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ɂɋɋɅȿȾɈȼȺɇɂȿ ɌɈɑɇɈɋɌɂ ɈɉɊȿȾȿɅȿɇɂə ɄɈɈɊȾɂɇȺɌ  
ȼɈɁȾɍɒɇɈɃ ɐȿɅɂ ȼ ɋɉɍɌɇɂɄɈȼɈɃ-ɉɋȿȼȾɈɋɉɍɌɇɂɄɈȼɈɃ 

ɆɇɈȽɈɉɈɁɂɐɂɈɇɇɈɃ ɋɂɋɌȿɆȿ ɇȺȻɅɘȾȿɇɂə  
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪ-

ɞɢɧɚɬ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ ɜ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ ɧɚɛɥɸɞɟɧɢɹ, ɢɫɩɨɥɶɡɭɸɳɟɣ 

ɞɥɹ ɩɨɞɫɜɟɬɚ ɜɨɡɞɭɲɧɵɯ ɰɟɥɟɣ ɫɢɝɧɚɥɵ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ ɝɥɨɛɚɥɶɧɨɣ 

ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɩɭɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ ɢ ɫɢɝɧɚɥɵ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ ɩɨɡɜɨɥɹɟɬ ɜ 8−10 ɪɚɡ ɭɦɟɧɶɲɢɬɶ ɩɢ-

ɤɨɜɭɸ ɢ ɜ 2−3 ɪɚɡɚ ɫɪɟɞɧɸɸ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ 

ɜ ɫɩɭɬɧɢɤɨɜɨɣ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ ɧɚɛɥɸɞɟɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɥɨɛɚɥɶɧɚɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɫɩɭɬɧɢɤɨɜɚɹ ɫɢɫɬɟɦɚ, ɦɧɨ-

ɝɨɩɨɡɢɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɧɚɛɥɸɞɟɧɢɹ, ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ, ɡɨɧɚ 
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A STUDY OF THE ACCURACY OF THE DEFINITION OF COORDI-

NATES 



OF AIR TARGETS IN SATELLITE-PSEUDOLITE MULTIPOSI-

TIONAL SURVEILLANCE SYSTEM 

The article describes the study of the accuracy of determination of coordinates 

of air targets in multipositional surveillance system using the signals of navigation sat-

ellites of global navigation satellite systems and pseudolite signals to illuminate air 

targets. It is shown that the use of pseudolite signals allows to reduce the peak error 8-

10 times and decrease the average error of measurement of coordinates of air targets 

2-3 times in a multipositional satellite surveillance system. 

Key words: global navigation satellite system, multipositional surveillance sys-

tem, the error of measurement of coordinates, operating zone. 

 

ȼ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ ɧɚɛɥɸɞɟɧɢɹ (ɪиɫ. 1), ɢɫɩɨɥɶɡɭɸɳɟɣ ɞɥɹ ɩɨɞ-

ɫɜɟɬɚ ɜɨɡɞɭɲɧɵɯ ɰɟɥɟɣ ɫɢɝɧɚɥɵ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ ɝɥɨɛɚɥɶɧɨɣ ɧɚɜɢɝɚ-

ɰɢɨɧɧɨɣ ɫɩɭɬɧɢɤɨɜɨɣ ɫɢɫɬɟɦɵ (Ƚɇɋɋ) ɋj (j=1, 2, …, N, ɝɞɟ N  4) ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ 
 , ,

j j j
x y z

 [Kiryushkin, 2016] ɢ ɫɢɝɧɚɥɵ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ ɉɋi (i=1, 2, …, M) ɫ 

ɤɨɨɪɞɢɧɚɬɚɦɢ  , ,ɉɋ ɉɋ ɉɋ
i i i

x y z
 ɜ ɧɚɡɟɦɧɨɦ ɩɪɢɟɦɧɢɤɟ ɉ ɫ ɢɡɜɟɫɬɧɵɦɢ ɤɨɨɪɞɢɧɚ-

ɬɚɦɢ  , ,ɉ ɉ ɉx y z
, ɧɚɪɹɞɭ ɫ ɧɚɜɢɝɚɰɢɨɧɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɩɪɹɦɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟ-

