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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. 
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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. 
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ȼɜɟɞɟɧɢɟ 
ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢ-

ɧɚɬ ɞɨɪɨɠɧɵɯ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ (ȾɋɆ) ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ ɩɪɢ ɩɨɦɨɳɢ ɫɢɫɬɟɦɵ ɝɥɨ-
ɛɚɥɶɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ Ƚɥɨɧɚɫɫ/GPS ɹɜɥɹ-
ɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɩɨ-

ɡɜɨɥɢɬ ɩɨɥɭɱɢɬɶ ɡɧɚɱɢɬɟɥɶɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ 
ɷɮɮɟɤɬ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɞɨɪɨɝ. 

ɉɪɢ ɷɬɨɦ ɞɥɹ ɨɞɧɨɡɧɚɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨ-
ɨɪɞɢɧɚɬ ɬɨɱɤɢ ɜ ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɩɨ-
ɦɨɳɶɸ ɞɚɥɶɧɨɦɟɪɧɨɝɨ ɦɟɬɨɞɚ ɞɨɫɬɚɬɨɱɧɨ ɫɢɝ-
ɧɚɥɨɜ ɱɟɬɵɪɟɯ ɫɩɭɬɧɢɤɨɜ ɫɢɫɬɟɦɵ ɝɥɨɛɚɥɶɧɨɝɨ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ Д1, β, γ, 4, 5Ж. 

 

 
Ɋɢɫ. 1. Ɍɨɱɤɚ Target (ȾɋɆ), ɬɪɢ ɬɨɱɤɢ ɫɩɭɬɧɢɤɨɜ ɢ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ O0X0Y0Z0 ɢ OSXSYSZS 

 
ȼ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɢɡɜɟɫɬɧɨ ɨɩɢɫɚɧɢɟ 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ ɩɨ ɪɚɫɫɬɨɹɧɢɹɦ ɞɨ ɱɟɬɵɪɟɯ 
ɫɩɭɬɧɢɤɨɜ Д1, 2, 3, 4, 5Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɩɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 
ɬɨɱɤɢ, ɩɪɢɧɚɞɥɟɠɚɳɟɣ ȾɋɆ, ɨɛɨɪɭɞɨɜɚɧɧɨɣ 
ɞɚɬɱɢɤɚɦɢ Ƚɥɨɧɚɫɫ/GPS, ɩɨ ɬɪɟɦ ɫɩɭɬɧɢɤɚɦ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ɂɦɟɟɬɫɹ ɧɟɩɨɞɜɢɠɧɚɹ ɩɪɚɜɚɹ ɨɪɬɨɝɨ-

ɧɚɥɶɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ O0X0Y0Z0, ɫɜɹ-
ɡɚɧɧɚɹ ɫ Ɂɟɦɥɟɣ ɢ ɧɚɯɨɞɹɳɚɹɫɹ ɧɚ ɟɟ ɩɨ-
ɜɟɪɯɧɨɫɬɢ. Ɉɫɶ O0Z0 ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚɩɪɚɜ-
ɥɟɧɚ ɜɟɪɬɢɤɚɥɶɧɨ ɜɜɟɪɯ, ɨɫɢ O0X0 ɢ O0Y0 ɪɚɫ-
ɩɨɥɨɠɟɧɵ ɧɚ ɩɥɨɫɤɨɫɬɢ ɢ ɨɛɪɚɡɭɸɬ ɩɪɚɜɭɸ 
ɨɪɬɨɝɨɧɚɥɶɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ. Ɍɚɤɠɟ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ ɢɦɟɟɬɫɹ ɩɪɢɧɚɞɥɟɠɚɳɚɹ 
ɞɨɪɨɠɧɨɣ ɢɥɢ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɚɲɢɧɟ ɬɨɱɤɚ 
Target, ɤɨɨɪɞɢɧɚɬɵ  ɤɨɬɨɪɨɣ ɜ ɫɢɫɬɟɦɟ 
O0X0Y0Z0 ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ. ɇɚ ɝɟɨɫɬɚɰɢɨ-
ɧɚɪɧɵɯ ɨɪɛɢɬɚɯ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ Ɂɟɦɥɢ ɧɚ-

