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A SYSTEMATIC APPROACH FOR DEVELOPING METHODS  

OF EARTHQUAKE PREDICTION 

Ⱥɧɧɨɬɚɰɢɹ. ɉɨɩɵɬɤɢ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɨɧɬɪɨɥɟ ɡɚ ɢɡɦɟɧɟɧɢɹɦɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦ-
ɧɵɯ ɜɨɞɚɯ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɡ-ɡɚ ɜɥɢɹɧɢɹ ɫɥɭɱɚɣɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɟɥɢɹ ɜɟɪɨɹɬɧɨɫɬɶ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ ɫɭɳɟɫɬɜɟɧ-
ɧɨ ɩɪɟɜɵɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɜɟɪɧɨɝɨ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. ɉɨɷɬɨɦɭ ɧɚɞɟɠɧɵɯ ɦɟɬɨɞɨɜ ɫɪɟɞɧɟɫɪɨɱɧɨɝɨ ɢ ɤɪɚɬɤɨɫɪɨɱɧɨɝɨ 
ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɧɟ ɛɵɥɨ ɧɚɣɞɟɧɨ ɞɨ ɫɢɯ ɩɨɪ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ ɜɵɡɜɚɧɨ ɬɟɦ, ɱɬɨ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɛɵɥɨ 
ɫɨɡɞɚɧɨ ɚɞɟɤɜɚɬɧɨɣ ɦɨɞɟɥɢ, ɨɛɴɹɫɧɹɸɳɟɣ ɜɡɚɢɦɨɫɜɹɡɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɫ ɧɚɞɜɢɝɚɸɳɢɦɫɹ ɡɟɦɥɟɬɪɹɫɟɧɢ-
ɟɦ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɜɵɞɟɥɟɧɢɹ ɝɟɥɢɹ, ɮɨɪɦɚɥɢɡɨɜɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ, ɯɨɪɨɲɨ ɨɩɢɫɵɜɚ-
ɸɬ ɫɭɬɶ ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɨɰɟɫɫɨɜ, ɧɨ ɩɥɨɯɨ ɩɪɢɝɨɞɧɵ ɞɥɹ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɧɚ ɩɪɚɤɬɢɤɟ. ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɩɪɚɤ-

ɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɪɟɲɟɧɢɸ ɩɪɨɛɥɟɦɵ ɨɰɟɧɤɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɩɪɨɰɟɫɫɚ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢ-

ɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ. ɉɪɟɞɥɨɠɟɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚ-

ɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ, ɨɛɴɹɫɧɹɸɳɚɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɪɟɞɜɟɫɬɧɢɤɨɜ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ. Ɋɟ-

ɲɟɧɚ ɩɪɨɛɥɟɦɚ ɨɰɟɧɤɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɩɪɨɰɟɫɫɚ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɟ-
ɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɢ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɫɪɟɞɧɟɫɪɨɱɧɨɝɨ ɩɪɨɝɧɨɡɚ ɜɪɟɦɟɧɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. ɉɪɢɜɟɞɟɧɵ ɪɟ-

ɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɜɚɪɢɚɰɢɣ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɘɠɧɨɝɨ ɉɪɢɛɚɣɤɚɥɶɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɫɟɣ-
ɫɦɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨ ɫɪɟɞɧɟɫɪɨɱɧɨɦɭ ɩɪɨɝɧɨɡɭ ɛɥɢɡɤɢɯ ɢ ɭɞɚɥɟɧɧɵɯ ɨɬ ɂɪɤɭɬɫɤɚ ɫɟɣ-

ɫɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɧɵɣ ɩɨɞɯɨɞ, ɫɢɫɬɟɦɚ, ɨɛɴɟɤɬɵ ɫɢɫɬɟɦɵ, ɘɠɧɨɟ ɉɪɢɛɚɣɤɚɥɶɟ, ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ, ɤɨɧɰɟɧɬɪɚ-

ɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɝɟɥɢɹ, ɩɪɟɞɜɟɫɬɧɢɤɢ ɡɟɦɥɟɬɪɹɫɟɧɢɣ, ɫɪɟɞɧɟɫɪɨɱɧɵɣ ɩɪɨɝɧɨɡ ɡɟɦɥɟɬɪɹɫɟɧɢɣ, ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ, ɢɧ-
ɬɟɝɪɢɪɨɜɚɧɧɚɹ ɢɧɞɢɤɚɬɨɪɧɚɹ ɮɭɧɤɰɢɹ, ɨɱɚɝ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. 

Abstract. Attempts of earthquake prediction based on monitoring changes in the concentration of helium in groundwater showed 

that due to the influence of random factors on the concentration of helium, the probability of false alarm is significantly higher than the 

probability of correct prediction of the earthquake. Therefore, reliable methods of short and middle term prediction of earthquakes has 

not been found so far. Primarily this is because to date there has not been an adequate model created for explaining the relationship 

between the concentration of helium in groundwater with the impending earthquake. Existing mathematical models of helium excrete, 

formalized by experiment, describe well the essence of the processes, but poorly suite for earthquake prediction in practice. The paper 

considers practical application of the system approach to the solution of problems of an estimation of quantitative influence of the pro-

cess of preparation and implementation of the earthquake on the concentration of helium in groundwater. The proposed energy model 

for the preparation and implementation of earthquake source explain the appearance of harbingers of earthquakes of different physical 

nature. The problem of assessing the quantitative influence of the process of preparation and implementation of the earthquake on the 

helium concentration in groundwater is solved and a method of the medium-term forecast the time of occurrence of the earthquake is 

proposed. The results of study of variations of the concentrations of dissolved helium in ground waters of South Baikal area caused by 

seismic processes, and practical results on the medium-term forecast of close and remote from Irkutsk seismic processes are given. 

Keywords: systemic approach, system, system objects, South Baikal area, groundwater, concentrations of dissolved helium, 

earthquake precursors, medium-term earthquake prediction, correlation coefficient, integrated indicator function of the earthquake 

source. 

ȼɜɟɞɟɧɢɟ 
ɉɪɢ ɢɡɭɱɟɧɢɢ ɩɪɟɞɜɟɫɬɧɢɤɨɜ ɤɚɬɚɫɬɪɨɮɢɱɟ-

ɫɤɨɝɨ Ⱥɲɯɚɛɚɞɫɤɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 1948 ɝɨɞɚ  
ɢ Ɍɚɲɤɟɧɬɫɤɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 1966 ɝɨɞɚ ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɟɪɟɞ ɧɢɦɢ ɪɟɡɤɨ ɢɡɦɟɧɢɥɚɫɶ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɝɚɡɨɜ, ɬɚɤɢɯ ɤɚɤ 
ɝɟɥɢɣ, ɪɚɞɨɧ, ɜɨɞɨɪɨɞ, ɚɡɨɬ, ɩɚɪɵ ɪɬɭɬɢ ɢ ɞɪ.  
ɂɡ ɱɢɫɥɚ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɝɚɡɨɜ ɧɚɛɥɸɞɟɧɢɹ ɡɚ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɞɨɫɬɚ-

ɬɨɱɧɨ ɬɟɯɧɨɥɨɝɢɱɧɵ, ɨɧɢ ɧɟ ɬɪɟɛɭɸɬ ɫɭɳɟɫɬɜɟɧ-
ɧɵɯ ɮɢɧɚɧɫɨɜɵɯ ɡɚɬɪɚɬ ɢ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ 
ɨɫɜɨɟɧɵ ɧɚ ɩɪɚɤɬɢɤɟ. ȼɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɬɶ 
ɫɬɚɬɢɫɬɢɤɭ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ 
ɜɨɞɚɯ ɜ ɫɟɣɫɦɨɨɩɚɫɧɵɯ ɪɟɝɢɨɧɚɯ ɞɚɥ ɧɚɞɟɠɞɭ, ɱɬɨ 
ɦɨɠɧɨ ɛɭɞɟɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɡɟɦɥɟɬɪɹɫɟɧɢɹ  
ɩɨ ɢɡɦɟɧɟɧɢɹɦ ɫɨɞɟɪɠɚɧɢɹ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ 
ɜɨɞɚɯ. Ɉɞɧɚɤɨ ɩɪɚɤɬɢɱɟɫɤɢ ɫɪɚɡɭ ɠɟ ɜɵɹɫɧɢɥɨɫɶ, 
ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɧɨɫɢɬ 
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ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɠɟɫɬɜɚ ɮɚɤ-
ɬɨɪɨɜ [1]. ɉɨɩɵɬɤɢ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ, ɨɫɧɨ-
ɜɚɧɧɵɟ ɧɚ ɤɨɧɬɪɨɥɟ ɡɚ ɢɡɦɟɧɟɧɢɹɦɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɝɟɥɢɹ  
ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɡ-ɡɚ ɜɥɢɹɧɢɹ 
ɫɥɭɱɚɣɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɟɥɢɹ ɜɟɪɨ-
ɹɬɧɨɫɬɶ ɥɨɠɧɨɣ ɬɪɟɜɨɝɢ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ 
ɜɟɪɨɹɬɧɨɫɬɶ ɜɟɪɧɨɝɨ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. ɉɨ-
ɷɬɨɦɭ ɧɚɞɟɠɧɵɯ ɦɟɬɨɞɨɜ ɫɪɟɞɧɟɫɪɨɱɧɨɝɨ ɢ ɤɪɚɬ-
ɤɨɫɪɨɱɧɨɝɨ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɧɟ ɛɵɥɨ 
ɧɚɣɞɟɧɨ ɞɨ ɫɢɯ ɩɨɪ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ ɜɵɡɜɚɧɨ 
ɬɟɦ, ɱɬɨ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɛɵɥɨ ɫɨɡɞɚɧɨ 
ɚɞɟɤɜɚɬɧɨɣ ɦɨɞɟɥɢ, ɨɛɴɹɫɧɹɸɳɟɣ ɜɡɚɢɦɨɫɜɹɡɶ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɫ ɧɚɞɜɢ-
ɝɚɸɳɢɦɫɹ ɡɟɦɥɟɬɪɹɫɟɧɢɟɦ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɜɵɞɟɥɟɧɢɹ ɝɟɥɢɹ, ɮɨɪɦɚɥɢɡɨ-
ɜɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɩɭɬɟɦ, ɯɨɪɨɲɨ ɨɩɢ-
ɫɵɜɚɸɬ ɫɭɬɶ ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɨɰɟɫɫɨɜ, ɧɨ ɩɥɨɯɨ 
ɩɪɢɝɨɞɧɵ ɞɥɹ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɧɚ ɩɪɚɤɬɢ-
ɤɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɨɛɥɟɦɧɚɹ ɫɢɬɭ-
ɚɰɢɹ [2], ɤɨɝɞɚ ɫɭɳɟɫɬɜɭɸɳɚɹ ɬɟɨɪɢɹ ɧɟ ɜ ɫɨɫɬɨɹ-
ɧɢɢ ɨɛɪɚɛɨɬɚɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɬɚɤ, ɱɬɨɛɵ 
ɩɨɥɭɱɢɬɶ ɞɨɫɬɨɜɟɪɧɵɣ ɩɪɨɝɧɨɡ ɡɟɦɥɟɬɪɹɫɟɧɢɣ. 
Ⱥɧɚɥɢɡ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɧɨɣ ɫɢɬɭɚɰɢɢ ɩɨɤɚɡɚɥ, ɱɬɨ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɩɨɢɫɤɚ ɩɭɬɟɣ ɟё 
ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɧɵɣ ɩɨɞɯɨɞ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Ɍɟɪɪɢɬɨɪɢɹ ɘɠɧɨɝɨ ɉɪɢɛɚɣɤɚɥɶɹ – ɨɞɧɚ  
ɢɡ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɫɟɣɫɦɢɱɧɵɯ ɜ Ɋɨɫɫɢɢ. ɗɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɨɢɫɯɨɞɹɳɢɦɢ ɧɚ ɷɬɨɣ ɬɟɪɪɢɬɨɪɢɢ 
ɪɢɮɬɨɝɟɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ – ɪɚɫɬɹɠɟɧɢɟɦ ɥɢɬɨ-
ɫɮɟɪɵ, ɜɵɡɜɚɧɧɵɦ ɥɢɛɨ ɤɨɧɜɟɤɰɢɟɣ ɜ ɚɫɬɟɧɨɫɮɟɪɟ 
ɢ ɩɨɞɤɨɪɨɜɵɯ ɩɨɬɨɤɚɯ, ɥɢɛɨ ɫɥɟɞɫɬɜɢɟɦ ɤɨɥɥɢɡɢɢ 
ɂɧɞɨɫɬɚɧɚ ɫ ȿɜɪɨɚɡɢɚɬɫɤɨɣ ɩɥɢɬɨɣ. Ʉɨɦɩɥɟɤɫɧɵɟ 
ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɡɨɧɚ ɪɢɮɬɨɝɟɧɟ-
ɡɚ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɫɨɜɦɟɫɬɧɵɯ ɞɟɣɫɬɜɢɣ ɩɚɫ-
ɫɢɜɧɨɝɨ ɢ ɚɤɬɢɜɧɨɝɨ ɦɟɯɚɧɢɡɦɨɜ ɪɚɫɬɹɠɟɧɢɹ ɥɢ-
ɬɨɫɮɟɪɵ ɩɪɢ ɜɟɞɭɳɟɣ ɪɨɥɢ ɬɨ ɨɞɧɨɝɨ, ɬɨ ɞɪɭɝɨɝɨ 
ɦɟɯɚɧɢɡɦɚ [3]. 

