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ɂɋɋɅȿȾɈȼȺɇɂȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɉɈɅȿɃ ɌɈɑɇɈɋɌɂ  
ɋɉɍɌɇɂɄɈȼЫɏ ɋɂɋɌȿɆ ɇȺȼɂȽȺɐɂɂ ɆȿɌɈȾȺɆɂ  

ɉɈɅɍɇȺɌɍɊɇɈȽɈ ɂ ɆȺɌȿɆȺɌɂɑȿɋɄɈȽɈ ɆɈȾȿɅɂɊɈȼȺɇɂə 

ȼ ɪɚɛɨɬɟ ɦɟɬɨɞɚɦɢ ɩɨɥɭɧɚɬɭɪɧɨɝɨ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨ-

ɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɜɢɝɚɰɢɨɧɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟ-

ɦɨɝɨ ɫɩɭɬɧɢɤɨɜɵɦɢ ɫɢɫɬɟɦɚɦɢ ɧɚɜɢɝɚɰɢɢ ȽɅɈɇАɋɋ, GPS ɢ ɫɨɜɦɟɳёɧɧɨɣ ɫɢ-

ɫɬɟɦɨɣ. ɉɨɥɭɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɟɞɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦ-

ɧɨ-ɚɩɩɚɪɚɬɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɫɨɫɬɚɜɟ ɢɦɢɬɚɬɨɪɚ ɋɇ-3803Ɇ ɢ ɚɜɢɚɰɢɨɧɧɨɝɨ ɩɪɢ-

ɟɦɧɢɤɚ ɋɇ-4312. ɉɨɤɚɡɚɧɵ ɩɪɨɛɥɟɦɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɜɦɟɳɟɧɧɵɯ ɩɪɢɟɦɧɢ-

ɤɨɜ. ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜ ɫɪɟɞɟ LКЛVТОW ɩɪɨɝɪɚɦɦɵ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢ-

ɤɚ ɩɨɫɬɪɨɟɧɢɹ ɩɨɥɟɣ ɬɨɱɧɨɫɬɢ ȽɅɈɇАɋɋ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɹɯ ɩɨ ɡɧɚɱɟɧɢɹɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ.  

Ʉɥɸчеɜые ɫɥɨɜɚ: ɫɩɭɬɧɢɤɨɜɚɹ ɫɢɫɬɟɦɚ ɧɚɜɢɝɚɰɢɢ, GPS, ȽɅɈɇАɋɋ, ɝɟɨ-

ɦɟɬɪɢɱɟɫɤɢɣ ɮɚɤɬɨɪ, ɧɚɜɢɝɚɰɢɨɧɧɨ-ɜɪɟɦɟɧɧɨɟ ɩɨɥɟ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɬɨɱɧɨɫɬɶ. 
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RESEARCH OF THE CHARACTERISTICS OF THE SATELLITE NAVI-

GATION SYSTEM PRECISION FIELDS BY HIL-SIMULATING  

AND MATHEMATICAL MODELING 

By HIL-simulating and mathematical modeling the author researched the charac-

teristics of a navigation and timing field created by the GLONASS, GPS satellite 



 

 

navigation systems and the combined system. HIL-simulation experiments were car-

ried out using the hardware and software of CH-3803M simulator and CH-4312 air-

craft receiver. The problems of using integrated receivers are revealed. On the basis 

of a program developed in LabVieW environment the technique of constructing the 

fields of GLONASS precision in the horizontal and vertical planes using the values of 

the geometrical factors is proposed.  

Keywords: satellite navigation system, GPS, GLONASS, geometrical dilution of 

precision, navigation and timing field, modelling, precision. 

 

ɋɨɜɪɟɦɟɧɧɵɣ ɷɬɚɩ ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɪɨɰɟɞɭɪ ɨɪɝɚɧɢɡɚɰɢɢ ɜɨɡɞɭɲɧɨ-

ɝɨ ɞɜɢɠɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɝɪɚɠɞɚɧɫɤɨɣ ɚɜɢɚɰɢɢ, ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɲɢɪɨɤɨɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɩɭɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ɧɚɜɢɝɚɰɢɢ (ɋɋɇ). ɉɪɢɦɟɧɟɧɢɟ ɋɋɇ ɩɨɡɜɨ-

ɥɹɟɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɚɷɪɨɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɞɭɲɧɵɯ ɫɭ-

ɞɨɜ (ȼɋ) ɡɚ ɫɱёɬ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɷɤɢɩɚɠɚɦ ɛɨɥɟɟ ɬɨɱɧɨɣ ɢ ɧɚɞɟɠɧɨɣ ɢɧɮɨɪɦɚ-

ɰɢɢ ɨ ɦɟɫɬɨɩɨɥɨɠɟɧɢɢ ɢ ɩɚɪɚɦɟɬɪɚɯ ɞɜɢɠɟɧɢɹ ȼɋ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɩɨɥɟɬɚ 

ɢ ɜ ɝɥɨɛɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ. ɉɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟ-

ɫɬɜɨ ɜɨɡɞɭɲɧɵɯ ɬɪɚɫɫ (ɬɪɚɧɫɨɤɟɚɧɢɱɟɫɤɢɟ, ɬɪɚɧɫɩɨɥɹɪɧɵɟ ɢ ɤɪɨɫɫɩɨɥɹɪɧɵɟ), 

ɧɚ ɤɨɬɨɪɵɯ ɋɋɇ ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɪɟɞɫɬɜɨɦ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɬɨɱɧɨɣ 

ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ.  

