳʭ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ ʠ  ʤʨʘʤʦʨʦʚ, ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨ-
ʥʳʭ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʏʘʨʩʢʦʛʦ ʤʝʣʘʥʞʘ.   
 

 
 

ʈʠʩʫʥʦʢ 3.5.  ʇʦʟʠʮʠʷ ʤʝʪʘʙʘʟʘʣʴʪʦʚ  
ʢʘʨʩʘʢʧʘʡʩʢʦʡ ʩʝʨʠʠ (ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ) ʠ ʤʝʪʘʙʘʟʘʣʴʪʦʚ  



ʛʥʝʡʩʦʚʦʡ ʩʚʠʪʳ ʙʝʢʪʫʨʛʘʥʩʢʦʡ ʩʝʨʠʠ (ʟʚʝʟʜʘ)   
ʥʘ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʦʡ  ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ  

(Mullen, 1983). 
 

ʊʨʝʪʴʠʤ ʠʥʜʠʢʘʪʦʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙ-
ʩʪʘʥʦʚʢʠ ʚ ʧʦʟʜʥʝʤ ʧʨʦʪʝʨʦʟʦʝ ʷʚʣʷʝʪʩʷ ʙʝʢʪʫʨʛʘʥʩʢʘʷ ʩʝʨʠʷ. 
ʍʘʨʘʢʪʝʨʥʳʡ ʩʦʩʪʘʚ ʦʨʪʦʘʤʬʠʙʦʣʠʪʦʚ ʩʚʠʪʳ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠ-
ʩʫʥʢʝ 3.5. ʆʥʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʝ  ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʪʦʣʝʡʠʪʦʚ. 
ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʠʭ ʦʪ ʙʘʟʘʣʴʪʦʚ ʢʘʨʩʘʢʧʘʡʩʢʦʡ ʩʚʠʪʳ ï ʦʯʝʥʴ 
ʥʠʟʢʠʡ ʬʦʩʬʦʨ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʩʝʨʠʡ. 
ʂʨʝʤʥʝʢʠʩʣʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʚʠʪʳ ʠʤʝʝʪ ʩʨʝʜʥʠʡ ʩʦʩʪʘʚ 
ʥʘʪʨʦʚʦʛʦ ʨʠʦʣʠʪʘ: SiO2=72,81%; Na2O=4,17%; K2O=1,39% (ʧʦ 
ʜʘʥʥʳʤ 39 ʧʦʣʥʦʮʝʥʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʘʥʘʣʠʟʦʚ). ʆʪʜʝʣʴʥʳʝ ʧʦ-
ʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʠʢʨʦʛʥʝʡʩʳ, ʚ ʢʦʪʦʨʳʭ ʯʝʪʢʦ ʚʠʜʥʘ 
ʧʝʨʚʠʯʥʘʷ ʨʝʣʠʢʪʦʚʘʷ ʬʣʶʠʜʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ 
10 ʦʙʨʘʟʮʦʚ, ʥʘʠʙʦʣʝʝ ʫʚʝʨʝʥʥʦ ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʭ ʢʘʢ ʦʨʪʦʛʥʝʡ-
ʩʳ, ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 3.7. ʆʥ, ʢʘʢ ʠ ʚʩʷ ʢʨʝʤʥʝʢʠʩʣʘʷ ʩʦʩʪʘʚ-
ʣʷʶʱʘʷ ʩʚʠʪʳ, ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʢʘʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ 
ʥʘʪʨʦʚʳʝ ʢʨʝʤʥʝʢʠʩʣʳʝ ʧʦʨʦʜʳ.    

 

ʊʘʙʣʠʮʘ 3.7  ʉʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʣʘʚʥʳʭ ʢʦʤʧʦ-
ʥʝʥʪʦʚ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʦʨʪʦʛʥʝʡʩʦʚ ʧʦ 10 ʦʙʨʘʟʮʘʤ, ʚʝʩ. %% 

 

SiO2 Al2O3 MgO CaO Na2O K2O 

72.53 12.80 0.95 0.76 4.82 1.31 

 
ʇʝʨʚʠʯʥʳʡ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʫʜʘʣʦʩʴ 

ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʦʙʨʘʟʮʫ ʛʨʘʥʘʪ-ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ 
ʤʠʢʨʦʛʥʝʡʩʘ, ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʠʣʠʩʴ ʩʣʝʜʳ ʧʝʨʚʠʯʥʦʡ ʤʘʛʤʘʪʠ-
ʯʝʩʢʦʡ ʬʣʶʠʜʘʣʴʥʦʩʪʠ. ʀʟ ʥʝʛʦ, ʪʘʢʞʝ, ʢʘʢ ʠ ʠʟ ʧʣʘʛʠʦʢʣʘʟ-
ʘʤʬʠʙʦʣʦʚʦʛʦ ʧʘʨʘʛʥʝʡʩʘ, ʚʳʜʝʣʝʥ ʮʠʨʢʦʥ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʝʥ 
ʧʦ ʤʝʪʦʜʫ ʐʈʀʄʇ ʚ ʀʟʦʪʦʧʥʦʤ ʮʝʥʪʨʝ ɺʉɽɻɽʀ (ʈʦʩʩʠʷ). 

ɻʥʝʡʩʳ ʧʨʦʙʳ ˉ92 ʠʤʝʶʪ ʢʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ 454Ñ4 
ʄʘ (ʨʠʩ. 3.6, ʢʦʥʢʦʨʜʠʷ  ʚ ʥʠʞʥʝʤ ʧʨʘʚʦʤ ʫʛʣʫ). ɺ ʮʠʨʢʦʥʝ ʧʨʠ-
ʩʫʪʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʦʟʨʘʩʪʥʳʭ ʧʦʢʦʣʝʥʠʡ ʩ ʵʨʦʜʠʨʦʚʘʥʥʳʤʠ 
ʛʨʘʥʠʯʥʳʤʠ ʟʦʥʘʤʠ (ʨʠʩ.3.7). ʋʢʘʟʘʥʥʳʡ ʚʳʰʝ ʚʦʟʨʘʩʪ ʦʧʨʝʜʝ-
ʣʝʥ ʧʦ ʚʥʝʰʥʝʡ ʢʘʝʤʢʝ, ʜʣʷ ʢʦʪʦʨʦʡ ʩʚʦʡʩʪʚʝʥʥʳ ʚʩʝ ʯʝʨʪʳ ʤʝ-
ʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʦʪʩʫʪʩʪʚʠʝ ʨʠʪʤʠʯʥʦʡ ʟʦʥʘʣʴ-
ʥʦʩʪʠ ʠ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʫʨʘʥ-ʪʦʨʠʝʚʦʛʦ ʦʪʥʦʰʝʥʠʷ (ʩʨʝʜʥʝʝ 
ʧʦ 10 ʪʦʯʢʘʤ 32). ʗʜʝʨʥʳʝ ʟʦʥʳ ʮʠʨʢʦʥʘ, ʠʤʝʶʱʠʝ ʯʝʪʢʫʶ ʨʠʪ-
ʤʠʯʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ʩʚʦʡʩʪʚʝʥʥʫʶ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ, ʥʝ 
ʠʟʫʯʘʣʠʩʴ. ʆʜʥʘʢʦ, ʚ ʥʠʭ ʚʠʜʥʳ ʩʣʝʜʳ ʥʝʦʜʥʦʢʨʘʪʥʦʡ ʘʙʨʘʟʠʠ, 



ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʛʨʘʥʠʮʳ, ʥʝ ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʩ ʨʠʪ-
ʤʠʯʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ. ɺʘʨʠʘʮʠʠ  ʚʦʟʨʘʩʪʘ ʷʜʝʨ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ 
ʟʥʘʯʠʪʝʣʴʥʳʤʠ. ʄʠʢʨʦʛʥʝʡʩʳ ʩ ʨʝʣʠʢʪʦʚʦʡ ʬʣʶʠʜʘʣʴʥʦʡ ʩʪʨʫʢ-
ʪʫʨʦʡ ʧʨʦʙʳ ˉ93 ʫʜʘʣʝʥʳ ʦʪ ʧʨʦʙʳ ˉ92 ʥʘ 1,5 ʢʤ. ɺ ʥʠʭ ʚʠʜʠʤ 
ʜʚʘ ʩʦʙʳʪʠʷ (ʨʠʩʫʥʢʠ 3.6, 3.7, ʪʘʙʣʠʮʘ 3.8): ʧʝʨʚʠʯʥʳʡ ʤʘʛʤʘʪʠ-
ʯʝʩʢʠʡ ʮʠʨʢʦʥ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 748Ñ8 ʄʘ ʠ ʤʝʪʘ-
ʤʦʨʬʠʯʝʩʢʠʝ ʢʘʝʤʢʠ ʚʦʢʨʫʛ ʥʝʛʦ ʩ ʚʦʟʨʘʩʪʦʤ 464Ñ2,8 ʄʘ (ʛʨʘʥʠ-
ʮʘ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʆʨʜʦʚʠʢʘ). ʗʜʨʘ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ 
ʚʦʟʨʘʩʪʘ ʠʤʝʶʪ ʚʩʝ ʧʨʠʟʥʘʢʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: 
ʥʘʧʨʷʞʝʥʥʘʷ ʨʠʪʤʠʯʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʠ ʥʠʟʢʠʝ ʫʨʘʥ-ʪʦʨʠʝʚʳʝ 
ʦʪʥʦʰʝʥʠʷ (ʦʪ 0.8 ʜʦ 1,6). ɺʥʝʰʥʠʝ ʢʘʝʤʢʠ, ʥʘʧʨʦʪʠʚ, ʥʝʩʫʪ ʧʨʠ-
ʟʥʘʢʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: çʦʙʣʘʯʥʘʷè ʩʪʨʫʢʪʫʨʘ 
ʠ ʚʳʩʦʢʠʝ ʦʪʥʦʰʝʥʠʷ ʫʨʘʥ/ʪʦʨʠʡ. ɺʦʟʨʘʩʪʥʳʝ ʨʘʟʣʠʯʠʷ ʷʜʝʨ ʠ 
ʢʘʝʤʦʢ ʚ ʵʪʦʡ ʧʨʦʙʝ ʜʦʩʪʠʛʘʶʪ 250-280 ʄʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3.6.  ʂʦʥʢʦʨʜʘʥʪʥʳʡ ʚʦʟʨʘʩʪ ʧʦʨʦʜ ʛʥʝʡʩʦʚʦʡ ʩʚʠʪʳ.  
ʇʦ̫ ʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ. 

 
 



 
 

ʈʠʩʫʥʦʢ 3.7. ʄʦʨʬʦʣʦʛʠʷ ʮʠʨʢʦʥʘ ʠ  
ʧʦʟʠʮʠʷ ʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʦʯʝʢ ʚ ʧʨʦʙʘʭ 92, 93 



ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʮʠʬʨʘʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʜʘʥʥʘʷ ʧʦ-
ʨʦʜʘ ʙʳʣʘ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʘ ʚ ʅʝʦʧʨʦʪʝʨʦʟʦʝ, ʘ ʢʦʣʣʠʟʠʦʥʥʳʡ 
ʤʝʪʘʤʦʨʬʠʟʤ ʦʥʘ ʧʨʝʪʝʨʧʝʣʘ ʥʘ ʛʨʘʥʠʮʝ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ 
ʆʨʜʦʚʠʢʘ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʦʨʜʦʚʠʢʩʢʦʡ ʘʢʢʨʝʮʠʠ, ʢʦʪʦʨʘʷ ʟʘʬʠʢʩʠ-
ʨʦʚʘʥʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ. 

 

ʊʘʙʣʠʮʘ 3.8. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʠ ʚʦʟʨʘʩʪ ʛʥʝʡʩʦʚ ʙʘʡʢʦ-
ʥʳʨʩʢʦʡ ʩʝʨʠʠ 
 

ʊʦʯʢʠ 
% 

206Pbc 
U, ʛ/ʪ Th, ʛ/ʪ 

206Pb*,  
ʛ/ʪ 

232Th 
238U 

206Pb/238U, 
ʚʦʟʨʘʩʪ 

207Pb/206Pb, 
ʚʦʟʨʘʩʪ 

ɼʠʩʢʦʨ
ʢʦʨ-
ʜʘʥʪ-
ʥʦʩʪʴ 

1 2 3 4 5 6 7 8 9 

ʆʙʨʘʟʝʮ 93 

3.2 0,08 314 15  0,05 461 Ñ4 464 Ñ43 +1 

5.2 0,00 410 17 26,1 0,04 461 Ñ8 467 Ñ25 +1 

4.2 0,00 605 4 38,7 0,01 463 Ñ4 472 Ñ21 +2 

6.2 0,00 603 3 38,6 0,01 464 Ñ4 458 Ñ20 -1 

7.2 -- 436 7 28 0,02 464 Ñ4 514 Ñ26 +10 

2.2 0,00 280 17 17,9 0,06 464 Ñ4 511 Ñ30 +9 

1.2 0,00 421 3 27,1 0,01 466 Ñ4 493 Ñ23 +6 

6.1 0,00 44 44 4,35 1,05 707 Ñ11 683 Ñ108 -4 

2.1 0,18 137 115 14,2 0,87 738 Ñ7 795 Ñ47 +8 

4.1 0,00 26 16 2,67 0,65 740 Ñ12 781 Ñ70 +6 

3.1 -- 101 89 10,6 0,91 744 Ñ13 784 Ñ46 +5 

7.1 0,00 30 38 3,18 1,31 746 Ñ11 725 Ñ64 -3 

5.1 -- 64 51 6,75 0,82 747 Ñ15 768 Ñ60 +3 

1.1 0,15 192 131 20,6 0,71 761 Ñ7 748 Ñ34 -2 

ʆʙʨʘʟʝʮ 92 

3.1 0,45 112 4 7,19 0,04 462 Ñ5 455 Ñ83 -2 

4.1 0,00 191 8 13,3 0,04 502 Ñ8 539 Ñ39 +7 

7.1 0,07 442 8 27,8 0,02 455 Ñ4 405 Ñ30 -13 



ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 
 

1 2 3 4 5 6 7 8 9 

8.1 ---- 201 3 12,4 0,02 445 Ñ4 524 Ñ51 +16 

1.1 --- 227 12 13,8 0,05 442 Ñ4 488 Ñ37 +10 

10.1 0,09 195 9 12,1 0,05 452 Ñ4 503 Ñ45 +11 

9.1 0,63 161 5 10,1 0,03 456 Ñ6 417 Ñ116 -10 

6.1 0,21 161 7 14,2 0,03 461 Ñ4 424 Ñ52 -9 

2.1 0,21 161 6 10,3 0,04 461 Ñ5 458 Ñ56 -1 

5.1 0,21 161 7 4,85 0,10 461 Ñ5 389 Ñ96 -19 

 
ɺʳʚʦʜʳ. 

1. ʄʝʪʦʜʦʤ SHRIMP-II ʜʘʪʠʨʦʚʘʥʦ ʯʝʪʳʨʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 
ʢʦʤʧʣʝʢʩʘ ʚ ʖʞʥʦʤ ʋʣʳʪʘʫ: ʘʢʪʘʩʩʢʠʡ ʛʨʘʥʦʩʠʝʥʠʪ-
ʣʝʡʢʦʛʨʘʥʠʪʥʳʡ 640Ñ6 ʄʘ, ʧʦʨʬʠʨʦʠʜʥʳʡ ʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʳʡ 
666Ñ11 ʄʘ, ʛʥʝʡʩʦʛʨʘʥʠʪʥʳʡ 841Ñ11 ʄʘ ʠ ʛʥʝʡʩʦʚʳʡ 748Ñ8 ʄʘ. ɺ 
ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʰʥʠʝ 
ʢʘʝʤʢʠ ʮʠʨʢʦʥʦʚʳʭ ʟʝʨʝʥ ʚ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠʤʝʶʪ ʥʘʨʫ-
ʰʝʥʥʳʝ U-Pb ʨʘʚʥʦʚʝʩʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʥʠʭ ʤʦ-
ʣʦʜʳʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʙʠʣʠʝ ʪʘʢʠʭ ʢʘʝʤʦʢ 
ʧʨʠʚʦʜʠʣʦ ʥʘʰʠʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ 
ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʧʦ ʥʘʚʝʩʢʘʤ,  ʢ ʟʘʥʠʞʝʥʠʶ ʚʦʟ-
ʨʘʩʪʦʚ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ çʠʩʪʠʥʥʳʭè ʜʘʪʠʨʦʚʦʢ  ʧʦ ʥʝʜʦʩʪʘʪʦʯʥʦ 
ʜʦʩʪʦʚʝʨʥʳʤ ʜʠʩʢʦʨʜʘʥʪʥʳʤ ʤʦʜʝʣʷʤ.  

2. ɸʢʪʘʩʩʢʠʡ ʛʨʘʥʦʩʠʝʥʠʪ-ʛʨʘʥʠʪʥʳʡ ʠ ʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʳʡ 
ʢʦʤʧʣʝʢʩʳ ʠʤʝʶʪ ʙʣʠʟʢʠʝ ʚʦʟʨʘʩʪʘ ʠ ʦʜʠʥʘʢʦʚʳʡ ʩʦʩʪʘʚ ʧʝʪʨʦ-
ʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʥʠʭ ʚʦʟʤʦʞʥʦ  ʧʨʠʤʝʥʝʥʠʝ ʪʝʨʤʠʥʘ 
çʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘè. ɻʥʝʡʩʦ-ʛʨʘʥʠʪʥʳʡ ʢʦʤʧʣʝʢʩ, 
ʩʫʜʷ ʧʦ ʮʠʨʢʦʥʫ (ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʨʠʪʤʠʯʥʦ-ʟʦʥʘʣʴʥʳʝ ʟʝʨʥʘ ʠ 
ʦʪʩʫʪʩʪʚʠʝ ʚ ʷʜʝʨʥʳʭ ʟʦʥʘʭ çʦʙʣʘʯʥʳʭè ʩʪʨʫʢʪʫʨ) ʠʤʝʝʪ ʤʘʛʤʘ-
ʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ ʢʘʢ 
ʚʦʟʤʦʞʥʳʡ ʩʫʙʩʪʨʘʪ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʡ 
ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

3. ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʛʨʘʥʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʧʦʨʬʠʨʦʠʜʳ 
ʭʨʝʙʪʦʚʦʡ ʯʘʩʪʠ ʖʞʥʦʛʦ ʋʣʳʪʘʫ  ʩʣʦʞʝʥʳ ʢʠʩʣʳʤʠ ʠ ʫʣʴʪʨʘ-
ʢʠʩʣʳʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʢʘʣʠʝʚʳʤʠ ʧʦʨʦʜʘʤʠ.  ʕʪʦ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʟʨʝʣʦʩʪʠ ʢʦʨʳ ʚ ʖʞʥʦʤ ʋʣʳʪʘʫ ʚ ʧʦʟʜʥʝʤ 
ʇʨʦʪʝʨʦʟʦʝ, ʩʦʧʦʩʪʘʚʠʤʦʡ ʩ ʢʦʨʦʡ ʢʨʘʪʦʥʥʦʛʦ ʪʠʧʘ.  



4. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʝʛʠʦʥʝ ʪʘʢʠʭ ʧʨʦʪʝʨʦʟʦʡ-
ʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʘʢ ʢʘʨʩʘʢʧʘʡʩʢʘʩʷ ʩʚʠʪʘ ʤʝʪʘʙʘʟʠʪʦʚʦʛʦ ʩʦ-
ʩʪʘʚʘ ʦʬʠʦʣʠʪʦʚʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʛʥʝʡʩʦʚʘʷ ʩʚʠʪʘ  ʢʨʠʩʪʘʣ-
ʣʠʯʝʩʢʠʭ  ʩʣʘʥʮʝʚ  ʠ ʦʨʪʦʛʥʝʡʩʦʚ ʙʠʤʦʜʘʣʴʥʦʛʦ ʠʟʚʝʩʪʢʦʚʦ-
ʱʝʣʦʯʩʥʦʛʦ ʩʦʩʪʘʚʘ,  ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ  ʚ ʧʦʟʜʥʝʤ 
ʇʨʦʪʝʨʦʟʦʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ  ʚ ʩʦʩʪʘʚʝ ʢʨʘʪʦʥʘ 
(ʬʨʘʛʤʝʥʪʘ ʢʨʘʪʦʥʘ), ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʟʦʥʳ ʠ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ (ʠʣʠ 
ʘʢʪʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ). ʇʨʠʯʝʤ, ʢʘʣʠʝʚʳʝ ʛʨʘʥʠʪʦ-
ʠʜʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʥʘʪʨʦʚʳʡ ʙʠʤʦʜʘʣʴʥʳʡ ʠʟʚʝʩʪʢʦʚʦ-
ʱʝʣʦʯʥʦʡ ʢʦʤʧʣʝʢʩ , ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʩʝʡʯʘʩ ʚ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ, ʚ ʧʝʨʚʠʯʥʦʤ ʟʘʣʝʛʘʥʠʠ  ʥʘʭʦʜʠʣʠʩʴ 
ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʉ ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯ-
ʢʠ ʟʨʝʥʠʷ ʥʘʭʦʞʜʝʥʠʝ ʚʳʩʦʢʦʢʘʣʠʝʚʳʭ ʠ ʚʳʩʦʢʦʥʘʪʨʦʚʳʭ ʤʘʛʤ ʚ 
ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʠ ʚ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʤʝʩʪʝ ʥʝ ʜʦʧʫʩʢʘʝʪ ʠʥʦʡ 
ʚʝʨʩʠʠ, ʢʨʦʤʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʭ ʢ ʨʘʟʥʳʤ ʛʣʦʙʘʣʴʥʳʤ ʩʪʨʫʢʪʫ-
ʨʘʤ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʟʨʝʣʦʩʪʠ ʢʦʨʳ. ʉʦʧʨʷʞʝʥʠʝ ʠʭ ʚ ʥʘʩʪʦʷ-
ʱʝʝ ʚʨʝʤʷ ʚ ʝʜʠʥʦʡ ʩʪʨʫʢʪʫʨʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʨʜʦʚʠʢʩʢʦʡ ʘʢʢʨʝ-
ʮʠʝʡ ʠ ʜʨʝʡʬʦʤ ʦʜʥʦʡ ʠʟ ʥʠʭ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʜʨʫʛʦʡ. 

5. ʋʚʷʟʳʚʘʷ ʥʘʰ ʤʘʪʝʨʠʘʣ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʧʫʙʣʠʢʘʮʠʷ-
ʤʠ,  ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʚʳʚʦʜʳ. 

ɺ ʧʝʨʠʦʜ ʩ 850 ʠ ʧʦ 600 ʄʘ ʋʣʘʪʘʫ ʩʦʚʤʝʩʪʥʦ ʩ ʊʷʥʴ-
ʐʘʥʝʤ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʨʘʩʧʘʜʘ ʩʫʧʝʨ-
ʢʦʥʪʠʥʝʥʪʘ ʈʦʜʠʥʠʠ.  ʕʪʦʪ ʬʨʘʛʤʝʥʪ ʨʘʩʧʦʣʘʛʘʣʩʷ ʤʝʞʜʫ 30 ʠ 
45 ʛʨʘʜʫʩʘʤʠ ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʘʣʝʦʘʟʠʘʪ-
ʩʢʦʛʦ ʦʢʝʘʥʘ. ʉ ʶʛʘ ʦʥ ʙʳʣ ʦʛʨʘʥʠʯʝʥ ʩʫʙʜʫʢʮʠʦʥʥʦʡ ʟʦʥʦʡ ʠ 
ʵʥʩʠʘʣʠʯʝʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʦʡ [6] , ʢʦʪʦʨʘʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ 
ʥʘʰʠ ʜʘʥʥʳʝ, ʙʳʣʘ ʘʢʪʠʚʥʦʡ ʜʦ ʩʝʨʝʜʠʥʳ Cryogenian  ʧʝʨʠʦʜʘ 
(750 ʄʘ) ʧʦʟʜʥʝʛʦ ʇʨʦʪʝʨʦʟʦʷ. ɸʢʢʨʝʮʠʷ ʜʫʛʠ ʢ ʢʨʘʪʦʥʥʦʤʫ 
ʬʨʘʛʤʝʥʪʫ ʊʷʥʴ-ʐʘʥʴ ï ʋʣʳʪʘʫ (ʠʣʠ ʝʝ ʩʘʤʘʷ ʧʦʟʜʥʷʷ ʬʘʟʘ) 
ʠʤʝʣʘ ʤʝʩʪʦ ʚ ʩʨʝʜʥʝʤ-ʧʦʟʜʥʝʤ ʆʨʜʦʚʠʢʝ (454 ï 464 ʄʘ). ɺ 
ʧʦʟʜʥʝʤ ʆʨʜʦʚʠʢʝ ʠ ʚ ʨʘʥʥʝʤ ʉʠʣʫʨʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʪʝʨʨʠ-
ʪʦʨʠʷ ʩʦʩʪʦʷʣʘ ʠʟ ʤʘʨʛʠʥʘʣʴʥʦʛʦ ʰʝʣʴʬʘ ɼʞʫʥʛʘʨʦ-
ɹʘʣʭʘʰʩʢʦʛʦ ʦʢʝʘʥʘ ʠ ʦʨʦʛʝʥʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ, ʣʠʰʝʥʥʦʡ ʩʝʜʠ-
ʤʝʥʪʦʚ (ʥʘʰʠ ʜʘʥʥʳʝ, ʘ ʪʘʢʞʝ [7]). 
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ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʯʘʩʪʴ ʉʂɿʇ ʦʭʚʘʪʳʚʘʝʪ ʚʦʩʪʦʯʥʫʶ ʧʦ-
ʣʦʚʠʥʫ  ʂʦʢʰʝʪʘʫʩʢʦʛʦ  ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ     ʠ ʧʨʠʤʳʢʘʶʱʫʶ ʢ 
ʥʝʤʫ ʩ ʚʦʩʪʦʢʘ ʉʝʣʝʪʳ-ʉʪʝʧʥʷʢʩʢʫʶ ʦʩʪʨʦʚʦʜʫʞʥʫʶ ʩʠʩʪʝʤʫ.  
ʂʦʢʰʝʪʘʫʩʢʠʡ  ʩʨʝʜʠʥʥʳʡ ʤʘʩʩʠʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 
ʩʪʨʫʢʪʫʨʫ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʪʠʧʘ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʣʝʜʫʶʱʠʭ ʪʝʨʨʝʡ-
ʥʦʚ [1,2].  

1. ɻʥʝʡʩʦʚʳʡ ʬʫʥʜʘʤʝʥʪ ʩ ʩʝʜʠʤʝʥʪʥʳʤ ʯʝʭʣʦʤ, ʩʦʩʪʦʷ-
ʱʠʤ ʠʟ ʯʝʨʥʳʭ ʩʣʘʥʮʝʚ, ʜʦʣʦʤʠʪʦʚ ʠ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ.     ʌʦʨ-
ʤʠʨʦʚʘʥʠʝ  ʤʘʪʝʨʠʘʣʴʥʦʡ ʦʩʥʦʚʳ ʛʥʝʡʩʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʥʘʯʘ-
ʣʦʩʴ ʚ ʧʦʟʜʥʝʤ ɸʨʭʝʝ ʠ ʧʨʦʜʦʣʞʘʣʘʩʴ ʜʦ ʧʦʟʜʥʝʛʦ ʇʨʦʪʝʨʦʟʦʷ 
(T(DM) =1,5-2,7 ʤʣʨʜ. ʣʝʪ, [3]. ɺʝʣʠʯʠʥʘ ŮNd(0) ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘ-
ʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (-10 -25), ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʜʦ-
ʢʝʤʙʨʠʡʩʢʠʭ ʧʣʘʪʬʦʨʤ [4]. ʇʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʩ 
ʢʦʪʦʨʦʡ ʩʚʷʟʘʥʘ ʢʘʨʜʠʥʘʣʴʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ Sm/Nd ʩʠʩʪʝʤʳ,  
ʠʤʝʣʘ ʤʝʩʪʦ ʚ ʨʘʥʥʝʤ ʢʝʤʙʨʠʠ: 524Ñ2,5ʄʘ   [3].  ʋʨʘʥ-
ʩʚʠʥʮʦʚʳʝ ʜʘʪʠʨʦʚʢʠ ʮʠʨʢʦʥʦʚ [5]   ʚʳʷʚʠʣʠ ʦʩʥʦʚʥʦʡ ʢʣʘʩʪʝʨ 
ʪʦʯʝʢ ʥʘ ʢʦʥʢʦʨʜʠʠ ʚ ʦʙʣʘʩʪʠ 530Ñ7 ʄʘ. ʉ ʫʯʝʪʦʤ ʜʦʧʫʩʢʦʚ, ʵʪʫ 
ʮʠʬʨʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʦʚʦʟʨʘʩʪʥʦʡ ʩ ʮʠʬʨʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʦ 
ʩʘʤʘʨʠʡ-ʥʝʦʜʠʤʦʚʦʡ ʠʟʦʭʨʦʥʝ. ʅʦ, ʢʨʦʤʝ ʪʦʛʦ, ʚʳʷʚʠʣʘʩʴ ʦʙ-
ʰʠʨʥʘʷ ʧʦʧʫʣʷʮʠʷ ʜʨʝʚʥʠʭ ʨʝʣʠʢʪʦʚʳʭ ʮʠʨʢʦʥʦʚ ʩ ʚʦʟʨʘʩʪʘʤʠ  
ʦʪ 694Ñ26 ʄʘ ʜʦ 1981Ñ15 ʄʘ. ʅʦʚʝʡʰʠʝ ʜʘʪʠʨʦʚʢʠ ʛʝʦʣʦʛʦʚ ɻʀʅ 
ʈɸʅ [6,7] ʚʳʷʚʠʣʠ ʥʘ ʂʦʢʰʝʪʘʫ ʧʨʠʤʝʨʥʦ ʪʘʢʫʶ ʞʝ ʘʩʩʦʮʠʘʮʠʶ, 
ʯʪʦ ʠ ʥʘʰʠ ʜʘʪʠʨʦʚʢʠ ʥʘ ʋʣʳʪʘʫ. ʕʪʦ ï ʚʳʩʦʢʦʢʘʣʠʝʚʳʝ ʛʨʘʥʠʪʦ-
ʛʥʝʡʩʳ ʠ ʪʘʢʠʝ ʞʝ ʚʳʩʦʢʦʢʘʣʠʝʚʳʝ ʧʦʨʬʠʨʦʠʜʳ, ʢʦʪʦʨʳʝ ʩʦʚ-
ʤʝʩʪʥʦ ʜʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʧʦʟʜʥʝʤ ʧʨʦʪʝʨʦʟʦʝ  ʚʫʣ-
ʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ , ʩʢʦʨʝʝ ʚʩʝʛʦ  ʢʨʘʪʦʥʥʦʛʦ, ʪʠʧʘ. 
ɺʦʟʨʘʩʪ 1156 Ñ 4 ʤʣʥ ʣʝʪ (ʛʥʝʡʩʦʛʨʘʥʠʪʳ) ʠ 1136 Ñ 4 ʤʣʥ ʣʝʪ 
ʧʦʨʬʠʨʦʠʜʳ ʢʫʫʩʧʝʢʩʢʦʡ ʩʚʠʪʳ).   

2. ʆʩʪʨʦʚʦʜʫʞʥʳʝ ʪʝʨʨʝʡʥʳ ʩ ʦʬʠʦʣʠʪʘʤʠ ɺʝʥʜ-
ʈʘʥʥʝʢʝʤʙʨʠʡʩʢʦʛʦ ʠ ʉʨʝʜʥʝ-ʇʦʟʜʥʝʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 
ʦʢʘʡʤʣʷʶʪ ʛʥʝʡʩʦʚʳʡ ʬʫʥʜʘʤʝʥʪ ʩ ʟʘʧʘʜʘ, ʩʝʚʝʨʘ ʠ ʚʦʩʪʦʢʘ. 



3. ɺʝʩʴ ʵʪʦʪ ʩʣʦʞʥʳʡ ʘʥʩʘʤʙʣʴ ʪʝʨʨʝʡʥʦʚ ʧʨʦʨʚʘʥ ʛʨʘʥʦ-
ʜʠʦʨʠʪʦʚʳʤʠ ʠ ʛʨʘʥʠʪʥʳʤʠ  ʤʘʩʩʠʚʘʤʠ, ʩʘʤʳʡ ʜʨʝʚʥʠʡ ʚʦʟʨʘʩʪ 
ʢʦʪʦʨʳʭ [8], ʩʦʩʪʘʚʣʷʝʪ 444 ʤʣʥ. ʣʝʪ (ʆ3), ʘ ʩʘʤʳʡ ʤʦʣʦʜʦʡ ï 400 
ʤʣʥ. ʣʝʪ (D1-2). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ  ʦʧʫʙʣʠʢʦʚʘʥʥʫʶ [9] ʨʫʙʠ-
ʜʠʡ-ʩʪʨʦʥʮʠʝʚʫʶ ʠʟʦʭʨʦʥʫ ʩ ʚʦʟʨʘʩʪʦʤ 356Ñ6 ʄʘ ʧʦ ʛʨʘʥʠʪʘʤ ɼʦ-
ʥʝʮʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʥʘʰʠ ʜʘʥʥʳʝ ʦ ʚʦʟʨʘʩʪʝ ɸʣʪʳʙʘʡʩʢʦʛʦ ʤʘʩʩʠ-
ʚʘ (481Ñ5 ʄʘ, ʩʤ. ʥʠʞʝ), ʨʘʩʰʠʨʷʶʱʠʝ ʨʘʤʢʠ ʪʝʢʪʦʥʦ-
ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʂʦʢʰʝʪʘʫʩʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʨʠ ʵʪʦʤ 
ʤʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʢʦʨʳ, ʦʮʝʥʝʥʥʳʡ ʧʦ  ʛʨʘʥʠʪʦʠʜʘʤ ʆ3-D3 [10], 
çʦʤʦʣʦʜʠʣʩʷè ʥʘ ʵʪʦ ʚʨʝʤʷ ʜʦ 1-1,6 ʤʣʨʜ. ʣʝʪ ʧʨʦʪʠʚ 1,5-2.7 
ʤʣʨʜ. ʣʝʪ, ʦʮʝʥʝʥʥʳʡ ʪʦʣʴʢʦ ʧʦ ʛʥʝʡʩʦʚʦʤʫ ʬʫʥʜʘʤʝʥʪʫ. ʊʘʢʦʝ 
çʦʤʦʣʦʞʝʥʠʝè ʩʚʷʟʘʥʦ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʤʘʛʤʘʦʙʨʘʟʦʚʘʥʠʝ ʢʦʨʳ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʠʧʘ, ʨʘʟʙʘʚʣʝʥʥʦʡ ʶʚʝʥʠʣʴʥʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ 
ʢʦʨʦʡ ʧʦ ʧʨʠʥʮʠʧʫ çʘʤʘʣʛɹʘʤʘʮʠʠè.    

