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Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɩɨɫɨɛ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɰɟɧɢɜɚɬɶ ɬɨɱɧɨɫɬɶ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɦɚɥɵɯ ɬɟɥ ɋɨɥɧɟɱɧɨɣ ɫɢɫ-
ɬɟɦɵ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɫɪɚɜɧɟɧɢɢ ɪɚɡɦɟɪɨɜ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɢ ɫɦɟɳɟɧɢɢ ɨɰɟɧɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɟɲɟ-
ɧɢɢ ɡɚɞɚɱɢ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɞɥɹ ɦɨɞɟɥɟɣ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɩɨɥɧɨɬɵ. ɋɪɚɜɧɟɧɢɟ ɦɨɞɟɥɟɣ ɜɨɡɦɭɳɚɸɳɢɯ 
ɫɢɥ ɢ ɜɵɛɨɪ ɥɭɱɲɟɣ ɦɨɞɟɥɢ ɜ ɡɚɞɚɱɟ ɩɨɫɬɪɨɟɧɢɹ ɨɛɥɚɫɬɟɣ ɜɨɡɦɨɠɧɵɯ ɞɜɢɠɟɧɢɣ ɨɛɴɟɤɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ 
ɨɫɧɨɜɟ ɩɨɤɚɡɚɬɟɥɹ, ɢɦɟɸɳɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɹɫɧɵɣ ɢ ɩɪɨɫɬɨɣ ɜɢɞ. Еɫɥɢ ɡɧɚɱɟɧɢɟ ɞɚɧɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɦɟɧɶɲɟ 
ɧɟɤɨɬɨɪɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ, ɬɨ ɩɨɥɚɝɚɟɦ, ɱɬɨ ɫɦɟɳɟɧɢɟ ɇɄ-ɨɰɟɧɨɤ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɦɚɥɵɦ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɪɚɡɦɟɪɚɦɢ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɢ ɢɫɤɥɸɱɟɧɢɟ ɜɨɡɞɟɣɫɬɜɭɸɳɢɯ ɮɚɤɬɨɪɨɜ ɢɦɟɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹ-
ɧɢɟ. ȼ ɩɪɨɜɟɞɟɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ ɨɬ ɛɨɥɶɲɢɯ 
ɩɥɚɧɟɬ, Ʌɭɧɵ, ɉɥɭɬɨɧɚ, ɫɠɚɬɢɹ Зɟɦɥɢ ɢ ɪɟɥɹɬɢɜɢɫɬɫɤɢɟ ɷɮɮɟɤɬɵ ɨɬ ɋɨɥɧɰɚ. Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɬɚɤɠɟ ɥɢ-
ɧɟɣɧɵɟ ɢ ɧɟɥɢɧɟɣɧɵɟ ɦɟɬɨɞɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɟɟ ɝɪɚɧɢɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. ȼɵɩɨɥɧɟɧɨ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɇɶɸɬɨɧɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɬɨɱɟɤ ɜ ɧɟɥɢɧɟɣɧɨɦ ɫɥɭɱɚɟ. 
ɇɚ ɩɪɢɦɟɪɟ ɚɫɬɟɪɨɢɞɨɜ 2011 MD ɢ 1998 QE2, ɫɛɥɢɠɚɸɳɢɯɫɹ ɫ Зɟɦɥɟɣ, ɩɪɢɜɨɞɹɬɫɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɨɲɢɛɨɤ 
ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɧɚ ɬɨɱɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɟɩɨɥɧɵɣ ɭɱɟɬ ɜɨɡɦɭ-
ɳɚɸɳɢɯ ɫɢɥ ɢ ɧɟɬɨɱɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɚɛɥɸɞɟɧɢɣ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɞɨɫɬɨɜɟɪɧɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ ɞɨɜɟɪɢ-
ɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɜɨɡɦɨɠɧɵɯ ɞɜɢɠɟɧɢɣ ɦɚɥɵɯ ɬɟɥ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ.  
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This paper deals with the method of accuracy estimation of using of asteroid motion models by comparing the size 

of confidence regions and offset of least square estimation of their nominal orbits determined for models of varying 

degrees of completeness. Comparing of perturbing forces models and selection of the best models in the task of 

constructing regions of object possible motions are based on indicator that has geometrically clear and simple form. If 

the value of this index is less than a certain threshold value, it is supposed that the offset of least square estimation can 

be considered as small compared to the size of confidence regions and exclusion of some factors has a negligible effect. 

In this study, the motion model has included gravitational perturbations from the principal planets, the Moon, Pluto, 

oblateness of Earth and relativistic effects from the Sun. The linear and nonlinear methods of presenting of confidence 
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region by its boundary surface are also investigated. Investigation of the Newton’s iteration method, which has used for 

mapping points in non-linear case, has been made. The estimates of the influence of the motion model errors on the 

accuracy of constructing confidence regions are provided on the example of near Earth asteroids 2011 MD and 1998 

QE2. The paper states that no complete account of the disturbing forces and inexact representation of the observations 

may lead to unreliable determination of confidence region for small bodies’ motion. 

 

Keywords: asteroids, models of motion, least squares method, confidence region, boundary surfaces, indicators of 

nonlinearity, systematic errors, 2011 MD, 1998 QE2. 

 

ȼɜɟɞɟɧɢɟ. ɋɨɜɪɟɦɟɧɧɵɣ ɦɢɪ ɩɨɞɜɟɪɠɟɧ ɦɧɨɝɢɦ 

ɨɩɚɫɧɨɫɬɹɦ ɪɚɡɥɢɱɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, ɢ ɞɚɠɟ ɬɚɤɨɣ, ɤɚɤ 
ɫɬɨɥɤɧɨɜɟɧɢɹ ɦɚɥɵɯ ɬɟɥ ɋɨɥɧɟɱɧɨɣ ɫɢɫɬɟɦɵ ɫ Ɂɟɦɥɟɣ 

