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ɺʩʪʫʧ   

 

ʋʪʚʦʨʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʥʘʚʢʦʣʦ ʧʝʚʥʦʛʦ ʪʽʣʘ ʤʦʞʣʠʚʝ 

ʣʠʰʝ ʚ ʟʦʥʽ ʜʦ 0,4 ʨʘʜʽʫʩʘ ʪʘʢ ʟʚʘʥʦʾ ʩʬʝʨʠ ʍʽʣʣʘ. ɺ ʥ̔ ʡ 

ʤʘʣʘ ʜʠʩʧʝʨʩʽʷ ʰʚʠʜʢʦʩʪʝʡ ʽ ʪʦʤʫ ʧʨʠ ʟʽʪʢʥʝʥʥ ̔ʯʘʩʪʠʥʦʢ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʟʣʠʧʘʥʥʷ, ʘ ʥʝ ʨʫʡʥʫʚʘʥʥʷ. ʊʦʤʫ ʙʫʜʴ-ʷʢʝ 

ʪʽʣʦ ʤʘʻ ʥʘʚʢʦʣʦ ʩʝʙʝ ʢʦʥʪʨʦʣʴʦʚʘʥʫ ʟʦʥʫ ʩʪʘʙʽʣʴʥʦʛʦ 

ʽʩʥʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʽʚ.  

ʇʝʨʰʽ 4 ʩʫʧʫʪʥʠʢʠ ʥʘʚʢʦʣʦ ʖʧʽʪʝʨʘ ʚʽʜʢʨʠʚ ʫ ʩʽʯʥʽ 1610 ʨ. 

ʽʪʘʣʽʡʩʴʢʠʡ ʘʩʪʨʦʥʦʤ ɻʘʣʽʣʝʦ ɻʘʣʽʣʝʡ. ʃʘʚʨʠ ʾʭ ʧʝʨʰʦʚʽʜʢʨʠʚʘʯʘ 

ʦʩʧʦʨʶʚʘʚ ʥʽʤʝʮʴʢʠʡ ʘʩʪʨʦʥʦʤ ʉʠʤʦʥ ʄʘʨʽʡ, ʘʣʝ ɻ. ɻʘʣʽʣʝʡ ʧʝʨʰʠʡ 

ʦʧʫʙʣʽʢʫʚʘʚ ʩʚʦʾ ʨʝʟʫʣʴʪʘʪʠ ʪʦʤʫ ʡ ʧʨʽʦʨʠʪʝʪ ʟʘʣʠʰʠʚʩʷ ʟʘ ʥʠʤ ʽ ʾʭ 

ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʛʘʣʽʣʝʻʚʽ ʩʫʧʫʪʥʠʢʠ. ʊʘ ʩʘʤʝ ʉ. ʄʘʨʽʡ ʟʘʧʨʦʧʦʥʫʚʘʚ 

ʢʦʞʥʦʛʦ ʟ ʥʠʭ ʥʘʟʚʘʪʠ ʽʤʝʥʝʤ ʫʣʶʙʣʝʥʮʽʚ ɹʦʛʘ ɿʝʚʩʘ (ʖʧʽʪʝʨʘ) ʚ ʛʨʝʢʦ-

ʨʠʤʩʴʢʽʡ ʤʽʬʦʣʦʛʽʾ ï ɯʦ, ɭʚʨʦʧʘ, ɻʘʥʽʤʝʜ  ̔ʂʘʣʣʽʩʪʦ. ʆʢʨʽʤ ʽʤʝʥ ʩʫʧʫʪʥʠʢʠ 

ʧʣʘʥʝʪ-ʛʽʛʘʥʪʽʚ ʫ ʣʽʪʝʨʘʪʫʨʽ ʧʦʟʥʘʯʘʶʪʴʩ ̫ʱʝ ʡ ʥʦʤʝʨʦʤ (ʚʽʜʧʦʚʽʜʥʦ J1, J2, 

J3 ʪʘ J4).  

ʅʘʟʝʤʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʢʽʣʴʢʽʩʪʴ ʩʫʧʫʪʥʠʢʽʚ ʧʣʘʥʝʪ-ʛʽʛʘʥʪʽʚ 

ʙʫʣʘ ʜʦʚʝʜʝʥʘ ʜʦ 32 (13 ʫ ʖʧʽʪʝʨʘ, 11 ʫ ʉʘʪʫʨʥʘ, 6 ʚ ʋʨʘʥʘ ʪʘ 2 ʫ ʅʝʧʪʫʥʘ. 

ʅʘʜʘʣʽ ʮʝʡ ʩʧʠʩʦʢ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʠ ʟʘʚʜʷʢʠ ʟʦʙʨʘʞʝʥʥʷʤ, ʧʝʨʝʜʘʥʠʤ ʥʘ 

ɿʝʤʣʶ ʪʘʢʠʤʠ ʢʦʩʤʽʯʥʠʤʠ ʘʧʘʨʘʪʘʤʠ (ʂɸ). ʇʽʦʥʝʨ-10 ʜʦʩʷʛ ʖʧʽʪʝʨʘ 4 

ʛʨʫʜʥʷ 1973 ʨ. (ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 200 ʪʠʩ. ʢʤ). ʇʽʦʥʝʨ-11 ʜʦʩʷʛ ʖʧʽʪʝʨʘ 

3 ʛʨʫʜʥʷ 1974 ʨ. (ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 110 ʪʠʩ. ʢʤ) ʽ ʉʘʪʫʨʥʘ 1 ʚʝʨʝʩʥʷ 1979 

ʨ (ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 21 ʪʠʩ. ʢʤ). ɺʦʷʜʞʝʨ-1 ʜʦʩʷʛ ʖʧʽʪʝʨʘ 5 ʙʝʨʝʟʥʷ 

1979 ʨ. (ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 348 890 ʢʤ), ʉʘʪʫʨʥʘ ï 22 ʩʝʨʧʥʷ 1980 ʨ. 

(ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 126 ʪʠʩ. ʢʤ). ɺʦʷʜʞʝʨ-2 ʜʦʩʷʛ ʖʧʽʪʝʨʘ 2 ʩʝʨʧʥʷ 1980 

ʨ. (ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 721 670 ʢʤ), ʉʘʪʫʨʥʘ ï 5 ʯʝʨʚʥʷ 1981 ʨ. (ʤʽʥʽʤʘʣʴʥʘ 

ʚʽʜʩʪʘʥʴ 100 800 ʢʤ), ʋʨʘʥʘ ï 24 ʩʽʯʥʷ 1986 ʨ. (ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 107 

ʤʣʥ. ʢʤ) ʪʘ ʦʢʦʣʠʮʴ ʅʝʧʪʫʥʘ ï 5 ʯʝʨʚʥʷ 1989 ʨ. (ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ 

ʩʪʘʥʦʚʠʣʘ 29 240 ʢʤ 25 ʩʝʨʧʥʷ 1989 ʨ.); ʧʨʦʪʷʛʦʤ 6 ʤʽʩʷʮʽʚ ʮʝʡ ʂɸ ʧʝʨʝʜʘʚ 

ʙʽʣʴʰʝ 9 ʪʠʩʷʯ ʟʦʙʨʘʞʝʥʴ ʧʣʘʥʝʪʠ, ʡʦʛʦ ʩʫʧʫʪʥʠʢʽʚ ʪʘ ʢʽʣʝʮʴ. ɻʘʣʽʣʝʦ 

ʜʦʩʷʛ ʖʧʽʪʝʨʘ 7 ʛʨʫʜʥʷ 1995 ʨ. ʽ ʚʧʝʨʰʝ ʩʪʘʚ ʡʦʛʦ ʰʪʫʯʥʠʤ ʩʫʧʫʪʥʠʢʦʤ. 

ʂʘʩʩʽʥʽ ʧʨʦʣʝʪʽʚ ʤʠʤʦ ʖʧʽʪʝʨʘ ʽ 30 ʯʝʨʚʥʷ 2004 ʨ. ʜʦʩʷʛ ʉʘʪʫʨʥʘ ʪʘ ʩʪʘʚ 

ʡʦʛʦ ʰʪʫʯʥʠʤ ʩʫʧʫʪʥʠʢʦʤ. ʉʪʘʥʦʤ ʥʘ 15 ʣʶʪʦʛʦ 2012 ʨ. ʙʫʣʦ ʚʠʷʚʣʝʥʦ 168 

ʩʫʧʫʪʥʠʢʽʚ (ʖʧʽʪʝʨ ï 66, ʉʘʪʫʨʥ ï 62, ʋʨʘʥ ï 27, ʅʝʧʪʫʥ ï 13), ʦʩʥʦʚʥʽ ʜʘʥʽ 

ʧʨʦ ʜʝʷʢʽ ʟ ʥʠʭ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 1.  

ʅʦʚʦʚʽʜʢʨʠʪʠʤ ʩʫʧʫʪʥʠʢʘʤ ʩʧʦʯʘʪʢʫ ʜʘʶʪʴ ʪʠʤʯʘʩʦʚʽ ʧʦʟʥʘʯʝʥʥʷ, ʘ 

ʧ̔ ʩʣʷ ʫʪʦʯʥʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʦʨʙʽʪʠ ʚʦʥʠ ʦʪʨʠʤʫʶʪʴ ʧʦʨʷʜʢʦʚʠʡ ʥʦʤʝʨ ʽ 

ʥʘʟʚʫ. ɺʩʽ ʩʫʧʫʪʥʠʢʠ ʖʧʽʪʝʨʘ ʥʘʟʚʘʥʽ ʽʤʝʥʘʤʠ ʟ ʛʨʝʢʦ-ʨʠʤʩʴʢʦʾ ʤʽʬʦʣʦʛʽʾ ʽ 

ʧʦʚôʷʟʘʥʽ ʟ ʖʧʽʪʝʨʦʤ (ɿʝʚʩʦʤ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʠʡʥʷʪʠʭ ʄʽʞʥʘʨʦʜʥʠʤ 
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ʘʩʪʨʦʥʦʤʽʯʥʠʤ ʩʦʶʟʦʤ (ʄɸʉ) ʧʨʘʚʠʣ, ʩʫʧʫʪʥʠʢʠ ʟ ʧʨʷʤʠʤ ʨʫʭʦʤ 

ʦʪʨʠʤʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʣʘʪʠʥʩʴʢʽ ʽʤʝʥʘ ʱʦ ʟʘʢʽʥʯʫʶʪʴʩʷ ʥʘ ʣʽʪʝʨʠ -ʘ ʘʙʦ -ʦ, 

ʥʘʟʚʠ ʩʫʧʫʪʥʠʢʽʚ ʟʽ ʟʚʦʨʦʪʥʠʤ ʨʫʭʦʤ (ʧʝʨʝʚʘʞʥʦ ʛʨʝʮʴʢʽ) ʤʘʶʪʴ ʟʘʢʽʥʯʝʥʥʷ 

ʥʘ ʣʽʪʝʨʫ -ʝ. ɺ ʫʢʨʘʾʥʩʴʢʽʡ ʤʦʚʽ ʥʘʧʠʩʘʥʥʷ ʛʨʝʮʴʢʠʭ ʽʤʝʥ ʜʚʦʷʢʝ: ʊʘʡʛʝʪʘ  ̔

ʊʘʡʛʝʪʝ, ɯʦʢʘʩʪʘ ʪʘ ɯʦʢʘʩʪʝ ʪʦʱʦ, ʦʜʥʘʢ ʜʣʷ ʩʫʧʫʪʥʠʢʽʚ ʟʽ ʟʚʦʨʦʪʥʠʤ ʨʫʭʦʤ 

ʟʘʪʚʝʨʜʞʝʥʽ ʥʘʟʚʠ ʽʟ ʟʘʢʽʥʯʝʥʥʷʤ ʥʘ -ʝ: ʊʘʡʛʝʪʝ, ɯʦʢʘʩʪʝ, ʂʘʣʽʢʝ, ɽʨʽʥʦʤʝ 

ʪʦʱʦ.  

ʈʦʟʤʽʨ ʩʫʧʫʪʥʠʢʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ ʪʠʩʷʯ ʜʦ ʢʽʣʴʢʦʭ 

ʢʽʣʦʤʝʪʨʽʚ, ʾʭ ʬʦʨʤʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ ʤʘʡʞʝ ʩʬʝʨʠʯʥʦʾ ʜʦ ʛʘʥʪʝʣʦʧʦʜʽʙʥʦʾ 

ʯʠ ʥʘʚʽʪʴ ʻ ʫʣʘʤʢʘʤʠ. ʏʦʪʠʨʠ ʩʫʧʫʪʥʠʢʠ (ɯʦ, ɻʘʥʽʤʝʜ, ʂʘʣʣʽʩʪʦ ʚ ʖʧʽʪʝʨʘ 

ʪʘ ʊʠʪʘʥ ʫ ʉʘʪʫʨʥʘ) ʨʦʟʤʽʨʦʤ ʧʝʨʝʚʠʱʫʶʪʴ ʄʽʩʷʮʴ. ɿʘʨʘʟ ʜʝʪʘʣʴʥʦ 

ʚʠʚʯʝʥʦ ʦʙʤʝʞʝʥʘ ʢʽʣʴʢʽʩʪʴ ʩʫʧʫʪʥʠʢʽʚ, ʷʢʽ ʟʘ ʩʧʝʢʪʨʘʣʴʥʦʶ ʚʽʜʙʠʚʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʧʦʜʽʣʝʥʽ ʥʘ 5 ʢʣʘʩʽʚ [187]: A ï ɯʦ, ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʷʢʦʛʦ 

ʧʝʨʝʚʘʞʥʦ ʫʪʚʦʨʶʶʪʴ ʩʦʣʽ; B ï ʂʘʣʣʽʩʪʦ ʪʘ ʚʝʜʫʯʘ ʩʪʦʨʦʥʘ ʗʧʝʪʘ ʟ 

ʢʘʤôʷʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ; C ï ɻʽʧʝʨʽʦʥ, ʊʠʪʘʥʽʷ, ʆʙʝʨʦʥ  ̔ʊʨʠʪʦʥ, ʧʦʚʝʨʭʥʝʚʽ 

ʰʘʨʠ ʷʢʠʭ ʧʝʨʝʚʘʞʥʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʚʦʜʷʥʦʛʦ ʣʴʦʜʫ ʯʠ ʽʥʝʶ ʟ ʜʦʙʘʚʢʦʶ 

ʥʝʡʪʨʘʣʴʥʠʭ ʤʽʥʝʨʘʣʽʚ; D ï ɻʘʥʽʤʝʜ, ɽʥʮʝʣʘʜ, ʊʝʬʽʷ, ɼʽʦʥʘ, ʈʝʷ, ʚʝʜʝʥʘ 

ʩʪʦʨʦʥʘ ʗʧʝʪʘ; E ï ɭʚʨʦʧʘ, ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʷʢʦ ʾʻ  ʧʨʘʢʪʠʯʥʦ ʯʠʩʪʠʤ 

ʚʦʜʷʥʠʤ ʣɹ ʦʜʦʤ ʯʠ ʽʥʝʻʤ.  

ɿʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʫ ʧʣʘʥʝʪʥʽʡ ʩʠʩʪʝʤʽ ʩʫʧʫʪʥʠʢʠ ʜʽʣʷʪʴ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʽ ʛʨʫʧʠ: ʛʦʣʦʚʥʽ, ʚʥʫʪʨʽʰʥʽ ʪʘ ʟʦʚʥʽʰʥʽ.  

ɺʥʫʪʨʽʰʥʽ ʩʫʧʫʪʥʠʢʠ ï ʮʝ ʤʘʣʽ ʪʽʣʘ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʟ ʨʦʟʤʽʨʦʤ ʫ 

ʢʽʣʴʢʘ ʢʽʣʦʤʝʪʨʽʚ, ʷʢʽ ʤʦʛʣʠ ʫʪʚʦʨʠʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʴ ʘʙʦ ʧʨʠ 

ʙʦʤʙʘʨʜʫʚʘʥʥʽ ʘʩʪʝʨʦʾʜʘʤʠ ʚʝʣʠʢʠʭ ʩʫʧʫʪʥʠʢʽʚ ʽ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʚʥʫʪʨʽʰʥʽʡ 

ʯʘʩʪʠʥʽ ʧʣʘʥʝʪʥʦʾ ʩʠʩʪʝʤʠ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ 4 ʩʫʧʫʪʥʠʢʠ ʖʧʽʪʝʨʘ (ʄʝʪʽʜʘ, 

ɸʜʨʘʩʪʝʷ, ɸʤʘʣʴʪʝʷ ʽ ʊʝʙʘ), 9 ï ʉʘʪʫʨʥʘ (ʇʘʥ, ɸʪʣʘʩ, ʇʨʦʤʝʪʝʡ, ʇʘʥʜʦʨʘ, 

ɽʧʽʤʝʪʝʡ, ʗʥʫʩ, ʊʝʣʝʩʪʦ, ʂʘʣʽʧʩʦ ʽ ɭʣʝʥʘ), 13 ï ʋʨʘʥʘ (ʂʦʨʜʝʣʽʷ, ʆʬʝʣʽʷ, 

ɹʽʘʥʢʘ, ʂʨʝʩʩʽʜʘ, ɼʝʟʜʝʤʦʥʘ, ɼʞʫʣʴʻʪʪʘ, ʇʦʨʪʽʷ, ʈʦʟʘʣʽʥʜʘ, ɹʝʣʽʥʜʘ, ʇʘʢ ʪʘ 

S/2003 U1, S/2003 U2 ̔  S/1986 U10) ʪʘ  6 ï ʅʝʧʪʫʥʘ (ʅʘʷʜʘ, ʊʘʣʘʩʘ, ɼʝʩʧʽʥʘ, 

ɻʘʣʘʪʝʷ, ʃʘʨʽʩʩʘ ʽ ʇʨʦʪʝʡ).  

 

ʊʘʙʣʠʮʷ   1. ʉʫʧʫʪʥʠʢʠ ʧʣʘʥʝʪ-ʛʽʛʘʥʪʽʚ     
ʉʫʧʫʪʥʠʢ ʈʽʢ ɸʚʪʦʨ ʂʨʘʾʥʘ ʌʦʨʤʘ R, ʢʤ ʄ 1020 ʢʛ Ag 

   ʖʧʽʪʝʨ     

ɯʦ (J1) 1610 ɻʘʣʽʣʝʡ 
ʄʘʨʽʡ ? 

ɯʪʘʣʽʷ 
ʅʽʤʝʯ-

ʯʠʥʘ 

ʉʬʝʨʠʯʥʘ 1815 894 0,6 

ɭʚʨʦʧʘ (J2) 1610 ɻʘʣʽʣʝʡ 

ʄʘʨʽʡ ? 

ɯʪʘʣʽʷ 

ʅʽʤʝʯ-
ʯʠʥʘ 

ʉʬʝʨʠʯʥʘ 1569 480 0,6 

ɻʘʥʽʤʝʜ (J3) 1610 ɻʘʣʽʣʝʡ 

ʄʘʨʽʡ ? 

ɯʪʘʣʽʷ 

ʅʽʤʝʯ-
ʯʠʥʘ 

ʉʬʝʨʠʯʥʘ 2631 1482 0,4 
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ʉʫʧʫʪʥʠʢ ʈʽʢ ɸʚʪʦʨ ʂʨʘʾʥʘ ʌʦʨʤʘ R, ʢʤ ʄ 1020 ʢʛ Ag 

ʂʘʣʣʽʩʪʦ (J4) 1690 ɻʘʣʽʣʝʡ 

ʄʘʨʽʡ ? 

ɯʪʘʣʽʷ 

ʅʽʤʝʯ-

ʯʠʥʘ 

ʉʬʝʨʠʯʥʘ 2400 1077 0,2 

ɸʤʘʣʴʪʝʷ (J5) 1892 ɹʝʨʥʘʨʜ ʉʐɸ ʊʨʠʚʽʩʥʠʡ 
ʝʣʽʧʩʦʾʜ 

135°10             

82°8              

75°5 

? 0,06 

ɻʽʤʘʣʽʷ (J6) 1904/5 ʇʝʨʨʽʥʝ ʉʐɸ ʉʬʝʨʠʯʥʘ  90°10 ? 0,03 

ɽʣʘʨʘ (J7) 1904/5 ʇʝʨʨʽʥʝ ʉʐɸ ʉʬʝʨʠʯʥʘ 40°5 ? 0,03 

ʇʘʩʠʬʝ (J8) 1908 ʄʝʣʦʪʪ ɸʥʛʣʽʷ ʉʬʝʨʠʯʥʘ º35 ? ? 

ʉʠʥʦʧʝ  (J9) 1914 ʅ̔ ʢʦʣʩʦʥ ʉʐɸ ʉʬʝʨʠʯʥʘ º20 ? ? 

ʃʽʩʠʪʝʷ (J10) 1938 ʅʽʢʦʣʩʦʥ ʉʐɸ ʉʬʝʨʠʯʥʘ º20 ? ? 

ʂʘʨʤʝ  (J11) 1938 ʅʽʢʦʣʩʦʥ ʉʐɸ ʉʬʝʨʠʯʥʘ º22 ? ? 

ɸʥʘʥʢʝ (J12) 1951 ʅʽʢʦʣʩʦʥ ʉʐɸ ʉʬʝʨʠʯʥʘ º15 ? ? 

ʃʝʜʘ   (J13) 1974 ʂʦʚʘʣʴ ʉʐɸ ʉʬʝʨʠʯʥʘ º8 ? ? 

ɸʜʨʘʩʪʝʷ(J14) 1979 ɼʞʫʥ 
ɼʘʥʽʝʣʴ-

ʩʦʥ 

ʉʐɸ ʊʨʠʚʽʩʥʠʡ 
ʝʣʽʧʩʦʾʜ 

12,5                    
10,7                     

7,5 

? ? 

ʌʽʚʘ  (J15) 1979/ 
80 

ʉʠʥʥʦʪʪ ʉʐɸ ʊʨʠʚʽʩʥʠʡ 
ʝʣʽʧʩʦʾʜ 

?                         

55°8                  

45°8 

? ? 

ʄʝʪʠʩ,(J15) 1970 

 

ʉʠʥʥʦʪʪ ʉʐɸ ʊʨʠʚʽʩʥʠʡ 

ʝʣʽʧʩʦʾʜ 

?                       

20°2                  

20°2 

? ? 

   ʉʘʪʫʨʥ     

ʊʠʪʘʥ  (S6) 1655 ɻʶʡʛʝʥʩ ʅʽʜʝʨ-

ʣʘʥʜʠ 

ʉʬʝʨʠʯʥʘ 2575 1346 0,2 

ʗʧʝʪ   (S8) 1671 ʂʘʩʩʽʥʽ ʌʨʘʥʮʽʷ ʉʬʝʨʠʯʥʘ 718°8 18,8°1,2 0,5- 

0,04 

ʈʝʷ (S5) 1672 ʂʘʩʩʽʥʽ ʌʨʘʥʮʽʷ ʉʬʝʨʠʯʥʘ 800°125 24,9°1,5 0,65 

ʊʝʬʽʷ  (S3) 1684 ʂʘʩʩʽʥʽ ʌʨʘʥʮʽʷ ʉʬʝʨʠʯʥʘ 524°5 7,6°0,9 0,80 

ɼʽʦʥʘ  (S4) 1684 ʂʘʩʩʽʥʽ ʌʨʘʥʮʽʷ ʉʬʝʨʠʯʥʘ 559°5 10,5°0,3 0,55 

ʄʽʤʘʩ (S1) 1789 ɻʝʨʰʝʣʴ ɺʝʣʠʢʘ 

ɹʨʠʪʘʥʽʷ 

ʉʬʝʨʠʯʥʘ 197°3 0,38°0,01 0,77 

ɽʥʮʝʣʘʜ (S2) 1789 ɻʝʨʰʝʣʴ ɺʝʣʠʢʘ 

ɹʨʠʪʘʥʽʷ 

ʉʬʝʨʠʯʥʘ 251°5 0,8°0,3 1,04 

ɻʽʧʝʨʦʥ (S7) 1848 ʋ. ɼ. ɹʦʥʜ 

ʃʘʩʩʝʣ  

ʉʐɸ, 

ɸʥʛʣʽʷ 

ʊʨʠʚʽʩʥʠʡ 

ʝʣʽʧʩʦʾʜ 
175°15            

120°10               

100°10 

? 0,25 

ʌʝʙʘ (S9) 1848 ʇʽʢʝʨʽʥʛ ʉʐɸ, 
ʇʝʨʫ 

ʊʨʠʚʽʩʥʠʡ 
ʝʣʽʧʩʦʾʜ  

115°10            

110°10            

105°10 

? 0,06 

ʗʥʫʩ (S10) 1966/ 
80 

ɼʦʣʴʬʶʩ ʌʨʘʥʮʽʷ ʊʨʠʚʽʩʥʠʡ 
ʝʣʽʧʩʦʾʜ  

110°5              

95°5                  

80°5 

? 0,5 

ɽʧʽʤʝʪʝʡ(S11) 1966/ 

80 

ʌʘʫʥʪʽʥ 

ʃʘʨʩʝʥ 
ʋʦʣʢʝʨ 

ʉʐɸ ʊʨʠʚʽʩʥʠʡ 

ʝʣʽʧʩʦʾʜ  
70°8                

58°8                  

50°5 

? 0,5 
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ʉʫʧʫʪʥʠʢ ʈʽʢ ɸʚʪʦʨ ʂʨʘʾʥʘ ʌʦʨʤʘ R, ʢʤ ʄ 1020 ʢʛ Ag 

ɭʣʝʥʘ  (S12) 1980 ʃʝʢʘʰʝ, 

ʃʘʢʝ 

ʌʨʘʥʮʽʷ ʊʨʠʚʽʩʥʠʡ 

ʝʣʽʧʩʦʾʜ  
18°3                     

?                          

<15 

? 0,6 

ʊʝʣʝʩʪʦ (S13) 1980 ʈʝʡʪʠʤʘ, 
ʉʤʽʪ, 

ʃʘʨʩʝʥ, 

ʌʘʫʥʪʽʥ 

ʉʐɸ ʊʨʠʚʽʩʥʠʡ 
ʝʣʽʧʩʦʾʜ  

?                          

12°3                  

11°3 

? 0,6 

ʂʘʣʽʧʩʦ (S14) 1980 ʇʘʩʢʦ, 

ɿʝʡʜʝʣʴ-

ʤʘʥ, 
ɹʘʫʤ, 

ʂ ʨʁ ̔

ʉʐɸ ʊʨʠʚʽʩʥʠʡ 

ʝʣʽʧʩʦʾʜ  
15°3                

13°5                  

8°3 

? 0,9 

ʇʨʦʤʝʪʝʡ (S16) 1980 ʂʦʣʽʥʩ ʪʘ 

ʽʥ., 

ʉʐɸ ʊʨʠʚʽʩʥʠʡ 

ʝʣʽʧʩʦʾʜ  
70°5                                        

50°7                  

37°8  

? 0,5 

ʇʘʥʜʦʨʘ  (S17) 1980 ʂʦʣʽʥʩ ʪʘ 

ʽʥ., 

ʉʐɸ ʊʨʠʚʽʩʥʠʡ 

ʝʣʽʧʩʦʾʜ  
35°8                

43°5                  

33°5 

? 0,5 

ɸʪʣʘʩ (S15)         1980 ʂʦʣʽʥʩ ʪʘ 

ʽʥ., 

ʉʐɸ ʊʨʠʚʽʩʥʠʡ 

ʝʣʽʧʩʦʾʜ  
19°4                     

?                    

