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ȽɊȺɇɂɑɇЫȿ ɍɋɅɈȼɂə ȼ ɁȺȾȺɑȺɏ ɂɋɋɅȿȾɈȼȺɇɂə  

ɍɋɌɈɃɑɂȼɈɋɌɂ ɉɅɈɋɄɈɃ ɋɌȺɐɂɈɇȺɊɇɈɃ  
ȾȿɌɈɇȺɐɂɈɇɇɈɃ ȼɈɅɇЫ 

 

Ɋɚɫɫɦɨɬɪɟɧɵ ɩɪɨɛɥɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɫɤɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɞɜɭɯɮɪɨɧɬɨɜɨɣ ɦɨɞɟɥɢ 
ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ ɝɚɡɨɜɨɣ ɞɟɬɨɧɚɰɢɢ. 
Ɍɚɤɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɨɫɧɨɜɨɣ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ 
ɪɟɲɟɧɢɣ ɩɨ ɩɪɨɛɥɟɦɚɦ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɡɪɵɜɨɡɚɳɢɬɵ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɫɬɨɣɱɢɜɨɫɬɶ, ɞɟɬɨɧɚɰɢɨɧɧɚɹ ɜɨɥɧɚ, ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ. 
 

Ɋɨɡɝɥɹɧɭɬɨ ɩɪɨɛɥɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɿɣɤɨɫɬɿ ɩɥɨɫɤɨʀ ɫɬɚɰɿɨɧɚɪɧɨʀ ɞɟɬɨɧɚɰɿɣɧɨʀ 
ɯɜɢɥɿ. ɉɨɤɚɡɚɧɨ, ɳɨ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ ɞɥɹ ɞɜɭɯɮɪɨɧɬɨɜɨʀ ɦɨɞɟɥɿ ɞɨɡɜɨɥɹɸɬɶ ɨɰɿɧɢɬɢ 
ɨɫɧɨɜɧɿ ɩɚɪɚɦɟɬɪɢ ɜɧɭɬɪɿɲɧɶɨʀ ɫɬɪɭɤɬɭɪɢ ɝɚɡɨɜɨʀ ɞɟɬɨɧɚɰɿʀ. Ɍɚɤɚ ɦɨɞɟɥɶ ɦɨɠɟ 
ɫɥɭɠɢɬɢ ɨɫɧɨɜɨɸ ɞɥɹ ɪɨɡɪɨɛɤɢ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɬɚ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ 
ɿɧɬɟɥɟɤɬɭɚɥɶɧɨʀ ɫɢɫɬɟɦɢ ɩɿɞɬɪɢɦɤɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɡ ɩɢɬɚɧɶ ɜɢɛɭɯɨɛɟɡɩɟɤɢ ɿ 
ɜɢɛɭɯɨɡɚɯɢɫɬɭ. ȼɢɤɨɧɚɧɨ ɫɩɪɨɛɭ ɫɢɫɬɟɦɚɬɢɡɭɜɚɬɢ ɩɪɨɛɥɟɦɭ ɜɫɬɚɧɨɜɥɟɧɧɹ ɝɪɚɧɢɱɧɢɯ 
ɭɦɨɜ ɩɪɢ ɜɢɜɱɟɧɧɿ ɫɬɿɣɤɨɫɬɿ ɞɟɬɨɧɚɰɿɣɧɨʀ ɯɜɢɥɿ ɡ ɦɟɬɨɸ ɩɨɞɚɥɶɲɨɝɨ ɫɬɜɨɪɟɧɧɹ 
ɫɢɫɬɟɦɢ ɩɿɞɬɪɢɦɤɢ ɩɪɢɣɧɹɬɬɹ ɪɿɲɟɧɶ ɡ ɩɪɨɛɥɟɦ ɜɢɛɭɯɨɛɟɡɩɟɤɢ ɬɚ ɜɢɛɭɯɨɡɚɯɢɫɬɭ. 

Ɋɨɡɝɥɹɧɭɬɨ ɧɚɫɬɭɩɧɿ ɦɨɞɟɥɿ ɩɥɨɫɤɨʀ ɫɬɚɰɿɨɧɚɪɧɨʀ ɞɟɬɨɧɚɰɿɣɧɨʀ ɯɜɢɥɿ, ɞɥɹ ɹɤɢɯ 
ɡɞɿɣɫɧɸєɬɶɫɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ ɩɪɨ ɫɬɿɣɤɿɫɬɶ: 

1) ɦɨɞɟɥɶ ɞɟɬɨɧɚɰɿʀ ɑɟɩɦɟɧɚ-ɀɭɝɟ є ɧɚɣɩɪɨɫɬɿɲɨɸ ɦɨɞɟɥɥɸ, ɜ ɹɤɿɣ ɭɞɚɪɧɨ-

ɞɟɬɨɧɚɰɿɣɧɢɣ ɮɪɨɧɬ ɦɨɞɟɥɸєɬɶɫɹ ɩɪɹɦɢɦ ɫɬɪɢɛɤɨɦ ɭɳɿɥɶɧɟɧɧɹ, ɿ ɜɫɿ ɯɿɦɿɱɧɿ 
ɩɟɪɟɬɜɨɪɟɧɧɹ ɜɿɞɛɭɜɚɸɬɶɫɹ ɦɢɬɬєɜɨ, ɛɟɡɩɨɫɟɪɟɞɧɶɨ ɧɚ ɮɪɨɧɬɿ; 

2) ɞɜɭɯɮɪɨɧɬɨɜɚ (ɨɞɧɨɫɬɭɩɟɧɟɜɚ) ɦɨɞɟɥɶ ɡɚɫɧɨɜɚɧɚ ɧɚ ɩɪɢɩɭɳɟɧɧɿ, ɳɨ ɯɿɦɿɱɧɿ 
ɩɟɪɟɬɜɨɪɟɧɧɹ ɬɚɤɨɠ ɜɿɞɛɭɜɚɸɬɶɫɹ ɦɢɬɬєɜɨ, ɚɥɟ ɧɟ ɧɚ ɩɪɨɜɿɞɧɨɦɭ ɭɞɚɪɧɨɦɭ ɮɪɨɧɬɿ, ɚ 
ɜ ɞɟɹɤɿɣ ɩɥɨɳɢɧɿ (ɬɚɤ ɡɜɚɧɨɦɭ ɮɪɨɧɬɿ ɦɢɬɬєɜɨɝɨ ɡɝɨɪɹɧɧɹ), ɹɤɢɣ ɜɿɞɞɿɥɟɧɢɣ ɜɿɞ 
ɩɪɨɜɿɞɧɨɝɨ ɭɞɚɪɧɨɝɨ ɮɪɨɧɬɭ ɡɨɧɨɸ ɿɧɞɭɤɰɿʀ; 

3) ɛɚɝɚɬɨɫɬɭɩɟɧɟɜɚ ɦɨɞɟɥɶ, ɹɤɚ ɚɩɪɨɤɫɢɦɭє ɛɟɡɩɟɪɟɪɜɧɢɣ ɪɨɡɩɨɞɿɥ ɩɚɪɚɦɟɬɪɿɜ ɡɚ 
ɩɪɨɜɿɞɧɢɦ ɭɞɚɪɧɢɦ ɮɪɨɧɬɨɦ ɤɭɫɨɱɧɨ-ɩɨɫɬɿɣɧɨɸ ɮɭɧɤɰɿєɸ; 

4) ɦɨɞɟɥɶ ɡ ɛɟɡɩɟɪɟɪɜɧɢɦ ɪɨɡɩɨɞɿɥɨɦ ɩɚɪɚɦɟɬɪɿɜ ɡɚ ɩɪɨɜɿɞɧɢɦ ɭɞɚɪɧɢɦ ɮɪɨɧɬɨɦ, 
ɹɤɚ ɧɚɣɛɿɥɶɲ ɬɨɱɧɨ ɜɿɞɨɛɪɚɠɚє ɪɟɚɥɶɧɿ ɮɿɡɢɱɧɿ ɩɪɨɰɟɫɢ ɜ ɫɬɚɰɿɨɧɚɪɧɿɣ ɞɟɬɨɧɚɰɿɣɧɿɣ 
ɯɜɢɥɿ. 

