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Ⱥɧɧɨɬɚɰɢɹ 

 

ɇɚ ɜɵɩɭɫɤɧɭɸ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɭɸ ɪɚɛɨɬɭ Ƚɚɛɢɞɭɥɥɢɧɚ Ɋɚɦɢɫɚ 

Ɋɚɦɚɡɚɧɨɜɢɱɚ, ɜɵɩɨɥɧɟɧɧɭɸ ɧɚ ɬɟɦɭ: «ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ 

ɩɟɪɟɪɚɛɨɬɤɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ». 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɫɨɞɟɪɠɢɬ ɩɨɹɫɧɢɬɟɥɶɧɭɸ ɡɚɩɢɫɤɭ ɧɚ 

65 ɥɢɫɬɚɯ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, ɜɤɥɸɱɚɸɳɭɸ 1 ɬɚɛɥɢɰɭ, β1 ɪɢɫɭɧɤɨɜ. 

Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɢɫɨɤ ɫɨɞɟɪɠɢɬ ββ ɧɚɢɦɟɧɨɜɚɧɢɣ. Ƚɪɚɮɢɱɟɫɤɚɹ ɱɚɫɬɶ 

ɩɪɨɟɤɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ 6 ɥɢɫɬɚɯ ɮɨɪɦɚɬɚ Ⱥ1. 

ɉɟɪɜɵɣ ɪɚɡɞɟɥ ɪɚɛɨɬɵ ɫɨɞɟɪɠɢɬ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ɩɨ 

ɦɟɬɚɧɨɜɨɦɭ ɛɪɨɠɟɧɢɸ, ɤɭɥɶɬɢɜɢɪɨɜɚɧɢɸ ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ, ɫɜɨɣɫɬɜɚɦ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ, ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɨɪɝɚɧɢɱɟɫɤɢɦ ɭɞɨɛɪɟɧɢɹɦ ɢ ɫɩɨɫɨɛɚɦ ɢɯ 

ɩɨɥɭɱɟɧɢɹ ɢɡ ɠɢɞɤɨɝɨ ɨɬɯɨɞɚ. Ɉɩɢɫɚɧɵ ɢɡɜɟɫɬɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɚɧɚɷɪɨɛɧɨɣ 

ɩɟɪɟɪɚɛɨɬɤɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ ɫ ɩɨɥɭɱɟɧɢɟɦ ɛɢɨɝɚɡɚ. 

ȼɨ ɜɬɨɪɨɦ ɪɚɡɞɟɥɟ ɩɪɢɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɛɢɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ 

ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɞɥɹ ɚɧɚɷɪɨɛɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɠɢɞɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɨɬɯɨɞɨɜ: ɪɚɫɱɟɬ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɬɚɤ 

ɠɟ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɪɚɡɪɚɛɨɬɤɢ ɢ ɫɩɨɫɨɛɵ ɩɟɪɜɢɱɧɨɣ ɨɱɢɫɬɤɢ 

ɛɢɨɝɚɡɚ ɨɬ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ. 

ȼ ɬɪɟɬɶɟɦ ɪɚɡɞɟɥɟ ɩɪɢɜɟɞɟɧ ɜɵɛɨɪ ɢ ɨɛɨɫɧɨɜɚɧɢɹ ɬɟɦɵ. ɍɫɬɚɧɨɜɤɢ 

ɫɨɱɟɬɚɸɬ ɜ ɫɟɛɟ ɨɫɧɨɜɧɵɟ ɞɨɫɬɨɢɧɫɬɜɚ ɢɡɜɟɫɬɧɵɯ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ 

ɬɟɯɧɨɥɨɝɢɣ. Ɋɚɡɪɚɛɨɬɚɧɚ ɩɟɪɟɞɜɢɠɧɚɹ ɛɢɨɝɚɡɨɜɚɹ ɭɫɬɚɧɨɜɤɚ. Ɋɚɡɪɚɛɨɬɚɧɵ 

ɦɟɪɨɩɪɢɹɬɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ ɩɪɢ ɪɚɛɨɬɟ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ. Ɋɚɫɫɱɢɬɚɧɵ 

ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɞɥɚɝɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɛɢɨɝɚɡɨɜɨɣ 

ɭɫɬɚɧɨɜɤɢ. 

Ɋɚɛɨɬɚ ɡɚɜɟɪɲɚɟɬɫɹ ɜɵɜɨɞɨɦ. 

 

  



 

ANNOTATION 

On the thesis Gabidullin Ramis Ramazanovich, who completed his thesis on the 

topic: "Improving the technology of processing of organic waste with the development 

of the design of a biogas plant." 

The thesis contains an explanatory note on 65 sheets of typewritten text, including 

1 table, 21 figures. The bibliographic list contains 22 names. The graphic part of the 

project is made on 6 sheets of A1 format. 

The first section of the thesis contains an analytical review of the literature on 

methane fermentation, the cultivation of microorganisms, the properties of organic 

waste, the requirements for organic fertilizers and methods for their preparation from 

liquid waste. The known technologies of anaerobic processing of organic waste with 

biogas production are described. 

The second section presents the calculations of biogas plants of periodic action 

for anaerobic processing of liquid organic waste: calculation of design and 

technological parameters, heat balance as well as the formulation of the design 

development problem and methods of primary purification of biogas from harmful 

impurities. 

The third section provides a selection and justification of the topic. The plants 

combine the main advantages of the currently known technologies. A mobile biogas 

plant was developed. Measures of safety of work at work with a design are developed. 

The technical and economic parameters of the proposed design of the biogas plant are 

calculated. 

The work ends with the output. 

  



 

ȼȼȿȾȿɇɂȿ 

 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɢɫɤɨɩɚɟɦɨɝɨ ɬɨɩɥɢɜɚ ɢ ɜɥɢɹɧɢɟ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ 

ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɢɧɢɰɢɢɪɨɜɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 

ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɢɡ ɛɢɨɪɟɫɭɪɫɨɜ. Ʉɨɥɢɱɟɫɬɜɨ ɜɵɛɪɨɫɨɜ 

ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ ɜ ɚɬɦɨɫɮɟɪɭ ɪɚɫɬɟɬ, ɩɪɢ ɷɬɨɦ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ 

ɹɜɥɹɟɬɫɹ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɢɪɨɜɨɣ ɫɩɪɨɫ ɧɚ ɷɧɟɪɝɢɸ 

ɫɬɪɟɦɢɬɟɥɶɧɨ ɪɚɫɬɟɬ. ɉɪɢɦɟɪɧɨ 88% ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɷɧɟɪɝɢɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɡ ɢɫɤɨɩɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. ɋ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞɚ 

ɩɪɢɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ, ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɫɬɪɟɦɢɬɟɥɶɧɨ ɪɚɡɜɢɜɚɟɬɫɹ 

ɚɥɶɬɟɪɧɚɬɢɜɧɚɹ ɷɧɟɪɝɟɬɢɤɚ. ɉɪɢɦɟɧɟɧɢɟ ɤɨɧɤɪɟɬɧɨɝɨ ɜɢɞɚ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ 

ɬɨɩɥɢɜɚ ɡɚɜɢɫɢɬ ɨɬ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. Ƚɚɡɢɮɢɤɚɰɢɹ 

ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɫɜɹɡɚɧɚ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɮɢɧɚɧɫɨɜɵɦɢ 

ɡɚɬɪɚɬɚɦɢ, ɫɜɹɡɚɧɧɵɦɢ ɫɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɝɚɡɨɩɪɨɜɨɞɨɜ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ 

ɝɚɡɨɪɟɝɭɥɹɬɨɪɧɵɦɢ ɩɭɧɤɬɚɦɢ. Ɍɚɤ ɠɟ ɠɢɜɨɬɧɨɜɨɞɫɬɜɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɨɫɧɨɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɨɜ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ ɜ ɚɬɦɨɫɮɟɪɭ. Ɇɟɬɚɧ ɢ ɡɚɤɢɫɶ 

ɚɡɨɬɚ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɨɠɟɧɢɹ ɛɢɨɦɚɫɫɵ ɧɚ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɢ 

ɩɬɢɰɟɜɨɞɱɟɫɤɢɯ ɮɟɪɦɚɯ ɩɪɢ ɟɟ ɯɪɚɧɟɧɢɢ ɢɥɢ ɩɟɪɟɪɚɛɨɬɤɟ ɜ ɫɢɫɬɟɦɚɯ, 

ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɣ. 

ȼ ɷɬɨɦ ɤɨɧɬɟɤɫɬɟ ɛɢɨɝɚɡ, ɩɨɥɭɱɚɟɦɵɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɨɠɟɧɢɹ 

ɨɬɯɨɞɨɜ, ɦɨɠɟɬ ɢɝɪɚɬɶ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɛɭɞɭɳɟɦ ɩɪɢ 

ɝɚɡɢɮɢɤɚɰɢɢ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɮɟɪɦ. 

 

  



 

1 ɅɂɌȿɊȺɌɍɊɇɈ - ɉȺɌȿɇɌɇɕɃ ɈȻɁɈɊ 

1.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɛɢɨɝɚɡɟ 

 

ȼ ɬɚɤɨɣ ɨɬɪɚɫɥɢ ɤɚɤ ɠɢɜɨɬɧɨɜɨɞɫɬɜɨ ɫɭɳɟɫɬɜɭɟɬ ɫɟɪɶɟɡɧɚɹ ɩɪɨɛɥɟɦɚ 

- ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ ɮɟɪɦ. ɀɢɜɨɬɧɨɜɨɞɫɬɜɨ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 

ɨɫɧɨɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɜɵɛɪɨɫɨɜ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ ɜ ɚɬɦɨɫɮɟɪɭ. ɇɚ 

ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɮɟɪɦɚɯ ɡɚɝɪɹɡɧɟɧɢɟ ɚɬɦɨɫɮɟɪɵ ɩɪɨɢɫɯɨɞɢɬ ɨɬ ɞɜɭɯ 

ɢɫɬɨɱɧɢɤɨɜ. ɉɟɪɜɵɦ ɢɫɬɨɱɧɢɤɨɦ ɡɚɝɪɹɡɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɤɢɲɟɱɧɚɹ ɮɟɪɦɟɧɬɚɰɢɹ 

ɠɢɜɨɬɧɵɯ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɜ ɚɬɦɨɫɮɟɪɭ ɩɨɫɬɭɩɚɟɬ ɦɟɬɚɧ (ɋH4). 

ȼɬɨɪɵɦ ɢɫɬɨɱɧɢɤɨɦ ɜɵɛɪɨɫɨɜ ɦɟɬɚɧɚ ɢ ɡɚɤɢɫɢ ɚɡɨɬɚ (N2O) ɹɜɥɹɸɬɫɹ 

ɫɢɫɬɟɦɵ ɭɛɨɪɤɢ ɢ ɯɪɚɧɟɧɢɹ ɛɢɨɦɚɫɫɵ Д1,β,3]. 

Ɇɟɬɚɧ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɨɠɟɧɢɹ ɛɢɨɦɚɫɫɵ ɧɚ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɢ 

ɩɬɢɰɟɜɨɞɱɟɫɤɢɯ ɮɟɪɦɚɯ ɩɪɢ ɟɟ ɯɪɚɧɟɧɢɢ ɢɥɢ ɩɟɪɟɪɚɛɨɬɤɟ ɜ ɫɢɫɬɟɦɚɯ, 

ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɣ. 

ɉɨ ɞɚɧɧɵɦ ɨɪɝɚɧɢɡɚɰɢɢ Global Methane Initiative ɦɢɪɨɜɨɣ ɨɛɴɟɦ 

ɜɵɛɪɨɫɨɜ ɦɟɬɚɧɚ ɫɨɫɬɚɜɥɹɟɬ 243,95 ɦɥɧ. ɬ ɷɤɜɢɜɚɥɟɧɬɚ CO2 ɡɚ 2010 ɝɨɞ ɢɡ 

ɨɬɯɨɞɨɜ ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɵɛɪɨɫɨɜ ɨɬ ɨɬɯɨɞɨɜ 

ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɮɟɪɦ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɭɥɚɜɥɢɜɚɧɢɹ 

ɜɵɞɟɥɹɸɳɢɯɫɹ ɩɚɪɧɢɤɨɜɵɯ ɝɚɡɨɜ. 

ȼ ɚɫɩɟɤɬɟ ɭɞɨɪɨɠɚɧɢɹ ɞɨɛɵɱɢ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɩɪɢɪɨɞɧɵɯ 

ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɢ ɧɟɮɬɶ, ɪɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ 

ɩɪɢɨɛɪɟɬɚɟɬ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ, ɬɚɤ ɤɚɤ ɨɪɝɚɧɢɱɟɫɤɢɟ ɨɬɯɨɞɵ ɮɟɪɦ 

ɹɜɥɹɸɬɫɹ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɫɵɪɶɟɦ ɞɥɹ ɛɢɨɬɟɯɧɨɥɨɝɢɣ. Ȼɢɨɬɟɯɧɨɥɨɝɢɢ 

ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ ɪɚɡɥɨɠɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ 

(Ɉȼ) ɫ ɞɚɥɶɧɟɣɲɢɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɛɢɨɬɨɩɥɢɜɚ (ɛɢɨɝɚɡɚ). Ȼɢɨɝɚɡ ɫɨɞɟɪɠɢɬ ɜ 

ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɦɟɬɚɧ 40-60%, ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ 30-60%, ɢ ɧɟɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɨɪɨɞɚ ɞɨ 1% ɢ ɫɟɪɨɜɨɞɨɪɨɞɚ - ɞɨ 3%. ɉɨɫɥɟ ɨɱɢɫɬɤɢ ɨɬ 

ɩɪɢɦɟɫɟɣ ɞɨ ɫɨɫɬɨɹɧɢɹ ɛɢɨɦɟɬɚɧɚ, ɢɦ ɦɨɠɧɨ ɱɚɫɬɢɱɧɨ ɡɚɦɟɧɢɬɶ ɩɪɢɪɨɞɧɵɣ 

ɝɚɡ, ɛɟɡ ɩɟɪɟɧɚɫɬɪɨɣɤɢ ɝɚɡɨɫɠɢɝɚɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ [3,4]. 
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1.2 Ⱥɧɚɥɢɡ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢ ɡɚɪɭɛɟɠɧɨɝɨ ɨɩɵɬɚ ɩɪɢɦɟɧɟɧɢɹ 
ɛɢɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ 

 

Ɍɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɛɢɨɝɚɡɚ ɩɭɬɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɨɬɯɨɞɨɜ (ɛɢɨɦɚɫɫɵ) ɜ ɚɧɚɷɪɨɛɧɨɝɨ ɭɫɥɨɜɢɹɯ, ɞɚɜɧɨ ɢɡɜɟɫɬɧɚ ɱɟɥɨɜɟɱɟɫɬɜɭ. 

Ɉɧɚ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɪɹɞɟ ɫɬɪɚɧ ɫ ɪɚɡɜɢɬɨɣ ɫɮɟɪɨɣ ɫɟɥɶɫɤɨɝɨ 

ɯɨɡɹɣɫɬɜɚ. ɋɒȺ, ȿɋ, Ʉɢɬɚɣ, ɂɧɞɢɹ, Ȼɪɚɡɢɥɢɹ ɹɜɥɹɸɬɫɹ ɥɢɞɟɪɚɦɢ ɩɨ 

ɩɪɨɢɡɜɨɞɫɬɜɭ ɛɢɨɝɚɡɚ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ 

ɡɚɧɢɦɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɦɟɫɬɨ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɛɚɥɚɧɫɟ ɫɬɪɚɧ ɦɢɪɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ, ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɫ 

ɩɨɦɨɳɶɸ ɚɧɚɷɪɨɛɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɛɢɨɦɚɫɫɵ, ɜ ȿɜɪɨɩɟ ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɜ 

ɨɫɧɨɜɧɨɦ ɜ Ⱥɜɫɬɪɢɢ, Ɏɢɧɥɹɧɞɢɢ, Ƚɟɪɦɚɧɢɢ, Ⱦɚɧɢɢ ɢ ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ. 

Ƚɟɪɦɚɧɢɹ ɹɜɥɹɟɬɫɹ ɥɢɞɟɪɨɦ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɛɢɨɝɚɡɚ ɜ ȿɜɪɨɩɟ. ȼ 

Ƚɟɪɦɚɧɢɢ ɜ 1992 ɝɨɞɭ ɧɚɫɱɢɬɵɜɚɥɨɫɶ 139 ɛɢɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɚ ɜ 

ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɪɚɛɨɬɚɟɬ ɛɨɥɟɟ 7000 ɛɨɥɶɲɢɯ ɭɫɬɚɧɨɜɨɤ ɚɧɚɷɪɨɛɧɨɝɨ 

ɫɛɪɚɠɢɜɚɧɢɹ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɨɬɯɨɞɨɜ. Ʉɪɭɩɧɟɣɲɚɹ ɛɢɨɝɚɡɨɜɚɹ 

ɭɫɬɚɧɨɜɤɚ (ȻȽɍ) ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɸɝɟ Ƚɟɪɦɚɧɢɢ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɟɪɟɪɚɛɚɬɵɜɚɬɶ 

ɞɨ 120 ɬ ɨɬɯɨɞɨɜ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɨɣ ɮɟɪɦɵ ɜ ɦɟɫɹɰ. ɉɥɨɳɚɞɶ, ɡɚɧɢɦɚɟɦɚɹ 

ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ ɫɨɫɬɚɜɥɹɟɬ 3 ɝɚ. Ʉɨɪɩɭɫ ɦɟɬɚɧɬɟɧɤɚ ɜɵɩɨɥɧɟɧ ɢɡ 

ɤɢɫɥɨɬɨɫɬɨɣɤɨɝɨ ɠɟɥɟɡɨɛɟɬɨɧɚ ɞɢɚɦɟɬɪɨɦ 15 ɦ ɢ ɜɵɫɨɬɨɣ 6 ɦ. 

