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 ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɚɪɚɥɥɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ 

ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ» ɫɨɞɟɪɠɢɬ 31 ɫɬɪɚɧɢɰɭ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 10 ɮɨɪɦɭɥ, 6 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 4 ɪɢɫɭɧɤɚ ɢ 2 

ɩɪɢɥɨɠɟɧɢɹ. 

ɉȺɊȺɅɅȿɅɖɇɕȿ ȼɕɑɂɋɅȿɇɂə, ɉɊɈȽɊȺɆɆɂɊɈȼȺɇɂȿ, 

ɄɅȺɋɌȿɊ, ɆɇɈȽɈɉɈɌɈɑɇɈɋɌɖ, ɆȿɌɈȾ ȽȺɍɋȺ, ɆȿɌɈȾ əɄɈȻɂ, 

ɆȿɌɈȾ ȽȺɍɋȺ, ɁȿɃȾȿɅə, ȼɕɑɂɋɅɂɌȿɅɖɇɕɃ ɍɁȿɅ, MPI, OPENMP. 

ɐɟɥɶ ɪɚɛɨɬɵ: 

 Ɋɚɫɫɦɨɬɪɟɬɶ ɢ ɢɡɭɱɢɬɶ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ; 

 Ɋɚɫɫɦɨɬɪɟɬɶ ɢ ɢɡɭɱɢɬɶ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ; 

 ɋɨɡɞɚɬɶ ɩɚɪɚɥɥɟɥɶɧɭɸ ɩɪɨɝɪɚɦɦɭ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɧɚ 

ɤɥɚɫɬɟɪɧɵɯ ɫɢɫɬɟɦɚɯ ɫ ɨɛɳɟɣ  ɢ ɪɚɫɩɪɟɞɟɥёɧɧɨɣ ɩɚɦɹɬɶɸ, ɚ ɬɚɤ ɠɟ ɧɚ 

ɞɟɫɤɬɨɩɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ, ɧɚ Ɉɋ Windows 10; 

 Ɋɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɵ, ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɪɟɚɥɢɡɭɸɳɢɟ ɪɟɲɟɧɢɟ 

ɡɚɞɚɱ; 

 ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɢ ɫɪɚɜɧɢɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɬɟɯɧɨɥɨɝɢɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ MPI ɢ 

OpenMP, ɢɡɭɱɟɧɵ ɦɟɬɨɞ Ƚɚɭɫɫɚ, ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ əɤɨɛɢ ɢ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ 

ɞɥɹ ɋɅȺɍ. Ɋɚɡɪɚɛɨɬɚɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɢ ɩɚɪɚɥɥɟɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ ɞɥɹ 

ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɢ ɫɪɚɜɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ 

ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɧɚ ɤɥɚɫɬɟɪɟ ɢ ɧɚ ɧɨɭɬɛɭɤɟ ɫ Ɉɋ Windows 10. 
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ȼȼȿȾȿɇɂȿ 
 

ɉɪɢɦɟɧɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ 

ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɜɢɬɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ [2]. ɗɬɨ 

ɜɵɡɜɚɧɨ ɧɟ ɬɨɥɶɤɨ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɝɨ 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɗȼɆ, ɧɨ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɵɦ 

ɧɚɥɢɱɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɞɚɱ, ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ 

ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɪɟɞɫɬɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɧɟɞɨɫɬɚɬɨɱɧɨ.  

ɇɚɥɢɱɢɟ ɬɚɤɢɯ ɡɚɞɚɱ ɨɛɭɫɥɨɜɥɟɧɨ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɡɭɱɚɬɶ ɹɜɥɟɧɢɹ, 

ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɥɢɛɨ ɫɥɢɲɤɨɦ ɫɥɨɠɧɵɦɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɦɢ 

ɦɟɬɨɞɚɦɢ, ɥɢɛɨ ɫɥɢɲɤɨɦ ɞɨɪɨɝɨɫɬɨɹɳɢɦɢ ɢɥɢ ɨɩɚɫɧɵɦɢ ɞɥɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɛɵɫɬɪɵɦ ɪɨɫɬɨɦ ɫɥɨɠɧɨɫɬɢ ɨɛɴɟɤɬɨɜ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɭɩɪɚɜɥɟɧɢɹ ɫɥɨɠɧɵɦɢ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɪɨɫɬɨɦ ɱɢɫɥɚ 

ɡɚɞɚɱ, ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ ɨɛɪɚɛɚɬɵɜɚɬɶ ɝɢɝɚɧɬɫɤɢɟ ɨɛɴɟɦɵ 

ɢɧɮɨɪɦɚɰɢɢ. Ⱦɥɹ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ ɩɪɢɦɟɧɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ 

ɹɜɥɹɟɬɫɹ ɡɚɱɚɫɬɭɸ ɩɪɨɫɬɨ ɧɟɨɛɯɨɞɢɦɵɦ.  

Ɉɪɝɚɧɢɡɚɰɢɹ ɩɚɪɚɥɥɟɥɶɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɡɚ 

ɫɱɟɬ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɦɨɦɟɧɬ ɜɵɩɨɥɧɹɬɶ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɟɫɤɨɥɶɤɨ ɨɩɟɪɚɰɢɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. ȿɫɥɢ ɨɫɭɳɟɫɬɜɢɬɶ 

ɪɚɡɞɟɥɟɧɢɟ ɩɪɢɦɟɧɹɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨ ɧɟɡɚɜɢɫɢɦɵɟ ɱɚɫɬɢ ɢ 

ɨɪɝɚɧɢɡɨɜɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɤɚɠɞɨɣ ɱɚɫɬɢ ɜɵɱɢɫɥɟɧɢɣ ɧɚ ɪɚɡɧɵɯ ɩɪɨɰɟɫɫɨɪɚɯ, 

ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɚ ɪɟɲɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɡɚɞɚɱɢ ɢ 

ɜɵɩɨɥɧɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɜɵɱɢɫɥɟɧɢɹ ɫ ɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɜɪɟɦɟɧɢ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚɢɛɨɥɟɟ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɢ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɹɜɥɹɸɬɫɹ OpenMP (Open 

Multi-Processing) ɢ MPI (Message Passing Interface) [3]. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɢɧɬɟɪɮɟɣɫɚ ɨɛɦɟɧɚ ɫɨɨɛɳɟɧɢɹɦɢ MPI ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ 

ɩɪɨɰɟɫɫɚɦɢ ɜ ɩɪɨɝɪɚɦɦɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɯɚɧɢɡɦɚ ɩɟɪɟɞɚɱɢ ɢ 
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ɩɪɢɟɦɤɢ ɫɨɨɛɳɟɧɢɣ [1]. ɉɪɢ ɫɨɡɞɚɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɫ ɨɛɳɟɣ 

ɩɚɦɹɬɶɸ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ ɦɧɨɝɨɩɪɨɬɨɱɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫ 

ɩɨɦɨɳɶɸ ɞɢɪɟɤɬɢɜ OpenMP, ɹɜɥɹɸɳɢɦɢɫɹ ɫɩɟɰɢɚɥɶɧɵɦɢ ɞɢɪɟɤɬɢɜɚɦɢ ɞɥɹ 

ɤɨɦɩɢɥɹɬɨɪɚ [4]. Ɉɧɢ ɫɨɡɞɚɸɬ ɢ ɨɪɝɚɧɢɡɭɸɬ ɜɵɩɨɥɧɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɵɯ 

ɩɪɨɰɟɫɫɨɜ (ɧɢɬɟɣ), ɚ ɬɚɤɠɟ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɩɪɨɰɟɫɫɚɦɢ.  

Ⱦɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬɫɹ ɧɚ ɫɢɫɬɟɦɚɯ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɭɡɥɚɦɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɢ ɢɦɟɸɬ ɫɜɨɢ ɧɟɞɨɫɬɚɬɤɢ ɢ ɞɨɫɬɨɢɧɫɬɜɚ, ɨɞɧɚɤɨ ɧɚ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ, ɨɪɝɚɧɢɡɚɰɢɹ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɷɬɨ ɫɞɟɥɚɬɶ, ɞɚɧɧɵɟ 

ɬɟɯɧɨɥɨɝɢɢ ɨɛɴɟɞɢɧɹɸɬɫɹ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɛɨɥɶɲɟɣ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɢɫɩɨɥɶɡɭɹ ɞɨɫɬɨɢɧɫɬɜɚ ɤɚɠɞɨɣ ɢɡ ɬɟɯɧɨɥɨɝɢɣ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ 

ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ, ɪɚɡɥɢɱɧɵɟ ɢɯ ɪɟɚɥɢɡɚɰɢɢ, ɢ 

ɩɪɢɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ ɢ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 

ɩɪɨɜɟɞɟɧɧɵɯ ɨɩɵɬɨɜ. 

  



5 
 

1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɲɚɬɶ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɦɨɠɟɬ ɜɨɡɧɢɤɧɭɬɶ 

ɩɪɢ ɪɟɲɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ, ɨɩɢɫɵɜɚɟɦɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ, 

ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɢɥɢ ɫɢɫɬɟɦɚɦɢ ɧɟɥɢɧɟɣɧɵɯ (ɬɪɚɧɫɰɟɧɞɟɧɬɧɵɯ) ɭɪɚɜɧɟɧɢɣ. ɋ 

ɬɚɤɨɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɬɚɤɠɟ ɦɨɠɧɨ ɫɬɨɥɤɧɭɬɶɫɹ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɮɭɧɤɰɢɣ, ɩɪɢ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɤɪɚɟɜɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɡɚɞɚɱ 

ɦɟɬɨɞɨɦ ɫɟɬɨɤ. Ɇɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɦɨɝɭɬ 

ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜɚ. Ɇɚɬɪɢɰɵ ɪɟɲɚɟɦɵɯ ɫɢɫɬɟɦ ɦɨɝɭɬ ɛɵɬɶ 

ɩɥɨɬɧɵɦɢ, ɩɨɪɹɞɨɤ ɫɢɫɬɟɦ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɬɵɫɹɱ ɫɬɪɨɤ ɢ 

ɫɬɨɥɛɰɨɜ. 

Ʌɢɧɟɣɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫ n ɧɟɢɡɜɟɫɬɧɵɦɢ              ɦɨɠɟɬ ɛɵɬɶ 

ɨɩɪɟɞɟɥɟɧɨ ɩɪɢ ɩɨɦɨɳɢ ɜɵɪɚɠɟɧɢɹ                        , (1) 

ɝɞɟ ɜɟɥɢɱɢɧɵ              ɢ b ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɫɬɨɹɧɧɵɟ ɡɧɚɱɟɧɢɹ [8].  

Ɇɧɨɠɟɫɬɜɨ n ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ                                                                     
(2) 

                 …                                           

ɧɚɡɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢ ɭɪɚɜɧɟɧɢɣ (ɋɅȺɍ). ȼ ɛɨɥɟɟ 

ɤɪɚɬɤɨɦ (ɦɚɬɪɢɱɧɨɦ) ɜɢɞɟ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ      , (3) 

ɝɞɟ          ɟɫɬɶ ɜɟɳɟɫɬɜɟɧɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɚ n×n, ɚ ɜɟɤɬɨɪɚ b ɢ x ɫɨɫɬɨɹɬ 

ɢɡ n ɷɥɟɦɟɧɬɨɜ.  
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ɉɨɞ ɡɚɞɚɱɟɣ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɡɚɞɚɧɧɵɯ 

ɦɚɬɪɢɰɵ Ⱥ ɢ ɜɟɤɬɨɪɚ b ɨɛɵɱɧɨ ɩɨɧɢɦɚɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ ɡɧɚɱɟɧɢɹ ɜɟɤɬɨɪɚ 

ɧɟɢɡɜɟɫɬɧɵɯ x, ɩɪɢ ɤɨɬɨɪɨɦ ɜɵɩɨɥɧɹɸɬɫɹ ɜɫɟ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (2). 

ɐɟɥɶ ɪɚɛɨɬɵ ‒ ɢɫɫɥɟɞɨɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɪɟɲɟɧɢɹ ɋɅȺɍ. Ⱦɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ. 

1. Ɋɟɚɥɢɡɨɜɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɋɅȺɍ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɵɛɪɚɧɵ ɦɟɬɨɞ Ƚɚɭɫɫɚ ɫ ɜɵɛɨɪɨɦ ɝɥɚɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ 

ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ əɤɨɛɢ ɢ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ. 

2. Ɉɪɝɚɧɢɡɨɜɚɬɶ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɫɢɫɬɟɦ ɫ 

ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɩɚɦɹɬɶɸ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ MPI. 

3. Ɉɪɝɚɧɢɡɨɜɚɬɶ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɫɢɫɬɟɦ ɫ ɨɛɳɟɣ 

ɩɚɦɹɬɶɸ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ OpenMP. 

4. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ ɧɚ ɞɨɫɬɢɠɟɧɢɟ 

ɭɫɤɨɪɟɧɢɟ ɜɵɱɢɫɥɟɧɢɣ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɩɪɨɢɡɜɨɞɹɬɫɹ ɡɚɦɟɪɵ ɜɪɟɦɟɧɢ 

ɜɵɩɨɥɧɟɧɢɹ ɩɚɪɚɥɥɟɥɶɧɨɣ ɱɚɫɬɢ ɩɪɨɝɪɚɦɦɵ, ɩɨ ɤɨɬɨɪɵɦ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɭɫɤɨɪɟɧɢɟ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ.  

ɍɫɤɨɪɟɧɢɟɦ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɚɡɵɜɚɸɬ ɜɟɥɢɱɢɧɭ 

p
p

T
S

T
 , (4) 

ɝɞɟ    – ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ;    – ɜɪɟɦɹ ɪɚɛɨɬɵ 

ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ; p – ɱɢɫɥɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɨɜ. 

ɉɚɪɚɥɥɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɦɨɠɟɬ ɞɚɜɚɬɶ ɛɨɥɶɲɨɟ ɭɫɤɨɪɟɧɢɟ, ɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɷɬɨɝɨ ɦɧɨɠɟɫɬɜɨ ɩɪɨɰɟɫɫɨɜ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ 

ɞɥɹ ɨɰɟɧɤɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɧɹɬɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ: 
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100%pS
E

p
  . (5) 

ȼɟɥɢɱɢɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɸɸ ɞɨɥɸ ɜɪɟɦɟɧɢ 

ɜɵɩɨɥɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ, ɜ ɬɟɱɟɧɢɢ ɤɨɬɨɪɨɣ ɩɪɨɰɟɫɫɨɪɵ ɪɟɚɥɶɧɨ ɡɚɞɟɣɫɬɜɨɜɚɧɵ 

ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ. ȼ ɧɚɢɥɭɱɲɟɦ ɫɥɭɱɚɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 100%. ȼ 

ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɥɭɱɚɹɯ ɭɫɤɨɪɟɧɢɟ ɦɨɠɟɬ ɩɪɟɜɨɫɯɨɞɢɬɶ 100%, ɱɬɨ ɝɨɜɨɪɢɬ ɨ 

ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɫɜɟɪɯɥɢɧɟɣɧɨɝɨ ɭɫɤɨɪɟɧɢɹ. 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ. 

 ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ №1 (ȼɋ №1): ɦɚɥɵɣ ɤɥɚɫɬɟɪ ɋɎɍ ɫ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: 28 ɱɟɬɵɪɟɯɴɹɞɟɪɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ Intel Xeon Quad 

Core E5345 2.33GHz, ɍɩɪɚɜɥɹɸɳɢɣ ɭɡɟɥ IBM x3650 (2xDual-Core Intel 

Xeon Processor 5160 3.00 GHz), ɏɪɚɧɢɥɢɳɟ IBM System Storage 

DS3400 (12x300GB Hot-Swap 3.5in 10K RPM Ultra320 SAS HDD).  

 ȼɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ №2 (ȼɋ №2): ɩɟɪɫɨɧɚɥɶɧɵɣ ɧɨɭɬɛɭɤ ɫ 

ɱɟɬɵɪɟɯɹɞɟɪɧɵɦ ɩɪɨɰɟɫɫɨɪɨɦ Intel Pentium N3540, ɤɚɠɞɨɟ ɹɞɪɨ ɩɨ 

2.16 GHz, 4 Ƚɛ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ, ɨɩɟɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ Windows 

10x64, SSD. 
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2 ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ 
ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 

2.1 Ɇɟɬɨɞ Ƚɚɭɫɫɚ 
 

Ɇɟɬɨɞ Ƚɚɭɫɫɚ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɨ ɢɡɜɟɫɬɧɵɦ ɩɪɹɦɵɦ ɚɥɝɨɪɢɬɦɨɦ ɪɟɲɟɧɢɹ 

ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɹɜɥɹɸɬɫɹ 

ɩɥɨɬɧɵɦɢ. ȿɫɥɢ ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɧɟɜɵɪɨɠɞɟɧɧɨɣ, ɬɨ 

ɦɟɬɨɞ Ƚɚɭɫɫɚ ɝɚɪɚɧɬɢɪɭɟɬ ɧɚɯɨɠɞɟɧɢɟ ɪɟɲɟɧɢɹ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɨɩɪɟɞɟɥɹɟɦɨɣ 

ɬɨɱɧɨɫɬɶɸ ɦɚɲɢɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ. Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ 

ɩɪɢɜɟɞɟɧɢɢ ɦɚɬɪɢɰɵ Ⱥ ɩɨɫɪɟɞɫɬɜɨɦ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ (ɧɟ 

ɦɟɧɹɸɳɢɯ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ (2)) ɤ ɬɪɟɭɝɨɥɶɧɨɦɭ ɜɢɞɭ, ɩɨɫɥɟ ɱɟɝɨ ɡɧɚɱɟɧɢɹ 

ɢɫɤɨɦɵɯ ɧɟɢɡɜɟɫɬɧɵɯ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɹɜɧɨɦ ɜɢɞɟ.  

Ɇɟɬɨɞ Ƚɚɭɫɫɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɵɯ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɧɟ ɦɟɧɹɸɬ ɩɪɢ ɷɬɨɦ ɪɟɲɟɧɢɟ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ. Ʉ ɱɢɫɥɭ ɬɚɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɨɬɧɨɫɹɬɫɹ:  

• ɭɦɧɨɠɟɧɢɟ ɥɸɛɨɝɨ ɢɡ ɭɪɚɜɧɟɧɢɣ ɧɚ ɧɟɧɭɥɟɜɭɸ ɤɨɧɫɬɚɧɬɭ,  

• ɩɟɪɟɫɬɚɧɨɜɤɚ ɭɪɚɜɧɟɧɢɣ,  

• ɩɪɢɛɚɜɥɟɧɢɟ ɤ ɭɪɚɜɧɟɧɢɸ ɥɸɛɨɝɨ ɞɪɭɝɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ.  

Ɇɟɬɨɞ Ƚɚɭɫɫɚ ɜɤɥɸɱɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɞɜɭɯ ɷɬɚɩɨɜ. ɇɚ 

ɩɟɪɜɨɦ ɷɬɚɩɟ – ɩɪɹɦɨɣ ɯɨɞ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ – ɢɫɯɨɞɧɚɹ ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ ɩɪɢ ɩɨɦɨɳɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɢɫɤɥɸɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ 

ɩɪɢɜɨɞɢɬɫɹ ɤ ɞɢɚɝɨɧɚɥɶɧɨɦɭ ɜɢɞɭ      , (6) 

ɝɞɟ ɦɚɬɪɢɰɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɭɱɚɟɦɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ ɜɢɞ  

                                   . (7) 
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ɇɚ ɨɛɪɚɬɧɨɦ ɯɨɞɟ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ [8] ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɡɧɚɱɟɧɢɣ ɧɟɢɡɜɟɫɬɧɵɯ. ɂɡ ɤɚɠɞɨɝɨ ɭɪɚɜɧɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɟɪɟɦɟɧɧɨɣ: 
,

i
i

i i

c
x

u
  ɞɥɹ 0,..., 1i n  . 

2.2 Ɇɟɬɨɞ əɤɨɛɢ 

Ɇɟɬɨɞ əɤɨɛɢ — ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɯ ɦɟɬɨɞɨɜ ɩɪɢɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ 

ɦɚɬɪɢɰɵ ɤ ɜɢɞɭ, ɭɞɨɛɧɨɦɭ ɞɥɹ ɢɬɟɪɚɰɢɢ: ɢɡ 1-ɝɨ ɭɪɚɜɧɟɧɢɹ ɦɚɬɪɢɰɵ ɜɵɪɚɠɚɟɦ 

ɧɟɢɡɜɟɫɬɧɨɟ   , ɢɡ 2-ɝɨ ɜɵɪɚɠɚɟɦ ɧɟɢɡɜɟɫɬɧɨɟ    ɢ ɬ.ɞ. 

