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Ɋɟɮɟɪɚɬ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɫɩɭɬɧɢɤɚ ɫɢɫɬɟɦɵ GPS ɩɨ ɟɝɨ ɧɚɜɢɝɚɰɢɨɧɧɵɦ 

ɫɢɝɧɚɥɚɦ» ɫɨɞɟɪɠɢɬ 47 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 17 ɢɥɥɸɫɬɪɚɰɢɣ, 1 

ɬɚɛɥɢɰɭ, 14 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 3 ɩɪɢɥɨɠɟɧɢɹ. 

ɆȿɌɈȾ ɋɈɉɊəɀȿɇɇɕɏ ȽɊȺȾɂȿɇɌɈȼ, əɁɕɄ 

ɉɊɈȽɊȺɆɆɂɊɈȼȺɇɂə JULIA, ɂɇɌȿɊɉɈɅəɐɂə, ɋɂɋɌȿɆȺ 

ɅɂɇȿɃɇɕɏ ȺɅȽȿȻɊȺɂɑȿɋɄɂɏ ɍɊȺȼɇȿɇɂɃ, GPS, ȽɅɈɇȺɋɋ. 

ɐɟɥɢ ɢ ɡɚɞɚɱɢ: 

 Ɋɟɲɟɧɢɟ ɛɨɥɶɲɢɯ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɱɢɫɥɚɯ ɛɨɥɶɲɨɣ 

ɬɨɱɧɨɫɬɢ; 

 ɂɡɭɱɟɧɢɟ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Julia. ɉɨɢɫɤ ɧɚɢɛɨɥɟɟ 

ɛɵɫɬɪɨɝɨ ɦɟɬɨɞɚ ɱɬɟɧɢɹ-ɡɚɩɢɫɢ ɤɨɨɪɞɢɧɚɬ ɫɩɭɬɧɢɤɨɜ ɫ ɠɟɫɬɤɨɝɨ 

ɞɢɫɤɚ. 

ȼ ɡɚɞɚɱɚɯ ɤɨɫɦɢɱɟɫɤɨɣ ɧɚɜɢɝɚɰɢɢ ɜɫɬɪɟɱɚɸɬɫɹ ɛɨɥɶɲɢɟ ɫɢɫɬɟɦɵ 

ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ. ɂɯ ɪɟɲɟɧɢɟ ɡɚɧɢɦɚɟɬ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ ɗȼɆ. Ɍɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɛɵɫɬɪɵɣ ɢ 

ɬɨɱɧɵɣ ɫɩɨɫɨɛ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɜ ɱɢɫɥɚɯ ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɢ. ȼ ɹɡɵɤɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Julia ɟɫɬɶ ɫɩɟɰɢɚɥɶɧɵɣ ɬɢɩ ɞɚɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɫ ɱɢɫɥɚɦɢ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɧɨɫɬɢ, ɩɪɢɱɟɦ, ɩɨ ɡɚɹɜɥɟɧɢɸ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɹɡɵɤɚ, Julia 

ɩɨɱɬɢ ɧɟ ɭɫɬɭɩɚɟɬ ɜ ɛɵɫɬɪɨɞɟɣɫɬɜɢɢ ɹɡɵɤɭ C++. ɉɨ ɷɬɢɦ ɩɪɢɱɢɧɚɦ 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɹɡɵɤ Julia ɞɥɹ ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦɦɵ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ ɧɚ ɹɡɵɤɟ Julia ɞɥɹ ɪɟɲɟɧɢɹ 

ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ Ƚɨɞɭɧɨɜɚ ɦɟɬɨɞɨɦ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɜ ɱɢɫɥɚɯ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɧɨɫɬɢ, ɩɪɨɜɟɞɟɧɨ 

ɫɪɚɜɧɟɧɢɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɹɡɵɤɨɜ Julia ɢ C++, ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɦɟɬɨɞɚ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɫɨ ɜɫɬɪɨɟɧɧɵɦ ɜ Julia ɨɩɟɪɚɬɨɪɨɦ ɞɥɹ ɪɟɲɟɧɢɹ 

ɋɅȺɍ, ɧɚ Julia ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɯɪɚɧɟɧɢɹ ɜ ɛɢɧɚɪɧɨɦ ɮɚɣɥɟ ɤɨɨɪɞɢɧɚɬ 

ɫɩɭɬɧɢɤɨɜ. 
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ȼɜɟɞɟɧɢɟ 

 

ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɤɨɫɦɢɱɟɫɤɨɣ ɧɚɜɢɝɚɰɢɢ ɩɨɹɜɥɹɸɬɫɹ ɛɨɥɶɲɢɟ 

ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (ɋɅȺɍ). Ʉ ɩɪɢɦɟɪɭ, ɡɚɞɚɱɚ 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɩɪɢɟɦɧɢɤɚ GPS/ȽɅɈɇȺɋɋ. ɉɨ ɫɢɝɧɚɥɚɦ 

ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ ɩɨɥɭɱɚɟɦ ɪɚɡɪɹɠɟɧɧɭɸ ɫɢɫɬɟɦɭ ɢɡ 4 ɦɢɥɥɢɨɧɨɜ 

ɧɟɧɭɥɟɜɵɯ ɷɥɟɦɟɧɬɨɜ. Ɍɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɛɵɫɬɪɵɣ ɢ ɬɨɱɧɵɣ ɫɩɨɫɨɛ ɪɟɲɟɧɢɹ 

ɬɚɤɢɯ ɫɢɫɬɟɦ ɜ ɱɢɫɥɚɯ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ. Ɉɞɢɧ ɢɡ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɋɅȺɍ – 

«Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» (ɆɋȽ).  

Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ [10] -  ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɟɲɟɧɢɹ 

ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ:      , ɝɞɟ A – ɦɚɬɪɢɰɚ 

ɪɚɡɦɟɪɧɨɫɬɢ M*N, b – ɜɟɤɬɨɪ ɪɚɡɦɟɪɧɨɫɬɢ M. 

Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɩɪɢ ɬɨɱɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ ɩɪɢɜɨɞɢɬ ɤ 

ɨɬɜɟɬɭ ɡɚ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɲɚɝɨɜ, ɧɨ ɩɨ ɫɭɬɢ ɹɜɥɹɟɬɫɹ ɢɬɟɪɚɰɢɨɧɧɵɦ 

ɩɪɨɰɟɫɫɨɦ, ɫɥɚɛɵɦ ɦɟɫɬɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɣ ɨɫɬɚɧɨɜɤɢ –  

ɨɩɪɟɞɟɥɟɧɢɟ ɧɨɦɟɪɚ ɲɚɝɚ ɩɪɨɰɟɫɫɚ, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɬɨɱɧɨɫɬɶ ɩɪɢɛɥɢɠɟɧɢɹ ɤ 

ɪɟɲɟɧɢɸ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɧɚ ɞɚɧɧɨɦ ɤɨɦɩɶɸɬɟɪɟ ɧɟ ɦɨɠɟɬ 

ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɟɧɚ. 

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɆɋȽ ɛɵɥɚ ɜɵɛɪɚɧɚ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ. ɗɬɚ 

ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɩɥɨɯɨ ɨɛɭɫɥɨɜɥɟɧɧɨɣ. Ⱦɥɹ ɪɚɡɦɟɪɧɨɫɬɢ ɪɚɜɧɨɣ 200, ɱɢɫɥɨ 

ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɢ ɞɥɹ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ ɫɨɫɬɚɜɥɹɟɬ 7.76e16. ɗɬɭ ɫɢɫɬɟɦɭ 

ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɫɬɨɜ ɤɨɪɪɟɤɬɧɨɫɬɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦ 

ɞɥɹ ɪɟɲɟɧɢɹ ɋɅȺɍ, ɬɚɤ ɤɚɤ ɟё ɪɟɲɟɧɢɟ ɞɥɹ ɥɸɛɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɥɟɝɤɨ ɦɨɠɧɨ 

ɜɵɱɢɫɥɢɬɶ ɩɨ ɮɨɪɦɭɥɚɦ. ɋɅȺɍ Ƚɨɞɭɧɨɜɚ ɩɪɢɜɟɞɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ. 

ȼɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɭ ɆɋȽ ɟɫɬɶ ɦɧɨɠɟɫɬɜɨ ɜɚɪɢɚɧɬɨɜ ɪɟɚɥɢɡɚɰɢɢ 

ɚɥɝɨɪɢɬɦɚ. ȼ ɪɚɛɨɬɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɜɫɟ ɧɚɣɞɟɧɧɵɟ ɜɚɪɢɚɧɬɵ ɚɥɝɨɪɢɬɦɚ ɫ 

ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɢ ɩɪɢ ɷɬɨɦ ɧɟ ɭɫɬɭɩɚɸɳɟɝɨ ɞɪɭɝɢɦ 

ɚɥɝɨɪɢɬɦɚɦ ɜ ɬɨɱɧɨɫɬɢ ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ. ɆɋȽ ɛɭɞɟɬ ɩɪɢɦɟɧɟɧ ɞɥɹ 

ɪɟɲɟɧɢɹ ɋɅȺɍ, ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɫɩɭɬɧɢɤɨɜ ɩɨ 
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ɢɯ ɧɚɜɢɝɚɰɢɨɧɧɵɦ ɫɢɝɧɚɥɚɦ. ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɆɋȽ ɨɤɚɡɚɥɨɫɶ, ɱɬɨ 

ɆɋȽ ɬɪɟɛɨɜɚɬɟɥɟɧ ɤ ɬɨɱɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ ɜ ɗȼɆ.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚɛɢɪɚɟɬ ɩɨɩɭɥɹɪɧɨɫɬɶ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

Julia. Ɍɚɤ ɤɚɤ ɜ Julia ɟɫɬɶ ɫɩɟɰɢɚɥɶɧɵɣ ɬɢɩ ɞɚɧɧɵɯ (BigFloat) ɞɥɹ ɪɚɛɨɬɵ ɫ 

ɱɢɫɥɚɦɢ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ, ɝɞɟ ɦɚɧɬɢɫɫɚ ɱɢɫɥɚ ɭɤɚɡɵɜɚɟɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ, 

ɬɨ ɜ ɰɟɥɹɯ ɨɡɧɚɤɨɦɥɟɧɢɹ ɢ ɢɡɭɱɟɧɢɹ ɹɡɵɤɚ, ɚɥɝɨɪɢɬɦ ɆɋȽ ɛɭɞɟɬ ɪɟɚɥɢɡɨɜɚɧ 

ɧɚ Julia. ȼ ɩɪɨɰɟɫɫɟ ɢɡɭɱɟɧɢɹ ɹɡɵɤɚ, ɜɨɡɧɢɤɚɥɢ ɜɨɩɪɨɫɵ, ɤɨɬɨɪɵɟ ɧɟ 

ɨɩɢɫɵɜɚɸɬɫɹ ɜ ɨɮɢɰɢɚɥɶɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ. 

Julia[5] — ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɣ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɫɜɨɛɨɞɧɵɣ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɫ ɞɢɧɚɦɢɱɟɫɤɨɣ ɬɢɩɢɡɚɰɢɟɣ, ɫɨɡɞɚɧɧɵɣ ɞɥɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ. ɗɮɮɟɤɬɢɜɟɧ ɬɚɤɠɟ ɢ ɞɥɹ ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦɦ 

ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ. Julia ɧɚɩɢɫɚɧɚ ɧɚ ɋɢ, C++ ɢ Scheme. 

ɇɚ ɨɮɢɰɢɚɥɶɧɨɦ ɫɚɣɬɟ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Julia ɭɤɚɡɚɧɨ, ɱɬɨ Julia 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɫɬɭɩɚɟɬ ɜ ɫɤɨɪɨɫɬɢ ɹɡɵɤɭ C++. ȼ ɪɚɛɨɬɟ ɛɭɞɟɬ ɩɪɨɜɟɞɟɧɨ 

ɫɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɧɚ ɹɡɵɤɟ Julia ɫ ɩɨɞɨɛɧɨɣ 

ɩɪɨɝɪɚɦɦɨɣ, ɧɚɩɢɫɚɧɧɨɣ ɧɚ C++. 

ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ, ɤɚɤ ɢɡɦɟɧɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 

ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɢɫɟɥ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ. ɋɪɚɜɧɢɜɚɬɶɫɹ ɛɭɞɭɬ 2 ɩɨɞɨɛɧɵɟ 

ɩɪɨɝɪɚɦɦɵ. ȼ ɨɞɧɨɣ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɢɩ ɞɚɧɧɵɯ BigFloat, ɜ ɞɪɭɝɨɣ – 

Float64. 

ɋɱɢɬɵɜɚɧɢɟ ɤɨɨɪɞɢɧɚɬ ɫɩɭɬɧɢɤɨɜ ɢɡ ɬɟɤɫɬɨɜɵɯ ɮɚɣɥɨɜ ɮɨɪɦɚɬɚ “txt” ɢ 

ɫɨɫɬɚɜɥɟɧɢɟ ɦɚɬɪɢɰɵ ɜ Julia ɡɚɧɢɦɚɟɬ ɦɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ. 

ɉɨɷɬɨɦɭ ɩɨɞɧɢɦɚɟɬɫɹ ɜɨɩɪɨɫ ɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɦ ɫɩɨɫɨɛɟ ɱɬɟɧɢɹ ɢ 

ɡɚɩɢɫɢ ɧɚ ɠɟɫɬɤɢɣ ɞɢɫɤ. 

 

1. Ɋɟɚɥɢɡɚɰɢɹ ɦɟɬɨɞɚ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɧɚ Julia 

 

ɇɚ  ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Julia ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɩɪɨɝɪɚɦɦɚ ɞɥɹ 

ɪɟɲɟɧɢɹ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ ɦɟɬɨɞɨɦ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ. ȼ ɞɚɥɶɧɟɣɲɟɦ 

ɬɚɤɭɸ ɩɪɨɝɪɚɦɦɭ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ “godunovMatrix”. 
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Ⱦɚɥɟɟ ɜ ɪɚɡɛɢɪɚɟɦɨɣ ɩɪɨɝɪɚɦɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ ɆɋȽ ɢɡ 

ɩɪɟɡɟɧɬɚɰɢɢ Ʉɢɪɟɟɜɚ ɂ.ȼ. «Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» [2] (ȼ 

ɨɛɨɡɧɚɱɟɧɢɹ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɪɟɲɚɟɬɫɹ ɋɅȺɍ ɜɢɞɚ A∙x=b, ɝɞɟ A – 

ɩɪɨɢɡɜɨɥɶɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɧɨɫɬɢ N*M, b – ɜɟɤɬɨɪ ɪɚɡɦɟɪɧɨɫɬɢ N). 

Ⱥɥɝɨɪɢɬɦ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.  

 

 

Ɋɢɫɭɧɨɤ 1 - ɚɥɝɨɪɢɬɦ ɦɟɬɨɞɚ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ 

 

ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɫɬɚɧɨɜɤɢ ɜ ɰɢɤɥɟ ɚɥɝɨɪɢɬɦɚ ɆɋȽ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ ɝɪɚɞɢɟɧɬɚ, ɰɢɤɥ ɡɚɜɟɪɲɚɟɬɫɹ 

ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɧɨɪɦɵ ɝɪɚɞɢɟɧɬɚ ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ ɦɚɤɫɢɦɚɥɶɧɨ 

ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ ɝɪɚɞɢɟɧɬɚ (ɧɚ ɪɢɫɭɧɤɟ 1: tol – ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ ɝɪɚɞɢɟɧɬɚ, s – ɝɪɚɞɢɟɧɬ ɜ ɬɨɱɤɟ x). Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɤɪɢɬɟɪɢɣ ɨɫɬɚɧɨɜɤɢ – ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ. 

ȼɨ ɜɪɟɦɹ ɧɚɩɢɫɚɧɢɹ ɩɪɨɝɪɚɦɦɵ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ Julia ɜɟɪɫɢɢ 0.4.5. 

Ⱦɥɹ ɡɚɩɭɫɤɚ ɩɪɨɝɪɚɦɦɵ ɧɭɠɧɨ ɡɚɩɭɫɬɢɬɶ ɮɚɣɥ godunovMatrix.jl ɩɪɢ 

ɩɨɦɨɳɢ Julia. ɇɚɩɪɢɦɟɪ, ɢɡ ɤɨɧɫɨɥɢ ɡɚɩɭɫɤ ɩɪɨɝɪɚɦɦɵ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ 

ɫɥɟɞɭɸɳɟɣ ɤɨɦɚɧɞɨɣ: 

Julia godunovMatrix.jl  
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ȼ ɩɪɨɝɪɚɦɦɟ ɞɥɹ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɢɩ ɞɚɧɧɵɯ BigFloat (ɞɥɹ 

ɪɚɛɨɬɵ ɫ ɱɢɫɥɚɦɢ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɧɨɫɬɢ). 

ɑɢɫɥɨ ɫ ɩɥɚɜɚɸɳɟɣ ɡɚɩɹɬɨɣ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɱɚɫɬɟɣ: 

 ɡɧɚɤ ɦɚɧɬɢɫɫɵ (ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ ɢɥɢ ɩɨɥɨɠɢɬɟɥɶɧɨɫɬɶ 

ɱɢɫɥɚ); 

 ɦɚɧɬɢɫɫɚ (ɜɵɪɚɠɚɟɬ ɡɧɚɱɟɧɢɟ ɱɢɫɥɚ ɛɟɡ ɭɱёɬɚ ɩɨɪɹɞɤɚ); 

 ɡɧɚɤ ɩɨɪɹɞɤɚ; 

 ɩɨɪɹɞɨɤ (ɜɵɪɚɠɚɟɬ ɫɬɟɩɟɧɶ ɨɫɧɨɜɚɧɢɹ ɱɢɫɥɚ, ɧɚ ɤɨɬɨɪɨɟ ɭɦɧɨɠɚɟɬɫɹ 

ɦɚɧɬɢɫɫɚ). 

 Ɇɚɧɬɢɫɫɚ ɬɢɩɚ ɞɚɧɧɵɯ BigFloat ɭɤɚɡɵɜɚɟɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ (ɜ 

ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɦ ɮɚɣɥɟ config.txt ɩɚɪɚɦɟɬɪ mantissa). 

ɉɪɨɝɪɚɦɦɚ ɫɨɫɬɨɢɬ ɢɡ 3 ɮɚɣɥɨɜ: ɝɥɚɜɧɚɹ ɱɚɫɬɶ ɩɪɨɝɪɚɦɦɵ 

godunovMatrix.jl, ɩɨɞɤɥɸɱɚɟɦɨɝɨ ɜ ɝɥɚɜɧɨɣ ɱɚɫɬɢ ɦɨɞɭɥɹ readFile.jl ɢ 

ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɝɨ ɮɚɣɥɚ config.txt. 

