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Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɹɬɶ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ ɧɟɛɟɫɧɨɝɨ ɬɟɥɚ ɜ ɚɬɦɨɫɮɟɪɟ 
Зɟɦɥɢ, ɩɚɪɚɦɟɬɪɵ ɝɟɥɢɨɰɟɧɬɪɢɱɟɫɤɨɣ ɨɪɛɢɬɵ ɬɟɥɚ ɞɨ ɟɝɨ ɜɯɨɠɞɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɭ, ɚ ɬɚɤɠɟ ɨɰɟɧɢɜɚɬɶ ɨɫ-
ɧɨɜɧɵɟ ɮɚɤɬɨɪɵ ɩɨɪɚɠɟɧɢɹ ɭɞɚɪɧɨɣ ɜɨɥɧɨɣ. Мɟɬɨɞɢɤɚ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɜɚɪɢɚɧɬɨɜ 
ɪɚɡɜɢɬɢɹ ɫɨɛɵɬɢɣ ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɯɨɠɞɟɧɢɹ ɨɛɴɟɤɬɚ ɜ ɚɬɦɨɫɮɟɪɟ Зɟɦɥɢ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɨɛɴɟɤɬ ɩɪɨɲɟɥ ɱɟɪɟɡ 
ɚɬɦɨɫɮɟɪɭ, ɧɟ ɫɬɨɥɤɧɭɜɲɢɫɶ ɫ Зɟɦɥɟɣ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɨɦɟɧɬɵ ɜɯɨɞɚ ɢ ɜɵɯɨɞɚ ɬɟɥɚ ɢɡ ɚɬɦɨɫɮɟɪɵ Зɟɦɥɢ. 
Ɉɛɴɟɤɬ ɦɨɠɟɬ ɫɬɨɥɤɧɭɬɶɫɹ ɫ Зɟɦɥɟɣ, ɧɟ ɪɚɡɪɭɲɢɜɲɢɫɶ. ɉɪɢ ɷɬɨɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɢɧɬɟɝɪɢɪɭ-
ɸɬɫɹ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɧɟɛɟɫɧɵɦ ɬɟɥɨɦ ɩɨɜɟɪɯɧɨɫɬɢ Зɟɦɥɢ. ɋɱɢɬɚɥɨɫɶ, ɱɬɨ ɨɛɴɟɤɬ ɫɝɨɪɚɟɬ ɜ ɚɬɦɨɫɮɟɪɟ, ɟɫɥɢ 
ɟɝɨ ɪɚɞɢɭɫ ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɟɟ 1 ɫɦ. Ɉɬɞɟɥɶɧɨ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɨɛɴɟɤɬ ɪɚɡɪɭ-
ɲɚɟɬɫɹ, ɚ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ Зɟɦɥɢ ɞɨɥɟɬɚɸɬ ɬɨɥɶɤɨ ɮɪɚɝɦɟɧɬɵ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ  
ɜ ɩɪɨɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ. Ɉɞɧɢɦ ɢɡ ɩɪɟɢɦɭɳɟɫɬɜ ɤɨɦɩɥɟɤɫɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɯɪɚɧɟɧɢɹ 
ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ ɜ ɮɚɣɥɟ ɮɨɪɦɚɬɚ .kml, ɩɨɡɜɨɥɹɸɳɟɦ ɨɬɨɛɪɚɠɚɬɶ ɬɪёɯɦɟɪɧɵɟ ɝɟɨɩɪɨɫɬɪɚɧɫɬɜɟɧ-
ɧɵɟ ɞɚɧɧɵɟ ɜ ɩɪɨɝɪɚɦɦɟ «Google ɉɥɚɧɟɬɚ Зɟɦɥɹ», ɚ ɬɚɤɠɟ ɧɚ ɞɜɭɯɦɟɪɧɵɯ ɤɚɪɬɚɯ Google. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɷɬɨ 
ɬɪɚɟɤɬɨɪɢɹ ɩɨɥɟɬɚ ɢ ɟɟ ɩɪɨɟɤɰɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ Зɟɦɥɢ, ɦɟɫɬɚ ɪɚɡɪɭɲɟɧɢɹ, ɜɡɪɵɜɚ ɢ ɩɚɞɟɧɢɹ ɦɟɬɟɨɪɢɬɚ, 
ɨɛɥɚɫɬɢ ɩɚɞɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɢ ɩɨɪɚɠɟɧɢɹ ɭɞɚɪɧɨɣ ɜɨɥɧɨɣ, ɚ ɬɚɤɠɟ ɞɪɭɝɚɹ ɩɨɥɟɡɧɚɹ ɢɧɮɨɪɦɚɰɢɹ. Эɮɮɟɤɬɢɜ-
ɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɛɵɥɚ ɩɪɨɜɟɪɟɧɚ ɧɚ ɞɜɢɠɟɧɢɢ ɚɫɬɟɪɨɢɞɚ 2008 TC3 ɢ ɦɟɬɟɨɪɢ-
ɬɚ «Чɟɥɹɛɢɧɫɤ». Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɪɛɢɬɵ ɦɟɬɟɨɪɢɬɨɜ 2008 TC3 ɢ «Чɟɥɹɛɢɧɫɤ» ɞɨ ɜɯɨɞɚ ɜ ɚɬɦɨɫɮɟɪɭ ɨɤɚ-
ɡɚɥɢɫɶ ɛɥɢɡɤɢ ɤ ɨɪɛɢɬɚɦ, ɩɨɥɭɱɟɧɧɵɦ ɞɪɭɝɢɦɢ ɚɜɬɨɪɚɦɢ, ɚ ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɲɧɵɯ ɜɡɪɵɜɨɜ ɫɨɜɩɚɞɚɸɬ ɫ ɢɫɯɨɞ-
ɧɵɦɢ ɞɚɧɧɵɦɢ ɜ ɩɪɟɞɟɥɚɯ ɢɯ ɬɨɱɧɨɫɬɢ. ɉɨɥɭɱɟɧɧɵɟ ɨɛɥɚɫɬɢ ɩɚɞɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɷɬɢɯ ɦɟɬɟɨɪɢɬɨɜ ɧɚɯɨɞɹɬ-

ɫɹ ɜɫɟɝɨ ɥɢɲɶ ɜ ɧɟɫɤɨɥɶɤɢɯ ɤɢɥɨɦɟɬɪɚɯ ɨɬ ɨɛɧɚɪɭɠɟɧɧɵɯ ɨɫɤɨɥɤɨɜ. Зɨɧɵ ɪɚɡɪɭɲɟɧɢɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ 
ɜɨɡɞɭɲɧɨɣ ɭɞɚɪɧɨɣ ɜɨɥɧɵ ɜ ɫɥɭɱɚɟ ɦɟɬɟɨɪɢɬɚ «Чɟɥɹɛɢɧɫɤ» ɫɨɜɩɚɞɚɸɬ ɫ ɪɟɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 
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The authors have developed and realized the method, allowing to determine the trajectory of motion of celestial 

bodies in the Earth’s atmosphere, to determine the parameters of heliocentric orbit of celestial bodies prior to its entry 

into the atmosphere, as well as to estimate major factors of damage due the blast wave. The method researches several 

scenarios due to the passage of the object in the Earth’s atmosphere. In case the object passed through the atmosphere, 

without colliding with the Earth, the moments of an entrance and exit of a body from the Earth’s atmosphere are 

determined. The object can collide with the Earth without breakup. In this case, the differential equations are integrated 

until the celestial body reaches the Earth’s surface. It was assumed that the object burns in the atmosphere, if its radius 

becomes less than 1 cm. The case when object breaks up during the motion and only the fragments reach the Earth’s 

surface was considered separately. The developed method has been implemented in the software package. One of the 

advantages of the package is the ability to save the results of calculations in the .kml format, allowing to display three-

dimensional geospatial data in the “Google Earth” as well as two-dimensional data in “Google” maps. In our case 

these data are the flight trajectory and its projection to the Earth’s surface, the places of meteorite break up and air 

burst, the impact areas of the fragments, the overpressure areas due the blast wave, as well as other useful information. 
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Using this method the motion of Chelyabinsk and 2008 TC3 meteorites were simulated. It was shown that heliocentric 

orbital elements of the Chelyabinsk and 2008 TC3 meteorites before entering the Earth’s atmosphere calculated using 

the developed software are close to the parameters obtained by other authors, the trajectory parameters are in good 

agreement with the initial data within their accuracy. Estimated impact areas of meteorites fragments are only in few 

kilometers from the recovered one. The overpressure areas due the blast wave in case of “Chelyabinsk” meteorite 

coincide with the real data. 

 

Keywords: celestial body, asteroid, meteorite, heliocentric orbit, trajectory of motion, Earth’s atmosphere, air blast, 

blast wave, impact area. 

 

ȼɜɟɞɟɧɢɟ. Ɉɫɧɨɜɧɵɦɢ ɜɨɡɦɭɳɚɸɳɢɦɢ ɮɚɤɬɨɪɚɦɢ 

ɜ ɞɜɢɠɟɧɢɢ ɦɚɥɵɯ ɬɟɥ ɜ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɟ ɹɜɥɹɸɬɫɹ 
ɩɪɢɬɹɠɟɧɢɹ ɛɨɥɶɲɢɯ ɩɥɚɧɟɬ, ɤɨɬɨɪɵɟ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɦɚɬɟɪɢɚɥɶɧɵɟ ɬɨɱɤɢ. 

Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɟ ɬɟɫɧɨɝɨ ɫɛɥɢɠɟɧɢɹ ɢɥɢ ɫɬɨɥɤɧɨɜɟɧɢɹ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɫ Ɂɟɦɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵ-

ɜɚɬɶ ɬɚɤɢɟ ɮɚɤɬɨɪɵ, ɤɚɤ ɜɥɢɹɧɢɟ ɧɟɫɮɟɪɢɱɧɨɫɬɢ, ɜɨɡ-
ɦɭɳɟɧɢɟ, ɨɤɚɡɵɜɚɟɦɨɟ ɚɬɦɨɫɮɟɪɨɣ Ɂɟɦɥɢ, ɦɚɫɫɚ, ɫɨ-
ɫɬɚɜ ɢ ɮɨɪɦɚ ɫɚɦɨɝɨ ɬɟɥɚ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟ-
ɥɟɧɧɭɸ ɫɥɨɠɧɨɫɬɶ ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɜɨɡɧɢɤɚɟɬ ɧɟɛɯɨɞɢɦɨɫɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ, ɩɨ-
ɡɜɨɥɹɸɳɟɣ ɩɪɨɢɡɜɨɞɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɭɸ ɨɰɟɧɤɭ 
ɬɪɚɟɤɬɨɪɢɢ ɬɟɥɚ ɩɪɢ ɟɝɨ ɞɜɢɠɟɧɢɢ ɤɚɤ ɜɛɥɢɡɢ, ɬɚɤ ɢ ɜ 
ɚɬɦɨɫɮɟɪɟ Ɂɟɦɥɢ. 

Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ. ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɞɢɧɚɦɢ-

ɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɜ ɫɥɭɱɚɟ ɟɫɥɢ ɢɡɭɱɚɟɦɵɣ ɨɛɴɟɤɬ ɞɜɢ-

ɠɟɬɫɹ ɜɧɟ ɡɟɦɧɨɣ ɚɬɦɨɫɮɟɪɵ, ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ 
ɡɚɞɚɸɬɫɹ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɝɟɥɢɨɰɟɧɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟ-
ɦɟ ɤɨɨɪɞɢɧɚɬ ɢ ɢɦɟɸɬ ɜɢɞ 

1 2 3 ,r W W W′ ′ ′= + + , 

ɝɞɟ 1W ′  – ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɭɫɤɨɪɟɧɢɟ ɨɬ ɋɨɥɧɰɚ; 2W ′  – 

ɜɨɡɦɭɳɚɸɳɢɟ ɭɫɤɨɪɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɪɢɬɹɠɟɧɢ-

ɟɦ ɢɡɭɱɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɩɥɚɧɟɬɚɦɢ; 3W ′  – ɪɟɥɹɬɢɜɢɫɬ-
ɫɤɢɟ ɩɨɩɪɚɜɤɢ. 

ȿɫɥɢ ɠɟ ɬɟɥɨ ɜɨɲɥɨ ɜ ɚɬɦɨɫɮɟɪɭ Ɂɟɦɥɢ, ɬɨ ɩɪɨɢɫ-
ɯɨɞɢɬ ɩɟɪɟɯɨɞ ɤ ɝɟɨɰɟɧɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, 
ɚ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɢɡɦɟɧɹɸɬɫɹ. ȼ ɧɢɯ ɞɨɛɚɜɥɹɸɬ-
ɫɹ ɫɥɚɝɚɟɦɵɟ, ɭɱɢɬɵɜɚɸɳɢɟ ɫɠɚɬɢɟ Ɂɟɦɥɢ ɢ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ ɚɬɦɨɫɮɟɪɵ. Ɍɚɤɠɟ ɞɨɛɚɜɥɹɟɬɫɹ ɞɢɮɮɟɪɟɧ-

ɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɨɩɢɫɵɜɚɸɳɟɟ ɢɡɦɟɧɟɧɢɟ ɪɚɡɦɟ-
ɪɚ ɨɛɴɟɤɬɚ ɜɫɥɟɞɫɬɜɢɟ ɟɝɨ ɬɨɪɦɨɠɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɟ: 

1 2 3

1

;

,

r W W W

R V

⎧ = + +
⎨

=⎩
 

ɝɞɟ 1W  – ɝɪɚɜɢɬɚɰɢɨɧɧɨɟ ɭɫɤɨɪɟɧɢɟ ɨɬ Ɂɟɦɥɢ ɫ ɭɱɟɬɨɦ 

ɫɠɚɬɢɹ; 2W  – ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɨɬ ɋɨɥɧɰɚ 
ɢ ɩɥɚɧɟɬ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ; 3W  – ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɚɬɦɨɫɮɟɪɵ; 1V  – ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɚ ɨɛɴɟɤɬɚ.  
ȼɨɡɦɭɳɚɸɳɟɟ ɭɫɤɨɪɟɧɢɟ 3W , ɭɱɢɬɵɜɚɸɳɟɟ ɫɨɩɪɨ- 

ɬɢɜɥɟɧɢɟ ɚɬɦɨɫɮɟɪɵ, ɡɚɞɚɟɬɫɹ ɜ ɜɢɞɟ 

2 mid

3

1 ρ
2

P

D a

A

S
W C

m

υυ
υ

⎛ ⎞= − ⎜ ⎟
⎝ ⎠

, 

ɝɞɟ CD – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɨɡɞɭɯɚ; ρa – 

ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ; υ  – ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɨɛɴɟɤɬɚ ɨɬ-
ɧɨɫɢɬɟɥɶɧɨ ɚɬɦɨɫɮɟɪɵ Ɂɟɦɥɢ; υ  – ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ 

ɫɤɨɪɨɫɬɢ; ɨɬɧɨɲɟɧɢɟ ɦɢɞɟɥɟɜɚ ɫɟɱɟɧɢɹ midS  ɤ ɦɚɫɫɟ 
ɨɛɴɟɤɬɚ m ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɚɪɭɫɧɨɫɬɶ [1]. Ⱦɥɹ ɭɞɨɛɫɬɜɚ 
ɛɭɤɜɨɣ P ɨɛɨɡɧɚɱɟɧɨ ɞɚɜɥɟɧɢɟ, ɨɤɚɡɵɜɚɟɦɨɟ ɜɨɡɞɭɯɨɦ 

ɧɚ ɬɟɥɨ, ɚ ɛɭɤɜɨɣ A – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɚ. 
ɋɱɢɬɚɹ, ɱɬɨ ɱɚɫɬɶ ɷɧɟɪɝɢɢ, ɜɨɡɧɢɤɚɸɳɟɣ ɢɡ-ɡɚ ɫɨ-

ɩɪɨɬɢɜɥɟɧɢɹ ɚɬɦɨɫɮɟɪɵ, ɢɞɟɬ ɧɚ ɪɚɡɨɝɪɟɜ ɢ ɢɫɩɚɪɟ-
ɧɢɟ ɜɟɳɟɫɬɜɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ, ɚ ɫɚɦ ɨɛɴɟɤɬ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɢɫɩɚɪɟɧɢɹ ɢɦɟɟɬ ɢ ɫɨɯɪɚɧɹɟɬ ɫɮɟɪɢɱɟɫɤɭɸ 
ɮɨɪɦɭ, ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɪɚɞɢɭɫɚ ɬɟɥɚ ɛɭɞɟɬ ɨɩɪɟ-
ɞɟɥɹɬɶɫɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 
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ɝɞɟ γ – ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɢɞɭɳɟɣ ɧɚ ɫɭɛɥɢɦɚɰɢɸ 
ɜɟɳɟɫɬɜɚ; R – ɪɚɞɢɭɫ ɨɛɴɟɤɬɚ; K – ɬɟɩɥɨ, ɧɟɨɛɯɨɞɢɦɨɟ 
ɞɥɹ ɢɫɩɚɪɟɧɢɹ 1 ɤɝ ɜɟɳɟɫɬɜɚ. 
ȼɨɡɦɨɠɧɨɟ ɪɚɡɜɢɬɢɟ ɫɨɛɵɬɢɣ. Ɇɟɬɨɞɢɤɚ ɩɪɟɞɭ-

ɫɦɚɬɪɢɜɚɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɜɚɪɢɚɧɬɨɜ ɪɚɡ-
ɜɢɬɢɹ ɫɨɛɵɬɢɣ ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɯɨɠɞɟɧɢɹ ɨɛɴɟɤɬɚ ɜ 
ɚɬɦɨɫɮɟɪɟ Ɂɟɦɥɢ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɨɛɴɟɤɬ ɩɪɨɲɟɥ ɱɟɪɟɡ 
ɚɬɦɨɫɮɟɪɭ, ɧɟ ɫɬɨɥɤɧɭɜɲɢɫɶ ɫ Ɂɟɦɥɟɣ, ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɦɨɦɟɧɬɵ ɜɯɨɞɚ ɢ ɜɵɯɨɞɚ ɬɟɥɚ ɢɡ ɚɬɦɨɫɮɟɪɵ Ɂɟɦɥɢ. 
Ɉɛɴɟɤɬ ɦɨɠɟɬ ɫɬɨɥɤɧɭɬɶɫɹ ɫ Ɂɟɦɥɟɣ, ɧɟ ɪɚɡɪɭɲɢɜ-
ɲɢɫɶ. ɉɪɢ ɷɬɨɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɢɧɬɟɝ-
ɪɢɪɭɸɬɫɹ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɧɟɛɟɫɧɵɦ ɬɟɥɨɦ ɩɨɜɟɪɯɧɨ-
ɫɬɢ Ɂɟɦɥɢ. ɋɱɢɬɚɥɨɫɶ, ɱɬɨ ɨɛɴɟɤɬ ɫɝɨɪɚɟɬ ɜ ɚɬɦɨɫɮɟ-
ɪɟ, ɟɫɥɢ ɟɝɨ ɪɚɞɢɭɫ R ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɟɟ 1 ɫɦ. Ɉɬɞɟɥɶ-
ɧɨ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ 
ɨɛɴɟɤɬ ɪɚɡɪɭɲɚɟɬɫɹ, ɚ ɞɨ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ ɞɨɥɟɬɚɸɬ 
ɬɨɥɶɤɨ ɮɪɚɝɦɟɧɬɵ. 
Ɋɚɡɪɭɲɟɧɢɟ ɬɟɥɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɞɚɜ-

ɥɟɧɢɹ ɜɨɡɞɭɯɚ ɧɚ ɬɟɥɨ P ɜɟɥɢɱɢɧɵ ɤɪɢɬɢɱɟɫɤɨɝɨ ɡɧɚ-
ɱɟɧɢɹ Pmax. Ɂɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɪɚɡ-
ɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥ. 1 [2]. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɧɧɨɣ ɩɥɨɬɧɨ-
ɫɬɢ ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 
ɬɚɛɥ. 1 ɢɧɬɟɪɩɨɥɹɰɢɟɣ. 

Ɍɚɛɥɢɰɚ 1 

ȼɟɥɢɱɢɧɵ ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ  

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
 

Ɇɚɬɟɪɢɚɥ ɉɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3 Pmax, ɉɚ 
Ʌɟɞ 1000 104 

ɉɨɪɢɫɬɚɹ ɩɨɪɨɞɚ 1500 105 

ɉɥɨɬɧɚɹ ɩɨɪɨɞɚ 3600 107 

ɀɟɥɟɡɨ 8000 108 
 

Ⱦɨɫɬɢɝɧɭɜ ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɟɥɨ ɪɚɡɪɭɲɚɟɬ-
ɫɹ, ɨɞɧɚɤɨ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɮɪɚɝɦɟɧɬɵ ɬɟɥɚ ɞɜɢɠɭɬɫɹ 
ɤɚɤ ɟɞɢɧɨɟ ɰɟɥɨɟ, ɨɬɞɚɥɹɹɫɶ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɫɨ ɫɤɨɪɨ-
ɫɬɶɸ ρ ρa TV υ= , ɝɞɟ Tυ  – ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ ɫɤɨɪɨɫɬɢ 

ɬɟɥɚ ɜ ɦɨɦɟɧɬ ɪɚɡɪɭɲɟɧɢɹ; ρ – ɩɥɨɬɧɨɫɬɶ ɬɟɥɚ [3]. 
ɉɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɚ  
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ɨɛɴɟɤɬɚ V1 ɜ ɫɢɫɬɟɦɟ ɛɟɪɟɬɫɹ ɪɚɜɧɨɣ V. ɂɡ-ɡɚ ɪɚɡɧɢɰɵ 
ɞɚɜɥɟɧɢɣ ɧɚ ɩɟɪɟɞɧɸɸ ɢ ɡɚɞɧɸɸ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡ-
ɞɪɨɛɥɟɧɧɨɟ ɬɟɥɨ ɤɚɤ-ɛɵ ɪɚɫɲɢɪɹɟɬɫɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪ-
ɧɨ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɨɬɧɨɲɟɧɢɟ 
ɬɟɤɭɳɟɝɨ ɪɚɞɢɭɫɚ ɤ ɪɚɞɢɭɫɭ ɬɟɥɚ ɜ ɦɨɦɟɧɬ ɪɚɡɪɭɲɟ-
ɧɢɹ R(t)/R ɧɟ ɞɨɫɬɢɝɧɟɬ ɡɚɞɚɧɧɨɝɨ ɩɪɟɞɟɥɚ. Ɉɰɟɧɤɢ 

ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɭ ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ [4; 5] ɜɚɪɶɢɪɭɸɬɫɹ ɜ 
ɩɪɟɞɟɥɚɯ ɨɬ 2 ɞɨ 10. ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɜɨɡɞɭɲɧɵɣ ɜɡɪɵɜ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɦɨɦɟɧɬ, ɤɨɝɞɚ ɡɧɚɱɟɧɢɟ R(t) = 5R ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ 
ɬɟɥɨ ɤ ɷɬɨɦɭ ɦɨɦɟɧɬɭ ɧɟ ɞɨɫɬɢɝɥɨ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ. 
ɋ ɷɬɨɝɨ ɦɨɦɟɧɬɚ ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɮɪɚɝɦɟɧɬɵ ɧɚɱɢɧɚɸɬ 
ɞɜɢɝɚɬɶɫɹ ɩɨ ɧɟɡɚɜɢɫɢɦɵɦ ɬɪɚɟɤɬɨɪɢɹɦ, ɚ ɫɥɟɞɫɬɜɢɟɦ 
ɢɯ ɛɵɫɬɪɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɭɞɚɪɧɚɹ ɜɨɥɧɚ. 
ɉɚɪɚɦɟɬɪɨɦ ɭɞɚɪɧɨɣ ɜɨɥɧɵ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɟɟ 

ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɪɚɡɥɢɱɧɵɟ ɨɛɴɟɤɬɵ, ɹɜɥɹɟɬɫɹ ɦɚɤɫɢ-

ɦɚɥɶɧɨɟ ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɮɪɨɧɬɟ ∆pm. ɇɚ ɨɫ-
ɧɨɜɟ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɫɮɟɪɢɱɟɫɤɨɣ ɭɞɚɪɧɨɣ ɜɨɥ-
ɧɵ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɷɦɩɢɪɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ [6] 
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ɝɞɟ E – ɷɧɟɪɝɢɹ ɜɡɪɵɜɚ, ɢɡɦɟɪɹɸɳɚɹɫɹ ɜ ɤɝ ɬɪɨɬɢɥɨ-
ɜɨɝɨ ɷɤɜɢɜɚɥɟɧɬɚ; l – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɜɡɪɵɜɚ, ɦ; 

ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɮɪɨɧɬɟ ɭɞɚɪɧɨɣ ɜɨɥɧɵ ∆pm 

ɢɡɦɟɪɹɟɬɫɹ ɜ Ɇɉɚ. ɗɬɚ ɮɨɪɦɭɥɚ ɫɩɪɚɜɟɞɥɢɜɚ ɞɥɹ 
ɜɡɪɵɜɨɜ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ: E > 100 ɤɝ ɌɇɌ ɜ ɞɢɚɩɚ-
ɡɨɧɟ 0,01 < ∆pm < 1 Ɇɉɚ. 
ɉɪɹɦɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ 

ɮɪɨɧɬɟ ɭɞɚɪɧɨɣ ɜɨɥɧɵ ɩɪɢɜɨɞɢɬ ɤ ɱɚɫɬɢɱɧɨɦɭ ɢɥɢ 

ɩɨɥɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɡɞɚɧɢɣ, ɫɨɨɪɭɠɟɧɢɣ ɢ ɞɪɭɝɢɯ 
ɨɛɴɟɤɬɨɜ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ ɢɡɛɵɬɨɱɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɜɵɞɟɥɹɸɬ ɪɚɡɥɢɱɧɵɟ ɡɨɧɵ ɪɚɡɪɭɲɟɧɢɣ [7], 

ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. Ɉɱɚɝ ɩɨɪɚ-
ɠɟɧɢɹ ɧɚ ɪɚɜɧɢɧɧɨɣ ɦɟɫɬɧɨɫɬɢ ɭɫɥɨɜɧɨ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ 
ɪɚɞɢɭɫɨɦ ɫ ɢɡɛɵɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ 10 ɤɉɚ (0,1 ɤɝɫ/ɫɦ). 

ɗɧɟɪɝɢɹ ɜɨɡɞɭɲɧɨɝɨ ɜɡɪɵɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟ-
ɫɬɜɨɦ ɷɧɟɪɝɢɢ, ɜɵɞɟɥɢɜɲɟɣɫɹ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɪɚɡ-
ɪɭɲɚɸɳɟɝɨɫɹ ɬɟɥɚ, ɩɨ ɮɨɪɦɭɥɟ 

21η ,
2
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ɝɞɟ m – ɦɚɫɫɚ ɬɟɥɚ ɜ ɦɨɦɟɧɬ ɪɚɡɪɭɲɟɧɢɹ; η – ɞɨɥɹ 
ɷɧɟɪɝɢɢ, ɜɵɞɟɥɢɜɲɟɣɫɹ ɩɨɱɬɢ ɦɝɧɨɜɟɧɧɨ ɩɪɢ ɬɨɪɦɨ-
ɠɟɧɢɢ ɦɟɥɤɢɯ ɨɫɤɨɥɤɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɹ ɷɧɟɪɝɢɸ 

ɢ ɜɵɫɨɬɭ ɜɡɪɵɜɚ, ɧɚɯɨɞɹɬ ɪɚɡɦɟɪɵ ɡɨɧ ɪɚɡɪɭɲɟɧɢɣ. 