Ɏɨɪɦɭɥɚ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ: 

                           , (8) 

ɝɞɟ   – ɧɨɦɟɪ ɢɬɟɪɚɰɢɢ. 

ɂɬɟɪɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ ɩɪɨɞɨɥɠɚɟɬɫɹ, ɩɨɤɚ ɡɧɚɱɟɧɢɟ ɜɵɱɢɫɥɟɧɧɨɣ 

ɧɟɜɹɡɤɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ 

1

,
0 0

max
n

i j j i
i n j

a x b


  

   (9) 

ɩɪɟɜɵɲɚɟɬ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ  . ȼ ɤɚɱɟɫɬɜɟ ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ ɛɟɪɟɬɫɹ 

ɡɧɚɱɟɧɢɟ ɧɟɜɹɡɤɢ, ɩɨɥɭɱɟɧɧɨɟ ɩɪɢ ɪɟɲɟɧɢɹ ɷɬɨɣ ɠɟ ɋɅȺɍ ɦɟɬɨɞɨɦ Ƚɚɭɫɫɚ. ȼ 

ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɧɟɜɹɡɤɢ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɬɨɝɨ, 

ɱɬɨɛɵ ɪɟɡɭɥɶɬɚɬɵ, ɜɵɱɢɫɥɹɟɦɵɟ ɬɨɱɧɵɦ ɢ ɢɬɟɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ, ɛɵɥɢ 

ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵɟ [8]. 
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2.3 Ɇɟɬɨɞ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ 

Ɇɟɬɨɞ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ — ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɟɣ ɦɟɬɨɞɚ əɤɨɛɢ. 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɨɱɟɪɟɞɧɨɝɨ s-ɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɧɟɢɡɜɟɫɬɧɨɦɭ    ɩɪɢ     ɢɫɩɨɥɶɡɭɸɬ ɭɠɟ ɧɚɣɞɟɧɧɵɟ s-ɟ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɧɟɢɡɜɟɫɬɧɵɦ             , ɚ 

ɧɟ (s-1)−ɨɟ ɩɪɢɛɥɢɠɟɧɢɟ, ɤɚɤ ɜ ɦɟɬɨɞɟ əɤɨɛɢ. 

Ɇɚɬɪɢɱɧɚɹ ɡɚɩɢɫɶ: 

                         , (10) 

ɝɞɟ   – ɧɨɦɟɪ ɢɬɟɪɚɰɢɢ. 

Ʉɪɢɬɟɪɢɣ ɨɤɨɧɱɚɧɢɹ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɚɧɚɥɨɝɢɱɟɧ ɢɡɥɨɠɟɧɧɨɦɭ ɜ 

ɩ. 2.2 [8]. 

2.4 ɋɪɚɜɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ 

Ⱦɥɹ ɬɟɫɬɨɜɵɯ ɫɢɫɬɟɦ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɡɚɦɟɪɵ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɨɝɪɚɦɦ ɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ 2. ȼ ɬɚɛɥɢɰɟ 1 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɢ ɦɟɬɨɞɚ əɤɨɛɢ, ɚ ɬɚɤɠɟ ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 

ɧɢɦɢ. 

Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɢ əɤɨɛɢ 

Ɋɚɡɦɟɪɧɨɫɬɶ 
ɫɢɫɬɟɦɵ 

ȼɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦ (ɫɟɤɭɧɞɵ) Ɉɬɧɨɲɟɧɢɟ ɦɟɬɨɞɚ 
Ƚɚɭɫɫɚ ɤ ɦɟɬɨɞɭ əɤɨɛɢ 

(T1 / T2) 
Ɇɟɬɨɞ Ƚɚɭɫɫɚ 

(T1) 
Ɇɟɬɨɞ əɤɨɛɢ 

(T2) 
1000 4,56 0,38 12,0 
2000 36,38 1,48 24,7 
3000 117,90 3,24 36,4 
4000 316,33 6,12 51,7 
5000 523,68 8,68 60,3 
6000 875,70 12,47 70,2 
7000 1432,80 16,85 85,0 
8000 2019,70 21,63 93,4 
9000 2890,32 27,59 104,7 
10000 4150,24 34,95 118,7 
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ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɨɬɧɨɲɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɩɨ 

ɦɟɬɨɞɭ Ƚɚɭɫɫɚ ɤ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɦɟɬɨɞɭ əɤɨɛɢ (T1 / T2). ɂɡ 

ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɢɦ, ɱɬɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ əɤɨɛɢ 

ɡɧɚɱɢɬɟɥɶɧɨ  ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ. 

 

Ɋɢɫɭɧɨɤ 1 – Ƚɪɚɮɢɤ ɨɬɧɨɲɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ (ɦɟɬɨɞ Ƚɚɭɫɫɚ / ɦɟɬɨɞ 
əɤɨɛɢ) 

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ 

ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɦɟɬɨɞɚɦ Ƚɚɭɫɫɚ ɢ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ, ɚ ɬɚɤɠɟ ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 

ɧɢɦɢ. 

Ɍɚɛɥɢɰɚ 2 – ɋɪɚɜɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɢ Ƚɚɭɫɫɚ-
Ɂɟɣɞɟɥɹ 

Ɋɚɡɦɟɪɧɨɫɬɶ 
ɫɢɫɬɟɦɵ 

ȼɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦ (ɫɟɤɭɧɞɵ) Ɉɬɧɨɲɟɧɢɟ ɦɟɬɨɞɚ 
Ƚɚɭɫɫɚ ɤ ɦɟɬɨɞɭ Ƚɚɭɫɫɚ-

Ɂɟɣɞɟɥɹ 
(T1 / T3) 

Ɇɟɬɨɞ Ƚɚɭɫɫɚ 
(T1) 

Ɇɟɬɨɞ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ 
(T3) 

1000 4,56 0,132 34,5 
2000 36,38 0,492 73,9 
3000 117,90 1,114 105,8 
4000 316,33 2,056 153,9 
5000 523,68 3,015 173,7 
6000 875,70 4,296 203,8 
7000 1432,80 5,887 243,4 
8000 2019,70 7,513 268,8 
9000 2890,32 9,556 302,5 
10000 4150,24 12,173 340,9 
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ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɨɬɧɨɲɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɩɨ 

ɦɟɬɨɞɭ Ƚɚɭɫɫɚ ɤ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɦɟɬɨɞɭ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɹ (T1 / T3). 

Ⱥɧɚɥɨɝɢɱɧɨ ɨɬɦɟɱɚɟɦ, ɱɬɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ-

Ɂɟɣɞɟɥɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ. 

 

 

Ɋɢɫɭɧɨɤ 2 – Ƚɪɚɮɢɤ ɨɬɧɨɲɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ (ɦɟɬɨɞ Ƚɚɭɫɫɚ / ɦɟɬɨɞ 
Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ) 

ȼ ɬɚɛɥɢɰɟ 3 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɭ ɦɟɬɨɞɨɜ əɤɨɛɢ ɢ 

Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ, ɚ ɬɚɤɠɟ ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɧɢɦɢ. 

Ɍɚɛɥɢɰɚ 3 – ɋɪɚɜɧɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɦɟɬɨɞɚ əɤɨɛɢ ɢ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ 

Ɋɚɡɦɟɪɧɨɫɬɶ 
ɫɢɫɬɟɦɵ 

ȼɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦ (ɫɟɤɭɧɞɵ) Ɉɬɧɨɲɟɧɢɟ ɦɟɬɨɞɚ 
əɤɨɛɢ ɤ ɦɟɬɨɞɭ 
Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ 

(T2 / T3) 

Ɇɟɬɨɞ əɤɨɛɢ 
(T2) 

Ɇɟɬɨɞ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ 
(T3) 

1000 0,381 0,132 2,9 
2000 1,475 0,492 3,0 
3000 3,239 1,114 2,9 
4000 6,12 2,056 3,0 
5000 8,683 3,015 2,9 
6000 12,474 4,296 2,9 
7000 16,854 5,887 2,9 
8000 21,626 7,513 2,9 
9000 27,593 9,556 2,9 
10000 34,951 12,173 2,9 
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ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɨɬɧɨɲɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɩɨ 

ɦɟɬɨɞɭ əɤɨɛɢ ɤ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɦɟɬɨɞɭ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɹ (T2 / T3), ɬ.ɟ. 

ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ ɪɚɛɨɬɚɟɬ ɩɪɢɦɟɪɧɨ ɜ ɬɪɢ ɪɚɡɚ ɛɵɫɬɪɟɟ 

ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ əɤɨɛɢ. 

 

Ɋɢɫɭɧɨɤ 3 – Ƚɪɚɮɢɤ ɨɬɧɨɲɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ (ɦɟɬɨɞ əɤɨɛɢ / 

ɦɟɬɨɞ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ) 
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3 Ɋɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ 
ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 

ɉɪɢ ɜɧɢɦɚɬɟɥɶɧɨɦ ɪɚɫɫɦɨɬɪɟɧɢɢ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ 

ɜɵɱɢɫɥɟɧɢɹ ɫɜɨɞɹɬɫɹ ɤ ɨɞɧɨɬɢɩɧɵɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɦ ɨɩɟɪɚɰɢɹɦ ɧɚɞ ɫɬɪɨɤɚɦɢ 

ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ. Ʉɚɤ ɪɟɡɭɥɶɬɚɬ, ɜ 

ɨɫɧɨɜɭ ɩɚɪɚɥɥɟɥɶɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ Ƚɚɭɫɫɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɨɠɟɧ 

ɩɪɢɧɰɢɩ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɩɨ ɞɚɧɧɵɦ. ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɣ ɩɨɞɡɚɞɚчɢ ɦɨɠɧɨ 

ɩɪɢɧɹɬɶ ɬɨɝɞɚ ɜɫɟ ɜɵɱɢɫɥɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɨɛɪɚɛɨɬɤɨɣ ɨɞɧɨɣ ɫɬɪɨɤɢ ɦɚɬɪɢɰɵ 

A ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜɟɤɬɨɪɚ b. 

3.1 ȼɵɞɟɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ  
Ɋɚɫɫɦɨɬɪɢɦ ɨɛɳɭɸ ɫɯɟɦɭ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɢ ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ 

ɷɬɨɦ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɟɠɞɭ ɛɚɡɨɜɵɦɢ ɩɨɞɡɚɞɚɱɚɦɢ.  

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪяɦɨɝɨ хɨɞɚ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɢɬɶ (n-

1) ɢɬɟɪɚɰɢɸ ɩɨ ɢɫɤɥɸɱɟɧɢɸ ɧɟɢɡɜɟɫɬɧɵɯ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɚɬɪɢɰɵ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ A ɤ ɞɢɚɝɨɧɚɥɶɧɨɦɭ ɜɢɞɭ.  

ȼɵɩɨɥɧɟɧɢɟ ɢɬɟɪɚɰɢɢ i, 0≤ i<n-1, ɩɪɹɦɨɝɨ ɯɨɞɚ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɜɤɥɸɱɚɟɬ 

ɪɹɞ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɞɟɣɫɬɜɢɣ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɜ ɫɚɦɨɦ ɧɚɱɚɥɟ ɢɬɟɪɚɰɢɢ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɜɟɞɭɳɭɸ ɫɬɪɨɤɭ, ɤɨɬɨɪɚɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ 

ɝɥɚɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɢɫɤɨɦ ɫɬɪɨɤɢ ɫ ɧɚɢɛɨɥɶɲɢɦ ɩɨ ɚɛɫɨɥɸɬɧɨɣ 

ɜɟɥɢɱɢɧɟ ɡɧɚɱɟɧɢɟɦ ɫɪɟɞɢ ɷɥɟɦɟɧɬɨɜ ɫɬɨɥɛɰɚ i, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɢɫɤɥɸɱɚɟɦɨɣ ɩɟɪɟɦɟɧɧɨɣ   . ɉɨɫɤɨɥɶɤɭ ɫɬɪɨɤɢ ɦɚɬɪɢɰɵ A ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ 

ɩɨɞɡɚɞɚɱɚɦ, ɞɥɹ ɩɨɢɫɤɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨɞɡɚɞɚɱɢ ɫ ɧɨɦɟɪɚɦɢ k, k>i, 

ɞɨɥɠɧɵ ɨɛɦɟɧɹɬɶɫɹ ɫɜɨɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɪɢ ɢɫɤɥɸɱɚɟɦɨɣ ɩɟɪɟɦɟɧɧɨɣ   . 
ɉɨɫɥɟ ɫɛɨɪɚ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɜ ɤɚɠɞɨɣ ɩɨɞɡɚɞɚɱɟ ɦɨɠɟɬ ɛɵɬɶ 

ɨɩɪɟɞɟɥɟɧɨ, ɤɚɤɚɹ ɢɡ ɩɨɞɡɚɞɚɱ ɫɨɞɟɪɠɢɬ ɜɟɞɭɳɭɸ ɫɬɪɨɤɭ ɢ ɤɚɤɨɟ ɡɧɚɱɟɧɢɟ 

ɹɜɥɹɟɬɫɹ ɜɟɞɭɳɢɦ ɷɥɟɦɟɧɬɨɦ.  

Ⱦɚɥɟɟ ɞɥɹ ɩɪɨɞɨɥɠɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɜɟɞɭɳɚɹ ɩɨɞɡɚɞɚɱɚ ɞɨɥɠɧɚ ɪɚɡɨɫɥɚɬɶ 

ɫɜɨɸ ɫɬɪɨɤɭ ɦɚɬɪɢɰɵ A ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɷɥɟɦɟɧɬ ɜɟɤɬɨɪɚ b ɜɫɟɦ ɨɫɬɚɥɶɧɵɦ 

ɩɨɞɡɚɞɚɱɚɦ ɫ ɧɨɦɟɪɚɦɢ k, k>i. ɉɨɥɭɱɢɜ ɜɟɞɭɳɭɸ ɫɬɪɨɤɭ, ɩɨɞɡɚɞɚɱɢ ɜɵɩɨɥɧɹɸɬ 
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ɜɵɱɢɬɚɧɢɟ ɫɬɪɨɤ, ɨɛɟɫɩɟɱɢɜɚɹ ɬɟɦ ɫɚɦɵɦ ɢɫɤɥɸɱɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɧɟɢɡɜɟɫɬɧɨɣ   .  
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɛɪɚтɧɨɝɨ хɨɞɚ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɩɨɞɡɚɞɚɱɢ ɜɵɩɨɥɧɹɸɬ 

ɧɟɨɛɯɨɞɢɦɵɟ ɜɵɱɢɫɥɟɧɢɹ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɡɧɚɱɟɧɢɹ ɧɟɢɡɜɟɫɬɧɵɯ. Ʉɚɤ ɬɨɥɶɤɨ 

ɤɚɤɚɹ-ɥɢɛɨ ɩɨɞɡɚɞɚɱɚ i, 0≤i<n-1, ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɟ ɫɜɨɟɣ ɩɟɪɟɦɟɧɧɨɣ   , ɷɬɨ 

ɡɧɚɱɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɪɚɡɨɫɥɚɧɨ ɜɫɟɦ ɩɨɞɡɚɞɚɱɚɦ ɫ ɧɨɦɟɪɚɦɢ k, k<i. Ⱦɚɥɟɟ 

ɩɨɞɡɚɞɚɱɢ ɩɨɞɫɬɚɜɥɹɸɬ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɧɨɜɨɣ ɧɟɢɡɜɟɫɬɧɨɣ ɢ ɜɵɩɨɥɧɹɸɬ 

ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɡɧɚɱɟɧɢɣ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɜɟɤɬɨɪɚ b. 

3.2 Ɇɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɞɡɚɞɚɱ ɩɨ ɩɪɨɰɟɫɫɚɦ  

ȼɵɞɟɥɟɧɧɵɟ ɛɚɡɨɜɵɟ ɩɨɞɡɚɞɚɱɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɞɢɧɚɤɨɜɨɣ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɪɭɞɨɟɦɤɨɫɬɶɸ ɢ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɦ ɨɛɴɟɦɨɦ ɩɟɪɟɞɚɜɚɟɦɵɯ 

ɞɚɧɧɵɯ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɪɚɡɦɟɪ ɦɚɬɪɢɰɵ, ɨɩɢɫɵɜɚɸɳɟɣ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ, ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɶɲɢɦ, ɱɟɦ ɱɢɫɥɨ ɞɨɫɬɭɩɧɵɯ ɩɪɨɰɟɫɫɨɜ (p<n), 

ɛɚɡɨɜɵɟ ɩɨɞɡɚɞɚɱɢ ɦɨɠɧɨ ɭɤɪɭɩɧɢɬɶ, ɨɛɴɟɞɢɧɢɜ ɜ ɪɚɦɤɚɯ ɨɞɧɨɣ ɩɨɞɡɚɞɚɱɢ 

ɧɟɫɤɨɥɶɤɨ ɫɬɪɨɤ ɦɚɬɪɢɰɵ. ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɥɟɧɬɨɱɧɨɣ ɫɯɟɦɨɣ ɪɚɡɞɟɥɟɧɢɹ 

ɞɚɧɧɵɯ: ɤɚɠɞɨɦɭ ɩɪɨɰɟɫɫɭ ɜɵɞɟɥɹɟɬɫɹ ɧɟɩɪɟɪɵɜɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɬɪɨɤ 

ɦɚɬɪɢɰɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ.  

 

Ɋɢɫɭɧɨɤ 4 - ɉɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɥɟɧɬɨɱɧɨɣ ɰɢɤɥɢɱɟɫɤɨɣ ɫɯɟɦɵ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɪɨɤ ɦɚɬɪɢɰɵ ɦɟɠɞɭ ɬɪɟɦɹ ɩɪɨɰɟɫɫɨɪɚɦɢ 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɞɡɚɞɚɱ ɦɟɠɞɭ ɩɪɨɰɟɫɫɚɦɢ ɞɨɥɠɧɨ ɭɱɢɬɵɜɚɬɶ ɯɚɪɚɤɬɟɪ 

ɜɵɩɨɥɧɹɟɦɵɯ ɜ ɦɟɬɨɞɟ Ƚɚɭɫɫɚ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɨɩɟɪɚɰɢɣ. Ɉɫɧɨɜɧɵɦ ɜɢɞɨɦ 
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ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɞɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɨɩɟɪɚɰɢɹ ɩɟɪɟɞɚɱɢ 

ɞɚɧɧɵɯ ɨɬ ɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɫɟɦ ɩɪɨɰɟɫɫɚɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. Ʉɚɤ 

ɪɟɡɭɥɶɬɚɬ, ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɬɪɟɛɭɟɦɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ ɛɚɡɨɜɵɦɢ ɩɨɞɡɚɞɚɱɚɦɢ ɬɨɩɨɥɨɝɢɹ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 

ɞɨɥɠɧɵ ɢɦɟɬɶ ɫɬɪɭɤɬɭɪɭ ɝɢɩɟɪɤɭɛɚ ɢɥɢ ɩɨɥɧɨɝɨ ɝɪɚɮɚ [1]. 

3.3  ɂɫɩɨɥɶɡɭɟɦɵɟ MPI-ɮɭɧɤɰɢɢ 

Ɋɚɫɫɦɨɬɪɢɦ MPI-ɨɩɟɪɚɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɪɚɛɨɬɟ ɩɪɢ 

ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɢ ɜɵɱɢɫɥɟɧɢɣ. 

1. ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɢ ɡɚɜɟɪɲɟɧɢɟ MPI – ɩɪɨɝɪɚɦɦ. 

ɉɟɪɜɨɣ ɜɵɡɵɜɚɟɦɨɣ ɮɭɧɤɰɢɟɣ MPI ɞɨɥɠɧɚ ɛɵɬɶ ɮɭɧɤɰɢɹ: 

int MPI_Init(int *argc, char **argv),  

ɝɞɟ  

 argc – ɭɤɚɡɚɬɟɥɶ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɚɧɞɧɨɣ ɫɬɪɨɤɢ, 

 argv – ɩɚɪɚɦɟɬɪ ɤɨɦɚɧɞɨɣ ɫɬɪɨɤɢ. 