14°4 

? 0,5 

ʇʘʘʣʷʢ        

ʉʽʘʨʥʘʢ        

ʂʽʚôʶʢ        

ɯʜʞʽʨʘʢ        

ʊʘʨʚʦʩ        

ɽʨôʷʧʦ        

ɸʣʴʙʽʦʨʽʢʩ        

ɯʤʽʨ        

ʌʨʽʤ        

ʉʢʘʜʽ        

ʄʫʥʜʽʣʴʬʘʨʽ        

ʉʫʪʪʫʥʛ        

2003 (S1)        

   ʋʨʘʥ     

ʊʠʪʘʥʽʷ   (U3) 1787 ɻʝʨʰʝʣʴ ɸʥʛʣʽʷ ʉʬʝʨʠʯʥʘ 800°5 34,4 0,23 

ʆʙʝʨʪʦʥ (U4) 1787 ɻʝʨʰʝʣʴ ɸʥʛʣʽʷ ʉʬʝʨʠʯʥʘ 775°10 28,7 0,20 

ɸʨʽʝʣʴ  (U1) 1851 ʃʘʩʩʝʣ ɸʥʛʣʽʷ ʉʬʝʨʠʯʥʘ 580°5 124,4 0,38 

ʋʤʙʨʽʝʣʴ (U2) 1851 ʃʘʩʩʝʣ ɸʥʛʣʽʷ ʉʬʝʨʠʯʥʘ 595°10 11,8 0,16 

ʄʽʨʘʥʜʘ  (U5) 1948 ʂʦʡʧʝʨ ʉʐɸ ʉʬʝʨʠʯʥʘ 242°5 0,71 0,22 

(1985U1) 1985 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º40 ? º0,09 

(1986U1) 1986 çɺʦʷʜʞʝʨ-
2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º40 ? º0,06 

(1986U2) 1986 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º30 ? º0,04 

(1986U3) 1986 çɺʦʷʜʞʝʨ-
2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º30 ? º0,05 
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ʉʫʧʫʪʥʠʢ ʈʽʢ ɸʚʪʦʨ ʂʨʘʾʥʘ ʌʦʨʤʘ R, ʢʤ ʄ 1020 ʢʛ Ag 

(1986U4) 1986 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º30 ? º0,05 

(1986U5) 1986 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º30 ? º0,05 

(1986U6) 1986 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º30 ? º0,04 

(1986U7) 1986 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º25 ? º0,05 

(1986U8) 1986 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º25 ? º0,05 

(1986U9) 1986 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ º25 ? º0,05 

ʂʘʣʽʙʘʥ        

ʉʽʢʦʨʘʢʩ        

ʇʨʦʩʧʝʨʦ        

ʉʝʪʝʙʦʩ        

ʉʪʝʬʘʥʦ        

ʊʨʽʥʢʫʣʦ        

2001 (U2)        

2001 (U3)        

2003(U1)        

2003 (U2)        

   ʅʝʧʪʫʥ     

ʊʨʠʪʦʥ (N1) 1846 ʃʘʩʩʝʣ ɸʥʛʣʽʷ ʉʬʝʨʠʯʥʘ 1355°7 214 0,78 

ʅʝʨʝʾʜʘ (N2) 1949 ʂʦʡʧʝʨ ʉʐɸ ʉʬʝʨʠʯʥʘ 170°25 ? 0,14 

(1989N1) 1989 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ 200°10 ? 0,06 

(1989N2) 1989 çɺʦʷʜʞʝʨ-
2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ 95°10 ? 0,05
6 

(1989N3) 1989 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ 75°15 ? 0,05

4 

(1989N4) 1989 çɺʦʷʜʞʝʨ-
2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ 90°10 ? ? 

(1989N5) 1989 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ 40°8 ? ? 

(1989N6) 1989 çɺʦʷʜʞʝʨ-

2è 

ʉʐɸ ʉʬʝʨʠʯʥʘ 27°8 ? ? 

2002 (N1)        

2002 (N2)        

2002 (N3)        

2002 (N4)        

2003 (N1)        

 

ɻʦʣʦʚʥʽ ʩʫʧʫʪʥʠʢʠ ʜʽʘʤʝʪʨʦʤ 500-5000 ʢʤ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʚʽʜʩʪʘʥʽ 

ʚʽʜ 20 000 ʜʦ 2 ʤʣʥ. ʢʤ ʥʘʜ ʨʽʚʥʝʤ ʭʤʘʨ. ɼʦʧʫʩʢʘʶʪʴ, ʱʦ ʚʦʥʠ ʫʪʚʦʨʠʣʠʩʷ 

ʦʜʥʦʯʘʩʥʦ ʟ ʧʣʘʥʝʪʦ  ʁʫ ʧʨʦʪʦʧʣʘʥʝʪʥʽʡ ʭʤʘʨʽ ʽ ʤʘʶʪʴ ʧʨʷʤʝ ʦʙʝʨʪʘʥʥʷ ʟ 

ʨʝʛʫʣʷʨʥʦ  ʁ ʤʘʡʞʝ ʢʦʣʦʚʦ  ʁ ʦʨʙʽʪʦ  ʁ ʚ ʧʣʦʱʠʥʽ ʝʢʚʘʪʦʨʘ ʧʣʘʥʝʪʠ. ɺ 
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ʩʠʩʪʝʤʽ ʖʧʽʪʝʨʘ ï ʮʝ 4 ʛʘʣʽʣʝʻʚʠʭ ʩʫʧʫʪʥʠʢʠ (ɯʦ, ɭʚʨʦʧʘ, ɻʘʥʽʤʝʜ ʽ 

ʂʘʣʣʽʩʪʦ), ʫ ʉʘʪʫʨʥʘ ï 8 (ʄʽʤʘʩ, ɽʥʮʝʣʘʜ, ʊʝʬʽʷ, ɼʽʦʥʘ, ʈʝʷ, ʊʠʪʘʥ, 

ɻʽʧʝʨʽʦʥ ʽ ʗʧʝʪ), ʚ ʋʨʘʥʘ ï 5 (ʄʽʨʘʥʜʘ, ɸʨʽʝʣʴ, ʋʤʙʨʽʝʣʴ, ʊʠʪʘʥʽʷ ʪʘ 

ʆʙʝʨʦʥ) ʪʘ 1 (ʊʨʠʪʦʥ) ʫ ʅʝʧʪʫʥʘ. ɺʠʥʷʪʢʦʤ ʻ ʊʨʠʪʦʥ, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʫ 

ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ɿʦʚʥʽʰʥʽ ʩʫʧʫʪʥʠʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ ʚʽʜ 2 ʜʦ 50 ʤʣʥ. ʢʤ ʽ 

ʤʘʁʪʴ ʜʽʘʤʝʪʨ ʫ ʢʽʣʴʢʘ ʢʽʣʦʤʝʪʨʽʚ ʽ, ʩʢʦʨʽʰʝ ʚʩʴʦʛʦ, ʻ ʧʨʠʙʫʣʴʮʷʤʠ ʟ 

ʤʽʞʧʣʘʥʝʪʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʘ ʥʝʧʨʘʚʠʣʴʥʘ ʬʦʨʤʘ ʽ 

ʥʝʨʝʛʫʣʷʨʥʘ ʚʠʪʷʛʥʫʪʘ ʦʨʙʽʪʘ ʧʦ ʨʽʟʥʦʤʫ ʥʘʭʠʣʝʥʘ ʜʦ ʧʣʦʱʠʥʠ ʝʢʚʘʪʦʨʘ; 

ʙʘʛʘʪʦ ʟ ʥʠʭ ʦʙʝʨʪʘʻʪʴʩʷ ʫ ʟʚʦʨʦʪʥʦʤʫ ʥʘʧʨʷʤʢʫ. ɿʘ ʯʘʩ ʽʩʥʫʚʘʥʥʷ 

ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ (4,5 ʤʣʨʜ. ʨʦʢʽʚ) ʚʦʥʠ ʥʝ ʟʘʟʥʘʣʠ ʽʩʪʦʪʥʦ ʾ ʟʤʽʥʠ ʽ 

ʟʙʝʨʝʛʣʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʘʥʥʶ ʩʪʘʜʽʶ ʩʚʦʛʦ ʫʪʚʦʨʝʥʥʷ, ʪʦʤʫ ʾʭ ʚʠʚʯʝʥʥʷ 

ʤʦʞʝ ʥʘʙʣʠʟʠʪʠ ʥʘʩ ʜʦ ʨʦʟʫʤʽʥʥʷ ʩʮʝʥʘʨʽʶ ʧʦʭʦʜʞʝʥʥʷ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ. 

ʄʝʞʘ ʽʩʥʫʚʘʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʦʙʣʘʩʪʶ ʛʨʘʚʽʪʘʮʽʡʥʦʛʦ ʪʷʞʽʥʥʷ 

ʢʦʥʢʨʝʪʥʦʾ ʧʣʘʥʝʪʠ ï ʩʬʝʨʦʶ ʍʽʣʣʘ; ʾʾ ʨʘʜʽʫʩ ʜʣʷ ʖʧʽʪʝʨʘ ʩʪʘʥʦʚʠʪʴ ~ 740 

ʨʘʜʽʫʩʽʚ ʖʧʽʪʝʨʘ  (ʤʘʡʞʝ 50 ʤʣʥ. ʢʤ), ʅʝʧʪʫʥʘ 86,8 ʤʣʥ. ʢʤ. ɿ 1995 ʨ. ʚ 

ʩʠʩʪʝʤʽ ʖʧʽʪʝʨʘ ʢʽʣʴʢʽʩʪʴ ʜʘʣʝʢʠʭ ʥʝʨʝʛʫʣʷʨʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʟʨʦʩʣʘ ʜʦ 53, 

ʚʝʣʠʢʽ ʧʽʚʦʩʽ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭ ʟ̔ ʥʠʭ ʜʦʭʦʜʷʪʴ ʜʦ 0,8 ʨʘʜʽʫʩʘ ʩʬʝʨʠ ʍʽʣʣʘ. 

ɹʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʦʙʝʨʪʘʻʪʴʩʷ ʩʠʥʭʨʦʥʥʦ ʟ ʦʨʙʽʪʘʣʴʥʠʤ ʨʫʭʦʤ, ʢʦʣʠ ʧʝʨʽʦʜ 

ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʦʩʽ ʨʽʚʥʠʡ ʧʝʨʽʦʜʫ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʧʣʘʥʝʪʠ, ʪʦʤʫ ʚʽʥ 

ʟʘʚʞʜʠ ʦʙʝʨʥʝʥʠʡ ʜʦ ʧʣʘʥʝʪʠ ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʙʦʢʦʤ, ʘ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ 

ʤʘʡʞʝ ʟʘʚʞʜʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʣʦʱʠʥʽ ʦʨʙʽʪʠ. ɺʠʥʷʪʢʦʤ ʻ ɻʽʧʝʨʽʦʥ ʟ 

ʜʫʞʝ ʭʘʦʪʠʯʥʠʤ ʦʙʝʨʪʘʥʥʷʤ.  

ɿʘʨʘʟ ʤʘʣʦ ʱʦ ʚʽʜʦʤʦ ʧʨʦ ʦʙʝʨʪʘʥʥʷ ʜʘʣʝʢʠʭ ʟʦʚʥʽʰʥʽʭ ʥʝʨʝʛʫʣʷʨʥʠʭ 

ʩʫʧʫʪʥʠʢʽʚ ʧʣʘʥʝʪ, ʷʢʽ ʨʫʭʘʶʪʴʩʷ ʧʦ ʪʘʢ ʟʚʘʥʽʡ ʧʝʪʣʝʧʦʜʽʙʥʽʡ ʦʨʙʽʪ ̔ʱʦ ʻ 

ʦʜʥ̔̒ ʶ ʽʟ ʥʘʡʩʢʣʘʜʥʽʰʠʭ ʫ ʉʦʥʷʯʥʽʡ ʩʠʩʪʝʤʽ. ʏʝʨʝʟ ʚʽʜʜʘʣʝʥʽʩʪʴ ʚʽʜ 

ʧʣʘʥʝʪʠ, ʥʘ ʥʠʭ ʤʘʡʞʝ ʦʜʥʘʢʦʚʦʶ ʤʽʨʦʶ ʜʽʻ ʩʠʣʘ ʪʷʞʽʥʥʷ ʧʣʘʥʝʪʠ ʽ ʉʦʥʮʷ, 

ʚʠʢʣʠʢʘʶʯʠ ʰʚʠʜʢʫ ʧʨʝʮʝʩʽʶ ʦʨʙʽʪʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʟʘʛʘʣʴʥʘ ʩʠʪʫʘʮʽʷ ʩʪʘʻ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦʶ. ʗʢʱʦ, ʥʘʧʨʠʢʣʘʜ, ʯʘʩʪʦʪʘ ʧʨʝʮʝʩʽʾ ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʪʦʪʽ 

ʦʙʝʨʪʘʥʥʷ ʧʣʘʥʝʪʠ ʥʘʚʢʦʣʦ ʉʦʥʮʷ, ʪʦ ʩʫʧʫʪʥʠʢ ʧʦʪʨʘʧʣʷʻ ʚ ʨʝʟʦʥʘʥʩ, ʷʢʠʡ 

ʥʘʟʠʚʘʻʪʴʩʷ ʝʚʝʢʮʽʷ; ʧʨʠ ʮʴʦʤʫ ʥʘʩʣʽʜʢʠ ʚʧʣʠʚʫ ʩʦʥʷʯʥʦʾ ʛʨʘʚʽʪʘʮʽʾ 

ʧʦʩʪʫʧʦʚʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʽ ʜʝʩʪʘʙʽʣʽʟʫʶʪʴ ʦʨʙʽʪʫ, ʚʠʪʷʛʫʶʯʠ ʾʾ ʝʣʽʧʩ 

ʥʘʩʪʽʣʴʢʠ, ʱʦ ʩʫʧʫʪʥʠʢ ʘʙʦ ʧʘʜʘʻ ʥʘ ʧʣʘʥʝʪʫ (ʯʠ ʥʘ ʦʜʠʥ ʟ ʾʾ ʚʝʣʠʢʠʭ 

ʩʫʧʫʪʥʠʢʽʚ), ʘʙʦ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʩʬʝʨʠ ʍʽʣʣʘ ʽ ʧʦʪʨʘʧʣʷʻ ʚ ʛʨʘʚʽʪʘʮʽʡʥʽ 

çʦʙʽʡʤʠè ʉʦʥʮʷ.  

ɺʠʷʚʠʣʦʩʴ, ʱʦ ʧʨʷʤʽ ʦʨʙʽʪʠ ʻ ʫʨʘʟʣʠʚʽʰʠʤʠ ʚʽʜ ʟʚʦʨʦʪʥʠʭ, ʪʦʤʫ 

ʥʘʚʽʪʴ ʷʢʱʦ ʥʝʨʝʛʫʣʷʨʥʽ ʩʫʧʫʪʥʠʢʠ ʩʧʦʯʘʪʢʫ ʨʽʚʥʦʡʤʦʚʽʨʥʦ ʟʥʘʭʦʜʠʣʠʩʴ 

ʥʘ ʧʨʷʤʠʭ ʽ ʟʚʦʨʦʪʥʠʭ ʦʨʙʽʪʘʭ, ʪʦ ʧʦʷʚʘ ʚʢʘʟʘʥʦʛʦ ʨʝʟʦʥʘʥʩʫ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʪʦʛʦ, ʱʦ ʥʘ ʪʘʢʽʡ ʚʽʜʩʪʘʥ ̔ ʟʙʝʨʝʞʫʪʴʩʷ ʣʠʰʝ ʩʫʧʫʪʥʠʢʠ ʟʽ ʟʚʦʨʦʪʥʠʤʠ 

ʦʨʙʽʪʘʤʠ. ʉʫʧʫʪʥʠʢʠ ʟʘʭʦʧʣʝʥʽ ʥʘ ʜʫʞʝ ʚʠʪʷʛʥʫʪʽ ʦʨʙʽʪʠ ʟʽ ʟʥʘʯʥʠʤ 

ʥʘʭʠʣʦʤ ʚʥʘʩʣʽʜʦʢ ʝʬʝʢʪʫ, ʚʽʜʦʤʦʛʦ ʷʢ ʨʝʟʦʥʘʥʩ ʂʦʟʘʾ, ʤʦʞʫʪʴ ʙʫʪʠ 
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ʚʠʢʠʥʫʪ ̔ʟ ʦʨʙʽʪʠ, ʯʠ ʥʘʚʽʪʴ ʟʨʫʡʥʦʚʘʥ.̔ ʄʦʞʣʠʚʦ ʩʘʤʝ ʪʦʤʫ ʧʦʢʠ ʱʦ ʥʝ 

ʟʥʘʡʜʝʥʽ ʩʫʧʫʪʥʠʢʠ ʟ ʥʘʭʠʣʦʤ ʦʨʙʽʪʠ ʚʽʜ 50Á ʜʦ 130Á.  

ʉʝʨʝʜ ʩʫʧʫʪʥʠʢʽʚ ʖʧʽʪʝʨʘ ʻ 17 ʦʩʢʦʣʢʽʚ, ʷʢʽ, ʩʢʦʨʽʰʝ ʚʩʴʦʛʦ, ʢʦʣʠʩʴ 

ʫʪʚʦʨʠʣʠʩʷ ʟ ʚʝʣʠʢʦʛʦ ʩʫʧʫʪʥʠʢʘ ʽ ʟʘʨʘʟ ʧʨʦʜʦʚʞʫʶʪʴ ʨʫʭʘʪʠʩʷ ʡʦʛʦ 

ʦʨʙʽʪʦʶ. ʗʢʱʦ ʮʝ ʪʘʢ, ʪʦ ʙʽʣʴʰʽʩʪʴ ʥʝʨʝʛʫʣʷʨʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʤʘʶʪʴ 

ʥʘʣʝʞʘʪʠ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʧʦʢʦʣʽʥʥʷ. ɿʘʨʘʟ ʚʽʜʦʤʦ ʢʽʣʴʢʘ ʦʙôʻʢʪʽʚ, ʱʦ 

ʧʦʚʝʨʥʫʣʠʩʷ ʥʘ ʥʘʚʢʦʣʦʩʦʥʷʯʥʫ ʦʨʙʽʪʫ ʧʽʩʣʷ ʪʠʤʯʘʩʦʚʦʛʦ ʟʘʭʦʧʣʝʥʥʷ 

ʖʧʽʪʝʨʦʤ. ɼʣʷ ʟʘʭʦʧʣʝʥʥʷ ʪʽʣʘ ʟ ʛʝʣʽʦʮʝʥʪʨʠʯʥʦʾ ʥʘ ʩʪʘʮʽʦʥʘʨʥʫ ʦʨʙʽʪʫ 

ʥʘʚʢʦʣʦ ʧʣʘʥʝʪʠ, ʚʦʥʦ ʤʘʻ ʚʪʨʘʪʠʪʠ ʧʝʚʥʫ ʯʘʩʪʠʥʫ ʧʦʯʘʪʢʦʚʦʾ ʝʥʝʨʛʽʾ ʽ 

ʟʘʛʘʣʴʤʫʚʘʪʠʩʷ. ʆʩʢʽʣʴʢʠ ʟʘʨʘʟ ʫ ʉʦʥʷʯʥʽʡ ʩʠʩʪʝʤʽ ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʜʠʩʠʧʘʮʽʾ ʝʥʝʨʛʽʾ, ʪʦ ʟʘʭʦʧʣʝʥʥʷ ʤʘʣʦ ʙ ʚʽʜʙʫʪʠʩʷ 

ʜʫʞʝ ʜʘʚʥʦ, ʢʦʣʠ ʉʦʥʷʯʥʘ ʩʠʩʪʝʤʘ ʤʘʣʘ ʜʝʱʦ ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺ 1970-ʭ 

ʨʨ. ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʪʨʠ ʩʮʝʥʘʨʽʾ ʟʘʭʦʧʣʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ [24], ʷʢʽ ʤʦʛʣʠ ʜʽʷʪʠ 

ʧʽʜ ʯʘʩ ʘʙʦ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʧʣʘʥʝʪ.  

1. ʉʫʧʫʪʥʠʢʠ ʤʦʞʫʪʴ ʚʪʨʘʯʘʪʠ ʝʥʝʨʛʽʶ ʯʝʨʝʟ ʪʝʨʪʷ ʧʨʠ ʧʨʦʣʴʦʪʽ ʢʨʽʟʴ 

ʧʨʦʪʷʞʥʽ ʘʪʤʦʩʬʝʨʠ ʟʘʨʦʜʢʽʚ ʖʧʽʪʝʨʘ ʽ ʉʘʪʫʨʥʘ, ʢʦʣʠ ʤʘʣʽ ʪʽʣʘ ʟʛʦʨʘʣʠ, 

ʚʝʣʠʢʽ ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʧʨʦʭʦʜʠʣʠ ʽ ʧʨʦʜʦʚʞʫʚʘʣʠ ʨʫʭ ʧʦ ʦʨʙʽʪʽ ʥʘʚʢʦʣʦ 

ʉʦʥʮʷ, ʘ ʧʨʦʤʽʞʥʦʛʦ ʨʦʟʤʽʨʫ ʙʫʣʠ ʟʘʭʦʧʣʝʥʽ. ʆʜʥʘʢ ʪʘʢʘ ʤʦʜʝʣʴ ʥʝ 

ʧʦʷʩʥʶʻ ʧʨʠʩʫʪʥʽʩʪʴ ʥʝʨʝʛʫʣʷʨʥʠʭ ʩʫʧʫʪʥʠʢʽʚ ʙʽʣʷ ʅʝʧʪʫʥʘ ʡ ʋʨʘʥʘ, ʪʦʤʫ 

ʱʦ ʯʝʨʝʟ ʚʝʣʠʢʫ ʚʽʜʜʘʣʝʥʽʩʪʴ ʚʽʜ ʉʦʥʮʷ ʽ ʤʘʣʫ ʛʫʩʪʠʥʫ ʨʝʯʦʚʠʥʠ ʚ 

ʟʦʚʥʽʰʥʽʭ ʦʙʣʘʩʪʷʭ ʥʘʚʢʦʣʦʩʦʥʷʯʥʦʛʦ ʜʠʩʢʘ ʷʜʨʘʤ ʮʠʭ ʧʣʘʥʝʪ ʧʦʪʨʽʙʥʦ 

ʙʫʣʦ ʜʫʞʝ ʙʘʛʘʪʦ ʯʘʩʫ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʤʘʩʠ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ 

ʟʘʭʦʧʣʝʥʥʷ ʩʫʪʪʻʚʦʾ ʢʽʣʴʢʦʩʪʽ ʛʘʟʫ, ʪʦʤʫ ʪʘʤ ʛʘʟʦʚʝ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʜʽʷʣʦ.  

2. ɼʨʫʛʠʡ ʤʝʭʘʥʽʟʤ ʧʨʠʧʫʩʢʘʻ ʘʢʪʠʚʥʽʩʪʴ ʧʣʘʥʝʪʠ ʥʘ ʩʪʘʜʽʾ ʟʙʽʣʴʰʝʥʥʷ 

ʾʾ ʨʦʟʤʽʨʫ, ʢʦʣʠ ʘʢʨʝʮʽʷ ʛʘʟʫ ʥʘ ʷʜʨʦ ʤʘʡʙʫʪʥʴʦʛʦ ʛʽʛʘʥʪʘ ʧʨʠʚʦʜʠʣʘ ʜʦ 

ʣʘʚʠʥʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ, ʱʦ ʚʠʢʣʠʢʘʣʦ ʟʥʘʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʩʬʝʨʠ ʍʽʣʣʘ 

ʽ ʯʝʨʝʟ ʨʘʧʪʦʚʝ ʟʙʽʣʴʰʝʥʥʷ ʛʨʘʚʽʪʘʮʽʾ ʩʪʘʚʘʣʦ ʧʦʪʫʞʥʦʶ ʧʘʩʪʢʦʶ ʜʣʷ ʪʽʣ, 

ʷʢʽ ʦʧʠʥʠʣʠʩʷ ʧʦʙʣʠʟʫ ʧʣʘʥʝʪʠ. ɸʣʝ ʡ ʮʝʡ ʩʮʝʥʘʨʽʡ ʥʝ ʧʦʷʩʥʶʻ 

ʧʨʠʩʫʪʥʦʩʪʽ ʩʫʧʫʪʥʠʢʽʚ ʙʽʣʷ ʅʝʧʪʫʥʘ ʡ ʋʨʘʥʘ ʯʝʨʝʟ ʟʥʘʯʥʦ ʪʨʠʚʘʣʽʰʠʡ ʯʘʩ 

ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ. ʊʦʤʫ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʴʪʝʨʥʘʪʠʚʥʫ ʤʦʜʝʣʴ 

ʬʦʨʤʫʚʘʥʥʷ ʋʨʘʥʘ ʡ ʅʝʧʪʫʥʘ, ʟʛʽʜʥʦ ʷʢʽʡ ʩʧʦʯʘʪʢʫ ʚʦʥʠ ʙʫʣʠ ʪʘʢʠʤʠ ʞ 

ʤʘʩʠʚʥʠʤʠ, ʷʢ ʽ ʖʧʽʪʝʨ ʪʘ ʉʘʪʫʨʥ, ʧʦʪʽʤ, ʧʽʜ ʚʧʣʠʚʦʤ ʽʦʥʽʟʫʶʯʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʩʫʩʽʜʥʽʭ ʤʘʩʠʚʥʠʭ ʟʽʨʦʢ, ʚʪʨʘʪʠʣʠ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʤʘʩʠ. 

ʆʜʥʘʢ, ʪʘʢʘ ʧʣʘʥʝʪʘ ʰʚʠʜʰʝ ʚʪʨʘʯʘʪʠʤʝ ʩʫʧʫʪʥʠʢʠ, ʥʽʞ ʟʘʭʦʧʣʶʚʘʪʠʤʝ ʾʭ.  

3. ʄʝʭʘʥʽʟʤ ʧʦʪʨʽʡʥʦʛʦ ʟʽʪʢʥʝʥʥʷ, ʟʛʽʜʥʦ ʷʢʦʛʦ ʟʽʪʢʥʝʥʥʷ ʜʚʦʭ ʪʽʣ ʫ 

ʩʬʝʨʽ ʍʽʣʣʘ ʪʨʝʪʴʦʛʦ ʤʦʞʝ ʨʦʟʩʽʷʪʠ ʜʦʩʪʘʪʥʴʦ ʝʥʝʨʛʽʾ ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ ʭʦʯʘ 

ʙ ʦʜʥʦʛʦ ʟ ʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʟʽʪʢʥʝʥʥʷ ʻ ʥʝ ʦʙʦʚôʷʟʢʦʚʠʤ, ʪʦʤʫ ʱʦ ʧʨʠ ʦʙʤʽʥʽ 

ʝʥʝʨʛʽʻʶ ʪʨʴʦʤʘ ʪʽʣʘʤʠ ʦʜʥʝ ʟ ʥʠʭ ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠ ʩʚʦʶ ʝʥʝʨʛʽʶ ʟʘ 

ʨʘʭʫʥʦʢ ʜʚʦʭ ʽʥʰʠʭ. ʇʨʠ ʧʦʪʨʽʡʥʦʤʫ ʟʘʭʦʧʣʝʥʥʽ ʤʦʞʣʠʚʠʡ ʚʘʨʽʘʥʪ, ʢʦʣʠ 

ʪʽʩʥʠʡ ʧʦʜʚʽʡʥʠʡ ʦʙôʻʢʪ ʨʦʟʨʠʚʘʻʪʴʩʷ ʛʨʘʚʽʪʘʮʽʻʶ ʧʣʘʥʝʪʠ ʽ ʦʜʠʥ ʟ 
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ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʢʠʜʘʻʪʴʩʷ ʥʘ ʥʘʚʢʦʣʦʩʦʥʷʯʥʫ ʦʨʙʽʪʫ ʘ ̔ʥʰʠʡ ʚʠʭʦʜʠʪʴ ʥʘ 

ʩʫʧʫʪʥʠʢʦʚʫ ʦʨʙʽʪʫ ʥʘʚʢʦʣʦ ʧʣʘʥʝʪʠ.  

ɸʣʝ ʟʘʣʠʰʘʻʪʴʩʷ ʧʠʪʘʥʥʷ, ʟʚʽʜʢʠ ʚʦʥʠ ʩʧʦʯʘʪʢʫ ʚʟʷʣʠʩʷ? ʈʦʟʛʣʷʜʘʣʠ 

ʜʚʘ ʚʘʨʽʘʥʪʠ ʚʽʜʧʦʚʽʜʽ: ʥʘ ʩʪʘʜʽʾ ʬʦʨʤʫʚʘʥʥʷ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ ʙʽʣʴʰʽʩʪʴ 

ʧʣʘʥʝʪʝʟʠʤʘʣʝʡ ʘʙʦ ʘʢʨʝʮʽʶʚʘʣʠ ʚ ʪʽʣʦ ʧʣʘʥʝʪʠ ʯʠ ʚ ʦʩʥʦʚʥʽ ʩʫʧʫʪʥʠʢʠ, 

ʘʙʦ ʞ ʙʫʣʠ ʚʠʢʠʥʫʪʽ ʟʘ ʤʝʞʽ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ, ʥʝʟʥʘʯʥʘ ʾʭ ʯʘʩʪʠʥʘ ʩʪʘʣʘ 

ʥʝʨʝʛʫʣʷʨʥʠʤʠ ʩʫʧʫʪʥʠʢʘʤʠ.  