ɧɢɹ ɩɪɢɧɢɦɚɸɬɫɹ ɫɢɝɧɚɥɵ, ɪɚɫɫɟɹɧɧɵɟ ɜɨɡɞɭɲɧɨɣ ɰɟɥɶɸ ɐ ɫ ɧɟɢɡɜɟɫɬɧɵɦɢ ɤɨ-

ɨɪɞɢɧɚɬɚɦɢ  , ,x y z , ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

ɧɚɛɥɸɞɟɧɢɹ.  

 



Ɋиɫ. 1. Ɇɧɨɝɨɩɨɡɢɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɧɚɛɥɸɞɟɧɢɹ «ɧɚɜɢɝɚɰɢɨɧɧɵɟ  

ɫɩɭɬɧɢɤɢ/ɩɫɟɜɞɨɫɩɭɬɧɢɤɢ – ɜɨɡɞɭɲɧɚɹ ɰɟɥɶ – ɧɚɡɟɦɧɵɣ ɩɪɢɟɦɧɢɤ» 

ɇɚɜɢɝɚɰɢɨɧɧɵɟ ɫɢɝɧɚɥɵ, ɪɚɫɫɟɹɧɧɵɟ ɜɨɡɞɭɲɧɨɣ ɰɟɥɶɸ, ɜɵɞɟɥɹɸɬ ɧɚ ɮɨɧɟ 

ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɹɦɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɨɞɧɢɦ ɢɡ ɨɰɟɧɨɱɧɨ-ɤɨɪɪɟɥɹ-

ɰɢɨɧɧɨ-ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ [Ʉɢɪɸɲɤɢɧ, 2016 ɚ]. ɉɨ ɪɚɫɫɟɹɧɧɵɦ ɫɢɝɧɚ-

ɥɚɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɞɚɥɶɧɨɫɬɟɣ 
Ɋ
j

r
 ɜɞɨɥɶ ɩɭɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ «j-ɣ 

ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɫɩɭɬɧɢɤ – ɜɨɡɞɭɲɧɚɹ ɰɟɥɶ – ɧɚɡɟɦɧɵɣ ɩɪɢɟɦɧɢɤ»  

                                                      
S

0j j
r r r   

,                                               (1) 

ɝɞɟ 
1/2

2 2 2( ) ( ) ( )
j j j j

r x x y y z z         − ɞɚɥɶɧɨɫɬɶ ɩɭɬɢ «j-ɣ ɧɚɜɢɝɚɰɢɨɧɧɵɣ 

ɫɩɭɬɧɢɤ – ɜɨɡɞɭɲɧɚɹ ɰɟɥɶ», 
1/2

2 2 2

0 ( ) ( ) ( )ɉ ɉ ɉr x x y y z z         − ɞɚɥɶɧɨɫɬɶ 

ɩɭɬɢ «ɜɨɡɞɭɲɧɚɹ ɰɟɥɶ – ɧɚɡɟɦɧɵɣ ɩɪɢɟɦɧɢɤ»;   − ɫɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡ-

ɦɟɪɟɧɢɹ ɞɚɥɶɧɨɫɬɢ, ɢ ɢɡɦɟɪɟɧɢɟ ɞɚɥɶɧɨɫɬɟɣ 
ɊS

i
r  ɜɞɨɥɶ ɩɭɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ «i-

ɣ ɩɫɟɜɞɨɫɩɭɬɧɢɤ – ɜɨɡɞɭɲɧɚɹ ɰɟɥɶ – ɧɚɡɟɦɧɵɣ ɩɪɢɟɦɧɢɤ»  

                                                    
PS

0

ɉɋ
i i

r r r    ,                                              (2) 

ɝɞɟ 
1/2

2 2 2( ) ( ) ( )ɉɋ ɉɋ ɉɋ ɉɋ
i i i i

r x x y y z z         − ɞɚɥɶɧɨɫɬɶ ɩɭɬɢ «i-ɣ ɩɫɟɜɞɨ-

ɫɩɭɬɧɢɤ – ɜɨɡɞɭɲɧɚɹ ɰɟɥɶ». 

