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Ɉ ɇɈȼɈɃ ȼɈɁɆɈɀɇɈɋɌɂ ɉɈȼЫɒȿɇɂə ɌɈɑɇOɋɌɂ  

ɉɈɁɂɐɂɈɇɂɊɈȼȺɇɂə ȼ ɈȾɇɈɑȺɋɌɈɌɇɈɃ ȺɉɉȺɊȺɌɍɊȿ  

ɋɉɍɌɇɂɄɈȼЫɏ ɊȺȾɂɈɇȺȼɂȽȺɐɂɈɇɇЫɏ ɋɂɋɌȿɆ 

 

Ɂɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɝɥɨɛɚɥɶɧɵɯ ɫɩɭɬɧɢɤɨɜɵɯ 

ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɧɚɜɢɝɚɰɢɢ. Ɉɞɧɢɦ 

ɢɡ ɫɚɦɵɯ ɧɟɞɨɪɨɝɢɯ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɩɪɟɞɥɨɠɟɧɧɵɣ ɪɚ-

ɧɟɟ ɚɜɬɨɪɚɦɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɜɪɟɦɟɧɧɨɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɋɊɇɋ. Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ 

ɩɨɫɜɹɳɟɧɚ ɦɨɞɟɪɧɢɡɚɰɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɪɟɠɢɦɚ ɞɥɹ ɫɩɭɬɧɢɤɨ-

ɜɵɯ ɪɚɞɢɨɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɋɊɇɋ) ɩɪɢ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɜ ɨɞɧɨɱɚ-

ɫɬɨɬɧɨɦ ɪɟɠɢɦɟ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɡɚɞɚɱɚ; ɨɞɧɨɱɚɫɬɨɬɧɵɣ ɩɪɢɟɦɧɢɤ; ɮɚɡɨ-

ɜɵɣ ɰɟɧɬɪ ɚɧɬɟɧɧɵ; ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɪɟɠɢɦ; ɤɨɧɬɪɨɥɶɧɨ-ɤɨɪɪɟɤɬɢɪɭɸɳɚɹ 

ɫɬɚɧɰɢɹ; ɩɫɟɜɞɨɞɚɥɶɧɨɫɬɶ. 
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CONCERNING A NEW POSSIBILITY OF INCREASING THE POSITION-

ING ACCURACY IN SINGLE-FREQUENCY EQUIPMENT OF SATELLITE 

RADIO NAVIGATION SYSTEMS 

The problem of increasing the positioning accuracy of global navigation satellite 

systems is one of the most important problems of navigation. One of the most inex-

pensive ways to solve the problem is the time-differential mode of GNSS proposed 

by the authors earlier. The article focuses on modernization of the time-differential 

mode for satellite radio navigation systems (SRNS) operating in a single-frequency 

mode. 

Keywords: navigation problem; single-frequency receiver; antenna phase center; 

differential mode; control and correction station; pseudorange. 

 

1 ȼɜɟɞɟɧɢɟ 

ȼ ɩɪɟɞɵɞɭɳɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɚɜɬɨɪɨɜ [Ƚɨɪɛɚɱёɜ, ɂɜɚ-

ɧɨɜ, ɏɚɡɚɧɨɜ, ɏɨɥɦɨɝɨɪɨɜ, 2013; Kholmogorov, Ivanov, Gorbachev, 2013] ɛɵɥ 

ɜɵɹɜɥɟɧ ɫɥɟɞɭɸɳɢɣ ɢɧɬɟɪɟɫɧɵɣ ɷɮɮɟɤɬ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɬɨɦ, ɱɬɨ ɢɡɦɟɪɟɧɢɹ 

ɨɬɤɥɨɧɟɧɢɣ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɨɪɞɢɧɚɬ ɚɧɬɟɧɧ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɨɬ ɢɯ 

ɢɫɬɢɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢɦɟɟɬ ɯɨɪɨɲɨ ɜɵɪɚɠɟɧɧɭɸ ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɜ ɞɜɭɯ ɢ ɛɨɥɟɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɫɭɬɤɚɯ. Эɮɮɟɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɟ 



 

 

ɮɥɭɤɬɭɚɰɢɢ ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ ɜɪɟɦɟɧɚɦɢ ɜ ɞɟɫɹɬɤɢ – ɬɵɫɹɱɢ ɫɟɤɭɧɞ ɢ, ɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨ, ɧɟ ɫɜɹɡɚɧ ɫ ɫɭɬɨɱɧɵɦ ɯɨɞɨɦ ɩɨɥɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜ ɢɨɧɨ-

ɫɮɟɪɟ, ɢɦɟɸɳɢɦ ɩɟɪɢɨɞ 24 ɱɚɫɚ. Эɮɮɟɤɬ ɧɚɢɛɨɥɟɟ ɜɵɪɚɠɟɧ ɞɥɹ ɜɵɫɨɬɵ ɮɚɡɨ-

ɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ. Ⱦɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɧɚ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɧɚɛɥɸɞɚɬɟɥɶ-

ɧɵɯ ɩɭɧɤɬɚɯ ɂɪɤɭɬɫɤɨɝɨ ɮɢɥɢɚɥɚ ɆȽɌɍ ȽȺ ɜ ɝ. ɂɪɤɭɬɫɤɟ ɞɥɹ ɧɚɜɢɝɚɰɢɨɧɧɨɣ 

ɫɢɫɬɟɦɵ GPS. 

Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɧɚ ɪиɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧ ɬɢɩɢɱɧɵɣ ɜɪɟɦɟɧɧɨɣ ɯɨɞ ɨɩɪɟɞɟɥɹ-

ɟɦɨɣ ɧɚɜɢɝɚɰɢɨɧɧɵɦ ɩɪɢɟɦɧɢɤɨɦ ɜɵɫɨɬɵ ɚɧɬɟɧɧɵ ɜ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɫɭɬɤɚɯ ɢɡ 

ɪɚɛɨɬɵ [Kholmogorov, Ivanov, Gorbachev, 2013]. ɉɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɨɬɥɨɠɟɧɵ 

ɨɩɪɟɞɟɥɹɟɦɵɟ ɜɵɫɨɬɵ ɚɧɬɟɧɧ h. Ɂɞɟɫɶ ɧɚɦ ɢɧɬɟɪɟɫɧɵ ɬɨɥɶɤɨ ɨɬɧɨɫɢɬɟɥɶɧɵɟ 

ɜɚɪɢɚɰɢɢ ɜɵɫɨɬ, ɩɨɷɬɨɦɭ ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɩɨɤɚɡɚɧ ɦɚɫɲɬɚɛ ɟɞɢɧɢɰɵ ɢɡɦɟ-

ɪɟɧɢɣ. Кɪɢɜɵɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɜɭɦ ɫɭɬɤɚɦ, ɢɡɨɛɪɚɠɟɧɵ ɨɞɧɚ ɩɨɞ ɞɪɭɝɨɣ ɫ 

ɧɟɤɨɬɨɪɵɦ ɫɦɟɳɟɧɢɟɦ ɩɨ ɜɟɪɬɢɤɚɥɢ. ɉɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɨɬɥɨɠɟɧɨ ɦɢɪɨɜɨɟ 

