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ʄʆɾɽʊ ʃʀ ñɹʆʃʔʐʆɽ ʇʆʊɽʇʃɽʅʀɽò ɺ ʐʇʀʎɹɽʈɻɽʅɽ ʉ 

1918 ʧʦ 1940 ɹʓʊʔ ʆɹʒɽʉʅɽʅʆ? 
ʥʘʧʠʩʘʥʦ: Arnd Bernaerts, ɻʝʨʤʘʥʠʷ,  

 

 

ʆɹɿʆʈ
1
  

 

ʅʝʜʘʚʥʠʝ ʚʳʚʦʜʳ ʘʨʢʪʠʯʝʩʢʦʛʦ ʧʦʪʝʧʣʝʥʠʷ 1920-ʳʭ/1930-ʳʭ: 

 

 

 

 

1. ɽʩʪʝʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʵʪʦ ʢʦʤʧʦʥʝʥʪ 

ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ (Johannessen et al., 

2004); 

2. ʇʨʠʨʦʜʥʘʷ ʥʝʧʦʩʪʦʷʥʥʦʩʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʘʷ 

ʧʨʠʯʠʥʘ (Bengtsson, et al., 2004);  

3. ʉʦʣʥʮʝ ʯʘʩʪʠʯʥʘʷ ʧʨʠʯʠʥʘ ʧʦʪʝʧʣʝʥʠʷ (Daly, 

2004); 

4. ʊʝʧʣʳʡ ʧʝʨʠʦʜ 1930-ʳʭ ʥʝ ʩʦʚʧʘʣ ʩ 

ʧʦʟʠʪʠʚʥʦʡ ʬʘʟʦʡ ʉɸʂ (ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʝ 

ʂʦʣʝʙʘʥʠʝ) (Polyakov
 
et al., 2004). 

 

 

 

 

 

 

 

ʇʦʩʣʝʜʥʠʝ ʨʝʟʶʤʝ IPCC ʧʨʦ ʈʘʟʨʘʙʦʪʢʠ (IPCC 2007) ʦʙʨʘʪʠʣʦ ʥʝʤʥʦʛʦ ʚʥʠʤʘʥʠʝ ʥʘ 

ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ ʠ ʢʨʘʪʢʦ ʠʟʣʦʞʠʣʦ óʘʨʢʪʠʯʝʩʢʦʝ ʧʦʪʝʧʣʝʥʠʝô ʢʘʢ ʩʣʝʜʫʝʪ:  

 

ʉʨʝʜʥʠʝ ɸʨʢʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʨʦʩʣʠ ʧʦʯʪʠ ʚ ʜʚʦʝ ʙʦʣʴʰʝ ʩʨʝʜʥʠʭ 

ʛʣʦʙʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʦʨʤ ʚ ʧʦʩʣʝʜʥʠʝ 100 ʣʝʪ. ɸʨʢʪʠʯʝʩʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʝʥʴ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʣʠ ʚ ʜʝʩʷʪʠʣʝʪʥʠʝ ʧʝʨʠʦʜʳ ʠ ʪʝʧʣʳʝ 

ʚʨʝʤʝʥʘ ʙʳʣʠ ʟʘʤʝʯʝʥʳ ʩ 1925 ʜʦ 1945. 

 

ʆʜʠʥ ʚʝʢ ʧʨʦʰʝʣ ʩ ʪʝʭ ʧʦʨ ʢʘʢ ʥʘʯʘʣʦʩʴ ʧʦʪʝʧʣʝʥʠʝ ʧʦʟʜʥʠʭ 1910-ʳʭ, ʥʦ ʥʘʫʢʘ ʪʘʢ ʠ ʥʝ 

ʤʦʞʝʪ ʜʘʪʴ ʪʚʝʨʜʳʡ ʦʪʚʝʪ ʧʨʠʯʠʥ ʧʦʪʝʧʣʝʥʠʷ ʠ ʝʛʦ ʠʩʪʦʯʥʠʢʦʚ. ʕʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʦʧʳʪʘʝʪʩʷ ʧʨʝʜʦʩʪʘʚʠʪʴ ʢʣʶʯ ʠ ʦʙʲʷʩʥʝʥʠʷ ʪʦʤʫ, ʯʪʦ ʙʳʣʦ ʧʨʠʯʠʥʦʡ ʘʨʢʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʧʣʝʥʠʷ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺʩʝ-ʪʘʢʠ, ʢʘʢ ʜʦʢʣʘʜ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ, ɻ ʪʦ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʪʦʣʴʢʦ ʢʦʨʦʪʢʠʡ ʨʝʟʶʤʝ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʨʘʙʦʪʳ, ʢʦʪʦʨʘʷ ʧʦʣʥʦʩʪʴʶ 

ʜʦʩʪʫʧʥʘ ʧʦ ʘʜʨʝʩʫ http://www.arctic-warming.com.  

 

ʏʪʦ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʨʘʟʛʦʚʦʨʘ? 

 

ɹʫʜʝʪ ʜʦʢʘʟʘʥʦ ʯʪʦ ʤʝʩʪʦ ʠ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʟʘʤʝʯʝʥʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʥʘʯʘʣʝ 20-ʛʦ ʚʝʢʘ 

ʤʦʛʣʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ. ʄʳ ʜʦʢʘʞʝʤ ʯʪʦ ʬʝʥʦʤʝʥ ʧʦʪʝʧʣʝʥʠʷ 

ʥʘʯʘʣʩʷ ʚ ʐʧʠʮʙʝʨʛʝʥʝ ʠ ʜʘʞʝ ʙʦʣʴʰʝ ï ʯʪʦ ʦʥ ʥʘʯʘʣʩʷ ʚ ʦʯʝʥʴ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ 
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ʚʨʝʤʝʥʠ, ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ 1918-ʛʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʘʤʳʡ ʜʨʘʤʘʪʠʯʥʳʡ ʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦʟʜʫʭʘ ʙʳʣ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʟʠʤʦʡ 1918/19 ʠ ʜʣʠʣʩʷ ʧʨʠʤʝʨʥʦ ʜʦ 1922. ɿʘ 

ʦʯʝʥʴ ʢʦʨʦʪʢʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʩ ʟʠʤʳ 1915/16 ʜʦ ʟʠʤʳ 1921/22, ʟʠʤʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʳʨʦʩʣʠ ʧʨʠʤʝʨʥʦ ʥʘ 10 ºC, ʥʝ ʚʦʟʚʨʘʱʘʷʩʴ ʥʘ ʫʨʦʚʝʥʴ ʜʦ 1918/19, ʥʦ ʚʳʨʘʩʪʘʷ ʥʘ 

ʥʠʞʥʝʤ ʫʨʦʚʥʝ ʧʨʠʤʝʨʥʦ ʜʦ 1940.  

 
ʉʣʝʜʫʶʱʠʡ ʚʘʞʥʳʡ ʘʩʧʝʢʪ ʵʪʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʐʧʠʮʙʝʨʛʝʥʘ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʦʜʥʳʭ ʤʘʩʩ ʜʦʩʪʠʛʘʶʱʠʭ ʐʧʠʮʙʝʨʛʝʥʘ ʠʣʠ ʧʝʨʝʩʝʢʣʠ ɿʘʧʘʜʥʦʝ 

ʧʦʙʝʨʝʞʴʝ ʐʦʪʣʘʥʜʠʠ ʠʣʠ ʧʨʠʙʳʣʠ ʩ ʉʝʚʝʨʥʦʛʦ ʄʦʨʷ, ʯʪʦ ʤʦʛʣʦ ʠʤʝʪʴ ʜʨʘʤʘʪʠʯʝʩʢʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʪʦʛʜʘ ʚ 1918. ʕʪʠ ʚʦʜʥʳʝ ʟʦʥʳ ʚʦʢʨʫʛ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʙʳʣʠ ʧʦʜ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠʟ-ʟʘ ʤʦʨʩʢʦʡ ʚʦʡʥʳ ʚʦ ʚʨʝʤʷ ʇʝʨʚʦʡ ʄʠʨʦʚʦʡ ɺʦʡʥʳ, 

ʢʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʚ ʧʨʠʤʝʨʥʦ 2000 ʢʠʣʦʤʝʪʨʦʚ ʤʝʞʜʫ ʜʚʫʤʷ ʤʝʩʪʘʤʠ ʥʝ ʠʤʝʝʪ 

ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ. ʊʝʯʝʥʠʷ ʦʢʝʘʥʘ ʧʝʨʝʤʝʱʘʣʦ ʚʩʝ ʚʦʜʳ ʤʦʨʩʢʠʭ ʟʦʥ ʙʦʷ ʥʘ ʩʝʚʝʨ ʚ 

ʨʝʛʠʦʥ ʐʧʠʮʙʝʨʛʝʥʘ, ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʭ ʥʝʜʝʣʴ ʠʣʠ ʤʝʩʷʮʝʚ. ʂʘʢ ʪʦʣʴʢʦ 

óʩʪʨʫʢʪʫʨʘô ʤʦʨʩʢʦʡ ʚʦʜʳ ʟʦʥʳ ʙʦʷ ʠʟʤʝʥʠʣʘʩʴ, ʦʥʦ ʪʘʢ ʠ ʦʩʪʘʣʦʩʴ.  

    
ʆʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥ ʪʦʣʴʢʦ ʟʠʤʥʠʡ ʩʝʟʦʥ: 

ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʬʘʢʪʘ, ʯʪʦ ʪʦʣʴʢʦ ʟʠʤʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʜʨʘʤʘʪʠʯʝʩʢʠʡ ʨʦʩʪ, ʘ ʧʦ ʪʦʤʫ ʯʪʦ ʦʥ ʧʦʢʨʳʚʘʝʪ ʧʝʨʠʦʜ ʚ ʢʦʪʦʨʦʤ ʩʦʣʥʝʯʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʘ ʤʥʦʛʠʝ ʤʝʩʷʮʳ, ʠʣʠ ʝʛʦ ʧʨʷʤʦʝ ʜʝʡʩʪʚʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.   

