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ʈʝʟʶʤʝ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ ʠʟ ʢʦʩʤʦʩʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ɿʝʤʣʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝ ʦʩʥʦʚʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʦʢʝʘʥʘʤ ʠ ʤʦʨʷʤ. ʇʨʠʚʦʜʠʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʩʧʫʪʥʠʢʦʚʦʤ ʤʦʥʠʪʦʨʠʥʛʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠʙʦʨʘʭ ʠ ʩʧʫʪʥʠʢʘʭ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʧʨʠʤʝʨʝ ɹʘʣʪʠʡʩʢʦʛʦ, ʏʝʨʥʦʛʦ ʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʝʡ. 

ʆʙʩʫʞʜʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʤʦʨʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ɿʝʤʣʠ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, ʩʧʫʪʥʠʢʦʚʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʜʠʩʪʘʥʮʠʦʥʥʦʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ, ʦʢʝʘʥʳ ʠ ʤʦʨʷ, ʦʩʥʦʚʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʧʨʠʙʦʨʳ ʠ ʩʧʫʪʥʠʢʠ, 

ʄʠʨʦʚʦʡ ʦʢʝʘʥ, ɹʘʣʪʠʡʩʢʦʝ ʤʦʨʝ, ʏʝʨʥʦʝ ʤʦʨʝ, ʂʘʩʧʠʡʩʢʦʝ ʤʦʨʝ 

 

SATELLITE MONITORING OF THE EARTHôS CLIMATE SYSTEM PARAMETERS. 

PART 1 ï THE OCEAN  

 

A.G. Kostianoy 

 

P.P. Shirshov Institute of Oceanology, Russian Academy of Sciences, 

36, Nakhimovsky Pr., 117997, Moscow, Russia, Kostianoy@gmail.com 

S.Yu. Witte Moscow University 

12, 2-nd Kozhukhovsky Pr., Build. 1, 115432, Moscow, Russia 
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ɺʚʝʜʝʥʠʝ 

 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ 

ʤʥʦʛʦʣʝʪʥʠʭ ʨʷʜʘʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʠ ʧʦʩʪʘʭ. 

ʄʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʩʝʪʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʈʦʩʛʠʜʨʦʤʝʪʘ (ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2012). ʇʝʨʚʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ 

ʥʘʙʣʶʜʝʥʠʷ ʚ ʈʦʩʩʠʠ ʙʳʣʠ ʥʘʯʘʪʳ ʚ ʇʝʪʝʨʙʫʨʛʝ ʚ 1725 ʛʦʜʫ ʘʢʘʜʝʤʠʢʦʤ ʌ.ʍ. ʄʘʡʝʨʦʤ. 

ʅʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʄʦʩʢʚʝ ʠʟʚʝʩʪʥʘ ʩ 1775 ʛʦʜʘ. ɺ 1834 ʛʦʜʫ ʚ ʇʝʪʝʨʙʫʨʛʝ 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʘʢʘʜʝʤʠʢʘ ɸ.ʗ. ʂʫʧʬʝʨʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʅʦʨʤʘʣʴʥʘ ̫ ʤʘʛʥʠʪʥʦ-

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʡ ʚ 1849 ʛʦʜʫ ʙʳʣʘ ʫʯʨʝʞʜʝʥʘ ɻʣʘʚʥʘʷ 

ʬʠʟʠʯʝʩʢʘʷ ʦʙʩʝʨʚʘʪʦʨʠʷ (ɻʌʆ). ɺ ʬʫʥʢʮʠʠ ɻʌʆ ʚʭʦʜʠʣʦ ʨʫʢʦʚʦʜʩʪʚʦ ʚʩʝʤʠ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʈʦʩʩʠʠ ʧʦ ʝʜʠʥʳʤ ʤʝʪʦʜʠʢʘʤ ʠ 

ʧʨʦʛʨʘʤʤʘʤ, ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʙʦʨʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʠʤʠ ʩʦʟʜʘʚʘʝʤʦʡ ʩʝʪʠ ʥʘʙʣʶʜʝʥʠʡ, 

ʦʙʦʙʱʝʥʠʝ ʠ ʠʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʥʘʙʣʶʜʝʥʠʡ. ɺʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ɻʌʆ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʝʨʚʘʪʦʨʠʡ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʢʨʘʝʚ ʠ ʧʦʜʯʠʥʝʥʠʝ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʝʜʠʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʮʝʥʪʨʫ. ʂ ʢʦʥʮʫ XIX ʚʝʢʘ 

ʨʦʩʩʠʡʩʢʘʷ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʩʝʪʴ ʥʘʩʯʠʪʳʚʘʣʘ 839 ʩʪʘʥʮʠʡ, 1020 ʜʦʞʜʝʤʝʨʥʳʭ ʠ 1830 

ʩʥʝʛʦʤʝʨʥʳʭ ʧʦʩʪʦʚ, ʢʨʦʤʝ ʪʦʛʦ, ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʠ ʧʫʥʢʪʳ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʈʫʩʩʢʦʛʦ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ, ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ 

ʚʝʜʦʤʩʪʚ. ɺ 1899 ʛʦʜʫ ʢ 50-ʣʝʪʠʶ ɻʌʆ ʙʳʣ ʠʟʜʘʥ çʂʣʠʤʘʪʠʯʝʩʢʠʡ ɸʪʣʘʩ ʈʦʩʩʠʡʩʢʦʡ 

ʠʤʧʝʨʠʠè (ɻʝʦʛʨʘʬʠʷ ʈʦʩʩʠʠ, 2017). 

ɽʩʣʠ ʚ 1914 ʛʦʜʫ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘʷ ʩʝʪʴ ʈʦʩʩʠʠ ʥʘʩʯʠʪʳʚʘʣʘ ʫʞʝ 1416 ʩʪʘʥʮʠʡ ʠ 

1480 ʧʦʩʪʦʚ, ʪʦ ʚʦ ʚʨʝʤʷ ɻʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ ʦʥʘ ʩʦʢʨʘʪʠʣʘʩʴ ʜʦ 200 ʩʪʘʥʮʠʡ ʠ 125 

ʧʦʩʪʦʚ (1920 ʛ.). ɺ 1924 ʛʦʜʫ ɻʌʆ ʧʝʨʝʠʤʝʥʦʚʘʣʠ ʚ ɻʣʘʚʥʫʶ ʛʝʦʬʠʟʠʯʝʩʢʫʶ 

ʦʙʩʝʨʚʘʪʦʨʠʶ (ɻɻʆ), ʢʦʪʦʨʘʷ ʚ 1949 ʛʦʜʫ ʧʦ ʩʣʫʯʘʶ 100-ʣʝʪʠʷ ʩʦ ʜʥʷ ʦʩʥʦʚʘʥʠʷ 

ʦʙʩʝʨʚʘʪʦʨʠʠ ʙʳʣʦ ʧʨʠʩʚʦʝʥʦ ʠʤʷ ʚʳʜʘʶʱʝʛʦʩʷ ʨʦʩʩʠʡʩʢʦʛʦ ʢʣʠʤʘʪʦʣʦʛʘ ɸ.ʀ. ɺʦʝʡʢʦʚʘ. 

ʂ ʢʦʥʮʫ 1970-ʭ ʛʦʜʦʚ ʯʠʩʣʦ ʩʪʘʥʮʠʡ ʠ ʧʦʩʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʙʳʚʰʝʛʦ ʉʉʉʈ ʜʦʩʪʠʛʣʦ 

ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ ʠ ʧʨʝʚʳʩʠʣʦ 6000, ʠʟ ʢʦʪʦʨʳʭ 4665 ʦʪʥʦʩʠʣʠʩʴ ʢ ʩʠʩʪʝʤʝ 

ɻʠʜʨʦʤʝʪʩʣʫʞʙʳ, ʦʩʪʘʣʴʥʳʝ ð ʢ ʜʨʫʛʠʤ ʚʝʜʦʤʩʪʚʘʤ (ɻʝʦʛʨʘʬʠʷ ʈʦʩʩʠʠ, 2017).  

ʉʝʛʦʜʥʷ ʚ ʤʠʨʝ ʩʫʱʝʩʪʚʫʝʪ 97 851 ʤʝʪʝʦʩʪʘʥʮʠʷ, ʠʤʝʶʱʘʷ ʩʠʥʦʧʪʠʯʝʩʢʠʡ ʠʥʜʝʢʩ 

ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (ɺʄʆ) (ʄʝʪʝʦʮʝʥʪʨ, 2017). ɹʦʣʝʝ ʪʦʯʥʳʝ 

ʧʨʦʛʥʦʟʳ ʧʦʛʦʜʳ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ ʪʨʝʙʫʶʪ 

ʨʘʩʰʠʨʝʥʠʷ ʩʝʪʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠʣʠ 

ʤʘʣʦʥʘʩʝʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ɿʝʤʥʦʛʦ ʰʘʨʘ. ʂ ʪʘʢʠʤ ʨʘʡʦʥʘʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʥʦʩʠʪʩʷ 

ʄʠʨʦʚʦʡ ʦʢʝʘʥ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ 70% ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʧʨʠʤʝʨʥʦ 361 ʤʣʥ 
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ʢʤ
2
. ɽʩʣʠ ʧʨʠʤʝʨʥʦ ʥʘ 149 ʤʣʥ ʢʤ

2 
ʩʫʰʠ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 98 ʪʳʩ. ʤʝʪʝʦʩʪʘʥʮʠʡ, ʢʦʪʦʨʳʝ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʚʦʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʥʘ ʩʫʰʝ, ʪʦ ʚ ʩʨʝʜʥʝʤ 1 ʤʝʪʝʦʩʪʘʥʮʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 1500 

ʢʤ
2
 (ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʣʦʱʘʜʴ ʄʦʩʢʚʳ ʚ ʧʨʝʜʝʣʘʭ ʄʂɸɼ ʩʦʩʪʘʚʣʷʣʘ 1070 ʢʤ

2
). ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʛʠʛʘʥʪʩʢʘʷ ʘʢʚʘʪʦʨʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʘʥʥʳʭ ʩ ʦʩʪʨʦʚʥʳʭ 

ʤʝʪʝʦʩʪʘʥʮʠʡ ʠ ʤʘʷʢʦʚ, ʜʨʝʡʬʫʶʱʠʭ ʠ ʟʘʷʢʦʨʝʥʥʳʭ ʙʫʝʚ, ʅʀʉ ʠ ʧʦʧʫʪʥʳʭ ʩʫʜʦʚ) 

ʦʩʪʘʝʪʩʷ ʬʘʢʪʠʯʝʩʢʠ ʚʥʝ ʩʝʪʠ ʨʝʛʫʣʷʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʩʨʘʚʥʠʤʦʡ ʩ 

ʩʝʪʴʶ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʩʫʰʝ. 

ɿʘʜʘʯʘ ʧʦ ʚʦʩʧʦʣʥʝʥʠʶ ʧʨʦʙʝʣʦʚ ʚ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʘʢʚʘʪʦʨʠʠ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ ʨʝʰʘʝʪʩʷ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ:  

(1) ʈʘʟʚʠʪʠʝʤ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ, ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʢʦʤʧʣʝʢʩʥʳʭ, ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʦʢʝʘʥʦʤ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ 

ʵʢʩʧʝʜʠʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʅʀʉ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʧʫʪʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʪʦʨʛʦʚʳʭ 

ʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʩʫʜʦʚ (ʥʘʧʨʠʤʝʨ, Ship-of-Opportunity Programme WMO); ʟʘʧʫʩʢ 

ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʜʨʝʡʬʫʶʱʠʭ ʙʫʝʚ, ʚʢʣʶʯʘʷ ʧʨʦʬʠʣʦʛʨʘʬʳ ɸʨʛʦ, ʢʦʪʦʨʳʭ ʥʘ 31 ʷʥʚʘʨʷ 

2017 ʛ. ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʥʘʭʦʜʠʣʦʩʴ 3969 ʰʪʫʢ; ʨʘʩʰʠʨʝʥʠʝʤ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʝʤ ʤʦʨʷ (GLOSS, http://www.gloss-sealevel.org/) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, 

ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʨʝʦʛʨʘʬʦʚ, ʪʘʢ ʠ ʘʢʫʩʪʠʯʝʩʢʠʭ, ʣʘʟʝʨʥʳʭ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʫʨʦʚʥʝʤ ʤʦʨʷ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ 

ʦʧʝʨʘʪʠʚʥʦʡ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʨʘʥʥʝʛʦ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʮʫʥʘʤʠ.  

(2) ʈʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʫʩʚʦʝʥʠʝʤ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʣʝʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʟʣʘʭ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʠ 

ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʥʘ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʥʦʛʦ ʰʘʨʘ, ʚʢʣʶʯʘʷ 

ʘʢʚʘʪʦʨʠʶ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʨʘʙʦʪ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʨʝʘʥʘʣʠʟʳ 

ʜʘʥʥʳʭ (ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʫʞʝ ʙʦʣʝʝ 60), ʥʘʧʨʠʤʝʨ, çNCEP/NCAR Reanalysisè, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʳʤ ʧʨʦʝʢʪʦʤ ʅʘʮʠʦʥʘʣʴʥʳʭ ʎʝʥʪʨʦʚ ʇʨʝʜʩʢʘʟʘʥʠʷ ʆʢʨʫʞʘʶʱʝʡ 

ʉʨʝʜʳ (National Centers for Environmental Prediction - NCEP) ʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʎʝʥʪʨʘ 

ʀʟʫʯʝʥʠʷ ɸʪʤʦʩʬʝʨʳ (National Center for Atmospheric Research ï NCAR) (Kalnay et al., 

1996). ʎʝʣʴʶ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʙʘʟ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʜʘʥʥʳʝ (ʚʢʣʶʯʘʷ ʪʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʘʪʤʦʩʬʝʨʳ ʠ ʦʢʝʘʥʘ) ʙʣʘʛʦʜʘʨʷ ʩʙʦʨʫ ʠ 

ʘʥʘʣʠʟʫ ʩʫʭʦʧʫʪʥʳʭ, ʩʫʜʦʚʳʭ, ʨʘʜʠʦʚʝʪʨʦʚʳʭ, ʰʘʨʦʧʠʣʦʪʥʳʭ, ʩʘʤʦʣʸʪʥʳʭ, ʩʧʫʪʥʠʢʦʚʳʭ 

ʠ ʜʨʫʛʠʭ ʜʘʥʥʳʭ. ʈʝʘʥʘʣʠʟʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʛʦʜʳ ʠ ʢʣʠʤʘʪʘ ɿʝʤʣʠ. 

(3) ʈʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ ʠʟ ʢʦʩʤʦʩʘ. 

ʉʧʫʪʥʠʢʦʚʘʷ ʵʨʘ ʥʘʯʘʣʘʩʴ ʚʩʝʛʦ 60 ʣʝʪ ʥʘʟʘʜ ʩ ʟʘʧʫʩʢʦʤ ʚ ʉʉʉʈ ʧʝʨʚʦʛʦ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ 4 ʦʢʪʷʙʨʷ 1957 ʛʦʜʘ. 1 ʘʧʨʝʣʷ 1960 ʛʦʜʘ ʉʐɸ ʟʘʧʫʩʢʘʝʪ ʧʝʨʚʳʡ 
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ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʩʧʫʪʥʠʢ TIROS-1 ʩ ʯʝʨʥʦ-ʙʝʣʦʡ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʢʘʤʝʨʦʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʜʚʠʞʝʥʠʷ ʦʙʣʘʢʘ ʠ ʧʦʣʫʯʝʥʠʷ ʧʝʨʚʳʭ ʥʝʯʝʪʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ. ɺ ʉʉʉʈ ʧʝʨʚʘʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʨʘʜʠʦʤʝʪʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʪʠʥʝʥʪʦʚ 

ʠ ʦʢʝʘʥʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 1968 ʛʦʜʫ ʥʘ ʙʦʨʪʫ ʩʧʫʪʥʠʢʘ çʂʦʩʤʦʩ-243è, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ ʧʝʨʚʳʝ ʩʧʫʪʥʠʢʦʚʳʝ ʢʘʨʪʳ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ 

ʛʦʜʳ ʧʨʦʠʟʦʰʝʣ ʙʫʨʥʳʡ ʨʦʩʪ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶɦ ʠʡ ʩʝʛʦʜʥʷ ʧʦʣʫʯʘʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʡ, ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ, 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ, ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ (ɻʘʨʙʫʢ, ɻʝʨʰʝʥʟʦʥ, 1997; 

Rees, 2001; Fu, Cazenave, 2001; Askne, 2003; Barale et al., 2010; Vignudelli et al., 2011; 

ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011, 2016; Kostianoy et al., 2017). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʫʪʥʠʢʦʚʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʦʢʝʘʥʘ, ʘʪʤʦʩʬʝʨʳ ʠ ʩʫʰʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʙʣʘʛʦʜʘʨʷ ʘʩʩʠʤʠʣʷʮʠʠ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʚ ʛʣʦʙʘʣʴʥʳʝ ʨʝʘʥʘʣʠʟʳ (IPCC, 2013; Rhein et al., 2013; ʂʘʪʮʦʚ, 

ʉʝʤʝʥʦʚ, 2014). 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʧʨʠʚʝʜʝʤ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ ʠʟ ʢʦʩʤʦʩʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ ɿʝʤʣʠ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʢʝʘʥʫ. ɺ ʩʣʝʜʫʶʱʠʭ ʥʦʤʝʨʘʭ ʞʫʨʥʘʣʘ ʙʫʜʫʪ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ɼɿɿ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʥʦʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʫʰʠ ʠ ʘʪʤʦʩʬʝʨʳ. 

