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ɈɐȿɇɄȺ ȾɈɉɈɅɇɂɌȿɅɖɇɈɃ ɉɈȽɊȿɒɇɈɋɌɂ ɊȿɁɍɅɖɌȺɌɈȼ  

ɂɆɂɌȺɐɂɈɇɇɈȽɈ ɆɈȾȿɅɂɊɈȼȺɇɂə ɂɇɎɈɊɆȺɐɂɈɇɇɈ-

ɌȿɅȿɆȺɌɂɑȿɋɄɂɏ ɋɂɋɌȿɆ 

 

Ɉ. ȼ. Ɇɧɭɲɤɚ, ɚɫɩ.,  
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Аɧɧɨɬаɰиɹ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɢɫɬɨɱɧɢɤɨɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɦɢɬɚ-
ɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɬɟɥɟɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɮɨɪɦɚɬɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɟɳɟɫɬɜɟɧɧɵɯ ɞɚɧɧɵɯ ɜ ɩɚɦɹɬɢ ɤɨɦɩɶɸɬɟɪɚ ɢ ɪɟɚɥɢɡɚɰɢɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɢ 
ɫɩɟɰɢɚɥɶɧɵɯ ɮɭɧɤɰɢɣ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɛɢɛɥɢɨɬɟɤɚɯ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ  
ɋ ɢ ɋ++.  
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Аɧɨɬаɰіɹ. ɉɪɨɜɟɞɟɧɨ ɚɧɚɥɿɡ ɞɠɟɪɟɥ ɞɨɞɚɬɤɨɜɨʀ ɩɨɯɢɛɤɢ ɪɟɡɭɥɶɬɚɬɿɜ ɿɦɿɬɚɰɿɣɧɨɝɨ ɦɨɞɟɥɸ-

ɜɚɧɧɹ ɿɧɮɨɪɦɚɰɿɣɧɨ-ɬɟɥɟɦɚɬɢɱɧɢɯ ɫɢɫɬɟɦ, ɨɛɭɦɨɜɥɟɧɢɯ ɮɨɪɦɚɬɨɦ ɧɚɞɚɧɧɹ ɞɿɣɫɧɢɯ ɞɚɧɢɯ ɭ 
ɩɚɦ’ɹɬɿ ɤɨɦɩ’ɸɬɟɪɚ ɬɚ ɪɟɚɥɿɡɚɰɿєɸ ɦɚɬɟɦɚɬɢɱɧɢɯ ɿ ɫɩɟɰɿɚɥɶɧɢɯ ɮɭɧɤɰɿɣ ɭ ɫɬɚɧɞɚɪɬɧɢɯ ɬɚ 
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ESTIMATION OF THE COMPLEMENTARY ERROR OF INFORMATION  

AND TELEMATICS SYSTEMS SIMULATION 

 

O. Mnushka, P. G.,  

Kharkiv National Automobile and Highway University 

 
Abstract. The paper deals with the sources of additional errors in the results of simulation of infor-

mation and telematics systems, caused by the format of real data in the computer memory and imple-

mentation of mathematical and special functions in the standard and applied libraries of the C and 

C++ programming languages. 
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ȼɜɟɞɟɧɢɟ 
 

ɂɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ, 
ɭɡɥɨɜ, ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɬɟɥɟɦɚɬɢɱɟɫɤɢɯ ɢ ɦɟ-
ɯɚɬɪɨɧɧɵɯ ɫɢɫɬɟɦ ɜ ɰɟɥɨɦ ɩɨɡɜɨɥɹɟɬ ɭɫɤɨ-
ɪɢɬɶ ɩɪɨɰɟɫɫ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ 

ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɫɢɫɬɟɦ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢ 

ɫɩɟɰɢɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɩɨ-
ɥɭɱɢɜɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨ-

ɞɨɛɧɵɯ ɡɚɞɚɱ, ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ 
ɩɨɥɭɱɟɧɢɟ ɚɞɟɤɜɚɬɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢ-

ɪɨɜɚɧɢɹ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɢɡɜɟɫɬɧɵɦɢ ɨɝɪɚ-
ɧɢɱɟɧɢɹɦɢ ɫɨɜɪɟɦɟɧɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫ-
ɬɟɦ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɢ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ.  
 

Ɉɫɧɨɜɧɚɹ ɦɚɫɫɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɧɚ ɧɚɭɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ, 
ɧɚɩɢɫɚɧɚ ɧɚ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɋ ɢ 
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ɋ++, ɤɨɬɨɪɵɟ ɧɚɪɹɞɭ ɫ ɮɨɪɬɪɚɧɨɦ ɢ python 

ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɹɡɵɤɚɦɢ ɩɪɨɝɪɚɦɦɢɪɨ-
ɜɚɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɞɚɱ.  
 

ɂɡ-ɡɚ ɫɩɟɰɢɮɢɤɢ ɪɚɛɨɬɵ ɫ ɞɚɧɧɵɦɢ ɢ ɪɟɚɥɢ-

ɡɚɰɢɢ ɫɬɚɧɞɚɪɬɧɵɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɛɢɛɥɢɨɬɟɤ 
ɋ ɢ ɋ++ ɜɨɡɧɢɤɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɝɪɟɲ-

ɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢ ɝɪɭɛɵɟ 
ɨɲɢɛɤɢ, ɩɨɧɢɦɚɧɢɟ ɩɪɢɪɨɞɵ ɤɨɬɨɪɵɯ ɞɨɥɠɧɨ 
ɨɛɟɫɩɟɱɢɬɶ ɩɨɜɵɲɟɧɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɹ ɧɚɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ 
ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɢ ɜɧɟɞɪɟɧɢɢ ɧɨɜɵɯ ɢɧɮɨɪɦɚ-
ɰɢɨɧɧɨ-ɬɟɥɟɦɚɬɢɱɟɫɤɢɯ, ɜɫɬɪɚɢɜɚɟɦɵɯ, ɦɨ-
ɛɢɥɶɧɵɯ ɢ ɞɪ. ɫɢɫɬɟɦ.  
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

ȼɟɳɟɫɬɜɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɩɚɦɹɬɢ ɜɵɱɢɫɥɢ-

ɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɧɨɪɦɚɥɢɡɨ-
ɜɚɧɧɨɦ ɜɢɞɟ ɜ ɮɨɪɦɚɬɟ IEEE 754 pqM  , 

ɝɞɟ М – ɦɚɧɬɢɫɫɚ, q – ɨɫɧɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɫɱɢɫ-
ɥɟɧɢɹ, p – ɩɨɪɹɞɨɤ (ɷɤɫɩɨɧɟɧɬɚ) (ɪɢɫ. 1) [1]. 