Ɍɨɱɧɨɫɬɶ ɋɋɇ ɡɚɜɢɫɢɬ ɨɬ ɪɹɞɚ ɮɚɤɬɨɪɨɜ, ɨɫɧɨɜɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ: 

ɤɚɱɟɫɬɜɨ ɷɮɟɦɟɪɢɞɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɭɫɥɨɜɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɞɢɨɫɢɝɧɚɥɨɜ 

ɩɨ ɬɪɚɫɫɚɦ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɩɭɬɧɢɤɚ (ɇɋ) ‒ ɩɨɬɪɟɛɢɬɟɥɶ, ɤɚɱɟɫɬɜɨ ɩɪɢɟɦɧɨɝɨ 

ɭɫɬɪɨɣɫɬɜɚ. ȼɚɠɧɟɣɲɭɸ ɪɨɥɶ ɩɪɢ ɷɬɨɦ ɢɝɪɚɸɬ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɡɞɚɜɚɟɦɨɝɨ 

ɋɋɇ ɧɚɜɢɝɚɰɢɨɧɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɩɨɥɹ (ɇȼɉ), ɤɨɬɨɪɨɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɧɚɛɥɸɞɚɟɦɵɯ ɇɋ ɢ ɢɯ ɩɨɥɨɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɪɟɛɢɬɟɥɹ (ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ 

ɮɚɤɬɨɪ (ȽɎ) ɫɢɫɬɟɦɵ) Дɋɤɪɵɩɧɢɤ, 2014].   

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɨɱɧɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤ ɇȼɉ ɋɋɇ ɛɵɥ ɫɨɡɞɚɧ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɤɨɦɩɥɟɤɫ ɜ ɫɨɫɬɚɜɟ ɩɥɚɬ-

ɮɨɪɦɵ National Instruments, ɢɦɢɬɚɬɨɪɚ ɫɢɝɧɚɥɨɜ ɋɇ-3803Ɇ, ɚɜɢɚɰɢɨɧɧɨɝɨ ɩɪɢ-



 

 

ɟɦɧɢɤɚ ɋɇ-4312 ɢ ɢɧɬɟɪɮɟɣɫɚ ɟɝɨ ɫɨɩɪɹɠɟɧɢɹ ɫ ɉЭȼɆ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɩɪɨɰɟɫɫɚ ɢɡɦɟɪɟɧɢɣ ɢ ɢɯ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ (ɪиɫ. 1). 

ɍɧɢɤɚɥɶɧɨɫɬɶ ɤɨɦɩɥɟɤɫɚ ɫɨɫɬɨɢɬ ɜ ɚɧɚɥɢɡɟ ɇȼɉ ɋɋɇ ɩɨ ɢɧɮɨɪɦɚɰɢɢ, 

ɮɨɪɦɢɪɭɟɦɨɣ ɧɚ ɜɵɯɨɞɟ ɪɟɚɥɶɧɵɯ ȽɅɈɇАɋɋ/GPS ɩɪɢɟɦɧɢɤɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 

ɨɰɟɧɢɜɚɬɶ ɜɥɢɹɧɢɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɧɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɢ ɚɩɩɚɪɚɬɧɵɯ ɪɟɲɟɧɢɣ 

ɧɚ ɤɚɱɟɫɬɜɨ ɩɪɟɞɨɫɬɚɜɥɹɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ Дɋɤɪɵɩɧɢɤ, ɇɟɱɚɟɜ, Аɪɟɮɶɟɜ, 2014]. 

 

Ɋиɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɝɨ  ɤɨɦɩɥɟɤɫɚ 

ȼɧɟɲɧɢɣ ɜɢɞ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɝɨ ɦɨɞɭɥɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɩɪɨɜɟ-

ɞɟɧɢɹ ɧɚɬɭɪɧɵɯ ɢ ɩɨɥɭɧɚɬɭɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɩɨɤɚɡɚɧ ɧɚ ɪиɫ. 2. 

 

Ɋиɫ. 2. ɉɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɣ ɦɨɞɭɥɶ  

Ʉɨɦɩɥɟɤɫ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɧɚɬɭɪɧɵɟ ɢ ɩɨɥɭɧɚɬɭɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨ 

ɨɰɟɧɤɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɜɢɝɚɰɢɨɧɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɩɨɥɹ ɫɩɭɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ 

ɧɚɜɢɝɚɰɢɢ ȽɅɈɇАɋɋ, GPS ɢ ɫɨɜɦɟɳɟɧɧɨɣ ɫɢɫɬɟɦɵ ȽɅɈɇАɋɋ/GPS. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɇȼɉ ɢ ɭɫɥɨɜɢɣ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɟɚɧɫɚ 

ȽɅɈɇАɋɋ ɜ ɫɪɟɞɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Labveiw ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ 

ɬɚɤɠɟ ɢ ɩɪɨɝɪɚɦɦɧɵɣ ɦɨɞɭɥɶ. Ɇɨɞɭɥɶ ɨɛɟɫɩɟɱɢɜɚɟɬ: ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɪɛɢɬɚɥɶ-



 

 