ɋ 2007 ɝɨɞɚ ɜ ɘɠɧɨɦ ɉɪɢɛɚɣɤɚɥɶɟ ɜɟɞɭɬɫɹ 
ɢɡɦɟɪɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ. 
ȿɠɟɫɭɬɨɱɧɨɟ ɢɡɦɟɪɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɩɪɨ-
ɜɨɞɢɬɫɹ ɧɚ ɞɜɭɯ ɫɤɜɚɠɢɧɚɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɪɚɣ-
ɨɧɟ ɂɪɤɭɬɫɤɨɝɨ ɜɨɞɨɯɪɚɧɢɥɢɳɚ ɧɚ Ɂɟɥɟɧɨɦ Ɇɵɫɟ 
(ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɟɥɢɹ – ɇɟ 1958.86∙10-5 
ɦɝ/ɥ) ɢ ɜ ɝ. ɂɪɤɭɬɫɤɟ (ɫɤɜɚɠɢɧɚ Ʉ-Ƚɂɋ, ɫɪɟɞɧɹɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɇɟ 57.31∙10-5 ɦɝ/ɥ). Ʉɪɨɦɟ ɬɨɝɨ, 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ  
ɜ ɝɥɭɛɢɧɧɨɣ ɜɨɞɟ Ȼɚɣɤɚɥɚ, ɩɨɥɭɱɚɟɦɨɣ ɢɡ ɜɨɞɨɡɚ-
ɛɨɪɚ ɜ ɪɚɣɨɧɟ ɩ. Ʌɢɫɬɜɹɧɤɚ, ɫɪɟɞɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɇɟ 5.95∙10-5 ɦɝ/ɥ. Ⱦɚɥɟɟ ɷɬɢ ɩɭɧɤɬɵ ɧɚɛɥɸɞɟɧɢɹ, 
ɜɵɬɹɧɭɬɵɟ ɜ ɨɞɧɭ ɥɢɧɢɸ, ɦɵ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ, ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ, Ʌɢɫɬɜɹɧɤɚ (Ʌ), Ɂɟɥɟɧɵɣ Ɇɵɫ (Ɂ),  
ɢ Ʉ-Ƚɂɋ (Ʉ). ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚɛɥɸɞɟɧɢɹ ɝɟɥɢɹ  
ɜ ɩɭɧɤɬɚɯ Ʌ, Ɂ ɢ Ʉ, ɩɨɥɭɱɟɧɧɵɯ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ 

ɧɚɛɥɸɞɟɧɢɹ, ɧɚɦɢ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧ-
ɬɵ ɤɨɪɪɟɥɹɰɢɢ: 

ɁɅr  = 0,1218 (ɪɚɫɫɬɨɹɧɢɟ Ʌɢɫɬɜɹɧɤɚ – Ɂɟɥɟ-
ɧɵɣ Ɇɵɫ 36 ɤɦ); 

ɄɅr  = 0,0334 (ɪɚɫɫɬɨɹɧɢɟ Ʌɢɫɬɜɹɧɤɚ – Ʉ-Ƚɂɋ 
65 ɤɦ); 

ɄɁr  = 0,1593 (ɪɚɫɫɬɨɹɧɢɟ Ɂɟɥɟɧɵɣ Ɇɵɫ – Ʉ-

Ƚɂɋ 29 ɤɦ). 
Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɹ, ɱɟɦ 

ɛɨɥɶɲɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɨɱɤɚɦɢ ɡɚɛɨɪɚ ɩɨɞɡɟɦ-
ɧɵɯ ɜɨɞ, ɬɟɦ ɦɟɧɟɟ ɤɨɪɪɟɥɢɪɨɜɚɧɵ ɤɨɥɟɛɚɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɧɢɯ. 

Ƚɟɥɢɣ ɨɬɧɨɫɢɬɫɹ ɤ ɛɥɚɝɨɪɨɞɧɵɦ ɝɚɡɚɦ. Ⱥɬ-
ɦɨɫɮɟɪɧɵɣ ɝɟɥɢɣ ɫɨɫɬɨɢɬ ɢɡ ɢɡɨɬɨɩɨɜ 3ɇɟ 
(0,00013 % ɩɨ ɨɛɴɟɦɭ) ɢ 4ɇɟ. Ƚɟɥɢɣ ɨɛɪɚɡɭɟɬɫɹ  
ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɚɞɚ ɚɤɬɢɧɢɹ, ɬɨɪɢɹ, ɭɪɚɧɚ. Ƚɟɥɢ-
ɟɧɨɫɧɵɟ ɩɪɢɪɨɞɧɵɟ ɝɚɡɵ ɫɨɞɟɪɠɚɬ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɞɨ 2 % ɝɟɥɢɹ ɩɨ ɨɛɴёɦɭ. ɂɫɤɥɸɱɢɬɟɥɶɧɨ ɪɟɞɤɨ 
ɜɫɬɪɟɱɚɸɬɫɹ ɫɤɨɩɥɟɧɢɹ ɝɚɡɨɜ, ɝɟɥɢɟɧɨɫɧɨɫɬɶ ɤɨɬɨ-
ɪɵɯ ɞɨɫɬɢɝɚɟɬ 8–16 % [4]. 

ɋɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ ɝɟɥɢɹ ɜ ɡɟɦɧɨɦ ɜɟɳɟ-
ɫɬɜɟ – 0,003 ɦɝ/ɤɝ ɢɥɢ 0,003 ɝ/ɬ. ȼ ɨɫɧɨɜɧɨɦ ɡɟɦ-
ɧɨɣ ɝɟɥɢɣ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɪɚɞɢɨɚɤɬɢɜɧɨɦ ɪɚɫɩɚɞɟ 
ɭɪɚɧɚ-238, ɭɪɚɧɚ-235, ɬɨɪɢɹ ɢ ɧɟɫɬɚɛɢɥɶɧɵɯ ɩɪɨ-
ɞɭɤɬɨɜ ɢɯ ɪɚɫɩɚɞɚ. ɇɟɫɪɚɜɧɢɦɨ ɦɟɧɶɲɢɟ ɤɨɥɢɱɟ-
ɫɬɜɚ ɝɟɥɢɹ ɞɚɟɬ ɦɟɞɥɟɧɧɵɣ ɪɚɫɩɚɞ ɫɚɦɚɪɢɹ-147  
ɢ ɜɢɫɦɭɬɚ. ȼɫɟ ɷɬɢ ɷɥɟɦɟɧɬɵ ɩɨɪɨɠɞɚɸɬ ɬɨɥɶɤɨ 
ɬɹɠɟɥɵɣ ɢɡɨɬɨɩ ɝɟɥɢɹ – 4ɇɟ. Ƚɟɥɢɣ ɜ ɡɟɦɧɨɣ ɤɨɪɟ 
ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɦɟɞɥɟɧɧɨ. Ɉɞɧɚ ɬɨɧɧɚ ɝɪɚɧɢɬɚ, ɫɨ-
ɞɟɪɠɚɳɚɹ 2 ɝ ɭɪɚɧɚ ɢ 10 ɝ ɬɨɪɢɹ, ɡɚ ɦɢɥɥɢɨɧ ɥɟɬ 
ɩɪɨɞɭɰɢɪɭɟɬ ɜɫɟɝɨ 0,09 ɦɝ ɝɟɥɢɹ – ɩɨɥɨɜɢɧɭ ɤɭɛɢ-
ɱɟɫɤɨɝɨ ɫɚɧɬɢɦɟɬɪɚ [4]. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ ɜɵɜɨɞ, 
ɱɬɨ ɩɪɨɰɟɫɫ ɩɪɨɞɭɰɢɪɨɜɚɧɢɹ ɝɟɥɢɹ ɞɟɬɟɪɦɢɧɢɪɨ-
ɜɚɧ ɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɦɢɧɟɪɚɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɝɟɥɢɣ, 
ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɩɪɨɰɟɫɫɚɦ ɜɵ-
ɜɟɬɪɢɜɚɧɢɹ, ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɬ. ɞ., ɢ ɝɟɥɢɣ  
ɢɡ ɧɢɯ ɭɯɨɞɢɬ. ȼɵɫɜɨɛɨɞɢɜɲɢɟɫɹ ɢɡ ɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɢɯ ɫɬɪɭɤɬɭɪ ɝɟɥɢɟɜɵɟ ɩɭɡɵɪɶɤɢ ɨɬɩɪɚɜɥɹɸɬɫɹ  
ɜ ɩɭɬɟɲɟɫɬɜɢɟ ɩɨ ɡɟɦɧɨɣ ɤɨɪɟ. Ɉɱɟɧɶ ɧɟɡɧɚɱɢ-
ɬɟɥɶɧɚɹ ɱɚɫɬɶ ɢɯ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ. 
Ⱦɪɭɝɚɹ ɱɚɫɬɶ ɤɨɱɭɸɳɟɝɨ ɝɟɥɢɹ ɱɟɪɟɡ ɩɨɪɵ ɢ ɬɪɟ-
ɳɢɧɵ ɦɢɧɟɪɚɥɨɜ ɜɵɯɨɞɢɬ ɜ ɚɬɦɨɫɮɟɪɭ [4]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɝɟɥɢ-
ɟɦ ɜ ɘɠɧɨɦ ɉɪɢɛɚɣɤɚɥɶɟ) ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɨɬɥɢ-
ɱɢɟ ɨɬ ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɨɞɭɰɢɪɨ-
ɜɚɧɢɹ ɝɟɥɢɹ ɜ ɝɨɪɧɵɯ ɩɨɪɨɞɚɯ ɢɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧ-
ɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣ-
ɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɡɚɜɢɫɹɳɢɦ ɨɬ ɦɧɨɠɟɫɬɜɚ ɮɚɤɬɨ-
ɪɨɜ. Ɉɞɧɢɦ ɢɡ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ 
ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. 
ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɤɨɥɢɱɟɫɬɜɟɧɧɨ 



ɂɧɮɨɪɦɚɬɢɤɚ, вɵчɢɫɥɢɬеɥɶɧɚя ɬеɯɧɢɤɚ ɢ ɭɩɪɚвɥеɧɢе 

 

 

 ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ № 2 (54) 2017 97 

ɜɵɪɚɡɢɬɶ ɷɬɭ ɜɡɚɢɦɨɫɜɹɡɶ ɹɜɥɹɟɬɫɹ, ɜɚɠɧɨɣ ɧɚɪɨɞ-
ɧɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɡɚɞɚɱɟɣ. 

Ɋɚɡɪɚɛɨɬɤɚ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ  
ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ  
ɡɟɦɥɟɬɪɹɫɟɧɢɹ 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɩɨɦɢɦɨ ɪɢɮɬɨɝɟɧɟɡɚ, ɫɟɣ-
ɫɦɢɱɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɚ ɬɚɤɢɦɢ ɨɫɧɨɜɧɵɦɢ 
ɮɨɪɦɚɦɢ ɞɟɮɨɪɦɚɰɢɢ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɥɢɬɨ-
ɫɮɟɪɧɵɯ ɩɥɢɬ, ɤɚɤ ɬɪɚɧɫɮɨɪɦɧɵɣ ɪɚɡɥɨɦ, ɫɭɛɞɭɤ-
ɰɢɹ (ɧɚɩɨɥɡɚɧɢɟ ɨɞɧɨɣ ɥɢɬɨɫɮɟɪɧɨɣ ɩɥɢɬɵ  
ɧɚ ɞɪɭɝɭɸ) ɢ ɢɯ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɰɢɹɦɢ. ɇɟɫɦɨɬ-
ɪɹ ɧɚ ɫɯɨɠɟɫɬɶ ɢ ɨɛɳɧɨɫɬɶ ɩɨɞɯɨɞɨɜ, ɧɚɦɢ ɛɭɞɟɬ 
ɪɚɫɫɦɨɬɪɟɧɚ ɬɨɥɶɤɨ ɦɨɞɟɥɶ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚ-
ɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɧɚ ɩɪɢɦɟɪɟ ɪɢɮɬɨɝɟɧɟɡɚ. 

ɉɨ ɋ. Ʌ. Ɉɩɬɧɟɪɭ, ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɧɚɛɨɪɚ 
ɨɛɴɟɤɬɨɜ, ɢɦɟɸɳɢɯ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɜɨɣɫɬɜɚ,  
ɢ ɧɚɛɨɪɚ ɫɜɹɡɟɣ ɦɟɠɞɭ ɨɛɴɟɤɬɚɦɢ ɢ ɢɯ ɫɜɨɣɫɬɜɚ-
ɦɢ. ɋɢɫɬɟɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɞɚɧɢɟɦ ɫɢɫɬɟɦɧɵɯ 
ɨɛɴɟɤɬɨɜ, ɫɜɨɣɫɬɜ ɢ ɫɜɹɡɟɣ. ɋɢɫɬɟɦɧɵɟ ɨɛɴɟɤɬɵ – 
ɷɬɨ ɜɯɨɞ, ɩɪɨɰɟɫɫ, ɜɵɯɨɞ, ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɢ ɨɝɪɚ-
ɧɢɱɟɧɢɟ [2]. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɩɪɨɛɥɟɦɟ ɫɢɫɬɟɦɚ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ 
ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɚɤɢɟ ɨɛɴɟɤɬɵ, ɤɚɤ 
ɜɯɨɞ, ɜɵɯɨɞ ɢ ɫɢɫɬɟɦɭ ɥɢɬɨɫɮɟɪɧɵɯ ɩɥɢɬ ɢ ɬɟɤɬɨ-
ɧɢɱɟɫɤɢɯ ɪɚɡɥɨɦɨɜ (ɪɢɫ. 1). 

 
Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ 

ɡɟɦɥɟɬɪɹɫɟɧɢɹ 

 
ȼɯɨɞɨɦ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɞɜɢɠɟɧɢɟ ɩɨɞɤɨ-

ɪɨɜɵɯ ɩɨɬɨɤɨɜ, ɜɵɡɵɜɚɸɳɟɟ ɪɢɮɬɨɝɟɧɟɡ. ȼɵɯɨ-
ɞɨɦ ɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ ɫɟɣɫɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ  
ɢ ɧɚɛɥɸɞɚɟɦɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ 
ɜɨɞɚɯ. Ɉɛɴɟɤɬ «ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ» ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ 
ɨɬɫɭɬɫɬɜɭɟɬ. Ɉɛɴɟɤɬ «ɩɪɨɰɟɫɫ» — ɷɬɨ ɪɚɡɪɭɲɟɧɢɟ 
ɩɥɚɫɬɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɯɨɞɟ ɪɢɮɬɨɝɟɧɟɡɚ. Ɉɝɪɚ-
ɧɢɱɟɧɢɹ ɫɢɫɬɟɦɵ – ɷɬɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɩɪɨɱɧɨɫɬɶ 
ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɡɨɧɟ ɛɭɞɭɳɟɝɨ ɝɢɩɨɰɟɧɬɪɚ ɡɟɦɥɟ-
ɬɪɹɫɟɧɢɹ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɚɞɟɤɜɚɬɧɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ 
ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 
ɧɚɢɛɨɥɶɲɭɸ ɫɥɨɠɧɨɫɬɶ ɢ ɧɚɢɛɨɥɶɲɭɸ ɩɪɚɤɬɢɱɟ-
ɫɤɭɸ ɜɚɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɬɚɤɨɝɨ ɨɛɴɟɤɬɚ ɫɢɫɬɟɦɵ ɤɚɤ ɩɪɨɰɟɫɫ ɪɚɡɪɭɲɟɧɢɹ 
ɝɨɪɧɵɯ ɩɨɪɨɞ. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨ ɝɨɪɧɵɟ ɩɨɪɨɞɵ ɯɚɪɚɤɬɟɪɢ-
ɡɭɸɬɫɹ ɫɯɨɠɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɪɨɱɧɨɫɬɢ ɢ ɬɜɟɪ-
ɞɨɫɬɢ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɱɧɨɫɬɢ  

ɢ ɬɜɟɪɞɨɫɬɢ ɝɨɪɧɵɯ ɩɨɪɨɞ ɤɨɪɪɟɥɢɪɨɜɚɧɵ ɦɟɠɞɭ 
ɫɨɛɨɣ. 

ɉɪɨɱɧɨɫɬɶ – ɷɬɨ ɫɜɨɣɫɬɜɨ ɝɨɪɧɵɯ ɩɨɪɨɞ ɨɤɚ-
ɡɵɜɚɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɧɟɲɧɢɦ ɫɢɥɚɦ ɩɪɢ ɪɚɫɬɹ-
ɠɟɧɢɢ ɢɥɢ ɫɠɚɬɢɢ ɨɛɪɚɡɰɨɜ. ɉɚɪɚɦɟɬɪɵ ɩɪɨɱɧɨ-
ɫɬɢ ɨɛɪɚɡɰɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɪɢɧɹɬɨ ɢɡɦɟɪɹɬɶ  
ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɢɥɢ ɫɠɢɦɚɸɳɢɯ 
ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɪɨɱɧɨɫɬɢ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɧɚ ɪɚɡ-
ɪɵɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɡɟɦɥɟɬɪɹ-
ɫɟɧɢɣ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɪɚɫɬɹɠɟɧɢɟ 
ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɩɪɨɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ 
ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɩɪɨɯɨɞɢɬ ɬɪɢ ɫɬɚɞɢɢ, ɨɛɨɡɧɚ-
ɱɟɧɧɵɟ, ɧɚɩɪɢɦɟɪ, ɜ [5] ɤɚɤ ɫɬɚɞɢɢ I–III: 

I. ɇɚɱɚɥɨ ɪɚɫɬɹɠɟɧɢɹ ɢ ɚɤɬɢɜɢɡɚɰɢɹ ɪɚɡɪɵɜɚ. 
II. ɍɤɪɭɩɧɟɧɢɟ ɬɪɟɳɢɧ ɢ ɥɨɤɚɥɢɡɚɰɢɹ ɢɯ ɜ ɨɛ-

ɥɚɫɬɢ ɛɭɞɭɳɟɝɨ ɦɚɤɪɨɪɚɡɪɵɜɚ. 
III. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɪɚɡɪɵɜɚ. 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚ-
ɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɨɛɪɚɡɰɵ ɝɨɪɧɵɯ ɩɨɪɨɞ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɸɬ ɪɚɡɦɟɪɵ ɦɟɧɟɟ ɦɟɬɪɚ. ɂɡ-ɡɚ 
ɯɪɭɩɤɨɫɬɢ ɢ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ ɨɛɪɚɡɰɨɜ ɨɱɟɧɶ ɬɪɭɞ-
ɧɨ ɨɰɟɧɢɬɶ ɢɯ ɥɢɧɟɣɧɨɟ ɪɚɫɬɹɠɟɧɢɟ. ɉɨɷɬɨɦɭ ɫɬɚ-
ɞɢɢ ɪɚɡɪɭɲɟɧɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 
ɩɪɢɧɹɬɨ ɩɨɤɚɡɵɜɚɬɶ ɧɟ ɜ ɜɢɞɟ ɮɭɧɤɰɢɢ ɥɢɧɟɣɧɨɝɨ 
ɪɚɫɬɹɠɟɧɢɹ, ɚ ɜ ɜɢɞɟ ɮɭɧɤɰɢɢ ɨɬ ɜɪɟɦɟɧɢ. Ⱦɚɥɟɟ 
ɦɵ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɩɨɞɨɛɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
«ɦɢɤɪɨɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ 
ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ» ɢɥɢ, ɞɥɹ ɤɪɚɬɤɨɫɬɢ, ɩɪɨɫɬɨ 
«ɦɢɤɪɨɦɨɞɟɥɢɪɨɜɚɧɢɟɦ». 

Ɍɜɟɪɞɨɫɬɶ – ɷɬɨ ɫɜɨɣɫɬɜɨ ɝɨɪɧɵɯ ɩɨɪɨɞ ɨɤɚ-
ɡɵɜɚɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤ ɜɧɟɞɪɟɧɢɸ ɜ ɧɢɯ ɢɧɨɪɨɞ-
ɧɨɝɨ ɬɟɥɚ. ɂɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɝɨɪɧɵɯ ɩɨɪɨɞ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɭɫɬɚɧɨɜɤɚɯ ɩɭɬɟɦ ɜɞɚɜɥɢɜɚɧɢɹ ɜ ɨɛɪɚɡɟɰ ɬɜɟɪɞɨ-
ɫɩɥɚɜɧɨɝɨ ɩɭɚɧɫɨɧɚ. ɉɨɤɚɡɚɬɟɥɢ ɬɜɟɪɞɨɫɬɢ ɧɟɨɛ-
ɯɨɞɢɦɨ ɡɧɚɬɶ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɭɪɨɜɵɯ ɭɫɬɚ-
ɧɨɜɨɤ, ɩɪɨɜɟɞɟɧɢɢ ɜɡɪɵɜɧɵɯ ɪɚɛɨɬ ɢ ɬ. ɩ. 

ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɬɜɟɪɞɨɫɬɢ ɝɨɪɧɵɯ ɩɨɪɨɞ ɛɵ-
ɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɚ  
ɤ ɧɟɦɭ ɧɭɠɧɨ ɩɪɢɥɨɠɢɬɶ ɧɟɤɭɸ ɫɢɥɭ, ɤɨɬɨɪɚɹ  
ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɚ ɞɨ ɪɚɡɪɭɲɟɧɢɹ 
ɜɵɩɨɥɧɢɬ ɨɛɳɭɸ ɪɚɛɨɬɭ ɪA . Ɉɛɳɚɹ ɪɚɛɨɬɚ  

ɩɨ ɪɚɡɪɭɲɟɧɢɸ ɨɛɪɚɡɰɚ ɪA  ɹɜɥɹɟɬɫɹ ɫɭɦɦɨɣ ɞɜɭɯ 
ɪɚɛɨɬ: 

ɩɥɭɩɪɪ AAA  ,                       (1) 

ɝɞɟ ɭɩɪA  – ɪɚɛɨɬɚ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ ɩɪɢ ɪɚɡ-
ɪɭɲɟɧɢɢ ɨɛɪɚɡɰɚ; ɩɥA  – ɪɚɛɨɬɚ ɩɨ ɩɥɚɫɬɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ɨɛɪɚɡɰɚ ɩɟɪɟɞ ɪɚɡɪɭɲɟɧɢɟɦ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɭɩɪA  ɨɧɚ, ɩɨ ɚɧɚ-
ɥɨɝɢɢ ɫɨ ɫɠɢɦɚɟɦɨɣ ɩɪɭɠɢɧɨɣ, ɩɪɟɨɛɪɚɡɭɟɬɫɹ  
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ɜ ɭɩɪɭɝɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɭɩɪE  ɨɛɪɚɡɰɚ. 
ɉɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɚ ɧɚɤɨɩɥɟɧɧɚɹ ɢɦ ɭɩɪɭ-
ɝɚɹ ɷɧɟɪɝɢɹ ɭɩɪE  ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɞɪɭɝɢɟ ɜɢɞɵ 
ɷɧɟɪɝɢɢ ɢ ɜɵɞɟɥɹɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ɍɨ ɠɟ 
ɫɚɦɨɟ ɩɪɨɢɫɯɨɞɢɬ ɢ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɢ ɪɟɚɥɢɡɚɰɢɢ 
ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. ɉɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɚɝɢ-
ɫɬɪɚɥɶɧɨɝɨ ɪɚɡɪɵɜɚ ɧɚ III ɫɬɚɞɢɢ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟ-
ɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɭɩɪɭɝɚɹ ɷɧɟɪɝɢɹ 
ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɡɨɧɟ ɝɢɩɨɰɟɧɬɪɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 

ɭɩɪE  ɜɵɫɜɨɛɨɠɞɚɟɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɜɢɞɟ 
ɤɨɦɩɪɟɫɫɢɨɧɧɵɯ (ɩɪɨɞɨɥɶɧɵɯ) ɫɟɣɫɦɢɱɟɫɤɢɯ  
P ɜɨɥɧ. ɉɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɩɟɪɜɢɱɧɵɟ P–ɜɨɥɧɵ 
ɱɚɫɬɢɱɧɨ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜɨ ɜɬɨɪɢɱɧɵɟ (ɩɨɩɟɪɟɱ-
ɧɵɟ) S–ɜɨɥɧɵ. ɗɬɢ ɜɨɥɧɵ P ɢ S ɜɵɡɵɜɚɸɬ ɤɨɥɟɛɚ-
ɧɢɹ ɡɟɦɥɢ ɢ ɜɨɫɩɪɢɧɢɦɚɸɬɫɹ ɧɚɦɢ ɤɚɤ ɬɨɥɱɤɢ 
ɡɟɦɥɟɬɪɹɫɟɧɢɹ. 

ɂɡ (1) ɨɱɟɜɢɞɧɨ, ɱɬɨ ɧɟ ɜɫɹ ɷɧɟɪɝɢɹ ɩɨɞɝɨ-
ɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɪE  ɛɭɞɟɬ 
ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɜ ɷɧɟɪɝɢɸ P ɢ S ɜɨɥɧ. Ɂɧɚɱɢɬɟɥɶɧɚɹ 
ɱɚɫɬɶ ɷɬɨɣ ɷɧɟɪɝɢɢ ɛɭɞɟɬ ɩɨɬɪɚɱɟɧɚ ɧɚ ɩɥɚɫɬɢɱɟ-
ɫɤɭɸ ɞɟɮɨɪɦɚɰɢɸ ɩɥɚɫɬɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɡɨɧɟ 
ɛɭɞɭɳɟɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɬɜɟɪɞɨ-
ɫɬɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪ-
ɦɚɰɢɢ ɨɛɪɚɡɰɨɜ ɧɚ ɩɪɨɰɟɫɫ ɢɯ ɪɚɡɪɭɲɟɧɢɹ ɭɱɢɬɵ-
ɜɚɸɬ ɜ ɜɢɞɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɥɚɫɬɢɱɧɨɫɬɢ ɝɨɪɧɵɯ 
ɩɨɪɨɞ: 

ɩɥɪ

ɪ

ɭɩɪ

ɪ
ɩɥ

AA

A

A

A
Ʉ


 . 

Ⱦɨɥɹ ɩɥA  ɜ ɨɛɳɟɣ ɪɚɛɨɬɟ ɩɨ ɪɚɡɪɭɲɟɧɢɸ 
ɨɛɪɚɡɰɚ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ,  
ɩɨ ɞɚɧɧɵɦ Ʌ. Ⱥ. ɒɪɟɣɧɟɪɚ [6], ɩɥɄ  ɞɥɹ ɝɪɚɧɢɬɚ 
ɫɨɫɬɚɜɥɹɟɬ 1,4–1,9, ɞɥɹ ɛɚɡɚɥɶɬɚ – 4,2, ɚ ɞɥɹ ɞɠɟ-
ɫɩɢɥɢɬɚ – 10. ɋ ɭɱɟɬɨɦ ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɫɬɢ ɩɨɤɚ-
ɡɚɬɟɥɟɣ ɬɜɟɪɞɨɫɬɢ ɝɨɪɧɵɯ ɩɨɪɨɞ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɢ 
ɩɪɨɱɧɨɫɬɢ ɩɥɚɫɬɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɡɨɧɟ ɝɢɩɨɰɟɧ-
ɬɪɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɢɡ ɨɛɳɟɣ ɷɧɟɪɝɢɢ 

ɪE , ɡɚɬɪɚɱɟɧɧɨɣ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɢ ɪɟɚɥɢɡɚɰɢɸ ɨɱɚ-
ɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ, ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɫɟɣɫɦɢɱɟɫɤɨɣ 
ɜɨɥɧɵ ɬɪɚɬɢɬɫɹ ɧɟ ɛɨɥɟɟ 50–70 %. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɭɩɪE , ɜɵɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɩɥE  

ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɫɪɚɡɭ ɜ ɜɢɞɟ ɭɞɚɪɚ, ɚ ɩɨɫɬɟɩɟɧɧɨ  
ɜ ɩɪɨɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟ-
ɬɪɹɫɟɧɢɹ. ɂɦɟɧɧɨ ɜɵɞɟɥɟɧɢɟ ɩɥE  ɹɜɥɹɟɬɫɹ ɩɪɢ-
ɱɢɧɨɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɫɟɯ ɩɪɟɞɜɟɫɬɧɢɤɨɜ ɡɟɦɥɟ-
ɬɪɹɫɟɧɢɹ. ɉɨɷɬɨɦɭ ɪɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɦɨɞɟɥɶ ɩɨɞ-
ɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɞɨɥɠɧɚ 
ɯɨɬɹ ɛɵ ɤɚɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɜɚɬɶ ɜɡɚɢɦɧɨɟ ɫɨɨɬɧɨ-
ɲɟɧɢɟ ɷɬɢɯ ɷɧɟɪɝɢɣ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɯ ɜ ɞɪɭɝɢɟ 
ɜɢɞɵ ɷɧɟɪɝɢɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɤɨɦɚɹ ɦɨɞɟɥɶ ɫɢ-
ɫɬɟɦɵ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ, 

ɞɨɥɠɧɚ ɛɵɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɩɨɞɝɨ-
ɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ  
E , ɧɚɩɪɢɦɟɪ, ɫɠɚɬɨɣ ɩɪɭɠɢɧɵ, ɨɩɪɟɞɟɥɟɧɚ ɜɵ-
ɪɚɠɟɧɢɟɦ 

lFE  , 
ɝɞɟ F  – ɫɪɟɞɧɹɹ ɫɢɥɚ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɴɟɤɬ;  

l  – ɥɢɧɟɣɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɨɛɴɟɤɬɚ. 
Ɇɢɤɪɨɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɚɬɶ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɝɨɪɧɵɯ ɩɥɚɫɬɚɯ ɩɨɬɨ-
ɦɭ, ɱɬɨ ɩɪɢ ɦɢɤɪɨɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-
ɦɟɪɢɬɶ ɜɟɥɢɱɢɧɭ l . 

ɂɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɝɨɪɧɵɯ ɩɨɪɨɞ ɬɚɤɠɟ  
ɧɟ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɦɨɞɟɥɶɸ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚ-
ɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɩɨɬɨɦɭ, ɱɬɨ ɜ ɧɟɣ ɡɚɞɟɣ-
ɫɬɜɨɜɚɧ ɞɪɭɝɨɣ ɦɟɯɚɧɢɡɦ ɪɚɡɪɭɲɟɧɢɹ. 

ɋ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɶɸ ɩɪɢɛɥɢɠɟɧɢɹ ɤɚɱɟ-
ɫɬɜɟɧɧɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚ-
ɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟ-
ɧɚ ɧɚ ɩɪɢɦɟɪɟ ɢɫɩɵɬɚɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɟɪɠɧɹ 
ɧɚ ɪɚɡɪɵɜ, ɞɢɚɝɪɚɦɦɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2 
(ɧɚɩɪɢɦɟɪ, [7–9]). 