ɢɥɢ ɤɨɫɦɢɱɟɫɤɢɦɢ ɚɩɩɚɪɚɬɚɦɢ [1; 2]. Ⱦɥɹ ɩɪɢɛɥɢɠɟɧ-

ɧɨɣ ɨɰɟɧɤɢ ɷɬɨɣ ɭɝɪɨɡɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɣ 

ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɛɢɬ ɧɟɛɟɫɧɵɯ ɬɟɥ. Ɍɚɤ ɤɚɤ ɧɚ-
ɛɥɸɞɟɧɢɹ ɚɫɬɟɪɨɢɞɨɜ ɨɬɹɝɨɳɟɧɵ ɧɟɢɡɛɟɠɧɵɦɢ ɨɲɢɛ- 
ɤɚɦɢ, ɦɵ ɦɨɠɟɦ ɩɨɥɭɱɢɬɶ ɢɡ ɧɢɯ ɬɨɥɶɤɨ ɧɟɤɨɬɨɪɭɸ 

ɨɰɟɧɤɭ ɢɯ ɜɨɡɦɨɠɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɗɬɚ ɨɰɟɧɤɚ ɨɩɪɟ-
ɞɟɥɹɟɬ ɧɨɦɢɧɚɥɶɧɭɸ ɨɪɛɢɬɭ ɦɚɥɨɝɨ ɧɟɛɟɫɧɨɝɨ ɬɟɥɚ. 
ɑɟɦ ɛɨɥɶɲɢɣ ɢɧɬɟɪɜɚɥ ɛɭɞɟɬ ɨɯɜɚɱɟɧ ɧɚɛɥɸɞɟɧɢɹɦɢ, 

ɬɟɦ ɬɨɱɧɟɟ ɢ ɛɥɢɠɟ ɨɧɚ ɛɭɞɟɬ ɤ ɢɫɬɢɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ 

ɨɛɴɟɤɬɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɚɫɱɟɬɧɨɝɨ ɞɜɢ-

ɠɟɧɢɹ ɚɫɬɟɪɨɢɞɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɩɢɫɵɜɚɬɶ ɟɝɨ ɩɥɨɬ-
ɧɵɦ ɩɭɱɤɨɦ ɬɪɚɟɤɬɨɪɢɣ, ɜɵɯɨɞɹɳɢɯ ɢɡ ɧɚɱɚɥɶɧɨɣ 

ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ. ɂ ɞɚɥɟɟ, ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɞɜɢɠɟɧɢɹ ɧɟɛɟɫɧɨɝɨ ɬɟɥɚ, ɩɪɨɢɡɜɨɞɢɬɶ ɨɬɨɛɪɚɠɟɧɢɟ 
ɷɬɨɣ ɨɛɥɚɫɬɢ ɧɚ ɥɸɛɨɣ ɞɪɭɝɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. ɂɡ-
ɜɟɫɬɧɨ ɬɚɤɠɟ, ɱɬɨ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɨɲɢɛɤɢ ɧɚɛɥɸɞɟ-
ɧɢɣ ɢ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɚɫɬɟɪɨɢɞɨɜ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɨɱɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɞɨɜɟ-
ɪɢɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɷɬɢ ɨɲɢɛɤɢ ɞɨɫ-
ɬɚɬɨɱɧɨ ɛɨɥɶɲɢɟ, ɦɨɠɟɬ ɨɤɚɡɚɬɶɫɹ, ɱɬɨ ɪɟɚɥɶɧɨɟ ɞɜɢ-

ɠɟɧɢɟ ɢɡɭɱɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɛɭɞɟɬ ɜɧɟ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫ-
ɬɢ ɜɨɡɦɨɠɧɵɯ ɞɜɢɠɟɧɢɣ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɧɟɩɪɢɟɦɥɟɦɨ 
ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɨɡɦɨɠɧɵɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɚɫɬɟɪɨɢ-

ɞɨɜ ɫ Ɂɟɦɥɟɣ ɢɥɢ ɤɨɫɦɢɱɟɫɤɢɦɢ ɚɩɩɚɪɚɬɚɦɢ. ɂɫɤɥɸ-

ɱɟɧɢɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɨɲɢɛɨɤ ɢɡ ɧɚɛɥɸɞɟɧɢɣ ɩɪɟɞ-
ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɢ ɱɚɫɬɨ ɧɟɪɚɡɪɟɲɢɦɭɸ ɡɚɞɚ-
ɱɭ, ɢ ɷɬɨɣ ɩɪɨɛɥɟɦɟ ɩɨɫɜɹɳɟɧɨ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɪɚ-
ɛɨɬ [3–6]. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɢɬɫɹ ɩɨɥɧɵɣ 

ɚɥɝɨɪɢɬɦ ɫɩɨɫɨɛɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɦɨ-
ɞɟɥɢ ɞɜɢɠɟɧɢɹ ɚɫɬɟɪɨɢɞɨɜ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɞɨɜɟɪɢ-

ɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ. ȼɵɛɨɪ ɠɟ ɦɨɞɟɥɢ ɜɨɡɦɭɳɚɸɳɢɯ 
ɫɢɥ ɜ ɬɪɚɞɢɰɢɨɧɧɨ ɩɪɢɦɟɧɹɟɦɵɯ ɦɟɬɨɞɚɯ ɫɜɹɡɚɧ 

ɬɨɥɶɤɨ ɫ ɚɧɚɥɢɡɨɦ ɢɯ ɜɥɢɹɧɢɹ ɧɚ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɨɪɛɢɬɵ ɨɛɴɟɤɬɚ. Ɋɚɡɦɟɪɵ ɞɨɜɟɪɢ-

ɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɜ ɷɬɢɯ ɨɰɟɧɤɚɯ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ. 
Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɧɚɦɢ ɫɩɨɫɨɛ ɷɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɭɫɬɪɚ-
ɧɹɟɬ, ɢ ɜɵɛɨɪ ɦɨɞɟɥɢ ɜɨɡɦɭɳɚɸɳɢɯ ɫɢɥ ɷɬɢɦ ɫɩɨɫɨ-
ɛɨɦ ɬɟɫɧɨ ɫɜɹɡɚɧ ɫ ɪɚɡɦɟɪɚɦɢ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɨɛɥɚɫ-
ɬɟɣ ɢ ɫɦɟɳɟɧɢɹɦɢ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ, ɨɩɪɟɞɟ-
ɥɹɟɦɵɯ ɞɥɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢɹ ɢɫ-
ɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. 
Ɂɚɞɚчɚ ɩɨɫɬɪɨɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ. ɉɪɢ 

ɩɨɫɬɪɨɟɧɢɢ ɧɚɱɚɥɶɧɨɣ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɞɜɢɠɟ-
ɧɢɹ ɚɫɬɟɪɨɢɞɚ ɧɭɠɧɨ ɭɤɚɡɚɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ 
ɢɫɬɢɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɨɛ-
ɥɚɫɬɶ ɢɯ ɨɰɟɧɨɤ 