ɜɪɟɦɹ UTC ɜ ɫɟɚɧɫɚɯ ɧɚɛɥɸɞɟɧɢɣ ɫɨɫɟɞɧɢɯ ɫɭɬɨɤ. ɏɨɪɨɲɨ ɜɢɞɧɚ ɜɵɫɨɤɚɹ ɫɬɟ-

ɩɟɧɶ ɤɨɪɪɟɥɹɰɢɢ ɜɪɟɦɟɧɧɵɯ ɯɨɞɨɜ ɨɩɪɟɞɟɥɹɟɦɵɯ ɜɵɫɨɬ ɚɧɬɟɧɧ ɜ ɞɜɭɯ ɫɨɫɟɞɧɢɯ 

ɫɭɬɤɚɯ ɢ ɩɪɢɫɭɬɫɬɜɢɟ ɮɥɭɤɬɭɚɰɢɣ ɪɚɡɥɢɱɧɵɯ ɜɪɟɦɟɧɧɵɯ ɦɚɫɲɬɚɛɨɜ. ɂɡ ɩɨ-

ɫɥɟɞɧɢɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɵɟ ɤɨɪɨɬɤɨɩɟɪɢɨɞɢɱɟɫɤɢɟ ɮɥɭɤɬɭɚ-

ɰɢɢ ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ ɜɪɟɦɟɧɚɦɢ ɜ ɞɟɫɹɬɤɢ ɫɟɤɭɧɞ ɢ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɟ ɞɥɢɧɧɨ-

ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɜɚɪɢɚɰɢɢ ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ ɜɪɟɦɟɧɚɦɢ ɩɨɪɹɞɤɚ ɬɵɫɹɱ ɫɟɤɭɧɞ.  

 

Риɫ. 1. ȼɪɟɦɟɧɧɨɣ ɯɨɞ ɨɩɪɟɞɟɥɹɟɦɨɣ ɜɵɫɨɬɵ ɚɧɬɟɧɧɵ ɜ ɫɨɫɟɞɧɢɯ ɫɭɬɤɚɯ 

2 Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɜɪɟɦɟɧɧɚɹ ɤɨɪɪɟɤɰɢɹ 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜɵɲɟ ɷɮɮɟɤɬ – ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɫɭɬɨɱɧɨɝɨ ɯɨɞɚ ɨɲɢɛɨɤ ɩɨ-

ɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ‒ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɨɥɨɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɪɟɩɟɪɧɵɯ ɫɬɚɧɰɢɣ ɜ ɞɚɧɧɨɦ 



 

 

ɪɟɝɢɨɧɟ. ɂɞɟɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚ ɨɩɨɪɧɨɦ ɩɭɧɤɬɟ ɫ ɢɡɜɟɫɬɧɵɦɢ ɤɨɨɪɞɢɧɚ-

ɬɚɦɢ ɚɧɬɟɧɧɵ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɩɪɢɟɦɧɢɤɚ ɮɨɪɦɢɪɨɜɚɬɶ ɢ ɡɚɩɢɫɵɜɚɬɶ ɜ ɮɚɣɥ 

(ɜɨɡɦɨɠɧɨ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɝɥɚɠɢɜɚɧɢɹ) ɜɪɟɦɟɧɧɵɟ ɯɨɞɚ ɨɲɢɛɨɤ ɩɨɡɢɰɢɨɧɢ-

ɪɨɜɚɧɢɹ ɩɨ ɜɵɫɨɬɟ, ɲɢɪɨɬɟ ɢ ɞɨɥɝɨɬɟ. Ɂɚɩɢɫɚɧɧɵɟ ɞɚɧɧɵɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɨ-

ɫɬɚɜɢɬɶ ɜ ɫɥɟɞɭɸɳɢɟ ɫɭɬɤɢ ɩɨɬɪɟɛɢɬɟɥɹɦ, ɤɨɬɨɪɵɟ ɜɵɱɢɬɚɸɬ ɷɬɢ ɨɲɢɛɤɢ ɢɡ 

ɬɟɤɭɳɢɯ ɤɨɨɪɞɢɧɚɬ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɪɢɟɦɧɢɤɚɦɢ. ȼ ɪɚɛɨɬɟ [Ƚɨɪɛɚɱёɜ, ɂɜɚɧɨɜ, 

ɏɨɥɦɨɝɨɪɨɜ, 2014] ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɨɞɯɨɞɚ. Ɉɧɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɚɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɨɩɢ-

ɫɚɧɧɨɝɨ ɜɵɲɟ ɷɮɮɟɤɬɚ ɫɩɨɫɨɛɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɟɫɶɦɚ ɡɚɦɟɬɧɨɟ ɩɨɜɵɲɟɧɢɟ 

ɬɨɱɧɨɫɬɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ.  