 

ʉʣʝʜʫʶʱʝʝ ʥʘʫʯʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ: 

¶ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʦʢʘʞʝʪ ʯʪʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʘʨʢʪʠʯʝʩʢʦʛʦ ʧʦʪʝʧʣʝʥʠʝ ʤʦʞʝʪ 

ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʦ ʩ ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ, ʘ ʠʤʝʥʥʦ ʐʧʠʮʙʝʨʛʝʥ, ʟʠʤʦʡ 1918/19;  
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¶ ʧʦʢʘʞʝʪ ʯʪʦ ʤʦʨʩʢʠʝ ʚʦʡʥʳ ʚʦ ʚʨʝʤʷ ʇʝʨʚʦʡ ʄʠʨʦʚʦʡ ɺʦʡʥʳ ʦʯʝʥʴ ʩʝʨʴʸʟʥʦʝ 

ʧʨʦʠʩʰʝʩʪʚʠʝ ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʙʳʣʦ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ; ʠ 

¶ ʯʪʦ ʟʘʚʠʩʠʪ ʦʪ ʥʘʫʯʥʦʛʦ ʦʙʱʝʩʪʚʘ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʥʝ ʦʜʦʙʨʠʪʴ ʵʪʦ prima facie 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ.  

 

ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʩ ʪʝʭ ʧʦʨ ʢʦʛʜʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʥʘʯʘʣʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʪʴʩʷ, ʪʦ ʝʩʪʴ ʙʦʣʝʝ 200 ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʥʠ ʦʜʥʦʛʦ ʧʦʜʦʙʥʦʛʦ ʬʝʥʦʤʝʥʘ ʥʝ 

ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʥʠ ʜʦ 1918, ʥʠ ʧʦʩʣʝ. ʊʘʢ ʯʪʦ, ʥʠ ʦʜʠʥ ʜʨʫʛʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ 

ʩʣʫʯʘʡ ʥʝ ʤʦʞʝʪ ʥʘʤ ʧʦʤʦʯʴ ʧʦʥʷʪʴ ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʣʫʯʰʝ ʯʝʤ ʘʨʢʪʠʯʝʩʢʦʝ 

ʧʦʪʝʧʣʝʥʠʝ ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ ʚ ʢʦʥʮʝ ʇʝʨʚʦʡ ʄʠʨʦʚʦʡ ɺʦʡʥʳ. 

 
 

ʈɸɿʈɸɹʆʊʂɸ ʎɽʃʀ ʀ ʇʈɽɼʓɼʋʑʀɽ ɸʅɸʃʀɿʓ  

 

ʆʩʥʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʢʠ 

 

ɼʦ ʥʝʜʘʚʥʠʭ ʧʦʨ, ʩʠʩʪʝʤʘʪʠʯʥʘʷ ʩʙʦʨʢʘ ʜʘʥʥʳʭ ʦʢʝʘʥʘ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʘ, ʩ 

ʠʩʢʣʶʯʝʥʠʝʤ ʦʪʙʦʨʘ ʧʨʦʙ ʪʝʤʧʝʨʘʪʫʨ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʜʝʣʘʥʥʳʝ ʪʦʨʛʦʚʳʤʠ 

ʩʫʜʥʘʤʠ. ʅʦ ʵʪʠ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʩʜʝʣʘʥʳ ʥʘʫʛʘʜ, ʦʯʝʥʴ ʩʝʣʝʢʪʠʚʥʳʝ ʠ ʩʦʚʩʝʤ 

ʥʝʜʦʩʪʘʪʦʯʥʳ. ɸʥʘʣʠʟʠʨʫʷ ʩʦʩʪʦʷʥʠʝ ʠ ʠʟʤʝʥʝʥʠʷ ʦʢʝʘʥʘ ʥʘʜʦ ʰʠʨʦʢʦ ʦʩʥʦʚʳʚʘʪʴʩʷ 

ʥʘ ʥʘʙʣʶʜʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ɺ ʐʧʠʮʙʝʨʛʝʥʝ ʧʝʨʚʘʷ ʩʝʨʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʥʠʷ 

ʧʦʩʪʦʷʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʥʘʯʘʣʘʩʴ ʚ 1912. ɺ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʟʦʥ ʉʝʚʝʨʥʦʛʦ 

ʄʦʨʷ, ʢ ʧʨʠʤʝʨʫ ʉʝʚʝʨʥʘʷ ɻʨʝʥʣʘʥʜʠʷ, ʗʥ ʄʘʡʘʥ ʠ ʄʝʜʚʝʞʠʡ ʆʩʪʨʦʚ, ʧʦʛʦʜʥʳʝ 

ʟʘʧʠʩʠ ʥʘʯʘʣʠʩʴ ʩ 1920. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʟʘ ʧʝʨʚʫʶ ʯʝʪʚʝʨʪʴ ʧʦʩʣʝʜʥʝʛʦ ʚʝʢʘ, ʚʝʩʢʠʝ 

ʜʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʷʨʥʦʛʦ ʨʝʛʠʦʥʘ ʦʛʨʘʥʠʯʝʥʳ ʠ ʧʦʣʘʛʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘ ʥʝʢʦʪʦʨʦʝ 

ʯʠʩʣʦ ʦʜʠʥʦʯʥʳʭ ʵʢʩʧʝʜʠʮʠʡ ʠ ʪʦʣʢʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. 
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ʏʪʦ ʢʘʩʘʝʪʩʷ ʬʘʢʪʦʚ ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʤʧʝʨʘʪʫʨ ʚ ʚʳʩʰʝʤ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, 

ʩʚʝʨʭʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʨʦʩʪ ʚ ʰʠʨʦʢʦʤ ʧʦʣʷʨʥʦʤ ʨʝʛʠʦʥʝ ʭʦʨʦʰʦ ʫʩʪʘʥʦʚʣʝʥ ʠ 

ʥʝʦʩʧʦʨʠʤ. ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨ ʚ ʜʚʘ, ʪʨʠ ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʥʦʨʤʘʣʴʥʳʡ ʛʣʦʙʘʣʴʥʳʡ ʨʦʩʪ 

ʧʦʩʣʝʜʥʝʛʦ ʚʝʢʘ. ʕʪʦ ʭʦʨʦʰʦ ʚʠʜʥʦ ʥʘ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʬʠʢʘʭ. ʏʪʦ 

ʵʪʠ ʛʨʘʬʠʢʠ ʠ ʪʘʙʣʠʮʳ ʥʝ ʧʦʢʘʟʳʚʘʶʪ ʜʦʚʦʣʴʥʦ ʯʝʪʢʦ, ʪʘʢ ʵʪʦ ʥʘʟʥʘʯʝʥʠʝ ʠʣʠ 

ʫʤʝʩʪʥʦʩʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʩʝʨʠʡ ʜʘʥʥʳʭ. ʉʣʝʜʫʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʩʚʷʟʘʥʥʳ ʠʣʠ  ʛʝʦʛʨʘʬʠʯʝʩʢʠ, ʠʣʠ ʩ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʣʠ ʩ 

ʩʝʟʦʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢʘʢ ʩʣʝʜʫʝʪ: 

 

ɻʝʦʛʨʘʬʠʯʝʩʢʠ: (A) ʄʝʩʪʥʦ: ʐʧʠʮʙʝʨʛʝʥ, ʧʨʠʤʝʨʥʦ 80 ʛʨʘʜʫʩʦʚ ʩʝʚʝʨʥʦʡ ʰʠʨʦʪʳ; (B) 

ʈʝʛʠʦʥʘʣʴʥʦ: ɸʨʢʪʠʯʝʩʢʠʡ/ʇʦʣʷʨʥʳʡ ʨʝʛʠʦʥ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚʳʰʝ 60º ʥʘ ʉʝʚʝʨ; (C) 

ɻʣʦʙʘʣʴʥʦ:  ʉʝʚʝʨʥʦʝ ʇʦʣʫʰʘʨʴʝ; (D) ɻʣʦʙʘʣʴʥʦ: ʉʝʚʝʨʥʦʝ ʠ ʖʞʥʦʝ ʇʦʣʫʰʘʨʴʝ, 

ʵʪʠʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤʠ ʩʨʝʜʥʠʤʠ ʯʠʩʣʘʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʧʦ ʪʦʤʫ ʯʪʦ ʦʥʠ ʥʝ ʜʘʶʪ 

ʥʠ ʦʜʥʦʡ ʧʦʜʩʢʘʟʢʠ ʦ ʧʦʪʝʧʣʝʥʠʠ ʚ ʐʧʠʮʙʝʨʛʝʥʝ; ʠʣʠ 

 

ɿʝʤʥʘʷ ʇʦʚʝʨʭʥʦʩʪʴ: (A) ʅʘʟʝʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʚʦʟʜʫʰʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʀʟ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʚʦʟʜʫʭʘ ʩʦʙʨʘʥʥʳʝ ʚ ʐʧʠʮʙʝʨʛʝʥʝ, ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʤʝʪʥʦ ʯʪʦ, 

ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʦʙʰʠʨʥʦʛʦ ʣʝʜʷʥʦʛʦ ʤʦʨʩʢʦʛʦ ʧʦʢʨʳʪʠʷ, ʦʩʪʨʦʚ ʯʘʩʪʠʯʥʦ ʧʦʭʦʞ 

ʥʘ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʝ ʤʝʩʪʦ. ʅʦ ʪʘʢ ʢʘʢ ʶʞʥʘʷ ʩʪʦʨʦʥʘ ʦʩʪʨʦʚʘ ʦʪʢʨʳʪʘ ʤʦʨʶ ʠ 

ʙʣʠʞʘʡʰʠʡ ʢʦʥʪʠʥʝʥʪ ʟʘ 1000 ʢʤ, ɻ ʪʦʪ ʶʞʥʳʡ ʩʝʢʪʦʨ ʧʦʜ ʦʯʝʥʴ ʩʠʣʴʥʳʤ ʦʢʝʘʥʩʢʠʤ 

ʚʣʠʷʥʠʝʤ; (B) ʊʝʤʧʝʨʘʪʫʨʳ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʊʄʇ), ʢʦʪʦʨʳʝ ʥʝ ʠʛʨʘʶʪ ʚʘʞʥʦʡ 

ʨʦʣʠ ʚ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʩʪʦ ʧʦ ʪʦʤʫ ʯʪʦ ʦʥʠ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʥʠ ʚ ʧʨʠʝʤʣʝʤʦʡ 

ʥʦʨʤʝ, ʥʠ ʚʦ ʚʨʝʤʝʥʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʝʨʠʦʜʘ  

 

ʉʝʟʦʥ ʠʣʠ ʢʦʥʢʨʝʪʥʳʝ ʤʝʩʷʮʳ: (A) ʉʝʟʦʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ 

ʠʥʪʝʨʝʩʥʳʤʠ, ʧʦ ʪʦʤʫ ʯʪʦ ʇʦʣʷʨʥʳʡ ʈʝʛʠʦʥ ʥʘ ʚʳʩʦʢʠʭ ʰʠʨʦʪʘʭ ʚʳʜʘʶʱʠʡʩʷ ʧʨʠʤʝʨ 

ʪʦʛʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠ ʚʣʠʷʥʠʝ ʩʦʣʥʮʘ ʫʤʝʥʴʰʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʟʠʤʳ ʚ ʥʠʟ 

ʜʦ ɹʘʣʪʠʡʩʢʦʛʦ ʠ ʉʝʚʝʨʥʦʛʦ ʄʦʨʝʡ (ʦʙʘ ʚʳʰʝ 50 ʉʝʚʝʨʥʦʡ ʰʠʨʦʪʳ). (B) ɽʞʝʤʝʩʷʯʥʳʝ 

ʩʨʝʜʥʠʝ ʜʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪ ʨʘʚʥʳʡ ʩʝʟʦʥʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʀʭ 

ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʝʪ ʩʤʳʩʣ ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʩʣʫʯʘʷʭ. ʐʧʠʮʙʝʨʛʝʥ ʠ ʝʩʪʴ ʪʘʢʦʡ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʡ ʩʣʫʯʘʡ. 

