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Ⱥɧɧɨɬɚɰɢɹ 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɪɢɟɦɧɢɤɚ ɧɚ ɩɪɢɦɟɪɟ ɩɪɢɟɦɚ 

ɫɢɝɧɚɥɨɜ NAVSTAR GPS L1C/A, ȽɅɈɇȺɋɋ L1 ɋɌ, L2 ɋɌ.  

ɉɪɨɜɟɞɟɧ ɫɢɧɬɟɡ ɚɥɝɨɪɢɬɦɚ ɞɟɦɨɞɭɥɹɰɢɢ ɞɥɹ ɭɤɚɡɚɧɧɵɯ 

ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ.  

ɋ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɛɥɨɤɚ (ɫɥɨɜɚ ɞɥɹ GPS, 

ɫɬɪɨɤɢ ɞɥɹ ȽɅɈɇȺɋɋ) ɫɨɨɛɳɟɧɢɹ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɞɥɹ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫ 

ɚɧɚɥɨɝɢɱɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ 

ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɭɱɢɬɵɜɚɥɨɫɶ ɜɥɢɹɧɢɟ 

ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɫɢɫɬɟɦ ɫɥɟɠɟɧɢɹ ɡɚ ɱɚɫɬɨɬɨɣ ɢ ɮɚɡɨɣ.  

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɚɥɢɡɨɜɚɧ ɜ ɋɉɆɈ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɩɪɢɟɦɧɢɤɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɤɚɮɟɞɪɨɣ ɜ ɪɚɦɤɚɯ ɈɄɊ. Ⱦɥɹ 

ɷɬɨɝɨ ɧɚ ɹɡɵɤɟ ɋ++ ɫɨɡɞɚɧɚ ɮɭɧɤɰɢɹ, ɩɪɢɧɢɦɚɸɳɚɹ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ 

ɚɪɝɭɦɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɫɭɦɦɵ. ɋɨɫɬɚɜɥɟɧ ɬɟɫɬ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɛɨɬɚ 

C++-ɮɭɧɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɟɞɟɧɢɸ ɚɧɚɥɨɝɢɱɧɨɣ MATLAB-ɮɭɧɤɰɢɢ, 

ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɧɚ ɷɬɚɩɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɋ ɩɨɦɨɳɶɸ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɇȺɉ ɢ ɢɦɢɬɚɬɨɪɚ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 

ɫɢɝɧɚɥɨɜ ɩɪɨɜɟɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɫɢɝɧɚɥɨɜ NAVSTAR GPS L1 C/A. ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɤɢ 

ɜɵɛɨɪɨɱɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɫɥɨɜ GPS ɫɨɨɛɳɟɧɢɹ ɨɬ ɨɬɧɨɲɟɧɢɹ 

ɫɢɝɧɚɥ/ɲɭɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɤɨɝɟɪɟɧɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ.  

 



 7 

Оˆла˅ление 

ȼɜɟɞɟɧɢɟ ................................................................................................................. 10 

1 Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɢёɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɨɜ ɝɥɨɧɚɫɫ ɢ GPS13 

1.1 ɉɪɢɟɦ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɨɜ ȽɅɈɇȺɋɋ ɋɌ............. 13 

1.1.1 ɋɬɪɭɤɬɭɪɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ ............................................... 13 

1.1.2 ɋɩɨɫɨɛ ɞɟɦɨɞɭɥɹɰɢɢ ........................................................................ 14 

1.1.3 ɋɬɪɭɤɬɭɪɚ ɫɨɨɛɳɟɧɢɹ ...................................................................... 16 

1.1.4 ɋɩɨɫɨɛ ɞɟɤɨɞɢɪɨɜɚɧɢɹ ..................................................................... 19 

1.2 ɉɪɢёɦ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɨɜ GPЋ C/A ....................... 21 

1.2.1 ɋɬɪɭɤɬɭɪɚ ɫɢɝɧɚɥɚ ............................................................................ 21 

1.2.2 Ⱦɟɦɨɞɭɥɹɰɢɹ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ, ɨɩɢɫɚɧɧɚɹ ɜ ɂɄȾ ............. 21 

1.2.3 ɋɬɪɭɤɬɭɪɚ ɫɨɨɛɳɟɧɢɹ ...................................................................... 22 

1.2.4 Ⱦɟɤɨɞɢɪɨɜɚɧɢɟ ɫɨɨɛɳɟɧɢɹ .............................................................. 23 

1.2.5 Ɋɚɡɛɨɪ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ................................................ 26 

1.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɟɦɨɞɭɥɹɰɢɢ ɫɢɝɧɚɥɨɜ ȽɅɈɇȺɋɋ ɋɌ ɢ 
GPЋ C/A ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ .................................................................. 27 

2 ɋɢɧɬɟɡ ɚɥɝɨɪɢɬɦɚ ɩɪɢёɦɚ ɫɨɨɛɳɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ............... 28 

2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ................................................................................... 28 

2.2 ȼɵɜɨɞ ɚɥɝɨɪɢɬɦɚ ..................................................................................... 28 

2.3 Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ........................................................... 32 

2.4 ɋɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɚɥɝɨɪɢɬɦɨɦ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɹ 
ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ...................................................................................... 33 

3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢёɦɚ ɫɨɨɛɳɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɜ ɫɪɟɞɟ 
MATLAB ................................................................................................................ 35 

3.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ................................................................................... 35 

3.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɢёɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ............ 35 

3.2.1 ɍɫɥɨɜɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ .................................................................. 38 

3.2.2 Ɋɚɫɱɟɬ ɞɢɫɩɟɪɫɢɣ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɨɰɟɧɨɤ ɮɚɡɵ ɢ 
ɱɚɫɬɨɬɵ ........................................................................................................... 38 

3.3 Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ .................................................................... 41 

3.3.1 ɋɢɝɧɚɥ ȽɅɈɇȺɋɋ ɋɌ ...................................................................... 41 

3.3.2 ɋɢɝɧɚɥ GPS L1 C/A .......................................................................... 45 

3.3.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ ............................................................................... 49 

4 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɥɝɨɪɢɬɦɚ ............................................. 50 

4.1 Ɋɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɹ ɜ ɇȺɉ ... 50 



 8 

4.2 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ .................................. 53 

4.3 Ɋɟɡɭɥɶɬɚɬɵ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ..................................................... 57 

Ɂɚɤɥɸɱɟɧɢɟ ............................................................................................................ 61 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ............................................................................................... 63 

ɉɪɢɥɨɠɟɧɢɟ Ⱥ. ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ............................................................... 65 

ɉɪɢɥɨɠɟɧɢɟ Ȼ. Ɏɭɧɤɰɢɹ ɞɟɦɨɞɭɥɹɰɢɢ ɫɨɨɛɳɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ 70 

ɉɪɢɥɨɠɟɧɢɟ ȼ. ɂɫɯɨɞɧɵɟ ɤɨɞɵ ɫɤɪɢɩɬɚ ɧɚɫɬɪɨɣɤɢ ɢɦɢɬɚɬɨɪɚ ɫɢɝɧɚɥɚ ........ 77 

ɉɪɢɥɨɠɟɧɢɟ Ƚ. ɂɫɯɨɞɧɵɟ ɤɨɞɵ ɫɤɪɢɩɬɚ ɨɛɪɚɛɨɬɤɢ ɩɚɤɟɬɚ 0x0042 ................ 78 

 

 



 9 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɋɈɄɊȺЩȿɇɂɃ 

ȺɄɎ  - ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ 

Ⱥɉ  - ɚɩɩɚɪɚɬɭɪɚ ɩɨɬɪɟɛɢɬɟɥɹ 

Ⱥɉȼ  - ɚɩɨɫɬɟɪɢɨɪɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ 

Ⱥɐɉ  - ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ȻȽɒ  - ɛɟɥɵɣ ɝɚɭɫɫɨɜɫɤɢɣ ɲɭɦ 

ȽȾɄ   - ɝɟɧɟɪɚɬɨɪ ɞɚɥɶɧɨɦɟɪɧɨɝɨ ɤɨɞɚ 

Ƚɇɋɋ  - ɝɥɨɛɚɥɶɧɚɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɫɩɭɬɧɢɤɨɜɚɹ ɫɢɫɬɟɦɚ 

ɄȺ  - ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ 

ɇȺɉ  - ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɚɩɩɚɪɚɬɭɪɚ ɩɨɬɪɟɛɢɬɟɥɹ 

ɇɄȺ  - ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɤɨɫɦɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ 

ɇɋ  - ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɫɩɭɬɧɢɤ 

ɈȽ  - ɨɩɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ 

ɉɋɉ  - ɩɫɟɜɞɨɫɥɭɱɚɣɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɋɄɈ  - ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ 

ɋɉɆɈ - ɫɩɟɰɢɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɋɋɁ  - ɫɯɟɦɚ ɫɥɟɠɟɧɢɹ ɡɚ ɡɚɞɟɪɠɤɨɣ 

ɋɋɎ  - ɫɯɟɦɚ ɫɥɟɠɟɧɢɹ ɡɚ ɮɚɡɨɣ 

ɋɋɑ  - ɫɯɟɦɚ ɫɥɟɠɟɧɢɹ ɡɚ ɱɚɫɬɨɬɨɣ 

ɋɌ  - ɫɬɚɧɞɚɪɬɧɚɹ ɬɨɱɧɨɫɬɶ 

ɎȺɉ  - ɮɚɡɨɜɚɹ ɚɜɬɨɩɨɞɫɬɪɨɣɤɚ 

ɐɂ  - ɰɢɮɪɨɜɚɹ ɢɧɮɨɪɦɚɰɢɹ 

BPSK  - Binary Phase-Shift Keying 

GPS  - Global Positioning System 

SCPI  - Standard Commands for Programmable Instruments 

SNR   - Signal to Noise Ratio (ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ) 

TTFF  - Time To First Fix (ɜɪɟɦɹ ɞɨ ɩɨɥɭɱɟɧɢɹ ɩɟɪɜɨɝɨ ɪɟɲɟɧɢɹ) 



 10 

ȼȼȿȾȿɇɂȿ 

ɋɩɭɬɧɢɤɨɜɵɟ ɪɚɞɢɨɧɚɜɢɝɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ (ɋɊɇɋ) ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɜɨɟɧɧɨɦ ɞɟɥɟ ɢ ɬ.ɞ. ɞɥɹ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɢ ɭɬɨɱɧɟɧɢɹ ɜɪɟɦɟɧɢ. Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɋɊɇɋ 

ɩɨɥɭɱɢɥɢ ɛɥɚɝɨɞɚɪɹ ɩɪɨɫɬɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɚɛɫɨɥɸɬɧɨɝɨ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɧɢɡɤɢɯ ɡɚɬɪɚɬ ɫɨ ɫɬɨɪɨɧɵ ɩɨɬɪɟɛɢɬɟɥɹ. 

ȼ ɫɨɫɬɚɜɟ ɋɊɇɋ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɨɫɧɨɜɧɵɯ ɫɟɝɦɟɧɬɚ (ɩɨɞɫɢɫɬɟɦɵ): 

ɤɨɫɦɢɱɟɫɤɢɣ ɫɟɝɦɟɧɬ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ; 

ɫɟɝɦɟɧɬ ɭɩɪɚɜɥɟɧɢɹ (ɧɚɡɟɦɧɵɣ ɤɨɦɚɧɞɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ); 

ɫɟɝɦɟɧɬ ɩɨɬɪɟɛɢɬɟɥɟɣ (ɩɨɞɫɢɫɬɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ 

ɩɨɬɪɟɛɢɬɟɥɟɣ). 

Ɉɛɴɟɤɬɨɦ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɧɚɜɢɝɚɰɢɨɧɧɚɹ ɚɩɩɚɪɚɬɭɪɚ 

ɩɨɬɪɟɛɢɬɟɥɟɣ (ɇȺɉ) ɢ ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɪɚɞɢɨɫɢɝɧɚɥɨɜ, 

ɟɸ ɢɫɩɨɥɶɡɭɟɦɵɟ. ɇȺɉ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɫɟɪɜɢɫ ɋɊɇɋ ɤɨɧɤɪɟɬɧɨɦɭ ɤɨɧɟɱɧɨɦɭ 

ɩɨɥɶɡɨɜɚɬɟɥɸ. Ⱦɥɹ ɷɬɨɝɨ ɨɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɪɢɟɦ ɫɢɝɧɚɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 

ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ (ɇɄȺ), ɨɰɟɧɢɜɚɟɬ ɡɚɞɟɪɠɤɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɷɬɢɯ 

ɫɢɝɧɚɥɨɜ, ɜɵɞɟɥɹɟɬ ɬɪɚɧɫɥɢɪɭɟɦɨɟ ɫɨɨɛɳɟɧɢɟ ɢ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ 

ɞɚɧɧɵɯ ɪɟɲɚɟɬ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɜɢɞɟ ɧɚɜɢɝɚɰɢɨɧɧɭɸ ɡɚɞɚɱɭ – ɨɩɪɟɞɟɥɹɟɬ 

ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ, ɫɤɨɪɨɫɬɶ, ɜɪɟɦɹ ɢ ɨɪɢɟɧɬɚɰɢɸ ɨɛɴɟɤɬɚ ɪɚɡɦɟɳɟɧɢɹ.  

Ⱦɥɹ ɪɟɲɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɇȺɉ ɧɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ, 

ɩɟɪɟɞɚɜɚɟɦɵɟ ɜ ɧɚɜɢɝɚɰɢɨɧɧɨɦ ɫɨɨɛɳɟɧɢɢ. ɇɨɫɢɬɟɥɟɦ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ ɜɵɫɬɭɩɚɟɬ ɜɫё ɬɨɬ ɠɟ ɧɚɜɢɝɚɰɢɨɧɧɵɟ ɫɢɝɧɚɥ.  

ȼ ɫɨɫɬɚɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜɯɨɞɢɬ ɨɩɟɪɚɬɢɜɧɚɹ ɢ 

ɧɟɨɩɟɪɚɬɢɜɧɚɹ ɢɧɮɨɪɦɚɰɢɹ. 

Ɉɩɟɪɚɬɢɜɧɚɹ ɢɧɮɨɪɦɚɰɢɹ - ɷɬɨ ɨɰɢɮɪɨɜɤɚ ɦɟɬɨɤ ɜɪɟɦɟɧɢ ɇɄȺ, ɫɞɜɢɝ 

ɲɤɚɥɵ ɜɪɟɦɟɧɢ ɇɄȺ ɨɬɧɨɫɢɬɟɥɶɧɨ ɲɤɚɥɵ ɜɪɟɦɟɧɢ ɫɢɫɬɟɦɵ, ɨɬɧɨɫɢɬɟɥɶɧɨɟ 

ɨɬɥɢɱɢɟ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ ɢɡɥɭɱɚɟɦɨɝɨ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɪɚɞɢɨɫɢɝɧɚɥɚ ɨɬ 

ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɷɮɟɦɟɪɢɞɵ ɇɄȺ ɢ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ. Ɉɩɟɪɚɬɢɜɧɚɹ 

ɢɧɮɨɪɦɚɰɢɹ ɨɬɧɨɫɢɬɫɹ ɤ ɬɨɦɭ ɇɄȺ, ɫ ɤɨɬɨɪɨɝɨ ɛɵɥ ɢɡɥɭɱɟɧ ɞɚɧɧɵɣ ɫɢɝɧɚɥ. 
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ɗɬɚ ɢɧɮɨɪɦɚɰɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɣ 

ɡɚɞɚɱɢ.  

ɇɟɨɩɟɪɚɬɢɜɧɚɹ ɢɧɮɨɪɦɚɰɢɹ – ɚɥɶɦɚɧɚɯ, ɩɨ ɤɨɬɨɪɨɦɭ ɇȺɉ ɩɪɨɢɡɜɨɞɢɬ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɜɢɞɢɦɨɫɬɢ ɇɄȺ. 

ɒɢɪɨɤɨ ɢɡɜɟɫɬɧɵ, ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ ɢ ɩɨɜɫɟɦɟɫɬɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɚɥɝɨɪɢɬɦɵ ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ 

ɪɚɛɨɬɵ ɇȺɉ. ȼ ɷɬɨɦ ɪɟɠɢɦɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɠɟɧɢɟ ɡɚ ɮɚɡɚɦɢ ɧɟɫɭɳɟɣ 

ɱɚɫɬɨɬɵ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ.  

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɩɪɢɟɦɧɢɤɢ ɫ 

ɩɨɜɵɲɟɧɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɢ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɨɛɪɚɡɭɸɳɢɟ ɤɥɚɫɫ 

HТРС ЋОЧsТЯТЭв ɩɪɢɟɦɧɢɤɨɜ. ɉɨɜɵɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɭɫɥɨɜɥɟɧɨ ɪɹɞɨɦ 

ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɨɫɧɨɜɧɨɟ ɢɡ ɤɨɬɨɪɵɯ — ɩɟɪɟɯɨɞ ɤ ɧɟɤɨɝɟɪɟɧɬɧɨɦɭ 

ɪɟɠɢɦɭ ɩɪɢɟɦɚ ɫɢɝɧɚɥɚ. ȼ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɧɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɫɥɟɠɟɧɢɟ ɡɚ ɮɚɡɨɣ ɫɢɝɧɚɥɚ, ɡɚ ɩɨɞɫɬɪɨɣɤɭ ɱɚɫɬɨɬɵ ɨɩɨɪɧɨɝɨ ɫɢɝɧɚɥɚ ɨɬɜɟɱɚɟɬ 

ɫɢɫɬɟɦɚ ɫɥɟɠɟɧɢɹ ɡɚ ɱɚɫɬɨɬɨɣ, ɩɨɷɬɨɦɭ ɬɪɚɞɢɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɜɵɞɟɥɟɧɢɹ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɧɟɩɪɢɦɟɧɢɦɵ. ɐɟɥɶ ɪɚɛɨɬɵ — ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ ɩɨɥɚɝɚɸɬɫɹ 

ɫɢɝɧɚɥɵ NAVSTAR GPS L1 C/A ɢ ȽɅɈɇȺɋɋ L1ɋɌ, L2ɋɌ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ ɪɟɲɟɧɢɟ ɪɹɞɚ 

ɡɚɞɚɱ: 

1. ɉɪɨɜɟɫɬɢ ɨɛɡɨɪ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɭɤɚɡɚɧɧɵɦ ɧɚɜɢɝɚɰɢɨɧɧɵɦ ɫɢɝɧɚɥɚɦ. 

2. ɋɢɧɬɟɡɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦ ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɚɥɝɨɪɢɬɦɚ. 

3. Ɉɩɪɟɞɟɥɢɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɦɟɬɨɞɨɦ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɋɪɚɜɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɫ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɢɟɦɚ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. 
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4. Ɋɟɚɥɢɡɨɜɚɬɶ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɜ ɜɢɞɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɮɭɧɤɰɢɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ (ɋɉɆɈ) 

ɇȺɉ. 

5. ɉɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɜɟɪɧɨɝɨ 

ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɇȺɉ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɦ 

ɪɟɠɢɦɟ. 
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1 ɈɋɈȻȿɇɇɈɋɌɂ ɉɊɂЁɆȺ ɇȺȼɂȽȺɐɂɈɇɇɈȽɈ ɋɈɈȻЩȿɇɂə 
ɋɂȽɇȺɅɈȼ ȽɅɈɇȺɋɋ ɂ GPS 

1.1 ɉɪɢɟɦ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɨɜ ȽɅɈɇȺɋɋ ɋɌ 

1.1.1 ɋɬɪɭɤɬɭɪɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ 

ɇɚɜɢɝɚɰɢɨɧɧɵɣ ɪɚɞɢɨɫɢɝɧɚɥ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɤɚɠɞɵɦ ɇɄȺ ɫɢɫɬɟɦɵ 

ȽɅɈɇȺɋɋ ɧɚ ɫɨɛɫɬɜɟɧɧɨɣ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɟ ɜ ɩɨɞɞɢɚɩɚɡɨɧɚɯ L1 ɢ L2, 

ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦ ɮɚɡɨɦɚɧɢɩɭɥɢɪɨɜɚɧɧɵɦ ɫɢɝɧɚɥɨɦ. Ɏɚɡɨɜɚɹ 

ɦɚɧɢɩɭɥɹɰɢɹ ɧɟɫɭɳɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ π ɪɚɞɢɚɧ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ ±0,2 ɪɚɞɢɚɧɚ Д1]. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɞɢɨɫɢɝɧɚɥɚ ɫɥɟɞɭɸɳɚɹ: 

        0 0cos НС ȾКs t A t t t          (1.1) 

ɝɞɟ A  - ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ, 
0  - ɧɟɫɭɳɚɹ ɱɚɫɬɨɬɚ,   НС t  - ɮɭɧɤɰɢɹ ɮɚɡɨɜɨɣ 

ɦɚɧɢɩɭɥɹɰɢɢ ɫɢɝɧɚɥɚ ɧɚɜɢɝɚɰɢɨɧɧɵɦ ɫɨɨɛɳɟɧɢɟɦ,  ȾК t  -  ɮɭɧɤɰɢɹ 

ɮɚɡɨɜɨɣ ɦɚɧɢɩɭɥɹɰɢɢ ɫɢɝɧɚɥɚ ɞɚɥɶɧɨɦɟɪɧɵɦ ɤɨɞɨɦ, 
0  - ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ 

ɫɢɝɧɚɥɚ. 

