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ɆȺɌȿɆȺɌɂɑȿɋɄȺə ɆɈȾȿɅɖ Ⱦȼɂɀȿɇɂə ȼɈȿɇɇɈɃ ȽɍɋȿɇɂɑɇɈɃ 
ɆȺɒɂɇɕ ɋ ɄɈɆȻɂɇɂɊɈȼȺɇɇɈɃ ɗɇȿɊȽɈɋɂɅɈȼɈɃ ɍɋɌȺɇɈȼɄɈɃ. 

 

Ɂɚɯɚɪɨɜ ȼ.ȼ. 
ȼɨɟɧɧɚɹ ɚɤɚɞɟɦɢɹ ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢɦɟɧɢ ɝɟɧɟɪɚɥɚ ɚɪɦɢɢ  

Ⱥ.ȼ. ɏɪɭɥɟɜɚ, ɝ. ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ. 
  

Аɧɧɨɬɚɰиɹ. ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɩɪɨɰɟɫɫɚ ɞɜɢɠɟɧɢɹ ɜɨɟɧɧɨɣ ɝɭɫɟ-
ɧɢɱɧɨɣ ɦɚɲɢɧɵ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ. ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɤɪɢɜɨɥɢɧɟɣɧɨɟ, ɭɩɪɚɜɥɹɟɦɨɟ ɞɜɢɠɟɧɢɟ 
ɜɨɟɧɧɨɣ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɢ ɟɟ ɷɥɟɦɟɧɬɨɜ: ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ, ɝɟɧɟ-
ɪɚɬɨɪɚ, ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. Ɋɟɚɥɢɡɚɰɢɹ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ,  ɩɨɡɜɨɥɹɟɬ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɬɶ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɤɨɦɛɢɧɢɪɨɜɚɧ-
ɧɨɣ ɷɧɟɪɝɨɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɜɨɟɧɧɨɣ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ. 
 

Кɥɸɱеɜые ɫɥɨɜɚ: ɜɨɟɧɧɚɹ ɝɭɫɟɧɢɱɧɚɹ ɦɚɲɢɧɚ, ɩɨɞɜɢɠɧɨɫɬɶ, ɧɚɤɨɩɢɬɟɥɶ ɷɧɟɪɝɢɢ, 
ɬɹɝɨɜɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ. 

