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ȼɵɩɨɥɧɟɧ ɚɧɚɥиɡ ɱиɫɥɟɧɧɨɝɨ ɪɟɲɟɧиɹ ɫиɫɬɟɦɵ ɥиɧɟɣɧɵɯ ɚɥɝɟɛɪɚиɱɟɫɤиɯ ɭɪɚɜɧɟɧиɣ 
(ɋɅȺɍ) ɧɚ ɜɵɱиɫɥиɬɟɥɹɯ ɫ ɮиɤɫиɪɨɜɚɧɧɨɣ ɡɚɩɹɬɨɣ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɨɱɧɨɫɬɶ 
ɪɟɡɭɥɶɬɚɬɚ ɜɵɱиɫɥɟɧиɣ ɡɚɜиɫиɬ ɨɬ ɩɪɨɰɟɞɭɪɵ  ɨɪɝɚɧиɡɚɰии ɜɵɱиɫɥиɬɟɥɶɧɨɝɨ 
ɩɪɨɰɟɫɫɚ. ɉɪиɜɟɞɟɧɚ ɚɧɚɥиɬиɱɟɫɤɚɹ ɨɰɟɧɤɚ ɬɨɱɧɨɫɬи ɜɵɱиɫɥɟɧиɣ иɡɜɟɫɬɧɵɯ 
ɜɵɱиɫɥиɬɟɥɶɧɵɯ ɩɪɨɰɟɞɭɪ, ɫɨɜɩɚɞɚɸщɚɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦи ɩɪɚɤɬиɱɟɫɤɨɝɨ 
иɫɫɥɟɞɨɜɚɧиɹ ɩɨɫɥɟɞɧиɯ. ɉɪɟɞɥɨɠɟɧ ɚɥɝɨɪиɬɦ ɜɵɱиɫɥɟɧиɣ, ɩɨɡɜɨɥɹɸщиɣ 
ɨɝɪɚɧиɱиɬɶ ɧɚɤɨɩɥɟɧиɟ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɣ ɧɚ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ.  ȼɵɩɨɥɧɟɧ 
ɚɧɚɥиɬиɱɟɫɤиɣ ɚɧɚɥиɡ ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ  ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɚɥɝɨɪиɬɦɚ. ɉɪиɜɟɞɟɧɵ ɭɫɥɨɜиɹ, ɨɛɟɫɩɟɱиɜɚɸщиɟ ɨɝɪɚɧиɱɟɧиɟ ɧɚɤɨɩɥɟɧиɹ ɭɤɚɡɚɧɧɵɯ 
ɨɲиɛɨɤ ɧɚ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ. 

Ключеɜые слоɜɚ: ɋɅȺɍ, ɦɟɬɨɞ ɩɪɨɫɬɨɣ иɬɟɪɚɰии, ɜɵɱиɫɥиɬɟɥɶɧɵɣ ɚɥɝɨɪиɬɦ, 
ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ, ɦɚɤɫиɦɚɥɶɧɵɟ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɨɰɟɧɤи 

Вɜеɞеɧие 

Ɉɞɧиɦ иɡ ɰɟɧɬɪɚɥɶɧɵɯ ɪɚɡɞɟɥɨɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪии ɭɩɪɚɜɥɟɧиɹ ɹɜɥɹɟɬɫɹ ɬɟɨɪиɹ 
ɭɩɪɚɜɥɟɧиɹ ɫиɫɬɟɦɚɦи ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦи ɩɚɪɚɦɟɬɪɚɦи (Ɋɉ-ɫиɫɬɟɦɵ), 

ɩɪиɧɰиɩиɚɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɪɚɫɩɪɟɞɟɥɟɧɧɨɫɬɶ 
ɭɩɪɚɜɥɹɟɦɵɯ ɜɟɥиɱиɧ и ɭɩɪɚɜɥɹɸщиɯ ɜɨɡɞɟɣɫɬɜиɣ. Ⱦɥɹ ɭɩɪɚɜɥɟɧиɹ ɬɚɤиɦи ɨɛɴɟɤɬɚɦи 
иɫɩɨɥɶɡɭɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɦɨɞɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧиɹ и ɫиɧɬɟɡɚ ɧɚɛɥɸɞɚɸщиɯ 
ɭɫɬɪɨɣɫɬɜ Д1]. 

Ɇɟɬɨɞɵ ɫиɧɬɟɡɚ ɧɚɛɥɸɞɚɸщиɯ ɭɫɬɪɨɣɫɬɜ, ɩɨɞɪɨɛɧɨ иɫɫɥɟɞɨɜɚɧɧɵɟ ɜ ɪɚɦɤɚɯ 
ɚɜɬɨɦɚɬиɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧиɹ ɫиɫɬɟɦɚɦи ɫ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦи ɩɚɪɚɦɟɬɪɚɦи (ɋɉ-

ɫиɫɬɟɦɵ), ɚ ɜ ɬɟɨɪии  ɭɩɪɚɜɥɟɧиɹ Ɋɉ-ɫиɫɬɟɦɚɦи – ɪɚɡɪɚɛɨɬɚɧɵ ɝɨɪɚɡɞɨ  ɯɭɠɟ. 
Ʉɪɨɦɟ ɬɨɝɨ,  ɱɚɫɬɨ ɩɪи ɪɟɲɟɧии ɩɪɚɤɬиɱɟɫɤиɯ ɡɚɞɚɱ ɦɨɞɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧиɹ Ɋɉ-

ɫиɫɬɟɦɚɦи ɛɵɜɚɸɬ ɞɨɫɬɭɩɧɵ ɞɥɹ иɡɦɟɪɟɧиɹ ɧɟ ɜɫɟ ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧиɹ ɨɛɴɟɤɬɚ, ɚ 
ɬɨɥɶɤɨ ɧɟɤɨɬɨɪɵɟ ɜɯɨɞɵ и ɜɵɯɨɞɵ.  

Иɡɜɟɫɬɟɧ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧиɸ ɬɚɤиɯ ɡɚɞɚɱ ɩɪи ɧɟɩɨɥɧɨɣ ɧɚɛɥɸɞɚɟɦɨɫɬи ɨɛɴɟɤɬɚ, 

ɫɜɹɡɚɧɧɵɣ ɫ иɫɩɨɥɶɡɨɜɚɧиɟɦ ɜ ɤɚɱɟɫɬɜɟ ɧɚɛɥɸɞɚɬɟɥɹ ɦɨɞɟɥи ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧиɹ. Ⱦɥɹ 
ɨɛɴɟɤɬɨɜ ɫ Ɋɉ-ɩɚɪɚɦɟɬɪɚɦи ɬɚɤɚɹ ɦɨɞɟɥɶ ɫɨɞɟɪɠиɬ ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɨ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɤɨɨɪɞиɧɚɬɚɦ ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧиɹ и ɜ ɨɛщɟɦ ɫɥɭɱɚɟ ɹɜɥɹɟɬɫɹ 
ɬɪɚɧɫɰɟɧɞɟɧɬɧɨɣ. Ⱦɟɣɫɬɜɟɧɧɵɦ иɡ ɜɨɡɦɨɠɧɵɯ ɦɟɬɨɞɨɜ ɹɜɥɹɟɬɫɹ ɞиɫɤɪɟɬиɡɚɰиɹ ɩɨ 
ɩɪɨɫɬɪɚɧɫɬɜɭ иɫɯɨɞɧɨɣ ɦɨɞɟɥи Ɋɉ-ɫиɫɬɟɦɵ ɦɨɞɟɥɶɸ ɫ ɋɉ-ɩɚɪɚɦɟɬɪɚɦи ɜ ɜиɞɟ 
ɫиɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞиɮɮɟɪɟɧɰиɚɥɶɧɵɯ ɭɪɚɜɧɟɧиɣ (ɈȾɍ) [2]. Ⱦɥɹ ɞɨɫɬиɠɟɧиɹ 