 

ʆʩʥʦʚʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ ʠ ʧʘʨʘʤʝʪʨʳ 

 

ɺ 1980 ʛʦʜʫ ʥʘʯʘʣʦʩʴ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ɺʩʝʤʠʨʥʦʡ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ (ɺʂʇ, 

WCP) ʧʦʜ ʵʛʠʜʦʡ ɺʩʝʤʠʨʥʦʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ (ɺʄʆ, WMO), 

ʄʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ (ʄʆʂ, IOC) ʖʅɽʉʂʆ, 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦʛʦ ʩʦʚʝʪʘ (ʄʅʉ, ICSU) ʠ ʇʨʦʛʨʘʤʤʳ ʆʆʅ ʧʦ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ 

(ʖʅɽʇ, UNEP). ɺʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ ʷʚʣʷʝʪʩʷ ɺʩʝʤʠʨʥʘʷ 

ʧʨʦʛʨʘʤʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʣʠʤʘʪʘ (ɺʇʀʂ, WCRP), ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʄʝʞʧʨʘʚʠʪʝʣʴʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ ʵʢʩʧʝʨʪʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ ʢʣʠʤʘʪʘ (ʄɻʕʀʂ, IPCC) ʜʣʷ 

ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʠ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ 

ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʡʩʪʚʠʡ ʛʦʩʫʜʘʨʩʪʚ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʈʘʤʦʯʥʦʡ ʂʦʥʚʝʥʮʠʠ 

ʆʆʅ ʦʙ ʠʟʤʝʥʝʥʠʠ ʢʣʠʤʘʪʘ (ʈʂʀʂ ʆʆʅ, UNFCCC) (ʊʦʣʢʘʯʝʚ, 2013). 

ʉ 1991 ʛʦʜʘ ʄʆʂ ʖʅɽʉʂʆ ʩʦʚʤʝʩʪʥʦ ʩ ɺʄʆ, ʖʅɽʇ ʠ ʄʅʉ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʨʘʟʚʠʪʠʝ ɻʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʦʢʝʘʥʦʤ (ɻʉʅʆ, GOOS), ʢʦʪʦʨʘʷ 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʢʝʘʥʠʯʝʩʢʠʡ ʢʦʤʧʦʥʝʥʪ ɻʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʣʠʤʘʪʦʤ 

(ɻʉʅʂ, GCOS) ʠ ʤʦʨʩʢʦʡ ʧʨʠʙʨʝʞʥʳʡ ʢʦʤʧʦʥʝʥʪ ɻʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ 

ʩʫʰʝʡ (ɻʉʅʉ, GTOS). ʈʘʟʚʠʪʠʝ ɻʉʅʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʘʢʞʝ ʚ ʪʝʩʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ɻʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʦʡ ʩʠʩʪʝʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ɿʝʤʣʝʡ (ɻɽʆʉʉ, GEOSS). ɻʉʅʆ - 

ʛʣʦʙʘʣʴʥʘʷ, ʫʥʠʬʠʮʠʨʦʚʘʥʥʘʷ, ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, 

ʩʙʦʨʘ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʦʜʛʦʪʦʚʢʠ ʘʥʘʣʠʟʦʚ ʠ 

ʧʨʦʛʥʦʟʦʚ ʠ ʜʨʫʛʦʡ ʧʨʦʜʫʢʮʠʠ, ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʘʚʠʪʝʣʴʩʪʚ, ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ, 

ʥʘʫʢʠ ʠ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʝʡ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʤʦʨʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʚʣʠʷʥʠʝ ʦʢʝʘʥʘ ʥʘ ʢʣʠʤʘʪ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ɻʉʅʆ ʠʛʨʘʝʪ ʉʦʚʤʝʩʪʥʘʷ 

ʄʆʂ-ɺʄʆ ʊʝʭʥʠʯʝʩʢʘʷ ʢʦʤʠʩʩʠʷ ʧʦ ʦʢʝʘʥʦʛʨʘʬʠʠ ʠ ʤʦʨʩʢʦʡ ʤʝʪʝʦʨʦʣʦʛʠʠ (ʉʂʆʄʄ, 

JCOMM), ʩʦʟʜʘʥʥʘʷ ʚ 1999 ʛʦʜʫ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʠ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʤʦʨʩʢʠʭ 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʦʢʝʘʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʤʦʨʩʢʠʭ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʠ ʧʨʦʛʥʦʟʦʚ 

(www.jcomm.info). ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʟʚʠʪʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ɻʉʅʆ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʩʘʡʪʝ 

ɻʉʅʆ - www.ioc-goos.org. ʇʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʦʩʪʦʷʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ʦʢʝʘʥʝ, ʢʦʦʨʜʠʥʠʨʫʝʤʳʭ JCOMM, ʨʘʟʤʝʱʘʝʪʩʷ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʮʝʥʪʨʦʤ 

JCOMM ʥʘ ʩʘʡʪʝ www.jcommops.org (ʊʦʣʢʘʯʝʚ, 2013).  

ɺ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ ɻʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʣʠʤʘʪʦʤ (GCOS) ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʧʝʨʝʯʝʥʴ ʠʟ 50 ʦʩʥʦʚʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʝʨʝʤʝʥʥʳʭ (ʆʂʇ), ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ɿʝʤʣʝ 

(http://www.wmo.int/pages/prog/gcos/index.php?name=EssentialClimateVariables). ʂ ʦʢʝʘʥʫ 

ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʆʂʇ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʝʥʳ ʥʘ 2 ʛʨʫʧʧʳ:  

(1) ʇʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ, ʚʢʣʶʯʘʷ ʚʝʨʭʥʠʡ ʧʝʨʝʤʝʰʘʥʥʳʡ ʩʣʦʡ ʜʦ ʛʣʫʙʠʥʳ 15 ʤ: 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (ʊʇʆ, ʠʣʠ ʤʦʨʷ ï ʊʇʄ), ʩʦʣʝʥʦʩʪʴ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʫʨʦʚʝʥʴ ʦʢʝʘʥʘ, ʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʦʨʩʢʦʛʦ ʣʴʜʘ, ʪʝʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʮʚʝʪ ʦʢʝʘʥʘ, ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʪʥʦʩʪʴ ʦʢʝʘʥʘ, ʬʠʪʦʧʣʘʥʢʪʦʥ; 

(2) ʊʦʣʱʘ ʦʢʝʘʥʘ: ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʝʥʦʩʪʴ, ʪʝʯʝʥʠʷ, ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʪʥʦʩʪʴ ʦʢʝʘʥʘ, ʢʠʩʣʦʨʦʜ ʠ 

ʪʨʘʩʩʝʨʳ.  

ʀʤʝʥʥʦ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʢʝʘʥʘ ʠ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʟʤʝʨʝʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟ ʢʦʩʤʦʩʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʟʘʧʘʜʥʦʡ ʣʠʪʝʨʘʪʫʨʝ, ʢʨʦʤʝ ʪʝʨʤʠʥʘ çEssential Climate Variablesè (ECV) (çʆʩʥʦʚʥʳʝ 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʇʝʨʝʤʝʥʥʳʝè (ʆʂʇ)), ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ:  

http://www.jcomm.info/
http://www.ioc-goos.org/
http://www.jcommops.org/


6 
 

(1) Key climatological observables - ʆʩʥʦʚʥʳʝ ʢʣʠʤʘʪʦʣʦʛʠʯʝʩʢʠʝ ʥʘʙʣʶʜʘʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ (Feistel et al., 2016); 

(2) Essential Ocean Variables (EOVs) - ʆʩʥʦʚʥʳʝ ʦʢʝʘʥʠʯʝʩʢʠʝ ʧʝʨʝʤʝʥʥʳʝ (ʆʆʇ); 

(3) Ocean Color ECVs ï ʆʂʇ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʮʚʝʪʫ ʦʢʝʘʥʘ 

(https://ec.europa.eu/jrc/en/research-topic/ocean-colour-essential-climate-variables); 

(4) Ecosystem EOVs ï ʵʢʦʩʠʩʪʝʤʥʳʝ ʆʆʇ (Constable A.J. et al., 2016); 

(5) Biological EOVs ï ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʆʆʇ; 

(6) Biogeochemical EOVs ï ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʆʆʇ. 

ɺ ʨʦʩʩʠʡʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ çʦʩʥʦʚʥʳʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳè, ʥʘʧʨʠʤʝʨ, ʚ ʉʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤʘʭ ʠ ʧʨʘʚʠʣʘʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

çʉʪʨʦʠʪʝʣʴʥʘʷ ʢʣʠʤʘʪʦʣʦʛʠʷè ʉʅʠʇ 23-01-99* ʈʌ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘʣʦ 

ʫʯʘʩʪʠʝ ɻɻʆ ʈʦʩʛʠʜʨʦʤʝʪʘ (ʉʪʨʦʠʪʝʣʴʥʘʷ ʢʣʠʤʘʪʦʣʦʛʠʷ, 2003).  

 

ʇʨʷʤʳʝ ʠ ʢʦʩʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʝʘʥʘ ʠʟ ʢʦʩʤʦʩʘ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʥʘʯʘʣʦ ʬʝʚʨʘʣʷ 2017 ʛ.) ʥʘ ʨʘʟʥʳʭ ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʭ 

ʥʘʭʦʜʠʪʩʷ 161 ʨʘʙʦʪʘʶʱʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ɿʝʤʣʠ (ʀʉɿ), ʦʩʥʘʱʝʥʥʳʡ 

ʨʘʜʠʦʣʦʢʘʪʦʨʘʤʠ, ʩʢʘʪʪʝʨʦʤʝʪʨʘʤʠ, ʨʘʜʠʦʤʝʪʨʘʤʠ, ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʘʤʠ, ʘʣʴʪʠʤʝʪʨʘʤʠ 

ʠ ʦʧʪʠʯʝʩʢʦʡ ʪʝʭʥʠʢʦʡ, ʨʘʙʦʪʘʶʱʠʤʠ ʚ ʨʘʟʥʳʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ. ɺʩʝ ʦʥʠ ʚʳʚʝʜʝʥʳ 

ʥʘ ʦʨʙʠʪʫ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʡ ʠ ʛʝʦʬʠʟʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʦʛʦʜʳ ʠ ʢʣʠʤʘʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʠʨʦʜʦ-ʨʝʩʫʨʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʕʪʠ ʩʧʫʪʥʠʢʠ 

ʧʨʠʥʘʜʣʝʞʘʪ ʥʝʩʢʦʣʴʢʠʤ ʜʝʩʷʪʢʘʤ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʛʝʥʪʩʪʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʘʷ ʨʦʣʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ɿʝʤʣʠ ʧʨʠʥʘʜʣʝʞʠʪ 

ʅʘʮʠʦʥʘʣʴʥʦʤʫ ʫʧʨʘʚʣʝʥʠʶ ʧʦ ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʶ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ (ʅɸʉɸ ʉʐɸ, NASA) ʠ ɽʚʨʦʧʝʡʩʢʦʤʫ ʢʦʩʤʠʯʝʩʢʦʤʫ ʘʛʝʥʪʩʪʚʫ (ɽʂɸ, ESA).  

ʄʝʪʦʜʳ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʪʨʠ 

ʪʠʧʘ: ʧʘʩʩʠʚʥʳʝ, ʧʦʣʫʘʢʪʠʚʥʳʝ ʠ ʘʢʪʠʚʥʳʝ. ʇʘʩʩʠʚʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʨʝʛʠʩʪʨʘʮʠʠ 

ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʠʜʠʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ʇʦʣʫʘʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʦʙʣʫʯʝʥʠʠ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʰʠʨʦʢʦʤ 

ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ ʠ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠʥʷʪʦʛʦ ʩʠʛʥʘʣʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʢʚʘʪʦʨʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʫʝʤʘʷ ʚʦʜʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʣʫʯʘʝʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʠʟʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʠʣʠ ʦʪʨʘʞʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʠʣʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ 
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ʨʘʩʩʝʷʥʠʷ. ɸʢʪʠʚʥʳʝ ʠ ʧʘʩʩʠʚʥʳʝ ʩʝʥʩʦʨʳ ʩʧʦʩʦʙʥʳ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʚʠʜʠʤʫʶ, 

ʠʥʬʨʘʢʨʘʩʥʫʶ ʠ ʤʠʢʨʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ: 

ʮʚʝʪʘ, ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʩʦʪʳ ʠ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʤʝʨʝʥʠʷ ʵʪʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʶʪ ʠʟʚʣʝʯʴ ʩʣʝʜʫʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʢʝʘʥʝ: 

(1) ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʩʝʥʩʦʨʳ (ʘʣʴʪʠʤʝʪʨʳ, ʩʢʘʪʪʝʨʦʤʝʪʨʳ, ʨʘʜʘʨʳ ʩ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪʳ ʤʦʨʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʫʨʦʚʥʷ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ, ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʩʦʪʳ ʚʦʣʥ, 

ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ, ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʣʝʜʷʥʳʤ ʧʦʢʨʦʚʦʤ, ʥʝʬʪʷʥʳʤ ʟʘʛʨʷʟʥʝʥʠʝʤ, 

ʜʠʥʘʤʠʢʦʡ ʚʦʜ ʠ ʧʨ. ʄʠʢʨʦʚʦʣʥʦʚʘʷ ʨʘʜʠʦʤʝʪʨʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʦʣʸʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ, ʦʜʥʘʢʦ, ʧʦʢʘ ʝʱʝ ʩ ʪʦʯʥʦʩʪʴʶ, ʥʝ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʚ ʦʢʝʘʥʦʛʨʘʬʠʠ; 

(2) ʮʚʝʪʦʚʳʝ ʩʢʘʥʝʨʳ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʜʠʘʮʠʠ, ʚʦʩʭʦʜʷʱʝʡ ʩ 

ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʥʝʩʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʢʝʘʥʘ ð ʧʨʦʟʨʘʯʥʦʩʪʠ ʚʦʜ, ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʥʠʠ ʭʣʦʨʦʬʠʣʣʘ, ʮʚʝʪʝʥʠʠ ʚʦʜ ʠ ʧʨ. ʇʦʢʘʟʘʪʝʣʴ 

ʧʦʛʣʦʱʝʥʠʷ ʞʝʣʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʜʝʨʞʘʥʠʷ ʦʢʨʘʰʝʥʥʦʡ 

ʦʨʛʘʥʠʢʠ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ. ʕʪʦ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ 

ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ. ʇʦʢʘʟʘʪʝʣʴ ʨʘʩʩʝʷʥʠʷ ʥʘʟʘʜ ʚʟʚʝʰʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʜʦʩʪʘʪʦʯʥʦ 

ʥʘʜʝʞʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʳʭ ʩʢʘʥʝʨʦʚ ʮʚʝʪʘ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʩʠ ʚ ʚʦʜʝ, ʦʧʨʝʜʝʣʷʝʪ ʘʣʴʙʝʜʦ ʚʦʜʥʦʡ ʪʦʣʱʠ ʠ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ 

ʧʘʨʘʤʝʪʨʦʤ ʤʦʥʠʪʦʨʠʥʛʘ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ ð ʝʜʠʥʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʪʦʨʦʡ, ʙʣʘʛʦʜʘʨʷ ʩʧʫʪʥʠʢʦʚʳʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʤʦʞʝʪ 

ʙʳʪʴ ʠʟʫʯʝʥʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ. ʕʪʦ 

ʚʘʞʥʝʡʰʠʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʨʘʩʯʝʪʘ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ. ʆʧʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʥʘʙʣʶʜʘʪʴ ʩʢʦʧʣʝʥʠʷ 

ʠ ʢʨʦʤʢʫ ʣʴʜʘ, ʘʡʩʙʝʨʛʠ, ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ð ʥʝʬʪʷʥʳʝ ʟʘʛʨʷʟʥʝʥʠʷ; 

(3) ʠʥʬʨʘʢʨʘʩʥʳʝ ʠ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʩʝʥʩʦʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ/ʤʦʨʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʥʬʨʘʢʨʘʩʥʳʭ ʨʘʜʠʦʤʝʪʨʦʚ ʠ 

ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʦʚ, ʧʘʩʩʠʚʥʳʝ ʤʠʢʨʦʚʦʣʥʦʚʳʝ ʩʝʥʩʦʨʳ ʤʦʛʫʪ ʠʟʤʝʨʷʪʴ ʧʦʣʝ ʊʇʆ ʚ 

ʫʩʣʦʚʠʷʭ ʩʧʣʦʰʥʦʡ ʦʙʣʘʯʥʦʩʪʠ, ʧʨʘʚʜʘ ʩ ʤʝʥʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ. ʀʥʬʨʘʢʨʘʩʥʳʝ ʨʘʜʠʦʤʝʪʨʳ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʥʘʙʣʶʜʘʪʴ ʩʢʦʧʣʝʥʠʷ ʠ 

ʢʨʦʤʢʫ ʣʴʜʘ. 