ɯɨɞɹɬɫɹ ɬɪɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɚ, ɱɶɢ ɤɨ-
ɨɪɞɢɧɚɬɵ ɜ ɫɢɫɬɟɦɟ O0X0Y0Z0 ɜ ɥɸɛɨɣ ɦɨ-
ɦɟɧɬ ɜɪɟɦɟɧɢ ɢɡɜɟɫɬɧɵ: Дx01; y01; z01Ж ɞɥɹ 
ɫɩɭɬɧɢɤɚ № 1, Дx02; y02; z02Ж ɞɥɹ ɫɩɭɬɧɢɤɚ № β ɢ 
[x03; y03; z03Ж ɞɥɹ ɫɩɭɬɧɢɤɚ № γ. 

Ɍɚɤɠɟ ɢɡɜɟɫɬɧɵ ɬɪɢ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɬɪɟɯ 
ɫɩɭɬɧɢɤɨɜ (ɫɩɭɬɧɢɤɢ № 1, β ɢ γ) ɞɨ ɬɨɱɤɢ 
Target: l1, l2, l3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫ. 1), ɢɡɦɟ-
ɪɟɧɧɵɟ ɩɪɢ ɩɨɦɨɳɢ Ƚɥɨɧɚɫɫ/GPS-ɞɚɬɱɢɤɚ, 
ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɬɨɱɤɟ Target. 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱ-
ɤɢ Target [x0T; y0T; z0TЖ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ O0X0Y0Z0, ɫɜɹɡɚɧɧɨɣ ɫ Ɂɟɦɥɟɣ. 

Ɂɚɦɟɧɚ ɢɫɯɨɞɧɨɣ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ ɧɚ 
ɭɩɪɨɳɟɧɧɭɸ 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɹɦɨɝɨ ɪɟɲɟɧɢɹ ɢɫɯɨɞ-
ɧɨɣ ɡɚɞɚɱɢ ɡɚɬɪɭɞɧɟɧɨ ɝɪɨɦɨɡɞɤɨɫɬɶɸ ɪɟɲɟ-
ɧɢɣ ɫɢɫɬɟɦɵ ɢɡ ɬɪɟɯ ɭɪɚɜɧɟɧɢɣ ɫɮɟɪ ɜ ɞɟ-
ɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ Д1, 2, 5].  
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Ɋɢɫ. β. ɋɯɟɦɚ ɭɩɪɨɳɟɧɧɨɣ ɡɚɞɚɱɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ 

 
Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɟɲɟɧɢɹ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ 

ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɭɩɪɨɳɟɧɧɚɹ ɩɪɢ ɩɨɦɨɳɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨɫɬɚɧɨɜɤɚ ɡɚ-
ɞɚɱɢ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ ɜ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ OSXSYSZS, ɫɜɹɡɚɧɧɨɣ ɫ ɬɨɱɤɚɦɢ 
ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ ɫɩɭɬɧɢɤɨɜ № 1, β ɢ γ. 

Ɉɫɢ ɫɢɫɬɟɦɵ OSXSYSZS ɞɥɹ ɭɩɪɨɳɟɧɢɹ 
ɜɵɜɨɞɢɦɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɪɚɫɩɨɥɚɝɚɥɢɫɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɨɫɶ OSXS ɫɨɟɞɢɧɹɟɬ 
ɬɨɱɤɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɩɭɬɧɢɤɨɜ № 1 ɢ № β, 
ɩɪɢɱɟɦ ɬɨɱɤɚ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ OS ɫɨɜɩɚɞɚɟɬ 
ɫ ɬɨɱɤɨɣ ɫɩɭɬɧɢɤɚ № 1. Ɍɨɱɤɚ ɫɩɭɬɧɢɤɚ № γ 
ɪɚɫɩɨɥɚɝɚɥɚɫɶ ɜ ɩɥɨɫɤɨɫɬɢ OSXSYS (ɪɢɫ. β). 

ɋɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ OSXSYSZS ɦɨɠɧɨ ɪɚɫ-
ɩɨɥɨɠɢɬɶ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɨɩɢɫɚɧɧɵɯ ɨɝɪɚɧɢ-
ɱɟɧɢɣ ɩɪɢ ɥɸɛɵɯ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɤɨɨɪ-
ɞɢɧɚɬ ɬɪɟɯ ɫɩɭɬɧɢɤɨɜ, ɬ.ɟ. ɞɥɹ ɥɸɛɨɣ ɮɨɪɦɵ 
ɬɪɟɭɝɨɥɶɧɢɤɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɬɨɱɤɚɦɢ ɫɩɭɬɧɢ-
ɤɨɜ. 

ɉɪɢ ɨɩɢɫɚɧɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɬɨɱɟɤ ɬɪɟɯ 
ɫɩɭɬɧɢɤɨɜ ɜ ɫɢɫɬɟɦɟ OSXSYSZS, ɧɟɨɛɯɨɞɢɦɨ 
ɧɚɣɬɢ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ȾɋɆ Target [xST; yST; 
zSTЖ ɜ ɫɢɫɬɟɦɟ OSXSYSZS.  

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɭɩɪɨɳɟɧɧɨɣ 
ɡɚɞɚɱɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ 
ɜɵɫɬɭɩɚɸɬ: ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɬɪɟɯ ɫɩɭɬɧɢɤɨɜ 
(ɫɩɭɬɧɢɤɢ № 1, β ɢ γ) ɞɨ ɬɨɱɤɢ Target: l1, l2, l3 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɤɨɨɪɞɢɧɚɬɵ ɬɪɟɯ ɫɩɭɬɧɢɤɨɜ 
ɜ ɫɢɫɬɟɦɟ OSXSYSZS: Д0; 0; 0Ж ɞɥɹ ɫɩɭɬɧɢɤɚ № 
1, [xS2; 0; 0Ж ɞɥɹ ɫɩɭɬɧɢɤɚ № β ɢ ДxS3; yS3; 0Ж ɞɥɹ 
ɫɩɭɬɧɢɤɚ № γ. 

 
 

Ɋɟɲɟɧɢɟ ɭɩɪɨɳɟɧɧɨɣ ɡɚɞɚɱɢ ɫ ɞɨɩɨɥ-
ɧɢɬɟɥɶɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ 

1. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɫɬɨɹɧɢɟ lS12 ɨɬ ɬɨɱɤɢ 
ɫɩɭɬɧɢɤɚ № 1 ɞɨ ɬɨɱɤɢ ɫɩɭɬɧɢɤɚ № β. ɋ ɭɱɟ-
ɬɨɦ ɩɪɢɧɹɬɵɯ ɨɝɪɚɧɢɱɟɧɢɣ: 

 
lS12=xS2.        (1) 

 
β. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɩɨɥɭɩɟɪɢɦɟɬɪɚ 

p ɬɪɟɭɝɨɥɶɧɢɤɚ, ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɬɨɱɤɚɦɢ ɞɜɭɯ 
ɫɩɭɬɧɢɤɨɜ № 1, № β, ɢ ɬɨɱɤɨɣ Target. ɍɱɢɬɵ-
ɜɚɹ, ɱɬɨ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɬɨɱɤɚɦɢ №1–
Target ɢ  № 2–Target ɪɚɜɧɵ ɢɫɯɨɞɧɵɦ ɞɚɧ-
ɧɵɦ l1 ɢ l2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, p ɪɚɜɟɧ: 

 
p=(l1+l2+lS12)/2.             (2) 

 
γ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɜɵɫɨɬɚ R ɬɪɟɭɝɨɥɶɧɢɤɚ 

№1–№β–Target, ɨɩɭɳɟɧɧɚɹ ɢɡ ɬɨɱɤɢ Target ɧɚ 
ɫɬɨɪɨɧɭ №1–№β ɬɪɟɭɝɨɥɶɧɢɤɚ. ɂɫɩɨɥɶɡɭɟɬɫɹ 
ɮɨɪɦɭɥɚ ɞɥɢɧɵ ɜɵɫɨɬɵ ɱɟɪɟɡ ɫɬɨɪɨɧɵ ɬɪɟ-
ɭɝɨɥɶɧɢɤɚ Д6]: 

 

        12 1 2

12

2
( ) ( ) ( )S

S

R p p l p l p l
l

.     (3) 

ȼɵɫɨɬɚ R ɨɞɧɨɜɪɟɦɟɧɧɨ ɹɜɥɹɟɬɫɹ ɪɚɞɢɭ-
ɫɨɦ ɨɤɪɭɠɧɨɫɬɢ, ɥɟɠɚɳɟɣ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɚ-
ɪɚɥɥɟɥɶɧɨɣ OSYSZS ɫ ɰɟɧɬɪɨɦ ɜ ɬɨɱɤɟ, 
ɢɦɟɸɳɟɣ ɤɨɨɪɞɢɧɚɬɵ ДxST; 0; 0]. 

4. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɤɨɨɪɞɢɧɚɬɵ xST 
ɬɨɱɤɢ Target ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɟɦɵ        
ɉɢɮɚɝɨɪɚ Д6] (sgn – ɮɭɧɤɰɢɹ ɡɧɚɤɚ ɱɢɫɥɚ): 

XS 

YS 

ZS 

l1 

l2 

l3 

№1 

№2 

№3 

Target 

OS 
|xST| 

R 

R 

lS12 
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   2 2

1 2 1sgn( )STx l l l R .  (4) 

 
5. Ɏɨɪɦɢɪɭɟɬɫɹ ɫɢɫɬɟɦɚ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ 

ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ Target, ɫɨɫɬɨɹɳɚɹ ɢɡ ɭɪɚɜ-
ɧɟɧɢɹ ɨɤɪɭɠɧɨɫɬɢ ɪɚɞɢɭɫɨɦ R ɫ ɰɟɧɬɪɨɦ ɜ 
ɬɨɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ДxST; 0; 0Ж ɢ ɭɪɚɜɧɟɧɢɹ 
ɢɡɜɟɫɬɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ l3 ɦɟɠɞɭ ɞɜɭɦɹ ɬɨɱɤɚ-
ɦɢ Target ɢ № 3: 

 

 
  


     

2 2 2

2 2 2

3 3 3

;

( ) ( ) ( ) .

ST ST

S ST S ST ST

y z R

x x y y z l
  (5) 

 
ɇɟɢɡɜɟɫɬɧɵɦɢ ɜ ɫɢɫɬɟɦɟ (5) ɹɜɥɹɸɬɫɹ ɞɜɟ 

ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ Target yST ɢ zST. 
6. ȿɞɢɧɫɬɜɟɧɧɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ (5) ɩɨ 

yST ɢɦɟɟɬ ɜɢɞ: 
 

yST=(xS3
2–β∙xS3∙xST+xST

2
+yS3

2
+R

2–l3
2)/(β∙yS3). (6) 

 
7. ɍɱɢɬɵɜɚɹ ɝɪɨɦɨɡɞɤɨɫɬɶ ɜɵɪɚɠɟɧɢɣ 

ɞɜɭɯ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ (5) ɩɨ zST, ɦɨɞɭɥɶ ɡɧɚ-
ɱɟɧɢɹ zST ɩɪɨɳɟ ɜɵɱɢɫɥɹɟɬɫɹ ɢɡ ɭɪɚɜɧɟɧɢɹ 
ɨɤɪɭɠɧɨɫɬɢ: 

 

 2 2

ST STz R y .                   (7) 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɹ ɭɩɪɨɳɟɧɧɨɣ ɡɚɞɚ-

ɱɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ, ɩɨ (4), 
(6) ɢ (7) ɮɨɪɦɢɪɭɸɬɫɹ ɜɟɤɬɨɪɚ ɞɜɭɯ ɬɨɱɟɤ ɪɟ-
ɲɟɧɢɹ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ДxST; yST; +|zSTеЖ ɢ ДxST; 
yST; –|zST|]. 

Ɋɟɲɟɧɢɟ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ ɫ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɫɨɫɬɚɜɧɨɝɨ ɷɬɚɩɚ ɪɟɲɟ-
ɧɢɹ ɭɩɪɨɳɟɧɧɨɣ ɡɚɞɚɱɢ, ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ ɨɞ-
ɧɨɪɨɞɧɵɯ ɤɨɨɪɞɢɧɚɬ Д2, 3, 7Ж. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɩɪɢɧɹɬ ɪɚɜɧɵɦ 1. 