ɉɨ ɫɭɬɢ, ɡɞɟɫɶ ɢɦɟɟɬ ɦɟɫɬɨ ɨɩɪɟɞɟɥɟɧɧɚɹ ɚɧɚɥɨɝɢɹ ɫ ɢɡɜɟɫɬɧɵɦ ɞɢɮɮɟɪɟɧ-

ɰɢɚɥɶɧɵɦ ɪɟɠɢɦɨɦ ɋɊɇɋ [Roel J. P. van Bree  Christian C. J. M. Tiberius, 2012], 

ɤɨɬɨɪɵɣ ɞɚɥɟɟ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɫɬɚɧɞɚɪɬɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɪɟɠɢɦɨɦ (ȾɊ). 

ȼ ɩɪɨɫɬɟɣɲɟɦ ɜɚɪɢɚɧɬɟ ɫɬɚɧɞɚɪɬɧɵɣ ȾɊ ɪɟɚɥɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ȼ 

ɧɟɤɨɬɨɪɨɦ ɪɟɝɢɨɧɟ ɩɨɫɬɨɹɧɧɨ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɪɟɩɟɪɧɵɣ ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɩɪɢ-

ɟɦɧɢɤ ɫ ɢɡɜɟɫɬɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ, ɧɚɡɵɜɚɟɦɵɣ ɤɨɧ-

ɬɪɨɥɶɧɨ-ɤɨɪɪɟɤɬɢɪɭɸɳɟɣ ɫɬɚɧɰɢɟɣ (ККɋ). ККɋ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

ɨɩɪɟɞɟɥɹɟɬ ɢ ɩɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ ɤɚɧɚɥɚɦ ɫɜɹɡɢ ɩɟɪɟɞɚɟɬ ɩɨɬɪɟɛɢɬɟɥɸ ɬɟ-

ɤɭɳɢɟ ɡɧɚɱɟɧɢɹ ɨɲɢɛɨɤ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨ ɲɢɪɨɬɟ, ɞɨɥɝɨɬɟ ɢ ɜɵɫɨɬɟ ɢɥɢ ɩɨ 

ɞɟɤɚɪɬɨɜɵɦ ɝɟɨɰɟɧɬɪɢɱɟɫɤɢɦ ɤɨɨɪɞɢɧɚɬɚɦ. ɉɪɢɟɦɧɢɤɢ ɜ ɞɚɧɧɨɦ ɪɟɝɢɨɧɟ, 

ɜɤɥɸɱɟɧɧɵɟ ɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɪɟɠɢɦ, ɧɟɩɪɟɪɵɜɧɨ ɩɪɢɧɢɦɚɸɬ ɷɬɢ ɡɧɚɱɟ-

ɧɢɹ, ɤɨɬɨɪɵɟ ɜ ɤɚɱɟɫɬɜɟ ɩɨɩɪɚɜɨɤ ɜɵɱɢɬɚɸɬɫɹ ɢɡ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɨɪɞɢɧɚɬ. 

ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɢɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨ-

ɥɟɟ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɜɬɨɧɨɦɧɵɦɢ ɢɡɦɟɪɟɧɢɹɦɢ. 

ɏɨɪɨɲɨ ɢɡɜɟɫɬɧɵ ɧɟɞɨɫɬɚɬɤɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɪɟɠɢɦɚ: 

ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɢ ɭɦɟɧɶɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫ ɪɨ-

ɫɬɨɦ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ККɋ ɢ ɩɨɬɪɟɛɢɬɟɥɟɦ. 