 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʫʩʠʣʠʠ ʦʙʲʷʩʥʠʪʴ ʧʦʪʝʧʣʝʥʠʝ ʚ ʐʧʠʮʙʝʨʛʝʥʝ ʠ ʝʛʦ ʧʨʠʯʠʥʳ, 

ʨʷʜ ʪʝʤʧʝʨʘʪʫʨ ʚʦʞʜʫʭʘ ʠʛʨʘʶʪ ʛʣʘʚʥʫʶ ʨʦʣʴ. ʉʦʩʨʝʜʦʪʦʯʠʚʰʠʩʴ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʘʩʧʝʢʪʘʭ ʪʘʢʠʭ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʦʪʢʨʳʪʴ 

ʠʩʪʦʯʥʠʢ ʧʦʪʝʧʣʝʥʠʷ.  
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ʈʝʟʫʣʴʪʘʪ ʥʝʜʘʚʥʠʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʜʦ ɺʪʦʨʦʡ ʄʠʨʦʚʦʡ ɺʦʡʥʳ 

 

ʅʘʫʯʥʘʷ ʧʦʟʠʮʠʷ ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦʙ ʦʙʲʷʩʥʝʥʠʠ ʬʝʥʦʤʝʥʘ 

ʧʦʪʝʧʣʝʥʠʷ 90 ʣʝʪ ʥʘʟʘʜ ʫʞʝ ʙʳʣʦ ʦʩʚʝʱʝʥʦ ʚ ɺʚʝʜʝʥʠʠ ʚʳʰʝ. 

ʄʦʞʝʪ ʙʳʪʴ ʧʦ ʵʪʦʤʫ ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʦ ʜʦ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʙʳʣ 

ʦʙʩʫʞʜʝʥ ʵʪʦʪ ʬʝʥʦʤʝʥ ʜʦ ɺʪʦʨʦʡ ʄʠʨʦʚʦʡ ɺʦʡʥʳ.  

 

ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʢʪʦ ʚʳʩʚʝʪʠʣ ʥʝʦʙʳʯʥʦʝ ʨʘʟʚʠʪʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘ ʩʪʘʥʮʠʠ óGreen Harbourô ʚ ʐʧʠʮʙʝʨʛʝʥʝ ʙʳʣ ʥʦʨʚʝʞʩʢʠʡ 

ʫʯʝʥʥʳʡ B.J.Birkeland, ʚ 1930. ʆʥ ʙʳʣ ʦʯʝʥʴ ʫʜʠʚʣʝʥ ʪʝʤ, ʯʪʦ ʦʥ 

ʦʙʥʘʨʫʞʠʣ. ʆʥ ʟʘʢʦʥʯʠʣ ʩʚʦʡ ʢʦʨʦʪʢʠʡ ʵʩʩʝ ʵʪʠʤ 

ʧʨʝʜʣʦʞʝʥʠʝʤ: ñɺ ʟʘʢʣʶʯʝʥʠʝ ʷ ʭʦʪʝʣ ʙʳ ʧʦʜʯʝʨʢʥʫʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʩʨʝʜʥʠʭ ʦʪʢʣʦʥʝʥʠʡ ʚ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʬʠʛʫʨʘʭ, 

ʧʦʞʘʣʫʡ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʠʟʚʝʩʪʥʳʭ ʥʘ ʟʝʤʣʝò. ʇʘʨʫ ʣʝʪ ʧʦʩʣʝ 

ʵʪʦʛʦ, ʚ 1936, ʥʝʩʢʦʣʴʢʦ ʘʚʪʦʨʦʚ ʧʦʩʪʘʚʠʣʠ ʥʘʭʦʜʢʠ ɹʠʨʢʝʣʘʥʜʘ 

ʚ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʢʦʥʪʝʢʩʪ. 

 

(A) Johansson (op. cit., 1936)  ʩʦʩʨʝʜʦʪʦʯʠʣ ʩʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ 

ʫʤʝʩʪʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʧʷʪʝʥ. ʆʧʷʪʴ, ʥʝʢʦʪʦʨʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʩʦʦʙʨʘʞʝʥʠʷ ʚʩʝ-ʪʘʢʠ ʠʥʪʝʨʝʩʥʳ. ʂ ʧʨʠʤʝʨʫ: (a) ɺ 1919, 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʩʝʢʘʝʪ ʟʥʘʯʝʥʠʝ ʥʦʣʴ; ʠʣʠ, 

ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚʩʝ ʧʨʦʰʣʳʝ ʛʦʜʘ ʙʳʣʠ ʭʦʣʦʜʥʝʝ; ʚʩʝ 

ʩʣʝʜʫʶʱʠʝ ʛʦʜʘ ʙʳʣʠ ʪʝʧʣʝʝ; (b) ʄʝʞʜʫ 1917 ʠ 1928, ʨʦʩʪ ʚʦ 

ʚʨʝʤʷ ʣʝʪʥʝʛʦ ʩʝʟʦʥʘ ʙʳʣ ʚ +0.9°C ʟʘ 10 ʣʝʪ, ʘ ʟʠʤʦʡ, ʚ +8.3°C, ʚ 

ʬʝʚʨʘʣʝ ʚ +11.0°C; (c) ʂʘʞʝʪʩʷ ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠʭʦʜʷʪ ʩ ʉʝʚʝʨʘ. (d) ɻʣʘʚʥʦʝ 

ʟʘʢʣʶʯʝʥʠʝ Johannssonʘ ʚ ʪʦʤ ʯʪʦ ʨʦʩʪ ʢʨʫʛʦʚʦʨʦʪʘ ʚʦʟʜʫʭʘ (15% ʚʳʰʝ) ʤʝʞʜʫ 1896 ʠ 

1915 ʧʦʩʪʝʧʝʥʥʦ ʠʟʤʝʥʠʣʠ ʧʦʪʦʢ ʠ ʩʦʩʪʦʷʥʠʝ ʣʴʜʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʝʥʷ ̫ʛʨʘʥʠʮʳ 

ʤʝʞʜʫ ʢʣʠʤʘʪʦʤ ʪʝʯʝʥʠʷ ɸʨʢʪʠʯʝʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʥʘʩʪʦʷʱʠʤ ɸʨʢʪʠʯʝʩʢʠʤ ʢʣʠʤʘʪʦʤ 

ʜʘʣʴʰʝ ʥʘ ʩʝʚʝʨ.  
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(B) Scherhag (op. cit., 1936/8) ʩʩrʣʘʝʪʩʷ 

ʥʘ ʨʘʙʦʪʫ Birkelandʘ ʩ 1930-ʛʦ, 

ʧʨʝʜʧʦʣʘʛʘʷ ʯʪʦ ʚʩʝ ʘʥʘʣʠʟʳ 

ʧʦʪʝʧʣʝʥʠʷ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʘʯʘʣʦ ï 

ʬʝʥʦʤʝʥ ʚ ʐʧʠʮʙʝʨʛʝʥʝ, ʧʦ ʪʦʤʫ ʯʪʦ 

ʪʦʣʴʢʦ ʟʜʝʩʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʦʩʪ ʙʳʣ 

ʠʟʤʝʨʝʥ ʟʠʤʦʡ 1918/19 ʧʝʨʚʳʡ ʨʘʟ 

(Scherhag, 1939); (a)  ʊʘʤ ʙʳʣ ʨʦʩʪ 

ʪʝʤʧʝʨʘʪʫʨ ʪʝʯʝʥʠʷ ʟʘʣʠʚʘ, ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʳʝ ʚ ɹʘʨʝʥʮʝʚʦʤ ʄʦʨʝ ʠ ʚ ʄʦʨʝ 

ɺʦʩʪʦʯʥʦʡ ɻʨʝʥʣʘʥʜʠʠ. (b) ʅʝʦʙʳʯʥʳʡ 

ʨʦʩʪ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ɻʨʝʥʣʘʥʜʠʠ 

(Scherhag, Nordeuropa, 1936)
 
, ʙʳʣ ʠʟ-ʟʘ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʦʪʩʪʫʧʣʝʥʠʷ ʛʨʘʥʠʮʳ 

ʣʴʜʘ ʠ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ (Scherhag, 

ditto). 