 ( ){ }*/ γ,tP Q∈ ≥q q d  (1) 

ɝɞɟ qt – ɢɫɬɢɧɧɚɹ (ɧɟɢɡɜɟɫɬɧɚɹ ɧɚɦ) ɬɨɱɤɚ ɜ m-ɦɟɪɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 1( ,q=q  

2 ,  ..., )mq q ; q  – ɨɰɟɧɤɚ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɩɪɟɞɟɥɹɟ-
ɦɚɹ ɩɨ n-ɦɟɪɧɨɣ ɜɵɛɨɪɤɟ ɢɡɦɟɪɟɧɢɣ 

( )* * * *

1 2, ,..., nd d d=d ; ( )Q •  – ɞɨɜɟɪɢɬɟɥɶɧɚɹ ɨɛɥɚɫɬɶ; 

ɱɢɫɥɨ γ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɜɟɪɢɹ, ɩɨɤɚɡɵɜɚɸɳɢɣ,  

ɫ ɤɚɤɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɨɛɥɚɫɬɶ ( )Q •  ɧɚɤɪɵɜɚɟɬ  
m-ɦɟɪɧɭɸ ɢɫɬɢɧɧɭɸ ɬɨɱɤɭ qt. 

Ɉɰɟɧɤɚ q  ɧɚɯɨɞɢɬɫɹ ɢɡ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɚɢɦɟɧɶ-
ɲɢɯ ɤɜɚɞɪɚɬɨɜ (ɇɄ): 

 ( ) min,
T

⎡ ⎤ ⎡ ⎤Φ = − − =⎣ ⎦ ⎣ ⎦
* *

q d(q) d W d(q) d  (2) 

ɝɞɟ ( )Φ q  – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɡɚɞɚɱɢ ɧɚɢɦɟɧɶɲɢɯ 
ɤɜɚɞɪɚɬɨɜ; d(q)  – ɪɚɫɱɟɬɧɚɹ n-ɦɟɪɧɚɹ ɜɟɤɬɨɪ-ɮɭɧɤɰɢɹ 
ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ; W – ɜɟɫɨɜɚɹ ɦɚɬɪɢɰɚ; ɫɢɦ-

ɜɨɥ T ɨɡɧɚɱɚɟɬ ɨɩɟɪɚɰɢɸ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɹ. 
Ʌɢɧɟɣɧɵɟ ɦɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɵɯ 

ɨɛɥɚɫɬɟɣ. ȼ ɥɢɧɟɣɧɨɦ ɫɥɭɱɚɟ ɧɚɢɦɟɧɶɲɢɟ ɩɨ ɪɚɡɦɟ-
ɪɚɦ ɧɚɱɚɥɶɧɵɟ ɞɨɜɟɪɢɬɟɥɶɧɵɟ ɨɛɥɚɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ 6-ɦɟɪɧɵɟ ɷɥɥɢɩɫɨɢɞɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɜɵɪɚɠɟ-
ɧɢɟɦ 

 ( ) ( ) ( ) ( ) İ.T T⎡ ⎤− − =⎣ ⎦q q R q WR q q q  (3) 

Ɂɞɟɫɶ 
 2 2

0 γİ σ ( ) ,k≅  (4) 

ɝɞɟ [ ]1/2

0σ ( ) / ( )n m= Φ −q  – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɚɹ 

ɨɲɢɛɤɚ ɟɞɢɧɢɰɵ ɜɟɫɚ; ) ) /= ∂ ∂R(q d(q q  – ɦɚɬɪɢɰɚ 
ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɪɚɡɦɟɪɨɦ n×m; ɜɟɥɢɱɢɧɚ kγ 

ɨɰɟɧɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɫɬɚɬɢɫɬɢɤ F(m; n – m)-ɪɚɫɩɪɟ- 
ɞɟɥɟɧɢɹ Ɏɢɲɟɪɚ ɜ ɜɢɞɟ 

 2 *

γ( ) ( ; ;γ )k mF m n m≅ − . (5) 

ȼɟɥɢɱɢɧɚ * *( ; ;γ )F m n m F− =  ɟɫɬɶ ɜɟɪɯɧɹɹ ɤɜɚɧ-

ɬɢɥɶ ɞɥɹ F(m; n – m)-ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 
Ⱦɨɜɟɪɢɬɟɥɶɧɵɟ ɷɥɥɢɩɫɨɢɞɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɩɪɟɞ-

ɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɛɥɚɫɬɢ ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚ-
ɦɟɬɪɨɜ ɨɪɛɢɬ ɫ ɝɪɚɧɢɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɧɚɤɪɵɜɚɸ-

ɳɟɣ ɫ ɡɚɞɚɧɧɨɣ ɜ ɥɢɧɟɣɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜɟɪɨɹɬɧɨ-
ɫɬɶɸ ɢɫɬɢɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɨɛɴɟɤɬɚ. 
ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɨɛɥɚɫɬɢ ɩɨ ɟɟ ɝɪɚɧɢɱɧɨɣ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɬɨɱɤɢ, ɡɚɩɨɥɧɹɸɳɢɟ ɷɥɥɢɩɫɨɢɞ, ɦɨɠɧɨ ɧɚɯɨ-
ɞɢɬɶ ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɚ [7–9] 

 
γ

j j

j

k
= +*

q q η
η

TA . (6) 
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Ɂɞɟɫɶ ɜɟɤɬɨɪ 1 2(η ,η ,  ...,η )m=
j
η , ɤɨɦɩɨɧɟɧɬɵ ɤɨ-

ɬɨɪɨɝɨ η (0;1)i N∈  – ɧɟɡɚɜɢɫɢɦɵɟ ɧɨɪɦɚɥɶɧɨ ɪɚɫɩɪɟ-
ɞɟɥɟɧɧɵɟ ɫɥɭɱɚɣɧɵɟ ɱɢɫɥɚ ɫ ɟɞɢɧɢɱɧɨɣ ɞɢɫɩɟɪɫɢɟɣ; 

1, 2,  ...,  j s= , ɝɞɟ s – ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ j