ɍɱɢɬɵɜɚɹ ɜɵɲɟɫɤɚɡɚɧɧɨɟ, ɜ ɪɚɛɨɬɚɯ [Kholmogorov, Ivanov, Gorbachev, 2013; 

Ƚɨɪɛɚɱёɜ, ɂɜɚɧɨɜ, ɏɨɥɦɨɝɨɪɨɜ, 2014] ɧɚɦɢ ɩɪɟɞɥɨɠɟɧ ɩɪɨɫɬɨɣ ɢ ɞɟɲɟɜɵɣ ɦɟ-

ɬɨɞ ɤɨɪɪɟɤɰɢɢ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɨɪɞɢɧɚɬ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɷɮɮɟɤɬɚ 



 

 

ɩɨɜɬɨɪɹɟɦɨɫɬɢ ɫɭɬɨɱɧɨɝɨ ɯɨɞɚ ɨɲɢɛɨɤ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɞɢɮ-

ɮɟɪɟɧɰɢɚɥɶɧɵɦ ɪɟɠɢɦɨɦ, ɦɵ ɧɚɡɜɚɥɢ ɦɟɬɨɞ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɜɪɟɦɟɧɧɵɦ ɪɟ-

ɠɢɦɨɦ (ȾȼɊ), ɬɚɤ ɤɚɤ ɜ ɧɟɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɩɪɚɜɤɢ ɫ ККɋ ɧɟ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 

ɜɪɟɦɟɧɢ, ɚ ɢɡɜɥɟɱɟɧɧɵɟ ɢɡ ɡɚɪɚɧɟɟ ɡɚɩɢɫɚɧɧɨɝɨ ɜɪɟɦɟɧɧɨɝɨ ɯɨɞɚ ɨɲɢɛɨɤ ɩɨɡɢ-

ɰɢɨɧɢɪɨɜɚɧɢɹ ККɋ ɜ ɩɪɟɞɵɞɭɳɢɟ ɫɭɬɤɢ. 

3 Ⱥɥɶɬɟɪɧɚɬɢɜɧɵɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɜɪɟɦɟɧɧɨɣ ɪɟɠɢɦ 

ȼ ɪɚɛɨɬɟ [Ƚɨɪɛɚɱёɜ, ɂɜɚɧɨɜ, ɏɨɥɦɨɝɨɪɨɜ, 2014] ɭɤɚɡɵɜɚɥɨɫɶ, ɱɬɨ ɜɨɡɦɨɠɧɚ 

ɦɨɞɟɪɧɢɡɚɰɢɹ ȾȼɊ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɨɬɥɢɱɢɟɦ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ ȾȼɊ ɨɬ ɫɬɚɧ-

ɞɚɪɬɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨ-

ɫɥɟɞɧɟɝɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɬɪɟɛɢɬɟɥɹɦ ɫ ККɋ ɩɟɪɟɞɚɸɬɫɹ ɩɨɩɪɚɜɤɢ ɤ ɩɫɟɜɞɨ-

ɞɚɥɶɧɨɫɬɹɦ, ɚ ɧɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɤɨɨɪɞɢɧɚɬɚɦ, ɤɚɤ ɜ ȾȼɊ. ɉɨɷɬɨɦɭ ɛɵɥɚ 

ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɩɨɩɪɚɜɨɤ ɤ ɩɫɟɜɞɨɞɚɥɶɧɨɫɬɢ ɢ ɜ ȾȼɊ. Ɍɚɤɚɹ 

ɩɪɨɰɟɞɭɪɚ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɬɪɭɞɨɟɦɤɨɣ, ɧɨ ɛɵɥɚ ɧɚɦɢ ɜɵɩɨɥɧɟɧɚ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɦɵ ɩɨɥɭɱɢɥɢ ɪɟɠɢɦ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɧɚɡɜɚɧɧɵɣ ɧɚɦɢ ɚɥɶɬɟɪɧɚ-

ɬɢɜɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɜɪɟɦɟɧɧɵɦ ɪɟɠɢɦɨɦ (ȺȾȼɊ). 

