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ȼ. Ɇ. Ʌɟɛɟɞɟɜ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), ɝ. Ɉɦɫɤ,  
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɊȿȽɂɈɇȺɅɖɇɕȿ ɉɊɈȻɅȿɆɕ ɗɇȿɊȽȿɌɂɄɂ 

 

ȼ ɫɬɚɬɶɟ ɢɡɥɨɠɟɧɵ ɜɨɩɪɨɫɵ ɫɨɫɬɨɹɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, 
ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ɉɛɪɚɳɟɧɨ ɜɧɢɦɚɧɢɟ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɣ ɦɨɪɚɥɶɧɵɣ ɢ ɮɢɡɢɱɟɫɤɢɣ 
ɢɡɧɨɫ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɬɟɩɥɨɫɟɬɢ. 
ɉɨɤɚɡɚɧɨ ɡɧɚɱɟɧɢɟ ɩɟɪɟɜɨɞɚ ɩɪɨɦɵɲɥɟɧɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ ɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ 
ɫɩɨɫɨɛ ɷɧɟɪɝɢɢ, ɜɧɟɞɪɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɪɟɛɥɹɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɭ ɩɨɬɪɟɛɢɬɟɥɟɣ. 
ȼɵɪɚɠɟɧɚ ɤɪɢɬɢɤɚ ɜ ɱɚɫɬɢ ɨɬɫɭɬɫɬɜɢɹ ɧɚɫɬɨɹɳɟɣ ɩɪɨɝɪɚɦɦɵ ɪɚɡɜɢɬɢɹ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ 
ɜ ɪɟɝɢɨɧɟ.  

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɚ, ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɜɵɪɚɛɨɬɤɚ ɷɧɟɪɝɢɢ, 
ɧɚɞɟɠɧɨɫɬɶ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ, ɬɨɩɥɢɜɧɚɹ ɩɨɥɢɬɢɤɚ, ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ. 
 

Vitaliy M. Lebedev 

Omsk State Transport University, (OSTU), Omsk, Russian Federation 

 

REGIONAL PROBLEMS OF POWER 

 

In article questions of a state and development of sources of heat supply, the systems of heat 

supply are stated. The attention to considerable moral and physical wear of the heat power 

equipment, decrease in the temperature schedule of a heating system is paid. The value of the 

transfer of industrial and heating boiler houses to a combined method of energy, introductions of 

regulation of the consumed thermal energy at consumers is shown. The criticism regarding lack of 

the present program of development of power system in the region is expressed. 

 

  Key words: power system, the combined power generation, reliability of thermal networks, 

fuel policy, heatconsumption automation. 

 

ɋ ɧɚɫɬɭɩɥɟɧɢɟɦ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ «Ʌɢɯɢɯ - 90-ɯ», ɤɨɝɞɚ ɩɪɨɢɡɨɲёɥ ɨɛɜɚɥ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɨɬɪɟɛɥɟɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɪɟɡɤɨ ɫɧɢɡɢɥɨɫɶ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɱɟɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɜ Ɋɨɫɫɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɟɤɪɚɬɢɥɨɫɶ, ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ ɜɜɨɞɢɦɵɯ ɨɬɞɟɥɶɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɛɥɨɤɨɜ ɬɨɝɞɚ ɧɚ ɫɬɪɨɹɳɢɯɫɹ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ. 
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ȼ Ɉɦɫɤɟ: ɧɟ ɡɚɤɨɧɱɟɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ Ɍɗɐ-5, Ɍɗɐ-6 ɧɚɱɢɧɚɥɚ ɫɬɪɨɢɬɶɫɹ 
ɜ ɤɨɧɰɟ 80-ɯ ɝɨɞɨɜ, ɡɚɬɟɦ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɟё ɛɵɥɨ ɩɪɟɤɪɚɳɟɧɨ ɢ ɫɟɣɱɚɫ Ɍɗɐ-6 ɧɟ 
ɡɧɚɱɢɬɫɹ ɜ ɱɢɫɥɟ ɜɜɨɞɢɦɵɯ ɨɛɴɟɤɬɨɜ ɞɚɠɟ ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ.  

Ʉ ɫɨɠɚɥɟɧɢɸ, ɧɚ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɧɟɬ ɞɟɣɫɬɜɭɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɩɨ 
ɪɚɡɜɢɬɢɸ ɷɧɟɪɝɟɬɢɤɢ ɜ ɧɚɲɟɦ ɪɟɝɢɨɧɟ. ɂɦɟɸɳɚɹɫɹ ɩɪɨɝɪɚɦɦɚ, ɟɫɥɢ ɟё ɦɨɠɧɨ 
ɧɚɡɜɚɬɶ ɩɪɨɝɪɚɦɦɨɣ ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɟɬɢɤɢ ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ, ɤɚɫɚɟɬɫɹ ɥɢɲɶ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ. 

ɂɧɬɟɪɟɫɧɵɣ ɦɨɦɟɧɬ: ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɝɪɚɞɨɫɬɪɨɢɬɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɨɬ 
ɷɧɟɪɝɟɬɢɤɨɜ ɩɪɨɫɹɬ – ɤɚɤɢɟ ɦɨɳɧɨɫɬɢ ɛɭɞɭɬ ɜɜɨɞɢɬɶɫɹ, ɜ ɬɨ ɠɟ ɜɪɟɦɹ 
ɷɧɟɪɝɟɬɢɤɢ ɝɨɜɨɪɹɬ – ɞɚɣɬɟ ɧɚɦ ɩɪɨɝɪɚɦɦɭ ɪɚɡɜɢɬɢɹ ɝɨɪɨɞɚ ɢ ɨɛɥɚɫɬɢ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɩɨ ɨɬɪɚɫɥɹɦ. 

ɋɯɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɝ. Ɉɦɫɤɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɩɪɨɟɤɬɧɨɣ ɨɪɝɚɧɢɡɚɰɢɟɣ 
«ȿ4-ɋɢɛɄɈɌɗɋ» (ɝ. ɇɨɜɨɫɢɛɢɪɫɤ) ɞɨ 2030 ɝɨɞɚ ɫ ɟɠɟɝɨɞɧɨɣ ɚɤɬɭɚɥɢɡɚɰɢɟɣ 
(ɫɟɣɱɚɫ ɭɠɟ ɞɨ 2033 ɝɨɞɚ), ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɪɟɞɥɨɠɟɧɢɣ ɩɨ 
ɪɚɡɜɢɬɢɸ ɪɟɝɢɨɧɚɥɶɧɨɣ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ: ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ɍɗɐ-6, ɧɟɬ ɤɨɧɤɪɟɬɧɵɯ ɩɪɟɞɥɨɠɟɧɢɣ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ ɫ ɩɟɪɟɜɨɞɨɦ ɞɟɣɫɬɜɭɸɳɢɯ ɤɨɬɟɥɶɧɵɯ (ɯɨɬɹ ɛɵ 
ɱɚɫɬɢɱɧɨ) ɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɫɩɨɫɨɛ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ, ɧɟɬ ɢ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɜɨɩɪɨɫɨɜ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɵɯ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɀɄɏ. 

ɇɚ ɨɛɪɚɳɟɧɢɟ ɤ ɩɪɨɟɤɬɚɧɬɚɦ – ɩɨɱɟɦɭ ɜɵ ɜ «ɋɯɟɦɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ…» 
ɧɟ ɡɚɤɥɚɞɵɜɚɟɬɟ ɩɪɨɝɪɟɫɫɢɜɧɵɟ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ (ɧɚɩɪɢɦɟɪ, ɫɠɢɝɚɧɢɟ ɜ 
ɤɢɩɹɳɟɦ ɫɥɨɟ, ɝɚɡɨɜɵɟ ɧɚɞɫɬɪɨɣɤɢ, ɉȽɍ, ɩɟɪɟɜɨɞ Ɍɗɐ-4 ɢ Ɍɗɐ-5 ɧɚ 
ɨɬɟɱɟɫɬɜɟɧɧɵɟ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɢɟ ɭɝɥɢ ɢ  ɞɪɭɝɢɟ ɜɨɩɪɨɫɵ),  ɧɚɦ ɜ ɨɬɜɟɬ: ɬɚɤ ɜɟɞɶ 
ɜ ɝɨɪɨɞɟ ɢ ɪɟɝɢɨɧɟ ɧɟɬ ɞɟɧɟɝ. «Ʉɚɤɨɟ ɜɚɲɟ ɞɟɥɨ, ɱɬɨ ɞɟɧɟɝ ɧɟɬ – ɷɬɨ ɩɭɫɬɶ ɨɛ 
ɷɬɨɦ ɞɭɦɚɸɬ ɱɢɧɨɜɧɢɤɢ, ɚ ɜɵ, ɩɪɨɟɤɬɢɪɨɜɳɢɤɢ, ɡɚɤɥɚɞɵɜɚɣɬɟ ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ 
ɩɪɨɝɪɟɫɫɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ». 

Ɋɚɫɫɦɨɬɪɢɦ ɪɹɞ ɩɪɨɛɥɟɦ, ɤɚɫɚɸɳɢɯɫɹ ɠɢɡɧɟɨɛɟɫɩɟɱɟɧɢɹ ɪɟɝɢɨɧɚ. 
1. Ɉ ɬɨɩɥɢɜɧɨɣ ɩɨɥɢɬɢɤɟ. 
ɗɬɨɬ ɜɨɩɪɨɫ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɫɬɪɚɬɟɝɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ. ȼ ɫɜɨё ɜɪɟɦɹ, ɤɨɝɞɚ 

ɩɪɨɟɤɬɢɪɨɜɚɥɢɫɶ Ɉɦɫɤɢɟ Ɍɗɐ-4 ɢ Ɍɗɐ-5, ɭɬɜɟɪɞɢɥɨɫɶ ɦɧɟɧɢɟ, ɱɬɨ ɭɝɥɢ 
Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɜ ɫɢɥɭ ɜɵɫɨɤɨɝɨ ɩɪɨɰɟɧɬɚ ɝɨɪɸɱɢɯ ɥɟɬɭɱɢɯ, 
ɧɟ ɦɨɠɟɬ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶɫɹ ɩɨ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɟ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɜɨ ɢɡɛɟɠɚɧɢɟ 
ɟɝɨ ɡɚɝɨɪɚɧɢɹ ɜ ɜɚɝɨɧɚɯ. 

ɗɬɨ ɛɵɥɨ ɨɲɢɛɨɱɧɨɟ ɦɧɟɧɢɟ ɢ  Ɉɦɫɤɢɟ Ɍɗɐ-4 ɢ Ɍɗɐ-5 ɛɵɥɢ 
ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɵ ɧɚ ɭɝɥɢ ɗɤɢɛɚɫɬɭɡɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫ ɜɵɫɨɤɨɣ 
ɡɨɥɶɧɨɫɬɶɸ ɢ ɜɵɫɨɤɨɣ ɚɛɪɚɡɢɜɧɨɫɬɶɸ. 
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ȼɨɩɪɨɫ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɪɟɲёɧ ɢ ɞɚɠɟ ɧɟ ɜɤɥɸɱёɧ ɜ 
ɩɟɪɫɩɟɤɬɢɜɧɭɸ ɫɯɟɦɭ ɬɨɩɥɢɜɨɫɧɚɛɠɟɧɢɹ Ɉɦɫɤɨɣ ɷɧɟɪɝɟɬɢɤɢ. 

ɇɨ ɬɚɤɨɣ ɩɟɪɟɜɨɞ ɢɦɟɥ ɛɵ ɰɟɥɵɣ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ: 
1.1. ɉɨɥɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɨɥɵ ɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɰɟɥɹɯ (ɡɨɥɶɧɨɫɬɶ ɄȺɍ-

5÷7 %, ɜɹɠɭɳɟɟ ɋɚɈ ɞɨ 16 %) ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɡɨɥɨɨɬɜɚɥɨɜ, ɧɟ ɫɬɪɨɢɬɶ 
ɢ ɧɟ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɞɨɪɨɝɨɫɬɨɹɳɢɟ ɫɢɫɬɟɦɵ ɝɢɞɪɨɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ. 

1.2. ȼɧɟɞɪɟɧɢɟ ɬɨɩɨɤ ɫ ɰɢɪɤɭɥɢɪɭɸɳɢɦ ɤɢɩɹɳɢɦ ɫɥɨɟɦ (ɐɄɋ) 
ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ Ɍɗɐ. 

2. Ɉ ɫɨɫɬɨɹɧɢɢ ɢ ɜɜɨɞɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɦɨɳɧɨɫɬɟɣ. 
ȼɚɠɧɨɫɬɶ ɷɬɨɝɨ ɜɨɩɪɨɫɚ ɢɫɤɥɸɱɢɬɟɥɶɧɚɹ. 
2.1. Ɍɗɐ-2 ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ ɫ ɮɢɡɢɱɟɫɤɢ ɢ ɦɨɪɚɥɶɧɨ ɭɫɬɚɪɟɜɲɢɦ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ. 
2.2. ɇɚ Ɍɗɐ-3 ɟɫɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɫɞɜɢɝɢ: ɜɜɟɞɟɧɚ ɜ ɩɨɫɥɟɞɧɟɟ 

ɞɟɫɹɬɢɥɟɬɢɟ ɉȽɍ-90 ɢ ɜ 2018 ɝɨɞɭ ɜɜɟɞёɧ ɬɭɪɛɨɚɝɪɟɝɚɬ ɦɨɳɧɨɫɬɶɸ 120 Ɇȼɬ. 
Ɉɞɧɚɤɨ ɱɚɫɬɶ ɬɭɪɛɨɚɝɪɟɝɚɬɨɜ, ɜɜɟɞёɧɧɵɯ ɩɨɥɜɟɤɚ ɧɚɡɚɞ, ɬɪɟɛɭɟɬ ɜɵɜɨɞɚ ɢɡ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɢɯ ɞɟɦɨɧɬɚɠɚ. 

2.3. Ɍɗɐ-4 ɩɨɬɟɪɹɥɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɜ ɞɚɥɶɧɟɣɲɟɦ ɟё ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 
ɋɧɢɠɟɧɵ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɢɡ-ɡɚ ɪɟɡɤɨɝɨ ɫɧɢɠɟɧɢɹ ɩɨɞɚɱɢ 
ɩɚɪɚ ɧɚ ɧɟɮɬɟɤɨɦɛɢɧɚɬ. ɗɬɚ Ɍɗɐ ɨɬɪɚɛɨɬɚɥɚ ɭɠɟ ɛɨɥɟɟ ɩɨɥɭɬɨɪɚ ɧɨɪɦɚɬɢɜɧɨɝɨ 
ɫɪɨɤɚ ɢ ɡɚɬɪɚɬɵ ɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɸ Ɍɗɐ-4, ɨɛɧɨɜɥɟɧɢɟ ɟё ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɫɬɚɧɨɜɹɬɫɹ ɜɵɲɟ, ɱɟɦ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɨɣ Ɍɗɐ ɢ ɷɬɨɬ ɮɚɤɬ ɞɨɤɚɡɵɜɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɐ-6 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɨɫɫɢɣɫɤɢɯ ɭɝɥɟɣ 
(ɄȺɍ). 

Ɉɞɧɚɤɨ ɜ ɚɤɬɭɚɥɢɡɢɪɨɜɚɧɧɨɣ «ɋɯɟɦɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ…»  ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɬɟɩɥɨɬɪɚɫɫɵ ɧɚ ɭɱɚɫɬɤɟ ɨɬ Ɍɗɐ-4 ɱɟɪɟɡ ɜɚɧɬɨɜɵɣ ɦɨɫɬ (ɱɟɪɟɡ 
ɪɟɤɭ ɂɪɬɵɲ) ɞɨ ɧɨɜɨɣ ɩɨɞɤɚɱɢɜɚɸɳɟɣ ɧɚɫɨɫɧɨɣ №16. ɋɬɨɢɦɨɫɬɶ ɩɪɨɟɤɬɚ 
ɛɨɥɟɟ ɦɢɥɥɢɚɪɞɚ ɪɭɛɥɟɣ. Ɋɟɚɥɢɡɚɰɢɹ ɷɬɨɝɨ ɩɪɨɟɤɬɚ ɧɟɪɟɚɥɶɧɚ. 

Ɍɗɐ-4 ɩɨɫɥɟ 2025 ɝ. ɫɥɟɞɨɜɚɥɨ ɛɵ ɜɵɜɟɫɬɢ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɧɨ ɩɪɢ ɷɬɨɦ 
ɧɟɨɛɯɨɞɢɦ ɜɜɨɞ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɦɨɳɧɨɫɬɟɣ ɧɚ Ɍɗɐ-6. 

2.4. Ɉɛ ɨɤɨɧɱɚɧɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɐ-5. 

Ɉɦɫɤɚɹ Ɍɗɐ-5 ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɡɚɤɨɧɱɟɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨɦ. Ɉɬ 
Ɍɗɐ-5 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɝɨɪɨɞɚ ɜ ɨɛɴёɦɟ ɩɨɪɹɞɤɚ 40÷45 %, ɬ.ɟ. 
Ɍɗɐ-5 ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɛɚɡɨɜɵɦ ɨɛɴɟɤɬɨɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɧɚɞёɠɧɨɫɬɢ ɟё ɪɚɛɨɬɵ ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɸɬ. 

ɍɱɢɬɵɜɚɹ ɡɧɚɱɟɧɢɟ Ɍɗɐ-5, ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɚɥɶɧɟɣɲɟɟ ɟё ɪɚɡɜɢɬɢɟ 
(ɤɨɬɥɨɚɝɪɟɝɚɬɵ №10,11,12 ɢ ɬɭɪɛɨɚɝɪɟɝɚɬ №6 ɦɨɳɧɨɫɬɶɸ 180/220 Ɇȼɬ) ɜɟɫɬɢ 
ɩɭɬёɦ ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɬɨɪɨɝɨ ɜɜɨɞɚ ɬɨɩɥɢɜɨɩɨɞɚɱɢ, ɱɬɨ ɩɨɡɜɨɥɢɬ 
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ɩɟɪɟɣɬɢ ɧɚ ɫɠɢɝɚɧɢɟ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɭɝɥɟɣ Ʉɚɧɫɤɨ-Ⱥɱɢɧɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
(ɄȺɍ) ɜ ɪɟɠɢɦɟ ɫ ɰɢɪɤɭɥɢɪɭɸɳɢɦ ɤɢɩɹɳɢɦ ɫɥɨɟɦ (ɐɄɋ). 

Ɍɚɤɨɣ ɩɟɪɟɜɨɞ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ: 
2.4.1. ɉɨɥɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɡɨɥɵ ɜ ɫɬɪɨɢɬɟɥɶɧɵɯ ɰɟɥɹɯ ɩɨɡɜɨɥɹɟɬ 

ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɡɨɥɨɨɬɜɚɥɨɜ, ɧɟ ɫɬɪɨɢɬɶ ɢ ɧɟ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɞɨɪɨɝɨɫɬɨɹɳɢɟ 
ɫɢɫɬɟɦɵ ɝɢɞɪɨɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ. 

2.4.2. ȼɧɟɞɪɟɧɢɟ ɬɨɩɨɤ ɫ ɰɢɪɤɭɥɢɪɭɸɳɢɦ ɤɢɩɹɳɢɦ ɫɥɨɟɦ (ɐɄɋ) 
ɩɨɡɜɨɥɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ ɨɬ Ɍɗɐ. 

2.5. Ɉ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ɉɦɫɤɨɣ Ɍɗɐ-6. 

ɋɬɪɨɢɬɟɥɶɫɬɜɨ Ɍɗɐ-6 ɜ «ɋɯɟɦɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɝɨɪɨɞɚ…» ɧɟ ɡɧɚɱɢɬɫɹ, 
ɯɨɬɹ ɨɧɚ ɟɳё ɮɢɝɭɪɢɪɨɜɚɥɚ ɜ ɉɨɫɬɚɧɨɜɥɟɧɢɢ ɐɄ Ʉɉɋɋ ɢ ɋɨɜɟɬɚ Ɇɢɧɢɫɬɪɨɜ 
ɋɋɋɊ (1979 ɝ.) «Ɉ ɪɚɡɜɢɬɢɢ ɝɨɪɨɞɚ Ɉɦɫɤɚ» ɫ ɩɭɫɤɨɦ ɩɟɪɜɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɜ 
1983 ɝɨɞɭ. ɉɪɨɲɥɨ ɛɨɥɟɟ 35 ɥɟɬ, ɤɚɤ ɦɵ «ɡɚɛɨɥɬɚɥɢ» ɷɬɨɬ ɨɛɴɟɤɬ. 

ɇɚɩɪɚɲɢɜɚɟɬɫɹ ɜɵɜɨɞ: ɛɟɡ ɫɬɪɨɢɬɟɥɶɫɬɜɚ Ɍɗɐ-6 ɭ ɝ. Ɉɦɫɤɚ ɛɭɞɭɳɟɝɨ ɧɟɬ. 
ȼɫɟ ɤɪɭɩɧɵɟ ɬɟɩɥɨɢɫɬɨɱɧɢɤɢ: Ɍɗɐ-2, Ɍɗɐ-3, Ɍɗɐ-4, Ɍɗɐ-5 ɫɢɥɶɧɨ ɢɡɧɨɲɟɧɵ, 
ɚ ɫɪɟɞɫɬɜ ɧɚ ɨɛɧɨɜɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɬ. 

3. Ɉ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɮɢɤɟ ɬɟɩɥɨɫɟɬɢ. 
ɗɬɨɬ ɜɨɩɪɨɫ ɚɤɬɭɚɥɟɧ ɞɥɹ ɦɧɨɝɢɯ ɪɟɝɢɨɧɨɜ ɫɬɪɚɧɵ: ɨɬ ɍɪɚɥɚ ɞɨ 

ȼɥɚɞɢɜɨɫɬɨɤɚ. 
ȼ ɝɨɪɨɞɟ Ɉɦɫɤɟ ɜɦɟɫɬɨ ɭɬɜɟɪɠɞɟɧɧɨɝɨ ɝɪɚɮɢɤɚ ɬɟɩɥɨɫɟɬɢ 150/70 ºC 

ɢɫɩɨɥɶɡɭɟɬɫɹ 110/70 ºC. Ⱦɥɹ ɧɟɩɨɫɜɹɳɟɧɧɨɝɨ ɱɟɥɨɜɟɤɚ ɦɨɠɟɬ ɩɨɤɚɡɚɬɶɫɹ, ɱɬɨ 
ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɜɟɞёɬ ɤ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ, ɚ ɧɚ ɫɚɦɨɦ ɞɟɥɟ 
ɜɫё ɧɚɨɛɨɪɨɬ – ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɷɤɨɧɨɦɢɤɢ: ɜɨɡɪɚɫɬɚɸɬ ɪɚɫɯɨɞɵ 
ɫɟɬɟɜɨɣ ɜɨɞɵ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɟё ɩɟɪɟɤɚɱɤɭ, ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɬɟɩɥɨɜɵɟ 
ɩɨɬɟɪɢ. 

ɉɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɜ ɪɹɞɟ ɦɢɤɪɨɪɚɣɨɧɨɜ ɝɞɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɷɥɟɜɚɬɨɪɧɨɟ ɫɦɟɲɟɧɢɟ, ɨɛɫɥɭɠɢɜɚɸɳɢɣ ɩɟɪɫɨɧɚɥ ɫɚɦɨɜɨɥɶɧɨ 
ɪɚɫɫɜɟɪɥɢɜɚɟɬ ɧɚ ɛɨɥɶɲɢɣ ɞɢɚɦɟɬɪ ɫɨɩɥɚ ɜ ɷɥɟɜɚɬɨɪɚɯ ɢ ɞɪɨɫɫɟɥɶɧɵɯ ɲɚɣɛɚɯ, 
ɢɥɢ ɜɨɨɛɳɟ ɢɯ ɜɵɛɪɚɫɵɜɚɟɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɹ ɫɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɜ ɝ. 
Ɉɦɫɤɟ ɪɚɡɪɟɝɭɥɢɪɨɜɚɧɚ, ɩɪɢɜɨɞɹɳɚɹ ɩɨɪɨɣ ɤ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ 
ɢɡɦɟɧɟɧɢɹɦ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ. ȼɫё ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɮɢɧɚɧɫɨɜɵɯ ɫɪɟɞɫɬɜ (ɧɚ ɫɨɬɧɢ ɦɢɥɥɢɨɧɨɜ ɪɭɛɥɟɣ) ɢ ɧɚɩɪɹɠɟɧɢɸ 
ɝɨɪɨɞɫɤɨɝɨ ɛɸɞɠɟɬɚ. 

Ʉ ɫɨɠɚɥɟɧɢɸ, ɜ ɦɢɥɥɢɨɧɨɦ ɩɨ ɱɢɫɥɟɧɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ ɝɨɪɨɞɟ ɧɟɬ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ ɩɨ ɧɚɥɚɞɤɟ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ. 

4. Ɉ ɧɚɞёɠɧɨɫɬɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ. 
ɗɬɨɬ ɜɨɩɪɨɫ ɫɬɚɥ ɩɪɨɛɥɟɦɧɵɦ ɞɥɹ ɜɫɟɣ Ɋɨɫɫɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɞɨɡɚɦɟɧɵ, 
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ɧɟɞɨɪɟɦɨɧɬɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ ɜ ɬɟɱɟɧɢɟ ɞɨɜɨɥɶɧɨ ɞɥɢɬɟɥɶɧɨɝɨ 
ɩɟɪɢɨɞɚ. 

ȼ Ɉɦɫɤɟ, ɟɫɥɢ ɫɱɢɬɚɬɶ ɞɥɢɧɭ ɬɟɩɥɨɩɪɨɜɨɞɨɜ ɜ ɨɞɧɨɧɢɬɨɱɧɨɦ ɢɫɱɢɫɥɟɧɢɢ, 
ɬɨ ɨɧɚ ɫɨɫɬɚɜɢɬ 2500 ɤɦ (ɜ ɞɢɚɦɟɬɪɚɯ ɨɬ 100 ɞɨ 1200 ɦɦ). ɉɪɢ ɧɨɪɦɚɬɢɜɧɨɦ 
ɫɪɨɤɟ ɫɥɭɠɛɵ ɬɟɩɥɨɩɪɨɜɨɞɨɜ 25 ɥɟɬ (ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɵɞɟɪɠɢɜɚɟɬɫɹ) 
ɟɠɟɝɨɞɧɨ ɞɨɥɠɧɨ ɡɚɦɟɧɹɬɶɫɹ ɧɟ ɦɟɧɟɟ 100 ɤɦ ɬɪɭɛ, ɮɚɤɬɢɱɟɫɤɢ ɠɟ ɡɚɦɟɧɹɟɬɫɹ ɜ 
ɩɪɢɞɟɥɚɯ 15-20 ɤɦ. ȼɨɬ ɩɨɱɟɦɭ ɢ ɫɧɢɠɟɧ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɪɚɮɢɤ ɞɨ 110/70 ºC 
ɩɪɢ ɧɨɪɦɚɬɢɜɧɨɦ 150/70 ºC. 

ɗɬɭ ɩɪɨɛɥɟɦɭ ɫɪɚɡɭ ɧɟ ɪɟɲɢɬɶ, ɧɨ ɨɧɚ ɢ ɧɟ ɞɨɥɠɧɚ ɡɚɦɚɥɱɢɜɚɬɶɫɹ. Ɉɧɚ 
ɞɨɥɠɧɚ ɛɵɬɶ ɜ ɰɟɧɬɪɟ ɜɧɢɦɚɧɢɹ ɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɢɫɤɢ ɟё ɪɟɲɟɧɢɹ. 

Ɉɫɧɨɜɧɚɹ ɩɪɢɱɢɧɚ ɢɡɧɨɫɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɬɟɩɥɨɜɨɣ ɫɟɬɢ – ɧɚɪɭɠɧɚɹ 
ɤɨɪɪɨɡɢɹ. ȼɫɬɚёɬ ɜɨɩɪɨɫ ɨ ɧɟɭɤɨɫɧɢɬɟɥɶɧɨ ɜɵɝɥɭɛɥɟɧɢɢ ɬɟɩɥɨɬɪɚɫɫ, ɤɨɬɨɪɵɟ 
ɫɦɨɧɬɢɪɨɜɚɧɵ ɧɚ ɝɥɭɛɢɧɟ ɞɜɚ ɦɟɬɪɚ. ȼ ɥɨɬɤɢ ɬɟɩɥɨɬɪɚɫɫ ɢɡ-ɡɚ ɧɟɩɪɨɱɧɨɫɬɢ 
ɫɬɵɤɨɜ ɩɨɩɚɞɚɸɬ ɜɟɲɧɢɟ ɢ ɝɪɭɧɬɨɜɵɟ ɜɨɞɵ, ɢɡɨɥɹɰɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɧɚɦɨɤɚɟɬ, 
ɩɨɞ ɧɟɣ ɨɛɪɚɡɭɟɬɫɹ ɹɡɜɟɧɧɚɹ ɤɨɪɪɨɡɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɫɨ ɜɫɟɦɢ ɟё 
ɩɨɫɥɟɞɫɬɜɢɹɦɢ. 

5. Ɉ ɩɟɪɟɜɨɞɟ ɩɪɨɦɵɲɥɟɧɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ ɢ ɨɬɨɩɢɬɟɥɶɧɵɯ 
ɤɨɬɟɥɶɧɵɯ ɜ ɪɟɠɢɦ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ. 

Ɋɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɩɨɡɜɨɥɢɬ ɷɤɨɧɨɦɢɬɶ ɬɨɩɥɢɜɨ ɜ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɤɨɥɢɱɟɫɬɜɚɯ.  

Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ ɋɨɜɟɬɫɤɨɝɨ ɋɨɸɡɚ ɜ ɏɏ ɜɟɤɟ – ɷɬɨ ɫɬɪɨɢɬɟɥɶɫɬɜɨ Ɍɗɐ 
ɜɨ ɜɫɟɯ ɝɨɪɨɞɚɯ, ɧɚɱɢɧɚɹ ɫ ɤɨɥɢɱɟɫɬɜɚ ɠɢɬɟɥɟɣ 50 ɬɵɫ. ɱɟɥ. ɢ ɛɨɥɟɟ (ɨɫɨɛɟɧɧɨ 
ɨɬ ɍɪɚɥɚ ɢ ɞɚɥɟɟ ɧɚ ɜɨɫɬɨɤ) ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ – ɷɬɨ 
ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ ȽɈɗɅɊɈ ɦɟɫɬɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

ȼ Ɉɦɫɤɟ ɛɨɥɟɟ 170 ɤɨɬɟɥɶɧɵɯ, ɫɠɢɝɚɸɳɢɟ ɧɟɪɚɰɢɨɧɚɥɶɧɨ ɩɪɢɪɨɞɧɵɣ ɝɚɡ. 
ȿɫɥɢ ɜ ɤɨɪɨɥɟɜɫɬɜɟ Ⱦɚɧɢɹ ɟɳё ɜ 90-ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ 

ɡɚɤɨɧɨɞɚɬɟɥɶɧɨ ɩɪɢɧɹɬɨ ɩɪɨɢɡɜɨɞɢɬɶ ɨɞɧɭ ɝɢɝɚɤɚɥɨɪɢɸ ɬɟɩɥɚ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɫɩɨɫɨɛɨɦ (ɚ ɷɬɨ ɨɬɨɩɥɟɧɢɟ 100-ɤɜɚɪɬɢɪɧɨɝɨ ɞɨɦɚ), ɬɨ ɜ 
Ɉɦɫɤɟ, ɧɚɩɪɢɦɟɪ, Ʉɢɪɨɜɫɤɚɹ ɤɨɬɟɥɶɧɚɹ ɢɦɟɟɬ ɬɟɩɥɨɜɭɸ ɦɨɳɧɨɫɬɶ 585 ɝɤɚɥ/ɱ ɢ 
ɧɟ ɩɪɨɢɡɜɨɞɢɬ ɧɢ ɨɞɧɨɝɨ ɦɟɝɚɜɚɬɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɧɟɪɚɰɢɨɧɚɥɶɧɨ 
ɫɠɢɝɚɹ ɩɪɢɪɨɞɧɵɣ ɝɚɡ. 

Ɋɟɤɨɧɫɬɪɭɤɰɢɹ ɬɨɥɶɤɨ ɞɜɭɯ ɞɟɫɹɬɤɨɜ ɤɪɭɩɧɵɯ ɤɨɬɟɥɶɧɵɯ ɝɨɪɨɞɚ ɫ 
ɩɟɪɟɜɨɞɨɦ ɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɫɩɨɫɨɛ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ ɩɨɡɜɨɥɢɬ 
ɩɨɥɭɱɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 250-300 Ɇȼɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ. ɗɬɨ ɰɟɥɚɹ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ! 
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ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɷɧɟɪɝɨɫɢɫɬɟɦɚ ɜ Ɉɦɫɤɟ ɷɧɟɪɝɨɞɟɮɢɰɢɬɧɚ, 
ɩɪɢɧɢɦɚɟɬ ɢɡ ɨɛɴɟɞɢɧɟɧɢɹ ɛɨɥɟɟ 40% ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ȼ ɩɟɪɟɫɬɪɨɟɱɧɵɟ ɝɨɞɵ ɜ Ɋɨɫɫɢɢ ɪɚɡɞɟɥɶɧɵɣ ɫɩɨɫɨɛ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ 
ɫɬɚɥ ɩɪɟɜɚɥɢɪɨɜɚɬɶ ɧɚɞ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ, ɱɬɨ ɭɯɭɞɲɚɥɨ ɷɤɨɧɨɦɢɤɭ 
ɷɧɟɪɝɟɬɢɤɢ. 

6. Ɉ ɜɧɟɞɪɟɧɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ ɭ 
ɩɨɬɪɟɛɢɬɟɥɟɣ. 

ɋɭɬɶ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɫɭɳɟɫɬɜɢɬɶ ɩɟɪɟɯɨɞ ɨɬ 
ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɤ ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɸ ɬɟɩɥɨɫɟɬɢ ɭ 
ɩɨɬɪɟɛɢɬɟɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. Ɇɨɠɟɬ ɛɵɬɶ 
ɞɨɫɬɢɝɧɭɬɚ ɪɟɚɥɶɧɚɹ ɷɤɨɧɨɦɢɹ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɜ ɪɚɡɦɟɪɟ ɞɨ 
15%, ɧɨ ɩɪɢ ɨɛɹɡɚɬɟɥɶɧɨɦ ɭɫɥɨɜɢɢ – ɫɨɛɥɸɞɟɧɢɢ ɧɨɪɦɚɬɢɜɧɨɝɨ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɪɚɮɢɤɚ ɬɟɩɥɨɫɟɬɢ. 

Ɏɚɤɬɢɱɟɫɤɢ ɠɟ ɩɪɢ ɜɵɩɨɥɧɹɟɦɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɝɪɚɮɢɤɟ 110/70 ºC ɷɬɚ 
ɷɤɨɧɨɦɢɹ ɫɜɟɞɟɧɚ ɤ «ɧɭɥɸ». 

ɉɨ ɨɪɢɟɧɬɢɪɨɜɨɱɧɵɦ ɞɚɧɧɵɦ ɤɨɥɢɱɟɫɬɜɨ ɨɛɴɟɤɬɨɜ ɜ ɝɨɪɨɞɟ, 
ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦɢ ɂɌɉ, ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 20%. 

ȼɨ ɜɫɟɯ ɭɩɪɚɜɥɹɸɳɢɯ ɤɨɦɩɚɧɢɹɯ ɢ Ɍɋɀ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɵ 
ɦɟɪɨɩɪɢɹɬɢɹ ɧɚ ɩɟɪɫɩɟɤɬɢɜɭ ɩɨ ɜɧɟɞɪɟɧɢɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɬɟɩɥɨɜɵɯ 
ɩɭɧɤɬɨɜ (ɩɨ ɪɚɧɟɟ ɜɜɟɞёɧɧɨɦɭ ɠɢɥɶɸ). ȼɨ ɜɧɨɜɶ ɜɜɨɞɢɦɵɯ ɠɢɥɵɯ ɞɨɦɚɯ 
ɭɫɬɚɧɨɜɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɂɌɉ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɹɡɚɬɟɥɶɧɨɣ ɟɳё ɧɚ ɫɬɚɞɢɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

7. Ɉ ɫɨɡɞɚɧɢɢ ɜ ɝɨɪɨɞɟ ɩɪɨɟɤɬɧɨɣ ɢ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɨɣ  
ɨɪɝɚɧɢɡɚɰɢɣ. 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɝɨɪɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɚ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɢ ɬɟɩɥɨɜɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɧɚɯɨɞɹɬɫɹ ɜ ɤɪɢɡɢɫɧɨɦ ɫɨɫɬɨɹɧɢɢ, 
ɩɪɨɟɤɬɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ɍɗɋ, ɤɨɬɟɥɶɧɵɯ ɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ 
ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ. ȼ ɪɹɞ ɫɟɪɶёɡɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɞɨɤɭɦɟɧɬɨɜ, 
ɫɨɫɬɨɹɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɨɰɟɧɢɜɚɟɬɫɹ ɤɚɤ ɤɪɢɬɢɱɟɫɤɨɟ. ɗɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɫɨɤɪɚɳɟɧɢɟɦ ɜɜɨɞɚ ɧɨɜɵɯ ɦɨɳɧɨɫɬɟɣ ɧɚ 
ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹɯ, ɭɜɟɥɢɱɟɧɢɟɦ ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ, 
ɩɨɜɵɲɟɧɢɟɦ ɡɚɬɪɚɬ ɧɚ ɪɟɦɨɧɬ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɩɪɢɛɥɢɠɟɧɢɟɦ ɮɢɡɢɱɟɫɤɨɝɨ 
ɢɡɧɨɫɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɩɪɢɞɟɥɭ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɜɨɩɥɨɳɟɧɢɹ ɜ ɠɢɡɧɶ ɩɟɪɟɞɨɜɵɯ ɧɚɭɱɧɵɯ ɢ ɩɪɨɟɤɬɧɨ-

ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɢɞɟɣ ɜɨɡɧɢɤɚɟɬ ɬɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ 
ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɩɨɞɪɚɡɞɟɥɟɧɢɣ. 

ɋ ɧɚɫɬɭɩɥɟɧɢɟɦ ɩɟɪɟɫɬɪɨɟɱɧɨɝɨ ɩɟɪɢɨɞɚ ɝɨɫɭɞɚɪɫɬɜɨ ɧɟ ɫɬɚɥɨ 
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ɮɢɧɚɧɫɢɪɨɜɚɬɶ ɪɚɡɜɢɬɢɟ ɬɟɩɥɨɢɫɬɨɱɧɢɤɨɜ, ɩɟɪɟɥɨɠɢɜ ɧɚ ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɶɫɤɢɟ 
ɫɬɪɭɤɬɭɪɵ. 

ȼɪɟɦɹ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɢɡ-ɡɚ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɪɚɡɜɢɬɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ, 
ɢɧɜɟɫɬɢɰɢɢ ɜ ɷɧɟɪɝɟɬɢɤɭ, ɞɚ ɢ ɜ ɩɪɨɦɵɲɥɟɧɧɭɸ ɷɧɟɪɝɟɬɢɤɭ, ɞɨ ɫɢɯ ɩɨɪ ɧɟ 
ɩɪɢɲɥɢ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɫɬɚɥɚ ɜɧɟɞɪɹɬɶɫɹ ɧɨɜɚɹ ɮɨɪɦɚ – ɱɚɫɬɧɨ-

ɝɨɫɭɞɚɪɫɬɜɟɧɧɚɹ, ɧɨ ɜ Ɉɦɫɤɟ ɷɬɚ ɮɨɪɦɚ ɩɨɤɚ ɧɟ ɩɪɢɨɛɪɟɥɚ ɤɚɤɨɝɨ-ɥɢɛɨ 
ɪɚɡɜɢɬɢɹ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɢ ɧɟɬ ɩɪɨɝɪɚɦɦɵ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɟɬɢɤɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɝ. Ɉɦɫɤɟ ɤɪɚɣɧɟ ɨɫɬɪɨ ɨɳɭɳɚɟɬɫɹ ɞɟɮɢɰɢɬ ɨɩɵɬɧɵɯ 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɨɛɥɚɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɨɛɴɟɤɬɨɜ ɷɧɟɪɝɟɬɢɤɢ. ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ ɨɬɫɭɬɫɬɜɢɢ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɤɪɭɩɧɵɯ ɪɟɝɭɥɹɪɧɵɯ ɡɚɤɚɡɨɜ ɦɧɨɝɢɟ ɨɪɝɚɧɢɡɚɰɢɢ ɛɵɥɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɨɫɥɚɛɥɟɧɵ, ɩɨɬɟɪɹɥɢ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ 
ɩɟɪɫɨɧɚɥɚ, ɚ ɬɨ ɢ ɜɨɜɫɟ ɩɪɟɤɪɚɬɢɥɢ ɫɜɨɸ ɞɟɹɬɟɥɶɧɨɫɬɶ (ɧɚɩɪɢɦɟɪ: Ɂɚɩɚɞɧɨ-

ɋɢɛɢɪɫɤɨɟ ɨɬɞɟɥɟɧɢɟ ȼɇɂɉɂɷɧɨɪɝɨɩɪɨɦ, Ɉɦɫɤɷɧɟɪɝɨɦɨɧɬɚɠ ɢ ɞɪ.). 
ɉɥɚɧɨɜɚɹ ɷɤɨɧɨɦɢɤɚ ɛɵɜɲɟɝɨ ɋɋɋɊ ɫ ɩɨɡɢɰɢɣ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɟɤɬɨɜ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ 
ɪɚɛɨɬ ɤɚɠɟɬɫɹ ɭɳɟɪɛɧɨɣ, ɧɨ ɧɚ ɫɚɦɨɦ ɞɟɥɟ ɛɥɚɝɨɞɚɪɹ ɟɣ ɧɚɤɨɩɥɟɧ ɰɟɧɧɵɣ 
ɨɩɵɬ, ɤɨɬɨɪɵɣ ɟɳё ɧɚɞɥɟɠɢɬ ɨɫɦɵɫɥɢɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜ ɛɭɞɭɳɟɦ. 
Ɋɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ ɛɵɥɢ ɭɫɩɟɲɧɨ ɪɟɚɥɢɡɨɜɚɧɵ ɤɚɤ ɤɨɥɨɫɫɚɥɶɧɵɟ ɩɪɨɟɤɬɵ 
ɨɛɳɟɧɚɰɢɨɧɚɥɶɧɨɝɨ ɦɚɫɲɬɚɛɚ, ɬɚɤ ɢ ɛɨɥɟɟ ɦɟɥɤɢɟ, – ɢ ɡɚɱɚɫɬɭɸ ɝɨɪɚɡɞɨ 
ɷɮɮɟɤɬɢɜɧɟɟ, ɱɟɦ ɡɚ ɪɭɛɟɠɨɦ. 
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Ⱥ. Ⱥ. Ʉɭɚɧɞɵɤɨɜɚ 

ȺɈ «Ɉɦɫɤɢɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɟ ɬɟɩɥɨɜɵɟ ɫɟɬɢ» (ȺɈ «Ɉɦɫɤ ɊɌɋ»), ɝ. Ɉɦɫɤ,  
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɉɈȼɕɒȿɇɂȿ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɋɂɋɌȿɆɕ ɌȿɉɅɈɋɇȺȻɀȿɇɂə 
ȽɈɊɈȾȺ ɈɆɋɄȺ ɉɍɌȿɆ ɉȿɊȿȼɈȾȺ ɈɌȾȿɅɖɇɕɏ ɈɌɈɉɂɌȿɅɖɇɕɏ 
ɄɈɌȿɅɖɇɕɏ ɇȺ ɄɈɆȻɂɇɂɊɈȼȺɇɇɈȿ ɉɊɈɂɁȼɈȾɋɌȼɈ ɗɇȿɊȽɂɂ 

 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ ɜɚɪɢɚɧɬ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɝɨɪɨɞɚ Ɉɦɫɤɚ ɡɚ ɫɱɟɬ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɪɨɦɵɲɥɟɧɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ 
ɤɨɬɟɥɶɧɵɯ ɩɭɬɟɦ ɫɨɨɪɭɠɟɧɢɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ ɩɚɪɨɝɚɡɨɜɨɝɨ ɰɢɤɥɚ.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɜɵɪɚɛɨɬɤɚ, ɨɰɟɧɤɚ ɷɤɨɧɨɦɢɱɧɨɫɬɢ 
ɬɟɩɥɨɮɢɤɚɰɢɢ, ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɚɫɯɨɞɵ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, ɩɚɪɨɝɚɡɨɜɵɣ 
ɰɢɤɥ, ɩɪɨɦɵɲɥɟɧɧɚɹ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɚ, ɦɭɧɢɰɢɩɚɥɶɧɚɹ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɚ 

 

IMPROVING THE EFFICIENCY OF THE HEATING SYSTEM OF THE 

CITY OF OMSK BY TRANSFERING SEPARATE HEATING BOILERS TO 

COMBINED ENERGY PRODUCTION 

 

Ainur A. Kuandykova 

JSC "Omsk heat distribution" (JSC "Omsk RTS"), Omsk, Russian Federation 

 

The article discusses the option of improving the efficiency of the heat supply system of the 

city of Omsk due to the modernization of industrial heating boilers by constructing combined heat 

and power plants of the combined cycle. 

 

Key words: combined heat and power plant, combined generation, assessment of the 

efficiency of district heating, capital investment, costs, operating costs, steam and gas cycle, 

industrial heat and power, municipal heat and power. 

 

Ɉɦɫɤ – ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɣ ɰɟɧɬɪ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ, ɜɯɨɞɢɬ ɜ ɱɢɫɥɨ 
ɤɪɭɩɧɟɣɲɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ, ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɢ ɤɭɥɶɬɭɪɧɵɯ ɰɟɧɬɪɨɜ Ɋɨɫɫɢɢ. 
Ƚɨɪɨɞ ɫ ɱɢɫɥɟɧɧɨɫɬɶɸ ɧɚɫɟɥɟɧɢɹ ɛɨɥɟɟ ɦɢɥɥɢɨɧɚ ɱɟɥɨɜɟɤ. Ɉɫɧɨɜɭ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɝɨɪɨɞɚ Ɉɦɫɤɚ ɫɨɫɬɚɜɥɹɸɬ ɩɪɟɞɩɪɢɹɬɢɹ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, 
ɧɟɮɬɟɩɟɪɟɪɚɛɨɬɤɢ, ɯɢɦɢɱɟɫɤɨɣ ɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 
ɪɚɞɢɨɷɥɟɤɬɪɨɧɢɤɢ, ɷɧɟɪɝɟɬɢɤɢ ɢ ɞɪ. 
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Ɉɦɫɤɢɣ ɪɟɝɢɨɧ ɩɨ ɩɨɬɪɟɛɥɟɧɢɸ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ ɞɟɮɢɰɢɬɧɵɦ.  
Ɉɤɨɥɨ 40 % ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɬɪɟɛɥɹɟɬɫɹ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɶɸ ɢɡ 

ɨɛɴɟɞɢɧɟɧɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (Ɉɗɋ) ɋɢɛɢɪɢ ɢ Ʉɚɡɚɯɫɬɚɧɚ. Ⱦɢɧɚɦɢɤɚ 
ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ, ɦɥɧ ɤȼɬɱ, ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫ. 1. 

 

 

Ɋɢɫ. 1. Ⱦɢɧɚɦɢɤɚ ɩɨɬɪɟɛɥɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɶɸ, ɦɥɧ. ɤȼɬɱ 

 

ȼ ɝɨɪɨɞɟ Ɉɦɫɤɟ ɩɪɟɨɛɥɚɞɚɟɬ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɨɬ Ɍɗɐ, 
ɤɪɭɩɧɵɯ ɪɚɣɨɧɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɤɨɬɟɥɶɧɵɯ. Ɍɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɣ 
ɤɨɦɩɥɟɤɫ ɝ. Ɉɦɫɤɚ ɧɚ 01.01.2017 ɝ. ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 179 ɢɫɬɨɱɧɢɤɨɜ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɜ ɬ. ɱ. ɬɪɢ Ɍɗɐ. 

Ɉɛɳɚɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɢɫɬɨɱɧɢɤɨɜ ɝɨɪɨɞɚ Ɉɦɫɤɚ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɛɚɥɚɧɫɵ ɩɨɤɪɵɬɢɹ ɩɪɢɫɨɟɞɢɧɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ 
ɤɨɧɟɰ 2016 ɫɨɫɬɚɜɢɥɚ 9394 Ƚɤɚɥ/ɱ. ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɛɚɥɚɧɫɵ ɩɨɤɪɵɬɢɹ ɩɪɢɫɨɟɞɢɧɟɧɧɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ, 
ɮɨɪɦɢɪɭɟɬɫɹ ɩɨ ɢɫɬɨɱɧɢɤɚɦ ɜ ɩɹɬɢ ɝɪɭɩɩɚɯ ɩɨ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, ɜ ɬɨɦ ɱɢɫɥɟ:   

ɢɫɬɨɱɧɢɤɢ ȺɈ «ɌȽɄ-11» (ɢɫɬɨɱɧɢɤɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɢ 
ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ) – ɬɟɩɥɨɷɥɟɤɬɪɨɰɟɧɬɪɚɥɢ (Ɍɗɐ-3, Ɍɗɐ-4, 

Ɍɗɐ-5); 

ɤɨɬɟɥɶɧɵɟ ȺɈ «Ɉɦɫɤ ɊɌɋ» - Ɍɗɐ-2 ɢ ɄɊɄ;  
ɤɨɬɟɥɶɧɵɟ Ɇɉ ɝ. Ɉɦɫɤɚ «Ɍɟɩɥɨɜɚɹ ɤɨɦɩɚɧɢɹ» (27 ɤɨɬɟɥɶɧɵɯ);  
ɤɨɬɟɥɶɧɵɟ ɜɟɞɨɦɫɬɜɟɧɧɵɯ ɬɟɩɥɨɫɧɚɛɠɚɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ (33 ɨɪɝɚɧɢɡɚɰɢɢ, 

45 ɤɨɬɟɥɶɧɵɯ);  
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ɜɟɞɨɦɫɬɜɟɧɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɤɨɬɟɥɶɧɵɟ (102 ɤɨɬɟɥɶɧɵɯ), 
ɩɪɢɧɚɞɥɟɠɚɳɢɟ 98 ɨɪɝɚɧɢɡɚɰɢɹɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɫɨɛɫɬɜɟɧɧɨɟ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ.  

Ⱦɨɥɹ ɝɪɭɩɩ ɢɫɬɨɱɧɢɤɨɜ ɜ ɨɛɳɭɸ ɬɟɩɥɨɜɭɸ ɦɨɳɧɨɫɬɶ ɝɨɪɨɞɚ Ɉɦɫɤɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2. 

ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɤɨɬɟɥɶɧɵɟ 

9,0% 

 
Ɇɉ ɝ. Ɉɦɫɤɚ "ɌɄ"  ȺɈ "Ɉɦɫɤ ɊɌɋ" 

6,2%  10,3% 

Ɋɢɫ. 2. Ⱦɨɥɹ ɝɪɭɩɩ ɢɫɬɨɱɧɢɤɨɜ ɜ ɨɛɳɭɸ ɬɟɩɥɨɜɭɸ ɦɨɳɧɨɫɬɶ ɝɨɪɨɞɚ 

 

Ɉɬ ɬɪɟɯ Ɍɗɐ ȺɈ «ɌȽɄ-11» ɢ ɞɜɭɯ ɤɨɬɟɥɶɧɵɯ ȺɈ «Ɉɦɫɤ ɊɌɋ» 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɤɨɥɨ 63% ɫɭɦɦɚɪɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɝɨɪɨɞɚ, ɨɬ 
ɤɪɭɩɧɵɯ ɤɨɬɟɥɶɧɵɯ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɛɨɥɟɟ 20 Ƚɤɚɥ/ɱ – 21 %. ɑɚɫɬɶ 
ɩɨɬɪɟɛɢɬɟɥɟɣ ɱɚɫɬɧɨɝɨ ɫɟɤɬɨɪɚ ɢɦɟɟɬ ɢɧɞɢɜɢɞɭɚɥɶɧɨɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ (ɩɟɱɧɨɟ 
ɨɬɨɩɥɟɧɢɟ, ɦɟɥɤɢɟ ɤɨɬɥɵ).  

ȼ ɭɫɥɨɜɢɹɯ ɞɟɮɢɰɢɬɚ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɩɨ ɦɨɳɧɨɫɬɢ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ 
ɪɚɡɞɟɥɶɧɨɣ ɫɯɟɦɟ, ɤɨɝɞɚ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɧɚ ɛɚɡɟ 
ɤɨɬɟɥɶɧɵɯ, ɫɠɢɝɚɸɳɢɯ ɨɪɝɚɧɢɱɟɫɤɨɟ ɬɨɩɥɢɜɨ, ɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ ɨɬɛɢɪɚɟɬɫɹ ɨɬ 
Ɉɗɋ ɋɢɛɢɪɢ ɢ Ʉɚɡɚɯɫɬɚɧɚ. 

ȼɵɫɨɤɚɹ ɢɡɧɨɲɟɧɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɡɞɚɧɢɣ ɤɨɬɟɥɶɧɵɯ, ɬɟɩɥɨɜɵɯ 
ɫɟɬɟɣ, ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɮɢɧɚɧɫɢɪɨɜɚɧɢɟ ɤɨɦɦɭɧɚɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɦɟɞɥɟɧɧɨɟ 
ɜɧɟɞɪɟɧɢɟ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɢɜɨɞɹɬ ɤ ɫɜɟɪɯɧɨɪɦɚɬɢɜɧɵɦ 
ɩɨɬɟɪɹɦ ɬɟɩɥɨɬɵ, ɩɟɪɟɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɧɢɡɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɜɵɫɨɤɨɣ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɱɚɫɬɨ 
ɩɪɟɜɵɲɚɸɳɟɣ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɬɚɪɢɮɵ. 

ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɚɤɢɯ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɜɨɡɦɨɠɧɨ 
ɩɭɬɟɦ ɦɨɞɟɪɧɢɡɚɰɢɢ ɢ ɧɨɜɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢɫɬɨɱɧɢɤɨɜ, ɫɟɬɟɣ ɢ ɬɟɩɥɨɜɵɯ 

ȺɈ "ɌȽɄ - 11 "   
40 ,8%   

ȼɟɞɨɦɫɬɜɟɧɧɵɟ  
ɬɟɩɥɨɫɧɚɛɠɚɸɳɢɟ  

ɨɪɝɚɧɢɡɚɰɢɢ   
33 ,7%   
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ɭɡɥɨɜ ɩɨɬɪɟɛɢɬɟɥɟɣ. ɇɚɢɛɨɥɶɲɢɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɫɨɨɪɭɠɟɧɢɢ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ ɧɚ ɛɚɡɟ ɝɚɡɨɬɭɪɛɢɧɧɵɯ (ȽɌɍ), 

ɝɚɡɨɩɨɪɲɧɟɜɵɯ (Ƚɉɍ) ɢ ɩɚɪɨɝɚɡɨɜɵɯ (ɉȽɍ) ɭɫɬɚɧɨɜɨɤ ɦɚɥɨɣ ɢ ɫɪɟɞɧɟɣ 
ɦɨɳɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɄɉȾ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɬɨɩɥɢɜɚ ɞɨ 80 – 85%, 

ɢ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɷɤɨɧɨɦɢɸ ɬɨɩɥɢɜɚ ɨɬ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɬɵ 15 – 30%. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɪɢ ɜɧɟɞɪɟɧɢɢ ɷɬɢɯ 
ɭɫɬɚɧɨɜɨɤ ɜ ɫɭɳɟɫɬɜɭɸɳɢɟ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 
ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɬɚɤɢɯ ɤɚɤ: 

1) ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɜ 1,8 – 2,5 ɪɚɡɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɪɚɛɨɬɤɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɵɪɚɛɨɬɤɨɣ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ 
ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ c ɤɨɬɟɥɶɧɵɦɢ; 

2) ɩɪɢ ɪɚɛɨɬɟ ɩɨ ɷɥɟɤɬɪɢɱɟɫɤɨɦɭ ɝɪɚɮɢɤɭ Ƚɉɍ ɢ ȽɌɍ ɛɟɡ ɪɟɝɟɧɟɪɚɰɢɢ ɜ 
ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɡɤɨɝɨ ɫɧɢɠɟɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɩɨɹɜɥɹɸɬɫɹ 
ɩɨɬɟɪɢ ɨɬ ɧɟɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɬɟɧɰɢɚɥɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɹ 
ɞɨɫɬɢɝɚɟɦɨɣ ɷɤɨɧɨɦɢɢ ɬɨɩɥɢɜɚ; 

3) ɩɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɬɨɩɥɢɜɚ – ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ; 
4) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɬɟɥɶɧɵɦɢ ɨɛɟɫɩɟɱɟɧɢɟ ɫɧɢɠɟɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ 

ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɬɟɩɥɨɬɵ (ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ); 
5) ɧɟɛɨɥɶɲɨɣ ɫɪɨɤ ɫɬɪɨɢɬɟɥɶɫɬɜɚ (1 – 2 ɝɨɞɚ). 
ɇɟɫɦɨɬɪɹ ɧɚ ɧɚɥɢɱɢɟ ɩɪɨɬɢɜɨɪɟɱɢɜɵɯ ɮɚɤɬɨɪɨɜ ɫɨɨɪɭɠɟɧɢɟ ɬɚɤɢɯ 

ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ, ɤɚɤ ɩɪɚɜɢɥɨ, ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɨ. 
ɉɪɢ ɨɛɨɫɧɨɜɚɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ ɦɚɥɵɯ Ɍɗɐ ɧɟɨɛɯɨɞɢɦɨ 

ɭɱɢɬɵɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɝɨɪɨɞɚ, ɩɨɫɤɨɥɶɤɭ ɜɵɪɚɛɨɬɤɚ ɢɡɛɵɬɨɱɧɨɣ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢɜɨɞɢɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɝɚɡɨɜɚɧɧɨɫɬɢ. ɉɨɷɬɨɦɭ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɟ ɝɨɪɨɞɚ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɧɚ ɛɚɡɟ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ 
ɭɫɬɚɧɨɜɨɤ ɢ ɨɬɨɩɢɬɟɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ, ɪɚɛɨɬɚɸɳɢɯ ɤɚɤ ɜ ɛɚɡɨɜɨɦ, ɬɚɤ ɢ ɜ 
ɩɢɤɨɜɨɦ ɪɟɠɢɦɟ. 

ȼɵɛɨɪ ɬɢɩɚ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ ɧɚ ɦɚɥɵɯ Ɍɗɐ (Ƚɉɍ, ɉȽɍ ɢ ȽɌɍ) 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɝɪɭɡɤɚɦɢ ɢ ɝɨɞɨɜɵɦ ɝɪɚɮɢɤɨɦ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɚɪɢɚɧɬɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɧɟɪɝɢɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ 
ɭɫɥɨɜɢɣ ɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢ ɫɨɰɢɚɥɶɧɨɣ ɫɨɩɨɫɬɚɜɢɦɨɫɬɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɯ 
ɨɞɢɧɚɤɨɜɵɣ ɩɨɥɟɡɧɵɣ ɨɬɩɭɫɤ ɩɨɬɪɟɛɢɬɟɥɹɦ ɦɨɳɧɨɫɬɢ ɢ ɷɧɟɪɝɢɢ ɡɚɞɚɧɧɨɝɨ 
ɤɚɱɟɫɬɜɚ; ɩɨɤɪɵɬɢɟ ɡɚɞɚɧɧɨɝɨ ɝɪɚɮɢɤɚ ɧɚɝɪɭɡɨɤ; ɨɛɟɫɩɟɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɭɪɨɜɧɹ 
ɧɚɞɟɠɧɨɫɬɢ ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ ɨɰɟɧɤɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɬɟɩɥɨɮɢɤɚɰɢɢ ɦɨɠɧɨ 
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ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɨɩɨɫɬɚɜɥɟɧɢɟɦ ɫɨɜɨɤɭɩɧɵɯ ɡɚɬɪɚɬ ɩɪɢ ɪɚɡɞɟɥɶɧɨɦ ɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɜ 
ɨɛɳɟɦ ɜɢɞɟ ɢɡ ɜɵɪɚɠɟɧɢɣ: 

 

 

 

ɝɞɟ           ɟɠɟɝɨɞɧɵɟ ɪɚɫɯɨɞɵ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɬɟɪɹɦɢ ɜ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ, ɪɭɛ., ɩɪɢ ɪɚɡɞɟɥɶɧɨɣ ɫɯɟɦɟ 
ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ; 

 – ɟɠɟɝɨɞɧɵɟ ɪɚɫɯɨɞɵ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɬɟɪɹɦɢ ɜ ɬɟɩɥɨɜɵɯ ɫɟɬɹɯ, ɪɭɛ., ɩɪɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɯɟɦɟ 
ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ; 

 – ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ, ɪɭɛ., ɩɪɢ ɪɚɡɞɟɥɶɧɨɣ ɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɫɯɟɦɚɯ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ; 
ɚ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ, ɤɨɬɨɪɵɣ ɫ ɩɨɦɨɳɶɸ ɩɪɨɰɟɞɭɪɵ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ:  

 

 

 

ɝɞɟ r – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶɫɹ ɪɟɚɥɶɧɵɣ 
ɩɪɨɰɟɧɬ ɧɚ ɤɚɩɢɬɚɥ; n – ɱɢɫɥɨ ɥɟɬ.  

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɫɪɚɜɧɢɜɚɟɦɵɯ ɫɯɟɦ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɫɨɨɬɧɨɲɟɧɢɟɦ: 

 

 

 

ɉɪɢ ɷɬɨɦ ɜɫɟɝɞɚ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɬɪɢ ɡɨɧɵ: 
1) ɩɪɢ Ⱥ ˂ 0,95 ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɫɯɟɦɚ; 
2) ɩɪɢ 0,95 ≤ Ⱥ ≤ 1,05 ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɯɟɦɵ ɪɚɜɧɨɷɤɨɧɨɦɢɱɧɵ; 
3) ɩɪɢ Ⱥ > 1,05 ɛɨɥɟɟ ɷɤɨɧɨɦɢɱɧɚ ɪɚɡɞɟɥɶɧɚɹ  ɫɯɟɦɚ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ. 
Ȼɨɥɶɲɭɸ ɷɤɨɧɨɦɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɡɚ ɫɱɟɬ 

ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɨɝɨ ɜɧɟɞɪɟɧɢɹ ɩɚɪɨɝɚɡɨɜɨɝɨ ɰɢɤɥɚ (ɉȽɍ) ɜ ɩɪɨɦɵɲɥɟɧɧɨɣ ɢ 
ɦɭɧɢɰɢɩɚɥɶɧɨɣ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ Д2Ж. ɉɨ ɷɤɫɩɟɪɬɧɨɣ ɨɰɟɧɤɟ, ɜ ɝɨɪɨɞɟ Ɉɦɫɤɟ ɡɚ 
ɫɱɟɬ ɱɚɫɬɢɱɧɨɝɨ ɩɟɪɟɜɨɞɚ ɩɪɨɦɵɲɥɟɧɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ ɜ Ɍɗɐ ɦɚɥɨɣ 
ɦɨɳɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ, ɚ 

; 
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ɬɚɤɠɟ ɜɧɟɞɪɟɧɢɹ ɝɚɡɨɜɵɯ ɧɚɞɫɬɪɨɟɤ ɧɚ ɤɨɬɟɥɶɧɵɯ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɝɚɡɟ, ɦɨɠɧɨ 
ɜ ɬɟɱɟɧɢɟ 5-6 ɥɟɬ ɩɨɥɭɱɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ ɜ ɪɚɡɦɟɪɟ 
250-300 Ɇȼɬ, ɱɬɨ ɫɨɩɨɫɬɚɜɢɦɨ ɫ ɦɨɳɧɨɫɬɶɸ ɧɨɜɨɣ ɤɪɭɩɧɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɋɨɤɨɥɨɜ, ȿ. ə. Ɍɟɩɥɨɮɢɤɚɰɢɹ ɢ ɬɟɩɥɨɜɵɟ ɫɟɬɢ, 7-ɟ ɢɡɞ. / ȿ. ə. ɋɨɤɨɥɨɜ. 
–  Ɇ.: ɂɡɞɚɬɟɥɶɫɬɜɨ Ɇɗɂ, 2001 ɝ. 

2. ɂɫɬɨɱɧɢɤɢ ɢ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɣ: ɭɱɟɛɧɢɤ/ ȼ. Ɇ. 
Ʌɟɛɟɞɟɜ, ɋ. ȼ. ɉɪɢɯɨɞɶɤɨ ɢ ɞɪ.; ɩɨɞ ɪɟɞ. ȼ. Ɇ. Ʌɟɛɟɞɟɜɚ. – Ɇ.: ɎȽȻɈɍ 
«ɍɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɣ ɰɟɧɬɪ ɩɨ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ 
ɬɪɚɧɫɩɨɪɬɟ», 2013. – 384 ɫ. 
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ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɨɛɡɨɪɭ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɪɚɡɥɢɱɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɚɡɥɢɱɧɵɯ 
ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. Ɋɚɫɫɦɨɬɪɟɧɚ ɫɬɚɬɢɫɬɢɤɚ ɪɚɡɞɟɥɶɧɨɣ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɜɵɪɚɛɨɬɤɢ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɊɎ. ȼɵɹɜɥɟɧɵ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɜɵɪɚɛɨɬɤɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɫɩɨɫɨɛɨɦ. Ɋɚɫɫɦɨɬɪɟɧ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɢ ɤɨɧɫɬɪɭɤɰɢɹ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ, ɜ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɝɚɡɨɬɭɪɛɢɧɧɵɟ ɭɫɬɚɧɨɜɤɢ. 
Ɋɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɦɨɞɟɥɢ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɪɚɡɥɢɱɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɤɚɤ 
ɨɬɟɱɟɫɬɜɟɧɧɵɯ, ɬɚɤ ɢ ɡɚɪɭɛɟɠɧɵɯ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɝɚɡɨɜɵɟ ɬɭɪɛɢɧɵ, ȽɌɍ, ɉȽɍ, 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɫɩɨɫɨɛ ɜɵɪɚɛɨɬɤɢ, ɰɢɤɥɵ ɉȽɍ, ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ, ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ȽɌɍ, ɄɉȾ, ɧɨɦɟɧɤɥɚɬɭɪɧɵɣ ɪɹɞ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ. 
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Nikita V. Zalozhnyy, Viktor K. Gaak 

Omsk State Transport University, (OSTU), Omsk, Russian Federation 

 

AN OVERVIEW OF GAS TURBINES FOR POWER GENERATION AT 

HEAT CONSUMPTION 

 

The article is devoted to the review of gas turbines of different designs and different 

manufacturers. The statistics of separate and combined heat generation in the Russian Federation 

is considered. Positive indicators of thermal energy production by the combined method are 

revealed. The principle of operation and design of the gas turbine are considered. Technological 

schemes in which it is possible to apply gas turbine installations are considered. Various models of 

gas turbines of different manufacturers, both domestic and foreign, are considered. 

 

Key words: heat generation, gas turbine unit, CCGT unit, combined method of heat 

generation, the CCGT cycles, energy efficiency, the efficiency of fuel combustion, gas turbine 

working principal, efficiency coefficient, gas turbine catalog. 

 

Ⱦɥɹ ɱɟɝɨ ɧɭɠɧɚ ɜɵɪɚɛɨɬɤɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɬɟɩɥɨɜɨɦ ɩɨɬɪɟɛɥɟɧɢɢ. 

ɉɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɨ ɪɚɡɥɢɱɧɵɦ 
ɰɢɤɥɚɦ: ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ (Ɍɗɐ) ɢ ɪɚɡɞɟɥɶɧɵɦ (ɨɬɨɩɢɬɟɥɶɧɵɟ ɤɨɬɟɥɶɧɵɟ). 
Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɫɩɨɫɨɛ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɚɤ ɬɟɩɥɨɜɨɣ, ɬɚɤ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ, ɬɚɤ ɤɚɤ ɢɦɟɟɬ 
ɛɨɥɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ. ȼɵɫɨɤɢɣ ɄɉȾ ɩɨɞɪɚɡɭɦɟɜɚɟɬ 
ɫɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɜɵɪɚɛɨɬɚɧɧɨɣ ɷɧɟɪɝɢɢ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɜɥɢɹɟɬ ɧɚ 
ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɬɨɩɥɢɜɚ. Ɋɚɡɞɟɥɶɧɵɣ ɫɩɨɫɨɛ ɠɟ ɩɪɨɢɡɜɨɞɢɬ ɬɨɥɶɤɨ ɬɟɩɥɨɜɭɸ 
ɷɧɟɪɝɢɸ ɢ ɫ ɦɟɧɶɲɢɦ ɄɉȾ, ɱɬɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɫɠɢɝɚɧɢɹ ɢɫɤɨɩɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. 

Ⱦɨɥɹ ɪɚɡɞɟɥɶɧɨɣ ɝɟɧɟɪɚɰɢɢ ɜ ɊɎ ɫɨɫɬɚɜɥɹɟɬ 64% Д1Ж, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 
ɛɨɥɶɲɭɸ ɞɨɥɸ ɨɬɩɭɫɤɚ ɬɟɩɥɚ ɫɬɪɚɧɵ.  

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ 
ɢɫɬɨɱɧɢɤɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɪɚɡɞɟɥɶɧɨɦɭ ɰɢɤɥɭ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ: 

1) ɦɨɞɟɪɧɢɡɚɰɢɹ ɩɚɪɨɜɵɯ ɤɨɬɟɥɶɧɵɯ ɫ ɩɟɪɟɜɨɞɨɦ ɢɯ ɪɚɛɨɬɵ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ (ɉȽɍ) 

2) ɧɚɞɫɬɪɨɣɤɚ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ ɝɚɡɨɜɵɦɢ ɬɭɪɛɢɧɚɦɢ (ȽɌɍ) 
ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ. ɐɢɤɥɵ, ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬ ȽɌ. 

Ƚɚɡɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɨɣ ɧɚɡɵɜɚɟɬɫɹ ɞɜɢɝɚɬɟɥɶ, ɜ ɤɨɬɨɪɨɦ ɫɠɚɬɵɣ ɜ 
ɤɨɦɩɪɟɫɫɨɪɟ ɜɨɡɞɭɯ ɩɨɞɚɟɬɫɹ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ, ɬɚɦ ɨɧ ɫɦɟɲɢɜɚɟɬɫɹ ɫ 
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ɬɨɩɥɢɜɨɦ ɢ ɫɝɨɪɚɟɬ. ɋɝɨɪɟɜɲɚɹ ɫɦɟɫɶ ɨɛɪɚɡɭɟɬ ɝɨɪɹɱɢɣ ɝɚɡ, ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ 
ɧɚ ɥɨɩɚɬɤɢ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɪɚɳɟɧɢɟ ɟɝɨ ɷɧɟɪɝɢɢ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɡɚ ɫɱɟɬ 
ɜɪɚɳɟɧɢɹ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɵɟ ɡɚɤɪɟɩɥɟɧɵ ɧɚ ɜɚɥɭ, ɫɨɟɞɢɧɟɧɧɨɦ ɫ 
ɤɨɦɩɪɟɫɫɨɪɨɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɝɟɧɟɪɚɬɨɪɨɦ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɩɟɪɟɞ ɩɚɪɨɜɵɦɢ ɬɭɪɛɢɧɚɦɢ: 
1) ɭɞɟɥɶɧɵɣ ɪɚɡɦɟɪ ɦɟɧɶɲɟ; 

2) ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɡɚɩɭɫɤɚ; 

3) ɜɫɬɪɨɟɧɧɭɸ ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; 

4) ɜɵɛɪɨɫɵ NOx ɦɟɧɶɲɟ; 

5) ɩɨɫɥɟɞɭɸɳɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. 

Ƚɚɡɨɜɵɟ ɬɭɪɛɢɧɵ ɢɦɟɸɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɟɪɟɞ ɩɚɪɨɜɵɦɢ, ɡɚɤɥɸɱɚɸɳɟɟɫɹ 
ɜ ɬɨɦ, ɱɬɨ ɢɯ ɭɞɟɥɶɧɵɣ ɪɚɡɦɟɪ ɦɟɧɶɲɟ, ɨɧɢ ɢɦɟɸɬ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɡɚɩɭɫɤɚ, 
ɢɦɟɸɬ ɜɫɬɪɨɟɧɧɭɸ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ, ɜɵɛɪɨɫɵ NOx ɦɟɧɶɲɟ, ɚ ɬɚɤɠɟ ɟɫɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɞɫɬɪɨɢɬɶ ɢɯ ɧɚɞ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɬɟɩɥɨɩɪɨɢɡɜɨɞɹɳɢɦɢ 
ɦɨɳɧɨɫɬɹɦɢ ɢ ɩɨɥɭɱɢɬɶ ɨɛɳɢɣ ɄɉȾ ɞɨ 60%. 

Ƚɚɡɨɬɭɪɛɢɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɟɞɢɧɢɱɧɨ, ɬɚɤ ɢ ɜ 
ɤɚɤɨɦ-ɬɨ ɰɢɤɥɟ. Ɍɨɝɞɚ ɰɢɤɥ ɪɚɛɨɬɵ ȽɌɍ ɦɨɠɟɬ ɧɚɡɵɜɚɬɶɫɹ ɦɨɧɚɪɧɵɦ ɢ 
ɛɢɧɚɪɧɵɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ɍɨɩɥɢɜɨ ɢ ɫɠɚɬɵɣ ɜɨɡɞɭɯ ɩɨɞɚɟɬɫɹ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ȽɌɍ, ɝɞɟ ɨɧɨ 
ɫɝɨɪɚɟɬ ɢ ɩɪɢɜɨɞɢɬ ɜ ɞɟɣɫɬɜɢɟ ɪɨɬɨɪ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɜɵɪɚɛɚɬɵɜɚɸɳɢɣ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. Ⱦɵɦɨɜɵɟ ɝɚɡɵ ɩɨɫɥɟ ȽɌɍ ɨɬɩɪɚɜɥɹɸɬɫɹ ɜ ɧɢɡɤɨɧɚɩɨɪɧɵɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ (ɤɚɤ ɩɪɚɜɢɥɨ ɤɨɬёɥ), ɝɞɟ ɞɨɠɢɝɚɸɬɫɹ ɞɪɭɝɢɦ ɬɨɩɥɢɜɨɦ ɢ 
ɜɵɪɚɛɚɬɵɜɚɸɬ ɩɚɪ ɞɥɹ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɵ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ: 
1) ɧɚɞɟɠɧɨɫɬɶ; 

2) ɬɟɪɦɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ; 

3) ɩɟɪɟɯɨɞ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɪɚɛɨɬɵ ɧɚ ɢɧɞɢɜɢɞɭɚɥɶɧɭɸ ɨɪɝɚɧɢɡɭɟɬɫɹ 
ɡɚ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɢ ɧɟ ɬɪɟɛɭɟɬ ɩɪɟɤɪɚɳɟɧɢɹ ɪɚɛɨɬɵ; 

4) ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɡɧɚɱɢɬɟɥɶɧɵɯ ɩɟɪɟɞɟɥɤɚɯ ɜ ȽɌɍ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɝɚɡɨɜɨɝɨ ɤɨɧɬɭɪɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɭɠɟ 
ɨɬɪɚɛɨɬɚɧɧɵɟ ɜɵɩɭɫɤɚɟɦɵɟ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ȽɌɍ; 

5) ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɜɭɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ: ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ 
ɠɢɞɤɨɝɨ ɢɥɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɜ ɝɚɡɨɜɨɦ ɤɨɧɬɭɪɟ ɢ ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɠɢɞɤɨɝɨ 
ɢɥɢ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɜ ɩɚɪɨɜɨɦ ɤɨɧɬɭɪɟ. Ⱦɨɥɹ ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɬɨɩɥɢɜɚ 
ɡɧɚɱɢɬɟɥɶɧɚ ɢ ɞɨɫɬɢɝɚɟɬ 70 – 75 %. 
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Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ: 

1 – ɥɨɩɚɬɤɢ ɤɨɦɩɪɟɫɫɨɪɚ; 2 – ɪɨɬɨɪ ɬɭɪɛɢɧɵ; 3 – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; 4 – ɫɢɥɨɜɚɹ ɨɛɥɚɫɬɶ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɧɟɫɤɨɥɶɤɨ ɛɢɧɚɪɧɵɯ ɰɢɤɥɨɜ ɪɚɛɨɬɵ ɉȽɍ: 
a) ɉȽɍ ɫ ɧɢɡɤɨɧɚɩɨɪɧɵɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɦ (ɪɢɫ. 2). 
Ɍɚɤ ɠɟ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɯɨɠɚɹ ɫɯɟɦɚ – ɉȽɍ ɫ ɜɵɫɨɤɨɧɚɩɨɪɧɵɦ 

ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɦ. ȼ ɧɟɣ ɬɨɩɥɢɜɨ ɢ ɫɠɚɬɵɣ ɜɨɡɞɭɯ ɫɝɨɪɚɸɬ ɜ ɤɨɬɥɟ ɩɨɞ 
ɞɚɜɥɟɧɢɟɦ ɢ ɱɚɫɬɶ ɝɚɡɨɜ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ȽɌɍ ɢ ɜɵɪɚɛɚɬɵɜɚɸɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɷɧɟɪɝɢɸ. 

b) ɉȽɍ ɫ ɤɨɬɥɨɦ-ɭɬɢɥɢɡɚɬɨɪɨɦ (ɪɢɫ. 3).  
c) Ƚɟɧɟɪɚɰɢɹ ɩɚɪɚ ɜ ɭɫɬɚɧɨɜɤɚɯ ɫ ɤɨɬɥɨɦ-ɭɬɢɥɢɡɚɬɨɪɨɦ (Ʉɍ) 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɟɩɥɨɬɵ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɬɭɪɛɢɧɵ ɜ ɤɨɬɥɚɯ-

ɭɬɢɥɢɡɚɬɨɪɚɯ. Ɍɚɤɢɟ ɭɫɬɚɧɨɜɤɢ ɨɬɥɢɱɚɸɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɦɢ ɪɚɫɯɨɞɚɦɢ 
ɩɚɪɚ, ɬɚɤ ɤɚɤ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɞɥɹ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ ɨɝɪɚɧɢɱɟɧɨ ɦɨɳɧɨɫɬɶɸ, 
ɩɪɢɦɟɧɹɟɦɨɣ ȽɌɍ. ȼ ɬɭɪɛɢɧɚɯ ɫ ɧɢɡɤɢɦɢ ɧɚɱɚɥɶɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɛɨɱɟɝɨ 
ɬɟɥɚ ɬɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɬɚɤɠɟ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɚ (400 – 430°ɋ), 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɢɡɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɩɚɪɚ. ȼɫɟ ɷɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɭɸ ɞɨɥɸ ɩɚɪɨɜɨɝɨ ɤɨɧɬɭɪɚ ɜ ɩɨɥɟɡɧɨɣ ɦɨɳɧɨɫɬɢ ɉȽɍ ɫ 
ɤɨɬɥɨɦ-ɭɬɢɥɢɡɚɬɨɪɨɦ (30 – 40%) ɢ ɤ.ɩ.ɞ. ɉȽɍ ɧɟ ɛɨɥɟɟ 45 – 50%. 
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Ɋɢɫ. 2. ɉȽɍ ɫ ɧɢɡɤɨɧɚɩɨɪɧɵɦ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɦ: 

1 – ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ; 2 – ɤɨɦɩɪɟɫɫɨɪ; 3 – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; 4 – ɧɢɡɤɨɧɚɩɨɪɧɵɣ 
ɩɚɪɨɝɟɧɟɪɚɬɨɪ; 5 – ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ; 6 – ɝɚɡɨɜɨɞɹɧɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 7 – ɧɚɫɨɫ;  

8 – ɤɨɧɞɟɧɫɚɬɨɪ; 9 – ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ 

 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɭɪɛɢɧ ɫ ɛɨɥɶɲɢɦɢ ɜɵɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɠɧɨ 
ɞɨɛɢɬɶɫɹ ɄɉȾ ɭɫɬɚɧɨɜɤɢ 55 – 60% 

ɉɪɟɢɦɭɳɟɫɬɜɚ: 
1) ɜɵɫɨɤɢɣ ɄɉȾ; 

2) ɦɚɧɟɜɪɟɧɧɨɫɬɶ; 

3) ɧɢɡɤɚɹ ɭɞɟɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɢ ɜɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ. 
Ɉɛɡɨɪ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɪɚɡɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. 

ȼ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚ ɦɢɪɨɜɨɦ ɪɵɧɤɟ ɫɭɳɟɫɬɜɭɟɬ ɞɜɟ ɤɪɭɩɧɵɟ ɤɨɦɩɚɧɢɢ 
ɩɪɨɢɡɜɨɞɹɳɢɟ ɝɚɡɨɜɵɟ ɬɭɪɛɢɧɵ – General Electric ɢ Siemens. ɇɚ ɞɜɟ ɷɬɢ 
ɤɨɦɩɚɧɢɢ ɩɪɢɯɨɞɢɬɫɹ ɨɤɨɥɨ 50% ɦɢɪɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ. 

Ƚɚɡɨɬɭɪɛɢɧɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɉȽɍ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɩɨ 
ɜɟɥɢɱɢɧɟ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ ɧɚ ɬɚɤɢɟ ɞɜɟ ɝɪɭɩɩɵ: ɝɚɡɨɬɭɪɛɢɧɧɵɟ 
ɭɫɬɚɧɨɜɤɢ ɦɨɳɧɨɫɬɶɸ ɨɬ 10 ɞɨ 60 Ɇȼɬ; ɝɚɡɨɬɭɪɛɢɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɦɨɳɧɨɫɬɶɸ 
70 Ɇȼɬ ɢ ɛɨɥɟɟ. 

Ɉɞɧɨɣ ɢɡ ɤɪɭɩɧɵɯ ɜ Ɋɨɫɫɢɢ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɜɥɹɟɬ «Ɋɗɉ ɏɨɥɞɢɧɝ». ȼ ɫɨɫɬɚɜ ɞɚɧɧɨɣ ɤɨɦɩɚɧɢɢ ɜɯɨɞɹɬ 
«ɇɟɜɫɤɢɣ ɡɚɜɨɞ», «Ɂɚɜɨɞ ɗɥɟɤɬɪɨɩɭɥɶɬ», «ɗɥɟɤɬɪɨɩɭɥɶɬ-ɫɢɫɬɟɦɚ», Ⱦɚɧɧɚɹ 
ɤɨɦɩɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɪɚɡɪɚɛɨɬɤɢ, ɢɡɝɨɬɨɜɥɟɧɢɟ ɢ 
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ɤɨɦɩɥɟɤɫɧɵɟ ɩɨɫɬɚɜɤɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɢ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɞɥɹ ɧɟɮɬɟɝɚɡɨɜɨɣ, ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɞɥɹ 
ɷɧɟɪɝɟɬɢɤɢ ɢ ɷɥɟɤɬɪɨɫɟɬɟɜɨɝɨ ɤɨɦɩɥɟɤɫɚ Д2Ж. 

 

Ɋɢɫ. 3. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɤɨɬɥɨɦ-

ɭɬɢɥɢɡɚɬɨɪɨɦ ɫ ɞɨɠɢɝɚɧɢɟɦ ɬɨɩɥɢɜɚ: 1 – ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪ; 2 – ɤɨɦɩɪɟɫɫɨɪ; 3 – ɤɚɦɟɪɚ 
ɫɝɨɪɚɧɢɹ; 4 – ɤɨɬɟɥ-ɭɬɢɥɢɡɚɬɨɪ; 5 – ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ; 6 – ɪɟɡɟɪɜɭɚɪ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ;  

7 – ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ; 8 – ɤɨɧɞɟɧɫɚɬɨɪ; 9 – ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ; 10 – ɤɚɦɟɪɚ ɞɨɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ 

 

«Ɋɗɉ ɏɨɥɞɢɧɝ» ɩɪɨɢɡɜɨɞɢɬ ɬɭɪɛɢɧɵ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɤɨɦɩɚɧɢɟɣ General 

electric.  

Ɋɚɫɫɦɨɬɪɢɦ ɝɚɡɨɬɭɪɛɢɧɧɭɸ ɷɥɟɤɬɪɨɫɬɚɧɰɢɸ ɧɚ ɛɚɡɟ ȽɌ ɦɨɳɧɨɫɬɶɸ  
25 Ɇȼɬ. 

Ɍɚɛɥɢɰɚ 1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ Ɍ25 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȿɞ. ɢɡɦ. Ɂɧɚɱɟɧɢɟ 

Ɇɨɳɧɨɫɬɶ ɧɚ ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ Ɇȼɬ 21,75 

ɄɉȾ ɷɥɟɤɬɪɢɱɟɫɤɢɣ % 38,9 

Ɋɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɤɝ/ɫ 68,24 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
ɨɋ 465 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ  ɤɝ/ɫ 1,11 

 

Ʉɨɦɩɚɧɢɹ «ɈȾɄ Ƚɚɡɨɜɵɟ Ɍɭɪɛɢɧɵ» 

Ⱦɚɧɧɚɹ ɤɨɦɩɚɧɢɹ ɢɦɟɟɬ ɩɪɨɢɡɜɨɞɫɬɜɨ ɜ ɝɨɪɨɞɟ Ɋɵɛɢɧɫɤ, əɪɨɫɥɚɜɫɤɚɹ 
ɨɛɥɚɫɬɶ. ɉɪɟɞɩɪɢɹɬɢɟ ɫɭɳɟɫɬɜɭɟɬ ɩɨɞ ɪɚɡɧɵɦɢ ɧɚɡɜɚɧɢɹɦɢ ɫ 1935 ɝɨɞɚ Д3Ж. 

Ƚɚɡɨɬɭɪɛɢɧɧɵɣ ɛɥɨɤ ȽɌȺ-25 

ȽɌȺ-25 – ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɝɚɡɨɬɭɪɛɢɧɧɵɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɚɝɪɟɝɚɬ 
ɛɥɨɱɧɨ-ɤɨɧɬɟɣɧɟɪɧɨɝɨ ɥɢɛɨ ɚɧɝɚɪɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ  
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25 Ɇȼɬ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɜɨɞɚ ɚɝɪɟɝɚɬɚ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɝɚɡɨɬɭɪɛɢɧɧɵɣ 
ɞɜɢɝɚɬɟɥɶ ɉɋ-90Ƚɉ-25. 

Ɍɚɛɥɢɰɚ 2  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɉɋ-90Ƚɉ-25 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȿɞ. ɢɡɦ. Ɂɧɚɱɟɧɢɟ 

Ɇɨɳɧɨɫɬɶ ɧɚ ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ Ɇȼɬ 25,6 

ɄɉȾ ɷɥɟɤɬɪɢɱɟɫɤɢɣ % 39,2 

Ɋɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɤɝ/ɫ 79,6 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
ɨɋ 488 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ  ɤɝ/ɫ 1,37 

 

Ƚɚɡɨɜɵɟ ɬɭɪɛɢɧɵ ɤɨɦɩɚɧɢɢ Siemens 

Ʉɨɦɩɚɧɢɹ Siemens ɩɪɨɢɡɜɨɞɢɬ ɲɢɪɨɤɢɣ ɪɹɞ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɢ ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɝɢɝɚɧɬɨɜ ɧɚ ɦɢɪɨɜɨɣ ɚɪɟɧɟ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ȼ 2011 ɝɨɞɭ ɫɨɡɞɚɥɢ ɜ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɟ ɡɚɜɨɞ, ɡɚɧɢɦɚɸɳɢɣɫɹ 
ɪɚɡɪɚɛɨɬɤɨɣ, ɫɛɨɪɤɨɣ, ɩɪɨɞɚɠɟɣ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɦɨɳɧɨɫɬɶɸ 
ɫɜɵɲɟ 60 Ɇȼɬ ɞɥɹ ɪɵɧɤɚ Ɋɨɫɫɢɢ ɢ ɋɇȽ, ɚ ɬɚɤɠɟ ɥɨɤɚɥɢɡɚɰɢɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼ 
ɢɸɧɟ 2015 ɝɨɞɚ ɜ Ʌɟɧɢɧɝɪɚɞɫɤɨɣ ɨɛɥɚɫɬɢ ɫɨɫɬɨɹɥɨɫɶ ɨɬɤɪɵɬɢɟ ɧɨɜɨɣ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɢ «ɋɢɦɟɧɫ Ɍɟɯɧɨɥɨɝɢɢ Ƚɚɡɨɜɵɯ Ɍɭɪɛɢɧ». Ɂɚɜɨɞ, 
ɩɨɫɬɪɨɟɧɧɵɣ ɫ ɧɭɥɹ ɢ ɨɫɧɚɳɟɧɧɵɣ ɫɚɦɵɦ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ 

Ʉɚɬɚɥɨɝ ɬɭɪɛɢɧ Siemens [4]: 

1. Ɇɨɳɧɨɫɬɶ 0-15 Ɇȼɬ: 
 SGT-100   5/6 Ɇȼɬ 

 SGT-300   8-9 Ɇȼɬ 

 SGT-400   11-15 Ɇȼɬ 

2. Ɇɨɳɧɨɫɬɶɸ 15-100 Ɇȼɬ: 
 SGT-700   33-34 Ɇȼɬ 

 SGT-750   34-41 Ɇȼɬ 

 SGT-A45   41-44 Ɇȼɬ 

 SGT-800   48-57 Ɇȼɬ 

 SGT-A45   58-62 Ɇȼɬ 

3. Ɇɨɳɧɨɫɬɶɸ 15-100 Ɇȼɬ: 
 SGT5-2000E 187 Ɇȼɬ 

 SGT5-4000F 329 Ɇȼɬ 
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 SGT5-8000HL 481 Ɇȼɬ 

 SGT5-9000HL 593 Ɇȼɬ 

Ɍɭɪɛɢɧɵ Siemens, ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɜ Ɋɨɫɫɢɢ: 
Ɍɭɪɛɢɧɚ SGT5-4000F ɧɚ Ɍɗɐ-15, Ɍɗɐ-20 (Ɇɨɫɤɜɚ), ɑɟɪɟɩɨɜɟɰɤɚɹ ȽɊɗɋ, 

Ʉɢɪɢɲɫɤɚɹ ȽɊɗɋ (Ʌɟɧɢɧɝɪɚɞɫɤɚɹ ɨɛɥɚɫɬɶ) 
Ʉɚɤ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɤɨɦɩɚɧɢɹ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɛɨɥɶɲɨɣ ɜɵɛɨɪ ɝɚɡɨɜɵɯ 

ɬɭɪɛɢɧ. ȿɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɛɨɪɚ ɬɭɪɛɢɧɵ ɧɭɠɧɨɣ ɦɨɳɧɨɫɬɢ ɞɥɹ ɜɚɲɢɯ ɧɭɠɞ. 
  Ɍɚɛɥɢɰɚ 3 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ SGT5-4000F 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȿɞ. ɢɡɦ. Ɂɧɚɱɟɧɢɟ 

Ɇɨɳɧɨɫɬɶ ɧɚ ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ Ɇȼɬ 329 

ɄɉȾ  % 41 

Ɋɚɫɯɨɞ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɤɝ/ɫ 724 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
ɨɋ 599 

Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 475 

ɄɉȾ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɰɢɤɥɟ % 59,7 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɄɉȾ ɭ ɦɧɨɝɢɯ ɬɭɪɛɢɧ ɛɥɢɡɤɢ ɢ ɥɟɠɚɬ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ 
ɰɢɤɥɟ ɜ ɩɪɟɞɟɥɚɯ 30-40% ɢ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ 55 – 60%.  

Ɋɚɫɫɦɨɬɪɢɦ ɬɭɪɛɢɧɭ SGT5-4000F. 

Ƚɚɡɨɜɵɟ ɬɭɪɛɢɧɵ General Electric 

ɑɟɬɜɟɪɬɶ ɜɫɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɚɲɢɧ 
GE. Ʉɨɦɩɚɧɢɹ ɪɚɛɨɬɚɟɬ ɜ Ɋɨɫɫɢɢ ɩɨɱɬɢ 100 ɥɟɬ, ɢɫɩɨɥɶɡɭɹ ɦɟɠɞɭɧɚɪɨɞɧɵɣ 
ɨɩɵɬ ɢ ɥɨɤɚɥɢɡɭɹ ɩɟɪɟɞɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɫɨɬɪɭɞɧɢɱɟɫɬɜɟ ɫɨ ɫɬɪɚɬɟɝɢɱɟɫɤɢɦɢ 
ɩɚɪɬɧɟɪɚɦɢ ɜ ɷɧɟɪɝɟɬɢɤɟ, ɧɟɮɬɟɝɚɡɨɜɨɣ ɨɬɪɚɫɥɢ, ɬɪɚɧɫɩɨɪɬɟ, ɡɞɪɚɜɨɨɯɪɚɧɟɧɢɢ. 

Ʉɚɬɚɥɨɝ ɬɭɪɛɢɧ GE [5]: 

Ɍɭɪɛɢɧɵ GОЧОЫКХ EХОМЭЫТМ, ɢɫɩɨɥɶɡɭɸɳɢɟɫɹ ɜ Ɋɨɫɫɢɢ: 
Ɍɭɪɛɢɧɚ Tε2500 Ɍɗɐ-3 Ɉɦɫɤ, PG 6111FA ȼɨɥɨɝɨɞɫɤɚɹ Ɍɗɐ, PG9351FA 

ɒɚɬɭɪɫɤɚɹ ȽɊɗɋ ɢɦɟɧɢ ȼ.ɂ. Ʌɟɧɢɧɚ (Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ). 
Ƚɚɡɨɜɚɹ ɬɭɪɛɢɧɚ 6B.03 

Ɍɚɛɥɢɰɚ 4 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ 6B.03 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȿɞ. ɢɡɦ. Ɂɧɚɱɟɧɢɟ 

Ɇɨɳɧɨɫɬɶ ɧɚ ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ Ɇȼɬ 44 

ɄɉȾ  % 33,5 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
Ɉ
 ɋ 549 

ɄɉȾ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɰɢɤɥɟ % 51,6 
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Ɍɚɛɥɢɰɚ 5 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɭɪɛɢɧɵ TM2500 

ɇɚɢɦɟɧɨɜɚɧɢɟ ȿɞ. ɢɡɦ. Ɂɧɚɱɟɧɢɟ 

Ɇɨɳɧɨɫɬɶ ɧɚ ɤɥɟɦɦɚɯ ɝɟɧɟɪɚɬɨɪɚ Ɇȼɬ 33,6 

ɄɉȾ  % 34,8 

Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ Ɇȼɬ 48,4 

Ɍɟɦɩɟɪɚɬɭɪɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ 
ɨɋ ~550 

ɄɉȾ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɰɢɤɥɟ % 49,8 

 

 

Ɋɢɫ. 4. Ɍɭɪɛɢɧɵ GОЧОЫКХ EХОМЭЫТМ 

 

Ƚɚɡɨɜɚɹ ɬɭɪɛɢɧɚ TM2500. 

