
ʂʣʠʤʘʪʠʯʝʩʢʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʦʢʝʘʥʘ: ʘʥʘʣʠʟ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ

ʂʫʟʠʥ ɺʠʢʪʦʨ ʀʚʘʥʦʚʠʯ,

ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ 

ʀʥʩʪʠʪʫʪ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʦʬʠʟʠʢʠ ʉʆ ʈɸʅ

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʰʢʦʣʘ-ʩʝʤʠʥʘʨ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʠ 

31 ʦʢʪʷʙʨʷ - 2 ʥʦʷʙʨʷ 2012 ʛ.

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ



ɺɺɽɼɽʅʀɽ

Åʀʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʦʣʚʝʢʘ, ʩʪʘʚʷʪ 

ʩʝʨʴʝʟʥʫʶ ʟʘʜʘʯʫ ʧʝʨʝʜ ʢʣʠʤʘʪʦʣʦʛʘʤʠ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʷʚʣʝʥʠʝ 

ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ɿʝʤʣʝ. 

Åʄʠʨʦʚʦʡ ʦʢʝʘʥ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʩʢʦʣʴʢʫ ʦʥ ʫʯʘʩʪʚʫʝʪ ʚ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʘ ʥʘ ɿʝʤʥʦʤ ʰʘʨʝ, 

ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʚ ʛʣʦʙʘʣʴʥʦʤ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʄʠʨʦʚʦʡ ʦʢʝʘʥ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʨʝʛʫʣʷʪʦʨʦʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ: ʧʦ ʜʘʥʥʳʤ ʄɻʕʀʂ 

95% ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʨʘʩʪʚʦʨʝʥʦ ʚ ʦʢʝʘʥʝ. ʊʘʢʞʝ ʦʥ ʷʚʣʷʝʪʩʷ 

ʨʝʟʝʨʚʫʘʨʦʤ ʜʣʷ ʤʝʪʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ.

Åʀʩʩʣʝʜʦʚʘʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʄʠʨʦʚʦʤ ʦʢʝʘʥʝ ʠ ʝʛʦ 

ʯʘʩʪʷʭ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʭ ʩʨʝʜʩʪʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʠʟʤʝʨʝʥʠʡ ʠ ʘʧʧʘʨʘʪʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʫʨʦʚʥʝ 

ʛʣʦʙʘʣʴʥʳʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʤʦʜʝʣʝʡ. 



ʉʦʩʪʘʚʣʷʶʱʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ



ɻʣʦʙʘʣʴʥʳʡ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ ʥʘ ɿʝʤʣʝ



ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ çʂʦʥʚʝʝʨʥʦʛʦ ʧʦʷʩʘè 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ



ʀɿʄɽʈɽʅʀʗ ɺ ʆʂɽɸʅɽ

Åɻʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʩ ʥʘʫʯʥʦ-
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʫʜʦʚ

Åʉʧʫʪʥʠʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ (ʚʝʪʝʨ, ʚʦʣʥʝʥʠʝ, 
ʘʣʴʪʠʤʝʪʨʠʷ, ʭʣʦʨʦʬʠʣʣ)

Åɿʘʷʢʦʨʝʥʥʳʝ ʩʪʘʥʮʠʠ (moorings: ʩʢʦʨʦʩʪʴ, 
ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʝʥʦʩʪʴ)

Åɼʨʝʡʬʫʶʱʠʝ ʙʫʠ (drifters, floats: ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ 
ʧʦʜʧʦʚʝʨʭʥʦʩʪʥʳʝ ʪʝʯʝʥʠʷ, T, S ʧʨʦʬʠʣʠ)

Åʇʦʧʫʪʥʳʝ ʥʘʙʣʶʜʝʥʠʷ (XBT: ʧʨʦʬʠʣʠ ʊ ʜʦ 500 ʤ)



ɹʫʠ ʥʝʡʪʨʘʣʴʥʦʡ ʧʣʘʚʫʯʝʩʪʠ (floats, ʧʨʦʝʢʪ ARGO)



ʉʧʫʪʥʠʢʦʚʳʝ ʠʟʤʝʨʝʥʠʷ



ʊʝʤʧʝʨʘʪʫʨʘ



ʕʣ-ɹʅʠʥʴʦ ʢʘʢ ʤʝʞʛʦʜʦʚʳʝ 

ʚʘʨʠʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ



ʕʣ-ɹʅʠʥʴʦ 1997 ʛ.



ʂʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʥʘʚʦʜʥʝʥʠʷ ʚ ʂʘʣʠʬʦʨʥʠʠ ʧʦʩʣʝ 

ʕʣ-ɹʅʠʥʴʦ 1997 ʛ.



ʃʝʩʥʳʝ ʧʦʞʘʨʳ ʚ ɸʚʩʪʨʘʣʠʠ ʚ 1998 ʛ.



ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ  ʢʘʨʪʠʥʘ ʩʦʙʳʪʠʡ ʧʨʠ 

ʥʘʩʪʫʧʣʝʥʠʠ ʕʣʴ-ʅʠʥʴʦ. ʇʝʨʠʦʜ 3-5 ʣʝʪ.

Å ʉʙʦʡ ʧʘʩʩʘʪʥʳʭ ʚʝʪʨʦʚ ʚ ʪʨʦʧʠʢʘʭ ʊʠʭʦʛʦ ʦʢʝʘʥʘ

Å ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ  ʘʥʦʤʘʣʠʠ ʫ 

ʚʦʩʪʦʯʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʪʨʦʧʠʢʦʚ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʟʘ ʩʯʝʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʜ (ʕʣʴ-ʅʠʥʴʦ)

Å ʉʤʝʱʝʥʠʝ ʟʦʥ ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʚʳʭʦʜ ʤʦʱʥʳʭ 

ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʚ ʘʪʤʦʩʬʝʨʫ

Å ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʘʥʦʤʘʣʠʡ ʪʝʧʣʘ ʠ ʚʣʘʛʠ ʚ ʘʪʤʦʩʬʝʨʝ ʟʘ 

ʩʯʝʪ ʚʦʣʥʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʘʣʴʥʝʡ ʩʚʷʟʠ

Å ʂʘʪʘʩʪʨʦʬʠʯʝʩʢʠʝ ʩʦʙʳʪʠʷ ʚ ʪʨʦʧʠʯʝʩʢʠʭ ʠ ʩʨʝʜʥʠʭ 

ʰʠʨʦʪʘʭ (ʰʪʦʨʤʳ, ʥʘʚʦʜʥʝʥʠʷ, ʟʘʩʫʭʠ)

Å ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʫʭʦʜ ʦʢʝʘʥʘ ʚ 

ʩʦʩʪʦʷʥʠʝ ʭʦʣʦʜʥʦʡ ʬʘʟʳ (ʃʷ-ʅʠʥʴʷ )



ʂʣʠʤʘʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʪʨʦʧʠʢʦʚ 

ʊʠʭʦʛʦ ʦʢʝʘʥʘ



ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʙʳʪʠʡ 

ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʕʣʴ-ʅʠʥʴʦ





ʕʣ-ɹʅʠʥʴʦ - ʖʞʥʘʷ ʆʩʮʠʣʣʷʮʠʷ



ʂʣʠʤʘʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʊʇʆɽʆʌ -1. ʉʝʟʦʥʥʳʝ ʚʘʨʠʘʮʠʠ

ɽʆʌ -2. ʄʝʞʛʦʜʦʚʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ. 

( El-Nino & La-Nina)

ɺʨʝʤʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ɽʆʌ -2. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶ 

ʩʦʩʪʦʷʥʠʶEl-Nino, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ïLa-Nina.