ɧɨɝɨ ɞɜɢɠɟɧɢɹ ɫɩɭɬɧɢɤɨɜɨɣ ɝɪɭɩɩɢɪɨɜɤɢ ȽɅɈɇАɋɋ ɩɨ ɞɚɧɧɵɦ ɞɟɣɫɬɜɭɸɳɟɝɨ 

ɚɥɶɦɚɧɚɯɚ ɫɢɫɬɟɦɵ; ɨɩɪɟɞɟɥɟɧɢɟ ɇɋ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɨɧɟ ɜɢɞɢɦɨɫɬɢ; ɪɚɫɱɟɬ ɢ 

ɨɬɨɛɪɚɠɟɧɢɟ ɝɪɚɮɢɤɨɜ ɢɡɦɟɧɟɧɢɹ ȽɎ ɜ ɥɸɛɨɣ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢ-

ɠɟɧɢɹ ȼɋ ɞɥɹ ɥɸɛɵɯ ɡɚɞɚɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɜɪɟɦɟɧɢ [ɋɤɪɵɩɧɢɤ, Аɪɟɮɶɟɜ, Аɪɟ-

ɮɶɟɜɚ, ɋɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɝɨɫɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ЭȼɆ RU 2016617951 ɨɬ 

19.07.2016].    

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪиɫ. 3.  

Ɍɟɪɦɢɧɚɥ ɨɛɪɚɛɨɬɤɢ ɚɥɶɦɚɧɚɯɚ ȽɅɈɇАɋɋ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚ-

ɧɢɹ ɮɚɣɥɚ ɚɥɶɦɚɧɚɯɚ ȽɅɈɇАɋɋ, ɜɡɹɬɨɝɨ ɫ ɜɟɛ-ɫɚɣɬɚ ɂɧɮɨɪɦɚɰɢɨɧɧɨ-

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ (ɂАЦ) ȽɅɈɇАɋɋ Д4], ɤ ɧɭɠɧɨɦɭ ɮɨɪɦɚɬɭ.  

Ɍɟɪɦɢɧɚɥ ɪɚɫɱɟɬɚ ɞɜɢɠɟɧɢɹ ɨɪɛɢɬɚɥɶɧɨɣ ɝɪɭɩɩɢɪɨɜɤɢ ȽɅɈɇАɋɋ ɢɫɩɨɥɶɡɭ-

ɟɬ ɚɥɝɨɪɢɬɦ, ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɪɮɟɣɫɧɨɝɨ ɤɨɧɬɪɨɥɶɧɨɝɨ ɞɨɤɭɦɟɧɬɚ 

ȽɅɈɇАɋɋ Д5].  

 

Ɋиɫ. 3. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ 

ɉɚɧɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ɩɪɟɞ-

ɫɬɚɜɥɟɧɚ ɧɚ ɪиɫ. 4.  



 

 

 

Ɋиɫ. 4. ɉɚɧɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ 

ɉɭɬɶ ɤ ɮɚɣɥɭ ɫ ɚɥɶɦɚɧɚɯɨɦ ɭɤɚɡɵɜɚɟɬɫɹ ɜ ɨɤɧɟ «Almanah GLONASS». Эɥɟ-

ɦɟɧɬ ɭɩɪɚɜɥɟɧɢɹ «ȼɪɟɦɹ ȽɅɈɇАɋɋ» ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɧɚɱɚɥɶɧɨɟ ɜɪɟɦɹ ȽɅɈ-

ɇАɋɋ ɫ ɲɚɝɨɦ dt. ɇɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ȼɋ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɩɚ-

ɧɟɥɢ «ɉɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ». Ʉɧɨɩɤɢ «ɍɞɚɥɹɟɦɵɟ ɫɩɭɬɧɢɤɢ» ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 

ɢɫɤɥɸɱɟɧɢɹ ɫɩɭɬɧɢɤɨɜ ɢɡ ɪɚɛɨɱɟɝɨ ɫɨɡɜɟɡɞɢɹ. 

ɇɚ ɩɚɧɟɥɢ ɨɬɨɛɪɚɠɚɸɬɫɹ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ȽɎ, ɤɨɥɢɱɟɫɬɜɨ ɢ ɧɨɦɟɪɚ ɜɢ-

ɞɢɦɵɯ ɇɋ, ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɢɟ ɨɬɤɥɨɧɟɧɢɹ (ɋɄɈ) ɡɧɚɱɟ-

ɧɢɣ ȽɎ ɧɚ ɢɧɬɟɪɜɚɥɟ ɧɚɛɥɸɞɟɧɢɹ. Аɪɯɢɬɟɤɬɭɪɚ ɦɨɞɭɥɹ ɹɜɥɹɟɬɫɹ ɝɢɛɤɨɣ ɢ ɦɨ-

ɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɦɨɞɟɥɢɪɭɸɳɢɯ ɤɨɦɩɥɟɤɫɨɜ. 

Аɞɟɤɜɚɬɧɨɫɬɶ ɩɨɥɭɧɚɬɭɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɚ ɩɨɞɬɜɟɪɠɞɟɧɚ ɫɨɩɨɫɬɚɜ-

ɥɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɬɭɪɧɵɯ ɢ ɩɨɥɭɧɚɬɭɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ 

ɜɟɪɬɢɤɚɥɶɧɨɝɨ VDOP ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ HDOP ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. Ɋɟ-

ɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪиɫ. 5, ɝɞɟ ɤɪɢɜɵɟ 1 ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɧɚɬɭɪɧɨɦɭ ɷɤɫɩɟɪɢɦɟɧɬɭ, ɤɪɢɜɵɟ 2 – ɩɨɥɭɧɚɬɭɪɧɨɦɭ ɷɤɫɩɟɪɢɦɟɧɬɭ.  