ʉʧʫʪʥʠʢʦʚʳʝ ʩʝʥʩʦʨʳ, ʚ ʦʩʥʦʚʥʦʤ, ʩʧʦʩʦʙʥʳ ʧʦʣʫʯʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʢʝʘʥʝ ʬʘʢʪʠʯʝʩʢʠ ʪʦʣʴʢʦ ʩ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʧʦʜ çʧʦʚʝʨʭʥʦʩʪʴʶ 



8 
 

ʦʢʝʘʥʘè, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʧʦʥʠʤʘʝʪʩʷ ʚʝʨʭʥʠʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʧʦʨʷʜʢʘ 1-10 ʤ. ʕʪʘ 

ʦʩʦʙʝʥʥʦʩʪʴ ʩʧʫʪʥʠʢʦʚʳʭ ʤʝʪʦʜʦʚ, ʚʝʨʦʷʪʥʦ, ʩʪʘʣʘ ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʨʘʟʜʝʣʝʥʠʷ ʆʂʇ ʥʘ 2 

ʛʨʫʧʧʳ - (1) ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ, ʚʢʣʶʯʘʷ ʚʝʨʭʥʠʡ ʧʝʨʝʤʝʰʘʥʥʳʡ ʩʣʦʡ ʜʦ ʛʣʫʙʠʥʳ 15 ʤ, 

ʠ (2) ʪʦʣʱʫ ʦʢʝʘʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʤʝʥʥʳʝ, ʚʭʦʜʷʱʠʝ ʚʦ ʚʪʦʨʫ  ʁ ʛʨʫʧʧʫ ʆʂʇ 

(ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʝʥʦʩʪʴ, ʪʝʯʝʥʠʷ, ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʜʚʫʦʢʠʩʠ 

ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʪʥʦʩʪʴ ʦʢʝʘʥʘ, ʢʠʩʣʦʨʦʜ ʠ ʪʨʘʩʩʝʨʳ), ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʟʤʝʨʝʥʳ ʥʘʧʨʷʤʫʶ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʤʝʪʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʜʝʨʞʘʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʩʝʨʳ ʠ ʤʘʛʥʠʷ), 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ʢʠʩʣʦʪʥʦʩʪʴ ʦʢʝʘʥʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʪʨʘʩʩʝʨʳ 

(ʚʝʨʦʷʪʥʦ, ʭʣʦʨʬʪʦʨʫʛʣʝʨʦʜʳ) ʜʠʩʪʘʥʮʠʦʥʥʳʤ ʦʙʨʘʟʦʤ ʚ ʚʦʜʝ ʥʝ ʠʟʤʝʨʷʶʪʩʷ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʷʜ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʚ ʪʦʣʱʝ ʦʢʝʘʥʘ ʤʦʛʫʪ ʧʨʦʷʚʣʷʪʴʩʷ ʥʘ ʝʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʬʨʦʥʪʳ, ʪʝʯʝʥʠʷ, ʚʥʫʪʨʝʥʥʠʝ ʚʦʣʥʳ, ʘʧʚʝʣʣʠʥʛʠ, 

ʚʥʫʪʨʠʪʝʨʤʦʢʣʠʥʥʳʝ ʚʠʭʨʠ ʠ ʜʨ., ʠ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢʞʝ (ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ) ʜʝʪʝʢʪʠʨʦʚʘʪʴʩʷ ʠʟ ʢʦʩʤʦʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʫʪʥʠʢʦʚʳʝ ʤʝʪʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʦʣʴʢʦ 8 ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʚʫʶ ʛʨʫʧʧʫ ʆʂʇ: ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʩʦʣʝʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ, ʫʨʦʚʝʥʴ ʦʢʝʘʥʘ, ʩʦʩʪʦʷʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (ʚʦʣʥʝʥʠʝ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ, ʪʝʯʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʦʢʝʘʥʘ, ʮʚʝʪ ʦʢʝʘʥʘ ʠ ʬʠʪʦʧʣʘʥʢʪʦʥ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʥʠ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

 

ʉʧʫʪʥʠʢʦʚʳʡ ʤʦʥʠʪʦʨʠʥʛ ʦʢʝʘʥʠʯʝʩʢʠʭ ʆʂʇ 

 

(1) ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ 

ʊʇʆ ï ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʝʘʥʘ, ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʝʪʩʷ ʫʞʝ ʙʦʣʝʝ 45 

ʣʝʪ ʠʟ ʢʦʩʤʦʩʘ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʦʤʝʪʨʦʚ, ʉɺʏ-ʨʘʜʠʦʤʝʪʨʦʚ ʠ 

ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʜʝʩʷʪʢʘʭ ʩʧʫʪʥʠʢʘʭ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʘ 

ʠʟ ʧʝʨʚʳʭ ʢʘʨʪ ɻʦʣʴʬʩʪʨʠʤʘ ʚ ʧʦʣʝ ʊʇʆ, ʧʦʣʫʯʝʥʥʘʷ 2 ʠʶʥʷ 1966 ʛ. ʩ ʘʤʝʨʠʢʘʥʩʢʦʛʦ 

ʩʧʫʪʥʠʢʘ Nimbus-II . ʊʇʆ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʦ ʨʘʜʠʦʷʨʢʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʠʟʤʝʨʷʝʤʦʡ ʠʥʬʨʘʢʨʘʩʥʳʤʠ ʠ ʩʚʝʨʭʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤʠ ʨʘʜʠʦʤʝʪʨʘʤʠ (ʚʢʣʶʯʘʷ 

ʨʘʜʠʦʤʝʪʨʳ, ʩʢʘʥʠʨʫʶʱʠʝ ʚʜʦʣʴ ʧʦʜʩʧʫʪʥʠʢʦʚʦʛʦ ʩʣʝʜʘ), ʠ ʧʦ ʜʘʥʥʳʤ ʩʢʘʥʝʨʦʚ 

ʚʠʜʠʤʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʘʥʘʣ ʚ ʀʂ-ʜʠʘʧʘʟʦʥʝ. ʄʦʥʠʪʦʨʠʥʛ 

ʊʇʆ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ ʨʘʜʠʦʤʝʪʨʦʚ AVHRR (Advanced Very 

High Resolution Radiometer ð ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʨʘʜʠʦʤʝʪʨ ʦʯʝʥʴ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ), ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʥʝʩʢʦʣʴʢʠʭ ʩʧʫʪʥʠʢʘʭ ʩʝʨʠʠ NOAA-KLM, ʠʤʝʶʱʠʭ ʧʷʪʴ 
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ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 1.1 ʢʤ ʠ 

ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ 0.1
0
ʉ.  

 

 

ʈʠʩʫʥʦʢ 1. ɻʦʣʴʬʩʪʨʠʤ ʚ ʧʦʣʝ ʊʇʆ (2 ʠʶʥʷ 1966 ʛ., Nimbus II ) 

(http://www.photolib.noaa.gov/bigs/spac0006.jpg). 

 

ʈʘʜʠʦʤʝʪʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʟʘʜʘʯ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ: ʘʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ ʧʦʛʦʜʳ; ʠʟʫʯʝʥʠʝ ʧʦʣʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʘʪʤʦʩʬʝʨʳ; 

ʤʦʥʠʪʦʨʠʥʛ ʜʠʥʘʤʠʢʠ ʚʦʜ ʦʢʝʘʥʘ, ʠʟʚʝʨʞʝʥʠʡ ʚʫʣʢʘʥʦʚ, ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʧʳʣʝʚʳʭ ʙʫʨʴ, 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʝʛʝʪʘʮʠʠ ʠ ʜʨ. ɼʚʘʞʜʳ ʚ ʜʝʥʴ ʢʘʞʜʳʡ ʩʧʫʪʥʠʢ ʧʦʢʨʳʚʘʝʪ ʣʶʙʫʶ ʪʦʯʢʫ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʥʦʛʦ ʰʘʨʘ. ɼʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʊʇʆ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʳ MODIS, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʩʧʫʪʥʠʢʘʭ Terra ʠ Aqua; ʦʧʪʠʯʝʩʢʠʡ ʠ 

ʠʥʬʨʘʢʨʘʩʥʳʡ ʨʘʜʠʦʤʝʪʨ VIIRS, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʧʫʪʥʠʢʝ Suomi NPP; AVHRR/3, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʩʧʫʪʥʠʢʝ MetOp-2 ɽʚʨʦʧʝʡʩʢʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʢʘʨʪʳ ʊʇʆ ʚʩʝʛʦ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʢʘʞʜʳʝ 1-2 ʜʥʷ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʣʝʡ ʊʇʆ ʥʘ ʦʩʥʦʚʝ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʦʙʣʘʯʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʜʣʷ ʨʘʡʦʥʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ ʟʘʢʨʳʪʳʭ 

ʦʙʣʘʯʥʦʩʪʴʶ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʉɺʏ-ʨʘʜʠʦʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʭʫʜʰʠʤ 

http://www.photolib.noaa.gov/bigs/spac0006.jpg
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ʨʘʟʨʝʰʝʥʠʝʤ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ ð 25 ʢʤ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ð 0.8 Áʉ (ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011; 

ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2012).  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʜʠʥʘʤʠʢʠ ʚʦʜ ʚʧʦʣʥʝ ʭʚʘʪʘʝʪ ʨʘʟʨʝʰʝʥʠʷ 

ʨʘʜʠʦʤʝʪʨʦʚ ʧʦʨʷʜʢʘ 1 ʢʤ (ʨʠʩ. 2), ʦʜʥʘʢʦ ʥʦʚʳʝ ʩʝʥʩʦʨʳ ʩ ʠʥʬʨʘʢʨʘʩʥʳʤʠ ʢʘʥʘʣʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʥʘ ʩʧʫʪʥʠʢʘʭ ʩʝʨʠʠ Landsat (ʊʄ ʥʘ Landsat-5, ETM+ ʥʘ Landsat-7 ʠ TIRS 

ʥʘ Landsat-8) (ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011, 2016), ʠʤʝʶʪ ʨʘʟʨʝʰʝʥʠʝ 60-100 ʤ ʠ ʜʘʶʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʧʦ ʩʚʦʝʡ ʜʝʪʘʣʴʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʊʇʆ, ʩʨʘʚʥʠʤʳʝ ʪʦʣʴʢʦ ʩ 

ʦʧʪʠʯʝʩʢʠʤʠ ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʚʳʩʦʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʨʠʩ. 3). 

ʅʝʜʦʩʪʘʪʦʢ ʵʪʠʭ ʜʘʥʥʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʪʠ ʧʨʠʙʦʨʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʲʝʤʢʫ 

ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʨʘʡʦʥʘ ʦʜʠʥ ʨʘʟ ʚ 16 ʜʥʝʡ, ʯʪʦ ʩ ʫʯʝʪʦʤ ʚʝʨʦʷʪʥʦʩʪʠ ʯʘʩʪʠʯʥʦʛʦ ʠʣʠ 

ʧʦʣʥʦʛʦ ʦʙʣʘʯʥʦʛʦ ʧʦʢʨʦʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʜʝʣʘʝʪ ʠʭ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʂʨʦʤʝ ʪʦʛʦ, 100-ʤʝʪʨʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ, ʚʝʨʦʷʪʥʦ, 

ʠʟʙʳʪʦʯʥʦ ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʣʝ ʊʇʆ 

ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, ʧʦʣʫʯʝʥʥʦʝ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʦʤ MODIS Aqua ʩ ʨʘʟʨʝʰʝʥʠʝʤ 1 ʢʤ, ʘ 

ʥʘ ʨʠʩ. 3 ï ʧʦʣʝ ʊʇʆ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʜʘʥʴʩʢʦʛʦ ʟʘʣʠʚʘ, ʧʦʣʫʯʝʥʥʦʝ ʩʝʥʩʦʨʦʤ TIRS 

Landsat-8 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 100 ʤ.  

 

 

ʈʠʩʫʥʦʢ 2. ʇʦʣʝ ʊʇʆ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ (7 ʠʶʥʷ 2016 ʛ., 12:05 GMT, MODIS-Aqua). 
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ʈʠʩʫʥʦʢ 3. ʇʦʣʝ ʊʇʆ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɻʜʘʥʴʩʢʦʛʦ ʟʘʣʠʚʘ (7 ʠʶʣʷ 2014 ʛ., 09:43 GMT, 

TIRS Landsat-8). 

 

ʈʠʩ. 2 ʙʳʣ ʧʦʜʦʙʨʘʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʥʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʧʦʣʷʤ ʊʇʆ. ʇʦ ʣʦʢʘʣʴʥʳʤ ʘʥʦʤʘʣʠʷʤ ʊʇʆ ʭʦʨʦʰʦ ʚʠʜʥʦ 

ʧʦʣʦʞʝʥʠʝ ʮʠʢʣʦʥʠʯʝʩʢʠʭ ʠ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʭ ʚʠʭʨʝʡ, ʩʪʨʫʠ, ʘ ʪʘʢʞʝ ʟʦʥʳ 

ʧʨʠʙʨʝʞʥʦʛʦ ʘʧʚʝʣʣʠʥʛʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʣʦʜʥʦʡ ʚʦʜʦʡ (ʪʝʤʥʦ-ʩʠʥʠʡ ʮʚʝʪ) ʚʜʦʣʴ 

ʧʦʙʝʨʝʞʴʷ ɻʝʨʤʘʥʠʠ, ʇʦʣʴʰʠ, ʈʦʩʩʠʠ, ʃʠʪʚʳ ʠ ʃʘʪʚʠʠ. ʂʨʘʩʥʦʝ ʧʷʪʥʦ ʚ ɻʜʘʥʴʩʢʦʤ 

ʟʘʣʠʚʝ ʧʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʳʭ ʚʦʜ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʩʠʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʧʨʦʛʨʝʚʘ ʚʝʨʭʥʝʛʦ ʩʣʦʷ ʤʦʨʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʧʦʣʜʝʥʴ, ʚ ʙʝʟʦʙʣʘʯʥʳʭ 

ʠ ʙʝʟʚʝʪʨʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʦʡ ʧʨʦʛʨʝʚ ʦʙʳʯʥʦ ʩʠʣʴʥʦ ʤʘʩʢʠʨʫʝʪ ʚʩʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʚ ʤʦʨʝ ʠ ʟʘʪʨʫʜʥʷʝʪ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ, ʧʦʵʪʦʤʫ ʦʯʝʥʴ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʧʣʦʚʳʝ ʩʥʠʤʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. ɹʝʣʳʝ ʧʷʪʥʘ ʤʦʨʠʩʪʝʝ 

ʃʠʪʚʳ ʠ ʃʘʪʚʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʣʘʯʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʊʇʆ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʦʟʠʪʥʳʝ ʢʘʨʪʳ ʊʇʆ, ʚ 

ʢʦʪʦʨʳʭ ʫʙʨʘʥʳ ʵʬʬʝʢʪʳ ʦʙʣʘʯʥʦʩʪʠ ʠ ʣʦʢʘʣʴʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʧʨʦʛʨʝʚʘ ʟʘ ʩʯʝʪ 

ʦʩʨʝʜʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʊʇʆ ʠ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʥʘʧʨʠʤʝʨ, ʟʘ ʥʝʜʝʣʶ, ʤʝʩʷʮ, 

ʩʝʟʦʥ ʠʣʠ ʛʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʨʷ, ʨʘʡʦʥʘ ʠʣʠ ʚʩʝʛʦ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚ ʮʝʣʦʤ. ʅʘ 

ʨʠʩ. 4 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʤʧʦʟʠʪʥʘʷ ʢʘʨʪʘ ɿʝʤʥʦʛʦ ʰʘʨʘ ʚ ʠʩʪʠʥʥʳʭ ʮʚʝʪʘʭ ʥʘ 1 ʬʝʚʨʘʣʷ 
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2017 ʛ., ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʝ ʘʢʚʘʪʦʨʠʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʦʢʨʳʪʳ 

ʦʙʣʘʯʥʦʩʪʴʶ. ʅʘ ʨʠʩ.5  ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʞʝ ʢʦʤʧʦʟʠʪʥʘʷ ʢʘʨʪʘ ʊʇʆ ʪʘʢʞʝ ʥʘ 1 ʬʝʚʨʘʣʷ 

2017 ʛ., ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʘʥʥʳʭ ʨʘʜʠʦʤʝʪʨʦʚ ʩ ʨʘʟʣʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚ, ʥʘ 

ʢʦʪʦʨʦʡ ʦʙʣʘʯʥʦʩʪʴ ʫʞʝ ʦʪʩʫʪʩʪʚʫʝʪ. 

 

 

ʈʠʩʫʥʦʢ 4. ʂʦʤʧʦʟʠʪʥʘʷ ʢʘʨʪʘ ɿʝʤʥʦʛʦ ʰʘʨʘ ʚ ʠʩʪʠʥʥʳʭ ʮʚʝʪʘʭ (1 ʬʝʚʨʘʣʷ 2017 ʛ., 

MODIS-Terra) (https://worldview.earthdata.nasa.gov) 

 

 

ʈʠʩʫʥʦʢ 5. ʂʦʤʧʦʟʠʪʥʘʷ ʢʘʨʪʘ ʊʇʆ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (1 ʬʝʚʨʘʣʷ 2017 ʛ.). ɼʠʘʧʘʟʦʥ ʊʇʆ 

ʦʪ 0 ʜʦ 32
0
ʉ. (https://worldview.earthdata.nasa.gov) 

 

 ʊʘʢʠʝ ʢʘʨʪʳ, ʘ ʪʦʯʥʝʝ ʩʧʫʪʥʠʢʦʚʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʝʟʦʥʥʦʡ ʠ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʊʇʆ ʦʪʜʝʣʴʥʳʭ ʤʦʨʝʡ (ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2014ʘ, ʙ) 

ʠʣʠ ʚʩʝʛʦ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚ ʮʝʣʦʤ. ʅʘ ʨʠʩ. 6 ʠ 7 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʟʦʥʥʘʷ ʠ ʤʝʞʛʦʜʦʚʘʷ 
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ʠʟʤʝʥʯʠʚʦʩʪʴ ʊʇʄ ʏʝʨʥʦʛʦ ʤʦʨʷ ʟʘ 1982-2009 ʛʛ., ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ 

ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ (ɻʠʥʟʙʫʨʛ ʠ ʜʨ., 2011; ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2012). 