 
Ɍɚɛɥɢɰɚ 2 

Ɋɚɡɪɭɲɟɧɢɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɭɞɚɪɧɨɣ ɜɨɥɧɵ 

 

Ɂɨɧɵ ɪɚɡɪɭɲɟɧɢɣ ∆pm, ɤɉɚ 
ɉɨɪɨɝ ɩɪɨɱɧɨɫɬɢ ɫɬɟɤɥɚ 1 

Ɋɚɡɛɢɬɵ 10 % ɫɬɟɤɨɥ 2 

ɇɟɡɧɚɱɢɬɟɥɶɧɵɟ ɩɨɜɪɟɠɞɟɧɢɹ ɩɨ-
ɫɬɪɨɟɤ 5 

ɑɚɫɬɢɱɧɨɟ ɪɚɡɪɭɲɟɧɢɟ 10 

ɋɪɟɞɧɢɟ ɪɚɡɪɭɲɟɧɢɹ 20 

ɋɢɥɶɧɵɟ ɪɚɡɪɭɲɟɧɢɹ 30 

ɉɨɥɧɨɟ ɪɚɡɪɭɲɟɧɢɟ 50 

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɬɟɥɚ ɜ ɚɬɦɨ-
ɫɮɟɪɟ Ɂɟɦɥɢ ɜ ɤɚɤɨɣ-ɬɨ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ T ɩɪɨɢɡɨɲɥɨ 

ɪɚɡɪɭɲɟɧɢɟ ɨɛɴɟɤɬɚ ɧɚ ɮɪɚɝɦɟɧɬɵ. Ⱦɥɹ ɨɰɟɧɤɢ ɨɛɥɚɫ-
ɬɢ ɩɚɞɟɧɢɹ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɫɨɜɦɟɫɬɧɨ ɢɧ-

ɬɟɝɪɢɪɭɟɬɫɹ ɞɜɢɠɟɧɢɟ 4 ɮɪɚɝɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɪɚɡɥɟ-
ɬɚɸɬɫɹ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɜ ɩɥɨɫɤɨ-
ɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɜɟɤɬɨɪɭ ɫɤɨɪɨɫɬɢ ɬɟɥɚ ɜ ɦɨ-
ɦɟɧɬ ɪɚɡɪɭɲɟɧɢɹ Tυ  ɫɨ ɫɤɨɪɨɫɬɹɦɢ ρ ρa TV υ= . ɗɬɢ 

ɧɚɩɪɚɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫ. 1. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ 
ɜɟɤɬɨɪɵ ɫɤɨɪɨɫɬɢ ɤɚɠɞɨɝɨ ɢɡ ɱɟɬɵɪɟɯ ɮɪɚɝɦɟɧɬɨɜ 

Wυ , Eυ , Nυ  ɢ Sυ  ɡɚɞɚɸɬɫɹ ɮɨɪɦɭɥɚɦɢ 
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ɝɞɟ ω T Trυ= × ; Tr  – ɜɟɤɬɨɪ ɩɨɥɨɠɟɧɢɹ ɬɟɥɚ ɜ ɦɨɦɟɧɬ 
ɪɚɡɪɭɲɟɧɢɹ. Ɋɚɞɢɭɫ ɮɪɚɝɦɟɧɬɨɜ ɛɟɪɟɬɫɹ ɪɚɜɧɵɦ 

f TR R n= , ɝɞɟ n – ɱɢɫɥɨ ɮɪɚɝɦɟɧɬɨɜ; RT – ɪɚɞɢɭɫ 
ɨɛɴɟɤɬɚ ɜ ɦɨɦɟɧɬ ɪɚɡɪɭɲɟɧɢɹ. Ʉɨɨɪɞɢɧɚɬɵ ɦɟɫɬ ɩɚ-
ɞɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ, ɨɛɨɡɧɚɱɟɧɧɵɟ ɧɚ ɪɢɫ. 1 ɬɨɱɤɚɦɢ 

W, E, N ɢ S, ɜɵɱɢɫɥɹɸɬɫɹ ɫ ɭɱɟɬɨɦ ɩɚɪɚɦɟɬɪɨɜ ɩɪɟ-
ɰɟɫɫɢɢ ɢ ɧɭɬɚɰɢɢ ɨɫɢ Ɂɟɦɥɢ, ɚ ɨɛɥɚɫɬɶ ɩɚɞɟɧɢɹ ɚɩ-

ɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɷɥɥɢɩɫɨɦ, ɩɪɨɯɨɞɹɳɢɦ ɱɟɪɟɡ ɷɬɢ 

ɬɨɱɤɢ.  

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɩɪɨ-
ɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ. Ɉɞɧɢɦ ɢɡ ɩɪɟ-
ɢɦɭɳɟɫɬɜ ɤɨɦɩɥɟɤɫɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɯɪɚɧɟ-
ɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ ɜ ɮɚɣɥɟ ɮɨɪɦɚɬɚ .kml, 

ɩɨɡɜɨɥɹɸɳɟɦ ɨɬɨɛɪɚɠɚɬɶ ɬɪёɯɦɟɪɧɵɟ ɝɟɨɩɪɨɫɬɪɚɧɫɬ-
ɜɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɩɪɨɝɪɚɦɦɟ «Google ɉɥɚɧɟɬɚ Ɂɟɦɥɹ» 

[8], ɚ ɬɚɤɠɟ ɧɚ ɞɜɭɯɦɟɪɧɵɯ ɤɚɪɬɚɯ Google. ȼ ɧɚɲɟɦ 

ɫɥɭɱɚɟ ɷɬɨ ɬɪɚɟɤɬɨɪɢɹ ɩɨɥɟɬɚ ɢ ɟɟ ɩɪɨɟɤɰɢɹ ɧɚ ɩɨ-
ɜɟɪɯɧɨɫɬɶ Ɂɟɦɥɢ, ɦɟɫɬɚ ɪɚɡɪɭɲɟɧɢɹ, ɜɡɪɵɜɚ ɢ ɩɚɞɟɧɢɹ 
ɦɟɬɟɨɪɢɬɚ, ɨɛɥɚɫɬɢ ɩɚɞɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɢ ɩɨɪɚɠɟɧɢɹ 
ɭɞɚɪɧɨɣ ɜɨɥɧɨɣ, ɚ ɬɚɤɠɟ ɞɪɭɝɚɹ ɩɨɥɟɡɧɚɹ ɢɧɮɨɪɦɚ-
ɰɢɹ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶ-ɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɛɵɥɚ ɩɪɨɜɟɪɟɧɚ ɧɚ ɞɜɢɠɟɧɢɢ ɚɫɬɟɪɨɢɞɚ 
2008 TC3 ɢ ɦɟɬɟɨɪɢɬɚ «ɑɟɥɹɛɢɧɫɤ». 

Ⱥɫɬɟɪɨɢɞ 2008 TC3. Ⱥɫɬɟɪɨɢɞ 2008 TC3 ɛɵɥ ɨɬ-
ɤɪɵɬ ɭɬɪɨɦ 6 ɨɤɬɹɛɪɹ 2008 ɝ. ɜ ɨɛɫɟɪɜɚɬɨɪɢɢ Ɇɚɭɧɬ-
Ʌɟɦɦɨɧ. Ɉɩɟɪɚɬɢɜɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɨɪɛɢɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɬɨɬ ɚɫɬɟɪɨɢɞ ɞɨɥɠɟɧ ɫɬɨɥɤ-
ɧɭɬɶɫɹ ɫ Ɂɟɦɥɟɣ ɜ ɛɥɢɠɚɣɲɢɟ 24 ɱɚɫɚ. ɗɬɨ ɛɵɥɨ ɩɟɪ-
ɜɨɟ ɧɟɛɟɫɧɨɟ ɬɟɥɨ, ɨɛɧɚɪɭɠɟɧɧɨɟ ɞɨ ɜɯɨɞɚ ɜ ɚɬɦɨɫɮɟ-
ɪɭ Ɂɟɦɥɢ. ȿɝɨ ɞɢɚɦɟɬɪ ɨɰɟɧɢɜɚɥɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 2 ɞɨ 
5 ɦ. 7 ɨɤɬɹɛɪɹ ɦɟɬɟɨɪɢɬ ɪɚɡɪɭɲɢɥɫɹ ɩɪɢ ɩɚɞɟɧɢɢ ɜ 
ɚɬɦɨɫɮɟɪɟ ɧɚɞ ɩɭɫɬɵɧɧɨɣ ɬɟɪɪɢɬɨɪɢɟɣ ɋɭɞɚɧɚ ɧɚ 
ɜɵɫɨɬɟ 37 ɤɦ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ 20.8° ɫ. ɲ. ɢ 32.2° ɜ. ɞ. 