ȼ ɤɚɧɚɥɟ ɜɬɨɪɢɱɧɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢɟɦɧɢɤɚ ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɧɵɯ ɞɚɥɶɧɨɫɬɟɣ 
S

j
r

 ɢ 
PS

j
r

 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɧɨɫɬɧɨ-ɞɚɥɶɧɨɦɟɪɧɨɝɨ ɦɟɬɨɞɚ ɢ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶ-

ɲɢɯ ɤɜɚɞɪɚɬɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟɢɡɜɟɫɬɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ. Ⱦɥɹ 

ɷɬɨɝɨ ɨɞɧɨ ɢɡ ɢɡɦɟɪɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɢɡɦɟɪɟɧɢɟ ɞɥɹ 1-ɝɨ ɫɩɭɬɧɢɤɚ, ɜɵɛɢɪɚɟɬɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɨɩɨɪɧɨɝɨ ɢ ɜɵɱɢɬɚɟɬɫɹ ɢɡ ɢɡɦɟɪɟɧɢɣ ɫɢɝɧɚɥɨɜ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ ɫɩɭɬɧɢɤɨɜ ɢ 

ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ. 

Ɍɨɝɞɚ ɞɥɹ N ɫɩɭɬɧɢɤɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ɩɪɨɫɜɟɬɧɨɣ ɪɚɞɢɨ-

ɥɨɤɚɰɢɢ (ɡɧɚɱɟɧɢɟ ɛɢɫɬɚɬɢɱɟɫɤɨɝɨ ɭɝɥɚ ɥɟɠɢɬ ɜ ɩɪɟɞɟɥɚɯ 130 180    [ɑɟɪɧɹɤ, 

1993], ɫɦ. ɪиɫ. 1), ɩɨɥɭɱɚɸɬ ɫɢɫɬɟɦɭ ɢɡ N-1 ɭɪɚɜɧɟɧɢɣ 

                                                  1 1

S S S

j j
r r r    

,                                                (3) 



ɝɞɟ j = 2, 3, …, N – ɧɨɦɟɪ ɫɩɭɬɧɢɤɚ; 1

Ɋ
j

r
 − ɪɚɡɧɨɫɬɶ ɢɡɦɟɪɟɧɧɵɯ ɞɚɥɶɧɨɫɬɟɣ ɨɬ ɰɟɥɢ 

ɞɨ j-ɝɨ ɢ ɞɨ 1-ɝɨ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ.  

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ M ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ 

ɩɪɨɫɜɟɬɧɨɣ ɪɚɞɢɨɥɨɤɚɰɢɢ, ɩɨɥɭɱɚɸɬ ɫɢɫɬɟɦɭ ɢɡ M ɭɪɚɜɧɟɧɢɣ 

                                                    1 1

PS PS S

i i
r r r     ,                                           (4) 

ɝɞɟ i = 1, 2, …, M – ɧɨɦɟɪ ɩɫɟɜɞɨɫɩɭɬɧɢɤɚ; 1

ɊS
i

r  − ɪɚɡɧɨɫɬɶ ɢɡɦɟɪɟɧɧɵɯ ɞɚɥɶɧɨɫɬɟɣ ɨɬ 

ɰɟɥɢ ɞɨ i-ɝɨ ɩɫɟɜɞɨɫɩɭɬɧɢɤɚ ɢ ɞɨ 1-ɝɨ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɩɭɬɧɢɤɚ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 

ɢɬɟɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ [ɒɚɛɲɟɟɜɢɱ, 1982], ɞɥɹ ɱɟɝɨ ɡɚ-

