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ɸʅʅʆʊɸʎʀʗ 

ʅʦʚʘʷ ʛʦʨʦʜʩʢʘ ʙʠʙʣʠʦʪʝʢʘ ʐʘʥʭʘʷ ʦʙʩʣʫʞʠʚʘʝʪ ʰʠʨʦʢʠʝ ʩʣʦʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʛʦʨʦʜʘ. ɺ ʙʠʙʣʠʦʪʝʢʝ ʫʜʘʯʥʦ ʦʙʲʝʜʠʥʝʥʳ ʢʘʢ ʬʫʥʢʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʢʥʠ-

ʛʦʭʨʘʥʠʣʠʱʘ, ʪʘʢ ʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʨʘʤʢʠ ʙʠʙ-

ʣʠʦʪʝʯʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʙʱʝʩʪʚʘ. ɹʠʙʣʠʦʪʝʢʘ ʐʘʥʭʘʷ ʩʪʘʣʘ ʧʝʨʚʦʡ ʢʠʪʘʡʩʢʦʡ ʧʫʙʣʠʯʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʮʠʬʨʦʚʦʡ ʜʦʩʪʫʧ ʢ ʩʚʦʠʤ ʨʝʩʫʨʩʘʤ ʧʦ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʜʣʷ ʯʠʪʘʪʝ-

ʣʝʡ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. 

ABSTRACT 

The new Shanghai city library renders services to the vast number of scientific, research and technical spe-

cialists of the city. The library successfully combines the functions of a traditional book storage and a virtual 

informational space, which considerably transforms the usual concept of a library service to society. The Shanghai 

library has become the first Chinese library to offer an integrated digital access to its resources on the internet to 

readers from the whole world.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ, ʮʠʬʨʦʚʘʷ ʙʠʙʣʠʦʪʝʢʘ, ʙʠʙʣʠʦʪʝʯʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʚʠʨʪʫʘʣʴ-

ʥʘʷ ʙʠʙʣʠʦʪʝʢʘ 

Keywords: history of development, digital library, library services, virtual library. 

 

ɺ 1995 ʛʦʜʫ ʧʨʦʠʟʦʰʣʦ ʦʙʲʝʜʠʥʝʥʠʝ ʙʠʙʣʠʦ-

ʪʝʢʠ ʀʥʩʪʠʪʫʪʘ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʠ ʛʦʨʦʜʩʢʦʡ ʙʠʙʣʠʦʪʝʢʠ ʐʘʥʭʘʷ. ʐʘʥʭʘʡʩʢʘʷ 

ʙʠʙʣʠʦʪʝʢʘ ʟʘʥʠʤʘʝʪ ʚʪʦʨʦʝ ʧʦ ʚʝʣʠʯʠʥʝ ʤʝʩʪʦ ʚ 

ʂʠʪʘʝ, ʫʩʪʫʧʘʷ ʣʠʰʴ ʇʝʢʠʥʩʢʦʡ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ʙʠʙʣʠʦʪʝʢʝ. ʆʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʧʣʦʱʘʜʠ 3,1 ʛʝʢ-

ʪʘʨʘ, ʚ ʟʜʘʥʠʠ ʚʳʩʦʪʦʡ 106 ʤʝʪʨʦʚ, ʥʘʩʯʠʪʳʚʘʶ-

ʱʝʤ 24 ʵʪʘʞʘ. (ʈʠʩ1,2). 

ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʡ ʙʠʙʣʠʦʪʝʢʠ ʚ ʐʘʥʭʘʝ. ʗʚ-

ʣʷʷʩʴ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʛʦʨʦʜʦʚ ʚ ʂʠʪʘʝ, ʐʘʥ-

ʭʘʡ ʥʝ ʪʦʣʴʢʦ ʟʥʘʤʝʥʠʪ ʩʚʦʝʡ ʜʘʚʥʝʡ ʠʩʪʦʨʠʝʡ ʠ 

ʙʫʨʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʨʦʩʪʦʤ, ʥʦ ʠ ʫʜʘʯʥʳʤ ʦʙʲ-

ʝʜʠʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʠʪʘʡʩʢʦʡ ʠ ʟʘʧʘʜʥʦʡ 

ʢʫʣʴʪʫʨ. ɺ ʐʘʥʭʘʝ ʙʠʙʣʠʦʪʝʯʥʦʝ ʜʝʣʦ, ʚ ʩʦʚʨʝʤʝʥ-

ʥʦʤ ʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʟʘʨʦʜʠʣʦʩʴ ʚ ʩʝʨʝʜʠʥʝ IX 

ʚʝʢʘ, ʘ ʚ 1952 ʛʦʜʫ, ʧʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʂʠʪʘʡʩʢʦʡ 

ʅʘʨʦʜʥʦʡ ʨʝʩʧʫʙʣʠʢʠ, ʙʳʣʘ ʦʪʢʨʳʪʘ ʛʦʨʦʜʩʢʘʷ 

ʙʠʙʣʠʦʪʝʢʘ ʐʘʥʭʘʷ. ɺ ʛʦʨʦʜʩʢʫʶ ʙʠʙʣʠʦʪʝʢʫ ʙʳʣʠ 

ʦʪʦʙʨʘʥʳ ʣʫʯʰʠʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʩʪʦ ʣʝʪ ʠʟʜʘʥʠʷ ʠʟ 

ʜʨʫʛʠʭ ʙʠʙʣʠʦʪʝʢ ʛʦʨʦʜʘ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴʜʝʩʷʪ 

ʣʝʪ ʵʪʘ ʢʦʣʣʝʢʮʠʷ ʪʦʣʴʢʦ ʨʘʩʰʠʨʠʣʘʩʴ ʠ ʧʨʝʫʤʥʦ-

ʞʠʣʘʩʴ.  

 
ʈʠʩ.1. ʆʙʱʠʡ ʚʠʜ ʙʠʙʣʠʦʪʝʢʠ. ʈʠʩ.2. ʉʠʪʫʘʮʠʷ ʨʘʟʤʝʱʝʥʠʷ ʙʠʙʣʠʦʪʝʢʠ. 
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ʉ 1996 ʛʦʜʘ ʙʳʣʘ ʧʨʠʥʷʪʘ ʥʦʚʘʷ ʧʨʦʛʨʘʤʤʘ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʯʠʪʘʪʝʣʝʡ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʥʪʝʨʥʝʪ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʤ ʨʝʩʫʨʩʘʤ. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʨʘʙʦʪʘ ʙʠʙʣʠʦʪʝʢʠ 

ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥ-

ʬʨʘʩʪʨʫʢʪʫʨʳ, ʦʮʠʬʨʦʚʢʠ ʢʦʣʣʝʢʮʠʠ ʨʝʜʢʠʭ ʠʟʜʘ-

ʥʠʡ, ʩʙʦʨʫ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ. ɺ ʪʝʯʝʥʠʠ ʧʦʩʣʝʜʫʶʱʠʭ ʣʝʪ ʙʠʙʣʠʦʪʝʢʘ 

ʐʘʥʭʘʷ ʚʥʝʜʨʠʣʘ ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝ-

ʥʠʷ ʬʦʥʜʘʤʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʤʝʥ ʜʘʥ-

ʥʳʤʠ ʤʝʞʜʫ ʙʠʙʣʠʦʪʝʯʥʳʤʠ ʢʘʪʘʣʦʛʘʤʠ ʠ ʢʦʥʝʯ-

ʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʝʝ 

ʰʝʩʪʠʩʦʪ ʧʝʨʩʦʥʘʣʴʥʳʭ ʨʘʙʦʯʠʭ ʩʪʘʥʮʠʡ ʦʙʨʘʟʫʶʪ 

ʚʥʫʪʨʝʥʥʶʶ ʩʝʪʴ ʙʠʙʣʠʦʪʝʢʠ. ɹʦʣʝʝ ʪʨʝʭʩʦʪ ʢʦʤ-

ʧʴʶʪʝʨʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʯʠʪʘʣʴʥʦʤ ʟʘʣʝ. ʉ 1997 

ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʝʞʝʜʥʝʚʥʳʭ 

ʠʥʪʝʨʥʝʪ ʧʦʩʝʪʠʪʝʣʝʡ ʙʠʙʣʠʦʪʝʢʠ ʚʦʟʨʦʩʣʦ ʩ 1,000 

ʜʦ 20,000 ʯʝʣʦʚʝʢ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ-

ʥʳʭ ʠʥʪʝʨʥʝʪ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦ-

ʩʪʘʚʣʷʝʪ 300,000 ʯʝʣʦʚʝʢ. 

ʏʝʪʳʨʝ ʦʩʥʦʚʥʳʝ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʧʨʠʥʮʠʧʘ 

ʙʠʙʣʠʦʪʝʢʠ: ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ, ʤʥʦʛʦʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʩʪʴ, ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʦʩʪʴ ʠ ʛʠʙʢʦʩʪʴ, ʩʦʚʨʝ-

ʤʝʥʥʳʡ ʜʠʟʘʡʥ. ʂʥʠʞʥʳʡ ʬʦʥʜ ʙʠʙʣʠʦʪʝʢʘ ʐʘʥ-

ʭʘʷ ʚʤʝʱʘʝʪ 13.2 ʤʠʣʣʠʦʥʘ ʢʥʠʛ. ʕʪʦ ʥʘʫʯʥʦ-ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʘʷ ʠ ʧʫʙʣʠʯʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʩ 20 ʙʦʣʴ-

ʰʠʤʠ ʯʠʪʘʣʴʥʳʤʠ ʟʘʣʘʤʠ, ʦʙʦʨʫʜʦʚʘʥʥʳʤʠ 3000 

ʨʘʙʦʯʠʤʠ ʤʝʩʪʘʤʠ, ʣʝʢʮʠʦʥʥʳʤ ʟʘʣʦʤ ʥʘ 800 ʤʝʩʪ, 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʫʜʠʪʦʨʠʝʡ, ʢʦʪʦʨʘʷ ʚʤʝ-

ʱʘʝʪ ʜʦ 300 ʯʝʣʦʚʝʢ, ʜʚʫʤʷ ʚʳʩʪʘʚʦʯʥʳʤʠ ʟʘʣʘʤʠ, 

ʯʝʪʳʨʴʤʷ ʢʦʥʬʝʨʝʥʮ-ʟʘʣʘʤʠ ʥʘ 100 ʯʝʣʦʚʝʢ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʘʫʜʠʦ-ʚʠʜʝʦ 

ʢʦʤʥʘʪʘʤʠ ʠ ʢʦʤʥʘʪʘʤʠ ʜʣʷ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʤʫ-

ʟʳʢʠ. ɹʠʙʣʠʦʪʝʢʘ ʐʘʥʭʘʷ ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʀʥʩʪʠʪʫʪ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʐʘʥ-

ʭʘʷ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʚ ʙʠʙʣʠʦʪʝʢʫ ʐʘʥʭʘʷ ʩ ʦʢ-

ʪʷʙʨʷ 1995, ʀʥʩʪʠʪʫʪ ʙʠʙʣʠʦʪʝʢʦʚʝʜʝʥʠʷ ʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ-

ʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʦʢʫʤʝʥʪʦʚ, 

ɹʠʙʣʠʦʪʝʢʘ ʩʪʘʨʦʜʘʚʥʠʭ ʢʠʪʘʡʩʢʠʭ ʤʘʥʫʩʢʨʠʧʪʦʚ 

ʠ ʍʫʜʦʞʝʩʪʚʝʥʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ. 

ɹʳʩʪʨʳʡ ʨʦʩʪ ʙʠʙʣʠʦʪʝʯʥʦʛʦ ʩʝʢʪʦʨʘ ʚ ʂʠʪʘʝ 

ʧʨʠʚʝʣ ʢ ʪʦʤʫ, ʯʪʦ ʩʝʛʦʜʥʷ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ 

ʫʨʦʚʥʝ ʬʫʥʢʮʠʦʥʠʨʫʶʪ 2600 ʧʫʙʣʠʯʥʳʭ ʙʠʙʣʠʦʪʝʢ 

ʠ ʥʦʚʘʷ ʙʠʙʣʠʦʪʝʢʘ ʦʪʢʨʳʚʘʝʪʩʷ ʢʘʞʜʳʝ ʯʝʪʳʨʝ 

ʜʥʷ (China Daily, 13 ʘʚʛʫʩʪʘ, 1999) [1]. 

 

  
ʈʠʩ. 3. ɻʣʘʚʥʳʡ ʚʭʦʜ ʚ ʙʠʙʣʠʦʪʝʢʫ.  ʈʠʩ.4. ʉʭʝʤʘ ʧʣʘʥʘ 1ʛʦ ʵʪʘʞʘ ʙʠʙʣʠʦʪʝʢʠ. 

 

ɿʘ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʙʳʣ ʩʦʚʝʨʰʝʥ ʧʨʦʨʳʚ ʚ ʧʦ-

ʩʪʨʦʝʥʠʠ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʠʙʣʠʦʪʝʯʥʦʛʦ 

ʜʝʣʘ ʤʠʨʦʚʦʛʦ ʢʣʘʩʩʘ. ɹʠʙʣʠʦʪʝʢʘ ʐʘʥʭʘʷ ʩʪʘʣʘ 

ʧʝʨʚʦʡ ʢʠʪʘʡʩʢʦʡ ʧʫʙʣʠʯʥʦʡ ʙʠʙʣʠʦʪʝʢʦʡ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʮʠʬʨʦʚʦʡ ʜʦʩʪʫʧ 

ʢ ʩʚʦʠʤ ʨʝʩʫʨʩʘʤ ʧʦ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʜʣʷ ʯʠʪʘʪʝʣʝʡ 

ʩʦ ʚʩʝʛʦ ʤʠʨʘ. ʂ ʩʝʪʠ ʙʠʙʣʠʦʪʝʢʠ ʧʦʜʢʣʶʯʝʥʳ ʜʨʫ-

ʛʠʝ ʤʝʩʪʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʮʝʥ-

ʪʨʳ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ ʩʝʪʠ ʯʠʪʘʪʝʣʠ ʤʦʛʫʪ ʥʝ 

ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʜʦ-

ʢʫʤʝʥʪʳ ʠ ʧʦʚʳʩʠʪʴ ʫʨʦʚʝʥʴ ʩʚʦʠʭ ʟʥʘʥʠʡ, ʥʦ ʠ ʟʘ-

ʢʘʟʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʧʨʘʚʦʯʥʳʝ ʫʩʣʫʛʠ ʧʦ 

ʘʥʘʣʠʟʫ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʚʦʠʭ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʮʝʣʷʭ. ʇʦ ʨʘʟʣʠʯʥʳʤʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʚʦʧʨʦ-

ʩʘʤ ʙʠʙʣʠʦʪʝʢʘ ʦʢʘʟʳʚʘʝʪ ʧʦʤʦʱʴ ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʠ ʢʦʤʤʝʨʯʝʩʢʠʤ ʢʦʨʧʦʨʘʮʠʷʤ, ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘ-

ʪʝʣɹʩʢʠʤ ʠʥʩʪʠʪʫʪʘʤ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥ-

ʥʳʝ ʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʰʝʥʠʡ ʫʧʨʘʚʣʝʥʠʷ.  

ɹʠʙʣʠʦʪʝʢʘ ʐʘʥʭʘʷ ʧʦʣʫʯʠʣʘ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʙʳʪʴ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʦʙʲʝʜʠʥʷʶʱʠʤ ʩʦʙʩʪʚʝʥʥʦ 

ʙʠʙʣʠʦʪʝʢʫ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʫʯʨʝʞʜʝʥʠʝ. ʅʘ ʦʩ-

ʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʣʫʞʙʳ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ 

ʠ ʩʧʨʘʚʦʯʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʩʣʫʛ ʜʣʷ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʨʫʛʦʚ, ɹʠʙʣʠʦʪʝʢʘ ʐʘʥʭʘʷ 

ʨʘʩʰʠʨʠʣʘ ʩʚʦʶ ʩʬʝʨʫ ʫʩʣʫʛ ʚ ʥʘʚʠʛʘʮʠʠ ʟʥʘʥʠʡ, ʚ 

ʦʙʣʘʩʪʠ ʩʦʮʠʘʣʴʥʳʭ ʥʘʫʢ ʠ ʧʦʣʠʪʠʢʠ ʧʨʠʥʷʪʠʷ ʨʝ-

ʰʝʥʠʡ ʧʨʘʚʠʪʝʣʴʩʪʚʘ. ɺ ʦʩʥʦʚʥʦʤ, ʩʠʩʪʝʤʘ ʭʘʨʘʢ-

ʪʝʨʠʟʫʝʪʩʷ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʫʩʣʫʛ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʠʥʪʝʛʨʘ-

ʮʠʠ ʬʠʟʠʯʝʩʢʦʡ ʠ ʚʠʨʪʫʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢ. 
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ʈʠʩ.5. ʀʥʪʝʨʴʝʨ ʭʦʣʣʘ ʙʠʙʣʠʦʪʝʢʠ.  ʈʠʩ.6. ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 

ɺ ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʠʙʣʠʦʪʝʢʘʭ ʜʦʩʪʫʧ ʢ ʵʣʝʢ-

ʪʨʦʥʥʳʤ ʠ ʧʝʯʘʪʥʳʤ ʨʝʩʫʨʩʘʤ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟ-

ʜʝʣʴʥʦ. ʇʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʧʝʯʘʪʥʳʝ ʨʝ-

ʩʫʨʩʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʙʠʙʣʠʦ-

ʪʝʢʠ, ʯʠʪʘʪʝʣʠ ʥʝ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʠʥʪʝʨʝʩʫʶʱʠʝ ʠʭ 

ʤʘʪʝʨʠʘʣʘʤ ʚ ʪʝʯʝʥʠʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɹʠʙʣʠʦʪʝʢʘ ʐʘʥʭʘʷ ʩʜʝʣʘʣʘ ʙʦʣʴʰʦʡ ʰʘʛ ʚʧʝʨʝʜ ʚ 

ʧʨʝʦʜʦʣʝʥʠʠ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʙʠʙ-

ʣʠʦʪʝʢʠ, ʠʥʪʝʛʨʠʨʦʚʘʚ ʚ ʝʜʠʥʦʤ ʠʥʪʝʨʬʝʡʩʝ ʬʫʥʢ-

ʮʠʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ ʩ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʣʫʞʙʦʡ ʚʠʨʪʫʘʣʴʥʦʡ ʙʠʙʣʠʦʪʝʢʠ. ɹʣʘʛʦʜʘʨʷ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʠʥʪʨʘʩʝʪʠ, ɹʠʙʣʠʦʪʝʢʘ 

ʐʘʥʭʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʳʡ ʫʜʘʣʝʥʥʳʡ 

ʜʦʩʪʫʧ ʢʦ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʦʭʚʘʪʳʚʘʝʪ 

ʚʩʝ ʩʪʦʨʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʠ ʵʪʦʪ ʫʜʘʣʝʥʥʳʡ ʜʦ-

ʩʪʫʧ ʠʥʪʝʛʨʠʨʫʝʪ ʦʥʣʘʡʥ-ʯʪʝʥʠʝ, ʟʘʛʨʫʟʢʫ ʠ ʧʝʯʘʪʴ 

ʮʠʬʨʦʚʳʭ ʨʝʩʫʨʩʦʚ ʙʠʙʣʠʦʪʝʢʠ, ʥʝ ʪʦʣʴʢʦ ʜʦʢʫ-

ʤʝʥʪʦʚ, ʢʥʠʛ, ʜʨʝʚʥʠʭ ʪʝʢʩʪʦʚ, ʬʦʪʦʛʨʘʬʠʡ, ʨʫʢʦ-

ʧʠʩʝʡ, ʘ ʠ ʚʠʜʝʦ ʠ ʟʚʫʢʦʚʳʭ ʬʘʡʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ 

ʢʦʤʧʴʶʪʝʨʳ ʚ ʯʠʪʘʣʴʥʳʭ ʟʘʣʘʭ ʧʦʜʢʣʶʯʝʥʳ ʢ ʙʠʙ-

ʣʠʦʪʝʯʥʦʡ ʩʝʪʠ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʟʦʥʘʭ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʙʠʙʣʠʦʪʝʢʘ ʫʩʪʘʥʦʚʠʣʘ ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʪʝʨʤʠ-

ʥʘʣʳ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʙʠʙʣʠʦʪʝʯʥʦʡ ʠʥʪʨʘʥʝʪ ʠ 

ʀʥʪʝʨʥʝʪ ʩʝʪʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʦʠʩʢ ʚ ʢʨʫʧʥʦʤʘʩ-

ʰʪʘʙʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ ʥʘ CD-ROM, ʦʥʣʘʡʥʦʚʳʭ 

ʙʘʟʘʭ ʜʘʥʥʳʭ, ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʙʘʟʘʭ ʜʘʥʥʳʭ, 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʨʘʚʦʯʥʠʢʘʭ ʠʟ 

ʣʶʙʦʛʦ ʤʝʩʪʘ ʧʦ ʩʝʪʠ ʀʥʪʝʨʥʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʠʙʣʠʦʪʝʢʘ ʐʘʥʭʘʷ ʦʪʚʝʯʘʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʯʠʪʘʪʝ-

ʣʝʡ ʚ ʧʦʣʫʯʝʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʫʩʣʫʛ ʚ ʣʶʙʦʝ 

ʚʨʝʤʷ ʠ ʚʝʟʜʝ, ʛʜʝ ʵʪʦ ʚʦʟʤʦʞʥʦ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʯʠ-

ʪʘʪʝʣʠ ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʣʫʛʘʤʠ ʩʦʩʪʦʷʱʝʡ 

ʠʟ ʜʝʚʷʪʠ ʦʩʥʦʚʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʮʠʬʨʦʚʦʡ ʙʠʙʣʠʦ-

ʪʝʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʠʪʘʪʝʣʠ, ʯʝʨʝʟ ʩʝʪʴ ʤʦʛʫʪ ʧʦʣʴ-

ʟʦʚʘʪʴʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ ʫʩʣʫʛʘʤʠ ʩʧʨʘʚʦʯʥʦʡ 

ʩʣʫʞʙʳ ʠ ʩʣʫʞʙʳ ʜʦʩʪʘʚʢʠ ʜʦʢʫʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʣʫʞʙʦʡ ʫʜʘʣʝʥʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʯʪʝʥʠʷ ʠ ʧʦʠʩʢʘ 

ʢʥʠʛ. 

ɺ ʥʘʯʘʣʝ 2003 ʛʦʜʘ ʙʠʙʣʠʦʪʝʢʘ ʦʪʢʨʳʣʘ 

ʩʣʫʞʙʫ ʵʣʝʢʪʨʦʥʥʳʭ ʢʥʠʛ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʯʠ-

ʪʘʪʝʣʠ ʤʦʛʫʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ ʚ ʨʝʞʠʤʝ ʦʥʣʘʡʥ, 

ʘ ʟʘʪʝʤ ʧʦʣʫʯʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʢʥʠʛʠ ʙʠʙʣʠʦʪʝʢʠ. 

ɼʣʷ ʙʳʩʪʨʦʪʳ ʠ ʫʜʦʙʩʪʚʘ ʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥ-

ʥʳʤʠ ʢʥʠʛʘʤʠ ʙʳʣʠ ʚʥʝʜʨʝʥʳ ʧʝʨʝʜʦʚʳʝ ʦʥʣʘʡʥ-

ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʘʚʪʦʨʩʢʠʭ ʧʨʘʚ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴ-

ʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. ɺʩʷ ʩʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʙʠʙ-

ʣʠʦʪʝʢʠ ʐʘʥʭʘʷ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʠʣʘ ʪʨʘʜʠʮʠʦʥʥʳʡ 

ʨʝʞʠʤ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʦʢʫʤʝʥʪʦʚ, ʥʦ ʠ ʧʨʝʜʦʩʪʘ-

ʚʠʣʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʜʦʙʩʪʚʘ ʜʣʷ ʯʠʪʘʪʝʣʝʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ 

ʛʦʨʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ, ʯʪʦ 

ʚʳʚʦʜʠʪ ʐʘʥʭʘʡ ʥʘ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʂʠʪʘʝ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʜʦʩʪʫʧ ʢ ʮʠʬʨʦʚʳʤ 

ʪʝʭʥʦʣʦʛʠʷʤ ʚʩʝ ʝʱʝ ʩʫʱʝʩʪʚʫʝʪ ʦʩʦʙʝʥʥʦ ʚ ʧʨʠ-

ʛʨʘʥʠʯʥʳʭ ʨʘʡʦʥʘʭ ʛʦʨʦʜʘ, ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, 

ʩʨʝʜʠ ʛʨʫʧʧ ʩʨʝʜʥʝʛʦ ʠ ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʩʝʤʝʡ 

ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʜʦʭʦʜʘ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʣʫʯʰʝʥʠʝ ʢ ʜʦʩʪʫʧʫ ʠʥ-

ʬʦʨʤʘʮʠʠ ʜʣʷ ʚʩʝʛʦ ʦʙʱʝʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ 

ʢʨʫʧʥʝʡʰʠʭ ʛʦʨʦʜʩʢʠʭ ʙʠʙʣʠʦʪʝʢ ʚ ʤʠʨʝ ʠ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ ʦʙʣʘʩʪʠ, ʐʘʥʭʘʡʩʢʘʷ ʙʠʙʣʠʦ-

ʪʝʢʘ ʧʨʠʥʠʤʘʝʪ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʝʢʪʝ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʠ ʚʥʦʩʠʪ ʩʚʦʶ ʜʦʣʶ ʚ 

ʜʝʣʦ ʧʨʦʜʚʠʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ ʠ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʤʝʞʜʫ ʙʠʙʣʠʦʪʝʢʘʤʠ ʚ ɸʟʠ-

ʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʇʨʠ ʧʦʤʦʱʠ ʪʦʣʴʢʦ ʦʜʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʢʘʨʪʳ 

ʯʠʪʘʪʝʣʠ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʨʝʩʫʨʩʘʤ ʢʘʢ 

ʮʝʥʪʨʘʣʴʥʦʡ, ʪʘʢ ʠ ʧʝʨʠʬʝʨʠʡʥʳʭ ʙʠʙʣʠʦʪʝʢ. ɹʣʘ-

ʛʦʜʘʨʷ ʤʫʥʠʮʠʧʘʣʴʥʦʡ ʩʝʪʠ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʧʣʘʪʬʦʨʤʦʡ ʙʠʙʣʠʦʪʝʢ ʩʦʦʙʱʝʩʪʚʘ, ʯʠʪʘʪʝʣʠ ʤʦʛʫʪ 

ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʳʝ ʫʩʣʫʛʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ ʙʠʙʣʠʦʪʝʢʘʤʠ 

ʪʘʢʠʝ ʢʘʢ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ, ʨʘʟʚʣʝʯʝ-

ʥʠʷʭ ʠ ʪ.ʧ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʰʠʨʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʥʘ-

ʥʠʡ ʙʠʙʣʠʦʪʝʢʘʨʴ ʙʦʣʴʰʝ ʥʝ ʧʘʩʩʠʚʥʘʷ ʬʠʛʫʨʘ, ʢʪʦ 

ʧʨʦʩʪʦ ʩʦʭʨʘʥʷʝʪ ʠ ʧʝʨʝʜʘʝʪ ʜʦʢʫʤʝʥʪʳ, ʘ ʤʦʙʠʣʴ-

ʥʳʡ ʧʨʦʚʦʜʥʠʢ ʟʥʘʥʠʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʠʥʬʦʨʤʘ-

ʮʠʠ. ʆʜʥʠʤ ʩʣʦʚʦʤ, ʙʠʙʣʠʦʪʝʢʘʨʴ ʚ ʩʨʝʜʝ ʩʝʪʝʚʦʛʦ 

ʦʙʱʝʥʠʷ ʜʦʣʞʝʥ ʙʳʪʴ "ʥʘʚʠʛʘʪʦʨʦʤ ʟʥʘʥʠʡ", ʘ ʦʩ-

ʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 

ʙʠʙʣʠʦʪʝʢʠ ʷʚʣʷʝʪʩʷ "ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʚʠʛʘʮʠʠ", ʢʦ-

ʪʦʨʘʷ ʜʦʣʞʥʘ ʧʦʤʦʯʴ ʯʠʪʘʪʝʣʷʤ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫ-

ʯʘʪʴ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴ ʟʥʘʥʠʷ.  