 

1.1 Ʉɨɧɮɢɝɭɪɚɰɢɨɧɧɵɣ ɮɚɣɥ 

 

ȼ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɦ ɮɚɣɥɟ "config.txt" ɩɪɨɝɪɚɦɦɵ godunovMatrix 

ɭɤɚɡɵɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ, ɫ ɤɨɬɨɪɵɦɢ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɪɚɫɱɟɬ ɜ 

ɩɪɨɝɪɚɦɦɟ godunovMatrix. ɉɪɨɝɪɚɦɦɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

 limit – ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ ɜ ɰɢɤɥɟ ɆɋȽ; 

 Godunov_matrix_dim – ɪɚɡɦɟɪɧɨɫɬɶ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ; 

 norm_residual – ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ 

ɝɪɚɞɢɟɧɬɚ ɜ ɬɨɱɤɟ x; 

 mantissa – ɡɧɚɱɟɧɢɟ ɦɚɧɬɢɫɫɵ ɞɥɹ ɬɢɩɚ ɞɚɧɧɵɯ BigFloat, 

ɭɤɚɡɵɜɚɟɬɫɹ ɜ ɛɢɬɚɯ (ɦɚɧɬɢɫɫɚ, ɫ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɜ 

ɚɥɝɨɪɢɬɦɟ ɆɋȽ); 

 mantissa_out – ɡɧɚɱɟɧɢɟ ɦɚɧɬɢɫɫɵ ɞɥɹ ɬɢɩɚ ɞɚɧɧɵɯ BigFloat, 

ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɡɧɚɤɨɜ ɩɨɫɥɟ ɡɚɩɹɬɨɣ 

ɩɪɢ ɡɚɩɢɫɢ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɮɚɣɥ; 
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 pathResult – ɩɭɬɶ ɞɨ ɤɚɬɚɥɨɝɚ, ɝɞɟ ɛɭɞɭɬ ɯɪɚɧɢɬɶɫɹ ɮɚɣɥɵ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ. 

ɋɨɞɟɪɠɚɧɢɟ ɮɚɣɥɚ config.txt ɧɚ ɪɢɫɭɧɤɟ 2. 

 

1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

17 

# ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ 
limit = 100 

 

# ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɬɪɢɰɵ Ƚɨɞɭɧɨɜɚ 
Godunov_matrix_dim = 200 

 

# ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ ɝɪɚɞɢɟɧɬɚ ɜ ɬɨɱɤɟ 
norm_residual = 1e-500 

 

# ɦɚɧɬɢɫɫɚ 
mantissa = 2000 

 

# ɦɚɧɬɢɫɫɚ ɩɪɢ ɡɚɩɢɫɢ ɜɟɤɬɨɪɚ X ɜ ɮɚɣɥ 
mantissa_out = 2000 

 

# ɩɭɬɶ ɤ ɤɚɬɚɥɨɝɭ ɞɥɹ ɜɵɜɨɞɚ ɪɟɡɭɥɶɬɚɬɨɜ 
pathResult = /home/8ulia8y/8ulia_conj 

Ɋɢɫɭɧɨɤ 2 – ɫɨɞɟɪɠɢɦɨɟ ɮɚɣɥɚ config.txt 

 

1.2 Ƚɥɚɜɧɚɹ ɱɚɫɬɶ ɩɪɨɝɪɚɦɦɵ 

 

Ɏɚɣɥ godunovMatrix.jl ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɨɣ ɱɚɫɬɶɸ ɩɪɨɝɪɚɦɦɵ. ȼ ɧɟɦ 

ɩɪɨɢɫɯɨɞɢɬ ɫɨɡɞɚɧɢɟ ɢ ɡɚɩɨɥɧɟɧɢɟ ɦɚɬɪɢɰɵ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ, ɪɚɫɱɟɬ 

ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɦɟɬɨɞɨɦ ɫɨɩɪɹɠɟɧɵ ɝɪɚɞɢɟɧɬɨɜ, ɪɚɫɱɟɬ ɪɟɲɟɧɢɹ ɋɅȺɍ 

Ƚɨɞɭɧɨɜɚ ɫɩɟɰɢɚɥɶɧɵɦɢ ɮɨɪɦɭɥɚɦɢ ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɜɨɞ ɪɟɡɭɥɶɬɚɬɨɜ ɜ 

ɮɚɣɥɵ. 

ȼ ɧɚɱɚɥɟ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ (ɮɪɚɝɦɟɧɬ ɤɨɞɚ ɧɚ ɪɢɫɭɧɤɟ 3) ɩɪɨɢɫɯɨɞɢɬ 

ɡɚɩɭɫɤ ɬɚɣɦɟɪɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɝɪɚɦɦɚ ɨɩɪɟɞɟɥɹɟɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɚɬɚɥɨɝɚ, ɜ 

ɤɨɬɨɪɨɦ ɩɪɨɝɪɚɦɦɚ ɛɵɥɚ ɡɚɩɭɳɟɧɚ ɢ ɩɨɞɤɥɸɱɚɟɬɫɹ ɮɚɣɥ readFile.jl, ɜ ɧɟɦ 

ɩɪɨɢɫɯɨɞɢɬ ɫɱɢɬɵɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɝɪɚɦɦɵ ɢɡ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɝɨ ɮɚɣɥɚ 

config.txt.  

ɋɨɞɟɪɠɢɦɨɟ ɦɨɞɭɥɹ readFile.jl ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 
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1 

2 

3 

4 

5 

6 

7 

8 

tic()  #ɡɚɩɭɫɤ ɬɚɣɦɟɪɚ 
 

path = @__FILE__           # @__FILE__  - ɜɨɡɜɪɚɳɚɟɬ ɩɭɬɶ ɞɨ ɢɫɩɨɥɧɹɟɦɨɝɨ        
                           # ɮɚɣɥɚ godunovMatrix.jl. 
path = dirname(path)       # dirname() ɜɨɡɜɪɚɳɚɟɬ ɩɭɬɶ ɞɨ ɞɢɪɢɤɬɨɪɢɢ ɜ                  
                           # ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɮɚɣɥ, ɭɤɚɡɵɜɚɟɦɵɣ ɜ path. 
Include(string(path,”/readFile.jl”)) # ȼɵɩɨɥɧɟɧɢɟ ɦɨɞɭɥɹ readfile.jl. 
set_bigfloat_precision(mantissa) # Уɫɬɚɧɨɜɤɚ ɜɟɥɢɱɢɧɵ ɦɚɧɬɢɫɫɵ BigFloat. 

Ɋɢɫɭɧɨɤ 3 – Ɏɪɚɝɦɟɧɬ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ godunovMatrix 

 

ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɢɦɟɟɦ ɫɥɟɞɭɸɳɢɟ ɩɟɪɟɦɟɧɧɵɟ: 

 path — ɩɭɬɶ ɞɨ ɤɚɬɚɥɨɝɚ ɫ ɩɪɨɝɪɚɦɦɨɣ (ɬɢɩ String); 

 norm_residual — ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ 

ɝɪɚɞɢɟɧɬɚ (ɬɢɩ Float64);  

 limit — ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ (Int64); 

 Godunov_matrix_dim — ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɬɪɢɰɵ Ƚɨɞɭɧɨɜɚ (ɬɢɩ 

Int64);  

 mantissa — ɜɟɥɢɱɢɧɚ ɦɚɧɬɢɫɫɵ BigFloat, ɫ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɹɬ 

ɪɚɫɱɟɬɵ ɜ ɩɪɨɝɪɚɦɦɟ (ɬɢɩ Int64);  

 mantissa_out — ɜɟɥɢɱɢɧɚ ɦɚɧɬɢɫɫɵ BigFloat, ɫ ɤɨɬɨɪɨɣ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɢɫɶ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɮɚɣɥɵ (ɬɢɩ Int64); 

 pathResult — ɩɭɬɶ ɞɨ ɤɚɬɚɥɨɝɚ, ɜ ɤɨɬɨɪɵɣ ɛɭɞɭɬ ɡɚɩɢɫɚɧɵ 

ɪɟɡɭɥɶɬɚɬɵ (ɬɢɩ String). 

ȼɜɨɞɢɬɫɹ ɮɭɧɤɰɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɤɜɚɞɪɚɬɚ ɧɨɪɦɵ ɜɟɤɬɨɪɚ norma(). 

Ɏɭɧɤɰɢɹ norma() ɩɪɢɧɢɦɚɟɬ ɜɟɤɬɨɪ ɢ ɜɨɡɜɪɚɳɚɟɬ ɱɢɫɥɨ ɬɢɩɚ BigFloat. 

Ɏɪɚɝɦɟɧɬ ɧɚ ɪɢɫɭɧɤɟ 4. 

 

11 

12 

13 

14 

15 

16 

17 

function norma(x)               

  result = big(0.0)                       # Пɟɪɟɦɟɧɧɨɣ result ɩɪɢɫɜɚɢɜɚɟɬɫɹ                      
                                          # ɬɢɩ BigFloat. 
  X = x.^2         # ȼɫɟ ɷɥɟɦɟɧɬɵ ɜɟɤɬɨɪɚ ɜɨɡɜɨɞɹɬɫɹ ɜ ɤɜɚɞɪɚɬ.              
  Result = sum(x)  # ȼɫɟ ɷɥɟɦɟɧɬɵ ɜɟɤɬɨɪɚ ɫɭɦɦɢɪɭɸɬɫɹ. 
  Return result    # ɮɭɧɤɰɢɹ ɜɨɡɜɪɚɳɚɟɬ ɩɟɪɟɦɟɧɧɭɸ result. 
End 

Ɋɢɫɭɧɨɤ 4 – Ɏɪɚɝɦɟɧɬ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ godunovMatrix 
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ɇɚ ɫɥɟɞɭɸɳɟɦ ɭɱɚɫɬɤɟ ɤɨɞɚ ɫɨɡɞɚɟɬɫɹ ɦɚɬɪɢɰɚ A ɪɚɡɦɟɪɧɨɫɬɶɸ n*n ɢ 

ɜɟɤɬɨɪ B ɪɚɡɦɟɪɧɨɫɬɶɸ n. Ɇɚɬɪɢɰɚ A ɢ ɜɟɤɬɨɪ B ɡɚɩɨɥɧɹɸɬɫɹ ɱɢɫɥɚɦɢ ɬɢɩɚ 

BigFloat ɬɚɤ, ɱɬɨ A ɹɜɥɹɟɬɫɹ ɥɟɜɨɣ ɢ B ɩɪɚɜɨɣ ɱɚɫɬɶɸ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ Ƚɨɞɭɧɨɜɚ. ɋɨɡɞɚɟɬɫɹ ɜɟɤɬɨɪ real_result ɪɚɡɦɟɪɧɨɫɬɶɸ n, ɢ 

ɡɚɩɨɥɧɹɟɬɫɹ ɱɢɫɥɚɦɢ ɬɢɩɚ BigFloat. ɉɨ ɮɨɪɦɭɥɚɦ ɞɥɹ ɢɡɜɟɫɬɧɨɝɨ ɪɟɲɟɧɢɹ 

ɫɢɫɬɟɦɵ Ƚɨɞɭɧɨɜɚ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ real_result. 

Ɉɩɢɫɵɜɚɟɦɵɣ ɭɱɚɫɬɨɤ ɤɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 5. 

 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

n = Godunov_matrix_dim    

A = fill(big(0e0),n,n)  # Ɇɚɬɪɢɰɚ A ɪɚɡɦɟɪɧɨɫɬɢ n*n ɬɢɩɚ BigFloat ɫɨɡɞɚɟɬɫɹ 
                       # ɮɭɧɤɰɢɟɣ fill() ɢ ɡɚɩɨɥɧɹɟɬɫɹ ɧɭɥɟɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. 
B = Array(BigFloat, n) # ȼɟɤɬɨɪ B – ɦɚɫɫɢɜ ɪɚɡɦɟɪɧɨɫɬɢ n ɬɢɩɚ BigFloat. 
for i in 1:1:n 

  A[i,i] = big"7.0"/5  # Зɚɩɨɥɧɟɧɢɟ ɞɢɚɝɨɧɚɥɟɣ ɦɚɬɪɢɰɵ A, ɤɚɤ ɥɟɜɚɹ ɱɚɫɬɶ 
                       # СɅАУ Ƚɨɞɭɧɨɜɚ.  
end 

for i in 1:1:(n-1) 

 A[i,i+1] = big"11.0"/3 

end 

for i in 1:1:(n-2)   #Зɚɩɨɥɧɟɧɢɟ ɜɟɤɬɨɪɚ B, ɤɚɤ ɩɪɚɜɚɹ ɱɚɫɬɶ СɅАУ Ƚɨɞɭɧɨɜɚ 
 B[i] = (152*i+118) 

 B[i] = B[i]/(15*(2*i+1)*(2*i+3)) 

end 

B[n] = 7 

B[n] = B[n]/(5*(2*n+1)) 

B[n-1] = (152*n-34) 

B[n-1] = B[n-1]/(15*(2*n-1)*(2*n+1)) 

real_result = Array(BigFloat, n) # real_result - ɜɟɤɬɨɪ, ɪɟɲɟɧɢɟ ɦɚɬɪɢɰɵ  
                                 # Ƚɨɞɭɧɨɜɚ. 
for i in 1:1:(n-2)  # Зɚɩɨɥɧɟɧɢɟ ɜɟɤɬɨɪɚ real_result ɩɨ ɮɨɪɦɭɥɟ ɞɥɹ  
                    # ɢɡɜɟɫɬɧɨɝɨ ɪɟɲɟɧɢɹ СɅАУ Ƚɨɞɭɧɨɜɚ. 
  real_result[i] = big(1e0)/(2*i+1) 

end 

real_result[n-1] = big(1e0)/(2*n-1) 

real_result[n] = big(1e0)/(2*n+1) 

Ɋɢɫɭɧɨɤ 5 – Ɏɪɚɝɦɟɧɬ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ godunovMatrix 

 

ɉɪɢɦɟɱɚɧɢɟ: ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɞɪɨɛɧɵɯ ɱɢɫɟɥ ɜ BigFloat, ɫɥɟɞɭɟɬ 

ɫɧɚɱɚɥɚ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɱɢɫɥɢɬɟɥɶ ɜ BigFloat ɢ ɬɨɥɶɤɨ ɩɨɬɨɦ ɞɟɥɢɬɶ ɧɚ 

ɡɧɚɦɟɧɚɬɟɥɶ. ɉɪɢɦɟɪ: big(1)/3. Еɫɥɢ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɩɨ-ɞɪɭɝɨɦɭ big(1/3), ɬɨ 



11 
 

ɞɪɨɛɶ 1/3 ɛɭɞɟɬ ɩɨɫɱɢɬɚɧɚ ɜ ɮɨɪɦɚɬɟ Float64 ɫ ɦɚɧɬɢɫɫɨɣ 53 ɛɢɬɚ, ɢ ɩɪɢ 

ɤɨɧɜɟɪɬɢɪɨɜɚɧɢɢ ɜ BigFloat, ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɚɧɬɢɫɫɨɣ ɛɨɥɶɲɟɣ, ɱɟɦ 53 

ɛɢɬɚ, ɱɢɫɥɨ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɟɤɨɪɪɟɤɬɧɨ. 

 

Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɚɥɝɨɪɢɬɦ ɆɋȽ (ɪɢɫɭɧɨɤ 6). 

 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

x = fill(big(0.0e),n) 

p = A'*(B-A*x) 

s=p 

y=norma(s) 

k = 0 

while(y> norm_residual && k<limit) 

  q = A*p 

  a = y/norma(q) 

  x = x + a*p 

  s = s - a*A'*q 

  y1 = norma(s) 

  b = y1/y 

  p = s + b*p 

  k=k+1 

  y=y1 

end 

display(convert(Array{Float64},x)) 

Ɋɢɫɭɧɨɤ 6 – Ɏɪɚɝɦɟɧɬ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ godunovMatrix 

 

ɇɚ ɭɱɚɫɬɤɟ ɤɨɞɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 6, ɫɱɟɬɱɢɤ k (ɬɢɩ Int64) 

ɨɬɫɱɢɬɵɜɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ, ɩɨɤɚ ɧɟ ɞɨɫɬɢɝɧɟɬ ɡɧɚɱɟɧɢɹ limit (ɬɢɩ 

Int64) ɢ, ɩɨ ɞɨɫɬɢɠɟɧɢɸ, ɩɪɟɪɵɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɰɢɤɥɚ while. 

ɉɪɨɝɪɚɦɦɚ, ɩɨɫɥɟ ɜɵɯɨɞɚ ɢɡ ɰɢɤɥɚ, ɨɬɨɛɪɚɠɚɟɬ ɜ ɤɨɧɫɨɥɢ ɜɟɤɬɨɪ x — 

ɩɨɥɭɱɟɧɧɨɟ ɪɟɲɟɧɢɟ ɦɟɬɨɞɨɦ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ. 

Ʉɨɦɚɧɞɚ display() ɨɬɨɛɪɚɠɚɟɬ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ ɜ ɤɨɧɫɨɥɢ. 

Ɏɭɧɤɰɢɹ display() ɧɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɢɩ BigFloat. ɉɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ 

ɤɨɧɜɟɪɬɢɪɨɜɚɬɶ ɦɚɫɫɢɜ ɢɡ BigFloat ɜ Float64. 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɭɱɚɫɬɤɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɜɟɪɤɚ, ɫɭɳɟɫɬɜɭɟɬ ɥɢ ɤɚɬɚɥɨɝ, 

ɭɤɚɡɚɧɧɵɣ ɜ pathResult. ȿɫɥɢ ɤɚɬɚɥɨɝ ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɬɨ ɮɭɧɤɰɢɹ mkpath() 

ɫɨɡɞɚɟɬ ɜɫɟ ɤɚɬɚɥɨɝɢ, ɭɤɚɡɚɧɧɵɟ ɜ pathResult. ȼ ɩɟɪɟɦɟɧɧɭɸ difference 
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ɡɚɩɢɫɵɜɚɟɬɫɹ ɪɚɡɧɨɫɬɶ ɜɟɤɬɨɪɨɜ x ɢ real_result. ɍɱɚɫɬɨɤ ɩɪɨɝɪɚɦɦɵ 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 7. 