ɯɨɪɨɲɟɣ ɭɩɪɚɜɥɹɟɦɨɫɬи, ɫɬɟɩɟɧɶ ɞиɫɤɪɟɬиɡɚɰии ɞɨɥɠɧɚ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨɣ. Ɉɞɧɚɤɨ 

ɩɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ ɛɭɞɟɬ иɦɟɬɶ ɛɨɥɶɲɭɸ ɪɚɡɦɟɪɧɨɫɬɶ и ɩɨɷɬɨɦɭ, ɞɥɹ ɟɟ ɪɟɚɥиɡɚɰии, 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ иɫɩɨɥɶɡɨɜɚɬɶ ɩɚɪɚɥɥɟɥɶɧɵɟ ɜɵɱиɫɥиɬɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ. ɉɪи 
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ɪɟɚɥиɡɚɰии ɬɚɤиɯ ɦɨɞɟɥɟɣ ɜ ɪɟɚɥɶɧɵɯ ɨɛɴɟɤɬɚɯ  ɭɩɪɚɜɥɟɧиɹ ɞɥɹ ɭɩɪɨщɟɧиɹ 
ɚɩɩɚɪɚɬɧɵɯ и ɚɥɝɨɪиɬɦиɱɟɫɤиɯ ɡɚɬɪɚɬ ɰɟɥɟɫɨɨɛɪɚɡɧɨ иɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɩɪɨɫɬɵɟ 
ɚɥɝɨɪиɬɦɵ ɜɵɱиɫɥɟɧиɹ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɚɩɩɚɪɚɬɧɨɣ ɱɚɫɬи иɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɩɪɨɫɬɵɟ  и 
ɛɵɫɬɪɨɞɟɣɫɬɜɭɸщиɟ ɜɵɱиɫɥиɬɟɥи ɫ ɮиɤɫиɪɨɜɚɧɧɨɣ ɡɚɩɹɬɨɣ. 

ɋɪɟɞи ɨɛɴɟɤɬɨɜ ɭɩɪɚɜɥɟɧиɹ ɫ Ɋɉ-ɩɚɪɚɦɟɬɪɚɦи ɛɨɥɶɲɭɸ ɞɨɥɸ ɫɨɫɬɚɜɥɹɸɬ 
ɨɛɴɟɤɬɵ, ɨɩиɫɵɜɚɟɦɵɟ ɭɪɚɜɧɟɧиɹɦи ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬи. ɉɪи иɫɩɨɥɶɡɨɜɚɧии ɦɟɬɨɞɚ 
ɞиɫɤɪɟɬиɡɚɰии ɬɚɤиɯ ɦɨɞɟɥɟɣ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɩɟɪɟɦɟɧɧɵɦ, иɫɯɨɞɧɨɦɭ 
ɞиɮɮɟɪɟɧɰиɚɥɶɧɨɦɭ ɭɪɚɜɧɟɧиɸ ɜ ɱɚɫɬɧɵɯ ɩɪɨиɡɜɨɞɧɵɯ (Ⱦɍɑɉ) ɧɚ ɤɚɠɞɨɦ ɜɪɟɦɟɧɧɨɦ 
ɫɥɨɟ ɫɬɚɜиɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜиɟ ɧɟɤɨɬɨɪɚɹ ɫиɫɬɟɦɚ ɚɥɝɟɛɪɚиɱɟɫɤиɯ ɭɪɚɜɧɟɧиɣ (ɋɅȺɍ) [3] 

ɜиɞɚ 

f


A , (1) 

ɝɞɟ 


 ɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɜɟɤɬɨɪ ɪɟɲɟɧиɹ ɧɚ ɞɚɧɧɨɦ ɜɪɟɦɟɧɧɨɦ ɫɥɨɟ, f


 – ɜɟɤɬɨɪ 
ɩɪɚɜɵɯ ɱɚɫɬɟɣ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɝɪɚɧиɱɧɵɦи и ɡɚɞɚɸщиɦи ɜɨɡɞɟɣɫɬɜиɹɦи, A


 – ɦɚɬɪиɰɚ 

ɤɨɷɮɮиɰиɟɧɬɨɜ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɮиɡиɱɟɫɤиɦи ɫɜɨɣɫɬɜɚɦи Ɋɉ-ɨɛɴɟɤɬɚ и ɩɚɪɚɦɟɬɪɚɦи 
ɞиɫɤɪɟɬиɡɚɰии. 

ɋɪɟɞи ɧɚиɛɨɥɟɟ ɩɪɨɫɬɵɯ ɚɥɝɨɪиɬɦɨɜ ɜɵɱиɫɥɟɧиɣ, ɨɪиɟɧɬиɪɨɜɚɧɧɵɯ ɧɚ ɪɟɲɟɧиɟ 
ɡɚɞɚɱ ɜиɞɚ (1) ɫ ɩɨɦɨщɶɸ ɩɚɪɚɥɥɟɥɶɧɵɯ ɫɟɬɨɱɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ, ɧɚиɛɨɥɟɟ ɯɨɪɨɲɟɣ 
ɪɚɫɩɚɪɚɥɥɟɥиɜɚɟɦɨɫɬɶɸ и ɦɚɤɫиɦɚɥɶɧɨɣ ɩɪɨɫɬɨɬɨɣ ɪɟɚɥиɡɚɰии ɨɬɥиɱɚɟɬɫɹ ɦɟɬɨɞ 
ɩɪɨɫɬɨɣ иɬɟɪɚɰии.  

ɐелɶ ɪɚɛоɬы 

Иɫɫɥɟɞɨɜɚɧиɟ ɜɵɱиɫɥиɬɟɥɶɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɩɪи ɪɟɲɟɧии ɫиɫɬɟɦ ɥиɧɟɣɧɵɣ 
ɚɥɝɟɛɪɚиɱɟɫɤиɯ ɭɪɚɜɧɟɧиɣ ɦɟɬɨɞɨɦ ɩɪɨɫɬɨɣ иɬɟɪɚɰии ɧɚ ɜɵɱиɫɥиɬɟɥɹɯ ɫ 
ɮиɤɫиɪɨɜɚɧɧɨɣ ɡɚɩɹɬɨɣ. 

Ɉсɧоɜɧɚɹ чɚсɬɶ 

Ɋɟɲɟɧиɟ ɋɅȺɍ ɜиɞɚ (1) ɦɟɬɨɞɨɦ ɩɪɨɫɬɨɣ иɬɟɪɚɰии ɫɜɨɞиɬɫɹ ɤ ɩɨɫɬɪɨɟɧиɸ 
иɬɟɪɚɰиɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɜиɞɚ 

      f
kkk


  1 . (2) 

Ɂɞɟɫɶ:  
ppija





– ɜɟщɟɫɬɜɟɧɧɚɹ ɫиɦɦɟɬɪиɱɟɫɤɚɹ ɨɬɪиɰɚɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɚɹ 

ɦɚɬɪиɰɚ; p – ɟɟ ɪɚɡɦɟɪɧɨɫɬɶ; Lk ,...,2,1  – ɱиɫɥɨ ɲɚɝɨɜ иɬɟɪɚɰиɣ;  0


 – ɜɟɤɬɨɪ 
иɡɜɟɫɬɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜиɣ. 