 

 
 

Ɋɢɫ. 1. Ɏɨɪɦɚɬ ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɢɫɟɥ IEEE 754 

 

ɋɬɚɧɞɚɪɬ IEEE 754-2008 ɨɩɪɟɞɟɥɹɟɬ ɱɟɬɵɪɟ 
ɛɚɡɨɜɵɯ ɛɢɧɚɪɧɵɯ ɮɨɪɦɚɬɚ ɢ ɬɪɢ ɞɟɫɹɬɢɱ-
ɧɵɯ ɮɨɪɦɚɬɚ, ɫɩɨɫɨɛɵ ɪɟɚɥɢɡɚɰɢɢ ɪɚɡɥɢɱ-
ɧɵɯ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɨɛɪɚɛɨɬɤɭ 
ɢɫɤɥɸɱɢɬɟɥɶɧɵɯ ɫɢɬɭɚɰɢɣ ɢ ɬ. ɞ. ɋɬɚɧɞɚɪɬ-
ɧɵɟ ɪɚɡɦɟɪɵ ɦɚɧɬɢɫɫɵ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ 
ɬɨɱɧɨɫɬɶ, 9 (half), 23 (single), 53 (double) ɢ 

113 (quad) ɞɜɨɢɱɧɵɯ ɢɥɢ n2log10  ɞɟɫɹɬɢɱɧɵɯ 
ɪɚɡɪɹɞɨɜ. ȼ ɪɹɞɟ ɮɨɪɦɚɬɨɜ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ 
ɬɨɱɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɤɪɵɬɵɣ ɪɚɡɪɹɞ ( h ). 

ɇɚ ɩɥɚɬɮɨɪɦɟ IntelTM ɫ ɫɨɩɪɨɰɟɫɫɨɪɨɦ 

(FPU) × 87 ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɜɵɱɢɫ-
ɥɟɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɫɲɢɪɟɧɧɵɣ (extended, 

M = 64) ɮɨɪɦɚɬ.  
 

ɉɪɢ ɪɚɛɨɬɟ ɫ ɱɢɫɥɚɦɢ ɜ ɮɨɪɦɚɬɟ IEEE 754 

ɜɨɡɧɢɤɚɟɬ ɪɹɞ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɝɪɚɧɢ-

ɱɟɧɧɨɣ ɪɚɡɪɹɞɧɨɣ ɫɟɬɤɨɣ ɢ ɧɟɤɨɪɪɟɤɬɧɵɦ 

ɨɤɪɭɝɥɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ [2]. 

 

Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɧɟɞɨɫɬɚɬɤɨɜ ɮɨɪɦɚɬɚ 
IEEE 754 ɜ ɪɚɛɨɬɟ [3] ɩɪɟɞɥɚɝɚɟɬɫɹ ɬɚɤ ɧɚɡɵ-

ɜɚɟɦɵɣ ɩɨɫɬɛɢɧɚɪɧɵɣ ɮɨɪɦɚɬ ɯɪɚɧɟɧɢɹ ɱɢ-

ɫɟɥ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɬɫɭɬɫɬɜɭɟɬ ɟɝɨ ɚɩ-

ɩɚɪɚɬɧɚɹ ɢ ɩɪɨɝɪɚɦɦɧɚɹ ɩɨɞɞɟɪɠɤɚ, ɱɬɨ ɧɟ 
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɨɰɟɧɢɬɶ ɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜɚ 
ɢ ɧɟɞɨɫɬɚɬɤɢ. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 

ɜɵɱɢɫɥɟɧɢɣ ɢɫɩɨɥɶɡɭɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɩɪɢɟ-
ɦɵ – ɢɧɬɟɪɜɚɥɶɧɭɸ ɢ ɨɛɵɱɧɭɸ ɚɪɢɮɦɟɬɢɤɭ 
ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɧɨɫɬɢ [3], ɤɨɬɨɪɵɟ ɪɟɚɥɢ-

ɡɨɜɚɧɵ ɜ ɛɢɛɥɢɨɬɟɤɚɯ əɉ ɋ:  GNU MP (https://gmplib.org/);  GNU MPFR (http://www.mpfr.org/);  MPFI (http://perso.ens-lyon.fr/ nathalie. 

revol/software.html ) ɢ ɞɪ. 
 

ɉɨɦɢɦɨ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜɵɱɢɫɥɟɧɢɣ, ɫɜɹɡɚɧ-

ɧɵɯ ɫ ɮɨɪɦɚɬɨɦ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ, ɪɚɡɥɢɱɚ-
ɸɬ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ ɜ ɛɢɛɥɢɨɬɟɤɚɯ 

ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ [5], ɨɛɭɫɥɨɜɥɟɧ-

ɧɵɟ ɫɩɨɫɨɛɚɦɢ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɦɟɧɬɚɪɧɵɯ ɢ 

ɫɩɟɰɢɚɥɶɧɵɯ ɮɭɧɤɰɢɣ. Ɉɛɳɢɟ ɩɨɞɯɨɞɵ ɤ ɪɚɡ-
ɪɚɛɨɬɤɟ ɢ ɬɟɫɬɢɪɨɜɚɧɢɸ ɮɭɧɤɰɢɣ ɛɟɡ ɩɪɢɜɹɡ-
ɤɢ ɤ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɹɡɵɤɭ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɬɚɧɞɚɪɬɟ ISO/IEC 10967. In-

formation technology. Language independent 

arithmetic [6], ɩɪɢ ɷɬɨɦ ɛɢɛɥɢɨɬɟɤɢ ɫɭɳɟ-
ɫɬɜɭɸɳɢɯ əɉ ɭɠɟ ɪɟɚɥɢɡɨɜɚɧɵ ɛɟɡ ɭɱɟɬɚ 
ɬɪɟɛɨɜɚɧɢɣ ɞɚɧɧɨɝɨ ɫɬɚɧɞɚɪɬɚ.  
 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɪɟɚ-
ɥɢɡɚɰɢɢ ɫɬɚɧɞɚɪɬɧɵɯ ɢ ɩɪɢɤɥɚɞɧɵɯ ɛɢɛɥɢɨ-
ɬɟɤ ɧɟ ɭɤɚɡɵɜɚɸɬɫɹ ɜɟɥɢɱɢɧɚ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ, ɡɚɤɨɧ ɢɯ ɢɡɦɟɧɟɧɢɹ ɢ ɬ. ɩ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɝɪɟɲɧɨɫɬɶ ɦɚɲɢɧɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɜ ɟɞɢɧɢɰɚɯ ULP 

(unit in the last place, unit of least precision) [7], 

ɤɨɬɨɪɚɹ ɞɥɹ ɚɪɢɮɦɟɬɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 0,5 ULP, ɚ ɞɥɹ ɬɪɚɧɫɰɟɧɞɟɧɬɧɵɯ 

ɮɭɧɤɰɢɣ – ~ (0,5…1) ULP.  

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɧɚ ɫɟɝɨɞɧɹɲ-

ɧɢɣ ɞɟɧɶ ɩɪɢɤɥɚɞɧɵɟ ɛɢɛɥɢɨɬɟɤɢ ɋ ɢ ɋ++ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɚɡɥɢɱɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɜɵ-

ɱɢɫɥɟɧɢɣ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɮɭɧɤɰɢɣ. ɋ ɭɱɟɬɨɦ 

ɬɨɝɨ, ɱɬɨ ɷɬɢ ɛɢɛɥɢɨɬɟɤɢ ɦɨɝɭɬ ɢɦɟɬɶ ɪɚɡ-
ɥɢɱɧɵɣ ɧɚɛɨɪ ɮɭɧɤɰɢɣ, ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟ-
ɦɚ ɢɯ ɫɨɜɦɟɫɬɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɨɰɟɧɤɢ 

ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɫɦɟɲɚɧɧɵɯ ɜɵɱɢɫ-
ɥɟɧɢɣ.  

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɉɨɜɵɲɟɧɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɦɢ-

ɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-
ɬɟɥɟɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɨɰɟɧɤɢ  

ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɫɩɟɰɢɮɢɤɚɦɢ ɪɟɚɥɢɡɚɰɢɢ ɫɩɟ-
ɰɢɚɥɶɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɜ ɛɢɛ-

ɥɢɨɬɟɤɚɯ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɋ ɢ ɋ++ 

ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɟɳɟɫɬɜɟɧɧɵɯ ɞɚɧɧɵɯ ɜ ɩɚ-
ɦɹɬɢ ɤɨɦɩɶɸɬɟɪɚ.  
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Ɉɰɟɧɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ  

ɪɟɡɭɥɶɬɚɬɨɜ ɢɦɢɬɚɰɢɨɧɧɨɝɨ  
ɦɨɞɟɥɢɪɨɜɚɧɢя 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɛɥɟɦɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɮɨɪ-
ɦɚɬɨɦ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɢ ɫɩɨɫɨɛɚɦɢ ɪɟɚɥɢ-

ɡɚɰɢɣ ɫɩɟɰɢɚɥɶɧɵɯ ɮɭɧɤɰɢɣ ɜ ɛɢɛɥɢɨɬɟɤɚɯ 
əɉ ɋ ɢ ɋ++, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɢɦɢɬɚ-
ɰɢɨɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ (ɂɆ) ɢ ɜɵɪɚɠɚɸɬɫɹ 
ɜ ɜɢɞɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫ-
ɥɟɧɢɣ. 

 

ȼ ɪɚɛɨɬɟ [8] ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ 

ɨɲɢɛɤɢ ɜ ɰɢɮɪɨɜɨɣ ɫɩɭɬɧɢɤɨɜɨɣ ɢɧɮɨɪɦɚ-
ɰɢɨɧɧɨ-ɬɟɥɟɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɭɟɬ-
ɫɹ ɨɬɧɨɲɟɧɢɟ (1) ɫ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɨɣ ɮɭɧɤɰɢɟɣ ɨɲɢɛɤɢ )(xerfc (2) [9] 

          yxZyxSyxyxP  ;  ;  ;erfc ;     E ,  (1) 

 

ɝɞɟ [.]E  – ɫɢɦɜɨɥ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚ-
ɧɢɹ; ρ  – ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ-ɲɭɦ;  MS  sin ; M  – ɱɢɫɥɨ ɩɨɥɨɠɟɧɢɣ ɮɚɡ ɮɚ-
ɡɨɜɨɣ ɦɚɧɢɩɭɥɹɰɢɢ; Z  – ɩɨɦɟɯɚ (ɫɥɭɱɚɣɧɚɹ 
ɜɟɥɢɱɢɧɚ). 
 

 


x

t dtexerfxerfc
22

)(1)( ,      (2) 

 

ɝɞɟ 
2

0

2
( )

x
terf x e dt    – ɮɭɧɤɰɢɹ ɨɲɢɛɤɢ 

 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (1) ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɩɪɨ-
ɝɪɚɦɦɚ ɧɚ ɋ++ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ cmath ɢ ɤɨɦɩɢɥɹ-
ɬɨɪɚ gcc/g++, ɤɨɬɨɪɵɣ ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɚɫɲɢ-

ɪɟɧɧɵɣ ɧɚɛɨɪ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɢ ɫɩɟɰɢɚɥɶ-
ɧɵɯ ɮɭɧɤɰɢɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɨɦ 

ɋ99.  