ɉɨɥɭɱɚɟɦɵɣ ɛɢɨɝɚɡ ɫɠɢɝɚɸɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɬɵ 

[10, 12]. 

ȼ ɫɟɥɶɫɤɢɯ ɪɚɣɨɧɚɯ Ʉɢɬɚɹ ɜ 2006 ɝɨɞɭ ɞɟɣɫɬɜɨɜɚɥɨ 17 ɦɥɧ. 

ɛɢɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɡɚɦɟɧɹɬɶ ɨɤɨɥɨ 10 ɦɥɧ. ɬ ɭɫɥɨɜɧɨɝɨ 

ɬɨɩɥɢɜɚ, ɩɪɢ ɷɬɨɦ ɛɨɥɟɟ 50 ɦɢɥɥɢɨɧɨɜ ɱɟɥɨɜɟɤ ɩɨɥɶɡɭɸɬɫɹ ɛɢɨɝɚɡɨɦ ɜ 

ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ. Ɍɢɩɢɱɧɚɹ ȻȽɍ ɢɦɟɟɬ ɨɛɴɟɦ ɪɟɚɤɬɨɪɚ ɨɤɨɥɨ 6-8 ɦ3, 

ɩɪɨɢɡɜɨɞɢɬ 300 ɬɵɫ. ɦ3 ɛɢɨɝɚɡɚ ɜ ɝɨɞ, ɪɚɛɨɬɚɹ ɟɠɟɝɨɞɧɨ ɨɬ 3 ɞɨ 8 ɦɟɫɹɰɟɜ, 

ɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɜɢɧɰɢɢ, ɫɬɨɢɬ ɨɤɨɥɨ $β00-250. Ȼɨɥɶɲɢɧɫɬɜɨ ɭɫɬɚɧɨɜɨɤ 

ɨɱɟɧɶ ɩɪɨɫɬɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚ ɞɨɫɬɢɱɶ ɤ 2020 ɝɨɞɭ 
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ɭɪɨɜɧɹ 25 ɦɥɪɞ. ɦ3 ɛɢɨɝɚɡɚ ɜ ɝɨɞ, ɱɬɨ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɟɫɩɟɱɢɬɶ ɢɦ ɞɨ γ00 

ɦɥɧ. ɱɟɥɨɜɟɤ. 

ɇɚ ɍɤɪɚɢɧɟ ɫɭɳɟɫɬɜɭɸɬ ɟɞɢɧɢɱɧɵɟ ɩɪɢɦɟɪɵ ɜɧɟɞɪɟɧɢɹ 

ɛɢɨɝɚɡɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɉɟɪɜɚɹ ɢɡ ɧɵɧɟ ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɨɬɯɨɞɚɯ 

ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ ȻȽɍ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɬɢɩɚ, ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɜ 1993 ɝ. ɧɚ 

ɫɜɢɧɨɮɟɪɦɟ (8000-10000 ɩɨɝɨɥɨɜɶɹ) ɤɨɦɛɢɧɚɬɚ «Ɂɚɩɨɪɨɠɫɬɚɥɶ» ɜ ɝ. Ɂɚɩɨɪɨɠɶɟ 

ɩɨ ɬɟɯɧɨɥɨɝɢɹɦ BТРКНКЧLЭН (Ⱦɚɧɢɹ). Ɉɛɴɟɦ ɪɟɚɤɬɨɪɚ ɫɨɫɬɚɜɥɹɟɬ 595 ɦ3
, 

ɩɪɢɧɹɬɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ – ɦɟɡɨɮɢɥɶɧɵɣ. 

ɇɚ ɫɜɢɧɨɮɟɪɦɟ ɫ ɩɨɝɨɥɨɜɶɟɦ 15000 ɫɜɢɧɟɣ ɤɨɪɩɨɪɚɰɢɢ Ⱥɝɪɨ-Ɉɜɟɧ, 

ȿɥɟɧɨɜɤɚ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɣ ɨɛɥɚɫɬɢ, ɩɨɫɬɪɨɟɧɚ ȻȽɍ ɤɨɦɩɚɧɢɢ Biomass 

Technology GrouЩ (Ƚɨɥɥɚɧɞɢɹ) ɜ 2003 ɝɨɞɭ. ȻȽɍ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 

ɪɟɚɤɬɨɪɨɜ ɨɛɴɟɦɨɦ 1000 ɦ3 ɤɚɠɞɵɣ. ɉɭɬɟɦ ɤɨɝɟɧɟɪɚɰɢɢ ɩɨɥɭɱɚɟɦɨɝɨ 

ɛɢɨɝɚɡɚ ɩɪɨɢɡɜɨɞɢɬɫɹ 180 ɤȼɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȼ β009 ɝɨɞɭ ɡɚɩɭɳɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ȻȽɍ, ɩɨɫɬɪɨɟɧɧɚɹ ɩɨ ɬɟɯɧɨɥɨɝɢɢ 

ɧɟɦɟɰɤɨɣ ɤɨɦɩɚɧɢɢ LIPP ɞɥɹ ɫ/ɯ ɤɨɦɩɚɧɢɢ «ɗɥɢɬɚ», ɩɝɬ. Ɍɟɪɟɡɢɧɨ, Ʉɢɟɜɫɤɨɣ 

ɨɛɥɚɫɬɢ ɫ ɩɨɝɨɥɨɜɶɟɦ 1000 ɝɨɥɨɜ. Ɉɛɴɟɦ ɆɌ ɫɨɫɬɚɜɥɹɟɬ 1500 ɦ3 ɪɚɛɨɬɚɸɳɟɝɨ 

ɩɪɢ ɦɟɡɨɮɢɥɶɧɨɦ ɪɟɠɢɦɟ, ɦɨɳɧɨɫɬɶɸ ɭɫɬɚɧɨɜɤɢ β50 ɤȼɬ. 

Ɉɞɧɨɣ ɢɡ ɜɟɞɭɳɢɯ ɤɨɦɩɚɧɢɟɣ ɧɚ ɍɤɪɚɢɧɟ ɡɚɧɢɦɚɸɳɢɯɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ ɛɢɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɹɜɥɹɟɬɫɹ «Ɂɨɪɝ Ȼɢɨɝɚɡ ɍɤɪɚɢɧɚ». ȼ β009 

ɝɨɞɭ ɡɚɩɭɳɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ȻȽɍ ɧɚ ɮɟɪɦɟ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ (ɄɊɋ) 

«ɍɆɄ», ɫ. ȼ. Ʉɪɭɩɨɥɶ, Ʉɢɟɜɫɤɚɹ ɨɛɥ. ɫ ɩɨɝɨɥɨɜɶɟɦ 6000 ɝɨɥɨɜ ɄɊɋ, 

ɩɟɪɟɪɚɛɚɬɵɜɚɸɳɚɹ ɧɚɜɨɡ ɄɊɋ ɢ ɫɢɥɨɫ ɤɭɤɭɪɭɡɵ ɜ ɬɪɟɯ ɪɟɚɤɬɨɪɚɯ ɨɛɴɟɦɨɦ β400 

ɦ3 ɤɚɠɞɵɣ ɢ ɨɞɢɧ - 1000 ɦ3. Ɇɨɳɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɫɨɫɬɚɜɥɹɟɬ 955 ɤȼɬ Д15,16Ж. 

ɇɚ 2013 ɝɨɞ ɷɬɨɣ ɤɨɦɩɚɧɢɟɣ ɡɚɩɭɳɟɧɨ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 4 

ɛɢɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɤɢ, ɬɪɢ ɢɡ ɤɨɬɨɪɵɯ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɛɨɬɵ ɫ ɨɬɯɨɞɚɦɢ 

ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɮɟɪɦ. Ɉɞɧɢɦ ɢɡ ɤɪɭɩɧɟɣɲɢɯ ɨɛɴɟɤɬɨɜ ɷɬɨɣ ɤɨɦɩɚɧɢɢ 

ɹɜɥɹɟɬɫɹ. ȻȽɍ ɩɨɫɬɪɨɟɧɧɚɹ ɜ ɫ. ɉɨɞɝɨɪɨɞɧɨɟ Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɨɣ 

ɨɛɥɚɫɬɢ ɧɚ ɛɚɡɟ ɚɝɪɨɯɨɥɞɢɧɝɚ «Ⱦɟɦɢɫ Ⱥɝɪɨ» ɫɜɢɧɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ 

ɦɨɳɧɨɫɬɶɸ 125 ɤȼɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ [17]. 

ȼ Ɋɨɫɫɢɢ ɩɟɪɜɵɣ ɪɟɚɤɬɨɪ ɛɵɥ ɡɚɩɭɳɟɧ ɜ 2009 ɝɨɞɭ ɜ ɞɟɪɟɜɧɟ 
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Ⱦɨɲɢɧɨ Ʉɚɥɭɠɫɤɨɣ ɨɛɥɚɫɬɢ. ɉɨɡɞɧɟɟ ɜ Ȼɟɥɝɨɪɨɞɫɤɨɣ ɨɛɥɚɫɬɢ ɡɚɩɭɫɬɢɥɢ 

ɛɢɨɝɚɡɨɜɵɟ ɫɬɚɧɰɢɢ «Ȼɚɣɧɰɭɪɵ» ɧɚ ɛɚɡɟ ɫɜɢɧɨɜɨɞɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɚ ɡɚɬɟɦ 

«Ʌɭɱɤɢ» [18]. «Ʌɭɱɤɢ» ɹɜɥɹɟɬɫɹ ɩɟɪɜɨɣ ɜ Ɋɨɫɫɢɢ ɛɢɨɝɚɡɨɜɨɣ ɫɬɚɧɰɢɟɣ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɦɚɫɲɬɚɛɚ. ȼ ɢɸɧɟ 2012 ɝɨɞɚ ɩɟɪɟɞɚɥɚ ɜ ɫɟɬɶ ɩɟɪɜɭɸ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɚ ɜ ɢɸɥɟ β01β ɜɵɲɥɚ ɧɚ ɩɪɨɟɤɬɧɭɸ ɦɨɳɧɨɫɬɶ β,4 Ɇȼɬ [19, 

20]. 

ɋɪɟɞɢ ɤɪɭɩɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɛɢɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɜ Ɋɨɫɫɢɢ 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɤɨɦɩɚɧɢɢ: ɁȺɈ "ɐɟɧɬɪ ɗɤɨɊɨɫ", ɈɈɈ "Ƚɪɢɧɬɟɤ", ɈȺɈ 

"ȼɨɥɠɫɤɢɣ ɞɢɡɟɥɶ ɢɦɟɧɢ Ɇɚɦɢɧɵɯ", ɈɈɈ "Ɇɟɥɶɤɨɦɩɢɧɠɢɧɟɪɢɧɝ", 

ɈɈɈ "ɋɢɛɢɪɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɪɢɤɥɚɞɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ", ɁȺɈ "ɗɧɟɪɝ-

ɛɢɨɝɚɡ", ɈȺɈ "Ʉɨɧɰɟɪɧ ɄɈɇȺɌɗɆ", ɤɨɪɩɨɪɚɰɢɹ "ȻɢɨȽɚɡɗɧɟɪɝɨɋɬɪɨɣ" ɢ 

ɞɪ. ɉɪɨɞɭɤɰɢɹ ɤɨɪɩɨɪɚɰɢɢ «ȻɢɨȽɚɡɗɧɟɪɝɨɋɬɪɨɣ» ɢ ɫɟɝɨɞɧɹ ɜɩɨɥɧɟ 

ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɚ ɧɚ ɦɢɪɨɜɨɦ ɪɵɧɤɟ. Ɋɨɫɫɢɣɫɤɢɟ ɫɬɚɧɰɢɢ ɪɚɛɨɬɚɸɬ ɢ 

ɫɬɪɨɹɬɫɹ ɜ ɉɪɢɛɚɥɬɢɤɟ, ɂɡɪɚɢɥɟ, ɜ ɪɚɡɪɚɛɨɬɤɟ ɧɟɫɤɨɥɶɤɨ ɩɪɨɟɤɬɨɜ ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ Ȼɟɥɚɪɭɫɢ. Ɍɟɯɧɨɥɨɝɢɢ ɤɨɪɩɨɪɚɰɢɢ «ȻɢɨȽɚɡɗɧɟɪɝɨɋɬɪɨɣ» 

ɩɪɢɫɩɨɫɨɛɥɟɧɵ ɤ ɪɚɛɨɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɨɬ +40 ºɋ ɞɨ -40 

ºɋ. ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ Ʉɨɪɩɨɪɚɰɢɹ «ȻɢɨȽɚɡɗɧɟɪɝɨɋɬɪɨɣ» ɪɟɚɥɢɡɭɟɬ 

ɤɨɦɩɥɟɤɫɧɵɣ ɩɪɨɟɤɬ ɩɨ ɜɧɟɞɪɟɧɢɸ ɛɢɨɝɚɡɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ 

ɪɨɫɫɢɣɫɤɢɯ ɪɟɝɢɨɧɚɯ ɢ ɫɬɪɚɧɚɯ ɋɇȽ. Ȼɵɥɢ ɩɨɞɩɢɫɚɧɵ ɩɪɨɬɨɤɨɥɵ ɢ 

ɫɨɝɥɚɲɟɧɢɹ ɫ ɪɭɤɨɜɨɞɫɬɜɨɦ 27-ɦɢ   ɪɟɝɢɨɧɨɜ Ɋɨɫɫɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ: Ȼɟɥɝɨɪɨɞɫɤɨɣ, 

ɇɢɠɟɝɨɪɨɞɫɤɨɣ, ɇɨɜɨɫɢɛɢɪɫɤɨɣ, Ɍɚɦɛɨɜɫɤɨɣ ɨɛɥɚɫɬɟɣ, ɋɬɚɜɪɨɩɨɥɶɫɤɨɝɨ 

ɤɪɚɹ, ȼɨɪɨɧɟɠɫɤɨɣ, Ɉɪɥɨɜɫɤɨɣ, Ɋɨɫɬɨɜɫɤɨɣ ɨɛɥɚɫɬɟɣ ɢ ɞɪɭɝɢɯ. ɗɬɢ 

ɫɨɝɥɚɲɟɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜ ɪɟɝɢɨɧɚɯ ɛɨɥɟɟ 50-ɬɢ 

ɛɢɨɷɧɟɪɝɨɫɬɚɧɰɢɣ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɫɵɪɶɟ ɠɢɜɨɬɧɨɜɨɞɫɬɜɚ, ɪɚɫɬɟɧɢɟɜɨɞɫɬɜɚ, ɚ 

ɬɚɤɠɟ ɫɨɡɞɚɧɢɟ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ ɧɚ ɛɚɡɟ ɨɱɢɫɬɧɵɯ ɫɨɨɪɭɠɟɧɢɣ ɝɨɪɨɞɫɤɨɝɨ 

ɜɨɞɨɤɚɧɚɥɚ (ɝ. Ȼɟɥɝɨɪɨɞ). ɉɥɚɧɢɪɭɟɦɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɣ 

ɫɬɚɧɰɢɣ ɫɨɫɬɚɜɢɬ ɨɬ 350 ɤȼɬ ɞɨ 10 Ɇȼɬ. ɋɭɦɦɚɪɧɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɣ 

ɩɪɟɜɵɫɢɬ 120 Ɇȼɬ. Ɉɧɢ ɩɨɞɬɜɟɪɠɞɟɧɵ ɜɫɟɦɢ ɧɟɨɛɯɨɞɢɦɵɦɢ 

ɫɟɪɬɢɮɢɤɚɬɚɦɢ ɢ ɥɢɰɟɧɡɢɹɦɢ, ɤɚɤ ɪɨɫɫɢɣɫɤɢɦɢ, ɬɚɤ ɢ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ 

[17-21]. 

http://www.altenergo.su/projects/biogas/
http://www.altenergo.su/projects/biogas/
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɬɪɚɧɚɯ ɋɇȽ ɜɨɡɪɨɫ ɢɧɬɟɪɟɫ ɤ ɩɨɥɭɱɟɧɢɸ 

ɷɧɟɪɝɢɢ ɢ ɛɢɨɭɞɨɛɪɟɧɢɣ ɩɭɬɟɦ ɩɟɪɟɪɚɛɨɬɤɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɨɬɯɨɞɨɜ. 

ɗɬɨɦɭ ɫɩɨɫɨɛɫɬɜɭɸɬ ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɢ ɭɞɨɛɪɟɧɢɣ, 

ɚ ɬɚɤɠɟ ɭɯɭɞɲɚɸɳɟɟɫɹ ɫɨɫɬɨɹɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɉɞɧɚɤɨ ɢɡ-ɡɚ ɧɢɡɤɨɣ 

ɢɧɮɨɪɦɢɪɨɜɚɧɧɨɫɬɢ ɮɟɪɦɟɪɨɜ ɨ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɭɬɹɯ ɜɧɟɞɪɟɧɢɹ 

ɛɢɨɝɚɡɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɨɣ ɧɚɱɚɥɶɧɨɣ ɫɬɨɢɦɨɫɬɢ ɛɢɨɝɚɡɨɜɵɯ 

ɭɫɬɚɧɨɜɨɤ, ɨɛɳɟɟ ɱɢɫɥɨ ɛɢɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɜ ɫɬɪɚɧɚɯ ɋɇȽ ɧɟ ɩɪɟɜɵɲɚɟɬ 

ɧɟɫɤɨɥɶɤɢɯ ɫɨɬɟɧ. 
 

1.3 ɍɫɬɪɨɣɫɬɜɨ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ 

 

Ɋɚɛɨɬɚ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɩɨɥɚɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ 

ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɢ ɫɜɟɞɟɧɢɟ ɤ ɦɢɧɢɦɭɦɭ ɡɚɬɪɚɬ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɬɪɭɞɚ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.1 

[8, 10]. Ɉɬɯɨɞɵ ɩɨɫɬɭɩɚɸɬ ɜ ɩɪɢɟɦɧɵɣ ɪɟɡɟɪɜɭɚɪ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɤɪɭɩɧɵɯ 

ɜɤɥɸɱɟɧɢɣ. ȼ ɧɟɦ ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɧɚɤɨɩɥɟɧɢɟ, 

ɝɨɦɨɝɟɧɢɡɚɰɢɹ, ɩɟɪɟɦɟɲɢɜɚɧɢɟ, ɨɫɚɠɞɟɧɢɟ ɢ ɭɞɚɥɟɧɢɟ ɬɹɠɟɥɵɯ ɮɪɚɤɰɢɣ. 

ɉɨɞɚɱɚ ɫɵɪɶɹ ɜ ɦɟɬɚɧɬɟɧɤ ɩɪɨɢɫɯɨɞɢɬ 1-2 ɪɚɡɚ ɜ ɫɭɬɤɢ ɫ ɩɨɦɨɳɶɸ 

ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɫɨɫɚ ɞɥɹ ɠɢɞɤɢɯ ɢ ɜɹɡɤɢɯ ɫɭɛɫɬɪɚɬɨɜ. ɆɌ ɹɜɥɹɟɬɫɹ 

ɨɫɧɨɜɨɣ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɛɪɚɠɢɜɚɧɢɟ 

ɛɢɨɦɚɫɫɵ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɛɢɨɝɚɡɚ. Ɋɟɚɤɬɨɪ ɹɜɥɹɟɬɫɹ ɝɚɡɨɧɟɩɪɨɧɢɰɚɟɦɵɦ, 

ɝɟɪɦɟɬɢɱɧɵɦ ɪɟɡɟɪɜɭɚɪɨɦ. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɫɬɚɛɢɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɜɧɭɬɪɢ ɦɟɬɚɧɬɟɧɤɚ ɨɛɨɪɭɞɭɟɬɫɹ ɫɢɫɬɟɦɚ ɨɛɨɝɪɟɜɚ (ɡɦɟɟɜɢɤ). ɋɭɛɫɬɪɚɬ 2 ɪɚɡɚ 

ɜ ɫɭɬɤɢ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɬɭɪɛɢɧɧɨɣ ɦɟɲɚɥɤɢ. ȼɵɝɪɭɡɤɚ 

ɫɛɪɨɠɟɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ ɩɪɨɢɫɯɨɞɢɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɬɚɤɨɣ ɠɟ ɩɟɪɢɨɞɢɱɧɨɫɬɶɸ, 

ɤɚɤ ɢ ɡɚɝɪɭɡɤɚ. 
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1 - ɩɪɢɟɦɧɵɣ ɪɟɡɟɪɜɭɚɪ, 2 - ɦɟɬɚɧɬɟɧɤ, 3 - ɧɚɫɨɫ, 4 - ɬɭɪɛɢɧɧɚɹ ɦɟɲɚɥɤɚ,  

5 - ɡɦɟɟɜɢɤ, 6 - ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɤɢ, 7 - ɝɚɡɝɨɥɶɞɟɪ, 8 - ɝɚɡɨɩɪɨɜɨɞ, 9 - ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ 

ɨɬɜɨɞɚ ɤɨɧɞɟɧɫɚɬɚ, 10 - ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ, 11 - ɫɬɚɧɰɢɹ ɨɱɢɫɬɤɢ ɛɢɨɝɚɡɚ,  

12 - ɤɨɦɩɪɟɫɫɨɪ, 13 - ɬɟɩɥɨɝɟɧɟɪɢɪɭɸɳɚɹ ɭɫɬɚɧɨɜɤɚ, 14 - ɟɦɤɨɫɬɶ ɞɥɹ ɫɛɨɪɚ 

ɫɛɪɨɠɟɧɧɨɣ ɛɢɨɦɚɫɫɵ, 15 - ɫɟɩɚɪɚɬɨɪɧɚɹ, 16 - ɲɧɟɤɨɜɵɣ ɛɚɪɚɛɚɧɧɵɣ ɫɟɩɚɪɚɬɨɪ,  

17 - ɟɦɤɨɫɬɶ ɞɥɹ ɬɜɟɪɞɨɣ ɮɪɚɤɰɢɢ, 18 - ɟɦɤɨɫɬɶ ɞɥɹ ɠɢɞɤɨɣ ɮɪɚɤɰɢɢ 

 

Ɋɢɫɭɧɨɤ 1.1 - ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ 
 
 

ɍɩɪɚɜɥɟɧɢɟ ɪɚɛɨɬɨɣ ɜɫɟɣ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨ 

ɤɨɦɚɧɞɚɦ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɤɢ. ɉɨɥɭɱɚɟɦɵɣ ɛɢɨɝɚɡ ɫɨɛɢɪɚɟɬɫɹ ɜ 

ɝɚɡɝɨɥɶɞɟɪ. Ƚɚɡɝɨɥɶɞɟɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɟɦɤɨɫɬɶ, ɜɵɩɨɥɧɹɸɳɢɣ 

ɮɭɧɤɰɢɸ ɚɤɤɭɦɭɥɢɪɨɜɚɧɢɹ ɝɚɡɚ. Ɉɬɜɟɞɟɧɢɟ ɛɢɨɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨ 

ɝɚɡɨɩɪɨɜɨɞɭ, ɤɨɬɨɪɵɣ ɨɫɧɚɳɟɧ ɭɫɬɪɨɣɫɬɜɚɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɬɜɨɞɚ 

ɤɨɧɞɟɧɫɚɬɚ ɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɡɚɳɢɳɚɸɳɢɦɢ 

ɝɚɡɝɨɥɶɞɟɪ ɨɬ ɩɪɟɜɵɲɟɧɢɹ ɞɨɩɭɫɬɢɦɨɝɨ ɞɚɜɥɟɧɢɹ. ɂɡ ɝɚɡɝɨɥɶɞɟɪɚ ɢɞɟɬ 

ɧɟɩɪɟɪɵɜɧɚɹ ɩɨɞɚɱɚ ɛɢɨɝɚɡɚ ɧɚ ɫɬɚɧɰɢɸ ɨɱɢɫɬɤɢ ɛɢɨɝɚɡɚ (ɋɈȻ) ɢ ɞɚɥɟɟ 

ɱɟɪɟɡ ȽɊɉ, ɫ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɩɨɜɵɲɚɸɳɢɦ ɞɚɜɥɟɧɢɟ, ɧɚ ɤɨɬɟɥɶɧɭɸ. 
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ɉɟɪɟɪɚɛɨɬɚɧɧɵɣ ɫɭɛɫɬɪɚɬ ɩɨɞɚɟɬɫɹ ɧɚ ɦɟɯɚɧɢɱɟɫɤɨɟ ɪɚɡɞɟɥɟɧɢɟ ɜ 

ɲɧɟɤɨɜɵɣ ɛɚɪɚɛɚɧ-ɫɟɩɚɪɚɬɨɪ. ɋɢɫɬɟɦɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ 

ɪɚɡɞɟɥɹɟɬ ɦɚɫɫɭ ɧɚ ɬɜɟɪɞɭɸ (ɨɛɟɡɜɨɠɟɧɧɵɣ ɲɥɚɦ) ɢ ɠɢɞɤɭɸ (ɮɭɝɚɬ) 

ɮɪɚɤɰɢɢ. Ɉɛɟɡɜɨɠɟɧɧɵɣ ɲɥɚɦ ɧɟ ɢɦɟɟɬ ɡɚɩɚɯɚ, ɧɟ ɫɨɞɟɪɠɢɬ ɩɚɬɨɝɟɧɧɭɸ 

ɦɢɤɪɨɮɥɨɪɭ ɢ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦ, ɨɛɟɡɡɚɪɚɠɟɧɧɵɦ, 

ɞɟɡɨɞɨɪɢɪɨɜɚɧɧɵɦ ɨɪɝɚɧɢɱɟɫɤɢɦ ɭɞɨɛɪɟɧɢɟɦ, ɩɪɢɝɨɞɧɵɦ ɞɥɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɜɧɟɫɟɧɢɹ ɜ ɩɨɱɜɭ. Ɏɭɝɚɬ – ɨɛɟɡɡɚɪɚɠɟɧɧɚɹ, 

ɞɟɡɨɞɨɪɢɪɨɜɚɧɧɚɹ ɠɢɞɤɨɫɬɶ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɤɚɤ ɨɪɝɚɧɢɱɟɫɤɚɹ ɩɨɞɤɨɪɦɤɚ ɞɥɹ 

ɩɨɥɢɜɚ ɢɥɢ ɨɪɨɲɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɤɭɥɶɬɭɪ Д1, β6,27,28]. 

Ⱥɜɬɨɦɚɬɢɤɚ, ɭɩɪɚɜɥɹɸɳɚɹ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ, ɤɨɧɬɪɨɥɢɪɭɟɬ 

ɪɚɛɨɬɭ ɧɚɫɨɫɨɜ, ɦɟɲɚɥɤɢ, ɫɢɫɬɟɦɵ ɩɨɞɨɝɪɟɜɚ, ɝɚɡɨɜɨɣ ɚɜɬɨɦɚɬɢɤɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɝɚɡɚ ɜ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɬɨɩɥɢɜɚ ɜɨɡɦɨɠɧɨ 

ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɱɢɫɬɤɢ ɛɢɨɝɚɡɚ ɨɬ ɜɨɞɵ, ɫɟɪɨɜɨɞɨɪɨɞɚ ɢ ɞɢɨɤɫɢɞɚ 

ɭɝɥɟɪɨɞɚ Д1, 4,  8]. 

ɉɨɫɤɨɥɶɤɭ ɛɢɨɝɚɡ ɧɚɫɵɳɟɧ ɜɥɚɝɨɣ, ɧɟɨɛɯɨɞɢɦɨ ɟɝɨ ɨɯɥɚɠɞɟɧɢɟ ɜ 

ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɦ ɤɨɥɨɞɰɟ. ɉɨɫɥɟ ɷɬɨɝɨ ɛɢɨɝɚɡ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɢ ɫɨɞɟɪɠɚɧɢɟ 

ɜɥɚɝɢ ɜ ɧɟɦ ɭɦɟɧɶɲɚɟɬɫɹ. ɋɨɞɟɪɠɚɳɢɣɫɹ ɜ ɛɢɨɝɚɡɟ ɫɟɪɨɜɨɞɨɪɨɞ, ɫɦɟɲɢɜɚɹɫɶ 

ɫ ɜɨɞɨɣ, ɨɛɪɚɡɭɟɬ ɤɢɫɥɨɬɭ, ɜɵɡɵɜɚɸɳɭɸ ɤɨɪɪɨɡɢɸ ɦɟɬɚɥɥɚ. ɇɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɨɱɢɫɬɤɢ ɨɬ ɫɟɪɨɜɨɞɨɪɨɞɚ ɹɜɥɹɟɬɫɹ ɫɭɯɚɹ ɨɱɢɫɬɤɚ ɜ 

ɫɩɟɰɢɚɥɶɧɨɦ ɮɢɥɶɬɪɟ. ȼ ɤɚɱɟɫɬɜɟ ɞɟɫɭɥɶɮɭɪɢɡɚɬɨɪɚ ɩɪɢɦɟɧɹɸɬɫɹ 

ɪɚɡɥɢɱɧɵɟ ɚɛɫɨɪɛɟɧɬɵ. Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɦɨɠɟɬ ɛɵɬɶ ɨɬɞɟɥɟɧ ɩɭɬɟɦ 

ɜɩɢɬɵɜɚɧɢɹ ɜ ɢɡɜɟɫɬɤɨɜɨɟ ɦɨɥɨɤɨ. ɍɝɥɟɤɢɫɥɨɬɚ ɫɚɦɚ ɩɨ ɫɟɛɟ ɹɜɥɹɟɬɫɹ 

ɰɟɧɧɵɦ ɩɪɨɞɭɤɬɨɦ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɪɚɡɥɢɱɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜɚɯ. 

ɉɨɥɭɱɚɟɦɵɦ ɛɢɨɝɚɡɨɦ ɦɨɠɧɨ ɱɚɫɬɢɱɧɨ ɡɚɦɟɧɢɬɶ ɩɪɢɪɨɞɧɵɣ ɝɚɡ, 

ɪɚɫɯɨɞɭɟɦɵɣ ɧɚ ɧɭɠɞɵ ɮɟɪɦɟɪɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ. ɇɚ ɧɚɝɪɟɜ ɆɌ 

ɪɚɫɯɨɞɭɟɬɫɹ ɩɨɥɭɱɚɟɦɨɝɨ ɛɢɨɝɚɡɚ ɞɨ 10% ɥɟɬɨɦ ɢ ɞɨ β0% ɡɢɦɨɣ. 
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1.4 Ⱥɧɚɥɢɡ ɤɨɧɫɬɪɭɤɰɢɣ ɦɟɬɚɧɬɟɧɤɨɜ ɢ ɬɟɯɧɨɥɨɝɢɢ ɚɧɚɷɪɨɛɧɨɣ 

ɩɟɪɟɪɚɛɨɬɤɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɮɟɪɦ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɛɢɨɝɚɡɚ 

 

1.4.1 Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɪɚɡɥɨɠɟɧɢɹ ɛɢɨɦɚɫɫɵ ɩɪɢ 

ɨɛɪɚɡɨɜɚɧɢɢ ɛɢɨɝɚɡɚ 

 

Ɋɚɰɢɨɧɚɥɶɧɵɦ ɩɭɬɟɦ ɭɬɢɥɢɡɚɰɢɢ ɨɬɯɨɞɨɜ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ ɮɟɪɦ 

ɹɜɥɹɟɬɫɹ ɚɧɚɷɪɨɛɧɨɟ ɫɛɪɚɠɢɜɚɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɨɛɟɡɜɪɟɠɢɜɚɧɢɟ ɛɢɨɦɚɫɫɵ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɛɢɨɝɚɡɚ. 

Ɉɫɧɨɜɧɵɦ ɭɡɥɨɦ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹɟɬɫɹ ɦɟɬɚɧɬɟɧɤ, ɜ 

ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɚɧɚɷɪɨɛɧɨɟ ɫɛɪɚɠɢɜɚɧɢɟ ɛɢɨɦɚɫɫɵ, ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɟ ɟɟ ɢ 

ɨɛɪɚɡɨɜɚɧɢɟ ɛɢɨɝɚɡɚ. 

Ɋɚɡɥɨɠɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɜɟɳɟɫɬɜɚ (Ɉȼ) ɜ ɦɟɬɚɧɬɟɧɤɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɫɥɨɠɧɵɣ ɚɧɚɷɪɨɛɧɵɣ ɩɪɨɰɟɫɫ. ȼ ɩɪɨɰɟɫɫɟ ɫɛɪɚɠɢɜɚɧɢɹ ɫɥɨɠɧɵɟ Ɉȼ 

ɪɚɡɥɚɝɚɸɬɫɹ ɧɚ ɛɨɥɟɟ ɩɪɨɫɬɵɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɛɪɚɠɢɜɚɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɛɢɨɝɚɡ ɢ 

ɨɛɟɡɜɪɟɠɟɧɧɚɹ ɨɪɝɚɧɢɱɟɫɤɚɹ ɦɚɫɫɚ. ɋɛɪɨɠɟɧɧɚɹ ɛɢɨɦɚɫɫɚ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɤɚɱɟɫɬɜɟɧɧɨɟ ɨɪɝɚɧɢɱɟɫɤɨɟ ɭɞɨɛɪɟɧɢɟ. 

