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ɉɪɨɜɟɞɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵ-

ɫɨɬɵ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɨɥɟɣ ɫ ɩɨɦɨɳɶɸ ɩɪɢɟɦɧɢɤɚ ɫɢɝɧɚɥɨɜ ɝɥɨɛɚɥɶɧɵɯ ɧɚɜɢɝɚ-
ɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ (Ƚɇɋɋ). ɂɡɦɟɪɟɧɢɟ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ (ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ) ɫɢɝɧɚɥɨɜ 
Ƚɇɋɋ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɚɜɝɭɫɬɟ 2013 ɝ. ɜ ɩɪɢɝɨɪɨɞɟ Ʉɪɚɫɧɨɹɪɫɤɚ ɧɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɨɥɹɯ, ɡɚɫɟɹɧɧɵɯ ɪɚɩ-
ɫɨɦ, ɪɨɠɶɸ, ɩɲɟɧɢɰɟɣ ɢ ɹɱɦɟɧɟɦ. Ɂɚɩɢɫɶ ɫɢɝɧɚɥɨɜ ȽɅɈɇАɋɋ ɢ GPS ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɧɚ ɫɬɚɧɞɚɪɬɧɵɣ, ɩɪɨɦɵɲ-

ɥɟɧɧɨ ɜɵɩɭɫɤɚɟɦɵɣ ɩɪɢɟɦɧɢɤ ɆɊɄ-32Ɋ (ɎȽɍɉ ɇɉɉ «Ɋɚɞɢɨɫɜɹɡɶ», ɝɨɪɨɞ Ʉɪɚɫɧɨɹɪɫɤ). ɋɢɧɯɪɨɧɧɨ ɫ ɢɡɦɟɪɟɧɢ-
ɟɦ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ ɩɪɨɜɨɞɢɥɢɫɶ ɤɨɧɬɚɤɬɧɵɟ ɢɡɦɟɪɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɨɛɴɟɦɧɨɣ ɜɥɚɠɧɨ-
ɫɬɢ ɩɨɱɜɵ ɧɚ ɝɥɭɛɢɧɟ 5 ɢ 10 ɫɦ, ɜɵɫɨɬɵ, ɨɛɴɟɦɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɪɠɢ ɢ ɩɨɫɬɪɨɟɧɚ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɥɚ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɤɨɦɩɥɟɤɫɧɭɸ ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɟ ɜɥɚɠɧɨ-
ɫɬɢ. Ɇɟɬɨɞ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɨɫɧɨɜɚɧ ɧɚ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ 
ɡɚɞɚɱɢ ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɧɨɪɦɵ ɧɟɜɹɡɤɢ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɨɣ ɢ ɬɟɨɪɢɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɨɣ ɢɧɬɟɪɮɟɪɨɝɪɚɦ-

ɦɚɦɢ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ. Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ ɭɱɢɬɵɜɚɥɚ ɥɢɲɶ ɤɨɝɟɪɟɧɬɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ 

ɩɨɥɹ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɨɬ ɧɟɪɨɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ ɫɨ ɫɥɨɟɦ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɨɛɴɟɦɧɚɹ 
ɜɥɚɠɧɨɫɬɶ ɢ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨɱɜɵ ɫɱɢɬɚɥɢɫɶ ɢɡɜɟɫɬɧɵɦɢ.  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɤɚɡɚɧɨ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɦɢ ɢɧ-

ɬɟɪɮɟɪɨɝɪɚɦɦɚɦɢ ɢ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ ɫɢɝɧɚ-
ɥɨɜ Ƚɇɋɋ. ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɭɥɶɬɭɪ ɪɚɩɫɚ, ɪɠɢ, ɩɲɟɧɢɰɵ ɢ ɹɱɦɟɧɹ ɩɨɤɚɡɚɧɚ ɩɪɢɧɰɢɩɢɚɥɶ-
ɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ ɢ ɨɛɴɟɦɧɨɣ ɜɥɚɠɧɨɫɬɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ 
ɩɨɥɟɣ. ȼɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɢ ɜɥɚɠɧɨɫɬɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ ɬɟɫɬɨɜɵɯ ɭɱɚɫɬɤɨɜ ɜ ɫɪɟɞɧɟɦ 

ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 0,17 ɦ ɢ 0,21 ɤɝ/ɦ2 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɧɚɱɟɧɢɹɦ, ɢɡɦɟɪɟɧɧɵɦ ɤɨɧɬɚɤɬɧɵɦ ɦɟɬɨɞɨɦ. Ⱦɥɹ ɜɧɟ-
ɞɪɟɧɢɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɢɡɦɟɪɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ 

ɧɟɨɛɯɨɞɢɦɚ ɞɚɥɶɧɟɣɲɚɹ ɜɚɥɢɞɚɰɢɹ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɧɚɜɢɝɚɰɢɨɧɧɵɟ ɫɩɭɬɧɢɤɨɜɵɟ ɫɢɫɬɟɦɵ, ȽɅɈɇАɋɋ, GPS, ɞɢɫɬɚɧɰɢɨɧɧɨɟ ɡɨɧɞɢɪɨɜɚɧɢɟ Ɂɟɦɥɢ, 
ɫɩɭɬɧɢɤɨɜɵɣ ɦɨɧɢɬɨɪɢɧɝ ɫɟɥɶɯɨɡɭɝɨɞɢɣ, ɜɥɚɠɧɨɫɬɶ ɩɨɫɟɜɨɜ, ɜɵɫɨɬɚ ɩɨɫɟɜɨɜ, ɛɢɨɦɚɫɫɚ ɩɨɫɟɜɨɜ. 
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In this paper, possibility of measuring of moisture and heights of vegetation at agricultural fields using receiver of 

global navigation satellite systems (GNSS) signals is theoretically and experimentally studied. Measurement of GNSS 

interference pattern (interferogram) was held in August 2013 at suburb of Krasnoyarsk on agricultural fields planted 

with rape, rye, wheat and barley. Signals of GLONASS and GPS were recorded on a standard receiver MRK-32P 

(“Radiosvayz”, Krasnoyarsk). Measurements of texture, bulk density and volumetric moisture of soil at the depth of 5 cm 

and 10 cm, height, volumetric moisture and bulk density of the vegetation were carried out synchronously with the 

measurement of interferograms. In addition, the dielectric measurements of rye were carried out based on which 

dielectric model was built, that is allowed to calculate the complex permittivity of vegetation, depending on its 
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volumetric moisture content. The method of retrieving of volumetric moisture and heights of vegetation is based on 

solving the inverse problem by minimizing the norm of the residual between the measured and theoretically calculated 

interferogram. The theoretical model of interferogram takes into account only the coherent component of field of 

reflected wave from the rough soil surface covered with a vegetation. At the same time, the volumetric moisture and 

texture of soil were assumed as known parameters. 

As a result, a good agreement between measured and calculated interferograms was shown. Retrieved vegetation 

heights and moisture on the test plots with an average error of 0.17 m and 0.21 kg/m2 corresponds to values, which are 

measured by the contact method. 

 

Keywords: global navigation satellite system, GLONASS, GPS, remote sensing, satellite monitoring of farmland, 

vegetation moisture, vegetation height, vegetation biomass. 
  

ȼɜɟɞɟɧɢɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ 
ɦɟɬɨɞ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɩɨɤɪɨɜɨɜ Ɂɟɦɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɝɧɚɥɨɜ 
ɝɥɨɛɚɥɶɧɵɯ ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜɵɯ ɫɢɫɬɟɦ 

(Ƚɇɋɋ) [1–13]. ɋɢɝɧɚɥɵ, ɢɡɥɭɱɚɟɦɵɟ Ƚɇɋɋ ɜ ɤɪɭɝɥɨ-
ɫɭɬɨɱɧɨɦ ɪɟɠɢɦɟ, ɩɨɤɪɵɜɚɸɬ ɩɨɜɟɪɯɧɨɫɬɶ ɜɫɟɣ Ɂɟɦ-

ɥɢ ɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ. Ɇɟɬɨɞ ɢɡɦɟɪɟ-
ɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɢɟɦɧɢɤɨɦ ɫɢɝɧɚɥɨɜ 
Ƚɇɋɋ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ, ɜɨɡɧɢɤɚɸɳɟɣ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɫɭɩɟɪɩɨɡɢɰɢɢ ɩɨɥɹ ɩɪɹɦɨɣ ɜɨɥɧɵ, ɪɚɫɩɪɨ-
ɫɬɪɚɧɹɸɳɟɣɫɹ ɨɬ ɫɩɭɬɧɢɤɚ Ƚɇɋɋ ɤ ɩɪɢёɦɧɨɣ ɚɧɬɟɧ-

ɧɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɧɚ ɜɵɫɨɬɟ ɧɟɫɤɨɥɶɤɢɯ ɦɟɬɪɨɜ ɧɚɞ 

ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɨɱɜɵ, ɫ ɩɨɥɟɦ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ. ɏɚɪɚɤɬɟɪ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ 

ɤɚɪɬɢɧɵ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɣ ɦɧɨɝɨɥɭɱɟɜɵɦ ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɢɟɦ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ, ɡɚɜɢɫɢɬ ɨɬ ɷɥɟɤɬɪɨ-, ɝɟɨ-
ɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɱɜɟɧɧɨɝɨ ɢ ɧɚɞɩɨɱɜɟɧ-