 

64 

65 

66 

67 

68 

if !(isdir(pathResult)) 

mkpath(pathResult)         # Сɨɡɞɚɧɢɟ ɞɢɪɟɤɬɨɪɢɢ result ɜ ɫɥɭɱɚɟ 
                           # ɟё ɨɬɫɭɬɫɬɜɢɹ. 
end 
difference = x-real_result 

Ɋɢɫɭɧɨɤ 7 – Ɏɪɚɝɦɟɧɬ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ godunovMatrix 

 

ɍɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɞɥɹ ɦɚɧɬɢɫɫɵ BigFloat ɪɚɜɧɨɟ mantissa_out. 

Ɂɧɚɱɟɧɢɟ ɦɚɧɬɢɫɫɵ mantissa_out (ɦɟɧɶɲɟ, ɱɟɦ ɜɟɥɢɱɢɧɚ ɦɚɧɬɢɫɫɵ, 

ɯɪɚɧɹɳɟɣɫɹ ɜ ɩɟɪɟɦɟɧɧɨɣ mantissa) ɧɭɠɧɨ, ɱɬɨɛɵ ɩɪɢ ɡɚɩɢɫɢ ɪɟɡɭɥɶɬɚɬɨɜ ɜ 

ɮɚɣɥɵ, ɱɢɫɥɚ ɜɵɝɥɹɞɟɥɢ ɛɨɥɟɟ ɧɚɝɥɹɞɧɨ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɪɨɝɪɚɦɦɚ ɩɪɨɢɡɜɨɞɢɬ ɜɵɱɢɫɥɟɧɢɹ ɫ ɦɚɧɬɢɫɫɨɣ mantissa, ɚ ɡɚɩɢɫɵɜɚɟɬ ɜ 

ɮɚɣɥɵ ɫ ɦɚɧɬɢɫɫɨɣ mantissa_out. 

ɂɡɦɟɧɟɧɢɟ ɦɚɧɬɢɫɫɵ ɧɟ ɡɚɬɪɚɝɢɜɚɟɬ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɟɪɟɦɟɧɧɵɟ, 

ɩɨɷɬɨɦɭ ɤ ɜɟɤɬɨɪɚɦ ɬɢɩɚ BigFloat ɩɪɢɛɚɜɥɹɟɬɫɹ ɢ ɜɵɱɢɬɚɟɬɫɹ ɟɞɢɧɢɰɚ. 

Ɏɪɚɝɦɟɧɬ ɩɪɨɝɪɚɦɦɵ ɧɚ ɪɢɫɭɧɤɟ 8. 

 

71 

72 

73 

74 

set_bigfloat_precision(mantissa_out) 

x=x+1-1 

real_result = real_result+1-1 

difference = difference+1-1 

Ɋɢɫɭɧɨɤ 8 – Ɏɪɚɝɦɟɧɬ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ godunovMatrix 

 

Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚɩɢɫɶ ɪɟɡɭɥɶɬɚɬɨɜ ɜ ɮɚɣɥɵ (ɭɱɚɫɬɨɤ ɩɪɨɝɪɚɦɦɵ ɧɚ 

ɪɢɫɭɧɤɟ 9). 

Ɏɭɧɤɰɢɹ writedlm() ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɡɚɩɢɫɢ ɦɚɫɫɢɜɨɜ ɜ ɮɚɣɥ, 

ɫɬɨɥɛɰɵ ɨɬɞɟɥɹɸɬɫɹ ɪɚɡɞɟɥɢɬɟɥɟɦ «\t». Ɏɭɧɤɰɢɹ ɧɟ ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɢɩ 

ɞɚɧɧɵɯ BigFloat, ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɱɢɫɥɨ ɜ ɫɬɪɨɤɭ ɮɭɧɤɰɢɟɣ 

string(). ɉɨɥɭɱɟɧɧɚɹ ɫɬɪɨɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: ɬɟɤɫɬ 

«BigFloat», ɤɜɚɞɪɚɬɧɵɟ ɫɤɨɛɤɢ, ɜ ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ ɩɟɪɟɱɢɫɥɹɸɬɫɹ 
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ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ, ɡɚɩɢɫɚɧɧɵɟ ɱɟɪɟɡ «,». ɉɪɢɦɟɪ: «BigFloat[1.1e-1,2.5e-

1,3.4e-1]». ɉɨɷɬɨɦɭ ɨɬ ɫɬɪɨɤɢ ɛɟɪɭɬɫɹ ɬɨɥɶɤɨ ɫɢɦɜɨɥɵ ɫ ɞɟɫɹɬɨɝɨ ɩɨ 

ɩɪɟɞɩɨɫɥɟɞɧɢɣ. Ɏɭɧɤɰɢɹ split() ɪɚɡɞɟɥɹɟɬ ɫɬɪɨɤɭ ɧɚ ɦɚɫɫɢɜ ɫɬɪɨɤ, ɢɫɩɨɥɶɡɭɹ 

ɜ ɤɚɱɟɫɬɜɟ ɪɚɡɞɟɥɢɬɟɥɹ ɫɢɦɜɨɥ «,». ɉɨɥɭɱɟɧɧɵɣ ɦɚɫɫɢɜ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɮɚɣɥ. 

Ⱦɥɹ ɡɚɩɢɫɢ ɞɜɭɯ ɢ ɛɨɥɟɟ ɦɚɫɫɢɜɨɜ ɜ ɨɞɢɧ ɮɚɣɥ ɜ ɮɭɧɤɰɢɢ writedlm() ɜ 

ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ ɱɟɪɟɡ ɩɪɨɛɟɥ ɭɤɚɡɵɜɚɸɬɫɹ ɜɟɤɬɨɪɵ. 

 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

file = open(string(pathResult, "/resultX.txt"), "w") 

writedlm(file, split(string(x)[10:end-1],",")) 

close(file) 

 

file = open(string(pathResult, "/resultDifference.txt"), "w") 

writedlm(file, split(string(difference)[10:end-1],",")) 

close(file) 

 

file = open(string(pathResult, "/resultCompare.txt"), "w") 

writedlm(file, [split(string(x)[10:end-1],",") 

split(string(real_result)[10:end-1],",")]) 

close(file) 

 

if (k>=limit) 

file = open(string(pathResult, "/log.txt"), "w") 

write(file, string("Пɪɨɝɪɚɦɦɚ ɡɚɜɟɪɲɢɥɚ ɪɚɛɨɬɭ, ɫɪɚɛɨɬɚɥɨ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ 
ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ\n","ȼɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ:\n", "norm_residual = ", 
norm_residual, "\n", "mantissa = ", mantissa, "\n", "Godunov_matrix_dim = 

", Godunov_matrix_dim, "\n", "limit = ", limit )) 

close(file) 

else 

file = open(string(pathResult, "/log.txt"), "w") 

write(file, string("Пɪɨɝɪɚɦɦɚ ɡɚɜɟɪɲɢɥɚ ɪɚɛɨɬɭ, ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ ɝɪɚɞɢɟɧɬɚ 
ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɨɝɨ ɡɧɚɱɟɧɢɹ\n","ȼɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ:\n", "norm_residual 
= ", norm_residual, "\n", "mantissa = ", mantissa, "\n", 

"Godunov_matrix_dim = ", Godunov_matrix_dim, "\n", "limit = ", limit )) 

close(file) 

end  

file = open(string(pathResult, "/resultTime.txt"),"w")  

timer = toc() 

writedlm(file, timer) 

close(file) 

Ɋɢɫɭɧɨɤ 9 – Ɏɪɚɝɦɟɧɬ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ godunovMatrix 
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1.3 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 

 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɫɨɡɞɚɟɬɫɹ ɤɚɬɚɥɨɝ result ɜ ɤɚɬɚɥɨɝɟ, 

ɭɤɚɡɚɧɧɨɦ ɜ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɦ ɮɚɣɥɟ config.txt (ɩɚɪɚɦɟɬɪ pathResult). 

ɉɨ ɨɤɨɧɱɚɧɢɸ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ godunovMatrix ɜ ɤɚɬɚɥɨɝɟ result 

ɫɨɡɞɚɸɬɫɹ ɮɚɣɥɵ: 

 log.txt - ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɨɦ, ɤɚɤ ɡɚɜɟɪɲɢɥɚɫɶ ɪɚɛɨɬɚ 

ɩɪɨɝɪɚɦɦɵ (ɫɪɚɛɨɬɚɥɨ ɥɢ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ) ɢ 

ɫ ɤɚɤɢɦɢ ɜɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɝɪɚɦɦɚ ɛɵɥɚ ɡɚɩɭɳɟɧɚ; 

 resultX.txt - ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɆɋȽ, ɜɟɤɬɨɪ x; 

 resultCompare.txt - ɜɵɜɨɞɢɬ ɜ ɥɟɜɨɦ ɫɬɨɥɛɰɟ ɜɟɤɬɨɪ, ɩɨɥɭɱɟɧɧɵɣ 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɆɋȽ ɩɪɢɦɟɧɟɧɧɨɝɨ ɤ ɋɅȺɍ 

Ƚɨɞɭɧɨɜɚ, ɜ ɩɪɚɜɨɦ ɫɬɨɥɛɰɟ ɪɟɲɟɧɢɟ ɦɚɬɪɢɰɵ Ƚɨɞɭɧɨɜɚ, 

ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɮɨɪɦɭɥɚɦ (ɫɞɟɥɚɧɨ ɞɥɹ ɧɚɝɥɹɞɧɨɝɨ ɫɪɚɜɧɟɧɢɹ); 

 resultDifference.txt - ɪɚɡɧɨɫɬɶ ɜɟɤɬɨɪɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɆɋȽ, ɩɪɢɦɟɧɟɧɧɨɝɨ ɤ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ, ɢ 

ɜɟɤɬɨɪɚ ɪɟɲɟɧɢɹ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɮɨɪɦɭɥɚɦ, ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɦɚɧɬɢɫɫɵ ɧɚ 5 ɛɢɬ; 

 resultTime.txt - ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ (ɜ ɫɟɤɭɧɞɚɯ); 

 maxDiffer.txt - ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨ ɦɨɞɭɥɸ ɱɢɫɥɨ ɢɡ 

resultDifference.txt. 

 

2. ɋɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ godunovMatrix ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɢɩɚ BigFloat ɫ ɩɪɨɝɪɚɦɦɨɣ ɢɫɩɨɥɶɡɭɸщɟɣ ɬɢɩ Float64 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɛɨɥɶɲɢɯ ɫɢɫɬɟɦ ɦɟɬɨɞɨɦ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɛɭɞɟɦ 

ɡɚɞɟɣɫɬɜɨɜɚɬɶ ɱɢɫɥɚ ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɢ. ɇɟɢɡɜɟɫɬɧɨ, ɤɚɤ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɥɢɹɟɬ ɧɚ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ. ɋɪɚɜɧɢɦ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɢɡɦɟɧɢɬɫɹ 

ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ godunovMatrix, ɟɫɥɢ ɢɡɦɟɧɢɬɶ ɬɢɩ ɞɚɧɧɵɯ ɫ 
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BigFloat ɧɚ Float64. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ ɫɨɡɞɚɧɚ ɤɨɩɢɹ ɩɪɨɝɪɚɦɦɵ godunovMatrix, 

ɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɢɩɚ ɞɚɧɧɵɯ BigFloat ɧɚ Float64. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ, ɜɟɥɢɱɢɧɚ ɦɚɧɬɢɫɫɵ BigFloat ɜ ɬɟɫɬɟ ɛɵɥɚ ɪɚɜɧɚ 53 

(ɜɟɥɢɱɢɧɚ ɦɚɧɬɢɫɫɵ ɱɢɫɟɥ Float64 ɪɚɜɧɚ 53). 

Ɋɟɡɭɥɶɬɚɬɵ (dim – ɪɚɡɦɟɪɧɨɫɬɶ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ, norm residual – 

ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ ɝɪɚɞɢɟɧɬɚ, ɜɪɟɦɹ  ɭɤɚɡɚɧɨ ɜ ɫɟɤɭɧɞɚɯ): 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ Float64: 

dim=100 norm residual=1e-300    0.246921085   

dim=200 norm residual=1e-300    0.275622797   

dim=300 norm residual=1e-300    0.28748395   

dim=400 norm residual=1e-300    0.321218262   

ɂɫɩɨɥɶɡɨɜɚɧɢɟ BigFloat, ɜɪɟɦɹ ɭɤɚɡɚɧɨ ɜ ɫɟɤɭɧɞɚɯ: 

dim=100 norm residual=1e-300    1.197221184   

dim=200 norm residual=1e-300    4.242222756   

dim=300 norm residual=1e-300    10.645922959   

dim=400 norm residual=1e-300    18.009307385   

 

ȼɵɜɨɞ: ɢɫɩɨɥɶɡɨɜɚɧɢɟ BigFloat ɡɚɦɟɞɥɹɟɬ ɪɚɛɨɬɭ ɩɪɨɝɪɚɦɦɵ: 

 ɞɥɹ ɪɚɡɦɟɪɧɨɫɬɢ ɦɚɬɪɢɰɵ Ƚɨɞɭɧɨɜɚ 400, ɜ 57 ɪɚɡ; 

 ɞɥɹ ɪɚɡɦɟɪɧɨɫɬɢ ɦɚɬɪɢɰɵ Ƚɨɞɭɧɨɜɚ 300, ɜ 32 ɪɚɡɚ; 

 ɞɥɹ ɪɚɡɦɟɪɧɨɫɬɢ ɦɚɬɪɢɰɵ Ƚɨɞɭɧɨɜɚ 200, ɜ 16 ɪɚɡ; 

 ɞɥɹ ɪɚɡɦɟɪɧɨɫɬɢ ɦɚɬɪɢɰɵ Ƚɨɞɭɧɨɜɚ 100, ɜ 5 ɪɚɡ. 

 

3. Ɋɟɚɥɢɡɚɰɢɹ ɪɚɡɥɢɱɧɵɯ ɜɟɪɫɢɣ ɦɟɬɨɞɚ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ 

 

ȼɨ ɜɪɟɦɹ ɢɡɭɱɟɧɢɹ ɆɋȽ, ɛɵɥɨ ɧɚɣɞɟɧɨ 7 ɪɚɡɥɢɱɧɵɯ ɜɟɪɫɢɣ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɢɡ 3 ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ:  

 Ʉɢɪɟɟɜ ɂ.ȼ. «ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ 

ɦɟɬɨɞɟ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ», 2015 [3]; 
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 Ʉɢɪɟɟɜ ɂ.ȼ. «Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» - Ʉɪɚɫɧɨɹɪɫɤ, 

2011 [2]; 

 ɉɪɟɡɟɧɬɚɰɢɹ ɘ. ɘ. ɍɲɚɤɨɜɚ ɨ ɆɋȽ.  

ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ, ɟɫɬɶ ɥɢ ɫɪɟɞɢ ɧɢɯ ɨɞɢɧɚɤɨɜɵɟ, ɢ ɩɪɨɜɟɫɬɢ 

ɫɪɚɜɧɟɧɢɟ ɦɟɠɞɭ ɫɨɛɨɣ ɜɫɟɯ ɜɟɪɫɢɣ ɩɨ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɵ ɢ ɦɚɤɫɢɦɚɥɶɧɨɦɭ 

ɨɬɤɥɨɧɟɧɢɸ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɨɬ ɢɡɜɟɫɬɧɨɝɨ ɪɟɲɟɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɫɬɚɧɨɜɤɢ ɜ ɰɢɤɥɟ ɚɥɝɨɪɢɬɦɚ ɆɋȽ ɞɥɹ ɜɫɟɯ ɜɟɪɫɢɣ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ ɝɪɚɞɢɟɧɬɚ (ɤɚɤ 

ɭɤɚɡɚɧɨ ɜ ɚɥɝɨɪɢɬɦɟ ɧɚ ɪɢɫɭɧɤɟ 1). ɐɢɤɥ ɡɚɜɟɪɲɚɟɬɫɹ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɧɨɪɦɵ 

ɝɪɚɞɢɟɧɬɚ ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ 

ɝɪɚɞɢɟɧɬɚ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɤɪɢɬɟɪɢɣ ɨɫɬɚɧɨɜɤɢ - ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ 

ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ. 

ȼ ɫɬɚɬɶɟ [3] ɨɩɢɫɚɧ ɚɥɝɨɪɢɬɦ ɆɋȽ ɢ ɧɚ ɜɵɛɨɪ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ   ɢ   ɞɚɧɵ ɩɨ 2 ɮɨɪɦɭɥɵ (ɪɢɫɭɧɨɤ 10): 

 

 Ɋɢɫɭɧɨɤ 10 – Ɏɪɚɝɦɟɧɬ ɢɡ ɫɬɚɬɶɢ ɂ. ȼ. Ʉɢɪɟɟɜɚ [3] 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɦɛɢɧɢɪɭɹ ɮɨɪɦɭɥɵ, ɩɨɥɭɱɚɟɦ 4 ɚɥɝɨɪɢɬɦɚ ɆɋȽ. 

ȼ ɩɪɟɡɟɧɬɚɰɢɢ  Ʉɢɪɟɟɜɚ [2] ɛɟɪɟɦ ɬɨɥɶɤɨ ɚɥɝɨɪɢɬɦ ɢɡ 16 ɫɥɚɣɞɚ. 

Ⱥɥɝɨɪɢɬɦ ɢɡ ɩɪɟɡɟɧɬɚɰɢɢ ɍɲɚɤɨɜɚ ɨ ɆɋȽ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 11. 

ȼ ɨɛɨɡɧɚɱɟɧɢɹ ɷɬɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɪɟɲɚɟɬɫɹ ɋɅȺɍ ɜɢɞɚ      , ɝɞɟ E – 

ɩɪɨɢɡɜɨɥɶɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɧɨɫɬɢ N*M, b – ɜɟɤɬɨɪ ɪɚɡɦɟɪɧɨɫɬɢ N. 