ɋɥɟɞɭɟɬ ɡɚɦɟɬиɬɶ, ɱɬɨ ɤ ɡɚɜиɫиɦɨɫɬи ɜиɞɚ (2) ɩɪиɜɨɞɹɬɫɹ ɬɚɤɠɟ ɫиɫɬɟɦɵ 
ɥиɧɟɣɧɵɯ ɞиɮɮɟɪɟɧɰиɚɥɶɧɵɯ ɭɪɚɜɧɟɧиɣ (ɋɅȾɍ) ɜиɞɚ 

f
dt

d 

 
A  (3) 

ɩɪи ɪɟɲɟɧии иɯ ɦɟɬɨɞɨɦ ɗɣɥɟɪɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɚɪɚɦɟɬɪ   ɜɵɫɬɭɩɚɟɬ ɭɠɟ ɤɚɤ ɲɚɝ 
иɧɬɟɝɪиɪɨɜɚɧиɹ ɩɨ ɜɪɟɦɟɧи, ɚ ɤɚɠɞɵɣ ɜɟɤɬɨɪ  k


, Lk ,...,2,1  ɹɜɥɹɟɬɫɹ ɪɟɲɟɧиɟɦ (3) 

ɞɥɹ ɞɚɧɧɨɝɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧи. 
ȼ ɫɤɚɥɹɪɧɨɦ ɜиɞɟ ɩɪɨɰɟɞɭɪɚ (2) ɡɚɩиɲɟɬɫɹ ɫɥɟɞɭɸщиɦ ɨɛɪɚɡɨɦ: 
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ɉɪи ɜɵɱиɫɥɟɧии ɡɚɜиɫиɦɨɫɬɟɣ (4) ɧɚ ɜɵɱиɫɥиɬɟɥɹɯ ɫ ɨɝɪɚɧиɱɟɧɧɨɣ ɪɚɡɪɹɞɧɨɫɬɶɸ 
ɧɚ ɤɚɠɞɨɣ иɬɟɪɚɰии ɜɨɡɧиɤɚɸɬ ɩɨɝɪɟɲɧɨɫɬи ɨɤɪɭɝɥɟɧиɹ [3]. ȼ ɡɚɜиɫиɦɨɫɬи ɨɬ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи ɜɵɩɨɥɧɟɧиɹ ɨɩɟɪɚɰиɣ ɭɤɚɡɚɧɧɵɟ ɨɲиɛɤи ɦɨɝɭɬ ɧɚɤɚɩɥиɜɚɬɶɫɹ ɫ 
ɪɚɡɧɨɣ ɫɤɨɪɨɫɬɶɸ и ɩɪиɜɟɫɬи ɤ ɩɨɬɟɪɟ ɬɨɱɧɨɫɬи. ȼɨɡɧиɤɚɟɬ ɡɚɞɚɱɚ иɫɫɥɟɞɨɜɚɧиɹ 
ɜɵɱиɫɥиɬɟɥɶɧɵɯ ɨɲиɛɨɤ ɪɟɲɟɧиɹ ɋɅȺɍ ɦɟɬɨɞɨɦ ɩɪɨɫɬɨɣ иɬɟɪɚɰии, ɤɨɬɨɪɚɹ ɜɤɥɸɱɚɟɬ 
ɜ ɫɟɛɹ ɞɜɟ ɩɨɞɡɚɞɚɱи: 

 ɩɨɫɤɨɥɶɤɭ ɪɟɚɥɶɧɵɟ ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ – ɫɥɭɱɚɣɧɵɟ ɜɟɥиɱиɧɵ, ɬɨ 
ɧɟɨɛɯɨɞиɦɨ ɩɪɨɚɧɚɥиɡиɪɨɜɚɬɶ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪиɫɬиɤи ɩɨɫɥɟɞɧиɯ; 

 ɩɨɫɤɨɥɶɤɭ ɚɥɝɨɪиɬɦ ɜɵɱиɫɥɟɧиɹ ɡɚɜиɫиɦɨɫɬи (4) ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧ ɧɟ 
ɟɞиɧɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ, ɬɨ ɧɟɨɛɯɨɞиɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɜɨɩɪɨɫ ɜɵɛɨɪɚ ɚɥɝɨɪиɬɦɚ, 
ɨɛɟɫɩɟɱиɜɚɸщɟɝɨ ɧɚиɦɟɧɶɲиɟ ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ. 

ɉɪи ɜɵɱиɫɥɟɧиɹɯ ɜ ɮɨɪɦɚɬɟ ɫ ɮиɤɫиɪɨɜɚɧɧɨɣ ɡɚɩɹɬɨɣ ɧɚиɛɨɥɟɟ ɭɞɨɛɧɨɣ ɹɜɥɹɟɬɫɹ 
ɮиɤɫɚɰиɹ ɡɚɩɹɬɨɣ ɩɟɪɟɞ ɫɬɚɪɲиɦ ɪɚɡɪɹɞɨɦ Д4, 5]. ɉɪи ɷɬɨɦ ɜɫɟ ɦɚɲиɧɧɵɟ ɱиɫɥɚ 
ɹɜɥɹɸɬɫɹ ɩɪɚɜиɥɶɧɵɦи ɞɜɨиɱɧɵɦи ɞɪɨɛɹɦи. ɉɨɷɬɨɦɭ, ɜ ɞɚɥɶɧɟɣɲɟɦ, ɩɨɥɚɝɚɟɦ ɜɫɟ 
ɦɚɲиɧɧɵɟ ɱиɫɥɚ ɧɨɪɦɚɥиɡɨɜɚɧɧɵɦи, ɬɨ ɟɫɬɶ ɩɪиɧɚɞɥɟɠɚщиɦи иɧɬɟɪɜɚɥɭ Д-1, 1]. 

Иɧɬɟɪɜɚɥ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧиɣ ɱиɫɟɥ ɫ ɮиɤɫиɪɨɜɚɧɧɨɣ ɡɚɩɹɬɨɣ ɛɭɞɟɬ ɪɚɜɟɧ: 
  MM

b
  2121 . Ɂɞɟɫɶ M – ɪɚɡɪɹɞɧɨɫɬɶ ɦɚɲиɧɧɵɯ ɱиɫɟɥ. Ɉɱɟɜиɞɧɨ, ɱɬɨ 

ɧɟɨɛɯɨɞиɦɨɫɬɶ ɨɤɪɭɝɥɟɧиɹ ɜɨɡɧиɤɚɟɬ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧиɹ ɨɩɟɪɚɰиɣ ɭɦɧɨɠɟɧиɹ, ɞɟɥɟɧиɹ 
иɥи ɫɞɜиɝɚ ɜɩɪɚɜɨ. Ȼɭɞɟɦ ɫɱиɬɚɬɶ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɜɵɲɟ ɭɤɚɡɚɧɧɵɯ ɨɩɟɪɚɰиɣ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟɤɨɬɨɪɨɟ ɦɧɨɠɟɫɬɜɨ ɞɟɣɫɬɜиɬɟɥɶɧɵɯ ɱиɫɟɥ B , ɚ ɦɧɨɠɟɫɬɜɨ ɞɜɨиɱɧɵɯ 
ɱиɫɟɥ, ɩɪɟɞɫɬɚɜɥɹɟɦɵɯ ɜ ɦɚɲиɧɟ, ɹɜɥɹɟɬɫɹ ɩɨɞɦɧɨɠɟɫɬɜɨɦ BBi  . ɉɭɫɬɶ ɪɟɡɭɥɶɬɚɬ 
ɚɪиɮɦɟɬиɱɟɫɤɨɣ ɨɩɟɪɚɰии Bb  ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜиɸ 1 ii bbb , ɝɞɟ iii Bbb 1,  – 