[9]. ɉɨɡɞɧɟɟ ɛɵɥɢ ɧɚɣɞɟɧɵ ɛɨɥɟɟ 600 ɮɪɚɝɦɟɧɬɨɜ ɚɫ-
ɬɟɪɨɢɞɚ ɨɛɳɟɣ ɦɚɫɫɨɣ 10,7 ɤɝ [10]. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 
ɨɪɛɢɬ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɟɪɟɛɨɪɟ ɨɪɛɢɬɚɥɶɧɵɯ ɩɥɨɫɤɨ-
ɫɬɟɣ [11], ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɷɥɟɦɟɧɬɵ ɝɟɥɢɨɰɟɧɬɪɢɱɟ-
ɫɤɨɣ ɨɪɛɢɬɵ (ɬɚɛɥ. 3), ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ 589 ɩɨ-
ɡɢɰɢɨɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɚɫɬɟɪɨɢɞɚ 2008 Ɍɋ3 ɫɨ ɫɪɟɞ-
ɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɨɣ σ 2.0′′=  ɧɚ ɷɩɨɯɭ 
2454746.5 JD (7 ɨɤɬɹɛɪɹ 2008 ɝ.). ɗɬɢ ɷɥɟɦɟɧɬɵ ɡɚɞɚ-
ɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɧɨɦɢɧɚɥɶɧɭɸ ɨɪɛɢɬɭ, ɬ. ɟ. ɭɞɨɜ-
ɥɟɬɜɨɪɹɸɳɭɸ ɭɫɥɨɜɢɹɦ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚ-
ɬɨɜ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɜ ɬɚɛɥ. 3 ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɷɥɟɦɟɧ-

ɬɵ ɨɪɛɢɬ, ɩɨɥɭɱɟɧɧɵɟ Ʌɚɛɨɪɚɬɨɪɢɟɣ ɪɟɚɤɬɢɜɧɨɝɨ 
ɞɜɢɠɟɧɢɹ (JPL). 
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Ⱦɚɥɟɟ, ɢɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ, 

ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɜɢɠɟɧɢɹ ɚɫɬɟɪɨɢ-

ɞɚ 2008 Ɍɋ3 ɞɨ ɦɨɦɟɧɬɚ ɟɝɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ Ɂɟɦɥɟɣ. ȼ 

ɩɪɢɧɹɬɨɣ ɦɨɞɟɥɢ ɜ ɭɪɚɜɧɟɧɢɹɯ ɞɜɢɠɟɧɢɹ ɭɱɢɬɵɜɚ-
ɥɢɫɶ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɨɬ ɜɫɟɯ ɛɨɥɶɲɢɯ 
ɩɥɚɧɟɬ, Ʌɭɧɵ ɢ ɉɥɭɬɨɧɚ. Ʉɨɨɪɞɢɧɚɬɵ ɜɨɡɦɭɳɚɸɳɢɯ 
ɩɥɚɧɟɬ ɜɵɱɢɫɥɹɥɢɫɶ ɩɨ ɱɢɫɥɟɧɧɨɣ ɷɮɟɦɟɪɢɞɟ EPM 

[13]. ɑɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ 
ɜɵɩɨɥɧɹɥɨɫɶ ɦɟɬɨɞɨɦ Ɋɭɧɝɟ–Ʉɭɬɬɚ 4-ɝɨ ɩɨɪɹɞɤɚ ɫ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɜɵɛɨɪɨɦ ɲɚɝɚ ɩɨ ɜɟɥɢɱɢɧɟ ɫɤɨɪɨɫɬɢ. 

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɜɵɱɢɫɥɹɥɚɫɶ ɩɨ ɬɚɛɥɢɰɚɦ ɫɬɚɧ-

ɞɚɪɬɧɨɣ ɚɬɦɨɫɮɟɪɵ ɋɒȺ 1976 [14], ɜ ɤɨɬɨɪɨɣ ɚɬɦɨ-
ɫɮɟɪɚ ɪɚɡɞɟɥɟɧɚ ɧɚ ɫɟɦɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɯ ɫɥɨɟɜ ɫ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɬ ɜɵɫɨɬɵ. ɉɨɜɟɪɯɧɨɫɬɶ Ɂɟɦɥɢ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɥɚɫɶ 
ɷɥɥɢɩɫɨɢɞɨɦ ɜɪɚɳɟɧɢɹ [15]. ɉɨɥɚɝɚɹ, ɱɬɨ ɨɛɴɟɤɬ ɢɦɟɥ 
ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɤɨɷɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɜɨɡɞɭɯɚ CD ɩɪɢɧɢɦɚɥɫɹ ɪɚɜɧɵɦ 2 [2]. Ʉɨɥɢɱɟɫɬɜɨ 
ɷɧɟɪɝɢɢ, ɢɞɭɳɟɣ ɧɚ ɫɭɛɥɢɦɚɰɢɸ ɜɟɳɟɫɬɜɚ γ, ɞɥɹ ɨɫ-
ɧɨɜɧɨɝɨ ɬɟɥɚ ɛɪɚɥɨɫɶ ɪɚɜɧɵɦ 10–3, ɚ ɞɥɹ ɮɪɚɝɦɟɧɬɨɜ –
10–2. Ɍɚɤɠɟ ɫɱɢɬɚɥɨɫɶ, ɱɬɨ ɞɥɹ ɢɫɩɚɪɟɧɢɹ 1 ɤɝ ɜɟɳɟɫɬ-
ɜɚ ɚɫɬɟɪɨɢɞɚ 2008 Ɍɋ3 ɧɟɨɛɯɨɞɢɦɨ 600 ɤɚɥ/ɝ. 
Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɚɫɬɟɪɨɢɞɚ 

2008 TC3 ɜ ɚɬɦɨɫɮɟɪɟ Ɂɟɦɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2, 

ɝɞɟ ɢɡɨɛɪɚɠɟɧ ɫɧɢɦɨɤ ɦɟɫɬɧɨɫɬɢ ɫɨ ɫɩɭɬɧɢɤɚ, ɧɚ ɤɨ-
ɬɨɪɨɦ ɱɟɪɧɨɣ ɥɢɧɢɟɣ ɩɨɤɚɡɚɧɚ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ 
ɦɟɬɟɨɪɢɬɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɨ ɷɥɟɦɟɧɬɚɦ ɧɨɦɢɧɚɥɶɧɨɣ 

ɨɪɛɢɬɵ, ɚ ɛɟɥɨɣ ɥɢɧɢɟɣ – ɟɟ ɩɪɨɟɤɰɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
Ɂɟɦɥɢ. Ɇɟɫɬɚ ɧɚɱɚɥɚ ɪɚɡɪɭɲɟɧɢɹ ɢ ɜɡɪɵɜɚ ɦɟɬɟɨɪɢɬɚ 
ɨɛɨɡɧɚɱɟɧɵ ɛɭɤɜɚɦɢ A ɢ B ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɢɯ ɩɚ-
ɪɚɦɟɬɪɵ ɜ ɫɪɚɜɧɟɧɢɢ ɫɨ ɫɩɭɬɧɢɤɨɜɵɦɢ ɞɚɧɧɵɦɢ [9] 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 4. ɐɢɮɪɚɦɢ ɨɬɦɟɱɟɧɵ ɦɟɫɬɚ ɨɛɧɚ-
ɪɭɠɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɦɟɬɟɨɪɢɬɚ, ɚ ɢɯ ɦɚɫɫɵ ɢ ɤɨɨɪ-
ɞɢɧɚɬɵ [10] ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 5. 

 

 
 

Ɋɢɫ. 1. Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɥɚɫɬɢ ɩɚɞɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ  
 

Ɍɚɛɥɢɰɚ 3 

Эɥɟɦɟɧɬɵ ɨɪɛɢɬɵ ɚɫɬɟɪɨɢɞɚ 2008 Ɍɋ3 ɧɚ ɷɩɨɯɭ 7 ɨɤɬɹɛɪɹ 2008 ɝ. 
 