ɧɨɝɨ ɩɨɤɪɨɜɚ (ɜɥɚɠɧɨɫɬɶ ɩɨɱɜɵ, ɜɥɚɠɧɨɫɬɶ ɢ ɜɵɫɨɬɚ 
ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɦɨɝɭɬ 
ɛɵɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɵ ɢɡ ɢɡɦɟɪɟɧɧɨɣ ɩɪɢɟɦɧɢɤɨɦ 

Ƚɇɋɋ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɢɧɬɟɪɮɟɪɟɧɰɢɸ 

ɚɦɩɥɢɬɭɞ ɫɢɝɧɚɥɨɜ ɜ ɩɪɢɟɦɧɢɤɟ Ƚɇɋɋ. ȼ ɪɚɛɨɬɚɯ  

[1–3; 5; 6] ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ 
ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɝɧɚɥɨɜ 
Ƚɇɋɋ. ɂɡɦɟɪɟɧɢɟ ɜɥɚɠɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɤɚɤ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɦɵɲɥɟɧɧɨ ɜɵɩɭɫɤɚɟɦɵɯ ɨɛɪɚɡ-
ɰɨɜ ɩɪɢɟɦɧɢɤɨɜ [1; 4; 6–10], ɬɚɤ ɢ ɫ ɨɩɵɬɧɵɦɢ ɨɛɪɚɡ-
ɰɚɦɢ [2; 3]. ɉɪɢ ɷɬɨɦ ɩɪɢɟɦɧɢɤɢ ɨɫɧɚɳɚɸɬɫɹ ɤɚɤ ɚɧ-

ɬɟɧɧɚɦɢ ɫ ɩɪɚɜɨɣ ɤɪɭɝɨɜɨɣ [1; 4–10], ɬɚɤ ɢ ɜɟɪɬɢɤɚɥɶ-
ɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ [2; 3]. ȼ ɫɚɦɨɟ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ [1] 

ɛɵɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɞɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢ-

ɦɟɧɟɧɢɹ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨ-
ɜɚ ɫɬɚɧɞɚɪɬɧɵɯ ɩɪɢɟɦɧɢɤɨɜ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ, ɫɨɫɬɚɜ-
ɥɹɸɳɢɯ ɫɟɬɶ Earthscope Plate Boundary Observatory, 

ɤɨɬɨɪɚɹ ɫɨɡɞɚɧɚ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɒȺ ɞɥɹ ɦɨɧɢɬɨɪɢɧ-

ɝɚ ɫɦɟɳɟɧɢɣ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɩɥɢɬ ɜ ɡɨɧɚɯ ɪɚɡɥɨɦɨɜ. 
ɉɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ ɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ [12; 

13] ɩɨ ɨɞɧɨɜɪɟɦɟɧɧɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ ɜɥɚɠɧɨɫɬɢ ɩɨɱ-
ɜɟɧɧɨɝɨ ɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɧɚɞɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ. 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɨɞɯɨɞɚ ɫɬɚɥɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɰɢ-

ɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɢɟɦɧɢɤɚ ɢ ɚɧɬɟɧɧ ɫ ɜɟɪɬɢ-

ɤɚɥɶɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ.  

ȼ Ɋɨɫɫɢɢ ɜɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɢɡɦɟɪɟɧɢɸ 

ɜɥɚɠɧɨɫɬɢ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɝɧɚ-
ɥɨɜ Ƚɇɋɋ ɛɵɥɢ ɧɚɱɚɬɵ ɜ 2011 ɝ. [4]. ȼ ɪɚɛɨɬɟ [10] 

ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ Ƚɇɋɋ ɫɢɝ-
ɧɚɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɩɪɢɟɦɧɢɤɚ 
ɆɊɄ-32 ɩɪɨɢɡɜɨɞɫɬɜɚ ɈȺɈ «ɇɉɉ «Ɋɚɞɢɨɫɜɹɡɶ»,  

ɝ. Ʉɪɚɫɧɨɹɪɫɤ, ɨɫɧɚɳɟɧɧɨɝɨ ɚɧɬɟɧɧɨɣ ɫ ɩɪɚɜɨɣ ɤɪɭɝɨ-
ɜɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ; ɩɨɥɭɱɟɧɵ ɨɰɟɧɤɢ ɜɥɚɠɧɨɫɬɢ  

ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɝɨɪɢɬɦɚ, ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ [2].  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɩɪɢɦɟɧɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɣ ɩɪɢɟɦɧɨɣ ɚɧɬɟɧɧɵ ɫ ɩɪɚɜɨɣ 

ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ ɩɨɡɜɨɥɹɟɬ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ 
ɜɥɚɠɧɨɫɬɶ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɛɨɥɶɲɟ ɱɟɦ 0,04 ɫɦ3/ɫɦ3, 

ɤɨɬɨɪɚɹ ɩɪɢɧɹɬɚ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɣ ɞɥɹ ɫɩɭɬɧɢ-

ɤɨɜ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɡɨɧɞɢɪɨɜɚɧɢɹ Ɂɟɦɥɢ. ȼ ɞɚɥɶɧɟɣ-

ɲɟɦ ɜ ɪɚɛɨɬɟ [5] ɛɵɥ ɫɨɡɞɚɧ ɨɪɢɝɢɧɚɥɶɧɵɣ ɚɥɝɨɪɢɬɦ 

ɨɛɪɚɛɨɬɤɢ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ, ɩɨɡɜɨɥɢɜ-
ɲɢɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɧɬɟɧɧɵ ɫ ɥɢɧɟɣɧɨɣ ɜɟɪɬɢ-

ɤɚɥɶɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ ɜɨɫɫɬɚɧɨɜɢɬɶ ɜɥɚɠɧɨɫɬɶ ɩɨɱɜɵ 

ɫ ɩɨɝɪɟɲɧɨɫɬɶ ɦɟɧɶɲɟ ɱɟɦ 0,04 ɫɦ3/ɫɦ3. ɉɪɢ ɷɬɨɦ ɜ 
ɦɨɞɟɥɢ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨ-
ɜɚɧɚ ɦɨɞɟɥɶ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨɱɜɵ, 

ɨɛɥɚɞɚɸɳɚɹ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɦɨɞɟɥɹɦɢ, ɩɪɢɦɟɧɟɧɧɵɦɢ ɜ [2; 3]. ɉɪɢɟɦ 

ɧɚ ɚɧɬɟɧɧɭ ɫ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ ɩɨɞɬɜɟɪɞɢɥ 
ɫɜɨɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɧɚ ɛɨɥɶɲɟɦ 

ɨɛɴɟɦɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ [6]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɞɚɧɧɵɯ [7] ɢ ɢɫɫɥɟɞɭɸɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ, ɩɪɢɧɹɬɵɯ ɚɩɩɚɪɚɬɭɪɨɣ 

ɆɊɄ-32Ɋ, ɨɫɧɚɳɟɧɧɨɣ ɚɧɬɟɧɧɨɣ ɫ ɩɪɚɜɨɣ ɤɪɭɝɨɜɨɣ 

ɩɨɥɹɪɢɡɚɰɢɟɣ, ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɩɨɱɜɵ, 

ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ ɫɟɥɶɫɤɨ-
ɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɨɥɟɣ. 

Ⱥɜɬɨɧɨɦɧɵɣ ɢɡɦɟɪɢɬɟɥɶɧɨ-ɪɟɝɢɫɬɪɢɪɭɸщɢɣ 

ɤɨɦɩɥɟɤɫ ɧɚ ɛɚɡɟ ɫɟɪɢɣɧɨɝɨ ɩɪɢɟɦɧɢɤɚ ɫɢɝɧɚɥɨɜ 

ȽɅɈɇȺɋɋ/GPS ɆɊɄ-32Ɋ ɢ ɦɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɣ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɨɥɟɜɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɞɢɫɬɚɧɰɢ-

ɨɧɧɨɦɭ ɡɨɧɞɢɪɨɜɚɧɢɸ ɡɟɦɧɵɯ ɩɨɤɪɨɜɨɜ ɫ ɩɨɦɨɳɶɸ 

ɫɢɝɧɚɥɨɜ Ƚɇɋɋ GPS ɢ ȽɅɈɇȺɋɋ ɛɵɥ ɫɨɛɪɚɧ ɚɜɬɨ-
ɧɨɦɧɵɣ ɢɡɦɟɪɢɬɟɥɶɧɨ-ɪɟɝɢɫɬɪɢɪɭɸɳɢɣ ɤɨɦɩɥɟɤɫ 
(ȺɂɊɄ) ɧɚ ɛɚɡɟ ɫɟɪɢɣɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɆɊɄ-32Ɋ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ ɇɉɈ «Ɋɚɞɢɨɫɜɹɡɶ», ɝ. Ʉɪɚɫɧɨɹɪɫɤ. Ȼɥɨɤ-
ɫɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ȺɂɊɄ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫ. 1. ɋɢɝɧɚɥɵ Ƚɇɋɋ ɩɪɢɧɢɦɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɚɧɬɟɧɧ 1, 2, 3, 4 ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ (ɪɢɫ. 1).  