 

 

 

Ɋиɫ. 5. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɣ ɮɚɤɬɨɪ: ɚ ‒ ɜɟɪɬɢɤɚɥɶɧɵɣ; ɛ ‒ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ ɩɨɥɧɭɸ ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɨɥɭɧɚɬɭɪɧɨɝɨ ɦɨ-

ɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɥɚɧɟ ɫɨɨɬɜɟɬɫɬɜɢɹ ɮɨɪɦɢɪɭɟɦɵɯ ɢɦɢɬɚɬɨɪɨɦ ɋɇ-3803Ɇ ɭɫɥɨ-

ɜɢɣ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɟɚɧɫɚ (ɡɧɚɱɟɧɢɣ ȽɎ, ɫɨɫɬɚɜɚ ɇɋ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɡɨɧɟ ɪɚ-

ɞɢɨɜɢɞɢɦɨɫɬɢ) ɞɚɧɧɵɦ ɧɚɬɭɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɩɪɢɟɦɥɟɦɭɸ ‒ ɜ ɩɥɚɧɟ ɫɨɨɬ-

ɜɟɬɫɬɜɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ. 

Аɞɟɤɜɚɬɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ȽɅɈɇАɋɋ ɛɵɥɚ ɩɪɨɜɟɪɟɧɚ ɩɭɬɟɦ ɫɨɩɨ-

ɫɬɚɜɥɟɧɢɹ ɟɝɨ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ (ɧɨɦɟɪɚ ɇɋ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɡɨɧɟ ɜɢɞɢɦɨɫɬɢ; 

ɝɪɚɧɢɰɵ ɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɧɬɟɪɜɚɥɨɜ ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ ɇɋ ɜ ɡɨɧɟ ɜɢɞɢ-

ɦɨɫɬɢ; ɡɧɚɱɟɧɢɹ ȽɎ) ɫ ɞɚɧɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɧɚɬɭɪɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɫ 

ɩɪɢɟɦɧɢɤɨɦ ɋɇ-4312, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜ ɬɨɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɇ = 503,18 ɦ, ȼ = 

52°15´25,8´´, L = 104°21´22,1´´, ɫ ɞɚɧɧɵɦɢ, ɮɨɪɦɢɪɭɟɦɵɦɢ ɫɪɟɞɨɣ ɫɨɡɞɚɧɢɹ ɫɰɟ-

ɧɚɪɢɟɜ ɢɦɢɬɚɬɨɪɚ ɋɇ-3803Ɇ, ɚ ɬɚɤɠɟ ɫ ɞɚɧɧɵɦɢ ɂАЦ ȽɅɈɇАɋɋ Дɋɤɪɵɩɧɢɤ, 

Аɪɟɮɶɟɜ, Аɫɬɪɚɯɚɧɰɟɜɚ, 2015]. ɇɚɬɭɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ 26.02.2015 ɝ. 

ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ 05:00‒11:00 UTC. Ⱦɥɹ ɷɬɢɯ ɠɟ ɭɫɥɨɜɢɣ ɩɪɨɜɨɞɢɥɨɫɶ ɦɚɬɟ-

ɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

ɇɚ ɪиɫ. 6 ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ HDOP (ɪиɫ. 6,ɚ ) ɢ VDOP (ɪиɫ. 6, ɛ), 

ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ (ɤɪɢɜɵɟ 1) ɢ ɩɭɬɟɦ ɦɚɬɟ-

ɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɤɪɢɜɵɟ 2).  



 

 

 

Ɋиɫ. 6. ɂɡɦɟɧɟɧɢɟ ȽɎ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ: 

ɚ – ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ȽɎ; ɛ – ɜɟɪɬɢɤɚɥɶɧɵɣ ȽɎ 

ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɟɡɭɥɶɬɚɬɨɜ 

ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɱɬɨ ɝɨɜɨɪɢɬ ɨɛ 

ɚɞɟɤɜɚɬɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɦɨɞɭɥɹ ȽɅɈɇАɋɋ. ɇɟɤɨɬɨɪɵɟ ɧɟ-

ɫɨɜɩɚɞɟɧɢɹ ɡɧɚɱɟɧɢɣ ȽɎ ɫɜɹɡɚɧɵ ɫ ɧɟɭɫɬɨɣɱɢɜɵɦ ɫɥɟɠɟɧɢɟɦ ɩɪɢɟɦɧɢɤɚ ɋɇ-

4312 ɡɚ ɫɢɝɧɚɥɚɦɢ ɇɋ ɜ ɨɬɞɟɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ. Ɍɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɥɨɫɶ 

ɩɨɥɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ ɫ ɞɚɧɧɵɦɢ, ɮɨɪ-

ɦɢɪɭɟɦɵɦɢ ɢɦɢɬɚɬɨɪɨɦ ɋɇ-3803Ɇ ɢ ɞɚɧɧɵɦɢ ɂАЦ ȽɅɈɇАɋɋ. 

Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɧɚ ɢɧɬɟɪɜɚɥɟ ɧɚɛɥɸɞɟɧɢɹ 

ɢɦɟɸɬ ɦɟɫɬɨ ɡɧɚɱɢɬɟɥɶɧɵɟ ɜɚɪɢɚɰɢɢ ɡɧɚɱɟɧɢɣ ȽɎ, ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ – VDOP. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɨɱɧɨɫɬɶ ɋɋɇ ɛɭɞɟɬ ɬɚɤɠɟ ɢɡɦɟɧɹɬɶɫɹ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ɢ ɜ 

ɪɚɡɧɵɯ ɬɨɱɤɚɯ ɦɚɪɲɪɭɬɚ ɩɨɥɟɬɚ ȼɋ. ɉɨɫɤɨɥɶɤɭ ȽɎ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɹɸɳɟɣɫɹ, ɧɨ 

ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɟɣ, ɟɝɨ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɡɟɦɧɨɣ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɢ ɞɥɹ ɥɸɛɨɝɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɚɥɶɦɚɧɚɯɟ ɫɢɫɬɟɦɵ. 

Эɬɨ ɩɨɡɜɨɥɢɥɨ ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɩɪɨɝɧɨɡɚ ɢ ɩɨɫɬɪɨɟɧɢɹ ɩɨɥɟɣ ɬɨɱɧɨɫɬɢ 

ȽɅɈɇАɋɋ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɹɯ ɞɥɹ ɡɚɞɚɧɧɵɯ ɦɨɦɟɧ-

ɬɨɜ ɜɪɟɦɟɧɢ ɜ ɡɚɞɚɧɧɵɯ ɨɛɥɚɫɬɹɯ ɜɨɡɞɭɲɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɜɵɱɢɫɥɟ-

ɧɢɹ ɡɧɚɱɟɧɢɣ ȽɎ [ɋɤɪɵɩɧɢɤ, Аɪɟɮɶɟɜ, Аɫɬɪɚɯɚɧɰɟɜɚ, 2015]. 

ɇɚ ɪиɫ. 7 ɢ ɪиɫ. 8 ɩɨɤɚɡɚɧɵ ɩɨɫɬɪɨɟɧɧɵɟ ɞɥɹ ɦɚɪɲɪɭɬɚ ɩɨɥɟɬɚ ɂɪɤɭɬɫɤ‒

Ɇɨɫɤɜɚ ɩɨɥɹ ɬɨɱɧɨɫɬɢ ȽɅɈɇАɋɋ ɜ ɰɜɟɬɨɜɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 



 

 

ɢɧɬɟɪɜɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ ȽɎ. ȼ ɦɨɞɟɥɢ ɨɪɛɢɬɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɚɥɶɦɚɧɚɯ ȽɅɈɇАɋɋ ɩɨ ɫɨɫɬɨɹɧɢɸ ɧɚ 02.03.2015 ɝ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢ-

ɥɨɫɶ ɞɥɹ ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ ɫ 0:00 ɞɨ 06:00 UTC. 

 

Ɋиɫ. 7. ɉɨɥɹ ɬɨɱɧɨɫɬɢ ȽɅɈɇАɋɋ ɜ 0:00 UTC

 

Ɋиɫ. 8. ɉɨɥɹ ɬɨɱɧɨɫɬɢ ȽɅɈɇАɋɋ ɜ 06:00 UTC 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɹ ɬɨɱɧɨɫɬɢ ɞɢɧɚɦɢɱɧɵ, ɩɪɢɱɟɦ 

ɩɨɥɟ ɬɨɱɧɨɫɬɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɦɟɧɟɟ ɨɞɧɨɪɨɞɧɨ. ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɟ-

ɬɨɞɢɤɚ ɢ ɚɥɝɨɪɢɬɦ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢ ɩɨɫɬɪɨɟɧɢɹ ɩɨɥɟɣ ɬɨɱɧɨɫɬɢ ȽɅɈɇАɋɋ 

ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɜɵɱɢɫɥɢɬɟɥɟ ɛɨɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɫɚɦɨɥɟɬɨɜɨɠɞɟɧɢɹ ɞɥɹ 

ɩɨɜɵɲɟɧɢɹ ɭɪɨɜɧɹ ɫɢɬɭɚɰɢɨɧɧɨɣ ɨɫɜɟɞɨɦɥɟɧɧɨɫɬɢ ɷɤɢɩɚɠɟɣ ɨɛ ɚɷɪɨɧɚɜɢɝɚɰɢ-

ɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɟ ɜ ɩɪɟɞɨɫɬɚɜɥɹɟɦɨɦ ɜɨɡɞɭɲɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɣ ɡɨɧɚɥɶɧɨɣ ɧɚɜɢɝɚɰɢɢ ɢ ɫɜɨɛɨɞɧɨɣ ɦɚɪɲɪɭɬɢɡɚɰɢɢ. 



 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɵɩɭɫɤɚɸɬɫɹ ɩɪɢɟɦɧɢɤɢ ɋɋɇ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɢɧɢɦɚɬɶ 

ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ ɫɢɝɧɚɥɵ ɨɬ ɫɢɫɬɟɦ ȽɅɈɇАɋɋ ɢ GPS ɤɚɤ ɨɞɧɨɜɪɟɦɟɧɧɨ (ɫɨɜ-

ɦɟɳɟɧɧɵɣ ɪɟɠɢɦ), ɬɚɤ ɢ ɪɚɡɞɟɥɶɧɨ ɩɨ ɜɵɛɢɪɚɟɦɨɣ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɫɢɫɬɟɦɟ. ɂɡ-

ɜɟɫɬɧɨ, ɱɬɨ ɪɚɛɨɬɚ ɩɪɢɟɦɧɢɤɚ ɋɋɇ ɜ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟɠɢɦɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɤɚɤ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ (HDOP), ɬɚɤ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ (VDOP) 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ Дɋɨɥɨɜɶɟɜ, 2000]. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɢ ɬɨɱ-

ɧɨɫɬɶ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɨɩɪɟɞɟɥɟɧɢɣ ɩɪɢ ɪɚɛɨɬɟ ɩɪɢɟɦɧɢɤɨɜ ɜ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟ-

ɠɢɦɟ ɛɭɞɟɬ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɪɚɛɨɬɟ ɩɨ ɨɬɞɟɥɶɧɵɦ ɫɢɫɬɟɦɚɦ. 