ɩɢɲɟɦ ɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ (3) ɢ (4) ɜ ɨɛɨɛɳɟɧɧɨɦ ɜɢɞɟ 

                                                        ( , )S S SR R q Q ,                                           (5) 

                                                      ( , )
PS PS PS
R R q Q ,                                         (6) 

ɝɞɟ S
R  – (N-1)-ɦɟɪɧɵɣ ɜɟɤɬɨɪ ɢɡɦɟɪɟɧɢɣ ɪɚɡɧɨɫɬɟɣ ɞɚɥɶɧɨɫɬɟɣ ɞɨ ɫɩɭɬɧɢɤɨɜ; 

PS
R  – M-ɦɟɪɧɵɣ ɜɟɤɬɨɪ ɢɡɦɟɪɟɧɢɣ ɪɚɡɧɨɫɬɟɣ ɞɚɥɶɧɨɫɬɟɣ ɞɨ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ;

 Tx y zq
 – ɜɟɤɬɨɪ ɢɫɬɢɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ; S

Q  – ɦɚɬɪɢɰɚ ɤɨ-

ɨɪɞɢɧɚɬ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ; PS
Q  – ɦɚɬɪɢɰɚ ɤɨɨɪɞɢɧɚɬ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ. 

Ɋɟɡɭɥɶɬɢɪɭɸɳɢɣ (N+М-1)-ɦɟɪɧɵɣ ɜɟɤɬɨɪ R  ɢɡɦɟɪɟɧɢɣ ɪɚɡɧɨɫɬɟɣ ɞɚɥɶɧɨ-

ɫɬɟɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ  

                                                       TS PS
R R R

,                                            (7) 

ɚ ɪɟɡɭɥɶɬɢɪɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ ɢɡɦɟɪɟɧɢɣ ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ ɡɚɩɢɲɟɬɫɹ  

                                                      ( , )R R q Q ,                                              (8) 

ɝɞɟ  TS PS
Q Q Q

 − ɨɛɳɚɹ ɦɚɬɪɢɰɚ ɤɨɨɪɞɢɧɚɬ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɦɚɹɤɨɜ (ɫɩɭɬɧɢɤɨɜ 

ɢ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ). 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (8) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɰɟɫɫ ɦɧɨɝɨɤɪɚɬɧɨɣ (ɢɬɟɪɚɰɢɨɧ-

ɧɨɣ) ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɢɡɦɟɪɟɧɢɣ [ɒɚɛɲɟɟɜɢɱ, 1982]: 

                                    
  1

1 1 1 1 1
ˆ ˆ T T

k k k k k k




     q q C PC C P R
,                              (9) 



ɝɞɟ  1 1 1 1
ˆ ˆ ˆ ˆ, ,

T

k k k k
x y z   q

 − ɨɰɟɧɤɚ ɜɟɤɬɨɪɚ ɤɨɨɪɞɢɧɚɬ ɰɟɥɢ ɧɚ k-1 ɢɬɟɪɚɰɢɢ ɜɵ-

ɱɢɫɥɟɧɢɣ; 1 1
ˆ

k k
   R R R  – ɜɟɤɬɨɪ ɪɚɡɧɨɫɬɟɣ (ɧɟɜɹɡɨɤ) ɢɡɦɟɪɟɧɧɵɯ R  ɢ ɪɚɫ-

ɫɱɢɬɚɧɧɵɯ ɧɚ k-1 ɢɬɟɪɚɰɢɢ 1
ˆ

kR  ɪɚɡɧɨɫɬɟɣ ɞɚɥɶɧɨɫɬɟɣ; 1kC  – ɦɚɬɪɢɰɚ ɧɚɛɥɸɞɟ-

ɧɢɣ; P  – ɦɚɬɪɢɰɚ, ɨɛɪɚɬɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɦɚɬɪɢɰɟ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɣ 

ɞɚɥɶɧɨɫɬɟɣ.  