ȼ ɞɚɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ  
ɧɚ ɚɧɬɟɧɧɭ 1, ɩɪɟɞɫɬɚɜɥɹɸɳɭɸ ɫɨɛɨɣ ɚɧɬɟɧɧɵɣ  

ɦɨɞɭɥɶ ȺɆ-7 ɤɨɦɩɥɟɤɬɚ ɆɊɄ-32Ɋ (ɪɢɫ. 2). Ⱥɧɬɟɧɧɚ  
ɪɚɡɦɟɳɚɥɚɫɶ ɧɚ ɩɟɪɟɧɨɫɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɬɪɟɧɨɝɟ  
ɫ ɭɞɥɢɧɢɬɟɥɶɧɨɣ ɲɬɚɧɝɨɣ (ɪɢɫ. 2). Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵ-

ɫɨɬɚ ɪɚɡɦɟɳɟɧɢɹ ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ ɜ ɩɨɥɟɜɵɯ 
ɭɫɥɨɜɢɹɯ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 3,3 ɦ. ɋɢɝɧɚɥɵ ɧɚɜɢɝɚɰɢ-

ɨɧɧɵɯ ɫɩɭɬɧɢɤɨɜ, ɩɪɢɧɹɬɵɟ ɚɧɬɟɧɧɨɣ, ɩɨɫɬɭɩɚɸɬ ɱɟ-
ɪɟɡ ɫɦɟɫɢɬɟɥɶ ɜ ɛɥɨɤ ɆɊɄ-11 ɉɪɆ-16. Ɂɞɟɫɶ ɫɢɝɧɚɥɵ 
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ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɧɨɭɬɛɭɤ. ɋ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɢɡɭɚɥɢ-

ɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɩɪɢɟɦɚ ɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɚ ɬɚɤɠɟ 
ɢɯ ɡɚɩɢɫɶ ɜ ɛɢɧɚɪɧɵɣ ɮɚɣɥ. Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɞɜɟ ɫɬɚɞɢɢ: ɩɨɥɟɜɵɟ 
ɢɡɦɟɪɟɧɢɹ ɢ ɩɟɪɜɢɱɧɚɹ ɤɚɦɟɪɚɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɚɧ-

ɧɵɯ. ɉɪɢ ɩɨɥɟɜɵɯ ɪɚɛɨɬɚɯ ɧɚ ɦɟɫɬɟ ɩɪɨɜɟɞɟɧɢɹ ɫɟɚɧ-

ɫɚ ɧɚɛɥɸɞɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɫɹ ɦɨɧɬɚɠ ɚɧɬɟɧɧɨɣ ɫɢɫɬɟ-
ɦɵ, ɜɵɫɬɚɜɥɹɥɚɫɶ ɧɟɨɛɯɨɞɢɦɚɹ ɜɵɫɨɬɚ ɚɧɬɟɧɧɵ ɢ ɟɟ 
ɨɪɢɟɧɬɚɰɢɹ ɩɨ ɚɡɢɦɭɬɭ ɢ ɭɝɥɭ ɦɟɫɬɚ. ɉɨɫɥɟ ɩɨɞɤɥɸ-

ɱɟɧɢɹ ɜɫɟɯ ɪɚɡɴɟɦɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɪɚɛɨ-
ɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɩɩɚɪɚɬɭɪɵ, ɩɪɨɝɪɟɜ ɢ ɧɚɫɬɪɨɣɤɚ ɜ 
ɬɟɱɟɧɢɟ 10–15 ɦɢɧ. Ɂɚɬɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɤɥɸɱɟɧɢɟ 
ɧɚ ɡɚɩɢɫɶ ɩɪɢɧɢɦɚɟɦɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɠɟɫɬɤɢɣ ɞɢɫɤ  
ɧɨɭɬɛɭɤɚ. ɉɟɪɜɢɱɧɚɹ ɤɚɦɟɪɚɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɡɚɤɥɸ-

ɱɚɟɬɫɹ ɜ ɢɡɜɥɟɱɟɧɢɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ 
ɞɚɧɧɵɯ ɢɡ ɛɢɧɚɪɧɨɝɨ ɮɚɣɥɚ ɜ ɫɟɪɢɸ ɮɚɣɥɨɜ ɜ ɮɨɪɦɚ-
ɬɟ csv (ɨɛɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɨɣ Excel). Ⱦɥɹ ɭɞɨɛɫɬɜɚ 
ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ ɜɫɟ ɡɚɩɢɫɢ ɫɢɝɧɚɥɨɜ ɤɨɦɩɨɧɭ-
ɸɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɨɛɪɚɡɨɦ ɜ ɨɞɢɧ ɩɪɨɟɤɬ ɜ ɫɪɟɞɟ ɩɪɨ-
ɝɪɚɦɦɵ OriginLab, ɤɭɞɚ ɬɚɤɠɟ ɞɨɛɚɜɥɹɟɬɫɹ ɢɧɮɨɪɦɚ-
ɰɢɹ ɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚɯ ɩɪɨɜɟɞɟɧɧɨɝɨ 
ɫɟɚɧɫɚ (ɦɟɫɬɨ, ɜɪɟɦɹ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɧɬɟɧɧɨɣ ɤɨɧ-

ɮɢɝɭɪɚɰɢɢ, ɨɛɴɟɤɬɚ ɢ ɬ. ɩ.). ɉɨɥɭɱɟɧɧɵɟ ɜ ɬɚɤɨɦ ɜɢɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɪɨɯɨɞɢɥɢ ɞɚɥɶɧɟɣɲɭɸ 

ɨɛɪɚɛɨɬɤɭ ɢ ɚɧɚɥɢɡ. 
 

 
 
Ɋɢɫ. 1. Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɢɟɦɧɢɤɚ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ 

 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ 

ɩɨɥɹ ɎȽɍɉ «Ɇɢɧɢɧɨ» Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɫɟɥɶɫɤɨ-
ɯɨɡɹɣɫɬɜɟɧɧɵɯ ɧɚɭɤ, ɡɚɫɟɹɧɧɵɟ ɪɚɩɫɨɦ, ɩɲɟɧɢɰɟɣ, 

ɹɱɦɟɧɟɦ ɢ ɪɨɠɶɸ. ȼɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɤɚɠɞɨɦ 

ɢɡ ɩɨɥɟɣ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɬɵ ɪɚɫɬɢ-

ɬɟɥɶɧɨɫɬɢ, ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɟɛɥɟɣ ɧɚ ɤɜɚɞɪɚɬɧɵɣ 

ɦɟɬɪ, ɨɬɨɛɪɚɧɵ ɨɛɪɚɡɰɵ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɢ ɩɨɱɜɵ  

(ɫ ɝɥɭɛɢɧɵ 5 ɢ 10 ɫɦ) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɚɠɧɨɫɬɢ 

ɬɟɪɦɨɫɬɚɬɧɨ-ɜɟɫɨɜɵɦ ɦɟɬɨɞɨɦ; ɩɪɨɜɟɞɟɧ ɝɪɚɧɭɥɨɦɟɬ-
ɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɩɨɱɜ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɝɥɢɧɢ-

ɫɬɨɣ ɮɪɚɤɰɢɢ. Ɋɟɡɭɥɶɬɚɬɵ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚ-
ɥɢɡɚ ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. Ʉɚɤ 
ɫɥɟɞɭɟɬ ɢɡ ɬɚɛɥ. 1, ɫɨɞɟɪɠɚɧɢɟ ɝɥɢɧɢɫɬɨɣ ɮɪɚɤɰɢɢ ɜ 
ɩɨɱɜɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɞɥɹ ɜɫɟɯ ɬɟɫɬɨɜɵɯ 
ɭɱɚɫɬɤɨɜ. ȼ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɚɯ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 
ɝɥɢɧɢɫɬɨɣ ɮɪɚɤɰɢɢ Wc = 0,312 ɝ/ɝ. 