 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɧɨɲɟɧɢɹ (1) ɫ 
ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ xerf1 («Ⱥ») ɢ 

ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ xerfc  («Ȼ») 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2,ɚ ɢ 2,ɛ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɋɟɡɭɥɶɬɚɬ «Ⱥ» ɩɪɚɜɢɥɶɧɵɣ, ɬ. ɤ. ɩɨɞɬɜɟɪɠɞɚ-
ɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɂɆ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɪɭɝɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨ-
ɞɟɥɟɣ [10].  

 

ɉɪɨɚɧɚɥɢɡɢɪɭɟɦ ɢɫɬɨɱɧɢɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɩɨɝɪɟɲɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɥɢ ɤ ɢɫɤɚɠɟɧɢɸ 

ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

 
ɚ 
 

 
ɛ 

 

Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ɚ – ɫ 
ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ xerfc ; ɛ – ɫ 
ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɣ ɮɭɧɤɰɢɟɣ xerf1  

 

Ɋɚɫɫɦɨɬɪɢɦ ɮɨɪɦɚɬ ɯɪɚɧɟɧɢɹ ɜɟɳɟɫɬɜɟɧɧɵɯ 

ɞɚɧɧɵɯ ɜ ɩɚɦɹɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ. 

Кɚɤ ɩɪɚɜɢɥɨ, ɜ ɧɚɭɱɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ ɢɫ-
ɩɨɥɶɡɭɸɬ ɮɨɪɦɚɬ double (ɧɚɩɪɢɦɟɪ, GNU 

Scientific Library), ɨɞɧɚɤɨ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚ-
ɹɯ ɬɨɱɧɨɫɬɢ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɨɣ ɷɬɢɦ ɮɨɪɦɚ-
ɬɨɦ, ɧɟɞɨɫɬɚɬɨɱɧɨ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ 

ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɪɢɦɟɪɨɜ, ɧɚɩɪɢɦɟɪ ɜɵɪɚɠɟ-
ɧɢɟ (3) [4], ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɢɫɫɥɟɞɨɜɚɬɶ 
ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɜ ɮɨɪɦɚɬɟ ɫ ɩɥɚɜɚɸ-

ɳɟɣ ɬɨɱɤɨɣ 

 

 

22
2

0,42

-12

173746 sin10 94228 log 17,1

78487

1,3418189578296195 10

d

e

    
  
  

. (3) 

 
ȼ ɩɪɨɰɟɫɫɟ ɟɝɨ ɜɵɱɢɫɥɟɧɢɹ (3) ɩɪɨɢɫɯɨɞɢɬ ɧɟ-
ɤɨɪɪɟɤɬɧɨɟ ɨɤɪɭɝɥɟɧɢɟ ɫɥɚɝɚɟɦɵɯ. Ⱥɧɚɥɢɡ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɹ ɜɵɪɚɠɟɧɢɹ (3) (ɬɚɛɥ. 1) 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ (ɪɟɡ. 5–9) 
ɞɜɨɣɧɨɣ ɢ ɪɚɫɲɢɪɟɧɧɨɣ ɬɨɱɧɨɫɬɢ ɨɤɚɡɵɜɚɟɬ-
ɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ 
Matlab (ɪɟɡ. 8) ɢ ɋ++ (ɪɟɡ. 9) ɩɨɥɧɨɫɬɶɸ «ɜɵ-
ɩɚɞɚɸɬ», ɱɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɫɩɟɰɢɮɢɤɨɣ 
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ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦ ɧɚ ɷɬɢɯ ɹɡɵɤɚɯ ɫ ɞɚɧɧɵɦɢ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɬɢɩɨɜ.  
 
Ɍɚɤɠɟ ɧɟ ɞɚɟɬ ɬɨɱɧɨɝɨ ɨɬɜɟɬɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɢɧɬɟɪɜɚɥɶɧɨɣ ɚɪɢɮɦɟɬɢɤɢ ɪɚɫɲɢɪɟɧɢɹ ɹɡɵɤɚ 
ɋ++ ɋ-XSC [11]. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɟɚ-
ɥɢɡɚɰɢɹ long double ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɪɚɛɨɬɱɢɤɚ 
ɤɨɦɩɢɥɹɬɨɪɚ [12], ɪɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ 
ɞɚɧɧɵɯ ɷɬɨɝɨ ɬɢɩɚ (ɪɟɡ. 5) ɜɵɝɥɹɞɢɬ ɩɪɚɜɞɨ-
ɩɨɞɨɛɧɵɦ, ɧɨ ɨɲɢɛɤɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɭɠɟ ɜɨ 
ɜɬɨɪɨɦ ɡɧɚɤɟ ɩɨɫɥɟ ɡɚɩɹɬɨɣ. Ɋɟɡɭɥɶɬɚɬɵ 1–4 
ɹɜɥɹɸɬɫɹ ɩɪɚɜɢɥɶɧɵɦɢ. 
 
Ɍɚɛɥɢɰɚ 1 Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɜɵɪɚɠɟɧɢɹ (3) 
 

№ 
ȼɚɪɢɚɧɬ 
ɩɪɨɝɪɚɦɦɵ 

Ɍɨɱ-
ɧɨɫɬɶ 
(ɞɟɫ. 
ɪɚɡɪ.) 

Ɋɟɡɭɥɶɬɚɬ 

1 Maple 16 

(mpfr) 
34 -1.341818957…e-12 

2 C++(mpfr) >34 -1.341818957…e-12 

3 ɋ++(mpfi, 

64 ɛɚɣɬɚ) >34 -1.341818957…e-12 

4 C(quadmath, 

__float128) 
34 -1.341818957…e-12 

5 ɋ (long 

double) 
19 -1.314504061…e-12 

6 ɋ (double),  16 2.910383045…e-11 

7 Scilab  

(double) 
16 2.910383045…d-11 

8 Matlab 

R2012b 
16 1.455191528…e-11 

9 C++ (long 

double,  

5 ɛɚɣɬ) 
19 1.018557979…e-312 

10 C-XSC 

(l_real 16 

ɛɚɣɬ) 
16 8.3456349137e-12 

 
ȼ ɨɫɧɨɜɟ ɪɟɚɥɢɡɚɰɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɮɭɧɤɰɢɣ (2) 
ɥɟɠɚɬ ɪɚɡɥɨɠɟɧɢɹ ɜ ɪɹɞ [9, 13] ɢ ɪɚɰɢɨɧɚɥɶɧɚɹ 
ɚɩɩɪɨɤɫɢɦɚɰɢɹ (ɉɚɞɟ-ɚɩɩɪɨɤɫɢɦɚɰɢɹ) [14].  
 