 

 

ʈʠʩʫʥʦʢ 6. ʄʝʞʛʦʜʦʚʘʷ ʠ ʩʝʟʦʥʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʨʝʜʥʝʤʝʩʷʯʥʳʭ ʟʥʘʯʝʥʠʡ ʊʇʄ (ÁC) 

ʏʝʨʥʦʛʦ ʤʦʨʷ ʩ 1982 ʧʦ 2000 ʛʦʜ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ. ʃʠʥʝʡʥʳʡ ʪʨʝʥʜ ʨʘʚʝʥ 

0.06
0
ʉ/ʛʦʜ (ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2012). 

 

 

ʈʠʩʫʥʦʢ 7. ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʨʝʜʥʝʛʦʜʦʚʳʭ ʟʥʘʯʝʥʠʡ ʊʇʄ (ÁC) ʚ ʏʝʨʥʦʤ ʤʦʨʝ 

ʚ ʮʝʣʦʤ ʚ 1982ï2009 ʛʛ. ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʧʨʦʝʢʪʘ NASA JPL PO.DAAC AVHRR-

Pathfinder. ʃʠʥʝʡʥʳʡ ʪʨʝʥʜ ʨʘʚʝʥ 0.06
0
ʉ/ʛʦʜ. (ɻʠʥʟʙʫʨʛ ʠ ʜʨ., 2011). 

 

(2) ʉʦʣʝʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ 

2 ʥʦʷʙʨʷ 2009 ʛ. ʥʘ ʦʨʙʠʪʫ ʙʳʣ ʟʘʧʫʱʝʥ ʩʧʫʪʥʠʢ SMOS ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʣʝʥʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ. SMOS (Soil Moisture and Ocean Salinity - ʚʣʘʞʥʦʩʪʴ ʧʦʯʚ ʠ ʩʦʣʝʥʦʩʪʴ 
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ʦʢʝʘʥʘ) ʷʚʣʷʝʪʩʷ ʦʯʝʨʝʜʥʳʤ ʢʦʩʤʠʯʝʩʢʠʤ ʘʧʧʘʨʘʪʦʤ ʠʟ ʩʝʨʠʠ ʩʧʫʪʥʠʢʦʚ Earth Explorer, 

ʟʘʜʘʯʘ ʢʦʪʦʨʳʭ ï ʠʟʫʯʝʥʠʝ ʚʘʞʥʝʡʰʠʭ ʧʘʨʘʤʝʪʨʦʚ ɿʝʤʣʠ ʚ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʦʡ 

ɽʚʨʦʧʝʡʩʢʠʤ ʢʦʩʤʠʯʝʩʢʠʤ ʘʛʝʥʪʩʪʚʦʤ (ɽʂɸ) ʧʨʦʛʨʘʤʤʳ çɾʠʚʘʷ ʧʣʘʥʝʪʘè (Living Planet). 

SMOS ï ʧʝʨʚʳʡ ʩʧʫʪʥʠʢ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʥʘ 

ʩʫʰʝ ʠ ʩʦʣʝʥʦʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ SMOS ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ 

ʠʟʛʦʪʦʚʣʝʥ ʢʦʥʩʦʨʮʠʫʤʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ɽʚʨʦʧʳ.  

ʇʨʦʛʨʘʤʤʘ SMOS ʠʩʧʦʣʴʟʫʝʪ ʥʘ ʦʜʥʦʠʤʝʥʥʦʤ ʩʧʫʪʥʠʢʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨ-ʨʘʜʠʦʤʝʪʨ 

MIRAS (Microwave Imaging Radiometer using Aperture Synthesis), ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ 

ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ ʠʟʤʝʨʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʩʫʰʠ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 60 ʢʤ ʠ ʩʦʣʝʥʦʩʪʠ ʤʦʨʩʢʠʭ ʚʦʜ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 200 ʢʤ. 

ʈʘʜʠʦʤʝʪʨ ʜʘʝʪ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚ L-ʜʠʘʧʘʟʦʥʝ (ʜʣʠʥʘ ʚʦʣʥʳ 21 ʩʤ). ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʦʣʝʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʷʨʢʦʩʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ L-ʜʠʘʧʘʟʦʥʝ 

ʧʨʠ ʨʘʟʥʳʭ ʫʛʣʘʭ ʥʘʢʣʦʥʘ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʩʧʫʪʥʠʢʘ, ʚʳʧʦʣʥʷʶʱʝʡ ʧʝʨʚʠʯʥʫʶ ʦʮʝʥʢʫ ʩʦʣʝʥʦʩʪʠ çʚ ʪʦʯʢʝè, ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʤʝʪʦʜʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʦʩʨʝʜʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʪʘʢʠʭ 

ʠʟʤʝʨʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʤʝʥʴʰʘʪʴ ʚʣʠʷʥʠʝ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʰʫʤʘ. 

ʇʦʩʣʝ ʨʷʜʘ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ 21 ʤʘʷ 2010 ʛ. ʩʧʫʪʥʠʢ SMOS ʧʨʠʩʪʫʧʠʣ ʢ 

ʦʧʝʨʘʪʠʚʥʦʡ ʨʘʙʦʪʝ (ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2012). ɼʘʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʘ SMOS ʚʧʝʨʚʳʝ ʧʦʟʚʦʣʠʣʠ 

ʧʦʩʪʨʦʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʪʦʯʥʫ ʁ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 35 ʢʤ, ʪʦʯʥʦʩʪʴ 

ʠʟʤʝʨʝʥʠʷ ʩʦʣʝʥʦʩʪʠ 0.3ă), ʨʝʛʫʣʷʨʥʦ ʦʙʥʦʚʣʷʝʤʫʶ (ʢʘʞʜʳʝ 3 ʜʥʷ) ʛʣʦʙʘʣʴʥʫʶ ʢʘʨʪʫ 

ʩʦʣʝʥʦʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (Tzortzi et al., 2016), ʯʪʦ ʨʘʩʰʠʨʷʝʪ ʥʘʰʠ ʟʥʘʥʠʷ ʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʦʢʝʘʥʘ ʠ ʘʪʤʦʩʬʝʨʳ, ʚʦʜʦʦʙʤʝʥʝ 

ʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ (ʨʠʩ.8). 

ʇʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʣʝʥʦʩʪʴ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʚʩʝʛʦ 32-38ă (ʠʣʠ ʛ/ʢʛ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ 

ʩʦʣʝʥʦʩʪʠ), ʧʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥʥʦʡ ʪʦʯʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚʳʭ ʤʝʪʦʜʦʚ ʚ 0.3ă ʠ 7-ʤʠ ʣʝʪʥʝʛʦ 

ʨʷʜʘ ʥʘʙʣʶʜʝʥʠʡ ʧʦʢʘ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʮʝʥʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʂʨʦʤʝ SMOS, ʩ 2011 ʧʦ ʠʶʥʴ 2015 ʥʘ ʦʨʙʠʪʝ ʨʘʙʦʪʘʣ ʘʤʝʨʠʢʘʥʦ-ʘʨʛʝʥʪʠʥʩʢʠʡ 

ʩʧʫʪʥʠʢ Aquarius/SAC-D (Lagerloef et al., 2008; Tzortzi et al., 2016), ʘ 31 ʷʥʚʘʨʷ 2015 ʛ. ʙʳʣ 

ʟʘʧʫʱʝʥ ʩʧʫʪʥʠʢ ʅɸʉɸ SMAP (Soil Moisture Active Passive), ʢʦʪʦʨʳʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ 

ʥʘʮʝʣʝʥʥʦʩʪʴ ʥʘ ʠʟʤʝʨʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ, ʙʫʜʝʪ ʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʣʝ ʩʦʣʝʥʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (Brown et al., 2013). 
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ʈʠʩʫʥʦʢ 8. ʉʨʝʜʥʝʤʝʩʷʯʥʘʷ ʩʦʣʝʥʦʩʪʴ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʟʘ ʥʦʷʙʨʴ 

2011 ʛ. ʧʦ ʜʘʥʥʳʤ SMOS (http://www.smos-bec.icm.csic.es/new_combined_map) 
 

(3) ʋʨʦʚʝʥʴ ʦʢʝʘʥʘ 

ʉʨʝʜʠ ʜʠʩʪʘʥʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʩʧʫʪʥʠʢʦʚʫʶ ʘʣʴʪʠʤʝʪʨʠʶ ʢʘʢ ʦʩʥʦʚʥʦʡ ʠʥʩʪʨʫʤʝʥʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʨʦʚʥʷ ʧʦ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ ʦʢʝʘʥʦʚ ʠ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʝʡ, ʘ ʥʝ 

ʪʦʣʴʢʦ ʫ ʠʭ ʧʦʙʝʨʝʞʴʷ ʥʘ ʤʝʪʝʦʩʪʘʥʮʠʷʭ ʠ ʧʦʩʪʘʭ. ʉʧʫʪʥʠʢʦʚʘʷ ʘʣʴʪʠʤʝʪʨʠʷ ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʜʥʦʤʫ ʠʟ ʘʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʩ ʙʦʨʪʘ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʤʝʪʦʜʦʤ ʩʧʫʪʥʠʢʦʚʦʡ 

ʘʣʴʪʠʤʝʪʨʠʠ ʤʦʞʥʦ ʚ ʨʘʙʦʪʘʭ (ʈʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ, 1980; Chelton et al., 2001; Rees, 

2001; Remote sensingé, 2003; Seelye, 2004; ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2005; Vignudelli et al., 2011; 

ʃʝʙʝʜʝʚ, 2014). ʇʘʨʘʤʝʪʨʳ ʦʨʙʠʪ ʠ ʦʙʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʭ ʩʧʫʪʥʠʢʦʚ, ʧʨʦʚʦʜʷʱʠʭ 

ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʧʨʠʚʝʜʝʥʳ ʚ (ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2005; Vignudelli et al., 

2011; ʃʝʙʝʜʝʚ, 2014).  

ʆʩʥʦʚʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ 

ʪʠʧʘ. ʇʝʨʚʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʝʰʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʫʪʦʯʥʝʥʠʝ ʬʦʨʤʳ ʠ ʚʳʩʦʪ 

ʛʝʦʠʜʘ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʆʥʠ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ. 

ɺʪʦʨʳʝ ï ʥʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʳʩʦʪʳ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂʨʫʛ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʝʰʘʪʴʩʷ ʚ ʨʘʤʢʘʭ ʵʪʠʭ ʧʨʦʛʨʘʤʤ, ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ ï ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ. ʕʪʠ 

ʧʨʦʛʨʘʤʤʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʠʟʦʤʘʨʰʨʫʪʥʳʭ. 
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ʀʟʦʤʘʨʰʨʫʪʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʪʨʘʩʩ ʚ ʧʨʝʜʝʣʘʭ Ñ1 ʢʤ 

ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ (ʮʠʢʣ) ʚʨʝʤʝʥʠ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʨʝʞʠʤ 

ʧʦʚʪʦʨʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʝʪʢʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʪʨʝʢʦʚ. 

ʀʟʦʤʘʨʰʨʫʪʥʳʝ ʧʨʦʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚʳʩʦʪʳ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʫʨʦʚʥʷ 

ʦʢʝʘʥʘ. ʇʦʜʩʧʫʪʥʠʢʦʚʳʝ ʪʨʘʩʩʳ ʜʣʷ ʨʘʟʥʳʭ ʧʨʦʛʨʘʤʤ ʠʤʝʶʪ ʨʘʟʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʪʨʝʢʘʤ ʦʜʥʦʛʦ ʪʠʧʘ (ʚʦʩʭʦʜʷʱʠʤʠ ʠʣʠ ʥʠʩʭʦʜʷʱʠʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʰʠʨʦʪʳ ʤʝʩʪʘ.  

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʘʣʴʪʠʤʝʪʨʦʤ ʠʣʠ 

ʨʘʜʠʦʚʳʩʦʪʦʤʝʨʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 9, ʥʘ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʠʟ 

ʢʦʩʤʦʩʘ. 

 

ʈʠʩʫʥʦʢ 9. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʠ ʦʩʥʦʚʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ (ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2005). 
 

ʉ 1992 ʛ. ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʛʫʣʷʨʥʳʝ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ 

ʚʳʧʦʣʥʷʶʪʩʷ ʩʧʫʪʥʠʢʘʤʠ TOPEX/Poseidon, GFO-1, Envisat, Jason-1, Jason-2, Jason-3, 

Sentinel-3A ʠ ʜʨ. ɼʣʷ ʘʥʘʣʠʟʘ ʤʝʞʛʦʜʦʚʦʡ ʠ ʩʝʟʦʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʝʡ, ʥʘʧʨʠʤʝʨ, ʂʘʩʧʠʡʩʢʦʛʦ ʠʣʠ ʏʝʨʥʦʛʦ ʣʫʯʰʝ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚ TOPEX/Poseidon (T/P) ʠ Jason-1, -2, -3 (J1/2/3), ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʯʠʥʘʤʠ.  



17 
 

ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʩʧʫʪʥʠʢʘ ʥʘʜ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʵʪʦʡ 

ʧʨʦʛʨʘʤʤʳ ʩʦʩʪʘʚʣʷʝʪ 1.7 ʩʤ (Fu and Pihos, 1994), ʘ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩʘʤʦʡ ʚʳʩʦʪʳ ʤʦʨʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʩʯʝʪʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ ʜʣʷ ʦʪʢʨʳʪʦʛʦ ʦʢʝʘʥʘ ð 4.2 ʩʤ. ʕʪʦ - ʥʘʠʣʫʯʰʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ (Chelton 

et al., 2001). ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʦʩʭʦʜʷʱʠʭ ʠ ʥʠʩʭʦʜʷʱʠʭ ʪʨʝʢʦʚ (ʚʥʫʪʨʠ ʢʘʞʜʦʛʦ 10-

ʩʫʪʦʯʥʦʛʦ ʮʠʢʣʘ) ʧʦ ʘʢʚʘʪʦʨʠʷʤ ʜʘʞʝ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʝʡ (ʥʘʧʨʠʤʝʨ, ʂʘʩʧʠʡʩʢʦʛʦ, 

ʏʝʨʥʦʛʦ ʠ ɹʘʣʪʠʡʩʢʦʛʦ) ʦʧʪʠʤʘʣʴʥʦ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʷ 

ʚʜʦʣʴ ʪʨʝʢʦʚ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 5-6 ʢʤ. ɺʨʝʤʝʥʥʦʡ ʤʘʩʰʪʘʙ ʧʦʚʪʦʨʝʥʠʷ 

ʠʟʤʝʨʝʥʠʡ ʚʜʦʣʴ ʪʨʝʢʘ - 9.916 ʩʫʪʦʢ (ʪ.ʝ. ʧʨʠʤʝʨʥʦ 3 ʨʘʟʘ ʚ ʤʝʩʷʮ ʠʣʠ 6 ʨʘʟ ʚ ʤʝʩʷʮ ʚ 

ʪʦʯʢʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʝʢʦʚ) - ʦʧʪʠʤʘʣʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʦʧʪʠʯʝʩʢʦʡ ʠ ʩʝʟʦʥʥʦʡ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʨʦʚʥʷ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ (ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2005, 2016; Lebedev, Kostianoy, 

2008; Kouraev et al., 2011, ʃʝʙʝʜʝʚ, 2014; Kostianoy et al., 2014). 

ɼʘʥʥʳʝ TOPEX/Poseidon ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʝʧʨʝʨʳʚʥʳʡ ʠ ʥʘʠʙʦʣʝʝ ʜʣʠʥʥʳʡ 

ʧʦ ʚʨʝʤʝʥʠ ʨʷʜ ʠʟʤʝʨʝʥʠʡ (ʩ ʩʝʥʪʷʙʨʷ 1992 ʛ. ʧʦ ʘʚʛʫʩʪ 2002 ʛ.). ʕʪʦʪ ʨʷʜ ʧʨʦʜʣʝʚʘʶʪ 

ʜʘʥʥʳʤʠ ʩʧʫʪʥʠʢʦʚ Jason-1 (ʩ ʷʥʚʘʨʷ 2002 ʛ. ʧʦ ʬʝʚʨʘʣʴ 2009 ʛ.) ʠ Jason-2 (ʩ ʠʶʣʷ 2008 ʛ. 

ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ), ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʨʝʢʦʚ ʢʦʪʦʨʳʭ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ 

ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʝʢʦʚ ʩʧʫʪʥʠʢʦʚ TOPEX/Poseidon ʠ Jason-1 ʜʦ ʩʦʚʝʨʰʝʥʠʷ ʠʤʠ ʤʘʥʝʚʨʘ 

ʢʦʨʨʝʢʮʠʠ ʦʨʙʠʪʳ 19 ʘʚʛʫʩʪʘ 2002 ʛ. ʠ 2 ʬʝʚʨʘʣʷ 2009 ʛ., ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʙʘʟ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ. 