 

Ɋɢɫ. 2. Ⱦɢɚɝɪɚɦɦɚ ɢɫɩɵɬɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɫɬɟɪɠɧɹ ɧɚ ɪɚɡɪɵɜ 

 

ɇɚ ɪɢɫ. 2 ɨɛɨɡɧɚɱɟɧɵ: 
ɩɨɥɧl  – ɩɨɥɧɚɹ ɞɥɢɧɚ ɫɬɟɪɠɧɹ ɩɟɪɟɞ ɟɝɨ 

ɪɚɡɪɵɜɨɦ; 
ɭɩɪl  – ɭɩɪɭɝɨɟ ɪɚɫɬɹɠɟɧɢɟ ɫɬɟɪɠɧɹ ɩɪɢ 

ɪɚɡɪɵɜɟ; 
ɨɫɬl  – ɨɫɬɚɬɨɱɧɚɹ ɫɭɦɦɚɪɧɚɹ ɞɥɢɧɚ ɫɬɟɪɠ-

ɧɹ ɩɨɫɥɟ ɪɚɡɪɵɜɚ; 
maxF  – ɧɚɩɪɹɠɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɪɟ-

ɞɟɥɭ ɩɪɨɱɧɨɫɬɢ; 
ɤF  – ɧɚɩɪɹɠɟɧɢɟ ɢɫɬɢɧɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɪɚɡɪɭɲɟɧɢɸ. 
ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɞ-

ɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ,  
ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɪɢɫ. 1, ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɞɢɚɝɪɚɦɦɭ 



ɂɧɮɨɪɦɚɬɢɤɚ, вɵчɢɫɥɢɬеɥɶɧɚя ɬеɯɧɢɤɚ ɢ ɭɩɪɚвɥеɧɢе 
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ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜɛɥɢɡɢ ɨɬ ɛɭɞɭɳɟ-
ɝɨ ɝɢɩɨɰɟɧɬɪɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ, ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ 

PSF  , 
ɝɞɟ P  – ɜɧɭɬɪɟɧɧɟɟ ɞɚɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ɩɨɞ ɞɟɣ-
ɫɬɜɢɟɦ ɫɢɥɵ F; S– ɩɥɨɳɚɞɶ ɜɨɡɞɟɣɫɬɜɢɹ ɫɢɥɵ. 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɬɚɤɠɟ ɛɭɞɟɬ ɤɨɪɪɟɤɬɧɨ 
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɪɚɫɬɹɠɟɧɢɟ ɬɟɤɬɨɧɢɱɟɫɤɨɝɨ 
ɪɚɡɥɨɦɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɦɟɪɧɨ ɫ ɪɚɜɧɨɣ ɫɤɨɪɨɫɬɶɸ 
ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɦɧɨɝɢɯ ɥɟɬ. ɉɪɢ ɬɚɤɢɯ ɩɪɟɞɩɨɫɵɥ-
ɤɚɯ ɬɢɩɨɜɨɣ ɩɪɨɰɟɫɫ ɪɢɮɬɨɝɟɧɟɡɚ ɦɨɠɧɨ ɩɪɟɞɫɬɚ-
ɜɢɬɶ ɜ ɜɢɞɟ ɪɹɞɚ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɰɢɤɥɨɜ. ɉɨ-
ɫɤɨɥɶɤɭ ɫɢɥɭ ɞɟɮɨɪɦɚɰɢɢ ɝɨɪɧɵɯ ɩɥɚɫɬɨɜ ɩɪɢ 
ɪɢɮɬɨɝɟɧɟɡɟ ɫɥɨɠɧɨ ɢɡɦɟɪɢɬɶ ɞɚɠɟ ɤɨɫɜɟɧɧɨ, ɢɡ-
ɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ ɜ ɩɪɨɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢ-
ɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɭɞɨɛɧɟɟ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ 
ɞɚɜɥɟɧɢɟ ɝɨɪɧɵɯ ɩɨɪɨɞ (ɪɢɫ. 3). 

Ɍɨɱɤɨɣ Ⱥ ɧɚ ɪɢɫ. 3 ɨɛɨɡɧɚɱɟɧɨ ɩɪɟɞɵɞɭɳɟɟ 
ɡɟɦɥɟɬɪɹɫɟɧɢɟ. 

ɂɧɬɟɪɜɚɥ Ⱥ–Ȼ ɧɚ ɪɢɫ. 3 ɫɨɨɬɜɟɬɫɬɜɭɟɬ I ɫɬɚ-
ɞɢɢ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. 
ɇɚ ɷɬɨɣ ɫɬɚɞɢɢ ɩɪɨɢɫɯɨɞɢɬ ɧɚɤɨɩɥɟɧɢɟ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɷɧɟɪɝɢɢ ɭɩɪɭɝɨɣ ɞɟɮɨɪɦɚɰɢɢ ɝɨɪɧɵɯ ɩɨɪɨɞ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɬɚɩɚ ɧɟɫɤɨɥɶɤɨ ɫɬɨɥɟɬɢɣ. 

ɍɱɚɫɬɨɤ Ȼ–ȼ ɧɚ ɪɢɫ. 3 – II ɫɬɚɞɢɹ ɩɨɞɝɨɬɨɜ-
ɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. ɇɚ ɷɬɨɣ ɫɬɚ-
ɞɢɢ ɞɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ ɞɨɫɬɢɝɚɟɬ ɜɟɥɢɱɢɧɵ maxP  

ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢɡɦɟɧɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɋɢɥɚ 
ɪɢɮɬɨɝɟɧɟɡɚ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɩɪɢɧɢɦɚɟɬ ɦɚɤɫɢɦɚɥɶ-
ɧɨɟ ɡɧɚɱɟɧɢɟ maxF . Ⱦɥɹ II ɫɬɚɞɢɢ ɯɚɪɚɤɬɟɪɧɚ ɩɥɚ-
ɫɬɢɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ. Ⱦɚɜɥɟɧɢɟ 

maxP  ɪɚɜɧɨ ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ ɝɨɪɧɵɯ ɩɨɪɨɞ ɬ   

ɜ ɡɨɧɟ ɝɢɩɨɰɟɧɬɪɚ ɧɚɞɜɢɝɚɸɳɟɝɨɫɹ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɬɚɞɢɢ – ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ. 

ɂɧɬɟɪɜɚɥ ȼ–Ƚ ɧɚ ɪɢɫ. 3 – ɷɬɨ III ɫɬɚɞɢɹ ɩɨɞ-
ɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ – ɮɨɪ-
ɦɢɪɨɜɚɧɢɟ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɪɚɡɥɨɦɚ. Ⱦɚɧɧɚɹ ɫɬɚ-
ɞɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɦ ɪɚɫɬɹɠɟɧɢɟɦ 
ɪɚɡɥɨɦɚ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɥɧl  ɢ ɩɚɞɟɧɢɟɦ ɞɚɜɥɟɧɢɹ 
ɩɥɚɫɬɨɜ ɝɨɪɧɵɯ ɩɨɪɨɞ ɨɬ ɜɟɥɢɱɢɧɵ maxP  ɞɨ ɤP . 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɬɚɞɢɢ – 1–3 ɦɟɫɹɰɚ. 

 

Ɋɢɫ. 3. Ⱦɢɚɝɪɚɦɦɚ 2-ɣ ɫɬɚɞɢɢ ɩɨɞɝɨɬɨɜɤɢ  
ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 

ȼ ɬɨɱɤɟ Ƚ ɩɪɨɢɫɯɨɞɢɬ ɦɚɝɢɫɬɪɚɥɶɧɵɣ ɪɚɡ-
ɪɵɜ ɤɪɚɟɜ ɪɚɡɥɨɦɚ ɧɚ ɜɟɥɢɱɢɧɭ ɭɩɪl , ɜɵɞɟɥɹɟɬɫɹ 

ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ, ɧɚɤɨɩɥɟɧɧɚɹ ɜ ɪɚɡɥɨɦɟ,  
ɢ ɩɪɨɢɫɯɨɞɢɬ ɡɟɦɥɟɬɪɹɫɟɧɢɟ. 

ɉɪɨɝɧɨɡɢɪɭɟɦɚɹ ɫɟɣɫɦɢɱɧɨɫɬɶ ɢ ɡɚɤɨɧɨɦɟɪ-
ɧɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɵɞɟɥɹɟɦɨɝɨ ɩɪɢ ɷɬɨɦ ɝɟɥɢɹ 
ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɞɝɨ-
ɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɯɨɪɨɲɨ 
ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɢɥɚɬɚɧɬɧɨ-ɞɢɮɮɭɡɢɨɧɧɨɣ ɦɨɞɟɥɶɸ 
ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɬɟɤɬɨɧɢɱɟɫɤɨɝɨ 
ɡɟɦɥɟɬɪɹɫɟɧɢɹ [10] (ɪɢɫ. 4). 

Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɨɰɟɧɤɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ 
ɜɥɢɹɧɢɹ ɩɪɨɰɟɫɫɚ ɩɨɞɝɨɬɨɜɤɢ  
ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɧɚ  
ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ 
Ƚɥɚɜɧɵɣ ɜɵɜɨɞ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 

ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ 
ɨɱɚɝɚ ɡɟɦɥɟɬɪɹɫɟɧɢɹ, ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɚ III ɫɬɚ-
ɞɢɢ ɩɨɞɝɨɬɨɜɤɢ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɞɚɜɥɟɧɢɟ ɝɨɪɧɵɯ 
ɩɨɪɨɞ ɜɛɥɢɡɢ ɨɬ ɝɢɩɨɰɟɧɬɪɚ ɩɚɞɚɟɬ ɨɬ maxP  ɞɨ ɤP

. ɗɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɪɟɡɭɥɶɬɚɬɚɦ ɦɢɤɪɨɦɨɞɟɥɢ-
ɪɨɜɚɧɢɹ, ɨɞɧɚɤɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɦɢɤɪɨɦɨɞɟɥɢɪɨɜɚ-
ɧɢɹ ɬɚɤɨɣ ɜɵɜɨɞ ɧɟ ɨɱɟɜɢɞɟɧ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɦɢɤ-
ɪɨɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɟ ɫɨɛɥɸɞɚɟɬɫɹ ɩɪɢɧɰɢɩ ɩɪɨ-
ɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɧɚɩɪɢɦɟɪ, [11]). 

 

Ɋɢɫ. 4. Ⱦɢɥɚɬɚɧɬɧɨ-ɞɢɮɮɭɡɢɨɧɧɚɹ ɦɨɞɟɥɶ  
ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɬɟɤɬɨɧɢɱɟɫɤɨɝɨ 

 ɡɟɦɥɟɬɪɹɫɟɧɢɹ 

ɉɪɹɦɨɟ ɢɡɦɟɪɟɧɢɟ ɞɚɜɥɟɧɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ  
ɜ ɨɛɥɚɫɬɢ ɛɭɞɭɳɟɝɨ ɝɢɩɨɰɟɧɬɪɚ ɞɨɜɨɥɶɧɨ ɩɪɨɛɥɟ-
ɦɚɬɢɱɧɨ: 

1. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɛɭɞɭɳɟɝɨ ɝɢɩɨɰɟɧɬɪɚ ɡɟɦ-
ɥɟɬɪɹɫɟɧɢɹ ɡɚɪɚɧɟɟ ɧɟɢɡɜɟɫɬɧɨ. ɉɨɷɬɨɦɭ ɩɨɢɫɤ 
ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ ɞɥɹ ɛɭɪɟɧɢɹ ɫɤɜɚɠɢɧ, ɩɨɡɜɨɥɹɸ-
ɳɢɯ ɢɡɦɟɪɢɬɶ ɞɚɜɥɟɧɢɟ ɝɨɪɧɵɯ ɩɨɪɨɞ, ɩɪɢɞёɬɫɹ 
ɜɵɛɢɪɚɬɶ ɜɫɥɟɩɭɸ. 