Ⱥɜɬɨɪ M (°) ω (°) Ω (°) i (°) e n (°/ɫɭɬ) 
ɂɉȺ 330.7502 234.4474 194.1011 2.5416 0.311995 0.658783 

JPL [12] 330.7541 234.4490 194.1011 2.5422 0.312065 0.658707 

 
Ɍɚɛɥɢɰɚ 4 

ɉɚɪɚɦɟɬɪɵ ɦɟɫɬ ɧɚɱɚɥɚ ɪɚɡɪɭɲɟɧɢɹ ɢ ɜɡɪɵɜɚ ɚɫɬɟɪɨɢɞɚ 2008 Ɍɋ3 
 

ɂɉȺ ɉɚɪɚɦɟɬɪ Ɋɚɡɪɭɲɟɧɢɟ ȼɡɪɵɜ  
ɋɩɭɬɧɢɤɨɜɵɟ ɞɚɧɧɵɟ 

(NASA/JPL, 2008) 

ȼɵɫɨɬɚ, ɤɦ 36,9 35,2 37 

ȼɪɟɦɹ, UT 02:45:51 02:45:51 02:45:45 

ɒɢɪɨɬɚ, ° ɫ. ɲ. 20.72 20.71 20.8 

Ⱦɨɥɝɨɬɚ, ° ɜ. ɞ. 32.15 32.19 32.2 

 

Ɍɚɛɥɢɰɚ 5 

ɉɚɪɚɦɟɬɪɵ ɧɚɣɞɟɧɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɚɫɬɟɪɨɢɞɚ 2008 Ɍɋ3 
 

ɉɚɪɚɦɟɬɪ 1 2 3 4 5 6 7 

Ɇɚɫɫɚ, ɝ 4,412 78,201 65,733 141,842 378,710 259,860 303,690 

ɒɢɪɨɬɚ, ° ɫ. ɲ. 20.77 20.74 20.74 20.70 20.68 20.70 20.70 

Ⱦɨɥɝɨɬɚ, ° ɜ. ɞ. 32.29 32.33 32.36 32.49 32.50 32.50 32.52 
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Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɦɟɬɟɨɪɢɬɚ 2008 TC3 ɜ ɚɬɦɨɫɮɟɪɟ Ɂɟɦɥɢ 

 

ɂɡ ɬɚɛɥ. 5 ɜɢɞɧɨ, ɱɬɨ ɦɚɫɫɵ ɨɛɧɚɪɭɠɟɧɧɵɯ ɮɪɚɝ-
ɦɟɧɬɨɜ ɧɟ ɩɪɟɜɵɲɚɸɬ ɤɢɥɨɝɪɚɦɦɚ, ɩɨɷɬɨɦɭ ɩɨɫɥɟ 
ɜɡɪɵɜɚ ɦɟɬɟɨɪɢɬɚ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɞɜɢɠɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɫ ɦɚɫɫɚɦɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 100 

ɞɨ 700 ɝ. ɉɪɨɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɩɨ-
ɡɜɨɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɜɨɞɢɬɶ ɨɰɟɧɤɭ ɨɛɥɚɫɬɢ ɩɚ-
ɞɟɧɢɹ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɪɚɝɦɟɧɬɨɜ ɪɚɡɧɵɯ 
ɪɚɡɦɟɪɨɜ, ɫɨɯɪɚɧɹɹ ɜɫɟ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɮɚɣɥɵ. 

ɇɚ ɪɢɫɭɧɤɟ ɨɬɦɟɱɟɧɵ ɜɟɪɨɹɬɧɵɟ ɨɛɥɚɫɬɢ ɩɚɞɟɧɢɹ 
ɮɪɚɝɦɟɧɬɨɜ ɪɚɡɥɢɱɧɵɯ ɦɚɫɫ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɧɨɦɢ-

ɧɚɥɶɧɨɣ ɨɪɛɢɬɟ ɢ ɞɜɭɦ ɟɟ ɜɚɪɢɚɰɢɹɦ. Ȼɭɤɜɚɦɢ Ⱥ ɢ ȼ 

ɨɛɨɡɧɚɱɟɧɵ ɨɛɥɚɫɬɢ ɜɵɩɚɞɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɫ ɧɚɢ-

ɦɟɧɶɲɟɣ ɢ ɧɚɢɛɨɥɶɲɟɣ ɦɚɫɫɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚ 
ɪɢɫ. 2 ɜɢɞɧɨ ɯɨɪɨɲɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɨɰɟɧɤɢ ɨɛɥɚɫɬɟɣ ɩɚɞɟɧɢɹ ɫ ɧɚɣɞɟɧɧɵɦɢ 

ɮɪɚɝɦɟɧɬɚɦɢ, ɚ ɧɟɛɨɥɶɲɢɟ ɨɬɤɥɨɧɟɧɢɹ ɦɨɠɧɨ ɨɛɴɹɫ-
ɧɢɬɶ, ɧɚɩɪɢɦɟɪ, ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɟɬɪɚ [10]. Ⱦɚɧɧɵɟ 
ɬɚɛɥ. 4 ɬɚɤɠɟ ɝɨɜɨɪɹɬ ɨ ɯɨɪɨɲɟɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɫɨ 
ɫɩɭɬɧɢɤɚ. 
Ɇɟɬɟɨɪɢɬ «Чɟɥɹɛɢɧɫɤ». ɍɬɪɨɦ 15 ɮɟɜɪɚɥɹ 2013 ɝ. 

ɜ ɧɟɛɟ ɧɚɞ ɑɟɥɹɛɢɧɫɤɨɦ ɧɚɛɥɸɞɚɥɚɫɶ ɹɪɤɚɹ ɜɫɩɵɲɤɚ, 
ɤɨɬɨɪɚɹ ɛɵɥɚ ɜɵɡɜɚɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ ɚɫɬɟ-
ɪɨɢɞɨɦ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 17–20 ɦ ɜ ɞɢɚɦɟɬɪɟ, ɜɨɲɟɞ-
ɲɢɦ ɜ ɚɬɦɨɫɮɟɪɭ Ɂɟɦɥɢ ɧɚ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɢ ɩɨɞ 
ɧɟɛɨɥɶɲɢɦ ɭɝɥɨɦ. ȼ ɷɬɨɬ ɦɨɦɟɧɬ ɜɵɫɜɨɛɨɞɢɥɨɫɶ ɨɝ-
ɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɚ ɫɚɦɨ ɬɟɥɨ ɪɚɡɪɭɲɢɥɨɫɶ 
ɧɚ ɦɧɨɠɟɫɬɜɨ ɱɚɫɬɟɣ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɭɩɚɥɢ 

ɧɚ ɡɟɦɥɸ. Ɍɚɤ ɤɚɤ ɷɬɨ ɫɨɛɵɬɢɟ ɩɪɨɢɡɨɲɥɨ ɧɚɞ ɤɪɭɩ-

ɧɨɧɚɫɟɥɟɧɧɵɦ ɝɨɪɨɞɨɦ, ɨɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɨɞɨɛɧɵɯ 
ɟɦɭ ɱɢɫɥɨɦ ɩɨɤɚɡɚɧɢɣ ɨɱɟɜɢɞɰɟɜ. Ɉɧɨ ɛɵɥɨ ɡɚɮɢɤɫɢ-

ɪɨɜɚɧɨ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɢɞɟɨɪɟɝɢɫɬɪɚɬɨɪɨɜ ɢ 

ɜɢɞɟɨɤɚɦɟɪ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɟɬɟɨɪɨɥɨɝɢɱɟɫɤɢɟ ɫɩɭɬɧɢɤɢ 

Meteosat 9 ɢ Meteosat 10 ɫɦɨɝɥɢ ɫɮɨɬɨɝɪɚɮɢɪɨɜɚɬɶ 
ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɣ ɫɥɟɞ ɨɬ ɩɪɨɥёɬɚ ɦɟɬɟɨɪɢɬɚ ɜ ɚɬɦɨ-
ɫɮɟɪɟ Ɂɟɦɥɢ [16], ɚ ɫɨ ɞɧɚ ɨɡɟɪɚ ɑɟɛɚɪɤɭɥɶ ɛɵɥ ɩɨɞ-

ɧɹɬ ɨɫɤɨɥɨɤ ɦɟɬɟɨɪɢɬɚ ɪɚɡɦɟɪɨɦ ɨɤɨɥɨ ɦɟɬɪɚ ɢ ɜɟɫɨɦ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 600 ɤɝ. 
Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɦɟɬɟɨɪɢɬɚ ɜ ɤɚɱɟɫɬ-

ɜɟ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɚɢɛɨ-
ɥɟɟ ɬɨɱɧɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɚɧɧɵɟ, ɤɨɬɨɪɵɟ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɚɩɩɚɪɚɬɭɪɨɣ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɝɟɨ-
ɫɬɚɰɢɨɧɚɪɧɵɯ ɫɩɭɬɧɢɤɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɢɧɬɟɪɟɫɚɯ 
Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɨɪɨɧɵ ɋɒȺ ɢ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɷɧɟɪɝɟ-
ɬɢɤɢ ɋɒȺ. ɗɬɚ ɚɩɩɚɪɚɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɨɬɫɥɟɠɢɜɚɬɶ 
ɜɨɡɞɭɲɧɵɟ ɹɞɟɪɧɵɟ ɜɡɪɵɜɵ, ɚ ɬɚɤɠɟ ɢɡɦɟɪɹɬɶ ɤɪɢɜɵɟ 
ɫɜɟɬɢɦɨɫɬɢ ɫɝɨɪɚɸɳɢɯ ɜ ɚɬɦɨɫɮɟɪɟ ɛɨɥɢɞɨɜ. ɉɨ ɷɬɢɦ 

ɞɚɧɧɵɦ ɦɨɦɟɧɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɹɪɤɨɫɬɢ ɩɪɨɢɡɨɲɟɥ  
15 ɮɟɜɪɚɥɹ 2013 ɝ. ɜ 03:20:33 ɩɨ Ƚɪɢɧɜɢɱɭ ɧɚ ɜɵɫɨɬɟ 
23,3 ɤɦ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ 54.8° ɫ. ɲ. ɢ 61.1° ɜ. ɞ. ɋɤɨ-
ɪɨɫɬɶ ɨɛɴɟɤɬɚ ɜ ɦɨɦɟɧɬ ɦɚɤɫɢɦɚɥɶɧɨɣ ɹɪɤɨɫɬɢ ɫɨ-
ɫɬɚɜɥɹɥɚ 18,6 ɤɦ/ɫ, ɚ ɜɵɞɟɥɢɜɲɚɹɫɹ ɷɧɟɪɝɢɹ – 440 Ʉɬ  
ɜ ɬɪɨɬɢɥɨɜɨɦ ɷɤɜɢɜɚɥɟɧɬɟ [17]. 