ɫɥɟɞɭɸщиɟ ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ ɦɚɲиɧɧɵɟ ɱиɫɥɚ. Ɋɚɫɫɬɨɹɧиɟ ɦɟɠɞɭ ɫɨɫɟɞɧиɦи ɦɚɲиɧɧɵɦи 
ɱиɫɥɚɦи ib  и 1ib  ɨɛɨɡɧɚɱиɦ 0 . Ɉɱɟɜиɞɧɨ, ɨɧɨ ɛɭɞɟɬ ɪɚɜɧɨ M 20 . ɉɨɞ ɨɤɪɭɝɥɟɧиɟɦ 
ɛɭɞɟɦ ɩɨɧиɦɚɬɶ ɡɚɦɟɧɭ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɩɪɚɜиɥɭ ɱиɫɥɚ b  ɩɪиɛɥиɠɟɧɧɵɦ ɡɧɚɱɟɧиɟɦ 

ib  иɥи 1ib . ɉɨɝɪɟɲɧɨɫɬɶ ɨɤɪɭɝɥɟɧиɹ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɪɚɡɧɨɫɬɶ 

,bb jj      ɝɞɟ     1,  iij bbb . (5) 

Ɂɚɦɟɧɚ ɱиɫɥɚ ɟɝɨ ɩɪиɛɥиɠɟɧɧɵɦ ɡɧɚɱɟɧиɟɦ ɦɟɧɶɲɟɣ ɪɚɡɪɹɞɧɨɫɬи ɦɨɠɟɬ 
ɜɵɩɨɥɧɹɬɶɫɹ ɩɨ ɪɚɡɧɵɦ ɩɪɚɜиɥɚɦ (ɫɩɨɫɨɛɚɦ) ɨɤɪɭɝɥɟɧиɹ. Ɋɚɡɥиɱɚɸɬ ɫɥɟɞɭɸщиɟ ɜиɞɵ 
ɨɤɪɭɝɥɟɧиɹ Д4]. 

1. Ɍ-ɨɤɪɭɝɥɟɧиɟ (иɥи ɭɫɟɱɟɧиɟ). ɉɪи ɷɬɨɦ ɨɤɪɭɝɥɟɧии ɦɥɚɞɲиɟ ɪɚɡɪɹɞɵ 
ɨɬɛɪɚɫɵɜɚɸɬ, ɚ ɫɨɯɪɚɧɹɟɦɵɟ ɪɚɡɪɹɞɵ ɧɟ иɡɦɟɧɹɸɬɫɹ. 

2. Ⱥ-ɨɤɪɭɝɥɟɧиɟ. ɉɪи ɷɬɨɦ ɨɤɪɭɝɥɟɧии ɞɨɛɚɜɥɹɟɬɫɹ ɟɞиɧиɰɚ ɜ ɦɥɚɞɲиɣ иɡ 
ɫɨɯɪɚɧɹɟɦɵɯ ɪɚɡɪɹɞɨɜ, ɟɫɥи ɨɧ ɫɨɞɟɪɠиɬ ɧɭɥɶ, иɥи ɞɚɧɧɵɣ ɪɚɡɪɹɞ ɫɨɯɪɚɧɹɟɬɫɹ 
ɧɟиɡɦɟɧɧɵɦ, ɜ ɫɥɭɱɚɟ ɡɚɩиɫи ɜ ɧɟɦ ɟɞиɧиɰɵ. 

3. R-ɨɤɪɭɝɥɟɧиɟ. ɉɪи ɷɬɨɦ ɨɤɪɭɝɥɟɧии ɞɨɛɚɜɥɹɟɬɫɹ ɟɞиɧиɰɚ ɜ ɦɥɚɞɲиɣ 
ɫɨɯɪɚɧɹɟɦɵɣ ɪɚɡɪɹɞ, ɟɫɥи ɫɬɚɪɲиɣ иɡ ɨɬɛɪɚɫɵɜɚɟɦɵɯ ɪɚɡɪɹɞɨɜ ɫɨɞɟɪɠиɬ ɟɞиɧиɰɭ. 
ȿɫɥи ɫɬɚɪɲиɣ ɨɬɛɪɚɫɵɜɚɟɦɵɣ ɪɚɡɪɹɞ ɪɚɜɟɧ ɧɭɥɸ, ɬɨ ɦɥɚɞɲиɣ ɫɨɯɪɚɧɹɟɦɵɣ ɪɚɡɪɹɞ ɧɟ 
иɡɦɟɧɹɟɬɫɹ. 

ɉɪɨɜɟɞɟɧɧɵɣ ɧɚ ɨɫɧɨɜɚɧии ɦɟɬɨɞиɤи, ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ Д4], ɚɧɚɥиɡ ɩɨɤɚɡɚɥ, ɱɬɨ 
ɪɚɫɩɪɟɞɟɥɟɧиɟ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ ɩɪи иɫɩɨɥɶɡɨɜɚɧии Ɍ-, Ⱥ- и R-ɨɤɪɭɝɥɟɧиɹ ɤ 
ɪɟɡɭɥɶɬɚɬɚɦ ɭɦɧɨɠɟɧиɹ, ɞɟɥɟɧиɹ и ɫɞɜиɝɚ ɜɩɪɚɜɨ ɚɩɩɪɨɤɫиɦиɪɭɟɬɫɹ ɪɚɜɧɨɦɟɪɧɵɦ 
ɡɚɤɨɧɨɦ ɩɪи ɞɨɫɬɚɬɨɱɧɨɣ ɞɥиɧɟ иɫɯɨɞɧɵɯ ɧɟɨɤɪɭɝɥɟɧɧɵɯ ɞɜɨиɱɧɵɯ ɱиɫɟɥ. ɉɪи ɷɬɨɦ, 
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ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ Д6], ɭɠɟ ɩɪи 6M  и 6m  ɡɚɤɨɧ ɪɚɫɩɪɟɞɟɥɟɧиɹ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ ɫ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ ɪɚɜɧɨɦɟɪɧɵɦ, ɚ ɩɪи 8M  и 8m  ɨɧ 
ɩɪɚɤɬиɱɟɫɤи ɫɨɜɩɚɞɚɟɬ ɫ ɪɚɜɧɨɦɟɪɧɵɦ. Ɂɞɟɫɶ M  и m  – ɞɥиɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɫɨɯɪɚɧɹɟɦɵɯ и ɨɬɛɪɚɫɵɜɚɟɦɵɯ ɪɚɡɪɹɞɨɜ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧиɹ ɚɧɚɥиɡɚ ɜɵɱиɫɥиɬɟɥɶɧɵɯ ɨɲиɛɨɤ ɪɚɫɫɦɨɬɪиɦ ɧɟɤɨɬɨɪɵɟ ɚɫɩɟɤɬɵ 
ɜɵɱиɫɥɟɧиɹ ɡɚɜиɫиɦɨɫɬи (4). ɋ ɬɨɱɤи ɡɪɟɧиɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬи ɜɵɩɨɥɧɟɧиɹ ɨɩɟɪɚɰиɣ 
ɦɨɝɭɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɵ ɧɟɫɤɨɥɶɤɨ ɚɥɝɨɪиɬɦɨɜ, ɨɬɥиɱɚɸщиɯɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 
ɤɨɥиɱɟɫɬɜɨɦ и ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɜɵɩɨɥɧɹɟɦɵɯ ɨɩɟɪɚɰиɣ. Ɍɚɤ, ɧɚɩɪиɦɟɪ, 
ɜɵɪɚɠɟɧиɟ (4) ɦɨɠɧɨ ɪɟɚɥиɡɨɜɚɬɶ ɪɚɡɥиɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɜɵɱиɫɥиɬɟɥɶɧɵɯ 
ɩɪɨɰɟɞɭɪ (6). 
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 (6) 

Ʉɚɤ ɜиɞɧɨ иɡ ɚɧɚɥиɡɚ (6a) и (6b), ɷɬи ɜɵɪɚɠɟɧиɹ ɷɤɜиɜɚɥɟɧɬɧɵ ɫ ɬɨɱɤи ɡɪɟɧиɹ 
ɦɚɬɟɦɚɬиɤи, ɧɨ ɧɟ ɪɚɜɧɨɰɟɧɧɵ ɩɨ ɤɨɥиɱɟɫɬɜɭ ɨɩɟɪɚɰиɣ. ȼ (6b) ɤɨɥиɱɟɫɬɜɨ ɨɩɟɪɚɰиɣ 
ɭɦɧɨɠɟɧиɹ ɛɨɥɶɲɟ, ɚ ɷɬɨ ɦɨɠɟɬ ɩɪиɜɟɫɬи ɤ ɞɨɩɨɥɧиɬɟɥɶɧɵɦ ɨɲиɛɤɚɦ ɨɤɪɭɝɥɟɧиɹ. 