ɉɪɨɰɟɫɫ ɫɛɪɚɠɢɜɚɧɢɹ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 4 ɷɬɚɩɚ, ɜ ɤɚɠɞɨɦ ɢɡ 

ɤɨɬɨɪɵɯ ɭɱɚɫɬɜɭɸɬ ɪɚɡɧɵɟ ɝɪɭɩɩɵ ɛɚɤɬɟɪɢɣ Д1, 20]. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɚɷɪɨɛɧɵɟ ɛɚɤɬɟɪɢɢ ɩɪɟɨɛɪɚɡɭɸɬ 

ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɭɛɫɬɚɧɰɢɢ (ɛɟɥɨɤ, ɭɝɥɟɜɨɞɵ, ɠɢɪɵ, 

ɰɟɥɥɸɥɨɡɭ) ɜ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɬɚɤɢɟ ɤɚɤ ɫɚɯɚɪ, ɚɦɢɧɨɤɢɫɥɨɬɵ, 

ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɢ ɜɨɞɭ. Ƚɢɞɪɨɥɢɡ ɩɪɨɬɟɤɚɟɬ ɦɟɞɥɟɧɧɟɟ. ɇɚ ɩɪɨɰɟɫɫ 

ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɭɪɨɜɟɧɶ ɪɇ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɛɪɚɠɢɜɚɧɢɹ. Ɉɩɬɢɦɚɥɶɧɵɣ 

ɭɪɨɜɟɧɶ ɪɇ ɫɨɫɬɚɜɥɹɟɬ 7. ɋɯɟɦɚɬɢɱɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛɢɨɯɢɦɢɱɟɫɤɢɯ 

ɪɟɚɤɰɢɣ ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɫɛɪɚɠɢɜɚɧɢɹ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1.2. 
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Ɋɢɫɭɧɨɤ 1.β - Ȼɢɨɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɩɪɨɰɟɫɫɚ ɪɚɡɥɨɠɟɧɢɹ ɛɢɨɦɚɫɫɵ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤ ɪɚɛɨɬɟ ɪɟɚɤɬɨɪ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, 

ɨɫɧɨɜɧɵɟ ɢɡ ɤɨɬɨɪɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ, ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɢ ɞɪ. 

 

1.4.2 Ʉɨɧɫɬɪɭɤɰɢɢ ɦɟɬɚɧɬɟɧɤɨɜ ɞɥɹ ɫɛɪɚɠɢɜɚɧɢɹ ɨɬɯɨɞɨɜ ɛɢɨɦɚɫɫɵ 

 

Ɉɞɧɚɤɨ ɢɡ-ɡɚ ɬɪɭɞɧɨɫɬɟɣ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɪɭɩɧɵɟ ɭɫɬɚɧɨɜɤɢ ɞɟɥɚɸɬɫɹ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢɡ ɛɟɬɨɧɚ ɢɥɢ ɦɟɬɚɥɥɚ (ɪɢɫɭɧɨɤ 1.γ). 

 
Ɋɢɫɭɧɨɤ 1.γ - Ɇɟɬɚɧɬɟɧɤ 

 

ɉɨ ɮɨɪɦɟ ɪɚɡɥɢɱɚɸɬ ɪɟɚɤɬɨɪɨɜ: ɹɣɰɟɨɛɪɚɡɧɵɟ, ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ, 

ɲɚɪɨɨɛɪɚɡɧɵɟ, ɬɪɚɧɲɟɣɧɵɟ, ɤɭɛɢɱɟɫɤɢɟ ɢ ɞɪ. ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ 
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ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɪɟɡɟɪɜɭɚɪɚ ɫ ɤɨɧɭɫɧɨɣ ɜɟɪɯɧɟɣ ɢɥɢ ɧɢɠɧɟɣ ɱɚɫɬɶɸ (ɪɢɫɭɧɨɤ 

ɛ) ɹɜɥɹɸɬɫɹ: ɧɚɥɢɱɢɟ ɧɟɛɨɥɶɲɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ ɝɚɡɚ, 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɥɚɜɚɸɳɟɣ ɤɨɪɤɢ ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɨɛɴɟɦɟ, ɨɛɟɫɩɟɱɟɧɢɟ ɯɨɪɨɲɟɝɨ 

ɨɬɜɨɞɚ ɲɥɚɦɚ. Ɋɟɡɟɪɜɭɚɪɵ ɬɚɤɨɣ ɮɨɪɦɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɨɦɦɭɧɚɥɶɧɵɯ 

ɭɫɬɚɧɨɜɤɚɯ ɞɥɹ ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ. ɐɢɥɢɧɞɪɢɱɟɫɤɢɣ ɪɟɡɟɪɜɭɚɪ (ɪɢɫɭɧɨɤ ɜ) ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɡɟɪɜɭɚɪɚɦɢ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɮɨɪɦ ɫɨɡɞɚɟɬ ɯɭɞɲɢɟ ɭɫɥɨɜɢɹ ɞɥɹ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɭɛɫɬɪɚɬɚ ɢ ɢɡ-ɡɚ ɛɨɥɶɲɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɫɪɟɞ ɬɪɟɛɭɟɬ 

ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɡɚɬɪɚɬ ɧɚ ɭɞɚɥɟɧɢɟ ɨɫɚɞɤɚ ɢ ɪɚɡɪɭɲɟɧɢɟ ɩɥɚɜɚɸɳɟɣ ɤɨɪɤɢ, ɱɬɨ 

ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɯɨɞɚ ɷɧɟɪɝɢɢ ɧɚ ɩɟɪɟɦɟɲɢɜɚɧɢɟ. Ʉ ɟɝɨ 

ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɭɸ ɬɟɯɧɨɥɨɝɢɸ 

ɢɡɝɨɬɨɜɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɸɳɭɸ ɨɩɵɬ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɟɦɤɨɫɬɟɣ ɞɥɹ 

ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɰɟɥɟɣ. ɐɢɥɢɧɞɪɢɱɟɫɤɢɣ ɪɟɡɟɪɜɭɚɪ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 

ɞɜɟ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɤɚɦɟɪ (ɪɢɫɭɧɨɤ ɝ). ɉɪɢ ɬɚɤɨɣ ɤɨɦɩɨɧɨɜɤɟ ɧɟ ɬɨɥɶɤɨ ɨɬɩɚɞɚɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɧɚɪɭɠɧɵɯ ɫɬɟɧɨɤ ɪɟɡɟɪɜɭɚɪɚ, ɧɨ ɢ ɭɥɭɱɲɚɟɬɫɹ 

ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɦɟɠɞɭ ɨɛɟɢɦɢ ɤɚɦɟɪɚɦɢ ɱɟɪɟɡ ɩɟɪɟɝɨɪɨɞɤɭ, ɜɵɩɨɥɧɟɧɧɭɸ ɢɡ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɝɨ ɧɚɝɪɟɜɚɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ. Ȼɢɨɪɟɚɤɬɨɪ ɦɨɠɟɬ ɛɵɬɶ 

ɤɭɛɢɱɟɫɤɨɣ ɮɨɪɦɵ (ɪɢɫɭɧɨɤ ɞ). Ɍɚɤɨɣ ɪɟɚɤɬɨɪ ɦɨɠɧɨ ɬɚɤɠɟ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ 

ɱɚɫɬɢ: ɝɥɚɜɧɭɸ ɛɪɨɞɢɥɶɧɭɸ ɤɚɦɟɪɭ ɢ ɤɚɦɟɪɭ ɞɥɹ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɷɬɚɩɚ 

ɫɛɪɚɠɢɜɚɧɢɹ ɢ ɨɫɭɠɞɟɧɢɹ ɲɥɚɦɚ. 
 

1.5 Ɏɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɫɛɪɚɠɢɜɚɧɢɹ 

ɛɢɨɦɚɫɫɵ ɜ ɦɟɬɚɧɬɟɧɤɟ 

 
Ɇɟɬɚɧɨɝɟɧɧɵɟ ɛɚɤɬɟɪɢɢ ɹɜɥɹɸɬɫɹ ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ 

ɚɧɚɷɪɨɛɚɦɢ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɫɬɪɨɝɨ ɫɨɛɥɸɞɚɬɶ ɬɟɯɧɨɥɨɝɢɸ 

ɩɨɥɭɱɟɧɢɹ ɛɢɨɝɚɡɚ ɜ ɚɧɚɷɪɨɛɧɵɯ ɭɫɥɨɜɢɹɯ. Ⱥɤɬɢɜɧɨɫɬɶ ɨɛɦɟɧɚ ɜɟɳɟɫɬɜ ɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɟɬɚɧɚ ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɫɭɛɫɬɪɚɬɚ, 

ɩɨɞɞɟɪɠɢɜɚɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɟɟ ɤɨɥɟɛɚɧɢɣ, ɫɪɨɤɚ ɜɵɞɟɪɠɤɢ, 

ɜɥɚɠɧɨɫɬɢ, ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɭɛɫɬɪɚɬɚ.  

ɉɪɨɢɡɜɨɞɫɬɜɨ ɛɢɨɝɚɡɚ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɲɢɪɨɤɨɦ 
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ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ, ɤɨɬɨɪɵɣ 

ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜ ɪɟɚɤɬɨɪɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ, ɪɚɡɥɢɱɚɸɬ ɬɪɢ ɪɟɠɢɦɚ 

ɫɛɪɚɠɢɜɚɧɢɹ: ɩɫɢɯɪɨɮɢɥɶɧɵɣ (10 – β0ºC), ɦɟɡɨɮɢɥɶɧɵɣ (γ0 – 45ºC), 

ɬɟɪɦɨɮɢɥɶɧɵɣ (50 – 65ºC). 

ɋɬɟɩɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɛɚɤɬɟɪɢɣ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɜɢɫɢɬ 

ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɫɛɪɚɠɢɜɚɧɢɟ 

ɛɢɨɦɚɫɫɵ. 

ȼ ɩɪɨɰɟɫɫɟ ɫɛɪɚɠɢɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɞɨɩɭɫɬɢɦɵ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɩɪɟɞɟɥɚɯ: ɩɫɢɯɨɮɢɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ: ± β°C ɜ ɱɚɫ; ɦɟɡɨɮɢɥɶɧɵɣ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ: ± 1°C ɜ ɱɚɫ; ɬɟɪɦɨɮɢɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ: 

±0,5°C ɜ ɱɚɫ Д4]. 

Ȼɨɥɶɲɢɧɫɬɜɨ ɭɫɬɚɧɨɜɨɤ ɪɚɛɨɬɚɸɬ ɜ ɦɟɡɨɮɢɥɶɧɨɦ ɪɟɠɢɦɟ ɫ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɛɪɚɠɢɜɚɧɢɹ 40ºC. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɨ 

ɪɚɡɜɢɜɚɸɬɫɹ ɦɟɬɚɧɨɝɟɧɧɵɟ ɛɚɤɬɟɪɢɢ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɛɢɨɝɚɡɚ. 

ɋ ɰɟɥɶɸ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 

ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ, ɫɦɨɧɬɢɪɨɜɚɧɧɵɟ ɜɧɭɬɪɢ ɪɟɚɤɬɨɪɚ. Ɋɚɡɥɢɱɚɸɬ 

ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɧɚɝɪɟɜɚ ɫɭɛɫɬɪɚɬɚ: ɬɚɤɢɟ ɤɚɤ ɧɚɝɪɟɜ ɝɨɪɹɱɟɣ 

ɜɨɞɨɣ ɱɟɪɟɡ ɁɆ, ɷɥɟɤɬɪɨɧɚɝɪɟɜ, ɧɚɝɪɟɜ ɩɚɪɨɦ. Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ 

ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɬɨɢɬ ɢɡ ɤɨɥɢɱɟɫɬɜɚ 

ɬɟɩɥɨɬɵ ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɧɚɝɪɟɜ ɫɜɟɠɟɣ ɩɨɪɰɢɢ ɛɢɨɦɚɫɫɵ ɢ ɧɚ ɤɨɦɩɟɧɫɚɰɢɸ 

ɬɟɩɥɨɩɨɬɟɪɶ [18]. 

Ɉɞɧɢɦ ɢɡ ɭɫɥɨɜɢɣ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɛɢɨɦɚɫɫɵ ɜ 

ɛɢɨɪɟɚɤɬɨɪɟ ɹɜɥɹɟɬɫɹ ɦɚɫɫɨɨɛɦɟɧ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ 

ɫɭɛɫɬɪɚɬɚ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɧɟɨɛɯɨɞɢɦɨ 

ɩɟɪɟɞ ɡɚɝɪɭɡɤɨɣ ɜ ɦɟɬɚɧɬɟɧɤ ɢɡɦɟɥɶɱɢɬɶ ɛɢɨɦɚɫɫɭ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ 

ɫɜɟɠɟɣ ɛɢɨɦɚɫɫɟ ɫɨɞɟɪɠɢɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɵɪɶɹ ɪɚɫɬɢɬɟɥɶɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɉɟɪɟɞ ɩɨɞɚɱɟɣ ɫɵɪɶɹ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ 

ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɬɶ, ɢ ɞɥɹ ɷɬɨɝɨ ɧɚɜɨɡɨɫɛɨɪɧɢɤɢ ɠɢɜɨɬɧɨɜɨɞɱɟɫɤɢɯ 

ɮɟɪɦ ɨɛɨɪɭɞɨɜɚɧɵ ɭɫɬɪɨɣɫɬɜɚɦɢ ɞɥɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɨɫɚɞɤɚ ɢ ɝɨɦɨɝɟɧɢɡɚɰɢɢ 

ɧɚɜɨɡɚ [1]. 
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Ɋɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɞɨɫɬɢɝɚɟɬɫɹ 

ɩɭɬɟɦ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɛɢɨɦɚɫɫɵ. 

Ɋɚɡɥɢɱɚɸɬ ɦɟɯɚɧɢɱɟɫɤɨɟ, ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɢ ɛɚɪɛɨɬɚɠ. 

Ⱦɥɹ ɪɟɚɤɬɨɪɨɜ ɦɚɥɵɯ ɨɛɴɟɦɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɟ ɦɟɲɚɥɤɢ 

ɫ ɪɭɱɧɵɦ ɩɪɢɜɨɞɨɦ. 

Ɍɚɤ ɠɟ ɨɞɧɨɣ ɢɡ ɡɚɞɚɱ ɦɟɲɚɥɤɢ ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ 

ɤɨɪɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɛɪɚɠɢɜɚɟɦɨɣ ɦɚɫɫɵ (ɋɆ) ɢ ɜɵɩɚɞɟɧɢɹ ɨɫɚɞɤɚ ɜ ɜɢɞɟ 

ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɋɆ. 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɦɟɬɚɧɨɜɨɟ ɛɪɨɠɟɧɢɟ, 

ɹɜɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ ɭɝɥɟɪɨɞɚ (C) ɢ ɚɡɨɬɚ (N) ɜ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɦ 

ɫɵɪɶɟ. ɇɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɭɝɥɟɪɨɞɚ ɢ ɚɡɨɬɚ ɞɥɹ 

ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɣ ɤɨɧɜɟɪɫɢɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜ ȻȽ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɡɧɚɱɟɧɢɸ ɋ:N = 10…16. ȿɫɥɢ ɫɨɨɬɧɨɲɟɧɢɟ C/N ɱɪɟɡɦɟɪɧɨ ɜɟɥɢɤɨ, ɬɨ 

ɧɟɞɨɫɬɚɬɨɤ ɚɡɨɬɚ ɛɭɞɟɬ ɫɥɭɠɢɬɶ ɮɚɤɬɨɪɨɦ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɩɪɨɰɟɫɫ 

ɦɟɬɚɧɨɜɨɝɨ ɛɪɨɠɟɧɢɹ. ȿɫɥɢ ɠɟ ɷɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɫɥɢɲɤɨɦ ɦɚɥɨ, ɬɨ 

ɨɛɪɚɡɭɟɬɫɹ ɬɚɤɨɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɦɦɢɚɤɚ, ɱɬɨ ɨɧ ɫɬɚɧɨɜɢɬɫɹ ɬɨɤɫɢɱɧɵɦ 

ɞɥɹ ɛɚɤɬɟɪɢɣ Д4]. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɨɰɟɫɫ ɫɛɪɚɠɢɜɚɧɢɹ ɜ ɦɟɬɚɧɬɟɧɤ ɩɪɨɬɟɤɚɥ 

ɪɚɜɧɨɦɟɪɧɨ, ɜ ɧɟɦ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ [1, 4]: 

- ɪɇ = 6,0 - 7,5; 
 

- ɫɨɞОɪɠɚɧɢɟ ɠɢɪɧɵɯ ɥɟɬɭɱɢɯ ɤɢɫɥɨɬ γ - 8 ɦɝ ɷɤɜ/ɥ; - ɫɨɞОɪɠɚɧɢɟ ɳɟɥɨɱɟɣ 

70 - 76 ɦɝ ɷɤɜ/ɥ; 

- ɫɨɞОɪɠɚɧɢɟ ɚɦɦɨɧɢɣɧɵɯ ɫɨɥɟɣ ɚɡɨɬɚ 500 - 600 ɦɝ/ɥ; 
 

- ɩɨɞɞОɪɠɚɧɢɟ ɬɟɦɩОɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ. 
 