Ⱦɥɹ ɛɢɫɬɚɬɢɱɟɫɤɢɯ ɪɚɡɧɨɫɬɧɨ-ɞɚɥɶɧɨɦɟɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɷɥɟɦɟɧɬɵ ɜɟɤɬɨɪɚ 

ɧɟɜɹɡɨɤ 1k
 R  ɛɭɞɭɬ ɜɵɱɢɫɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (10) − ɞɥɹ j-ɝɨ ɫɩɭɬɧɢɤɚ ɢ (11) − 

ɞɥɹ i-ɝɨ ɩɫɟɜɞɨɫɩɭɬɧɢɤɚ: 

                                        
 1, 1 1 , 1 1, 1

ˆ ˆS S S S

j k j j k k
r r r r       

,                                   (10) 

                                        
 1, 1 1 , 1 1, 1

ˆ ˆɊS ɊS PS S
j k j j k k

r r r r       
,                                 (11) 

ɝɞɟ 

                       
     

1/2
2 2 2

, 1 1 1 1
ˆ ˆ ˆ ˆS

j k j k j k j k
r x x y y z z   

         ,                    (12) 

                       
     

1/2
2 2 2

1, 1 1 1 1 1 1 1
ˆ ˆ ˆ ˆS

k k k kr x x y y z z   
        ,                      (13) 

                    
     

1/2
2 2 2

, 1 1 1 1
ˆ ˆ ˆ ˆPS ɉɋ ɉɋ ɉɋ

i k i k i k i k
r x x y y z z   

         .                (14) 

Ɇɚɬɪɢɰɚ ɧɚɛɥɸɞɟɧɢɣ 1kC  ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ (N+М-1)ɯ3 ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟ-

ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ  

                    
   1 21, 1 1, 1 1, 1 1, 1 1, 1

... ... ... ...
T

S S S PS PS

k k j k N k N i k N M k       
   C C C C C C

,                     (15) 

           
     1, 1 1 1 1cos cos cos cos cos cosS S S S S S S

j k j j j
     

     C
,        (16) 

                 

1

, 1

ˆ
cos

ˆ
j kS

j S

j k

x x

r
 






; 

1

, 1

ˆ
cos

ˆ
j kS

j S

j k

y y

r
 






; 

1

, 1

ˆ
cos

ˆ
j kS

j S

j k

z z

r
 






,                (17) 

                

1 1
1

, 1

ˆ
cos

ˆ
S k

S

j k

x x

r
 






; 

1 1
1

, 1

ˆ
cos

ˆ
S k

S

j k

y y

r
 






; 

1 1
1

, 1

ˆ
cos

ˆ
S k

S

j k

z z

r
 






,                   (18) 

            1 1 11, 1
cos cos cos cos cos cosPS PS S PS S PS S

i i iN i k
      

     C
,   (19) 



           

1

, 1

ˆ
cos

ˆ

ɉɋ
PS i k
i PS

i k

x x

r
 






; 

1

, 1

ˆ
cos

ˆ

ɉɋ
PS i k

i PS

i k

y y

r
 






; 

1

, 1

ˆ
cos

ˆ

ɉɋ
PS i k
i PS

i k

z z

r
 






.          (20) 

Ɍɨɱɧɨɫɬɶ ɨɰɟɧɤɢ ɜɟɤɬɨɪɚ q̂  ɤɨɨɪɞɢɧɚɬ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɪɪɟ-

ɥɹɰɢɨɧɧɨɣ ɦɚɬɪɢɰɟɣ ɩɨɝɪɟɲɧɨɫɬɟɣ [ɒɚɛɲɟɟɜɢɱ, 1982]: 

                                              
  1

1 1

T

q k k



 K C PC
.                                            (21) 

Ɉɩɢɫɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɚɥɢɡɨɜɚɧ ɜ ɫɪɟɞɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ MATLAB. ɂɫ-

ɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɞɥɹ ɢɫɬɢɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ, ɫɮɨɪɦɢɪɨ-

ɜɚɧɧɨɣ ɜ ɫɪɟɞɟ ɚɜɢɚɫɢɦɭɥɹɬɨɪɚ FlightGear ɢ ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪиɫ. 2 ɫɩɥɨɲɧɨɣ ɤɪɢ-

ɜɨɣ. ɀɢɪɧɵɦ ɬɪɟɭɝɨɥɶɧɢɤɨɦ ɧɚ ɪиɫ. 2 ɨɛɨɡɧɚɱɟɧ ɧɚɡɟɦɧɵɣ ɩɪɢɟɦɧɢɤ, ɚ ɡɜɟɡɞɨɱ-

ɤɚɦɢ − ɩɫɟɜɞɨɫɩɭɬɧɢɤɢ. ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ (ɋɄɈ) ɨɲɢɛɤɢ ɪɚɡ-

ɧɨɫɬɧɨ-ɞɚɥɶɧɨɦɟɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɛɵɥɨ ɜɵɛɪɚɧɨ 5   ɦ ɢ ɫɱɢɬɚɥɨɫɶ ɩɨɫɬɨɹɧ-

ɧɵɦ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɫɟɚɧɫɚ ɢɡɦɟɪɟɧɢɣ. 

 

Ɋиɫ. 2. Ƚɟɨɦɟɬɪɢɹ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɱɢɫɥɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪиɫ. 3 ɜ ɜɢɞɟ 

ɜɪɟɦɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɚɛɫɨɥɸɬɧɨɣ ɪɚɞɢɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɢɪɭɟɦɨɣ ɨɰɟɧɤɢ 

ɤɨɨɪɞɢɧɚɬ 
1/2

2 2 2
R x y z          ɢ ɋɄɈ ɮɨɪɦɢɪɭɟɦɨɣ ɨɰɟɧɤɢ 2

R
 (ɠɢɪɧɚɹ ɥɢ-

ɧɢɹ), ɝɞɟ ˆx x x   , 
ˆy y y   , ˆz z z   , 

2 2
1/

2
2

R x y z
        , 

2 2 2,  , 
x y z

  
 − ɷɥɟ-

ɦɟɧɬɵ ɮɨɪɦɢɪɭɟɦɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ q
K

 ɩɨɝɪɟɲɧɨɫɬɟɣ. 



 

Ɋиɫ. 3. ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɞɢɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɰɟɧɤɢ  

ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ 

Аɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ 

[Ʉɢɪɸɲɤɢɧ, 2016 ɛ], ɩɨɤɚɡɚɧɵ ɧɚ ɪиɫ. 4.  

Аɧɚɥɢɡ ɪиɫ. 3−4 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫ ɫɢɝɧɚɥɚɦɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ ɩɨɡɜɨɥɹɟɬ ɜ 8−10 ɪɚɡ 

ɭɦɟɧɶɲɢɬɶ ɩɢɤɨɜɭɸ ɢ ɜ 2−3 ɪɚɡɚ ɫɪɟɞɧɸɸ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 

ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ. 

Ɉɞɧɚɤɨ ɢ ɜ ɩɟɪɜɨɦ ɢ ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɬɨɱɧɨɫɬɶ ɮɨɪɦɢɪɭɟɦɵɯ ɨɰɟɧɨɤ ɜɚɪɶɢ-

ɪɭɟɬɫɹ ɜ ɨɱɟɧɶ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɨɬ ɟɞɢɧɢɰ ɞɨ ɫɨɬɟɧ ɦɟɬɪɨɜ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟ-

ɧɟɧɢɟɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɧɚɛɥɸɞɟɧɢɹ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [Ʉɢɪɸɲɤɢɧ, 2016 ɜ] ɪɟɲɚɸɳɢɦ ɭɫɥɨɜɢɟɦ ɜ ɭɜɟɥɢɱɟɧɢɢ ɡɧɚ-

ɱɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɜ ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɟ ɧɚɛɥɸɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɤɨ-

ɥɢɱɟɫɬɜɨ ɢ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɩɭɬɧɢɤɨɜ, ɩɨɩɚɞɚɸɳɢɯ ɜ ɭɡɤɢɣ ɞɢɚɩɚɡɨɧ 

ɬɟɥɟɫɧɵɯ ɭɝɥɨɜ, ɨɛɪɚɡɭɟɦɵɯ ɤɨɧɭɫɨɦ ɫ ɜɟɪɲɢɧɨɣ ɜ ɬɨɱɤɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɪɢɟɦ-

ɧɢɤɚ ɢ ɰɟɧɬɪɨɦ ɨɫɧɨɜɚɧɢɹ, ɫɨɜɩɚɞɚɸɳɢɦ ɫ ɦɟɫɬɨɦ ɩɨɥɨɠɟɧɢɹ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ. 

ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ ɬɟɥɟɫɧɨɝɨ ɭɝɥɚ ɤɨɧɭɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɛɢɫɬɚɬɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢ-



ɹɦɢ ( min 130   ), ɚ ɩɨɥɨɠɟɧɢɟ ɤɨɧɭɫɚ ɛɭɞɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɟɬɚ ɜɨɡ-

ɞɭɲɧɨɣ ɰɟɥɢ. Ɍɚɤɨɣ ɤɨɧɭɫ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ «ɥɭɱ ɞɢɚɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨ-

ɫɬɢ ɚɧɬɟɧɧɵ» ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚɛɥɸɞɟɧɢɹ. 

 

Ɋиɫ. 4. ȼɪɟɦɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɞɢɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɰɟɧɤɢ  

ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ 

Ⱦɥɹ ɨɰɟɧɤɢ ɡɨɧɵ ɞɟɣɫɬɜɢɹ ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚɛɥɸɞɟɧɢɹ ɛɵɥɨ ɡɚɮɢɤɫɢɪɨ-

ɜɚɧɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 0 2000 ɫt   ɢ ɜɵɫɨɬɚ ɩɨɥɟɬɚ ɰɟɥɢ h = 2000 ɦ. ɂɡɦɟɧɹɹ ɚɡɢ-

ɦɭɬ   ɢ ɭɝɨɥ ɦɟɫɬɚ   ɧɚɛɥɸɞɟɧɢɹ ɰɟɥɢ ɢɡ ɦɟɫɬɚ ɩɨɥɨɠɟɧɢɹ ɧɚɡɟɦɧɨɝɨ ɩɪɢɟɦɧɢɤɚ ɢ 

ɨɩɪɟɞɟɥɹɹ ɢɫɬɢɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɰɟɥɢ  , ,x y z
 ɤɚɤ ɬɨɱɤɭ ɩɟɪɟɫɟɱɟɧɢɹ «ɥɭɱɚ ɞɢɚ-

ɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɚɧɬɟɧɧɵ» ɫ ɩɥɨɫɤɨɫɬɶɸ ɧɚ ɜɵɫɨɬɟ h, ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ 

ɚɡɢɦɭɬɚ   ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɡɧɚɱɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɭɝɥɚ ɦɟɫɬɚ  , ɩɪɢ ɤɨɬɨɪɨɦ ɜɵ-

ɩɨɥɧɹɸɬɫɹ ɛɢɫɬɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɧɚɛɥɸɞɟɧɢɹ ɢ ɜɨɡɦɨɠɧɚ ɨɰɟɧɤɚ ɤɨɨɪɞɢɧɚɬ ɰɟɥɢ 

ɩɪɟɞɥɨɠɟɧɧɵɦ ɫɩɨɫɨɛɨɦ. ɉɨɥɭɱɟɧɧɵɟ ɡɨɧɵ ɞɟɣɫɬɜɢɹ ɩɨɤɚɡɚɧɵ ɧɚ ɪиɫ. 5. 