 
Ɋɢɫ. γ. ɋɯɟɦɚ ɜɟɤɬɨɪɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɬɪɢɰɵ ɩɟɪɟɯɨɞɚ ɢɡ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 

OSXSYSZS ɜ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ O0X0Y0Z0 
 
 

1. ɇɚ ɨɫɧɨɜɟ ɤɨɨɪɞɢɧɚɬ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ 
[x01; y01; z01Ж ɞɥɹ ɫɩɭɬɧɢɤɚ № 1, Дx02; y02; z02] 
ɞɥɹ ɫɩɭɬɧɢɤɚ № β ɢ Дx03; y03; z03Ж ɞɥɹ ɫɩɭɬɧɢɤɚ 
№ γ, ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ O0X0Y0Z0 ɮɨɪɦɢ-

ɪɭɸɬɫɹ ɞɜɚ ɧɟɧɨɪɦɢɪɨɜɚɧɧɵɯ ɜɟɤɬɨɪɚ (ɪɢɫ. 
γ): ɧɚɩɪɚɜɥɟɧɢɹ ɨɬ ɬɨɱɤɢ №1 ɤ              ɬɨɱɤɟ 
№ 2: 

 

      TT zzyyxxzyxR 11
010201020102012012012012

;;;];;;[ 


,                          (8) 

 
ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɨɬ ɬɨɱɤɢ №1 ɤ ɬɨɱɤɟ №γ: 

 

           013 013 013 013 03 01 03 01 03 01[ ; ; ;1] ; ; ;1
TTR x y z x x y y z z ,                           (9) 

 

ȼɟɤɬɨɪ   012[ ; ; ;1]TXS XS XS XSR x y z R , ɜ ɫɨ-
ɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɞɥɹ 
ɭɩɪɨɳɟɧɧɨɣ ɡɚɞɚɱɢ, ɛɭɞɟɬ ɩɚɪɚɥɥɟɥɟɧ ɨɫɢ 
OSXS ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
OSXSYSZS. 

2. ȼɟɤɬɨɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɟɤɬɨɪɨɜ 012R  

ɢ 013R  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ ZSR , ɩɟɪ-

ɩɟɧɞɢɤɭɥɹɪɧɵɣ ɨɞɧɨɜɪɟɦɟɧɧɨ 012R  ɢ 013R  ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɵɦɢ 
ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɞɥɹ ɭɩɪɨɳɟɧɧɨɣ ɡɚɞɚɱɢ, ɩɚ-
ɪɚɥɥɟɥɶɧɵɣ ɨɫɢ OSZS ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ
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ɤɨɨɪɞɢɧɚɬ OSXSYSZS. Ʉɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ 

ZSR  ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɚɦ ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɢɡɜɟ-
ɞɟɧɢɹ ɜ ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ Д6Ж ɪɚɜɧɵ: 

 

   
       
   
 
 

012 013 012 013

012 013 012 013

012 013

012 013 012 013

[ ; ; ; 1] .

1

T
ZS ZS ZS ZS

y z z y

z x x z
R R R x y z

x y y x
                             (10) 

 

γ. ȼɟɤɬɨɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜɟɤɬɨɪɨɜ XSR  

ɢ ZSR  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ YSR , ɩɟɪ-

ɩɟɧɞɢɤɭɥɹɪɧɵɣ ɨɞɧɨɜɪɟɦɟɧɧɨ XSR  ɢ ZSR  ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɚɪɚɥɥɟɥɶɧɵɣ ɨɫɢ OSYS   

ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ OSXSYSZS. 

Ʉɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ YSR  ɫɨɝɥɚɫɧɨ ɮɨɪɦɭɥɚɦ 
ɜɟɤɬɨɪɧɨɝɨ ɩɪɨɢɡɜɟɞɟɧɢɹ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɪɚɜɨɣ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ Д6] 
ɪɚɜɧɵ: 

 

   
       
   
 
 

[ ; ; ; 1] .

1

XS ZS XS ZS

T XS ZS XS ZS
YS XS ZS YS YS YS

XS ZS XS ZS

z y y z

x z z x
R R R x y z

y x x y
                               (11) 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨ (8), (10) ɢ (11) ɜ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ O0X0Y0Z0 ɮɨɪɦɢɪɭɸɬɫɹ ɬɪɢ ɧɟɧɨɪ-
ɦɢɪɨɜɚɧɧɵɯ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɜɟɤɬɨɪɚ , 

YS YSR R  ɢ ZSR , ɧɚɩɪɚɜɥɟɧɢɹ ɤɨɬɨɪɵɯ ɫɨɜɩɚ-
ɞɚɸɬ ɫ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɨɫɟɣ OSXS, OSYS ɢ 
OSZS ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
OSXSYSZS ɫɨɝɥɚɫɧɨ ɩɪɢɧɹɬɵɦ ɞɥɹ ɭɩɪɨɳɟɧ-
ɧɨɣ ɡɚɞɚɱɢ ɨɝɪɚɧɢɱɟɧɢɹɦ. 