 
ȼɜɟɞɟɧɢɟ 
Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɛɨɟɜɵɯ 

ɫɜɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɩɨɞɜɢɠɧɨɫɬɶ. ȼ ɫɨɜɪɟɦɟɧ-
ɧɵɯ ɭɫɥɨɜɢɹɯ ɡɧɚɱɟɧɢɟ ɩɨɞɜɢɠɧɨɫɬɢ ɜɫɟ 
ɛɨɥɶɲɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɬɚɤ ɤɚɤ, ɛɨɟɜɵɟ ɞɟɣ-
ɫɬɜɢɹ ɩɪɢɨɛɪɟɬɚɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɦɚɧɟɜ-
ɪɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɪɨɥɶ ɩɟɪɟɞɜɢɠɟɧɢɣ ɜɨɣɫɤ, 
ɜ ɬɨɦ ɱɢɫɥɟ ɦɚɪɲɟɣ ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ, 
ɧɟɩɪɟɪɵɜɧɨ ɜɨɡɪɚɫɬɚɟɬ Д1Ж. ɉɨɞɜɢɠɧɨɫɬɶ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɚɤɢɦɢ ɨɫɧɨɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɤɚɤ ɛɵɫɬɪɨɯɨɞɧɨɫɬɶ, ɚɜɬɨɧɨɦɧɨɫɬɶ ɢ ɩɪɨɯɨ-
ɞɢɦɨɫɬɶ. Ɉɫɧɨɜɧɭɸ ɪɨɥɶ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɞɚɧ-
ɧɵɯ ɫɜɨɣɫɬɜ ɩɨɞɜɢɠɧɨɫɬɢ ɢɝɪɚɟɬ ɫɢɥɨɜɚɹ ɭɫ-
ɬɚɧɨɜɤɚ ɢ ɬɪɚɧɫɦɢɫɫɢɹ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ 
ɞɟɧɶ, ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɨɛɥɚɫɬɢ 
ɦɨɬɨɪɧɨ-ɬɪɚɧɫɦɢɫɫɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ (ɆɌɍ) 
ɤɨɧɰɟɧɬɪɢɪɭɟɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɧɚ ɪɚɛɨɬɚɯ 
ɩɨ ɫɨɡɞɚɧɢɸ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɫɢɥɨɜɵɯ ɭɫ-
ɬɚɧɨɜɨɤ ɫ ɷɥɟɤɬɪɨɬɪɚɧɫɦɢɫɫɢɟɣ ɢ ɧɚɤɨɩɢɬɟ-
ɥɹɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ДβЖ ɂɦɟɧɧɨ ɬɚ-
ɤɢɟ ɆɌɍ ɩɨɡɜɨɥɹɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɢɬɶ 
ɨɫɧɨɜɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɢ ɩɨɤɚɡɚɬɟɥɢ ɩɨɞɜɢɠɧɨɫɬɢ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ 
ɧɚ ɷɬɨɬ ɮɚɤɬ, ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɨɫɬɚɟɬɫɹ ɦɧɨ-
ɝɨ ɧɟɪɟɲɟɧɧɵɯ ɜɨɩɪɨɫɨɜ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ 
ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɭɫɬɨɹɜɲɟɣɫɹ ɦɟɬɨɞɢɤɢ 
ɨɛɨɫɧɨɜɚɧɢɹ ɢ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɛɢɧɢ-
ɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ (Ʉɗɋɍ) 
ɞɥɹ ɜɨɟɧɧɵɯ ɝɭɫɟɧɢɱɧɵɯ ɦɚɲɢɧ (ȼȽɆ). ɉɪɢ-
ɦɟɧɹɟɦɵɟ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɢɟ ɦɨɞɟɥɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɩɪɚɜɥɟɧɵ ɧɚ 
ɞɟɬɚɥɶɧɭɸ ɩɪɨɪɚɛɨɬɤɭ ɨɞɧɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ 
Ʉɗɋɍ, ɩɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɤɥɸɱɟ-
ɜɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɭɩɪɨɳɚɸɬɫɹ. 

 Ʉɗɋɍ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɨɠɧɭɸ ɫɢɫɬɟɦɭ 
ɭɫɬɪɨɣɫɬɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɬɟɫɧɨɣ ɜɡɚɢɦɨɫɜɹ-

ɡɢ ɢ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɤɚɤ ɟɞɢɧɨɟ ɰɟɥɨɟ. 
ɉɨɞɯɨɞ ɤ ɜɨɩɪɨɫɭ ɨɛɨɫɧɨɜɚɧɢɹ ɦɨɳɧɨɫɬɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ Ʉɗɋɍ (Ⱦȼɋ, 
ɌɗȾ, Ƚ ɢ ɇɗ), ɚ ɬɚɤ ɠɟ, ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɨɩɬɢ-
ɦɚɥɶɧɨɫɬɢ ɪɟɠɢɦɨɜ ɢɯ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ, 
ɬɪɟɛɭɟɬ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟ-
ɞɨɜɚɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɉɨɷɬɨɦɭ 
ɚɤɬɭɚɥɟɧ ɜɨɩɪɨɫ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɦɨɞɟɥɟɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɞɜɢɠɟɧɢɟ ȼȽɆ ɫ Ʉɗ-
ɋɍ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɜɨ-
ɟɧɧɨɣ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɫ ɤɨɦɛɢɧɢɪɨ-
ɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ 