(c) Scherhag (op.cit., 1937)ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʦʣʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦ ʚʩʝʡ ʩʝʚʝʨʥʦʡ ʧʦʣʦʚʠʥʝ ʟʝʤʥʦʛʦ ʰʘʨʘ ʚʦ ʚʨʝʤʷ ʧʝʨʠʦʜʘ 1921-1930 ʧʦʜʪʚʝʨʜʠʣʦ ʯʪʦ 

ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʨʝʛʠʦʥʘ ʠ ʚʧʨʘʚʜʫ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʪʝʧʣʝʝ ʚʦ 

ʚʨʝʤʷ ʜʝʩʷʪʠʣʝʪʠʷ 1921-1930. (d) Scherhag ʧʦʜʯʝʨʢʥʫʣ: ñʪʘʢʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʢʦʪʦʨʳʝ ʙʳʣʠ ʟʘʤʝʯʝʥʳ ʚ ʐʧʠʮʙʝʨʛʝʥʝ ʠ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ 

ɻʨʝʥʣʘʥʜʠʠ ʥʝ ʙʳʣʠ ʥʝʧʨʝʤʝʥʥʦ ʦʛʨʘʥʠʯʝʥʳ ʥʘ ʥʝʙʦʣʴʰʦʡ ʨʝʛʠʦʥ ʥʦ ʜʦʣʞʥʳ ʙʳʪʴ 

ʛʣʦʙʘʣʴʥʳò (Scherhag, 1937).  (e) ɺ ʩʚʦʸʤ ʧʦʩʣʝʜʫʶʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, Scherhag ʧʨʠʜʘʣ 

ʥʝʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠʨʦʜʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤ ʚ ʐʧʠʮʙʝʨʛʝʥʝ ʚ ʧʦʟʜʥʠʝ 1910-ʳʝ, 

ʪʦʣʴʢʦ ʜʦʧʫʩʢʘʷ ʯʪʦ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ ʙʫʜʝʪ, ʙʝʟ ʩʦʤʥʝʥʠʡ, ʩʘʤʳʡ 

ʙʦʣʴʰʦʡ ʚ ɸʨʢʪʠʢʝ (Scherhag, 1939). 
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(C) Brooks (op.cit.,1938):  (a) ɺʝʪʚʴ ʐʧʠʮʙʝʨʛʝʥʘ 

ʉʝʚʝʨʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʊʝʯʝʥʠʷ ʩʠʣʴʥʦ ʚʳʨʦʩʣʘ ʚ ʩʠʣʝ 

ʠ ʚʝʨʭʥʠʡ ʩʣʦʡ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʚ ɸʨʢʪʠʯʝʩʢʦʤ ʆʢʝʘʥʝ 

ʫʤʝʥʴʰʠʣʩʷ ʚ ʪʦʣʱʠʥʝ ʦʪ 200 ʜʦ 100 ʤʝʪʨʦʚ. (b) 

ʇʨʠʧʠʩʘʪʴ ʧʦʩʣʝʜʥʠʝ ʧʝʨʠʦʜʳ ʪʝʧʣʳʭ ʟʠʤ ʨʦʩʪʫ ʚ ʩʠʣʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ (ʩʩʳʣʘʷʩʴ ʥʘ Scherhag) ʪʦʣʴʢʦ 

ʪʦʣʢʘʝʪ ʧʨʦʙʣʝʤʫ ʥʘ ʰʘʛ ʥʘʟʘʜ, ʧʦ ʪʦʤʫ ʯʪʦ ʚʩʝ ʨʘʚʥʦ 

ʥʘʜʦ ʙʨʘʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʠʟʤʝʥʝʥʠʝ ʚ ʢʨʫʛʦʚʦʨʦʪʝ. (c) 

ʄʦʞʥʦ ʝʱʸ ʚʦʟʨʘʟʠʪʴ ʯʪʦ ʘʪʤʦʩʬʝʨʥʳʡ ʢʨʫʛʦʚʦʨʦʪ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʚʳʩʦʢʠʤʠ ʠ ʥʠʟʢʠʤʠ 

ʰʠʨʦʪʘʤʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʞʥʦ ʙʳʣʦ ʦʩʣʘʙʝʪʴ ʘ ʥʝ 

ʫʩʠʣʠʪʩʷ ʟʘ ʩʯʝʪ ʧʦʪʝʧʣʝʥʠʷ ʚ ɸʨʢʪʠʢʝ. (d) ʅʝ ʩʤʦʪʨʷ ʥʘ 

ʤʝʭʘʥʠʟʤ, ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨ ʥʘʯʘʣʩʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ ʠ 

ʠʤʝʣ ʧʨʠʯʠʥʫ, ʭʦʪʷ ʚʦʟʤʦʞʥʦ ʯʪʦ ʵʪʦ ʚʦʟʥʠʢʣʦ 

ʩʧʦʥʪʘʥʥʦ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʢʘʣʝʡʜʦʩʢʦʧʝ ʚʨʝʤʝʥʥʳʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʜʘʚʣʝʥʠʷ.  

 

(D) Manley (op. cit., 1944): (a) ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʅʦʨʚʝʛʠʠ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʉʝʚʝʨʝ, ʥʝʩʦʤʥʝʥʥʦ ʚʳʨʦʩʣʘ ʥʘʤʥʦʛʦ 

ʙʦʣʴʰʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʯʝʤ ʚ ʣʶʙʦʝ ʜʨʫʛʦʝ ʚʨʝʤʷ ʚ 

ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʩʪʦʣʝʪʠʷ. (b) ɹʦʣʝʝ ʵʥʝʨʛʠʯʥʳʡ 

ʘʪʤʦʩʬʝʨʥʳʡ ʢʨʫʛʦʚʦʨʦʪ ʚ ʨʝʛʠʦʥʝ ʅʦʨʚʝʞʩʢʦʛʦ ʄʦʨʷ 

ʦʙʲʷʩʥʠʣ ʙ  rʟʘʤʝʯʝʥʥʳʝ ʬʘʢʪʳ, ʘ ʠʤʝʥʥʦ ʩʥʠʞʝʥʠʝ 

ʣʝʜʷʥʦʛʦ ʧʨʝʜʝʣʘ, ʫʚʝʣʠʯʝʥʥʘʷ ʯʘʩʪʦʪʘ ʶʛʦ-ʟʘʧʘʜʥʳʭ ʚʝʪʨʦʚ, ʚʤʝʩʪʦ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ, ʚ 

ʉʝʚʝʨʥʦʡ ʅʦʨʚʝʛʠʠ, ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʟʠʤʥʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʢʦʪʦʨʦʝ 

ʜʦʩʪʠʛʣʦ ʧʠʢʘ ʥʘ ʩʝʚʝʨʝ ʉʢʘʥʜʠʥʘʚʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ.  
 

ɺʩʝ ʛʘʟʝʪʳ ʜʦ ɺʪʦʨʦʡ ʄʠʨʦʚʦʡ ɺʦʡʥʳ ʧʦʜʪʚʝʨʞʜʘʣʠ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʥʘʯʘʣʘ 1920-ʳʭ, ʥʦ ʥʝ ʦʙʨʘʪʠʣʠ ʚʥʠʤʘʥʠʷ ʥʘ 

ʐʧʠʮʙʝʨʛʝʥ, ʦʩʪʨʦʚ ʚ ʩʝʨʝʜʠʥʝ ʦʛʨʦʤʥʦʡ ʤʦʨʩʢʦʡ ʦʙʣʘʩʪʠ, ʩ ʤʦʨʩʢʠʤ ʣʴʜʦʤ ʥʘ ʩʝʚʝʨʝ 

ʠ ʥʘ ʢʨʘʶ ʅʦʨʚʝʞʩʢʦʛʦ ʤʦʨʷ ʥʘ ʖʛʝ. ʆʜʥʘʢʦ, ʧʨʘʜʝʜʳ ʩʝʛʦʜʥʷʰʥʠʭ ʢʣʠʤʘʪʦʣʦʛʦʚ 

ʦʙʩʫʞʜʘʣʠ ʵʪʦʪ ʚʦʧʨʦʩ ʦʯʝʥʴ ʩʝʨʴʝʟʥʦ ʠ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ, ʢʦʪʦʨʳʡ ʥʝ ʦʯʝʥʴ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʝʛʦʜʥʷʰʥʝʛʦ.  

 

ɸʅɸʃʀɿ ʇʆʊɽʇʃɽʅʀʗ ʐʇʀʎɹɽʈɻɽʅɸ ɺ ɹʆʃɽɽ ʐʀʈʆʂʆʁ ʆɹʃɸʉʊʀ.  

 

ʂʦʥʪʨʠʙʫʮʠʠ ʧʦ ʤʦʨʩʢʠʤ ʨʝʛʠʦʥʘʤ 

 

ñʉʘʤʦ ʩʦʙʦʡ ʨʘʟʫʤʝʝʪʩʷ, ʜʣʷ ʪʦʛʦ ʯʪʦʙ 

ʧʨʦʠʟʦʰʣʦ ɸʨʢʪʠʯʝʩʢʦʝ ʧʦʪʝʧʣʝʥʠʝ 

ʟʘʚʠʩʠʪ ʦʪ ʠʟʤʝʥʝʥʠʡ ʧʦ ʰʠʨʦʢʦʡ ʰʢʘʣʝ ʚ 

ʢʨʫʛʦʚʦʨʦʪʝ ʘʪʤʦʩʬʝʨʳò (Bengtsson, et al., 

2004). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʝʜʳʜʫʱʝʝ 

ʟʘʢʣʶʯʝʥʠʝ ʥʝʤʥʦʛʦ ʧʦʤʦʛʘʝʪ ʜʣʷ 

ʦʙʲʷʩʥʝʥʠʷ ʠ ʧʦʥʠʤʘʥʠʷ ʧʦʪʝʧʣʝʥʠʷ ʚ 

ʚʳʩʦʢʠʭ ʉʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ, ʥʫʞʝʥ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʦ ʧʝʨʚʦʤ ʧʦʷʚʣʝʥʠʠ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ. 

ʅʘʜʦ ʧʦʜʯʝʨʢʥʫʪʴ ʯʪʦ ʜʣʷ ñʧʦʜʦʛʨʝʚʘò 

ʚʦʟʜʫʭʘ ʦʪʜʘʣʝʥʥʦʛʦ ʘʨʭʠʧʝʣʘʛʘ ʥʘ 80º 

ʉʝʚʝʨʥʦʡ ʰʠʨʦʪʳ ʚʦ ʚʨʝʤʷ ʟʠʤʳ, ʪʝʧʣʦ 
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ʜʦʣʞʥʦ ʧʦʩʪʫʧʠʪʴ ʚ ʘʪʤʦʩʬʝʨʫ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ 135º (ʖɺ) ʠ 270º (ɿʘʧʘʜ) ʦʪ 

ʐʧʠʮʙʝʨʛʝʥʘ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʷʚʣʷʶʪʩʷ ʦʙʣʘʩʪʷʤʠ ʤʦʨʷ ʙʝʟʦ ʣʴʜʘ ʚʝʩʴ ʛʦʜ ʠ 

ʧʨʠʥʘʜʣʝʞʘʪ ɹʘʨʝʥʮʝʚʫ ʄʦʨʶ, ʅʦʨʚʝʞʩʢʦʤʫ ʄʦʨʶ ʠ ɻʨʝʥʣʘʥʜʩʢʦʤʫ ʄʦʨʶ. ʀʩʪʦʯʥʠʢ 

ʥʘʛʨʝʚʘʥʠʷ ʧʨʦʠʟʦʰʝʣ ʠʣʠ ʠʟ-ʟʘ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʚʦʜʥʳʭ ʪʝʣ, ʠʣʠ ʧʦʜ 

ʚʣʠʷʥʠʝʤ óʙʦʣʝʝô ʪʝʧʣʦʡ ʚʦʜʳ, ʧʨʠʙʳʚʘʶʱʝʡ ʠʟ ʪʝʯʝʥʠʷ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ɿʘʣʠʚʘ. 

