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Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɩɪɨɫ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɭɯɮɚɡɧɵɯ ɡɚɦɤɧɭɬɵɯ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨ-
ɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɩɪɹɦɨɦɭ ɢ ɨɛɪɚɬɧɨɦɭ ɰɢɤɥɚɦ. Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɨɬɥɢɱɚɸɬɫɹ ɛɨɥɶɲɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨ-
ɫɬɶɸ ɡɚ ɫɱɟɬ ɜɟɥɢɱɢɧɵ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɢ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ  
ɜ ɫɜɹɡɢ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɬɟɧɞɟɧɰɢɹɦɢ ɭɜɟɥɢɱɟɧɢɹ ɝɚɛɚɪɢɬɨɜ ɢ ɷɧɟɪɝɨɜɨɨɪɭɠɟɧɧɨɫɬɢ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. 
Мɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɚɤɢɯ ɫɢɫɬɟɦ ɩɨɡɜɨɥɢɬ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɩɨɥɭɱɚɬɶ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɰɟɧɢɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ ɢ 
ɩɪɨɜɨɞɢɬɶ ɢɯ ɨɩɬɢɦɢɡɚɰɢɸ. Ⱥɧɚɥɢɡɢɪɭɸɬɫɹ ɨɫɧɨɜɧɵɟ ɫɥɨɠɧɨɫɬɢ ɩɪɢ ɪɚɫɱɟɬɟ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɜɭɯɮɚɡɧɵɯ 
ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɉɪɢɜɨɞɹɬɫɹ ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ ɢ ɨɩɢɫɚɧɢɟ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɬɚɤɢɯ ɫɢɫɬɟɦ ɜ ɫɨ-
ɫɬɚɜɟ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɧɟɝɟɪɦɟɬɢɱɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɨɞɢɤɚ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦɵ 

ɭɪɚɜɧɟɧɢɣ ɢ ɪɚɫɱɟɬɧɵɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɚɤɢɯ ɫɢɫɬɟɦ. ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɵɯ ɢɫɩɨɥɶɡɭ-
ɸɬɫɹ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɱɟɧɢɹ ɫ ɬɟɩɥɨɨɬɞɚɱɟɣ. ȼ ɫɢɫɬɟɦɟ ɭɪɚɜɧɟɧɢɣ ɜɵɞɟɥɹɸɬɫɹ ɬɟɩɥɨɜɚɹ ɢ ɝɢɞɪɨɝɚ-
ɡɨɞɢɧɚɦɢɱɟɫɤɚɹ ɱɚɫɬɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɧɤɪɟɬɢɡɚɰɢɹ ɭɪɚɜɧɟɧɢɣ ɩɨ ɢɟɪɚɪɯɢɱɟɫɤɢɦ ɭɪɨɜɧɹɦ ɫɢɫɬɟɦɵ. ɉɪɢ 
ɩɨɫɬɪɨɟɧɢɢ ɪɚɫɱɟɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɟɥɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɧɚ ɞɜɚ ɬɢɩɚ: ɤɨɦɩɨɧɟɧɬɧɵɟ, ɨɩɢɫɵɜɚɸɳɢɟ 
ɩɪɨɰɟɫɫɵ ɜ ɨɞɧɨɦ ɷɥɟɦɟɧɬɟ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɢ ɬɨɩɨɥɨɝɢɱɟɫɤɢɟ, ɫɜɹɡɵɜɚɸɳɢɟ ɜɫɟ ɷɥɟɦɟɧɬɵ  

ɜ ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ. ɉɪɢɜɨɞɢɬɫɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɩɚɪɚɦɟɬ-

ɪɚɯ, ɢɫɩɨɥɶɡɭɸɳɚɹ ɜ ɪɚɫɱɟɬɚɯ ɫɪɟɞɧɢɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫ-
ɱɟɬɚ ɞɜɭɯɮɚɡɧɵɯ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɩɪɹɦɨɦɭ ɢ ɨɛɪɚɬɧɨɦɭ ɰɢɤɥɚɦ, ɢ ɫɪɚɜɧɟɧɢɟ ɢɯ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɭɯ ɫɢɫɬɟɦ, ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɩɨɞ-
ɞɟɪɠɢɜɚɟɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɛɨɪɨɜ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨɡɜɨɥɢɥɢ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ 

ɨ ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɢ ɧɟɞɨɫɬɚɬɤɚɯ ɩɪɢɦɟɧɟɧɢɹ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɩɪɹɦɨɦɭ ɢ ɨɛɪɚɬ-

ɧɨɦɭ ɰɢɤɥɚɦ, ɜ ɫɨɫɬɚɜɟ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɵɟ ɩɥɨɳɚɞɢ ɪɚɞɢɚɬɨɪɚ-
ɢɡɥɭɱɚɬɟɥɹ (ɚ ɡɧɚɱɢɬ, ɢ ɦɢɧɢɦɚɥɶɧɚɹ ɦɚɫɫɚ ɢɯ ɤɨɧɫɬɪɭɤɰɢɢ) ɛɭɞɭɬ ɧɚɛɥɸɞɚɬɶɫɹ ɞɥɹ ɫɢɫɬɟɦɵ ɫ ɨɛɪɚɬɧɵɦ 

ɰɢɤɥɨɦ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɨɧɞɟɧɫɚɰɢɢ. Мɢɧɢɦɚɥɶɧɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɛɭɞɟɬ ɧɚɛɥɸ-

ɞɚɬɶɫɹ ɭ ɫɢɫɬɟɦɵ ɫ ɩɪɹɦɵɦ ɰɢɤɥɨɦ.  