ʂ ʚʦʩʪʦʢʫ ʦʪ ʂʦʢʰʝʪʘʫʩʢʦʛʦ ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ ʨʘʩʧʦʣʘ-
ʛʘʝʪʩʷ ʦʙʰʠʨʥʘʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʘʷ ʧʨʦʚʠʥʮʠʷ, ʥʘʩʳʱʝʥ-
ʥʘʷ ʠʥʪʨʫʟʠʚʘʤʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʦʡ ʩʝʨʠʠ ʠ 
ʚʤʝʱʘʶʱʘʷ ʛʣʘʚʥʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʂɿʇ. ɻʝʦ-
ʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ ʝʝ ʚ ʨʘʥʥʝʤ ʧʘʣʝʦʟʦʝ ʦʧʨʝʜʝʣʷʝʪ ʩʧʝʮʠ-
ʬʠʢʘ ʩʦʩʪʘʚʘ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ. ʅʘ ʨʠʩʫʥʢʝ 
4.1 ʧʦʢʘʟʘʥʦ ʧʦʣʦʞʝʥʠʝ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ (ʦʨʜʦʚʠʢ-ʩʠʣʫʨ) ʙʘ-
ʟʘʣʴʪʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ  [11]. ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ 
ʧʨʠʥʘʜʣʝʞʠʪ ʦʩʪʨʦʚʦʜʫʞʥʳʤ ʪʦʣʝʡʠʪʘʤ ʠ ʦʩʪʨʦʚʦʜʫʞʥʳʤ ʙʘ-
ʟʘʣʴʪʘʤ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʦʡ ʩʝʨʠʠ. ʆʩʪʨʦʚʦʜʫʞʥʳʡ ʨʝʞʠʤ, ʩʫ-
ʱʝʩʪʚʦʚʘʚʰʠʡ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʘʥʥʝʤ ʇʘ-
ʣʝʦʟʦʝ, ʘʨʛʫʤʝʥʪʠʨʫʝʪʩʷ ʪʘʢʞʝ ʧʨʦʷʚʣʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦ-
ʚʘʥʥʳʭ ʙʘʟʘʣʴʪ-ʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʳʭ ʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-
ʛʨʘʥʠʪʦʠʜʥʳʭ ʩʝʨʠʡ. 

 

 



 

ʈʠʩʫʥʦʢ 4.1. ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ  
ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʙʘʟʘʣʪɹʦʚ ʉʂɿʇ (SiO2 < 52%) ʧʦ [10] . 

 
ɺ ʣʠʪʝʨʘʪʫʨʝ ʟʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʴʶ  ʜʘʥʥʦʡ ʧʨʦʚʠʥʮʠʠ ʟʘʢʨʝ-

ʧʠʣʦʩʴ ʥʘʟʚʘʥʠʝ ʉʪʝʧʥʷʢʩʢʘʷ ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ, ʘ ʟʘ ʚʦʩʪʦʯʥʦʡ ʯʘ-
ʩʪʴʶ, ʥʘʯʠʥʘʷ ʦʪ ɽʰʢʝʦʣʴʤʝʩʩʢʦʛʦ ʙʣʦʢʘ ï ʉʝʣʝʪʠʥʩʢʘʷ ʦʩʪʨʦʚ-
ʥʘʷ ʜʫʛʘ. ɼʣʷ ʢʨʘʪʢʦʩʪʠ ʠʟʣʦʞʝʥʠʷ ʚʩʶ ʪʝʨʨʠʪʦʨʠʶ ʢ ʚʦʩʪʦʢʫ ʦʪ 
ʂʦʢʰʝʪʘʫʩʢʦʛʦ ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ ʤʳ ʙʫʜʝʤ ʠʤʝʥʦʚʘʪʴ ʉʝʣʝʪʳ-
ʉʪʝʧʥʷʢʩʢʦʡ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠʩʪʝʤʦʡ (ʠʣʠ ʘʨʭʠʧʝʣʘʛʦʤ). ʋʩʪʘ-
ʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʨʘʥʥʝʤ ʧʘʣʝʦʟʦʝ ʦʥʘ  ʠ ʂʦʢʰʝʪʘʫʩʢʠʡ  ʩʨʝʜʠʥʥʳʡ 
ʤʘʩʩʠʚ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʩʥʦʚʘʥʠʝ ï ʧʨʠ-
ʩʫʪʩʪʚʠʝ  ʜʨʝʚʥʠʭ ʷʜʝʨ ʩ ʚʦʟʨʘʩʪʦʤ ʦʪ 1 ʜʦ 3,8 ʤʣʨʜ. ʣʝʪ ʚ ʟʦ-
ʥʘʣʴʥʳʭ ʮʠʨʢʦʥʘʭ ʉʪʝʧʥʷʢʩʢʦʛʦ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ [12], 
ʟʘʣʝʛʘʶʱʝʛʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʠ ʦʪ ʂʦʢʰʝʪʘʫʩʢʦʛʦ ʩʨʝ-
ʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʘʛʤʘ ʉʪʝʧʥʷʢʩʢʦʛʦ ʠʥʪʨʫ-
ʟʠʚʘ ʥʘ ʫʨʦʚʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʠ  ʜʚʠʞʝʥʠʠ ʢ ʫʨʦʚʥʶ ʩʪʘʥʦʚʣʝ-
ʥʠʷ ʜʨʝʥʠʨʦʚʘʣʘ ʠ ʘʩʩʠʤʠʣʠʨʦʚʘʣʘ ʜʨʝʚʥʠʝ ʧʦʨʦʜʳ ʂʦʢʰʝʪʘʫ-
ʩʢʦʛʦ ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ. ɼʣʷ ʪʘʢʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʠʤʝʶʪʩʷ ʩʣʝ-
ʜʫʶʱʠʝ ʦʩʥʦʚʘʥʠʷ: ʥʘ ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʉʪʝʧʥʷʢʩʢʦʛʦ ʤʘʩʩʠʚʘ 
(480 ʤʣʥ. ʣʝʪ) ʩʨʝʜʥʠʡ ʤʦʜʝʣʴʥʳʡ Sm/Nd ʚʦʟʨʘʩʪ ʢʦʨʳ ʮʝʥʪʨʘʣʴ-
ʥʦʡ ʯʘʩʪʠ ʜʫʛʠ (ʥʘ ʰʠʨʦʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʢʩʫ ʠ ɾʦʣʳʤʙʝʪ) ʧʦ 9 
ʜʘʪʠʨʦʚʢʘʤ ʩʦʩʪʘʚʣʷʣ 0.79 ʤʣʨʜ. ʣʝʪ  [13],  ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʂʦʢʰʝ-
ʪʘʫʩʢʦʛʦ ʤʘʩʩʠʚʘ ʜʠʘʧʘʟʦʥ ʢʦʣʝʙʘʥʠʡ ʤʦʜʝʣʴʥʳʭ Sm/Nd  ʚʦʟʨʘʩ-
ʪʦʚ ʥʘ ʵʪʦ ʞʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 ʜʦ 1,6 ʤʣʨʜ. ʣʝʪ [10], ʘ ʚ ʪʦʯ-
ʢʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʉʪʝʧʥʷʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ï 1,2 ʤʣʨʜ. ʣʝʪ [13]. ʇʨʠ 
ʪʘʢʦʤ ʩʭʦʜʩʪʚʝ ʤʦʜʝʣʴʥʳʭ ʚʦʟʨʘʩʪʦʚ ʉʪʝʧʥʷʢʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʠ 
ʂʦʢʰʝʪʘʫʩʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠʩʪʦʯʥʠʢʦʤ ʜʨʝʚʥʠʭ ʷʜʝʨ ʚ ʧʝʨʚʦʤ ʷʚ-
ʣʷʝʪʩʷ ʜʨʝʚʥʷʷ ʢʦʨʘ ʂʦʢʰʝʪʘʫʩʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦ ʤʥʝʥʠʶ 
ʅ.ʃ.ɼʦʙʨʝʮʦʚʘ ʠ ʜʨ. [1], ʂʦʢʰʝʪʘʫʩʢʠʡ ʩʨʝʜʠʥʥʳʡ ʤʘʩʩʠʚ ʚ ʦʨʜʦ-
ʚʠʢʝ ʙʳʣ ʚʦʚʣʝʯʝʥ ʚ ʪʨʝʥʯ ʩʫʙʜʫʢʮʠʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʧʦʜ 
ʉʪʝʧʥʷʢʩʢʫʶ ʦʩʪʨʦʚʥʫʶ ʜʫʛʫ. ɺʦʟʤʦʞʥʘ ʠ ʠʥʘʷ ʪʨʘʢʪʦʚʢʘ ʪʘʢʦʛʦ 
ʪʝʩʥʦʛʦ ʩʨʘʩʪʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʟʠʮʠʠ ʘʢʢʨʝʮʠʠ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ 
ʢ  ʰʝʣʴʬʫ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ [14], ʯʪʦ, ʦʜʥʘʢʦ, ʥʝ ʤʝʥʷʝʪ 
ʩʜʝʣʘʥʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʦʙ ʠʩʪʦʯʥʠʢʝ ʜʨʝʚʥʠʭ ʮʠʨʢʦʥʦʚ. ʇʦʜʚʦʜʷ 
ʠʪʦʛ, ʦʪʤʝʪʠʤ ʩʣʝʜʫʶʱʠʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʚ 
ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʧʦʷʚʣʝʥʠʝ ʚ ʦʨʜʦʚʠʢʝ-ʩʠʣʫʨʝ ʫʥʠ-
ʢʘʣʴʥʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʧʨʦʚʠʥʮʠʠ ʥʘ ʩʝʚʝʨʝ ʂʘʟʘʭʩʪʘʥʘ. 

1. ɺ ɸʨʭʝʝ ʠ ʇʨʦʪʝʨʦʟʦʝ ʂʦʢʰʝʪʘʫʩʢʠʡ ʩʨʝʜʠʥʥʳʡ ʤʘʩʩʠʚ 
ʷʚʣʷʣʩʷ ʯʘʩʪʴʶ ʜʨʝʚʥʝʛʦ ʱʠʪʘ. ɺ ʢʘʢʦʝ-ʪʦ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʝ 
ʚʨʝʤʷ ʦʜʠʥ ʠʟ ʦʩʢʦʣʢʦʚ ʵʪʦʛʦ ʱʠʪʘ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʂʦʢʰʝʪʘʫʩʢʠʡ 
ʩʨʝʜʠʥʥʳʡ ʤʘʩʩʠʚ ʚ ʦʩʪʨʦʚʦʜʫʞʥʦʤ ʘʨʭʠʧʝʣʘʛʝ. 



2. ɺ ʧʦʟʜʥʝʤ ʇʨʦʪʝʨʦʟʦʝ-ʂʝʤʙʨʠʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʜʥʦʢʨʘʪ-
ʥʦ ʧʨʦʷʚʣʝʥʥʳʭ ʢʦʣʣʠʟʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʘʢʢʨʝʮʠʦʥʥʦʝ ʥʘʨʘʱʠʚʘ-
ʥʠʝ  ʂʦʢʰʝʪʘʫʩʢʦʛʦ ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ ʟʘ ʩʯʝʪ ʶʚʝʥʠʣʴʥʦʡ ʢʦ-
ʨʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʚ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ ʦʩʪʨʦʚʥʳʭ ʜʫʛʘʭ.   

3. ʉʘʤʦʝ ʤʘʩʰʪʘʙʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʢʦʨʳ ʧʨʦʠʟʦʰʣʦ ʚ 
ʧʦʟʜʥʝʤ ʂʝʤʙʨʠʠ - ʆʨʜʦʚʠʢʝ, ʢʦʛʜʘ ʉʪʝʧʥʷʢ-ʉʝʣʝʪʠʥʩʢʘʷ ʦʩʪʨʦ-
ʚʦʜʫʞʥʘʷ ʩʠʩʪʝʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʛʣʦʪʠʣʘ ʠ ʂʦʢʰʝʪʘʫʩʢʠʡ ʩʨʝ-
ʜʠʥʥʳʡ ʤʘʩʩʠʚ ʠ ʜʨʫʛʠʝ ʙʣʫʞʜʘʶʱʠʝ ʦʩʢʦʣʢʠ ʜʨʝʚʥʝʛʦ ʱʠʪʘ. 

4. ʉʣʝʜʩʪʚʠʝʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʙʳʪʠʡ ʷʚʠʣʘʩʴ, ʚʦ-
ʧʝʨʚʳʭ, ʘʤʘʣʴʛʘʤʘʮʠʷ ʜʨʝʚʥʝʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʩʨʝʜʠʥ-
ʥʦʛʦ ʤʘʩʩʠʚʘ ʤʘʥʪʠʡʥʳʤʠ ʤʘʛʤʘʤʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʧʦʷʚʣʝʥʠʝ ʢ 
ʚʦʩʪʦʢʫ ʦʪ ʥʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʶʚʝʥʠʣʴʥʦʡ ʢʦʨʳ. ʀʤʝʥ-
ʥʦ ʩ ʵʪʠʤʠ ʷʚʣʝʥʠ̫ ʤʠ ʩʚʷʟʘʥʦ ʧʨʦʷʚʣʝʥʠʝ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 
ʪʝʨʨʠʪʦʨʠʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʠ 
ʦʬʦʨʤʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ  
ʟʦʣʦʪʦʨʫʜʥʦʡ ʧʨʦʚʠʥʮʠʠ.    

 
ɿʆʃʆʊʆʈʋɼʅʓɽ ʋʈʆɺʅʀ 
4.1 ʂʚʘʨʮʠʠʪʦʛʦʨʩʢʠʡ ʢʦʣʯʝʜʘʥʥʦ-ʟʦʣʦʪʦʨʫʜʥʳʡ 
ʫʨʦʚʝʥʴ (ʩʨʝʜʥʠʡ ʂʝʤʙʨʠʡ?).  

 

ɼʘʥʥʳʡ ʫʨʦʚʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʠʤʝʥʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠ-
ʝʤ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤʠ ɹʨʫʩʠʣʦʚʩʢʠʤ, ɹʦʣʦʪʥʳʤ, ɹʦʣʴʰʘʷ ɻʨʠʚʘ 
ʠ ʜʨ.    

ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʝ ʩʨʝʜʥʝʝ ʧʦ ʟʘʧʘʩʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ʠʩʪʦ-
ʨʠʯʝʩʢʠʝ ʟʘʧʘʩʳ 51 ʪʦʥʥʘ ʟʦʣʦʪʘ) ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ 
ʬʣʘʥʛʝ ʨʫʜʥʦʛʦ ʧʦʣʷ ɸʢʩʫ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʙʣʦʢʝ ʚ ʦʢʨʫʞʝʥʠʠ ʧʦ-
ʨʦʜ ʘʢʩʫʡʩʢʦʡ ʩʚʠʪʳ. ɺ 80-ʝ ʛʦʜʳ ʧʨʠ ʜʝʪʘʣʴʥʦʡ ʨʘʟʚʝʜʢʝ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ ɸʢʩʫʡʩʢʦʡ ʧʘʨʪʠʝʡ (ʌʠʣʠʧʴʝʚ ʠ ʜʨ., 1972-1986ʬ) ʚ ʩʦ-
ʩʪʘʚʝ ʘʢʩʫʡʩʢʦʡ ʩʚʠʪʳ ʚʳʜʝʣʷʣʠʩʴ ʪʨʠ ʪʦʣʱʠ (ʨʠʩ.4.2), ʘ ʚʦʟʨʘʩʪ 
ʝʝ ú2-3 ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʬʘʫʥʝ ʚʦ ʬʪʘʥʠʪʘʭ ʨʫʜʦʥʦʩʥʦʡ ʧʨʦʜʫʢʪʠʚ-
ʥʦʡ ʪʦʣɦ ʠ (ʨʘʜʠʦʣʷʨʠʠ Polyantactinia, Entactinia, Heioentactinia, 
ʩʧʠʢʫʣʳ ʛʫʙʦʢ ʦʪʨʷʜʘ Triaxonida, ʠ ʚʦʜʦʨʘʩʣʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ), 
ʦʙʥʘʨʫʞʝʥʥʳʝ ʛʝʦʣʦʛʘʤʠ ʄɻʋ (ʉʧʠʨʠʜʦʥʦʚ ʠ ʜʨ,. 1983ʬ) ʠ ʦʧʠ-
ʩʘʥʥʳʝ ɹ.ʅʘʟʘʨʦʚʳʤ ʢʘʢ ú2(?).  ɺ 90-ʭ ʛʦʜʘʭ ʇ.ʀʚʰʠʥʳʤ ʚ ʠʟʚʝʩʪ-
ʥʷʢʘʭ  ʠʟ ʥʠʞʥʝʡ ʧʦʜʩʚʠʪʳ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʘʢʩʫʡʩʢʦʡ 
ʩʚʠʪʳ ʧʦ ʩʙʦʨʘʤ ʬʘʫʥʳ ʛʝʦʣʦʛʘʤʠ ʄɻʋ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʫʜʥʦʛʦ 
ʧʦʣʷ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʦʣʝʥʪʠʥʩʢʠʡ  ʛʦʨʠʟʦʥʪ  ʧʦʟʜʥʝʛʦ ʪʨʝʤʘʜʦʢʘ 
ʆ1. ɽʱʝ ʨʘʥʝʝ ʨʘʙʦʪʘʤʠ ʫʯʝʥʳʭ ʄɻʋ  ʚ 80-ʭ ʛʦʜʘʭ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, 
ʯʪʦ ʨʫʜʦʚʤʝʱʘʶʱʘʷ ʪʦʣʱʘ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʚʳʜʝʣʷʝʪʩʷ ʠʟ ʩʦʩʪʘʚʘ ʘʢʩʫʡʩʢʦʡ ʩʚʠʪʳ ʠ  ʯʪʦ ʪʘʢʦʡ ʪʦʣʱʠ ʥʝʪ ʚ 



ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʭ ʨʘʟʨʝʟʘʭ.  ʅʘ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 
ʵʪʘ ʪʦʣʱʘ ʥʝ ʠʤʝʝʪ  ʥʦʨʤʘʣʴʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʠ 
ʧʦʚʩʝʤʝʩʪʥʦ ʦʪʜʝʣʝʥʘ ʦʪ ʧʦʨʦʜ  ʘʢʩʫʡʩʢʦʡ ʩʚʠʪʳ ʨʘʟʣʦʤʘʤʠ 
(ʨʠʩ.4.3 ). ʊʦʛʜʘ ʵʪʦʡ ʪʦʣʱʝ ʙʳʣ ʧʨʠʩʚʦʝʥ ʩʪʘʪʫʩ ʩʘʤʦʩʪʦʷʪʝʣʴ-
ʥʦʡ ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ. ʆʬʠʮʠʘʣʴʥʘʷ ʚʝʨʩʠʷ ʚʦʟʨʘʩʪʘ ʘʢʩʫʡ-
ʩʢʦʡ ʩʚʠʪʳ, ʧʨʠʥʷʪʘʷ ʛʝʦʣʦʛʘʤʠ ʫʧʨʘʚʣʷʶʱʝʡ ʢʦʤʧʘʥʠʠ ʆɸʆ 
çʄɻʂ ʂʘʟʘʭʘʣʪʳʥè -  ʨʘʥʥʠʡ ʆʨʜʦʚʠʢ. ɺʤʝʩʪʝ ʩ ʵʪʠʤ, ʧʦʷʚʠʣʦʩʴ 
ʯʝʪʳʨʝ ʧʘʨʘʜʦʢʩʘ: 1) ʪʦʣʱʘ, ʚ ʢʦʪʦʨʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʘ 
ʦʧʨʝʜʝʣʝʥʘ ʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʘʷ (?) ʬʘʫʥʘ ʠ ʢʦʪʦʨʦʡ ʙʳʣ ʧʨʠʩʚʦ-
ʝʥ ʩʪʘʪʫʩ ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ, ʚʦʰʣʘ ʚ ʩʦʩʪʘʚ ʨʘʥʥʝʦʨʜʦʚʠʢ-
ʩʢʦʡ ʘʢʩʫʡʩʢʦʡ ʩʚʠʪʳ; 2) ʪʘʢʘʷ ʪʦʣʱʘ ʠʟʚʝʩʪʥʘ ʪʦʣʴʢʦ ʥʘ ʂʚʘʨʮʠ-
ʪʦʛʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʝʝ ʥʝʪ ʚʦ ʬʨʘʛʤʝʥʪʘʭ, ʠʟ ʢʦʪʦʨʳʭ ʩʦ-
ʩʪʘʚʣʝʥ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʘʢʩʫʡʩʢʦʡ ʩʚʠʪʳ; 3) ʥʘ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʠ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʷʤʳʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʚʟʘʠʤʦʦʪʥʦ-
ʰʝʥʠʷ ʘʢʩʫʡʩʢʦʡ ʩʚʠʪʳ ʩ ʢʚʘʨʮʪʦʛʦʨʩʢʦʡ, ʢʦʪʦʨʘʷ, ʧʦ ʫʪʚʝʨʞʜʝ-
ʥʠʶ ʕ.ʉʧʠʨʠʜʦʥʦʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʙʣʦʢʘ-
ʤʠ ʠ ʢʣʠʥʴʷʤʠ (ʨʠʩ.4.3); 4) ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʚʘʨʮʠʪʦʛʦʨ-
ʩʢʦʡ ʩʚʠʪʳ, ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʥʳʡ ʕ.ʄ.ʉʧʠʨʠʜʦʥʦʚʳʤ ʠ ʝʛʦ ʢʦʣʣʝ-
ʛʘʤʠ, ʧʦʢʘʟʳʚʘʝʪ ʨʝʟʢʦʝ ʨʘʟʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝ-
ʨʠʘʣʘ ʚ ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʠ ʘʢʩʫʡʩʢʦʡ ʩʚʠʪʘʭ. 

 

 
 



ʈʠʩʫʥʦʢ 4.2.  ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ  
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʚʘʨʮʠʪʦʚʳʝ ɻʦʨʢʠ.  

 

ɿʘ ʦʩʥʦʚʫ ʚʟʷʪʘ ʢʘʨʪʘ ʄ.ʇ.ʌʠʣʠʧʴʝʚʘ, 1986, ʤ-ʙʘ 1:2000.  
1-ʧʦʟʜʥʠʡ ʆʨʜʦʚʠʢ (?): ʧʝʩʯʘʥʠʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʘʣʝʚʨʦʣʠʪʳ ʚ  
ʬʣʠʰʦʠʜʥʦʤ ʧʝʨʝʩʣʘʠʚʘʥʠʠ; 2-4 ï ʩʨʝʜʥʠʡ-ʧʦʟʜʥʠʡ ʂʝʤʙʨʠʡ,  

ʘʢʩʫʡʩʢʘʷ ʩʚʠʪʘ: 2-ʥʘʜʠʥʪʨʫʟʠʚʥʘʷ ʪʦʣʱʘ: ʨʘʟʥʦʦʙʨʘʟʥʳʝ (ʦʪ ʛʨʫʙʦʦʙʣʦ-
ʤʦʯʥʳʭ ʜʦ ʧʝʧʣʦʚʳʭ) ʪʫʬʳ ʙʘʟʘʣʴʪʦʚʦʛʦ, ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʦʛʦ,  
ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʨʝʞʝ ʜʘʮʠʪʦʚʳʝ ʪʫʬʬʠʪʳ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ, 

 ʪʫʬʦʘʣʝʚʨʦʣʠʪʳ; 3- ʧʨʦʜʫʢʪʠʚʥʘʷ ʪʦʣʱʘ: ʫʛʣʝʨʦʜʠʩʪʳʝ ʢʨʝʤʥʠʩʪʳʝ ʠ ʛʣʠ-
ʥʠʩʪʳʝ ʘʣʝʚʨʦʣʠʪʳ,  ʫʛʣʝʨʦʜʠʩʪʳʝ ʬʪʘʥʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʫʛʣʝʨʦʜʠʩʪʳʝ ʠʟ-
ʚʝʩʪʥʢ̫ʠ, ʩʧʦʥʛʦʣʠʪʳ, ʷʰʤʦʠʜʳ, ʢʚʘʨʮʠʪʳ; 4- ʥʠʞʥʷʷ ʧʦʜʨʫʜʥʘʷ ʪʦʣʱʘ: 
ʨʘʟʥʦʦʙʣʦʤʦʯʥʳʝ ʪʫʬʳ ʙʘʟʘʣʴʪʦʚʦʛʦ ʠ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, 
ʘʥʜʝʟʠʪʦʚʳʝ ʠ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ, ʩʤʝʰʘʥʥʳʝ ʪʫʬʳ, ʪʝʬ-
ʨʦʠʜʳ, ʪʫʬʬʠʪʳ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ; 5- ʨʫʜʥʳʝ ʪʝʣʘ ʠ ʠʭ ʥʦʤʝʨʘ; 6- ʨʘʟʣʦʤʳ; 

7- ʢʘʨʴʝʨʳ. 

 
 



ʈʠʩʫʥʦʢ 4.3. ʈʘʟʤʝʱʝʥʠʝ ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ  
ʩʨʝʜʥʝʛʦ ʂʝʤʙʨʠʷ (?) ʠ ʝʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ  
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.   
ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʘʯʝʢ ʧʨʠʚʝʜʝʥ ʚ ʪʝʢʩʪʝ. 

 
ɺ ʩʦʩʪʘʚʝ ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ ʕ. ʉʧʠʨʠʜʦʥʦʚʳʤ ʚʝʜʝʥʦ 

ʯʝʪʳʨʝ ʧʘʯʢʠ (cʥʠʟʫ ʚʚʝʨʭ): a, b, c, d.   
ʇʝʨʚʘʷ ʧʘʯʢʘ ú2(?)ʘ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʢʨʝʤʥʠʩʪʳʡ ʩʦʩʪʘʚ 

ʠ ʤʦʱʥʦʩʪʴ ʦʢʦʣʦ (ʠʣʠ ʙʦʣʝʝ) 90ʤ. ʉʦʩʪʦʠʪ ʠʟ ʪʦʥʢʦʛʦ ʧʝʨʝʩʣʘʠ-
ʚʘʥʠʷ ʬʪʘʥʠʪʦʚ, ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, ʪʫʬʦʚ ʤʝʣʘʙʘʟʘʣʴʪʦʚ, ʪʫʬʦʚ 
ʜʘʮʠʪʦʚ, ʧʠʨʠʪ-ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʤʦʣʠʙ-
ʜʝʥʦʤ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʜʠʤʠʢʩʪʠʪʳ ʠ ʧʠʨʠʪ-ʫʛʣʠʩʪʦ-
ʢʨʝʤʥʠʩʪʳʝ ʘʣʝʚʨʦʣʠʪʳ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ ʬʪʘʥʠ-
ʪʦʚ-ʨʘʜʠʦʣʷʨʠʪʦʚ-ʩʧʦʥʛʦʣʠʪʦʚ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʠʨʠ-
ʪʠʪʦʚ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʭʨʦʤʠʪʘ, ʪʫʬʦʚ ʭʨʦʤʜʠʦʧʩʠ-
ʜʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʠ ʧʠʢʨʠʪʦʚ (ʠʩʪʦʯʥʠʢ ʭʨʦʤʠʪʘ), ʨʝʞʝ, ʪʫʬʦʚ ʜʘ-
ʮʠʪʦʚ. ʇʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʪʝʬʨʦʠʜʳ ʩʤʝʰʘʥʥʦʛʦ ʩʦ-
ʩʪʘʚʘ, ʣʠʜʠʪʳ ʠ ʪʫʬʳ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʄʦʱʥʦʩʪʴ ʦʢʦʣʦ (ʠʣʠ 
ʙʦʣʝʝ) 90ʤ.   

¶ ɺʪʦʨʘʷ ʧʘʯʢʘ ú2(?)b, ʧʦʩʪʝʧʝʥʥʦ ʥʘʜʩʪʨʘʠʚʘʶʱʘʷ 
ʧʝʨʚʫʶ, ʩʣʦʞʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʤʠ ʞʝ ʧʦʨʦʜʘʤʠ, ʯʪʦ ʠ 
ʧʘʯʢʘ ʘ. ʆʪʣʠʯʠʝ ï ʰʠʨʦʢʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʨʠʪʤʠʯʥʦ-ʩʣʦʠʩʪʳʭ 
ʬʪʘʥʠʪ-ʧʠʨʠʪʠʪʦʚ, ʧʦʚʳʰʝʥʥʦʝ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʠʜʨʦʪʝʨ-
ʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʩʬʝʨʦʣʠʪʦʚʦʛʦ ʧʠʨʠʪʘ (ʜʦ 15% ʦʙʲʝʤʘ ʧʨʦ-
ʪʠʚ 3-5% ʚ ʧʘʯʢʝ a), ʥʘʣʠʯʠʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʟʦʣʦʪʦ-ʢʦʣʯʝʜʘʥʥʦʡ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ  ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝ-
ʨʠʘʣʘ.   

¶ ʊʨʝʪʴʷ ʧʘʯʢʘ ú2(?)ʩ (ʥʘʜʨʫʜʥʘʷ) ʩʣʦʞʝʥʘ ʨʘʟʥʦʦʙʨʘʟʥʳ-
ʤʠ ʪʝʨʨʠʛʝʥʥʦ-ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ, ʠʟʚʝʩʪʥʷʢʘʤʠ, ʤʝ-
ʩʪʘʤʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʫʬʦʚʦʛʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʠʣʠ 
ʜʘʮʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʪʘʢʞʝ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʠʣʠ ʢʨʝʤʥʠʩʪʦʛʦ 
ʚʝʱʝʩʪʚʘ ʠ ʧʠʨʠʪʘ. ʇʨʝʦʙʣʘʜʘʶʱʠʡ ʦʢʨʘʩ ʧʦʨʦʜ ʩʝʨʳʡ, ʟʝʣʝ-
ʥʦʚʘʪʦ- ʠ ʞʝʣʪʦ-ʩʝʨʳʡ, ʯʝʨʥʳʡ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ 
ʧʘʯʢʘʤʠ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʧʦʷʚʣʝʥʠʶ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʩʣʦʝʚ ʠ 
ʣʠʥʟ ʠʟʚʝʩʪʥʷʢʦʚ, ʧʝʩʯʘʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʠʟʚʝʩʪʢʦʚʠʩʪʦ-
ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ. 

¶ ʏʝʪʚʝʨʪʘʷ ʧʘʯʢʘ ú2(?)d ʩʣʦʞʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʥ-
ʢʦʩʣʦʠʩʪʳʤʠ ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʪʫʬʦʘʣʝʚʨʦʣʠʪʘʤʠ, 
ʘʣʝʚʨʦʧʝʩʯʘʥʠʢʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʧʘʯʢʘʤʠ 3 ʠ 4 
ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʤʘʩʩʦʚʦʤʫ ʧʦʷʚʣʝʥʠʶ ʚ 4 ʧʘʯʢʝ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʠ 
ʧʝʩʪʨʦʮʚʝʪʥʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʪʫʬʦʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʦʯʪʠ ʧʦʣʥʦʤʫ 
ʠʩʯʝʟʥʦʚʝʥʠʶ ʠʟʚʝʩʪʥʷʢʦʚ. ɼʘʥʥʘʷ ʧʘʯʢʘ ʥʝ ʠʤʝʝʪ ʚʠʜʠʤʳʭ ʧʨʠ-



ʟʥʘʢʦʚ ʩʚʷʟʠ ʩ ʟʦʣʦʪʦ-ʢʦʣʯʝʜʘʥʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ, ʣʦʢʘʣʠʟʦʚʘʥ-
ʥʳʤ ʚ ʦʩʥʦʚʥʦʤ, ʚʦ ʚʪʦʨʦʡ ʧʘʯʢʝ, ʧʦʪɻʦʤʫ ʥʘ ʨʠʩʫʥʢʝ 3 ʦʥʘ ʥʝ 
ʧʦʢʘʟʘʥʘ. 