ɉɨɫɥɟɞɧɟɣ ɜɵɡɵɜɚɟɦɨɣ ɮɭɧɤɰɢɟɣ MPI ɨɛɹɡɚɬɟɥɶɧɨ ɞɨɥɠɧɚ ɹɜɥɹɬɶɫɹ 

ɮɭɧɤɰɢɹ: 

int MPI_Finalize(void). 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɢ ɪɚɧɝɚ ɩɪɨɰɟɫɫɨɜ. 

2. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɰɟɫɫɨɜ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɰɟɫɫɨɜ ɜ ɜɵɩɨɥɧɹɟɦɨɣ ɩɚɪɚɥɥɟɥɶɧɨɣ 

ɩɪɨɝɪɚɦɦɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ: 

int MPI_Comm_size(MPI_Comm comm, int *size),  

ɝɞɟ 

 comm – ɤɨɦɦɭɧɢɤɚɬɨɪ, ɪɚɡɦɟɪ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ, 

 size – ɨɩɪɟɞɟɥɹɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɰɟɫɫɨɜ ɜ ɤɨɦɦɭɧɢɤɚɬɨɪɟ. 
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3. Ɉɩɪɟɞɟɥɟɧɢɟ ɧɨɦɟɪ ɩɪɨɰɟɫɫɚ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɧɝɚ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ: 

int MPI_Comm_rank(MPI_Comm comm, int *rank), 

ɝɞɟ 

 comm – ɤɨɦɦɭɧɢɤɚɬɨɪ, ɜ ɤɨɬɨɪɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɧɝ ɩɪɨɰɟɫɫɚ, 

 rank – ɪɚɧɝ ɩɪɨɰɟɫɫɚ ɜ ɤɨɦɦɭɧɢɤɚɬɨɪɟ. 

4. Ɂɚɦɟɪ ɜɪɟɧɟɧɢ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ MPI – ɩɪɨɝɪɚɦɦɵ. 

ɉɨɥɭɱɟɧɢɟ ɬɟɤɭɳɟɝɨ ɜɪɟɦɟɧɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ: 

double MPI_Wtime(Void). 

5. ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɨɬ ɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜɫɟɦ ɩɪɨɰɟɫɫɚɦ ɩɪɨɝɪɚɦɦɵ 

Ⱦɨɫɬɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɨɬ ɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɜɫɟɦ ɩɪɨɰɟɫɫɚɦ ɩɪɨɝɪɚɦɦɵ (ɲɢɪɨɤɨɜɟɳɚɬɟɥɶɧɚɹ ɪɚɫɫɵɥɤɚ ɞɚɧɧɵɯ) 

ɦɨɠɟɬ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɨ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ MPI: 

int MPI_Bcast(void *buf, int count, MPI_Datatype, int 

root, MPI_Comm comm),  

ɝɞɟ 

 buf, count, type – ɛɭɮɟɪ ɩɚɦɹɬɢ ɫ ɨɬɩɪɚɜɥɹɟɦɵɦ ɫɨɨɛɳɟɧɢɟɦ (ɞɥɹ 

ɩɪɨɰɟɫɫɚ ɫ ɪɚɧɝɨɦ 0) ɢ ɞɥɹ ɩɪɢёɦɚ ɫɨɨɛɳɟɧɢɣ (ɞɥɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ 

ɩɪɨɰɟɫɫɨɜ), 

 root – ɪɚɧɝ ɩɪɨɰɟɫɫɚ, ɜɵɩɨɥɧɹɸɳɟɝɨ ɪɚɫɫɵɥɤɭ ɞɚɧɧɵɯ, 

 comm – ɤɨɦɦɭɧɢɤɚɬɨɪ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɩɟɪɟɞɚɱɚ 

ɞɚɧɧɵɯ. 
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Ɏɭɧɤɰɢɹ MPI_Bcast ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɚɫɫɵɥɤɭ ɞɚɧɧɵɯ ɢɡ ɛɭɮɟɪɚ buf, 

ɫɨɞɟɪɠɚɳɟɝɨ count ɷɥɟɦɟɧɬɨɜ ɬɢɩɚ type, ɫ ɩɪɨɰɟɫɫɚ, ɢɦɟɸɳɟɝɨ ɧɨɦɟɪ root, 

ɜɫɟɦ ɩɪɨɰɟɫɫɚɦ, ɜɯɨɞɹɳɢɦ ɜ ɤɨɦɦɭɧɢɤɚɬɨɪ comm. 

6. ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɨɬ ɜɫɟɯ ɩɪɨɰɟɫɫɨɜ ɨɞɧɨɦɭ ɩɪɨɰɟɫɫɭ (ɨɩɟɪɚɰɢɹ 
ɪɟɞɭɤɰɢɢ) 

Ⱦɥɹ ɧɚɢɥɭɱɲɟɝɨ ɜɵɩɨɥɧɟɧɢɹ ɞɟɣɫɬɜɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɟɞɭɤɰɢɟɣ ɞɚɧɧɵɯ, ɜ 

MPI ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɮɭɧɤɰɢɹ: 

int MPI_Reduce(void *sendbuf, void recvbuf, int count, 

MPI_Datatype type, MPI_Op op, int root, MPI_Comm comm), 

ɝɞɟ  

 sendbuf – ɛɭɮɟɪ ɩɚɦɹɬɢ ɫ ɨɬɩɪɚɜɥɹɟɦɵɦ ɫɨɨɛɳɟɧɢɟɦ, 

 recvbuf – ɛɭɮɟɪ ɩɚɦɹɬɢ ɞɥɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɫɨɨɛɳɟɧɢɹ (ɬɨɥɶɤɨ 

ɞɥɹ ɩɪɨɰɟɫɫɚ ɫ ɪɚɧɝɨɦ root), 

 cout – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɨɛɳɟɧɢɹɯ, 

 type – ɬɢɩ ɷɥɟɦɟɧɬɨɜ ɫɨɨɛɳɟɧɢɣ, 

 op – ɨɩɟɪɚɰɢɹ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɧɚɞ ɞɚɧɧɵɦɢ, 

 root – ɪɚɧɝ ɩɪɨɰɟɫɫɚ, ɧɚ ɤɨɬɨɪɨɦ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɥɭɱɟɧ ɪɟɡɭɥɶɬɚɬ, 

 comm – ɤɨɦɦɭɧɢɤɚɬɨɪ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɨɩɟɪɚɰɢɹ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɨɩɟɪɚɰɢɹ ɪɟɞɭɤɰɢɢ ɞɚɧɧɵɯ. 

Ɏɭɧɤɰɢɹ MPI_Reduce ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɞɭɤɰɢɢ 

ɬɨɥɶɤɨ ɧɚ ɨɞɧɨɦ ɩɪɨɰɟɫɫɟ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɞɭɤɰɢɢ ɞɚɧɧɵɯ ɧɚ 

ɤɚɠɞɨɦ ɢɡ ɩɪɨɰɟɫɫɨɜ ɤɨɦɦɭɧɢɤɚɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ 

ɪɟɞɭɤɰɢɢ ɢ ɪɚɫɫɵɥɤɢ: 

int MPI_Allreduce(void *sendbuf, void recvbuf, int count, 

MPI_Datatype type, MPI_Op op, MPI_Comm comm), 
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ɝɞɟ  

 sendbuf – ɛɭɮɟɪ ɩɚɦɹɬɢ ɫ ɨɬɩɪɚɜɥɹɟɦɵɦ ɫɨɨɛɳɟɧɢɟɦ, 

 recvbuf – ɛɭɮɟɪ ɩɚɦɹɬɢ ɞɥɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɫɨɨɛɳɟɧɢɹ (ɬɨɥɶɤɨ 

ɞɥɹ ɩɪɨɰɟɫɫɚ ɫ ɪɚɧɝɨɦ root), 

 cout – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɨɛɳɟɧɢɹɯ, 

 type – ɬɢɩ ɷɥɟɦɟɧɬɨɜ ɫɨɨɛɳɟɧɢɣ, 

 op – ɨɩɟɪɚɰɢɹ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɧɚɞ ɞɚɧɧɵɦɢ, 

 comm – ɤɨɦɦɭɧɢɤɚɬɨɪ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɹɟɬɫɹ ɨɩɟɪɚɰɢɹ. 

Ɏɭɧɤɰɢɹ MPI_Allreduce ɜɵɩɨɥɧɹɟɬ ɪɚɫɫɵɥɤɭ ɦɟɠɞɭ ɩɪɨɰɟɫɫɚɦɢ ɜɫɟɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɟɪɚɰɢɢ ɪɟɞɭɤɰɢɢ.  

3.4  Ɉɛɳɚɹ ɩɚɦɹɬɶ 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɫɢɫɬɟɦ ɫ ɨɛɳɟɣ ɩɚɦɹɬɶɸ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ OpenMP. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɚɪɚɥɥɟɥɶɧɨɣ 

ɩɪɨɝɪɚɦɦɵ ɧɟɨɛɯɨɞɢɦɨ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɜɟɪɫɢɢ ɩɪɨɝɪɚɦɦɵ ɪɚɫɫɬɚɜɢɬɶ 

ɫɩɟɰɢɚɥɶɧɵɟ ɞɢɪɟɤɬɢɜɵ ɩɪɟɩɪɨɰɟɫɫɨɪɚ (ɜ ɰɢɤɥɚɯ), ɤɨɬɨɪɵɟ ɡɚɫɬɚɜɹɬ 

ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɱɚɫɬɨɤ ɜɵɱɢɫɥɟɧɢɹ ɜɵɩɨɥɧɹɬɶɫɹ ɩɚɪɚɥɥɟɥɶɧɨ. OpenMP 

ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɧɚɛɨɪ ɞɢɪɟɤɬɢɜ, ɩɪɨɰɟɞɭɪ ɢ ɩɟɪɟɦɟɧɧɵɯ ɨɤɪɭɠɟɧɢɹ, ɤɨɬɨɪɵɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɤɨɞɚ ɜ ɩɚɪɚɥɥɟɥɶɧɵɣ.   

Ⱦɥɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ OpenMP ɧɟ ɜɨɡɧɢɤɚɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɞɚɧɧɵɯ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ 

ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɹ ɜɡɚɢɦɧɨɣ ɛɥɨɤɢɪɨɜɤɢ ɩɨɬɨɤɨɜ ɩɪɢ ɞɨɫɬɭɩɟ ɤ ɨɛɳɢɦ 

ɞɚɧɧɵɦ [4].  