Ⱦɥɹ ɷɬɨɝɨ ɩɨɞɚɱɭ ɢ ɜɵɝɪɭɡɤɭ Шɫɚɞɤɚ ɜ ɦɟɬɚɧɬɟɧɤɟ ɜ ɬОɱɟɧɢɟ ɫɭɬɨɤ 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɩɨɥɧɹɬɶ ɪɚɜɧɨɦОɪɧɨ (ɩɪɹɦɨɬɨɱɧɚɹ ɫɯɟɦɚ ɷɤɫɩɥɭɚɬɚɰɢɢ). ɌОɦ 

ɧɟ ɦɟɧɟɟ, ɜ ɨɛɳɟɦ ɩɥɚɧɟ, ɦeɬɚɧɬɟɧɤɢ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɜ ɪОɠɢɦɚɯ: 

- ɩОɪɢɨɞɢɱɟɫɤɨɦ; - ɧОɩɪɟɪɵɜɧɨɦ; 

- ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɦ (ɩɪɢ ɡɚɝɪɭɡɤɟ ɢ ɜɵɝɪɭɡɤɟ ɫɛɪɚɡɢɜɚɟɦɨɣ ɦɚɫɫɵ 
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(ɋɆ) ɱɟɪɟɡ ɤɨɪɨɬɤɢɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ). 

Ɍɜɟɪɞɵɟ ɱɚɫɬɢɰɵ ɛɢɨɦɚɫɫɵ ɨɛɪɚɡɭɸɬ ɨɫɚɞɨɤ, ɚ ɛɨɥɟɟ ɥɟɝɤɢɟ 

ɦɚɬɟɪɢɚɥɵ ɩɨɞɧɢɦɚɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɫɵɪɶɹ ɢ ɨɛɪɚɡɭɸɬ ɤɨɪɤɭ. ɗɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɝɚɡɨɨɛɪɚɡɨɜɚɧɢɹ. ɉɟɪɟɞ ɡɚɝɪɭɡɤɨɣ ɛɢɨɦɚɫɫɵ ɜ 

ɦɟɬɚɧɬɟɧɤ ɧɟɨɛɯɨɞɢɦɨ ɟɟ ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɬɶ ɢ ɫɬɪɟɦɢɬɶɫɹ ɤ ɨɬɫɭɬɫɬɜɢɸ 

ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɜ ɫɵɪɶɟ. 

ȼɥɚɠɧɨɫɬɶ ɫɭɛɫɬɪɚɬɚ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɩɪɨɰɟɫɫɟ ɫɛɪɚɠɢɜɚɧɢɹ. 

Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ ɫɬɚɛɢɥɶɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ 

ɛɚɤɬɟɪɢɣ ɜɥɚɠɧɨɫɬɶ ɛɢɨɦɚɫɫɵ ɞɨɥɠɧɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ 85-95%. 

Ɋɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜ ɦɟɬɚɧɬɟɧɤɟ ɢɝɪɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ 

ɨɛɪɚɡɨɜɚɧɢɢ ɛɢɨɝɚɡɚ, ɩɨɷɬɨɦɭ ɛɨɥɶɲɢɧɫɬɜɨ ɪɚɛɨɬɚɸɬ ɩɪɢ ɞɚɜɥɟɧɢɢ, 

ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɳɢɟ ɚɬɦɨɫɮɟɪɧɨɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɫɬɢɠɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɨɝɨ 

ɛɢɨɝɚɡɚ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɜɫɟɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ, 

ɨɫɧɨɜɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɛɪɚɠɢɜɚɧɢɹ, ɪɟɠɢɦ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ, ɜɥɚɠɧɨɫɬɶ ɛɢɨɦɚɫɫɵ, ɞɥɢɬɟɥɶɧɨɫɬɶ ɫɛɪɚɠɢɜɚɧɢɹ. 

ɉɪɨɰɟɫɫ ɪɚɡɜɢɬɢɹ ɛɢɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɢɫɩɨɥɧɟɧɢɟ  ɦɟɬɚɧɬɟɧɤɚ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 

ɨɪɝɚɧɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɫɛɪɚɠɢɜɚɧɢɹ ɛɢɨɦɚɫɫɵ. 

Ɇɟɬɚɧɬɟɧɤ ɞɨɥɠɟɧ ɨɬɜɟɱɚɬɶ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ [19]: 

- ɩɪɨɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ; 

- ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɧɬɟɧɤ ɩɪɢ 

ɫɛɪɚɠɢɜɚɧɢɢ ɛɢɨɦɚɫɫɵ; 

- ɦɢɧɢɦɚɥɶɧɵɟ ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɱɟɪɟɡ 

ɧɚɪɭɠɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ; 

- ɫɨɛɥɸɞɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɫɛɪɚɠɢɜɚɧɢɹ; 
 

- ɩɪɨɫɬɨɬɚ ɡɚɝɪɭɡɤɢ ɫɜɟɠɟɣ ɛɢɨɦɚɫɫɵ ɢ ɜɵɝɪɭɡɤɢ ɫɛɪɨɠɟɧɧɨɝɨ ɫɭɛɫɬɪɚɬɚ; 

ɋɬɚɛɢɥɶɧɚɹ ɪɚɛɨɬɚ ɦɟɬɚɧɬɟɧɤ ɞɨɥɠɟɧ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɩɨɫɬɨɹɧɧɵɦ 

ɫɨɛɥɸɞɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɚɧɬɟɧɤ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
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ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɪɚɜɧɨɦɟɪɧɵɣ ɢ ɧɟɫɬɚɛɢɥɶɧɵɣ ɧɚɝɪɟɜ ɛɢɨɦɚɫɫɵ ɩɨ ɜɫɟɦɭ 

ɨɛɴɟɦɭ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜɨɡɧɢɤɚɟɬ ɧɟɩɪɨɝɪɟɜɚɟɦɵɣ ɫɥɨɣ ɛɢɨɦɚɫɫɵ ɜ 

ɧɢɠɧɟɣ ɱɚɫɬɢ ɦɟɬɚɧɬɟɧɤ ɢ ɩɟɪɟɝɪɟɜ ɟɟ ɜ ɨɛɥɚɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ. ɗɬɨ ɩɪɢɜɨɞɢɬ 

ɤ ɭɝɧɟɬɟɧɢɸ ɪɚɡɜɢɬɢɹ ɦɟɬɚɧɨɝɟɧɧɵɯ ɛɚɤɬɟɪɢɣ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɧɢɠɟɧɢɸ 

ɨɛɴɟɦɚ ɩɨɥɭɱɚɟɦɨɝɨ ɛɢɨɝɚɡɚ. ɉɨɷɬɨɦɭ ɜɨɡɧɢɤɚɟɬ ɢɧɬɟɪɟɫ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ ɢ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɪɦɨɫɬɚɛɢɥɢɡɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɦɟɬɚɧɬɟɧɤɟ. 

 
1.6 ɋɩɨɫɨɛɵ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɦɟɬɚɧɬɟɧɤɟ 

 

Ⱥɧɚɥɢɡ ɤɨɧɫɬɪɭɤɰɢɣ ɦɟɬɚɧɬɟɧɤɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɛɢɨɝɚɡɚ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɨɛɦɟɧ 

ɜ ɦɟɬɚɧɬɟɧɤɟ ɦɟɠɞɭ ɧɚɝɪɟɜɚɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ ɢ ɫɛɪɚɠɢɜɚɟɦɨɣ ɦɚɫɫɨɣ, 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɋɆ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ, ɚ ɬɚɤɠɟ 

ɬɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ ɧɚɪɭɠɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɆɌ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. 

ɗɬɢɦ ɜɨɩɪɨɫɨɦ ɡɚɧɢɦɚɥɢɫɶ ɬɚɤɢɟ ɭɱɟɧɵɟ ɤɚɤ Ƚ.ɋ. Ɋɚɬɭɲɧɹɤ, ȼ.ȼ. 

Ⱦɠɟɞɠɭɥɚ, Ʉ.ȼ. Ⱥɧɨɯɢɧɚ, Ⱦ.ȼ. Ʉɨɫɬɪɨɦɢɧ, ȼ.ɋ. ȼɨɯɦɢɧ, ɘ.ȼ. Ʉɚɪɚɟɜɚ, 

Ⱥ.Ⱥ. Ɂɟɦɥɹɧɤɚ, C.Ɇ. Ȼɢɪɤɢɧ, Ⱥ.Ƚ. Ʉɭɞɪɹɲɨɜɚ, Ⱥ.Ⱥ. ɑɟɪɧɵɲɨɜ, Ʌ.Ⱥ. 

Ʉɭɳɟɜ, Ⱦ.ɘ. ɋɭɫɥɨɜ, ɘ.ɉ. ɂɥɶɢɧ, ɘ.ɇ. ɋɢɞɵɝɚɧɨɜ, ȿ.Ɇ. Ɉɧɭɱɢɧ, 

ɇ.ɘ. Ʌɢɡɭɧɨɜ. 

Ȼɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ 

ɨɛɟɡɡɚɪɚɠɢɜɚɧɢɹ ɫɬɨɱɧɵɯ ɜɨɞ ɦɟɬɚɧɬɟɧɤɢ ɩɨɥɭɱɢɥɢ ɜ ɨɱɢɫɬɧɵɯ 

ɫɨɨɪɭɠɟɧɢɹɯ ɜɨɞɨɨɬɜɟɞɟɧɢɹ. ȼ ɞɚɧɧɵɯ ɫɨɨɪɭɠɟɧɢɹɯ, ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɣ 

ɩɪɚɤɬɢɤɟ, ɩɨɞɨɝɪɟɜ ɨɫɚɞɤɚ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɫɬɪɵɦ ɩɚɪɨɦ. ɉɚɪ 

ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 110…11βº ɋ ɩɨɞɚɟɬɫɹ ɜɨ ɜɫɚɫɵɜɚɸɳɭɸ 

ɬɪɭɛɭ ɧɚɫɨɫɨɦ ɩɪɢ ɩɨɞɚɱɟ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɨɫɚɞɤɚɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ 

ɦɟɬɚɧɬɟɧɤ ɱɟɪɟɡ ɩɚɪɨɜɨɣ ɢɧɠɟɤɬɨɪ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɞɨɝɪɟɜɚ ɋɆ ɢɦɟɟɬ ɪɹɞ 

ɧɟɞɨɫɬɚɬɤɨɜ. ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɬɜɟɪɫɬɢɹ ɩɚɪɨɜɩɭɫɤɧɵɯ ɬɪɭɛ 

ɢɧɠɟɤɬɨɪɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɭɦɟɧɶɲɚɸɬɫɹ ɢɡ-ɡɚ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚ ɧɢɯ 

ɫɨɥɟɣ ɨɬɥɨɠɟɧɢɣ. Ɍɚɤ ɠɟ ɩɪɢ ɜɧɟɡɚɩɧɨɦ ɫɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ 

ɩɚɪɨɩɪɨɜɨɞɹɳɟɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ ɨɫɚɞɨɤ ɢɡ ɦɟɬɚɧɬɟɧɤ ɦɨɠɟɬ 

ɩɨɩɚɫɬɶ ɜ ɩɚɪɨɩɪɨɜɨɞ ɢ ɜɵɡɜɚɬɶ ɚɜɚɪɢɸ. Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɩɪɢɦɟɧɟɧɢɹ 
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ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɧɚɝɪɟɜɚ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɚɪɚ, ɩɪɢɜɨɞɹɳɢɟ 

ɤ ɝɢɛɟɥɢ ɛɚɤɬɟɪɢɣ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɡɨɜɚɧɢɹ ɦɟɬɚɧɚ [3]. 

ȼ ɪɚɛɨɬɟ [59] ɩɪɟɞɥɨɠɟɧɚ ɫɯɟɦɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɩɥɨɨɛɦɟɧɚ ɜ 

ɦɟɬɚɧɬɟɧɤ ɫ ɥɨɩɚɫɬɧɨɣ ɦɟɲɚɥɤɨɣ ɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ (Ɋɢɫɭɧɨɤ 1.4). 

 

 
Ɋɢɫɭɧɨɤ 1.4 - Ȼɢɨɝɚɡɨɜɵɣ ɪɟɚɤɬɨɪ ɫ ɥɨɩɚɫɬɧɨɣ ɦɟɲɚɥɤɨɣ ɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ: 

 
1 - ɭɬɟɩɥɟɧɧɵɣ ɤɨɪɩɭɫ; 2 – ɥɨɩɚɫɬɧɚɹ ɦɟɲɚɥɤɚ; 3 – ɬɪɭɛɨɩɪɨɜɨɞ ɨɬɜɨɞɚ ɛɢɨɝɚɡɚ; 4 – 

ɩɨɞɚɸɳɢɣ ɬɪɭɛɨɩɪɨɜɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; 5 – ɨɛɪɚɬɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; Q1 – 

ɬɟɩɥɨɩɨɬɟɪɢ ɤɨɪɩɭɫɚ; Q2 – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɩɟɪɟɞɚɜɚɟɦɨɟ ɨɬ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɤ 

ɫɛɪɚɠɢɜɚɟɦɨɣ ɦɚɫɫɟ 

 

ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɚɜɬɨɪɨɦ ɫɯɟɦɟ ɛɢɨɝɚɡɨɜɨɝɨ ɪɟɚɤɬɨɪɚ 

ɢɫɫɥɟɞɨɜɚɥɢɫɶ. 

Ɉɫɨɛɟɧɧɨɫɬɢ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ. Ⱦɥɹ ɧɚɝɪɟɜɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɬɟɩɥɨɧɨɫɢɬɟɥɶ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚ ɜɯɨɞɟ 60°ɋ, ɤɨɬɨɪɵɣ ɩɪɨɬɟɤɚɟɬ ɜ 

ɬɪɭɛɨɩɪɨɜɨɞɚɯ 4 ɢ 5. ɉɟɪɟɦɟɲɢɜɚɧɢɟ ɫɭɛɫɬɪɚɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɥɨɩɚɫɬɧɨɣ 

ɦɟɲɚɥɤɨɣ 2. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɛɢɨɝɚɡɨɜɨɝɨ ɪɟɚɤɬɨɪɚ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ 

ɪɚɜɧɨɦɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɜɫɟɝɨ ɨɛɴɟɦɚ ɫɛɪɚɠɢɜɚɟɦɨɣ ɦɚɫɫɵ, ɬɚɤ ɤɚɤ 

ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɟɚɤɬɨɪɚ. ȼ 

ɩɟɪɢɨɞ, ɤɨɝɞɚ ɥɨɩɚɫɬɧɚɹ ɦɟɲɚɥɤɚ ɨɬɤɥɸɱɟɧɚ, ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɩɟɪɟɝɪɟɜ 

ɧɢɠɧɟɣ ɱɚɫɬɢ ɢ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɋɆ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɪɟɚɤɬɨɪɚ. 

ȼ ɪɚɛɨɬɟ [19] ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɧɫɬɪɭɤɰɢɸ 
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ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɝɨ ɬɢɩɚ ɫ ɬɪɟɯɫɟɤɰɢɨɧɧɵɦ ɦɟɬɚɧɬɟɧɤɨɦ, ɜ ɤɚɱɟɫɬɜɟ 

ɧɚɝɪɟɜɚɬɟɥɹ ɩɪɢɦɟɧɹɟɬɫɹ ɬɪɭɛɱɚɬɵɣ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.5. 

 

 
 
1 – ɬɪɟɯɫɬɚɞɢɣɧɵɣ ɆɌ; 2 – ɩɫɢɯɪɨɮɢɥɶɧɚɹ ɤɚɦɟɪɚ; 3 – ɦɟɡɨɮɢɥɶɧɚɹ ɤɚɦɟɪɚ;  

4 – ɬɟɪɦɨɮɢɥɶɧɚɹ ɤɚɦɟɪɚ; 5 - ɬɪɭɛɱɚɬɵɣ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ; 6 – ɧɚɫɨɫ ɩɨɞɚɱɢ 

ɛɢɨɦɚɫɫɵ; 7 – ɧɚɫɨɫ ɨɬɤɚɱɤɢ ɫɛɪɨɠɟɧɧɨɣ ɛɢɨɦɚɫɫɵ; 8 – ɩɟɪɟɦɟɲɢɜɚɸɳɢɟ 

ɭɫɬɪɨɣɫɬɜɚ; 9 – ɦɚɧɨɦɟɬɪ 

 

Ɋɢɫɭɧɨɤ 1.5 - ɋɯɟɦɚ ɛɢɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɬɪɟɯɫɬɚɞɢɣɧɵɦ ɦɟɬɚɧɬɟɧɤɨɦ 

 

ɍɫɬɚɧɨɜɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɟɯɫɬɚɞɢɣɧɵɣ ɦɟɬɚɧɬɟɧɤ 1, ɜ 

ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧ ɬɪɭɛɱɚɬɵɣ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ. 

ɋɵɪɶɟ ɡɚɝɪɭɠɚɟɬɫɹ ɱɟɪɟɡ ɩɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɜ ɤɪɚɣɧɸɸ ɡɨɧɭ 

ɪɟɚɤɬɨɪɚ ɢ ɞɚɥɟɟ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɬɟɪɦɨɮɢɥɶɧɭɸ ɤɚɦɟɪɭ 4, ɝɞɟ 

ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɦ 5. ɉɨɞɨɝɪɟɜɚɟɦɨɟ ɫɵɪɶɟ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ 

ɩɪɢ ɩɨɦɨɳɢ ɦɟɲɚɥɨɤ 8. Ⱦɚɜɥɟɧɢɟ ɜ ɦɟɬɚɧɬɟɧɤɟ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɦɚɧɨɦɟɬɪɚ 9. Ƚɚɡ ɨɬɛɢɪɚɟɬɫɹ ɲɥɚɧɝɚɦɢ ɜ ɝɚɡɝɨɥɶɞɟɪ. 