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ, ɞɜɭɯɮɚɡɧɚɹ ɫɢɫɬɟɦɚ, ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɚɹ ɦɨɞɟɥɶ. 
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This paper covers the problem of mathematical modeling of two-phase closed thermal control systems, working on 

the direct and reverse cycles. Such systems are characterized by high productivity due to the magnitude of the latent 

heat of the vaporization (evaporation) of the working fluid, and are promising due to the current trends of increasing 

size and available power of spacecrafts. Mathematical modeling of such systems will allow getting their characteristics 

by numerical methods when changing the governing parameters, evaluate the effectiveness of various structural con-

figurations and perform their optimization. This paper analyzes the main difficulties in the calculation and modeling of 

two-phase thermal control systems. The calculated scheme and mode of operation of such systems as a part of the non-

hermetic spacecrafts are introduced. The technique of constructing a system of equations and calculation algorithm to 
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obtain the characteristics of such systems are presented. The equations for calculate the flow with heat transfer are 

used as basic equations. The system of equations is separated into heat and hydro-gas dynamics parts. We consider the 

specification of the equations for the hierarchical levels of the system. In constructing the calculation algorithm used 

equations are divided into two types: component (describing the processes in a single element of temperature control 

system), and topological (linking all the elements in a closed system). System of equations of the mathematical model in 

lumped parameters is used. The results of the calculation of two-phase thermal control systems, working on the direct 

and reverse cycles and compare their effectiveness are introduced. The parameters that affect the performance of the 

two systems (in the framework of a mathematical model) are temperature of devices and capacity. The results of calcu-

lation have led to the conclusions about the advantages and disadvantages of the use of thermal control systems, work-

ing on the direct and reverse cycles, as part of the spacecraft.  

 

Keywords: thermal control system of spacecraft, two-phase system, mathematical model. 

 

ȼɜɟɞɟɧɢɟ. Ɉɫɧɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɜɪɟɦɟɧɧɵɯ 
ɫɩɭɬɧɢɤɨɜ ɹɜɥɹɟɬɫɹ ɢɯ ɧɟɝɟɪɦɟɬɢɱɧɨɟ ɢɫɩɨɥɧɟɧɢɟ, ɬ. ɟ. 
ɜɫɟ ɫɩɭɬɧɢɤɨɜɵɟ ɩɪɢɛɨɪɵ ɫɩɨɫɨɛɧɵ ɪɚɛɨɬɚɬɶ ɜ ɨɬ-
ɤɪɵɬɨɦ ɤɨɫɦɨɫɟ. ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɜ ɫɜɹɡɢ ɫ ɧɟɪɚɜɧɨ-
ɦɟɪɧɵɦɢ ɩɨ ɜɪɟɦɟɧɢ ɧɚɝɪɭɡɤɚɦɢ ɤɨɥɟɛɚɧɢɟ ɬɟɦɩɟɪɚ-
ɬɭɪ ɩɪɢɛɨɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɜɟɫɶɦɚ ɡɧɚɱɢɬɟɥɶɧɵɦ [1]. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɦ-

ɩɟɪɚɬɭɪ ɧɚ ɛɨɪɬɭ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɟɞɧɚɡɧɚ-
ɱɟɧɚ ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɋɌɊ) [2].  

ȼ ɚɩɩɚɪɚɬɚɯ ɝɟɪɦɟɬɢɱɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɬɟɩɥɨɨɛɦɟɧɚ ɡɚɞɟɣɫɬɜɨɜɚɧ ɦɟɯɚɧɢɡɦ ɤɨɧɜɟɤɰɢɢ, ɱɬɨ 
ɩɪɢ ɧɚɥɢɱɢɢ ɢɧɬɟɧɫɢɜɧɨɣ ɩɪɨɤɚɱɤɢ ɨɯɥɚɠɞɚɸɳɟɣ 

ɫɪɟɞɵ ɜɧɭɬɪɢ ɚɩɩɚɪɚɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɜɧɨɦɟɪɧɵɟ 
ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ. ȼ ɚɩɩɚɪɚɬɚɯ ɧɟɝɟɪɦɟɬɢɱɧɨɝɨ ɢɫɩɨɥ-
ɧɟɧɢɹ ɩɟɪɟɞɚɱɚ ɬɟɩɥɨɬɵ ɨɬ ɤɚɠɞɨɝɨ ɩɪɢɛɨɪɚ ɧɚ ɪɚ-
ɞɢɚɬɨɪ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɯɚɧɢɡɦɚɦɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨ-
ɫɬɢ ɢ ɢɡɥɭɱɟɧɢɹ [3]. ɉɪɢ ɧɚɥɢɱɢɢ ɧɟɪɚɜɧɨɦɟɪɧɵɯ ɬɟ-
ɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɚɠɞɨɝɨ ɩɪɢɛɨɪɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɡɵɜɚɟɬ ɨɩɪɟɞɟɥɟɧ-

ɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɫɥɨɠɧɨɫɬɢ [4].  

ɋɌɊ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɜ ɡɚɜɢɫɢ-

ɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɫɪɨɤɚ 
ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ [5]. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫ-
ɫɦɚɬɪɢɜɚɸɬɫɹ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɬɜɨɞɚ ɛɨɥɶɲɢɯ ɦɨɳɧɨɫɬɟɣ. 

Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜɵɩɨɥɧɹɸɬɫɹ  
ɧɚ ɨɫɧɨɜɟ ɞɜɭɯɮɚɡɧɨɝɨ ɤɨɧɬɭɪɚ (ȾɎɄ) – ɜ ɩɟɪɟɧɨɫɟ 
ɬɟɩɥɚ ɭɱɚɫɬɜɭɸɬ ɩɪɨɰɟɫɫɵ ɢɫɩɚɪɟɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ  

ɫ ɚɤɬɢɜɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ ɪɚɛɨɱɟɝɨ ɬɟɥɚ (ɫ ɩɨɦɨɳɶɸ 