ɿʘʨʘʟ ʨʦʩʪʝ ʧʝʨʝʢʦʥʘʥʥʷ, ʱʦ ʪʘʢʽ ʫʪʚʦʨʝʥʥʷ ʷʢ ʢʽʣʴʮʷ ʧʨʠʪʘʤʘʥʥʽ ʥʝ 

ʣʠʰʝ ʧʣʘʥʝʪʘʤ-ʛʽʛʘʥʪʘʤ. ʊʘʢ, ʟʘ ʦʩʪʘʥʥʽʤʠ ʜʘʥʠʤʠ, ʥʘʚʢʦʣʦ ɿʝʤʣʽ ʥʘ 

ʚʽʜʩʪʘʥʽ å 300 ʢʤ ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴʩʷ ʧʠʣʦʚʠʡ ʧʦʷʩ ʟ ʜʫʞʝ ʜʨʽʙʥʠʭ 

ʯʘʩʪʠʥʦʢ, ʷʢʠʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʪʘʢ ʟʚʘʥʠʤ ʟʦʜʽʘʢʘʣʴʥʠʤ ʩʚ̔ ʪʽʥʥʷʤ ʘ ʯʘʩʪʠʥʢʠ 

ʧʨʠʧʠʩʫʶʪʴ ʤʽʩʷʯʥʦʤʫ ʧʦʭʦʜʞʝʥʥʶ. ʇʦʟʙʘʚʣʝʥʠʡ ʘʪʤʦʩʬʝʨʠ ʄʽʩʷʮʴ 

ʙʝʟʧʝʨʝʰʢʦʜʥʦ ʙʦʤʙʘʨʜʫʻʪʴʩʷ ʤʝʪʝʦʨʠʪʘʤʠ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʢʠʜʘʶʪʴʩʷ 

ʬʦʥʪʘʥʠ ʯʘʩʪʠʥʦʢ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ; ʚʝʣʠʢʽ ʯʘʩʪʠʥʢʠ ʧʨʘʢʪʠʯʥʦ ʟʨʘʟʫ ʞ 

ʦʩʽʜʘʶʪʴ ʥʘʟʘʜ, ʘ ʜʨʽʙʥʽʰʽ ʚʠʥʦʩʷʪʴʩʷ ʚ ʢʦʩʤʽʯʥʠʡ ʧʨʦʩʪʽʨ ʽ, ʧʦʪʨʘʧʣʷʶʯʠ ʚ 

ʩʬʝʨʫ ʪʷʞʽʥʥʷ ɿʝʤʣʽ, ʩʢʫʧʯʫʶʪʴʩʷ ʥʘ ʧʝʚʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʝʾ. ʅʘʡʢʨʘʱʝ 

ʚʠʚʯʝʥʽ ʢʽʣʴʮʷ ʫ ʧʣʘʥʝʪ-ʛʽʛʘʥʪʽʚ, ʘ ʪʦʤʫ ʩʘʤʝ ʾʤ ʧʨʠʜʽʣʠʤʦ ʦʩʥʦʚʥʫ ʫʚʘʛʫ.  
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ʈʦʟʜʽʣ ɯ.  ʉʫʧʫʪʥʠʢʠ ʖʧʽʪʝʨʘ  
 

ʅʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʧʨʦʪʷʛʦʤ ʤʘʡʞʝ 

400 ʨʦʢʽʚ ʧʝʨʝʚʘʞʥʦ ʩʪʦʩʫʚʘʣʠʩʴ ʛʘʣʽʣʝʻʚʠʭ ʩʫʧʫʪʥʠʢʽʚ 

ʖʧʽʪʝʨʘ (ʨʠʩ. 1.1). ʎʝ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʾʭ ʩʬʝʨʠʯʥʫ 

ʬʦʨʤʫ, ʤʘʣʦʨʝʣʴʻʬʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʚʝʨʭʥʽ ʪʘ ʚʠʷʚʠʪʠ ʜʝʷʢʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʫʭʫ.  

ʊʘʢ, ʧʨʠʙʣʠʟʥʦ ʢʦʞʥʽ 6 ʨʦʢʽʚ ɿʝʤʣʷ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʧʣʦʱʠʥʽ ʦʨʙʽʪʠ 

ʩʫʧʫʪʥʠʢʽʚ ʽ ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʤʽʩʷʮʽʚ ʚʽʜʙʫʚʘʪ̒ʴʩʷ ʾʭ ʚʟʘʻʤʥʝ ʧʦʢʨʠʪʪʷ 

ʪʨʠʚʘʣʽʩʪʶ ʚʽʜ ʢʽʣʴʢʦʭ ʩʝʢʫʥʜ ʜʦ ʢʽʣʴʢʦʭ ʛʦʜʠʥ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʚʜʘʣʦʩʷ 

ʜʦʩʠʪʴ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʨʦʟʤʽʨʠ ʛʘʣʽʣʝʻʚʠʭ ʩʫʧʫʪʥʠʢʽʚ.  

 

 
ʈʠʩ. 1.1. ʇʦʨʽʚʥʷʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ ʛʘʣʽʣʝʻʚʠʭ ʩʫʧʫʪʥʠʢʽʚ. ɿʣʽʚʘ 

ʥʘʧʨʘʚʦ: ɯʦ, ɭʚʨʦʧʘ, ɻʘʥʽʤʝʜ ʽ ʂʘʣʣʽʩʪʦ. (http://photojournal.jpl.nasa.gov/)  

 

ʉʫʧʫʪʥʠʢʠ ɯʦ, ɭʚʨʦʧʘ ʪʘ ɻʘʥʽʤʝʜ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʦʨʙʽʪʘʣʴʥʦʤʫ 

ʨʝʟʦʥʘʥʩʽ 4:2:1 (ʟʘ ʯʘʩ ʦʜʥʦʛʦ ʦʙʦʨʦʪʫ ɻʘʥʽʤʝʜʘ ʥʘʚʢʦʣʦ ʖʧʽʪʝʨʘ, ɭʚʨʦʧʘ 

ʨʦʙʠʪʴ ʜʚʘ, ɯʦ ï ʯʦʪʠʨʠ), ʱʦ ʟʫʤʦʚʣʶʻ ʩʠʣʴʥʝ ʟʙʫʨʝʥʥʷ ʾʭ ʦʨʙʽʪ ʽ ʟʤʽʥʫ 

ʘʤʧʣʽʪʫʜʠ ʧʦʩʪʽʡʥʠʭ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʧʨʠʧʣʠʚʽʚ ʧʽʜ ʜʽʻʶ ʩʠʣʠ ʪʷʞʽʥʥʷ 

ʖʧʽʪʝʨʘ. ʈʦʟʩʽʶʚʘʥʥʷ ʧʨʠʧʣʠʚʥʦʾ ʝʥʝʨʛʽʾ ʨʦʟʽʛʨʽʚʘʻ ʥʘʜʨʘ ʩʫʧʫʪʥʠʢʽʚ ʽ 

ʟʫʤʦʚʣʶʻ ʾʭ ʚʫʣʢʘʥʽʯʥʫ (ɯʦ) ʽ ʪʝʢʪʦʥʽʯʥʫ (ɭʚʨʦʧʘ, ɻʘʥʽʤʝʜ) ʘʢʪʠʚʥʽʩʪʴ. ɿʘ 

ʦʮʽʥʢʘʤʠ, ʧʦʪʫʞʥʽʩʪʴ ʨʦʟʩʽʶʚʘʥʥʷ ʧʨʠʧʣʠʚʥʦʾ ʝʥʝʨʛʽʾ ʦʮʽʥʶʻʪʴʩʷ ʚ 60-

80Ā10
12

 ɺʪ ʜʣʷ ɯʦ ʪʘ 6-8Ā10
12

 ɺʪ ï ʜʣʷ ɭʚʨʦʧʠ. ʆʪʨʠʤʘʥʽ ʟ ʂɸ çɻʘʣʽʣʝʦè ʜʘʥʽ 

ʧʨʦ ʛʨʘʚʽʪʘʮʽʡʥʝ ʽ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ʜʦʟʚʦʣʠʣʠ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʤ̔ʦʚʽʨʥʦʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʙʫʜʦʚʠ ʮʠʭ ʩʫʧʫʪʥʠʢʽʚ [427]. ɺʚʘʞʘʶʪʴ, ʱʦ ʚʩʽ ʚʦʥʠ ʤʘʶʪʴ 

ʤʝʪʘʣʝʚʽ ʷʜʨʘ (ʟ ʥʽʢʝʣʶ ʡ ʟʘʣʽʟʘ) ʦʪʦʯʝʥʽ ʩʢʝʣʴʥʦʶ ʦʙʦʣʦʥʢʦʶ. ɺ ɯʦ ʮʷ 

ʦʙʦʣʦʥʢʘ ʡʤʦʚʽʨʥʦ ʜʦʭʦʜʠʪʴ ʜʦ ʩʘʤʦʾ ʧʦʚʝʨʭʥʽ, ɻʘʥʽʤʝʜ ʪʘ ɭʚʨʦʧʘ ʤʘʶʪʴ 

ʧʦʪʫʞʥʫ ʚʦʜʥ̫ʫ ʦʙʦʣʦʥʢʫ ʫ ʚʠʛʣʷʜʽ ʣʴʦʜʫ ʽ ʨʽʜʠʥʠ, ʂʘʣʣʽʩʪʦ ʻ ʫʥʽʢʘʣʴʥʠʤ 

ʧʦʻʜʥʘʥʥʷʤ ʩʢʝʣʴʥʦʾ ʧʦʨʦʜʠ ʪʘ ʣʴʦʜʫ.  

ʆʙʝʨʪʘʥʥʷ ʛʘʣʽʣʝʻʚʠʭ ʩʫʧʫʪʥʠʢʽʚ ʩʠʥʭʨʦʥʥʝ, ʪʦʤʫ ʚʦʥʠ ʟʘʚʞʜʠ  ʦʜʥʠʤ 

ʽ ʪʠʤ ʞʝ ʙʦʢʦʤ ʧʦʚʝʨʥʝʥʽ ʜʦ ʖʧʽʪʝʨʘ, ʱʦ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʜʦ ʥʘʩʪʫʧʥʦʛʦ. ɯʟ 
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ʤʦʜʝʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʩʣʽʜʫʻ, ʱʦ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʝʚʦʣʶʮʽʾ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʖʧʽʪʝʨʘ ʤʦʛʣʦ ʩʷʛʘʪʠ 10% ʩʫʯʘʩʥʦʛʦ ʩʦʥʷʯʥʦʛʦ, ʮʴʦʛʦ 

ʙʫʣʦ ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʣʘʚʣʝʥʥʷ ʢʨʠʛʠ ʥʘ ʧʦʚʝʨʭʥʽ ʙʣʠʞʥʽʭ ʩʫʧʫʪʥʠʢʽʚ, ʘ 

ʤʦʞʣʠʚʦ ʡ ɻʘʥʽʤʝʜʘ; ʪʘʢʘ ʩʠʪʫʘʮʽʷ ʩʪʚʦʨʠʣʘ ʩʧʦʩʪʝʨʝʞʥʽ ʚʽʜʤʽʥʥʦʩʪʽ 

ʚʝʜʝʥʦʾ ʽ ʚʝʜʫʯʦʾ ʩʪʦʨʽʥ ʛʘʣʽʣʝʻʚʠʭ ʩʫʧʫʪʥʠʢʽʚ. ʋ ʂʘʣʣʽʩʪʦ ʝʥʝʨʛʽʾ ʜʣʷ 

ʧʣʘʚʣʝʥʥʷ ʣʴʦʜʫ ʥʝ ʚʠʩʪʘʯʠʣʦ, ʪʦʤʫ ʡʦʛʦ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʙʽʣʴʰʝ 

ʢʨʘʪʝʨʦʚʘʥʠʡ. ɿʘʟʥʘʯʠʤʦ, ʱʦ ʙʽʢ ʩʫʧʫʪʥʠʢʘ ʫ ʥʘʧʨʷʤʢʫ ʡʦʛʦ ʨʫʭʫ ʧʦ ʦʨʙʽʪʽ 

ʥʘʟʠʚʘʶʪʴ çʣʽʜʠʨʫʶʯʠʡè, çʚʝʜʫʯʠʡè, çʧʝʨʝʜʥʽʡè, ʘ ʧʨʦʪʠʣʝʞʥʠʡ ʜʦ ʥʴʦʛʦ 

ï çʚʝʜʝʥʠʡè, çʟʘʜʥʽʡè. ɯʥʰʽ ʩʫʧʫʪʥʠʢʠ ʖʧʽʪʝʨʘ ï ʧʦʚʥʘ ʧʨʦʪʠʣʝʞʥʽʩʪʴ ʜʦ 

ʛʘʣʽʣʝʻʚʠʭ. ʊʘʢ, 10 ʚʥʫʪʨʽʰʥʽʭ ʩʫʧʫʪʥʠʢʽʚ ʻ ʪʝʤʥʠʤʠ ʙʨʠʣʘʤʠ 

ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ (ʨʠʩ. 1.2), ʷʢʽ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘʚʢʦʣʦ 

ʖʧʽʪʝʨʘ ʧʦ ʤʘʡʞʝ ʢʦʣʦʚʠʭ ʦʨʙʽʪʘʭ ʫ ʧʣʦʱʠʥʽ ʡʦʛʦ ʝʢʚʘʪʦʨʘ. ɺʦʥʠ ʧʦʢʨʠʪʽ 

ʯʠʩʣʝʥʥʠʤʠ ʢʨʘʪʝʨʘʤʠ, ʥʘʡʙʽʣʴʰʠʡ ʟ ʷʢʠʭ ʥʘ ɸʤʘʣʴʪʝʾ ʤʘʻ ʜʽʘʤʝʪʨ ʧʦʥʘʜ 

90 ʢʤ; ʢʘʨʪʫ ɸʤʘʣʴʪʝʾ ʟ ʩʽʪʢʦʶ ʰʠʨʦʪ ʽ ʜʦʚʛʦʪ ʪʘ ʥʘʟʚʘʤʠ ʦʢʨʝʤʠʭ ʜʝʪʘʣʝʡ 

ʤʦʞʥʘ ʟʥʘʡʪʠ  ʚ [664].  

 

 
ʈʠʩ. 1.2. ɿʦʙʨʘʞʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ (ʟʣʽʚʘ ʥʘʧʨʘʚʦ) ʄʝʪʽʩ,   ɸʜʨʘʩʪʝʷ, 

ɸʤʘʣʴʪʝʷ ʽ ʊʝʙʘ ʟ ʂɸ çɻʘʣʽʣʝʦè (http://www2.jpl.nasa.gov/)  

 

ɿʦʚʥʽʰʥʽ ʩʫʧʫʪʥʠʢʠ (ʥʘʡʙʽʣʴʰʠʡ ɻʘʤʘʣʽʷ ʤʘʻ ʨʦʟʤʽʨ 160-180 ʢʤ, ʽʥʰʽ 

ï ʧʦ ʢʽʣʴʢʘ ʢʽʣʦʤʝʪʨʽʚ) ʨʫʭʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʨʝʪʨʦʛʨʘʜʥʦ ʧʦ ʩʠʣʴʥʦ 

ʚʠʪʷʛʥʫʪʠʭ ʥʝʨʝʛʫʣʷʨʥʠʭ ʦʨʙʽʪʘʭ ʟʽ ʟʥʘʯʥʠʤʠ ʥʘʭʠʣʘʤʠ ʜʦ ʧʣʦʱʠʥʠ 

ʝʢʚʘʪʦʨʘ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʧʣʘʥʝʪʠ ʤʦʞʝ ʤʽʥʷʪʠʩʷ ʚ 1,5-2 ʨʘʟʠ. ɺʦʥʠ ʟʛʨʫʧʦʚʘʥʽ 

ʚ ʧʽʜʢʣʘʩʠ ʟʘ ʥʘʟʚʦʶ ʥʘʡʙʽʣʴʰʦʛʦ ʪʽʣʘ [663]. ɹʣʠʞʯʝ ʜʦ ʛʘʣʽʣʝʻʚʠʭ 

ʩʫʧʫʪʥʠʢʽʚ ʨʦʟʪʘʰʦʚʘʥʽ ʩʫʧʫʪʥʠʢʠ ʟ ʧʨʷʤʠʤ ʨʫʭʦʤ, ʷʢʽ ʧʦʜʽʣʝʥʽ ʥʘ ʪʨʠ 

ʧʽʜʛʨʫʧʠ: 1) ʛʨʫʧʘ ʌʝʤʽʩʪʦ ʤʽʩʪʠʪʴ ʣʠʰʝ ʮʝʡ ʩʫʧʫʪʥʠʢ, ʱʦ ʨʫʭʘʻʪʴʩʷ ʥʘ 

ʩʝʨʝʜʥʽʡ ʚʽʜʩʪʘʥʽ 7 ʤʣʥ. ʢʤ ʚʽʜ ʖʧʽʪʝʨʘ ʟ ʥʘʭʠʣʦʤ ʦʨʙʽʪʠ 45Á; 2) ʛʨʫʧʘ 

ɻʽʤʘʣʽʾ ʟ ʧôʷʪʴʤʘ ʩʫʧʫʪʥʠʢʘʤʠ (ɻʽʤʘʣʽʷ, ʃʝʜʘ, ʃʽʩʠʪʝʷ, ɽʣʘʨʘ ʪʘ S2000/J11) 

ʽʟ ʩʝʨʝʜʥʴʦʶ ʚʽʜʩʪʘʥʥʶ å 11 ʤʣʥ. ʢʤ ʽ ʥʘʭʠʣʦʤ ʦʨʙʽʪʠ ~ 30Á ʜʦ ʧʣʦʱʠʥʠ 

ʝʢʚʘʪʦʨʘ ʧʣʘʥʝʪʠ; 3) ʛʨʫʧʘ ʟ ʦʜʥʠʤ ʩʫʧʫʪʥʠʢʦʤ S/2003 J20 ʟ ʚʝʣʠʢʦʶ 

ʧʽʚʚʽʩʩʶ 17 ʤʣʥ. ʢʤ ʽ ʥʘʭʠʣʦʤ ʦʨʙʽʪʠ 55Á.  
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ʉʫʧʫʪʥʠʢʠ ʟʽ ʟʚʦʨʦʪʥʠʤ ʨʫʭʦʤ ʧʦʻʜʥʫʶʪʴ ʫ 4 ʩʘʤʦʩʪʽʡʥʽ ʛʨʫʧʠ 

(ʨʦʟʤʽʨ ʙʘʪʴʢʽʚʩʴʢʠʭ ʩʫʧʫʪʥʠʢʽʚ ʪʨʦʭʠ ʙʽʣʴʰʝ 14 ʢʤ, ʨʝʰʪʠ ï ʤʝʥʰʝ 4 ʢʤ): 

1) ʛʨʫʧʘ ɸʥʘʥʢʝ ʟ ʚʝʣʠʢʦʶ ʧʽʚʚʽʩʩʶ 18-21 ʤʣʥ. ʢʤ ʽ ʥʘʭʠʣʦʤ ʦʨʙʽʪʠ 145-

150Á (ɽʚʧʦʨʽʝ, ɯʦʢʘʩʪʝ, ɽʚʘʥʪʝ, ɻʘʨʧʘʣʽʢʝ, ʇʨʘʢʩʽʜʽʢʝ, ʆʨʪʦʟʽʝ, ɻʝʨʤʽʧʧʝ, 

ɸʥʘʥʢʝ, ʊʽʦʥʝ ʡ S2003/J3, J12, J21, J18, J6, J16, J15 ʪʘ J4); 2) ʛʨʫʧʘ ʂʘʨʤʝ 

(ɯʩʦʥʦʝ, ʂʘʣʝ, ɽʚʨʽʜʦʤʝ, ɽʨʽʥʦʤʝ, ʊʘʡʛʝʪʝ, ʍʘʣʜʝʥʝ, ʂʘʨʤʝ, ɽʪʥʝ, ʂʘʣʽʢʝ, ʘ 

ʪʘʢʦʞ S2002/J1, S/2003 J17, J11, J9, J19, J10, J1 ʪʘ J5) ʟ ʚʝʣʠʢʦʶ ʧʽʚʚʽʩʩʶ 

22-24 ʤʣʥ. ʢʤ ʽ ʥʘʭʠʣʦʤ ʦʨʙʽʪʠ 162-165Á; 3) ʇʘʩʽʬʝ (ʇʘʩʽʬʝ, ʉʧʦʥʜʝ, 

ʄʝʛʘʢʣʽʪʝ, ʉʠʥʦʧʝ, ʂʘʣʣʽʨʦʝ, ɸʚʪʦʥʦʝ, S2003/J2, J8, J14) ʟ ʩʝʨʝʜʥʴʦʶ 

ʚʽʜʩʪʘʥʥʶ 23-28 ʤʣʥ. ʢʤ ʽ ʥʘʭʠʣʦʤ ʦʨʙʽʪʠ 147-152Á; 4) ʛʨʫʧʘ ʩʫʧʫʪʥʠʢʘ 

ʉʠʥʦʧʝ, ʜʦ ʷʢʦʛʦ ʟ ʯʘʩʦʤ ʜʦʣʫʯʘʪʠʤʫʪʴʩʷ ʽʥʰʽ ʩʫʧʫʪʥʠʢʠ. ɼʠʩʧʝʨʩʽʷ 

ʰʚʠʜʢʦʩʪʽ ʯʣʝʥʽʚ ʦʜʥʽʻʾ ʛʨʫʧʠ ʙʣʠʟʴʢʘ ʜʦ ʰʚʠʜʢʦʩʪʽ ʚʽʜʨʠʚʫ ʚʽʜ 

ʙʘʪʴʢʽʚʩʴʢʦʛʦ ʪʽʣʘ, ʷʢʘ ʜʣʷ ʩʫʧʫʪʥʠʢʽʚ ʟʽ ʟʚʦʨʦʪʥʠʤ ʨʫʭʦʤ ʩʢʣʘʜʘʻ ~30 ʤ/ʩ, 

ʨʦʟʭʦʜʞʝʥʥʷ ʫ ʰʚʠʜʢʦʩʪʽ ʤʽʞ ʙʘʪʴʢʽʚʩʴʢʠʤʠ ʪʽʣʘʤʠ ʚ ʨʽʟʥʠʭ ʛʨʫʧʘʭ ʩʷʛʘʻ 

200 ʤ/c. ɺʽʜʩʫʪʥʽʩʪʴ ʩʫʧʫʪʥʠʢʽʚ ʟ ʥʘʭʠʣʦʤ ʦʨʙʽʪʠ 55Á < i < 130Á ʚʽʜʧʦʚʽʜʘʻ 

ʪʝʦʨʝʪʠʯʥʦʤʫ ʚʠʩʥʦʚʢʫ, ʟʛʽʜʥʦ ʷʢʦʛʦ ʪʘʢʽ ʪʽʣʘ ʤʫʩʷʪʴ ʤʽʛʨʫʚʘʪʠ ʚ ʦʙʣʘʩʪʴ 

ʛʘʣʽʣʝʻʚʠʭ ʩʫʧʫʪʥʠʢʽʚ.  

ʑʝ ʢʽʣʴʢʘ ʩʫʧʫʪʥʠʢʽʚ ʥʝ ʥʘʣʝʞʘʪʴ ʜʦ ʞʦʜʥʦʾ ʟ ʥʘʟʚʘʥʠʭ ʛʨʫʧ. 

ʅʘʡʚʽʜʜʘʣʝʥʽʰʠʡ ʟ ʚʽʜʦʤʠʭ ʥʘ ʣʶʪʠʡ 2012 ʨ. ʩʫʧʫʪʥʠʢ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘʚʢʦʣʦ 

ʖʧʽʪʝʨʘ ʥʘ ʚʽʜʩʪʘʥʽ 30,291 ʤʣʥ. ʢʤ (0,21 ʘ. ʦ.) ʽ ʟʜʽʡʩʥʶʻ ʦʜʠʥ ʦʙʦʨʦʪ ʟʘ 

982,5 ʜʽʙ.  

ʇʦʢʠ ʱʦ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʾ ʜʫʤʢʠ ʧʨʦ ʧʦʭʦʜʞʝʥʥʷ ʥʝʨʝʛʫʣʷʨʥʠʭ 

ʩʫʧʫʪʥʠʢʽʚ, ʭʦʯʘ ʚʚʘʞʘʶʪʴ, ʱʦ ʚʦʥʠ ʩʬʦʨʤʫʚʘʣʠʩʷ ʟ ʥʘʚʢʦʣʦʧʣʘʥʝʪʥʦʛʦ 

ʛʘʟʦʧʠʣʦʚʦʛʦ ʜʠʩʢʘ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʣʠʧʘʥʥʷ ʙʘʛʘʪʴʦʭ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ, ʥʝ 

ʚʠʢʣʶʯʘʻʪʴʩʷ ʽ ʾʭ ʛʨʘʚʽʪʘʮʽʡʥʝ ʟʘʭʦʧʣʝʥʥʷ. ʊʘʢ, ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʢʘʟʘʣʦ, ʱʦ ʛʨʫʧʘ ʇʘʩʠʬʝ ʤʦʞʝ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ 

ʟʘʭʦʧʣʝʥʥʷ ʧʣʘʥʝʪʦʶ ʜʨʽʙʥʠʭ ʯʘʩʪʠʥʦʢ ʽ ʘʩʪʝʨʦʾʜʽʚ ʥʘ ʟʚʦʨʦʪʥʽ ʦʨʙʽʪʠ ʫ 

ʟʦʚʥʽʰʥʽʡ ʦʙʣʘʩʪʽ ʜʠʩʢʘ ʧʨʦʪʦʶʧʽʪʝʨʘ.  

ʅʠʞʯʝ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʦʧʠʩʽ ʥʘʡʭʘʨʘʢʪʝʨʥʽʰʠʭ ʩʫʧʫʪʥʠʢʽʚ ʖʧʽʪʝʨʘ.  

 

1.1. ɯʦ  

 

ʎʝʡ ʩʫʧʫʪʥʠʢ ʻ ʦʜʥʠʤ ʟ̔ ʥʘʡʫʥʽʢʘʣʴʥʽʰʠʭ ʪʽʣ ʉʦʥʷʯʥʦʾ ʩʠʩʪʝʤʠ ʪʦʤʫ 

ʱʦ ʥʘ ʥʴʦʤʫ ʤʘʻ ʤʽʩʮʝ ʘʢʪʠʚʥʘ ʚʫʣʢʘʥʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʩʚʦʻʨʽʜʥʦʾ ʘʪʤʦʩʬʝʨʠ ʽ ʧʣʘʟʤʦʚʦʛʦ ʪʦʨʘ (ʬʦʪʦ 1.1). ʇʨʦ ʤʦʞʣʠʚʫ 

ʘʪʤʦʩʬʝʨʫ ɯʦ ʟʘʧʽʜʦʟʨʠʣʠ ʚ 1962 ʨ., ʢʦʣʠ ʧʨʠ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʚʟʘʻʤʥʦʛʦ 

ʟʘʪʝʤʥʝʥʥʷ ʩʫʧʫʪʥʠʢʽʚ ʧʽʩʣʷ ʚʠʭʦʜʫ ɯʦ ʟ ʪʽʥʽ ʚʠʷʚʠʣʠ ʟʙʽʣʴʰʝʥʥʷ ʙʣʠʩʢʫ ʥʘ 

10%, ʷʢʝ ʟʙʝʨʽʛʘʣʦʩʷ ʧʨʦʪʷʛʦʤ 15 ʭʚ. [94]. ʎʝ ʩʧʦʥʫʢʘʣʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʽ 

ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ɯʦ, ʷʢʽ ʚ 1970-ʭ ʨʨ. ʫʚʽʥʯʘʣʠʩʷ ʚʽʜʢʨʠʪʪʷʤ 

ʝʤʽʩʽʡʥʠʭ ʜʝʪʘʣʝʡ ʢʽʣʴʢʦʭ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ.  
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ʌʦʪʦ 1.1. 

 

ʆʩʦʙʣʠʚʦ ʚʘʛʦʤʫ ʽʥʬʦʨʤʘʮʽʶ ʦʪʨʠʤʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦ ʂɸ çɻʘʣʽʣʝʦè ʪʘ 

çʂʘʩʩʽʥʽè, ʩʧʝʢʪʨʘʣʴʥʽ ʜʘʥʽ ʩʫʪʪʻʚʦ ʧʦʧʦʚʥʠʣʠʩʴ ʟʘʚʜʷʢʠ ʨʦʙʦʪʽ ʪʘʢʠʭ 

ʧʨʠʣʘʜʽʚ ʷʢ çVisual and Infrared Mapping Spectrometerè (VIMS) ʪʘ çNear 

Infrared Mapping Spectrometerè (NIMS).  

 

ʅʘʪʨʽʡ. ɿʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʧʨʦʪʷʛʦʤ 4 ʥʦʯʝʡ ʟ 6 ʣʠʧʥʷ ʧʦ 7 ʞʦʚʪʥʷ 

1973 ʨ. ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʰʝʣʝ ʩʧʝʢʪʨʦʛʨʘʬʘ ʥʘ 150-ʩʤ ʪʝʣʝʩʢʦʧʽ ʦʙʩʝʨʚʘʪʦʨʽʾ 

ʄʘʫʥʪ ɻʦʧʢʽʥʩ [108] ʥʘ 4-ʭ ʩʧʝʢʪʨʦʛʨʘʤʘʭ ʚʠʷʚʣʝʥʦ ʝʤʽʩʽʶ ʜʫʧʣʝʪʫ ʥʘʪʨʽʶ 

(D1 ʪʘ D2, ʧʨʠ ɚ = 588,9973 ʽ 589,5940 ʥʤ), ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʾ ʟʤʽʥʶʚʘʣʘʩʷ ʚ 

ʯʘʩʽ. ʎʝ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ 20-22 ʞʦʚʪʥʷ 1973 ʨ. [1990]. 