*
q , ɨɩɪɟɞɟ-

ɥɹɟɦɨɟ ɞɥɢɧɨɣ ɦɨɞɟɥɢɪɭɟɦɨɣ ɞɚɬɱɢɤɚɦɢ ɫɥɭɱɚɣɧɵɯ 

ɱɢɫɟɥ ɜɵɛɨɪɤɢ ɜɟɤɬɨɪɚ ηj; A – ɧɢɠɧɹɹ ɬɪɟɭɝɨɥɶɧɚɹ 
ɦɚɬɪɢɰɚ, ɬɚɤɚɹ, ɱɬɨ T

=AA D ; D  – ɇɄ-ɨɰɟɧɤɚ ɤɨɜɚ-
ɪɢɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜɵɪɚɠɟɧɢɟɦ 

 
1

2

0σ ( ) ( )T
−

⎡ ⎤= ⎣ ⎦WRD R q q . (7) 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɥɭɱɚɣɧɵɯ ɬɨɱɟɤ j

*
q  ɩɪɢ ɩɨɦɨɳɢ 

ɚɥɝɨɪɢɬɦɚ (6) ɞɨɥɠɧɨ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɭɫɥɨɜɢɸ  

 İ İj ≤ , (8) 

ɝɞɟ 

 ( ) [ ( ) ( )]( )T T

j j j− − = ε* *
q qq R q WR q q . (9) 

ɉɨɫɬɪɨɟɧɢɟ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɜ ɧɟɥɢɧɟɣ-

ɧɨɦ ɫɥɭчɚɟ. ȿɫɥɢ ɧɟɥɢɧɟɣɧɨɫɬɶ ɫɜɹɡɢ ɦɟɠɞɭ ɜɟɪɨɹɬ-
ɧɨɫɬɧɵɦɢ ɜɚɪɢɚɰɢɹɦɢ ɨɲɢɛɨɤ ɧɚɛɥɸɞɟɧɢɣ ɢ ɧɚɱɚɥɶ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɧɚɱɢɬɟɥɶɧɚ, ɬɨ ɮɨɪɦɚɥɶɧɨɟ ɨɩɪɟɞɟ-
ɥɟɧɢɟ ɤɨɜɚɪɢɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ ɢ ɡɚɞɚɧɢɟ ɩɨ ɧɟɣ ɷɥ-
ɥɢɩɫɨɢɞɚɥɶɧɨɣ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɫɬɚɧɨɜɢɬɫɹ 
ɧɟɩɪɚɜɨɦɟɪɧɵɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɯɨɞɢɬɫɹ ɩɪɢɦɟɧɹɬɶ 
ɬɪɭɞɨɟɦɤɢɟ ɦɧɨɝɨɤɪɚɬɧɵɟ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɇɄ ɜɢɞɚ [10] 

* *( ) ) į ) į min
T

⎡ ⎤ ⎡ ⎤Φ = − − − − =⎣ ⎦ ⎣ ⎦( (q d q d d W d q d d    (10) 

ɢɥɢ 

[ ] [ ]( ) ) ( ) į ) ( ) į min.
TΦ = − − − − =( (q d q d q d W d q d q d  (11) 

Ɂɞɟɫɶ 2

0į (0,σ )N∈d  – ɧɟɡɚɜɢɫɢɦɵɟ ɧɨɪɦɚɥɶɧɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɧɵɟ ɫɥɭɱɚɣɧɵɟ ɱɢɫɥɚ ɫ ɞɢɫɩɟɪɫɢɟɣ, ɨɩɪɟɞɟ-
ɥɹɟɦɨɣ ɢɡ ɪɟɲɟɧɢɹ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ ɇɄ (2). 

ɇɚɣɞɟɧɧɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɞɨɜɟɪɢɬɟɥɶɧɚɹ ɨɛɥɚɫɬɶ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɠɟɫɬɜɨ ɨɰɟɧɨɤ jq  ɢ ɢɦɟɟɬ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟɩɪɚɜɢɥɶɧɭɸ ɛɚɧɚɧɨɨɛɪɚɡɧɭɸ ɮɨɪɦɭ. 
ȿɟ ɝɪɚɧɢɱɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɦɵ ɩɪɟɞɥɚɝɚɟɦ ɨɩɪɟɞɟɥɹɬɶ 
ɭɪɚɜɧɟɧɢɟɦ [8; 9] 

 ( ) CΦ =q , (12) 

ɝɞɟ Ɏ( )q  – ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ ɡɚɞɚɱɢ ɇɄ (2). 

ȼ ɤɚɱɟɫɬɜɟ ɩɨɫɬɨɹɧɧɨɣ C ɦɨɠɧɨ ɜɵɛɪɚɬɶ FC ≡ Φ , 

ɚ ɬɚɤɠɟ ɥɸɛɨɟ ɢɡ ɛɥɢɡɤɢɯ ɞɪɭɝ ɤ ɞɪɭɝɭ ɡɧɚɱɟɧɢɣ ɰɟ-
ɥɟɜɨɣ ɮɭɧɤɰɢɢ ɜ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɜɟɪɲɢɧɚɯ 
ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɷɥɥɢɩɫɨɢɞɚ ɢɥɢ ɢɯ ɫɪɟɞɧɟɚɪɢɮɦɟɬɢ-

ɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ, ɬɚɤ ɤɚɤ ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɢ ɨɞɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɬɨ, ɱɬɨ ɷɬɢ ɜɟɪɲɢ-

ɧɵ ɥɟɠɚɬ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɝɪɚɧɢɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɐɟ-
ɥɟɜɚɹ ɮɭɧɤɰɢɹ ɎF, ɨɩɪɟɞɟɥɹɸɳɚɹ ɝɪɚɧɢɱɧɭɸ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ, ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɫɨɨɬɧɨɲɟɧɢɹ 2

γ( )(1 / ( ))F q k n mΦ = Φ + − . 