 

 
 
Ɋɢɫ. 2. Ⱥɧɬɟɧɧɚ ɩɪɚɜɨɣ ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ  

ɩɪɢɟɦɧɢɤɚ Ƚɇɋɋ, ɫɧɚɛɠɟɧɧɚɹ ɩɨɜɨɪɨɬɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ 

 

 
Ɍɚɛɥɢɰɚ 1 

ɋɨɞɟɪɠɚɧɢɟ ɝɥɢɧɢɫɬɨɣ ɮɪɚɤɰɢɢ ɩɨɱɜɵ ɭɱɚɫɬɤɨɜ ɩɨɥɟɣ 
 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɥɹ Ɇɚɫɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ  
ɝɥɢɧɢɫɬɨɣ ɮɪɚɤɰɢɢ, ɝ/ɝ 

1 Ɋɨɠɶ 0,312 

2 ɉɲɟɧɢɰɚ 0,316 

3 Ɋɚɩɫ 0,309 

 

ɉɨɥɹ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɤɭɥɶɬɭɪ ɧɚɯɨɞɢɥɢɫɶ ɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɪɨɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɢɦɟɥɢ ɮɨɪɦɭ ɩɪɹ-
ɦɨɭɝɨɥɶɧɢɤɚ, ɫɬɨɪɨɧɵ ɤɨɬɨɪɨɝɨ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɹɦ ɫɜɟɬɚ. Ⱥɧɬɟɧɧɚ ɩɪɢɟɦɧɢɤɚ ɪɚɫɩɨɥɚɝɚ-
ɥɚɫɶ ɧɚ ɫɟɜɟɪɧɨɣ ɝɪɚɧɢɰɟ ɜɵɛɪɚɧɧɨɝɨ ɩɨɥɹ. Ɇɚɤɫɢ-

ɦɭɦ ɞɢɚɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɚɧɬɟɧɧɵ ɨɪɢɟɧɬɢɪɨ-
ɜɚɥɫɹ ɩɨ ɝɨɪɢɡɨɧɬɭ ɜ ɸɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ȼ ɪɟɡɭɥɶ-
ɬɚɬɟ ɬɚɤɨɣ ɨɪɢɟɧɬɚɰɢɢ ɚɧɬɟɧɧɵ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɡɨɧ, 

ɫɭɳɟɫɬɜɟɧɧɵɯ ɞɥɹ ɨɬɪɚɠɟɧɢɹ ɫɢɝɧɚɥɨɜ ɫɩɭɬɧɢɤɨɜ 
GPS ɢ ȽɅɈɇȺɋɋ, ɩɪɨɯɨɞɢɥɢ ɩɨ ɢɫɫɥɟɞɭɟɦɨɦɭ ɩɨɥɸ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɵɯ ɡɟɪɧɨɜɵɯ ɤɭɥɶɬɭɪ ɢ 

ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɧɵɯ ɫɟɚɧɫɨɜ ɢɡɦɟɪɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟ-
ɧɵ ɜ ɬɚɛɥ. 2. 

Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨ-
ɜɚ ɢ ɩɨɱɜɵ. Ɇɨɞɟɥɶ ɤɨɦɩɥɟɤɫɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨɫɟɜɨɜ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɫɧɨɜɟ 
ɢɡɦɟɪɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟ-
ɦɨɫɬɢ (ɄȾɉ) ɨɛɪɚɡɰɨɜ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɫ ɩɨɥɹ, ɡɚɫɟɹɧ-

ɧɨɝɨ ɪɨɠɶɸ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɟɬɨɞɢɤɢ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɪɚɧɟɟ [14], ɧɚ ɱɚɫɬɨɬɟ 1,51 ȽȽɰ 

ɢ ɜ ɞɢɚɩɚɡɨɧɟ ɜɥɚɠɧɨɫɬɟɣ ɨɬ 0,11 ɞɨ 0,52 ɝ/ɝ, ɩɪɢ ɤɨɦ-

ɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 25 °ɋ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ ɛɵɥ  
ɢɫɩɨɥɶɡɨɜɚɧ ɜɟɤɬɨɪɧɵɣ ɚɧɚɥɢɡɚɬɨɪ ɰɟɩɟɣ ZVK, ɢɡɝɨ-
ɬɨɜɥɟɧɧɵɣ ɮɢɪɦɨɣ Rohde-Schwarz. ɂɫɫɥɟɞɭɟɦɵɣ ɨɛ-
ɪɚɡɟɰ ɩɨɦɟɳɚɟɬɫɹ ɜ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɧɬɟɣɧɟɪ, ɤɨɬɨ-
ɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɪɟɡɨɤ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɜɨɥ-
ɧɨɜɨɞɚ, ɩɨɞɤɥɸɱɟɧɧɵɣ ɤ ɜɟɤɬɨɪɧɨɦɭ ɚɧɚɥɢɡɚɬɨɪɭ 
ɰɟɩɟɣ. ɋɪɟɡɚɧɧɵɟ ɧɚ ɩɨɥɟ ɤɨɥɨɫɶɹ ɪɠɢ ɜɦɟɫɬɟ  
ɫɨ ɫɬɟɛɥɹɦɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɛɵɥɢ ɜɵɫɭɲɟɧɵ 
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ɢ ɪɚɡɦɨɥɨɬɵ ɞɨ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. Ⱦɚɥɟɟ 
ɨɛɪɚɡɟɰ ɭɜɥɚɠɧɹɥɫɹ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ ɜɵ-

ɞɟɪɠɢɜɚɥɫɹ ɜ ɝɟɪɦɟɬɢɱɧɨɦ ɫɨɫɬɨɹɧɢɢ 5 ɫɭɬɨɤ. ɉɨ ɢɫ-
ɬɟɱɟɧɢɢ 5 ɫɭɬɨɤ ɩɪɨɜɨɞɢɥɢɫɶ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢɡɦɟ-
ɪɟɧɢɹ, ɩɨɫɥɟ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɥɚɫɶ ɜɥɚɠɧɨɫɬɶ ɤɚɠɞɨ-
ɝɨ ɨɛɪɚɡɰɚ. Ɉɛɪɚɡɟɰ ɜɡɜɟɲɢɜɚɥɫɹ ɢ ɩɨɦɟɳɚɥɫɹ ɜ ɬɟɩ-

ɥɨɜɨɣ ɲɤɚɮ, ɜ ɤɨɬɨɪɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 105 ºɋ ɨɧ 

ɜɵɞɟɪɠɢɜɚɥɫɹ ɜ ɬɟɱɟɧɢɟ 24 ɱ, ɞɚɥɟɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ 
ɨɱɟɪɟɞɧɨɟ ɜɡɜɟɲɢɜɚɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɹɥɚɫɶ 
ɜɥɚɠɧɨɫɬɶ ɬɟɪɦɨɫɬɚɬɧɨ-ɜɟɫɨɜɵɦ ɫɩɨɫɨɛɨɦ. ɇɚ ɪɢɫ. 3 

ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɢɜɟɞɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɩɪɟɥɨɦɥɟɧɢɹ (ns–1) / ρd ɢ ɩɨɝɥɨɳɟɧɢɹ ɤs / ρd ɨɛɪɚɡɰɚ 
ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɝɞɟ ρd – ɩɥɨɬɧɨɫɬɶ ɫɭɯɨɝɨ ɨɛɪɚɡɰɚ  
ɨɬ ɟɝɨ ɜɟɫɨɜɨɣ ɜɥɚɠɧɨɫɬɢ mg.   

Ɂɚɜɢɫɢɦɨɫɬɢ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫ. 3, ɦɨɠɧɨ ɨɩɢɫɚɬɶ 
ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɦɨɞɟɥɶɸ ɫɦɟɫɢ ɫɭɯɨɝɨ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɜɟɳɟɫɬɜɚ ɪɚɫɬɟɧɢɣ ɢ ɜɨɞɵ ɜ ɪɚɫɬɟɧɢɹɯ [14]: 
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ɝɞɟ nm, nw, κm, κw – ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ ɢ ɩɨɝɥɨ-
ɳɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ɢɧɞɟɤɫɵ m ɢ w ɨɬɧɨɫɹɬɫɹ ɤ 
ɨɪɝɚɧɢɱɟɫɤɨɦɭ ɜɟɳɟɫɬɜɭ ɫɭɯɢɯ ɪɚɫɬɟɧɢɣ ɢ ɜɨɞɟ ɜ ɪɚɫ-
ɬɟɧɢɹɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ρd – ɩɥɨɬɧɨɫɬɶ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɜɟɳɟɫɬɜɚ ɫɭɯɢɯ ɪɚɫɬɟɧɢɣ, ɤɨɬɨɪɚɹ ɢɡɦɟɪɹɥɚɫɶ ɜ ɷɤɫ-
ɩɟɪɢɦɟɧɬɟ. ɋ ɩɨɦɨɳɶɸ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɞɚɧ-

ɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ. 3, ɧɚɣɞɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ (1):  

1

ρ
m

m

n −
 = 0,13, ( 1)wn −  = 7,69, 

ρ
m

m

κ
 = 1,065, wκ  = 0. (2) 

Ʉɨɦɩɥɟɤɫɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɞɥɹ ɫɥɨɹ 
ɜɥɚɠɧɨɣ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ ɨɰɟɧɢɦ 

ɢɫɯɨɞɹ ɢɡ ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɮɨɪɦɭɥɵ ɫɦɟɫɢ (1), ɭɱɢɬɵ-

ɜɚɹ ɞɨɥɸ ɜɨɞɵ, ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɨɛɴɟɦɟ ɛɢɨɦɚɫɫɵ. 