ɉɨɷɬɨɦɭ ɩɪи ɩɨɫɬɪɨɟɧии ɜɵɱиɫɥиɬɟɥɶɧɨɝɨ ɚɥɝɨɪиɬɦɚ ɥɸɛɨɝɨ ɜɵɱиɫɥɟɧиɹ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɫɬɪɨиɬɶ ɬɚɤɨɣ ɚɥɝɨɪиɬɦ, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠиɬ ɦиɧиɦɚɥɶɧɨɟ ɤɨɥиɱɟɫɬɜɨ 

ɨɩɟɪɚɰиɣ ɭɦɧɨɠɟɧиɹ, ɚ ɬɚɤɠɟ ɞɟɥɟɧиɹ и ɫɞɜиɝɚ. 
ɍɱиɬɵɜɚɹ ɫɤɚɡɚɧɧɨɟ, ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɚɥɝɨɪиɬɦɚ ɛɭɞɟɦ иɫɩɨɥɶɡɨɜɚɬɶ ɚɥɝɨɪиɬɦ 

(6a). ɋɥɟɞɭɟɬ ɨɬɦɟɬиɬɶ, ɱɬɨ ɜ ɭɤɚɡɚɧɧɨɦ ɚɥɝɨɪиɬɦɟ ɜɵɱиɫɥɟɧиɟ  k

iS  ɦɨɠɟɬ ɛɵɬɶ 
ɨɪɝɚɧиɡɨɜɚɧɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɚɪɚɥɥɟɥɶɧɨ иɥи ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ-ɩɚɪɚɥɥɟɥɶɧɨ. 
Ɉɞɧɚɤɨ, ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɧɟ иɡɦɟɧɹɟɬ ɨɛщɟɟ ɤɨɥиɱɟɫɬɜɨ ɨɩɟɪɚɰиɣ ɭɦɧɨɠɟɧиɹ и ɧɟ 
ɩɪиɜɨɞиɬ ɤ ɩɟɪɟɫɬɚɧɨɜɤɟ ɫɨɦɧɨɠиɬɟɥɟɣ, ɬɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɵɱиɫɥɟɧиɣ ɧɟ ɛɭɞɟɬ 
ɜɥиɹɬɶ ɧɚ ɜɟɥиɱиɧɭ ɜɨɡɦɨɠɧɨɣ ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ. 

ɍɱиɬɵɜɚɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɚɥɝɨɪиɬɦɚ ɛɭɞɟɦ иɫɩɨɥɶɡɨɜɚɬɶ 
ɜɵɱиɫɥиɬɟɥɶɧɵɣ ɚɥɝɨɪиɬɦ 6a, ɝɪɚɮиɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧиɟ ɤɨɬɨɪɨɝɨ (ɜ ɫɨɨɬɜɟɬɫɬɜии ɫ 
ɦɟɬɨɞиɤɨɣ, ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ Д4]), иɡɨɛɪɚɠɟɧɨ ɧɚ ɪиɫ.1. 

 

Ɋис. 1. Ƚɪɚɮиɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧиɟ ɜɵɱиɫɥиɬɟɥɶɧɨɝɨ ɚɥɝɨɪиɬɦɚ 

 

Ⱥɥɝɨɪиɬɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪиɫ. 1, ɨɩиɫɵɜɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧиɹ 
ɨɩɟɪɚɰиɣ ɧɚ ɨɞɧɨɦ ɲɚɝɟ ɜɵɱиɫɥɟɧиɣ. Ɉɞɧɚɤɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɚɥɝɨɪиɬɦ ɹɜɥɹɟɬɫɹ 
иɞɟɚɥиɡиɪɨɜɚɧɧɵɦ, ɬɚɤ ɤɚɤ ɧɟ ɭɱиɬɵɜɚɟɬ ɨɩɟɪɚɰии ɨɤɪɭɝɥɟɧиɹ. Ɋɟɚɥɶɧɵɣ ɚɥɝɨɪиɬɦ 
ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɨɩɟɪɚɰии ɨɤɪɭɝɥɟɧиɹ, ɧɟɨɛɯɨɞиɦɵɟ ɞɥɹ ɨɝɪɚɧиɱɟɧиɹ 
ɪɚɡɪɹɞɧɨɫɬи ɜɵɯɨɞɧɨɣ ɜɟɥиɱиɧɵ. 
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Иɡɜɟɫɬɟɧ Д7, 8] ɚɥɝɨɪиɬɦ ɜɵɱиɫɥɟɧиɣ ɡɚɜиɫиɦɨɫɬɟɣ ɜиɞɚ (4), ɜ ɤɨɬɨɪɨɦ ɧɚ ɤɚɠɞɨɣ 
иɬɟɪɚɰии ɨɩɟɪɚɰиɹ ɨɤɪɭɝɥɟɧиɹ ɨɫɭщɟɫɬɜɥɹɟɬɫɹ ɩɨɫɥɟ ɜɵɱиɫɥɟɧиɹ ɧɟɜɹɡɤи  k

i
 , ɬɨ 

ɟɫɬɶ ɧɚ ɜɵɯɨɞɟ ɚɥɝɨɪиɬɦɚ. Ƚɪɚɮиɱɟɫɤɨɟ иɡɨɛɪɚɠɟɧиɟ ɚɥɝɨɪиɬɦɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪиɫ. 2. 

 

Ɋис. 2. ȼɵɱиɫɥиɬɟɥɶɧɵɣ ɚɥɝɨɪиɬɦ ɫ ɨɤɪɭɝɥɟɧиɟɦ ɜɵɯɨɞɧɨɣ ɜɟɥиɱиɧɵ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɚɤɬиɱɟɫɤɨɝɨ иɫɩɨɥɶɡɨɜɚɧиɹ ɭɤɚɡɚɧɧɨɝɨ ɚɥɝɨɪиɬɦɚ ɩɨɤɚɡɚɥи, ɱɬɨ 
ɪɟɡɭɥɶɬиɪɭɸщиɟ ɧɚɤɨɩиɜɲиɟɫɹ ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ ɜɟɞɭɬ ɫɟɛɹ ɩɪɨɩɨɪɰиɨɧɚɥɶɧɨ k  

ɩɪи иɫɩɨɥɶɡɨɜɚɧии Ɍ-ɨɤɪɭɝɥɟɧиɹ, и ɩɪɨɩɨɪɰиɨɧɚɥɶɧɨ k  – ɩɪи R-ɨɤɪɭɝɥɟɧии. Ɂɞɟɫɶ k  

– ɱиɫɥɨ ɲɚɝɨɜ ɜɵɱиɫɥɟɧиɹ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɟɨɪɟɬиɱɟɫɤиɯ иɫɫɥɟɞɨɜɚɧиɣ ɛɵɥи ɩɨɥɭɱɟɧɵ ɚɧɚɥиɬиɱɟɫɤиɟ ɨɰɟɧɤи 

ɧɚɤɨɩɥɟɧиɹ ɨɲиɛɨɤ ɞɥɹ ɞɚɧɧɨɝɨ ɜɵɱиɫɥиɬɟɥɶɧɨɝɨ ɚɥɝɨɪиɬɦɚ. ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ 
ɪɟɡɭɥɶɬɚɬɚɦ, ɦɚɤɫиɦɚɥɶɧɨɟ ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɡɧɚɱɟɧиɟ ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ 
ɨɤɪɭɝɥɟɧиɹ ɩɨɞɱиɧɹɟɬɫɹ ɫɥɟɞɭɸщɟɦɭ ɧɟɪɚɜɟɧɫɬɜɭ 
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2
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(9) 

Ɂɞɟɫɶ: pjj ,...,2,1  ,   – ɫɨɛɫɬɜɟɧɧɵɟ ɱиɫɥɚ ɦɚɬɪиɰɵ 


;   – ɦɚɬɟɦɚɬиɱɟɫɤɨɟ 

ɨɠиɞɚɧиɟ ɥɨɤɚɥɶɧɵɯ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ  k

i ;   – ɫɪɟɞɧɟɤɜɚɞɪɚɬиɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧиɟ 
ɥɨɤɚɥɶɧɵɯ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ. 