ɧɚɫɨɫɚ ɢɥɢ ɤɨɦɩɪɟɫɫɨɪɚ).  
ɋɌɊ ɫ ȾɎɄ ɫ ɚɤɬɢɜɧɨɣ ɰɢɪɤɭɥɹɰɢɟɣ ɬɟɩɥɨɧɨɫɢɬɟ-

ɥɹ ɩɪɢɧɹɬɨ ɞɟɥɢɬɶ ɧɚ ɧɚɫɨɫɧɵɟ ɫɢɫɬɟɦɵ ɬɟɩɥɨɩɟɪɟɧɨ-
ɫɚ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɩɪɹɦɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɰɢɤɥ, 
ɢ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ, ɪɟɚɥɢɡɭɸɳɢɟ ɨɛɪɚɬɧɵɣ ɬɟɪɦɨɞɢ-

ɧɚɦɢɱɟɫɤɢɣ ɰɢɤɥ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬ-
ɫɹ ɬɟɩɥɨɜɨɣ ɚɧɚɥɢɡ ɢ ɫɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɚɤɢɯ 
ɫɢɫɬɟɦ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ⱦɥɹ ɋɌɊ ɫ ȾɎɄ 

ɜɨɡɦɨɠɧɵ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɤɨɦɩɨɧɨɜɤɢ, ɨɬɥɢ-

ɱɚɸɳɢɟɫɹ ɧɚɩɪɚɜɥɟɧɢɟɦ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɬɟɪɦɨɞɢɧɚ-
ɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɩɪɢɧɰɢɩɚɦɢ ɩɟɪɟɞɚɱɢ ɬɟɩɥɨɬɵ, 

ɜɤɥɸɱɟɧɢɟɦ ɜ ɫɯɟɦɭ ɪɚɡɥɢɱɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ. Ɂɚɞɚɱɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ 
ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɤɨɧɫɬ-
ɪɭɤɬɢɜɧɭɸ ɨɩɬɢɦɢɡɚɰɢɸ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɩɬɢ-

ɦɢɡɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɷɮɮɟɤɬɢɜɧɭɸ ɪɚɫɱɟɬ-
ɧɭɸ ɦɨɞɟɥɶ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɪɚɫɱɟɬɚ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭ-

ɥɢɪɨɜɚɧɢɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɝɪɚɦɦɧɵɟ ɩɚɤɟɬɵ 

ɢɡ ɨɛɥɚɫɬɢ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɪɦɨɝɢɞɪɨɞɢɧɚɦɢɤɢ, 

ɬɚɤɢɟ ɤɚɤ ANSYS, Thermica, ESATAN-TMS, SINDA, 

Radsol ɢ ɬ. ɞ. [6]. Ɉɞɧɚɤɨ ɛɨɥɶɲɢɧɫɬɜɨ ɞɚɧɧɵɯ ɩɪɨ-
ɝɪɚɦɦ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɢɦɟɟɬ ɫɜɨɸ 

ɜɵɫɨɤɭɸ ɤɨɦɦɟɪɱɟɫɤɭɸ ɫɬɨɢɦɨɫɬɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ 
ɧɢɯ ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɚ ɢɧɬɟɝɪɚɰɢɹ ɫɨ ɫɬɨɪɨɧɧɢɦɢ 

ɩɪɢɥɨɠɟɧɢɹɦɢ (ɧɚɩɪɢɦɟɪ, ɫ ɛɚɡɚɦɢ ɞɚɧɧɵɯ ɫɜɨɣɫɬɜ 
ɪɚɛɨɱɢɯ ɬɟɥ). ȼ ɩɥɚɧɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɪɨɜɟɞɟɧɢɹ ɨɩ-

ɬɢɦɢɡɚɰɢɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɩɨɞɨɛɧɵɟ ɩɪɨ-
ɝɪɚɦɦɵ ɢɦɟɸɬ ɬɚɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ, ɤɚɤ ɧɟɜɨɡɦɨɠɧɨɫɬɶ 
ɭɱɟɬɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɪɚɤɬɚ, ɛɨɥɶɲɢɟ 
ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɪɚɫɱɟɬɨɜ ɞɥɹ ɡɚɞɚɧ-

ɧɵɯ ɝɪɚɧɢɱɧɵɯ ɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɢɫɬɟɦɵ 

ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɡɪɚ-
ɛɨɬɤɢ ɫɨɛɫɬɜɟɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɨɬɜɟ-
ɱɚɸɳɢɯ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɢ ɩɪɟɞɧɚɡɧɚ-
ɱɟɧɧɵɯ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɫɢɫɬɟɦ ɜ ɪɚɡɥɢɱɧɨɦ ɢɫɩɨɥɧɟɧɢɢ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɡɚɦɤɧɭɬɵɟ 
ɞɜɭɯɮɚɡɧɵɟ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ 
ɩɨɥɭɱɢɥɢ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢ ɜ ɪɚɡ-
ɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɜɚɪɢɚɧɬɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ 
ɛɨɥɶɲɢɧɫɬɜɟ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ [7; 8]. Ɂɚɞɚɱɚ 
ɨɩɬɢɦɢɡɚɰɢɢ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɭɫɬɚ-
ɧɨɜɨɤ ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ, ɤɨɬɨɪɵɦɢ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ ɹɜɥɹɸɬɫɹ ɢɫɫɥɟɞɭɟɦɵɟ ɫɢɫɬɟɦɵ.  