 

 
 

 
 
Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɢɜɟɞɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɪɟɥɨɦɥɟɧɢɹ ɨɛɪɚɡɰɚ (ns–1)/ρd (a) ɢ ɩɪɢɜɟɞɟɧɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ κs / ρd (ɛ) ɨɬ ɜɟɫɨɜɨɣ ɜɥɚɠ- 
 

ɧɨɫɬɢ mg ɨɛɪɚɡɰɚ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ 
 

 

Ɍɚɛɥɢɰɚ 2 

Хɚɪɚɤɬɟɪɢɫɬɢɤɢ ɡɟɪɧɨɜɵɯ ɤɭɥɶɬɭɪ ɢ ɭɫɥɨɜɢɹ ɫɟɚɧɫɚ ɢɡɦɟɪɟɧɢɹ 
 

ɍɫɥɨɜɢɹ ɫɟɚɧɫɨɜ ȿɞ. ɢɡɦ. Ɋɨɠɶ ɨɡɢɦɚɹ ɉɲɟɧɢɰɚ ɹɪɨɜɚɹ əɱɦɟɧɶ ɹɪɨɜɨɣ Ɋɚɩɫ ɹɪɨɜɨɣ 

Ⱦɚɬɚ ɩɪɨɜɟɞɟɧɢɹ 1 ɫɟɚɧɫɚ – 20.08.2013 26.08.2013 27.08.2013 28.08.2013 

ɒɢɪɨɬɚ ɬɨɱɤɢ ɢɡɦɟɪɟɧɢɹ ɫ. ɲ. 56°04ƍ43Ǝ.2 56°05ƍ02Ǝ.8 56°04ƍ38Ǝ.1 56°04ƍ54Ǝ.4 

Ⱦɨɥɝɨɬɚ ɬɨɱɤɢ ɢɡɦɟɪɟɧɢɹ ɜ. ɞ. 92°40ƍ26Ǝ.5 92°40ƍ35Ǝ.5 92°40ƍ42Ǝ.5 92°40ƍ28Ǝ.6 

ȼɵɫɨɬɚ ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ  
ɚɧɬɟɧɧɵ 

ɦ 3,08 3,08 3,07 3,06 

Ɉɪɢɟɧɬɚɰɢɹ ɨɫɢ ɚɧɬɟɧɧɵ ɝɪɚɞ 197 174 185 175 

ɋɪɟɞɧɹɹ ɜɵɫɨɬɚ ɪɚɫɬɢɬɟɥɶɧɨɝɨ 
ɫɥɨɹ ɦ 1,03 0,87 0,77 0,66 

ɋɪɟɞɧɹɹ ɞɥɢɧɚ ɪɚɫɬɟɧɢɣ ɦ 1,18 0,74 0,81 0,59 

ɉɥɨɬɧɨɫɬɶ ɩɨɫɚɞɤɢ ɪɚɫɬɟɧɢɣ ɲɬ/ɦ2 380 370 340 150 

ɋɨɞɟɪɠɚɧɢɟ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ  

ɜ ɫɥɨɟ ɝ/ɫɦ3·10–3 1,01 0,66 0,66 0,50 

ɚ 

ɛ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥ. 2 

ɍɫɥɨɜɢɹ ɫɟɚɧɫɨɜ ȿɞ. ɢɡɦ. Ɋɨɠɶ ɨɡɢɦɚɹ ɉɲɟɧɢɰɚ ɹɪɨɜɚɹ əɱɦɟɧɶ ɹɪɨɜɨɣ Ɋɚɩɫ ɹɪɨɜɨɣ 

Ɉɛɴɟɦɧɚɹ ɜɥɚɠɧɨɫɬɶ ɪɚɫɬɢ-

ɬɟɥɶɧɨɝɨ ɫɥɨɹ ɫɦ3/ɫɦ3·10–3 0,59 0,79 1,49 2,31 

Ɉɛɴɟɦɧɚɹ ɜɥɚɠɧɨɫɬɶ ɩɨɱɜɵ  

ɧɚ ɝɥɭɛɢɧɟ 5 ɫɦ 
ɫɦ3/ɫɦ3 0,27 0,23 0,29 0,19 

Ɉɛɴɟɦɧɚɹ ɜɥɚɠɧɨɫɬɶ ɩɨɱɜɵ  

ɧɚ ɝɥɭɛɢɧɟ 10 ɫɦ 
ɫɦ3/ɫɦ3 0,30 0,33 0,31 0,27 

 

Ɍɨɝɞɚ ɷɮɮɟɤɬɢɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ nl  

ɢ ɩɨɝɥɨɳɟɧɢɹ κl ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ ɦɨɝɭɬ ɛɵɬɶ 
ɡɚɩɢɫɚɧɵ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 

1
1 2 ρ ( 1) ,

ρ

       2 ρ ,
ρ

m

l l w l

m

m

l l w l

m

n
n n W

W
κ

κ κ

−
= + + −

= +
 (3) 

ɝɞɟ ρl – ɷɮɮɟɤɬɢɜɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɥɨɹ, ɡɚɩɨɥɧɟɧɧɨɝɨ 
ɫɭɯɢɦɢ ɪɚɫɬɟɧɢɹɦɢ. ɗɮɮɟɤɬɢɜɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɥɨɹ 
ɛɵɥɚ ɨɰɟɧɟɧɚ ɤɚɤ ɫɨɞɟɪɠɚɧɢɟ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ ɜ ɤɭɛɢ-

ɱɟɫɤɨɦ ɦɟɬɪɟ ɩɨɫɟɜɨɜ (ɫɦ. ɬɚɛɥ. 2). Ⱦɚɥɟɟ ɦɨɞɟɥɶ (3) 

ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ ɢɧ-

ɬɟɪɮɟɪɨɝɪɚɦɦ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ.  

ɄȾɉ ɩɨɱɜ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɡɟɦɟɥɶ ɤɚɤ 
ɮɭɧɤɰɢɹ ɱɚɫɬɨɬɵ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ f, ɨɛɴɟɦɧɨɣ 

ɜɥɚɠɧɨɫɬɢ Ws ɢ ɜɟɫɨɜɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɝɥɢɧɵ Wc ɜ ɩɨɱ-
ɜɟ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɧɚ ɨɫɧɨɜɟ ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɞɢɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɦɟɫɢ [15]. ɑɚɫɬɨɬɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬ-
ɧɨɝɨ ɩɨɥɹ ɡɚɞɚɟɬɫɹ ɩɟɪɟɞɚɬɱɢɤɨɦ Ƚɇɋɋ, ɨɛɴɟɦɧɚɹ 
ɜɥɚɠɧɨɫɬɶ Ws ɩɨɱɜɵ ɡɚɞɚɜɚɥɚɫɶ ɡɧɚɱɟɧɢɹɦɢ ɢɡ ɬɚɛɥ. 2.  

Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ ɫɢɝɧɚ-
ɥɨɜ ȽɅɈɇȺɋɋ ɢ GPS. Ƚɟɨɦɟɬɪɢɹ ɡɚɞɚɱɢ ɢɡɨɛɪɚɠɟɧɚ 
ɧɚ ɪɢɫ. 4. Ⱥɧɬɟɧɧɚ ɩɪɢɟɦɧɢɤɚ Ƚɇɋɋ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ 
ɜɵɫɨɬɟ h ɧɚɞ ɩɨɜɟɪɯɧɨɫɬɶɸ ɡɟɦɥɢ, ɩɨɤɪɵɬɨɣ ɪɚɫɬɢ-

ɬɟɥɶɧɵɦ ɫɥɨɟɦ ɬɨɥɳɢɧɨɣ d. Ɇɚɤɫɢɦɭɦ ɞɢɚɝɪɚɦɦɵ 

ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɚɧɬɟɧɧɵ ɨɪɢɟɧɬɢɪɨɜɚɧ ɧɚ ɝɨɪɢɡɨɧɬ. 
ɂɡɥɭɱɟɧɢɟ Ƚɇɋɋ ɢɦɟɟɬ ɩɪɚɜɭɸ ɤɪɭɝɨɜɭɸ ɩɨɥɹɪɢɡɚ-
ɰɢɸ. Ⱥɦɩɥɢɬɭɞɚ ɫɢɝɧɚɥɚ U(θ), ɪɟɝɢɫɬɪɢɪɭɟɦɚɹ ɩɪɢ-

ɟɦɧɢɤɨɦ Ƚɇɋɋ, ɨɫɧɚɳɟɧɧɵɦ ɚɧɬɟɧɧɨɣ ɫ ɩɪɚɜɨɣ ɤɪɭ-
ɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɚ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɭɥɨɣ [1]: 

 
2

2 cosθ0(θ) (θ) 1 (θ) ik heU F Ƚ e= ⋅ + , (4) 

ɝɞɟ F(θ) – ɚɦɩɥɢɬɭɞɚ ɧɚ ɜɵɯɨɞɟ ɩɪɢɟɦɧɢɤɚ Ƚɇɋɋ ɜ 
ɨɬɫɭɬɫɬɜɢɟ ɜɨɥɧɵ, ɪɚɫɫɟɹɧɧɨɣ ɪɚɫɬɢɬɟɥɶɧɵɦ ɢ ɩɨɱ-
ɜɟɧɧɵɦ ɩɨɤɪɨɜɨɦ; Ƚ(θ) – ɤɨɦɩɥɟɤɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɨɬɪɚɠɟɧɢɹ ɨɬ ɩɨɱɜɟɧɧɨɝɨ ɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ 
ɜɨɥɧɵ, ɢɦɟɸɳɟɣ ɩɪɚɜɭɸ ɤɪɭɝɨɜɭɸ ɩɨɥɹɪɢɡɚɰɢɸ; θ – 

ɭɝɨɥ ɩɚɞɟɧɢɹ ɜɨɥɧɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɱɜɟɧɧɨɝɨ  
ɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ; he – ɷɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ 
ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ ɧɚɞ ɪɚɫɬɢɬɟɥɶɧɵɦ ɩɨɤɪɨ-
ɜɨɦ; k0 = ω / c – ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɫɬɪɚɧ-