Аɧɚɥɢɡ ɪиɫ. 5 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɭɬɧɢɤɨɜ ɬɨɥɶɤɨ ɨɞɧɨɣ Ƚɇɋɋ 

ȽɅɈɇАɋɋ ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɨɰɟɧɢɜɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ ɬɨɥɶɤɨ ɜ ɭɡ-

ɤɨɦ ɞɢɚɩɚɡɨɧɟ ɚɡɢɦɭɬɨɜ ɢ ɭɝɥɨɜ ɦɟɫɬɚ (ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɫɨɨɬ-

ɜɟɬɫɬɜɟɧɧɨ 80°−160° ɢ 45°−90°, ɫɦ. ɪиɫ. 5, ɚ). 

ɍɜɟɥɢɱɟɧɢɟ ɨɪɛɢɬɚɥɶɧɨɣ ɝɪɭɩɩɢɪɨɜɤɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ ɩɨɡɜɨɥɹɟɬ ɫɭ-

ɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɢɬɶ ɡɨɧɭ ɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦɵ ɧɚɛɥɸɞɟɧɢɹ. Ɍɚɤ, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 



ɞɜɭɯ ɫɢɫɬɟɦ ȽɅɈɇАɋɋ ɢ GPS ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɭɫɩɟɲɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ 

ɜɨɡɞɭɲɧɨɣ ɰɟɥɢ, ɧɚɛɥɸɞɚɟɦɨɣ ɧɚ ɜɫɟɯ ɚɡɢɦɭɬɚɯ, ɨɞɧɚɤɨ ɜ ɞɢɚɩɚɡɨɧɟ ɚɡɢɦɭɬɨɜ 

190°−360° ɡɨɧɚ ɞɟɣɫɬɜɢɹ ɨɝɪɚɧɢɱɟɧɚ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɭɝɥɚ ɦɟɫɬɚ 

30°−45° (ɪиɫ. 5, ɛ). 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɥɧɨɣ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɝɪɭɩɩɢɪɨɜɤɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢ-

ɤɨɜ Ƚɇɋɋ ȽɅɈɇАɋɋ, GPS, GALILEO ɢ COMPASS ɦɢɧɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɭɝɥɚ 

ɦɟɫɬɚ ɭɦɟɧɶɲɚɸɬɫɹ ɞɨ 15°−30° (ɪиɫ. 5, ɜ). 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɩɨɥɧɨɣ ɝɪɭɩɩɢɪɨɜɤɟ ɫɩɭɬɧɢɤɨɜ ɜɨɫɶɦɢ ɩɫɟɜɞɨ-

ɫɩɭɬɧɢɤɨɜ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ ɡɨɧɭ ɞɟɣɫɬɜɢɹ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚɛɥɸ-

ɞɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ ɩɨɥɭɫɮɟɪɵ (ɪиɫ. 5, ɝ). 

 

 

ɚ) ɛ) 



ɜ) ɝ) 

Ɋиɫ. 5. Ɂɨɧɵ ɞɟɣɫɬɜɢɹ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚɛɥɸɞɟɧɢɹ,  

ɢɫɩɨɥɶɡɭɸɳɟɣ ɫɢɝɧɚɥɵ:  

ɚ) ɫɩɭɬɧɢɤɨɜ ȽɅɈɇАɋɋ; ɛ) ɫɩɭɬɧɢɤɨɜ ȽɅɈɇАɋɋ ɢ GPS; ɜ) ɫɩɭɬɧɢɤɨɜ ȽɅɈ-

ɇАɋɋ, GPS, GALILEO ɢ COMPASS; ɝ) ɫɩɭɬɧɢɤɨɜ ȽɅɈɇАɋɋ, GPS, GALILEO 

ɢ COMPASS ɢ 8 ɩɫɟɜɞɨɫɩɭɬɧɢɤɨɜ 
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