ʇʦʜʘʣʴʰʽ ʘʢʪʠʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʝʤʽʩʽʾ ʥʘʪʨʽʶ [90, 91, 408, 411, 439, 490, 689, 

691, 721] ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʘ ʥʘʣʝʞʠʪʴ ʭʤʘʨʽ ʥʘʚʢʦʣʦ ʩʫʧʫʪʥʠʢʘ ʽʟ ʩʭʽʜʥʦ-

ʟʘʭʽʜʥʦʶ ʘʩʠʤʝʪʨʽʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ʩʫʧʫʪʥʠʢʘ 

ʥʘ ʦʨʙʽʪʽ, ʪʦʙʪʦ ʧʦʢʘʟʫʻ ʜʦʚʛʦʪʥʫ ʟʘʣʝʞʥʽʩʪʴ. ʇʨʦʪʷʞʥʽʩʪʴ ʭʤʘʨʠ ʚʽʜ ɯʦ ʧʦ 

ʦʨʙʽʪʽ ʧʝʨʝʚʠʱʫʻ 23 ʨʘʜʽʫʩʠ ʖʧʽʪʝʨʘ, ʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽʡ ʧʣʦʱʠʥʽ 

ʜʦʭʦʜʠʪʴ ʜʦ ʧʦʣʷʨʥʠʭ ʨʘʡʦʥʽʚ ʖʧʽʪʝʨʘ ʽ ʾʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʷʛʘʻ 10 ʢʈʝʣʝʡ. 

ʉʪʨʫʢʪʫʨʘ ʭʤʘʨʠ ʤʽʥʷʻʪʴʩʷ ʚ ʯʘʩʽ ʪʘ ʟʚôʷʟʘʥʘ ʟ ʧʦʣʦʞʝʥʥʷʤ ʩʫʧʫʪʥʠʢʘ ʥʘ 
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ʦʨʙʽʪʽ [285], ʥʝ ʚʠʢʣʶʯʝʥʘ ʡ ʧʽʚʥʽʯʥʦ-ʧʽʚʜʝʥʥʘ ʘʥʦʤʘʣʽʷ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʚʽʪʽʥʥʷ ʭʤʘʨʠ [490].  

ʎʝ ʩʚʽʪʽʥʥʷ ʧʦʚôʷʟʫʶʪʴ ʟ ʫʜʘʨʥʦʶ ʽʦʥʽʟʘʮʽʶ, ʟʫʤʦʚʣʝʥʦʶ ʧʦʪʦʢʘʤʠ 

ʝʣʝʢʪʨʦʥʽʚ (ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ 10 ʩʤ
-2
ʩ

-1
 ʪʘ ʝʥʝʨʛʽʻʶ 15 ʝɺ) ʘʙʦ ʧʨʦʪʦʥʽʚ (ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 10
10 
ʩʤ

-2
ʩ

-1
 ʪʘ ʝʥʝʨʛʽʻʶ 8 ʢʝɺ). ɼʣʷ ʧʦʧʦʚʥʝʥʥʷ ʭʤʘʨʠ 

ʘʪʦʤʘʤʠ ʥʘʪʨʽʶ ʥʝʦʙʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʾʭ ʰʚʠʜʢʦʩʪʽ ʩʢʣʘʜʘʻ 10 ʢʤ/ʩ [689]. ʎʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ ʧʨʦ ʧʨʦʬʽʣʽ ʣʽʥʽʡ, ʟʛʽʜʥʦ ʷʢʦʛʦ ʚʠʪʽʢ ʥʘʪʨʽʶ 

ʟ ɯʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʚ ʥʘʧʨʷʤʢʫ ʡʦʛʦ ʨʫʭʫ ʧʦ ʦʨʙʽʪʽ ʟ ʰʚʠʜʢʽʩʪʶ ʜʦ 

18 ʢʤ/ʩ [140]. ʏʠʩʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʚʽʪʽʥʥʷ ʥʘʪʨʽʶ ʚ ʤʦʜʝʣʽ ʨʫʭʫ ʘʪʦʤʽʚ ʚ 

ʦʧʪʠʯʥʦ ʦʜʥʦʨʽʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʡʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʟ ʜʚʦʤʽʨʥʠʤ 

ʟʦʙʨʘʞʝʥʥʷʤ ʭʤʘʨʠ ʥʘʪʨʽʶ ʜʦʚʢʦʣʘ ɯʦ ʧʦʢʘʟʘʣʦ [637-639], ʱʦ ʟʘ ʨʽʟʥʠʭ 

ʜʦʧʫʱʝʥʴ ʧʨʦ ʨʦʟʧʦʜʽʣ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʦʢ ʚʠʣʴʦʪʫ ʘʪʦʤʽʚ ʟ ʝʢʟʦʙʘʟʠ 

ʩʫʧʫʪʥʠʢʘ, ʧʦʪʫʞʥʽʩʪʴ ʜʞʝʨʝʣʘ ʥʘʪʨʽʶ ʩʪʘʥʦʚʠʪʴ 2Ö10
25

 ʩ
-1
 (ʟ ʪʦʯʥʽʩʪʶ ʜʦ 

ʤʥʦʞʥʠʢʘ 2), ʚʠʣʽʪʘʶʪʴ ʘʪʦʤʠ ʧʝʨʝʚʘʞʥʦ ʽʟ ʚʥʫʪʨʽʰʥʴʦʾ ʧʽʚʢʫʣʽ ɯʦ ʽʟ 

ʩʝʨʝʜʥʴʦʶ ʰʚʠʜʢʽʩʪʴ 2,6 ʢʤ/ʩ, ʯʘʩ ʞʠʪʪʷ ʚ ʽʦʥʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ ʩʪʘʥʦʚʠʪʴ 15-

20 ʛʦʜ.  

ɺʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʫ ʪʠʩʢʫ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʧʨʦʪʷʛʦʤ 20 ʛʦʜ. ʥʘ ʘʪʦʤʠ 

ʥʘʪʨʽʶ ʫ ʭʤʘʨʽ, ʷʢʽ ʚʠʣʝʪʽʣʠ ʟ ʧʦʚʝʨʭʥʽ ɯʦ ʟ ʰʚʠʜʢʽʩʪʶ 2,6 ʢʤ/ʩ, ʧʦʢʘʟʘʣʦ, 

ʱʦ ʟʙʫʨʶʶʯʘ ʜʽʷ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʤʦʞʝ ʧʦʷʩʥʠʪʠ ʬʦʨʤʫ ʭʤʘʨʠ ʷʢ ʫ 

ʟʘʭʽʜʥʽʡ, ʪʘʢ ʽ ʚ ʩʭʽʜʥʽʡ ʝʣʦʥʛʘʮʽʾ ʩʫʧʫʪʥʠʢʘ. ɺ ʨʘʤʢʘʭ ʢʦʣʦʚʦʾ ʦʙʤʝʞʝʥʦʾ 

ʟʘʜʘʯʽ 3-ʭ ʪʽʣ ʚʜʘʣʦʩʴ ʧʦʙʫʜʫʚʘʪʠ ʤʦʜʝʣʴ ʬʦʨʤʠ ʥʘʪʨʽʻʚʦʾ ʭʤʘʨʠ ʽʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʪʠʩʢʫ ʩʚʽʪʣʘ, ʨʦʟʨʘʭʫʚʘʪʠ ʾʾ  ʷʩʢʨʘʚʽʩʪʴ ʫ ʣʽʥʽʷʭ D1 ʽ D2 ʽ 

ʧʦʷʩʥʠʪʠ ʩʧʦʩʪʝʨʝʞʥʫ ʩʭʽʜʥʦ-ʟʘʭʽʜʥʫ ʘʩʠʤʝʪʨʽʶ ʬʦʨʤʠ ʪʘ ʷʩʢʨʘʚʦʩʪʽ 

ʭʤʘʨʠ.  

ɿʘ ʩʧʦʩʪʝʨʝʞʥʠʤʠ ʜʘʥʠʤʠ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʟʽ 

ʩʧʝʢʪʨʘʣʴʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 50 ʤɸ ʝʤʽʩʽʡʥʘ ʣʽʥʽʷ D2  ʢʨʽʤ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʽʢʫ ʤʘʻ ʰʠʨʦʢʫ ʧʽʜʢʣʘʜʢʫ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʾ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʯʘʩʽ. ʇʨʠʯʦʤʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʬʽʦʣʝʪʦʚʦʾ ʯʘʩʪʠʥʠ ʧʽʜʢʣʘʜʢʠ ʙʫʣʘ 

ʥʘʡʙʽʣʴʰʦʶ ʪʦʜʽ, ʢʦʣʠ ɯʦ ʧʝʨʝʪʠʥʘʚ ʧʣʦʱʠʥʫ ʤʘʛʥʽʪʥʦʛʦ ʝʢʚʘʪʦʨʘ 

ʖʧʽʪʝʨʘ, ʟʤʽʱʝʥʥʷ ʝʤʽʩʽʡʥʦʛʦ ʧʽʢʫ ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʟ ʦʨʙʽʪʘʣʴʥʠʤ ʬʘʟʦʚʠʤ 

ʢʫʪʦʤ [691].  

ɺ ʣʘʙʦʨʘʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʧʨʠ ʙʦʤʙʘʨʜʫʚʘʥʥʽ  ʧʦʨʦʰʢʫ ʩʠʣʽʢʘʪʽʚ 

ʽ ʢʘʤôʷʥʦʾ ʩʦʣʽ ʧʨʦʪʦʥʘʤʠ ʟ ʝʥʝʨʛʽʻʶ 3-5 ʢʝɺ ʪʘʢʦʞ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʝʤʽʩʽʶ 

ʥʘʪʨʽʶ [503].  

 

ʉʽʨʢʘ. ʋ ʚʝʨʝʩʥʽ ʪʘ ʞʦʚʪʥʽ 1975 ʨ. ʥʘ ʩʧʝʢʪʨʦʛʨʘʤʘʭ ʜʦʚʢʽʣʣʷ ʖʧʽʪʝʨʘ 

[402] ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʝʤʽʩʽʡʥʽ ʣʽʥʽʾ ʧʨʠ ɚ = 671,7 ʪʘ 673,0 ʥʤ, ʦʪʦʪʦʞʥʝʥʽ ʟ 

ʟʘʙʦʨʦʥʝʥʠʤ ʜʫʧʣʝʪʦʤ ʩʽʨʢʠ SII ʪʘ ʷʢʽ ʧʨʦʷʚʣʷʣʠʩʴ ʫ ʩʧʣʶʩʥʫʪʽʡ ʯʘʩʪʠʥʽ 

ʭʤʘʨʠ, ʘʙʦ ʚ ʪʘʢ ʟʚʘʥʽʡ ʪʦʨʦʾʜʥʽʡ ʭʤʘʨʽ ʟʘ ʨʫʭʦʤ ʩʫʧʫʪʥʠʢʘ ʧʦ ʦʨʙʽʪʽ ʚ 

ʤʝʞʘʭ ʜʦʚʛʦʪʠ 90
ʦ 
Ò L Ò 180

ʦ
. ɰʭ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʷʛʘʣʘ 300 ʈʝʣʝʡ. ʇʦʜʘʣʴʰʽ 
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ʥʘʟʝʤʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ [413, 482, 550, 582, 690, 694] ʚʠʷʚʠʣʠ ʝʤʽʩʽʾ ʽ ʧʨʠ 

ʽʥʰʠʭ ɚ (SII ʧʨʠ ɚ = 406,9, 407,6 ʥʤ; SIII ʧʨʠ ɚ = 372,2 ʥʤ, 953,1 ʥʤ; S IV 

ʧʨʠ l = 10,51 ʤʢʤ ʪʘ SO ʧʨʠ ɚ = 1,707 ʤʢʤ). ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽʷ ʟ ʂɸ 

çɺʦʷʜʞʝʨ-1è  ̔ çɺʦʷʜʞʝʨ-2è ʫ ʜʽʘʧʘʟʦʥʽ ɚ 50-150 ʥʤ [106, 594] ʚʠʷʚʠʣʘ 

ʜʽʣʷʥʢʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʧʣʘʟʤʠ ʫ ʬʦʨʤʽ ʪʦʨʘ ʟ ʨʘʜʽʫʩʦʤ 1,0 Ñ 0,3 

ʨʘʜʽʫʩʽʚ ʖʧʽʪʝʨʘ, ʷʢʠʡ ʙʣʠʟʴʢʠʡ ʜʦ ʨʘʜʽʫʩʘ ʦʨʙʽʪʠ ɯʦ ʪʘ ʧʦʢʘʟʫʻ ʨʘʥʢʦʚʦ-

ʚʝʯʽʨʥʶ ʘʩʠʤʝʪʨʽʶ ʟ ʘʤʧʣʽʪʫʜʦʶ ʜʦ 30%. ʎʽ ʩʧʝʢʪʨʠ [594] ʤʽʩʪʠʣʠ ʷʩʢʨʘʚʽ 

ʝʤʽʩʽʡʥʽ ʩʤʫʛʠ, ʧʨʠʧʠʩʘʥʽ ʙʣʝʥʜʘʤ ʝʤʽʩʽʡʥʠʭ ʣʽʥʽʡ ʷʢʽ ʟôʷʚʣʷʶʪʴʩʷ ʚ 

ʦʧʪʠʯʥʦ ʪʦʥʢʽʡ ʧʣʘʟʤʽ. ɹʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʽʦʥʽʟʘʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ 

ʮʠʭ ʽʦʥʽʚ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʽʪʢʥʝʥʥʷʤʠ ʟ ʝʣʝʢʪʨʦʥʘʤʠ ʧʨʠ ʊ = 10
5
 ʂ. ɺ ʤʦʜʝʣʽ 

ʦʜʥʦʨʽʜʥʦʛʦ ʪʦʨʘ ʛʫʩʪʠʥʘ ʽʦʥʽʚ ʙʫʣʘ ʦʮʽʥʝʥʘ ʚ ʩʤʫʟʽ SIII ʚ 500 Ñ 100 ʩʤ
-3 
ʽ 

SIV ʚ 160 Ñ 30 ʩʤ
-3
, ʦʧʪʠʯʥʘ ʪʦʚʱʠʥʘ ʧʣʘʟʤʠ ʚ ʮʝʥʪʨʽ ʩʤʫʛ ʤʘʻ ʩʷʛʘʪʠ 

ʢʽʣʴʢʦʭ ʦʜʠʥʠʮʴ [655]. ʇʨʦʚʝʜʝʥʽ ʟ ʙʦʨʪʫ ʐʉɿ çIUEè ʜʦʩʣʽʜʞʝʥʥʷ 

ʝʤʽʩʽʡʥʦʛʦ ʩʧʝʢʪʨʘ ʚ ʜʘʣʝʢʽʡ ʋʌ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʫ (115 Ò ɚ Ò 195 ʥʤ) ʟʽ 

ʩʧʝʢʪʨʘʣʴʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ å 1 ʥʤ [79, 477, 488] ʪʘʢʦʞ ʚʠʷʚʠʣʠ 

ʝʤʽʩʽʶ ʽʦʥʽʚ ʩʽʨʢʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʦʾ ʫ ʨʽʟʥʽ ʨʦʢʠ ʙʫʣʘ ʨʽʟʥʦʶ.  

ɽʤʽʩʽʡʥʠʤ ʣʽʥʽʷʤ ʩʽʨʢʠ ʪʘʢʦʞ ʧʨʠʪʘʤʘʥʥʽ ʪʘʢʽ ʞ ʷʢ ʽ ʥʘʪʨʽʶ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʽ ʟʤʽʥʠ, ʭʦʯʘ ʜʝʷʢʽ ʩʧʦʩʪʝʨʝʞʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʜʦʚʛʦʪʥʫ 

ʘʩʠʤʝʪʨʽʶ ʪʽʣʴʢʠ ʚ ʣʽʥʽʷʭ SII ʽ ʥʝ ʧʦʤʽʪʥʘ ʚ ʋʌ ʣʽʥʽʷʭ SIII. ʎʝ ʧʦʷʩʥʠʣʠ 

ʪʠʤ, ʱʦ ʽʦʥʠ ʩʽʨʢʠ ʥʝ ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ʧʝʨʽʦʜʫ ʦʙʝʨʪʘʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʖʧʽʪʝʨʘ (ʪʘʢ ʟʚʘʥʘ ʩʠʩʪʝʤʘ III). ʗʢʱʦ ʧʝʨʽʦʜ ʜʨʝʡʬʫ ʽʦʥʽʚ ʱʦʜʦ ʩʠʩʪʝʤʠ III 

ʟʥʘʭʦʜʠʪʴʩʷ ʤʽʞ ʚʝʣʠʯʠʥʦ  ʁ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ ʽʦʥʽʟʘʮʽʾ SII ʪʘ SIII, ʪʦ 

ʜʦʚʛʦʪʥʠʡ ʜʨʝʡʬ ʚʽʜʥʦʩʥʦ ʜʦʚʛʦʞʠʚʫʯʠʭ ʜʚʽʯʽ ʪʘ ʙʽʣʴʰʝ ʽʦʥʽʟʦʚʘʥʠʭ ʘʪʦʤʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʤʠʪʪʷ, ʘ ʪʦ ʡ ʜʦ ʧʦʚʥʦʛʦ ʱʝʟʥʝʥʥʷ ʘʩʠʤʝʪʨʽʾ ʾʭ ʨʦʟʧʦʜʽʣʫ 

[334]. ɺ ʨʦʙʦʪʽ [345] ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʟʤʽʥʘ ʦʙôʻʤʫ ʩʠʣʦʚʦʾ 

ʪʨʫʙʢʠ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʟʫʤʦʚʣʝʥʘ ʾʾ ʢʦʥʚʝʢʪʠʚʥʠʤ ʨʫʭʦʤ ʫ ʤʘʛʥʽʪʦʩʬʝʨʽ, 

ʩʧʨʠʯʠʥʷʻ ʘʜʽʘʙʘʪʠʯʥʠʡ ʥʘʛʨʽʚ ʽ ʦʭʦʣʦʜʞʝʥʥʷ ʟʘʭʦʧʣʝʥʠʭ ʝʥʝʨʛʽʡʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ  ̔ʩʧʨʠʯʠʥʷʻ ʩʧʦʩʪʝʨʝʞʥʫ ʘʩʠʤʝʪʨʽʶ.  

 

ʂʘʣʴʮʽʡ. ɿ ʘʥʘʣʽʟʫ ʩʧʝʢʪʨʦʩʢʦʧʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʯʝʨʚʝʥʴ-ʣʠʧʝʥʴ 

1974 ʨ. ʘʚʪʦʨʠ ʨʦʙʦʪʠ [457] ʜʦʧʫʩʪʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʩʚʽʪʽʥʥʷ 

ʤʦʣʝʢʫʣ ʢʘʣʴʮʽʶ ʧʨʠ ɚ = 422,7 ʥʤ, ʱʦ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʦʜʘʣʴʰʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ʊʘʢ, ʃ. ʊʨʝʬʪʦʥ [688] ʫ ʩʧʝʢʪʨʽ ʜʦʚʢʽʣʣʷ ɯʦ ʥʘ ʚʽʜʩʪʘʥʽ 7,5± 

ʩʭʽʜʥʽʰʝ ʩʫʧʫʪʥʠʢʘ ʟʘʨʝʻʩʪʨʫʚʘʚ ʜʚʽ ʝʤʽʩʽʡʥʽ ʣʽʥʽʾ, ʷʢʽ ʩʧʽʚʧʘʜʘʶʪʴ ʟ 

ʨʝʟʦʥʘʥʩʥʠʤʠ ʣʽʥʽʷʤʠ ʢʘʣʴʮʽʶ ʧʨʠ ɚ = 766,5 ʪʘ 769,9 ʥʤ. ɰʭ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʥʘ ʚʽʜʩʪʘʥʽ 15± ʥʘ ʩʭʽʜ ʚʽʜ ʩʫʧʫʪʥʠʢʘ ʟʤʝʥʰʠʣʘʩʴ ʫ ʜʚʘ ʨʘʟʠ, ʘ ʥʘ 1Á 

ʧʽʚʥʽʯʥʽʰʝ ʚʽʜ ɯʦ ï  ʝʤʽʩʽʡʥʠʭ ʣʽʥʽʡ ʚʟʘʛʘʣʽ ʥʝ ʙʫʣʦ. ʍʤʘʨʘ ʢʘʣʴʮʽʶ ʤʘʻ 

ʬʦʨʤʫ ʧʽʚʜʠʩʢʫ  ̔ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 6 ʨʘʜʽʫʩʽʚ ʖʧʽʪʝʨʘ ʚʽʜ ʡʦʛʦ 

ʮʝʥʪʨʫ ʽ ʤʘʻ ʪʦʚʱʠʥʫ ʫ 2 ʨʘʜʽʫʩʠ ʖʧʽʪʝʨʘ [457]. 
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ʂʠʩʝʥʴ. ʉʚʽʪʽʥʥʷ ʽʦʥʽʚ ʢʠʩʥʶ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʟʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʟ ʂɸ 

çɺʦʷʜʞʝʨ-1è ʽ çɺʦʷʜʞʝʨ-2è [106, 594] ʪʘ ʐʉɿ çIUEè [79, 477, 478]. ʊʘʢ, 

ʝʤʽʩʽʷ ʧʨʠ ɚ = 83,4 ʥʤ ʩʧʝʨʰʫ ʙʫʣʘ ʧʨʠʧʠʩʘʥʘ ʙʣʝʥʜʽ ʝʤʽʩʽʡʥʦʾ ʣʽʥʽʾ OIII, 

ʷʢʘ ʟôʷʚʣʷʻʪʴʩʷ ʚ ʦʧʪʠʯʥʦ ʪʦʥʢʽʡ ʧʣʘʟʤʽ ʪʘ ʽʦʥʽʟʘʮʽʡʥʘ ʨʽʚʥʦʚʘʛʘ ʷʢʦʾ 

ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʟʽʪʢʥʝʥʥʷʤʠ ʟ ʝʣʝʢʪʨʦʥʘʤʠ ʧʨʠ ʊ = 10
5
 ʂ. ʊʦʯʥʽ ʨʦʟʨʘʭʫʥʢʠ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʫʜʘʨʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʮʶ ʦʩʦʙʣʠʚʽʩʪʴ ʤʦʞʥʘ 

ʧʨʠʧʠʩʘʪʠ ʱʝ ʡ ʣʽʥʽʷʤ OII, ʩʧʦʩʪʝʨʝʞʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʷʢʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʤʦʜʝʣʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʫ ʽʟ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ: ʭʦʣʦʜʥʽ ʝʣʝʢʪʨʦʥʠ (ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ 3,5-4 ʝɺ ʪʘ ʛʫʩʪʠʥʦʶ 2000 ʩʤ
-3
)  ̔ʛʘʨʷʯʽ ʝʣʝʢʪʨʦʥʠ (ʊ å 100 

ʝɺ, ʛʫʩʪʠʥʘ 50-100 ʩʤ
-3
). ɺ ʤʦʜʝʣʽ ʦʜʥʦʨʽʜʥʦʛʦ ʪʦʨʫ ʛʫʩʪʠʥʘ ʽʦʥʽʚ ʩʪʘʥʦʚʠʪʴ 

300 (+200, -80) ʩʤ
-3 
ʜʣʷ OII ʽ 110 Ñ 60 ʩʤ

-3
 ʜʣʷ ʆɯɯɯ, ʦʧʪʠʯʥʘ ʪʦʚʱʠʥʘ ʧʣʘʟʤʠ 

ʦʮʽʥʝʥʘ ʟʘ ʜʘʥʠʤʠ ʜʣʷ ʮʝʥʪʨʘʣʴʥʠʭ ʯʘʩʪʠʥ ʣʽʥʽʡ ʩʷʛʘʻ ʢʽʣʴʢʦʭ ʦʜʠʥʠʮʴ 

[667].  

ʅʘ ʜʝʱʦ ʙʽʣʴʰʠʭ ʜʦʚʞʠʥʘʭ ʭʚʠʣʴ [79] ʚʠʷʚʠʣʠ ʱʝ ʡ ʝʤʽʩʽʶ ʚ ʣʽʥʽʷʭ 

OI, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʠʭ ʫ ʨʽʟʥʽ ʨʦʢʠ ʙʫʣʘ ʨʽʟʥʦʶ (ʘʞ ʜʦ ʧʦʚʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ); 

ʧʨʠ ɚ = 372,6 ʪʘ 372,9 ʤʢʤ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʝʤʽʩʽ ʁʽʦʥʽʚ ʢʠʩʥʶ OII [482].  

 

ʂʘʣʽʡ. ɽʤʽʩʽʷ ʽʦʥʽʚ ʢʘʣʽʶ ʚʽʜʢʨʠʣʠ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ 1975-

1980 ʨʨ. [326, 689]. ʍʤʘʨʘ ʢʘʣʽʶ ʟʽ ʟʤʽʥʦʶ ʤʘʛʥʽʪʥʦʾ ʰʠʨʦʪʠ ɯʦ ʚʝʜʝ ʩʝʙʝ 

ʧʦʜʽʙʥʦ ʜʦ ʥʘʪʨʽʻʚʦʾ ʭʤʘʨʠ, ʘʣʝ ʾʾ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʪʘʻ ʟʥʘʯʥʦ ʤʝʥhʦʶ ʢʦʣʠ 

ɯʦ ʧʝʨʝʪʠʥʘʻ ʤʘʛʥʽʪʥʠʡ ʝʢʚʘʪʦʨ ʖʧʽʪʝʨʘ, ʥʘʡʙʽʣʴʰʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ 

ʨʝʟʦʥʘʥʩʥʽʡ ʣʽʥʽʾ ɚ = 766,5 ʥʤ ʩʷʛʘʣʦ å 7 ʢʈʝʣʝʡ ʥʘ ʚʽʜʩʪʘʥʽ 7,5ě ʥʘ ʩʭʽʜ ʚʽʜ 

ɯʦ.  

ɼʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʘʣʽʻʚʘ ʭʤʘʨʘ ʧʨʦʩʪʷʛʘʻʪʴʩʷ 

ʚʧʝʨʝʜ ʚʽʜ ʚʝʜʫʯʦʾ ʩʪʦʨʦʥʠ ʩʫʧʫʪʥʠʢʘ ʪʘ ʫʪʚʦʨʶʻ ʢʫʪ 10-30Á ʟ ʦʨʙʽʪʦʶ ɯʦ, 

ʱʦ ʜʝʱʦ ʤʝʥʰʝ, ʥʽʞ ʜʣʷ ʥʘʪʨʽʻʚʦʾ ʭʤʘʨʠ. ʎʷ ʭʤʘʨʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʪʨʠʚʘʣʝ ʫʪʚʦʨʝʥʥʷ, ʷʢʝ ʯʝʨʝʟ ʚʧʣʠʚ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʧʽʜʜʘʻʪʴʩʷ 

ʧʝʨʽʦʜʠʯʥʠʤ ʟʤʽʥʘʤ  ̔ʚ ʾʾ ʩʚʽʪʽʥʥʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʩʽ ʘʩʠʤʝʪʨʽʾ ʧʨʠʪʘʤʘʥʥʽ 

ʥʘʪʨʽʻʚʽʡ ʭʤʘʨʽ. ʊʘʢʘ ʧʦʜʽʙʥʽʩʪʴ ʚʢʘʟʫʻ ʱʦ ʥʘʪʨʽʡ ʽ ʢʘʣʽʡ  ʚʠʢʠʜʘʶʪʴʩʷ ʟ 

ʦʜʥʠʭ ʽ ʪʠʭ ʞʝ ʦʙʣʘʩʪʝʡ ʧʦʚʝʨʭʥʽ ɯʦ ʪʘ ʬʦʨʤʫʶʪʴʩʷ ʧʽʜ ʜʽʻʶ ʦʜʥʦʛʦ ʡ ʪʦʛʦ 

ʞ ʬʽʟʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ.  