Ɏɚɡɚ ɧɟɫɭɳɟɝɨ ɤɨɥɟɛɚɧɢɹ ɩɨɞɞɢɚɩɚɡɨɧɚ L1 ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɇɄȺ 

«Ƚɥɨɧɚɫɫ» ɢ ɮɚɡɵ ɧɟɫɭɳɢɯ ɤɨɥɟɛɚɧɢɣ ɩɨɞɞɢɚɩɚɡɨɧɨɜ L1 ɢ L2 ɩɟɪɟɞɚɜɚɟɦɨɝɨ 

ɇɄȺ «Ƚɥɨɧɚɫɫ-Ɇ» ɦɨɞɭɥɢɪɭɟɬɫɹ ɞɜɨɢɱɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ, 

ɨɛɪɚɡɨɜɚɧɧɨɣ ɫɭɦɦɢɪɨɜɚɧɢɟɦ ɩɨ ɦɨɞɭɥɸ ɞɜɚ ɩɫɟɜɞɨɫɥɭɱɚɣɧɨɝɨ (ɉɋ) 

ɞɚɥɶɧɨɦɟɪɧɨɝɨ ɤɨɞɚ, ɰɢɮɪɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɢ 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɤɨɥɟɛɚɧɢɹ ɬɢɩɚ ɦɟɚɧɞɪ. 

Ɉɫɧɨɜɨɣ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɝɧɚɥɚ 

ɹɜɥɹɟɬɫɹ ɛɨɪɬɨɜɨɣ ɫɬɚɧɞɚɪɬ ɱɚɫɬɨɬɵ. 

ɉɫɟɜɞɨɫɥɭɱɚɣɧɵɣ ɞɚɥɶɧɨɦɟɪɧɵɣ ɤɨɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɧɵ ɪɟɝɢɫɬɪɚ ɫɞɜɢɝɚ (Ɇ- 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ) ɫ ɩɟɪɢɨɞɨɦ 1 ɦɫ ɢ ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɞɚɱɢ ɫɢɦɜɨɥɨɜ 511 

ɤɛɢɬ/ɫ. 
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ɐɢɮɪɨɜɚɹ ɢɧɮɨɪɦɚɰɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ 

ɨɩɟɪɚɬɢɜɧɭɸ ɢ ɧɟɨɩɟɪɚɬɢɜɧɭɸ ɢɧɮɨɪɦɚɰɢɸ.  

Ɉɩɟɪɚɬɢɜɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨɬɧɨɫɢɬɫɹ ɤ ɬɨɦɭ ɇɄȺ, ɫ ɛɨɪɬɚ ɤɨɬɨɪɨɝɨ 

ɩɟɪɟɞɚɟɬɫɹ ɞɚɧɧɵɣ ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɪɚɞɢɨɫɢɝɧɚɥ. ɇɟɨɩɟɪɚɬɢɜɧɚɹ ɢɧɮɨɪɦɚɰɢɹ 

(ɚɥɶɦɚɧɚɯ ɫɢɫɬɟɦɵ) ɨɬɧɨɫɢɬɫɹ ɤɨ ɜɫɟɦ ɇɄȺ, ɜɯɨɞɹɳɢɦ ɜ ɫɨɫɬɚɜ ɉɄȺ. 

ɐɢɮɪɨɜɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɟɪɟɞɚɟɬɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ 50 ɛɢɬ/ɫ. 

1.1.2 ɋɩɨɫɨɛ ɞɟɦɨɞɭɥɹɰɢɢ 

ȼɵɞɟɥɟɧɢɟ ɫɢɦɜɨɥɨɜ НС  ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ 

ɪɚɛɨɬɵ ɩɪɢёɦɧɢɤɚ. 

ɂɡ ɨɛɳɟɣ ɬɟɨɪɢɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɢɟɦɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɫɥɭɱɚɟ 

ɦɨɞɭɥɹɰɢɢ ɫɢɝɧɚɥɚ ɇɋ ɬɨɥɶɤɨ ɫɢɦɜɨɥɚɦɢ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

(ɞɥɢɬɟɥɶɧɨɫɬɶɸ 20 ɦɫ) ɞɥɹ ɨɰɟɧɤɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɢɦɜɨɥɚ ɧɟɨɛɯɨɞɢɦɨ 

ɫɮɨɪɦɢɪɨɜɚɬɶ ɫɢɝɧɚɥ, ɚɧɚɥɨɝɢɱɧɵɣ ɫɢɧɮɚɡɧɨɣ ɤɨɦɩɨɧɟɧɬɟ ɤɨɪɪɟɥɹɬɨɪɚ ɧɚ 

ɞɥɢɬɟɥɶɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɫɢɦɜɨɥɚ (20 ɦɫ). Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɚɤɨɝɨ 

ɫɢɝɧɚɥɚ ɩɪɟɠɞɟ ɜɫɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɫɭɳɟɫɬɜɢɬɶ ɫɢɧɯɪɨɧɢɡɚɰɢɸ ɩɨ ɝɪɚɧɢɰɚɦ 

ɛɢɬ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɦɜɨɥɨɜ (ɛɢɬɨɜɭɸ ɫɢɧɯɪɨɧɢɡɚɰɢɸ). 

ȼ ɋɊɇɋ ȽɅɈɇȺɋɋ ɧɚɜɢɝɚɰɢɨɧɧɨɟ ɫɨɨɛɳɟɧɢɟ (ɫɢɦɜɨɥɵ ɤɨɬɨɪɨɝɨ 

ɫɥɟɞɭɸɬ ɫ ɱɚɫɬɨɬɨɣ 50 ɛɢɬ/ɫ) ɫɤɥɚɞɵɜɚɟɬɫɹ ɩɨ ЦШН 2 ɫ ɫɢɦɜɨɥɚɦɢ Ɇ-ɤɨɞɚ, 

ɫɥɟɞɭɸɳɟɝɨ ɫ ɱɚɫɬɨɬɨɣ 100 Ƚɰ. ɉɨɷɬɨɦɭ, ɩɟɪɟɞ ɜɵɞɟɥɟɧɢɟɦ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ ɫɢɦɜɨɥɵ Ɇ-ɤɨɞɚ, ɞɥɹ ɱɟɝɨ ɫɥɟɞɭɟɬ ɬɚɤɠɟ 

ɜɵɩɨɥɧɹɬɶ ɛɢɬɨɜɭɸ ɫɢɧɯɪɨɧɢɡɚɰɢɸ Ɇ-ɤɨɞɚ. 

ȼɨɡɶɦɟɦ ɜɪɟɦɹ ɧɚɤɨɩɥɟɧɢɹ ɤɨɪɪɟɥɹɬɨɪɨɜ Ⱥɉ 1T   ɦɫ. Ɋɚɫɫɦɨɬɪɢɦ 

ɨɬɫɱɟɬɵ ɫɢɧɮɚɡɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɤɨɪɪɟɥɹɬɨɪɚ kI  (ɫɥɟɞɭɸɳɢɟ ɫ ɱɚɫɬɨɬɨɣ 1 

ɤȽɰ). 

Ⱥɥɝɨɪɢɬɦ ɜɵɞɟɥɟɧɢɹ ɫɢɦɜɨɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɛɪɚɛɨɬɤɟ ɨɬɫɱɟɬɨɜ kI , ɭɫɥɨɜɧɨ ɩɪɟɞɫɬɚɜɥɟɧ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ 

ɫɯɟɦɨɣ ɧɚ ɪɢɫɭɧɤɟ 1.1. 



 15 

 

 

Ɋɢɫɭɧɨɤ 1.1 - ȼɵɞɟɥɟɧɢɟ ɫɢɦɜɨɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

Ɉɬɫɱɟɬɵ 
kI  ɫ ɜɵɯɨɞɚ ɤɨɪɪɟɥɹɬɨɪɚ ɩɨɫɬɭɩɚɸɬ ɜ ɛɥɨɤ ɜɵɞɟɥɟɧɢɹ 

ɢɦɩɭɥɶɫɨɜ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ Ɇ-ɤɨɞɚ ( M kf    50 Ƚɰ). Ɂɞɟɫɶ ɮɢɤɫɢɪɭɸɬɫɹ 

ɦɨɦɟɧɬɵ ɫɦɟɧɵ ɡɧɚɤɚ ɨɬɫɱɟɬɨɜ  ɢ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɨɛɪɚɛɨɬɤɢ ɮɨɪɦɢɪɭɸɬɫɹ ɢɦɩɭɥɶɫɵ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ 50 Ƚɰ, ɩɪɢɜɹɡɚɧɧɵɟ ɤ 

ɦɨɦɟɧɬɭ ɫɦɟɧɵ ɡɧɚɤɚ ɫɢɦɜɨɥɨɜ Ɇ-ɤɨɞɚ. ɋɮɨɪɦɢɪɨɜɚɧɧɵɟ ɢɦɩɭɥɶɫɵ 

ɩɨɫɬɭɩɚɸɬ: 

ɜ ɛɥɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ Ɇ-ɤɨɞɚ («ɞɢɫɤɪɟɬɧɵɣ ɝɟɧɟɪɚɬɨɪ» Ɇ-ɤɨɞɚ), 

ɤɨɬɨɪɵɣ ɮɨɪɦɢɪɭɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 1  ɢɥɢ 1 , ɱɟɪɟɞɭɸɳɢɯɫɹ ɫ 

ɱɚɫɬɨɬɨɣ 50 Ƚɰ (ɬ.ɟ. ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɜɚɪɢɚɧɬɟ ɫ 1T   ɦɫ ɮɨɪɦɢɪɭɟɬɫɹ ɩɨ 

ɞɟɫɹɬɶ 1  ɢɥɢ 1 ); 

ɜ ɛɥɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɦɩɭɥɶɫɨɜ ɫɢɦɜɨɥɶɧɨɣ ɱɚɫɬɨɬɵ ( СИf  = 100 Ƚɰ), 

ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɝɪɚɧɢɰɚɦ ɫɢɦɜɨɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

(ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɩɨ ɫɢɦɜɨɥɚɦ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ); 

ɜ ɛɥɨɤ ɜɵɞɟɥɟɧɢɹ ɫɢɦɜɨɥɨɜ Ɇ-ɤɨɞɚ, ɜ ɤɨɬɨɪɨɦ ɮɨɪɦɢɪɭɸɬɫɹ «ɩɚɱɤɢ» 

ɨɬɫɱɟɬɨɜ kI , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɞɧɨɦɭ ɫɢɦɜɨɥɭ Ɇ-ɤɨɞɚ; ɝɪɚɧɢɰɵ ɫɢɦɜɨɥɨɜ 

ɡɚɞɚɸɬɫɹ ɢɦɩɭɥɶɫɚɦɢ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ 50 Ƚɰ, ɩɨɫɬɭɩɚɸɳɢɦɢ ɫ 

ɨɞɧɨɢɦɟɧɧɨɝɨ ɛɥɨɤɚ. 

ȼɵɞɟɥɟɧɧɵɟ ɫɢɦɜɨɥɵ Ɇ-ɤɨɞɚ («ɩɚɱɤɢ» ɨɬɫɱɟɬɨɜ kI ) ɩɨɫɬɭɩɚɸɬ ɜ 

ɫɭɦɦɚɬɨɪ ɩɨ ЦШН 2, ɝɞɟ ɨɧɢ ɫɤɥɚɞɵɜɚɸɬɫɹ ɫ ɢɦɩɭɥɶɫɚɦɢ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɵ, ɜ 
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ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɫɧɢɦɚɟɬɫɹ ɦɨɞɭɥɹɰɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ Ѕ-ɤɨɞɨɦ. 

ɉɨɷɬɨɦɭ ɧɚ ɜɵɯɨɞɟ ɫɭɦɦɚɬɨɪɚ ɮɨɪɦɢɪɭɟɬɫɹ ɨɬɫɱɟɬɵ kI , ɜ ɤɨɬɨɪɵɯ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɦɨɞɭɥɹɰɢɹ ɬɨɥɶɤɨ ɧɚɜɢɝɚɰɢɨɧɧɵɦ ɫɨɨɛɳɟɧɢɟɦ. 

Ɉɬɫɱɟɬɵ kI  ɩɨɫɬɭɩɚɸɬ ɜ ɫɭɦɦɚɬɨɪ ɫɨ ɫɛɪɨɫɨɦ, ɢɧɬɟɪɜɚɥ ɫɭɦɦɢɪɨɜɚɧɢɹ 

ɜ ɤɨɬɨɪɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɦɩɭɥɶɫɚɦɢ ɫɢɦɜɨɥɶɧɨɣ ɱɚɫɬɨɬɵ, ɤɨɬɨɪɵɟ 

ɩɪɢɜɹɡɚɧɵ ɤ ɝɪɚɧɢɰɚɦ ɫɢɦɜɨɥɚɦ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɜ ɞɚɧɧɨɦ ɫɭɦɦɚɬɨɪɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɝɥɚɠɢɜɚɧɢɟ 

ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɬɫɱɟɬɨɜ kI  ɧɚ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ 20 ɦɫ. ɇɚ 

ɜɵɯɨɞɟ ɫɭɦɦɚɬɨɪɚ ɮɨɪɦɢɪɭɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 1 , ɫɥɟɞɭɸɳɢɯ ɫ 

ɱɚɫɬɨɬɨɣ 50 Ƚɰ, ɤɨɬɨɪɚɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨɞɜɟɪɝɚɟɬɫɹ ɞɟɤɨɞɢɪɨɜɚɧɢɸ ɫ ɰɟɥɶɸ 

ɢɡɜɥɟɱɟɧɢɹ ɷɮɟɦɟɪɢɞɧɨɣ ɢ ɞɪɭɝɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɩɟɪɟɞɚɧɧɨɣ ɜ ɪɚɞɢɨɫɢɝɧɚɥɟ 

ɇɋ.Д1] 

1.1.3 ɋɬɪɭɤɬɭɪɚ ɫɨɨɛɳɟɧɢɹ 

ɉɟɪɟɞɚɜɚɟɦɨɟ ɜ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɪɚɞɢɨɫɢɝɧɚɥɚɯ ɇɄȺ «Ƚɥɨɧɚɫɫ» ɢ 

«Ƚɥɨɧɚɫɫ-Ɇ» ɧɚɜɢɝɚɰɢɨɧɧɨɟ ɫɨɨɛɳɟɧɢɟ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɨɩɪɟɞɟɥɟɧɢɣ, ɩɪɢɜɹɡɤɢ ɤ ɬɨɱɧɨɦɭ ɜɪɟɦɟɧɢ ɢ 

ɞɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɫɟɚɧɫɨɜ ɧɚɜɢɝɚɰɢɢ. 

ɉɨ ɫɜɨɟɦɭ ɫɨɞɟɪɠɚɧɢɸ ɧɚɜɢɝɚɰɢɨɧɧɨɟ ɫɨɨɛɳɟɧɢɟ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ 

ɨɩɟɪɚɬɢɜɧɭɸ ɢ ɧɟɨɩɟɪɚɬɢɜɧɭɸ ɢɧɮɨɪɦɚɰɢɸ. 

Ɉɩɟɪɚɬɢɜɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨɬɧɨɫɢɬɫɹ ɤ ɬɨɦɭ ɇɄȺ, ɫ ɛɨɪɬɚ ɤɨɬɨɪɨɝɨ 

ɩɟɪɟɞɚɟɬɫɹ ɞɚɧɧɵɣ ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɪɚɞɢɨɫɢɝɧɚɥ ɢ ɫɨɞɟɪɠɢɬ: 

ɨɰɢɮɪɨɜɤɭ ɦɟɬɨɤ ɜɪɟɦɟɧɢ ɇɄȺ; 

ɫɞɜɢɝ ɲɤɚɥɵ ɜɪɟɦɟɧɢ ɇɄȺ ɨɬɧɨɫɢɬɟɥɶɧɨ ɲɤɚɥɵ ɜɪɟɦɟɧɢ ɫɢɫɬɟɦɵ 

ȽɅɈɇȺɋɋ; 

ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɬɥɢɱɢɟ ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ ɢɡɥɭɱɚɟɦɨɝɨ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɪɚɞɢɨɫɢɝɧɚɥɚ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ; 

ɷɮɟɦɟɪɢɞɵ ɇɄȺ ɢ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ. 

ɇɟɨɩɟɪɚɬɢɜɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɫɨɞɟɪɠɢɬ ɚɥɶɦɚɧɚɯ ɫɢɫɬɟɦɵ, ɜɤɥɸɱɚɸɳɢɣ 

ɜ ɫɟɛɹ: 
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ɞɚɧɧɵɟ ɨ ɫɨɫɬɨɹɧɢɢ ɜɫɟɯ ɇɄȺ ɫɢɫɬɟɦɵ (ɚɥɶɦɚɧɚɯ ɫɨɫɬɨɹɧɢɹ); 

ɫɞɜɢɝ ɲɤɚɥɵ ɜɪɟɦɟɧɢ ɤɚɠɞɨɝɨ ɇɄȺ ɨɬɧɨɫɢɬɟɥɶɧɨ ɲɤɚɥɵ ɜɪɟɦɟɧɢ 

ɫɢɫɬɟɦɵ ȽɅɈɇȺɋɋ (ɚɥɶɦɚɧɚɯ ɮɚɡ); 

ɩɚɪɚɦɟɬɪɵ ɨɪɛɢɬ ɜɫɟɯ ɇɄȺ ɫɢɫɬɟɦɵ (ɚɥɶɦɚɧɚɯ ɨɪɛɢɬ); 

ɫɞɜɢɝ ɲɤɚɥɵ ɜɪɟɦɟɧɢ ɫɢɫɬɟɦɵ ȽɅɈɇȺɋɋ ɨɬɧɨɫɢɬɟɥɶɧɨ UTC(ЋU) ɢ 

ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ. 

ɇɚɜɢɝɚɰɢɨɧɧɨɟ ɫɨɨɛɳɟɧɢɟ ɩɟɪɟɞɚɟɬɫɹ ɜ ɜɢɞɟ ɩɨɬɨɤɚ ɰɢɮɪɨɜɨɣ 

ɢɧɮɨɪɦɚɰɢɢ, ɡɚɤɨɞɢɪɨɜɚɧɧɨɣ ɩɨ ɤɨɞɭ ɏɟɦɦɢɧɝɚ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɣ ɜ 

ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɤɨɞ. ɋɬɪɭɤɬɭɪɧɨ ɩɨɬɨɤ ɐɂ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɜɢɞɟ ɧɟɩɪɟɪɵɜɧɨ 

ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɫɭɩɟɪɤɚɞɪɨɜ. ɋɭɩɟɪɤɚɞɪ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɤɚɞɪɨɜ, ɤɚɞɪ 

ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɬɪɨɤ ɐɂ. 

Ƚɪɚɧɢɰɵ ɫɬɪɨɤ, ɤɚɞɪɨɜ ɢ ɫɭɩɟɪɤɚɞɪɨɜ ɪɚɡɥɢɱɧɵɯ ɇɄȺ ɫɢɧɯɪɨɧɧɵ ɫ 

ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 2 ɦɫ. 

ɋɭɩɟɪɤɚɞɪ ɢɦɟɟɬ ɞɥɢɬɟɥɶɧɨɫɬɶ 2,5 ɦɢɧ ɢ ɫɨɫɬɨɢɬ ɢɡ 5 ɤɚɞɪɨɜ 

ɞɥɢɬɟɥɶɧɨɫɬɶɸ 30 ɫ. Ʉɚɠɞɵɣ ɤɚɞɪ ɫɨɫɬɨɢɬ ɢɡ 15 ɫɬɪɨɤ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 2 ɫ. 

ȼ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɝɨ ɫɭɩɟɪɤɚɞɪɚ ɩɟɪɟɞɚɟɬɫɹ ɩɨɥɧɵɣ ɨɛɴɟɦ 

ɧɟɨɩɟɪɚɬɢɜɧɨɣ ɢɧɮɨɪɦɚɰɢɢ (ɚɥɶɦɚɧɚɯ) ɞɥɹ ɜɫɟɯ 24 ɇɄȺ ɫɢɫɬɟɦɵ 

ȽɅɈɇȺɋɋ. 

ɇɚɜɢɝɚɰɢɨɧɧɵɣ ɤɚɞɪ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɫɭɩɟɪɤɚɞɪɚ. Ʉɚɠɞɵɣ 

ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɤɚɞɪ ɢɦɟɟɬ ɞɥɢɬɟɥɶɧɨɫɬɶ 30 ɫ ɢ ɫɨɫɬɨɢɬ ɢɡ ɩɹɬɧɚɞɰɚɬɢ ɫɬɪɨɤ 

ɞɥɢɬɟɥɶɧɨɫɬɶɸ 2 ɫ ɤɚɠɞɚɹ. 

ȼ ɩɪɟɞɟɥɚɯ ɤɚɠɞɨɝɨ ɤɚɞɪɚ ɩɟɪɟɞɚɟɬɫɹ ɩɨɥɧɵɣ ɨɛɴɟɦ ɨɩɟɪɚɬɢɜɧɨɣ ɐɂ 

ɞɥɹ ɞɚɧɧɨɝɨ ɇɄȺ ɢ ɱɚɫɬɶ ɧɟɨɩɟɪɚɬɢɜɧɨɣ ɐɂ. 

ɂɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɬɪɨɤɚ ɹɜɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɵɦ ɷɥɟɦɟɧɬɨɦ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɤɚɞɪɚ. ɋɬɪɭɤɬɭɪɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɬɪɨɤɢ ɩɨɤɚɡɚɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 1.2.  
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Ɋɢɫɭɧɨɤ 1.2 – ɋɬɪɭɤɬɭɪɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɬɪɨɤɢ 

Ʉɚɠɞɚɹ ɫɬɪɨɤɚ ɫɨɞɟɪɠɢɬ ɞɜɨɢɱɧɵɟ ɫɢɦɜɨɥɵ ɐɂ ɢ ɦɟɬɤɭ ɜɪɟɦɟɧɢ. 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɫɬɪɨɤɢ ɐɂ ɪɚɜɧɚ 2 ɫ, ɢ ɢɡ ɧɢɯ 0,3 ɫ ɜ ɤɨɧɰɟ ɫɬɪɨɤɢ ɡɚɧɢɦɚɟɬ 

Ɇȼ ɜ ɜɢɞɟ ɭɤɨɪɨɱɟɧɧɨɣ ɉɋ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɉɋɉɆȼ, ɫɨɫɬɨɹɳɟɣ ɢɡ 30-

ɬɢ ɫɢɦɜɨɥɨɜ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 10 ɦɫ. Ɉɫɬɚɥɶɧɭɸ ɱɚɫɬɶ ɫɬɪɨɤɢ (1,7 ɫ) ɡɚɧɢɦɚɟɬ 

ɫɨɛɫɬɜɟɧɧɨ ɐɂ ɫ ɫɢɦɜɨɥɶɧɨɣ ɱɚɫɬɨɬɨɣ 50 Ƚɰ, ɫɥɨɠɟɧɧɚɹ ɩɨ ɦɨɞɭɥɸ ɞɜɚ ɫ 

ɦɟɚɧɞɪɨɦ ɞɜɨɣɧɨɣ ɫɢɦɜɨɥɶɧɨɣ ɱɚɫɬɨɬɵ 100 Ƚɰ (ɛɢɞɜɨɢɱɧɵɣ ɤɨɞ). Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɤɚɠɞɚɹ ɫɬɪɨɤɚ ɫɨɞɟɪɠɢɬ 85 ɞɜɨɢɱɧɵɯ ɫɢɦɜɨɥɨɜ ɐɂ. ɇɭɦɟɪɚɰɢɹ 

ɩɨɡɢɰɢɣ ɫɢɦɜɨɥɨɜ ɜ ɫɬɪɨɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɩɪɚɜɚ ɧɚɥɟɜɨ. ɇɚɪɹɞɭ ɫ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɫɢɦɜɨɥɚɦɢ (ɩɨɡɢɰɢɢ 84-9) ɜ ɤɚɠɞɨɣ ɫɬɪɨɤɟ ɐɂ 

ɩɟɪɟɞɚɸɬɫɹ 8 ɩɪɨɜɟɪɨɱɧɵɯ ɫɢɦɜɨɥɨɜ (ɩɨɡɢɰɢɢ 1-8) ɤɨɞɚ ɏɟɦɦɢɧɝɚ (Ʉɏ), 

ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɨɜɟɪɤɭ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɫɢɦɜɨɥɨɜ ɐɂ ɜ ɫɬɪɨɤɟ. 

Ʉɨɞ ɏɟɦɦɢɧɝɚ ɢɦɟɟɬ ɤɨɞɨɜɨɟ ɪɚɫɫɬɨɹɧɢɟ ɪɚɜɧɨɟ ɱɟɬɵɪɟɦ. Ɋɚɡɞɟɥɟɧɢɟ ɫɬɪɨɤ 

ɐɂ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɤ ɜɪɟɦɟɧɢ (Ɇȼ). ɋɥɨɜɚ ɐɂ 

ɡɚɩɢɫɵɜɚɸɬɫɹ ɫɬɚɪɲɢɦɢ ɪɚɡɪɹɞɚɦɢ ɫɥɟɜɚ. ɉɟɪɟɞɚɱɚ ɐɂ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɫɬɚɪɲɢɦɢ ɪɚɡɪɹɞɚɦɢ ɜɩɟɪɟɞ. ȼ ɤɚɠɞɨɣ ɫɬɪɨɤɟ ɩɨɫɥɟɞɧɢɣ ɫɢɦɜɨɥ (85-ɹ 

ɩɨɡɢɰɢɹ) ɹɜɥɹɟɬɫɹ "ɯɨɥɨɫɬɵɦ", ɨɧ ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɤɨɞɚ ɩɪɢ ɩɟɪɟɞɚɱɟ ɐɂ ɩɨ ɪɚɞɢɨɥɢɧɢɢ. ȼ 

ɤɚɱɟɫɬɜɟ "ɯɨɥɨɫɬɨɝɨ" ɫɢɦɜɨɥɚ ɩɪɢɧɹɬ "0". 
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1.1.4 ɋɩɨɫɨɛ ɞɟɤɨɞɢɪɨɜɚɧɢɹ 

ɉɪɨɜɟɪɤɚ ɫɬɪɨɤ ɤɚɞɪɚ, ɫɨɞɟɪɠɚɳɢɯ ɰɢɮɪɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ, 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɪɚɜɥɟɧɢɢ ɨɞɢɧɨɱɧɵɯ ɨɲɢɛɨɤ (ɧɟɜɟɪɟɧ ɨɞɢɧ ɪɚɡɪɹɞ ɫɬɪɨɤɢ) 

ɢ ɨɛɧɚɪɭɠɟɧɢɢ ɞɜɨɣɧɵɯ (ɢ ɛɨɥɶɲɟɝɨ ɱɟɬɧɨɝɨ ɱɢɫɥɚ) ɨɲɢɛɨɤ. Ʉɚɠɞɚɹ ɫɬɪɨɤɚ 

ɐɂ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 85-ɪɚɡɪɹɞɧɵɣ ɤɨɞ, ɩɪɢɱɟɦ ɫɬɚɪɲɢɟ 77 ɪɚɡɪɹɞɨɜ 

ɫɨɞɟɪɠɚɬ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɢɦɜɨɥɵ  85 84 10 9, ,..., , ;b b b b  ɚ ɦɥɚɞɲɢɟ 8 ɪɚɡɪɹɞɨɜ 

- ɩɪɨɜɟɪɨɱɧɵɟ ɫɢɦɜɨɥɵ  8 7 2 1, ,..., ,    . 

Ⱦɥɹ ɢɫɩɪɚɜɥɟɧɢɹ ɨɞɧɨɤɪɚɬɧɵɯ ɨɲɢɛɨɤ ɜ 85-ɪɚɡɪɹɞɧɵɯ ɤɨɞɨɜɵɯ 

ɫɬɪɨɤɚɯ ɮɨɪɦɢɪɭɸɬɫɹ ɤɨɧɬɪɨɥɶɧɵɟ ɫɭɦɦɵ 1, 2,..., 7C C C , ɚ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 

ɞɜɭɤɪɚɬɧɵɯ (ɢ ɛɨɥɶɲɟɝɨ ɱɟɬɧɨɝɨ ɱɢɫɥɚ) ɨɲɢɛɨɤ ɮɨɪɦɢɪɭɟɬɫɹ ɤɨɧɬɪɨɥɶɧɚɹ 

ɫɭɦɦɚ C . ɉɪɚɜɢɥɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɧɬɪɨɥɶɧɵɯ ɫɭɦɦ 1, 2,..., 7C C C  ɢ C  ɩɪɢ 

ɩɪɨɜɟɪɤɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɬɪɨɤɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ Ɍɚɛɥɢɰɚ 

1.1 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɶɧɵɯ ɫɭɦɦ ɩɪɢ ɩɪɨɜɟɪɤɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ 

ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɬɪɨɤɟ (ɩɪɢɦɟɪ ɚɥɝɨɪɢɬɦɚ) 

ɍɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɪɚɜɢɥɚ ɢɫɩɪɚɜɥɟɧɢɹ ɨɞɢɧɨɱɧɵɯ ɢ 

ɨɛɧɚɪɭɠɟɧɢɹ ɤɪɚɬɧɵɯ ɢɫɤɚɠɟɧɢɣ ɫɢɦɜɨɥɨɜ ɢɧɮɨɪɦɚɰɢɢ: 

ɚ) ɫɬɪɨɤɚ ɫɱɢɬɚɟɬɫɹ ɧɟɢɫɤɚɠɟɧɧɨɣ, ɟɫɥɢ ɜɫɟ ɤɨɧɬɪɨɥɶɧɵɟ ɫɭɦɦɵ 

1 7,...,C C   ɢ ɫɭɦɦɚ C  ɪɚɜɧɵ ɧɭɥɸ, ɥɢɛɨ ɥɢɲɶ ɨɞɧɚ ɢɡ ɤɨɧɬɪɨɥɶɧɵɯ ɫɭɦɦ 

1 7,...,C C  ɪɚɜɧɚ ɟɞɢɧɢɰɟ ɢ ɩɪɢ ɷɬɨɦ 1C  ; 

ɛ) ɟɫɥɢ ɞɜɟ ɢɥɢ ɛɨɥɟɟ ɤɨɧɬɪɨɥɶɧɵɯ ɫɭɦɦ 
1 7,...,C C  ɪɚɜɧɵ ɟɞɢɧɢɰɟ ɢ 

1C  , ɬɨ ɫɢɦɜɨɥ iɤɨɪb  ɢɫɩɪɚɜɥɹɟɬɫɹ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɫɢɦɜɨɥ ɜ ɪɚɡɪɹɞɟ ɫ 

ɩɨɪɹɞɤɨɜɵɦ ɧɨɦɟɪɨɦ 
7 6 5 4 3 2 1 8iɤɨɪ C C C C C C C K   , ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ 

85iɤɨɪ  , ɝɞɟ 

7 6 5 4 3 2 1C C C C C C C - ɞɜɨɢɱɧɨɟ ɱɢɫɥɨ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɟ ɢɡ 

ɤɨɧɬɪɨɥɶɧɵɯ ɫɭɦɦ 
1 7,...,C C  (ɜɫɟ ɞɜɨɢɱɧɵɟ ɱɢɫɥɚ ɡɚɩɢɫɚɧɵ ɦɥɚɞɲɢɦɢ 

ɪɚɡɪɹɞɚɦɢ ɜɩɪɚɜɨ); 

K   - ɧɨɦɟɪ ɫɬɚɪɲɟɣ ɢɡ ɨɬɥɢɱɧɵɯ ɨɬ ɧɭɥɹ ɤɨɧɬɪɨɥɶɧɵɯ ɫɭɦɦ. 
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ȿɫɥɢ ɩɨ ɮɨɪɦɭɥɟ ɞɥɹ iɤɨɪ   ɩɨɥɭɱɚɟɬɫɹ 85iɤɨɪ  , ɬɨ ɮɢɤɫɢɪɭɟɬɫɹ ɮɚɤɬ 

ɧɚɥɢɱɢɹ ɧɟɱɟɬɧɨɝɨ ɱɢɫɥɚ ɤɪɚɬɧɵɯ ɨɲɢɛɨɤ ɢ ɮɪɚɡɚ ɧɟ ɢɫɩɪɚɜɥɹɟɬɫɹ, ɚ 

ɛɪɚɤɭɟɬɫɹ (ɫɬɢɪɚɟɬɫɹ); 

ɜ) ɟɫɥɢ ɯɨɬɹ ɛɵ ɨɞɧɚ ɢɡ ɤɨɧɬɪɨɥɶɧɵɯ ɫɭɦɦ 
1 7,...,C C  ɪɚɜɧɚ ɟɞɢɧɢɰɟ, ɚ 

0C  , ɥɢɛɨ ɜɫɟ ɫɭɦɦɵ 
1 7,...,C C  ɪɚɜɧɵ ɧɭɥɸ, ɧɨ 1C  , ɬɨ ɮɢɤɫɢɪɭɟɬɫɹ ɮɚɤɬ 

ɧɚɥɢɱɢɹ ɤɪɚɬɧɵɯ ɨɲɢɛɨɤ ɢ ɮɪɚɡɚ ɛɪɚɤɭɟɬɫɹ. 

Ɍɚɛɥɢɰɚ 1.1 Ɏɨɪɦɢɪɨɜɚɧɢɟ ɤɨɧɬɪɨɥɶɧɵɯ ɫɭɦɦ ɩɪɢ ɩɪɨɜɟɪɤɟ 
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɫɬɪɨɤɟ (ɩɪɢɦɟɪ ɚɥɝɨɪɢɬɦɚ) 
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1.2 ɉɪɢёɦ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɨɜ GPS C/A 

1.2.1 ɋɬɪɭɤɬɭɪɚ ɫɢɝɧɚɥɚ 

GPЋ C/A ɹɜɥɹɟɬɫɹ ɫɢɝɧɚɥɨɦ ɎɆ-2 (ɚɧɝɥ. – BPЋЃ), ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ 

ɨɬɞɟɥɶɧɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɛɢɬ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶɸ ɛɢɬ ɹɜɥɹɟɬɫɹ 

ɫɭɦɦɢɪɨɜɚɧɢɟ ɩɨ ɦɨɞɭɥɸ ɞɜɚ ɩɫɟɜɞɨɫɥɭɱɚɣɧɨɝɨ ɞɚɥɶɧɨɦɟɪɧɨɝɨ ɤɨɞɚ (C/A – 

МШНО) ɢ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ (D(Э)). ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 50 ɛɢɬ/ɫ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

ɫɢɝɧɚɥɚ ɩɪɢɜɟɞɟɧɚ ɜ ɮɨɪɦɭɥɟ (1.1). 

1.2.2 Ⱦɟɦɨɞɭɥɹɰɢɹ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ, ɨɩɢɫɚɧɧɚɹ ɜ ɂɄȾ 

ɇɚɜɢɝɚɰɢɨɧɧɨɟ ɫɨɨɛɳɟɧɢɟ НС  ɩɟɪɟɞɚɟɬɫɹ ɜ ɪɚɞɢɨɫɢɝɧɚɥɟ   

        1 1 1 1 2 2 2 2, , , , , , ..., , ,
T

j j Ⱦ j j Ⱦ j n j n Ⱦn jny t s t f n s t f n s t f n       (1.2) 

ɝɞɟ  jy t - ɜɟɤɬɨɪ ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ ɧɚ ɜɵɯɨɞɟ ȼɑ-ɩɪɢɟɦɧɢɤɚ, ɫɨɫɬɨɹɳɢɣ 

ɢɡ ɫɢɝɧɚɥɨɜ ɤɚɠɞɨɝɨ ɢɡ n ɜɢɞɢɦɵɯ ɇɋ, , 1,jln l n   - ɧɟɡɚɜɢɫɢɦɵɟ 

ɞɢɫɤɪɟɬɧɵɟ ȻȽɒ ɫ ɧɭɥɟɜɵɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɨɠɢɞɚɧɢɹɦɢ ɢ ɪɚɜɧɵɦɢ 

ɞɢɫɩɟɪɫɢɹɦɢ  2

0 / 2n dN T  , ɩɟɪɟɞɚɟɬɫɹ ɩɭɬɟɦ ɦɨɞɭɥɹɰɢɢ ɟɝɨ ɮɚɡɵ 

ɞɜɨɢɱɧɵɦɢ ɫɢɦɜɨɥɚɦɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 20 ɦɫ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɨɬɨɪɵɯ 

ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɨ ɫ ɰɢɤɥɚɦɢ ɫ ɰɢɤɥɚɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɞɚɥɶɧɨɦɟɪɧɨɝɨ ɤɨɞɚ. 

ȼɵɞɟɥɟɧɢɟ ɫɢɦɜɨɥɨɜ НС  ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 

ɩɪɢɟɦɧɢɤɚ. ɉɨɫɥɟ ɡɚɯɜɚɬɚ ɫɢɝɧɚɥɚ ɧɚ ɫɨɩɪɨɜɨɠɞɟɧɢɟ ɩɨ ɞɚɥɶɧɨɦɟɪɧɨɦɭ ɤɨɞɭ 

ɩɪɢɟɦɧɢɤ ɜɯɨɞɢɬ ɜ ɫɢɧɯɪɨɧɢɡɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨ ɬɚɤɬɚɦ ɩɪɢɟɦɚ ɫɢɦɜɨɥɨɜ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ. ɉɨɫɥɟ ɷɬɨɝɨ ɫɢɦɜɨɥɵ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɜɵɞɟɥɟɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɚɥɝɨɪɢɬɦɨɦ 

 

     

     

1, 1, 1, 0 1, 1,

1

1, 1, 1, 0 1, 1,

1

1, , cos 0,

ˆ

0, , cos 0.

N

p p ɞɤ p p p

ɧɫ N

p p ɞɤ p p p

ɟɫɥи y t h t t

ɟɫɥи y t h t t

    


    


   


   

    


    


    
   





 (1.3) 
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ȼ (1.3) ɫɭɦɦɢɪɨɜɚɧɢɟ ɩɨ ɢɧɞɟɤɫɭ   ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɢɧɬɟɪɜɚɥɟ, 

ɪɚɜɧɨɦ ɞɥɢɬɟɥɶɧɨɫɬɢ ɫɢɦɜɨɥɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 20ɧɫ dT NT   ɦɫ. 

ɉɨɷɬɨɦɭ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ pt  ɨɬɫɬɨɹɬ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɬɚɤɠɟ ɧɚ 20 ɦɫ, ɬ.ɟ. 

1p p ɧɫt t T  . 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (1.3) ɨɰɟɧɤɚ ɫɢɦɜɨɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ ɮɨɪɦɢɪɭɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɧɨɣ ɨɰɟɧɤɢ ɮɚɡɵ

1,p   , ɮɨɪɦɢɪɭɟɦɨɣ ɜ ɫɯɟɦɟ ɫɥɟɠɟɧɢɹ ɡɚ ɮɚɡɨɣ ɫɢɝɧɚɥɚ. 

1.2.3 ɋɬɪɭɤɬɭɪɚ ɫɨɨɛɳɟɧɢɹ 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ, ɫɬɪɭɤɬɭɪɚ ɫɨɨɛɳɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɤɚɞɪɚ, 

ɞɥɢɧɨɣ 1500 ɛɢɬ. Ʉɚɞɪ ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ 5 ɩɨɞɤɚɞɪɨɜ ɞɥɢɧɨɣ 300 ɛɢɬ ɤɚɠɞɵɣ. 

ɉɨɞɤɚɞɪɵ 4 ɢ 5 ɞɨɥɠɧɵ ɛɵɬɶ ɫɜɹɡɚɧɵ 25 ɪɚɡ ɤɚɠɞɵɣ, ɩɨɬɨɦɭ ɱɬɨ ɩɨɥɧɵɟ 

ɞɚɧɧɵɟ ɫɨɨɛɳɟɧɢɹ ɬɪɟɛɭɸɬ ɩɟɪɟɞɚɱɢ 25 ɩɨɥɧɵɯ ɤɚɞɪɨɜ. 25 ɜɚɪɢɚɧɬɨɜ 4 ɢ 5 

ɩɨɞɤɚɞɪɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɞɚɧɵ ɤɚɤ ɫɬɪɚɧɢɰɵ ɫ 1 ɩɨ 25 ɤɚɠɞɨɝɨ ɩɨɞɤɚɞɪɚ. 

Ʉɚɠɞɵɣ ɩɨɞɤɚɞɪ ɫɨɫɬɨɢɬ ɢɡ 10 ɫɥɨɜ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɞɥɢɧɨɣ 30 ɛɢɬ. 

ɋɬɚɪɲɢɣ ɡɧɚɱɚɳɢɣ ɛɢɬ ɞɨɥɠɟɧ ɩɟɪɟɞɚɜɚɬɶɫɹ ɩɟɪɜɵɦ. 