2. Ƚɥɭɛɢɧɚ ɡɚɥɟɝɚɧɢɹ ɝɢɩɨɰɟɧɬɪɨɜ ɫɚɦɵɯ 
ɦɟɥɤɢɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɫɨɫɬɚɜɥɹɟɬ ɩɟɪɜɵɟ ɤɢɥɨ-
ɦɟɬɪɵ. Ȼɭɪɟɧɢɟ ɧɚ ɬɚɤɭɸ ɝɥɭɛɢɧɭ ɱɪɟɡɜɵɱɚɣɧɨ 
ɞɨɪɨɝɨ ɢ ɬɟɯɧɢɱɟɫɤɢ ɫɥɨɠɧɨ. Ȼɭɪɟɧɢɟ ɧɚ ɝɥɭɛɢɧɵ 
ɛɨɥɟɟ 12 ɤɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɯɧɢɱɟɫɤɢ ɧɟɪɟɚ-
ɥɢɡɭɟɦɨ. 

3. ɂɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ  
ɧɚ ɝɥɭɛɢɧɚɯ ɜɵɲɟ ɝɢɩɨɰɟɧɬɪɚ ɦɨɝɭɬ ɞɚɬɶ ɧɟɚɞɟɤ-
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ɜɚɬɧɵɟ ɩɨɤɚɡɚɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɪɨɰɟɫɫɚɦ, 
ɩɪɨɢɫɯɨɞɹɳɢɦ ɧɢɠɟ ɬɨɱɤɢ ɢɡɦɟɪɟɧɢɹ. 

Ʉɨɫɜɟɧɧɨɟ ɢɡɦɟɪɟɧɢɟ ɞɚɜɥɟɧɢɹ ɝɨɪɧɵɯ ɩɨ-
ɪɨɞ ɜ ɡɨɧɟ ɛɭɞɭɳɟɝɨ ɝɢɩɨɰɟɧɬɪɚ ɜɨɡɦɨɠɧɨ ɩɨ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ. ɂɡɜɟɫɬɧɨ, 
ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɨɱɟɧɶ 
ɱɭɬɤɨ ɪɟɚɝɢɪɭɟɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ. ɇɚɛɥɸ-
ɞɟɧɢɹɦɢ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɟɥɢɹ  
ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɜɥɢɹɟɬ ɞɚɠɟ ɛɚɪɨɦɟɬɪɢɱɟɫɤɨɟ 
ɞɚɜɥɟɧɢɟ [1]. 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɩɨɫɬɭɥɚɬɚ ɞɥɹ ɪɟɲɟ-
ɧɢɹ ɩɪɨɛɥɟɦɵ ɨɰɟɧɤɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ 
ɩɪɨɰɟɫɫɚ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟ-
ɬɪɹɫɟɧɢɹ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨ-
ɞɚɯ ɛɵɥ ɩɪɢɧɹɬ ɜɵɹɜɥɟɧɧɵɣ ɧɚɦɢ ɮɚɤɬ ɧɟɡɚɜɢɫɢ-
ɦɨɫɬɢ ɫɥɭɱɚɣɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ 
ɜ ɭɞɚɥɟɧɧɵɯ ɩɭɧɤɬɚɯ ɢɡɦɟɪɟɧɢɹ. ȼ ɨɬɥɢɱɢɟ  
ɨɬ ɜɥɢɹɧɢɹ ɫɥɭɱɚɣɧɵɯ ɮɚɤɬɨɪɨɜ ɥɨɝɢɱɧɨ ɩɪɟɞɩɨ-
ɥɨɠɢɬɶ, ɱɬɨ ɩɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ  
ɜ ɡɨɧɟ ɛɭɞɭɳɟɝɨ ɝɢɩɨɰɟɧɬɪɚ ɫɢɧɯɪɨɧɧɨ ɩɨɜɥɢɹɟɬ 
ɧɚ ɜɵɯɨɞ ɝɟɥɢɹ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɨɛɲɢɪɧɵɯ ɬɟɪɪɢɬɨ-
ɪɢɹɯ. ɉɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɤɨɫɜɟɧɧɨɝɨ ɢɡ-
ɦɟɪɟɧɢɹ ɜɚɪɢɚɰɢɢ ɞɚɜɥɟɧɢɹ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɫɟɣɫɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ 
ɬɚɤɠɟ ɞɥɹ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ [12], ɧɚɦɢ ɛɵɥ 
ɩɪɟɞɥɨɠɟɧ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɩɚɪɧɵɯ ɢɧɞɢ-
ɤɚɬɨɪɧɵɯ ɮɭɧɤɰɢɣ: 
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ɝɞɟ it  – ɬɟɤɭɳɚɹ ɞɚɬɚ ɟɠɟɫɭɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ; ɅiH , 

ɁiH  ɢ ɄiH  – ɧɨɪɦɢɪɨɜɚɧɧɵɟ ɩɨɤɚɡɚɧɢɹ ɤɨɧɰɟɧ-
ɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɩɭɧɤɬɚɯ ɧɚɛɥɸɞɟɧɢɹ Ʌ, Ɂ ɢ Ʉ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ; 

ɅH
~ , 

ɁH
~ , 

ɄH
~ , ɅHm~ , ɁHm~   

ɢ ɄHm~  – ɋɄɈ ɢ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɧɨɪɦɢɪɨɜɚɧ-
ɧɵɯ ɩɨɤɚɡɚɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ 
ɜɨɞɚɯ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɩɭɧɤɬɟ ɧɚɛɥɸɞɟɧɢɹ  
ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ ɧɚɛɥɸɞɟɧɢɹ ɫ 2007 ɝɨɞɚ ɩɨ ɧɚɫɬɨɹ-

ɳɟɟ ɜɪɟɦɹ; ɞɥɹ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨɤɚɡɚɧɢɣ ɤɨɧ-
ɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɅHm~ = ɁHm~ = ɄHm~ = 1. 

Ʉɪɨɦɟ ɩɚɪɧɵɯ ɢɧɞɢɤɚɬɨɪɧɵɯ ɮɭɧɤɰɢɣ ɛɵɥɚ 
ɩɪɟɞɥɨɠɟɧɚ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɢɧɞɢɤɚɬɨɪɧɚɹ ɮɭɧɤ-
ɰɢɹ: 
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ɝɞɟ n  – ɱɢɫɥɨ ɩɭɧɤɬɨɜ ɧɚɛɥɸɞɟɧɢɹ ɝɟɥɢɹ. 
ɂɧɞɢɤɚɬɨɪɧɵɟ ɮɭɧɤɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɰɢɮɪɨɜɨɝɨ ɮɢɥɶɬɪɚ ɫ ɲɢɪɢɧɨɣ 
«ɨɤɧɚ» ɜ 11 ɢɡɦɟɪɟɧɢɣ (11 ɞɧɟɣ). 

ȼɵɩɨɥɧɟɧɧɵɟ ɚɜɬɨɪɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɚɪɢ-
ɚɰɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɝɟɥɢɹ ɜ ɩɨɞ-
ɡɟɦɧɵɯ ɜɨɞɚɯ ɘɠɧɨɝɨ ɉɪɢɛɚɣɤɚɥɶɹ ɫ 2007 ɝɨɞɚ 
ɩɨ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɧɢ ɨɛɭɫɥɨɜɥɟ-
ɧɵ ɬɨɥɶɤɨ ɫɟɣɫɦɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɢ ɩɪɚɤɬɢɱɟ-
ɫɤɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. ɗɬɢ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɬɚɤɠɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɩɟɪɢɨɞ ɜɨɡɪɚɫɬɚɧɢɹ 
ɫɟɣɫɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ (ɧɚɩɪɢɦɟɪ, ɜ ɩɟɪɢɨɞ, 
ɩɪɟɞɲɟɫɬɜɭɸɳɢɣ Ʉɭɥɬɭɤɫɤɨɦɭ ɡɟɦɥɟɬɪɹɫɟɧɢɸ 
27.08.2008 ɫ ɦɚɝɧɢɬɭɞɨɣ Ɇ = 6,3) ɩɚɪɧɵɟ ɢɧɞɢɤɚ-
ɬɨɪɧɵɟ ɮɭɧɤɰɢɢ ɨɛɪɚɡɭɸɬ ɧɟɩɨɜɬɨɪɹɸɳɢɟɫɹ ɢɧ-
ɮɨɪɦɚɰɢɨɧɧɵɟ ɫɬɪɭɤɬɭɪɵ. Ɉɩɵɬɧɵɦ ɩɭɬɟɦ ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɢɦɟɸɳɟɝɨɫɹ ɜ ɧɚɲɟɦ ɪɚɫɩɨ-
ɪɹɠɟɧɢɢ ɧɚɛɨɪɚ ɩɭɧɤɬɨɜ ɧɚɛɥɸɞɟɧɢɹ ɧɚɢɛɨɥɶɲɢɣ 
ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɮɭɧɤɰɢɢ 

)( jɁɅ tI   ɢ )( jɄɁ tI  : 

Ɏɭɧɤɰɢɹ )( jɁɅ tI   ɪɟɚɝɢɪɭɟɬ ɩɪɟɠɞɟ ɜɫɟɝɨ 

ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɟɣɫɦɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɢ ɜ ɡɨɧɟ Ɉɛ-
ɪɭɱɟɜɫɤɨɝɨ ɬɟɤɬɨɧɢɱɟɫɤɨɝɨ ɪɚɡɥɨɦɚ, ɬ. ɟ. ɜɛɥɢɡɢ  
ɝ. ɂɪɤɭɬɫɤɚ. 

Ɏɭɧɤɰɢɹ )( jɄɁ tI   ɪɟɚɝɢɪɭɟɬ ɧɟ ɬɨɥɶɤɨ ɧɚ 
ɦɟɫɬɧɵɟ ɫɟɣɫɦɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ, ɧɨ ɢ ɧɚ ɭɞɚɥɟɧɧɵɟ 
ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜ ɝ. ɂɪɤɭɬ-
ɫɤɟ ɩɨ ɢɡɦɟɧɟɧɢɹɦ ɩɨɤɚɡɚɧɢɣ )( jɄɁ tI   ɧɚɛɥɸ-
ɞɚɥɢɫɶ ɯɚɪɚɤɬɟɪɧɵɟ ɩɪɟɞɜɟɫɬɧɢɤɢ Ɍɭɜɢɧɫɤɢɯ ɡɟɦ-
ɥɟɬɪɹɫɟɧɢɣ ɜ Ʉɪɚɫɧɨɹɪɫɤɨɦ ɤɪɚɟ, ɭɞɚɥɟɧɧɵɯ ɨɬ 
ɂɪɤɭɬɫɤɚ ɧɚ 580–590 ɤɦ. ɏɨɬɹ, ɤɨɧɟɱɧɨ, ɜ ɧɚɫɬɨɹ-
ɳɟɟ ɜɪɟɦɹ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨ ɝɨɜɨɪɢɬɶ ɨ ɜɨɡɦɨɠɧɨ-
ɫɬɢ ɩɪɨɝɧɨɡɚ ɫɬɨɥɶ ɭɞɚɥɟɧɧɵɯ ɡɟɦɥɟɬɪɹɫɟɧɢɣ. 

Ɏɭɧɤɰɢɹ )( jtI  ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɨɛɳɟɝɨ ɚɧɚɥɢɡɚ. 