ɐɿ ɦɨɞɟɥɿ ɩɪɢɧɰɢɩɨɜɨ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɝɪɚɧɢɱɧɢɦɢ ɭɦɨɜɚɦɢ, ɹɤɢɦ ɡɚɞɨɜɨɥɶɧɹɸɬɶ 
ɦɚɥɿ ɡɛɭɪɟɧɧɹ ɜ ɨɛɥɚɫɬɿ, ɳɨ ɪɨɡɞɿɥɹє ɨɛɥɚɫɬɿ ɜɢɯɿɞɧɨɝɨ ɝɨɪɸɱɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɬɚ 
ɩɪɨɞɭɤɬɿɜ ɞɟɬɨɧɚɰɿʀ. ɉɟɪɟɜɚɝɢ ɬɚ ɧɟɞɨɥɿɤɢ ɨɩɢɫɚɧɢɯ ɜɢɳɟ ɦɨɞɟɥɟɣ ɨɰɿɧɸɸɬɶɫɹ ɡ 
ɬɨɱɤɢ ɡɨɪɭ ɩɪɚɜɢɥɶɧɨɫɬɿ ɮɿɡɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɩɪɨɰɟɫɭ ɞɟɬɨɧɚɰɿʀ ɬɚ ɡ ɬɨɱɤɢ ɡɨɪɭ 
ɩɪɢɞɚɬɧɨɫɬɿ ɞɥɹ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ІɋɉɉɊ ɡ ɩɪɨɛɥɟɦ ɜɢɛɭɯɨɛɟɡɩɟɤɢ ɬɚ 
ɜɢɛɭɯɨɡɚɯɢɫɬɭ. ɉɨɤɚɡɚɧɨ, ɳɨ ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ ɞɥɹ ɞɜɭɯɮɪɨɧɬɨɜɨʀ ɦɨɞɟɥɿ ɞɨɡɜɨɥɹɸɬɶ 
ɨɰɿɧɢɬɢ ɨɫɧɨɜɧɿ ɩɚɪɚɦɟɬɪɢ ɜɧɭɬɪɿɲɧɶɨʀ ɫɬɪɭɤɬɭɪɢ ɝɚɡɨɜɨʀ ɞɟɬɨɧɚɰɿʀ. Ɍɚɤɚ ɦɨɞɟɥɶ 
ɦɨɠɟ ɫɥɭɠɢɬɢ ɨɫɧɨɜɨɸ ɞɥɹ ɪɨɡɪɨɛɤɢ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɬɚ ɩɪɨɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ 
ІɋɉɉɊ ɩɨ ɩɪɨɛɥɟɦɚɦ ɜɢɛɭɯɨɛɟɡɩɟɤɢ ɬɚ ɜɢɛɭɯɨɡɚɯɢɫɬɭ. 
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Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɫɬɿɣɤɿɫɬɶ, ɞɟɬɨɧɚɰɿɣɧɚ ɯɜɢɥɹ, ɝɪɚɧɢɱɧɿ ɭɦɨɜɢ. 
 

The research’s problems of a plane stationary detonation wave’s stability are consid-

ered. It is shown that the boundary conditions for the two-front model allow estimating the 

main parameters of the internal structure of gas detonation. Such a model can serve as the 

basis for development of mathematical support and software for an intellectual decision 

support system for the problems of explosion-proof and explosion protection. 

An attempt has been made to systematize the problem of setting boundary conditions in 

studies of the stability of a detonation wave in order to further create a decision support 

system (DSS) on problems of explosion safety and explosion protection. 

The following models of a plane stationary detonation wave were considered, which the 

stability problem is stated for:  

1) the Chapman-Jouget detonation model is the simplest model where the shock-

detonation front is modeled by a direct shock wave, and all chemical transformations are 

assumed to occur instantaneously, directly at the front; 

2) a two-front (single-stage, square-wave) model based on the assumption that chemical 

transformations also occur instantaneously, not on the leading shock front, but in a plane 

(called the instantaneous combustion front), which is separated from the leading shock 

front by the induction zone; 

3) a multistage model that approximates the continuous distribution of parameters be-

hind the leading shock front piecewise constant function; 

4) a model with a continuous distribution of parameters behind the leading shock front, 

which most accurately reflects the real physical processes in a stationary detonation wave. 

These models are fundamentally different in boundary conditions, which small pertur-

bations in the region separating the regions of the initial combustible medium and detona-

tion products satisfy. The advantages and disadvantages of the models described above are  

both assessed from the standpoint of the correctness of the physical analysis of the detona-

tion process and from the point of view of applicability for the mathematical support of 

DSS on problems of explosion safety and explosion protection. 

It is shown that the boundary conditions for the two-front model allow to estimate the 

main parameters of the internal structure of the gas detonation. Such model can be as the 

basis for the development of mathematical support and software of DSS for problems of 

explosion safety and explosion protection. 

Keywords: stability, detonation wave, boundary conditions. 

 

ȼɜɟɞɟɧɢɟ. Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɨɩɭɛɥɢɤɨɜɚɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɫɤɨɣ 
ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɜ ɝɚɡɨɜɵɯ ɫɦɟɫɹɯ [1-6]. Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢ [6-9] ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɣ (ɩɭɥɶɫɚɰɢɨɧɧɨɣ) ɫɬɪɭɤɬɭɪɵ ɞɟɬɨɧɚɰɢɨɧɧɨɣ 
ɜɨɥɧɵ, ɧɚɛɥɸɞɚɟɦɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ [10-13], ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ – 

ɜɧɭɬɪɟɧɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɦɚɫɲɬɚɛɵ (ɪɚɡɦɟɪ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɹɱɟɣɤɢ, 
ɱɚɫɬɨɬɭ ɩɭɥɶɫɚɰɢɣ). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɞɟɥɚɧɚ ɩɨɩɵɬɤɚ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɬɶ 
ɩɪɨɛɥɟɦɭ ɩɨɫɬɚɧɨɜɤɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɭɫɬɨɣɱɢɜɨɫɬɢ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɫ ɰɟɥɶɸ ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɡɞɚɧɢɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ 
ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ (ɂɋɉɉɊ) ɩɨ ɩɪɨɛɥɟɦɚɦ 
ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɜɡɪɵɜɨɡɚɳɢɬɵ [14]. 
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ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. Ɋɚɫɫɦɨɬɪɢɦ ɪɚɡɥɢɱɧɵɟ ɦɨɞɟɥɢ ɩɥɨɫɤɨɣ 
ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɚ ɢɦɟɧɧɨ: 

1) ɦɨɞɟɥɶ ɞɟɬɨɧɚɰɢɢ ɑɟɩɦɟɧɚ-ɀɭɝɟ – ɩɪɨɫɬɟɣɲɚɹ ɦɨɞɟɥɶ, ɜ ɤɨɬɨɪɨɣ 
ɭɞɚɪɧɨ-ɞɟɬɨɧɚɰɢɨɧɧɵɣ ɮɪɨɧɬ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɪɹɦɵɦ ɫɤɚɱɤɨɦ ɭɩɥɨɬɧɟɧɢɹ 
[11,15]. ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɫɟ ɯɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ 
ɩɪɨɢɫɯɨɞɹɬ ɦɝɧɨɜɟɧɧɨ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɮɪɨɧɬɟ; 

2) ɞɜɭɯɮɪɨɧɬɨɜɚɹ (ɨɞɧɨɫɬɭɩɟɧɱɚɬɚɹ) ɦɨɞɟɥɶ (ɪɢɫ. 1), ɨɫɧɨɜɚɧɧɚɹ ɧɚ 
ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɯɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɹɬ ɦɝɧɨɜɟɧɧɨ, 
ɧɨ ɧɟ ɧɚ ɜɟɞɭɳɟɦ ɭɞɚɪɧɨɦ ɮɪɨɧɬɟ, ɚ ɜ ɧɟɤɨɬɨɪɨɣ ɩɥɨɫɤɨɫɬɢ (ɧɚɡɵɜɚɟɦɨɣ 
ɮɪɨɧɬɨɦ ɦɝɧɨɜɟɧɧɨɝɨ ɫɝɨɪɚɧɢɹ), ɤɨɬɨɪɚɹ ɨɬɞɟɥɟɧɚ ɨɬ ɜɟɞɭɳɟɝɨ ɭɞɚɪɧɨɝɨ 
ɮɪɨɧɬɚ ɡɨɧɨɣ ɢɧɞɭɤɰɢɢ, ɜ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ «ɩɨɞɝɨɬɨɜɤɚ» ɯɢɦɢɱɟɫɤɢɯ 
ɩɪɟɜɪɚɳɟɧɢɣ ɫ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟɦ [11]; 

3) ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɚɹ ɦɨɞɟɥɶ, ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɚɹ ɧɟɩɪɟɪɵɜɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɜɟɞɭɳɢɦ ɭɞɚɪɧɵɦ ɮɪɨɧɬɨɦ ɤɭɫɨɱɧɨ-

ɩɨɫɬɨɹɧɧɨɣ ɮɭɧɤɰɢɟɣ (ɪɢɫ. 2); 
4) ɦɨɞɟɥɶ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɜɟɞɭɳɢɦ 

ɭɞɚɪɧɵɦ ɮɪɨɧɬɨɦ, ɤɨɬɨɪɚɹ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨ ɨɬɨɛɪɚɠɚɟɬ ɪɟɚɥɶɧɵɟ ɮɢɡɢɱɟɫɤɢɟ 
ɩɪɨɰɟɫɫɵ ɜ ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɟ. 