Ʉɚɠɞɵɣ ɩɨɞɤɚɞɪ ɢ/ɢɥɢ ɫɬɪɚɧɢɰɚ ɩɨɞɤɚɞɪɚ ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ ɫɥɨɜɨ 

ɬɟɥɟɦɟɬɪɢɢ (TLM) ɢ ɩɟɪɟɞɚɸɳɟɟ ɫɥɨɜɨ (HOW), ɫɝɟɧɟɪɢɪɨɜɚɧɧɨɣ ɫɩɭɬɧɢɤɨɦ 

ɢ ɞɨɥɠɧɨ ɧɚɱɢɧɚɬɶɫɹ ɫ ɩɚɪɵ TLM/HOW. TLM ɞɨɥɠɧɨ ɩɟɪɟɞɚɜɚɬɶɫɹ ɩɟɪɜɵɦ, 

ɧɟɦɟɞɥɟɧɧɨ ɫɥɟɞɭɟɬ HOW. HOW ɞɨɥɠɧɨ ɫɥɟɞɨɜɚɬɶ ɡɚ ɜɨɫɶɦɶɸ ɫɥɨɜɚɦɢ 

ɞɚɧɧɵɯ. Ʉɚɠɞɨɟ ɫɥɨɜɨ ɜ ɤɚɠɞɨɦ ɤɚɞɪɟ ɞɨɥɠɧɨ ɫɨɞɟɪɠɚɬɶ ɛɢɬ ɱɟɬɧɨɫɬɢ. ɇɚ 

ɪɢɫɭɧɤɟ 1.3 ɢɡɨɛɪɚɠɟɧɚ ɫɬɪɭɤɬɭɪɚ ɫɥɨɜ TLM ɢ HOW 
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Ɋɢɫɭɧɨɤ 1.3 – ɋɬɪɭɤɬɭɪɚ ɫɥɨɜ TLM ɢ HOW 

 

 

1.2.4 Ⱦɟɤɨɞɢɪɨɜɚɧɢɟ ɫɨɨɛɳɟɧɢɹ 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɬɨ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɞɥɹ 

ɞɟɤɨɞɢɪɨɜɚɧɢɹ ɢ ɨɛɧɚɪɭɠɟɧɢɹ ɨɲɢɛɨɤ. Ɋɢɫɭɧɨɤ 1.4 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɞɢɚɝɪɚɦɦɭ ɩɪɢɦɟɪɚ ɩɨɬɨɤɚ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɨɞɢɧ ɢɡ ɫɩɨɫɨɛɨɜ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɞɚɧɧɵɯ ( nD ) ɢ ɩɪɨɜɟɪɤɭ ɱɟɬɧɨɫɬɢ. Ȼɢɬ ɱɟɬɧɨɫɬɢ 
30 *D   

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. Ȼɢɬɵ ɱɟɬɧɨɫɬɢ 
29 *D  ɢ 

30 *D  ɜɦɟɫɬɟ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɦɢ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ( nd ), ɫɥɨɠɟɧɵ ɩɨ 

mod2 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 1.2 ɞɥɹ ɛɢɬ 

25 30...D D , ɤɨɬɨɪɵɟ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɱɟɬɧɨɫɬɶ ɞɥɹ ɩɪɨɜɟɪɤɢ ɫ ɩɟɪɟɞɚɧɧɵɦɢ 

ɛɢɬɚɦɢ ɱɟɬɧɨɫɬɢ 
25 30...D D . 
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Ɋɢɫɭɧɨɤ 1.4 - ɉɪɢɦɟɪ ɛɥɨɤ-ɫɯɟɦɵ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɩɪɨɜɟɪɤɢ ɱɟɬɧɨɫɬɢ 
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Ɍɚɛɥɢɰɚ 1.2 Ɋɚɫɱɟɬ ɤɨɧɬɪɨɥɶɧɨɣ ɫɭɦɦɵ 
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Ɋɢɫɭɧɨɤ 1.5 - ɉɪɢɦɟɪ ɛɥɨɤ-ɫɯɟɦɵ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɩɪɨɜɟɪɤɢ ɱɟɬɧɨɫɬɢ 

1.2.5 Ɋɚɡɛɨɪ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

Ʉɚɠɞɨɟ ɫɨɨɛɳɟɧɢɟ ɧɚɱɢɧɚɟɬɫɹ ɫ ɩɪɟɚɦɛɭɥɵ – 10001011 ɫɥɟɞɨɦ ɢɞɟɬ 6 

ɛɢɬ ɧɨɦɟɪɚ PRN ɨɬ ɤɨɧɤɪɟɬɧɨɝɨ ɫɩɭɬɧɢɤɚ, 6 ɛɢɬ ɫɨɨɛɳɟɧɢɹ ɷɬɨ ID ɫɨ 

ɡɧɚɱɟɧɢɹɦɢ ɨɬ 0 (000000) ɞɨ 1 (111111) ɢ 17 ɛɢɬ ɜɪɟɦɟɧɢ ɧɟɞɟɥɢ (TOW). 

Ɏɥɚɝ “alert” 1 ɝɨɜɨɪɢɬ, ɱɬɨ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɯɭɠɟ, ɱɟɦ ɭɤɚɡɵɜɚɟɬɫɹ ɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɢɩɨɜ ɫɨɨɛɳɟɧɢɣ, ɢ ɱɬɨ ɨɧ ɞɨɥɠɟɧ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚ ɫɜɨɣ 

ɫɬɪɚɯ ɢ ɪɢɫɤ. Ɂɧɚɱɟɧɢɟ TOW ɩɟɪɟɞɚɟɬɫɹ ɭɦɧɨɠɟɧɧɵɦ ɧɚ 6. Ɉɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɜɪɟɦɹ ɫɩɭɬɧɢɤɚ ɜ ɫɟɤɭɧɞɚɯ ɢ ɧɚɱɢɧɚɟɬɫɹ ɫɨ ɫɥɟɞɭɸɳɟɝɨ 6 ɫɟɤɭɧɞɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ. (Ɋɢɫɭɧɨɤ 1.6) 
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Ɋɢɫɭɧɨɤ 1.6 – ɉɨɬɨɤ ɞɚɧɧɵɯ ɨɬ ɫɩɭɬɧɢɤɚ 

 

 

1.3 Ɉɛɨɫɧɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɟɦɨɞɭɥɹɰɢɢ ɫɢɝɧɚɥɨɜ ȽɅɈɇȺɋɋ ɋɌ ɢ 
GPS C/A ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ 

ȽɅɈɇȺɋɋ ɢ GPЋ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɮɚɡɨɜɨɣ ɦɚɧɢɩɭɥɹɰɢɢ. 

ɋɨɝɥɚɫɧɨ ɂɄȾ, ɜ ɋɊɇɋ ȽɅɈɇȺɋɋ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɝɧɚɥ ɫ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɮɚɡɨɜɨɣ ɦɚɧɢɩɭɥɹɰɢɟɣ ɎɆ-2. Ɍɨ ɟɫɬɶ ɷɬɨ ɮɚɡɨɜɚɹ 

ɦɚɧɢɩɭɥɹɰɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɟɞɵɞɭɳɟɝɨ ɫɢɦɜɨɥɚ. 

ɋɨɝɥɚɫɧɨ ɂɄȾ, ɜ ɋɊɇɋ GPЋ – ɡɚɜɭɚɥɢɪɨɜɚɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɫɥɟɞɧɟɝɨ 

ɛɢɬɚ ɩɪɟɞɵɞɭɳɟɝɨ ɫɨɨɛɳɟɧɢɹ (ɫɦ. ɪɚɡɞɟɥ 1.2.4). 

ɉɨɷɬɨɦɭ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɞɟɦɨɞɭɥɢɪɨɜɚɬɶ ɥɢɛɨ ɩɪɹɦɭɸ, ɥɢɛɨ 

ɢɧɜɟɪɬɢɪɨɜɚɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɢɦɜɨɥɨɜ. 

ɂɡ ɜɵɲɟ ɫɤɚɡɚɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɮɚɡɵ ɧɚɫ ɧɟ 

ɢɧɬɟɪɟɫɭɟɬ, ɚ ɢɧɬɟɪɟɫɭɟɬ ɬɨɥɶɤɨ ɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ. ȼ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɩɪɢ ɦɚɥɵɯ ɨɲɢɛɤɚɯ ɫɥɟɠɟɧɢɹ ɮɚɡɚ ɧɚ ɦɚɥɵɯ 

ɢɧɬɟɪɜɚɥɚɯ ɜɪɟɦɟɧɢ ɫɬɚɛɢɥɶɧɚ, ɩɨɷɬɨɦɭ ɷɬɢ ɢɡɦɟɧɟɧɢɹ ɦɨɠɧɨ ɨɬɫɥɟɞɢɬɶ. 

Ɂɚɞɚɱɚ: ɧɟɨɛɯɨɞɢɦɨ ɞɟɦɨɞɭɥɢɪɨɜɚɬɶ ɫɨɨɛɳɟɧɢɟ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ 

ɪɟɠɢɦɟ, ɝɞɟ ɩɨɞ ɫɨɨɛɳɟɧɢɟɦ ɩɨɧɢɦɚɟɦ ɥɢɛɨ ɩɪɹɦɭɸ, ɥɢɛɨ ɢɧɜɟɪɬɢɪɨɜɚɧɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɢɦɜɨɥɨɜ. Ɍɚɤɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɟɫɬɶ, ɬɚɤ ɤɚɤ ɫɭɳɟɫɬɜɭɟɬ 

ɚɥɝɨɪɢɬɦ ɞɟɦɨɞɭɥɹɰɢɢ ɫɢɝɧɚɥɚ ɈɎɆ2, ɷɬɨ ɚɥɝɨɪɢɬɦ ɩɪɢɜɟɞɟɧ ɜ [14]. 
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2 ɋɂɇɌȿɁ ȺɅȽɈɊɂɌɆȺ ɉɊɂЁɆȺ ɋɈɈȻЩȿɇɂə ȼ 
ɇȿɄɈȽȿɊȿɇɌɇɈɆ ɊȿɀɂɆȿ  

2.1 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɂɦɟɟɦ ɪɟɚɥɢɡɚɰɢɸ y 

 
1( , , )i iy S t b n    (2.1) 

Ƚɞɟ S- ɫɢɝɧɚɥ, ɩɪɢɧɢɦɚɟɦɵɣ ɧɚ ɞɜɭɯ ɢɧɬɟɪɜɚɥɚɯ (ɪɢɫɭɧɨɤ 2.1). 
in  - 

ɧɨɪɦɚɥɶɧɵɣ ɛɟɥɵɣ  ɲɭɦ ɫ  20, . 

 

Ɋɢɫɭɧɨɤ 2.1 – Ⱦɢɚɝɪɚɦɦɚ ɩɨɬɨɤɚ ɛɢɬ 

 
   
   

0 0

0 1

cos , 0

cos , 2

i i i s

i i s i s

A t h t b t T
S

A t h t b T t T

  
  

         
  (2.2) 

Ƚɞɟ A- ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ,  ih t  ɞɚɥɶɧɨɦɟɪɧɵɣ ɤɨɞ,  - ɡɚɞɟɪɠɤɚ 

ɫɢɝɧɚɥɚ, 
0 1,b b - ɫɢɦɜɨɥɵ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ, 

0 ä    , ɝɞɟ 
0 - 

ɧɟɫɭɳɚɹ ɱɚɫɬɨɬɚ,
ä - ɞɨɩɥɟɪɨɜɫɤɨɟ ɫɦɟɳɟɧɢɟ ɱɚɫɬɨɬɵ.  

ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
0 1b  . ȼ ɞɪɭɝɢɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 

 0 1, 1, 1b b   . 

Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ , ,A    - ɢɡɜɟɫɬɧɨ. Ɂɧɚɱɟɧɢɟ ɨɰɟɧɤɢ ɧɚɱɚɥɶɧɨɣ 

ɮɚɡɵ 
0  ɪɚɫɩɪɟɞɟɥɟɧɨ ɩɨ ɪɚɜɧɨɦɟɪɧɨɦɭ ɡɚɤɨɧɭ ɧɚ ɢɧɬɟɪɜɚɥɟ  ,  . 

ɇɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɨɰɟɧɤɭ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 
1b . 

2.2 ȼɵɜɨɞ ɚɥɝɨɪɢɬɦɚ 

ɇɚɣɞɟɦ ɨɰɟɧɤɭ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɩɚɪɚɦɟɬɪɚ 
1b  

Ⱥɩɨɫɬɟɪɢɨɪɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ 

ɧɚ ɢɧɬɟɪɜɚɥɟ  0 2i st T    
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     2

1 0

1 0 22

,1
, exp

22

i i

i

nn

y S b
p y b






 
  
 
 

  (2.3) 

Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ ɲɭɦɚ 
in  ɜ ɪɚɡɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 

it   ɧɟɡɚɜɢɫɢɦɵ, 

ɬɨ ɮɨɪɦɭɥɚ ɞɥɹ ɚɩɨɫɬɟɪɢɨɪɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɧɚ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ 

ɛɭɞɟɬ ɫɥɟɞɭɸɳɚɹ  

 

         

 
  

1 2 1 1 1 1 2 1 1 1 0

2

1 0

1

2
2

, , ..., , ..., ... ... ,

,
1

exp
2

2

i i L i L

L

i i
i

L
n

p y y y y y b p y b p y b p y b p y b

y S b











 

  
  
 
 
 

  (2.4) 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɚɩɨɫɬɟɪɢɨɪɧɚɹ ɩɥɨɬɧɨɫɬɶ 

ɜɟɪɨɹɬɧɨɫɬɢ ɡɚɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 

         

   

1 1 1 0 1 0 1 0 1 1 0 0

1 1 1 0 0

| , | | ,

1
| ,

2

L L L
аɪ аɪ

L
аɪ

p b y p b y d cp b p y b d

cp b y b d

 

 





     

  


 



  



 


 (2.5) 

Ƚɞɟ ɭɫɥɨɜɧɨɟ ɨɬɧɨɲɟɧɢɟ ɩɪɚɜɞɨɩɨɞɨɛɢɹ  1 1 0,Ly b    

Ⱦɚɥɟɟ, ɭɫɪɟɞɧɹɟɦ ɨɬɧɨɲɟɧɢɟ ɩɪɚɜɞɨɩɨɞɨɛɢɹ 
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   

    

   

   

1 1 1 1 0 0

1 0 1 0 02
1

02
1

0 02
1

0

1
,

2

1 1
exp , , 0.5 , ,

2

1 1
exp cos

2 2

1
exp cos

1
exp

L L

L

i i i
in

L

i i
in

L

i i i
in

y b y b d

s t b y s t b d

Ah t t

y Ah t t d

E

N

















   


  
 

  
 

   










 

 
   

 
 

      
 

 
      

 
 

  
 









   

 

0 02
1

0 1

0 0

1
exp cos

2

2
exp ,

L

i i i
in

y Ah t t d

E A
I X N b

N N





   
  

 
     

 
   

    
   



  (2.6) 

ɝɞɟ 

      2 2 2

1 1 1, , , ,X L b I L b Q L b    (2.7) 

      1

1

, cos ,
L

i i i d
i

I L b y h t t T 


    (2.8) 

      1

1

, sin .
L

i i i d
i

Q L b y h t t T 


    (2.9) 

Ɏɨɪɦɭɥɵ (2.8), (2.9) ɨɩɢɫɵɜɚɸɬ ɤɨɪɪɟɥɹɬɨɪɵ ɫ ɨɩɨɪɧɵɦɢ ɫɢɝɧɚɥɚɦɢ 

     , cosɨɩ c i i is t h t t    ɢ    , sinɨɩ s i is h t t   . Ⱦɚɧɧɵɯ ɤɨɪɪɟɥɹɬɨɪɚɯ 

ɢɧɮɨɪɦɚɰɢɹ ɨ ɮɚɡɟ 
0 ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɩɨɞɫɬɚɜɥɹɹ (2.6) ɜ (2.5), ɩɨɥɭɱɚɟɦ 

    1 1 0 1

0 0

2
| exp , .L E A

p b y c I X L b
N N

   
    

   
  (2.10) 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɢɥɭɱɲɟɣ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ 
1b  ɩɨɧɢɦɚɟɦ ɨɰɟɧɤɭ, ɞɥɹ 

ɤɨɬɨɪɨɣ ɚɩɨɫɬɟɪɢɨɪɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɢɧɢɦɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ. 

  
1

1 1 1
ˆ arg max | .L

b
b p b y   (2.11) 

ɢɥɢ   
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 

1 1

1 1

ˆ
1

|
| 0

L

b b

p b y

b 





  (2.12) 

ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɮɭɧɤɰɢɹ Ȼɟɫɫɟɥɹ ɦɨɧɨɬɨɧɧɚ, ɬɨ ɞɥɹ ɭɩɪɨɳɟɧɢɹ 

ɡɚɞɚɱɢ ɛɭɞɟɦ ɢɫɤɚɬɶ ɧɟ ɦɚɤɫɢɦɭɦ ɮɭɧɤɰɢɢ Ȼɟɫɫɟɥɹ, ɚ ɦɚɤɫɢɦɭɦ ɚɪɝɭɦɟɧɬɚ 

  
1

2

1 1

1

ˆ arg max ,
L

i
b

i

b X L b


    (2.13) 

ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɞɥɹ ɞɚɧɧɨɝɨ ɫɥɭɱɚɹ ɩɨɥɭɱɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɮɨɪɦɭɥɚ 

         2 2 2 2

1 0 1 0 1 0 1 0b b b b b b b bI I Q Q I I Q Q        (2.14) 

Ⱦɥɹ ɛɨɥɟɟ ɩɪɢɜɵɱɧɨɝɨ ɜɢɞɚ, ɩɨɦɟɧɹɟɦ ɢɧɞɟɤɫɵ ɭ ɫɥɚɝɚɟɦɵɯ 

        2 2 2 2

1 1 1 1k k k k k k k kI I Q Q I I Q Q           (2.15) 

Ƚɞɟ 1 1,k kI Q  - ɤɜɚɞɪɚɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɩɪɟɞɵɞɭɳɟɝɨ ɫɢɦɜɨɥɚ, 

,k kI Q - ɤɜɚɞɪɚɬɭɪɵ ɜ ɫɥɭɱɚɟ ɫɨɜɩɚɞɟɧɢɹ ɫɢɦɜɨɥɚ. 

ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɨɣ ɤɨɧɟɱɧɨɣ ɮɨɪɦɭɥɟ (2.15) ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɟɨɛɯɨɞɢɦɵ ɞɜɚ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɮɢɥɶɬɪɚ 

(Ɋɢɫɭɧɨɤ 2.2) 

 

Ɋɢɫɭɧɨɤ 2.2 -  ɋɯɟɦɚ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɧɚ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɮɢɥɶɬɪɚɯ 

Ɋɚɫɩɢɲɟɦ (2.15) 

 

2 2 2 2

1 1 1 1

2 2 2 2

1 1 1 1

2 2

2 2

kk k k k k k k

k k k k k k k k

I I I I Q Q Q Q

I I I I Q Q Q Q

   

   

     

     
 (2.16) 

ɋ ɩɨɦɨɳɶɸ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɚɟɦ (2.17) 
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1 1 1 1( )k k k k k k k kI I Q Q I I Q Q        (2.17) 

2.3 Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

Ɏɨɪɦɭɥɚ (2.14)  ɧɚɢɛɨɥɟɟ ɧɚɝɥɹɞɧɨ ɨɬɨɛɪɚɠɚɟɬ ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɟɧɧɵɣ 

ɩɪɢ ɫɢɧɬɟɡɟ ɚɥɝɨɪɢɬɦɚ. ɉɪɨɢɥɥɸɫɬɪɢɪɭɟɦ ɷɬɨɬ ɚɥɝɨɪɢɬɦ ɪɢɫɭɧɤɨɦ  2.3. 
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Q
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I
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I

Q

h(k)

h(k-1)

I

Q

h(k)

-h(k-1)

Ⱥ)

Ȼ) ȼ)

Ƚ) Ⱦ)

 

Ɋɢɫɭɧɨɤ 2.3 – ȼɟɤɬɨɪɧɵɟ ɞɢɚɝɪɚɦɦɵ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɤɨɪɪɟɥɹɬɨɪɚ 

ɇɚ ɪɢɫɭɧɤɟ 2.3(Ⱥ) ɢɡɨɛɪɚɠɟɧɚ ɜɟɤɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɫɢɦɜɨɥɚ 
1kh  , 

ɬɨ ɟɫɬɶ ɞɥɹ ɫɢɦɜɨɥɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ ɩɪɟɞɵɞɭɳɢɣ ɦɨɦɟɧɬ 
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ɜɪɟɦɟɧɢ. ɇɚ ɪɢɫɭɧɤɚɯ 2.3(Ȼ) ɢ 2.3(ȼ) ɢɡɨɛɪɚɠɟɧɵ ɜɟɤɬɨɪɧɵɟ ɞɢɚɝɪɚɦɦɵ ɞɥɹ 

ɫɥɭɱɚɹ, ɤɨɝɞɚ ɩɪɟɞɵɞɭɳɢɣ ɢ ɬɟɤɭɳɢɣ ɫɢɦɜɨɥɵ ɫɨɜɩɚɞɚɸɬ, ɬɨ ɟɫɬɶ 
1k kh h  . 

ɇɚ ɪɢɫɭɧɤɟ 2.3(ȼ) ɧɚɝɥɹɞɧɨ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɫɢɦɜɨɥɨɜ ɫɭɦɦɚɪɧɵɣ 

ɜɟɤɬɨɪ ɛɨɥɶɲɟ ɪɚɡɧɨɫɬɧɨɝɨ. ɇɚ ɪɢɫɭɧɤɚɯ 2.3(Ƚ) ɢ 2.3(Ⱦ) ɢɡɨɛɪɚɠɟɧɵ 

ɜɟɤɬɨɪɧɵɟ ɞɢɚɝɪɚɦɦɵ, ɞɥɹ ɬɟɯ ɫɥɭɱɚɟɜ, ɤɨɝɞɚ 
1k kh h   . Ɂɞɟɫɶ ɧɚɝɥɹɞɧɨ 

ɜɢɞɧɨ, ɱɬɨ ɪɚɡɧɨɫɬɧɵɣ ɜɟɤɬɨɪ ɛɨɥɶɲɟ ɫɭɦɦɚɪɧɨɝɨ. 

2.4 ɋɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫ ɚɥɝɨɪɢɬɦɨɦ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɹ 
ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ 

ȼɨɡɶɦɟɦ ɫɥɟɞɭɸɳɭɸ ɦɨɞɟɥɶ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ 

           0 0cos ;ȾК НС Ⱦs t Ah t h t t             (2.18) 

Ƚɞɟ A  - ɚɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ,  ȾКh t   - ɮɭɧɤɰɢɹ ɦɨɞɭɥɹɰɢɢ ɫɢɝɧɚɥɚ 

ɞɚɥɶɧɨɦɟɪɧɵɦ ɤɨɞɨɦ,  НСh t   - ɮɭɧɤɰɢɹ ɦɨɞɭɥɹɰɢɢ ɫɢɝɧɚɥɚ 

ɧɚɜɢɝɚɰɢɨɧɧɵɦ ɫɨɨɛɳɟɧɢɟɦ,   - ɡɚɞɟɪɠɤɚ ɫɢɝɧɚɥɚ, 
0  - ɧɟɫɭɳɚɹ ɱɚɫɬɨɬɚ 

ɫɢɝɧɚɥɚ, Ä  - ɞɨɩɥɟɪɨɜɫɤɢɣ ɫɞɜɢɝ ɱɚɫɬɨɬɵ, 
0  - ɧɚɱɚɥɶɧɚɹ ɮɚɡɚ ɫɢɝɧɚɥɚ. 