Ⱥɥɝɨɪɢɬɦ ɫɪɚɜɧɟɧɢɹ ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢɹ. ɋɪɚɜ-
ɧɟɧɢɟ ɦɨɞɟɥɟɣ ɜɨɡɦɭɳɚɸɳɢɯ ɫɢɥ ɢ ɜɵɛɨɪ ɥɭɱɲɟɣ 

ɦɨɞɟɥɢ ɜ ɡɚɞɚɱɟ ɩɨɫɬɪɨɟɧɢɹ ɨɛɥɚɫɬɟɣ ɜɨɡɦɨɠɧɵɯ 
ɞɜɢɠɟɧɢɣ ɚɫɬɟɪɨɢɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɦɢ ɩɪɢ ɩɨɦɨ-
ɳɢ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɚɡɚɬɟɥɹ [3; 7; 11]: 

 

*

ɨɬɧİ
d

d

−Δ
= =

−

q q

q q
, (13) 

ɝɞɟ *
q  ɢ q  – ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɨɛɴɟɤɬɚ, ɨɩ-

ɪɟɞɟɥɹɟɦɵɟ ɡɚɞɚɱɟɣ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɨ ɞɚɧɧɨɣ 

(ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ) n-ɦɟɪɧɨɣ ɜɵɛɨɪɤɟ ɢɡɦɟɪɟɧɢɣ *
d  ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɦɨɞɟɥɟɣ ɫɢɥ *F  ɢ F ; q   – ɬɨɱ-
ɤɚ, ɥɟɠɚɳɚɹ ɜ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɞɨɥɶ 
ɧɚɩɪɚɜɥɟɧɢɹ * −q q  ɧɚ ɭɪɨɜɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɜɟ-

ɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ 

2

γ( )
( ) 1F

k

n m

⎛ ⎞
Φ = Φ +⎜ ⎟⎜ ⎟−⎝ ⎠

q . 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɨɬɧİ 1>  (ɬ. ɟ. ∆d > d) ɨɩɪɟɞɟ-
ɥɟɧɧɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɛɨɥɶɲɢɟ ɫɦɟɳɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɞɪɭɝ ɞɪɭɝɚ ɇɄ-ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ *

q  ɢ q  (ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɢ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ, ɩɨɫɬɪɨɟɧɧɵɯ ɧɚ 
ɨɫɧɨɜɟ ɷɬɢɯ ɨɰɟɧɨɤ). ȿɫɥɢ ɠɟ ɨɬɧİ 1<  (ɬ. ɟ. ∆d < d), 

ɷɬɢ ɫɦɟɳɟɧɢɹ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɦɚɥɵɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɪɚɡɦɟɪɚɦɢ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɬɨɥɶɤɨ ɩɪɢ ɜɵɛɨ-
ɪɟ ɛɨɥɟɟ ɠɟɫɬɤɨɝɨ ɤɪɢɬɟɪɢɹ, ɬɚɤɨɝɨ ɤɚɤ, ɧɚɩɪɢɦɟɪ, 
ɨɬɧİ 0,1< . ɇɚɝɥɹɞɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɬɚɤɨɝɨ ɫɩɨɫɨɛɚ 
ɨɰɟɧɢɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɨɡɦɭɳɚɸɳɢɯ ɫɢɥ ɧɚ ɬɨɱɧɨɫɬɶ 
ɩɨɫɬɪɨɟɧɢɹ ɨɛɥɚɫɬɟɣ ɜɨɡɦɨɠɧɵɯ ɞɜɢɠɟɧɢɣ ɚɫɬɟɪɨɢ-

ɞɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɤɚɡɚɬɟɥɹ ɨɬɧİ  ɞɚɟɬ ɪɢɫ. 1. 
 

 
 

                        ∆d > d                                                 ∆d < d 

 
Ɋɢɫ. 1. Ƚɟɨɦɟɬɪɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɰɟɧɢɜɚɧɢɹ  

ɫɦɟɳɟɧɢɹ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɩɨ ɩɨɤɚɡɚɬɟɥɸ İɨɬɧ 
 

ȼ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɦɟɸɬ ɦɟɫɬɨ ɫɛɥɢɠɟɧɢɹ ɚɫɬɟɪɨɢ-

ɞɨɜ ɫ Ɂɟɦɥɟɣ ɢɥɢ ɞɪɭɝɢɦɢ ɩɥɚɧɟɬɚɦɢ, ɷɬɨɬ ɤɪɢɬɟɪɢɣ 

ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɢɬɶ ɟɳɟ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ. 
ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɫɩɨɫɨɛ 
ɚɧɚɥɢɡɚ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɚɫɬɟɪɨɢɞɨɜ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɢɦɟɧɟɧ ɤɚɤ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ 

ɜɨɡɦɨɠɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬ, ɬɚɤ ɢ ɩɪɢ 

ɨɬɨɛɪɚɠɟɧɢɢ ɷɬɢɯ ɨɛɥɚɫɬɟɣ ɜɨ ɜɪɟɦɟɧɢ. ȼ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɧɟɥɢɧɟɣɧɨɫɬɢ ɡɚɞɚɱɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɬɨɱɤɢ q , ɦɨɠɧɨ 
ɩɪɢɦɟɧɹɬɶ ɥɢɧɟɣɧɵɣ ɥɢɛɨ ɧɟɥɢɧɟɣɧɵɣ ɦɟɬɨɞ ɧɚɯɨɠ-

ɞɟɧɢɹ ɬɨɱɟɤ ɝɪɚɧɢɱɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɨɜɟɪɢɬɟɥɶɧɵɯ 
ɨɛɥɚɫɬɟɣ [3; 11; 12]. ɉɪɢ ɫɥɚɛɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢ ɥɢɧɟɣ-

ɧɵɣ ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɫɥɟɞɭɸɳɢɦ ɚɥɝɨ-
ɪɢɬɦɨɦ: 

 
γ

ɥ ( ) .T
k

= + −
−

*

*
q q q q

q q
A  (14) 

ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɞɨɜɟɪɢɬɟɥɶɧɭɸ ɨɛɥɚɫɬɶ ɧɟɥɶɡɹ ɚɩ-

ɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɷɥɥɢɩɫɨɢɞɨɦ, ɬɨ ɧɚɯɨɞɢɦ ɬɨɱɤɭ ɧ ,q  

ɪɟɲɚɹ ɧɟɥɢɧɟɣɧɨɟ ɭɪɚɜɧɟɧɢɟ 
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 ( ) ( ) 0FF = Φ −Φ =q q , (15) 

ɝɞɟ 
ɧ

( )l ∗= + −q q q q ; l − ɩɚɪɚɦɟɬɪ ɪɚɫɬɹɠɟɧɢɹ (ɫɠɚɬɢɹ) 

ɜɟɤɬɨɪɚ * −q q  ɞɨ ɝɪɚɧɢɱɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɋɯɟɦɚ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (15) ɦɟɬɨɞɨɦ ɇɶɸɬɨɧɚ 
ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɜ ɜɢɞɟ ɫɥɟɞɭɸɳɟɝɨ ɚɥɝɨɪɢɬɦɚ: 