ɫɬɜɚ; ω = 2πf, ɝɞɟ f – ɱɚɫɬɨɬɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, 
ɢɡɥɭɱɚɟɦɚɹ ɫɩɭɬɧɢɤɨɦ Ƚɇɋɋ. Ȼɭɞɟɦ ɩɪɟɧɟɛɪɟɝɚɬɶ 
ɹɜɥɟɧɢɹɦɢ ɞɢɮɪɚɤɰɢɢ ɢ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɜɨɥɧ ɧɚ ɷɥɟɦɟɧɬɚɯ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ, ɩɪɟɞɫɬɚɜ-
ɥɟɧɧɨɝɨ ɡɟɪɧɨɜɵɦɢ ɤɭɥɶɬɭɪɚɦɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɦ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɪɚɫɬɢɬɟɥɶɧɵɣ ɩɨɤɪɨɜ ɜ ɜɢɞɟ ɨɞɧɨɪɨɞ-
ɧɨɝɨ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɥɨɹ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɧɚ ɩɨɱɜɟ. 
Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ εs ɢ εl ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɤɨɦɩɥɟɤɫ-

ɧɵɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨɱɜɵ ɢ ɪɚɫɬɢ-

ɬɟɥɶɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
 

 
 
Ɋɢɫ. 4. Ɇɧɨɝɨɥɭɱɟɜɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɨɥɧ ɨɬ ɫɩɭɬ-
ɧɢɤɨɜ Ƚɇɋɋ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɪɢɟɦɧɨɣ ɚɧɬɟɧɧɵ 

(ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɧɚ ɝɨɪɢɡɨɧɬ) ɩɪɢɟɦɧɢɤɚ Ƚɇɋɋ ɧɚ 
ɜɵɫɨɬɟ h ɧɚɞ ɩɨɱɜɨɣ, ɩɨɤɪɵɬɨɣ ɫɥɨɟɦ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ 

ɬɨɥɳɢɧɨɣ d: θ – ɭɝɨɥ ɩɚɞɟɧɢɹ, α – ɭɝɨɥ ɜɨɡɜɵɲɟɧɢɹ,  
 

θ = 90º – α 

 

Ʉɨɦɩɥɟɤɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ ɨɬ ɫɥɨɢ-

ɫɬɨɣ ɫɪɟɞɵ «ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ–ɩɨɱɜɚ» ɞɥɹ ɩɥɨɫɤɢɯ ɜɨɥɧ 

ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ȽH(θ) ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ȽV(θ) ɩɨɥɹɪɢ-

ɡɚɰɢɹɦɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ [2] 
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ɝɞɟ Rl,H,V(θ) ɢ Rs,H,V(θ) – ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ 
Ɏɪɟɧɟɥɹ ɨɬ ɝɪɚɧɢɰɵ «ɜɨɡɞɭɯ–ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ» ɢ  

«ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ–ɩɨɱɜɚ»; S = –2[k0σcosθ]2; σ – ɫɪɟɞɧɟ-
ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɜɵɫɨɬ ɧɟɪɨɜɧɨɫɬɟɣ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɩɨɱɜɵ; 2ε sin (θ)l lw = −  – ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ  
ɜ ɫɥɨɟ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ; de – ɜɵɫɨɬɚ ɫɥɨɹ ɪɚɫɬɢɬɟɥɶɧɨ-
ɫɬɢ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ Ɏɪɟɧɟɥɹ Rl,H,V(θ),  

Rs, H,V(θ) ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ  
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ɝɞɟ ( )1θ sin sinθ / εla= . Ɉɤɨɧɱɚɬɟɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬ 

ɨɬɪɚɠɟɧɢɹ Ƚ(θ) ɜ ɮɨɪɦɭɥɟ (4) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɪɚɠɟɧɢɣ (5)–(7) ɩɨ ɮɨɪɦɭɥɟ 

 
(θ) (θ)

(θ)
2

V H

R

Ƚ ȽȽ +
= . (8) 

ɑɚɫɬɨɬɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɢɡɥɭɱɚɟɦɨɝɨ 
ɫɩɭɬɧɢɤɚɦɢ ȽɅɈɇȺɋɋ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  
f = 1 602 ɆȽɰ + n · 0,5625 ɆȽɰ, ɝɞɟ n – ɷɬɨ ɧɨɦɟɪ ɱɚɫ-
ɬɨɬɧɨɝɨ ɤɚɧɚɥɚ (n = −7, …, 6), cɩɭɬɧɧɢɤɢ GPS ɢɡɥɭ-
ɱɚɸɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ ɧɚ ɮɢɤɫɢɪɨɜɚɧɧɨɣ 
ɱɚɫɬɨɬɟ: f = 1575,42 ɆȽɰ.  

Чɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ ɫɢɝɧɚɥɨɜ 

Ƚɇɋɋ ɤ ɜɚɪɢɚɰɢɢ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɟ ɪɚɫɬɢɬɟɥɶ-
ɧɨɝɨ ɫɥɨɹ. ɉɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ ɫɢɝɧɚ-
ɥɨɜ Ƚɇɋɋ ɧɚ ɨɫɧɨɜɟ ɮɨɪɦɭɥ (4)–(8). Ⱥɦɩɥɢɬɭɞɭ ɧɚ 
ɜɵɯɨɞɟ ɩɪɢɟɦɧɢɤɚ Ƚɇɋɋ ɜ ɨɬɫɭɬɫɬɜɢɟ ɜɨɥɧɵ, ɪɚɫɫɟ-
ɹɧɧɨɣ ɪɚɫɬɢɬɟɥɶɧɵɦ ɢ ɩɨɱɜɟɧɧɵɦ ɩɨɤɪɨɜɨɦ, ɡɚɞɚɞɢɦ 

ɜ ɜɢɞɟ ɩɨɥɢɧɨɦɚ ɱɟɬɜɟɪɬɨɣ ɫɬɟɩɟɧɢ F(θ) = –0,0321 +  

+ 0,0149θ + 0,0001θ2 – 0,0106⋅10–4θ3 – 0,0108⋅10–6θ4 
(ɩɨɥɢɧɨɦ ɩɨɥɭɱɟɧ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚ-
ɥɢɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ 
ɨɞɧɨɝɨ ɢɡ ɫɢɝɧɚɥɚ, ɩɪɢɧɹɬɨɝɨ ɨɬ ɫɩɭɬɧɢɤɚ GPS, ɧɨɪ-
ɦɢɪɨɜɚɧɧɨɝɨ ɧɚ ɫɪɟɞɧɢɣ ɭɪɨɜɟɧɶ ɫɢɝɧɚɥɚ ɩɪɢ ɭɝɥɟ 
ɩɚɞɟɧɢɹ 80ɨ). ɉɪɢ ɪɚɫɱɟɬɟ ɄȾɉ ɩɨɱɜɵ ɫɨɞɟɪɠɚɧɢɟ 
ɝɥɢɧɵ ɢ ɨɛɴɟɦɧɚɹ ɜɥɚɠɧɨɫɬɶ ɡɚɞɚɜɚɥɚɫɶ ɪɚɜɧɵɦɢ 
0,312 ɝ/ɝ ɢ 0,25 ɫɦ3/ɫɦ3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɪɚɫɱɟɬɟ 
ɄȾɉ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɩɥɨɬɧɨɫɬɶ ɫɭɯɨɣ ɛɢɨɦɚɫɫɵ 

ɡɚɞɚɜɚɥɚɫɶ ɪɚɜɧɨɣ 1,01⋅10-3 ɝ/ɫɦ3. ȼɵɫɨɬɚ ɩɪɢɟɦɧɢɤɚ 
ɛɵɥɚ ɡɚɞɚɧɚ 3,05 ɦ, ɚ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɱɜɵ 0 ɫɦ. ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɵ ɪɚɫɫɱɢɬɚɧɧɵɟ ɢɧ-
ɬɟɪɮɟɪɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɥɚɠɧɨɫɬɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɧɬɟɪ-
ɮɟɪɨɝɪɚɦɦɚɦɢ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ ɜ ɨɬɫɭɬɫɬɜɢɢ ɪɚɫɬɢ-
ɬɟɥɶɧɨɝɨ ɫɥɨɹ (ɜɥɚɠɧɨɫɬɶ ɫɥɨɹ ɪɚɜɧɚ ɧɭɥɸ). 
ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ. 5, 

ɜɢɞɧɨ, ɱɬɨ ɭɝɥɨɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞ ɫɢɝɧɚɥɨɜ 
Ƚɇɋɋ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɸɬɫɹ ɩɨ ɜɟɥɢɱɢɧɟ ɩɪɢ ɭɜɟ-
ɥɢɱɟɧɢɢ ɜɥɚɠɧɨɫɬɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɫɢɝɧɚɥɨɦ ɜ ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ. ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɜɥɚɠɧɨɫɬɢ 
ɫɥɨɹ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɢ ɭɜɟɥɢɱɟɧɢɢ ɟɝɨ ɜɵɫɨɬɵ ɨɬ 0,1 ɞɨ 
0,9 ɦ (ɪɢɫ. 6) ɭɝɥɨɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞ ɫɢɝɧɚɥɨɜ 
Ƚɇɋɋ ɢɫɩɵɬɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɮɚɡɨɜɵɟ ɜɚɪɢɚɰɢɢ. 
Ɏɚɡɨɜɚɹ ɜɚɪɢɚɰɢɹ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɜ 
ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɢɡɦɟɧɟɧɢɸ ɜɵɫɨɬɵ 
ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ, ɚɦɩɥɢɬɭɞɧɵɟ ɜɚɪɢɚɰɢɢ – ɤ ɜɥɚɠ-
ɧɨɫɬɢ.  
ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ 

ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ 
ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɢɹ ɭɝɥɨɜɵɯ ɚɦ-
ɩɥɢɬɭɞɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ. 