Ⱥɜɬɨɪɨɦ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɢɫɯɨɞɧɵɟ 
ɤɨɞɵ ɪɟɚɥɢɡɚɰɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɮɭɧɤɰɢɣ ɜ ɛɢɛ-
ɥɢɨɬɟɤɚɯ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ fortran, ɋ 
ɢ ɋ++ – ɋ (glibc 2.18) ɢ C++ (libstdc++ 4.8.2) ɢ 
ɩɪɢɤɥɚɞɧɵɯ ɛɢɛɥɢɨɬɟɤɚɯ – quadmath (128-ɛɢɬ-
ɧɵɟ ɱɢɫɥɚ), boost::math (boost 1.54) ɢ GNU 
scientific library (gsl 1.15), mpfr 3.1.2. ȼ ɨɫɧɨ-
ɜɟ ɪɟɚɥɢɡɚɰɢɣ (2) ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɛɢɛɥɢɨɬɟɤɚɯ 
(glibc, libstdc++) ɢ ɛɢɛɥɢɨɬɟɤɢ quadmath ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹ ɤɨɦɩɚɧɢɢ Sun Mi-
crosystems 1993 ɝ. ɧɚ ɨɫɧɨɜɟ (7.1.5) ɢ (7.2.14) 
[13] ɢ ɪɚɰɢɨɧɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ [14] ɫ 
ɦɨɞɢɮɢɤɚɰɢɹɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫɨ ɫɯɟɦɨɣ ɪɚɡɛɢ-
ɟɧɢɹ ɮɭɧɤɰɢɢ (2) ɧɚ ɢɧɬɟɪɜɚɥɵ. ȼ ɨɫɬɚɥɶɧɵɯ 
ɛɢɛɥɢɨɬɟɤɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢ-

ɚɧɬɵ ɪɚɰɢɨɧɚɥɶɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɜɵɪɚɠɟ-
ɧɢɹ (2). ȼ ɮɨɪɬɪɚɧɟ, ɮɨɪɬɟ ɢ ɞɪ. ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɧɚɩɪɹɦɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɹ [14]. ɇɚɢɛɨɥɟɟ 
ɩɨɡɞɧɢɟ ɪɟɚɥɢɡɚɰɢɢ ɬɚɤɢɯ ɛɢɛɥɢɨɬɟɤ ɨɬɧɨ-
ɫɹɬɫɹ ɤ 2000-ɦ ɝɨɞɚɦ, ɬ. ɟ. ɟɳɟ ɞɨ ɜɜɟɞɟɧɢɹ 
ɫɬɚɧɞɚɪɬɚ ISO/IEC 10967. 

 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɟɚ-
ɥɢɡɚɰɢɢ ɮɭɧɤɰɢɣ ɛɵɥ ɩɪɨɜɟɞɟɧ ɱɢɫɥɟɧɧɵɣ 

ɷɤɫɩɟɪɢɦɟɧɬ. ɉɚɪɚɦɟɬɪɵ ɤɨɦɩɶɸɬɟɪɚ – ɩɪɨ-
ɰɟɫɫɨɪ Intel Core2 Duo T5750, ɈɁɍ 4 Ƚɛ, Ɉɋ 

Linux (i686, amd64, kernel 3.13), FreeBSD 9.2 

(i386).  

 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ, ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɜ ɪɚɛɨɬɟ [5], ɜ 
ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɧɨɣ ɜɵɛɪɚɧɚ ɪɟɚɥɢɡɚɰɢɹ (2) ɜ 
ɛɢɛɥɢɨɬɟɤɟ mpfr (ɜɵɱɢɫɥɟɧɢɹ ɫ ɩɪɨɢɡɜɨɥɶ-
ɧɨɣ ɬɨɱɧɨɫɬɶɸ ɢ ɤɨɪɪɟɤɬɧɵɦ ɨɤɪɭɝɥɟɧɢɟɦ). 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 

ɜɵɱɢɫɥɟɧɢɣ ( ) ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨɝɪɟɲɧɨɫɬɶ 
ɜɵɱɢɫɥɟɧɢɣ ɮɭɧɤɰɢɣ xerf  ɢ xerfc ɫ ɬɨɱɧɨ-
ɫɬɶɸ 40 ɞɟɫɹɬɢɱɧɵɯ ɪɚɡɪɹɞɨɜ (ɞ. ɪ.) ɫ ɢɫɩɨ-
ɥɶɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɣ ɢɡ ɛɢɛɥɢɨɬɟɤɢ mpfr ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɟɚɥɢɡɚɰɢɣ ɮɭɧɤɰɢɣ ɜ 
ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɛɢɛɥɢɨɬɟɤɚɯ ɫ ɨɩɬɢɦɚɥɶɧɵ-

ɦɢ ɬɢɩɚɦɢ ɞɚɧɧɵɯ – __float128 (16 ɛɚɣɬ) ɞɥɹ 
ɛɢɛɥɢɨɬɟɤɢ quadmath, long double (10 ɛɚɣɬ) ɢ 

double (8 ɛɚɣɬ) – ɞɥɹ ɪɟɚɥɢɡɚɰɢɣ ɜ ɛɢɛɥɢɨɬɟ-
ɤɚɯ glibc ɢ boost, double – ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜ 
ɛɢɛɥɢɨɬɟɤɟ gsl ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
 

ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜɫɟ ɜɵɱɢɫɥɟɧɢɹ ɞɚɧɧɵɯ ɫ ɩɥɚ-
ɜɚɸɳɟɣ ɬɨɱɤɨɣ ɜ ɩɪɨɝɪɚɦɦɚɯ ɧɚ ɋ/ɋ++ ɩɪɨɢɡ-
ɜɨɞɹɬɫɹ ɜ ɞɚɧɧɵɯ ɞɜɨɣɧɨɣ (*BSD, Win32) ɢɥɢ 

ɪɚɫɲɢɪɟɧɧɨɣ (Linux) ɬɨɱɧɨɫɬɢ, ɩɨɝɪɟɲɧɨɫɬɢ 

ɜɵɱɢɫɥɟɧɢɣ ɫ ɞɪɭɝɢɦɢ ɛɚɡɨɜɵɦɢ ɬɢɩɚɦɢ ɞɚɧ-

ɧɵɯ ɧɟ ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ. 
 

ɉɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟ-
ɧɢɹ (2) ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɛɢɛɥɢɨɬɟɤ (ɪɢɫ. 3):  

ɚ) ɞɥɹ ɞɚɧɧɵɯ ɭɱɟɬɜɟɪɟɧɧɨɣ ɬɨɱɧɨɫɬɢ (ɪɢɫ. 3,ɚ, 
quadruple double, quadmath) ɚɛɫɨɥɸɬɧɚɹ  
ɩɨɝɪɟɲɧɨɫɬɶ   ɧɟ ɩɪɟɜɵɲɚɟɬ 34101  ɞɥɹ  3;9 X , ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɱɧɨɫɬɢ ɜ 
34 ɞɟɫɹɬɢɱɧɵɯ ɪɚɡɪɹɞɚ; 
ɛ) ɞɥɹ ɞɚɧɧɵɯ ɪɚɫɲɢɪɟɧɧɨɣ ɬɨɱɧɨɫɬɢ (long 

double) ɮɭɧɤɰɢɹ (2) ɪɟɚɥɢɡɨɜɚɧɚ ɜ glibc 

(ɪɢɫ. 3,ɛ) ɢ boost::math (ɪɢɫ. 3,ɜ) ɚɛɫɨɥɸɬɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ   ɫɨɫɬɚɜɥɹɟɬ:  
–   16105,31   ɞɥɹ  5,2;6X  ɢ ɪɟɚɥɢɡɚ-
ɰɢɢ glibc;  

–   161025,21,0    5,2;5,2X  ɢ ɪɟɚɥɢɡɚ-
ɰɢɢ boost::math.  



ВеȟȠник ХНАДУ, вып. 64, 2014 

 
112 

 
ɚ 
 

 
ɛ 
 

 
ɜ 
 

 
ɝ 
 

Ɋɢɫ. 3. ɉɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ 

xerfc : ɚ – ɞɥɹ ɞɚɧɧɵɯ ɭɱɟɬɜɟɪɟɧɧɨɣ 

ɬɨɱɧɨɫɬɢ; ɛ – ɞɥɹ ɞɚɧɧɵɯ ɪɚɫɲɢɪɟɧɧɨɣ 
ɬɨɱɧɨɫɬɢ, ɪɟɚɥɢɡɨɜɚɧɚ ɜ glibc; ɜ – ɞɥɹ 
ɞɚɧɧɵɯ ɪɚɫɲɢɪɟɧɧɨɣ ɬɨɱɧɨɫɬɢ, ɪɟɚɥɢ-
ɡɨɜɚɧɚ ɜ boost::math; ɝ – ɞɥɹ ɞɚɧɧɵɯ 
ɞɜɨɣɧɨɣ ɬɨɱɧɨɫɬɢ 

 
Ⱥɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ 
ɞɚɧɧɵɯ ɷɬɨɝɨ ɬɢɩɚ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶ-
ɧɨ 16 ɞɟɫɹɬɢɱɧɵɯ ɪɚɡɪɹɞɨɜ, ɱɬɨ ɧɚ ɬɪɢ ɩɨ-

ɪɹɞɤɚ ɯɭɠɟ ɞɨɫɬɢɠɢɦɨɣ ɬɨɱɧɨɫɬɢ, ɤɨɬɨɪɚɹ 
ɫɨɫɬɚɜɥɹɟɬ 19 ɞɟɫɹɬɢɱɧɵɯ ɪɚɡɪɹɞɨɜ. 
ɜ) ɞɥɹ ɞɚɧɧɵɯ ɞɜɨɣɧɨɣ ɬɨɱɧɨɫɬɢ (double)   16102,11,1    ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ 
ɚɪɝɭɦɟɧɬɚ  3;6 X . ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɩɨ-
ɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɨɞɧɨɝɨ ɩɨɪɹɞɤɚ ɭɤɚ-
ɡɚɧɚ ɫ ɞɨɫɬɢɠɢɦɨɣ ɬɨɱɧɨɫɬɶɸ (ɪɢɫ 3,ɝ). 
 
Ⱦɥɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɥɚɬɮɨɪɦ IA32 (i686) ɢ 
amd64 ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɭɧɤɰɢɣ ɩɨɥɭ-
ɱɟɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨ-
ɫɬɢ ɜɵɱɢɫɥɟɧɢɣ. ɋɩɟɰɢɮɢɤɚ ɪɟɚɥɢɡɚɰɢɢ ɜɵ-
ɱɢɫɥɟɧɢɣ ɧɚɞ ɞɚɧɧɵɦɢ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ 
ɞɥɹ ɞɚɧɧɵɯ ɩɥɚɬɮɨɪɦ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɚɩɩɚɪɚɬ-
ɧɨɣ ɪɟɚɥɢɡɚɰɢɟɣ ɦɨɞɭɥɟɣ FPU ɢ SSE/SSE2, 
ɦɨɠɟɬ ɩɪɨɹɜɥɹɬɶɫɹ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɪɨ-
ɢɡɜɨɞɢɬɫɹ ɤɨɦɩɢɥɹɰɢɹ ɩɪɨɝɪɚɦɦ ɫ ɩɚɪɚɦɟɬ-
ɪɚɦɢ ɤɨɦɩɢɥɹɬɨɪɚ, ɡɚɞɚɧɧɵɦɢ ɩɨ ɭɦɨɥɱɚ-
ɧɢɸ. ȼ ɤɨɦɩɢɥɹɬɨɪɚɯ gcc/g++ ɞɥɹ 32-ɛɢɬɧɨɣ 
ɩɥɚɬɮɨɪɦɵ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ  
ɫɨɩɪɨɰɟɫɫɨɪ, ɚ ɧɚ 64-ɛɢɬɧɨɣ – ɦɟɯɚɧɢɡɦ 
SSE/SSE2-ɪɚɫɲɢɪɟɧɢɣ [15]. 
 