Ɉɩɢɫɚɧɢɟ ɦɨɞɟɥɢɪɭɟɦɵɯ ɫɢɫɬɟɦ. Ɋɚɫɫɦɨɬɪɢɦ 

ɧɟɫɤɨɥɶɤɨ ɛɚɡɨɜɵɯ ɜɚɪɢɚɧɬɨɜ ɤɨɦɩɨɧɨɜɤɢ ɞɜɭɯɮɚɡ-
ɧɵɯ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɹ-
ɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɰɢɤɥɚ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɚɧɚɥɢɡɚ ɫɯɟɦ 

ɪɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ ɧɚɥɢɱɢɹ ɬɨɥɶɤɨ ɜɧɭɬɪɟɧɧɢɯ ɬɟɩ-

ɥɨɩɪɢɬɨɤɨɜ – ɬɟɩɥɨɜɵɞɟɥɟɧɢɣ ɨɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɚɡ-
ɦɟɳɟɧɧɨɝɨ ɧɚ ɤɨɫɦɢɱɟɫɤɨɦ ɚɩɩɚɪɚɬɟ. 
Ⱦɜɭɯɮɚɡɧɚɹ ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɚɛɨ-

ɬɚɸɳɚɹ ɩɨ ɩɪɹɦɨɦɭ ɰɢɤɥɭ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1, ɚ. 
ȼɧɭɬɪɟɧɧɢɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ ɧɚ ɛɨɪɬɭ ɤɨɫɦɢɱɟɫɤɨɝɨ 
ɚɩɩɚɪɚɬɚ (ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ ɩɪɢɛɨɪɨɜ) ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɢɫɩɚɪɢɬɟɥɶ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ 
ɤɢɩɟɧɢɟ ɠɢɞɤɨɝɨ ɪɚɛɨɱɟɝɨ ɬɟɥɚ. ɉɨɥɭɱɢɜɲɢɣɫɹ ɩɚɪ 
ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɪɚɞɢɚɰɢɨɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ – ɢɡɥɭ-
ɱɚɬɟɥɶ, ɤɨɬɨɪɵɣ ɨɬɜɨɞɢɬ ɬɟɩɥɨɬɭ ɜ ɤɨɫɦɢɱɟɫɤɨɟ ɩɪɨ-
ɫɬɪɚɧɫɬɜɨ ɡɚ ɫɱёɬ ɥɭɱɢɫɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ, ɜ ɪɟɡɭɥɶɬɚ-
ɬɟ ɱɟɝɨ ɪɚɛɨɱɟɟ ɬɟɥɨ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ. ɀɢɞɤɨɟ ɪɚɛɨɱɟɟ 
ɬɟɥɨ ɩɨɞɚёɬɫɹ ɜ ɢɫɩɚɪɢɬɟɥɶ ɫ ɩɨɦɨɳɶɸ ɧɚɫɨɫɚ. ȼ ɞɚɧ-

ɧɨɣ ɫɯɟɦɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɤɬɢɜɧɚɹ (ɧɚɫɨɫɧɚɹ) ɰɢɪɤɭɥɹ-
ɰɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɫɢɫɬɟɦ ɛɨɥɶɲɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ⱦɥɹ ɫɢɫɬɟɦ ɫ ɦɚɥɨɣ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɶɸ ɜɦɟɫɬɨ ɧɚɫɨɫɚ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ  
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ɩɨɞɚɱɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɫ ɩɨɦɨɳɶɸ ɤɚɩɢɥɥɹɪɧɨɝɨ ɷɮ-

ɮɟɤɬɚ.  
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ɛ 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɫɢɫɬɟɦ  

ɩɪɹɦɨɝɨ (ɚ) ɢ ɨɛɪɚɬɧɨɝɨ (ɛ) ɰɢɤɥɚ 
 

ɋɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɚɹ ɩɨ ɨɛ-

ɪɚɬɧɨɦɭ ɰɢɤɥɭ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1, ɛ. ȼɧɭɬɪɟɧɧɢɣ 

ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ ɧɚ ɛɨɪɬɭ ɤɨɫɦɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ 
ɫɨɡɞɚɟɬ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɢɫɩɚɪɢɬɟɥɶ, ɜ ɤɨɬɨɪɨɦ 

ɩɪɨɢɫɯɨɞɢɬ ɤɢɩɟɧɢɟ ɠɢɞɤɨɝɨ ɪɚɛɨɱɟɝɨ ɬɟɥɚ. ɉɚɪ ɪɚ-
ɛɨɱɟɝɨ ɬɟɥɚ ɫɠɢɦɚɟɬɫɹ ɤɨɦɩɪɟɫɫɨɪɨɦ ɢ ɩɨɞɚɟɬɫɹ  
ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɝɞɟ ɬɟɩɥɨɬɚ ɨɬɜɨɞɢɬɫɹ ɜ ɤɨɫɦɢɱɟɫɤɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɢɡɥɭɱɟɧɢɟɦ. ɀɢɞɤɨɟ ɪɚɛɨɱɟɟ ɬɟɥɨ ɩɨɫɥɟ 
ɩɪɨɯɨɠɞɟɧɢɹ ɞɪɨɫɫɟɥɹ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɢɫɩɚɪɢɬɟɥɶ. 
ɉɪɹɦɵɟ ɰɢɤɥɵ ɞɜɭɯɮɚɡɧɵɯ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢ-

ɪɨɜɚɧɢɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ 

[7; 8] ɜ ɫɜɹɡɢ ɫ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɪɨɫɬɨɬɨɣ ɪɟɚɥɢɡɚ-
ɰɢɢ ɢ ɜɵɫɨɤɢɦɢ ɫɪɨɤɚɦɢ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ. 
Ɉɛɪɚɬɧɵɟ ɰɢɤɥɵ ɞɥɹ ɫɢɫɬɟɦ ɤɨɫɦɢɱɟɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ 
ɜɫɬɪɟɱɚɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ [9]. ɇɟɫɦɨɬɪɹ ɧɚ 
ɫɥɨɠɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɧɚɥɢɱɢɟɦ ɤɨɦɩɪɟɫɫɨɪɚ, ɞɚɧ-

ɧɵɟ ɰɢɤɥɵ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɚ ɪɚɞɢɚɬɨɪɟ, ɚ ɡɧɚɱɢɬ, ɫɨɤɪɚɬɢɬɶ ɩɥɨɳɚɞɶ ɪɚɞɢɚ- 
ɰɢɨɧɧɵɯ ɩɚɧɟɥɟɣ.  