 
[ ]

1

( )

( )

n

n

l l

n n

l l

F
l l

l

=
+

=

= −
∂Φ⎛ ⎞

⎜ ⎟∂⎝ ⎠

q

q
, (16) 

ɝɞɟ ɱɚɫɬɧɚɹ ɩɪɨɢɡɜɨɞɧɚɹ ( )

l

∂Φ
∂

q
 ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟ-

ɧɢɹɦɢ ( ) ( )

l l

∂Φ ∂Φ ∂
= ⋅

∂ ∂ ∂
q q q

q
; 

( )
2 ( ) )

T
T∂Φ ⎡ ⎤= Δ⎣ ⎦∂

q
R q d(q

q
; 

*

l

∂
= −

∂
q

q q ; ( ) ( ) /= ∂ ∂R q d q q  – ɦɚɬɪɢɰɚ ɱɚɫɬɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɨɬ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ( )d q  ɩɨ ɨɩ-

ɪɟɞɟɥɹɟɦɵɦ ɩɚɪɚɦɟɬɪɚɦ q ; ( ) ( ) ( )∗⎡ ⎤Δ = − −⎣ ⎦d q d q d q  

ɜɟɤɬɨɪ ɧɟɜɹɡɨɤ «Ɉ–ɋ». 

ɑɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɵ ɜɵɛɪɚɥɢ ɚɫɬɟɪɨɢɞɵ 2011MD  

ɢ 1998QE2. ɉɟɪɜɵɣ ɨɛɴɟɤɬ – ɷɬɨ ɚɫɬɟɪɨɢɞ ɝɪɭɩɩɵ 

Ⱥɩɨɥɥɨɧɚ, ɤɨɬɨɪɵɣ 27 ɢɸɧɹ 2011 ɝ. ɩɪɨɲɟɥ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɛɥɢɡɤɨ ɤ ɩɨɜɟɪɯɧɨɫɬɢ Ɂɟɦɥɢ – ɧɚ ɪɚɫɫɬɨɹɧɢɢ 

ɨɤɨɥɨ 20000 ɤɦ ɨɬ ɟɟ ɰɟɧɬɪɚ. ɉɨɥɧɚɹ ɜɵɛɨɪɤɚ ɟɝɨ ɧɚ-
ɛɥɸɞɟɧɢɣ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ 1539 ɧɚɛɥɸɞɟɧɢɣ ɜ ɨɞɧɨɣ 

ɨɩɩɨɡɢɰɢɢ ɫ 21.06.2011 ɝ. ɩɨ 3.07.2011 ɝ. [13–15]. 

ȼɬɨɪɨɣ ɨɛɴɟɤɬ – ɚɫɬɟɪɨɢɞ ɝɪɭɩɩɵ Ⱥɦɭɪɚ, ɩɪɨ-
ɲɟɞɲɢɣ 1 ɢɸɧɹ 2013 ɝ. ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɜ 5,8 ɦɥɧ ɤɦ  

ɨɬ ɧɚɲɟɣ ɩɥɚɧɟɬɵ. ɉɨɥɧɚɹ ɜɵɛɨɪɤɚ ɧɚɛɥɸɞɟɧɢɣ ɚɫɬɟ-
ɪɨɢɞɚ 1998QE2 ɜɤɥɸɱɚɟɬ 111 ɧɚɛɥɸɞɟɧɢɣ ɜ 6 ɨɩɩɨ-
ɡɢɰɢɹɯ ɢ ɨɯɜɚɬɵɜɚɟɬ ɩɟɪɢɨɞ ɫ 19.08.1998 ɝ.  
ɩɨ 19.02.2009 ɝ. ɇɚ ɢɯ ɩɪɢɦɟɪɟ ɧɚɦɢ ɛɵɥɨ ɢɫɫɥɟɞɨɜɚ-
ɧɨ ɜɥɢɹɧɢɟ ɨɲɢɛɨɤ ɦɨɞɟɥɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɧɚɛɥɸ-

ɞɟɧɢɣ ɧɚ ɬɨɱɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɧɚɱɚɥɶɧɵɯ ɞɨɜɟɪɢ-

ɬɟɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɥɶɧɵɯ ɧɚɛɥɸ-

ɞɟɧɢɣ. ȼ ɩɪɨɜɟɞɟɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɨɞɟɥɶ ɞɜɢɠɟ-
ɧɢɹ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ  
ɨɬ ɛɨɥɶɲɢɯ ɩɥɚɧɟɬ, Ʌɭɧɵ, ɉɥɭɬɨɧɚ, ɫɠɚɬɢɹ Ɂɟɦɥɢ  

ɢ ɪɟɥɹɬɢɜɢɫɬɫɤɢɟ ɷɮɮɟɤɬɵ ɨɬ ɋɨɥɧɰɚ. 
 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɦɨɞɟɥɟɣ ɞɜɢ-

ɠɟɧɢɹ ɚɫɬɟɪɨɢɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ ɢ ɧɚ ɪɢɫ. 2, 3. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɞɥɹ ɨɛɴɟɤɬɚ 2011MD ɹɜɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɫɦɟɳɟɧɢɟ ɇɄ-ɨɰɟɧɤɢ ɨɤɚɡɵɜɚɟɬ ɢɫɤɥɸɱɟ-
ɧɢɟ ɢɡ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɫɠɚɬɢɹ Ɂɟɦɥɢ ɢ ɜɨɡɦɭɳɟɧɢɣ 

ɨɬ Ʌɭɧɵ. Ⱥ ɞɥɹ ɚɫɬɟɪɨɢɞɚ 1998QE2 ɢɫɤɥɸɱɟɧɢɟ ɜɨɡ-
ɞɟɣɫɬɜɭɸɳɢɯ ɮɚɤɬɨɪɨɜ ɢɦɟɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹ-
ɧɢɟ. Ȼɨɥɟɟ ɧɚɝɥɹɞɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɱɢɫɥɟɧɧɵɯ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɨɛɥɚɫɬɟɣ ɜɨɡɦɨɠɧɵɯ ɞɜɢɠɟɧɢɣ ɨɛɴɟɤɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɦɨɞɟɥɟɣ ɞɚɟɬ ɪɢɫ. 2. Ɂɞɟɫɶ ɨɛɥɚɫɬɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɩɪɨɟɤɰɢɣ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɷɥɥɢɩ-