ɺʩʶ ʠʥʬʦʨʤʘʮʠʶ ʚ ʥʠʭ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʙʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ: 

(ʘ) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʧʫʪʥʠʢʘ (ʛʝʦʮʝʥʪʨʠʯʝʩʢʠʝ ʢʦʦʨʜʠʥʘʪʳ 

ʠ ʦʰʠʙʢʠ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ, ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʚʳʩʦʪʳ 

ʦʨʙʠʪʳ ʩʧʫʪʥʠʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʩʯʝʪʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ); 

(ʙ) ʚʳʩʦʪʫ ʩʧʫʪʥʠʢʘ ʥʘʜ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦʣʫʯʝʥʥʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʙʨʘʙʦʪʢʠ ʚʨʝʤʝʥʠ ʚʦʟʚʨʘʪʘ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ, ʠʣʠ ʚʳʩʦʪʫ ʤʦʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʪʩʯʝʪʥʦʛʦ ʵʣʣʠʧʩʦʠʜʘ; 

(ʚ) ʧʦʧʨʘʚʢʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʨʝʤʷ ʚʦʟʚʨʘʪʘ ʟʦʥʜʠʨʫʶʱʝʛʦ ʠʤʧʫʣʴʩʘ (ʧʦʧʨʘʚʢʘ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʧʨʘʚʢʠ ʥʘ ʚʣʠʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: 

ʠʦʥʦʩʬʝʨʥʘʷ ʧʦʧʨʘʚʢʘ, ʧʦʧʨʘʚʢʘ ʥʘ ʚʣʘʞʥʦʩʪʴ, çʩʫʭʘʷè ʪʨʦʧʦʩʬʝʨʥʘʷ ʧʦʧʨʘʚʢʘ); 

(ʛ) ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʬʦʨʤʳ ʦʪʨʘʞʝʥʥʦʛʦ ʠʤʧʫʣʴʩʘ (ʟʥʘʯʠʤʘʷ ʚʳʩʦʪʘ ʚʝʪʨʦʚʳʭ 

ʚʦʣʥ, ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʤʦʜʫʣʴ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ), ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʢʨʫʛ ʧʨʠʤʝʥʝʥʠʷ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʚ ʥʘʫʯʥʳʭ ʠ 

ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ; 

(ʜ) ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʛʝʦʬʠʟʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʧʦʧʨʘʚʢʘ ʦʙʨʘʪʥʦʛʦ ʙʘʨʦʤʝʪʨʘ, 

ʚʳʩʦʪʫ ʛʝʦʠʜʘ ʠ ʩʨʝʜʥʝʡ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʩʦʪʫ ʧʨʠʣʠʚʦʚ ð ʤʦʨʩʢʦʛʦ, ʩʦʣʥʝʯʥʦʛʦ, 
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ʪʚʝʨʜʦʡ ɿʝʤʣʠ ʠ ʧʦʣʶʩʥʦʛʦ, ʜʘʥʥʳʝ ʙʘʪʠʤʝʪʨʠʠ), ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʝʰʝʥʠʷ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ ʨʘʟʥʳʭ ʢʣʘʩʩʦʚ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ 

ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʨʘʙʦʪʘʭ (ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2005; Vignudelli et al., 2011; ʃʝʙʝʜʝʚ, 

2014). ɺ ʈʌ ʦʩʦʙʝʥʥʦ ʩʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʀʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ɹʘʟʫ ɼʘʥʥʳʭ ʉʧʫʪʥʠʢʦʚʦʡ 

ɸʣʴʪʠʤʝʪʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ (ʀɹɼʉɸ ï çʂʘʩʧʠʡè), ʢʦʪʦʨʘʷ ʩʦʟʜʘʥʘ ʩʦʚʤʝʩʪʥʦ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɻʝʦʬʠʟʠʯʝʩʢʦʛʦ ʎʝʥʪʨʘ ʈɸʅ ʠ ʀʥʩʪʠʪʫʪʘ ʦʢʝʘʥʦʣʦʛʠʠ ʠʤ. ʇ.ʇ. ʐʠʨʰʦʚʘ 

ʈɸʅ ʠ ʚʥʝʩʝʥʘ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʨʝʛʠʩʪʨ ʙʘʟ ʜʘʥʥʳʭ ʟʘ ˉ 0220611211 (ʉʚʠʜʝʪʝʣʴʩʪʚʦ 

ˉ 10505 ʦʪ 14 ʠʶʣʷ 2006 ʛ.) (ʃʝʙʝʜʝʚ, 2014). 

ɺ ʈʌ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʟʫʯʝʥʠʶ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ 

(Kostianoy, Kosarev, 2005), ʯʪʦ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʜʦʙʳʯʠ ʥʝʬʪʠ 

(Zhiltsov et al., 2016), ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʣʠʤʘʪʘ (ʂʦʩʪʷʥʦʡ ʠ 

ʜʨ., 2014ʘ, ʙ), ʥʦ ʠ ʩ ʧʨʦʜʦʣʞʘʶʱʠʤʠʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʂʘʩʧʠʷ, 

ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʟʘ ʚʨʝʤʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ (ʩ 1837 ʛ.) ʩʦʩʪʘʚʠʣʘ ʙʦʣʝʝ 3 

ʤ (Kostianoy, Kosarev, 2005; ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2005, 2016; Lebedev, Kostianoy, 2008; 

Kouraev et al., 2011; ʃʝʙʝʜʝʚ, 2014; ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2014ʘ, ʙ). ʅʘ ʨʠʩ. 10 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʨʝʜʥʝʛʦ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʟʘ ʧʝʨʠʦʜ ʩ 

1993 ʛ. ʧʦ 2015 ʛ.  

ʉ ʟʠʤʳ 1992/1993 ʛ. ʜʦ ʣʝʪʘ 1995 ʛ. ʥʘʙʣʶʜʘʣʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʫʨʦʚʥʷ ʤʦʨʷ ʜʦ 

ʦʪʤʝʪʢʠ -26,4 ʤ ʚ ɹʘʣʪʠʡʩʢʦʡ ʩʠʩʪʝʤʝ ʚʳʩʦʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 20 ʩʤ/ʛʦʜ. ɿʘʪʝʤ ʜʦ ʟʠʤʳ 

1997/1998 ʛ. ʥʘʙʣʶʜʘʣʦʩʴ ʦʯʝʨʝʜʥʦʝ ʨʝʟʢʦʝ ʧʦʥʠʞʝʥʠʝ ʜʦ ʦʪʤʝʪʢʠ -27,1 ʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 

22 ʩʤ/ʛʦʜ. ʋʤʝʨʝʥʥʦʝ ʧʘʜʝʥʠʝ ʧʨʦʜʦʣʞʠʣʦʩʴ ʜʦ ʟʠʤʳ 2001/2002 ʛ. ʜʦ ʦʪʤʝʪʢʠ -27,4 ʤ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 6 ʩʤ/ʛʦʜ. ʇʦʩʣʝʜʫʶʱʠʡ ʫʤʝʨʝʥʥʳʡ ʨʦʩʪ ʜʦ ʦʪʤʝʪʢʠ -26,7 ʤ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 

ʩʤ/ʛʦʜ ʥʘʙʣʶʜʘʣʩʷ ʜʦ ʣʝʪʘ 2005 ʛ. ʉ ʣʝʪʘ 2005 ʛ. ʧʦ ʟʠʤʫ 2009/2010 ʛʛ. ʫʨʦʚʝʥʴ ʤʦʨʷ 

ʫʤʝʨʝʥʥʦ ʧʘʜʘʣ ʜʦ ʦʪʤʝʪʢʠ -27,3 ʤ ʩʦ ʩʢʦʨʦʩʪʴʶ -8.5 ʩʤ/ʛʦʜ. ʕʪʦ ʧʘʜʝʥʠʝ ʧʨʦʜʦʣʞʠʣʦʩʴ ʠ 

ʚ 2010 ʛ. ɺ 2010ï2012 ʛʛ. ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʂʘʩʧʠʷ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 15 ʩʤ/ʛʦʜ ʠ ʢ 

ʤʘʨʪʫ 2013 ʛ. ʫʨʦʚʝʥʴ ʤʦʨʷ ʩʦʩʪʘʚʠʣ -27,6 ʤ. ʇʘʜʝʥʠʝ ʫʨʦʚʥʷ ʂʘʩʧʠʷ ʧʨʦʜʦʣʞʠʣʦʩʴ ʠ ʚ 

ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ, ʯʪʦ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʜʦ ʢʦʥʮʘ 2015 ʛ., ʢʦʛʜʘ 

ʫʨʦʚʝʥʴ ʤʦʨʷ ʚ ʠʶʥʝ ʜʦʩʪʠʛ ʦʪʤʝʪʢʠ -27.74 ʤ, ʘ ʫʞʝ ʚ ʜʝʢʘʙʨʝ -28.2 ʤ (ʨʠʩ. 10). ʇʦʩʢʦʣʴʢʫ 

ʚ ʠʶʥʝ 2016 ʛ. ʫʨʦʚʝʥʴ ʤʦʨʷ ʥʘʭʦʜʠʣʩʷ ʥʘ ʫʨʦʚʥʝ -27.72 ʤ, ʧʨʠʤʝʨʥʦ ʥʘ ʪʦʡ ʞʝ ʦʪʤʝʪʢʝ, 

ʯʪʦ ʠ ʚ ʠʶʥʝ 2015 ʛ., ʪʦ ʧʦʢʘ ʪʨʫʜʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʪʘʙʠʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʂʘʩʧʠʷ. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʦʩʪ ʠ ʧʘʜʝʥʠʝ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʘʟʥʳʭ 

ʯʘʩʪʷʭ ʤʦʨʷ ʧʦ-ʨʘʟʥʦʤʫ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ (ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2016).  
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ʈʠʩʫʥʦʢ 10. ʉʝʟʦʥʥʘʷ ʠ ʤʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʷ ʂʘʩʧʠʷ ʧʦ ʜʘʥʥʳʤ 

ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʧʫʪʥʠʢʦʚ T/P ʠ J1/2 ʩ ʷʥʚʘʨʷ 1993 ʛ. ʧʦ ʜʝʢʘʙʨʴ 2015 ʛ. 

ʇʝʨʠʦʜʳ ʨʦʩʪʘ ʫʨʦʚʥʷ ʚʳʜʝʣʝʥʳ ʞʝʣʪʳʤ ʮʚʝʪʦʤ (ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2016). 
 

ʉ ʧʦʤʦʱʴʶ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩʪʨʦʷʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʛʣʦʙʘʣʴʥʳʝ ʢʘʨʪʳ 

ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʦʢʝʘʥʘ ʠ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ ʟʘ ʨʘʟʣʠʯʥʳʝ ʩʨʦʢʠ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʳʭ ʩʧʫʪʥʠʢʦʚʳʭ ʤʠʩʩʠʡ. ʅʘ ʨʠʩ.11 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ 

ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʘ 7 ʠʶʣʷ 2004 ʛ., ʥʘ ʢʦʪʦʨʦʡ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ 

ʢʨʫʧʥʳʝ ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʝ (ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʘʥʦʤʘʣʠʠ) ʠ ʮʠʢʣʦʥʠʯʝʩʢʠʝ 

(ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʘʥʦʤʘʣʠʠ) ʚʠʭʨʠ ʠ ʤʝʘʥʜʨʳ ʪʝʯʝʥʠʡ, ʘ ʪʘʢʞʝ ʪʘʢʠʝ 

ʤʦʱʥʳʝ ʪʝʯʝʥʠʷ ʢʘʢ ɻʦʣʴʬʩʪʨʠʤ, ʂʫʨʦʩʠʦ, ɸʛʫʣʴʷʩʦʚʦ ʠ ʜʨ. ʙʣʘʛʦʜʘʨʷ ʘʥʦʤʘʣʠʷʤ ʚ 

ʩʢʦʨʦʩʪʠ ʠ ʧʦʣʦʞʝʥʠʠ ʵʪʠʭ ʪʝʯʝʥʠʡ. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʪʘʢʠʭ ʢʘʨʪ ʚ ʩʤʳʩʣʝ ʠʟʫʯʝʥʠʷ 

ʜʠʥʘʤʠʢʠ ʚʦʜ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʘʥʦʤʘʣʠʷʤʠ ʫʨʦʚʥʷ, ʘ ʥʝ ʩ ʩʘʤʠʤ 

ʫʨʦʚʥʝʤ ʦʢʝʘʥʘ.  

ʉ ʩʝʥʪʷʙʨʷ 1992 ʛ. ʠʤʝʶʪʩʷ ʤʥʦʛʦʣʝʪʥʠʝ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʫʨʦʚʥʝʤ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʩʝʟʦʥʥʫʶ ʠ ʤʝʞʛʦʜʦʚʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʫʨʦʚʥʷ ʦʢʝʘʥʘ ʚ ʣʶʙʦʡ ʝʛʦ ʪʦʯʢʝ, ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ (ʨʠʩ. 12), ʘ ʪʘʢʞʝ ʠʟʫʯʘʪʴ ʛʣʦʙʘʣʴʥʳʝ ʦʩʨʝʜʥʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠʟʤʝʥʯʠʚʦʩʪʠ ʫʨʦʚʥʷ ʚ ʩʚʷʟʠ ʩ ʛʣʦʙʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ (ʨʠʩ. 13) (IPCC, 2013; 

Rhein et al., 2013). ʇʦʩʣʝʜʥʠʡ ʛʨʘʬʠʢ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʟʘ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 2015 ʛ. ʫʨʦʚʝʥʴ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚ ʩʨʝʜʥʝʤ 

ʨʘʩʪʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 3.3 ʤʤ ʚ ʛʦʜ. 
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ʈʠʩʫʥʦʢ 11. ʂʘʨʪʘ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʘ 7 ʠʶʣʷ 2004 ʛ., ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ 

ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ (https://i.ytimg.com/vi/SdsHpKAfzi0/maxresdefault.jpg) 
 

 

ʈʠʩʫʥʦʢ 12. ʂʘʨʪʘ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʤʤ/ʛʦʜ) ʟʘ ʧʝʨʠʦʜ ʩ 1992 

ʧʦ 2013 ʛ., ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ T/P, J1/2 

(http://notrickszone.com/wp-content/uploads/2015/01/sea-level-rise-rate-western-pacific.png) 
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ʈʠʩʫʥʦʢ 13. ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʫʨʦʚʥʷ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʤʤ) ʟʘ ʧʝʨʠʦʜ ʩ 1993 ʧʦ 

2015 ʛ. (http://www.slideshare.net/CFCC15/pre0082-cazenave-a) 
 

(4) ʉʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ 

ɺ ʜʦʢʫʤʝʥʪʘʭ ʧʨʦʛʨʘʤʤʳ ɻʣʦʙʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʢʣʠʤʘʪʦʤ (GCOS) 

ʧʦʜ ʆʂʇ çʩʦʩʪʦʷʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷè ʧʦʥʠʤʘʝʪʩʷ ʚʳʩʦʪʘ, ʜʣʠʥʘ ʠ ʧʝʨʠʦʜ ʤʦʨʩʢʠʭ 

ʚʦʣʥ. ʅʘʧʨʷʤʫʶ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʣʥʝʥʠʷ ʠʟ ʢʦʩʤʦʩʘ ʥʝ ʠʟʤʝʨʷʶʪʩʷ, ʦʜʥʘʢʦ, ʦʥʠ 

ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ, ʘ ʠʤʝʥʥʦ ʧʦ 

ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ, ʬʦʨʤʝ ʦʪʨʘʞʝʥʥʦʛʦ ʨʘʜʠʦʠʤʧʫʣʴʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʦʪʨʘʞʝʥʥʦʛʦ ʨʘʜʠʦʠʤʧʫʣʴʩʘ. ʇʨʠ ʵʪʦʤ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʚʳʩʦʪʳ 

ʚʦʣʥ ʩʦʩʪʘʚʣʷʝʪ 5-10% ʠʣʠ 20-50 ʩʤ (Chelton et al., 2001; ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2005; 

ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2012; ʃʝʙʝʜʝʚ, 2014; Kostianoy et al., 2014).  

ɼʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʳʩʦʪʝ 

ʚʝʪʨʦʚʳʭ ʚʦʣʥ ʠ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ, ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʝʞʠʤ ʚʦʣʥʝʥʠʷ ʠ ʚʝʪʨʘ ʚ 

ʦʪʢʨʳʪʳʭ ʯʘʩʪʷʭ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʠ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʝʡ. ʆʜʥʘʢʦ ʩʢʚʘʞʥʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʩʦ ʩʧʫʪʥʠʢʦʚ T/P ʠ J1/2 (ʦʢʦʣʦ 10 ʩʫʪʦʢ), ʘ ʪʘʢʞʝ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘʢʣʘʜʳʚʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʦʣʫʯʘʝʤʫʶ ʠʥʬʦʨʤʘʮʠʶ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʥʥʳʝ 

ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ (ʩʝʟʦʥʥʫʶ 

ʠ ʤʝʞʛʦʜʦʚʫʶ) ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʳʩʦʪʳ ʚʦʣʥ ʠ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʥʘʧʨʠʤʝʨ, ʥʘ ʚʩʝʡ ʘʢʚʘʪʦʨʠʠ 

ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ (ʨʠʩ. 14, 15). ʅʘ ʨʠʩ. 14 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʚʳʩʦʪʳ ʚʦʣʥ ʚ ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʝʢʦʚ 031-092, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʫ ʧʦʙʝʨʝʞʴʷ ʊʫʨʢʤʝʥʠʩʪʘʥʘ ʩ ʷʥʚʘʨʷ 1992 ʛ. ʧʦ 
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ʜʝʢʘʙʨʴ 2011 ʛ. ʈʠʩ. 15 ʜʘʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʝʞʠʤʘ 

ʚʦʣʥʝʥʠʷ ʥʘ ʂʘʩʧʠʠ ʟʘ 20 ʣʝʪ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʢʘʨʪʳ 

ʩʪʨʦʷʪʩʷ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʦʜʦʚ, ʩʝʟʦʥʦʚ ʠʣʠ ʤʝʩʷʮʝʚ (ʃʝʙʝʜʝʚ, 2014). 