ɋɭɬɶ ɦɟɬɨɞɚ ȺȾȼɊ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ɇɚ ККɋ ɜ ɤɨɧɬɪɨɥɶɧɵɣ ɞɟɧɶ 

ɜɵɱɢɫɥɹɸɬɫɹ ɩɨɝɪɟɲɧɨɫɬɢ ɤ ɩɫɟɜɞɨɞɚɥɶɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɫɩɭɬɧɢɤɚ ɩɭɬɟɦ ɦɢ-

ɧɢɦɢɡɚɰɢɢ ɨɫɬɚɬɨɱɧɨɣ ɨɲɢɛɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

Ɂɚɬɟɦ, ɧɚ ɩɪɢɟɦɧɢɤɟ, ɜɤɥɸɱɟɧɧɨɦ ɜ ɪɟɠɢɦ ȺȾȼɊ, ɞɚɧɧɵɟ ɩɨɩɪɚɜɤɢ ɜɵɱɢɬɚɸɬ-

ɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟ ɫɭɬɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɶɧɨɝɨ ɞɧɹ. 

4 Ɍɟɫɬɢɪɨɜɚɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ȾȼɊ 

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɤɚɱɟɫɬɜɚ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɞɢɮɮɟ-

ɪɟɧɰɢɚɥɶɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɪɟɠɢɦɚ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɧɵɦɢ ɦɟɬɨɞɚɦɢ ɩɨɜɵɲɟɧɢɹ 

ɬɨɱɧɨɫɬɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ȾȼɊ ɛɵɥɢ ɜɵɛɪɚɧɵ 2 ɫɪɟɞɧɟɲɢɪɨɬɧɵɟ 

ɫɬɚɧɰɢɢ ɫɟɬɢ IGS, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ȿɜɪɨɩɟ: ONSA (ɫɬɚɧɰɢɹ Ⱥ) ɢ SPT0 (ɫɬɚɧ-

ɰɢɹ B). Ȼɵɥɢ ɜɡɹɬɵ 3 ɩɚɪɵ ɞɚɧɧɵɯ ɞɥɹ 23 ɢ 24 ɱɢɫɟɥ ɦɚɪɬɚ, ɢɸɧɹ ɢ ɞɟɤɚɛɪɹ 

2015 ɝ. Ɇɟɬɨɞ ȺȾȼɊ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɚɤ ɞɥɹ ɤɨɪɪɟɤɬɢɪɨɜɨɤ A ɩɨ B, ɬɚɤ ɢ ɞɥɹ 

ɨɛɪɚɬɧɨɣ ɤɨɪɪɟɤɬɢɪɨɜɤɟ B ɩɨ A ɫ ɭɫɪɟɞɧɟɧɢɟɦ ɜɫɟɯ ɞɚɧɧɵɯ. Эɮɮɟɤɬɢɜɧɨɫɬɶ 



 

 

ȺȾȼɊ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɬɚɛл. 1, ɨɰɟɧɢɜɚɥɚɫɶ ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɪɟ-

ɠɢɦɚɦɢ: 

1. Ȼɟɡ ɤɨɪɪɟɤɰɢɢ.  

2. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɣ ɦɨɞɟɥɢ Кɥɨɛɭɱɚɪɚ. 

3. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɟɥɢ GEMTEC [Ivanov, Gefan, Gorbachev, 2011]. 

4.  ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɵɱɧɨɝɨ ȾȼɊ. 

5. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ȾȼɊ. 

6. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯɱɚɫɬɨɬɧɨɝɨ ɪɟɠɢɦɚ.  