ʆʩʥʦʚʥʳʤʠ ʜʦʩʪʠʞʝʥʠʷ ʮʠʬʨʦʚʦʡ ʙʠʙʣʠʦʪʝʢʠ 

ʐʘʥʭʘʷ ʷʚʣʷʶʪʩʷ:  

1) ʧʨʝʚʨʘʱʝʥʠʝ ʧʘʩʩʠʚʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʘʢʪʠʚʥʫʶ ʥʘʚʠʛʘʮʠʶ ʧʦʟʥʘʥʠʡ;  

2) ʦʙʲʝʜʠʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʦʡ ʙʠʙʣʠʦʪʝʯʥʦʡ 

ʨʘʙʦʪʳ ʩ ʩʝʪʝʚʦʡ ʩʨʝʜʦʡ; 
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3) ʜʦʩʪʠʞʝʥʠʝ ʧʨʦʛʨʝʩʩʘ ʚ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝ-

ʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʩʣʫʛ ʚ ʪʘʢʠʭ ʘʩʧʝʢʪʘʭ, ʢʘʢ 

ʠʥʪʝʛʨʘʮʠʷ ʠ ʨʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʫʩʣʫʛ; 

4) ʨʘʩʰʠʨʝʥʠʷ ʩʧʝʢʪʨʘ ʫʩʣʫʛ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʦʩʪʫʧʘ ʢ ʨʝʩʫʨʩʘʤ ʙʠʙʣʠʦʪʝʢʠ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 

1. http://www.pierreevald.dk/library_files/china
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2. ɽ.ɻ. ʂʨʠʚʦʥʦʩʦʚʘ, ʀ.ɸ. ʎʚʝʪʦʯʢʠʥʘ çɹʠʙ-

ʣʠʦʪʝʢʠ ʇʦʜʥʝʙʝʩʥʦʡè http://gazeta.sfu-

kras.ru/node/840  

3.  Wu Kang Lu, Xu Hui Qu, ʀʥʪʝʨʝʩʥʳʝ ʤʝ-

ʩʪʘ ʐʘʥʭʘʷ.ʐʘʥʭʘʡʩʢʘʷ ʙʠʙʣʠʦʪʝʢʘ. 
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ʪʝʢʠ 

4. http://www.library.sh.cn 

  

http://www.pierreevald.dk/library_files/china/shanghai.htm
http://www.pierreevald.dk/library_files/china/shanghai.htm
http://gazeta.sfu-kras.ru/node/840
http://gazeta.sfu-kras.ru/node/840
http://www.openarium.ru/Китай/Шанхай/Библиотеки
http://www.openarium.ru/Китай/Шанхай/Библиотеки


The scientific heritage No 6 (6),2016  9 

EARTH SCIENCES 
 

ɿʘʭʘʨʦʚ ʀ.ɻ. 

ʍʘʨʴʢʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ʅ. ʂʘʨʘʟʠʥʘ, ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ, ʉʪʘʨʰʠʡ ʥʘʫʯ-

ʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢʘʬʝʜʨʳ ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʦʬʠʟʠʢʠ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ  

 

ʀʆʅʆʉʌɽʈʅʓɽ ɺɸʈʀʎʀʀ ʆʊʆ ɼʅʗ ʂʆ ɼʅʖ ʀ ʀʍ ʉɺʗɿʔ ʉ ʇʈʆʎɽʉʉɸʄʀ ɺ 
ɻɽʆʂʆʉʄʆʉɽ, ʊʈʆʇʆʉʌɽʈɽ ʀ ʃʀʊʆʉʌɽʈɽ 

 

IONOSPHERIC DAY -TO-DAY VARIABILITY AND ITS COUPLING WITH PR OCESS IN 

GEOSPACE, TROPOSPHERE AND LITHOSPHERE  

Zakharov I.G., Kharkiv V. Karazin National University, Kharkiv, Ukraine, Senior Scientist at Department of 

Space Radio Physics, Ph.D. in Physics and Mathematics 

 

ɸʅʅʆʊɸʎʀʗ 

ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʳʝ ʧʨʠʯʠʥʳ ʚʳʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ ʧʦʜ ʦʜʥʦʚʨʝ-

ʤʝʥʥʳʤ ʚʣʠʷʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʦʢʦʩʤʦʩʝ, ʪʨʦʧʦʩʬʝʨʝ ʠ ʣʠʪʦʩʬʝʨʝ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʤʦʱʥʳʭ ʩʦʙʳʪʠʡ ʠʦʥʦʩʬʝʨʘ ʠʩʧʳʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʢʘʢ "ʩʚʝʨʭʫ", ʪʘʢ ʠ "ʩʥʠʟʫ", ʧʨʠ ʵʪʦʤ ʠʦʥʦʩʬʝʨʘ ʤʦʞʝʪ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʢʘʢ ʦʪʢʨʳʪʘʷ ʥʝʣʠʥʝʡʥʘʷ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ. 

ABSTRACT 

The possible reasons for the high day-to-day ionospheric variability under the influence of the simultaneous 

processes in geospace, troposphere and lithosphere are considered. It is shown that even in the absence of powerful 

events ionosphere is influenced by both the "top" and "bottom", and ionosphere may be respond to external action 

as an open nonlinear dissipative system. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʦʥʦʩʬʝʨʳ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ, ʩʦʣʥʝʯʥʦ-ʟʝʤʥʳʝ ʩʚʷʟʠ, ʣʠʪʦʩʬʝʨʥʦ-

ʪʨʦʧʦʩʬʝʨʥʦ-ʠʦʥʦʩʬʝʨʥʳʝ ʩʚʷʟʠ, ʦʪʢʨʳʪʘʷ ʥʝʣʠʥʝʡʥʘʷ ʜʠʩʩʠʧʘʪʠʚʥʘʷ ʩʠʩʪʝʤʘ.  

Keywords: day-to-day ionospheric variability, solar-terrestrial coupling, lithosphere-troposphere-ionosphere 

coupling, open nonlinear dissipative system. 

 

ɺʚʝʜʝʥʠʝ 

ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʷ ʟʝʤʥʳʭ ʦʙʦʣʦʯʝʢ ʠʤʝʝʪ ʥʝʩʦʤʥʝʥʥʳʡ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʅʝʩʤʦʪʨʷ ʥʘ ʬʘʢʪʠʯʝʩʢʠ ʚʝ-

ʢʦʚʫʶ ʠʩʪʦʨʠʶ, ʤʥʦʛʠʝ ʛʦʜʳ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʨʫʛʘ ʣʠʥʝʡʥʳʭ (ʢʚʘ-

ʟʠʣʠʥʝʡʥʳʭ) ʷʚʣʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʦʩʪʫʧʣʝ-

ʥʠʝʤ ʚ ʦʜʥʫ ʠʟ ʦʙʦʣʦʯʝʢ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʝʱʝʩʪʚʘ ʠ/ʠʣʠ ʵʥʝʨʛʠʠ, ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʦʪʢʣʠʢ ʜʘʥʥʦʡ ʦʙʦʣʦʯʢʠ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ɺ ʢʦʥʮʝ 20-ʛʦ ʚʝʢʘ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʧʨʠʥʮʠʧʠ-

ʘʣʴʥʦ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʷʚʣʝ-

ʥʠʡ, ʚ ʢʦʪʦʨʦʤ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʦʙʦʣʦʯʢʠ ʧʣʘʥʝʪʳ 

ɿʝʤʣʷ ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʦʪʢʨʳʪʫʶ ʥʝʣʠʥʝʡʥʫʶ ʜʠ-

ʥʘʤʠʯʝʩʢʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (ʩʤ., ʥʘʧʨʠ-

ʤʝʨ, [8, 15, 17, 20]). ɺ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʨʝʘʣʠʟʫʶʪʩʷ 

ʧʨʦʮʝʩʩʳ ʢʘʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʧʦ-

ʷʚʣʝʥʠʶ, ʫʩʣʦʞʥʝʥʠʶ ʠ ʩʦʭʨʘʥʝʥʠʶ ʩʠʩʪʝʤʳ ʚ ʮʝ-

ʣʦʤ (ʧʝʨʝʭʦʜ ʦʪ ʭʘʦʩʘ ʢ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʤ ʧʨʦ-

ʮʝʩʩʘʤ), ʪʘʢ ʠ ʧʨʦʮʝʩʩʳ ʩʘʤʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʢʨʠ-

ʪʠʯʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʠʚʦʜʷʪ ʩʠʩʪʝʤʫ ʠʣʠ ʝʝ ʵʣʝʤʝʥʪʳ ʢ ʧʦʪʝʨʝ ʫʩʪʦʡ-

ʯʠʚʦʩʪʠ.  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʨʝʯʴ ʠʜʝʪ ʦ ʝʜʠʥʩʪʚʝ ʪʨʝʭ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʦʜʩʠʩʪʝʤ: ɿʝʤʣʷ ï ʘʪʤʦʩʬʝʨʘ ï 

ʤʘʛʥʠʪʦʩʬʝʨʘ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʠʤʝʝʪ 

ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʦʜ ʪʝʨʤʠʥʦʤ 

"ʘʪʤʦʩʬʝʨʘ" ʯʘʱʝ ʚʩʝʛʦ ʧʦʥʠʤʘʶʪ ʥʝʡʪʨʘʣʴʥʫʶ ʘʪ-

ʤʦʩʬʝʨʫ, ʘ ʪʘʢʞʝ ʦʩʦʙʳʡ ʩʪʘʪʫʩ ʠʦʥʦʩʬʝʨʳ ʢʘʢ 

ʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʘʪʤʦʩʬʝʨʳ ʠ ʝʝ ʚʘʞ-

ʥʫʶ ʨʦʣʴ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʢ ʩ ʥʝʡʪʨʘʣʴʥʦʡ ʘʪ-

ʤʦʩʬʝʨʦʡ, ʪʘʢ ʠ ʩ ʤʘʛʥʠʪʦʩʬʝʨʦʡ, ʥʘ ʧʨʘʢʪʠʢʝ ʯʘ-

ʩʪʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʩʠʩʪʝʤʫ ɿʝʤʣʷ ï ʘʪʤʦʩʬʝʨʘ ï 

ʠʦʥʦʩʬʝʨʘ ï ʤʘʛʥʠʪʦʩʬʝʨʘ (ɿɸʀʄ).  

ɼʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʚ ʝʜʠʥʫʶ ʩʠʩʪʝʤʫ ʚʢʣʶʯʘʶʪ 

ʪʘʢʞʝ ʦʙʣʘʩʪʠ ʚʦʢʨʫʛ ʧʣʘʥʝʪʳ ɿʝʤʣʷ, ʘ ʠʤʝʥʥʦ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪ ʩʠʩʪʝʤʫ ʉʦʣʥʮʝ ï ʤʝʞʧʣʘʥʝʪʥʘʷ ʩʨʝʜʘ 

ï ɿʝʤʣʷ ï ʘʪʤʦʩʬʝʨʘ ï ʠʦʥʦʩʬʝʨʘ ï ʤʘʛʥʠʪʦʩʬʝʨʘ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʫʜʦʙʥʦ ʧʨʦʠʣ-

ʣʶʩʪʨʠʨʦʚʘʪʴ ʦʜʥʦʡ ʠʟʚʝʩʪʥʦʡ ʬʨʘʟʦʡ: "ʤʳ ʞʠʚʝʤ 

ʚ ʢʦʨʦʥʝ ʉʦʣʥʮʘ", ʩʪʘʚʰʝʡ ʚ ʩʚʦʝ ʚʨʝʤʷ ʥʘʟʚʘʥʠʝʤ 

ʢʥʠʛʠ [11]. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʦʣʥʝʯʥʦʝ ʚʣʠʷʥʠʝ ʧʨʠ-

ʥʠʤʘʝʪʩʷ ʟʘʜʘʥʥʳʤ (ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʟʝʤ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ) ʠ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʉʦʣʥʮʝ 

ʥʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʠʟʫʯʝʥʠʷ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʟʘʜʘʯ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʠʩʪʝʤʫ ɿɸʀʄ.  

ʉʪʝʧʝʥʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ 

ʧʦʜʩʠʩʪʝʤʘʤʠ ɿɸʀʄ ʤʦʞʝʪ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʪʴʩʷ, 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʦʙʲʝʢʪ ʙʦʣʝʝ ʫʟʢʠʡ ʥʘʙʦʨ ʧʦʜʩʠ-

ʩʪʝʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʧʨʘʚʜʘʥ ʪʘʢʞʝ ʪʝʤ, ʯʪʦ ʦʙʲʝʤ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʩʪʝʤʳ 

ɿɸʀʄ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, 

ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩ-

ʩʤʘʪʨʠʚʘʶʪ ʙʦʣʝʝ ʫʟʢʠʡ ʥʘʙʦʨ ʧʦʜʩʠʩʪʝʤ, ʠʟ ʢʦʪʦ-

ʨʳʭ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʪʦʩʬʝʨʘ (ʪʝʢʪʦʥʦ-

ʩʬʝʨʘ), ʪʨʦʧʦʩʬʝʨʘ, ʠʦʥʦʩʬʝʨʘ, ʤʘʛʥʠʪʦʩʬʝʨʘ, ʢʦ-

ʪʦʨʳʝ ʤʳ ʠ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʝʤʥʳʭ ʦʙʦʣʦ-

ʯʝʢ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʠʭ ʦʪʢʣʠʢʘ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ, ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʥʦʚʦʛʦ ʧʦʜ-

ʭʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʪʢʣʠʢʘ 

ʜʘʞʝ ʥʘ ʩʣʘʙʳʝ ʚʥʝʰʥʠʝ (ʢ ʜʘʥʥʦʡ ʧʦʜʩʠʩʪʝʤʝ) ʚʦʟ-

ʜʝʡʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʨʠʪʤʦʚ ʚ 
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ʩʠʩʪʝʤʝ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʚ ʢʘʢʦʡ ʤʝʨʝ ʨʝʘʣʠʟʫ-

ʶʪʩʷ ʵʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʚ ʮʝʣʦʤ ʠʣʠ ʚ ʦʜ-

ʥʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ ʠʣʠ ʧʨʝʙʣʘʜʘʝʪ ʣʠʥʝʡʥʳʡ ʦʪʢʣʠʢ 

ʩʠʩʪʝʤ ʠ ʧʦʜʩʠʩʪʝʤ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ? ʈʘʩ-

ʩʤʦʪʨʠʤ ʵʪʦʪ ʚʦʧʨʦʩ ʥʘ ʧʨʠʤʝʨʝ ʠʦʥʦʩʬʝʨʳ. 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʚʣʠʷʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʥʘ ʠʦʥʦʩʬʝʨʫ ʷʚʣʷʝʪʩʷ ʠʦʥʠʟʠʨʫʶʱʝʝʝ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ (ʋʌ) ʠʟʣʫʯʝʥʠʝ ʠ ʝʛʦ ʠʟʤʝʥʝʥʠʷ 

ʢʘʢ 11-ʣʝʪʥʝʤ ʮʠʢʣʝ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (ʉɸ), 

ʪʘʢ ʠ ʚ ʪʝʯʝʥʠʝ 27-ʩʫʪʦʯʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʦʙʦʨʦʪʘ 

ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʟʘ ʩʯʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ ʧʦ ʜʠʩʢʫ ʉʦʣʥʮʘ. ʌʘʢ-

ʪʦʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʛʝʦʢʦʩʤʠʯʝʩʢʠʤʠ ʙʫʨʷʤʠ (ɻʂɹ), 

ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ, ʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʘʪʢʦʚʨʝ-

ʤʝʥʥʳʤʠ (ʥʝʩʢʦʣʴʢʦ ʩʫʪʦʢ) ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʜʝʡ-

ʩʪʚʠʷ, ʘ ʭʘʨʘʢʪʝʨ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʠʦʥʦʩʬʝʨʫ ʜʦʩʪʘ-

ʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥ [4, 18, 22]. ɺʣʠʷʥʠʝ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʠʣʠ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʳʤʠ, ʫʢʘʟʘʥʥʳʤʠ 

ʚʳʰʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʟ-

ʤʝʥʝʥʠʷ ʠʦʥʦʩʬʝʨʳ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ ʚ ʩʧʦʢʦʡʥʳʭ 

ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʳ ʩʣʝʜʦʚʘʪʴ ʟʘ ʠʟʤʝʥʝʥʠʷʤʠ ʠʦʥʠ-

ʟʠʨʫʶʱʝʛʦ ʋʌ ʠʟʣʫʯʝʥʠʷ (ʧʨʠ ʥʘʣʠʯʠʠ ʥʝʢʦʪʦʨʦʛʦ 

"ʰʫʤʘ" ʦʪ ʥʝʫʯʪʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʣʠʷʥʠʷ), ʥʘʨʫ-

ʰʘʝʤʳʝ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ ʥʘ ʧʨʦʪʷʞʝ-

ʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʚ ʧʝʨʠʦʜʳ ɻʂɹ. 

 
ʈʠʩ. 1. ɺʘʨʠʘʮʠʠ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʩʣʦʷ F2 ʠʦʥʦʩʬʝʨʳ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ ʥʘ ʩʪ. Eglin ʚ 

ʷʥʚʘʨʝ 1997 ʛ. ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʘʨʠʘʮʠʷʤʠ ʩʦʣʥʝʯʥʦʡ (F10,7) ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ (ɸʨ) ʘʢʪʠʚʥʦʩʪʝʡ 

. 
ʌʘʢʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ ʦʪʦ ʜʥʷ 

ʢʦ ʜʥʶ ʯʘʩʪʦ ʠʤʝʶʪ ʩʦʚʩʝʤ ʠʥʦʡ ʭʘʨʘʢʪʝʨ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʢʨʠʪʠ-

ʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʩʣʦʷ F2 (f0F2) ʥʘ ʩʨʝʜʥʝʰʠʨʦʪʥʦʡ 

ʠʦʥʦʩʬʝʨʥʦʡ ʩʪʘʥʮʠʠ Eglin {30 N; 86 W} ʚ ʷʥʚʘʨʝ 

1997 ʛʦʜʘ. ɺʠʜʥʦ, ʯʪʦ ʚʤʝʩʪʦ ʩʣʝʜʦʚʘʥʠʷ ʟʘ ʠʟʤʝʥʝ-

ʥʠʷʤʠ ʩʦʣʥʝʯʥʦʡ ʠ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʝʡ 

(ɻʄɸ) ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʧʦʜʨʷʜ ʥʘʙʣʶ-

ʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ f0F2 ʩ ʧʝʨʠʦʜʘʤʠ 3 ï 4 ʩʫʪʦʢ ʠ 

ʨʘʟʤʘʭʦʤ ʢʦʣʝʙʘʥʠʡ ʜʦ 40 %. ʇʨʘʚʜʘ, ʩʫʪʢʠ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ f0F2, ʚ ʦʩʥʦʚʥʦʤ, ʩʦʛʣʘʩʫ-

ʶʪʩʷ ʩ ʫʩʠʣʝʥʠʷʤʠ ʉɸ (ʜʣʷ ʦʮʝʥʢʠ ʉɸ ʠʩʧʦʣʴʟʦʚʘʥ 

ʠʥʜʝʢʩ F10,7), ʦʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʥʠ ʥʝʩʦʧʦʩʪʘ-

ʚʠʤʳ: ʥʘʙʣʶʜʘʝʤʳʤ ʠʟʤʝʥʝʥʠʷʤ F10,7, ʩʦʛʣʘʩʥʦ 

[10], ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʟʤʝʥʝʥʠʷ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʋʌ 

ʠʟʣʫʯʝʥʠʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 5%, ʯʪʦ ʧʦʯʪʠ ʥʘ ʧʦʨʷ-

ʜʦʢ ʤʝʥʴʰʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʟʤʘʭʘ ʢʦʣʝʙʘʥʠʡ ʠʦʥʦ-

ʩʬʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩ. 1 ʧʨʠʤʝʨ 3 ï 4 ʩʫʪʦʯ-

ʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ f0F2 ʨʝʘʣʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

(ʥʝ ʤʝʥʝʝ 50 %) ʜʣʷ ʦʢʦʣʦʧʦʣʫʜʝʥʥʳʭ ʯʘʩʦʚ ʥʝʟʘ-

ʚʠʩʠʤʦ ʦʪ ʬʘʟʳ 11-ʣʝʪʥʝʛʦ ʩʦʣʥʝʯʥʦʛʦ ʮʠʢʣʘ, ʪʦʛʜʘ 

ʢʘʢ ʚ ʜʨʫʛʠʝ ʯʘʩʳ, ʦʩʦʙʝʥʥʦ ʚ 15 ï 18 ʯʘʩʦʚ ʤʝʩʪ-

ʥʦʛʦ ʚʨʝʤʝʥʠ ï ʟʘʤʝʪʥʦ ʨʝʞʝ [6]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʠʦʥʦʩʬʝʨʝ ʩʫʱʝʩʪʚʫʶʪ 

ʚʩʝʛʜʘ ʠʣʠ ʩʦʟʜʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʫʩʣʦʚʠʷ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʚʥʝʰʥʝʝ ʚʣʠʷʥʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʩʠʣʴʥʝʝ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʵʪʦ ʩʣʝʜʫʝʪ 

ʠʟ ʠʟʚʝʩʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʦʥʦʩʬʝʨʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʘʚʦʤʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ: 

ʚ ʢʘʢʦʡ ʤʝʨʝ ʠʦʥʦʩʬʝʨʘ ʚʝʜʝʪ ʩʝʙʷ ʢʘʢ ʦʪʢʨʳʪʘʷ ʥʝ-

ʣʠʥʝʡʥʘʷ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʘʷʩʷ ʧʦʜʩʠʩʪʝʤʘ, ʚʦʟ-

ʤʦʞʥʳ ʣʠ ʚ ʥʝʡ ʩʦʙʩʪʚʝʥʥʳʝ ʨʠʪʤʳ ʠ ʢʘʢ ʦʥʠ ʩʚʷ-

ʟʘʥʳ ʩ ʨʠʪʤʘʤʠ ʜʨʫʛʠʭ ʧʦʜʩʠʩʪʝʤ? ʇʨʦʚʝʜʝʥʥʳʝ 

ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʜʘʶʪ ʦʪʚʝʪʘ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ, 

ʧʦʩʢʦʣʴʢʫ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʘʥʘʣʠʟʝ, ʢʘʢ ʧʨʘ-

ʚʠʣʦ, ʣʦʢʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚ ʠʦʥʦʩʬʝʨʝ ʠʣʠ ʧʨʠ ʦʪ-

ʢʣʠʢʝ ʠʦʥʦʩʬʝʨʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʠʣʴʥʳʝ ʚʦʟʤʫʱʝ-

ʥʠʷ ʚ ʜʨʫʛʠʭ ʟʝʤʥʳʭ ʦʙʦʣʦʯʢʘʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ 

ʪʨʦʧʦʩʬʝʨʝ (ʩʤ., ʥʘʧʨʠʤʝʨ, [14, 17]).  

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʠʦʥʦ-

ʩʬʝʨʳ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ ʠ ʠʭ ʩʚʷʟʴ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʚ 

ʜʨʫʛʠʭ ʦʙʦʣʦʯʢʘʭ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʦʧʨʘʚʜʘʥʥʳʤ 

ʧʦʜʭʦʜʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ. ʆʪʤʝʪʠʤ, 

ʯʪʦ ʧʦʠʩʢ ʧʨʠʯʠʥ ʚʳʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʦʥʦ-

ʩʬʝʨʳ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴ-

ʥʳʭ ʠ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʠʦʥʦ-

ʩʬʝʨʳ [23]. ɺʘʞʥʦ ʧʨʦʚʦʜʠʪʴ ʪʘʢʦʡ ʘʥʘʣʠʟ ʜʣʷ ʧʨʦ-

ʠʟʚʦʣʴʥʳʭ ʫʩʣʦʚʠʡ ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʥʘ 
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"ʩʧʦʢʦʡʥʳʝ" ʠ "ʚʦʟʤʫʱʝʥʥʳʝ", ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʦʢʘ-

ʟʳʚʘʶʪʩʷ ʫʩʣʦʚʥʳʤʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ʧʦʜ ʦʜʥʦ-

ʚʨʝʤʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʬʘʢʪʦʨʦʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʧʦʛʦʜʳ, ʪʨʦʧʦʩʬʝʨʳ ʠ ʣʠʪʦʩʬʝʨʳ ʥʘ ʧʨʠʤʝʨʝ ʦʜ-

ʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ï ʢʨʠʪʠʯʝʩʢʦʡ ʯʘ-

ʩʪʦʪʳ ʩʣʦʷ F2 ʠʦʥʦʩʬʝʨʳ, ʠ ʦʮʝʥʠʪʴ ʦʙʦʩʥʦʚʘʥ-

ʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʠʦʥʦʩʬʝʨʝ ʢʘʢ ʥʝʣʠʥʝʡʥʦʡ 

ʦʪʢʨʳʪʦʡ ʩʘʤʦʦʨʛʘʥʠʟʫʶʱʝʡʩʷ ʩʠʩʪʝʤʝ.  

 

ɼʘʥʥʳʝ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʝʞʝʜʥʝʚʥʳʝ ʜʘʥʥʳʝ 

ʜʚʫʭ ʠʦʥʦʩʬʝʨʥʳʭ ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʜʣʷ ʠʩʢʣʶʯʝ-

ʥʠʷ ʨʦʣʠ ʣʦʢʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ): ɹʦʫʣʜʝʨ {40 N; 255 

E} ʠ ʍʘʙʘʨʦʚʩʢ {48 N; 135 E} ʟʘ ʧʝʨʠʦʜ ʩ ʦʢʪʷʙʨʷ 

2010 ʧʦ ʜʝʢʘʙʨʴ 2011 ʛʦʜʘ ʚ 00, 04 (ʥʦʯʥʳʝ ʫʩʣʦ-

ʚʠʷ), 12 ʠ 16 (ʜʥʝʚʥʳʝ ʫʩʣʦʚʠʷ) ʯʘʩʦʚ ʤʝʩʪʥʦʛʦ ʚʨʝ-

ʤʝʥʠ (LT). ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʝ ʜʣʷ 00 ʠ 12 

LT; ʚ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʜʘʥʥʳʝ ʜʣʷ 04 ʠ 16 LT, ʢʦʪʦʨʳʝ ʙʣʘʛʦʜʘʨʷ 

ʠʥʝʨʮʠʦʥʥʦʩʪʠ ʠʦʥʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʣʫʯʰʝ ʦʪ-

ʨʘʞʘʶʪ ʪʠʧʠʯʥʳʝ ʜʥʝʚʥʳʝ ʠ ʥʦʯʥʳʝ ʫʩʣʦʚʠʷ ʚ 

ʠʦʥʦʩʬʝʨʝ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʧʦʣʥʦ ʦʮʝʥʠʪʴ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʠʦʥʦʩʬʝʨʳ ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʠʣʠ ʥʦʯʠ.  