ɗɬɢ ɦɨɞɟɥɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ  ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ, ɤɨɬɨɪɵɦ, 
ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɦɚɥɵɟ ɜɨɡɦɭɳɟɧɢɹ ɜ 
ɨɛɥɚɫɬɢ, ɪɚɡɞɟɥɹɸɳɟɣ ɨɛɥɚɫɬɢ ɢɫɯɨɞɧɨɣ ɝɨɪɸɱɟɣ ɫɪɟɞɵ ɢ ɩɪɨɞɭɤɬɨɜ 
ɞɟɬɨɧɚɰɢɢ. Ɂɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ 
ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɦɨɞɟɥɟɣ ɤɚɤ ɫ ɩɨɡɢɰɢɣ ɤɨɪɪɟɤɬɧɨɫɬɢ ɮɢɡɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɞɟɬɨɧɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɬɚɤ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɢɦɟɧɢɦɨɫɬɢ ɞɥɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɂɋɉɉɊ ɩɨ ɩɪɨɛɥɟɦɚɦ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 
ɜɡɪɵɜɨɡɚɳɢɬɵ. 

 
Ɋɢɫ. 1. ɋɯɟɦɚɬɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ ɞɚɜɥɟɧɢɹ ɜ ɞɜɭɯɮɪɨɧɬɨɜɨɣ ɦɨɞɟɥɢ 

ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ 
 



ISSN 2074-5893 ɉɢɬаɧɧɹ ɩɪɢɤɥаɞɧɨʀ ɦаɬɟɦаɬɢɤɢ ɿ ɦаɬɟɦаɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜаɧɧɹ.  ȼɢɩɭɫɤ 18 

 

 151 

 
Ɋɢɫ. 2. ɋɯɟɦɚɬɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ ɞɚɜɥɟɧɢɹ ɜ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɦɨɞɟɥɢ 

ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɫɤɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɫɤɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ 
ɞɥɹ ɥɸɛɨɣ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɦɨɞɟɥɟɣ ɫɜɨɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ 
ɚɥɝɨɪɢɬɦɭ ɞɟɣɫɬɜɢɣ: 

– ɫɢɫɬɟɦɚ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (ɤɨɬɨɪɵɦ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 
ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɚ ɜ ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɟ), ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ 
ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɱɚɫɬɧɵɦɢ 
ɩɪɨɢɡɜɨɞɧɵɦɢ, ɥɢɧɟɚɪɢɡɭɟɬɫɹ; 

– ɜɵɛɨɪ ɜɢɞɚ ɢɫɤɨɦɵɯ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ (ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɨɥɶɤɨ 
ɜɨɡɦɭɳɟɧɢɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɬɢɩɚ) ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɣɬɢ ɨɬ ɫɢɫɬɟɦɵ 
ɥɢɧɟɣɧɵɯ ɨɞɧɨɪɨɞɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɱɚɫɬɧɵɦɢ 
ɩɪɨɢɡɜɨɞɧɵɦɢ ɤ ɫɢɫɬɟɦɟ ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢɧɟɣɧɵɯ ɨɞɧɨɪɨɞɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ; ɧɚɯɨɠɞɟɧɢɟ ɨɛɳɟɝɨ ɪɟɲɟɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ 
ɭɪɚɜɧɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɡɚɩɢɫɚɬɶ ɱɚɫɬɧɵɟ ɪɟɲɟɧɢɹ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 
ɭɪɚɜɧɟɧɢɣ ɫ ɱɚɫɬɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ; 

– ɩɨɞɫɬɚɧɨɜɤɚ ɱɚɫɬɧɵɯ ɪɟɲɟɧɢɣ ɜ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ 
(ɤɨɬɨɪɵɦɢ ɹɜɥɹɸɬɫɹ ɡɚɤɨɧɵ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ ɢ ɷɧɟɪɝɢɢ) 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ ɨɞɧɨɪɨɞɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ 
ɭɪɚɜɧɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɧɫɬɚɧɬ ɢɡ ɨɛɳɟɝɨ ɪɟɲɟɧɢɹ 
ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢɧɟɣɧɵɯ ɨɞɧɨɪɨɞɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ. ɍɫɥɨɜɢɟ ɧɟɬɪɢɜɢɚɥɶɧɨɫɬɢ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ 
ɨɞɧɨɪɨɞɧɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɩɪɢɜɨɞɢɬ ɤ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɦɭ 
ɭɪɚɜɧɟɧɢɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɤɨɬɨɪɨɝɨ ɩɚɪɚɦɟɬɪɚ (ɫɨɛɫɬɜɟɧɧɨɝɨ ɱɢɫɥɚ), ɡɧɚɤ 
ɤɨɬɨɪɨɝɨ ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɥɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɜɵɟ ɞɜɚ ɩɭɧɤɬɚ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɚɥɝɨɪɢɬɦɚ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɫɤɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɜ ɩɪɢɦɟɧɟɧɢɢ ɤ 
ɦɨɞɟɥɹɦ 1)-3). 
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Ɉɫɧɨɜɧɨɟ ɬɟɱɟɧɢɟ ɢɞɟɚɥɶɧɨɝɨ (ɧɟɜɹɡɤɨɝɨ) ɫɠɢɦɚɟɦɨɝɨ ɝɚɡɚ, ɨɩɢɫɵɜɚɟɬɫɹ 
ɫɢɫɬɟɦɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɱɚɫɬɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ ɗɣɥɟɪɚ, 
ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɢ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɟ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨɬɫɭɬɫɬɜɢɹ 
ɦɚɫɫɨɜɵɯ ɫɢɥ ɜ ɞɜɭɦɟɪɧɨɦ ɫɥɭɱɚɟ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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                      (1) 

 

ɝɞɟ ,p   – ɞɚɜɥɟɧɢɟ ɢ ɩɥɨɬɧɨɫɬɶ, ,
x y

u u  – ɩɪɨɟɤɰɢɢ ɫɤɨɪɨɫɬɢ ɧɚ ɤɨɨɪɞɢɧɚɬɧɵɟ 
ɨɫɢ ,x y , h – ɭɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ (ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ). 

ɉɪɢ ɷɬɨɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ( ),h h p=   ɢɡɜɟɫɬɧɚ ɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɞɧɭ ɢɡ ɮɨɪɦ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ. ȼ ɫɥɭɱɚɟ 
ɫɨɜɟɪɲɟɧɧɨɝɨ ɝɚɡɚ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɚɞɞɢɬɢɜɧɨɣ ɩɨɫɬɨɹɧɧɨɣ: 
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ɝɞɟ   – ɨɬɧɨɲɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɨɛɴɟɦɟ. 
Ɉɞɧɨɪɨɞɧɵɣ ɩɨɬɨɤ ɝɚɡɚ, ɞɜɢɠɭɳɢɣɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ Ox  ɫ ɩɨɫɬɨɹɧɧɨɣ 

ɫɤɨɪɨɫɬɶɸ 
j

u , ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
j

p  ɢ 
j

 , 

ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɦ ɫɬɚɰɢɨɧɚɪɧɵɦ ɡɚɤɨɧɚɦ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ ɢ 
ɷɧɟɪɝɢɢ, ɩɪɢɱɟɦ ( ),

j j j
h p   – ɬɚɤɠɟ ɩɨɫɬɨɹɧɧɚɹ ɜɟɥɢɱɢɧɚ. ɇɚɥɚɝɚɹ ɧɚ ɷɬɨ 

ɨɫɧɨɜɧɨɟ ɬɟɱɟɧɢɟ ɦɚɥɵɟ ɜɨɡɦɭɳɟɧɢɹ, ɢɦɟɟɦ: 
 