ȼ ɚɥɝɨɪɢɬɦɟ ɘ. ɘ. ɍɲɚɤɨɜɚ, ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɰɢɤɥɚ, ɦɚɬɪɢɰɚ A 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ ɜɢɞɟ       . ɇɟ ɪɚɫɫɱɢɬɵɜɚɹ ɡɧɚɱɟɧɢɟ ɦɚɬɪɢɰɵ A, 

ɩɨɞɫɬɚɜɢɦ      ɜ ɚɥɝɨɪɢɬɦ ɜɦɟɫɬɨ ɦɚɬɪɢɰɵ A. Ɍɨɝɞɚ, ɩɨɥɭɱɢɦ ɟɳё ɨɞɧɭ 

ɜɟɪɫɢɸ ɆɋȽ (ɪɢɫɭɧɨɤ 12). 
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Ɋɢɫɭɧɨɤ 11 – ɋɥɚɣɞ ɢɡ ɩɪɟɡɟɧɬɚɰɢɢ ɍɲɚɤɨɜɚ ɨ ɆɋȽ 

 

 

Ɋɢɫɭɧɨɤ 12 – Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɆɋȽ ɍɲɚɤɨɜɚ 

 

ɉɪɨɜɟɞɟɧɵ ɡɚɩɭɫɤɢ ɩɪɨɝɪɚɦɦ godunovMatrix, ɨɬɥɢɱɚɸɳɢɯɫɹ 

ɜɚɪɢɚɧɬɨɦ ɚɥɝɨɪɢɬɦɚ ɆɋȽ, ɢɡɦɟɧɹɹ ɞɥɹ ɤɚɠɞɨɣ ɩɪɨɝɪɚɦɦɵ ɪɚɡɦɟɪɧɨɫɬɶ 

ɋɅȺɍ Ƚɨɞɭɧɨɜɚ, ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ  ɝɪɚɞɢɟɧɬɚ ɢ 

ɜɟɥɢɱɢɧɭ ɦɚɧɬɢɫɫɵ ɱɢɫɟɥ BigFloat. 

Ɉɛɨɡɧɚɱɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɜɵɜɨɞɟ ɪɟɡɭɥɶɬɚɬɨɜ: 
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 dim — ɪɚɡɦɟɪɧɨɫɬɶ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ; 

 norm residual — ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ 

ɝɪɚɞɢɟɧɬɚ (ɫɥɭɠɢɬ ɤɪɢɬɟɪɢɟɦ ɨɫɬɚɧɨɜɤɢ ɜ ɰɢɤɥɟ ɚɥɝɨɪɢɬɦɚ 

ɆɋȽ); 

 mantissa — ɤɨɥɢɱɟɫɬɜɨ ɛɢɬ ɜ ɦɚɧɬɢɫɫɟ ɱɢɫɟɥ ɬɢɩɚ BigFloat. 

ȼɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦ ɭɤɚɡɚɧɨ ɩɨɫɥɟ ɫɥɨɜɚ “timer:” (ɭɤɚɡɵɜɚɟɬɫɹ ɜ 

ɫɟɤɭɧɞɚɯ).  

ɉɪɢɦɟɱɚɧɢɟ: ɟɫɥɢ ɰɟɥɚɹ ɱɚɫɬɶ ɱɢɫɥɚ ɪɚɜɧɚ ɧɭɥɸ, ɧɭɥɶ ɨɩɭɫɤɚɟɬɫɹ. Тɚɤ, 

ɧɚɩɪɢɦɟɪ ɱɢɫɥɨ 0.24 ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ .24 - ɨɫɨɛɟɧɧɨɫɬɶ ɡɚɩɢɫɢ ɜ ɮɚɣɥ ɜ 

Julia. 

1)Ʉɢɪɟɟɜ ɂ.ȼ. «ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ ɦɟɬɨɞɟ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» [3] ɢɫɩɨɥɶɡɨɜɚɧɚ 1 ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɚɥɶɮɚ ɢ 1 

ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɬɚ: 

dim=200 norm residual=1e-500 mantissa=2000 timer: 19.085446518 

dim=100 norm residual=1e-250 mantissa=1000 timer: 3.933407718 

dim=50 norm residual=1e-125 mantissa=500 timer: 1.125106475 

dim=25 norm residual=1e-62 mantissa=250 timer: .832668464  

2)Ʉɢɪɟɟɜ ɂ.ȼ. «ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ ɦɟɬɨɞɟ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» [3] ɢɫɩɨɥɶɡɨɜɚɧɚ 1 ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɚɥɶɮɚ ɢ 2 

ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɬɚ: 

dim=200 norm residual=1e-500 mantissa=2000 timer: 13.131313187 

dim=100 norm residual=1e-250 mantissa=1000 timer: 2.784430227 

dim=50 norm residual=1e-125 mantissa=500 timer: 1.01434431 

dim=25 norm residual=1e-62 mantissa=250 timer: .820628748  

3)Ʉɢɪɟɟɜ ɂ.ȼ. «ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ ɦɟɬɨɞɟ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» [3] ɢɫɩɨɥɶɡɨɜɚɧɚ 2 ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɚɥɶɮɚ ɢ 1 

ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɬɚ: 

dim=200 norm residual=1e-500 mantissa=2000 timer: 19.399853095 

dim=100 norm residual=1e-250 mantissa=1000 timer: 3.990158701 



19 
 

dim=50 norm residual=1e-125 mantissa=500 timer: 1.13305135 

dim=25 norm residual=1e-62 mantissa=250 timer: .827894873  

4)Ʉɢɪɟɟɜ ɂ.ȼ. «ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ ɦɟɬɨɞɟ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» [3] ɢɫɩɨɥɶɡɨɜɚɧɚ 2 ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɚɥɶɮɚ ɢ 2 

ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɬɚ: 

dim=200 norm residual=1e-500 mantissa=2000 timer: 13.295699026 

dim=100 norm residual=1e-250 mantissa=1000 timer: 2.760137909 

dim=50 norm residual=1e-125 mantissa=500 timer: 1.015523375 

dim=25 norm residual=1e-62 mantissa=250 timer: .821944988  

5)ɉɪɟɡɟɧɬɚɰɢɹ Ʉɢɪɟɟɜ ɂ.ȼ. «Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» - 

Ʉɪɚɫɧɨɹɪɫɤ, 2011 [2] — 16 ɫɥɚɣɞ: 

dim=200 norm residual=1e-500 mantissa=2000 timer: 6.694421971 

dim=100 norm residual=1e-250 mantissa=1000 timer: 1.611667973 

dim=50 norm residual=1e-125 mantissa=500 timer: .651669404 

dim=25 norm residual=1e-62 mantissa=250 timer: .533816934  

6)ɋɥɚɣɞɵ ɍɲɚɤɨɜɚ ɨ ɆɋȽ (ɪɢɫɭɧɨɤ 11): 

dim=200 norm residual=1e-500 mantissa=2000 timer: 15.10778447 

dim=100 norm residual=1e-250 mantissa=1000 timer: 3.959465588 

dim=50 norm residual=1e-125 mantissa=500 timer: 2.097025044 

dim=25 norm residual=1e-62 mantissa=250 timer: 1.932025239  

7)Ⱥɥɝɨɪɢɬɦ ɆɋȽ ɍɲɚɤɨɜɚ ɫ ɢɡɦɟɧɟɧɢɹɦɢ (ɪɢɫɭɧɨɤ 12):  

dim=200 norm residual=1e-500 mantissa=2000 timer: 9.927693616 

dim=100 norm residual=1e-250 mantissa=1000 timer: 2.881636564 

dim=50 norm residual=1e-125 mantissa=500 timer: 2.178825141 

dim=25 norm residual=1e-62 mantissa=250 timer: 2.080774947  

ɋɪɚɜɧɢɦ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦ ɞɥɹ ɪɚɡɧɵɯ ɪɚɡɦɟɪɧɨɫɬɟɣ (ɰɢɮɪɵ 

ɭɤɚɡɵɜɚɸɬ ɧɚ ɧɨɦɟɪ ɩɪɨɝɪɚɦɦɵ, ɧɭɦɟɪɚɰɢɹ ɭɤɚɡɚɧɚ ɜɵɲɟ). ȼɜɟɞɟɦ 

ɨɛɨɡɧɚɱɟɧɢɟ: "1<2" ɛɭɞɟɬ ɨɛɨɡɧɚɱɚɬɶ, ɱɬɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 

godunovMatrix ɩɨɞ ɧɨɦɟɪɨɦ 1 ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɩɨɞ 

ɧɨɦɟɪɨɦ 2.  
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Ⱦɥɹ ɤɚɠɞɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɩɨɥɭɱɚɟɦ: 

dim=200 5<7<2<4<6<1<3   

dim=100 5<4<2<7<1<6<3   

dim=50   5<2<4<1<3<6<7   

dim=25   5<2<4<3<1<6<7   

   

ɋɪɚɜɧɟɧɢɟ ɩɪɨɝɪɚɦɦ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɦɨɞɭɥɸ ɨɬɤɥɨɧɟɧɢɹ ɜɟɤɬɨɪɚ, 

ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɆɋȽ, ɩɪɢɦɟɧɟɧɧɨɝɨ ɤ ɋɅȺɍ 

Ƚɨɞɭɧɨɜɚ, ɨɬ ɜɟɤɬɨɪɚ ɪɟɲɟɧɢɹ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ, ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɨ ɮɨɪɦɭɥɚɦ, 

ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɚɧɬɢɫɫɵ ɧɚ 5 ɛɢɬ. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɭɤɚɡɵɜɚɟɬɫɹ ɩɨɫɥɟ ɫɥɨɜɚ “maxDifference:”. 

 

1)Ʉɢɪɟɟɜ ɂ.ȼ. «ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ ɦɟɬɨɞɟ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» [3] ɢɫɩɨɥɶɡɨɜɚɧɚ 1 ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɚɥɶɮɚ ɢ 1 

ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɬɚ: 

dim=200 norm residual=1e-500 mantissa=2000 maxDifference: 8.906e-02 

dim=100 norm residual=1e-250 mantissa=1000 maxDifference: 1.417e-220 

dim=50 norm residual=1e-125 mantissa=500 maxDifference: 1.147e-110 

dim=25 norm residual=1e-62 mantissa=250 maxDifference: 3.455e-56  

2)Ʉɢɪɟɟɜ ɂ.ȼ. «ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ ɦɟɬɨɞɟ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» [3] ɢɫɩɨɥɶɡɨɜɚɧɚ 1 ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɚɥɶɮɚ ɢ 2 

ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɬɚ: 

dim=200 norm residual=1e-500 mantissa=2000 maxDifference: 8.906e-02 

dim=100 norm residual=1e-250 mantissa=1000 maxDifference: 6.978e-220 

dim=50 norm residual=1e-125 mantissa=500 maxDifference: 8.114e-111 

dim=25 norm residual=1e-62 mantissa=250 maxDifference: 4.233e-56  

3)Ʉɢɪɟɟɜ ɂ.ȼ. «ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ ɦɟɬɨɞɟ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» [3] ɢɫɩɨɥɶɡɨɜɚɧɚ 2 ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɚɥɶɮɚ ɢ 1 

ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɬɚ: 
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dim=200 norm residual=1e-500 mantissa=2000 maxDifference: 8.906e-02 

dim=100 norm residual=1e-250 mantissa=1000 maxDifference: 7.440e-220 

dim=50 norm residual=1e-125 mantissa=500 maxDifference: 1.129e-110 

dim=25 norm residual=1e-62 mantissa=250 maxDifference: 3.452e-56  

4)Ʉɢɪɟɟɜ ɂ.ȼ. «ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ ɦɟɬɨɞɟ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» [3] ɢɫɩɨɥɶɡɨɜɚɧɚ 2 ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɚɥɶɮɚ ɢ 2 

ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɛɟɬɚ: 

dim=200 norm residual=1e-500 mantissa=2000 maxDifference: 8.906e-02 

dim=100 norm residual=1e-250 mantissa=1000 maxDifference: 2.404e-219 

dim=50 norm residual=1e-125 mantissa=500 maxDifference: 1.340e-110 

dim=25 norm residual=1e-62 mantissa=250 maxDifference: 2.956e-56  

5)ɉɪɟɡɟɧɬɚɰɢɹ Ʉɢɪɟɟɜ ɂ.ȼ. «Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» - 

Ʉɪɚɫɧɨɹɪɫɤ, 2011 [2] — 16 ɫɥɚɣɞ: 

dim=200 norm residual=1e-500 mantissa=2000 maxDifference: 8.906e-02 

dim=100 norm residual=1e-250 mantissa=1000 maxDifference: 1.586e-219 

dim=50 norm residual=1e-125 mantissa=500 maxDifference: 7.372e-111 

dim=25 norm residual=1e-62 mantissa=250 maxDifference: 2.950e-56  

6)ɋɥɚɣɞɵ ɍɲɚɤɨɜɚ ɨ ɆɋȽ (ɪɢɫɭɧɨɤ 11): 

dim=200 norm residual=1e-500 mantissa=2000 maxDifference: 8.906e-02 

dim=100 norm residual=1e-250 mantissa=1000 maxDifference: 4.108e-220 

dim=50 norm residual=1e-125 mantissa=500 maxDifference: 1.362e-110 

dim=25 norm residual=1e-62 mantissa=250 maxDifference: 5.703e-57  

7)Ⱥɥɝɨɪɢɬɦ ɆɋȽ ɍɲɚɤɨɜɚ ɫ ɢɡɦɟɧɟɧɢɹɦɢ (ɪɢɫɭɧɨɤ 12): 

dim=200 norm residual=1e-500 mantissa=2000 maxDifference: 4.337e-04 

dim=100 norm residual=1e-250 mantissa=1000 maxDifference: 8.638e-04 

dim=50 norm residual=1e-125 mantissa=500 maxDifference: 1.714e-03 

dim=25 norm residual=1e-62 mantissa=250 maxDifference: 3.384e-03  

 

ɋɪɚɜɧɢɦ ɦɚɤɫɢɦɚɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɪɟɲɟɧɢɹ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ ɦɟɬɨɞɨɦ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɨɬ ɪɟɲɟɧɢɹ ɋɅȺɍ  Ƚɨɞɭɧɨɜɚ ɪɚɫcɱɢɬɚɧɧɨɝɨ ɩɨ 
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ɮɨɪɦɭɥɚɦ (ɰɢɮɪɵ ɭɤɚɡɵɜɚɸɬ ɧɚ ɧɨɦɟɪ ɩɪɨɝɪɚɦɦɵ, ɧɭɦɟɪɚɰɢɹ ɭɤɚɡɚɧɚ 

ɜɵɲɟ). 

ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɟ: "1<2" ɛɭɞɟɬ ɨɛɨɡɧɚɱɚɬɶ ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ godunovMatrix ɩɨɞ ɧɨɦɟɪɨɦ 1 ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɨɬɤɥɨɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ ɩɨɞ ɧɨɦɟɪɨɦ 2, ɡɧɚɤɨɦ "=" ɨɛɨɡɧɚɱɢɦ, ɱɬɨ 

ɦɚɤɫɢɦɚɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɫɨɜɩɚɥɢ. Ⱦɥɹ ɤɚɠɞɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɩɨɥɭɱɚɟɦ: 

dim=200 7<1=6=2=3=5=4   

dim=100 1<6<2<3<5<4<7   

dim=50   5<2<3<1<4<6<7   

dim=25   6<5<4<3<1<2<7   

 

ȼɵɜɨɞ: 
ɉɪɨɜɟɞɟɧɧɨɟ ɜɵɲɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɚɥɝɨɪɢɬɦ ɩɨɞ ɧɨɦɟɪɨɦ 

5 ɡɚɬɪɚɱɢɜɚɟɬ ɧɚ ɫɜɨё ɜɵɩɨɥɧɟɧɢɟ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ, ɱɟɦ ɞɪɭɝɢɟ ɚɥɝɨɪɢɬɦɵ. 

ɉɪɢ ɷɬɨɦ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɪɚɡɦɟɪɧɨɫɬɟɣ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ ɚɥɝɨɪɢɬɦ 5 ɭɫɬɭɩɚɟɬ 

ɜ ɬɨɱɧɨɫɬɢ ɞɪɭɝɢɦ ɚɥɝɨɪɢɬɦɚɦ.  

ɇɟɥɶɡɹ ɨɞɧɨɡɧɚɱɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɨɞɢɧ ɚɥɝɨɪɢɬɦ ɥɭɱɲɟ ɞɪɭɝɢɯ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɢ ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɢ ɩɨ ɬɨɱɧɨɫɬɢ ɧɚɯɨɠɞɟɧɢɹ ɪɟɲɟɧɢɹ. 

 

4. ɋɪɚɜɧɟɧɢɟ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ godunovMatrix 
ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɧɚ julia ɫ ɩɪɨɝɪɚɦɦɨɣ ɆɋȽ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɧɚ C++ 

 

Ɋɚɡɪɚɛɨɬɱɢɤɢ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Julia ɭɬɜɟɪɠɞɚɸɬ, ɱɬɨ Julia 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɫɬɭɩɚɟɬ ɜ ɫɤɨɪɨɫɬɢ ɹɡɵɤɭ C++. ɉɪɨɜɟɪɢɦ ɷɬɨ ɜɵɫɤɚɡɵɜɚɧɢɟ 

ɧɚ ɩɪɢɦɟɪɟ ɫɪɚɜɧɟɧɢɹ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɲɟɧɢɹ ɋɅȺɍ 

Ƚɨɞɭɧɨɜɚ ɦɟɬɨɞɨɦ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ. 

ɘ. ɘ. ɍɲɚɤɨɜ ɩɪɟɞɨɫɬɚɜɢɥ ɩɪɨɝɪɚɦɦɭ, ɪɟɚɥɢɡɨɜɚɧɧɭɸ ɧɚ ɹɡɵɤɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C++, ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɨɢɡɜɨɥɶɧɵɯ ɋɅȺɍ ɦɟɬɨɞɨɦ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ. ȼ ɷɬɨɣ ɩɪɨɝɪɚɦɦɟ ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ 

ɬɨɱɧɨɫɬɶɸ long double. 
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ȼ ɩɪɨɝɪɚɦɦɟ godunovMatrix, ɧɚɩɢɫɚɧɧɨɣ ɧɚ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

Julia [5], ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɬɢɩ ɞɚɧɧɵɯ Float64. 

ȼ ɩɪɨɝɪɚɦɦɵ ɩɨɞɫɬɚɜɥɹɥɢɫɶ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ ɨɞɢɧɚɤɨɜɵɯ 

ɪɚɡɦɟɪɧɨɫɬɟɣ (ɋɅȺɍ Ƚɨɞɭɧɨɜɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ). 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɬɟɫɬɨɜ, ɫɧɚɱɚɥɚ ɡɚɩɭɫɤɚɥɚɫɶ ɩɪɨɝɪɚɦɦɚ ɍɲɚɤɨɜɚ ɧɚ 

C++ ɢ ɩɨɫɥɟ, ɜ ɩɪɨɝɪɚɦɦɟ godunovMatrix, ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 

ɢɬɟɪɚɰɢɣ ɜɵɛɢɪɚɥɨɫɶ ɬɚɤɨɟ ɠɟ, ɫɤɨɥɶɤɨ ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɢɬɟɪɚɰɢɣ ɩɪɨɝɪɚɦɦɟ 

ɧɚ C++. 