Ⱦɜɟ ɞɚɧɧɵɟ ɬɭɪɛɢɧɵ ɪɚɛɨɬɚɸɬ ɧɚ Ɉɦɫɤɨɣ Ɍɗɐ-3, ɝɞɟ ɩɪɨɢɡɜɨɞɹɬ ɜ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɰɢɤɥɟ 90 Ɇȼɬ ɷɧɟɪɝɢɢ. 

ɋ ɤɚɠɞɵɦ ɝɨɞɨɦ ɩɨɬɪɟɛɧɨɫɬɢ ɥɸɞɟɣ ɜ ɷɧɟɪɝɢɢ ɪɚɫɬɭɬ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ 
ɷɬɢɦ ɛɭɞɭɬ ɜɧɟɞɪɹɬɫɹ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɷɤɨɧɨɦɢɬɶ ɤɨɧɟɱɧɵɟ 
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ɬɨɩɥɢɜɧɵɟ ɪɟɫɭɪɫɵ. ɂɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɨɥɹ ɝɚɡɨɜɵɯ ɬɭɪɛɢɧ ɧɚ 
ɪɵɧɤɟ ɩɪɨɢɡɜɨɞɫɬɜɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɛɭɞɟɬ ɪɚɫɬɢ, ɱɬɨ ɞɟɥɚɟɬ ɪɚɡɜɢɬɢɟ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ. ɋ ɪɚɡɜɢɬɢɟɦ ɬɭɪɛɢɧ 
ɦɨɞɟɪɧɢɡɢɪɭɸɬɫɹ ɢ ɰɢɤɥɵ ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬ ɞɚɧɧɵɟ ɫɢɥɨɜɵɟ ɦɚɲɢɧɵ, ɱɬɨ 
ɜ ɛɭɞɭɳɟɦ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɟɳё ɥɭɱɲɢɦ ɩɨɤɚɡɚɬɟɥɹɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ 
ɢɫɤɨɩɚɟɦɨɝɨ ɬɨɩɥɢɜɚ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɉɬɱɟɬ «Ɉ ɫɢɬɭɚɰɢɢ ɫ ɬɟɩɥɨɫɧɚɛɠɟɧɢɟɦ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ». 
Ɏɨɧɞ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ 2016 Ɇɨɫɤɜɚ. 

2. Ʉɚɬɚɥɨɝ ɩɪɨɞɭɤɰɢɢ ɤɨɦɩɚɧɢɢ «Ɋɗɉ ɏɨɥɞɢɧɝ». 

3. Ʉɚɬɚɥɨɝ ɩɪɨɞɭɤɰɢɢ ɤɨɦɩɚɧɢɢ «ɈȾɄ Ƚɚɡɨɜɵɟ Ɍɭɪɛɢɧɵ». 

4. Ʉɚɬɚɥɨɝ ɩɪɨɞɭɤɰɢɢ ɤɨɦɩɚɧɢɢ «Siemens». 

5. Ʉɚɬɚɥɨɝ ɩɪɨɞɭɤɰɢɢ ɤɨɦɩɚɧɢɢ «General Electric». 

 

  
ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 

 

Ɂɚɥɨɠɧɵɣ ɇɢɤɢɬɚ ȼɥɚɞɢɱɢɪɨɜɢɱ 
Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
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Pavel I. Kargapoltsev, Evgeniy A. Ratsin 

Omsk State Transport University, (OSTU), Omsk, Russian Federation 

 

MODERNIZATION OF THE REGENERATION SCHEME OF THE 

FILTRATION UNIT OF A CHEMICALLY DEMINERALIZED WATER 

PREPARATION UNIT 

 

The question of reducing the consumption of reagents in the area of water treatment was 

considered. A variant of the reuse of the spent regeneration solution for regeneration ("advanced" 

regeneration) is proposed. A brief business case for the proposed upgrade is provided. 

 

Key words: desalting, regeneration, filtration, alkali, reagent. 

 

ɏɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɚɹ ɜɨɞɚ – ɧɟɨɬɴɟɦɥɟɦɚɹ ɱɚɫɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ Ɉɦɫɤɨɝɨ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɝɨ ɡɚɜɨɞɚ. Ɉɫɧɨɜɧɵɦɢ 
ɩɨɬɪɟɛɢɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ ɬɚɤɢɟ ɤɪɭɩɧɵɟ ɭɫɬɚɧɨɜɤɢ ɤɚɤ ɄɌ-1/1, 43-103,  

Ʌ-35/11-1000, ȺȼɌ-10 ɢ ɞɪɭɝɢɟ. Ʉɚɱɟɫɬɜɨ ɯɢɦɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɨɤɚɡɵɜɚɟɬ 
ɜɵɫɨɤɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɨɫɥɟɞɭɸɳɢɟ ɩɪɨɰɟɫɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɟɪɟɪɚɛɨɬɤɨɣ ɧɟɮɬɢ. 

Ʉɚɱɟɫɬɜɟɧɧɚɹ ɮɢɥɶɬɪɚɰɢɹ ɨɫɜɟɬɥёɧɧɨɣ ɜɨɞɵ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɱɚɫɬɶɸ ɜɨ 
ɜɫёɦ ɩɪɨɰɟɫɫɟ ɨɱɢɫɬɤɢ ɜɨɞɵ ɍɫɬɚɧɨɜɤɚ ɩɨɥɭɱɟɧɢɹ ɯɢɦɢɱɟɫɤɢ ɨɛɟɫɫɨɥɟɧɧɨɣ 
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ɜɨɞɵ (ɏȼɈ-2) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɯɢɦɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɢ ɨɛɟɫɫɨɥɢɜɚɧɢɹ ɜɨɞɵ ɢɡ 
ɪɟɤɢ ɂɪɬɵɲ ɦɟɬɨɞɨɦ ɨɫɜɟɬɥɟɧɢɹ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɤɨɚɝɭɥɹɧɬɚ, ɮɢɥɶɬɪɚɰɢɢ ɧɚ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɮɢɥɶɬɪɚɯ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɨɣ ɧɚ ɜɨɞɨɪɨɞ-ɤɚɬɢɨɧɢɬɨɜɵɯ 
ɢ ɚɧɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɚɯ.  

ɋɵɪɚɹ ɜɨɞɚ ɧɚ ɭɫɬɚɧɨɜɤɭ ɩɨɫɬɭɩɚɟɬ ɫ ɜɨɞɨɡɚɛɨɪɚ ɢɡ ɪɟɤɢ «ɂɪɬɵɲ» ɩɨ 
ɬɪɭɛɨɩɪɨɜɨɞɭ ɫ ɞɚɜɥɟɧɢɟɦ 0,4 – 0,6 Ɇɉɚ (4 – 6 ɤɝɫ/ɫɦ2). ȼ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ  
Ɍ-1, Ɍ-2 ɜɨɞɚ ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɨɫɬɪɵɦ ɩɚɪɨɦ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 20 – 35 ɋ. ɉɨɫɥɟ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɜɨɡɞɭɯɨɨɬɞɟɥɢɬɟɥɢ ɨɫɜɟɬɥɢɬɟɥɟɣ Ɉɋ-1,  

Ɉɋ-2. ɂɡ ɪɟɡɟɪɜɭɚɪɨɜ Ɋ-19/1, Ɋ-19/2, ɤɨɬɨɪɵɟ ɫɨɨɛɳɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɜɨɞɚ 
ɧɚɫɨɫɚɦɢ ɇ-27/1, ɇ-27/2 ɩɨɞɚɟɬɫɹ ɧɚ ɜɯɨɞ ɦɟɯɚɧɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ ɎɆ-1,5. 

Ɉɫɜɟɬɥɟɧɧɚɹ ɜɨɞɚ ɩɨɫɥɟ ɮɢɥɶɬɪɨɜ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɱɢɫɬɤɢ ɎɆ-1,5 ɧɚɩɪɚɜɥɹɟɬɫɹ 
ɧɚ ɜɯɨɞ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɜɨɞɨɪɨɞ-ɤɚɬɢɨɧɢɬɧɵɯ ɮɢɥɶɬɪɨɜ Ɏɇ1-1,5. ɉɨɫɥɟ 
ɜɨɞɨɪɨɞ-ɤɚɬɢɨɧɢɬɧɵɯ ɮɢɥɶɬɪɨɜ 1-ɣ ɫɬɭɩɟɧɢ ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɧɚ ɚɧɢɨɧɢɬɧɵɟ 
ɮɢɥɶɬɪɵ 1-ɣ ɫɬɭɩɟɧɢ ɎȺ1-1,4. ɉɨɫɥɟ ɚɧɢɨɧɢɬɧɵɯ ɮɢɥɶɬɪɨɜ 1-ɣ ɫɬɭɩɟɧɢ ɜɨɞɚ 
ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɜɨɞɨɪɨɞ-ɤɚɬɢɨɧɢɬɧɵɟ ɮɢɥɶɬɪɵ 2-ɣ ɫɬɭɩɟɧɢ Ɏɇ2-1,3. ȼɨɞɚ 
ɩɨɫɥɟ ɜɨɞɨɪɨɞ-ɤɚɬɢɨɧɢɬɧɵɯ ɮɢɥɶɬɪɨɜ 2-ɣ ɫɬɭɩɟɧɢ Ɏɇ2-1,3 ɞɜɭɦɹ ɩɨɬɨɤɚɦɢ 
ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ ɞɟɤɚɪɛɨɧɢɡɚɬɨɪɨɜ ȾɄ-1, ȾɄ-2. ɉɨɫɥɟ ɞɟɤɚɪɛɨɧɢɡɚɬɨɪɨɜ ȾɄ-

1, ȾɄ-2 ɜɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɪɟɡɟɪɜɭɚɪɵ ɞɟɤɚɪɛɨɧɢɡɢɪɨɜɚɧɧɨɣ ɜɨɞɵ Ɋ-20/1, Ɋ-20/2. 

ɂɡ ɫɨɨɛɳɚɸɳɢɯɫɹ ɪɟɡɟɪɜɭɚɪɨɜ Ɋ-20/1, Ɋ-20/2 ɜɨɞɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ɩɪɢɟɦ 
ɧɚɫɨɫɨɜ ɇ-35/1, ɇ-35/2 ɢ ɩɨɞɚɟɬɫɹ ɧɚ ɜɯɨɞ ɚɧɢɨɧɢɬɧɵɯ ɮɢɥɶɬɪɨɜ 2-ɣ ɫɬɭɩɟɧɢ 
ɎȺ2-1,3. ɏɢɦɢɱɟɫɤɢ ɨɛɟɫɫɨɥɟɧɧɚɹ ɜɨɞɚ ɩɨɫɥɟ ɚɧɢɨɧɢɬɧɵɯ ɮɢɥɶɬɪɨɜ 2-ɣ 
ɫɬɭɩɟɧɢ ɫɨɛɢɪɚɟɬɫɹ ɜ ɪɟɡɟɪɜɭɚɪɟ Ɋ-26. ɂɡ ɪɟɡɟɪɜɭɚɪɚ Ɋ-26 ɯɢɦɢɱɟɫɤɢ 
ɨɛɟɫɫɨɥɟɧɧɚɹ ɜɨɞɚ ɨɛɳɢɦ ɩɨɬɨɤɨɦ ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɪɢɟɦ ɧɚɫɨɫɨɜ ɇ-29/1, ɇ-29/2 ɢ 
ɫ ɭɫɬɚɧɨɜɤɢ ɩɨɞɚɟɬɫɹ ɜ ɨɛɳɟɡɚɜɨɞɫɤɨɣ ɤɨɥɥɟɤɬɨɪ ɩɨɬɪɟɛɢɬɟɥɹɦ. 

Ⱦɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɨɧɨɨɛɦɟɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɮɢɥɶɬɪɭɸɳɟɝɨ 

ɦɚɬɟɪɢɚɥɚ, ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɪɟɠɢɦɟ, ɩɪɢɦɟɧɹɟɬɫɹ ɪɟɝɟɧɟɪɚɰɢɹ ɮɢɥɶɬɪɨɜ. ɇɚ 
ɜɨɞɨɪɨɞ-ɤɚɬɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɚɯ ɪɟɝɟɧɟɪɚɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ, ɚ ɧɚ 
ɚɧɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɚɯ ɪɚɫɬɜɨɪɨɦ ɳёɥɨɱɢ.  

ȼɵɞɟɥɹɸɬ 3 ɨɫɧɨɜɧɵɯ ɷɬɚɩɚ: ɜɡɪɵɯɥɟɧɢɟ, ɪɟɝɟɧɟɪɚɰɢɹ, ɨɬɦɵɜɤɚ.  
Ɉɞɧɨɣ ɢɡ ɰɟɥɟɣ ɩɪɨɲɟɞɲɟɝɨ ɝɨɞɚ ɷɤɨɥɨɝɢɢ ɜ ɊɎ ɛɵɥɚ – ɨɛɟɫɩɟɱɟɧɢɟ 

ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɊɎ. ɋɧɢɠɟɧɢɟ ɪɚɫɯɨɞɚ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɢ ɫɧɢɠɟɧɢɟ 
ɤɨɥɢɱɟɫɬɜɚ ɫɛɪɚɫɵɜɚɟɦɵɯ ɫɬɨɱɧɵɯ ɜɨɞ ɹɜɥɹɟɬɫɹ ɦɟɪɨɩɪɢɹɬɢɟɦ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɞɚɧɧɨɣ ɰɟɥɢ. 

 



29 
 

 

 

Ɋɢɫ. 1. ɉɥɚɧ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɭɫɬɚɧɨɜɤɟ ɏȼɈ-2 

 

Ɋɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ 

Ʉ ɱɢɫɥɭ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ 
ɛɨɥɶɲɢɧɫɬɜɚ ɨɬɟɱɟɫɬɜɟɧɧɵɯ Ɍɗɋ ɨɬɧɨɫɹɬɫɹ ɪɚɡɪɚɛɨɬɤɢ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɫɛɪɨɫɨɜ ɫɬɨɱɧɵɯ ɜɨɞ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɡɚ 
ɫɱɟɬ ɫɨɡɞɚɧɢɹ ɦɚɥɨɨɬɯɨɞɧɵɯ ɢ ɛɟɡɨɬɯɨɞɧɵɯ ɫɯɟɦ ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɧɨɝɢɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ 
ɩɨ ɨɛɪɚɛɨɬɤɟ ɜɨɞɵ. 

Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɞɥɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɢ ɮɢɥɶɬɪɚɰɢɢ ɧɚ ɭɫɬɚɧɨɜɤɟ ɏȼɈ-2 ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ "ɪɚɡɜɢɬɨɣ" 
ɪɟɝɟɧɟɪɚɰɢɢ. 

ɋɭɬɶ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ: ɩɨɜɬɨɪɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ 
ɪɟɝɟɧɟɪɚɰɢɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɳɟɥɨɱɢ, ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɚɧɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ. 
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ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɚ  ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɤɚɱɟɫɬɜɚ ɨɬɪɚɛɨɬɚɜɲɟɝɨ 
ɪɚɫɬɜɨɪɚ ɩɪɢ ɪɚɡɜɢɬɨɣ ɪɟɝɟɧɟɪɚɰɢɢ. 

 

 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɤɚɱɟɫɬɜɚ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢ ɪɚɡɜɢɬɨɣ ɪɟɝɟɧɟɪɚɰɢɢ 

 

ɋɧɚɱɚɥɚ ɱɟɪɟɡ ɚɧɢɨɧɢɬ ɫɜɟɪɯɭ ɜɧɢɡ ɩɪɨɩɭɫɤɚɟɬɫɹ ɨɬɪɚɛɨɬɚɜɲɢɣ ɪɚɫɬɜɨɪ, 
ɫɨɛɪɚɧɧɵɣ ɨɬ ɩɪɟɞɵɞɭɳɟɣ ɪɟɝɟɧɟɪɚɰɢɢ, ɚ ɡɚɬɟɦ ɩɨɞɚёɬɫɹ ɪɚɫɬɜɨɪ ɫɜɟɠɟɣ 
ɳёɥɨɱɢ. Ɋɟɠɢɦ ɪɟɝɟɧɟɪɚɰɢɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 2, ɝɞɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɡɦɟɧɟɧɢɟ 
ɳёɥɨɱɧɨɫɬɢ ɮɢɥɶɬɪɚɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟɝɨ ɤɨɥɢɱɟɫɬɜɚ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 2, 
ɫɧɚɱɚɥɚ ɱɟɪɟɡ ɚɧɢɨɧɢɬ ɩɪɨɩɭɫɤɚɟɬɫɹ 0,8 ɥ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɪɚɫɬɜɨɪɚ ɫɨ 
ɳёɥɨɱɧɨɫɬɶɸ 93, ɦɝ-ɷɤɜ/ɥ, ɢ ɨɧ ɨɬɦɵɜɚɟɬɫɹ 0,4 ɥ ɞɢɫɬɢɥɥɹɬɚ. ɉɨɫɥɟ ɩɪɨɫɤɨɤɚ 
ɳёɥɨɱɢ ɜ ɮɢɥɶɬɪɚɬ (V=1ɥ) ɧɚɱɢɧɚɟɬɫɹ ɫɛɨɪ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɪɚɫɬɜɨɪɚ. 
Ʉɨɥɢɱɟɫɬɜɨ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɬɨɪɢɱɧɨɝɨ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɪɚɫɬɜɨɪɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɩɟɪɜɢɱɧɨɦɭ ɢ ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  0,8 ɥ ɢ 93 – 94 ɦɝ-ɷɤɜ/ɥ. 

ɉɨɜɬɨɪɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɬɜɨɪɚ ɳɟɥɨɱɢ ɢɦɟɟɬ ɪɹɞ ɩɪɢɟɦɭɳɟɫɬɜ:  

1) ɫɨɤɪɚɳɟɧɢɟ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɜɨɞ; 
2) ɫɨɤɪɚɳɟɧɢɟ ɪɚɫɯɨɞɚ ɪɟɚɝɟɧɬɨɜ; 
3) ɭɦɟɧɶɲɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɞɵ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ;  
Ɉɠɢɞɚɟɦɵɣ ɷɮɮɟɤɬ ɨɬ ɜɧɟɞɪɟɧɢɹ. 

ɋɨɝɥɚɫɧɨ ɪɚɫɱɟɬɚɦ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɩɪɢɥɨɠɟɧɢɢ 1, ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
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"ɪɚɡɜɢɬɨɣ ɪɟɝɟɧɟɪɚɰɢɢ" ɪɚɫɯɨɞ ɳɟɥɨɱɢ ɞɥɹ ɪɟɝɟɧɟɪɚɰɢɢ ɚɧɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ 
ɫɨɤɪɚɬɢɬɫɹ ɩɪɢɦɟɪɧɨ ɧɚ 8 %. ȼ ɫɪɟɞɧɟɦ ɝɨɞɨɜɨɟ ɩɨɬɪɟɛɥɟɧɢɟ 44% ɳɟɥɨɱɢ 
ɫɨɫɬɚɜɥɹɟɬ 775,1 ɬ/ɝɨɞ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɥɟ ɜɧɟɞɪɟɧɢɹ ɦɟɪɨɩɪɢɹɬɢɹ ɷɤɨɧɨɦɢɹ 
ɪɟɚɝɟɧɬɚ ɫɨɫɬɚɜɢɬ ɩɪɢɦɟɪɧɨ 62 ɬ/ɝɨɞ. 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ: 
1) ɫɧɢɠɟɧɢɹ ɪɚɫɯɨɞɚ ɳɟɥɨɱɢ; 
2) ɫɧɢɠɟɧɢɟ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɜɨɞ; 
Ɇɨɞɟɪɧɢɡɚɰɢɹ ɫɯɟɦɵ ɪɟɝɟɧɟɪɚɰɢɢ ɫɯɟɦɵ ɮɢɥɶɬɪɚɰɢɢ ɜɨɞɵ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɜɢɬɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɦɨɧɬɚɠ ɧɨɜɨɝɨ ɪɟɡɟɪɜɭɚɪɚ 
ɞɥɹ ɫɛɨɪɚ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɪɟɝɟɧɟɪɚɰɢɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɦɨɧɬɚɠ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, 
ɭɫɬɚɧɨɜɤɚ ɧɚɫɨɫɨɜ ɞɥɹ ɩɟɪɟɤɚɱɤɢ ɪɚɫɬɜɨɪɚ ɢɡ ɪɟɡɟɪɜɭɚɪɚ ɧɚ ɮɢɥɶɬɪɚ. Ɉɛɳɚɹ 
ɫɬɨɢɦɨɫɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɫɨɫɬɚɜɢɬ ɨɤɨɥɨ 1400000 ɪɭɛ. 

ɉɪɢ ɫɬɨɢɦɨɫɬɢ ɳɟɥɨɱɢ 36600 ɪ/ɬ ɷɤɨɧɨɦɢɹ ɫɨɫɬɚɜɢɬ 2269200 ɪɭɛ./ɝɨɞ. 
ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɬ 0,62 ɝɨɞɚ. 

Ɇɨɞɟɪɧɢɡɚɰɢɹ ɫɯɟɦɵ ɪɟɝɟɧɟɪɚɰɢɢ ɛɥɨɤɚ ɮɢɥɶɬɪɚɰɢɢ ɨɤɚɡɵɜɚɟɬ 
ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɟɫɶ ɩɪɨɰɟɫɫ ɪɟɝɟɧɟɪɚɰɢɢ. ɋɨɤɪɚɳɟɧɢɟ ɪɚɫɯɨɞɚ 
ɪɟɚɝɟɧɬɨɜ ɢɦɟɟɬ ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ. 

ɉɪɢɦɟɧɟɧɢɟ ɫɯɟɦɵ ɬɚɤɨɝɨ ɬɢɩɚ ɧɚɲɥɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ ɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɨɬɡɵɜɵ 
ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɚɧɧɨɣ ɫɯɟɦɵ «ɪɚɡɜɢɬɨɣ» ɪɟɝɟɧɟɪɚɰɢɢ.  

ɋɧɢɠɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɫɬɨɱɧɵɯ ɜɨɞ ɩɨɥɨɠɢɬɟɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɷɤɨɥɨɝɢɸ , 
ɱɬɨ ɧɟ ɦɚɥɨɜɚɠɧɨ ɜ ɧɚɲɟ ɜɪɟɦɹ. ɋɨɡɞɚɧɢɟ ɛɟɡɨɬɯɨɞɧɵɯ ɢ ɦɚɥɨɨɬɯɨɞɧɵɯ ɫɯɟɦ 
ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɷɧɟɪɝɟɬɢɤɟ ɢ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜ ɰɟɥɨɦ. 
 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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Ɇɗɂ, 2001. – 472 ɫ. 
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5. Ȼɵɫɬɪɢɰɤɢɣ Ƚ.Ɏ. ɗɧɟɪɝɨɫɢɥɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ 
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ɬɨɩɥɢɜɚ ɢ ɨɩɪɟɞɟɥɟɧɵ ɟɝɨ ɮɚɤɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɞɚɧɧɨɦ ɭɝɥɟ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɚɹ ɤɨɬɟɥɶɧɚɹ, ɬɨɩɥɢɜɨ, ɭɝɨɥɶ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɫɯɟɦɚ, ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɭɝɥɹ. 
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THE CENTRALIZED SYSTEM OF PREPARATION OF COAL FOR WORK 

OF "TERMOROBOT" BOILER HOUSES 

 

In article the main grades of coal conforming to requirements for block and modular boiler 

houses are considered and chosen. The technology of preparation of fuel is recommended and its 

actual characteristics are defined during the work on this coal. 

 

Key words: block and modular boiler house, fuel, coal, flow diagram, coal preparation. 

 

Ɉɬɞɟɥɶɧɨɫɬɨɹɳɢɟ ɚɜɬɨɧɨɦɧɵɟ ɢɫɬɨɱɧɢɤɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɦɨɞɭɥɶɧɨɝɨ 
ɬɢɩɚ (ɞɚɥɟɟ – ɤɨɬɟɥɶɧɵɟ) ɩɪɨɢɡɜɨɞɹɬɫɹ ɧɚ ɛɚɡɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɜɨɞɨɝɪɟɣɧɵɯ 
ɭɝɨɥɶɧɵɯ ɤɨɬɥɨɜ Ɍɟɪɦɨɪɨɛɨɬ. ȼɚɠɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ 
ɬɚɤɢɯ ɤɨɬɟɥɶɧɵɯ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɢ ɩɪɢɦɟɧɟɧɢɟ ɬɨɩɥɢɜɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɭɝɥɹ.  

ȼɢɞɵ ɭɝɥɹ ɨɬɥɢɱɚɸɬɫɹ ɨɬɞɟɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɢ ɞɚɠɟ ɛɨɥɶɲɟ 
ɬɨɝɨ – ɬɜɟɪɞɨɟ ɬɨɩɥɢɜɨ ɨɞɧɨɣ ɦɚɪɤɢ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɩɨɤɚɡɚɬɟɥɢ 
ɤɚɱɟɫɬɜɚ. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɥɹ ɡɚɜɢɫɹɬ ɨɬ ɭɫɥɨɜɢɣ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɡɚɥɟɠɟɣ ɢ ɜɥɢɹɸɬ ɧɚ ɜɵɛɨɪ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɫɥɨɜɢɹɦɢ ɩɪɢɦɟɧɟɧɢɹ. Ʉɚɱɟɫɬɜɨ 
– ɫɨɜɨɤɭɩɧɨɫɬɶ ɪɚɡɧɵɯ ɫɜɨɣɫɬɜ ɩɪɨɞɭɤɬɚ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɨɬɪɟɛɧɨɫɬɟɣ ɬɨɣ ɢɥɢ ɢɧɨɣ ɨɬɪɚɫɥɢ. ɋɩɟɤɬɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɭɝɥɹ ɩɪɨɫɬɨ ɨɝɪɨɦɟɧ, ɧɨ ɢ ɩɟɪɟɱɟɧɶ ɩɨɤɚɡɚɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɤɚɱɟɫɬɜɨ, 
ɬɨɠɟ ɫɭɳɟɫɬɜɟɧɟɧ. 

Ƚɥɚɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɬɨɪɵɦɢ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɭɝɨɥɶ: 
– ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ; 
– ɨɩɪɟɞɟɥɟɧɢɟ ɡɨɥɶɧɨɫɬɢ ɭɝɥɹ; 
– ɜɥɚɠɧɨɫɬɶ; 
– ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ; 
– ɜɵɯɨɞ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ;  
– ɬɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɦɟɧɧɨɝɨ ɭɝɥɹ.  
ɇɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɝɨɥɶ ɧɢɡɤɨɝɨ ɤɚɱɟɫɬɜɚ (ɨɬɫɟɜ, ɲɥɚɦ; 

ɭɝɨɥɶ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜɥɚɠɧɨɣ ɩɵɥɢ). Ȼɥɨɱɧɨ-ɦɨɞɭɥɶɧɵɟ ɤɨɬɟɥɶɧɵɟ 
ɫɨɯɪɚɧɹɸɬ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɟɫɶɦɚ ɩɥɨɯɢɯ ɭɝɥɟɣ, ɧɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɨɪɬɨɜɨɝɨ ɭɝɥɹ ɧɟ ɞɚɟɬ ɷɤɨɧɨɦɢɢ: 

– ɜɥɚɠɧɵɣ ɭɝɨɥɶ ɫɨɞɟɪɠɢɬ ɨɤɨɥɨ 10% ɜɨɞɵ. ɑɚɫɬɶ ɬɟɩɥɚ ɬɪɚɬɢɬɫɹ ɧɚ 
ɢɫɩɚɪɟɧɢɟ ɷɬɨɣ ɜɨɞɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɟɨɛɯɨɞɢɦɨ ɜɨɫɩɨɥɧɢɬɶ ɞɚɧɧɵɟ ɩɨɬɟɪɢ ɡɚ 
ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɬɨɩɥɢɜɚ ɧɚ 10%; 
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– ɧɢɡɤɨɤɚɱɟɫɬɜɟɧɧɵɣ (ɦɟɥɤɢɣ, ɜɥɚɠɧɵɣ) ɭɝɨɥɶ «ɡɚɜɢɫɚɟɬ», ɬɨ ɟɫɬɶ, 
ɫɥɢɩɚɟɬɫɹ ɢɥɢ ɡɚɦɟɪɡɚɟɬ ɜ ɛɭɧɤɟɪɟ. ɗɬɨ ɜɵɡɵɜɚɟɬ ɨɫɬɚɧɨɜɤɭ ɪɚɛɨɬɵ ɤɨɬɥɚ, ɢ 
ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɪɚɡɦɨɪɚɠɢɜɚɧɢɸ ɡɞɚɧɢɹ, ɬɟɩɥɨɬɪɚɫɫɵ ɢ ɫɚɦɨɣ ɛɥɨɱɧɨ-

ɦɨɞɭɥɶɧɨɣ ɤɨɬɟɥɶɧɨɣ;  
– ɡɨɥɶɧɨɫɬɶ ɧɢɡɤɨɫɨɪɬɧɨɝɨ ɭɝɥɹ ɧɚ 5-10% ɜɵɲɟ, ɱɟɦ ɭ ɫɨɪɬɨɜɨɝɨ, ɚ 

ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɧɢɠɟ, ɷɬɨ ɬɨɠɟ ɩɪɹɦɚɹ ɩɨɬɟɪɹ ɞɟɧɟɝ; 
– ɩɨɜɵɲɟɧɧɚɹ ɡɨɥɶɧɨɫɬɶ ɭɝɥɹ ɩɪɢɜɨɞɢɬ ɤ ɭɫɤɨɪɟɧɧɨɦɭ ɡɚɝɪɹɡɧɟɧɢɸ 

ɝɨɪɟɥɤɢ, ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɢ ɞɵɦɨɯɨɞɚ, ɚ ɡɨɥɚ ɭɧɨɫɚ ɡɚɝɪɹɡɧɹɟɬ ɩɪɢɥɟɝɚɸɳɭɸ 
ɬɟɪɪɢɬɨɪɢɸ; 

– ɛɨɥɶɲɨɟ ɫɨɞɟɪɠɚɧɢɟ ɩɨɪɨɞɵ ɢ ɢɧɨɪɨɞɧɵɯ ɬɟɥ ɜ ɧɢɡɤɨɫɨɪɬɧɨɦ ɭɝɥɟ 
ɩɪɢɜɨɞɢɬ ɤ ɦɟɯɚɧɢɱɟɫɤɨɦɭ ɢɡɧɨɫɭ ɦɟɯɚɧɢɡɦɚ ɩɨɞɚɱɢ ɢ ɦɨɠɟɬ ɜɵɡɜɚɬɶ 
ɡɚɤɥɢɧɢɜɚɧɢɟ ɢɥɢ ɩɨɜɪɟɠɞɟɧɢɟ ɲɧɟɤɚ. 

Ɂɚɜɨɞɵ ɢɡɝɨɬɨɜɢɬɟɥɢ ɦɨɞɭɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ ɧɚ ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ 
ɪɟɤɨɦɟɧɞɭɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɝɨɥɶ ɦɚɪɤɢ Ⱦ (ɤɚɦɟɧɧɵɣ ɞɥɢɧɧɨɩɥɚɦɟɧɧɵɣ) ɢ 
ɭɝɥɢ Ȼ (ɛɭɪɵɟ) ɮɪɚɤɰɢɢ 0 – 50 ɦɦ. ɉɪɢ ɫɠɢɝɚɧɢɢ ɬɚɤɢɯ ɭɝɥɟɣ ɝɚɪɚɧɬɢɪɭɟɬɫɹ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɤɨɬɥɨɜ. 

Ⱦɥɹ ɛɟɫɩɟɪɟɛɨɣɧɨɣ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɤɨɬɟɥɶɧɨɣ ɧɟɨɛɯɨɞɢɦɚ 
ɩɨɞɝɨɬɨɜɤɚ ɭɝɥɹ: ɷɬɨ ɨɬɫɟɜ ɢ ɞɪɨɛɥɟɧɢɟ ɞɨ ɨɞɧɨɪɨɞɧɨɣ ɮɪɚɤɰɢɢ, ɬɚɤɠɟ ɭɝɨɥɶ 
ɞɨɥɠɟɧ ɛɵɬɶ ɫɭɯɨɣ ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɪɨɛɥɟɦ ɫ ɩɨɞɚɱɟɣ ɬɨɩɥɢɜɚ ɢɡ ɛɭɧɤɟɪɚ. Ⱦɥɹ 
ɬɨɝɨ ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɜɫɟ ɞɚɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 
ɬɟɯɧɨɥɨɝɢɸ ɩɨɞɝɨɬɨɜɤɢ ɭɝɥɹ, ɚ ɜ ɱɚɫɬɧɨɫɬɢ: ɭɫɬɚɧɨɜɤɭ ɦɚɝɧɢɬɨɜ ɞɥɹ ɭɞɚɥɟɧɢɹ 
ɫɥɚɛɨɦɚɝɧɢɬɧɵɯ ɪɭɞɧɵɯ ɢ ɧɟɪɭɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɞɪɨɛɥɟɧɢɟ ɭɝɥɹ ɞɥɹ 
ɢɡɦɟɥɶɱɟɧɢɹ ɧɭɠɧɨɣ ɮɪɚɤɰɢɢ, ɫɭɲɤɚ ɬɨɩɥɢɜɚ ɞɨ ɧɟɨɛɯɨɞɢɦɨɝɨ ɡɧɚɱɟɧɢɹ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɥɹ. 
Ɍɚɛɥɢɰɚ 1  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɝɥɹ ɦɚɪɤɢ Ⱦ ɢ Ȼ  

Ɇɚɪɤɚ ɭɝɥɹ 
Ɋɚɡɦɟɪ, 

ɦɦ 

ȼɥɚɝɚ, 
% 

Ɂɨɥɚ, 
% 

Ɍɟɩɥɨɬɚ 
ɫɝɨɪɚɧɢɹ, 

ɤɤɚɥɥ 

ȼɵɯɨɞ 
ɥɟɬɭɱɢɯ 
ɜɟɳɟɫɬɜ 

ɐɟɧɚ 

ɡɚ 1 ɬ 

ȾɊ (ɪɹɞɨɜɨɣ) 0-300 13 12 5200 40,5 1700 

ȾȽɊ (ɞɥɢɧɧɨ-

ɩɥɚɦɟɧɧɵɣ ɝɚɡɨɜɵɣ 
ɪɹɞɨɜɨɣ) 

0-300 7-9 ɞɨ 12 5800-6100 45-47 1400 

ȾɉɄɈ 25-200 10 11 5400 42 1300 

2ȻɊ (ɪɹɞɨɜɨɣ) 0-300 25 14 3800 47,5 650 

2ȻɉɄɈ (ɩɥɢɬɚ, 
ɤɚɦɟɧɶ, ɨɪɟɯ) 25-200 24 28 4300 47 950 

3ȻɉɄɈ (ɩɥɢɬɚ, 
ɤɚɦɟɧɶ, ɨɪɟɯ) 25-200 19 6 5000 44 1550 
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Ɉɫɧɨɜɧɨɣ ɩɨɤɚɡɚɬɟɥɶ ɥɸɛɨɝɨ ɬɨɩɥɢɜɚ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ. Ⱦɥɹ 
ɛɭɪɨɝɨ ɭɝɥɹ ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 3500, ɞɥɹ ɚɧɬɪɚɰɢɬɚ 7400 ɤɤɚɥ/ɤɝ. 
ȼ ɪɚɫɱɟɬɚɯ ɞɥɹ ɬɨɩɥɢɜɚ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ 5300 
ɤɤɚɥ/ɤɝ. ȼ ɫɩɪɚɜɨɱɧɢɤɚɯ ɢɧɨɝɞɚ ɩɪɢɜɨɞɹɬ ɡɧɚɱɟɧɢɟ 7000 ɤɤɚɥ/ɤɝ, ɧɨ ɷɬɢ ɰɢɮɪɵ 
ɨɬɧɨɫɹɬɫɹ ɤ ɭɝɨɥɶɧɨɦɭ ɤɨɧɰɟɧɬɪɚɬɭ. 

ɉɪɢ ɜɵɛɨɪɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɹɜɥɹɟɬɫɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɫɫɵɥɚɹɫɶ ɧɚ ɬɪɟɛɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɥɢɧɢɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɵɥɚ ɡɚɞɚɧɚ ɧɟ ɧɢɠɟ 30 ɬɨɧɧ ɜ ɫɭɬɤɢ (ɢɥɢ ɧɟ ɧɢɠɟ 3ɬ/ɱ). 

ȼɨɡɦɨɠɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɥɢɧɢɢ 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɨɩɥɢɜɚ ɞɥɹ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ, 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2. 

Ɍɚɛɥɢɰɚ 2 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɥɢɧɢɹ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɭɝɥɹ ɞɥɹ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɵɯ 
ɤɨɬɟɥɶɧɵɯ ɧɚ ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ 

Ɉɛɨɪɭɞɨɜɚɧɢɟ Ɏɨɬɨ Ɍɟɯɧɨɥɨɝɢɹ 
Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ʉɨɦɩɥɟɤɬ, 
ɲɬ 

Ⱦɪɨɛɢɥɤɚ ɭɝɥɹ 
ȾɈ-1Ɇ 

 

ɉɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 
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The article presents the study and determination of energy and economic efficiency in the 

implementation of energy-saving measures in the systems of internal water supply and sanitation on 

the example of an apartment house in Omsk.  
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ȼ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɚɤɬɢɜɧɨ ɨɛɫɭɠɞɚɸɬɫɹ ɜɚɪɢɚɧɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɢ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ (ɇȼɂɗ), ɪɚɡɪɚɛɚ-

ɬɵɜɚɸɬɫɹ ɢ ɩɪɢɦɟɧɹɸɬɫɹ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɦɚɬɟɪɢɚɥɵ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɧɟɪɝɢɸ cɨɥɧɰɚ, ɜɨɞɵ, ɜɟɬɪɚ ɢ ɧɟɞɪ 
Ɂɟɦɥɢ. Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɯɨɬɶ ɢ ɨɛɥɚɞɚɟɬ ɨɝɪɨɦɧɵɦ ɡɚɩɚɫɨɦ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɧɨ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɜɤɥɸɱɢɥɚɫɶ ɜ ɚɤɬɢɜɧɭɸ 
(ɩɭɫɬɶ ɢ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ ɪɚɡɜɢɬɵɟ ɫɬɪɚɧɵ) ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɝɪɚɦɦ ɩɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɇȼɂɗ ɫɨɜɫɟɦ ɧɟɞɚɜɧɨ. ɉɪɢɧɹɬɢɟ Ɏɟɞɟɪɚɥɶɧɨɝɨ Ɂɚɤɨɧɚ № 261-

ɎɁ «Ɉɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɢ ɨ ɩɨɜɵɲɟɧɢɢ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ...», ɪɹɞɚ ɢɧɵɯ 
ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɵɯ ɚɤɬɨɜ, ɚ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɵɬɚ ɡɚɪɭɛɟɠɧɵɯ ɫɬɪɚɧ ɜ 
ɜɨɩɪɨɫɚɯ ɧɟɬɪɚɞɢɰɢɨɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɨɬɤɪɵɜɚɟɬ ɧɨɜɵɟ ɲɢɪɨɤɢɟ ɝɨɪɢɡɨɧɬɵ ɞɥɹ 
ɪɚɡɜɢɬɢɹ ɷɧɟɪɝɟɬɢɤɢ Ɋɨɫɫɢɢ Д1Ж. 

Ⱦɥɹ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɜɚɠɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɩɟɪɫɩɟɤɬɢɜɵ 
ɩɪɢɦɟɧɟɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɤɨɩɚɟɦɨɦɭ ɬɨɩɥɢɜɭ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɧɚɲɟɣ 
ɫɬɪɚɧɵ ɜ ɰɟɥɨɦ. Ɉɞɧɚɤɨ ɩɪɟɠɞɟ ɱɟɦ ɪɟɲɚɬɶ ɜɨɩɪɨɫ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɇȼɂɗ ɜ ɦɚɫɲɬɚɛɚɯ ɫɬɪɚɧɵ, ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɷɬɨɬ ɜɨɩɪɨɫ ɞɥɹ 
ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɪɟɝɢɨɧɚ. ȼ ɋɢɛɢɪɫɤɨɦ ɮɟɞɟɪɚɥɶɧɨɦ ɨɤɪɭɝɟ ɩɨ ɞɚɧɧɵɦ ɧɚ 
ɧɚɱɚɥɨ 2012 ɝɨɞɚ ɩɪɨɠɢɜɚɟɬ ɨɤɨɥɨ 19,28 ɦɥɧ. ɱɟɥɨɜɟɤ (13,13 % ɨɬ ɧɚɫɟɥɟɧɢɹ 
ɊɎ) ɢ ɩɨɬɪɟɛɥɹɸɬ ɩɨɪɹɞɤɚ 20 % ɨɬ ɨɛɳɟɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ 
ɧɭɠɞɵ Ƚȼɋ, ɨɬɨɩɥɟɧɢɹ ɢ ɜɟɧɬɢɥɹɰɢɢ. Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ ɨɛɭɫɥɚɜɥɢɜɚɸɬ 
ɨɝɪɨɦɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɬɪɚɧɫɩɨɪɬ ɬɟɩɥɚ. ȼ ɞɚɧɧɨɣ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɩɪɨɟɤɬɟ ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɨɥɧɟɱɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ, ɩɪɨɜɟɞɟɧɧɨɝɨ ɞɥɹ 
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ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɝɨɪɨɞɚ Ɉɦɫɤɚ. 
ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɧɹɬ 

ɦɧɨɝɨɤɜɚɪɬɢɪɧɵɣ ɠɢɥɨɣ ɞɨɦ ɩɟɪɟɦɟɧɧɨɣ ɷɬɚɠɧɨɫɬɢ 9-12 ɷɬɚɠɟɣ ɢɦɟɸɳɟɣ 113 
ɤɜɚɪɬɢɪ ɫ ɪɚɫɱɟɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɨɠɢɜɚɸɳɢɯ 300 ɱɟɥɨɜɟɤ ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɝ. 
Ɉɦɫɤɟ ɩɨ ɭɥ. Ɇ. ɀɭɤɨɜɚ. ɉɨɞɝɨɬɨɜɤɚ ɝɨɪɹɱɟɣ ɜɨɞɵ ɜ ɠɢɥɨɦ ɞɨɦɟ ɨɪɝɚɧɢɡɨɜɚɧɚ ɜ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ ɬɟɩɥɨɜɨɦ ɩɭɧɤɬɟ ɩɨ ɡɚɤɪɵɬɨɣ ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɣ ɫɦɟɲɚɧɧɨɣ 
ɫɯɟɦɟ ɜ ɡɢɦɧɢɣ ɩɟɪɢɨɞ ɢ ɩɨ ɨɬɤɪɵɬɨɣ ɫɯɟɦɟ ɜ ɥɟɬɧɢɣ ɩɟɪɢɨɞ (ɪɢɫ. 1). 

ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨ ɟɠɟɦɟɫɹɱɧɨɦ ɩɨɬɪɟɛɥɟɧɢɢ ɝɨɪɹɱɟɣ ɜɨɞɵ 
ɠɢɥɶɰɚɦɢ ɠɢɥɨɝɨ ɞɨɦɚ ɡɚ ɤɚɠɞɵɣ ɦɟɫɹɰ 2017 ɝɨɞɚ. 

Ɍɚɛɥɢɰɚ 1 

ɉɨɬɪɟɛɥɟɧɢɟ ɝɨɪɹɱɟɣ ɜɨɞɵ ɩɨɦɟɫɹɱɧɨɟ ɡɚ 2017 ɝɨɞ 

Ɇɟɫɹɰ əɧɜɚɪɶ Ɏɟɜɪɚɥɶ Ɇɚɪɬ Ⱥɩɪɟɥɶ Ɇɚɣ ɂɸɧɶ 

ɉɨɬɪɟɛɥɟɧɢɟ 
ɜɨɞɵ ɧɚ ɰɟɥɢ 
Ƚȼɋ, ɤɭɛ.ɦ 

438 351 538 486 357 347 

Ɇɟɫɹɰ ɂɸɥɶ Ⱥɜɝɭɫɬ ɋɟɧɬɹɛɪɶ Ɉɤɬɹɛɪɶ ɇɨɹɛɪɶ Ⱦɟɤɚɛɪɶ 

ɉɨɬɪɟɛɥɟɧɢɟ 
ɜɨɞɵ ɧɚ ɰɟɥɢ 
Ƚȼɋ, ɤɭɛ.ɦ 

405 380 
110 – ɡɚɤɪ, 
264 - ɨɬɤɪ 

504 472 521 

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɩɨɞɝɨɬɨɜɤɢ ɝɨɪɹɱɟɣ ɜɨɞɵ ɜ ɢɧɞɜɢɞɭɚɥɶɧɨɦ ɬɟɩɥɨɜɨɦ ɩɭɧɤɬɟ 

ɠɢɥɨɝɨ ɞɨɦɚ: 1, 2 – ɡɚɩɨɪɧɚɹ ɚɪɦɚɬɭɪɚ ɥɟɬɧɟɝɨ Ƚȼɋ, 3 – ɪɟɝɭɥɹɬɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɫɬɟɦɵ 
ɨɬɨɩɥɟɧɢɹ, 4 –ɰɢɪɤɭɥɹɰɢɨɧɧɨ-ɩɨɜɵɫɢɬɟɥɶɧɵɣ ɧɚɫɨɫ, 5 – ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ, 6 – ɪɟɝɭɥɹɬɨɪ 

ɬɟɦɩɟɪɚɬɭɪɵ Ƚȼɋ, 7 – ɦɨɧɨɛɥɨɱɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ Ƚȼɋ, Ɍ1 ɢ Ɍ2 – ɩɨɞɚɸɳɢɣ ɢ ɨɛɪɚɬɧɵɣ 
ɬɪɭɛɨɩɪɨɜɨɞ ɬɟɩɥɨɫɟɬɢ, ȼ1- ɜɜɨɞ ɜɨɞɨɩɪɨɜɨɞɚ, Ɍ3 – ɩɨɞɚɱɚ ɝɨɪɹɱɟɣ ɜɨɞɵ ɧɚ ɰɟɥɢ Ƚȼɋ, Ɍ11 ɢ 

Ɍ21 – ɬɪɭɛɨɩɪɨɜɨɞɵ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 
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ɋɧɢɠɟɧɢɟ ɩɨɬɪɟɛɥɟɧɢɹ ɜ ɦɟɠɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɫɜɹɡɚɧɨ ɫ 
ɩɪɟɞɨɫɬɚɜɥɟɧɢɟɦ ɧɟɤɚɱɟɫɬɜɟɧɧɵɯ ɭɫɥɭɝ ɀɄɏ ɢ ɩɟɪɟɯɨɞɨɦ ɧɚɫɟɥɟɧɢɹ ɧɚ 
ɦɟɫɬɧɵɟ ɛɨɣɥɟɪɵ-ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɢ. 

ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɬɚɛɥ. 1 ɨɩɪɟɞɟɥɢɦ ɬɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɝɨɪɹɱɟɣ ɜɨɞɵ ɡɚ ɤɚɠɞɵɣ ɦɟɫɹɰ 2017 ɝɨɞ ɩɨ ɮɨɪɦɭɥɟ: 

 ɏȼȽȼȽȼȼȽ  t- tɫGQ  ,                                        (1) 

ɝɞɟ Ƚȼt  – ɧɨɪɦɚɬɢɜɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ, tɝɜ = 60 °ɋ;  

ɏȼt  –ɬɟɦɩɟɪɚɬɭɪɚ ɯɨɥɨɞɧɨɣ ɜɨɞɵ, ɏȼt  = 5 °ɋ – ɜ ɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ ɢ 10 °ɋ – 

ɜ ɦɟɠɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɪɟɛɭɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɧɚɝɪɟɜ ɜɨɞɵ ɧɚ 

ɧɭɠɞɵ Ƚȼɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. 
Ɍɚɛɥɢɰɚ 2 

Ɍɪɟɛɭɟɦɚɹ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɧɚ ɧɚɝɪɟɜ ɜɨɞɵ ɞɥɹ ɰɟɥɟɣ Ƚȼɋ 

Ɇɟɫɹɰ əɧɜɚɪɶ Ɏɟɜɪɚɥɶ Ɇɚɪɬ Ⱥɩɪɟɥɶ Ɇɚɣ ɂɸɧɶ 

Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɞɥɹ 
ɧɚɝɪɟɜɚ Ƚȼɋ, Ƚɤɚɥ 

23,68 18,98 29,09 26,28 17,55 17,06 

Ɇɟɫɹɰ ɂɸɥɶ Ⱥɜɝɭɫɬ ɋɟɧɬɹɛɪɶ Ɉɤɬɹɛɪɶ ɇɨɹɛɪɶ Ⱦɟɤɚɛɪɶ 

Ɍɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɞɥɹ 
ɧɚɝɪɟɜɚ Ƚȼɋ, Ƚɤɚɥ 

19,91 18,68 17,89 27,25 25,52 28,17 

 

ȼ 2017 ɝɨɞɭ ɛɵɥ ɩɪɢɧɹɬɶ ɉɪɢɤɚɡ Ɇɢɧɫɬɪɨɹ Ɋɨɫɫɢɢ ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɣ 
ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ  ɩɨɜɵɲɟɧɢɸ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɦɧɨɝɨɤɜɚɪɬɢɪɧɨɦ ɞɨɦɟ 
(ɆɄȾ) ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɧɟɞɪɟɧɢɟ ɝɢɛɪɢɞɧɨɣ ɫɢɫɬɟɦɵ ɝɨɪɹɱɟɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɥɧɟɱɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɜɨɞɵ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɫɢɫɬɟɦɚɯ ɫɨɥɧɟɱɧɨɝɨ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɨɥɭɱɢɥɢ ɫɨɥɧɟɱɧɵɟ ɤɨɥɥɟɤɬɨɪɚ ɜɚɤɭɭɦɧɨɝɨ ɬɢɩɚ. Ɉɫɧɨɜɧɵɦ 
ɷɥɟɦɟɧɬɨɦ ɜɚɤɭɭɦɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ ɹɜɥɹɸɬɫɹ ɫɬɟɤɥɹɧɧɵɟ ɬɪɭɛɤɢ ɩɨɤɪɵɬɵɟ 
ɫɩɟɰɢɚɥɶɧɵɦ ɜɟɳɟɫɬɜɨɦ, «ɩɪɢɬɹɝɢɜɚɸɳɢɦ» ɫɨɥɧɟɱɧɨɟ ɢɡɥɭɱɟɧɢɟ. ɇɚɪɭɠɧɵɣ ɢ 
ɜɧɭɬɪɟɧɧɢɣ ɫɥɨɢ ɫɬɟɤɥɹɧɧɵɯ ɬɪɭɛɨɤ ɪɚɡɞɟɥɟɧɵ ɜɚɤɭɭɦɨɦ, ɱɬɨ ɩɨɱɬɢ ɧɚ 30% 
ɭɜɟɥɢɱɢɜɚɟɬ ɄɉȾ ɜɫɟɣ ɭɫɬɚɧɨɜɤɢ. ȼɧɢɡɭ ɬɪɭɛɤɢ ɧɚɯɨɞɢɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ 
ɠɢɞɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɝɪɟɜɚɧɢɹ ɨɬ ɫɨɥɧɟɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 
ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɩɚɪ, ɩɨɞɧɢɦɚɹɫɶ ɜɜɟɪɯ, ɩɪɨɢɡɜɨɞɢɬ ɪɚɜɧɨɦɟɪɧɨɟ ɧɚɝɪɟɜɚɧɢɟ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɩɨ ɤɨɬɨɪɨɦɭ ɰɢɪɤɭɥɢɪɭɟɬ ɬɟɩɥɨɧɨɫɢɬɟɥɶ ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ 
ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɜ ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ. 

Ⱦɥɹ ɜɤɥɸɱɟɧɢɹ ɜ ɫɢɫɬɟɦɭ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɨɞɟɪɧɢɡɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɭɧɤɬɚ 
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ɠɢɥɨɝɨ ɞɨɦɚ  ɫ ɜɧɟɞɪɟɧɢɟɦ ɩɨɞɨɝɪɟɜɚɬɟɥɹ Ƚȼɋ ɧɚɤɨɩɢɬɟɥɶɧɨɝɨ ɬɢɩɚ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɞɨɝɪɟɜɨɦ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ) ɨɬ ɬɟɩɥɨɫɟɬɢ ɜ ɫɭɳɟɫɬɜɭɸɳɟɦ 
ɫɤɨɪɨɫɬɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ Ƚȼɋ (ɪɢɫ. 2). 

ȼɟɥɢɱɢɧɚ ɫɪɟɞɧɟɦɟɫɹɱɧɨɣ ɢɧɫɨɥɹɰɢɢ ɧɚ 1 ɦ2 ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɞɥɹ ɝ. Ɉɦɫɤɚ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥ.3 Д2Ж.  

 
Ɋɢɫ. 2. ɉɪɟɞɥɚɝɚɟɦɚɹ ɫɯɟɦɚ ɩɨɞɝɨɬɨɜɤɢ Ƚȼɋ ɩɨɫɥɟ ɦɨɞɟɪɧɢɡɚɰɢɢ: 1-7 ɬɨ ɠɟ ɱɬɨ 

ɧɚ ɪɢɫ. 1, 8 – ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ ɝɨɪɹɱɟɣ ɜɨɞɵ, Ɍ12 ɢ Ɍ22 – ɩɨɞɚɸɳɢɣ ɢ 
ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ ɨɬ ɫɢɫɬɟɦɵ ɫɨɥɧɟɱɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ 

 

ɉɪɢɧɢɦɚɹ ɜɟɥɢɱɢɧɭ ɄɉȾ ɫɨɥɧɟɱɧɵɯ ɜɚɤɭɭɦɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɧɚ ɭɪɨɜɧɟ 
80% ɨɩɪɟɞɟɥɢɦ ɬɪɟɛɭɟɦɭɸ ɜɟɥɢɱɢɧɭ ɩɥɨɳɚɞɢ ɜɨɫɩɪɢɧɢɦɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɬɚɛɥ. 2 ɢ ɬɚɛɥ. 3 ɩɨ ɮɨɪɦɭɥɟ: 

Sɦɟɫ = (QȽȼɋ/(I∙η))∙4,19∙109
,     (2) 

 

ɝɞɟ QȽȼɋ – ɦɟɫɹɱɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɰɟɥɢ Ƚȼɋ, Ƚɤɚɥ;  
I – ɫɪɟɞɧɟɦɟɫɹɱɧɚɹ ɜɟɥɢɱɢɧɚ ɢɧɫɨɥɹɰɢɢ, Ⱦɠ/ɦ2; η – ɄɉȾ ɫɨɥɧɟɱɧɨɝɨ 
ɤɨɥɥɟɤɬɨɪɚ; 4,19∙109

 – ɩɟɪɟɜɨɞɧɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡ Ƚɤɚɥ ɜ Ⱦɠ. 
Ɍɚɛɥɢɰɚ 3 

Ⱦɚɧɧɵɟ ɨ ɫɪɟɞɧɟɦɟɫɹɱɧɨɣ ɢɧɫɨɥɹɰɢɢ ɜ ɝ. Ɉɦɫɤɟ 

Ɇɟɫɹɰ əɧɜ. Ɏɟɜ. Ɇɚɪɬ Ⱥɩɪ. Ɇɚɣ. ɂɸɧɶ 

ɋɪɟɞɧɟɦɟɫɹɱɧɚɹ ɜɟɥɢɱɢɧɚ 
ɢɧɫɨɥɹɰɢɢ, Ⱦɠ/ɦ2 84·106

 168·106
 340·106

 456·106
 586·106

 640·106
 

Ɇɟɫɹɰ ɂɸɥɶ Ⱥɜɝ. ɋɟɧɬ. Ɉɤɬ. ɇɨɹɛ. Ⱦɟɤɚɛɪɶ 

ɋɪɟɞɧɟɦɟɫɹɱɧɚɹ ɜɟɥɢɱɢɧɚ 
ɢɧɫɨɥɹɰɢɢ, Ⱦɠ/ɦ2 626·106

 486·106
 318·106

 164·106
 82·106

 56·106
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Ⱦɚɧɧɵɟ ɨ ɬɪɟɛɭɟɦɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɫɨɥɧɟɱɧɵɯ 
ɤɨɥɥɟɤɬɨɪɨɜ  ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 4. 

Ɍɚɛɥɢɰɚ 4 

Ⱦɚɧɧɵɟ ɨ ɫɪɟɞɧɟɦɟɫɹɱɧɨɣ ɢɧɫɨɥɹɰɢɢ ɜ ɝ. Ɉɦɫɤɟ. 

Ɇɟɫɹɰ əɧɜ. Ɏɟɜ. Ɇɚɪɬ Ⱥɩɪ. Ɇɚɣ. ɂɸɧɶ 

Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɥɧɟɱɧɨɝɨ 
ɤɨɥɥɟɤɬɨɪɚ, ɦ2 

1476,78 591,72 448,15 301,85 156,85 139,60 

Ɇɟɫɹɰ ɂɸɥɶ Ⱥɜɝ. ɋɟɧɬ. Ɉɤɬ. ɇɨɹɛ. Ⱦɟɤɚɛɪɶ 

Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɥɧɟɱɧɨɝɨ 
ɤɨɥɥɟɤɬɨɪɚ, ɦ2 

166,57 201,31 294,71 870,38 1630,23 2634,93 

 

ɂɡ ɬɚɛɥ. 4 ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɝɨɪɹɱɟɣ ɜɨɞɨɣ ɜ ɩɟɪɢɨɞ ɫ ɚɩɪɟɥɹ ɩɨ 
ɫɟɧɬɹɛɪɶ (6 ɦɟɫɹɰɟɜ) ɨɬ ɫɨɥɧɟɱɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ, ɢɯ ɫɨɜɨɤɭɩɧɚɹ ɩɥɨɳɚɞɶ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 300 ɤɜ.ɦ.  

ɉɪɨɢɡɜɟɞɟɦ ɨɰɟɧɤɭ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɜ ɫɢɫɬɟɦɭ ɫɨɥɧɟɱɧɨɝɨ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɧɚ ɛɚɡɟ ɫɨɥɧɟɱɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɫɨɜɨɤɭɩɧɨɣ ɩɥɨɳɚɞɶɸ 309 ɦ2

 

Д3Ж: ɡɚɬɪɚɬɵ ɜ ɫɨɥɧɟɱɧɵɟ ɤɨɥɥɟɤɬɨɪɚ (JHC-30) 110 ɲɬ – 4,21 ɦɥɧ. ɪɭɛ.; ɛɚɤɢ-

ɚɤɤɭɦɭɥɹɬɨɪɵ ɨɛɴɟɦɨɦ 5 ɤɭɛ. (2 ɲɬ) – 0,6 ɦɥɧ. ɪɭɛ.; ɧɚɫɨɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ 
ɬɪɭɛɨɩɪɨɜɨɞɵ ɨɛɜɹɡɤɢ – 0,4 ɦɥɧ. ɪɭɛ.; ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ – 0,4 ɦɥɧ. ɪɭɛ. ɂɬɨɝɨ 
5,71 ɦɥɧ. ɪɭɛ. 

ȼ ɬɚɛɥ. 5 ɫɜɟɞɟɦ ɞɚɧɧɵɟ ɨ ɜɟɥɢɱɢɧɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɧɚɝɪɟɜɚ 
ɝɨɪɹɱɟɣ ɜɨɞɵ, ɡɚɦɟɳɟɧɧɨɣ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ ɫɨɥɧɟɱɧɵɦɢ ɤɨɥɥɟɤɬɨɪɚɦɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɬɟɱɟɧɢɟ ɤɚɥɟɧɞɚɪɧɨɝɨ ɝɨɞɚ ɜɵɪɚɛɨɬɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
ɤɨɥɥɟɤɬɨɪɚɦɢ ɫɨɫɬɚɜɢɬ 295,43 Ƚɤɚɥ, ɱɬɨ ɩɪɢ ɬɚɪɢɮɟ ȺɈ «ɈɦɫɤɊɌɋ» ɩɨ ɫɟɬɹɦ Ɇɉ 
ɝ. Ɉɦɫɤɚ 1499,18 ɪɭɛ/Ƚɤɚɥ (ɫ 1 ɢɸɥɹ 2018 ɝɨɞɚ) Д4Ж ɷɤɜɢɜɚɥɟɧɬɧɨ 442,9 ɬɵɫ. ɪɭɛ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɱɟɬɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɜɧɟɞɪɟɧɢɹ ɫɨɥɧɟɱɧɵɯ 
ɤɨɥɥɟɤɬɨɪɨɜ ɫɨɫɬɚɜɢɬ – 12,9 ɝɨɞɚ. 

Ɍɚɛɥɢɰɚ 5 

Ⱦɚɧɧɵɟ ɨ ɜɟɥɢɱɢɧɟ ɡɚɦɟɳɚɟɦɨɣ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɜɚɤɭɭɦɧɵɦɢ ɤɨɥɥɟɤɬɨɪɚɦɢ 

Ɇɟɫɹɰ əɧɜ. Ɏɟɜ. Ɇɚɪɬ Ⱥɩɪ. Ɇɚɣ. ɂɸɧɶ 

ȼɟɥɢɱɢɧɚ ɬɟɩɥɨɜɨɣ 
ɧɚɝɪɭɡɤɢ, Ƚɤɚɥ 6,19 12,39 25,07 33,63 43,22 47,20 

Ɇɟɫɹɰ ɂɸɥɶ Ⱥɜɝ. ɋɟɧɬ. Ɉɤɬ. ɇɨɹɛ. Ⱦɟɤɚɛɪɶ 

Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɥɧɟɱɧɨɝɨ 
ɤɨɥɥɟɤɬɨɪɚ, ɦ2 

46,17 35,84 23,45 12,09 6,05 4,13 



43 
 

 

Ⱦɚɧɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɛɨɥɶɲɢɦ ɢ ɩɪɟɜɵɲɚɟɬ 
ɧɨɪɦɚɬɢɜɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɜ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ, ɨɞɧɚɤɨ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɜ ɝ. Ɉɦɫɤɟ ɟɫɬɶ ɪɹɞ ɬɟɩɥɨɢɫɬɨɱɧɢɤɨɜ ɫ ɬɚɪɢɮɚɦɢ ɧɚ ɨɬɩɭɫɤ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 
1800 – 2200 ɪɭɛ/Ƚɤɚɥ ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɤɨɬɨɪɵɯ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ 
ɦɟɪɨɩɪɢɹɬɢɣ ɛɭɞɟɬ ɧɚ ɭɪɨɜɧɟ 8 – 10 ɥɟɬ ɢ ɦɟɧɟɟ. 

ȿɳɟ ɨɞɧɢɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɪɟɲɟɧɢɟɦ ɩɨ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɸ ɜ ɫɢɫɬɟɦɟ 
ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɜɨɞɨɨɬɜɟɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɭɬɢɥɢɡɚɰɢɹ ɬɟɩɥɚ 
ɫɬɨɤɨɜ. ɋɬɨɤɢ ɩɨɫɥɟ ɫɚɧɢɬɚɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɢɦɟɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚ 
ɭɪɨɜɧɟ 30 °ɋ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɭɬɢɥɢɡɢɪɨɜɚɬɶ 
ɟɟ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɤɨɠɭɯɨɬɪɭɛɧɵɯ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɚɯ c ɧɚɝɪɟɜɨɦ ɜɨɞɵ ɞɨ 
20 – 25 °ɋ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɭɳɟɫɬɜɭɸɳɭɸ ɫɯɟɦɭ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɝɨɪɹɱɟɣ 
ɜɨɞɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɩɟɪɟɞ ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ ɧɚ 
Ƚȼɋ ɪɟɤɭɩɟɪɚɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ, ɜ ɤɨɬɨɪɨɦ ɝɪɟɸɳɟɣ ɫɪɟɞɨɣ ɛɭɞɭɬ 
ɹɜɥɹɬɶɫɹ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɟ ɫɬɨɤɢ (ɪɢɫ. 3). 

ȼɨɡɦɨɠɧɚɹ ɜɟɥɢɱɢɧɚ ɭɬɢɥɢɡɢɪɭɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 
ɫɬɨɤɨɜ ɧɚ 10 ºɋ ɢ ɄɉȾ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚ ɭɪɨɜɧɟ 10 % ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥ. 6. 

 
Ɋɢɫ. 3. ɋɯɟɦɚ ɤɨɦɩɨɧɨɜɤɢ ɭɬɢɥɢɡɚɬɨɪɚ ɫ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦ ɧɚɫɨɫɨɦ ɢ 

ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɦɢ ɬɪɭɛɚɦɢ (1 – ɭɬɢɥɢɡɚɬɨɪ ɬɟɩɥɨɬɵ ɫɬɨɱɧɵɯ ɜɨɞ; 2 – ɩɨɛɭɞɢɬɟɥɶ 
ɰɢɪɤɭɥɹɰɢɢ ɫ ɮɟɤɚɥɶɧɵɦ ɧɚɫɨɫɨɦ 3 ɢ ɩɪɢɟɦɧɵɦ ɪɟɡɟɪɜɭɚɪɨɦ 4;  

5 – ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɣ ɫɬɨɹɤ, 6 – ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɣ ɜɵɩɭɫɤ – ɛɚɣɩɚɫ; 7 – ɧɚɩɨɪɧɵɣ 
ɬɪɭɛɨɩɪɨɜɨɞ ɩɨɞɚɱɢ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɭɬɢɥɢɡɚɬɨɪ). 
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Ɍɚɛɥɢɰɚ 6 

ȼɟɥɢɱɢɧɚ ɫɪɟɞɧɟɦɟɫɹɱɧɨɣ ɭɬɢɥɢɡɢɪɭɟɦɨɣ ɬɟɩɥɨɬɵ 

Ɇɟɫɹɰ əɧɜ. Ɏɟɜ. Ɇɚɪɬ Ⱥɩɪ. Ɇɚɣ. ɂɸɧɶ 

ȼɟɥɢɱɢɧɚ ɭɬɢɥɢɡɢɪɭɟɦɨɣ 
ɬɟɩɥɨɬɵ, Ƚɤɚɥ 12,32 11,75 12,72 11,72 11,30 12,89 

Ɇɟɫɹɰ ɂɸɥɶ Ⱥɜɝ. ɋɟɧɬ. Ɉɤɬ. ɇɨɹɛ. Ⱦɟɤɚɛɪɶ 

ȼɟɥɢɱɢɧɚ ɭɬɢɥɢɡɢɪɭɟɦɨɣ 
ɬɟɩɥɨɬɵ, Ƚɤɚɥ 12,53 10,98 11,65 12,84 11,88 13,14 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɪɚɫɱɟɬɟ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɨɬ ɜɧɟɞɪɟɧɢɹ 
ɪɟɤɭɩɟɪɚɬɨɪɚ ɫɬɨɱɧɵɯ ɜɨɞ ɩɨɥɭɱɢɥɢ: ɪɟɤɭɩɟɪɚɬɨɪ ɫɬɨɱɧɵɯ ɜɨɞ (5 ɤɭɛ.ɦ/ɱ)  –  

450 ɬɵɫ. ɪɭɛ; ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ ɨɛɴɟɦɨɦ 0,3 ɤɭɛ.ɦ (ɞɥɹ ɪɚɛɨɬɵ ɧɚɫɨɫɚ) – 50 ɬɵɫ. ɪɭɛ; 
ɮɟɤɚɥɶɧɵɣ ɧɚɫɨɫ – 25 ɬɵɫ. ɪɭɛ; ɛɚɣɩɚɫɧɚɹ ɥɢɧɢɹ – 25 ɬɵɫ. ɪɭɛ; ɡɚɬɪɚɬɵ ɧɚ ɦɨɧɬɚɠ – 

150 ɬɵɫ. ɪɭɛ. ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ – 50 ɬɵɫ.ɪɭɛ/ɝɨɞ. ɂɬɨɝɨ 750 ɬɵɫ. ɪɭɛ. 
Ƚɨɞɨɜɚɹ ɷɤɨɧɨɦɢɹ ɫɨɫɬɚɜɢɬ 218,5 ɬɵɫ. ɪɭɛ. ɉɪɨɫɬɨɣ ɫɪɨɤ  ɨɤɭɩɚɟɦɨɫɬɢ – 3,4 ɝ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɉɪɢɤɚɡ ɨɬ 15 ɮɟɜɪɚɥɹ 2017 № 98 «Ɉɛ ɭɬɜɟɪɠɞɟɧɢɢ ɩɪɢɦɟɪɧɵɯ 
ɮɨɪɦ ɩɟɪɟɱɧɹ ɦɟɪɨɩɪɢɹɬɢɣ, ɩɪɨɜɟɞɟɧɢɟ ɤɨɬɨɪɵɯ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɸ ɢ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɜ ɦɧɨɝɨɤɜɚɪɬɢɪɧɨɦ ɞɨɦɟ».  

2. ɋɉ 131.13330.2012 «ɋɬɪɨɢɬɟɥɶɧɚɹ ɤɥɢɦɚɬɨɥɨɝɢɹ. 
Ⱥɤɬɭɚɥɢɡɢɪɨɜɚɧɧɚɹ ɪɟɞɚɤɰɢɹ ɋɇɂɉ 23-01-99*». Ɇɢɧɢɫɬɟɪɫɬɜɨ ɪɟɝɢɨɧɚɥɶɧɨɝɨ 
ɪɚɡɜɢɬɢɹ  Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 2012. – 108 ɫ. 

3. ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɟɬɢɤɢ – 
Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: СЭЭЩ://ОФШЩЫШОФЭ-ОЧОЫРШ.ЫЮ/УСМ-30 – Ɂɚɝɥ. ɫ ɷɤɪɚɧɚ. 

4. Ɍɚɪɢɮɵ ɢ ɧɨɪɦɚɬɢɜɵ ɩɨ ɝɨɪɹɱɟɣ ɜɨɞɟ. – Ɋɟɠɢɦ 
ɞɨɫɬɭɩɚ: СЭЭЩs://ааа.ШЦsФЫЭs.ЫЮ/ЮsОЫs/ЩОШЩХО/ЭКЫТППs/СШЭИаКЭОЫ/ – Ɂɚɝɥ. ɫ ɷɤɪɚɧɚ 
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ȼ ɪɚɛɨɬɚɯ Д1, 2, 3Ж ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɰɢɤɥɚ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɪɚɛɨɬɚɸɳɟɣ ɫ ɨɬɛɨɪɨɦ ɩɚɪɚ 
ɞɥɹ ɰɟɥɟɣ ɬɟɩɥɨɮɢɤɚɰɢɢ. ɇɚɣɞɟɧɵ ɫɨɨɬɧɨɲɟɧɢɹ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɄɉȾ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɭɪɛɢɧɵ ɜɩɥɨɬɶ ɞɨ 
ɪɚɫɱɟɬɚ ɯɚɪɚɤɬɟɪɧɨɣ ɜɟɥɢɱɢɧɵ  - ɜɵɪɚɛɨɬɤɢ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ 
ɬɟɩɥɨɜɨɦ ɩɨɬɪɟɛɥɟɧɢɢ ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɩɨ 
ɪɟɚɥɶɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ. ɗɬɢ ɪɟɡɭɥɶɬɚɬɵ ɫɬɚɥɢ ɜɨɡɦɨɠɧɵɦɢ 
ɛɥɚɝɨɞɚɪɹ ɢɡɜɟɫɬɧɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɦɟɬɨɞɚɦ ɜɵɱɢɫɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɜ 
ɪɚɫɱɟɬɧɵɯ ɬɨɱɤɚɯ ɪɟɚɥɢɡɭɟɦɨɝɨ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɬɭɪɛɢɧɵ. 

ȼɦɟɫɬɟ ɫ ɬɟɦ ɩɪɢɦɟɧɟɧɢɟ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɰɢɤɥɚ ɜ 
ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɪɚɛɨɬɚɯ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ. ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɰɢɤɥɚ ɧɟɩɨɥɧɵɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɫɬɚɜɢɬɫɹ ɡɚɞɚɱɚ ɧɚɣɬɢ ɫɩɨɫɨɛ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɰɢɤɥɚ 
ɫ ɭɱɟɬɨɦ ɧɟ ɬɨɥɶɤɨ ɞɨɥɢ ɨɬɛɨɪɚ ɩɚɪɚ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɸ, ɧɨ ɢ ɱɚɫɬɢ ɨɬɛɨɪɚ ɩɚɪɚ 
ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ, ɞɚɬɶ ɨɰɟɧɤɭ ɜɥɢɹɧɢɹ 
ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɚɥɢɡɭɟɦɨɝɨ ɛɨɥɟɟ ɫɥɨɠɧɨɝɨ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɝɨ ɰɢɤɥɚ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɪɚɫɫɦɨɬɪɟɥɢ ɰɢɤɥ ɩɚɪɨɬɭɪɛɢɧɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɫ ɬɪɟɦɹ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦɢ ɨɬɛɨɪɚɦɢ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 
ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫ. 1, ɚ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɩɪɢ ɪɟɝɟɧɟɪɚɰɢɢ ɩɚɪɚ ɜ ɤɨɨɪɞɢɧɚɬɚɯ 
T-S ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 2. 
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Ɋɢɫ. 1. ɍɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ: Ʉ – ɤɨɬɟɥɶɧɵɣ ɚɝɪɟɝɚɬ; ɉɌ – ɩɚɪɨɜɚɹ ɬɭɪɛɢɧɚ;  
Ʉɇ ɢ ɉɇ – ɤɨɧɞɟɧɫɚɬɧɵɣ ɢ ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫɵ; ɄȾ – ɤɨɧɞɟɧɫɚɬɨɪ;  

ɉ1, ɉ2, ɉ3 – ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɫɦɟɲɢɜɚɸɳɟɝɨ ɬɢɩɚ  
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ɍɤɚɡɚɧɵ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɞɨ ɢ ɩɨɫɥɟ ɬɭɪɛɢɧɵ, ɚ ɬɚɤɠɟ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜ 
ɨɬɛɨɪɚɯ ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ ɩɨɞɨɝɪɟɜ ɢ ɞɨɥɢ ɨɬɛɨɪɨɜ 321 ,, aaa  ɧɚ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɉ1, ɉ2, ɉ3. 
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Ɋɢɫ. 2. Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɰɢɤɥɚ ɫ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦɢ ɨɬɛɨɪɚɦɢ 

 

Ɉɛɨɡɧɚɱɟɧɢɟ ɧɚ ɪɢɫɭɧɤɟ: P1, T1 – ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɟɪɟ 

ɬɭɪɛɢɧɨɣ; P2 – ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɡɚ ɬɭɪɛɢɧɨɣ; ɨ
P1 , 

ɨ
P2 , 

ɨ
P2  – ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ 

ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɨɬɛɨɪɚɯ; Ɍ
ɨɬɛP  - ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɦ ɨɬɛɨɪɟ. 

ɍɤɚɠɟɦ ɡɞɟɫɶ, ɱɬɨ ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɨɛɨɡɧɚɱɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɡɧɚɱɟɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɄɉȾ  ɩɪɨɬɨɱɧɵɯ ɱɚɫɬɟɣ ɬɭɪɛɢɧɵ ɜɵɫɨɤɨɝɨ  ɑȼȾ, 

ɫɪɟɞɧɟɝɨ ɑɋȾ ɢ ɧɢɡɤɨɝɨ ɑɇȾ ɞɚɜɥɟɧɢɣ - 
ɑɇȾ
oi

ɑɋȾ
oi

ɑȼȾ
oi  ,, , ɬɨ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɱɢɫɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɣ ɢ ɷɧɬɪɨɩɢɣ 
ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɜɨ ɜɫɟɯ ɨɛɨɡɧɚɱɟɧɧɵɯ ɬɨɱɤɚɯ ɧɚ ɪɢɫ. 2 ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɰɢɤɥɚ 
ɫ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɦ ɢ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦ ɨɬɛɨɪɚɦɢ ɩɚɪɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɪɚɫɱɟɬɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɜ ɨɛɨɡɧɚɱɟɧɧɵɯ ɬɨɱɤɚɯ. 

Ɋɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨ ɢɡɜɟɫɬɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɫɨɫɬɨɹɧɢɹ ɩɚɪɚ  
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Ɍɚɛɥɢɰɚ 1 

ɉɚɪɚɦɟɬɪ 
Ɉɛɨɡɧɚɱɟɧɧɵɟ ɬɨɱɤɢ 

1 O1 O2 O3 2 2’ '23

o
 '22

o  '21

o  

Ⱥɛɫɨɥɸɬɧɨɟ 
ɞɚɜɥɟɧɢɟ, 

Ɇɉɚ 

12 0,8 0,4 0,1 0,004 0,004 0,1 0,4 0,8 

ɍɞ. ɨɛɴɟɦ, 
 , ɦ3

/ɤɝ 
0,0288 0,238 0,438 1,488 30,96 0,001004 0,001043 0,001084 0,001115 

Ɍɟɦɩɟɪɚɬɭ
ɪɚ, t, oC 

540 170,4 143,6 99,62 28,96 28,98 99,62 143,6 170,4 

ɍɞɟɥɶɧɚɹ 
ɷɧɬɚɥɶɩɢɹ, 
h, ɤȾɠ/ɤɝ 

3454 2751 2624 2400 1994 121,4 417,4 604,7 721,1 

ɍɞɟɥɶɧɚɹ 
ɷɧɬɪɨɩɢɹ, 

S, 

ɤȾɠ/(ɤɝ·Ʉ)  

6,621 6,621 6,621 6,621 6,621 0,4226 1,303 1,777 2,046 

ɋɬɟɩɟɧɶ 
ɫɭɯɨɫɬɢ 
ɩɚɪɚ, x 

- 0,991 0,946 0,878 0,770 0 0 0 0 

        

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɨɷɬɚɩɧɵɦ ɚɧɚɥɢɡɨɦ 
ɱɚɫɬɧɵɯ ɛɨɥɟɟ ɩɪɨɫɬɵɯ ɪɟɲɟɧɢɣ  

ɗɬɚɩ Ⱥ. Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɰɢɤɥ ɫ ɪɟɝɟɧɟɪɚɬɢɜɧɵɦɢ ɨɬɛɨɪɚɦɢ ɩɚɪɚ (ɛɟɡ 
ɨɬɛɨɪɨɜ ɩɚɪɚ ɧɚ ɬɟɩɥɨɮɢɤɚɰɢɸ ɢ ɢɡɨɷɧɬɪɨɩɢɣɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ɩɚɪɚ). 

Ɇɚɫɫɨɜɵɟ ɞɨɥɢ ɨɬɛɨɪɨɜ ɩɚɪɚ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɉ1, ɉ2, ɉ3 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 321 ,, aaa  ɨɩɪɟɞɟɥɢɦ ɢɡ ɭɪɚɜɧɟɧɢɣ ɬɟɩɥɨɜɵɯ ɛɚɥɚɧɫɨɜ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ: 

ɞɥɹ ɉ1 

  ,1 '

2

'

2101 221

oo
hhh - aa

        
                                       (1) 

Ⱦɥɹ ɉ2 

    ,11 '

21

'

22102 232

oo
hhh aaaa ---                                      (2) 

Ⱦɥɹ ɉ3 

   
3 3

' '

3 0 1 2 3 2 1 2 21 1 .o
h h ha a a a a a - - -  - -                             (3) 
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Ɉɬɫɸɞɚ: 

 

 















-

-
--

-

-
-

-

-


.1

;1

;

'

2

'

2

'

2

213

'

2

'

2

'

2

12

'

2

'

2

'

2

1

33

3

32

32

11

21

o

o

o

o

o

oo

o

o

oo

hh

hh

hh

hh

hh

hh

aaa

aa

a

                                       (4) 

ɉɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɰɢɤɥɚ ɛɭɞɟɬ 
ɨɩɪɟɞɟɥɹɬɶɫɹ ɫɭɦɦɨɣ ɩɨɥɟɡɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɪɚɛɨɬɵ ɤɚɠɞɨɝɨ ɩɨɬɨɤɚ ɩɚɚ ɜ 
ɨɬɛɨɪɟ, ɬ.ɟ. 

1111 121321
lllll

ɪɟɝ
ɰ  ------ aaaaaa  

ɢɥɢ 

     
  .

1)(

11

213132121

1

23

a
aaaaa

o

oo

ɪɟɝ
ɰ

hh

hhhhhhl

-

------
            (5) 

ɉɨɞɜɟɞɟɧɧɨɟ ɬɟɩɥɨ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɰɢɤɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶɸ 
ɷɧɬɚɥɶɩɢɣ, 

'

211 1

o
hhq -                                                    (6) 

Ɍɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ɞɥɹ ɥɸɛɨɝɨ ɬɟɩɥɨɜɨɝɨ ɰɢɤɥɚ 

.
1q

l
ɪɟɝ

ɰɪɟɝ
t                                                     (7) 

ɇɚ ɷɬɨɦ ɠɟ ɷɬɚɩɟ ɭɦɟɫɬɧɨ ɨɰɟɧɢɬɶ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɰɢɤɥɚ Ʉɚɪɧɨ ɜ 
ɪɟɚɥɢɡɭɟɦɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 

21
TT   KtTKtT 30227396,28273,813273540273

2211
  

;1
1

2

T

Tɤ
t -                                                   (8) 

Ɍɟɨɪɟɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ Ɋɟɧɤɢɧɚ 

;
'

21

21

hh

hhɪɟɧ
t -

-
                                                (9) 

Ɋɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɰɢɤɥɚ ɩɪɢ ɩɨɥɧɨɣ ɪɟɝɟɧɟɪɚɰɢɢ, ɬ.ɟ. ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ ɛɭɞɟɬ ɪɚɜɧɚ ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ ɜɨɞɵ 
ɩɪɢ ɞɚɜɥɟɧɢɢ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ ɜ ɬɨɱɤɟ '

1
2o  (170,4 

o
C). 

,1 ɩ.ɪɟɝ
1

ɩ.ɪɟɝ
2ɩ.ɪɟɝ

q

q
t -                                           (10) 
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ɝɞɟ ɩ.ɪɟɝ
1q ɢ ɩ.ɪɟɝ

2q ɩɨɞɜɟɞɟɧɧɚɹ ɢ ɨɬɜɟɞɟɧɧɚɹ ɬɟɩɥɨɬɚ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɰɢɤɥɟ ɫ 
ɩɨɥɧɨɣ ɪɟɝɟɧɟɪɚɰɢɟɣ 

  '

21

ɩ.ɪ.
31

ɩ.ɪ.
2

ɩ.ɪ.
1

ɩ.ɪɟɝ
2 1 hhq ---- aaa , 

1

ɩ.ɪɟɝ '
1 1 2 .o

q h h -                                                                 (11) 

Ⱦɥɹ ɜɡɹɬɨɝɨ ɩɪɢɦɟɪɚ (ɬɚɛɥ.1) ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜ ɬɚɛɥ. 2. 
ɗɬɚɩ Ȼ. ȼɵɹɫɧɢɦ, ɤɚɤ ɜɥɢɹɟɬ ɧɟɨɛɪɚɬɢɦɨɫɬɶ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɰɢɤɥɚ 

ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɚ ɟɝɨ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ. 
Ɂɚɦɟɬɢɦ, ɱɬɨ ɧɟɨɛɪɚɬɢɦɨɫɬɶ ɰɢɤɥɚ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɩɥɨɜɵɦɢ ɩɨɬɟɪɹɦɢ ɜ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɬɭɪɛɢɧɵ. Ⱦɥɹ 
ɨɰɟɧɤɢ ɷɬɢɯ ɩɨɬɟɪɶ ɡɚɞɚɞɢɦɫɹ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɜɧɭɬɪɟɧɧɢɦ ɄɉȾ ɪɚɜɧɵɦ 0,82. 
Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɟɝɨ ɡɧɚɱɟɧɢɟ ɨɞɢɧɚɤɨɜɵɦ ɤɚɤ ɞɥɹ ɱɚɫɬɢ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɚɤ ɢ ɞɥɹ ɱɚɫɬɟɣ ɫɪɟɞɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɞɚɜɥɟɧɢɣ. ȼ 
ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɷɬɢ ɡɧɚɱɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɧɹɬɵ ɩɨ ɩɚɫɩɨɪɬɧɵɦ ɞɚɧɧɵɦ 
ɬɭɪɛɢɧɵ. 

Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɭɠɟ ɧɟ ɛɭɞɟɬ 
ɢɡɨɷɧɬɪɨɩɢɣɧɵɦ. Ɉɧ ɭɫɥɨɜɧɨ ɨɛɨɡɧɚɱɟɧ ɧɚ ɪɢɫ. 2 ɤɪɢɜɨɣ ɫ ɬɨɱɤɚɦɢ 1-7-3-4-5-6  

ɢ ɢɡɨɛɪɚɠɟɧ ɜ ɤɨɨɪɞɢɧɚɬɚɯ T-S. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɢɦ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɩɚɪɚ ɜ 
ɬɨɱɤɚɯ 3, 4, 5, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦɭ ɨɬɛɨɪɭ ɢɡɦɟɧɹɸɬɫɹ, ɧɨ 
ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɜ ɷɬɢɯ ɬɨɱɤɚɯ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɞɚɜɥɟɧɢɹɦ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ 
ɨɬɛɨɪɚ: ;

13

o
PP   ;

24

o
PP   .

35

o
PP  Ɍɨɱɤɚ 6 ɛɭɞɟɬ ɧɚ ɢɡɨɛɚɪɟ .

2
P  

ɂɡ ɬɟɩɥɨɜɵɯ ɛɚɥɚɧɫɨɜ ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɩɪɢ ɧɟɢɡɦɟɧɟɧɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɧɟɬɪɭɞɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɫɱɟɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ ɜ ɰɟɥɨɦ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɰɢɤɥɚ ɞɥɹ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ.  

Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɜ ɬɨɱɤɚɯ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɨɬɛɨɪɚ, ɜɵɩɨɥɧɟɧ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɬɚɛɥ. 2. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ ɜ ɬɨɱɤɚɯ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɨɬɛɨɪɚ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ. 

 ɋɪɚɜɧɢɜɚɹ ɞɚɧɧɵɟ ɬɚɛɥ. 1 ɢ ɬɚɛɥ. 2, ɡɚɦɟɱɚɟɦ, ɱɬɨ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ 
ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɟɝɨ ɩɚɪɚɦɟɬɪɵ (t, S, h) ɩɪɟɬɟɪɩɟɥɢ ɢɡɦɟɧɟɧɢɹ, ɬɨɱɤɢ 
O1, O2, O3 ɢɡɨɷɧɬɪɨɩɢɣɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢɧɹɥɢ ɩɨɥɨɠɟɧɢɟ ɜ ɬɨɱɤɚɯ 3 – 5 

ɭɫɥɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɢɡ-ɡɚ ɧɟɤɨɬɨɪɨɝɨ 
ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ. Ɍɨɥɶɤɨ ɬɨɱɤɚ 5 ɨɫɬɚɥɚɫɶ ɜ ɨɛɥɚɫɬɢ ɜɥɚɠɧɨɝɨ ɩɚɪɚ, ɧɨ ɫ 
ɩɨɜɵɲɟɧɧɨɣ ɫɬɟɩɟɧɶɸ ɫɭɯɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɨɱɤɨɣ O3. 



51 
 

 

Ɍɚɛɥɢɰɚ 2 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɚɪɚ 
Ɉɛɨɡɧɚɱɟɧɢɟ ɬɨɱɟɤ 

1 3 4 5 6 

Ⱥɛɫɨɥɸɬɧɨɟ ɞɚɜɥɟɧɢɟ P, Ɇɉɚ 12 0,8 0,4 0,1 0,004 

ɍɞɟɥɶɧɵɣ ɨɛɴɟɦ v, ɦ3/ɤɝ 0,002878 0,272 0,4829 1,63 30,54 

Ɍɟɦɩɟɪɚɬɭɪɚ t, oC 540 216,9 159,3 99,62 28,96 

ɍɞɟɥɶɧɚɹ ɷɧɬɪɨɩɢɹ S, ɤȾɠ/(ɤɝ·Ʉ) 6,621 6,895 6,978 7,129 7,490 

ɍɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ h, ɤȾɠ/ɤɝ 3454 2877,54 2773,4 2589,72 2256,8 

ɋɬɟɩɟɧɶ ɫɭɯɨɫɬɢ, x - - - 0,962 0,878 

 

ɂɡɦɟɧɹɬɫɹ ɬɟɩɥɨɜɵɟ ɛɚɥɚɧɫɵ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɞɨɥɢ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɨɬɛɨɪɨɜ: ɞ

1a , ɞ
2a , ɞ

3a  – ɞɨɥɢ ɨɬɛɨɪɚ ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ 
ɞɥɹ ɩɟɪɜɨɝɨ, ɜɬɨɪɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

'

23

'

2

'

2

1

1

22

o

oo

ɞ

hh

hh

-

-
a ,                                                         (12) 
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3
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hh

hh
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                                                    (13) 

  ,1 21'
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'
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3

3

3 ɞɞ
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o
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hh

hh
aaa --

-
-

                                                (14) 

ɇɚ ɷɬɨɦ ɷɬɚɩɟ, ɤɚɤ ɢ ɧɚ ɷɬɚɩɟ Ⱥ, ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ 
ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɰɢɤɥɚ  ɨɩɪɟɞɟɥɢɦ ɨɬɧɨɲɟɧɢɟɦ ɫɭɦɦɚɪɧɨɣ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ 
ɩɚɪɚ  ɞl ɤ ɤɨɥɢɱɟɫɬɜɭ ɬɟɩɥɚ, ɩɨɞɜɟɞɟɧɧɨɦɭ ɜ  ɰɢɤɥɟ ɩɨ ɮɨɪɦɭɥɟ: 

ɞ
ɞɪɟɝɞ

t
q

l

1

.                                                          (15) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɦɦɚɪɧɨɣ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɩɪɚɜɢɥɨɦ 
ɚɞɞɢɬɢɜɧɨɫɬɢ: 

 ,1··
1

  -


ɞ
i

ɞ
ɤ

n

i

ɞ
i

ɞ
iɞ lll aa                                       (16) 

ɝɞɟ ɞ
il  – ɩɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ɩɨɬɨɤɚ ɩɚɪɚ ɤɚɠɞɨɝɨ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɨɬɛɨɪɚ ɜ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɩɪɨɰɟɫɫɟ, ɤȾɠ/ɤɝ; ɞ
ia  – ɞɨɥɹ ɩɚɪɚ, ɨɬɛɢɪɚɟɦɨɝɨ ɜ ɤɚɠɞɨɦ 

ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɨɬɛɨɪɟ; ɞ
ɤl  – ɩɨɥɟɡɧɚɹ ɪɚɛɨɬɚ ɩɨɬɨɤɚ ɩɚɪɚ, ɧɚɩɪɚɜɥɹɟɦɚɹ ɜ 

ɤɨɧɞɟɧɫɚɬɨɪ, ɤȾɠ/ɤɝ. 
ɉɪɟɞɫɬɚɜɥɹɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɪɚɛɨɬɵ ɩɨɬɨɤɚ ɩɚɪɚ ɤɚɠɞɨɝɨ 

ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɨɬɛɨɪɚ ɤɚɤ ɩɨɥɢɬɪɨɩɧɵɣ ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ, ɩɨɥɟɡɧɭɸ 
ɪɚɛɨɬɭ ɨɩɪɟɞɟɥɢɦ ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɜɹɡɢ:   
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,ɞ
i

ɞ
i

ɞ
i uql -                                                        (17) 

ɝɞɟ ɞ
iq  – ɩɨɞɜɟɞɟɧɧɨɟ (ɨɬɜɟɞɟɧɧɨɟ) ɬɟɩɥɨ, ɜ ɤɚɠɞɨɦ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ 

ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ; ɞ
iu  – ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɤɚɠɞɨɝɨ 

ɩɨɬɨɤɚ ɩɚɪɚ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɨɬɛɨɪɚ, ɤȾɠ/ɤɝ.       
ɋ ɭɱɟɬɨɦ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɪɚɛɨɬɵ ɩɚɪɚ ɜ ɩɨɥɢɬɪɨɩɧɨɦ ɩɪɨɰɟɫɫɟ 

ɬɟɩɥɨ ɞ
iq  ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ:        

 ,ɧТɤТicp

ɞ
i SSTq -                                               (18) 

ɝɞɟ 





 





 273

22

ɤТɧТɤТɧТ
icp

ttTT
T – ɫɪɟɞɧɹɹ ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɜ 

ɩɨɥɢɬɪɨɩɧɨɦ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɨɬɨɤɚ ɩɚɪɚ, Ʉ; ɧТɤТ SS - – ɪɚɡɧɨɫɬɶ ɷɧɬɪɨɩɢɢ ɩɚɪɚ 
ɜ ɤɨɧɟɱɧɨɦ ɢ ɧɚɱɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɥɢɬɪɨɩɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

ɍɱɢɬɵɜɚɹ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɨɩɪɟɞɟɥɢɦ ɢ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ 
ɩɚɪɚ ɩɨ ɮɨɪɦɭɥɟ: 

   ,ɧТɧТɤТɤТɧТɤТ
ɞ
i vPvPhhu ---                                (19) 

ɝɞɟ  ɤТh , ɧТh , ɤТP , ɤТv , ɧТP , ɧТv   – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɧɬɚɥɶɩɢɢ ɤȾɠ/ɤɝ, ɞɚɜɥɟɧɢɹ, ɉɚ, 
ɭɞɟɥɶɧɵɟ ɨɛɴɟɦɵ, ɦ3/ɤɝ ɩɚɪɚ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɩɨɥɢɬɪɨɩɧɨɝɨ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɩɚɪɚ ɜ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɰɢɤɥɟ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɟɡɧɨɣ ɪɚɛɨɬɵ ɩɨɬɨɤɚ ɩɚɪɚ, ɧɚɩɪɚɜɥɹɟɦɨɝɨ ɜ 
ɤɨɧɞɟɧɫɚɬɨɪ, ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɡɚɜɢɫɢɦɨɫɬɹɦɢ (17), (18) ɢ (19), ɬɚɤ ɤɚɤ ɩɪɨɰɟɫɫ 
ɷɬɨɝɨ ɩɨɬɨɤɚ ɬɨɠɟ ɛɭɞɟɬ ɩɨɥɢɬɪɨɩɧɵɦ. 