Ɉɞɧɚɤɨ ȽɅɈɇАɋɋ ɢ GPS ɨɬɥɢɱɚɸɬɫɹ ɩɪɢɧɰɢɩɚɦɢ ɪɚɡɞɟɥɟɧɢɹ ɤɚɧɚɥɨɜ (ɫɨ-

ɨɬɜɟɬɫɬɜɟɧɧɨ ɱɚɫɬɨɬɧɨɟ ɢ ɤɨɞɨɜɨɟ ɪɚɡɞɟɥɟɧɢɟ), ɱɬɨ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɤɨɬɨɪɵɦ 

ɨɫɨɛɟɧɧɨɫɬɹɦ ɪɚɛɨɬɵ ɫɨɜɦɟɳɟɧɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɋɋɇ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɫɢɝɧɚɥɵ 

ȽɅɈɇАɋɋ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ, ɱɟɦ GPS, ɭɪɨɜɧɟɦ ɜɧɭɬɪɢɫɢɫɬɟɦɧɵɯ ɲɭɦɨɜ, 

ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɢɯ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɢ Дɋɨɥɨɜɶɟɜ, 2000]. 

ɉɨɥɭɧɚɬɭɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɨɰɟɧɤɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɟɦɧɢɤɚ ɋɇ-4312 

ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɬɨɱɟɤ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ 59,870 ɫ.ɲ., 111,030 ɜ.ɞ. (ɚɷɪɨɞɪɨɦ Ɍɚɥɚ-

ɤɚɧ, UTC+10) ɢ 67,430 ɫ.ɲ., 86,620 ɜ.ɞ., (ɚɷɪɨɞɪɨɦ ɂɝɚɪɤɚ, UTC+8). 

Эɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɞɚɬɭ 05.11.2014 ɝ. ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ 5 ɱ, 

ɧɚɱɚɥɨ ɤɨɬɨɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ 9:00 ɦɟɫɬɧɨɝɨ ɜɪɟɦɟɧɢ. ɇɚ ɷɬɭ ɞɚɬɭ ɢɫɩɨɥɶɡɨ-

ɜɚɥɢɫɶ ɩɨ ɰɟɥɟɜɨɦɭ ɧɚɡɧɚɱɟɧɢɸ  24 ɇɋ ȽɅɈɇАɋɋ ɢ 31 ɇɋ GPS. 

ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɦɢɧɢɦɚɥɶɧɵɟ, ɦɚɤɫɢɦɚɥɶɧɵɟ ɢ ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ ɜɫɟɦɭ 

ɨɛɴɟɦɭ ɜɵɛɨɪɤɢ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ɡɧɚɱɟɧɢɹ ȽɎ ɩɪɢ ɪɚɛɨɬɟ 

ɩɪɢɟɦɧɢɤɚ ɩɨ ȽɅɈɇАɋɋ, ɩɨ GPS ɢ ɜ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟɠɢɦɟ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ ɞɚɧɧɵɯ, ɪɚɛɨɬɚ ɜ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟɠɢ-

ɦɟ ɜ ɫɪɟɞɧɟɦ ɩɪɢɦɟɪɧɨ ɜ 1,5 ɪɚɡɚ ɭɦɟɧɶɲɚɟɬ ɤɚɤ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ, ɬɚɤ ɢ ɜɟɪɬɢ-

ɤɚɥɶɧɵɣ ȽɎ.  

Ɍɚɛɥицɚ 1. Ɂɧɚɱɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ 

  HDOP-

min 

HDOP-

max 

HDOPɫɪɟɞ

ɧ. 

VDOP-

min 

VDOP-

max 

VDOPɫɪɟɞ

ɧ. 

ɂ
ɝɚ

ɪɤ
ɚ ȽɅɈɇАɋɋ 0,75 1,1 0,906 1,0 2,0 1,512 

GPS 0,75 1,5 0,978 1,0 3,7 1,793 

ȽɅɈɇАɋɋ/G
PS 

0,5 0,75 0,621 0,7 1,5 1,052 



 

 

Ɍɚ
ɥɚ

ɤɚ
ɧ  ȽɅɈɇАɋɋ 0,8 1,25 1,036 1,0 2,1 1,437 

GPS 0,75 2,0 0,986 0,9 3,75 1,465 

ȽɅɈɇАɋɋ/G
PS 

0,5 0,95 0,651 0,6 1,5 0,891 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪиɫ. 9 (ɂɝɚɪɤɚ) ɢ ɪиɫ. 10 (Ɍɚɥɚ-

ɤɚɧ) (ɤɪɢɜɵɟ 1 – ɪɚɛɨɬɚ ɩɨ ȽɅɈɇАɋɋ; 2 – ɩɨ GPS; 3 – ȽɅɈɇАɋɋ/GPS). ɇɚ ɪиɫ. 