Julia ɢɫɩɨɥɶɡɭɟɬ JIT (Just-In-Time) ɤɨɦɩɢɥɹɬɨɪ, ɬɨ ɟɫɬɶ ɤɨɞ ɩɪɨɝɪɚɦɦɵ 

ɤɨɦɩɢɥɢɪɭɟɬɫɹ ɜɨ ɜɪɟɦɹ ɢɫɩɨɥɧɟɧɢɹ ɩɪɨɝɪɚɦɦɵ. ɗɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɱɚɫɬɶ 

ɜɪɟɦɟɧɢ ɩɨɫɥɟ ɡɚɩɭɫɤɚ ɩɪɨɝɪɚɦɦɵ ɭɣɞɟɬ ɧɚ ɤɨɦɩɢɥɹɰɢɸ. Ⱥ ɩɪɢ ɩɨɜɬɨɪɧɨɦ 

ɡɚɩɭɫɤɟ ɩɪɨɝɪɚɦɦɵ (ɞɚɠɟ ɫ ɞɪɭɝɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɡɚɩɭɫɤɚ) ɜ ɨɞɧɨɣ 

ɤɨɧɫɨɥɶɧɨɣ ɫɟɫɫɢɢ, ɧɟ ɡɚɤɪɵɜɚɹ ɤɨɧɫɨɥɶ ɫ Julia, ɤɨɦɩɢɥɹɰɢɹ ɤɨɞɚ ɧɟ 

ɩɨɬɪɟɛɭɟɬɫɹ, ɢ ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɦɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶɫɹ. 

Ⱦɚɥɟɟ ɩɨɜɬɨɪɧɵɣ ɩɟɪɟɫɱɟɬ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɜɬɨɪɧɵɣ ɡɚɩɭɫɤ 

ɩɪɨɝɪɚɦɦɵ godunovMatrix.jl ɜ ɬɨɣ ɠɟ ɤɨɧɫɨɥɢ ɧɟ ɡɚɤɪɵɜɚɹ ɤɨɧɫɨɥɶ.   

 

Ɋɟɡɭɥɶɬɚɬɵ (ɜɪɟɦɹ ɭɤɚɡɚɧɨ ɜ ɫɟɤɭɧɞɚɯ):   
 

Ɋɚɡɦɟɪɧɨɫɬɶ 50, ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ 36:  

c++                                   0.001118999999999999986   

Julia                                 2.274982477 

Julia (ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ)     0.020991488 

ɩɪɨɝɪɚɦɦɚ ɧɚ C++ ɡɚɬɪɚɱɢɜɚɟɬ ɜ 2049 ɪɚɡ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɢ ɜ 18,77 

ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ. 

 

Ɋɚɡɦɟɪɧɨɫɬɶ 100, ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ 36: 

c++                                   0.00233000000000000004 

Julia                                 2.353452287 

Julia (ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ)     0.03265142 



24 
 

ɩɪɨɝɪɚɦɦɚ ɧɚ C++ ɡɚɬɪɚɱɢɜɚɟɬ ɜ 1010 ɪɚɡ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɢ ɜ 14,19 

ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ. 

 

Ɋɚɡɦɟɪɧɨɫɬɶ 250, ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ 36: 

c++                                   0.002700000000000000143 

Julia                                 2.317531849 

Julia (ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ)     0.032741284 

ɩɪɨɝɪɚɦɦɚ ɧɚ C++ ɡɚɬɪɚɱɢɜɚɟɬ ɜ 858 ɪɚɡ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɢ ɜ 12 ɩɪɢ 

ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ. 

 

Ɋɚɡɦɟɪɧɨɫɬɶ 500, ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ 36: 

c++                                   0.007844999999999999543 

Julia                                 2.340429235 

Julia (ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ)     0.048053456 

ɩɪɨɝɪɚɦɦɚ ɧɚ C++ ɡɚɬɪɚɱɢɜɚɟɬ ɜ 298 ɪɚɡ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɢ ɜ 6,12 ɩɪɢ 

ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ. 

 

Ɋɚɡɦɟɪɧɨɫɬɶ 1000, ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ 36: 

c++                                   0.0107119999999999993 

Julia                                 2.396075568 

Julia (ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ)     0.102384972 

ɩɪɨɝɪɚɦɦɚ ɧɚ C++ ɡɚɬɪɚɱɢɜɚɟɬ ɜ 223 ɪɚɡ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɢ ɜ 10,2 ɩɪɢ 

ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ. 

 

Ɋɚɡɦɟɪɧɨɫɬɶ 5000, ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ 36: 

c++                                   0.05133700000000000069 

Julia                                 6.638375584 

Julia (ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ)     4.168623977 

ɩɪɨɝɪɚɦɦɚ ɧɚ C++ ɡɚɬɪɚɱɢɜɚɟɬ ɜ 130 ɪɚɡ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ ɢ ɜ 81,25 ɩɪɢ 

ɩɨɜɬɨɪɧɨɦ ɩɟɪɟɫɱɟɬɟ. 
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5. ɍɧɢɜɟɪɫɚɥɶɧɚɹ ɢɧɬɟɪɩɨɥɹɰɢɹ ɨɪɛɢɬ ȽɅɈɇȺɋɋ ɢ GPS ɩɨ 
ɞɚɧɧɵɦ IGS 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɫɩɭɬɧɢɤɨɜ ȽɅɈɇȺɋɋ ɢ GPS 

ɬɟɫɧɨ ɫɜɹɡɚɧɨ ɫ ɪɟɲɟɧɢɟɦ ɛɨɥɶɲɢɯ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ 

ɭɪɚɜɧɟɧɢɣ. ȼ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɬɨɥɶɤɨ ɞɥɹ ɫɩɭɬɧɢɤɨɜ ȽɅɈɇȺɋɋ 

ɜɨɡɧɢɤɚɟɬ ɫɢɫɬɟɦɚ ɢ 30000 ɫɬɪɨɤ ɢ 6 ɧɟɢɡɜɟɫɬɧɵɦɢ. 

ȼ ɫɬɚɬɶɟ ɋ. ɉ. ɐɚɪɟɜɚ ɢ Ⱥ. ɋ. ɉɭɫɬɨɲɢɥɨɜɚ [11] ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɢɫɩɨɥɶɡɭɹ ɬɨɥɶɤɨ 6 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɨɡɢɰɢɣ ɫɩɭɬɧɢɤɨɜ, ɫ ɧɟɤɨɬɨɪɵɦ 

ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɢɧɬɟɪɜɚɥɨɦ ɜɪɟɦɟɧɢ, ɦɨɠɧɨ ɧɚɣɬɢ ɩɨɡɢɰɢɸ ɫɩɭɬɧɢɤɨɜ 

ɜɧɭɬɪɢ ɢɧɬɟɪɜɚɥɚ ɛɨɥɟɟ ɬɨɱɧɨ, ɱɟɦ ɞɪɭɝɢɦɢ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɡɢɰɢɢ ɫɩɭɬɧɢɤɨɜ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɹɜɥɹɟɬɫɹ 

ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɱɚɫɬɶɸ ɜ ɫɩɭɬɧɢɤɨɜɨɣ ɧɚɜɢɝɚɰɢɢ. ɂɧɮɨɪɦɚɰɢɹ ɨ 

ɩɨɥɨɠɟɧɢɢ ɫɩɭɬɧɢɤɨɜ ɨɛɵɱɧɨ ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɬɟɤɫɬɨɜɨɦ ɜɢɞɟ ɜ ɮɨɪɦɚɬɟ SP3, 

ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɤɨɨɪɞɢɧɚɬɵ ɫɩɭɬɧɢɤɨɜ. SP3 ɮɚɣɥɵ ɛɟɪɭɬɫɹ ɢɡ ɰɟɧɬɪɚ IGS 

(International GNSS Service [7]), ɝɞɟ ɤɨɨɪɞɢɧɚɬɵ ɪɚɫɫɱɢɬɚɧɵ c ɩɨɝɪɟɲɧɨɫɬɶɸ 

ɧɟ ɛɨɥɟɟ 2,5 ɫɦ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɫ ɢɧɬɟɪɜɚɥɨɦ ɜ 15 ɦɢɧ. 

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɫɩɭɬɧɢɤɨɜ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɟ ɦɟɬɨɞɵ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ 

ɩɪɚɤɬɢɤɟ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɩɨɥɢɧɨɦ Ʌɚɝɪɚɧɠɚ. ȼ ɫɬɚɬɶɟ [11] ɭɤɚɡɚɧɨ, ɱɬɨ ɜ 

ɷɬɨɦ ɦɟɬɨɞɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɟɜɹɡɤɢ ɫɨɫɬɚɜɥɹɟɬ 6,5 ɦɦ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ 10 ɭɡɥɨɜɵɯ ɬɨɱɟɤ ɢɧɬɟɪɩɨɥɹɰɢɢ, ɱɟɝɨ ɯɜɚɬɚɟɬ ɞɥɹ ɪɟɲɟɧɢɹ 

ɦɧɨɝɢɯ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɪɨɛɥɟɦ.  

Ɇɟɬɨɞɢɤɚ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ ɫɬɚɬɶɟ [11], ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ: 

 ɇɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɵɛɢɪɚɬɶ ɢɧɬɟɪɩɨɥɢɪɭɸɳɭɸ ɮɭɧɤɰɢɸ. 

Ɂɞɟɫɶ ɮɭɧɤɰɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɚɞɚɩɬɢɪɭɟɬɫɹ ɤ ɥɸɛɨɣ ɨɪɛɢɬɟ ɢɥɢ 

ɜɪɟɦɟɧɧɨɦɭ ɪɹɞɭ; 
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 ɇɟɞɨɫɬɚɬɨɤ ɦɟɬɨɞɢɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ. 

ȼ ɫɬɚɬɶɟ [11] ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɞɥɹ ɨɞɧɨɣ ɰɟɥɟɜɨɣ ɬɨɱɤɢ 

ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ.  

Ɇɟɬɨɞɢɤɚ [11] ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɢɡɜɟɫɬɧɨɣ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɣ ɮɨɪɦɭɥɟ 

Ʌɚɝɪɚɧɠɚ: 
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
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ii )t̂(a)x(t)t̂L( ,     (1) 

 

ɝɞɟ )t̂L(  - ɢɧɬɟɪɩɨɥɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ ɞɥɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ 

t̂ ; )x(ti  - ɩɨɡɢɰɢɢ ɫɩɭɬɧɢɤɚ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ it , i=1.. n; n – ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ 

ɢɧɬɟɪɩɨɥɹɰɢɢ; 
 


n

ik1,k ki

k
i tt

t-t̂
)t̂(a . 

Ɉɬ ɜɢɞɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ )t̂(a i  ɜ ɮɨɪɦɭɥɟ (1) ɡɚɜɢɫɢɬ, ɤɚɤɨɣ ɫɩɨɫɨɛ 

ɢɧɬɟɪɩɨɥɹɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ (ɩɨɥɢɧɨɦɢɚɥɶɧɚɹ, ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɚɹ ɢɥɢ 

ɤɚɤɚɹ-ɥɢɛɨ ɞɪɭɝɚɹ ɢɧɬɟɪɩɨɥɹɰɢɹ) [4, 6, 9, 13,14]. 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ [11], ɮɢɤɫɢɪɭɟɦ n ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ 

it  (i=1..n) ɢɡ SP3 ɮɚɣɥɨɜ ɢ ɰɟɥɟɜɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t̂  = jt  (ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜ 

ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɪɚɫɱɟɬ ɤɨɨɪɞɢɧɚɬɵ) ɜ ɢɧɬɟɪɜɚɥɟ ɦɟɠɞɭ it . Ɍɨɝɞɚ 

ɩɨɥɭɱɢɦ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɣ ɲɚɛɥɨɧ ɢɡ n ɬɨɱɟɤ it  ɢ ɰɟɥɟɜɨɣ 

ɬɨɱɤɢ jt . ɋ ɭɱɟɬɨɦ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ, ɞɥɹ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ )t̂(a i  ɦɨɠɧɨ ɨɩɭɫɬɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ t̂  ɢ ɬɨɝɞɚ, ɜɧɟɫɹ ɜ (1) 

)ε(t j  - ɜɟɥɢɱɢɧɭ ɯɚɪɚɤɬɟɪɢɡɭɸɳɭɸ ɧɟɜɹɡɤɭ ɞɥɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ jt , (1) 

ɡɚɩɢɲɟɦ ɜ ɜɢɞɟ: 
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



n

1i
jiij )ε(t)x(ta)(tx ,     (2) 

 

ɝɞɟ ia  ɧɟɢɡɜɟɫɬɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, )x(t i  – ɤɨɨɪɞɢɧɚɬɚ ɫɩɭɬɧɢɤɚ ɢɡ SP3 ɮɚɣɥɚ 

ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ it ; )(tx j  - ɰɟɥɟɜɚɹ ɤɨɨɪɞɢɧɚɬɚ (ɜ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ 

ɫɩɭɬɧɢɤ ɜ ɰɟɥɟɜɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ jt ); )ε(t j  - ɧɟɢɡɜɟɫɬɧɚɹ ɜɟɥɢɱɢɧɚ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɧɟɜɹɡɤɭ ɢɧɬɟɪɩɨɥɹɰɢɢ ɞɥɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ jt . 

 Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ia ɢ ɧɟɜɹɡɤɢ )ε(t j  ɩɨɧɚɞɨɛɢɬɫɹ, ɤɚɤ 

ɦɢɧɢɦɭɦ, n+1 ɭɪɚɜɧɟɧɢɟ. Ʉɚɤ ɭɤɚɡɚɧɨ ɜ ɫɬɚɬɶɟ [11], ɫɞɟɥɚɟɦ ɫɞɜɢɝ ɜɨ 

ɜɪɟɦɟɧɢ ɞɥɹ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ ɫ ɲɚɝɨɦ 900 ɫɟɤɭɧɞ. ɉɪɢ ɷɬɨɦ ɦɵ 

ɫɱɢɬɚɟɦ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ia  ɧɟ ɢɡɦɟɧɹɸɬɫɹ. ɋɨɜɟɪɲɢɜ m ɬɚɤɢɯ ɫɞɜɢɝɨɜ, 

ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ: 
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Ⱥ. ɋ. ɉɭɫɬɨɲɢɥɨɜ ɩɪɟɞɨɫɬɚɜɢɥ ɩɪɨɝɪɚɦɦɭ (ɧɚ ɹɡɵɤɟ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Julia [5]), ɤɨɬɨɪɚɹ ɫɱɢɬɵɜɚɟɬ ɤɨɨɪɞɢɧɚɬɵ ɢɡ ɮɚɣɥɨɜ, 

ɫɨɞɟɪɠɚɳɢɯ ɤɨɨɪɞɢɧɚɬɵ ɫɩɭɬɧɢɤɨɜ, ɢ ɩɨɞɝɨɬɚɜɥɢɜɚɟɬ ɢɯ ɤ ɩɨɫɥɟɞɭɸɳɟɦɭ 

ɪɟɲɟɧɢɸ ɫɢɫɬɟɦɵ (3) ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɢɡɜɟɫɬɧɵɯ ia  ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ 

ɤɜɚɞɪɚɬɨɜ. Ɋɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬ ɞɥɹ ɭɡɥɨɜ ɢɧɬɟɪɩɨɥɹɰɢɢ ɫ ɲɚɝɨɦ 15 ɦɢɧ., ɚ 

ɰɟɥɟɜɚɹ ɬɨɱɤɚ ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɫ ɲɚɝɨɦ 5 ɦɢɧɭɬ ɨɬ 1 ɬɨɱɤɢ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ 

ɲɚɛɥɨɧɚ. ɉɪɨɝɪɚɦɦɚ ɛɵɥɚ ɩɟɪɟɩɢɫɚɧɚ ɬɚɤ, ɱɬɨɛɵ ɨɧɚ ɫɱɢɬɵɜɚɥɚ ɤɨɨɪɞɢɧɚɬɵ 

ɢɡ ɮɚɣɥɨɜ ɫ ɲɚɝɨɦ 1 ɫɟɤ. Ɍɟɩɟɪɶ ɨɬɫɱɟɬ ɰɟɥɟɜɨɣ ɬɨɱɤɢ ɩɪɨɢɫɯɨɞɢɬ ɫ ɲɚɝɨɦ 1 

ɫɟɤ., ɞɥɹ ɲɚɝɚ ɭɡɥɨɜ ɢɧɬɟɪɩɨɥɹɰɢɢ ɜɜɟɞɟɧɚ ɩɟɪɟɦɟɧɧɚɹ ɢ ɞɨɛɚɜɥɟɧ ɰɢɤɥ ɞɥɹ 

ɩɟɪɟɛɨɪɚ ɰɟɥɟɜɵɯ ɬɨɱɟɤ. ɉɨɞɫɬɚɜɢɜ ɮɚɣɥɵ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɫɩɭɬɧɢɤɨɜ ɜ 

ɩɪɨɝɪɚɦɦɭ, ɩɪɨɝɪɚɦɦɚ ɫɱɢɬɵɜɚɟɬ ɢɯ, ɩɨɞɝɨɬɚɜɥɢɜɚɟɬ ɞɚɧɧɵɟ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ 
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ɤ ɪɟɲɟɧɢɸ ɫɢɫɬɟɦɵ (3), ɪɟɲɚɟɬ ɟё ɢ ɫɨɡɞɚɟɬ ɬɟɤɫɬɨɜɨɣ ɮɚɣɥ, ɫɨɞɟɪɠɚɳɢɣ 

ɧɚɛɨɪ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɦɚɤɫɢɦɭɦ ɨɬ ɧɟɜɹɡɤɢ ɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ 

ɨɬɤɥɨɧɟɧɢɟ (ɋɄɈ) ɧɟɜɹɡɤɢ ɞɥɹ ɤɚɠɞɨɣ ɰɟɥɟɜɨɣ ɬɨɱɤɢ. 

Ɉɞɢɧ ɢɡ ɰɟɧɬɪɨɜ IGS (CODE) ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɤɨɨɪɞɢɧɚɬɵ ɫ ɲɚɝɨɦ 1 ɫɟɤ. 