¶ ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ. ʂʦʤʤʝʨʯʝʩʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʢʨʠʧʪʦʟʝʨʥʠʩʪʳʤʠ ʦʨʫʜʝʥʝʣʳʤʠ ʬʪʘ-
ʥʠʪʘʤʠ. ʆʥʠ ʯʘʩʪʦ ʠʩʧʝʱʨʝʥʳ ʤʘʣʦʤʦʱʥʳʤʠ, ʚ ʦʩʥʦʚʥʦʤ, ʤʠʢʨʦ-
ʩʧʠʯʝʩʢʠʤʠ ʧʨʦʞʠʣʢʘʤʠ ʩʚʝʪʣʦʛʦ ʢʚʘʨʮʘ ʘʣʴʧʠʡʩʢʦʛʦ ʪʠʧʘ ï ʢʘʨ-
ʪʠʥʘ ʚ ʦʙɦ ʝʤ-ʪʦ ʪʠʧʠʯʥʘʷ ʜʣʷ ʬʪʘʥʠʪʦʚ, ʷʰʤ, ʷʰʤʦ-ʢʚʘʨʮʠʪʦʚ ʠ 
ʜʨʫʛʠʭ ʚʳʩʦʢʦʢʨʝʤʥʠʩʪʳʭ ʨʫʜʥʳʭ ʬʨʤʘʮʠʡ, ʥʘʧʨʠʤʝʨ,  ʞʝʣʝʟʠ-
ʩʪʳʭ ʜʞʝʩʧʠʣʠʪʦʚ, ʛʝʤʘʪʠʪ-ʙʨʘʫʥʠʪ-ʷʰʤʦʚʳʭ ʨʫʜ. ʆʜʥʘʢʦ, ʚ 
ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʵʪʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ 
ʧʨʠʨʦʜʥʦʝ ʷʚʣʝʥʠʝ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʧʨʠʟʥʘʥʠʷ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ ʵʥʜʦʛʝʥʥʳʤ ʰʪʦʢʚʝʨʢʦʚʳʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʙʝʨʝʟʠʪʠʟʘʮʠʠ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʳʢʢʫʜʫʢ-
ʩʢʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʆ3. ɼʦʢʘʟʘʪʝʣʴʩʪʚ ʧʨʷʤʦʡ ʛʝʥʝʪʠ-
ʯʝʩʢʦʡ ʩʚʷʟʠ ʩ ʜʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʥʝ ʙʳʣʦ, ʥʦ, ʧʦʩʢʦʣʴʢʫ ʭʨʦʤʠ-
ʩʪʳʝ ʩʝʨʠʮʠʪʳ ʠʟ ʦʨʫʜʝʥʝʣʳʭ ʙʝʨʝʟʠʪʦʚ ʠ ʣʠʩʪʚʝʥʠʪʦʚ ʧʦʢʘʟʳ-
ʚʘʣʠ ʢʘʣʠʡ-ʘʨʛʦʥʦʚʳʡ ʚʦʟʨʘʩʪ 450 ʠ 459 ʤʣʥ. ʣʝʪ, ʪʦ ʩʚʷʟʴ ʙʳʣʘ 
ʦʙʲʷʚʣʝʥʘ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʡ (ʉʧʠʨʠʜʦʥʦʚ ʠ ʜʨ,. 1983ʬ). ɺ ʵʪʦʤ 
ʩʣʫʯʘʝ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʠʟʦʪʦʧʥʳʝ ʜʘʪʠʨʦʚʢʠ 760, 615, 540, 480, 
360 ʤʣʥ. ʣʝʪ, ʧʦʣʫʯʝʥʥʳʝ [15] ʧʦ ʛʘʣʝʥʠʪʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀ 
ʩʝʨʠʮʠʪʦʚʳʝ ʠ ʛʘʣʝʥʠʪʦʚʳʝ ʜʘʪʠʨʦʚʢʠ ʥʝ ʚʥʦʩʷʪ ʷʩʥʦʩʪʴ ʚ ʚʦʧʨʦʩ 
ʠ , ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʪʨʘʞʘʶʪ ʢʘʢʠʝ-ʪʦ ʧʦʧʫʪʥʳʝ ʵʧʠʟʦʜʳ ʚ ʜʣʠʪʝʣʴ-
ʥʦʡ ʵʚʦʣʶʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

¶ ʂʦʤʤʝʨʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʶ 
ʚʪʦʨʫʶ ʧʘʯʢʫ (b) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʥʠʞʥʶʶ ʯʘʩʪʴ ʪʨʝʪʴʝʡ ʧʘʯʢʠ 
(c). ɹʘʣʘʥʩʦʚʳʝ ʨʫʜʳ ʧʦ ʢʦʥʜʠʮʠʷʤ 1986 ʛʦʜʘ ʠʤʝʣʠ ʥʠʞʥʠʡ 
ʫʨʦʚʝʥʴ ʧʨʦʤʳʰʣʝʥʥʦ ʟʥʘʯʠʤʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ 4,9 ʛ/ʪ. ʇʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʟʦʣʦʪʦ ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ ʠʤʝʶʪ 
ʣʠʥʝʡʥʦʝ (ʩʣʦʝʚʦʝ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʩʫʙʩʦ-
ʛʣʘʩʥʦ ʩ ʧʦʯʚʦʡ ʠ ʢʨʦʚʣʝʡ ʨʫʜʥʦʛʦ ʪʝʣʘ. ʆʙʦʛʘʱʝʥʥʳʝ ʟʦʣʦʪʦʤ 
ʩʣʦʠ ʧʝʨʝʤʝʞʘʶʪʩʷ ʩ ʙʝʜʥʳʤʠ ʠ ʫʙʦʛʠʤʠ ʩʣʦʷʤʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 
ʟʦʣʦʪʘ ʚʧʣʦʪʴ ʜʦ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʛ/ʪ. ʈʠʩʫʥʦʢ 4.4, ʧʦʩʪʨʦʝʥʥʳʡ ʧʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʙʦʨʦʟʜʦʚʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʨʫʜ-
ʥʳʭ ʪʝʣ, ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʳʚʘʝʪ ʣʠʥʝʡʥʫʶ ʜʠʩʢʨʝʪʥʦʩʪʴ ʚ ʨʘʩʧʨʝ-
ʜʝʣʝʥʠʠ ʟʦʣʦʪʘ, ʚ ʮʝʣʦʤ, ʩʦʛʣʘʩʥʫʶ ʩ ʧʦʯʚʦʡ ʠ ʥʘʧʣʘʩʪʦʚʘʥʠʝʤ 
ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʨʫʜʥʳʭ 
ʪʝʣ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʭʦʨʦʰʦ ʚʠʜʥʳ ʥʘ ʫʯʘʩʪʢʘʭ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ, ʛʜʝ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʭʨʘʥʠʣʘʩʴ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʛʝʦʣʦ-
ʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʶʞʥʦʤ ʬʣʘʥʛʝ ʨʫʜʥʦʛʦ ʪʝʣʘ 
ˉ 1 (ʨʠʩ. 4.5 ). ʅʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʝʥʘ 



ʪʝʢʪʦʥʠʢʦʡ, ʥʘʧʨʠʤʝʨ, ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʛʦ ʬʣʘʥʛʘ ʤʝʩʪʦʨʦʞ-
ʜʝʥʠʷ. ʆʜʥʘʢʦ, ʫʩʪʦʡʯʠʚʳʡ ʢʦʥʪʨʦʣʴ ʦʨʫʜʝʥʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʠ-
ʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʯʝʨʥʳʭ ʛʨʘʬʠʪʠʩʪʳʭ ʧʦʨʦʜ, ʨʘʟʚʠʪʳʭ ʚ ʧʘʯʢʝ b, 
ʦʪʤʝʯʘʣʩʷ ʨʘʟʚʝʜʢʦʡ ʧʦʚʩʝʤʝʩʪʥʦ. ʈʫʜʦʡ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʠ-
ʟʦʚʘʥʥʳʝ ʧʦʣʫʧʨʦʟʨʘʯʥʳʝ ʩʝʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ ʜʦ ʯʝʨʥʳʭ ʬʪʘ-
ʥʠʪʳ ʩ ʧʨʦʩʣʦʷʤʠ ʧʠʨʠʪʠʪʦʚ, ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʭ ʠ ʢʚʘʨʮ-
ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʦʚʳʭ ʩʣʘʥʮʝʚ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʧʦ ʪʫʬʬʠʪʘʤ. 
ʈʫʜʥrʝ ʪʝʣʘ ʧʦʜʩʪʠʣʘʶʪʩʷ ʛʦʨʠʟʦʥʪʦʤ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʯʝʨ-
ʥʳʭ ʛʨʘʬʠʪʠʩʪʳʭ ʧʦʨʦʜ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʶʪʩʷ ʢʘʢ ʙʣʝ-
ʩʪʷʱʠʝ ʪʦʥʢʦʧʣʦʡʯʘʪʳʝ ʛʨʘʬʠʪʠʩʪʳʝ ʩʣʘʥʮʳ, ʪʘʢ ʠ ʤʘʩʩʠʚʥʳʝ 
ʩʣʦʠ ʢʨʝʤʥʠʩʪʦ-ʛʨʘʬʠʪʦʚʳʭ ʧʦʨʦʜ. ʉʦʛʣʘʩʥʦ ʥʘʰʠʤ ʥʘʙʣʶʜʝ-
ʥʠʷʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘʯʠʥʘʣʦʩʴ ʤʘʩʩʦ-
ʚʳʤ ʚʳʧʘʜʝʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʤʳʰʴʷʢʦʚʠʩʪʦʛʦ 
ʧʠʨʠʪʘ, ʩ ʢʦʪʦʨʳʤ ʘʩʩʦʮʠʠʨʦʚʘʣʠ ʚ ʤʝʥʴʰʠʭ ʦʙʲʝʤʘʭ ʭʨʦʤʠʪ ʠ 
ʘʨʩʝʥʦʧʠʨʠʪ. ʆʥʘ ʧʨʦʠʩʭʦʜʠʣʘ ʥʘ ʬʦʥʝ ʛʣʠʥʠʩʪʦʛʦ ʠ ʭʝʤʦʛʝʥʥʦ-
ʢʨʝʤʥʠʩʪʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ, ʢʦʪʦʨʳʝ ʧʝʨʠʦʜʠʯʝʩʢʠ ʜʦʧʦʣʥʷ-
ʣʠʩɹ ʩʘʜʢʦʡ ʛʨʘʬʠʪʘ (ʦ ʢʦʪʦʨʦʤ ʥʠʞʝ). ʋʞʝ ʥʘʯʘʣʴʥʘʷ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʧʠʨʠʪʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʝʩʣʘ ʚ ʩʝʙʝ ʩʣʝʜʳ ʙʫʜʫʱʝʛʦ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʚʠʜʝ ʤʠʢ-
ʨʦʚʢʣʶʯʝʥʠʡ ʟʦʣʦʪʘ, ʙʣʝʢʣʳʭ ʨʫʜ, ʙʦʨʥʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ ʚ ʤʝʪʘ-
ʩʪʘʙʠʣʴʥʦʤ ʩʬʝʨʦʣʠʪʦʚʦʤ ʧʠʨʠʪʝ, ʢʦʪʦʨʳʡ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ 
ʟʘʢʘʣʦʯʥʦʤ ʨʝʞʠʤʝ. ʇʨʠʩʫʪʩʪʚʠʝ ʤʠʢʨʦʚʢʣʶʯʝʥʠʡ ʨʪʫʪʠʩʪʦʛʦ 
ʟʦʣʦʪʘ ʚ ʩʬʝʨʦʣʠʪʦʚʦʤ ʧʠʨʠʪʝ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠ 
ʕ.ʉʧʠʨʠʜʦʥʦʚʳʤ (1983ʬ. 1986ʬ). ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʩʧʣʝʩʢ ʧʠ-
ʨʠʪʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠʤʝʣ ʤʝʩʪʦ ʚʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʘʯ-
ʢʠ b, ʚ ʢʦʪʦʨʦʡ ʩʦʜʝʨʞʘʥʠʝ ʩʬʝʨʦʣʠʪʦʚʦʛʦ ʧʠʨʠʪʘ ʜʦʩʪʠʛʘʣʦ 
15% ʧʨʦʪʠʚ 3-5% ʚ ʧʘʯʢʝ a. ʉ ʵʪʠʤ ʞʝ ʷʚʣʝʥʠʝʤ ʤʳ ʩʚʷʟʳʚʘʝʤ 
ʧʦʷʚʣʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, 
ʪ.ʝ., ʨʝʟʢʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ 
ʛʣʫʙʠʥʥʦʛʦ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʬʣʶʠʜʘ. 

¶ ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʣʘʚʥʳʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʨʫʜʥʳʭ 
ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥ 
ʕ.ʄ.ʉʧʠʨʠʜʦʥʦʚʳʤ ʚ 80-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ʀʤ ʚʳʜʝʣʝ-
ʥʦ ʯʝʪʳʨʝ ʘʩʩʦʮʠʘʮʠʠ: ʨʘʥʥʷʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ï ʨʘʥʥʷʷ 
ʧʨʦʜʫʢʪʠʚʥʘʷ (ʟʦʣʦʪʦ) ï ʧʦʟʜʥʷʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ï ʧʦʟʜʥʷʷ 
ʧʨʦʜʫʢʪʠʚʥʘʷ (ʟʦʣʦʪʦ). ʆʩʦʙʝʥʥʦʩʪʴʶ ʧʦʩʣʝʜʥʝʡ ʘʩʩʦʮʠʘʮʠʠ 
ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦʝ ʫʯʘʩʪʠʝ ʨʪʫʪʠ ʚ ʩʦʩʪʘʚʝ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ, 
ʘʥʪʠʤʦʥʠʪʘ ʠ ʪʝʪʨʘʵʜʨʠʪʘ. ʉʦʩʪʘʚ ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʧʘʨʘʛʝʥʝʟʠ-
ʩʦʚ ʠ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʝ ʷʚʣʷʶʪʩʷ ʨʫʢʦʚʦʜʷ-
ʱʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʛʝʥʝʟʠʩʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʘʢ 
ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ,  ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʟʦʣʦʪʦ-



ʩʦʜʝʨʞʘʱʠʝ ʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʦʙʠʣʴʥʳʤ ʦʧʘ-
ʣʦʤ ʥʝ ʷʚʣʷʶʪʩʷ ʢʘʢʦʡ-ʪʦ ʵʢʟʦʪʠʢʦʡ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʬʦʨʤʠ-
ʨʫʶʱʠʭʩʷ ʥʘ ʦʢʝʘʥʠʯʝʩʢʦʤ ʜʥʝ ʠʟ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʛʦ ʬʣʶʠʜʘ. 
ʇʦ  ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʨʫʜʳ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʝʨʝʙʨʷʥʳʤʠ. ʄʝʪʘʣʥɹʳʡ ʙʘʣʘʥʩ ʨʫʜ 
ʧʦʩʣʝʜʥʝʛʦ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ, ʫʪʚʝʨʞʜʝʥʥʦʛʦ  ɻʂɿ ʉʉʉʈ ʚ 1986 
ʛʦʜʫ  ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ 100% ʪʘʢʦʡ: ʩʝʨʝʙʨʦ 49%, ʟʦʣʦʪʦ 24%, 
ʨʪʫʪʴ 27% . 

¶  

¶ ʆʙʦʩʥʦʚʘʥʠʝ ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʛʝʥʝʟʠʩʘ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʷ.  

¶ ɸʨʛʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʤ ʩʯʠʪʘʪʴ ʂʚʘʨʮʠʪʦ-
ʛʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʝʣʝʪʝʨʤʘʣʴʥʳʤ (ʩʪʨʘʪʠʬʦʨʤʥʳʤ), ʷʚ-
ʣʷʶʪʩʷ ʩʣʝʜʫʶɦ ʠʝ. 

1. ʆʨʫʜʝʥʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʧʨʦʜʫʢʪʠʚʥʦʡ ʧʘʯʢʝ b ʢʚʘʨʮʠ-
ʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ. ɿʘ ʚʩʶ ʠʩʪʦʨʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʤʦʤʝʥʪʘ ʦʪ-
ʢʨʳʪʠʷ ʠ ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʚʝʜʢʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 
ʨʘʙʦʪʘʤʠ ʦʪʢʨʳʪʦ 12 ʙʦʣʴʰʠʭ ʠ ʤʘʣʳʭ ʨʫʜʥʳʭ ʪʝʣ. ʀʟ ʥʠʭ 11 
ʨʫʜʥʳʭ ʪʝʣ ʩʣʦʞʝʥʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʬʪʘʥʠʪʘʤʠ ʢʚʘʨʮʠʪʦ-
ʛʦʨʩʢʦʡ ʩʚʠʪʳ. ʇʦ ʜʘʥʥʳʤ ʨʘʟʚʝʜʢʠ ʪʦʣʴʢʦ ʰʝʩʪʦʝ ʨʫʜʥʦʝ ʪʝʣʦ  
ʩʣʦʞʝʥʦ ʣʠʩʪʚʝʥʠʪʘʤʠ ʧʦ ʪʫʬʬʠʪʘʤ ʧʘʯʢʠ c. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 11 
ʨʫʜʥʳʭ ʪʝʣ ʠʟ 12 ʠʟʚʝʩʪʥʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷ-
ʟʘʥʳ ʩ ʧʘʯʢʦʡ b ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ. ʕʪʠ ʜʘʥʥʳʝ ʧʨʠʚʦʜʷʪ ʢ 
ʚʳʚʦʜʫ, ʯʪʦ ʩ ʢʨʝʤʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ 
ʧʘʯʢʠ b ʩʚ̫ʟʘʥʳ 97% ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  



¶  
¶  

¶ ʈʠʩʫʥʦʢ 4.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʟʦʣʦʪʘ  

¶ I ʠ  IV ʨʫʜʥʳʭ ʪʝʣ  ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  

¶ ʚ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʷʭ.  
¶  

¶ ɻʨʘʜʘʮʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ ï ʤʝʪʨʦʚʳʝ  



¶ ʙʦʨʦʟʜʦʚʳʝ ʧʨʦʙʳ. 

¶  
¶  

¶ ʈʠʩʫʥʦʢ 4.5.  ʈʘʟʨʝʟ I -I ʯʝʨʝʟ ʨʫʜʥʦʝ ʪʝʣʦ I.  

¶ ʄʘʩʰʪʘʙ 1:1000.  ʄ.ʇ.ʌʠʣʠʧʴʝʚ, 1985ʬ  
¶  

¶ 1- ʚʫʣʢʘʥʠʪʳ ʥʘʜʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʱʠ: ʪʫʬʳ ʘʥʜʝʟʠʪʦʚʦʛʦ ʠ 

¶  ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʨʝʜʢʦ ʣʘʚʳ, ʠʟʚʝʩʪʥʷʢʠ;  

¶ 2- ʧʨʦʜʫʢʪʠʚʥʘʷ ʦʩʘʜʦʯʥʘʷ ʪʦʣʱʘ: ʬʪʘʥʠʪʳ,  

¶ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʣʘʥʮʳ, ʫʛʣʝʨʦʜʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ,  

¶ ʨʫʜʥʳʝ ʪʝʣʘ (ʬʠʦʣʝʪʦʚʦʝ);  3- ʩʠʣʣʦʚʳʝ ʜʘʡʢʠ  

¶ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ; 4- ʪʫʬʳ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ;  

¶ 5- ʪʫʬʳ ʙʘʟʘʣʴʪʦʚʦʛʦ ʠ ʘʥʜʝʟʠʪʦ-ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ;  

¶ 6-ʬʪʘʥʠʪʳ ʠ ʧʨʦʯʠʝ ʢʨʝʤʥʠʩʪʳʝ ʠ ʫʛʣʝʨʦʜʠʩʪʦ- 



¶ ʢʨʝʤʥʠʩʪʳʝ ʧʦʨʦʜʳ; 7- ʧʝʩʯʘʥʠʢʠ; 8- ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʧʝʩʯʘʥʠ-
ʢʦʚ  

¶ ʠ ʘʣʝʚʨʦʣʠʪʦʚ; 9- ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʣʘʥʮʳ;  

¶ 10-ʨʘʟʚʝʜʦʯʥʳʝ ʩʢʚʘʞʠʥʳ. 

¶ ʅʘ ʧʨʠʚʝʜʝʥʥʦʤ ʨʘʟʨʝʟʝ (ʨʠʩ. 4.5 ) ʚʠʜʥʦ, ʯʪʦ ʧʦʯʚʘ 
ʛʣʘʚʥʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ 1 ʯʝʪʢʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʦʥʪʘʢʪʦʤ ʨʫ-
ʜʦʚʤʝʱʘʶʱʠʭ ʬʪʘʥʠʪʦʚ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʠʞʝ ʧʦ ʨʘʟʨʝʟʫ ʫʛ-
ʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʠ ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ . ʆʥʘ 
ʧʦʜʪʚʝʨʞʜʝʥʘ ʢʘʢ ʙʫʨʦʚʳʤʠ, ʪʘʢ ʠ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ʛʣʫʙʠʥʫ 
ʚʩʝʛʦ ʧʝʨʚʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ , ʘ ʚ ʨʫʜʥʦʤ ʪʝʣʝ 4  - ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 
ʜʦ ʛʦʨʠʟʦʥʪʘ 420-480 ʤ. 

ʋʢʘʟʘʥʥʳʝ ʚʳʰʝ 12 ʨʫʜʥʳʭ ʪʝʣ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʙʦʣʴʰʦʡ 
ʧʣʦʱʘʜʠ ʠ ʨʘʟʜʝʣʝʥʳ ʪʫʬʦʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʧʨʦʙʣʝʤʘʪʠʯʥʦʛʦ 
ʚʦʟʨʘʩʪʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʬʨʘʛʤʝʥʪʳ ʘʢʩʫʡʩʢʦʡ 
ʩʚʠʪʳ, ʪʘʢ ʠ ʚʝʨʭʥʠʭ ʧʘʯʝʢ ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ.  
ʕ.ʉʧʠʨʠʜʦʥʦʚ ʩ ʢʦʣʣʝʛʘʤʠ ʩʯʠʪʘʣʠ, ʯʪʦ ʨʫʜʦʥʦʩʥʘʷ ʢʚʘʨʮʠʪʦ-
ʛʦʨʩʢʘʷ ʩʚʠʪʘ ʥʝ ʠʤʝʝʪ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʩ ʘʢʩʫʡʩʢʦʡ 
ʩʚʠʪʦʡ, ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʙʣʦʢʘʤʠ ʠ ʢʣʠʥʴʷʤʠ ʚ 
ʥʠʭ (ʨʠʩ. 4.3).. ʊʘʢʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʨʘʙʦ-
ʪʘʝʪ ʥʘ ʵʥʜʦʛʝʥʥʫʶ ʛʠʧʦʪʝʟʫ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɸʚʪʦ-
ʨʳ ʧʨʠ ʝʝ ʦʟʚʫʯʠʚʘʥʠʠ ʦʪʜʝʣʘʣʠʩʴ ʜʝʢʣʘʨʘʮʠʷʤʠ  ʠ ʥʝ ʦʙʲʷʩ-
ʥʠʣʠ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʵʥʜʦʛʝʥʥʳʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ 
çʨʳʩʢʘʣ ʠ ʚʳʠʩʢʠʚʘʣè ʙʣʦʢʠ  ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ ʚ ʤʦʨʝ ʘʢ-
ʩʫʡʩʢʠʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʦʩʘʜʢʦʚ. ʇʨʝʜʣʦʞʝʥʥʘʷ 
ʕ.ʄ.ʉʧʠʨʠʜʦʥʦʚʳʤ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʥʘ ʨʠʩʫʥʢʝ 4.3 ʛʦʜʠʪ-
ʩʷ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʫʞʝ 
ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʪʝʢʪʦʥʠʯʝ-
ʩʢʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʝʝ ʙʣʦʢʦʚ ʠ ʢʣʠʥʴʝʚ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʘʢʩʫʡ-
ʩʢʦʡ ʩʚʠʪʳ. ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʳ ʜʚʘ ʤʝʭʘʥʠʟʤʘ: ʜʠʟʲʶʥʢ-
ʪʠʚʥʳʡ ʯʠʩʪʳʡ ʠ ʜʠʟʲʶʥʢʪʠʚʥʳʡ ʩ ʧʝʨʝʭʦʜʦʤ ʢ ʤʝʭʘʥʠʟʤʫ ʧʦ 
ʧʨʠʥʮʠʧʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʣʠʩʪʦʩʪʨʦʤʦʚʳʭ ʠʣʠ ʦʧʦʣʟʥʝʚʳʭ ʬʘ-
ʮʠʡ. 

2. ʇʨʦʮʝʩʩ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘʯʠʥʘʣʩʷ ʩ ʦʩʘʞʜʝʥʠʷ ʩʬʝʨʦ-
ʣʠʪʦʚʦʛʦ ʧʠʨʠʪʘ-ʤʘʨʢʘʟʠʪʘ ʠ ʩʢʝʣʝʪʥʦʛʦ ʘʨʩʝʥʦʧʠʨʠʪʘ. ʇʨʝʜ-
ʩʪʘʚʣʝʥʠʝ ʦ ʥʠʭ ʜʘʶʪ ʨʠʩʫʥʢʠ 6 (ʣʝʚʳʡ ʩʥʠʤʦʢ) ʠ ʨʠʩʫʥʦʢ 4.7. 
ʇʝʨʚʳʡ ʙʳʣ  ʦʙʦʛʘʱʝʥ ʤʳʰʴʷʢʦʤ ʠ ʩʫʨʴʤʦʡ, ʚʪʦʨʦʡ ï ʥʝ ʠʟʫʯʝʥ. 
ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʬʝʨʦʣʠʪʦʚ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʟʘʢʘʣʦʯʥʦʤ ʨʝʞʠʤʝ, 
ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʦʙʠʣʠʝ ʤʠʢʨʦ- ʠ ʥʘʥʦʚʢʣʶ-
ʯʝʥʠʡ ʤʳʰʴʷʢʦʚʠʩʪʳʭ ʠ ʩʫʨʤʷʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʟʦʣʦʪʘ. 
ʀʩʪʦʯʥʠʢʦʤ ʩʣʫʞʠʣʘ ʤʦʨʩʢʘʷ ʚʦʜʘ, ʦʙʦʛʘʱʝʥʥʘʷ ʭʝʤʦʛʝʥʥʳʤ 
ʢʨʝʤʥʝʟʝʤʦʤ ʠ ʢʦʣʣʦʠʜʥʳʤ ʩʫʣʴʬʠʜʥʳʤ ʛʝʣʝʤ. ɿʘʢʘʣʦʯʥʳʡ ʨʝ-
ʞʠʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ  ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ  ʪʝʤʧʝʨʘʪʫʨʘ 



ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ  ʙʳʣʘ ʩʦʧʦʩʪʘʚʠʤʦʡ ʩʦ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 
ʤʦʨʩʢʦʡ ʚʦʜʳ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠ ʩʢʝʣʝʪʥʳʡ ʘʨʩʝʥʦʧʠ-
ʨʠʪ. ɼʚʦʡʥʠʢʠ ʝʛʦ, ʦʙʳʯʥʦ ʠʤʝʶʱʠʝ ʟʚʝʟʜʯʘʪʫʶ 6-ʣʫʯʝʚʫʶ ʬʦʨ-
ʤʫ, ʷʚʣʷʪʁʩʷ ʪʠʧʦʤʦʨʬʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʦʩʘʜʢʦʚ, ʙʝʜʥʳʭ ʢʠʩ-
ʣʦʨʦʜʦʤ ʠ ʙʦʛʘʪʳʭ ʤʳʰʴʷʢʦʤ  [16, 17]. ʀ, ʥʘʢʦʥʝʮ, ʠʤʝʝʪʩʷ ʜʦ-
ʩʪʘʪʦʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚ ʰʠʨʦʢʦʛʦ ʫʯʘʩʪʠʷ ʪʘʢʠʭ ʞʝ ʦʙʨʘʟʦʚʘʥʠʡ ʚ 
ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʠʟ ʛʦʨʷʯʝʛʦ ʤʠʥʝʨʘʣʠʟʦ-
ʚʘʥʥʦʛʦ ʬʣʶʠʜʘ ʥʘ ʜʥʝ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ. 

¶  
¶  

¶ ʈʠʩʫʥʦʢ 4.6.  ʈʘʥʥʠʡ ʩʬʝʨʦʣʠʪʦʚʳʡ ʤʘʨʢʘʟʠʪ,  

¶ ʦʙʨʘʟʦʚʘʥʥʳʡ ʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʛʝʣʝʡ (ʩʣʝ-
ʚʘ) ʠ  

¶ ʧʦʟʜʥʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʠʨʠʪ ʩ ʤʘʨʢʘʟʠʪʦʚʳʤ ʩʬʝʨʦ-
ʣʠʪʦʚʳʤ ʷʜʨʦʤ ʠ ʚʢʣʶʯʝʥʥʳʤ ʚ ʥʝʛʦ ʟʦʣʦʪʦʤ ʠ ʩʬʘʣʝʨʠʪʦʤ. 

¶  



¶  
¶  

¶ ʈʠʩʫʥʦʢ 4.7.  ʆʩʘʜʦʯʥʳʡ ʘʨʩʝʥʦʧʠʨʠʪ ʚ  
ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʝ ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʡ ʩʚʠʪʳ. 

¶ ʅʘ ʨʠʩʫʥʢʝ 4.8 ʧʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʨʫʜ ʠ ʨʫʜʥʳʭ ʠʣʦʚ  ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ 
ʧʦʣʝʡ çʢʫʨʠʣʴʱʠʢʦʚè.  ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʝʢʦʪʦʨʘʷ ʯʘʩʪʴ ʩʫʣʴ-
ʬʠʜʦʚ,  ʘʨʩʝʥʠʜʦʚ ʠ  ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ , ʘ ʪʘʢʞʝ ʟʦʣʦʪʘ, 
ʥʘʭʦʜʠʣʘʩʴ ʚ ʧʝʨʚʠʯʥʦʤ ʧʠʨʠʪʝ-ʤʘʨʢʘʟʠʪʝ ʚ ʬʦʨʤʝ ʥʘʥʦʚʢʣʶ-
ʯʝʥʠʡ ʨʘʟʤʝʨʦʤ ʜʝʩʷʪʢʠ ɸʥʛʩʪʨʝʤ (ʧʝʨʚʳʝ ʥʘʥʦʤʝʪʨʳ). ʊʘʢʘʷ 
ʬʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʠ  ʘʨʩʝʥʦʧʠʨʠʪʘ  ʚ ʤʝʪʘʩʪʘʙʠʣʴʥʦʤ 
ʧʠʨʠʪʝ ʨʘʥʥʠʭ ʩʪʘʜʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦʢʘʟʘʥʘ, 
ʥʘʧʨʠʤʝʨ  [11]. ʈʘʟʤʝʱʝʥʠʝ ʟʦʣʦʪʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʨʫʜʘʭ, ʦʮʝ-
ʥʝʥʥʦʝ ʕ. ʉʧʠʨʠʜʦʥʦʚʳʤ ʚ  ʧʝʨʚʦʤ ʨʫʜʥʦʤ ʪʝʣʝ, ʠʤʝʝʪ ʪʘʢʦʡ 
ʙʘʣʘʥʩ: ʧʠʨʠʪ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ 75,2%; ʦʩʪʘʣʴʥʳʝ 9 ʨʫʜʥʳʭ ʠ ʥʝ-
ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʤʝʱʘʶʪ ʚʨʦʩʪʢʠ ʟʦʣʦʪʘ ʚ ʩʫʤʤʝ 24,8%. ʊʘ-
ʢʠʝ ʞʝ ʨʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʨʫʜ IV ʪʝʣʘ, ʧʦʢʘʟʘʣʠ, ʯʪʦ  



ʦʩʥʦʚʥʳʤ ʥʦʩʠʪʝʣʝʤ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʧʠʨʠʪ 60%, ʧʨʠʯʝʤ ʠʟ ʵʪʦʛʦ 
ʦʙʲʝʤʘ ʥʘ ʤʳʰʴʷʢʦʚʠʩʪʳʡ ʩʬʝʨʦʣʠʪʦʚʳʡ ʧʠʨʠʪ ʧʨʠʭʦʜʠʪʩʷ 
84%.  ʕʪʠ ʜʘʥʥʳʝ ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʘʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 
ʯʪʦ ʧʨʠ ʟʘʢʘʣʦʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʬʝʨʦʣʠʪʦʚʦʛʦ ʧʠʨʠʪʘ ʟʥʘ-
ʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ  ʟʦʣʦʪʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʥʝʤ ʚ ʚʠʜʝ ʥʘʥʦʜʠʩʧʝʨʩ-
ʥʳʭ ʚʢʣʶʯʝʥʠʡ , ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ ʧʠ-
ʨʠʪʘ.  

¶  
¶  

¶ ʈʠʩʫʥʦʢ 4.8.   ʄʠʥʝʨʘʣʦʛʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʣʝʡ.  

¶ ʎʝʥʪʨʘʣʴʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ 13
ʦ
 31

1
 ʩʝʚʝʨʥʦʡ ʰʠ-

ʨʦʪʳ [18].   
¶  

¶ 1-ʧʦʯʝʯʥʳʡ ʧʠʨʠʪ, ʦʙʱʠʡ ʚʠʜ; 2- ʪʦ ʞʝ, ʚ  ʧʦʣʠʨʦʚʘʥʥʦʤ ʰʣʠ-
ʬʝ,  

¶ ʧʦʣʝ ʉʝʤʝʥʦʚʘ (Py-ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʩʬʝʨʦʣʠʪʦʚʳʡ ʧʠʨʠʪ,  

¶ Mc-ʤʘʨʢʘʟʠʪ); 3-ʩʬʝʨʦʣʠʪʦʚʳʡ ʧʠʨʠʪ ʚ ʤʘʨʢʘʟʠʪʦʚʦʡ ʤʘʪʨʠʮʝ,  

¶ ʧʦʣʠʨʦʚʘʥʥʳʡ ʰʣʠʬ, ʧʦʣʝ ʃʦʛʘʯʝʚʘ; 4-5- ʧʦʣʠʨʦʚʘʥʥʳʝ  

¶ ʤʘʩʩʠʚʥʳʝ ʩʫʣʬɹʠʜʥʳʝ ʨʫʜʳ, ʧʦʣʝ ʃʦʛʘʯʝʚʘ  

¶ (Q-ʦʧʘʣ,  Au-.ʟʦʣʦʪʦ, Izc- ʠʟʦʢʫʙʘʥʠʪ,  Sph ï ʩʬʘʣʝʨʠʪ);  

¶ 6- ʜʦʥʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʠʣʳ. 

¶ ɺʩʷ ʜʘʣʴʥʝʡʰʘʷ ʠʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦ-
ʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ ʪʘʢʠʤʠ ʤʦʜʝʣʷʤʠ. 

¶ ɸ. ʇʨʦʛʨʝʩʩʠʨʫʶʱʠʡ ʧʦʜʲʝʤ ʛʝʦʪʝʨʤʳ ʥʘ ʧʣʦʱʘʜʠ ʬʦʨ-
ʤʠʨʦʚʘʥʠʷ ʙʫʜʫʱʝʛʦ ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʩʦʙʝʥʥʦ 
ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣʴʥʳʭ ʜʦʥʥʳʭ ʪʝʯʝʥʠʡ, ʩʦʟʜʘʝʪ ʈ-ʊ ʫʩʣʦʚʠʷ 
ʜʣʷ ʚʜrʝʣʝʥʠʷ ʠʟ ʛʦʨʷʯʠʭ ʩʫʣʴʬʠʜʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʛʝʣʝʡ  
ʥʝ ʪʦʣʴʢʦ ʟʘʢʘʣʦʯʥʳʭ ʩʬʝʨʦʣʠʪʦʚʳʭ ʩʤʝʩʝʡ, ʥʦ ʠ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝ-
ʨʘʣʦʚ  ʠ ʟʦʣʦʪʘ.  



ɺʦʟʤʦʞʥʦʩʪʴ ʪʘʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʜʦʢʘʟʘʥʘ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ 
ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘ ʜʥʝ 
ʦʢʝʘʥʦʚ ʩ ʫʯʘʩʪʠʝʤ ʯʝʨʥʳʭ ʠ ʙʝʣʳʭ ʢʫʨʠʣʴʰʠʢʦʚ. ʇʨʠʤʝʨʳ ʧʦʣ-
ʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʩʩʠʚʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ, ʧʦʜʥʷʪʳʭ ʜʨʘ-
ʛʘʤʠ ʩ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʧʦʣʷ ʉʝʤʝʥʦʚʘ ʈʦʩʩʠʡʩʢʦʡ ʵʢʩʧʝʜʠʮʠʝʡ 
[18,19], ʯʘʩʪʠʯʥʦ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 8-4 ʠ 8-5. ʂʠʪʘʡʩʢʘʷ ʦʢʝʘ-
ʥʦʛʨʘʬʠʯʝʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷ ʧʦ ʚʦʟʚʨʘʱʝʥʠʠ ʠʟ ʨʝʡʩʘ ʚ 2011 ʛʦʜʫ 
ʜʦʣʦʞʠʣʘ ʇʨʘʚʠʪʝʣʴʩʪʚʫ ʦʙ ʦʪʢʨʳʪʠʠ 28 ʥʦʚʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ ʥʘ ʜʥʝ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʠ ʀʥʜʠʡʩʢʦʛʦ ʦʢʝʘʥʦʚ. ʀʩʭʦʜʷ 
ʠʟ ʧʨʠʥʮʠʧʘ ʧʦʜʦʙʠʷ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʝʩʣʠ ʤʦʨʩʢʠʝ 
ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʧʣʦʱʘʜʠ  ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ 
ʜʥʝ ʦʢʝʘʥʦʚ ʩʝʡʯʘʩ,  
ʪʦ ʧʦʯʝʤʫ ʠʤ ʙʳ ʥʝ ʙʳʪʴ ʠ ʚ ʂʝʤʙʨʠʠ. ʊʦʛʜʘ ʠ ʢʦʨʘ ʙʳʣʘ ʪʦʥʴʰʝ 
ʠ ʤʘʥʪʠʷ (ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʟʦʣʦʪʘ ʠ ʨʪʫʪʠ) ʙʳʣʘ ʨʘʟʦʛʨʝʪʘ  
ʩʠʣɹʥʝʝ. 

¶ ɹ. ɺʦʟʨʘʩʪ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʨʘʟʥʳʤ 
ʦʮʝʥʢʘʤ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 450 ʜʦ 500 ʤʣʥ. ʣʝʪ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʦʥʦ 
ʠʩʧʪrʘʣʦ ʵʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʛʦ ʨʦʜʘ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʝʬʦʨ-
ʤʘʮʠʡ,  ʧʝʨʝʧʘʜʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ, ʜʘʚʣʝʥʠʡ. ʄʦʞʥʦ 
ʧʝʨʝʯʠʩʣʠʪʴ ʣʠʰʴ ʪʝ ʵʧʠʟʦʜʳ, ʢʦʪʦʨʳʝ ʦʯʝʚʠʜʥʳ: ʧʦʛʨʝʙʝʥʠʝ 
ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʦʩʘʜʢʘʤʠ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʝʪʩʷ ʢʠ-
ʣʦʤʝʪʨʘʤʠ, ʜʠʘʛʝʥʝʟ ʠ ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʡ ʤʝʪʘʤʦʨʬʠʟʤ, ʘʢʢʨʝ-
ʮʠʷ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʘʷ ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 
ʢʦʣʣʠʟʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʧʦʜʲʝʤʦʤ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʛʨʘʜʠ-
ʝʥʪʘ, ʚʥʝʜʨʝʥʠʝ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʩ ʢʦʪʦʨʳʤ, ʦʧʷʪʴ ʞʝ, 
ʩʚʷʟʘʥʦ ʧʦʷʚʣʝʥʠʝ ʚ ʢʦʨʝ ʛʦʨʷʯʠʭ ʧʣʦʱʘʜʝʡ ʠ ʩʪʨʝʩʩʦʚ ʦʨʦʛʝ-
ʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʪ.ʜ. ɺʩʝ ʵʪʦ ʚʨʝʤʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʦʙ-
ʨʘʟʦʚʳʚʘʣʦʩʴ, ʦʪʭʦʜʷ ʦʪ ʩʚʦʝʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʙʨʘʟʘ. ʊʦ, ʯʪʦ 
ʤʳ ʩʝʡʯʘʩ ʥʘʙʣʶʜʘʝʤ ʚ ʨʫʜʥʦʤ ʪʝʣʝ ˉ 1, ʵʪʦ ʣʠʰʴ ʬʨʘʛʤʝʥʪ 
ʧʝʨʚʠʯʥʦʛʦ ʦʙʣʠʢʘ, ʩʦʭʨʘʥʠʚʰʠʡʩʷ  ʜʦ ʥʘʰʠʭ ʜʥʝʡ. ɺʳʰʝ ʫʧʦ-
ʤʠʥʘʣʦʩʴ, ʯʪʦ ʩʬʝʨʦʣʠʪʦʚʳʡ ʧʠʨʠʪ-ʤʘʨʢʘʟʠʪ ʠ ʩʢʝʣʝʪʥʳʡ ʘʨʩʝ-
ʥʦʧʠʨʠʪ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʟʘʢʘʣʦʯʥʦʤ ʨʝʞʠʤʝ ʥʘʭʦʜʠʣʠʩʴ ʚ 
ʤʝʪʘʤʠʢʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʜʘʞʝ ʪʦ, ʯʪʦ ʦʪ ʥʝʛʦ ʩʦ-
ʭʨʘʥʠʣʦʩʴ ʩʝʡʯʘʩ, ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ  ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʣʴʥʳʭ 
ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘʢʣʶʯʘ-
ʣʦʩʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʬʦʨʤ 
ʩʫʣʴʬʠʜʦʚ ʚ ʥʦʥʚʘʨʠʘʥʪʥʳʝ ʬʦʨʤʳ, ʪ.ʝ., ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʠʨʠʪ 
ʠ ʘʨʩʝʥʦʧʠʨʠʪ II ʠ  III ʛʝʥʝʨʘʮʠʡ ʚ ʩʭʝʤʝ ʕ. ʉʧʠʨʠʜʦʥʦʚʘ. ʕʪʦʪ 
ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʣʩʷ  ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʥʘʥʦ- ʠ ʤʠʢʨʦʚʢʣʶʯʝ-
ʥʠʡ ʠ ʚʳʭʦʜ ʠʭ ʚʦ ʚʥʝʰʥʶʶ ʩʨʝʜʫ, ʛʜʝ ʦʥʠ ʬʦʨʤʠʨʦʚʘʣʠ ʩʦʙ-
ʩʪʚʝʥʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʬʦʨʤʠʨʦʚʘ-



ʣʠ ʥʘʙʣʶʜʘʝʤʳʝ ʥʳʥʝ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ  ʨʫʜʥʳʭ ʪʝʣ. ʌʦʪʦ ʥʘ 
ʨʠʩʫʥʢʝ 4.6 ʩʧʨʘʚʘ  ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʢʘʟʘʥʥʦʝ, ʘ ʩʭʝʤʘ, 
ʧʦʢʘʟʘʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 4.9,  ʦʙʲʷʩʥʷʝʪ ʢʘʢ ʧʨʦʠʩʭʦʜʠʣʦ ʪʘʢʦʝ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ.   

¶  

¶  
¶  

¶ ʈʠʩʫʥʦʢ 4.9.  ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ,  

¶ ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘ-
ʥʠʝ  

¶ ʥʝʚʠʜʠʤʦʛʦ ʟʦʣʦʪʘ ʚ ʩʫʣʴʬʠʜʥʳʭ / ʘʨʩʝʥʠʜʥʳʭ ʤʠʥʝʨʘ-
ʣʘʭ  

¶ ʚ  ɹʦʛʦʩʫ-ʇʨʝʩʪʝ ʟʦʣʦʪʦʨʫʜʥʦʤ ʨʘʡʦʥʝ ɻʘʥʳ [17]:  
¶  

¶ ɸ-ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʝʚʠʜʠʤʦʛʦ ʟʦʣʦʪʘ   

¶ ʚ ʩʫʣʴʬʠʜʥʳʭ / ʘʨʩʝʥʠʜʥʳʭ ʤʠʥʝʨʘʣʘʭ; ɺïʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ  

¶ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ  ʢʦʣʣʦʠʜʥʦʛʦ ʠ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ  

¶ ʟʦʣʦʪʘ ʚ ʪʨʝɦ ʠʥʘʭ ʠ ʤʠʢʨʦʧʫʩʪʦʪʘʭ;  ʉ ï ʤʠʛʨʘʮʠʷ ʟʦʣʦʪʘ  

¶ ʟʘ ʧʨʝʜʝʣʳ ʩʫʣʴʬʠʜʥʦʛʦ / ʘʨʩʝʥʠʜʥʦʛʦ ʤʠʥʝʨʘʣʘ. 

¶  

¶ ʇʦʜʚʦʜʷ ʠʪʦʛ, ʫʢʘʞʝʤ, ʯʪʦ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʤʠʥʝʨʘʣʦ-
ʛʠʯʝʩʢʠʝ ʧʘʨʘʛʝʥʝʟʠʩʳ  ʨʫʜʥʳʭ ʪʝʣ (ʧʨʝʞʜʝ ʚʩʝʛʦ ˉˉ I ʠ IV) ʢʘʢ 
ʠʪʦʛ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʜʚʘ ʷʚʣʷʶʪʩʷ ʜʦʤʠʥʠʨʫ-
ʶʱʠʤʠ: ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ ʠʟ ʢʨʝʤ-
ʥʠʩʪʦ-ʩʫʣʴʬʠʜʥʳʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʝʣʝʡ ʠ ʧʨʝʦʙʨʘʟʦʚʘ-
ʥʠʝ ʵʪʠʭ ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʚ 
ʪʝʯʝʥʠʝ 500 ʠʣʠ ʙʦʣʝʝ ʤʣʥ. ʣʝʪ.  

3. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʷ, ʦʪʣʠʯʘʶʱʝʡ ʝʛʦ  ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢ-
ʪʦʚ ʨʝʛʠʦʥʘ, ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ. ʇʨʠ ʨʘʟʚʝʜʢʝ 
1972-1985 ʛʛ. ʚ ʨʫʜʥʳʭ ʪʝʣʘʭ ʥʠʞʝ ʛʦʨʠʟʦʥʪʘ 300 ʤ (IV ʨʫʜʥʦʝ 



ʪʝʣʦ) ʠ 380 ʤ (I ʨʫʜʥʦʝ ʪʝʣʦ) ʙʳʣʠ ʧʦʜʩʯʠʪʘʥʳ ʟʘʧʘʩʳ ʟʦʣʦʪʘ 
ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 5,7 ʛ/ʪ, ʨʪʫʪʠ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 5,1 
ʛ/ʪ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʝʟʝʤʘ ʦʧʨʝʜʝʣʝʥʦ ʚ 
ʨʫʜʝ 67,44% (ʧʝʨʚʦʝ ʨʫʜʥʦʝ ʪʝʣʦ) ʠ 80,4% (ʯʝʪʚʝʨʪʦʝ ʨʫʜʥʦʝ 
ʪʝʣʦ). ʂʨʝʤʥʝʢʠʩʣʳʡ ʩʦʩʪʘʚ ʨʫʜ ʧʨʠʚʝʣ ʨʘʟʚʝʜʯʠʢʦʚ ʢ ʚʳʚʦʜʫ, 
ʯʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʙʨʘʟʦʚʘʥʦ ʚʩʣʝʜʩʪʚʠʝ ʙʝʨʝʟʠʪʠʟʘʮʠʠ 
ʬʪʘʥʠʪʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʩʩʠʚʦʚ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʢʦʤʧʣʝʢ-
ʩʘ, ʦʙʥʘʞʘʶʱʠʭʩʷ ʚʙʣʠʟʠ. ʅʦ ʧʝʨʚʠʯʥʳʝ ʦʨʝʦʣʳ ʨʪʫʪʠ ʦʧʨʦ-
ʚʝʨʛʘʶʪ ʵʪʦ: ʥʘ ʘʢʩʫʡʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʮʝʣʠʢʦʤ ʨʘʩʧʦʣʦʞʝʥ-
ʥʦʤ ʚ ʢʨʳʢʢʫʜʫʢʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʠ ʠʟʦʙʠʣʫʶʱʝʤ ʟʦʣʦʪʦʥʦʩʥʳʤʠ 
ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ, ʨʪʫʪʠ ʧʦʯʪʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʯʝʤ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩʫʥʦʢ 4.6). 
ʂʨʦʤʝ ʪʦʛʦ, ʠʟ ʨʠʩʫʥʢʘ ʥʝ ʷʩʥʦ, ʪʦ-ʣʠ ʛʨʘʥʠʪʦʠʜʳ ʦʙʦʛʘʱʘʶʪʩʷ 
ʨʪʫʪʴʶ ʟʘ ʩʯʝʪ ʘʢʩʫʡʩʢʦʡ ʩʚʠʪʳ, ʪʦ-ʣʠ ʩʚʠʪʘ ʦʙʦʛʘʱʘʝʪʩʷ ʟʘ 
ʩʯʝʪ ʛʨʘʥʠʪʦʠʜʦʚ. ʇʝʨʚʘʷ ʚʝʨʩʠʷ ʙʦʣʝʝ ʫʙʝʜʠʪʝʣʴʥʘ, ʫʯʠʪʳʚʘʷ 
ʧʦʣʫʢʦʣʴʮʝʚʦʝ ʨʘʟʤʝʱʝʥʠʝ ʦʨʝʦʣʦʚ ʨʪʫʪʠ ʚ ʵʥʜʦʢʦʥʪʘʢʪʝ ʤʘʩ-
ʩʠʚʘ. 

ɼʘʥʥʳʝ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʨʪʫʪʠ ʥʘ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʤ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʨʪʫʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʦʭʦʜʷ-
ʱʠʤ ʤʝʪʘʣʣʦʤ, ʧʦʪʦʢ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʣ ʧʦʩʪʦʷʥʥʦ ʠ ʥʝ ʟʘʚʠ-
ʩʝʣ ʦʪ ʨʫʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʝ. ɸʥʘʣʠʟ ʧʝʨʚʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ (ʨʠʩʫʥʦʢ 4.10) ʠ 
ʧʦʜʟʝʤʥʳʭ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ ʨʪʫʪʠ, ʚʳʧʦʣʥʝʥʥʳʡ 
ʕ.ʉʧʠʨʠʜʦʥʦʚʳʤ (1983ʬ),  ʚʳʚʦʜʠʪ ʥʘ ʪʘʢʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: 
ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʙʘʣʘʥʩʦʚʳʭ ʨʫʜʘʭ - ʩʦʪʥʠ ʠ ʧʝʨʚʳʝ ʪʳʩʷ-
ʯʠ ʛ/ʪ, ʚ ʟʘʙʘʣʘʥʩʦʚʳʭ ʨʫʜʘʭ ï ʜʝʩʷʪʢʠ ʠ ʧʝʨʚʳʝ ʩʦʪʥʠ ʛ/ʪ, ʚʦ 
ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ ï ʝʜʠʥʠʮʳ ʠ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʛ/ʪ. ʕʪʘ ʟʘ-
ʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʷʤʦ ʫʢʘʟʳʚʘʝʪ ʥʘʤ ʥʘ ʪʦ, ʯʪʦ ʨʪʫʪʴ ʚʭʦʜʠʣʘ ʚ 
ʩʦʩʪʘʚ ʩʣʦʞʥʦʛʦ ʨʫʜʥʦʛʦ ʬʣʶʠʜʘ ʠ ʷʚʣʷʣʘʩʴ ʧʦʧʫʪʯʠʢʦʤ ʟʦʣʦ-
ʪʘ..    

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʪʫʪʴ ʠʤʝʝʪ ʥʝ ʢʦʨʦʚʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ 
ʢʨʳʢʢʫʜʫʢʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʩʣʦʞʝʥʥʳʡ ʥʘ 95-98% ʛʨʘʥʠʪʦʠʜʘʤʠ, ʥʝ 
ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʟʘʨʘʞʝʥʠʷ ʨʫʜ ʢʚʘʨʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ ʵʪʠʤ ʤʝʪʘʣʣʦʤ. ʈʪʫʪʴ ʧʦʩʪʫʧʘʝʪ ʚ ʣʠʪʦʩʬʝʨʫ ʠʟ ʤʘʥ-
ʪʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʜʝʛʘʟʘʮʠʠ. ʕʪʦ - ʪʘʢ ʥʘʟʚrʘʝʤʦʝ, ʨʪʫʪʥʦʝ 
ʜʳʭʘʥʠʝ ɿʝʤʣʠ. ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ 
ʧʦʪʦʢʦʚ ʨʪʫʪʠ ʠʟ ʤʘʥʪʠʠ ʚ ʢʦʨʫ ʠ ʚ ʘʪʤʦʩʬʝʨʫ ʷʚʣʷʶʪʩʷ  ʚʫʣʢʘ-
ʥʳ ʠ ʨʠʬʪʳ ɿʝʤʣʠ. ɺ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʦʝʜʠʥʠ-
ʣʠʩʴ ʜʚʘ ʧʨʠʟʥʘʢʘ,  ʫʜʘʯʥʦ ʜʦʧʦʣʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ: ʘʥʦʤʘʣʴʥʦ 
ʚʳʩʦʢʠʡ ʬʦʥ ʨʪʫʪʠ ʠ ʛʨʘʬʠʪʠʩʪʳʡ ʩʦʩʪʘʚ ʬʪʘʥʠʪʦʚ. ʇʦʩʣʝʜʥʠʝ 
ʬʦʨʤʠʨʫʶʪʩʷ ʥʘ ʘʙʠʩʩʘʣʴʥʳʭ ʛʣʫʙʠʥʘʭ ʦʢʝʘʥʦʚ ʠ ʧʦʚʝʨʭʥʦʩʪ-



ʥʘʷ ʦʨʛʘʥʠʢʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʠʭ ʛʨʘʬʠʪʠʩʪʦʛʦ ʩʦʩʪʘʚʘ. 
ɹʦʣʝʝ ʪʦʛʦ, ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʫʢʘ, ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʨʛʘʥʠʢʠ 
ʚ ʂʝʤʙʨʠʠ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʚʦʚʩʝ. ɸ ʚʦʪ ʚʫʣʢʘʥʳ ʠ ʨʠʬʪʳ ʧʦ-
ʩʪʘʚʣʷʶʪ ʚ ʦʢʝʘʥ ʚ ʩʦʩʪʘʚʝ ʩʣʦʞʥʳʭ ʬʣʶʠʜʦʚ ʠ ʨʪʫʪʴ, ʠ ʤʝʪʘʥ. 
ʄʝʪʘʥ ʫʩʚʘʠʚʘʝʪʩʷ ʙʘʢʪʝʨʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʥʦʪʨʦʬ-
ʥʦʛʦ ʩʠʥʪʝʟʘ ʬʦʨʤʠʨʫʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʧʠʱʝʚʳʝ ʮʝʧʦʯʢʠ [20]. 
ʆʪʤʠʨʘʷ, ʙʘʢʪʝʨʠʠ ʠ ʧʣʘʥʢʪʦʥ, ʦʙʦʛʘʱʘʶʪ ʠʣʳ ʫʛʣʝʨʦʜʦʤ. ʉʣʝ-
ʜʫʝʪ ʪʘʢʞʝ ʫʢʘʟʘʪʴ, ʯʪʦ ʤʘʥʪʠʷ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʥʝʠʩʪʦʱʠʤʳʤ 
ʠʩʪʦʯʥʠʢʦʤ ʪʘʢʞʝ  ʠ ʟʦʣʦʪʘ.   

 

 
 

¶ ʈʠʩʫʥʦʢ 4.10. ʇʝʨʚʠʯʥʳʝ ʦʨʝʦʣʳ ʨʘʩʩʝʠʚʘʥʠʷ ʨʪʫʪʠ  

¶ ʥʘ ɸʢʩʫʡʩʢʦʤ  ʠ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʤ ʨʫʜʥʳʭ ʧʦʣʷʭ.  
¶  

¶ 1-4 ʩʦʜʝʨʞʘʥʠʝ ʨʪʫʪʠ ʚ ʛ/ʪ: 1 - 0.03-0.05;  2 - 0.3;  3 - 1;  

¶ 4-ʙʦʣʝʝ 1 ʛ/ʪ (ʮʠʬʨʳ ʫʢʘʟʘʥʳ ʥʘ ʯʝʨʪʝʞʝ);  5-ʂʚʘʨʮʠʪʦʚʳʝ ɻʦʨ-
ʢʠ;  

¶ 6- ɸʢʩʫʡʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ 



 
4. ɺʘʞʥʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʛʝʥʝʟʠʩʘ ʂʚʘʨ-

ʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ  ʟʦʥʘʣʴʥʦʩʪʠ ʚ 
ʨʫʜʥʳʭ ʪʝʣʘʭ. ɺ ʵʥʜʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʪʘʢʘʷ ʟʦʥʘʣʥɹʦʩʪʴ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ. ʇʨʠʯʠʥʳ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʩʣʝʜʫʶʱʠʝ: ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʨʘʜʠʝʥʪʘ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʜʘʚʣʝ-
ʥʠʶ, ʨʘʟʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʟʥʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʤʝʪʘʣʣʦʚ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʪʘʣʴʥʳʝ ʪʝʣʝʩʢʦʧʠʨʦʚʘʥʥʳʝ ʚʝʨ-
ʪʠʢʘʣʴʥʳʝ ʧʝʨʚʠʯʥʳʝ ʦʨʝʦʣʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʩʦʪʥʠ ʤʝʪʨʦʚ. ɺ 
ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʚʝʨʪʠʢʘʣʴʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ 
ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʅʫʨʢʘʟʛʘʥ.  

¶ ɺ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʧʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʕ. 
ʉʧʠʨʠʜʦʥʦʚʘ, ʧʝʨʚʠʯʥʳʝ ʦʨʝʦʣʳ ʨʘʩʩʝʠʚʘʥʠʷ ʠʟʫʯʘʣʠʩʴ ʚ ʨʫʜ-
ʥʳʭ ʪʝʣʘʭ II ʠ IV ʥʘ ʛʦʨʠʟʦʥʪʘʭ 210, 240, 300, 306, 323, 352, 360, 
420, ʪ.ʝ, ʥʘ 210 ʤʝʪʨʘʭ ʧʦ ʚʝʨʪʠʢʘʣʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣ ʧʦʣʫʯʝʥ 
ʦʛʨʦʤʥʳʡ ʤʘʩʩʠʚ ʛʨʘʬʠʢʠ, ʢʦʪʦʨʳʡ ʧʨʠʚʝʩʪʠ ʟʜʝʩʴ ʥʝ ʧʨʝʜʩʪʘʚ-
ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ɺʘʞʝʥ ʚʳʚʦʜ: ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʥʘʯʠʤʦʡ ʚʝʨʪʠʢʘʣʴ-
ʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ ʘʙʩʦʣʶʪʥʳʝ (ʠ ʤʘʢʩʠ-
ʤʘʣʴʥʳʝ) ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ Au, Ag, Hg, Tl, Cd, Pb, Cu. ɼʘʥ-
ʥʳʝ ʨʘʟʚʝʜʢʠ ʧʦʢʘʟʳʚʘʁ ʪ, ʯʪʦ ʚ ʨʫʜʥʦʤ ʪʝʣʝ 1  ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 
ʜʦ ʛʣʫʙʠʥʳ 720ʤ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 40 ʤ. ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʚ ʟʦʥʝ 
ʦʢʠʩʣʝʥʠʷ) ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʝʥʷʝʪʩʷ ʜʘʞʝ 
ʪʘʤ, ʛʜʝ ʤʦʱʥʦʩʪʴ ʨʫʜʥʦʛʦ ʪʝʣʘ ʩʦʢʨʘʱʘʝʪʩʷ ʚʜʚʦʝ (ʠʥʪʝʨʚʘʣ 
660-720 ʤ). ʊʘʢʘʷ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʪʤʝʯʝʥʘ ʠ ʚ ʨʫʜʥʦʤ ʪʝʣʝ 
IV. ʇʨʠʯʠʥʳ ʵʪʦʛʦ ʢʘʞʫʱʝʛʦʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʢʨʦʶʪʩʷ ʚ ʥʝ ʚʝʨ-
ʥʦʡ ʦʮʝʥʢʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʉ ʧʦʟʠʮʠʡ ʩʪʨʘ-
ʪʠʬʦʨʤʥʦʛʦ ʛʝʥʝʟʠʩʘ ʚʩʝ ʩʪʘʥʦʚʠʪʩʷ ʥʘ ʩʚʦʠ ʤʝʩʪʘ: ʩʦʚʨʝʤʝʥ-
ʥʘʷ ʛʣʫʙʠʥʘ ʨʫʜʥʳʭ ʪʝʣ ʩʪʘʥʦʚʠʪʩʷ ʠʭ ʜʣʠʥʦʡ, ʜʣʠʥʘ ï ʰʠʨʠʥʦʡ 
ʠ ʪʦʣʴʢʦ ʤʦʱʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʠʩʪʠʥʥʦʡ ʤʦʱʥʦʩʪʴʶ. ʂʘʢʫʶ ʟʦ-
ʥʘʣʴʥʦʩʪʴ ʤʦʞʥʦ ʫʣʦʚʠʪʴ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʨʫʜʥʦʛʦ 
ʪʝʣʘ ʦʪ 10 ʜʦ 30ʤ? ʅʦ ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʤʘʪʝʨʠʘʣʳ 
ʕ.ʉʧʠʨʠʜʦʥʦʚʘ, ʝʝ ʥʝ ʙʳʣʦ ʠ ʧʦ ʜʣʠʥʝ. ʕʪʦ ʪʦʞʝ ʧʦʥʷʪʥʦ, ʧʦʪʦ-
ʤʫ ʯʪʦ ʦʩʘʞʜʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠʟ ʭʝʤʦʛʝʥʥʦʡ ʨʫʜʥʦ-
ʢʨʝʤʥʝʟʝʤʠʩʪʦʡ ʩʤʝʩʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʟʥʘʯʠʪʝʣʴʥʦ ʛʦʤʦʛʝʥʠʟʠ-
ʨʦʚʘʥʥʦʛʦ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʕʪʦ ï ʧʝʨʚʦʝ. ɺʪʦʨʦʝ: ʬʦʨʤʠʨʦʚʘ-
ʥʠʝ ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʧʨʠ 
ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ, ʢʦʪʦʨʦʝ ʩʫʱʝʩʪʚʫʝʪ ʥʘ ʦʢʝʘʥʩʢʠʭ ʠ ʤʦʨ-
ʩʢʠʭ ʛʣʫʙʠʥʘʭ. ɺʳʰʝ ʙʳʣʦ ʫʢʘʟʘʥʦ, ʯʪʦ ʚʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ 
ʨʘʟʛʦʥʘ ʤʝʪʘʣʣʦʚ ʷʚʣʷʶʪʩʷ ʛʨʘʜʠʝʥʪʳ ʩʨʝʜʳ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ 
ʜʘʚʣʝʥʠʶ. ʂʘʢʦʡ ʛʨʘʜʠʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʥʘʜ ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʟʘ-



ʣʝʞʴʶ ʤʦʱʥʦʩʪʴʶ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ, ʥʘʜ ʢʦʪʦʨʦʡ ʢʠʣʦ-
ʤʝʪʨʦʚʳʡ (ʠʣʠ ʙʦʣʝʝ) ʩʣʦʡ ʚʦʜʳ? ʉʢʘʟʘʥʥʦʝ ʚʳʰʝ ʤʦʞʥʦ ʧʨʦ-
ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʥʘ  ʧʨʦʩʪʝʡʰʝʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʤʦʜʝʣʠ (ʨʠʩ. 
4.11), ʢʦʪʦʨʫʶ ʤʳ ʧʦʢʘ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʜʝʪʘʣʠʟʠʨʦʚʘʪʴ ʠʟ-ʟʘ ʥʝ-
ʜʦʩʪʘʪʢʘ ʤʘʪʝʨʠʘʣʘ.  

¶  

¶  

¶  
¶  

¶ ʈʠʩʫʥʦʢ 4.11. ʇʨʦʩʪʝʡʰʘʷ ʠʟ ʚʦʟʤʦʞʥʳʭ ʤʦʜʝʣʝʡ ʬʦʨʤʠ-
ʨʦʚʘʥʠʷ ʂʚʘʨʮʠʪʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

¶  
a. ʂʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʫʨʦʚʥʠ  ʆ1-S 

 

ɻʣʘʚʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʛʦ 
ʪʠʧʘ ʉʂɿʇ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʦʨʝʦʣʘʤʠ ʨʘʟ-
ʚʠʪʠʷ ʠʥʪʨʫʟʠʚʦʚ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʪʦʥʘʣʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʥʦʛʦ ʠ ʤʦʥ-
ʮʦʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ 
ʠʟʫʯʝʥʠʷ ʉʝʣʝʪʳ-ʉʪʝʧʥʷʢʩʢʦʡ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠʩʪʝʤʳ  ʦʙʲʝʜʠ-
ʥʷʣʠʩʴ ʚ ʝʜʠʥʳʡ ʢʨʳʢʢʫʜʫʢʩʢʠʡ ʢʦʤʧʣʝʢʩ ʆ3. ɺ 90-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦ-
ʛʦ ʩʪʦʣʝʪʠʷ ʕ.ʄ.ʉʧʠʨʠʜʦʥʦʚ ʚʳʜʝʣʠʣ ʠʟ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʢʦʤʧʣʝʢ-
ʩʘ ʨʘʥʥʶʶ ʬʘʟʫ çʩʪʝʧʥʷʢʠʪʦʚè ʠ ʜʦʢʘʟʘʣ ʩʚʷʟʴ ʛʣʘʚʥʦʛʦ ʟʦʣʦʪʦʛʦ 
ʦʨʫʜʝʥʝʥʠʷ ʩ ʥʝʡ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʘʷ ʘʨʛʫʤʝʥʪʘʮʠʷ ʜʘʥʥʦʛʦ ʪʝʟʠʩʘ 
ʜʘʥʘ ʚ [21]. ʇʦʟʜʥʝʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ  ʤʝʪʦʜʘʤʠ 
ʙʳʣʦ ʜʦʢʘʟʘʥʦ [22], ʯʪʦ ʤʝʞʜʫ ʚʥʝʜʨʝʥʠʝʤ  çʩʪʝʧʥʷʢʠʪʦʚè ʠ ʛʣʘʚ-
ʥʦʡ ʬʘʟʦʡ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʣ ʤʝʩʪʦ ʚʨʝʤʝʥʥʦʡ ʨʘʟ-
ʨʳʚ, ʢʦʪʦʨʳʡ Rb-Sr ʠʟʦʭʨʦʥʥʳʤ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʷʣʩʷ ʚ 39 ʤʣʥ. 