Ɇɟɬɨɞ ɫɪɟɞɧɟɫɪɨɱɧɨɝɨ ɩɪɨɝɧɨɡɚ  

ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ 
ɡɟɦɥɟɬɪɹɫɟɧɢɹ 

ɇɚ ɪɢɫ. 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɦɟɧɟɧɢɹ ɢɧɞɢɤɚ-
ɬɨɪɧɵɯ ɮɭɧɤɰɢɣ ɜ ɩɟɪɢɨɞ ɡɚɜɟɪɲɟɧɢɹ II ɫɬɚɞɢɢ 
ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ Ʉɭɥɬɭɤɫɤɨɝɨ ɡɟɦɥɟɬɪɹ-
ɫɟɧɢɹ 27.08.2008 ɢ ɩɨɥɧɨɫɬɶɸ III ɫɬɚɞɢɹ ɷɬɨɝɨ 
ɡɟɦɥɟɬɪɹɫɟɧɢɹ. 



ɂɧɮɨɪɦɚɬɢɤɚ, вɵчɢɫɥɢɬеɥɶɧɚя ɬеɯɧɢɤɚ ɢ ɭɩɪɚвɥеɧɢе 
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Ɋɢɫ. 5. ɉɚɪɧɵɟ ɢɧɞɢɤɚɬɨɪɧɵɟ ɮɭɧɤɰɢɢ ɢ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɢɧɞɢɤɚɬɨɪɧɚɹ ɮɭɧɤɰɢɹ ɜ ɩɟɪɢɨɞ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɧɚɩɪɹɠɟɧɢɣ ɡɟɦɧɨɣ ɤɨɪɵ ɩɟɪɟɞ Ʉɭɥɬɭɤɫɤɢɦ ɡɟɦɥɟɬɪɹɫɟɧɢɟɦ. ȼɟɪɬɢɤɚɥɶɧɵɦɢ ɥɢɧɢɹɦɢ ɨɛɨɡɧɚɱɟɧɵ ɧɚɱɚɥɨ 

ɢ ɤɨɧɟɰ ɷɬɨɝɨ ɩɟɪɢɨɞɚ ɫ 16.06.2008 (ɨɬɦɟɬɤɚ 533) ɩɨ 27.08.2008  (ɨɬɦɟɬɤɚ 605). «Ⱦɨɦɢɤɚɦɢ» ɧɚ ɲɤɚɥɟ  
ɨɛɨɡɧɚɱɟɧɵ ɞɚɬɵ ɛɥɢɠɧɢɯ ɢ ɞɚɥɶɧɢɯ ɫɟɣɫɦɢɱɟɫɤɢɯ ɬɨɥɱɤɨɜ ɢ ɚɮɬɟɪɲɨɤɨɤɨɜ 

 

 
Ɋɢɫ. 6. ɉɚɪɧɵɟ ɢɧɞɢɤɚɬɨɪɧɵɟ ɮɭɧɤɰɢɢ ɜ ɩɟɪɢɨɞ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɡɟɦɧɨɣ ɤɨɪɵ ɩɟɪɟɞ  

ɡɟɦɥɟɬɪɹɫɟɧɢɟɦ ɜ Ɍɭɧɤɢɧɫɤɨɣ ɞɨɥɢɧɟ 15.02.2013 (ɨɬɦɟɬɤɚ 2238); ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɤɥɚɫɫ K = 10,0; ɪɚɫɫɬɨɹɧɢɟ 
ɞɨ ɩɭɧɤɬɚ ɧɚɛɥɸɞɟɧɢɹ Ɂɟɥɟɧɵɣ Ɇɵɫ L = 170,2 ɤɦ 

 
Ʉɭɥɬɭɤɫɤɨɟ ɡɟɦɥɟɬɪɹɫɟɧɢɟ ɪɚɡɞɟɥɢɥɨ ɩɨɤɚ-

ɡɚɧɢɹ ɢɧɞɢɤɚɬɨɪɧɵɯ ɮɭɧɤɰɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɡɚ ɜɫё 
ɜɪɟɦɹ ɧɚɛɥɸɞɟɧɢɹ, ɧɚ ɬɪɢ ɩɟɪɢɨɞɚ: 

1. Ɋɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɤɨɧɬɢ-
ɧɟɧɬɚɥɶɧɵɯ ɩɥɢɬ ɢ ɪɚɡɥɨɦɨɜ ɞɨ ɢ ɩɨɫɥɟ Ʉɭɥɬɭɤ-
ɫɤɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. 

2. Ʉɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɡɟɦɧɨɣ ɤɨɪɵ 
ɩɟɪɟɞ ɡɟɦɥɟɬɪɹɫɟɧɢɟɦ. 

3. ɉɟɪɟɯɨɞ ɫɢɫɬɟɦɵ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɯ ɩɥɢɬ  
ɢ ɪɚɡɥɨɦɨɜ ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɝɨ 
ɫɪɟɞɧɟɫɪɨɱɧɨɝɨ ɩɪɨɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɧɚɢɛɨɥɶ-
ɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɟɪɢɨɞ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɧɚɩɪɹɠɟɧɢɣ ɡɟɦɧɨɣ ɤɨɪɵ ɩɟɪɟɞ Ʉɭɥɬɭɤɫɤɢɦ ɡɟɦ-
ɥɟɬɪɹɫɟɧɢɟɦ (III ɫɬɚɞɢɹ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ 
ɡɟɦɥɟɬɪɹɫɟɧɢɹ). ɇɚ ɪɢɫ. 5 ɝɪɚɧɢɰɵ ɷɬɨɝɨ ɩɟɪɢɨɞɚ 
ɨɛɨɡɧɚɱɟɧɵ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɥɢɧɢɹɦɢ, ɟɝɨ ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɶ 72 ɞɧɹ. ɉɨɥɭɱɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɨɧ-
ɧɭɸ ɫɬɪɭɤɬɭɪɭ ɩɨɞɝɨɬɨɜɤɢ ɡɟɦɥɟɬɪɹɫɟɧɢɹ (ɪɢɫ. 5) 
ɧɟɜɨɡɦɨɠɧɨ ɧɢ ɫ ɱɟɦ ɫɩɭɬɚɬɶ ɞɚɠɟ ɧɟɫɩɟɰɢɚɥɢɫɬɭ. 
ɇɢɱɟɝɨ ɩɨɞɨɛɧɨɝɨ ɧɟ ɛɵɥɨ ɡɚ ɜɟɫɶ ɩɟɪɢɨɞ ɧɚɛɥɸ-
ɞɟɧɢɹ ɫ 2007 ɝɨɞɚ ɩɨ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ. 

ɉɟɪɢɨɞ ɩɟɪɟɯɨɞɚ ɫɢɫɬɟɦɵ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɯ 
ɩɥɢɬ ɢ ɪɚɡɥɨɦɨɜ ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚɱɚɥɫɹ 
ɫɪɚɡɭ ɩɨɫɥɟ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 27.08.2008 ɢ ɩɪɨɞɨɥ-
ɠɚɥɫɹ ɞɨ 05.11.2009. ȿɝɨ ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 
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435 ɫɭɬɨɤ. Ⱦɥɹ ɷɬɨɝɨ ɩɟɪɢɨɞɚ ɯɚɪɚɤɬɟɪɧɵ ɧɟɩɪɟ-
ɪɵɜɧɵɟ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɢɧɞɢɤɚɬɨɪ-
ɧɵɯ ɮɭɧɤɰɢɣ ɫ ɩɟɪɢɨɞɨɦ ɨɬ 2 ɞɨ 8 ɧɟɞɟɥɶ. 

ȼ ɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɢɫɬɟɦɵ ɤɨɧɬɢ-
ɧɟɧɬɚɥɶɧɵɯ ɩɥɢɬ ɢ ɪɚɡɥɨɦɨɜ ɢɧɞɢɤɚɬɨɪɧɵɟ ɮɭɧɤ-
ɰɢɢ ɤɨɥɟɛɥɸɬɫɹ ɫ ɦɚɥɵɦɢ ɚɦɩɥɢɬɭɞɚɦɢ ɨɤɨɥɨ 
ɫɜɨɟɝɨ ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ. ɉɟɪɢɨɞɢɱɟɫɤɢ ɜ ɪɚɣɨɧɟ 
ɫɥɚɛɵɯ ɫɟɣɫɦɢɱɟɫɤɢɯ ɬɨɥɱɤɨɜ ɜɨɡɧɢɤɚɸɬ ɯɚɪɚɤ-
ɬɟɪɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɬɪɭɤɬɭɪɵ, ɩɨɞɨɛɧɵɟ 
ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 6. 

ȼɵɜɨɞɵ 
Ⱦɨɫɬɨɜɟɪɧɵɣ ɩɪɨɝɧɨɡ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɞɨɥɠɟɧ 

ɨɬɜɟɬɢɬɶ ɧɚ ɬɪɢ ɜɨɩɪɨɫɚ: 
1. Ʉɨɝɞɚ ɨɧɨ ɩɪɨɢɡɨɣɞɟɬ? 
2. Ʉɚɤɨɜɚ ɛɭɞɟɬ ɦɚɝɧɢɬɭɞɚ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ 

ɡɟɦɥɟɬɪɹɫɟɧɢɹ? 
3. Ƚɞɟ ɛɭɞɟɬ ɟɝɨ ɷɩɢɰɟɧɬɪ? 
ɇɚ ɩɪɢɦɟɪɟ Ʉɭɥɬɭɤɫɤɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ 

ɧɚɦɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɝɧɢɬɭɞɚ ɩɪɨɝɧɨɡɢ-
ɪɭɟɦɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɶɸ ɩɟɪɢɨɞɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ 
ɡɟɦɧɨɣ ɤɨɪɵ ɩɟɪɟɞ ɡɟɦɥɟɬɪɹɫɟɧɢɟɦ, ɬ. ɟ. ɩɪɨɞɨɥ-
ɠɢɬɟɥɶɧɨɫɬɶɸ III ɫɬɚɞɢɢ. ɉɪɢɡɧɚɤɨɦ III ɫɬɚɞɢɢ 
ɧɚɞɜɢɝɚɸɳɟɝɨɫɹ ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɟ ɦɟɧɹ-
ɸɳɟɟ ɫɜɨɟɝɨ ɡɧɚɤɚ ɭɫɬɨɣɱɢɜɨɟ ɩɪɟɜɵɲɟɧɢɟ ɧɨɪ-
ɦɚɥɶɧɵɯ ɩɨɤɚɡɚɧɢɣ ɢɧɞɢɤɚɬɨɪɧɵɯ ɮɭɧɤɰɢɣ (ɫɦ. 
ɪɢɫ. 5). ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɦɨɠɧɨ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɟɫɥɢ ɬɚɤɢɟ ɚɧɨɦɚɥɶɧɵɟ 
ɩɨɤɚɡɚɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɛɨɥɟɟ ɞɜɭɯ ɦɟɫɹɰɟɜ ɩɨɞ-
ɪɹɞ, ɬɨ ɜ ɛɥɢɠɚɣɲɟɟ ɜɪɟɦɹ ɜ ɘɠɧɨɦ ɉɪɢɛɚɣɤɚɥɶɟ 
ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɦɨɳɧɨɝɨ ɡɟɦɥɟɬɪɹɫɟɧɢɹ. ɉɪɢ 
ɷɬɨɦ ɱɟɦ ɛɨɥɶɲɟ ɞɥɢɬɫɹ ɩɟɪɢɨɞ ɨɠɢɞɚɧɢɹ, ɬɟɦ 
ɛɨɥɶɲɟ ɛɭɞɟɬ ɟɝɨ ɦɚɝɧɢɬɭɞɚ. 

Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɧɚɛɥɸɞɟɧɢɣ ɜ ɩɭɧɤɬɟ 
Ɂɟɥёɧɵɣ Ɇɵɫ ɞɨ ɷɩɢɰɟɧɬɪɚ ɛɭɞɭɳɟɝɨ ɡɟɦɥɟɬɪɹɫɟ-
ɧɢɹ ɦɨɠɧɨ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɨɰɟɧɢɬɶ ɩɨ ɫɨɨɬɧɨɲɟ-
ɧɢɸ ɩɚɪɧɵɯ ɢɧɞɢɤɚɬɨɪɧɵɯ ɮɭɧɤɰɢɣ )( jɁɅ tI    

ɢ )( jɄɁ tI  . 

ɗɩɢɰɟɧɬɪɵ ɡɟɦɥɟɬɪɹɫɟɧɢɣ ɜɛɥɢɡɢ ɝ. ɂɪɤɭɬ-
ɫɤɚ ɪɚɫɩɨɥɨɠɟɧɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɩɨ ɥɢɧɢɢ 
Ɍɭɧɤɢɧɫɤɚɹ ɞɨɥɢɧɚ – ɫɟɜɟɪɧɨɟ ɩɨɛɟɪɟɠɶɟ Ȼɚɣɤɚɥɚ. 
ɉɨɷɬɨɦɭ ɟɫɥɢ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɛɭɞɭɳɟɝɨ ɷɩɢɰɟɧɬɪɚ 
ɨɰɟɧɟɧɨ, ɬɨ ɦɨɠɧɨ ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ 
ɢ ɟɝɨ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɚɝɚɟɦɚɹ ɷɧɟɪɝɟɬɢɱɟ-
ɫɤɚɹ ɦɨɞɟɥɶ ɩɨɞɝɨɬɨɜɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ ɨɱɚɝɚ ɡɟɦɥɟ-
ɬɪɹɫɟɧɢɹ ɩɨɡɜɨɥɢɥɚ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɨɰɟɧɤɢ ɤɨ-
ɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɫɟɣɫɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 

ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɸ ɝɟɥɢɹ ɜ ɩɨɞɡɟɦɧɵɯ ɜɨɞɚɯ ɢ ɪɚɡ-
ɪɚɛɨɬɚɬɶ ɦɟɬɨɞ ɞɨɫɬɨɜɟɪɧɨɝɨ ɫɪɟɞɧɟɫɪɨɱɧɨɝɨ ɩɪɨ-
ɝɧɨɡɚ ɡɟɦɥɟɬɪɹɫɟɧɢɣ [12] ɧɚ ɟё ɨɫɧɨɜɟ. 
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DYNAMIC STOCHASTIC MODELS OF THE PACKAGE BOILER CONTROL: 

«FUEL CONSUMPTION – UNDERPRESSURE IN FURNACE»  
IN SUPERHEATED STEAM PRODUCTION 

Ⱥɧɧɨɬɚɰɢɹ. ɉɨɢɫɤ ɢ ɪɚɡɪɚɛɨɬɤɚ ɩɨɥɧɨɰɟɧɧɵɯ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɷɧɟɪɝɨɫɢɫɬɟɦ, ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɰɟɧ-
ɬɪɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɧɚɭɱɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ. Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɬɧɨɫɢɬɫɹ ɤ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɚ ɢ ɚɞɚɩɬɢɜ-
ɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɝɨɪɟɧɢɹ ɜ ɩɵɥɟɭɝɨɥɶɧɵɯ ɬɨɩɤɚɯ. 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɢɡɜɟɫɬɧɨɣ ɦɟɬɨɞɢɤɢ Ⱦ. ɀ. Ȼɨɤɫɚ ɢ Ƚ. Ⱦɠɟɧɤɢɧɫɚ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɚɪɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɚ ɬɨɩɨɱɧɚɹ ɤɚɦɟɪɚ, ɤɨɬɨɪɚɹ  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɫɶɦɚ ɫɥɨɠɧɭɸ ɢ ɜɡɚɢɦɨ-
ɫɜɹɡɚɧɧɭɸ ɫɢɫɬɟɦɭ. Ɉɧɚ ɛɵɥɚ ɨɩɢɫɚɧɚ ɤɚɤ ɞɢɧɚɦɢɱɟɫɤɢɣ ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ ɨɛɴɟɤɬ ɫ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɦɢ ɜɨɡɦɭɳɚɸɳɢɦɢ ɜɨɡ-
ɞɟɣɫɬɜɢɹɦɢ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɩɨɥɭɱɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɢɬɶ 
ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɚ ɪɚɡɪɟɠɟɧɢɟ ɫ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɫɬɨɪɨɧ. ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɩɢɬɚɬɟɥɟɣ ɫɵɪɨɝɨ ɭɝɥɹ (ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ) ɨɬɧɨɫɢɬɫɹ ɤ ɭɩɪɚɜɥɹɸɳɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɚɪɚ. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɨɞɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɩɪɨɝɧɨɡɚ ɢ ɭɩɪɚɜɥɟɧɢɹ ɪɚɡɪɟɠɟɧɢɟɦ ɜ ɬɨɩɨɱɧɨɦ ɭɫɬɪɨɣɫɬɜɟ  
ɫ ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɫɬɨɪɨɧ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɨɩɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɪɚɡɪɟɠɟɧɢɟ ɜ ɬɨɩɤɟ, ɫɬɨɯɚɫɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ, ɨɰɟɧɢɜɚɧɢɟ, 
ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ ɩɪɨɜɟɪɤɚ. 

Abstract. The search and development of full-fledged highly efficient energy systems is today the central task of the scientific 

community. This research refers to the improvement of forecast methods and adaptive control of the combustion process in pulverized-

coal furnaces. 

The article deals with the use of the known Box–Jenkins technique for identifying steam generation process. 

The object of study combustion chamber, which is a very complex and interconnected system. It was described as a dynamic sto-

chastic object with uncontrolled disturbance. Experimental-statistical methods, were used to get the mathematical model alloeing to 

determine the fuel consumption impact on the vacuum on the left and right sides. Raw coal feeders rotational speed (fuel consumption) 

refers to the control actions in the process of steam generation.  

The developed model can be used for the prediction and management of underpressure in the combustion unit on the left and 

right sides. 

Keywords: furnace chamber, underpressure in furnace, stochastic model, identification, estimation, diagnostic check. 

 

ȼɜɟɞɟɧɢɟ 
ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɫɦɚɬ-

ɪɢɜɚɟɬɫɹ ɩɵɥɟɭɝɨɥɶɧɚɹ ɬɨɩɤɚ, ɜ ɤɨɬɨɪɭɸ ɩɨɞɚɟɬɫɹ 
ɩɨɞɨɝɪɟɬɚɹ ɭɝɨɥɶɧɚɹ ɩɵɥɶ ɢ ɜɨɡɞɭɯ. Ʉɨɫɜɟɧɧɵɦ 
ɩɚɪɚɦɟɬɪɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɬɟɩɥɨɜɵɞɟɥɟɧɢɟ 
ɫɝɨɪɚɟɦɨɣ ɩɵɥɢ ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɦɨɠɟɬ ɫɥɭɠɢɬɶ 
ɪɚɡɪɟɠɟɧɢɟ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ [1]. ɇɟɩɪɟɪɵɜɧɵɟ 
ɞɚɧɧɵɟ ɛɵɥɢ ɫɨɛɪɚɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ 
ɨ ɞɢɧɚɦɢɤɟ ɫɢɫɬɟɦɵ ɜ ɢɧɬɟɪɟɫɧɨɦ ɞɥɹ ɩɪɚɤɬɢɤɢ 
ɞɢɚɩɚɡɨɧɟ. ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɟɧɧɵɟ ɩɚ-
ɪɚɦɟɬɪɵ ɛɭɞɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɧɟɩɪɟɪɵɜɧɵɟ 
ɫɥɭɱɚɣɧɵɟ ɜɯɨɞɧɵɟ/ɜɵɯɨɞɧɵɟ ɪɹɞɵ. 

ɉɨɜɵɲɟɧɧɨɟ ɪɚɡɪɟɠɟɧɢɟ ɡɚ ɤɨɬɥɨɦ ɩɪɢɜɨ-
ɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɄɉȾ ɤɨɬɥɚ ɢ ɩɨɜɵɲɟɧɧɵɦ ɷɧɟɪ-
ɝɟɬɢɱɟɫɤɢɦ ɡɚɬɪɚɬɚɦ (ɧɚ ɩɢɬɚɧɢɟ ɞɵɦɨɫɨɫɨɜ), ɩɨ-
ɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ [2]. ɉɨɧɢ-
ɠɟɧɧɨɟ ɪɚɡɪɟɠɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɨɬɫɭɬɫɬɜɢɸ ɬɹɝɢ, 

ɜɵɛɪɨɫɭ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ ɩɨɦɟɳɟɧɢɟ ɤɨɬɟɥɶɧɨɣ [3]. 
Ɍɨɩɨɱɧɚɹ ɤɚɦɟɪɚ ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɫɶɦɚ ɫɥɨɠɧɭɸ ɢ ɜɡɚɢɦɨɫɜɹ-
ɡɚɧɧɭɸ ɫɢɫɬɟɦɭ. ȿɟ ɦɨɠɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ 
ɞɢɧɚɦɢɱɟɫɤɢɣ ɫɬɨɯɚɫɬɢɱɟɫɤɢɣ ɨɛɴɟɤɬ ɫ ɧɟɢɡɦɟɪɹ-
ɟɦɵɦɢ ɜɨɡɦɭɳɚɸɳɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ [4]. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɜɵ-
ɛɪɚɧ ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ ȻɄɁ-420-140-6, ɨɛɨɪɭɞɨ-
ɜɚɧɧɵɣ ɱɟɬɵɪɶɦɹ ɩɵɥɟɩɪɢɝɨɬɨɜɢɬɟɥɶɧɵɦɢ ɭɫɬɚ-
ɧɨɜɤɚɦɢ. 

Ⱦɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ  
ɜ ɬɨɩɤɟ ɬɪɟɛɭɟɬɫɹ ɢɡɭɱɢɬɶ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ  ɱɚɫɬɨ-
ɬɵ ɜɪɚɳɟɧɢɹ ɩɢɬɚɬɟɥɟɣ ɫɵɪɨɝɨ ɭɝɥɹ (ɉɋɍ) ɧɚ ɪɚɡ-
ɪɟɠɟɧɢɟ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɜ ɬɨɩɨɱɧɨɣ ɤɚɦɟɪɟ. ɂɡ-
ɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɉɋɍ ɦɨɠɟɬ ɨɬɧɨɫɢɬɶ-
ɫɹ ɤɚɤ ɢ ɤ ɭɩɪɚɜɥɹɸɳɢɦ, ɬɚɤ ɢ ɜɨɡɦɭɳɚɸɳɢɦ ɜɨɡ-
ɞɟɣɫɬɜɢɹɦ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɨɜɚɧɢɣ ɫɢɫɬɟɦɵ 