4. Ⱦɥɹ ɧɨɪɦɢɪɨɜɚɧɢɹ ɜɟɤɬɨɪɨɜ, YS YSR R  ɢ 

ZSR , ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɨɞɭɥɶ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ: 
 

  2 2 2

XS XS XS XSR x y z ; (12) 

  2 2 2

YS YS YS YSR x y z ; (13) 

  2 2 2

ZS ZS ZS ZSR x y z . (14) 

 
5. ȼɵɩɨɥɧɹɟɬɫɹ ɧɨɪɦɢɪɨɜɚɧɢɟ ɜɟɤɬɨɪɨɜ , 

YS YSR R  ɢ ZSR , ɩɭɬɟɦ ɞɟɥɟɧɢɹ ɢɯ ɤɨɦɩɨɧɟɧ-
ɬɨɜ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɦɨɞɭɥɢ: 

    [ ; ; ;1] / ; / ; / ; 1
T

T
XSɧ БSɧ БSɧ БSɧ БS БS БS БS БS БSR x y z x R y R z R ;  (15) 

 

    [ ; ; ;1] / ; / ; / ; 1
T

T
YSɧ ВSɧ ВSɧ ВSɧ ВS ВS ВS ВS ВS ВSR x y z x R y R z R ;  (16) 

 

    [ ; ; ;1] / ; / ; / ; 1
T

T
ZSɧ ГSɧ ГSɧ ГSɧ ГS ГS ГS ГS ГS ГSR x y z x R y R z R .  (17) 

 
6. ɋɨɝɥɚɫɧɨ ɩɪɚɜɢɥɚɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ Д8Ж, ɤɨɨɪɞɢ-
ɧɚɬɵ ɨɪɬɨɜ , 

YSɧ YSɧR R  ɢ ZSɧR  ɨɫɟɣ ɩɪɹɦɨ-
ɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ OSXSYSZS, ɜɵ-
ɪɚɠɟɧɧɵɟ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɟ 
O0X0Y0Z0, ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ ɷɥɟɦɟɧɬɚɦɢ ɦɚɬɪɢ-
ɰɵ ɧɚɩɪɚɜɥɹɸɳɢɯ ɤɨɫɢɧɭɫɨɜ, ɨɩɢɫɵɜɚɸɳɢɯ 
ɩɨɜɨɪɨɬɵ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ OSXSYSZS ɨɬɧɨ-
ɫɢɬɟɥɶɧɨ O0X0Y0Z0. 

Ɍɨɝɞɚ ɜ ɨɞɧɨɪɨɞɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ɦɚɬɪɢɰɚ 
AS0 ɩɟɪɟɯɨɞɚ ɢɡ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢ-
ɧɚɬ OSXSYSZS ɤ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ O0X0Y0Z0 
ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 

 

 
 
   
 
  

01

01

0
01

 .

0 0 0 1

XSɧ ВSɧ ГSɧ

XSɧ ВSɧ ГSɧ
S

XSɧ ВSɧ ГSɧ

x x x x

y y y y
A

z z z z
       (18) 

7. Ɇɚɬɪɢɰɚ A0S ɩɟɪɟɯɨɞɚ ɢɡ ɫɢɫɬɟɦɵ ɤɨ-
ɨɪɞɢɧɚɬ O0X0Y0Z0 ɤ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪ-
ɞɢɧɚɬ OSXSYSZS ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɦɚɬɪɢɰɟɣ, 
ɨɛɪɚɬɧɨɣ ɤ AS0 [9]: 

     
  1

0 0 0

0

1
 Ɍ

S S S ɞ
S

A A A
A

,        (19) 

 



ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ 
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ɝɞɟ еAS0| – ɨɩɪɟɞɟɥɢɬɟɥɶ ɦɚɬɪɢɰɵ AS0; 0

Ɍ
S ɞA  – 

ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɧɚɹ ɦɚɬɪɢɰɚ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ 
ɞɨɩɨɥɧɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 
ɦɚɬɪɢɰɵ AS0 [9]. 