Ⱥɡɢɦɭɬ ɬɪɚɟɤɬɨɪɢɢ ɢ ɧɚɤɥɨɧ, ɩɨɥɭɱɟɧɧɵɟ ɤɨɥɭɦ-

ɛɢɣɫɤɢɦɢ ɚɫɬɪɨɧɨɦɚɦɢ [18] ɩɨ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦ ɡɚ-
ɩɢɫɹɦ ɫ ɜɢɞɟɨɪɟɝɢɫɬɪɚɬɨɪɨɜ ɢ ɤɚɦɟɪ ɜɢɞɟɨɧɚɛɥɸɞɟ-
ɧɢɹ, ɛɪɚɥɢɫɶ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 285 ± 2° ɢ 15,8 ± 0,3°. 

ɇɚɣɞɟɧɧɵɟ ɨɫɬɚɬɤɢ ɦɟɬɟɨɪɢɬɚ ɝɨɜɨɪɹɬ ɨ ɬɨɦ, ɱɬɨ ɷɬɨ 
ɛɵɥ ɨɛɵɱɧɵɣ ɯɨɧɞɪɢɬ [19] ɩɥɨɬɧɨɫɬɶɸ ɩɪɢɦɟɪɧɨ  
3,6 ɝ/ɫɦ3. Ⱦɢɚɦɟɬɪ ɨɛɴɟɤɬɚ ɞɨ ɜɯɨɞɚ ɜ ɚɬɦɨɫɮɟɪɭ 
ɛɪɚɥɫɹ ɪɚɜɧɵɦ 18 ɦ. 

ɉɨ ɷɬɢɦ ɩɚɪɚɦɟɬɪɚɦ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɷɥɟɦɟɧɬɵ 

ɝɟɥɢɨɰɟɧɬɪɢɱɟɫɤɨɣ ɨɪɛɢɬɵ ɨɛɴɟɤɬɚ ɞɨ ɟɝɨ ɜɯɨɞɚ ɜ 
ɚɬɦɨɫɮɟɪɭ ɧɚ ɷɩɨɯɭ 2456336.5 JD (13 ɮɟɜɪɚɥɹ 2013 ɝ.). 
ɗɬɢ ɷɥɟɦɟɧɬɵ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɪɭɝɢɯ 
ɚɜɬɨɪɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 6 ɜ ɩɟɪɜɨɣ ɫɬɪɨɤɟ. 
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Ɍɚɛɥɢɰɚ 6 

ɋɪɚɜɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɭɱɟɧɧɨɣ ɝɟɥɢɨɰɟɧɬɪɢɱɟɫɤɨɣ ɨɪɛɢɬɵ 
 

Ⱥɜɬɨɪ q (ɚ. ɟ.) e ω (°) Ω (°) i (°) a (ɚ. ɟ.) 
ɂɉȺ 0.70 0.56 100.90 326.46 4.27 1.60 

Zuluaga [18] 0.71 0.48 97.98 326.47 4.31 1.37 

IAU 3423 [20] 0.77 0.5 109.7 326.41 3.6 1.55 

ɂɇȺɋȺɇ [21] 0.74 0.58 108.3 326.44 4.93 1.76 

ɏɇɍ [22] 0.65 0.65 97.2 326.42 12.06 1.83 

 

 
 

Ɋɢɫ. 3. Ƚɟɥɢɨɰɟɧɬɪɢɱɟɫɤɚɹ ɨɪɛɢɬɚ ɦɟɬɟɨɪɢɬɚ «ɑɟɥɹɛɢɧɫɤ» 

 

 
 

Ɋɢɫ. 4. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɦɟɬɟɨɪɢɬɚ «ɑɟɥɹɛɢɧɫɤ» ɜ ɚɬɦɨɫɮɟɪɟ Ɂɟɦɥɢ 
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Ɋɢɫ. 5. Ɉɛɥɚɫɬɢ ɩɚɞɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɦɟɬɟɨɪɢɬɚ «ɑɟɥɹɛɢɧɫɤ» 

 

ɇɚ ɪɢɫ. 3 ɢɡɨɛɪɚɠɟɧɚ ɝɟɥɢɨɰɟɧɬɪɢɱɟɫɤɚɹ ɨɪɛɢɬɚ 
ɦɟɬɟɨɪɢɬɚ «ɑɟɥɹɛɢɧɫɤ» ɜ ɩɥɨɫɤɨɫɬɢ ɷɤɥɢɩɬɢɤɢ ɩɨ 

ɜɵɱɢɫɥɟɧɧɵɦ ɷɥɟɦɟɧɬɚɦ, ɩɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨ-
ɝɪɚɦɦɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ HALLEY [23]. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 3, ɨɪɛɢɬɚ ɚɫɬɟɪɨɢɞɚ ɞɨɫɬɢɝɚɟɬ ɨɪɛɢ-

ɬɵ ȼɟɧɟɪɵ ɜ ɩɟɪɢɝɟɥɢɢ ɢ ɩɨɹɫɚ ɚɫɬɟɪɨɢɞɨɜ ɜ ɚɮɟɥɢɢ. 

ɑɢɫɥɟɧɧɵɣ ɪɚɫɱɟɬ ɷɜɨɥɸɰɢɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɚɫɬɟɪɨ-
ɢɞ ɦɨɝ ɞɜɢɝɚɬɶɫɹ ɩɨ ɷɬɨɣ ɨɪɛɢɬɟ ɜ ɬɟɱɟɧɢɟ ɬɵɫɹɱ ɥɟɬ, 
ɦɧɨɝɨɤɪɚɬɧɨ ɩɟɪɟɫɟɤɚɹ ɨɪɛɢɬɭ Ɂɟɦɥɢ. ȼɟɪɨɹɬɧɨ, ɱɬɨ 

ɷɬɨɬ ɚɫɬɟɪɨɢɞ ɨɛɪɚɡɨɜɚɥɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɬɨɥɤɧɨɜɢ-

ɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɝɥɚɜɧɨɦ ɩɨɹɫɟ. ɇɚɯɨɞɹɫɶ ɜ ɩɟɪɢ-

ɝɟɥɢɢ ɫɜɨɟɣ ɨɪɛɢɬɵ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɡɚ ɞɜɚ ɫ ɩɨɥɨɜɢ-

ɧɨɣ ɦɟɫɹɰɚ ɞɨ ɫɬɨɥɤɧɨɜɟɧɢɹ, ɨɧ ɩɪɢɛɥɢɠɚɥɫɹ ɤ Ɂɟɦɥɟ 
ɫɨ ɫɬɨɪɨɧɵ ɋɨɥɧɰɚ, ɱɬɨ ɩɨɦɟɲɚɥɨ ɟɝɨ ɡɚɛɥɚɝɨɜɪɟɦɟɧ-

ɧɨɦɭ ɨɛɧɚɪɭɠɟɧɢɸ ɨɛɫɟɪɜɚɬɨɪɢɹɦɢ, ɜɟɞɭɳɢɦɢ ɩɨ-
ɫɬɨɹɧɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɡɚ ɦɚɥɵɦɢ ɬɟɥɚɦɢ ɋɨɥɧɟɱɧɨɣ 

ɫɢɫɬɟɦɵ. 

Ⱦɚɥɟɟ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɚɫɬɟɪɨɢɞɚ 2008 Ɍɋ3, ɩɨ ɜɵ-

ɱɢɫɥɟɧɧɵɦ ɷɥɟɦɟɧɬɚɦ ɝɟɥɢɨɰɟɧɬɪɢɱɟɫɤɨɣ ɨɪɛɢɬɵ 

ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɚɪɚɦɟɬɪɵ ɪɚɡɪɭɲɟɧɢɹ ɢ ɜɡɪɵɜɚ ɦɟ-
ɬɟɨɪɢɬɚ ɜ ɚɬɦɨɫɮɟɪɟ Ɂɟɦɥɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥ. 7. 
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ɉɚɪɚɦɟɬɪɵ ɦɟɫɬ ɧɚɱɚɥɚ ɪɚɡɪɭɲɟɧɢɹ  

ɢ ɜɡɪɵɜɚ ɦɟɬɟɨɪɢɬɚ «Чɟɥɹɛɢɧɫɤ» 
 

ɉɚɪɚɦɟɬɪ Ɋɚɡɪɭɲɟɧɢɟ ȼɡɪɵɜ 
ȼɵɫɨɬɚ, ɤɦ 27,7 24,5 

ȼɪɟɦɹ, UT 03:20:32 03:20:33 

ɒɢɪɨɬɚ, ° ɫ. ɲ. 54.78 54.81 

Ⱦɨɥɝɨɬɚ, ° ɜ. ɞ. 61.20 61.04 

 

ɑɟɪɧɨɣ ɥɢɧɢɟɣ ɧɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɚ ɬɪɚɟɤɬɨɪɢɹ ɩɚ-
ɞɟɧɢɹ, ɛɟɥɨɣ – ɩɪɨɟɤɰɢɹ ɬɪɚɟɤɬɨɪɢɢ, ɦɟɫɬɚ ɪɚɡɪɭɲɟɧɢɹ 

ɢ ɜɡɪɵɜɚ ɜ ɬɨɱɤɚɯ A ɢ B ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɛɥɚɫɬɢ  

ɩɚɞɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ, ɚ ɬɚɤɠɟ ɨɬɦɟɱɟɧɵ ɛɥɢɠɚɣɲɢɟ 
ɧɚɫɟɥɟɧɧɵɟ ɩɭɧɤɬɵ, ɧɚɥɨɠɟɧɧɵɟ ɧɚ ɫɩɭɬɧɢɤɨɜɵɣ 

ɫɧɢɦɨɤ ɦɟɫɬɧɨɫɬɢ. 