ɽʆʌ ʘʥʘʣʠʟ 1948 ï2002



ʇʨʦʮʝʥʪʥʳʡ ʚʝʩ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ



ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦʣʷ ʧʦ 4-ʤ ʬʘʢʪʦʨʘʤ ʚ ʧʝʨʠʦʜʳ 

ʕʣ-ɹʅʠʥʴʦ 1982,1997 ʛʛ. ʠ ʃʷ-ʅʠʥʴʷ 1988 ʛ.



ʄʦʜʝʣʠʨʦʚʘʥʠʝ  ʕʣʴ-ʅʠʥʴʦ 1981- 1990  ʛʛ. 

ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʀɺʄʠʄɻ ʉʆ ʈɸʅ

ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʨʝʟ ʘʥʦʤʘʣʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʜʦʣʴ ʵʢʚʘʪʦʨʘ



ʕʣ-ɹʅʠʥʴʦ 1982 ʛ.



ʃ -̫ʅʠʥʴʦ 1988 ʛ.



ʊʠʭʦʦʢʝʘʥʩʢʘʷ ʢʚʘʟʠʜʝʩʷʪʠʣʝʪʥʷʷ 

ʦʩʮʠʣʣʷʮʠʷ (PDO). 

ʇʝʨʠʦʜ 20 ï30 ʣʝʪ



PDO ï2000 ʛ. 

ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ 

(ʢʨʘʩʥʳʝ ʠ ʙʝʣʳʝ ʮʚʝʪʘ) ʬʦʨʤʠʨʫʝʪʩʷ 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʯʝʤ 

ʩʨʝʜʥʝʢʣʠʤʘʪʠʯʝʩʢʘʷ, ʘ ʚ ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ʙʦʣʝʝ ʥʠʟʢʘʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʦʩʣʝ ʥʘʯʘʣʘ XXI ʚʝʢʘ 

ʥʘʩʪʫʧʘʝʪ ʭʦʣʦʜʥʘʷ ʬʘʟʘ   PDO.



ʇʨʠ ʩʤʝʥʝ ʬʘʟ PDO ʧʦ ʜʘʥʥʳʤ 

NOAA  ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʡ  ʪʝʤʧʝʨʘʪʫʨʳ, 

ʦʩʘʜʢʦʚ, ʩʤʝʱʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʡ ʩʪʨʫʠ ʠ ʰʪʦʨʤ-

ʪʨʝʢʦʚ.



ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʊʇʆ ʟʘ ʧʝʨʠʦʜ 1948-2002 ʛʛ.

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʵʪʦ ʤʝʪʦʜ ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʜʘʥʥʳʭ ʧʦ 

ʢʨʠʪʝʨʠʷʤ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʪʦʯʢʘʤʠ 

ʠʣʠ ʚʨʝʤʝʥʥʳʤʠ ʧʝʨʠʦʜʘʤʠ. ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ 

ʨʝʰʠʪʴ ʨʷʜ ʧʨʦʙʣʝʤ:

Åʂʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʦʙʲʝʢʪʳ ʧʦ ʦʩʥʦʚʥʳʤ ʧʨʠʟʥʘʢʘʤ 

ʦʙʲʝʢʪʦʚ;

Åʇʨʦʚʝʨʷʪʴ ʛʠʧʦʪʝʟʳ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨ ʚ ʥʘʙʦʨʝ 

ʦʙʲʝʢʪʦʚ;

Åʉʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʣʷ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʭ 

ʩʦʙʳʪʠʡ ʠ, ʢʦʛʜʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ, ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʚʷʟʠ ʚ 

ʥʘʙʦʨʝ ʦʙʲʝʢʪʦʚ ʠ ʚʚʦʜʠʪ ʚ ʥʠʭ ʥʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʳ.



ɼʚʘ ʧʝʨʚʳʭ ʢʣʘʩʩʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ

ʚʨʝʤʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʣʘʩʩʦʚ. 

ʇʨʦʷʚʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚPDO.



ɼʝʩʷʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʣʘʩʩʦʚ ʠ

ʚʨʝʤʝʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʣʘʩʩʦʚ



ʐʝʩʪʴ ʢʣʘʩʩʦʚ ʚʨʝʤʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ



ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʦʢʣʘʜʝ

Åʄʦʜʝʣʴ ʮʠʨʢʫʣʷʮʠʠ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʛʣʦʙʘʣʴʥʦʡ ʩʦʚʤʝʩʪʥʦʡ 

ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʠ ʀɺʄ ʈɸʅ 
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Åʄʦʜʝʣʴ ʮʠʨʢʫʣʷʮʠʠ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʀɺʄʠʄɻ ʉʆ ʈɸʅ

Åʉʠʩʪʝʤʘ ʤʦʜʝʣʝʡ - ʤʦʜʝʣʴ ʎʠʨʢʫʣʷʮʠʠ ʉʝʚʝʨʥʦʛʦ 
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʘ 

ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ ʥʘ ʦʩʥʦʚʝ 
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ʋʨʘʚʥʝʥʠʷ ʤʦʜʝʣʠ ʦʙʱʝʡ ʮʠʨʢʫʣʷʮʠʠ ʀɺʄ ʈɸʅ 

ʚ ʩʬʝʨʠʯʝʩʢʦʡ ů- ʩʠʩʪʝʤʝ

ʢʦʦʨʜʠʥʘʪ(l,j,s=(z-ɕ)/(H(l,j) ïɕ))             
ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ:

ʋʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ:

1
,T T

dTH T R
D T

dt H
n
s s s

µ µ µ
= + +

µ µ µ

ʋʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ-ʜʠʬʬʫʟʠʠ ʪʝʧʣʘ ʠ ʩʦʣʠ:

1
 , S S

dSH S
D S

dt H
n
s s

µ µ
= +

µ µ

( ) ( )0 0
Ĕ Ĕ, , - 0,0, ,T S g H g Hr r r s r r s=

ʅʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ(Bryden et al., 1999):

R- ʧʨʦʥʠʢʘʶʱʘʷ 
ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʚ -ʢʦʦʨʜʠʥʘʪʘʭ:

( ) (1 )
H H

w ur vr
t

l j

s

z
w s s

l j

µ µ µ
= - + - -

µ µ µ

 ʧʘʨʘʤʝʪʨ ʂʦʨʠʦʣʠʩʘ

ʤʝʪʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ,  

 - ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ɿʝʤʣʠ

2 sin   -

1 1
,  - 

cos

 

l

r r
r r

r

l j

j

j

= W

= =

( )

( )

0

0

0

0

/
sin

/
sin

a

a

r pduH u
l r u vH H P gr Fu

dt H

r pdvH v
l r u uH H P gr Fv

dt H

l
l l l

j

l j j

z r n
j

r l s s

z r n
j

r l s s

å õµ + µ µ
- + Ö Ö =- + + + ,æ ö

µ µ µç ÷
å õµ + µ µ

+ + Ö Ö =- + + + ,æ ö
µ µ µç ÷

ruH
r r vH

r t

j

l l

l

w z

l j s

å õµ µ µ µ
+ + = ,æ ö

µ µ µ µç ÷



ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʝʘʥʘ ů=0:
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1. ʇʝʨʝʥʦʩ-ʜʠʬʬʫʟʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʢʦʨʦʩʪʠ:3. ʋʨʘʚʥʝʥʠʷ ʘʜʘʧʪʘʮʠʠ:

ʈʘʩʱʝʧʣʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʦʢʝʘʥʘ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.
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2. ʇʝʨʝʥʦʩ-ʜʠʬʬʫʟʠʷ ʪʝʧʣʘ ʠ ʩʦʣʠ:

ʆʧʝʨʘʪʦʨ ʧʝʨʝʥʦʩʘ ʚ ʧʦʣʫʜʠʚʝʨʛʝʥʪʥʦʡ

ʬʦʨʤʝ:

ʢʦʪʦʨʘʷ  ʨʘʩʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʩʫʤʤʫ ʪʨʝʭ ʧʨʦʩʪʳʭ

ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʧʝʨʝʥʦʩʘ 

ʧʦ ʢʦʦʨʜʠʥʘʪʘʤɚ, ű, ů.