Ⱥɧɚɥɢɡ ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɉɪɢ 

ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɫɯɟɦ ɋɌɊ ɤɨɫɦɢɱɟɫɤɨɝɨ 
ɚɩɩɚɪɚɬɚ ɧɟɝɟɪɦɟɬɢɱɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɢ ɜɵɛɨɪɟ ɨɩɬɢ-

ɦɚɥɶɧɨɣ, ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɨɰɟɧɢɜɚɬɶɫɹ ɩɨ ɩɚɪɚɦɟɬɪɚɦ 

ɦɚɫɫɵ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɡɚɬɪɚɱɢɜɚɟɦɨɣ 

ɦɨɳɧɨɫɬɢ. ɑɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɞɟɥɶɧɚɹ ɦɚɫɫɨɷɧɟɪɝɟ-
ɬɢɱɟɫɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ – ɨɬɧɨɲɟɧɢɟ ɜɟɫɚ ɫɢɫɬɟɦɵ ɤ 
ɟɟ ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ɤɝ/ɤȼɬ). ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɩɭɬɶ ɨɩɬɢɦɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɦɚɫɫɵ ɫɨɫɬɚɜɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ 

ɫɧɢɠɟɧɢɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɫɢɫɬɟɦɵ [10; 11].  

ɂɡ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɪɚɞɢɚɰɢɨɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɟɣ 

ɦɚɫɫɨɣ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɟɦɢɬɶɫɹ ɤ ɨɛɟɫɩɟɱɟ-
ɧɢɸ ɦɢɧɢɦɚɥɶɧɨɣ ɫɭɦɦɚɪɧɨɣ ɦɚɫɫɵ ɪɚɞɢɚɬɨɪɚ [11]. 

ɉɥɨɳɚɞɶ ɪɚɞɢɚɬɨɪɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɥɢɱɟ-
ɫɬɜɭ ɨɬɜɨɞɢɦɨɝɨ ɬɟɩɥɚ ɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɬɟɦɩɟɪɚɬɭɪɟ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɱɟɬɜɟɪɬɨɣ ɫɬɟɩɟɧɢ.  

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɢɦɟɧɟɧɢɟ 
ɨɛɪɚɬɧɵɯ ɯɨɥɨɞɢɥɶɧɵɯ ɰɢɤɥɨɜ. Ɍɚɤɢɟ ɰɢɤɥɵ ɩɟɪɟɜɨ-
ɞɹɬ ɨɬɜɨɞɢɦɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚ ɛɨɥɟɟ ɜɵɫɨɤɢɣ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɭɪɨɜɟɧɶ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜ-
ɧɵɣ ɨɬɜɨɞ ɬɟɩɥɚ. 
ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ [11; 12], ɢɫ-
ɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɪɚɫɱɟɬɚ ɢ ɚɧɚɥɢɡɚ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟ-
ɝɭɥɢɪɨɜɚɧɢɹ, ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɧɟɞɨɫɬɚɬɤɢ: ɜɫɟ ɩɪɨ-
ɰɟɫɫɵ ɜ ɫɢɫɬɟɦɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɨɥɶɤɨ ɫ ɩɨɡɢɰɢɢ 

ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ɩɪɢ ɷɬɨɦ ɭɩɭɫɤɚɟɬɫɹ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ 
ɫɬɨɪɨɧɚ ɡɚɞɚɱɢ ɨ ɬɟɱɟɧɢɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɷɥɟɦɟɧɬɚɯ; 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɨɬɞɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɛɟɡ ɭɱɟɬɚ ɢɯ ɜɡɚɢɦɧɨɝɨ ɜɥɢɹɧɢɹ. 
Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɷɬɢɯ ɧɟɞɨɫɬɚɬɤɨɜ ɜ ɪɚɦɤɚɯ ɧɚ-

ɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɥɟɞɭɸɳɚɹ ɫɢɫɬɟɦɚ 
ɭɪɚɜɧɟɧɢɣ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫɢɫɬɟɦɵ ɫɬɪɨ-
ɢɬɫɹ ɧɚ ɱɟɬɵɪɟɯ ɨɫɧɨɜɧɵɯ ɭɪɚɜɧɟɧɢɹɯ, ɜ ɪɚɡɥɢɱɧɵɯ 
ɢɧɬɟɪɩɪɟɬɚɰɢɹɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɫɧɨɜɭ ɬɟɯɧɢɱɟɫɤɨɣ 

ɝɢɞɪɨɦɟɯɚɧɢɤɢ ɢ ɪɚɫɫɦɚɬɪɢɜɚɸɳɢɯ ɬɟɱɟɧɢɟ ɫɠɢɦɚɟ-
ɦɵɯ ɠɢɞɤɨɫɬɟɣ ɫ ɬɟɩɥɨɨɛɦɟɧɨɦ:  

– ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ: 

 
ρ ρ ( );

dW
F grad p

dt
= −   (1) 

– ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ: 

 

ρ ρ ( ) 0;
d

div W
dt

+ =   (2) 

– ɭɪɚɜɧɟɧɢɟ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɜ ɬɟɪɦɨɞɢɧɚɦɢ-

ɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ: 

 
ρ ( ) ρ ;

du dq
pdiv W divq

dt dt
= − − +  (3) 

– ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ: 

 
( ,ρ, ) 0,f p T =  (4) 

ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, W – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ, t – 

ɜɪɟɦɹ, F – ɦɚɫɫɨɜɚɹ ɫɢɥɚ, p – ɞɚɜɥɟɧɢɟ, u – ɜɧɭɬɪɟɧ-

ɧɹɹ ɷɧɟɪɝɢɹ, q – ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, T – ɬɟɦɩɟɪɚɬɭɪɚ.
 