ɼʣʷ ʫʯʝʪʘ ʨʘʟʣʠʯʥʳʭ ʚʣʠʷʥʠʡ ʥʘ ʠʦʥʦʩʬʝʨʫ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ:  

ʉɸ: ʯʠʩʣʦ ɺʦʣʴʬʘ W ʠ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʨʘ-

ʜʠʦʠʟʣʫʯʝʥʠʷ ʉʦʣʥʮʘ F10,7 ï ʦʪʨʘʞʘʶʪ ʠʟʤʝʥʝʥʠʷ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʋʌ ʠʟʣʫʯʝʥʠʷ;  

ɻʄɸ: ʠʥʜʝʢʩ ɸʈ ï ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʝʪ ʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʠʦʥʦʩʬʝʨʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ɻʂɹ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʠʟʤʝʥʝʥʠʷʤʠ 

ʥʝʡʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ;  

ʧʨʠʟʝʤʥʦʝ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʣʷ 

ʢʨʘʪʢʦʩʪʠ ʦʙʦʟʥʘʯʠʤ ʢʘʢ ʈ: ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʝʪ ʧʝ-

ʨʝʩʪʨʦʡʢʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʩʦʟʜʘʥʠʝʤ ʫʩʣʦʚʠʡ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʧʨʦʥʠʢʥʦ-

ʚʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʫ ʘʢʫʩʪʠʢʦ-ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ;  

ʜʘʥʥʳʝ ʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ (ɿʊ): ʯʠʩʣʦ ɿʊ ʩ ʤʘʛ-

ʥʠʪʫʜʦʡ ʄ > 5, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʠʥʜʠʢʘ-

ʪʦʨʦʤ ʫʨʦʚʥʷ ʛʣʦʙʘʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

(ɻʉɸ) [21]. ɼʘʥʥʳʝ ʦʙ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ 

ʚʟʷʪʳ ʩ ʩʘʡʪʘ www.gismeteo.ru, ʦ ɿʊ ï ʩ ʩʘʡʪʘ 

www.ncedc.org, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ï c ʩʘʡʪʘ 

http://sec.noaa.gov/Data. ɿʝʤʣʝʪʨʷʩʝʥʠʷ ʩ ʪʘʢʦʡ ʤʘʛ-

ʥʠʪʫʜʦʡ ʧʨʦʠʩʭʦʜʷʪ ʥʘ ʟʝʤʥʦʤ ʰʘʨʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʝʞʝʜʥʝʚʥʦ, ʪʘʢ ʯʪʦ ʜʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʪʨʘʞʘʝʪ ʨʝʛʫʣʷʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ɻʉɸ ʠ ʥʝ ʦʛʨʘʥʠ-

ʯʠʚʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʤʠ ʤʦʱʥʳʤʠ ʩʦʙʳ-

ʪʠʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʌʫʨʴʝ) ʠ ʤʝʪʦʜʘ ʥʘʣʦʞʝʥʥʳʭ ʵʧʦʭ (ʄʅʕ) ʩ ʧʨʦʚʝʨ-

ʢʦʡ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦ ʥʝʧʘʨʘ-

ʤʝʪʨʠʯʝʩʢʦʤʫ ʢʨʠʪʝʨʠʶ ʌʨʠʜʤʘʥʘ [2]. ʆʩʦʙʝʥʦ-

ʩʪʴʶ ʢʨʠʪʝʨʠʷ ʌʨʠʜʤʘʥʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʚʳ-

ʯʠʩʣʷʝʪʩʷ ʧʦ ʨʘʥʞʠʨʦʚʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʥʦ-

ʩʪɹʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʝʥʠʷ ʠ ʥʝ ʟʘ-

ʚʠʩʠʪ ʦʪ ʘʙʩʦʣʶʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ. ʂʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʠʟ-

ʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ 

ʫʨʦʚʥʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʨ, ʪʦʛʜʘ ʢʘʢ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ ("ʫʩʳ" ʥʘ ʛʨʘʬʠʢʘʭ) 

ʷʚʣʷʝʪʩʷ ʥʝʠʥʬʦʨʤʘʪʠʚʥʦʡ.  

ʇʦʩʣʝ ʚʳʙʦʨʘ ʥʫʣʝʚʳʭ ʜʘʪ ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʦʢʘ-

ʟʘʪʝʣʝʡ (ʪʘʢʠʭ ʜʘʪ ʙʳʣʦ ʦʪ 9 ʜʦ 12 ʟʘ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʳʡ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ) ʭʘʨʘʢʪʝʨʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʤʝʪʦʜʦʤ ʥʘʣʦʞʝʥʥʳʭ ʵʧʦʭ ʜʣʷ 

ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ 

ʩʦʤʥʠʪʝʣʴʥʳʭ, ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚʣʠʷ-

ʥʠʡ, ʥʘʧʨʠʤʝʨ, ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʡ ʧʨʠʟʝʤʥʦʛʦ ʘʪ-

ʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʩʦʣʥʝʯʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʦʣʴ ʩʢʨʳʪʳʭ ʧʝ-

ʨʠʦʜʠʯʥʦʩʪʝʡ (ʩʣʫʯʘʡʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʧʝʨʠʦʜʦʚ) 

ʥʘ ʨʝʟʫʣʴʪʘʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʪʘʢʠʭ ʥʝʬʠʟʠʯʝʩʢʠʭ 

ʩʚʷʟʝʡ, ʢʘʢ ʠ ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʧʦʣʫʯʝʥʦ ʥʘʜʝʞʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʠʩʩʣʝ-

ʜʫʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ.  

ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷ f0F2 ʦʪʦ ʜʥʷ ʢʦ 

ʜʥʶ ʜʣʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ "ʠʟʦʣʠʨʦʚʘʥʥʳʭ" ʩʦʙʳ-

ʪʠʡ, ʪ.ʝ. ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ ʧʦʩʣʝ ʧʝʨʠʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʪʠʰʴʷ, 

ʯʪʦ ʠʩʢʣʶʯʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʦʞʝʥʠʷ ʵʬʬʝʢʪʦʚ 

ʦʪ ʜʚʫʭ ʙʣʠʟʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. ʉʧʝʢʪʨʳ ʨʘʩʩʯʠʪʳʚʘ-

ʣʠʩʴ ʧʦ ʩʢʦʣʴʟʷʱʠʤ ʠʥʪʝʨʚʘʣʘʤ ʚ 30 ʠ 60 ʜʥʝʡ ʩʦ 

ʩʤʝʱʝʥʠʝʤ ʥʘ 15 ʜʥʝʡ: ʪʘʢ ʢʘʢ ʨʝʯʴ ʠʜʝʪ ʦ ʚʦʟʤʫ-

ʱʝʥʠʷʭ, ʠʤʝʶʱʠʭ ʦʛʨʘʥʠʯʝʥʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʷʚʣʝʥʠʷ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʫʤʝʥʴ-

ʰʠʪʴ ʜʣʠʥʫ ʨʷʜʘ, ʥʦ ʜʦ ʫʨʦʚʥʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ʇʨʠ ʜʣʠʥʝ 

ʨʷʜʘ 30 ʜʥʝʡ ʜʦʩʪʦʚʝʨʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʘʢʩʠ-

ʤʫʤʳ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, 

60 ʜʥʝʡ ï ʜʣʷ ʚʩʝʭ ʠʥʪʝʨʚʘʣʦʚ.  

 

ʈʝʟʫʣʴʪʘʪʳ 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʠʟʤʝʥʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ, 

ʪʨʦʧʦʩʬʝʨʝ ʠ ʣʠʪʦʩʬʝʨʝ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʟʦʣʠʨʦʚʘʥ-

ʥʳʭ ɻʂɹ. ɺ ʮʝʣʦʤ, ʚʳʙʨʘʥʥʳʝ ʛʝʦʤʘʛʥʠʪʥʳʝ ʚʦʟ-

ʤʫʱʝʥʠʷ ʥʝ ʙʳʣʠ ʩʠʣʴʥʳʤʠ: ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ɸʈ ʜʦʩʪʠʛʣʠ 67. ɺʠʜʠʤʦ, ʧʦʵʪʦʤʫ ʦʯʝʚʠʜʥʳʤ 

ʵʬʬʝʢʪ ɻʂɹ ʚ ʠʦʥʦʩʬʝʨʥʳʭ ʜʘʥʥʳʭ ʥʘ ʦʙʝʠʭ ʩʪʘʥ-

ʮʠʷʭ ʙʳʣ ʪʦʣʴʢʦ ʜʣʷ ʥʦʯʥʳʭ ʫʩʣʦʚʠʡ (ʫʤʝʥʴʰʝʥʠʝ 

f0F2 ʧʦʩʣʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ), ʪʦʛʜʘ ʢʘʢ 

ʚ ʜʥʝʚʥʳʝ ʯʘʩʳ ʠʤʝʣʠ ʤʝʩʪʦ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʚʘʨʠʘʮʠʠ f0F2 ʩ ʧʝʨʠʦʜʘʤʠ 2 ï 4 ʩʫʪʦʢ.  

ɿʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʜʦʩʪʦʚʝʨʥʳʡ (ʨ < 0.05) 

ʩʢʘʯʦʢ ʈ ʥʘ ʦʙʝʠʭ ʩʪʘʥʮʠʷʭ ʧʦʩʣʝ ʥʘʯʘʣʘ ɻʂɹ. ɺ ʧʦ-

ʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠ-

ʪʝʣʴʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʚʣʠʷʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦ-

ʛʦʜʳ ʥʘ ʧʨʦʮʝʩʩʳ ʚ ʪʨʦʧʦʩʬʝʨʝ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʘ-

ʝʪʩʷ [1, 4], ʯʪʦ ʵʪʘ ʩʚʷʟʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʪʨʠʛʛʝʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʪʘʢ ʢʘʢ ʵʥʝʨʛʠʷ ɻʂɹ ʥʘ ʥʝ-

ʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʥʠʞʝ ʵʥʝʨʛʠʠ ʪʨʦʧʦʩʬʝʨʥʳʭ 

ʮʠʢʣʦʥʦʚ (ʩʤ. ʪʘʢʞʝ [19]). 
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ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ f0F2 ʚ 16 LT ʩ  

ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʠʟʝʤʥʦʛʦ ʜʘʚʣʝʥʠʷ  
 

ʀʟʤʝʥʝʥʠʷ ʠʦʥʦʩʬʝʨʥʳʭ ʠ ʪʨʦʧʦʩʬʝʨʥʳʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʥʘ ʢʘʞʜʦʡ ʠʟ ʩʪʘʥʮʠʡ ʠʤʝʣʠ ʦʯʝʚʠʜʥʳʝ 

ʩʭʦʜʩʪʚʘ (ʨʠʩ. 2) ʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʜʣʷ ʜʨʫʛʦʡ ʩʪʘʥʮʠʠ, ʧʨʠ ʵʪʦʤ ʩʚʷʟʴ ʧʨʦʷʚʠʣʘʩʴ 

ʙʝʟ ʟʘʤʝʪʥʦʛʦ ʟʘʧʘʟʜʳʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. ʉʫʱʝ-

ʩʪʚʝʥʥʦ, ʯʪʦ ʤʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 

ʷʚʣʝʥʠʷ (ʤʦʱʥʳʝ ʮʠʢʣʦʥʳ, ʩʠʣʴʥʳʝ ʠʦʥʦʩʬʝʨʥʳʝ 

ʙʫʨʠ ʠ ʜʨ.,), ʪ.ʝ. ʩʚʷʟʴ ʧʨʦʷʚʠʣʘʩʴ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʪʠʧʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚ ʪʨʦʧʦʩʬʝʨʝ ʠ ʚ ʠʦʥʦʩʬʝʨʝ.  

ʈʝʟʢʠʝ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʈ ʚ ʍʘʙʘʨʦʚʩʢʝ 

ʠʣʠ ʚ ɹʦʫʣʜʝʨʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʠʦʥʦʩʬʝʨʝ ʩ ʟʘʧʘʟʜʳʚʘʝʤ ʥʝ ʙʦʣʝʝ 

ʩʫʪʦʢ. ʆʪʤʝʪʠʤ, ʯʪʦ ʈ ʚ ɹʦʫʣʜʝʨʝ ʠ ʍʘʙʘʨʦʚʩʢʝ ʠʟ-

ʤʝʥʷʣʦʩʴ ʚ ʧʨʦʪʠʚʦʬʘʟʝ (p<0.05). ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʛʦʨʦʜʘʤʠ ʙʦʣʝʝ ʜʝʩʷʪʠ ʪʳ-

ʩʷʯ ʢʠʣʦʤʝʪʨʦʚ, ʜʣʷ ʪʘʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʥʝʦʙʭʦ-

ʜʠʤʦ ʥʘʣʠʯʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʧʦʚʝʜʝʥʠʠ ʘʪʤʦ-

ʩʬʝʨʳ ʧʣʘʥʝʪʘʨʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʥʘʧʨʠʤʝʨ, ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩ ʚʦʟʜʫʭʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʞʜʫ 

ʚʦʩʪʦʯʥʳʤ ʠ ʟʘʧʘʜʥʳʤ ʧʦʣʫʰʘʨʠʷʤʠ [3]. ɿʥʘʯʝʥʠʷ 

f0F2 ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ ʚ ʜʚʫʭ ʛʦʨʦʜʘʭ ʪʘʢʞʝ ʧʨʦʷʚʣʷʣʠ 

ʪʝʥʜʝʥʮʠʶ ʢ ʠʟʤʝʥʝʥʠʶ ʚ ʧʨʦʪʠʚʦʬʘʟʝ, ʥʦ ʦʥʘ ʥʝ 

ʙʳʣʘ ʦʯʝʚʠʜʥʦʡ ʥʘ ʬʦʥʝ ʚʘʨʠʘʮʠʡ ʜʨʫʛʦʡ ʧʨʠʨʦʜʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝ ʷʩʥʦ, ʤʦʞʥʦ 

ʣʠ ʦʪʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ f0F2 ʢ ʚʣʠʷʥʠʶ ʪʨʦʧʦʩʬʝʨʳ, 

ʪʘʢ ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʣʶʜʘʣʠʩʴ ʟʘʤʝʪʥʳʝ ʠʟʤʝ-

ʥʝʥʠʷ ɻʄɸ, ʭʦʪʷ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʠʣʴʥʳʭ ɻʂɹ.  

ʏʠʩʣʦ ɿʊ ʩ ʄ > 5 ʧʦʩʣʝ ʥʘʯʘʣʘ ɻʄɹ ʨʝʟʢʦ ʫʚʝ-

ʣʠʯʠʣʦʩʴ ʧʨʠʤʝʨʥʦ ʩ 5 ʜʦ 30. ʊʘʢʦʡ ʚʳʨʘʞʝʥʥʳʡ 

ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʤʦʱʥʦʡ ʩʝʨʠʝʡ ɿʊ ʚʙʣʠʟʠ ʗʧʦ-

ʥʠʠ 11 ʤʘʨʪʘ 2011 ʛ. (ʦʢʦʣʦ 280 ɿʊ ʩ ʄ > 5 ʚ ʪʝʯʝʥʠʝ 

ʩʫʪʦʢ!), ʦʜʥʘʢʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʣʷ ʨʘʩʯʝʪʘ 

ʨʘʥʞʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʵʬʬʝʢʪ, ʭʦʪʴ ʠ ʩʣʘʙʳʡ, 

ʩʦʭʨʘʥʷʝʪʩʷ (ʨ < 0.1). ʆ ʚʦʟʤʦʞʥʦʩʪʠ ʪʨʠʛʛʝʨʥʦʛʦ 

ʟʘʧʫʩʢʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ɿʊ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ɻʄɸ 

ʤʥʦʛʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʦʩʴ ʚ ʣʠʪʝʨʘʪʫʨʝ (ʩʤ., ʥʘʧʨʠ-

ʤʝʨ, [5, 16]), ʭʦʪʷ ʤʝʭʘʥʠʟʤʳ ʪʘʢʦʛʦ ʷʚʣʝʥʠʷ, ʝʩʣʠ 

ʦʥʦ ʨʝʘʣʴʥʦ, ʧʦʢʘ ʥʝ ʷʩʥʳ.  

 
ʈʠʩ. 3.  

ʉʚʷʟʴ ʠʟʤʝʥʝʥʠʡ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʚ ʍʘʙʘʨʦʚʩʢʝ ʠ ɹʦʫʣʜʝʨʝ ʠ ʯʠʩʣʘ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʩ ʄ >5. 
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ɹʦʣʝʝ ʚʳʨʘʞʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʨ < 0.05) ʚ ʠʟʤʝ-

ʥʝʥʠʠ ʯʠʩʣʘ ɿʊ ʧʦʣʫʯʝʥ ʧʦʩʣʝ ʩʢʘʯʢʘ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ (ʨ < 0.01) 

ʥʘʙʣʶʜʘʣʩʷ ʧʦʩʣʝ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʠ ʜʘʚ-

ʣʝʥʠʡ ʤʝʞʜʫ ʍʘʙʘʨʦʚʩʢʦʤ ʠ ɹʦʫʣʜʝʨʦʤ (ʨʠʩ. 3). 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʚʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʨʘʩʯʝʪʦʚ ʠʟʤʝʥʝ-

ʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʵʪʠʭ ʩʪʘʥʮʠʷʭ ʠʟʤʝ-

ʥʷʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʦʪʠʚʦʬʘʟʝ, ʯʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʧʦ-

ʪʦʢʦʚ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ. ʆʪʤʝʪʠʤ, ʯʪʦ ʠʤʝʥʥʦ ʪʘʢʦʡ 

ʧʨʦʮʝʩʩ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʦʜʠʥ ʠʟ ʤʝʭʘʥʠʟʤʦʚ ʟʘ-

ʧʫʩʢʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ɿʊ (ʩʤ., ʥʘʧʨʠʤʝʨ, [3]), ʪʘʢ 

ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʩʠʣʳ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʘʥʪʠʮʠʢʣʦʥʘ ʢ 

ʮʠʢʣʦʥʫ, ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ 

ʧʣʦʱʘʜʠ ʪʠʧʠʯʥʦʛʦ ʮʠʢʣʦʥʘ, ʩʦʩʪʘʚʣʷʝʪ 1015 ï 1016 

ʅ, ʯʪʦ ʨʘʚʥʦ ʚʝʩʫ ʪʘʢʦʡ ʛʦʨʳ ʢʘʢ ʕʣʴʙʨʫʩ. ɺ ʯʘʩʪ-

ʥʦʩʪʠ, ʧʦʣʫʯʝʥʦ [3], ʯʪʦ ʫʩʠʣʝʥʠʝ ʯʠʩʣʘ ɿʊ ʩ ʄ > 

5.5 ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʨʝʟʢʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʥʦʩʪʠ 

ʜʘʚʣʝʥʠʡ ʤʝʞʜʫ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʴʶ ʠ ʟʘʧʘʜʥʳʤ 

ʧʦʙʝʨʝʞʴʝʤ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘ-

ʩʫʝʪʩʷ ʩ ʥʘʰʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʝʘʢʮʠʶ f0F2 ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘ ʨʝʟʢʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʫʩʠʣʝʥʠʷ ɻʉɸ ʧʦʩʣʝ ʧʝ-

ʨʠʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʪʠʰʴʷ, ʘ ʠʤʝʥʥʦ ʧʦʩʣʝ ʫʚʝ-

ʣʠʯʝʥʠʷ ʯʠʩʣʘ ɿʊ ʩ ʄ > 5. ʆʪʤʝʪʠʤ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʥʝʙʦʣʴʰʠʝ ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʟʥʘʯʠʤʳʝ (ʨ < 0.05) ʠʟ-

ʤʝʥʝʥʠʷ ʠʥʜʝʢʩʘ ɸʈ ʧʦʩʣʝ ʨʝʟʢʦʛʦ ʫʩʠʣʝʥʠʷ ɻʉɸ 

(ʨʠʩ. 4), ʧʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ɻʄɸ ʦʩʪʘʣʩʷ, ʚ ʮʝʣʦʤ, 

ʥʠʟʢʠʤ (ɸʈ < 10). ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ, ʚ ʮʝʣʦʤ, ʩʦʛʣʘʩʫ-

ʝʪʩʷ ʩ ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ [16]. 

ʀʟʤʝʥʝʥʠʷ ʈ ʠ f0F2 ʧʦʩʣʝ ʨʝʟʢʦʛʦ ʫʩʠʣʝʥʠʷ 

ɻʉɸ ʠʤʝʣʠ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʢʦʪʦʨʳʡ ʪʨʫʜʥʦ ʦʜ-

ʥʦʟʥʘʯʥʦ ʩʚʷʟʘʪʴ ʩ ʚʣʠʷʥʠʝʤ ɻʉɸ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠ-

ʤʦʩʪʠ: ʨ < 0.01 ʜʣʷ ʩʚʷʟʠ ʈ ʠ f0F2 ʚ 00 LT ʠ ʨ < 0.05 

ʜʣʷ f0F2 ʚ ʜʨʫʛʠʝ ʯʘʩʳ ʩʫʪʦʢ. ʆʜʥʘʢʦ ʦʯʝʚʠʜʥʳʤ, 

ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʚʣʠʷʥʠʝʤ "ʩʚʝʨʭʫ", ʷʚʣʷʝʪʩʷ ʩʭʦʜ-

ʩʪʚʦ ʠʟʤʝʥʝʥʠʡ ʈ ʠ f0F2 ʥʘ ʢʘʞʜʦʡ ʠʟ ʩʪʘʥʮʠʡ (ʨʠʩ. 

5: ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʜʣʷ ʍʘʙʘʨʦʚʩʢʘ).  

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠ-

ʨʫʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʛʝʦʩʬʝʨ 

(ʧʦʜʩʠʩʪʝʤ) ʚ ʩʠʩʪʝʤʝ ʉʦʣʥʮʝ ï ʤʝʞʧʣʘʥʝʪʥʘʷ 

ʩʨʝʜʘ ï ɿʝʤʣʷ (ʉʄʉɿ): ʥʝʩʤʦʪʨʷ ʥʘ ʜʦʩʪʦʚʝʨʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʦʙ ʠʟʤʝʥʝʥʠʠ ʠʦʥʦʩʬʝʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʦʩʣʝ ʫʩʠʣʝʥʠʷ ɻʉɸ, ʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʷʚʣʷʝʪʩʷ ʦʪ-

ʢʣʠʢ ʠʦʥʦʩʬʝʨʳ ʥʘ ʧʨʦʮʝʩʩʳ ʚ ʪʨʦʧʦʩʬʝʨʝ. ʕʪʦʪ 

ʨʝʟʫʣʴʪʘʪ ʥʝ ʠʩʢʣʶʯʘʝʪ ʥʘʣʠʯʠʷ ʨʝʘʢʮʠʠ f0F2 ʥʘ 

ʧʨʦʮʝʩʩʳ ʚ ʣʠʪʦʩʬʝʨʝ, ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʘ ʨʝʘʢ-

ʮʠʷ ʥʝ ʧʨʦʷʚʠʣʘʩʴ ʠʣʠ ʙʳʣʘ ʥʝʟʘʤʝʪʥʘ ʥʘ ʬʦʥʝ ʚʘ-

ʨʠʘʮʠʡ ʜʨʫʛʦʡ ʧʨʠʨʦʜʳ.  

ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʘʞʝ 

ʩʘʤʳʡ ʪʱʘʪʝʣʴʥʳʡ ʦʪʙʦʨ ʜʘʥʥʳʭ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʟ-

ʙʘʚʠʪʴʩʷ ʦʪ ʚʣʠʷʥʠʷ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʩʩʣʝʜʫʝ-

ʤʳʡ ʧʦʢʘʟʘʪʝʣʴ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʨʦ-

ʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʟʥʳʭ ʛʝʦʩʬʝʨʘʭ (ʧʦʜʩʠʩʪʝʤʘʭ ʩʠʩʪʝʤʳ ʉʄʉɿ). ɺ 

ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʦʙʳʯʥʦ ʚ ʩʧʝʢʪʨʘʭ ʠʦʥʦʩʬʝʨʥʳʭ 

ʜʘʥʥʳʭ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʦʙʱʠʝ ʧʝʨʠʦʜʳ 

ʩʦ ʩʧʝʢʪʨʘʤʠ ɻʄɸ ʠ ʈ, ʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʭʦʜʩʪʚʘ 

ʚʨʝʤʝʥʥʳʭ ʚʘʨʠʘʮʠʡ ɻʄɸ ʠ ʈ ʩʭʦʜʥʳʤʠ ʩʪʘʥʦ-

ʚʷʪʩʷ ʩʧʝʢʪʨʳ ʚ ʮʝʣʦʤ (ʨʠʩ. 6).  

 
ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʷ ʛʝʦʤʘʛʥʠʪʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʧʦʩʣʝ ʫʩʠʣʝʥʠʷ ʛʣʦʙʘʣʴʥʦʡ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. 

 

 
ʈʠʩ. 5. ʀʟʤʝʥʝʥʠʷ ʈ ʠ f0F2 ʚ 00 LT ʚ 

ʍʘʙʘʨʦʚʩʢʝ ʧʦʩʣʝ ʫʩʠʣʝʥʠʷ 

ʛʣʦʙʘʣʴʥʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 

ʉʭʦʜʩʪʚʦ ʩʧʝʢʪʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʩʪʦʚʝʨ-

ʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʢʦʨʨʝʣʷʮʠʠ 0.50 ï 0.78 (p < 

0.05). ɿʘ ʠʩʩʣʝʜʫʝʤʳʡ ʧʝʨʠʦʜ ʩʨʝʜʠ ʩʧʝʢʪʨʦʚ, ʨʘʩ-

ʩʯʠʪʘʥʥʳʭ ʧʦ ʜʘʥʥʳʤ ʟʘ 60 ʜʥʝʡ, ʚʳʩʦʢʦʝ ʩʭʦʜʩʪʚʦ 

ʩ ʫʢʘʟʘʥʳʤ ʢʨʠʪʝʨʠʝʤ ʠʤʝʣʠ 17 % ʩʧʝʢʪʨʦʚ ʚ ʠʥ-

ʪʝʨʚʘʣʝ ʧʝʨʠʦʜʦʚ 2.1 ï 9.0 ʩʫʪʦʢ, ʠ ʝʱʝ ʩʪʦʣʴʢʦ ʞʝ 

ï ʚ ʙʦʣʝʝ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ 2.1 ï 5.2 ʩʫʪʦʢ. ʉʨʝʜʠ 

ʩʧʝʢʪʨʦʚ ʧʦ ʜʘʥʥʳʤ ʟʘ 30 ʜʥʝʡ ʩʭʦʜʥʳʝ ʩʧʝʢʪʨʳ 

ʚʩʪʨʝʯʘʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʯʘʱʝ, ʦʜʥʘʢʦ, ʪʦʯʥʦʩʪʴ ʨʘʩ-

ʯʝʪʘ ʩʧʝʢʪʨʦʚ ʟʜʝʩʴ ʙʳʣʘ ʥʠʞʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʠʝ ʢʚʘʟʠʩʠʥʭʨʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʩʢʦʣʴʢʠʭ ʛʝʦʩʬʝʨʘʭ (ʧʦʜʩʠʩʪʝʤʘʭ) 
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ʦʜʥʦʚʨʝʤʝʥʥʦ ï ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʪʠʧʠʯʥʦʝ ʷʚʣʝʥʠʝ, 

ʥʘʡʪʠ ʦʙʲʷʩʥʝʥʠʝ ʢʦʪʦʨʦʤʫ ʚ ʨʘʤʢʘʭ ʠʟʚʝʩʪʥʳʭ ʤʝ-

ʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʣʦʞʥʦ, ʪʘʢ ʢʘʢ ʚʦʟʥʠ-

ʢʘʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʢʘʢ ʧʦ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʷ ʦʪ-

ʢʣʠʢʘ, ʪʘʢ ʠ ʧʦ ʵʥʝʨʛʠʠ ʧʨʦʮʝʩʩʦʚ.  

ʆʙʩʫʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʙʳʯʥʦ (ʚ ʨʘʤʢʘʭ ʣʠʥʝʡʥʦʛʦ ʧʦʜʭʦʜʘ) ʧʨʠ 

ʘʥʘʣʠʟʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʦʥʦʩʬʝʨʫ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʷʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʚʥʝʰʥʠʡ ʬʘʢ-

ʪʦʨ ʟʘ ʩʯʝʪ ʧʨʠʚʥʝʩʝʥʥʦʡ ʵʥʝʨʛʠʠ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝ-

ʜʝʣʷʝʪ ʚʘʨʠʘʮʠʠ ʠʦʥʦʩʬʝʨʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʨʠ 

ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʦʪʢʣʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʝʣʠʯʠʥʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʏʘʩʪʦʝ ʦʪʩʫʪʩʪʚʠʝ ʦʞʠʜʘʝʤʦʛʦ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ ʥʘ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, 

ʥʘʣʠʯʠʝ ʢʚʘʟʠʩʠʥʭʨʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʨʘʟʥʳʭ ʧʦʜʩʠʩʪʝʤ ʩʠʪʝʤʳ ʉʄʉɿ) ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʢ ʦʙʲʷʩʥʝʥʠʶ ʚʳ-

ʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʦʥʦʩʬʝʨʳ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ, 

ʥʘʨʷʜʫ ʩ ʠʟʚʝʩʪʥʳʤʠ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʳʭ, ʪʨʠʛ-

ʛʝʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʣʠʰʴ ʟʘʧʫʩʢʘʶʪ 

ʠʦʥʦʩʬʝʨʥʳʡ ʧʨʦʮʝʩʩ, ʘ ʝʛʦ ʨʘʟʚʠʪʠʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʥʝʨʛʠʝʡ ʩʠʩʪʝʤʳ. ʅʘʣʠʯʠʝ ʟʥʘʯʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ, 

ʟʘʧʘʩʝʥʥʦʡ ʚ ʪʝʨʤʦʩʬʝʨʝ (1015 ɼʞ), ʩʧʦʩʦʙʥʦ ʦʙʝʩ-

ʧʝʯʠʪʴ ʠʭ ʧʨʦʪʝʢʘʥʠʝ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʵʥʝʨ-

ʛʠʠ ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʟʝʤʥʳʭ ʦʙʦʣʦʯʝʢ [17]. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʜʦʙʥʳʝ ʤʝʭʘʥʠʟʤʳ ʰʠʨʦʢʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʚʦʟʤʦʞʥʦʛʦ ʚʣʠʷʥʠʷ 

ʉɸ ʥʘ ʟʝʤʥʫʶ ʧʦʛʦʜʫ ʠ ʙʠʦʩʬʝʨʫ (ʩʤ., ʥʘʧʨʠʤʝʨ, 

[1, 12, 13, 17, 19]). ʉʢʦʨʝʝ ʚʩʝʛʦ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦ-

ʞʝʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʭʘʥʠʟʤʦʚ ʚʣʠʷ-

ʥʠʷ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʟʝʤʥʳʝ ʧʨʦʮʝʩʩʳ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʝʤʥʳʭ ʦʙʦʣʦʯʝʢ ʤʝʞʜʫ ʩʦʙʦʡ. ɺ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʦʜʦʙʥʳʡ "ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ" ʦʙ-

ʤʝʥ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʩʪʘʥʦʚʣʝʥʠʶ ʢʚʘʟʠʩʠʥʭʨʦʥ-

ʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʦʣʦʯʢʘʭ ʟʝʤʥʦʡ ʘʪ-

ʤʦʩʬʝʨʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʤʦʱʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠʦʥʦʩʬʝʨʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʠʣʠ ʜʘʞʝ ʥʝʧʨʝʨʳʚʥʦ "ʯʫʚ-

ʩʪʚʫʝʪ" ʚʣʠʷʥʠʝ ʢʘʢ "ʩʚʝʨʭʫ", ʪʘʢ ʠ "ʩʥʠʟʫ". ʊʘʢʠʝ 

ʧʨʦʮʝʩʩʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʩʠʩʪʝʤʳ ɿʝʤʣʷ ï ʘʪʤʦ-

ʩʬʝʨʘ ï ʛʝʦʢʦʩʤʦʩ ʢʘʢ ʦʪʢʨʳʪʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝ-

ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ [8, 15, 17, 20]. 

ɺ ʮʝʣʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʯʠʩʣʝʥʥʳʝ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʦʜʥʦʡ 

ʠʟ ʛʝʦʩʬʝʨ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʦʮʝʩʩʦʚ ʚ ʜʨʫʛʠʭ 

ʛʝʦʩʬʝʨʘʭ ʠʣʠ ʚ ʛʝʦʢʦʩʤʦʩʝ, ʥʝʚʝʣʠʢʠ. ʇʨʝʞʜʝ 

ʚʩʝʛʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠ 

ʤʦʱʥʳʝ ʷʚʣʝʥʠʷ. ʆʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʛʣʦ 

ʠʤʝʪʴ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʨʦʮʝʩʩʳ 

ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʚ ʧʦʣʥʦʡ 

ʤʝʨʝ ʫʯʝʩʪʴ ʚ ʜʘʥʥʳʭ ʩ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʚ ʦʜʥʠ ʩʫʪʢʠ 

(ʥʘʧʨʠʤʝʨ, ʜʘʚʥʦ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʨʦ-

ʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʬʘʟʳ ʠʦʥʦʩʬʝʨ-

ʥʦʡ ʙʫʨʠ ʦʪ ʤʝʩʪʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ɻʂɹ [9]). ɺ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʜʘʥʥʳʭ, ʧʨʠʤʝʨʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝ-

ʜʝʥʳ ʥʘ ʨʠʩ. 2 (ʧʦʩʣʝ ʥʘʯʘʣʘ ɻʂɹ), ʧʦʣʫʯʝʥʳ ʩʣʝ-

ʜʫʶʱʠʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʟʤʘʭʘ ʢʦʣʝʙʘʥʠʡ 

ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ f0F2: 0.32 (12.2 %), 0.64 

(18.6 %), 1.20 (15.5 %) ʠ 0.78 ʄɻʮ (11.3 %) ʚ 00, 04, 

12 ʠ 16 LT, ʩʦʦʪʚʝʩʪʚʝʥʥʦ. ʇʨʠ ʵʪʦʤ ʭʘʨʘʢʪʝʨ ʠʟʤʝ-

ʥʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ï ʙʦʣʝʝ ʫʚʝʨʝʥʥʦ ʚ ʥʦʯ-

ʥʳʝ ʯʘʩʳ ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢ ʦʪʨʠʮʘ-

ʪʝʣʴʥʦʡ ʬʘʟʝ ʠʦʥʦʩʬʝʨʥʦʡ ʙʫʨʠ ï ʧʦʣʥʦʩʪʴʶ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʦʞʠʜʘʝʤʳʤ.  

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʧʨʦʚʝʜʝʥʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʦʮʝʥʢʘʤʠ: ʢʨʠʪʝ-

ʨʠʡ ʌʨʠʜʤʘʥʘ ʜʣʷ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʟʥʘʯʝʥʠʡ 

f0F2 ʩʦʩʪʘʚʠʣ 36.6, 29.5, 17.7 ʠ 19.9 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʥʦʤ ʯʠʩʣʝ ʫʩʨʝʜ-

ʥʝʥʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ p ʦʪ 0.05 ʜʦ 0.01. 

ʅʘʧʦʤʥʠʤ ʪʘʢʞʝ, ʯʪʦ ʤʳ ʧʨʦʚʦʜʠʣʠ ʨʘʩʯʝʪʳ 

ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ, ʯʪʦ ʠʩʢʣʶʯʘʣʦ ʥʘʣʦ-

ʞʝʥʠʝ ʵʬʬʝʢʪʦʚ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʚʦʟʤʫʱʝʥʠʡ, ʪʦʛʜʘ 

ʢʘʢ ʧʨʠ ʯʘʩʪʦʤ ʩʣʝʜʦʚʘʥʠʠ ʚʦʟʤʫʱʝʥʠʡ ʧʦʚʝʜʝʥʠʝ 

ʠʦʥʦʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪ-

ʣʠʯʘʪʴʩʷ ʦʪ ʪʠʧʠʯʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʜʘʞʝ 

ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʘʨʠʘʮʠʡ ʠʦʥʦ-

ʩʬʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʝʪ ʧʦ-ʥʦʚʦʤʫ 

ʚʟʛʣʷʥʫʪʴ ʥʘ ʧʨʦʙʣʝʤʫ ʨʘʟʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʚ ʠʦʥʦ-

ʩʬʝʨʝ ʥʘ ʩʧʦʢʦʡʥʳʝ (ʬʦʥʦʚʳʝ) ʠ ʚʦʟʤʫʱʝʥʥʳʝ. 

ʈʘʩʯʝʪʳ ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʦʙʳʪʠʡ ʧʦʢʘʟʳʚʘʶʪ 

ʥʘʣʠʯʠʝ ʠʟʤʝʥʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʠʦʥʦʩʬʝʨʳ ʜʘʞʝ 

ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʭ ʚʦʟʤʫʱʝʥʠʷʭ ʚʳʰʝ ʠ 

ʥʠʞʝ ʠʦʥʦʩʬʝʨʳ, ʪ.ʝ. ʚ ʜʨʫʛʠʭ ʧʦʜʩʠʩʪʝʤʘʭ ʩʠ-

ʩʪʝʤʳ ʉʄʉɿ. ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʣʘʙʦʩʪʴ 

ʚʣʠʷʥʠʷ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʧʨʝʨʳʚʥʘʷ ʩʚʷʟʴ ʟʝʤʥʳʭ ʛʝʦʩʬʝʨ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʩ ʉʦʣʥʮʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚʦʟʤʦʞʥʦ, ʩʧʦʩʦʙʥʘʷ ʦʙʝʩ-

ʧʝʯʠʪʴ ʜʦʣʛʦʚʨʝʤʝʥʥʳʝ ʪʨʝʥʜʳ ʚ ʠʟʤʝʥʝʥʠʠ ʠʦʥʦ-

ʩʬʝʨʥʳʭ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ.  

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ ʠʦʥʦʩʬʝʨʫ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʧʨʠʥʷʪʳ ʢʘʢ ʬʦ-

ʥʦʚʳʝ ʚʘʨʠʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʧʦʤʷʥʝʤ ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʝ ʨʘʥʝʝ ʦʩʦʙʝʥʥʦʩʪʠ ʰʠʨʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʣʦʷ F2 ʠʦʥʦʩʬʝʨʳ, 

ʘ ʠʤʝʥʥʦ ʥʘʣʠʯʠʝ ʤʘʢʩʠʤʫʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʢʦʥ-

ʮʝʪʨʘʮʠʠ ʠ ʧʦʣʥʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ 

ʠʦʥʦʩʬʝʨʳ ʥʘ ʰʠʨʦʪʝ ʦʢʦʣʦ 50 ʛʨʘʜʫʩʦʚ (ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ ʩʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘ-

ʨʠʷ) [7, 24]. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʧʨʠʫʨʦʯʝʥ 

ʠʤʝʥʥʦ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʰʠʨʦʪʝ, ʯʪʦ ʦʪʯʝʪʣʠʚʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʜʘʥʥʳʭ ʜʣʷ ʝʚʨʦʧʝʡ-

ʩʢʦʛʦ ʠ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʩʝʢʪʦʨʦʚ, ʛʜʝ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ 

ʞʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʰʠʨʦʪʘʭ ʛʝʦʤʘʛʥʠʪʥʳʝ ʰʠʨʦʪʳ 

ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. 

ɿʘʢʣʶʯʝʥʠʝ 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʡ ʠʦʥʦʩʬʝʨʳ ʦʪʦ ʜʥʷ ʢʦ ʜʥʶ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʣʠʪʝʣʴʥʳʭ ʨʷʜʦʚ ʜʘʥʥʳʭ ʩ ʦʜ-

ʥʦʚʨʝʤʝʥʥʳʤ ʫʯʝʪʦʤ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʜʩʠʩʪʝʤ ʩʠ-

ʪʝʤʳ ʉʄʉɿ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʠʷ ʦ ʩʧʦʢʦʡʥʳʭ ʠ ʚʦʟʤʫʱʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ 

ʠʦʥʦʩʬʝʨʝ ʜʘʣʝʢʠ ʦʪ ʨʝʘʣʴʥʦʩʪʠ. ʀʦʥʦʩʬʝʨʘ ʧʦʩʪʦ-

ʷʥʦ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʢʘʢ "ʩʚʝʨʭʫ", ʪʘʢ ʠ "ʩʥʠʟʫ". ʅʘʠʙʦʣʝʝ ʷʨʢʦ 

ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʘʨʠʘʮʠʠ f0F2 ʦʪʦ ʜʥʷ ʢʦ 

ʜʥʶ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʩʭʦʜʥʳʤʠ ʩ ʚʘʨʠʘʮʠ-

ʷʤʠ ʧʨʠʟʝʤʥʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʦʤ ʞʝ 

ʧʫʥʢʪʝ ʥʘʙʣʶʜʝʥʠʷ, ʯʝʤ ʩ ʚʘʨʠʘʮʠʷʤʠ f0F2 ʚ ʫʜʘ-

ʣʝʥʥʦʤ ʧʫʥʢʪʝ ʥʘʙʣʶʜʝʥʠʷ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞ-

ʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʤʳ ʥʝ ʨʘʩʩʤʘʪ-

ʨʠʚʘʣʠ ʵʢʩʪʝʤʘʣʴʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʚʦʟʤʫʱʝʥʠʷ 

(ʩʠʣʴʥʳʝ ɻʂɹ, ʢʨʫʧʥʳʝ ʮʠʢʣʦʥʳ ʠ ʜʨ.), ʨʝʯʴ ʠʜʝʪ ʦ 
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ʪʠʧʠʯʥʳʭ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠʟʤʝʥʝʥʠʡ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʠʟʤʝʥʝʥʠʷ ʚ ʣʶ-

ʙʦʡ ʠʟ ʧʦʜʩʠʩʪʝʤ ʩʠʪʝʤʳ ʉʄʉɿ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʤʝʨʝ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʚ ʜʨʫʛʠʭ ʛʝʦʩʬʝʨʘʭ, ʧʨʠ ʵʪʦʤ 

ʚʝʣʠʯʠʥʘ ʦʪʢʣʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʪʥʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʠʟʚʝʩʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʚ 

ʨʘʤʢʘʭ ʣʠʥʝʡʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫ-

ʯʘʷʭ ʵʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʭʦʜʩʪʚʫ ʩʧʝʢ-

ʪʨʦʚ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʠʥʪʝʨʚʘʣʘʭ 

ʚʨʝʤʝʥʠ ʚ ʝʜʠʥʠʮʳ ʜʥʝʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʢʚʘʟʠʩʠʥʭʨʦʥʥʳʭ ʚʘʨʠʘʮʠʡ ʚ ʩʠ-

ʩʪʝʤʝ ʉʄʉɿ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʝ (ʪʨʠʛʛʝʨʥʳʝ) ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʧʦʜʩʠʩʪʝʤ ʠʛʨʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʩʫʱʝ-

ʩʪʚʝʥʥʫʶ ʨʦʣʴ, ʯʝʤ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʜʦʙʥʳʝ ʧʨʦʮʝʩʩʳ ʭʘʨʘʢ-

ʪʝʨʥʳ ʜʣʷ ʦʪʢʨʳʪʳʭ ʥʝʣʠʥʝʡʥʳʭ ʩʘʤʦʦʨʛʘʥʠʟʫʶ-

ʱʠʭʩʷ ʩʠʩʪʝʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʠʦʥʦ-

ʩʬʝʨʫ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʳʡ ʵʣʝʤʝʥʪ ʝʜʠʥʦʡ ʥʝʣʠʥʝʡ-

ʥʦʡ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ ʉʄʉɿ, ʚ ʢʦʪʦʨʦʡ ʜʘʞʝ ʤʘ-

ʣʳʝ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʦʜʥʦʡ ʠʟ 

ʧʦʜʩʠʩʪʝʤ ʤʦʛʫʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʟʘʤʝʪʥʳʤʠ ʠʟʤʝ-

ʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ.  

ɹʣʘʛʦʜʘʨʥʦʩʪʠ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʧʨʦʬ. ʏʝʨʥʦʛʦʨʫ ʃ.ʌ. ʟʘ ʧʦʣʝʟʥʳʝ 

ʩʦʚʝʪʳ ʠ ʟʘʤʝʯʘʥʠʷ. 

ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
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Ivlev A.A., Russian State Agrarian University - Moscow Timiryazev Agricultural Academy 

 

ɸʅʅʆʊɸʎʀʗ 

ʇʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʨʠʨʦʜʥʦʛʦ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʙʠʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʦʪʣʠʯʘʶʱʘʷʩʷ ʪʝʤ, ʯʪʦ ʧʝʨʝʥʦʩ 

ʫʛʣʝʨʦʜʘ ʯʝʨʝʟ ʛʝʦʩʬʝʨʳ ʠ ʙʠʦʩʬʝʨʫ ʠ ʦʙʨʘʪʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʝʨʝʭʦʜʦʤ ʫʛʣʝʨʦʜʘ ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ. ʇʝʨʝʭʦʜʳ ʧʨʦʠʩʭʦʜʷʪ ʙʣʘʛʦʜʘʨʷ ʬʦʪʦʩʠʥʪʝʟʫ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʦʢʠʩʣʠʪʝʣʴ-

ʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʥʘʯʠʥʘʷ ʩ ʜʳʭʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʠ ʢʦʥʯʘʷ ʦʢʠʩʣʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʩʫʣʴ-

ʬʘʪʨʝʜʫʢʮʠʠ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʦʙʫʩʣʘʚ-

ʣʠʚʘʝʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʥʞʝʢʮʠʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʛʠʜʨʦʩʬʝʨʫ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʬʦʪʦʩʠʥʪʝʟʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʦʪʦʩʠʥʪʝʟʘ ʩ ʜʚʠʞʝʥʠʝʤ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʦʧʨʝʜʝʣʷʝʪ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʤʥʦʛʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ɿʝʤʣʝ ʪʘʢʠʭ, ʢʘʢ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʮʠʢʣʳ, ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʟʨʳʚʳ ɾʠʟʥʠ ʥʘ ɿʝʤʣʝ ʠ ʤʘʩʩʦʚʳʝ 

ʚʳʤʠʨʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ, ʮʠʢʣʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. ʄʦʜʝʣʴ ʦʙʲʷʩʥʷʝʪ ʩʦʧʨʷʞʝʥ-

ʥʦʩʪʴ ʧʨʠʨʦʜʥʳʭ ʮʠʢʣʦʚ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ. 

ABSTRACT 

The proposed model of the natural redoxïcycle of biospheric carbon, characterized in that the transitions of 

carbon through the geospheres and biosphere and back is controlled by the transfer of carbon from the oxidized 

state to the reduced one. The transitions occur through photosynthesis, and numerous oxidation processes, starting 

from the respiration of organisms to oxidation of organic matter by sulfate reduction in the subduction zone of 

tectonic plates. The irregular movement of lithospheric plates causes the periodic injection of CO2 in the atmos-

phere and hydrosphere, affecting the development of photosynthesis. The interaction of photosynthesis with the 

movement of tectonic plates determines the cyclical nature of many processes on the Earth such as climatic cycles, 

periodic explosions of Life on the Earth and mass extinctions of organisms, the cyclic variation of biodiversity 

rate. The model explains the coupling of carbon and sulfur natural cycles 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʳʝ ʮʠʢʣʳ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ, ʜʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʠʟʦʪʦʧʥʦʝ ʬʨʘʢ-

ʮʠʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ, ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʷ, ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʠ ʢʘʨʙʦʥʘʪʳ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ, 

çʧʘʨʥʠʢʦʚʳʡè ʠ ʣʝʜʥʠʢʦʚʳʡ ʧʝʨʠʦʜʳ, ʩʢʦʨʦʩʪʴ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

Keywords: natural cycles of carbon and sulfur, lithospheric platesô movement, carbon isotope fractionation 

of carbon and sulfur, sulfate reduction, organic matter and carbonates of sedimentary rocks, ñgreenhouseò and 

ñicehouseò periods, biodiversity rate. 

 

ʉʝʨʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʨʝʭ ʩʪʘʪʝʡ, ʧʦʩʚʷʱʝʥʘ 

ʠʟʫʯʝʥʠʶ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʛ-

ʣʝʨʦʜʘ, ʘ ʪʘʢʞʝ ʩʣʝʜʩʪʚʠʷʤ ʝʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʚʳʷʩ-

ʥʷʝʪʩʷ, ʯʪʦ ʤʥʦʛʠʝ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ 

ʠʤʝʶʪ ʮʠʢʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ʕʪʦ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʮʠʢʣʳ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʯʝʨʝʟ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʦʚ 

ʧʦʭʦʣʦʜʘʥʠʷ ʠ ʧʦʪʝʧʣʝʥʠʷ, ʯʝʨʝʟ ʧʝʨʠʦʜʳ ʙʫʨʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ɾʠʟʥʠ, ʩʤʝʥʷʝʤʳʝ ʧʝʨʠʦʜʘʤʠ ʤʘʩʩʦʚʦʛʦ 

ʚʳʤʠʨʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ, ʯʝʨʝʟ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠʟʤʝ-

ʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʢʦʣʝʙʘʥʠʷ 

ʫʨʦʚʥʷ ʤʦʨʷ, ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʥʝʬʪʠ ʚ 

ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. ɺʦʟʥʠʢʘʶʪ ʚʦʧʨʦʩʳ: ʵʪʘ 

ʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʢʘʟʘʣʦʩʴ ʙʳ, ʩʪʦʣʴ ʤʘʣʦ ʩʚʷʟʘʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʠʤʝʝʪ ʦʙʱʫʶ 

ʧʨʠʨʦʜʫ ʠʣʠ ʠʤʝʝʪ ʥʝʟʘʚʠʩʠʤʳʝ ʧʨʠʯʠʥʳ, ʝʩʪʴ ʣʠ 

ʢʘʢʘʷ-ʥʠʙʫʜʴ ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʚ ʠʭ 

ʧʨʦʪʝʢʘʥʠʠ. ɺ ʩʪʘʪʴʷʭ ʜʝʣʘʝʪʩʷ ʧʦʧʳʪʢʘ ʦʪʚʝʪʠʪʴ 

ʥʘ ʥʠʭ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʥʘʯʠʥʘʶʱʝʡ ʩʝʨʠʶ, 

ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʨʠʨʦʜʥʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ 

ʫʛʣʝʨʦʜʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʦ ʚʣʠʷʥʠʠ 

ʜʚʠʞʝʥʠʷ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʥʘ ʨʘʟʚʠʪʠʝ ʬʦʪʦʩʠʥ-

ʪʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳ-

ʚʦʜ, ʯʪʦ ʮʠʢʣʠʯʥʦʩʪʴ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ɿʝʤʣʝ 

ʩʚʷʟʘʥʘ ʩ ʫʧʦʤʷʥʫʪʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ. ʀʟ ʨʘʩ-

ʩʤʦʪʨʝʥʠʷ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʩʦʧʨʷʞʝʥʥʦʩʪʴ ʛʣʦʙʘʣʴ-

ʥʳʭ ʮʠʢʣʦʚ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ ʠ ʦʙʲʷʩʥʷʝʪʩʷ ʩʦʛʣʘʩʦ-

ʚʘʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ 

ʠʟʦʪʦʧʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʝʜʠʥʝʥʠʡ ʫʛʣʝʨʦʜʘ ʠ 

ʩʝʨʳ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʮʠʢʣʦʚ.  

ɻʣʦʙʘʣʴʥʳʡ ʧʨʠʨʦʜʥʳʡ ʨʝʜʦʢʩ-ʮʠʢʣ ʙʠʦ-

ʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ. ʆʧʨʝʜʝʣʝʥʠʝ. 

ʀʟʫʯʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʨʠ-

ʨʦʜʥʳʡ ʮʠʢʣ ʫʛʣʝʨʦʜʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦʡ. ʆʪʚʝʪʳ ʥʘ ʦʩʪʘʶʱʠʝʩʷ ʚʦʧʨʦʩʳ ʩʣʝʜʫʝʪ ʠʩ-

ʢʘʪʴ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʝʡ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʠ ʚ ʠʟʫʯʝ-

ʥʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ 

ʧʨʠʨʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ 

ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʙʠʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ. 
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ʆʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʣʦʞʝʥʥʳʭ ʨʘʥʝʝ ʛʣʦʙʘʣʴ-

ʥʳʭ ʮʠʢʣʦʚ ʫʛʣʝʨʦʜʘ ʪʝʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʝʨʝ-

ʭʦʜʳ ʫʛʣʝʨʦʜʘ ʠʟ ʦʜʥʦʡ ʛʝʦʩʬʝʨʳ ʚ ʜʨʫʛʫʶ, ʚ ʙʠʦ-

ʩʬʝʨʫ ʠ ʦʙʨʘʪʥʦ ʥʝ ʧʨʦʩʪʦ ʢʘʢ ʧʨʝʚʨʘʱʝʥʠʷ ʫʛʣʝ-

ʨʦʜʘ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ, ʘ ʢʘʢ ʧʝʨʝʭʦʜ 

ʫʛʣʝʨʦʜʘ ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥ-

ʥʦʝ ʠ ʦʙʨʘʪʥʦ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʮʠʢʣ ʫʛʣʝʨʦʜʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʟʘʤʢʥʫʪʘʷ ʧʝʪʣʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʜʚʫʭ ʚʝʪʚʝʡ ï ʦʢʠʩʣʝʥʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

(ʨʠʩ.1). ʆʢʠʩʣʝʥʥʘʷ ʚʝʪʚʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʛʣʝʢʠʩ-

ʣʦʪʥʦʡ, ʙʠʢʘʨʙʦʥʘʪʥʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦʡ ʬʦʨʤʘʤʠ, 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʛʠʜʨʦʩʬʝʨʝ, ʠ ʢʘʨ-

ʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ. ɺʦʩʩʪʘʥʦʚʣʝʥ-

ʥʘʷ ʚʝʪʚʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤʠ ʬʦʨ-

ʤʘʤʠ ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʧʨʠ ʬʦʪʦʩʠʥʪʝʟʝ ʠ 

ʫʯʘʩʪʚʫʶʱʠʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʝʦʙ-

ʨʘʟʦʚʘʥʠʷ ʝʛʦ ʧʨʦʜʫʢʪʦʚ. ʇʦʜ ʧʨʦʜʫʢʪʘʤʠ ʬʦʪʦ-

ʩʠʥʪʝʟʘ, ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ, ʧʦʥʠʤʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʙʠʦʤʘʩʩʘ ʩʘʤʠʭ ʬʦʪʦʩʠʥʪʝʪʠʢʦʚ, ʥʦ ʠ ʙʠʦʤʘʩʩʘ ʛʝ-

ʪʝʨʦʪʨʦʬʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʪʨʦʬʠʯʝʩʢʠʭ ʮʝʧʷʭ - 

ʚʩʝ, ʯʪʦ ɺ.ʀ.ɺʝʨʥʘʜʩʢʠʡ (1926) ʦʧʨʝʜʝʣʷʣ ʧʦʥʷ-

ʪʠʝʤ çʞʠʚʦʝ ʚʝʱʝʩʪʚʦè, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ ʝʛʦ ʧʦ-

ʩʤʝʨʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ. 

 
ʈʠʩ.1 ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʚ ʧʨʠʨʦʜʝ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 

ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʚʝʪʚʝʡ. 

 

ʕʪʘ ʧʝʪʣʷ ʠʤʝʝʪ ʜʚʝ ʫʩʣʦʚʥʳʭ ʪʦʯʢʠ (ʨʠʩ.1). 