 

 

ʈʠʩʫʥʦʢ 14. ʉʝʟʦʥʥʘʷ ʠ ʤʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʚʳʩʦʪʳ ʚʦʣʥ (ʤ) ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʧʫʪʥʠʢʦʚ T/P ʠ J1/2 ʚ 

ʪʦʯʢʝ ʧʝʨʝʩʝʯʝʥʠʷ ʪʨʝʢʦʚ 031-092 ʩ ̫ʥʚʘʨʷ 1992 ʛ. ʧʦ ʜʝʢʘʙʨʴ 2011 ʛ. (Kostianoy et al., 

2014) 

 

 

ʈʠʩʫʥʦʢ 15. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʚʳʩʦʪ rʚʦʣʥ (ʤ) ʧʦ ʜʘʥʥʳʤ 

ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʧʫʪʥʠʢʦʚ T/P ʠ J1/2 ʟʘ ʧʝʨʠʦʜ ʩ ʩʝʥʪʷʙʨʷ 1992 ʛ. ʧʦ ʜʝʢʘʙʨʴ 

2012 ʛ. (ʃʝʙʝʜʝʚ, 2014) 
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ʅʘ ʨʠʩ. 16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʣʦʙʘʣʴʥʳʝ ʧʦʣʷ ʩʢʦʨʦʩʪʠ ʧʨʠʚʦʜʥʦʛʦ ʚʝʪʨʘ ʠ ʚʳʩʦʪʳ 

ʚʝʪʨʦʚʳʭ ʚʦʣʥ ʜʣʷ ʚʩʝʛʦ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʧʦʣʫʯʝʥʥʝr ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ 

ʘʣʴʪʠʤʝʪʨʠʠ ʟʘ ʠʶʥʴ 1995 ʛ.  

 

 

ʈʠʩʫʥʦʢ 16. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ (ʤ/ʩ) (ʚʝʨʭ) ʠ 

ʚʳʩʦʪ rʚʦʣʥ (ʤ) (ʥʠʟ) ʧʦ ʜʘʥʥʳʤ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʧʫʪʥʠʢʘ T/P ʟʘ ʠʶʥʴ 

1992 ʛ. (http://sealevel.jpl.nasa.gov/files/archive/online-tutorial/wind_wave_jun.gif)  

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʙʣʘʛʦʜʘʨʷ ʥʦʚʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʠʥʮʠʧʘʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʢʨʫʪʠʟʥʳ ʠ ʧʝʨʠʦʜʘ ʤʦʨʩʢʠʭ ʚʦʣʥ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ, 

ʫʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʢʣʠʤʘʪʦʣʦʛʠʶ ʚʦʣʥʝʥʠʷ ʚʚʝʜʝʥʠʝʤ 

ʧʘʨʘʤʝʪʨʘ ʢʨʫʪʠʟʥʳ ʚʦʣʥ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʠ ʜʦʧʦʣʥʝʥʥʳʝ ʥʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʛʣʦʙʘʣʴʥʳʝ ʙʘʟʳ ʜʘʥʥʳʭ ʦ ʚʦʣʥʝʥʠʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʩʧʫʪʥʠʢʦʚʳʭ ʜʘʥʥʳʭ ʚ ʟʘʜʘʯʘʭ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʮʝʥʢʠ 

ʚʝʨʦʷʪʥʦʩʪʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʦʛʥʦʟʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 
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ʠʟʤʝʥʝʥʠʡ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʤʘʩʰʪʘʙʘʭ (Badulin, 2014; ɻʨʠʛʦʨʴʝʚʘ, 

ɹʘʜʫʣʠʥ, 2016; ɻʘʚʨʠʢʦʚ ʠ ʜʨ., 2016; Badulin et al., 2017). ʅʘ ʨʠʩ. 17 ʠ 18 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʣʦʙʘʣʴʥʳʝ ʢʘʨʪʳ ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʚʦʣʥ ʠ ʧʝʨʠʦʜʦʚ ʚʦʣʥ ʟʘ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2012 ʛ. ʧʦ 

ʜʘʥʥʳʤ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ Jason-1, Envisat ʠ ʧʦ ʜʘʥʥʳʤ ʚʠʟʫʘʣʴʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ. ʅʘ ʨʠʩ. 19 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʥʦʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʢʨʫʪʠʟʥʳ ʚʦʣʥ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ. 

 

 
ʈʠʩʫʥʦʢ 17. ʉʨʝʜʥʷʷ ʚʳʩʦʪʘ ʚʦʣʥ (ʤ) ʟʘ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2012 ʛ. ʧʦ ʜʘʥʥʳʤ 

ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ Jason-1, Envisat ʠ ʧʦ ʜʘʥʥʳʤ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ (VOS) 

(ɻʨʠʛʦʨʴʝʚʘ, ɹʘʜʫʣʠʥ, 2016). 
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ʈʠʩʫʥʦʢ 18. ʉʨʝʜʥʠʡ ʧʝʨʠʦʜ ʚʦʣʥ (ʩʝʢ) ʟʘ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2012 ʛ. ʧʦ ʜʘʥʥʳʤ 

ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ Jason-1, Envisat ʠ ʧʦ ʜʘʥʥʳʤ ʚʠʟʫʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ (VOS) 

(ɻʨʠʛʦʨʴʝʚʘ, ɹʘʜʫʣʠʥ, 2016). 
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ʈʠʩʫʥʦʢ 19. ʉʨʝʜʥʷʷ ʢʨʫʪʠʟʥʘ ʚʦʣʥ (ʤ/ʤ) ʟʘ ʧʝʨʠʦʜ ʩ 2002 ʧʦ 2012 ʛ. ʧʦ ʜʘʥʥʳʤ 

ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʘ Envisat (ɻʨʠʛʦʨʴʝʚʘ, ɹʘʜʫʣʠʥ, 2016). 

 

ʂʨʦʤʝ ʤʝʪʦʜʦʚ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʜʣʷ ʦʮʝʥʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʝʪʨʦʚʦʛʦ 

ʚʦʣʥʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʥʫʪʨʝʥʥʠʭ ʚʦʣʥ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʩʧʫʪʥʠʢʦʚʦʡ 

ʨʘʜʠʦʣʦʢʘʮʠʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011, 2016, Kostianoy et al., 2017).  

 

(5) ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ 

ʄʦʨʩʢʦʡ ʣʝʜ ï ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʆʂʇ, ʢʦʪʦʨʘ ̫ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʨʝʛʠʦʥʘʣʴʥʦʝ ʠʣʠ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʢʦʪʦʨʘʷ ʭʦʨʦʰʦ ʠʟʤʝʨʷʝʪʩʷ ʩʦ 

ʩʧʫʪʥʠʢʦʚ. ʄʦʨʩʢʦʡ ʣʝʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ (ʙʣʘʛʦʜʘʨʷ ʙʝʣʦʤʫ 

ʮʚʝʪʫ, ʢʦʪʦʨʳʡ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʝʤʥʳʭ ʪʦʥʦʚ ʤʦʨʷ), ʧʦ ʜʘʥʥʳʤ ʠʥʬʨʘʢʨʘʩʥʳʭ ʠ 

ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʨʘʜʠʦʤʝʪʨʦʚ (ʙʣʘʛʦʜʘʨʷ ʢʦʥʪʨʘʩʪʫ ʨʘʜʠʦʷʨʢʦʩʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʣʴʜʘ ʠ 

ʦʪʢʨʳʪʦʡ ʚʦʜʳ), ʧʦ ʜʘʥʥʳʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ ʩʲʝʤʢʠ (ʙʣʘʛʦʜʘʨʷ ʢʦʥʪʨʘʩʪʫ ʚ 

ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʣʴʜʘ ʠ ʦʪʢʨʳʪʦʡ ʚʦʜʳ), ʘ ʪʘʢʞʝ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʠ 

ʩʢʘʪʪʝʨʦʤʝʪʨʠʠ (ʙʣʘʛʦʜʘʨʷ ʨʘʟʥʦʤʫ ʨʘʩʩʝʷʥʠʶ ʠʟʣʫʯʝʥʥʦʛʦ ʧʨʠʙʦʨʘʤʠ ʠʤʧʫʣʴʩʘ ʦʪ 

ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ) (Lubin, Massom, 2006; Massom, Lubin, 2006; 

Comiso, 2010). 

 ʅʘ ʨʠʩ. 20 ʧʨʠʚʝʜʝʥʦ ʩʧʫʪʥʠʢʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʉʝʚʝʨʥʦʛʦ ʂʘʩʧʠʷ ʚ ʦʧʪʠʯʝʩʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 250 ʤ ʟʘ 24 ʷʥʚʘʨʷ 2017 ʛ., ʥʘ ʢʦʪʦʨʦʤ ʭʦʨʦʰʦ ʚʠʜʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʥʘ ʨʘʟʥʳʭ ʝʛʦ ʫʯʘʩʪʢʘʭ. ʆʙʣʘʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʝʞʝʜʥʝʚʥʳʭ ʩʥʠʤʢʦʚ ʜʘʞʝ ʜʣʷ ʪʘʢʠʭ ʶʞʥʳʭ ʨʘʡʦʥʦʚ ʢʘʢ 

ʂʘʩʧʠʡʩʢʦʝ ʠ ɸʟʦʚʩʢʦʝ ʤʦʨʷ. ɺ ɸʨʢʪʠʢʝ, ʛʜʝ ʦʙʣʘʯʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ  

ʟʘʢʨʳʚʘʝʪ ʘʢʚʘʪʦʨʠʶ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ, ʜʣʷ ʝʞʝʜʥʝʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 
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ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʝ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʨʘʜʠʦʤʝʪʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʦʙʣʘʯʥʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʤʝʭʦʡ (ʨʠʩ. 21). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʪʘʢʠʭ ʢʘʨʪ 

ʩʦʩʪʘʚʣʷʝʪ 12-25 ʢʤ.  

 

 

ʈʠʩʫʥʦʢ 20. ʃʝʜ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʩʧʠʠ  (24 ʷʥʚʘʨʷ 2017 ʛ., MODIS-Aqua) 
(https://lance.modaps.eosdis.nasa.gov/imagery/subsets/?subset=CaspianSea.2017024.aqua.250m) 

 

 

ʈʠʩʫʥʦʢ 21. ʂʦʥʮʝʥʪʨʘʮʠʷ ʣʴʜʘ ʚ ɸʨʢʪʠʢʝ. ʈʦʟʦʚʳʡ ʮʚʝʪ ï 100%, ʩʠʥʠʡ ï 30%  (1 ʬʝʚʨʘʣʷ 

2017 ʛ., ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʨʘʜʠʦʤʝʪʨ AMSR2, ʩʧʫʪʥʠʢ GCOM-W1, 

https://worldview.earthdata.nasa.gov)  

 



28 
 

ʈʘʜʠʦʣʦʢʘʪʦʨʳ ʩ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʘʧʝʨʪʫʨʦʡ (ASAR), ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʩʧʫʪʥʠʢʘʭ 

Envisat, Radarsat-1, Radarsat-2, Sentinel-1A, Sentinel-1B, TerraSAR-X, COSMO-SkyMed ʠ 

ʜʨ., ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 25-75 ʤ, ʧʨʠ ʵʪʦʤ ʦʙʣʘʯʥʦʩʪʴ ʠ ʦʩʚʝʱʝʥʥʦʩʪʴ ʥʝ 

ʷʚʣʷʶʪʩʷ ʧʦʤʝʭʦʡ ʜʣʷ ʩʲʝʤʢʠ ʘʢʚʘʪʦʨʠʡ. ʅʘ ʨʠʩ.22 ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ASAR Envisat ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ, ʥʘ 

ʢʦʪʦʨʦʤ ʭʦʨʦʰʦ ʚʠʜʥʘ ʩʪʨʫʢʪʫʨʘ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ (ʩʝʨʳʝ ʪʦʥʘ), ʘ ʪʘʢʞʝ ʦʛʨʦʤʥʘʷ 

ʧʦʣʳʥʴʷ (ʯʝʨʥʳʡ ʮʚʝʪ) ʫ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʅʦʚʦʡ ɿʝʤʣʠ. ʅʘ ʨʠʩ.23 

ʧʨʝʜʩʪʘʚʣʝʥ ʬʨʘʛʤʝʥʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ Sentinel-1B ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ, ʥʘ 

ʢʦʪʦʨʦʤ ʭʦʨʦʰʦ ʚʠʜʥʘ ʩʪʨʫʢʪʫʨʘ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ (ʩʝʨʳʝ ʪʦʥʘ) ʚ ʤʦʨʝ ʠ ʚ ʂʝʨʯʝʥʩʢʦʤ 

ʧʨʦʣʠʚʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʩʪʨʦʷʱʝʛʦʩʷ ʤʦʩʪʘ. 

 

 

ʈʠʩʫʥʦʢ 22. ʉʪʨʫʢʪʫʨʘ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʨʩʢʦʛʦ ʤʦʨʷ (4 

ʘʧʨʝʣʷ 2007, 06:19 GMT, ASAR Envisat). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 75 ʤ. 
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ʈʠʩʫʥʦʢ 23. ʉʪʨʫʢʪʫʨʘ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ɸʟʦʚʩʢʦʤ ʤʦʨʝ ʠ ʚ ʂʝʨʯʝʥʩʢʦʤ ʧʨʦʣʠʚʝ (5 

ʬʝʚʨʘʣʷ 2017, 15:26 GMT, Sentinel-1B). ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 20 ʤ. 

 

 ʈʘʟʣʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʠ ʩʢʘʪʪʝʨʦʤʝʪʨʠʠ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʣʴʜʘ (ʩʤ., ʥʘʧʨʠʤʝʨ, Lebedev et al., 2011; 

Kouraev et al., 2011; 2015; Zakharova et al., 2015). ʅʘʧʨʠʤʝʨ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʥʦ 

ʩʪʨʦʠʪʴ ʢʘʨʪʳ ʚʳʩʦʪʳ ʤʦʨʩʢʦʛʦ ʣʴʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ (ʨʠʩ. 24), 
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ʪʦʣʱʠʥʳ ʣʴʜʘ (ʨʠʩ. 25) ʠʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʜʥʦʣʝʪʥʝʛʦ ʠ ʤʥʦʛʦʣʝʪʥʝʛʦ ʣʴʜʘ ʧʦ ʘʢʚʘʪʦʨʠʠ 

ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ (ʨʠʩ. 26), ʯʪʦ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʦ ʜʣʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʦʩʣʝʜʥʠʝ ʜʘʥʥʳʝ ʦ ʤʝʞʛʦʜʦʚʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ 

ɸʨʢʪʠʢʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ 2016 ʛ. ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʧʣʦʱʘʜʴ ʣʴʜʘ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʘʷ ʟʘ ʚʩʶ 

ʠʩʪʦʨʠʶ ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘʯʠʥʘʷ ʩ 1979 ʛ. (ʨʠʩ. 27). ɺ ʥʘʯʘʣʝ ʬʝʚʨʘʣʷ 2017 ʛ. 

ɸʤʝʨʠʢʘʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʥʝʛʘ ʠ ʣʴʜʘ (NSIDC) ʦʧʫʙʣʠʢʦʚʘʣ 

ʝʞʝʜʥʝʚʥʳʝ ʜʘʥʥʳʝ, ʠʟ ʢʦʪʦʨʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʣʦʱʘʜʴ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ ʚ ɸʨʢʪʠʢʝ ʩ 

ʦʢʪʷʙʨʷ 2016 ʛ. ʧʦ ʬʝʚʨʘʣʴ  2017 ʛ. ʧʦʩʪʦʷʥʥʦ ʙʳʣʘ ʤʠʥʠʤʘʣʴʥʦʡ ʟʘ ʧʦʩʣʝʜʥʠʝ 38 ʣʝʪ 

ʩʧʫʪʥʠʢʦʚʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʧʣʦʱʘʜʴ ʣʴʜʘ ʚ ʷʥʚʘʨʝ 2017 ʛ. ʦʢʘʟʘʣʘʩʴ ʥʘ 260 ʪʳʩ. 

ʢʤ
2
 ʤʝʥʴʰʝ ʧʨʝʜʳʜʫʱʝʛʦ ʨʝʢʦʨʜʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʷʥʚʘʨʝ 2016 ʛ., ʠ ʥʘ 1.26 ʤʣʥ ʢʤ

2
 

ʤʝʥʴʰʝ ʩʨʝʜʥʝʡ ʧʣʦʱʘʜʠ ʟʘ 1981-2010 ʛʛ. (ʨʠʩ. 28). 

 

 

ʈʠʩʫʥʦʢ 24. ɺʳʩʦʪʘ ʣʴʜʘ (ʩʤ) ʥʘʜ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ 

ʧʦ ʘʣʴʪʠʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʘ AltiKa ʟʘ ʧʝʨʠʦʜ ʩ 14 ʤʘʨʪʘ ʧʦ 18 ʘʧʨʝʣʷ 2013 ʛ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ɸʨʢʪʠʢʠ ʥʝ ʧʦʢʨʳʚʘʝʪʩʷ ʪʨʝʢʘʤʠ ʩʧʫʪʥʠʢʘ, ʧʦʵʪʦʤʫ ʜʘʥʥʳʝ 

ʦʪʩʫʪʩʪʚʫʶʪ. (http://www.aviso.altimetry.fr/en/applications/ice-and-cryosphere/sea-

ice/saralaltika-sea-ice-results.html) 
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ʈʠʩʫʥʦʢ 25. ʊʦʣʱʠʥʘ ʣʴʜʘ (ʤ) ʥʘ ʘʢʚʘʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʧʦ 

ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʟʘ ʧʝʨʠʦʜ ʩ 8 ʷʥʚʘʨʷ ʧʦ 4 ʬʝʚʨʘʣʷ 2017 ʛ. 