ȼ ɤɚɠɞɨɣ ɡɨɧɟ ɫɛɪɚɠɢɜɚɧɢɹ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɧɵɣ 

ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɵɪɚɛɨɬɤɭ ɝɚɡɚ. ɇɨ ɜ 

ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢɦɟɟɬɫɹ ɧɟɞɨɫɬɚɬɨɤ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɧɟɪɚɜɧɨɦɟɪɧɨɦ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɬɵ ɜɧɭɬɪɢ ɪɟɚɤɬɨɪɚ, ɱɬɨ ɜɟɞɟɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 

ɡɚɬɪɚɬɚɦ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɪɢ ɪɚɛɨɬɟ ɦɟɬɚɧɬɟɧɤɚ. 

ȼ ɪɚɛɨɬɟ [21] ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɪɟɞɥɨɠɟɧ ɤɨɧɜɟɤɬɢɜɧɨ-ɢɧɞɭɤɰɢɨɧɧɵɣ ɧɚɝɪɟɜ (Ɋɢɫɭɧɨɤ 1.6). 

 

Ɋɢɫɭɧɨɤ 1.6 - ɋɯɟɦɚ ɦɟɬɚɧɬɟɧɤɚ ɫ ɤɨɧɜɟɤɬɢɜɧɨ-ɢɧɞɭɤɰɢɨɧɧɵɣ ɧɚɝɪɟɜɨɦ 
 

ȼ ɪɚɛɨɬɟ [8] ɨɩɢɫɚɧ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɦɨɛɢɥɶɧɵɣ ɦɟɬɚɧɬɟɧɤ ɞɥɹ 

ɩɟɪɟɪɚɛɨɬɤɢ ɨɬɯɨɞɨɜ ɢ ɩɨɥɭɱɟɧɢɹ ɛɢɨɝɚɡɚ. Ȼɪɨɠɟɧɢɟ ɜ ɧɟɦ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɷɬɚɩɧɨ ɜ ɞɜɟ ɫɬɚɞɢɢ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɩɪɨɬɟɤɚɟɬ ɜ ɨɬɞɟɥɶɧɨɣ ɫɟɤɰɢɢ 

ɭɫɬɪɨɣɫɬɜɚ. 

ȼ ɪɟɚɤɬɨɪɚɯ ɫ ɪɚɡɞɟɥɟɧɢɹɦɢ ɧɚ ɫɟɤɰɢɢ ɫ ɪɚɡɥɢɱɧɵɦɢ 

ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɪɟɠɢɦɚɦɢ ɫɛɪɚɠɢɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɩɪɨɛɥɟɦɚɬɢɱɧɨ 

ɩɨɞɞɟɪɠɢɜɚɬɶ ɪɚɫɱёɬɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɚɠɞɨɣ ɡɨɧɟ. Ɍɚɤɠɟ ɭɱɢɬɵɜɚɹ 

ɬɨ, ɱɬɨ ɛɚɤɬɟɪɢɢ ɫɢɥɶɧɨ ɜɨɫɩɪɢɢɦɱɢɜɵ ɤ ɬɟɦɩɟɪɚɬɭɪɟ, ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ 

ɟɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɝɧɟɬɟɧɢɸ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɛɚɤɬɟɪɢɣ. ɇɚ ɩɪɚɤɬɢɤɟ 

ɛɨɥɶɲɢɧɫɬɜɨ ɭɫɬɚɧɨɜɨɤ ɪɚɛɨɬɚɸɬ ɜ ɨɞɧɨɦ ɡɚɞɚɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 

ɪɟɠɢɦɟ ɫɛɪɚɠɢɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɫɬɚɛɢɥɶɧɵɣ ɜɵɯɨɞ 

ɛɢɨɝɚɡɚ. 

ȼ ɪɚɛɨɬɟ [8] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɦɟɬɚɧɬɟɧɤ, ɜ ɤɨɬɨɪɨɦ 

ɧɚɝɪɟɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɪɭɛɚɲɤɭ. Ⱦɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɹɜɥɹɟɬɫɹ ɧɟ 
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ɷɮɮɟɤɬɢɜɧɨɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. Ɍɚɤ ɤɚɤ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɛɭɞɟɬ 

ɧɚɩɪɚɜɥɹɬɶɫɹ ɤɚɤ ɜ ɫɬɨɪɨɧɭ ɋɆ ɬɚɤ ɢ ɜ ɫɬɨɪɨɧɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɪɢ ɷɬɨɦ 

ɩɥɨɳɚɞɶ ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧɨɤ ɛɭɞɟɬ ɢɦɟɬɶ ɩɨɜɵɲɟɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɱɬɨ 

ɩɪɢɜɟɞɟɬ ɤ ɧɚɥɢɩɚɧɢɸ ɋɆ ɜɧɭɬɪɟɧɧɢɟ ɫɬɟɧɤɢ, ɚ ɬɚɤ ɠɟ ɤ ɭɝɧɟɬɟɧɢɸ 

ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɛɚɤɬɟɪɢɣ, ɱɬɨ ɛɭɞɟɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɭɦɟɧɶɲɟɧɢɟɦ 

ɜɵɯɨɞɚ ɛɢɨɝɚɡɚ. ɑɟɪɟɡ ɧɚɪɭɠɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɟɸɳɟɣ ɪɭɛɚɲɤɢ 

ɭɜɟɥɢɱɚɬɫɹ ɬɟɩɥɨɩɨɬɟɪɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɍɱɢɬɵɜɚɹ ɷɬɨɬ ɮɚɤɬ, ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɟɣ ɪɚɫɩɨɥɚɝɚɬɶ ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ 

ɜɧɭɬɪɢ ɦɟɬɚɧɬɟɧɤɚ. 

ȼ ɪɚɛɨɬɚɯ [13, 15] ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ 

ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɦɟɬɚɧɬɟɧɤɨɜ ɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɫɛɪɚɠɢɜɚɧɢɹ 

ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɹ. 

Ɂɚɪɭɛɟɠɧɵɦɢ ɭɱɟɧɵɦɢ, ɩɪɨɜɨɞɢɜɲɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ 

ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɆɌ ɹɜɥɹɸɬɫɹ J. Fleming, J.R. Fisher, E.L. 

Iannotti, J. Durand, L.P. Walker, R.A. Pellerin, M.G. Heisler, G.S. Farmer ɢ L.A. 

Hills, Beili [3, 10]. Ⱦɠɟɣɫɨɧ Ɏɥɟɦɢɧɝ ɪɚɡɪɚɛɨɬɚɥ ɞɢɧɚɦɢɱɟɫɤɭɸ ɢ 

ɦɟɯɚɧɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɚɧɚɷɪɨɛɧɨɝɨ ɫɛɪɚɠɢɜɚɧɢɹ, ɜɤɥɸɱɚɸɳɭɸ 

ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɩɭɡɵɪɶɤɨɜ, ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ, 

ɜɧɭɬɪɟɧɧɢɣ ɬɟɩɥɨɨɛɦɟɧ ɢ ɬɟɩɥɨɨɛɦɟɧ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɛɪɚɠɢɜɚɧɢɹ, ɬɚɤɢɟ ɤɚɤ ɨɛɹɡɚɬɟɥɶɧɨɟ 

ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɢ ɧɚɝɪɟɜ, ɚɧɚɥɨɝɢɱɧɵ ɩɪɨɰɟɫɫɚɦ, ɩɪɢɦɟɧɹɟɦɵɦ ɜ 

ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɬɪɨɧɭɥɢ ɢ ɪɚɫɫɦɨɬɪɟɧɢɟ ɚɩɩɚɪɚɬɨɜ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ 

ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫ ɩɨɞɨɝɪɟɜɨɦ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ 

ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ. 

ȼɟɪɬɢɤɚɥɶɧɵɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɦ ɜɢɞɨɦ ɚɩɩɚɪɚɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɯɢɦɢɱɟɫɤɨɦ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ . Ʉɨɪɩɭɫ ɚɩɩɚɪɚɬɚ ɜɵɩɨɥɧɟɧ  ɢɡ ɥɢɫɬɨɜɨɣ ɫɬɚɥɢ. Ʉɨɧɫɬɪɭɤɰɢɹ 

ɢɡ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫɨɟɞɢɧɹɟɬɫɹ ɛɨɥɬɚɦɢ ɢɥɢ ɫɜɚɪɢɜɚɟɬɫɹ ɢɡ ɥɢɫɬɨɜ 

ɠɟɥɟɡɚ, ɫɜɟɪɧɭɬɵɯ ɜ ɪɭɥɨɧ. Ɉɛɨɥɨɱɤɚ ɪɟɚɤɬɨɪɚ ɫɬɚɜɢɬɫɹ ɧɚ ɮɭɧɞɚɦɟɧɬ ɢɡ 
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ɛɟɬɨɧɚ. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɚɩɩɚɪɚɬ ɢɡɨɥɢɪɭɟɬɫɹ. 

ȼ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɨɬɜɟɪɫɬɢɹ ɞɥɹ ɡɚɝɪɭɡɤɢ ɢ ɨɩɨɪɨɠɧɟɧɢɹ 

ɪɟɚɤɬɨɪɚ, ɚ ɬɚɤɠɟ ɞɨɫɬɭɩ ɤ ɟɝɨ ɜɧɭɬɪɟɧɧɟɦɭ ɩɪɨɫɬɪɚɧɫɬɜɭ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ. 

ȼ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧ ɡɦɟɟɜɢɤ ɞɥɹ ɧɚɝɪɟɜɚ ɜɟɳɟɫɬɜɚ ɢ ɦɟɲɚɥɤɚ ɞɥɹ ɟɝɨ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ. 

Ʉɨɪɩɭɫ ɚɩɩɚɪɚɬɚ ɫɨɫɬɨɢɬ ɢɡ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ ɞɧɢɳɚ. ȼɧɭɬɪɢ 

ɤɨɪɩɭɫɚ ɫɦɨɧɬɢɪɨɜɚɧɵ ɡɦɟɟɜɢɤ ɢ ɥɨɩɚɫɬɧɚɹ ɦɟɲɚɥɤɚ. 

Ʉɨɪɩɭɫ ɡɚɤɪɵɜɚɟɬ ɤɪɵɲɤɚ, ɜ ɤɨɬɨɪɨɣ ɢɦɟɸɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 

ɨɬɜɟɪɫɬɢɹ ɞɥɹ ɜɚɥɚ ɦɟɲɚɥɤɢ, ɩɨɞɜɨɞɚ ɢ ɨɬɜɨɞɚ ɝɪɟɸɳɟɣ ɜɨɞɵ. 

ɋɜɟɠɟɟ ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ ɩɨɫɬɭɩɚɟɬ ɜ ɪɟɚɤɬɨɪ ɱɟɪɟɡ ɩɚɬɪɭɛɨɤ, 

ɚ ɨɬɪɚɛɨɬɚɧɧɨɟ ɭɞɚɥɹɟɬɫɹ ɫɧɢɡɭ ɱɟɪɟɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɬɜɟɪɫɬɢɟ. 

ɉɨɫɤɨɥɶɤɭ ɷɥɟɦɟɧɬɵ ɝɨɬɨɜɹɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɬɨ ɠɟɥɟɡɧɵɟ 

ɪɟɡɟɪɜɭɚɪɵ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɛɨɥɟɟ ɬɟɯɧɨɥɨɝɢɱɧɨ ɧɟɠɟɥɢ ɪɟɡɟɪɜɭɚɪɵ ɢɡ 

ɦɨɧɨɥɢɬɧɨɝɨ ɛɟɬɨɧɚ. ɇɚ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɥɢɫɬɨɜɨɝɨ 

ɠɟɥɟɡɚ, ɬɨɥɳɢɧɨɣ 4-6 ɦɦ, ɜɧɟɲɧɟ ɡɚɳɢɳɟɧɧɵɟ ɨɬ ɤɨɪɪɨɡɢɢ ɪɚɡɦɟɳɚɸɬɫɹ ɧɚ 

ɥɟɧɬɨɱɧɨɦ ɮɭɧɞɚɦɟɧɬɟ. 

Ⱥɧɚɥɢɡɢɪɨɜɚɜ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɋɆ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ 

ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɧɚ ɝɪɟɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɛɭɞɭɬ ɢɦɟɬɶ ɦɟɫɬɨ 

ɨɬɥɨɠɟɧɢɹ ɬɜɟɪɞɨɣ ɮɪɚɤɰɢɢ ɋɆ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɛɢɨɝɚɡɚ, ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ 

ɜɥɢɹɧɢɟ ɫɥɨɹ ɨɬɥɨɠɟɧɢɣ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɝɪɟɸɳɢɦ 

ɷɥɟɦɟɧɬɨɦ ɢ ɦɚɫɫɨɣ ɧɟ ɢɡɭɱɚɥɨɫɶ. 

Ɋɚɡɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɦɟɬɚɧɬɟɧɤɚ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɜɫɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɚɧɚɷɪɨɛɧɨɝɨ ɫɛɪɚɠɢɜɚɧɢɹ, ɚ ɬɚɤɠɟ 

ɛɵɬɶ ɩɪɨɫɬɵɦ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɛɵɬɶ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɦ, 

ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɧɚɭɱɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ. 
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1.7 ȼɵɜɨɞɵ ɩɨ ɩɟɪɜɨɦɭ ɪɚɡɞɟɥɭ 

 

1. ɉɪɨɜɟɞɟɧ ɥɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɩɪɨɰɟɫɫɨɜ ɚɧɚɷɪɨɛɧɨɝɨ 

ɫɛɪɚɠɢɜɚɧɢɹ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɞɥɹ 

ɫɬɚɛɢɥɶɧɨɝɨ ɫɛɪɚɠɢɜɚɧɢɹ ɛɢɨɦɚɫɫɵ ɢ ɜɵɯɨɞɚ ɛɢɨɝɚɡɚ ɧɟɨɛɯɨɞɢɦɨ 

ɫɬɪɨɝɨɟ ɫɨɛɥɸɞɟɧɢɟ ɜɫɟɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɦɟɬɚɧɬɟɧɤɚ. 

β. ɉɪɨɜɟɞɟɧ ɨɛɡɨɪ ɤɨɧɫɬɪɭɤɰɢɣ ɦɟɬɚɧɬɟɧɤɨɜ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ 

ɫɭɳɟɫɬɜɭɸɳɢɟ ɨɧɢ ɫɥɨɠɧɵ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ, ɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɫɨɛɥɸɞɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɚɧɚɷɪɨɛɧɨɝɨ ɫɛɪɚɠɢɜɚɧɢɹ ɛɭɞɟɬ 

ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. 

γ. Ⱥɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɚɧɚɷɪɨɛɧɨɝɨ ɫɛɪɚɠɢɜɚɧɢɹ ɩɨɤɚɡɚɥ, 

ɱɬɨ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɩɨɜɵɲɟɧɢɟ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɦɟɬɚɧɬɟɧɤɚ, ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ 

ɫɛɪɚɠɢɜɚɧɢɹ, ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ 

ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɚ ɜ ɦɟɬɚɧɬɟɧɤɟ. 

4. ȼɵɩɨɥɧɟɧɧɵɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, 

ɱɬɨ ɭɱɟɬ ɜɥɢɹɧɢɹ ɨɬɥɨɠɟɧɢɣ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɦɟɟɜɢɤɚ 

ɦɚɥɨ ɢɡɭɱɟɧ. ɉɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɨɬɥɨɠɟɧɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ 

ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ 

ɝɪɟɸɳɢɦ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ ɢ ɫɛɪɚɠɢɜɚɟɦɨɣ ɦɚɫɫɨɣ ɹɜɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦɢ. 
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2 ɌȿɏɇɈɅɈȽɂɑȿɋɄȺə ɑȺɋɌɖ 

 

2.1 ȼɵɛɨɪ ɬɟɯɧɨɥɨɝɢɢ ɚɧɚɷɪɨɛɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɜɵɲɟ ɢɡɥɨɠɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɫɥɟɞɭɸɳɚɹ ɬɟɯɧɨɥɨɝɢɹ ɚɧɚɷɪɨɛɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ Д8]. 

1. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜɥɚɠɧɨɫɬɶ ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ, ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɧɚ 

ɩɬɢɰɟɮɚɛɪɢɤɚɯ ɢ ɮɟɪɦɚɯ, ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɩɪɢɱɢɧɚɦ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 80 %, 

ɷɬɢ ɦɚɫɫɵ ɫ ɬɚɤɨɣ ɜɥɚɠɧɨɫɬɶɸ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɜɹɡɤɨɫɬɶɸ ɢ ɥɢɩɤɨɫɬɶɸ, ɱɬɨ 

ɫɨɡɞɚɟɬ ɩɪɨɛɥɟɦɵ ɭɞɚɥɟɧɢɹ ɨɬɯɨɞɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɢ 

ɩɨɥɭɱɟɧɢɹ ɫɭɛɫɬɪɚɬɚ ɡɚɞɚɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɡɛɚɜɥɹɬɶ ɨɬɯɨɞɵ 

ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɧɚ ɩɬɢɰɟɮɚɛɪɢɤɚɯ ɢ ɤɨɦɩɥɟɤɫɚɯ; 

2. ɋ ɰɟɥɶɸ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɢɫɱɟɪɩɚɧɢɹ ɫɭɛɫɬɪɚɬɚ ɢ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ 

ɩɪɨɰɟɫɫɚ ɫɩɨɫɨɛ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɧɟɩɪɟɪɵɜɧɵɣ ɧɚ ɨɫɧɨɜɟ ɬɭɛɭɥɹɪɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɫ ɨɪɝɚɧɢɡɚɰɢɟɣ ɪɟɰɢɪɤɭɥɹɰɢɢ ɱɚɫɬɢ ɩɨɬɨɤɚ ɫ ɜɵɯɨɞɚ ɪɟɚɤɬɨɪɚ ɧɚ 

ɜɯɨɞ. ɉɪɢɧɰɢɩɢɚɥɶɧɨɟ ɨɬɥɢɱɢɟ ɨɬ ɭɠɟ ɢɦɟɸɳɢɯɫɹ ɚɩɩɚɪɚɬɨɜ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɞɜɢɠɟɧɢɟ ɫɭɛɫɬɪɚɬɚ ɨɪɝɚɧɢɡɨɜɚɧɨ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɱɬɨ 

ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ ɫɬɨɥɛɚ ɠɢɞɤɨɫɬɢ, ɢɦɟɸɳɭɸ 

ɦɟɫɬɨ ɜ ɚɩɩɚɪɚɬɚɯ ɛɚɲɟɧɧɨɝɨ ɬɢɩɚ. 

3. Ⱦɥɹ ɪɚɡɞɟɥɟɧɢɹ ɠɢɞɤɨɝɨ ɫɛɪɨɠɟɧɧɨɝɨ ɨɬɯɨɞɚ ɩɪɟɞɥɚɝɚɟɬɫɹ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɫɚɞɢɬɟɥɶɧɵɟ ɰɟɧɬɪɢɮɭɝɢ. 

4. ɋ ɰɟɥɶɸ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɫɟɞɚɧɢɹ ɢɥɚ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɡɚɢɥɢɜɚɧɢɹ 

ɪɟɚɤɬɨɪɚ, ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɪɚɡɞɟɥɟɧɢɟ ɪɟɚɤɬɨɪɚ ɧɚ ɫɟɤɰɢɢ ɫ ɞɧɨɦ ɜ ɜɢɞɟ 

ɩɢɪɚɦɢɞɵ. ɇɚ ɞɧɟ ɤɚɠɞɨɣ ɫɟɤɰɢɢ ɭɫɬɚɧɨɜɥɟɧ ɩɨɝɪɭɠɧɨɣ ɮɟɤɚɥɶɧɵɣ ɧɚɫɨɫ, 

ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɪɟɚɤɰɢɨɧɧɨɣ ɦɚɫɫɵ - 

ɩɭɬɟɦ ɟё ɡɚɛɨɪɚ ɢɡ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɟɚɤɬɨɪɚ ɢ ɩɨɞɚɱɢ ɜ ɜɟɪɯɧɸɸ, ɱɬɨ ɬɚɤɠɟ 

ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɤɨɪɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɭɛɫɬɪɚɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɫɭɛɫɬɪɚɬɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɢ ɜɟɪɬɢɤɚɥɶɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɹɯ ɫɩɨɫɨɛɫɬɜɭɟɬ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɦɚɫɫɨɨɛɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ, ɤɚɤ 

ɫɥɟɞɫɬɜɢɟ, ɫɚɦɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɰɟɥɨɦ. 
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5. ɂɫɯɨɞɹ ɢɡ ɩɭɧɤɬɨɜ β ɢ 4 ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ 

ɩɪɨɰɟɫɫɚ ɚɧɚɷɪɨɛɧɨɣ ɨɱɢɫɬɤɢ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨ ɛɵ ɜɥɚɠɧɨɫɬɶ ɫɭɛɫɬɪɚɬɚ ɛɵɥɚ ɧɟ 

ɦɟɧɟɟ 90 % (ɬ.ɟ. ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚɛɨɬɤɢ ɠɢɞɤɢɯ ɢɥɢ ɫɭɩɟɪɠɢɞɤɢɯ ɨɬɯɨɞɨɜ). ȼ 

ɤɚɱɟɫɬɜɟ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɟɝɨ ɪɟɲɟɧɢɹ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɬɨɱɧɵɟ 

ɜɨɞɵ, ɨɛɪɚɡɭɸɳɢɟɫɹ ɧɚ ɩɬɢɰɟɮɚɛɪɢɤɟ-ɤɨɦɩɥɟɤɫɟ, ɤɚɤ ɠɢɞɤɨɫɬɶ ɞɥɹ 

ɪɚɡɛɚɜɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ ɫ ɰɟɥɶɸ ɞɨɫɬɢɠɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɜɥɚɠɧɨɫɬɢ. 

6. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɚ ɜ ɜɵɞɟɥɹɸɳɟɦɫɹ ɛɢɨɝɚɡɟ ɩɨ 

ɞɥɢɧɟ ɪɟɚɤɬɨɪɚ ɧɟ ɨɞɢɧɚɤɨɜɨ (ɨɫɨɛɟɧɧɨ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɋɈ2 ɧɚ ɧɚɱɚɥɶɧɵɯ 

ɷɬɚɩɚɯ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ), ɚɩɩɚɪɚɬ ɪɚɡɛɢɬ ɧɚ ɫɟɤɰɢɢ ɫ ɩɨɦɨɳɶɸ 

ɩɟɪɟɝɨɪɨɞɨɤ. Ɍɚɤɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɫɨɛɢɪɚɬɶ ɮɪɚɤɰɢɢ 

ɛɢɨɝɚɡɚ ɫ ɪɚɡɥɢɱɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɬɚɧɚ. Ɉɛɴɟɞɢɧɹɹ ɛɨɥɟɟ ɛɨɝɚɬɵɟ ɦɟɬɚɧɨɦ 

ɮɪɚɤɰɢɢ ɢ ɫɛɪɚɫɵɜɚɹ ɮɪɚɤɰɢɢ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɋɈ2, ɦɵ ɢɫɤɭɫɫɬɜɟɧɧɨ 

ɩɨɜɵɲɚɟɦ ɫɨɞɟɪɠɚɧɢɟ ɦɟɬɚɧɚ ɜ ɛɢɨɝɚɡɟ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɷɧɟɪɝɢɢ, 

ɜɵɞɟɥɹɸɳɟɣɫɹ ɩɪɢ ɟɝɨ ɫɠɢɝɚɧɢɢ. 

7. ɇɚ ɨɫɧɨɜɚɧɢɢ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ 

ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɢ ɭɦɟɧɶɲɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɫɭɛɫɬɪɚɬɚ ɜ 

ɪɟɚɤɬɨɪɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɬɟɪɦɨɮɢɥɶɧɵɣ (ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ t=55°ɋ). 

8. ɋ ɰɟɥɶɸ ɦɢɧɢɦɢɡɚɰɢɢ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ (ɨɫɨɛɟɧɧɨ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ) 

ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɩɨɥɨɠɢɬɶ ɪɟɚɤɬɨɪ ɜ ɡɟɦɥɟ, ɚ ɬɚɤɠɟ ɩɨɦɟɫɬɢɬɶ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɫɛɪɚɠɢɜɚɬɟɥɶ ɜɧɭɬɪɢ ɪɟɚɤɬɨɪɚ. 

 

2.2 ɋɩɨɫɨɛɵ ɩɟɪɜɢɱɧɨɣ ɨɱɢɫɬɤɢ ɛɢɨɝɚɡɚ ɨɬ ɜɪɟɞɧɵɯ ɩɪɢɦɟɫɟɣ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɛɢɨɝɚɡ ɧɟ ɢɦɟɥ ɡɚɩɚɯɚ ɢ ɯɨɪɨɲɨ ɝɨɪɟɥ, ɧɟɨɛɯɨɞɢɦɨ 

ɭɞɚɥɢɬɶ ɢɡ ɧɟɝɨ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, ɫɟɪɨɜɨɞɨɪɨɞ, ɩɚɪɵ ɜɨɞɵ. Ȼɢɨɝɚɡ, ɬɨɥɶɤɨ ɱɬɨ 

ɩɨɫɬɭɩɢɜɲɢɣ ɢɡ ɮɟɪɦɟɧɬɚɬɨɪɚ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ 100% ɧɚɫɵɳɟɧ ɜɨɞɹɧɵɦɢ 

ɩɚɪɚɦɢ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɟɬ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɨɜɨɞɨɪɨɞɚ, ɚ ɷɬɨ 

ɜɵɡɵɜɚɟɬ ɤɨɪɪɨɡɢɸ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ ɢɧɬɟɧɫɢɜɧɨɦ 

ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫɭɛɫɬɪɚɬɚ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɬɚɤɠɟ ɚɷɪɨɡɨɥɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ 

ɦɟɥɤɢɯ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɵɟ ɨɫɚɠɞɚɸɬɫɹ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ, ɢ 
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ɨɛɪɚɡɨɜɵɜɚɸɬ ɨɬɥɨɠɟɧɢɹ. Ⱥ ɡɧɚɱɢɬ, ɛɢɨɝɚɡ ɧɭɠɞɚɟɬɫɹ ɜ ɨɱɢɫɬɤɟ ɨɬ ɞɚɧɧɵɯ 

ɩɪɢɦɟɫɟɣ. 

Ɉɱɢɳɚɸɬ ɩɨɥɭɱɟɧɧɵɣ ɛɢɨɝɚɡ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ, ɧɨ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟɜɨɡɦɨɠɧɨ ɞɨɫɬɢɱɶ ɢɞɟɚɥɶɧɨ ɱɢɫɬɨɝɨ ɦɟɬɚɧɚ, ɝɥɚɜɧɨɟ, ɱɬɨɛɵ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɩɪɢɦɟɫɟɣ ɧɟ ɜɵɯɨɞɢɥɚ ɡɚ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɨɪɦɵ. 

ɋɭɳɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɨɱɢɫɬɤɢ ɛɢɨɝɚɡɚ. ɗɬɨ ɦɟɬɨɞɵ ɠɢɞɤɨɝɨ ɢ 

ɬɜёɪɞɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢɦɟɫɟɣ, ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɢ 

ɜɵɦɨɪɚɠɢɜɚɧɢɹ. ȼ ɠɢɞɤɨɦ ɦɟɬɨɞɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɠɢɞɤɢɟ ɯɢɦɢɱɟɫɤɢɟ 

ɩɨɝɥɨɬɢɬɟɥɢ ɋɈ2. Ɉɧɢ ɩɨɝɥɨɳɚɸɬ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ 

ɦɟɬɚɧɨɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɱɢɫɬɵɣ ɦɟɬɚɧ, ɨɞɧɚɤɨ ɠɢɞɤɭɸ ɮɚɡɭ ɧɭɠɧɨ 

ɦɟɧɹɬɶ, ɞɥɹ ɨɫɜɨɛɨɠɞɟɧɢɹ ɟё ɨɬ ɩɨɝɥɨɳёɧɧɨɣ ɭɝɥɟɤɢɫɥɨɬɵ. ɋɬɨɥɶ ɠɟ 

ɫɭɳɟɫɬɜɟɧɧɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɫɜɨɣɫɬɜɟɧɧɵ ɤɪɢɨɝɟɧɧɨɦɭ ɦɟɬɨɞɭ. Ⱦɥɹ ɬɨɝɨ, 

ɱɬɨɛɵ ɡɚɦɨɪɨɡɢɬɶ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɬɪɚɬɢɬɶ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ 

ɷɧɟɪɝɢɢ ɩɪɨɢɡɜɟɞёɧɧɨɣ ɜ ɭɫɬɚɧɨɜɤɟ, ɚ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ  

ɨɛɳɟɝɨ ɄɉȾ Д10].  

Ɇɟɦɛɪɚɧɧɵɣ ɦɟɬɨɞ ɪɚɡɞɟɥɟɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɩɪɨɩɭɫɤɚɧɢɢ ɛɢɨɝɚɡɚ ɱɟɪɟɡ 

ɦɟɦɛɪɚɧɭ (ɪɢɫɭɧɨɤ 2.1) [9]. 

 

 

 
 Ɋɢɫɭɧɨɤ β.1 - ɉɨɥɢɦɟɪɧɚɹ ɦɟɦɛɪɚɧɚ, ɡɚɩɚɬɟɧɬɨɜɚɧɧɚɹ ɂɇɏɋ ɊȺɇ ɢɦ. Ⱥ.ȼ. Ɍɨɩɱɢɟɜɚ  

 

ɉɪɢ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɛɢɨɝɚɡ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɫɚɦɨɬɟɤɨɦ ɩɨɞ 

ɞɚɜɥɟɧɢɟɦ ɱɭɬɶ ɜɵɲɟ ɚɬɦɨɫɮɟɪɧɨɝɨ, ɨɱɢɫɬɤɚ ɛɢɨɝɚɡɚ ɩɪɨɜɨɞɢɬɫɹ ɛɟɡ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɧɟɪɝɨɡɚɬɪɚɬ. ɍɝɥɟɤɢɫɥɵɣ ɝɚɡ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ 
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ɥɭɱɲɟ, ɱɟɦ ɦɟɬɚɧ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɩɨɬɨɤɚ ɛɢɨɝɚɡɚ ɱɟɪɟɡ  ɦɟɦɛɪɚɧɭ ɭɝɥɟɤɢɫɥɵɣ 

ɝɚɡ ɩɪɨɯɨɞɢɬ ɜ ɩɨɞɜɢɠɧɭɸ ɠɢɞɤɭɸ ɮɚɡɭ ɚɛɫɨɪɛɟɧɬɚ, ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɟɬɚɧɚ ɜ 

ɛɢɨɝɚɡɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ȿɫɥɢ ɩɨɦɟɫɬɢɬɶ ɦɟɦɛɪɚɧɭ ɧɚ ɜɵɯɨɞɟ ɢɡ ɛɢɨɪɟɚɤɬɨɪɚ, ɬɨ 

ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ ɛɭɞɟɬ ɨɬɜɨɞɢɬɶɫɹ ɢ ɦɨɠɧɨ ɢɡɜɥɟɱɶ ɦɟɬɚɧ ɬɪɟɛɭɟɦɨɣ ɱɢɫɬɨɬɵ. 

Ⱦɚɥɟɟ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ ɭɞɚɥɹɟɬɫɹ ɫɞɭɜɤɨɣ. 

Ɍɚɤɠɟ ɨɱɢɫɬɤɚ ɛɢɨɝɚɡɚ ɩɪɨɜɨɞɢɬɫɹ ɩɪɨɯɨɞɨɦ ɱɟɪɟɡ ɜɨɞɹɧɨɣ ɮɢɥɶɬɪ, ɝɞɟ 

ɪɚɫɬɜɨɪɹɟɬɫɹ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ, ɚɦɦɢɚɤɚ ɢ ɪɚɡɥɢɱɧɵɯ 

ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ȼɨɞɚ ɫ ɛɨɥɶɲɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 

ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ ɚɦɦɢɚɤɚ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ 

ɜɨɞɨɪɨɫɥɟɣ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɣɞɭɬ ɧɚ ɫɢɧɬɟɡ ɛɢɨɝɚɡɚ ɜ ɛɢɨɝɚɡɨɜɨɣ 

ɭɫɬɚɧɨɜɤɢ. ɉɨ-ɞɪɭɝɨɦɭ ɫɢɧɬɟɡ ɛɢɨɝɚɡɚ ɧɚɡɵɜɚɸɬ ɛɢɨɞɟɫɬɪɭɤɰɢɟɣ 

(ɛɢɨɥɨɝɢɱɟɫɤɢɦ ɪɚɡɪɭɲɟɧɢɟɦ) ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɫ ɜɵɞɟɥɟɧɢɟɦ ɫɜɨɛɨɞɧɨɝɨ 

ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɦɟɬɚɧɚ (CH4) Д4Ж.  