 

ɽʤʽʩʽʾ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ. ʇʨʠ ʧʨʦʣʴʦʪʽ ʂɸ çʇʽʦʥʝʨ-10è ʪʘ çʇʽʦʥʝʨ-11è 

ʚ 1973 ʨ. ʤʠʤʦ ʖʧʽʪʝʨʘ ʚʠʤʽʨʶʚʘʣʦʩʴ ʩʚʽʪʽʥʥʷ ʜʦʚʢʽʣʣʷ ʧʣʘʥʝʪʠ ʚ ʜʚʦʭ 

ʢʘʥʘʣʘʭ ʜʘʣʝʢʦʾ ʋʌ ʜʽʣʷʥʢʠ ʩʧʝʢʪʨʘ. ʆʜʠʥ (ɚS) ʙʫʚ ʯʫʪʣʠʚʠʤ ʣʠʰʝ ʜʣʷ ɚ Ò8 

0 ʥʤ ʪʘ ʤʽʛ ʨʝʻʩʪʨʫʚʘʪʠ ʨʝʟʦʥʘʥʩʥʫ ʣʽʥʽʶ ʛʝʣʽʶ ʧʨʠ ɚ = 58,4 ʥʤ, ʘ ʜʨʫʛʠʡ 

(ɚL) ï ʧʨʠ ɚ Ò 140 ʥʤ, ʪʦʤʫ ʚʢʣʶʯʘʚ ʱʝ ʡ ʨʝʟʦʥʘʥʩʥʫ ʣʽʥʽʶ ʚʦʜʥʶ ʧʨʠ ɚ = 

121,6 ʥʤ. ʇʦʣʝ ʟʦʨʫ ʬʦʪʦʤʝʪʨʘ (40Á) ʦʙʤʝʞʫʚʘʣʦʩʴ ʤʝʭʘʥʽʯʥʠʤ 

ʢʦʣʽʤʘʪʦʨʦʤ, ʦʧʪʠʯʥʘ ʚʽʩʴ ʷʢʦʛʦ ʙʫʣʘ ʥʘʭʠʣʝʥʘ ʥʘ 20Á ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʂɸ 

ʪʘ ʟʥʘʭʦʜʠʣʘʩʴ ʧʨʠʙʣʠʟʥʦ ʚ ʧʣʦʱʠʥʽ ʦʨʙʽʪʠ ʩʫʧʫʪʥʠʢʽʚ ʖʧʽʪʝʨʘ. ʂʦʣʠ ʚ 
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ʡʦʛʦ ʧʦʣʝ ʟʦʨʫ ʧʦʧʘʣʠ ʦʢʦʣʠʮʽ ʦʨʙʽʪʠ ɯʦ, ʪʦ ʙʫʣʦ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʥʝʟʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʩʠʛʥʘʣʫ ʚ ɚS ʢʘʥʘʣʽ, ʘ ʢʦʣʠ ʧʦʧʘʚ ʩʘʤ ʩʫʧʫʪʥʠʢ, ʪʦ 

ʩʠʛʥʘʣ ʟʙʽʣʴʰʠʚʩʷ ʧʨʘʢʪʠʯʥʦ ʚʜʚʽʯʽ. ɺ ʧʦʜʘʣʴʰʦʤʫ ʚʠʷʚʠʣʦʩʴ, ʱʦ ʮʝ 

ʟʫʤʦʚʣʝʥʦ ʥʝ ʩʚʽʪʽʥʥʷʤ ʛʝʣʽʶ, ʘ ʨʘʜʽʘʪʠʚʥʠʤ ʚʠʩʚʽʯʫʚʘʥʥʷʤ ʟʙʫʜʞʝʥʠʭ 

ʽʦʥʽʚ, ʜʝʷʢʠʡ ʚʥʝʩʦʢ ʤʦʞʝ ʜʘʚʘʪʠ ʨʝʥʪʛʝʥʽʚʩʴʢʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʱʦ 

ʚʠʥʠʢʘʻ ʚʥʘʩʣʽʜʦʢ ʙʦʤʙʘʨʜʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʩʫʧʫʪʥʠʢʘ 

ʝʣʝʢʪʨʦʥʘʤʠ.  

ʉʧʦʩʪʝʨʽʛʘʣʠʩʴ ʪʘʢʦʞ ʩʣʽʜʠ ʝʤʽʩʽʾ, ʷʢʫ ʚ ʢʦʨʦʪʢʦʭʚʠʣʴʦʚʦʤʫ ʢʘʥʘʣʽ 

ʧʦʚôʷʟʫʚʘʣʠ ʟ ʩʫʧʫʪʥʠʢʦʤ ɸʤʘʣʴʪʝʷ  ̔ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʢʘʥʘʣʽ ʟ 

ʩʫʧʫʪʥʠʢʦʤ ɭʚʨʦʧʘ; ʟʙʽʣʴʰʝʥʥʷ ʩʠʛʥʘʣʫ ʚ ʜʦʚʛʦʭʚʠʣʴʦʚʦʤʫ ʢʘʥʘʣʽ 

ʧʨʠʧʠʩʘʣʠ ʝʤʽʩʽʾ ʚ ʣʽʥʽʾ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʥʶ LŬ. ʅʘ ʤʦʞʣʠʚʫ ʥʘʷʚʥʽʩʪʴ ʝʤʽʩʽʡ 

ʽʦʥʽʚ ʘʪʦʤʘʨʥʦʛʦ ʚʦʜʥʶ ʚʢʘʟʫʶʪʴ ʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʙʦʨʪʫ ʐʉɿ çIUEè [79, 

477, 478]. ʅʝ ʚʠʢʣʶʯʝʥʽ ʡ ʝʤʽʩʽʾ FeI ʪʘ MgI [3].  

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʣʽʥʽʡ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟ ʨʫʭʦʤ ʧʦ ʦʨʙʽʪʽ ʙʫʣʠ ʥʝʦʜʥʦʟʥʘʯʥʠʤʠ, ʱʦ ʟʫʤʦʚʣʝʥʝ ʨʽʟʥʦʶ 

ʧʨʦʪʷʞʥʽʩʪʶ ʚ ʯʘʩʽ ʦʪʨʠʤʘʥʠʭ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥ.ɹ ʊʨʠʚʘʣʠʡ ʯʘʩ 

ʚʚʘʞʘʣʦʩʷ, ʱʦ ʟʤʽʥʠ ʥʘʡʢʨʘʱʝ ʧʦʛʦʜʞʫʶʪʴʩʷ ʟ ʚʠʟʥʘʯʝʥʠʤ ʟʘ 

ʨʘʜʽʦʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʧʝʨʽʦʜʦʤ ʦʙʝʨʪʘʥʥʷ ʖʧʽʪʝʨʘ ʚ ʩʠʩʪʝʤʽ ɯɯɯ 

(9
h
55

m
29,37

s
), ʭʦʯʘ ʱʝ ʧʝʨʰʦʚʽʜʢʨʠʚʘʯ ʪʦʨʫ [402] ʟʚʝʨʥʫʚ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ 

ʨʝʘʣʴʥʠʡ ʧʝʨʽʦʜ ʪʨʠʚʘʣʽʰʠʡ ʚʽʜ ʩʠʩʪʝʤʠ III; ʮʝ ʞ ʧʽʜʪʚʝʨʜʠʣʠ ʽ ʧʦʜʘʣʴʰʽ 

ʜʦʩʣʽʜʞʝʥʥʷ [75, 382, 549, 551, 583]. ʊʘʢ, ʟʛʽʜʥʦ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʂɸ 

çɻʘʣʽʣʝʦè ʽ çUlyssesè, ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ʧʣʘʟʤʦʚʦʛʦ ʪʦʨʘ ʚʽʜʩʪʘʻ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʚ ʩʠʩʪʝʤʽ ɯɯɯ ʥʘ 2-10 ʢʤ/ʩ (ʟ ʩʝʨʝʜʥʴʦʶ ʚʝʣʠʯʠʥʦʶ ʚʽʜʭʠʣʝʥʥʷ 2-

3 ʢʤ/ʩ) [259, 260]. ʏʘʩʪʢʦʚʦ ʮʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʧʦʯʘʪʢʦʚʦ ʚʠʟʥʘʯʝʥʠʡ 

ʧʝʨʽʦʜ ʚ ʩʠʩʪʝʤʽ ɯɯɯ ʫ ʧʦʜʘʣʴʰʦʤʫ ʧʽʜʣʷʛʘʚ ʢʦʨʝʢʮʽʾ: ʟʛʽʜʥʦ [576] ʧʝʨʽʦʜ 

ʩʢʣʘʜʘʚ 9
h
55

m
29,71

s
, ʪʦʜʽ ʷʢ ʚ ʨʦʙʦʪʽ [372] ʧʨʠʚʦʜʠʪʴʩʷ ʥʘ 3,3-3,5% ʙʽʣʴʰʠʡ 

ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ, ʚ [331] ï ʤʝʥʰʠʡ (9
h
55

m
29,6854

s
). ʊʘʢʘ ʚʽʜʤʽʥʥʽʩʪʴ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦ ʜʦʚʛʦʪʽ ʥʘ 1Á ʧʨʦʪʷʛʦʤ ʯʦʪʠʨʴʦʭ ʨʦʢʽʚ ʱʦʜʦ 

ʩʠʩʪʝʤʠ III 1965 ʨ. ɼʣʷ ʟʥʷʪʪʷ ʧʨʦʪʠʨʽʯʯʷ ʚ ʨʦʙʦʪ ̔ [593] ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʚʝʩʪʠ ʥʦʚʫ ʢʦʦʨʜʠʥʘʪʥʫ ʩʠʩʪʝʤʫ (ʩʠʩʪʝʤʘ IV), ʷʢʘ ʦʙʝʨʪʘʻʪʴʩʷ ʥʘ 3,1% 

ʧʦʚʽʣʴʥʽʰʝ ʚʽʜ ʩʠʩʪʝʤʠ III.  

ɿʘʨʘʟ ʥʘʡʽʤʦʚʽʨʥʽʰʠʤʠ ʚʚʘʞʘʶʪʴ ʥʘʩʪʫʧʥʽ ʜʚʘ ʤʝʭʘʥʽʟʤʠ ʫʪʚʦʨʝʥʥʷ 

ʧʣʘʟʤʦʚʦʛʦ ʪʦʨʫ.  

1. ʆʩʢʽʣʴʢʠ ʧʝʨʽʦʜ ʦʙʝʨʪʘʥʥʷ ɯʦ ʥʘʚʢʦʣʦ ʖʧʽʪʝʨʘ (1,7 ʜʦʙʠ) ʟʥʘʯʥʦ 

ʙʽʣʴʰʠʡ ʧʝʨʽʦʜʫ ʦʙʝʨʪʘʥʥʷ ʤʘʛʥʽʪʦʩʬʝʨʠ ʖʧʽʪʝʨʘ, ʪʦ ʰʚʠʜʢʽʩʪʴ ʦʩʪʘʥʥʴʦʾ 

ʱʦʜʦ ʧʦʚʝʨʭʥʽ ɯʦ ʩʷʛʘʻ 57 ʢʤ/ʩ; ʮʝ ʟʫʤʦʚʣʶʻ  ʽʥʪʝʥʩʠʚʥʝ ʙʦʤʙʘʨʜʫʚʘʥʥʷ 

ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʙʠʚʘʻʪʴʩʷ 1-2 ʪ/ʩ ʩʽʨʯʘʥʦʛʦ ʛʘʟʫ, ʷʢʠʡ 

ʽʦʥʽʟʫʻʪʴʩʷ ʡ ʫʪʚʦʨʶʻ ʰʠʨʦʢʠʡ ʧʣʘʟʤʦʚʠʡ ʪʦʨ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʻʪʴʩʷ 

ʚʽʜʢʨʠʪʦʶ ʧʨʦʙʣʝʤʘ ʥʘʷʚʥʦʩʪʽ ʚ ʪʦʨʽ ʥʝʡʪʨʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ.   
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2. ʇʽʩʣʷ ʚʽʜʢʨʠʪʪʷ ʥʘ ɯʦ ʘʢʪʠʚʥʦʛʦ ʚʫʣʢʘʥʽʟʤʫ ʚʠʩʣʦʚʠʣʠ ʜʫʤʢʫ, ʱʦ 

ʫʪʚʦʨʝʥʥʷ ʪʦʨʫ ʟʫʤʦʚʣʝʥʦ ʚʠʢʠʥʫʪʠʤʠ ʥʘ ʚʠʩʦʪʫ ʚ ʩʦʪʥʽ ʢʽʣʦʤʝʪʨʽʚ 

ʬʦʥʪʘʥʘʤʠ ʛʘʟʫ, ʷʢʽ ʯʘʩʪʢʦʚʦ ʨʦʟʩʽʶʪʁʴʩʷ ʚ ʢʦʩʤʦʩʽ  ̔ʫʪʚʦʨʶʶʪʴ ʪʦʨ. ɯʥʰʘ 

ʯʘʩʪʠʥʘ ʚʠʢʠʜʽʚ ʟʘ ʥʠʟʴʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʜʝʥʩʫʻʪʴʩʷ ʽ ʧʽʜ ʜʽʻʶ ʩʠʣʠ 

ʪʷʞʽʥʥʷ (1,81 ʤ/ʩ
2
) ʚʠʧʘʜʘʻ ʥʘ ʧʦʚʝʨʭʥʶ ɯʦ. ʆʮʽʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʰʚʠʜʢʽʩʪʴ ʮʠʭ ʧʨʦʮʝʩʽʚ ʟʥʘʯʥʦ ʙʽʣʴʰʘ ʰʚʠʜʢʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʤʦʣʝʢʫʣ ʛʘʟʫ 

ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʠʤ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʉʦʥʮʷ (ʬʦʪʦʜʠʩʦʮʽʘʮʽʶ). ʅʘ ɯʦ 

ʧʨʠʩʫʪʥʽ ʩʣʽʜʠ ʘʪʤʦʩʬʝʨʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʤʦʣʝʢʫʣ ~10
17

 ʤ
-3
. ʈʦʟʨʘʭʫʥʢʠ 

ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʚʠʢʠʜʘʥʥʷ ʛʘʟʫ ʥʘ ʚʠʩʦʪʫ ʚ ʢʽʣʴʢʘ ʩʦʪʝʥʴ 

ʢʽʣʦʤʝʪʨʽʚ ʚʠʤʘʛʘʻ ʰʚʠʜʢʦʩʪ ̔ʚʠʣʴʦʪʫ ʛʘʟʫ ʟ ʞʝʨʣʘ ʚʫʣʢʘʥʫ ʧʦʥʘʜ 1 ʢʤ/ʩ. 

ʆʨʙʽʪʘ ɯʦ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʪʽʡ ʯʘʩʪʠʥʽ ʤʘʛʥʽʪʦʩʬʝʨʠ ʖʧʽʪʝʨʘ, ʜʝ ʧʦʪʦʢʠ 

ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʦʩʦʙʣʠʚʦ ʟʥʘʯʥʽ (ʤʘʡʞʝ ʚ ʮʝʥʪʨʽ ʨʘʜʽʘʮʽʡʥʦʛʦ ʧʦʷʩʫ), 

ʪʘ ʷʢʘ ʥʘʛʘʜʫʻ 100-ʢʨʘʪʥʦ ʟʙʽʣʴʰʝʥʫ ʟʘ ʨʦʟʤʽʨʘʤʠ ʤʘʛʥʽʪʦʩʬʝʨʫ ɿʝʤʣʽ. 

ʇʣʘʟʤʘ ʪʫʪ ʟʦʩʝʨʝʜʞʝʥʘ ʚ ʦʙôʻʤʽ, ʱʦ ʥʘʙʣʠʞʝʥʦ ʤʘʻ ʬʦʨʤʫ ʜʠʩʢʘ, ʷʢʠʡ 

ʞʦʨʩʪʢʦ ʟʚôʷʟʘʥʠʡ ʟ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ ʧʣʘʥʝʪʠ, ʷʢʝ ʦʙʝʨʪʘʻʪʴʩʷ. ʆʩʢʽʣʴʢʠ 

ʤʘʛʥʽʪʦʩʬʝʨʘ ʦʙʝʨʪʘʻʪʴʩʷ ʜʫʞʝ ʰʚʠʜʢʦ, ʪʦ ʧʝʚʥʘ ʜʦʣʷ ʟʘʨʷʜʞʝʥʠʭ 

ʯʘʩʪʠʥʦʢ ʚʠʢʠʜʘʻʪʴʩʷ ʟ ʥʝʾ ʱʝ ʡ ʚʽʜʮʝʥʪʨʦʚʠʤʠ ʩʠʣʘʤʠ, ʷʢʽ ʥʘʜʘʣʽ 

ʨʫʭʘʶʪʴʩʷ ʚ ʤʽʞʧʣʘʥʝʪʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʫ ʚʠʛʣʷʜʽ ʜʦʜʘʪʢʦʚʦʛʦ ʧʦʚʽʣʴʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʢʦʩʤʽʯʥʠʭ ʧʨʦʤʝʥʽʚ, ʷʢʠʡ ʧʫʣʴʩʫʻ ʟ ʧʝʨʽʦʜʦʤ ʦʙʝʨʪʘʥʥʷ 

ʤʘʛʥʽʪʦʩʬʝʨʠ ʖʧʽʪʝʨʘ. ʊʦʙʪʦ, ʥʘ ʦʨʙʽʪʽ ɯʦ ʟʥʘʭʦʜʠʪʴʩʷ ʪʦʨ ʛʘʨʷʯʦʾ ʧʣʘʟʤʠ ʟ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦ 50000 ʂ.  

ʆʩʢʽʣʴʢʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʷʚʠʱʘ ʚ ʤʘʛʥʽʪʦʩʬʝʨʽ ʖʧʽʪʝʨʘ ʜʫʞʝ 

ʽʥʪʝʥʩʠʚʥʽ, ʪʦ ʦʙʝʨʪʘʥʥʷ ʧʣʘʟʤʦʚʦʛʦ ʪʦʨʘ ɯʦ ʚ ʥʽʡ ʩʪʚʦʨʶʻ ʧʦʪʫʞʥʠʡ 

ʝʣʝʢʪʨʠʯʥʠʡ ʛʝʥʝʨʘʪʦʨ, ʷʢʠʡ ʤʽʞ ʖʧʽʪʝʨʦʤ ʪʘ ɯʦ ʟʫʤʦʚʣʶʻ ʧʨʦʪʽʢʘʥʥʷ  

ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʚ 5Ö10
6 
ʘʤʧʝʨ, ʤʝʭʘʥʽʟʤ ʧʨʦʜʫʢʫʚʘʥʥʷ ʷʢʦʛʦ ʽʤʦʚʽʨʥʦ 

ʧʦʚôʷʟʘʥʠʡ ʟ ̔ʩʚʦʻʨʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʩʪʨʫʤʦʚʠʭ ʦʙʦʣʦʥʦʢ ʚ ʧʣʘʟʤʦʩʬʝʨʽ 

ʖʧʽʪʝʨʘ, ʷʢ ̔ ʙʫʣʠ ʧʝʨʝʜʙʘʯʝʥ ̔ X. ɸʣʴʬʚʝʥʦʤ ʜʣʷ ʧʨʦʪʦʧʣʘʥʝʪʥʦʾ 

ʪʫʤʘʥʥʦʩʪʽ.  

ʅʝʜʘʚʥʦ ʙʫʣʦ ʚʠʩʣʦʚʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʩʠʣʴʥʽ ʝʣʝʢʪʨʠʯʥʽ ʩʪʨʫʤʠ 

ʙʣ̔ʷ ʧʦʚʝʨʭʥʽ ɯʦ ʤʦʞʫʪʴ ʟʘʚʜʷʢʠ ʩʘʤʦʬʦʢʫʩʫʚʘʥʥʶ ʟʘʨʷʜʽʚ (ʪʘʢ ʟʚʘʥʦʤʫ 

ʧʽʥʯ-ʝʬʝʢʪʫ) ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʥʘ ʤʘʣʽʡ ʧʣʦʱʽ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʷʚʥʦʩʪʽ 

ʪʘʢʦʛʦ ʪʨʠʚʘʣʦʛʦ ʧʨʦʧʘʣʶʶʯʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʨʦʟʨʷʜʫ ʤʦʞʫʪʴ ʚʽʜʙʫʚʘʪʠʩʷ 

ʚʫʣʢʘʥʽʯʥʽ ʚʠʚʝʨʞʝʥʥʷ ʟ ɯʦ. ʇʨʠ ʮʴʦʤʫ ɯʦ, ʤʘʙʫʪʴ, çʧʨʘʮʶʻè ʷʢ ʦʜʥʘ ʟ 

ʯʘʩʪʠʥ ʛʽʛʘʥʪʩʴʢʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʨʠʩʢʦʨʶʚʘʯʘ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ 

ʚʠʩʦʢʠʭ ʝʥʝʨʛʽʡ. ɯʦ ʘʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʻ ʟ ʤʘʛʥʽʪʦʩʬʝʨʦʶ ʖʧʽʪʝʨʘ ʽ ʟ ʩʘʤʠʤ 

ʪʦʨʦʤ, ʧʝʨʝʤʽʰʫʶʯʠ ʯʘʩʪʠʥʢʠ ʩʝʨʝʜʥʽʭ ʽ ʥʠʟʴʢʠʭ ʝʥʝʨʛʽʡ ʪʘ ʧʦʛʣʠʥʘʶʯʠ ʾʭ.  

ɽʣʝʢʪʨʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʤʘʛʥʽʪʦʩʬʝʨʽ ʥʘ ʨʽʚʥʽ ʦʨʙʽʪʠ ɯʦ ʧʦʚôʷʟʘʥʽ ʟ 

ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʘ ɿʝʤʣʽ ʚʽʜ ʖʧʽʪʝʨʘ ʚ 

ʜʝʢʘʤʝʪʨʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʑʝ ʚ 1964 ʨ. ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʡʦʛʦ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʣʦʞʝʥʥʷ ɯʦ ʥʘ ʦʨʙʽʪʽ, ʘʜʞʝ ʚʽʨʦʛʽʜʥʽʩʪʴ 
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ʨʝʻʩʪʨʘʮʽʾ ʨʘʜʽʦʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʟ ɿʝʤʣʽ ʙʫʣʘ ʥʘʡʙʽʣʴʰʦʶ ʪʦʜʽ, ʢʦʣʠ ɯʦ 

ʟʥʘʭʦʜʠʚʩʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʽʡ ʢʫʪʦʚʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʖʧʽʪʝʨʘ. ʋ ʤʝʥʰʽʡ ʤʽʨʽ 

ʪʘʢʫ ʞ ʟʘʣʝʞʥʽʩʪʴ ʧʦʢʘʟʫʶʪʴ ʱʝ ʜʚʘ ʩʫʧʫʪʥʠʢʠ ï ɭʚʨʦʧʘ ʽ ɻʘʥʽʤʝʜ.  

ɸʥʘʣʽʟ ʩʧʦʩʪʝʨʝʞʥʠʭ ʜʘʥʠʭ ʟ ʂɸ çʂʘʩʩʽʥʽè ʧʨʠʚʽʚ ʜʦ ʥʘʩʪʫʧʥʠʭ 

ʚʠʩʥʦʚʢʽʚ:  

1. ʊʦʨ ʧʦʢʘʟʘʚ ʽʩʪʦʪʥʫ ʟʤʽʥʫ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʦʪʷʛʦʤ ʯʘʩʫ 

ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʘ ʫʟʛʦʜʞʫʪ̒ʴʩʷ ʟ ʤʦʜʝʣʣ ,ʁ ʱʦ ʧʝʨʝʜʙʘʯʘ ̒ ʟʨʦʩʪʘʥʥʷ ʫ 

ʢʽʣʴʢʘ ʨʘʟʽʚ ʢʽʣʴʢʦʩʪʽ ʥʝʡʪʨʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʜʦʩʪʘʚʣʷʚʩʷ ʚ ʪʦʨ 

ʚʫʣʢʘʥʘʤʠ ʥʘ ʧʦʯʘʪʢʫ ʚʝʨʝʩʥ ̫2000 ʨ. [217].  

2. ɺ ʽʦʥʥʦʤʫ ʪʦʨʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʘʟʠʤʫʪʘʣʴʥʽ ʟʤʽʥʠ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʣʝʢʪʨʦʥʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʝʣʝʢʪʨʦʥʥʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘ ʧʨʦʤʝʥʽ ʟʦʨʫ ʚ 

ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʦʙʣʘʩʪʽ. ɸʟʠʤʫʪʘʣʴʥʽ ʚʘʨʽʘʮʽʾ ʝʤʽʩʽʾ SII, SIII ʽ ʝʣʝʢʪʨʦʥʥʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʚ ʦʜʥʘʢʦʚʽʡ ʬʘʟʽ. ɿʤʽʥʘ ʚʽʜʥʦʰʝʥʥʷ 

ʝʤʽʩʽʾ ʣʽʥʽʡ SIV ʽ OII ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʦʙʣʘʩʪʽ 

ʪʘʢʦʞ ʧʨʦʭʦʜʷʪʴ ʤʘʡʞʝ ʚ ʦʜʥʘʢʦʚʽʡ ʬʘʟʽ ʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʨʦʪʠʬʘʟʽ ʟ 

ʚʘʨʽʘʮʽʷʤʠ ʝʤʽʩʽʾ ʣʽʥʽʡ SII, SIII ʽ ʝʣʝʢʪʨʦʥʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘ ʧʨʦʤʝʥʽ ʟʦʨʫ ʚ 

ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʦʙʣʘʩʪʽ.  

3. ʌʘʟʠ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʘʟʠʤʫʪʘʣʴʥʠʭ ʚʘʨʽʘʮʽʡ ʫ ʧʣʘʟʤʦʚʦʤʫ ʪʦʨʽ 

ʜʨʝʡʬʫʶʪʴ ʽʟ ʰʚʠʜʢʽʩʪʶ 12,2Á/ʜʦʙʫ ʱʦʜʦ ʩʠʩʪʝʤʠ III, ʱʦ ʜʘʻ ʧʝʨʽʦʜ 

ʦʙʝʨʪʘʥʥʷ ʪʦʨʫ 10,07 ʛʦʜʠʥ (ʥʘ 1,5% ʙʽʣʴʰʝ ʧʝʨʽʦʜʫ ʚ ʩʠʩʪʝʤʽ III). 

ʄʦʞʣʠʚʦ, ʱʦ ʫ ʚʝʨʝʩʥʽ 2000 ʨ. ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ ʟʨʦʩʣʘ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʘʯʘʥʥʷ ʚ 

ʪʦʨ ʥʝʡʪʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ ʟ ʧʦʚʝʨʭʥʽ ɯʦ [214], ʱʦ ʧʨʠʚʝʣʦ ʜʦ ʟʤʽʥʠ 

ʤʝʭʘʥʽʟʤʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʛʦ ʟʘ ʫʪʚʦʨʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ IV. ʊʘʢʽ 

ʧʦʜʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʨʽʜʢʦ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʘʥʠʤʠ ʨʦʙʦʪʠ [399] 

ʧʨʦʪʷʛʦʤ 6,5 ʨʦʢʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʪʽʣʴʢʠ ʦʜʥʘ ʪʘʢʘ ʧʦʜʽʷ. 

4. ɺʽʜʥʦʩʥʘ ʘʤʧʣʽʪʫʜʘ ʘʟʠʤʫʪʘʣʴʥʠʭ ʚʘʨʽʘʮʽʡ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʪʦʨʫ 

ʙʽʣʴʰʘ ʜʣʷ ʝʤʽʩʽʡʥʠʭ ʣʽʥʽʡ SII ʽ SIV ʽ ʾʭ ʚʽʜʥʦʩʥʘ ʘʤʧʣʽʪʫʜʘ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʤʝʞʘʭ 5-25% ʟʘ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɺʽʜʥʦʩʥʘ ʘʤʧʣʽʪʫʜʘ ʝʤʽʩʽʾ ʣʽʥʽʡ ʽʦʥʽʚ SIII 

ʽ OII ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʚ ʤʝʞʘʭ 2-5%.  

5. ɿʤʽʥʘ ʘʟʠʤʫʪʘʣʴʥʠʭ ʚʘʨʽʘʮʽʡ ʘʤʧʣʽʪʫʜʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʤʦʜʫʣʶʪ̒ʴʩʷ ʧʦʣʦʞʝʥʥʷʤ ʱʦʜʦ ʩʠʩʪʝʤʠ III ʪʘʢ, ʱʦ ʢʦʣʠ ʧʽʢ ʝʤʽʩʽʾ SII ʧʨʠ 

ʟʤʽʱʝʥʥʽ ʩʧʽʚʧʘʜʘʻ ʟ ʜʦʚʛʦʪʦʶ 210 Ñ 15Á ʫ ʩʠʩʪʝʤʽ III, ʘʤʧʣʽʪʫʜʘ ʻ 

ʤʘʢʩʠʤʘʣʴʥʦʶ; ʢʦʣʠ ʧʽʢ ʝʤʽʩʽʾ SII ʚʽʜʧʦʚʽʜʘʻ ʜʦʚʛʦʪʽ 30 Ñ 15Á ʫ ʩʠʩʪʝʤʽ III ï 

ʘʤʧʣʽʪʫʜʘ ʚʠʷʚʣʷʻʪʴʩʷ ʥʘʡʤʝʥʰʦʶ.  

 

ɺʫʣʢʘʥʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ. ʅʘ ʧʝʨʝʜʘʥʠʭ ʂɸ çɺʦʷʜʞʝʨè ʟʦʙʨʘʞʝʥʥʷʭ 

ʧʦʚʝʨʭʥʽ ɯʦ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 8 ʜʽʶʯʠʭ ʚʫʣʢʘʥʽʚ [634], ʨʝʘʣʴʥʽʩʪʴ ʷʢʠʭ 

ʧʽʜʪʚʝʨʜʠʣʠ ʟʦʙʨʘʞʝʥʥʷ ʂɸ çɻʘʣʽʣʝʦè (ʨʠʩ. 1.3-1.5).  

