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(ʇʘɺʊ) 2013 
 

 

 

 

ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʧʣʘʟʤʳ, ʥʘʛʨʝʚʘʝʤʦʡ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ 
 

 

 

 

 ɹʝʨʝʥʜʝʝʚ ɽ.ɸ.  

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ɽʬʠʤʦʚʘ ɸ.ɸ.  

ʀʥʩʪʠʪʫʪ ɺʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʠ  

ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʛʝʦʬʠʟʠʢʠ ʉʆ ʈɸʅ  

 

 

 

 



 

 

Å ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʘʟʤʳ, 

ʥʘʛʨʝʚʘʝʤʦʡ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ (ʈʕʇ), ʠ ʥʘʧʨʘʚʣʝʥʘ 

ʥʘ ʨʘʟʚʠʪʠʝ ʦʪʢʨʳʪʳʭ ʤʘʛʥʠʪʥʳʭ ʩʠʩʪʝʤ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʧʣʘʟʤʳ, 

ʦʜʥʦʛʦ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʪʝʨʤʦʷʜʝʨʥʦʡ ʧʨʦʙʣʝʤʳ. ʇʨʠ 

ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʘʯʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚʳʙʠʨʘʣʠʩʴ ʙʣʠʟʢʠʤʠ 

ʢ ʫʩʣʦʚʠʷʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʫʩʪʘʥʦʚʢʝ ɻʆʃ-3 (ʀʗʌ ʉʆ 

ʈɸʅ). 

Å ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ ʬʠʟʠʢʝ ʦʪʢʨʳʪʳʭ 

ʣʦʚʫʰʝʢ ʩʪʘʣʦ ʦʙʥʘʨʫʞʝʥʠʝ ʧʦʜʘʚʣʝʥʠʷ ʧʨʦʜʦʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʪʦʨʮʳ ʚ ʧʨʦʮʝʩʩʝ ʠʥʞʝʢʮʠʠ ʈʕʇ. ɺʦʟʥʠʢʘʝʪ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ, ʘʥʦʤʘʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʚ 100-1000 ʨʘʟ 

ʤʝʥʴʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʨʘʩʯʝʪʘʤʠ. ɼʣ ̫ ʦʙʲʷʩʥʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ ʧʦʣʫʯʘʝʤʦʡ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʠʥʘʤʠʢʠ ʥʘʛʨʝʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ 

ʜʣʠʥʝ ʫʩʪʘʥʦʚʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ.  
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ʋʩʪʘʥʦʚʢʘ ɻʆʃ-3 (ʀʗʌ ʉʆ ʈɸʅ) 
ʋ̧ʩʪʘʥʦʚʢʘ ɻʆʃ-3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʧʨʦʙʦʯʥʫʶ ʪʝʨʤʦʷʜʝʨʥʫʶ ʣʦʚʫʰʢʫ ʦʪʢʨʳʪʦʛʦ 

ʪʠʧʘ ʩ ʧʣʘʟʤʦʡ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʘʛʨʝʚʘʝʤʦʡ 

ʤʦʱʥʳʤ ʨʝʣʷʪʠʚʠʩʪʩʢʠʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ. 

ʇʣʘʟʤʘ ʫʩʪʘʥʦʚʢʠ ɻʆʃ-3 ʧʦ ʩʚʦʠʤ ʧʘʨʘʤʝʪʨʘʤ 

ʷʚʣʷʝʪʩʷ ʩʫʙʪʝʨʤʦʷʜʝʨʥʦʡ.  

ʊ̧ʝʤʧʝʨʘʪʫʨʘ ʧʣʘʟʤʳ ʜʦ 20 ʂʵɺ (1 ʵɺ ð 11600 ʂʆ) 

ʇʣʦʪʥʦʩʪʴ ʧʣʘʟʤʳ 1014 ʩʤ-3 

ʕʥʝʨʛʠʷ ʧʫʯʢʘ 1 ʄʵɺ 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
 

Å ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʠʙʣʠʞʝʥʠʝ ʙʝʩʩʪʦʣʢʥʦʚʠʪʝʣʴʥʦʡ ʧʣʘʟʤʳ.  