ɂɫɩɨɥɶɡɭɹ ɩɪɟɞɵɞɭɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɥɟɝɤɨ ɫɪɚɜɧɢɬɶ, ɤɚɤ ɢɡɦɟɧɹɸɬɫɹ ɜɫɟ 
ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ ɰɢɤɥɚ ɩɚɪɨɬɭɪɛɢɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɟɫɥɢ 
ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɚɪɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ 
ɟɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɬɶ ɤɚɤ ɢɡɨɷɧɬɪɨɩɢɣɧɵɣ ɢɥɢ ɤɚɤ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ 
(ɭɫɥɨɜɧɵɣ) ɫ ɭɱɟɬɨɦ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, 
ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɟ.  

Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɬɪɟɯɫɬɭɩɟɧɱɚɬɵɣ ɩɨɞɨɝɪɟɜ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɜ 
ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɪɟɝɟɧɟɪɚɬɢɜɧɨɦ ɰɢɤɥɟ ɩɨɜɵɲɚɟɬ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ, ɱɬɨ 
ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɡɜɟɫɬɧɵɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɜɵɜɨɞɚɦɢ. ɍɜɟɥɢɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 
4,6 %. ȿɫɥɢ ɠɟ ɩɪɢɦɟɧɹɬɶ ɩɪɟɞɟɥɶɧɭɸ ɪɟɝɟɧɟɪɚɰɢɸ, ɬɨ ɨɧɚ ɩɪɢɛɥɢɠɚɟɬ ɄɉȾ 
ɬɟɩɥɨɜɨɝɨ ɰɢɤɥɚ ɤ ɡɧɚɱɟɧɢɸ ɄɉȾ ɰɢɤɥɚ Ʉɚɪɧɨ, ɪɟɚɥɢɡɭɟɦɨɝɨ ɜ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɝɨ ɬɟɥɚ.  

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 
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Ɏɟɞɟɪɚɰɢɹ 

 

ɉɈȼɕɒȿɇɂȿ ɗɇȿɊȽȿɌɂɑȿɋɄɈɃ ɗɎɎȿɄɌɂȼɇɈɋɌɂ  
ɈȻɊȺȻɈɌɄɂ ɉɈȾɉɂɌɈɑɇɈɃ ȼɈȾɕ ɌȿɉɅɈɋȿɌɂ 

 

ȼ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɫɯɟɦ ɩɨɞɤɥɸɱɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ, ɚ ɬɚɤɠɟ 
ɨɩɢɫɚɧ ɩɪɨɰɟɫɫ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ 
ɩɭɬɟɦ ɧɚɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ, ɢɫɩɨɥɶɡɭɹ ɧɢɡɤɨ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɢ ɷɤɨɧɨɦɢɱɧɵɟ ɢɫɬɨɱɧɢɤɢ 
ɬɟɩɥɨɬɵ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɟɚɷɪɚɬɨɪ, ɜɨɞɨɩɨɞɝɨɬɨɜɤɚ, ɞɟɤɚɪɛɨɧɢɡɚɬɨɪ, ɨɛɪɚɛɨɬɤɚ ɜɨɞɵ, 
ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɬɟɩɥɨɫɟɬɶ. 
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IMPROVING ENERGY EFFICIENCY OF TREATMENT OF MAKEUP 

WATER HEATING SYSTEMS 

 

The article presents an analysis of the connection schemes of the water treatment plant, as well 

as describes the process of improving the energy efficiency of treatment of make-up water by heating the 

source water, using low potential and economical sources of heat of the thermal power plant. 

 

Key words: deaerator, water treatment, decarbonizer, water treatment, energy efficiency, 

heater, heating system. 

 

ȼ ɩɪɨɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɜɨɞɵ ɧɟɨɛɯɨɞɢɦɨ ɭɞɟɥɹɬɶ ɛɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ 
ɩɨɞɨɝɪɟɜɭ ɩɨɞɩɢɬɨɱɧɧɨɣ ɜɨɞɵ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɫɬɚɛɢɥɶɧɨ ɢ ɷɤɨɧɨɦɢɱɧɨ 
ɩɨɞɞɟɪɠɢɜɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɪɟɠɢɦɵ ɜɚɤɭɭɦɧɨɣ ɞɟɚɷɪɚɰɢɢ, ɨɩɪɟɞɟɥɹɟɦɵɟ 
ɬɢɩɨɦ ɞɟɚɷɪɚɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ, ɚ ɬɚɤɠɟ 
ɤɚɱɟɫɬɜɨɦ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɢ ɦɟɬɨɞɚɦɢ ɞɨɞɟɚɷɪɚɰɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. Ⱦɥɹ 
ɧɨɪɦɚɥɶɧɨɣ, ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɷɤɨɧɨɦɢɱɧɨɣ ɪɚɛɨɬɵ ɜɚɤɭɭɦɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ ɜɨɞɭ 
ɧɟɨɛɯɨɞɢɦɨ ɧɚɝɪɟɜɚɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 35 – 45°ɋ. ɇɚ Ɍɗɐ ɫ ɦɚɥɵɦɢ ɪɚɫɯɨɞɚɦɢ 
ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɷɤɨɧɨɦɢɱɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɢɫɯɨɞɧɨɣ 
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ɜɨɞɵ ɩɟɪɟɞ ɯɢɦɢɱɟɫɤɨɣ ɨɱɢɫɬɤɨɣ ɢ ɜɚɤɭɭɦɧɵɦ ɞɟɚɷɪɚɬɨɪɨɦ. Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ 
ɩɪɨɛɥɟɦɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɞɥɹ Ɍɗɐ ɫ ɦɚɥɵɦɢ 
ɪɚɫɯɨɞɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫ. 1. 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ Ɍɗɐ ɫ ɦɚɥɵɦɢ ɪɚɫɯɨɞɚɦɢ ɩɨɞɩɢɬɨɱɧɨɣ 

ɜɨɞɵ ɬɟɩɥɨɫɟɬɢ 

 

ɇɚ ɪɢɫɭɧɤɟ ɨɛɨɡɧɚɱɟɧɵ: 1 – ɫɟɬɟɜɨɣ ɬɪɭɛɨɩɪɨɜɨɞ; 2, 3 – ɧɢɠɧɢɣ ɢ 
ɜɟɪɯɧɢɣ ɫɟɬɟɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ; 4 – ɬɪɭɛɨɩɪɨɜɨɞ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ; 5 – 

ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢɫɯɨɞɧɨɣ ɜɨɞɵ; 6 – ɭɡɟɥ ɭɦɹɝɱɟɧɢɹ; 7 – ɞɟɤɚɪɛɨɧɢɡɚɬɨɪ; 8 – 

ɜɚɤɭɭɦɧɵɣ ɞɟɚɷɪɚɬɨɪ; 9 – ɬɪɭɛɨɩɪɨɜɨɞ ɨɯɥɚɠɞɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ; 10 – 

ɬɪɭɛɨɩɪɨɜɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ; 11 – ɪɟɝɟɧɟɪɚɬɢɜɧɵɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɩɨɞɨɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ 
ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛ ɩɨɞɤɥɸɱɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɢɫɯɨɞɧɨɣ ɜɨɞɵ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɜɨɞɨɜɨɞɹɧɨɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɩɨɞɤɥɸɱɟɧ ɩɨ ɝɪɟɸɳɟɣ ɫɪɟɞɟ ɤ ɬɪɭɛɨɩɪɨɜɨɞɭ 
ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɦ ɨɞɧɨɝɨ ɢɡ 
ɪɟɝɟɧɟɪɚɬɢɜɧɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. Ɂɞɟɫɶ ɢɫɯɨɞɧɚɹ ɜɨɞɚ ɩɨɫɥɟ 
ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 35 – 45°ɋ. 
Ⱦɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɞɟɤɚɪɛɨɧɢɡɚɰɢɢ ɢ 
ɞɟɚɷɪɚɰɢɢ. Ⱦɚɥɟɟ ɧɚɝɪɟɬɚɹ ɜɨɞɚ ɩɪɨɯɨɞɢɬ ɭɡɟɥ ɭɦɹɝɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɟɤɚɪɛɨɧɢɡɚ 
ɬɨɪ ɢ ɜɚɤɭɭɦɧɵɣ ɞɟɚɷɪɚɬɨɪ, ɩɨɫɥɟ ɱɟɝɨ ɩɨɫɬɭɩɚɟɬ ɜ ɫɟɬɟɜɨɣ ɬɪɭɛɨɩɪɨɜɨɞ, 
ɫɦɟɲɢɜɚɹɫɶ ɫ ɨɛɪɚɬɧɨɣ ɫɟɬɟɜɨɣ ɜɨɞɨɣ, ɤɨɬɨɪɚɹ ɜɨɡɜɪɚɳɚɟɬɫɹ ɨɬ ɩɨɬɪɟɛɢɬɟɥɟɣ. 
ɇɨ ɬɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨ ɧɚɝɪɟɬɶ ɫɟɬɟɜɭɸ ɜɨɞɭ, ɷɬɨɬ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɜ ɜɟɪɯɧɟɦ 
ɢ ɧɢɠɧɟɦ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ. Ɂɚɬɟɦ ɜɨɞɚ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɚ ɩɨɬɨɤɚ, ɨɞɢɧ 
ɢɡ ɤɨɬɨɪɵɯ ɢɞɟɬ ɤ ɩɨɬɪɟɛɢɬɟɥɹɦ, ɚ ɜɬɨɪɨɣ ɩɨɞɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɣ ɫɪɟɞɵ ɜ 
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ɜɚɤɭɭɦɧɵɣ ɞɟɚɷɪɚɬɨɪ. 
Ⱦɥɹ ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚ ɫɯɟɦɚ 

ɩɨɞɨɝɪɟɜɚ ɧɚ Ɍɗɐ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ  ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫ. 2. 

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɧɚ Ɍɗɐ ɞɥɹ ɨɬɤɪɵɬɵɯ ɫɢɫɬɟɦ 

ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ 

 

Ɂɞɟɫɶ ɜɨɞɨɜɨɞɹɧɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɜɫɬɪɨɟɧ ɩɨɫɥɟ 
ɤɨɧɞɟɧɫɚɬɨɪɚ ɬɭɪɛɢɧɵ. Ƚɪɟɸɳɢɦ ɚɝɟɧɬɨɦ ɞɥɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 5 ɹɜɥɹɟɬɫɹ ɫɟɬɟɜɚɹ 
ɜɨɞɚ, ɤɨɬɨɪɚɹ ɨɬɨɛɪɚɧɚ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. Ɂɞɟɫɶ 
ɬɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ ɜɟɪɯɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɨɫɬɚɜɥɹɟɬ 
90-100°ɋ, ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɝɨɞɚ, ɷɬɚ ɜɨɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɝɪɟɸɳɟɝɨ ɚɝɟɧɬɚ ɞɥɹ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɫɟɬɟɜɨɣ ɜɨɞɵ ɩɨɫɥɟ 
ɧɢɠɧɟɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ 65 – 85°ɋ, ɷɬɨɝɨ ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɩɨɞɨɝɪɟɬɶ ɢɫɯɨɞɧɭɸ ɜɨɞɭ ɞɨ 35 – 45°ɋ. 

Ɍɚɤɚɹ ɫɯɟɦɚ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɤɚɱɟɫɬɜɨ ɩɨɞɝɨɬɨɜɤɢ ɩɨɞɩɢɬɨɱɧɨɣ 
ɜɨɞɵ, ɬɚɤ ɤɚɤ ɧɟɨɛɯɨɞɢɦɵɣ ɪɟɠɢɦ ɫɬɚɛɢɥɟɧ ɢ ɧɚɞɟɠɟɧ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ 
ɝɨɞɚ. ɉɪɢ ɷɬɨɦ ɬɚɤɨɣ ɪɟɠɢɦ ɜɵɞɟɪɠɢɜɚɟɬɫɹ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɬɟɩɥɨɜɨɣ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ,  ɩɨɬɨɦɭ ɱɬɨ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ 
ɢɫɩɨɥɶɡɭɸɬ ɫɟɬɟɜɭɸ ɜɨɞɭ, ɨɬɛɢɪɚɟɦɭɸ ɩɨɫɥɟ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ. 

ɇɚ ɪɢɫ. 3 ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ ɩɨɞɝɨɬɨɜɤɢ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ, ɜ ɤɨɬɨɪɨɣ  
ɧɚɝɪɟɜ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɞɟɧɫɚɬɨɦ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɹ. ɉɨɫɥɟ ɧɚɝɪɟɜɚ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɩɟɪɟɞ ɜɚɤɭɭɦɧɨɣ ɞɟɚɷɪɚɰɢɟɣ 
ɨɯɥɚɠɞɟɧɧɵɣ ɤɨɧɞɟɧɫɚɬ ɧɢɠɧɟɝɨ ɫɟɬɟɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɨɬɜɨɞɢɬɫɹ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞ ɨɫɧɨɜɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɬɭɪɛɢɧɵ ɩɟɪɟɞ ɩɟɪɜɵɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ 
ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ Д1Ж. 
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ɇɚ ɪɢɫ. 4 ɝɪɟɸɳɢɦ ɚɝɟɧɬɨɦ ɞɥɹ ɜɨɞɨɜɨɞɹɧɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɫɟɬɟɜɨɣ 
ɜɨɞɵ ɜɵɫɬɭɩɚɟɬ ɩɢɬɚɬɟɥɶɧɚɹ ɜɨɞɚ, ɨɬɨɛɪɚɧɧɚɹ ɩɨɫɥɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ 
ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ. 

 
 

Ɋɢɫ. 3. ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ 

 

 
Ɋɢɫ. 4. ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ 

 

Ɂɞɟɫɶ 10 – ɩɢɬɚɬɟɥɶɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ; 12 – ɞɟɚɷɪɚɬɨɪ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ; 
13 – ɭɡɟɥ ɭɦɹɝɱɟɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɵ ɩɨɞɨɝɪɟɜɚ ɝɪɟɸɳɟɝɨ ɚɝɟɧɬɚ ɞɥɹ ɜɚɤɭɭɦɧɨɝɨ 
ɞɟɚɷɪɚɬɨɪɚ, ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫ. 5 ɢ ɪɢɫ. 6. ɉɨɞɤɥɸɱɟɧɢɟ ɚɪɦɚɬɭɪɵ ɩɨ ɬɚɤɢɦ 
ɫɯɟɦɚɦ ɝɚɪɚɧɬɢɪɭɟɬ ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɝɪɟɜɚ ɞɨ ɧɟɨɛɯɨɞɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ, 
ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɝɨ ɚɝɟɧɬɚ ɜ ɜɚɤɭɭɦɧɵɯ ɞɟɚɷɪɚɬɨɪɚɯ. 
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Ɋɢɫ. 5. ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɝɪɟɸɳɟɝɨ ɚɝɟɧɬɚ ɜɚɤɭɭɦɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ 

 

 
Ɋɢɫ. 6. ɋɯɟɦɚ ɩɨɞɨɝɪɟɜɚ ɝɪɟɸɳɟɝɨ ɚɝɟɧɬɚ ɜɚɤɭɭɦɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ 

 

ȼ ɩɹɬɨɣ ɫɯɟɦɟ ɝɪɟɸɳɢɣ ɚɝɟɧɬ ɞɥɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɜɚɤɭɭɦɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ 
ɨɬɛɢɪɚɸɬ ɩɚɪɚɥɥɟɥɶɧɨ ɜɟɪɯɧɟɦɭ ɫɟɬɟɜɨɦɭ ɩɨɞɨɝɪɟɜɚɬɟɥɸ.  

ȼ ɲɟɫɬɨɣ ɫɯɟɦɟ ɜ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɝɨ ɚɝɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬ ɜɨɞɭ, ɤɨɬɨɪɭɸ 
ɨɬɛɢɪɚɸɬ ɩɨɫɥɟ ɞɟɚɷɪɚɬɨɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɜɵɫɢɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɚɤɭɭɦɧɨɣ 
ɞɟɚɷɪɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɫɩɨɫɨɛɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɢɥɢ ɫɯɟɦɵ ɜɤɥɸɱɟɧɢɹ ɜɚɤɭɭɦɧɵɯ ɞɟɚɷɪɚɬɨɪɨɜ ɜ ɬɭɪɛɨɭɫɬɚɧɨɜɤɢ. Ɉɞɧɚ ɢɡ ɬɚɤɢɯ 
ɫɯɟɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 7. 
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Ɋɢɫ. 7. ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɜɚɤɭɭɦɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɬɟɩɥɨɫɟɬɢ 

ɧɚ ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ 

 

ɇɚ ɫɯɟɦɟ 1 – ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɚɹ ɬɭɪɛɢɧɚ; 2 – ɧɢɠɧɢɣ ɫɟɬɟɜɨɣ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 3 – ɜɟɪɯɧɢɣ ɫɟɬɟɜɨɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ; 4 – ɬɪɭɛɨɩɪɨɜɨɞ ɨɛɪɚɬɧɨɣ 
ɫɟɬɟɜɨɣ ɜɨɞɵ; 5 – ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ; 6 – ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ;  
7 – ɞɟɚɷɪɚɬɨɪ; 8 – ɬɪɭɛɨɩɪɨɜɨɞ ɝɪɟɸɳɟɝɨ ɚɝɟɧɬɚ; 9 – ɬɪɭɛɨɩɪɨɜɨɞ ɢɫɯɨɞɧɨɣ 
ɫɵɪɨɣ ɜɨɞɵ; 10 – ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢɫɯɨɞɧɨɣ ɜɨɞɵ. 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɯɨɞɧɭɸ ɫɵɪɭɸ ɜɨɞɭ ɧɚɝɪɟɜɚɸɬ ɞɨ ɧɟɨɛɯɨɞɢɦɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ 35 – 45 °ɋ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɩɨɞɨɝɪɟɜɚɬɟɥɟ 10, ɞɚɥɟɟ ɜɨɞɚ 
ɩɪɨɯɨɞɢɬ ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ 5 ɢ ɞɟɚɷɪɚɰɢɸ ɜ ɜɚɤɭɭɦɧɨɦ 
ɞɟɚɷɪɚɬɨɪɟ 7. ȼ ɜɚɤɭɭɦɧɵɣ ɞɟɚɷɪɚɬɨɪ ɩɪɢ ɷɬɨɦ ɜ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɝɨ ɚɝɟɧɬɚ 
ɩɨɫɬɭɩɚɟɬ ɩɟɪɟɝɪɟɬɚɹ ɫɟɬɟɜɚɹ ɜɨɞɚ. Ⱦɚɥɟɟ ɞɟɚɷɪɢɪɨɜɚɧɧɭɸ ɩɨɞɩɢɬɨɱɧɭɸ ɜɨɞɭ, 

ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɬɟɦɩɟɪɚɬɭɪɭ 50 – 60 °C, ɩɨɞɭɸɬ ɜ ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ 6, ɨɬɤɭɞɚ ɫ 
ɩɨɦɨɳɶɸ ɧɚɫɨɫɚ ɨɧɚ ɩɨɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɝɪɟɸɳɟɝɨ ɚɝɟɧɬɚ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɶ  
ɢɫɯɨɞɧɨɣ ɜɨɞɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɟɣ ɨɬɞɚɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ 
ɢɫɯɨɞɧɨɣ ɜɨɞɟ ɢ ɨɯɥɚɞɢɬɶɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 30 – 45 °C. ɉɨɞɚɱɚ ɜɨɞɵ ɫ ɬɚɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɜ ɨɛɪɚɬɧɭɸ ɫɟɬɟɜɭɸ ɜɨɞɭ ɫɧɢɠɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɫɟɬɟɜɨɣ ɜɨɞɵ ɢ 
ɭɜɟɥɢɱɢɜɚɟɬ ɧɚ ɬɭɪɛɢɧɟ 1 ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 

ɍ ɬɚɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɦɟɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɣ ɦɢɧɭɫ: ɨɧɚ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɪɚɜɧɨɦɟɪɧɵɣ ɧɚɝɪɟɜ ɢɫɯɨɞɧɨɣ ɜɨɞɵ, ɬɚɤ ɤɚɤ ɜ ɬɟɱɟɧɢɟ ɞɧɹ ɪɚɫɯɨɞ ɩɨɞɩɢɬɨɱɧɨɣ 
ɜɨɞɵ ɤɨɥɟɛɥɟɬɫɹ ɜ ɛɨɥɶɲɨɦ ɞɢɚɩɚɡɨɧɟ (ɨɬ ɧɭɥɹ ɞɨ ɦɚɤɫɢɦɭɦɚ).ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɬɟɪɹɟɬɫɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɧɚɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ, ɚ ɷɬɨ ɭɯɭɞɲɚɟɬ ɤɚɱɟɫɬɜɨ 
ɞɟɚɷɪɚɰɢɢ ɢ ɩɨɧɢɠɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɶ Ɍɗɐ. 
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Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɣ ɧɚɝɪɟɜ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɛɵɥɢ 
ɩɪɟɞɥɨɠɟɧɵ ɞɜɟ ɧɨɜɵɟ ɫɯɟɦɵ ɪɚɛɨɬɵ ɜɚɤɭɭɦɧɨɣ ɞɟɚɷɪɚɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, 
ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫ. 8 ɢ ɪɢɫ. 9.  

 
Ɋɢɫ. 8. ɋɯɟɦɚ ɜɤɥɸɱɟɧɢɹ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɜɚɤɭɭɦɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ 

ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ 

 

ɇɚ ɞɚɧɧɨɣ ɫɯɟɦɟ 1 – ɜɚɤɭɭɦɧɵɣ ɞɟɚɷɪɚɬɨɪ; 2 – ɫɥɢɜɧɨɣ ɬɪɭɛɨɩɪɨɜɨɞ; 3 – ɛɚɤ-

ɚɤɤɭɦɭɥɹɬɨɪ; 4 – ɬɪɭɛɨɩɪɨɜɨɞ ɞɟɚɷɪɢɪɨɜɚɧɧɨɣ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ;  
5 – ɩɨɞɩɢɬɨɱɧɵɣ ɧɚɫɨɫ; 6 – ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢɫɯɨɞɧɨɣ ɜɨɞɵ. 

Ɉɫɨɛɟɧɧɨɫɬɶ ɪɟɲɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɧɚ ɪɢɫ. 8, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ 
ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɢɫɯɨɞɧɨɣ ɜɨɞɵ 6 ɜɤɥɸɱёɧ ɩɨ ɝɪɟɸɳɟɣ ɫɪɟɞɟ ɜ ɬɪɭɛɨɩɪɨɜɨɞ ɫɥɢɜɚ  
2 ɞɟɚɷɪɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢɡ ɜɚɤɭɭɦɧɨɝɨ ɞɟɚɷɪɚɬɨɪɚ 1 ɜ ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ 3 Д5Ж. 

Ƚɞɟ 7 – Ɋɟɝɭɥɹɬɨɪ ɩɨɞɩɢɬɤɢ ɬɟɩɥɨɫɟɬɢ; 8 – ɬɪɭɛɨɩɪɨɜɨɞ-ɩɟɪɟɦɵɱɤɚ;  
9 – ɪɟɝɭɥɢɪɭɸɳɢɣ ɨɪɝɚɧ ɪɟɝɭɥɹɬɨɪɚ ɪɚɫɯɨɞɚ; 10 – ɞɚɬɱɢɤ ɪɚɫɯɨɞɚ. 

ɇɚ ɫɯɟɦɟ ɩɨɞɩɢɬɨɱɧɚɹ ɫɟɬɟɜɚɹ ɜɨɞɚ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɜɚɤɭɭɦɧɵɣ ɞɟɚɷɪɚɬɨɪ ɢ 
ɩɨ ɫɥɢɜɧɨɦɭ ɬɪɭɛɨɩɪɨɜɨɞɭ ɩɨɫɬɭɩɚɟɬ ɜ ɛɚɤ-ɚɤɤɭɦɭɥɹɬɨɪ, ɚ ɡɚɬɟɦ ɩɨ  ɬɪɭɛɨɩɪɨɜɨɞɭ 
4 ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɞɚɬɱɢɤ ɪɚɫɯɨɞɚ 10, ɨɯɥɚɠɞɚɟɬɫɹ ɜ ɩɨɞɨɝɪɟɜɚɬɟɥɟ ɢɫɯɨɞɧɨɣ ɜɨɞɵ  

6 ɢ ɱɟɪɟɡ ɪɟɝɭɥɹɬɨɪ ɩɨɞɩɢɬɤɢ ɬɟɩɥɨɫɟɬɢ 7 ɩɨɞɚɟɬɫɹ ɜ ɬɟɩɥɨɫɟɬɶ. ɉɪɢ ɷɬɨɦ ɦɟɠɞɭ 
ɩɨɞɨɝɪɟɜɚɬɟɥɟɦ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɢ ɪɟɝɭɥɹɬɨɪɨɦ ɩɨɞɩɢɬɤɢ ɬɟɩɥɨɫɟɬɢ ɜɪɟɡɚɧ 
ɬɪɭɛɨɩɪɨɜɨɞ-ɩɟɪɟɦɵɱɤɚ 8, ɫɨɟɞɢɧɟɧɧɵɣ ɫɨ ɫɥɢɜɧɵɦ ɬɪɭɛɨɩɪɨɜɨɞɨɦ. ȼ 
ɬɪɭɛɨɩɪɨɜɨɞɟ 8 ɭɫɬɚɧɨɜɥɟɧ ɪɟɝɭɥɢɪɭɸɳɢɣ ɨɪɝɚɧ ɪɟɝɭɥɹɬɨɪɚ ɪɚɫɯɨɞɚ 9. 
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Ɋɢɫ. 9. ɋɯɟɦɚ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɨɞɨɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɩɟɪɟɞ ɜɚɤɭɭɦɧɵɦ 
ɞɟɚɷɪɚɬɨɪɨɦ 

 

ȿɫɥɢ ɩɪɨɬɟɤɚɟɬ ɦɟɥɟɧɶɤɢɣ ɪɚɫɯɨɞ, ɬɨ ɨɬ ɞɚɬɱɢɤɚ ɪɚɫɯɨɞɚ ɩɨɫɬɭɩɚɟɬ 
ɫɢɝɧɚɥ ɧɚ ɪɟɝɭɥɢɪɭɸɳɢɣ ɨɪɝɚɧ, ɤɨɬɨɪɵɣ ɨɬɤɪɵɜɚɟɬɫɹ ɢ ɞɟɚɷɪɢɪɨɜɚɧɧɚɹ ɜɨɞɚ 
ɱɟɪɟɡ ɬɪɭɛɨɩɪɨɜɨɞ-ɩɟɪɟɦɵɱɤɭ ɩɨɫɬɭɩɚɟɬ ɜ ɫɥɢɜɧɨɣ ɬɪɭɛɨɩɪɨɜɨɞ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɩɪɨɢɫɯɨɞɢɬ ɩɨɞɞɟɪɠɚɧɢɟ ɫɬɚɛɢɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ 
ɱɟɪɟɡ ɩɨɞɨɝɪɟɜɚɬɟɥɶ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɚɛɢɥɶɧɵɣ ɧɚɝɪɟɜ 
ɢɫɯɨɞɧɨɣ ɜɨɞɵ. 

ɂɡɭɱɢɜ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɞɚɧɧɵɟ ɫɯɟɦɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ: 
1. ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ Ɍɗɐ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɩɨɞɝɨɬɨɜɤɢ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɬɟɩɥɨɫɟɬɢ. 
2. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɜɤɥɸɱɟɧɢɹ ɜɚɤɭɭɦɧɵɯ ɞɟɚɷɪɚɰɢɨɧɧɵɯ 

ɭɫɬɚɧɨɜɨɤ ɜ ɬɟɩɥɨɜɵɟ ɫɯɟɦɵ Ɍɗɐ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɪɚɛɨɬɭ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ 
ɬɭɪɛɢɧ ɫ ɩɨɧɢɠɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ. 

3. ɉɪɟɞɥɨɠɟɧɵ ɪɟɲɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɫɬɚɛɢɥɶɧɭɸ ɪɚɛɨɬɭ ɜɚɤɭɭɦɧɵɯ 
ɞɟɚɷɪɚɬɨɪɨɜ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɪɚɛɨɬɵ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ 
ɬɭɪɛɨɭɫɬɚɧɨɜɨɤ. 

4. ɉɪɟɞɥɨɠɟɧɵ ɪɟɲɟɧɢɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ 
ɜɵɫɨɤɨɣ ɬɟɩɥɨɜɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɩɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɭɹ ɬɟɩɥɨ 
ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɵɯ ɨɬɛɨɪɨɜ ɬɭɪɛɢɧ 
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DYNAMIC RATIONING OF ENERGY RESOURCES 

 

The analysis of a possibility of calculation of planned need for energy resources on the basis 

of "big data" and machine learning for power technological processes of oil processing productions 

(oil refinery) is carried out. 

 

Key words: energy resources, oil processing process, conditional fuel, rationing. 

 

ȼ ɨɩɟɪɚɰɢɨɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɇɉɁ ɧɨɪɦɚɬɢɜɵ ɧɚ ɷɧɟɪɝɟɬɢɤɭ ɩɨ ɪɹɞɭ 
ɩɪɢɱɢɧ ɮɨɪɦɢɪɭɸɬɫɹ ɫɭɛɴɟɤɬɢɜɧɨ, ɩɪɢ ɷɬɨɦ ɫɭɳɟɫɬɜɭɟɬ ɮɚɤɬɨɪ 
ɧɟɞɨɛɪɨɫɨɜɟɫɬɧɨɣ ɩɨɞɬɚɫɨɜɤɢ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɭɫɬɚɧɨɜɤɚɯ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫ 
ɩɥɚɧɨɜɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ. ȿɫɬɶ ɩɨɧɢɦɚɧɢɟ, ɱɬɨ ɧɨɪɦɚɬɢɜɵ ɞɨɫɬɚɬɨɱɧɨ 
ɨɛɴɟɤɬɢɜɧɵ ɢ ɡɚɜɢɫɹɬ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɮɚɤɬɨɪɨɜ (ɡɚɝɪɭɡɤɚ ɩɨ ɫɵɪɶɸ, ɤɚɱɟɫɬɜɨ 
ɬɨɩɥɢɜɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɢ ɬ.ɩ.). ɉɨɩɵɬɤɢ ɩɨɞɛɨɪɚ 
ɥɢɧɟɣɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɢɜɨɞɹɬ ɤ ɦɚɥɨɣ ɫɯɨɞɢɦɨɫɬɢ ɫ ɮɚɤɬɨɦ ±5%. 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɧɟɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ 
ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɨɛɴɟɤɬɢɜɧɨɣ ɤɚɪɬɢɧɵ ɪɚɫɯɨɞɚ ɪɟɫɭɪɫɨɜ ɧɚ ɭɫɬɚɧɨɜɤɚɯ.  

ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɮɨɤɭɫ ɧɚɩɪɚɜɥɟɧ ɧɚ ɫɨɡɞɚɧɢɟ ɦɨɞɟɥɟɣ 
ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɪɚɫɱɟɬ ɧɨɪɦɚɬɢɜɨɜ ɤɨɦɩɥɟɤɫɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɩɟɪɜɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ (ɍɉɉɇ). 
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Ⱦɥɹ ɩɟɪɜɢɱɧɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɫ ɍɉɉɇ ɨɬ 01.01.2016 
ɩɨ 31.12.2018 ɝɝ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ ɫɢɥɶɧɭɸ ɢɡɦɟɧɱɢɜɨɫɬɶ 
ɰɟɥɟɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɫɥɟ ɩɟɪɢɨɞɚ ɦɨɞɟɪɧɢɡɚɰɢɢ. ȼɨɡɧɢɤɚɸɳɢɟ ɚɧɨɦɚɥɢɢ 
ɢ ɧɟɯɚɪɚɤɬɟɪɧɨɟ ɩɨɜɟɞɟɧɢɟ ɰɟɥɟɜɵɯ ɜɟɥɢɱɢɧ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɜɟɞɟɧɢɟɦ 
ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɪɚɛɨɬ ɧɚ ɭɫɬɚɧɨɜɤɟ (ɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ, 
ɱɢɫɬɤɢ ɚɩɩɚɪɚɬɨɜ ɜɨɡɞɭɲɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ), ɜ ɢɬɨɝɟ ɫɨɤɪɚɬɢɥɢ ɩɟɪɢɨɞ 
ɨɛɭɱɚɸɳɟɣ ɜɵɛɨɪɤɢ ɞɥɹ ɬɟɤɭɳɟɣ ɦɨɞɟɥɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɟɞɢɤɬɨɪɨɜ 
ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɢɡɧɚɱɚɥɶɧɨ 14 ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɭɱɢɬɵɜɚɸɬɫɹ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɰɟɥɟɜɵɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɞɨɫɬɚɜɥɟɧ ɩɨɥɧɵɣ ɞɚɬɚ ɫɟɬ, ɫɨɫɬɨɹɳɢɣ ɢɡ 2526 ɩɪɢɡɧɚɤɨɜ, 
ɝɞɟ 1423 ɢɡ ɧɢɯ ɢɦɟɸɬ ɡɧɚɱɢɦɵɣ ɜɤɥɚɞ ɜ ɪɚɫɱɟɬ. ȼ ɢɬɨɝɟ ɧɟɤɨɬɨɪɵɟ 
ɩɨɤɚɡɚɬɟɥɢ ɩɨɞɜɟɪɝɚɥɢɫɶ “ɱɢɫɬɤɟ” ɢ ɡɚɩɨɥɧɟɧɢɸ ɩɪɨɩɭɳɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɩɭɬɟɦ ɫɪɟɞɧɢɯ ɢɥɢ ɦɟɞɢɚɧɧɵɯ ɜɟɥɢɱɢɧ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤ 
ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɮɚɤɬɨɪ. Ⱦɚɥɟɟ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɫɬɟɩɟɧɶ 
ɡɚɜɢɫɢɦɨɫɬɢ ɫɚɦɢɯ ɩɪɟɞɢɤɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɜɵɹɜɥɟɧɢɟ 
ɡɧɚɱɢɦɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɉɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɨɜ 
ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɰɟɥɟɜɵɯ ɩɟɪɟɦɟɧɧɵɯ 
ɨɩɬɢɦɢɡɢɪɨɜɚɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɯɨɞɨɜ ɪɟɝɭɥɹɪɢɡɚɰɢɢ ɢ ɜɚɥɢɞɚɰɢɢ 
ɚɥɝɨɪɢɬɦɨɜ. 

Ɍɚɛɥɢɰɚ 1 

ɐɟɥɟɜɵɟ ɩɟɪɟɦɟɧɧɵɟ 

ɐɟɥɟɜɨɣ ɩɨɤɚɡɚɬɟɥɶ ɋɨɤɪɚɳɟɧɢɟ 

ɇɨɪɦɚ ɪɚɫɯɨɞɚ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɝ ɭ.ɬ./ɬɧ   NRUT 

ɇɨɪɦɚ ɪɚɫɯɨɞɚ ɬɟɩɥɨɷɧɟɪɝɢɢ, Ƚɤɚɥ/ɬɧ NRT 

ɇɨɪɦɚ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬɱ/ɬɧ            NRE 

ȼɵɪɚɛɨɬɤɚ ɩɚɪɚ, Ƚɤɚɥ/ɫɭɬ.                                         VP 

 

Ⱦɥɹ ɧɚɝɥɹɞɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɮɚɤɬɨɪɨɜ – ɷɬɨ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ СОКЭ ЦКЩ. ɇɚ ɩɟɪɟɫɟɱɟɧɢɢ 
ɮɚɤɬɨɪɨɜ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɧɚɫɤɨɥɶɤɨ ɫɢɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɧɢɦɢ. 
ɉɨɤɚɡɚɬɟɥɶ ɡɚɜɢɫɢɦɨɫɬɢ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ –1 ɞɨ 1, ɢ ɱɟɦ ɛɥɢɠɟ ɤ 1 ɢɥɢ –1, ɬɟɦ 
ɫɢɥɶɧɟɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɚɤɬɨɪɨɜ, ɱɟɦ ɛɥɢɠɟ ɤ 0 – ɬɟɦ 
ɫɥɚɛɟɟ. 

Ⱦɚɥɟɟ ɩɨɬɪɟɛɨɜɚɥɨɫɶ: 
- ɜɵɛɪɚɬɶ ɮɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɫɥɚɛɨ ɤɨɪɪɟɥɢɪɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɢɧɚɱɟ 

ɧɚɪɭɲɢɬɫɹ ɭɫɥɨɜɢɹ ɦɭɥɶɬɢɤɨɪɪɟɥɢɚɥɶɧɨɫɬɢ. 
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- ɩɪɨɜɟɪɢɬɶ ɧɚ ɧɨɪɦɚɥɶɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɡɧɚɤɨɜ. 
- ɜɵɛɪɚɬɶ ɪɹɞ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɞɨɫɬɚɬɨɱɧɨ ɡɧɚɱɢɦɨ ɤɨɪɪɟɥɢɪɭɸɬ ɫ 

ɰɟɥɟɜɨɣ ɩɟɪɟɦɟɧɧɨɣ.  
Ʉɨɪɪɟɥɹɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ ɩɨ ɞɚɧɧɵɦ ɍɉɉɇ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1:  

 
Ɋɢɫ. 1. Ʉɨɪɪɟɥɹɰɢɨɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɞɥɹ ɮɚɤɬɨɪɨɜ 

 

Ɍɚɛɥɢɰɚ 2 

Ɏɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɜɫɟ ɬɨɩɥɢɜɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ 

ɉɪɟɞɢɤɬɢɜɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɋɨɤɪɚɳɟɧɢɟ ȼɚɠɧɨɫɬɶ 

ɋɵɪɶɟ ɧɚ ɭɫɬɚɧɨɜɤɭ, ɬɧ/ɫɭɬ SNU 57-84% 

Ɂɚɝɪɭɡɤɚ ɜɚɤɭɭɦɧɨɝɨ ɛɥɨɤɚ, ɬɧ/ɫɭɬ ZVB 30-40% 

 

Ɍɚɛɥɢɰɚ 3 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɩɨɬɪɟɛɥɟɧɢɟ ɬɨɩɥɢɜɚ 

ɉɪɟɞɢɤɬɢɜɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɋɨɤɪɚɳɟɧɢɟ ȼɚɠɧɨɫɬɶ, % 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɢɡ Ʉ-1 TI531 22,23 

ɍɪɨɜɟɧɶ ɪɟɮɥɸɤɫɚ ɜ ȿ-2 LC1442 9,93 

Ⱦɚɜɥɟɧɢɹ ɝɚɡɚ ɜ ȿ-6 PI374 7,84 

Ɍɟɦɩɟɪɚɬɭɪɚ ɛɟɧɡɢɧɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ɍ-15/3 TI867 5,15 

ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɮɢɥɶɬɪɚɯ Ɏ-6,7 PI378 4,41 

Ɍɟɦɩɟɪɚɬɭɪɚ ɛɟɧɡɢɧɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ɍ-15/4 TI868 3,71 

 

ɉɨ «ɇɨɪɦɟ ɪɚɫɯɨɞɚ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ» ɩɨɥɭɱɢɥɨɫɶ ɞɨɫɬɢɱɶ ɜɤɥɚɞ 
ɮɚɤɬɨɪɨɜ (ɩɪɟɞɢɤɬɨɪɨɜ) ɞɨ 89% ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɨɪɢɬɦɚ RКЧНШЦ 
FШЫОsЭ (ɫɥɭɱɚɣɧɵɣ ɥɟɫ). ɉɨɤɚɡɚɬɟɥɶ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɣ.  
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Ɋɢɫ. 2. ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɍɉɉɇ 

Ɍɚɛɥɢɰɚ 4  
Ɉɬɤɥɨɧɟɧɢɟ ɦɨɞɟɥɢ ɢ ɩɥɚɧɚ ɨɬ ɮɚɤɬɚ ɞɥɹ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ  
ɍɞɟɥɶɧɚɹ ɧɨɪɦɚ (ɦɨɞɟɥɶ) 26,150 

ɍɞɟɥɶɧɚɹ ɧɨɪɦɚ (ɮɚɤɬ) 26,284 

ɍɞɟɥɶɧɚɹ ɧɨɪɦɚ (ɩɥɚɧ ɧɚ ɮɚɤɬ) 28,44 

Ɉɬɤɥɨɧɟɧɢɟ ɆɈȾȿɅɂ ɨɬ ɎȺɄɌȺ -0,51% 

Ɉɬɤɥɨɧɟɧɢɟ ɉɅȺɇȺ ɨɬ ɎȺɄɌȺ +8,20% 

 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɩɪɨɝɧɨɡɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨ ɦɨɞɟɥɢ, ɧɚɫɬɪɨɟɧɧɚɹ ɧɚ 
ɩɨɥɧɨɦ ɞɚɬɚ ɫɟɬɟ (ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɚɧɧɵɟ ɫ 12.12.2017 ɩɨ 14.02.2018): ɩɨ 
«ɇɨɪɦɟ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ» ɩɨɥɭɱɢɥɨɫɶ ɞɨɫɬɢɱɶ ɜɤɥɚɞ ɮɚɤɬɨɪɨɜ ɞɨ 
75% ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɨɪɢɬɦɚ ɞɟɪɟɜɶɹ ɪɟɲɟɧɢɣ (DecisionTree) + 

Adaboost. 

ɉɨ «ɇɨɪɦɟ ɪɚɫɯɨɞɚ ɬɟɩɥɨɷɧɟɪɝɢɢ» ɩɨɥɭɱɢɥɨɫɶ ɞɨɫɬɢɱɶ ɜɤɥɚɞ ɮɚɤɬɨɪɨɜ ɞɨ 
54% ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɨɪɢɬɦɚ NКэЯОИBКвОs (ɧɚɢɜɧɵɣ Ȼɷɣɫ). ɇɢɡɤɢɣ 
ɩɨɤɚɡɚɬɟɥɶ – ɧɟɨɛɯɨɞɢɦɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɮɚɤɬɨɪɵ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ. 

ɉɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɦɨɞɟɥɢ ɩɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɧɨɪɦɚ ɪɚɫɯɨɞɚ ɞɨ ɢ ɩɨɫɥɟ 
ɤɚɩɪɟɦɨɧɬɚ ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɵ. 
ɉɥɨɬɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɣ, ɤɨɬɨɪɨɟ ɝɨɜɨɪɢɬ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɨɫɥɟ ɪɟɦɨɧɬɚ 
(ɠɟɥɬɵɣ) ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ, ɱɬɨ ɛɵɥɨ ɞɨ (ɝɨɥɭɛɨɣ), ɤɨɝɞɚ ɦɨɞɟɥɶ ɧɚɫɬɪɨɟɧɚ 
ɤɚɤ ɪɚɡ ɧɚ ɞɚɧɧɵɯ ɞɨ ɪɟɦɨɧɬɚ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ 
ɨɲɢɛɤɟ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɞɚɧɧɵɯ ɜ ɫɢɥɭ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ 
ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɹ. 
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Ɋɢɫ. 3. ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɍɉɉɇ 

Ɍɚɛɥɢɰɚ 5  
Ɉɬɤɥɨɧɟɧɢɟ ɦɨɞɟɥɢ ɢ ɩɥɚɧɚ ɨɬ ɮɚɤɬɚ ɞɥɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ  
ɍɞɟɥɶɧɚɹ ɧɨɪɦɚ (ɦɨɞɟɥɶ) 6,890 

ɍɞɟɥɶɧɚɹ ɧɨɪɦɚ (ɮɚɤɬ) 6,924 

ɍɞɟɥɶɧɚɹ ɧɨɪɦɚ (ɩɥɚɧ ɧɚ ɮɚɤɬ) 7,08 

Ɉɬɤɥɨɧɟɧɢɟ ɆɈȾȿɅɂ ɨɬ ɎȺɄɌȺ –0,49% 

Ɉɬɤɥɨɧɟɧɢɟ ɉɅȺɇȺ ɨɬ ɎȺɄɌȺ +2,25% 

 

 
Ɋɢɫ. 4. ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɍɉɉɇ 
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Ɍɚɛɥɢɰɚ 6 

Ɉɬɤɥɨɧɟɧɢɟ ɦɨɞɟɥɢ ɢ ɩɥɚɧɚ ɨɬ ɮɚɤɬɚ ɞɥɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ  

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ  
ɍɞɟɥɶɧɚɹ ɧɨɪɦɚ (ɦɨɞɟɥɶ) 0,0377 

ɍɞɟɥɶɧɚɹ ɧɨɪɦɚ (ɮɚɤɬ) 0,0372 

ɍɞɟɥɶɧɚɹ ɧɨɪɦɚ (ɩɥɚɧ ɧɚ ɮɚɤɬ) 0,0372 

Ɉɬɤɥɨɧɟɧɢɟ ɆɈȾȿɅɂ ɨɬ ɎȺɄɌȺ +1,49% 

Ɉɬɤɥɨɧɟɧɢɟ ɉɅȺɇȺ ɨɬ ɎȺɄɌȺ 0,00% 

 
Ɋɢɫ. 5. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɞɨ ɤɚɩɢɬɚɥɶɧɨɝɨ  

ɪɟɦɨɧɬɚ (ɝɨɥɭɛɨɣ) ɢ ɩɨМɥɟ (ɠɟɥɬɵɣ) 

 

ɉɪɨɦɟɠɭɬɨɱɧɵɟ ɜɵɜɨɞɵ: 
1. ɍɫɬɚɧɨɜɥɟɧɢɟ ɛɨɥɟɟ ɠɟɫɬɤɢɯ ɧɨɪɦɚɬɢɜɨɜ ɧɚ ɟɠɟɞɧɟɜɧɨɦ ɭɪɨɜɧɟ. 

ɗɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɨɪɦɢɪɨɜɚɧɢɹ ɩɨ ɍɉɉɇ ɫɨɫɬɚɜɢɬ 
15,8 ɦɥɧ. ɪɭɛ. ɗɮɮɟɤɬ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɩɥɚɧɨɜɵɯ ɧɨɪɦ ɩɨ 
ɦɨɞɟɥɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɤɭɳɟɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ. ɗɮɮɟɤɬ ɩɨ ɨɫɧɨɜɧɨɦɭ 
ɩɪɨɢɡɜɨɞɫɬɜɭ ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɨɬ 40 ɞɨ 70 ɦɥɧ . ɪɭɛ. ɡɚ ɝɨɞ. 

2. ɇɚɥɢɱɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɬɚɧɨɜɤɢ ɰɟɥɢ ɩɨ ɪɚɫɯɨɞɭ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ 
ɧɚ ɞɟɧɶ, ɚ ɬɚɤɠɟ ɟɠɟɱɚɫɧɨ. ȼɵɹɜɥɟɧɢɟ ɜɫɟɯ ɮɚɤɬɨɜ ɧɚɪɭɲɟɧɢɹ ɪɟɠɢɦɚ 
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɜ ɨɧɥɚɣɧ ɪɟɠɢɦɟ ɢ ɢɯ ɮɢɤɫɚɰɢɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 
ɚɧɚɥɢɡɚ, ɚ ɧɟ ɚɧɚɥɢɡ ɫɪɟɞɧɢɯ ɡɚ ɦɟɫɹɰ ɩɨɤɚɡɚɬɟɥɟɣ. 

3. ɉɨɜɵɲɟɧɢɟ ɭɪɨɜɧɹ ɤɚɫɤɚɞɢɪɨɜɚɧɢɹ ɨɛɳɟɡɚɜɨɞɫɤɢɯ ɰɟɥɟɣ ɞɨ ɭɪɨɜɧɹ 
ɛɪɢɝɚɞ. Ʉɚɠɞɚɹ ɛɪɢɝɚɞɚ ɛɭɞɟɬ ɡɧɚɬɶ, ɤɚɤ ɨɧɚ ɨɬɪɚɛɨɬɚɥɚ ɫɜɨɸ ɫɦɟɧɭ, ɤɚɤɨɣ 
ɜɤɥɚɞ ɨɧɚ ɜɧɟɫɥɚ ɜ ɨɛɳɟɡɚɜɨɞɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ.  



69 
 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɉɫɧɨɜɵ ɫɬɚɬɢɫɬɢɤɢ – https://stepik.org/course/76 

2. Ɇɚɲɢɧɧɨɟ ɨɛɭɱɟɧɢɟ – https://www.coursera.org/learn/machine-learning/ 
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ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
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NANOTECHNOLOGIES IN PRODUCTION, REPAIR AND 

SERVICE OF DETAILS POWER GTU 

 

Results of improvement of technologies of the automated operational development by 

abrasive materials of precision details zolotnik GTU and a plunger are given. Regulation of 

conditions of operational development to carry out the running magnetic field is offered. The 

decision provides improvement of output characteristics of process: accuracy and roughness of 

surfaces of details and also increase in productivity of operational development. 

 

Key words: abrasive operational development, zolotnik, plunger, precision details, GTU, 

magnetic field, processing mode, roughness. 

 

ȼ ɤɨɧɫɬɪɭɤɰɢɹ ɞɨɡɢɪɭɸɳɢɯ ɭɡɥɨɜ, ɫɢɫɬɟɦ ɬɨɩɥɢɜɨɩɢɬɚɧɢɹ ɢ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ȽɌɍ ɤ ɱɢɫɥɭ ɨɩɪɟɞɟɥɹɸɳɢɯ ɨɬɧɨɫɹɬ ɞɟɬɚɥɢ ɬɢɩɚ 
ɡɨɥɨɬɧɢɤ, ɩɥɭɧɠɟɪ, ɢɝɪɚ ɞɨɡɢɪɭɸɳɚɹ. 

ɉɚɪɚɦɟɬɪɵ ɬɨɱɧɨɫɬɢ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ, 
ɜɯɨɞɹɳɢɯ ɜ ɭɡɵ ɬɨɩɥɢɜɨɪɟɝɭɥɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɵ, ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɸɬ ɜ 
ɰɟɥɨɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ: ɪɟɫɭɪɫ ɢ ɧɚɞɟɠɧɨɫɬɶ, 
ɝɢɞɪɨɩɥɨɬɧɨɫɬɶ ɫɨ ɫɦɟɠɧɵɦɢ ɞɟɬɚɥɹɦɢ, ɭɫɢɥɢɟ ɫɬɪɚɝɢɜɚɧɢɹ ɢ ɞɪɭɝɢɟ Д1Ж. 
Ɍɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɰɢɡɢɨɧɧɵɯ 
ɞɟɬɚɥɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1.  

Ʉ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɩɪɟɰɢɡɢɨɧɧɵɦ ɞɟɬɚɥɹɦ ɩɪɟɞɴɹɜɥɹɸɬ ɬɪɟɛɨɜɚɧɢɹ 
ɩɨɜɵɲɟɧɧɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ, ɞɟɬɚɥɢ ɩɪɨɯɨɞɹɬ ɥɚɡɟɪɧɨɟ, 
ɩɥɚɡɦɟɧɧɨɟ ɢ ɞɪɭɝɢɟ ɜɢɞɵ ɭɩɪɨɱɧɟɧɢɣ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɡɦɟɪɧɨɣ ɨɛɪɚɛɨɬɤɨɣ 
ɬɨɧɤɢɦ ɲɥɢɮɨɜɚɧɢɟɦ, ɯɨɧɢɧɝɨɜɚɧɢɟɦ, ɫɭɩɟɪɮɢɧɢɲɢɪɨɜɚɧɢɟɦ. Ɏɢɧɢɲɧɵɦɢ 
ɹɜɥɹɸɬɫɹ ɨɩɟɪɚɰɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɞɨɜɨɞɤɢ ɚɛɪɚɡɢɜɧɵɦɢ ɢ ɚɥɦɚɡɧɵɦɢ 
ɦɚɬɟɪɢɚɥɚɦɢ. ɗɬɢ ɨɩɟɪɚɰɢɢ ɹɜɥɹɸɬɫɹ ɟɞɢɧɫɬɜɟɧɧɨ ɜɨɡɦɨɠɧɵɦ ɦɟɬɨɞɨɦ 
ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɨɩɪɹɝɚɟɦɵɯ ɞɟɬɚɥɟɣ , ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɸɬ ɞɨɫɬɢɝɧɭɬɶ 
Ra 0,016 – 0,032 ɦɤɦ ɢ ɞɨɛɢɬɶɫɹ, ɱɬɨɛɵ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚɞɚɧɧɨɣ 
ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɧɟ ɩɪɟɜɵɲɚɥɢ 0,5 – 0,2 ɦɤɦ. Ɇɟɬɨɞ ɨɬɧɨɫɹɬ ɤ 
ɧɚɧɨɚɛɪɚɡɢɜɧɨɣ ɨɛɪɚɛɨɬɤɟ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɥɦɚɡɧɵɯ ɢɥɢ ɚɛɪɚɡɢɜɧɵɯ ɡɟɪɟɧ ɜ 
ɜɢɞɟ ɩɚɫɬ ɢɥɢ ɫɭɫɩɟɧɡɢɣ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɡɚɝɨɬɨɜɤɢ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɦɢ, ɯɢɦɢɱɟɫɤɢɦɢ, ɮɢɡɢɱɟɫɤɢɦɢ ɢ ɮɢɡɢɤɨ-
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ɯɢɦɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɜɵɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ 

ɞɨɜɨɞɤɢ Д2Ж. 
Ɍɚɛɥɢɰɚ 1 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɞɟɬɚɥɹɦ 

Ⱦɟɬɚɥɶ Ɇɚɬɟɪɢɚɥ ɒɟɪɨɯɨɜɚɬɨɫɬɶ 

Ra, ɦɤɦ 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ 
ɬɨɱɧɨɫɬɶ ɮɨɪɦɵ, 

ɦɤɦ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ɉɥɭɧɠɟɪ 25ɒ5Ɇ 

ɒɏ15 

0,04–0,01 0,1–0,2 Ƚɢɞɪɨɩɥɨɬɧɨɫɬɶ 

Ɋɟɫɭɪɫ 

Ɂɨɥɨɬɧɢɤ 9ɏ18 

ɒɏ15 

0,04–0,06 0,1–0,2 Ƚɢɫɬɟɪɟɡɢɫ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɇɚɞɟɠɧɨɫɬɶ 

ɂɝɥɚ 
ɞɨɡɢɪɭɸɳɚɹ 

Ɋ18 

Ɋ18Ɇ 

0,06–0,08 0,4–0,7 Ɍɨɱɧɨɫɬɶ ɞɨɡɢɪɨɜɚɧɢɹ 

ɇɚɞɟɠɧɨɫɬɶ 

  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɨɣ ɮɢɧɢɲɧɨɣ ɨɛɪɚɛɨɬɤɢ 
ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ ɫ ɛɟɫɰɟɧɬɪɨɜɵɦ ɛɚɡɢɪɨɜɚɧɢɟɦ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ. 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɩɪɨɰɟɫɫɚ ɛɟɫɰɟɧɬɪɨɜɨɣ ɞɨɜɨɞɤɢ: 1, 4 – ɞɨɜɨɞɹɳɢɟ ɜɚɥɢɤɢ,   
2 – ɨɛɪɚɛɚɬɵɜɚɟɦɚɹ ɞɟɬɚɥɶ, 3 – ɩɪɢɠɢɦɧɨɣ ɧɨɠ, ݊ଵ,݊ଷ – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 

ɞɨɜɨɞɹɳɢɯ ɜɚɥɢɤɨɜ, ݊ଶ – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɞɟɬɚɥɢ 

 

ȼ ɭɫɥɨɜɢɹɯ ɨɩɵɬɧɨɝɨ, ɟɞɢɧɢɱɧɨɝɨ, ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ ɢ ɫɟɪɢɣɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɢɦɟɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɚɛɪɚɡɢɜɧɨɣ 
ɞɨɜɨɞɤɢ ɧɚ ɛɟɫɰɟɧɬɪɨɜɨ-ɞɨɜɨɞɨɱɧɵɯ ɫɬɚɧɤɚɯ (ȻȾɋ) Д2, 3Ж. ɉɪɢ ɛɟɫɰɟɧɬɪɨɜɨɣ 
ɞɨɜɨɞɤɟ ɞɟɬɚɥɟɣ (ɪɢɫ. 1) ɞɟɬɚɥɶ 2 ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨ ɜɪɚɳɚɸɳɢɦɫɹ ɞɨɜɨɞɹɳɢɦ 
ɜɚɥɢɤɚɦ 1 ɢ 4. ɉɪɢɠɢɦ ɞɟɬɚɥɟɣ ɫ ɡɚɞɚɧɧɵɦ ɭɫɢɥɢɟɦ ɤ ɞɨɜɨɞɹɳɢɦ 
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ɩɨɜɟɪɯɧɨɫɬɹɦ ɜɚɥɢɤɨɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɢɥ ɪɟɡɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫ ɩɨɦɨɳɶɸ 
ɩɪɢɠɢɦɧɨɝɨ ɧɨɠɚ 3. ȼɚɥɢɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɞɨɜɨɞɨɱɧɨɦ ɫɬɚɧɤɟ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɭɫɬɚɧɨɜɥɟɧɵ ɩɨɞ ɨɩɪɟɞɟɥɟɧɧɵɦ ɭɝɥɨɦ α,  
ɧɚɡɵɜɚɟɦɵɦ ɭɝɥɨɦ ɪɚɡɞɜɢɠɤɢ. ɍɝɨɥ ɪɚɡɞɜɢɠɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɞɨɥɶɧɨɟ 
ɩɟɪɟɦɟɳɟɧɢɟ ܵ˒˓ ɞɟɬɚɥɢ 2. 

Ɍɚɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɨɛɪɚɛɨɬɤɢ ɢɦɟɟɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ Д4, 5]: 

– ɤɨɧɬɚɤɬ ɩɨ ɥɢɧɢɢ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɬɚɥɢ ɫ ɞɨɜɨɞɹɳɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ 
ɜɚɥɢɤɨɜ ɧɟɜɨɡɦɨɠɟɧ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɞɜɭɦɹ ɜɚɥɢɤɚɦɢ, ɱɬɨ ɫɧɢɠɚɟɬ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭɞɚɥɟɧɢɹ ɩɪɢɩɭɫɤɚ; 

– ɫɢɥɚ ɩɪɢɠɢɦɚ ɞɟɬɚɥɢ ɤ ɞɨɜɨɞɹɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɚɥɢɤɚ ɧɚ ɜɫɟɦ ɟɝɨ 
ɩɪɨɬɹɠɟɧɢɢ ɩɨɫɬɨɹɧɧɚ (ɪɢɫ.2), ɨɞɧɚɤɨ ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɞɜɢɠɤɢ ɜɚɥɢɤɨɜ ɩɨ ɦɟɪɟ 
ɞɜɢɠɟɧɢɹ ɞɟɬɚɥɢ ɧɟɩɪɟɪɵɜɧɨ ɫɛɥɢɠɚɟɬɫɹ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɶɸ ɜɚɥɢɤɨɜ, ɬɨ 
ɟɫɬɶ ∆˅ы˘< ∆˅˘. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɤɨɧɬɚɤɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɚɪɵ 
«ɞɟɬɚɥɶ - ɜɚɥɢɤ» ɩɨ ɦɟɪɟ ɩɟɪɟɦɟɳɟɧɢɹ ɞɟɬɚɥɟɣ, ɚ ɫɥɟɞɫɬɜɢɟɦ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɪɚɡɧɨɝɨ ɢɡɧɨɫɚ ɜɚɥɢɤɨɜ ɧɚ ɜɯɨɞɟ ɢ ɧɚ ɜɵɯɨɞɟ, ɱɬɨ ɜɵɡɵɜɚɟɬ 
ɩɨɬɟɪɸ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɩɚɪɬɢɢ ɞɟɬɚɥɟɣ; 

– ɞɨɜɨɞɤɚ ɞɟɬɚɥɟɣ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɬɨɥɛɚ 
ɞɟɬɚɥɟɣ, ɯɨɬɹ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ, ɧɚɩɪɢɦɟɪ ɜ ɭɫɥɨɜɢɹɯ ɦɟɥɤɨɫɟɪɢɣɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɥɢ ɩɪɢ ɧɚɥɚɞɤɟ ɩɪɨɰɟɫɫɚ, ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɪɚɛɨɬɤɢ 
ɟɞɢɧɢɱɧɵɯ ɞɟɬɚɥɟɣ; 

– ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɞɟɬɚɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɧɹɬɶ ɭɫɢɥɢɟ ɩɪɢɠɢɦɚ: ɟɫɥɢ 
ɞɟɬɚɥɢ ɢɡ ɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɝɞɚ ɞɟɬɚɥɢ ɩɪɨɯɨɞɹɬ ɪɚɡɧɵɟ ɷɬɚɩɵ ɨɛɪɚɛɨɬɤɢ 
(ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ, ɨɤɨɧɱɚɬɟɥɶɧɭɸ) ɢ ɞɪɭɝɢɟ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ 
ɪɟɝɭɥɢɪɭɟɦɨɟ ɭɫɢɥɢɟ ɩɪɢɠɢɦɚ; 

– ɫɯɟɦɚ ɨɛɪɚɛɨɬɤɢ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɩɨɞɚɱɢ 
ɞɟɬɚɥɟɣ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ, ɱɬɨ ɞɟɥɚɟɬ ɧɟɜɨɡɦɨɠɧɵɦ ɩɨɞɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɣ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɪɚɡɧɨɨɛɪɚɡɢɹ ɪɚɡɦɟɪɨɜ ɞɟɬɚɥɟɣ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɚɱɟɫɬɜɭ 
ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ; 

– ɬɟɯɧɨɥɨɝɢɹ ɨɛɪɚɛɨɬɤɢ ɧɚ ɞɨɜɨɞɨɱɧɵɯ ɫɬɚɧɤɚɯ ɫ ɭɝɥɨɦ ɪɚɡɞɜɢɠɤɢ 
ɞɨɜɨɞɨɱɧɵɯ ɜɚɥɢɤɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɨɞɞɚɟɬɫɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ, ɬɨ ɟɫɬɶ 
ɢɦɟɟɬ ɦɟɫɬɨ ɜɥɢɹɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɤɚɱɟɫɬɜɨ ɨɛɪɚɛɨɬɤɢ. 

Ɋɚɡɞɜɢɠɤɢ ɜɚɥɢɤɨɜ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɜɵɡɵɜɚɟɬ ɧɟɩɪɟɪɵɜɧɨɟ 
ɫɛɥɢɠɟɧɢɟ ɨɫɢ ɞɟɬɚɥɢ ɫ ɨɫɹɦɢ ɜɚɥɢɤɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɫɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɨɨɬɧɨɲɟɧɢɟ ɧɨɪɦɚɥɶɧɵɯ ɤɨɧɬɚɤɬɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɜ ɩɚɪɟ «ɞɟɬɚɥɶ – ɜɚɥɢɤ» ɜ ɧɚɱɚɥɟ σ ேːа˚ ɢ σ ேˍˑː ɡɨɧɵ ɨɛɪɚɛɨɬɤɢ 
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ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 1,5 – 2,5. 

 
 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɜ  
ɩɪɨɰɟɫɫɟ ɞɨɜɨɞɤɢ ɫ ɪɚɡɞɜɢɠɤɨɣ ɜɚɥɢɤɨɜ:  

P – ɫɢɥɚ ɩɪɢɠɢɦɚ, ∆ɜɯ – ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɢɡɞɟɥɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɜɚɥɢɤɨɜ ɜ ɧɚɱɚɥɟ 
ɨɛɪɚɛɨɬɤɢ, ∆ɜɵɯ – ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɢɡɞɟɥɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɜɚɥɢɤɨɜ ɜ ɤɨɧɰɟ 

ɨɛɪɚɛɨɬɤɢ; 1 – ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ ɢɡɞɟɥɢɟ ɜ ɧɚɱɚɥɟ ɡɨɧɵ ɨɛɪɚɛɨɬɤɢ, 2 – ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ 
ɢɡɞɟɥɢɟ ɜ ɫɟɪɟɞɢɧɟ ɡɨɧɵ ɨɛɪɚɛɨɬɤɢ, 3 – ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ ɢɡɞɟɥɢɟ ɜ ɤɨɧɰɟ ɡɨɧɵ ɨɛɪɚɛɨɬɤɢ. 

 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɜɵɯɨɞɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɛɟɫɰɟɧɬɪɨɜɨɣ  ɞɨɜɨɞɤɢ. ɉɪɟɞɨɬɜɪɚɬɢɬɶ ɭɤɚɡɚɧɧɵɟ 
ɧɟɞɨɫɬɚɬɤɢ ɦɨɠɧɨ ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɞɨɜɨɞɹɳɢɯ ɜɚɥɢɤɨɜ ɧɚ ɫɬɚɧɤɟ ɩɚɪɚɥɥɟɥɶɧɨ 
ɞɪɭɝ ɞɪɭɝɭ ɢ ɢɫɤɥɸɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɪɢɠɢɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ (ɧɨɠɚ). ɉɪɢ 
ɷɬɨɦ ɩɪɨɞɨɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɩɪɢɠɢɦ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɞɟɬɚɥɟɣ 
ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɧɚɥɨɠɟɧɢɟɦ ɧɚ ɧɢɯ ɛɟɝɭɳɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ȻɆɉ).   

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɛɟɝɭɳɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɧɞɭɤɬɨɪɵ. ɉɪɢ 
ɭɫɬɚɧɨɜɤɟ ɢɧɞɭɤɬɨɪɚ ɜ ɡɨɧɭ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ, ɬɨ ɟɫɬɶ ɦɟɠɞɭ ɞɨɜɨɞɹɳɢɦɢ 
ɜɚɥɢɤɚɦɢ, ɢ ɩɨɞɤɥɸɱɟɧɢɹ ɨɛɦɨɬɨɤ ɤ ɢɫɬɨɱɧɢɤɭ ɬɨɤɚ ɨɛɪɚɡɨɜɚɧɢɟ ɫɭɦɦɚɪɧɨɝɨ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɯɟɦɟ, ɭɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 3.  

ɉɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɢɧɞɭɤɬɨɪɚ ɜ ɤɚɠɞɨɣ ɨɛɦɨɬɤɟ ɜɨɡɧɢɤɚɸɬ ɜɢɯɪɟɜɵɟ 
ɬɨɤɢ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɜɨɤɪɭɝ ɨɛɦɨɬɤɢ. Ɇɚɝɧɢɬɧɵɟ ɩɨɬɨɤɢ 
ɟɞɢɧɢɱɧɵɯ ɨɛɦɨɬɨɤ ɫɨɡɞɚɸɬ ɫɭɦɦɚɪɧɵɣ ɩɨɬɨɤ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɜɞɨɥɶ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɧɞɭɤɬɨɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɨɦɟɳɟɧɢɢ ɮɟɪɪɨɦɚɝɧɢɬɧɵɯ 
ɢɡɞɟɥɢɣ ɜ ɡɨɧɭ ɞɟɣɫɬɜɢɹ ɢɧɞɭɤɬɨɪɚ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ 
ɩɪɨɞɨɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɩɪɢɠɢɦ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɢɡɞɟɥɢɣ ɤ ɞɨɜɨɞɹɳɢɦ 
ɩɨɜɟɪɯɧɨɫɬɹɦ. 

Ȼɟɝɭɳɟɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɨ ɭɪɚɜɧɟɧɢɟɦ Ɇɚɤɫɜɟɥɥɚ, ɢɡ 
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ɤɨɬɨɪɵɯ ɢɫɤɥɸɱɟɧ ɱɥɟɧ, ɫɨɞɟɪɠɚɳɢɣ ɬɨɤɢ ɫɦɟɳɟɧɢɹ Д7Ж: 
rot H = j; 

rot E = -µడ�డ௧  . 

ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ, ɭɪɚɜɧɟɧɢɹ Ɇɚɤɫɜɟɥɥɚ ɞɨɥɠɧɵ ɛɵɬɶ 
ɞɨɩɨɥɧɟɧɵ ɭɫɥɨɜɢɹɦɢ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɜɟɤɬɨɪɨɜ B ɢ j: 

div B = 0; 

div j = 0. 

ɉɪɢ ɷɬɨɦ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɟɤɬɨɪɵ ɢɧɞɭɤɰɢɢ ɢ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ ɫɜɹɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɶɸ B=µH, ɝɞɟ µ – ɦɚɝɧɢɬɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɫɪɟɞɵ;  
H – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɡɚɤɨɧ Ɉɦɚ: 
j = σ(E + υB), 

ɝɞɟ E – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, σ – ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɞɟɬɚɥɢ,  
υ – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɪɟɞɵ 

.  

Ɋɢɫ. 3. ɋɯɟɦɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ȻɆɉ ɞɥɹ ɫɨɡɞɚɧɢɹ ɡɚɞɚɧɧɨɝɨ ɜɟɤɬɨɪɚ 
ɩɟɪɟɦɟɳɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɷɥɟɦɟɧɬɚ (ɜɬɨɪɨɣ ɜɚɥɢɤ ɭɫɥɨɜɧɨ ɧɟ ɩɨɤɚɡɚɧ):  

1 – ɞɨɜɨɞɹɳɢɣ ɜɚɥɢɤ, 2 – ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ ɢɡɞɟɥɢɟ, 3 – ɨɛɦɨɬɤɚ, 4 – ɢɧɞɭɤɬɨɪ,  

Ɏɟɞ - ɧɚɩɪɚɜɥɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɟɞɢɧɢɱɧɨɣ ɨɛɦɨɬɤɨɣ ɢɧɞɭɤɬɨɪɚ,  
Ɏɫɭɦ – ɧɚɩɪɚɜɥɟɧɢɟ ɫɭɦɦɚɪɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɟɞɢɧɢɱɧɵɯ ɨɛɦɨɬɨɤ,  

τ – ɩɨɥɸɫɧɵɣ ɲɚɝ ɢɧɞɭɤɬɨɪɚ, ܨɩɪɨɞ – ɫɢɥɚ ɩɪɨɞɨɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɡɞɟɥɢɹ, ɫɨɡɞɚɜɚɟɦɚɹ 
ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ ʣ˔˖ˏ,  ܨɩɪɢɠ - ɫɢɥɚ ɩɪɢɠɢɦɚ ɢɡɞɟɥɢɹ ɤ ɞɨɜɨɞɹɳɢɦ ɩɨɜɟɪɯɧɨɫɬɹɦ, 

ɫɨɡɞɚɜɚɟɦɚɹ ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ ʣ˔˖ˏ. 

 

ɋɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚ ɩɨɦɟɳɟɧɧɨɟ ɜ ȻɆɉ 
ɮɟɪɪɨɦɚɝɧɢɬɧɨɟ ɬɟɥɨ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д8Ж: 
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ܨ˒ ˓ˋˉ =  ఠ�µమ�బమଶ ݈݉ [௘−ሺ�+�∗ሻ�ఉ ], 

ɝɞɟ � – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɬɨɤɚ, ɩɢɬɚɸɳɟɝɨ ɢɧɞɭɤɬɨɪ, ܪ଴ଶ – ɤɨɦɩɥɟɤɫɧɚɹ 
ɚɦɩɥɢɬɭɞɚ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ߚ – ɚɪɝɭɦɟɧɬ ɛɟɡɪɚɡɦɟɪɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ, ߚ∗ – ɤɨɦɩɥɟɤɫɧɨ-ɫɨɩɪɹɠɟɧɧɵɣ ɚɪɝɭɦɟɧɬ, ݈݉ – ɦɧɢɦɚɹ ɱɚɫɬɶ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɱɢɫɥɚ. 

ɋɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚ ɩɨɦɟɳɟɧɧɨɟ ɜ ȻɆɉ 
ɮɟɪɪɨɦɚɝɧɢɬɧɨɟ ɬɟɥɨ, ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɨ ɮɨɪɦɭɥɟ: ˒ܨ ˓ˑˇ =  ఈఠ�µమ�బమଶ|ఉ|మ ݁−ሺఉ+ఉ∗ሻ௫ , 

ɝɞɟ ߙ – ɩɚɪɚɦɟɬɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɞɥɢɧɭ ɜɨɥɧɵ ɩɨɥɹ ɜɞɨɥɶ ɜɵɛɪɚɧɧɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢɹ. 

Ɉɬɞɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɨɩɵɬɧɵɯ 
ɪɚɛɨɬ ɩɨ ɨɫɜɨɟɧɢɸ ɬɟɯɧɨɥɨɝɢɢ ɧɚɧɨɚɛɪɚɡɢɜɧɨɣ ɞɨɜɨɞɤɢ ɜ ɛɟɝɭɳɟɦ ɦɚɝɧɢɬɧɨɦ 
ɩɨɥɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.  

Ɉɛɨɛɳɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɞɨɜɨɞɤɢ ɫ ɧɚɥɨɠɟɧɢɟɦ ɛɟɝɭɳɟɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ: 

– ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ; 
– ɭɥɭɱɲɚɟɬ ɩɚɪɚɦɟɬɪɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ; 
– ɩɨɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɞɨɜɨɞɤɢ; 
– ɫɧɢɠɚɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɨɜɨɞɹɳɢɯ 

ɜɚɥɢɤɨɜ; 
– ɩɨɜɵɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɨɜɨɞɤɢ ɞɟɬɚɥɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɵɲɟɧɧɵɣ 

ɭɪɨɜɟɧɶ ɧɚɞɟɠɧɨɫɬɢ ɫɢɫɬɟɦ ɬɨɩɥɢɜɨɩɢɬɚɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ȽɌɍ. 
Ɍɚɛɥɢɰɚ 2 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɵɬɧɵɯ ɪɚɛɨɬ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɨɱɧɨɫɬɢ 
ɋɭɳɟɫɬɜɭɸɳɢɣ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 

ɉɪɟɞɥɚɝɚɟɦɵɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 

Ɉɬɤɥɨɧɟɧɢɹ ɨɬ ɬɨɱɧɨɫɬɢ ɮɨɪɦɵ ɜ 
ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ, ɦɤɦ 

Ɉɬɤɥɨɧɟɧɢɹ ɨɬ ɬɨɱɧɨɫɬɢ ɮɨɪɦɵ ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ, ɦɤɦ 

ɒɟɪɨɯɨɜɚɬɨɫɬɶ Ra, ɦɤɦ 

ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɞɟɬ./ɱ 

Ɍɪɭɞɨɟɦɤɨɫɬɶ ɩɟɪɟɧɚɥɚɞɤɢ ɩɪɨɰɟɫɫɚ 
ɨɛɪɚɛɨɬɤɢ, ɦɢɧ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɢɡɧɨɫ ɜɚɥɢɤɨɜ 
(ɩɚɪɬɢɹ ɞɟɬɚɥɟɣ 300 ɲɬ.), % 

0,5 – 1,0 

 

0,8 – 1,0 

 

0,08 – 0,02 

20 

14 

 

8 

0,05 – 0,1 

 

0,08 – 0,2 

 

0,04 – 0,0025 

30 

1,5 

 

2,4 
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ȼɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɟɠɢɦɚ ɨɛɪɚɛɨɬɤɢ ɞɟɣɫɬɜɢɟɦ ɛɟɝɭɳɟɝɨ 
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɞɨɜɨɞɤɢ ɫ ɢɫɤɥɸɱɟɧɢɟɦ 
ɫɭɛɴɟɤɬɢɜɧɨɝɨ ɜɥɢɹɧɢɹ ɨɩɟɪɚɬɨɪɚ ɧɚ ɜɵɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɩɪɨɰɟɫɫɚ.   
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ɬɟɩɥɨɨɬɞɚɱɢ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɨɩɥɢɜɨ, ɤɢɩɹɳɢɣ ɫɥɨɣ, ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 
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technology of the boiling layer are brought and described. The information about structure of 

harmful emissions is stated. The reasons of reduction of emissions and increase in value of 

coefficient of a thermolysis are established. 

 

Key words: fuel, the boiling layer, harmful emissions, thermolysis coefficient. 

 

Ɂɚɝɪɹɡɧɟɧɢɟ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ ɨɫɬɪɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɩɪɨɛɥɟɦɨɣ. ɉɪɢ ɫɠɢɝɚɧɢɢ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɬɨɩɥɢɜ ɜ ɚɬɦɨɫɮɟɪɭ ɜɵɛɪɚɫɵɜɚɸɬɫɹ ɢɯ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ: 
ɨɤɢɫɥɵ ɭɝɥɟɪɨɞɚ, ɫɟɪɵ, ɚɡɨɬɚ, ɚ ɬɚɤɠɟ ɥɟɬɭɱɚɹ ɡɨɥɚ ɫ ɧɟɞɨɝɨɪɟɜɲɢɦɢ ɱɚɫɬɢɰɚɦɢ 
ɬɨɩɥɢɜɚ. Ȼɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɷɬɢɯ ɜɵɛɪɨɫɨɜ ɹɜɥɹɟɬɫɹ ɬɨɤɫɢɱɧɵɦ ɞɥɹ ɱɟɥɨɜɟɤɚ 
ɢ ɨɤɪɭɠɚɸɳɟɣ ɩɪɢɪɨɞɵ [1]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɫɬɟɦɵ ɨɱɢɫɬɤɢ ɞɵɦɨɜɵɯ 
ɝɚɡɨɜ ɨɬ ɡɨɥɵ, ɨɞɧɚɤɨ ɬɨɤɫɢɱɧɵɟ ɝɚɡɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɭɥɚɜɥɢɜɚɸɬɫɹ. Ɉɞɧɨɣ ɢɡ 
ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɪɚɡɜɢɬɢɹ ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɤɢ ɹɜɥɹɟɬɫɹ ɫɨɤɪɚɳɟɧɢɟ 
ɜɵɛɪɨɫɨɜ ɩɪɟɠɞɟ ɜɫɟɝɨ ɨɤɢɫɥɨɜ ɚɡɨɬɚ ɢ ɫɟɪɵ [1]. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɤɚɠɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɫɠɢɝɚɧɢɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ 
ɤɨɬɥɨɚɝɪɟɝɚɬɨɜ ɫ ɩɫɟɜɞɨɨɠɢɠɟɧɧɵɦ ɫɥɨɟɦ ɫɟɪɨɩɨɝɥɚɳɚɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, 
ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 800 – 850 °ɋ [1]. 

Ʉɨ ɜɫɟɦɭ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɨɦɭ ɫɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɧɟɫɬɢ ɜɵɫɨɤɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ, ɬ.ɟ. ɱɟɪɟɡ ɧɟɛɨɥɶɲɭɸ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 
ɬɟɩɥɨɨɛɦɟɧɚ ɨɬɜɨɞɢɬɫɹ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ. Ʉ ɬɨɦɭ ɠɟ ɩɭɱɤɢ ɬɪɭɛ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɦɨɠɧɨ ɪɚɫɩɨɥɚɝɚɬɶ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɡɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 
Ⱦɚɧɧɵɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɢɬɶ ɤɨɦɩɨɧɨɜɤɭ 

ɤɨɬɥɨɚɝɪɟɝɚɬɚ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɨɣ [1]. 

ȼɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɛɭɫɥɨɜɥɟɧ ɩɟɪɟɦɟɲɢɜɚɧɢɟɦ ɱɚɫɬɢɰ 
ɢ ɠɢɞɤɨɫɬɢ ɜ ɩɫɟɜɞɨɨɠɢɠɟɧɧɨɦ ɫɥɨɟ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɵɪɚɜɧɢɜɚɟɬɫɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜɨ ɜɫɟɦ ɫɥɨɟ. Ⱦɜɢɠɟɧɢɟ ɱɚɫɬɢɰ ɭɜɟɥɢɱɢɜɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɨɬɞɚɱɢ ɤ ɫɬɟɧɤɟ ɢ ɤ ɩɨɜɟɪɯɧɨɫɬɹɦ ɧɚɝɪɟɜɚ, ɩɨɝɪɭɠɟɧɧɵɦ ɜ ɤɢɩɹɳɢɣ ɫɥɨɣ. 
ɗɬɨɦɭ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɡɪɭɲɟɧɢɟ ɩɪɟɩɹɬɫɬɜɭɸɳɟɝɨ ɬɟɩɥɨɨɬɞɚɱɟ ɝɪɚɧɢɱɧɨɝɨ 
ɫɥɨɹ ɧɚ ɬɟɩɥɨɨɛɦɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɤɨɧɬɚɤɬ ɱɚɫɬɢɰ 
ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɟɩɥɨɨɛɦɟɧɚ [2]. 

ɉɪɢ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɨɚɝɪɟɝɚɬɚ ȾɄȼɪ-2,5-14 ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɬɨɩɤɢ ɫ 
ɩɫɟɜɞɨɨɠɢɠɟɧɧɵɦ ɫɥɨɟɦ ɟɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭɜɟɥɢɱɢɥɚɫɶ ɩɨ ɩɚɪɭ ɫ 2,5 ɞɨ 
4,4 ɬ/ɱ. Ʉ ɬɨɦɭ ɠɟ ɚɝɪɟɝɚɬ ɫɬɚɥ ɨɬɩɭɫɤɚɬɶ ɜ ɬɟɩɥɨɫɟɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ  
3,18 Ƚɤɚɥ/ɱ [1]. 
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ɉɨɫɥɟ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɤɨɬɥɚ ȾɄȼɪ-10-13ɛɵɥɨ ɨɬɦɟɱɟɧɨ, ɱɬɨ ɟɝɨ 
ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɛɵɥɚ ɭɜɟɥɢɱɟɧɚ ɜɞɜɨɟ.Д1Ж  

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ ɤɢɩɹɳɢɣ ɫɥɨɣ ɩɪɢɫɚɞɤɢ ɢɡɜɟɫɬɧɹɤɚ ɢɥɢ ɞɨɥɨɦɢɬɚ, ɬɨ 
ɩɪɨɢɡɨɣɞɭɬ ɫɥɟɞɭɸɳɢɟ ɪɟɚɤɰɢɢ: 

 ɋɚɋɈ3=ɋɚɋɈ+ɋɈ2+178 ɤȾɠ/ɦɨɥɶ; (1) 

 ɋɚɈ+SɈ2+1/2Ɉ2=CaSO4-500 ɤȾɠ/ɦɨɥɶ. (2) 

ɂɡ ɪɢɫ. 1 ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɝɨ ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɫɥɨɹ ɞɨɥɠɧɚ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɨɤɨɥɨ 850 °ɋ. ɉɪɢ ɬɟɩɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ ɭɤɚɡɚɧɧɨɣ 
ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɬɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɪɚɡɥɨɠɟɧɢɟ CaSO4 ɧɚ ɫɨɫɬɚɜɥɹɸɳɢɟ, ɢ 
ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɫɬɟɩɟɧɶ ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɫɧɢɠɚɟɬɫɹ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɟɧɶɲɢɯ 
800 °ɋ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɦɟɞɥɟɧɧɨ ɢ ɧɟ ɩɨɥɧɨ. ɋɬɟɩɟɧɶ ɨɛɟɫɫɟɪɢɜɚɧɢɹ 
ɢɡɜɟɫɬɧɹɤɨɦ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɢ ɫɬɪɭɤɬɭɪɵ ɩɨɪ. ɉɨɪɵ ɢɡɜɟɫɬɧɹɤɚ 
ɩɪɢ ɝɨɪɟɧɢɢ ɩɨɪɵ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɢ ɭɜɟɥɢɱɟɧɢɟ ɢɯ ɨɛɴɟɦɚ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ 
ɨɬ ɜɢɞɚ ɢɡɜɟɫɬɧɹɤɚ. ɇɚɩɪɢɦɟɪ, ɦɟɥɨɜɨɣ ɢɡɜɟɫɬɧɹɤ ɢɡ-ɡɚ ɛɨɥɶɲɟɣ ɩɨɪɢɫɬɨɫɬɢ 
ɥɭɱɲɟ ɪɟɚɝɢɪɭɟɬ ɫ SO2, ɱɟɦ ɞɟɜɨɧɫɤɢɣ. [2] 

 

Ɋɢɫ. 1. ɋɬɟɩɟɧɶ ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

 

ɍ ɝɟɬɟɪɨɝɟɧɧɨɣ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɫɨɪɛɟɧɬɨɦ ɢ ɞɜɭɨɤɢɫɶɸ ɫɟɪɵ ɨɛɪɚɡɨɜɚɧɢɟ 
ɫɭɥɶɮɚɬɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ ɫɨɪɛɟɧɬɨɦ ɢ SO2, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ 
ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ, ɚ ɬɚɤɠɟ ɨɬ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɫɨɪɛɟɧɬɚ [2]. 

ȼɪɟɦɹ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ ɫɨɪɛɟɧɬɨɦ ɢ ɩɪɨɞɭɤɬɚɦɢ ɫɝɨɪɚɧɢɹ ɢ ɚɤɬɢɜɧɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɢɡɜɟɫɬɧɹɤɚ ɦɨɠɧɨ ɭɜɟɥɢɱɢɬɶ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ 
ɤɢɩɹɳɟɝɨ ɫɥɨɹ ɢ ɦɟɥɤɨɦɨɥɨɬɨɝɨ ɢɡɜɟɫɬɧɹɤɚ. ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɫɬɟɩɟɧɶ 
ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 95% ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɋɚ/S [2]. 
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ɉɪɨɰɟɫɫ ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɞɚɜɥɟɧɢɹ, ɪɢɫ. 2. ɉɪɢ ɩɨɜɵɲɟɧɢɢ 
ɞɚɜɥɟɧɢɹ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɢɡɜɟɫɬɧɹɤɚ. ɂɡ ɪɢɫ. 2 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ 
ɫɨɞɟɪɠɚɧɢɢ Ɉ2 5% ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɞɨɛɚɜɥɟɧɢɟ ɢɡɜɟɫɬɧɹɤɚ ɞɨ ɫɨɨɬɧɨɲɟɧɢɹ 1:1 
ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ SO2 c 0,1 ɞɨ 0,05% [2]. 

ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɵɬɨɜ ɩɨ ɨɛɟɫɫɟɪɢɜɚɧɢɸ ɭɝɥɹ ɢɡ ɋɟɜɟɪɧɨɣ ɑɟɯɢɢ ɩɪɢ 
ɪɚɡɥɢɱɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɩɪɢɫɚɞɤɢ ɢ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
ɋɨɫɬɚɜ ɭɝɥɹ: W

ɪ
=23,3%, Ⱥɪ=33,8, ɜɵɯɨɞ ɥɟɬɭɱɢɯ 22,3%, ɋɪ

=19,0%, S
ɪ
=0,97, 

ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ 10,8 ɆȾɠ/ɤɝ Д2]. 

 

Ɋɢɫ. 2. Ʉɨɧɰɟɧɬɪɚɰɢɹ SO2 ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹ ɢ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ: - Ca/S=0; - - - - - - Ca/S=1 

 

ɂɡ ɪɢɫ. 4 ɦɵ ɜɢɞɢɦ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 793 ɞɨ 854 °ɋ ɫɬɟɩɟɧɶ 
ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɭɦɟɧɶɲɢɥɚɫɶ ɫ 98 ɞɨ 80% [2]. 

Ⱦɪɭɝɢɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɫɠɢɝɚɧɢɹ ɭɝɥɹ ɜ ɩɫɟɜɞɨɨɠɢɠɟɧɧɨɦ ɤɢɩɹɳɟɦ ɫɥɨɟ 
ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ NOx [2]. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɤɢɩɹɳɟɦ ɫɥɨɟ ɦɨɠɟɬ ɩɪɨɯɨɞɢɬɶ ɬɪɟɦɹ 
ɩɭɬɹɦɢ: 

1. Ɍɟɪɦɢɱɟɫɤɢɟ NO, ɨɛɪɚɡɭɸɳɢɟɫɹ ɢɡ N2 ɢ Ɉ2 ɜɨɡɞɭɯɚ (ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
850 °ɋ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɛɪɚɡɭɸɬɫɹ); 

2. Ȼɵɫɬɪɵɟ NO – ɩɪɟɧɟɛɪɟɠɢɬɟɥɶɧɨ ɦɚɥɵ ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ; 
3. Ɍɨɩɥɢɜɧɵɟ NO ɜɨɡɧɢɤɚɸɬ ɢɡ ɨɪɝɚɧɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɝɨ ɚɡɨɬɚ ɬɨɩɥɢɜɚ ɢ 

ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ [2]. 

ɇɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɥɨɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɫɧɢɠɟɧɢɸ ɨɛɪɚɡɨɜɚɧɢɹ 
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ɬɟɪɦɢɱɟɫɤɢɯ ɨɤɫɢɞɨɜ ɚɡɨɬɚ. ɉɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɩɫɟɜɞɨɨɠɢɠɟɧɧɨɦ 
ɫɥɨɟ 90% ɬɨɩɥɢɜɧɨɝɨ ɚɡɨɬɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɦɨɥɟɤɭɥɹɪɧɵɣ ɚɡɨɬ N2. ɉɪɢɦɟɪɧɨ 
10% ɚɡɨɬɚ ɬɨɩɥɢɜɚ ɨɛɪɚɡɨɜɵɜɚɟɬ NO, ɤɨɬɨɪɵɣ ɜ ɭɯɨɞɹɳɢɯ ɝɚɡɚɯ, ɡɚɬɟɦ ɜ 
ɚɬɦɨɫɮɟɪɟ ɦɟɞɥɟɧɧɨ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɨɤɫɢɱɧɵɣ NO2 [2]. 

 

Ɋɢɫ. 3. ɋɬɟɩɟɧɶ ɨɛɟɫɫɟɪɢɜɚɧɢɹ ƞs ɫɟɜɟɪɨɱɟɲɫɤɨɝɨ ɭɝɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɦɨɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ Ca/S 

 

Ɋɢɫ. 4. ɋɬɟɩɟɧɶ ɨɛɟɫɫɟɪɢɜɚɧɢɹ ƞs ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɰɟɫɫɚ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɡɜɟɫɬɧɹɤɚ CaCO3 ɢ ɦɨɥɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ Ca/S=3,44 
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Ɉɩɬɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɹɳɟɝɨ ɫɥɨɹ ɫ ɭɱɟɬɨɦ ɪɟɚɤɰɢɣ 
ɨɛɟɫɫɟɪɢɜɚɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 840 – 

890°ɋ Д2Ж. 
Ʉɨɬɥɨɚɝɪɟɝɚɬɵ ɫ ɩɫɟɜɞɨɨɠɢɠɟɧɧɵɦ ɫɥɨɟɦ ɢɦɟɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɠɢɝɚɬɶ  

ɭɝɥɢ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɡɨɥɵ ɢ ɝɨɪɸɱɢɟ ɨɬɯɨɞɵ. ɉɪɨɛɥɟɦɚ ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɝɨɪɟɧɢɹ ɜ ɫɥɨɟ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɞɨɩɭɫɬɢɦɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɛɚɥɥɚɫɬɚ ɜ ɬɨɩɥɢɜɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɬɟɩɥɨɜɵɦ ɛɚɥɚɧɫɨɦ ɬɨɩɤɢ. 
Ɍɚɤɢɟ ɤɨɬɥɨɚɝɪɟɝɚɬɵ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɧɚ ɬɨɩɥɢɜɟ ɫ ɜɵɫɨɤɢɦ ɩɪɨɰɟɧɬɨɦ ɛɚɥɥɚɫɬɚ 
ɞɨ 65 – 70%, ɜ ɞɪɭɝɢɯ ɜɢɞɚɯ ɬɨɩɨɤ ɷɬɨ ɧɟɜɨɡɦɨɠɧɨ Д3Ж. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɬɥɨɚɝɪɟɝɚɬɵ ɫɨ ɫɠɢɝɚɧɢɟɦ ɬɨɩɥɢɜɚ ɜ ɬɨɩɤɚɯ ɫ 
ɩɫɟɜɞɨɨɠɢɠɟɧɧɵɦ ɫɥɨɟɦ ɜɵɝɥɹɞɹɬ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɢ ɢɦɟɸɬ 
ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: 

1. ȼɵɫɨɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ; 
2. ɇɢɡɤɢɟ ɬɨɤɫɢɱɧɵɟ ɜɵɛɪɨɫɵ ɜ ɚɬɦɨɫɮɟɪɭ. 
3. ȼɨɡɦɨɠɧɨɫɬɶ ɫɠɢɝɚɬɶ ɭɝɨɥɶ ɫ ɩɨɜɵɲɟɧɧɨɣ ɡɨɥɶɧɨɫɬɶɸ ɢ ɨɬɯɨɞɵ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. 
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ORGANIZATION OF EFFECTIVE MANAGEMENT OF SOLID FUEL 

SUPPLY BOILER SUPPLY 

 

The article discusses the technological scheme of loading coal to the station, its 

requirements for unloading and storage at the warehouse, technological schemes of coal 

enrichment and briquetting and set requirements for the transportation of briquettes. 

 

Key words: coal loading, piling, storage, coal storage, processing, briquetting, delivery, 

transportation of briquettes. 