ȼ ɫɬɨɥɛɰɚɯ ɬɚɛл. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ:  

 dlat ‒ ɫɪɟɞɧɹɹ ɨɲɢɛɤɚ ɩɨ ɲɢɪɨɬɟ;  

 dlon ‒ ɫɪɟɞɧɹɹ ɨɲɢɛɤɚ ɩɨ ɞɨɥɝɨɬɟ;  

 dh ‒ ɫɪɟɞɧɹɹ ɨɲɢɛɤɚ ɩɨ ɜɵɫɨɬɟ;  

 dhor ‒ ɦɨɞɭɥɶ ɫɪɟɞɧɟɣ ɨɲɢɛɤɢ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ;  

 dfull ‒ ɦɨɞɭɥɶ ɫɪɟɞɧɟɣ ɩɨɥɧɨɣ ɨɲɢɛɤɢ.  

ȼɫɟ ɱɢɫɥɨɜɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɦɟɬɪɚɯ. 

Тɚɛлиɰɚ 1 

 dlat dlon dh dhor dfull 

Ȼɟɡ ɤɨɪɪɟɤɰɢɢ 1,47 0,52 4,25 1,56 4,53 

Ɇɨɞɟɥɶ Кɥɨɛɭɱɚɪɚ 1,54 0,47 0,36 1,61 1,65 

Ɇɨɞɟɥɶ GEMTEC 1,04 0,55 0,71 1,18 1,38 

ȾȼɊ 0,00 0,14 -0,02 0,14 0,14 

ȺȾȼɊ -0,24 -1,35 0,64 1,37 1,51 

Ⱦɜɭɯɱɚɫɬɨɬɧɵɣ ɪɟɠɢɦ 0,52 0,43 0,63 0,67 0,92 

Кɚɤ ɢ ɨɠɢɞɚɥɨɫɶ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ȺȾȼɊ ɭɦɟɧɶɲɚɟɬ ɨɲɢɛɤɭ ɩɨɡɢɰɢɨɧɢɪɨɜɚ-

ɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɠɢɦɨɦ ɛɟɡ ɤɨɪɪɟɤɰɢɢ ɢ ɦɨɞɟɥɶɸ Кɥɨɛɭɱɚɪɚ. Ɉɞɧɚɤɨ 

ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɬɟɫɬɢɪɨɜɚɧɢɢ ȺȾȼɊ ɨɤɚɡɚɥɫɹ ɧɚ ɭɪɨɜɧɟ ɦɨɞɟɥɢ 

GEMTEC ɢ ɯɭɠɟ ɨɛɵɱɧɨɝɨ ȾȼɊ ɢ ɞɜɭɯɱɚɫɬɨɬɧɨɝɨ ɪɟɠɢɦɚ. ɂɧɬɟɪɟɫɧɨ ɢ ɬɨ, ɱɬɨ 

ɜ ɞɚɧɧɨɣ ɫɟɪɢɢ ɪɚɫɱɟɬɨɜ ɨɛɵɱɧɵɣ ȾȼɊ ɩɨɤɚɡɚɥ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɤɨɪɪɟɤ-

ɰɢɢ, ɞɚɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɜɭɯɱɚɫɬɨɬɧɵɦ ɪɟɠɢɦɨɦ. 



 

 

ɇɚ ɪиɫ. 2 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɜɪɟɦɟɧɧɨɝɨ ɯɨɞɚ ɨɫɬɚɬɨɱɧɨɣ ɨɲɢɛɤɢ ɩɨɡɢɰɢɨ-

ɧɢɪɨɜɚɧɢɹ ɞɥɹ ɫɬɚɧɰɢɢ ONSA 24 ɢɸɧɹ, ɩɨɫɥɟ ɤɨɪɪɟɤɰɢɢ ɩɨ ɫɬɚɧɰɢɢ SPT0 ɡɚ 23 

ɢɸɧɹ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɚɜɚɸɳɟɝɨ ɫɪɟɞɧɟɝɨ ɫ 10-ɦɢɧɭɬɧɵɦ ɢɧɬɟɪɜɚɥɨɦ 