ʣʝʪ, ʘ U-Pb ʣʦʢʘʣʴʥʳʤ ʠʟʦʪʦʧʥʳʤ ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʫ (SHRIMP-
II) ï ʚ 16 ʤʣʥ. ʣʝʪ.  ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ  çʩʪʝʧʥʷʢʠʪʳè ʙʳʣʠ 
ʚʳʜʝʣʝʥʳ ʥʘʤʠ ʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʩʪʝʧʥʷʢʩʢʠʡ ʢʦʤʧʣʝʢʩ. ɼʘʣʴ-
ʥʝʡʰʝʝ ʠʟʦʪʦʧʥʦʝ ʠʟʫʯʝʥʠʝ ʠʥʪʨʫʟʠʡ ʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 
ʛʣʘʚʥʳʭ ʨʫʜʥʳʭ ʧʦʣʷʭ ʧʨʦʚʠʥʮʠʠ ʠ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʚ ʨʘʟʥʳʭ 
ʣʘʙʦʨʘʪʦʨʠʷʭ (ɻʝʨʤʘʥʠʷ, ʂʠʪʘʡ, ʈʦʩʩʠʷ), ʚʳʷʚʠʣʦ ʠʟʦʪʦʧʥʫʶ ʜʠʩ-
ʢʨʝʪʥʦʩʪʴ ʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʙʲʝʢʪʠʚʥʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 
ʨʘʩʯʣʝʥʝʥʠʷ ʝʛʦ ʥʘ ʜʚʘ ʢʦʤʧʣʝʢʩʘ: ʨʘʥʥʝʩʪʝʧʥʷʢʩʢʠʡ ʠ ʧʦʟʜ-
ʥʝʩʪʝʧʥʷʢʩʢʠʡ.   

ʈʘʥʥʝʩʪʝʧʥʷʢʩʢʠʡ  ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʡ  ʫʨʦʚʝʥʴ. ʀʥʪʨʫ-
ʟʠʚʥr ʝ ʧʦʨʦʜʳ ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʷʚʣʷʶʪʩʷ ʚʤʝʱʘʶʱʝʡ ʩʨʝʜʦʡ 
ʜʣʷ ʟʦʣʦʪʦʥʦʩʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʰʪʦʢʚʝʨʢʦʚ ʥʘ ʨʫʜʥʳʭ ʧʦʣʷʭ 
ɺʘʩʠʣʴʢʦʚʩʢʦʤ (ʨʠʩ. 4.12) ʠ ʉʪʝʧʥʷʢʩʢʦʤ.  

 

 
 

ʈʠʩʫʥʦʢ 4.12. ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ  
ɺʘʩʠʣʴʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ         

 

1-ʛʨʘʥʦʜʠʦʨʠʪʳ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʩ ʧʦʨʬʠʨʦʙʣʘʩʪʘʤʠ  
ʩʝʨʦʛʦ ʢʘʣʠʰʧʘʪʘ; 2-  ʛʨʘʥʦʜʠʦʨʠʪʳ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʩ  
ʧʦʨʬʠʨʦʙʣʘʩʪʘʤʠ ʨʦʟʦʚʦʛʦ ʢʘʣʠʰʧʘʪʘ; 3-ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ,  
ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ; 4-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ;  



5-ʨʫʜʥʳʝ ʩʪʦʣʙʳ; 6-ʧʨʦʤʳʰʣʝʥʥʳʝ ʨʫʜʳ; 7-ʦʙʱʠʡ ʢʦʥʪʫʨ  
ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ; 8- ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ  

ʫʩʪʘʥʦʚʣʝʥʥʳʝ; 9- ʤʝʩʪʦ ʦʪʙʦʨʘ ʧʨʦʙʳ ʥʘ  
ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɺʘʩʠʣʴʢʦʚʩʢʦʝ ʟʘʣʝʛʘʝʪ ʚ ʩʝʨʳʭ ʧʦʨʬʠʨʦ-

ʙʣʘʩʪʦʚʳʭ ʛʨʘʥʠʪʘʭ ɸʣʪʳʙʘʡʩʢʦʛʛʦ ʤʘʩʩʠʚʘ. ɺ ʦʙʱʝʤ ʢʦʥʪʫʨʝ  
ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʛʝʦʣʦʛʘʤʠ ɺʘʩʠʣʴʢʦʚʩʢʦʛʦ ɻʆʂʘ ʚʳʜʝʣʷʶʪʩʷ ʢʦʥ-
ʪʫʨʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʠ ʨʫʜʥʳʝ ʩʪʦʣʙʳ. ʖʞʥʝʝ ʠ 
ʚʦʩʪʦʯʥʝʝ ʩʝʨʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʨʘʟʚʠʪʳ ʦʥʠ ʞʝ, ʥʦ ʩ ʢʨʘʩʥʳʤ 
ʢʘʣʠ-ʥʘʪʨʦʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ, ʢʦʪʦʨʳʡ ʛʝʦʣʦʛʠ ɻʆʂʘ ʩʯʠʪʘʶʪ 
ʧʨʠʟʥʘʢʦʤ ʜʦʨʫʜʥʦʡ ʢʘʣʠʰʧʘʪʠʟʘʮʠʠ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ 
ʧʦʣʷ ʨʘʟʚʠʪʳ ʜʠʦʨʠʪʳ ʠ ʛʘʙʙʨʦʠʜʳ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2007 ʛʦʜ 
ʩʦʚʦʢʫʧʥʳʝ ʟʘʧʘʩʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʩʦʪʥʠ ʪʦʥʥ. ʕʪʦ ï 
ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʦʵʪʦʤʫ 
ʣʶʙʘʷ ʥʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʩʣʦʚʠʷʭ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʚʦʟ-
ʨʘʩʪʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʠʩʢʦʚʳʤ ʧʨʠʟʥʘʢʦʤ ʥʘ ʦʪʢʨʳʪʠʝ ʪʘʢʠʭ ʞʝ 
ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʀʟ [23] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʤʳʰʣʝʥʥʘʷ ʤʠ-
ʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʪʷʛʦʪʝʝʪ ʢ ʟʦʥʘʤ ʨʘʟʚʠʪʠʷ ʧʨʦ-
ʞʠʣʢʦʚʳʭ ʨʫʜ, ʩʣʦʞʝʥʥʳʭ  ʢʚʘʨʮʝʤ, ʘʨʩʝʥʦʧʠʨʠʪʦʤ ʠ ʩʤʝʰʘʥʥʦʛʦ 
ʢʚʘʨʮ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɿʦʣʦʪʦ ʤʝʣʢʦʝ. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ 
ʦʙʨʘʙʦʪʢʘ ʨʘʟʤʝʨʥʦʩʪʠ ʟʦʣʦʪʘ ʚ ʩʝʨʠʠ ʥʘʰʠʭ ʰʣʠʬʦʚ (84 ʟʥʘʢʘ 
ʟʦʣʦʪʘ) ʜʘʝʪ ʪʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʤʝʥʝʝ 1 ʤʠʢʨʦʥʘ 18%, ʦʪ 1 ʜʦ 10 
ʤʠʢʨʦʥ 67%, ʦʪ 10 ʜʦ 30 ʤʠʢʨʦʥ 12% ʠ ʦʪ 30 ʜʦ 50 ʤʠʢʨʦʥ 4%. 
ɻʣʘʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʘʨʩʝʥʦʧʠʨʠʪ.   

ɺʦʟʨʘʩʪ ʩʝʨʳʭ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʦʧʨʝʜʝ-
ʣʷʣʩʷ ʧʦ ʥʘʚʝʩʢʝ ʮʠʨʢʦʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʥʠʭ, ʚ ʀʟʦʪʦʧʥʦʤ 
ʮʝʥʪʨʝ ɺʉɽɻɽʀ (ʉʪ.-ʇʝʪʝʨʙʫʨʛ) ʧʦ ʤʝʪʦʜʠʢʝ SHRIMP-II. KL-
ʠʟʦʙʨʘʞʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʮʠʨʢʦʥʘ ʠ ʨʘʩʯʝʪ ʚʦʟʨʘʩʪʘ 
ʥʘ ʢʦʥʢʦʨʜʠʠ  ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 4.13. ʀʟ ʥʝʛʦ ʚʠʜʥʦ, ʯʪʦ ʷʜʨʘ ʚʦ 
ʚʩʝʭ ʟʝʨʥʘʭ ʩʣʦʞʝʥʳ çʦʙʣʘʯʥʳʤè ʮʠʨʢʦʥʦʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺʦʟʨʘʩʪ ʠʭ ʥʝ ʦʧʨʝʜʝʣʷʣʩʷ. ʆʙʨʘʱʘʷʩʴ ʢ ʨʘʙʦ-
ʪʝ [5], ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʚʦʟʨʘʩʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʇʘ-
ʣʝʦʧʨʦʪʝʨʦʟʦʷ ʜʦ ʨʘʥʥʝʛʦ ʂʝʤʙʨʠʷ. ɺʨʝʤʷ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʚʥʝʰʥʠʤ ʢʘʝʤʢʘʤ, 
ʠʤʝʶʱʠʤ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʨʠʪʤʠʯʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ. ɼʘʥʥʳʝ ʘʥʘ-
ʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.1 ʠ ʥʘ ʚʨʝʟʢʝ-ʜʠʘʛʨʘʤʤʝ ʨʠʩʫʥʢʘ 
4.13. ɼʠʩʢʦʨʜʘʥʪʥʦʩʪʴ ʧʦ ʩʚʠʥʮʫ, ʧʨʠʚʝʜʝʥʥʘʷ ʚ ʢʨʘʡʥʝʡ ʧʨʘʚʦʡ 
ʢʦʣʦʥʢʝ ʪʘʙʣʠʮʳ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʘʤʳʤ ʩʪʨʦʛʠʤ ʤʠʨʦʚʳʤ ʪʨʝ-
ʙʦʚʘʥʠʷʤ. ɺʦʟʨʘʩʪ ʛʨʘʥʦʜʠʦʨʠʪʦʚ 481Ñ4,1 ʤʣʥ. ʣʝʪ ï ʨʘʥʥʠʡ 
ʆʨʜʦʚʠʢ , ʊʨʝʤʘʜʦʢ. ʕʪʘ ʮʠʬʨʘ ʷʚʣʷʝʪʩʷ ʚʨʝʤʝʥʝʤ ʢʨʠʩʪʘʣʣʠ-



ʟʘʮʠʠ ʩʝʨʳʭ ʙʣʘʩʪʦʧʦʨʬʠʨʦʚʳʭ ʛʨʘʥʦʜʠʦʠʪʦʚ ʠ ʥʠʞʥʝʡ ʚʦʟ-
ʨʘʩʪʥʦʡ ʛʨʘʥʠʮʝʡ  ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

 

ʊʘʙʣʠʮʘ 4.1. ɼʘʥʥʳʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠ-
ʟʘ ʮʠʨʢʦʥʘ ʧʨʦʙʳ 84 ʤʝʪʦʜʦʤ SHRIMP-II 

 

ˉ 
ʪʦʯʢʠ 

206
Pb, % 
ʦʙɦ ʠʡ 

U, ʛ/ʪ 
Th, 
ʛ/ʪ 

206
Pb, ʛ/ʪ 

ʨʘʜʠʦʛʝʥ. 

206
Pb/

208
U 

ʤʣʥ. ʣʝʪ 

207
Pb/

206
Pb 

ʤʣʥ. ʣʝʪ 

ɼʠʩʢʦʨ-
ʜʘʥʪʥʦ- 
ʩʪʴ, % 

1 2 3 4 5 6 7 8 

1.1 0.09 1927 383 130 485.7Ñ4.9 503Ñ29 3 

2.1 0.12 2079 265 138 478.8Ñ4.8 465Ñ36 -3 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.1. 
 

1 2 3 4 5 6 7 8 

3.1 0.14 2028 350 133 472.9Ñ4.8 482Ñ34 2 

4.1 0.12 2957 909 203 495.1Ñ4.9 486Ñ23 -2 

5.1 0.09 2110 327 138 474.1Ñ4.7 478Ñ24 1 

6.1 0.13 3268 1669 221 487.5Ñ4.8 479Ñ23 -2 

6.2 0.26 1697 342 112 474.1Ñ4.9 482Ñ40 2 

7.1 0.01 2815 5222 192 492.8Ñ4.9 488Ñ20 -1 

7.2 0.09 1984 430 129 469.1Ñ4.8 493Ñ32 5 

8.1 0.05 2693 517 179 480.4Ñ4.9 493Ñ22 3 

 



 
 

ʈʠʩʫʥʦʢ 4.13.  ʂʦʥʢʦʨʜʠʷ ʧʨʦʙʳ 84 ʠʟ ʛʨʘʥʦʜʠʦʨʠʪʦʚ  
ɺʘʩʠʣʴʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ  

ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʮʠʨʢʦʥʘ. 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʉʪʝʧʥʷʢ ʧʨʠʫʨʦʯʝʥʦ ʢ ʛʨʫʧʧʝ ʤʘʣʳʭ 

ʠʥʪʨʫʟʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʘʧʘʜʥʦʤ ʢʨʳʣʝ ʉʪʝʧʥʷʢʩʢʦʛʦ 
ʩʠʥʢʣʠʥʦʨʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʂʦʢʰʝʪʘʫʩʢʦʤʫ 
ʤʘʩʩʠʚʫ. ʂʨʘʡʥʠʡ ʢ ʚʦʩʪʦʢʫ ʠʥʪʨʫʟʠʚ, ʥʘ ʢʦʪʦʨʦʤ ʯʘʩʪʠʯʥʦ 
ʨʘʩʧʦʣʦʞʝʥ ʧʦʩ. ʉʪʝʧʥʷʢ, ʚʤʝʱʘʝʪ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ 
ʟʦʣʦʪʦʥʦʩʥʳʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ. ʈʘʟʤʝʨʳ ʝʛʦ 0.7ʭ0.5 ʢʤ. 
ɿʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʘʢ ʚʥʫʪʨʠ 
ʤʘʩʩʠʚʘ, ʪʘʢ ʠ ʚ ʝʛʦ ʶʞʥʦʡ, ʚʦʩʪʦʯʥʦʡ ʠ ʩʝʚʝʨʥʦʡ 
ʵʢʟʦʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʘʭ.   

ʇʦ ʜʘʥʥʳʤ ɺ.ʉ. ʂʦʧʪʝʚʘ-ɼʚʦʨʥʠʢʦʚʘ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʳʛʣʷʜʠʪ ʪʘʢ (ʦʪ ʤʦʣʦʜʳʭ ʢ ʜʨʝʚʥʠʤ):  
1) ʟʦʣʦʪʦʥʦʩʥʘʷ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʘʷ ʬʘʟʘ; 2) ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʳ ʠ 
ʩʧʝʩʩʘʨʪʠʪʳ; 3) ʘʧʣʠʪʳ ʠ ʤʠʢʨʦʛʨʘʥʠʪʳ; 4) ʛʨʘʥʦʜʠʦʨʠʪʳ;  
5) ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ; 6) ʢʚʘʨʮʝʚʳʝ ʤʦʥʮʦ-ʛʘʙʙʨʦ ʠ ʤʦʥʮʦ-



ʥʦʨʠʪʳ. ʂʘʢ ʚʠʜʠʤ, ʬʦʨʤʘʣʴʥʦ ʥʘʙʦʨ ʧʦʨʦʜ ʟʜʝʩʴ ʪʘʢʦʡ ʞʝ, ʢʘʢ 
ʥʘ ɺʘʩʠʣʴʢʦʚʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʠʣʠʠ 
ʥʘ ɺʘʩʠʣʴʢʦʚʩʢʦʤ ʧʦʣʝ ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʠʭ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 
ʱʝʣʦʯʥʦʩʪʴ ʠ ʧʦʨʬʠʨʦʙʣʘʩʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 
ʠʥʳʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʩʪʘʥʦʚʣʝʥʠʷ 
ɸʣʪʳʙʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

ʅʘʤʠ ʚ 1997 ʛʦʜʫ ʧʨʦʠʟʚʝʜʝʥʦ ʦʧʨʦʙʦʚʘʥʠʝ 
ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʠ ʛʘʙʙʨʦʠʜʦʚ ʠ ʚʳʧʦʣʥʝʥʳ 
ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʵʣʝʤʝʥʪʥʫʶ ʛʝʦʭʠʤʠʶ ʠ 
ʠʟʦʪʦʧʠʶ ʩʘʤʘʨʠʷ ʠ ʥʝʦʜʠʤʘ ʚ ɻʝʨʤʘʥʠʠ ʠ ʚ ʂʠʪʘʝ [12, 13]. 
ʈʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.2. ʅʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ 
ʚ ʪʘʙʣʠʮʝ ʟʥʘʯʝʥʠʡ ʢ ʩʦʜʝʨʞʘʥʠʶ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʥʠʞʥʝʡ ʠ 
ʚʝʨʭʥʝʡ ʢʦʨʝ [24] ʧʦʢʘʟʳʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʠʟ ʥʠʞʥʝʡ ʢʦʨʳ, ʦʙʦʛʘʱʝʥʥʦʡ 
ʢʨʝʤʥʝʟʝʤʦʤ. ʇʨʠʨʦʜʘ ʪʘʢʦʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚʠʜʥʘ ʠʟ ʘʥʘʣʠʟʘ 
ʩʘʤʘʨʠʡ-ʥʝʦʜʠʤʦʚʳʭ ʩʠʩʪʝʤ ʪʨʝʭ ʦʙʨʘʟʮʦʚ (ʪʘʙʣ. 4.3).  
 

ʊʘʙʣʠʮʘ 4.2 - ɻʣʘʚʥʳʝ  (ʚʝʩ.%) , ʨʝʜʢʠʝ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ 
ʵʣʝʤʝʥʪʳ (ppm) ʚ ʧʦʨʦʜʘʭ ʉʪʝʧʥʷʢʩʢʦʛʦ ʤʘʩʩʠʚʘ. 

 

 SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 ʧʧʧ 
ʉʫʤ-
ʤʘ 

1 53.27 1.19 14.55 10.1 0.16 7.86 9.51 2.58 1.34 0.24 1.03 101.8 

2 56.02 0.97 17.46 8.86 0.15 4.60 8.26 3.15 1.54 0.30 0.92 102.2 

3 65.21 0.49 14.79 4.72 0.01 2.54 4.45 3.4 2.32 0.16 1.42 99,51 

 Rb La Pr Nd Sm Eu Gd Tb Ho Tm Yb Lu 

1 40 13.9 4.18 18.8 4.49 1.16 2.98 0.66 0.78 0.29 1.83 0.236 

2 28 22.4 4.90 21.1 4.55 1.28 3.05 0.63 0.72 0.28 1.81 0.240 

1- ʢʚʘʨʮʝʚʳʡ ʛʘʙʙʨʦ-ʥʦʨʠʪ; 2- ʢʚʘʨʮʝʚʳʡ ʜʠʦʨʠʪ; 3- ʛʨʘʥʦʜʠʦʨʠʪ  

ʊʘʙʣʠʮʘ 4.3 - Sm-Nd ʠʟʦʪʦʧʥʳʝ ʜʘʥʥʳʝ ʧʦʨʦʜ 
ʉʪʝʧʥʷʢʩʢʦʛʦ ʤʘʩʩʠʚʘ 
 
 
 

 
Nd, 
ppm 

Sm, 
ppm 

147
Sm/

144
Nd 

143
Nd/

144
Nd ŮNd(t) TDM  Ga 

1 18.8 4.49 0.143830 0.512485 0.04 1.208 

2 21.1 4.55 0.131066 0.512406 -0.76 1.167 

3 15.80 3.02 0.1155 0.512330 -1.0 1.100 

 



ʀʟ ʪʘʙʣʠʮʳ 4.3 ʩʣʝʜʫʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ŮNd(t) ʫ ʤʦʥʮʦ-
ʛʘʙʙʨʦ ʙʣʠʟʢʘ ʢ ʥʫʣʶ, ʘ ʫ ʜʠʦʨʠʪʦʚ ʠ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠʤʝʝʪ ʦʪʨʠ-
ʮʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ  ʚʢʣʘʜʝ ʜʨʝʚʥʝʢʦʨʦ-
ʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʦʯʘʛ. ʊʘʢʠʤ ʜʨʝʚʥʝʢʦʨʦʚʳʤ 
ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʣʘʩʴ ʢʦʨʘ  ʂʦʢʰʝʪʘʫʩʢʦʛʦ ʤʘʩʩʠʚ. ʂʘʢ ʙʫʜʝʪ 
ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʚʝʣʠʯʠʥʘ  ŮNd(t) ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ 
ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʉʪʝʧʥʷʢ-ʉʝʣʝʪʠʥʩʢʦʡ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠ-
ʩʪʝʤʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʶʚʝʥʠʣʴʥʦʡ ʢʦʨʳ, ʠʥʘʷ. ɺʪʦ-
ʨʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʚʣʠʷʥʠʷ ʚʝʱʝʩʪʚʘ ʂʦʢʰʝʪʘʫʩʢʦʛʦ ʤʠʢʨʦ-
ʢʦʥʪʠʥʝʥʪʘ ʥʘ ʦʯʘʛʠ ʉʪʝʧʥʷʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʥʳʡ 
ʚʦʟʨʘʩʪ (TDM  ʚ ʪʘʙʣ.4.3). ʆʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1,1-1,21 ʤʣʨʜ. 
ʣʝʪ, ʪʦʛʜʘ ʢʘʢ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ 
ʉʪʝʧʥʷʢ-ʉʝʣʝʪʠʥʩʢʦʡ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʤʦʜʝʣʴʥʳʡ 
ʚʦʟʨʘʩʪ ʥʝ ʚʳʰʝ 0.8 ʤʣʨʜ. ʣʝʪ. ʊʨʝʪʴʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʛʠʧʦ-
ʪʝʟʳ ʘʩʩʠʤʠʣʷʮʠʠ ʦʯʘʛʘʤʠ ʨʘʥʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʘʪʝ-
ʨʠʘʣʘ ʂʦʢʰʝʪʘʫʩʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʉʂɿʇ ʷʚʣʷʶʪʩʷ 
ʚʦʟʨʘʩʪ ʠ ʩʪʨʫʢʪʫʨʘ ʮʠʨʢʦʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʚʦʟʨʘʩʪʘ ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 4.4. ɺʥʝʰʥʠʝ ʢʘʝʤʢʠ ʟʦʥʘʣʴʥʳʭ ʮʠʨʢʦʥʦʚ ʜʘʶʪ ʚʦʟʨʘʩʪ 
ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʠʦʨʠʪʦʚ. ʆʥ ʩʦʚʧʘʜʘʝʪ ʩ ʚʦʟ-
ʨʘʩʪʦʤ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠʟ ʨʫʜʥʦʛʦ ʧʦʣʷ ɺʘʩʠʣʴʢʦʚʩʢʦʛʦ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ. ɺʦʟʨʘʩʪ ʨʝʣʠʢʪʦʚʳʭ ʷʜʝʨ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝ-
ʜʝʣʘʭ: ʦʪ 983 ʜʦ 3890 ʤʣʥ. ʣʝʪ. ʆʙʨʘʱʘʷʩʴ ʪʝʧʝʨʴ ʢ ʨʘʙʦʪʝ [5] 
ʚʠʜʠʤ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʚʦʟʨʘʩʪʦʚ ʜʦ 2ʤʣʨʜ. ʣʝʪ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʂʦʢʰʝʪʘʫʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʠ ʚ ʷʜʨʘʭ ʜʠʦʨʠʪʦʚ ʉʪʝʧʥʷʢʩʢʦʛʦʤ ʤʘʩʩʠʚʘ. ʅʦ ʢʨʦʤʝ ʪʦʛʦ, ʚʳ-
ʷʚʣʝʥʳ ʷʜʨʘ ʇʘʣʝʦʘʨʭʝʡʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʧʨʠ-
ʥʘʜʣʝʞʥʦʩʪʴ ʂʦʢʰʝʪʘʫʩʢʦʛʦ ʤʘʩʩʠʚʘ ʢ ʬʨʘʛʤʝʥʪʫ ʜʨʝʚʥʝʛʦ ʢʨʘ-
ʪʦʥʘ.   

 
 
ʊʘʙʣʠʮʘ 4.4. ɺʦʟʨʘʩʪ ʮʠʨʢʦʥʘ ʠʟ ʜʠʦʨʠʪʦʚ ʉʪʝʧʥʷʢʩʢʦʛʦ 

ʤʘʩʩʠʚʘ [12] 
 

ˉ ʦʙ-
ʨʘʟʮʘ 

U, ppm 
Th, 

ppm 
206/238 
ʚʦʟʨʘʩʪ Ñ 

207/235 
ʚʦʟʨʘʩʪÑ 

207/206 
ʚʦʟʨʘʩʪ Ñ 

ɺʥʝʰʥʠʝ ʢʘʝʤʢʠ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

St11-1.1 2370 4872 480Ñ5 481Ñ  5 484Ñ   9 

St11-2.1 1434 3027 482Ñ5 483Ñ  5 485Ñ  10 

St11-2.2 1351 1865 480Ñ  5 481Ñ  7 483Ñ  27 

St11-5.1 219 193 480Ñ  5 483Ñ11 495Ñ  56 

ʉʨʝʜʥʠʡ   480,5Ñ 5 482Ñ7 486,75Ñ25 



ɺʥʫʪʨʝʥʥʠʝ ʦʙʣʘʩʪʠ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

St11-3.1 1621 673 991Ñ10 989Ñ  7 983Ñ   5 

St11-4.1 900 79 3570Ñ29 3741Ñ11 3841Ñ   1 

St11-4.2 2159 568 3890Ñ31 3889Ñ11 3888Ñ   1 

St11-6.1 700 955 1924Ñ18 2044Ñ10 2168Ñ   5 

St11-7.1 751 20 983Ñ10 983Ñ  8 982Ñ  11 

St11-8.1 1561 807 1535Ñ16 1532Ñ10 1528Ñ  4 

St11-9.1 1533 415 2126Ñ22 2260Ñ11 2383Ñ  2 

St11-11.1 1348 189 2545Ñ25 2631Ñ11 2698Ñ  2 

St11-12.1 586 159 2026Ñ21 2209Ñ11 2384Ñ  4 

ʉʨʝʜʥʷʷ ʜʠʩʢʦʨʜʘʥʪʥʦʩʪʴ ʧʦ ʩʚʠʥʮʫ ʚ ʚʝʨʭʥʝʡ ʛʨʫʧʧʝ ʘʥʘʣʠʟʦʚ 0,6%, ʚ 
ʥʠʞʥʝʡ ʛʨʫʧʧʝ - ʦʪ 0.1 ʜʦ 8,8% (ʦʙʝ ʛʨʫʧʧʳ - ʥʠʞʝ ʜʦʧʫʩʪʠʤʦʛʦ ʤʠʨʦʚʦʛʦ 
ʫʨʦʚʥʷ 10%).   
 

ʇʦʟʜʥʝʩʪʝʧʥʷʢʩʢʠʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʡ  ʫʨʦʚʝʥʴ. ʄʘʛʤʘ-
ʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʚʤʝʱʘʶʱʝʡ ʩʨʝ-
ʜʦʡ ʜʣʷ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɸʢʩʫ, ɾʦʣʳʤʙʝʪ, 
ʊʝʣʣʫʨ.  

ʈʫʜʥʦʝ ʧʦʣʝ ɸʢʩʫ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ ʩʚʳʰʝ 12 ʢʤ
2
. ʊʝʢʫʱʠʝ 

ʟʘʧʘʩʳ ʟʦʣʦʪʘ (ʙʘʣʘʥʩʦʚʳʝ, ʟʘʙʘʣʘʥʩʦʚʳʝ ʠ ʊʄʆ) ʩʦʩʪʘʚʣʷʶʪ 
ʜʝʩʷʪʢʠ ʪʦʥʥ. ʇʨʦʤʳʰʣʝʥʥʘʷ ʜʦʙʳʯʘ ʚʝʜʝʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʧʦʜ-
ʟʝʤʥʳʤ ʩʧʦʩʦʙʘʤʠ ʥʘ ʜʚʫʭ ʪʠʧʘʭ ʨʫʜʥʳʭ ʪʝʣ: ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʠ 
ʤʝʛʘʰʪʦʢʚʝʨʢʝ. ʂʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ ʪʝʣʘ ʦʪʨʘʙʦʪʘʥʳ ʜʦ ʛʣʫʙʠʥʳ 
100-150 ʤʝʪʨʦʚ. ʄʝʛʘʰʪʦʢʚʝʨʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʯʘʩʪʦʢ ʛʠʜ-
ʨʦʪʝʨʤʘʣʴʥʦ-ʠʟʤʝʥʝʥʥʳʭ ʪʦʥʘʣʠʪʦʚ ʤʝʞʜʫ ʰʘʭʪʘʤʠ ˉˉ 40 ʠ 38 
ʩ ʨʘʩʩʝʷʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, ʤʘʣʦʤʦʱʥʳʤʠ ʢʚʘʨ-
ʮʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʠ ʙʝʜʥʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 
ʇʨʦʛʥʦʟʥʳʝ ʟʘʧʘʩʳ ʤʝʛʘʰʪʦʢʚʝʨʢʘ ʄ.ʇ.ʌʠʣʠʧʴʝʚ (1981ʬ) ʦʮʝʥʠ-
ʚʘʣ ʚ 500 ʪʦʥʥ, ʩʦʜʝʨʞʘʥʠʝ ʦʪ 0.5 ʜʦ 1,5 ʛ/ʪ. ʈʫʜʘ ʧʝʨʝʨʘʙʘʪʳʚʘ-
ʝʪʩʷ ʩʧʦʩʦʙʦʤ ʯʘʥʦʚʦʛʦ ʚʳʱʝʣʘʯʠʚʘʥʠʷ.  ʆʙʥʘʞʝʥʥʦʩʪʴ ʥʘ ʨʫʜ-
ʥʦʤ ʧʦʣʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʘʷ. ʀʟʫʯʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʬʦʨ-
ʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʤʘʛ-
ʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʩʪʘʜʠʷʭ ʦʨʫʜʝʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʧʨʦ-
ʮʝʩʩʝ ʨʘʟʚʝʜʢʠ ʠ ʜʦʙʳʯʠ. ʉʘʤʦʡ ʧʦʣʥʦʡ ʠ ʩʝʛʦʜʥʷ ʷʚʣʷʝʪʩʷ ʢʘʨʪʘ 
ʄ.ʇ.ʌʠʣʠʧʴʝʚʘ, 1986ʛ.   

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɾʦʣʳʤʙʝʪ ʩʭʝʤʘ ʨʘʟʚʠʪʠʷ ʤʘʛʤʘʪʠʟʤʘ 
ʠʩʪʦʨʠʯʝʩʢʠ ʩʯʠʪʘʣʘʩʴ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʥʘ ɸʢʩʫ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ 
ʧʦʨʦʜʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʘ ʟʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʚʳʜʝ-
ʣʷʣʠʩʴ ʚʥʘʯʘʣʝ ʚ ʩʦʩʪʘʚʝ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʟʘʪʝʤ ʢʘʢ 



çʩʪʝʧʥʷʢʠʪʳè [21], ʘ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ï ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ 
ʩʪʝʧʥʷʢʩʢʠʡ ʢʦʤʧʣʝʢʩ [22].  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʧʦʨʦʜ ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ, ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ ʄ.ʇ.ʌʠʣʠʧʴʝʚʘ (1986ʬ),  ʪʘʢʘʷ (ʦʪ 
ʤʦʣʦʜʳʭ ʢ ʜʨʝʚʥʠʤ): ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ï ʧʦʩʪʛʨʘʥʠʪʥʳʝ ʜʘʡʢʠ ʢʠʩ-
ʣʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ï ʧʣʘʛʠʦʛʨʘʥʠʪʳ ï ʪʦʥʘʣʠʪʳ ï ʜʠʦʨʠʪʳ ʠ 
ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ï ʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦ-ʥʦʨʠʪʳ. ʉ ʫʯʝʪʦʤ ʥʦʚʳʭ 
ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʜʘʪʠʨʦʚʦʢ ʧʦʷʚʠʣʘʩʴ ʦʙʲʝʢʪʠʚʥʘʷ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʯʣʝʥʝʥʠʷ ʙʳʚʰʝʛʦ ʝʜʠʥʦʛʦ ʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ ʥʘ ʜʚʘ: ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʠʡ ʢʦʤʧʣʝʢʩ ʠ  ʚʳʰʝʨʘʩʩʤʦʪʨʝʥ-
ʥʳʡ ʨʘʥʥʝʩʪʝʧʥʷʢʩʢʠʡ ʢʦʤʧʣʝʢʩʳ. ʉʦʩʪʘʚ ʧʝʪʨʦʛʝʥʥʳʭ, ʨʝʜʢʠʭ ʠ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ-
ʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 4.5. ɺʩʝ ʦʙʨʘʟʮʳ ʦʪʦʙʨʘʥʳ ʠʟ ʧʦʨʦʜʥʳʭ ʦʪʚʘʣʦʚ 
ʰʘʭʪʳ 38.   

 

ʊʘʙʣʠʮʘ 4.5 - ɻʣʘʚʥʳʝ (ʚʝʩ.%) , ʨʝʜʢʠʝ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʝ 
ʵʣʝʤʝʥʪʳ (ppm) ʚ ʧʦʨʦʜʘʭ ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟ 
ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɸʢʩʫʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. 
 