(http://www.cpom.ucl.ac.uk/csopr/sidata/thk_28.png) 

 

 

ʈʠʩʫʥʦʢ 26. ɺʦʟʨʘʩʪ ʣʴʜʘ (ʛʦʜʘ) ʥʘ ʘʢʚʘʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʧʦ 

ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʥʘ 25-31 ʤʘʷ 2015 ʛ. (https://icdc.cen.uni-hamburg.de/) 

 

 

https://icdc.cen.uni-hamburg.de/
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ʈʠʩʫʥʦʢ 27. ʉʨʝʜʥʝʛʦʜʦʚʘʷ ʧʣʦʱʘʜʴ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ (ʤʣʥ ʢʤ

2
) ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ 

ʦʢʝʘʥʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʥʘ 1979-2016 ʛʛ. 

(https://c1.staticflickr.com/1/255/31752304360_d63c0194d1_o.jpg) 

 

 

 
ʈʠʩʫʥʦʢ 28. ʇʣʦʱʘʜʴ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ (ʤʣʥ ʢʤ

2
) ʉʝʚʝʨʥʦʛʦ ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʟʘ 

ʦʢʪʷʙʨʴ-ʬʝʚʨʘʣʴ 1981-2017 ʛʛ. 

(http://nsidc.org/arcticseaicenews/files/2017/02/asina_N_iqr_timeseries.png) 
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(6) ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʪʝʯʝʥʠʷ 

ʉʧʫʪʥʠʢʦʚʘʷ ʘʣʴʪʠʤʝʪʨʠʷ - ʝʜʠʥʩʪʚʝʥʥʳʡ ʪʠʧ ʜʘʥʥʳʭ ɼɿɿ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʥʘ ʨʝʛʫʣʷʨʥʦʡ ʦʩʥʦʚʝ ʩʦʟʜʘʚʘʪʴ ʢʘʨʪʳ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʪʦʧʦʛʨʘʬʠʠ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʝʛʦʜʥʷ ʪʦʯʥʦʩʪʴ ʘʣʴʪʠʤʝʪʨʦʚ ʜʦʩʪʠʛʣʘ ʪʘʢʦʛʦ ʫʨʦʚʥʷ, 

ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʦ ʛʨʘʜʠʝʥʪʘʤ ʫʨʦʚʥʷ ʤʦʨʷ ʧʦʣʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ ʩ ʪʦʯʥʦʩʪʴʶ ʚ ʥʝʩʢʦʣʴʢʦ ʩʤ/ʩ (ʉʠʨʦʪʘ ʠ ʜʨ., 2004; ʂʦʰʣʷʢʦʚ ʠ 

ʜʨ., 2007; Kubryakov, Stanichny, 2011; ʂʫʙʨʷʢʦʚ, ʉʪʘʥʠʯʥʳʡ, 2011; ʃʝʙʝʜʝʚ, 2014). 

ʈʘʟʣʠʯʘʶʪ ʜʚʘ ʚʠʜʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ (ɼʊ): ʩʨʝʜʥʶʶ (ʠʣʠ 

ʩʨʝʜʥʝʢʣʠʤʘʪʠʯʝʩʢʫʶ) ʠ ʩʠʥʦʧʪʠʯʝʩʢʫʶ. ʉʨʝʜʥʝʢʣʠʤʘʪʠʯʝʩʢʘʷ ɼʊ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʡ ʚʳʩʦʪʳ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʉɺʄʇ) ʦʪ ʚʳʩʦʪʳ ʤʦʨʩʢʦʛʦ ʛʝʦʠʜʘ. 

ʆʥʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ, ʜʨʝʡʬʫʶʱʠʭ ʙʫʝʚ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʧʦ ʪʝʨʤʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ (Tapley, Kim, 2001). 

ʈʘʟʣʠʯʘʶʪ ʛʣʦʙʘʣʴʥʳʝ (ʨʠʩ. 29) (ʩʤ., ʥʘʧʨʠʤʝʨ, ʃʝʙʝʜʝʚ, ʂʦʩʪʷʥʦʡ, 2005; Rio et al., 2011) 

ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ (ʨʠʩ. 30) (ʩʤ., ʥʘʧʨʠʤʝʨ, Rio et al., 2007; Kubryakov, Stanichny, 2011; 

ʂʫʙʨʷʢʦʚ, ʉʪʘʥʠʯʥʳʡ, 2011; ʃʝʙʝʜʝʚ, 2014; Kubryakov et al., 2016) ʤʦʜʝʣʠ 

ʩʨʝʜʥʝʢʣʠʤʘʪʠʯʝʩʢʦʡ ɼʊ. ʉʠʥʦʧʪʠʯʝʩʢʘʷ (ʠʣʠ ʘʙʩʦʣʶʪʥʘʷ) ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʧʦʛʨʘʬʠʷ 

(ʨʠʩ. 31) ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʧʝʨʧʦʟʠʮʠʷ ʩʨʝʜʥʝʢʣʠʤʘʪʠʯʝʩʢʦʡ ɼʊ ʠ ʘʥʦʤʘʣʠʡ ʫʨʦʚʥʷ 

ʤʦʨʷ, ʨʘʩʩʯʠʪʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʧʦ ʝʞʝʜʥʝʚʥʳʤ ʠʣʠ ʧʦ 10-ʪʠ ʜʥʝʚʥʳʤ ʮʠʢʣʠʯʝʩʢʠʤ 

ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʉʠʨʦʪʘ ʠ ʜʨ., 2004; ʃʝʙʝʜʝʚ, 2014; 

Kubryakov et al., 2016).  

 

ʈʠʩʫʥʦʢ 29. ʉʨʝʜʥʷʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʧʦʛʨʘʬʠʷ (ʩʤ) ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ 

ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ ʟʘ 1993-2013 ʛʛ., ʚʢʣʶʯʘʷ ʥʦʚʳʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ ʦ 

ʛʝʦʠʜʝ, ʧʦʣʫʯʝʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʘ GOCE (http://notrickszone.com/wp-

content/uploads/2015/01/Mean_dynamic_topography_node_full_image_2-1.jpg) 

http://notrickszone.com/wp-content/uploads/2015/01/Mean_dynamic_topography_node_full_image_2-1.jpg
http://notrickszone.com/wp-content/uploads/2015/01/Mean_dynamic_topography_node_full_image_2-1.jpg
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ʈʠʩʫʥʦʢ 30. ʉʨʝʜʥʷʷ ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʧʦʛʨʘʬʠʷ (ʤ) ʏʝʨʥʦʛʦ ʤʦʨʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚʦʡ ʘʣʴʪʠʤʝʪʨʠʠ (Kubryakov, Stanichny, 2011). 

 

 

 
 

ʈʠʩʫʥʦʢ 31. ʄʝʟʦʤʘʩʰʪʘʙʥʘʷ ʜʠʥʘʤʠʢʘ ʚʦʜ ʏʝʨʥʦʛʦ ʤʦʨʷ ʧʦ ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʦʚʦʡ 

ʘʣʴʪʠʤʝʪʨʠʠ ʥʘ 16 ʘʧʨʝʣʷ 2008 ʛ.: (ʘ) ʘʥʦʤʘʣʠʷ ʫʨʦʚʥʷ (ʤ); (b) ʩʠʥʦʧʪʠʯʝʩʢʘʷ 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʪʦʧʦʛʨʘʬʠʷ (ʤ); (c) ʢʘʨʪʘ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ. (1) ʠ (2) ï ʟʘʧʘʜʥʳʡ ʠ 

ʚʦʩʪʦʯʥʳʡ ʮʠʢʣʦʥʠʯʝʩʢʠʝ ʢʨʫʛʦʚʦʨʦʪʳ, (3) ï ʆʩʥʦʚʥʦʝ ʯʝʨʥʦʤʦʨʩʢʦʝ ʪʝʯʝʥʠʝ, (4) ï 

ʉʝʚʘʩʪʦʧʦʣʴʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥ, (5) ï ɹʘʪʫʤʩʢʠʡ ʘʥʪʠʮʠʢʣʦʥ (Kubryakov et al., 2016). 
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ʅʘ ʦʩʥʦʚʝ ʩʠʥʦʧʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ, ʠʟ ʛʝʦʩʪʨʦʬʠʯʝʩʢʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ (ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʜʘʚʣʝʥʠʷ ʙʘʣʘʥʩʠʨʫʝʪʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʦʡ ʩʠʣʳ ʂʦʨʠʦʣʠʩʘ) ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʣʝ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ 

ʩʢʦʨʦʩʪʝʡ ʪʝʯʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʩʝʛʦʜʥʷ 

ʢʘʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʟʦʤʘʩʰʪʘʙʥʦʡ ʜʠʥʘʤʠʢʠ ʚʦʜ ʚʥʫʪʨʝʥʥʠʭ ʤʦʨʝʡ (ʩʤ. 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʠʩʫʥʢʦʚ 31) (ʩʤ., ʥʘʧʨʠʤʝʨ, ʃʝʙʝʜʝʚ, 2014; Kubryakov et al., 2016), 

ʪʘʢ ʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʚ ʮʝʣʦʤ (ʨʠʩ. 32).  

 

ʈʠʩʫʥʦʢ 32. ʇʦʣʝ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ (ʩʤ/ʩ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʧʦ 

ʜʘʥʥʳʤ ʩʧʫʪʥʠʢʘ GOCE 

(http://www.esa.int/spaceinimages/Images/2014/11/Ocean_currents_from_GOCE) 

 

ʇʦʣʝ ʩʠʥʦʧʪʠʯʝʩʢʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʪʦʧʦʛʨʘʬʠʠ ʧʦʟʚʦʣʷʝʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʫʶ (ʩ 1993 ʛ.) ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʣʦʞʝʥʠʷ ʦʢʝʘʥʩʢʠʭ ʬʨʦʥʪʦʚ 

(ʂʦʩʪʷʥʦʡ ʠ ʜʨ., 2003; Kostianoy et al., 2004; Sirota et al., 2004; ʌʫʢʩ, 2009; ʊʘʨʘʢʘʥʦʚ, 

ɻʨʠʮʝʥʢʦ, 2011), ʧʦʣʦʞʝʥʠʷ ʩʪʨʫʡʥʳʭ ʪʝʯʝʥʠʡ (Lebedev, Sirota, 2006) ʠ ʧʝʨʝʥʦʩʘ ʚʦʜʳ ʠ 

ʪʝʧʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʷ ʛʝʦʩʪʨʦʬʠʯʝʩʢʠʭ ʩʢʦʨʦʩʪʝʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʛʨʘʜʠʝʥʪʫ ɼʊ 

(ʂʫʙʨʷʢʦʚ ʠ ʜʨ., 2011; ʄʳʩʣʝʥʢʦʚ, 2011), ʘ ʪʘʢʞʝ ʚʠʭʨʝʚʫʶ ʘʢʪʠʚʥʦʩʪʴ (Fu, Le Traon, 

2006) ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʣʘʥʝʪʘʨʥʳʝ ʛʨʘʜʠʝʥʪʥʦ-ʚʠʭʨʝʚʳʝ ʚʦʣʥʳ (ɹʝʣʦʥʝʥʢʦ ʠ ʜʨ., 2004; 

Cipollini et al., 2010). 

ʄʝʟʦʤʘʩʰʪʘʙʥʘʷ ʠ ʩʫʙʤʝʟʦʤʘʩʰʪʘʙʥʘʷ ʜʠʥʘʤʠʢʘ ʚʦʜ ʠ ʧʦʣʝ ʪʝʯʝʥʠʡ ʪʘʢʞʝ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʘʥʠʤʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʥʬʨʘʢʨʘʩʥʳʭ, ʦʧʪʠʯʝʩʢʠʭ ʠʣʠ 
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ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʥʘʣʠʯʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʪʨʘʩʩʝʨʦʚ 

ʚ ʚʠʜʝ ʢʦʥʪʨʘʩʪʦʚ ʊʇʄ, ʚʟʚʝʩʠ, ʮʚʝʪʝʥʠʷ ʚʦʜ, ʣʴʜʘ ʠ ʧʨ. (ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011, 2016), ʘ 

ʪʘʢʞʝ ʤʝʪʦʜʦʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʢʨʦʩʩ-ʢʦʨʨʝʣʷʮʠʠ, ʥʘʧʨʠʤʝʨ, ʧʦʣʷ ʊʇʆ (Zavialov et al., 

2002). 

 

(7) ʎʚʝʪ ʦʢʝʘʥʘ 

ɺʠʜʠʤʦʝ ʠʟʣʫʯʝʥʠʝ ð ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ 

ʯʝʣʦʚʝʯʝʩʢʠʤ ʛʣʘʟʦʤ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪ ʫʯʘʩʪʦʢ ʩʧʝʢʪʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

ʦʪ 0,38 ʤʢʤ (ʬʠʦʣʝʪʦʚʳʡ) ʜʦ 0,78 ʤʢʤ (ʢʨʘʩʥʳʡ). ɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʚ 

ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʦʩʥʦʚʘʥʦ ʥʘ ʥʘʙʣʶʜʝʥʠʠ ʷʨʢʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʠ ʦʪʨʘʞʝʥʥʦʛʦ ʦʢʝʘʥʦʤ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. ʇʘʜʘʶʱʝʝ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʯʘʩʪʠʯʥʦ ʦʪʨʘʞʘʝʪʩʷ ʚʦʜʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚʝʨʭʥʠʤ ʩʣʦʝʤ ʤʦʨʷ, ʚʟʚʝʰʝʥʥʳʤʠ ʚ ʥʝʤ ʯʘʩʪʠʮʘʤʠ ʠ ʤʦʨʩʢʠʤ ʜʥʦʤ. 

ʆʪʨʘʞʘʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʨʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʙʦʨʦʤ ʥʝʩʢʦʣʴʢʠʭ 

ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʢʣʶʯʘʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʠ ʠʥʪʝʛʨʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʷʨʢʦʩʪʠ, ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ ʘʣʴʙʝʜʦ ʠ ʢʦʥʪʨʘʩʪ (ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011, 2016). 

ʂʦʵʬʬʠʮʠʝʥʪ ʷʨʢʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʤʦʨʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʚʠʩʠʪ ʦʪ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ. ʆʪʨʘʞʝʥʥʦʝ ʠʟʣʫʯʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʷʤʦʡ ʠ 

ʨʘʩʩʝʷʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ. ʗʨʢʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʦʪʨʘʞʝʥʥʦʛʦ ʤʦʨʩʢʠʤ ʜʥʦʤ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʦʩʚʝʱʝʥʠʷ, ʛʣʫʙʠʥʦʡ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚʦʜʳ, ʦʪʨʘʞʘʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʛʨʫʥʪʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʦʨʷ ʥʘʭʦʜʠʪʩʷ 

ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʥʠʢʘʶʱʝʛʦ ʚ ʚʦʜʫ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, 

ʷʚʣʷʶʱʝʡʩʷ ʬʫʥʢʮʠʝʡ ʚʳʩʦʪʳ ʩʦʣʥʮʘ ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ. ɻʣʫʙʠʥʘ, ʩ ʢʦʪʦʨʦʡ ʧʦʩʪʫʧʘʝʪ 

ʨʘʩʩʝʷʥʥʦʝ ʚ ʪʦʣʱʝ ʤʦʨʷ ʠʟʣʫʯʝʥʠʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɻʦʣʫʙʦʡ ʮʚʝʪ ʛʣʫʙʦʢʠʭ ʧʨʦʟʨʘʯʥʳʭ 

ʚʦʜ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ 

ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ʊʘʢ ʢʘʢ ʚʦʜʘ ʩʦʜʝʨʞʠʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ, ʪʦ ʥʘ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʨʩʢʦʡ ʚʦʜʳ ʩʠʣʴʥʦ ʚʣʠʷʶʪ ʚʟʚʝʰʝʥʥʳʝ ʯʘʩʪʠʮʳ. ʕʪʠ ʧʨʠʤʝʩʠ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʛʨʫʧʧʳ (ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011, 2016):  

(1) ʆʢʨʘʰʝʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (çʞʝʣʪʦʝ ʚʝʱʝʩʪʚʦè) ð ʛʣʘʚʥʳʡ ʬʘʢʪʦʨ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʤʦʨʩʢʦʡ ʚʦʜʦʡ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ. ɺ ʵʪʫ 

ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʚʩʝ ʨʘʩʪʚʦʨʝʥʥʳʝ ʚ ʚʦʜʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ 

ʧʦʛʣʦʱʘʶʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʝ ʠ ʛʦʣʫʙʳʝ ʣʫʯʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʞʝʣʪʦ-

ʙʫʨʳʡ ʮʚʝʪ. ʇʦʢʘʟʘʪʝʣʴ ʧʦʛʣʦʱʝʥʠʷ ʞʝʣʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
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ʩʦʜʝʨʞʘʥʠʷ ʦʢʨʘʰʝʥʥʦʡ ʦʨʛʘʥʠʢʠ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ; ʵʪʦ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʚ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʝ. 