Ⱥɧɚɥиɡ ɜɵɪɚɠɟɧиɣ (7) – (9), ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɟɡɭɥɶɬиɪɭɸщиɟ ɨɲиɛɤи 
ɨɤɪɭɝɥɟɧиɹ: 

 ɪɚɫɬɭɬ ɫ ɪɨɫɬɨɦ ɱиɫɥɚ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬи ɦɚɬɪиɰɵ 


; 

 ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɛɨɪɨɦ ɩɚɪɚɦɟɬɪɚ  , ɩɪи ɷɬɨɦ ɞɥɹ ɫɥɭɱɚɹ ɧɟ 
ɰɟɧɬɪиɪɨɜɚɧɧɵɯ ɥɨɤɚɥɶɧɵɯ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ (Ɍ-ɨɤɪɭɝɥɟɧиɟ) ɨɧи ɪɚɫɬɭɬ 
ɩɪɨɩɨɪɰиɨɧɚɥɶɧɨ /1 , ɬɨ ɟɫɬɶ ɩɪɨɩɨɪɰиɨɧɚɥɶɧɨ k , ɚ ɩɪи ɰɟɧɬɪиɪɨɜɚɧɧɵɯ ɥɨɤɚɥɶɧɵɯ 
ɨɲиɛɤɚɯ ɨɤɪɭɝɥɟɧиɹ (R-ɨɤɪɭɝɥɟɧиɟ) – ɩɪɨɩɨɪɰиɨɧɚɥɶɧɨ /1 , ɬɨ ɟɫɬɶ 
ɩɪɨɩɨɪɰиɨɧɚɥɶɧɨ k . 



ɋ. Ⱥ. ɉɨɥɨɚɟɧɤɨ, Ⱥ.Ƚ. Ʉиɫɟɥɶ, И.ɘ. Ƚɨɥиɤɨɜ  
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Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬиɱɟɫɤɨɝɨ ɚɧɚɥиɡɚ ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɬ ɫ 
ɩɪиɜɟɞɟɧɧɵɦи ɜ Д7, 8] ɪɟɡɭɥɶɬɚɬɚɦи ɩɪɚɤɬиɱɟɫɤɨɝɨ иɫɫɥɟɞɨɜɚɧиɹ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɚɧɚɥиɬиɱɟɫɤиɯ ɨɰɟɧɨɤ. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɪи ɱиɫɥɟɧɧɨɦ ɪɟɲɟɧии ɬɟɫɬɨɜɵɯ ɡɚɞɚɱ ɫ ɩɪиɦɟɧɟɧиɟɦ ɞɚɧɧɨɝɨ 
ɚɥɝɨɪиɬɦɚ ɛɵɥ ɜɵɹɜɥɟɧ ɫɭщɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ, ɡɚɤɥɸɱɚɸщиɣɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪи 
ɨɬɧɨɫиɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɪɚɡɪɹɞɧɨɫɬи M  ɨɤɪɭɝɥɹɟɦɵɯ ɞɜɨиɱɧɵɯ ɱиɫɟɥ (ɩɪи ɷɬɨɦ 

8M ), ɚ ɬɚɤɠɟ ɩɪи ɦɚɥɵɯ ɡɧɚɱɟɧиɹɯ   ɜɨɡɧиɤɚɟɬ ɹɜɥɟɧиɟ ɝɥɨɛɚɥɶɧɨɝɨ ɜɵɪɨɠɞɟɧиɹ 
ɪɟɲɟɧиɹ, ɩɪи ɤɨɬɨɪɨɦ ɧɚɤɨɩиɜɲɚɹɫɹ ɨɲиɛɤɚ ɩɨɥɧɨɫɬɶɸ иɫɤɚɠɚɟɬ ɪɟɡɭɥɶɬɚɬɵ ɫɱɟɬɚ. 
ɗɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ иɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɣ ɜɵɱиɫɥиɬɟɥɶɧɵɣ ɚɥɝɨɪиɬɦ ɞɥɹ ɪɟɲɟɧиɹ ɋɅȺɍ 
ɛɨɥɶɲɨɣ ɪɚɡɦɟɪɧɨɫɬи ɫ ɩɥɨɯɨ ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɦɚɬɪиɰɟɣ, ɚ ɬɚɤɠɟ ɞɥɹ ɪɟɲɟɧиɹ 
«ɠɟɫɬɤиɯ» ɋɅȾɍ [3] ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɦɟɬɨɞɨɦ ɗɣɥɟɪɚ ɫ ɦɚɥɵɦ ɲɚɝɨɦ, ɨɩɪɟɞɟɥɹɸщиɦ 
ɦɟɬɨɞиɱɟɫɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɲɟɧиɹ. 

Ⱦɥɹ ɭɫɬɪɚɧɟɧиɹ ɭɤɚɡɚɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɩɪɟɞɥɨɠɟɧ ɜɵɱиɫɥиɬɟɥɶɧɵɣ ɚɥɝɨɪиɬɦ, ɜ 
ɤɨɬɨɪɨɦ ɧɚ ɤɚɠɞɨɣ иɬɟɪɚɰии ɨɩɟɪɚɰиɹ ɨɤɪɭɝɥɟɧиɹ ɨɫɭщɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɞ ɜɵɱиɫɥɟɧиɟɦ 
ɧɟɜɹɡɤи  k

i , ɬɨ ɟɫɬɶ ɧɚ ɜɯɨɞɟ ɚɥɝɨɪиɬɦɚ. Ƚɪɚɮиɱɟɫɤɨɟ иɡɨɛɪɚɠɟɧиɟ ɚɥɝɨɪиɬɦɚ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪиɫ. 3. 