 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɨɝɪɭɡɤɢ ɭɝɥɹ ɞɨ ɫɬɚɧɰɢɢ ɜɤɥɸɱɚɟɬ ɬɪɢ ɨɫɧɨɜɧɵɟ 
ɝɪɭɩɩɵ ɨɛɨɪɭɞɨɜɚɧɢɹ: ɡɚɝɪɭɡɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ; ɦɟɯɚɧɢɡɦɵ ɩɟɪɟɞɜɢɠɟɧɢɹ 
ɤɨɧɬɟɣɧɟɪɨɜ; ɜɟɫɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 1.  
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Ɋɢɫ. 1. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɨɝɪɭɡɤɢ ɭɝɥɹ ɞɨ ɫɬɚɧɰɢɢ: 
1 – ɤɨɧɬɟɣɧɟɪ; 2 – ɡɚɝɪɭɡɨɱɧɵɣ ɩɭɬɶ; 3 – ɦɚɧɟɜɪɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ; 4 – ɤɨɧɜɟɣɟɪ;  

5 – ɪɚɡɝɪɭɡɨɱɧɚɹ ɜɨɪɨɧɤɚ; 6 – ɩɨɥɨɬɧɨ; 7 – ɪɟɛɨɪɞɵ ɤɚɬɤɚ; 8 – ɬɟɥɟɠɤɚ; 9 – ɩɨɞɴɟɦɧɚɹ 
ɥɟɛɟɞɤɚ; 10 – ɤɚɬɨɤ ɭɩɥɨɬɧɢɬɟɥɶ; 11 – ɭɪɨɜɧɟɦɟɪ; 12 – ɛɭɧɤɟɪɚ; 13 – ɤɚɱɚɸɳɢɟ ɩɢɬɚɬɟɥɢ;  

14 – ɠ/ɞ ɩɥɚɬɮɨɪɦɚ; 15 – ɤɨɧɬɟɣɧɟɪɧɵɟ ɜɟɫɵ; 16, 17 – ɩɭɬɟɜɵɟ ɜɵɤɥɸɱɚɬɟɥɢ 

 

ɉɨɝɪɭɡɤɚ ɭɝɥɹ ɜ ɤɨɧɬɟɣɧɟɪɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɋɨɫɬɚɜ 
ɩɨɪɨɠɧɢɯ ɤɨɧɬɟɣɧɟɪɨɜ 1 ɩɨɞɚɟɬɫɹ ɧɚ ɡɚɝɪɭɡɨɱɧɵɣ ɩɭɬɶ 2 ɜ ɡɨɧɭ ɞɟɣɫɬɜɢɹ 
ɦɚɧɟɜɪɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 3 ɬɚɤ, ɱɬɨɛɵ ɝɨɥɨɜɧɨɣ ɤɨɧɬɟɣɧɟɪ 1 ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɜ 
ɬɨɱɤɟ ɧɚɱɚɥɚ ɡɚɝɪɭɡɤɢ – ɧɚ ɜɟɫɨɢɡɦɟɪɢɬɟɥɶɧɨɣ ɩɥɚɬɮɨɪɦɟ. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɜɵɝɪɭɡɤɚ ɭɝɥɹ ɢɡ ɛɭɧɤɟɪɨɜ 12 ɜ ɤɨɧɬɟɣɧɟɪ 1 ɫ ɩɨɦɨɳɶɸ ɤɚɱɚɸɳɢɯɫɹ ɩɢɬɚɬɟɥɟɣ 
13 ɢ ɩɟɪɟɞɜɢɠɧɨɝɨ ɤɨɧɜɟɣɟɪɚ 4 ɱɟɪɟɡ ɪɚɡɝɪɭɡɨɱɧɭɸ ɜɨɪɨɧɤɭ 5. ɉɨɫɥɟ 
ɡɚɩɨɥɧɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ 1 ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɜɟɪɯɧɟɝɨ ɫɥɨɹ ɭɝɥɹ ɩɨɞɴɟɦɧɨɣ 
ɥɟɛɟɞɤɨɣ 9 ɨɩɭɫɤɚɸɬ ɤɚɬɨɤ-ɭɩɥɨɬɧɢɬɟɥɶ 10 ɢ ɡɚɤɪɵɜɚɸɬ ɤɪɵɲɤɭ ɤɨɧɬɟɣɧɟɪɚ. 

ɉɨɫɥɟ ɞɨɫɬɚɜɤɢ ɭɝɥɹ ɞɨ ɫɬɚɧɰɢɢ ɟɝɨ ɫɥɟɞɭɟɬ ɪɚɡɦɟɫɬɢɬɶ ɧɚ ɫɤɥɚɞɟ. ȿɫɥɢ 
ɯɪɚɧɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɬɤɪɵɬɨɣ ɩɥɨɳɚɞɤɟ, ɬɨ ɡɚɩɪɟɳɚɟɬɫɹ ɪɚɡɝɪɭɡɤɚ ɢ 
ɯɪɚɧɟɧɢɟ ɭɝɥɹ ɧɚ ɧɟɩɨɞɝɨɬɨɜɥɟɧɧɨɣ ɩɥɨɳɚɞɤɟ. ȼɟɫɶ ɭɝɨɥɶ, ɩɨɫɬɭɩɚɸɳɢɣ ɧɚ 
ɫɤɥɚɞ ɞɥɹ ɞɥɢɬɟɥɶɧɨɝɨ ɯɪɚɧɟɧɢɹ, ɞɨɥɠɟɧ ɛɵɬɶ ɭɥɨɠɟɧ ɜ ɲɬɚɛɟɥɹ (ɪɢɫ. 2.) ɩɨ 
ɦɟɪɟ ɜɵɝɪɭɡɤɢ ɟɝɨ ɢɡ ɜɚɝɨɧɨɜ ɧɟ ɩɨɡɞɧɟɟ ɞɜɭɯ ɫɭɬɨɤ ɫɨ ɞɧɹ ɟɝɨ ɜɵɝɪɭɡɤɢ. ɇɚ 
ɫɤɥɚɞɟ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɪɚɡɞɟɥɶɧɨɟ ɯɪɚɧɟɧɢɟ ɭɝɥɟɣ ɩɨ ɜɢɞɚɦ (ɤɚɦɟɧɧɵɣ, 
ɛɭɪɵɣ ɭɝɨɥɶ), ɦɚɪɤɚɦ, ɫɨɪɬɚɦ, ɤɥɚɫɫɚɦ, ɤɨɧɞɢɰɢɹɦ ɢ ɫɪɨɤɚɦ ɯɪɚɧɟɧɢɹ. ɉɪɢ 
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ɪɚɡɝɪɭɡɤɟ ɭɝɥɹ ɧɚ ɫɤɥɚɞɟ ɢ ɭɤɥɚɞɤɟ ɜ ɲɬɚɛɟɥɶ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɧɹɬɵ ɦɟɪɵ ɩɨ 
ɭɦɟɧɶɲɟɧɢɸ ɢɡɦɟɥɶɱɟɧɢɹ, ɪɚɫɩɵɥɟɧɢɹ ɢ ɫɟɝɪɟɝɚɰɢɢ. 

 

Ɋɢɫ. 2. ɋɩɨɫɨɛ ɮɨɪɦɢɪɨɜɚɧɢɹ ɲɬɚɛɟɥɹ ɭɝɥɹ:  
ɚ – ɩɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ ɲɬɚɛɟɥɹ ɭɝɥɹ; ɛ – ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɲɬɚɛɟɥɹ; 1 – ɨɫɧɨɜɚɧɢɟ ɲɬɚɛɟɥɹ; 

2 – ɭɝɨɥɶ; 3 – ɦɟɲɤɢ ɫ ɭɝɥɟɦ; 4 – ɨɝɪɚɞɢɬɟɥɶɧɵɟ ɫɬɟɧɤɢ; 5 – ɜɨɡɞɭɯɨɧɟɩɪɨɧɢɰɚɟɦɚɹ ɩɥɟɧɤɚ 

 

ȿɫɥɢ ɯɪɚɧɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɧɚɜɟɫɧɨɦ ɩɨɦɟɳɟɧɢɢ, ɬɨ ɤ ɩɨɦɟɳɟɧɢɸ 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɬɪɟɛɨɜɚɧɢɹ: 

- ɧɚɥɢɱɢɟ ɫɭɯɨɝɨ ɩɨɦɟɳɟɧɢɹ ɛɟɡ ɪɟɡɤɢɯ ɩɟɪɟɩɚɞɨɜ ɬɟɦɩɟɪɚɬɭɪɵ; 
- ɧɚɥɢɱɢɟ ɧɚɜɟɫɚ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɧɟɩɨɝɨɞɵ; 
- ɧɚɥɢɱɢɟ ɫɢɫɬɟɦɵ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 

- ɧɚɥɢɱɢɟ ɫɪɟɞɫɬɜ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɧɚ ɫɤɥɚɞɚɯ ɢ ɩɪɢɤɪɟɩɥɟɧɧɵɯ ɤ ɧɢɦ 

ɩɨɦɟɳɟɧɢɹɯ; 
- ɫɨɛɥɸɞɟɧɢɟ ɪɚɛɨɬɧɢɤɚɦɢ ɜɫɟɯ ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɨ ɪɚɛɨɬɟ ɫ ɝɨɪɸɱɢɦɢ 

ɷɥɟɦɟɧɬɚɦɢ (ɫɸɞɚ ɨɬɧɨɫɢɬɫɹ ɡɚɩɪɟɬ ɧɚ ɤɭɪɟɧɢɟ ɜɛɥɢɡɢ ɩɨɦɟɳɟɧɢɣ, ɝɞɟ 
ɯɪɚɧɢɬɫɹ ɢɫɤɨɩɚɟɦɨɟ). 

ȼ ɰɟɥɹɯ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɩɨɫɬɚɜɥɹɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɞɨɛɵɜɚɟɦɵɣ ɭɝɨɥɶ 
ɩɪɨɯɨɞɢɬ ɩɟɪɟɪɚɛɨɬɤɭ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɚɧɚ  ɧɚ ɪɢɫ. 3. 

 



86 
 

 

 

Ɋɢɫ. 3. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɹ 

 

 

Ɋɢɫ. 4. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɪɢɤɟɬɨɜ 

 

Ɉɛɨɝɚɳɟɧɢɟ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɫɧɢɠɟɧɢɹ ɡɨɥɶɧɨɫɬɢ ɭɝɥɹ ɢ ɩɨɜɵɲɟɧɢɹ 
ɟɝɨ ɤɚɥɨɪɢɣɧɨɫɬɢ. ɉɨɦɢɦɨ ɷɬɨɝɨ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɪɨɛɥɟɧɢɟ ɢ ɫɨɪɬɢɪɨɜɤɚ ɭɝɥɹ, 
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ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɚɜɥɹɬɶ ɩɪɨɞɭɤɰɢɸ, ɩɨɥɧɨɫɬɶɸ ɨɬɜɟɱɚɸɳɭɸ ɬɪɟɛɨɜɚɧɢɹɦ 

ɩɨɬɪɟɛɢɬɟɥɟɣ. 
ɉɨɫɥɟ ɩɟɪɟɪɚɛɨɬɤɢ ɭɝɥɹ, ɫɥɟɞɭɟɬ ɟɝɨ ɛɪɢɤɟɬɢɪɨɜɚɧɢɟ (ɪɢɫ. 4). Ȼɪɢɤɟɬɵ 

ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɞɥɹ ɱɚɫɬɧɵɯ ɢɥɢ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɤɨɬɟɥɶɧɵɯ, ɚ ɬɚɤɠɟ ɭɩɚɤɨɜɵɜɚɸɬɫɹ ɞɥɹ ɪɨɡɧɢɱɧɨɣ ɩɨɫɬɚɜɤɢ ɢ ɜ 
ɷɬɨɦ ɜɢɞɟ  ɩɨɫɬɚɜɥɹɸɬɫɹ ɧɚ ɷɤɫɩɨɪɬ. 

ɂɡɝɨɬɨɜɥɟɧɢɟ ɭɝɨɥɶɧɵɯ ɛɪɢɤɟɬɨɜ ɞɥɹ ɛɵɬɨɜɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ: 

- ɫɭɲɤɚ. ɑɟɦ ɦɟɧɶɲɟ ɜɥɚɝɢ ɜ ɫɵɪɶɟ, ɬɟɦ ɩɪɨɱɧɟɟ ɛɭɞɭɬ ɛɪɢɤɟɬɵ; 
- ɭɞɚɥɟɧɢɟ ɥɟɬɭɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɗɬɨɬ ɷɬɚɩ ɧɟɨɛɯɨɞɢɦ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ 

ɭɝɥɹ ɧɢɡɤɢɯ ɫɨɪɬɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ; 
- ɢɡɦɟɥɶɱɟɧɢɟ; 

- ɞɨɛɚɜɥɟɧɢɟ ɫɜɹɡɭɸɳɢɯ ɜɟɳɟɫɬɜ ɢ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɟɝɨ ɫ ɭɝɨɥɶɧɨɣ 
ɤɪɨɲɤɨɣ. Ⱦɚɧɧɵɣ ɫɨɫɬɚɜ ɧɚɡɵɜɚɸɬ ɲɢɯɬɨɣ; 

- ɫɦɟɫɶ ɩɨɞɚɟɬɫɹ ɧɚ ɩɪɟɫɫ, ɝɞɟ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɮɨɪɦɭɸɬɫɹ ɛɪɢɤɟɬɵ; 
- ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ (ɡɚɜɢɫɢɬ ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɫɜɹɡɭɸɳɟɝɨ 

ɤɨɦɩɨɧɟɧɬɚ) ɬɪɟɛɭɟɬɫɹ ɧɚɝɪɟɜ ɜ ɩɟɱɢ ɞɨ 300 
ɨɋ; 

- ɨɯɥɚɠɞɟɧɢɟ. 
ɉɪɢ ɩɨɝɪɭɡɤɟ ɝɨɬɨɜɵɯ ɛɪɢɤɟɬɨɜ ɜ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ, ɞɨɥɠɧɵ 

ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɬɪɟɛɨɜɚɧɢɹ: 
1. Ɍɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ ɛɪɢɤɟɬɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚɜɚɥɨɦ ɜ ɨɬɤɪɵɬɵɯ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɜɚɝɨɧɚɯ. ȼɵɫɨɬɚ ɩɚɞɟɧɢɹ ɛɪɢɤɟɬɨɜ ɩɪɢ ɩɨɝɪɭɡɤɟ ɜ ɜɚɝɨɧɵ ɧɟ 
ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 0,5 ɦ. 

2. Ȼɪɢɤɟɬɵ ɩɟɪɟɞ ɩɨɝɪɭɡɤɨɣ ɜ ɜɚɝɨɧɵ ɫɥɟɞɭɟɬ ɨɯɥɚɞɢɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ 
ɛɨɥɟɟ 45 °ɋ. 

3. ɉɪɢ ɪɚɡɝɪɭɡɤɟ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɜɚɝɨɧɨɜ ɜɵɫɨɬɚ ɩɚɞɟɧɢɹ ɛɪɢɤɟɬɚ ɢɡ 
ɜɚɝɨɧɚ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 2,0 ɦ. 

4. ɍɤɥɚɞɤɚ ɜ ɲɬɚɛɟɥɢ ɢ ɩɨɝɪɭɡɤɚ ɛɪɢɤɟɬɨɜ ɜ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɪɟɞɫɬɜɚ 
ɩɨɬɪɟɛɢɬɟɥɹ ɞɨɥɠɧɚ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɨɝɪɭɡɨɱɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ. ɇɟ 
ɞɨɩɭɫɤɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɭɥɶɞɨɡɟɪɨɜ, ɲɧɟɤɨɜɵɯ ɩɨɝɪɭɡɱɢɤɨɜ. 

ɉɪɢ ɭɤɥɚɞɤɟ ɜ ɲɬɚɛɟɥɢ ɢ ɩɨɝɪɭɡɤɟ ɛɪɢɤɟɬɨɜ ɩɨɝɪɭɡɨɱɧɵɟ ɦɟɯɚɧɢɡɦɵ ɧɟ 
ɞɨɥɠɧɵ ɫɨɜɟɪɲɚɬɶ ɧɚɟɡɞɚ ɧɚ ɛɪɢɤɟɬɵ. 
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ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ⱦɟɦɱɟɧɤɨ, ɂ. ɂ. Ɍɟɯɧɨɥɨɝɢɹ ɩɨɝɪɭɡɤɢ ɭɝɥɹ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ 
ɤɨɧɬɟɣɧɟɪɵ ɧɚ ɭɝɥɟɩɨɝɪɭɡɨɱɧɨɦ ɤɨɦɩɥɟɤɫɟ / ɂ. ɂ. Ⱦɟɦɱɟɧɤɨ, ȼ. Ⱥ. Ʉɨɜɚɥɟɜ,  
Ⱥ. Ɉ. Ɇɭɥɟɧɤɨɜɚ. 2014 ɝ. 

2. Ɉɛɨɝɚɳɟɧɢɟ ɭɝɥɹ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ /  URL: http://www.suek.ru/our-

business/processing/ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 13.03.2019 ɝ.). 
3. ɉɚɬɟɧɬ ɊɎ №2161115, ȼ 65 G 65/28, E 21 F 5/00, 2000 ɝ. 
4. Ɍɟɯɧɨɥɨɝɢɹ ɛɪɢɤɟɬɢɪɨɜɚɧɢɹ ɤɚɦɟɧɧɨɝɨ / ɛɭɪɨɝɨ ɭɝɥɹ, ɤɨɤɫɚ 

Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ / URL: http://bioresurs.com/briketirovanie-

uglja/pressovanie-ugolnoj-pyli/ (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 13.03.2019 ɝ.). 
5. Ȼɪɢɤɟɬɵ ɛɭɪɨɭɝɨɥɶɧɵɟ. Ɍɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ ɯɪɚɧɟɧɢɟ. Ƚɨɫɬ 24764-81. 

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɤɨɦɢɬɟɬ ɋɋɋɊ ɩɨ ɫɬɚɧɞɚɪɬɚɦ ɨɬ 18 ɦɚɹ1981 ɝ. № 2434.6.  

6. ɏɪɚɧɟɧɢɟ ɭɝɥɹ – ɱɬɨ ɪɟɤɨɦɟɧɞɭɸɬ ɩɪɨɢɡɜɨɞɢɬɟɥɢ? Дɗɥɟɤɬɪɨɧɧɵɣ 
ɪɟɫɭɪɫЖ / URL: https://www.krot.su/stati/hranenie_yglia_chto_rekomendyut 

_proizvoditeli/ (ɞɚɬɚ  ɨɛɪɚɳɟɧɢɹ 13.03.2019 ɝ.). 
 
ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 

 

Ʌɢɩɤɨ Ɇɚɤɫɢɦ Ⱥɧɚɬɨɥɶɟɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ. 35, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
ɋɬɭɞɟɧɬ ɤɚɮɟɞɪɵ «Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ» 
ɈɦȽɍɉɋ. 
ɬɟɥ. +7 913 143 20 79 

E-mail: maks.lipko1997@gmail.com 

 

ɋɬɚɪɢɤɨɜ Ⱥɥɟɤɫɚɧɞɪ ɉɟɬɪɨɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ. 35, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
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ɍȾɄ 621.182 

 

Ʉ. Ⱥ. Ƚɪɢɧɟɜɢɰɤɢɣ, ɋ. ȼ. Ƚɥɭɯɨɜ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ),  
ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɉȿɊȿȼɈȾ ɄɈɌȿɅɖɇɈɃ ȼ ɊȿɀɂɆ Ɇɂɇɂ-Ɍɗɐ 

 

Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɨɛɡɨɪɭ ɧɚɢɛɨɥɟɟ ɩɨɩɭɥɹɪɧɵɯ ɫɩɨɫɨɛɨɜ ɩɟɪɟɜɨɞɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɤɨɬɟɥɶɧɨɣ ɜ ɪɟɠɢɦ ɦɢɧɢ-Ɍɗɐ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɨɩɪɨɫɵ ɚɤɬɭɚɥɶɧɨɫɬɢ ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɢ . 
Ɉɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɚ ɟɝɨ 
ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ 
ɡɚɞɚɱɢ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɬɟɥɶɧɚɹ, ɦɢɧɢ-Ɍɗɐ, ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɟɩɥɚ. 

 

Kirill A. Grinevitsky, Sergey V. Glukhov 

Omsk State Transport University (OSTU), Omsk, Russian Federation 

 

TRANSFER OF THE BOILER HOUSE TO THE MODE OF MINI-

COMBINED HEAT AND POWER PLANT 

  

Work is devoted to the review of the most popular ways of the transfer of the production 

boiler house to the mode of mini-combined heat and power plant. Relevance questions to this 

subject are considered. The main characteristics of an object of a research are described and its 

schematic diagram is provided. The main ways of implementation of an objective are presented. 

 

Key words: the boiler house, mini-combined heat and power plant, the combined production of heat. 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɪɚɛɨɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɡɪɟɜɲɟɣ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɩɭɬɟɣ ɪɚɡɜɢɬɢɹ ɪɨɫɫɢɣɫɤɨɣ 
ɷɧɟɪɝɟɬɢɤɢ, ɜɫɥɟɞɫɬɜɢɟ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ: 

1)ȼɨɡɪɚɫɬɚɧɢɹ ɬɚɪɢɮɨɜ ɧɚ ɷɧɟɪɝɢɸ, ɨɬɩɭɫɤɚɟɦɭɸ ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɢɦɢ 
ɨɪɝɚɧɢɡɚɰɢɹɦɢ; 

2)ȼɵɫɨɤɢɯ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ ɢ ɬɨɩɥɢɜɚ ɩɪɢ ɢɦɟɸɳɟɣɫɹ ɫɬɪɭɤɬɭɪɟ 
ɷɧɟɪɝɨɩɪɨɢɡɜɨɞɫɬɜɚ;  

3)ɍɠɟɫɬɨɱɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤ ɨɯɪɚɧɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɫɬɪɟɦɥɟɧɢɹ 
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ɩɪɟɞɩɪɢɹɬɢɣ ɤ ɭɬɢɥɢɡɚɰɢɢ ɝɨɪɸɱɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɬɯɨɞɨɜ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ, 
ɠɢɞɤɨɦ ɢ ɬɜёɪɞɨɦ ɫɨɫɬɨɹɧɢɢ. 

ȼ ɬɚɤɢɯ ɭɫɥɨɜɢɹɯ ɪɚɡɜɢɬɢɟ ɦɚɥɨɣ ɷɧɟɪɝɟɬɢɤɢ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ 
ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɬɟɩɥɚ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɛɚɡɟ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɨɬɨɩɢɬɟɥɶɧɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɨ-ɨɬɨɩɢɬɟɥɶɧɵɯ ɤɨɬɟɥɶɧɵɯ, ɦɨɠɟɬ ɫɬɚɬɶ 
ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɰɟɧɬɪɚɥɢɡɚɰɢɢ ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɹ ɥɢɛɨ ɞɨɩɨɥɧɟɧɢɟɦ, 
ɩɨɜɵɲɚɸɳɢɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɯɟɦ ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɹ. 

Ʉɢɪɨɜɫɤɚɹ ɪɚɣɨɧɧɚɹ ɤɨɬɟɥɶɧɚɹ ɛɵɥɚ ɜɜɟɞɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ ɨɤɬɹɛɪɟ 
1972 ɝɨɞɚ ɞɥɹ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɥɟɜɨɛɟɪɟɠɶɹ Ɉɦɫɤɚ.  

ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɤɨɬɟɥɶɧɨɣ ɫɨɫɬɚɜɥɹɟɬ 585 Ƚɤɚɥ/ɱɚɫ, ɤɨɬɨɪɚɹ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɲɟɫɬɶɸ ɩɚɪɨɜɵɦɢ ɤɨɬɥɚɦɢ ɬɢɩɚ ȽɆ-50-14/250 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 50 ɬ/ɱɚɫ (30 Ƚɤɚɥ/ɱɚɫ) ɤɚɠɞɵɣ, ɬɪɟɦɹ ɜɨɞɨɝɪɟɣɧɵɦɢ 
ɤɨɬɥɚɦɢ ɬɢɩɚ ɉɌȼɆ-30Ɇ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 35 Ƚɤɚɥ/ɱɚɫ ɤɚɠɞɵɣ ɢ ɬɪɟɦɹ 
ɜɨɞɨɝɪɟɣɧɵɦɢ ɤɨɬɥɚɦɢ ɄȼȽɆ-100 ɩɨ 100 Ƚɤɚɥ/ɱɚɫ. 

ɋɭɦɦɚɪɧɚɹ ɩɚɪɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɤɨɬɥɨɜ ɫɨɫɬɚɜɥɹɟɬ 300 ɬ/ɱ ɢ  

ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɜɨɞɨɝɪɟɣɧɵɯ ɤɨɬɥɨɜ ɧɚ ɝɚɡɨɜɨɦ ɬɨɩɥɢɜɟ  ɫɨɫɬɚɜɥɹɟɬ 
300 Ƚɤɚɥ/ɱ. ɬ.ɟ. ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɸ ɤɨɬɟɥɶɧɨɣ ɤɚɤ ɫ ɜɧɟɞɪɟɧɢɟɦ 
ɩɪɨɬɢɜɨɞɚɜɥɟɧɱɟɫɤɢɯ ɬɭɪɛɢɧ, ɬɚɤ ɢ ɝɚɡɨɜɵɯ. 

 

 

Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɄɊɄ 
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Ɉɫɧɨɜɧɵɟ ɬɢɩɵ  ɦɢɧɢ-Ɍɗɐ 

1) ɉɚɪɨɬɭɪɛɢɧɧɚɹ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɱɟɫɤɨɣ ɬɭɪɛɢɧɨɣ ɫ  ɬɟɩɥɨɜɵɦ 
ɨɬɩɭɫɤɨɦ ɩɨɬɪɟɛɢɬɟɥɹɦ ɜɫɟɝɨ ɢɥɢ ɱɚɫɬɢ ɨɬɪɚɛɨɬɚɜɲɟɝɨ ɜ ɧɟɣ ɩɚɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 2. 

2) ɉɚɪɨɬɭɪɛɢɧɧɚɹ ɫ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɨɣ, ɢɦɟɸɳɚɹ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɣ ɨɬɛɨɪ ɢɥɢ ɨɬɛɨɪɵ ɞɥɹ ɨɬɩɭɫɤɚ ɩɚɪɚ ɬɟɩɥɨɜɵɦ ɩɨɬɪɟɛɢɬɟɥɹɦ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. 

3) ɉɚɪɨɝɚɡɨɜɚɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɚ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɚɪɚ, ɤɨɬɨɪɵɣ ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɨɞɧɭ ɢɥɢ 
ɧɟɫɤɨɥɶɤɨ ɩɚɪɨɜɵɯ ɬɭɪɛɢɧ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 

 

Ɋɢɫ. 2. ɉɚɪɨɬɭɪɛɢɧɧɚɹ Ɍɗɐ ɫ ɩɪɨɬɢɜɨɞɚɜɥɟɧɱɟɤɨɣ ɬɭɪɛɢɧɨɣ 

 

Ɋɢɫ. 3. ɉɚɪɨɬɭɪɛɢɧɧɚɹ Ɍɗɐ ɫ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɣ ɬɭɪɛɢɧɨɣ 
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Ɋɢɫ. 4. ɉɚɪɨɝɚɡɨɜɚɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɚ ɜɵɯɥɨɩɧɵɯ ɝɚɡɨɜ 

 

Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɦɢɧɢ-Ɍɗɐ ɹɜɥɹɸɬɫɹ: 
1) ɇɟɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɚ; 
2) Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɦɢɧɢ-Ɍɗɐ ɞɨɫɬɢɝɚɟɬ 88-92 %, ɱɬɨ ɜ 

ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟ ɬɨɝɨ ɠɟ ɩɨɤɚɡɚɬɟɥɹ ɬɪɚɞɢɰɢɨɧɧɵɯ Ɍɗɐ ɧɚ ɩɚɪɨɜɵɯ 
ɬɭɪɛɨɚɝɪɟɝɚɬɚɯ; 

3) Ɇɧɨɝɨɬɨɩɥɢɜɧɨɫɬɶ: ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ 
ɨɬɯɨɞɵ, ɩɨɩɭɬɧɵɯ ɝɚɡɨɜ ɩɪɢ ɧɟɮɬɟɞɨɛɵɱɟ, ɨɬɯɨɞɵ ɞɪɟɜɟɫɢɧɵ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɫɚɧɢɬɚɪɧɵɯ ɜɵɪɭɛɨɤ; 

4) Ƚɢɛɤɨɫɬɶ ɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢ ɢɫɩɨɥɧɟɧɢɢ, ɲɢɪɨɤɢɣ ɜɵɛɨɪ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɬɟɩɥɚ ɜ ɜɢɞɟ 
ɩɚɪɚ/ɝɨɪɹɱɟɣ ɜɨɞɵ ɢɥɢ ɯɨɥɨɞɚ (ɜɨɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 6-12 °ɋ) ɞɥɹ ɫɢɫɬɟɦ 
ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ; 

5) ȼɨɡɦɨɠɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɡɢɬɶ ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɧɟɪɝɢɢ ɤ 
ɩɨɬɪɟɛɢɬɟɥɹɦ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɦɟɧɶɲɢɬɶ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɫɟɬɟɣ, ɩɨɧɢɡɢɬɶ 
ɡɚɬɪɚɬɵ ɧɚ ɢɯ ɩɨɫɬɪɨɣɤɭ ɢ ɫɨɞɟɪɠɚɧɢɟ; 

6) Ȼɵɫɬɪɚɹ ɨɤɭɩɚɟɦɨɫɬɶ; 
7) ɇɟɜɵɫɨɤɢɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɛɨɥɶɲɨɣ ɦɨɬɨɪɟɫɭɪɫ ɢ ɫɪɨɤ ɫɥɭɠɛɵ; 
8) ɗɤɨɥɨɝɢɱɧɨɫɬɶ.  

ɂɫɯɨɞɹ ɢɡ ɜɵɲɟ ɫɤɚɡɚɧɧɨɝɨ ɩɟɪɟɜɨɞ Ʉɢɪɨɜɫɤɨɣ ɪɚɣɨɧɧɨɣ ɤɨɬɟɥɶɧɨɣ ɜ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɪɟɠɢɦ ɜɵɪɚɛɨɬɤɢ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 
ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɝ. Ɉɦɫɤɚ ɢ 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ. 
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ORGANIZATION OF EFFECTIVE MANAGEMENT  

OF SOLID FUEL SUPPLY BOILER SUPPLY 

 

The article discusses the problems of the boiler room, the boiler room scheme and the heat 

pump scheme being implemented on this object. The main types of heat pumps are considered. 

 

Key words: boiler room problems, boiler room scheme, heat pump scheme, types of heat pumps. 

 

Ɉɛɴɟɤɬɨɦ ɦɨɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ ɛɚɡɚ ɩɨ  
ɭɥ. Ɇɨɥɨɞɨɜɚ ɜ ɝ. Ɉɦɫɤɟ 

ɂɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɞɜɟ ɜɫɬɪɨɟɧɧɵɯ ɤɨɬɟɥɶɧɵɯ ɫ 
ɝɚɡɨɜɵɦɢ ɤɨɬɥɚɦɢ Ferroli GN1 N05 ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɶɸ 190 ɤȼɬ, ɩɪɢ 
ɩɨɞɤɥɸɱɟɧɧɨɣ ɧɚɝɪɭɡɤɟ 230 ɤȼɬ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚ ɞɚɧɧɨɣ ɛɚɡɟ ɢɦɟɟɬɫɹ 
ɞɟɮɢɰɢɬ ɦɨɳɧɨɫɬɢ.  

Ȼɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɭɛɪɚɬɶ ɝɚɡɨɜɵɟ ɤɨɬɥɵ ɜ ɪɟɡɟɪɜ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɢɯ ɬɨɥɶɤɨ ɜ ɩɢɤɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ  ɧɢɠɟ ɦɢɧɭɫ 
20 ̊ɋ, ɚ ɧɚ ɢɯ ɦɟɫɬɨ ɭɫɬɚɧɨɜɢɬɶ ɝɚɡɨɜɵɟ ɚɛɫɨɪɛɰɢɨɧɧɵɟ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ 
ROBUR GAHP-GS ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ ɷɧɟɪɝɢɢ 
ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ. 

 

Ɋɢɫ. 1. ɉɥɚɧ ɪɚɫɩɨɥɨɠɟɧɢɹ ɡɞɚɧɢɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɛɚɡɵ ɩɨ ɭɥ. Ɇɨɥɨɞɨɜɚ: 

1 – ȺȻɄ; 2 – ɫɬɨɪɨɠɤɚ; 3 – ɰɟɯ № 1; 4 – ɋɤɥɚɞ № 1; 5 – ɐɟɯ № 2; 6 – ɋɤɥɚɞ № 2. 
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ɉɨɫɥɟ ɜɜɨɞɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɤɥɚɞɚ №2 ɩɪɢɫɨɟɞɢɧɟɧɧɚɹ ɬɟɩɥɨɜɚɹ 
ɧɚɝɪɭɡɤɚ ɤɨɬɟɥɶɧɵɯ ɜɨɡɪɨɫɥɚ ɞɨ 267 ɤȼɬ (ɨɰɟɧɨɱɧɨ), ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɢɯ 
ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɦɨɳɧɨɫɬɶ.  

Ɍɚɛɥɢɰɚ 1 

Ɋɚɫɱɟɬɧɵɟ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɩɨɬɪɟɛɢɬɟɥɟɣ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɡɞɚɧɢɹ 

Ɋɚɫɱɟɬɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ 
ɜɨɡɞɭɯɚ, ̊ ɋ 

Ɋɚɫɯɨɞ ɬɟɩɥɚ, ȼɬ/(ɤɤɚɥ/ɱ) 

Ɉɬɨɩɥɟɧɢɟ ȼɟɧɬɢɥɹɰɢɹ Ƚȼɋ Ɉɛɳɢɣ 

ɐɟɯ №1 -37 27936 - - 27936 

ɋɤɥɚɞ -37 58160 - - 58160 

ɐɟɯ №2 -37 41243 - - 41243 

ɋɬɨɪɨɠɤɚ -37 3200 - - 3200 

ȺȻɄ -37 95565 40426 0 135991 

ȼɫɟɝɨ -37    266530 

 

ɋɯɟɦɚ ɤɨɬɟɥɶɧɨɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɴɟɤɬɚ 

Ⱦɚɧɧɚɹ ɫɯɟɦɚ  ɭɜɹɡɚɧɚ ɜ ɨɞɧɭ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ ɫɟɬɶ ɫ ɨɛɳɢɦɢ ɫɟɬɟɜɵɦɢ 
ɧɚɫɨɫɚɦɢ ɢ ɩɨɦɢɦɨ ɧɟɞɨɫɬɚɬɤɚ ɦɨɳɧɨɫɬɢ – ɪɚɡɪɟɝɭɥɢɪɨɜɚɧɚ. 

Ɉɬɫɭɬɫɬɜɭɸɬ ɛɚɥɚɧɫɢɪɨɜɨɱɧɵɟ ɤɥɚɩɚɧɚ ɧɚ ɨɛɪɚɬɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɜ 
ɤɨɬɟɥɶɧɨɣ ɰɟɯɚ №1 ɢ ȺȻɄ 

ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɫɤɥɚɞɚ №1 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɨɬ 
ɝɪɟɛɟɧɤɢ ɤɨɬɟɥɶɧɨɣ №1, ɚ ɨɬ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɐɟɯɚ №1 ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɪɟɝɭɥɢɪɭɸɳɟɣ ɚɪɦɚɬɭɪɵ 

Ɋɟɝɭɥɹɬɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɤɨɬɟɥɶɧɨɣ ɰɟɯɚ №1  ɧɚɯɨɞɢɬɫɹ ɜ 
ɧɟɪɚɛɨɬɨɫɩɨɫɨɛɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɮɚɤɬɢɱɟɫɤɢɟ ɤɨɬɟɥɶɧɚɹ ɪɟɝɭɥɢɪɭɟɬɫɹ 
ɪɟɝɭɥɹɬɨɪɚɦɢ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɤɨɬɥɨɚɝɪɟɝɚɬɚɯ. 

Ɉɫɧɨɜɧɵɟ ɜɢɞɵ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɨɫɧɨɜɧɵɦɢ ɜɢɞɚɦɢ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ ɹɜɥɹɸɬɫɹ: 
Ⱥɛɫɨɪɛɰɢɨɧɧɵɣ  
ɉɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɵɣ  
Ƚɚɡɨɜɵɟ ɚɛɫɨɪɛɰɢɨɧɧɵɟ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ROBUR GAHP-GS ɪɚɛɨɬɚɸɬ ɧɚ 

ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ. Ɉɧɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɩɨɬɪɟɛɥɹɸɬ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɢ ɨɛɥɚɞɚɸɬ 
ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɶɸ. 

ȼ ɞɚɧɧɨɦ ɬɟɩɥɨɜɨɦ ɧɚɫɨɫɟ: ɜ ɪɨɥɢ ɯɥɚɞɚɝɟɧɬɚ – ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨɞɨ-

ɚɦɦɢɚɱɧɵɣ ɪɚɫɬɜɨɪ; ɜ ɪɨɥɢ ɚɛɫɨɪɛɟɧɬɚ – ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨɞɚ. 
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Ɋɢɫ. 2. ɋɯɟɦɚ ɤɨɬɟɥɶɧɨɣ  

 

Ɋɢɫ. 3. ɋɯɟɦɚ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ROBUR GAHP-GS 

 

1 – Ƚɨɪɟɥɤɚ. ɋɠɢɝɚɧɢɟ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɡɚɩɭɫɤɚɟɬ «ɯɢɦɢɱɟɫɤɢɣ 
ɞɜɢɝɚɬɟɥɶ» ɰɢɤɥɚ ɚɛɫɨɪɛɰɢɢ. 

2 – Ƚɟɧɟɪɚɬɨɪ. Ȼɥɚɝɨɞɚɪɹ ɬɟɩɥɨɜɨɦɭ ɜɜɨɞɭ ɝɨɪɟɥɤɢ, ɚɦɦɢɚɤ ɢɫɩɚɪɹɟɬɫɹ ɢ 
ɨɬɞɟɥɹɟɬɫɹ ɨɬ ɜɨɞɵ. 

3 – ȼɵɪɚɜɧɢɜɚɸɳɚɹ ɤɚɦɟɪɚ. Ɍɭɬ ɩɚɪɵ ɚɦɦɢɚɤɚ ɜɵɫɭɲɢɜɚɸɬɫɹ. 
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Ʉɨɧɞɟɧɫɚɬɧɚɹ ɜɨɞɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɝɟɧɟɪɚɬɨɪ. 
4 – Ɋɟɜɟɪɫɢɜɧɵɣ ɤɥɚɩɚɧ. ɑɬɨɛɵ ɢɡɦɟɧɢɬɶ ɰɢɤɥ ɢɡ ɪɟɠɢɦɚ ɧɚɝɪɟɜɚ ɜ 

ɪɟɠɢɦ ɨɯɥɚɠɞɟɧɢɹ ɢ ɧɚɨɛɨɪɨɬ. 
5 – Ⱥɦɦɢɚɱɧɨ-ɜɨɞɹɧɨɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ. Ɂɞɟɫɶ ɷɧɟɪɝɢɹ ɧɚɝɪɟɜɚ ɢɥɢ 

ɨɯɥɚɠɞɟɧɢɹ ɩɟɪɟɞɚɟɬɫɹ ɜɨɞɟ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɤɨɧɬɭɪɟ. 
6 – Ɍɟɩɥɨɨɛɦɟɧɧɢɤ ɬɪɭɛɚ ɜ ɬɪɭɛɟ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɰɢɤɥɚ ɛɥɚɝɨɞɚɪɹ ɜɧɭɬɪɟɧɧɟɦɭ ɨɛɦɟɧɭ ɷɧɟɪɝɢɟɣ ɦɟɠɞɭ ɝɨɪɹɱɢɦ 
ɠɢɞɤɢɦ ɚɦɦɢɚɤɨɦ (ɢɡ ɤɨɧɞɟɧɫɚɬɨɪɚ) ɢ ɯɨɥɨɞɧɵɦ ɩɚɪɨɦ ɚɦɦɢɚɤɚ (ɢɡ 
ɢɫɩɚɪɢɬɟɥɹ). 

7 – ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɝɥɨɬɢɬɟɥɶ. Ɂɞɟɫɶ ɧɚɱɢɧɚɟɬɫɹ ɩɪɨɰɟɫɫ 
ɩɨɝɥɨɳɟɧɢɹ. ɉɚɪɵ ɚɦɦɢɚɤɚ, ɩɨɫɬɭɩɚɸɳɢɟ ɢɡ ɢɫɩɚɪɢɬɟɥɹ, ɩɨɝɥɨɳɚɸɬɫɹ ɜɨɞɨɣ, 
ɩɨɫɬɭɩɚɸɳɟɣ ɢɡ ɝɟɧɟɪɚɬɨɪɚ. ɗɧɟɪɝɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɜ ɩɪɨɰɟɫɫɟ ɚɛɫɨɪɛɰɢɢ, 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɝɪɟɜɚɟɬ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɝɟɧɟɪɚɬɨɪ, ɢ ɪɟɡɤɨ 
ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦɵ.  

8 – Ɋɟɛɪɢɫɬɚɹ ɤɚɬɭɲɤɚ. ȼɨɡɞɭɲɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ. Ʉɨɧɞɟɧɫɚɬɨɪ ɜ 
ɪɟɠɢɦɟ ɨɯɥɚɠɞɟɧɢɹ, ɢɫɩɚɪɢɬɟɥɶ ɜ ɪɟɠɢɦɟ ɨɛɨɝɪɟɜɚ. 

9 – ɇɚɫɨɫ ɞɥɹ ɪɚɫɬɜɨɪɚ. ȼɨɞɧɨ-ɚɦɦɢɚɱɧɵɣ ɪɚɫɬɜɨɪ ɡɚɤɚɱɢɜɚɟɬɫɹ ɨɛɪɚɬɧɨ 
ɜ ɝɟɧɟɪɚɬɨɪ. 

10 – Ɋɚɡɦɨɪɚɠɢɜɚɸɳɢɣ ɤɥɚɩɚɧ. Ɍɪɟɛɭɟɬɫɹ ɜ ɯɨɥɨɞɧɨɟ ɜɪɟɦɹ ɝɨɞɚ, ɝɨɪɹɱɢɣ 
ɩɚɪ ɚɦɦɢɚɤɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɪɟɛɪɢɫɬɭɸ ɤɚɬɭɲɤɭ, ɱɬɨɛɵ ɪɚɫɬɨɩɢɬɶ ɫɥɨɣ ɥɶɞɚ. Д3,4]. 

Ⱦɨɫɬɨɢɧɫɬɜɚ ȺɌɇ:  

a) ɇɚɝɪɟɜ ɫɪɟɞɵ ɞɨ ɨɬɦɟɬɤɢ ɜ +60 / +80 °ɋ; 
b) Ȼɨɥɶɲɨɣ ɫɪɨɤ ɫɥɭɠɛɵ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ, ɟɫɥɢ ɫɪɚɜɧɢɜɚɬɶ ɫ 

ɭɫɬɪɨɣɫɬɜɚɦɢ ɩɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɨɝɨ ɬɢɩɚ; 
c) ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɢɩɹɬɨɤ, ɩɚɪ, ɧɟɤɨɬɨɪɵɟ 

ɜɢɞɵ ɝɚɡɨɜ; 
d) ɇɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɦɦɢɚɤ ɢ ɮɪɟɨɧɵ; 
e) ɇɚɞɟɠɧɨɫɬɶ. 

ɇɟɞɨɫɬɚɬɤɢ ȺɌɇ: 

a) ȼɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ; 
b) ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɞɨɫɬɭɩɧɨɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɬɟɩɥɟ; 
c) Ȼɨɥɶɲɨɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɢ ɧɟɪɟɝɭɥɹɪɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. 
 

 

 



98 
 

 

  Ɍɚɛɥɢɰɚ 2  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȺɌɇ ROBUR GAHP-GS 

 

 

1. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɉɌɇ 

ɉɚɪɨɤɨɦɩɪɟɫɫɢɨɧɧɵɣ ɬɟɩɥɨɜɨɣ ɧɚɫɨɫ – ɧɚɫɨɫ, ɜ ɤɨɬɨɪɨɦ ɯɥɚɞɚɝɟɧɬɨɦ 
ɹɜɥɹɟɬɫɹ ɚɦɦɢɚɤ ɢɥɢ ɮɪɟɨɧ, ɚ ɚɛɫɨɪɛɟɧɬ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ 
ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ, ɨɬɫɭɬɫɬɜɭɟɬ. 

 

Ɋɢɫ. 4. ɋɯɟɦɚ ɪɚɛɨɬɵ ɉɌɇ 
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ȼ ɢɫɩɚɪɢɬɟɥɟ ɯɥɚɞɚɝɟɧɬ ɩɟɪɟɯɨɞɢɬ ɢɯ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɟ 
(ɢɫɩɚɪɹɟɬɫɹ) ɞɚɥɟɟ ɷɬɨɬ ɯɥɚɞɚɝɟɧɬ ɫɠɢɦɚɟɬɫɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, ɝɞɟ ɩɨɜɵɲɚɟɬɫɹ 
ɟɝɨ ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ, ɢ ɩɨɞɚɟɬɫɹ ɜ ɤɨɧɞɟɧɫɚɬɨɪ, ɝɞɟ ɨɧ ɨɬɞɚɟɬ ɫɜɨё ɬɟɩɥɨ 
ɢ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɩɟɪɟɯɨɞɹ ɢɡ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɠɢɞɤɨɟ. 

Ⱦɚɥɟɟ ɯɥɚɞɚɝɟɧɬ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶɧɵɣ ɤɥɚɩɚɧ, ɝɞɟ ɩɨɧɢɠɚɸɬɫɹ ɟɝɨ 
ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɥɟɟ ɰɢɤɥ ɩɨɜɬɨɪɹɟɬɫɹ ɩɨ ɤɪɭɝɭ.Д5Ж 

2. Ⱦɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɉɌɇ 

Ⱦɨɫɬɨɢɧɫɬɜɚ:  
a) ɗɤɨɥɨɝɢɱɧɨɫɬɶ; 

b) Ɉɬɫɭɬɫɬɜɭɸɬ ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ; 

c) ɉɪɨɫɬɨɬɚ ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ; 

d) Ɉɬɫɭɬɫɬɜɢɟ ɲɭɦɚ. 
ɇɟɞɨɫɬɚɬɤɢ: 
a) ɇɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ; 

b) Ɍɪɭɞɧɨɫɬɶ ɢ ɛɨɥɶɲɚɹ ɫɬɨɢɦɨɫɬɶ ɦɨɧɬɚɠɚ; 
c) ɋ ɩɨɜɵɲɟɧɢɟɦ ɦɨɳɧɨɫɬɢ ɩɚɞɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ; 
d) ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɞɨ 10 ɥɟɬ. 

3. ɉɪɟɞɥɚɝɚɟɦɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ 

ɉɟɪɟɜɨɞ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɜ ɩɢɤɨɜɵɣ ɪɟɠɢɦ ɫ ɭɫɬɚɧɨɜɤɨɣ 
ɚɛɫɨɪɛɰɢɨɧɧɵɯ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ, ɢɦɟɸɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɬɟɩɥɚ – ɝɪɭɧɬ.  

1) ɂɫɩɨɥɶɡɭɹ 39,4% ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ ɷɧɟɪɝɢɢ, 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɳɢɣ ɄɉȾ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɚɡɚ ɛɨɥɟɟ 165%. 

2) Ɉɛɟɫɩɟɱɢɜɚɟɬ ɷɤɨɧɨɦɢɸ ɛɨɥɟɟ 50% ɧɚ ɡɚɬɪɚɬɚɯ ɧɚ ɝɟɨɬɟɪɦɚɥɶɧɵɟ 
ɡɨɧɞɵ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɬɟɩɥɨɜɵɦɢ ɧɚɫɨɫɚɦɢ. 

3) Ɉɛɟɫɩɟɱɢɜɚɟɬ ɷɤɨɧɨɦɢɸ ɞɨ 40% ɧɚ ɡɚɬɪɚɬɚɯ ɧɚ ɨɬɨɩɥɟɧɢɟ ɜ ɫɪɚɜɧɟɧɢɢ 
ɫ ɥɭɱɲɢɦɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɦɢ ɤɨɬɥɚɦɢ. 

4) ɉɨɜɵɲɚɟɬ ɫɬɨɢɦɨɫɬɶ ɡɞɚɧɢɹ, ɬɚɤ ɤɚɤ ɩɨɜɵɲɚɟɬɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ 
ɤɥɚɫɫ. 

5) ɋɧɢɠɚɟɬ ɞɨ ɦɢɧɢɦɭɦɚ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɚɩɩɚɪɚɬɚɦɢ, ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ, ɜ 
ɨɫɧɨɜɧɨɦ, ɦɟɬɚɧɚ. 

6) ɗɤɨɥɨɝɢɱɧɵɣ. ȼ ɫɪɚɜɧɟɧɢɢ ɫ ɫɢɫɬɟɦɨɣ ɫ ɤɨɬɥɨɦ, ɤɚɠɞɵɣ ɝɨɞ ɩɨɡɜɨɥɹɟɬ 
ɷɤɨɧɨɦɢɬɶ 2,2 ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɬɨɧɧɵ ɧɟɮɬɢ ɢ ɩɪɟɞɭɩɪɟɠɞɚɟɬ ɜɵɛɪɨɫ 4,6 ɬɨɧɧ 
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ɋɈ2, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɛɴɟɦɭ, ɩɨɝɥɨɳɚɟɦɨɦɭ 508 ɞɟɪɟɜɶɹɦɢ ɢɥɢ ɜɵɛɪɨɫɚɦ  
2 ɷɤɨɥɨɝɢɱɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. ɉɪɚɜɢɥɚ ɬɟɯɧɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɩɥɨɜɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ ɜ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 2003. 

2. ɋɉ 124.13330.2012 Ɍɟɩɥɨɜɵɟ ɫɟɬɢ, 2012. 

3. Inside the Termodynamic ROBUR Cycle  Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ /  URL: 

https://www.roburcorp.com/technical_dossiers/heat_pumps_absorption_technology/i

nside_the_thermodynamic_cycle (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 13.03.2019 ɝ.). 
4. Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɭɫɬɚɧɨɜɤɟ, ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɟɯɧɢɱɟɫɤɨɦɭ 

ɨɛɫɥɭɠɢɜɚɧɢɸ ROBUR GAHP-GS/WS Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ /  URL: 

http://www.robur-gaz.ru/wp-content/uploads/2016/04/D-

LBR711_A_14MEDSDC005_GAHP-GS_WS_RU.pdf (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 14.03.2019 ɝ.). 
5. ɍɫɬɪɨɣɫɬɜɨ ɢ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ 

/ URL: http://www.termocool.ru/products/ustrojstvo-i-printsip-raboty-teplovogo-

nasosa (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 14.03.2019 ɝ.). 
  
ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 

 

ɋɚɪɚɟɜ Ɋɨɦɚɧ ȼɚɥɟɪɶɟɜɢɱ 
Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ. 35, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
ɋɬɭɞɟɧɬ ɤɚɮɟɞɪɵ «Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ» 

ɈɦȽɍɉɋ. 
rogue_1996@mail.ru 

 

Ƚɥɭɯɨɜ ɋɟɪɝɟɣ ȼɢɬɚɥɶɟɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ. 35, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
Ʉɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ 
«Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ» ɈɦȽɍɉɋ. 
ȿ-mail: svgluk@mail.ru 
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ɍȾɄ 629.1 

 

ɂ. ɋ. ɋɭɦɢɧɚ, Ɉ. ȼ. ȼɟɪɯɨɜɫɤɚɹ 
Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ),  

ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɈɐȿɇɄȺ ɗɎɎȿɄɌɂȼɇɈɋɌɂ ɉɈɌɊȿȻɅȿɇɂə ɂ ɍɑЁɌȺ 
ɗɇȿɊȽɈɊȿɋɍɊɋɈȼ ɇȺ ɉɊȿȾɉɊɂəɌɂɂ 

 
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ ɩɪɨɰɟɫɫ ɭɬɢɥɢɡɚɰɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɩɪɢɦɟɧɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɧɚ ɤɨɬɥɚɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɭɩɥɨɬɧɟɧɢɟ ɨɤɨɧ ɢ ɞɜɟɪɟɣ ɩɪɢ ɪɟɦɨɧɬɟ ɡɞɚɧɢɣ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɤɨɧ ɫ 
ɬɪɨɣɧɵɦ ɨɫɬɟɤɥɟɧɢɟɦ, ɢ ɬ.ɞ. ɂɧɬɟɧɫɢɜɧɨɟ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɥɧɭɸ 
ɪɟɤɨɧɫɬɪɭɤɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɜɜɟɞɟɧɢɟ ɧɨɜɵɯ ɩɪɢɧɰɢɩɨɜ ɟɝɨ ɪɚɛɨɬɵ, ɫɭɳɟɫɬɜɟɧɧɨ 
ɫɨɤɪɚɳɚɸɳɢɯ ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ, ɤɪɢɬɟɪɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 
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ASSESSMENT OF EFFICIENCY OF CONSUMPTION 

AND METERING OF ENERGY RESOURCES AT THE ENTERPRISE 

 

 

In article process of utilization of power losses with a possibility of application of 

installation of systems of automatic control of processes of burning on coppers of power plants, 

consolidation of windows and doors at repair of buildings, use of windows with threefold glazing, 

etc. is considered. Intensive energy saving means full reconstruction of the equipment and 

introduction of the new principles of its work significantly reducing energy consumption. 

 

Key words: energy saving, criteria of efficiency. 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɟɡɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, 
ɫɜɹɡɵɜɚɸɬ ɫ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟɦ. ȿɫɬɶ ɨɮɢɰɢɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɧɹɬɢɹ –
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ - ɤɨɦɩɥɟɤɫ ɦɟɪ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɩɪɚɜɨɜɵɯ, ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ, 
ɧɚɭɱɧɵɯ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɦɟɪ, ɧɚɩɪɚɜɥɟɧɧɵɯ 
ɧɚ ɷɮɮɟɤɬɢɜɧɨɟ(ɪɚɰɢɨɧɚɥɶɧɨɟ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ (ɢ ɷɤɨɧɨɦɧɨɟ ɪɚɫɯɨɞɨɜɚɧɢɟ) 
ɬɨɩɥɢɜɨ – ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɢ ɧɚ ɜɨɜɥɟɱɟɧɢɟ ɜ ɯɨɡɹɣɫɬɜɟɧɧɵɣ ɨɛɨɪɨɬ 
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ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ. Ɇɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɨɫɧɨɜɧɵɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ: 

– ɩɨɥɟɡɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ (ɭɬɢɥɢɡɚɰɢɹ) ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, 
– ɦɨɞɟɪɧɢɡɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɷɧɟɪɝɢɢ, 
– ɢɧɬɟɧɫɢɜɧɨɟ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ. 

ɉɪɢɦɟɪɨɦ ɭɬɢɥɢɡɚɰɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɭɫɬɚɧɨɜɤɚ 
ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɧɚ ɤɨɬɥɚɯ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɭɩɥɨɬɧɟɧɢɟ ɨɤɨɧ ɢ ɞɜɟɪɟɣ ɩɪɢ ɪɟɦɨɧɬɟ ɡɞɚɧɢɣ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɨɤɨɧ ɫ ɬɪɨɣɧɵɦ ɨɫɬɟɤɥɟɧɢɟɦ, ɢ ɬ.ɞ. ɂɧɬɟɧɫɢɜɧɨɟ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ 
ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɥɧɭɸ ɪɟɤɨɧɫɬɪɭɤɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɜɜɟɞɟɧɢɟ ɧɨɜɵɯ 
ɩɪɢɧɰɢɩɨɜ ɟɝɨ ɪɚɛɨɬɵ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɳɚɸɳɢɯ ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ. 
ɉɪɢɦɟɪɨɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɡɚɦɟɧɚ ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɜ 
ɚɜɬɨɦɨɛɢɥɹɯ ɧɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɫ ɩɢɬɚɧɢɟɦ ɨɬ ɫɨɥɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 
(ɷɥɟɤɬɪɨɦɨɛɢɥɢ). 

ɐɟɥɶɸ ɧɚɲɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ – ɭɫɬɚɧɨɜɤɚ ɨɪɢɟɧɬɢɪɨɜ, ɤ ɤɨɬɨɪɵɦ ɧɭɠɧɨ ɫɬɪɟɦɢɬɶɫɹ, 
ɜɵɹɜɥɟɧɢɟ ɫɥɚɛɵɯ ɦɟɫɬ ɜ ɪɚɫɯɨɞɨɜɚɧɢɢ ɷɧɟɪɝɢɢ, ɨɩɪɟɞɟɥɟɧɢɟ ɪɟɡɟɪɜɨɜ.  

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɜ ɪɚɛɨɬɟ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
1. ɨɰɟɧɢɬɶ ɧɚɩɪɚɜɥɟɧɢɹ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ; 
2. ɢɡɭɱɢɬɶ ɤɪɢɬɟɪɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ; ɌɗɊ 

3. ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ; 

4. ɨɩɪɟɞɟɥɟɧɢɟ ɢɧɞɢɤɚɬɨɪɨɜ ɪɟɚɥɢɡɚɰɢɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. 

Ⱦɜɚ ɡɚɤɨɧɚ  ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. 

ɗɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɟɪɜɵɦ ɡɚɤɨɧɨɦ ɬɟɪɦɨɞɢɧɚɦɢɤɢ: ɇɟ 
ɪɚɫɬɪɚɱɢɜɚɬɶ ɷɧɟɪɝɢɸ ɜɩɭɫɬɭɸ! ɗɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɟɪɜɵɦ 
ɡɚɤɨɧɨɦ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɦɵ ɧɚɱɢɧɚɟɦ ɬɪɚɬɢɬɶ ɡɚ ɬɨ ɠɟ ɫɚɦɨɟ ɜɪɟɦɹ ɦɟɧɶɲɟ 
ɷɧɟɪɝɢɢ, ɱɟɦ ɪɚɧɶɲɟ, ɬɚɤ ɤɚɤ ɢɫɩɨɥɶɡɭɟɦ ɷɧɟɪɝɢɸ ɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ. 
ɉɪɢɜɟɞɟɦ ɩɪɢɦɟɪɵ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɩɟɪɜɨɦɭ ɡɚɤɨɧɭ 
ɢ ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɜɧɟɞɪɹɬɶ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ:  

- ɂɫɩɨɥɶɡɭɣɬɟ ɷɤɨɧɨɦɢɱɧɵɟ ɷɥɟɤɬɪɨɥɚɦɩɨɱɤɢ (ɥɚɦɩɵ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ 
ɜɦɟɫɬɨ ɥɚɦɩ ɧɚɤɚɥɢɜɚɧɢɹ). 

- ȼɵɤɥɸɱɚɣɬɟ ɨɫɜɟɬɢɬɟɥɶɧɵɟ ɢ ɧɚɝɪɟɜɚɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɝɞɚ 
ɭɯɨɞɢɬɟ ɢɡ ɤɨɦɧɚɬɵ. 

- ɂɫɩɨɥɶɡɭɣɬɟ ɬɟɩɥɨɜɵɟ ɨɬɯɨɞɵ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɞɥɹ ɨɛɨɝɪɟɜɚ ɠɢɥɵɯ ɩɨɦɟɳɟɧɢɣ. 
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ɗɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɜɬɨɪɵɦ ɡɚɤɨɧɨɦ ɬɟɪɦɨɞɢɧɚɦɢɤɢ: ɇɟ 
ɬɟɪɹɣ ɤɚɱɟɫɬɜɨ ɷɧɟɪɝɢɢ! ɗɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɜɬɨɪɵɦ ɡɚɤɨɧɨɦ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɡɚɫɬɚɜɥɹɟɬ ɡɚɞɭɦɚɬɶɫɹ ɧɚɞ ɜɨɩɪɨɫɨɦ: ɷɧɟɪɝɢɸ ɤɚɤɨɝɨ ɤɚɱɟɫɬɜɚ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɨɣ ɢɥɢ ɢɧɨɣ ɡɚɞɚɱɢ? ȼ ɛɭɞɭɳɟɦ ɢɧɬɟɪɟɫ ɤ 
ɤɚɱɟɫɬɜɭ ɷɧɟɪɝɢɢ ɛɭɞɟɬ ɬɨɥɶɤɨ ɜɨɡɪɚɫɬɚɬɶ. 

ɉɪɢɜɟɞɟɦ ɩɪɢɦɟɪɵ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɜɬɨɪɵɦ ɡɚɤɨɧɨɦ: 
- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɨɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɛɨɝɪɟɜɚ ɜɦɟɫɬɨ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 
- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɩɥɨɜɵɯ ɨɬɯɨɞɨɜ ɞɥɹ ɨɛɨɝɪɟɜɚ ɡɞɚɧɢɣ; 
- ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɨɛɨɝɪɟɜɚ ɡɞɚɧɢɣ. 
Ʉɚɤ ɜɢɞɢɬɟ, ɩɪɢ ɧɟɤɨɬɨɪɵɯ ɫɩɨɫɨɛɚɯ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ (ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɬɟɩɥɨɜɵɯ ɨɬɯɨɞɨɜ ɞɥɹ ɨɛɨɝɪɟɜɚ) ɞɟɣɫɬɜɭɸɬ ɨɛɚ ɡɚɤɨɧɚ. 
Ɉɫɧɨɜɧɵɟ ɤɪɢɬɟɪɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɌɗɊ. ɂɯ ɜɢɞɵ ɢ 

ɤɪɚɬɤɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɩɪɨɰɟɫɫ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɟɪɟɞɚɱɢ ɢɥɢ 
ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ, ɨɰɟɧɢɬɶ ɩɨɬɟɧɰɢɚɥ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ 
ɨɛɴɟɤɬɚɯ (ɭɫɬɚɧɨɜɤɚ, ɰɟɯ, ɩɪɟɞɩɪɢɹɬɢɟ, ɠɢɥɨɣ ɪɚɣɨɧ, ɪɟɝɢɨɧ, ɝɨɫɭɞɚɪɫɬɜɨ), 
ɨɛɨɫɧɨɜɚɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɦɟɪɨɩɪɢɹɬɢɣ 
ɩɪɢɦɟɧɹɸɬɫɹ ɤɪɢɬɟɪɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ȼɫɩɨɦɧɢɦ, ɱɬɨ 
ɨɡɧɚɱɚɟɬ ɩɨɧɹɬɢɟ «ɤɪɢɬɟɪɢɣ». Ʉɪɢɬɟɪɢɣ – ɷɬɨ ɧɟɤɨɬɨɪɚɹ, ɞɨɫɬɚɬɨɱɧɨ ɨɛɳɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɨɰɟɫɫɚ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɜ ɱɢɫɥɟɧɧɨɣ ɮɨɪɦɟ. 
Ʉɪɢɬɟɪɢɣ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ. Ʉɨɝɞɚ ɦɵ ɢɦɟɟɦ ɞɟɥɨ ɫ 
ɷɧɟɪɝɢɟɣ, ɦɵ ɞɨɥɠɧɵ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ – ɟɟ 
ɜɵɪɚɛɨɬɤɭ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɯɪɚɧɟɧɢɟ, ɩɟɪɟɞɚɱɭ ɧɚ ɪɚɡɥɢɱɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɢ 
ɧɚɤɨɧɟɰ, ɩɨɬɪɟɛɥɟɧɢɟ. ɉɪɢɦɟɧɹɟɦɵɟ ɧɚ ɩɪɚɤɬɢɤɟ ɜɢɞɵ ɷɧɟɪɝɢɢ – ɬɟɩɥɨɜɚɹ, 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ, ɦɟɯɚɧɢɱɟɫɤɚɹ – ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ. Ɏɢɡɢɱɟɫɤɢɟ 
ɩɪɨɰɟɫɫɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ ɬɚɤɠɟ ɨɱɟɧɶ ɦɧɨɝɨɨɛɪɚɡɧɵ: ɷɬɨ 
ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ, ɩɥɚɜɥɟɧɢɟ, ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɦɟɬɚɥɥɨɜ, ɪɚɡɥɢɱɧɵɟ 
ɫɩɨɫɨɛɵ ɨɛɨɝɪɟɜɚ ɡɞɚɧɢɣ, ɜɵɩɚɪɢɜɚɧɢɟ, ɫɭɲɤɚ, ɩɟɪɟɝɨɧɤɚ, ɪɟɤɬɢɮɢɤɚɰɢɹ ɢ 
ɦɧɨɝɢɟ ɞɪɭɝɢɟ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɜɫɟɝɨ ɷɬɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ 
ɩɪɨɰɟɫɫɨɜ ɩɪɢɞɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɨɞɢɧ, ɚ ɦɧɨɝɨ ɪɚɡɥɢɱɧɵɯ ɤɪɢɬɟɪɢɟɜ. 
Ɉɬɦɟɬɢɦ, ɱɬɨ ɟɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɞɟɹɬɟɥɶɧɨɫɬɶ ɱɟɥɨɜɟɤɚ ɜ ɰɟɥɨɦ, ɬɨ 
ɧɚɢɛɨɥɶɲɢɟ ɧɟɪɚɰɢɨɧɚɥɶɧɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ ɟɟ ɩɨɬɪɟɛɥɟɧɢɢ. 
ɉɪɢ ɜɵɪɚɛɨɬɤɟ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɦɟɧɶɲɟ. ɂɦɟɧɧɨ 
ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ, ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ, ɜ ɛɵɬɭ ɢ ɜ 
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ɨɛɳɟɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɝɥɚɜɧɵɣ ɪɟɡɟɪɜ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. 
ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɤɪɢɬɟɪɢɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɬɪɟɛɥɟɧɢɟɦ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɚɧɨ ɜ Ɏɟɞɟɪɚɥɶɧɨɦ 
Ɂɚɤɨɧɟ «Ɉɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ».  

ɉɨɤɚɡɚɬɟɥɶ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ – ɚɛɫɨɥɸɬɧɚɹ ɢɥɢ ɭɞɟɥɶɧɚɹ ɜɟɥɢɱɢɧɚ 
ɩɨɬɪɟɛɥɟɧɢɹ ɢɥɢ ɩɨɬɟɪɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɥɸɛɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, 
ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɫɬɚɧɞɚɪɬɚɦɢ. 

ɇɟɦɚɥɨɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɩɪɨɰɟɫɫɚ. ȿɫɥɢ 
ɨɰɟɧɢɜɚɬɶ ɩɪɟɞɩɪɢɹɬɢɟ, ɤɨɬɨɪɨɟ ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɚɤɨɣ-ɥɢɛɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɩɪɨɰɟɫɫ, ɬɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɟ ɡɚɬɪɚɬɵ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɱɟɪɟɡ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ 
ɰɢɤɥɚ Ʉɚɪɧɨ. Ɂɚɬɪɚɬɵ ɬɟɩɥɚ ɧɚ ɧɚɝɪɟɜ ɞɟɬɚɥɢ ɩɟɪɟɞ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ 
ɜɵɱɢɫɥɹɸɬɫɹ ɤɚɤ ɩɪɨɢɡɜɟɞɟɧɢɟ ɪɚɡɧɨɫɬɢ ɧɚɱɚɥɶɧɨɣ ɢ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪ ɧɚ 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɦɚɫɫɭ ɦɚɬɟɪɢɚɥɚ ɞɟɬɚɥɢ. Ɂɚɬɪɚɬɵ ɧɚ ɩɥɚɜɥɟɧɢɟ ɦɟɬɚɥɥɚ – ɤɚɤ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ ɩɥɚɜɥɟɧɢɹ ɧɚ ɟɝɨ ɦɚɫɫɭ ɢ ɬ.ɞ. Ɉɞɧɚɤɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɨɬ ɨɪɢɟɧɬɢɪ ɧɚ ɩɪɚɤɬɢɤɟ ɧɟ ɜɫɟɝɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ 
ɩɨɫɤɨɥɶɤɭ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɩɨ ɪɚɡɧɵɦ ɩɪɢɱɢɧɚɦ ɛɵɜɚɟɬ ɬɪɭɞɧɨ 
ɨɩɪɟɞɟɥɢɬɶ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɨɫɤɨɥɶɤɭ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɬɟɩɥɚ ɧɚ ɢɫɩɚɪɟɧɢɟ 
ɜɥɚɝɢ ɛɥɢɡɤɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɡɚɬɪɚɬɚɦ ɬɟɩɥɚ ɧɚ ɫɭɲɤɭ ɢɯ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ. Ʉɪɢɬɟɪɢɣ ɱɚɫɬɨ ɧɟ ɩɨɥɧɨɫɬɶɸ 
ɨɬɪɚɠɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ, ɚ ɥɢɲɶ ɞɚɟɬ 
ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɟɝɨ ɚɧɚɥɢɡɚ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɪɢɬɟɪɢɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɨɝɨ ɤɪɢɬɟɪɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ:  
1.  Ɍɟɪɦɢɱɟɫɤɢɣ ɄɉȾ ɰɢɤɥɨɜ ɬɟɩɥɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ (ɰɢɤɥɵ 

ɩɚɪɨɬɭɪɛɢɧɧɵɯ, ɝɚɡɨɬɭɪɛɢɧɧɵɯ, ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɞɜɢɝɚɬɟɥɟɣ 
ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ) ɢ ɯɨɥɨɞɢɥɶɧɵɯ ɦɚɲɢɧ.  

2. ɇɚɬɭɪɚɥɶɧɵɟ ɤɪɢɬɟɪɢɢ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ 
ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ.  

3. ɍɞɟɥɶɧɵɣ ɢ ɫɨɜɨɤɭɩɧɵɣ ɭɞɟɥɶɧɵɣ ɩɪɢɜɟɞɟɧɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ 
ɬɨɩɥɢɜɚ.  

4. ɂɧɞɢɤɚɬɨɪɵ (ɱɚɫɬɧɵɟ ɤɪɢɬɟɪɢɢ) ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɷɧɟɪɝɢɢ ɧɚ ɨɛɴɟɤɬɚɯ ɠɢɥɢɳɧɨ-ɤɨɦɦɭɧɚɥɶɧɨɝɨ ɯɨɡɹɣɫɬɜɚ.  
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5. ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɤɪɢɬɟɪɢɢ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɷɧɟɪɝɢɢ.  

Ɏɨɪɦɵ ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɪɢɬɟɪɢɟɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ 
ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɨɱɟɧɶ ɦɧɨɝɨɨɨɛɪɚɡɧɵ. ɑɚɫɬɨ ɷɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɜɢɞɨɦ ɩɨɥɭɱɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɟɟ ɧɨɦɟɧɤɥɚɬɭɪɨɣ, ɫɬɟɩɟɧɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɨɛɫɬɜɟɧɧɵɯ ɢ ɜɧɟɲɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɩɨɬɪɟɛɥɟɧɢɹ ɜɬɨɪɢɱɧɵɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɜɵɞɟɥɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɬɟɩɥɚ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɚɯ (ɧɚɩɪɢɦɟɪ, ɬɟɩɥɨɬɵ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ) ɢ ɬ.ɞ.  

ɋɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɩɪɨɰɟɫɫ ɫ ɧɚɢɥɭɱɲɢɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɧɟ ɜɫɟɝɞɚ ɹɜɥɹɟɬɫɹ ɜɵɝɨɞɧɵɦ ɷɤɨɧɨɦɢɱɟɫɤɢ. ɇɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɝɨ 
ɦɟɪɨɩɪɢɹɬɢɹ.  

ȼ ɪɚɫɱɟɬɟ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɭɱɢɬɵɜɚɸɬɫɹ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ –
ɫɬɨɢɦɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɟɤɬɧɵɯ ɪɚɛɨɬ, 
ɦɨɧɬɚɠɚ, ɩɭɫɤɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɡɚɬɪɚɬɵ: ɧɚɩɪɢɦɟɪ, 
ɡɚɬɪɚɬɵ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 
ɟɝɨ ɪɟɦɨɧɬɚ, ɪɚɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɨɩɥɢɜɚ ɢ ɷɧɟɪɝɢɢ ɧɚ ɟɝɨ ɪɚɛɨɬɭ ɢ ɬ.ɞ. 
ɑɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ ɫɬɨɢɦɨɫɬɶ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɫɬɚɧɟɬ 
ɪɚɜɧɚ ɫɬɨɢɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ. Ɍɨɝɞɚ ɝɨɜɨɪɹɬ, ɱɬɨ 
ɞɨɫɬɢɝɧɭɬ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ.  

ɉɪɢ ɪɚɫɱɟɬɟ ɤɚɩɢɬɚɥɶɧɵɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ ɧɟɨɛɯɨɞɢɦ ɭɱɟɬ 
ɢɧɮɥɹɰɢɢ, ɚ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ (ɚ ɬɚɤɠɟ 
ɫɬɨɢɦɨɫɬɢ ɨɛɫɥɭɠɢɜɚɧɢɹ) ɡɚ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɨɫɤɨɥɶɤɭ ɭɪɨɜɟɧɶ ɢɧɮɥɹɰɢɢ 
ɢ ɛɭɞɭɳɭɸ ɫɬɨɢɦɨɫɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɟ ɜɫɟɝɞɚ ɦɨɠɧɨ ɩɪɟɞɫɤɚɡɚɬɶ 
ɡɚɪɚɧɟɟ, ɧɚ ɩɪɚɤɬɢɤɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɝɧɨɡɵ ɪɚɡɜɢɬɢɹ ɫɢɬɭɚɰɢɢ – ɧɚɩɪɢɦɟɪ, 
ɩɟɫɫɢɦɢɫɬɢɱɧɵɣ, ɪɟɚɥɢɫɬɢɱɧɵɣ, ɨɩɬɢɦɢɫɬɢɱɧɵɣ, ɤɚɠɞɨɦɭ ɢɡ ɤɨɬɨɪɵɯ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɜɨɢ ɡɧɚɱɟɧɢɹ ɬɚɪɢɮɨɜ. Ⱦɚɥɟɟ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɩɨ ɤɚɠɞɨɦɭ ɢɡ ɷɬɢɯ ɩɪɨɝɧɨɡɨɜ.  

ɋɨɜɪɟɦɟɧɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɬɨɢɦɨɫɬɶ (ЧОЭ ЩЫОsОЧЭ ЯКХЮО) – ɞɪɭɝɨɣ ɧɟ ɦɟɧɟɟ 
ɜɚɠɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɤɪɢɬɟɪɢɣ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɣ 
ɷɤɨɧɨɦɢɢ ɢ ɫɭɦɦɚɪɧɵɯ ɡɚɬɪɚɬ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ 
ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɝɨ ɦɟɪɨɩɪɢɹɬɢɹ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. ɉɪɢ 
ɷɬɨɦ ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɢ ɷɤɨɧɨɦɢɢ ɛɟɪɭɬɫɹ ɜ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɨɦ ɜɢɞɟ, ɬɨ ɟɫɬɶ ɫ 

ɭɱɟɬɨɦ ɢɧɮɥɹɰɢɢ. Ⱦɨ ɧɚɫɬɭɩɥɟɧɢɹ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɱɢɫɬɚɹ ɩɪɢɜɟɞɟɧɧɚɹ 
ɫɬɨɢɦɨɫɬɶ ɨɬɪɢɰɚɬɟɥɶɧɚ, ɩɨɫɥɟ – ɩɨɥɨɠɢɬɟɥɶɧɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɪɨɤɚ 
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ɨɤɭɩɚɟɦɨɫɬɢ ɫɨɜɪɟɦɟɧɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɬɨɢɦɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ 
ɜ ɤɨɬɨɪɵɣ ɦɵ ɟɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɬɚɛɥɢɱɧɨɣ 
ɢɥɢ ɝɪɚɮɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. ɏɚɪɚɤɬɟɪ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɡɚɜɢɫɢɬ ɨɬ ɭɪɨɜɧɹ 
ɢɧɮɥɹɰɢɢ ɢ ɨɬ ɛɭɞɭɳɟɣ ɰɟɧɵ ɧɚ ɷɧɟɪɝɨɪɟɫɭɪɫɵ, ɩɨɷɬɨɦɭ ɞɥɹ ɟɟ ɩɨɫɬɪɨɟɧɢɹ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɝɧɨɡɵ ɪɚɡɜɢɬɢɹ ɫɢɬɭɚɰɢɢ ɧɚ ɪɵɧɤɟ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ. Ʉɚɤ ɫɪɨɤ 
ɨɤɭɩɚɟɦɨɫɬɢ, ɬɚɤ ɢ ɫɨɜɪɟɦɟɧɧɚɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɵɱɧɨ ɡɚɜɢɫɹɬ ɨɬ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɯɧɢɱɟɫɤɢɯ, ɫɬɨɢɦɨɫɬɧɵɯ ɢ ɞɪɭɝɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ, ɟɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
ɗɤɨɧɨɦɢɱɟɫɤɢɟ ɤɪɢɬɟɪɢɢ ɦɨɝɭɬ ɛɵɬɶ ɨɩɬɢɦɢɡɢɪɨɜɚɧɵ ɡɚ ɫɱɟɬ ɩɨɞɛɨɪɚ 
ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɪɟɠɢɦɧɵɯ ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɡɧɚɱɢɬɟɥɶɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ. 

ɂɧɞɢɤɚɬɨɪɵ ɪɟɚɥɢɡɢɰɢɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ 
ɫɬɚɧɞɚɪɬɨɜ ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɦɚɲɢɧɵ, ɩɪɢɛɨɪɵ, ɤɨɬɨɪɵɟ ɫ 
ɩɨɥɧɵɦ ɨɫɧɨɜɚɧɢɟɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɫɬɚɧɞɚɪɬɚɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ ɨɫɧɨɜɧɨɟ ɢɯ ɧɚɡɧɚɱɟɧɢɟ ɜ ɪɟɝɥɚɦɟɧɬɚɰɢɢ 
ɩɨɤɚɡɚɬɟɥɟɣ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ (ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ) ɷɬɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
Ɋɚɡɪɚɛɨɬɚɧ ɪɹɞ ɧɨɪɦɚɬɢɜɧɵɯ ɢ ɦɟɬɨɞɢɱɟɫɤɢɯ ɞɨɤɭɦɟɧɬɨɜ ɩɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ 
ɨɛɫɥɟɞɨɜɚɧɢɹɦ ɢ ɷɧɟɪɝɨɩɚɫɩɨɪɬɢɡɚɰɢɢ, ɜ ɤɨɬɨɪɵɯ ɧɚɲɥɢ ɨɬɪɚɠɟɧɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ȼ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɢ ɨɬɪɚɫɥɟɜɨɣ ɫɬɚɬɢɫɬɢɤɟ ɢɦɟɟɬɫɹ ɛɨɥɟɟ ɞɟɫɹɬɤɚ ɮɨɪɦ, ɜ ɤɨɬɨɪɵɯ ɨɬɪɚɠɟɧɵ 
ɩɨɤɚɡɚɬɟɥɢ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɧɟɪɝɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɹɯ, ɜ ɨɬɪɚɫɥɹɯ, ɪɟɝɢɨɧɚɯ, ɧɚ ɦɚɤɪɨɭɪɨɜɧɟ ɷɤɨɧɨɦɢɤɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ ɩɨɤɚɡɚɬɟɥɟɣ 
(ɢɧɞɢɤɚɬɨɪɨɜ) ɪɟɚɥɢɡɚɰɢɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ:  

- ɧɨɪɦɢɪɭɟɦɵɟ ɩɨɤɚɡɚɬɟɥɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɞɭɤɰɢɢ, 
ɤɨɬɨɪɵɟ ɜɧɨɫɹɬɫɹ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɫɬɚɧɞɚɪɬɵ, ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɫɩɨɪɬɚ 
ɩɪɨɞɭɤɰɢɢ, ɬɟɯɧɢɱɟɫɤɭɸ ɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɩɪɢ ɫɟɪɬɢɮɢɤɚɰɢɢ ɩɪɨɞɭɤɰɢɢ, ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɤɫɩɟɪɬɢɡɟ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɨɛɫɥɟɞɨɜɚɧɢɹɯ;  

- ɩɨɤɚɡɚɬɟɥɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɜɧɨɫɹɬɫɹ ɜ ɫɬɚɧɞɚɪɬɵ ɢ ɷɧɟɪɝɨɩɚɫɩɨɪɬɚ ɩɪɟɞɩɪɢɹɬɢɣ ɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɯɨɞɟ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɝɨɫɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɞɡɨɪɚ ɡɚ ɷɮɮɟɤɬɢɜɧɵɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɢ ɩɪɨɜɟɞɟɧɢɢ 
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ɷɧɟɪɝɨɨɛɫɥɟɞɨɜɚɧɢɣ ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɞɡɨɪɚ;  
- ɩɨɤɚɡɚɬɟɥɢ (ɢɧɞɢɤɚɬɨɪɵ) ɪɟɚɥɢɡɚɰɢɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ (ɨɬɪɚɠɚɸɬɫɹ 

ɜ ɫɬɚɬɨɬɱɟɬɧɨɫɬɢ, ɧɨɪɦɚɬɢɜɧɵɯ ɩɪɚɜɨɜɵɯ ɢ ɩɪɨɝɪɚɦɦɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɯ 
ɞɨɤɭɦɟɧɬɚɯ, ɤɨɧɬɪɨɥɢɪɭɸɬɫɹ ɫɬɪɭɤɬɭɪɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ 
ɧɚɞɡɨɪɚ).  

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɝɨ ɫɬɚɧɞɚɪɬɚ ɹɜɥɹɟɬɫɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɟɞɢɧɨɝɨ 
ɬɟɪɦɢɧɨɥɨɝɢɱɟɫɤɨɝɨ ɬɨɥɤɨɜɚɧɢɹ ɢ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɯ ɦɟɬɨɞɢɱɟɫɤɢɯ ɩɨɞɯɨɞɨɜ ɤ 
ɩɪɟɞɫɬɚɜɥɟɧɢɸ ɩɨɤɚɡɚɬɟɥɟɣ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɪɦɚɬɢɜɧɵɯ (ɬɟɯɧɢɱɟɫɤɢɯ, ɩɪɚɜɨɜɵɯ) ɢ 
ɦɟɬɨɞɢɱɟɫɤɢɯ ɞɨɤɭɦɟɧɬɨɜ ɜ ɨɛɥɚɫɬɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ Ɂɚɤɨɧɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ «Ɉɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ».  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɨɣ 
ɱɚɫɬɶɸ ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɛɚɡɵ ɥɸɛɨɝɨ ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɧɢ ɚɤɬɢɜɧɨ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɪɨɞɭɤɰɢɢ ɥɸɛɨɝɨ ɜɢɞɚ ɢ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ 
ɠɢɡɧɟɧɧɨ ɧɟɨɛɯɨɞɢɦɵɯ ɷɥɟɦɟɧɬɨɜ. 
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ȼ ɫɬɚɬɶɟ ɪɚɫɤɪɵɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɧɟɞɪɟɧɢɹ ɚɜɢɚɰɢɨɧɧɵɯ ȽɌȾ ɜ ɷɧɟɪɝɟɬɢɤɭ. 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɤɨɬɨɪɵɦ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɩɪɢɜɨɞ. ɉɪɟɞɫɬɚɜɥɟɧ 
ɩɪɢɦɟɪ ɫɬɚɧɰɢɢ ɫ ɚɜɢɚɰɢɨɧɧɵɦɢ ȽɌȾ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. 
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APPLICATION OF GAS TURBINE AVIATION MOTORS  

IN POWER ENGINEERING 

 

The article reveals the possibility of introducing aviation gas turbine engines into the power 

industry. The basic requirements that the drive must satisfy are presented. An example of a station 

with aviation gas turbine engines for generating heat and electricity is presented. 

 

Key words: aviation, engines, energy, energy. 

 

Ƚɚɡɨɬɭɪɛɢɧɧɵɟ ɞɜɢɝɚɬɟɥɢ – ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɪɚɛɨɬɚɟɬ ɞɥɢɬɟɥɶɧɨɟ 
ɜɪɟɦɹ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɞɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɧɚɝɪɭɡɨɤ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɚɜɢɚɰɢɨɧɧɵɟ ȽɌȾ ɨɬɪɚɛɨɬɚɜɲɢɟ ɫɜɨɣ ɪɟɫɭɪɫ ɜ ɚɜɢɚɰɢɢ, ɧɚɯɨɞɹɬ ɫɜɨё 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɷɧɟɪɝɟɬɢɤɟ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɞɥɹ ɪɚɡɜɢɬɢɹ ɩɪɨɦɵɲɥɟɧɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ, ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢɜɨɞɧɵɟ ɝɚɡɨɬɭɪɛɢɧɧɵɟ ɭɫɬɚɧɨɜɤɢ ɧɚ ɛɚɡɟ 
ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɬɚɤɢɯ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɇɄ-12ɋɌ, ɇɄ-16ɋɌ, ɇɄ36ɋɌ, 
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ɇɄ-37, ɇɄ-38ɋɌ, ȺɅ-31ɋɌ, ȽɌɍ-12ɉ, -16ɉ, -25ɉ. 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɧɚɭɱɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɛɡɨɪ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɜɧɟɞɪɟɧɢɹ ɚɜɢɚɰɢɨɧɧɵɯ ȽɌȾ ɜ ɷɧɟɪɝɟɬɢɤɭ. 
ɉɪɢɦɟɪɧɨ 70 – 75% ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ ɛɚɡɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɭɞɚёɬɫɹ 

ɫɨɯɪɚɧɢɬɶ ɩɪɢ ɫɨɡɞɚɧɢɢ ɩɪɢɜɨɞɧɵɯ ɚɝɪɟɝɚɬɨɜ Д1Ж. ɂɫɤɥɸɱɟɧɢɟɦ ɹɜɥɹɸɬɫɹ ɭɡɥɵ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɧɨɜɵɦ ɧɚɡɧɚɱɟɧɢɟɦ ɢɡɞɟɥɢɹ, ɫɦɟɧɨɣ ɜɢɞɚ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɬɨɩɥɢɜɚ 
(ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɬɨɩɥɢɜɨɩɢɬɚɧɢɹ, ɮɪɨɧɬɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ ɤɚɦɟɪɵ 
ɫɝɨɪɚɧɢɹ) ɢ ɩɨɹɜɥɟɧɢɟɦ ɜ ɫɨɫɬɚɜɟ ɤɨɧɜɟɪɬɢɪɨɜɚɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫɢɥɨɜɨɣ 
ɬɭɪɛɢɧɵ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɵɲɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ, ɜɧɟɞɪɹɸɬɫɹ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɪɨɩɪɢɹɬɢɹ (ɡɚɦɟɧɚ ɦɚɬɟɪɢɚɥɨɜ, ɨɯɥɚɠɞɟɧɢɟ ɢ ɬ.ɞ.). 

ɇɟɫɦɨɬɪɹ ɧɚ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɢɦ 
ɩɪɢɫɭɳɢ ɨɛɳɢɟ ɱɟɪɬɵ, ɩɨɷɬɨɦɭ ɨɛɳɢɟ ɩɪɢɧɰɢɩɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɨɫɬɚɸɬɫɹ 
ɟɞɢɧɵɦɢ. 

Ɋɚɛɨɬɚ ɩɪɢɜɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɜɨɡɞɭɯ ɢɡ 
ɚɬɦɨɫɮɟɪɵ ɱɟɪɟɡ ȼɈɍ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ ɜ ɤɨɦɩɪɟɫɫɨɪ, ɜ ɤɨɬɨɪɨɦ ɫɠɢɦɚɟɬɫɹ ɞɨ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ. ȼ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ 
ɜ ɜɨɡɞɭɯɟ, ɩɨɫɬɭɩɚɸɳɟɦ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ. ɉɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɜ 
ɤɚɦɟɪɟ, ɪɚɫɲɢɪɹɹɫɶ ɜ ɬɭɪɛɢɧɟ, ɫɨɜɟɪɲɚɸɬ ɪɚɛɨɬɭ, ɩɟɪɟɞɚɜɚɟɦɭɸ ɤɨɦɩɪɟɫɫɨɪɭ. 
Ⱦɚɥɟɟ ɝɚɡ (ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ) ɩɨɫɬɭɩɚɟɬ ɜ ɫɢɥɨɜɭɸ ɬɭɪɛɢɧɭ, ɪɚɫɲɢɪɹɹɫɶ ɜ ɧɟɣ, 
ɪɚɡɜɢɜɚɟɬ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɜɨɞɧɨɝɨ ɜɚɥɚ ɩɟɪɟɞɚɟɬɫɹ 
ɧɚɝɧɟɬɚɬɟɥɸ ɢɥɢ ɷɥɟɤɬɪɨɝɟɧɟɪɚɬɨɪɭ. 

Ʉɨɧɜɟɪɬɢɪɨɜɚɧɢɟ ɚɜɢɚɰɢɨɧɧɨɝɨ ȽɌȾ ɧɚɱɢɧɚɟɬɫɹ ɫ ɢɡɭɱɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɡɚɞɚɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɩɪɢɜɨɞɹɬɫɹ ɬɪɟɛɭɟɦɵɟ ɜɟɥɢɱɢɧɵ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ. 
Ɍɪɟɛɨɜɚɧɢɹ, ɤɨɬɨɪɵɦ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɩɪɢɜɨɞ: 

1. Ɉɛɳɢɟ ɩɨɤɚɡɚɬɟɥɢ (ȽɈɋɌ 29328-92 “Ɍɢɩɨɜɵɟ ɬɟɯɧɢɱɟɫɤɢɟ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ȽɉȺ ɢ ɢɯ ɫɢɫɬɟɦɚɯ”). Ɍɚɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɤɚɤ: 
ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ȽɌɍ ɜ ɫɬɚɧɰɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɧɨɦɢɧɚɥɶɧɵɣ ɄɉȾ, 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɵɜɨɞɧɨɝɨ ɜɚɥɚ, ɜɪɟɦɹ ɪɚɛɨɬɵ ɢ ɬ.ɞ. 

2. ɉɨɤɚɡɚɬɟɥɢ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɢ ɫɢɫɬɟɦ: 
2.1. Ʉɨɦɩɪɟɫɫɨɪɵ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɬɪɟɛɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɡɚɩɚɫɵ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɢ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ ɢ ɩɨɥɹ ɞɚɜɥɟɧɢɣ ɧɟ ɦɟɧɟɟ 
0,99; ɪɟɝɭɥɹɪɧɵɯ ɩɭɥɶɫɚɰɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɜ ɩɨɬɨɤɟ ɧɟ ɛɨɥɟɟ 0,01; 
ɩɨɬɟɪɢ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨ ɜɯɨɞɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɧɟ ɞɨɥɠɧɵ ɩɪɟɜɵɲɚɬɶ 0,3%. 
ɇɚ ɜɯɨɞɟ ɜ ɤɨɦɩɪɟɫɫɨɪ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɢɫɬɟɦɚ ɨɛɨɝɪɟɜɚ ɢ ɩɨɞɚɱɢ ɦɨɸɳɟɝɨ 
ɪɚɫɬɜɨɪɚ ɜ ɩɪɨɬɨɱɧɭɸ ɱɚɫɬɶ ɞɜɢɝɚɬɟɥɹ. 
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2.2. Ʉɚɦɟɪɚ ɫɝɨɪɚɧɢɹ ɪɚɛɨɬɚɟɬ ɧɚ ɩɪɢɪɨɞɧɨɦ ɝɚɡɟ ɩɨɞɝɨɬɨɜɥɟɧɧɨɦ ɩɨ 
ȽɈɋɌ 29328-92 (ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 7600 ɤɤɚɥ/ɦ3

, 

ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɧɟ ɦɟɧɟɟ 0,65 ɤɝ/ɦ3, ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ȽɌɍ ɧɟ ɦɟɧɟɟ 
+30

ɨɋ. Ɍɚɤ ɤɚɤ ɢɦɟɟɬɫɹ ɛɨɥɶɲɚɹ ɡɚɩɵɥɟɧɧɨɫɬɶ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɤɪɵɬɢɟ 
ɠɚɪɨɜɨɣ ɬɪɭɛɵ ɫɩɟɰɢɚɥɶɧɵɦɢ ɷɦɚɥɹɦɢ. 

2.3. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɬɭɪɛɢɧɟ ɝɚɡɨɝɟɧɟɪɚɬɨɪɚ – ɢɡɦɟɧɟɧɢɟ ɫɢɫɬɟɦɵ 
ɪɚɡɝɪɭɡɤɢ ɨɩɨɪɵ ɨɬ ɨɫɟɜɨɝɨ ɭɫɢɥɢɹ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɪɨɬɨɪ (ɫɥɟɞɭɟɬ 
ɭɦɟɧɶɲɢɬɶ ɜɟɥɢɱɢɧɭ ɨɫɟɜɨɣ ɫɢɥɵ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɢɥɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɪɚɡɝɪɭɡɨɱɧɵɯ ɩɨɥɨɫɬɟɣ. Ɍɚɤ ɠɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɫɟɜɨɝɨ ɜɵɯɨɞɚ ɝɚɡɚ ɢɡ 
ɬɭɪɛɢɧɵ ɦɨɠɟɬ ɩɨɬɪɟɛɨɜɚɬɶɫɹ ɩɨɫɬɚɧɨɜɤɚ ɪɚɫɤɪɭɱɢɜɚɸɳɟɝɨ ɚɩɩɚɪɚɬɚ. 

2.4. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɫɢɥɨɜɨɣ ɬɭɪɛɢɧɟ – ɦɨɳɧɨɫɬɶ ɫɢɥɨɜɨɣ ɬɭɪɛɢɧɵ, 
ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɢ ɞɢɚɩɚɡɨɧ ɟɟ ɢɡɦɟɧɟɧɢɹ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 29328-9. ɄɉȾ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ 
ɦɟɧɟɟ 0,92…0,93. Ɋɚɛɨɱɢɟ ɥɨɩɚɬɤɢ ɋɌ ɞɨɥɠɧɵ ɜɵɩɨɥɧɹɬɶɫɹ ɫ ɛɚɧɞɚɠɧɵɦɢ 
ɩɨɥɤɚɦɢ. Ⱦɥɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɜ ɭɫɥɨɜɢɹɯ ɫɢɥɶɧɨɣ ɡɚɩɵɥɟɧɧɨɫɬɢ.  

3. ɋɢɫɬɟɦɚ ɩɨɞɝɨɬɨɜɤɢ ɜɨɡɞɭɯɚ, ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ, ɦɚɫɥɚ; 
4. ɋɢɫɬɟɦɵ ɞɢɚɝɧɨɫɬɢɤɢ – ɤɨɦɩɨɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɞɜɢɝɚɬɟɥɹ ɞɨɥɠɧɚ 

ɨɛɟɫɩɟɱɢɬɶ ɭɞɨɛɧɵɣ ɢ ɛɟɡɨɩɚɫɧɵɣ ɞɨɫɬɭɩ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ 
ɨɛɫɥɭɠɢɜɚɧɢɸ. 

ɉɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɞɜɢɝɚɬɟɥɟɣ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 1. 
ɗɥɟɤɬɪɨɫɬɚɧɰɢɹ ɭɤɨɦɩɥɟɤɬɨɜɚɧɚ ɧɟɨɛɯɨɞɢɦɵɦɢ ɫɢɫɬɟɦɚɦɢ ɨɛɟɫɩɟɱɟɧɢɹ 
(ɬɨɩɥɢɜɧɨɣ, ɩɭɫɤɨɜɨɣ, ɦɚɫɥɹɧɨɣ ɢ ɞɪɭɝɢɦɢ) ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ. 