ɉɨ ɪɚɫɱɟɬɚɦ, ɜ ɦɨɦɟɧɬ ɜɡɪɵɜɚ ɩɪɨɢɡɨɲɥɨ ɜɵɞɟɥɟ-
ɧɢɟ 474 ɤɬ ɌɇɌ ɷɧɟɪɝɢɢ. ɉɪɢ ɷɬɨɦ ɪɚɞɢɭɫ ɡɨɧɵ ɪɚɡ-
ɪɭɲɟɧɢɹ ɫ ɢɡɛɵɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ ɧɚ ɮɪɨɧɬɟ ɭɞɚɪɧɨɣ 

ɜɨɥɧɵ ɜ 1 ɤɉɚ ɨɤɚɡɵɜɚɟɬɫɹ ɪɚɜɧɵɦ 127 ɤɦ ɢ 51 ɤɦ – 

ɞɥɹ 2 ɤɉɚ. Ɍɚɤɢɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɩɨɪɨɝɭ ɩɪɨɱɧɨɫɬɢ ɫɬɟɤɥɚ (ɫɦ. ɬɚɛɥ. 2). Ɂɨɧɵ ɪɚɡɪɭɲɟ-
ɧɢɹ ɢɡɨɛɪɚɠɟɧɵ ɧɚ pɢɫ. 4 ɛɟɥɵɦɢ ɨɤɪɭɠɧɨɫɬɹɦɢ. 

ɉɨɫɥɟ ɜɡɪɵɜɚ ɦɟɬɟɨɪɢɬɚ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɟ ɞɜɢɠɟɧɢɹ 20 ɝɪɭɩɩ ɮɪɚɝɦɟɧɬɨɜ ɫ ɪɚɡɦɟɪɚɦɢ  

ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 1,8 ɞɨ 0,4 ɦ. ɇɚ ɪɢɫ. 5 ɡɜɟɡɞɨɱɤɨɣ ɨɬ-
ɦɟɱɟɧɨ ɦɟɫɬɨ ɩɚɞɟɧɢɹ ɫɚɦɨɝɨ ɤɪɭɩɧɨɝɨ ɮɪɚɝɦɟɧɬɚ 
ɦɟɬɟɨɪɢɬɚ ɪɚɡɦɟɪɨɦ ɨɤɨɥɨ ɦɟɬɪɚ ɢ ɦɚɫɫɨɣ 654 ɤɝ, 
ɧɚɣɞɟɧɧɨɝɨ ɜ ɨɡɟɪɟ ɑɟɛɚɪɤɭɥɶ [24]. ɐɢɮɪɚɦɢ 1, 2 ɢ 3 

ɨɛɨɡɧɚɱɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɜɟɪɨɹɬɧɵɟ ɨɛɥɚɫɬɢ ɩɚɞɟɧɢɹ 
ɮɪɚɝɦɟɧɬɨɜ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨ-
ɫɬɢ ɨɬ ɧɚɣɞɟɧɧɨɝɨ ɨɫɤɨɥɤɚ, ɚ ɢɯ ɩɚɪɚɦɟɬɪɵ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥ. 8. 
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ɉɚɪɚɦɟɬɪɵ ɨɛɥɚɫɬɟɣ ɩɚɞɟɧɢɹ ɮɪɚɝɦɟɧɬɨɜ 
 

ɉɚɪɚɦɟɬɪ 1 2 3 

Ɋɚɡɦɟɪ ɮɪɚɝɦɟɧɬɚ, ɦ 0,7 0,6 0,6 

Ɇɚɫɫɚ ɮɪɚɝɦɟɧɬɚ, ɤɝ 646 517 420 

ɒɢɪɨɬɚ ɰɟɧɬɪɚ ɨɛɥɚɫ-
ɬɢ, ° ɫ. ɲ. 

54.94 54.93 54.93 

Ⱦɨɥɝɨɬɚ ɰɟɧɬɪɚ ɨɛɥɚɫ-
ɬɢ, ° ɜ. ɞ. 60.31 60.33 60.35 

Ɋɚɡɦɟɪ ɨɛɥɚɫɬɢ, ɦ 1270×354 1216×346 1166×336
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Ɂɚɤɥɸɱɟɧɢɟ. ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɪɟɡɭɥɶɬɚɬɵ 

ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɬɪɚɟɤɬɨɪɢɸ ɧɟɛɟɫɧɨɝɨ ɬɟɥɚ ɜ ɚɬɦɨɫɮɟɪɟ 
Ɂɟɦɥɢ, ɩɚɪɚɦɟɬɪɵ ɝɟɥɢɨɰɟɧɬɪɢɱɟɫɤɨɣ ɨɪɛɢɬɵ ɬɟɥɚ ɞɨ 
ɟɝɨ ɜɯɨɠɞɟɧɢɹ ɜ ɚɬɦɨɫɮɟɪɭ ɨɰɟɧɢɜɚɬɶ ɪɚɣɨɧ ɩɚɞɟɧɢɹ 
ɨɫɤɨɥɤɨɜ ɢ ɨɫɧɨɜɧɵɟ ɮɚɤɬɨɪɵ ɩɨɪɚɠɟɧɢɹ. Ȼɵɥɨ ɩɨɤɚ-
ɡɚɧɨ, ɱɬɨ ɨɪɛɢɬɵ ɦɟɬɟɨɪɢɬɨɜ 2008 TC3 ɢ «ɑɟɥɹɛɢɧɫɤ» 

ɞɨ ɜɯɨɞɚ ɜ ɚɬɦɨɫɮɟɪɭ ɨɤɚɡɚɥɢɫɶ ɛɥɢɡɤɢ ɤ ɨɪɛɢɬɚɦ, 

ɩɨɥɭɱɟɧɧɵɦ ɞɪɭɝɢɦɢ ɚɜɬɨɪɚɦɢ, ɚ ɩɚɪɚɦɟɬɪɵ ɜɨɡɞɭɲ-

ɧɵɯ ɜɡɪɵɜɨɜ ɫɨɜɩɚɞɚɸɬ ɫ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɜ ɩɪɟ-
ɞɟɥɚɯ ɢɯ ɬɨɱɧɨɫɬɢ. ɉɨɥɭɱɟɧɧɵɟ ɨɛɥɚɫɬɢ ɩɚɞɟɧɢɹ 
ɮɪɚɝɦɟɧɬɨɜ ɷɬɢɯ ɦɟɬɟɨɪɢɬɨɜ ɧɚɯɨɞɹɬɫɹ ɜɫɟɝɨ ɥɢɲɶ ɜ 
ɧɟɫɤɨɥɶɤɢɯ ɤɢɥɨɦɟɬɪɚɯ ɨɬ ɨɛɧɚɪɭɠɟɧɧɵɯ ɨɫɤɨɥɤɨɜ. 
Ɂɨɧɵ ɪɚɡɪɭɲɟɧɢɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɜɨɡɞɭɲɧɨɣ 

ɭɞɚɪɧɨɣ ɜɨɥɧɵ ɜ ɫɥɭɱɚɟ ɦɟɬɟɨɪɢɬɚ «ɑɟɥɹɛɢɧɫɤ» ɫɨɜ-
ɩɚɞɚɸɬ ɫ ɪɟɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ [25], ɩɨ ɤɨɬɨɪɵɦ ɨɤɨɥɨ 
7320 ɡɞɚɧɢɣ ɩɨɥɭɱɢɥɢ ɩɨɜɪɟɠɞɟɧɢɹ. ȼ ɨɞɧɢɯ ɡɞɚɧɢɹɯ 
ɛɵɥɢ ɪɚɡɛɢɬɵ ɫɬɟɤɥɚ, ɜ ɞɪɭɝɢɯ ɢɡ ɨɤɨɧ ɩɨɥɧɨɫɬɶɸ 

ɜɵɛɢɥɨ ɪɚɦɵ. ȼ ȿɬɤɭɥɶɫɤɨɦ ɪɚɣɨɧɟ, ɫɬɚɜɲɢɦ ɷɩɢɰɟɧ-

ɬɪɨɦ ɜɡɪɵɜɚ, ɛɵɥɢ ɩɨɜɪɟɠɞɟɧɵ 865 ɨɤɨɧ ɜ ɠɢɥɵɯ 
ɞɨɦɚɯ ɢ 1,1 ɬɵɫ. ɨɤɨɧ ɜ ɨɫɬɚɥɶɧɵɯ ɡɞɚɧɢɹɯ. 
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