Å ɿʘʜʘʯʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ɺʣʘʩʦʚʘ-ʄʘʢʩʚʝʣʣʘ: 

 

 

 

 

 

 

 

 

 
ʛʜʝ     - ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʩʦʨʪʘ     (ʵʣʝʢʪʨʦʥʳ ʧʫʯʢʘ,  

ʵʣʝʢʪʨʦʥʳ ʠʣʠ ʠʦʥʳ ʧʣʘʟʤʳ),        - ʩʢʦʨʦʩʪʴ ʯʘʩʪʠʮ,  

         - ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ,         - ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, 

      - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ,      - ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ, 

     - ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ,        - ʟʘʨʷʜ ʯʘʩʪʠʮʳ ʩʦʨʪʘ     . 

 

Å ʆʙʣʘʩʪʴ ʠʤʝʝʪ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ. 

Å ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ. 

Å ʅʘʯʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ ʠ  ʠʦʥʦʚ ʦʜʥʦʨʦʜʥʘʷ. 

Å ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʩʢʦʨʦʩʪʷʤ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʤʘʢʩʚʝʣʣʦʚʩʢʦʝ. 
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ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 

ɺʣʘʩʦʚʘ 
Å ʇʣʘʟʤʘ ʤʦʜʝʣʠʨʫʝʪʩʷ ʥʘʙʦʨʦʤ 
ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ, ʢʘʞʜʘʷ ʠʟ 
ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʚʠʞʝʥʠʝ 
ʤʥʦʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʯʘʩʪʠʮ. 

Å ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʨʘʚʥʝʥʠʷ ɺʣʘʩʦʚʘ 
ʦʧʠʩʳʚʘʶʪ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 
ʯʘʩʪʠʮ. 

Å ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ: 

 

 

 

 

Å ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ 2-ʦʛʦ ʧʦʨʷʜʢʘ ʧʦ 
ʚʨʝʤʝʥʠ: 

 

Å ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 
ʩʢʦʨʦʩʪʷʤ ʠ ʢʦʦʨʜʠʥʘʪʘʤ ʦʪʜʝʣʴʥʳʭ 
ʯʘʩʪʠʮ: 

 

 

Å ʌʫʥʢʮʠʷ                         ʭʘʨʘʢʪʝʨʠʟʫʝʪ 
ʬʦʨʤʫ, ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ ʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʥʝʡ ʟʘʨʷʜʘ.  

Å ʈʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʃʵʥʛʜʦʥʘ-ʃʘʟʠʥʩʢʦʛʦ 
ʜʣʷ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ: 

 

 

 

 

 

Å ʋʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʭʝʤʳ:  
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ʇʘʨʘʣʣʝʣʴʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ 

Å ʇʨʦʛʨʘʤʤʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʷʟʳʢʝ Fortran-90 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MPI. ʈʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ: 

Å ʉʫʧʝʨʢʦʤʧʴʶʪʝʨ çʃʦʤʦʥʦʩʦʚè ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ ʮʝʥʪʨ 

ʄɻʋ ʠʤʝʥʠ ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ.  

ʇʨʦʮʝʩʩʦʨʳ Intel Xeon 5570 2932 ʄɻʮ, 

Cache 8 Mb; 

Å ʉʫʧʝʨʢʦʤʧʴʶʪʝʨ çʅʂʉ-30ʊè (ʅʂʉ-G6) 

ʉʠʙʠʨʩʢʦʛʦ ʉʫʧʝʨʢʦʤʧʴʶʪʝʨʥʦʛʦ ʎʝʥʪʨʘ 

ʀɺʄʠʄɻ ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ. 

ʇʨʦʮʝʩʩʦʨʳ Intel Xeon E5540  2530 ʄɻʮ, 

Cache 8 Mb. 
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ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ 

ʏʠʩʣʦ 

ʧʨʦʮʝʩʩʦʨʥʳʭ ʷʜʝʨ 

ʥʘ ʧʦʜʦʙʣʘʩʪʴ 

ɺʨʝʤʷ ʨʘʩʯʸʪʘ 

ʦʜʥʦʛʦ ʰʘʛʘ, ʩʝʢ. 

ʋʩʢʦʨʝʥʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 256 

ʧʨʦʮʝʩʩʦʨʥʳʤʠ ̫ ʜʨʘʤʠ 

256 4 2,737 1 

512 8 1,448 1,89 

ʊʘʙʣʠʮʘ. ɺʨʝʤʷ ʩʯʸʪʘ ʦʜʥʦʛʦ ʰʘʛʘ (ʚ ʩʝʢʫʥʜʘʭ) ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʯʠʩʣʘ 

ʧʨʦʮʝʩʩʦʨʦʚ ʠ ʧʦʣʫʯʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ. 

 

 

 

1024 16 0,763 3,58 



ʋʩʪʘʥʦʚʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
Å ʇʣʘʟʤʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʦʨʪʦʚ ʯʘʩʪʠʮ (ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ), ʵʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ 
ʦʪʩʫʪʩʪʚʫʝʪ. 

Å ʊʝʤʧʝʨʘʪʫʨʘ ʵʣʝʢʪʨʦʥʦʚ ʟʘʜʘʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ - ʥʫʣʝʚʘʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʝʤʧʝʨʘʪʫʨʘ ʠʦʥʦʚ ʠ ʵʣʝʢʪʨʦʥʦʚ ʜʦʣʞʥʘ 
ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ, ʧʨʠʯʝʤ ʢ ʦʜʥʦʤʫ ʟʥʘʯʝʥʠʶ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʨʝʰʝʥʠʷ 
ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ, ʘ ʪʝʤʧʳ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʯʘʩʪʠʮ 
ʷʚʣʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

 

Å ɺʳʧʦʣʥʝʥʠʝ ʟʘʢʦʥʦʚ                  ʋʩʪʘʥʦʚʣʝʥʠʝ   

      ʩʦʭʨʘʥʝʥʠʷ    ʪʝʤʧʝʨʘʪʫʨʳ   

 

 

 

 

 

 

 

 

 

 

 
Å 1 ï ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʠʦʥʦʚ;    

Å 2 ï ʠʟʤʝʥʝʥʠʝ ʧʦʣʥʦʡ ʵʥʝʨʛʠʠ; 

Å 3 ï ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; 

Å 4 ï ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ ʬʦʥʘ.  
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ɺʣʠʷʥʠʝ ʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʝʰʝʥʠʝ 

ʆʧʨʝʜʝʣʷʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʤʦʤʝʥʪ 
ʚʨʝʤʝʥʠ t=5e-05 ʠ t=0.0001 
ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʯʠʩʣʘ ʯʘʩʪʠʮ ʚ 
ʷʯʝʡʢʝ.  
 
ʅʘʙʣʶʜʘʝʪʩʷ ʩʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʜʣʷ 
ʯʠʩʣʘ ʯʘʩʪʠʮ ʚ ʷʯʝʡʢʝ > 50. 
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ʏʠʩʣʦ ʯʘʩʪʠʮ ʚ ʷʯʝʡʢʝ 

ʐʘʛ ʩʝʪʢʠ 



ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ 

ʜʚʫʭʧʦʪʦʢʦʚʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ 

Å ʀʦʥʳ ʦʙʨʘʟʫʶʪ ʦʜʥʦʨʦʜʥʳʡ 
ʥʝʧʦʜʚʠʞʥʳʡ ʬʦʥ. 

Å ʅʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 
ʵʣʝʢʪʨʦʥʦʚ: 

ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʜʥʦʨʦʜʥʦ; 

ï ʩʫʧʝʨʧʦʟʠʮʠʷ ʜʚʫʭ 
ʚʩʪʨʝʯʥʳʭ ʤʘʢʩʚʝʣʣʦʚʩʢʠʭ 
ʧʦʪʦʢʦʚ. 
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ʌʘʟʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ: ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʧʦ x 
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