ʇʦʩʣʝʜʥʝʝ ʧʨʠʙʳʣʦ ʚʤʝʩʪʝ ʩ ɿʘʧʘʜʥʳʤ ʪʝʯʝʥʠʝʤ ʐʧʠʮʙʝʨʛʝʥʘ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤ 

ʪʝʢʫʱʝʡ ʚʦʜʦʡ ʦʪ ʪʝʯʝʥʠʷ ɿʘʣʠʚʘ ʧʦʩʣʝ ʧʝʨʝʩʝʯʝʥʠʷ ʀʩʣʘʥʜʠʠ ï ʌʘʨʝʨʩʢʠʝ ʦʩʪʨʦʚʘ ï 

ʣʠʥʠʷ ʐʦʪʣʘʥʜʠʠ ʠ ʫʩʠʣʝʥʥʦʝ ʚʦʜʘʤʠ ʉʝʚʝʨʥʦʛʦ ʄʦʨʷ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʚʦʜʘʤʠ ʦʪ 

ʜʦʞʜʝʡ ʠ ʪʘʷʥʠʷ. 

 

1-ʳʡ ʉʮʝʥʘʨʠʡ - ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ɸʪʣʘʥʪʠʯʝʩʢʠʭ ʚʦʜ ʧʝʨʝʤʝʱʘʝʪʩʷ ʯʝʨʝʟ ʪʝʯʝʥʠʷ ʢ 

ʙʘʩʩʝʡʥʫ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ. ʌʘʢʪʠʯʝʩʢʠ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʩʦʣʝʥʦʩʪʠ 

ɸʪʣʘʥʪʠʯʝʩʢʠʭ ʚʦʜ ʠ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ, ʚʦʜʘ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ 

ʧʣʦʪʥʦʡ ʠ óʧʘʜʘʝʪô ʧʦ ʧʦʜʚʦʜʥʦʡ ʩʢʘʣʝ (ʩ ʛʣʫʙʠʥʦʡ ʥʘ 600 ʤ. ʥʠʞʝ 

ʫʨʦʚʥʷ ʤʦʨʷ) ʚ ʘʨʢʪʠʯʝʩʢʠʡ ɹʘʩʩʝʡʥ. ʇʨʝʞʜʝ ʯʝʤ ʪʝʯʝʥʠʝ 

ʐʧʠʮʙʝʨʛʝʥʘ ʜʦʩʪʠʛʘʝʪ ʧʦʜʚʦʜʥʦʡ ʩʢʘʣʳ, ʧʨʠʤʝʨʥʦ 80° ʥʘ ʉʝʚʝʨ, ʫ 

ʚʦʜʳ ʥʘ ʛʣʫʙʠʥʝ 20 ʤʝʪʨʦʚ ʩʦʣʝʥʦʩʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ >35 ʥʘ ʤʠʣʶ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ 7°ʉ (Knies, 1996). 

 

2-ʡ ʉʮʝʥʘʨʠʡ ï ʊʝʯʝʥʠʝ ʉʝʚʝʨʥʦʛʦ ʄʳʩʘ, ʢʦʪʦʨʦʝ ʩʥʘʙʞʘʝʪ ɹʘʨʝʥʮʝʚʦ 

ʄʦʨʝ ɸʪʣʘʥʪʠʯʝʩʢʦʡ ʚʦʜʦʡ, ʚʦʟʤʦʞʥʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʘʛʨʝʚʘʥʠʶ. ʅʦ, ɸʪʣʘʥʪʠʯʝʩʢʘʷ ʚʦʜʘ 'ʠʩʯʝʟʘʝʪ' ʥʘ 

ɺʦʩʪʦʢʝ ʉʝʚʝʨʥʦʛʦ ʄʳʩʘ ʠ ʐʧʠʮʙʝʨʛʝʥʘ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʧʦʣʷʨʥʦʝ 

ʚʦʜʥʦʝ ʪʝʯʝʥʠʝ ʚʪʝʢʘʝʪ ʦʪ ʉʝʚʝʨʘ-ɺʦʩʪʦʢʘ ʠ ʯʘʩʪʠʯʥʦ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ 

ʢ ʪʝʯʝʥʠʶ ʐʧʠʮʙʝʨʛʝʥʘ ʥʘ ʶʛʝ ʐʧʠʮʙʝʨʛʝʥʘ. ʉʦʛʣʘʩʥʦ Wagner (op 

cit., 1940), ʩʨʝʜʥʠʝ ʚʦʜʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ɹʘʨʝʥʮʝʚʦʤ ʄʦʨʝ ʚʳʨʦʩʣʠ 

ʥʘ +1.8°C ʩ 1912/18 ʜʦ 1919/28. ʅʝ ʣʝʛʢʦ ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ɹʘʨʝʥʮʝʚʦ 

ʤʦʨʝ 500 ʤ. ʛʣʫʙʠʥʦʡ, ʚʦʟʤʦʞʥʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ óʉʝʨʴʝʟʥʦʤʫ 

ʅʘʛʨʝʚʘʥʠʶô. ʇʦ-ʚʠʜʠʤʦʤʫ, ʥʝ ʦʯʝʥʴ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʯʝʥʠʝ 1918, ʭʦʪʷ 

ʣʝʜʷʥʘʷ ʛʨʘʥʠʮʘ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʦʪʩʪʫʧʠʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩ 1919 (Wagner, 1940). ɺ ʢʦʥʮʝ 

ʢʦʥʮʦʚ, ʧʦʣʥʦʝ ʚʦʟʦʙʥʦʚʣʝʥʠʝ ʚʦʜʥʦʛʦ ʪʝʣʘ ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʠ 4 

ʣʝʪ (Schokalsky, 1936). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɹʘʨʝʥʮʝʚʦ ʤʦʨʝ ʧʦʪʨʝʙʦʚʘʣʦ ʙʳ ʧʦʩʪʦʷʥʥʦʛʦ 

ʚʦʜʥʦʛʦ ʧʨʠʪʦʢʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʧʨʠʙʳʪʴ ʪʦʣʴʢʦ ʩ ʖʛʘ, ʢʦʛʜʘ ʦʥʦ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʚʳʜʝʨʞʠʚʘʝʪ ʧʦʪʝʧʣʝʥʠʝ. 

.  
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3-ʠʡ ʉʮʝʥʘʨʠʡ - ʅʘ ʟʘʧʘʜʝ ʐʧʠʮʙʝʨʛʝʥʘ ʫ ʤʦʨʩʢʦʡ ʚʦʜʳ ʪʝʤʧʝʨʘʪʫʨʘ 5ÁC ʠ ʩʦʣʝʥʦʩʪʴ 

34.90 ʢ 35.00 ʤʛ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʪʝʧʣʦʡ ʚʦʜʳ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ɿʘʣʠʚʘ, ʢʦʪʦʨʘʷ 

ʜʦʩʪʠʛʣʘ ʐʧʠʮʙʝʨʛʝʥʘ, óʧʦʚʦʨʘʯʠʚʘʝʪ ʥʘʣʝʚʦô ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʚ ʧʦʟʠʮʠʠ 

75-77° ʥʘ ʉʝʚʝʨ, ʠ ʪʝʯʝʪ ʠʣʠ ʢʘʢ ɻʨʝʥʣʘʥʜʩʢʦʝ ʪʝʯʝʥʠʝ ʚ ʥʠʟ ʜʦ ʅɹ ʶʬʘʫʥʜʣʝʥʜʘ ʠ 

ʥʘʟʘʜ ʚ ɸʪʣʘʥʪʠʢʫ, ʠʣʠ ʩʧʫʩʢʘʝʪʩʷ ʚ ʦʛʨʦʤʥʳʡ ɹʘʩʩʝʡʥ 

ɻʨʝʥʣʘʥʜʩʢʦʛʦ ʤʦʨʷ ʩ ʛʣʫʙʠʥʘʤʠ 2000 ʤʝʪʨʦʚ ʠʣʠ ʙʦʣʴʰʝ 

(ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3500 ʤ), ʠʣʠ ʢʨʫʞʠʪ ʚ 

ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʚʦʜʥʳʡ ʩʣʦʡ. 

ʕʪʘ ʚʦʜʘ ʚʦʟʤʦʞʥʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʥʘʛʨʝʚʘʥʠʶ ʚ ʙʦʣʝʝ 

ʧʦʟʜʥʝʤ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ, ʥʘ ʜʦʣʛʦʩʨʦʯʥʦʡ ʦʩʥʦʚʝ.   

 

4-ʳʡ ʉʮʝʥʘʨʠʡ ï ʅʘ ʯʝʪʚʝʨʪʦʤ ʤʝʩʪʝ ʙʘʩʩʝʡʥ ʅʦʨʚʝʞʩʢʦʛʦ 

ʄʦʨʷ ʩ ʛʣʫʙʠʥʘʤʠ ʚ 3000 ʤʝʪʨʦʚ. ɺʩʷ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ɽʚʨʦʧʝʡʩʢʦʛʦ ʉʝʚʝʨʦ-ɸʪʣʘʥʪʠʢʘ ï ʅʦʨʚʝʞʩʢʦʝ ʄʦʨʝ ï ʵʪʦ 

ʚʦʜʦʸʤ ʜʣʷ ʚʦʜ ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʟʘʣʠʚʘ, ʜʦʩʪʠʛʘʷ ʛʣʫʙʠʥ ʚ 

800 ʤʝʪʨʦʚ. ʕʪʦ ʙʦʣʴʰʦʝ ʚʦʜʥʦʝ ʪʝʣʦ ʠʤʝʝʪ ʦʛʨʦʤʥʫʶ 

ʩʜʝʨʞʠʚʘʶʱʫ  ʁʪʝʧʣʦʝʤʢʦʩʪʴ. ʃʶʙʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʠʣʠ ʨʘʩʰʠʨʝʥʠʝ ôʪʝʧʣʦʡ ʚʦʜʥʦʡ ʯʘʩʪʠô, ʠʣʠ 

'ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ', ʙʳʣʦ ʙʳ ʙʳʩʪʨʦ ʦʪʨʘʞʝʥʦ ʚ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʐʧʠʮʙʝʨʛʝʥʘ, ɽʚʨʦʧ rʠʣʠ ʜʨʫʛʦʛʦ ʤʝʩʪʘ ʚ 

ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʣʫʙʦʢʠʝ 

ʚʦʜʳ ʵʪʦʛʦ ʚʦʜʦʝʤʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʩʝʚʝʨʝ ʦʪ ʗʥ ʄʘʡʝʥ, 

ʦʥʦ ʤʦʞʝʪ, ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ, ʙʳʪʴ 

ʧʦʜʦʛʨʝʪʦ ɸʪʣʘʥʪʠʯʝʩʢʠʤʠ ʚʦʜʘʤʠ ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʦʥʠ ʙʳʣʠ 

óʧʨʦʜʚʠʥʫʪʳô ʥʘ ʥʠʟʰʠʝ ʛʣʫʙʠʥʳ ʧʦʩʣʝ ʧʨʦʪʝʢʘʥʠʷ 

ʐʝʪʣʘʥʜʩʢʠʭ ʆʩʪʨʦʚʦʚ, ʌʘʨʝʨʩʢʠʭ ʆʩʪʨʦʚʦʚ ʠ 

ʀʩʣʘʥʜʩʢʦʛʦ ʛʨʝʙʥʷ (ʧʨʠʤʝʨʥʦ 500 ʤ). 