ȼ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɎȺɉ, ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɨɠɧɨ 

ɫɥɟɞɢɬɶ ɡɚ ɮɚɡɨɣ ɫɢɝɧɚɥɚ. ɉɨɷɬɨɦɭ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɦɵ ɦɨɠɟɦ ɧɚɣɬɢ 

ɨɰɟɧɤɭ ɧɚɱɚɥɶɧɨɣ ɮɚɡɵ ɫɢɝɧɚɥɚ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɬɨɥɶɤɨ ɫɢɧɮɚɡɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɫɢɝɧɚɥɚ. ɉɨɷɬɨɦɭ ɚɥɝɨɪɢɬɦ ɩɨ ɤɨɬɨɪɨɦɭ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɣ (Ɋɢɫɭɧɨɤ 2.4): 

 
1, 0

( )
1, 0

I
h k
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  (2.19) 
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Ɋɢɫɭɧɨɤ 2.4 - ɂɥɥɸɫɬɪɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ 

ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ 

Ɉɞɧɚɤɨ ɞɨ ɜɵɞɟɥɟɧɢɹ ɫɢɦɜɨɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ, ɦɵ ɢɦɟɟɦ 

ɩɨɥɭɰɢɤɥɨɜɭɸ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ, ɬɨ ɟɫɬɶ ɩɪɢ ɨɰɟɧɤɟ ɮɚɡɵ ɩɪɢɟɦɧɢɤ ɦɨɠɟɬ   

ɨɲɢɛɚɬɶɫɹ ɧɚ  . ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ ɩɪɢɟɦɧɢɤ ɩɪɢ ɞɟɦɨɞɭɥɹɰɢɢ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ ɩɪɹɦɭɸ ɢɥɢ ɢɧɜɟɪɬɢɪɨɜɚɧɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɢɦɜɨɥɨɜ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɜ ɋɊɇɋ ȽɅɈɇȺɋɋ ɢ GPS 

ɫɭɳɟɫɬɜɭɸɬ ɚɥɝɨɪɢɬɦɵ, ɤɨɬɨɪɵɟ ɪɚɡɪɟɲɚɸɬ ɷɬɭ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ. 

ɉɨ ɚɥɝɨɪɢɬɦɭ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦɭ ɜ ɞɚɧɧɨɣ ɝɥɚɜɟ, ɬɨɠɟ ɩɨɥɭɱɚɟɬɫɹ 

ɩɪɹɦɚɹ ɢɥɢ ɢɧɜɟɪɬɢɪɨɜɚɧɧɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɢɦɜɨɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ. ɂɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ, ɫɥɟɞɭɟɬ, ɱɬɨ ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ 

ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ. 

ȼɵɜɨɞ: ɜ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ ɚɥɝɨɪɢɬɦ ɞɥɹ ɩɪɢɟɦɚ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ, ɬɚɤɠɟ ɛɵɥ ɧɚɝɥɹɞɧɨ 

ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧ ɪɟɠɢɦ ɟɝɨ ɪɚɛɨɬɵ. 
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3 ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɉɊɂЁɆȺ ɋɈɈȻЩȿɇɂə ȼ 
ɇȿɄɈȽȿɊȿɇɌɇɈɆ ɊȿɀɂɆȿ ȼ ɋɊȿȾȿ MATLAB  

3.1  ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɉɨ ɢɦɟɸɳɢɦɫɹ ɚɥɝɨɪɢɬɦɚɦ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɢ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɚɯ, ɩɨɫɬɪɨɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɩɪɢ 

ɩɪɢɟɦɟ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɣ GPS L1 C/A ɢ ȽɅɈɇȺɋɋ ɋɌ ɨɬ 

ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ. 

3.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɢёɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ 

ɦɟɬɨɞ, ɤɨɬɨɪɵɦ ɛɭɞɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶɫɹ ɷɬɨɬ ɩɪɨɰɟɫɫ. ɋɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɞɢɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɢ ɫɢɫɬɟɦ, 

ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɜ ɪɚɞɢɨɬɟɯɧɢɤɟ. ɗɬɨ ɬɚɤɢɟ ɦɟɬɨɞɵ ɤɚɤ, ɦɟɬɨɞ ɧɟɫɭɳɟɣ, 

ɦɟɬɨɞ ɤɨɦɩɥɟɤɫɧɵɯ ɚɦɩɥɢɬɭɞ, ɦɟɬɨɞ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɷɤɜɢɜɚɥɟɧɬɨɜ, ɦɟɬɨɞ 

ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɚɪɚɦɟɬɪɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɧɟɫɭɳɟɣ ɢ ɦɟɬɨɞ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɷɤɜɢɜɚɥɟɧɬɨɜ. 

Ɇɟɬɨɞ ɧɟɫɭɳɟɣ ɩɪɟɞɩɨɥɚɝɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɜɯɨɞɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɜ 

ɜɢɞɟ ɪɟɚɥɢɡɚɰɢɣ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ  x t   ɢ ɩɨɢɫɤ ɨɬɤɥɢɤɚ ɡɜɟɧɚ  y t . ȼ 

ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ  y t  ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɨɧ 

ɞɟɣɫɬɜɭɟɬ ɧɚ ɩɨɫɥɟɞɭɸɳɢɟ ɛɥɨɤɢ ɢ ɨɩɪɟɞɟɥɹɟɬ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɷɤɜɢɜɚɥɟɧɬɨɜ, ɚɧɚɥɢɬɢɱɟɫɤɢ 

ɧɚɯɨɞɹɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ  y t , ɚ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫɪɚɡɭ 

ɮɨɪɦɢɪɭɟɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ  ey t   ɫ ɪɚɫɫɱɢɬɚɧɧɵɦɢ 

ɫɜɨɣɫɬɜɚɦɢ. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ (Ɋɢɫɭɧɨɤ 3.1). 
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Ɋɢɫɭɧɨɤ 3.1 - Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɡɜɟɧɚ (ɡɜɟɧɚ 2) ɩɨ ɦɟɬɨɞɭ ɧɟɫɭɳɟɣ ɢ ɦɟɬɨɞɭ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɷɤɜɢɜɚɥɟɧɬɨɜ 

ɉɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɟɬɨɞ ɧɟɫɭɳɟɣ ɬɪɟɛɭɟɬ 

ɩɨɫɬɪɨɟɧɢɹ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɦɨɞɟɥɢ, ɱɟɦ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɦɟɬɨɞɨɦ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɷɤɜɢɜɚɥɟɧɬɨɦ, ɜɬɨɪɨɣ ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɵɦ ɢ 

ɧɚɢɛɨɥɟɟ ɩɪɢɟɦɥɟɦɵɦ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɷɤɜɢɜɚɥɟɧɬɨɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɤɨɪɪɟɥɹɬɨɪɚ. 

ɉɪɨɜɟɞɟɦ ɜɵɜɨɞ ɮɨɪɦɭɥɵ ɞɥɹ ɫɢɧɮɚɡɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ 

ɷɤɜɢɜɚɥɟɧɬɚ ɤɨɪɪɟɥɹɬɨɪɚ. 

ɉɪɟɞɫɬɚɜɢɦ ɫɢɧɮɚɡɧɭɸ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɫɭɦɦɭ ɜ ɜɢɞɟ ɞɜɭɯ ɫɥɚɝɚɟɦɵɯ 

– ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ I   ɢ ɫɥɭɱɚɣɧɨɝɨ 
In  : 

 

   

   

0

1

0

1

, cos ,

cos .

L

I i i i i
i

L

I i i i i
i

I I n I S h t t t

n n h t t t

   

   





     

   




  (3.1) 

Ɉɝɪɚɧɢɱɢɦɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟɦ ɫɢɝɧɚɥɨɜ ɫ ɩɨɫɬɨɹɧɧɨɣ ɨɝɢɛɚɸɳɟɣ ɞɥɹ 

ɬɚɤɢɯ ɫɢɝɧɚɥɨɜ ɮɭɧɤɰɢɹ  h t   ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɬɨɥɶɤɨ ɞɜɚ ɡɧɚɱɟɧɢɹ – ɩɥɸɫ 
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ɢ ɦɢɧɭɫ ɟɞɢɧɢɰɚ. ȼɟɥɢɱɢɧɚ 
In  ɨɛɪɚɡɭɟɬɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ L  ɧɟɡɚɜɢɫɢɦɵɯ 

ɧɨɪɦɚɥɶɧɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ ɫ ɧɭɥɟɜɵɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ ɢ 

ɞɢɫɩɟɪɫɢɟɣ  22

0cosy i it t     . ȿё ɞɢɫɩɟɪɫɢɹ  

  
2

22 2

0

1

cos .
2

L
y

IQ y i i
i

L
t t


    



      (3.2) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
In  – ɧɨɪɦɚɥɶɧɚɹ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɫ ɧɭɥɟɜɵɦ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ ɢ ɞɢɫɩɟɪɫɢɟɣ 2

IQ . 

Ⱦɟɬɟɪɦɢɧɢɪɨɜɚɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɨɤɚɡɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ ɪɚɡɧɨɫɬɢ 

ɩɚɪɚɦɟɬɪɨɜ ɨɩɨɪɧɨɝɨ ɢ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɨɜ. 

 

       

       

 

0 0

1

0 0

1 1

cos cos

cos cos

sinc cos ,
2 2 2

L

i i i i
i

L L

i i i i
i i

I Ah t t t h t t t

A h t h t t t t t

AL T T

       

       

   



 

       

       

       
   



    (3.3) 

ɝɞɟ    , , ,sinc sin / ,x x x                 

        
1

.
L

i i
i

h t h t      


       (3.4) 

 Ⱥɧɚɥɨɝɢɱɧɵɟ ɜɵɤɥɚɞɤɢ ɦɨɠɧɨ ɩɨɜɬɨɪɢɬɶ ɞɥɹ ɤɜɚɞɪɚɬɭɪɧɨɣ 

ɫɭɦɦɵ 

 

 
 

2, 0, ,

sinc sin .
2 2 2

Q Q IQQ Q n n N

AL T T
Q



   

 

        
   

  (3.5) 

Ɉɞɧɚɤɨ ɜ ɪɟɠɢɦɟ ɫɥɟɠɟɧɢɹ  sinc 1
2

T     
 

 ɩɨɷɬɨɦɭ ɮɨɪɦɭɥɵ (3.3) 

ɢ (3.5) ɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɤ ɫɥɟɞɭɸɳɟɦɭ ɜɢɞɭ 
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cos ,
2 2

sin .
2 2

AL T
I

AL T
Q

 

 

   
 
    
 

  (3.6) 

Ⱥɥɝɨɪɢɬɦɨɦ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɛɭɞɟɬ ɫɥɟɞɭɸɳɢɣ 

 
       
       

2 2 2 2

1 1 1 1 1

2 2 2 2

1 1 1 1 1

,

,

k k k k k k k k k

k

k k k k k k k k k

h I I Q Q I I Q Q
h

h I I Q Q I I Q Q

    

    

        
       

  (3.7) 

3.2.1 ɍɫɥɨɜɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɹ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ 

ɫɢɦɜɨɥɶɧɚɹ ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɭɠɟ ɩɪɨɢɡɜɟɞɟɧɚ, ɚ ɬɚɤɠɟ, ɱɬɨ ɩɪɢɟɦɧɢɤ 

ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɠɢɦɟ ɫɥɟɠɟɧɢɹ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɹ ɞɥɹ ɫɢɝɧɚɥɚ GPS L1 C/A 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ 30 ɫɢɦɜɨɥɚɯ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ (ɞɥɢɧɚ ɫɥɨɜɚ). 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɹ ɞɥɹ ɫɢɝɧɚɥɚ ȽɅɈɇȺɋɋ ɋɌ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɞɥɹ 84 ɫɢɦɜɨɥɨɜ, ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ 85-ɣ ɫɢɦɜɨɥ ɫɬɪɨɤɢ ɹɜɥɹɟɬɫɹ ɯɨɥɨɫɬɵɦ 

(ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 0). 

Ɋɟɲɟɧɢɟ ɨ ɩɪɚɜɢɥɶɧɨɫɬɢ ɩɪɢɧɹɬɨɝɨ ɫɥɨɜɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɭɫɥɨɜɢɸ 

ɫɨɜɩɚɞɟɧɢɹ ɷɬɨɝɨ ɫɥɨɜɚ ɫ ɢɫɬɢɧɧɵɦ ɟɝɨ ɡɧɚɱɟɧɢɟɦ. 

3.2.2 Ɋɚɫɱɟɬ ɞɢɫɩɟɪɫɢɣ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɨɰɟɧɨɤ ɮɚɡɵ ɢ ɱɚɫɬɨɬɵ 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɝɪɚɮɢɤɨɜ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢɟɦɚ 

ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ (ɋɄɈ) ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɮɚɡɵ ɢ 

ɱɚɫɬɨɬɵ ɞɥɹ ɫɥɟɞɹɳɢɯ ɫɢɫɬɟɦ ɎȺɉ (ɮɚɡɨɜɚɹ ɚɜɬɨɩɨɞɫɬɪɨɣɤɚ) 3-ɝɨ ɢ ɑȺɉ 

(ɱɚɫɬɨɬɧɚɹ ɚɜɬɨɩɨɞɫɬɪɨɣɤɚ) 2-ɝɨ ɩɨɪɹɞɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 Ɏɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɋɄɈ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɞɥɹ ɎȺɉ 3-

ɝɨ ɩɨɪɹɞɤɚ: 

 

0 0

.

/ /

1
1ССФ

ф ɨш
c n c n

f
D

q Tq

 
   

 
  (3.8) 
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. .ф ɨш ф ɨшD     (3.9) 

 

0 0

.

/ /

1
1ССФ

ф ɨш
c n c n

f

q Tq
 

   
 

  (3.10) 

ɝɞɟ ССФf  – ɩɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ ɋɋɎ, .ф ɨшD   – ɞɢɫɩɟɪɫɢɹ ɨɲɢɛɤɢ ɮɚɡɵ, 

.ф ɨш – ɋɄɈ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɨɲɢɛɤɢ ɮɚɡɵ, T  - ɜɪɟɦɹ ɧɚɤɨɩɥɟɧɢɹ ɜ 

ɤɨɪɪɟɥɹɬɨɪɟ. 

Ɏɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɋɄɈ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɞɥɹ ɑȺɉ 2-ɝɨ 

ɩɨɪɹɞɤɚ: 

 . 2

/ 0 / 0

4 1
1ССФ

ф ɨш
c n c n

f
D

q T Tq

 
  

 
  (3.11) 

 . 2

/ 0 / 0

4 1
1ССФ

ф ɨш
c n c n

f

q T Tq
 

  
 

  (3.12) 

ɝɞɟ ССФf  – ɩɨɥɨɫɚ ɩɪɨɩɭɫɤɚɧɢɹ ɋɋɎ, .ф ɨшD   – ɞɢɫɩɟɪɫɢɹ ɨɲɢɛɤɢ 

ɱɚɫɬɨɬɵ, .ф ɨш – ɋɄɈ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɨɲɢɛɤɢ ɱɚɫɬɨɬɵ, T – ɜɪɟɦɹ 

ɧɚɤɨɩɥɟɧɢɹ ɜ ɤɨɪɪɟɥɹɬɨɪɟ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɮɚɡɵ ɢ ɱɚɫɬɨɬɵ ɛɵɥɢ ɜɡɹɬɵ 

ɡɧɚɱɟɧɢɹ ɩɨɥɨɫ ɩɪɨɩɭɫɤɚɧɢɹ  ɎȺɉ ɢ ɑȺɉ, ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɜ 

ɧɚɜɢɝɚɰɢɨɧɧɨɦ ɩɪɢɟɦɧɢɤɟ. Ⱦɥɹ ɎȺɉ 10ССФf Ƚц  . Ⱦɥɹ ɑȺɉ 0.5ССФf Ƚц  . 

ɇɚ ɪɢɫɭɧɤɚɯ 3.2 ɢ 3.3 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɋɄɈ 

ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɩɨ ɮɚɡɟ ɢ ɩɨ ɱɚɫɬɨɬɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɎȺɉ 3-ɝɨ 

ɩɨɪɹɞɤɚ ɢ ɑȺɉ 2-ɝɨ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɮɨɪɦɭɥɚɦ (3.10) ɢ (3.12). 
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Ɋɢɫɭɧɨɤ 3.2 - Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɨɲɢɛɤɢ ɮɚɡɵ ɨɬ ɨɬɧɨɲɟɧɢɹ 

ɫ/ɲ ɞɥɹ ɎȺɉ 3-ɝɨ ɩɨɪɹɞɤɚ 
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Ɋɢɫɭɧɨɤ 3.3 - Ɂɚɜɢɫɢɦɨɫɬɶ ɋɄɈ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɨɲɢɛɤɢ ɱɚɫɬɨɬɵ ɨɬ 

ɨɬɧɨɲɟɧɢɹ ɫ/ɲ ɜ ɑȺɉ 2-ɝɨ ɩɨɪɹɞɤɚ 

3.3 Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

3.3.1 ɋɢɝɧɚɥ ȽɅɈɇȺɋɋ ɋɌ 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɢёɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɚ 

ȽɅɈɇȺɋɋ ɋɌ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɤɢ 

ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢёɦɚ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɨɬ 

ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɛɟɡ 

ɭɱɟɬɚ ɋɄɈ ɨɲɢɛɨɤ ɮɚɡɵ ɢ ɱɚɫɬɨɬɵ, ɞɥɹ ɤɨɝɟɪɟɧɬɧɨɝɨ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ 

ɩɪɢɟɦɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɇɚ ɪɢɫɭɧɤɚɯ 3.4 ɢ 3.5 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢɟɦɚ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɜ 

ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ ɨɲɢɛɨɤ ɩɨ ɮɚɡɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ. 



 42 

 

Ɋɢɫɭɧɨɤ 3.4 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢёɦɚ ɫɨɨɛɳɟɧɢɹ 

ɫɢɝɧɚɥɚ ȽɅɈɇȺɋɋ ɋɌ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ 

ɨɲɢɛɨɤ ɩɨ ɮɚɡɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ 

 

Ɋɢɫɭɧɨɤ 3.5 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɩɪɢёɦɚ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɚ 

ȽɅɈɇȺɋɋ ɋɌ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɩɨ 

ɮɚɡɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ 
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ɂɡ ɪɢɫɭɧɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɮɥɭɤɬɭɚɰɢɨɧɧɵɟ ɨɲɢɛɤɢ 

ɭɯɭɞɲɚɸɬ ɩɪɢɟɦ ɩɪɢ ɧɢɡɤɨɦ ɨɬɧɨɲɟɧɢɢ ɫɢɝɧɚɥ/ɲɭɦ. 

 

 

Ɋɢɫɭɧɨɤ 3.6 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢёɦɚ ɫɨɨɛɳɟɧɢɹ 

ɫɢɝɧɚɥɚ ȽɅɈɇȺɋɋ ɋɌ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ 

ɨɲɢɛɨɤ ɩɨ ɮɚɡɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ 

 

Ɋɢɫɭɧɨɤ 3.7 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɩɪɢёɦɚ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɚ 

ȽɅɈɇȺɋɋ ɋɌ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ 

ɩɨ ɮɚɡɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ 
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ɂɡ ɪɢɫɭɧɤɨɜ 3.6 ɢ 3.7 ɜɢɞɧɨ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɮɥɭɤɬɭɚɰɢɨɧɧɵɟ 

ɨɲɢɛɤɢ ɩɨ ɱɚɫɬɨɬɟ ɨɤɚɡɵɜɚɸɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɪɢɟɦɚ. 

 

 

Ɋɢɫɭɧɨɤ 3.8 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢёɦɚ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɢ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɚɯ 

 

Ɋɢɫɭɧɨɤ 3.9 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɩɪɢɟɦɚ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɢ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɚɯ 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 3.8 ɢ 3.9, 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢёɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ 

ɯɭɠɟ, ɱɟɦ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɩɪɢɦɟɪɧɨ ɧɚ 1 ɞȻ. 

3.3.2 ɋɢɝɧɚɥ GPS L1 C/A 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɢёɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɚ GPS 

L1 C/A ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɣ ɝɥɚɜɟ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢёɦɚ ɢ 

ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɛɟɡ 

ɭɱɟɬɚ ɋɄɈ ɨɲɢɛɨɤ ɮɚɡɵ ɢ ɱɚɫɬɨɬɵ, ɞɥɹ ɤɨɝɟɪɟɧɬɧɨɝɨ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ 

ɩɪɢɟɦɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɇɚ ɪɢɫɭɧɤɚɯ 3.10 ɢ 3.11 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ 

ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢɟɦɚ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɜ 

ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ ɨɲɢɛɨɤ ɩɨ ɮɚɡɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ. 