ȽɌɗɋ ɩɨɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɛɥɨɤɚ ɜɵɫɨɤɨɣ ɡɚɜɨɞɫɤɨɣ ɝɨɬɨɜɧɨɫɬɢ, ɤɨɬɨɪɵɣ 
ɦɨɠɧɨ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɬɶ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ, ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɢ ɜɨɞɧɵɦ 
ɬɪɚɧɫɩɨɪɬɨɦ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɚɜɢɚɰɢɨɧɧɵɯ ȽɌȾ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɩɪɟɢɦɭɳɟɫɬɜɚ: 
1. ȼɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ, ɩɨɤɚɡɚɬɟɥɶ ɧɚɪɚɛɨɬɤɢ ɞɨ ɤɚɩɢɬɚɥɶɧɨɝɨ ɪɟɦɨɧɬɚ 

ɫɨɫɬɚɜɥɹɟɬ 25-35 ɬɵɫ. ɱ, ɪɟɫɭɪɫ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ – ɞɨ 100 ɬɵɫ. ɱ; 
2. ɄɉȾ ɞɨ 88 % ɞɨɫɬɢɝɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɄɉȾ ɭɫɬɚɧɨɜɤɢ (ɞɨ 36 %), 

ɧɨ ɢ ɡɚ ɫɱɟɬ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɚ ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ; 
3. ɗɤɨɧɨɦɢɱɧɨɫɬɶ ɭɫɬɚɧɨɜɨɤ, ɤɨɪɨɬɤɢɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ (1 – 3,5 ɝɨɞɚ) 

ɩɪɢ ɧɟ ɛɨɥɶɲɨɦ ɫɪɨɤɟ ɫɬɪɨɢɬɟɥɶɫɬɜɚ; 
4. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɯɧɢɱɟɫɤɨɣ ɝɨɬɨɜɧɨɫɬɢ ɞɨɫɬɢɝɚɟɬ 0,99; 
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5. Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɲɢɪɨɤɚɹ ɞɢɚɝɧɨɫɬɢɤɚ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɩɪɨɫɬɨɬɚ ɜ ɭɩɪɚɜɥɟɧɢɢ, ɦɢɧɢɦɚɥɶɧɚɹ ɱɢɫɥɟɧɧɨɫɬɶ 
ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ; 

6. ȼɵɫɨɤɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ: ɭɞɟɥɶɧɵɟ ɜɵɛɪɨɫɵ Nox ɜ ɩɪɟɞɟɥɚɯ 
50 – 150 ɦɝ/ɧɦ3, ɋɈ ɧɟ ɛɨɥɟɟ 300 ɦɝ/ɧɦ3

 ɢ ɭɪɨɜɟɧɶ ɲɭɦɚ ɧɟ ɛɨɥɟɟ 80 ɞȻ. 
 

 

Ɋɢɫ. 1. Ƚɚɡɨɬɭɪɛɢɧɧɚɹ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ȽɌɗɋ «ɍɪɚɥ-6000» 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɢɫɯɨɞɹ ɢɡ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ. 
ȼɧɟɞɪɟɧɢɟ ɚɜɢɚɰɢɨɧɧɵɯ ȽɌȾ ɜ ɷɧɟɪɝɟɬɢɤɭ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ:  

1. ɉɨɜɵɲɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɷɧɟɪɝɨɩɪɨɢɡɜɨɞɫɬɜɚ; 

2. ɋɨɯɪɚɧɟɧɢɟ ɢ ɩɨɞɞɟɪɠɚɧɢɟ ɜɵɫɨɤɢɯ ɬɟɯɧɨɥɨɝɢɣ 
ɚɜɢɚɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɹ ɡɚ ɫɱɟɬ ɪɚɫɲɢɪɟɧɢɹ ɫɮɟɪ ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɬɟɯɧɨɥɨɝɢɣ; 

3. Ɋɟɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɧɚ ɮɨɧɟ ɪɚɫɬɭɳɟɝɨ ɬɟɯɧɨɝɟɧɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ʉɨɧɜɟɪɬɢɪɨɜɚɧɢɟ ɚɜɢɚɰɢɨɧɧɵɯ ȽɌȾ ɜ ɝɚɡɨɬɭɪɛɢɧɧɵɟ ɭɫɬɚɧɨɜɤɢ 
ɧɚɡɟɦɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ / ȿ.Ⱥ. Ƚɪɢɰɟɧɤɨ, ȼ.ɉ. Ⱦɚɧɢɥɶɱɟɧɤɨ, ɋ.ȼ. Ʌɭɤɚɱɟɜ, ȼ.ȿ. 
Ɋɟɡɧɢɤ, ɘ.ɂ. ɐɵɛɢɡɨɜ; ɋɇɐ ɊȺɇ. – ɋɚɦɚɪɚ, 2004. – 266 ɫ. 

2. Ƚɚɡɨɬɭɪɛɢɧɧɚɹ ɛɥɨɱɧɨ-ɦɨɞɭɥɶɧɚɹ ɷɥɟɤɬɪɨɫɬɚɧɰɢɹ ȽɌɗɋ «ɍɪɚɥ-

6000» ɦɨɳɧɨɫɬɶɸ 6 Ɇȼɬ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – 2016. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.pmz.ru/products/eps/gts_ural-6000/ ДȾɚɬɚ ɨɛɪɚɳɟɧɢɹ 19.03.2019Ж. 
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ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 

 

ȼɵɯɨɞɰɟɜ ɉɚɜɟɥ ȼɢɬɚɥɶɟɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
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ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

Ɋȿɒȿɇɂȿ ɄɈɇɋɌɊɍɄɌɈɊɋɄɈ-ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɏ ɁȺȾȺɑ 
ɗɇȿɊȽȿɌɂɄɂ ɆȿɌɈȾȺɆɂ ɎɂɁɂɑȿɋɄɈȽɈ ɆɈȾȿɅɂɊɈȼȺɇɂə 

 

ȼ ɫɬɚɬɶɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɨɤ, ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɧɢɠɟɧɢɟɦ 
ɬɪɭɞɨɟɦɤɨɫɬɢ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɨɩɵɬɧɵɯ ɪɚɛɨɬ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 
ɫɨɡɞɚɧɢɟ ɫɥɨɠɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. ɉɪɢёɦɨɦ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɬɢɯ ɪɚɛɨɬ 
ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ ɢ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɪɢɜɟɞɟɧ 
ɭɩɪɨɳɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɛɨɫɧɨɜɚɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫ ɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯ 
ɬɟɨɪɟɦ ɩɨɞɨɛɢɹ. ɉɨɤɚɡɚɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɧɚ 
ɩɪɢɦɟɪɚɯ ɤɨɧɫɬɪɭɤɰɢɣ ɞɟɬɚɥɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɭɪɛɨɦɚɲɢɧ. ɂɡɥɨɠɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 
ɦɨɝɭɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɤ ɩɨɜɵɲɟɧɢɢ ɤɜɚɥɢɮɢɤɚɰɢɢ ɫɩɟɰɢɚɥɢɫɬɨɜ. 
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ɨɪɢɝɢɧɚɥ, ɦɨɞɟɥɶ, ɚɥɝɨɪɢɬɦ, ɩɨɝɪɟɲɧɨɫɬɶ. 
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The article presents the results of development related to the reduction of the complexity and 
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cost of experimental and experimental work aimed at creating complex technical systems. The 

method of increasing the effectiveness of these works is the application of the principles of the 

theory of similarity and physical modeling. A simplified algorithm for substantiating a physical 

model with the possible use of three similarity theorems is given. The possibilities of assessing the 

accuracy of the result obtained are shown using examples of designs for parts of energy 

turbomachines. The outlined materials can be recommended when preparing for advanced training 

of specialists. 

 

Key words: experiment, physical modeling, similarity criteria, original, model, algorithm, error. 

ɋɨɡɞɚɧɢɟ ɢ ɩɪɢɦɟɧɟɧɢɟ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɨ ɦɧɨɝɨɦ 
ɫɜɹɡɚɧɨ ɫ ɪɟɲɟɧɢɟɦ ɤɨɦɩɥɟɤɫɚ ɡɚɞɚɱ ɨɛɟɫɩɟɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ 
ɫɥɨɠɧɵɯ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ. Ɋɟɲɟɧɢɟ ɷɬɢɯ ɡɚɞɚɱ ɢɦɟɟɬ ɪɹɞ 
ɨɫɨɛɟɧɧɨɫɬɟɣ, ɤ ɱɢɫɥɭ ɤɨɬɨɪɵɯ ɨɬɧɨɫɹɬ ɨɬɜɟɱɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹɦ ɧɚɞɟɠɧɨɫɬɢ ɢ 
ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɪɨɝɪɚɦɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɨɩɵɬɧɵɯ ɪɚɛɨɬ Д1, 2]. 

Ɍɪɟɛɨɜɚɧɢɹɦ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɜ ɧɚɢɛɨɥɶɲɟɣ ɦɟɪɟ ɨɬɜɟɱɚɸɬ ɪɚɛɨɬɵ, 
ɩɪɨɜɟɞɟɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɪɢɝɢɧɚɥɨɜ ɨɛɴɟɤɬɨɜ-ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɬɟɯɧɨɥɨɝɢɣ. 

ȼɦɟɫɬɟ ɫ ɬɟɦ, ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɨɩɵɬɧɵɯ ɪɚɛɨɬ ɢ ɢɫɩɵɬɚɧɢɣ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɫɜɹɡɚɧɨ ɫ 
ɩɨɜɵɲɟɧɧɨɣ ɬɪɭɞɨёɦɤɨɫɬɶɸ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ.  

ɂɡɜɟɫɬɧɵɣ ɨɩɵɬ ɩɪɨɜɟɞɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɪɚɛɨɬ ɢ ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɷɬɨɦ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɬɚɤɢɯ ɪɚɛɨɬ ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫ 
ɫɨɤɪɚɳɟɧɢɟɦ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɡɚ ɫɱёɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ ɢ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Д3, 4]. 

Ɍɚɤɨɣ ɨɩɵɬ ɢɡɜɟɫɬɟɧ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɝɨ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɮɢɥɹ Д5, 6]. 

Ɋɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɢɣ 
ɧɚ ɨɫɧɨɜɟ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ Д7, 8]. 

ɍɤɪɭɩɧɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɨ ɩɪɨɜɟɞɟɧɢɸ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɢ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. 1. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ 
ɪɢɫɭɧɤɨɦ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɨɪɢɝɢɧɚɥɚ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɞɧɨɣ ɢɡ ɬɪɟɯ ɬɟɨɪɟɦ ɩɨɞɨɛɢɹ. 

ɉɨɞɝɨɬɨɜɥɟɧɧɵɟ ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ ɩɨɡɜɨɥɹɸɬ ɩɨ ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ 
ɧɚ ɮɢɡɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ, ɩɨɥɭɱɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɞɚɧɧɵɟ ɞɥɹ ɨɪɢɝɢɧɚɥɚ. 

ȼɵɩɨɥɧɟɧɧɵɟ ɪɟɲɟɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɧɵɯ ɜɢɞɨɜ 
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ɩɨɞɨɛɢɹ ɦɨɠɧɨ ɪɟɲɚɬɶ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ 
ɞɪɭɝɢɯ ɡɚɞɚɱ. 

Ɏɪɚɝɦɟɧɬɵ ɩɭɬɟɣ ɬɚɤɢɯ ɪɟɲɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 
ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɮɪɚɝɦɟɧɬɵ ɪɟɲɟɧɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɢɡɜɨɞɫɬɜɨɦ, 

ɪɟɦɨɧɬɨɦ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟɦ ɞɟɬɚɥɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɭɪɛɨɦɚɲɢɧ ɬɢɩɚ 
“ɥɨɩɚɬɤɚ” ɫ ɪɚɛɨɱɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. Ⱦɟɬɚɥɶ 
ɩɪɨɯɨɞɢɬ ɨɛɪɚɛɨɬɤɭ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɝɚɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 
ɧɚɩɵɥɟɧɢɹ, ɷɥɟɤɬɪɨɚɥɦɚɡɧɨɟ ɲɥɢɮɨɜɚɧɢɟ ɢ ɨɱɢɫɬɤɢ ɨɬ ɡɚɝɪɹɡɧɟɧɢɣ (ɬɚɛɥ. 1). 

ɋɬɪɭɤɬɭɪɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɩɪɢɜɟɞɟɧɚ ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɰɟɫɫɚ ɲɥɢɮɨɜɚɧɢɹ 
ɬɨɜɚɪɧɵɯ ɞɟɬɚɥɟɣ. ɗɬɨɬ ɜɢɞ ɨɛɪɚɛɨɬɤɢ ɛɵɥ ɩɪɢɧɹɬ ɡɚ ɩɪɨɰɟɫɫ-ɨɪɢɝɢɧɚɥ. 
ɍɫɥɨɜɢɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɜɢɞɚ ɞɟɬɚɥɟɣ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɨɛɪɚɡɰɚɯ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫ ɭɱёɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɩɪɨɫɬɨɬɵ ɷɬɨɣ ɮɨɪɦɵ ɞɥɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. ɗɬɨɬ ɜɢɞ ɨɛɪɚɛɨɬɤɢ ɩɪɢɧɹɬ ɡɚ ɩɪɨɰɟɫɫ-ɦɨɞɟɥɶ. 

Ɍɚɛɥɢɰɚ 1 

Ɋɟɲɟɧɢɣ ɡɚɞɚɱ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɧɵɯ ɜɢɞɨɜ ɮɢɡɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ 

ɑɚɫɬɧɵɟ ɡɚɞɚɱɢ ɉɪɢɦɟɧɹɟɦɵɟ ɜɢɞɵ 
ɩɨɞɨɛɢɹ 

Ɏɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ  ɤɚɤ 
ɪɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ 

Ɋɚɡɪɚɛɨɬɤɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɝɚɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 

ɧɚɩɵɥɟɧɢɹ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 
ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 
ɩɨɞɨɛɢɟ 

ɉɪɨɰɟɫɫ ɧɚɧɟɫɟɧɢɹ 
ɩɨɤɪɵɬɢɣ ɧɚ ɞɟɬɚɥɢ ɧɚ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 

ɭɫɬɚɧɨɜɤɟ 

Ɉɛɨɫɧɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɪɚɡɦɟɪɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ 

ɪɚɛɨɱɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

Ʉɢɧɟɦɚɬɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ ɋɬɚɧɨɤ ɫ ɑɉɍ ɫ ɨɫɧɚɫɬɤɨɣ 
ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɞɟɬɚɥɟɣ 

ɉɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ ɞɥɹ ɭɫɥɨɜɢɣ 
ɨɱɢɫɬɤɢ ɨɬ ɡɚɝɪɹɡɧɟɧɢɣ ɩɪɨɬɨɱɧɨɣ 

ɱɚɫɬɢ ɞɟɬɚɥɢ 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ ɩɨɞɨɛɢɟ ɋɢɫɬɟɦɚ ɫɬɪɭɣɧɨɣ ɨɱɢɫɬɤɢ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɢ 
ɞɜɭɯɮɚɡɧɵɦ ɫɨɫɬɚɜɨɦ 

Ɉɛɳɚɹ ɡɚɞɚɱɚ ɋɨɡɞɚɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɪɟɦɨɧɬɚ ɪɚɛɨɱɢɯ ɤɨɥɟɫ ɪɨɬɨɪɚ 
ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 

 

Ɋɟɲɟɧɢɸ ɩɨɞɥɟɠɚɥɚ ɡɚɞɚɱɚ ɩɨ ɨɰɟɧɤɟ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ 
ɩɪɨɰɟɫɫɚ-ɨɪɢɝɢɧɚɥɚ ɧɚ ɨɫɧɨɜɟ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ ɩɨ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 
ɨɛɪɚɛɨɬɤɢ ɩɪɨɰɟɫɫɚ-ɦɨɞɟɥɢ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ, ɫ ɩɨɦɨɳɶɸ 
ɤɨɬɨɪɵɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜɡɚɢɦɧɨ ɨɞɧɨɡɧɚɱɧɨɝɨ ɫɨɨɬɜɟɬɫɬɜɢɹ 
ɩɪɨɰɟɫɫɚ-ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɭ-ɨɪɢɝɢɧɚɥɭ. ɉɪɢ ɷɬɨɦ ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ ɹɜɥɹɸɬɫɹ 
ɛɟɡɪɚɡɦɟɪɧɵɦɢ ɫɦɟɲɚɧɧɵɦɢ ɤɨɦɩɥɟɤɫɚɦɢ ɨɩɪɟɞɟɥёɧɧɵɯ ɝɪɭɩɩ ɩɚɪɚɦɟɬɪɨɜ, 
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ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɯɨɞ ɭɤɚɡɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ 
ɨɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ ɩɪɨɜɟɞɟɧɨ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɫɢɫɬɟɦɵ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰ.  

Ɋɟɲɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫ. 2. 
Ɉɞɧɢɦ ɢɡ ɭɫɥɨɜɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɨɞɨɛɢɟ ɭɤɚɡɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, 

ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɩɨɞɨɛɢɹ ɦɟɠɞɭ ɢɯ ɨɛɴɟɤɬɚɦɢ. Ɍɚɤ, ɟɫɥɢ ɞɜɟ ɮɢɝɭɪɵ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ, ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ X, Y, Z, ɤɚɤɢɦɢ ɹɜɥɹɸɬɫɹ 
ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ  ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɩɨɜɟɪɯɧɨɫɬɶ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ 
(ɨɛɥɚɫɬɢ ɬɨɱɟɤ �ଵ ɢ �ଶ) ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɤ �ଵ = ݂ሺ ଵܺ;  ଵܻ;  ܼଵሻ ɢ �ଶ = ݂ሺܺଶ;  ଶܻ;  ܼଶሻ, ɬɨ �ଵ ɛɭɞɟɬ ɩɨɞɨɛɧɚ �ଶ, ɤɨɝɞɚ ɞɥɹ ɧɟɥɢɧɟɣɧɨ ɫɯɨɞɧɵɯ ɬɨɱɟɤ 
ɨɛɥɚɫɬɟɣ �ଵ ɢ �ଶ ɛɭɞɭɬ ɫɩɪɚɜɟɞɥɢɜɵ ɫɨɨɬɧɨɲɟɧɢɹ:  �ଶ = Ψଶ ∙ �ଵ, ɚ Ψଶ = Ψଵሺ ଵܺ; ଵܻ; ܼଵሻ, 

ɝɞɟ ଵܺ; ଵܻ; ܼଵ – ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɨɛɥɚɫɬɢ �ଵ;  ܺଶ;  ଶܻ;  ܼଶ – 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɨɛɥɚɫɬɢ �ଶ ɧɟɥɢɧɟɣɧɨ ɩɨɞɨɛɧɨɣ ɨɛɥɚɫɬɢ �ଵ; Ψଵ 

– ɦɚɫɲɬɚɛɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 
Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɥɢɧɟɣɧɨɝɨ ɩɨɞɨɛɢɹ ɭɤɚɡɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɹ: �∗ଶ = Ψ∗ଶ�∗ଵ , 

ɝɞɟ �∗ଶ=
�మ�మБ ; Ψ∗ଶ=Ψଶ/�ଶБ; Ψ – ɛɟɡɪɚɡɦɟɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɜɟɥɢɱɢɧ Д7Ж. 
Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɫɨɜɦɟɫɬɢɦ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 

ɮɢɝɭɪ ɫ ɰɟɧɬɪɨɦ ɤɨɨɪɞɢɧɚɬ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɤɨɨɪɞɢɧɚɬɵ X ɢ Y ɞɥɹ ɰɢɥɢɧɞɪɚ 
ɛɭɞɭɬ ɪɚɜɧɵ ɪɚɞɢɭɫɭ ɰɢɥɢɧɞɪɚ, ɚ ɞɥɹ ɜɫɟɣ ɫɮɟɪɵ ɨɧɢ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɤɚɤ 
X(Y)= R௖ ∙  ௜. ɉɨ ɨɫɢ Z ɤɨɨɪɞɢɧɚɬɵ ɪɚɜɧɨɩɪɚɜɧɵ. ɉɟɪɟɯɨɞ ɤ� ݊�ݏ
ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ  �∗ଶ = Ψ∗ଶ�∗ଵ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ ����Б೎ = |���Б| | �Ц�Б˔| , 
 ɝɞɟ �஼௜ =  ����Ц  , �Б˔ =  �Б˔�Б˙ . 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɠɞɭ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɛɵɥɚ 
ɭɫɬɚɧɨɜɥɟɧɚ ɥɢɧɟɣɧɚɹ ɫɜɹɡɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɞɚɧɧɵɦɢ ɬɨɱɤɚɦɢ. 
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Ɋɢɫ. 2. ɋɯɟɦɚ ɷɬɚɩɨɜ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 

ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ 

 

ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɚ-ɦɨɞɟɥɢ ɢ ɩɪɨɰɟɫɫɚ-ɨɪɢɝɢɧɚɥɚ 
ɛɵɥɢ ɩɪɢɧɹɬɵ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɩɪɨɰɟɫɫ 
ɲɥɢɮɨɜɚɧɢɹ ɞɟɬɚɥɟɣ: ݂(∆∑ ଵ, �௞ଵ, �஽ଵ,ݐெଵ,ܵଶଵ, ଵܵଵ, ℎ�ଵ) = Ͳ ; ݂(∆∑ ଶ, �௞ଶ, �஽ଶ,ݐெଶ,ܵଶଶ, ଵܵଶ, ℎ�ଶ) = ͳ, 

ɝɞɟ ݂(∆∑ ଵ, �௞ଵ, �஽ଵ,ݐெଵ,ܵଶଵ, ଵܵଵ, ℎ�ଵ) – ɭɫɥɨɜɢɹ ɨɛɪɚɛɨɬɤɢ ɢ ɜɵɯɨɞɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɦɨɞɟɥɢ, ݂(∆∑ ଶ, �௞ଶ, �஽ଶ,ݐெଶ,ܵଶଶ, ଵܵଶ, ℎ�ଶ) – ɭɫɥɨɜɢɹ 
ɨɛɪɚɛɨɬɤɢ ɢ ɜɵɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɨɪɢɝɢɧɚɥɚ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɩɨɥɧɟɧɧɵɯ ɪɟɲɟɧɢɣ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɪɢɬɟɪɢɢ 
ɩɨɞɨɛɢɹ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɩɪɨɝɧɨɡɢɪɭɟɬɫɹ ɫɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ 
ɩɪɨɰɟɫɫɚ ɨɪɢɝɢɧɚɥɚ ɢ ɟё ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɭɫɥɨɜɢɣ ɨɛɪɚɛɨɬɤɢ. Ɉɬɞɟɥɶɧɵɟ 
ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ ɢɦɟɸɬ ɜɢɞ: 
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ଵߨ =  �஽భ ∙ భ∆∑భ�ݐ ∙ ܵଶభ ∙ భ∆∑భ��భ�ݐ ∙ భ∆∑భ�ݐ
∙ ∆∑ ଵБ�஽భБ ∙ భБ�ݐ ∙ ∆∑ ଵБܵଶభБ ∙ ∑∆భБ�ݐ ଵБ��భБ ∙ భБ�ݐ

 �஽భ 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ 
ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ ɩɨɞɨɛɢɹ, ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɪɚɡɦɟɪɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɧɚɡɧɚɱɟɧɢɹ ɭɫɥɨɜɢɣ ɨɛɪɚɛɨɬɤɢ ɲɢɪɨɤɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ 
ɞɟɬɚɥɟɣ ɫɨ ɫɥɨɠɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɤɪɢɬɟɪɢɢ ɩɨɞɨɛɢɹ ɩɨɡɜɨɥɹɸɬ ɭɫɬɚɧɨɜɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ 
ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦ ɩɪɨɰɟɫɫɨɦ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ 
ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ. ɉɨɥɭɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ 
ɞɚɧɧɵɯ ɧɚ ɷɬɚɩɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɡɜɨɥɢɥɨ ɢɫɤɥɸɱɢɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɞɨɪɨɝɨɫɬɨɹɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; ɦɧɨɝɨɤɪɚɬɧɨ ɫɨɤɪɚɬɢɬɶ ɬɪɭɞɨёɦɤɨɫɬɶ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ; ɭɦɟɧɶɲɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɪɚɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ; 
ɫɮɨɪɦɢɪɨɜɚɬɶ ɛɚɡɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɪɢ ɟɟ ɨɬɫɭɬɫɬɜɢɢ ɜ ɧɨɪɦɚɬɢɜɧɨ-

ɩɪɚɜɨɜɨɣ ɛɚɡɟ. 
Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɢ ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɪɟɲɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ 

ɩɨɞɨɛɢɹ, ɮɢɡɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɪɚɡɦɟɪɧɨɫɬɟɣ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɥɭɱɟɧɢɟ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɬɟɯɧɨɥɨɝɢɣ ɫ ɩɨɦɨɳɶɸ 
ɦɟɧɟɟ ɡɚɬɪɚɬɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɨɩɵɬɧɵɯ ɪɚɛɨɬ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɂɡɥɨɠɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɢ 
ɩɨɜɵɲɟɧɢɢ ɤɜɚɥɢɮɢɤɚɰɢɢ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ 
ɫɥɨɠɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ: ɨɫɧɨɜɧɨɝɨ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 
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ȼɵɩɨɥɧɟɧ ɪɚɡɜɟɪɧɭɬɵɣ ɯɢɦɦɨɬɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɧɟɮɬɹɧɵɯ ɬɨɩɥɢɜ ɞɥɹ ɞɢɡɟɥɟɣ 
ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ. ɉɨɤɚɡɚɧɨ ɜɥɢɹɧɢɟ ɫɜɨɣɫɬɜ ɬɨɩɥɢɜ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ ɞɢɡɟɥɹ ɜ 
ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɉɛɨɫɧɨɜɚɧɨ ɩɪɢɦɟɧɟɧɢɟ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ ɢɡ ɬɹɠɟɥɵɯ ɢ 
ɥɟɝɤɢɯ ɞɢɡɟɥɶɧɵɯ ɧɚ ɛɚɡɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɰɟɧɤɢ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɪɚɡɧɵɯ ɫɨɪɬɨɜ ɢ 
ɦɚɪɨɤ ɧɟɮɬɹɧɨɝɨ ɬɨɩɥɢɜɚ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɨɩɥɢɜɨ, ɯɢɦɦɨɬɨɥɨɝɢɹ, ɬɨɩɥɢɜɧɵɟ ɫɦɟɫɢ, ɞɢɡɟɥɶɧɵɟ ɞɜɢɝɚɬɟɥɢ, 
ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ ɬɨɩɥɢɜɨ. 
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CHEMICAL ANALYSIS AND SELECTION OF GAS 

CONDENSATE AS FUEL FOR DIESEL ENGINES 

 

A detailed chemical analysis of oil fuels for diesel engines of a wide class was performed. 

The influence of fuel properties on the performance of diesel in different operating conditions is 

shown. Justified the use of fuel blends of heavy and light diesel on the basis of the statistical model 

evaluation of the compatibility of different varieties and brands of fuel oil. 

 

Key words: fuel, chemistry, fuel mixtures, diesel engines, alternative fuel. 

 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɜɚɠɧɟɣɲɟɟ 
ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɬɨɩɥɢɜɚ. 
ɉɪɨɛɥɟɦɚ ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɜɢɝɚɬɟɥɹ  ɹɜɥɹɟɬɫɹ 
ɤɨɦɩɥɟɤɫɧɨɣ ɢ ɬɪɟɛɭɟɬ ɚɧɚɥɢɡɚ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɵ «ɯɢɦɦɨɬɨɥɨɝɢɱɟɫɤɢɣ 
ɤɨɦɩɥɟɤɫ-ɞɜɢɝɚɬɟɥɶ-ɫɪɟɞɚ» (ɏɄȾɋ). Д1]. Ɉɛɟɫɩɟɱɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɢɡɟɥɶɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɢɯ ɫɨɯɪɚɧɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɹɬ ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɦɨɬɨɪɧɵɯ 
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ɬɨɩɥɢɜ. ɉɨɷɬɨɦɭ ɢɡɝɨɬɨɜɢɬɟɥɢ ɞɜɢɝɚɬɟɥɟɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɛɪɚɳɚɸɬɫɹ ɤ 
ɩɪɨɢɡɜɨɞɢɬɟɥɹɦ ɬɨɩɥɢɜ ɢ ɩɪɢɧɢɦɚɸɬ ɫɨɜɦɟɫɬɧɵɟ ɩɪɨɝɪɚɦɦɵ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 
ɪɟɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ Д6 – 9]. 

ȼɫɟ ɯɢɦɦɨɬɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɫɜɹɡɚɧɵ ɫ 
ɷɧɟɪɝɨɨɛɪɚɡɨɜɚɧɢɟɦ ɢ ɜɧɨɫɹɬ ɜɤɥɚɞ ɜ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ. ȼɨɫɩɥɚɦɟɧɟɧɢɟ 
ɢ ɝɨɪɟɧɢɟ ɬɨɩɥɢɜɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɸɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ. ɉɨɞɚɱɚ ɬɨɩɥɢɜɚ, ɢɫɩɚɪɟɧɢɟ ɢ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɟ ɹɜɥɹɸɬɫɹ 
ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɤ ɧɢɦ. Ɉɛɪɚɡɨɜɚɧɢɟ ɨɬɥɨɠɟɧɢɣ ɢ ɬɨɤɫɢɱɟɫɤɢɯ 
ɩɪɨɞɭɤɬɨɜ ɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɚɯ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ, ɤɚɤ ɧɟɢɡɛɟɠɧɵɣ 
ɪɟɡɭɥɶɬɚɬ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ. ȼɟɫɶ ɩɟɪɢɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɜɢɝɚɬɟɥɹ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ  ɬɟɩɥɨɜɵɦɢ ɢ ɤɨɪɪɨɡɢɨɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɨɩɪɟɞɟɥɹɟɦɵɦɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶɸ ɦɟɬɚɥɥɚ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɚɝɪɟɫɫɢɜɧɨɫɬɶɸ 
ɬɨɩɥɢɜ. ɋɦɚɡɵɜɚɧɢɟ ɬɪɭɳɢɯɫɹ ɞɟɬɚɥɟɣ ɬɨɩɥɢɜɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɦɟɯɚɧɢɡɦɨɜ ɜɩɪɵɫɤɚ, ɫɧɢɠɚɟɬ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ ɢ ɢɡɧɨɫ.  

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɨɩɥɢɜɚ ɜ ɞɜɢɝɚɬɟɥɟ ɡɚɜɢɫɢɬ ɨɬ 
ɫɨɯɪɚɧɹɟɦɨɫɬɢ ɤɚɱɟɫɬɜɚ ɬɨɩɥɢɜɚ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɚɛɢɥɶɧɨɫɬɶɸ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɜ ɭɫɥɨɜɢɹɯ ɯɪɚɧɟɧɢɹ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɹ ɢ 
ɩɟɪɟɤɚɱɤɢ Д1Ж. 

ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɧɚɪɹɞɭ ɫ 
ɭɫɥɨɜɢɹɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɬɨɤɫɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɬɨɩɥɢɜ, ɬɨɤɫɢɱɧɨɫɬɶɸ 
ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɢ ɩɨɠɚɪɨɨɩɚɫɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɨɩɥɢɜ Д6Ж.     

ɏɢɦɦɨɬɨɥɨɝɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɬɨɩɥɢɜɚ ɞɥɹ ɞɢɡɟɥɟɣ. ɉɪɢɦɟɧɹɟɦɵɟ 
ɧɟɮɬɹɧɵɟ ɬɨɩɥɢɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɬɨɞɚ ɢɯ ɩɨɥɭɱɟɧɢɹ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɞɜɚ 
ɜɢɞɚ:  ɞɢɫɬɢɥɥɹɬɧɵɟ ɢ ɬɹɠɟɥɵɟ. Ⱦɢɫɬɢɥɥɹɬɧɵɟ ɬɨɩɥɢɜɚ ɫɨɫɬɨɹɬ ɢɡ ɥɟɝɤɢɯ 
ɮɪɚɤɰɢɣ, ɩɨɥɭɱɚɟɦɵɯ ɞɢɫɬɢɥɥɹɰɢɟɣ ɜ ɭɫɬɚɧɨɜɤɚɯ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɧɟɮɬɢ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɚɥɨɣ ɜɹɡɤɨɫɬɶɸ ν= 3 – 6 ɦɦ2/ɫ ɢ ɩɨɷɬɨɦɭ ɧɟ ɧɭɠɞɚɸɬɫɹ ɜ 
ɩɨɞɨɝɪɟɜɟ ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɤ ɞɜɢɝɚɬɟɥɹɦ ɢɥɢ ɤɨɬɥɚɦ. Ɍɹɠɟɥɵɟ ɬɨɩɥɢɜɚ 
ɩɪɟɞɫɬɚɜɥɹɸɬ  ɫɨɛɨɣ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɨɫɬɚɬɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɩɟɪɟɪɚɛɨɬɤɢ 
ɧɟɮɬɢ ɢ ɞɢɫɬɢɥɥɹɬɨɜ [4]. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɥɟɝɤɢɯ ɢ ɬɹɠɟɥɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜɹɡɤɨɫɬɶ 
ɬɹɠɟɥɵɯ ɬɨɩɥɢɜ, ɤɚɤ ɢ ɞɪɭɝɢɟ ɢɯ ɩɨɤɚɡɚɬɟɥɢ, ɜɚɪɶɢɪɭɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ 
[10 – 12Ж. Ʉɚɱɟɫɬɜɨ ɬɨɩɥɢɜ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬɫɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦɢ ɫɬɚɧɞɚɪɬɚɦɢ ɢ 
ɬɟɯɧɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ. 

ɇɚɱɚɜɲɢɣɫɹ ɪɚɧɟɟ ɢ ɜɫɟ ɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɵɣ ɩɪɨɰɟɫɫ ɜɨɜɥɟɱɟɧɢɹ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɨɩɥɢɜ ɩɪɨɞɭɤɬɨɜ ɜɬɨɪɢɱɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɧɟɮɬɢ ɩɨɬɪɟɛɨɜɚɥ 



122 
 

 

ɩɟɪɟɫɦɨɬɪɚ ɞɟɣɫɬɜɭɸɳɢɯ ɫɬɚɧɞɚɪɬɨɜ ɢ ɫɩɟɰɢɮɢɤɚɰɢɣ, ɪɚɫɲɢɪɟɧɢɹ ɩɪɟɞɟɥɶɧɵɯ 
ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɢ ɩɪɢɜɥɟɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
(ɬɚɤɢɯ, ɤɚɤ ɫɨɞɟɪɠɚɧɢɟ ɚɥɸɦɢɧɢɹ, ɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɬɨɩɥɢɜ ɢ ɞɪ.). 

Ⱦɢɫɬɢɥɥɹɬɧɵɟ ɬɨɩɥɢɜɚ. ɇɟɮɬɹɧɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ ɩɨɫɬɚɜɥɹɟɬ ɧɚ ɮɥɨɬ ɢ 
ɬɪɚɧɫɩɨɪɬ  ɫɭɞɨɜɨɟ ɦɚɥɨɜɹɡɤɨɟ ɬɨɩɥɢɜɨ (ɋɆɌ), ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɡɚɦɟɧɵ 
ɞɢɡɟɥɶɧɨɝɨ ɢ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɬɨɩɥɢɜ. ɉɨɫɥɟɞɧɟɟ ɜɵɪɚɛɚɬɵɜɚɸɬ ɩɭɬɟɦ 
ɫɦɟɲɢɜɚɧɢɹ ɞɢɫɬɢɥɥɹɬɨɜ ɜɬɨɪɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ (ɤɨɤɫɨɜɚɧɢɹ, ɬɟɪɦɢɱɟɫɤɨɝɨ ɢ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɤɪɟɤɢɧɝɚ) ɫ ɞɢɡɟɥɶɧɵɦɢ ɮɪɚɤɰɢɹɦɢ ɫ ɩɨɜɵɲɟɧɧɵɦ ɤɨɧɰɨɦ 
ɤɢɩɟɧɢɹ, ɜɡɹɬɵɦɢ ɢɡ ɚɬɦɨɫɮɟɪɧɨɣ ɢ ɜɚɤɭɭɦɧɨɣ ɤɨɥɨɧɧ [7].  

Ɍɹɠɟɥɵɟ ɬɨɩɥɢɜɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɦɟɫɢ ɩɪɹɦɨɝɨɧɧɵɯ, ɚ ɜ ɩɨɫɥɟɞɧɢɟ 
ɝɨɞɵ – ɤɪɟɤɢɧɝ-ɨɫɬɚɬɤɨɜ ɫ ɞɢɫɬɢɥɥɹɬɚɦɢ. ɉɨ ɜɹɡɤɨɫɬɢ ɬɨɩɥɢɜɚ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ 
ɞɜɚ ɜɢɞɚ – ɫɪɟɞɧɟɜɹɡɤɢɟ (ν50 ɞɨ 35 ɦɦ2/ɫ) ɢ ɜɵɫɨɤɨɜɹɡɤɢɟ (ν50> 35 ɦɦ2/ɫ). ɂɡ 
ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɬɨɩɥɢɜ ɤ ɫɪɟɞɧɟɜɹɡɤɢɦ ɩɪɢɧɹɬɨ ɨɬɧɨɫɢɬɶ ɦɨɬɨɪɧɨɟ ɬɨɩɥɢɜɨ ȾɌ 
(ȽɈɋɌ 1667-68) ɢ ɮɥɨɬɫɤɢɣ ɦɚɡɭɬ Ɏ-5 (ȽɈɋɌ 10585-75), ɯɨɬɹ ɜɟɪɯɧɢɣ ɩɪɟɞɟɥ 
ɢɯ ɜɹɡɤɨɫɬɢ ɩɪɟɜɨɫɯɨɞɢɬ 35 ɦɦ2/ɫ.  

ɋɪɟɞɧɟɜɹɡɤɢɟ ɬɨɩɥɢɜɚ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɧɟ ɬɨɥɶɤɨ ɜ ɝɥɚɜɧɵɯ ɦɚɥɨ- ɢ 
ɫɪɟɞɧɟɨɛɨɪɨɬɧɵɯ ɞɜɢɝɚɬɟɥɹɯ, ɧɨ ɢ ɜ ɞɜɢɝɚɬɟɥɹɯ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɞɢɡɟɥɶ-

ɝɟɧɟɪɚɬɨɪɨɜ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɵ ɩɨɞɨɝɪɟɜ ɬɨɩɥɢɜɚ ɜ ɬɚɧɤɚɯ ɡɚɩɚɫɚ (ɦɟɫɬɧɵɣ 
ɩɨɞɨɝɪɟɜ ɭ ɩɪɢɟɦɧɨɝɨ ɩɚɬɪɭɛɤɚ), ɜ ɨɬɫɬɨɣɧɵɯ ɢ ɪɚɫɯɨɞɧɵɯ ɰɢɫɬɟɪɧɚɯ ɢ ɩɟɪɟɞ 
ɞɜɢɝɚɬɟɥɟɦ ɢ ɤɨɬɥɨɦ, ɚ ɬɚɤɠɟ ɷɮɮɟɤɬɢɜɧɚɹ ɨɱɢɫɬɤɚ [6].  

ȼɵɫɨɤɨɜɹɡɤɢɟ ɬɨɩɥɢɜɚ: ɬɨɩɨɱɧɵɣ ɦɚɡɭɬ ɦɚɪɤɢ 40 ɢɥɢ 40ȼ (ȽɈɋɌ 10585-

75) – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɚɭɧɞɢɪɨɜɚɧɧɨɟ ɩɪɹɦɨɝɨɧɧɨɟ ɬɨɩɥɢɜɨ ɜɹɡɤɨɫɬɶɸ 
ɞɨ 170 ɦɦ2/ɫ ɩɪɢ 50°ɋ. Ɉɧ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ  ɬɟɦɩɟɪɚɬɭɪɨɣ ɡɚɫɬɵɜɚɧɢɹ (ɞɨ 
25°ɋ) ɢ ɜɵɫɨɤɨɣ ɡɨɥɶɧɨɫɬɶɸ (ɞɨ 0,12 %).  

Ɇɚɡɭɬ Ɇ40 ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɜɢɞɨɦ ɬɨɩɥɢɜɚ ɞɥɹ ɦɚɥɨɨɛɨɪɨɬɧɵɯ 
ɞɢɡɟɥɟɣ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɢɯ ɫɢɫɬɟɦɚ ɬɨɩɥɢɜɨɩɨɞɝɨɬɨɜɤɢ ɨɫɧɚɳɟɧɚ 
ɷɮɮɟɤɬɢɜɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɨɱɢɫɬɤɢ ɢ ɩɨɞɨɝɪɟɜɚ. Ɂɚɦɟɧɢɬɟɥɟɦ ɬɨɩɨɱɧɨɝɨ 
ɦɚɡɭɬɚ ɫɥɭɠɢɬ ɦɨɬɨɪɧɨɟ ɬɨɩɥɢɜɨ ȾɆ ɜɹɡɤɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 150 ɦɦ2/ɫ, 
ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɧɟ ɛɨɥɟɟ 1,5 %, ɧɨ ɡɨɥɶɧɨɫɬɶ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 0,15 % Д2, 3Ж.  

Ⱦɥɹ ɜɵɫɨɤɨɜɹɡɤɢɯ ɬɨɩɥɢɜ ɯɚɪɚɤɬɟɪɧɵ ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɚɪɨɦɚɬɢɤɨɜ, ɫɦɨɥ, ɚɫɮɚɥɶɬɟɧɨɜ, ɚ ɬɚɤɠɟ ɫɟɪɵ, ɡɨɥɵ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ 
[2, 6, 10 – 12]. 

Ƚɪɭɩɩɨɜɨɣ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɦɨɬɨɪɧɵɯ ɬɨɩɥɢɜ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ 

ɫɨɫɬɚɜɚ ɧɟɮɬɢ, ɢɡ ɤɨɬɨɪɨɣ ɜɵɪɚɛɨɬɚɧ ɞɚɧɧɵɣ ɧɟɮɬɟɩɪɨɞɭɤɬ Д2, 3, 7Ж. ȿɫɥɢ ɞɥɹ 
ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɩɨɞɨɝɪɟɜɟ ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɹɡɤɨɫɬɢ ɨɬɩɚɞɚɟɬ, 
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ɬɨ ɞɥɹ ɬɹɠɟɥɵɯ ɬɨɩɥɢɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜ ɩɚɪɨɜɵɯ ɢɥɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɨɞɨɝɪɟɜɚɬɟɥɹɯ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɢɯ ɩɨɞɝɨɬɨɜɤɢ, 
ɬɚɤ ɤɚɤ ɬɨɥɶɤɨ ɷɬɢɦ ɩɭɬɟɦ ɦɨɠɧɨ ɞɨɫɬɢɝɧɭɬɶ ɬɪɟɛɭɟɦɨɣ ɦɟɧɶɲɟɣ ɜɹɡɤɨɫɬɢ. 
ȼɥɢɹɧɢɟ ɜɹɡɤɨɫɬɢ ɢ ɫɠɢɦɚɟɦɨɫɬɢ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɜɩɪɵɫɤɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɤɨɧɫɬɪɭɤɰɢɢ ɬɨɩɥɢɜɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɪɚɡɥɢɱɧɨ, ɧɨ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɨɧɨ ɜ ɬɨɣ 
ɢɥɢ ɢɧɨɣ ɦɟɪɟ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɪɚɫɩɵɥɢɜɚɧɢɹ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ [11].  

ɋɬɚɛɢɥɶɧɨɫɬɶ ɬɨɩɥɢɜɧɵɯ ɫɦɟɫɟɣ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ 
ɧɟɮɬɢ ɞɨɛɵɜɚɸɬ ɜ ɜɨɫɬɨɱɧɵɯ ɪɚɣɨɧɚɯ Ɋɨɫɫɢɢ ɢ ɞɥɹ ɧɟɟ ɯɚɪɚɤɬɟɪɧɨ 
ɩɨɜɵɲɟɧɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɚɫɮɚɥɶɬɟɧɨɜ (ɞɨ 6%) ɢ ɫɦɨɥɢɫɬɵɯ ɜɟɳɟɫɬɜ, 
ɩɨɫɬɚɜɥɹɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɹɡɤɢɟ ɬɨɩɥɢɜɚ ɫɨɞɟɪɠɚɬ ɞɨ 25 % ɫɦɨɥɢɫɬɨ-

ɚɫɮɚɥɶɬɟɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɢ ɢɯ ɜɥɢɹɧɢɟɦ ɧɚ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɨɩɥɢɜɧɨɣ 
ɫɦɟɫɢ ɩɪɟɧɟɛɪɟɝɚɬɶ ɧɟɥɶɡɹ Д3, 6, 10,11Ж. 

ɑɬɨɛɵ ɨɰɟɧɢɬɶ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ ɢɡ ɧɟɮɬɹɧɵɯ ɬɨɩɥɢɜ, 
ɧɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɝɪɭɩɩ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɠɢɞɤɢɯ 
ɬɨɩɥɢɜ: ɩɚɪɚɮɢɧɨɜɵɯ, ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɦɨɥ, ɚɫɮɚɥɶɬɟɧɨɜ. Д7Ж. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ ɩɨ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɞɥɹ 
ɰɟɥɨɝɨ ɪɹɞɚ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ ɬɢɩɚ ɩɚɪɚɮɢɧɨɜɵɟ – ɧɚɮɬɟɧɨɜɵɟ, ɩɚɪɚɮɢɧɨɜɵɟ – 

ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɧɚɮɬɟɧɨɜɵɟ – ɚɪɨɦɚɬɢɱɟɫɤɢɟ, ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɫɦɟɫɢ 
ɬɨɩɥɢɜ, ɫɨɞɟɪɠɚɳɢɟ ɬɨɥɶɤɨ ɭɤɚɡɚɧɧɵɟ ɝɪɭɩɩɵ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɨɛɪɚɡɭɸɬ 
ɫɬɚɛɢɥɶɧɵɟ ɫɦɟɫɢ, ɧɟ ɪɚɫɫɥɚɢɜɚɸɳɢɟɫɹ ɩɪɢ ɯɪɚɧɟɧɢɢ. 

ɉɪɢ ɫɦɟɲɟɧɢɢ ɜɹɡɤɨɝɨ ɬɨɩɥɢɜɚ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɹɬ ɚɫɮɚɥɶɬɟɧɵ, ɫ 
ɦɚɥɨɜɹɡɤɢɦ ɬɨɩɥɢɜɨɦ, ɫɨɞɟɪɠɚɳɢɦ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɮɢɧɨ-

ɧɚɮɬɟɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɭɦɟɧɶɲɚɸɬɫɹ ɬɨɥɳɢɧɵ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɫɥɨɹ 
ɜɨɤɪɭɝ ɱɚɫɬɢɰ ɚɫɮɚɥɶɬɟɧɨɜ ɢ ɩɪɢ ɢɯ ɫɬɨɥɤɧɨɜɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɤɨɚɝɭɥɹɰɢɹ, 
ɤɨɬɨɪɚɹ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɪɚɫɫɥɨɟɧɢɟ ɬɨɩɥɢɜɧɨɣ ɫɦɟɫɢ [8]. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɜ ɫɦɟɫɢ ɞɨɥɢ ɬɹɠɟɥɨɝɨ ɬɨɩɥɢɜɚ ɟɟ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɨɜɵɲɚɟɬɫɹ. Ⱦɥɹ ɫɦɟɫɢ ɞɢɡɟɥɶɧɨɝɨ ɢ ɦɨɬɨɪɧɨɝɨ ɬɨɩɥɢɜ ɧɚɢɦɟɧɟɟ 
ɫɬɚɛɢɥɶɧɵ ɫɦɟɫɢ ɫ ɫɨɞɟɪɠɚɧɢɟɦ 15 – 25% ɬɨɩɥɢɜɚ ȾɌ Д2, 3Ж. 

ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɜɹɡɤɨɝɨ ɬɨɩɥɢɜɚ ɫɬɚɛɢɥɢɡɢɪɭɟɬ 
ɚɫɮɚɥɶɬɟɧɵ ɛɥɚɝɨɞɚɪɹ ɜɜɟɞɟɧɢɸ ɢɡɛɵɬɤɚ ɫɦɨɥ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɧɚɦɢ, ɞɚɧɧɵɟ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɪɹɞɚ ɬɨɩɥɢɜ ɞɥɹ ɞɢɡɟɥɶɧɵɯ ɞɜɢɝɚɬɟɥɟɣ. ȼ ɞɚɧɧɨɣ ɬɚɛɥɢɰɟ ɧɚɦɢ ɨɛɨɛɳɟɧɵ 
ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɝɪɭɩɩɨɜɨɣ ɢ ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɪɚɫɱɟɬɨɦ ɨɩɪɟɞɟɥɹɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɪɚɡɧɵɯ ɫɨɪɬɨɜ ɢ ɦɚɪɨɤ 
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ɬɨɩɥɢɜɚ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɦɟɫɟɣ ɤɚɤ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɬɨɩɥɢɜɨ, ɬɚɤ 
ɢ ɭɦɟɧɶɲɟɧɢɹ ɬɨɤɫɢɱɧɨɫɬɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɞɢɡɟɥɟɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɫɦɟɫɟɣ ɬɹɠёɥɵɯ ɢ ɥёɝɤɢɯ (ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɨɥɟɟ ɱɢɫɬɵɯ) ɬɨɩɥɢɜ [10]. 

Ɍɚɛɥɢɰɚ 1 

Ɇɚɪɤɚ ɬɨɩɥɢɜɚ 

ȼɹɡ-

ɤɨɫɬɶ 

ν20, 

ɦɦ2/ɫ 

ɉɥɨɬ-

ɧɨɫɬɶ 
ρ4

20
, 

ɝ/ɫɦ 

ɉɚɪɚ-

ɮɢɧɨ-

ɜɵɟ (ɉ), 
% 

ɇɚɮ-

ɬɟɧɨ-

ɜɵɟ 
(ɇ), % 

Ⱥɪɨ-

ɦɚɬɢ-

ɤɢ (Ⱥ), 
% 

Ɏɪɚɤɰɢɨɧɧɵɣ 
ɫɨɫɬɚɜ, °ɋ 

t10% t50% t90% 

Ɍɨɩɥɢɜɨ ɪɚɫɲɢɪɟɧɧɨɝɨ 
ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ 
Ɍɍ 38.401500-84 

6,0 0,811 46,0 40,0 14,0 100 290 370 

Ɍɨɩɥɢɜɨ ɭɬɹɠɟɥɟɧɧɨɝɨ 
ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ 
(ɍɎɋ), Ɍɍ 38.001355-86 

6,5 0,840 40,0 42,0 18,0 190 290 380 

Ɍɨɩɥɢɜɨ ɲɢɪɨɤɨɝɨ 
ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ 
(ɒɎɋ) 

5,5 0,790 39,2 42,8 18,0 ɉɈ 250 340 

Ɍɨɩɥɢɜɨ ɦɨɬɨɪɧɨɟ ɦɚɪɤɢ 
ȾɌ, ȽɈɋɌ 1667-68 

4,4 0,930 38,0 36,0 26,0 255 355 460 

Ɍɨɩɥɢɜɨ ɝɚɡɨɬɭɪɛɢɧɧɨɟ 
(ɌȽȼɄ), ȽɈɋɌ 10433-82 

3,6 0,860 39,0 39,0 32,0 210 290 360 

Ɍɨɩɥɢɜɨ ɞɢɡɟɥɶɧɨɟ ɦɚɪɤɢ 
«3», ȽɈɋɌ 305-82 

4,5 0,820 43,4 35,3 21,3 190 280 340 

Ɍɨɩɥɢɜɨ ɞɢɡɟɥɶɧɨɟ ɦɚɪɤɢ 
«Ʌ», ȽɈɋɌ 305-82 

6,0 0,835 41,0 40,0 19,0 180 250 360 

ɋɢɧɬɟɬɢɱɟɫɤɨɟ ɠɢɞɤɨɟ 
ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ 
(ɋɀɌ) ɢɡ ɭɝɥɟɣ 

6,2 0,842 33,4 26,4 40,2 196 252 315 

Ɍɨɩɥɢɜɨ ɫɭɞɨɜɨɟ ɦɚ-

ɥɨɜɹɡɤɨɟ (ɋɆɌ), Ɍɍ 
38.101567-87 

11,4 0,890 32,4 38,8 28,8 240 345 400 

Ɉɩɵɬɧɨɟ №1 ɋɆɌ 
(Ȼɚɲɇɂɂ ɇɉ) 

4,8 0,845 32,4 30,5 28,9 205 285 355 

Ɉɩɵɬɧɨɟ №2 ɋɆɌ 
(Ȼɚɲɇɂɂ ɇɉ) 

2,8 0,812 48,2 30,5 11,3 ɉɈ 295 360 

Ɉɩɵɬɧɨɟ №3 ɋɆɌ 
(Ȼɚɲɇɂɂ ɇɉ) 

9,2 0,880 22,8 27,1 50,1 255 350 380 

Ɉɩɵɬɧɨɟ №4 ɋɆɌ 
(Ȼɚɲɇɂɂ ɇɉ) 

5,5 0,838 34,8 24,0 41,2 120 245 335 

Ƚɚɡɨɜɵɣ ɤɨɧɞɟɧɫɚɬ (ȽɄ) 
(ȼɭɥɬɵɤɫɤɨɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɟ) 

1,7 0,730 70 18 12 70 147 350 

Ƚɚɡɨɜɵɣ ɤɨɧɞɟɧɫɚɬ (ȽɄ) 
(Ɉɪɟɧɛɭɪɝɫɤɨɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɟ) 

1,2 0,740 70 20 10 40 85 200 

 

ȼɵɜɨɞɵ. 
1. Ɉɩɵɬɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɢ ɩɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ Д1–3, 6, 
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7, 11, 12Ж, ɱɬɨ ɜɟɫɨɜɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɨɩɥɢɜɧɨɣ ɫɢɫɬɟɦɵ ɞɢɡɟɥɹ ɧɚ 
ɫɠɢɠɟɧɧɨɦ ɝɚɡɟ, ȾɆɗ, ɫɩɢɪɬɚɯ, ɛɟɧɡɢɧɚɯ, ɦɚɥɨɜɹɡɤɢɯ ȽɄ ɢ ɞɪɭɝɢɯ ɥɟɝɤɢɯ 
ɬɨɩɥɢɜɚɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɧɚ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ 
ɭɦɟɧɶɲɚɟɬɫɹ ɜ ɫɪɟɞɧɟɦ ɞɨ 50 %. 

2. Ⱦɥɹ ɫɨɯɪɚɧɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɧɨɦɢɧɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɫɟɪɢɣɧɨɝɨ ɞɢɡɟɥɹ 
ɧɚ ɬɨɩɥɢɜɚɯ ɦɚɥɨɣ ɜɹɡ-ɤɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɬɨɩɥɢɜɧɨɝɨ ɧɚɫɨɫɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɟɝɨ ɩɟɪɟɪɟɝɭɥɢɪɨɜɤɢ (ɭɜɟɥɢɱɟɧɢɹ 
ɭɝɥɚ ɨɩɟɪɟɠɟɧɢɹ ɜɩɪɵɫɤɚ, ɫɧɢɠɟɧɢɹ ɭɫɢɥɢɹ ɡɚɬɹɝɚ ɩɪɭɠɢɧɵ ɮɨɪɫɭɧɤɢ, ɟɫɥɢ 
ɢɦɟɟɬɫɹ ɡɚɩɚɫ ɩɨ ɚɤɬɢɜɧɨɦɭ ɯɨɞɭ ɩɥɭɧɠɟɪɚ) ɢɥɢ ɩɭɬɟɦ ɡɚɦɟɧɵ ɫɟɪɢɣɧɵɯ 
ɩɥɭɧɠɟɪɧɵɯ ɩɚɪ ɩɚɪɚɦɢ ɛɨɥɶɲɟɝɨ ɞɢɚɦɟɬɪɚ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɪɚɫɱɟɬɨɦ Д13 – 14]. 

3. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɞɢɡɟɥɹɯ ɫɦɟɫɟɣ ɥɟɝɤɢɯ ɢ ɬɹɠɟɥɵɯ ɬɨɩɥɢɜ (ɛɟɡ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɟɝɭɥɢɪɨɜɨɤ ɬɨɩɥɢɜɧɨɣ ɚɩɩɚɪɚɬɭɪɵ) ɜɨɡɦɨɠɧɨ ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɜɹɡɤɨɫɬɢ ɫɦɟɫɢ ɜ ɩɪɟɞɟɥɚɯ ɟɟ ɡɧɚɱɟɧɢɣ ɞɥɹ ɬɨɩɥɢɜ ɩɨ ȽɈɋɌ 305-82. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɍɨɩɥɢɜɨ, ɫɦɚɡɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɠɢɞɤɨɫɬɢ: ɍɱɟɛɧɨɟ 
ɩɨɫɨɛɢɟ / ȼ. ȼ. Ɉɫɬɪɢɤɨɜ, ɋ. Ⱥ. ɇɚɝɨɪɧɨɜ ɢ ɞɪ. – Ɍɚɦɛɨɜ: ɂɡɞ-ɜɨ ɌȽɌɍ, 2008. – 

304 ɫ. 
2. Ɍɨɩɥɢɜɚ ɢ ɬɨɩɥɢɜɧɵɟ ɫɢɫɬɟɦɵ ɫɭɞɨɜɵɯ ɞɢɡɟɥɟɣ ДɌɟɤɫɬЖ / ɘ. Ⱥ. 

ɉɚɯɨɦɨɜ Дɢ  ɞɪ.Ж. – Ɇ. : ɌɪɚɧɫɅɢɬ, 2007. – 496 ɫ. 
3. ɋɟɥɢɜɟɪɫɬɨɜ, ȼ. Ɇ. ɗɤɨɧɨɦɢɹ ɬɨɩɥɢɜɚ ɧɚ ɪɟɱɧɨɦ ɮɥɨɬɟ ДɌɟɤɫɬЖ /  

ȼ. Ɇ. ɋɟɥɢɜɟɪɫɬɨɜ, Ɇ. ɂ. Ȼɪɚɫɥɚɜɫɤɢɣ. – Ɇ.: Ɍɪɚɧɫɩɨɪɬ, 1983. – 231 ɫ. 
4. Ɉ ɜɵɛɨɪɟ ɫɯɟɦ ɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦ 

ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢ ɬɹɠɟɥɵɯ ɬɨɩɥɢɜ ɜ ɞɢɡɟɥɹɯ. ȼ 2 ɱ. ɑ. 1. ДɌɟɤɫɬЖ / 
ȼ. Ɋ. ȼɟɞɪɭɱɟɧɤɨ, ȼ. ȼ. Ʉɪɚɣɧɨɜ ɢ ɞɪ. // Ɉɦɫɤɢɣ ɧɚɭɱɧɵɣ ɜɟɫɬɧɢɤ. ɋɟɪ. 
ɉɪɢɛɨɪɵ, ɦɚɲɢɧɵ ɢ ɬɟɯɧɨɥɨɝɢɢ. – 2010. – № 2 (90). – ɋ. 157 – 162. 

5. Ɉ ɜɵɛɨɪɟ ɫɯɟɦ ɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦ 
ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢ ɬɹɠɟɥɵɯ ɬɨɩɥɢɜ ɜ ɞɢɡɟɥɹɯ. ȼ 2 ɱ. ɑ. 2. ДɌɟɤɫɬЖ 
/ ȼ. Ɋ. ȼɟɞɪɭɱɟɧɤɨ, ȼ. ȼ. Ʉɪɚɣɧɨɜ ɢ ɞɪ. // Ɉɦɫɤɢɣ ɧɚɭɱɧɵɣ ɜɟɫɬɧɢɤ. ɋɟɪ. 
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ȼ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɜ ɨɛɳɟɦ ɨɛɴɟɦɟ ɫɪɟɞɫɬɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɫɧɚɳɟɧɢɹ 
ɫɜɵɲɟ 50% ɫɨɫɬɚɜɥɹɸɬ ɫɬɚɧɨɱɧɵɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɩɪɢɦɟɧɟɧɢɟ ɤɨɬɨɪɵɯ 
ɩɨɡɜɨɥɹɟɬ: 

ɧɚɞɟɠɧɨ ɛɚɡɢɪɨɜɚɬɶ ɢ ɡɚɤɪɟɩɥɹɬɶ ɨɛɪɚɛɚɬɵɜɚɟɦɭɸ ɞɟɬɚɥɶ, ɫ ɫɨɯɪɚɧɟɧɢɟɦ 
ɠёɫɬɤɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ; 

ɫɬɚɛɢɥɶɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɬɚɥɢ ɩɪɢ 
ɦɢɧɢɦɚɥɶɧɨɣ ɟё ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɜɚɥɢɮɢɤɚɰɢɢ ɪɚɛɨɱɟɝɨ; 

ɩɨɜɵɲɚɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɨɛɥɟɝɱɢɬɶ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɦɟɯɚɧɢɡɚɰɢɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ [1]. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɨɫɧɚɫɬɤɚ – ɫɪɟɞɫɬɜɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɫɧɚɳɟɧɢɹ, 
ɞɨɩɨɥɧɹɸɳɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɱɚɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ [2]. 

Ɋɚɫɫɦɨɬɪɢɦ ɞɟɬɚɥɶ ɬɢɩɚ «Ⱦɢɫɤ», ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɞɢɫɤ 
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. 

Ⱦɟɬɚɥɶ ɬɢɩɚ «Ⱦɢɫɤ», ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɢɫɤ ɞɢɚɦɟɬɪɨɦ 79,7 ɦɦ  ɫ  
ɩɚɡɚɦɢ ɬɢɩɚ «ɥɚɫɬɨɱɤɢɧ ɯɜɨɫɬ», ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɩɨ ɤɨɧɬɭɪɭ ɞɟɬɚɥɢ, ɜ ɰɟɧɬɪɟ 
ɪɚɫɩɨɥɨɠɟɧɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɢ ɭɫɬɚɧɨɜɨɱɧɵɟ ɨɬɜɟɪɫɬɢɹ. Ʉɨɥɢɱɟɫɬɜɨ ɩɚɡɨɜ 
ɪɚɜɧɨ 21, ɲɢɪɢɧɚ ɞɟɬɚɥɢ 24 ɦɦ. ɇɚ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɢɦɟɸɬɫɹ 
ɮɚɫɤɢ.Ɋɚɛɨɱɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɫɤɚ (ɩɚɡɵ) ɢɦɟɸɬ ɲɟɪɨɯɨɜɚɬɨɫɬɶ  
0,8 ɦɤɦ. ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɞɢɫɤ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹɢɡɝɨɬɨɜɥɟɧ ɢɡ ɬɢɬɚɧɚ 
ɦɚɪɤɢ ȼɌ3-1 ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɞɢɫɤɚ 
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɟɪɚɰɢɸ  ɲɥɢɮɨɜɚɧɢɟ, ɤɨɬɨɪɚɹ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɬɪɭɞɨɟɦɤɨɣ ɨɩɟɪɚɰɢɟɣ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɥɨɠɟɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɩɨɞ ɨɩɟɪɚɰɢɢ 
ɲɥɢɮɨɜɚɧɢɟ ɞɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ, ɡɚɬɪɚɱɢɜɚɟɦɨɝɨ ɧɚ ɨɤɨɧɱɚɬɟɥɶɧɭɸ 
ɨɛɪɚɛɨɬɤɭ ɢ ɞɨɫɬɢɠɟɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ. 

Ⱦɚɥɟɟ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɦɨɦɟɧɬɵ, ɩɨɡɜɨɥɹɸɳɟɟ ɧɚɢɛɨɥɟɟ 
ɬɨɱɧɨ ɪɚɫɫɱɢɬɚɬɶ ɢ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɨɫɧɚɫɬɤɭ ɞɥɹ ɞɚɧɧɨɣ ɞɟɬɚɥɢ, 
ɩɪɢɦɟɧɹɸɳɭɸɫɹ ɧɚ ɷɬɚɩɟ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɢ ɲɥɢɮɨɜɚɧɢɟ.  

Ɉɛɪɚɛɚɬɵɜɚɟɦɚɹ ɞɟɬɚɥɶ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɜɫɥɟɞɫɬɜɢɟ ɞɟɣɫɬɜɢɹ ɫɢɥ 
ɤɚɤ ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ, ɬɚɤ ɢ ɡɚɠɢɦɚ ɢ ɪɟɚɤɰɢɢ ɨɩɨɪ. 
Ɉɫɧɨɜɧɵɦɢ ɫɢɥɚɦɢ ɡɚɠɢɦɚ ɪɟɞɤɨ ɭɱɢɬɵɜɚɸɬɫɹ ɫɢɥɵ ɜɟɫɚ, ɰɟɧɬɪɨɛɟɠɧɵɟ ɢ 
ɢɧɟɪɰɢɨɧɧɵɟ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɨɛɪɚɛɨɬɤɢ [3]. 
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Ɋɢɫ. 1. ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɞɢɫɤ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

 

Ⱦɢɚɦɟɬɪ ɩɨɪɲɧɹ ɧɚɯɨɞɢɦ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

2 ;ɢɫɯP
d D

P 
 -

 
 (1) 

ɝɞɟ  Ɋ – ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ ɜ ɰɢɥɢɧɞɪɟ, ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɵɦ Ɋ = 0,80 Ɇɉɚ; 
886,18

80 2 41,7
3,14 0,8 0,85

d  -  
 

ɦɦ.  

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɨɤɪɭɝɥɹɟɦ ɞɨ ɫɬɚɧɞɚɪɬɧɨɝɨ d  = 40 ɦɦ. 
Ɋɚɫɱёɬ ɧɚ ɫɦɹɬɢɟ. 
ȼ ɨɛɳɟɦ ɜɢɞɟ ɭɫɥɨɜɢɟ ɫɦɹɬɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ: 

;)()( ȾɋɆɊɋɆ    (2) 

ɝɞɟ ɊɋɆ )( , ȾɋɆ )( – ɪɚɫɱɟɬɧɨɟ ɢ ɞɨɩɭɫɬɢɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɣ 

ɧɚɝɪɭɡɤɟ, Mɉɚ. ɆɉɚȾɋɆ 150)(  . 

Ɋɚɫɱɟɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɦɹɬɢɹ: 

;)(
k

ɊɋɆ
F

W
  (3) 

ɝɞɟ  W  – ɫɢɥɚ ɡɚɠɢɦɚ, ɇ; 

kF  – ɫɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɞɟɬɚɥɢ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ, ɦ . 

kF =0,0101ɦ2
. 

Ɋɚɫɫɱɢɬɚɟɦ ɪɚɫɱёɬɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɦɹɬɢɹ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɫɢɥɢɹ 
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ɡɚɠɢɦɚ: 
886,18

( ) 88623,65 0,09 .
0,0101

ɋɆ Ɋ Ɇɉɚ     

ɍɫɥɨɜɢɟ ɧɚ ɫɦɹɬɢɟ: 
Ɇɉɚ15027,0   

Ⱦɟɬɚɥɶ ɞɢɫɤ ɢɦɟɟɬ ɧɟ ɫɬɚɧɞɚɪɬɧɭɸ ɮɨɪɦɭ ɢ ɪɚɡɦɟɪ, ɱɬɨ ɭɫɥɨɠɧɹɟɬ 
ɨɛɪɚɛɨɬɤɭ. ɇɚ ɫɬɚɞɢɢ ɲɥɢɮɨɜɚɥɶɧɨɣ ɨɩɟɪɚɰɢɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɩɟɰɢɚɥɶɧɚɹ 
ɨɫɧɚɫɬɤɚ, ɞɥɹ ɡɚɤɪɟɩɥɟɧɢɹ ɞɟɬɚɥɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɣ ɨɫɧɚɫɬɤɢ ɩɨɡɜɨɥɢɬ: 

ɭɫɬɪɚɧɢɬɶ ɪɚɡɦɟɬɤɭ ɡɚɝɨɬɨɜɨɤ ɩɟɪɟɞ ɨɛɪɚɛɨɬɤɨɣ, ɩɨɜɵɫɢɬɶ ɟɟ ɬɨɱɧɨɫɬɶ, 
ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ ɧɚ ɨɩɟɪɚɰɢɢ, ɫɧɢɡɢɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ 
ɩɪɨɞɭɤɰɢɢ; 

ɨɛɥɟɝɱɢɬɶ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɢ ɨɛɟɫɩɟɱɢɬɶ ɟɟ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɪɚɫɲɢɪɢɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɪɝɚɧɢɡɨɜɚɬɶ ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ 
ɨɛɫɥɭɠɢɜɚɧɢɟ; 

ɩɪɢɦɟɧɢɬɶ ɬɟɯɧɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɟ ɧɨɪɦɵ ɜɪɟɦɟɧɢ ɢ ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ 
ɪɚɛɨɱɢɯ ɞɥɹ ɜɵɩɭɫɤɚ ɩɪɨɞɭɤɰɢɢ. 

ɉɪɨɟɤɬɢɪɭɟɦɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ (ɪɢɫ. 2) ɫɥɭɠɢɬ ɞɥɹ ɡɚɤɪɟɩɥɟɧɢɹ ɞɟɬɚɥɢ 
ɬɢɩɚ Ⱦɢɫɤ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ. 

ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɫɨɫɬɨɢɬ ɢɡ: ɩɧɟɜɦɨɰɢɥɢɧɞɪɚ – 1, ɡɚɠɢɦɧɵɯ ɤɭɥɚɱɤɨɜ – 2, 

ɨɩɨɪ – 3, ɤɪɟɫɬɨɨɛɪɚɡɧɨɣ ɡɚɤɪɟɩɥɹɸɳɟɣ ɩɥɚɫɬɢɧɵ – 4, ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɩɥɢɬɵ – 

11. ɗɥɟɦɟɧɬɵ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɫɤɪɟɩɥɹɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɛɨɥɬɚɦɢ – 5 ɢ 8, 
ɲɬɢɮɬɚɦɢ – 9, 10. 

Ⱦɟɬɚɥɶ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɤɭɥɚɱɤɢ ɡɚɠɢɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɡɚɠɢɦɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɩɧɟɜɦɨɰɢɥɢɧɞɪɚ, ɩɪɢ ɷɬɨɦ ɞɟɬɚɥɶ ɥɢɲɟɧɚ 5-ɢ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. 
ɉɧɟɜɦɨɰɢɥɢɧɞɪ ɤɪɟɩɹɬ ɧɚ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɩɥɢɬɭ ɩɪɢ ɩɨɦɨɳɢ ɩɚɡɨɜɵɯ ɛɨɥɬɨɜ. 
Ⱦɚɧɧɵɣ ɩɪɨɟɤɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɫɧɚɫɬɤɢ ɛɵɥ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɫ ɭɱɟɬɨɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ – ɲɥɢɮɨɜɚɧɢɟ ɢ ɩɨɞɯɨɞɢɬ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɧɚ 
ɜɵɛɪɚɧɧɨɦ ɫɬɚɧɤɟ.  
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Ɋɢɫ. 2. ɉɪɢɫɩɨɫɨɛɥɟɧɢɟ ɞɥɹ ɲɥɢɮɨɜɚɥɶɧɨɣ ɨɩɟɪɚɰɢɢ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɨɟ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɟ ɩɪɢɫɩɨɫɨɛɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ 
ɭɫɬɪɚɧɢɬɶ ɪɚɡɦɟɬɤɭ ɡɚɝɨɬɨɜɨɤ ɩɟɪɟɞ ɨɛɪɚɛɨɬɤɨɣ, ɩɨɜɵɫɢɬɶ ɟɟ ɬɨɱɧɨɫɬɶ, 
ɭɜɟɥɢɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ ɧɚ ɨɩɟɪɚɰɢɢ, ɫɧɢɡɢɬɶ ɫɟɛɟɫɬɨɢɦɨɫɬɶ 
ɩɪɨɞɭɤɰɢɢ, ɨɛɥɟɝɱɢɬɶ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɢ ɨɛɟɫɩɟɱɢɬɶ ɟɟ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɪɚɫɲɢɪɢɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɪɝɚɧɢɡɨɜɚɬɶ ɦɧɨɝɨɫɬɚɧɨɱɧɨɟ 
ɨɛɫɥɭɠɢɜɚɧɢɟ. 
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The potential of energy saving when conducting rheostatic testing of diesel locomotives is 

considered. A constructive solution has been proposed for an installation utilizing the heat obtained 

during rheostatic tests. 
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Ɋɟɨɫɬɚɬɧɵɟ ɢɫɩɵɬɚɧɢɹ ɬɟɩɥɨɜɨɡɨɜ ɩɪɨɢɡɜɨɞɹɬɫɹ ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ 
ɨɬɤɪɵɬɵɯ ɩɥɨɳɚɞɤɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɠɢɞɤɨɫɬɧɨɝɨ ɧɚɝɪɭɡɨɱɧɨɝɨ ɪɟɨɫɬɚɬɚ, 
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ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɛɚɤɚ, ɜ ɤɨɬɨɪɨɦ ɫɦɨɧɬɢɪɨɜɚɧɚ ɝɪɭɩɩɚ 
ɧɟɩɨɞɜɢɠɧɵɯ (ɨɛɵɱɧɨ ɨɬɪɢɰɚɬɟɥɶɧɵɯ) ɩɥɚɫɬɢɧ, ɚ ɦɟɠɞɭ ɧɢɦɢ – ɝɪɭɩɩɚ 
ɩɨɞɜɢɠɧɵɯ ɩɥɚɫɬɢɧ, ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɨɬ ɤɨɪɩɭɫɚ (ɪɢɫ. 1). 

Ɋɚɡɧɨɢɦɟɧɧɵɟ ɩɥɚɫɬɢɧɵ ɧɚɞɟɠɧɨ ɢɡɨɥɢɪɨɜɚɧɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɬɚɤ, ɱɬɨ 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɰɟɩɶ ɡɚɦɵɤɚɟɬɫɹ ɱɟɪɟɡ ɜɨɞɭ. ɉɥɚɫɬɢɧɵ ɩɨɞɧɢɦɚɸɬ ɢ ɨɩɭɫɤɚɸɬ 
ɦɟɯɚɧɢɡɦɨɦ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɪɟɞɭɤɬɨɪɚ, ɩɨɥɢɫɩɚɫɬɚ ɢ ɬɪɨɫɨɜɨɣ 
ɫɜɹɡɢ ɫ ɬɪɚɜɟɪɫɨɣ ɩɨɞɜɢɠɧɵɯ ɩɥɚɫɬɢɧ. ɉɪɢ ɩɨɝɪɭɠɟɧɢɢ ɩɨɞɜɢɠɧɵɯ ɩɥɚɫɬɢɧ ɜ 
ɜɨɞɭ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɰɟɩɢ ɩɚɞɚɟɬ, ɢ ɬɨɤ ɬɹɝɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɪɚɫɬɟɬ. Ɍɚɤɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɟɚɥɢɡɚɰɢɸ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɞɢɡɟɥɶ-

ɝɟɧɟɪɚɬɨɪɚ, ɪɚɛɨɬɭ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɧɚɝɪɭɡɨɤ ɬɹɝɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɬɟɩɥɨɜɨɡɚ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. ɋɩɟɰɢɚɥɶɧɚɹ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɚɩɩɚɪɚɬɭɪɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɤɨɧɬɪɨɥɹ ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɞɢɡɟɥɹ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ.  

 

Ɋɢɫ. 1. ɋɬɚɧɰɢɢ ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ ɬɟɩɥɨɜɨɡɨɜ ɫ ɠɢɞɤɨɫɬɧɵɦ 
ɧɚɝɪɭɡɨɱɧɵɦ ɪɟɨɫɬɚɬɨɦ 

 

Ɋɚɛɨɬɚ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɦ 
ɲɭɦɨɦ. Ʉ ɬɨɦɭ ɠɟ ɢɧɨɝɞɚ ɪɟɨɫɬɚɬɧɵɟ ɢɫɩɵɬɚɧɢɹ ɡɚɤɚɧɱɢɜɚɸɬɫɹ ɩɨɠɚɪɨɦ ɧɚ 
ɥɨɤɨɦɨɬɢɜɟ. ɉɨɷɬɨɦɭ ɢɫɩɵɬɚɬɟɥɶɧɵɟ ɩɨɡɢɰɢɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɨɬɤɪɵɬɵɯ 
ɩɥɨɳɚɞɤɚɯ ɭɞɚɥɟɧɧɵɯ ɨɬ ɨɫɧɨɜɧɵɯ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɰɟɯɨɜ ɢ ɨɬɞɟɥɟɧɢɣ (ɪɢɫ. 2). 
ɉɨɡɢɰɢɢ ɞɥɹ ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ ɬɟɩɥɨɜɨɡɨɜ ɜ ɞɟɩɨ ɞɨɥɠɧɵ ɪɚɫɩɨɥɚɝɚɬɶɫɹ 
ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ ɛɥɢɠɟ 300 ɦ ɨɬ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɡɞɚɧɢɣ, ɚ ɜ ɨɬɞɟɥɶɧɵɯ 
ɫɥɭɱɚɹɯ (ɩɪɢ ɛɥɢɡɤɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ) ɜɨɡɜɨɞɹɬɫɹ 
ɞɚɠɟ ɲɭɦɨɩɨɝɥɚɳɚɸɳɢɟ ɷɤɪɚɧɵ. 
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Ɋɢɫ. 2. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɫɬɚɧɰɢɢ ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 

ɬɟɩɥɨɜɨɡɨ-ɪɟɦɨɧɬɧɨɝɨ ɞɟɩɨ 
 

Ʉɨɧɫɬɪɭɤɰɢɹ ɜɨɞɹɧɨɝɨ ɧɚɝɪɭɡɨɱɧɨɝɨ ɪɟɨɫɬɚɬɚ ɭɩɪɨɳɟɧɧɨɦ ɜɢɞɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ «ɫɨɥɞɚɬɫɤɢɣ ɤɢɩɹɬɢɥɶɧɢɤ», ɝɞɟ ɞɜɚ ɛɪɢɬɜɟɧɧɵɯ ɥɟɡɜɢɹ, 
ɡɚɤɪɟɩɥɟɧɧɵɟ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɪɢɫɨɟɞɢɧɟɧɵ ɤ ɩɪɨɜɨɞɚɦ, 
ɞɪɭɝɢɦɢ ɤɨɧɰɚɦɢ ɜɫɬɚɜɥɟɧɧɵɦɢ ɜ ɪɨɡɟɬɤɭ. Ɍɨɥɶɤɨ ɷɬɨɬ ɤɢɩɹɬɢɥɶɧɢɤ ɩɨɝɥɨɳɚɟɬ 
ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɤɨɬɨɪɨɟ ɜ ɛɭɤɜɚɥɶɧɨɦ ɫɦɵɫɥɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
«ɭɥɟɬɚɟɬ ɜ ɬɪɭɛɭ», ɫɨɫɬɚɜɥɹɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ (ɪɢɫ. 3). 

ȼɨɞɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɧɟɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɧɚɝɪɟɜɚɟɬɫɹ, ɟɟ 
ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ, ɨɫɨɛɟɧɧɨ, ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɬɨɱɤɟ ɤɢɩɟɧɢɹ (ɢɥɢ ɤɢɩɢɬ). ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɤɨɥɟɛɚɧɢɣ 
ɧɚɝɪɭɡɤɢ, ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɫɬɨɹɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ tɜ ɜɨɞɵ ɜ ɛɚɤɟ 
(70 – 80°ɋ), ɢɡɦɟɧɹɹ ɟɟ ɤɨɥɢɱɟɫɬɜɨ. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ ɜ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɟɞɟɥɚɯ ɧɚɝɪɟɬɭɸ ɜɨɞɭ ɪɚɧɶɲɟ ɩɨ-ɩɪɨɫɬɨɦɭ ɫɩɭɫɤɚɥɢ ɜ 
ɤɚɧɚɥɢɡɚɰɢɸ, ɚ ɢɡ ɜɨɞɨɩɪɨɜɨɞɚ ɩɨɩɨɥɧɹɥɢ ɯɨɥɨɞɧɨɣ ɜɨɞɨɣ. ɉɪɢ ɬɚɤɨɦ 
«ɪɟɝɭɥɢɪɨɜɚɧɢɢ» ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɣ (ɱɢɫɬɨɣ ɜɨɞɨɩɪɨɜɨɞɧɨɣ) ɜɨɞɵ 
ɫɨɫɬɚɜɥɹɟɬ 0,5 ɥ/ɫɟɤ. ɉɪɚɜɞɚ, ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɪɟɞɥɚɝɚɟɬɫɹ ɝɨɪɹɱɭɸ ɜɨɞɭ 
ɧɚɩɪɚɜɥɹɬɶ ɜ ɨɬɞɟɥɶɧɵɟ ɛɚɫɫɟɣɧɵ-ɢɫɩɚɪɢɬɟɥɢ Д1Ж, ɧɨ ɟɫɬɶ ɥɢ ɝɞɟ-ɬɨ ɬɚɤɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɧɟɢɡɜɟɫɬɧɨ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɵ ɩɪɢɦɟɪɵ ɪɚɱɢɬɟɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɬɨɪɢɱɧɵɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ (ɪɢɫ. 4). ɇɚɩɪɢɦɟɪ ɭɬɢɥɢɡɚɰɢɹ ɬɟɩɥɨɬɵ ɪɟɨɫɬɚɬɧɵɯ 
ɫɬɚɧɰɢɣ ɧɚ ɧɭɠɞɵ ɜɟɧɬɢɥɹɰɢɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɰɟɯɨɜ (Ʌɨɤɨɦɨɬɢɜɧɨɟ ɞɟɩɨ 
Ɋɭɛɰɨɜɫɤ Ɂɚɩ.-ɋɢɛ. ɠ. ɞ.) ɢɥɢ ɨɬɨɩɥɟɧɢɟ ɨɪɚɧɠɟɪɟɣ ɧɚ ɩɪɢɦɵɤɚɸɳɢɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɨɬɵ ɨɬ 
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ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ (Ɇɢɱɭɪɢɧɫɤɢɣ ɌɊɁ ɘɝɨ- ȼɨɫɬ. ɠ. ɞ.). Ʉ 
ɫɨɠɚɥɟɧɢɸ, ɩɨɞɨɛɧɵɟ ɩɪɢɦɟɪɵ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɚɤ ɢ ɧɟ ɩɨɥɭɱɢɥɢ. 

 

Ɋɢɫ. 3. ɉɨɬɟɧɰɢɚɥ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɩɪɢ ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɬɟɩɥɨɜɨɡɨɜ 
 

ɉɨɫɤɨɥɶɤɭ ɫɬɚɧɰɢɢ ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ  ɜ ɞɟɩɨ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ 
ɡɧɚɱɢɬɟɥɶɧɨɦ ɭɞɚɥɟɧɢɢ ɨɬ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɡɞɚɧɢɣ, ɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɢɯ 
ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɬɪɟɛɭɟɬɫɹ ɡɚɬɪɚɬɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ ɫɢɫɬɟɦ ɜɨɞɨ-, ɬɟɩɥɨ- ɢ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɭɞɚɥɟɧɢɹ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɯ ɫɬɨɤɨɜ, ɚ ɷɬɨ ɫɨɡɞɚɟɬ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɛɥɟɦɵ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɧɢɠɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ. 

 

Ɋɢɫ. 4. ɉɪɢɦɟɪɵ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɬɨɪɢɱɧɵɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɧɚ ɨɛɴɟɤɬɚɯ ɯɨɥɞɢɧɝɚ ɈȺɈ «ɊɀȾ» 

 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢ ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɬɟɩɥɨɜɨɡɚ ɷɧɟɪɝɢɹ, 
ɜɵɪɚɛɚɬɵɜɚɟɦɚɹ ɞɢɡɟɥɶ-ɝɟɧɟɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɨɣ, ɬɪɚɬɢɬɫɹ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɜɨɞɵ 
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ɜ ɜɨɞɹɧɨɦ ɪɟɨɫɬɚɬɟ, ɤɨɬɨɪɭɸ ɡɚɬɟɦ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ ɨɯɥɚɠɞɚɸɬ. 
ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɨɪɹɱɟɣ ɜɨɞɵ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɧɟɜɨɡɦɨɠɧɨ ɩɨ ɪɹɞɭ ɩɪɢɱɢɧ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɜɨɞɭ ɜ ɪɟɨɫɬɚɬɧɨɦ ɛɚɤɟ ɱɚɫɬɨ ɩɨɞɫɚɥɢɜɚɸɬ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 
ɩɥɨɬɧɨɫɬɢ; ɜ ɜɨɞɟ ɫɨɞɟɪɠɢɬɫɹ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɨɤɚɥɢɧɚ, ɩɨɥɭɱɢɜɲɚɹɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɬɨɤɚ ɦɟɠɞɭ ɩɥɸɫɨɜɵɦɢ ɢ 

ɦɢɧɭɫɨɜɵɦɢ ɩɥɚɫɬɢɧɚɦɢ ɧɚɝɪɭɡɨɱɧɨɝɨ ɪɟɨɫɬɚɬɚ ɢ ɞɪ. 
ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɝɨɪɹɱɭɸ ɜɨɞɭ ɩɪɨɩɭɫɤɚɬɶ ɱɟɪɟɡ ɩɪɨɦɵɲɥɟɧɧɵɣ 

ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɞɥɹ ɧɚɝɪɟɜɚ ɜɨɞɵ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ 
ɫɬɚɧɰɢɢ ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ [2]. 

Ɋɚɡɥɢɱɚɸɬ ɞɜɟ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ: 
ɤɨɠɭɯɨɬɪɭɛɧɵɟ ɢ ɩɥɚɫɬɢɧɱɚɬɵɟ. Ȼɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ, ɷɤɨɧɨɦɢɱɧɵɦɢ ɢ 
ɞɨɥɝɨɜɟɱɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɥɚɫɬɢɧɱɚɬɵɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ. ɋɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ ɜ 
ɩɥɚɫɬɢɧɱɚɬɵɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ ɜ 3 – 4 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɜ ɤɨɠɭɯɨɬɪɭɛɧɵɯ. ɗɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɝɨɮɪɢɪɨɜɚɧɧɵɦ ɩɪɨɮɢɥɟɦ ɩɥɚɫɬɢɧ, ɢɡ ɤɨɬɨɪɵɯ ɨɧɢ ɫɨɫɬɨɹɬ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɟɪɟɞɚɸɳɟɣ ɬɟɩɥɨ, ɜ 3 – 4 ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɭ 
ɤɨɠɭɯɨɬɪɭɛɧɵɯ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɢ ɫɬɟɫɧɟɧɧɵɯ ɝɚɛɚɪɢɬɚɯ. Ɉɞɧɚɤɨ, ɜɨ-

ɩɟɪɜɵɯ, ɨɧɢ ɡɧɚɱɢɬɟɥɶɧɨ ɞɨɪɨɠɟ ɤɨɠɭɯɨɬɪɭɛɧɵɯ, ɚ ɜɨ-ɜɬɨɪɵɯ, ɨɧɢ ɛɨɥɟɟ 
ɬɪɟɛɨɜɚɬɟɥɶɧɵ ɤ ɠɟɫɬɤɨɫɬɢ ɜɨɞɵ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ, ɭɱɢɬɵɜɚɹ ɦɟɪɨɩɪɢɹɬɢɹ, 
ɤɨɬɨɪɵɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫ ɜɨɞɨɣ ɜ ɛɚɤɟ ɧɚɝɪɭɡɨɱɧɨɝɨ ɪɟɨɫɬɚɬɚ, ɫɬɚɪɚɹɫɶ ɩɨɜɵɫɢɬɶ 
ɩɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɨɥɢɬɚ (ɫɦɟɲɢɜɚɹ ɜɨɞɭ ɫ ɫɨɥɶɸ). Ⱦɥɹ ɤɨɠɭɯɨɬɪɭɛɧɵɯ ɠɟ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɧɟ ɤɪɢɬɢɱɧɵ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɫɬɚɧɰɢɹɯ ɪɟɨɫɬɚɬɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɢɯ ɛɨɥɶɲɚɹ ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶ, ɡɧɚɱɢɬɟɥɶɧɵɟ ɝɚɛɚɪɢɬɵ ɢ ɦɚɫɫɚ [3]. 

ɂɫɯɨɞɹ ɢɡ ɢɡɥɨɠɟɧɧɵɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ 
ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɡɞɚɧɢɹ ɫɬɚɧɰɢɢ 
ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ ɬɟɩɥɨɬɨɣ ɠɢɞɤɨɫɬɧɨɝɨ ɪɟɨɫɬɚɬɚ (ɪɢɫ. 5). 

ȼ ɤɚɱɟɫɬɜɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɫɢɫɬɟɦɭ «ɬɟɩɥɵɣ ɩɨɥ», ɩɥɢɧɬɭɫɧɨɟ ɨɬɨɩɥɟɧɢɟ ɢɥɢ ɨɬɨɩɢɬɟɥɶɧɵɟ ɫɬɟɧɨɜɵɟ 
ɩɚɧɟɥɢ ɫ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɩɪɟɞɟɥɚɯ 35 °ɋ, ɷɬɨ ɩɨɡɜɨɥɢɬ 
ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɩɥɨɬɭ ɪɚɛɨɱɟɣ ɟɦɤɨɫɬɢ ɩɪɢ ɟɟ ɪɚɡɪɹɞɤɟ ɩɪɢ 
ɭɫɥɨɜɢɢ ɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɤɚɤ ɬɟɩɥɨɚɤɤɭɦɭɥɹɬɨɪɚ. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ 
ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɤɨɪɪɨɡɢɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɩɨɪɧɭɸ ɚɪɦɚɬɭɪɭ 2 
ɫ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɜɫɬɚɜɤɚɦɢ ɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɨɬɤɪɵɬɢɹ/ɡɚɤɪɵɬɢɹ. ȼ 
ɫɥɭɱɚɟ ɪɚɡɪɹɞɤɢ ɪɚɛɨɱɟɣ ɟɦɤɨɫɬɢ (ɬɟɩɥɨɚɤɤɭɦɭɥɹɬɨɪɚ) ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɟɡɟɪɜɧɵɣ ɷɥɟɤɬɪɨɤɨɬɟɥ 3. 



136 
 

 

 

Ɋɢɫ. 5. ɋɯɟɦɚ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɪɟɲɟɧɢɹ, ɨɬɨɩɥɟɧɢɹ ɡɞɚɧɢɹ ɫɬɚɧɰɢɢ  
ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ ɜɬɨɪɢɱɧɵɦɢ ɷɧɟɪɝɨɪɟɫɭɪɫɚɦɢ ɢɡ ɧɚɝɪɭɡɨɱɧɨɣ  

ɟɦɤɨɫɬɢ ɠɢɞɤɨɫɬɧɨɝɨ ɪɟɨɫɬɚɬɚ:  

1 – ɧɚɝɪɭɡɨɱɧɚɹ ɟɦɤɨɫɬɶ ɪɟɨɫɬɚɬɧɨɣ ɫɬɚɧɰɢɢ, 2 – ɨɬɫɟɤɚɸɳɚɹ ɡɚɩɨɪɧɚɹ ɚɪɦɚɬɭɪɵ ɫ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ, 3 – ɩɢɤɨɜɵɣ (ɪɟɡɟɪɜɧɵɣ) ɷɥɟɤɬɪɨɤɨɬɟɥ, 4 – ɪɟɝɭɥɢɪɭɸɳɢɣ ɤɥɚɩɚɧ,  

5 – ɫɦɟɫɢɬɟɥɶɧɵɣ ɧɚɫɨɫ, 6 – ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ, 7 – ɷɥɟɤɬɪɨɧɧɵɣ ɪɟɝɭɥɹɬɨɪ ɬɟɦɩɟɪɚɬɭɪɵ,  
8 – ɲɤɚɮ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɫɨɫɨɜ ɫ ɱɚɫɬɨɬɧɨ-ɪɟɝɭɥɢɪɭɟɦɵɦ ɩɪɢɜɨɞɨɦ 

 

ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɦɚɥɨɢɧɟɪɰɢɨɧɧɵɦɢ, 
ɩɨɡɜɨɥɹɸɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɨɩɬɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ 
ɨɩɟɪɚɬɨɪɚ ɢ ɪɚɛɨɬɚɬɶ ɫ ɩɨɧɢɠɟɧɧɵɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɪɚɞɢɚɬɨɪɧɵɯ ɫɢɫɬɟɦ ɬɟɩɥɨɨɬɞɚɱɚ ɤɨɬɨɪɵɯ ɫɧɢɠɚɟɬɫɹ ɜ 4 – 5 ɪɚɡ 
ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɞɨ 35 – 40 °ɋ. 

ȼɵɜɨɞɵ. 

1. ɉɨɫɥɟɪɟɦɨɧɬɧɵɟ ɢɫɩɵɬɚɧɢɹ ɬɟɩɥɨɜɨɡɨɜ ɩɪɨɢɡɜɨɞɹɬɫɹ ɧɚ ɧɚɝɪɭɡɨɱɧɵɯ 
ɠɢɞɤɨɫɬɧɵɯ ɪɟɨɫɬɚɬɚɯ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɫɥɭɠɢɬ ɫɜɨɟɨɛɪɚɡɧɵɦ 
«ɤɢɩɹɬɢɥɶɧɢɤɨɦ» ɞɥɹ ɜɨɞɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɛɚɤɟ. Ɂɚ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ 
ɢɫɩɵɬɚɧɢɣ ɬɪɚɬɢɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɬɟɩɥɭ, ɧɟɨɛɯɨɞɢɦɨɦɭ 
ɞɥɹ ɨɬɨɩɥɟɧɢɹ ɩɨɦɟɳɟɧɢɹ. ɉɨ ɪɹɞɭ ɩɪɢɱɢɧ ɭɬɢɥɢɡɚɰɢɢ ɷɧɟɪɝɢɢ, ɜɵɞɟɥɹɟɦɨɣ 
ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɟɨɫɬɚɬɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɭɞɟɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɜɧɢɦɚɧɢɹ, 
ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɨɩɪɨɫ ɭɬɢɥɢɡɚɰɢɢ ɜɬɨɪɢɱɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ 
(ȼɗɊ) ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɬɚɧɨɜɢɬɫɹ ɜɫɟ ɚɤɬɭɚɥɶɧɟɟ. 

2. ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɝɨɪɹɱɭɸ ɜɨɞɭ, ɩɨɥɭɱɚɟɦɭɸ ɩɪɢ ɧɚɝɪɭɡɨɱɧɵɯ 
ɢɫɩɵɬɚɧɢɹɯ ɬɟɩɥɨɜɨɡɨɜ, ɩɪɨɩɭɫɤɚɬɶ ɱɟɪɟɡ ɩɪɨɦɵɲɥɟɧɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɞɥɹ 
ɧɚɝɪɟɜɚ ɜɨɞɵ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɫɬɚɧɰɢɢ ɪɟɨɫɬɚɬɧɵɯ 
ɢɫɩɵɬɚɧɢɣ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɜɵɩɭɫɤɚɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
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ɷɮɮɟɤɬɢɜɧɵɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɧɚ ɫɬɚɧɰɢɹɯ ɪɟɨɫɬɚɬɧɵɯ 
ɢɫɩɵɬɚɧɢɣ ɩɨɡɜɨɥɢɥɨ ɛɵ ɫɨɤɪɚɬɢɬɶ ɪɚɫɯɨɞ ɬɟɩɥɚ ɞɟɩɨɜɫɤɢɯ ɤɨɬɟɥɶɧɵɯ. 
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ɁȾȺɇɂɃ ɂ ɋɈɈɊɍɀȿɇɂɃ 

 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɜɬɨɧɨɦɧɨɝɨ ɝɟɨɬɟɪɦɚɥɶɧɨɝɨ 
ɨɬɨɩɥɟɧɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ ɫ ɜɵɫɨɤɨɣ ɫɬɟɫɧɟɧɧɨɫɬɶɸ, ɩɥɨɬɧɨɣ ɡɚɫɬɪɨɣɤɨɣ ɜ ɤɪɭɩɧɵɯ 
ɩɪɨɦɵɲɥɟɧɧɨ-ɭɪɛɚɧɢɡɢɪɨɜɚɧɧɵɯ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɜɢɞɵ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ ɢ ɧɟɬɪɚɞɢɰɢɨɧɧɵɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɢɫɬɨɱɧɢɤɢ 
ɷɧɟɪɝɢɢ. ɂɡɥɨɠɟɧɵ ɢ ɢɡɨɛɪɚɠɟɧɵ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ ɝɪɭɧɬɨɜɵɟ ɤɨɥɥɟɤɬɨɪɵ, 
ɩɨɤɚɡɚɧɵ ɫɩɨɫɨɛɵ ɩɪɢɦɟɧɟɧɢɹ ɝɟɨɬɟɪɦɚɥɶɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɜ ɧɟɫɭɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɹɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. 
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INNOVATIVE METHODS OF APPLICATION GEOTHERMAL HEATING 

IN THE BEARING CONSTRUCTION STRUCTURES OF BUILDINGS AND 

CONSTRUCTIONS 

 

In article the relevance of use of autonomous geothermal heating in territories with high 

constraint, dense building in the large industrial urbanized urban areas is considered. Types of 

low-temperature sources of heat and nonconventional renewables are analysed. The most 

widespread soil collectors are stated and represented, methods of application of geothermal 

heating in the bearing building constructions of buildings and constructions are shown. 

 

Key words: low-potential energy, thermal probe, geothermal collector, thermal energy. 

 

Ɍɟɪɦɚɥɶɧɚɹ ɷɧɟɪɝɟɬɢɤɚ – ɨɞɢɧ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ, ɷɥɟɤɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ.  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɢɦ ɢɡ ɩɪɢɨɪɢɬɟɬɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ 
ɷɧɟɪɝɟɬɢɤɢ ɜ Ɋɨɫɫɢɢ ɹɜɥɹɸɬɫɹ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɢ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɜɵɫɨɤɨɣ ɨɬɪɚɫɥɟɜɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɵɡɜɚɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɫɧɢɠɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɡɚɬɪɚɬ ɧɚ ɨɬɨɩɥɟɧɢɟ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɭɦɟɧɶɲɟɧɢɟ ɢɫɬɨɳɟɧɢɹ ɩɪɢɪɨɞɧɵɯ 
ɪɟɫɭɪɫɨɜ ɷɤɨɫɢɫɬɟɦ (ɩɪɢɪɨɞɧɨɝɨ ɤɚɩɢɬɚɥɚ), ɨɛɨɫɬɪɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ 
ɜ ɤɪɭɩɧɵɯ ɩɪɨɦɵɲɥɟɧɧɨ-ɭɪɛɚɧɢɡɢɪɨɜɚɧɧɵɯ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ Д3Ж.  

ȼɵɫɨɤɚɹ ɤɨɧɤɭɪɟɧɰɢɹ, ɫɨɩɟɪɧɢɱɟɫɬɜɨ ɜ ɛɢɡɧɟɫ ɫɪɟɞɟ ɡɚɫɬɚɜɥɹɟɬ 
ɫɨɛɫɬɜɟɧɧɢɤɨɜ ɩɪɟɞɩɪɢɹɬɢɣ ɢɫɤɚɬɶ ɜɚɪɢɚɧɬɵ ɫɧɢɠɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɢɡɞɟɪɠɟɤ 
ɜɥɢɹɸɳɢɯ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ (ɨɬɨɩɥɟɧɢɟ, ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɟ, ɜɨɞɨɫɧɚɛɠɟɧɢɟ ɢ ɜɨɞɨɨɬɜɟɞɟɧɢɟ) 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɪɚɫɯɨɞɨɜ 
ɩɪɟɞɩɪɢɧɢɦɚɬɟɥɟɣ. ȼɧɟɞɪɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, 
ɩɨɡɜɨɥɹɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɫɨɞɟɪɠɚɧɢɟ (ɷɤɫɩɥɭɚɬɚɰɢɸ) ɨɛɴɟɤɬɨɜ 
ɤɚɩɢɬɚɥɶɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɱɬɨ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɟɬ 
ɤɨɧɤɭɪɟɧɬɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɧɟ ɬɨɥɶɤɨ ɩɨ ɦɟɫɬɭ ɧɚɯɨɠɞɟɧɢɹ ɛɢɡɧɟɫɚ, ɧɨ ɢ 
ɞɚɥɟɤɨ ɡɚ ɩɪɟɞɟɥɚɦɢ  ɪɟɝɢɨɧɚ. 

ɉɪɨɦɵɲɥɟɧɧɵɣ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɣ ɤɭɪɫ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɥɢɬɢɤɟ 
ɧɚɲɟɣ ɫɬɪɚɧɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɵ ɬɚɤɢɟ ɪɟɲɟɧɢɹ ɩɨ ɪɚɡɜɢɬɢɸ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɭɦɟɧɶɲɟɧɢɸ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ 
ɜɪɟɞɚ, ɚ ɬɚɤ ɠɟ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɦ ɦɟɪɨɩɪɢɹɬɢɹɦ ɩɪɢ ɪɚɡɜɢɬɢɢ 
(ɦɨɞɟɪɧɢɡɚɰɢɢ) ɩɪɟɞɩɪɢɹɬɢɣ Д4Ж. 

ȼɧɟɞɪɟɧɢɟ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɝɪɭɧɬɚ, ɜɨɡɞɭɯɚ, ɜɨɞɵ, 
ɯɨɡɹɣɫɬɜɟɧɧɨ-ɛɵɬɨɜɵɯ ɫɬɨɤɨɜ, ɲɚɯɬɧɵɯ ɜɨɞ, ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɛɪɨɫɨɜ ɢ ɩɪɨɱɢɯ 
ɪɟɫɭɪɫɨɜ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɦɚɥɨɢɫɩɨɥɶɡɭɟɦɵɯ 
ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɬɨɪɨɣ, ɩɨɡɜɨɥɹɟɬ ɛɟɡ 
ɢɡɦɟɧɟɧɢɹ (ɪɟɤɨɧɫɬɪɭɤɰɢɢ) ɫɭɳɟɫɬɜɭɸɳɟɣ ɢɧɠɟɧɟɪɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, 
ɨɬɚɩɥɢɜɚɬɶ ɧɨɜɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ, ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɟ, ɠɢɥɵɟ ɨɛɴɟɤɬɵ, ɧɟ 
ɢɫɩɨɥɶɡɭɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ [1].  

ȼ ɤɚɱɟɫɬɜɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ: 
ɚ) ɩɨɜɬɨɪɧɵɟ (ɩɨɛɨɱɧɵɟ) ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ: 
- ɬɟɩɥɨ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɜɵɛɪɨɫɨɜ; 
- ɬɟɩɥɨ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɯ ɫɬɨɤɨɜ; 
- ɫɛɪɚɫɵɜɚɟɦɚɹ ɬɟɩɥɨɬɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ (ɩɚɪ, ɜɨɞɚ) ɢ ɩɪɨɱɟɟ. 
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ɛ) ɧɟɬɪɚɞɢɰɢɨɧɧɵɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ: 
- ɬɟɩɥɨ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ; 
- ɬɟɩɥɨ ɝɪɭɧɬɨɜɵɯ ɢ ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɜɨɞ; 
- ɬɟɩɥɨɬɚ ɜɨɞɨɟɦɨɜ ɢ ɩɪɢɪɨɞɧɵɯ ɜɨɞɧɵɯ ɩɨɬɨɤɨɜ; 
- ɬɟɩɥɨɬɚ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɢ ɬ.ɩ.; 
- ɬɟɩɥɨɬɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɛɨɥɟɟ ɝɥɭɛɨɤɢɯ ɫɥɨɟɜ ɝɪɭɧɬɚ. 
ȼ ɱɚɫɬɧɨɫɬɢ ɬɟɩɥɨɜɨɣ ɧɚɫɨɫ ɭɜɟɥɢɱɢɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɬɨɝɨ 

ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɞɨ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɦɮɨɪɬɧɨɝɨ ɭɪɨɜɧɹ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɋɭɳɟɫɬɜɟɧɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɪɢɦɟɧɟɧɢɹ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɜ ɤɚɱɟɫɬɜɟ ɨɬɨɩɥɟɧɢɹ, ɜ ɫɢɫɬɟɦɟ 
ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɦɟɳɟɧɢɣ ɜɫɟɯ ɬɢɩɨɜ ɡɞɚɧɢɣ.  

ȼɵɫɨɤɢɣ ɪɨɫɬ ɩɨɩɭɥɹɪɧɨɫɬɢ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ɩɨɥɭɱɢɥɢ ɜɨ ɦɧɨɝɨɦ ɢɡ-ɡɚ 
ɬɨɝɨ, ɱɬɨ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɩɨɥɭɱɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɚɜɬɨɧɨɦɧɨɣ. ɉɪɢ ɜɵɫɨɤɨɣ ɷɤɨɥɨɝɢɱɧɨɫɬɢ 
ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɩɨɠɚɪɨ- ɢ ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɢ, ɬ.ɤ. ɨɬɫɭɬɫɬɜɭɸɬ 
ɩɪɨɰɟɫɫɵ ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɢ ɜɵɛɪɨɫɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɧɟ 
ɬɪɟɛɭɟɬ ɩɪɨɤɥɚɞɤɢ ɬɨɩɥɢɜɧɵɯ (ɝɚɡɨɜɵɯ) ɦɚɝɢɫɬɪɚɥɟɣ ɢ ɫɢɫɬɟɦ ɞɵɦɨɭɞɚɥɟɧɢɹ.  

ȼ ɫɪɚɜɧɟɧɢɢ ɫ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɧɟ 
ɬɪɟɛɭɸɬɫɹ ɩɪɨɬɹɠɟɧɧɵɟ ɬɟɩɥɨɜɵɟ ɫɟɬɢ ɞɨ ɩɨɬɪɟɛɢɬɟɥɹ, ɢɫɬɨɱɧɢɤ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɦɟɫɬɟ ɢɥɢ ɛɥɢɡɤɨɦ 
ɪɚɫɩɨɥɨɠɟɧɢɢ ɨɬ ɩɨɬɪɟɛɢɬɟɥɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɦɢɪɟ ɪɚɛɨɬɚɟɬ ɛɨɥɟɟ 30 ɦɥɧ. ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ 
ɪɚɡɥɢɱɧɨɣ ɦɨɳɧɨɫɬɢ. ȼ ɋɒȺ ɛɨɥɟɟ 30% ɠɢɥɵɯ ɡɞɚɧɢɣ ɨɛɨɪɭɞɨɜɚɧɵ 
ɬɟɩɥɨɜɵɦɢ ɧɚɫɨɫɚɦɢ (ɫɨɜɦɟɳɟɧɧɵɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ). 
ȼ ɒɜɟɰɢɢ ɡɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɜɟɞɟɧɵ ɜ ɞɟɣɫɬɜɢɟ ɛɨɥɟɟ 100 ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ 
(ɦɨɳɧɨɫɬɶ ɨɬ 5 ɞɨ 80 Ɇȼɬ). ȼɵɫɨɤɨɟ ɪɚɡɜɢɬɢɟ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 
ɝɟɨɬɟɪɦɚɥɶɧɚɹ ɷɧɟɪɝɟɬɢɤɚ ɩɨɥɭɱɢɥɚ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɜ ɫɬɪɚɧɚɯ, ɜ ɤɨɬɨɪɵɯ 
ɢɦɟɟɬɫɹ ɜɵɫɨɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɨɪɹɱɢɯ ɢɫɬɨɱɧɢɤɨɜ, ɚ ɬɚɤ ɠɟ ɨɬɫɭɬɫɬɜɢɟ ɢɥɢ 
ɞɟɮɢɰɢɬ ɝɨɪɸɱɢɯ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɦɟɸɳɢɯɫɹ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɧɚ 2015ɝ, ɫɚɦɨɟ ɛɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ, ɨɩɵɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɢɫɬɟɦ, ɩɨɥɭɱɢɥɢ 
ɢɦɩɨɪɬɧɵɦɢ ɤɨɦɩɚɧɢɢ ɋɒȺ, Ɏɢɥɢɩɩɢɧ, ɂɧɞɨɧɟɡɢɢ, ɂɬɚɥɢɢ, ɇɨɜɨɣ Ɂɟɥɚɧɞɢɢ, 
ɂɫɥɚɧɞɢɢ. ȼ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɫɬɪɚɧɚɯ, ɝɨɪɹɱɢɟ ɢɫɬɨɱɧɢɤɢ ɢɫɩɨɥɶɡɭɸɬ ɧɟ ɬɨɥɶɤɨ 
ɞɥɹ ɨɬɨɩɥɟɧɢɹ, ɧɨ ɢ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɫ ɩɨɦɨɳɶɸ ɝɟɨɬɟɪɦɚɥɶɧɵɯ 
ɫɬɚɧɰɢɣ. Ȼɨɥɟɟ ɬɨɝɨ, ɨɫɜɨɟɧɵ ɢ ɜɧɟɞɪɟɧɵ ɦɟɬɨɞɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɪɭɧɬɨɜ ɫ 
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ɝɨɪɹɱɢɦɢ ɩɨɪɨɞɚɦɢ, ɜ ɤɨɬɨɪɵɯ ɨɬɫɭɬɫɬɜɭɸɬ ɦɟɠɩɥɚɫɬɨɜɵɟ ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ.  ȼ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɦ ɜɚɪɢɚɧɬɟ ɬɟɯɧɨɥɨɝɢɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɤɚɱɢɜɚɧɢɟ ɜɨɞɵ ɜ 
ɦɟɠɩɥɚɫɬɨɜɵɟ ɫɥɨɢ ɝɪɭɧɬɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɬɛɨɪɨɦ ɧɚɝɪɟɬɨɝɨ ɧɨɫɢɬɟɥɹ.  

ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ, ɩɟɪɜɵɦ ɫɭɳɟɫɬɜɟɧɧɵɦ ɬɟɯɧɢɱɟɫɤɢɦ ɩɪɨɝɪɟɫɫɨɦ 
ɲɢɪɨɤɨɦɚɫɲɬɚɛɧɨɝɨ ɪɚɡɜɢɬɢɹ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ, ɛɵɥɢ 50-60 ɝɨɞɵ, ɜɪɟɦɟɧɚ 
ɪɚɡɜɢɬɢɹ ɫɨɜɟɬɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɯɨɥɨɞɢɥɶɧɨɣ ɬɟɯɧɢɤɢ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɦɨɳɧɵɯ ɝɢɞɪɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. Ɋɚɫɩɚɞ ɋɋɋɊ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɥɢɹɥ ɧɚ 
ɦɚɫɫɨɜɵɣ ɫɩɚɞ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɱɬɢ ɜɫɟɯ ɬɢɩɨɜ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ, ɩɪɢɜɟɥ ɤ ɧɟ 
ɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬɢ, ɮɢɡɢɱɟɫɤɨɦɭ ɢ ɦɨɪɚɥɶɧɨɦɭ ɭɫɬɚɪɟɜɚɧɢɸ ɢɦɟɸɳɢɯɫɹ 
ɬɟɯɧɨɥɨɝɢɢ ɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ɂɚ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ, ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɪɨɫ ɢɧɬɟɪɟɫ ɤ 
ɬɟɩɥɨɧɚɫɨɫɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ, ɨɞɧɚɤɨ ɤɨɥɢɱɟɫɬɜɨ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɩɪɨɟɤɬɨɜ 
ɧɟɜɟɥɢɤɨ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɰɟɥɵɦ ɪɹɞɨɦ ɤɥɢɦɚɬɢɱɟɫɤɢɯ, ɫɨɰɢɚɥɶɧɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɯ ɩɪɢɦɟɧɟɧɢɹ.  
ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɟɨɬɟɪɦɚɥɶɧɨɝɨ ɨɬɨɩɥɟɧɢɹ, 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ: 
1. Ƚɨɪɢɡɨɧɬɚɥɶɧɵɟ ɝɪɭɧɬɨɜɵɟ ɤɨɥɥɟɤɬɨɪɵ. 
ɇɚɫɬɨɹɳɟɟ ɬɟɯɧɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɟɜɪɨɩɟɣɫɤɨɣ ɱɚɫɬɢ 

Ɋɨɫɫɢɢ, ɝɞɟ ɝɥɭɛɢɧɚ ɩɪɨɦɟɪɡɚɧɢɹ ɝɪɭɧɬɚ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɨɣ.  
Ʉɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɞɟɲɟɜɵɦ ɢ ɧɚɢɛɨɥɟɟ ɛɵɫɬɪɵɦ 
ɫɩɨɫɨɛɨɦ ɜɵɩɨɥɧɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ.  

 
Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɝɪɭɧɬɨɜɨɝɨ ɤɨɥɥɟɤɬɨɪɚ 
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2. ȼɟɪɬɢɤɚɥɶɧɵɟ ɝɪɭɧɬɨɜɵɟ ɤɨɥɥɟɤɬɨɪɵ. 
Ɍɟɤɭɳɟɟ ɪɟɲɟɧɢɟ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɞɨɪɨɝɢɦ ɫɩɨɫɨɛɨɦ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɝɪɭɧɬɚ, ɜɫɥɟɞɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɜɵɩɨɥɧɟɧɢɹ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɪɚɡɜɟɞɤɢ ɬɟɪɪɢɬɨɪɢɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɭɪɨɜɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤ ɠɟ ɭɫɬɪɨɣɫɬɜɚ ɨɛɫɚɞɧɵɯ ɬɪɭɛ ɧɚ ɩɟɫɱɚɧɵɯ, ɩɪɨɫɚɞɨɱɧɵɯ 
ɝɪɭɧɬɚɯ. ȼɟɪɬɢɤɚɥɶɧɵɟ ɝɪɭɧɬɨɜɵɟ ɤɨɥɥɟɤɬɨɪɵ,  ɫ ɰɟɥɶɸ ɷɤɨɧɨɦɢɢ ɩɥɨɳɚɞɢ, 
ɡɚɧɢɦɚɸɬ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɭɸ ɩɥɨɳɚɞɶ ɬɟɪɪɢɬɨɪɢɢ. ɉɪɢɦɟɧɟɧɢɟ ɜɟɪɬɢɤɚɥɶɧɵɯ 
ɤɨɥɥɟɤɬɨɪɨɜ, ɜɨɡɦɨɠɧɨ, ɱɭɬɶ ɥɢ ɧɟ ɜɨ ɜɫɟɯ ɬɢɩɚɯ ɝɪɭɧɬɨɜ. ɋɭɳɟɫɬɜɟɧɧɵɦ 
ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɜɟɪɬɢɤɚɥɶɧɵɦ ɪɟɲɟɧɢɟɦ, ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ 
ɥɨɤɚɥɶɧɵɯ ɪɚɣɨɧɨɜ ɫ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɜ ɝɪɭɧɬɟ ɬɟɪɦɚɥɶɧɵɯ ɜɨɞɹɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ (ɞɥɹ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ з 24 – 65°ɋ), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɪɭɧɬɨɜɵɯ ɤɨɥɥɟɤɬɨɪɨɜ. 

Ɍɢɩɵ ɜɟɪɬɢɤɚɥɶɧɵɯ ɝɪɭɧɬɨɜɵɯ ɤɨɥɥɟɤɬɨɪɨɜ: 

   

ɚ ɛ ɜ 

Ɋɢɫ. 2. ɉɪɢɦɟɪɵ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɜ ɩɨɩɟɪɟɱɧɨɦ ɪɚɡɪɟɡɟ: 
ɚ – ɨɞɢɧɨɱɧɵɣ U – ɨɛɪɚɡɧɨɝɨ ɤɨɥɥɟɤɬɨɪ; ɛ – ɫɞɜɨɟɧɧɵɣ U – ɨɛɪɚɡɧɵɣ 

ɤɨɥɥɟɤɬɨɪ; ɜ – ɤɨɚɤɫɢɚɥɶɧɵɣ ɤɨɥɥɟɤɬɨɪ 

 

ȼɵɫɨɤɚɹ ɫɬɟɫɧɟɧɧɨɫɬɶ, ɩɥɨɬɧɨɫɬɶ ɡɚɫɬɪɨɣɤɢ ɜ ɤɪɭɩɧɵɯ ɩɪɨɦɵɲɥɟɧɧɨ-

ɭɪɛɚɧɢɡɢɪɨɜɚɧɧɵɯ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ, ɨɬɫɭɬɫɬɜɢɟ ɪɟɫɭɪɫɨɜ ɩɨɞɤɥɸɱɟɧɢɹ ɤ 
ɫɭɳɟɫɬɜɭɸɳɢɦ ɢɧɠɟɧɟɪɧɵɦ ɫɟɬɹɦ ɨɛɟɫɩɟɱɟɧɢɹ, ɡɚɫɬɚɜɥɹɸɬ ɢɫɤɚɬɶ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɟ ɫɨɜɪɟɦɟɧɧɵɟ ɫɩɨɫɨɛɵ ɚɜɬɨɧɨɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
ɢɧɠɟɧɟɪɧɵɦɢ ɫɟɬɹɦɢ ɩɪɨɟɤɬɢɪɭɟɦɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ.   

ȼɢɞɵ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɫɩɨɫɨɛɨɜ ɩɪɢɦɟɧɟɧɢɹ ɝɟɨɬɟɪɦɚɥɶɧɨɝɨ ɨɬɨɩɥɟɧɢɹ ɜ 
ɧɟɫɭɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ:  

1. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɛɭɪɨɧɚɛɢɜɧɵɟ ɫɜɚɢ. 
ɍɫɬɪɨɣɫɬɜɨ ɤɨɧɫɬɪɭɤɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɦɟɬɨɞɭ ɡɚɥɢɜɤɢ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ 

ɜ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɤɚɪɤɚɫ ɫ ɡɚɤɪɟɩɥɟɧɧɵɦɢ ɬɟɩɥɨɜɵɦ ɡɨɧɞɚɦɢ, ɜ 
ɩɨɞɝɨɬɨɜɥɟɧɧɭɸ ɛɭɪɨɜɭɸ ɫɤɜɚɠɢɧɭ.   
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2. Ɏɭɧɞɚɦɟɧɬɧɵɟ ɫɬɟɧɵ ɢ ɫɬɟɧɵ ɩɨɞɜɚɥɚ. Ɍɟɩɥɨɜɵɟ ɡɨɧɞɵ, ɜ ɧɚɫɬɨɹɳɟɣ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɡɚɤɪɟɩɥɹɸɬɫɹ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɚɪɤɚɫɚ, ɫ 
ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɥɢɜɤɨɣ ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ. ɉɪɢɦɟɧɟɧɢɟ ɬɟɤɭɳɟɝɨ ɪɟɲɟɧɢɹ 
ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɝɥɭɛɨɤɨ ɡɚɝɥɭɛɥɟɧɧɵɯ ɡɞɚɧɢɹɯ ɢ ɫɨɨɪɭɠɟɧɢɹɯ (ɧɟ ɦɟɧɟɟ 6 ɦ). 

3. ɀɟɥɟɡɨɛɟɬɨɧɧɵɟ ɤɚɧɚɥɢɡɚɰɢɨɧɧɵɟ ɧɚɫɨɫɧɵɟ ɫɬɚɧɰɢɢ. 
Ɍɟɤɭɳɢɣ ɜɚɪɢɚɧɬ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ, 

ɢɦɟɸɳɢɯ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ Ʉɇɋ. Ȼɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟɨɱɢɳɟɧɧɵɯ 
ɫɬɨɱɧɵɯ ɜɨɞ (16-24°ɋ), ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɜ 
ɪɟɚɥɢɡɚɰɢɢ  ɩɪɨɟɤɬɨɜ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢɥɢ ɧɨɜɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ 

 

Ɋɢɫ. 3. Ɉɛɳɢɣ ɜɢɞ ɤɚɪɤɚɫɚ ɫɜɚɢ ɫ ɬɟɩɥɨɜɵɦɢ ɡɨɧɞɚɦɢ 

 

Ɋɢɫ. 4. Ɉɛɳɢɣ ɜɢɞ ɮɭɧɞɚɦɟɧɬɧɨɣ ɫɬɟɧɵ ɫ ɬɟɩɥɨɜɵɦɢ ɡɨɧɞɚɦɢ 
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ȼɵɜɨɞɵ: ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɜ ɫɜɹɡɢ ɫ ɢɫɬɨɳɟɧɢɟɦ ɩɪɢɪɨɞɧɵɯ 
ɢɫɤɨɩɚɟɦɵɯ, ɫɭɳɟɫɬɜɟɧɧɵɦ ɪɨɫɬɨɦ ɰɟɧ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɚ ɬɚɤ ɠɟ 
ɞɨɪɨɝɨɜɢɡɧɨɣ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɫɭɳɟɫɬɜɭɸɳɢɦ ɬɟɩɥɨɜɵɦ ɫɟɬɹɦ, ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɫɟɬɟɣ ɩɨɞɤɥɸɱɟɧɢɹ ɞɨɤɚɡɵɜɚɸɬ ɜɵɫɨɤɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ ɞɥɹ ɨɛɴɟɤɬɨɜ 
ɤɚɩɢɬɚɥɶɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɚɜɬɨɧɨɦɧɨɝɨ ɝɟɨɬɟɪɦɚɥɶɧɨɝɨ ɨɬɨɩɥɟɧɢɹ, ɧɚ ɬɟɪɪɢɬɨɪɢɹɯ ɫ 
ɜɵɫɨɤɨɣ ɫɬɟɫɧɟɧɧɨɫɬɶɸ, ɩɥɨɬɧɨɣ ɡɚɫɬɪɨɣɤɢ ɜ ɤɪɭɩɧɵɯ ɩɪɨɦɵɲɥɟɧɧɨ-

ɭɪɛɚɧɢɡɢɪɨɜɚɧɧɵɯ ɝɨɪɨɞɫɤɢɯ ɬɟɪɪɢɬɨɪɢɹɯ, ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ 
ɡɚɬɪɚɬɵ ɧɟɨɛɯɨɞɢɦɵɟ ɧɚ ɧɨɜɵɯ (ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɵɯ) ɨɛɴɟɤɬɚɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, 
ɧɚ ɩɪɹɦɭɸ ɫɧɢɠɚɹ ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ, ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɬɟɩɥɨɜɵɯ 
ɡɨɧɞɨɜ ɜ ɧɟɫɭɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ. 

 

Ɋɢɫ. 5. Ɍɢɩɨɜɚɹ ɠɟɥɟɡɨɛɟɬɨɧɧɚɹ ɤɚɧɚɥɢɡɚɰɢɨɧɧɚɹ ɧɚɫɨɫɧɚɹ ɫɬɚɧɰɢɹ ɫ 
ɭɫɬɪɨɣɫɬɜɨɦ ɬɟɩɥɨɜɵɯ ɡɨɧɞɨɜ 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɜɬɨɪɢɱɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɢ ɧɟɬɪɚɞɢɰɢɨɧɧɵɯ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ 
ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ / Ƚ. ɉ. ȼɚɫɢɥɶɟɜ, Ʌ. ȼ. ɏɪɭɫɬɚɱɟɜ ɢ ɞɪ. // ɉɪɚɜɢɬɟɥɶɫɬɜɨ 
Ɇɨɫɤɜɵ. Ɇɨɫɤɨɦɚɪɯɢɬɟɤɬɭɪɚ. – Ƚɍɉ «ɇɂȺɐ», 2001 ɝ. – ɫ. 6. 

2. Ɍɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɤɨɦɦɭɧɚɥɶɧɨɣ 
ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ // Ɇ.: ɈɈɈ «ɂɡɞɚɬɟɥɶɫɬɜɨ «ɉɟɪɨ», 2017. – ɫ. 6. 
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3. Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ ɨɬ 23.11.2009 №261-ɎɁ (ɪɟɞ. Ɉɬ 27.12.2018) «Ɉɛ 
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɢ ɩɨɜɵɲɟɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɨ ɜɧɟɫɟɧɢɢ 
ɢɡɦɟɧɟɧɢɣ ɜ ɨɬɞɟɥɶɧɵɟ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɟ ɚɤɬɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ»  (ɫ ɢɡɦ. 
ɢ ɞɨɩ., ɜɫɬɭɩɢɜɲɢɟ ɜ ɫɢɥɭ ɫ 16.01.2019) – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ:  
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TO THE ISSUE OF INCREASE IN OVERALL PERFORMANCE 

CENTRIFUGAL PUMPS 

 

The way of restoration of performance data of the centrifugal pump, for the purpose of 

increase in power efficiency of their work is shown. The experiment of drawing a ftoroplastovy 

covering for the purpose of formation of hydrophobic surfaces is considered 

 

Key words: energy efficiency, the centralized heat supply, a ftoroplastovy covering, energy 
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ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ɬɟɩɥɨɜɨɣ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɷɧɟɪɝɢɟɣ ɨɤɚɡɵɜɚɟɬ ɛɟɫɩɟɪɟɛɨɣɧɚɹ, ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɧɚɫɨɫɧɵɯ 
ɚɝɪɟɝɚɬɨɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɚɠɧɭɸ ɱɚɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɨɛɴɟɤɬɨɜ. ɉɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɫɱɢɬɚɟɬɫɹ ɜɚɠɧɵɦ ɜɨɩɪɨɫɨɦ ɢ ɬɪɟɛɭɟɬ ɨɫɨɛɨɝɨ ɜɧɢɦɚɧɢɹ ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯ 
ɨɪɝɚɧɢɡɚɰɢɣ. 

ȼ ɫɪɟɞɧɟɦ ɧɚ ɩɪɢɜɨɞ ɧɚɫɨɫɧɵɯ ɚɝɪɟɝɚɬɨɜ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɞɨ 10 % 

ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. ȼ ɢɬɨɝɨɜɨɣ ɨɰɟɧɤɟ ɪɚɫɯɨɞɚ ɧɚ 
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ɨɛɫɥɭɠɢɜɚɧɢɟ ɧɚɫɨɫɨɜ ɪɚɡɦɟɪ ɨɩɥɚɬɵ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɧɚ ɩɪɢɜɨɞ, ɞɥɹ ɪɚɡɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɛɨɥɟɟ 85 %, ɩɨɷɬɨɦɭ ɡɚɞɚɱɚ 

ɩɨɜɵɲɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɝɥɚɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɥɢɬɢɤɢ ɜ ɫɮɟɪɟ ɭɥɭɱɲɟɧɢɹ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɤɨɧɰɟɩɰɢɣ ɫɜɹɡɚɧɨ ɫ ɦɨɞɟɪɧɢɡɚɰɢɟɣ 
ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɨɜɵɲɟɧɢɟɦ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ 
ɩɪɢɦɟɧɹɟɦɵɯ ɧɚɫɨɫɨɜ ɫ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɟɬɶɸ. ɋɨɝɥɚɫɧɨ ɫɜɟɞɟɧɢɹɦ ɪɚɡɥɢɱɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ Д1 – 3], ɩɪɢɦɟɪɧɨ ɞɨ 60 % ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ, ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯɫɹ ɜ 
ɦɢɪɟ, ɪɚɛɨɬɚɸɬ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ 10 – 40%, ɱɬɨ 
ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɨɛɲɢɪɧɵɣ ɫɩɟɤɬɪ ɪɚɛɨɱɟɣ ɨɛɥɚɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɞɨɥɠɧɵ ɪɚɛɨɬɚɬɶ 
ɧɚɫɨɫɧɵɟ ɭɫɬɚɧɨɜɤɢ. ɇɟɨɛɯɨɞɢɦɨ ɜɵɞɟɥɢɬɶ ɬɨ, ɱɬɨ ɷɬɚ ɫɮɟɪɚ ɡɧɚɱɢɬɟɥɶɧɨ 
ɪɚɡɥɢɱɚɟɬɫɹ ɨɬ ɨɩɬɢɦɚɥɶɧɨɣ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɜ ɤɨɬɨɪɭɸ ɧɚɫɨɫ ɛɵɥ 
ɫɩɪɨɟɤɬɢɪɨɜɚɧ. ɇɚ ɜɬɨɪɨɦ ɦɟɫɬɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɫɜɹɡɚɧɧɨɟ ɫ 
ɧɟɨɫɭɳɟɫɬɜɢɦɨɫɬɶɸ ɪɟɝɭɥɢɪɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɪɚɫɯɨɞɚ ɷɤɨɧɨɦɢɱɧɵɦɢ 
ɦɟɬɨɞɚɦɢ ɬɨ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɨɝɪɨɦɧɵɦ ɭɬɪɚɬɚɦ ɷɧɟɪɝɢɢ ɢ 
ɜɧɭɲɢɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɪɚɫɩɨɥɚɝɚɟɦɨɝɨ ɪɟɫɭɪɫɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɲɢɧ. 

ɍɤɚɡɚɧɧɵɟ ɭɫɥɨɜɢɹ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɨɫɨɛɨɜ, 
ɫɩɨɫɨɛɧɵɯ ɫ ɜɵɫɨɤɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɚɫɬɨɹɳɢɣ ɪɟɫɭɪɫ 
ɧɚɫɨɫɧɨɝɨ ɚɩɩɚɪɚɬɚ ɫ ɭɱɟɬɨɦ ɨɬɥɢɱɢɬɟɥɶɧɵɯ ɱɟɪɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɰɢɤɥɨɜ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɛɨɥɟɟ ɪɟɡɭɥɶɬɚɬɢɜɧɵɯ ɩɭɬɟɣ ɭɜɟɥɢɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɩɟɪɜɵɯ ɫɬɚɞɢɹɯ ɨɛɹɡɚɧɨ ɛɚɡɢɪɨɜɚɬɶɫɹ 
ɧɚ ɢɬɨɝɚɯ ɚɧɚɥɢɡɚ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɂɡɭɱɟɧɢɟ ɩɟɪɫɨɧɚɥɨɦ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɫɜɟɞɟɧɢɣ 
ɫɨɝɥɚɫɧɨ ɞɟɮɟɤɬɚɦ ɧɚɫɨɫɨɜ ɦɨɠɟɬ ɩɪɟɞɫɬɚɬɶ ɨɞɧɢɦ ɢɡ ɧɚɱɚɥɶɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ 
ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɪɚɛɨɬɵ ɷɧɟɪɝɨɨɛɴɟɤɬɨɜ. ɂɫɫɥɟɞɨɜɚɧɢɟ 
ɞɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɧɚɪɭɠɢɬɶ ɦɟɧɟɟ ɩɪɨɱɧɵɟ ɭɱɚɫɬɤɢ ɢ 
ɷɥɟɦɟɧɬɚ ɧɚɫɨɫɧɨɝɨ ɨɫɧɚɳɟɧɢɹ, ɧɚ ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɫɚɦɵɟ ɛɨɥɶɲɢɟ 
ɩɨɫɬɨɹɧɧɵɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ. 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɧɚɫɨɫɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ Д1Ж. Ȼɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɛɨɥɶɲɟ 1100 ɟɞɢɧɢɰ ɧɚɫɨɫɨɜ, 
ɪɚɛɨɬɚɸɳɢɯ ɜ 34 ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ. Ɂɚ ɞɜɭɯɝɨɞɢɱɧɵɣ ɩɪɨɦɟɠɭɬɨɤ ɜ ɞɚɧɧɵɯ ɨɛɴɟɤɬɚɯ ɛɵɥɢ 
ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɞɟɮɟɤɬɵ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɭ 750 ɧɚɫɨɫɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
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68,4% ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɧɚɫɨɫɨɜ. Ⱦɟɮɟɤɬɵ ɡɚɬɪɚɝɢɜɚɥɢ ɩɨɱɬɢ 
ɚɛɫɨɥɸɬɧɨ ɜɫɟ ɤɥɸɱɟɜɵɟ ɤɨɦɩɨɧɟɧɬɵ ɧɚɫɨɫɧɵɯ ɚɝɪɟɝɚɬɨɜ. ȼ ɨɬɞɟɥɶɧɵɟ 
ɤɚɬɟɝɨɪɢɢ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɞɟɮɟɤɬɵ ɤɨɪɩɭɫɚ, ɩɨɞɲɢɩɧɢɤɨɜ, ɪɚɛɨɱɢɯ ɤɨɥɟɫ, ɜɚɥɚ 
ɢ ɭɩɥɨɬɧɟɧɢɣ. 

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɚ ɞɢɚɝɪɚɦɦɚ, ɧɚ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɨɥɟɜɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɟɮɟɤɬɨɜ ɫɨɝɥɚɫɧɨ ɫɨɫɬɚɜɥɹɸɳɢɦ ɫɢɫɬɟɦɵ ɧɚɫɨɫɨɜ [1]. 

ɍɫɬɪɚɧɟɧɢɟ ɩɪɢɱɢɧ, ɩɪɨɢɡɜɨɞɹɳɢɯ ɞɚɧɧɵɟ ɞɟɮɟɤɬɵ, ɨɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ 
ɡɚɞɚɱ ɩɟɪɫɨɧɚɥɚ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ, ɧɚɰɟɥɟɧɧɚɹ ɧɚ ɫɨɤɪɚɳɟɧɢɟ 
ɚɜɚɪɢɣɧɨɫɬɢ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɟɝɨ ɪɚɛɨɬɵ. 

Ɉɰɟɧɤɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɧɚɫɨɫɧɨɝɨ ɚɝɪɟɝɚɬɚ ɧɭɠɧɚ ɞɥɹ ɩɪɢɧɹɬɢɹ 
ɚɪɝɭɦɟɧɬɢɪɨɜɚɧɧɵɯ ɡɚɤɥɸɱɟɧɢɣ ɫɨɝɥɚɫɧɨ ɪɹɞɭ ɡɚɞɚɱ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɯɨɞɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. ɋɨɫɬɨɹɧɢɟ ɧɚɫɨɫɚ ɜ ɥɸɛɨɣ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɪɚɫɩɨɥɚɝɚɟɦɵɦ ɪɟɫɭɪɫɨɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɩɪɨɱɧɭɸ ɫɬɚɛɢɥɶɧɭɸ ɫɥɭɠɛɭ 
ɧɚɫɨɫɧɨɝɨ ɚɩɩɚɪɚɬɚ ɜɩɥɨɬɶ ɞɨ ɤɚɩɢɬɚɥɶɧɵɯ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ, ɜ ɯɨɞɟ ɤɨɬɨɪɵɯ 
ɟɝɨ ɤɥɸɱɟɜɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɜɨɣɫɬɜɚ ɨɫɬɚɸɬɫɹ ɜ 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɨɩɭɫɤɨɜ. 

 

Ɋɢɫ. 1. ɋɬɚɬɢɫɬɢɤɚ ɩɨɞɬɜɟɪɠɞɟɧɢɣ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ 34 
ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɊɎ 
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Ɋɢɫ. 2. Ⱦɢɚɝɪɚɦɦɚ ɞɨɥɟɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɟɮɟɤɬɨɜ 

 ɫɨɝɥɚɫɧɨ ɫɨɫɬɚɜɥɹɸɳɢɦ ɫɢɫɬɟɦɵ ɧɚɫɨɫɨɜ 

 

Ⱥɧɚɥɢɡ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɧɚɫɨɫɧɵɯ ɚɝɪɟɝɚɬɨɜ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɩɭɬɟɦ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɟ ɫɨɜɟɪɲɚɸɬɫɹ ɜ 
ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɢ ɜ ɤɥɸɱɟɜɵɯ ɭɡɥɚɯ ɧɚɫɨɫɚ ɢ ɩɪɢɧɢɦɚɸɬ ɜɨ ɜɧɢɦɚɧɢɟ ɜɥɢɹɧɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɫɨɫɚ ɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɰɢɤɥɚ, ɜ ɫɨɫɬɚɜɟ 
ɤɨɬɨɪɨɝɨ ɨɧɢ ɪɚɛɨɬɚɸɬ. Ƚɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɞɚɧɧɨɝɨ ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ 
ɨɛɧɚɪɭɠɟɧɢɟ ɨɝɪɚɧɢɱɟɧɢɣ ɢ ɜɨɡɦɨɠɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɢɡɭɱɚɟɦɵɣ ɧɚɫɨɫɧɵɣ 
ɚɝɪɟɝɚɬ, ɭɫɬɚɧɨɜɥɟɧɢɟ ɧɚɫɬɨɹɳɟɝɨ ɪɟɫɭɪɫɚ ɫ ɭɱɟɬɨɦ ɬɟɯ ɩɨɜɵɲɟɧɧɵɯ ɧɚɝɪɭɡɨɤ, 
ɤɨɬɨɪɵɦ ɨɧ ɩɨɞɜɟɪɝɚɟɬɫɹ ɜ ɧɟɲɬɚɬɧɵɯ ɪɟɠɢɦɚɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɧɚɫɨɫɧɵɯ ɚɝɪɟɝɚɬɨɜ 
ɫɱɢɬɚɟɬɫɹ ɫɩɨɫɨɛ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɬɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɫɨɫɨɜ ɧɚ ɛɚɡɟ ɦɨɞɢɮɢɤɚɰɢɢ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɪɨɬɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɪɚɛɨɱɢɯ ɤɨɥɟɫ (ɊɄ) ɧɚɫɨɫɨɜ. ɂɡɦɟɧɟɧɢɟ 
ɤɚɱɟɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɧɚɫɨɫɚ ɝɚɪɚɧɬɢɪɭɟɬ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɪɚɛɨɱɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɫɨɫɧɨɝɨ ɚɝɪɟɝɚɬɚ ɫ ɩɨɦɨɳɶɸ ɝɢɞɪɨɮɨɛɧɵɯ ɩɨɤɪɵɬɢɣ.  

Ɋɟɚɥɢɡɚɰɢɹ ɩɨɞɨɛɧɨɝɨ ɦɟɬɨɞɚ ɜɨɡɦɨɠɧɚ ɧɚ ɛɚɡɟ ɩɪɢɦɟɧɟɧɢɹ ɬɟɮɥɨɧɨɜ. 
Ɍɟɮɥɨɧɢɪɨɜɚɧɢɹ ɩɥɨɫɤɨɫɬɟɣ ɪɟɡɭɥɶɬɚɬɢɜɧɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɛɚɡɟ ɩɪɢɦɟɧɟɧɢɹ 
ɮɬɨɪɨɩɥɚɫɬɚ-4, ɹɜɥɹɸɳɟɝɨɫɹ ɭɧɢɤɚɥɶɧɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɨɛɥɚɞɚɸɳɢɦ 

ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɶɸ ɩɨɱɬɢ ɤɨ ɜɫɟɦ ɚɝɪɟɫɫɢɜɧɵɦ ɜɟɳɟɫɬɜɚɦ Д4]. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɡɭɱɟɧɢɹ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɮɬɨɪɨɩɥɚɫɬɨɜɵɯ ɩɨɤɪɵɬɢɣ 
ɫ ɰɟɥɶɸ ɮɨɪɦɢɪɨɜɚɧɢɹ ɝɢɞɪɨɮɨɛɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜ ɊɄ ɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɫɨɫɨɜ 
ɢɫɩɨɥɧɹɥɢɫɶ ɧɚ ɷɧɟɪɝɨ-ɤɚɜɢɬɚɰɢɨɧɧɨɦ ɫɬɟɧɞɟ Ɇɗɂ ɧɚ ɨɛɪɚɡɰɟ ɢɫɫɥɟɞɨɜɚɧɢɣ 
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ɧɚɫɨɫɚ ɄɆ 65-50-160ɚ Д4Ж.  
ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧ ɜɧɟɲɧɢɣ ɜɢɞ ɢɫɯɨɞɧɨɝɨ ɢ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ 

ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɧɚɫɨɫɚ ɄɆ 65-50-160ɚ. 
Ɋɟɡɭɥɶɬɚɬɵ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɩɵɬɨɜ ɩɨ ɢɡɭɱɟɧɢɸ ɜɥɢɹɧɢɹ ɝɢɞɪɨɮɨɛɧɨɝɨ 

ɮɬɨɪɨɩɥɚɫɬɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɊɄ ɩɨɤɚɡɵɜɚɸɬ: ɭɜɟɥɢɱɟɧɢɟ 
ɧɚɩɨɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɫɨɫɚ ɩɨɫɥɟ ɧɚɩɵɥɟɧɢɹ ɝɢɞɪɨɮɨɛɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɱɬɨ 
ɩɨɹɫɧɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɩɨɬɟɪɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ, ɜɟɞɭɳɢɯ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɧɚɩɨɪɚ; ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɧɚɫɨɫɚ, ɬ.ɟ. ɜɵɩɨɥɧɟɧɢɟ 
ɬɪɟɛɭɟɦɨɝɨ ɡɚɤɨɧɚ H=П(Q); ɭɦɟɧɶɲɟɧɢɟ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ ɩɪɢɦɟɪɧɨ ɧɚ 
90 ȼɬ, ɜ ɨɫɧɨɜɧɨɦ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɬɪɟɛɭɟɦɨɣ 
ɦɨɳɧɨɫɬɢ ɧɚ ɤɨɦɩɟɧɫɚɰɢɸ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɩɨɬɟɪɶ (ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ ɢ 
ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ); ɩɨɜɵɲɟɧɢɟ ɄɉȾ ɧɚɫɨɫɚ ɧɚ 1,5-2% ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɪɚɛɨɬɵ. 

 

                              ɚ                                                                        ɛ    
Ɋɢɫ. 3. ȼɧɟɲɧɢɣ ɜɢɞ ɢɫɯɨɞɧɨɝɨ ɢ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ  
ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɧɚɫɨɫɚ ɄɆ 65-50-160ɚ:  

ɚ) ɢɫɯɨɞɧɵɣ ɜɢɞ; ɛ) ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɜɢɞ  
 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɚɫɨɫɚ ɄɆ 65-50-160ɚ ɫ 
ɢɫɯɨɞɧɵɦ ɢ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɦ ɊɄ, ɚ ɧɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɚ ɫɪɚɜɧɢɬɟɥɶɧɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɄɉȾ (ɞɥɹ ɪɚɛɨɱɟɣ ɡɨɧɵ) ɢɫɫɥɟɞɭɟɦɨɝɨ ɧɚɫɨɫɚ [4]. 



151 
 

 

 

Ɋɢɫ. 4. ɇɚɩɨɪɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɚɫɨɫɚ ɄɆ 65-50-160ɚ 

ɫ ɢɫɯɨɞɧɵɦ ɢ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɦ ɤɨɥɟɫɨɦ 

 

Ɋɢɫ. 5. ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɄɉȾ ɧɚɫɨɫɚ ɄɆ 65-50-160ɚ ɞɨ ɢ ɩɨɫɥɟ 

ɫɨɡɞɚɧɢɹ ɮɬɨɪɨɩɥɚɫɬɨɜɨɝɨ ɝɢɞɪɨɮɨɛɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɪɚɛɨɱɟɦ ɤɨɥɟɫɟ 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɵɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɦɨɞɟɪɧɢɡɚɰɢɹ 
ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɧɚɫɨɫɚ ɄɆ 65-50-160ɚ ɧɚ ɨɫɧɨɜɟ ɫɨɡɞɚɧɢɹ ɝɢɞɪɨɮɨɛɧɨɝɨ 
ɮɬɨɪɨɩɥɚɫɬɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɊɄ ɩɪɢɜɟɥɚ ɤ ɩɨɜɵɲɟɧɢɸ 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɫɨɯɪɚɧɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɧɚɫɨɫɚ. 
Ɍɚɤɨɟ ɩɨɤɪɵɬɢɟ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɡɚɳɢɳɚɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɊɄ ɨɬ ɤɨɪɪɨɡɢɢ ɢ ɨɬ 
ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɥɨɠɟɧɢɣ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɤɨɧɬɚɤɬɚ 
ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ ɫɪɟɞɵ ɢ ɦɟɬɚɥɥɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɨɜɥɟɧɚ ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɤɪɵɬɢɟ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ ɯɢɦɢɱɟɫɤɨɣ 
ɫɬɨɣɤɨɫɬɶɸ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɢɞɪɨɮɨɛɧɨɝɨ ɮɬɨɪɨɩɥɚɫɬɨɜɨɝɨ ɩɨɤɪɵɬɢɹ – ɨɫɧɨɜɧɨɟ 
ɦɟɪɨɩɪɢɹɬɢɟ ɩɨɡɜɨɥɹɸɳɟɟ ɩɨɜɵɫɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚɫɨɫɚ, 

ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ ɢ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɩɪɢ ɪɚɡɧɨɣ ɫɬɨɢɦɨɫɬɢ 
ɦɚɬɟɪɢɚɥɨɜ ɮɬɨɪɨɩɥɚɫɬɚ, ɩɪɨɢɡɜɨɞɢɦɵɯ ɪɚɛɨɬ ɩɨ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ, ɬɚɪɢɮɚɯ ɧɚ 
ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ, ɦɨɝɭɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɩɪɢɜɟɞɟɧɧɵɟ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɟ 
ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɢɪɭɸɳɟɟ ɧɚɫɨɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɨɬɪɟɛɥɹɟɦɵɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ. ɉɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɥɭɱɢɬɶ ɨɩɪɚɜɞɚɧɧɭɸ 
(ɨɩɬɢɦɚɥɶɧɭɸ) ɬɨɥɳɢɧɭ ɝɢɞɪɨɮɨɛɧɨɝɨ ɩɨɤɪɵɬɢɹ.  

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɵɜɚɸɬ ɡɧɚɱɢɦɨɫɬɶ ɢɧɬɟɝɪɚɥɶɧɨɣ 
ɨɰɟɧɤɢ ɪɚɛɨɬɵ ɝɢɞɪɨɫɢɫɬɟɦ ɜ ɰɟɥɨɦ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɝɢɞɪɨɮɨɛɧɨɝɨ 
ɮɬɨɪɨɩɥɚɫɬɨɜɨɝɨ ɩɨɤɪɵɬɢɹ ɞɥɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɧɚɫɨɫɨɜ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɟё 
ɨɩɬɢɦɚɥɶɧɨɣ ɬɨɥɳɢɧɵ.  
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CHALLENGES AND TASKS OF RESERVE FUEL SAVING 

WHEN USING GAS 

 

The modern gas supply system has an important task - to ensure uninterrupted, reliable gas 

supply to consumers, regardless of various external influences. For many years, natural gas has 

ЛООЧ ЭСО СТРСОsЭ qЮКlТЭв ПЮОl. TСОrО аКs К МlОКr sЭОrОШЭвpО: ЭСОrО Тs КlаКвs РКs ТЧ ЭСО “pТpО” КЧН 
this will continue for a long time. As a result, it becomes very important to develop a gas supply 

system for consumers in conditions of limited gas supplies. 

 

Key words: desalination, regeneration, filtration, alkali, reagent. 

 

ɉɨɫɬɟɩɟɧɧɨ ɧɚɫɬɭɩɚɟɬ ɬɨ ɞɨɥɝɨɠɞɚɧɧɨɟ ɜɪɟɦɹ, ɤɨɝɞɚ ɭɠɟ ɧɟ ɬɪɟɛɭɟɬɫɹ 
ɧɢɤɨɝɨ ɭɛɟɠɞɚɬɶ, ɱɬɨ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɠɢɡɧɟɧɧɨ ɧɟɨɛɯɨɞɢɦɨ ɢ ɜɵɝɨɞɧɨ ɜɫɟɦ. 
Ɋɵɧɨɤ ɫ ɪɚɡɧɵɯ ɫɬɨɪɨɧ ɩɨɞɬɚɥɤɢɜɚɟɬ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɪɟɞɩɪɢɹɬɢɹ ɤ ɜɧɟɞɪɟɧɢɸ 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɢ ɬɟɯɧɨɥɨɝɢɣ. Ɋɨɫɬ ɰɟɧ ɧɚ ɷɧɟɪɝɨɧɨɫɢɬɟɥɢ, ɛɨɪɶɛɚ 
ɡɚ ɫɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɞɭɤɰɢɢ ɢ ɭɫɥɭɝ ɡɚɫɬɚɜɢɥɢ ɦɧɨɝɢɯ 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɢ ɜɥɚɞɟɥɶɰɟɜ ɩɪɟɞɩɪɢɹɬɢɣ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɩɪɨɛɥɟɦɭ 
ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ, ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɤɚɱɟɫɬɜɚ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ. Ɉɞɧɚɤɨ 
ɜɧɟ ɡɨɧɵ ɩɪɢɫɬɚɥɶɧɨɝɨ ɜɧɢɦɚɧɢɹ ɤɨɦɩɚɧɢɣ, ɜɧɟɞɪɹɸɳɢɯ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɟ 
ɩɪɨɟɤɬɵ, ɨɫɬɚɟɬɫɹ ɜɨɩɪɨɫ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ. 

ɉɨɞ ɪɟɡɟɪɜɧɵɦ ɬɨɩɥɢɜɧɵɦ ɯɨɡɹɣɫɬɜɨɦ ɩɨɧɢɦɚɟɬɫɹ ɤɨɦɩɥɟɤɫ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɫɬɪɨɣɫɬɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɯɪɚɧɟɧɢɹ, ɩɨɞɚɱɢ ɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɨɩɥɢɜɚ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ ɢɥɢ ɩɪɟɤɪɚɳɟɧɢɢ ɩɨɞɚɱɢ ɨɫɧɨɜɧɨɝɨ 
ɬɨɩɥɢɜɚ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɜɨɩɪɨɫɨɜ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɨɬ ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɝɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ 
ɡɚɜɢɫɢɬ ɫɬɟɩɟɧɶ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɝɚɡɢɮɢɤɚɰɢɢ, ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɧɚɞɟɠɧɨɫɬɢ 

ɬɨɩɥɢɜɨɫɧɚɛɠɟɧɢɹ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚɥɢɱɢɹ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɧɨɝɨ 
ɯɨɡɹɣɫɬɜɚ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜɫɟ ɢɥɢ ɩɨɱɬɢ ɜɫɟ ɩɟɪɟɜɨɞɢɦɵɟ ɧɚ ɝɚɡɨɜɨɟ ɬɨɩɥɢɜɨ 
ɩɪɟɞɩɪɢɹɬɢɹ ɫɨɯɪɚɧɹɸɬ ɫɭɳɟɫɬɜɨɜɚɜɲɟɟ ɞɨ ɷɬɨɝɨ ɬɨɩɥɢɜɧɨɟ ɯɨɡɹɣɫɬɜɨ ɜ 
ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɝɨ. ȼ ɩɪɨɟɤɬɚɯ ɜɧɨɜɶ ɫɬɪɨɹɳɢɯɫɹ ɝɚɡɢɮɢɰɢɪɨɜɚɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ ɬɚɤɠɟ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɟɪɟɯɨɞɚ ɧɚ ɫɠɢɝɚɧɢɟ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɨɡɞɚɧɢɹ ɟɝɨ ɡɚɩɚɫɨɜ. 

ɇɚɥɢɱɢɟ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɞɜɭɯ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɬɨɩɥɢɜɧɵɯ ɯɨɡɹɣɫɬɜ 
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ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɚɡɚ. ɋɨɯɪɚɧɟɧɢɟ ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɹɯ, ɩɟɪɟɜɨɞɢɦɵɯ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɟ ɬɨɩɥɢɜɨ, ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɬɨɩɥɢɜɧɵɯ ɯɨɡɹɣɫɬɜ ɜ ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɵɯ ɜɵɡɵɜɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɚɯ, ɚ ɬɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɫɨɛɫɬɜɟɧɧɵɯ ɨɛɨɪɨɬɧɵɯ ɫɪɟɞɫɬɜɚɯ ɧɚ ɫɨɡɞɚɧɢɟ ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɨɫɬɨɹɧɧɨ 
ɩɨɞɞɟɪɠɢɜɚɟɦɨɝɨ ɡɚɩɚɫɚ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ. 

ɋɨɡɞɚɧɢɟ ɪɟɡɟɪɜɨɜ ɬɨɩɥɢɜɚ ɧɚ ɝɚɡɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ 
ɩɪɟɫɥɟɞɭɟɬ ɨɛɵɱɧɨ ɞɜɨɹɤɭɸ ɰɟɥɶ ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɩɟɪɟɛɨɣɧɨɫɬɶ 
ɬɨɩɥɢɜɨɫɧɚɛɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ ɩɪɢ ɚɜɚɪɢɹɯ ɧɚ ɩɨɞɜɨɞɹɳɢɯ ɝɚɡ ɬɪɭɛɨɩɪɨɜɨɞɚɯ 
ɢ ɫɨɡɞɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɝɪɚɧɢɱɟɧɢɹ, ɚ ɢɧɨɝɞɚ ɢ ɩɨɥɧɨɝɨ ɩɪɟɤɪɚɳɟɧɢɹ 
ɩɨɬɪɟɛɥɟɧɢɹ ɝɚɡɚ ɜ ɩɟɪɢɨɞɵ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɪɟɡɤɨ ɩɨɜɵɲɟɧɧɨɝɨ ɟɝɨ ɪɚɫɯɨɞɚ 
ɧɚ ɨɬɨɩɢɬɟɥɶɧɵɟ ɢɥɢ ɞɪɭɝɢɟ ɩɟɪɜɨɨɱɟɪɟɞɧɵɟ ɧɭɠɞɵ ɜ ɧɚɢɛɨɥɟɟ ɯɨɥɨɞɧɵɟ 
ɡɢɦɧɢɟ ɞɧɢ. ɉɢɤɨɜɵɟ ɪɟɡɟɪɜɵ ɬɨɩɥɢɜɚ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɸɬ ɢ ɪɨɥɶ 
ɚɜɚɪɢɣɧɵɯ. 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɡɚɬɪɚɬɵ ɧɚ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɧɨɝɨ 
ɯɨɡɹɣɫɬɜɚ ɞɥɹ ɩɪɟɞɩɪɢɹɬɢɣ, ɢɫɩɨɥɶɡɭɸɳɢɯ ɬɟɩɥɨɜɭɸ ɷɧɟɪɝɢɸ ɢɥɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɬɨɩɥɢɜɨ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɫɨɩɨɫɬɚɜɢɦɵ ɫ 
ɭɛɵɬɤɚɦɢ ɨɬ 3-5 ɞɧɟɣ ɩɪɨɫɬɨɹ. ɋɪɨɤ ɫɥɭɠɛɵ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɧɨɝɨ ɯɨɡɹɣɫɬɜɚ 
ɧɟ ɨɞɢɧ ɞɟɫɹɬɨɤ ɥɟɬ. ȼɵɫɨɤɚ ɜɟɪɨɹɬɧɨɫɬɶ, ɱɬɨ ɡɚ ɷɬɨ ɜɪɟɦɹ ɩɪɚɜɢɥɶɧɨ ɩɪɢɧɹɬɨɟ 
ɪɟɲɟɧɢɟ ɨ ɪɟɡɟɪɜɢɪɨɜɚɧɢɢ ɬɨɩɥɢɜɚ ɨɤɭɩɢɬɫɹ ɧɟ ɨɞɢɧ ɪɚɡ. 

ɋɥɨɠɢɥɫɹ ɱёɬɤɢɣ ɫɬɟɪɟɨɬɢɩ: ɝɚɡ ɜ «ɬɪɭɛɟ» ɜɫɟɝɞɚ ɟɫɬɶ ɢ ɬɚɤ ɛɭɞɟɬ 
ɩɪɨɞɨɥɠɚɬɶɫɹ ɞɨɥɝɨ. ɇɨ, ɟɫɥɢ ɩɪɨɫɦɨɬɪɟɬɶ ɫɬɚɬɢɫɬɢɤɭ ɚɜɚɪɢɣ ɧɚ ɝɚɡɨɩɪɨɜɨɞɚɯ, 
ɬɪɭɞɧɨ ɧɟ ɭɜɢɞɟɬɶ, ɱɬɨ ɢɡɧɨɫ ɢ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɝɚɡɨɩɪɨɜɨɞɨɜ, ɢ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɯ ɫɟɬɟɣ ɤɪɚɣɧɟ ɜɵɫɨɤ, ɚ ɧɚɝɪɭɡɤɢ ɩɨ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɝɚɡɚ 
ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɸɬ. Ɉ ɜɵɫɨɤɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɜɨɡɦɨɠɧɵɯ ɚɜɚɪɢɣ ɧɚ ɝɚɡɨɜɵɯ 
ɫɟɬɹɯ ɫɟɝɨɞɧɹ ɝɨɜɨɪɹɬ ɭɠɟ ɩɭɛɥɢɱɧɨ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɨɛɵɱɧɨ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɫɜɹɡɢ ɫ ɨɱɟɪɟɞɧɨɣ ɚɜɚɪɢɟɣ. 

ȼ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ ɜɫɟɝɨ ɨɞɧɚ ɧɢɬɤɚ ɝɚɡɨɩɪɨɜɨɞɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ. ȼ 
ɫɥɭɱɚɟ ɚɜɚɪɢɢ ɧɚ ɝɚɡɨɩɪɨɜɨɞɟ ɩɪɢɞɟɬɫɹ ɜɵɫɟɥɹɬɶ ɜɟɫɶ ɝɨɪɨɞ ɢɡ 
ɛɥɚɝɨɭɫɬɪɨɟɧɧɨɝɨ ɠɢɥɶɹ. ɋɟɣɱɚɫ ɷɬɚ ɧɢɬɤɚ ɭɯɨɞɢɬ ɜ ɇɨɜɨɫɢɛɢɪɫɤɭɸ ɨɛɥɚɫɬɶ, ɢ 
ɨɧɚ ɠɟ ɜɨɡɜɪɚɳɚɟɬɫɹ ɤ ɝɪɚɧɢɰɚɦ Ɉɦɫɤɨɣ. 

Ʉɚɠɞɵɣ ɝɨɞ ɜ ɩɟɪɢɨɞ ɫɢɥɶɧɵɯ ɦɨɪɨɡɨɜ ɨɦɫɤɢɟ ɩɨɥɢɬɢɤɢ ɢ ɪɭɤɨɜɨɞɢɬɟɥɢ 
ɪɟɝɢɨɧɚ ɩɨɞɧɢɦɚɸɬ ɜɨɩɪɨɫ ɨ ɩɟɪɟɜɨɞɟ ɨɦɫɤɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɧɚ ɩɪɢɪɨɞɧɵɣ 
ɝɚɡ. ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɱɢɫɬɨɬɚ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ ɨɱɟɜɢɞɧɚ. ɗɬɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, 
ɨɬɫɭɬɫɬɜɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɢ ɪɚɡɝɪɭɡɤɟ, ɚ ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɨ 
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ɦɟɧɶɲɢɣ ɜɵɛɪɨɫ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ ɩɪɢ ɫɠɢɝɚɧɢɢ. Ⱦɨɩɭɫɬɢɦ, ɦɵ ɧɚɲɥɢ 
ɧɟɦɚɥɵɟ ɞɟɧɶɝɢ ɢ «ɜɨɩɥɨɬɢɥɢ ɦɟɱɬɭ ɜ ɠɢɡɧɶ», ɩɟɪɟɜɟɥɢ ɜɫɟ Ɍɗɐ ɧɚ ɝɚɡ. ȼɫɟ 
ɭɛɵɬɤɢ ɨɦɫɤɨɣ ɷɧɟɪɝɨɫɢɫɬɟɦɵ ɫɟɝɨɞɧɹ ɩɨɤɪɵɜɚɟɬ Ɍɗɐ-5. ɗɬɨ ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹ, 
ɨɧɚ ɞɚɟɬ ɬɟɩɥɨ ɞɥɹ ɛɨɥɟɟ ɱɟɦ 400 ɬɵɫɹɱ ɠɢɬɟɥɟɣ Ɉɦɫɤɚ, ɜɵɪɚɛɚɬɵɜɚɟɬ 55 
ɩɪɨɰɟɧɬɨɜ ɜɫɟɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ, ɩɨ ɫɭɬɢ, ɫɨɞɟɪɠɢɬ ɜɫɸ ɨɦɫɤɭɸ 
ɷɧɟɪɝɨɫɢɫɬɟɦɭ. ɋɟɝɨɞɧɹ ɧɚ ɧɟɣ ɫɠɢɝɚɟɬɫɹ ɞɨ 12 ɬɵɫɹɱ ɬɨɧɧ ɭɝɥɹ ɜ ɫɭɬɤɢ. Ƚɚɡɚ 
ɧɭɠɧɨ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɬɶ 6 ɦɢɥɥɢɚɪɞɨɜ ɤɭɛɨɜ. ɂɦɟɸɳɢɣɫɹ ɬɪɭɛɨɩɪɨɜɨɞ ɫɬɨɥɶɤɨ 
ɩɪɨɫɬɨ ɮɢɡɢɱɟɫɤɢ ɧɟ ɩɪɨɩɭɫɬɢɬ. ɉɨɷɬɨɦɭ ɧɭɠɧɨ ɟɳɟ ɡɚɤɨɥɶɰɟɜɚɬɶ ɜɬɨɪɭɸ 
ɧɢɬɤɭ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɵ ɞɨɥɠɧɵ ɛɭɞɟɦ ɢɦɟɬɶ ɨɤɨɥɨ 30-40 ɬɵɫɹɱ ɬɨɧɧ ɦɚɡɭɬɚ ɜ 
ɤɚɱɟɫɬɜɟ ɪɟɡɟɪɜɧɨɝɨ ɬɨɩɥɢɜɚ. 

ɇɚ ɫɨɜɪɟɦɟɧɧɭɸ ɫɢɫɬɟɦɭ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɥɨɠɢɬɫɹ ɜɚɠɧɚɹ ɡɚɞɚɱɚ – 

ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɫɩɟɪɟɛɨɣɧɨɣ, ɧɚɞɟɠɧɨɣ ɩɨɞɚɱɢ ɝɚɡɚ ɩɨɬɪɟɛɢɬɟɥɹɦ, ɧɟ ɜɡɢɪɚɹ ɧɚ 
ɪɚɡɥɢɱɧɵɟ ɜɧɟɲɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ. ɇɚ ɩɪɨɬɹɠɟɧɢɟ ɦɧɨɝɢɯ ɥɟɬ ɩɪɢɪɨɞɧɵɣ ɝɚɡ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɦ ɬɨɩɥɢɜɨɦ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɬɚɧɨɜɢɬɫɹ 
ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɨɣ ɪɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɝɚɡɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜ ɭɫɥɨɜɢɹɯ 
ɨɝɪɚɧɢɱɟɧɢɹ ɩɨɫɬɚɜɨɤ ɝɚɡɚ. 

ȼɨɡɧɢɤɚɟɬ ɫɥɨɠɧɚɹ ɡɚɞɚɱɚ: ɬɪɟɛɭɟɬɫɹ ɧɚ ɧɚɭɱɧɨɣ ɨɫɧɨɜɟ ɨɰɟɧɢɬɶ, ɤɚɤ 
ɫɤɚɠɟɬɫɹ ɞɟɮɢɰɢɬ ɝɚɡɨɜɨɝɨ ɬɨɩɥɢɜɚ ɧɚ ɩɨɬɪɟɛɢɬɟɥɟ, ɚ ɬɚɤɠɟ ɩɪɟɞɭɫɦɨɬɪɟɬɶ 
ɬɚɤɭɸ ɫɢɫɬɟɦɭ ɝɚɡɨɫɧɚɛɠɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɪɚɰɢɨɧɚɥɶɧɨ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɨ ɢɦɟɸɳɟɟɫɹ ɬɨɩɥɢɜɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɵ ɩɪɢɲɥɢ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɨɪɝɚɧɢɡɨɜɵɜɚɬɶ 
ɬɨɩɥɢɜɧɵɟ ɪɟɡɟɪɜɵ. ɇɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɰɟɥɨɟ ɨɛɨɫɨɛɥɟɧɧɨɟ ɯɨɡɹɣɫɬɜɨ: 
ɪɟɡɟɪɜɭɚɪɵ ɢɥɢ ɫɤɥɚɞɵ, ɭɱɚɫɬɤɢ ɩɨɞɝɨɬɨɜɤɢ ɢ ɭɞɚɥɟɧɢɹ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ, 
ɫɩɟɰɢɚɥɶɧɵɟ ɩɨɞɴɟɡɞɧɵɟ ɩɭɬɢ, ɜɨɡɧɢɤɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɪɚɡɪɚɛɨɬɤɟ ɧɟɨɛɯɨɞɢɦɵɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɫɨɤɪɚɳɟɧɢɸ ɡɚɝɪɹɡɧɟɧɢɹ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ. ɏɨɬɹ ɷɬɨ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɤɚɩɢɬɚɥɨɟɦɤɢɦ ɦɟɪɨɩɪɢɹɬɢɟɦ, 
ɨɧɨ ɹɜɥɹɟɬɫɹ ɞɨɜɨɥɶɧɨ ɷɮɮɟɤɬɢɜɧɵɦ ɜ ɛɨɪɶɛɟ ɫ ɧɚɪɭɲɟɧɢɟɦ ɩɨɫɬɚɜɨɤ ɝɚɡɚ. 
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Artem S. Pulishy, Evgeniy M. Rezanov 

Omsk State Transport University (OSTU), Omsk, Russian Federation 

 

ABOUT USE OF THE COMBINED CYCLE GAS TURBINE ON  

THE OMSK CHPP-2 

 

The question of reconstruction of the Omsk CHPP-2 with use of the combined cycle gas 

turbine and regeneration of thermal energy is considered. The way of calculation of optimum 

temperature of heating of the air in a regenerator going for fuel burning is offered. 

 

Key words: turbine, copper utilizer, regenerator, air, temperature. 

 

Ɋɟɲɟɧɢɟ ɨ ɫɬɪɨɢɬɟɥɶɫɬɜɟ Ɉɦɫɤɨɣ Ɍɗɐ-2 ɛɵɥɨ ɩɪɢɧɹɬɨ ɜ ɦɚɟ 1934 ɝɨɞɚ, 
ɧɨ ɢɡ-ɡɚ ɞɨɪɚɛɨɬɤɢ ɩɪɨɟɤɬɚ ɧɚɱɚɥɨɫɶ ɜ 1937 ɝɨɞɭ. Ɉɧɚ ɫɱɢɬɚɟɬɫɹ ɫɬɚɪɟɣɲɟɣ 
ɬɟɩɥɨɜɨɣ ɷɥɟɤɬɪɨɫɬɚɧɰɢɟɣ ɝɨɪɨɞɚ Ɉɦɫɤɚ ɢ ɜɯɨɞɢɬ ɜ ɫɬɪɭɤɬɭɪɭ ɪɨɫɫɢɣɫɤɨɣ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɤɨɦɩɚɧɢɢ Ⱥɤɰɢɨɧɟɪɧɨɟ ɨɛɳɟɫɬɜɨ «Ɍɟɪɪɢɬɨɪɢɚɥɶɧɚɹ 
ɝɟɧɟɪɢɪɭɸɳɚɹ ɤɨɦɩɚɧɢɹ № 11». 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɬɚɧɰɢɹ ɪɚɛɨɬɚɟɬ ɜ ɪɟɠɢɦɟ ɤɨɬɟɥɶɧɨɣ. 
ȼɵɪɚɛɚɬɵɜɚɟɦɚɹ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɩɨɫɬɚɜɥɹɟɬɫɹ ɩɨɬɪɟɛɢɬɟɥɹɦ Ʌɟɧɢɧɫɤɨɝɨ ɢ 
Ɉɤɬɹɛɪɶɫɤɨɝɨ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɵɯ ɨɤɪɭɝɨɜ ɝɨɪɨɞɚ Ɉɦɫɤɚ. 

ɋɟɝɨɞɧɹ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɫɬɚɧɰɢɢ ɫɨɫɬɚɜɥɹɟɬ  
378 Ƚɤɚɥ/ɱɚɫ, ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ – 23% Д1Ж. Ɉɫɧɨɜɧɵɦ ɬɨɩɥɢɜɨɦ ɞɥɹ 
ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ ɹɜɥɹɟɬɫɹ ɩɪɢɪɨɞɧɵɣ ɝɚɡ, ɪɟɡɟɪɜɧɵɦ – ɤɭɡɧɟɰɤɢɣ ɭɝɨɥɶ ɢ 
ɪɚɫɬɨɩɨɱɧɵɦ – ɦɚɡɭɬ. 

Ɍɚ ɤɚɤ ɤɨɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ Ɉɦɫɤɨɣ Ɍɗɐ-2 ɦɨɪɚɥɶɧɨ ɢ ɮɢɡɢɱɟɫɤɢ 
ɭɫɬɚɪɟɥɨ, ɬɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɫɬɚɧɰɢɢ ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ ɫ ɪɟɝɟɧɟɪɚɰɢɟɣ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. Ɋɚɛɨɬɚ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɬɶ 
ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɚ ɬɚɤ ɠɟ ɩɨɜɵɫɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɦɨɳɧɨɫɬɢ. 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɟɞɥɚɝɚɟɦɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ 
ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɫ ɪɟɝɟɧɟɪɚɰɢɟɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ Ɉɦɫɤɨɣ Ɍɗɐ-2, ɝɞɟ:    
Ɍ – ɬɨɩɥɢɜɨ; ȼ – ɜɨɡɞɭɯ; Ʉɋ – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; ɍȽ – ɭɯɨɞɹɳɢɟ ɝɚɡɵ;  
ȽɌ – ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ; Ƚ – ɝɟɧɟɪɚɬɨɪ; Ɋ – ɪɟɝɟɧɟɪɚɬɨɪ; Ʉɍ – ɤɨɬёɥ-ɭɬɢɥɢɡɚɬɨɪ; 
ȾȺ – ɞɟɚɷɪɚɬɨɪ ɚɬɦɨɫɮɟɪɧɵɣ; Ȼɍ – ɛɨɣɥɟɪɧɚɹ ɭɫɬɚɧɨɜɤɚ; ȺȻ – ɚɤɤɭɦɭɥɹɬɨɪɧɵɣ 
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ɛɚɤ; ȼɉɍ – ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ; ɏȼ – ɯɨɥɨɞɧɚɹ ɜɨɞɚ; Ⱦ – ɞɵɦɨɫɨɫ; 
ȾɌ – ɞɵɦɨɜɚɹ ɬɪɭɛɚ; ɇɏɈȼ – ɧɚɫɨɫ ɯɢɦ. ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ; Ⱦɇ – ɞɪɟɧɚɠɧɵɣ 
ɧɚɫɨɫ; Ʉɇ – ɤɨɧɞɟɧɫɚɬɧɵɣ ɧɚɫɨɫ; ɋɇ – ɫɟɬɟɜɨɣ ɧɚɫɨɫ; ɉɇ – ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ 

 

 

Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ 

ɫ ɪɟɝɟɧɟɪɚɰɢɟɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ Ɉɦɫɤɨɣ Ɍɗɐ-2 

 

Ɍɟɩɥɨɜɚɹ ɪɚɛɨɬɚ ɩɨ ɯɨɞɭ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɫɨɫɬɨɢɬ 
ɢɡ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɢɫɬɟɦ «ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ – ɝɚɡɨɜɚɹ ɬɭɪɛɢɧɚ – ɤɨɦɩɪɟɫɫɨɪ – 

ɪɟɝɟɧɟɪɚɬɨɪ – ɤɨɬёɥ ɭɬɢɥɢɡɚɬɨɪ». ȼ ɫɢɫɬɟɦɟ ɩɪɨɢɫɯɨɞɢɬ ɫɥɨɠɧɵɣ ɬɟɩɥɨɨɛɦɟɧ. 
ȼ ɩɪɨɰɟɫɫɟ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɟɨɛɥɚɞɚɟɬ ɩɟɪɟɞɚɱɚ ɬɟɩɥɚ ɢɡɥɭɱɟɧɢɟɦ, ɤɨɧɜɟɤɰɢɟɣ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. 

ȼ ɞɚɧɧɨɣ ɫɯɟɦɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ ɡɚ ɫɱɟɬ 
ɪɚɛɨɬɵ ɤɨɬɥɚ-ɭɬɢɥɢɡɚɬɨɪɚ, ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɨɬ 
ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɰɢɤɥɚ ɫ ɪɟɝɟɧɟɪɚɬɨɪɨɦ. Ɋɚɛɨɬɚ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɩɨɥɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ, ɤɚɤ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ ɫɬɚɧɰɢɢ, 
ɬɚɤ ɢ ɫɬɨɪɨɧɧɢɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɫɠɢɝɚɧɢɹ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɟ ɫɝɨɪɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɜɵɲɟɧɚ ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɩɨɥɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɢɡɢɱɟɫɤɨɣ ɬɟɩɥɨɬɵ 
ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ ɢɡ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɩɨɜɵɫɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɢ ɫɨɤɪɚɬɢɬɶ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ, ɧɚ ɜɵɯɨɞɟ ɢɡ 
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ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 520-580 
0ɋ, ɞɥɹ 

ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ – ɦɟɪɨɩɪɢɹɬɢɟ 
ɫɩɨɫɨɛɫɬɜɭɸɳɟɟ ɩɨɜɵɲɟɧɢɸ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. Ɉɞɧɚɤɨ ɷɬɨ ɜɟɞɟɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɪɟɝɟɧɟɪɚɬɨɪ, ɩɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɥɭɱɢɬɶ 
ɨɩɪɚɜɞɚɧɧɭɸ ɨɩɬɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɞɨɝɪɟɜɚ. 

Ɍɟɩɥɨɜɨɣ ɪɟɝɟɧɟɪɚɬɨɪ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ ɡɚ ɝɚɡɨɜɨɣ 
ɬɭɪɛɢɧɨɣ ɩɨ ɨɬɜɨɞɧɨɣ ɬɪɭɛɟ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ Д2Ж (ɪɢɫ. 2): δ – ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ 
ɬɟɩɥɨɨɛɦɟɧɚ; ɦ; Нɪ – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɪɟɝɟɧɟɪɚɬɨɪɚ, ɦ; Хɪ – ɞɥɢɧɚ ɨɫɧɨɜɧɨɝɨ 
ɬɟɩɥɨɨɛɦɟɧɚ ɪɟɝɟɧɟɪɚɰɢɢ, ɦ; Нɬ – ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɨɬɜɨɞɧɨɣ ɬɪɭɛɵ ɝɚɡɨɜ, ɦ; 
tɜ1, tɜ2 – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɪɟɝɟɧɟɪɚɬɨɪɚ, 0ɋ; Эɝ1, tɝ2 – 

ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɪɟɝɟɧɟɪɚɬɨɪɚ, 0ɋ. 

 

Ɋɢɫ. 2. Ɋɟɝɟɧɟɪɚɬɨɪ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

 

ɂɧɧɨɜɚɰɢɢ, ɫɨɝɥɚɫɧɨ ɦɟɬɨɞɢɤɟ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɢɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ 
ɨɛɳɟɫɬɜɟɧɧɨɝɨ ɬɪɭɞɚ, ɭɱɢɬɵɜɚɟɬ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɢ ɤɚɩɢɬɚɥɶɧɵɟ 
ɜɥɨɠɟɧɢɹ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ Д3Ж: 

Ɂ = ɋ + Ɋɧ · Ʉ,                                                 (1) 

ɝɞɟ Ɋɧ – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ ɢɧɜɟɫɬɢɰɢɣ, 1/ɝɨɞ; Ʉ – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ, ɪɭɛ.  
ɋ – ɝɨɞɨɜɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ, ɪɭɛ./ɝɨɞ. 
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ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɪɢ ɪɚɛɨɬɟ ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ 
ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɞɜɭɯ ɝɪɭɩɩ ɡɚɬɪɚɬ: ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɨɩɥɢɜɚ; ɧɟɷɧɟɪɝɟɬɢɱɟɫɤɢɟ (ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɢ 
ɡɚɬɪɚɬɵ ɩɨ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ), ɫɨɫɬɨɹɳɢɟ ɢɡ ɩɪɨɱɢɯ ɜɢɞɨɜ ɡɚɬɪɚɬ, 
ɫɜɹɡɚɧɧɵɯ ɫ ɨɫɭɳɟɫɬɜɥɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɪɚɛɨɬɤɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɩɚɪɚ. 

ɉɪɢ ɪɟɝɟɧɟɪɚɰɢɢ ɬɟɩɥɨɬɵ ɝɚɡɨɜ, ɭɯɨɞɹɳɢɯ ɢɡ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ 
ɩɚɪɨɝɚɡɨɜɨɣ ɭɫɬɚɧɨɜɤɢ, ɬɟɤɭɳɢɦɢ ɪɚɫɯɨɞɚɦɢ ɹɜɥɹɸɬɫɹ ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ, ɧɚ 
ɩɨɞɚɱɭ ɞɭɬɶɟɜɨɝɨ ɜɨɡɞɭɯɚ ɢ ɨɬɜɨɞ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɡɚ ɩɪɟɞɟɥɵ ɚɝɪɟɝɚɬɚ. 
ȼɟɥɢɱɢɧɵ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɪɟɧɨɜɚɰɢɸ, ɤɚɩɢɬɚɥɶɧɵɣ ɢ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ 
ɩɪɢɧɢɦɚɸɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɚɩɢɬɚɥɶɧɵɦ ɜɥɨɠɟɧɢɹɦ. 

Ɂɧɚɱɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɚɦɟɪɨɣ 
ɫɝɨɪɚɧɢɹ ɦɨɠɧɨ ɧɚɣɬɢ, ɢɫɯɨɞɹ ɢɡ ɦɢɧɢɦɭɦɚ ɫɭɦɦɚɪɧɵɯ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ 
ɡɚɬɪɚɬ ɧɚ ɪɟɝɟɧɟɪɚɬɢɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɬɨɩɥɢɜɨ, ɩɪɢ ɩɪɢɪɚɜɧɢɜɚɧɢɢ ɤ ɧɭɥɸ 
ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɮɭɧɤɰɢɢ ɩɨ ɨɩɬɢɦɢɡɢɪɭɟɦɨɦɭ ɩɚɪɚɦɟɬɪɭ, ɪɭɛ./ɝɨɞ: 

0
td

dHɋ
td

dBɋ
td

dɁ
ɤɫ
ɜ

ɪɤɫ
ɜ

ɬɤɫ
ɜ

 ,                                  (2) 

ɝɞɟ Ɂ – ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɩɨ ɪɟɝɟɧɟɪɚɬɨɪɭ ɢ ɫɠɢɝɚɟɦɨɦɭ 
ɬɨɩɥɢɜɭ, ɪ./ɝɨɞ; ɤɫ

ɜt  – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɨɝɪɟɬɨɝɨ ɜɨɡɞɭɯɚ, ɢɞɭɳɚɹ ɧɚ 

ɝɨɪɟɧɢɟ ɬɨɩɥɢɜɚ, 0ɋ; ɬɋ  – ɝɨɞɨɜɚɹ ɫɬɨɢɦɨɫɬɶ ɬɨɩɥɢɜɚ, 
ɝɨɞ
ɫ

ɦ
ɪɭɛ.

3
 ; ȼ – ɪɚɫɯɨɞ 

ɬɨɩɥɢɜɚ, ɦ3
/c; ɪɋ  – ɝɨɞɨɜɚɹ ɫɬɨɢɦɨɫɬɶ 1 ɦ2

 ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɪɟɝɟɧɟɪɚɬɨɪɚ, 

ɪɭɛ./(ɦ2·ɝɨɞ); H  – ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ ɪɟɝɟɧɟɪɚɬɨɪɚ, ɦ2
. 

Ɉɩɬɢɦɢɡɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɞɨɝɪɟɜɚ ɜɨɡɞɭɯɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɟɝɟɧɟɪɚɬɨɪɚ, 
ɨɛɟɫɩɟɱɢɬ ɧɚɯɨɠɞɟɧɢɟ ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɞɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɩɪɢ ɧɚɢɦɟɧɶɲɢɯ 
ɡɚɬɪɚɬɚɯ.  
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INFLUENCE OF THE BURNER DEVICES  

ON THE HARMFUL EMISSIONS OF BOILER UNITS 

 

The work is dedicated to analysis and determining composition of harmful poisons of boiler 

units and their effect on human organism. Formation mechanisms of nitrogen and sulfur oxides are 

reviewed.  Harmful poisons that could be reduced by optimization of selection and working mode of 

burner devices are determinated. Constructions of burner devices with low nitrogen oxides 

emission and schemes of smoke fumes recirculation are chosen. 

 

Key words: boiler unit, burner device, harmful poisons, nitrogen oxides, sulfur oxides, 

excess air factor, smoke fumes recirculation. 

 

ɉɪɢ ɫɠɢɝɚɧɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ ɜ ɚɬɦɨɫɮɟɪɭ ɩɨɩɚɞɚɟɬ ɦɧɨɠɟɫɬɜɨ 
ɜɟɳɟɫɬɜ, ɤɚɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɡɨɩɚɫɧɵɯ, ɬɚɤ ɢ ɜɪɟɞɧɵɯ. Ɉɫɧɨɜɧɵɦɢ 
ɤɨɦɩɨɧɟɧɬɚɦɢ, ɜɵɛɪɚɫɵɜɚɟɦɵɦɢ ɜ ɚɬɦɨɫɮɟɪɭ, ɹɜɥɹɸɬɫɹ ɧɟɬɨɤɫɢɱɧɵɟ ɜɨɞɹɧɨɣ 
ɩɚɪ (H2O) ɢ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ (CO2), ɚ ɬɚɤɠɟ ɨɤɫɢɞɵ ɚɡɨɬɚ ɢ ɫɟɪɵ, ɭɝɚɪɧɵɣ ɝɚɡ 
(CO), ɧɟɞɨɝɨɪɟɜɲɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɢ ɞɪɭɝɢɟ ɩɪɨɞɭɤɬɵ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ, 
ɤɚɧɰɟɪɨɝɟɧɧɵɣ ɛɟɧɡɨɩɢɪɟɧ (C20H12) ɢ ɫɨɟɞɢɧɟɧɢɹ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ, ɚ ɬɚɤɠɟ 
ɫɚɠɚ. Д5Ж 

Ƚɨɪɟɥɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɢɯ ɤɨɦɩɨɧɨɜɤɚ ɢ ɪɟɠɢɦ ɪɚɛɨɬɵ ɨɤɚɡɵɜɚɸɬ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɵɛɪɨɫɵ NOx ɢ SOX[1-4].  

ɂɡɜɟɫɬɧɵ ɬɪɢ ɨɫɧɨɜɧɵɯ ɫɯɟɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɬɨɩɤɚɯ 
ɤɨɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. ɉɟɪɜɵɣ, ɧɚɡɵɜɚɟɦɵɣ “ɬɟɩɥɨɜɵɦ” ɢɥɢ 
“ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ”, ɛɵɥ ɨɬɤɪɵɬ ɚɤɚɞɟɦɢɤɨɦ ə. Ȼ. Ɂɟɥɶɞɨɜɢɱɟɦ ɜ ɫɟɪɟɞɢɧɟ 
1940-ɯ ɝɨɞɨɜ Д1, 2Ж. Ɉɧ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɨɛɪɚɡɨɜɚɧɢɹ NOx ɩɪɢ 
ɝɨɪɟɧɢɢ. Ɋɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɜ 2 ɫɬɚɞɢɢ: 

2N O NO N                                                   (1) 

2N O NO O                                                    (2) 

ȼɬɨɪɨɣ ɦɟɯɚɧɢɡɦ ɧɚɡɵɜɚɟɬɫɹ “ɛɵɫɬɪɵɦ” ɢ ɫɜɹɡɚɧ ɫ ɪɟɚɤɰɢɟɣ 
ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɚ ɫ ɪɚɞɢɤɚɥɨɦ CH, ɤɨɬɨɪɵɣ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɧɚɱɚɥɶɧɨɣ ɡɨɧɟ 
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ɪɚɡɥɨɠɟɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ ɩɨ ɫɯɟɦɟ Д1, 2Ж:  

2CN N NCN H                                                 (3) 

Ɍɪɟɬɢɣ ɦɟɯɚɧɢɡɦ – ɨɛɪɚɡɨɜɚɧɢɟ NOX ɩɪɢ ɪɚɡɥɨɠɟɧɢɢ ɢ ɝɨɪɟɧɢɢ 
ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɬɨɩɥɢɜɚ Д1, 2Ж. 

ɋɟɪɚ, ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ ɬɨɩɥɢɜɟ, ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɟɪɧɢɫɬɨɝɨ SO2 ɢ 
ɫɟɪɧɨɝɨ SO3 ɚɧɝɢɞɪɢɞɨɜ. ɋɭɦɦɚɪɧɵɣ ɜɵɯɨɞ SOX ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 
ɜ ɬɨɩɥɢɜɟ ɫɟɪɵ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɜɯɨɞɢɬɶ ɜ ɫɟɪɨɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ 
(ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɭɥɶɮɢɞɵ ɢ ɩɨɥɭɫɭɥɶɮɢɞɵ, ɬɢɨɮɟɧ, ɦɟɪɤɚɩɬɚɧ), ɜ ɜɢɞɟ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɫɟɪɵ, ɚ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɬɨɩɥɢɜɟ – ɟɳɟ ɢ ɜ ɜɢɞɟ ɫɟɪɨɜɨɞɨɪɨɞɚ H2S 

ɢ ɫɟɪɧɢɫɬɨɝɨ ɚɧɝɢɞɪɢɞɚ SO2 [1-5]. 

ȼɨɡɦɨɠɧɵɟ ɫɯɟɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɚ ɫɟɪɵ: 

2 2 2 22 3 2 2H S O SO H O                                            (4) 

2 2ɨɪS O SO                                                      (5) 

2 2 2 3 211 2 8FeS O Fe O SO                                           (6) 

ɑɚɫɬɶ ɫɟɪɧɢɫɬɨɝɨ ɚɧɝɢɞɪɢɞɚ (1-5%) ɜɩɨɫɥɟɞɫɬɜɢɢ ɨɤɢɫɥɹɟɬɫɹ ɞɨ SO3: 

2 2 3
1

2
SO O SO                                                   (7) 

ɂɡɜɟɫɬɧɵ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɫɧɢɠɟɧɢɹ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɤɨɬɟɥɶɧɵɯ 
ɚɝɪɟɝɚɬɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɬɨɩɨɱɧɵɟ ɩɪɨɰɟɫɫɵ ɢ ɝɨɪɟɥɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ Д2-4].  

 ɋɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ ɫ ɦɚɥɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ α. 
ɋɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ ɫ ɦɚɥɵɦ ɢɡɛɵɬɤɨɦ ɜɨɡɞɭɯɚ – ɨɞɢɧ ɢɡ ɫɚɦɵɯ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɫɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ NOX. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɫɢɞɨɜ ɚɡɨɬɚ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ ɨɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɧɚ 
ɩɪɢɦɟɪɟ ɤɨɬɥɚ ɌȽɆ-94, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 1, ɩɨɡɜɨɥɹɟɬ ɩɨɧɹɬɶ, ɱɬɨ 
ɦɚɤɫɢɦɚɥɶɧɵɟ ɜɵɛɪɨɫɵ NOX ɫɨɨɬɜɟɬɫɬɜɭɸɬ α = 1,1 – 1,3.  

ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɹɯ α ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ ɜɵɛɪɨɫɨɜ 
ɬɟɪɦɢɱɟɫɤɢɯ NOX ɡɚ ɫɱɟɬ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ “ɥɢɲɧɟɝɨ” ɜɨɡɞɭɯɚ, ɢɡ-ɡɚ ɱɟɝɨ 
ɩɨɧɢɠɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɟɧɢɹ, ɧɨ ɢɡ-ɡɚ ɧɢɡɤɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɤɨɬɥɚ ɬɚɤɢɟ 
ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɪɚɰɢɨɧɚɥɶɧɨ. ɉɪɢ ɡɧɚɱɟɧɢɹɯ α < 1,1 – 1,3 

ɫɧɢɠɚɸɬɫɹ ɤɚɤ ɬɟɪɦɢɱɟɫɤɢɟ, ɬɚɤ ɢ ɬɨɩɥɢɜɧɵɟ ɜɵɛɪɨɫɵ NOX, ɧɨ ɪɚɫɬɭɬ ɜɵɛɪɨɫɵ 
ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ, ɨɤɢɫɢ ɭɝɥɟɪɨɞɚ ɢ ɤɚɧɰɟɪɨɝɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɚ ɬɚɤɠɟ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɯɢɦɢɱɟɫɤɢɣ ɧɟɞɨɠɨɝ ɬɨɩɥɢɜɚ Д1-4].  
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɣ NOX ɨɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 

 

ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ ɩɪɢ α = 1,15 – 1,2 ɭɦɟɧɶɲɟɧɢɟ α ɞɨ  
1,03 – 1,05 ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɜɵɛɪɨɫɵ NOX ɧɚ 25 – 30% [1]. 

ɗɬɨ ɦɟɬɨɞ ɬɚɤɠɟ ɷɮɮɟɤɬɢɜɟɧ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɵɛɪɨɫɨɜ SOX. Ɍɚɤ, ɩɪɢ 
ɫɠɢɝɚɧɢɢ ɦɚɡɭɬɚ ɫɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜ ɬɨɩɤɟ ɫ 1,05  
ɞɨ 1,01 ɫɧɢɠɚɟɬ ɜɵɯɨɞ ɨɤɫɢɞɨɜ ɫɟɪɵ ɩɪɢɦɟɪɧɨ ɧɚ 30% Д2Ж. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɨɪɟɥɨɤ ɫ ɧɢɡɤɢɦ ɜɵɛɪɨɫɨɦ NOX. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɝɨɪɟɥɤɢ ɫ ɧɢɡɤɢɦ ɜɵɯɨɞɨɦ NOX ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫ. 2.  