ɫɨɢɞɨɜ ɧɚ ɩɥɨɫɤɨɫɬɶ XY. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 2, ɞɥɹ ɚɫ-
ɬɟɪɨɢɞɚ 1998QE2 ɨɛɥɚɫɬɢ ɫɨɜɩɚɞɚɸɬ ɢɡ-ɡɚ ɩɥɨɯɨɝɨ 
ɜɥɢɹɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɮɚɤɬɨɪɨɜ. 
Ɍɚɤ ɤɚɤ ɧɟɥɢɧɟɣɧɵɟ ɨɬɨɛɪɚɠɟɧɢɹ ɧɚ ɝɪɚɧɢɱɧɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɬɨɱɤɢ q  ɨɫɭɳɟ-
ɫɬɜɥɹɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɱɢɫɥɟɧɧɵɯ ɢɬɟɪɚɰɢɨɧɧɵɯ 
ɫɯɟɦ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚ-
ɧɢɟ ɢɯ ɫɜɨɣɫɬɜ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɟ. 
Ɇɵ ɜɵɩɨɥɧɢɥɢ ɫ ɷɬɨɣ ɰɟɥɶɸ ɪɹɞ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢ-

ɦɟɧɬɨɜ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɜɨɣɫɬɜ ɚɥɝɨɪɢɬɦɚ (16) ɦɟ-
ɬɨɞɚ ɇɶɸɬɨɧɚ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ 

ɫɯɨɞɢɦɨɫɬɢ ɢɬɟɪɚɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɹɜɥɹɸɬɫɹ ɫɥɨɠ-

ɧɵɦɢ ɢ ɬɪɟɛɭɸɬ ɜɵɱɢɫɥɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɜɵɫɨɤɢɯ 
ɩɨɪɹɞɤɨɜ. ɉɨɷɬɨɦɭ ɧɚɦɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɱɢɫɥɟɧɧɨɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɚɦɢɯ ɰɟɥɟɜɵɯ ɮɭɧɤ-
ɰɢɣ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɜɞɨɥɶ ɜɟɤɬɨɪɚ 

* −q q  ɧɚ ɬɨɱɤɭ q  ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 

ɮɭɧɤɰɢɢ ( ) ( )Ɏ ɎFF = −q q  ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɷɬɨɣ 

ɮɭɧɤɰɢɢ σ – σF ɨɬ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ l. Ɋɟɡɭɥɶɬɚɬɵ 

ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 3. Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɪɚɫɫɦɨɬ-
ɪɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɜ ɫɤɨɛɤɚɯ ɩɨɫɥɟ ɢɦɟɧɢ ɚɫɬɟɪɨɢɞɚ 
ɩɪɢɜɟɞɟɧɵ ɤɨɥɢɱɟɫɬɜɨ ɟɝɨ ɧɚɛɥɸɞɟɧɢɣ, ɦɟɪɧɵɣ ɢɧ-

ɬɟɪɜɚɥ, ɧɚ ɤɨɬɨɪɨɦ ɷɬɢ ɧɚɛɥɸɞɟɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ,  

ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɦɨɞɟɥɶ, ɫ ɤɨɬɨɪɨɣ ɩɪɨɜɨɞɢɥɨɫɶ ɢɫ-
ɫɥɟɞɨɜɚɧɢɟ. ɉɪɢɜɟɞɟɧɵ ɬɚɤɠɟ ɩɨɤɚɡɚɬɟɥɢ ɧɟɥɢɧɟɣɧɨ-
ɫɬɢ χ  [6], ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɢɟ ɨɲɢɛɤɢ ɟɞɢɧɢɰɵ 

ɜɟɫɚ σ0 ɢ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɪɚɫɬɹɠɟɧɢɹ (ɫɠɚɬɢɹ) l, 

ɩɪɢ ɤɨɬɨɪɵɯ ɬɨɱɤɚ q  ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ ɭɪɨɜɟɧɧɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɞɜɢɠɟɧɢɹ ɢɫɫɥɟ-
ɞɭɟɦɨɝɨ ɚɫɬɟɪɨɢɞɚ. 
     

 

Ɂɧɚчɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɬɨчɧɨɫɬɢ ɦɨɞɟɥɟɣ, ɩɨɥɭчɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɥɢɧɟɣɧɵɯ  
ɢ ɧɟɥɢɧɟɣɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚчɟɧɢɹ ɩɚɪɚɦɟɬɪɚ  l ɞɥɹ ɬɨчɤɢ q  

 

Ɉɛɴɟɤɬ ɧ
ɨɬɧİ  ɧ

ɨɬɧ
1İ
l

=  ɥ
ɨɬɧİ  

2011MD ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ Ɂɟɦɥɢ 5,8958 5,8962 5,8872 

2011MD ɛɟɡ ɭɱɟɬɚ ɜɨɡɦɭɳɟɧɢɣ ɨɬ Ʌɭɧɵ 63,3706 63,2911 63,0561 

1998QE2 ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ Ɂɟɦɥɢ 1,1042·10–8  1,1042·10–8 1,1043·10–8 

1998QE2 ɛɟɡ ɭɱɟɬɚ ɜɨɡɦɭɳɟɧɢɣ ɨɬ ɉɥɭɬɨɧɚ 1,3986·10–4 1,3986·10–4 1,3986·10–4 
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Ⱦɨɜɟɪɢɬɟɥɶɧɵɟ ɨɛɥɚɫɬɢ ɞɜɢɠɟɧɢɹ ɚɫɬɟɪɨɢɞɚ 2011MD:  

ɦɨɞɟɥɶ ɩɨɥɧɚɹ (ɱɟɪɧɵɣ ɰɜɟɬ),  
ɦɨɞɟɥɶ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ Ɂɟɦɥɢ (ɫɟɪɵɣ ɰɜɟɬ) 

ɦɨɞɟɥɶ ɩɨɥɧɚɹ (ɱɟɪɧɵɣ ɰɜɟɬ),  
ɦɨɞɟɥɶ ɛɟɡ ɭɱɟɬɚ ɜɨɡɦɭɳɟɧɢɣ ɨɬ Ʌɭɧɵ (ɫɟɪɵɣ ɰɜɟɬ) 

  

Ⱦɨɜɟɪɢɬɟɥɶɧɵɟ ɨɛɥɚɫɬɢ ɞɜɢɠɟɧɢɹ ɚɫɬɟɪɨɢɞɚ 1998QE2: 