 

ʆʮʝʥʠʚʘʷ ʉʮʝʥʘʨʠʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʨʠ ʠʟ ʯʝʪʳʨʝʭ 

ʚʦʟʤʦʞʥʳʭ ʤʦʨʩʢʠʭ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʩʝʢʪʦʨʦʚ, ʤʦʛʣʠ 

ʧʨʦʠʟʚʝʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚ 1918. ɼʣʷ 
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ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʢʦʪʦʨʦʝ ʧʨʦʠʟʦʰʣʦ ʤʝʞʜʫ 1918 ʠ 1939, ʅʦʨʚʝʞʩʢʦʝ 

ʤʦʨʝ, ʜʦʣʞʥʦ ʙʳʣʦ ʙʳʪʴ ʛʣʘʚʥʳʤ, ʝʩʣʠ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʦʜʝʡʩʪʚʫʶʱʝʤ, ʠʣʠ ʠʟ-ʟʘ 

ʙʦʣʴʰʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʠʣʠ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʳʭ ʧʦʜʘʯ ʪʝʧʣʦʡ ʚʦʜʳ ʠʟ ʪʝʯʝʥʠʷ ɿʘʣʠʚʘ, 

ʠʣʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠʟ-ʟʘ ʥʠʭ ʦʙʦʠʭ. 

 

ʇʦʪʝʧʣʝʥʠʝ ʚ ʧʦʜʨʦʙʥʦʩʪʷʭ 

ʉʝʚʝʨʥʳʡ ʃʝʜʦʚʠʪʳʡ ʆʢʝʘʥ. ʉʦʛʣʘʩʥʦ Johannessen et al. 2004, ʩʘʤʘʷ ʷʚʥʘʷ ʦʙʣʘʩʪʴ 

ʥʘʛʨʝʚʘʥʠʷ ʦʪ 1920-1939 ʧʦʢʨʳʚʘʣʘ ʨʝʛʠʦʥ ʦʪ ɺʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʉʝʚʝʨʥʦʛʦ 

ʆʩʪʨʦʚʘ ɻʨʝʥʣʘʥʜʠʠ (60Ü ʥʘ ɿʘʧʘʜ) ʜʦ ʆʩʪʨʦʚʘ ʉʝʚʝʨʥʦʡ ɿʝʤʣʠ (100Ü ʥʘ ɺʦʩʪʦʢ), ʩ 

ʨʘʩʩʪʦʷʥʠʝʤ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 1200 ʢʤ ʢʘʞʜʳʡ. ʉʨʘʚʥʠʚʘʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʠ ʩʪʝʧʝʥʴ 

ʵʪʦʡ ʧʦʪʝʧʣʝʚʰʝʡ ʦʙʣʘʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʇʦʣʷʨʥʦʛʦ ʨʝʛʠʦʥʘ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ. 

ʅʘʟʚʘʥʥʳʝ ʧʦʪʝʧʣʝʚʰʠʝ ʟʦʥʳ 

ʧʦʢʨʳʚʘʶʪ ʪʦʣʴʢʦ 1/3 ɸʨʢʪʠʯʝʩʢʦʡ 

ʟʦʥʳ, ʪʦ ʝʩʪʴ ʩʝʚʝʨʥʳʝ ʯʘʩʪʠ 

ɻʨʝʥʣʘʥʜʩʢʦʛʦ ʄʦʨʷ, ʅʦʨʚʝʞʩʢʦʛʦ ʄʦʨʷ 

ʠ ɹʘʨʝʥʮʝʚʦ ʄʦʨʷ.  

  

ɻʨʝʥʣʘʥʜʠʷ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ ʯʪʦ 

ɻʨʝʥʣʘʥʜʠʷ ʧʨʦʰʣʘ ʯʝʨʝʟ ʩʫʱʝʩʪʚʝʥʥʳʡ 

ʧʝʨʠʦʜ ʧʦʪʝʧʣʝʥʠʷ. ʕʪʦ ʭʦʨʦʰʦ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ R. 

Scherhag (Scherhag, 25 Jahr, 1936), 

ʢʦʪʦʨʦʝ ʧʦʢʘʟʳʚʘʝʪ ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʳʨʦʩʣʘ ʥʘ ʙʦʣʝʝ ʯʝʤ + 3ºC ʩ 1921 ʜʦ 1930. ʇʦʪʝʧʣʝʥʠʝ ɺʦʩʪʦʢʘ ɻʨʝʥʣʘʥʜʠʠ, ʧʦʩʣʝ 

1920-ʛʦ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʥʦ ʩ ʦʪʢʨʳʪʠʷʤʠ Bjerknes (Bjerkness, 1959), ʚ 1958, 

ʜʦʢʘʟʳʚʘʶʱʠʤʠ ʯʪʦ ʪʝʯʝʥʠʝ ʃʘʙʨʘʜʦʨʘ ʧʦʢʘʟʘʣʦ ʦʞʠʚʣʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʚʚʝʨʭ, 

ʥʘʯʠʥʘʷ ʩ ʧʦʟʜʥʠʭ 1920-ʳʭ. ʗʩʥʦ ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʙʳʣʦ ʚ ɻʨʝʥʣʘʥʜʠʠ 

ʧʦʩʣʝ ʇʝʨʚʦʡ ʄʠʨʦʚʦʡ ɺʦʡʥʳ. ʄ  rʤʦʞʝʤ ʙʳʪʴ ʫʚʝʨʝʥʳ, ʯʪʦ ʧʝʨʠʦʜ ʧʦʪʝʧʣʝʥʠʷ ʙʳʣ 

ʦʛʨʘʥʠʯʝʥ ʦʜʥʠʤ ʜʝʩʷʪʠʣʝʪʠʝʤ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʵʪʦ ʦʪ 1920 ʜʦ 

1930/32. Bjerkness (op. cit, 1959) ʦʮʝʥʠʣ ʜʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨ ʤʦʨʩʢʦʡ ʚʦʜʳ ʚ ʩʝʚʝʨʥʦʤ 

ɸʪʣʘʥʪʠʢʝ ʢʘʢ ʩʣʝʜʫʝʪ:  ñʂ ʩʝʚʝʨʫ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʪ 57 Á ʥʘ ʩʝʚʝʨ ʪʝʥʜʝʥʮʠʷ ʤʦʨʩʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨ rʙʳʣʘ ʥʝʤʥʦʛʦ ʚʚʝʨʭ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʵʪʦ ʠʟʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪ ʢʦʨʦʪʢʦʛʦ, 

ʥʦ ʩʠʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʚʝʨʭ ʚ 1920-ʳʭ, ʥʦ ʧʦ ʩʫʱʝʩʪʚʫ, ʵʪʦ ʧʨʦʜʣʠʣʦʩʴ ʪʦʣʴʢʦ ʩ 

1920 ʜʦ 1930 ʚ ʚʦʜʘʭ ʆʩʪʨʦʚʘ ɻʨʝʥʣʘʥʜʠʷò. 
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ɽʚʨʦʧʘ. ʊʝʥʜʝʥʮʠʷ ʥʘʛʨʝʚʘʥʠʷ ʧʦʩʣʝ ʇʝʨʚʦʡ 

ʄʠʨʦʚʦʡ ɺʦʡʥʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʥʜʝʥʮʠʠ 

ʆʩʪʨʦʚʘ ɻʨʝʥʣʘʥʜʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʚʝʣʠʯʠʚʘʣʠʩʴ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ, ʥʦ ʫʩʪʦʡʯʠʚʦ ʩ 

ʟʠʤʳ 1918/19 ʜʦ ʟʠʤʳ 1939/40. ɼʦʰʣʦ ʪʘʢ 

ʜʘʣʝʢʦ ʯʪʦ ʦʩʝʥʴ 1938-ʛʦ ʙʳʣʘ ʩʘʤʦʡ ʪʝʧʣʦʡ, 

ʚʤʝʩʪʝ ʩ 1772, 2000 ʠ 2006 ʚ ʧʦʩʣʝʜʥʠʝ 500 ʣʝʪ 

(Xoplaki, 2006). ʃʝʪʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʞʝ 

ʦʩʥʦʚʘʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ 1ºC. ʌʘʢʪʠʯʝʩʢʠ, 

ʨʦʩʪ ʦʩʝʥʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 1930-ʳʭ ʙʳʣʠ 

ʣʦʢʘʣʴʥʳ ʠ ʟʘʤʝʯʝʥʳ ʪʦʣʴʢʦ ʚ ʉʢʘʥʜʠʥʘʚʠʠ ʠ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʤʦʨʩʢʦʡ ʈʦʩʩʠʠ (Polyakov, 2004). 

ʅʠ ʦʜʠʥ ʜʨʫʛʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ ʨʝʛʠʦʥ 

ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ ʥʝ ʠʩʧʳʪʘʣ ʧʦʜʦʙʥʫʶ 

ʚʦʟʨʘʩʪʘʶʱʫʶ ʪʝʥʜʝʥʮʠʶ. ɿʘʧʠʩʠ ʜʘʥʥʳʭ ʉʦʝʜʠʥʸʥʥʳʭ ʐʪʘʪʦʚ, ʛʜʝ ʙʳʣʦ ʥʝʙʦʣʴʰʦʝ 

ʧʦʪʝʧʣʝʥʠʝ ʜʦ 1933, ʧʠʰʫʪ ʦ ʩʧʘʜʝ ʪʝʤʧʝʨʘʪʫʨ ʩ ʪʝʭ ʧʦʨ. 

 

ʐʧʠʮʙʝʨʛʝʥ ʝʜʠʥʩʪʚʝʥʥʦʝ ʤʝʩʪʦ ʧʦʪʝʧʣʝʥʠʷ? 