Ⱦɥɹ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɮɭɧɤɰɢɣ ɞɨɩɨɥɧɢɬɟɥɶ-
ɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ: 
ɚ) 16105  ɞɥɹ ɮɭɧɤɰɢɢ xerf ɢɡ ɛɢɛɥɢɨ-
ɬɟɤɢ gsl ɢ ɚɪɝɭɦɟɧɬɚ  8,1;7,1X  (ɪɢɫ. 4,ɚ); 
ɛ) 16102,1   ɞɥɹ ɮɭɧɤɰɢɢ xerf ɢɡ ɛɢɛ-
ɥɢɨɬɟɤɢ glibc ɢ ɚɪɝɭɦɟɧɬɚ  8,1;7,1X (ɪɢɫ. 4,ɛ); 
ɜ) 16102,1   ɞɥɹ ɮɭɧɤɰɢɢ xerfc ɢɡ ɛɢɛ-

ɥɢɨɬɟɤɢ glibc ɢ ɚɪɝɭɦɟɧɬɚ  2;6 X  ɢ 

16105,1   ɞɥɹ  2;2X (ɪɢɫ. 4,ɜ). 
 
Ⱦɥɹ ɛɢɛɥɢɨɬɟɤ boost ɢ quadmath ɜɵɱɢɫɥɟɧɢɹ 
ɞɥɹ ɨɛɟɢɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɥɚɬɮɨɪɦ ɩɪɨɜɨ-
ɞɹɬɫɹ ɫ ɨɞɢɧɚɤɨɜɨɣ ɬɨɱɧɨɫɬɶɸ. 
 
ɉɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɜɵɪɚɠɟɧɢɹ 

xerfxerfc 1  ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɞɥɹ ɚɪɝɭ-

ɦɟɧɬɚ  10;10X  ɫ ɲɚɝɨɦ 001,0 ɢ ɞɚɧ-

ɧɵɯ ɞɜɨɣɧɨɣ ɢ ɪɚɫɲɢɪɟɧɧɨɣ ɬɨɱɧɨɫɬɢ 
(ɪɢɫ. 5, ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɦɚɫɲɬɚɛɟ). ɉɪɢ 
ɜɵɱɢɫɥɟɧɢɹɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɨɥɶɤɨ ɨɩɬɢ-
ɦɚɥɶɧɵɟ ɞɥɹ ɞɚɧɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɬɢɩɵ ɞɚɧɧɵɯ. 
 
Ⱦɥɹ ɛɢɛɥɢɨɬɟɤ boost ɢ glibc ɩɨɥɭɱɟɧɵ ɫɯɨ-
ɠɢɟ ɪɟɡɭɥɶɬɚɬɵ (ɪɢɫ. 5,ɚ). Ⱦɥɹ ɞɚɧɧɵɯ ɪɚɫ-
ɲɢɪɟɧɧɨɣ ɬɨɱɧɨɫɬɢ ɞɥɹ  2;6X  ɧɚɛɥɸɞɚ-
ɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɣ ɪɨɫɬ ɩɨɝɪɟɲɧɨɫɬɢ 
ɜɵɱɢɫɥɟɧɢɣ (ɧɚ ɬɪɢ ɩɨɪɹɞɤɚ), ɚ ɬɨɱɧɨɫɬɶ ɜɵ-
ɱɢɫɥɟɧɢɣ ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɬɨɱɧɨɫɬɶɸ ɜɵɱɢɫɥɟ-
ɧɢɣ ɫ ɞɚɧɧɵɦɢ ɭɞɜɨɟɧɧɨɣ ɬɨɱɧɨɫɬɢ.  
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Ɋɢɫ. 4. ɉɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɞɥɹ ɩɥɚɬ-
ɮɨɪɦ amd64 ɢ i686: ɚ – ɞɥɹ ɮɭɧɤɰɢɢ 

xerf ɢɡ ɛɢɛɥɢɨɬɟɤɢ gsl; ɛ – ɞɥɹ ɮɭɧɤɰɢɢ 

xerf ɢɡ ɛɢɛɥɢɨɬɟɤɢ glibc; ɜ – ɞɥɹ ɮɭɧɤ-
ɰɢɢ xerfc ɢɡ ɛɢɛɥɢɨɬɟɤɢ glibc 

 

Ⱦɥɹ ɞɚɧɧɵɯ ɭɞɜɨɟɧɧɨɣ ɬɨɱɧɨɫɬɢ ɩɨɝɪɟɲ-

ɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ 15–16 ɞ. ɪ., ɬ. ɟ. 
ɧɚɯɨɞɢɬɫɹ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɝɪɚɧɢɰɚɯ ɞɥɹ ɞɚɧ-

ɧɵɯ ɷɬɨɝɨ ɬɢɩɚ. 
 
Ⱦɥɹ ɛɢɛɥɢɨɬɟɤ mpfr ɩɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟ-
ɧɢɣ ɩɨɫɬɨɹɧɧɚ ɢ ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɦɚɤɫɢɦɚɥɶɧɨ 
ɜɵɛɪɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ ɜɵɱɢɫɥɟɧɢɣ, ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ 40 ɞ .ɪ. (ɪɢɫ. 5, ɛ). Ⱦɥɹ ɛɢɛɥɢɨɬɟɤɢ gsl 

ɧɟɛɨɥɶɲɨɣ ɪɨɫɬ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ 

ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ  2;2X , ɤɨɬɨɪɚɹ, ɜ ɰɟ-
ɥɨɦ, ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɪɨɜɧɟ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵ-

ɱɢɫɥɟɧɢɣ ɞɥɹ ɷɬɨɝɨ ɬɢɩɚ ɞɚɧɧɵɯ (ɪɢɫ. 5, ɛ).  