ʉʨʝʜʥʝʛʦʜʦʚʳʝ ʤʝʨʠʜʠʦʥʘʣʴʥʳʝ ʧʝʨʝʥʦʩʳ ʪʝʧʣʘ 

(ʄʇʊ) ʜʣʷ ʛʣʦʙʘʣʴʥʦʛʦ ʦʢʝʘʥʘ ʚ ʤʦʜʝʣʷʭ IPCC, 

ʚʢʣʶʯʘʷ ʤʦʜʝʣʴ ʀɺʄ, ʦʙʦʟʥʘʯʝʥʥʫʶ ʢʘʢ 

INMCM3.0, ʦʩʨʝʜʥʝʥʥʳʝ ʟʘ 1980ï1999ʛʛ.

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʄʇʊ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʝʨʝʥʦʩʫ ʪʝʧʣʘ ʥʘ ʩʝʚʝʨ, ʘ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ïʥʘ  

ʶʛ. ʇʦʢʘʟʘʥʳ ʪʘʢʞʝ ʦʮʝʥʦʯʥʳʝ ʚʝʣʠʯʠʥʳ ʄʇʊ ʟʘ 

ʧʝʨʠʦʜ ʩ ʬʝʚʨʘʣʷ 1985 ʧʦ ʘʧʨʝʣʴ 1989, ʧʦ  

ʜʘʥʥʳʤ ʨʝʘʥʘʣʠʟʦʚ NCEP ʠ ERA40

ʉʨʝʜʥʷʷ ʟʘ 1950-1999~ʛʛ. ʬʫʥʢʮʠʷ ʪʦʢʘ 

ʚʝʨʪʠʢʘʣʴʥʦ-ʦʩʨʝʜʥʝʥʥʦʡ ʮʠʨʢʫʣʷʮʠʠ.  ʉʧʣʦʰʥʳʤʠ 

ʠʟʦʣʠʥʠʷʤʠ ʧʦʢʘʟʘʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʠʞʝʥʠʶ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʘ 

ʧʫʥʢʪʠʨʥʳʤʠ ïʦʪʨʠʮʘʪʝʣʴʥʳʝ  ʟʥʘʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʠʞʝʥʠʶ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 

ʩʪʨʝʣʢʠ.

ʀʟʤʝʥʝʥʠʝ ʟʘ 1871ï2000 ʛʛ.  

ʩʨʝʜʥʝʛʣʦʙʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʦʢʝʘʥʘ (ʤ) 

ʚ ʤʦʜʝʣʷʭ IPCC(2007), ʚʢʣʶʯʘʷ 

ʤʦʜʝʣʴ ʀɺʄ (INMCM3.0)



ʘ)  ʉʨʝʜʥʝʟʦʥʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ  ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʢʝʘʥʘ ʦʩʨʝʜʥʝʥʥʦʝ ʟʘ 1950ð1999 ʛʛ. ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʩʦʚʤʝʩʪʥʦʡ 

ʤʦʜʝʣʴʶ ʀɺʄ ʈɸʅ (ʮʚʝʪʦʚʳʝ ʛʨʘʜʘʮʠʠ ʩ ʰʘʛʦʤ 1ÁC) ʦʪ 

ʩʨʝʜʥʝʛʦʜʦʚʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʜʘʥʥʳʤ (Steele 

et al. 2001) (ʠʟʦʣʠʥʠʠ ʩ ʰʘʛʦʤ 2.5ÁC). ʙ) ʊʦ ʞʝ ʩʘʤʦʝ ʜʣʷ 

ʩʦʣʝʥʦʩʪʠ (ʤʦʜʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʚʳʜʝʣʝʥʳ ʛʨʘʜʘʮʠʷʤʠ ʮʚʝʪʘ ʩ 

ʰʘʛʦʤ 0.2PPt, ʘ ʜʘʥʥʳʝ ïʠʟʦʣʠʥʠʷʤʠʩ ʰʘʛʦʤ 0.25PPt).

ɺʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʊʇʆ, ʦʩʨʝʜʥʝʥʥʦʝ ʟʘ 1950ï1999ʛʛ.: (ʘ) - ʚ 

ʤʦʜʝʣʠ ʀɺʄ ʈɸʅ, (ʙ) ïʩʨʝʜʥʷʷʧʦ ʤʦʜʝʣʷʤ IPCC ʠʟ (IPCC

2007). ʎʚʝʪʦʤ ʧʦʢʘʟʘʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʙʣʶʜʝʥʠʡ ʚ ÁC, 

ʠʟʦʣʠʥʠʷʤʠ ïʥʘʙʣʶʜʝʥʠʷʧʦ (Steele et al.2001) ʥʘ (ʘ) ʚ ÁC ʠ ʧʦ 

(Rayner et al. 2003) ʥʘ (ʙ) ʚ ʂ,ʩʨʝʜʥʠʝ ʟʘ ʧʝʨʠʦʜ 1961ï1990.



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʣʠʤʘʪʘ 
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ʉʪʨʫʢʪʫʨʘ ʛʣʦʙʘʣʴʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʦʢʝʘʥʘ



ʄʝʨʠʜʠʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʦʢʝʘʥʘ

ɻʣʦʙʘʣʴʥʘʷ ʤʝʨʠʜʠʦʥʘʣʴʥʘʷ ʮʠʨʢʫʣʷʮʠʷ

ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ

ʀʥʜʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ ʩʝʢʪʦʨ

ʉʠʛʤʘ -ʤʦʜʝʣʴ z -ʤʦʜʝʣʴ



ɿʦʥʘʣʴʥʦ-ʦʩʨʝʜʥʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ʘ) ʛʣʦʙʘʣʴʥʳʡ ʦʢʝʘʥ, 

b) ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ, 

ʩ) ʀʥʜʠʡʩʢʠʡ ʦʢʝʘʥ, 

d) ʊʠʭʠʡ ʦʢʝʘʥ

ʉʠʛʤʘ-ʤʦʜʝʣʴ

Z- ʤʦʜʝʣʴ

ʦ

[Levitus,1982]



ɿʦʥʘʣʴʥʦ-ʦʩʨʝʜʥʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʣʝʥʦʩʪʠ 

ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘ) ʛʣʦʙʘʣʴʥʳʡ ʦʢʝʘʥ, 

b) ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʦʢʝʘʥ, 

ʩ) ʀʥʜʠʡʩʢʠʡ ʦʢʝʘʥ, 

d) ʊʠʭʠʡ ʦʢʝʘʥ

ʉʠʛʤʘ-ʤʦʜʝʣʴ

Z-ʤʦʜʝʣʴ [Levitus,1982].



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʨʢʫʣʷʮʠʠ, 

ʣʝʜʦʚʦʛʦ ʨʝʞʠʤʘ ʠ ʙʘʣʘʥʩʘ 

ʧʨʝʩʥʦʡ ʚʦʜʳ ʚ ʩʠʩʪʝʤʝ 

ʉʝʚʝʨʥʦʡ ʃʝʜʦʚʠʪʳʡ ʦʢʝʘʥ ï

ʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ



ɸʨʢʪʠʯʝʩʢʠʡ ʙʘʩʩʝʡʥ ʠ ʧʨʠʪʦʢ ʧʨʝʩʥʦʡ ʚʦʜʳ ʢʘʢ 

ʵʣʝʤʝʥʪ ʛʣʦʙʘʣʴʥʦʛʦ ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ

ɸʨʢʪʠʯʝʩʢʠʡ ʙʘʩʩʝʡʥ 

ʩʦʩʪʘʚʣʷʝʪ 5% ʦʙʱʝʡ 

ʧʣʦʱʘʜʠ ʄʠʨʦʚʦʛʦ 

ʦʢʝʘʥʘ  ʠ ʚʩʝʛʦ1.1% 

ʝʛʦ ʦʙʲʝʤʘ. 