 SiO2 TiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O P2O5 ʧʧʧ 
ʉʫʤ-
ʤʘ 

1 55.23 1.00 17.43 7.41 0.11 4.49 7.17 4.27 1.29 0.27 1.78 98.9 

2 60.54 0.59 16.76 6.60 0.12 2.77 6.27 3.58 1.38 0.09 0.87 99.57 

3 64.45 0.59 15.57 4.32 0.08 2.57 4.01 4.49 2.56 0.16 1.78 99.0 

4 67.92 0.43 16.20 3.49 0.04 1.86 3.85 4.59 1.98 0.15 <0.1 100.8 

 Rb La Ce Nd Sm Eu Gd Tb Ho Tm Yb Lu 

1 25 16.2 34.8 19.9 4.44 1.3 4.15 0.55 0.56 0.21 1.26 0.192 

3 37 19.0 39.6 17.8 3.26 0.97 2.59 0.32 0.31 0.12 0.79 0.130 

4 40 19.8 33.2 14.3 2.41 0.76 1.51 0.25 0.24 0.09 0.59 0.082 

ʇʨʠʤʝʯʘʥʠʝ. 1,2 ï ʜʠʦʨʠʪʳ; 3- ʛʨʘʥʦʜʠʦʨʠʪ; 4- ʧʣʘʛʠʦʛʨʘʥʠʪ. ʆʙʨʘʟʮʳ 1,3,4 
ʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʘʦʤ ʮʝʥʪʨʝ ɻʝʪʠʥʛʝʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ɻʝʨʤʘ-
ʥʠʷ. ʆʙʨʘʟʝʮ 2 ʘʥʘʣʠʟʠʨʦʚʘʥ ʚ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʌʝʜʝʨʘʣʴʥʦʡ ɻʝʦʣʦʛʠ-
ʯʝʩʢʦʡ ʉʣʫʞʙʳ ɻʝʨʤʘʥʠʠ ʚ ʛ. ɻʘʥʥʦʚʝʨʝ . 

ʅʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 4.5 ʟʥʘʯʝʥʠʡ ʢ ʩʦ-
ʜʝʨʞʘʥʠʶ ʵʪʠʭ ʞʝ ʵʣʝʤʝʥʪʦʚ ʚ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʢʦʨʝ [24] ʧʦʢʘ-
ʟʳʚʘʝʪ ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 
ʨʘʩʧʣʘʚʦʚ ʠʟ ʥʠʞʥʝʡ ʢʦʨʳ, ʟʘʤʝʪʥʦ ʦʙʦʛʘʱʝʥʥʦʡ ʙʘʟʠʪʦʚʳʤ 
ʢʦʤʧʦʥʝʥʪʦʤ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ ʧʦʟʜ-
ʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʫʨʦʚʥʷ ʦʪ ʝʛʦ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ ʜʦʢʘʟʳʚʘʝʪʩʷ  
Sm-Nd  ʠʟʦʪʦʧʠʝʡ. ɺ ʪʘʙʣʠʮʝ 4.6 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʦʪʦʧ-
ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʙʨʘʟʮʦʚ ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʫʨʦʚʥʷ ʚ ʘʥʘʣʠ-



ʪʠʯʝʩʢʠʭ ʮʝʥʪʨʘʭ ɻʝʪʠʥʛʝʥʩʢʦʛʦ ʠ ʄʶʥʭʝʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, 
ɻʝʨʤʘʥʠʷ  [12, 13].   

 

ʊʘʙʣʠʮʘ 4.6. Sm-Nd ʠʟʦʪʦʧʠʷ ʧʦʨʦʜ ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ.  

 

 
Nd, 
ppm 

Sm, 
ppm 

147
Sm/

144
Nd 

143
Nd/

144
Nd ŮNd(t) TDM  Ga 

1 19.9 4.44 0.133545 0.512631 3.49 0.789 

2 9.91 2.35 0.1435 0.512696 4.2 0.76 

3 17.8 3.26 0.111101 0.512546 3.13 0.744 

4 0.8 1.51 0.104472 0.512511 2.82 0.748 

5 13.20 2.78 0.1276 0.512561 2.5 0.86 

6 12.98 2.74 0.1276 0.512540 2.0 0.89 

ʇʨʠʤʝʯʘʥʠʝ: 1-4- ʩʝʚʝʨʥʘʷ ʯʘʩʪʴ ɸʢʩʫʡʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ; 5,6 ï ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʝ ɾʦʣʳʤʙʝʪ 

 
ʀʟ ʩʨʘʚʥʝʥʠʷ ʪʘʙʣʠʮ 4.3 ʠ 4.6 ʚʠʜʥʳ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʨʝʜʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʥʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʠ 
ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʘ ʠʤʝʥʥʦ: 1) ʨʫʜʦʥʦʩʥʳʝ ʤʘʛʤʳ 
ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʙʦʣʝʝ ʤʦʣʦʜʦʡ 
ʶʚʝʥʠʣʴʥʦʡ ʢʦʨʝ (TDM ʚ ʩʨʝʜʥʝʤ 0.8 ʤʣʨʜ. ʣʝʪ ʧʨʦʪʠʚ 1.16 ʤʣʨʜ. 
ʣʝʪ ʚ ʢʦʨʝ ʨʘʥʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ) ʠ 2) ʢʦʨʘ ʵʪʘ ʙʳʣʘ ʦʙʦ-
ʛʘʱʝʥʘ ʙʘʟʠʪʦʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 
(ŮNd(t) ʚ ʩʨʝʜʥʝʤ 3.02 ʧʨʦʪʠʚ -0.6 ʚ ʨʘʥʥʝʩʪʝʧʥʷʢʩʢʦʤ ʢʦʤʧʣʝʢʩʝ).   

ɺʦʟʨʘʩʪ ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʝʥ ʫʨʘʥ-
ʩʚʠʥʮʦʚʳʤ ʣʦʢʘʣʴʥʳʤ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ 
ʐʈʀʄʇ-II ʧʦ ʮʠʨʢʦʥʫ ʚ 24 ʪʦʯʢʘʭ ʠʟ 4 ʧʨʦʙ  (ʪʘʙʣ.4.7). ʂʦʥʢʦʨʜʠʷ 
ʠ KL-ʠʟʦʙʨʘʞʝʥʠʷ ʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʧʨʦʙʳ 37 ʠʟ ʧʣʘʛʠʦ-
ʛʨʘʥʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʦʣʳʤʙʝʪ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.14. 
ɿʥʘʯʝʥʠʝ ʚʦʟʨʘʩʪʘ ʧʦ 24 ʪʦʯʢʘʤ ʪʘʙʣʠʮʳ 7 ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘ-
ʟʦʥʝ 447-457 ʤʣʥ. ʣʝʪ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 451,5Ñ4.5 ʤʣʥ. ʣʝʪ. 
ʆʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʧʨʦʠʟʚʝʜʝʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʚ ʜʚʫʭ ʠʟʦʪʦʧ-
ʥʳʭ ʮʝʥʪʨʘʭ: ɺʉɽɻɽʀ (ʉʪ.-ʇʝʪʝʨʙʫʨʛ) ʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʠʪʘʷ (ʇʝ-
ʢʠʥ). ʉʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʜʘʪʠʨʦʚʢʘʤʠ ʜʚʫʭ ʮʝʥʪʨʦʚ 
ʥʝ ʦʪʤʝʯʝʥʦ. 

 



 
 

ʈʠʩʫʥʦʢ 4.14.  ʂʦʥʢʦʨʜʠʷ ʧʨʦʙʳ 37 ʠʟ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ  
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʦʣʳʤʙʝʪ (ʖʞʥʳʡ ʢʘʨʴʝʨ) ʠ ʚʥʫʪʨʝʥʥʷʷ  

ʩʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʮʠʨʢʦʥʘ. 
 

ʊʘʙʣʠʮʘ 4.7. ʐʨʠʤʧ-II ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ  ʪʦʯʝʯʥʦʛʦ 
ʘʥʘʣʠʟʘ ʮʠʨʢʦʥʦʚ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʠʤʭ ʧʦʨʦʜ ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ. 

 

ˉ ʦʙʨʘʟ-
ʮʘ 

U, ʛ/ʪ Th, ʛ/ʪ 
206  /    238 

Pb / U 
207   / 235    

Pb / U 
207  / 206                       

Pb / U 

1 2 3 4 5 6 

ɸʢʩʫ, SHRIMP-ʮʝʥʪʨ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʠʪʘʷ 

ɸʂ21-1.1 219 152 455Ñ5 453Ñ10 440Ñ56 

ɸʂ21-2.1 254 191 455Ñ5 453Ñ7 447Ñ30 

ɸʂ21-3.1 260 182 461Ñ5 461Ñ6 459Ñ28 

ɸʂ21-4.1 352 201 459Ñ5 456Ñ8 444Ñ41 
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1 2 3 4 5 6 



ɾʦʣʳʤʙʝʪ,  SHRIMP-ʮʝʥʪʨ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʠʪʘʷ 

ZH4-1.1 159 85 452Ñ5 454Ñ16 469Ñ90 

ZH4-2.1 175 119 456Ñ5 451Ñ23 427Ñ140 

ZH4-3.1 148 116 451Ñ5 446Ñ15 419Ñ90 

ZH4-4.1 3054 934 452Ñ5 452Ñ8 453Ñ39 

ZH9-1.1 137 92 447Ñ7 446Ñ12 440Ñ64 

ZH9-2.1 234 254 447Ñ7 453Ñ14 483Ñ73 

ZH9-3.1 98 44 449Ñ7 450Ñ12 457Ñ59 

ZH9-4.1 128 95 448Ñ7 453Ñ11 477Ñ53 

ZH9-5.1 182 140 447Ñ7 456Ñ10 503Ñ44 

ZH9-6.1 140 90 448Ñ7 454Ñ10 488Ñ49 

ZH9-7.1 89 58 446Ñ7 452Ñ13 487Ñ64 

ɾʦʣʳʤʙʝʪ, SHRIMP-ʮʝʥʪʨ ɺʉ ɽɻɽʀ, ʈʦʩʩʠʷ 

37-3 151 53 440.1Ñ5.3  307Ñ170 

37-4 198 77 444.9Ñ4.7  449Ñ150 

37-5 189 71 448.6Ñ4.7  347Ñ130 

37-6 274 161 448.6Ñ3.8  334Ñ91 

37-7 196 126 452.4Ñ5.5  343Ñ250 

37-8 201 71 453.9Ñ 4.6  384Ñ130 

37-9 181 107 454.3Ñ5.2  264Ñ180 

37-10 113 45 456.1Ñ6.1  348Ñ160 

37-11 214 131 458.5Ñ5.1  374Ñ120 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʦʪʦʧʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʠʡ  ʠʥʪʨʫʟʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʣʦʞʝ ʨʘʥʥʝʩʪʝʧ-
ʥʷʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 29 ʤʣʥ. ʣʝʪ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʦʯʘʛʠ ʪʘʢʦʛʦ 
ʜʣʠʪʝʣʥɹʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝ ʦʧʠʩʘʥʳ, ʠʟ ʯʝʛʦ 
ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʥʥʝ- ʠ ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʠʡ ʢʦʤʧʣʝʢʩʳ 
ʠ ʩʚʟ̫ʘʥʥʘʷ ʩ ʥʠʤʠ ʤʝʪʘʣʣʦʛʝʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʢʘʞʜʳʡ ʠʟ 
ʩʘʤʦʩʪʦʪ̫ʝʣʴʥʦʛʦ ʦʯʘʛʘ. 



 
ʂʨʳʢʢʫʜʫʢʩʢʠʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʳʡ ʫʨʦʚʝʥʴ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ 

ʤʦʣʦʜʳʤ ʠ ʥʘʠʤʝʥʝʝ ʟʦʣʦʪʦʥʦʩʥʳʤ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʩ 
ʠʥʪʨʫʟʠʚʘʤʠ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ 
ʤʘʣʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ (ɼʝʢʘʙʨʴʩʢʦʝ, ɼʘʥʠʣʦʚ-
ʢʘ ʠ ʜʨ.). ɿʘ ʚʨʝʤʷ ʦʩʚʦʝʥʠʷ  ʧʨʦʚʠʥʮʠʠ ʙʳʣ ʥʘʢʦʧʣʝʥ ʵʤʧʠʨʠʯʝ-
ʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʷʩʥʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ 
ʙʦʣʴʰʠʥʩʪʚʦ ʢʨʫʧʥʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
çʠʟʙʝʛʘʪʁè ʧʣʫʪʦʥʳ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʠʞʝ ʜʘʥʳ ʛʣʘʚ-
ʥʳʝ ʦʪʣʠʯʠʷ çʩʪʝʧʥʷʢʠʪʦʚè ʦʪ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʫʩʪʘ-
ʥʦʚʣʝʥʥʳʝ [21] ʠ ʥʘʤʠ. 

1. ʌʦʨʤʘ ʧʨʦʷʚʣʝʥʠʷ: çʩʪʝʧʥʷʢʠʪʳè - ʤʘʣʳʝ ʠʥʪʨʫʟʠʠ, 
ʢʨʳʢʢʫʜʫʢʩʢʠʡ ʢʦʤʧʣʝʢʩ ï ʧʣʫʪʦʥʳ ʙʘʪʦʣʠʪʦʚʦʛʦ ʪʠʧʘ. 

2. ʆʪ çʩʪʝʧʥʷʢʠʪʦʚè ʢ ʢʨʳʢʢʫʜʫʢʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʧʨʦʠʩʭʦ-
ʜʠʪ ʥʘʨʘʩʪʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʢʨʝʤʥʝʢʠʩʣʳʭ ʧʦʨʦʜ ʠ ʢʘʣʠʷ ʚ ʩʦ-
ʩʪʘʚʝ ʱʝʣʦʯʝʡ;   

3. ʉʪʝʧʥʷʢʠʪʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʷʛʦʪʝ-
ʶʪ ʢ ʦʙʣʘʩʪʷʤ ʨʘʟʚʠʪʠʷ ʬʣʠʰʦʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʥʥʝʛʦ ʦʨʜʦ-
ʚʠʢʘ, ʢʨʳʢʢʫʜʫʢʩʢʠʝ ʧʣʫʪʦʥʳ ʩʢʚʦʟʩʪʨʫʢʪʫʨʥʳ. 

4. ʇʦ ʜʘʥʥʳʤ [21] ʦʙʘ ʩʪʝʧʥʷʢʩʢʠʭ ʢʦʤʧʣʝʢʩʘ ʠʟʥʘʯʘʣʴʥʦ 
ʙʳʣʠ ʦʙʦʛʘʱʝʥʳ ʟʦʣʦʪʦʤ ʚ 2-3 ʨʘʟʘ (0,006 ï 0.009 ʛ/ʪ ʚ çʩʪʝʧʥʷ-
ʢʠʪʘʭè ʧʨʦʪʠʚ 0.0015-0.003 ʚ ʢʨʳʢʢʫʜʫʢʩʢʠʭ ʛʨʘʥʠʪʦʠʜʘʭ).   

ʅʘʰʠʤʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ 
[22] ʚʧʝʨʚʳʝ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ ʜʦʢʘʟʘʥ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʦʟʨʘʩʪʥʦʡ 
ʨʘʟʨʳʚ ʤʝʞʜʫ ʢʨʳʢʢʫʜʫʢʩʢʠʤ ʠ ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤʠ ʠ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ. ʇʦʨʦʜʥʦ-ʤʠʥʝʨʘʣʴʥʘʷ ʠʟʦ-
ʭʨʦʥʘ, ʧʦʣʫʯʝʥʥʘʷ ʖ. ʂʦʩʪʠʮʠʥʳʤ ʧʦ ʥʘʰʠʤ ʦʙʨʘʟʮʘʤ ʠʟ ʛʨʘʥʦ-
ʜʠʦʨʠʪʦʚ ʤʘʩʩʠʚʘ ʂʠʰʢʝʥʪʘʡ II, ʠʤʝʝʪ ʚʦʟʨʘʩʪ 428Ñ9 ʤʣʥ. ʣʝʪ, ʘ 
ʚʦʟʨʘʩʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦ ʮʠʨʢʦʥʫ ʤʝʪʦʜʦʤ ʐʈʀʄʇ-II ʚ ʠʟʦʪʦʧʥʦʤ 
ʮʝʥʪʨʝ ɺʉɽɻɽʀ (ʉʪ-ʇʝʪʝʨʙʫʨʛ), 434Ñ3 ʤʣʥ. ʣʝʪ (ʪʘʙʣʠʮʘ 4.8; ʨʠ-
ʩʫʥʦʢ 4.15).  

 

ʊʘʙʣʠʮʘ 4.8. ʀʟʦʪʦʧʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʚʦʟʨʘʩʪ ʛʨʘʥʦ-
ʜʠʦʨʠʪʦʚ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 2 ʢʤ ʚʦʩʪʦʯʥʝʝ ʧʦʩ. ʏʝʨʥʷ-
ʭʦʚʩʢʠʡ   
   

ˉ 
ʦʙʨʘʟʮʘ 

U, ʛ/ʪ Th, ʛ/ʪ 
206      238 

Pb/ U 
207      206 

Pb / Pb 
ɼʠʩʢʣʦʨʜʘʥʪ-
ʥʦʩʪʴ, % 

1 2 3 4 5 6 

21-24-1 115 88 423Ñ4 516Ñ74 18 

21-24-2 83 39 427Ñ5 477Ñ180 10 
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1 2 3 4 5 6 

21-24-3 191 152 427Ñ4 381Ñ81 -12 

21-24-4 122 90 430Ñ7 487Ñ123 12 

21-24-5 46 23 431Ñ11 383Ñ98 -13 

21-24-6 96 71 433Ñ5 349Ñ146 -24 

21-24-7 155 82 437Ñ4 536Ñ106 18 

21-24-8 126 89 437Ñ4 394Ñ70 -11 

21-24-9 95 61 443Ñ5 362Ñ123 -22 

21-24-10 81 53 447Ñ5 416Ñ147 -7 

 
 

 
 

ʈʠʩʫʥʦʢ 4.15.  ʂʦʥʢʦʨʜʠʷ ʠ KL-ʠʟʦʙʨʘʞʝʥʠʷ ʮʠʨʢʦʥʦʚ    
ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉʙʦʨʥʘʷ ʧʨʦʙʘ 21-24 ʚ  2 ʢʤ  

ʚʦʩʪʦʯʥʝʝ ʧʦʩ. ʏʝʨʥʷʭʦʚʩʢʦʛʦ. 



ʉ ʫʯʝʪʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʜʦʧʫʩʢʦʚ ʵʪʠ ʜʚʝ ʮʠʬʨʳ ʤʦʞʥʦ 
ʩʯʠʪʘʪʴ ʦʜʥʦʚʦʟʨʘʩʪʥʳʤʠ. ɺ ʠʪʦʛʝ, ʨʘʟʨʳʚ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ 
ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʠʤ ʠ ʢʨʳʢʢʫʜʫʢʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 
ʦʢʦʣʦ 17- 
19 ʤʣʥ. ʣʝʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʩʯʠʪʘʪʴ ʢʘʞʜʳʡ ʠʟ ʥʠʭ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ.   

 
ʇʨʦʙʣʝʤʘ ɹʝʩʪʶʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʄʝʩʪʦʨʦʞʜʝ-

ʥʠʝ ɹʝʩʪʶʙʝ ʩʦ ʩʚʦʠʤʠ ʩʦʚʦʢʫʧʥʳʤʠ ʟʘʧʘʩʘʤʠ 54 ʪʦʥʥʳ (ʙʘʣʘʥ-
ʩʦʚʳʝ ʨʫʜʳ, ʟʘʙʘʣʘʥʩʦʚʳʝ ʨʫʜʳ, ʊʄʆ) ʚʭʦʜʷʪ ʚ ʩʝʤʝʨʢʫ ʢʨʫʧ-
ʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺʦʟʨʘʩʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʠʤʝʥʝʝ ʭʦ-
ʨʦʰʦ ʠʟʫʯʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʦ ʧʨʠ-
ʯʠʥʝ ʦʪʩʫʪʩʪʚʠʷ ʚ ʧʦʨʦʜʘʭ ʛʣʘʚʥʦʡ ʬʘʟʳ ʮʠʨʢʦʥʘ, ʢʦʪʦʨʳʡ ʟʘ-
ʤʝʱʝʥ ʟʜʝʩʴ ʙʘʜʜʝʣʝʠʪʦʤ. ʂ ʨʘʥʥʝʩʪʝʧʥʷʢʩʢʦʤʫ ʫʨʦʚʥʶ ʵʪʦ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʝ ʦʪʥʝʩʝʥʦ ʧʦʢʘ ʫʩʣʦʚʥʦ ʧʦ ʜʚʫʤ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘ-
ʢʘʤ: ʩʫʱʝʩʪʚʝʥʥʦ ʙʘʟʠʪʦʚʦʤʫ ʩʦʩʪʘʚʫ ʚʤʝʱʘʶʱʝʛʦ ʟʦʣʦʪʦʥʦʩ-
ʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʠʥʪʨʫʟʠʚʘ ʠ ʩʪʘʨʠʥʥʦʡ ʜʘʪʠʨʦʚʢʝ ʧʦʨʦʜ K-
Ar ʤʝʪʦʜʦʤ [25], ʧʦʢʘʟʘʚʰʝʡ ʚʦʟʨʘʩʪ 506 ʤʣʥ. ʣʝʪ.  

ɼʘʥʥʳʝ ʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʢʦʤʧʣʝʢʩʘ ʥʘ  ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʠ ʟʘʠʤʩʪʚʦʚʘʥʳ ʠʟ ʦʪʯʝʪʘ ʉʪʝʧʥʷʢʩʢʦʡ ʧʝʪʨʦʛʨʘʬʠ-
ʯʝʩʢʦʡ ʧʘʨʪʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ, 1964. 

I ʬʘʟʘ:  
1) ʛʣʘʚʥʘʷ ʬʘʮʠʷ ï ʘʤʬʠʙʦʣ-ʧʠʨʦʢʩʝʥʦʚʳʝ ʠ ʧʠ-

ʨʦʢʩʝʥʦʚʳʝ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ;  
2) ʬʘʮʠʷ ʵʥʜʦʢʦʥʪʘʢʪʘ ï ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʢʚʘʨʮʝʚʳʝ 

ʜʠʦʨʠʪʳ ʠ ʨʝʟʢʦʧʦʨʬʠʨʦʚʠʜʥʳʝ ʙʠʦʪʠʪ-ʧʠʨʦʢʩʝʥʦʚʳʝ ʜʠʦʨʠʪʳ; 

II ʬʘʟʘ: ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʠʦʪʠʪʩʦʜʝʨʞʘ-
ʱʠʝ; 

III ʬʘʟʘ: ʪʦʥʘʣʠʪʳ ʠ ʧʣʘʛʠʦʛʨʦʘʥʠʪʳ. 

 
ɾʠʣʴʥʳʝ ʧʦʨʦʜ (ʚ ʧʦʨʷʜʢʝ ʚʥʝʜʨʝʥʠʷ):  
1-ʞʠʣʴʥʳʝ ʛʨʘʥʠʪʳ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʳ;  
2-ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ;  
3-ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʳ;  
4-ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʩ ʤʦʣʠʙʜʝʥʠʪʦʤ;  
5-ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʳ ʠ ʩʧʝʩʩʘʨʪʠʪʳ;  
6-ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʳ;  
7-ʟʦʣʦʪʦʨʫʜʥʳʝ ʧʨʦʜʫʢʪʠʚʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʩ ʰʝʝʣʠ-

ʪʦʤ;  
8-ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ;  



9-ʟʦʣʦʪʦʨʫʜʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʭʣʦʨʠʪ-ʘʥʢʝʨʠʪʦʚʦʡ, ʘʥ-
ʪʠʤʦʥʠʪʦʚʦʡ ʠ ʢʘʣʴʮʠʪʦʚʦʡ ʩʪʘʜʠʡ.  

 



ʊʘʙʣʠʮʘ 4.9 . ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ʨʘʥʥʝʩʪʝʧʥʷʢʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʥʘ ʤʝʩʪʦʣʨʦʞʜʝʥʠʠ ɹʝʩʪʙʁʝ 

 

ʆʢʠʩʣʳ 

ʇʝʨʚʘʷ ʬʘʟʘ ʚʥʝʜʨʝʥʠʷ 
ɺʪʦʨʘʷ 
ʬʘʟʘ 

ʊʨʝʪʴʷ 
ʬʘʟʘ ɻʣʘʚʥʘʷ ʬʘʮʠ ̫

ʌʘʮʠʷ  
ʵʥʜʦʢʦʥʪʘʢʪʘ 

1/5 2/6 3/4 4/3 5/4 6/4 

SiO2 54.42 53.04 56.53 57.73 60.22 64.15 

TiO2 0.98 0.72 0.88 0.58 0.43 0.39 

Al2O3 17.27 17.21 17.23 16.86 15.91 15.89 

Fe2O3 1.23 1.96 2.10 0.94 0.33 1.21 

FeO 6.46 6.45 5.18 5.44 5.76 3.42 

MnO 0.10 0.14 0.10 0.14 0.10 0.09 

MgO 4.60 4.30 4.12 4.18 2.57 1.63 

CaO 6.64 7.05 5.23 5.77 3.85 3.91 

Na2O 3.54 3.34 3.76 3.59 3.46 3.52 

K2O 1.46 0.98 1.13 1.51 1.74 1.65 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʛʦʣʦʚʝ ʪʘʙʣʠʮʳ ʚ ʯʠʩʣʠʪʝʣʝ ʥʦʤʝʨ ʩʨʝʜʥʝʛʦ, ʚ ʟʥʘʤʝ-

ʥʘʪʝʣʝ ï ʯʠʩʣʦ ʘʥʘʣʠʟʦʚ ʚ ʩʨʝʜʥʝʤ.1-ʘʤʬʠʙʦʣ-ʧʠʨʦʢʩʝʥʦʚʳʝ ʛʘʙʙʨʦ-
ʜʠʦʨʠʪʳ, 2-ʧʠʨʦʢʩʝʥʦʚʳʝ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ, 3-ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʢʚʘʨʮʝ-
ʚʳʝ ʜʠʦʨʠʪʳ, 4-ʨʝʟʢʦʧʦʨʬʠʨʦʚʠʜʥʳʝ ʙʠʦʪʠʪ-ʧʠʨʦʢʩʝʥʦʚʳʝ ʜʠʦʨʠʪʳ,  
5-ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ,  6-ʪʦʥʘʣʠʪʳ.  ɸʥʘʣʠʟ r ʟʘʠʤʩʪʚʦʚʘʥʳ  ʠʟ:  ʅʘʟr-
ʤʦʚʘ ɻ.ɽ., ʌʝʣʴʜʤʘʥ ɺ.ʀ., ʐʘʣʘʝʚ ʖ.ʉ., 1964-ʬ. 

 

ɺ ʦʪʥʦʰʝʥʠʠ ʚʦʟʨʘʩʪʘ  ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʢʦʪʦ-
ʨʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʠʤʝʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʷ. 
ʖ.ɸ.ʂʦʩʪʠʮʳʥ [25] ʧʨʠʚʦʜʠʪ K-Ar  ʚʦʟʨʘʩʪ ʤʘʩʩʠʚʘ 506 ʤʣʥ. ʣʝʪ 
(ʂʝʤʙʨʠʡ). ʇʨʠ ʵʪʦʤ, ʩʦʩʪʘʚ ʧʦʨʦʜ ʠʣʠ ʤʠʥʝʨʘʣʦʚ ʥʝ ʫʪʦʯʥʷʝʪ-
ʩʷ. ʅʘʤʠ ʠʟʫʯʝʥ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚ ʛʣʘʚʥʦʡ 
ʬʘʟʳ ʤʘʩʩʠʚʘ ʥʘ ʧʨʝʜʤʝʪ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʥʝʛʦ ʮʠʨʢʦʥʘ ʜʣʷ ʧʦʣʫ-
ʯʝʥʠʷ U-Pb ʜʘʪʠʨʦʚʢʠ. ʎʠʨʢʦʥʘ ʚ ʥʠʭ ʤʳ ʥʝ ʥʘʰʣʠ, ʘ ʧʦʣʫʯʠʣʠ 
ʤʦʥʦʬʨʘʢʮʠʶ ʙʘʜʜʝʣʝʠʪʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʵʚʢʨʠʪʦʚʦʤ 
ʩʦʩʪʘʚʝ ʛʘʙʙʨʦʠʜʦʚ ʛʣʘʚʥʦʡ ʬʘʮʠʠ ʠ ʜʝʬʠʮʠʪʝ ʚ ʧʦʨʦʜʝ 
ʢʨʝʤʥʝʟʝʤʘ. ʉʣʝʜʫʶʱʠʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʠʟʦʪʦʧʥʦʝ ʠʟʫʯʝʥʠʝ 
ʷʚʠʣʠʩʴ ʙʠʦʪʠʪ-ʩʦʜʝʨʞʘʱʠʝ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪ-
ʨʠʚʘʶʪʩʷ    ʠ ʂʦʧʪʝʚʳʤ-ɼʚʦʨʥʠʢʦʚʳʤ (1964) ʠ ʄ. ʉʧʠʨʠʜʦʥʦʚʳʤ 
(1996) ʢʘʢ ʬʘʮʠʷ ʵʥʜʦʢʦʥʪʘʢʪʘ ʥʦʨʠʪ-ʜʠʦʨʠʪʦʚ ʛʣʘʚʥʦʡ ʬʘʟʳ. 
ʇʦʟʠʮʠʷ ʜʘʥʥʳʭ ʧʦʨʦʜ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.16. ʇʦʷʚʣʝʥʠʝ ʚ 



ʩʭʝʤʝ ʪʘʢʠʭ ʵʢʟʦʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʢʘʢ ʦʨʪʦʢʣʘʟ- ʠ ʙʠʦʪʠʪ-
ʩʦʜʝʨʞʘʱʠʝ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ ʚʥʦʩʠʪ ʩʦʤʥʝʥʠʝ ʚ ʦʙʲʝʜʠʥʝʥʠʝ ʠʭ 
ʦʙʦʠʤʠ ʢʦʣʣʝʢʪʠʚʘʤʠ ʛʝʦʣʦʛʦʚ ʚ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ. ʅʦ ʧʦʩʢʦʣʴʢʫ  
ʦʥʠ ʩʝʢʫʪʩʷ ʟʦʣʦʪʦʥʦʩʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ, ʘ ʦʧʨʝʜʝʣʝʥʠʝ 
ʚʦʟʨʘʩʪʘ  ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʷʚʣʝ̫ʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʠʦʨʠʪʝʪʦʤ, 
ʪʦ ʥʘʤʠ ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʧʨʦʙʘ ʙʠʦʪʠʪʦʚʳʭ ʛʘʙʙʨʦ-ʥʦʨʠʪʦʚ ʠʟ 
ʖʞʥʦʛʦ ʧʦʨʦʜʥʦʛʦ ʦʪʚʘʣʘ. ʀʟ ʥʝʝ ʚʳʜʝʣʝʥʘ ʤʦʥʦʬʨʘʢʮʠʷ ʮʠʨ-
ʢʦʥʘ, ʢʦʪʦʨʘʷ ʜʘʣʘ ʚʦʟʨʘʩʪ 424.8Ñ1.7 ʄʘ (Silurian, ʵʧʦʭʘ 
Wenlock). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 4.17, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʜʘʥʥʦʡ ʜʘ-
ʪʠʨʦʚʢʠ ʚʳʩʦʢʘʷ. ʉ ʫʯʝʪʦʤ ʨʝʟʢʠʭ ʨʘʩʭʦʞʜʝʥʠʡ ʚʦʟʨʘʩʪʘ ʤʝʞʜʫ 
ʢʘʣʠʡ-ʘʨʛʦʥʦʚʳʤ ʠ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʤ ʚʦʟʨʘʩʪʘʤʠ, ʠʩʪʠʥʥʦʝ ʚʨʝʤʷ 
ʟʦʣʦʪʦʛʦ ʦʨʜʝʥʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʤʳ ʩʯʠʪʘʝʤ ʢʘʢ 
ʤʠʥʠʤʫʤ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ. ʊʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʦʪʦʧ-
ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 4.16. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʛʦʨʠʟʦʥʪʘ 340ʤ  
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʩʪʶʙʝ [19].    

 

1-ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʆ2-3; 2-ʢʦʥʪʘʢʪʦʚʳʝ ʨʦʛʦʚʠʢʠ;  
3-ʩʣʘʙʦ  ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ. 4-13-ʢʨʳʢʢʫʜʫʢʩʢʠʡ ʢʦʤʧʣʝʢʩ ʆ3:  

4-6-ʨʘʥʥʷʷ ʠʥʪʨʫʟʠʚʥʘʷ ʬʘʟʘ:4-ʩʪʝʧʥʷʢʠʪʳ, ʦʨʪʦʢʣʘʟ-ʢʚʘʨʮʝʚʳʝ  
ʣʝʡʢʦʛʘʙʙʨʦ-ʥʦʨʠʪʳ, 5-ʢʚʘʨʮʝʚʳʝ ʥʦʨʠʪ-ʜʠʦʨʠʪʳ ʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ, 
 6- ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʛʠʙʨʠʜʥʳʝ; 7- 1-ʷ ʬʘʟʘ: ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʠ  
ʪʦʥʘʣʠʪʳ; 8- 2-  ̫ʬʘʟʘ: ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʠ ʣʝʡʢʦʪʦʥʘʣʠʪʳ; 9- ʜʘʡʢʠ  



ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ; 10- ʛʠʜʨʦʪʝʨ-
ʤʘʣʴʥʳʝ ʙʨʝʢʯʠʠ, ʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ ʢʚʘʨʮʝʚʳʤʠ ʜʠʦʨʠʪʦʚʳʤʠ ʧʦʨʬʠ-
ʨʠʪʘʤʠ; 11-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʙʨʝʢʯʠʠ ʩ ʢʣʘʩʪʠʪʦʚʳʤ ʮʝʤʝʥʪʦʤ;  

12- ʟʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ; 13- ʧʦʩʪʠʥʪʨʫʟʠʚʥʳʝ ʜʘʡʢʠ ʤʠʢʨʦ-
ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚ; 14- ʨʘʟʣʦʤʳ; 16- ʰʘʭʪʘ ʟʘʧʘʜʥʘʷ. 