 

ɽʩʣʠ ʢʪʦ-ʥʠʙʫʜʴ ʩʧʨʦʩʠʪ ʝʩʣʠ ʤʝʩʪʦ ʧʦʪʝʧʣʝʥʠʷ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʐʧʠʮʙʝʨʛʝʥʝ, ʤ  r

ʪʦʯʥʦ ʦʪʚʝʪʠʤ óʜʘô; ʚʳʰʝ ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʘʰ 

ʫʪʚʝʨʜʠʪʝʣʴʥʳʡ ʦʪʚʝʪ. ɽʩʣʠ ʢʪʦ-ʥʠʙʫʜʴ ʧʨʦʩʤʦʪʨʠʪ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʟʥʠʮʳ 

ʗʥʚʘʨʷ/ʌʝʚʨʘʣʷ ʟʠʤ 1913/14 ʠ 1919/20 (ʧʨʠʤʝʨʥʦ +15ºC) ʠʣʠ ʩ ʟʠʤʳ 1916/17 ʜʦ ʟʠʤʳ 

1919/20 (ʧʨʠʤʝʨʥʦ +22ºC), ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʪʦʣʴʢʦ ʥʝʦʙʳʯʘʡʥʳʝ, ʥʦ ʦʥʠ ʧʦʢʘʟʳʚʘʶʪ ʯʪʦ 

óʠʟʤʝʥʝʥʠʝô ʧʨʦʠʟʦʰʣʦ ʚ 1918, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʠʤʦʡ 1918/19. ʕʪʦ 

ʧʦʜʯʝʨʢʥʫʪʦ ʩʨʘʚʥʝʥʠʝʤ ʤʝʞʜʫ ʜʘʥʥʳʤʠ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʤʠ ʩ 1912, ʜʦ ʢʦʥʮʘ 

ʇʝʨʚʦʡ ʄʠʨʦʚʦʡ ɺʦʡʥʳ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ -

4.3ÜC), ʠ ʧʦʩʣʝ ʪʦʛʦ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ +3.8 

ÜC), ʚʢʣʶʯʘʷ ʟʠʤʫ 1925/26.  

 

 
ɹʳʣʦ ʟʘʤʝʯʝʥʦ ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʨʩʢʦʡ 

ʚʦʜʳ ʜʦʩʪʠʛʣʠ ʥʝʦʙʳʯʥʳʭ ʟʥʘʯʝʥʠʡ: +7ºC 

ʜʦ 8ºC ʥʘ ɿʘʧʘʜʥʦʤ ʧʦʙʝʨʝʞʴʝ 

ʐʧʠʮʙʝʨʛʝʥʘ ʣʝʪʦʤ 1918 (Weikmann, 
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1942). ɺ ʪʝʯʝʥʠʝ ʟʠʤʳ 1918/19 ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɹʳʣʠ 

ʜʣʠʪʝʣʴʥʳʝ ʧʝʨʠʦʜʳ ʚ ʅʦʷʙʨʝ ʠ ɼʝʢʘʙʨʝ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʙʣʠʟʢʠʤʠ ʢ ʥʦʣʶ (ʧʨʠʤʝʨʥʦ 

26 ʜʥʝʡ ʤʝʥʴʰʝ ʯʝʤ 5°C), 4 ʜʥʷ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʚʳʰʝ ʥʫʣʷ ʚ ʅʦʷʙʨʝ ʠ 7 ʜʥʝʡ ʚ 

ɼʝʢʘʙʨʝ. ɺ ʗʥʚʘʨʝ 1919, ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʜʦʩʪʠʛʘʣʠ -5°C ʟʘ 14 ʜʥʝʡ, ʠ 5 ʜʥʝʡ ʙʳʣʠ ʙʝʟ 

ʤʦʨʦʟʦʚ. ʉ ʝʞʝʤʝʩʷʯʥʳʤʠ ʩʨʝʜʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʤʠʥʫʩ 7.5°C ʠ ʧʣʶʩ 8°C, ʤʦʨʝ 

ʜʦʣʞʥʦ ʙʳʣʦ ʧʝʨʝʚʝʩʪʠ ʤʥʦʛʦ ʪʝʧʣʘ ʚ ʚʦʟʜʫʭ. ʆʜʥʘʢʦ, ʚ ʪʝʯʝʥʠʝ ʬʝʚʨʘʣʷ-ʘʧʨʝʣʷ 1919, 

ʪʝʤʧʝʨʘʪʫʨʳ ʙʳʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʯʠʩʣʘ, ʩ ʙʦʣʴʰʠʤ ʣʝʜʷʥʳʤ ʧʦʢʨʳʪʠʝʤ 

ʜʘʣʝʢʦ ʚ ʤʦʨʝ. ʅʦ ʵʪʦ ʥʝ ʟʘʪʨʦʥʫʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʘʯʘʣʦʩʴ 

ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ ʧʦʟʞʝ. 

 
ɺʩʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʢʘʞʜʳʡ ʘʩʧʝʢʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʯʪʦ ʚʳʜʘʶʱʠʡʩʷ ʬʝʥʦʤʝʥ ʧʦʪʝʧʣʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥ ʚ ʐʧʠʮʙʝʨʛʝʥʝ, ʠ ʪʦʯʥʦʝ ʚʨʝʤʷ ʚ ʧʨʝʜʝʣʘʭ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ʊʘʢʦʡ ʪʦʯʥʦʡ ʜʘʪʳ ʥʝʣʴʟʷ ʥʘʡʪʠ ʥʠ ʜʣʷ ʦʜʥʦʛʦ ʜʨʫʛʦʛʦ 

ʛʣʦʙʘʣʴʥʦʛʦ ʤʝʩʪʘ ʩ ʪʝʭ ʧʦʨ ʢʘʢ ʟʘʧʠʩʠ ʪʝʤʧʝʨʘʪʫʨ ʙʳʣʠ ʥʘʯʘʪʳ. ʊʘʢ ʢʘʢ ʥʝ ʙʳʣʦ 

ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʧʨʳʞʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʚ ʜʨʫʛʦʤ ʤʝʩʪʝ, ʤʦʞʥʦ 

ʟʘʷʚʠʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʯʪʦ ʐʧʠʮʙʝʨʛʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʛʜʝ ɸʨʢʪʠʯʝʩʢʦʝ 

ʧʦʪʝʧʣʝʥʠʝ ʥʘʯʘʣʦʩʴ ʚ ʥʘʯʘʣʝ 20-ʛʦ ʚʝʢʘ.   

 

 

ʏʊʆ ɺʓɿɺɸʃʆ ɸʈʂʊʀʏɽʉʂʆɽ-ʐʇʀʎɹɽʈɻɽʅ ʇʆʊɽʇʃɽʅʀɽ?  

 

ɺʝʨʦʷʪʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʠʥʫʞʜʝʥʠʷ ʧʦʪʝʧʣʝʥʠʷ 

 

ʇʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʝʩʪʥʦʩʪʠ ʠ ʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʣʷ ʚʥʝʟʘʧʥʦʛʦ ɸʨʢʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʧʣʝʥʠʷ, ʩʘʤʳʡ ʠʥʪʝʨʝʩʥʳʡ ʚʦʧʨʦʩ ʦʩʪʘʸʪʩʷ: ʯʪʦ ʤʦʛʣʦ ʚʳʟʚʘʪʴ ʵʪʦʪ ʢʣʠʤʘʪʠʯʝʩʢʠʡ 

ʬʝʥʦʤʝʥ? ʅʠ Johannessen (Johannessen, 2004), ʢʦʪʦʨʳʡ ʥʝʜʘʚʥʦ ʧʨʝʜʧʦʣʘʛʘʣ ʯʪʦ 

ʧʦʪʝʧʣʝʥʠʝ ʚ ʥʘʯʘʣʝ 20-ʛʦ ʚʝʢʘ ʙʳʣʦ ʚʝʨʦʷʪʥʦ ʝʩʪʝʩʪʚʝʥʥʳʤ ʬʝʥʦʤʝʥʦʤ, ʥʠ Bengtsson 

(Bengtsson, 2004) ʢʦʪʦʨʳʡ ʥʝʜʘʚʥʦ ʜʦʧʫʩʢʘʣ ʯʪʦ ʵʪʘ ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʘʥʦʤʘʣʠʷ ʙʳʣʘ 

ʚʝʨʦʷʪʥʦ ʨʝʟʫʣʴʪʘʪʦʤ ʚʪʝʢʘʥʠʷ ʙʦʣʝʝ ʪʝʧʣʳʭ ʚʦʜ ʚ ɹʘʨʝʥʮʝʚʦʤ ʄʦʨʝ, ʥʝ ʤʦʛʫʪ ʧʦʤʦʯʴ. 

ɹʣʠʞʝ ʢ ʠʩʪʠʥʝ ʧʦʜʦʰʝʣ Polyakov (Polyakov, 2004), ʩ ʟʘʢʣʶʯʝʥʠʝʤ:  
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¶ ʕʪʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʭʦʞʝ ʠʤʝʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʚ ʉʝʚʝʨʥʦʤ ɸʪʣʘʥʪʠʢʝ ʠ ʚʝʨʦʷʪʥʦ 

ʚʳʟʚʘʥʦ ʤʝʜʣʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʦʢʝʘʥʩʢʦʡ ʪʝʨʤʦʭʘʣʠʥʳ. 

¶ ʆʜʥʘʢʦ, ʟʘʧʠʩʠ SAT ʜʦʢʘʟʳʚʘʶʪ ʙʦʣʝʝ ʩʠʣʴʥʫʶ ʤʥʦʛʦ-ʜʝʩʷʪʠʣʝʪʥʶʶ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʚ ʧʦʣʷʨʥʦʤ ʨʝʛʠʦʥʝ ʯʝʤ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʰʠʨʦʪʘʭ. 

¶ ʕʪʦ ʤʦʞʝʪ ʧʦʜʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ 

ʩʣʦʞʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʤʝʞʜʫ ɸʨʢʪʠʢʦʡ ʠ ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʤ ʦʢʝʘʥʦʤ.  
 

ʍʦʪʷ ʚʩʝ ʪʨʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʟʘʢʘʥʯʠʚʘʶʪʩʷ óʚʳʚʦʜʦʤô, ʥʠ ʦʜʥʦ ʠʟ 

ʥʠʭ ʥʝ ʛʦʚʦʨʠʪ ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʥʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʚʝʨʜʦʝ ʦʙʲʷʩʥʝʥʠʝ ʚʦʦʙʱʝ. C.E.P. 

Brooks (op. cit, 1938) ʫʞʝ ʚʳʨʘʟʠʣ ʩʚʦʸ ʥʝʩʦʛʣʘʩʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʪʚʝʨʞʜʝʥʠʶ R. 