( ) ( )
( ) ( ) ( )

, , , , , ,

, , , , , , , ,

x j jx y jy

j jx j j j j

u u u x y t u u x y t

p p p x y t x y t h h h x y t

 = + =

  = +  =  + = +
  (2) 

 

ɉɨɞɫɬɚɜɥɹɹ ɜ (1) ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɜɨɡɦɭɳɟɧɢɣ (2) ɢ ɩɪɟɧɟɛɪɟɝɚɹ ɦɚɥɵɦɢ 
ɱɥɟɧɚɦɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɢ ɜɵɲɟ, ɩɨɥɭɱɢɦ ɥɢɧɟɚɪɢɡɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ 
ɭɪɚɜɧɟɧɢɣ: 

 

 



ISSN 2074-5893 ɉɢɬаɧɧɹ ɩɪɢɤɥаɞɧɨʀ ɦаɬɟɦаɬɢɤɢ ɿ ɦаɬɟɦаɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜаɧɧɹ.  ȼɢɩɭɫɤ 18 

 

 153 

 

 

 

2 2

1
0

1
0

0

0

x x
j

j

y y

j

j

yx
j j

j j j j

u u p
u

t x x

u u p
u

t x y

uu
u

t x x y

p p
u a a u

t x t x

     + + =    
    

+ + =
   


     

+ +  + =      
       

+ − − =    

                                 (3) 

 

ɝɞɟ 
j

a  – ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ. 
ɑɚɫɬɧɵɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (3) ɢɳɟɦ ɜ ɜɢɞɟ: 
 

( ) ( )
( ) ( )
( ) ( )
( ) ( )

1

1

1

2

1 1

exp

exp

exp

exp

x

y

u u U hx iky i t

u u W hx iky i t

R hx iky i t

p u P hx iky i t

 = − 

 = − 

  =  − 
  =  − 

,                                   (4) 

 

ɝɞɟ 2 /h =    – ɜɨɥɧɨɜɨɟ ɱɢɫɥɨ,   – ɞɥɢɧɚ ɜɨɥɧɵ ɜɨɡɦɭɳɟɧɢɹ ( 0  ),   – 

ɤɨɦɩɥɟɤɫɧɚɹ (ɜɨɨɛɳɟ ɝɨɜɨɪɹ) ɜɟɥɢɱɢɧɚ, i  – ɦɧɢɦɚɹ ɟɞɢɧɢɰɚ ( 2 1i = − ), 1 1, u  – 

ɯɚɪɚɤɬɟɪɧɵɟ ɩɥɨɬɧɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ, , , ,U W R P  – ɛɟɡɪɚɡɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ 
(ɮɭɧɤɰɢɢ ɛɟɡɪɚɡɦɟɪɧɨɣ ɜɟɥɢɱɢɧɵ hx ). 

ɉɨɞɫɬɚɧɨɜɤɚ (4) ɜ (3) ɩɪɢɜɨɞɢɬ ɤ ɫɢɫɬɟɦɟ ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢɧɟɣɧɵɯ 
ɨɞɧɨɪɨɞɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

, , ,U W R P , ɨɛɳɟɟ ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɫɨɞɟɪɠɢɬ ɱɟɬɵɪɟ ɧɟɨɩɪɟɞɟɥɟɧɧɵɟ 
ɤɨɧɫɬɚɧɬɵ ( )1, 2, 3, 4

jl
A l = . ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɱɚɫɬɧɵɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (3) 

ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɫɭɩɟɪɩɨɡɢɰɢɢ ɱɟɬɵɪɟɯ ɬɢɩɨɜ ɜɨɡɦɭɳɟɧɢɣ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɦ ɠɟ ɱɟɬɵɪɟɦ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦ ɤɨɧɫɬɚɧɬɚɦ: 
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( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

( )

1 2

1 1 2 2 3 3

1
1 2

1 1 2 2 3 3

1
1 2

2 2

1 12 2

1

exp exp exp exp

exp exp exp exp

exp

jx j j

j j j j j j

j j

j j

jy

j j j j j j

j
j j

j j

j j j

j j

j j

u k k
A k hx A k hx A k hx ihy i t

z zu
k k

u i i z
A k hx A k hx i A k hx ihy i t

z zu
k k

M M
A k hx

 
 
 = − − + − 
 + +   

 
 
 = − − − − 

 + +   


= +

  
( ) ( ) ( )

( ) ( ) ( )

2 2 4 4

1 1 2 22

1 1

exp exp exp , (5)

exp exp exp

j j j j

j

j j j j

A k hx A k hx ihy i t

p
A k hx A k hx ihy i t

u

 
+ −  

  


 = + −    

 

ɝɞɟ ( ) ( )
2

2 2

2

1
1 1 1, 2

1

l

jl j j j

j j j

z z
k M M M l

M

   = − − − + =   −     

, 
1

i
z

hu


= − , 

1

1

j

j

j

u

u


 = =


, 

2

2

2

j

j

j

u
M

a
=  – ɱɢɫɥɨ  Ɇɚɯɚ.

 

ȼɨɡɦɭɳɟɧɢɟ «1» (ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 1jA , 1jk ) ɢ ɜɨɡɦɭɳɟɧɢɟ «2» 
(ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 2j

A , 2j
k ) ɹɜɥɹɸɬɫɹ ɚɤɭɫɬɢɱɟɫɤɢɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ, ɞɥɹ 

ɤɨɬɨɪɵɯ 0p  . ȼ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɨɞɧɨɝɨ ɢɡɦɟɪɟɧɢɹ (ɤɨɝɞɚ 0h =  ɢ 0
y

u = ) 

ɚɤɭɫɬɢɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɪɟɚɥɶɧɵɯ 
ɮɢɡɢɱɟɫɤɢ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɯɫɹ ɧɚɜɫɬɪɟɱɭ ɞɪɭɝ ɞɪɭɝɭ ɩɥɨɫɤɢɯ ɡɜɭɤɨɜɵɯ 

ɜɨɥɧ. ȼɨɡɦɭɳɟɧɢɟ «3» (ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 3jA , 3j

j

z
k = −


), ɞɥɹ ɤɨɬɨɪɨɝɨ 0p =  

ɢ 0 = , ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɜɢɯɪɟɜɨɟ ɜɨɡɦɭɳɟɧɢɟ. 

ȼɨɡɦɭɳɟɧɢɟ «4» (ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 4j
A , 3 4j j

j

z
k k= = −


), ɞɥɹ ɤɨɬɨɪɨɝɨ 

0
x y

u u = = , 0p = , ɧɨ 0  , ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɷɧɬɪɨɩɢɣɧɨɟ 
ɜɨɡɦɭɳɟɧɢɟ. ȼ ɫɚɦɨɦ ɞɟɥɟ, ɟɫɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ 
ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ ɜ ɜɢɞɟ ( ),p s =  , ɬɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɟɞɢɧɫɬɜɟɧɧɨɣ ɩɪɢɱɢɧɨɣ, 
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ɜɵɡɵɜɚɸɳɟɣ ɜɨɡɦɭɳɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɨɡɦɭɳɟɧɢɹ ɞɚɜɥɟɧɢɹ, 
ɦɨɠɟɬ ɛɵɬɶ ɬɨɥɶɤɨ ɜɨɡɦɭɳɟɧɢɟ ɷɧɬɪɨɩɢɢ. 