 
 

ʈʠʩʫʥʦʢ 4.17. ʂʦʥʢʦʨʜʠʷ ʧʨʦʙʳ 98, ʦʪʦʙʨʘʥʥʦʡ ʠʟ ʜʘʡʢʠ ʧʦʩʪʛʨʘ-
ʥʠʪʥʳʭ ʱʝʣʦʯʥʳʭ ʛʘʙʙʨʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʩʪʶʙʝ. 

 
ʊʘʙʣʠʮʘ 4. 10. ʀʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʘ, ʠʟʚʣʝʯʝʥʥʦʛʦ 

ʠʟ ʙʠʦʪʠʪʦʚʦʛʦ ʛʘʙʙʨʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʩʪʶʙʝ. 

ʊʦʯʢʠ 
206

Pbc,

% 
U,   ʛ/ʪ Th,  ʛ/ʪ 

232
Th/

238

U 

206
Pb*, 
ʛ/ʪ 

206
Pb/

238
U 

ɺʦʟʨʘʩʪ 

ɼʠʩʢʦ-
ʨʜʘʥʪ-
ʥʦʩʪʴ,      

% 

1 2 3 4 5 6 7 8 

1.1 0,00 256 147 0,59 14.7 416.2Ñ4.6 -3 

2.1 0,20 262 176 0,70 15.5 428.5Ñ4.1 -7 

3.1 0,00 269 186 0,71 16.1 432.6Ñ4.1 4 

4.1 0,00 284 201 0,73 16.7 428 Ñ4 2 

5.1 0,00 174 104 0,61 10.3 427.9Ñ4.7 13 

6.1 0,00 311 227 0,75 18.1 422 Ñ3.9 4 



7.1 0,26 303 209 0,71 17.7 423.8Ñ3.9 -5 

8.1 0,28 144 81 0,58 8.39 420.8Ñ4.9 6 

9.1 0,00 319 215 0,70 18.8 427.4Ñ4.5 5 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.10. 
 

1 2 3 4 5 6 7 8 

0.1 0,00 595 305 0,53 35.3 430.1Ñ3.4 -2 

1.1 0,26 303 164 0,56 18 429.3Ñ4 -5 

2.1 0,00 166 98 0,61 9.62 420.6Ñ4.7 16 

3.1 0,20 205 75 0,38 11.9 421.9Ñ4.4 6 

4.1 0,33 130 71 0,57 7.62 424.8Ñ5.3 -5 

15.1 0,00 146 83 0,59 8.52 424.7Ñ4.9 7 

15.2 0,16 769 495 0,66 45 424.3Ñ3.2 -2 

16.1 0,00 116 42 0,38 6.82 426 Ñ8.6 12 

17.1 0,00 508 356 0,72 29.5 420.9Ñ3.4 8 

18.1 0,00 194 115 0,61 11.5 430.6Ñ4.6 14 

19.1 0,42 162 56 0,36 9.55 426.7Ñ4.9 -11 

20.1 0,22 186 108 0,60 11 427.1Ñ4.6 -10 

21.1 0,06 6961 2708 0,40 400 417.6Ñ3.2 -3 

21.2 0,18 316 176 0,58 18.3 419.9Ñ4.4 -7 

22.1 0,28 308 200 0,67 18.1 425.2Ñ4.1 7 

23.1 0,19 605 666 1,14 35.5 425.3Ñ3.5 -11 

 
ɺʳʚʦʜʳ  
1. ʀʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʢʘʟʘʥʦ  ʩʫ-

ʱʝʩʪʚʦʚʘʥʠʝ ʚ ʉʂɿʇ  ʯʝʪʳʨʝʭ  ʫʨʦʚʥʝʡ ʠʥʪʨʫʟʠʚʥʳʭ ʠ ʚʫʣʢʘʥʦ-
ʛʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʩ ʢʦʪʦʨʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʩʚʷ-
ʟʘʥʘ ʧʨʦʤʳʰʣʝʥʥʘʷ ʟʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ: ʩʨʝʜʥʠʡ 
ʂʝʤʙʨʠʡ (ʩʪʨʘʪʠʬʦʨʤʥʦʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʝ ʤʝʩʪʦʨʦʞʜʝ-
ʥʠʝ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʥʦʝ ʚ ʪʘʢʦʤ ʩʪʘʪʫʩʝ [28]); ʨʘʥʥʝʩʪʝʧʥʷʢʩʢʠʡ 
ʢʦʤʧʣʝʢʩ ʨʘʥʥʝʛʦ ʆʨʜʦʚʠʢʘ 481Ñ5ʄʘ (ʙʦʛʘʪʳʝ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦ-
ʞʠʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ;  ʧʦʟʜʥʝʩʪʝʧʥʷʢʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʦʟʜʥʝ-
ʦʨʜʦʚʠʢʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 451Ñ4 ʄʘ (ʫʤʝʨʝʥʥʦ-ʙʦʛʘʪʳʝ ʟʦʣʦʪʦ-
ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʛʘʰʪʦ-



ʢʚʝʨʢʠ);   ʢʨʳʢʢʫʜʫʢʩʢʠʡ ʨʘʥʥʝʩʠʣʫʨʠʡʩʢʠʡ ʢʦʤʧʣʝʢʩ 434Ñ3 ʄʘ,  
ʙʝʜʥʳʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ.   

2. ɺʳʧʦʣʥʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [22]  ʨʘʟʜʝʣʷʶʪ ʧʦʟʠʮʠʶ 
ɽ.ʀ.ʈʳʪʩʢʘ [26], ʖ.ɸ. ɹʠʣʠʙʠʥʘ [27], ʕ.ʄ.ʉʧʠʨʠʜʦʥʦʚʘ [21] ʚ ʦʪ-
ʥʦʰʝʥʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦʛʦ ʪʠʧʘ 
ʠ ʜʝʪʘʣʠʟʠʨʫʶʪ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ çʩʪʝʧʥʷʢʠʪʦʚè ʠ ʢʨʳʢʢʫʜʫʢʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʚ ʮʝʣʦʤ. ʅʝʦʙʭʦʜʠʤʦ, ʚʤʝʩʪʝ ʩ ʪʝʤ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦ-
ʜʝʣʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ  ʧʨʦʚʠʥ-
ʮʠʠ ʩ ʚʳʰʝʨʘʩʩʤʦʪʨʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʙʘʟʠʨʫʝʪʩʷ ʚ ʦʩʥʦʚ-
ʥʦʤ ʥʘ ʠʭ ʪʝʩʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʠ  ʦʪʩʫʪʩʪʚʠʠ ʟʦʣʦʪʦ-
ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʧʦʨʦʜʘʭ. ʆʥʘ ʥʝ  ʧʦʜ-
ʢʨʝʧʣʝʥʘ ʠʟʦʪʦʧʥʳʤʠ ʜʘʪʠʨʦʚʢʘʤʠ. ʅ.ɻ.ʉʳʨʦʤʷʪʥʠʢʦʚ [15] 
ʧʨʝʜʧʨʠʥʷʣ  ʧʦʧʳʪʢʫ ʚʦʩʧʦʣʥʠʪʴ ʵʪʦʪ ʧʨʦʙʝʣ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, 
ʤʝʪʦʜʘʤʠ ʩʚʠʥʮʦʚʦʡ ʠʟʦʪʦʧʠʠ. ʇʦʣʫʯʝʥʥʳʝ  ʠʤ  14  ʜʘʪʠʨʦʚʦʢ ʚ 
ʜʠʘʧʘʟʦʥʝ ʦʪ ʆʨʜʦʚʠʢʘ ʜʦ ʄʝʟʦʟʦʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ  ʪʨʝʭ ʜʨʝʚ-
ʥʠʭ, ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, çʥʝʩʦʛʣʘʩʦʚʘʥʥʳʭè  ʨʝ-
ʟʫʣʴʪʘʪʦʚ. ʅʝʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʠ ʚ ʜʝ-
ʚʦʥʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ,  ʥʠ ʚ ʙʦʣʝʝ ʤʦʣʦʜʳʭ, ʚʢʣʶʯʘʷ ʄʝʟʦʟʦʡ, ʤʳ 
ʥʝ ʠʤʝʝʤ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʭʦʪʷ ʙʳ ʚ ʨʘʥʛʝ ʤʝʣʢʠʭ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ .    

3. ʇʦʣʫʯʝʥʦ ʚʘʞʥʦʝ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʝʪʨʦʣʦʛʠʠ ʠ ʤʝ-
ʪʘʣʣʦʛʝʥʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʜʣʠʪʝʣʴʥʦʛʦ   ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʥʘ-
ʩʣʝʜʦʚʘʥʥʦʡ ʦʯʘʛʦʚʦʡ ʟʦʥʳ, ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʥʘ ʟʦʣʦʪʦ,  
ʢʦʪʦʨʘʷ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣʘ ʦʢʦʣʦ 50 ʤʣʥ. ʣʝʪ, ʘ ʩ ʫʯʝʪʦʤ ʂʚʘʨ-
ʮʠʪʦʛʦʨʩʢʦʛʦ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʠ ʙʦʣʝʝ 
ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ.  
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ɻʃɸɺɸ 5.   
ɺʦʟʨʘʩʪʥʳʝ ʫʨʦʚʥʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ 
ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʤ ʦʨʫʜʝʥʝʥʠʝʤ: ʜʘʥʥʳʝ ʠʟʦ-
ʪʦʧʥʦʡ ʛʝʦʣʦʛʠʠ                  

 
 
ɺʚʝʜʝʥʠʝ.   
 

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʡ ʬʦʨʤʘʮʠʠ ʚʥʦʩʷʪ ʩʫ-
ʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʨʝʩʫʨʩʥʳʡ ʙʘʣʘʥʩ ʩʪʨʘʥʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ, 
ʠʥʪʨʫʟʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ ʠ ʚʤʝʱʘʶʪ ʵʪʦʪ 
ʪʠʧ ʦʨʫʜʝʥʝʥʠʷ, ʠʟʫʯʝʥʳ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɸʢʪʫʘʣʴʥʦʡ ʦʩʪʘ-
ʝʪʩʷ ʧʨʦʙʣʝʤʘ ʜʘʪʠʨʦʚʘʥʠʷ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʨʫʜʥʦ-
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʘʷ ʧʨʝʣʦʤʣʷʝʪʩʷ ʢʘʢ ʚ ʧʨʦ-
ʙʣʝʤʫ  ʧʨʦʛʥʦʟʘ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʘʢ ʠ ʚ ʦʬʦʨʤʣʝʥʠʝ 
ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʤʠʨʦ-
ʚʦʡ ʥʘʫʢʝ  ʜʘʪʠʨʦʚʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʚʩʝ ʙʦʣʝʝ 
ʩʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʠʟʦʪʦʧʥʳʭ ʤʝʪʦʜʦʚ. ʊʘʢʦʡ ʧʨʠʦʨʠʪʝʪ  
ʦʙʲʷʩʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ. 

1. ɼʘʪʠʨʦʚʢʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʠ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪ-
ʢʦʚ, ʢʘʢ ʞʠʚʦʪʥʦʛʦ, ʪʘʢ ʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʥʝ ʜʘ-
ʶʪ ʘʙʩʦʣʶʪʥʦʛʦ ʣʝʪʦʠʩʯʠʩʣʝʥʠʷ. 

2. ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʦʜʘ ʠʣʠ ʚʠʜʘ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪʢʦʚ 
ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʤʦ-
ʞʝʪ ʙʳʪʴ ʢʘʢ ʧʦʟʠʪʠʚʥʳʤ, ʪʘʢ ʠ ʥʝʛʘʪʠʚʥʳʤ. 

3. ʀʟ 4,6 ʤʣʨʜ. ʣʝʪ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ 
ʧʦʟʚʦʣʷʶʪ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ ʪʦʯʥʦʩʪʴʶ ʜʘʪʠʨʦʚʘʪʴ ʪʦʣʴʢʦ 1/9 
ʯʘʩʪʴ ʝʝ ʠʩʪʦʨʠʠ, ʘ 8/9 ʤʦʞʝʪ ʙʳʪʴ ʜʘʪʠʨʦʚʘʥʘ ʪʦʣʴʢʦ ʠʟʦʪʦʧ-
ʥʳʤʠ ʤʝʪʦʜʘʤʠ. ʉʦʚʝʨʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ 
8 ʯʘʩʪʝʡ ʜʘʪʠʨʦʚʘʥʳ ʠʟʦʪʦʧʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʘ 1 ʯʘʩʪʴ ʧʘʣʝʦʥ-
ʪʦʣʦʛʠʯʝʩʢʠʤʠ, ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʢʦʨʨʝʢʪʥʦʡ. 

ʕʪʠ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʐʢʘʣʳ [1], ʨʝʢʦʤʝʥʜʦʚʘʥʥʦʡ 32-ʤ ʄʝʞʜʫ-
ʥʘʨʦʜʥr ʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʦʥʛʨʝʩʩʦʤ ʢ ʧʦʚʩʝʤʝʩʪʥʦʤʫ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʶ. ɺ ʜʘʥʥʦʡ ʰʢʘʣʝ ʚ ʢʨʘʡʥʝʡ ʧʨʘʚʦʡ ʢʦʣʦʥʢʝ ʬʠʛʫʨʠʨʫ-
ʶʪ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʟʦʣʦʪʳʝ ʢʦʩʪʳʣʠè (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʞʝʣʝʟ-
ʥʦʜʦʨʦʞʥʳʤʠ ʢʦʩʪʳʣʷʤʠ). ʆʥʠ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʜʘʥʥʘʷ ʩʪʨʘʪʠ-
ʛʨʘʬʠʯʝʩʢʘʷ ʛʨʘʥʠʮʘ ʫʩʪʘʥʦʚʣʝʥʘ ʦʢʦʥʯʘʪʝʣʴʥʦ, ʘ ʪʦʯʥʦʩʪʴ 
ʮʠʬʨʦʚʳʭ ʟʥʘʯʝʥʠʡ ʛʨʘʥʠʮ ʪʘʢʘʷ: ʥʘʧʨʠʤʝʨ, ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ 
ʉ1v ʠʤʝʝʪ ʚʦʟʨʘʩʪ 326.4Ñ1.6 ʤʣʥ. ʣʝʪ, ʠʣʠ, ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʆ1tr 
ʠʤʝʝʪ ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ ʚʦʟʨʘʩʪʘ 488.3Ñ1.7 ʤʣʥ. ʣʝʪ ʠ ʪ. ʜ.  



ʂʘʢ ʚʠʜʠʤ, ʥʠ ʦʜʠʥ ʨʦʜ ʠʣʠ ʚʠʜ ʬʘʫʥʳ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʜʘʪʴ ʧʦ-
ʜʦʙʥʫʶ  ʪʦʯʥʦʩʪʴ ʚʦʟʨʘʩʪʘ. ʇʨʠʚʝʜʝʥʥʳʡ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʩʦʩʪʦ-
ʷʥʠʷ ʧʨʦʙʣʝʤʳ ʥʘʮʝʣʠʚʘʝʪ ʛʝʦʣʦʛʦʚ, ʠ ʦʩʦʙʝʥʥʦ ʫʯʝʥʳʭ, ʥʘ 
ʜʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝ-
ʥʠʠ ʚʦʟʨʘʩʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫ-
ʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʠʟʦʪʦʧʥʦʡ ʛʝʦʣʦʛʠʠ. ɿʘ 
ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʰʠʤ ʢʦʣʣʝʢʪʠʚʦʤ ʚ ʠʟʦʪʦʧʥʳʭ ʮʝʥ-
ʪʨʘʭ ʈʦʩʩʠʠ, ʂʠʪʘʷ ʠ ɻʝʨʤʘʥʠʠ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʜʝ-
ʩʷʪʢʦʚ ʜʘʪʠʨʦʚʦʢ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʦʢʘ-
ʟʘʣʠʩʴ ʠ ʛʣʘʚʥʳʝ ʦʙʲʝʢʪʳ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. 

         
5.1 ɹʦʟʰʘʢʦʣʴʩʢʠʡ ʫʨʦʚʝʥʴ.  
 

ʇʨʝʜʩʪʘʚʠʪʝʣʴ ï ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʦʟʰʘʢʦʣʴ ʚ ʇʘʚʣʦʜʘʨ-
ʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʥʦ ʙʳʣʦ ʦʪʢʨʳʪʦ ʈ.ɸ. ɹʦʨʫʢʘʝʚʳʤ ʚ 1929 ʛʦʜʫ, 
ʧʨʝʜʚʘʨʠʪʝʣʥɹʘʷ ʨʘʟʚʝʜʢʘ ʙʳʣʘ ʟʘʚʝʨʰʝʥʘ ʚ 1957 ʛʦʜʫ. ʅʘ ʪʦ 
ʚʨʝʤʷ ʵʪʦ ʙʳʣʦ ʥʝ ʦʯʝʥʴ ʢʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʦ ʩʨʘʚʥʠ-
ʪʝʣʴʥʦ ʙʝʜʥʳʤʠ ʨʫʜʘʤʠ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʜʠ 0,5%), ʧʦ-
ʵʪʦʤʫ ʦʥʦ ʧʨʦʜʦʣʞʘʣʦ ʣʝʞʘʪʴ ʚ ʥʝʜʨʘʭ ʜʦ  80-ʭ ʛʦʜʦʚ. ɺ ʩʝʨʝ-
ʜʠʥʝ 80-ʭ ʛʦʜʦʚ ʦʙʲʝʢʪʫ ʙʳʣ  ʧʨʠʜʘʥ ʩʪʘʪʫʩ ʢʦʤʩʦʤʦʣʴʩʢʦʡ 
ʩʪʨʦʡʢʠ. ʅʘʯʘʣʘʩʴ ʙʫʨʥʘʷ ʨʘʟʚʝʜʢʘ ʩʘʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜ 
ʢʘʨʴʝʨ ʠ ʝʛʦ ʬʣʘʥʛʦʚ (ɸ.ʅ.ʊʘʨʘʥ), ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʞʝʣʝʟʥʘʷ 
ʜʦʨʦʛʘ, ʧʦʩʪʨʦʝʥ ʧʦʩʝʣʦʢ ʜʣʷ ʙʫʜʫʱʠʭ ʞʠʪʝʣʝʡ ɹʦʟʰʘʢʦʣʴʩʢʦʛʦ 
ɻʆʂʘ, ʟʘʣʦʞʝʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʦʛʘʪʠʪʝʣɹʥʦʡ ʬʘʙʨʠʢʠ ʥʘ 1 
ʤʣʥ. ʪʦʥʥ ʚ ʛʦʜ ʠ ʧʣʦʱʘʜʢʠ ʧʦʜ ʢʫʯʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʦʢʠʩʣʝʥ-
ʥʳʭ ʨʫʜ. ʇʝʨʝʩʪʨʦʡʢʘ ʚʥʝʩʣʘ ʩʚʦʠ ʢʦʨʨʝʢʪʠʚʳ ʠ ʢ ʥʘʯʘʣʫ 90-ʭ 
ʛʦʜʦʚ ʚʩʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʢʨʘʱʝʥʳ, ʧʦʩʪʝʧʝʥʥʦ ʦʙʝʟʣʶʜʠʣ ʧʦ-
ʩʝʣʦʢ ʠ ʢ ʢʦʥʮʫ 90-ʭ ʦʥ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʨʘʟʛʨʘʙʣʝʥ, ʚʢʣʶʯʘʷ ʞʝ-
ʣʝʟʥʫʶ ʜʦʨʦʛʫ ʠ ʥʝʢʦʪʦʨʳʝ ʚʳʩʦʢʦʚʦʣʴʪʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚʭʦʜʠʪ ʚ ʩʬʝʨʫ ʠʥʪʝʨʝʩʦʚ 
ʂʦʨʧʦʨʘʮʠʠ ʂʘʟʘʭʤʳʩ. ʇʦʜ ʦʧʳʪʥʳʡ ʢʘʨʴʝʨ, ʢʦʪʦʨʳʡ ʙʳʣ ʟʘʣʦ-
ʞʝʥ ʝʱʝ ʧʨʠ ʩʦʮʠʘʣʠʟʤʝ, ʙʴʝʪʩʷ ʫʢʣʦʥ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʶʛʦ-
ʟʘʧʘʜʥʦʛʦ ʬʣʘʥʛʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʜʝʪʘʣʴʥʘʷ ʨʘʟʚʝʜʢʘ ʢʦʪʦʨʦʛʦ 
ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ.  

ɻʝʦʣʦʛʠʷ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠ ʝʛʦ ʬʣʘʥʛʦʚ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝ-
ʥʘ ʚ ʨʘʙʦʪʘʭ ɹ.ʌ.ʍʨʦʤʳʭ (ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʤʘʩʰʪʘʙʘ 
1:50000), ɺ.ɻ.ʃʠ, ɻ.ʕ.ʅʘʨʚʘʡʪ [2], ʖ.ʂ. ʂʫʜʨʷʚʮʝʚʘ [3]. ɼʣʷ ʥʘʩ 
ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʩʪʝʤʘ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ, ʚʳʜʝʣʷʝʤʳʭ ʚ 
ʙʦʟh ʘʢʦʣʴʩʢʠʡ ʠʥʪʨʫʟʠʚʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʩʢʦʣʴʢʫ ʩʫʣʴʬʠʜʥʦʝ 
ʦʨʫʜʝʥʝʥʠʝ ʥʘʣʦʞʝʥʦ ʥʘ ʝʛʦ ʧʦʨʦʜʳ ʠ , ʢʘʢ ʵʪʦ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 
5.1, ʢʦʥʪʫʨ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʨʫʜʝʥʝʠʷ ʩʦʚʧʘʜʘʝʪ ʢʘʢ ʧʦ ʬʦʨʤʝ, 



ʪʘʢ ʠ ʧʦ ʨʘʟʤʝʨʫ ʩ ʢʦʥʪʫʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦ-
ʨʦʜ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʤ 
ʨʦʜʩʪʚʝ.   

 

 

 
ʈʠʩʫʥʦʢ 5.1.    ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɹʦʟʰʘʢʦʰʣʴ:  

ʪʝʩʥʘʷ ʩʦʧʨʷʞʝʥʥʦʩʪʴ ʢʦʥʪʫʨʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʫʜ  
ʩ ʢʦʥʪʫʨʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ  

ʙʦʟʰʘʢʦʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ,  ʧʦ [3].   
 

1- ʬʘʥʝʨʠʪʦʚʳʝ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ, ʪʦʥʘʣʠʪʳ;  
2- ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʪʦʥʘʣʠʪʳ; 3- ʪʦʥʘʣʠʪ-ʧʦʨʬʠʨʳ;  

4- ʛʘʙʙʨʦ ʠ ʜʠʦʨʠʪʳ; 5- ʧʨʦʝʢʮʠʷ ʢʦʥʪʫʨʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʫʜ  
ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ; 6- ʨʘʟʣʦʤʳ. 

                 
ɺ ʦʪʥʦʰʝʥʠʠ ʚʦʟʨʘʩʪʘ ʙʦʟʰʘʢʦʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦ 

ʥʘʰʠʭ ʨʘʙʦʪ  ʠʤʝʣʠʩʴ  ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: 1-ʢʦʤʧʣʝʢʩ ʧʨʦʨʳ-
ʚʘʝʪ  ʨʘʥʥʝʢʝʤʙʨʠʡʩʢʠʝ ʚʫʣʢʘʥʠʪʳ ʠ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩ ʨʘʟʤʳʚʦʤ 
ʪʦʨʪʢʫʜʫʢʩʢʦʡ ʩʝʨʠʝʡ, ʩʦʜʝʨʞʘʱʝʡ ʬʘʫʥʫ ʧʦʟʜʥʝʛʦ ʢʝʤʙʨʠʷ-
ʪʨʝʤʘʜʦʢʘ [2,3]; 2-ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʧʦ ʤʦʣʠʙʜʝʥʠʪʫ ʨʝʥʠʡ-
ʦʩʤʠʝʚʳʤ ʤʝʪʦʜʦʤ 568Ñ50 ʄʘ [4 ]; 3-ʠʟʦʪʦʧʥʳʡ ʚʦʟʨʘʩʪ ʩʫʣʴʬʠ-
ʜʦʚ ʧʦ ʩʚʠʥʮʦʚʳʤ ʤʦʜʝʣʷʤ 530Ñ50 ʄʘ[5]; 4- ʢʘʣʠʡ-ʘʨʛʦʥʦʚʳʡ 
ʚʦʟʨʘʩʪ ʧʦ ʦʢʦʣʦʨʫʜʥʳʤ ʩʝʨʠʮʠʪʘʤ 477Ñ24 ʄʘ [5]; 5- ʨʫʙʠʜʠʡ-
ʩʪʨʦʥʮʠʝʚʳʡ ʚʦʟʨʘʩʪ ʬʘʥʝʨʠʪʦʚʳʭ ʪʦʥʘʣʠʪʦʚ  ʧʦ ʤʦʥʦʬʨʘʢʮʠ-
ʷʤ 481Ñ23ʄʘ [3]. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʠʷ ʜʦʚʝʨʠʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ 
( ʦʪ Ñ 23 ʜʦ Ñ50 ʄʘ) ʧʦʟʚʦʣʷʣʠ ʚʦʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʠʩʪʠʥ-
ʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʟʨʘʩʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʛʣʷʜʦʚ ʠʥʪʝʨʧʨʝʪʘʪʦ-
ʨʘ ʥʘ ʛʝʦʣʦʛʠʶ ʨʝʛʠʦʥʘ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 
ʜʘʥʥʳʝ: ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʨʪʢʫʜʫʢʩʢʦʡ ʩʝʨʠʠ, 
ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʬʘʫʥʝ,  ʚ ʘʙʩʦʣʶʪʥʦʤ ʣʝʪʦʠʩʯʠʩʣʝʥʠʠ ʩʦʩʪʘʚ-
ʣʷʣʘ 23 ʤʣʥ. ʣʝʪ.  

ʅʘʤʠ ʝʱʝ ʚ ʢʦʥʮʝ 80-ʭ ʛʦʜʦʚ ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʧʨʦʙʘ ʧʦʨʬʠ-
ʨʦʚʠʜʥʳʭ ʪʦʥʘʣʠʪʦʚ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥʳ  1006, ʦʩʪʘʥʦʚʣʝʥʥʦʡ ʚ 
ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʪʦʥʘʣʠʪʘʭ ʥʘ ʛʣʫʙʠʥʝ 279ʤ ʚ ʢʦʥʪʫʨʝ ʙʫʜʫʱʝʛʦ 



ʦʧʪrʥʦʛʦ ʢʘʨʴʝʨʘ. ʇʦʨʦʜʘ ʩʣʦʞʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʨʠʟʤʘʤʠ 
ʧʣʘʛʠʦʢʣʘʟʘ ʠ, ʨʝʞʝ,  ʘʤʬʠʙʦʣʘ, ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 
ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʣʢʦ-ʢʨʠʧʪʦʟʝʨʥʠʩʪʳʡ ʘʛʨʝʛʘʪ ʧʣʘʛʠʦʢʣʘʟʘ, ʘʤ-
ʬʠʙʦʣʘ, ʨʝʞʝ ʢʚʘʨʮʘ, ʙʠʦʪʠʪʘ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ. ɺ 2010 ʛʦʜʫ ʠʟ 
ʥʝʝ ʚʳʜʝʣʝʥ ʮʠʨʢʦʥ ʠ ʠʟʫʯʝʥ ʚ ʠʟʦʪʦʧʥʦʤ ʮʝʥʪʨʝ ɺʉɽɻɽʀ. ʂʘ-
ʪʦʜʦ-ʣʶʤʠʥʠʩʮʝʥʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʮʠʨʢʦʥʘ ʠ ʝʛʦ ʩʨʝʜʥʝʚʟʚʝ-
ʰʝʥʥʳʡ ʚʦʟʨʘʩʪ ʜʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.2.  

 

 
 

ʈʠʩʫʥʦʢ 5.2. ʂʃ-ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʚʦʟʨʘʩʪ  
ʮʠʨʢʦʥʘ ʠʟ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʪʦʥʘʣʠʪʦʚ ʙʦʟʰʘʢʦʣʴʩʢʦʛʦ  

ʢʦʤʧʣʝʢʩ 

 
ʎʠʨʢʦʥ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʥʘʧʨʷʞʝʥʥʘʷ ʨʠʪ-

ʤʠʯʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ) ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʤ. ɺʦʟʨʘʩʪ 
494,9Ñ6 ʄʘ (ʧʦʟʜʥʠʡ ʂʝʤʙʨʠʡ). ʉʦʛʣʘʩʥʦ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ 
ʰʢʘʣʝ, ʫʢʘʟʘʥʥʦʡ ʚʦ çɺʚʝʜʝʥʠʠè, ʚʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ ʧʦʟʜʥʝʛʦ 
ʂʝʤʙʨʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 488,3 ʜʦ 501.0 ʄʘ. ʇʦʣʫʯʝʥʥʘʷ ʥʘʤʠ 
ʮʠʬʨʘ ʚʦʟʨʘʩʪʘ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʪʦʥʘʣʠʪʦʚ ʙʦʟʰʘʢʦʣʴʩʢʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ ʧʨʠ ʣʶʙʦʤ ʧʨʠʤʝʥʝʥʠʠ ʜʦʧʫʩʢʘ (Ñ6ʄʘ) ʥʝ ʚʳʚʦʜʠʪ ʟʘ 
ʧʨʝʜʝʣʳ ʧʦʟʜʥʝʛʦ ʂʝʤʙʨʠʷ. ʆʥʘ ʪʘʢʞʝ ʣʝʞʠʪ ʚʥʫʪʨʠ ʜʦʚʝʨʠ-
ʪʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʚʩʝʭ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʪʠʨʦʚʦʢ ʧʦ ʵʪʦʤʫ 
ʢʦʤʧʣʝʢʩʫ,  ʢʨʦʤʝ ʨʝʥʠʡ-ʦʩʤʠʝʚʦʡ. ʇʦʵʪʦʤʫ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ 



ʜʘʪʠʨʦʚʢʠ ʩʚʠʥʝʮ-ʩʚʠʥʮʦʚʳʤ, ʢʘʣʠʡ ʘʨʛʦʥʦʚʳʤ, ʨʫʙʠʜʠʡ-
ʩʪʨʦʥʮʠʝʚʳʤ, ʘ ʪʘʢʞʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ ʥʘʰʘ ʥʦʚʘʷ ʜʘʪʠ-
ʨʦʚʢʘ  ʷʚʣʷʶʪʩʷ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ, ʥʦ ʜʘʪʠʨʦʚʢʘ, ʧʦʣʫ-
ʯʝʥʥʘʷ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʤ ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʫ ʷʚʣʷʝʪʩʷ ʥʘ ʩʝʛʦ-
ʜʥʷ  ʩʘʤʦʡ ʪʦʯʥʦʡ. 

 
5.2 ʅʫʨʢʘʟʛʘʥʩʢʠʡ ʫʨʦʚʝʥʴ.  
 

ʆʪʢʨʳʪʠʝ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ  ʅʫʨʢʘʟʛʘʥʩʢʦʛʦ 
ʪʠʧʘ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʧʦʚʳʰʝʥʥʦʝ ʚʥʠʤʘʥʠʝ ʛʝʦʣʦʛʦʚ ʢ ʩʝʚʝ-
ʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʜʝʚʦʥʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʚ 
ʧʣʘʥʝ ʧʨʦʛʥʦʟʘ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʩʫʨʩʦʚ 
ʜʘʥʥʦʛʦ ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ. ɼʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʤʥʝʥʠʝ ʠ ʫʯʝ-
ʥʳʭ ʠ ʨʘʟʚʝʜʯʠʢʦʚ ʙʳʣʦ ʦʜʠʥʘʢʦʚʦʝ, ʘ ʠʤʝʥʥʦ, ʦʨʫʜʝʥʝʥʠʝ ʩʚʷ-
ʟʘʥʦ ʩ ʵʚʦʣʶʮʠʝʡ ʜʝʚʦʥʩʢʦʛʦ  ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ [6-
13]. ʈʘʩʭʦʞʜʝʥʠʷ ʙʳʣʠ ʣʠʰʴ ʚ ʜʝʪʘʣʷʭ: ʩ ʢʘʨʘʤʝʥʜʠʥʩʢʠʤ D1 
ʠʣʠ ʩ ʢʦʢʢʫʜʫʢʪʶʙʠʥʩʢʠʤ D2 (ʠʣʠ D2-3) ʢʦʤʧʣʝʢʩʘʤʠ. ɼʨʫʛʠʭ ʚʝʨ-
ʩʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʙʳʣʦ.  