 

Ɋис. 3. ȼɵɱиɫɥиɬɟɥɶɧɵɣ ɚɥɝɨɪиɬɦ ɫ ɨɤɪɭɝɥɟɧиɟɦ ɜɯɨɞɧɨɣ ɜɟɥиɱиɧɵ 

 

Ⱦɥɹ ɞɚɧɧɨɝɨ ɜɵɱиɫɥиɬɟɥɶɧɨɝɨ ɚɥɝɨɪиɬɦɚ ɬɚɤɠɟ ɛɵɥи ɩɨɥɭɱɟɧɵ ɚɧɚɥиɬиɱɟɫɤиɟ 
ɨɰɟɧɤи ɧɚɤɨɩɥɟɧиɹ ɨɲиɛɨɤ. ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ, ɦɚɤɫиɦɚɥɶɧɨɟ 
ɜɟɪɨɹɬɧɨɫɬɧɨɟ ɡɧɚɱɟɧиɟ ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ ɩɨɞɱиɧɹɟɬɫɹ 
ɫɥɟɞɭɸщɟɦɭ ɧɟɪɚɜɟɧɫɬɜɭ 
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(11) 

Ⱥɧɚɥиɡиɪɭɹ (11), ɜиɞиɦ, ɱɬɨ ɮɭɧɤɰиɹ  kM3  (ɜ ɨɬɥиɱиɟ ɨɬ (7)) – ɦɨɧɨɬɨɧɧɚ и 
ɦɚɤɫиɦɚɥɶɧɚ ɬɨɥɶɤɨ ɩɪи  2 . Ʉɪɨɦɟ ɬɨɝɨ, ɩɪи 2  ɷɬɚ ɮɭɧɤɰиɹ ɨɝɪɚɧиɱɟɧɚ ɩɪи 
ɥɸɛɵɯ k  и, ɜ ɩɪɟɞɟɥɟ, ɪɚɜɧɚ 
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11
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kM
k

 
(13) 

Ȼɨɥɟɟ ɬɨɝɨ, ɜ ɞиɚɩɚɡɨɧɟ 10  ɞɚɧɧɚɹ ɮɭɧɤɰиɹ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧиɹ 
ɟɞиɧиɰɵ ɩɪи ɥɸɛɵɯ k , ɬɨ ɟɫɬɶ 

  13  kM ,     10  ,      k1 . (14) 

Ⱦɥɹ ɤɚɠɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɦɚɬɪиɰɵ 


 ɮɭɧɤɰиɹ  kM3  ɦɚɤɫиɦɚɥɶɧɚ ɩɪи M  , 

ɝɞɟ M  – ɦɚɤɫиɦɚɥɶɧɨɟ ɫɨɛɫɬɜɟɧɧɨɟ ɱиɫɥɨ ɦɚɬɪиɰɵ. 
Иɡ ɚɧɚɥиɡɚ (12), ɜиɞиɦ, ɱɬɨ  kM4  ɬɚɤɠɟ ɦɨɧɨɬɨɧɧɚ и ɦɚɤɫиɦɚɥɶɧɚ ɬɨɥɶɤɨ ɩɪи 
2 . ɉɪи 2  ɮɭɧɤɰиɹ  kM4  ɨɝɪɚɧиɱɟɧɚ ɞɥɹ ɥɸɛɵɯ k  и, ɜ ɩɪɟɞɟɥɟ, ɪɚɜɧɚ 

  .
2

lim 4 






kM
k

 
(15) 

Ⱥɧɚɥɨɝиɱɧɨ ɜɵɲɟ ɪɚɫɫɦɨɬɪɟɧɧɨɣ  kM3  ɮɭɧɤɰиɹ  kM4  ɜ ɞиɚɩɚɡɨɧɟ 10  

ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧиɹ ɟɞиɧиɰɵ ɩɪи ɥɸɛɵɯ k , ɬɨ ɟɫɬɶ 

  14  kM ,     10  ,      k1 . (16) 

Ⱦɥɹ ɤɚɠɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɦɚɬɪиɰɵ 


 ɮɭɧɤɰиɹ  kM4  ɬɚɤ ɠɟ ɦɚɤɫиɦɚɥɶɧɚ ɩɪи 

M  . 

Ɍɚɤиɦ ɨɛɪɚɡɨɦ, ɜɵɛиɪɚɹ ɩɚɪɚɦɟɬɪ   иɡ ɭɫɥɨɜиɹ 1M , ɩɨɥɭɱиɦ ɫɥɟɞɭɸщɭɸ 
ɦɚɤɫиɦɚɥɶɧɭɸ ɨɰɟɧɤɭ ɞɥɹ ɪɟɡɭɥɶɬиɪɭɸщɟɣ ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ (10) 

 
pr

k

i   3
max

. (17) 

Ȼɨɥɟɟ ɬɨɝɨ, ɩɪиɦɟɧɟɧиɟ ɬиɩɨɜ ɨɤɪɭɝɥɟɧиɹ, ɞɚɸщиɯ ɰɟɧɬɪиɪɨɜɚɧɧɵɟ ɥɨɤɚɥɶɧɵɟ 
ɨɲиɛɤи  0 , ɩɨɡɜɨɥɹɟɬ ɡɧɚɱиɬɟɥɶɧɨ ɭɦɟɧɶɲиɬɶ ɜɟɥиɱиɧɭ ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ 
ɨɤɪɭɝɥɟɧиɹ. 

ȼ ɬɚɛɥиɰɟ 1 ɩɪиɜɟɞɟɧɵ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪиɫɬиɤи ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ 
ɨɤɪɭɝɥɟɧиɹ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɪɚɡɥиɱɧɵɯ ɜиɞɨɜ ɨɤɪɭɝɥɟɧиɹ и ɩɪɟɞɫɬɚɜɥɟɧиɹ ɞɜɨиɱɧɵɯ 
ɱиɫɟɥ ɜ ɪɚɡɥиɱɧɵɯ ɤɨɞɚɯ (ɩɪɹɦɨɦ, ɨɛɪɚɬɧɨɦ и ɞɨɩɨɥɧиɬɟɥɶɧɨɦ). 
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Ɍɚɛлиɰɚ 1. 

ȼɟɪɨɹɬɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪиɫɬиɤи ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ ɞɥɹ 
ɜɵɱиɫɥиɬɟɥɶɧɨɝɨ ɚɥɝɨɪиɬɦɚ ɫ ɨɤɪɭɝɥɟɧиɟɦ ɜɯɨɞɧɨɣ ɜɟɥиɱиɧɵ 
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Ⱥɧɚɥиɡ ɩɨɥɭɱɟɧɧɵɯ ɜ ɬɚɛɥ. 1 ɨɰɟɧɨɤ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸщиɟ ɜɵɜɨɞɵ: 
 ɩɪɟɞɥɨɠɟɧɧɵɣ ɜɵɱиɫɥиɬɟɥɶɧɵɣ ɚɥɝɨɪиɬɦ ɩɨɡɜɨɥɹɟɬ ɞɥɹ ɜɫɟɯ ɬиɩɨɜ 

ɨɤɪɭɝɥɟɧиɹ ɫɨɨɬɜɟɬɫɬɜɭɸщиɦ ɜɵɛɨɪɨɦ ɲɚɝɚ иɬɟɪɚɰии ɨɝɪɚɧиɱиɬɶ ɜɟɥиɱиɧɭ 
ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ ɧɚ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ; 

 ɩɪиɦɟɧɟɧиɟ ɜ ɚɥɝɨɪиɬɦɟ ɨɤɪɭɝɥɟɧиɣ, ɞɚɸщиɯ ɰɟɧɬɪиɪɨɜɚɧɧɵɟ ɥɨɤɚɥɶɧɵɟ 
ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ  0 , ɩɨɡɜɨɥɹɟɬ ɡɧɚɱиɬɟɥɶɧɨ ɭɦɟɧɶɲиɬɶ ɜɟɥиɱиɧɭ 
ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɣ; 

 ɧɚиɦɟɧɶɲɭɸ ɪɟɡɭɥɶɬиɪɭɸщɭɸ ɨɲиɛɤɭ ɨɤɪɭɝɥɟɧиɹ ɞɚɟɬ ɩɪиɦɟɧɟɧиɟ R -

ɨɤɪɭɝɥɟɧиɹ ɜ ɩɪɹɦɨɦ и ɞɨɩɨɥɧиɬɟɥɶɧɨɦ ɤɨɞɚɯ, ɞɚɸщɟɝɨ ɰɟɧɬɪиɪɨɜɚɧɧɵɟ ɥɨɤɚɥɶɧɵɟ 
ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ ɫ ɧɚиɦɟɧɶɲɟɣ ɞиɫɩɟɪɫиɟɣ. ɉɪи ɷɬɨɦ ɟɫɥи ɡɚɞɚɬɶ   иɡ ɭɫɥɨɜиɹ 

2

1
M , ɬɨ ɜɟɥиɱиɧɚ ɪɟɡɭɥɶɬиɪɭɸщɟɣ ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ ɧɟ ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ 

ɡɧɚɱɟɧиɹ ɥɨɤɚɥɶɧɨɣ ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ 
2

0  ɞɥɹ ɥɸɛɨɝɨ ɱиɫɥɚ ɲɚɝɨɜ ɜɵɱиɫɥɟɧиɹ. 