ȼ ɞɜɢɠɟɧɢɢ ɝɭɫɟɧɢɱɧɚɹ ɦɚɲɢɧɚ ɤɚɤ ɞɢɧɚ-
ɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ ɜɨɡɦɭɳɟɧɢɣ, ɤɨɬɨɪɵɟ 
ɭɫɥɨɜɧɨ ɞɟɥɹɬɫɹ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɜɧɟɲɧɢɟ ɭɫ-
ɥɨɜɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɫɨɫɬɨɹɧɢɟɦ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɭɱɚɫɬɤɚ ɩɭɬɢ; ɜɧɭɬɪɟɧɧɢɟ ɭɫɥɨɜɢɹ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɞɢɬɟɥɹ ɧɚ 
ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɜɢɠɟ-
ɧɢɹ ȼȽɆ ɫ Ʉɗɋɍ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɚɥɢɱɢɟ ɡɧɚ-
ɱɟɧɢɣ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧɬɨɜ ɢ ɫɢɥ, ɞɟɣɫɬɜɭɸ-
ɳɢɯ ɝɭɫɟɧɢɱɧɭɸ ɦɚɲɢɧɭ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɜɧɟɲɧɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɞɜɢɠɟɧɢɸ ɝɭɫɟɧɢɱ-
ɧɨɣ ɦɚɲɢɧɵ ɫɜɹɡɚɧɨ ɫ ɪɚɫɫɦɨɬɪɟɧɢɟɦ ɫɢɥ ɢ 
ɦɨɦɟɧɬɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɧɟɟ, ɨɩɪɟɞɟɥɹɸɬ-
ɫɹ ɩɨ ɮɨɪɦɭɥɚɦ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɞɜɢɠɟ-
ɧɢɹ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ. Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ 
ɭɱɟɬɚ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɦɚɲɢɧɭ, ɧɟɨɛɯɨ-
ɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɫɢɥɨɜɵɟ ɮɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ 
ɜɨɡɧɢɤɚɸɬ ɜ ɤɨɧɬɚɤɬɟ ɝɭɫɟɧɢɰɵ ɫ ɝɪɭɧɬɨɦ ɩɪɢ 
ɩɨɜɨɪɨɬɟ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜ-
ɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɧɟɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɞɜɢ-
ɠɟɧɢɟ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ ɧɚ ɩɨɜɨɪɨɬɟ, ɫɢɥɵ



ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ 
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ɢ ɦɨɦɟɧɬɵ ɜ ɩɪɚɜɵɯ ɱɚɫɬɹɯ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ 
ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɭɫɟɧɢɰ ɫ ɝɪɭɧɬɨɦ ɩɨ          
ɪɢɫɭɧɤɭ 1. 

ɋɨɝɥɚɫɧɨ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɟ ɩɨɥɨɠɟɧɢɟ 
ɦɚɲɢɧɵ ɧɚ ɩɥɨɫɤɨɫɬɢ ɡɚɞɚɧɨ ɞɜɭɦɹ ɥɢɧɟɣ-

ɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ xC, yC ɢ 
ɤɭɪɫɨɜɵɦ ɭɝɥɨɦ  , ɩɨɤɚɡɵɜɚɸɳɢɦ ɨɬɤɥɨɧɟ-
ɧɢɟ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɦɚɲɢɧɵ ɨɬ ɨɫɢ  ɤɨɨɪɞɢ-
ɧɚɬ Y. [3, 4]  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ɋɢɫ. 1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ 

 
Ƚɞɟ: X,Y – ɞɟɤɚɪɬɨɜɵ ɤɨɨɪɞɢɧɚɬɵ, φ – 

ɤɭɪɫɨɜɨɣ ɭɝɨɥ, Ɇɐȼ – ɦɝɧɨɜɟɧɧɵɣ ɰɟɧɬɪ 
ɜɪɚɳɟɧɢɹ, F1,F2 – ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ 
ɨɬɫɬɚɸɳɟɦ ɢ ɡɚɛɟɝɚɸɳɟɦ ɛɨɪɬɭ, Vc – ɥɢɧɟɣ-