 

Ɋɢɫɭɧɨɤ 3.10 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢёɦɚ ɫɨɨɛɳɟɧɢɹ 

ɫɢɝɧɚɥɚ GPS L1 C/A ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ 

ɨɲɢɛɨɤ ɩɨ ɮɚɡɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ 
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Ɋɢɫɭɧɨɤ 3.11 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ GPS L1 C/A ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ 

ɨɲɢɛɨɤ ɩɨ ɮɚɡɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ 

ɂɡ ɪɢɫɭɧɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɮɥɭɤɬɭɚɰɢɨɧɧɵɟ ɨɲɢɛɤɢ 

ɫɢɥɶɧɨ ɭɯɭɞɲɚɸɬ ɩɪɢɟɦ ɩɪɢ ɧɢɡɤɨɦ ɨɬɧɨɲɟɧɢɢ ɫɢɝɧɚɥ/ɲɭɦ. 
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Ɋɢɫɭɧɨɤ 3.12 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢёɦɚ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ GPS L1 C/A ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ 

ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɩɨ ɱɚɫɬɨɬɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ 

 

 

Ɋɢɫɭɧɨɤ 3.13 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɚ 

GPS L1 C/A ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɛɟɡ ɭɱɟɬɚ ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɩɨ 

ɱɚɫɬɨɬɟ ɢ ɫ ɢɯ ɭɱɟɬɨɦ 
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ɂɡ ɪɢɫɭɧɤɨɜ 3.12 ɢ 3.13 ɜɢɞɧɨ, ɱɬɨ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɮɥɭɤɬɭɚɰɢɨɧɧɵɟ 

ɨɲɢɛɤɢ ɩɨ ɱɚɫɬɨɬɟ ɨɤɚɡɵɜɚɸɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɪɢɟɦɚ. 

 

Ɋɢɫɭɧɨɤ 3.14 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢёɦɚ ɫɨɨɛɳɟɧɢɹ 

ɫɢɝɧɚɥɚ GPS L1 C/A ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɚɯ 

 

Ɋɢɫɭɧɨɤ 3.15 - Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɨɤ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɹ ɫɢɝɧɚɥɚ 

GPS L1 C/A ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɚɯ 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢёɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɯɭɠɟ, ɱɟɦ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɩɪɢɦɟɪɧɨ ɧɚ 1 

ɞȻ. 

3.3.3 ȼɵɜɨɞɵ ɩɨ ɝɥɚɜɟ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ ɦɟɬɨɞɨɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɷɤɜɢɜɚɥɟɧɬɨɜ ɞɥɹ ɫɢɝɧɚɥɨɜ GPS L1 C/A ɢ 

ȽɅɈɇȺɋɋ ɋɌ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɪɢɟɦ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɜɨɡɦɨɠɟɧ ɞɥɹ ɨɛɨɢɯ 

ɫɢɝɧɚɥɨɜ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ 

ɩɪɢɟɦɚ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɞɥɹ ɨɛɨɢɯ ɫɢɝɧɚɥɨɜ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɞɥɹ 

ɨɛɨɢɯ ɫɢɝɧɚɥɨɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɟɦɚ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɯɭɠɟ 

ɩɪɢɦɟɪɧɨ ɧɚ 1 ɞȻ. 
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4 ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ȺɅȽɈɊɂɌɆȺ 

Ɋɚɧɟɟ ɫɢɧɬɟɡɢɪɨɜɚɧ ɚɥɝɨɪɢɬɦ ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ, ɩɪɨɜɟɞɟɧ ɟɝɨ ɚɧɚɥɢɡ ɦɟɬɨɞɨɦ ɢɦɢɬɚɰɢɨɧɧɨɝɨ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɚɩɪɨɛɚɰɢɢ 

ɚɥɝɨɪɢɬɦɚ ɜ ɇȺɉ ɢ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ 

ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɞɚɧɧɵɯ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɚɯ 

ɜ ɯɨɞɟ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ.  

4.1 Ɋɟɚɥɢɡɚɰɢɹ ɚɥɝɨɪɢɬɦɚ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ ɩɪɢɟɦɚ ɫɨɨɛɳɟɧɢɹ ɜ ɇȺɉ 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɩɪɢɟɦɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɬɪɟɛɭɟɬɫɹ ɧɚɩɢɫɚɬɶ ɮɭɧɤɰɢɸ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ 

ɚɧɚɥɨɝɢɱɧɨɣ ɮɭɧɤɰɢɢ, ɧɚɩɢɫɚɧɧɨɣ ɜ ɫɪɟɞɟ MATLAB, ɧɨ ɧɚ ɹɡɵɤɟ C++. 

Ⱦɚɧɧɚɹ ɮɭɧɤɰɢɹ ɩɨɥɭɱɚɟɬ ɫɢɧɮɚɡɧɭɸ ɢ ɤɜɚɞɪɚɬɭɪɧɭɸ ɤɨɦɩɨɧɟɧɬɭ ɞɥɹ 

ɩɪɟɞɵɞɭɳɟɝɨ ɫɢɦɜɨɥɚ  1I k  ,  1Q k   ɢ ɬɟɤɭɳɟɝɨ ɫɢɦɜɨɥɚ  I k ,  Q k  ɢ 

ɨɰɟɧɤɭ ɡɧɚɱɟɧɢɹ ɩɪɟɞɵɞɭɳɟɝɨ ɫɢɦɜɨɥɚ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

 1Í Ñh k  . ȼɵɯɨɞɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɫɢɦɜɨɥɚ ɬɟɤɭɳɟɝɨ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ  Í Ñh k , ɪɢɫɭɧɨɤ 4.1. 

Ɏɭɧɤцɢя ɞɥя 
ɞɟɦɨɞɭɥяцɢɢ ɫɢɦɜɨɥɚ 

ɧɚɜɢɝɚцɢɨɧɧɨɝɨ 
ɫɨɨɛɳɟɧɢя ɧɚ яɡɵɤɟ 

C++

I(k-1)

Q(k-1)

Q(k)

I(k)  Н С
h k

 1
Н С

h k 

 

Ɋɢɫɭɧɨɤ 4.1 - Ɋɟɚɥɢɡɚɰɢɹ ɮɭɧɤɰɢɢ ɧɚ ɹɡɵɤɟ C++ 

Ɉɞɧɚɤɨ ɞɥɹ ɩɪɨɜɟɪɤɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ 

ɬɪɟɛɨɜɚɥɨɫɶ ɫɪɚɜɧɢɬɶ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ ɧɚ ɹɡɵɤɟ 

C++ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɦɨɞɟɥɢ ɜ ɫɪɟɞɟ MATLAB. Ⱦɥɹ ɷɬɨɝɨ 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɯɟɦɚ, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 4.2. ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ 
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ɫɯɟɦɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ȼ ɫɪɟɞɟ MATLAB ɮɨɪɦɢɪɭɸɬɫɹ ɫɢɧɮɚɡɧɚɹ 

ɢ ɤɜɚɞɪɚɬɭɪɧɚɹ ɤɨɦɩɨɧɟɧɬɵ ɫɢɝɧɚɥɚ. ɗɬɢ ɤɨɦɩɨɧɟɧɬɵ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɮɚɣɥ 

ɢ ɩɟɪɟɞɚɸɬɫɹ ɜ ɮɭɧɤɰɢɸ, ɧɚɩɢɫɚɧɧɭɸ ɧɚ ɹɡɵɤɟ C++, ɚ ɬɚɤɠɟ ɜ ɮɭɧɤɰɢɸ, 

ɧɚɩɢɫɚɧɧɭɸ ɜ ɫɪɟɞɟ MATLAB. Ɉɰɟɧɤɢ ɫɢɦɜɨɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɜ ɮɭɧɤɰɢɢ ɧɚ ɹɡɵɤɟ C++, ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɮɚɣɥ ɢ 

ɩɟɪɟɞɚɟɬɫɹ ɜ ɫɪɟɞɭ MATLAB. ɉɨɫɥɟ ɱɟɝɨ, ɢɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, 

ɫɬɪɨɹɬɫɹ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢɟɦɚ ɢ 

ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɬɨ ɠɟ ɫɚɦɨɟ ɞɟɥɚɟɬɫɹ ɢ ɮɭɧɤɰɢɢ, 

ɧɚɩɢɫɚɧɧɨɣ ɜ ɫɪɟɞɟ MATLAB. ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɪɨɹɬɫɹ ɧɚ ɨɞɧɨɦ 

ɝɪɚɮɢɤɟ ɢ ɫɪɚɜɧɢɜɚɸɬɫɹ. 

Ɏɨɪɦ. I,Q C++
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Ɋɢɫɭɧɨɤ 4.2 – ɋɯɟɦɚ ɩɪɨɜɟɪɤɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɮɭɧɤɰɢɢ 

ɇɚ ɪɢɫɭɧɤɚɯ 4.3 ɢ 4.4 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɟɪɨɹɬɧɨɫɬɢ 

ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢɟɦɚ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ. 
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Ɋɢɫɭɧɨɤ 4.3– Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɪɚɜɢɥɶɧɨɝɨ ɩɪɢɟɦɚ ɨɬ 

ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɞɥɹ ɮɭɧɤɰɢɣ ɢɡ MATLAB ɢ C++ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
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Ɋɢɫɭɧɨɤ 4.4 – Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɲɢɛɤɢ ɨɬ ɨɬɧɨɲɟɧɢɹ 

ɫɢɝɧɚɥ/ɲɭɦ, ɞɥɹ ɮɭɧɤɰɢɣ ɢɡ MATLAB ɢ C++ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɇɚ ɝɪɚɮɢɤɚɯ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 4.3 ɢ 4.4 ɜɢɞɧɨ ɚɛɫɨɥɸɬɧɨɟ 

ɫɨɜɩɚɞɟɧɢɟ ɝɪɚɮɢɤɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɪɟɲɟɧɢɣ, ɜɵɞɚɧɧɵɯ ɮɭɧɤɰɢɟɣ, 

ɧɚɩɢɫɚɧɧɨɣ ɧɚ ɹɡɵɤɟ C++ ɢ ɮɭɧɤɰɢɟɣ, ɧɚɩɢɫɚɧɧɨɣ ɜ ɫɪɟɞɟ MATLAB. ɇɚ 

ɨɫɧɨɜɟ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɮɭɧɤɰɢɹ, ɧɚɩɢɫɚɧɧɚɹ ɧɚ C++ 

ɢɞɟɧɬɢɱɧɚ ɮɭɧɤɰɢɢ, ɧɚɩɢɫɚɧɧɨɣ ɜ ɫɪɟɞɟ MATLAB. 

4.2 Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ɉɛɴɟɤɬɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɫɬɭɩɢɥ ɨɩɵɬɧɵɣ 

ɨɛɪɚɡɟɰ ɇȺɉ ɉɇɉ (ɩɪɟɰɢɡɢɨɧɧɵɣ ɧɚɜɢɝɚɰɢɨɧɧɵɣ ɩɪɢɟɦɧɢɤ, ɫɦ. ɪɢɫɭɧɨɤ 

4.5), ɪɟɚɥɢɡɭɸɳɢɣ ɚɥɝɨɪɢɬɦɵ ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ 

ɤɨɝɟɪɟɧɬɧɨɦ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. ɇȺɉ ɉɇɉ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɤɚɮɟɞɪɨɣ 

ɊɌɋ ɜ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɢɹ ɈɄɊ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɟɝɦɟɧɬɚ ɤɨɧɬɪɨɥɹ ɢ 

ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ȽɅɈɇȺɋɋ.  
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Ɋɢɫɭɧɨɤ 4.5 –Ɉɩɵɬɧɵɣ ɨɛɪɚɡɟɰ ɇȺɉ ɉɇɉ 

ȼ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɇȺɉ ɉɇɉ ɢɫɩɨɥɶɡɭɟɬ ɚɥɝɨɪɢɬɦ ɞɟɦɨɞɭɥɹɰɢɢ 

ɫɢɦɜɨɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ, ɨɩɢɫɵɜɚɟɦɵɣ ɜɵɪɚɠɟɧɢɟɦ (1.3). 

ȼ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ, ɪɚɡɪɚɛɨɬɤɚ ɤɨɬɨɪɨɣ 

ɨɩɢɫɚɧɚ ɜ 4.1. Ɏɭɧɤɰɢɹ ɪɟɚɥɢɡɭɟɬ ɚɥɝɨɪɢɬɦ ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɜɵɲɟ. 

ɐɟɥɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɚɥɝɨɪɢɬɦɨɜ 

ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɦ 

ɪɟɠɢɦɟ. Ⱦɥɹ ɱɟɝɨ ɬɪɟɛɭɟɬɫɹ ɩɨɥɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɭɫɩɟɲɧɨɝɨ 

ɜɵɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɛɥɨɤɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɨɬ ɨɬɧɨɲɟɧɢɹ 

ɫɢɝɧɚɥ/ɲɭɦ.  

Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɭɟɦɵɟ ɫɢɝɧɚɥɵ 

ɨɝɪɚɧɢɱɟɧɵ GPS L1 C/A. ȼɵɞɟɥɹɟɦɵɣ ɫɬɪɭɤɬɭɪɧɵɣ ɛɥɨɤ ɞɥɹ ɷɬɨɝɨ ɫɢɝɧɚɥɚ – 

30-ɬɢ ɛɢɬɧɨɟ ɫɥɨɜɨ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɫɥɨɜɚ 

ɜɵɛɪɚɧ ɮɚɤɬ ɩɪɨɯɨɠɞɟɧɢɹ ɩɪɨɜɟɪɤɢ ɤɨɧɬɪɨɥɶɧɨɣ ɫɭɦɦɵ ɞɥɹ ɷɬɨɝɨ ɫɥɨɜɚ.  

ɋɥɟɞɹɳɢɟ ɫɢɫɬɟɦɵ ɇȺɉ ɉɇɉ ɢɦɟɸɬ ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɲɭɦɨɜɵɟ 

ɩɨɥɨɫɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɫɩɨɥɶɡɨɜɚɧɧɵɦ ɩɪɢ ɢɦɢɬɚɰɢɨɧɧɨɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɢ. ɒɭɦɨɜɚɹ ɩɨɥɨɫɚ ɋɋɎ ɫɨɫɬɚɜɥɹɟɬ 10 Ƚɰ ɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɩɪɢ 

ɜɚɪɶɢɪɨɜɚɧɢɢ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ, ɩɨɥɨɫɚ ɋɋɑ – 0.5 Ƚɰ. ɋɋɎ ɫɨɞɟɪɠɢɬ 



 55 

ɮɢɥɶɬɪ 3 ɩɨɪɹɞɤɚ ɢ ɞɢɫɤɪɢɦɢɧɚɬɨɪ ɜɢɞɚ atan
Q

u
I

    
 

, ɋɋɑ – ɮɢɥɶɬɪ 2 

ɩɨɪɹɞɤɚ, ɞɢɫɤɪɢɦɢɧɚɬɨɪ ɜɢɞɚ 1 1k k k ku I Q Q I   . 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɹɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 

ɭɫɥɨɜɢɹɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 4.6.  
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ɫɭɦɦɵ

 

Ɋɢɫɭɧɨɤ 4.6 – ɋɯɟɦɚ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɉɟɪɟɱɟɧɶ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 4.1. 
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Ɍɚɛɥɢɰɚ 4.1 – ɉɟɪɟɱɟɧɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚ 

№  

ɩ/ɩ 
Ɉɛɨɡɧɚɱɟɧɢɟ Ɍɢɩ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

1 ɂɋ 

ɂɦɢɬɚɬɨɪ ɫɢɝɧɚɥɨɜ - ɜɟɤɬɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ ɫɢɝɧɚɥɨɜ 
Њ&Ћ ЋЅBЏ100A ɫ ɨɩɰɢɹɦɢ: 
SMBV-B10:  Baseband Generator*; 

SMBV-B92:  Hard Disk (removable)*; 

SMBV-B90:  Phase Coherence; 

SMBV-B55:  Memory Extension for ARB to 256 

Msample*. 

SMBV-B106:  9 kHz to 6 GHz frequency range; 

SMBV-K94:  GPS 6 Satellites*;  

SMBV-K61:  Multicarrier CW Signal Generation;  

SMBV-K62:  Additive White Gaussian Noise 

(AWGN);  

SMBV-K66:  Galileo 6 Satellites; 

SMBV-K92:   GNSS Enhanced (e.g. moving scenarios, 

multipath)*; 

SMBV-K94:   Glonass* 

2 ɇȺɉ Ɉɩɵɬɧɵɣ ɨɛɪɚɡɟɰ ɉɇɉ 

3 ɈȽ 
Ⱥɧɚɥɨɝɨɜɵɣ ɝɟɧɟɪɚɬɨɪ R&S SMC100A, 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɨɩɨɪɧɵɣ ɝɟɧɟɪɚɬɨɪ 

4 ɂɉ ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ (220 ȼ, 50 Ƚɰ, ɞɨ 6Ⱥ) 

5 ɉɄ 

ɉɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ: 
- ɧɚɥɢɱɢɟ ɢɧɬɟɪɮɟɣɫɚ Ethernet; 

- Ɉɋ Linux ɞɥɹ ɡɚɩɭɫɤɚ ɤɥɢɟɧɬɫɤɨɝɨ ɉɈ ɞɥɹ ɪɚɛɨɬɵ 

ɫ ɇȺɉ; 

-ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɉɈ MATLAB. 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ: 

1. ȼɤɥɸɱɚɟɬɫɹ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɧɚ ɉɄ ɜɤɥɸɱɚɟɬɫɹ ɢɧɬɟɪɮɟɣɫɧɚɹ 

ɩɪɨɝɪɚɦɦɚ srns_parse_all ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɇȺɉ.  

2. ɋ ɩɨɦɨɳɶɸ ɉɄ ɂɋ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɧɚ ɢɦɢɬɚɰɢɸ ɫɢɝɧɚɥɨɜ GPS L1 

C/A ɜ ɪɟɠɢɦɟ Static. ȼ ɷɬɨɦ ɪɟɠɢɦɟ ɜɫɟ ɢɦɢɬɢɪɭɟɦɵɟ ɫɢɝɧɚɥɵ ɢɦɟɸɬ ɪɚɜɧɭɸ 

ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɫɰɟɧɚɪɢɹ. ɇɚɫɬɪɨɣɤɭ 

ɩɪɨɢɡɜɨɞɢɬ MATLAB-ɫɤɪɢɩɬ (ɫɦ. ɉɪɢɥɨɠɟɧɢɟ ȼ), ɨɬɩɪɚɜɥɹɸɳɢɣ ɂɋ ɩɨ 
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ɫɟɬɢ Ethernet ɤɨɦɚɧɞɵ ɜ ɮɨɪɦɚɬɟ SCPI (Standard Commands for Programmable 

Instruments) . 

3. ɇȺɉ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɧɚ ɪɚɛɨɬɭ ɬɨɥɶɤɨ ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɢɥɢ ɬɨɥɶɤɨ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɩɨɪɨɝɨɜɵɯ ɡɧɚɱɟɧɢɣ ɫ/ɲ, 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɋɉɆɈ ɇȺɉ ɞɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɦɟɠɞɭ ɪɟɠɢɦɚɦɢ: 

3.1 ȿɫɥɢ ɢɫɫɥɟɞɭɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɥɝɨɪɢɬɦɚ ɤɨɝɟɪɟɧɬɧɨɝɨ 

ɜɵɞɟɥɟɧɢɹ ɫɨɨɛɳɟɧɢɹ, ɬɨ ɇȺɉ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɧɚ ɪɚɛɨɬɭ ɬɨɥɶɤɨ ɜ 

ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. Ⱦɥɹ ɷɬɨɝɨ ɝɪɚɧɢɰɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɜ 

ɧɟɤɨɝɟɪɟɧɬɧɵɣ ɪɟɠɢɦ ɨɩɭɫɤɚɟɬɫɹ ɞɨ 10 ɞȻȽɰ. 

3.2 ȿɫɥɢ ɢɫɫɥɟɞɭɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɥɝɨɪɢɬɦɚ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ 

ɜɵɞɟɥɟɧɢɹ ɫɨɨɛɳɟɧɢɹ, ɬɨ ɇȺɉ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɧɚ ɪɚɛɨɬɭ ɬɨɥɶɤɨ ɜ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. Ⱦɥɹ ɷɬɨɝɨ ɩɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɢɦɜɨɥɶɧɨɣ 

ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɝɪɚɧɢɰɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɵɣ ɪɟɠɢɦ ɢɡ 

ɤɨɝɟɪɟɧɬɧɨɝɨ, ɩɨɞɧɢɦɚɟɬɫɹ ɞɨ 58 ɞȻȽɰ. Ƚɪɚɧɢɰɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɢɡ 

ɧɟɤɨɝɟɪɟɧɬɧɵɣ ɜ ɤɨɝɟɪɟɧɬɧɵɣ – ɞɨ 60 ɞȻȽɰ. 

4. ɋ ɉɄ ɜ ɇȺɉ ɩɨɞɚɟɬɫɹ ɤɨɦɚɧɞɚ ɧɚ ɜɵɞɚɱɭ ɩɚɤɟɬɚ 0x0042 ɩɪɨɬɨɤɨɥɚ 

SRNS. ɗɬɨɬ ɩɚɤɟɬ, ɜ ɫɥɭɱɚɟ ɩɪɢɟɦɚ ɫɢɝɧɚɥɚ GPS L1 C/A, ɨɬɩɪɚɜɥɹɟɬɫɹ ɩɨɫɥɟ 

ɜɵɞɟɥɟɧɢɹ ɧɨɜɨɝɨ ɩɨɞɤɚɞɪɚ ɢ ɪɚɫɱɟɬɚ ɤɨɧɬɪɨɥɶɧɵɯ ɫɭɦɦ ɜɯɨɞɹɳɢɯ ɜ ɧɟɝɨ 

ɫɥɨɜ. ȼ ɩɚɤɟɬɟ ɫɨɞɟɪɠɢɬɫɹ ɨɰɟɧɤɚ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ (SNR) ɞɥɹ ɞɚɧɧɨɝɨ 

ɫɢɝɧɚɥɚ, ɚ ɬɚɤ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɫɥɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɨɲɥɚɫɶ ɤɨɧɬɪɨɥɶɧɚɹ ɫɭɦɦɚ. 