Выɜоɞы 

ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɚɧɚɥиɬиɱɟɫɤɨɝɨ ɜɵɞɟɥɟɧиɹ ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ 
ɨɤɪɭɝɥɟɧиɹ ɩɪи ɪɟɲɟɧии ɦɟɬɨɞɨɦ ɩɪɨɫɬɨɣ иɬɟɪɚɰии ɋɅȺɍ, ɤ ɤɨɬɨɪɵɦ ɫɜɨɞиɬɫɹ 
ɪɟɲɟɧиɟ ɦɧɨɝиɯ ɡɚɞɚɱ. ɇɚ ɨɫɧɨɜɚɧии ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɩɪɨɜɟɞɟɧ ɬɟɨɪɟɬиɱɟɫɤиɣ 
ɚɧɚɥиɡ иɡɜɟɫɬɧɵɯ ɜɵɱиɫɥиɬɟɥɶɧɵɯ ɚɥɝɨɪиɬɦɨɜ, ɚ ɬɚɤɠɟ ɩɨɤɚɡɚɧɚ ɦɚɥɚɹ иɯ ɩɪиɝɨɞɧɨɫɬɶ 
ɞɥɹ ɪɟɲɟɧиɹ ɩɥɨɯɨ ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɋɅȺɍ ɧɚ ɜɵɱиɫɥиɬɟɥɹɯ ɫ ɮиɤɫиɪɨɜɚɧɧɨɣ ɡɚɩɹɬɨɣ и 
ɫ ɨɝɪɚɧиɱɟɧɧɨɣ ɪɚɡɪɹɞɧɨɫɬɶɸ. ɉɪɟɞɥɨɠɟɧ и ɬɟɨɪɟɬиɱɟɫɤи иɫɫɥɟɞɨɜɚɧ ɜɵɱиɫɥиɬɟɥɶɧɵɣ 
ɚɥɝɨɪиɬɦ ɫ ɨɤɪɭɝɥɟɧиɟɦ ɜɯɨɞɧɨɣ ɜɟɥиɱиɧɵ, ɩɨɡɜɨɥɹɸщиɣ ɨɝɪɚɧиɱиɬɶ ɧɚɤɨɩɥɟɧиɟ 
ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ ɨɤɪɭɝɥɟɧиɹ ɧɚ ɡɚɞɚɧɧɨɦ ɭɪɨɜɧɟ ɩɭɬɟɦ ɜɵɛɨɪɚ 

ɫɨɨɬɜɟɬɫɬɜɭɸщɟɝɨ ɡɧɚɱɟɧиɹ ɩɚɪɚɦɟɬɪɚ  . ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɝɪɚɧиɱɟɧиɹ (ɫ 
ɩɨɦɨщɶɸ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜɵɱиɫɥиɬɟɥɶɧɨɝɨ ɚɥɝɨɪиɬɦɚ) ɪɟɡɭɥɶɬиɪɭɸщиɯ ɨɲиɛɨɤ 
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ɨɤɪɭɝɥɟɧиɹ ɧɚ ɭɪɨɜɧɟ ɥɨɤɚɥɶɧɨɣ ɨɲиɛɤи ɨɤɪɭɝɥɟɧиɹ, ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɡɧɚɱɟɧиɸ 
ɟɞиɧиɰɵ ɦɥɚɞɲɟɝɨ ɪɚɡɪɹɞɚ ɨɤɪɭɝɥɹɟɦɨɝɨ ɞɜɨиɱɧɨɝɨ ɱиɫɥɚ. 
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ȼиɤɨɧɚɧɨ ɚɧɚɥɿɡ ɱиɫɟɥɶɧɨɝɨ ɪɿɲɟɧɧɹ ɋɅȺɍ ɧɚ ɨɛɱиɫɥɸɜɚɱɚɯ ɡ ɮɿɤɫɨɜɚɧɨɸ ɤɨɦɨɸ. 
ɉɨɤɚɡɚɧɨ, щɨ ɬɨɱɧɿɫɬɶ ɪɟɡɭɥɶɬɚɬɭ ɨɛɱиɫɥɟɧɶ ɡɚɥɟɠиɬɶ ɜɿɞ ɩɪɨɰɟɞɭɪи  ɨɪɝɚɧɿɡɚɰɿʀ 
ɨɛɱиɫɥɸɜɚɥɶɧɨɝɨ ɩɪɨɰɟɫɭ. ɇɚɜɟɞɟɧɨ ɚɧɚɥɿɬиɱɧɭ ɨɰɿɧɤɭ ɬɨɱɧɨɫɬɿ ɨɛɱиɫɥɟɧɶ ɜɿɞɨɦиɯ 
ɨɛɱиɫɥɸɜɚɥɶɧиɯ ɩɪɨɰɟɞɭɪ, щɨ ɡɛɿɝɚєɬɶɫɹ ɡ ɪɟɡɭɥɶɬɚɬɚɦи ɩɪɚɤɬиɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ 
ɨɫɬɚɧɧɿɯ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɚɥɝɨɪиɬɦ ɨɛɱиɫɥɟɧɶ, щɨ ɞɨɡɜɨɥɹє ɨɛɦɟɠиɬи ɧɚɝɪɨɦɚɞɠɟɧɧɹ 
ɩɨɦиɥɨɤ ɨɤɪɭɝɥɟɧɶ ɧɚ ɡɚɞɚɧɨɦɭ ɪɿɜɧɿ.  ȼиɤɨɧɚɧɨ ɚɧɚɥɿɬиɱɧиɣ ɚɧɚɥɿɡ ɪɟɡɭɥɶɬɭɸɱиɯ 
ɩɨɦиɥɨɤ ɨɤɪɭɝɥɟɧɧɹ  ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ ɚɥɝɨɪиɬɦɭ. ɇɚɜɟɞɟɧɨ ɭɦɨɜи, щɨ ɡɚɛɟɡɩɟɱɭɸɬɶ 
ɨɛɦɟɠɟɧɧɹ ɧɚɝɪɨɦɚɞɠɟɧɧɹ ɡɚɡɧɚɱɟɧиɯ ɩɨɦиɥɨɤ ɧɚ ɡɚɞɚɧɨɦɭ ɪɿɜɧɿ. 
Ключоɜі слоɜɚ: ɋɅȺɊ, ɦɟɬɨɞ ɩɪɨɫɬɨʀ ɿɬɟɪɚɰɿʀ, ɨɛɱиɫɥɸɜɚɥɶɧиɣ ɚɥɝɨɪиɬɦ, ɩɨɦиɥɤи 
ɨɤɪɭɝɥɟɧɧɹ, ɦɚɤɫиɦɚɥɶɧɿ ɿɦɨɜɿɪɧɿɫɧɿ ɨɰɿɧɤи. 
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The analysis of the numerical solution of SLAE in the fixed-point calculators was done. 

There is shown that the accuracy of calculation results depend on procedure of the 

organization of the computing process. The article gives an analytical estimation of 

accuracy of calculations known computational procedures, which coincides with the results 

of practical research of the latter. Proposed the computing algorithm allows to limit the 

accumulation of the rounding errors at specified level. Was performed analytical analysis of 

the rounding errors of the proposed algorithm. It is given conditions that provides limiting 

accumulation of indicated errors at a given level. 

Keywords: SLAE, fixed-point iteration, computing algorithm, rounding errors, maximum 

probabilistic estimation. 

 