ɧɚɹ ɫɤɨɪɨɫɬɶ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ,  – ɩɪɨɞɨɥɶ-
ɧɨɟ ɫɦɟɳɟɧɢɟ ɩɨɥɸɫɚ ɩɨɜɨɪɨɬɚ, L – ɩɪɨ-
ɞɨɥɶɧɚɹ ɛɚɡɚ ɦɚɲɢɧɵ, ȼ – ɩɨɩɟɪɟɱɧɚɹ ɛɚɡɚ 
ɦɚɲɢɧɵ, x1 – ɩɨɩɟɪɟɱɧɨɟ ɫɦɟɳɟɧɢɟ ɩɨɥɸɫɚ 
ɩɨɜɨɪɨɬɚ ɨɬɫɬɚɸɳɟɣ ɝɭɫɟɧɢɰɵ, x2 – ɩɨɩɟɪɟɱ-
ɧɨɟ ɫɦɟɳɟɧɢɟ ɩɨɥɸɫɚ ɩɨɜɨɪɨɬɚ ɡɚɛɟɝɚɸɳɟɣ 
ɝɭɫɟɧɢɰɵ, Vɋ ɛɨɤ – ɫɨɫɬɚɜɥɹɸɳɚɹ Vɋ , ɧɚɩɪɚɜ-
ɥɟɧɧɚɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɫɢ ɤɨɪɩɭɫɚ ɦɚɲɢ-
ɧɵ, Vɋ ɩɪ – ɫɨɫɬɚɜɥɹɸɳɚɹ Vɋ , ɧɚɩɪɚɜɥɟɧɧɚɹ 
ɜɞɨɥɶ ɨɫɢ ɤɨɪɩɭɫɚ ɦɚɲɢɧɵ, Tx1 , Ty1 – ɫɨɫɬɚɜ-
ɥɹɸɳɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɢɥɵ ɬɪɟɧɢɹ ɨɬ-
ɫɬɚɸɳɟɣ ɝɭɫɟɧɢɰɵ ɨ ɝɪɭɧɬ, Tx2 , Ty2 – ɫɨɫɬɚɜ-
ɥɹɸɳɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɫɢɥɵ ɬɪɟɧɢɹ ɡɚɛɟ-
ɝɚɸɳɟɣ ɝɭɫɟɧɢɰɵ ɨ ɝɪɭɧɬ, Ɇɬ1 , Ɇɬβ – ɪɟɡɭɥɶ-
ɬɢɪɭɸɳɢɟ ɦɨɦɟɧɬɵ ɬɪɟɧɢɹ ɨɬɫɬɚɸɳɟɣ ɢ ɡɚ-
ɛɟɝɚɸɳɟɣ ɝɭɫɟɧɢɰ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɸɫɨɜ ɩɨ-
ɜɨɪɨɬɚ ɋ1 ɢ ɋ2  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ω=Нφ/dt – ɭɝ-
ɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɩɨɜɨɪɨɬɚ ɤɨɪɩɭɫɚ, Vɋ1 , Vɋβ – 
ɫɤɨɪɨɫɬɢ ɩɨɥɸɫɨɜ ɩɨɜɨɪɨɬɚ ɨɬɫɬɚɸɳɟɣ ɢ ɡɚ-
ɛɟɝɚɸɳɟɣ ɝɭɫɟɧɢɰ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɉɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ ɫɜɹɡɟɣ, ɯɚɪɚɤɬɟɪɢ-
ɡɭɸɳɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɝɭɫɟɧɢɰ ɫ ɝɪɭɧɬɨɦ, 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɫɚ ɦɚɲɢɧɵ ɩɪɢ ɩɨɜɨ-
ɪɨɬɟ ɩɨ ɛɨɪɬɚɦ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɹɝɨɜɵɯ ɭɫɢ-
ɥɢɣ ɧɚ ɝɭɫɟɧɢɰɚɯ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɹɦɨɥɢ-
ɧɟɣɧɨɦɭ ɞɜɢɠɟɧɢɸ ɢ ɩɨɜɨɪɨɬɭ ȼȽɆ ɜɡɹɬɵ ɢɡ 
ɪɚɛɨɬ Д5, 6].  

1. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɛɭɤɫɨɜɚɧɢɹ 
1

  ɢ 
2

  

ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɹɦ [3]: 
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ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɜɟɞɭɳɢɯ ɤɨɥɟɫ 
ɦɚɲɢɧɵ. 

 

2. Ɂɚɜɢɫɢɦɨɫɬɢ Ty1(x1,y), Ty2(x2,y) ɜɡɹɬɵ 
ɢɡ ɪɚɛɨɬɵ Д5].  

γ. ɋɢɥɵ ɬɹɝɢ ɧɚ ɝɭɫɟɧɢɰɚɯ ɡɚɞɚɧɵ ɪɚɜɧɵ-
ɦɢ ɩɪɨɞɨɥɶɧɵɦ ɫɨɫɬɚɜɥɹɸɳɢɦ ɫɢɥ ɬɪɟɧɢɹ 
ɝɭɫɟɧɢɰɵ ɫ ɝɪɭɧɬɨɦ   

 yxTP y ,111  ;  yxTP y ,222  . 

ȼɚɠɧɵɦ ɷɬɚɩɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ 
ɜɵɛɨɪ ɛɚɡɨɜɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɢ ɫɯɟɦɵ 
ɡɚɦɟɳɟɧɢɹ  Ʉɗɋɍ. Ɋɚɡɪɚɛɚɬɵɜɚɟɦɚɹ Ʉɗɋɍ 
ɫɨɫɬɨɢɬ ɢɡ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ 
(Ⱦȼɋ), ɨɛɳɟɝɨ ɝɟɧɟɪɚɬɨɪɚ (Ƚ), ɧɚɤɨɩɢɬɟɥɹ 
ɷɧɟɪɝɢɢ (ɇɂ) ɢ ɞɜɭɯ ɛɨɪɬɨɜɵɯ ɬɹɝɨɜɵɯ ɜɟɧ-
ɬɢɥɶɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ (ɌɗȾ), ɫɨɟɞɢɧɟɧ-
ɧɵɯ ɱɟɪɟɡ ɪɟɞɭɤɬɨɪɵ ɫ ɜɟɞɭɳɢɦɢ ɤɨɥɟɫɚɦɢ. 
ȼɫɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɢɦɟɸɬ ɫɢɥɨɜɵɟ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ. ɋɬɪɭɤ-
ɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 
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Ɋɢɫ. β. Ȼɚɡɨɜɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ: 

ɝɞɟ: ȼɄ – ɜɟɞɭɳɢɟ ɤɨɥɟɫɚ; Ⱦȼɋ – ɞɜɢɝɚɬɟɥɶ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ; ɗȻɍȾ – ɷɥɟɤɬɪɨɧɧɵɣ ɛɥɨɤ ɭɩɪɚɜɥɟ-
ɧɢɹ ɞɜɢɝɚɬɟɥɟɦ; ɂɍɋ-ɒ – ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɭɩɪɚɜɥɹɸɳɚɹ ɫɢɫɬɟɦɚ ɲɚɫɫɢ; ɉɉɌ – ɩɟɞɚɥɶ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ; 
ɉɌɋ – ɩɟɞɚɥɶ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ; Ƚ – ɝɟɧɟɪɚɬɨɪ; ɂ – ɢɧɜɟɤɬɨɪ ɫ ɤɨɦɦɭɬɚɬɨɪɨɦ ɰɟɩɟɣ ɨɛɦɨɬɨɤ ɜɨɡɛɭɠɞɟ-
ɧɢɹ; ȼɂ – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɢɧɜɟɤɬɨɪ; ɇɗ – ɧɚɤɨɩɢɬɟɥɶ ɷɧɟɪɝɢɢ (ɬɹɝɨɜɚɹ ɚɤɤɭɦɭɥɹɬɨɪɧɚɹ ɛɚɬɚɪɟɹ ɢɥɢ ɧɚ-