ʆʜʥʘʢʦ, ʦʥ ʧʨʠʚʥʦʩʠʪ 

11% ʚʩʝʛʦ ʦʙʲʝʤʘ 

ʧʨʝʩʥʦʡ ʚʦʜʳ ʚ 

ʄʠʨʦʚʦʡ ʦʢʝʘʥ. 

ʉʠʙʠʨʩʢʠʝ ʨʝʢʠ ʜʘʶʪ 

ʦʢʦʣʦ 55% , 

McKenzy - 5 %, 

ɹʝʨʠʥʛʦʚ ʧʨʦʣʠʚ ʦʢʦʣʦ 

40%.



çʂʦʥʚʝʝʨʥʳʡèʧʦʷʩ ʚ ɸʨʢʪʠʢʝ ʠ ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʝ

çɹʦʣʴʰʘʷ ʩʦʣʝʥʦʩʪʥʘʷ 

ʘʥʦʤʘʣʠʷè 70-ʭʠʟʤʝʥʠʣʘ 

ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʛʣʫʙʠʥʥʳʭ ʚʦʜ ʉʝʚʝʨʥʦʡ 

ɸʪʣʘʥʪʠʢʠ. ʕʪʦ ʧʦʚʣʠʷʣʦ ʥʘ 

ʤʝʨʠʜʠʦʥʘʣʴʥʫʶ 

ʪʝʨʤʦʭʘʣʠʥʥʫʶ ʮʠʨʢʫʣʷʮʠʶ. 

ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ 

ʮʠʨʢʫʣʷʮʠʠ ʉʝʚʝʨʥʦʛʦ 

ʃʝʜʦʚʠʪʦʛʦ ʦʢʝʘʥʘ ʠ 

ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ. 

ʂʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʧʣʳʝ ʚʦʜʳ 

ʥʠʟʢʠʭ ʰʠʨʦʪ, ʧʨʦʥʠʢʘʶʱʠʝ ʚ 

ɸʨʢʪʠʢʫ, ʛʦʣʫʙʳʝ ʠ ʩʠʥʠʝ 

ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʵʢʩʧʦʨʪ 

ʭʦʣʦʜʥʳʭ ʚʦʜ ʠʟ ɸʨʢʪʠʢʠ. 

(G. Holloway, Institute of Ocean

Sciences, Sidney, British

Columbia).



3D ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʮʠʨʢʫʣʷʮʠʠ 

ɸʨʢʪʠʢʘ ïʉʝʚʝʨʥʘʷ ɸʪʣʘʥʪʠʢʘ

ʄʦʜʝʣʴ ʮʠʨʢʫʣʷʮʠʠ ʦʢʝʘʥʘ ʜʣʷ 

ʙʘʩʩʝʡʥʦʚ ɸʨʢʪʠʯʝʩʢʦʛʦ ʦʢʝʘʥʘ ʠ 

ʉʝʚʝʨʥʦʡ ɸʪʣʘʥʪʠʢʠ ʥʘ ʩʦʧʨʷʛʘʶʱʠʭʩʷ 

ʩʝʪʢʘʭ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʀɺʄʠʄɻ ʉʆ ʈɸʅ. 
(ȰəɍɎɓ[1985], ȰəɍɎɓ, ȩɔɑəɇɋɈɆ, ȵɑɆɘɔɈ 
[ 2006 ], ȩɔɑəɇɋɈɆ, ȵɑɆɘɔɈ [2007])
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ʎʠʨʢʫʣʷʮʠʷ ʚ ʤʦʜʝʣʠ

60 0
N 

65 0
N 

70 0
N 

75 0
N 

80 0
N 

85 0
N 
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