ȼ ɩɪɨɝɪɚɦɦɭ ɛɵɥɢ ɩɨɞɫɬɚɜɥɟɧɵ ɮɚɣɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɤɨɨɪɞɢɧɚɬɵ ɞɥɹ 

ɫɩɭɬɧɢɤɨɜ ȽɅɈɇȺɋɋ ɡɚ ɩɟɪɢɨɞ 10.03.2017 – 14.03.2017 ɫ ɲɚɝɨɦ 1 ɫɟɤ. ɒɚɝ 

ɞɥɹ ɭɡɥɨɜ ɢɧɬɟɪɩɨɥɹɰɢɢ ɜɵɛɪɚɧ 900 ɫɟɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 

ɩɨɥɭɱɟɧ ɮɚɣɥ, ɫɨɞɟɪɠɚɳɢɣ ɋɄɈ ɧɟɜɹɡɤɢ ɞɥɹ ɤɚɠɞɨɣ ɰɟɥɟɜɨɣ ɬɨɱɤɢ 

ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ. ɉɪɢ ɩɨɦɨɳɢ Julia ɛɵɥ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ ɋɄɈ ɧɟɜɹɡɤɢ ɨɬ ɰɟɥɟɜɨɣ ɬɨɱɤɢ (Ɋɢɫɭɧɨɤ 13). 

 

 

Ɋɢɫɭɧɨɤ 13 – ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ (RMS) ɧɟɜɹɡɤɢ ɞɥɹ 

ɫɩɭɬɧɢɤɨɜ ȽɅɈɇȺɋɋ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɢɡ ɮɚɣɥɨɜ ɰɟɧɬɪɚ IGS CODE 

 

ɇɚ ɪɢɫɭɧɤɟ 13 ɧɚ ɝɪɚɧɢɰɚɯ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ ɧɚɛɥɸɞɚɟɬɫɹ 

ɭɜɟɥɢɱɟɧɢɟ ɋɄɈ ɧɟɜɹɡɤɢ ɜ 3,1 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɤɫɢɦɭɦɚɦɢ ɋɄɈ 
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ɧɟɜɹɡɨɤ ɜ ɫɟɪɟɞɢɧɟ ɲɚɛɥɨɧɚ. ɗɬɨ ɹɜɥɟɧɢɟ ɨɩɢɫɵɜɚɟɬɫɹ ɮɟɧɨɦɟɧɨɦ Ɋɭɧɝɟ. 

ɇɚɢɛɨɥɶɲɟɟ ɋɄɈ ɧɟɜɹɡɤɢ ɜ ɫɟɪɟɞɢɧɟ ɪɚɜɧɨ 2,6 ɦɦ.  

Ɋɢɫɭɧɨɤ 13 ɩɨɞɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɦɟɬɨɞ, ɭɤɚɡɚɧɧɵɣ ɜ ɫɬɚɬɶɟ [11], 

ɩɨɡɜɨɥɹɟɬ ɩɨ 6 ɬɨɱɤɚɦ ɧɚɯɨɞɢɬɶ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɫ ɜɵɫɨɤɨɣ 

ɬɨɱɧɨɫɬɶɸ (ɜ ɫɬɚɬɶɟ [11] ɋɄɈ ɧɟɜɹɡɤɢ ɜ ɫɟɪɟɞɢɧɟ ɲɚɛɥɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 3.88 

ɦɦ ɞɥɹ ɫɩɭɬɧɢɤɨɜ ȽɅɈɇȺɋɋ). 

ȼ ɩɪɨɝɪɚɦɦɭ ɛɵɥɢ ɩɨɞɫɬɚɜɥɟɧɵ ɮɚɣɥɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɨɫɬɚɜɢɥ ɦɧɟ ɘ. 

ɘ. ɍɲɚɤɨɜ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɟɝɨ ɦɟɬɨɞɢɤɟ [12] ɞɥɹ ɫɩɭɬɧɢɤɚ GPS G01 ɡɚ 

2013 ɝɨɞ. Ʉɨɨɪɞɢɧɚɬɵ ɢɡ ɮɚɣɥɨɜ ɢɦɟɸɬ ɲɚɝ 1 ɫɟɤ. ɒɚɝ ɞɥɹ ɭɡɥɨɜ 

ɢɧɬɟɪɩɨɥɹɰɢɢ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ 900 ɫɟɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ, 

ɩɨɥɭɱɟɧ ɮɚɣɥ, ɫɨɞɟɪɠɚɳɢɣ ɋɄɈ ɧɟɜɹɡɤɢ ɞɥɹ ɤɚɠɞɨɣ ɰɟɥɟɜɨɣ ɬɨɱɤɢ. Ƚɪɚɮɢɤ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ ɋɄɈ ɨɬ ɰɟɥɟɜɨɣ ɬɨɱɤɢ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 14. 

 

 

Ɋɢɫɭɧɨɤ 14 – ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ (RMS) ɧɟɜɹɡɤɢ ɞɥɹ 

ɫɩɭɬɧɢɤɚ GPS G01 ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɢɡ ɮɚɣɥɨɜ ɘ. ɘ. ɍɲɚɤɨɜɚ 
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ɇɚ ɪɢɫɭɧɤɟ 14, ɧɚ ɝɪɚɧɢɰɚɯ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ ɋɄɈ ɧɟɜɹɡɤɢ 

ɜɨɡɪɚɫɬɚɟɬ ɞɨ 3,4 ɦɦ. ɗɬɨ ɹɜɥɟɧɢɟ ɨɩɢɫɵɜɚɟɬɫɹ ɮɟɧɨɦɟɧɨɦ Ɋɭɧɝɟ. 

ɇɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɋɄɈ ɧɟɜɹɡɤɢ ɜ ɫɟɪɟɞɢɧɟ ɲɚɛɥɨɧɚ ɪɚɜɧɨ 1 ɦɦ. 

ȼ ɫɬɚɬɶɟ [11] ɪɚɫɱɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɨɞɧɨɣ ɰɟɥɟɜɨɣ ɬɨɱɤɢ ɜ 

ɫɟɪɟɞɢɧɟ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ. ȼ ɦɨɟɣ ɪɚɛɨɬɟ ɰɟɥɟɜɚɹ ɬɨɱɤɚ 

ɩɟɪɟɛɢɪɚɟɬɫɹ ɫ ɲɚɝɨɦ 1 ɫɟɤ. ɩɨ ɜɫɟɦɭ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɦɭ ɲɚɛɥɨɧɭ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɩɨ ɪɢɫɭɧɤɚɦ 13 ɢ 14 ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɋɄɈ ɧɟɜɹɡɤɢ ɞɥɹ ɤɚɠɞɨɣ 

ɬɨɱɤɢ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ, ɚ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɫɟɪɟɞɢɧɵ. 

 

6. Чɬɟɧɢɟ ɢ ɡɚɩɢɫɶ ɮɚɣɥɨɜ ɜ Julia 

 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɫ ɩɪɨɝɪɚɦɦɨɣ ɞɥɹ ɪɚɫɱɟɬɚ ɧɟɜɹɡɤɢ ɜ ɧɟɤɨɬɨɪɨɣ 

ɰɟɥɟɜɨɣ ɬɨɱɤɟ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ ɩɨ ɦɟɬɨɞɢɤɟ [11], ɛɵɥɨ ɡɚɦɟɱɟɧɨ, 

ɱɬɨ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɡɚɧɢɦɚɟɬ ɫɱɢɬɵɜɚɧɢɟ 

ɤɨɨɪɞɢɧɚɬ ɢɡ ɮɚɣɥɨɜ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɡɚɩɭɫɤɚ ɩɪɨɝɪɚɦɦɵ ɧɭɠɧɨ ɠɞɚɬɶ 

ɨɤɨɧɱɚɧɢɹ ɫɱɢɬɵɜɚɧɢɹ ɮɚɣɥɨɜ. Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɱɢɬɵɜɚɧɢɹ, ɛɵɥɨ 

ɜɵɧɟɫɟɧɨ ɩɪɟɞɥɨɠɟɧɢɟ, ɡɚɩɢɫɵɜɚɬɶ ɜɫɟ ɫɱɢɬɚɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɜ ɨɞɢɧ ɮɚɣɥ, 

ɱɬɨɛɵ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɡɚɩɭɫɤɟ ɩɪɨɝɪɚɦɦɵ ɧɚ ɫɱɢɬɵɜɚɧɢɟ ɭɯɨɞɢɥɨ ɝɨɪɚɡɞɨ 

ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ. Ⱦɥɹ ɷɬɨɝɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɧɭɠɧɨ ɪɚɡɨɛɪɚɬɶɫɹ, ɤɚɤɢɦ 

ɦɟɬɨɞɨɦ ɥɭɱɲɟ ɩɪɨɢɡɜɨɞɢɬɶ ɱɬɟɧɢɟ ɢ ɡɚɩɢɫɶ ɜ Julia.  

 

6.1 ɋɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ɱɬɟɧɢɹ ɢ ɡɚɩɢɫɢ ɜ Julia 

 

ɋɪɚɜɧɢɦ 4 ɜɚɪɢɚɧɬɚ ɱɬɟɧɢɹ ɢ ɡɚɩɢɫɢ ɜ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Julia: 

 write(stream, value) – ɡɚɩɢɫɵɜɚɟɬ ɛɢɧɚɪɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ value ɜ 

ɮɚɣɥ ɭɤɚɡɚɧɧɵɣ ɜ stream. value ɦɨɠɟɬ ɛɵɬɶ ɱɢɫɥɨɦ, ɫɬɪɨɤɨɣ, 

ɦɚɫɫɢɜɨɦ (ɞɚɥɟɟ ɜ ɷɬɨɣ ɪɚɛɨɬɟ ɡɚɩɢɫɵɜɚɟɬɫɹ ɦɚɫɫɢɜ). Ⱦɥɹ ɱɬɟɧɢɹ 

ɩɨɥɭɱɟɧɧɨɝɨ ɮɚɣɥɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɤɨɦɚɧɞɚ read!(stream, mas) – 

ɫɱɢɬɵɜɚɟɬ ɛɢɧɚɪɧɵɣ ɮɚɣɥ, ɭɤɚɡɚɧɧɵɣ ɜ stream, ɢ ɡɚɩɨɥɧɹɟɬ 

ɦɚɫɫɢɜ mas. 
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 writedlm(file, A, delim=' \t'; opts) – ɡɚɩɢɫɶ ɦɚɬɪɢɰɵ A ɜ ɮɚɣɥ file ɜ 

ɮɨɪɦɟ ɬɟɤɫɬɚ ɫ ɪɚɡɞɟɥɢɬɟɥɟɦ delim=’\t’ ɩɨ ɭɦɨɥɱɚɧɢɸ. 

ɋɱɢɬɵɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɦɚɧɞɨɣ readdlm(stream). 

 JLD  [8] – ɦɨɞɢɮɢɤɚɰɢɹ HDF5 (Hierarchical Data Format, ɧɚɡɜɚɧɢɟ 

ɮɨɪɦɚɬɚ ɮɚɣɥɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɞɥɹ ɯɪɚɧɟɧɢɹ ɛɨɥɶɲɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɰɢɮɪɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ). 

 serialize(stream, value) – ɡɚɩɢɫɵɜɚɟɬ value ɜ ɮɚɣɥ ɭɤɚɡɚɧɧɵɣ ɜ 

stream. Ⱦɥɹ ɱɬɟɧɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɮɚɣɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ 

deserialize(stream) – ɜɨɡɜɪɚɳɚɟɬ ɡɚɩɢɫɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɡ ɮɚɣɥɚ. 

ɑɬɟɧɢɟ ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɧɟɤɨɪɪɟɤɬɧɨ, ɟɫɥɢ ɡɚɩɢɫɶ 

ɩɪɨɢɫɯɨɞɢɥɚ ɧɚ ɞɪɭɝɨɣ ɜɟɪɫɢɢ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Julia. 

ɉɪɟɠɞɟ ɱɟɦ ɪɚɛɨɬɚɬɶ ɫ ɦɨɞɭɥɟɦ JLD, ɟɝɨ ɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ. Ⱦɥɹ 

ɭɫɬɚɧɨɜɤɢ ɦɨɞɭɥɹ JLD ɜ Julia ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɦɚɧɞɚ: 

Pkg.add("JLD") 

ɉɪɢ ɷɬɨɦ ɬɪɟɛɭɟɬɫɹ, ɱɬɨɛɵ ɜ ɫɢɫɬɟɦɟ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ HDF5. 

ɑɬɨɛɵ ɡɚɞɟɣɫɬɜɨɜɚɬɶ ɦɨɞɭɥɶ JLD : 

using JLD 

 

Ɋɟɚɥɢɡɨɜɚɧɵ 4 ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɡɚɩɢɫɢ ɦɚɫɫɢɜɚ ɪɚɡɦɟɪɧɨɫɬɶɸ 30000ɯ6 ɜ 

ɮɚɣɥɵ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ ɡɚɩɢɫɢ ɢ 4 ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɱɬɟɧɢɹ ɦɚɫɫɢɜɚ ɢɡ 

ɫɨɡɞɚɧɧɵɯ ɮɚɣɥɨɜ. Ʉɨɞɵ ɩɪɨɝɪɚɦɦ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɡɚɩɭɫɤɚ ɤɚɠɞɨɣ ɢɡ ɩɪɨɝɪɚɦɦ, ɫɨɡɞɚɜɚɥɢɫɶ ɬɟɤɫɬɨɜɵɟ 

ɮɚɣɥɵ, ɫɨɞɟɪɠɚɳɢɟ ɜɪɟɦɹ ɡɚɩɢɫɢ ɢɥɢ ɱɬɟɧɢɹ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɝɪɚɦɦɵ).  

 

Ɋɟɡɭɥɶɬɚɬɵ: 

 

r – ɱɬɟɧɢɟ, w – ɡɚɩɢɫɶ (ɜ ɫɟɤɭɧɞɚɯ). 

write          r - 0.01994581 ɫɟɤ, w - 0.026957968 ɫɟɤ, size – 1440000 ɛɢɬ 

writedlm    r - 2.137002756 ɫɟɤ, w - 0.313572262 ɫɟɤ, size – 3468779 ɛɢɬ 
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JLD            r - 1.845941324 ɫɟɤ, w - 0.767692832 ɫɟɤ, size – 1444456 ɛɢɬ 

Serialize     r - 0.074389281 ɫɟɤ, w - 0.204687758 ɫɟɤ, size – 1440015 ɛɢɬ 

 

ɇɚɢɛɨɥɟɟ ɛɵɫɬɪɨɟ ɡɚɩɢɫɶ-ɱɬɟɧɢɟ ɮɚɣɥɚ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɤɨɦɚɧɞ “read” ɢ “write”. ɗɬɢ ɤɨɦɚɧɞɵ ɧɟ ɩɨɡɜɨɥɹɸɬ ɡɚɩɢɫɵɜɚɬɶ ɢ ɫɱɢɬɵɜɚɬɶ 

ɫɥɨɠɧɵɟ ɬɢɩɵ ɞɚɧɧɵɯ, ɩɨɷɬɨɦɭ ɬɪɟɛɭɟɬɫɹ ɪɟɚɥɢɡɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɟ ɮɭɧɤɰɢɢ 

ɞɥɹ ɡɚɩɢɫɢ ɢ ɱɬɟɧɢɹ. 

 

6.2 Ɇɟɬɨɞ ɡɚɩɢɫɢ ɢ ɱɬɟɧɢɹ ɛɢɧɚɪɧɨɝɨ ɮɚɣɥɚ ɜ Julia 

 

ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɪɚɫɱɟɬɚ ɧɟɜɹɡɤɢ ɜ ɧɟɤɨɬɨɪɨɣ ɰɟɥɟɜɨɣ ɬɨɱɤɟ 

ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ ɩɨ ɦɟɬɨɞɢɤɟ [11] ɡɚɬɪɚɱɢɜɚɟɬ ɛɨɥɶɲɭɸ ɱɚɫɬɶ 

ɜɪɟɦɟɧɢ ɧɚ ɫɱɢɬɵɜɚɧɢɟ ɤɨɨɪɞɢɧɚɬ ɫɩɭɬɧɢɤɨɜ ɢɡ ɮɚɣɥɨɜ IGS (Ⱦɥɹ ɮɚɣɥɨɜ IGS 

CODE ɫɩɭɬɧɢɤɨɜ ȽɅɈɇȺɋɋ  ɜɪɟɦɹ ɱɬɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 370 ɫɟɤɭɧɞ). ɗɬɨ 

ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɫɱɢɬɵɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɤɨɦɚɧɞɨɣ readdlm. ȼɵɲɟ ɛɵɥɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɦɚɧɞɚ readdlm ɫɱɢɬɵɜɚɟɬ ɜ 200 ɪɚɡ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ ɤɨɦɚɧɞɚ 

read. Ʌɭɱɲɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɚɧɞɭ write  - ɞɥɹ ɡɚɩɢɫɢ ɢ read - ɞɥɹ 

ɱɬɟɧɢɹ. 

read(stream, Type, n) – ɫɱɢɬɵɜɚɟɬ ɢɡ ɮɚɣɥɚ, ɭɤɚɡɚɧɧɨɝɨ ɜ stream, 

ɤɨɥɢɱɟɫɬɜɨ ɛɢɬ ɪɚɜɧɨɟ ɱɢɫɥɭ ɛɢɬ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɯɪɚɧɟɧɢɹ ɩɟɪɟɦɟɧɧɨɣ 

ɬɢɩɚ Type ɢ ɪɚɫɩɨɡɧɚɟɬ, ɤɚɤ ɡɧɚɱɟɧɢɟ ɬɢɩɚ Type. Ɍɚɤɨɟ ɫɱɢɬɵɜɚɧɢɟ 

ɩɨɜɬɨɪɹɟɬɫɹ n ɪɚɡ. ɉɪɢ n>1 ɮɭɧɤɰɢɹ read(stream, Type, n) ɜɨɡɜɪɚɳɚɟɬ ɦɚɫɫɢɜ 

ɬɢɩɚ Type ɢɡ n ɷɥɟɦɟɧɬɨɜ.   

Ɋɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɡɚɩɢɫɢ ɢ ɱɬɟɧɢɹ ɦɚɫɫɢɜɚ ɢɦɟɸɳɟɝɨ ɬɢɩ 

array{onefile}, ɬɨ ɟɫɬɶ ɦɚɫɫɢɜ ɢɡ ɞɚɧɧɵɯ ɬɢɩɚ onefile. Ɍɢɩ onefile ɧɟ ɢɡ 

ɫɬɚɧɞɚɪɬɧɵɯ ɬɢɩɨɜ ɞɚɧɧɵɯ, ɟɝɨ ɫɬɪɭɤɬɭɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 15. 
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1 

2 

3 

4 

5 

Type onefile{String,T} 

  name::String # ɢɦɹ ɮɚɣɥɚ ɫ ɤɨɬɨɪɨɝɨ ɫɱɢɬɵɜɚɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ 
  values::T    # Ɇɚɫɫɢɜ ɤɨɨɪɞɢɧɚɬ ɫɩɭɬɧɢɤɚ 
  TS_time      # Ɇɚɫɫɢɜ ɯɪɚɧɹɳɢɣ ɜɪɟɦɹ ɫɩɭɬɧɢɤɚ 
End 

Ɋɢɫɭɧɨɤ 15 – ɋɬɪɭɤɬɭɪɚ ɬɢɩɚ ɞɚɧɧɵɯ onefile 
 

 

Ⱦɥɹ ɡɚɩɢɫɢ ɦɚɫɫɢɜɚ array{onefile} ɩɪɟɞɥɨɠɟɧɚ ɮɭɧɤɰɢɹ binwritefiles 

ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 16. 
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15 

16 

17 

18 

19 

function binwritefiles(file, allfiles)  # ɡɚɩɢɫɶ ɫɨɞɟɪɠɢɦɨɝɨ allfiles ɜ  
                                        # ɮɚɣɥ file. 
  n = length(allfiles)  # n – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ ɜ ɦɚɫɫɢɜɟ allfiles. 
                        # allfiles ɢɦɟɟɬ ɬɢɩ array{onefile}. 
  write(file, n::Int)   # ɜ ɮɚɣɥ ɡɚɩɢɫɵɜɚɟɬɫɹ ɱɢɫɥɨ n. 
  for i in 1:1:n 

    name = allfiles[i].name 

    len = length(name)           # len - ɤɨɥ-ɜɨ ɫɢɦɜɨɥɨɜ ɜ ɧɚɡɜɚɧɢɢ. 
    write(file, len)             # ɜ ɮɚɣɥ ɡɚɩɢɫɵɜɚɟɬɫɹ len. 
    write(file, name)            # ɜ ɮɚɣɥ ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɬɪɨɤɚ name. 
    values = allfiles[i].values 

    len = length(values)         # len - ɤɨɥ-ɜɨ ɡɧɚɱɟɧɢɣ ɜ ɦɚɫɫɢɜɟ values. 
    write(file, len)             # ɜ ɮɚɣɥ ɡɚɩɢɫɵɜɚɟɬɫɹ len. 
    write(file, values           # ɜ ɮɚɣɥ ɡɚɩɢɫɵɜɚɟɬɫɹ ɦɚɫɫɢɜ values (ɬɢɩ 
                                 #  ɷɥɟɦɟɧɬɨɜ - Float64). 
    write(file, allfiles[i].TS_time) # ɡɚɩɢɫɵɜɚɟɬɫɹ ɦɚɫɫɢɜ TS (ɬɢɩ  
                          #ɷɥɟɦɟɧɬɨɜ Int) (ɤɨɥ-ɜɨ ɷɥɟɦɟɧɬɨɜ ɦɚɫɫɢɜɚ = len). 
  end 

end 

Ɋɢɫɭɧɨɤ 16 – ɋɬɪɭɤɬɭɪɚ ɮɭɧɤɰɢɢ binwritefiles 

 

Ɏɭɧɤɰɢɹ binwritefiles ɡɚɩɢɫɵɜɚɟɬ ɦɚɫɫɢɜ ɬɢɩɚ Array{onefile} ɜ ɮɚɣɥ ɜ 

ɛɢɧɚɪɧɨɦ ɜɢɞɟ. 

Ⱦɥɹ ɱɬɟɧɢɹ ɮɚɣɥɚ, ɫɨɡɞɚɧɧɨɝɨ ɮɭɧɤɰɢɟɣ binwritefiles, ɩɪɟɞɥɨɠɟɧɚ 

ɮɭɧɤɰɢɹ binreadfiles ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 17. 
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function binreadfiles(file) 

  count_files = read(file,Int)     # ɢɡ ɮɚɣɥɚ ɫɱɢɬɵɜɚɟɬɫɹ ɤɨɥ-ɜɨ ɛɚɣɬ 
                                   # ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɡɚɩɢɫɢ ɱɢɫɥɚ ɬɢɩɚ Int. 
  allfiles = Array{onefile}(count_files)  # ɫɨɡɞɚɟɬɫɹ ɦɚɫɫɢɜ ɬɢɩɚ onefile  
                                          # ɢɡ count_files ɷɥɟɦɟɧɬɨɜ. 
  for i in 1:1:count_files 

    len = read(file, Int)           # ɢɡ ɮɚɣɥɚ ɫɱɢɬɵɜɚɟɬɫɹ ɱɢɫɥɨ ɬɢɩɚ Int  
                                    #(ɭɤɚɡɵɜɚɟɬ ɧɚ ɤɨɥ-ɜɨ ɫɢɦɜɨɥɨɜ ɜ ɢɦɟɧɢ. 
    name = read(file, len)          # ɫɱɢɬɵɜɚɟɬɫɹ len ɛɚɣɬ. 
    name = String(name)      # ɫɱɢɬɚɧɧɵɟ len ɛɚɣɬ ɩɟɪɟɜɨɞɹɬɫɹ ɜ ɬɢɩ String. 
    len = read(file, Int)     # ɢɡ ɮɚɣɥɚ ɫɱɢɬɵɜɚɟɬɫɹ ɱɢɫɥɨ ɬɢɩɚ Int  
                              #(ɭɤɚɡɵɜɚɟɬ ɧɚ ɤɨɥ-ɜɨ ɷɥɟɦɟɧɬɨɜ ɜ ɦɚɫɫɢɜɟ). 
    values = read(file, Float64, len)   # ɢɡ ɮɚɣɥɚ ɫɱɢɬɵɜɚɟɬɫɹ len ɱɢɫɟɥ   
                                        # ɬɢɩɚ Float64. 
    TS_time = read(file, Int, len)      # ɢɡ ɮɚɣɥɚ ɫɱɢɬɵɜɚɟɬɫɹ len ɱɢɫɟɥ    
                                        # ɬɢɩɚ Int. 
    allfiles[i]=onefile(name, values, TS_time) 

  end 

  return allfiles         # ɮɭɧɤɰɢɹ ɜɨɡɜɪɚɳɚɟɬ ɦɚɫɫɢɜ ɬɢɩɚ Array{onefile}. 
end 

Ɋɢɫɭɧɨɤ 17 – ɋɬɪɭɤɬɭɪɚ ɮɭɧɤɰɢɢ binreadfiles 

 

ɉɨɞɫɬɚɜɢɜ ɜ ɩɪɨɝɪɚɦɦɭ ɮɚɣɥɵ IGS CODE ɞɥɹ ɫɩɭɬɧɢɤɨɜ ȽɅɈɇȺɋɋ: 

 ȼɪɟɦɹ ɡɚɩɢɫɢ Array{onefile}  ɜ ɮɚɣɥ: 1.673159742 ɫɟɤɭɧɞ. 

 ȼɪɟɦɹ ɱɬɟɧɢɹ ɢɡ ɛɢɧɚɪɧɨɝɨ ɮɚɣɥɚ: 0.56589274 ɫɟɤɭɧɞ. 

ɉɨɥɭɱɚɟɦ, ɱɬɨ ɜɪɟɦɹ ɫɱɢɬɵɜɚɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 

ɛɢɧɚɪɧɨɝɨ ɦɟɬɨɞɚ ɱɬɟɧɢɹ - ɡɚɩɢɫɢ ɫɨɤɪɚɬɢɥɨɫɶ ɜ 660 ɪɚɡ. 

 

7. ɋɪɚɜɧɟɧɢɟ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɦɟɬɨɞɚ ɫɨɩɪɹɠɟɧɧɵɯ 

ɝɪɚɞɢɟɧɬɨɜ ɢ ɨɩɟɪɚɬɨɪɚ “A\B” ɜ Julia 

 

ȼ ɩɪɨɝɪɚɦɦɟ ɞɥɹ ɪɚɫɱɟɬɚ ɧɟɜɹɡɤɢ ɜ ɧɟɤɨɬɨɪɨɣ ɰɟɥɟɜɨɣ ɬɨɱɤɟ 

ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɨɝɨ ɲɚɛɥɨɧɚ ɩɨ ɦɟɬɨɞɢɤɟ [11], ɩɪɢ ɩɨɞɫɬɚɧɨɜɤɟ ɮɚɣɥɨɜ IGS 

CODE, ɫɩɭɬɧɢɤɨɜ ȽɅɈɇȺɋɋ, ɮɨɪɦɢɪɭɟɬɫɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ 26004x6. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɜ ɩɪɨɝɪɚɦɦɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜɫɬɪɨɟɧɧɵɣ ɜ Julia 

ɨɩɟɪɚɬɨɪ “A\B” ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɜɢɞɚ A*x=B, ɝɞɟ A – ɦɚɬɪɢɰɚ m*n, B – 

ɜɟɤɬɨɪ ɫɬɨɥɛɟɰ ɪɚɡɦɟɪɧɨɫɬɢ m, x – ɢɫɤɨɦɵɣ ɜɟɤɬɨɪ ɪɚɡɦɟɪɧɨɫɬɢ n. 
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Ɉɩɟɪɚɬɨɪ “A\B” ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɞɥɹ ɩɥɨɬɧɵɯ ɦɚɬɪɢɰ. Ɉɧ ɧɟ 

ɫɪɚɛɚɬɵɜɚɟɬ ɞɥɹ ɪɚɡɪɹɠɟɧɧɵɯ ɦɚɬɪɢɰ (ɡɚɞɚɧɧɵɯ ɤɨɦɚɧɞɨɣ sparse). ȼ 

ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱɚɯ ɤɨɫɦɢɱɟɫɤɨɣ ɧɚɜɢɝɚɰɢɢ ɱɚɫɬɨ ɜɨɡɧɢɤɚɸɬ ɛɨɥɶɲɢɟ 

ɪɚɡɪɹɠɟɧɧɵɟ ɫɢɫɬɟɦɵ. ȼ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɨɩɟɪɚɬɨɪɭ “A\B” 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɆɋȽ. 

ȼ ɬɟɨɪɢɢ, ɆɋȽ ɩɪɢɜɨɞɢɬ ɤ ɬɨɱɧɨɦɭ ɪɟɲɟɧɢɸ ɡɚ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ 

ɪɚɜɧɨɟ ɤɨɥɢɱɟɫɬɜɭ ɧɟɢɡɜɟɫɬɧɵɯ ɜ ɋɅȺɍ. ɇɨ, ɢɡ-ɡɚ ɧɟɬɨɱɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 

ɱɢɫɟɥ ɜ ɗȼɆ, ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɩɨɥɭɱɟɧɨ ɡɚ ɷɬɨ 

ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ. ɉɪɢ ɷɬɨɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɟɜɹɡɤɢ 

ɦɨɠɟɬ ɭɦɟɧɶɲɢɬɶɫɹ ɩɪɢ ɩɨɫɥɟɞɭɸɳɢɯ ɢɬɟɪɚɰɢɹɯ. ȼ ɩɪɨɝɪɚɦɦɟ ɪɟɲɚɟɬɫɹ 

ɫɢɫɬɟɦɚ ɫ ɲɟɫɬɶɸ ɧɟɢɡɜɟɫɬɧɵɦɢ. ɉɨ ɷɬɨɦɭ, ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 

ɢɬɟɪɚɰɢɣ ɞɥɹ ɆɋȽ ɜɵɛɪɚɧɨ ɪɚɜɧɨɟ 6. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɜɟɞɟɦ ɜɵɱɢɫɥɟɧɢɹ ɫ 

ɤɨɥɢɱɟɫɬɜɨɦ ɢɬɟɪɚɰɢɣ ɪɚɜɧɵɦ 8.  

ȿɳё ɨɞɢɧ ɫɩɨɫɨɛ ɭɦɟɧɶɲɢɬɶ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɟɜɹɡɤɢ 

– ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ. Ɍɨɱɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ ɜ 

ɗȼɆ ɡɚɜɢɫɢɬ ɨɬ ɦɚɧɬɢɫɫɵ ɱɢɫɥɚ ɫ ɩɥɚɜɚɸɳɟɣ ɡɚɩɹɬɨɣ. ȼ ɱɢɫɥɚɯ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɧɨɫɬɢ ɤɨɥɢɱɟɫɬɜɨ ɛɢɬ ɜ ɦɚɧɬɢɫɫɟ ɱɢɫɥɚ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ. 

ɉɪɨɝɪɚɦɦɚ ɛɵɥɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɚ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɦɟɬɨɞɚ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɜ ɩɪɨɝɪɚɦɦɭ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ, ɢɦɟɸɳɭɸ 

ɩɥɨɬɧɭɸ ɦɚɬɪɢɰɭ. 

ɋɪɚɜɧɢɦ ɜɪɟɦɹ ɪɚɛɨɬɵ ɨɩɟɪɚɬɨɪɚ “A\B” ɫ ɜɪɟɦɟɧɟɦ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

ɆɋȽ, ɢ ɫɪɚɜɧɢɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɢɟ ɨɬɤɥɨɧɟɧɢɹ ɧɟɜɹɡɤɢ ɞɥɹ ɧɚɣɞɟɧɧɵɯ 

ɪɟɲɟɧɢɣ ɫɢɫɬɟɦ. 

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ, ɜ ɤɚɱɟɫɬɜɟ ɚɥɝɨɪɢɬɦɨɜ ɆɋȽ, ɛɵɥɢ ɜɡɹɬɵ ɚɥɝɨɪɢɬɦɵ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɢɫɬɨɱɧɢɤɚɯ:  

 ɩɪɟɡɟɧɬɚɰɢɹ Ʉɢɪɟɟɜ ɂ.ȼ. «Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ» - 

Ʉɪɚɫɧɨɹɪɫɤ, 2011 [2] ; 

 ɉɪɟɡɟɧɬɚɰɢɹ ɘ. ɘ. ɍɳɚɤɨɜɚ (ɚɥɝɨɪɢɬɦ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 11). 
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ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɫɬɚɧɨɜɤɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɬɨɥɶɤɨ ɤɪɢɬɟɪɢɣ 

ɨɝɪɚɧɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɢɬɟɪɚɰɢɣ. 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ ɩɪɨɝɪɚɦɦɟ ɢɡɦɟɧɹɥɢɫɶ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ ɢ 

ɜɟɥɢɱɢɧɚ ɦɚɧɬɢɫɫɵ BigFloat.  

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɟɧɢɟ ɨɩɟɪɚɬɨɪɚ «A\B» ɫ ɞɜɭɦɹ ɚɥɝɨɪɢɬɦɚɦɢ ɆɋȽ 

Ите̬ац̛̜ Ма̦т̛̭cа A\B МСʧ К̛̬еева [4] МСʧ Ушакова 

СКО ̦евя̚к̛ ʦ̬е̥я ;̭екͿ СКО ̦евя̚к̛ ʦ̬е̥я ;̭екͿ СКО ̦евя̚к̛ ʦ̬е̥я ;̭екͿ 
6 300 9,53E-07 3,86 9,53E-07 2,49 9,53E-07 2,50 

6 200 9,53E-07 3,60 9,53E-07 2,26 9,53E-07 2,40 

6 100 9,53E-07 3,45 5,03E-06 2,01 5,03E-06 2,38 

8 300 9,53E-07 3,65 9,53E-07 2,99 9,53E-07 2,47 

8 200 9,53E-07 3,20 9,53E-07 2,65 9,53E-07 2,46 

8 100 9,53E-07 3,51 5,03E-06 2,60 5,03E-06 2,36 

  

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɟɲɟɧɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɆɋȽ ɪɟɲɢɦ ɋɅȺɍ 

ɨɩɟɪɚɬɨɪɨɦ “A\B” ɫ ɦɚɧɬɢɫɫɨɣ 1000 ɛɢɬ ɢ ɪɟɲɢɦ ɋɅȺɍ ɦɟɬɨɞɨɦ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɫ ɦɚɧɬɢɫɫɨɣ 300 ɛɢɬ. 

ɉɪɢ 8 ɢɬɟɪɚɰɢɹɯ ɦɚɤɫɢɦɭɦ ɦɨɞɭɥɹ ɪɚɡɧɨɫɬɢ ɜɟɤɬɨɪɨɜ ɪɟɲɟɧɢɣ ɋɅȺɍ, 

ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɆɋȽ ɢ ɨɩɟɪɚɬɨɪɚ “A\B” ɫɨɫɬɚɜɥɹɟɬ: 

 Ⱦɥɹ ɆɋȽ Ʉɢɪɟɟɜɚ [2] -  2.92e-67; 

 Ⱦɥɹ ɆɋȽ ɍɲɚɤɨɜɚ (ɚɥɝɨɪɢɬɦ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 11) - 2.66e-65. 

ɉɪɢ 6 ɢɬɟɪɚɰɢɹɯ ɦɚɤɫɢɦɭɦ ɦɨɞɭɥɹ ɪɚɡɧɨɫɬɢ ɜɟɤɬɨɪɨɜ ɪɟɲɟɧɢɣ ɋɅȺɍ, 

ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɆɋȽ ɢ ɨɩɟɪɚɬɨɪɚ “A\B” ɫɨɫɬɚɜɥɹɟɬ: 

 Ⱦɥɹ ɆɋȽ Ʉɢɪɟɟɜɚ [2] -  1.16e-51; 

 Ⱦɥɹ ɆɋȽ ɍɲɚɤɨɜɚ (ɚɥɝɨɪɢɬɦ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 11) - 1.52e-52. 
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Ɂɚɤɥɸɱɟɧɢɟ 

 

ɍ ɦɟɬɨɞɚ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ ɟɫɬɶ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɰɢɢ 

ɚɥɝɨɪɢɬɦɚ, ɧɨ ɧɟɥɶɡɹ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɨɣ ɪɚɛɨɬɚɟɬ ɛɵɫɬɪɟɟ ɢ ɬɨɱɧɟɟ 

ɞɪɭɝɢɯ ɨɞɧɨɜɪɟɦɟɧɧɨ. ɆɋȽ ɪɚɛɨɬɚɟɬ ɩɪɢɟɦɥɟɦɨ, ɧɨ ɨɧ ɬɪɟɛɨɜɚɬɟɥɟɧ ɤ 

ɬɨɱɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɱɢɫɥɚ ɛɨɥɶɲɨɣ 

ɬɨɱɧɨɫɬɢ, ɱɬɨ ɡɚɦɟɞɥɹɟɬ ɪɚɛɨɬɭ ɩɪɨɝɪɚɦɦɵ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɪɚɡɦɟɪɧɨɫɬɢ 

ɋɅȺɍ Ƚɨɞɭɧɨɜɚ ɪɚɜɧɨɣ 400 ɜɪɟɦɹ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɱɢɫɟɥ ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɢ ɭɜɟɥɢɱɢɥɨɫɶ ɜ 57 ɪɚɡ. ɇɨ, ɤɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ, 

ɞɥɹ ɫɢɫɬɟɦɵ ɪɚɡɦɟɪɧɨɫɬɶɸ 26004x6 ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɆɋȽ ɦɟɧɶɲɟ ɜ 

1,5 ɪɚɡɚ, ɱɟɦ ɜɪɟɦɹ ɪɚɛɨɬɵ ɜɫɬɪɨɟɧɧɨɝɨ ɜ Julia ɨɩɟɪɚɬɨɪɚ “A\B” ɩɪɢ 

ɨɞɢɧɚɤɨɜɨɣ ɬɨɱɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɱɢɫɟɥ. 