ʇʨʠʯʠʥ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʪʘʢʦʡ ʚʝʨʩʠʠ ʙʳʣʦ ʪʨʠ: 

- ʦʪʩʫʪʩʪʚʠʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ 
ʩʣʫʞʙʳ; 

- ʜʦʤʠʥʠʨʦʚʘʥʠʠʝ  ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʩʭʝʤʳ ʤʘʛʤʘʪʠʟʤʘ ʐʫʣʴ-
ʛʠ ɺ.ʉ., ʚ ʢʦʪʦʨʦʡ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʚʳʜʝʣʷʣʠʩʴ ʪʦʣʴʢʦ ʢʘʨʘʤʝʥ-
ʜʠʥʩʢʠʡ ʠ ʢʦʢʢʫʜʫʢʪʶʙʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩʳ ʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʙʦʣʝʝ 
ʜʨʝʚʥʠʝ; 

- ʧʦʚʘʣʴʥʦʝ ʦʤʦʣʦʞʝʥʠʝ ʜʦʜʝʚʦʥʩʢʠʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-
ʦʩʘʜʦʯʥʳʭ ʩʚʠʪ ( ʚ ʢʦʪʦʨʳʭ ʟʘʣʝʛʘʣʠ ʨʫʜʦʥʦʩʥʳʝ ʤʘʩʩʠʚʳ) ʠ 
ʚrʜʝʣʝʥʠʝ ʥʘ ʠʭ ʤʝʩʪʝ ʞʘʨʩʦʨʩʢʦʡ ʩʚʠʪʳ D1 , ʟʘʯʘʩʪʫʶ ʩ ʦʜʥʠʤ 
ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʙʦʩʥʦʚʘʥʠʝʤ: çʧʦʭʦʞʘ ʥʘ ʞʘʨʩʦʨʩʢʫʶ ʩʚʠʪʫ ʚ 
ʪʘʢʦʤ-ʪʦ ʨʘʡʦʥʝè. 

 
ʅʘʰʠ ʥʦʚʝʡʰʠʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʅʫʨʢʘʟʛʘʥ ʧʦʟʚʦʣʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʦʨ-
ʨʝʢʪʠʨʦʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʦʷʩʘ. 
ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʧʦʪʦʤʫ, ʯʪʦ ʧʨʠ  ʬʦʨʤʠʨʦʚʘʥʠʠ çʦʙʱʝ-
ʧʨʠʥʷʪʦʛʦè ʤʥʝʥʠʷ ʦ ʜʝʚʦʥʩʢʦʤ ʚʦʟʨʘʩʪʝ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 
ʧʦʣʥʦʤ ʦʙʲʝʤʝ ʩʳʛʨʘʣʠ ʩʚʦʶ ʜʝʟʦʨʠʝʥʪʠʨʫʶʱʫʶ ʨʦʣʴ ʚʩʝ ʪʨʠ 
ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʠʯʠʥʳ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʅʫʨʢʘʟʛʘʥ (ʉʘʤʘʨʩʢʦʝ) ʥʘʭʦʜʠʪʩʷ ʚ 10ʢʤ ʢ 
ʉɺ ʦʪ ʛ.ʊʝʤʠʨʪʘʫ ʠ ʧʨʠʫʨʦʯʝʥʦ ʢ ʊʶʣʴʢʫʣʠʥʩʢʦʡ ʚʫʣʢʘʥʦ-
ʧʣʫʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʣʦʱʘʜʴʶ ʦʢʦʣʦ 18 ʢʤ

2
, ʨʘʩʧʦʣʦʞʝʥ-



ʥʦʡ ʚ ʰʠʨʦʪʥʦʡ ʚʝʪʚʠ ʜʝʚʦʥʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. 
ʇʦ ʚʝʨʩʠʠ ʠ ʨʘʟʚʝʜʯʠʢʦʚ, ʠ ʛʝʦʣʦʛʦʚ-ʩʲʝʤʱʠʢʦʚ ʨʘʡʦʥ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ ʩʣʦʞʝʥ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʣʠʙʦ 
ʞʘʨʩʦʨʩʢʦʡ ʩʚʠʪʳ D1 (ʀ.ɺ.ɽʚʜʦʢʠʤʦʚ,1995ʛ.), ʣʠʙʦ ʰʝʰʝʥʴʢʘ-
ʨʠʥʩʢʦʡ  ʩʚʠʪʦʡ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ (ɺ.ʌ.ɼʦʣʛʘʥʴ, ɻɼʇ-50, 1996ʛ).  
ɻ.ɼ.ɻʠʜʘʩʧʦʚ ʠ ʜʨ.(1989ʛ., ɻʉ-200) ʦʪʥʦʩʠʣʠ ʵʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʢ 
ʩʫʣʳʩʦʨʩʢʦʡ ʩʚʠʪʝ S1, ʪʘʢʞʝ ʪʦʣʴʢʦ ʧʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 
ʨʘʡʦʥʘʤʠ. ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʫ-
ʬʦʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʠ ʣʘʚʦʙʨʝʢʯʠʷʤʠ, ʚ ʶʞʥʦʡ - ʧʝʩʯʘʥʠʢʘʤʠ ʠ 
ʛʨʘʚʝʣʠʪʘʤʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʟʘʣʝʛʘʝʪ ʚ ʩʣʦʞʥʦʤ ʧʦ ʩʪʨʦʝʥʠʶ 
ʊʶʣʴʢʫʣʠʥʩʢʦʤ ʤʘʩʩʠʚʝ (ʨʠʩʫʥʦʢ 5.3). ɻʝʦʣʦʛʠ ɾʝʟʢʘʟʛʘʥʩʢʦʡ 
ʵʢʩʧʝʜʠʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʶɦ ʠʝ ʨʘʟʚʝʜʢʫ ʬʣʘʥʛʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʠ ʩʝʛʦʜʥʷ (ʄʝʜʚʝʜʝʚ ɺ.ʂ ʠ ʜʨ.) ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʧʦʨʦʜ ʊʶʣʴʢʫʣʘʤ-
ʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʚ ʩʦʩʪʘʚʝ ʢʘʨʘʤʝʥʜʠʥʩʢʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ ɼ2. ɻ.ɼ. ɻʠʜʘʩʣʦʚ ʠ ʜʨ.(1989ʛ.) ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʝ ʧʦ-
ʨʦʜʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚ ʩʦʩʪʘʚʝ ʢʘʨʘʤʝʥʜʠʥʩʢʦʛʦ (D1), ʘ ʩʫʙʱʝ-
ʣʦʯʥʳʝ ï ʢʦʢʢʫʜʫʢʪʶʙʠʥʩʢʦʛʦ (D2) ʢʦʤʧʣʝʢʩʦʚ. ɹʦʣʝʝ ʧʦʟʜʥʠʝ 
ʨʘʙʦʪʳ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʠʥʠʤʘʣʠ ʪʘʢʦʝ ʞʝ ʨʘʩʯʣʝʥʝʥʠʝ ʠ ʩʧʦʨʳ 
ʙʳʣʠ ʪʦʣʴʢʦ ʚʦʢʨʫʛ ʚʦʟʨʘʩʪʘ ʩʘʤʦʛʦ ʦʨʫʜʝʥʝʥʠʷ: ɼ1 ʠʣʠ ɼ2-3. ʅʘ 
ʨʠʩʫʥʢʝ 5.3 ʧʦʢʘʟʘʥʦ ʩʪʨʦʝʥʠʝ ʊʶʣʴʢʫʣʘʤʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʜʘʥʥʳʤ ʠʟʫʯʝʥʠʷ ʉ.ɸ.ɾʫʨʫʪʠʥʳʤ ʚ 1997-99 ʛʛ. 
ʩʢʚʘʞʠʥ ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ ʢʦʤʧʘʥʠʠ çThree K Exploration 
and mining LTDè ʧʦ ʧʨʦʩʴʙʝ ʠ ʥʘ ʩʨʝʜʩʪʚʘ ʛʣʘʚʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 
ʞʫʨʥʘʣʘ çDepositaè ɹ.ʃʝʤʘʥʥʘ (ɻʝʨʤʘʥʠʷ). ʇʨʝʜʣʦʞʝʥʥʘʷ ʠʤ 
ʩʭʝʤʘ ʨʘʩʯʣʝʥʝʥʠʷ ʩʦʚʧʘʜʘʣʘ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʩ ʧʦʟʠʮʠʝʡ ʚʝʜʫ-
ʱʠʭ ʛʝʦʣʦʛʦʚ ʀɻʅ ʠʤ. ʂ.ʀ.ʉʘʪʧʘʝʚʘ ʠ ʄɼ çʎʝʥʪʨʢʘʟʥʝʜʨʘè [7, 9-
13], ʦʜʥʘʢʦ ʦʨʫʜʝʥʝʥʠʝ ʛʝʦʣʦʛʘʤʠ ʀɻʅ ʠʤ. ʂ.ʀ.ʉʘʪʧʘʝʚʘ ʩʚʷʟʳ-
ʚʘʣʦʩʴ ʩ ʢʘʨʘʤʝʥʜʠʥʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ɼ1, ʘ ʛʝʦʣʦʛʘʤʠ  ʄɼ çʎʝʥ-
ʪʨʢʘʟʥʝʜʨʘè - ʩ ʢʦʢʢʫʜʫʢʪʶʙʠʥʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ɼ2-3.   

 
ɺʳʧʦʣʥʝʥʥʦʝ ʥʘʤʠ ʚ 2006-2007ʛʛ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʢʘʨʪʠʨʦ-

ʚʘʥʠʝ ʦʧʳʪʥʦʛʦ ʢʘʨʴʝʨʘ (ʢʨʫʛ ʥʘ ʨʠʩʫʥʢʝ 5.3) ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ 
ʧʦʜʪʚʝʨʜʠʣʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ 
ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʉ.ɸ. ɾʫʨʫʪʠʥʳʤ, ʠ ʧʦʟʚʦʣʠʣʦ ʦʧʨʦʙʦʚʘʪʴ ʪʨʠ 
ʛʣʘʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠ-
ʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʢʘʨʘʤʝʥʜʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢ-
ʩʘ (ʧʨʦʙʳ ˉˉ 69 ʠ 74), ʘ ʪʘʢʞʝ  ʤʦʥʮʦʜʠʦʨʠʪʳ (ˉ 73) ʧʨʝʜʧʦ-
ʣʦʞʠʪʝʣʴʥʦ ʢʦʢʢʫʜʫʢʪʶʙʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉʣʝʜʫʝʪ ʧʦʷʩʥʠʪʴ, 
ʯʪʦ ʧʨʦʙʘ 74, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʧʦʣʝ ʢʚʘʨʮʝʚʳʭ 
ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, ʦʪʦʙʨʘʥʘ ʠʟ ʩʤʝʰʘʥʥʦʛʦ ʢʝʨʥʘ  ʩʪʘʨʦʡ 
ʩʢʚʘʞʠʥʳ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʧʨʝʦʙʣʘʜʘʶʪ ʠʤʝʥʥʦ ʢʚʘʨʮʝʚʳʝ 



ʜʠʦʨʠʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʠʞʝ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠ-
ʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ. ʇʦ ʩʦʩʪʘʚʫ ʧʦʨʦʜʘ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʢʚʘʨʮʝʚʳʤ ʜʠʦʨʠʪʘʤ ʢʘʨʴʝʨʘ, ʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʠʤʠ ʦʥʘ ʠʤʝ-
ʝʪ ʙʦʣʝʝ ʩʚʝʞʠʡ ʦʙʣʠʢ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʮʠʨʢʦʥʘ, ʚʳʜʝʣʝʥ-
ʥʦʛʦ ʠʟ ʚʳh ʝʫʢʘʟʘʥʥʳʭ ʧʨʦʙ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.4.  

 
 

 

 
 

ʈʠʩʫʥʦʢ 5.3.  ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ  
ʧʦʚʝʨʭʥʦʩʪʠ ʅʫʨʢʘʟʛʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʉʦʩʪʘʚʠʣ ʉ.ɸ ɾʫʨʫʪʠʥ,  1998 ʛ.  

 
1- 2-ʢʦʤʧʣʝʢʩ ʧʦʟʜʥʠʭ ʜʘʝʢ ʧʨʦʙʣʝʤʘʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ:  
1- ʜʠʘʙʘʟʳ, 2- ʪʨʘʭʠʘʥʜʝʟʠʪʳ; 3- ʚʤʝʱʘʶʱʘʷ ʠʥʪʨʫʟʠʚ  

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʘʷ ʩʚʠʪʘ: ʙʘʟʘʣʴʪʳ, ʢʨʘʩʥʦʮʚʝʪʥʳʝ ʪʫʬʳ,  
ʪʫʬʦʙʨʝʢʯʠʠ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ; 4-7- ʥʘʜʨʫʜʥʘʷ ʦʙʣʘʩʪʴ ʠʥʪʨʫʟʠʚʘ,  



ʚʤʝɦ ʘʶʱʝʛʦ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ:  
4- ʢʘʣʠʰʧʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ,  

5- ʨʫʜʥʳʝ ʠ ʙʝʟʨʫʜʥʳʝ ʵʢʩʧʣʦʟʠʚʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʝ  
ʙʨʝʢʯʠʠ (ʘʧʦʬʠʟʳ ʛʣʘʚʥʦʛʦ ʙʨʝʢʯʠʝʚʦʛʦ ʪʝʣʘ), 6- ʢʚʘʨʮ- 
ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʨʝʟʢʦʧʦʨʬʠʨʦʚʠʜʥʳʝ ʜʠʦʨʠʪʳ,  

7- ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ; 8- ʨʘʟʣʦʤʳ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʤʝʩʪʥʳʝ.  
ʂʨʫʛ ʚ ʮʝʥʪʨʝ ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʩʩʠʚʘ - ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʡ  

ʢʦʥʪʫʨ ʦʧʳʪʥʦʛʦ ʢʘʨʴʝʨʘ. 
 

 
 

ʈʠʩʫʥʦʢ 5.4.  ʀʟʦʪʦʧʥʳʝ ʜʘʪʠʨʦʚʢʠ  
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʚʤʝɦ ʘʶʱʠʭ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ  

ʦʨʫʜʝʥʝʥʠʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʅʫʨʢʘʟʛʘʥ  
(ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ). 

 
ʇʨʦʙʘ 69 (ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ) ʥʝ ʠʤʝʝʪ 

ʠʥʳʭ ʚʘʨʠʘʥʪʦʚ, ʢʨʦʤʝ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘ  452Ñ4,9 
ʤʣʥ. ʣʝʪ (ʇʦʟʜʥʠʡ ʆʨʜʦʚʠʢ). ʎʠʨʢʦʥ ʪʠʧʠʯʥʦ ʤʘʛʤʘʪʠʯʝʩʢʠʡ, ʙʝʟ 
ʩʣʝʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʛʦ ʢʘʢʠʭ-ʣʠʙʦ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʧʨʦʮʝʩ-
ʩʦʚ. 

ʇʨʦʙʘ 74 (ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ) ʠʤʝʝʪ ʜʚʘ ʮʝʥʪʨʘ: ʧʦʟʜʥʝ-
ʦʨʜʦʚʠʢʩʢʠʡ, ʜʠʩʢʦʨʜʘʥʪʥʳʡ (457Ñ6,9 ʤʣʥ. ʣʝʪ),  ʩʤʝʱʝʥʥʳʡ ʦʪ 
ʢʦʥʢʦʨʜʠʠ ʚʣʝʚʦ (ʧʦʪʝʨʷ 

235
U), ʠ ʨʘʥʥʝʩʠʣʫʨʠʡʩʢʠʡ ʢʦʥʢʦʨʜʘʥʪ-

ʥʳʡ (430,6Ñ4,6 ʤʣʥ. ʣʝʪ). ʎʠʨʢʦʥʳ ʨʘʥʥʝʩʠʣʫʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 
ʠʤʝʶʪ ʦʪʯʝʪʣʠʚʳʝ ʩʣʝʜʳ ʨʘʩʪʚʦʨʝʥʠʷ, ʪ.ʝ., ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ 
ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʧʨʦʮʝʩʩʦʚ. ʉʦʝʜʠʥʝʥʠʝ ʚʩʝʭ ʵʣʣʠʧʩʦʚ ʚ ʨʘʩʯʝʪ 



ʝʜʠʥʦʛʦ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʮʠʬʨʝ 436 
ʤʣʥ. ʣʝʪ, ʯʪʦ ʪʘʢʞʝ ʦʪʚʝʯʘʝʪ ʨʘʥʥʝʤʫ ʉʠʣʫʨʫ. ʊʘʢʘʷ  ʜʘʪʠʨʦʚʢʘ  
ʩʯʠʪʘʝʪʩʷ ʢʦʨʨʝʢʪʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʦʨʜʦʚʠʢʩʢʠʡ ʧʫʯʦʢ ʵʣʣʠʧʩʦʚ 
ʯʘʩʪʠʯʥʦ ʧʝʨʝʢʨʚrʘʝʪ ʨʘʥʥʝʩʠʣʫʨʠʡʩʢʠʡ ʠ ʦʥʠ ʚʩʝ ʚʤʝʩʪʝ ʤʦʛʫʪ 
ʚʢʣʶʯʘʪʴʩʷ ʚ ʝʜʠʥʫʶ ʨʘʩʯʝʪʥʫʶ ʚʳʙʦʨʢʫ.  

ʇʨʦʙʘ 73 (ʢʚʘʨʮʝʚʳʝ ʤʦʥʮʦʜʠʦʨʠʪʳ) ʬʘʢʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷ-
ʝʪ ʧʨʦʙʫ 74 ʩ ʪʦʡ ʪʦʣʴʢʦ ʨʘʟʥʠʮʝʡ, ʯʪʦ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʠʡ ʮʝʥʪʨ 
(457,7Ñ8,1 ʤʣʥ. ʣʝʪ) ʷʚʣʝ̫ʪʩʷ  ʢʦʥʢʦʨʜʘʥʪʥʳʤ. ʅʘ ʤʝʩʪʝ ʚ ʩʪʝʥʢʝ 
ʢʘʨʴʝʨʘ ʧʦʨʦʜʘ ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʠʤ ʨʦʟʦʚʘʪʳʤ ʮʚʝʪʦʤ, ʦʜʥʘʢʦ, 
ʨʝʟʢʠʝ ʠʥʪʨʫʟʠʚʥʳʝ ʢʦʥʪʘʢʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʘʧʨʦʪʠʚ, ʥʘʙʣʶʜʘ-
ʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ, çʢʚʘʨʮʝʚʳʭ ʤʦʥ-
ʮʦʜʠʦʨʠʪʦʚè ʢ ʩʝʨʳʤ ʢʚʘʨʮʝʚʳʤ ʜʠʦʨʠʪʘʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʧʝʨ-
ʚʳʝ ʜʝʩʷʪʢʠ ʩʘʥʪʠʤʝʪʨʦʚ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ çʢʚʘʨʮʝʚʳʝ ʤʦʥʮ-
ʦʜʠʦʨʠʪʳè ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʠʦʨʠʪʦʚ ʪʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦ-
ʜʝʨʞʘʥʠʝʤ ʢʘʣʠʝʚʦʛʦ ʰʧʘʪʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʣʠʥʦʧʠʨʦʢʩʝʥ, ʦʪ-
ʚʝʪʩʪʚʝʥʥʳʡ ʟʘ ʧʨʠʩʪʘʚʢʫ çʤʦʥʮʦè, ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʦʪʤʝʪʠʤ, ʯʪʦ ʦʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʪʨʝʭ 
ʧʨʦʙ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʠʭ ʮʝʥʪʨʦʚ, ʢʦʪʦʨʳʝ 
ʤʳ ʧʨʠʥʠʤʘʝʤ ʟʘ ʚʨʝʤʷ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʨʦʜ. 
ʇʦʩʣʝʜʫʶʱʝʝ ʩʤʝʱʝʥʠʝ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʭ ʩʠʩʪʝʤ ʢ ʩʠʣʫʨʠʡʩʢʠʤ 
ʮʠʬʨʘʤ ʩʚʷʟʘʥʦ, ʚʝʨʦʷʪʥʦ, ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʮʠʨʢʦʥʳ ʧʦʚʪʦʨ-
ʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ. ʊʘʢʠʝ ʩʤʝʱʝʥʠʷ ʦʜʠʥʘʢʦʚʳ ʢʘʢ ʚ 
ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʘʭ, ʪʘʢ ʠ ʚ çʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʜʠʦʨʠʪʘʭè. ʕʪʦʪ 
ʬʘʢʪ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ  ʷʚʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ  
ʧʨʠʟʥʘʢʦʚ  ʢʘʣʠʝʚʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʥʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʠʩʫʪ-
ʩʪʚʠʝ ʚ ʜʘʥʥʦʤ ʤʝʩʪʝ ʜʝʚʦʥʩʢʠʭ ʤʦʥʮʦʜʠʦʨʠʪʦʚ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺʦʟʨʘʩʪ ʊʶʣʴʢʫʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʤʦʞʥʦ ʜʘʪʠ-
ʨʦʚʘʪʴ ʢʘʢ O3 ʠʣʠ O3-S1, ʯʪʦ ʥʝ ʤʝʥʷʝʪ ʩʫʪʠ ʚʦʧʨʦʩʘ. ʉ ʜʨʫʛʦʡ 
ʩʪʦʨʦʥʳ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʨʝʛʠʦʥ ʠʣʠ ʢʘʢʘʷ-ʪʦ ʝʛʦ ʯʘʩʪʴ 
ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʥʝ ʜʝʚʦʥʩʢʦʤʫ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʤʫ 
ʧʦʷʩʫ, ʘ ʙʳʪʴ  ʧʨʦʜʦʣʞʝʥʠʝʤ ʉʝʣʝʪʳ-ʉʪʝʧʥʷʢʩʢʦʡ ʦʩʪʨʦʚʦʜʫʞ-
ʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ ʩʤʝʥʘ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʝ-
ʪʘʣʣʦʛʝʥʠʠ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʡ  ʚʧʠʩʳʚʘʝʪʩʷ  ʚ ʪʨʘʜʠʮʠʦʥʥʫʶ 
ʟʦʥʘʣʴʥʦʩʪʴ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠ ʘʢʪʠʚʥʳʭ ʦʢʨʘʠʥ ʘʥʜʠʡʩʢʦʛʦ ʪʠʧʘ. 
ɸ ʵʪʦ ʫʞʝ ʩʦʚʩʝʤ ʜʨʫʛʠʝ ʠ ʥʘʫʯʥʳʝ ʚʳʚʦʜʳ ʠ ʨʝʩʫʨʩʥʳʝ ʧʝʨ-
ʩʧʝʢʪʠʚʳ.    

 
5.3. ʇʦʟʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʫʨʦʚʝʥʴ 
 



ɼʘʥʥʳʡ  ʫʨʦʚʝʥʴ ʚʢʣʶʯʘʝʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʟʝʨʥʦʝ ʠ ɹʘʡ-
ʩʢʦʝ  ʚ ʂʘʨʘʛʘʡʣʠʥʩʢʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʂʦʥr -
ʨʘʪ ʠ ɹʦʨʣʳ ʚ ʉʝʚʝʨʥʦʤ ʇʨʠʙʘʣʭʘʰʴʝ.   

ɻʣʘʚʥʦʡ ʬʘʟʦʡ ʥʘ ʫʯʘʩʪʢʘʭ ʨʘʟʚʠʪʠʷ ʆʟʝʨʥʦʛʦ ʠ ɹʘʡʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ, 
ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʩʣʝʜʫʶʪ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʛʨʘʥʠʪʳ ʠ ʤʥʦʛʦʯʠʩʣʝʥ-
ʥʳʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʜʘʡʢʠ.  ʇʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʷʤʠ ʦʙʘ ʤʘʩʩʠʚʘ ʦʪʥʝʩʝʥʳ  ʢ ʪʦʧʘʨʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʉ2. 
ʄʘʩʩʠʚʳ ʦʙʥʘʞʝʥʳ ʧʨʠʤʝʨʥʦ ʥʘ 10-15%, ʧʦɻ ʪʦʤʫ ʦʩʥʦʚʥʳʤʠ 
ʫʯʘʩʪʢʘʤʠ ʦʪʙʦʨʘ ʧʨʦʙ ʙʳʣʠ ʥʝʙʦʣʴʰʠʝ ʢʘʨʴʝʨʳ, ʩʦʟʜʘʥʥʳʝ 
ʚʟʨʳʚʥʠʢʘʤʠ  ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʦʨʦʛ, ʠ ʢʝʨʥ ʩʪʘʨʳʭ ʩʢʚʘʞʠʥ. 
ɺʠʟʫʘʣʴʥʦ ʛʨʘʥʦʜʠʦʨʠʪʳ ʥʝ ʠʤʝʶʪ ʩʭʦʜʩʪʚʘ ʩ ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ 
ʊʦʧʘʨʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʦʥʠ ʪʘʢʞʝ ʦʪʣʠ-
ʯʘʶʪʩʷ ʦʪ ʪʠʧʦʚʳʭ ʧʦʨʦʜ ʪʦʧʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʞʜʝ ʚʩʝʛʦ 
ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʥʠʭ ʧʠʨʦʢʩʝʥʦʚ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʙʣʝʜʥʦ-ʟʝʣʝʥʦʛʦ 
ʘʤʬʠʙʦʣʘ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚ ʤʘʩʩʠʚʘʭ ʟʘʢʣʶʯʝʥʳ ʙʦʣʴʰʠʝ 
ʧʨʦʛʥʦʟʥʳʝ ʟʘʧʘʩʳ ʤʝʜʠ, ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦ-
ʙʣʝʤʘ ʚʦʟʨʘʩʪʘ ʩʣʘʛʘʶʱʠʭ ʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʜʣʷ ʚʳʷʩʥʝ-
ʥʠʷ ʚʦʧʨʦʩʘ, ʢ ʢʘʢʦʤʫ ʫʨʦʚʥʶ ʦʪʥʦʩʠʪʩʷ ʦʨʫʜʝʥʝʥʠʝ:  ʢ ʥʫʨʢʘʟ-
ʛʘʥʩʢʦʤʫ ʠʣʠ ʢʦʫʥʨʘʜʩʢʦʤʫ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʧʦ ʧʨʦʬʠʣʶ ʤʝʞʜʫ 
ʨʫʜʥrʤʠ ʪʝʣʘʤʠ ˉˉ 3 ʠ 5 ʚ ʆʟʝʨʥʦʤ ʤʘʩʩʠʚʝ ʠ ʥʘ ʖʞʥʦ-
ʂʦʥʩʪʘʥʪʠʥʦʚʩʢʦʡ ʧʣʦʱʘʜʠ  ɹʘʡʩʢʦʛʦ  ʤʝʩʪʦʨʦʞʜʝʥʠʷ   ʙʳʣʠ 
ʦʪʦʙʨʘʥʳ ʜʚʝ ʧʨʦʙʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ ʬʨʘʢʮʠʡ 
ʥʘ ʠʟʦʪʦʧʠʶ.  

 
ʉ ʫʯʝʪʦʤ ʥʘʰʠʭ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟ-

ʨʘʩʪʘ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ ʫʨʦʚʥʷ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ 
ʥʠʭ ʩʝʡʯʘʩ ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ. 

1. ɻʨʘʥʦʜʠʦʨʠʪʳ ʧʨʦʨʳʚʘʶʪ ʧʝʩʪʨʦʮʚʝʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʜʝ-
ʚʦʥʘ ʠ ʩʝʨʦʮʚʝʪʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʦʙʣʝʤʘʪʠʯʥʦʛʦ ʪʫʨʥʝʡʩʢʦʛʦ 
ʷʨʫʩʘ ʨʘʥʥʝʛʦ ʂʘʨʙʦʥʘ. 

2. ɺ ʆʟʝʨʥʦʤ ʤʘʩʩʠʚʝ ʠʟʚʝʩʪʥʳ ʢʘʣʠʡ-ʘʨʛʦʥʦʚʳʝ ʜʘʪʠʨʦʚ-
ʢʠ  ʦʪ 218 ʜʦ 338 ʤʣʥ. ʣʝʪ, ʦʜʥʘʢʦ ʚ ʙʠʦʪʠʪʝ, ʧʦ ʢʦʪʦʨʦʤʫ ʦʧʨʝ-
ʜʝʣʷʣʩʷ ʚʦʟʨʘʩʪ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʦʯʝʥʴ ʤʘʣʦ (2.45 ʠ 2.29%), 
ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʥʝ ʢʦʥʜʠʮʠʦʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

3. ɺ 2005 ʛʦʜʫ ʚ ʀʟʦʪʦʧʥʦʤ ʮʝʥʪʨʝ ɺʉɽɻɽʀ  ʙʳʣʘ ʠʩʩʣʝ-
ʜʦʚʘʥʘ ʤʦʥʦʬʨʘʢʮʠʷ ʮʠʨʢʦʥʘ ʠʟ   ɹʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʣʦʢʘʣʴʥʳʤ 
ʠʟʦʪʦʧʥʦ- ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. 

ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʝ ʦʪʥʦʰʝʥʠʷ ʚ 10 ʟʝʨʥʘʭ 
ʮʠʨʢʦʥʘ ʠ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʳʥʝʩʝʥʳ ʥʘ ʫʨʘʥ-ʩʚʠʥʮʦʚʫʶ 
ʢʦʥʢʦʨʜʠʶ (ʨʠʩʫʥʦʢ 5.5). ʇʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ ʚʦʟʨʘʩʪʘ 316 Ñ 2 



ʤʣʥ. ʣʝʪ. ʕʪʘ ʮʠʬʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʘʰʢʠʨʩʢʦʤʫ ʷʨʫʩʫ. ɼʘʥʥʳʡ 
ʚʦʟʨʘʩʪ ʧʨʠʥʷʪ ʥʘʤʠ ʢʘʢ ʚʦʟʨʘʩʪ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʚ 
ʂʘʨʘʛʘʡʣʠʥʩʢʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ. ʆʥ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ ʧʦʟʜʥʝʝ, ʪʦʯ-
ʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʚʦʟʨʘʩʪʦʤ ʫʣʴʪʨʘʙʘʟʠʪ-ʛʘʙʙʨʦʚʦʛʦ ʤʘʩʩʠʚʘ ʂʘʤ-
ʢʦʨ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʨʠʤʝʨʥʦ ʚ 80 ʢʤ ʟʘʧʘʜʥʝʝ ʠ ʩʧʝʮʠʘʣʠʟʠ-
ʨʦʚʘʥʥʦʛʦ ʥʘ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʝ ʦʨʫʜʝʥʝʥʠʝ. ɺ ʩʪʨʦʝʥʠʠ ʜʘʥʥʦʛʦ 
ʤʘʩʩʠʚʘ ʫʯʘʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʛʨʘʥʦʜʠʦʨʠʪʳ ʪʦʧʘʨʩʢʦʛʦ ʪʠʧʘ. ʂʦʥ-
ʢʦʨʜʠʷ ʮʠʨʢʦʥʘ, ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʦʨʫʜʝʥʝʣʦʛʦ ʠʥʪʝʨʚʘʣʘ ʛʘʙʙʨʦ-
ʥʦʨʠʪʦʚ ʩʢʚʘʞʠʥʳ 32 [ʩʤ.14], ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.6. ʉʨʝʜʥʝ-
ʚʟʚʝʰʝʥʥʳʡ ʚʦʟʨʘʩʪ 314Ñ3 ʤʣʥ. ʣʝʪ (ʙʘʰʢʠʨʩʢʠʡ ʷʨʫʩ), ʩʪʘʪʠ-
ʩʪʠʯʝʩʢʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʜʘʥʥʦʡ ʮʠʬʨʳ ʩʦʩʪʘʚʣʷʝʪ 96%. ɼʘʥʥʘʷ 
ʧʨʦʙʘ ʦʨʫʜʝʥʝʣʳʭ ʛʘʙʙʨʦʠʜʦʚ ʙʣrʘ ʧʝʨʝʜʘʥʘ ʥʘʤ ʨʫʢʦʚʦʜʩʪʚʦʤ 
ʄɼ çʎʝʥʪʨʢʘʟʥʝʜʨʘè ʜʣʷ ʧʦʠʩʢʘ ʩʣʝʜʦʚ ʧʣʘʪʠʥʦʠʜʦʚ. ʊʘʢʦʚʳʭ ʚ 
ʧʨʦʙʝ ʥʝ ʦʢʘʟʘʣʦʩʴ, ʭʦʪʷ ʚ 1998 ʛʦʜʫ ʚ  ʩʢʚʘʞʠʥʝ ˉ 2  ʧʣʘʪʠʥʦ-
ʠʜʳ ʥʘʤʠ ʙʳʣʠ ʧʦʜʪʚʝʨʞʜʝʥʳ ʥʘ ʤʠʢʨʦʟʦʥʜʝ Cameca MS100 ʚ 
ɻʝʨʤʘʥʠʠ. ɿʘʪʦ ʚ ʥʝʤʘʛʥʠʪʥʦʡ ʬʨʘʢʮʠʠ ʧʨʦʙʳ ʦʢʘʟʘʣʘʩʴ ʧʨʝ-
ʢʨʘʩʥʘʷ ʤʦʥʦʬʨʘʢʮʠʷ ʮʠʨʢʦʥʘ. 



 
 

ʈʠʩʫʥʦʢ 5.5. ʂʦʥʢʦʨʜʠʷ ʮʠʨʢʦʥʘ,  
ʚʳʜʝʣʝʥʥʦʛʦ ʠʟ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ɹʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  

 

(ʂʦʥʩʪʘʥʪʠʥʦʚʩʢʘʷ ʧʣʦʱʘʜʴ). 
 
 
 