ɑɟɬɵɪɟ ɭɪɚɜɧɟɧɢɹ ɫɨɞɟɪɠɚɬ ɱɟɬɵɪɟ ɧɟɡɚɜɢɫɢɦɵɯ 
ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧɵ. ȼ ɪɚɦɤɚɯ ɢɫɩɨɥɶɡɭɟɦɨɣ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɤɚɱɟɫɬɜɟ ɧɟɡɚɜɢɫɢɦɵɯ ɛɵɥɢ ɢɫ-
ɩɨɥɶɡɨɜɚɧɵ: ɞɚɜɥɟɧɢɟ, ɩɥɨɬɧɨɫɬɶ, ɷɧɬɚɥɶɩɢɹ, ɬɟɦɩɟ-
ɪɚɬɭɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɡɚɦɤɧɭɬɨɣ. 

ɗɬɢ ɭɪɚɜɧɟɧɢɹ ɭɧɢɜɟɪɫɚɥɶɧɵ ɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟ-
ɧɵ ɤ ɨɩɢɫɚɧɢɸ ɥɸɛɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟ-
ɫɤɢɯ ɫɢɫɬɟɦɚɯ [13].  

ɋɢɫɬɟɦɭ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɦɨɠɧɨ ɤɨɧɤɪɟɬɢɡɢɪɨɜɚɬɶ 
ɞɥɹ ɦɨɞɟɥɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɪɨɜɧɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 

ɨɬɜɨɞ ɬɟɩɥɚ ɧɚ ɪɚɞɢɚɬɨɪɟ-ɢɡɥɭɱɚɬɟɥɟ 

ɨɬɜɨɞ ɬɟɩɥɚ ɧɚ ɪɚɞɢɚɬɨɪɟ-ɢɡɥɭɱɚɬɟɥɟ 



 

 
 

Ⱥɜɢɚɰɢɨɧɧɚɹ ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɚɹ ɬɟɯɧɢɤɚ 
 

 157

ɩɪɨɰɟɫɫɨɜ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɪɢɧɰɢɩɢ-

ɚɥɶɧɵɯ ɫɯɟɦ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɠɧɨ 
ɜɵɞɟɥɢɬɶ ɬɪɢ ɭɪɨɜɧɹ ɩɪɢɦɟɧɟɧɢɹ ɭɪɚɜɧɟɧɢɣ: 

– ɭɪɨɜɟɧɶ ɤɨɧɟɱɧɵɯ ɨɛɴɟɦɨɜ: ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɝɟɨ-
ɦɟɬɪɢɱɟɫɤɢɣ ɨɛɴɟɦ ɧɚɫɬɨɥɶɤɨ ɦɚɥɵɣ, ɱɬɨɛɵ ɢɦɟɬɶ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ; 

– ɭɪɨɜɟɧɶ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ: ɪɚɫɫɦɚɬɪɢɜɚɟɬ 
ɤɨɧɤɪɟɬɧɵɣ ɷɥɟɦɟɧɬ – ɬɟɩɥɨɨɛɦɟɧɧɢɤ, ɧɚɫɨɫ; ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ, ɭɪɚɜɧɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɟ;  

– ɭɪɨɜɟɧɶ ɫɢɫɬɟɦɵ: ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɫɢɫɬɟɦɭ ɜ ɰɟ-
ɥɨɦ; ɭɪɚɜɧɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɟ.  
Ɍɟɨɪɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɪɚɫɫɦɚɬ-

ɪɢɜɚɟɬ ɞɜɚ ɬɢɩɚ ɭɪɚɜɧɟɧɢɣ, ɜɯɨɞɹɳɢɯ ɜ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɭɸ ɦɨɞɟɥɶ: ɤɨɦɩɨɧɟɧɬɧɵɟ, ɨɩɢɫɵɜɚɸɳɢɟ ɩɪɨɰɟɫɫɵ 
ɜ ɨɞɧɨɦ ɷɥɟɦɟɧɬɟ, ɢ ɬɨɩɨɥɨɝɢɱɟɫɤɢɟ, ɫɜɹɡɵɜɚɸɳɢɟ 
ɜɫɟ ɷɥɟɦɟɧɬɵ ɜ ɫɢɫɬɟɦɭ [14–16]. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɭɪɨɜɧɹ ɩɪɢɦɟɧɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (1)–(4) ɦɨɝɭɬ ɜɵɫɬɭ-
ɩɚɬɶ ɜ ɪɨɥɢ ɤɚɤ ɤɨɦɩɨɧɟɧɬɧɵɯ, ɬɚɤ ɢ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ.  
Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɩɨ ɦɨɞɟɥɢ ɫ ɫɨɫɪɟɞɨɬɨɱɟɧ-

ɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. Ɋɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞɢɤɭ ɩɨɫɬɪɨɟ-
ɧɢɹ ɢ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢ-
ɪɨɜɚɧɢɹ ɜ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ. ȼ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧ ɜ ɩɪɟɞɟɥɚɯ 
ɷɥɟɦɟɧɬɚ ɧɟ ɚɧɚɥɢɡɢɪɭɟɬɫɹ, ɜ ɪɚɫɱɟɬɚɯ ɭɱɚɫɬɜɭɸɬ 
ɫɪɟɞɧɢɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɍɚɤɢɟ ɦɨɞɟɥɢ 
ɭɞɨɛɧɨ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɪɚɛɨ-
ɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɥɚɫɬɢ ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɨɫɬɢ ɢ ɜ ɦɧɨɝɨɜɚɪɢɚɧɬɧɵɯ ɪɚɫɱɟɬɚɯ.  
Ɂɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɚɜɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-

ɡɨɦ: ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɬɟɩɥɨɩɪɢɬɨɤɨɜ ɨɬ 
ɛɨɪɬɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ ɬɟɪɦɨ-
ɪɟɝɭɥɢɪɨɜɚɧɢɹ – ɩɨɞɨɛɪɚɬɶ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɧɢ-
ɤɨɜ ɢ ɧɚɫɨɫ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɬɪɟɛɭɟɦɵɣ ɦɚɫɫɨɜɵɣ 
ɪɚɫɯɨɞ ɱɟɪɟɡ ɫɢɫɬɟɦɭ.   
ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɪɚɫɱɟɬɚ ɡɚɞɚɸɬɫɹ 