Scherhag, ʩʜʝʣʘʥʥʦʝ ʚ 1936, ʯʪʦ ʨʦʩʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʢʨʫʛʦʚʦʨʦʪʘ ʙʳʣ ʧʨʠʯʠʥʦʡ 

ʧʦʪʝʧʣʝʥʠʷ ʚ ʐʧʠʮʙʝʨʛʝʥʝ, ʯʪʦ ʵʪʦ ʪʦʣʢʘʝʪ ʧʨʦʙʣʝʤʫ ʥʘ ʰʘʛ ʥʘʟʘʜ ʧʦ ʪʦʤʫ ʯʪʦ ʦʥ 

ʜʦʣʞʝʥ ʙʳʣ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʨʫʛʦʚʦʨʦʪʝ.  

 

ɺʟʛʣʷʜ Polyakovʘ ʯʪʦ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʝʨʦʷʪʥʦ ʙʳʣʘ ʚʳʟʚʘʥʘ ñʤʝʜʣʝʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ 

ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʦʢʝʘʥʩʢʦʡ ʪʝʨʤʦʭʘʣʠʥʳò ʪʦʞʝ ʥʝ ʙʝʨʝʪ ʚʦ ʚʥʠʤʘʥʠʝ ʬʘʢʪ ʯʪʦ ʜʦʣʞʥʦ 

ʙʳʣʦ ʙr ʪʴ ʦʯʝʥʴ ʚʥʝʟʘʧʥʦʝ ʠ ʩʠʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʛʣʫʙʠʥʘʭ ʦʢʝʘʥʘ.  

 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʨʫʜʥʦ ʩʦʛʣʘʩʠʪʩʷ ʩ ʫʪʚʝʨʞʜʝʥʠʝʤ ʯʪʦ 

ñʠʟʤʝʥʯʠʚʦʩʪʠ ʤʦʞʝʪ ʣʝʞʘʪʴ ʚ ʩʣʦʞʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʤʝʞʜʫ ɸʨʢʪʠʢʦʡ ʠ 

ʉʝʚʝʨʦʘʪʣʘʥʪʠʯʝʩʢʠʤ ʦʢʝʘʥʦʤò. ʇʨʦʙʣʝʤʘ ʧʨʦʠʩʭʦʜʠʪ 

ʦʪ ʩʣʦʚʘ ñʚʟʘʠʤʦʜʝʡʩʪʚʠʷò ʧʦ ʪʦʤʫ ʯʪʦ ʥʘʠʚʘʞʥʝʡʰʝʝ 

ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʦʢʝʘʥʘʤʠ - 

ʦʜʥʦʩʪʦʨʦʥʥʠʡ ʪʨʘʥʩʧʦʨʪ ʪʝʧʣʦʡ ʚʦʜʳ ʢ 

ʘʨʢʪʠʯʝʩʢʦʤʫ ʙʘʩʩʝʡʥʫ. ɿʘʧʘʜʥʦʝ ʪʝʯʝʥʠʝ 

ʐʧʠʮʙʝʨʛʝʥʘ ʧʝʨʝʤʝʱʘʝʪ ʪʝʧʣʳʝ ɸʪʣʘʥʪʠʯʝʩʢʠʝ 

ʚʦʜʳ ʥʘ ʩʝʚʝʨ, ʯʝʨʝʟ ʇʨʦʣʠʚ ʌʨʘʤ ʚ ʉʝʚʝʨʥʳʡ 

ʃʝʜʦʚʠʪʳʡ ʆʢʝʘʥ, ʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ɺʦʩʪʦʯʥʦʝ 

ɻʨʝʥʣʘʥʜʩʢʦʝ ʊʝʯʝʥʠʝ ʧʝʨʝʤʝʱʘʝʪ ʦʯʝʥʴ ʭʦʣʦʜʥʫʶ 

ʩʚʝʞʫʶ ʚʦʜʫ ʠ ʤʦʨʩʢʦʡ ʣʝʜ ʥʘ ʶʛ. ʌʘʢʪʠʯʝʩʢʠ, ʯʝʤ 



ɼʚʘʜʮʘʪʘʷ ɽʞʝʛʦʜʥʘʷ ʂʦʥʬʝʨʝʥʮʠʷ, PACON 2007: ʉʠʩʪʝʤʳ ʧʦ ʅʘʙʣʶʜʝʥʠʶ ʟʘ ʆʢʝʘʥʦʤ ʠ ʄʦʨʩʢʦʡ ʉʨʝʜʦʡ, 

ɻʦʥʦʣʫʣʫ, ɻʘʚʘʡʠ, ʉʐɸ ʀʶʥʴ 24-27, 2007 
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ʚʳʰʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʳʣʠ ʚ ʜʘʥʥʦʤ ʧʝʨʠʦʜʝ, ʪʝʤ ʤʝʥʴʰʝ ʵʪʦ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʢ 

ʧʦʪʝʧʣʝʥʠʶ ʐʧʠʮʙʝʨʛʝʥʘ. 

 

 
ɺ ʟʘʢʣʶʯʝʥʠʝ, ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʜʯʝʨʢʥʫʪʦ ʯʪʦ ʬʝʥʦʤʝʥ ʚʥʝʟʘʧʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ 

ʥʝʩʦʤʥʝʥʥʦ ʥʝ ʙʳʣ ʚʳʟʚʘʥ ʚ ʤʦʨʩʢʠʭ ʟʦʥʘʭ ʦʪ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ, ʉʝʚʝʨʘ ʠ ʉʝʚʝʨʘ-ɺʦʩʪʦʢʘ 

ʦʪ ʐʧʠʮʙʝʨʛʝʥʘ (80ę ʉ) ʧʦ ʧʨʦʩʪʦʡ ʧʨʠʯʠʥʝ ʯʪʦ ʦʥʠ ʙʳʣʠ ʧʦʩʪʦʷʥʥʦ ʧʦʢʨʳʪʳ ʣʴʜʦʤ, 

ʢʦʪʦʨʳʝ ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʙr  ʚʥʝʟʘʧʥʦʤʫ ʧʨʳʞʢʫ ʚʦʟʜʫʰʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚʦ ʚʨʝʤʷ ʟʠʤʥʝʛʦ ʩʝʟʦʥʘ 1918/19, ʠ ʧʦʩʣʝʜʫʶʱʠʭ ʟʠʤ ʧʨʠʤʝʨʥʦ ʜʦ 1922. 

  

ʆʢʝʘʥʩʢʠʡ ʧʦʪʝʥʮʠʘʣ - ʆʢʝʘʥʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

 

ɺʩʝ ʝʱʝ ʦʪʢʨʳʪ ʚʦʧʨʦʩ ʦ ʠʩʪʦʯʥʠʢʝ ʟʠʤʥʝʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʐʧʠʮʙʝʨʛʝʥʝ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʘʢʫʶ ʨʦʣʠ ʩʳʛʨʘʣʠ ʅʦʨʚʝʞʩʢʦʝ ʪʝʯʝʥʠʝ ʠ ʪʝʯʝʥʠʝ ʐʧʠʮʙʝʨʛʝʥʘ. 

ʂʦʛʜʘ ʪʝʯʝʥʠʝ ʐʧʠʮʙʝʨʛʝʥʘ ʜʦʩʪʠʛʘʝʪ ʰʝʣʴʬ ʐʧʠʮʙʝʨʛʝʥʘ (ʧʨʠʤʝʨʥʦ 79°ʉ), ʦʥʦ 

ʨʘʟʜʝʣʷʝʪʩʷ ʚ ʜʚʦʝ ʠ ʧʨʦʪʝʢʘʝʪ ʧʦ ʟʘʧʘʜʫ ʠ ʚʦʩʪʦʢʫ ʐʧʠʮʙʝʨʛʝʥʘ, ʯʪʦʙ ʚʧʘʩʪʴ, 

ʚʝʨʦʷʪʥʦ ʚ ɸʨʢʪʠʯʝʩʢʠʡ ʙʘʩʩʝʡʥ. ʇʨʠʭʦʜʷʱʘʷ ʚʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʸʧʣʘʷ (6 - 8°C) ʠ 

ʩʘʣʸʥʥʘʷ (35.1 ʥʘ 35.3%) ʠ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚ ʧʨʠʤʝʨʥʦ 30 ʩʤ/ʩʝʢ.  

 

ʇʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʨʝʛʠʦʥʘ ʐʧʠʮʙʝʨʛʝʥʘ, ʪʝʧʣʦʝ ʪʝʯʝʥʠʝ 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʝʨʠʶ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢ ʢʘʢ ʚ 

1910-ʳʭ ʥʝ ʙʳʣʦ ʥʠ ʦʜʥʦʡ ʩʠʩʪʝʤ rʥʘʙʣʶʜʝʥʠʷ ʟʘ 

ʦʢʝʘʥʦʤ, ʣʶʙʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʝʜʚʘ ʧʨʠʥʝʩ ʙ  r

ʢʘʢʠʝ-ʥʠʙʫʜʴ ʫʤʝʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦ ʪʦʤʫ ʯʪʦ ʩʣʠʰʢʦʤ 

ʤʥʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʚʣʝʯʝʥʳ ʚ ʧʨʦʮʝʩʩ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʪʝʧʣʘ ɸʨʢʪʠʯʝʩʢʦʡ ʚʦʜʳ ʚ ʭʦʣʦʜʥʳʝ ʚʦʜʳ ʉʝʚʝʨʭʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʆʢʝʘʥʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʛʣʘʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʵʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʚʝʪʝʨ, ʚʦʣʥʳ, 

ʤʦʨʩʢʦʡ ʣʝʜ, ʜʚʠʞʝʥʠʝ ʣʴʜʘ ʠ ʜʦʞʜʴ ʠʣʠ ʚʦʜʘ ʦʪ ʪʘʷʥʠʷ. 

ʅʠʞʝ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦʣʴʢʦ 2 ʢʦʤʧʦʥʝʥʪʘ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʥʘʠʚʘʞʥʝʡʰʠʤʠ ʩʠʣʘʤʠ ʚ 

ʜʠʥʘʤʠʢʠ ʦʢʝʘʥʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ ʩʪʝʧʝʥʴ 

ʩʦʣʝʥʦʩʪʠ. ʇʣʦʪʥʦʩʪʴ, ʪʨʝʪʠʡ ʛʣʘʚʥʳʡ ʢʦʤʧʦʥʝʥʪ, 

ʩʪʘʥʦʚʠʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ ʥʘ ʥʘʤʥʦʛʦ ʙʦʣʴʰʠʭ 

ʛʣʫʙʠʥʘʭ.  