ɤɨɩɢɬɟɥɶ ɤɨɧɞɟɧɫɚɬɨɪɧɨɝɨ ɬɢɩɚ); ɌɗȾ – ɬɹɝɨɜɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ; ȻɊ – ɛɨɪɬɨɜɨɣ ɪɟɞɭɤɬɨɪ.  
ɀɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɨɛɨɡɧɚɱɟɧɚ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɜɹɡɶ, ɩɭɧɤɬɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɨɛɨɡɧɚɱɟɧɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 

ɫɜɹɡɶ, ɬɨɧɤɢɦɢ – ɫɢɝɧɚɥɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɢɫɬɟɦɭ ɩɟɪɟ-
ɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɮɨɪɦɭɥɢɪɨ-
ɜɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɞɜɢɠɟɧɢɹ ȼȽɆ 
ɫ Ʉɗɋɍ, ɜ ɜɢɞɟ ɲɟɫɬɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɨɩɢɫɵɜɚɸɳɢɟ 
ɞɜɢɠɟɧɢɟ ɤɨɪɩɭɫɚ ɦɚɲɢɧɵ, ɜɪɚɳɟɧɢɟ ɜɚɥɨɜ 
Ⱦȼɋ, ɝɟɧɟɪɚɬɨɪɚ ɢ ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɟɣ: 
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ȼ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ (3) – (8) ɢɫɩɨɥɶɡɨ-
ɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: Ɍ – ɬɟɤɭɳɟɟ 
ɜɪɟɦɹ, ɫ; ɫɫ YX ,  – ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɬɹɠɟ-
ɫɬɢ ɦɚɲɢɧɵ, ɦ; φ – ɤɭɪɫɨɜɨɣ ɭɝɨɥ, ɪɚɞ; ɝ , 
ɷɞ1 , ɷɞ2  – ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɬɹɝɨɜɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɪɚɞ/ɫ; G – ɜɟɫ 
ɦɚɲɢɧɵ, ɇ; g – ɭɫɤɨɪɟɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ, ɦ/ɫ2

; 
P1, P2 – ɫɢɥɵ ɬɹɝɢ ɧɚ ɜɟɞɭɳɢɯ ɤɨɥɟɫɚɯ, ɇ; Pf1, 

Pf2 , – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɟɪɟɞɜɢɠɟɧɢɸ ɤɨɥɟɫ, ɇ; 
Rɛ – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɛɨɤɨɜɨɦɭ ɩɟɪɟɦɟ-
ɳɟɧɢɸ ɜɫɟɯ ɤɨɥɟɫ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɫɭɦɦɚ 
ɩɨɩɟɪɟɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɢɥ ɬɪɟɧɢɹ ɤɨɥɟɫ 
ɨ ɝɪɭɧɬ; Jɋ, J1, J2, J3 – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɤɨɪɩɭ-
ɫɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ, ɩɪɨɯɨɞɹ-
ɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɬɹɠɟɫɬɢ, ɦɨɦɟɧɬɵ ɢɧɟɪɰɢɢ 
ɞɜɢɝɚɬɟɥɹ ɢ ɝɟɧɟɪɚɬɨɪɚ, ɛɨɪɬɨɜɵɯ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɟɣ ɫ ɩɪɢɫɨɟɞɢɧɟɧɧɵɦɢ ɤ ɧɢɦ ɦɚɫɫɚ-
ɦɢ, ɤɝ·ɦ2

; Ɇɫ, Ɇɞ, Ɇɝɧ, Ɇɷɞ1 , Ɇɷɞβ – ɦɨɦɟɧɬɵ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɞɜɢɝɚɬɟɥɹ, ɝɟɧɟɪɚɬɨɪɚ, ɷɥɟɤ-
ɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɇ·ɦ; Rɜɤ – ɪɚ-
ɞɢɭɫ ɜɟɞɭɳɟɝɨ ɤɨɥɟɫɚ, ɦ; iɤ, i1, i2, iɛɩ – ɩɟɪɟɞɚ-
ɬɨɱɧɵɟ ɱɢɫɥɚ ɜ ɬɪɚɧɫɦɢɫɫɢɢ. 