(2) ɺʟʚʝʰʝʥʥʦʝ ʚʝʱʝʩʪʚʦ, ʧʦʜ ʢʦʪʦʨʳʤ ʧʦʥʠʤʘʶʪ ʚʩʝ ʯʘʩʪʠʮʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʚʦʜʝ. ɺ ʵʪʫ ʛʨʫʧʧʫ ʚʭʦʜʷʪ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ, ʧʝʩʦʢ, ʟʝʨʥʘ ʠ ʦʙʣʦʤʢʠ ʢʚʘʨʮʘ ʠ ʜʨʫʛʠʭ 

ʤʠʥʝʨʘʣʦʚ, ʩʢʝʣʝʪʳ ʧʣʘʥʢʪʦʥʘ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ. ʆʥʠ ʦʙʫʩʣʦʚʣʠʚʘʶʪ ʦʯʝʥʴ ʩʠʣʴʥʦʝ 

ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ ʚ ʚʦʜʝ, ʢʦʪʦʨʦʝ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ. ʇʦʢʘʟʘʪʝʣʴ 

ʨʘʩʩʝʷʥʠʷ ʥʘʟʘʜ ʚʟʚʝʰʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʜʘʥʥʳʤ 

ʩʧʫʪʥʠʢʦʚʳʭ ʩʢʘʥʝʨʦʚ ʮʚʝʪʘ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚʟʚʝʩʠ ʚ ʚʦʜʝ, ʦʧʨʝʜʝʣʷʝʪ 

ʘʣʴʙʝʜʦ ʚʦʜʥʦʡ ʪʦʣʱʠ ʠ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʤʦʥʠʪʦʨʠʥʛʘ. 

(3) ʆʩʦʙʫʶ ʛʨʫʧʧʫ ʧʨʠʤʝʩʝʡ ʦʙʨʘʟʫʝʪ ʬʠʪʦʧʣʘʥʢʪʦʥ, ʢʦʪʦʨʳʡ ʙʣʘʛʦʜʘʨʷ 

ʭʣʦʨʦʬʠʣʣʫ ʜʘʝʪ ʩʠʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʛʦʣʫʙʦʡ (0,44 ʤʢʤ) ʠ ʢʨʘʩʥʦʡ (0,675 ʤʢʤ) 

ʯʘʩʪʷʭ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ ð ʝʜʠʥʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʪʦʨʦʡ, ʙʣʘʛʦʜʘʨʷ ʩʧʫʪʥʠʢʦʚʳʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʤʦʞʝʪ 

ʙʳʪʴ ʠʟʫʯʝʥʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ. ʕʪʦ 

ʚʘʞʥʝʡʰʠʡ ʧʘʨʘʤʝʪʨ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʤʘʩʩʳ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ ʨʘʩʯʝʪʘ ʧʝʨʚʠʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʦʢʝʘʥʦʚ ʠ ʤʦʨʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʫʪʥʠʢʦʚʳʝ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʳ ʨʝʛʠʩʪʨʠʨʫʶʪ ʚʝʣʠʯʠʥʳ ʷʨʢʦʩʪʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʠ ʦʪʨʘʞʸʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʦʩʭʦʜʷʱʝʛʦ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʷ, ʢʦʪʦʨʦʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʚ ʤʦʨʩʢʦʡ ʚʦʜʝ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʭʣʦʨʦʬʠʣʣʘ-ʘ, 

ʚʟʚʝʰʝʥʥʦʛʦ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʦʢʨʘʰʝʥʥʦʛʦ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ð ʞʸʣʪʦʛʦ ʚʝʱʝʩʪʚʘ (ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011, 2016). ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, 

ʯʪʦ ʩʝʥʩʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʨʝʛʠʩʪʨʠʨʫʶʪ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʨʘʩʩʝʷʥʦʝ ʠ ʦʪʨʘʞʝʥʥʦʝ ʦʪ ʧʦʜʩʪʠʣʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʦʰʝʜʰʝʝ ʯʝʨʝʟ ʘʪʤʦʩʬʝʨʫ. 

ʀʩʪʠʥʥʳʡ ʮʚʝʪ ʦʢʝʘʥʘ ʦʙʫʩʣʦʚʣʝʥ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ ʠʟʣʫʯʝʥʠʷ, ʚʳʭʦʜʷʱʝʛʦ ʠʟ 

ʚʦʜʥʦʡ ʪʦʣʱʠ, ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʪʦʛʜʘ ʢʘʢ ʮʚʝʪ, 

ʚʠʜʠʤʳʡ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʪʯʠʢʦʤ, ʦʙʫʩʣʦʚʣʝʥ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʝʤ 

ʘʪʤʦʩʬʝʨʳ. ʏʪʦʙʳ ʚʳʜʝʣʠʪʴ ʠʟʣʫʯʝʥʠʝ, ʚʳʭʦʜʷʱʝʝ ʠʟ ʚʦʜʥʦʡ ʪʦʣʱʠ, ʧʨʦʚʦʜʠʪʩʷ 

ʘʪʤʦʩʬʝʨʥʘʷ ʢʦʨʨʝʢʮʠʷ, ʠʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʜʣʷ ʢʦʪʦʨʦʡ ʷʚʣʷʶʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʷʨʢʦʩʪʠ ʚʦʩʭʦʜʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝ ʘʪʤʦʩʬʝʨʳ, ʠʟʤʝʨʝʥʥʳʝ 

ʪʘʢʞʝ ʩʧʫʪʥʠʢʦʚʳʤʠ ʩʝʥʩʦʨʘʤʠ (ɼʠʩʪʘʥʮʠʦʥʥʦʝé, 1987, ʂʦʧʝʣʝʚʠʯ ʠ ʜʨ., 2006, 2015; 

Kopelevich et al., 2007, 2008; Kostianoy et al., 2017). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʢʠʭ ʚʦʜ, ʘʨʝʘʣʦʚ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʦʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʚʝʪʝʥʠʷ 

ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤʠ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ï CZCS, 
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MODIS Aqua/Terra, MERIS Envisat, MSS ʠ TM Landsat-5, ETM+ Landsat-7, OLI Landsat-8, 

MSI Sentinel-2, ʛʠʧʝʨʩʧʝʢʪʨʘʣʴʥʳʤʠ ʩʝʥʩʦʨʘʤʠ Hyperion, HICO ʠ ʜʨʫʛʠʤʠ (ʨʠʩ. 33-36).  

 

 

ʈʠʩʫʥʦʢ 33. ʎʚʝʪʝʥʠʝ ʚʦʜ ɹʘʣʪʠʢʠ (ʟʝʣʝʥʳʝ ʮʚʝʪʘ) ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʘ 

MODIS-Terra (ʢʦʤʙʠʥʘʮʠʷ ʢʘʥʘʣʦʚ 1, 4, 3) 13 ʠʶʣʷ 2005 ʛ. (10:05 GMT). 

 

 

ʈʠʩʫʥʦʢ 34. ʎʚʝʪʝʥʠʝ ʚʦʜ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ ʟʘʣʠʚʘ (ʟʝʣʝʥʳʝ ʮʚʝʪʘ) ʧʦ ʜʘʥʥʳʤ 

ʩʝʥʩʦʨʘ OLI Landsat-8 26 ʠ ʣʁ̫  2016 ʛ. (09:43 GMT). 
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ʈʠʩʫʥʦʢ 35. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʫʪʥʦʩʪʠ ʚʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʧʦ 

ʫʨʦʚʥʶ ʚʦʩʭʦʜʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ (Water Leaving Radiance) ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʘ 

MODIS-Aqua 29 ʦʢʪʷʙʨʷ 2005 ʛ. (10:35 GMT). 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʠ 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ ʚʟʤʫʯʝʥʥʦʩʪʠ ʚʦʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʧʦ ʜʘʥʥʳʤ ʩʝʥʩʦʨʦʚ 

MODIS ʠ MERIS, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʩʩʯʠʪʳʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʙʱʝʛʦ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (TSM ð Total Suspended 

Matter) ʚ ʘʙʩʦʣʶʪʥʳʭ ʝʜʠʥʠʮʘʭ (ʛ/ʤ
3
) ʠ ʩʪʨʦʠʪʴ ʢʘʨʪʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ 

260 ʤ (ʨʠʩ. 36). ɺʟʚʝʰʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʚʭʦʜʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʘʯʝʩʪʚʘ ʚʦʜ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʢʨʫʛʦʚʦʨʦʪʝ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʸʤʘʭ.  

 

 

ʈʠʩʫʥʦʢ 36. ʂʦʥʮʝʥʪʨʘʮʠʷ ʩʫʤʤʘʨʥʦʛʦ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʛ/ʤ
3
) ʚ ɹʘʣʪʠʡʩʢʦʤ 

ʤʦʨʝ ʧʦ ʜʘʥʥʳʤ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʘ MODIS-Aqua 23 ʤʘʷ 2016 ʛ. (11:10 GMT). 
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(8) ʌʠʪʦʧʣʘʥʢʪʦʥ 

ʅʘʠʙʦʣʝʝ ʟʘʪʨʝʙʦʚʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʘʤʠ, ð 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʠʦʤʘʩʩʫ ʬʠʪʦʧʣʘʥʢʪʦʥʘ ʠ 

ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʣʷ ʨʘʩʯʸʪʘ ʧʝʨʚʠʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʦʢʝʘʥʘ ʠ ʤʦʨʝʡ. 

ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʨʩʢʠʭ ʵʢʦʩʠʩʪʝʤ, ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʪʦʨʦʡ, ʙʣʘʛʦʜʘʨʷ 

ʩʧʫʪʥʠʢʦʚʳʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʤʦʞʝʪ ʙʳʪʴ ʠʟʫʯʝʥʘ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʠ ʚʨʝʤʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ. ɺʦʧʨʦʩ ʦ ʧʦʩʪʨʦʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʘʩʯʸʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʭʣʦʨʦʬʠʣʣʘ-ʘ ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ ʜʦ ʢʦʥʮʘ ʥʝ ʨʝʰʸʥ, ʧʦʩʢʦʣʴʢʫ ʩʪʘʥʜʘʨʪʥʳʝ 

ʘʣʛʦʨʠʪʤʳ ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʦʪʢʨʳʪʳʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʚʦʜ ʠ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʟʘʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʦʨʝʡ ʠʥʦʛʜʘ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʵʪʦʤʫ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʢʦʪʦʨʳʝ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʳʭ 

ʧʦʜʩʧʫʪʥʠʢʦʚʳʭ ʠʟʤʝʨʝʥʠʡ (ʂʦʧʝʣʝʚʠʯ ʠ ʜʨ., 2006, 2015; Kopelevich et al., 2007, 2008).  

ʄʘʩʩʦʚʦʤʫ ʨʘʟʚʠʪʠʶ ʚʦʜʦʨʦʩʣʝʡ ʚʧʣʦʪʴ ʜʦ ʮʚʝʪʝʥʠʷ ʚʦʜʳ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʸʤʦʚ ð ʥʘʩʳʱʝʥʠʝ ʚʦʜʦʸʤʦʚ ʙʠʦʛʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʘʟʦʪʦʤ ʠ ʬʦʩʬʦʨʦʤ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʨʦʩʪʦʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʦʜʥʳʭ ʙʘʩʩʝʡʥʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʵʚʪʨʦʬʠʨʦʚʘʥʠʷ ʚʦʜʦʸʤʦʚ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ʈʝʛʠʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʊʇʄ, 

ʫʩʠʣʝʥʠʶ ʩʪʨʘʪʠʬʠʢʘʮʠʠ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʙʠʦʛʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʘʭ. ʇʦʜ ʮʚʝʪʝʥʠʝʤ ʚʦʜʳ ʧʦʥʠʤʘʶʪ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ 

ʚʦʜʦʨʦʩʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʚ ʪʦʣʱʝ ʚʦʜ ,r ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ 

ʨʘʟʣʠʯʥʫʶ ʦʢʨʘʩʢʫ ʦʪ ʩʠʥʝ-ʟʝʣʸʥʦʛʦ (ʨʠʩ.33), ʷʨʢʦ-ʟʝʣʸʥʦʛʦ (ʨʠʩ.34), ʩʝʨʦʛʦ ʜʦ ʞʸʣʪʦ-

ʟʝʣʸʥʦʛʦ, ʢʘʰʪʘʥʦʚʦʛʦ ʠʣʠ ʷʨʢʦ-ʢʨʘʩʥʦʛʦ, ʢʠʨʧʠʯʥʦ-ʢʨʘʩʥʦʛʦ ʠ ʢʨʘʩʥʦ-ʙʫʨʦʛʦ ʠ 

ʢʦʨʠʯʥʝʚʦʛʦ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʢʨʘʩʢʠ ʦʨʛʘʥʠʟʤʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʮʚʝʪʝʥʠʝ, ʠ ʠʭ 

ʯʠʩʣʝʥʥʦʩʪʠ). ʈʝʛʫʣʷʨʥʦʝ ʣʝʪʥʝʝ ʮʚʝʪʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʪʦʢʩʠʯʥʳʭ ʩʠʥʝ-ʟʝʣʸʥʳʭ 

ʚʦʜʦʨʦʩʣʝʡ ʚʳʟʳʚʘʝʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʦʜʥʦʛʦ ʨʝʞʠʤʘ, ʫʭʫʜʰʘʝʪ 

ʢʠʩʣʦʨʦʜʥʳʡ ʨʝʞʠʤ ʚʦʜʦʸʤʘ, ʚʳʟʳʚʘʝʪ ʟʘʤʦʨ ʨʳʙʳ ʠ ʠʤʝʝʪ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ (ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011, 2016).  

ʄʝʪʦʜʠʢʘ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʦʙʣʘʩʪʝʡ ʠʥʪʝʥʩʠʚʥʦʛʦ ʮʚʝʪʝʥʠʷ ʬʠʪʦʧʣʘʥʢʪʦʥʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʚʠʜʠʤʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʩʧʝʢʪʨʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʮʚʝʪʝʥʠʷ (ʯʘʩʪʠʯʥʦ ʪʦʢʩʠʯʥʳʭ) ʩʠʥʝ-

ʟʝʣʸʥʳʭ ʚʦʜʦʨʦʩʣʝʡ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʳʭ ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʦʚ MODIS ʠ MERIS 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʜʘʥʥʳʭ ʟʝʣʸʥʦʛʦ ʠ ʢʨʘʩʥʦʛʦ ʢʘʥʘʣʦʚ. ʉʠʛʥʘʣ ʧʝʨʚʦʛʦ ʠʟ ʥʠʭ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʨʘʞʝʥʠʷ ʚʟʚʝʰʝʥʥʳʤʠ ʚ ʚʦʜʝ ʯʘʩʪʠʮʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 
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ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʢʦʧʣʝʥʠʷʤʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. ʉʠʛʥʘʣ ʢʨʘʩʥʦʛʦ ʫʯʘʩʪʢʘ ʩʧʝʢʪʨʘ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʦʛʣʦʱʘʝʪʩʷ ʚʦʜʦʡ, ʧʦʵʪʦʤʫ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʪʨʘʞʘʪʝʣʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʢʘʥʘʣʦʚ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʨʘʟʣʠʯʝʥʠʝ ʤʝʞʜʫ 

ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠ ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʩʢʦʧʣʝʥʠʷʤʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ (ʃʘʚʨʦʚʘ ʠ ʜʨ., 2011, 

2016).  

ʅʘʧʨʠʤʝʨ, ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʝʞʝʛʦʜʥʦ ʚ ʠʶʣʝ-ʘʚʛʫʩʪʝ ʦʛʨʦʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʜ 

ʦʭʚʘʯʝʥʦ ʮʚʝʪʝʥʠʝʤ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. ʕʪʠ ʮʚʝʪʝʥʠʷ ʚʦʜʳ ʚʳʟʳʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʚʫʤʷ 

ʚʠʜʘʤʠ ʮʠʘʥʦʙʘʢʪʝʨʠʡ: Nodularia spumigena ʠ Aphanizomenon flosaquae. ʇʦʩʢʦʣʴʢʫ 

ʩʢʦʧʣʝʥʠʷ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʥʘʭʦʜʷʪʩʷ ʣʠʙʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʣʠʙʦ ʚ ʝ y

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ, ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʡ 

ʷʨʢʦʩʪʠ ʚʦʩʭʦʜʷʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʜʘʤʠ, ʩʚʦʙʦʜʥʳʤʠ ʦʪ ʮʠʘʥʦʙʘʢʪʝʨʠʡ. 

ɸʥʘʣʠʟ ʚʨʝʤʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʚʝʪʝʥʠʷ ʮʠʘʥʦʙʘʢʪʝʨʠʡ ʚ ɹʘʣʪʠʡʩʢʦʤ 

ʤʦʨʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʩʝʥʩʦʨʦʚ CZCS (1979ï1984 ʛʛ.), SeaWiFS ʠ MODIS (1998ï2006 ʛʛ.) 

ʙʳʣ ʧʨʦʚʝʜʸʥ ʚ ʨʘʙʦʪʘʭ (Kahru et al., 2007; Kahru, Elmgren, 2014). 

ʅʘ ʦʩʥʦʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, ʧʦ ʩʧʫʪʥʠʢʦʚʳʤ ʜʘʥʥʳʤ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʦʬʠʣʣʘ-ʘ ʢʘʢ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʤʦʨʝʡ (ʨʠʩ. 37), ʪʘʢ 

ʠ ʜʣʷ ʚʩʝʛʦ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ (ʨʠʩ. 38). 

 

 
 

ʈʠʩʫʥʦʢ 37 ʂʦʥʮʝʥʪʨʘʮʠʷ ʭʣʦʨʦʬʠʣʣʘ-ʘ (ʤʛ/ʤ
3
) ʚ ɹʘʣʪʠʡʩʢʦʤ ʤʦʨʝ ʧʦ ʜʘʥʥʳʤ 

ʩʧʝʢʪʨʦʨʘʜʠʦʤʝʪʨʘ MODIS-Aqua 23 ʤʘʷ 2016 ʛ. (11:10 GMT). 

 