ɦɨɞɟɥɶ ɩɨɥɧɚɹ (ɱɟɪɧɵɣ ɰɜɟɬ),  
ɦɨɞɟɥɶ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ Ɂɟɦɥɢ (ɫɟɪɵɣ ɰɜɟɬ) 

ɦɨɞɟɥɶ ɩɨɥɧɚɹ (ɱɟɪɧɵɣ ɰɜɟɬ),  
ɦɨɞɟɥɶ ɛɟɡ ɭɱɟɬɚ ɜɨɡɦɭɳɟɧɢɣ ɨɬ ɉɥɭɬɨɧɚ (ɫɟɪɵɣ ɰɜɟɬ) 

  

 
Ɋɢɫ. 2. Ⱦɨɜɟɪɢɬɟɥɶɧɵɟ ɨɛɥɚɫɬɢ ɞɜɢɠɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɚɫɬɟɪɨɢɞɨɜ 
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2011MD (1539 ɧɚɛɥɸɞɟɧɢɣ – 11 ɞɧɟɣ) 

Ɇɨɞɟɥɶ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ Ɂɟɦɥɢ 
-7χ 4,249 10= ⋅ , 0σ 4 ,006′′= , 0,169l =   

 

2011MD (1539 ɧɚɛɥɸɞɟɧɢɣ – 11 ɞɧɟɣ) 

Ɇɨɞɟɥɶ ɛɟɡ ɭɱɟɬɚ ɜɨɡɦɭɳɟɧɢɣ ɨɬ Ʌɭɧɵ 
-6χ 3,682 10= ⋅ , 0σ 34 ,66′′= , 0,0158l =   

    

 

1998QE2 (111 ɧɚɛɥɸɞɟɧɢɣ – 30 ɞɧɟɣ) 

Ɇɨɞɟɥɶ ɛɟɡ ɭɱɟɬɚ ɫɠɚɬɢɹ Ɂɟɦɥɢ 
-5χ 2,03344 10= ⋅ , 0σ 0 ,6644′′= , 79,0556 10l = ⋅  

 

1998QE2 (111 ɧɚɛɥɸɞɟɧɢɣ – 30 ɞɧɟɣ) 

Ɇɨɞɟɥɶ ɛɟɡ ɭɱɟɬɚ ɜɨɡɦɭɳɟɧɢɣ ɨɬ ɉɥɭɬɨɧɚ 
-5χ 2,28276 10= ⋅ , 0σ 0 ,6644′′= , 7149,7l =  

    

 
Ɋɢɫ. 3. Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɰɟɥɟɜɵɯ ɮɭɧɤɰɢɣ ɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɢɯ ɧɟɜɹɡɨɤ ɨɬ ɩɚɪɚɦɟɬɪɚ l 
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Ɂɚɤɥɸчɟɧɢɟ. ȼɥɢɹɧɢɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɨɲɢɛɨɤ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɜɵɛɨɪɨɦ ɦɨɞɟɥɟɣ ɞɜɢɠɟɧɢɹ ɢ ɩɪɟɞ-
ɫɬɚɜɥɟɧɢɟɦ ɧɚɛɥɸɞɟɧɢɣ, ɧɚ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɧɚɱɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɜɨɡɦɨɠɧɵɯ ɞɜɢɠɟɧɢɣ ɨɛɴɟɤɬɚ 
ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɧɵɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɧɬɟɪɜɚɥɚ ɧɚ-
ɛɥɸɞɚɟɦɨɫɬɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɫɩɨɫɨɛ ɨɰɟɧɢɜɚɧɢɹ 
ɦɨɞɟɥɢ ɜɨɡɦɭɳɚɸɳɢɯ ɮɚɤɬɨɪɨɜ ɢɦɟɟɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢ 

ɹɫɧɵɣ, ɩɪɨɫɬɨɣ ɜɢɞ ɢ ɩɨɡɜɨɥɹɟɬ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɨɛɥɚɫɬɟɣ ɧɟ ɭɱɢɬɵɜɚɬɶ 
ɜɥɢɹɧɢɟ ɨɬɞɟɥɶɧɵɯ ɦɚɥɵɯ ɜɨɡɦɭɳɚɸɳɢɯ ɫɢɥ. ȼ ɰɟ-
ɥɨɦ, ɤɚɪɬɢɧɚ ɜɥɢɹɧɢɹ ɦɚɥɵɯ ɜɨɡɦɭɳɚɸɳɢɯ ɫɢɥ ɧɚ 
ɬɨɱɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɨɛɥɚɫɬɟɣ ɦɨɠɟɬ 
ɛɵɬɶ ɫɥɨɠɧɨɣ ɢ ɩɨɥɧɨɫɬɶɸ ɜɢɞɧɚ ɩɨ ɡɧɚɱɟɧɢɹɦ ɩɨɤɚ-
ɡɚɬɟɥɹ İɨɬɧ. 
Ɍɚɤ ɢɡ ɪɢɫ. 2, 3 ɢ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɢɫɫɥɟɞɨ-

ɜɚɧɢɢ ɞɜɢɠɟɧɢɹ ɚɫɬɟɪɨɢɞɚ 2011 MD ɧɟɨɛɯɨɞɢɦɨ ɭɱɢ-

ɬɵɜɚɬɶ ɜɨɡɦɭɳɚɸɳɢɟ ɭɫɤɨɪɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɫɠɚ-
ɬɢɟɦ Ɂɟɦɥɢ ɢ ɜɥɢɹɧɢɟɦ Ʌɭɧɵ, ɬɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ İɨɬɧ 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ 0,1. Ⱦɥɹ 
ɨɛɴɟɤɬɚ 1998QE2 ɱɢɫɥɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɤɚɡɚ-
ɬɟɥɹ ɬɨɱɧɨɫɬɢ İɨɬɧ ɦɟɧɶɲɟ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ, ɱɬɨ 
ɝɨɜɨɪɢɬ ɨ ɧɟɫɭɳɟɫɬɜɟɧɧɨɦ ɜɥɢɹɧɢɢ ɉɥɭɬɨɧɚ ɢ ɫɠɚɬɢɹ 
Ɂɟɦɥɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɞɚɧɧɨɦ ɦɟɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 
ɢɯ ɦɨɠɧɨ ɧɟ ɭɱɢɬɵɜɚɬɶ. 

 

Ȼɥɚɝɨɞɚɪɧɨɫɬɢ. Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨ-
ɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧ-

ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ  
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