9, ɜ ɢ ɪиɫ. 10, ɜ ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɦɝɧɨɜɟɧɧɵɯ ɨɲɢɛɨɤ ɢɡɦɟɪɟɧɢɹ 

ɜɵɫɨɬɵ Дɋɤɪɵɩɧɢɤ, ɇɟɱɚɟɜ, Аɪɟɮɶɟɜ, Аɫɬɪɚɯɚɧɰɟɜɚ, 2015; ɋɤɪɵɩɧɢɤ, Аɪɟɮɶɟɜ, 

Аɫɬɪɚɯɚɧɰɟɜɚ, 2015].  

 

 

ȽɅɈɇАɋɋ, ɧɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɇɋ ɜ ɨɪɛɢɬɚɥɶ-

ɧɨɣ ɝɪɭɩɩɢɪɨɜɤɟ, ɜ ɰɟɥɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜ ɨɛɨɢɯ ɩɭɧɤɬɚɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɜɵ-

ɫɨɤɢɯ ɲɢɪɨɬɚɯ, ɥɭɱɲɢɟ ɩɨ ȽɎ ɭɫɥɨɜɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɟɚɧɫɚ, ɱɟɦ GPS. ɉɪɢ 

ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɯɭɞɲɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ 

ɮɚɤɬɨɪɚ GPS ɧɚ ɨɬɞɟɥɶɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɜɪɟɦɟɧɢ. 

Ɋиɫ. 9. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ‒  

ɚɷɪɨɞɪɨɦ ɂɝɚɪɤɚ 

Ɋиɫ. 10. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ‒  

ɚɷɪɨɞɪɨɦ Ɍɚɥɚɤɚɧ 



 

 

Ɍɚɤ, ɹɜɧɨ ɜɵɪɚɠɟɧɧɵɣ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɣ ɞɥɹ ɪɚɛɨɬɵ GPS ɩɨ ɜɟɥɢɱɢɧɟ ȽɎ 

ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɜ ɨɛɨɢɯ ɩɭɧɤɬɚɯ ɧɚɛɥɸɞɚɥɫɹ ɫ 5:40 ɞɨ 6:40 UTC. ɉɪɢ ɷɬɨɦ 

ɪɚɛɨɬɚ ɜ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟɠɢɦɟ ɞɟɦɩɮɢɪɨɜɚɥɚ ɭɯɭɞɲɟɧɢɟ ȽɎ GPS, ɨɛɟɫɩɟɱɢɜɚɹ 

ɧɚɢɥɭɱɲɢɟ ɢ ɞɨɫɬɚɬɨɱɧɨ ɫɬɚɛɢɥɶɧɵɟ ɭɫɥɨɜɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɟɚɧɫɚ. 

Аɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɲɢɛɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɫɨɬɵ ɩɪɢɟɦɧɢɤɨɦ 

ɋɇ-4312 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ VDOP ɩɨ ɭɫɥɨɜɢɹɦ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɟɚɧɫɚ, ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ ɩɨ ȽɅɈɇАɋɋ ɯɭɠɟ, ɱɟɦ 

ɩɨ GPS. Ɇɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ ɩɪɢɟɦɧɢɤɨɦ 

ɋɇ-4312 ɩɪɢ ɪɚɛɨɬɟ ɩɨ ȽɅɈɇАɋɋ (ɂɝɚɪɤɚ) ɞɨɫɬɢɝɚɸɬ 7,5 ɦ (ɩɪɢ ɪɚɛɨɬɟ ɩɨ 

GPS – ɞɨ 2 ɦ). ɉɪɢ ɪɚɛɨɬɟ ɜ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟɠɢɦɟ ȽɅɈɇАɋɋ/GPS ɦɝɧɨɜɟɧɧɵɟ 

ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ ɞɨɫɬɢɝɚɸɬ 3 ɦ. 

Ɋɚɫɫɱɢɬɚɧɧɚɹ ɩɨ ɜɫɟɣ ɜɵɛɨɪɤɟ ɢɡɦɟɪɟɧɢɣ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟ-

ɧɢ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɚɹ ɋɄɈ, ɫɨɫɬɚɜɢɥɚ: ɚɷɪɨɞɪɨɦ 

ɂɝɚɪɤɚ ‒ 0,68 ɦ (GPS), 3,89 ɦ (ȽɅɈɇАɋɋ) ɢ 1,41 ɦ (ȽɅɈɇАɋɋ/GPS); ɚɷɪɨɞɪɨɦ 

Ɍɚɥɚɤɚɧ ‒ 0,53 ɦ (GPS), 3,94 ɦ (ȽɅɈɇАɋɋ) ɢ 1,19 ɦ (ȽɅɈɇАɋɋ/GPS). ɉɪɢ 

ɷɬɨɦ ɪɚɛɨɬɚ ɩɨ ɫɨɜɦɟɳɟɧɧɨɣ ɝɪɭɩɩɢɪɨɜɤɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɥɢɡɤɭɸ ɤ GPS ɬɨɱ-

ɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ. 

Ɉɫɨɛɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɩɨɥɭɧɚɬɭɪɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜɥɢɹɧɢɟ 

ɷɮɟɦɟɪɢɞɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢ ɭɫɥɨɜɢɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɞɢɨɫɢɝɧɚɥɨɜ ɧɚ ɬɨɱ-

ɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɜɨ ɜɫɟɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɩɪɢɟɦɧɢɤɚ ɨɞɢɧɚɤɨɜɨ. 

ɇɚɬɭɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɞɚɧɧɵɯ ɚɥɶɦɚɧɚɯɚ ɧɚ 15.03.2015 Ƚ. ɜ 

ɬɨɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ N = 52°15´25´´, ȿ = 104°21´22´´, ɇ = 503,2 ɦ (ɝɟɨɞɟɡɢɱɟɫɤɢ 

ɩɪɢɜɹɡɚɧɧɵɣ ɩɭɧɤɬ ɜ ɝ. ɂɪɤɭɬɫɤɟ) ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ 05.30‒11.00 UTC.  

Ɋɟɡɭɥɶɬɚɬɵ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ  ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪиɫ. 11 (ɚ – ɢɡɦɟɧɟɧɢɟ 

VDOP; ɛ – ɬɟɤɭɳɢɟ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ). ɇɚ ɪɢɫɭɧɤɟ ɤɪɢ-

ɜɵɟ 1, 2, 3 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɛɨɬɟ ɩɪɢɟɦɧɢɤɚ ɩɨ ȽɅɈɇАɋɋ, ɩɨ GPS ɢ ɜ ɫɨɜɦɟ-

ɳɟɧɧɨɦ ɪɟɠɢɦɟ ȽɅɈɇАɋɋ/GPS. 

ɉɪɢ ɪɚɛɨɬɟ ɩɨ GPS ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ VDOP ɢɡɦɟɧɹɟɬɫɹ ɨɬ 

1,0 ɞɨ 3,5, ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ ‒ 1,39. Ⱦɥɹ ȽɅɈɇАɋɋ VDOP ɢɡɦɟɧɹɟɬɫɹ ɜ 

ɦɟɧɶɲɟɦ ɞɢɚɩɚɡɨɧɟ – ɨɬ 1,05 ɞɨ 2,0, ɩɪɢ ɷɬɨɦ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 1,47, 



 

 

ɱɬɨ ɧɟɫɤɨɥɶɤɨ ɯɭɠɟ, ɱɟɦ ɭ GPS. ɉɪɢ ɪɚɛɨɬɟ ɜ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟɠɢɦɟ VDOP ɢɡ-

ɦɟɧɹɟɬɫɹ ɨɬ 0,8 ɞɨ 1,7, ɩɪɢ ɫɪɟɞɧɟɦ ɡɧɚɱɟɧɢɢ ‒ 0,99 ɧɚ ɢɧɬɟɪɜɚɥɟ ɧɚɛɥɸɞɟɧɢɹ. 

ɚ) 

 

ɛ) 

Ɋиɫ. 11. Ɋɟɡɭɥɶɬɚɬɵ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ: 

ɚ – ɜɟɪɬɢɤɚɥɶɧɵɣ ȽɎ; ɛ – ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ 

ɇɚɬɭɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɩɨɥɭɧɚɬɭɪɧɵɣ, ɩɨɤɚɡɚɥ, ɱɬɨ ɩɨɝɪɟɲ-

ɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ ɩɪɢ ɪɚɛɨɬɟ ɩɨ ȽɅɈɇАɋɋ ɯɭɠɟ, ɱɟɦ ɩɪɢ ɪɚɛɨɬɟ ɩɨ 

GPS, ɚ ɩɪɢ ɪɚɛɨɬɟ ɩɪɢɟɦɧɢɤɚ ɜ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟɠɢɦɟ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵ-

ɫɨɬɵ ɛɭɞɟɬ ɯɭɠɟ, ɱɟɦ ɩɪɢ ɪɚɛɨɬɟ ɩɨ GPS. Аɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɢ 

ɞɥɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɪɚɛɨɬɟ ɩɪɢɟɦɧɢɤɚ ɋɇ-

4312 ɤɚɤ ɩɨ ȽɅɈɇАɋɋ, ɬɚɤ ɢ ɜ ɫɨɜɦɟɳɟɧɧɨɦ ɪɟɠɢɦɟ, ɮɚɤɬɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ 

ɨɰɟɧɤɢ ɤɨɨɪɞɢɧɚɬ ɩɨɬɪɟɛɢɬɟɥɹ ɨɤɚɡɵɜɚɟɬɫɹ ɯɭɠɟ, ɱɟɦ ɩɪɢ ɪɚɛɨɬɟ ɬɨɥɶɤɨ ɩɨ ɫɢ-

ɫɬɟɦɟ GPS. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɯɟɦɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɪɚ-

ɞɢɨɱɚɫɬɨɬɧɨɝɨ ɬɪɚɤɬɚ ɩɪɢɟɦɧɢɤɚ, ɚ ɬɚɤɠɟ ɫ ɨɬɥɢɱɢɹɦɢ ɫɬɪɭɤɬɭɪɵ ɫɢɝɧɚɥɨɜ, ɢɫ-

ɩɨɥɶɡɭɟɦɵɯ ɜ ȽɅɈɇАɋɋ ɢ GPS. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɪɚɛɨɬɚ ɩɪɢɟɦɧɢɤɨɜ ɜ ɫɨɜɦɟ-

ɳɟɧɧɨɦ ɪɟɠɢɦɟ ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɚ ɜ ɫɥɭɱɚɹɯ ɫɭɳɟɫɬɜɟɧɧɵɯ ɫɛɨɟɜ ɜ 

ɪɚɛɨɬɟ GPS. 
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