ɂɡɜɟɫɬɧɵ ɫɥɟɞɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɫɜɹɡɟɣ 
ɞɥɹ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ Д7, 8]: 

– ɞɥɹ ɝɟɧɟɪɚɬɨɪɚ: 
 

             ɝɧɝɧɝɧɝɧ IrEU  ,                (9) 

 

ɝɞɟ ɝɧr  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜ ɨɛɦɨɬɤɟ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ, Ɉɦ; 

ɝɧU  – ɧɚɩɪɹɠɟɧɢɟ, ɜɵɞɚɜɚɟɦɨɟ ɝɟɧɟɪɚɬɨɪɨɦ 

ɜ ɫɟɬɶ, ȼ; ɝɧE  – ɗȾɋ ɝɟɧɟɪɚɬɨɪɚ, ȼ; 
 

     

ɝɧɝɧɟɝɧ IФɋpwkɆ 
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ɝ
101

2R

UɎ3 ,     (10) 

 

ɝɞɟ ɝɧɆ  – ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɝɟɧɟɪɚɬɨɪɚ, 

ɇ·ɦ, ɟɋ  – ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ ɞɚɧɧɨɣ ɦɚɲɢɧɵ 
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ɜɟɥɢɱɢɧɚ, ɝɧФ  – ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ, ȼɛ, ɝɧI  – 

ɬɨɤ, Ⱥ, k01 – ɨɛɦɨɬɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɮɚɡɵ, 
p – ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ ɪɨɬɨɪɚ, w1 –  ɱɢɫɥɨ 
ɜɢɬɤɨɜ ɨɞɧɨɣ ɮɚɡɵ;  

 

      ɝɧɟɝɧɝɧɝɧ ɋФpwkE   ɝɧ101 Ɏ3 ,    (11) 

 

ɝɞɟ  ɝɧ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚ-
ɥɚ ɝɟɧɟɪɚɬɨɪɚ; 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɨɣ, 
ɨɩɪɟɞɟɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɯɟɦɵ ɡɚ-
ɦɟɳɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ɋɢɫ.γ. ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

 

Ɉɫɧɨɜɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɬɨɤɚɦɢ ɜ 
ɜɟɬɜɹɯ ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ 
Ɇɚɤɫɜɟɥɥɚ:  
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ɝɞɟ 21,, ɷɞɷɞɝɧ rrr  – ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɦɨɬɨɤ 
ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɢ 
ɞɜɭɯ ɌɗȾ, ɝɧR , 1ɷɞR , 2ɷɞR – ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɫɬɚɬɨɪɧɵɯ ɨɛɦɨɬɨɤ ɝɟɧɟɪɚɬɨɪɚ ɢ ɞɜɭɯ ɌɗȾ, 

ɇЭR  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɇɗ. 
Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚ-

ɧɢɹ, ɨɩɪɟɞɟɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ʉɗɋɍ ɢ 
ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. Ɋɚɡɜɢɬɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ȼȽɆ, ɫɨ-
ɫɬɨɹɳɚɹ ɢɡ ɲɟɫɬɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜ-
ɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɞɜɢɠɟɧɢɟ ɦɚɲɢɧɵ ɜ 
ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ, ɚ ɬɚɤɠɟ ɭɪɚɜɧɟɧɢɣ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ  ɷɧɟɪɝɨɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ, 

ɩɨɥɭɱɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɯɟɦɵ ɡɚɦɟ-
ɳɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ. Ⱦɚɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɢɬ ɛɨɥɟɟ ɬɨɱɧɨ ɩɪɨɜɨɞɢɬɶ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɜɢɠɟɧɢɹ ɜɨɟɧɧɨɣ ɝɭɫɟɧɢɱ-
ɧɨɣ ɦɚɲɢɧɵ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɷɧɟɪɝɨɫɢɥɨ-
ɜɨɣ ɭɫɬɚɧɨɜɤɨɣ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɟɟ 
ɪɚɰɢɨɧɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ  ɩɚɪɚɦɟɬɪɨɜ ɨɫɧɨɜ-
ɧɵɯ ɷɥɟɦɟɧɬɨɜ Ʉɗɋɍ. 
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MATHEMATICAL MODEL OF MOTION OF 
A MILITARY TRACKED VEHICLE WITH COMBINED 

POWER INSTALLATION 
 

V.V. Zakharov  
 

Abstract. The article investigates the process of 
military tracked vehicle movement with a combined 
power plant. The proposed mathematical model al-
lows to study curved, controlled movement of military 
tracked vehicle and its components: an internal com-
bustion engine, the generator, the traction motors. 
Implementation of the proposed model approach, the 
most accurate method to determine the main parame-
ters of the combined power plant, military tracked ve-
hicle. 

 

Keywords: military tracked vehicle mobility, 
energy storage, traction motors. 
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Аɧɧɨɬɚɰиɹ. ɉɪɢɜɨɞɢɬɫɹ ɨɩɢɫɚɧɢɟ ɫɩɨɫɨɛɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɡɟɦɥɢ ɧɚ ɨɫɧɨɜɟ ɪɚɫɫɬɨɹɧɢɣ ɞɨ ɬɪɟɯ ɫɩɭɬɧɢɤɨɜ. ɋɩɨɫɨɛ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɨɪɞɢɧɚɬ ɞɨɪɨɠɧɵɯ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ ɩɪɢ ɩɨɦɨɳɢ ɫɢɫɬɟɦɵ 
ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ Ƚɥɨɧɚɫɫ/GPS. ɂɫɩɨɥɶɡɨɜɚɧ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɨɞɧɨ-
ɪɨɞɧɵɯ ɤɨɨɪɞɢɧɚɬ. ɉɪɢɦɟɧɹɟɬɫɹ ɩɪɢɟɦ ɡɚɦɟɧɵ ɢɫɯɨɞɧɨɣ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɪɟɲɟɧɢɣ ɫɢɫ-
ɬɟɦɵ ɢɡ ɬɪɟɯ ɭɪɚɜɧɟɧɢɣ ɫɮɟɪ ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ɧɚ ɭɩɪɨɳɟɧɧɭɸ ɩɪɢ ɩɨɦɨɳɢ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ, ɧɚɤɥɚɞɵɜɚɟɦɵɯ ɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ. Ɋɟɲɟɧɢɟ ɭɩ-
ɪɨɳɟɧɧɨɣ ɡɚɞɚɱɢ ɜɵɫɬɭɩɚɟɬ ɤɚɤ ɷɬɚɩ ɪɟɲɟɧɢɹ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ. ȼɵɩɨɥɧɟɧɚ ɜɵɱɢɫɥɢɬɟɥɶ-
ɧɚɹ ɩɪɨɜɟɪɤɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɫɩɨɫɨɛɚ, ɤɨɬɨɪɚɹ ɞɨɤɚɡɚɥɚ ɟɝɨ ɚɞɟɤɜɚɬɧɨɫɬɶ ɢ ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɨɫɬɶ. Ɇɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɩɭɬɧɢɤɨɜ Ƚɥɨɧɚɫɫ/GPS ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɪɚɛɨ-
ɬɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɦɨɠɟɬ ɛɵɬɶ ɫɧɢɠɟɧɨ ɫ ɱɟɬɵɪɟɯ ɜ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɢɤɚɯ ɞɨ ɬɪɟɯ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɫɩɭɬɧɢɤɨɜɚɹ ɧɚɜɢɝɚɰɢɹ, Ƚɥɨɧɚɫɫ, GPS, ɤɨɨɪɞɢɧɚɬɵ, ɪɚɫɫɬɨɹɧɢɟ. 
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