 

 
 

 
 

Ɋɢɫ. 5. ɂɧɬɟɪɮɟɪɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ ɜ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɜɥɚɠɧɨɫɬɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ. ȼɵɫɨɬɚ ɪɚɫ- 
 

ɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɡɚɞɚɜɚɥɚɫɶ ɪɚɜɧɨɣ 0,9 ɦ 
 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ ɪɚɫɬɢɬɟɥɶ-

ɧɨɝɨ ɩɨɤɪɨɜɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɦɟɪɟɧɧɵɯ ɢɧ-

ɬɟɪɮɟɪɨɝɪɚɦɦ ɫɢɝɧɚɥɨɜ ȽɅɈɇȺɋɋ ɢ GPS. Ɇɟɬɨɞ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɨɥɟɣ ɢɡ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ 

ɤɚɪɬɢɧɵ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ ɨɫɧɨɜɚɧ ɧɚ ɦɢɧɢɦɢɡɚɰɢɢ ɜ 
ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜ ɡɨɧɞɢɪɨɜɚɧɢɹ 50ɨ≤ θ ≤ 80ɨ ɮɭɧɤɰɢɨ-
ɧɚɥɚ, ɨɛɪɚɡɭɸɳɟɝɨ ɧɨɪɦɭ ɧɟɜɹɡɤɢ ɦɟɠɞɭ ɢɡɦɟɪɟɧɧɨɣ 

ɚɦɩɥɢɬɭɞɨɣ ɫɢɝɧɚɥɚ Ƚɇɋɋ Um(θ) ɢ ɦɨɞɟɥɶɧɵɦ ɡɧɚɱɟ-
ɧɢɟɦ U(θ) (ɫɦ. ɮɨɪɦɭɥɭ (4)). ȼ ɨɛɳɟɦ ɜɢɞɟ ɦɢɧɢɦɢ-

ɡɢɪɭɟɦɵɣ ɮɭɧɤɰɢɨɧɚɥ ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɨɛɴɟɦɧɨɣ 

ɜɥɚɠɧɨɫɬɢ Ws ɢ ɜɟɫɨɜɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɝɥɢɧɵ Wc ɜ ɩɨɱ-
ɜɟ, ɜɥɚɠɧɨɫɬɢ Wl ɢ ɜɵɫɨɬɵ de ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ, 
ɜɵɫɨɬɵ ɚɧɬɟɧɧɵ ɩɪɢɟɦɧɢɤɚ Ƚɇɋɋ he ɢ ɫɪɟɞɧɟɤɜɚɞɪɚ-
ɬɢɱɧɨɣ ɜɵɫɨɬɵ ɧɟɪɨɜɧɨɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ σ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɨɷɮɮɢɰɢ-

ɟɧɬ ɨɬɪɚɠɟɧɢɹ ɜɨɥɧɵ ɫ ɩɪɚɜɨɣ ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢ-

ɟɣ ɩɪɢ ɩɚɞɚɸɳɟɣ ɜɨɥɧɟ ɨɬ ɫɩɭɬɧɢɤɚ Ƚɇɋɋ ɩɪɚɜɨɣ 

ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢ ɫɥɚɛɨ ɦɟɧɹɟɬɫɹ (ɦɟɧɟɟ 3 %) ɩɪɢ 
ɜɚɪɢɚɰɢɹɯ ɜɟɫɨɜɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɝɥɢɧɵ (0,20–0,49 ɝ/ɝ)  
ɢ ɨɛɴɟɦɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɜɥɚɝɢ (0,18–0,40 ɫɦ3/ɫɦ3) ɜ 
ɩɨɱɜɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɚ 
ɨɛɴɟɦɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɜɥɚɝɢ ɡɚɞɚɜɚɥɨɫɶ ɫɪɟɞɧɢɦ  
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ɡɧɚɱɟɧɢɟɦ ɦɟɠɞɭ ɫɭɯɨɣ ɩɨɱɜɨɣ ɢ ɜɥɚɠɧɨɫɬɶɸ ɩɪɢ 

ɩɨɥɧɨɣ ɜɥɚɝɨɟɦɤɨɫɬɢ Ws = 0,23 ɫɦ3/ɫɦ3, ɜɟɫɨɜɨɟ ɫɨɞɟɪ-
ɠɚɧɢɟ ɝɥɢɧɵ ɡɚɞɚɜɚɥɨɫɶ ɫɪɟɞɧɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨ ɫɨ-
ɞɟɪɠɚɧɢɸ ɝɥɢɧɢɫɬɨɣ ɮɪɚɤɰɢɢ ɧɚ ɢɫɫɥɟɞɭɟɦɵɯ ɩɨɥɹɯ 
Wc = 0,312 ɝ/ɝ. ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɜɵɫɨɬɚ ɧɟɪɨɜɧɨ-
ɫɬɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɱɜɵ ɡɚɞɚɜɚɥɚɫɶ ɪɚɜɧɨɣ σ = 0,0 ɦ.  

 

 

 
 

Ɋɢɫ. 6. ɂɧɬɟɪɮɟɪɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ Ƚɇɋɋ ɜ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ. ȼɥɚɠɧɨɫɬɶ  
 

ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɡɚɞɚɜɚɥɚɫɶ 1,5 ɝ/ɫɦ3 
 

Ɇɟɬɨɞ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ ɪɚɫɬɢ-

ɬɟɥɶɧɨɫɬɢ ɢɡ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪɬɢɧɵ ɫɢɝɧɚɥɨɜ 
Ƚɇɋɋ ɩɨɷɬɚɩɧɨ ɪɟɚɥɢɡɨɜɵɜɚɥɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɚɥ-
ɝɨɪɢɬɦɭ:  

1. ȼ ɮɨɪɦɭɥɟ (4) ɫɪɟɞɧɢɣ ɭɪɨɜɟɧɶ ɚɦɩɥɢɬɭɞɵ 

ɫɢɝɧɚɥɨɜ ɧɚ ɜɵɯɨɞɟ ɩɪɢɟɦɧɢɤɚ Ƚɇɋɋ (θ)U  ɦɨɠɟɬ 
ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧ ɩɨɥɢɧɨɦɨɦ ɱɟɬɜɟɪɬɨɣ ɫɬɟɩɟɧɢ 

2 3 4

0 1 2 3 4(θ) θ θ θU a a q a a a= + + + + . ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɷɬɨɣ 

ɮɭɧɤɰɢɟɣ ɜ ɪɟɝɪɟɫɫɢɨɧɧɨɦ ɚɧɚɥɢɡɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɨɝɨ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɧɚɣɞɟɦ ɤɨɷɮ- 

ɮɢɰɢɟɧɬɵ ai,1 ɩɨɥɢɧɨɦɚ (θ)U . ɉɨɥɭɱɟɧɧɭɸ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɭɸ ɮɭɧɤɰɢɸ (θ)U  ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ  
ɜ ɞɚɥɶɧɟɣɲɟɦ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɞɥɹ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɚɦɩɥɢɬɭɞɵ 1 (θ) (θ)F U=  ɧɚ 
ɜɵɯɨɞɟ ɩɪɢɟɦɧɢɤɚ Ƚɇɋɋ ɜ ɨɬɫɭɬɫɬɜɢɟ ɨɬɪɚɠɟɧɧɨɣ 

ɜɨɥɧɵ ɪɚɫɬɢɬɟɥɶɧɵɦ ɢ ɩɨɱɜɟɧɧɵɦ ɩɨɤɪɨɜɨɦ.  

2. ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɮɭɧɤ-
ɰɢɨɧɚɥɚ ɧɨɪɦɵ ɧɟɜɹɡɤɢ ɧɚɯɨɞɢɦ ɩɟɪɜɵɟ ɩɪɢɛɥɢɠɟɧɢɹ 
ɞɥɹ ɜɵɫɨɬɵ ɚɧɬɟɧɧɵ ɩɪɢɟɦɧɢɤɚ Ƚɇɋɋ he,1, ɜɵɫɨɬɵ de,1 

ɢ ɨɛɴɟɦɧɨɣ ɜɥɚɠɧɨɫɬɢ Wl,1 ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ. 
3. ɇɚ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɩɪɨɜɨɞɢɬɫɹ ɦɢɧɢ-

ɦɢɡɚɰɢɹ ɮɭɧɤɰɢɨɧɚɥɚ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ: ai,F, he,F, de,F, Wl,F. ɉɪɢ 

ɷɬɨɦ ɜ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɵɯ ɜɟɥɢɱɢɧ ɞɥɹ ɷɬɢɯ ɩɚɪɚɦɟɬ-
ɪɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɡɧɚɱɟɧɢɹ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɩɪɟɞɵ-

ɞɭɳɢɯ ɷɬɚɩɚɯ: ai,1, he,1, de,1, Wl,1.   

Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɹɡɵɤɟ ɩɪɨ-
ɝɪɚɦɦɢɪɨɜɚɧɢɹ ɋ++ ɜ ɪɚɛɨɱɟɣ ɫɪɟɞɟ ɩɪɨɝɪɚɦɦɵ 

OriginLab, ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɦɢɧɢɦɢɡɚɰɢɹ 
ɮɭɧɤɰɢɨɧɚɥɚ ɧɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɚ Ʌɟɜɟɧɛɟɪɝɚ–Ɇɚɪɤ- 
ɜɚɪɞɬɚ [16]. ȼɵɲɟɨɩɢɫɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɛɵɥ ɩɪɢɦɟɧɟɧ 

ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ ɩɨɫɟɜɨɜ ɫɥɟ-
ɞɭɸɳɢɯ ɤɭɥɶɬɭɪ: ɪɚɩɫ, ɪɨɠɶ, ɩɲɟɧɢɰɚ ɢ ɹɱɦɟɧɶ.  
ɇɚ ɪɢɫ. 7 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɨɣ ɤɚɪ-
ɬɢɧɵ. 

ȼ ɬɚɛɥ. 3 ɫɜɟɞɟɧɵ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨ-
ɞɟɥɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɟ ɤɨɧɬɚɤɬɧɵɦɢ 

ɦɟɬɨɞɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɥɢɱɢɧɵ (ɨɛɨɡɧɚɱɟɧɵ  

ɫ ɢɧɞɟɤɫɨɦ m). 

ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɥɨɹ ɧɚ ɨɞɢɧ 

ɤɜɚɞɪɚɬɧɵɣ ɦɟɬɪ Ml ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɩɨ ɮɨɪɦɭɥɟ Ml = 

= Wl⋅ρw⋅de, ρw = 1 000 ɤɝ/ɦ3 – ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ. ȼɵɫɨɬɚ 
ɮɚɡɨɜɨɝɨ ɰɟɧɬɪɚ ɚɧɬɟɧɧɵ he,m ɧɚɞ ɪɚɫɬɢɬɟɥɶɧɵɦ ɩɨ-
ɤɪɨɜɨɦ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɤɚɤ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɜɵɫɨɬɨɣ 

ɚɧɬɟɧɧɵ ɧɚɞ ɩɨɱɜɨɣ h ɢ ɜɵɫɨɬɨɣ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨ-
ɤɪɨɜɚ dm, ɢɡɦɟɪɟɧɧɵɦɢ ɧɚ ɩɨɥɟ ɜɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɢɡɦɟɪɟɧɢɸ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨ-

ɬɵ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɩɪɢɟɦɧɢɤɚ ɆɊɄ-32Ɋ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɫɪɟɞɧɟɦ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵ-

ɫɨɬɵ ɢ ɜɥɚɠɧɨɫɬɢ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ ɫɟɥɶɫɤɨɯɨ-
ɡɹɣɫɬɜɟɧɧɵɯ ɩɨɥɟɣ ɫ ɱɟɬɵɪɶɦɹ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ 

ɤɭɥɶɬɭɪ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ Δde = 0,17 ɦ ɢ ΔMl =  

= 0,21  ɤɝ/ɦ2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɬɚɛɥ. 3). ɉɪɟɞɥɨɠɟɧɧɚɹ 
ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ (4)–(8), ɨɩɢɫɵɜɚɸɳɚɹ ɚɦɩɥɢɬɭ-
ɞɭ ɫɢɝɧɚɥɚ, ɪɟɝɢɫɬɪɢɪɭɟɦɨɝɨ ɩɪɢɟɦɧɢɤɨɦ Ƚɇɋɋ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ, ɩɨɤɪɵɬɨɝɨ ɪɚɫɬɢ-

ɬɟɥɶɧɨɫɬɶɸ, ɜ ɫɪɟɞɧɟɦ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɤɨɪɪɟɥɹɰɢɢ 

0,71 ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɢɡɦɟɪɟɧɧɵɦɢ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵ-

ɦɢ ɫɢɝɧɚɥɚɦɢ.              
    

Ɍɚɛɥɢɰɚ 3 

ȼɨɫɫɬɚɧɨɜɥɟɧɧɵɟ ɢ ɢɡɦɟɪɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ 
 

ɉɨɥɟ he,F, ɦ de,F, ɦ Wl,F10–3, ɦ3/ɦ3 Ml,F, ɤɝ/ɦ2 he,m, ɦ dm, ɦ Wl,m10–3, ɦ3/ɦ3 Ml,m, ɤɝ/ɦ2 

Ɋɚɩɫ 2,56 0,45 3,35 1,51 2,39 0,66 2,30 1,52 

Ɋɨɠɶ 2,26 0,87 1,10 0,96 2,05 1,03 0,60 0,62 

ɉɲɟɧɢɰɚ 2,23 0,87 1,19 1,04 2,21 0,87 0,79 0,69 

əɱɦɟɧɶ 2,54 0,49 2,1 1,03 2,30 0,77 1,51 1,16 

ɚ 

ɛ 
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Ɂɚɤɥɸɱɟɧɢɟ. Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ ɫɢɝɧɚɥɨɜ ȽɅɈɇȺɋɋ ɢ GPS, ɜ ɤɨɬɨ-
ɪɭɸ ɢɧɬɟɝɪɢɪɨɜɚɧɚ ɦɨɞɟɥɶ ɤɨɦɩɥɟɤɫɧɨɣ ɞɢɷɥɟɤɬɪɢ-

ɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨɱɜ ɫ ɩɚɪɚɦɟɬɪɚɦɢ, ɯɚɪɚɤɬɟɪ-
ɧɵɦɢ ɞɥɹ ɩɨɱɜ ɬɟɫɬɨɜɵɯ ɭɱɚɫɬɤɨɜ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧ-

ɧɵɯ ɡɟɦɟɥɶ ɫ ɩɨɫɟɜɚɦɢ ɩɲɟɧɢɰɵ, ɪɠɢ, ɪɚɩɫɚ ɢ ɹɱɦɟɧɹ 
ɜ ȿɦɟɥɶɹɧɨɜɫɤɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ.  
ɉɪɨɜɟɞɟɧɵ ɩɨɥɟɜɵɟ ɢɡɦɟɪɟɧɢɹ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ 

ɫɢɝɧɚɥɨɜ ȽɅɈɇȺɋɋ ɢ GPS ɨɬɟɱɟɫɬɜɟɧɧɵɦ ɩɪɢɟɦɧɢ-

ɤɨɦ ɆɊɄ-32Ɋ ɧɚ ɬɟɫɬɨɜɵɯ ɭɱɚɫɬɤɚɯ. ɉɪɢ ɫɨɩɨɫɬɚɜɥɟ-
ɧɢɢ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ ɫ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɦɢ ɩɨɥɭɱɟɧɚ ɜɵɫɨɤɚɹ ɤɨɪɪɟ-
ɥɹɰɢɹ ɦɟɠɞɭ ɧɢɦɢ. ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɨɪɟ-
ɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɧɬɟɪɮɟɪɨɝɪɚɦɦ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɩɨɱɜ ɢ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ ɫɨɡɞɚɧ ɚɥɝɨɪɢɬɦ ɨɩɪɟ-
ɞɟɥɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɩɨɤɪɨɜɚ 
ɞɥɹ ɬɟɫɬɨɜɵɯ ɭɱɚɫɬɤɨɜ ɩɲɟɧɢɰɵ, ɪɚɩɫɚ, ɪɠɢ ɢ ɹɱɦɟɧɹ 
ɜ ȿɦɟɥɶɹɧɨɜɫɤɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ. ȼɨɫɫɬɚ-
ɧɨɜɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɥɚɠɧɨɫɬɢ ɢ ɜɵɫɨɬɵ ɪɚɫɬɢɬɟɥɶ-
ɧɨɝɨ ɩɨɤɪɨɜɚ ɬɟɫɬɨɜɵɯ ɭɱɚɫɬɤɨɜ ɜ ɫɪɟɞɧɟɦ ɫ ɩɨɝɪɟɲ-

ɧɨɫɬɶɸ 0,17 ɦ ɢ 0,21 ɤɝ/ɦ2 ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ. Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 

ɜɥɚɠɧɨɫɬɢ ɩɨɱɜɵ, ɭɬɨɱɧɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢ ɭɫɥɨ-
ɜɢɣ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɩɪɢɦɟɧɢɦɨɫɬɶ ɞɚɧɧɵɯ ɚɥɝɨ-
ɪɢɬɦɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɞɚɥɶɧɟɣɲɭɸ ɢɯ ɜɚɥɢ-

ɞɚɰɢɸ ɧɚ ɞɪɭɝɢɯ ɭɱɚɫɬɤɚɯ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɩɨ-
ɥɟɣ ɩɪɢ ɜɚɪɢɚɰɢɢ ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ, ɲɟɪɨ-
ɯɨɜɚɬɨɫɬɢ ɩɨɱɜɟɧɧɨɝɨ ɩɨɤɪɨɜɚ. 

 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨ-
ɟɤɬɚ ɊɎɎɂ № 13-05-98089, ɪ_ɫɢɛɢɪɶ_ɚ, ɩɪɨɝɪɚɦɦɵ 
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