ʇʝʨʚʘʷ - ʵʪʦ ʬʦʪʦʩʠʥʪʝʟ. ɺ ʥʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝ-

ʨʝʭʦʜ ʫʛʣʝʨʦʜʘ ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʥʦʝ. ɺʪʦʨʘʷ ʪʦʯʢʘ, ʦʪʚʝʯʘʝʪ ʤʥʦʛʦʦʙʨʘʟʥʳʤ 

ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʚʢʣʶʯʘʷ ʧʨʦʮʝʩʩʳ ʜʳ-

ʭʘʥʠʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʭʠʤʠʯʝ-

ʩʢʠʝ ʠ ʤʠʢʨʦʙʠʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʦʢʠʩʣʝʥʠʷ ʚ ʟʝʤ-

ʥʦʡ ʢʦʨʝ. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʜʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʦʪ-

ʚʦʜʠʪʩʷ ʧʨʦʮʝʩʩʘʤ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʨʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʚ 

ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ (ʚ ʟʦʥʝ ʠʭ ʩʪʦʣʢ-

ʥʦʚʝʥʠʷ). ɺ ʵʪʦʡ ʪʦʯʢʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʨʘʪʥʳʡ 

ʧʝʨʝʭʦʜ ʫʛʣʝʨʦʜʘ ʠʟ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʦʢʠʩʣʝʥʥʦʝ. ʅʘ ʨʠʩ.2 ʫʩʣʦʚʥʦ ʠʟʦʙʨʘʞʝʥʳ ʛʝʦ-

ʩʬʝʨʳ, ʚ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʮʠʢʣ ʫʛʣʝʨʦʜʘ.  
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ʈʠʩ.2. ʆʙʣʘʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʚʢʣʶʯʘʝʪ ʘʪʤʦʩʬʝʨʫ, ʛʠʜʨʦʩʬʝʨʫ, 

ʙʠʦʩʬʝʨʫ ʠ ɿʝʤʥʫʶ ʢʦʨʫ. ʋʩʣʦʚʥʦ ʚʳʜʝʣʝʥʘ ʟʦʥʘ ʩʫʙʜʫʢʮʠʠ (ʟʦʥʘ ʩʪʦʣʢʥʦʚʝʥʠʷ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ), ʛʜʝ 

ʧʨʦʪʝʢʘʶʪ ʨʝʘʢʮʠʷ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʠ ʜʝʩʪʨʫʢʮʠʷ ʢʘʨʙʦʥʘʪʦʚ. 

 

ɽʱʝ ʚ 1926 ʛʦʜʫ ʘʢʘʜ. ɺ.ʀ.ɺʝʨʥʘʜʩʢʠʡ ʚʳʩʢʘ-

ʟʘʣ ʤʳʩʣʴ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚ ɿʝʤʥʦʡ ʢʦʨʝ. ʄʳ ʨʘʟʚʠʣʠ ʵʪʫ 

ʤʳʩʣʴ, ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʚ ʝʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʌʦʪʦʩʠʥʪʝʟ ʥʘ ɿʝʤʣʝ ʨʘʟʚʠʚʘʣʩʷ ʚʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʠ ʩ ʜʚʠʞʝʥʠʝʤ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ.  

ʆ ʜʚʫʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʮʝʧʮʠʷʭ, ʩʦʩʪʘʚ-

ʣʷʶʱʠʭ ʦʩʥʦʚʫ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ.  

ʏʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʩʚʷʟʘʥʳ ʬʦʪʦʩʠʥʪʝʟ ʩ ʜʚʠ-

ʞʝʥʠʝʤ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʚ ʨʘʤʢʘʭ ʛʣʦʙʘʣʴʥʦʛʦ 

ʨʝʜʦʢʩ-ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ, ʨʘʩʩʤʦʪʨʠʤ ʜʚʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʢʦʥʮʝʧʮʠʠ ï ʢʦʥʮʝʧʮʠʶ ʧʣʠʪʦʪʝʢʪʦʥʠʢʠ ʠ 

ʢʦʥʮʝʧʮʠʶ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. 

ʉʦʛʣʘʩʥʦ ʧʝʨʚʦʡ (Wegener, 1915; ʄʦʥʠʥ,1977; 

ʌʣʠʥʪ, 1973 ʠ ʜʨ.), ʟʝʤʥʘʷ ʢʦʨʘ ʧʦʢʨʳʪʘ ʣʠʪʦʩʬʝʨ-

ʥʳʤʠ ʧʣʠʪʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʧʦʩʪʦʷʥʥʦʤ ʜʚʠ-

ʞʝʥʠʠ, ʥʘʧʦʤʠʥʘʶʱʝʤ ʜʚʠʞʝʥʠʝ ʵʩʢʘʣʘʪʦʨʘ. ɺ ʦʜ-

ʥʦʤ ʤʝʩʪʝ ɿʝʤʥʦʡ ʢʦʨʳ (ʚ ʟʦʥʝ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝ-

ʩʢʦʛʦ ʭʨʝʙʪʘ) ʪʘʤ, ʛʜʝ ʢʦʨʘ ʥʘʠʙʦʣʝʝ ʪʦʥʢʘ, ʤʘʛʤʘ 

ʧʨʦʨʳʚʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʉʦʧʨʠʢʘʩʘʷʩʴ ʩ ʦʢʝʘ-

ʥʠʯʝʩʢʦʡ ʚʦʜʦʡ, ʦʥʘ ʟʘʩʪʳʚʘʝʪ, ʦʙʨʘʟʫʷ ʥʦʚʫʶ 

ʧʣʠʪʫ, ʢʦʪʦʨʘʷ ʪʦʣʢʘʝʪ ʦʩʪʘʣʴʥʳʝ ʧʣʠʪʳ, ʟʘʩʪʘʚʣʷʷ 

ʠʭ ʜʚʠʛʘʪʴʩʷ. ɺ ʜʨʫʛʦʤ ʤʝʩʪʝ (ʚ ʟʦʥʝ ɹʝʥʴʦʬʘ ï ɿʘ-

ʚʘʨʠʮʢʦʛʦ) ʧʣʠʪʳ, ʜʚʠʛʘʷʩʴ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ, 

ʩʪʘʣʢʠʚʘʶʪʩʷ. ʆʜʥʘ, ʠʟʛʠʙʘʷʩʴ, ʫʭʦʜʠʪ ʚʥʠʟ ʠ ʧʦ-

ʛʣʦʱʘʝʪʩʷ ʤʘʛʤʦʡ. ɼʨʫʛʘʷ ʚʦʟʜʳʤʘʝʪʩʷ. ɺ ʟʦʥʝ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʣʠʪ ʚʦʟʥʠʢʘʶʪ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ ʧʨʦ-

ʪʝʢʘʥʠʝ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ 

(MacKenzie, Pigott, 1987).  

ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʡ ʢʦʥʮʝʧʮʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʈʫʪʪʝʥʦʤ (1978), ʠʩʪʦʨʠʷ ɿʝʤʣʠ ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʥʷ-

ʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ʀʟʫʯʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʩʘ-

ʜʦʯʥʳʭ ʪʦʣʱ, ʦʥ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʧʣʠʪ ɿʝʤʥʦʡ ʢʦʨʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʙʳʣʘ ʥʝʦʜʠʥʘʢʦʚʦʡ. ɹʳʣʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʧʝʨʠʦʜʳ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʠʚʰʠʝ 

ʥʘʟʚʘʥʠʝ ʦʨʦʛʝʥʥʳʭ ʧʝʨʠʦʜʦʚ, ʠ ʧʦʩʣʝʜʫʶʱʠʝ ʜʣʠ-

ʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʩʧʦʢʦʡʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʦʨʳ, 

ʥʘʟʚʘʥʥʳʝ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʤʠ. ʉʦʚʤʝʩʪʥʦ ʦʨʦʛʝʥ-

ʥʳʡ ʠ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʡ ʧʝʨʠʦʜʳ ʦʙʨʘʟʫʶʪ ʦʨʦʛʝ-

ʥʠʯʝʩʢʠʡ ʮʠʢʣ. ʈʫʪʪʝʥ ʥʘʟʚʘʣ ʵʪʦʪ ʬʝʥʦʤʝʥ çʧʫʣʴ-

ʩʦʤ ɿʝʤʣʠè. ʆʨʦʛʝʥʥʳʝ ʧʝʨʠʦʜʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘ-

ʣʠʩʴ ʠʥʪʝʥʩʠʚʥʳʤ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʚʫʣʢʘʥʠʟʤʦʤ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠ ʝʛʦ ʵʢʩʛʘʣʷʮʠ-

ʷʤʠ, ʧʦʩʪʫʧʣʝʥʠʝʤ ʥʘ ɿʝʤʣʶ ʙʦʣʴʰʠʭ ʤʘʩʩ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ ʠ ʛʘʟʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʉʆ2. ɺ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʨʘʟʚʠʪʠʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʟʘʤʝʜʣʷʣʘʩʴ, ʫʩʠʣʠʚʘ-

ʣʠʩʴ ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʨʦʠʩ-

ʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʦʩʘʜʢʦʚ. 

ʄʝʭʘʥʠʟʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʜʦʢʩ-

ʮʠʢʣʘ ʙʠʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʆʪ ʢʦʥʮʝʧʮʠʠ ʧʣʠʪʦʪʝʢʪʦʥʠʢʠ ʙʳʣʘ ʚʟʷʪʘ ʠʜʝʷ 

ʦ ʜʚʠʞʝʥʠʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʘ ʦʪ ʛʠʧʦʪʝʟʳ ʈʫʪ-

ʪʝʥʘ (1978) ʠʜʝʷ ʦʙ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʘʭ. ʇʨʠ 

ʵʪʦʤ ʷ ʧʨʠʥʷʣ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʧʣʠʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. 

ɺ ʦʨʦʛʝʥʥʳʝ ʧʝʨʠʦʜʳ ʧʣʠʪʳ ʜʚʠʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚ-

ʥʝʝ, ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʯʘʱʝ, ʯʝʤ ʚ ʛʝʦ-

ʩʠʥʢʣʠʥʘʣʴʥʳʝ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ 

ʟʘʤʝʜʣʷʝʪʩʷ (ʀʚʣʝʚ, 2009; Ivlev, 2013). ʉ ʪʦʯʢʠ ʟʨʝ-

ʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ, ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝ-

ʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʫʯʘʩʪʠʝʤ ʢʦʥʪʠ-

ʥʝʥʪʘʣʴʥʳʭ ʧʣʠʪ, ʥʝʩʫʱʠʭ ʥʘ ʩʝʙʝ ʦʩʘʜʦʯʥʳʝ ʧʦ-

ʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ ʫʛʣʝʨʦʜ ʚ ʚʠʜʝ ʢʘʨʙʦʥʘʪʦʚ ʠ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺ ʟʦʥʘʭ ʩʫʙʜʫʢʮʠʠ, ʧʨʦ-

ʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ʇʨʠ ʵʪʦʤ 
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ʢʘʨʙʦʥʘʪʳ ʨʘʟʣʘʛʘʶʪʩʷ, ʦʙʨʘʟʫʷ ʉʆ2, ʘ ʦʨʛʘʥʠʯʝ-

ʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʨʝʘʛʠʨʫʷ ʩ ʩʫʣʴʬʘʪʘʤʠ ʧʦʨʦʜ, ʦʢʠʩ-

ʣʝ̫ʪʩʷ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʠʭ ʜʦ ʩʫʣʴʬʠʜʥʳʭ ʬʦʨʤ. 

ʀʩʪʦʯʥʠʢʦʤ ʩʫʣʴʬʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʢʝʘʥʠʯʝʩʢʘʷ 

ʚʦʜʘ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʵʪʦʤ ʉʆ2 ʚʤʝʩʪʝ ʩ ʩʫʣʴ-

ʬʠʜʘʤʠ ʚʳʥʦʩʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ.  

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʝ 

ʦʨʛʘʥʠʟʤʳ, ʧʦʛʣʦʱʘʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ ʉʆ2 ʠ ʚʦʜʫ, ʧʝʨʝʚʦʜʷʪ ʦʢʠʩʣʝʥʥʫʶ ʬʦʨʤʫ ʫʛ-

ʣʝʨʦʜʘ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʫʶ, ʦʙʨʘʟʫʷ çʞʠʚʦʝè ʚʝʱʝ-

ʩʪʚʦ. ʇʦʩʣʝ ʝʛʦ ʦʪʤʠʨʘʥʠʷ ʚ ʦʩʘʜʢʝ ʚʦʟʥʠʢʘʶʪ ʨʘʟ-

ʣʠʯʥʳʝ ʬʦʨʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ.  

ʋʞʝ ʚ ʞʠʚʦʤ ʚʝʱʝʩʪʚʝ ʚ ʧʨʦʮʝʩʩʘʭ ʜʳʭʘʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ. 

ʆʥʦ ʧʨʦʜʦʣʞʘʶʪʩʷ ʚ ʧʦʨʦʜʘʭ ʚʠʜʝ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘ-

ʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘʭ. ɼʦʤʠʥʠʨʫʶʱʠʡ ʚʢʣʘʜ ʚ 

ʦʢʠʩʣʝʥʠʝ ʜʘʝʪ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʷ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ. 

ʇʦʩʣʝʜʥʠʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʝʡ 

ʚʩʝʡ ʮʝʧʦʯʢʠ ʦʢʠʩʣʝʥʠʷ. ʎʠʢʣ ʟʘʤʳʢʘʝʪʩʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷ-

ʱʠʝ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʟʦʥʫ ʩʫʙ-

ʜʫʢʮʠʠ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʨʫʰʝ-

ʥʠʶ. ʂʘʨʙʦʥʘʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘ-

ʪʫʨ ʨʘʟʨʫʰʘʶʪʩʷ ʠʣʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʩʠʣʠʢʘʪʳ ʩ 

ʚʳʜʝʣʝʥʠʝʤ ʉʆ2 ʠ ʧʦʜʥʠʤʘʶʪʩʷ ʥʘʚʝʨʭ. ʇʨʦʠʩʭʦ-

ʜʷʪ ʨʝʘʢʮʠʠ:  

ʄʝʉʆ3 + SiO2ĄʄʝSiʆ3 + ʉʆ2 (1) 

ʄʝʉʆ3 Ąʄʝʆ + ʉʆ2 

ʂʘʢ ʚʠʜʥʦ, ʚ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-

ʤʝʥʝʥʠʷ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʷ ʫʛʣʝʨʦʜʘ. ʇʝʨʝʥʦʩ ʉʆ2 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʩʪʦ ʢʘʢ ʥʝʢʠʡ ʧʦʩʪʦʷʥ-

ʥʳʡ ʠʥʢʨʝʤʝʥʪ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ. ɻʣʘʚʥʳʡ ʠʥʪʝ-

ʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʝʘʢʮʠʷ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ, ʢʦʪʦ-

ʨʘʷ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʪʠʧʘ: 

Sʆ4
= + 2ʉʅ2ʆ ė 2CO2 + 2ʅ2ʆ + S= (2) 

ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʧʨʦʜʫʢʪʘʤʠ 

ʨʝʘʢʮʠʠ ʚʳʥʦʩʠʪʩʷ ʠʟ ʟʦʥʳ ʩʫʙʜʫʢʮʠʠ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ. ɿʘ ʩʯʝʪ ʨʝʘʢʮʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʤʝʥʘ, ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, 

ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʠ 

ʛʠʜʨʦʩʬʝʨʝ, ʩʦʩʪʘʚʣʷʷ ʝʜʠʥʫʶ ʫʛʣʝʢʠʩʣʦʪʥʦ-

ʙʠʢʘʨʙʦʥʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʫʶ ʩʠʩʪʝʤʫ: 

ʉʆ2(ʛʘʟ) Ú ʉʆ2(ʨʘʩʪʚʦʨ) Ú ʅ2ʉʆ3Ú ʅʉʆ3-

Ú ʉʆ3= (3) 

ʕʪʘ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʙʣʠʟʢʦʤ ʢ 

ʨʘʚʥʦʚʝʩʠʶ, ʧʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙ-

ʤʝʥʘ ʥʝʩʦʧʦʩʪʘʚʠʤʦ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʝʡ ʛʝʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʦ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠʷ ʚ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʫʛʣʝ-

ʨʦʜʘ ʉʆ2 ʘʪʤʦʩʬʝʨʳ (d13ʉ º -7ă) ʠ ʢʘʨʙʦʥʘʪʥʳʭ 

ʬʦʨʤ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ (d13ʉ º 0ă), ʚ 

ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ 5-7ă (Wendt, 1968; ɼʝʛʝʥʩ, 

1974) ʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ (ʨʘʚ-

ʥʦʚʝʩʥʳʤʠ) ʟʥʘʯʝʥʠʷʤʠ ʠʟʦʪʦʧʥʳʭ ʵʬʬʝʢʪʦʚ 

Ŭ(ʉʆ2/ʉʆ3
=) ʠ Ŭ(ʉʆ2/ʅʉʆ3

-), ʢʦʪʦʨʳʝ ʜʣʷ ʦʙʳʯʥʳʭ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʪʝʤʧʝʨʘʪʫʨ (0 ï 300ʉ) ʩʦʩʪʘʚ-

ʣʷʶʪ 1.005 ï 1.008 (Thode, 1965; Deuser, Degens, 

1967; Abelson, Hoering, 1960). 

ɺ ʫʩʣʦʚʠʷʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠ-

ʢʣʦʚ ʠ ʩ ʫʯʝʪʦʤ ʨʘʚʥʦʚʝʩʠʷ ʚ ʩʠʩʪʝʤʝ çʘʪʤʦʩʬʝʨʘ-

ʛʠʜʨʦʩʬʝʨʘè ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʥʝʡ ʉʆ2 ʠ ʜʨʫʛʠʭ ʦʢʠʩʣʝʥʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ ʛʨʘ-

ʬʠʯʝʩʢʠ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʚ ʚʠʜʝ ʢʨʠʚʦʡ ʥʘ ʨʠʩ.3.  

ɺ ʦʨʦʛʝʥʥʳʝ ʧʝʨʠʦʜʳ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩ.3 

ʟʘʣʠʪʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʆ2 ʚ ʩʠ-

ʩʪʝʤʝ çʘʪʤʦʩʬʝʨʘ - ʛʠʜʨʦʩʬʝʨʘè ʜʦʣʞʥʘ ʚʦʟʨʘʩ-

ʪʘʪʴ, ʪʘʢ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʯʘʩʪʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ 

ʧʣʠʪ ʙʦʣʴʰʝ ʩʫʙʩʪʨʘʪʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʦʩʘʜʦʯ-

ʥʳʭ ʧʦʨʦʜʘʭ, ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʩʫʣʴʬʘʪʨʝʜʫʢ-

ʮʠʠ, ʠ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʠʥʪʝʥʩʠʚʥʝʝ. 



20 The scientific heritage No 6 (6),2016 

 
ʈʠʩ.3. ʉʭʝʤʘ ʚʝʨʦʷʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ CO2 ʠ O2 ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʚ ʭʦʜʝ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ɿʘʣʠʪʳʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ 

ʦʨʦʛʝʥʥʳʝ ʧʝʨʠʦʜʳ. ʀʟʤʝʥʝʥʠʷ ʉʆ2 ʠ ʆ2 ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʧʨʦʪʠʚʦʬʘʟʝ, ʠʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ2 ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʢʝ ʧʨʦʠʩʭʦʜʷʪ ʩʠʥʬʘʟʥʦ. 

 

ɺ ʧʦʩʣʝʜʫʶʱʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʣʠʪʝʣʴʥʳʡ 

ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʡ ʧʝʨʠʦʜ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʆ2 ʚ ʩʠ-

ʩʪʝʤʝ ʥʘʯʠʥʘʝʪ ʧʘʜʘʪʴ, ʧʦʩʢʦʣʴʢʫ ʜʦʤʠʥʠʨʫʶ-

ʱʠʤʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʬʦʪʦʩʠʥ-

ʪʝʟʘ ʠ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʇʨʠʯʝʤ ʠʟ ʜʚʫʭ ʥʘʟʚʘʥʥʳʭ 

ʬʦʪʦʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ, ʪʘʢ ʢʘʢ ʠʟʦ-

ʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʦʩʘʜʦʯʥʳʭ ʢʘʨʙʦʥʘʪʦʚ, ʢʦ-

ʪʦʨʳʡ ʦʪʨʘʞʘʝʪ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʝʤʫ ʉʆ2, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʪʦʩʠʥ-

ʪʝʟʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʦʣʴʢʦ ʬʦʪʦʩʠʥʪʝʟ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʟʘʤʝʪʥʳʤ ʠʟʦʪʦʧʥʳʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ, ʪʦʛʜʘ ʢʘʢ ʚʳʚʝʪʨʠʚʘʥʠʝ 

ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʟʘʤʝʪʥʳʤ ʠʟʦʪʦʧʥʳʤ ʵʬʬʝʢʪʦʤ ʥʝ 

ʦʙʣʘʜʘʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʡ ʧʝ-

ʨʠʦʜ ʩʢʦʨʦʩʪʴ ʧʦʪʨʝʙʣʝʥʠʷ ʉʆ2 ʧʨʠ ʬʦʪʦʩʠʥʪʝʟʝ 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʉʆ2 ʠʟ ʟʦʥ ʩʫʙ-

ʜʫʢʮʠʠ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʉʆ2, ʫʩʢʦʨʷʶʱʠʝ ʬʦʪʦʩʠʥʪʝʟ, ʦʩʦʙʝʥʥʦ ʚ 

ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʚ ʩʠʩʪʝʤʝ çʘʪʤʦʩʬʝʨʘ - ʛʠʜʨʦʩʬʝʨʘè ʧʨʦ-

ʠʩʭʦʜʠʪ ʠʩʯʝʨʧʳʚʘʥʠʝ ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ ʫʛʣʝ-

ʨʦʜʘ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʛʝʦʩʠʥʢʣʠ-

ʥʘʣʴʥʳʡ ʧʝʨʠʦʜ ʤʳ ʠʟʦʙʨʘʟʠʣʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʢʨʠʚʦʡ, ʢʘʢ ʚ ʧʨʦʩʪʝʡʰʝʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʝʨ-

ʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʬʦʪʦʩʠʥʪʝʟʝ, ʥʘʨʷʜʫ ʩ ʧʦʛʣʦ-

ʱʝʥʠʝʤ ʉʆ2, ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʚ ʩʪʝ-

ʭʠʦʤʝʪʨʠʯʝʩʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʦʙʨʘʟʫʶʪʩʷ ʢʠʩ-

ʣʦʨʦʜ ʠ çʞʠʚʦʝè ʚʝʱʝʩʪʚʦ, ʠʭ ʠʟʤʝʥʝʥʠʷ ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʠ ʚ ɿʝʤʣʝ ʢʦʨʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʪʫ ʞʝ ʘʥʘʣʦʛʠʶ ʩ 

ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ, ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʨʦʪʠʚʦʬʘʟ-

ʥʫʶ ʉʆ2 ʜʠʥʘʤʠʢʫ, ʪ.ʝ. ʩʦʦʪʥʦʩʠʪʩʷ ʢʘʢ ʩʫʙʩʪʨʘʪ ʠ 

ʧʨʦʜʫʢʪ, ʩʚʷʟʘʥʥʳʝ ʨʝʮʠʧʨʦʢʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

(ʨʠʩ.3). ʇʨʠ ʵʪʦʤ ʟʘʤʝʪʠʤ, ʯʪʦ ʥʝʠʟʤʝʨʠʤʦ ʤʝʥʴ-

ʰʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʦʨʛʘʥʠʟʤʦʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʨʝ-

ʤʝʥʝʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨ-

ʞʜʘʪʴ, ʯʪʦ ʢʦʣʝʙʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ çʞʠʚʦʛʦè ʚʝʱʝ-

ʩʪʚʘ ʥʘ ɿʝʤʣʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʤʫ ʢʦʣʠʯʝʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʢʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚ-

ʧʘʜʘʶʪ. ʇʦʵʪʦʤʫ ʢʨʠʚʘʷ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʠʥ-

ʪʝʟʘ çʞʠʚʦʛʦè ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʠʟʦʙʨʘʞʝʥʠʷ ʜʠʥʘʤʠʢʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʨʦʜʘʭ. 

ɺ ʦʨʦʛʝʥʥʳʝ ʧʝʨʠʦʜʳ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ 

ʧʘʜʘʝʪ, ʧʦʩʢʦʣʴʢʫ ʢʠʩʣʦʨʦʜ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʦʢʠʩʣʝ-

ʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ, 

ʤʝʪʘʥʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʩʝʨʳ (ʅ2S, ʩʫʣʴ-

ʬʠʜʦʚ), ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʟʦʥ ʩʫʙʜʫʢʮʠʠ. ɺ ʛʝʦʩʠʥ-

ʢʣʠʥʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʢʠʩʣʦʨʦʜ ʚ ʘʪʤʦʩʬʝʨʝ ʧʦʩʪʝ-

ʧʝʥʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʬʦʪʦʩʠʥʪʝʟʘ. ʅʘʢʦʧʣʝ-

ʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʬʘʟʥʦ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʆ2 ʚ ʘʪ-

ʤʦʩʬʝʨʝ. ʂ ʢʦʥʮʫ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩʦ-

ʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
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ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠ-

ʤʫʤʘ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʉʆ2 ʠ ʆ2 

ʚ ʭʦʜʝ ʦʨʦʛʝʥʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʠʭ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ ʤʝʥʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʦʙʨʘʟʦʤ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʉʆ2 ʧʦʩʪʦʷʥʥʦ ʧʘʜʘʝʪ, ʘ ʢʠʩʣʦʨʦʜʘ - 

ʨʘʩʪʝʪ. ʉʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʨʘʩʪʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʆ2. ʕʪʦʪ ʨʦʩʪ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʙʠʦʩʬʝʨʥʳʡ ʨʝʜʦʢʩ-ʮʠʢʣ ʥʝ ʜʦʩʪʠʛʥʝʪ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ.  

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʪʦʯʢʘ ʢʦʤʧʝʥʩʘʮʠʠ ï ʵʪʦ ʪʘʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʮʠʢʣʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦ-

ʚʘʚʰʝʛʦʩʷ ʧʨʠ ʬʦʪʦʩʠʥʪʝʟʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʫʛʣʝ-

ʨʦʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʫ ʫʛʣʝʨʦʜʘ, ʧʝ-

ʨʝʰʝʜʰʝʛʦ ʚ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ. ɼʦʩʪʠʞʝʥʠʝ ʵʢʦ-

ʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʫ ʬʦʪʦʩʠʥʪʝ-

ʟʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ ʤʝʭʘʥʠʟʤʘ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʬʦʪʦʩʠʥʪʝʟ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʝ-

ʮʠʧʨʦʢʥʳʭ ʧʨʦʮʝʩʩʦʚ ï ʘʩʩʠʤʠʣʷʮʠʠ ʉʆ2 ʠ ʬʦʪʦ-

ʜʳʭʘʥʠʷ, ʚʦʟʥʠʢʰʠʭ ʚ ʭʦʜʝ ʵʚʦʣʶʮʠʠ (ʕʜʚʘʨʜʩ, 

ʋʦʢʝʨ, 1986). ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʨʝʛʫʣʷʮʠʠ ʬʦʪʦʩʠʥ-

ʪʝʟʘ ʚ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʩʨʝʜʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʡ ʉʆ2 ʠ ʆ2. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʫʩʠ-

ʣʠʚʘʝʪ ʘʩʩʠʤʠʣʷʮʠʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʠʟʤʦʚ, 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ2 ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ 

ʬʦʪʦʜʳʭʘʥʠʷ (Andre, 2011 a,b). ɼʣʷ ʠʥʜʠʚʠʜʫʘʣʴ-

ʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʛʦ ʦʨʛʘʥʠʟʤʘ ʪʦʯʢʦʡ ʢʦʤ-

ʧʝʥʩʘʮʠʠ ʥʘʟʳʚʘʝʪʩʷ ʪʘʢʦʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʉʆ2 ʠ ʆ2 ʚ ʩʨʝʜʝ, ʚ ʢʦʪʦʨʦʤ ʬʦʪʦʘʩʩʠʤʠʣʷʮʠʷ ʩʪʘ-

ʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʬʦʪʦʜʳʭʘʥʠʶ. ɿʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʬʦʪʦʜʳʭʘʥʠʝ ʧʨʝʚʳʰʘʝʪ ʬʦʪʦʘʩʩʠʤʠʣʷ-

ʮʠʶ, ʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʦʨʛʘʥʠʟʤʦʚ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʦʧʳʪʘʭ ʧʦ ʛʘʟʦʦʙ-

ʤʝʥʫ, ʨʘʩʪʝʥʠʷ, ʧʦʤʝʱʝʥʥʳʝ ʚ ʟʘʢʨʳʪʫʶ ʢʘʤʝʨʫ, 

ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʪʥʳʤ ʩʚʷʟʷʤ ʤʝʞʜʫ CO2 ʘʩʩʠʤʠʣʷ-

ʮʠʝʡ ʠ ʬʦʪʦʜʳʭʘʥʠʝʤ ʜʝʣʘʶʪ ʩʪʘʙʠʣʴʥʳʤ ʦʪʥʦʰʝ-

ʥʠʝ CO2/O2 ʚ ʘʪʤʦʩʬʝʨʝ ʢʘʤʝʨʳ, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝ-

ʯʠʚʘʷ ʜʦʩʪʠʞʝʥʠʝ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ (Tolbert et al., 

1995; Jahrens et al., 2008).  