 

Ɋɢɫ. 2. Ʉɨɧɫɬɪɭɤɰɢɹ ɝɨɪɟɥɤɢ ɫ “ɧɢɡɤɢɦ” ɜɵɛɪɨɫɨɦ NOX: 

1 – ɩɟɪɜɢɱɧɵɣ ɜɨɡɞɭɯ; 2 – ɭɝɨɥɶɧɚɹ ɩɵɥɶ; 3 – ɜɬɨɪɢɱɧɵɣ ɜɨɡɞɭɯ; 4 – ɬɪɟɬɢɱɧɵɣ ɜɨɡɞɭɯ. 
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Ƚɨɪɟɥɤɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɑɟɪɟɡ ɤɚɧɚɥɵ 1, 2 ɢ 3 ɩɨɞɚɟɬɫɹ 
ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ, ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɞɥɹ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ (80 – 95%), ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ ɡɨɧɚ “ɤɢɫɥɨɪɨɞɧɨɝɨ ɝɨɥɨɞɚɧɢɹ”, ɜ ɤɨɬɨɪɨɣ ɬɨɩɥɢɜɨ 
ɫɝɨɪɚɟɬ ɧɟ ɩɨɥɧɨɫɬɶɸ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɜɵɞɟɥɟɧɢɟ ɬɨɩɥɢɜɧɵɯ NOX. 

Ɉɫɬɚɜɲɢɣɫɹ ɢɡɛɵɬɨɱɧɵɣ ɜɨɡɞɭɯ ɩɨɞɚɟɬɫɹ ɱɟɪɟɡ ɤɚɧɚɥ 4 ɧɚ ɩɟɪɢɮɟɪɢɸ ɮɚɤɟɥɚ, 
ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɩɨɥɧɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɧɨ ɭɠɟ 
ɩɪɢ ɦɟɧɶɲɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɭɦɟɧɶɲɚɸɬɫɹ ɜɵɛɪɨɫɵ 
ɬɟɪɦɢɱɟɫɤɢɯ NOX. 

 ɉɪɢɦɟɧɟɧɢɟ ɷɬɢɯ ɝɨɪɟɥɨɤ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɬɚɤ ɤɚɤ ɧɟ ɭɯɭɞɲɚɸɬɫɹ 
ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɨɬɥɚ, ɧɨ ɫɧɢɠɚɸɬɫɹ ɜɵɛɪɨɫɵ ɨɤɫɢɞɨɜ 
ɚɡɨɬɚ ɞɨ 60% ɞɥɹ ɝɚɡɨɦɚɡɭɬɧɵɯ ɤɨɬɥɨɜ ɢ ɞɨ 50% – ɞɥɹ ɭɝɨɥɶɧɵɯ. ɍɦɟɧɶɲɚɸɬɫɹ 
ɧɚ 10 – 15% ɜɵɛɪɨɫɵ ɛɟɧɡɨɩɢɪɟɧɚ Д2Ж. 
 ɋɬɭɩɟɧɱɚɬɨɟ ɫɠɢɝɚɧɢɟ ɬɨɩɥɢɜɚ. 
 Ɇɟɬɨɞ ɩɨɯɨɠ ɧɚ ɩɪɟɞɵɞɭɳɢɣ, ɧɨ ɞɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɩɨɞɚɱɚ ɜɨɡɞɭɯɚ 
ɪɟɚɥɢɡɭɟɬɫɹ ɧɟ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɝɨɪɟɥɤɢ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ, ɧɨ ɩɪɨɢɫɯɨɞɢɬ 
ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ α ɞɥɹ ɤɚɠɞɨɝɨ ɹɪɭɫɚ ɝɨɪɟɥɨɤ. ɉɪɢ 
ɞɜɭɯɫɬɭɩɟɧɱɚɬɨɦ ɫɠɢɝɚɧɢɢ ɝɨɪɟɥɤɢ ɧɢɠɧɟɝɨ ɪɹɞɚ ɫɠɢɝɚɸɬ ɬɨɩɥɢɜɨ ɫ 
ɧɟɞɨɫɬɚɬɤɨɦ ɜɨɡɞɭɯɚ, ɜ ɜɟɪɯɧɢɣ ɪɹɞ ɩɨɞɚɟɬ ɜ ɬɨɩɤɭ ɬɨɥɶɤɨ ɜɨɡɞɭɯ ɫ ɰɟɥɶɸ 
ɞɨɠɢɝɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɨ ɪɚɛɨɬɚɟɬ ɫɯɟɦɚ ɫ ɬɪɟɦɹ ɭɪɨɜɧɹɦɢ 
ɝɨɪɟɥɨɤ, ɜ ɤɨɬɨɪɨɣ ɧɢɠɧɢɣ ɪɹɞ ɫɠɢɝɚɟɬ 70-85% ɬɨɩɥɢɜɚ ɩɪɢ α ≈ 1, ɫɪɟɞɧɢɣ – 

ɨɫɬɚɜɲɭɸɫɹ ɱɚɫɬɶ ɬɨɩɥɢɜɚ ɩɪɢ α = 0,9 – 0,95, ɚ ɜ ɜɟɪɯɧɢɣ ɩɨɞɚɟɬɫɹ ɢɡɛɵɬɨɱɧɵɣ 
ɜɨɡɞɭɯ ɞɥɹ ɞɨɠɢɝɚɧɢɹ. Ɍɚɤɚɹ ɫɯɟɦɚ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚ ɢ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ 
ɫɧɢɠɟɧɢɹ ɜɵɯɨɞɚ NOX ɧɚ 30 – 45% [1 – 3Ж, ɧɨ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɛɨɥɶɲɨɟ 
ɭɯɭɞɲɟɧɢɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ: ɩɨɜɵɲɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɭɯɨɞɹɳɢɯ ɝɚɡɨɜ ɧɚ 3 – 5°ɋ; ɭɦɟɧɶɲɚɟɬɫɹ ɄɉȾ ɤɨɬɥɚ ɞɨ 0,5%; ɪɚɫɬɭɬ ɪɚɫɯɨɞɵ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ Д1 – 3]. 

 Ɋɟɰɢɪɤɭɥɹɰɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɬɨɩɤɭ. 
 Ɋɟɰɢɪɤɭɥɹɰɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɢɡ ɡɨɧɵ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 300-400°ɋ 
ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɜɵɛɪɨɫɵ ɬɟɪɦɢɱɟɫɤɢɯ NOX ɜ ɬɨɩɤɟ ɢɡ-ɡɚ ɩɨɧɢɠɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜ, ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɰɟɩɧɵɯ ɪɟɚɤɰɢɣ ɢ 
ɭɦɟɧɶɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ Д1,4,5Ж. ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧ 
ɝɪɚɮɢɤ ɭɦɟɧɶɲɟɧɢɹ ɜɵɛɪɨɫɨɜ NOX ɨɬ ɞɨɥɢ ɝɚɡɨɜ, ɩɨɞɚɜɚɟɦɵɯ ɧɚ 
ɪɟɰɢɪɤɭɥɹɰɢɸ, ɞɥɹ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɩɨɞɚɱɢ ɝɚɡɨɜ Д1,4,5Ж. 
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Ɋɢɫ. 3. ɋɧɢɠɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ  NOX ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɬɨɩɨɱɧɵɯ 
ɝɚɡɨɜ: 1 – ɱɟɪɟɡ ɨɬɞɟɥɶɧɵɟ ɤɚɧɚɥɵ ɝɨɪɟɥɨɤ; 2 – ɱɟɪɟɡ ɲɥɢɰɵ ɩɨɞ ɝɨɪɟɥɤɚɦɢ;  

3 – ɱɟɪɟɡ ɲɥɢɰɵ ɜ ɩɨɞɭ ɬɨɩɤɢ. 
 

 ɂɡ ɝɪɚɮɢɤɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɨɞɚɱɚ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɜ 
ɬɨɩɤɭ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɫɟɪɶɟɡɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɜɵɛɪɨɫɨɜ NOX; ɩɨɞɚɱɚ ɱɟɪɟɡ 
ɲɥɢɰɵ ɩɨɞ ɝɨɪɟɥɤɚɦɢ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚ, ɧɨ ɫɚɦɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ – 

ɩɨɞɚɱɚ ɱɟɪɟɡ ɨɬɞɟɥɶɧɵɟ ɤɚɧɚɥɵ ɝɨɪɟɥɨɤ. ɇɚ ɩɪɚɤɬɢɤɟ ɞɨɥɹ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɵɯ 
ɝɚɡɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 30%,  ɬɚɤ ɤɚɤ ɞɚɥɶɧɟɣɲɟɟ ɟɟ ɭɜɟɥɢɱɟɧɢɟ ɧɟ ɩɪɢɜɨɞɢɬ ɤ 
ɫɟɪɶɟɡɧɨɦɭ ɫɧɢɠɟɧɢɸ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ Д1,4,5Ж. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɪɟɰɢɪɤɭɥɹɰɢɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɧɚ ɫɨɛɫɬɜɟɧɧɵɟ ɧɭɠɞɵ 
ɢɡ-ɡɚ ɜɤɥɸɱɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɞɵɦɨɫɨɫɚ, ɧɨ ɄɉȾ ɤɨɬɥɚ ɫɧɢɠɚɟɬɫɹ ɧɚ  
0,6 – 1,3% [1,4,5]. 

ȼɵɜɨɞɵ: 
1. Ƚɨɪɟɥɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɜɪɟɞɧɵɟ 

ɜɵɛɪɨɫɵ ɤɨɬɥɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɤɫɢɞɵ ɫɟɪɵ SOx ɢ ɚɡɨɬɚ NOx. 

2. Ɉɛɳɢɣ ɫɩɨɫɨɛ ɩɨɧɢɠɟɧɢɹ ɜɵɛɪɨɫɨɜ – ɭɦɟɧɶɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɬɨɩɥɢɜɧɨ-ɜɨɡɞɭɲɧɨɣ ɫɦɟɫɢ, ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨɣ 
ɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ ɩɪɢ ɧɢɡɤɨɦ α. ɇɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɟɧɢɟ ɡɚɜɢɯɪɢɬɟɥɟɣ 
ɜɨɡɞɭɯɚ ɧɚ ɝɨɪɟɥɤɚɯ, ɚ ɬɚɤɠɟ ɬɚɤɚɹ ɢɯ ɤɨɦɩɨɧɨɜɤɚ, ɤɨɬɨɪɚɹ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɭɪɛɭɥɢɡɚɰɢɢ ɩɨɬɨɤɚ. 

3. ɉɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɨɪɟɥɨɤ ɫ ɧɢɡɤɢɦ ɜɵɛɪɨɫɨɦ NOx 

(ɞɜɭɯɫɬɭɩɟɧɱɚɬɵɦ ɝɨɪɟɧɢɟɦ). 
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4. ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɜɚɪɢɚɧɬ ɪɟɰɢɪɤɭɥɹɰɢɢ ɞɵɦɨɜɵɯ ɝɚɡɨɜ – ɜ ɫɚɦɢ 
ɝɨɪɟɥɤɢ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɤɚɧɚɥɵ. 

5. ɇɨɪɦɚɬɢɜɧɵɣ ɦɟɬɨɞ ɪɟɝɥɚɦɟɧɬɢɪɭɟɬ ɩɪɟɞɟɥɵ α ɞɥɹ ɪɚɡɧɵɯ ɫɨɪɬɨɜ ɢ 
ɦɚɪɨɤ ɬɨɩɥɢɜɚ Д1,6Ж. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

 1. ɋɢɞɟɥɶɤɨɜɫɤɢɣ, Ʌ. ɇ. Ʉɨɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ. ɍɱɟɛɧɢɤ ɞɥɹ ɜɭɡɨɜ / Ʌ. ɇ. ɋɢɞɟɥɶɤɨɜɫɤɢɣ, ȼ. ɇ. ɘɪɟɧɟɜ 
(ɫɬɟɪɟɨɬɢɩɧɨ ɫ 1988 ɝ). – Ɇ.: ɂɡɞ-ɜɨ ɈɈɈ «ȻȺɋɌȿɌ», 2009. – 528 ɫ. 
 2. ɋɨɤɨɥɨɜ Ȼ. Ⱥ. Ʉɨɬɟɥɶɧɵɟ ɭɫɬɚɧɨɜɤɢ ɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɹ: ɭɱɟɛ. / 
Ȼ.Ⱥ.ɋɨɤɨɥɨɜ, 2008. 429 ɫ. 
 3. ɗɫɬɟɪɤɢɧ Ɋ. ɂ. ɉɟɪɟɜɨɞ ɩɪɨɦɵɲɥɟɧɧɵɯ ɤɨɬɥɨɜ ɧɚ ɝɚɡɨɨɛɪɚɡɧɨɟ 
ɬɨɩɥɢɜɨ/ Ɋ. ɂ. ɗɫɬɟɪɤɢɧ; ɪɟɞ. ɉ. ɇ. Ʉɟɧɞɵɫɶ. - Ʌ.: ɗɧɟɪɝɢɹ, 1967. 207 ɫ. 
 4. ɂɜɚɧɨɜ, ɘ. ȼ. Ɉɫɧɨɜɵ ɪɚɫɱɟɬɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɝɚɡɨɜɵɯ ɝɨɪɟɥɨɤ /  
ɘ. ȼ. ɂɜɚɧɨɜ. – Ɇ.: Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɟ ɢɡɞɚɬɟɥɶɫɬɜɨ 
ɧɟɮɬɹɧɨɣ ɢ ɝɨɪɧɨ-ɬɨɩɥɢɜɧɨɣ ɥɢɬɟɪɚɬɭɪɵ, 1963. – 360 c. 

 5. ȼɟɞɪɭɱɟɧɤɨ, ȼ. Ɋ. Ɍɨɩɥɢɜɨ ɢ ɨɫɧɨɜɵ ɬɟɨɪɢɢ ɝɨɪɟɧɢɹ: ɦɨɧɨɝɪɚɮɢɹ /  
ȼ. Ɋ. ȼɟɞɪɭɱɟɧɤɨ, ȼ. ȼ. Ʉɪɚɣɧɨɜ // Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ 
ɫɨɨɛɳɟɧɢɹ. – Ɉɦɫɤ: ɈɦȽɍɉɋ, 2010. – 260 ɫ. 
 6. Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɤɨɬɟɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ (ɧɨɪɦɚɬɢɜɧɵɣ ɦɟɬɨɞ) / ɇɉɈ 
«ɐɟɧɬɪɚɥɶɧɵɣ ɤɨɬɥɨɬɭɪɛɢɧɧɵɣ ɢɧɫɬɢɬɭɬ». – ɋɉɛ, 1998. – 256 ɫ. 
 
ɂɇɎɈɊɆȺɐɂə ɈȻ ȺȼɌɈɊȺɏ 

 

Ƚɨɪɨɲ ȼɢɤɬɨɪ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ  

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ. 35, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
ɋɬɭɞɟɧɬ ɤɚɮɟɞɪɵ «Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ» 

ɈɦȽɍɉɋ. 
ȿ-mail: gorosh.viktor@gmail.com 

 

ȼɟɞɪɭɱɟɧɤɨ ȼɢɤɬɨɪ Ɋɨɞɢɨɧɨɜɢɱ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ). 
Ɇɚɪɤɫɚ ɩɪ., ɞ. 35, ɝ. Ɉɦɫɤ, 644046, 
Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
ɉɪɨɮɟɫɫɨɪ, ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ  
ɤɚɮɟɞɪɵ «Ɍɟɩɥɨɷɧɟɪɝɟɬɢɤɚ» ɈɦȽɍɉɋ. 
E-mail: vedruchenkovr@mail.ru 

INFORMATION ABOUT THE AUTHORS 

 

Gorosh Viktor Aleksandrovich  

Omsk State Transport University (OSTU). 

35, Marx st., Omsk, 644046, the Russian 

Federation. 

SЭЮНОЧЭ, ЭСО НОЩКЫЭЦОЧЭ ШП «HОКЭ ЩШаОЫ 
ОЧРТЧООЫТЧР» OSTU. 
ȿ-mail: gorosh.viktor@gmail.com 

 

 

Vedruchenko Victor Rodionovich 

Omsk State Transport University (OSTU). 

35, Marx st., Omsk, 644046, the Russian 

Federation. 

Doctor of technical Sciences, Professor 

(RЮssТК), PЫШПОssШЫ ТЧ ЭСО DОЩКЫЭЦОЧЭ «HОКЭ 
power engineering» OSTU. 

E-mail: vedruchenkovr@mail.ru 

mailto:gorosh.viktor@gmail.com
mailto:vedruchenkovr@mail.ru
mailto:gorosh.viktor@gmail.com
mailto:vedruchenkovr@mail.ru


169 
 

 

ɍȾɄ 669.1(07)                 

 

ȿ. Ɇ. ɂɥɶɢɱɟɜɚ, ɋ. ȼ. Ʌɭɤɢɧ 

ɑɟɪɟɩɨɜɟɰɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. ɑɟɪɟɩɨɜɟɰ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɊȺɁɊȺȻɈɌɄȺ ɋɉɈɋɈȻȺ ɋɍɏɈɃ ȽɊȺɇɍɅЯɐɂɂ ȾɈɆȿɇɇɈȽɈ ШɅȺɄȺ 

 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɣ ɷɧɟɪɝɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɫɩɨɫɨɛ 
ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɨɬɵ ɞɨɦɟɧɧɨɝɨ ɲɥɚɤɚ, ɜ ɤɨɬɨɪɨɦ ɫɠɚɬɵɣ ɞɨ ɞɚɜɥɟɧɢɹ 0,5 – 0,6 Ɇɉɚ 
ɜɨɡɞɭɯ, ɨɛɨɝɚɳɟɧɧɵɣ ɞɨ 25 – 35 % ɤɢɫɥɨɪɨɞɨɦ, ɧɚɝɪɟɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɟɩɥɨɬɵ ɲɥɚɤɚ ɜ 
ɭɫɬɚɧɨɜɤɟ ɫɭɯɨɣ ɝɪɚɧɭɥɹɰɢɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 1200 – 1300 °ɋ, ɢ ɩɨɞɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 
ɜɨɡɞɭɲɧɨɝɨ ɞɭɬɶɹ ɜ ɞɨɦɟɧɧɭɸ ɩɟɱɶ, ɦɢɧɭɹ ɞɨɦɟɧɧɵɟ ɜɨɡɞɭɯɨɧɚɝɪɟɜɚɬɟɥɢ. Ɋɚɫɫɦɨɬɪɟɧɚ 
ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɟɞɥɚɝɚɟɦɨɣ ɭɫɬɚɧɨɜɤɢ ɫɭɯɨɣ ɝɪɚɧɭɥɹɰɢɢ ɲɥɚɤɚ. ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ 
ɪɚɡɦɟɪɨɜ ɪɟɲɟɬɨɤ ɤɢɩɹɳɟɝɨ ɫɥɨɹ ɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ, ɢ ɭɫɬɚɧɨɜɥɟɧɵ ɩɨɬɟɪɢ 
ɞɚɜɥɟɧɢɹ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɜ ɭɫɬɚɧɨɜɤɟ. ɉɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɷɤɨɧɨɦɢɬɶ ɛɨɥɟɟ 
ɰɟɧɧɵɣ, ɱɟɦ ɩɚɪ, ɝɨɪɸɱɢɣ ɷɧɟɪɝɨɪɟɫɭɪɫ – ɞɨɦɟɧɧɵɣ ɝɚɡ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɭɯɚɹ ɝɪɚɧɭɥɹɰɢɹ, ɲɥɚɤ, ɞɨɦɟɧɧɚɹ ɩɟɱɶ, ɤɢɩɹɳɢɣ ɫɥɨɣ, 
ɬɟɩɥɨɩɟɪɟɞɚɱɚ, ɜɨɡɞɭɲɧɨɟ ɞɭɬɶɟ. 

 

Ekaterina M. Iljicheva, Sergej V. Lukin 

Cherepovets State University, Cherepovets, Russian Federation 

 

DEVELOPMENT OF THE METHOD OF BLAST FURNACE SLAG DRY 

GRANULATION 

 

In this research far more effective energotechnological method of slag sensible heat 

utilization is proposed, in which the air compressed to 0,5 – 0,6 MPa and enriched by oxygen to  

25 – 35 % is heated in the slag dry granulation unit to temperature 1200 – 1300 °ɋ КЧН Тs НОlТЯОrОН 
as an air blowing to the blast furnace, passing by the air heaters. The principal scheme of proposed 

slag dry granulation unit is considered. The evaluations of fluidized beds sizes and distances 

between them are made, and the air pressure loss in the unit is defined. The given method permits 

to save more valuable than steam combustible energy resource – blast furnace gas. 

 

Key words: dry granulation, slag, blast furnace, fluidized bed, heat transfer, air blowing. 

 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɱɭɝɭɧɚ ɜ ɞɨɦɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɛɪɚɡɭɟɬɫɹ 
ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɲɥɚɤ, ɜɵɯɨɞ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ 0,3 - 0,6 ɬɨɧɧɵ ɧɚ 1 ɬɨɧɧɭ 
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ɱɭɝɭɧɚ. ɀɢɞɤɢɣ ɲɥɚɤ ɜɵɯɨɞɢɬ ɢɡ ɞɨɦɟɧɧɨɣ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɪɹɞɤɚ  
1400 - 1500 ɋ, ɢ ɫɨɞɟɪɠɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɮɢɡɢɱɟɫɤɨɣ ɬɟɩɥɨɬɵ, 
ɫɨɫɬɚɜɥɹɸɳɟɣ  ɜ ɪɚɫɱёɬɟ ɧɚ 1 ɬɨɧɧɭ ɲɥɚɤɚ 1600 - 1800 ɆȾɠ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ 
55 - 61 ɤɝ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ Д3Ж.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟɤɨɬɨɪɚɹ ɱɚɫɬɶ ɠɢɞɤɨɝɨ ɞɨɦɟɧɧɨɝɨ ɲɥɚɤɚ 
ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɭɫɬɚɧɨɜɤɢ ɦɨɤɪɨɣ ɝɪɚɧɭɥɹɰɢɢ, ɝɞɟ ɩɨɥɭɱɚɟɬɫɹ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ 
ɲɥɚɤ ɫ ɪɚɡɦɟɪɨɦ ɝɪɚɧɭɥ 1-2 ɦɦ, ɚ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɲɥɚɤɚ ɨɬɩɪɚɜɥɹɟɬɫɹ ɧɚ 
ɲɥɚɤɨɨɬɜɚɥɵ. ɋɩɨɫɨɛ ɦɨɤɪɨɝɨ ɝɪɚɧɭɥɢɪɨɜɚɧɢɹ  ɲɥɚɤɚ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɜɨɸ 
ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɩɪɨɫɬɨɬɭ, ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɧɟɞɨɫɬɚɬɤɢ. ɉɪɢ ɦɨɤɪɨɣ 
ɝɪɚɧɭɥɹɰɢɢ ɬɪɟɛɭɸɬɫɹ ɛɨɥɶɲɢɟ ɨɛɴёɦɵ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ, ɩɪɢ ɟё ɤɨɧɬɚɤɬɟ ɫ 
ɪɚɫɩɥɚɜɥɟɧɧɵɦ ɲɥɚɤɨɦ ɨɛɪɚɡɭɸɬɫɹ ɫɟɪɧɢɫɬɵɟ ɫɨɟɞɢɧɟɧɢɹ (ɫɟɪɨɜɨɞɨɪɨɞ ɢ ɞɪ.), 
ɡɚɝɪɹɡɧɹɸɳɢɟ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɍɬɢɥɢɡɚɰɢɹ ɮɢɡɢɱɟɫɤɨɣ ɬɟɩɥɨɬɵ ɲɥɚɤɚ ɩɪɢ 
ɷɬɨɦ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɟɬɫɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɲɥɚɤ 
ɜɵɯɨɞɢɬ ɫ ɛɨɥɶɲɨɣ ɜɥɚɠɧɨɫɬɶɸ, ɢ ɞɥɹ ɟɝɨ ɨɫɭɲɤɢ ɬɪɟɛɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ 
ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ, ɩɨɪɹɞɤɚ 0,3 ȽȾɠ ɧɚ 1 ɬɨɧɧɭ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ ɲɥɚɤɚ Д2Ж. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɤɪɚɹ ɝɪɚɧɭɥɹɰɢɹ ɲɥɚɤɚ ɫ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɧɟɷɮɮɟɤɬɢɜɧɨɣ.   

Ɂɚ ɪɭɛɟɠɨɦ ɭɠɟ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɫɭɯɨɣ 
ɝɪɚɧɭɥɹɰɢɢ ɲɥɚɤɚ, ɤɨɝɞɚ ɝɨɪɹɱɢɣ ɲɥɚɤ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɨɯɥɚɠɞɚɸɳɢɦɢ ɝɚɡɚɦɢ 
(ɜ ɱɚɫɬɧɨɫɬɢ, ɜɨɡɞɭɯɨɦ) Д1Ж. ɍɫɬɚɧɨɜɤɢ ɫɭɯɨɣ ɝɪɚɧɭɥɹɰɢɢ  ɲɥɚɤɚ (ɍɋȽɒ) 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɹɜɥɹɸɬɫɹ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦɢ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɸɬ 
ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɢɬɶ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, 
ɭɬɢɥɢɡɢɪɨɜɚɬɶ ɮɢɡɢɱɟɫɤɭɸ ɬɟɩɥɨɬɭ ɠɢɞɤɢɯ ɲɥɚɤɨɜ, ɢ ɩɨɥɭɱɚɬɶ ɤɚɱɟɫɬɜɟɧɧɨɟ 
ɫɵɪɶɟ - ɫɭɯɨɣ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɲɥɚɤ ɜ ɫɬɟɤɥɨɜɢɞɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɍɋȽɒ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1.  

ȼ ɤɪɭɩɧɵɯ ɞɨɦɟɧɧɵɯ ɩɟɱɚɯ ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɲɧɨɝɨ ɞɭɬɶɹ ɧɚ ɜɯɨɞɟ ɜ ɩɟɱɶ 
ɫɨɫɬɚɜɥɹɟɬ 0,55 - 0,6 Ɇɉɚ, ɩɨɷɬɨɦɭ ɱɟɪɟɡ ɍɋɒȽ ɞɨɥɠɟɧ ɩɪɨɞɭɜɚɬɶɫɹ ɜɨɡɞɭɯ ɫ 
ɬɚɤɢɦ ɞɚɜɥɟɧɢɟɦ. 

ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɭɫɬɚɧɨɜɤɟ ɠɢɞɤɢɣ ɲɥɚɤ (ɀɒ) ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ tɠɲ = 1400 – 

1500 ɋ ɩɨ ɤɚɧɚɥɭ 1 ɩɨɞɚɟɬɫɹ ɧɚ ɜɪɚɳɚɸɳɭɸɫɹ ɱɚɲɭ 2, ɢ, ɫɬɟɤɚɹ ɫ ɛɨɥɶɲɨɣ 
ɫɤɨɪɨɫɬɶɸ ɫ ɟё ɤɪɚɟɜ, ɞɪɨɛɢɬɫɹ ɧɚ ɦɟɥɤɢɟ ɤɚɩɥɢ ɪɚɡɦɟɪɨɦ 1 – 2 ɦɦ ɫɬɪɭɟɣ 
ɜɨɡɞɭɯɚ 3, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɤɨɥɶɰɟɜɨɣ ɡɚɡɨɪ ɦɟɠɞɭ ɫɬɟɧɤɚɦɢ ɩɨɞɜɨɞɹɳɟɣ ɬɪɭɛɵ 
4 ɢ ɱɚɲɟɣ 2. Ƚɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɲɥɚɤ (Ƚɒ), ɪɚɡɥɟɬɚɹɫɶ ɜ ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ ɨɬ 
ɱɚɲɢ, ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɬɟɧɤɨɣ 5 ɝɪɚɧɭɥɹɰɢɨɧɧɨɣ ɤɚɦɟɪɵ (ȽɄ), 
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ɨɯɥɚɠɞɚɟɦɨɣ ɢɡɧɭɬɪɢ ɯɨɥɨɞɧɵɦ ɜɨɡɞɭɯɨɦ (ɏȼ2), ɨɬ ɤɨɬɨɪɨɣ ɨɬɫɤɚɤɢɜɚɟɬ ɜ 
ɡɚɫɬɵɜɲɟɦ ɫɨɫɬɨɹɧɢɢ.  
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Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɫɭɯɨɣ ɝɪɚɧɭɥɹɰɢɢ ɲɥɚɤɚ 

 

ȼɨɡɞɭɯ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɨɝɪɟɬɵɣ ɜ ɤɚɧɚɥɚɯ ɫɬɟɧɤɢ 5, ɩɨ ɨɛɜɨɞɧɨɦɭ 
ɤɚɧɚɥɭ 6 ɩɨɫɬɭɩɚɟɬ ɜɧɭɬɪɶ ɰɟɧɬɪɚɥɶɧɨɣ ɬɪɭɛɵ 4, ɩɨ ɤɨɬɨɪɨɣ ɩɨɞɜɨɞɢɬɫɹ ɤ 
ɡɚɡɨɪɭ ɜɨɡɥɟ ɱɚɲɢ 2 ɞɥɹ ɞɪɨɛɥɟɧɢɹ ɠɢɞɤɨɝɨ ɲɥɚɤɚ. Ɂɚɫɬɵɜɲɢɣ 
ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɲɥɚɤ, ɨɬɫɤɨɱɢɜɲɢɣ ɨɬ ɫɬɟɧɤɢ 5, ɩɚɞɚɟɬ ɧɚ ɩɟɪɜɭɸ ɪɟɲёɬɤɭ 7, 
ɝɞɟ ɨɯɥɚɠɞɚɟɬɫɹ ɜ ɤɢɩɹɳɟɦ ɫɥɨɟ ɜɫɬɪɟɱɧɵɦ ɜɨɡɞɭɯɨɦ (ȼ), ɩɨɫɬɭɩɚɸɳɢɦ ɫɧɢɡɭ 
ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɜ ɪɟɲёɬɤɟ. ɉɨ ɤɚɧɚɥɚɦ 8 ɩɫɟɜɞɨɨɠɢɠɟɧɧɵɣ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ 
ɲɥɚɤ ɩɟɪɟɬɟɤɚɟɬ ɧɚ ɫɥɟɞɭɸɳɭɸ ɪɟɲёɬɤɭ ɫ ɤɢɩɹɳɢɦ ɫɥɨɟɦ ɢ ɬ.ɞ. Ɉɯɥɚɠɞёɧɧɵɣ 
ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɲɥɚɤ (Ɉɒ) ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ tɨɲ  100 ɋ ɜɵɞɚёɬɫɹ ɫ ɫɚɦɨɣ 
ɧɢɠɧɟɣ ɪɟɲɟɬɤɢ ɫ ɤɢɩɹɳɢɦ ɫɥɨɟɦ, ɩɪɨɞɭɜɚɟɦɨɣ ɯɨɥɨɞɧɵɦ ɜɨɡɞɭɯɨɦ (ɏȼ1) ɫ 
ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ  tɯɜ  0 ɋ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɝɨɪɹɱɢɣ ɜɨɡɞɭɯ (Ƚȼ) ɧɚɝɪɟɥɫɹ ɜ ɭɫɬɚɧɨɜɤɟ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ tɝɜ = 1200 - 1300 ɋ, ɱɢɫɥɨ ɪɟɲёɬɨɤ ɜ ɩɪɟɞɥɚɝɚɟɦɨɣ ɍɋȽɒ 
ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 10, ɩɪɢ ɷɬɨɦ ɧɚ ɤɚɠɞɨɣ ɪɟɲёɬɤɟ ɜɨɡɞɭɯ (ȼ) 
ɩɨɞɨɝɪɟɜɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɧɚ 100 ɋ, ɚ ɲɥɚɤ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɫɬɨɥɶɤɨ ɠɟ 
ɝɪɚɞɭɫɨɜ ɨɯɥɚɠɞɚɟɬɫɹ. ȼɨɡɞɭɯ, ɜɵɯɨɞɹɳɢɣ ɫ ɫɚɦɨɣ ɜɟɪɯɧɟɣ ɪɟɲёɬɤɢ, ɢɦɟɟɬ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɪɹɞɤɚ 1000 ɋ, ɢ ɟɝɨ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɧɚɝɪɟɜ ɧɚ 200 - 300 ɋ 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɝɪɚɧɭɥɹɰɢɨɧɧɨɣ ɤɚɦɟɪɟ (ȽɄ) ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɤɚɩɥɹɦɢ ɠɢɞɤɨɝɨ 
ɲɥɚɤɚ.  
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ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɩɪɢɜɟɞɟɧɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɨɯɥɚɠɞɟɧɢɹ 
ɲɥɚɤɚ ɢ ɧɚɝɪɟɜɚɧɢɹ ɜɨɡɞɭɯɚ ɜ ɍɋɒȽ, ɧɭɠɧɨ ɩɪɚɜɢɥɶɧɨ ɜɵɛɪɚɬɶ ɪɚɡɦɟɪɵ 
ɝɪɚɧɭɥɹɰɢɨɧɧɨɣ ɤɚɦɟɪɵ ɢ ɪɟɲɟɬɨɤ ɫ ɤɢɩɹɳɢɦ ɫɥɨɟɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɚɠɧɵɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɰɟɧɬɪɨɛɟɠɧɨɣ ɱɚɲɢ ɢ ɜɟɥɢɱɢɧɚ 
ɤɨɥɶɰɟɜɨɝɨ ɡɚɡɨɪɚ ɜɨɤɪɭɝ ɧɟё, ɜɥɢɹɸɳɢɟ ɧɚ ɫɬɟɩɟɧɶ ɞɪɨɛɥɟɧɢɹ ɲɥɚɤɚ ɢ ɧɚ 
ɪɚɡɦɟɪ ɟɝɨ ɝɪɚɧɭɥ.  

Ɉɱɟɜɢɞɧɨ, ɭɫɬɚɧɨɜɤɭ ɫɭɯɨɣ ɝɪɚɧɭɥɹɰɢɢ ɲɥɚɤɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ 
ɧɚ ɤɪɭɩɧɵɯ ɞɨɦɟɧɧɵɯ ɩɟɱɚɯ, ɧɚ ɤɨɬɨɪɵɯ ɜɵɯɨɞ ɱɭɝɭɧɚ ɢ ɲɥɚɤɚ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟɩɪɟɪɵɜɧɨ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɜɵɞɚɱɟ ɲɥɚɤɚ ɩɨɬɪɟɛɭɟɬɫɹ 
ɚɤɤɭɦɭɥɹɬɨɪ ɠɢɞɤɨɝɨ ɲɥɚɤɚ, ɱɬɨ ɜɟɫɶɦɚ ɭɫɥɨɠɧɢɬ ɭɫɬɚɧɨɜɤɭ. ɇɚ ɨɞɧɭ ɞɨɦɧɭ 
ɩɨɬɪɟɛɭɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɞɜɟ ɍɋȽɒ – ɫ ɞɜɭɯ ɫɬɨɪɨɧ ɩɟɱɢ, ɩɨɫɤɨɥɶɤɭ ɩɟɪɟɞɚɱɚ 
ɠɢɞɤɨɝɨ ɲɥɚɤɚ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɩɟɱɢ ɧɚ ɟё ɞɪɭɝɭɸ ɫɬɨɪɨɧɭ ɫɜɹɡɚɧɚ ɫ 
ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɬɪɭɞɧɨɫɬɹɦɢ.  

Ʉɪɭɩɧɚɹ ɞɨɦɧɚ ɜɵɩɥɚɜɥɹɟɬ ɜ ɫɭɬɤɢ ɩɨɪɹɞɤɚ 10 ɬɵɫ. ɬɨɧɧ ɱɭɝɭɧɚ, ɢ, ɟɫɥɢ 
ɩɪɢɧɹɬɶ ɜɵɯɨɞ ɲɥɚɤɚ 0,5 ɬɨɧɧ ɧɚ ɬɨɧɧɭ ɱɭɝɭɧɚ, ɢ ɪɚɡɞɟɥɢɬɶ ɟɝɨ ɩɨɪɨɜɧɭ ɧɚ ɞɜɟ 
ɍɋȽɒ, ɬɨ ɪɚɫɯɨɞ ɲɥɚɤɚ ɧɚ ɨɞɧɭ ɭɫɬɚɧɨɜɤɭ ɫɨɫɬɚɜɢɬ Gɲ = 28,9 ɤɝ/ɫ. ɉɪɢɧɢɦɚɹ 
ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ d ɝɪɚɧɭɥ ɡɚɫɬɵɜɲɟɝɨ ɲɥɚɤɚ (ɞɥɹ ɩɪɨɫɬɨɬɵ ɢɯ ɫɱɢɬɚɟɦ 
ɫɮɟɪɢɱɟɫɤɢɦɢ) ɢ ɟɝɨ ɩɥɨɬɧɨɫɬɶ ɪɚɜɧɵɦɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 2 ɦɦ ɢ 2800 ɤɝ/ɦ3

, 

ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɡɞɭɯɚ ɪɚɜɧɵɦɢ 0,6 Ɇɉɚ ɢ 500 ɋ (ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɫɪɟɞɧɟɣ ɪɟɲɟɬɤɟ ɫ ɤɢɩɹɳɢɦ ɫɥɨɟɦ), ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ Д4Ж, ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɜɨɡɧɢɤɚɟɬ ɤɢɩɹɳɢɣ ɫɥɨɣ,  
ɫɨɫɬɚɜɥɹɟɬ 0,91 ɦ/ɫ, ɚ ɫɤɨɪɨɫɬɶ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɭɧɨɫ ɝɪɚɧɭɥ, ɪɚɜɧɚ 7,1 
ɦ/ɫ. ɉɪɢɧɢɦɚɟɦ ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ w, ɩɪɨɞɭɜɚɟɦɨɝɨ ɱɟɪɟɡ ɤɢɩɹɳɢɣ ɫɥɨɣ, ɪɚɜɧɨɣ 
3 ɦ/ɫ. Ɍɨɝɞɚ ɭɞɟɥɶɧɵɣ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɦ2

 ɩɥɨɳɚɞɢ 
ɪɟɲɟɬɤɢ ɫɨɫɬɚɜɢɬ 8,11 ɤɝ/(ɦ2ɫ). ɍɞɟɥɶɧɵɣ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɲɥɚɤɚ ɜ ɪɚɫɱɟɬɟ ɧɚ 
1 ɦ2

 ɩɥɨɳɚɞɢ ɪɟɲɟɬɤɢ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɲɥɚɤɚ ɧɚ 
ɪɟɲɟɬɤɟ ɞɨɥɠɧɨ ɪɚɜɧɹɬɶɫɹ ɭɜɟɥɢɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɧɚ ɪɟɲɟɬɤɟ, 
ɫɨɫɬɚɜɢɬ gɲ = 8,08 ɤɝ/(ɦ2ɫ). ɉɨɥɧɚɹ ɩɥɨɳɚɞɶ ɪɟɲɟɬɤɢ ɪɚɜɧɹɟɬɫɹ S = Gɲ/gɲ = 

3,58 ɦ2, ɚ ɟɟ ɞɢɚɦɟɬɪ – 2,2 ɦ.  
Ʉɨɷɮɮɢɰɢɟɧɬ ɤɨɧɜɟɤɬɢɜɧɨɣ ɬɟɩɥɨɨɬɞɚɱɢ a, ȼɬ/(ɦ2Ʉ), ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ 

ɝɪɚɧɭɥ ɜ ɤɢɩɹɳɟɦ ɫɥɨɟ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɤɪɢɬɟɪɢɚɥɶɧɨɦɭ ɭɪɚɜɧɟɧɢɸ Д4Ж: 
0,80,316 ,  60 500,Nu Re Re           (1) 

ɝɞɟ Nu = ad/; Re = wd/;  d – ɞɢɚɦɟɬɪ ɝɪɚɧɭɥ ɲɥɚɤɚ;  ɢ  – ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɨɡɞɭɯɚ.  
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ɉɪɢ d = 0,002 ɦ ɢ w = 3 ɦ/ɫ, ɩɪɢ ɩɚɪɚɦɟɬɪɚɯ ɜɨɡɞɭɯɚ 0,6 Ɇɉɚ ɢ 500 ɋ ɢɡ 
ɮɨɪɦɭɥɵ (1) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɟ a = 1193 ȼɬ/(ɦ2Ʉ).  

Ɍɟɩɥɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɢɩɹɳɟɝɨ ɫɥɨɹ ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬɪɚ Д4Ж: 

     
ɲ

ɜ ɜ1

αχ  ,F

ɫ G



                                               …     (2) 

ɝɞɟ Fɲ – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɟɯ ɝɪɚɧɭɥ ɲɥɚɤɚ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɞɚɧɧɨɣ 
ɪɟɲɟɬɤɟ, ɦ2

; ɫɜ, Gɜ1 – ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɪɟɲɟɬɤɭ. 
ɉɪɢ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɚ , ɩɪɟɜɵɲɚɸɳɢɯ 3, ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ɩɪɚɤɬɢɱɟɫɤɢ 
ɩɟɪɟɫɬɚɟɬ ɜɥɢɹɬɶ ɧɚ ɬɟɩɥɨɩɟɪɟɞɚɱɭ ɜ ɤɢɩɹɳɟɦ ɫɥɨɟ, ɨɞɧɚɤɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ  

ɜɨɡɪɚɫɬɚɟɬ ɦɚɫɫɚ ɤɢɩɹɳɟɝɨ ɫɥɨɹ ɲɥɚɤɚ ɧɚ ɞɚɧɧɨɣ ɪɟɲɟɬɤɟ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɟɝɨ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. ɉɨɷɬɨɦɭ, ɜ ɤɚɱɟɫɬɜɟ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɦɨɠɧɨ ɩɪɢɧɹɬɶ  = 3. Ɍɨɝɞɚ, ɢɡ ɜɵɪɚɠɟɧɢɹ (2) ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɭ Fɲ: 

    
ɜ ɜ1 ɲ ɲ

ɲ
3 3

,
α α

ɫ G ɫ G
F

   
                   (3) 

ɝɞɟ ɫɲ, Gɲ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɲɥɚɤɚ ɱɟɪɟɡ ɪɟɲɟɬɤɭ. 
ȼɵɪɚɠɟɧɢɟ (3) ɩɨɥɭɱɟɧɨ ɢɡ ɭɫɥɨɜɢɹ ɫɜGɜ1  ɫɲGɲ, ɩɪɢ ɤɨɬɨɪɨɦ ɧɚ ɤɚɠɞɨɣ 

ɪɟɲɟɬɤɟ ɭɦɟɧɶɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɲɥɚɤɚ ɩɪɢɦɟɪɧɨ ɪɚɜɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɸ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ. ȿɫɥɢ ɩɪɢɧɹɬɶ ɫɲ = 1114 Ⱦɠ/(ɤɝɄ), Gɲ = 28,9 ɤɝ/ɫ,  

a = 1193 ȼɬ/(ɦ2Ʉ), ɬɨ ɩɨ ɮɨɪɦɭɥɟ (3) ɧɚɯɨɞɢɦ: Fɲ  80 ɦ2
.  

Ɇɚɫɫɭ ɲɥɚɤɚ, ɤɢɩɹɳɟɝɨ ɧɚ ɪɟɲɟɬɤɟ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɜɵɪɚɠɟɧɢɸ [5]: 

     ɲ ɲ ɲρ 6,M F d                                       (4) 

ɝɞɟ ɲ = 2700 – 2800 ɤɝ/ɦ3
 – ɩɥɨɬɧɨɫɬɶ ɲɥɚɤɚ; d – ɞɢɚɦɟɬɪ ɝɪɚɧɭɥ ɲɥɚɤɚ. 

ȼɵɪɚɠɟɧɢɟ (4) ɩɨɥɭɱɟɧɨ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɜɫɟ ɝɪɚɧɭɥɵ ɫɮɟɪɢɱɟɫɤɢɟ ɢ 
ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɣ ɞɢɚɦɟɬɪ. 

ɉɪɢ ɲ = 2800 ɤɝ/ɦ3 
, Fɲ = 80 ɦ2

,  d = 0,002 ɦ, ɮɨɪɦɭɥɚ (4) ɞɚɟɬ ɡɧɚɱɟɧɢɟ 
Mɲ  75 ɤɝ, ɱɬɨ ɜ ɪɚɫɱɟɬɟ ɧɚ 1 ɦ2

 ɩɥɨɳɚɞɢ ɪɟɲɟɬɤɢ ɞɚɟɬ ɭɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ mɲ = 

Mɲ/S = 20,7 ɤɝ/ɦ2, ɩɪɢ  S = 3,58 ɦ2
. 

ɉɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ, ɉɚ, ɜ ɤɢɩɹɳɟɦ ɫɥɨɟ ɧɚ ɨɬɞɟɥɶɧɨɣ ɪɟɲɟɬɤɟ 
ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɜɵɪɚɠɟɧɢɸ Д4Ж: 

     ɲ ,p m g                                                   (5) 

ɝɞɟ mɲ = Mɲ/S; g = 9,81 ɦ/ɫ2
 – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ. 

ɉɪɢ mɲ = 20,7 ɤɝ/ɦ2
 ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɧɚ ɨɞɧɨɣ ɪɟɲɟɬɤɟ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ 

ɜɵɪɚɠɟɧɢɸ (5), ɪɚɜɧɵ  203 ɉɚ, ɚ ɧɚ ɞɟɫɹɬɢ ɪɟɲɟɬɤɚɯ – 2030 ɉɚ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 
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0,34 % ɨɬ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ 0,6 Ɇɉɚ. 
Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɨɬ ɲɥɚɤɚ ɤ ɜɨɡɞɭɯɭ ɧɚ ɨɞɧɨɣ ɪɟɲɟɬɤɟ ɫ 

ɤɢɩɹɳɢɦ ɫɥɨɟɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɜɦɟɫɬɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢ 
ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ Д5Ж: 

        ɲ ɲ ɜ ɲ ɲ ɲ ɲ ɜ ɜ1 ɜ ɜα ,Q F t t ɫ G Э Э ɫ G Э Э      -    -    -                (6) 

ɝɞɟ tɲ,  tɜ – ɫɪɟɞɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɲɥɚɤɚ ɢ ɜɨɡɞɭɯɚ ɜ ɤɢɩɹɳɟɦ ɫɥɨɟ; tɲ,  tɲ –
ɬɟɦɩɟɪɚɬɭɪɵ ɲɥɚɤɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɞɚɧɧɨɣ ɪɟɲɟɬɤɢ; tɜ, tɜ  – ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɞɚɧɧɨɣ ɪɟɲɟɬɤɢ.  

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɲɥɚɤɚ ɜ ɤɢɩɹɳɟɦ ɫɥɨɟ ɪɚɜɧɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɟ 
ɲɥɚɤɚ, ɩɨɤɢɞɚɸɳɟɝɨ ɪɟɲɟɬɤɭ: tɲ = tɲ, ɢ ɫɜɹɡɚɧɚ ɫ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɜɨɡɞɭɯɚ tɜ, tɜ  

ɜɵɪɚɠɟɧɢɟɦ Д4Ж: 

 
 

â â

ø

χ
.

1 χ
t t exp

t
exp

 -  -


- -                                        (7) 

ɂɡ ɜɵɪɚɠɟɧɢɹ (7) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ   3 tɲ  tɜ.     

ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɤɢɩɹɳɟɦ ɫɥɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ:   

      ɜ ɲ ɜ ɜ χ .t t t t   -      (8) 

ɉɪɢ ɡɚɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɲɥɚɤɚ tɲ ɢ ɜɨɡɞɭɯɚ tɜ ɧɚ ɜɯɨɞɟ ɜ ɪɟɲɟɬɤɭ, ɫ 
ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɣ (6) - (8) ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ ɦɨɠɧɨ 
ɪɚɫɫɱɢɬɚɬɶ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ Q, ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɲɥɚɤɚ tɲ  ɢ ɜɨɡɞɭɯɚ tɜ  ɧɚ ɜɵɯɨɞɟ 
ɢɡ ɞɚɧɧɨɣ ɪɟɲɟɬɤɢ. 

ɉɪɢ ɡɧɚɱɟɧɢɹɯ   3 ɪɚɫɱɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɦɨɠɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɫɬɢɬɶ, 
ɟɫɥɢ ɜ ɜɵɪɚɠɟɧɢɢ (6) ɩɪɢɧɹɬɶ tɜ  tɲ , tɲ = tɲ:  

   ɲ ɲ ɲ ɲ ɜ ɜ1 ɲ ɜ .Q ɫ G Э Э ɫ G Э Э    -    -  

ɂɡ ɩɨɫɥɟɞɧɟɝɨ ɜɵɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɲɥɚɤɚ ɢ ɜɨɡɞɭɯɚ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɪɟɲɟɬɤɢ: 

    
ɲ ɲ ɲ

ɲ ɜ ɲ
ɜ ɜ1

ω
,  ω .

1 ω
t t ɫ G

t t t
ɫ G

       
           (9) 

Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɨɬ ɲɥɚɤɚ ɤ ɜɨɡɞɭɯɭ ɧɚ ɪɟɲɟɬɤɟ, ɪɚɜɟɧ: 

     
ɲ ɜ

ɲ ɲ .
1 ω
t t

Q ɫ G
 -     

              (10) 

Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɧɚ ɪɟɲɟɬɤɚɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɞɟɪɠɢɜɚɬɶ 
ɫɨɨɬɧɨɲɟɧɢɟ ɲ ɲ ɜ ɜ1ɫ G ɫ G   , ɩɨɷɬɨɦɭ ɜ ɜɵɪɚɠɟɧɢɹɯ (9) ɢ (10) ɩɚɪɚɦɟɬɪ   1. 



175 
 

 

ȿɫɥɢ ɩɪɢɧɹɬɶ, ɱɬɨ ɧɚ ɤɚɠɞɨɣ ɪɟɲɟɬɤɟ ɤɢɩɹɳɟɝɨ ɫɥɨɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɨɫɬɭɩɚɸɳɟɝɨ ɲɥɚɤɚ tɲ ɩɪɢɦɟɪɧɨ ɧɚ 200 ɋ ɛɨɥɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɯɨɞɹɳɟɝɨ 
ɜɨɡɞɭɯɚ tɜ, ɬɨ ɟɫɬɶ tɲ = tɜ + 200, ɋ, ɬɨ ɢɡ (9) ɩɪɢ  = 1 ɫɥɟɞɭɟɬ, ɱɬɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɲɥɚɤɚ ɢ ɜɨɡɞɭɯɚ, ɩɨɤɢɞɚɸɳɢɟ ɪɟɲɟɬɤɭ, ɪɚɜɧɵ tɲ = tɜ = tɜ + 100 

= tɲ - 100, ɋ.  

Ɍɚɤ, ɧɚ ɫɚɦɨɣ ɜɟɪɯɧɟɣ ɪɟɲɟɬɤɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɲɥɚɤɚ ɪɚɜɧɚ 
1100 ɋ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɯɨɞɹɳɟɝɨ ɫɧɢɡɭ ɜɨɡɞɭɯɚ – 900 ɋ, ɩɪɢ ɷɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɲɥɚɤɚ ɢ ɜɨɡɞɭɯɚ, ɩɨɤɢɞɚɸɳɢɯ ɪɟɲɟɬɤɭ, ɪɚɜɧɵ 1000 ɋ. Ⱦɥɹ ɫɚɦɨɣ 
ɧɢɠɧɟɣ ɪɟɲɟɬɤɢ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɫɬɭɩɚɸɳɟɝɨ ɲɥɚɤɚ ɪɚɜɧɚ 200 ɋ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɜɯɨɞɹɳɟɝɨ ɜɨɡɞɭɯɚ – 0 ɋ, ɩɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɲɥɚɤɚ ɢ ɜɨɡɞɭɯɚ, ɩɨɤɢɞɚɸɳɢɯ 
ɪɟɲɟɬɤɭ, ɪɚɜɧɵ 100 ɋ. 

Ɍɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɧɚ ɤɚɠɞɨɣ ɪɟɲɟɬɤɟ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɨ 
ɜɵɪɚɠɟɧɢɸ (10), ɩɪɢ ɫɲ = 1114 Ⱦɠ/(ɤɝɄ), Gɲ = 28,9 ɤɝ/ɫ,  = 1, tɲ - tɜ = 200 ɋ, 

ɪɚɜɧɹɟɬɫɹ Q = 3,22 Ɇȼɬ. ɇɚ 10 ɪɟɲɟɬɤɚɯ ɨɬ ɲɥɚɤɚ ɤ ɜɨɡɞɭɯɭ ɩɟɪɟɞɚɟɬɫɹ ɬɟɩɥɨɜɨɣ 
ɩɨɬɨɤ 32,2 Ɇȼɬ. ȼ ɝɪɚɧɭɥɹɰɢɨɧɧɨɣ ɤɚɦɟɪɟ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɲɥɚɤɚ ɧɚ 300 ɋ 

ɜɨɡɞɭɯɭ ɩɟɪɟɞɚɟɬɫɹ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɪɚɜɧɵɣ 9,65 Ɇȼɬ. ȼɫɟɝɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɭɫɬɚɧɨɜɤɟ ɫɭɯɨɣ ɝɪɚɧɭɥɹɰɢɢ ɲɥɚɤɚ ɜɨɡɞɭɯ ɫ ɨɛɳɢɦ ɪɚɫɯɨɞɨɦ Gɜ = gGɲ 

=1,08328,9 ɤɝ/ɫ = 31,3 ɤɝ/ɫ ɩɨɥɭɱɚɟɬ 41,8 Ɇȼɬ ɬɟɩɥɨɬɵ ɢ ɧɚɝɪɟɜɚɟɬɫɹ ɨɬ 0 ɋ ɞɨ 
1200 ɋ. ȿɫɥɢ ɩɪɢɧɹɬɶ, ɱɬɨ ɜɵɯɨɞ ɱɭɝɭɧɚ ɢɡ ɞɨɦɧɵ ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟ ɩɨ ɦɚɫɫɟ, 
ɱɟɦ ɜɵɯɨɞ ɲɥɚɤɚ, ɢ ɩɪɢ ɭɞɟɥɶɧɨɦ ɪɚɫɯɨɞɟ ɜɨɡɞɭɲɧɨɝɨ ɞɭɬɶɹ 0,8 – 0,9 ɦ3/ɤɝ 
ɱɭɝɭɧɚ, ɪɚɫɯɨɞ ɜɨɡɞɭɲɧɨɝɨ ɞɭɬɶɹ ɫɨɫɬɚɜɢɬ 46,2-52 ɦ3/ɫ, ɢɥɢ 60,1 - 67,5 ɤɝ/ɫ (ɩɪɢ 
ɧɨɪɦɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜɨɡɞɭɯɚ 1,294 ɤɝ/ɦ3

). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɞɥɚɝɚɟɦɚɹ ɍɋȽɒ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɞɨ ɩɨɥɨɜɢɧɵ ɨɬ ɧɟɨɛɯɨɞɢɦɨɝɨ ɜɨɡɞɭɲɧɨɝɨ ɞɭɬɶɹ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ 1200 ɋ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɫɯɨɞ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ  
(ɜ ɨɫɧɨɜɧɨɦ, ɞɨɦɟɧɧɨɝɨ ɝɚɡɚ) ɧɚ ɨɛɨɝɪɟɜ Ⱦȼ, ɢ ɧɟɨɛɯɨɞɢɦɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 
ɧɚɝɪɟɜɚ ɜɨɡɞɭɯɨɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɫɨɤɪɚɳɚɸɬɫɹ ɩɨɱɬɢ ɜ ɞɜɚ ɪɚɡɚ.  
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ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɫ ɨɩɥɚɜɥɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 
ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɩɨɜɵɲɟɧɢɟ ɫɬɨɣɤɨɫɬɢ ɤ ɜɵɫɨɤɢɦ 
ɬɟɦɩɟɪɚɬɭɪɚɦ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ ɬɨɥɳɢɧɟ ɧɚɧɨɫɢɦɨɝɨ ɫɥɨɹ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɤɪɵɬɢɟ, ɥɚɡɟɪ, ɪɨɥɢɤ, ɝɚɡɨɬɟɪɦɢɱɟɫɤɨɟ ɧɚɩɵɥɟɧɢɟ, ɨɩɥɚɜɥɟɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, ɬɟɪɦɨɭɩɪɨɱɧɟɧɢɟ. 
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MODELING OF THERMAL TECHNOLOGY OF COATING COATINGS TO 

ENHANCE THE OPERATIONAL RESOURCE OF ROLLERS OF 

METALLURGICAL PRODUCTION 

 

In article possibilities of application of modeling in heat power processes reveal. The short 

review of the main forms for modeling is shown. The example of the developed video in which the 

schematic thermal diagram of combined heat and power plant is visualized is presented. 
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Ɉɛɨɪɭɞɨɜɚɧɢɟ, ɢɡɝɨɬɚɜɥɢɜɚɟɦɨɟ ɢɡ ɫɬɚɥɢ, ɢ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ, 
ɩɨɞɜɟɪɠɟɧɨ ɢɡɧɨɫɭ ɢ ɤɨɪɪɨɡɢɢ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɳɚɟɬ ɟɝɨ ɫɪɨɤ ɫɥɭɠɛɵ. 
ɂɡɧɨɲɟɧɧɵɟ ɞɟɬɚɥɢ ɫɩɢɫɵɜɚɸɬɫɹ ɜ ɦɟɬɚɥɥɨɥɨɦ, ɩɪɢ ɩɟɪɟɩɥɚɜɤɟ ɬɟɪɹɹ ɞɨ 20% 
ɜɯɨɞɹɳɢɯ ɜ ɢɯ ɫɨɫɬɚɜ ɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ (Cr, Ni ɢ ɞɪ.). Ɂɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɢ 
ɩɨɬɟɪɢ ɨɬ ɩɪɨɫɬɨɹ, ɥɢɛɨ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɡɚɱɚɫɬɭɸ ɦɧɨɝɨɤɪɚɬɧɨ 
ɩɪɟɜɵɲɚɸɬ ɫɬɨɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɡɚɦɟɧɟ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ, ɡɚɪɨɠɞɟɧɢɟ ɞɟɮɟɤɬɨɜ ɧɚ ɫɬɚɥɶɧɵɯ ɪɨɥɢɤɚɯ ɆɇɅɁ 
ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɥɨɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ 
ɝɥɭɛɢɧɵ 0,6 – 0,9 ɦɦ. ɉɪɢ ɪɚɡɜɢɬɢɢ ɪɚɡɝɚɪɧɵɯ ɬɪɟɳɢɧ ɞɨ ɝɥɭɛɢɧɵ ɛɨɥɟɟ 2 ɦɦ, 
ɪɨɥɢɤ ɞɟɮɟɤɬɭɟɬɫɹ. ɂɦɟɟɬ ɦɟɫɬɨ ɬɚɤɠɟ ɦɟɯɚɧɢɱɟɫɤɢɣ ɢɡɧɨɫ, ɧɟɪɚɜɧɨɦɟɪɧɵɣ ɩɨ 
ɞɥɢɧɟ ɪɨɥɢɤɚ, ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɨɤɚɬɵɜɚɟɦɵɯ ɫɥɹɛɨɜ Д1Ж.  

ɋɩɨɫɨɛɨɦ ɪɟɲɟɧɢɹ ɞɚɧɧɵɯ ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɧɚɧɟɫɟɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɞɟɬɚɥɢ ɩɨɤɪɵɬɢɹ (ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ, ɦɟɬɚɥɥɨɤɟɪɚɦɢɱɟɫɤɨɝɨ, ɥɢɛɨ 
ɤɟɪɚɦɢɱɟɫɤɨɝɨ), ɨɛɥɚɞɚɸɳɟɝɨ ɩɨɜɵɲɟɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, 
ɤ ɚɝɪɟɫɫɢɜɧɵɦ ɫɪɟɞɚɦ, ɬɜɟɪɞɨɫɬɶɸ, ɩɪɨɬɟɤɬɨɪɧɵɦɢ, ɢ ɞɪɭɝɢɦɢ ɫɩɟɰɢɚɥɶɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɧɚɞɟɠɧɨɫɬɶ, ɥɢɛɨ ɜɨɫɫɬɚɧɨɜɢɬɶ 



178 
 

 

ɝɟɨɦɟɬɪɢɸ ɢɡɧɨɲɟɧɧɨɣ ɞɟɬɚɥɢ. 
Ɍɢɩɢɱɧɚɹ ɩɪɨɮɢɥɨɝɪɚɦɦɚ ɢɡɧɨɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɟɥɟ ɪɨɥɢɤɚ ɜɨɡɧɢɤɚɸɬ ɧɚ ɝɥɭɛɢɧɟ ɞɨ 6 ɦɦ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɷɬɨɦɭ, ɬɨɥɳɢɧɚ ɧɚɩɥɚɜɤɢ ɷɥɟɤɬɪɨɞɭɝɨɜɵɦ ɢɥɢ ɝɚɡɨɩɨɪɨɲɤɨɜɵɦ 
ɦɟɬɨɞɨɦ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɦɟɧɟɟ 8 – 10 ɦɦ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɜɨɡɞɟɣɫɬɜɢɟ 
ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɡɨɧɵ, ɩɨɞɜɟɪɝɲɢɟɫɹ ɬɟɪɦɢɱɟɫɤɨɦɭ ɪɚɡɭɩɪɨɱɧɟɧɢɸ ɩɪɢ ɫɜɚɪɤɟ, ɢ 
ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɬɫɥɨɟɧɢɟ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɪɚɞɢɰɢɨɧɧɨɣ 
ɷɥɟɤɬɪɨɞɭɝɨɜɨɣ ɧɚɩɥɚɜɤɢ, ɞɚɠɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɶɧɵɯ ɧɚɩɥɚɜɨɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɫɪɨɤɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɥɢɛɨ 
ɬɪɟɛɭɟɬ ɫɭɳɟɫɬɜɟɧɧɵɯ ɡɚɬɪɚɬ. 

ɉɪɢɦɟɧɟɧɢɟ ɬɪɚɞɢɰɢɨɧɧɵɯ ɠɟɥɟɡɧɨ-ɛɚɡɢɪɨɜɚɧɧɵɯ ɧɚɩɥɚɜɨɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɪɨɥɢɤɨɜ 1 – 3 ɫɟɤɰɢɢ ɧɟ ɢɦɟɟɬ ɫɤɨɥɶ-ɧɢɛɭɞɶ ɫɭɳɟɫɬɜɟɧɧɨɝɨ 
ɷɮɮɟɤɬɚ ɢɡ-ɡɚ ɩɨɥɢɦɨɪɮɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɧɚɩɥɚɜɥɟɧɧɨɦ ɫɥɨɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɡɝɚɪɧɵɯ ɬɪɟɳɢɧ ɢ 
ɪɚɡɪɭɲɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɪɨɥɢɤɚ. ɉɪɢɦɟɧɟɧɢɟ ɞɨɪɨɝɢɯ ɬɟɪɦɨɫɬɨɣɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟɜɵɝɨɞɧɨ ɢɡ-ɡɚ ɛɨɥɶɲɨɣ ɬɨɥɳɢɧɵ ɫɥɨɹ ɧɚɩɥɚɜɤɢ 
ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɚ. 

 

Ɋɢɫ. 1. ɉɪɨɮɢɥɨɝɪɚɦɦɚ ɢɡɧɨɫɚ ɪɨɥɢɤɚ ɆɇɅɁ  
(ɲɢɪɢɧɚ ɫɥɹɛɨɜ ɨɬ 1100 ɞɨ 1850 ɦɦ) 



179 
 

 

ɉɨɷɬɨɦɭ, ɚɤɬɭɚɥɶɧɚ ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɨɥɨɝɢɢ, ɫ ɩɨɦɨɳɶɸ 
ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɨ ɧɚɧɟɫɟɧɢɟ ɧɚ ɪɨɥɢɤ ɆɇɅɁ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɧɤɢɯ (ɞɨ 1 – 1,5 ɦɦ) 
ɩɨɤɪɵɬɢɣ, ɫɬɨɣɤɢɯ ɤ ɬɟɪɦɨɰɢɤɥɢɪɨɜɚɧɢɸ ɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɬɚɤɠɟ, ɤ 
ɢɡɧɨɫɭ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦ ɧɚɝɪɭɡɤɚɦ. 

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɭɫɥɨɜɢɣ, ɨɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɞɥɹ ɪɨɥɢɤɚ ɆɇɅɁ 
ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɩɨɤɪɵɬɢɟ, ɢɦɟɸɳɟɟ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɦɹɝɤɭɸ 
ɦɚɬɪɢɰɭ (ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɥɢɛɨ ɤɨɛɚɥɶɬɚ), ɢ ɫɨɞɟɪɠɚɳɟɟ ɬɜɟɪɞɵɟ ɱɚɫɬɢɰɵ 
(ɤɚɪɛɢɞɵ, ɛɨɪɢɞɵ, ɧɢɬɪɢɞɵ) ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ, ɚ ɬɚɤɠɟ, 
ɢɦɟɸɳɟɟ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɭɸ ɫɜɹɡɶ (ɫɩɥɚɜɥɟɧɧɨɟ) ɫ ɨɫɧɨɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ 
ɪɨɥɢɤɚ. 

ɂɫɯɨɞɹ ɢɡ ɢɦɟɸɳɢɯɫɹ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ, ɞɥɹ ɡɚɳɢɬɵ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɯɥɚɠɞɚɟɦɵɯ ɪɨɥɢɤɨɜ ɆɇɅɁ ɨɬ ɬɪɟɳɢɧɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɢɡɧɨɫɚ, ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ, ɧɚɧɟɫɟɧɧɵɟ ɝɚɡɨɬɟɪɦɢɱɟɫɤɢɦ ɧɚɩɵɥɟɧɢɟɦ ɫ 
ɩɨɫɥɟɞɭɸɳɟɣ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɨɣ – ɨɩɥɚɜɥɟɧɢɟɦ.  

Ɉɫɧɨɜɧɵɦɢ ɷɬɚɩɚɦɢ ɞɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɸɬɫɹ: 
- ɩɨɞɝɨɬɨɜɤɚ ɢ ɚɤɬɢɜɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ (ɚɛɪɚɡɢɜɨɫɬɪɭɣɧɨɣ ɨɛɪɚɛɨɬɤɨɣ); 
- ɝɚɡɨɬɟɪɦɢɱɟɫɤɨɟ ɧɚɩɵɥɟɧɢɟ ɩɨɤɪɵɬɢɹ; 
- ɥɚɡɟɪɧɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɤɪɵɬɢɹ ɫ ɨɩɥɚɜɥɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ. 
ȼɧɚɱɚɥɟ ɫɥɟɞɭɟɬ ɩɨɞɝɨɬɨɜɢɬɶ ɢ ɚɤɬɢɜɢɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɶ. Ⱦɥɹ ɷɬɨɝɨ ɫ 

ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɢ ɭɞɚɥɹɸɬ ɨɤɫɢɞɵ, ɨɪɝɚɧɢɱɟɫɤɢɟ, ɦɚɫɥɹɧɵɟ ɢ ɞɪɭɝɢɟ 
ɡɚɝɪɹɡɧɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɦɟɯɚɧɢɱɟɫɤɢ, ɥɢɛɨ ɞɪɭɝɢɦɢ 
ɫɩɨɫɨɛɚɦɢ. ɋɨɡɞɚɜɚɟɦɚɹ ɩɪɢ ɷɬɨɦ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɨɛɪɚɡɨɜɚɬɶ ɩɪɨɱɧɵɣ 
ɚɞɝɟɡɢɨɧɧɵɣ ɤɨɧɬɚɤɬ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɧɚɧɟɫɟɧɢɢ ɩɨɤɪɵɬɢɣ ɧɚɩɵɥɟɧɢɟɦ, ɥɢɛɨ 
ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ Д2Ж. 

Ƚɚɡɨɬɟɪɦɢɱɟɫɤɨɟ ɧɚɩɵɥɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɧɚɧɨɫɢɬɶ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ 
ɩɨɤɪɵɬɢɹ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɢɬ ɦɹɝɤɚɹ ɦɚɬɪɢɰɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɫɬɨɣɤɨɫɬɶ 
ɤ ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɪɚɫɬɪɟɫɤɢɜɚɧɢɸ, ɥɟɝɢɪɭɸɳɢɟ ɮɥɸɫɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ, 
ɢɡɧɨɫɨɫɬɨɣɤɢɟ ɤɚɪɛɢɞɵ ɢ ɷɥɟɦɟɧɬɵ. ɋɨɫɬɚɜɥɹɸɳɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ 
ɩɨɤɪɵɬɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɫɨɱɟɬɚɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɤɪɵɬɢɹ ɫɜɨɣɫɬɜ. 
Ɉɞɧɚɤɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɨɥɶɤɨ ɧɚɩɵɥɟɧɢɹ ɧɟ ɞɨɫɬɚɬɨɱɧɨ, ɬɚɤ ɤɚɤ ɢɡɧɨɫ 
ɩɨɤɪɵɬɢɹ ɪɨɥɢɤɨɜ ɆɇɅɁ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɞɢɧɚɦɢɱɟɫɤɢɦɢ 
ɧɚɝɪɭɡɤɚɦɢ ɢ ɭɞɚɪɚɦɢ, ɚ ɧɚɩɵɥɟɧɢɟ ɞɚɟɬ ɬɨɥɶɤɨ ɚɞɝɟɡɢɨɧɧɭɸ ɫɜɹɡɶ ɫ ɨɫɧɨɜɨɣ. 
ɉɪɢɦɟɧɟɧɢɟ ɥɚɡɟɪɧɨɝɨ ɨɩɥɚɜɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ, ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɫɜɹɡɶ ɫ ɨɫɧɨɜɨɣ, ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɤɪɵɬɢɹ.  
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Ɉɩɥɚɜɥɟɧɧɨɟ ɩɨɤɪɵɬɢɟ ɢɦɟɟɬ ɦɟɧɶɲɭɸ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɢ ɩɨɜɵɲɟɧɧɭɸ 
ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ, ɚ ɬɚɤɠɟ, ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɢɡɧɨɫ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ 
ɜɞɚɜɥɢɜɚɧɢɹ ɨɤɚɥɢɧɵ, ɛɪɵɡɝ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɩɨɜɪɟɠɞɟɧɢɣ, ɯɚɪɚɤɬɟɪɧɵɯ ɩɪɢ ɪɚɛɨɬɟ ɆɇɅɁ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɥɚɡɟɪɧɨɝɨ 
ɨɩɥɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɚɹ ɡɨɧɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɞɟɬɚɥɶ, ɧɚ 
ɤɨɬɨɪɭɸ ɧɚɧɨɫɢɬɫɹ ɩɨɤɪɵɬɢɟ: ɨɛɪɚɡɭɸɳɚɹɫɹ ɡɨɧɚ ɫɩɥɚɜɥɟɧɢɹ ɩɨɤɪɵɬɢɹ ɫ 
ɨɫɧɨɜɧɨɣ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 20 – 50 ɦɢɤɪɨɧ, ɩɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɚɹ ɫɜɹɡɶ ɩɨɤɪɵɬɢɹ ɫ ɨɫɧɨɜɨɣ. ɉɪɢ ɩɨɞɛɨɪɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɪɟɠɢɦɨɜ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ, ɨɛɪɚɡɭɟɬɫɹ ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ ɢ ɧɟ 
ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɭɩɪɨɱɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɢ ɨɫɧɨɜɵ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɦɢɧɢɦɚɥɶɧɵɟ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɣ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɸɛɵɦɢ 
ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɧɚɩɥɚɜɤɢ, ɢ ɞɟɥɚɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ 
ɩɪɢɦɟɧɟɧɢɟ ɛɨɥɟɟ ɞɨɪɨɝɢɯ ɢ ɛɨɥɟɟ ɬɟɪɦɨɫɬɨɣɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɤɪɵɬɢɣ. 

ȼ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɧɚɫɬɨɹɳɟɝɨ ɩɪɨɟɤɬɚ ɛɵɥ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ 
ɧɚɧɟɫɟɧɢɟɦ ɩɨɤɪɵɬɢɹ ɢ ɥɚɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ, ɱɬɨɛɵ 
ɨɩɪɟɞɟɥɢɬɶ ɜɨɡɦɨɠɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɠɢɦɵ ɧɚɧɟɫɟɧɢɹ ɢ ɦɚɬɟɪɢɚɥ 
ɩɨɤɪɵɬɢɣ. 

ȼɧɚɱɚɥɟ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɝɚɡɨɬɟɪɦɢɱɟɫɤɨɟ ɧɚɩɵɥɟɧɢɟ ɫɟɪɢɢ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ ɢ ɤɨɛɚɥɶɬɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɨɛɪɚɡɰɨɜ ɢɡ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ (09Ƚ2ɋ). Ɂɚɬɟɦ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɥɚɡɟɪɧɚɹ 
ɨɛɪɚɛɨɬɤɚ ɫ ɨɩɥɚɜɥɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɢɬɬɟɪɛɢɟɜɵɦ ɜɨɥɨɤɨɧɵɦ ɥɚɡɟɪɨɦ ɫ 
ɞɥɢɧɨɣ ɜɨɥɧɵ λ=1,07 ɦɤɦ, ɧɟɩɪɟɪɵɜɧɵɦ ɥɚɡɟɪɧɵɦ ɢɡɥɭɱɟɧɢɟɦ. ɉɪɢ ɷɬɨɦ 
ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɩɟɰɢɚɥɶɧɚɹ ɨɩɬɢɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɪɚɜɧɨɦɟɪɧɨɟ 
(ɧɟɝɚɭɫɫɨɜɨɟ) ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɡɥɭɱɟɧɢɹ ɩɨ ɞɢɚɦɟɬɪɭ ɩɹɬɧɚ. ɋɜɨɣɫɬɜɚ 
ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ ɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɡɚɜɢɫɹɬ ɨɬ ɝɥɭɛɢɧɵ ɩɪɨɩɥɚɜɥɟɧɢɹ 
ɦɚɬɟɪɢɚɥɚ ɨɫɧɨɜɵ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɥɚɤɢɪɭɸɳɟɦ ɦɟɬɚɥɥɟ Д3Ж. Ɋɟɠɢɦɵ ɨɩɥɚɜɥɟɧɢɹ ɩɨɞɛɢɪɚɥɢɫɶ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ ɤɨɪɨɛɥɟɧɢɟ, ɚ ɬɚɤɠɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɟɳɢɧ. 
Ⱦɥɹ ɷɬɨɝɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɫɬɨɱɧɢɤɚ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ: 

ɷɮ 1/2
ɩɥ ɩɥ

πλ( )
4

q T
at

 , 

ɝɞɟ Tɩɥ - ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ, λ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ,  

a – ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ( λ
ρ

a
c

 , ρ – ɩɥɨɬɧɨɫɬɶ, ɫ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ), 

t – ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ. 
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ɉɨɫɥɟ ɨɩɥɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɩɨɞɜɟɪɝɚɥɚɫɶ ɜɢɡɭɚɥɶɧɨɦɭ 
ɨɫɦɨɬɪɭ ɧɚ ɧɚɥɢɱɢɟ ɞɟɮɟɤɬɨɜ ɢ ɩɨɫɥɟɞɭɸɳɢɦ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɦ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦ. 

ɇɚɧɟɫɟɧɢɟ ɝɚɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɨɤɪɵɬɢɹ ɩɨɡɜɨɥɢɥɨ ɫɮɨɪɦɢɪɨɜɚɬɶ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɟ, ɢɦɟɸɳɟɟ ɚɞɝɟɡɢɨɧɧɭɸ ɫɜɹɡɶ ɫ ɨɫɧɨɜɨɣ; ɥɚɡɟɪɧɨɟ 
ɨɩɥɚɜɥɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɩɥɚɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɩɨɤɪɵɬɢɹ ɫ ɨɫɧɨɜɨɣ, ɢɦɟɟɬ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɭɥɟɜɭɸ ɩɨɪɢɫɬɨɫɬɶ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɦɨɳɧɨɫɬɢ ɢ ɮɨɤɭɫɢɪɨɜɤɢ ɥɚɡɟɪɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ, ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɝɪɚɧɢɰɵ ɪɟɠɢɦɨɜ (ɪɢɫ. 2(ɚ), ɬɪɢ ɩɨɥɨɫɵ ɫɥɟɜɚ), 
ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɨɜɨɞɢɬɶ ɛɟɡɞɟɮɟɤɬɧɨɟ ɨɩɥɚɜɥɟɧɢɟ. Ɉɩɥɚɜɥɟɧɢɟ ɜɧɟ ɝɪɚɧɢɰ 
ɷɬɢɯ ɪɟɠɢɦɨɜ ɩɪɢɜɨɞɢɬ ɥɢɛɨ ɤ ɨɩɥɚɜɥɟɧɢɸ ɩɨɤɪɵɬɢɹ «ɤɚɩɥɹɦɢ», ɥɢɛɨ 
ɧɟɩɪɨɩɥɚɜɥɟɧɢɸ ɩɨɤɪɵɬɢɹ (ɪɢɫ. 2(ɚ), ɩɨɥɨɫɵ ɫɩɪɚɜɚ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ 
ɩɨɞɨɛɪɚɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɨɩɥɚɜɥɟɧɢɹ ɢ ɥɚɡɟɪɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ, ɫ 
ɩɟɪɟɤɪɵɬɢɟɦ ɩɨɡɜɨɥɹɸɳɢɟ ɫɮɨɪɦɢɪɨɜɚɬɶ ɪɨɜɧɭɸ ɩɥɨɬɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ 
(ɪɢɫ. 2(ɛ)) ɛɟɡ ɩɨɪ.  

       

(ɚ)       (ɛ) 
Ɋɢɫ. 2. Ʌɚɡɟɪɧɨɟ ɨɩɥɚɜɥɟɧɢɟ ɩɨɤɪɵɬɢɹ (Ni-based) 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɨɩɥɚɜɥɟɧɢɟɦ ɩɨɤɪɵɬɢɣ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɧɢɤɟɥɟɜɨɣ ɢ ɤɨɛɚɥɶɬɨɜɨɣ ɦɚɬɪɢɰɟ, ɢ 
ɬɨɥɳɢɧɨɣ 100, 150, 200 ɢ 250 ɦɤɦ, ɛɵɥɨ ɜɵɹɫɧɟɧɨ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ 
ɭɜɟɪɟɧɧɨ ɞɨɫɬɢɝɚɬɶ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɨɩɥɚɜɥɟɧɢɹ ɢ ɫɩɥɚɜɥɟɧɢɹ ɫ ɨɫɧɨɜɨɣ 
ɩɨɤɪɵɬɢɣ ɩɪɢ ɬɨɥɳɢɧɚɯ ɞɨ 200 ɦɤɦ. Ɉɩɥɚɜɥɟɧɢɟ ɥɚɡɟɪɨɦ ɩɨɤɪɵɬɢɣ ɬɨɥɳɢɧɨɣ 
ɨɬ 250 ɦɤɦ ɞɨ 1,25 ɦɦ ɜɨɡɦɨɠɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ 
ɨɫɧɨɜɵ ɢ ɩɨɤɪɵɬɢɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 150 °ɋ – 250 

°ɋ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ ɦɨɠɟɬ 
ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɨ ɢɧɞɭɤɰɢɨɧɧɵɦ ɧɚɝɪɟɜɨɦ. 

Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɫ ɩɨɤɪɵɬɢɟɦ ɢɡ ɦɚɬɟɪɢɚɥɚ, 
ɤɨɬɨɪɵɣ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚ 1 – 3 ɫɟɤɰɢɢ ɆɇɅɁ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 
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ɬɨɦ, ɱɬɨ ɨɩɥɚɜɥɟɧɢɟ ɩɨɤɪɵɬɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɥɢɬɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ.  
ɉɪɢ ɩɨɥɧɨɦ ɩɪɨɩɥɚɜɥɟɧɢɢ ɩɨɤɪɵɬɢɹ, ɯɚɪɚɤɬɟɪɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɧɟɦ 

ɞɟɧɞɪɢɬɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɧɚ ɝɪɚɧɢɰɟ ɩɨɞɥɨɠɤɚ – ɩɨɤɪɵɬɢɟ ɬɨɥɳɢɧɨɣ 40 – 

70 ɦɤɦ; ɡɨɧɚ ɫɩɥɚɜɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 20 – 50 ɦɢɤɪɨɧ ɢ ɢɦɟɟɬ ɩɪɨɱɧɭɸ 
ɫɬɪɭɤɬɭɪɭ. Ɏɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɮɚɡ 
(ɤɚɪɛɢɞɨɜ ɢ ɫɥɨɠɧɵɯ ɫɨɟɞɢɧɟɧɢɣ) ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɤɪɵɬɢɹ. Ɇɢɤɪɨɬɜɟɪɞɨɫɬɶ 
ɨɩɥɚɜɥɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ ɩɨ ȼɢɤɤɟɪɫɭ ɫɨɫɬɚɜɥɹɟɬ HV815, ɬɜɟɪɞɨɫɬɶ 55 HRC (ɞɥɹ 
ɨɫɧɨɜɵ – ɥɢɬɟɣɧɨɣ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ ɦɚɬɟɪɢɚɥɚ ɪɨɥɢɤɚ ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ 
ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ HV180, ɬɜɟɪɞɨɫɬɶ 172 HRB). ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 
ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɩɨɪɨɲɤɚ,  ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɛɨɥɶɲɭɸ 
ɬɜɟɪɞɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɨɤɪɵɬɢɹ (ɞɨ 72 HRɋ), ɧɨ ɩɪɢ ɷɬɨɦ ɟɝɨ ɫɬɨɣɤɨɫɬɶ ɤ 
ɬɟɪɦɨɰɢɤɥɢɪɨɜɚɧɢɸ ɛɭɞɟɬ ɦɟɧɶɲɟ. ɋɬɨɣɤɨɫɬɶ ɤ ɜɵɫɨɤɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɢ 
ɬɟɪɦɨɰɢɤɥɢɪɨɜɚɧɢɸ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶɸ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɪɹɞ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ. ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 
Ra ɨɬ 0,5 ɞɨ 3 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɢ ɩɟɪɟɤɪɵɬɢɹ ɩɹɬɧɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ: 
- ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɧɚɧɟɫɬɢ ɩɨɤɪɵɬɢɟ, ɢɦɟɸɳɟɟ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ 

ɛɨɥɶɲɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ  
- ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɸɬ ɧɚɧɨɫɢɬɶ ɪɚɜɧɨɦɟɪɧɨ ɨɩɥɚɜɥɟɧɧɵɟ ɩɨ ɜɫɟɣ 

ɝɥɭɛɢɧɟ ɩɨɤɪɵɬɢɹ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɭɸ ɫɜɹɡɶ ɫ ɨɫɧɨɜɨɣ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɩɥɚɜɥɟɧɢɟɦ ɦɟɬɚɥɥɚ ɩɨɤɪɵɬɢɹ ɢ ɨɫɧɨɜɵ ɧɚ ɝɪɚɧɢɰɟ ɫɪɟɞ. 
Ⱦɚɧɧɵɣ ɮɚɤɬɨɪ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɨɣɤɨɫɬɶ ɤ ɜɨɡɞɟɣɫɬɜɢɸ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, 
ɩɨɡɜɨɥɹɟɬ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɭɜɟɥɢɱɢɬɶ ɫɬɨɣɤɨɫɬɶ ɤ ɭɞɚɪɧɵɦ ɧɚɝɪɭɡɤɚɦ ɢ ɢɡɧɨɫɭ. 

- ɩɨɤɪɵɬɢɟ ɢɦɟɟɬ ɦɟɧɶɲɭɸ ɫɟɛɟɫɬɨɢɦɨɫɬɶ – ɬɨɥɳɢɧɚ ɩɨɤɪɵɬɢɹ ɦɟɧɶɲɟ 
ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɥɟɤɬɪɨɞɭɝɨɜɨɣ ɧɚɩɥɚɜɤɢ; ɥɚɡɟɪɧɚɹ ɨɛɪɚɛɨɬɤɚ ɢɦɟɟɬ 
ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɄɉȾ. 

ɇɚɧɟɫɟɧɢɟ ɧɚ ɪɨɥɢɤɢ ɆɇɅɁ ɝɚɡɨɬɟɪɦɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɫ ɥɚɡɟɪɧɨɣ 
ɩɨɫɬɨɛɪɚɛɨɬɤɨɣ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɢɯ ɪɟɫɭɪɫ ɛɨɥɟɟ ɱɟɦ 6 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɧɟɭɩɪɨɱɧɟɧɧɵɦɢ ɪɨɥɢɤɚɦɢ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɛɟɡɪɟɦɨɧɬɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɆɇɅɁ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɇɚɡɭɪ, ɇ. ȼ. ɉɨɜɵɲɟɧɢɟ ɫɬɨɣɤɨɫɬɢ ɪɨɥɢɤɨɜ ɆɇɅɁ ɧɚ ɨɫɧɨɜɟ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɢ, 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ: ɚɜɬɨɪɟɮ. ɞɢɫ. … ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 05.02.13. 
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Ɇɚɝɧɢɬɨɝɨɪɫɤ, 2009. 21 ɫ. 
2. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɢ ɫɩɨɫɨɛɚ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ ɫ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɢɧɞɭɤɰɢɨɧɧɵɦ ɧɚɝɪɟɜɨɦ / Ⱥ. ɇ. Ɋɢɝɢɧ, ɘ. Ɇ. ɀɭɪɚɜɥɟɜɚ ɢ 
ɞɪ. // ȼɟɫɬɧɢɤ ɑɟɪɟɩɨɜɟɰɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ.– ɑɟɪɟɩɨɜɟɰ: 
ɑȽɍ. – 2018. – № 2 (83). 

3. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɩɥɚɡɦɟɧɧɨɣ ɧɚɩɥɚɜɤɟ 
ɦɟɬɚɥɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɨɥɢɤɨɜ // ɇ. ɂ. ɒɟɫɬɚɤɨɜ, ɘ. ȼ. Ⱥɧɬɨɧɨɜɚ, ɋ. ȼ. 
Ʌɭɤɢɧ // ȼɟɫɬɧɢɤ ɑɟɪɟɩɨɜɟɰɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ,  2012. – Ɍ.1 
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ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɉɊɂɆȿɇȿɇɂȿ ɌȿɉɅɈȼɕɏ ɇȺɋɈɋɈȼ ɇȺ ɉɊɈɆɕɒɅȿɇɇɕɏ 
ɉɊȿȾɉɊɂəɌɂəɏ 

 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɵ ɫɩɨɫɨɛɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɬɨɪɢɱɧɵɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɞɥɹ 
ɨɬɨɩɥɟɧɢɹ ɢ ɝɨɪɹɱɟɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɩɥɨɜɨɣ ɧɚɫɨɫ, ɜɬɨɪɢɱɧɵɟ ɷɧɟɪɝɨɪɟɫɭɪɫɵ, ɨɝɪɚɠɞɚɸɳɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. 

 

Sergey V. Glukhov, Sergey A. Popovsky 

Omsk State Transport University (OSTU), Omsk, Russian Federation 

 

APPLICATION OF HEAT PUMPS IN INDUSTRIAL ENTERPRISES 

 

The article discusses how to use secondary energy for heating and hot heat in industrial 

enterprises. Suggested options for heat sources for use in the heat pump.  

 

Key words: heat pump, secondary energy resources, enclosing structures, industrial 

production. 

 

ȼ ɩɨɫɥɟɞɧɟɟ ɝɨɞɵ  ɪɟɝɭɥɹɪɧɨ ɩɨɞɱɟɪɤɢɜɚɟɬɫɹ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ  ɦɢɪɨɜɨɝɨ 
ɤɚɩɢɬɚɥɚ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢ ɷɤɨɫɢɫɬɟɦ, 
ɬɨ ɟɫɬɶ ɡɚ ɫɱɟɬ ɢɫɬɨɳɟɧɢɹ  ɩɪɢɪɨɞɧɨɝɨ ɤɚɩɢɬɚɥɚ. Ɋɟɡɤɨɟ ɨɛɨɫɬɪɟɧɢɟ 
ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɱɟɬɤɨ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 
ɨɬɧɨɲɟɧɢɹ ɱɟɥɨɜɟɤɚ ɢ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ. 

ȼɨ ɜɫɟɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɥɸɛɨɝɨ ɦɚɫɲɬɚɛɚ, 
ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɢɫɬɨɱɧɢɤɢ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ, ɩɪɢɝɨɞɧɨɝɨ ɞɥɹ 
ɱɚɫɬɢɱɧɨɝɨ ɢɥɢ ɩɨɥɧɨɝɨ ɡɚɦɟɳɟɧɢɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɞɥɹ 
ɨɬɨɩɢɬɟɥɶɧɵɯ ɧɭɠɞ ɢ ɧɭɠɞ Ƚȼɋ.  

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɧɚɫɨɫ – ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɩɟɪɟɤɚɱɢɜɚɟɬ ɱɬɨ-ɥɢɛɨ ɫ 
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ɧɢɠɧɟɝɨ ɭɪɨɜɧɹ ɧɚ ɜɟɪɯɧɢɣ. ɂɡ ɧɚɡɜɚɧɢɹ ɩɨɧɹɬɧɨ, ɱɬɨ ɬɟɩɥɨɜɨɣ ɧɚɫɨɫ 
ɩɟɪɟɤɚɱɢɜɚɟɬ ɬɟɩɥɨ. ɋ ɧɢɠɧɟɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɭɪɨɜɧɹ ɧɚ ɜɟɪɯɧɢɣ, ɫ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ. ɉɪɢ ɷɬɨɦ ɧɟɬ ɧɢɤɚɤɨɝɨ ɧɚɪɭɲɟɧɢɹ ɜɬɨɪɨɝɨ ɧɚɱɚɥɚ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ. ɗɧɟɪɝɢɹ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ «ɡɟɥɟɧɨɣ», 
ɛɟɡ ɦɚɥɟɣɲɟɝɨ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ «ɭɝɥɟɪɨɞɧɨɝɨ ɫɥɟɞɚ».  

Ɍɪɚɞɢɰɢɨɧɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ ɜɵɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ 
ɢɫɬɨɱɧɢɤɢ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɬɟɩɥɚ: 

1) ȼɨɡɞɭɯ. ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɪɭɠɧɨɝɨ  ɜɨɡɞɭɯɚ ɜ 
ɨɬɨɩɢɬɟɥɶɧɨɦ ɫɟɡɨɧɟ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ, ɩɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɢ ɧɚɞɟɠɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɹ ɜɟɫɶɦɚ 
ɨɝɪɚɧɢɱɟɧɨ ɢ ɷɮɮɟɤɬɢɜɧɨ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɨɬ -10 °ɋ ɞɨ +10 °ɋ. 

2) ɉɨɞɡɟɦɧɵɟ ɜɨɞɵ. Ɍɟɩɥɨ, ɫɨɞɟɪɠɚɳɟɟɫɹ ɜ ɷɬɢɯ ɜɨɞɚɯ, ɧɚɩɪɹɦɭɸ 
ɩɨɞɚɟɬɫɹ ɜ Ɍɇ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɬɵ ɩɨɞɡɟɦɧɨɣ 
ɜɨɞɵ ɬɚɤɠɟ ɢɦɟɸɬɫɹ ɧɸɚɧɫɵ, ɝɥɚɜɧɵɣ ɢɡ ɧɢɯ: ɨɯɥɚɠɞɟɧɧɭɸ ɜ Ɍɇ ɜɨɞɭ ɧɟɥɶɡɹ 
ɜɨɡɜɪɚɳɚɬɶ ɧɚɡɚɞ ɩɪɹɦɨ ɜ ɦɟɫɬɨ ɨɬɛɨɪɚ, ɩɨɫɤɨɥɶɤɭ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɬɟɩɟɧɧɨɟ 
ɡɚɯɨɥɚɠɢɜɚɧɢɟ ɨɬɛɢɪɚɟɦɨɣ ɜɨɞɵ. Ʉɪɨɦɟ ɬɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɬɟɪɦɚɥɶɧɵɯ ɜɨɞ 
ɢɦɟɸɬ ɨɝɪɚɧɢɱɟɧɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢ ɢɯ ɜɵɫɨɤɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ ɦɨɠɟɬ 
ɜɵɡɜɚɬɶ ɨɬɥɨɠɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɧɚɝɪɟɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɭɛɨɩɪɨɜɨɞɚɯ. 

3) ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɞɵ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɜɨɞɵ ɤ ɧɟɣ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɤɚɤ ɢ ɞɥɹ ɩɨɞɡɟɦɧɨɣ ɜɨɞɵ. ɉɪɢ 
ɜɧɟɞɪɟɧɢɢ Ɍɇ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɨɱɟɧɶ ɱɚɫɬɨ ɜɨɡɧɢɤɚɸɬ ɩɪɨɛɥɟɦɵ ɫ ɱɢɫɬɨɬɨɣ ɜɨɞɨɣ, ɚ ɬɚɤɠɟ ɫ 
ɢɡɦɟɧɟɧɢɟɦ ɟɟ  ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɫɟɡɨɧɭ (ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɜɨɞɵ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɬɨɤɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ). 

4) ɋɨɥɧɟɱɧɚɹ ɷɧɟɪɝɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɥɧɟɱɧɨɣ ɷɧɟɪɝɢɢ ɜɨɡɦɨɠɧɨ ɩɪɢ 
ɩɨɦɨɳɢ ɫɨɥɧɟɱɧɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɢɥɢ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ 
ɢɫɬɨɱɧɢɤɨɦ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ 

5) Ɉɬɪɚɛɨɬɚɧɧɨɟ ɬɟɩɥɨ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɜɨɡɧɢɤɚɟɬ 
ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɧɟ ɞɨ 
ɤɨɧɰɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɰɢɤɥɟ. 

6) ɋɬɨɤɢ. ȼɨɞɚ, ɨɞɧɨɤɪɚɬɧɨ ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɪɨɦɵɲɥɟɧɧɵɦɢ 
ɩɪɟɞɩɪɢɹɬɢɹɦɢ (ɨɤɨɥɨ 40 % ɜɫɟɝɨ ɨɛɴɟɦɚ), ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ ɫɛɪɚɫɵɜɚɟɬɫɹ ɢ 
ɤɚɧɚɥɢɡɢɪɭɟɬɫɹ ɜ ɟɫɬɟɫɬɜɟɧɧɵɟ ɜɨɞɨɟɦɵ Д1Ж.  
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ɇɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɬɨɪɢɱɧɵɯ 
ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɧɚ ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ ɹɜɥɹɸɬɫɹ: 

1) Ƚɨɪɸɱɢɟ ȼɗɊ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɜɫɟɯ ɜɢɞɨɜ ɬɨɩɥɢɜɧɵɯ ɜɬɨɪɢɱɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ɢ ɨɬɯɨɞɨɜ ɢ ɩɨɥɭɱɚɟɦɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫ 
ɭɱɚɫɬɢɟɦ ɬɨɩɥɢɜɧɵɯ ɢ ɫɵɪɶɟɜɵɯ (ɝɨɪɸɱɢɯ) ɪɟɫɭɪɫɨɜ; ɜɨɞɨɪɨɞ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɤɚɭɫɬɢɱɟɫɤɨɣ ɫɨɞɵ, ɮɪɚɤɰɢɹ ɋɈ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɚɦɦɢɚɤɚ, ɩɟɱɧɵɟ ɝɚɡɵ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɚɥɶɰɢɹ, ɬɚɧɤɨɜɵɟ ɢ ɩɪɨɞɭɜɨɱɧɵɟ ɝɚɡɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɚɯ ɚɦɦɢɚɤɚ 
ɢ ɦɟɬɚɧɨɥɚ, ɩɟɱɧɨɣ ɝɚɡ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɠɟɥɬɨɝɨ ɮɨɫɮɨɪɚ ɢ ɞɪɭɝɢɟ ɝɚɡɨɨɛɪɚɡɧɵɟ 
ɝɨɪɸɱɢɟ ɩɪɨɞɭɤɬɵ, ɚ ɬɚɤɠɟ ɡɚɝɪɹɡɧɟɧɧɨɟ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ. 