 
ɚ 
 

 
ɛ 
 

Ɋɢɫ. 5. Ⱥɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ  = erfc x – 

– (1– erf x ): ɚ – glibc, boost; ɛ – gsl, mpfr, 

quadmath 

 

Ⱦɥɹ ɛɢɛɥɢɨɬɟɤɢ quadmath ɬɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟ-
ɧɢɣ ɭɦɟɧɶɲɚɟɬɫɹ ɜ 2 ɪɚɡɚ ɞɥɹ  2;6X , ɚ 
ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɬɚɤɨɣ ɠɟ, ɤɚɤ 
ɢ ɞɥɹ ɞɚɧɧɵɯ ɭɞɜɨɟɧɧɨɣ ɬɨɱɧɨɫɬɢ (ɪɢɫ. 5, ɚ), 
ɧɨ ɞɢɫɩɟɪɫɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ (ɪɢɫ. 5, ɛ).  

 
ȼɵɜɨɞɵ 

 

ɏɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɰɢɮɪɨɜɵɯ ɜɵ-

ɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɨɝɪɚɧɢɱɟɧɧɚɹ ɪɚɡɦɟɪ-
ɧɚɹ ɫɟɬɤɚ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɞɚɧɧɵɯ ɜ ɢɯ ɩɚɦɹɬɢ, ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɂɆ, ɤɨɬɨ-
ɪɚɹ ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ ɫɭɳɟɫɬɜɟɧɧɨɣ ɢ ɫɨɢɡɦɟ-
ɪɢɦɨɣ ɫ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ.  

 

Ɉɞɧɢ ɢ ɬɟ ɠɟ ɨɲɢɛɤɢ ɜ ɜɵɱɢɫɥɟɧɢɹɯ, ɨɛɭ-
ɫɥɨɜɥɟɧɧɵɟ ɮɨɪɦɚɬɨɦ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ, ɯɚ-
ɪɚɤɬɟɪɧɵ ɢ ɞɥɹ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɢɯ ɩɚɤɟɬɨɜ, ɢ ɞɥɹ ɩɪɨɝɪɚɦɦ, ɪɟɚɥɢɡɭɸɳɢɯ 
ɚɥɝɨɪɢɬɦɵ ɪɟɲɟɧɢɹ ɱɚɫɬɧɵɯ ɡɚɞɚɱ (ɬɚɛɥ. 1). 

 

Ɋɟɚɥɢɡɚɰɢɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ, ɜ ɱɚɫɬɧɨɫɬɢ ɫɩɟɰɢɚɥɶɧɵɯ, ɡɚɜɢɫɹɬ 
ɨɬ ɛɢɛɥɢɨɬɟɤ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ 

ɦɨɝɭɬ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɹɯ. 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɂɆ 

ɪɚɡɥɢɱɚɟɬɫɹ ɤɚɤ ɞɥɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɛɢɛ-
ɥɢɨɬɟɤ ɋ ɢ ɋ++, ɬɚɤ ɢ ɞɥɹ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ 
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ɛɢɛɥɢɨɬɟɤ ɋ ɢ ɋ++ ɩɪɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɚɪɯɢɬɟɤɬɭɪɚɯ 
(IA-32 ɢ amd64) ɢ ɨɩɟɪɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ.  
 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨ-
ɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɂɆ ɫɥɟɞɭɟɬ ɭɜɟɥɢɱɢɜɚɬɶ 
ɪɚɡɪɹɞɧɭɸ ɫɟɬɤɭ ɢ ɩɪɢɦɟɧɹɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɟ ɛɢɛɥɢɨɬɟɤɢ. ɉɪɢ ɷɬɨɦ ɧɟ ɫɥɟɞɭɟɬ ɨɪɢɟɧ-

ɬɢɪɨɜɚɬɶɫɹ ɧɚ ɩɥɚɬɮɨɪɦɨɡɚɜɢɫɢɦɵɟ ɪɟɲɟɧɢɹ, 
ɬɚɤɢɟ ɤɚɤ ɮɨɪɦɚɬ ɪɚɫɲɢɪɟɧɧɨɣ ɬɨɱɧɨɫɬɢ, 

ɤɨɬɨɪɵɣ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ x87 ɫɨɩɪɨɰɟɫɫɨɪɚ-
ɦɢ, ɬ. ɤ. ɞɥɹ ɤɨɦɩɢɥɹɬɨɪɨɜ ɋ ɢ ɋ++ ɨɧ ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɪɟɚɥɢɡɨɜɚɧ ɬɨɥɶɤɨ ɜ GNU Linux. ȼ 

ɞɪɭɝɢɯ Ɉɋ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬ ɜɵɱɢɫ-
ɥɟɧɢɹ ɜ ɮɨɪɦɚɬɟ ɫ ɭɞɜɨɟɧɧɨɣ ɬɨɱɧɨɫɬɶɸ.  

 

ɉɪɢɦɟɧɟɧɢɟ ɛɢɛɥɢɨɬɟɤ ɜɵɱɢɫɥɟɧɢɣ ɫ ɩɪɨɢɡ-
ɜɨɥɶɧɨɣ ɬɨɱɧɨɫɬɶɸ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɭɳɟ-
ɫɬɜɟɧɧɨɦɭ ɩɚɞɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɵ-

ɱɢɫɥɟɧɢɣ. 

 

Ⱦɥɹ ɤɨɦɩɢɥɹɬɨɪɨɜ gcc ɢ g++ ɦɨɠɧɨ ɩɨɪɟɤɨ-
ɦɟɧɞɨɜɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɛɥɢɨɬɟɤ quadmath 

ɢ boost, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɧɚɢɦɟɧɶɲɭɸ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ.  
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