ʇʦʩʢʦʣʴʢʫ ʘʥʘʣʦʛʠʯʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʫʝʪ ʠ 

ʚ ʧʨʠʨʦʜʥʦʤ ʨʝʜʦʢʩ-ʮʠʢʣʝ ʫʛʣʝʨʦʜʘ, ʤʦʞʥʦ ʧʨʝʜ-

ʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʩʩʠʤʠʣʷʮʠʠ ʠ ʬʦ-

ʪʦʜʳʭʘʥʠʷ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ, ʧʨʠ-

ʚʦʜʷʱʝʡ ʨʝʜʦʢʩ-ʮʠʢʣ ʚ ʪʦʯʢʫ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤ-

ʧʝʥʩʘʮʠʠ.  

ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ɿʝʤʥʦʡ ʢʦʨʝ, ʚʭʦʜʷʱʠʝ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʚʝʪʚʴ 

ʨʝʜʦʢʩ-ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ, ʙʣʘʛʦʜʘʨʷ ʧʦʪʨʝʙʣʝʥʠʶ 

ʢʠʩʣʦʨʦʜʘ ʠ ʚʳʜʝʣʝʥʠʶ ʉʆ2 ʠʛʨʘʶʪ ʨʝʛʫʣʷʪʦʨʥʫʶ 

ʨʦʣʴ ʯʝʨʝʟ ʦʙʱʠʝ ʠʥʪʝʨʤʝʜʠʘʪʳ ʨʝʘʢʮʠʡ, ʦʧʨʝʜʝ-

ʣʷʷ ʨʝʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤ-

ʧʝʥʩʘʮʠʠ. ʂʘʢ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʧʦʣʦʞʝʥʠʝ ʵʪʦʡ ʪʦʯʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʥʦʤʫ ʧʨʝʚʨʘʱʝʥʠʶ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ ʠ ʦʙʨʘʪʥʦ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʠ ʆ2 ʚ ʩʨʝʜʝ ʚʟʘ-

ʠʤʦʩʚʷʟʘʥʳ, ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʮʠʶ ʉʆ2, 

ʪʘʢ ʠ ʯʝʨʝʟ ʢʦʥʮʝʥʪʨʘʮʠʶ ʆ2.  

ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʠ ʧʨʝʜ-

ʧʦʣʦʞʠʚ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʜʝʡʩʪʚʫʝʪ ʚ 

ʧʨʠʨʦʜʝ, ʊʦʣʙʝʨʪ ʩ ʢʦʣʣʝʛʘʤʠ (Tolbert et al., 1995) 

ʩʜʝʣʘʣʠ ʧʦʧʳʪʢʫ ʦʮʝʥʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʠ ʆ2 ʚ 

ʘʪʤʦʩʬʝʨʝ ʚ ʨʘʟʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʝʨʠʦʜʳ. ʇʨʠ-

ʥʷʚ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2, ʢʦ-

ʪʦʨʳʝ ʜʦʩʪʠʛʘʣʠʩʴ ʧʨʠ ʦʣʝʜʝʥʝʥʠʷʭ, ʘʚʪʦʨʳ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʠʭ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʠʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʆ2 ʚ ʣʝʜʥʠʢʦʚʳʝ ʧʝʨʠʦʜʳ ʚ ʧʨʦ-

ʰʣʦʤ. ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʉʆ2 0,030 ï 0,035%, 

ʙʣʠʟʢʠʭ ʢ ʩʦʚʨʝʤʝʥʥʳʤ, ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩ-

ʣʦʨʦʜʘ ʩʦʩʪʘʚʠʣʠ 27 ï 28% (Berner, 1999; Beerling, 

2002).. 

ʀʛʘʤʙʝʨʜʠʝʚ ʠ ʃʠ (Igamberdiev, Lea, 2006), ʦʪ-

ʤʝʪʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʝʪʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʣʠ-

ʷʥʠʷ ʥʘ ʮʠʢʣ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ2 ʦʢʝʘʥʘ ʠ ʧʨʦʮʝʩʩʦʚ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʥʘʟʝʤ-

ʥʳʭ ʨʘʩʪʝʥʠʡ. ʆʥʠ ʨʘʩʰʠʨʠʣʠ ʧʦʥʷʪʠʝ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ, ʚʚʝʜʷ ʚ ʥʝʛʦ ʫʩʣʦʚʠʝ 

ʫʯʝʪʘ ʟʘʪʨʘʪ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ, ʨʦʩʪ ʠ ʚʦʩʧʨʦʠʟʚʦʜ-

ʩʪʚʦ. 

ɼʘʣʴʥʝʡʰʝʝ ʫʪʦʯʥʝʥʠʝ ʧʦʥʷʪʠʷ ʩʚʷʟʘʥʦ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʝʪʘ ʨʦʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦ-

ʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ, ʧʨʦ-

ʠʩʭʦʜʷʱʝʝ ʚ ɿʝʤʥʦʡ ʢʦʨʝ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʢʠʩʣʝ-

ʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ. ʆʪ 

ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʜʦ ʜʦʩʪʠʞʝ-

ʥʠʷ ʪʦʯʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʢʦʤʧʝʥʩʘʮʠʠ ʦʙʝʩʧʝʯʠ-

ʚʘʣʩʷ ʠʟʙʳʪʦʢ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ 

ʫʛʣʝʨʦʜʘ ʥʘʜ ʢʦʣʠʯʝʩʪʚʦʤ, ʦʢʠʩʣʷʝʤʳʤ ʚ ʦʢʠʩʣʠ-

ʪʝʣʴʥʦʡ ʚʝʪʚʠ ʨʝʜʦʢʩ-ʮʠʢʣʘ. ʀʟʙʳʪʦʢ ʚʦʩʩʪʘʥʦʚ-

ʣʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʥʘʢʘʧʣʠʚʘʣʩʷ ʚ ʬʦʨʤʝ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʟʘʭʦʨʦʥʝʥʥʦʛʦ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦ-

ʜʘʭ. ɺ ʘʪʤʦʩʬʝʨʝ ʥʘʢʘʧʣʠʚʘʣʦʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ. ʆʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʉʆ2/ʆ2, ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʝʜʦʢʩ-ʮʠʢʣʝ ʠ ʦʧʠʩʘʥʥʦʤʫ ʚʳʰʝ ʤʝʭʘʥʠʟʤʫ, ʩʘʤʦ-

ʧʨʦʠʟʚʦʣʴʥʦ ʩʪʨʝʤʷʪʩʷ ʢ ʩʪʘʮʠʦʥʘʨʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʝ ʢʦʤʧʝʥʩʘʮʠʠ. 

ɺʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʬʦʪʦʜʳʭʘʥʠʷ ʙʣʘʛʦʜʘʨʷ 

ʨʦʩʪʫ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ, ʧʨʦʠʩʭʦ-

ʜʷʱʝʝ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ, ʩʥʠʞʘʝʪ ʘʙʩʦʣʶʪʥʳʡ ʧʨʠ-

ʨʦʩʪ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʦʢʘ, 

ʥʘʢʦʥʝʮ, ʦʥ ʥʝ ʩʦʡʜʝʪ ʥʘ ʥʝʪ ʚ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʝ 

ʢʦʤʧʝʥʩʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ 

ʘʪʤʦʩʬʝʨʝ ʥʘʯʠʥʘʝʪ ʦʩʮʠʣʣʠʨʦʚʘʪʴ ʦʢʦʣʦ ʥʝʢʦʪʦ-

ʨʦʛʦ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢ-

ʥʫʪʴ, ʯʪʦ ʦʨʦʛʝʥʠʯʝʩʢʠʝ ʮʠʢʣʳ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʧʦ-

ʩʣʝ ʥʘʯʘʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʨʝʜʦʢʩ-

ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ, ʷʚʣʷʶʪʩʷ ʜʣʠʥʥʦʧʝʨʠʦʜʠʯʝʩʢʠʤʠ. 

ʀʭ ʚʨʝʤʝʥʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ, ʧʦ ʦʮʝʥʢʘʤ ʈʫʪʪʝʥʘ 

(1978), ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʠʟʫʯʝʥʠʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʦʩʘ-

ʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʦʩʪʘʚʣʷʣʘ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ 

ʣʝʪ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʦʨʦʛʝʥʥʳʭ ʧʝʨʠʦʜʦʚ 

ʮʠʢʣʦʚ ʠʩʯʠʩʣʷʣʘʩʴ ʜʝʩʷʪʢʘʤʠ ʤʠʣʣʠʦʥʦʚ ʣʝʪ, ʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʮʠʢʣʦʚ 

ʩʦʩʪʘʚʣʷʣʘ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʣʝʪ. ʇʦ ʚʨʝʤʝʥʥʦʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʦʨʦʛʝʥʠʯʝʩʢʠʝ ʮʠʢʣʳ ʩʭʦʜʥʳ ʩ ʩʫ-

ʧʝʨʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʮʠʢʣʘʤʠ ɺʠʣʴʩʦʥʘ (Murphy, 

Nance,1992; Gurnis, 1988;). ʕʪʦ ʩʭʦʜʩʪʚʦ ʧʦʜʯʝʨ-
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ʢʠʚʘʝʪʩʷ ʝʱʝ ʠ ʪʝʤ, ʯʪʦ ʠ ʪʝ, ʠ ʜʨʫʛʠʝ, ʢʘʢ ʧʦʣʘ-

ʛʘʶʪ ʘʚʪʦʨʳ (Parsons, Scaqlter, 1977; Harland et al., 

1989; Zhao et al., 2002), ʚʳʟʚʘʥʳ ʢʦʥʚʝʢʮʠʝʡ ʤʘʛʤʳ 

ʚ ʘʩʪʝʥʦʩʬʝʨʝ ʧʦʜ ʚʣʠʷʥʠʝʤ ʥʝʙʝʩʥʳʭ ʪʝʣ ʧʨʠ ʜʚʠ-

ʞʝʥʠʠ ɿʝʤʣʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʦʨʦʞʜʘʝʪ ʜʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ. ʆʜʥʘʢʦ 

ʧʦʩʣʝʜʥʝʝ ʫʪʚʝʨʞʜʝʥʠʝ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚ. 

ɽʱʝ ʦʜʥʘ ʦʩʦʙʝʥʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʣʦ-

ʙʘʣʴʥʦʛʦ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ ʥʘ ʵʪʦʤ ʵʪʘʧʝ ʩʚʷ-

ʟʘʥʘ ʩ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʠʟʦʪʦʧʦʚ ʫʛʣʝʨʦʜʘ ʧʨʠ 

ʬʦʪʦʩʠʥʪʝʟʝ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʦʙʘ ʧʨʦʮʝʩʩʘ ʬʦʪʦ-

ʩʠʥʪʝʟʘ ï ʘʩʩʠʤʠʣʷʮʠʷ ʉʆ2 ʠ ʬʦʪʦʜʳʭʘʥʠʝ, ï ʩʦ-

ʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʦʪʦʧʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʛʦ ʟʥʘʢʘ (ʀʚʣʝʚ, 1993, 2008; Igamberdiev et 

al., 2001; Ivlev, 2001, 2012). ɸʩʩʠʤʠʣʷʮʠʷ ʉʆ2 ʧʨʠ-

ʚʦʜʠʪ ʢ ʦʙʦʛʘʱʝʥʠʶ ʫʛʣʝʨʦʜʘ ʙʠʦʤʘʩʩʳ ʣʝʛʢʠʤ 

ʠʟʦʪʦʧʦʤ 12ʉ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʆ2 ʩʨʝʜʳ. ʌʦʪʦʜʳʭʘ-

ʥʠʝ, ʥʘʧʨʦʪʠʚ, ʩʥʠʞʘʝʪ ʵʪʦ ʦʙʦʛʘʱʝʥʠʝ (ʦʙʦʛʘʱʘʝʪ 

ʙʠʦʤʘʩʩʫ ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ 13ʉ). ʋʚʝʣʠʯʝʥʠʝ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʝ ʫʩʠʣʠʚʘʝʪ ʘʩʩʠʤʠʣʷʮʠ-

ʦʥʥʫʶ ʬʫʥʢʮʠʶ ʦʨʛʘʥʠʟʤʘ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʆ2 ʫʩʠʣʠʚʘʝʪ ʬʦʪʦʜʳʭʘʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ 

(ɸndre, 2011a,b). ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠ-

ʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʨʦʩʣʘ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ ʠ, ʧʨʠʥʠ-

ʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʝʮʠʧʨʦʢʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʘʩʩʠʤʠʣʷʮʠʠ ʉʆ2 ʠ ʬʦʪʦʜʳʭʘʥʠʷ, ʤʦʞʥʦ ʫʪʚʝʨ-

ʞʜʘʪʴ, ʯʪʦ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ, ʥʘʩʣʝʜʫʝʤʳʡ ʦʪ çʞʠʚʦʛʦè 

ʚʝʱʝʩʪʚʘ, ʜʦʣʞʝʥ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ ʦʙʦʛʘʱʘʪʴʩʷ 

çʪʷʞʝʣʳʤè ʠʟʦʪʦʧʦʤ. ʅʘ ʨʠʩ.4 ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʫʤʝʥʴʰʝʥʠʠ ʨʘʟʥʠʮʳ ʚ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʫʛʣʝ-

ʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʢʘʨʙʦʥʘʪʦʚ (ʧʘʨʘ-

ʤʝʪʨ e). ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʫʢʘʟʘʥʥʦʡ ʧʘʨʝ ʠʟʦʪʦʧʥʳʡ 

ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʘʪʦʚ ʩ ʬʦʪʦʜʳʭʘʥʠʝʤ ʥʝ 

ʩʚʷʟʘʥ, ʘ ʧʦʪʦʤʫ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦ-

ʨʦʜʘ.  

ʉʣʝʜʫʷ ʧʨʠʥʮʠʧʫ ʘʢʪʫʘʣʠʟʤʘ, ʩʦʛʣʘʩʥʦ ʢʦʪʦ-

ʨʦʤʫ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʣʝʪʢʘʭ ʧʨʦʪʦʙʠʦ-

ʥʪʦʚ ʧʨʦʪʝʢʘʣʠ ʪʝ ʞʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʯʪʦ ʠ ʚ ʢʣʝʪʢʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʘ ʘʥʘʣʦ-

ʛʠʯʥʳʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ 

ʦʜʠʥʘʢʦʚʳʤʠ ʠʟʦʪʦʧʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʢʨʘʡʥʝʡ 

ʤʝʨʝ, ʧʦ ʟʥʘʢʫ. ʊʦʛʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʟʦʪʦʧ-

ʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʘʪʦʚ ʦʪʨʘʞʘʝʪ ʠʟʦʪʦʧ-

ʥʳʡ ʩʦʩʪʘʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʝʤʫ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʘʪ-

ʤʦʩʬʝʨʳ, ʘ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʪʨʘʞʘʝʪ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʝʤʫ ʙʠʦʤʘʩʩʳ. ʇʘʨʘʤʝʪʨ e ʚ ʵʪʦʤ ʩʣʫ-

ʯʘʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʝ ʠʟʦʪʦʧʥʦʡ ʜʠʩʢʨʠʤʠ-

ʥʘʮʠʠ 13ʉ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ. 

 
ʈʠʩ. 4. ɺʝʨʦʷʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦʡ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʫʛʣʝʨʦʜʘ e, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʭʦʜʝ ʦʨʦʛʝʥʠʯʝʩʢʠʭ 
ʮʠʢʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʴʶ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʙʠʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʮʠʧʦʤ ʘʢʪʫʘʣʠʟʤʘ, e ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ ʨʘʟʥʠʮʝ ʚ ʠʟʦʪʦʧʥʦʤ ʩʦʩʪʘʚʝ ʫʛʣʝʨʦʜʘ ʦʩʘʜʦʯʥʳʭ 
ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

 

ɸʨʛʫʤʝʥʪʳ, ʦʙʦʩʥʦʚʳʚʘʶʱʠʝ ʤʦʜʝʣʴ ʛʣʦ-

ʙʘʣʴʥʦʛʦ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʙʠʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʱʠʝ ʦ ʩʦʧʨʷʞʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʮʠʢʣʦʚ ʫʛ-

ʣʝʨʦʜʘ ʠ ʩʝʨʳ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ 
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ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʩʦʧʨʷʞʝʥʠʝ ʛʣʦ-

ʙʘʣʴʥʦʛʦ ʫʛʣʝʨʦʜʥʦʛʦ ʮʠʢʣʘ ʩ ʛʣʦʙʘʣʴʥʳʤ ʮʠʢʣʦʤ 

ʩʝʨʳ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ ʣʠʪʦ-

ʩʬʝʨʥʳʭ ʧʣʠʪ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʦʢʠʩʣʝʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚ ʧʨʦ-

ʮʝʩʩʝ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ. ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ʄʘʢ-

ʢʝʥʟʠ ʠ ʇʠʛʦʪʪʘ (Mackenzie, Piggot, 1981) ʧʨʠʨʦʜ-

ʥʳʡ ʮʠʢʣ ʩʝʨʳ, ʧʦʜʦʙʥʦ ʫʛʣʝʨʦʜʥʦʤʫ ʮʠʢʣʫ, ʩʦ-

ʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʝʜʦʢʩ-ʚʝʪʚʝʡ ï ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

(ʩʫʣʴʬʘʪʥʦʡ) ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ (ʩʝʨʦʚʦʜʦ-

ʨʦʜʥʦ-ʩʫʣʴʬʠʜʥʦʡ ʚʝʪʚʝʡ).  

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʩʦʧʨʷʞʝʥʠʷ ʨʝʜʦʢʩ-ʮʠʢʣʦʚ 

ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ ʦʙʨʘʪʠʤʩʷ ʢ ʨʠʩ. 5 ʠʟ ʨʘʙʦʪʳ ʫʧʦ-

ʤʷʥʫʪʳʭ ʘʚʪʦʨʦʚ. ʅʘ ʥʝʤ ʠʟʦʙʨʘʞʝʥʳ ʚʝʢʦʚʳʝ ʢʨʠ-

ʚʳʝ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ 

ʫʛʣʝʨʦʜʘ ʤʦʨʩʢʠʭ ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʝʨʳ ʩʫʣʴʬʘʪʦʚ 

(ʛʠʧʩʘ) ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. ɺʠʜʥʦ, ʯʪʦ 

ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʢʨʠʚʳʤʠ, ʧʦ-

ʯʪʠ ʩʠʥʭʨʦʥʥʘ, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʮʠʢʣʳ ʫʛʣʝʨʦʜʘ ʠ 

ʩʝʨʳ, ʢʘʢ-ʪʦ ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʘʥʳ. ʈʷʜʦʤ ʩ ʢʨʠ-

ʚʳʤʠ ʜʘʥʳ ʥʘʜʧʠʩʠ, ʢʦʪʦʨʳʤʠ ʘʚʪʦʨʳ ʦʪʤʝʪʠʣʠ 

ʤʠʥʝʨʘʣʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʳ ʚ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʥʘ ʢʨʠʚʳʭ ʧʦʷʚʠʣʠʩʴ ʦʪ-

ʯʝʪʣʠʚʳʝ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʛʦʨʙʳ. ɻʦʨʙʘʤ ʚ ʥʠʞ-

ʥʝʡ ʯʘʩʪʠ ʢʨʠʚʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʘʨʙʦʥʘʪʳ ʠ ʧʠ-

ʨʠʪʳ, ʛʦʨʙʘʤ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ï ʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ ʠ ʛʠʧʩ. ʉʦʧʦʩʪʘʚʠʤ ʵʪʠ ʤʠʥʝʨʘʣʳ ʩ ʧʨʦ-

ʜʫʢʪʘʤʠ ʠ ʩʫʙʩʪʨʘʪʘʤʠ ʨʝʘʢʮʠʠ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ, 

ʠʟʦʙʨʘʞʝʥʥʦʡ ʚʥʠʟʫ ʥʘ ʨʠʩ.5. ʃʝʛʢʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʤʠʥʝʨʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʦʨʙʫ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 

ʨʠʩʫʥʢʘ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ, ʘ ʤʠʥʝ-

ʨʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʭʥʠʤ ʛʦʨʙʘʤ, ʷʚʣʷʶʪʩʷ 

ʩʫʙʩʪʨʘʪʘʤʠ ʨʝʘʢʮʠʠ. ʇʦʢʘʞʝʤ, ʯʪʦ ʵʪʘ ʩʚʷʟʴ ʥʝ 

ʩʣʫʯʘʡʥʘ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʜʠʥʘʤʠʢʫ ʢʨʠʚʳʭ 

ʠʟʦʪʦʧʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʝʨʳ ʠ ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʘʷ 

ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ.5. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʷ ʩʦ-

ʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʦʪʦʧʥʳʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʩʝʨʳ (Nakai, Jensen, 1960; Thode et al., 1961). ɺ ʫʩʣʦ-

ʚʠʷʭ, ʢʦʛʜʘ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʩ ʠʩʯʝʨʧʘʥʠʝʤ ʩʫʙ-

ʩʪʨʘʪʘ (ʩʫʣʴʬʘʪʘ) ʚ ʦʩʪʘʪʦʯʥʦʤ ʩʫʙʩʪʨʘʪʝ ʥʘʢʘʧʣʠ-

ʚʘʝʪʩʷ ñʪʷʞʝʣʳʡò ʠʟʦʪʦʧ 34S. ʏʝʤ ʙʦʣʴʰʝ ʠʩʯʝʨʧʳ-

ʚʘʥʠʝ, ʪʝʤ çʪʷʞʝʣʝʝè ʩʫʙʩʪʨʘʪ (ʵʬʬʝʢʪ ʈʝʣʝʷ).  

 

 
ʈʠʩ.5. ʉʦʧʨʷʞʝʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʮʠʢʣʦʚ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ. ʉʠʥʭʨʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚʝʢʦʚʳʭ ʢʨʠʚʳʭ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʤʦʨʩʢʠʭ ʢʘʨʙʦʥʘʪʦʚ (ʢʨʠʚʘʷ ɸ) ʩʫʣʴʬʘʪʦʚ (ʢʨʠʚʘʷ ɺ) ʟʘ ʧʦʩʣʝʜʥʠʝ 700 ʣʝʪ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ (Mackenzie, Pigott, 1981). 

 

ʀʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʨʠʚʳʭ ʚʠʜʥʦ, 

ʯʪʦ ʦʙʦʛʘʱʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ çʣʝʛʢʠʤè ʠʟʦʪʦʧʦʤ 12ʉ 

(ʦʪʢʣʦʥʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

d13ʉ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ) ʧʦ ʚʨʝʤʝʥʠ ʩʦʚʧʘʜʘʝʪ ʩ ʦʙʦʛʘ-

ʱʝʥʠʝʤ ʩʫʣʴʬʘʪʦʚ çʪʷʞʝʣʳʤè ʠʟʦʪʦʧʦʤ 34S. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʣʴʬʘʪʳ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʯʝʨʧʳʚʘʥʠʝ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʩʚʠʜʝ-

ʪʝʣʴʩʪʚʫʝʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʧʠ-

ʨʠʪʘ - ʧʨʦʜʫʢʪʘ ʨʝʘʢʮʠʠ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ. ʉʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʩʯʝʨʧʳʚʘʥʠʝ ʩʫʣʴʬʘʪʘ, ʚʝ-

ʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʩ ʥʠʤʠ 

ʧʨʦʨʝʘʛʠʨʦʚʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʛʦʛʦ 

ʩʫʙʩʪʨʘʪʘ - ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ʅʦ ʝʩʣʠ ʪʘʢ, 

ʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘ-

ʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ ʉʆ2, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʣʝʛʢʠʡ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ, ʫʥʘʩʣʝʜʦʚʘʥʥʳʡ ʦʪ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʤʝʶʱʝʛʦ ʙʦʣʝʝ çʣʝʛʢʠʡè ʠʟʦʪʦʧ-

ʥʳʡ ʩʦʩʪʘʚ, ʯʝʤ ʤʦʨʩʢʠʝ ʢʘʨʙʦʥʘʪʳ ʠ ʥʘʭʦʜʷʱʠʡʩʷ 

ʩ ʥʠʤ ʚ ʨʘʚʥʦʚʝʩʠʠ ʉʆ2 ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʧʘ-

ʜʘʥʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚ çʣʝʛʢʦʛʦè ʉʆ2 ʚ 

ʩʨʝʜʫ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ ʫʛʣʝʨʦʜʘ 

ʤʦʨʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʠ ʩʤʝʰʝʥʠʠ ʩ ʥʠʤʠ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʠʟʦʪʦʧʥʦʤ ʦʙʤʝʥʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙ-

ʣʝʛʯʝʥʠʝ ʢʘʨʙʦʥʘʪʦʚ (ʦʪʢʣʦʥʝʥʠʝ ʚʝʣʠʯʠʥ d13ʉ ʚ 

ʩʪʦʨʦʥʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ). ʃʦʛʠʯʥʦ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʧʦʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʚ ʧʝʨʠʦʜ ʩʤʝʥʳ ʦʨʦʛʝʥʠʯʝ-

ʩʢʠʭ ʮʠʢʣʦʚ, ʢʦʛʜʘ ʢʠʩʣʦʨʦʜʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʢʦʥʮʘ 

ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʤʝʥʷʝʪʩʷ ʥʘ ʙʝʩʢʠʩʣʦ-

ʨʦʜʥʫʶ ʥʘʯʘʣʘ ʦʨʦʛʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʩʣʝʜʫʶʱʝʛʦ 
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ʮʠʢʣʘ, ʚʳʟʳʚʘʷ ʤʘʩʩʦʚʫʶ ʛʠʙʝʣʴ ʜʳʰʘʱʠʭ ʦʨʛʘ-

ʥʠʟʤʦʚ, ʢʦʪʦʨʳʝ ʠ ʩʣʫʞʘʪ ʠʩʪʦʯʥʠʢʦʤ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɻʦʨʙʳ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʨʠʚʳʭ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʶʪ ʨʦʚʥʦ ʦʙ ʦʙʨʘʪʥʦʤ ʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝ-

ʜʝʥʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʷʚʥʦ ʩʫʱʝʩʪʚʫʶʱʫʶ 

ʩʚʷʟʴ ʮʠʢʣʦʚ ʩʝʨʳ ʠ ʫʛʣʝʨʦʜʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʫʶ ʯʝ-

ʨʝʟ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʶ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ.  

ɼʨʫʛʠʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʚ 

ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ, ʠ ʩʚʷʟʠ ʮʠʢʣʦʚ ʩʝʨʳ ʠ ʫʛʣʝʨʦʜʘ ʷʚ-

ʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ɿʝʤʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʩʝʨʳ (ʩʫʣʴʬʠʜʦʚ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ) ʚ ʜʦʢʝʤʙʨʠʡʩʢʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʢʠʩ-

ʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 

ʦʢʠʩʣʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʬʦʨʤʳ ʩʝʨʳ. ʊʦʛʜʘ ʥʘ 

ɿʝʤʣʝ ʧʦʷʚʠʣʠʩʴ ʠ ʨʘʩʧʨʦʩʪʨʘʥʠʣʠʩʴ ʩʫʣʴʬʠʜʦʢʠʩ-

ʣʷʶʱʠʝ ʙʘʢʪʝʨʠʠ. ʀʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʙʳʣʘ 

ʩʪʦʣʴ ʚʝʣʠʢʘ, ʯʪʦ ʜʘʣʘ ʦʩʥʦʚʘʥʠʝ ʍʝʡʝʩʫ ʠ ʢʦʣʣʝ-

ʛʘʤ (Hayes, et al, 1999) ʛʦʚʦʨʠʪʴ, ʯʪʦ ʙʠʦʤʘʩʩʘ ʵʪʠʭ 

ʙʘʢʪʝʨʠʡ ʙʳʣʘ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʪʦʪ ʧʝʨʠʦʜ. 

ʌʘʢʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʩʥʠʞʝʥʠʠ 

ʠʟʦʪʦʧʥʦʡ ʜʠʩʢʨʠʤʠʥʘʮʠʠ 13ʉ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʚʨʝʤʝʥʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʇʦʩʪʝʧʝʥʥʦʝ ʩʥʠ-

ʞʝʥʠʝ ʠʟʦʪʦʧʥʦʡ ʜʠʩʢʨʠʤʠʥʘʮʠʠ ʫ ʬʦʪʦʩʠʥʪʝʟʠʨʫ-

ʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʧʨʦʰʣʦʤ ʚ ʭʦʜʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʚ ʨʘʙʦ-

ʪʘʭ ʇʦʧʧʘ ʠ ʍʝʡʝʩʘ ʩ ʢʦʣʣʝʛʘʤʠ (Popp et al.,1989; 

Hayes et al.,1999). ɺ ʅʝʦʧʨʦʪʝʨʦʟʦʝ (ʧʝʨʠʦʜ ʦʪ 1000 

ʤʣʥ ʜʦ 541 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) ʠʟʦʪʦʧʥʘʷ ʜʠʩʢʨʠʤʠʥʘ-

ʮʠʷ ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 32 ă. ɺ ʧʝʨʠʦʜ ʦʪ ʂʝʤʙʨʠʷ ʜʦ 

ʖʨʳ e ʩʥʠʟʠʣʘʩʴ ʜʦ 28ă, ʘ ʧʦʟʜʥʝʝ ʚ ʧʝʨʠʦʜ ʦʪ 

ʄʝʣʘ ʜʦ ʂʘʡʥʦʟʦʷ ʜʠʩʢʨʠʤʠʥʘʮʠʷ ʩʪʘʣʘ ʤʝʥʴʰʝ 

28ă. ʅʘʙʣʶʜʘʝʤʦʝ ʩʥʠʞʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜ-

ʥʳʤ, ʝʩʣʠ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʫʩʠʣʝʥʠʝ ʬʦʪʦʜʳ-

ʭʘʥʠʷ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʦʪ ʮʠʢʣʘ ʢ 

ʮʠʢʣʫ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤ ʠʟʦʪʦʧʥʦʝ ʫʪʷʞʝʣʝʥʠʝ 

ʙʠʦʤʘʩʩʳ (ʀʚʣʝʚ, 1993; Igamberdiev et al., 2001; 

Ivlev, 2013). 

ʉʚʷʟʴ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʮʠʢ-

ʣʦʚ ʦʙʲʷʩʥʷʝʪ ʢʦʨʨʝʣʷʮʠʶ e ʧʘʨʘʤʝʪʨʘ ʠ ʢʣʠ-
ʤʘʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ. ɺʣʠʷʥʠʝ CO2 ʥʘ ʢʣʠʤʘʪ 

ʬʘʢʪ ʦʙʱʝʠʟʚʝʩʪʥʳʡ, ʧʦʩʢʦʣʴʢʫ ʥʘʯʠʥʘʷ ʩ ʘʨʭʝʷ, 

ʉʆ2 ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ çʧʘʨʥʠʢʦʚʳʭè 

ʛʘʟʦʚ (ʀʚʣʝʚ, ɺʦʨʦʥʠʥ, 2007). ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʟʘ-

ʧʦʣʥʝʥʠʝ ʩʠʩʪʝʤʳ çʘʪʤʦʩʬʝʨʘ ï ʛʠʜʨʦʩʬʝʨʘè ʫʛʣʝ-

ʢʠʩʣʳʤ ʛʘʟʦʤ ʚ ʦʨʦʛʝʥʥʳʝ ʧʝʨʠʦʜʳ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʝʛʦ ʠʩʯʝʨʧʳʚʘʥʠʝ ʙʣʘʛʦʜʘʨʷ ʬʦʪʦʩʠʥʪʝʪʠʯʝʩʢʦʡ 

ʘʩʩʠʤʠʣʷʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʯʝʨʝʜʦʚʘʥʠʝ ʧʝʨʠʦʜʦʚ 

ʧʦʪʝʧʣʝʥʠʷ ʠ ʧʦʭʦʣʦʜʘʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʦʪʤʝʯʝʥʘ 

ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ CO2 ʠ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ɿʝʤʣʠ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘ-

ʣʘʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨ (Kothavala 

et al., 1999). ʉʣʝʜʫʷ ʣʦʛʠʢʝ ʤʦʜʝʣʠ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʝʩʪʴ ʨʝʟʫʣʴʪʘʪ ʩʤʝʥʳ ʦʨʦʛʝ-

ʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʥʘʯʘʣʦ ʦʨʦʛʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʮʠʢʣʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʘʤʦʤʫ ʪʝʧʣʦʤʫ ʚʨʝʤʝʥʠ ʮʠʢʣʘ, ʢʦ-

ʥʝʮ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʩʘʤʦʤʫ ʭʦʣʦʜ-

ʥʦʤʫ. ʇʦʭʦʣʦʜʘʥʠʝ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʣʝʜʝʥʝ-

ʥʠʷʤʠ. ʋʧʦʤʠʥʘʚʰʠʡʩʷ ʚʳʰʝ e ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ. ʅʘʯʘʣʦ ʦʨʦʛʝʥʠʯʝʩʢʦʛʦ 

ʮʠʢʣʘ, ʢʦʛʜʘ ʦʪʥʦʰʝʥʠʝ CO2/O2 ʤʘʢʩʠʤʘʣʴʥʦ, ʘ 

ʚʢʣʘʜ ʬʦʪʦʜʳʭʘʥʠʷ ʤʠʥʠʤʘʣʝʥ, ʚʝʣʠʯʠʥʘ ʧʘʨʘ-

ʤʝʪʨʘ e ʪʘʢʞʝ ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʧ-

ʣʦʤʫ ʧʝʨʠʦʜʫ. ʅʘʧʨʦʪʠʚ, ʚ ʢʦʥʮʝ ʮʠʢʣʘ, ʢʦʛʜʘ ʦʪ-

ʥʦʰʝʥʠʝ CO2/O2 ʤʠʥʠʤʘʣʴʥʦ, ʘ ʬʦʪʦʜʳʭʘʥʠʝ ʫʩʠ-

ʣʠʚʘʝʪʩʷ, e ʧʘʨʘʤʝʪʨ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʫʤʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʘʤʦʤʫ ʭʦʣʦʜʥʦʤʫ ʚʨʝʤʝʥʠ ʮʠʢʣʘ. 

ʇʦʧʧ ʩ ʢʦʣʣʝʛʘʤʠ (Popp et al., 1989) ʦʙʥʘʨʫʞʠʣ 

ʢʦʛʝʨʝʥʪʥʦʩʪʴ ʟʥʘʯʝʥʠʡ e ʜʣʷ ʢʘʡʥʦʟʦʡʩʢʠʭ ʦʙʨʘʟ-

ʮʦʚ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʮʠʢʣʘʤʠ. ʍʝʡʝʩ ʩ ʩʦʘʚʪʦ-

ʨʘʤʠ (Hayes et al., 1999), ʠʟʫʯʠʚ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ 

ʫʛʣʝʨʦʜʘ ʙʦʣʝʝ 5000 ʦʙʨʘʟʮʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʦʩʘʜʢʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠʤ ʢʘʨʙʦʥʘʪʦʚ ɼʦʢʝʤ-

ʙʨʠʷ ʠ ʌʘʥʝʨʦʟʦʷ ʥʘʰʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥ-

ʥʳʝ ʨʘʟʣʠʯʠʷ ʟʥʘʯʝʥʠʡ e ʧʘʨʘʤʝʪʨʘ ʚ ʤʝʞʣʝʜʥʠʢʦ-

ʚʳʝ ʧʝʨʠʦʜʳ ʠ ʚ ʧʝʨʠʦʜʳ ʦʣʝʜʝʥʝʥʠʷ. ʕʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠʩʴ ʚ ʨʘʙʦʪʘʭ (Huang et al., 

1999; Bornemann et al., 2008). 

ɺʣʠʷʥʠʝ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʥʘ ʙʠʦʨʘʟ-

ʥʦʦʙʨʘʟʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ e ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʠʟʫ-
ʯʝʥʠʷ ʵʪʦʡ ʩʚʷʟʠ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʦʙʥʘʨʫʞʝʥʘ ʮʠʢ-

ʣʠʯʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

(ʩʢʦʨʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʬʣʦʨʳ ʠ ʬʘʫʥʳ 

ʟʘ ʝʜʠʥʠʮʫ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ) (Liebermann 

and Melott, 2007). ɹʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʧʝʨʠʦ-

ʜʠʯʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ ʚ ʌʘʥʝʨʦʟʦʡʩʢʦʡ ʘʪʤʦʩʬʝʨʝ 

(Igamberdiev and Lea, 2006). ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʩʥʦʡ ʢʦʨʨʝʣʷʮʠʝʡ ʢʨʠʚʳʭ, ʠʣʣʶ-

ʩʪʨʠʨʫʶʱʠʭ ʚʨʝʤʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʙʠʦʨʘʟʦʦʙʨʘ-

ʟʠʷ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʠʣʴʥʦ ʟʘʚʠʩʷʱʠʭ ʦʪ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ. ʇʠʢʠ ʚʩʝʭ ʢʨʠʚʳʭ ʧʦʣʥʦ-

ʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʫʤʫ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ (ʩʤ. ʨʠʩ. 7 ʚ ʨʘʙʦʪʝ Igam-

berdiev and Lea, 2006). 

ʌʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʧʦʣʥʝ 

ʦʯʝʚʠʜʝʥ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ O2 ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʩʪʠʤʫʣʠʨʫʶʪ (ʬʦʪʦ)ʜʳʭʘʥʠʝ ʫ ʬʦʪʦʩʠʥʪʝʟʠ-

ʨʫʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘ-

ʥʠʝʤ ʩʫʧʝʨʦʢʩʠʜʥʳʭ ʨʘʜʠʢʘʣʦʚ. ʇʦʩʣʝʜʥʠʝ ʘʪʘ-

ʢʫʶʪ ʛʝʥʥʳʝ ʤʦʣʝʢʫʣʳ, ʚʳʟʳʚʘʷ ʤʫʪʘʮʠʠ. ʍʦʪʷ ʚ 

ʢʣʝʪʢʝ ʠʤʝʶʪʩʷ ʬʝʨʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʨʘʟʨʫʰʘʶʪ ʨʘ-

ʜʠʢʘʣʳ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʚʦʜʫ ʠ ʢʠʩʣʦʨʦʜ, ʚ ʧʝʨʠʦʜʳ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʢʦʥʮʝ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʮʠʢʣʘ ʬʝʨʤʝʥʪʳ 

ʥʝ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʦʙʠʣʠʝʤ ʨʘʜʠʢʘʣʦʚ ʠ ʥʝ ʩʥʠʞʘʶʪ 

ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʶ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ. ʂʘʢ ʨʝ-

ʟʫʣʴʪʘʪ, ʧʦʷʚʣʷʶʪʩʷ ʤʫʪʘʮʠʠ, ʠ ʩʢʦʨʦʩʪʴ ʙʠʦʨʘʟʥʦ-

ʦʙʨʘʟʠʷ ʚʦʟʨʘʩʪʘʝʪ.  

ʈʦʪʤʘʥ (Rothman, 2001) ʥʘʰʝʣ ʧʣʦʪʥʫʶ ʢʦʨʨʝ-

ʣʷʮʠʶ e ʧʘʨʘʤʝʪʨʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

ʜʣʷ ʩʝʤʝʡʩʪʚ ʥʘʟʝʤʥʳʭ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʨ-

ʩʢʠʭ ʞʠʚʦʪʥʳʭ. ɽʛʦ ʨʝʟʫʣʴʪʘʪʳ ʜʦʢʘʟʳʚʘʶʪ ʥʘʣʠ-

ʯʠʝ ʩʚʷʟʠ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʙʠʦ-

ʨʘʟʥʦʦʙʨʘʟʠʷ.  

ʅʘʙʣʶʜʘʝʤʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʤʘʩʩʦʚʦʡ ʛʠʙʝʣʠ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʠ ʞʠʚʦʪʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ɿʝʤʣʝ ʭʦ-

ʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʝʜʳʜʫʱʝʡ ʢʦʨʨʝʣʷʮʠʝʡ. ʕʪʠ 

ʩʦʙʳʪʠʷ ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪ-

ʥʦʰʝʥʠʷ CO2/O2 ʚ ʘʪʤʦʩʬʝʨʝ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ 

ʩʤʝʥʫ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 
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ʚʨʝʤʝʥʠ (Cornette et al., 2002). ʉʦʛʣʘʩʥʦ ʤʦʜʝʣʠ, 

ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ CO2/O2 ʚ ʘʪʤʦʩʬʝʨʝ 

ʧʨʠ ʩʤʝʥʝ ʮʠʢʣʦʚ ʜʦʣʞʥʳ ʧʨʠʚʦʜʠʪʴ ʢ ʤʘʩʩʦʚʦʡ 

ʛʠʙʝʣʠ ʘʵʨʦʙʥʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʩʦʧʨʦ-

ʚʦʞʜʘʶʪʩʷ ʩʤʝʥʦʡ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ 

ʥʘ ʘʥʦʢʩʠʯʝʩʢʠʝ, ʯʪʦ ʛʠʙʝʣʴʥʦ ʜʣʷ ʜʳʰʘʱʠʭ ʦʨʛʘ-

ʥʠʟʤʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʜʘʶʪ ʫʙʝ-

ʜʠʪʝʣʴʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʧʨʠʨʦʜ-

ʥʦʛʦ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ. ɺ ʩʣʝʜʫʶʱʝʡ ʩʪʘʪʴʝ 

(ʀʚʣʝʚ, 2015ʘ) ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʠ ʜʨʫʛʠʝ ʘʨʛʫ-

ʤʝʥʪʳ ʚ ʧʦʣʴʟʫ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ. ʌʫʥʢʮʠʦʥʠ-

ʨʦʚʘʥʠʝ ʮʠʢʣʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʵʪʘʧʘ ï ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ ʠ 

ʧʦʩʣʝ ʥʝʝ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʧʝʨʚʳʡ 

ʵʪʘʧ ʦʪ ʤʦʤʝʥʪʘ ʟʘʨʦʞʜʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ ʜʦ ʜʦʩʪʠ-

ʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ. ɺ ʪʨʝ-

ʪʴʝʡ ʩʪʘʪʴʝ ʵʪʦʡ ʩʝʨʠʠ (ʀʚʣʝʚ, 2015ʙ) ʙʫʜʝʪ ʨʘʩ-

ʩʤʦʪʨʝʥ ʮʠʢʣ ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʠʞʝʥʠʷ ʵʢʦʣʦʛʠʯʝ-

ʩʢʦʡ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ. 
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ɸʅʅʆʊɸʎʀʗ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʚ ʧʨʝʜʳʜʫʱʝʡ ʩʪʘʪʴʝ ʤʦʜʝʣʴ ʧʨʠʨʦʜʥʦʛʦ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʙʠʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ (ʀʚʣʝʚ, 

2015ʘ) ʧʨʠʚʝʣʘ ʢ ʚʳʚʦʜʫ ʦ ʮʠʢʣʠʯʥʦʩʪʠ ʤʥʦʛʠʭ ʙʠʦʩʬʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʥʘʙʣʶʜʘʝʤʘʷ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱ ʙʦʛʘʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ ʩʚʷʟʘʥʥʳʭ 

ʩ ʥʠʤʠ ʥʝʬʪʝʡ ʪʨʘʢʪʫʝʪʩʷ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʫʧʦʤʷʥʫʪʦʡ ʮʠʢʣʠʯʥʦʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʩʪʨʘ-

ʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʧʦʤʷʥʫʪʳʭ ʦʪʣʦʞʝʥʠʡ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʟʘʚʠʩʠʪ ʦʪ ʜʠʥʘʤʠʢʠ ʵʚʦʣʶʮʠʠ 

ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʴʶ ʠʥʞʝʢʮʠʡ ʉʆ2, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʩʪʦʣʢ-

ʥʦʚʝʥʠʷʭ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʧʨʠ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʜʚʠʞʝʥʠʠ. ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠʨʦʜ-

ʥʦʛʦ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʙʠʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦʙ ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝ-

ʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ, ʦʙʲʷʩʥʷʶʪʩʷ ʠʟʤʝʥʝʥʠʷ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ ʧʨʠ ʛʣʷʮʠʘʣʴʥʳʭ/ʠʥʪʝʨʛʣʷʮʠʘʣʴʥʳʭ ʧʝʨʝʭʦʜʘʭ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ ʥʝʬʪʝʡ ʠʟʦʪʦʧʦʤ 13ʉ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʜʨʫʛʠʝ 

ʬʘʢʪʳ.  
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ABSTRACT 

The model of the natural redox cycle of biospheric carbon, proposed in the previous article (Ivlev, 2015ʘ), 

led to the conclusion on the cyclicity of many biosphere processes. In the present article the observed uneven 

stratigraphic distribution of sediments rich in organic matter and the associated oils is regarded as a result of the 

mentioned cyclicity. It is shown that the unevenness of the stratigraphic distribution of the above sediments ulti-

mately depends on the dynamics of evolution and expansion of photosynthesis determined by periodic injections 

of CO2 arising from the collisions of lithospheric plates in their uneven motion. In the frame of the proposed model 

the conclusion on the limited time of organic matter accumulation in sedimentary rocks is done. The changes in 

carbon isotope composition of sedimentary organic matter in glacial/interglacial transitions and the sequential 

enrichment in 13C of oils with increasing oxygen concentration in the atmosphere and other facts are explained. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʠʨʦʜʥʳʡ ʨʝʜʦʢʩ-ʮʠʢʣ ʫʛʣʝʨʦʜʘ, ʜʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʬʦʪʦʩʠʥʪʝʟ, ʠʟʦ-

ʪʦʧʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʫʛʣʝʨʦʜʘ, ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʠ ʢʘʨʙʦʥʘʪʳ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ.  

Keywords: natural redox-cycle of carbon, lithospheric platesô movement, photosynthesis, carbon isotope 

fractionation, sedimentary organic matter and carbonates. 

 

ɺ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ (ʀʚʣʝʚ, 2015ʘ) ʙʳʣʘ 

ʧʨʝʜʣʦʞʝʥʘ ʤʦʜʝʣʴ ʧʨʠʨʦʜʥʦʛʦ ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ, 

ʢʦʪʦʨʘʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘ ʧʝʨʝʭʦʜ ʫʛʣʝʨʦʜʘ ʤʝʞʜʫ 

ʛʝʦʩʬʝʨʘʤʠ ʠ ʙʠʦʩʬʝʨʦʡ ʢʘʢ ʧʝʨʝʭʦʜ ʫʛʣʝʨʦʜʘ ʠʟ 

ʦʢʠʩʣʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ ʠ ʦʙ-

ʨʘʪʥʦ. ʄʝʭʘʥʠʟʤ ʧʝʨʝʭʦʜʘ ʩʚʷʟʘʥ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ 

ʜʚʠʞʝʥʠʝʤ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʢʦʪʦʨʦʝ, ʢʘʢ ʧʦʣʘ-

ʛʘʶʪ (Gurnis, 1988; Harland et al., 1989; Mur-

phy, Nance, 1992), ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʥʚʝʢ-

ʮʠʠ ʤʘʛʤʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʩʤʦʬʠʟʠʯʝʩʢʠʭ ʬʘʢʪʦ-

ʨʦʚ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʜʚʠʞʝʥʠʝ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʥʘʟʳʚʘʝʤʳʡ ʦʨʦʛʝʥʥʳʤ, ʠ 

ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʟʘʤʝʜʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʣʠʪ, 

ʥʘʟʳʚʘʝʤʳʡ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʤ. ɼʚʠʞʝʥʠʝ ʣʠʪʦ-

ʩʬʝʨʥʳʭ ʧʣʠʪ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʷʤʠ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʚ ʟʦʥʝ ʩʪʦʣʢʥʦʚʝʥʠʡ (ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ) 

ʦʙʨʘʟʫʝʪʩʷ ʉʆ2.  

ɺ ʦʨʦʛʝʥʥʳʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʛʦ 

ʩʪʦʣʢʥʦʚʝʥʠʡ, ʘʪʤʦʩʬʝʨʘ ʠ ʛʠʜʨʦʩʬʝʨʘ ɿʝʤʣʠ ʟʘ-

ʧʦʣʥʷʝʪʩʷ ʉʆ2. ʂʣʶʯʝʚʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʨʝʘʢʮʠʷ ʪʝʨ-

ʤʦʭʠʤʠʯʝʩʢʦʡ ʩʫʣʴʬʘʪʨʝʜʫʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʩʫʣʴ-

ʬʘʪʦʚ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ʆʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʨʝʘʢʮʠʠ 

ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʥʝʡ ʦʙʨʘʟʫʝʪʩʷ ʫʛʣʝ-

ʢʠʩʣʳʡ ʛʘʟ, ʥʦ ʠ ʩ ʪʝʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʝʡ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʝʨʝʭʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʳ 

ʫʛʣʝʨʦʜʘ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʨʠ ʬʦʪʦʩʠʥʪʝʟʝ, ʚ ʦʢʠʩ-

ʣʝʥʥʫʶ. ɺ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʥʘ ʧʝʨ-

ʚʳʡ ʧʣʘʥ ʚʳʭʦʜʠʪ ʧʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ, ʧʨʦʠʩʭʦ-

ʜʠʪ ʦʙʨʘʪʥʳʡ ʧʝʨʝʭʦʜ ʫʛʣʝʨʦʜʘ ʠʟ ʦʢʠʩʣʝʥʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʝ (ʀʚʣʝʚ, 2015ʘ).  

ʊʘʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʤʥʦʛʠʝ 

ʙʠʦʩʬʝʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʧʨʠʤʝʨ, ʧʨʠʨʦʜʫ ʢʣʠʤʘ-

ʪʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʧʨʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʙʠ-

ʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʧʨʠʯʠʥʳ çʚʟʨʳʚʦʚ ɾʠʟʥʠè ʥʘ 

ɿʝʤʣʝ ʠ ʤʘʩʩʦʚʦʡ ʛʠʙʝʣʠ ʦʨʛʘʥʠʟʤʦʚ. ʉʪʘʣʘ ʧʦʥʷʪ-

ʥʦʡ ʧʨʠʨʦʜʘ ʢʦʨʨʝʣʷʮʠʠ ʠʟʦʪʦʧʥʦʡ ʜʠʩʢʨʠʤʠʥʘ-

ʮʠʠ 13ʉ ʧʨʠ ʬʦʪʦʩʠʥʪʝʟʝ (ʧʘʨʘʤʝʪʨʘ e) ʫ ʦʨʛʘʥʠʟ-

ʤʦʚ ʚ ʧʨʦʰʣʦʤ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʮʠʢʣʘʤʠ, ʩ ʧʝʨʠ-

ʦʜʠʯʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʧʨʠʨʦʜʘ 

ʜʨʫʛʠʭ ʢʦʨʨʝʣʷʮʠʡ ʠ ʷʚʣʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʤʦʜʝʣʠ ʜʘʝʪʩʷ ʦʙʲʷʩʥʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʡ ʩʪʨʘʪʠʛʨʘ-

ʬʠʯʝʩʢʦʡ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʦʛʘʪʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʠ ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʥʠʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʝʝ ʟʘʧʘʩʦʚ. ʇʦ-

ʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʤʦʜʝʣʠ 

ʮʠʢʣʠʯʥʦʩʪʴʶ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʚ ʭʦʜʝ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ.  

 

ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʦʙʦʛʘʱʝʥʥʳʭ ʦʨʛʘʥʠ-

ʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʧʦʢʘʟʳʚʘʝʪ ʩʚʷʟʴ ʩ ʜʠʥʘʤʠ-

ʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʬʦʪʦʩʠʥʪʝʟʘ. 

ɹʘʞʝʥʦʚʘ ʠ ʉʦʢʦʣʦʚ (2002), ʠʟʫʯʘʚʰʠʝ ʩʪʨʘʪʠ-

ʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦʤʘʥʠʢʦʚʳʭ ʥʝʬʪʝʤʘ-

ʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ (ʧʦʨʦʜ ʙʦʛʘʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝ-

ʱʝʩʪʚʦʤ), ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʵʪʠ ʦʪʣʦʞʝʥʠʷ ʧʨʠʩʫʪ-

ʩʪʚʫʶʪ ʥʘ ʨʘʟʥʳʭ ʢʦʥʪʠʥʝʥʪʘʭ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ. ʆʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ɼʦʢʝʤʙʨʠʷ ʠ ʌʘʥʝ-

ʨʦʟʦʷ. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʫʨʦʚʥʠ, ʛʜʝ ʙʳʣʠ ʚʳʷʚ-

ʣʝʥʳ ʜʦʤʘʥʠʢʦʠʜʳ, ʩʣʝʜʫʶʱʠʝ: ʕʜʠʘʢʘʨʠʡ ï ʂʝʤ-

ʙʨʠʡ, ɼʝʚʦʥ ï ʂʘʨʙʦʥ, ʧʦʟʜʥʷʷ ʖʨʘ ï ʨʘʥʥʠʡ ʄʝʣ. 

ʋʧʦʤʷʥʫʪʦʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʲʷʩʥʝʥʦ ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʫʛʣʝʨʦʜʘ.  

ʍʦʪʷ ʢʠʥʝʪʠʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ ʥʝʠʟ-

ʚʝʩʪʥʘ, ʠʟ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʘ ʬʦ-

ʪʦʩʠʥʪʝʟʘ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʘʢʢʫʤʫʣʷʮʠʷ ʦʨʛʘ-

ʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʦʣʞʥʘ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʢʦʥʮʝ 

ʦʨʦʛʝʥʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʢʦʛʜʘ ʦʩʥʦʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʧʦʩʪʫʧʠʚʰʝʝ ʚ ʩʠʩʪʝʤʫ çʘʪʤʦ-

ʩʬʝʨʘ ï ʛʠʜʨʦʩʬʝʨʘè ʚ ʦʨʦʛʝʥʥʳʡ ʧʝʨʠʦʜ ʧʦʩʣʝ 

ʨʷʜʘ ʧʨʝʚʨʘʱʝʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝ-

ʩʪʚʦʤ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʦʚ ʙʦʛʘʪʳʭ ʦʨ-

ʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩʦ 

ʩʤʝʥʦʡ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʢʠʩʣʦʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ ʥʘ ʘʥʦʢ-

ʩʠʯʝʩʢʠʝ, ʚʳʟʳʚʘʷ ʤʘʩʩʦʚʫʶ ʛʠʙʝʣʴ ʜʳʰʘʱʠʭ ʦʨ-

ʛʘʥʠʟʤʦʚ. ʀʭ ʙʠʦʤʘʩʩʘ, ʚʝʨʦʷʪʥʦ, ʩʣʫʞʠʣʘ ʠʩʪʦʯ-

ʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʜʣʷ ʙʦʛʘʪʳʭ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝ-

ʩʪʚʦʤ ʧʦʨʦʜ. ʇʦʚʪʦʨʷʝʤʦʩʪʴ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ 

ʦʧʨʝʜʝʣʠʣʘ ʧʦʷʚʣʝʥʠʝ ʜʦʤʘʥʠʢʦʠʜʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʚ ɼʦʢʝʤʙʨʠʠ ʠ ʌʘʥʝ-

ʨʦʟʦʝ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ (ʀʚʣʝʚ, 2015ʘ), ʥʘʢʦʧʣʝ-

ʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʦʠʩʭʦʜʠʣʦ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦ-

ʩʬʝʨʝ. ʇʦʩʣʝʜʥʝʝ ʩʦʧʨʷʞʝʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʉʆ2, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʟʘʢʘʥʯʠʚʘʚ-

ʰʠʤʩʷ ʦʣʝʜʝʥʝʥʠʝʤ. ʀ ʥʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʨʠ-

ʦʜʳ, ʚʳʜʝʣʝʥʥʳʝ ɹʘʞʝʥʦʚʦʡ ʠ ʉʦʢʦʣʦʚʳʤ (2002), 
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ʚʝʩʴʤʘ ʫʩʣʦʚʥʳ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʥʠ ʚʢʣʶʯʘʣʠ ʧʝʨʠ-

ʦʜʳ ʦʣʝʜʝʥʝʥʠʷ. ɼʚʘ ʦʣʝʜʝʥʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʚ 

ʕʜʠʘʢʘʨʩʢʦʤ ʧʝʨʠʦʜʝ (660 ʠ 635 ʤʣʥ ʣʝʪ ʥʘʟʘʜ), ʚ 

ɼʝʚʦʥʩʢʦʤ ʧʝʨʠʦʜʝ ʙʳʣʦ ʦʣʝʜʝʥʝʥʠʝ ʦʢʦʣʦ 440 

ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʚ ʧʝʨʤʩʢʦ ï ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʤ ʧʝʨʠ-

ʦʜʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʦʣʝʜʝʥʝʥʠʝ 320 ʤʣʥ ʣʝʪ ʥʘʟʘʜ, ʚ 

ʧʦʟʜʥʝʡ ʖʨʝ ï ʨʘʥʥʝʤ ʄʝʣʫ ʦʣʝʜʝʥʝʥʠʷ ʥʝ ʙʳʣʠ 

ʜʦʩʪʦʚʝʨʥʦ ʜʦʢʘʟʘʥʳ, ʥʦ ʠʤʝʣʘ ʤʝʩʪʦ ʤʘʩʩʦʚʘʷ ʛʠ-

ʙʝʣʴ ʦʨʛʘʥʠʟʤʦʚ (66 ʤʣʥ ʣʝʪ ʥʘʟʘʜ), ʢʦʪʦʨʘʷ ʙʳʣʘ 

ʚʳʟʚʘʥʘ ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʩ ʘʩʪʝʨʦʠʜʦʤ. ʂʨʦʤʝ ʪʦʛʦ 

ʫʢʘʟʘʥʥʦʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʚʳʩʦʢʦʡ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʨʦʜʘ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ 

ʙʫʨʥʳʤ ʨʘʟʚʠʪʠʝʤ ʥʘʟʝʤʥʦʡ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʝʡ 

ɾʠʟʥʠ ʠ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʦʣʝʜʝʥʝʥʠʝʤ. ʇʦʜʯʝʨʢ-

ʥʝʤ, ʯʪʦ ɹʘʞʝʥʦʚʘ ʠ ʉʦʢʦʣʦʚ (2002) ʦʪʤʝʪʠʣʠ, ʯʪʦ 

ʧʝʨʠʦʜʳ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʝʜ-

ʰʝʩʪʚʦʚʘʣʠ ʧʨʦʮʝʩʩʫ ʨʠʬʪʠʥʛʘ, ʯʪʦ, ʩʦʛʣʘʩʥʦ 

ʥʘʰʝʡ ʤʦʜʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʫ ʛʝʦʩʠʥʢʣʠ-

ʥʘʣʴʥʦʛʦ ʧʝʨʠʦʜʘ, ʩʤʝʥʷʝʤʦʛʦ ʦʨʦʛʝʥʥʳʤ ʧʝʨʠʦ-

ʜʦʤ ʩʣʝʜʫʶʱʝʛʦ ʮʠʢʣʘ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʷʭ. 

ɽʩʪʝʩʪʚʝʥʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʦʨʦʜʳ ɼʦʤʘʥʠʢʘ 

ʠ ʜʨʫʛʠʝ ʧʦʨʦʜʳ, ʦʙʦʛʘʱʝʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝ-

ʱʝʩʪʚʦʤ (çʯʝʨʥʳʝè ʩʣʘʥʮʳ) ʢʘʢ ʦʯʘʛʠ ʥʝʬʪʝʛʝʥʝʨʘ-

ʮʠʠ. ʇʦʵʪʦʤʫ ʧʝʨʠʦʜʳ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʝʧʨʦʠʟʚʦ-

ʜʷʱʠʭ ʪʦʣʱ ʩʣʝʜʫʝʪ ʩʦʦʪʥʦʩʠʪʴ ʩʦ ʚʨʝʤʝʥʝʤ, ʢʦʛʜʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʭʦʞʜʝʥʠʷ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʘ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʧʦʜʢʨʝʧʣʷʝʪʩʷ 

ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ. ʈʠʩ.1 ʘ,ʙ ʠʣʣʶʩʪʨʠʨʫʝʪ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʨʦʚʳʭ ʨʘʟʚʝ-

ʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ (ɺʳʰʠʤʠʨʩʢʠʡ, ʂʦʥʪʦʨʦ-

ʚʠʯ, 1997) ʠ ʯʠʩʣʘ ʦʪʢʨʳʪʳʭ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ ʚ ʙʳʚʰʝʤ ʉʉʉʈ (ʂʦʨʯʘʛʠʥ, 2001). ʇʦʩʣʝʜ-

ʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʦʪʢʨʳʪʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʘ 

ʢʦʥʢʨʝʪʥʳʡ ʧʝʨʠʦʜ.  

 
ʈʠʩ.1. ʉʨʘʚʥʝʥʠʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʨʘʟʚʝʜʘʥʥʳʭ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ 

ʥʝʬʪʠ ʧʦ ʢʨʫʧʥʝʡʰʠʤ ʥʝʬʪʝʥʦʩʥʳʤ ʙʘʩʩʝʡʥʘʤ ʤʠʨʘ (ɺʳʰʝʤʠʨʩʢʠʡ, ʂʦʥʪʦʨʦʚʠʯ, 1992) (ʨʠʩ. 1ʘ) ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʧʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ (% ʯʠʩʣʘ ʟʘʣʝʞʝʡ ʚ ʢʦʤʧʣʝʢʩʝ ʦʪ 

ʦʙʱʝʛʦ ʯʠʩʣʘ) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ (ʂʦʨʯʘʛʠʥ, 2001) (ʨʠʩ. 1ʙ). 

 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʙʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʜʦʙʥʳ 

ʠ ʥʝʨʝʛʫʣʷʨʥʳ. ʍʦʪʷ ʪʘʢʦʝ ʩʨʘʚʥʝʥʠʝ ʥʝ ʚʧʦʣʥʝ 

ʩʪʨʦʛʦ, ʪʘʢ ʢʘʢ ʨʠʩ.1ʙ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʠʩ.1ʘ, ʥʝ ʫʯʠ-

ʪʳʚʘʝʪ ʨʘʟʤʝʨʳ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʝʤ ʥʝ 

ʤʝʥʝʝ, ʩʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʩʤʳʩʣ. ʇʠʢʠ ʚ ʦʙʦʠʭ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷʭ ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʨʫʛ ʜʨʫʛʫ ʠ 

ʯʠʩʣʦ ʧʠʢʦʚ ʦʜʠʥʘʢʦʚʦʝ. ʉʦʛʣʘʩʥʦ ʦʙʦʠʤ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷʤ, ʥʘʯʘʣʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʝʧʨʦʠʟʚʦʜʷʱʠʭ 

ʪʦʣʱ ʧʦʧʘʜʘʝʪ ʚ ʧʨʝʜʝʣʳ ʦʪ 600 ʜʦ 500 ʤʣʥ ʣʝʪ 
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ʪʦʤʫ ʥʘʟʘʜ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʥʘʯʘʣʦʤ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ. 

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷ-

ʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝ-

ʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ. ʉʦʛʣʘʩʥʦ ʥʝʢʦʪʦʨʳʤ 

ʜʘʥʥʳʤ (Rye, Holland, 1998; Bjerrum, Canfield, 

2004), ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʠʩʣʦʨʦʜʘ 

ʚ ɼʦʢʝʤʙʨʠʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 1% ʠ 

ʪʦʣʴʢʦ ʢ ʢʦʥʮʫ ɼʦʢʝʤʙʨʠʷ ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳ-

ʨʦʩʣʘ, ʜʦʩʪʠʛʥʫʚ 3% ʠ ʚʳʰʝ (Canfield and Teska, 

2006). ʇʝʨʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʘʣʝʞʠ ʥʝʬʪʠ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʂʨʠʦʛʝʥʠʶ (~700 ʤʣʥ ʣʝʪ ʥʘʟʘʜ) (ɺʳʰʝʤʠʨ-

ʩʢʠʡ, ʂʦʥʪʦʨʦʚʠʯ, 1997). ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʬʦʪʦʩʠʥʪʝʟʫ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ ʧʦʩʣʝ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʯʪʦʙʳ ʥʘʢʦʧʠʪʴ ʦʨ-

ʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʜʦʩʪʘʪʦʯʥʦʝ ʜʣʷ ʧʨʦʜʫʮʠʨʦ-

ʚʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʨʘʟʦʚʘʪʴ ʥʝʬʪʷ-

ʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, 

ʯʪʦ ʠʤʝʥʥʦ ʵʪʦ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʦ ʧʦʷʚʣʝʥʠʷ 

ʧʝʨʚʳʭ ʟʘʣʝʞʝʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʳʡ 

ʠʥʪʝʨʝʩ.  

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ (ʀʚʣʝʚ, 2015ʘ), ʥʘʢʦʧʣʝʥʠʝ ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʢʘʭ ʰʣʦ ʧʘʨʘʣʣʝʣʴʥʦ 

ʨʦʩʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ. ʅʦ ʘʙ-

ʩʦʣʶʪʥʳʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʧʨʦʠʩʭʦ-

ʜʠʣ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʠʩʪʝʤʘ, ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʣ ʧʨʠʨʦʜʥʳʡ ʨʝʜʦʢʩ-ʮʠʢʣ ʫʛʣʝʨʦʜʘ, ʥʝ ʜʦ-

ʩʪʠʛʣʘ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʢʦʤʧʝʥʩʘʮʠʠ. ʇʦʩʣʝ 

ʯʝʛʦ ʨʦʩʪ ʢʠʩʣʦʨʦʜʘ ʧʨʝʢʨʘʪʠʣʩʷ ʠ ʩʪʘʣ ʢʦʣʝʙʘʪʴʩʷ 

ʦʢʦʣʦ ʥʝʢʦʪʦʨʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʩʦʚʨʝʤʝʥʥʦʤʫ ʫʨʦʚʥʶ. ʉʠʩʪʝʤʘ ʚʳʰʣʘ 

ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʡ ʫʨʦʚʝʥʴ. ʊʘʢʦʡ ʞʝ ʚʳʚʦʜ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ ʦʨʛʘʥʠ-

ʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʨʦʮʝʩʩʘ ʥʝʬʪʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʦʯʝʤʫ ʥʝʬʪʠ 4 ʨʘʟʘ ʠʩʧʳʪʘʣʠ ʦʙʦʛʘʱʝʥʠʝ 

ʪʷʞʝʣʳʤ ʠʟʦʪʦʧʦʤ ʫʛʣʝʨʦʜʘ 13C ʟʘ ʧʝʨʠʦʜ ʦʪ 

ʂʨʠʦʛʝʥʠʷ ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʵʨʳ ʜʦ ʄʠʦʮʝʥʘ 

ʢʘʡʥʦʟʦʡʩʢʦʡ ʵʨʳ  

ʀʟʫʯʠʚ ʦʙʰʠʨʥʫʶ ʢʦʣʣʝʢʮʠʶ ʥʝʬʪʝʡ (504 

ʧʨʦʙʳ), ʩʦʜʝʨʞʘʱʫʶ ʦʙʨʘʟʮʳ ʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-

ʥʠʷ, ɸʥʜʨʫʩʝʚʠʯ ʠ ʜʨ. (Andrusevich et al. 1998, 2000) 

ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ 

ʥʝʬʪʠ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʳ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʙʦʛʘʱʘʣʠʩʴ 

ʠʟʦʪʦʧʦʤ 13C (ʨʠʩ. 2).  

 
ʈʠʩ.2. ɺʘʨʠʘʮʠʠ ʩʨʝʜʥʝʛʦ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ (d13C, ă) ʥʘʩʳʱʝʥʥʦʡ ʬʨʘʢʮʠʠ C15+ ʥʝʬʪʝʡ. 

ɺʝʨʪʠʢʘʣʴʥʳʝ ʯʝʨʪʦʯʢʠ ʧʦʢʘʟʳʚʘʶʪ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʦʟʨʘʩʪʘ (ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ ʥʘʟʝʤʥʦʡ ɾʠʟʥʠ ʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʩʣʦʚʠʡ 

ʥʘʟʝʤʥʦʛʦ ʬʦʪʦʩʠʥʪʝʟʘ), ʩʪʨʝʣʦʯʢʠ ʧʦʢʘʟʳʚʘʶʪ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʙʦʛʘʱʝʥʠʷ ʥʝʬʪʝʡ ʠʟʦʪʦʧʦʤ 
13ʉ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʫʧʝʥʴʢʘʤ ʢʝʤʙʨʠʡ ï ʦʨʜʦʚʠʢ, ʪʨʠʘʩ ï ʶʨʘ, ʠ ʧʘʣʝʦʛʝʥ ï ʥʝʦʛʝʥ (Andrusevich et 

al., 1998). 

 

ʉʣʝʜʫʷ ʣʦʛʠʢʝ ʤʦʜʝʣʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʦʙʦʛʘʱʝʥʠʝ ʙʳʣʦ ʚʳʟʚʘʥʦ ʫʩʠʣʝʥʠʝʤ ʬʦʪʦʜʳ-

ʭʘʥʠʷ ʫ ʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ 

ʚ ʘʪʤʦʩʬʝʨʝ, ʢʦʪʦʨʘʷ ʨʦʩʣʘ ʦʪ ʮʠʢʣʘ ʢ ʮʠʢʣʫ 

(ʀʚʣʝʚ, 2015ʘ). ʆʙʦʛʘʱʝʥʠʝ ʥʝʬʪʝʡ ʦʪʨʘʞʘʝʪ ʥʘʣʠ-

ʯʠʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʯʝʪʳʨʝʭ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢ-

ʣʦʚ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʘʪʤʦ-

ʩʬʝʨʝ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʨʛʘ-

ʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʦʩʣʝ ʢʘʞʜʦʛʦ ʮʠʢʣʘ ʩʪʘʥʦʚʠ-

ʣʦʩʴ ʚʩʝ çʪʷʞʝʣʝʝè. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʝʬʪʠ, ʥʘʩʣʝ-

ʜʫʷ ʦʙʦʛʘʱʝʥʠʝ çʪʷʞʝʣʳʤè ʠʟʦʪʦʧʦʤ ʦʙʨʘʟʦʚʘʚ-

ʰʝʛʦ ʠʭ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʪʘʢʞʝ 

ʩʪʘʥʦʚʠʣʠʩʴ çʪʷʞʝʣʝʝè, ʯʪʦ ʠ ʦʙʥʘʨʫʞʠʣʠ ʘʚʪʦʨʳ 

ʨʘʙʦʪ (Andrusevich et al. 1998, 2000). 
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ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʮʠʢʣʦʚ 

ʚ ʌʘʥʝʨʦʟʦʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʜʦʢʘʟʘʪʝʣʴ-

ʩʪʚʘʤʠ (ʩʤ. ʚʳʰʝ), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʩʫʱʝ-

ʩʪʚʦʚʘʥʠʠ ʯʝʪʳʨʝʭ ʚʦʣʥ ʥʝʬʪʝʛʝʥʝʨʘʮʠʠ ʚ ʌʘʥʝʨʦ-

ʟʦʝ. ɽʱʝ ʦʜʥʦ ʠʥʪʝʨʝʩʥʦʝ ʥʘʙʣʶʜʝʥʠʝ, ʧʦʜʪʚʝʨ-

ʞʜʘʶʱʝʝ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʤʦʜʝʣʠ ʨʝʜʦʢʩ-ʮʠʢʣʘ 

ʫʛʣʝʨʦʜʘ ʩʣʝʜʫʝʪ ʠʟ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʨʠʚʝʜʝʥʥʳʭ 

ʥʘ ʨʠʩ.2. ʇʦʩʣʝ ʖʨʳ ʨʘʟʙʨʦʩ ʜʘʥʥʳʭ ʧʦ ʠʟʦʪʦʧ-

ʥʦʤʫ ʩʦʩʪʘʚʫ ʥʝʬʪʝʡ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʣʩʷ. ʕʪʦ ʩʣʝʜ-

ʩʪʚʠʝ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʩʣʦʚʠʡ ʬʦʪʦʩʠʥʪʝʟʘ, ʢʦʪʦʨʦʝ 

ʧʦʷʚʠʣʦʩʴ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʘʟʝʤʥʦʡ ʞʠʟʥʠ. 

ɼʨʫʛʠʝ ʬʘʢʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦʙ ʦʙʦʩ-

ʥʦʚʘʥʥʦʩʪʠ ʤʦʜʝʣʠ ʛʣʦʙʘʣʴʥʦʛʦ ʨʝʜʦʢʩ-ʮʠʢʣʘ 

ʙʠʦʩʬʝʨʥʦʛʦ ʫʛʣʝʨʦʜʘ 

ʂ ʨʘʩʩʤʦʪʨʝʥʥʳʤ ʘʨʛʫʤʝʥʪʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 

ʧʨʦʪʠʚʦʬʘʟʥʫʶ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ 

ʩʦʜʝʨʞʘʥʠʷ ʉʆ2 ʠ ʆ2 (Igamberdiev&Lea, 2006) 

(ʨʠʩ.3) ʠ ʩʠʥʬʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘʭʦʨʦʥʝ-

ʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʆ2 ʘʪʤʦʩʬʝʨʝ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝ-

ʤʝʥʠ (Berner, Canfield, 1989) (ʈʠʩ. 4). ʆʙʘ ʫʪʚʝʨ-

ʞʜʝʥʠʷ ʩʣʝʜʫʝʶʪ ʠʟ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʷ 

ʬʦʪʦʩʠʥʪʝʟʘ.  

 
ʈʠʩ.3 ʇʨʦʪʠʚʦʬʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ CO2 ʠ O2 ʚ ʘʪʤʦʩʬʝʨʝ ʚ ʬʘʥʝʨʦʟʦʝ ʚ ʭʦʜʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (Igamberdiev&Lea, 2006), ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʠʭ ʩʚʷʟʴ ʩ ʬʦʪʦʩʠʥʪʝʟʦʤ (ʩʤ. 

ʪʝʢʩʪ). 

 

 
ʈʠʩ. 4 ʉʠʥʬʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʩʦʜʝʨʞʘʥʠʷ O2 ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʥʘʢʦʧʣʝʥʠʷ ʟʘʭʦʨʦʥʝʥʥʦʛʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʚ ʬʘʥʝʨʦʟʦʝ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (Berner, 

Canfield, 1989), ʠʣʣʶʩʪʨʠʨʫʶʱʠʡ ʠʭ ʩʚʷʟʴ ʩ ʬʦʪʦʩʠʥʪʝʟʦʤ (ʩʤ. ʪʝʢʩʪ). ɿʘʰʪʨʠʭʦʚʘʥʥʘʷ ʟʦʥʘ 

ʧʦʢʘʟʳʚʘʝʪ ʦʙʣʘʩʪʴ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ, ʧʦʣʫʯʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ. 
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ɺ ʧʦʣʴʟʫ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʨʝʜʦʢʩ-ʮʠʢʣʘ ʫʛʣʝ-

ʨʦʜʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠʟʤʝʥʝʥʠʡ 

ʥʝʢʦʪʦʨʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʘʢʠʭ, ʢʘʢ 

ʩʠʥʭʨʦʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ, ʩʦʭʨʘʥʷʶ-

ʱʝʡʩʷ ʤʘʩʩʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʦʙʲʝʤʘ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʜʚʠʞʝʥʠʝʤ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ 

(Mackenzie, Piggott, 1981) (ʈʠʩ. 5). 

 
ʈʠʩ. 5 ɺʘʨʠʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʬʘʥʝʨʦʟʦʝ (Mackenzie&Pigott, 1981). ɸ, ʚʘʨʠʘʮʠʠ 

ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʢ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʛʦ 

ʫʛʣʝʨʦʜʘ ʚ ʧʦʨʦʜʝ (ʦʨʛʘʥʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ + ʢʘʨʙʦʥʘʪʳ); ɺ, ʚʘʨʠʘʮʠʠ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʠʨʠʪʥʦʡ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ) ʩʝʨʳ ʢ ʩʦʜʝʨʞʘʥʠʶ ʦʙʱʝʡ ʩʝʨʳ (ʩʫʣʴʬʘʪʳ + ʧʠʨʠʪʳ); ʉ, ʧʘʨʘʤʝʪʨ, ʦʧʠʩʳʚʘʶʱʠʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʟʘ ʫʩʣʦʚʥʫʶ ʝʜʠʥʠʮʫ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (Garrels, 

Mackenzie, 1971);D, ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (Vail et al.,1977). ʇʦʜʲʝʤ ʠ 

ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʘ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ, ʢʦʪʦʨʳʡ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʛʤʳ. ʆʪʤʝʯʝʥʳ ʧʝʨʠʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ (LRG, large ridge volume) ʠ ʧʝʨʠʦʜʳ ʫʤʝʥʴʰʝʥʠʷ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ 

(SRG, small ridge volume). 

 

ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʤʝʥʝʥʠʷ ʨʷʜʘ ʛʝʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝ-

ʤʝʥʠ. ʀʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʥʪʝʨʧʨʝʪʠʨʫ-

ʶʪʩʷ ʩ ʧʦʟʠʮʠʠ ʯʝʨʝʜʦʚʘʥʠʷ ʦʨʦʛʝʥʠʯʝʩʢʠʭ ʮʠʢ-

ʣʦʚ. 

ʇʝʨʚʳʝ ʜʚʝ ʢʨʠʚʳʝ ʥʘ ʨʠʩ. 5 ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʞʝ ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʨʘʥʝʝ (ʀʚʣʝʚ, 2015ʘ) ʩʚʷʟʴ ʛʣʦ-

ʙʘʣʴʥʳʭ ʮʠʢʣʦʚ ʫʛʣʝʨʦʜʘ ʠ ʩʝʨʳ. ʂʨʠʚʘʷ (ɸ) ʦʧʠ-

ʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ (ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝ-

ʨʦʜʘ) ʢ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ (ʩʫʤʤʝ 

ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʧʦʨʦʜʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʠ ʢʘʨʙʦʥʘʪ-

ʥʦʛʦ ʫʛʣʝʨʦʜʘ). ɺʪʦʨʘʷ ʢʨʠʚʘʷ (ɺ) ʦʧʠʩʳʚʘʝʪ ʠʟʤʝ-

ʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ 

(ʩʫʣʴʬʠʜʥʦʡ) ʩʝʨʳ ʢ ʩʫʤʤʘʨʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʧʠ-

ʨʠʪʥʦʡ ʩʝʨʳ ʠ ʩʝʨʳ ʩʫʣʴʬʘʪʦʚ. ʀʟ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʜʚʫʭ ʢʨʠʚʳʭ ʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʪʠʚʦ-

ʬʘʟʝ. ʇʦʩʢʦʣʴʢʫ ʧʝʨʚʳʡ ʧʘʨʘʤʝʪʨ ʤʦʞʥʦ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝ-

ʨʦʜʘ ʚ ʧʦʨʦʜʝ, ʘ ʚʪʦʨʦʡ ʧʘʨʘʤʝʪʨ - ʢʘʢ ʘʥʘʣʦʛ ʩʦ-

ʜʝʨʞʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ ʩʝʨʳ, ʪʦ ʧʝʨʚʳʡ 

ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʫʙʩʪʨʘʪ ʨʝʘʢʮʠʠ ʩʫʣʴ-

ʬʘʪʨʝʜʫʢʮʠʠ, ʚʪʦʨʦʡ ʢʘʢ ʝʝ ʧʨʦʜʫʢʪ. ʅʦ ʩʫʙʩʪʨʘʪ ʠ 

ʧʨʦʜʫʢʪ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ 

ʨʝʮʠʧʨʦʢʥʦʡ ʩʚʷʟʴʶ, ʘ ʧʦʪʦʤʫ ʦʥʠ ʤʝʥʷʶʪʩʷ ʚ ʧʨʦ-

ʪʠʚʦʬʘʟʝ. 

ʂʨʠʚʘʷ (ʉ) ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʤʘʩʩʳ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʟʘ ʫʩʣʦʚʥʫʶ ʝʜʠʥʠʮʫ ʛʝʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʂʨʠʚʘʷ ʦʙʥʘʨʫʞʠʚʘʝʪ ʩʚʷʟʴ 

ʤʘʩʩ ʩʦʭʨʘʥʷʶʱʠʭʩʷ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʩ ʜʚʠʞʝʥʠʝʤ 

ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ, ʠʭ ʨʘʟʜʚʠʞʝʥʠʝʤ ʠ ʩʪʦʣʢʥʦʚʝ-

ʥʠʷʤʠ (Mackenzie, Piggot, 1981). 

ʂʨʠʚʘʷ (D) ʦʧʠʩʳʚʘʝʪ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʤʦʨʷ 

ʚ ʭʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʝ ʘʚʪʦʨʳ 

ʪʘʢʞʝ ʩʚʷʟʳʚʘʶʪ ʩ ʜʚʠʞʝʥʠʝʤ ʧʣʠʪ. ʆʥʠ ʩʚʷʟʳ-

ʚʘʶʪ ʧʦʜʲʝʤ ʠ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʦʙʲʝʤʘ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ, ʢʦʪʦʨʳʡ 

ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʛʤʳ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʛʦ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʝ 

ʧʣʠʪ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ.5, ʫʨʦʚʝʥʴ ʤʦʨʷ ʧʦʜʥʠʤʘ-

ʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʭʨʝʙʪʘ ʠ ʥʘʦʙʦʨʦʪ 

(Mackenzie, Piggot, 1981). ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʠʟʤʝ-

ʥʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʤʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʩ ʜʚʠʞʝʥʠʝʤ ʧʣʠʪ ʠ ʩ ʦʮʝʥʢʦʡ ʤʘʩʩ ʦʩʘʜʦʯ-

ʥʳʭ ʧʦʨʦʜ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ 