5. ɇɚ ɉɄ ɡɚɩɭɫɤɚɟɬɫɹ ɫɤɪɢɩɬ ɩɨɫɬɟɩɟɧɧɨɝɨ ɩɨɧɢɠɟɧɢɹ ɦɨɳɧɨɫɬɢ 

ɫɢɝɧɚɥɨɜ ɂɋ (ɫɦ. ɉɪɢɥɨɠɟɧɢɟ ȼ). ɋɤɪɢɩɬ ɩɨ ɫɟɬɢ Ethernet ɨɬɩɪɚɜɥɹɟɬ 

ɤɨɦɚɧɞɵ ɂɋ ɜ ɮɨɪɦɚɬɟ SCPI.  

6. ɇɚ ɉɄ ɡɚɩɭɫɤɚɟɬɫɹ ɫɤɪɢɩɬ ɨɛɪɚɛɨɬɤɢ ɩɚɤɟɬɨɜ 0x0042 (ɫɦ. 

ɉɪɢɥɨɠɟɧɢɟ Ƚ). ɋɤɪɢɩɬ ɪɚɛɨɬɚɟɬ ɜ ɫɪɟɞɟ MATLAB ɢ ɩɪɨɢɡɜɨɞɢɬ ɩɨɫɬɪɨɟɧɢɟ 

ɬɪɟɛɭɟɦɵɯ ɝɪɚɮɢɤɨɜ: ɡɚɜɢɫɢɦɨɫɬɢ SNR ɨɬ ɜɪɟɦɟɧɢ, ɩɪɨɰɟɧɬ ɭɫɩɟɲɧɨ 

ɜɵɞɟɥɹɟɦɵɯ ɫɥɨɜ ɨɬ ɜɪɟɦɟɧɢ, ɩɪɨɰɟɧɬ ɭɫɩɟɲɧɨ ɜɵɞɟɥɹɟɦɵɯ ɫɥɨɜ ɨɬ SNR. 

4.3 Ɋɟɡɭɥɶɬɚɬɵ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɇɚ ɪɢɫɭɧɤɚɯ 4.7, 4.8 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɞɨɥɢ ɭɫɩɟɲɧɨ 

ɜɵɞɟɥɹɟɦɵɯ ɫɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɬɧɨɲɟɧɢɹ 
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ɫɢɝɧɚɥ/ɲɭɦ ɞɥɹ ɤɨɝɟɪɟɧɬɧɨɝɨ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɂɚɜɢɫɢɦɨɫɬɢ ɩɨɥɭɱɟɧɵ ɭɫɪɟɞɧɟɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ 6 ɢɦɢɬɢɪɭɟɦɵɯ ɂɋ 

ɫɢɝɧɚɥɨɜ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɹɦ, ɩɟɪɟɞɚɜɚɟɦɵɦ 

ɇȺɉ ɜ ɩɚɤɟɬɟ 0ɯ0042. Ⱥɥɝɨɪɢɬɦ ɨɰɟɧɤɢ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɜ ɇȺɉ ɜ 

ɤɨɝɟɪɟɧɬɧɨɦ ɢ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɧɟ ɨɬɥɢɱɚɟɬɫɹ. 

 

Ɋɢɫɭɧɨɤ 4.7 – Ⱦɨɥɹ ɭɫɩɟɲɧɨ ɜɵɞɟɥɹɟɦɵɯ ɫɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

ɫɢɝɧɚɥɚ GPS L1 C/A ɜ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ 

ȼ ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɜɵɞɟɥɟɧɢɟ ɫɨɨɛɳɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɭɫɩɟɲɧɨ 

ɜɩɥɨɬɶ ɞɨ ɨɬɧɨɲɟɧɢɣ ɫɢɝɧɚɥ/ɲɭɦ ɨɤɨɥɨ 25 ɞȻȽɰ (ɫɦ. ɪɢɫɭɧɨɤ 4.7). ɉɪɢ 

ɞɚɥɶɧɟɣɲɟɦ ɫɧɢɠɟɧɢɢ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɩɪɨɢɫɯɨɞɢɬ ɫɪɵɜ ɫɥɟɠɟɧɢɹ ɡɚ 

ɫɢɝɧɚɥɨɦ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɟɤɪɚɳɚɟɬɫɹ ɢ ɜɵɞɟɥɟɧɢɟ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ 

ɫɨɨɛɳɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ SNR ɧɢɠɟ 24 ɞȻȽɰ ɜɵɞɟɥɟɧɢɟ ɫɨɨɛɳɟɧɢɹ 

ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ. ɉɨɜɟɞɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɪɟɡɭɥɶɬɚɬɚɦ, ɩɨɥɭɱɟɧɧɵɦ ɧɚ ɷɬɚɩɟ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
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Ɋɢɫɭɧɨɤ 4.8 – Ⱦɨɥɹ ɭɫɩɟɲɧɨ ɜɵɞɟɥɹɟɦɵɯ ɫɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

ɫɢɝɧɚɥɚ GPS L1 C/A ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ 

ȼ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ (ɫɦ. ɪɢɫɭɧɨɤ 4.8) ɧɚɱɢɧɚɟɬɫɹ ɩɥɚɜɧɨɟ 

ɫɧɢɠɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɜɟɪɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɫɨɨɛɳɟɧɢɹ ɧɚɱɢɧɚɹ ɫ ɨɬɧɨɲɟɧɢɣ 

ɫɢɝɧɚɥ/ɲɭɦ ɨɤɨɥɨ 30 ɞȻȽɰ. ȼɵɞɟɥɟɧɢɟ ɫɨɨɛɳɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɧɚɪɭɲɚɟɬɫɹ 

ɩɪɢ 24-25 ɞȻȽɰ. ɏɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɣ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɧɟɫɤɨɥɶɤɨ ɨɬɥɢɱɚɟɬɫɹ. ɉɪɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɟɝɪɚɞɚɰɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɱɚɥɚɫɶ ɩɪɢ 

ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɨɬɧɨɲɟɧɢɹɯ ɫɢɝɧɚɥ/ɲɭɦ, ɧɚ 3-4 ɞȻ ɪɚɧɶɲɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 

ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. ɉɪɢ 

ɩɟɪɟɯɨɞɟ ɤ ɧɟɤɨɝɟɪɟɧɬɧɨɦɭ ɩɪɢɟɦɭ ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ 

ɩɪɨɰɟɞɭɪɵ ɜɵɞɟɥɟɧɢɹ ɫɨɨɛɳɟɧɢɹ. Ⱦɥɹ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɇȺɉ ɉɇɉ 

ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɩɨɬɟɪɢ ɜ ɨɬɧɨɲɟɧɢɢ ɫɢɝɧɚɥ/ɲɭɦ ɫɨɫɬɚɜɢɥɢ 3-5 ɞȻ ɩɪɢ ɩɪɢɟɦɟ 

ɫɢɝɧɚɥɚ GPS L1 C/A (ɫɦ. ɪɢɫɭɧɨɤ 4.9). 
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Ɋɢɫɭɧɨɤ 4.9 - Ⱦɨɥɹ ɭɫɩɟɲɧɨ ɜɵɞɟɥɹɟɦɵɯ ɫɥɨɜ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ 

ɫɢɝɧɚɥɚ GPS L1 C/A 
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ɁȺɄɅɘɑȿɇɂȿ 

ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɜ 

ɧɟɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɩɪɢɟɦɧɢɤɚ ɧɚ ɩɪɢɦɟɪɟ ɩɪɢɟɦɚ ɫɢɝɧɚɥɨɜ 

NAVSTAR GPS L1C/A, ȽɅɈɇȺɋɋ L1 ɋɌ, L2 ɋɌ.  

ɉɪɨɜɟɞɟɧ ɫɢɧɬɟɡ ɚɥɝɨɪɢɬɦɚ ɞɟɦɨɞɭɥɹɰɢɢ ɞɥɹ ɭɤɚɡɚɧɧɵɯ 

ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɢɝɧɚɥɨɜ. ɉɨɥɭɱɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ 

ɤɚɤ ɩɚɪɭ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɮɢɥɶɬɪɨɜ – ɧɚ ɫɥɭɱɚɣ ɫɦɟɧɵ ɫɢɦɜɨɥɚ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɫɨɨɛɳɟɧɢɹ ɢ ɧɚ ɫɥɭɱɚɣ ɫɨɯɪɚɧɟɧɢɹ ɡɧɚɱɟɧɢɹ – ɫ 

ɩɨɫɥɟɞɭɸɳɢɦ ɫɪɚɜɧɟɧɢɟɦ ɨɬɤɥɢɤɨɜ ɮɢɥɶɬɪɨɜ. 

ɋ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ 

ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɛɥɨɤɚ (ɫɥɨɜɚ ɞɥɹ GPS, 

ɫɬɪɨɤɢ ɞɥɹ ȽɅɈɇȺɋɋ) ɫɨɨɛɳɟɧɢɹ ɨɬ ɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɲɭɦ ɞɥɹ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫ 

ɚɧɚɥɨɝɢɱɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɜ 

ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɠɢɦɟ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɭɱɢɬɵɜɚɥɨɫɶ ɜɥɢɹɧɢɟ 

ɮɥɭɤɬɭɚɰɢɨɧɧɵɯ ɨɲɢɛɨɤ ɫɢɫɬɟɦ ɫɥɟɠɟɧɢɹ ɡɚ ɱɚɫɬɨɬɨɣ ɢ ɮɚɡɨɣ. Ⱥɥɝɨɪɢɬɦɵ ɜ 

ɦɨɞɟɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɤɚɡɚɥɢ ɛɥɢɡɤɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɫɨɯɪɚɧɹɹ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɞɨ 23-25 ɞȻȽɰ. ɉɪɢ ɷɬɨɦ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ 

ɩɪɨɢɝɪɵɜɚɥ ɨɤɨɥɨ 1-2 ɞȻ.  

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɚɥɢɡɨɜɚɧ ɜ ɋɉɆɈ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ 

ɧɚɜɢɝɚɰɢɨɧɧɨɝɨ ɩɪɢɟɦɧɢɤɚ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɤɚɮɟɞɪɨɣ ɜ ɪɚɦɤɚɯ ɈɄɊ. Ⱦɥɹ 

ɷɬɨɝɨ ɧɚ ɹɡɵɤɟ ɋ++ ɫɨɡɞɚɧɚ ɮɭɧɤɰɢɹ, ɩɪɢɧɢɦɚɸɳɚɹ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ 

ɚɪɝɭɦɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɫɭɦɦɵ. ɋɨɫɬɚɜɥɟɧ ɬɟɫɬ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɛɨɬɚ 

C++-ɮɭɧɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɟɞɟɧɢɸ ɚɧɚɥɨɝɢɱɧɨɣ MATLAB-ɮɭɧɤɰɢɢ, 

ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɧɚ ɷɬɚɩɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɋ ɩɨɦɨɳɶɸ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɇȺɉ ɢ ɢɦɢɬɚɬɨɪɚ ɧɚɜɢɝɚɰɢɨɧɧɵɯ 

ɫɢɝɧɚɥɨɜ ɩɪɨɜɟɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɫɢɝɧɚɥɨɜ NAVSTAR GPS L1 C/A. ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɥɭɱɟɧɵ ɝɪɚɮɢɤɢ 

ɜɵɛɨɪɨɱɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɫɥɨɜ GPS ɫɨɨɛɳɟɧɢɹ ɨɬ ɨɬɧɨɲɟɧɢɹ 
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ɫɢɝɧɚɥ/ɲɭɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɚɞɢɰɢɨɧɧɨɝɨ ɤɨɝɟɪɟɧɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ. ɉɨɞɬɜɟɪɠɞɟɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 

ɫɨɡɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. ȼɵɞɟɥɟɧɢɟ ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɧɟɤɨɝɟɪɟɧɬɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ ɜɨɡɦɨɠɧɨ ɜɩɥɨɬɶ ɞɨ ɨɬɧɨɲɟɧɢɣ ɫɢɝɧɚɥ/ɲɭɦ 25-27 ɞȻȽɰ, ɩɪɢ ɷɬɨɦ 

ɨɧ ɩɪɨɢɝɪɵɜɚɟɬ ɤɨɝɟɪɟɧɬɧɨɦɭ 3-5 ɞȻ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ. ɂɆɂɌȺɐɂɈɇɇȺə ɆɈȾȿɅɖ  

Ɇɨɞɟɥɶ ɞɥɹ ȽɅɈɇȺɋɋ  
clear all; close all; clc 
  
  
N = 10000; 
LWord = 84; 
B = nan(1, LWord); 
bB = nan(1, LWord+1); bB(1) = -1; 
  
Coh = 1; NonCoh = 2; 
Algo = NonCoh; 
  
T = 0.02; 
  
qcno_dB = 10:0.5:40; 
%qcno_dB = [30,37,45]; 
qcno = 10.^(qcno_dB/10); 
std_IQ = 1; 
A_IQ = sqrt(2*qcno*T) * std_IQ; 
% dfph = 20; 
% dff = 3; 
dfph = 10; 
dff = 0.5; 
  
if Algo == Coh %!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
    std_dw = zeros(1, length(qcno));  
%     std_dphi = zeros(1, length(qcno)); 
    std_dphi = sqrt(dfph./qcno.*(1+1/2/T./qcno)); %ɋКɈ ошибок 
else 
  
    std_dw = sqrt(4*1*dff/T^2./qcno.*(1+1/2/T./qcno)); 
%     std_dw = zeros(1, length(qcno)); 
    std_dphi = zeros(1, length(qcno)); 
end 
ResOk = zeros(1, length(qcno)); 
ResN = zeros(1, length(qcno)); 
  
for i = 1:N 
    for j = 1:length(qcno_dB) 
        Word = 2*(randn(1, LWord) > 0) - 1; 
         
        nI = randn(1, LWord+1) * std_IQ; 
        nQ = randn(1, LWord+1) * std_IQ; 
         
        dw = randn(1, LWord+1) * std_dw(j); 
        dphi = randn(1, LWord+1) * std_dphi(j) + cumsum(dw)*T; 
         
        I = A_IQ(j) * cos(dphi).*[0 Word] + nI; 
        Q = -A_IQ(j) * sin(dphi).*[0 Word] + nQ; 
         
        if (Algo == Coh) 
            B = sign(I(2:end)); 
        else 
            for k = 2:(LWord+1) 
                X1 = (I(k) + I(k-1))^2 + (Q(k) + Q(k-1))^2; 
                X2 = (I(k) - I(k-1))^2 + (Q(k) - Q(k-1))^2; 
                if X1 > X2 
                    bB(k) = bB(k-1); 
                else 
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                    bB(k) = -1*bB(k-1); 
                end 
                B = bB(2:end); 
            end 
        end 
         
        ResN(j) = ResN(j) + 1; 
        if (isequal(Word, -B) || isequal(Word, B)) 
            ResOk(j) = ResOk(j) + 1; 
        end 
    end 
end 
  
figure(1); 
subplot(1, 2, 1) 
plot(qcno_dB, ResOk./ResN); 
xlabel('q_{c/N0}, dBHz'); 
ylabel('P_{Ok}, dBHz'); 
grid on; 
  
subplot(1, 2, 2) 
plot(qcno_dB, (ResN-ResOk)./ResN); 
xlabel('q_{c/N0}, dBHz'); 
ylabel('Error rate'); 
grid on; 
  
if (Algo == Coh) 
    ResOkCoh = ResOk; 
    ResNCoh = ResN; 
    save('ResCoh1_w.mat'); 
%     save('ResCoh1.mat'); 
else 
    ResOkNonCoh = ResOk; 
    ResNNonCoh = ResN; 
%     save('ResNonCoh1.mat'); 
    save('ResNonCoh1_w.mat'); 
end 
figure(2); 
if (Algo == Coh) 
    plot(qcno_dB,std_dphi) 
    xlabel('q_{c/N0}, dBHz'); 
    ylabel('ɋКɈ phi,rad'); 
else 
    plot(qcno_dB,std_dw) 
    xlabel('q_{c/N0}, dBHz'); 
    ylabel('ɋКɈ w,Hz'); 
end 
grid on 

 

Ɇɨɞɟɥɶ GPS 
clear all; close all; clc 
  
  
N = 10000; 
LWord = 30; 
B = nan(1, LWord); 
bB = nan(1, LWord+1); bB(1) = -1; 
  
Coh = 1; NonCoh = 2; 
Algo = Coh; 
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T = 0.02; 
  
qcno_dB = 10:0.5:40; 
%qcno_dB = [30,37,45]; 
qcno = 10.^(qcno_dB/10); 
std_IQ = 1; 
A_IQ = sqrt(2*qcno*T) * std_IQ; 
% dfph = 20; 
% dff = 3; 
dfph = 10; 
dff = 0.5; 
  
if Algo == Coh %!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
    std_dw = zeros(1, length(qcno)); % ɊќɋѓɊ¶ɊȰɊѕ Ɋ·Ɋ°ɊȱɊµɋȮɋ‚Ɋё ɋȮɋȶɊґɊ° 
ɋȭɊµɊ·ɋѓɊ»ɋȵɋ‚Ɋ°ɋ‚ ɋȭɊµɋ€ɊµɊȰɊёɋЏ ɊґɊёɋȮɊїɊµɋȭɋȮɊёɊѕɊȰɊȰɋ‹ɋ… 
ɋѓɋȭɊ°ɊȱɊȰɊµɊȰɊёɊ№ 
%     std_dphi = zeros(1, length(qcno)); 
%     std_dphi = sqrt(dfph./qcno);% false 
    std_dphi = sqrt(dfph./qcno.*(1+1/2/T./qcno)); 
else 
%     std_dw = sqrt(3*dff./(qcno*T^2));wrong 
    std_dw = sqrt(4*1*dff/T^2./qcno.*(1+1/2/T./qcno)); 
%     std_dw = zeros(1, length(qcno)); 
    std_dphi = zeros(1, length(qcno)); 
end 
ResOk = zeros(1, length(qcno)); 
ResN = zeros(1, length(qcno)); 
  
for i = 1:N 
    for j = 1:length(qcno_dB) 
        Word = 2*(randn(1, LWord) > 0) - 1; 
         
        nI = randn(1, LWord+1) * std_IQ; 
        nQ = randn(1, LWord+1) * std_IQ; 
         
        dw = randn(1, LWord+1) * std_dw(j); 
        dphi = randn(1, LWord+1) * std_dphi(j) + cumsum(dw)*T; 
         
        I = A_IQ(j) * cos(dphi).*[0 Word] + nI; 
        Q = -A_IQ(j) * sin(dphi).*[0 Word] + nQ; 
         
        if (Algo == Coh) 
            B = sign(I(2:end)); 
        else 
            for k = 2:(LWord+1) 
                X1 = (I(k) + I(k-1))^2 + (Q(k) + Q(k-1))^2; 
                X2 = (I(k) - I(k-1))^2 + (Q(k) - Q(k-1))^2; 
                if X1 > X2 
                    bB(k) = bB(k-1); 
                else 
                    bB(k) = -1*bB(k-1); 
                end 
                B = bB(2:end); 
            end 
        end 
         
        ResN(j) = ResN(j) + 1; 
        if (isequal(Word, -B) || isequal(Word, B)) 
            ResOk(j) = ResOk(j) + 1; 
        end 
    end 
end 
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figure(1); 
subplot(1, 2, 1) 
plot(qcno_dB, ResOk./ResN); 
xlabel('q_{c/N0}, dBHz'); 
ylabel('P_{Ok}, dBHz'); 
grid on; 
  
subplot(1, 2, 2) 
plot(qcno_dB, (ResN-ResOk)./ResN); 
xlabel('q_{c/N0}, dBHz'); 
ylabel('Error rate'); 
grid on; 
  
if (Algo == Coh) 
    ResOkCoh = ResOk; 
    ResNCoh = ResN; 
%     save('ResCoh1_w.mat'); 
    save('ResCoh1.mat'); 
else 
    ResOkNonCoh = ResOk; 
    ResNNonCoh = ResN; 
%     save('ResNonCoh1.mat'); 
    save('ResNonCoh1_w.mat'); 
end 
figure(2); 
if (Algo == Coh) 
    plot(qcno_dB,std_dphi) 
    xlabel('q_{c/N0}, dBHz'); 
    ylabel('ɋКɈ phi,rad'); 
else 
    plot(qcno_dB,std_dw) 
    xlabel('q_{c/N0}, dBHz'); 
    ylabel('ɋКɈ w,Hz'); 
end 
grid on 

 

ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ 
clear all; close all; clc 
  
figure(1); 
load ResCoh1 
  
%subplot(1, 2, 1) 
plot(qcno_dB, ResOkCoh./ResNCoh); 
hold on 
xlabel('q_{c/N0}, dBHz'); 
ylabel('P_{Ok}, dBHz'); 
grid on; 
% text(29.5,0.55,'Когер. \rightarrow'); 
  
load ResNonCoh1 
  
%subplot(1, 2, 1) 
plot(qcno_dB, ResOkNonCoh./ResNNonCoh, 'g'); 
xlabel('q_{c/N0}, dBHz'); 
ylabel('P_{Ok}, dBHz'); 
grid on; 
% text(33.5,0.35,'\leftarrow ɇекогер.'); 
legend('coherent','noncoherent'); 
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figure(2); 
load ResCoh1 
%subplot(1, 2, 2) 
plot(qcno_dB, (ResNCoh-ResOkCoh)./ResNCoh); 
hold on 
xlabel('q_{c/N0}, dBHz'); 
ylabel('Error rate'); 
grid on; 
% text(28.5,0.55,'Когер. \rightarrow'); 
  
  
load ResNonCoh1 
%subplot(1, 2, 2) 
plot(qcno_dB, (ResNNonCoh-ResOkNonCoh)./ResNNonCoh, 'g'); 
xlabel('q_{c/N0}, dBHz'); 
ylabel('Error rate'); 
grid on; 
% text(35.5,0.35,'\leftarrow ɇекогер.'); 
legend('coherent','noncoherent'); 
s = sprintf('coh_compare_noncoh.png'); 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ. ɎɍɇɄɐɂə ȾȿɆɈȾɍɅəɐɂɂ ɋɈɈȻЩȿɇɂə ȼ 
ɇȿɄɈȽȿɊȿɇɌɇɈɆ ɊȿɀɂɆȿ 

#include"uncoh_f.h" 

int uncoh_solve(double I,double Q,double I_old,double Q_old,int symbol) 

{ 

    int symbol_new; 

    ((I*I_old + Q*Q_old) > -(I*I_old + Q*Q_old)) ? symbol_new = symbol: 

symbol_new = -symbol; 

    return symbol_new; 

} 

 

 

#ifndef UNCOH_F_H 

#define UNCOH_F_H 

int uncoh_solve(double I,double Q,double I_old,double Q_old,int symbol); 

#endif // UNCOH_F_H 

 

ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɩɪɨɜɟɪɤɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɚɛɨɬɵ ɮɭɧɤɰɢɢ 

clear all; close all; clc 

  

if fopen('automatic_test', 'r') < 0 

    automatic_test = 0; 

    run_Cpp = 1; 

else 

    automatic_test = 1; 

    run_Cpp = 0; 

end 

  

% if run_Cpp 

%     header; 

%     !./main & 

% end 

  

Nout = 1; 

% fid_in = fopen('in.txt','w'); 
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% fid_out = fopen('out.txt','w'); 

ttt = 0; 

f0 = 1602e6; %ɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰ ɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰ ɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰɩїȰ 

N = 200; 

LWord = 30; 

B = nan(1, LWord); 

B_mat = nan(1, LWord); 

bB = nan(1, LWord+1); bB(1) = -1; 

symbol_cpp = nan(1,31); 

  

Coh = 1; NonCoh = 2; 

Algo = NonCoh; 

  

T = 0.02; 

  

qcno_dB = 10:2:40; 

%qcno_dB = [30,37,45]; 

qcno = 10.^(qcno_dB/10); 

std_IQ = 1; 

A_IQ = sqrt(2*qcno*T) * std_IQ; 

dfph = 20; 

dff = 3; 

  

if Algo == Coh 

    std_dw = zeros(1, length(qcno)); % ɊќɋѓɊ¶ɊȰɊѕ Ɋ·Ɋ°ɊȱɊµɋȮɋ‚Ɋё ɋȮɋȶɊґɊ° ɋȭɊµɊ·ɋѓɊ»ɋȵɋ‚Ɋ°ɋ‚ 
ɋȭɊµɋ€ɊµɊȰɊёɋȹ ɊґɊёɋȮɊїɊµɋȭɋȮɊёɊѕɊȰɊȰɋ‹ɋ… ɋѓɋȭɊ°ɊȱɊȰɊµɊȰɊёɊ№ 

    %std_dphi = zeros(1, length(qcno)); 

%     std_dphi = sqrt(dfph./qcno); 

    std_dphi = sqrt(dfph./qcno.*(1+1/2/T./qcno)); 

else 

%     std_dw = sqrt(3*dff./(qcno*T^2)); 

    std_dw = sqrt(4*1*dff/T^2./qcno.*(1+1/2/T./qcno)); 

    %std_dw = zeros(1, length(qcno)); 

    std_dphi = zeros(1, length(qcno)); 
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end 

ResOk = zeros(1, length(qcno)); 

ResOk_mat = zeros(1, length(qcno)); 

ResN = zeros(1, length(qcno)); 

  

for i = 1:N 

    for j = 1:length(qcno_dB) 

        Word = 2*(randn(1, LWord) > 0) - 1; 

         

        nI = randn(1, LWord+1) * std_IQ; 

        nQ = randn(1, LWord+1) * std_IQ; 

         

        dw = randn(1, LWord+1) * std_dw(j); 

        dphi = randn(1, LWord+1) * std_dphi(j) + cumsum(dw)*T; 

         

        I = A_IQ(j) * cos(dphi).*[0 Word] + nI; 

        Q = -A_IQ(j) * sin(dphi).*[0 Word] + nQ; 

        for kk = 1:31 

            I_help = I(kk); 

            Q_help = Q(kk); 

             

            if kk == 1 

                if run_Cpp 

                    header; 

                    !./main & 

                end 

            end 

            if run_Cpp 

                fprintf( in_fid, '%f %f\n', I(kk), Q(kk)); 

                 

                suc = -1; 

                while suc ~= Nout 

                    [symbol_cpp_help suc] = fscanf(out_fid,'%d\n', Nout); 
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                end 

            else 

                symbol_cpp_help = nan(1); 

            end 

            symbol_cpp(kk) = symbol_cpp_help; 

            if kk == 31 

                footer; 

            end 

            fprintf('%d %d %d\n', i, j, kk); 

        end 

        %if (i == 1) && (j == 16) 

%             fprintf( fid_I, '%s ', I); 

%             fprintf( fid_Q, '%s ', Q); 

            %fprintf( fid_Word, '%d\n', -1); 

            %fprintf( fid_Word, '%d\n', Word); 

            %ttt = ttt + 1; 

        %end 

         

%         if (Algo == Coh) 

%             B = sign(I(2:end)); 

%         else 

            for k = 2:(LWord+1) 

%                 %X1 = (I(k) + I(k-1))^2 + (Q(k) + Q(k-1))^2; 

%                 %X2 = (I(k) - I(k-1))^2 + (Q(k) - Q(k-1))^2; 

%                 %if X1 > X2 

%                 %    bB(k) = bB(k-1); 

%                 %else 

%                 %    bB(k) = -1*bB(k-1); 

%                 %end 

                bB(k) = noncoh_fun( I(k), Q(k), I(k-1), Q(k-1), bB(k-1)); 

                 

            end 

%         end 
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        B = symbol_cpp(2:end); 

        B_mat = bB(2:end); 

        ResN(j) = ResN(j) + 1; 

        if (isequal(Word, -B) || isequal(Word, B)) 

            ResOk(j) = ResOk(j) + 1; 

        end 

        if (isequal(Word, -B_mat) || isequal(Word, B_mat)) 

            ResOk_mat(j) = ResOk_mat(j) + 1; 

        end 

    end 

end 

  

figure(1); 

% subplot(1, 2, 1) 

plot(qcno_dB, ResOk./ResN, qcno_dB, ResOk_mat./ResN); 

xlabel('q_{c/N0}, dBHz'); 

ylabel('P_{Ok}, dBHz'); 

grid on; 

legend('MATLAB','C++'); 

save('p_ok_m_c.jpg'); 

  

figure(2); 

% subplot(1, 2, 2) 

plot(qcno_dB, (ResN-ResOk)./ResN, qcno_dB, (ResN-ResOk_mat)./ResN); 

xlabel('q_{c/N0}, dBHz'); 

ylabel('Error rate'); 

grid on; 

legend('MATLAB','C++'); 

save('p_error_m_c.jpg'); 

  

if (Algo == Coh) 

    ResOkCoh = ResOk; 

    ResNCoh = ResN; 

    save('ResCoh1.mat'); 
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else 

    ResOkNonCoh = ResOk; 

    ResNNonCoh = ResN; 

    save('ResNonCoh1.mat'); 

end 

% figure(2); 

% if (Algo == Coh) 

%     plot(qcno_dB,std_dphi) 

%     xlabel('q_{c/N0}, dBHz'); 

%     ylabel('ɩїȰɩїȰɩїȰ phi,rad'); 

% else 

%     plot(qcno_dB,std_dw) 

%     xlabel('q_{c/N0}, dBHz'); 

%     ylabel('ɩїȰɩїȰɩїȰ w,Hz'); 

% end 

% grid on 

% fclose(fid_I); 

% fclose(fid_Q); 

% fclose(fid_Word); 

 

 

 

// рͦͧотͦет 
#include <iostream> 

#include <fstream> 

#include <iomanip> 

#include <stdlib.h> 

int uncoh_solve(double I,double Q,double I_old,double Q_old,int symbol); 

using namespace std; 

int main() 

{ 

    float text_I[31], text_Q[31]; 

    float I, Q, I_old, Q_old; 

    int symbol, symbol_old; 

    int Word[30]; 

    int Nin = 2; 

    FILE* out_fid; 

//    out_fid = fopen("out.txt", "w"); 

    FILE* in_fid; 

//    in_fid = fopen("in.txt", "r"); 
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    int i, res_OK, suc; 

    i = 0; 

    for (;;){ 

        if (i == 0){ 

            out_fid = fopen("out.txt", "w"); 

            in_fid = fopen("in.txt", "r"); 

        } 

        suc = fscanf(in_fid, "%f %f\n", &I, &Q); 

        if (i == 0){ 

            I_old = I; 

            Q_old = Q; 

            symbol = -1; 

            symbol_old = -1; 

            i++; 

        } else { 

            symbol = uncoh_solve( I, Q, I_old, Q_old, symbol_old); 

            symbol_old = symbol; 

            I_old = I; 

            Q_old = Q; 

            if (i != 30) 

                i++; 

            else 

                i = 0; 

        } 

        if (suc == Nin){ 

        fprintf(out_fid, "%d\n", symbol); // Pream Ok bla bla bla 

        fflush(out_fid);} 

        if (i == 0){ 

            fclose(out_fid); 

            fclose(in_fid); 

        } 

    } 

return 0; 

} 
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ɉɊɂɅɈɀȿɇɂȿ ȼ. ɂɋɏɈȾɇɕȿ ɄɈȾɕ ɋɄɊɂɉɌȺ ɇȺɋɌɊɈɃɄɂ 
ɂɆɂɌȺɌɈɊȺ ɋɂȽɇȺɅȺ  

[status, SMBV] = rs_connect('tcpip', '192.168.0.177'); 

rs_send_command(SMBV, 'SOUR:BB:GPS:PRES'); 

rs_send_command(SMBV, 'SOUR:BB:GPS:SMODE USER'); 

rs_send_command(SMBV, 'SOUR:BB:GPS:LOC:SEL "Moscow"'); 

rs_send_command(SMBV, 'SOUR:BB:GPS:SAT:COUNT 4'); 

rs_send_command(SMBV, 'SOUR:BB:GPS:POWER:REF -110'); 

rs_send_command(SMBV, 'SOUR:BB:GPS:POW:MODE AUTO'); 

rs_send_command(SMBV, 'SOUR:BB:GPS:GOC'); 

rs_send_command(SMBV, 'SOUR:BB:GPS:STAT ON'); 

rs_send_command(SMBV, '*OPC?'); 

rs_send_command(SMBV, 'SOUR:BB:GPS:TRIG:EXEC'); 

  

RefPow = -100:-1:-130; 

for i = 1:length(RefPow); 

    [st]=rs_send_command(SMBV, ... 

        sprintf('SOUR:BB:GPS:POWER:REF %.1f',RefPow)); 

    if (st == 0) 

        return; 

    end 

end 
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ɉɊɂɅɈɀȿɇɂȿ Ƚ. ɂɋɏɈȾɇɕȿ ɄɈȾɕ ɋɄɊɂɉɌȺ ɈȻɊȺȻɈɌɄɂ 
ɉȺɄȿɌȺ 0X0042  

ɋɤɪɢɩɬ ɨɩɢɫɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɚɤɟɬɚ srns_0x42.m: 

clear all; close all; clc 

filename = '/tmp/srns_0x0042.txt'; 

 

fields_0x0042 =   { 't', ... 

                    'sgnID', ... 

                    'type', ...    

                    'ID', ... 

                    'q', ... 

                    'state', ... 

                    'sym_state', ... 

                    'frame_state', ... 

                    'time_corr', ... 

                    'rsrv', ... 

                    'numSF', ... 

                    'numOK' ... 

                    }; 

                 

fields = fields_0x0042; 

nocycle = 0; 

 

timefmt = 'M0'; 

 

tdismiss = 0; 

% tstart = 120; 

% tstop = 160; 

 

SgnType = {'GpsL1CA'}; 

 

% Param = {'q'};  

% Param = {'NuSucOverTime'}; 

% Param = {'NuSucOverTime', 'NuSucOverQ'}; 

% Param = {'NuSucOverQ'}; 

Param = {'PSucOverQ'}; 

 

plotcmd = 'plot_srns_0x0042'; 

% plotcmd = ''; 

 

parsefile; 
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ɋɤɪɢɩɬ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ plot_srns_0x0042.m: 

globals; 

 

% ɋɩɢɫɨɤ ɫɩɭɬɧɢɤɨɜ ɫ ɢɡɦɟɪɟɧɢɹɦɢ ɯɨɬɹ ɛɵ ɩɨ ɨɞɧɨɦɭ ɬɢɩɭ 

create_list_sys; 

 

% ɍɫɬɚɧɨɜɤɚ ɩɪɟɞɟɥɨɜ ɩɨ ɜɪɟɦɟɧɢ 

timefmt0 = 's'; 

choosetime; 

 

maxq = 57; 

for jP = 1:length(Param) 

    figure(jP); clf; 

     

    if exist('figName', 'var') 

        set(gcf, 'Name', figName{jP}); 

    end 

     

    if ( sum(strcmp(Param{jP}, D.fields) > 0) || strcmp(Param{jP}, 'NuSucOverTime') )  

        j = 0; 

        for sys = {'Gln', 'Gps'} 

            for sv = D.list.(sys{1}) 

                if isempty(sv) 

                    continue; 

                end 

                j = j + 1; 

                subplot(tx, ty, j); 

                strTit = []; strTit2 = []; 

                needlit = 0; warnings = 0; 

                for jT = 1:length(SgnType) 

                    if ~strcmp(SgnType{jT}(1:3), sys{1}) 

                        continue; 

                    end 

                    if ismember(sv, D.list.(SgnType{jT})) 

                        if (strcmp(Param{jP}, 'NuSucOverTime'))  

                            if (strcmp(SgnType{jT}, 'GpsL1CA')) 

                                y = D.(SgnType{jT})(sv).numOK / 10; 

                            else 

                                y = 0; 

                            end 

                        else 

                            y = D.(SgnType{jT})(sv).(Param{jP}); 

                        end 

                        x = D.(SgnType{jT})(sv).t; 

                    else 

                        continue; 

                    end 

                    x = convtime(x, tmin, timefmt0, timefmt); 

                     

                    if  D.(SgnType{jT})(sv).size > 50 

                        dx = diff(x); 

                        dmed = median(diff(x)); 
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                        indgap = find(abs(dx) > 2*dmed); 

                        for ig = 1:length(indgap) 

                            iga = ig-1 + indgap(ig); 

                            x = [x(1:iga), NaN, x(iga+1:end)]; 

                            y = [y(1:iga), NaN, y(iga+1:end)]; 

                        end 

                    end 

                     

                    plot(x, y, Col{jT}); 

                    hold on 

                     

                    if (strcmp(Param{jP}, 'q')) 

                        maxq = max([max(y) maxq]); 

                    end 

                    if (D.(SgnType{jT})(sv).size > 0) 

                        strSgnType = D.Types{D.(SgnType{jT})(sv).type+1}; 

                        strSgnType = strSgnType(4:end); 

                        strSVID = num2str(sv); 

                         

                        strState = num2str(D.(SgnType{jT})(sv).state(end)); 

                        strSymState = num2str(D.(SgnType{jT})(sv).sym_state(end)); 

                        strFrameState = num2str(D.(SgnType{jT})(sv).frame_state(end)); 

                        strSolState = 'x'; 

                        strTimeCorr = num2str(D.(SgnType{jT})(sv).time_corr(end)); 

                        strHaveEph = 'x'; 

                        strHaveAlm = 'x'; 

                        strFlag = [strState strSymState strFrameState strTimeCorr strHaveEph 

strSolState strHaveAlm]; 

                         

                        strTit = [strTit strSgnType '/']; 

                        strTit2 = [strTit2 strFlag '/']; 

                        if strcmp(SgnType{jT}(end), 'F') 

                            needlit = 1; 

                        end 

                        if (D.(SgnType{jT})(sv).size < 2) 

                            warnings = warnings + 1; 

                        end 

                    end 

                end 

                hold off 

                 

                xlim([tminlim tmaxlim]); 

                 

                if needlit 

                    strLit = ['(' num2str(id2lit(sv)) ')']; 

                else 

                    strLit = ''; 

                end 

                strTit = [strTit(1:end-1) ' #' strSVID strLit]; 

                strTit2 = strTit2(1:end-1); 

                 

                title({strTit, strTit2}, 'FontWeight','normal'); 
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                if (warnings > 0) 

                    set(gca, 'Color', [1 0.5 0.5]); 

                end 

                 

                xlabel(['t, ' timeunit(timefmt)]); 

                if strcmp(Param{jP}, 'q') 

                    ylim([5 maxq]); 

                    ylabel('q_{c/n0}, dBHz'); 

                end 

            end 

        end 

     

    elseif (strcmp(Param{jP}, 'NuSucOverQ') || strcmp(Param{jP}, 'PSucOverQ'))  

        j = 0; 

        for sys = {'Gln', 'Gps'} 

            for sv = D.list.(sys{1}) 

                if isempty(sv) 

                    continue; 

                end 

                j = j + 1; 

                subplot(tx, ty, j); 

                strTit = []; strTit2 = []; 

                needlit = 0; warnings = 0; 

                for jT = 1:length(SgnType) 

                    if ~strcmp(SgnType{jT}(1:3), sys{1}) 

                        continue; 

                    end 

                    if ismember(sv, D.list.(SgnType{jT})) 

                        x = D.(SgnType{jT})(sv).q; 

                        if (strcmp(Param{jP}, 'NuSucOverQ'))  

                            if (strcmp(SgnType{jT}, 'GpsL1CA')) 

                                y = D.(SgnType{jT})(sv).numOK / 10; 

                            else 

                                continue; 

                            end 

                        elseif (strcmp(Param{jP}, 'PSucOverQ'))  

                            if (strcmp(SgnType{jT}, 'GpsL1CA')) 

                                q = [20:0.5:30 31:2:40]; 

                                ind = bin2ind(x, q); 

                                y = nan(1, length(q)); 

                                nu = D.(SgnType{jT})(sv).numOK / 10; 

                                for ii = 1:length(q) 

                                    if (length(ind{ii}) < 2) 

                                        ind{ii} = []; 

                                    end 

                                    y(ii) = mean(nu(ind{ii})); 

                                end 

                                x = q; 

                                xj{j} = x; 

                                yj{j} = y; 

                            else 

                                continue; 

                            end 
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                        else 

                            continue; 

                        end 

                    else 

                        continue; 

                    end 

                     

                    if (strcmp(Param{jP}, 'NuSucOverQ'))  

                        plot(x, y, [Col{jT}, '.']); 

                        hold on 

%                         plot(x, y, [Col{jT}]); 

                    elseif (strcmp(Param{jP}, 'PSucOverQ'))  

                        plot(x, y, [Col{jT}]); 

                        hold on 

                    end 

                     

                     

                    if (D.(SgnType{jT})(sv).size > 0) 

                        strSgnType = D.Types{D.(SgnType{jT})(sv).type+1}; 

                        strSgnType = strSgnType(4:end); 

                        strSVID = num2str(sv); 

                         

                        strState = num2str(D.(SgnType{jT})(sv).state(end)); 

                        strSymState = num2str(D.(SgnType{jT})(sv).sym_state(end)); 

                        strFrameState = num2str(D.(SgnType{jT})(sv).frame_state(end)); 

                        strSolState = 'x'; 

                        strTimeCorr = num2str(D.(SgnType{jT})(sv).time_corr(end)); 

                        strHaveEph = 'x'; 

                        strHaveAlm = 'x'; 

                        strFlag = [strState strSymState strFrameState strTimeCorr strHaveEph 

strSolState strHaveAlm]; 

                         

                        strTit = [strTit strSgnType '/']; 

                        strTit2 = [strTit2 strFlag '/']; 

                        if strcmp(SgnType{jT}(end), 'F') 

                            needlit = 1; 

                        end 

                        if (D.(SgnType{jT})(sv).size < 2) 

                            warnings = warnings + 1; 

                        end 

                    end 

                end 

                hold off 

                 

%                 xlim([tminlim tmaxlim]); 

                 

                if needlit 

                    strLit = ['(' num2str(id2lit(sv)) ')']; 

                else 

                    strLit = ''; 

                end 

                strTit = [strTit(1:end-1) ' #' strSVID strLit]; 

                strTit2 = strTit2(1:end-1); 
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                title({strTit, strTit2}, 'FontWeight','normal'); 

                 

                if (warnings > 0) 

                    set(gca, 'Color', [1 0.5 0.5]); 

                end 

                 

                xlabel('q, dBHz'); 

                if strcmp(Param{jP}, 'NuSucOverQ') 

                    ylabel('Success rate'); 

                end 

            end 

        end 

    end 

end 