ɋɪɟɞɢ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɱɬɟɧɢɹ-ɡɚɩɢɫɢ ɜ Julia ɨɩɪɟɞɟɥɟɧ 

ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɵɣ. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɛɵɫɬɪɨɝɨ ɱɬɟɧɢɹ-ɡɚɩɢɫɢ ɮɚɣɥɨɜ, 

ɯɪɚɧɹɳɢɯ ɤɨɨɪɞɢɧɚɬɵ, ɜɪɟɦɹ ɢ ɧɚɡɜɚɧɢɹ ɫɩɭɬɧɢɤɨɜ. ɗɬɚ ɦɟɬɨɞɢɤɚ ɭɫɤɨɪɹɟɬ 

ɜɪɟɦɹ ɫɱɢɬɵɜɚɧɢɹ ɜ 660 ɪɚɡ. 
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ɋɩɢɫɨɤ ɫɨɤɪɚщɟɧɢɣ 

 

ɆɋȽ – ɦɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ; 

ɋɄɈ – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ; 

ɋɅȺɍ – ɫɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ; 

ɗȼɆ – ɷɥɟɤɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɦɚɲɢɧɚ; 

CODE – Center for Orbit Determination in Europe; 

GNSS – Global Navigation Satellite System; 

IGS – International GNSS Service. 
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ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 

 

1. Ƚɨɞɭɧɨɜ, ɋ.Ʉ. Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ - ɇɨɜɨɫɢɛɢɪɫɤ: 

ɇɚɭɤɚ, 1980. 

2. Ʉɢɪɟɟɜ, ɂ.ȼ. Ɇɟɬɨɞ ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ. Ʉɪɚɫɧɨɹɪɫɤ, 2011. 

3. Ʉɢɪɟɟɜ, ɂ.ȼ. ɗɤɨɧɨɦɢɱɧɵɟ ɤɪɢɬɟɪɢɢ ɨɫɬɚɧɨɜɚ ɢɬɟɪɚɰɢɣ ɜ ɦɟɬɨɞɟ 

ɫɨɩɪɹɠɟɧɧɵɯ ɝɪɚɞɢɟɧɬɨɜ / ɂ.ȼ. Ʉɢɪɟɟɜ // ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. – 

Ʉɪɚɫɧɨɹɪɫɤ, 2015. – Ɍ. 20, № 2. 

4. Feng Y. and Zheng Y. Efficient interpolations to GPS orbits for precise 

wide area applications. GPS Solutions, 2005, vol. 9, pp 67-72 . 

5. Julia documentation [Electronic resource] / Bezanson J., Karpinski S., 

Shah V.B. – Mode of access: https://docs.julialang.org/en/stable. 

6. Horemuz, M.  and Andersson, J. V. Polynomial interpolation of GPS 

satellite coordinates. GPS Solutions, 2006, vol. 10, pp 67-72 . 

7. Official site of IGS [Electronic resource] / IGS. – Mode of access: 

http://www.igs.org/products. 

8. Saving and loading variables in Julia Data format [Electronic resource] / 

Holy T. E., Hinsen K., Short T., Kornblith S. – Mode of access: 

https://github.com/JuliaIO/JLD.jl. 

9. Schenewerk, M. A brief review of basic GPS orbit interpolation strategies. 

GPS Solutions, 2003, vol. 6, pp 265-267. 

10. Shewchuk J. R. An Introduction to the Conjugate Gradient Method 

Without the Agonizing Pain. Technical report, School of Computer Science, 

Carnegie Mellon University, 1994, vol. CMU-CS-94-125. 

11. Tsarev, S. P., Pustoshilov, A. S. Universal Coefficients for Precise 

Interpolation of GNSS Orbits from Final IGS SP3 Data. 2017 International 

Siberian Conference on Control and Communications, SIBCON 2017 - 

Proceedings 2017. 

12. Ushakov Yu. Evaluation of acceleration and motion model parameters of 

a space vehicle from IGS final orbits. 2013 International Siberian Conference on 
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Control and Communications, SIBCON 2013 - Proceedings 2013, Article number 

6693594. 

13. Xue S. and Yang Y. Recursive algorithm for fast GNSS orbit fitting. 

GPS solutions, 2016, vol. 20, 151-157. 

14. Yousif H. and El-Rabbany A. Assessment of Several Interpolation 

Methods for Precise GPS Orbit. The journal of navigation, 2007, vol. 60, pp 443–
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

 

ɋɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ Ƚɨɞɭɧɨɜɚ 

 

ɋɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ Ƚɨɞɭɧɨɜɚ [1] ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ 

N ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ: 

         

 

Ƚɞɟ    - ɞɜɭɯɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ (ɪɢɫɭɧɨɤ Ⱥ.1): 

 

 

Ɋɢɫɭɧɨɤ Ⱥ.1 – ɦɚɬɪɢɰɚ ɥɟɜɨɣ ɱɚɫɬɢ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ  

 

ȼɟɤɬɨɪ    (ɪɢɫɭɧɨɤ Ⱥ.2):  

 

Ɋɢɫɭɧɨɤ Ⱥ.2 – ɩɪɚɜɚɹ ɱɚɫɬɶ ɋɅȺɍ Ƚɨɞɭɧɨɜɚ 
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Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ Ƚɨɞɭɧɨɜɚ ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɮɨɪɦɭɥɚɦ: 

      ,      , … ,         , … ,           ,         . 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

 

Ʉɨɞ ɦɨɞɭɥɹ readFile.jl ɩɪɨɝɪɚɦɦɵ godunovMatrix 

 

  1 

  2 

  3 

  4 

  5 

  6 

  7 

  8 

  9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 26 

 27 

 28 

 29 

 30 

 31 

 32 

 33 

 34 

 35 

 36 

 37 

 38 

 39 

 40 

 41 

 42 

file = open(string(path, "/config.txt"),"r") # ɨɬɤɪɵɬɢɟ ɮɚɣɥɚ config.txt 
strMas = readlines(file)    # ɜ strMas ɡɚɩɢɫɵɜɚɟɬɫɹ ɜɫё ɫɨɞɟɪɠɢɦɨɟ ɮɚɣɥɚ  
                            # config.txt 

global norm_residual   # ɩɟɪɟɦɟɧɧɵɟ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɮɚɣɥɟ 
global limit           # godunovMatrix.jl, ɨɛɴɹɜɥɹɸɬɫɹ ɝɥɨɛɚɥɶɧɵɦɢ 
global Godunov_matrix_dim 

global mantissa 

global mantissa_out 

global pathResult 

# ɫɱɢɬɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ limit 
for i in 1:1:length(strMas)  # ɩɟɪɟɛɢɪɚɸɬɫɹ ɫɬɪɨɤɢ ɦɚɫɫɢɜɚ strMas  
  if search(strMas[i], "limit")!=0:-1 # Еɫɥɢ ɩɨɞɫɬɪɨɤɚ “limit” ɧɚɣɞɟɧɚ 
    limit = split(strMas[i],"= ")[2] # ɫɬɪɨɤɚ i ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɦɚɫɫɢɜ 
                        # ɫɬɪɨɤ ɱɟɪɟɡ ɫɢɦɜɨɥ “= ” ɢ ɩɟɪɟɦɟɧɧɨɣ limit  
                        # ɩɪɢɫɜɚɢɜɚɟɬɫɹ ɬɨɥɶɤɨ 2 ɷɥɟɦɟɧɬ ɷɬɨɝɨ ɦɚɫɫɢɜɚ. 
    limit = parse(Int64,limit) # Сɬɪɨɤɚ limit ɤɨɧɜɟɪɬɢɪɭɟɬɫɹ ɜ Int64. 
    break            # ɰɢɤɥ for ɩɪɟɪɵɜɚɟɬɫɹ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɤɥɸɱɟɜɨɝɨ  
                     # ɫɥɨɜɚ. 
  end 

end 

 

for i in 1:1:length(strMas)   # Сɱɢɬɵɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ Godunov_matrix_dim 
                              # Аɧɚɥɨɝɢɱɧɨ ɫɱɢɬɵɜɚɧɢɸ ɡɧɚɱɟɧɢɹ limit. 
  if search(strMas[i], "Godunov_matrix_dim")!=0:-1 

    Godunov_matrix_dim = split(strMas[i],"= ")[2] 

    Godunov_matrix_dim = parse(Int64,Godunov_matrix_dim) 

    break 

  end 

end 

 

for i in 1:1:length(strMas)    # ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɟ ɧɨɪɦɵ                     
                               # ɝɪɚɞɢɟɧɬɚ. 
                               # Аɧɚɥɨɝɢɱɧɨ ɫɱɢɬɵɜɚɧɢɸ ɡɧɚɱɟɧɢɹ limit. 
  if search(strMas[i], "norm_residual")!=0:-1 

    norm_residual = split(strMas[i],"= ")[2] 

    norm_residual = parse(BigFloat,split(norm_residual,"\n")[1]) 

    break 

  end 

end 

 

for i in 1:1:length(strMas)     # Ɇɚɧɬɢɫɫɚ 
                                # Аɧɚɥɨɝɢɱɧɨ ɫɱɢɬɵɜɚɧɢɸ ɡɧɚɱɟɧɢɹ limit. 

Ɋɢɫɭɧɨɤ Ȼ.1 – Ʉɨɞ ɦɨɞɭɥɹ readFile.jl ɩɪɨɝɪɚɦɦɵ godunovMatrix, ɥɢɫɬ 1 
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 43 

 44 

 45 

 46 

 47 

 48 

 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

 58 

 59 

 60 

 61 

 62 

 63 

 64 

 65 

    if search(strMas[i], "mantissa")!=0:-1 

    mantissa = split(strMas[i],"= ")[2] 

    mantissa = parse(Int64,mantissa) 

    break 

  end 

end 

 

for i in 1:1:length(strMas)     # Ɇɚɧɬɢɫɫɚ ɞɥɹ ɡɚɩɢɫɢ ɜ ɮɚɣɥɵ 
                                # Аɧɚɥɨɝɢɱɧɨ ɫɱɢɬɵɜɚɧɢɸ ɡɧɚɱɟɧɢɹ limit. 
  if search(strMas[i], "mantissa_out")!=0:-1 

    mantissa_out = split(strMas[i],"= ")[2] 

    mantissa_out = parse(Int64,mantissa_out) 

    break 

  end 

end 

for i in 1:1:length(strMas)             

  if search(strMas[i], "pathResult")!=0:-1 

    pathResult = split(strMas[i],"= ")[2] 

    pathResult = split(pathResult, "\n")[1]   

    break 

  end 

end 

close(file)  #ɡɚɤɪɵɬɢɟ ɮɚɣɥɚ config.txt 
Ɋɢɫɭɧɨɤ Ȼ.1, ɥɢɫɬ 2 
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ɉɊɂɅɈɀȿɇɂȿ ȼ 

 

Ɋɟɚɥɢɡɚɰɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɱɬɟɧɢɹ ɢ ɡɚɩɢɫɢ ɜ Julia  

 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

15 

16 

M = 30000 

n = 6 

 

mas = rand(m, n) 

println("ɡɚɩɢɫɶ ɦɚɫɫɢɜɚ $m x $n write") 
tic() 

 

file = open("write_method_matrix","w") 

write(file, mas) 

close(file) 

write_time = toc() 

println("ɡɚɩɢɫɶ ɡɚɜɟɪɲɟɧɚ $write_time ɫɟɤɭɧɞ") 
 

file = open("log_write_w","w") 

write(file, "ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɫɫɢɜɚ $m ɯ $n, ɜɪɟɦɹ ɡɚɩɢɫɢ: $write_time") 
close(file) 

Ɋɢɫɭɧɨɤ ȼ.1 – Ɂɚɩɢɫɶ ɦɚɫɫɢɜɚ 30000ɯ6 ɜ ɮɚɣɥ ɮɭɧɤɰɢɟɣ write 

 

 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

mas = zeros(Float64,30000,6) 

println("ɤɨɦɚɧɞɚ read! ɫɱɢɬɵɜɚɟɬ ɦɚɫɫɢɜ ɡɚɩɢɫɚɧɧɵɣ ɤɨɦɚɧɞɨɣ write") 
 

tic() 

file = open("write_method_matrix","r") 

read!(file, mas) 

close(file) 

read_time = toc() 

 

println("ɱɬɟɧɢɟ ɡɚɜɟɪɲɟɧɨ $read_time ɫɟɤɭɧɞ") 
 

file = open("log_write_r","w") 

write(file, "$read_time") 

close(file) 

Ɋɢɫɭɧɨɤ ȼ.2 – ɑɬɟɧɢɟ ɦɚɫɫɢɜɚ ɮɭɧɤɰɢɟɣ read! 
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 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

10 

11 

12 

13 

14 

m = 30000 

n = 6 

mas = rand(m, n) 

println("ɡɚɩɢɫɶ ɦɚɫɫɢɜɚ $m x $n writedlm") 
tic() 

file = open("writedlm_method_matrix","w") 

writedlm(file, mas) 

close(file) 

write_time = toc() 

println("ɡɚɩɢɫɶ ɡɚɜɟɪɲɟɧɚ $write_time ɫɟɤɭɧɞ") 
 

file = open("log_writedlm_w","w") 

write(file, "ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɫɫɢɜɚ $m ɯ $n, ɜɪɟɦɹ ɡɚɩɢɫɢ $write_time") 
close(file) 

Ɋɢɫɭɧɨɤ ȼ.3 – Ɂɚɩɢɫɶ ɦɚɫɫɢɜɚ 30000ɯ6 ɜ ɮɚɣɥ ɮɭɧɤɰɢɟɣ writedlm 

 

1 

2 

3 

4 

5 

6 

7 

8 

9 

println("ɤɨɦɚɧɞɚ readdlm ɫɱɢɬɵɜɚɟɬ ɦɚɫɫɢɜ ɡɚɩɢɫɚɧɧɵɣ ɤɨɦɚɧɞɨɣ writedlm") 
tic() 

mas = readdlm("writedlm_method_matrix") 

read_time = toc() 

println("ɱɬɟɧɢɟ ɡɚɜɟɪɲɟɧɨ $read_time ɫɟɤɭɧɞ") 
 

file = open("log_writedlm_r","w") 

write(file, "$read_time") 

close(file) 

Ɋɢɫɭɧɨɤ ȼ.4 – ɑɬɟɧɢɟ ɦɚɫɫɢɜɚ ɮɭɧɤɰɢɟɣ readdlm 
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using JLD 

 

m = 30000 

n = 6 

mas = rand(m, n) 

println("ɡɚɩɢɫɶ ɦɚɫɫɢɜɚ $m x $n JLD") 
tic() 

 

save("JLD_method_matrix.jld", "mas", mas) 

 

write_time = toc() 

println("ɡɚɩɢɫɶ ɡɚɜɟɪɲɟɧɚ $write_time ɫɟɤɭɧɞ") 
 

file = open("log_JLD_w","w") 

write(file, "ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɧɨɫɬɢ $m ɯ $n, ɜɪɟɦɹ ɡɚɩɢɫɢ: $write_time") 
close(file) 

Ɋɢɫɭɧɨɤ ȼ.5 – Ɂɚɩɢɫɶ ɦɚɫɫɢɜɚ 30000ɯ6 ɜ ɮɚɣɥ ɩɪɢ ɩɨɦɨɳɢ JLD 
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using JLD 

 

println("ɤɨɦɚɧɞɚ load ɫɱɢɬɵɜɚɟɬ ɦɚɫɫɢɜ ɡɚɩɢɫɚɧɧɵɣ ɤɨɦɚɧɞɨɣ save") 
tic() 

mas = load("JLD_method_matrix.jld","mas") 

read_time = toc() 

println("ɱɬɟɧɢɟ ɡɚɜɟɪɲɟɧɨ $read_time ɫɟɤɭɧɞ") 
 

file = open("log_JLD_r","w") 

write(file, "ɜɪɟɦɹ ɱɬɟɧɢɹ: $read_time") 
close(file) 

Ɋɢɫɭɧɨɤ ȼ.6 – ɑɬɟɧɢɟ ɦɚɫɫɢɜɚ ɩɪɢ ɩɨɦɨɳɢ JLD 
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m = 30000 

n = 6 

mas = rand(m, n) 

println("ɡɚɩɢɫɶ ɦɚɫɫɢɜɚ $m x $n serialize") 
tic() 

file = open("write_method_matrix","w") 

serialize(file, mas) 

close(file) 

write_time = toc() 

println("ɡɚɩɢɫɶ ɡɚɜɟɪɲɟɧɚ $write_time ɫɟɤɭɧɞ") 
file = open("log_serialize_w","w") 

write(file, "ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɧɨɫɬɢ $m ɯ $n, ɜɪɟɦɹ ɡɚɩɢɫɢ: $write_time") 
close(file) 

Ɋɢɫɭɧɨɤ ȼ.7 – Ɂɚɩɢɫɶ ɦɚɫɫɢɜɚ 30000ɯ6 ɜ ɮɚɣɥ ɮɭɧɤɰɢɟɣ serialize 

 

 1 
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 8 
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10 

println("ɤɨɦɚɧɞɚ deserialize ɫɱɢɬɵɜɚɟɬ ɦɚɫɫɢɜ ɡɚɩɢɫɚɧɧɵɣ ɤɨɦɚɧɞɨɣ 
serialize") 

tic() 

file = open("write_method_matrix","r") 

mas = deserialize(file) 

read_time = toc() 

println("ɱɬɟɧɢɟ ɡɚɜɟɪɲɟɧɨ $read_time ɫɟɤɭɧɞ") 
file = open("log_deserialize_r","w") 

write(file, "ɜɪɟɦɹ ɱɬɟɧɢɹ: $read_time") 
close(file) 

Ɋɢɫɭɧɨɤ ȼ.8 – ɑɬɟɧɢɟ ɦɚɫɫɢɜɚ ɮɭɧɤɰɢɟɣ deserialize 

 