 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɭɞɚɪɧɨ-ɞɟɬɨɧɚɰɢɨɧɧɨɦ ɮɪɨɧɬɟ ɜ ɦɨɞɟɥɢ 
ɑɟɩɦɟɧɚ-ɀɭɝɟ. Ʉɥɚɫɫɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ 
ɑɟɩɦɟɧɚ-ɀɭɝɟ ɨɩɢɫɵɜɚɟɬ ɞɟɬɨɧɚɰɢɸ ɩɪɹɦɵɦ ɫɤɚɱɤɨɦ ɭɩɥɨɬɧɟɧɢɹ ɫ 
ɬɟɩɥɨɜɵɞɟɥɟɧɢɟɦ (ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ), ɩɪɢ ɷɬɨɦ 
ɬɨɥɳɢɧɚ ɡɨɧɵ ɪɟɚɤɰɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨɣ. ɉɨɜɟɪɯɧɨɫɬɶ 
ɪɚɡɪɵɜɚ, ɫɨɜɦɟɳɟɧɧɚɹ ɫ ɨɫɶɸ Oy , ɪɚɡɞɟɥɹɟɬ ɢɫɯɨɞɧɭɸ ɝɚɡɨɜɭɸ ɫɦɟɫɶ (x<0, 
ɩɚɪɚɦɟɬɪɵ ɫ ɢɧɞɟɤɫɨɦ «0») ɢ ɩɪɨɞɭɤɬɵ ɞɟɬɨɧɚɰɢɢ (x>0, ɩɚɪɚɦɟɬɪɵ ɫ 
ɢɧɞɟɤɫɨɦ «2»). ȼ ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɨɫɬɨɹɧɢɢ ɡɚɤɨɧɵ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ, 
ɢɦɩɭɥɶɫɚ ɢ ɷɧɟɪɝɢɢ ɞɥɹ ɫɨɜɟɪɲɟɧɧɨɝɨ ɝɚɡɚ ɢɦɟɸɬ ɧɚ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 

0 0 2 2

2 2

0 0 0 2 2 2

2 2

0 0 0 2 2 2

0 0 2 21 2 1 2

u u

p u p u

p u p u
Q


  =  +  = + 
   + + = +
 −   − 

 ,                            (6) 

 

ɝɞɟ Q – ɭɞɟɥɶɧɨɟ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɩɪɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ. Ʉ ɭɪɚɜɧɟɧɢɹɦ (6) 
ɞɨɛɚɜɥɹɟɬɫɹ ɭɫɥɨɜɢɟ ɑɟɩɦɟɧɚ-ɀɭɝɟ ɫɚɦɨɩɨɞɞɟɪɠɢɜɚɸɳɟɣɫɹ ɞɟɬɨɧɚɰɢɢ 

2 2 2 2
2 2

2

p
u a


= =


 [11,16]. 

ȿɫɥɢ ɜ ɫɢɥɭ ɤɚɤɢɯ-ɥɢɛɨ ɫɥɭɱɚɣɧɵɯ ɩɪɢɱɢɧ (ɯɢɦɢɱɟɫɤɢɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ 
ɜ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɢ ɬ.ɩ.) ɜɨɡɧɢɤɚɸɬ ɦɚɥɵɟ ɜɨɡɦɭɳɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɨɤɚ, ɬɨ 
ɮɪɨɧɬ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɢɫɤɪɢɜɥɹɟɬɫɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ 
ɪɚɡɪɵɜɚ ɢɫɩɵɬɵɜɚɟɬ ɫɥɚɛɨɟ ɜɨɡɦɭɳɟɧɢɟ ɜ ɜɢɞɟ ɦɚɥɨɝɨ ɫɦɟɳɟɧɢɹ ɜɞɨɥɶ ɨɫɢ 
Ox : 

 

( ) ( )0

1
, expy t A ihy i t

h
 = −  ,                                       (7) 

ɝɞɟ 
0

A – ɩɪɨɢɡɜɨɥɶɧɚɹ ɩɨɫɬɨɹɧɧɚɹ. 

ȼ ɫɢɥɭ ɫɜɟɪɯɡɜɭɤɨɜɨɣ ɫɤɨɪɨɫɬɢ ɞɟɬɨɧɚɰɢɢ ɨɛɥɚɫɬɶ ɢɫɯɨɞɧɨɣ ɝɚɡɨɜɨɣ ɫɦɟɫɢ 
«0» ɫɜɨɛɨɞɧɚ ɨɬ ɜɨɡɦɭɳɟɧɢɣ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɚ ɜɨɡɦɭɳɟɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɪɵɜɚ ɢɦɟɸɬ ɜɢɞ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɯ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ 
ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ ɢ ɷɧɟɪɝɢɢ: 
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,                     (8) 
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u

u


 = =


. 

ɉɨɞɫɬɚɜɥɹɹ ɱɚɫɬɧɵɟ ɪɟɲɟɧɢɹ (5) ɢ (7) ɜ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ (8), ɢɦɟɟɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɨɛɫɬɜɟɧɧɨɝɨ ɱɢɫɥɚ z: 
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Ⱥɧɚɥɢɡ ɭɪɚɜɧɟɧɢɹ (9) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ 
ɧɟɜɨɡɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɤɚɤ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɬɚɤ ɢ ɨ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ 
ɞɟɬɨɧɚɰɢɢ, ɧɨ ɨɫɬɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟɣɬɪɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɫɨɦɧɢɬɟɥɶɧɵɣ ɫɥɭɱɚɣ ɜ ɬɟɨɪɢɢ 
ɭɫɬɨɣɱɢɜɨɫɬɢ, ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬ ɧɟɥɢɧɟɣɧɨɝɨ ɚɧɚɥɢɡɚ [1,2]. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ 
ɬɚɤɚɹ ɫɢɬɭɚɰɢɹ ɨɛɭɫɥɨɜɥɟɧɚ ɩɪɢɦɟɧɟɧɢɟɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (8), ɤɨɬɨɪɵɟ 
ɫɜɨɞɹɬ ɡɚɞɚɱɭ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɤ ɡɚɞɚɱɟ ɨɛ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɞɚɪɧɨɣ ɜɨɥɧɵ. Ɉɱɟɜɢɞɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɤɢɧɟɬɢɤɢ ɯɢɦɢɱɟɫɤɢɯ 
ɩɪɟɜɪɚɳɟɧɢɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ ɡɨɧɵ ɞɟɬɨɧɚɰɢɢ. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɞɜɭɯɮɪɨɧɬɨɜɨɣ (ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ) ɦɨɞɟɥɢ 
ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ. Ⱦɜɭɯɮɪɨɧɬɨɜɚɹ ɦɨɞɟɥɶ (ɪɢɫ. 2) 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɬɚɰɢɨɧɚɪɧɭɸ ɞɟɬɨɧɚɰɢɨɧɧɭɸ ɜɨɥɧɭ ɜ ɢɞɟɚɥɶɧɨɦ ɝɚɡɟ ɜ ɜɢɞɟ 
ɤɨɦɩɥɟɤɫɚ ɢɡ ɭɞɚɪɧɨɣ ɜɨɥɧɵ ɢ ɫɥɟɞɭɸɳɟɝɨ ɡɚ ɧɟɣ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɪɚɫɫɬɨɹɧɢɢ L ɮɪɨɧɬɚ ɦɝɧɨɜɟɧɧɨɝɨ ɫɝɨɪɚɧɢɹ ɫ ɯɚɪɚɤɬɟɪɧɵɦ ɜɪɟɦɟɧɟɦ 
ɢɧɞɭɤɰɢɢ (ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ) 1/L u =  [11]. ȼ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, 
ɫɜɹɡɚɧɧɨɣ ɫ ɞɟɬɨɧɚɰɢɨɧɧɵɦ ɮɪɨɧɬɨɦ ɜɵɞɟɥɹɸɬɫɹ ɬɪɢ ɨɛɥɚɫɬɢ ɬɟɱɟɧɢɹ: 
ɢɫɯɨɞɧɚɹ ɫɦɟɫɶ, ɭɞɚɪɧɨ-ɫɠɚɬɵɣ ɝɚɡ ɢ ɩɪɨɞɭɤɬɵ ɞɟɬɨɧɚɰɢɢ. ȼɨɡɧɢɤɧɨɜɟɧɢɟ 
ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɢɫɤɪɢɜɥɹɟɬ ɤɚɤ ɭɞɚɪɧɵɣ ɮɪɨɧɬ, ɬɚɤ ɢ ɮɪɨɧɬ ɦɝɧɨɜɟɧɧɨɝɨ 
ɫɝɨɪɚɧɢɹ, ɢɡɦɟɧɹɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɡɨɧɵ ɢɧɞɭɤɰɢɢ. Ʌɢɧɟɚɪɢɡɨɜɚɧɧɵɟ 
ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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ɉɪɢ ɷɬɨɦ, ɤɚɤ ɢ ɜ ɦɨɞɟɥɢ ɑɟɩɦɟɧɚ-ɀɭɝɟ, ɜ ɨɛɥɚɫɬɢ ɢɫɯɨɞɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
«0» ɜɨɡɦɭɳɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ. 