ɫɝɥɚɠɢɜɚɧɢɹ. ɋɩɥɨɲɧɨɣ ɥɢɧɢɟɣ ɢɡɨɛɪɚɠɟɧ ɪɟɠɢɦ ɪɚɛɨɬɵ ɛɟɡ ɤɨɪɪɟɤɰɢɢ, ɞɚɥɟɟ 

ɩɨɤɚɡɚɧɚ ɤɨɪɪɟɤɰɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ:  

 ɞɥɢɧɧɵɣ ɩɭɧɤɬɢɪ – ɦɨɞɟɥɢ Кɥɨɛɭɱɚɪɚ;  

 ɤɨɪɨɬɤɢɣ ɲɬɪɢɯ – ɦɨɞɟɥɢ GEMTEC;  

 ɬɨɱɟɱɧɚɹ ɥɢɧɢɹ – ɨɛɵɱɧɨɝɨ ȾȼɊ;  

 ɞɥɢɧɧɵɣ ɲɬɪɢɯ-ɩɭɧɤɬɢɪ – ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ȾȼɊ;  

 ɤɨɪɨɬɤɢɣ ɲɬɪɢɯ-ɩɭɧɤɬɢɪ – ɞɜɭɯɱɚɫɬɨɬɧɨɝɨ ɪɟɠɢɦɚ.  

 

Риɫ. 2. ȼɪɟɦɟɧɧɨɣ ɯɨɞ ɨɫɬɚɬɨɱɧɨɣ ɨɲɢɛɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ  

ɩɪɢ ɤɨɪɪɟɤɰɢɢ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ 

ɉɨɤɚɡɚɧɧɵɟ ɧɚ ɪиɫ. 2 ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɞɬɜɟɪɠɞɚɸɬ ɜɵɜɨɞɵ, ɩɨɥɭɱɟɧ-

ɧɵɟ ɢɡ ɚɧɚɥɢɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛл. 1, ɚ ɢɦɟɧɧɨ: 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ȾȼɊ ɪɚɛɨɬɚɟɬ ɧɟ ɥɭɱɲɟ ɨɛɵɱɧɨɝɨ ȾȼɊ. ɉɪɢ ɷɬɨɦ ɨɛɚ ɪɟɠɢɦɚ 

ɭɦɟɧɶɲɚɸɬ ɨɫɬɚɬɨɱɧɭɸ ɨɲɢɛɤɭ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɟɟ, ɱɟɦ ɦɨɞɟɥɶ 

Кɥɨɛɭɱɚɪɚ ɢ ɦɨɞɟɥɶ GEMTEC. 

5 Ɂɚɤɥɸɱɟɧɢɟ 

ɂɡ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɪɟɚɥɢɡɚɰɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ 

ȾȼɊ ɫ ɩɟɪɟɞɚɱɟɣ ɩɨɩɪɚɜɨɤ ɤ ɩɫɟɜɞɨɞɚɥɶɧɨɫɬɹɦ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɫɥɨɠɧɚ ɢ ɧɟ 

ɞɚɟɬ ɜɵɢɝɪɵɲɚ ɜ ɭɬɨɱɧɟɧɢɢ ɤɨɨɪɞɢɧɚɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɵɱɧɵɦ ȾȼɊ ɫ ɩɟɪɟɞɚ-

ɱɟɣ ɩɨɩɪɚɜɨɤ ɤ ɤɨɨɪɞɢɧɚɬɚɦ. ɉɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ ɚɜɬɨɪɵ ɪɟɤɨɦɟɧɞɭɸɬ 



 

 

ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɨɛɵɱɧɵɣ ȾȼɊ ɩɪɢ ɤɨɪɪɟɤɰɢɢ ɨɩɪɟɞɟɥɹɟɦɵɯ ɤɨɨɪɞɢɧɚɬ ɜ ɨɞ-

ɧɨɱɚɫɬɨɬɧɵɯ ɩɪɢɟɦɧɢɤɚɯ ɋɊɇɋ. 
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