ɇɢɠɟ ɞɚɧɚ ɭɩɪɨɳɟɧɧɚɹ ɮɨɪɦɭɥɚ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɚɹ ɜɵɞɟɥɟɧɢɟ 

ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢɡ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ 

ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɛɚɤɬɟɪɢɣ ɦɟɬɚɧɨɝɟɧɨɜ, ɭ ɤɨɬɨɪɵɯ ɜ ɩɪɨɰɟɫɫɟ ɦɟɬɚɛɨɥɢɡɦɚ 

ɜɵɞɟɥɹɟɬɫɹ ɩɨɛɨɱɧɵɣ ɝɚɡ ɦɟɬɚɧ Д1Ж: 

Ɉɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ+ ʜଶʝ → ʠʜସ + ʠʝଶ + ʠହʜܱܰଶ + ସܪܰ +   ଷ ሺʹ.ͳሻܱܥܪ
Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɛɚɤɬɟɪɢɢ, ɩɨɬɪɟɛɥɹɹ ɨɪɝɚɧɢɱɟɫɤɢɟ 

ɜɟɳɟɫɬɜɚ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɛɢɨɦɚɫɫɟ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɬɯɨɞɚɯ, ɜɵɞɟɥɹɸɬ 

ɝɨɪɸɱɢɣ ɝɚɡ. ɇɨ ɞɚɠɟ ɩɪɢ ɫɚɦɵɯ ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɹɯ ɜɵɞɟɥɟɧɢɟ ɝɨɪɸɱɟɝɨ 

ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɫɪɚɡɭ – ɜɧɚɱɚɥɟ ɧɭɠɟɧ ɩɪɨɰɟɫɫ ɮɟɪɦɟɧɬɚɰɢɢ ɛɢɨɦɚɫɫɵ, 

ɪɚɡɥɨɠɟɧɢɟ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ ɡɚ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɟɪɢɨɞɵ 

ɜɪɟɦɟɧɢ. ɍɞɚɥɟɧɢɟ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɝɢɞɪɨɡɚɬɜɨɪɟ, ɟɫɥɢ ɧɚ ɞɧɨ 

ɭɫɬɚɧɨɜɤɢ ɞɨɛɚɜɢɬɶ ɝɚɲɟɧɭɸ ɢɡɜɟɫɬɶ. Ɍɚɤɭɸ ɡɚɤɥɚɞɤɭ ɩɪɢɞɟɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢ 

ɦɟɧɹɬɶ (ɤɚɤ ɫɬɚɧɟɬ ɝɚɡ ɝɨɪɟɬɶ ɯɭɠɟ - ɩɨɪɚ ɦɟɧɹɬɶ). 

Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɫɟɪɨɜɨɞɨɪɨɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɢɥɶɬɪ ɫ ɡɚɝɪɭɡɤɨɣ ɢɡ 

ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɠɤɢ Д5Ж. Ɇɨɠɧɨ ɜ ɟɦɤɨɫɬɶ ɡɚɝɪɭɡɢɬɶ ɫɬɚɪɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 

ɦɨɱɚɥɤɢ. Ɉɱɢɳɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɬɨɱɧɨ ɬɚɤɠɟ: ɝɚɡ ɩɨɞɚɟɬɫɹ ɜ ɧɢɠɧɸɸ ɱɚɫɬɶ 

ɡɚɩɨɥɧɟɧɧɨɣ ɦɟɬɚɥɥɨɦ ɟɦɤɨɫɬɢ. ɉɪɨɯɨɞɹ, ɨɧ ɨɱɢɳɚɟɬɫɹ ɨɬ ɫɟɪɨɜɨɞɨɪɨɞɚ, 
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ɫɨɛɢɪɚɟɬɫɹ ɜ ɜɟɪɯɧɟɣ ɫɜɨɛɨɞɧɨɣ ɱɚɫɬɢ ɮɢɥɶɬɪɚ, ɨɬɤɭɞɚ ɜɵɜɨɞɢɬɫɹ ɩɨ ɱɟɪɟɡ 

ɞɪɭɝɭɸ (ɪɢɫɭɧɨɤ β.β). 

 

Ɋɢɫɭɧɨɤ – 2.2 Ɏɢɥɶɬɪ ɞɥɹ ɨɱɢɫɬɤɢ ɛɢɨɝɚɡɚ ɨɬ ɫɟɪɨɜɨɞɨɪɨɞɚ 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɨɱɢɫɬɤɢ ɛɢɨɝɚɡɚ – ɷɬɨ ɨɱɢɫɬɤɚ 

ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɮɢɥɶɬɪɟ (ɪɢɫɭɧɨɤ β.γ). 

 

1 – ɤɨɪɩɭɫ; β – ɩɪɢɪɨɞɧɵɣ ɰɟɨɥɢɬ; γ - ɧɢɠɧɹɹ ɫɟɬɱɚɬɚɹ ɩɟɪɟɝɨɪɨɞɤɚ; 4 – ɜɟɪɯɧɹɹ 
ɫɟɬɱɚɬɚɹ ɩɟɪɟɝɨɪɨɞɤɚ; 5 – ɲɬɭɰɟɪ ɞɥɹ ɩɨɞɜɨɞɚ ɛɢɨɝɚɡɚ; 6 – ɲɬɭɰɟɪ ɞɥɹ ɨɬɜɨɞɚ ɛɢɨɝɚɡɚ  

Ɋɢɫɭɧɨɤ 2.3 – Ɇɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɮɢɥɶɬɪ 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɮɢɥɶɬɪɨɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɪɩɭɫ ɨɬ ɮɢɥɶɬɪɚ ɝɪɭɛɨɣ 

ɨɱɢɫɬɤɢ ɬɨɩɥɢɜɚ ɄɚɦȺɁ-740. Ɏɢɥɶɬɪ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɝɨ ɨɬɫɟɤɚ ɧɚɩɨɥɧɟɧɧɨɝɨ 

ɩɪɢɪɨɞɧɵɦ ɰɟɨɥɢɬɨɦ. ɋ ɨɛɟɢɯ ɫɬɨɪɨɧ ɨɧ ɨɫɧɚɳɟɧ ɜɯɨɞɧɵɦ ɢ ɜɵɯɨɞɧɵɦ 

ɲɬɭɰɟɪɚɦɢ Д1, 4Ж . Ɏɢɥɶɬɪ ɬɚɤɨɝɨ ɬɢɩɚ ɪɚɛɨɬɚɟɬ ɩɨ ɫɥɟɞɭɸɳɟɦɭ ɩɪɢɧɰɢɩɭ: ɤ 

ɲɬɭɰɟɪɭ 5 ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɩɨɫɬɭɩɚɟɬ ɛɢɨɝɚɡ, ɤɨɬɨɪɵɣ ɩɪɨɯɨɞɢɬ ɩɨ 

http://stroychik.ru/wp-content/uploads/2016/08/biogazovaja-ustanovka-5.jpg


34 

 

ɰɟɧɬɪɚɥɶɧɨɦɭ ɤɚɧɚɥɭ. ɉɨɫɥɟ ɩɪɨɯɨɞɚ ɱɟɪɟɡ ɧɢɠɧɸɸ ɫɟɬɱɚɬɭɸ ɩɟɪɟɝɨɪɨɞɤɭ γ, 

ɛɢɨɝɚɡ ɩɨɫɬɭɩɚɟɬ ɜ ɫɥɨɣ ɰɟɨɥɢɬɚ β, ɡɚɬɟɦ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɜɟɪɯɧɸɸ ɫɟɬɱɚɬɭɸ 

ɩɟɪɟɝɨɪɨɞɤɭ 4 ɢ ɩɨɞɯɨɞɢɬ ɤ ɜɵɯɨɞɧɨɦɭ ɲɬɭɰɟɪɭ 6. 

Ɉɱɢɫɬɤɚ ɯɢɦɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɜ ɛɢɨɝɚɡɟ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɬɟɩɥɨɬɭ 

ɫɝɨɪɚɧɢɹ ɝɚɡɚ ɩɨ ɩɪɢɧɰɢɩɭ ɚɞɞɢɬɢɜɧɨɫɬɢ. ɇɢɡɲɭɸ ɬɟɩɥɨɬɜɨɪɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 

ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ (β7γ.16 Ʉ ɢ 101 ɤɉɚ) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫ ɩɨɦɨɳɶɸ 

ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɵ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ Д1Ж ܳ� = ʠߙ + ʜߚ + ܵߛ − ܱߜ − �ܹ                                      ሺʹ.ʹሻ 

ɝɞɟ C, ɇ, S, W – ɫɨɞɟɪɠɚɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɚ, ɜɨɞɨɪɨɞɚ, ɫɟɪɵ ɢ ɜɥɚɝɢ ɜ 

ɝɨɪɸɱɟɦ ɜɟɳɟɫɬɜɟ, %; 

Ɉ – ɫɭɦɦɚ ɤɢɫɥɨɪɨɞɚ ɢ ɚɡɨɬɚ ɜ ɝɨɪɸɱɟɦ ɜɟɳɟɫɬɜɟ, %; 

α, ȕ, Ȗ, δ, η – ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 

ɉɨɫɤɨɥɶɤɭ ɛɢɨɝɚɡ ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɨɪɝɚɧɢɱɟɫɤɢɯ ɨɬɯɨɞɨɜ, ɬɨ ɟɝɨ 

ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ. ɉɪɢɪɨɞɧɵɣ ɝɚɡ ɫ ɪɚɡɥɢɱɧɵɦ 

ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ ɢ ɬɨɝɨ ɠɟ ɡɧɚɱɟɧɢɹ ɱɢɫɥɚ ɞɚɟɬ ɬɚɤɨɟ ɠɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ 

ɩɪɢ ɫɝɨɪɚɧɢɢ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ.  

 

2.3 Ɋɚɫɱɟɬ ɤɨɧɫɬɪɭɤɬɢɜɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɚ ɜɵɯɨɞɚ ɧɚɜɨɡɧɨɣ ɦɚɫɫɵ 

ɋɭɬɨɱɧɵɣ ɜɵɯɨɞ ɧɚɜɨɡɚ ɨɬ ɨɞɧɨɝɨ ɠɢɜɨɬɧɨɝɨ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ  

ɮɨɪɦɭɥɟ Д8Ж:  

gɷɤɫ.ɫɭɬ.= g +B + Bɦ                                                                 2.3) 

ɝɞɟ Рɷɤɫ.ɫɭɬ. – ɫɭɬɨɱɧɵɣ ɜɵɯɨɞ ɧɚɜɨɡɚ, ɤɝ.; 

gɷɤɫ. – ɜɵɯɨɞ ɧɚɜɨɡɚ ɨɬ ɨɞɧɨɝɨ ɠɢɜɨɬɧɨɝɨ, ɤɝ.; gɷɤɫ = 55 ɤɝ. 

ȼ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɜɨɞɵ ɜ ɪɚɫɱɟɬɟ ɧɚ ɨɞɧɨɝɨ ɠɢɜɨɬɧɨɝɨ ɜ 

ɫɭɬɤɢ, ɤɝ.; ȼ = β – 5 ɤɝ. 

ȼɦ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɜɨɞɵ ɜ ɪɚɫɱɟɬɟ ɧɚ ɨɞɧɨ ɠɢɜɨɬɧɨɟ ɜ 

ɫɭɬɤɢ, ɤɝ.;ȼɦ = 5 – 15 ɤɝ. 
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gɷɤɫ.ɫɭɬ. = 55 + β + 5 = 6β ɤɝ.  ܸ̝˖˕ = �эк˔.˔˖˕.ߩː  ,                                                     ሺʹ.Ͷሻ 

ɝɞɟ Vɫɭɬ – ɫɭɬɨɱɧɵɣ ɨɛɴɟɦ ɧɚɜɨɡɧɨɣ ɦɚɫɫɵ, ɦ3
; 

ρɧ – ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ ɧɚɜɨɡɚ, ɤɝ/ɦ3
; ܸ̝˖˕ = ʹͳͲͷͲ = Ͳ,Ͳͷͻ ˏଷ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɚ ɧɚɜɨɡɨɩɪɢɟɦɧɢɤɚ  

Ɉɛɴɟɦ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܸ = ∑ � × ߩ݊ , ˏଷ                                                     ሺʹ.ͷሻ 

ɝɞɟ V – ɨɛɴɟɦ ɩɪɢɟɦɧɢɤɚ, ɦ3
; 

gi – ɫɭɬɨɱɧɵɣ ɜɵɯɨɞ ɧɚɜɨɡɚ ɨɬ ɨɞɧɨɝɨ ɠɢɜɨɬɧɨɝɨ, ɤɝ.; 

ni – ɱɢɫɥɨ ɠɢɜɨɬɧɵɯ, n = 50 ɝɨɥɨɜ. ܸ = ʹ × ͷͲͳͲͷͲ = ʹ,ͻͷ ˏଷ  
Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɫɛɪɚɠɢɜɚɧɢɹ 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɛɪɚɠɢɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ݐ˔˄ = ͳͲͲ�´                                                                   ሺʹ.ሻ 

ɝɞɟ tɫɛ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɛɪɚɠɢɜɚɧɢɹ, ɫɭɬɨɤ; 

'g  – ɜɵɯɨɞ ɛɢɨɝɚɡɚ ɧɚ 1 ɬɨɧɧɭ ɩɟɪɟɪɚɛɨɬɚɧɧɨɝɨ ɧɚɜɨɡɚ, �´ = ʹͲͲ ˏଷ ݐ˔˄ = ͳͲͲʹͲͲ = Ͳ,ͷ ˔˖˕.      
Ɉɩɪɟɞɟɥɟɧɢɟ ɫɭɬɨɱɧɨɝɨ ɜɵɯɨɞɚ ɛɢɨɝɚɡɚ ܩ˄ = ܳ˔˖˕ ×  �´ ˏଷ                                                     ሺʹ.ሻ 

ɝɞɟ Q – ɜɵɯɨɞ ɧɚɜɨɡɚ, ɬ.; ܳ˔˖˕ = ͵,ͳ × ʹͲͲ = ʹͲ ˏଷ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɧɟɦɟɫɹɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɵɪɚɛɚɬɵɜɚɟɦɨɝɨ ɛɢɨɝɚɡɚ 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, QɉɈȾ, ɆȾɠ, ɬɪɟɛɭɟɦɨɟ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɡɚɝɪɭɠɚɟɦɨɣ 

ɦɚɫɫɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɛɪɨɠɟɧɢɹ: 
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QɉɈȾ = mȻɆ·ɫȻɆ(tɉɊ – tЗȺȽɊ) 10
–3

                         (2.8) 

ɝɞɟ cȻɆ – ɫɪɟɞɧɹɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɛɢɨɦɚɫɫɵ, cȻɆ = 4,18 ɤȾɠ/(ɤɝ· 0ɋ); 

tɉɊ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɰɟɫɫɚ ɛɪɨɠɟɧɢɹ, 0ɋ; 

tЗȺȽɊ – ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɝɪɭɠɚɟɦɨɣ ɛɢɨɦɚɫɫɵ, 0ɋ. ɉɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ 

ɫɪɟɞɧɟɦɟɫɹɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɟɫɥɢ ɦɟɧɶɲɟ 5 0ɋ, ɬɨ 

ɩɪɢɧɢɦɚɟɬɫɹ 5 0ɋ.  

ɋɪɟɞɧɟɦɟɫɹɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 

QɉɈȾ
Ɇ

 = QɉɈȾ ∙ tɋɍɌ.Ɇ,                                           (2.9) 

ɝɞɟ ЭɋɍɌ Ɇ – ɤɨɥɢɱɟɫɬɜɨ ɞɧɟɣ ɜ ɦɟɫɹɰɟ, ЭɋɍɌ.Ɇ = γ0 ɫɭɬɨɤ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ QɉɈɌ, ȼɬ, ɬɟɪɹɟɦɨɟ ɜ ɩɪɨɰɟɫɫɟ ɬɟɩɥɨɨɬɞɚɱɢ ɱɟɪɟɡ 

ɫɬɟɧɤɭ ɦɟɬɚɧɬɚɧɤɚ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ: 

QɉɈɌ = kF(tɉɊ – tɋɊ),                                        (2.10) 

ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ, ȼɬ/(ɦ2·0ɋ); 

F – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɧɬɚɧɤɚ, ɦ2
; 

tɋɊ – ɫɪɟɞɧɹɹ ɦɟɫɹɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ, 0ɋ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ Ф, ȼɬ/(ɦ2·0ɋ), ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ � = ଵభ�భ+∑ ����+ భ�మ��=భ                                             (2.11) 

ɝɞɟ 1/α1 – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɜɨɫɩɪɢɹɬɢɸ, 1/α1 = 0,05 (ɦ2·0ɋ)/ȼɬ; 

1/α2 – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɨɬɞɚɱɢ, 1/α2 = 0,05 (ɦ2·0ɋ)/ȼɬ; 

i – ɬɨɥɳɢɧɚ Т-ɝɨ ɫɥɨɹ ɷɥɟɦɟɧɬɚ ɨɝɪɚɠɞɟɧɢɹ, ɦ; 

i – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Т-ɝɨ ɫɥɨɹ ɷɥɟɦɟɧɬɚ ɨɝɪɚɠɞɟɧɢɹ, 

ɦ0C/ȼɬ. 

ɉɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɧɬɟɧɤɚ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 

F = SȻɈɄ + β· SɈɋɇ, ɦ2
,                                             (2.12) 

ɝɞɟ SȻɈɄ – ɩɥɨɳɚɞɶ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɧɬɚɧɤɚ, ɦ2
; 

SɈɋɇ – ɩɥɨɳɚɞɶ ɨɫɧɨɜɚɧɢɹ ɦɟɬɚɧɬɚɧɤɚ, ɦ2
. ܵʝʠʜ = ଶ˅Ͷ�ߨ = ͵,ͳͶ ∙ ʹ,ͲͻଶͶ = ͵,Ͷʹ ˏଶ;                   ሺʹ.ͳ͵ሻ 

 




































