ȼ ɩɪɨɝɪɚɦɦɟ ɩɪɟɠɞɟ ɜɫɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɨɤɨɜ, 

ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɫɨɡɞɚɬɶ ɜɨ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɟɤɰɢɢ. Ⱦɚɧɧɭɸ 

ɨɩɟɪɚɰɢɸ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɹ 

omp_set_num_threads(n); 
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ɝɞɟ n ‒ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɨɤɨɜ. Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ, ɤɚɤɢɟ 

ɰɢɤɥɵ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɩɚɪɚɥɥɟɥɶɧɨ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɢɪɟɤɬɢɜɚ 

#pragma omp parallel for ... 

Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɫɬɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɫɟ ɩɟɪɟɦɟɧɧɵɟ, ɜ 

ɤɨɬɨɪɵɟ ɧɚɫɱɢɬɵɜɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɫɱɟɬɨɜ, ɨɛɴɹɜɥɹɬɶ 

ɥɨɤɚɥɶɧɵɦɢ ɞɥɹ ɧɢɬɢ (private). Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ 

ɬɟɯɧɨɥɨɝɢɢ OpenMP ɦɨɠɧɨ ɨɛɪɚɬɢɬɶɫɹ ɤ ɢɫɬɨɱɧɢɤɭ [4], [5]. 

3.5 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ 

ȼɵɱɢɫɥɟɧɢɹ ɩɨ ɦɟɬɨɞɭ Ƚɚɭɫɫɚ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɸɬɫɹ ɞɥɹ ɫɢɫɬɟɦ ɫ 

ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɩɚɦɹɬɶɸ ɩɨ ɬɟɯɧɨɥɨɝɢɢ MPI ɢ ɞɥɹ ɫɢɫɬɟɦ ɫ ɨɛɳɟɣ ɩɚɦɹɬɶɸ ɩɨ 

ɬɟɯɧɨɥɨɝɢɢ OpenMP. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɬɟɫɬɨɜɵɯ ɜɵɱɢɫɥɟɧɢɣ ɡɚɦɟɪɹɥɢɫɶ 

ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: 

 ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ (ɜ ɫɟɤɭɧɞɚɯ); 

 ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ (ɜ ɫɟɤɭɧɞɚɯ) ɧɚ ɪɚɡɥɢɱɧɨɦ 

ɤɨɥɢɱɟɫɬɜɟ ɹɞɟɪ (ɨɬ ɨɞɧɨɝɨ ɞɨ ɜɨɫɶɦɢ). 

ɉɨ ɷɬɢɦ ɜɟɥɢɱɢɧɚɦ ɜɵɱɢɫɥɹɥɢɫɶ ɭɫɤɨɪɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ Sp ɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ Ep ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ɩ.1. 

Ɋɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ ɞɥɹ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ, ɚ ɬɚɤɠɟ ɭɫɤɨɪɟɧɢɟ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ ɩɪɢɜɟɞɟɧɵ  ɜ ɬɚɛɥɢɰɚɯ 4-7.  

ȼ ɬɚɛɥɢɰɟ 4 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɟ №1 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ MPI. Ⱦɥɹ ɷɬɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɧɟ 

ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɭɫɤɨɪɟɧɢɹ ɞɥɹ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ 

ɫɜɹɡɚɧɨ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. 
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Ɍɚɛɥɢɰɚ 4 – Ɋɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɩɪɢ ɩɨɦɨɳɢ MPI 
(ȼɋ №1) 

ɉɨɪɹɞɨɤ ɫɢɫɬɟɦɵ 2000 5000 10000 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ 32,59 506,56 4029,39 

ɉ
ɚɪ

ɚɥ
ɥɟ

ɥɶ
ɧɵ

ɣ 
ɚɥ

ɝɨ
ɪɢ

ɬɦ
 

1 ɹɞɪɨ 
ɜɪɟɦɹ 31,62 496,49 3960,69    1,0 1,0 1,0 

2 ɹɞɪɚ 
ɜɪɟɦɹ 28,51 447,38 3581,60    1,1 1,1 1,1 

E2 55% 55% 55% 

4 ɹɞɪɚ 
ɜɪɟɦɹ 26,71 447,12 3579,63    1,2 1,1 1,1 

E4 30% 27,5% 27,5% 

6 ɹɞɟɪ 
ɜɪɟɦɹ 27,34 445,70 3562,55    1,2 1,1 1,1 

E8 15% 18,3% 18,3% 

8 ɹɞɟɪ 
ɜɪɟɦɹ 24,82 443,07 3537,02    1,3 1,1 1,1 

E8 16,25% 13,75% 13,75% 

ȼ ɬɚɛɥɢɰɟ 5 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɟ №1 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ OpenMP. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɬɚɤɠɟ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɧɚ ɢɫɩɨɥɶɡɭɟɦɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɧɟ ɭɞɚɥɨɫɶ 

ɩɨɥɭɱɢɬɶ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɦɟɬɨɞɭ Ƚɚɭɫɫɚ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 

ɬɟɯɧɨɥɨɝɢɣ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ OpenMP. 

Ɍɚɛɥɢɰɚ 5 – Ɋɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɩɪɢ ɩɨɦɨɳɢ 
OpenMP (ȼɋ №1) 

ɉɨɪɹɞɨɤ ɫɢɫɬɟɦɵ 2000 5000 10000 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ 32,59 506,56 4029,39 

ɉ
ɚɪ

ɚɥ
ɥɟ

ɥɶ
ɧɵ

ɣ 
ɚɥ

ɝɨ
ɪɢ

ɬɦ
 1 ɹɞɪɨ 

ɜɪɟɦɹ 34,15 513,41 4016,28    1,0 1,0 1,0 

2 ɹɞɪɚ 
ɜɪɟɦɹ 33,65 489,40 3721,24    1,1 1,1 1,1 

E2 55% 55% 55% 

4 ɹɞɪɚ 
ɜɪɟɦɹ 33,12 496,35 3802,63    1,2 1,1 1,1 

E4 30% 27,5% 27,5% 

8 ɹɞɟɪ 
ɜɪɟɦɹ 39,28 526,12 3885,07    1,3 1,1 1,1 

E8 16,25% 13,75% 13,75 
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ȼ ɬɚɛɥɢɰɟ 6 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɟ №2 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ MPI. Ⱦɥɹ ɞɚɧɧɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ nɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɟɬɵɪɟɯ ɹɞɟɪ. 

Ɍɚɛɥɢɰɚ 6 – Ɋɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɩɪɢ ɩɨɦɨɳɢ MPI (ȼɋ 
№2) 

ɉɨɪɹɞɨɤ 
ɫɢɫɬɟɦɵ 

ȼɪɟɦɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧ
ɨɣ ɩɪɨɝɪɚɦɦɵ 

ɉɚɪɚɥɥɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ 
1 ɹɞɪɨ 2 ɹɞɪɚ 4 ɹɞɪɚ 
ɜɪɟɦɹ ɜɪɟɦɹ    E2 ɜɪɟɦɹ    E4 

1000 13,39 15,0 7,57 1,8 90% 5,4 2,5 62,5% 
2000 105,22 128,2 58,78 1,8 90% 39,3 2,7 67,5% 
4000 822,32 954,8 469,59 1,8 90% 259,4 3,2 80% 
5000 1600,69 1796,2 903,36 1,8 90% 528,0 3,0 75% 
10000 12736,00 14304,5 7259,60 1,8 90% 4007,8 3,2 80% 

 

ȼ ɬɚɛɥɢɰɟ 7 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɟ №2 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ OpenMP. ɇɚɢɛɨɥɶɲɟɟ ɭɫɤɨɪɟɧɢɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɟɬɵɪɟɯ ɹɞɟɪ ɞɥɹ ɫɢɫɬɟɦ ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ. 

 
Ɍɚɛɥɢɰɚ 7 – Ɋɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɦɟɬɨɞɚ Ƚɚɭɫɫɚ ɩɪɢ ɩɨɦɨɳɢ 

OpenMP (ȼɋ №2) 

ɉɨɪɹɞɨɤ 
ɫɢɫɬɟɦɵ 

ȼɪɟɦɹ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 

ɩɪɨɝɪɚɦɦɵ 

ɉɚɪɚɥɥɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ 
1 ɹɞɪɨ 2 ɹɞɪɨ 4 ɹɞɪɚ 
ɜɪɟɦɹ ɜɪɟɦɹ    E2 ɜɪɟɦɹ    E4 

1000 3,62 7,19 4,96 1,4 70% 6,48 1,8 45% 
2000 25,22 44,86 34,53 1,4 70% 48,01 1,9 47,5% 
4000 193,78 262,22 230,74 1,2 60% 294,15 1,5 37,5% 
5000 380,83 515,97 445,26 1,2 60% 535,57 1,4 35% 

10000 2991,24 4066,47 3409,78 1,1 55% 3778,29 1,3 32,5% 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ. Ɇɨɠɧɨ 

ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɞɚɥɨɫɶ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɪɚɫɱɟɬɨɜ ɜ ɬɪɢ ɪɚɡɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɱɟɬɵɪɟɯ ɹɞɟɪ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ №2. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɪɟɦɹ 

ɪɚɫɱɟɬɨɜ ɧɟ ɜɫɟɝɞɚ ɫɨɤɪɚɳɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ, ɫ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɩɪɨɜɟɞɟɧɢɟ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɫɢɫɬɟɦ 

ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬɢ, ɞɥɹ ɤɨɬɨɪɵɯ ɩɪɢɦɟɧɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ 

ɦɨɝɥɨ ɛɵɬɶ ɧɟɜɨɡɦɨɠɧɵɦ ɢɡ-ɡɚ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ. 
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4 Ɋɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ 
ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ 

4.1 ɉɚɪɚɥɥɟɥɶɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɋɅȺɍ ɦɟɬɨɞɨɦ əɤɨɛɢ  

ɉɪɢ ɛɨɥɶɲɨɦ ɱɢɫɥɟ ɧɟɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞ Ƚɚɭɫɫɚ ɫɬɚɧɨɜɢɬɫɹ ɜɟɫɶɦɚ 

ɫɥɨɠɧɵɦ ɜ ɩɥɚɧɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɢ ɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ. ɉɨɷɬɨɦɭ ɢɧɨɝɞɚ 

ɭɞɨɛɧɟɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɛɥɢɠɟɧɧɵɟ (ɢɬɟɪɚɰɢɨɧɧɵɟ) ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ. 

ɉɪɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɢ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɪɚɡɦɟɪɧɨɫɬɶ 

ɫɢɫɬɟɦɵ ɛɨɥɶɲɟ ɱɢɫɥɚ ɩɪɨɰɟɫɫɨɜ. Ʉɚɠɞɵɣ ɩɪɨɰɟɫɫ ɫɱɢɬɚɟɬ «ɫɜɨɢ» ɷɥɟɦɟɧɬɵ 

ɜɟɤɬɨɪɚ                    . 
ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɫɱɟɬɨɜ ɩɨ ɦɟɬɨɞɭ əɤɨɛɢ ɜ ɩɪɨɝɪɚɦɦɟ ɜɵɩɨɥɧɹɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɟ ɞɟɣɫɬɜɢɹ. 

1. Ʉɚɠɞɵɣ ɩɪɨɰɟɫɫ ɡɧɚɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɫɢɫɬɟɦɵ ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ 

ɩɨɝɪɟɲɧɨɫɬɶ  . 

2. Ʉɚɠɞɵɣ ɩɪɨɰɟɫɫ ɩɨɥɭɱɚɟɬ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɢ ɧɚɱɚɥɶɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ. 

3. Ɇɚɬɪɢɰɭ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ «ɩɨɥɨɫɵ», ɝɞɟ ɭ ɤɚɠɞɨɝɨ ɩɪɨɰɟɫɫɚ ɫɜɨё 

ɤɨɥɢɱɟɫɬɜɨ ɫɬɪɨɤ ɜ ɩɨɥɨɫɟ Np. 

4. Ɂɧɚɹ ɤɨɥɢɱɟɫɬɜɨ ɫɬɪɨɤ ɧɚ ɩɪɨɰɟɫɫɟ ɡɚɩɨɥɧɹɟɦ ɦɚɬɪɢɰɭ A ɬɚɤ, ɱɬɨɛɵ 

ɜɵɩɨɥɧɹɥɨɫɶ ɞɢɚɝɨɧɚɥɶɧɨɟ ɩɪɟɨɛɥɚɞɚɧɢɟ. 

5. ɋ ɩɨɦɨɳɶɸ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɩɨɥɧɢɦ ɜɟɤɬɨɪ ɫɜɨɛɨɞɧɵɯ ɱɥɟɧɨɜ b, ɬɚɤ 

ɠɟ ɩɨɫɬɪɨɱɧɨ. 

ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɤɚɠɞɵɣ ɩɪɨɰɟɫɫ ɛɭɞɟɬ 

ɜɵɱɢɫɥɹɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ X. Ⱦɚɥɟɟ ɧɟɨɛɯɨɞɢɦɨ 

ɜɵɱɢɫɥɹɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ (  ), ɬɨ ɟɫɬɶ ɜɵɱɢɫɥɹɟɦ ɩɨ ɦɨɞɭɥɸ 

ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɪɟɡɭɥɶɬɚɬɚɦɢ ɫ ɩɪɟɞɵɞɭɳɟɣ ɢɬɟɪɚɰɢɢ ɢ ɬɟɤɭɳɟɣ. Ʉɨɝɞɚ ɜɫɟ 

ɩɪɨɰɟɫɫɵ ɧɚɣɞɭɬ ɫɜɨɸ ɦɚɤɫɢɦɚɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ, ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ 

MPI_Allreduce ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɥɨɛɚɥɶɧɚɹ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɢ ( ). 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɤɚɠɞɨɣ ɢɬɟɪɚɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪɤɚ ɜɟɤɬɨɪɚ X ɫɨ ɜɫɟɯ 
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ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ. ɉɟɪɟɞ ɩɟɪɟɯɨɞɨɦ ɤ 

ɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ ɨɫɬɚɧɨɜɚ:         
4.2 ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɦɟɬɨɞɚ əɤɨɛɢ ɞɥɹ 
ɫɢɫɬɟɦ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɩɚɦɹɬɶɸ 

 Ɋɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɞɥɹ ɩɚɪɚɥɥɟɥɶɧɨɣ MPI ɩɪɨɝɪɚɦɦɵ 

ɡɚɦɟɪɹɥɢɫɶ ɧɚ ɞɜɭɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ. ȼ ɬɚɛɥɢɰɚɯ 8-9 ɭɫɤɨɪɟɧɢɟ 

ɜɵɱɢɫɥɹɟɬɫɹ ɧɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ, ɚ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɧɚ ɨɞɧɨɦ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɭɡɥɟ. 

ȼ ɬɚɛɥɢɰɟ 8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɟ №1 ɞɥɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ MPI. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɝɨɜɨɪɹɬ ɨ ɬɨɦ, ɱɬɨ 

ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɧɨɫɬɢ ɫɢɫɬɟɦɵ ɪɚɫɬɟɬ ɭɫɤɨɪɟɧɢɟ ɧɚ ɞɚɧɧɨɣ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ. ɇɚɢɛɨɥɶɲɢɣ ɩɪɢɪɨɫɬ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɜɨɫɶɦɢ ɹɞɟɪ ɢ ɩɪɢ ɪɚɡɦɟɪɧɨɫɬɢ ɫɢɫɬɟɦɵ ɜ ɞɜɚɞɰɚɬɶ ɬɵɫɹɱ, ɨɞɧɚɤɨ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 8 ɹɞɟɪ ɧɢɠɟ, ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 4 ɹɞɟɪ. 

 

Ɍɚɛɥɢɰɚ 8 – ȼɪɟɦɹ ɪɚɛɨɬɵ ɢ ɭɫɤɨɪɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɦɟɬɨɞɚ 
əɤɨɛɢ ɧɚ ɪɚɡɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɨɜ (ȼɋ №1) 

Ɋɚɡɦɟɪɧɨɫɬɶ 
ɫɢɫɬɟɦɵ 

1 
ɹɞɪɨ 

2 
ɹɞɪɚ    E2 

4 
ɹɞɪɚ    E4 

8 
ɹɞɟɪ    E8 

10000 5,82 3,3 1,8 90% 2,9 2,0 50% 2,8 2,7 27% 

20000 67,4 13,3 5,0 
250
% 

12,6 5,3 133% 8,7 7,8 108% 

 

ȼ ɬɚɛɥɢɰɟ 9 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɟ № 2 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ MPI. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ 

ɬɨɦ, ɱɬɨ ɧɚ ɢɫɩɨɥɶɡɭɟɦɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɩɨɥɭɱɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɫɨɤɪɚɳɟɧɢɟ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 4 

ɩɪɨɰɟɫɫɨɜ. 
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Ɍɚɛɥɢɰɚ 9 – ȼɪɟɦɹ ɪɚɛɨɬɵ ɢ ɭɫɤɨɪɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ 
ɦɟɬɨɞɚ əɤɨɛɢ ɧɚ ɪɚɡɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɨɜ (ȼɋ №2) 

Ɋɚɡɦɟɪɧɨɫɬɶ 
ɫɢɫɬɟɦɵ 

1 ɹɞɪɨ 2 ɹɞɪɚ    E2 4 ɹɞɪɚ    E4 

10000 14,37 7,26 2,0 100% 4,18 3,4 85% 
20000 310,84 48,80 6,4 320% 53,04 5,9 147,5% 
30000 927,21 659,75 1,4 70% 544,15 1,7 42,5% 
40000 1539,22 1099,40 1,4 70% 834,25 1,8 45% 

 

4.3 Ɉɫɨɛɟɧɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɳɟɣ ɩɚɦɹɬɢ ɩɪɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɢ 
ɜɵɱɢɫɥɟɧɢɣ 

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɧɚ ɫɢɫɬɟɦɟ ɫ ɨɛɳɟɣ ɩɚɦɹɬɶɸ 

ɞɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɨɫɨɛɟɧɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɞɚɧɧɵɯ ɞɥɹ 

ɤɚɠɞɨɝɨ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɟɬɨɞɨɜ. 

Ɉɛɳɟɟ ɜ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɟ ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ 

ɡɚɩɨɥɧɟɧɢɢ ɦɚɫɫɢɜɚ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ.  

ɉɨɫɥɟ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɨɫɧɨɜɧɨɝɨ ɰɢɤɥɚ ɩɪɨɝɪɚɦɦɵ ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɫɩɚɪɚɥɥɟɥɢɬɶ ɰɢɤɥ, ɝɞɟ ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɬɟɤɭɳɟɦɭ ɩɪɢɛɥɢɠɟɧɢɸ ɪɟɡɭɥɶɬɚɬɵ, 

ɜɵɱɢɫɥɟɧɧɵɟ ɧɚ ɩɪɟɞɵɞɭɳɟɣ ɢɬɟɪɚɰɢɢ. ɉɨɫɥɟ ɷɬɨɝɨ ɧɭɠɧɨ ɪɚɫɩɚɪɚɥɥɟɥɢɬɶ 

ɰɢɤɥ ɩɨ     ɝɞɟ ɜɵɱɢɫɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɜɟɤɬɨɪɚ       
ȼ ɦɟɬɨɞɟ Ƚɚɭɫɫɚ-Ɂɟɣɞɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɚɪɚɥɥɟɥɢɬɶ ɬɨɥɶɤɨ ɨɞɢɧ ɰɢɤɥ, 

ɝɞɟ ɜɵɱɢɫɥɹɟɬɫɹ ɜɟɤɬɨɪ ɪɟɲɟɧɢɣ     . 
4.4 ɂɫɫɥɟɞɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɦɟɬɨɞɚ əɤɨɛɢ ɞɥɹ 
ɫɢɫɬɟɦ ɫ ɨɛɳɟɣ ɩɚɦɹɬɶɸ 

ȼɵɱɢɫɥɟɧɢɹ ɩɨ ɦɟɬɨɞɭ əɤɨɛɢ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɸɬɫɹ ɞɥɹ ɫɢɫɬɟɦ ɫ ɨɛɳɟɣ 

ɩɚɦɹɬɶɸ ɩɨ ɬɟɯɧɨɥɨɝɢɢ OpenMP. Ɋɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ, ɚ ɬɚɤ ɠɟ ɢɯ ɭɫɤɨɪɟɧɢɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 10-11. 