Ʉɢɧɟɬɢɤɚ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɧɚɤɥɚɞɵɜɚɟɬ ɧɚ ɜɨɡɦɭɳɟɧɢɹ ɬɪɟɛɨɜɚɧɢɟ [3], 
ɤɨɬɨɪɨɟ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ: 
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ɪɚɡɪɵɜɨɜ ɜ ɜɨɡɦɭɳɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɭɞɚɪɧɨɝɨ ɮɪɨɧɬɚ ɢ ɮɪɨɧɬɚ 
ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɍɪɚɜɧɟɧɢɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ (11) ɡɚɩɢɫɚɧɨ ɜ ɧɟɫɤɨɥɶɤɨ ɢɧɨɦ ɜɢɞɟ, ɱɟɦ ɜ [3] 
ɩɨ ɩɪɢɱɢɧɟ ɢɧɨɝɨ ɜɵɛɨɪɚ ɧɟɢɡɜɟɫɬɧɵɯ ɮɭɧɤɰɢɣ ɜ ɫɢɫɬɟɦɟ (1) (ɜ ɪɚɛɨɬɟ [3] ɜ 
ɤɚɱɟɫɬɜɟ ɧɟɢɡɜɟɫɬɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɷɧɬɪɨɩɢɹ, ɚ ɧɟ ɩɥɨɬɧɨɫɬɶ). 
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ɉɨɞɫɬɚɧɨɜɤɚ ɱɚɫɬɧɵɯ ɪɟɲɟɧɢɣ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɯ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɭɪɚɜɧɟɧɢɣ ɨɫɧɨɜɧɨɝɨ ɬɟɱɟɧɢɹ (5) ɜ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ (10) ɢ ɭɪɚɜɧɟɧɢɟ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ (11), ɩɪɢɜɨɞɢɬ ɤ ɥɢɧɟɣɧɨɣ ɨɞɧɨɪɨɞɧɨɣ ɫɢɫɬɟɦɟ ɞɟɜɹɬɢ 
ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɭɫɥɨɜɢɟ ɧɟɬɪɢɜɢɚɥɶɧɨɫɬɢ ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɣ 
ɩɨɪɨɠɞɚɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 

. z i=− ., ɩɨɥɭɱɟɧɧɨɟ ɜ ɜɢɞɟ ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɨɩɪɟɞɟɥɢɬɟɥɹ 9-ɝɨ ɩɨɪɹɞɤɚ. 
Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɤɨɪɧɟɣ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ [3,4,6], ɩɨɡɜɨɥɢɥ 
ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɤɪɢɬɟɪɢɢ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ, ɚ ɬɚɤɠɟ 
ɨɰɟɧɢɬɶ ɷɥɟɦɟɧɬɵ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɩɪɟɞɟɥɵ ɞɟɬɨɧɚɰɢɢ [6-8,14]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɞɜɭɯɮɪɨɧɬɨɜɨɣ ɦɨɞɟɥɢ (ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ) ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɫɬɪɭɤɬɭɪɵ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɩɪɨɞɭɤɬɢɜɧɵɦ. Ɉɞɧɚɤɨ ɞɚɧɧɚɹ ɦɨɞɟɥɶ 
ɨɛɥɚɞɚɟɬ ɞɜɭɦɹ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ. 

ȼɨ-ɩɟɪɜɵɯ, ɞɜɭɯɮɪɨɧɬɨɜɚɹ ɦɨɞɟɥɶ ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ 
ɧɟɚɞɟɤɜɚɬɧɨ ɨɬɨɛɪɚɠɚɟɬ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɞɟɬɨɧɚɰɢɢ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɜɡɪɵɜɱɚɬɵɯ ɜɟɳɟɫɬɜ (Ʉȼȼ) [17]. ɉɪɨɮɢɥɶ ɞɚɜɥɟɧɢɹ ɜ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɜ Ʉȼȼ ɛɥɢɡɨɤ ɤ ɬɪɟɭɝɨɥɶɧɨɦɭ (Ɋɢɫ. 3), ɩɨɷɬɨɦɭ ɨɧ 
ɧɢɤɨɢɦ ɨɛɪɚɡɨɦ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɞɚɜɥɟɧɢɣ, 
ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɞɜɭɯɮɪɨɧɬɨɜɨɣ ɦɨɞɟɥɢ. ɏɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɫ 
ɢɧɬɟɧɫɢɜɧɵɦ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟɦ ɩɪɢ ɞɟɬɨɧɚɰɢɢ Ʉȼȼ ɧɚɱɢɧɚɸɬɫɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚ ɜɟɞɭɳɢɦ ɭɞɚɪɧɵɦ ɮɪɨɧɬɨɦ (ɜɜɢɞɭ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɢɯ 
ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ), ɩɨɷɬɨɦɭ ɡɨɧɚ ɢɧɞɭɤɰɢɢ ɤɚɤ ɬɚɤɨɜɚɹ 
ɨɬɫɭɬɫɬɜɭɟɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɜɭɯɮɪɨɧɬɨɜɚɹ ɦɨɞɟɥɶ ɫɬɚɰɢɨɧɚɪɧɨɣ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɚɞɟɤɜɚɬɧɨ ɨɬɨɛɪɚɠɚɟɬ ɬɨɥɶɤɨ 
ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɝɚɡɨɜɨɣ ɞɟɬɨɧɚɰɢɢ (ɩɪɢɱɟɦ ɧɟ ɬɨɥɶɤɨ ɜ ɡɚɞɚɱɚɯ ɨɛ 
ɭɫɬɨɣɱɢɜɨɫɬɢ), ɚ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ ɞɟɬɨɧɚɰɢɢ Ʉȼȼ ɬɪɟɛɭɟɬ 
ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɟɥɢ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɜɟɞɭɳɢɦ 
ɭɞɚɪɧɵɦ ɮɪɨɧɬɨɦ [9,18,19]. 

ȼɨ-ɜɬɨɪɵɯ, ɞɜɭɯɮɪɨɧɬɨɜɚɹ ɦɨɞɟɥɶ ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ 
ɢɫɤɭɫɫɬɜɟɧɧɨ ɩɪɢɜɧɨɫɢɬ ɜ ɫɬɚɰɢɨɧɚɪɧɵɣ ɩɪɨɰɟɫɫ ɩɪɹɦɨɣ ɫɤɚɱɨɤ ɪɚɡɪɟɠɟɧɢɹ 
ɫ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟɦ, ɤɨɬɨɪɵɣ, ɫɚɦ ɩɨ ɫɟɛɟ ɹɜɥɹɹɫɶ ɧɟɭɫɬɨɣɱɢɜɵɦ [20-22], 

ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɫɭɳɟɫɬɜɟɧɧɵɦ ɮɚɤɬɨɪɨɦ ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ ɜɫɟɝɨ 
ɞɟɬɨɧɚɰɢɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜ ɰɟɥɨɦ, ɯɨɬɹ ɫɠɢɦɚɟɦɨɫɬɶ ɫɪɟɞɵ ɹɜɥɹɟɬɫɹ 
ɫɭɳɟɫɬɜɟɧɧɵɦ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ ɮɚɤɬɨɪɨɦ [9,18,19]. 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ (10) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɪɨɧɬɚ ɦɝɧɨɜɟɧɧɨɝɨ ɫɝɨɪɚɧɢɹ x=L 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɟ ɡɚɤɨɧɵ ɫɨɯɪɚɧɟɧɢɹ ɧɚ ɷɬɨɦ ɮɪɨɧɬɟ ɢ 
ɫɨɜɩɚɞɚɸɬ ɫ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɧɚ ɜɨɡɦɭɳɟɧɧɨɦ ɮɪɨɧɬɟ ɩɥɚɦɟɧɢ, 
ɤɨɬɨɪɵɣ ɧɟɭɫɬɨɣɱɢɜ ɤɚɤ ɜ ɧɟɫɠɢɦɚɟɦɨɣ [20,21], ɬɚɤ ɢ ɜ ɫɠɢɦɚɟɦɨɣ [22] 
ɫɪɟɞɟ, ɯɨɬɹ ɫɠɢɦɚɟɦɨɫɬɶ ɫɪɟɞɵ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ 
ɮɚɤɬɨɪɨɦ [22,23]. 
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Ɋɢɫ. 3. ɋɯɟɦɚɬɢɱɟɫɤɢɣ ɩɪɨɮɢɥɶ ɞɚɜɥɟɧɢɹ ɜ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɟ, 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɟɣɫɹ ɜ Ʉȼȼ 