ɩɚɪɚɦɟɬɪɵ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ – ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɦɨɳ-
ɧɨɫɬɶ, ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɧɚɫɨɫɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɩɚɪɟɧɢɹ, ɩɥɨɳɚɞɶ ɢɫɩɚ-
ɪɢɬɟɥɹ, ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, ɩɟɪɟɩɚɞ ɞɚɜ-
ɥɟɧɢɣ ɧɚ ɧɚɫɨɫɟ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɰɢɢ ɢ ɩɥɨɳɚɞɶ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ-ɢɡɥɭɱɚɬɟɥɹ. 
Ɋɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɤɨɦɩɨɧɟɧɬɧɵɯ ɭɪɚɜ-

ɧɟɧɢɣ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1. Ɇɨɞɟɥɶ ɫɬɪɨɢɬ-
ɫɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ ɨɬɫɭɬɫɬ-
ɜɭɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ, ɚ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ 

ɬɪɚɤɬɟ ɨɬɫɭɬɫɬɜɭɸɬ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ. Ɍɨɝɞɚ ɞɥɹ ɬɟɩ-

ɥɨɜɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɛɳɢɟ ɡɚɜɢɫɢɦɨ-
ɫɬɢ (2)–(4), ɚ ɞɥɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ – (1), (2), (4). ȼ ɤɚ-
ɱɟɫɬɜɟ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ (ɭɪɚɜɧɟɧɢɣ ɫɜɹɡɢ 

ɦɟɠɞɭ ɷɥɟɦɟɧɬɚɦɢ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɪɚɜɧɟɧɢɹ (2) ɢ (3), 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɛɚɥɚɧɫ ɷɧɟɪɝɢɣ ɢ ɩɨɫɬɨɹɧɫɬɜɨ ɦɚɫ-
ɫɨɜɨɝɨ ɪɚɫɯɨɞɚ. 
ɉɪɢ ɪɚɫɱɟɬɟ ɩɪɨɰɟɫɫɨɜ ɜ ɤɚɠɞɨɦ ɷɥɟɦɟɧɬɟ ɫɥɭ-

ɠɟɛɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɜɵɫɬɭɩɚɟɬ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ, 
ɩɨɡɜɨɥɹɸɳɟɟ ɫɜɹɡɚɬɶ ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɭ. 
Ɍɚɤ ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɜ ɷɥɟɦɟɧɬɚɯ ɫɢɫɬɟɦɵ ɜɡɚɢɦɨɡɚ-

ɜɢɫɢɦɵ, ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɢɬɟɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ. ɇɚ 
ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɱɚɫɬɢ 

ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨɞ ɢ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ. 

Ɂɚɬɟɦ, ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɞɚɜɥɟɧɢɹɯ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ  
ɩɚɪɚɦɟɬɪɵ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɢɫɩɚɪɢɬɟɥɟ ɢ ɪɚɞɢɚɬɨɪɟ-
ɢɡɥɭɱɚɬɟɥɟ. ɉɪɢ ɢɡɜɟɫɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɟɪɟɫɱɢɬɵ-

ɜɚɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɝɨ ɬɟɥɚ (ɩɥɨɬɧɨɫɬɶ, ɜɹɡɤɨɫɬɶ 
ɢ ɬ. ɞ.) ɜ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ. ɉɨɫɥɟ ɷɬɨɝɨ ɪɚɫ-
ɱɟɬ ɩɨɜɬɨɪɹɟɬɫɹ ɡɚɧɨɜɨ, ɩɨɤɚ ɧɟ ɫɨɣɞɭɬɫɹ ɛɚɥɚɧɫɵ 

ɷɧɟɪɝɢɢ ɢ ɦɚɫɫɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨ ɦɨɞɟɥɢ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ ɦɨɞɟɥɢ ɢ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢ-

ɪɨɜɚɧɢɹ ɜ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɛɵɥɢ ɩɪɨɜɟ-
ɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɭɯ 
ɫɢɫɬɟɦ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɫɢɫɬɟɦɵ, ɪɚɛɨɬɚɸɳɟɣ ɩɨ 
ɩɪɹɦɨɦɭ 1 ɢ ɨɛɪɚɬɧɨɦɭ 2 ɰɢɤɥɚɦ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2 

ɢ ɧɚ ɪɢɫ. 2.  

 

Ɍɚɛɥɢɰɚ 1 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɦɨɞɟɥɢ ɜ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ* 
 

ɂɫɩɚɪɢɬɟɥɶ Ɋɚɞɢɚɬɨɪ-ɢɡɥɭɱɚɬɟɥɶ ɇɚɫɨɫ ɋɨɩɪɨɬɢɜɥɟɧɢɹ 
Ʉɨɦɩɨɧɟɧɬɧɵɟ 
ɭɪɚɜɧɟɧɢɹ ɢɫɩ ɢɫɩQ kF T= Δ

 Q m h= Δ  

4

ɪɚɞσQ F T=  

Q m h= Δ  
ρ

ρ
m

p g a b
⎛ ⎞

Δ = +⎜ ⎟
⎝ ⎠

 
2ρξ

2

u
pΔ =  

Ɍɨɩɨɥɨɝɢɱɟɫɤɢɟ 
ɭɪɚɜɧɟɧɢɹ 0Q =∑

   

constm =
  

* m  – ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɪɚɛɨɱɟɝɨ ɬɟɥɚ; hΔ  – ɩɟɪɟɩɚɞ ɷɧɬɚɥɶɩɢɣ ɜ ɢɫɩɚɪɢɬɟɥɟ / ɤɨɧɞɟɧɫɚɬɨɪɟ; k  – ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɢ; p – ɞɚɜɥɟɧɢɟ; ρ  – ɩɥɨɬɧɨɫɬɶ; u  – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ; ξ – ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ; a, b – ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɧɚɫɨɫɚ. 

 

Ɍɚɛɥɢɰɚ 2 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨ ɦɨɞɟɥɢ 
 

Ɇɨɳɧɨɫɬɶ, ȼɬ Ɇɚɫɫɨɜɵɣ 

ɪɚɫɯɨɞ, ɤɝ/ɫ 
 Ɍɟɦɩɟɪɚɬɭɪɚ 

ɢɫɬɨɱɧɢɤɚ, ɋ 

Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, 
ȼɬ 

ɉɥɨɳɚɞɶ ɢɫɩɚɪɢɬɟɥɹ, 
ɦ2 

ɧɚɫɨɫɚ ɤɨɦɩɪɟɫɫɨɪɚ  

+20 5000 17,7 94 – 0,0417 

+20 7000 24,78 132 – 0,0583 ɋɢɫɬɟɦɚ 1 

+30 7000 21,4 132 – 0,0583 

+20 5000 10,33 – 307 0,0417 

+20 7000 14,46 – 429 0,0583 ɋɢɫɬɟɦɚ 2 

+30 7000 12,84 – 494 0,0583 
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Ɋɢɫ. 2. ɋɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɩɪɹɦɨɦɭ (1) ɢ ɨɛɪɚɬɧɨɦɭ (2) ɰɢɤɥɚɦ:  

ɚ – ɩɥɨɳɚɞɶ ɪɚɞɢɚɬɨɪɚ-ɢɡɥɭɱɚɬɟɥɹ; ɛ – ɩɨɬɪɟɛɧɚɹ ɦɨɳɧɨɫɬɶ 
 

 

ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɢ ɫɢɫɬɟɦɵ, ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɩɨɞɞɟɪɠɢɜɚɟɦɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɚɩɩɚɪɚɬɭɪɵ ɢ ɧɟɨɛɯɨɞɢɦɚɹ ɯɨɥɨɞɨɩɪɨɢɡ-
ɜɨɞɢɬɟɥɶɧɨɫɬɶ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɫɱɟɬɧɵɯ 
ɫɥɭɱɚɟɜ ɫɨɩɨɫɬɚɜɥɹɥɢɫɶ ɧɟɨɛɯɨɞɢɦɚɹ ɩɥɨɳɚɞɶ ɪɚɞɢɚ-
ɬɨɪɚ-ɢɡɥɭɱɚɬɟɥɹ ɢ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ.  
ɂɡ ɱɢɫɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟ-

ɞɭɸɳɢɟ ɡɚɤɥɸɱɟɧɢɹ: 
– ɦɢɧɢɦɚɥɶɧɵɟ ɩɥɨɳɚɞɢ ɪɚɞɢɚɬɨɪɚ-ɢɡɥɭɱɚɬɟɥɹ 

ɛɭɞɭɬ ɧɚɛɥɸɞɚɬɶɫɹ ɞɥɹ ɫɢɫɬɟɦɵ ɫ ɨɛɪɚɬɧɵɦ ɰɢɤɥɨɦ 

(ɪɢɫ. 2, ɚ), ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 

ɤɨɧɞɟɧɫɚɰɢɢ; 

– ɦɢɧɢɦɚɥɶɧɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɛɭɞɟɬ ɧɚɛɥɸ-

ɞɚɬɶɫɹ ɭ ɫɢɫɬɟɦɵ ɫ ɩɪɹɦɵɦ ɰɢɤɥɨɦ (ɪɢɫ. 2, ɛ). 
Ɉɞɧɚɤɨ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɩɪɟɫ-

ɫɨɪɚ ɜ ɨɛɪɚɬɧɨɦ ɰɢɤɥɟ ɫɧɢɠɚɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ-
ɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɪɚɬɧɵɣ ɰɢɤɥ ɯɚɪɚɤ-
ɬɟɪɢɡɭɟɬɫɹ ɩɨɜɵɲɟɧɧɵɦɢ ɞɚɜɥɟɧɢɹɦɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, ɱɬɨ 
ɩɪɢɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ɦɚɝɢɫɬɪɚɥɟɣ. 
Ɂɚɤɥɸɱɟɧɢɟ. Ɉɛɡɨɪ ɫɨɜɪɟɦɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨ-

ɩɪɨɫɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɬɟɪɦɨ-
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɩɨɡɜɨɥɹɟɬ 
ɩɪɢɣɬɢ ɤ ɜɵɜɨɞɭ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɤɨɦ-

ɩɥɟɤɫɧɵɯ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɚɧɚɥɢɡɚ ɢ ɫɨɩɨɫɬɚɜ-
ɥɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɯɟɦ ɢ ɬɢɩɨɜ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢ-

ɪɨɜɚɧɢɹ.  
ɉɪɢɦɟɧɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɫɢɫɬɟɦ ɬɟɪ-

ɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɧɟɝɟɪɦɟ-
ɬɢɱɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚ-
ɧɢɟ ɪɟɚɤɰɢɣ ɫɢɫɬɟɦɵ ɧɚ ɢɡɦɟɧɟɧɢɟ ɜɧɟɲɧɢɯ ɩɚɪɚɦɟɬ-
ɪɨɜ ɢ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɚɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɡ-
ɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɤɨɦɩɨɧɨɜɤɢ ɭɫɬɚɧɨɜɨɤ. 
ȼ ɯɨɞɟ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɛɵɥɚ ɫɨɡɞɚɧɚ ɦɚɬɟɦɚɬɢ-

ɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɚɧɚɥɢɡɚ ɞɜɭɯɮɚɡɧɵɯ ɫɢɫɬɟɦ ɬɟɪɦɨ-
ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɩɪɹɦɵɦ ɢ ɨɛɪɚɬɧɵɦ 

ɰɢɤɥɚɦ. Ɇɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢɜɚɬɶ ɰɢɤɥɵ ɩɨ ɷɮ-

ɮɟɤɬɢɜɧɨɫɬɢ ɢ ɷɧɟɪɝɨɡɚɬɪɚɬɚɦ. 
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