ȼ ɬɚɛɥɢɰɟ 10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɡɚɦɟɪɨɜ ɜɪɟɦɟɧɢ (ɜ ɫɟɤɭɧɞɚɯ), ɧɚ 

ȼɋ№1 ɞɥɹ ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɦɟɬɨɞɭ əɤɨɛɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ OpenMP, ɢ 

ɭɫɤɨɪɟɧɢɟ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɦɨɠɧɨ ɫɤɚɡɚɬɶ ɱɬɨ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 
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ɬɟɯɧɨɥɨɝɢɢ OpenMP ɞɥɹ ɦɟɬɨɞɚ əɤɨɛɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 8 ɭɡɥɨɜ ɧɟ ɢɦɟɟɬ ɫɦɵɫɥɚ 

ɢɡ-ɡɚ ɪɚɡɛɢɟɧɢɹ ɩɚɦɹɬɢ. Ȼɵɥɨ ɩɨɥɭɱɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɪɚɜɧɨɟ ɞɜɭɦ, 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɟɬɵɪёɯ ɢ ɜɨɫɶɦɢ ɭɡɥɨɜ. Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ ɪɚɧɟɟ, 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɨɫɶɦɢ ɭɡɥɨɜ ɧɢɠɟ, ɱɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɟɬɵɪɟɯ ɭɡɥɨɜ. Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɪɚɫɱɟɬɵ, ɧɚɢɛɨɥɶɲɚɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɜɭɯ ɭɡɥɨɜ. 

 

Ɍɚɛɥɢɰɚ 10 – ȼɪɟɦɹ ɪɚɛɨɬɵ ɢ ɭɫɤɨɪɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ 
ɦɟɬɨɞɚ əɤɨɛɢ ɧɚ ɪɚɡɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɨɜ (ȼɋ №1) 

Ɋɚɡɦɟɪɧɨ
ɫɬɶ 

ɫɢɫɬɟɦɵ 

ɉɨɫɥɟɞɨɜɚɬ
ɟɥɶɧɚɹ 

ɩɪɨɝɪɚɦɦɚ 

ȼɪɟɦɹ 

ɍɫɤɨɪɟɧɢɟ ɢ 
ɷɮɮɢɤɬɢɜɧɨɫɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 
ɩɪɨɝɪɚɦɦɵ 

1 
ɹɞɪ
ɨ 

2 
ɹɞɪɚ 

4 
ɹɞɪɚ 

8 
ɹɞɟɪ 

1 
ɹɞɪɨ 

2 
ɹɞɪɚ 

4 
ɹɞɪɚ 

8 
ɹɞɟɪ 

10000 10,17 
9,1
0 

7,18 5,07 5,04 1,1 
1,4 / 
70% 

2 / 
50% 

2 / 
25% 

15000 22,22 
20,
40 

12,68 11,38 11,38 1,1 
1,8 / 
90% 

2 / 
50% 

2 / 
25% 

20000 39,63 
36,
67 

28,80 20,29 20,37 1,1 
1,4 / 
70% 

2 / 
50% 

1,9 / 
24% 

 

ȼ ɬɚɛɥɢɰɟ 11 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ȼɋ№2 ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ OpenMP.  ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɡɚɦɟɬɟɧ ɪɨɫɬ ɭɫɤɨɪɟɧɢɹ ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɢ ɪɚɡɦɟɪɧɨɫɬɢ ɫɢɫɬɟɦɵ, ɢ ɤɨɥɢɱɟɫɬɜɚ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɨɜ. 

Ɍɚɤɠɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɜ ɱɟɬɵɪɟ ɫ ɩɨɥɨɜɢɧɨɣ ɪɚɡɚ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɟɬɵɪɟɯ ɭɡɥɨɜ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɚɪɚɥɥɟɥɢɜɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɟɬɵɪɟɯ ɭɡɥɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɭɡɥɨɜ. 
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Ɍɚɛɥɢɰɚ 11 – ȼɪɟɦɹ ɪɚɛɨɬɵ ɢ ɭɫɤɨɪɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ 
ɦɟɬɨɞɚ əɤɨɛɢ ɧɚ ɪɚɡɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɡɥɨɜ (ȼɋ №2) 

Ɋɚɡɦɟɪɧɨ
ɫɬɶ 

ɫɢɫɬɟɦɵ 

ɉɨɫɥɟɞɨ
ɜɚɬɟɥɶɧɚ

ɹ 
ɩɪɨɝɪɚɦ

ɦɚ 

ȼɪɟɦɹ 

ɍɫɤɨɪɟɧɢɟ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ 
ɩɪɨɝɪɚɦɦɵ 

1 ɹɞɪɨ 2 ɹɞɪɚ 4 ɹɞɪɚ 1 ɹɞɪɨ 
2 

ɹɞɪɚ 
4 ɹɞɪɚ 

1000 0,14 0,17 0,06 0,14 0,8 
2,3 / 

115% 
1,1 / 

27,5% 

5000 2,63 2,47 1,31 0,91 1,1 
2 / 

100% 
2,9 / 

72,5% 

10000 10,50 9,78 5,16 3,5 1,1 
2 / 

100% 
3 / 

75% 

15000 40,24 28,33 13,02 9,02 1,4 
3,1 / 

155% 

4,5 / 
112,5

% 
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ɁȺɄɅɘɑȿɇɂȿ 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɢ ɢɡɭɱɟɧɵ ɬɟɯɧɨɥɨɝɢɢ 

ɨɪɝɚɧɢɡɚɰɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɜɵɱɢɫɥɟɧɢɣ. ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɦɟɬɨɞ 

Ƚɚɭɫɫɚ, ɢɬɟɪɚɰɢɨɧɧɵɟ ɦɟɬɨɞɵ əɤɨɛɢ ɢ Ƚɚɭɫɫɚ – Ɂɟɣɞɟɥɹ.  

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɢ 

ɩɚɪɚɥɥɟɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɣ MPI ɢ OpenMP. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 

MPI ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɥɟɧɬɨɱɧɚɹ ɫɯɟɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɦɟɠɞɭ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɭɡɥɚɦɢ. Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɬɟɫɬɵ ɧɚ ɦɚɥɨɦ ɤɥɚɫɬɟɪɟ ɋɎɍ ɢ ɧɚ 

ɩɟɪɫɨɧɚɥɶɧɨɦ ɧɨɭɬɛɭɤɟ. ȼɨ ɜɫɟɯ ɬɟɫɬɨɜɵɯ ɪɚɫɱɟɬɚɯ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɭɫɤɨɪɟɧɢɹ 

ɜɵɱɢɫɥɟɧɢɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɢ MPI. 

Ⱦɥɹ ɬɟɯɧɨɥɨɝɢɢ OpenMP ɬɚɤ ɠɟ ɩɪɨɜɨɞɢɥɢɫɶ ɬɟɫɬɵ ɧɚ ɞɜɭɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦɚɯ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɟ ɨɞɧɨɡɧɚɱɧɵɟ, ɜ 

ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɭɡɥɨɜ ɧɟ ɛɵɥɨ ɞɨɫɬɢɝɧɭɬɨ ɫɨɤɪɚɳɟɧɢɟ 

ɪɚɛɨɬɵ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ. 
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ɉɊɂɅɈɀȿɇɂə 

ɉɪɢɥɨɠɟɧɢɟ A. Ȼɥɨɤ-ɫɯɟɦɚ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ 
ɋɅȺɍ ɦɟɬɨɞɨɦ Ƚɚɭɫɫɚ 

 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

P –  ɬɟɤɭɳɢɣ ɩɪɨɰɟɫɫ 

A – ɦɚɬɪɢɰɚ ɫɢɫɬɟɦɵ 

X – ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ 

x – ɜɵɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ 

N – ɪɚɡɦɟɪɧɨɫɬɶ ɫɢɫɬɟɦɵ    – ɥɨɤɚɥɶɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ 

ɫɢɫɬɟɦɵ    
–ɥɨɤɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ 
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ɉɪɢɥɨɠɟɧɢɟ B. Ȼɥɨɤ-ɫɯɟɦɚ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɪɟɲɟɧɢɹ 

ɋɅȺɍ ɦɟɬɨɞɨɦ əɤɨɛɢ 

ɇɚɱɚɥɨ

ɂɧɢɰɢɚɥɢɡɚɰɢɹ 
ɫɪɟɞɵ ɜɵɩɨɥɧɟɧɢɹ 

MPI-ɩɪɨɝɪɚɦɦɵ

ɉɪɨɰɟɫɫ 0 ɉɪɨɰɟɫɫ 1 – (P-1)

Ɂɚɩɨɥɧɟɧɢɟ X, X0

Ɋɚɫɫɵɥɤɚ X, X0 
ɜɫɟɦ ɩɪɨɰɟɫɫɚɦ

ɉɨɥɭɱɟɧɢɟ X, X0

Ɂɚɩɨɥɧɟɧɢɟ ɥɨɤɚɥɶɧɵɯ ɩɨɥɨɫ A ɢ 
b

M>eps

ȼɵɱɢɫɥɹɟɦ ɥɨɤɚɥɶɧɭɸ 
ɧɨɪɦɭ ɪɚɡɧɨɫɬɢ ɞɜɭɯ 
ɢɬɟɪɚɰɢɣ Mp

MPI_Allreduce

Оɩɪɟɞɟɥɟɧиɟ 
ɝɥɨɛɚɥьɧɨɝɨ ɦɚɤɫиɦуɦɚ M

MPI_Allreduce
ɜɟɤɬɨɪɚ X(s+1)

ȼɵɱɢɫɥɟɧɢɟ ɫɥɟɞɭɸɳɟɣ 
ɢɬɟɪɚɰɢɢ X(s+1) ɩɨ 

ɩɪɟɞɵɞɭɳɟɣ ɢɬɟɪɚɰɢɢ X(s)

X(s) = X(s+1)

Ʉɨɧɟɰ
 

ɂɫɩɨɥɶɡɭɟɦɵɟ ɨɛɨɡɧɚɱɟɧɢɹ 

ɏ – ɜɟɤɬɨɪ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ 

ɯ – ɜɟɤɬɨɪ ɜɵɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ 

Ɍ – ɜɟɤɬɨɪ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ    – ɥɨɤɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ 

Ɇ – ɝɥɨɛɚɥɶɧɵɣ ɦɚɤɫɢɦɭɦ 

Ⱥ – ɦɚɬɪɢɰɚ ɫɢɫɬɟɦɵ 

Ɋ – ɬɟɤɭɳɢɣ ɩɪɨɰɟɫɫ 
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