8. ȼɟɤɬɨɪɚ ɬɪɟɯ ɬɨɱɟɤ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɩɭɬ-
ɧɢɤɨɜ, ɡɚɞɚɧɧɵɟ ɜ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɟ ɤɨ-
ɨɪɞɢɧɚɬ O0X0Y0Z0: 01 01 01 01[ ; ; ;1]TR x y z  ɞɥɹ 

ɫɩɭɬɧɢɤɚ №1, 02 02 02 02[ ; ; ;1]TR x y z  ɞɥɹ ɫɩɭɬ-

ɧɢɤɚ №β ɢ 03 03 03 03[ ; ; ;1]TR x y z  ɞɥɹ ɫɩɭɬɧɢɤɚ 
№γ (ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ) ɜɵ-
ɪɚɠɚɸɬɫɹ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ OSXSYSZS: 

 

  1 1 1 1 0 01[ ; ; ;1]TS S S S SR x y z A R         (20) 

 

  2 2 2 2 0 02[ ; ; ;1]TS S S S SR x y z A R ;     (21) 

 

  3 3 3 3 0 03[ ; ; ;1]TS S S S SR x y z A R .     (22) 

 
ɇɟɧɭɥɟɜɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɞɚɧɧɵɯ ɜɟɤ-

ɬɨɪɨɜ ɛɭɞɭɬ ɩɪɢ ɷɬɨɦ ɹɜɥɹɬɶɫɹ ɬɨɥɶɤɨ xS2, xS3 
ɢ yS3, ɫɨɝɥɚɫɧɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɨɝɪɚɧɢɱɟɧɢ-
ɹɦ ɭɩɪɨɳɟɧɧɨɣ ɡɚɞɚɱɢ. 

9. ȼɵɩɨɥɧɹɟɬɫɹ ɪɟɲɟɧɢɟ ɭɩɪɨɳɟɧɧɨɣ ɡɚ-
ɞɚɱɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɩɨ 
ɦɟɬɨɞɢɤɟ, ɢɡɥɨɠɟɧɧɨɣ ɜɵɲɟ. Ɏɨɪɦɢɪɭɸɬɫɹ 
ɜɟɤɬɨɪɚ ɞɜɭɯ ɬɨɱɟɤ ɪɟɲɟɧɢɹ ɫ ɨɞɧɨɪɨɞɧɵɦɢ 
ɤɨɨɪɞɢɧɚɬɚɦɢ 1STR =[xST; yST; +|zST|; 1]

Ɍ
 ɢ 

2STR =[xST; yST; –|zST|; 1]
Ɍ
. 

10. ȼɟɤɬɨɪɚ 1STR  ɢ 2STR  ɩɟɪɟɜɨɞɹɬɫɹ ɢɡ 
ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ OSXSYSZS ɜ 
ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ O0X0Y0Z0: 

 

101111
1 STS

T
TTTT RAzyxR


 ];;;[ ;  (23) 

 

  2 2 2 2 0 2[ ; ; ;1]TT T T T S STR x y z A R .   (24) 

 
11. ȼɵɩɨɥɧɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɡɧɚɱɟɧɢɣ 

ɤɨɦɩɨɧɟɧɬ ɜɵɫɨɬɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ Target  

zT1 ɢ zT2 ɜɟɤɬɨɪɨɜ 1TR  ɢ 2TR  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɧɚ ɩɪɟɜɵɲɟɧɢɟ ɢɯ ɚɛɫɨɥɸɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 
ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ Threshold ɩɨ ɜɵɩɨɥɧɟ-
ɧɢɸ ɭɫɥɨɜɢɣ: 
 

                     |zT1е≤Threshold;      (25) 
 
                     |zT2е≤Threshold.      (26) 
 
ɉɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ Threshold ɜɵɫɨɬɵ 

ɬɨɱɤɢ Target ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ ɫɨɨɛ-
ɪɚɠɟɧɢɹ, ɱɬɨ ɦɨɞɭɥɶ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɧɨɣ ɤɨ-
ɨɪɞɢɧɚɬɵ ɬɨɱɤɢ Target ɛɭɞɟɬ ɨɱɟɧɶ ɦɚɥ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɜɵɫɨɬɨɣ ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɩɭɬɧɢ-
ɤɨɜ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ Ɂɟɦɥɢ. Ɉɞɧɨ ɢɡ ɞɜɭɯ 
ɪɟɲɟɧɢɣ ɩɪɢ ɷɬɨɦ (ɧɟɩɪɚɜɢɥɶɧɨɟ ɪɟɲɟɧɢɟ) 
ɛɭɞɟɬ ɢɦɟɬɶ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɧɨɣ ɤɨɨɪɞɢɧɚɬɵ 
ɫɨɩɨɫɬɚɜɢɦɵɦ, ɬ.ɟ. ɨɞɧɨɝɨ ɩɨɪɹɞɤɚ ɫ ɜɵɫɨɬɨɣ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɩɭɬɧɢɤɨɜ ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ 
Ɂɟɦɥɢ. 

ɂɡ ɞɜɭɯ ɪɟɲɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩ. 10, ɭɫ-
ɥɨɜɢɹ (β5), (β6) ɛɭɞɭɬ ɜɵɩɨɥɧɹɬɶɫɹ ɬɨɥɶɤɨ 
ɞɥɹ ɨɞɧɨɝɨ, ɤɨɬɨɪɨɟ ɢ ɛɭɞɟɬ ɟɞɢɧɫɬɜɟɧɧɨ 
ɜɟɪɧɵɦ ɪɟɲɟɧɢɟɦ ɩɨɫɬɚɜɥɟɧɧɨɣ ɢɫɯɨɞɧɨɣ 
ɡɚɞɚɱɢ. 

Ɂɚɤɥɸɱɟɧɢɟ 
ɉɪɟɞɥɨɠɟɧɧɵɣ ɫɩɨɫɨɛ ɛɵɥ ɩɪɨɜɟɪɟɧ ɩɭ-

ɬɟɦ ɩɪɨɜɟɞɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ ɢ ɞɨɤɚɡɚɥ ɫɜɨɸ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ. ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ ȾɋɆ Target ɩɪɢ ɪɚɫɱɟɬɚɯ 
ɜ ɫɢɫɬɟɦɟ MATLAB ɫ ɞɜɨɣɧɨɣ ɬɨɱɧɨɫɬɶɸ (ɞɨ 
15 ɡɧɚɤɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ) ɫɨɫɬɚɜɢɥɚ ɦɟɧɟɟ 
10

–6
 ɦ ɩɪɢ ɩɪɢɧɹɬɢɢ ɞɨɩɭɳɟɧɢɹ ɨɛ ɨɬɫɭɬɫɬɜɢɢ 

ɩɨɝɪɟɲɧɨɫɬɟɣ ɡɧɚɱɟɧɢɣ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. 
ɋɩɨɫɨɛ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ȾɋɆ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ 
ɩɪɢ ɩɨɦɨɳɢ ɫɢɫɬɟɦɵ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɡɢɰɢɨ-
ɧɢɪɨɜɚɧɢɹ Ƚɥɨɧɚɫɫ/GPS. 

 
Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ 
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METHOD FOR DETERMINING COORDINATES 

ROAD AND BUILDING CARS ON EARTH'S SUR-
FACE AT A DISTANCE BASIS UNTIL THREE SA-

TELLITES 
 

M.S. Korytov
1
, V.S. Scherbakov

1
, R.Y. Suharev

1
 

 
Abstract. Describes a method for determining the 

coordinates of points on the surface based on the 
distance to three satellites. The method for determin-
ing the coordinates of the road and construction ma-
chinery on the surface of the Earth with the help of 
global positioning system GLONASS / GPS. The ma-
thematical apparatus of homogeneous coordinates. 
Used welcome replacement for the original formula-
tion of the solutions of the problem areas of the three 
equations in Cartesian coordinates to the simplified 
with additional constraints on the direction of the 
coordinate axes. The solution simplified the task acts 
as a stage solving the original problem. Performed 
computer check of the developed method, which has 
proved its adequacy and efficiency. The minimum 
number of GLONASS / GPS satellite using the devel-
oped method can be reduced from four to three to 
known techniques. 

 
Keywords: satellite navigation, GLONASS, GPS, 

coordinates, distance. 
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