ʆʩʢʽʣʴʢʠ ʨʦʟʤʽʨ ɯʦ ʷʚʥʦ ʥʝʜʦʩʪʘʪʥʽʡ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʨʘʜʽʦʘʢʪʠʚʥʠʡ 

ʨʦʟʧʘʜ ʝʣʝʤʝʥʪʽʚ ʫ ʡʦʛʦ ʥʘʜʨʘʭ ʤʽʛ ʚʠʢʣʠʢʘʪʠ ʩʠʣʴʥʠʡ ʨʦʟʽʛʨʽʚ ʢʦʨʠ ʯʠ 
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ʤʘʥʪʽʾ (ʷʢ ʮʝ ʤʘʻ ʤʽʩʮʝ ʥʘ ɿʝʤʣʽ), ʪʦ ʧʨʠʧʫʩʪʠʣʠ, ʱʦ ʨʦʟʽʛʨʽʚ ʩʫʧʫʪʥʠʢʘ 

ʟʫʤʦʚʣʝʥʦ ʛʨʘʚʽʪʘʮʽʡʥʦʶ ʚʟʘʻʤʦʜʽʻʶ ʚ ʩʠʩʪʝʤʽ ʖʧʽʪʝʨʘ, ʟʘʚʜʷʢʠ ʯʦʤʫ 

ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʦʙʝʨʪʫ ɯʦ ʥʘʚʢʦʣʦ ʖʧʽʪʝʨʘ (ʪʦʙʪʦ, ʢʦʞʥʽ 1,7 ʜʦʙʠ) 

ʩʫʧʫʪʥʠʢ ʤʽʥʷʻ ʩʚʦʻ ʧʦʣʦʞʝʥʥʷ ʥʘ ʩʝʨʝʜʥʽʡ ʦʨʙʽʪʽ ʧʨʠʙʣʠʟʥʦ ʥʘ Ñ 10 ʢʤ.  

 

 
ʈʠʩ. 1.3. ʄʦʟʘʾʢʘ ʟʦʙʨʘʞʝʥʴ ʧʦʚʝʨʭʥʽ ɯʦ. ʅʘ ʚʩʪʘʚʮʽ ʣʽʚʦʨʫʯ ï 

ʚʫʣʢʘʥʽʯʥʠʡ ʧʣʶʤʘʞ ʚʠʩʦʪʦʶ ~ 100 ʢʤ. ʅʘ ʚʩʪʘʚʮʽ ʧʨʘʚʦʨʫʯ ï ʟʤʽʥʠ ʙʽʣʷ 

ʚʫʣʢʘʥʘ ʈʘ ʇʘʪʝʨʘ (Ra Patera): ʟʚʝʨʭʫ ï  ʜʘʥʽ ʟ ʂɸ çɺʦʷʜʞʝʨè, ʚʥʠʟʫ ï ʜʘʥʽ 

ʟ ʂɸ çɻʘʣʽʣʝʦè (http://www2.jpl.nasa.gov/)  

 

ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʘ ʩʠʥʭʨʦʥʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʖʧʽʪʝʨʘ 

ʥʘʚʽʪʴ ʧʨʠ ʝʢʩʮʝʥʪʨʠʩʠʪʝʪ ̔ʦʨʙʽʪʠ 0,004 ʥʘ ɯʦ ʤʘʻ ʟôʷʚʠʪʠʩʷ ʧʨʠʧʣʠʚʥʠʡ 

ʚʠʩʪʫʧ ʫ ʙʽʢ ʖʧʽʪʝʨʘ, ʘ ʧʨʠ ʡʦʛʦ ʨʫʩʽ ʧʦ ʦʨʙʽʪʽ ï ʨʽʟʢʽ ʢʦʣʠʚʘʥʥʷ (ʣʽʙʨʘʮʽʷ, 

ʧʦʭʠʪʫʚʘʥʥʷ), ʷʢʝ ʟʫʤʦʚʣʶʻ ʧʦʤʽʪʥʝ ʧʨʦʛʠʥʘʥʥʷ ʣʽʪʦʩʬʝʨʠ ʪʘ ʾʾ ʥʘʛʨʽʚʘʥʥʷ 

(ʧʝʨʝʚʘʞʥʦ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ), ʝʥʝʨʛʽʷ ʷʢʦʛʦ ʤʦʞʝ ʩʷʛʘʪʠ 60-80 

ʪʨʠʣʴʡʦʥʽʚ ʚʘʪ.  

ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʪʝʧʣʦʚʽʡ ʜʽʣʷʥʮʽ ʩʧʝʢʪʨʘ ʧʽʜʪʚʝʨʜʠʣʠ ʚʝʣʠʢʫ 

ʧʦʪʫʞʥʽʩʪʴ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ɯʦ (å 2 ɺʪ/ʤ
2
, ʘʙʦ å 83 ʪʨʠʣʴʡʦʥʠ 

ʚʘʪ), ʘ ʟʛʘʜʘʥʽ 8 ʘʢʪʠʚʥʠʭ ʚʠʚʝʨʞʝʥʴ ʙʫʣʠ ʦʪʦʪʦʞʥʝʥʽ ʟ  ʛʘʨʷʯʠʤʠ ʧʣʷʤʘʤʠ 

ʥʘ ʧʦʚʝʨʭʥʽ ʩʫʧʫʪʥʠʢʘ. ʏʝʨʝʟ 4 ʤʽʩʷʮʽ ʟʛʘʩ ʣʠʰʝ ʦʜʠʥ ʥʘʡʙʽʣʴʰʠʡ ʚʫʣʢʘʥ 
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(ʥʘʟʚʘʥʦ ʥʘ ʯʝʩʪʴ ʛʘʚʘʡʩʴʢʦʛʦ ʙʦʛʘ ʚʫʣʢʘʥʽʚ ï ʇʝʣʝ), ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ 

ʥʘʚʢʦʣʦ ʷʢʦʛʦ ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 600 ʂ. ɽʣʽʧʩ ʡʦʛʦ ʚʫʣʢʘʥʽʯʥʠʭ ʚʠʚʝʨʞʝʥʴ 

ʤʘʚ ʨʦʟʤʽʨʠ 950³1400 ʢʤ (ʨʠʩ. 1.4).  

 

 
ʈʠʩ. 1.4. ɿʦʙʨʘʞʝʥʥʷ ʚʫʣʢʘʥʽʯʥʦʛʦ ʚʠʚʝʨʞʝʥʥʷ ʚʫʣʢʘʥʫ ʇʝʣʝ. ɹ̔ ʣʽ ʽ 

ʯʦʨʥʽ ʦʙʰʠʨʥʽ ʦʙʣʘʩʪʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʫʤʽʰʽ ʩʦʣ,̔ ʩʽʨʢʠ ʪʘ ʽʥʰʠʭ ʚʠʢʠʜʽʚ 

ʚʫʣʢʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʏʦʨʥʽ ʥʝʚʝʣʠʢʽ ʧʣʷʤʠ ʧʦʚôʷʟʫʶʪʴ ʟ ʢʨʘʪʝʨʘʤʠ 

ʤʦʞʣʠʚʦʛʦ ʚʫʣʢʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ (http://www2.jpl.nasa.gov/)  
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ɼʦʩʣʽʜʞʝʥʥʷ ʚʫʣʢʘʥʽʚ ʥʘ ɯʦ ʚʢʘʟʫʻ ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʽʩʥʫʚʘʥʥʷ 

ʚʫʣʢʘʥʽʯʥʦʾ ʢʘʣʴʜʝʨʠ ʪʠʤ ʙʽʣʴʰʘ, ʯʠʤ ʟ ʛʣʠʙʰʠʭ ʨʝʟʝʨʚʫʘʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʚʠʚʝʨʞʝʥʥʷ. ʅʝʟʚʠʯʥʦ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʽʥʢʦʣʠ ʨʝʻʩʪʨʫʚʘʣʠ ʥʘʟʝʤʥʽ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʨʘʜʽʦʜʽʘʧʘʟʦʥʽ: ʊ = 190 ʂ ʧʨʠ ɚ = 2,08 ʽ ʊ = 600 ʂ ʧʨʠ ɚ = 

3,9 ʩʤ [53-55], ʩʧʣʝʩʢʠ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʨʠʚʘʣʽʩʪʶ ʚ ʢʽʣʴʢʘ ʛʦʜʠʥ ʧʨʠ ɚ = 

4,7 ʽ 5,3 ʩʤ, ʷʢʝ ʚʽʜʧʦʚʽʜʘʣʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʶ ʘʙʩʦʣʶʪʥʦ ʯʦʨʥʦʛʦ ʪʽʣʘ ʟ ʊ = 

600 ʂ; ʮʝ ʚʚʘʞʘʣʠ ʚʠʣʠʚʘʤ ʨʽʜʢʦʾ ʩʽʨʢʠ [626]. ɺʚʘʞʘʶʪʴ [627], ʱʦ 99,6% 

ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ɯʦ ʤʘʻ ʊ å 126 ʂ, ʷʢʘ ʬʦʨʤʫʻʪʴʩʷ ʩʦʥʷʯʥʠʤ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ, ʨʝʰʪʘ ï ʟʘʡʥʷʪʘ ʛʘʨʷʯʠʤʠ ʧʣʷʤʘʤʠ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʽʜ 

300 ʜʦ 600 ʂ.  

ɺʫʣʢʘʥʠ ʥʘ ɯʦ ʨʦʟʜʽʣʝʥʽ ʥʘ ʪʠʧʠ. ɼʦ ʧʝʨʰʦʛʦ ʚʽʜʥʦʩʠʪʴʩʷ ʙʽʣʴʰʽʩʪʴ 

ʚʫʣʢʘʥʽʚ, ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʽ ʊ = 350-400 ʂ, ʰʚʠʜʢʽʩʪʴ ʚʠʚʝʨʞʝʥʥʷ ʛʘʟʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ ~ 500 ʤ/ʩ ʪʘ ʚʠʩʦʪʘ ʛʘʟʦʚʠʭ ʩʫʣʪʘʥʽʚ ʜʦ 100 ʢʤ. ɼʨʫʛʦʤʫ ʪʠʧʫ 

ʧʨʠʪʘʤʘʥʥʽ ʚʠʱʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʰʚʠʜʢʽʩʪʴ ʚʠʚʝʨʞʝʥʥʷ ~ 1000 ʤ/ʩ, ʚʠʩʦʪʘ ʜʦ 

300 ʢʤ. ʍʘʨʘʢʪʝʨʥʦʶ ʾʭ ʚʽʜʤʽʥʥʽʩʪʶ ʻ ʪʝʤʥʘ ʢʽʣʴʮʝʚʘ ʦʢʘʥʪʦʚʢʘ ʥʘ ʚʽʜʩʪʘʥʽ 

ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʢʽʣʦʤʝʪʨʽʚ ʚʽʜ ʢʘʣʴʜʝʨʠ (ʚʫʣʢʘʥʠ ʇʝʣʝ, ʉʫʨʪ, ɸʪʝʥ) ʪʘ, 

ʤʦʞʣʠʚʦ, ʙʽʣʴʰʘ ʛʣʠʙʠʥʘ, ʟ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʚʝʨʞʝʥʥʷ. ɺ ʮʝʥʪʨʽ 

ʚʠʚʝʨʞʝʥʥʷ ʟʚʠʯʘʡʥʦ ʨʦʟʪʘʰʦʚʘʥʦ ʢʽʣʴʢʘ ʚʝʣʠʢʠʭ ʧʣʦʩʢʦʛʽʨôʾʚ ʟ 

ʦʙʨʠʚʠʩʪʠʤʠ ʢʨʘʷʤʠ ʽ ʰʠʨʦʢʦʶ ʜʦʣʠʥʦʶ, ʱʦ ʾʭ ʨʦʟʜʽʣʷʻ.  

ɺʩʷ ʾʭ ʧʦʚʝʨʭʥʷ ʤʘʻ ʪʝʤʥʽ ʚʽʜʪʽʥʢʠ ʦʨʘʥʞʝʚʦʛʦ ʡ ʢʦʨʠʯʥʝʚʦʛʦ 

ʢʦʣʴʦʨʽʚ ʽ ʣʠʰʝ ʩʘʤʝ ʧʣʦʩʢʦʛʽʨôʷ ʚʠʜʽʣʷʻʪʴʩʷ ʩʚʽʪʣʽʰʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ 

(ʬʦʪʦ 1.2.). ɯʩʥʫʻ ʛʽʧʦʪʝʟʘ, ʱʦ ʚʠʚʝʨʞʝʥʥʷ ʜʨʫʛʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʛʝʡʟʝʨʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʘʧʪʦʚʠʡ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʣʝʪʢʠʭ 

ʨʝʯʦʚʠʥ (ʨʽʜʠʥʘ ï ʛʘʟ), ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʡ ʜʣʷ ʜʝʷʢʠʭ ʟʝʤʥʠʭ ʚʫʣʢʘʥʽʚ. ʅʘ ɯʦ 

ʜʣʷ ʩʽʨʯʠʩʪʦʛʦ ʛʘʟʫ ʧʝʨʝʭʽʜ ʧʦʚʠʥʝʥ ʚʽʜʙʫʚʘʪʠʩʷ ʧʨʠ ʊ å 400 ʂ, ʜʣʷ ʩʽʨʢʠ  

ʧʨʠ ʊ å 700 ʂ. ɿʘ ʮʽ̒ʾ ʛʽʧʦʪʝʟʠ ʤʘʣʽ ʩʫʣʪʘʥʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʢʠʜʘʤ ʟ 

ʥʝʚʝʣʠʢʦ ʾʛʣʠʙʠʥʠ, ʚʝʣʠʢʽ ʩʫʣʪʘʥʠ ï ʟ ʛʣʠʙʦʢʠʭ ʨʝʟʝʨʚʫʘʨʽʚ.  

 

 
ʌʦʪʦ 1.2.  
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ʈʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ [526], ʱʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʩʪʨʫʢʪʫʨʘ 

ʣʽʪʦʩʬʝʨʠ Io, ʤʦʞʣʠʚʦ, ʜʫʞʝ ʩʢʣʘʜʥʽ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʫ ʥʽʡ ʤʦʞʝ ʽʩʥʫʚʘʪʠ 

ʙʘʛʘʪʦ ʽʟʦʣʴʦʚʘʥʠʭ çʣʽʥʟè ʨʽʜʢʦʾ ʩʽʨʢʠ ʥʘ ʤʘʣʠʭ ʛʣʠʙʠʥʘʭ. ʋ ʨʝʟʫʣʴʪʘʪʽ 

ʪʝʧʣʦʚʦʛʦ ʦʙʤʽʥʫ ʚ ʩʠʣʽʢʘʪʥʫ ʢʦʨʫ ʩʫʧʫʪʥʠʢʘ ʤʦʞʣʠʚʝ ʚʪʦʨʛʥʝʥʥʷ ʢʦʣʦʥʦʢ 

ʛʣʠʙʠʥʥʦʾ ʤʘʛʤʠ, ʷʢʽ ʚʟʘʻʤʦʜʽʶʯʠ ʟ ʨʽʜʢʦʶ ʩʽʨʢʦʶ ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʟ ʥʝʶ ʽ 

ʟʛʦʜʦʤ ʬʦʨʤʫʶʪʴ ʧʽʜʧʦʚʝʨʭʥʝʚʽ çʣʽʥʟʠè ʤʘʛʤʠ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 432 K 

ʚôʷʟʢʽʩʪʴ ʩʽʨʢʠ ʜʦʩʷʛʘʻ ʤʽʥʽʤʫʤʫ ʧʨʠ ʪʠʩʢʫ 0,006 ʧʘʩʢʘʣʽʚ, ʪʦʤʫ ʩʽʨʢʘ ʻ 

ʜʫʞʝ ʤʦʙʽʣʴʥʦʶ ʨʽʜʠʥʦʶ ʚ ʢʦʨʽ ɯʦ.  

ʇʨʠ ʥʘʙʘʛʘʪʦ ʥʠʞʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (ʪʨʦʭʠ ʚʠʱʽʡ ʚʽʜ 130 K) SO2 ʩʪʘʻ 

ʤʘʣʦʚôʷʟʢʦʶ ʨʽʜʠʥʦʶ. ʉʘʤʝ ʮʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʡ ʫʧʨʘʚʣʷʻʪʴʩʷ ʚʪʦʨʛʥʝʥʥʷ 

ʩʠʣʽʢʘʪʽʚ. ʗʢʙʠ ʣʽʪʦʩʬʝʨʘ ʙʫʣʘ ʟʙʽʜʥʝʥʦʶ ʩʽʨʯʘʥʠʤʠ ʟôʻʜʥʘʥʥʷʤʠ ʥʘ 

ʛʣʠʙʠʥ ̔ ʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ ʘ ʩʝʨʝʜʥʷ ʛʫʩʪʠʥʘ ʢʦʨʠ ʥʘʙʣʠʞʘʣʘʩʷ ʜʦ 

ʪʚʝʨʜʦʛʦ ʙʘʟʘʣʴʪʫ (> 2,8 ʛ/ʩʤ
3
), ʪʦ ʪʠʩʢ ʪʘʤ ʙʫʚ ʙʠ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʙʘʟʘʣʴʪʦʚʘ ʨʦʟʧʣʘʚʣʝʥʘ ʣʘʚʘ ʧʽʜʥʽʤʘʣʘʩʷ ʽ ʟʽ ʟʥʘʯʥʦ ʙʽʣʴʰʠʭ ʛʣʠʙʠʥ. 

ʆʩʦʙʣʠʚʦ ʙʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʣʦʩʴ ʚʫʣʢʘʥʫ ʇʨʦʤʝʪʝʡ [143, 198, 201, 203, 

362, 384, 385, 388, 428, 451, 452, 461, 462, 572, 639, 715, 724], ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ 154
ʦ 

W, 1
ʦ 
S ʥʘ ʟʚʦʨʦʪʥʽʡ ʚʽʜ ʖʧʽʪʝʨʘ 

ʧʽʚʢʫʣʽ (ʨʠʩ. 1.5). ɯʥʬʨʘʯʝʨʚʦʥʘ (ɯʏ) ʩʧʝʢʪʨʦʤʝʪʨʽʷ ʟ ʂɸ çɻʘʣʽʣʝʦè ʚ 1996-

2002 ʨʦʢʘʭ ʚʠʷʚʠʣʘ ʝʧʽʟʦʜʠʯʥʽ (ʘʣʝ ʥʝ ʧʝʨʽʦʜʠʯʥʽ) ʚʘʨʽʘʮʽʾ ʪʝʧʣʦʚʦʾ ʝʤʽʩʽʾ, 

ʱʦ ʚʢʘʟʫʻ ʥʘ ʝʧʽʟʦʜʠʯʥʽʩʪʴ ʚʫʣʢʘʥʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ. ɿʛʽʜʥʦ ʟʦʙʨʘʞʝʥʴ ʚ 1979  

ʽ 1996 ʨʦʢʘʭ, ʢʘʨʪʠʥʠ ʘʢʪʠʚʥʦʛʦ ʧʦʣʷ ʣʘʚʦʚʠʭ ʧʦʪʦʢʽʚ ʙʫʣʠ ʧʦʜʽʙʥʠʤʠ ʪʘ 

ʤʘʣʠ ʧʣʦʱʫ ʧʦʥʘʜ 7530 ʢʤ
2
. ʊʝʤʧʝʨʘʪʫʨʘ ʘʢʪʠʚʥʠʭ ʧʦʣʽʚ ʽʥʢʦʣʠ ʩʷʛʘʣʘ 

1400 K, ʱʦ ʻ ʦʟʥʘʢʦʶ ʩʠʣʽʢʘʪʥʦʛʦ ʚʫʣʢʘʥʽʟʤʫ.  

ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʧʣʶʤʘʞʽʚ ʥʘʜ ʘʢʪʠʚʥʠʤ ʬʨʦʥʪʦʤ ʣʘʚʦʚʠʭ ʧʦʪʦʢʽʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʫ ʤʦʜʝʣʴ ʪʦʛʦ, ʷʢ ʧʦʪʫʞʥʠʡ ʧʦʪʽʢ ʣʘʚʠ ʤʦʞʝ 

ʨʦʟʪʦʧʠʪʠ ʽ ʚʠʧʘʨʫʚʘʪʠ ʚʝʣʠʢʠʡ ʦʙôʻʤ ʙʘʛʘʪʦʾ ʥʘ SO2 ʢʦʨʠ, ʷʢʘ ʧʽʟʥʽʰʝ 

ʟʤʦʞʝ ʚʠʙʫʭʥʫʪʠ ʚʫʣʢʘʥʦʤ. ɿʘ ʦʮʽʥʢʘʤʠ, ʦʙôʻʤ ʚʠʢʠʥʫʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ 6 

ʣʠʩʪʦʧʘʜʘ 1996 ʨ. ʜʦ 7 ʪʨʘʚʥʷ 1997 ʨ. ʩʪʘʥʦʚʠʚ 0,8 ʢʤ
3
 ʟ ʤʠʪʪʻʚʠʤ 

ʚʠʚʝʨʞʝʥʥʷʤ ʫ ʧʽʢʫ ~ 140 ʤ
3
/ʩ ʽ ʩʝʨʝʜʥʴʦʶ ʥʦʨʤʦʶ ʚʠʚʝʨʞʝʥʥʷ ʙʣʠʟʴʢʦ 49 

ʤ
3
/ʩ. ʉʧʦʯʘʪʢʫ ʫʷʚʣʷʣʦʩʴ, ʱʦ ʚʝʩʴ SO2 ʥʘ ʟʘʭʽʜʥʦʤʫ ʢʨʘʾ ʧʦʣʷ ʧʦʪʦʢʫ 

ʇʨʦʤʝʪʝʷ ʚʠʢʠʜʘʻʪʴʩʷ ʯʝʨʝʟ ʻʜʠʥʠʡ 10-20 ʤʝʪʨʦʚʠʡ ʦʪʚʽʨ (ʚʩʪʘʚʢʘ ʥʘ 

ʨʠʩ. 1.5), ʘʣʝ ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʠʩʦʢʦʶ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

ʚʢʘʟʘʣʠ ʥʘ ʢʽʣʴʢʘ ʦʪʚʦʨʽʚ ʫʟʜʦʚʞ ʬʨʦʥʪʫ ʧʦʪʦʢʫ ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʘ ʨʽʟʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ. ʊʘʢ, ʜʽʣʷʥʢʘ ʧʣʦʱʝʶ 0,052 ʢʤ
2
 ʤʘʣʘ ʊ = 1263 ʂ, ʘ ʧʣʦʱʝʶ 

50,9 ʢʤ
2
 ï 437 K [203], ʱʦ ʽʥʪʝʨʧʨʝʪʫʚʘʣʦʩʴ ʷʢ ʚʝʣʠʢʠʡ ʘʢʪʠʚʥʠʡ ʧʦʪʽʢ 

ʣʘʚʠ ʟ ʭʦʣʦʜʥʦʶ ʧʦʚʝʨʭʥʝʶ (ʭʦʣʦʜʥʠʡ ʢʦʤʧʦʥʝʥʪ) ʽ ʛʘʨʷʯʦʶ ʷʩʢʨʘʚʦʶ 

ʣʘʚʦʶ ʷʢʘ ʚʠʭʦʜʠʪʴ ʯʝʨʝʟ ʪʨʽʱʠʥʠ ʧʨʠ ʙʣʠʟʴʢʠʭ ʜʦ ʨʽʜʠʥʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʛʘʨʷʯʠʡ ʢʦʤʧʦʥʝʥʪ) ʽ ʨʦʟʪʽʢʘʻʪʴʩʷ ʚ ʨʽʟʥʽ ʙʦʢʠ; ʮʝ ʧʦʛʦʜʞʫʻʪʴʩʷ ʟ 

ʧʝʨʝʜʽʩʪʦʨʽʻʶ ʙʘʛʘʪʴʦʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʘʚʥʦ ʟʘʩʪʠʛʣʽʡ 

ʣʘʚʽ ʧʨʠ ʊ å 95 ʂ.  
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ʈʠʩ. 1.5. ɺʫʣʢʘʥ ʇʨʦʤʝʪʝʡ ʥʘ Io ʟ ʂɸ çɻʘʣʽʣʝʦè 29 ʙʝʨʝʟʥʷ 1998 ʨ.: 

ʧʨʘʚʦʨʫʯ ï  ʧʣʶʤʘʞ ʚʠʩʦʪʦʶ 100 ʢʤ [203]  

 

ʊʝʧʣʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʣʘʚʠ ʟʘ ʫʣʴʪʨʘʤʘʬʽʯʥʦʛʦ ʩʢʣʘʜʫ [198] ʚʢʘʟʘʣʦ 

ʥʘ ʾʾ ʚʠʩʦʢʫ ʪʝʤʧʝʨʘʪʫʨʫ (~ 1900 K), ʪʦʤʫ ʚʽʜʧʘʜʘʣʘ ʧʦʪʨʝʙʘ ʚ ʟʘʣʫʯʝʥʥʽ 

ʽʥʰʠʭ ʝʢʟʦʪʠʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʤʘʛʤʽ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ɯʦ. ɿʘ ʧʝʚʥʠʭ ʫʤʦʚ ʣʘʚʘ ʤʦʛʣʘ ʙʫʪʠ ʯʠʩʪʦ ʤʘʬʽʯʥʦʶ ʘʙʦ 

ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʢʣʘʜʫ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʽʜʧʦʚʝʨʭʥʝʚʦʾ ʩʪʨʫʢʪʫʨʠ ʚʫʣʢʘʥʽʚ, 

ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʚ ʥʠʭ ʤʘʛʤʠ ʽ ʚʽʨʦʛʽʜʥʦʾ ʛʣʠʙʠʥʠ ʾʾ ʟʘʣʷʛʘʥʥʷ ʧʦʢʘʟʘʣʠ, 

ʱʦ ʚʫʣʢʘʥ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʘʛʤʦʶ ʚʽʜ ʥʝʚʝʣʠʢʦʾ çʣʽʥʟʠè, ʚʝʨʭʥʷ ʯʘʩʪʠʥʘ 

ʷʢʦʾ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʛʣʠʙʠʥʽ 2-3 ʢʤ, ʘ ʥʠʞʥʷ ~14 ʢʤ.  

ʑʦʜʦ ʪʦʚʱʠʥʠ ʣʘʚʦʚʦʛʦ ʚʠʣʠʚʫ ʘʥʘʣʽʟ ɯʏ ʩʧʝʢʪʨʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʟʘ 

ʧʦʪʫʞʥʦʩʪʽ ʚʠʚʝʨʞʝʥʥʷ ʣʘʚʠ 21 ʤ
3
/ʩ ʜʣʷ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʾʾ ʧʦʪʦʢʽʚ ʟ 

ʇʨʦʤʝʪʝʷ ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ ʚʩʴʦʛʦ å 0,6 ʤ [198]. ʊʘʢʘ ʣʘʚʘ ʪʚʝʨʜʥʝ ʜʦʩʠʪʴ 

ʰʚʠʜʢʦ ï ʤʝʥʰʝ ʥʽʞ ʟʘ 4 ʜʦʙʠ ï ʧʨʠ ʫʤʦʚʘʭ, ʱʦ ʽʩʥʫʶʪʴ ʥʘ ʧʦʚʝʨʭʥʽ ɯʦ. 

ʇʨʠ ʪʦʚʱʠʥʽ ʣʘʚʦʚʦʛʦ ʧʦʪʦʢʫ ʙʣʠʟʴʢʦ 1 ʤ ʪʝʤʧʝʨʘʪʫʨʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ 

ʟʥʠʞʫʻʪʴʩʷ ʜʦ 220 K ʧʨʠʙʣʠʟʥʦ ʟʘ 70 ʜʽʙ. ʇʨʠ ʪʘʢʽʡ ʪʦʚʱʠʥʽ ʧʦʚʪʦʨʥʽ 

ʚʠʚʝʨʞʝʥʥʷ ʟʘ ʢʽʣʴʢʘ ʨʦʢʽʚ ʫʪʚʦʨʷʪʴ ʙʘʛʘʪʦʰʘʨʦʚʠʡ çʙʫʪʝʨʙʨʦʜè 

ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʦ 10 ʤ  ̔ʟʘʛʘʣʴʥʠʤ ʦʙôʻʤʦʤ ~ 70 ʢʤ
3
; ʟʘ ʪʦʚʱʠʥʠ 30 ʤ 
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ʦʙôʻʤ ʚʠʚʝʨʞʝʥʴ ʟʙʽʣʴʰʠʪʴʩʷ ʜʦ 200 ʢʤ
3
. ʇʦʚʥʠʡ ʦʙôʻʤ ʤʘʪʝʨʽʘʣʫ ʢʦʞʥʦʛʦ 

ʚʠʚʝʨʞʝʥʥʷ, ʱʦ ʜʦʩʷʛʘʻ ʧʦʚʝʨʭʥʽ, ʥʘʢʣʘʜʘʻ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʝʭʘʥʽʟʤ ʡʦʛʦ 

ʥʘʢʦʧʠʯʝʥʥʷ, ʧʽʜʥʷʪʪʷ ʡ ʚʠʚʝʨʞʝʥʥʷ. ʇʦʨʽʚʥʷʥʥʷ ʮʠʭ ʦʮʽʥʦʢ ʟʽ 

ʩʧʦʩʪʝʨʝʞʥʠʤʠ ʜʘʥʠʤʠ ʂɸ çɻʘʣʽʣʝʦè ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʘʛʤʘ ʚʫʣʢʘʥʫ 

ʇʨʦʤʝʪʝʡ ʧʦʩʪʘʚʣʷʻʪʴʩʷ ʟ ʛʣʠʙʦʢʦʛʦ ʜʞʝʨʝʣʘ ʽ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʙʣʠʞʯʝ ʜʦ 

ʧʦʚʝʨʭʥʽ ʩʧʦʯʘʪʢʫ ʜʦ çʣʽʥʟʠè, ʜʝ ʧʝʚʥʠʡ ʯʘʩ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ, 

ʩʫʧʨʦʚʦʜʞʫʶʯʠʩʴ ʾʾ ʧʦʩʪʫʧʦʚʦʶ ʜʝʛʘʟʘʮʽʻʶ. ɯ ʪʽʣʴʢʠ ʟʥʘʯʥʦ ʧʽʟʥʽʰʝ ʤʘʛʤʘ 

ʟʤʦʞʝ ʧʨʦʨʚʘʪʠʩʷ ʥʘ ʧʦʚʝʨʭʥʶ, ʷʢʘ ʧʨʠ ʪʝʧʣʦʚʽʡ ʚʟʘʻʤʦʜʽʾ ʟ ʪʚʝʨʜʠʤʠ 

ʪʽʣʘʤʠ ʡ ʨʽʜʠʥʦ  ʁʟʫʤʦʚʣʶʻ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʦʩʪʘʥʥʽʭ.  

ʉʭʦʞʝ, ʱʦ ʧʦʜʽʙʥʽ ʚʠʚʝʨʞʝʥʥʷ ʧʨʠʪʘʤʘʥʥʽ ʡ ʽʥʰʠʤ ʚʫʣʢʘʥʘʤ [201, 

385]. ʊʘʢ ʚʫʣʢʘʥʠ ɿʘʤʘʤʘ (Zamama), ʂʫʣʘʥ (Culann) ʽ ʊʫʧʘʥ (Tupan) ʪʘʢʦʞ 

ʧʦʢʘʟʫʶʪʴ ʝʧʽʟʦʜʠʯʥʫ ʜʽʷʣʴʥʽʩʪʴ, ʘ ʯʽʪʢʠʡ ʧʽʢ ʪʝʧʣʦʚʦʾ ʝʤʽʩʽʾ ʚʫʣʢʘʥʘ 

ɿʘʤʘʤʘ ʩʧʽʚʧʘʚ ʟ ʥʘʷʚʥʽʩʪʶ ʧʣʶʤʘʞʫ ʪʘʢʦʾ ʞ ʬʦʨʤʠ, ʷʢ ʽ ʜʣʷ ʇʨʦʤʝʪʝʷ. 

ʉʭʦʞʘ ʢʘʨʪʠʥʘ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʽ ʜʣʷ ʚʫʣʢʘʥʘ ɸʤʽʨʘʥʽ (Amirani) [385].  

ʂʦʨʘ Io ʻ ʩʫʤʽʰʰʶ ʩʽʨʯʘʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʩʠʣʽʢʘʪʥʠʭ ʫʣʘʤʢʽʚ  ̔ʤʦʞʝ 

ʤʘʪʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʫ ʩʝʨʝʜʥʶ ʛʫʩʪʠʥʫ ʙʣʠʟʴʢʦ ʾʾ ʧʦʚʝʨʭʥʽ, ʪʦʤʫ ʾʾ 

ʪʝʧʣʦʚʠʡ ʛʨʘʜʽʻʥʪ ʙʫʜʝ ʧʨʘʢʪʠʯʥʦ ʥʫʣʴʦʚʠʤ ʤʘʡʞʝ ʜʦ ʣʽʪʦʩʬʝʨʠ. 

ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʛʦ ʝʢʩʪʨʝʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʽʻʥʪʘ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʪʦʛʦ, ʱʦ ʩʽʨʢʘ ʻ ʪʚʝʨʜʦʶ ʚ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʠ ʣʽʪʦʩʬʝʨʠ ʘʞ ʜʦ ʛʣʠʙʠʥʠ ʚ 25 

ʢʤ, ʪʦʜʽ ʷʢ ʨʽʜʢʠʡ SO2 ʧʨʠʩʫʪʥʽʡ ʫ ʙʽʣʴʰʽʡ ʯʘʩʪʠʥʽ ʣʽʪʦʩʬʝʨʠ [384].  

 

ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ. ʇʨʘʢʪʠʯʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʧʦʤʽʪʥʠʭ 

ʤʝʪʝʦʨʠʪʥʠʭ ʢʨʘʪʝʨʽʚ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʦʚʝʨʭʥʷ ɯʦ ʜʫʞʝ ʤʦʣʦʜʘ (ʜʦ 1 ʤʣʥ. 

ʨʦʢʽʚ) ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟ ʧʨʦʜʫʢʪʽʚ ʚʫʣʢʘʥʽʯʥʠʭ ʚʠʚʝʨʞʝʥʴ 

ʪʦʚʱʠʥʦʶ ʚ 3-30 ʢʤ; ʥʠʤʠ ʻ ʢʦʥʜʝʥʩʘʪʠ ʩʽʨʢʠ, ʩʽʨʯʘʥʦʛʦ ʘʥʛʽʜʨʠʜʫ, 

ʩʠʣʽʢʘʪʥʦʾ ʤʘʛʤʠ, ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ. ɺʫʣʢʘʥʽʯʥʽ ʢʨʘʪʝʨʠ ʟʘʡʤʘʶʪʴ ~ 2% 

ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʧʦʚʝʨʭʥʽ ʩʫʧʫʪʥʠʢʘ, ʘ ʾʭ ʚʠʛʣʷʜ ʩʫʪʪʻʚʦ ʨʽʟʥʠʪʴʩʷ (ʨʠʩ. 1.3-

1.5). ʊʘʢ, ʚʫʣʢʘʥ ʈʘ ʇʘʪʝʨʘ ʚʠʨʽʟʥʷʻʪʴʩʷ ʪʠʤ, ʱʦ ʨʘʜʽʘʣʴʥʦ ʚʽʜ ʥʴʦʛʦ 

ʚʽʜʭʦʜʷʪʴ ʟʤʽʻʧʦʜʽʙʥʽ ʧʦʪʦʢʠ ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 300 ʢʤ; ʚʦʥʠ ʟʤʽʥʶʶʪʴ ʩʚʦʾ 

ʚʽʜʪʽʥʢʠ ʚʽʜ ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʩʚʽʪʣʦ-ʦʨʘʥʞʝʚʦʛʦ ʽ ʥʘʚʽʪʴ ʩʥʽʞʥʦ-ʙʽʣʦʛʦ ʪʦʥʽʚ; 

ʦʜʥʘʢ ʾʭ ʧʨʠʨʦʜʘ ʧʦʢʠ ʱʦ ʤʘʣʦ ʟʨʦʟʫʤʽʣʘ.  ɺ  ʪʦʡ ʞʝ ʯʘʩ, ʫ ʪʝʤʥʦʤʫ ʞʝʨʣʽ 

ʢʨʘʪʝʨʘ ʚʫʣʢʘʥʘ ʃʦʢʽ ʟʥʘʭʦʜʠʪʴʩʷ ʩʚʽʪʣʘ ʧʣʷʤʘ, ʘ ʡʦʛʦ ʜʦʚʢʽʣʣʷ ʻ ʜʦʩʠʪʴ 

ʦʜʥʦʨʽʜʥʠʤ. ʅʘ ʚ ʦʩʥʦʚʥʦʤʫ ʨʽʚʥʠʥʥʦʤʫ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʠʷʚʣʝʥʦ ʨʷʜ 

ʛʽʨʩʴʢʠʭ ʤʘʩʠʚʽʚ ʟ ʚʠʩʦʪʦʶ ʘʞ ʜʦ 9 ʢʤ [203] ʪʘ ʷʤ ʽ ʢʫʧʦʣʽʚ ʨʦʟʤʽʨʦʤ ʚʽʜ 

ʜʝʩʷʪʢʽʚ ʜʦ ʩʦʪʝʥʴ ʤʝʪʨʽʚ, ʷʢʽ ʻ ʩʢʣʘʜʥʠʤʠ ʫ ʨʦʟʫʤʽʥʥʽ ʾʭ ʧʨʠʨʦʜʠ. ʊʘʢ, ʟʘ 

ʦʜʥʽʻʶ ʟ ʚʝʨʩʽʡ, ʚʦʥʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʨʦʟʞʘʨʝʥʦʾ ʣʘʚʠ ʟ 

ʧʦʚʝʨʭʥʝʶ ɯʦ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʡ ʥʘ ɿʝʤʣʽ, ʢʦʣʠ ʧʦʪʽʢ ʣʘʚʠ ʥʘʰʪʦʚʭʫʻʪʴʩʷ ʥʘ 

ʚʦʜʷʥʫ ʘʙʦ ʢʨʠʞʘʥʫ ʧʝʨʝʰʢʦʜʫ ʜʘʣʝʢʦ ʚʽʜ ʜʞʝʨʝʣʘ ʚʠʚʝʨʞʝʥʥʷ. ʗʢ ʚʠʜʥʦ ʟ 

ʨʠʩ. 1.6, ʛʦʨʠ ʧʽʜʜʘʶʪʴʩʷ ʧʨʦʮʝʩʘʤ ʨʫʡʥʫʚʘʥʥʷ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʩʢʫʧʯʝʥʥʷ 

ʙʽʣʷ ʧʽʜʥʽʞʞʷ ʚʝʣʠʯʝʟʥʦʾ ʢʽʣʴʢʦʩʪʽ ʫʣʘʤʢʽʚ ʩʢʝʣʴ ʽ ʧʦʨʦʜʠ ʚʽʜ ʦʙʚʘʣʽʚ.  
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ʈʠʩ. 1.6. ɿʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ɯʦ ʟ ʂɸ çɻʘʣʽʣʝʦè, 25.11.1999. ɻʦʨʠ 

ʧʦʩʝʨʝʜʠʥʽ ʤʘʶʪʴ ʚʠʩʦʪʫ å 4 ʢʤ; ʛʦʩʪʨʽ ʚʝʨʰʠʥʠ ʚ ʣʽʚʦʤʫ ʥʠʞʥʴʦʤʫ ʢʫʪʽ å 

1,6 ʢʤ (http://www2. jpl.nasa.gov/)  

 

1.2.  ɭʚʨʦʧʘ  

 

ɿʛʽʜʥʦ ʛʨʝʮʴʢʽʡ ʤʽʬʦʣʦʛʽʾ, ɭʚʨʦʧʘ ï ʬʽʥʽʢʽʡʩʴʢʘ ʧʨʠʥʮʝʩʘ, ʚʠʢʨʘʜʝʥʘ 

ɿʝʚʩʦʤ, ʷʢʠʡ ʧʨʠʡʥʷʚʰʠ ʟʦʚʥʽʰʥʽʩʪʴ ʙʽʣʦʛʦ ʙʠʢʘ, ʩʧʦʢʫʩʠʚ ʾʾ ʽ ʟʨʦʙʠʚ 

ʩʚʦʻʶ ʢʦʭʘʥʢʦʶ.  

ʅʘ ʟʦʙʨʘʞʝʥʥʷʭ ɭʚʨʦʧʠ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʦʟʥʘʢ ʚʫʣʢʘʥʽʯʥʠʭ 

ʚʠʚʝʨʞʝʥʴ, ʭʦʯʘ ʡ ʟôʷʚʣʷʣʠʩʷ ʧʫʙʣʽʢʘʮʽʾ, ʚ ʷʢʠʭ ʚʽʜʤʽʯʘʣʘʩʴ ʧʦʷʚʘ ʥʘʜ 

ʣʽʤʙʦʤ ʜʠʩʢʘ ʩʫʧʫʪʥʠʢʘ ʩʣʘʙʢʠʭ çʩʫʣʪʘʥʽʚè ʛʘʟʦʚʦʛʦ ʩʢʣʘʜʫ, ʷʢʽ ʷʢʱʦ ʡ 

ʽʩʥʫʶʪʴ, ʪʦ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʨʽʜʢʽʩʥʠʤ ʷʚʠʱʝʤ. ɼʦʧʫʩʢʘʪʁʴ, ʱʦ ʾʾ 

ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʻ ʣʴʦʜʦʚʦ  ʁʦʙʦʣʦʥʢʦ ,ʁ ʚʢʨʠʪʦ  ʁʪʨʽʱʠʥʘʤʠ ʡ ʪʦʨʦʩʘʤʠ 

(ʨʠʩ. 1.7-1.9).  

ʉʫʜʷʯʠ ʟ ʜʝʷʢʠʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʫʪʚʦʨʝʥʴ, ʪʦʚʱʠʥʘ ʚʝʨʭʥʴʦʾ 

ʣʽʪʦʩʬʝʨʠ ʦʮʽʥʶʻʪʴʩʷ ʚ ʢʽʣʴʢʘ ʢʽʣʦʤʝʪʨʽʚ, ʘ ʚʠʜʽʣʝʥʦʛʦ ʟʘ ʨʘʭʫʥʦʢ 

ʧʨʠʧʣʠʚʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʝʧʣʘ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʩʠʣʴʥʦʛʦ ʨʦʟʽʛʨʽʚʫ ʽʩʥʫʶʯʦʾ 

ʤʘʩʠ ʣʴʦʜʫ. ʅʝ ʚʠʢʣʶʯʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʚ ʥʘʜʨʘʭ ɭʚʨʦʧʠ ʨʽʜʢʦʾ ʚʦʜʠ, ʦʙôʻʤ 

ʷʢʦʾ  ʤʘʻ ʙʫʪʠ ʙʣʠʟʴʢʠʤ ʜʦ ʟʝʤʥʦʛʦ ʷʢʱʦ ʡʦʛʦ ʛʣʠʙʠʥʘ ʩʢʣʘʜʘʻ 50-60 ʢʤ. 

ʇʨʠ ʧʨʠʩʢʦʨʝʥʥʽ ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ 1,314 ʤ/ʩ
2
 ʪʠʩʢ ʥʘ ʡʦʛʦ ʜʥʽ 

ʙʫʜʝ ʪʘʢʠʤ ʞʝ, ʷʢ ʽ ʥʘ 4-ʢʽʣʦʤʝʪʨʦʚʽʡ ʛʣʠʙʠʥʽ ʟʝʤʥʦʛʦ ʦʢʝʘʥʫ.  
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ʈʠʩ. 1.7. ɼʚʘ ʭʨʝʙʪʠ ʱʦ ʚʟʘʻʤʥʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʥʘ ɭʚʨʦʧʽ [541] 

 

ʅʝʨʽʜʢʦ ʥʘ ʧʦʚʝʨʭʥʽ ɭʚʨʦʧʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʦʜʚʽʡʥʽ ʽ ʥʘʚʽʪʴ 

ʧʦʪʨʽʡʥʽ ʣʴʦʜʦʚʽ ʭʨʝʙʪʠ (ʨʠʩ. 1.7) ʪʘ ʩʤʫʛʠ ʟ ʪʝʤʥʠʤʠ ʢʨʘʷʤʠ, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʤ ʷʚʠʱʝʤ ʢʨʽʦʚʫʣʢʘʥʽʟʤʫ (ʚʠʚʝʨʞʝʥʥʷ ʚʦʜʠ ʟ-ʧʽʜ 

ʣʴʦʜʫ ʚ ʮʝʥʪʨʽ ʪʨʽʱʠʥ). ʋ ʧʨʘʚʦʤʫ ʥʠʞʥʴʦʤʫ ʢʫʪʽ ʨʠʩ. 1.7 ʟʥʘʭʦʜʠʪʴʩʷ 

ʪʝʤʥʘ ʡ ʜʦʩʠʪʴ ʛʣʘʜʢʘ ʤʽʩʮʝʚʽʩʪʴ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʤʽʩʮʝʤ, ʚ ʷʢʦʤʫ ʟ ʛʣʠʙʠʥ 

ʥʘ ʧʦʚʝʨʭʥʶ ʧʦʩʪʫʧʘʚ ʪʘʣʠʡ ʣʽʜ, ʚ ʮʝʥʪʨʽ ʷʢʦʾ ʚʠʜʥʦ ʚʽʜʥʦʩʥʦ ʷʩʢʨʘʚʠʡ 

ʛʦʨʙʦʢ. ʅʘ ʟʥʽʤʢʫ ʚʠʜʥʦ ʜʚʘ ʭʨʝʙʪʠ: ʦʜʠʥ ʤʦʣʦʜʠʡ ʽ ʜʦʩʪʘʪʥʴʦ ʷʩʢʨʘʚʠʡ, 

ʰʠʨʠʥʦʶ ʙʣʠʟʴʢʦ 5 ʢʤ, ʟ ʜʦʙʨʝ ʧʦʤʽʪʥʠʤʠ ʢʨʘʷʤʠ ʽ ʚʥʫʪʨʽʰʥʴʦʶ ʥʝʨʽʚʥʦʶ 

ʜʦʣʠʥʦʶ; ʽʥʰʠʡ, ʦʯʝʚʠʜʥʦ ʩʪʘʨʠʡ, ʧʦʨʽʚʥʷʥʦ ʛʣʘʜʢʠʡ, ʰʠʨʠʥʦʶ ʙʣʠʟʴʢʦ 2 

ʢʤ ʟ ʥʝʚʝʣʠʢʠʤʠ ʙʦʨʦʟʥʘʤʠ.   

ʅʘ ʜʝʷʢʠʭ ʟʦʙʨʘʞʝʥʥʷʭ ʚʠʜʥʦ ʰʤʘʪʢʠ ʢʨʠʞʠʥ, ʚʤʦʨʦʞʝʥʠʭ ʚ 

ʤʦʣʦʜʰʠʡ ʣʽʜ (ʨʠʩ. 1.8), ʷʢʽ ʨʘʥʽʰʝ ʤʦʛʣʠ ʫʪʚʦʨʶʚʘʪʠ ʻʜʠʥʫ ʩʪʨʫʢʪʫʨʫ, ʘʣʝ 

ʧʦʪʽʤ ʨʦʟôʾʞʜʞʘʣʠʩʷ ʽ ʟʥʦʚʫ ʧʦʚʝʨʪʘʣʠʩʷ ʥʘʟʘʜ, ʱʦ ʤʦʞʣʠʚʦ ʣʠʰʝ ʟʘ ʨʫʭʫ 

ʰʤʘʪʢʽʚ ʣʴʦʜʫ ʚ ʨʽʜʠʥʽ. ɹʘʛʘʪʦ ʜʽʣʷʥʦʢ ʚʠʷʚʠʣʠʩʷ ʥʽʙʠ ʩʢʣʘʜʝʥʠʤʠ ʟ 

ʦʢʨʝʤʠʭ ʙʣʦʢʽʚ, ʨʦʟʜʽʣʝʥʠʭ ʨʦʟʣʦʤʘʤʠ ʫ ʚʠʛʣʷʜʽ ʙʦʨʦʟʝʥ. ʅʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 

1.8 ʤʦʟʘʾʢʘ ʧʦʚʝʨʭʥʽ ʟ ʭʘʦʪʠʯʥʠʤ ʨʝʣʴʻʬʦʤ, ʥʘʟʚʘʥʘ ʂʦʥʘʤʘʨʘ (Conamara), 

ʧʦʢʘʟʫʻ ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʻ ʧʝʨʝʬʦʨʤʦʚʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʩʫʧʫʪʥʠʢʘ, ʙʣʦʢʠ 

ʨʽʟʥʠʭ ʬʦʨʤ ï ʮʝ ʰʤʘʪʢʠ ʧʦʪʨʦʱʝʥʦʾ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʨʠ. ɺʠʜʥʦ, ʱʦ ʚʦʥʠ 

ʟʨʫʰʝʥʽ ʟʽ ʩʚʦʾʭ ʤʽʩʮʴ, ʧʦʚʝʨʥʝʥʽ, ʜʝʷʢʽ ʥʘʚʽʪʴ ʧʝʨʝʚʝʨʥʫʪʽ ʽ ʧʦʪʽʤ ʯʘʩʪʢʦʚʦ 

ʟʘʥʫʨʝʥʽ ʚ ʩʫʤʽʰ ʨʽʜʢʦʾ ʚʦʜʠ ʽ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʙʨʫʜʥʦʛʦ ʣʴʦʜʫ. ʊʨʽʱʠʥʠ, ʷʢʽ 

ʧʝʨʝʪʠʥʘʶʪʴ ʮʶ ʧʦʚʝʨʭʥʶ ʧʦʚʝʨʭ ʭʘʦʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʛʦʚʦʨʷʪʴ ʧʨʦ ʪʝ, 
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ʱʦ ʚʩʷ ʮʷ ʧʦʚʝʨʭʥʷ ʧʽʟʥʽʰʝ ʟʥʦʚʫ ʟʘʤʝʨʟʣʘ ʚ ʩʫʮʽʣʴʥʫ ʧʦʚʝʨʭʥʝʚʫ ʢʦʨʫ. 

ʈʦʟʤʽʨ ʚʠʜʠʤʦʾ ʦʙʣʘʩʪʽ 35Ĭ50 ʢʤ
2
. ʅʘʡʜʨʽʙʥʽʰʽ ʝʣʝʤʝʥʪʠ ʥʘ ʬʦʪʦ ʤʘʶʪʴ 

ʨʦʟʤʽʨ ʙʣʠʟʴʢʦ 20 ʤ.  

 

 
ʈʠʩ. 1.8. ɿʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟ ʭʘʦʪʠʯʥʠʤ ʨʝʣʴʻʬʦʤ ʂʦʥʘʤʘʨʘ 

ʧʦʢʘʟʫʻ ʾʾ ʪʝʢʪʦʥʽʯʥʝ ʧʝʨʝʬʦʨʤʦʚʫʚʘʥʥʷ [292]  

 

ɺʠʷʚʣʝʥʽ ʪʝʤʥʽ ʧʣʷʤʠ ʡ ʦʧʫʢʣʽ ʫʪʚʦʨʝʥʥʷ ʤʦʛʣʠ ʩʬʦʨʤʫʚʘʪʠʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʽʚ, ʘʥʘʣʦʛʽʯʥʠʭ ʣʘʚʦʚʠʤ ʚʠʣʠʚʘʤ (ʧʽʜ ʜʽʻʶ ʚʥʫʪʨʽʰʥʽʭ ʩʠʣ 

ʪʝʧʣʠʡ, ʨʦʟʧʣʘʚʣʝʥʠʡ ʣʽʜ ʨʫʭʘʻʪʴʩʷ ʚʽʜ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʧʦʚʝʨʭʥʝʚʦʾ ʢʦʨʠ 

ʚʛʦʨʫ, ʭʦʣʦʜʥʠʡ ʣʽʜ ʦʩʽʜʘʻ, ʟʘʥʫʨʶʶʯʠʩʴ ʚʥʠʟ; ʮʝ ʱʝ ʦʜʠʥ ʟ ʜʦʢʘʟʽʚ 

ʧʨʠʩʫʪʥʦʩʪʽ ʨʽʜʢʦʛʦ, ʪʝʧʣʦʛʦ ʦʢʝʘʥʫ ʧʽʜ ʧʦʚʝʨʭʥʝʶ). ʊʘʢ, ʪʝʤʥʽ ʯʝʨʚʦʥʫʚʘʪʽ 

ʧʣʷʤʠ ʥʘ ʨʠʩ. 1.10 ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʽʚʥʽʯʥʽʡ ʧʽʚʢʫʣʽ ʩʫʧʫʪʥʠʢʘ ʽ ʤʘʶʪʴ 

ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʠʡ ʨʦʟʤʽʨ (å 10 ʢʤ) ʪʘ ʨʦʟʪʘʰʦʚʘʥʽ ʤʘʡʞʝ ʥʘ ʦʜʥʘʢʦʚʽʡ 

ʚʽʜʩʪʘʥʽ ʦʜʥʘ ʚʽʜ ʦʜʥʦʾ. ɰʭ ʥʘʟʚʘʣʠ ʣʝʥʪʠʢʫʣʠ (lenticulae, ʫ ʧʝʨʝʢʣʘʜʽ ʟ 

ʣʘʪʠʥʩʴʢʦʾ ï ʣʘʩʪʦʚʠʥʥʷ).  

ʅʘ ʙʘʛʘʪʴʦʭ ʬʦʪʦʛʨʘʬʽʷʭ ʚʠʜʥʦ ʭʨʝʙʪʠ ʟ ʜʦʣʠʥʦʶ ʧʦʩʝʨʝʜʠʥʽ, ʷʢʽ 

ʨʦʟʨʽʟʘʶʪʴ ʩʪʘʨʫ ʦʙʣʘʩʪʴ ʧʦʚʝʨʭʥʽ, ʙʝʟʣʽʯ ʨʦʟʣʦʤʽʚ ʽ ʣʽʥʽʡ ʧʦʨʫʯ ʟ ʥʠʤʠ 

ʩʚʽʜʯʘʪʴ, ʱʦ ʪʫʪ ʚʽʜʙʫʚʘʚʩʷ ʩʢʣʘʜʥʠʡ ʨʫʭ ʢʦʨʠ ʟ ʨʦʟʣʘʤʫʚʘʥʥʷʤ ʽ 

ʚʠʢʠʜʘʥʥʷʤ ʽʟ ʥʘʜʨ ʩʫʧʫʪʥʠʢʘ ʪʝʤʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʟʘʧʦʚʥʶʚʘʚ 

ʫʪʚʦʨʝʥʽ ʪʨʽʱʠʥʠ. ʉʚʽʪʣʽ ʫʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʝʣʠʢʘ 
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ʯʘʩʪʠʥʘ ʧʦʚʝʨʭʥʽ ɭʚʨʦʧʠ ʧʦʢʨʠʪʘ ʧʘʤʦʨʦʟʟʶ. ʅʘ ʟʦʙʨʘʞʝʥʥʷʭ ʪʘʢʦʞ 

ʚʠʜʥʦ, ʱʦ ʩʚʽʪʣʽ ʜʽʣʷʥʢʠ ʯʠʩʪʦʛʦ ʚʦʜʷʥʦʛʦ ʣʴʦʜʫ ʚ ʦʩʥʦʚʥʦʤʫ ʟʥʘʭʦʜʷʪʴʩʷ 

ʥʘ ʚʝʨʰʠʥʽ ʪʘ ʢʨʫʪʠʭ ʩʭʠʣʘʭ ʭʨʝʙʪʽʚ. ʊʝʤʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʤʦʞʣʠʚʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʩʠʣʽʢʘʪʥʠʭ ʩʫʤʽʰʝʡ ʽ ʛʽʜʨʘʪʦʚʘʥʠʭ ʩʦʣʝʡ, ʤʦʞʝ 

ʚʽʜʢʦʣʶʚʘʪʠʩʷ ʪʘ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ ʙʽʣʷ ʧʽʜʥʽʞʞʷ ʚ ʜʦʣʠʥʘʭ ʤʽʞ ʭʨʝʙʪʘʤʠ ʫ 

ʚʠʛʣʷʜʽ ʦʩʘʜʦʚʠʭ ʧʦʨʽʜ.  

 

  
ʈʠʩ. 1.9. ʄʦʟʘʾʢʘ ʦʙʝʨʥʝʥʦʾ ʜʦ ʖʧʽʪʝʨʘ ʧʦʚʝʨʭʥʽ ɭʚʨʦʧʠ ʟ 

ʧʨʦʩʪʦʨʦʚʦ  ʁ ʨʦʟʜʽʣʴʥʦ  ʁ ʟʜʘʪʥʽʩʪ ʁ 1-13ʢʤ/ʧʽʢʩʝʣʴ. ɼʫʞʝ ʷʩʢʨʘʚʽ ʙʽʣʽ 

ʫʪʚʦʨʝʥʥʷ ï ʮʝ ʚʠʢʠʜʠ ʚʽʜ ʤʦʣʦʜʠʭ ʫʜʘʨʥʠʭ ʧʦʜʽʡ.  

(http://www2.jpl.nasa.gov/)  

ʈʠʩ. 1.10. ʏʝʨʚʦʥʫʚʘʪʽ ʧʣʷʤʠ ʥʘ ʧʦʚʝʨʭʥʽ ɭʚʨʦʧʠ. ɿʦʙʨʘʞʝʥʥʷ 

ʦʪʨʠʤʘʥʝ ʂɸ çɻʘʣʽʣʝʦè ʧʽʜ ʯʘʩ ʟʙʣʠʞʝʥʥʷ 31 ʪʨʘʚʥʷ 1998 ʨ. 