 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɦɨɞɟɥɢ ɫɬɚɰɢɨɧɚɪɧɨɣ 
ɞɟɬɨɧɚɰɢɢ. ȼ ɪɚɛɨɬɚɯ [4,5] ɩɪɟɞɥɨɠɟɧɚ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɚɹ ɦɨɞɟɥɶ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ (ɪɢɫ. 2), ɩɪɢɛɥɢɠɟɧɧɨ ɨɩɢɫɵɜɚɸɳɚɹ ɧɟɩɪɟɪɵɜɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɮɪɨɧɬɨɦ ɜɟɞɭɳɟɣ ɭɞɚɪɧɨɣ ɜɨɥɧɵ. 
ɋɬɚɰɢɨɧɚɪɧɵɣ ɞɟɬɨɧɚɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ ɩɪɢ ɷɬɨɦ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɪɨɦɟ 
ɜɟɞɭɳɟɝɨ ɭɞɚɪɧɨɝɨ ɮɪɨɧɬɚ ɫɢɫɬɟɦɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɡɚ ɧɢɦ 
ɮɪɨɧɬɨɜ ɦɝɧɨɜɟɧɧɨ ɩɪɨɬɟɤɚɸɳɢɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɪɚɡɞɟɥɟɧɧɵɯ 
ɢɧɬɟɪɜɚɥɚɦɢ ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ ɜɪɟɦɟɧɚɦɢ ɡɚɞɟɪɠɤɢ. Ⱥɜɬɨɪɵ [4,5] ɨɩɢɫɵɜɚɸɬ 
ɡɜɟɧɶɹ ɫɬɭɩɟɧɱɚɬɨɝɨ (ɤɭɫɨɱɧɨ-ɩɨɫɬɨɹɧɧɨɝɨ) ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɜɧɭɬɪɢ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɞɟɬɨɧɚɰɢɨɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɤɚɤ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ 
ɷɬɚɩɵ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɥɢɛɨ ɪɚɡɥɢɱɧɵɟ ɩɪɨɦɟɠɭɬɨɱɧɵɟ 
ɪɟɚɤɰɢɢ ɫ ɷɧɟɪɝɢɹɦɢ ɚɤɬɢɜɚɰɢɢ 1 2, , ...E E . Ɉɞɧɚɤɨ ɬɚɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 
ɹɜɥɹɟɬɫɹ ɢɫɤɭɫɫɬɜɟɧɧɵɦ, ɬɚɤ ɤɚɤ ɩɪɢ ɝɨɪɟɧɢɢ ɜɫɟ ɷɬɚɩɵ ɥɸɛɨɣ ɯɢɦɢɱɟɫɤɨɣ 
ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɩɚɪɚɥɥɟɥɶɧɨ, ɚ ɧɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ [24,25]. Ɍɚɤɚɹ ɦɨɞɟɥɶ 
ɫɨɞɟɪɠɢɬ ɧɚɛɨɪ ɢɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞɚɧɧɵɯ ɫɤɚɱɤɨɜ ɪɚɡɪɟɠɟɧɢɹ ɢ ɩɨɬɨɦɭ ɧɟ 
ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɚ, ɱɟɦ ɞɜɭɯɮɪɨɧɬɨɜɚɹ. Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɧɚɛɨɪɨɦ ɢɡ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ ɧɚ ɜɟɞɭɳɟɦ ɭɞɚɪɧɨɦ ɮɪɨɧɬɟ 
(4 ɭɫɥɨɜɢɹ) ɢ ɧɚ n ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɥɚɛɨɝɨ ɪɚɡɪɵɜɚ (4n), ɚ ɬɚɤɠɟ n ɭɪɚɜɧɟɧɢɹɦɢ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. ɉɨɫɤɨɥɶɤɭ ɜɜɟɞɟɧɢɟ ɤɚɠɞɨɝɨ ɢɧɬɟɪɜɚɥɚ ɬɪɟɛɭɟɬ ɜɵɩɨɥɧɟɧɢɹ 
ɩɹɬɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ (ɱɟɬɵɪɟ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɢ ɭɪɚɜɧɟɧɢɟ ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɢ), ɬɨ, ɫ ɭɱɟɬɨɦ ɱɟɬɵɪɟɯ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ ɧɚ ɜɟɞɭɳɟɦ ɭɞɚɪɧɨɦ 
ɮɪɨɧɬɟ, ɨɩɪɟɞɟɥɢɬɟɥɶ, ɤɨɬɨɪɵɦ ɜɵɪɚɠɚɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ, 
ɢɦɟɟɬ ɩɨɪɹɞɨɤ 5 4n + , ɝɞɟ n – ɱɢɫɥɨ ɢɧɬɟɪɜɚɥɨɜ (ɩɪɢ 1n =  ɢɦɟɟɦ 
ɞɜɭɯɮɪɨɧɬɨɜɭɸ ɦɨɞɟɥɶ). 

Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɩɨɩɵɬɤɚ ɚɧɚɥɢɬɢɱɟɫɤɢ ɢɫɫɥɟɞɨɜɚɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɫ ɩɪɨɢɡɜɨɥɶɧɵɦ ɩɪɨɮɢɥɟɦ ɞɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 
ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɦɨɞɟɥɢ ɞɟɬɨɧɚɰɢɢ ɹɜɥɹɟɬɫɹ ɧɟɭɞɚɱɧɨɣ. Ɍɚɤɚɹ ɦɨɞɟɥɶ 
ɞɟɬɨɧɚɰɢɢ ɧɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɬɪɚɠɚɟɬ ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɪɦɨ- ɢ 
ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɜɟɞɭɳɢɦ ɭɞɚɪɧɵɦ ɮɪɨɧɬɨɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ 
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ɩɟɪɟɯɨɞ ɤ ɩɪɟɞɟɥɭ ɩɪɢ ɫɬɪɟɦɹɳɟɦɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɤɨɥɢɱɟɫɬɜɟ «ɫɬɭɩɟɧɟɣ» 
ɡɚ ɜɟɞɭɳɢɦ ɭɞɚɪɧɵɦ ɮɪɨɧɬɨɦ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɯɨɞ ɤ ɦɨɞɟɥɢ ɫ 
ɧɟɩɪɟɪɵɜɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɷɬɢɦ ɮɪɨɧɬɨɦ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɫɥɭɱɚɣ, ɤɨɝɞɚ ɱɢɫɥɨ «ɫɬɭɩɟɧɟɣ» ɛɨɥɶɲɟ 2-ɯ, ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɫɟɪɶɟɡɧɭɸ ɩɪɨɛɥɟɦɭ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɜɢɞɭ 
ɛɵɫɬɪɨɝɨ ɪɨɫɬɚ ɩɨɪɹɞɤɚ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɢɬɟɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɚɹ ɦɨɞɟɥɶ ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɟɫɬɢ 
ɩɨɥɧɨɰɟɧɧɵɣ ɚɧɚɥɢɡ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɫɬɪɭɤɬɭɪɵ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ, 

ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɯɫɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɢ ɝɚɡɨɜɵɯ ɫɪɟɞɚɯ. 
Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɦɨɞɟɥɢ ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɢ ɫ 

ɧɟɩɪɟɪɵɜɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɜɟɞɭɳɢɦ ɭɞɚɪɧɵɦ 
ɮɪɨɧɬɨɦ. Ʉɚɤ ɭɤɚɡɚɧɨ ɜɵɲɟ, ɦɨɞɟɥɶ ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɢ ɫ 
ɧɟɩɪɟɪɵɜɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɜɟɞɭɳɢɦ ɭɞɚɪɧɵɦ ɮɪɨɧɬɨɦ 
ɧɚɢɛɨɥɟɟ ɬɨɱɧɨ ɨɬɨɛɪɚɠɚɟɬ ɪɟɚɥɶɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɟ. ɉɪɢ ɷɬɨɦ ɤ ɫɢɫɬɟɦɟ ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (1) 
ɞɨɛɚɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟ ɯɢɦɢɱɟɫɤɨɣ ɤɢɧɟɬɢɤɢ, ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ ɜ ɤɚɱɟɫɬɜɟ 
ɧɟɢɡɜɟɫɬɧɨɣ ɮɭɧɤɰɢɢ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɟɝɨ ɜɟɳɟɫɬɜɚ 
[24,25]. Ɉɛɳɟɟ ɱɢɫɥɨ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɢɧɢɦɢɡɢɪɭɟɬɫɹ: ɨɧɨ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɟ ɡɚɤɨɧɵ ɫɨɯɪɚɧɟɧɢɹ ɧɚ ɜɟɞɭɳɟɦ ɭɞɚɪɧɨɦ 
ɮɪɨɧɬɟ ɢ ɭɫɥɨɜɢɟ ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɧɚ ɭɞɚɪɧɨɦ ɮɪɨɧɬɟ ɜɨɡɦɭɳɟɧɢɹ ɦɚɫɫɨɜɨɣ 
ɞɨɥɢ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɟɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɨɟ ɡɚɦɟɧɹɟɬ ɭɪɚɜɧɟɧɢɟ ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɢ ɢ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɩɪɟɞɩɨɥɨɠɟɧɧɢ, ɱɬɨ (ɜɜɢɞɭ ɦɚɥɨɫɬɢ ɜɨɡɦɭɳɟɧɢɣ) 
ɪɟɚɤɰɢɹ ɜ ɜɨɡɦɭɳɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɨɬɟɤɚɟɬ ɬɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ, ɤɚɤ ɢ ɜ 
ɧɟɜɨɡɦɭɳɟɧɧɨɦ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɣ ɨɩɪɟɞɟɥɢɬɟɥɶ ɢɦɟɟɬ 
ɜɫɟɝɨ ɥɢɲɶ 5-ɵɣ ɩɨɪɹɞɨɤ, ɨɞɧɚɤɨ ɪɟɲɟɧɢɟ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 
ɭɪɚɜɧɟɧɢɣ ɫ ɱɚɫɬɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ ɫɜɨɞɢɬɫɹ ɤ ɪɟɲɟɧɢɸ ɫɢɫɬɟɦɵ 
ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɩɟɪɟɦɟɧɧɵɦɢ, ɚ ɧɟ 
ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ, Ɍɚɤɚɹ ɡɚɞɚɱɚ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɨɜɪɟɦɟɧɧɨɣ 
ɦɚɬɟɦɚɬɢɤɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɧɟɪɚɡɪɟɲɢɦɚ ɚɧɚɥɢɬɢɱɟɫɤɢ [26]. ɉɪɢɧɰɢɩɢɚɥɶɧɨ 
ɢɧɨɣ ɩɨɞɯɨɞ ɤ ɚɧɚɥɢɡɭ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɫ ɧɟɩɪɟɪɵɜɧɵɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɜɟɞɭɳɢɦ ɭɞɚɪɧɵɦ ɮɪɨɧɬɨɦ [9,16,18,19] 
ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɦɟɬɨɞɚ ɗɣɥɟɪɚ [26,27] ɞɥɹ ɩɪɢɛɥɢɠɟɧɧɨɝɨ 
ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɜɵɲɟ ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ ɥɢɧɟɣɧɵɯ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɢ ɩɨɡɜɨɥɹɟɬ 
ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ ɞɟɬɨɧɚɰɢɢ ɤɚɤ ɝɚɡɨɜɵɯ, ɬɚɤ ɢ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ. ɉɪɢ ɷɬɨɦ ɜɩɟɪɜɵɟ ɞɨɤɚɡɚɧɚ ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɞɟɬɨɧɚɰɢɢ ɬɜɟɪɞɵɯ Ʉȼȼ (ɧɚɩɪɢɦɟɪ, ɥɢɬɨɝɨ ɬɪɨɬɢɥɚ), ɧɚɛɥɸɞɚɟɦɚɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ [17]. Ɉɞɧɚɤɨ, ɞɚɧɧɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɥɢɲɤɨɦ 
ɫɥɨɠɧɨɣ ɞɥɹ ɨɰɟɧɤɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢ ɪɚɫɱɟɬɚ ɫɬɪɭɤɬɭɪɵ ɝɚɡɨɜɨɣ ɞɟɬɨɧɚɰɢɢ. 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɥɹ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪɵ 
ɝɚɡɨɜɨɣ ɞɟɬɨɧɚɰɢɢ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɞɜɭɯɮɪɨɧɬɨɜɚɹ 
ɦɨɞɟɥɶ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ. Ɋɚɫɱɟɬɵ, ɩɪɨɢɡɜɟɞɟɧɧɵɟ ɞɥɹ ɪɹɞɚ ɝɚɡɨɜɵɯ 
ɫɦɟɫɟɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɢɜɨɞɹɬ ɤ ɫɨɜɩɚɞɟɧɢɸ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ [11,12,13] ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 30%. 
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ȼɵɜɨɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɥɨɫɤɨɣ ɫɬɚɰɢɨɧɚɪɧɨɣ ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɜ ɢɞɟɚɥɶɧɨɦ ɝɚɡɟ: 
• ɞɥɹ ɦɨɞɟɥɢ ɑɟɩɦɟɧɚ-ɀɭɝɟ – ɧɟ ɩɨɡɜɨɥɹɸɬ ɞɚɬɶ ɨɰɟɧɤɭ ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɥɢ 

ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɝɚɡɨɜɨɣ ɞɟɬɨɧɚɰɢɢ; 
• ɞɥɹ ɦɧɨɝɨɫɬɭɩɟɧɱɚɬɨɣ ɦɨɞɟɥɢ, ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ ɧɟɩɪɟɪɵɜɧɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɡɚ ɮɪɨɧɬɨɦ ɭɞɚɪɧɨɣ ɜɨɥɧɵ, – ɩɪɢɜɨɞɹɬ ɤ 
ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɪɨɫɬɭ ɩɨɪɹɞɤɚ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɢɬɟɥɹ ɢ ɧɟ 
ɨɬɪɚɠɚɸɬ ɫɭɬɶ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ɯɨɬɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɚɬɟɦɚɬɢɤɢ 
ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɟɫɨɦɧɟɧɧɵɣ ɢɧɬɟɪɟɫ). 

• ɞɥɹ ɞɜɭɯɮɪɨɧɬɨɜɨɣ (ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ) ɦɨɞɟɥɢ – ɩɪɢɜɨɞɹɬ ɤ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ (ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɦ ɨɩɪɟɞɟɥɢɬɟɥɟɦ 
ɞɟɜɹɬɨɝɨ ɩɨɪɹɞɤɚ), ɚɧɚɥɢɡ ɤɨɪɧɟɣ ɤɨɬɨɪɨɝɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɩɚɪɚɦɟɬɪɵ 
ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ ɞɟɬɨɧɚɰɢɢ ɩɨɞɚɜɥɹɸɳɟɝɨ ɛɨɥɶɲɢɧɫɬɜɚ 
ɞɟɬɨɧɚɰɢɨɧɧɨɫɩɨɫɨɛɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ ɢ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɨɫɧɨɜɨɣ 
ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɂɋɉɉɊ ɩɨ ɜɨɩɪɨɫɚɦ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɫ 
ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɪɟɲɚɸɬɫɹ ɩɪɨɛɥɟɦɵ ɢɧɢɰɢɢɪɨɜɚɧɢɹ ɢ ɩɪɟɞɟɥɨɜ 
ɞɟɬɨɧɚɰɢɢ [16,28-30]. 

ɇɚɩɪɚɜɥɟɧɢɟ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɹɡɚɧɨ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɂɋɉɉɊ ɩɨ 
ɩɪɨɛɥɟɦɚɦ ɞɟɬɨɧɚɰɢɢ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ ɢ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɪɟɞ ɧɚ ɛɚɡɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɪɚɦɤɚɯ ɞɜɭɯɮɪɨɧɬɨɜɨɣ ɦɨɞɟɥɢ ɫɬɚɰɢɨɧɚɪɧɨɣ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ. ȼɨɡɦɨɠɧɨ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɚɰɢɨɧɚɪɧɨɣ 
ɞɟɬɨɧɚɰɢɨɧɧɨɣ ɜɨɥɧɵ ɫ ɭɱɟɬɨɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɡɚ 
ɜɟɞɭɳɢɦ ɭɞɚɪɧɵɦ ɮɪɨɧɬɨɦ ɩɨɡɜɨɥɢɬ ɪɚɫɲɢɪɢɬɶ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 
ɩɨɞɨɛɧɨɣ ɂɋɉɉɊ ɧɚ ɩɪɨɛɥɟɦɵ ɞɟɬɨɧɚɰɢɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɜɡɪɵɜɱɚɬɵɯ 
ɜɟɳɟɫɬɜ. 
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