(http://www2.jpl.nasa.gov/)  

 

ʇʦʢʠ ʱʦ ʚʽʜʩʫʪʥʽ ʧʨʷʤʽ ʩʚʽʜʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʥʘ ɭʚʨʦʧʽ  ̔ʛʝʦʣʦʛʽʯʥʘ 

ʽʩʪʦʨʽʷ ʾʾ ʧʦʚʝʨʭʥʽ ʥʝ ʤʘʻ ʥʽʯʦʛʦ ʩʧʽʣʴʥʦʛʦ ʟ ʽʩʪʦʨʽʻʶ ʩʫʩʽʜʥʽʭ ʩʫʧʫʪʥʠʢʽʚ. ɰʾ 

ʢʨʠʞʘʥʘ ʢʦʨʘ ʜʦʩʠʪʴ ʨʫʭʦʤʘ ʽ ʥʝʦʜʥʦʨʘʟʦʚʦ ʨʦʟʢʦʣʶʚʘʣʘʩʷ ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ 

ʥʘʧʨʫʛʠ ʽ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʅʘ ʾʾ ʧʦʚʝʨʭʥʽ ʚʠʷʚʣʝʥʦ 

ʪʽʣʴʢʠ 43 ʢʨʫʧʥʽ ʫʜʘʨʥʽ ʢʨʘʪʝʨʠ ʜʽʘʤʝʪʨʘʤʠ 2-80 ʢʤ[539]. ʆʩʦʙʣʠʚʦ 

ʥʝʟʚʠʯʘʡʥʠʤ ʻ ʢʨʘʪʝʨ ʊʘʡʨ (ʫ ʧʝʨʝʢʣʘʜʽ ï ʢʦʣʝʩʦ), ʢʦʥʮʝʥʪʨʠʯʥʽ ʢʽʣʴʮʷ 

ʷʢʦʛʦ ʚʢʘʟʫʶʪʴ ʥʘ ʜʦʩʪʘʪʥʴʦ ʤʦʣʦʜʠʡ ʨʝʣʴʻʬ (ʨʠʩ. 1.11). ʂʨʘʪʝʨʠ ʤʝʥʰʠʭ 

ʨʦʟʤʽʨʽʚ ʥʘʚʢʦʣʦ ʥʴʦʛʦ ʩʬʦʨʤʫʚʘʣʠʩʷ ʟ ʚʝʣʠʢʠʭ ʦʩʢʦʣʢʽʚ ʧʦʨʦʜʠ, ʚʠʙʠʪʦʾ 

ʧʨʠ ʦʩʥʦʚʥʦʤʫ ʫʜʘʨʽ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʢʨʘʪʝʨʘ ʊʘʡʨ. ʇʦ ʦʜʥʽʡ ʟ ʛʽʧʦʪʝʟ 

ʪʽʣʦ, ʱʦ ʩʬʦʨʤʫʚʘʣʦ ʮʶ ʧʦʚʝʨʭʥʶ, ʤʦʛʣʦ ʚʟʘʛʘʣʽ ʧʨʦʡʪʠ ʢʨʽʟʴ ʢʦʨʫ ʚ ʤʝʥʰ 

ʢʨʠʭʢʽ ʛʣʠʙʰʽ ʰʘʨʠ, ʜʝ ʡ ʚʽʜʙʫʚʩʷ ʦʩʥʦʚʥʠʡ ʧʽʜʨʠʚ, ʚʽʜ ʝʧʽʮʝʥʪʨʫ ʷʢʦʛʦ 

ʨʦʟʧʦʚʩʶʜʠʣʘʩʷ ʫʜʘʨʥʘ ʭʚʠʣʷ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʜʦʚʢʽʣʣʷ ʩʪʨʫʢʪʫʨʠ ʇʚʽʣʣ, 

ʎʠʣʽʢʩ ʽ ʄʘʥʥʘʥʥʘʥ ʩʢʦʨʽʰʝ ʥʘʛʘʜʫʶʪʴ ʦʙôʻʢʪʠ ʪʘʢʠʭ ʞʝ ʨʦʟʤʽʨʽʚ ʥʘ 



33 

 

 

ʩʫʧʫʪʥʠʢʘʭ ʂʘʣʣʽʩʪʦ ʡ ɻʘʥʽʤʝʜ, ʢʦʣʠ, ʡʤʦʚʽʨʥʦ, ʪʽʣʦ ʫʜʘʨʥʠʢ ʥʝʛʣʠʙʦʢʦ 

ʧʨʦʥʠʢʣʦ ʫ ʢʦʨʫ ʯʝʨʝʟ ʩʚʽʡ ʤʘʣʠʡ ʨʦʟʤʽʨ, ʘʙʦ ʙʫʣʦ ʤʝʥʰ ʱʽʣʴʥʝ ʧʦʨʽʚʥʷʥʦ 

ʟ ʧʦʨʦʜʦʶ ʧʦʚʝʨʭʥʽ ʚ ʦʙʣʘʩʪʽ ʊʘʡʨ, ʘʙʦ ʞ ʢʦʨʘ ʪʘʤ ʚʠʷʚʠʣʘʩʷ ʥʘʙʘʛʘʪʦ 

ʪʦʥʰʘ, ʥʽʞ ʚ ʽʥʰʠʭ ʦʙʣʘʩʪʷʭ. 

 

 
ʈʠʩ. 1.11. ɿʦʙʨʘʞʝʥʥʷ 4 ʥʘʡʙʽʣʴʰʠʭ ʫʜʘʨʥʠʭ ʢʨʘʪʝʨʽʚ ɭʚʨʦʧʠ ʟ 

ʥʘʟʚʘʤʠ (ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʚʽʜ ʚʝʨʭʥʴʦʛʦ ʣʽʚʦʛʦ ʢʫʪʘ): ʇʚʽʣʣ 

(Pwill), ʎʠʣʽʢʩ (Cilix), ʊʘʡʨ (Tyre) ʽ ʄʘʥʥʘʥʥʘʥ (Mannann'an) [539]  

 

ʃʘʥʜʰʘʬʪ ɭʚʨʦʧʠ ʢʣʘʩʠʬʽʢʫʶʪʴ ʥʘ ʪʘʢʽ ʦʩʥʦʚʥʽ ʪʠʧʠ: ʨʽʚʥʠʥʠ, 

ʭʘʦʪʠʯʥʽ ʜʽʣʷʥʢʠ (ʭʘʦʩʠ), ʜʽʣʷʥʢʠ ʣʽʥʽʡ ʽ ʩʤʫʛ, ʭʨʝʙʪʠ ʡ ʢʨʘʪʝʨʠ.  

ʄʘʙʫʪʴ, ʛʣʦʙʘʣʴʥʘ ʤʝʨʝʞʘ ʣʽʥʽʡ ï ʮʝ ʪʨʽʱʠʥʠ ʚ ʪʦʚʩʪʽʡ ʢʨʠʞʘʥʽʡ ʢʦʨʽ, 

ʟʫʤʦʚʣʝʥʽ ʪʝʢʪʦʥʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ. ʎʽ ʨʦʟʣʦʤʠ ʥʝ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 
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ʧʦʤʽʪʥʠʤ ʨʫʭʦʤ ʢʦʨʠ, ʘʣʝ ʟʘʧʦʚʥʶʶʪʴʩʷ ʦʨʘʥʞʝʚʠʤ ʨʦʟʯʠʥʦʤ, ʷʢʠʡ ʧʨʠ 

ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ɭʚʨʦʧʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʰʚʠʜʢʦ ʪʚʝʨʜʽʻ. ʐʠʨʠʥʘ ʨʦʟʣʦʤʽʚ 

ʩʢʣʘʜʘʻ ʚʽʜ ʦʜʠʥʠʮʴ ʜʦ ʩʦʪʝʥʴ ʢʽʣʦʤʝʪʨʽʚ, ʧʨʦʪʷʞʥʽʩʪʴ ï ʽʥʢʦʣʠ ʧʦʥʘʜ 3000 

ʢʤ. ɺʦʜʘ, ʱʦ ʚʠʣʠʚʘʻʪʴʩʷ, ʤʠʪʪʻʚʦ ʟʘʢʠʧʘʻ ʡ ʚʽʜʨʘʟʫ ʞ ʟʘʤʝʨʟʘʻ; ʜʝʷʢʘ ʾʾ 

ʯʘʩʪʠʥʘ, ʱʦ ʚʠʧʘʨʫʚʘʣʘʩʷ, ʚʠʧʘʜʘʻ ʥʘ ʧʦʚʝʨʭʥʶ ʫ ʚʠʛʣʷʜʽ ʩʥʽʛʫ ʡ ʽʥʝʶ ʚ 

ʨʘʜʽʫʩʽ ʢʽʣʴʢʦʭ ʩʦʪʝʥʴ ʢʽʣʦʤʝʪʨʽʚ ʚʽʜ ʜʞʝʨʝʣʘ. ɺ ʫʤʦʚʘʭ ɭʚʨʦʧʠ ʰʘʨ ʪʘʢʦʛʦ 

ʧʦʢʨʦʚʫ ʪʦʚʱʠʥʦʶ ʫ ʧʽʚʤʝʪʨʘ ʫʪʚʦʨʶʻʪʴʩʷ ʣʠʰʝ ʟʘ ʢʽʣʴʢʘ ʭʚʠʣʠʥ. ʊʘʢʘ 

ʩʭʝʤʘ çʦʤʦʣʦʜʞʝʥʥʷè ʧʦʚʝʨʭʥʽ ɭʚʨʦʧʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʾʾ ʚʠʩʦʢʦʶ 

ʷʩʢʨʘʚʽʩʪʶ (ʘʜʞʝ ʤʘʻʤʦ ʯʠʩʪʠʡ ʩʚʽʞʠʡ ʽʥʽʡ ʪʘ ʣʽʜ) ʽ ʩʧʝʢʪʨʘʣʴʥʠʤʠ 

ʚʠʤʽʨʶʚʘʥʥʷʤʠ, ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʚʢʘʟʫʶʪʴ ʥʘ ʜʫʞʝ ʯʠʩʪʠʡ ʚʦʜʷʥʠʡ 

ʣʽʜ ʤʘʡʞʝ ʙʝʟ ʜʦʤʽʰʦʢ.  

ɺʠʩʦʢʝ ʘʣʴʙʝʜʦ ʧʦʚʝʨʭʥʽ ɭʚʨʦʧʠ ʩʚʽʜʯʠʪʴ ʱʦ ʣʽʜ ʜʦʩʠʪʴ ʯʠʩʪʠʡ ʽ, 

ʦʪʞʝ, ʜʦʩʠʪʴ ʤʦʣʦʜʠʡ, ʫʪʚʦʨʝʥʠʡ ʧʦʨʽʚʥʷʥʦ ʥʝʜʘʚʥʦ. ʂʽʣʴʢʽʩʪʴ ʚʝʣʠʢʠʭ 

ʢʨʘʪʝʨʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ɭʚʨʦʧʠ ʥʝʟʥʘʯʥʘ, ʱʦ ʪʘʢʦʞ ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʦʨʽʚʥʷʥʫ 

ʤʦʣʦʜʽʩʪʴ ʧʦʚʝʨʭʥʽ ʩʫʧʫʪʥʠʢʘ. ʊʘʢ, ʟ ʧʽʜʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʢʨʘʪʝʨʽʚ ʟ 

ʨʦʟʤʽʨʘʤʠ ʙʽʣʴʰʝ 10 ʢʤ ʐʫʤʝʡʢʝʨ ʦʮʽʥʠʚ ʾʾ ʚʽʢ ʚ ~1,5 ʤʣʥ. ʨʦʢʽʚ, ʘ 

ʜʨʽʙʥʽʰʠʭ ʢʨʘʪʝʨʽʚ ï ʫ 30 ʤʣʥ. ʨʦʢʽʚ.  

ʇʦʨʽʚʥʷʥʥʷ ʟʥʽʤʢʽʚ ʂɸ çɺʦʷʜʞʝʨè ʽ çɻʘʣʽʣʝʦè ʥʝ ʚʠʷʚʠʣʦ ʷʢʠʭʦʩʴ 

ʧʦʤʽʪʥʠʭ ʟʤʽʥ ʥʘ ʧʦʚʝʨʭʥʽ. ʆʩʢʽʣʴʢʠ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʜʫʞʝ ʟʛʣʘʜʞʝʥʠʡ, 

ʧʝʨʝʧʘʜ ʚʠʩʦʪʠ ʜʫʞʝ ʨʽʜʢʦ ʧʝʨʝʚʠʱʫ ̒50 ʤ, ʮʝ ʪʘʢʦʞ ʪʨʘʢʪʫʻʪʩɹʷ ʘʙʦ ʷʢ 

ʜʫʞʝ ʤʦʣʦʜʠʡ ʨʝʣʴʻʬ, ʘʙʦ ʷʢ ʽʩʥʫʚʘʥʥʷʤ ʷʢʦʛʦʩʴ ʧʦʩʪʽʡʥʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʡʦʛʦ ʟʛʣʘʜʞʝʥʥʷ. ʅʘ ʢʦʨʠʩʪʴ ʜʨʫʛʦʛʦ ʛʦʚʦʨʠʪʴ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ (ʨʽʜʢʠʡ 

ʦʢʝʘʥ ʟ ʚʦʜʠ) ʽ ʟʜʘʪʥʽʩʪʴ ʣʴʦʜʫ ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʜʦ ʧʣʘʩʪʠʯʥʠʭ ʧʝʨʝʤʽʱʝʥʴ 

(ʣʴʦʜʦʚʠʢʠ).  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʟʥʘʯʥʽʰʦʾ ʚʽʜʧʦʚʽʜʽ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʩʧʨʦʙʫ 

ʚʠʟʥʘʯʠʪʠ ʥʘʩʢʽʣʴʢʠ ʧʦʚʝʨʭʥʷ ɭʚʨʦʧʠ ʤʦʞʝ ʟʘʙʨʫʜʥʶʚʘʪʠʩʴ ʩʽʨʢʦʶ ʟʘ 

ʨʘʭʫʥʦʢ ʾʾ ʚʠʢʠʜʫ ʟ ɯʦ. ɺʠʷʚʠʣʦʩʷ, ʱʦ ʥʘʩʧʨʘʚʜʽ ʩʽʨʯʘʥʠʭ ʧʦʢʣʘʜʽʚ ʥʘ 

ʧʦʚʝʨʭʥʽ ɭʚʨʦʧʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʝ ʚʽʜ ʦʯʽʢʫʚʘʥʦʾ ʾʾ ʢʽʣʴʢʦʩʪʽ, ʷʢʘ ʧʨʠ 

ʩʝʨʝʜʥʽʡ ʰʚʠʜʢʦʩʪʽ ʾʾ ʚʠʧʘʜʘʥʥʷ ʧʦʚʠʥʥʘ ʙʫʣʘ ʙ ʩʢʣʘʜʘʪʠ ʥʝ ʤʝʥʰʝ 10 ʩʤ 

ʟʘ 1 ʤʣʥ. ʨʦʢʽʚ. ɿʚʽʜʩʠ ʚʽʜʨʘʟʫ ʞ ʩʣʽʜʫʻ ʬʘʢʪ, ʱʦ ʯʝʨʝʟ ʪʨʽʱʠʥʠ, ʦʢʨʽʤ 

ʧʨʷʤʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʟʽ ʚʩʽʻʾ ʧʦʚʝʨʭʥʽ ʩʫʧʫʪʥʠʢʘ ʚ ʮʽʣʦʤʫ ʚʠʢʠʜʘʻʪʴʩʷ 

ʥʝ ʤʝʥʰʝ 100 ʢʛ ʚʦʜʠ ʱʦʩʝʢʫʥʜʠ.  

ɼʥʦ ʧʽʜʣʽʜʥʦʛʦ ʦʢʝʘʥʫ ɭʚʨʦʧʠ ʧʝʨʝʚʘʞʥʦ ʤʘʻ ʩʢʣʘʜʘʪʠʩʷ ʟ̔ 

ʩʠʣʽʢʘʪʥʠʭ ʧʦʨʽʜ ʦʩʥʦʚʥʦʾ ʨʝʯʦʚʠʥʠ, ʘ ʷʢʱʦ ʻ ʤʽʩʮʷ ʧʽʜʚʠʱʝʥʦʛʦ 

ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ (ʧʽʜʚʦʜʥʽ ʚʫʣʢʘʥʠ), ʪʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʦʭʽʤʽʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʪʘʤ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʜʦʩʠʪʴ ʩʢʣʘʜʥʽ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ. ʇʨʦʪʝ ʽʩʥʫʚʘʥʥʷ 

ʪʘʢʠʭ ʚʦʛʥʠʱ ʚʫʣʢʘʥʽʟʤʫ ʧʦʢʠ ʥʝ ʚʠʷʚʣʝʥʦ ʽ ʚʦʥʦ ʜʦʩʠʪʴ ʩʫʤʥʽʚʥʝ, 

ʦʩʢʽʣʴʢʠ ʤʘʩʘ ɭʚʨʦʧʠ ʧʦʩʪʫʧʘʻʪʴʩʷ ʥʘʚʽʪʴ ʤʘʩʽ ʩʧʦʢʽʡʥʦʛʦ ʫ ʚʫʣʢʘʥʽʯʥʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʄʽʩʷʮʷ.  
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1.3. ɻʘʥʽʤʝʜ  
 

ɻʘʥʽʤʝʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʥʽʞ ɭʚʨʦʧʘ (ʨʠʩ. 1.12-1.15), ʘ ʡʦʛʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

(ʬʦʪʦ 1.3) ʥʘʛʘʜʫʻ ʄʽʩʷʮʴ. ɿʘ ʘʥʘʣʦʛʽʶ ʦʜʥʘ ʡʦʛʦ ʧʽʚʢʫʣʷ ï ʻ çʤʦʨʩʴʢʘè, 

ʽʥʰʘ ð çʤʘʪʝʨʠʢʦʚʘè, ʭʦʯʘ ʥʘʡʪʝʤʥʽʰʘ ʜʝʪʘʣʴ ɻʘʥʽʤʝʜʘ ʤʘʡʞʝ ʚ 4-5 ʨʘʟʽʚ 

ʩʚʽʪʣʽʰʘ ʚʽʜ ʪʝʤʥʠʭ ʨʘʡʦʥʽʚ ʄʽʩʷʮʷ.  

 

 
ʌʦʪʦ 1.3.  

 

ʊʝʤʥʽ ʦʙʣʘʩʪʽ ʩʫʮʽʣʴʥʦ ʚʢʨʠʪʽ ʢʨʘʪʝʨʘʤʠ, ʩʚʽʪʣʽ ï ʢʨʘʪʝʨʘʤʠ ʡ 

ʨʦʟʣʦʤʘʤʠ, ʩʝʨʝʜ ʷʢʠʭ ʚʠʜʽʣʷʶʪʴʩʷ ʜʫʞʝ ʷʩʢʨʘʚʽ ʤʦʣʦʜʽ ʫʜʘʨʥʽ ʢʨʘʪʝʨʠ, 
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ʘʣʴʙʝʜʦ ʷʢʠʭ ʙʣʠʟʴʢʝ ʜʦ 100%. ʂʨʘʪʝʨʠ, ʷʢ ʧʨʘʚʠʣʦ, ʦʪʦʯʝʥʽ ʩʚʽʪʣʠʤ 

ʦʨʝʦʣʦʤ ʧʨʦʤʝʥʽʚ ʟ ʚʠʢʠʥʫʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɯʩʥʫʶʪʴ ʽ ʷʚʥʽ ʩʣʽʜʠ ʪʝʢʪʦʥʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ. ɿʘ ʢʽʣʴʢʽʩʪʶ ʫʜʘʨʥʠʭ ʢʨʘʪʝʨʽʚ ʚʽʢ ʧʦʚʝʨʭʥʽ ʦʮʽʥʶʻʪʴʩʷ ʚ 3-4 

ʤʣʨʜ. ʨʦʢʽʚ. ʉʚʽʪʣʽʰʽ ʦʙʣʘʩʪʽ ʟʥʘʯʥʦ ʤʦʣʦʜʰʽ ʽ ʾʭ ʚʽʢ ʦʮʽʥʶʻʪʴʩʷ ʚ 0,5-1 

ʤʣʨʜ. ʨʦʢʽʚ.  

ɼʚʽ ʥʘʡʢʨʫʧʥʽʰʽ ʪʝʤʥʽ ʦʙʣʘʩʪʽ ʥʘ ʧʦʚʝʨʭʥʽ ɻʘʥʽʤʝʜʘ ʦʪʨʠʤʘʣʠ ʽʤʝʥʘ 

ɻʘʣʽʣʝʡè ʽ ʉʠʤʦʥ ʄʘʨʽʫʩ.  

 

  
ʈʠʩ. 1.12. ɿʦʙʨʘʞʝʥʥʷ ɻʘʥʽʤʝʜʘ ʟ ʮʝʥʪʨʦʤ ʥʘ 19Á ʧʜ. ʰ., 356Á ʟʭ. ʜ. 

(http://www2.jpl.nasa.gov/)  

ʈʠʩ. 1.13. ʆʙʣʘʩʪʴ ɻʘʣʽʣʝʷ (Galileo Regio) ʥʘ ɻʘʥʽʤʝʜʽ; ʥʘʡʤʝʥʰʽ 

ʜʝʪʘʣʽ å 80 ʤ (http://www2.jpl.nasa.gov/) 

 

ʂʨʠʞʘʥʘ ʧʦʚʝʨʭʥʷ ʩʫʧʫʪʥʠʢʘ ʙʝʟʧʝʨʝʨʚʥʦ ʙʦʤʙʘʨʜʫʻʪʴʩʷ 

ʚʠʩʦʢʦʝʥʝʨʛʽʡʥʠʤʠ ʟʘʨʷʜʞʝʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʤʘʛʥʽʪʦʩʬʝʨʠ ʖʧʽʪʝʨʘ, ʪʦʤʫ 

ʟ ʥʝʾ ʚʠʙʠʚʘʶʪʴʩʷ ʤʦʣʝʢʫʣʠ ʚʦʜʷʥʦʾ ʧʘʨʠ, ʬʦʪʦʜʠʩʦʮʽʘʮʽʷ ʷʢʠʭ ʩʦʥʷʯʥʠʤ 

ʋʌ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʜʫʞʝ ʩʣʘʙʢʦʾ ʘʪʤʦʩʬʝʨʠ 

ʩʫʧʫʪʥʠʢʘ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟ ʤʦʣʝʢʫʣ ʢʠʩʥʶ ʟ ʽʥʪʝʛʨʘʣʴʥʦʶ 

ʛʫʩʪʠʥʦʶ ï 10
14

-10
15

 ʤʦʣʝʢʫʣ/ʩʤ
2
.  

ʉʶʨʧʨʠʟʦʤ ʙʫʣʦ ʚʽʜʢʨʠʪʪʷ ʫ ɻʘʥʽʤʝʜʘ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ [302, 391-394, 

725] ʽ ʚʣʘʩʥʦʾ ʤʘʛʥʽʪʦʩʬʝʨʠ, ʷʢʘ ʧʦʚʥʽʩʪʶ ʟʘʥʫʨʝʥʘ ʚ ʤʘʛʥʽʪʦʩʬʝʨʫ 

ʖʧʽʪʝʨʘ. ɺʝʣʠʯʠʥʘ ʮʴʦʛʦ ʧʦʣʷ ʥʝʚʝʣʠʢʘ ʽ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 750 ʥʊ ʥʘ 

ʝʢʚʘʪʦʨʽ; ʘʣʝ ʚʩʝ ʞ ʚʦʥʦ ʤʘʡʞʝ ʚ 6 ʨʘʟʽʚ ʙʽʣʴʰʝ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʖʧʽʪʝʨʘ ʥʘ ʦʨʙʽʪʽ ɻʘʥʽʤʝʜʘ (107-118 ʥʊ). ɺ̔ ʩʴ ʤʘʛʥʽʪʥʦʛʦ ʜʠʧʦʣʷ 

ʩʫʧʫʪʥʠʢʘ ʥʘʭʠʣʝʥʘ ʥʘ 10Á ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ. ʇʨʦʪʷʞʥʽʩʪʴ ʤʘʛʥʽʪʦʩʬʝʨʠ 
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ɻʘʥʽʤʝʜʘ ʩʪʘʥʦʚʠʪʴ ~ 2 ʡʦʛʦ ʨʘʜʽʫʩʠ, ʪʦʤʫ ʚ ʤʘʛʥʽʪʦʩʬʝʨʽ ʖʧʽʪʝʨʘ 

ʫʪʚʦʨʶʻʪʴʩʷ ʩʚʦʻʨʽʜʥʘ ʢʘʚʝʨʥʘ ʜʽʘʤʝʪʨʦʤ ~ 4 ʨʘʜʽʫʩʽʚ ɻʘʥʽʤʝʜʘ. 

 

 
ʈʠʩ. 1.14. ʂʘʣʴʜʝʨʘ ʥʘ ɻʘʥʽʤʝʜʽ. ʊʝʨʠʪʦʨʽʷ 162Ĭ119 ʢʤ (43 ʤ/ʧʽʢʩʝʣʴ) 

(http://www2.jpl.nasa.gov/)  

 

ʆʜʥʘ ʟ ʛʽʧʦʪʝʟ ʧʦʭʦʜʞʝʥʥʷ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʜʦʧʫʩʢʘʻ, ʱʦ ʚʦʥʦ 

ʥʘʚʦʜʠʪʴʩʷ ʜʠʥʘʤʦ-ʤʝʭʘʥʽʟʤʦʤ ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʟʘʣʽʟʥʦʛʦ (ʘʙʦ 

ʚ ʩʫʤʽʰʽ ʟ ʩʫʣʴʬʽʜʦʤ ʟʘʣʽʟʘ) ʷʜʨʘ ɻʘʥʽʤʝʜʘ (ʥʘʛʘʜʘʻʤʦ, ʱʦ ʩʘʤʝ ʮʝʡ 

ʤʝʭʘʥʽʟʤ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʤʘʛʥʽʪʥʝ ʧʦʣʝ ɿʝʤʣʽ); ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʮʴʦʛʦ ʤʦʞʝ 

ʙʫʪʠ ʡʦʛʦ ʜʠʧʦʣʴʥʠʡ ʭʘʨʘʢʪʝʨ.  

ʆʩʢʽʣʴʢʠ ʙʝʟʨʦʟʤʽʨʥʠʡ ʤʦʤʝʥʪ ʽʥʝʨʮʽʾ ɻʘʥʽʤʝʜʘ ʚʢʘʟʫʻ ʥʘ ʚʠʩʦʢʫ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʤʘʩʠ ʜʦ ʡʦʛʦ ʮʝʥʪʨʘ (C/MR
2 
= 0,3115, ʜʝ C ï ʦʩʴʦʚʠʡ ʤʦʤʝʥʪ 

ʽʥʝʨʮʽʾ, ʄ ̔ R ï ʤʘʩʘ ʡ ʨʘʜʽʫʩ ʩʫʧʫʪʥʠʢʘ [71]) ï ʪʦ ʩʘʤʝ ʜʽʷ ʜʠʥʘʤʦ ʚ ʤʝʞʘʭ 

ʤʝʪʘʣʝʚʦʛʦ ʷʜʨʘ ʤʦʞʝ ʟʛʝʥʝʨʫʚʘʪʠ ʪʘʢʝ ʤʘʛʥʽʪʥʝ ʧʦʣʝ [599, 604]. ɺ ʪʦʡ ʞʝ 

ʯʘʩ ʫ [99], ʚʠʭʦʜʷʯʠ ʟ ʦʜʥʦʤʽʨʥʦʾ ʪʨʠʰʘʨʦʚʦʾ ʪʝʧʣʦʚʦʾ ʤʦʜʝʣʽ, ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ, ʱʦ ʪʘʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʡ ʪʦʜʽ, ʢʦʣʠ  ʤʘʩʦʚʘ ʜʦʣʷ 

ʩʽʨʢʠ ʚ ʷʜʨʽ ɻʘʥʽʤʝʜʘ ʘʙʦ ʜʫʞʝ ʥʠʟʴʢʘ (¢ 3 %), ʘʙʦ ʞ ʜʫʞʝ ʚʠʩʦʢʘ (Ó 21%); 

ʟʘ ʪʘʢʠʭ ʫʤʦʚ ʩʠʣʽʢʘʪʥʘ ʤʘʥʪʽʷ ʟʤʦʞʝ ʦʭʦʣʦʥʫʪʠ ʜʦʩʠʪʴ ʰʚʠʜʢʦ (ʪʦʙʪʦ, 

ʪʘʢʘ ʩʫʤʽʰ ʤʘʪʠʤʝ ʚôʷʟʢʽʩʪʴ ʧʦʜʽʙʥʫ, ʥʘʧʨʠʢʣʘʜ, ʜʦ ʚʦʣʦʛʦʛʦ ʦʣʽʚʽʥʫ). 

ʇʨʦʪʝ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʪʘʢʽ ʚʠʤʦʛʠ ʚʘʞʢʦ ʧʦʷʩʥʠʪʠ ʽʩʥʫʶʯʠʤʠ 

ʢʦʩʤʦʭʽʤʽʯʥʠʤʠ ʡ ʬʽʟʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ ʩʫʧʫʪʥʠʢʘ. ʊʦʤʫ ʙʫʣʦ 