2) Ɍɟɩɥɨɜɵɟ ȼɗɊ. ɋɸɞɚ ɨɬɧɨɫɢɬɫɹ ɬɟɩɥɨ ɨɬɯɨɞɹɳɢɯ ɝɚɡɨɜ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɝɪɟɝɚɬɨɜ, ɬɟɩɥɨ ɨɫɧɨɜɧɨɣ, ɩɨɛɨɱɧɨɣ, ɩɪɨɦɟɠɭɬɨɱɧɨɣ 
ɩɪɨɞɭɤɰɢɢ ɢ ɨɬɯɨɞɨɜ ɨɫɧɨɜɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɬɟɩɥɨ ɪɚɛɨɱɢɯ ɬɟɥ ɫɢɫɬɟɦ 
ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɝɪɟɝɚɬɨɜ ɢ ɭɫɬɚɧɨɜɨɤ, ɬɟɩɥɨ 
ɝɨɪɹɱɟɣ ɜɨɞɵ ɢ ɩɚɪɚ, ɨɬɪɚɛɨɬɚɧɧɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɤɚɯ. 

Ʉ ɬɟɩɥɨɜɵɦ ȼɗɊ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɬɚɤɠɟ ɜɫɟ ɩɨɩɭɬɧɨ ɜɵɪɚɛɚɬɵɜɚɟɦɨɟ 
ɬɟɩɥɨ (ɜ ɜɢɞɟ ɩɚɪɚ ɢ ɝɨɪɹɱɟɣ ɜɨɞɵ) ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɷɧɟɪɝɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɚɝɪɟɝɚɬɚɯ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɝɞɟ ɨɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ – ɜ ɞɚɧɧɨɦ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ  ɩɪɨɰɟɫɫɟ ɢɥɢ ɞɥɹ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɞɪɭɝɢɯ ɩɪɨɰɟɫɫɨɜ. 

3) ȼɗɊ ɢɡɛɵɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɨɛɥɚɞɚɸɳɢɟ 
ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ ɝɚɡɵ ɢ ɠɢɞɤɨɫɬɢ, ɩɨɤɢɞɚɸɳɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɚɝɪɟɝɚɬɵ ɩɨɞ ɢɡɛɵɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ, ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɢɯ ɞɚɥɶɧɟɣɲɟɝɨ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ [2]. 

ɋɯɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɫ ɬɟɩɥɨɜɵɦ ɧɚɫɨɫɨɦ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɩɨɬɪɟɛɢɬɟɥɟɣ, ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɤɥɸɱɟɧɢɹ 
ɩɢɤɨɜɨɝɨ ɩɨɞɨɝɪɟɜɚɬɟɥɹ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɢ ɩɚɪɚɥɥɟɥɶɧɵɟ. ɉɪɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɫɯɟɦɟ ɜɨɞɚ, ɧɚɝɪɟɬɚɹ ɬɟɩɥɨɜɵɦ ɧɚɫɨɫɨɦ – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɪɢ ɤɨɬɨɪɵɯ ɟɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɨɤɪɵɬɢɹ 
ɧɚɝɪɭɡɤɢ – ɩɨɫɬɭɩɚɟɬ ɜ ɪɚɞɢɚɬɨɪɵ. ɉɪɢ ɛɨɥɟɟ ɯɨɥɨɞɧɨɣ ɩɨɝɨɞɟ ɜɤɥɸɱɚɟɬɫɹ 
ɩɢɤɨɜɵɣ ɢɫɬɨɱɧɢɤ. ɉɪɢ ɩɚɪɚɥɥɟɥɶɧɨɣ ɫɯɟɦɟ ɫ ɩɢɤɨɜɵɦ ɞɨɝɪɟɜɨɦ ɜɨɞɚ, ɧɚɝɪɟɬɚɹ 
ɬɟɩɥɨɜɵɦ ɧɚɫɨɫɨɦ, ɩɨɞɚɟɬɫɹ ɜ ɪɚɞɢɚɬɨɪɵ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɨɬɨɩɢɬɟɥɶɧɨɝɨ 
ɩɟɪɢɨɞɚ, ɚ, ɧɚɱɢɧɚɹ ɫ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɞɥɹ 
ɩɨɞɞɟɪɠɚɧɢɹ ɧɨɪɦɚɬɢɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɨɬɚɩɥɢɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɹɯ 
ɬɪɟɛɭɟɬɫɹ ɝɟɧɟɪɚɰɢɹ ɧɟɞɨɫɬɚɸɳɟɝɨ ɬɟɩɥɚ. ȼ ɤɚɱɟɫɬɜɟ ɟɝɨ ɢɫɬɨɱɧɢɤɚ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧ ɬɪɚɞɢɰɢɨɧɧɵɣ ɢɫɬɨɱɧɢɤ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢɥɢ ɷɥɟɤɬɪɨɤɨɬɥɵ, ɢɥɢ 
ɦɟɫɬɧɵɟ ɧɚɝɪɟɜɚɬɟɥɢ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɢɥɢ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɬɢɩɚ, ɱɬɨ ɜɥɟɱɟɬ 
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ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ. ȼɵɫɨɤɭɸ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɨɦɛɢɧɢɪɨɜɚɧɢɟ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɫ ɫɢɫɬɟɦɨɣ ɨɬɨɩɥɟɧɢɹ «Ɍɟɩɥɵɣ 
ɩɨɥ». ȼ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɬɟɩɥɨɜɨɣ ɧɚɫɨɫ ɪɚɛɨɬɚɟɬ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ 
ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ. Ɉɞɧɚɤɨ ɜ ɧɟɣ, ɧɚɱɢɧɚɹ ɫ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ 
ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɧɨɪɦɚɬɢɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ 
ɩɨɦɟɳɟɧɢɹɯ ɬɪɟɛɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ ɝɟɧɟɪɚɰɢɹ ɬɟɩɥɚ, ɩɪɢ ɷɬɨɦ ɫɪɟɞɧɹɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɞɥɹ ɩɨɥɨɜ ɩɨɦɟɳɟɧɢɣ ɫ ɩɨɫɬɨɹɧɧɵɦ ɩɪɟɛɵɜɚɧɢɟɦ ɥɸɞɟɣ ɧɟ 
ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 26ºɋ. 

ɉɨɥɨɠɢɬɟɥɶɧɵɦ ɫɜɨɣɫɬɜɨɦ  ɚɛɫɨɪɛɰɢɨɧɧɵɯ ɢ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɬɟɩɥɨɜɵɯ 
ɧɚɫɨɫɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɢ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɧɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɞɟɲɟɜɨɣ ɷɧɟɪɝɢɢ 
ɫɠɢɝɚɧɢɹ ɝɨɪɸɱɟɝɨ. ȼ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɚɯ ɷɬɨɝɨ ɬɢɩɚ ɨɬɫɭɬɫɬɜɭɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 
ɤɨɦɩɪɟɫɫɨɪ, ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɬɪɟɛɭɟɬɫɹ ɥɢɲɶ ɞɥɹ ɰɢɪɤɭɥɹɰɢɢ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ ɢ ɜ ɫɢɫɬɟɦɟ ɫɛɨɪɚ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ 
ɬɟɩɥɚ. Ⱥɛɫɨɪɛɰɢɨɧɧɵɟ ɢ ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ ɬɪɟɛɭɸɬ ɦɟɧɶɲɟɣ 
ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɱɟɦ ɤɨɦɩɪɟɫɫɢɨɧɧɵɟ - ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɫɤɜɚɠɢɧɵ ɦɟɧɶɲɟɣ ɝɥɭɛɢɧɵ, ɱɬɨ ɞɚɟɬ ɷɤɨɧɨɦɢɸ ɧɚ ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɪɚɛɨɬɚɯ ɩɨ 
ɛɭɪɟɧɢɸ. 

 

Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɩɨɧɢɠɚɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ 
ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɬɢɩɚ: 1 – ɝɟɧɟɪɚɬɨɪ; 2 – ɤɨɧɞɟɧɫɚɬɨɪ; 3,7 – ɧɚɫɨɫɵ;  

4 – ɢɫɩɚɪɢɬɟɥɶ; 5 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 6 – ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ 
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Ɋɢɫ. 2. ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɩɨɜɵɲɚɸɳɟɝɨ  ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ 
ɚɛɫɨɪɛɰɢɨɧɧɨɝɨ ɬɢɩɚ: 1 – ɝɟɧɟɪɚɬɨɪ; 2 – ɤɨɧɞɟɧɫɚɬɨɪ; 3,7 –  ɧɚɫɨɫɵ;  

4 – ɢɫɩɚɪɢɬɟɥɶ; 5 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 6 – ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ; 8 – ɚɛɫɨɪɛɟɪ. 
 

Ɍɚɤɨɣ ɩɟɪɟɱɟɧɶ ȼɗɊ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɦɟɧɧɨ ɜ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɚɯ ɧɚ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ. 

Ɉɞɧɨ ɢɡ ɫɭɳɟɫɬɜɟɧɧɵɯ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɚɱɟɫɬɜ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ 
ɹɜɥɹɟɬɫɹ ɩɨɱɬɢ ɩɨɥɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɨɛɫɥɭɠɢɜɚɧɢɟ, ɢɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ ɱɬɨ ɧɟɬ 
ɧɢɤɚɤɢɯ ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ. Ɍɚɤ ɠɟ ɧɭɠɧɨ ɨɬɦɟɬɢɬɶ , ɱɬɨ ɩɪɢ ɭɫɬɚɧɨɜɤɢ 
ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɟɧɹɬɶ ɫɢɫɬɟɦɭ ɨɬɨɩɥɟɧɢɹ (ɨɫɬɚɸɬɫɹ ɬɟ 
ɩɪɢɛɨɪɵ ɢ ɬɪɭɛɵ ɤɨɬɨɪɵɟ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ). ɇɟɥɶɡɹ ɧɟ ɫɤɚɡɚɬɶ ɢ ɨ ɧɟɞɨɫɬɚɬɤɟ 
,ɱɬɨ ɬɚɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɫ ɫɢɫɬɟɦɨɣ ɨɬɨɩɥɟɧɢɹ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɥɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɟɝɨ ɜɨɡɦɨɠɧɨɫɬɟɣ ɬ.ɟ. ɦɢɧɢɦɚɥɶɧɵɟ 
ɩɨɬɟɪɢ ɢ ɯɨɪɨɲɢɣ ɬɟɩɥɨɫɴɟɦ. 

ȼ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɛɭɞɟɬ ɦɧɨɣ ɛɭɞɟɬ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ 
ɜɧɟɞɪɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɧɚ ɩɪɢɦɟɪɟ ɩɪɟɞɩɪɢɹɬɢɹ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɝɨ 
ɤɥɚɫɬɟɪɚ ɝ. Ɉɦɫɤɚ. 
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Evgeniy M. Rezanov, Pavel V. Petrov 

Omsk State Transport University (OSTU), Omsk, Russian Federation 

 

INCREASE IN EFFICIENCY OF THE ENERGY SAVING ACTION FOR 

WARMING OF EXTERNAL WALLS OF BUILDINGS TAKING INTO 

ACCOUNT REGULATION OF THE HOLIDAY OF THERMAL ENERGY 

 

Relevance of increase energy saving actions for warming of walls of the building it is 

connected with technical and economic expediency. The purpose is the research on effectiveness of 

an algorithm of determination of optimum value of thickness of heat-insulating material, taking into 

account regulation of the released thermal energy. In the made experiment methods of 

mathematical modeling of difficult heat exchange, an optimizing task, nonlinear programming and 

technical and economic calculations were used. Results of a numerical research of change of 

thickness of heat-insulating material on technical and economic efficiency are given. 

 

Key words: thermal insulation, thickness, enclosing structures, efficiency, expenses. 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɜɨɩɪɨɫɨɜ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɫɛɟɪɟɠɟɧɢɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɢ ɡɚɬɪɚɬ, ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ 
Ɋɨɫɫɢɢ ɢ ɨɬɜɟɱɚɟɬ Ɏɟɞɟɪɚɥɶɧɨɦɭ ɡɚɤɨɧɭ № 261-ɎɁ «Ɉɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɢ ɨ 
ɩɨɜɵɲɟɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ …» ɨɬ 28 ɞɟɤɚɛɪɹ 2013 ɝɨɞɚ Д1]. 

ɉɪɨɜɟɞɟɧɧɨɟ ɬɟɪɦɨɝɪɚɮɢɱɟɫɤɨɟ ɨɛɫɥɟɞɨɜɚɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 
[2, 3Ж ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨɬɟɪɢ ɬɟɩɥɚ ɜ ɬɟɩɥɨɜɨɦ ɛɚɥɚɧɫɟ ɡɞɚɧɢɹ, ɜ ɫɪɟɞɧɟɦ 
ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɧɚɪɭɠɧɵɟ ɫɬɟɧɵ – 30 %; ɨɤɧɚ – 20 %; ɩɨɥ 
ɢ ɤɪɵɲɚ – 10 %; ɜɟɧɬɢɥɹɰɢɹ – 40 %. 

ɋɨɜɪɟɦɟɧɧɵɟ ɧɨɪɦɵ ɫɛɟɪɟɠɟɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ ɬɟɩɥɨɡɚɳɢɬɵ ɩɪɢ 
ɤɚɩɢɬɚɥɶɧɨɦ ɪɟɦɨɧɬɟ ɡɞɚɧɢɣ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɧɚ ɩɪɢɦɟɧɟɧɢɟ ɜɟɫɶɦɚ 
ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɧɚɛɨɪɚ ɪɟɲɟɧɢɣ ɩɨ ɫɧɢɠɟɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ, ɧɟ 
ɜɫɟɝɞɚ ɨɬɜɟɱɚɸɳɢɯ ɤɨɧɤɪɟɬɧɵɦ ɭɫɥɨɜɢɹɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɡɚɱɚɫɬɭɸ ɜɟɫɶɦɚ 
ɞɨɪɨɝɨɫɬɨɹɳɢɯ, ɧɨ ɢɡɛɵɬɨɱɧɵɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. Ɍɚɤ ɠɟ ɨɬɫɭɬɫɬɜɭɟɬ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɚɹ ɦɟɬɨɞɨɥɨɝɢɹ ɞɥɹ 
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ɪɚɡɪɚɛɨɬɤɢ ɞɨɤɭɦɟɧɬɨɜ ɜ ɨɛɥɚɫɬɢ ɬɟɩɥɨɜɨɝɨ ɫɛɟɪɟɠɟɧɢɹ ɩɪɢ ɤɚɩɢɬɚɥɶɧɨɦ 
ɪɟɦɨɧɬɟ, ɨɫɨɛɟɧɧɨ ɜ ɱɚɫɬɢ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɵɯ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɭɬɟɩɥɟɧɢɹ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɟɧ ɡɞɚɧɢɣ, ɫ ɭɱɟɬɨɦ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ 
ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɭɬɟɩɥɟɧɢɹ 
ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɣ, ɭɱɢɬɵɜɚɸɳɢɯ ɜɡɚɢɦɨɫɜɹɡɶ ɫ ɩɪɨɰɟɫɫɚɦɢ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɞɯɨɞɚ ɪɟɚɥɢɡɚɰɢɢ 
ɬɟɩɥɨɫɛɟɪɟɝɚɸɳɢɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɨɩɬɢɦɢɡɚɰɢɟɣ ɬɟɩɥɨɜɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ. 

Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ ɩɨɫɬɚɜɥɟɧɧɨɣ ɧɚɭɤɨɣ ɢ ɩɪɚɤɬɢɤɨɣ, ɜ ɫɮɟɪɟ ɠɢɥɢɳɧɨɝɨ 
ɮɨɧɞɚ, ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɫɛɟɪɟɠɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ. 
ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ 
ɨɩɬɢɦɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɩɪɨɜɟɞɟɧɢɟ ɚɤɬɢɜɧɨɣ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɟɣ ɩɨɥɢɬɢɤɢ.  

Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ, ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɝɨ ɦɢɧɢɦɚɥɶɧɵɦ 
ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɪɚɫɯɨɞɚɦ. ȼɨɡɦɨɠɧɨɫɬɶ ɪɟɲɟɧɢɹ 
ɞɚɧɧɨɣ ɡɚɞɚɱɢ, ɩɨɡɜɨɥɢɬ ɭɦɟɧɶɲɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɪɟɫɭɪɫɵ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɛɪɚɧ ɨɛɴɟɤɬ ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɎȽɍɉ «Ɏɇɉɐ «ɉɪɨɝɪɟɫɫ» (ɪɢɫ. 1) [4]. 

ɇɚɪɭɠɧɵɟ ɫɬɟɧɵ ɜɵɩɨɥɧɟɧɵ ɢɡ ɤɢɪɩɢɱɚ ɬɨɥɳɢɧɨɣ 640 ɦɦ. ɑɟɪɞɚɱɧɨɟ 
ɩɟɪɟɤɪɵɬɢɟ: ɩɭɫɬɨɬɧɵɟ ɩɥɢɬɵ ɩɟɪɟɤɪɵɬɢɹ ɫ ɦɢɧɟɪɚɥɨɜɚɬɧɵɦɢ ɩɥɢɬɚɦɢ 
ɬɨɥɳɢɧɨɣ 60 ɦɦ ɢ ɩɚɪɨɢɡɨɥɹɰɢɟɣ. ɋɜɟɪɯɭ ɜɵɩɨɥɧɟɧɨ ɭɬɟɩɥɟɧɢɟ ɢɡ ɤɟɪɚɦɡɢɬɚ 
ɬɨɥɳɢɧɨɣ 180 ɦɦ. Ɉɤɨɧɧɵɟ ɛɥɨɤɢ ɢ ɜɢɬɪɚɠɢ ɜɵɩɨɥɧɟɧɵ ɢɡ ɉȼɏ-ɩɪɨɮɢɥɟɣ ɫ 
ɞɜɭɯɤɚɦɟɪɧɵɦɢ ɫɬɟɤɥɨɩɚɤɟɬɚɦɢ. ɉɨɥɵ ɡɞɚɧɢɹ – ɛɟɬɨɧɧɵɟ ɢ ɩɪɟɞɭɫɦɨɬɪɟɧɵ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɝɪɭɧɬɭ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ. ȼɯɨɞɧɵɟ ɞɜɟɪɢ 
– ɦɟɬɚɥɥɢɱɟɫɤɢɟ, ɭɬɟɩɥɟɧɧɵɟ ɢ ɢɡ ɉȼɏ-ɩɪɨɮɢɥɟɣ ɫ ɞɜɭɯɤɚɦɟɪɧɵɦɢ 
ɫɬɟɤɥɨɩɚɤɟɬɚɦɢ. 

ɂɫɬɨɱɧɢɤɨɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɭɸɳɚɹ ɤɨɬɟɥɶɧɚɹ ɈɈɈ 
«Ɉɦɫɤɬɟɯɭɝɥɟɪɨɞ». Ɍɟɩɥɨ ɩɨɫɬɭɩɚɟɬ ɧɚ ɨɛɴɟɤɬ ɜ ɜɢɞɟ ɝɨɪɹɱɟɣ ɜɨɞɵ ɫ ɪɚɫɱɟɬɧɵɦ 
ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɝɪɚɮɢɤɨɦ 130/70 ɨɋ (Ɍ1(τ1)/Ɍ2(τ2)). ȼɜɨɞ ɨɪɝɚɧɢɡɨɜɚɧ ɜ ɬɟɩɥɨɜɨɣ 
ɩɭɧɤɬ, ɝɞɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɢ ɤɨɦɦɟɪɱɟɫɤɢɣ ɭɱɟɬ (ɪɢɫ. 2) Д5Ж. 
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Ɋɢɫ. 1. Ɏɚɫɚɞɵ ɡɞɚɧɢɹ 

 

Ɂɧɚɱɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɣ ɬɨɥɳɢɧɵ ɭɬɟɩɥɟɧɢɹ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ ɦɨɠɧɨ 
ɧɚɣɬɢ, ɢɫɯɨɞɹ ɢɡ ɦɢɧɢɦɭɦɚ ɫɭɦɦɚɪɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ ɡɚɬɪɚɬ 
ɧɚ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɟɧ ɡɞɚɧɢɹ ɂɫɬ [3], ɩɪɢ ɩɪɢɪɚɜɧɢɜɚɧɢɢ ɤ ɧɭɥɸ 
ɱɚɫɬɧɵɯ ɡɚɜɢɫɢɦɵɯ ɨɬ δɭɬ ɩɪɨɢɡɜɨɞɧɵɯ ɮɭɧɤɰɢɢ ɩɨ ɨɩɬɢɦɢɡɢɪɭɟɦɨɦɭ 
ɩɚɪɚɦɟɬɪɭ, ɪ./ɝɨɞ: 

0
dδ
dɄ

H)(E
dδ
dQ

b)ɐz(86400
dδ
dɂ

ɭɬ

ɫɬ
ɫɬ

ɭɬ

ɫɬ
ɬɨɬ

ɭɬ

ɫɬ  .               (1) 

ɝɞɟ δɭɬ – ɬɨɥɳɢɧɚ ɭɬɟɩɥɹɸɳɟɝɨ ɫɥɨɹ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɟɧ ɡɞɚɧɢɹ, ɦ; zɨɬ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ, ɫɭɬ/ɝɨɞ; ɐɬ – ɫɪɟɞɧɹɹ ɝɨɞɨɜɚɹ ɫɬɨɢɦɨɫɬɶ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ, ɪ./Ⱦɠ; b – ɤɨɦɩɥɟɤɫ ɜɟɥɢɱɢɧ; Qɫɬ – ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɱɟɪɟɡ ɧɚɪɭɠɧɵɟ 
ɫɬɟɧɵ, ȼɬ; ȿɫɬ – ɤɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɧɜɟɫɬɢɰɢɣ ɜ ɭɬɟɩɥɟɧɢɟ ɬɟɩɥɨɜɨɣ 
ɢɡɨɥɹɰɢɟɣ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɟɧ ɡɞɚɧɢɣ, 1/ɝɨɞ; ɇ – ɧɨɪɦɚ 
ɨɬɱɢɫɥɟɧɢɣ ɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɟɞɢɧɢɰɚɯ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɢ ɟɠɟɝɨɞɧɨɟ 
ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɢɫɬɟɦɵ ɬɟɩɥɨɜɨɝɨ ɩɨɬɪɟɛɥɟɧɢɹ ɡɞɚɧɢɹ, 1/ɝɨɞ; Ʉɫɬ – 

ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɟ ɜ ɬɟɩɥɨɫɛɟɪɟɝɚɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɭɬɟɩɥɟɧɢɸ ɬɟɩɥɨɜɨɣ 
ɢɡɨɥɹɰɢɟɣ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɟɧ ɡɞɚɧɢɣ, ɪ. 
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Ɋɢɫ. 2. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɭɡɥɚ: 

1 – ɝɪɹɡɟɜɢɤ; 2 – ɮɢɥɶɬɪ; 3 – ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ; 4 – ɪɚɫɯɨɞɨɦɟɪ; 5 – ɬɟɩɥɨɜɵɱɢɫɥɢɬɟɥɶ;  
6 – ɬɪɟɯɯɨɞɨɜɨɣ ɪɟɝɭɥɢɪɭɸɳɢɣ ɤɥɚɩɚɧ; 7 – ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ; 8 – ɨɬɤɥɸɱɚɸɳɚɹ ɚɪɦɚɬɭɪɚ;  
9 – ɧɚɫɨɫɧɚɹ ɝɪɭɩɩɚ; 10 – ɪɟɝɭɥɹɬɨɪ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ; 11 – ɪɟɝɭɥɹɬɨɪ ɩɨ ɬɟɦɩɟɪɚɬɭɪɚɦ;  

12 – ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ. 
 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (1) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ Д6Ж: 

ɫɬɭɬɫɬ0

iɨɬ ɜ,i ɫɬ,ɭɬɬɨɬ
ɭɬɭɫɬ

ɨɩɬ
ɭɬ

FɐH)(Eηr

)n)t-(tF(λb)ɐz(86400
λRδ i




-


,      (2) 

ɪɩ23ɜɜ

ɪɚɛ
ɧɧɧ

ɷɥ
ɧ

ηη)τ(τɋρ
NZγɇkɐ

b
-


 ,                                        (3) 

ɝɞɟ ɨɩɬ
ɭɬδ  – ɨɩɬɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɭɬɟɩɥɹɸɳɟɝɨ ɫɥɨɹ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɫɬɟɧɵ ɡɞɚɧɢɹ, ɦ; Rɭɫɬ – ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɟɩɥɨɩɟɪɟɞɚɱɟ 
ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɟɧ ɡɞɚɧɢɹ, (ɦ2·°C)/ȼɬ; λɭɬ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɭɬɟɩɥɹɸɳɟɝɨ ɫɥɨɹ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɬɟɧ ɡɞɚɧɢɹ, Bɬ/(ɦ·°C); Fɫɬ,i – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɪɭɠɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɟɧ ɡɞɚɧɢɹ i-ɨɣ ɡɨɧɵ ɩɨɦɟɳɟɧɢɹ, ɦ2

; tɜ,i – ɪɚɫɱɟɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ i-ɨɣ ɡɨɧɵ ɩɨɦɟɳɟɧɢɹ ɡɞɚɧɢɹ, °ɋ; ni – ɤɨɷɮɮɢɰɢɟɧɬ, 
ɡɚɜɢɫɹɳɟɣ ɨɬ ɩɨɥɨɠɟɧɢɹ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɬɟɧ ɡɞɚɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɪɭɠɧɨɦɭ ɜɨɡɞɭɯɭ; r0 – ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɣ ɨɞɧɨɪɨɞɧɨɫɬɢ ɨɝɪɚɠɞɚɸɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ; η – ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɚɫɯɨɠɞɟɧɢɹ ɨɫɪɟɞɧɟɧɧɨɫɬɢ ɩɨ ɩɥɨɳɚɞɢ ɭɫɥɨɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɬɟɩɥɨɩɟɪɟɞɚɱɟ ɫɬɟɧ ɡɞɚɧɢɹ, ɩɪɢ ɭɬɟɩɥɟɧɢɢ ɟɝɨ ɫɧɚɪɭɠɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɦ 
ɦɚɬɟɪɢɚɥɨɦ; ɐɭɬ – ɫɬɨɢɦɨɫɬɶ 1 ɦ3

 ɭɬɟɩɥɹɸɳɟɝɨ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɪ./ɦ3

; Fɫɬ – ɨɛɳɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɪɭɠɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 
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ɫɬɟɧ ɡɞɚɧɢɹ ɩɨɫɥɟ ɭɬɟɩɥɟɧɢɹ ɟɝɨ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ, ɦ2
; 

ɷɥ
ɧɐ  – ɫɪɟɞɧɹɹ ɝɨɞɨɜɚɹ 

ɫɬɨɢɦɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɨɬɪɟɛɥɟɧɢɹ ɩɟɪɟɤɚɱɢɜɚɸɳɢɦ ɧɚɫɨɫɨɦ, 

ɪ./ȼɬ·ɱ; Zɧ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ ɧɚɫɨɫɚ ɜ ɬɟɱɟɧɢɟ ɫɭɬɨɤ, ɱ; ɪɚɛ
ɧN  – ɱɢɫɥɨ 

ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɝɨɞɭ ɧɚɫɨɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 1/ɝɨɞ; k – ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ; 

ɇɧ – ɧɚɩɨɪ, ɪɚɡɜɢɜɚɟɦɵɣ ɧɚɫɨɫɨɦ, ɦ;   – ɭɞɟɥɶɧɵɣ ɜɟɫ ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ 
ɠɢɞɤɨɫɬɢ, ɇ/ɦ3

; ηɩ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɟɪɟɞɚɱɢ;  
ηɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚɫɨɫɚ; ρɜ – ɩɥɨɬɧɨɫɬɶ ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ 
ɠɢɞɤɨɫɬɢ, ɤɝ/ɦ3

; ɋɜ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ ɠɢɞɤɨɫɬɢ, Ⱦɠ/ɤɝ·0ɋ;  
τ3 – ɬɟɤɭɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɜ ɩɨɞɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ 
ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, 

0ɋ; τ2 – ɬɟɤɭɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɜ 
ɨɛɪɚɬɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, 

0ɋ. 
ɑɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ 

ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 0,04 (ȼɦ/ɦ·0ɋ) ɧɚ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɩɨɤɚɡɚɥɢ: ɫɧɢɠɚɸɬɫɹ ɡɚɬɪɚɬɵ ɂɫɬ (ɪɢɫ. 3), 
ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɱɟɪɟɡ ɧɚɪɭɠɧɵɟ ɫɬɟɧɵ Qɫɬ ɢ ɪɚɫɯɨɞ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɡɞɚɧɢɹ ɧɚ 
ɨɬɨɩɥɟɧɢɟ Qɨɬ (ɪɢɫ. 4). 

 

 

Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɢɜɟɞɟɧɧɵɯ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ ɡɚɬɪɚɬ ɨɬ ɬɨɥɳɢɧɵ 
ɭɬɟɩɥɹɸɳɟɝɨ ɫɥɨɹ ɬɟɩɥɨɜɨɣ ɢɡɨɥɹɰɢɟɣ ɫɬɟɧ ɡɞɚɧɢɹ 
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Ⱥɜɬɨɪɚɦɢ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: − ɡɚɬɪɚɬɵ ɩɨ ɬɟɩɥɟɧɢɸ 

ɧɚɪɭɠɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɟɧ ɡɞɚɧɢɹ ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɨɬɩɭɫɤɚɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪ./ɝɨɞ;  − ɡɚɬɪɚɬɵ ɩɨ 
ɭɬɟɩɥɟɧɢɸ ɧɚɪɭɠɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɟɧ ɡɞɚɧɢɹ ɩɪɢ ɤɚɱɟɫɬɜɟɧɧɨ-

ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɨɬɩɭɫɤɚɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪ./ɝɨɞ; − 
ɡɚɬɪɚɬɵ ɩɨ ɭɬɟɩɥɟɧɢɸ ɧɚɪɭɠɧɵɯ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɬɟɧ ɩɪɢ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɨɬɩɭɫɤɚɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪ./ɝɨɞ. 

 

Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɢ Qɫɬ, Qɨɬ ɨɬ δɭɬ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɞɬɜɟɪɠɞɚɸɬ ɪɚɰɢɨɧɚɥɶɧɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɥɨɠɟɧɧɵɯ ɪɚɡɪɚɛɨɬɨɤ: ɫɧɢɠɚɸɬɫɹ ɪɚɫɯɨɞ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ 
ɱɟɪɟɡ ɨɝɪɚɠɞɚɸɳɢɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɪɚɫɯɨɞ ɩɨɬɪɟɛɥɟɧɢɹ ɬɟɩɥɨɜɨɣ ɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ ɫɢɫɬɟɦɭ ɨɬɨɩɥɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ. 

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ɂɚɤɨɧɵ. Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. Ɉɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɢ ɨ ɩɨɜɵɲɟɧɢɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɨ ɜɧɟɫɟɧɢɢ ɢɡɦɟɧɟɧɢɣ ɜ ɨɬɞɟɥɶɧɵɟ 
ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɟ ɚɤɬɵ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ: ɮɟɞɟɪ. ɡɚɤɨɧ ɨɬ 23.11.2009 ɝɨɞɚ 

ɤɚɱ
ɫɬɂ

ɤɨɥ-ɤɚɱ
ɫɬɂ
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№ 216. URδ: http://www.consultant.ru/document/cons_doc_LAW_93978  (ɞɚɬɚ 
ɨɛɪɚɳɟɧɢɹ: 22.03.2019). 
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ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

Ɉ ȼɈɁɆɈɀɇɈɋɌɂ ɄɈɅɂɑȿɋɌȼȿɇɇɈȽɈ ɊȿȽɍɅɂɊɈȼȺɇɂə  
ɊȿɀɂɆɈȼ ȼ ȾȿɃɋɌȼɍɘɓɂɏ ɋɂɋɌȿɆȺɏ ɌȿɉɅɈɋɇȺȻɀȿɇɂə  

 

ȼ ɫɬɚɬɶɟ ɧɚ ɩɪɢɦɟɪɟ ɞɟɣɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ȺɈ «Ɉɦɫɤ ɊɌɋ» 
ɩɨɤɚɡɚɧɚ ɩɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɩɭɫɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɤɚɱɟɫɬɜɟɧɧɵɦ 
ɫɩɨɫɨɛɨɦ ɢ ɨɩɪɟɞɟɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɩɟɪɟɯɨɞɚ ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɵ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɫɩɨɫɨɛɚ ɰɟɧɬɪɚɥɶɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɩɥɨɜɵɟ ɫɟɬɢ, ɫɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬɩɭɫɤɚ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ 
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ABOUT THE POSSIBILITY OF QUANTITATIVE REGULATION 
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ȼ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɨɬɩɭɫɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 
ɇɟɫɦɨɬɪɹ ɧɚ ɨɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, 
ɜɵɪɚɠɚɸɳɟɟɫɹ ɜ ɭɫɥɨɜɧɨɦ ɩɨɫɬɨɹɧɫɬɜɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ, ɞɚɧɧɵɣ 
ɫɩɨɫɨɛ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢɦɟɟɬ ɪɹɞ ɧɟɞɨɫɬɚɬɤɨɜ: 

- ɛɨɥɶɲɨɟ ɬɪɚɧɫɩɨɪɬɧɨɟ ɡɚɩɚɡɞɵɜɚɧɢɟ (ɬɟɩɥɨɜɚɹ ɢɧɟɪɰɢɨɧɧɨɫɬɶ) 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ; 

- ɩɨɜɵɲɟɧɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɤɨɪɪɨɡɢɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɪɢ ɪɚɛɨɬɟ 
ɡɧɚɱɢɬɟɥɶɧɭɸ ɱɚɫɬɶ ɨɬɨɩɢɬɟɥɶɧɨɝɨ ɩɟɪɢɨɞɚ ɫ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
60…85 °ɋ; 

- ɫɧɢɠɟɧɢɟ ɤɚɱɟɫɬɜɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɧɭɬɪɟɧɧɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɰɟɧɬɪɚɥɶɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɨ ɭɫɪɟɞɧɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ 
ɜɥɢɹɧɢɹ ɧɚɝɪɭɡɤɢ Ƚȼɋ ɧɚ ɪɚɛɨɬɭ ɫɢɫɬɟɦ ɨɬɨɩɥɟɧɢɹ; 

- ɢɧɬɟɧɫɢɜɧɚɹ ɪɚɛɨɬɚ ɤɨɦɩɟɧɫɚɬɨɪɨɜ ɢɡ-ɡɚ ɩɨɫɬɨɹɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɭɞɥɢɧɟɧɢɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ Д1Ж. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɞɨɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɜɟɥɢɱɢɥɚɫɶ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɂɌɉ (ȺɂɌɉ) ɧɚ 
ɨɛɴɟɤɬɚɯ ɧɨɜɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɡɚ ɫɱɟɬ ɭɫɬɚɧɨɜɤɢ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɨɛɴɟɤɬɚɯ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɱɬɨ ɩɪɢɜɟɥɨ ɤ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɫɩɨɫɨɛɚ ɰɟɧɬɪɚɥɶɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ɏɚɤɬɢɱɟɫɤɢ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨ-

ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɢ ɢɦɟɟɬ ɞɚɥɶɧɟɣɲɭɸ ɬɟɧɞɟɧɰɢɸ ɤ ɩɟɪɟɯɨɞɭ ɧɚ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɫɩɨɫɨɛ, ɱɬɨ ɧɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɋɇɢɉ «Ɍɟɩɥɨɜɵɟ ɫɟɬɢ», ɤɨɬɨɪɵɟ 
ɪɟɝɥɚɦɟɧɬɢɪɭɸɬ ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɤɚɱɟɫɬɜɟɧɧɨɝɨ, ɬɚɤ ɤɚɱɟɫɬɜɟɧɧɨ-

ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɰɟɧɬɪɚɥɶɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ Д2Ж. 
ȼɨɡɦɨɠɧɨɫɬɶ ɱɚɫɬɢɱɧɨɝɨ ɩɟɪɟɜɨɞɚ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ȺɈ «Ɉɦɫɤ ɊɌɋ» 
ɧɚ ɤɚɱɟɫɬɜɟɧɧɨ-ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɪɚɧɟɟ ɜ 
ɢɫɬɨɱɧɢɤɚɯ Д3, 4Ж. 

ȼ ɤɪɭɩɧɵɯ ɫɢɫɬɟɦɚɯ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɬɟɩɥɨɜɵɟ ɫɟɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɦɟɸɬ 
ɧɟɞɨɫɬɚɬɨɱɧɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɨɫɨɛɟɧɧɨ ɞɥɹ ɩɟɪɟɜɨɞɚ ɧɚ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫ ɩɨɧɢɠɟɧɢɟɦ ɪɚɫɱɟɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
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ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɩɨɞɚɸɳɟɣ ɥɢɧɢɢ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɢɡɦɟɧɟɧɢɟ ɫɩɨɫɨɛɚ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦɚɯ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, 
ɢɡɧɚɱɚɥɶɧɨ ɡɚɩɪɨɟɤɬɢɪɨɜɚɧɧɵɯ ɧɚ ɤɚɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɚ ɬɚɤɠɟ 
ɢɦɟɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɫɯɟɦɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɫɢɫɬɟɦ 
ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

Ɉɩɵɬ ɩɪɨɯɨɠɞɟɧɢɹ ɨɬɨɩɢɬɟɥɶɧɵɯ ɩɟɪɢɨɞɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɛɨɬɚ 
ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɧɟɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɢɡɦɟɧɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɩɨɦɟɳɟɧɢɣ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɨɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ 
ɪɚɫɩɨɥɚɝɚɟɦɵɯ ɧɚɩɨɪɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢ/ɢɥɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. 

Ɇɚɫɫɨɜɨɟ ɜɧɟɞɪɟɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɂɌɉ ɫ ɩɨɝɨɞɧɵɦ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹɟɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɪɟɠɢɦɵ ɜ ɫɢɫɬɟɦɟ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɪɚɛɨɬɟ ɜ ɞɢɚɩɚɡɨɧɟ «ɢɡɥɨɦɚ» ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɝɪɚɮɢɤɚ. ɂɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɨɜ ɢ ɧɚɩɨɪɨɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ (ɞɨ ɞɜɭɯ ɢ ɛɨɥɟɟ 
ɪɚɡ), ɱɬɨ ɬɪɟɛɭɟɬ ɫɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ 
ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ Д5Ж.  

ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɞɨɩɭɫɬɢɦɵɯ ɨɬɤɥɨɧɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɞɨɥɟɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ (ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɫɬɪɭɤɬɭɪɟ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ȺɈ «Ɉɦɫɤ ɊɌɋ»), ɩɪɢ ɤɨɬɨɪɵɯ ɜɥɢɹɧɢɟ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɜɧɭɬɪɢ ɨɬɚɩɥɢɜɚɟɦɵɯ ɩɨɦɟɳɟɧɢɣ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɉɪɢ 
ɷɬɨɦ ɨɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɜɢɫɢɬ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɮɚɤɬɨɪɨɜ: ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɢ, ɨɬɤɥɨɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɝɪɚɮɢɤɚ, ɫɬɟɩɟɧɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, 
ɫɬɪɭɤɬɭɪɵ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɫɢɫɬɟɦɵ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. 

ɋɢɫɬɟɦɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ȺɈ «Ɉɦɫɤ ɊɌɋ» ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 5 ɬɟɩɥɨɜɵɯ 
ɢɫɬɨɱɧɢɤɚ, 14 ɩɨɞɤɚɱɢɜɚɸɳɢɯ ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ (ɉɇɋ), 57 ɰɟɧɬɪɚɥɶɧɵɯ 
ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ (ɐɌɉ), ɛɨɥɟɟ 13,5 ɬɵɫɹɱ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɬɟɩɥɨɜɵɯ ɩɭɧɤɬɨɜ 
(ɂɌɉ), ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɪɢɫɨɟɞɢɧɟɧɵ ɫɢɫɬɟɦɵ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ. Ⱦɨɥɹ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɫɨɫɬɚɜɥɹɟɬ 18%. 

ɑɚɫɬɨɬɧɨ-ɪɟɝɭɥɢɪɭɟɦɵɦ ɩɪɢɜɨɞɨɦ ɧɚɩɪɹɠɟɧɢɟɦ 0,4 ɤȼ ɨɫɧɚɳɟɧɵ 
ɫɟɬɟɜɵɟ ɧɚɫɨɫɵ ɬɨɥɶɤɨ ɩɹɬɢ ɉɇɋ. ȼ ɫɪɟɞɧɟɫɪɨɱɧɨɣ ɩɟɪɫɩɟɤɬɢɜɟ ɱɚɫɬɨɬɧɨɟ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɛɭɞɟɬ ɜɧɟɞɪɟɧɨ ɧɚ ɫɟɬɟɜɵɯ ɧɚɫɨɫɚɯ ɟɳɟ ɬɪɟɯ ɉɇɋ. ɇɚ ɨɫɬɚɥɶɧɵɯ 
ɉɇɋ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ ɧɚɩɪɹɠɟɧɢɟɦ 6 ɤȼ ɧɟɨɛɯɨɞɢɦɨ ɜɧɟɞɪɹɬɶ 
ɝɢɞɪɨɦɭɮɬɵ, ɱɬɨ ɩɨɬɪɟɛɭɟɬ ɩɟɪɟɭɫɬɪɨɣɫɬɜɨ ɫɬɪɨɢɬɟɥɶɧɨɣ ɱɚɫɬɢ (ɪɚɫɲɢɪɟɧɢɟ 
ɮɭɧɞɚɦɟɧɬɨɜ) ɷɥɟɤɬɪɨɧɚɫɨɫɧɵɯ ɚɝɪɟɝɚɬɨɜ, ɡɞɚɧɢɹ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ɇɚ 
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ɨɛɴɟɤɬɚɯ ɷɧɟɪɝɟɬɢɤɢ ɝɢɞɪɨɦɭɮɬɵ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ ɢ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɫɬɨɪɨɧɵ Д6Ж. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɑɊɉ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɝɢɞɪɨɦɭɮɬɵ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ, ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɢ ɜɥɚɠɧɨɫɬɧɨɦɭ ɪɟɠɢɦɭ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɹɯ, 
ɨɬɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɢɫɩɨɥɧɟɧɢɹ (ɫ ɩɨɜɵɲɟɧɧɵɦ ɤɥɚɫɫɨɦ ɢɡɨɥɹɰɢɢ ɢ ɩɨɞɲɢɩɧɢɤɚɦɢ ɫ 
ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɧɚɪɭɠɧɨɣ ɨɛɨɣɦɨɣ), ɛɨɥɶɲɢɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɦɟɧɶɲɢɟ 
ɝɚɛɚɪɢɬɵ. 

 

Ɋɢɫ. 1. Ⱦɨɩɭɫɬɢɦɵɟ ɨɬɤɥɨɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɢ ɪɚɡɧɨɣ 
ɫɬɟɩɟɧɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ (ɞɥɹ ɫɬɪɭɤɬɭɪɵ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ȺɈ «Ɉɦɫɤ ɊɌɋ») 

 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɟɪɟɜɨɞɚ ɫɢɫɬɟɦɵ ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɧɟɨɛɯɨɞɢɦɨ ɤɨɦɩɥɟɤɫɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɢ ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɩɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɢɫɬɨɱɧɢɤɨɜ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɩɨɞɤɚɱɢɜɚɸɳɢɯ ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ ɢ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ: 

1. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɜɫɟɯ ɫɢɫɬɟɦ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ ɩɭɬɟɦ ɡɚɦɟɧɵ 
ɧɟɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɂɌɉ ɧɚ ȺɂɌɉ.  

2. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɐɌɉ ɥɢɛɨ ɨɬɤɚɡ ɨɬ ɐɌɉ ɫ ɭɫɬɚɧɨɜɤɨɣ ȺɂɌɉ, ɚ ɬɚɤɠɟ 
ɭɫɬɚɧɨɜɤɚ ɝɪɭɩɩɨɜɵɯ Ɍɉɇɋ. 

3. ȼɧɟɞɪɟɧɢɟ ɱɚɫɬɨɬɧɨ-ɪɟɝɭɥɢɪɭɟɦɵɯ ɩɪɢɜɨɞɨɜ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ ɫ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ 0,4 ɤȼ ɧɚ ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɹɯ ɢ ɐɌɉ. 
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4. ȼɧɟɞɪɟɧɢɟ ɝɢɞɪɨɦɭɮɬ ɫɟɬɟɜɵɯ ɧɚɫɨɫɨɜ ɫ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ 6 ɤȼ ɧɚ 
ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɹɯ 

5. ȼɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 
ɪɟɠɢɦɨɜ ɧɚ ɢɫɬɨɱɧɢɤɚɯ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 

6. ɍɫɬɚɧɨɜɤɚ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɨɬ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɦɨɧɬɚɠ ɥɢɧɢɣ 
ɩɟɪɟɬɨɤɚ ɫ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨ-ɫɛɪɨɫɧɵɦɢ ɤɥɚɩɚɧɚɦɢ. 

7. Ɋɚɡɪɚɛɨɬɤɚ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɚɫɯɨɞɚɯ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɩɪɟɞɟɥɟɧɢɟ ɞɨɩɭɫɬɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɚɜɥɟɧɢɹ ɜ ɦɟɫɬɚɯ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

8. Ɋɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɨɜ ɢɡɦɟɧɟɧɢɹ ɭɫɬɚɜɨɤ ɢ ɜɧɟɞɪɟɧɢɟ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɜ ɫɢɫɬɟɦɟ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɩɚɪɚɦɟɬɪɨɜ 
ɞɚɜɥɟɧɢɹ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɤɚɯ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɥɢɡɚɰɢɢ ɦɟɪɨɩɪɢɹɬɢɣ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɪɟɡɭɥɶɬɚɬɵ: 

- ɫɧɢɠɟɧɢɟ ɪɚɫɯɨɞɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɨ 20%; 
- ɫɧɢɠɟɧɢɟ ɩɨɬɟɪɶ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɡɚ ɫɱɟɬ ɫɧɢɠɟɧɢɹ «ɩɟɪɟɬɨɩɨɜ» 

ɜɵɲɟ ɬɨɱɤɢ ɢɡɥɨɦɚ ɧɚ 6%;  
- ɩɨɜɵɲɟɧɢɟ ɞɨ 2 ɪɚɡ ɦɟɠɪɟɦɨɧɬɧɨɝɨ ɩɟɪɢɨɞɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɨɞɡɟɦɧɨɣ 

ɩɪɨɤɥɚɞɤɢ;  
- ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɫ ɢɫɤɥɸɱɟɧɢɟɦ ɩɟɪɟɪɚɫɱɟɬɨɜ ɢ 

ɲɬɪɚɮɨɜ ɨɬ ɧɚɞɡɨɪɧɵɯ ɨɪɝɚɧɨɜ. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɧɞɟɧɰɢɹ ɩɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ ɜɟɞɟɬ ɤ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɟɠɢɦɨɜ ɨɬɩɭɫɤɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɜɨɞɚ ɧɚ ɰɟɧɬɪɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ 
ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɟ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ȺɈ «Ɉɦɫɤ ɊɌɋ» ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɫɬɢ 
ɤɨɦɩɥɟɤɫ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɭɫɬɚɧɨɜɨɤ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɩɨɞɤɚɱɢɜɚɸɳɢɯ 
ɧɚɫɨɫɧɵɯ ɫɬɚɧɰɢɣ ɢ ɫɢɫɬɟɦ ɬɟɩɥɨɩɨɬɪɟɛɥɟɧɢɹ. 
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Ɋ. ɋ. ɋɢɦɚɤ1, ɇ. ɘ. ɋɢɦɚɤ2 

1Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ. 
2Ɉɦɫɤɢɣ ɚɜɬɨɛɪɨɧɟɬɚɧɤɨɜɵɣ ɢɧɠɟɧɟɪɧɵɣ ɢɧɫɬɢɬɭɬ (ɈȺȻɂɂ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɐɂɎɊɈȼɂɁȺɐɂə ȼ ɋɎȿɊȿ ȽɈɋɍȾȺɊɋɌȼȿɇɇɈȽɈ  
ɊȿȽɍɅɂɊɈȼȺɇɂə ɌȺɊɂɎɈȼ ɇȺ ɌȿɉɅɈȼɍɘ ɗɇȿɊȽɂɘ 

 

ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ ɩɪɨɡɪɚɱɧɨɫɬɢ ɬɚɪɢɮɧɨɝɨ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ ɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɟɲɟɧɢɟ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ ɧɚ ɨɫɧɨɜɟ 
ɜɧɟɞɪɟɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɚɦɢ Ⱥɂɋ «Ʉɨɬɟɥɶɧɚɹ». Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɪɨɲɥɚ 
ɚɩɪɨɛɚɰɢɸ ɜ ɪɟɝɢɨɧɚɥɶɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɤɨɦɢɫɫɢɢ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ ɢ ɩɨɥɭɱɢɥɚ 
ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɡɚɤɥɸɱɟɧɢɟ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɢɧɮɨɪɦɚɬɢɡɚɰɢɹ, ɬɟɩɥɨɷɧɟɪɝɢɹ, ɬɚɪɢɮ, ɷɧɟɪɝɟɬɢɤɚ. 
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DIGITALIZATION IN THE SPHERE OF STATE 

REGULATIONS OF TARIFFS FOR THERMAL ENERGY 

 

In article the problem of increase in transparency of tariff regulation in power system is 

considered and the solution of the matter on the basis of introduction, AIS "Boiler house" developed 

by authors is proposed. This program underwent approbation in the regional power commission of 

the Omsk region and received the positive decision. 

 

Key words: informatization, heat power, tariff, power. 

 

Ȼɵɫɬɪɨɟ ɪɚɡɜɢɬɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ 
ɮɚɤɬɨɪɨɦ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɝɪɟɫɫɚ ɫɨɜɪɟɦɟɧɧɨɝɨ ɨɛɳɟɫɬɜɚ, ɱɬɨ 
ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɚɧɨ ɧɚ ɫɥɟɞɭɸɳɟɦ ɝɪɚɮɢɤɟ (ɪɢɫ. 1). 

Ⱦɚɧɧɵɣ ɝɪɚɮɢɤ ɨɬɪɚɠɚɟɬ ɞɢɧɚɦɢɤɭ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɜ ɠɢɡɧɶ 
ɥɸɞɟɣ ɨɬ ɦɨɦɟɧɬɚ ɢɯ ɩɨɹɜɥɟɧɢɹ ɞɨ ɫɬɚɧɨɜɥɟɧɢɹ ɨɛɳɟɫɬɜɟɧɧɨ ɧɟɨɛɯɨɞɢɦɵɦɢ. 
Ɍɚɤ ɩɟɪɫɨɧɚɥɶɧɵɟ ɤɨɦɩɶɸɬɟɪɵ ɢ ɢɧɬɟɪɧɟɬ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɛɵɫɬɪɟɟ ɜɨɲɥɢ ɜ 
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ɨɛɵɞɟɧɧɭɸ ɠɢɡɧɶ ɧɟɠɟɥɢ ɩɪɟɞɵɞɭɳɢɟ ɢɡɨɛɪɟɬɟɧɢɹ, ɬɚɤɢɟ ɤɚɤ ɚɜɬɨɦɨɛɢɥɶ, 
ɬɟɥɟɮɨɧ ɢ ɷɥɟɤɬɪɢɱɟɫɬɜɨ Д2Ж.  

ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɫɨɫɬɚɜɥɹɸɬ 
ɧɟɨɬɴɟɦɥɟɦɭɸ ɱɚɫɬɶ ɩɪɨɰɟɫɫɚ ɬɚɪɢɮɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɨɪɝɚɧɢɱɧɨ 
ɜɩɢɫɵɜɚɹɫɶ ɜ ɧɚɰɢɨɧɚɥɶɧɵɣ ɩɪɨɟɤɬ «ɐɢɮɪɨɜɚɹ ɷɤɨɧɨɦɢɤɚ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ» Д3Ж. Ⱥɧɚɥɢɡ ɭɫɩɟɲɧɨɣ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɚɜɬɨɪɨɜ ɩɪɢ ɫɨɡɞɚɧɢɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Ⱥɂɋ «Ʉɨɬɟɥɶɧɚɹ» (ɪɢɫ. 2) ɩɨɡɜɨɥɢɥ ɫɮɨɪɦɢɪɨɜɚɬɶ 
ɩɨɞɪɨɛɧɵɣ ɚɥɝɨɪɢɬɦ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɢɦɟɸɳɟɝɨ ɩɨɬɟɧɰɢɚɥ 
ɩɪɢɦɟɧɟɧɢɹ ɤɚɤ ɜ ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ ɬɚɤ ɢ ɜ ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɹɯ ɢ 
ɨɪɝɚɧɚɯ ɜɥɚɫɬɢ ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɬɚɪɢɮɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. 

 

Ɋɢɫ. 1. Ⱦɢɧɚɦɢɤɚ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɢɡɨɛɪɟɬɟɧɢɣ ɜ ɠɢɡɧɶ ɨɛɳɟɫɬɜɚ Д1Ж 
 

ɉɪɨɝɪɚɦɦɚ «Ⱥɂɋ Ʉɨɬɟɥɶɧɚɹ» ɜɵɩɨɥɧɟɧɚ ɩɨ Ɇɟɬɨɞɢɱɟɫɤɢɦ ɭɤɚɡɚɧɢɹɦ ɩɨ 
ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ, ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɜɨɞɵ ɧɚ ɜɵɪɚɛɨɬɤɭ ɬɟɩɥɨɬɵ 
ɨɬɨɩɢɬɟɥɶɧɵɦɢ ɤɨɬɟɥɶɧɵɦɢ ɤɨɦɦɭɧɚɥɶɧɵɯ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɪɟɞɩɪɢɹɬɢɣ 

ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɫɱɟɬɚ ɬɨɩɥɢɜɧɵɯ ɛɚɥɚɧɫɨɜ ɗɋɈ ɢ ɡɚɳɢɬɵ ɜ ɊɗɄ. 
ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜɜɨɞɹɬɫɹ 

ɫɥɟɞɭɸɳɢɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ:  ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɴɟɤɬɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ 
ɧɚɢɦɟɧɨɜɚɧɢɹ, ɬɢɩɚ ɨɛɴɟɤɬɚ, ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɨɛɴɟɦɚ ɡɞɚɧɢɹ ɩɨ 
ɩɪɨɟɤɬɭ ɢɥɢ ɞɚɧɧɵɦ ȻɌɂ, ɢɧɮɨɪɦɚɰɢɢ ɨ ɝɨɞɟ ɩɨɫɬɪɨɣɤɢ ɨɛɴɟɤɬɚ, ɢɧɮɨɪɦɚɰɢɢ 
ɨ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɦɟɫɬɨɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɚ. 
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ɋɬɪɭɤɬɭɪɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɛɥɨɤɚ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɬɪɟɛɧɨɫɬɢ ɜ 
ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɩɥɚɧɢɪɭɟɦɵɣ ɩɟɪɢɨɞ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 3. 

Ɇɟɬɨɞ ɪɚɫɱɟɬɚ ɨɬɨɩɢɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ (ɨɬɫɭɬɫɬɜɭɟɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɩɪɨɟɤɬɭ, ɩɨ ɭɤɪɭɩɧɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ, ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɩɪɢɛɨɪɨɜ ɨɬɨɩɥɟɧɢɹ), ɫɩɢɫɨɤ ɩɨɦɟɳɟɧɢɣ ɢ ɩɪɢɛɨɪɨɜ ɨɬɨɩɥɟɧɢɹ, ɟɫɥɢ 
ɨɬɨɩɢɬɟɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɞɚɧɧɨɦɭ ɦɟɬɨɞɭ. 

 

Ɋɢɫ. 2. ɗɤɪɚɧɧɵɟ ɮɨɪɦɵ ɩɪɨɝɪɚɦɦɵ Ⱥɂɋ «Ʉɨɬɟɥɶɧɚɹ» 

 

Ɇɟɬɨɞ ɪɚɫɱɟɬɚ ɜɟɧɬɢɥɹɰɢɨɧɧɨɣ ɧɚɝɪɭɡɤɢ (ɨɬɫɭɬɫɬɜɭɟɬ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɩɪɨɟɤɬɭ, ɩɨ ɭɤɪɭɩɧɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɹɦ, ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɚɝɪɟɝɚɬɨɜ), ɫɩɢɫɨɤ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɚɝɪɟɝɚɬɨɜ, ɟɫɥɢ ɧɚɝɪɭɡɤɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɚɧɧɵɦ ɫɩɨɫɨɛɨɦ. Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɝɪɭɡɤɢ Ƚȼɋ, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ Ƚȼɋ, ɬɢɩɵ ɜɨɞɨɩɨɬɪɟɛɢɬɟɥɟɣ, 
ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ Ƚȼɋ (ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɮɚɤɬɢɱɟɫɤɨɣ ɫɟɬɢ 
Ƚȼɋ ɢɥɢ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ), ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɧɚɝɪɭɡɤɢ ɜ 
ɧɟɨɬɨɩɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ, ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɢ 
ɬ.ɞ. 
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Ɋɢɫ. 3. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɮɭɧɤɰɢɢ ɩɨ ɪɚɫɱɟɬɭ ɩɨɬɪɟɛɧɨɫɬɢ  
ɜ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɧɚ ɩɥɚɧɢɪɭɟɦɵɣ ɩɟɪɢɨɞ 

 

Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɪɨɱɟɣ ɧɚɝɪɭɡɤɢ, ɟɟ ɜɟɥɢɱɢɧɚ, ɱɢɫɥɨ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɫɩɢɫɨɤ ɬɢɩɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ (ɧɚɩɪɢɦɟɪ, ɬɟɩɥɢɰɵ ɢɥɢ 
ɨɪɚɧɠɟɪɟɢ). Ɋɚɫɱɟɬ ɩɪɨɢɫɯɨɞɢɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɫɥɟ ɜɜɨɞɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, 
ɟɫɥɢ ɞɚɧɧɵɯ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɬɨ ɜɵɞɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɫɨɨɛɳɟɧɢɟ 

ȼ ɩɪɨɝɪɚɦɦɭ ɡɚɥɨɠɟɧ ɪɹɞ ɮɨɪɦ ɢ ɨɬɱɟɬɨɜ, ɧɚɩɪɢɦɟɪ ɮɨɪɦɚ ɜɜɨɞɚ 
ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ (ɪɢɫ. 4). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɢɪɭɸɬɫɹ ɩɪɟɞɩɨɫɵɥɤɢ ɫɨɡɞɚɧɢɹ ɟɞɢɧɨɝɨ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɞɥɹ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɨɪɝɚɧɨɜ, ɪɟɝɭɥɢɪɭɸɳɢɯ ɬɚɪɢɮɵ.  

 

 ɋɬɚɪɬɨɜɚɹ ɮɨɪɦɚ 

ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɛɥɨɤɚ 

Ɋɚɫɱɟɬ ɩɨɬɪɟɛɧɨɫɬɢ  
ɜ ɬɟɩɥɟ 

Ɋɚɫɱɟɬ ɩɨɬɪɟɛɧɨɫɬɢ  
ɬɨɩɥɢɜɟ 

 

Ⱦɪɭɝɢɟ ɦɨɞɭɥɢ 

ȼɜɨɞ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɨɛɴɟɤɬɚ (ɝɨɞ ɩɨɫɬɪɨɣɤɢ, 

ɨɛɴɟɦ ɢ ɬɢɩ ɡɞɚɧɢɹ ɢ 
ɬ.ɞ.) 

ɇɚɝɪɭɡɤɚ ɨɬɨɩɥɟɧɢɹ 

(ɜɵɛɨɪ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ, 
ɜɜɨɞ ɤɥɢɦɚɬɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɢ ɬ.ɞ.) 

ɋɨɫɬɚɜ ɨɬɚɩɥɢɜɚɟɦɵɯ 
ɩɨɦɟɳɟɧɢɣ 

 

ɉɪɢɛɨɪɵ ɨɬɨɩɥɟɧɢɹ 

ȼɟɧɬɢɥɹɰɢɨɧɧɚɹ ɧɚɝɪɭɡɤɚ 

(ɜɵɛɨɪ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ, ɜɜɨɞ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɮɭɧɤɰɢɨ-

ɧɢɪɨɜɚɧɢɹ ɜɟɧɬɢɥɹɰɢɢ ɢ ɬ.ɞ.) 

ɋɨɫɬɚɜ ɜɟɧɬɢɥɹɰɢɨɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɝɪɭɡɤɚ Ƚȼɋ 

(ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, 

ɯɚɪɚɤɬɟɪ ɜɨɞɨɩɨɬ-

ɪɟɛɥɟɧɢɹ ɢ ɬ.ɞ.) 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɟɬɢ 

 Ƚȼɋ 

ɉɪɨɱɚɹ ɧɚɝɪɭɡɤɚ 

(ɜɜɨɞ ɦɨɳɧɨɫɬɢ ɩɪɨɱɟɣ 
ɧɚɝɪɭɡɤɢ, ɱɢɫɥɚ ɱɚɫɨɜ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢ ɬ.ɞ.) 
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Ɋɢɫ. 4. Ɏɨɪɦɚ ɜɜɨɞɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɛɴɟɤɬɚ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ 

 

Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɞɨɥɠɧɨ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵɲɟɧɢɸ 
ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɨɛɨɫɧɨɜɚɧɧɨɫɬɢ ɪɚɫɯɨɞɨɜ, ɨɬɧɨɫɢɦɵɯ ɧɚ ɪɟɝɭɥɢɪɭɟɦɭɸ 
ɞɟɹɬɟɥɶɧɨɫɬɶ, ɩɪɢ ɭɫɬɚɧɨɜɥɟɧɢɢ ɬɚɪɢɮɨɜ ɢ ɩɪɢɜɟɫɬɢ ɤ ɭɦɟɧɶɲɟɧɢɸ 
ɜɵɩɚɞɚɸɳɢɯ ɞɨɯɨɞɨɜ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɫɧɢɠɟɧɢɸ ɭɛɵɬɤɨɜ 
ɷɧɟɪɝɨɫɧɚɛɠɚɸɳɢɯ ɨɪɝɚɧɢɡɚɰɢɣ.   

 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. «GХШЛКХТsКЭТШЧ: TСО ЫОНТsЭЫТЛЮЭТШЧ ШП СШЩО». TСО Economist. 16 December 

2010. 

2. Ʌɟɜɤɢɧ Ƚ. Ƚ. ɇɚɩɪɚɜɥɟɧɢɹ ɫɨɡɞɚɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɢ ɭɱɟɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ/ Ƚ. Ƚ. Ʌɟɜɤɢɧ, ȼ. Ɋ. Ƚɥɭɯɢɯ 
// Ⱦɢɫɬɚɧɰɢɨɧɧɨɟ ɢ ɜɢɪɬɭɚɥɶɧɨɟ ɨɛɭɱɟɧɢɟ. – 2016. – №12 (114). – ɋ. 76 – 80. 
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Ʉɚɧɞɢɞɚɬ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 
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ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɊȿɄɍɉȿɊȺɐɂɂ ȼ ɋɂɋɌȿɆȺɏ 
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ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ ɨɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɜ ɫɢɫɬɟɦɟ 
ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ ɡɞɚɧɢɹ. ɉɪɟɞɥɨɠɟɧ ɜɚɪɢɚɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ 
ɜɵɛɪɨɫɨɜ ɞɥɹ ɩɟɪɟɞɚɱɢ ɢɯ ɱɟɪɟɡ ɬɟɩɥɨɜɨɣ ɧɚɫɨɫ ɫɢɫɬɟɦɟ ɨɬɨɩɥɟɧɢɹ. 
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Dmitry M. Kuzovov, Evgeniy M. Rezanov  

Omsk State Transport University (OSTU), Omsk, Russian Federation 

 

USE OF RECOVERY IN THE SYSTEMS OF HEAT SUPPLY WITH USE OF  

THERMAL PUMPS 

 

In article one of options of use of the thermal pump in the system of heat supply of the 

building is considered. The option of use of warmth of ventilating emissions for their transfer via 

the thermal pump is offered a heating system. 

 

Key words: thermal pump, recovery, ventilating emissions, efficiency, unaccounted heat. 

 

ɋɢɫɬɟɦɵ, ɤɨɬɨɪɵɟ ɩɟɪɟɧɨɫɹɬ ɬɟɩɥɨ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɱɚɫɬɨ 
ɧɚɡɵɜɚɸɬ ɬɟɩɥɨɜɵɦɢ ɧɚɫɨɫɚɦɢ. 

Ɍɟɩɥɨɜɨɣ ɧɚɫɨɫ, ɜ ɫɚɦɨɦ ɩɪɨɫɬɨɦ ɫɜɨɟɦ ɢɫɩɨɥɧɟɧɢɢ, ɫɨɫɬɨɢɬ ɢɡ ɨɫɧɨɜɧɵɯ 
ɛɚɡɨɜɵɯ ɷɥɟɦɟɧɬɨɜ Д5, ɫ. 7Ж:  

1) ɢɫɩɚɪɢɬɟɥɶ – ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ, ɩɟɪɟɞɚɸɳɢɣ ɬɟɩɥɨ ɨɬ 
ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɤ ɪɚɛɨɱɟɦɭ ɯɥɚɞɚɝɟɧɬɭ; 

2) ɤɨɦɩɪɟɫɫɨɪ – ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɩɨɜɵɲɚɟɬ ɞɚɜɥɟɧɢɟ, ɚ ɜɦɟɫɬɟ ɫ ɬɟɦ ɢ 
ɬɟɦɩɟɪɚɬɭɪɭ ɷɬɨɝɨ ɯɥɚɞɚɝɟɧɬɚ; 

3) ɤɨɧɞɟɧɫɚɬɨɪ – ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ 
ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɨɬ ɯɥɚɞɚɝɟɧɬɚ ɤ ɜɵɫɨɤɨɩɨɬɟɧɰɢɚɥɶɧɨɦɭ ɢɫɬɨɱɧɢɤɭ; 

4) ɞɪɨɫɫɟɥɶ – ɭɫɬɪɨɣɫɬɜɨ, ɫɥɭɠɚɳɟɟ ɞɥɹ ɫɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɯɥɚɞɚɝɟɧɬɚ ɩɟɪɟɞ ɢɫɩɚɪɢɬɟɥɟɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɝɨɪɹɱɟɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
(Ƚȼɋ), ɜɨɞɹɧɨɝɨ ɢɥɢ ɜɨɡɞɭɲɧɨɝɨ ɨɬɨɩɥɟɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ 
ɜɫё ɱɚɳɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ (Ɍɇ) ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɨɜɨɣ 
ɢɥɢ ɯɨɥɨɞɢɥɶɧɨɣ ɷɧɟɪɝɢɢ. 

Ɉɞɧɢɦ ɢɡ  ɧɚɩɪɚɜɥɟɧɢɣ ɜɧɟɞɪɟɧɢɹ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ ɩɪɢ ɭɫɥɨɜɢɢ 
ɦɢɧɢɦɚɥɶɧɵɯ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɢ ɜɵɫɨɤɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɞɥɹ ɩɨɬɪɟɛɢɬɟɥɹ ɦɨɠɟɬ ɫɬɚɬɶ ɤɨɦɩɟɧɫɚɰɢɹ ɧɚɝɪɭɡɤɢ ɨɬɨɩɥɟɧɢɹ ɡɞɚɧɢɹ ɡɚ ɫɱɟɬ 
ɬɟɩɥɚ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɜɵɛɪɨɫɨɜ. Ɍɚɤ ɤɚɤ  ɷɬɨ ɧɟɭɱɬɟɧɧɨɟ ɬɟɩɥɨ ɢɦɟɟɬ ɛɨɥɶɲɨɣ 
ɡɚɩɚɫ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɵɣ ɜɵɛɪɚɫɵɜɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ. Ɉɧɨ ɦɨɠɟɬ ɛɵɬɶ ɜɬɨɪɢɱɧɨ 
ɢɫɩɨɥɶɡɨɜɚɧɨ, ɱɬɨ ɩɪɢɧɟɫɟɬ ɜɵɝɨɞɭ ɩɨɬɪɟɛɢɬɟɥɸ. 
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Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ ɭɡɥɚ ɡɞɚɧɢɹ 

ɫ ɬɟɩɥɨɜɵɦ ɧɚɫɨɫɨɦ, ɪɚɛɨɬɚɸɳɢɦ ɧɚ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɜɵɛɪɨɫɚɯ: 

1 – ɝɪɹɡɟɜɢɤ; 2 – ɮɢɥɶɬɪ; 3 – ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ; 4 – ɪɚɫɯɨɞɨɦɟɪ; 5 – ɬɟɩɥɨɜɵɱɢɫɥɢɬɟɥɶ;  
6, 13, 14 – ɬɪɟɯɯɨɞɨɜɵɟ ɪɟɝɭɥɢɪɭɸɳɢɟ ɤɥɚɩɚɧɚ; 7 – ɨɛɪɚɬɧɵɣ ɤɥɚɩɚɧ; 8 – ɨɬɤɥɸɱɚɸɳɚɹ 

ɚɪɦɚɬɭɪɚ; 9 – ɧɚɫɨɫɧɚɹ ɝɪɭɩɩɚ; 10 – ɪɟɝɭɥɹɬɨɪ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ; 11 – ɪɟɝɭɥɹɬɨɪ ɩɨ 
ɬɟɦɩɟɪɚɬɭɪɚɦ; 12 – ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɪɭɠɧɨɝɨ ɜɨɡɞɭɯɚ; 15 – ɤɨɧɞɟɧɫɚɬɨɪ; 16 – ɧɚɫɨɫ;  

17 – ɢɫɩɚɪɢɬɟɥɶ; 18 – ɤɨɦɩɪɟɫɫɨɪ; 19 – ɜɟɧɬɢɥɹɬɨɪ 

 

ɉɪɢ ɩɪɚɜɢɥɶɧɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɷɤɨɧɨɦɢɢ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɱɟɬɵɪɟ ɪɚɡɚ. ɑɬɨ ɦɨɠɟɬ ɩɨɡɜɨɥɢɬɶ ɧɚ 1 ɤȼɬ 

ɩɨɬɪɟɛɥɟɧɧɨɣ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨɥɭɱɢɬɶ 4 ɤȼɬ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ [2, ɫ. 63]. 

ɋɨɜɪɟɦɟɧɧɚɹ ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɚɹ ɜɟɧɬɢɥɹɰɢɨɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫ ɬɟɩɥɨɜɵɦ 
ɧɚɫɨɫɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɝɨɬɨɜɧɨɫɬɶ ɤ ɦɨɧɬɚɠɭ, ɱɬɨ ɬɪɟɛɭɟɬ ɥɢɲɶ 
ɨɛɜɹɡɚɬɶ ɭɫɬɚɧɨɜɤɭ ɜɨɡɞɭɯɨɜɨɞɚɦɢ, ɩɨɞɜɟɫɬɢ ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ ɢ ɩɨɞɫɨɟɞɢɧɢɬɶ 
ɨɬɜɨɞ ɤɨɧɞɟɧɫɚɬɚ. ɍɩɪɚɜɥɟɧɢɟ ɫɢɫɬɟɦɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɟɞɢɧɨɣ ɫɢɫɬɟɦɨɣ 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɚɜɬɨɦɚɬɢɤɢ ɫ ɩɨɦɨɳɶɸ ɜɫɬɪɨɟɧɧɨɝɨ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɢ 
ɜɵɧɟɫɟɧɧɨɝɨ ɭɞɨɛɧɨɝɨ ɩɭɥɶɬɚ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɦɨɧɬɢɪɨɜɚɬɶ ɜ ɭɞɨɛɧɨɦ ɞɥɹ 
ɩɨɥɶɡɨɜɚɬɟɥɹ ɦɟɫɬɟ. 

ɉɪɟɞɥɚɝɚɟɦɵɣ  ɜɨɡɜɪɚɬ ɬɟɩɥɚ ɜɵɬɹɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢɡ ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ, 

ɧɚɩɪɢɦɟɪ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɚɯ, ɝɞɟ ɟɠɟɱɚɫɧɨ ɦɧɨɝɨɤɪɚɬɧɨ ɩɪɟɞɭɫɦɨɬɪɟɧ ɨɛɦɟɧ 
ɜɨɡɞɭɯɚ ɢɡ ɪɚɛɨɱɟɣ ɡɨɧɵ ɩɨ ɪɚɡɥɢɱɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɢɱɢɧɚɦ ɦɨɠɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɪɟɜɨɥɸɰɢɨɧɧɭɸ ɷɤɨɧɨɦɢɸ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. ɋɨɜɪɟɦɟɧɧɚɹ 
ɩɪɢɬɨɱɧɨ-ɜɵɬɹɠɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫ ɜɫɬɪɨɟɧɧɵɦ ɬɟɩɥɨɜɵɦ ɧɚɫɨɫɨɦ ɫɩɨɫɨɛɧɚ 
ɜɨɡɜɪɚɳɚɬɶ ɞɨ 55% ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜɵɬɹɠɧɨɝɨ ɜɨɡɞɭɯɚ, ɧɟ ɞɨɩɭɫɤɚɹ ɟɝɨ 
ɫɦɟɲɢɜɚɧɢɹ ɫ ɩɪɢɬɨɱɧɵɦ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɭɸ ɤɪɚɬɧɨɫɬɶ 
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ɜɨɡɞɭɯɨɨɛɦɟɧɚ. 

 

Ɋɢɫ. 2. ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɪɟɤɭɩɟɪɚɰɢɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ 
ɜɵɛɪɨɫɨɜ 

 

ɍɫɬɚɧɨɜɤɢ (ɪɢɫ. 2) ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɜ ɤɨɪɩɭɫɟ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɫɨɛɨɣ ɫɢɥɨɜɨɣ ɤɚɪɤɚɫ ɨɛɲɢɬɵɣ ɥɢɫɬɚɦɢ ɨɰɢɧɤɨɜɚɧɧɨɣ ɫɬɚɥɢ. ɋ ɜɧɭɬɪɟɧɧɟɣ 
ɫɬɨɪɨɧɵ ɷɬɢ ɥɢɫɬɵ ɩɨɤɪɵɬɵ ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɦ ɦɚɬɟɪɢɚɥɨɦ ɢɡ ɫɩɟɰɢɚɥɶɧɨɝɨ 
ɩɟɧɨɩɨɥɢɫɬɢɪɨɥɚ, ɚ ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ ɭɫɬɚɧɨɜɤɢ, ɩɪɢɦɵɤɚɸɳɟɣ ɤ 
ɜɨɡɞɭɯɨɜɨɞɚɦ ɧɚɪɭɠɧɨɝɨ ɢ ɜɵɛɪɚɫɵɜɚɟɦɨɝɨ ɜɨɡɞɭɯɚ, ɢɡɨɥɢɪɭɸɳɢɦ 
ɦɚɬɟɪɢɚɥɨɦ ɧɚ ɨɫɧɨɜɟ ɜɫɩɟɧɟɧɧɨɝɨ ɤɚɭɱɭɤɚ Д3, ɫ. 25Ж. 

Ɂɚ ɫɱɟɬ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ ɨɬ ɭɞɚɥɹɟɦoɝo ɢɡ ɩɨɦɟɳɟɧɢɹ ɜɨɡɞɭɯɚ ɩɪɢɬɨɱɧɨɦɭ 
ɫ ɩɨɦɨɳɶɸ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɤɚɫɫɟɬ ɬɟɩɥɨɨɛɦɟɧ (ɪɟɤɭɩɟɪɚɰɢɹ) ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ 
ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɟɲɢɜɚɧɢɹ ɜɫɬɪɟɱɧɵɯ ɩɨɬɨɤɨɜ ɜɨɡɞɭɯɚ. Ⱦɜɢɠɟɧɢɟ ɜ ɷɬɢɯ 
ɤɚɫɫɟɬɚɯ – ɩɟɪɟɤɪёɫɬɧɨɟ. 

Ɉɫɧɨɜɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ 
ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ – COP (ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɢɥɢ ɬɟɩɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ). Ɂɧɚɱɟɧɢɟ ɷɬɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɤɚɡɵɜɚɟɬ ɜɨ 
ɫɤɨɥɶɤɨ ɪɚɡ ɬɟɩɥɨɜɨɣ ɧɚɫɨɫ ɩɪɨɢɡɜɨɞɢɬ ɛɨɥɶɲɟ ɷɧɟɪɝɢɢ, ɱɟɦ ɩɨɬɪɟɛɥɹɟɬ ɫɚɦ, 
ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɨɧ ɨɩɪɟɞɟɥɹɟɬ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɩɪɨɢɡɜɨɞɢɦɨɣ ɢ ɩɨɬɪɟɛɥɹɟɦɨɣ 
ɬɟɩɥɨɜɵɦ ɧɚɫɨɫɨɦ ɷɧɟɪɝɢɟɣ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɮɨɪɦɭɥɨɣ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɋɈɊ 
ɹɜɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ. 
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φ = QˍˑːˇʡНʢLˍˑˏ˒˓,                                                        (1) 

ɝɞɟ     QˍˑːˇʡНʢ  – ɬɟɩɥɨɬɚ, ɨɬɜɨɞɢɦɚɹ ɨɬ ɤɨɧɞɟɧɫɚɬɨɪɚ Ɍɇ, Ɇȼɬ; Lˍˑˏ˒˓ – ɪɚɛɨɬɚ, ɫɨɜɟɪɲɚɟɦɚɹ ɤɨɦɩɪɟɫɫɨɪɨɦ Ɍɇ, Ɇȼɬ. П˓ˈˋˏ˖˜ˈ˔˕ва вˑˊˇ˖˛ːых ˕ˈ˒ˎˑвых ːа˔ˑ˔ˑв [4, ˔. 15]: 
1) ɗɤɨɧɨɦɢɱɧɨɫɬɶ. Ⱦɨɫɬɢɝɚɟɬɫɹ ɷɬɨ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɡɚɬɪɚɱɟɧɧɚɹ ɷɧɟɪɝɢɹ 

ɞɥɹ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɪɟɤɭɩɟɪɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɷɮɮɟɤɬɢɜɧɨ. 
2) Ⱦɨɫɬɭɩɧɨɫɬɶ. Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ ɜ ɩɚɪɟ ɫ ɪɟɤɭɩɟɪɚɬɨɪɨɦ 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɜɨɡɞɭɯɨɜɨɞ. 
3) ɗɤɨɥɨɝɢɱɧɨɫɬɶ. Ɋɟɤɭɩɟɪɚɰɢɹ – ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɣ ɩɪɨɰɟɫɫ. ȼ 

ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɚɯ ɜ ɤɚɱɟɫɬɜɟ ɯɥɚɞɚɝɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɡɨɧɨɛɟɡɨɩɚɫɧɵɟ 
ɮɪɟɨɧɵ, ɛɟɡ ɫɨɞɟɪɠɚɧɢɹ ɯɥɨɪɭɝɥɟɪɨɞɨɜ. 

4) ɍɧɢɜɟɪɫɚɥɶɧɨɫɬɶ. ɗɬɢ ɪɟɜɟɪɫɢɜɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɫɩɨɫɨɛɧɵ ɧɟ ɬɨɥɶɤɨ 
ɪɟɤɭɩɟɪɢɪɨɜɚɬɶ ɬɟɩɥɨ ɢɡ ɜɵɬɹɠɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɞɥɹ ɩɨɜɬɨɪɧɨɝɨ 
ɨɛɨɝɪɟɜɚ ɡɞɚɧɢɹ, ɧɨ ɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɮɭɧɤɰɢɢ ɤɨɧɞɢɰɢɨɧɟɪɚ, ɨɯɥɚɠɞɚɹ 
ɩɨɦɟɳɟɧɢɹ, ɡɚ ɫɱɟɬ ɩɟɪɟɦɟɳɟɧɢɹ ɧɚ ɭɥɢɰɭ ɫ ɜɨɡɞɭɯɨɦ ɢɡɛɵɬɨɱɧɨɝɨ ɬɟɩɥɚ. 

5) Ȼɟɡɨɩɚɫɧɨɫɬɶ. Ɉɬɫɭɬɫɬɜɢɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɩɪɢɦɟɧɟɧɢɹ ɤɚɤɨɝɨ-

ɥɢɛɨ ɬɨɩɥɢɜɚ, ɚ ɬɚɤɠɟ ɨɬɤɪɵɬɨɝɨ ɨɝɧɹ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɩɨɜɵɲɟɧɧɨɣ 
ɜɡɪɵɜɨ- ɢ ɩɨɠɚɪɨɛɟɡɨɩɚɫɧɨɫɬɢ. Ɋɚɛɨɬɚɹ, ɤɚɤ ɨɛɵɱɧɵɣ ɯɨɥɨɞɢɥɶɧɢɤ, ɨɧ 
ɧɚɫɬɨɥɶɤɨ ɠɟ ɛɟɡɨɩɚɫɟɧ. 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɉɦɫɤɚ ɢ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ ɤ 2018 ɝɨɞɭ ɭɫɬɚɧɨɜɥɟɧɵ ɢ 
ɭɫɩɟɲɧɨ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɭɠɟ 12 ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ ɧɚ ɛɚɡɟ ɬɟɩɥɨɜɵɯ ɧɚɫɨɫɨɜ, 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɝɪɭɧɬɨɜɵɯ, ɦɨɳɧɨɫɬɶɸ ɨɬ 9 ɞɨ 60 ɤȼɬ. 

ȼɨɡɞɭɲɧɵɟ ɬɟɩɥɨɜɵɟ ɧɚɫɨɫɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɪɟɤɭɩɟɪɚɰɢɢ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ - ɨɬɥɢɱɧɵɣ ɫɩɨɫɨɛ ɷɤɨɧɨɦɢɢ ɞɟɧɟɝ. ɋ ɤɚɠɞɵɦ ɝɨɞɨɦ ɫɢɫɬɟɦ ɫ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɪɟɤɭɩɟɪɚɰɢɟɣ (ɫɨɜɦɟɳɟɧɢɟ ɪɟɤɭɩɟɪɚɬɨɪɚ ɫ ɬɟɩɥɨɜɵɦ 
ɧɚɫɨɫɨɦ) ɫɬɚɧɨɜɢɬɫɹ ɜɫɟ ɛɨɥɶɲɟ ɛɥɚɝɨɞɚɪɹ ɢɯ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, 
ɧɚɞёɠɧɨɫɬɢ, ɩɪɨɫɬɨɬɟ ɦɨɧɬɚɠɚ ɢ ɤɨɧɟɱɧɨ ɠɟ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

 ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɭɯɨɞɹɳɢɯ ɜɟɧɬɢɥɹɰɢɨɧɧɵɯ ɜɵɛɪɨɫɨɜ – 

ɨɞɧɨ ɢɡ ɦɟɪɨɩɪɢɹɬɢɣ ɫɩɨɫɨɛɫɬɜɭɸɳɟɟ ɩɨɜɵɲɟɧɢɸ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɪɚɛɨɬɵ ɫɢɫɬɟɦ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ. Ɉɞɧɚɤɨ ɷɬɨ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɡɚɬɪɚɬ, 
ɩɨɷɬɨɦɭ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɥɭɱɢɬɶ ɨɩɪɚɜɞɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɚɧɫɮɨɪɦɚɰɢɢ. 

Ɂɧɚɱɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɦɨɠɧɨ ɧɚɣɬɢ, 
ɢɫɯɨɞɹ ɢɡ ɦɢɧɢɦɭɦɚ ɫɭɦɦɚɪɧɵɯ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ ɡɚɬɪɚɬ ɧɚ ɬɟɩɥɨɜɨɣ ɧɚɫɨɫ ɢ 
ɤɨɥɢɱɟɫɬɜɚ ɩɨɥɭɱɚɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɛɚɥɚɧɫɟ ɫɢɫɬɟɦɵ ɨɬɨɩɥɟɧɢɹ, ɩɪɢ 
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ɩɪɢɪɚɜɧɢɜɚɧɢɢ ɤ ɧɭɥɸ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɮɭɧɤɰɢɢ ɩɨ ɨɩɬɢɦɢɡɢɪɭɟɦɨɦɭ 
ɩɚɪɚɦɟɬɪɭ, ɪɭɛ./ɝɨɞ: 

0
d

dFɋ
d

dQɐ
d

dɂ
ɪɬ 

 ,                                  (2) 

ɝɞɟ ɂ – ɫɭɦɦɚɪɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɩɨ ɬɟɩɥɨɜɨɦɭ ɧɚɫɨɫɭ ɢ ɤɨɥɢɱɟɫɬɜɭ 
ɩɨɥɭɱɚɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɪ./ɝɨɞ; ɬɐ  – ɝɨɞɨɜɚɹ ɫɬɨɢɦɨɫɬɶ ɬɟɩɥɨɜɨɣ 

ɷɧɟɪɝɢɢ, 
ɝɨɞ
ɫ

ɤɚɥ
ɪɭɛ.

 ; Q – ɪɚɫɯɨɞ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɤɚɥ/c; ɪɋ  – ɝɨɞɨɜɚɹ ɫɬɨɢɦɨɫɬɶ 

1 ɦ2
 ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɩɥɨɨɛɦɟɧɚ ɬɟɩɥɨɜɨɝɨ ɧɚɫɨɫɚ, ɪɭɛ./(ɦ2·ɝɨɞ); F  – 

ɩɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɤɨɧɞɟɧɫɚɬɨɪɚ, ɦ2
. 
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Ⱦ. Ⱥ. Ɇɭɪɚɜɶɟɜ 

Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ (ɈɦȽɍɉɋ), ɝ. Ɉɦɫɤ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ 

 

ɋȿɌȿȼɈȿ ɉɅȺɇɂɊɈȼȺɇɂȿ ɊȿɆɈɇɌȺ ɄɈɌȿɅɖɇɈȽɈ ȺȽɊȿȽȺɌȺ 

 

ȼ ɩɪɨɰɟɫɫɟ ɪɟɦɨɧɬɚ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɪɟɞɤɨ ɜɨɡɧɢɤɚɸɬ 
ɫɥɨɠɧɨɫɬɢ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɫɪɨɤɨɜ ɢ ɤɚɱɟɫɬɜɚ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ. Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ 
ɚɛɫɨɥɸɬɧɨɣ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɜɫɟɦɢ ɩɪɨɰɟɫɫɚɦɢ ɪɟɦɨɧɬɚ, ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɪɟɚɝɢɪɨɜɚɧɢɹ ɧɚ ɢɡɦɟɧɟɧɢɹ ɜ «ɥɸɞɫɤɢɯ ɪɟɫɭɪɫɚɯ» ɢ ɤɚɱɟɫɬɜɟ 
ɩɨɫɬɚɜɥɹɟɦɨɝɨ ɫɵɪɶɹ, ɦɚɬɟɪɢɚɥɨɜ ɢ ɡɚɩɚɫɧɵɯ ɱɚɫɬɟɣ, ɪɭɤɨɜɨɞɢɬɟɥɸ ɩɨɦɨɠɟɬ ɫɟɬɟɜɨɣ 
ɝɪɚɮɢɤ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɚɦɢ. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɚ, ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɞɟɠɧɨɫɬɶ. 
 

Denis A. Muravyev  

Omsk State Transport University (OSTU), Omsk, Russian Federation 

 

NETWORK PLANNING OF REPAIR OF THE BOILER UNIT 

 

In the course of repair of the heat power equipment quite often there are difficulties with 

observance of terms and quality of performance of work. For achievement of absolute 

controllability all processes of repair, optimization of productions and timely response to changes 

in "human resources" and quality of the delivered raw materials, materials and spare parts, the 

head will be helped by the network schedule of planning and management of works. 

 

Key words: power system, repair of the equipment, reliability. 

 

ɋɢɫɬɟɦɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɫɟɬɟɜɵɯ 
ɝɪɚɮɢɤɨɜ, ɢɥɢ ɦɨɞɟɥɟɣ, ɢ ɷɥɟɤɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ, ɜɩɟɪɜɵɟ 
ɩɨɹɜɢɥɢɫɶ ɜ ɋɒȺ ɜ ɩɟɪɢɨɞ 1956-1958 ɝɝ. Д1Ж.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ Ɋɨɫɫɢɢ ɛɨɥɶɲɢɧɫɬɜɨ ɩɭɛɥɢɤɚɰɢɣ ɩɨ ɫɟɬɟɜɨɦɭ 
ɩɥɚɧɢɪɨɜɚɧɢɸ ɛɵɥɢ ɫɨɡɞɚɧɵ ɜ ɲɟɫɬɢɞɟɫɹɬɵɯ – ɫɟɦɢɞɟɫɹɬɵɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ 
ɫɬɨɥɟɬɢɹ.  

Ɋɚɡɥɢɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɦɨɞɟɥɢ ɝɪɚɮɢɤɨɜ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ: ɥɢɧɟɣɧɵɟ 
ɤɚɥɟɧɞɚɪɧɵɟ ɝɪɚɮɢɤɢ ɢɥɢ ɥɟɧɬɨɱɧɵɟ ɞɢɚɝɪɚɦɦɵ Ƚɚɧɬɚ, ɜɟɪɬɢɤɚɥɶɧɵɟ ɝɪɚɮɢɤɢ 
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(ɰɢɤɥɨɝɪɚɦɦɵ), ɦɚɬɪɢɰɵ, ɫɟɬɟɜɵɟ ɝɪɚɮɢɤɢ. 
ɋɟɬɟɜɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɭɩɪɚɜɥɟɧɢɹ (ɋɉɍ) ɨɫɧɨɜɚɧɨ ɧɚ ɝɪɚɮɢɱɟɫɤɨɦ 

ɢɡɨɛɪɚɠɟɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɪɚɛɨɬ, ɤɨɬɨɪɨɟ ɨɬɪɚɠɚɟɬ ɢɯ ɥɨɝɢɱɟɫɤɭɸ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɜɡɚɢɦɨɫɜɹɡɶ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɨɩɬɢɦɢɡɚɰɢɟɣ 
ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɝɪɚɮɢɤɚ. Ɉɫɧɨɜɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɋɉɍ ɹɜɥɹɸɬɫɹ: 
ɰɟɥɟɜɵɟ ɪɚɡɪɚɛɨɬɤɢ ɫɥɨɠɧɵɯ ɩɪɨɟɤɬɨɜ, ɜ ɜɵɩɨɥɧɟɧɢɢ ɤɨɬɨɪɵɯ ɩɪɢɧɢɦɚɟɬ 
ɭɱɚɫɬɢɟ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɧɢɬɟɥɟɣ, ɧɚɩɪɢɦɟɪ, ɪɟɦɨɧɬ ɫɥɨɠɧɨɣ 
ɬɟɯɧɢɤɢ, ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɨɟ ɫɧɚɛɠɟɧɢɟ, ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɧɨɜɵɯ, 
ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɢ ɪɟɦɨɧɬ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɢ 
ɝɪɚɠɞɚɧɫɤɢɯ ɨɛɴɟɤɬɨɜ Д3Ж. 

ȼ ɨɫɧɨɜɭ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ ɡɚɥɨɠɟɧɵ ɱɟɬɵɪɟ ɨɫɧɨɜɧɵɯ 
ɩɨɧɹɬɢɹ: ɪɚɛɨɬɚ, ɫɨɛɵɬɢɟ, ɩɭɬɶ ɢ ɪɟɡɟɪɜ. 

Ɋɚɛɨɬɚ – ɱɟɬɤɨ ɨɩɪɟɞɟɥɟɧɧɵɣ ɷɬɚɩ ɬɪɭɞɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɬɪɟɛɭɸɳɢɣ ɡɚɬɪɚɬ 
ɜɪɟɦɟɧɢ ɢ ɪɟɫɭɪɫɨɜ. ɇɚ ɫɟɬɟɜɨɦ ɝɪɚɮɢɤɟ ɪɚɛɨɬɚ ɢɡɨɛɪɚɠɚɟɬɫɹ ɫɩɥɨɲɧɨɣ 
ɥɢɧɢɟɣ ɫɨ ɫɬɪɟɥɤɨɣ (ɪɢɫ. 1, ɚ), ɜɵɱɟɪɱɟɧɧɨɣ ɛɟɡ ɦɚɫɲɬɚɛɚ. ɇɚɞ ɥɢɧɢɟɣ ɢɥɢ ɩɨɞ 
ɧɟɣ ɩɢɲɭɬ ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɛɨɬɵ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɥɢɧɢɢ ɭɫɥɨɜɧɵɦ ɤɨɞɨɦ 
ɡɚɩɢɫɵɜɚɸɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɪɚɛɨɬɵ. Ɋɚɫɲɢɮɪɨɜɤɚ ɤɨɞɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1, ɛ, 
ɧɚ ɤɨɬɨɪɨɦ ɨɛɨɡɧɚɱɟɧɨ ɛɭɤɜɚɦɢ: ɞ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜ ɪɚɛɨɱɢɯ ɞɧɹɯ ɞɚɧɧɨɣ 
ɪɚɛɨɬɵ ɜ ɩɟɪɜɨɣ ɫɦɟɧɟ; ɟ – ɬɨ ɠɟ ɜɨ ɜɬɨɪɨɣ ɫɦɟɧɟ; ɠ – ɬɨ ɠɟ ɜ ɬɪɟɬɶɟɣ ɫɦɟɧɟ;  
ɡ – ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɜ ɩɟɪɜɨɣ ɫɦɟɧɟ; ɢ – ɬɨ ɠɟ ɜɨ ɜɬɨɪɨɣ ɫɦɟɧɟ; ɤ – ɬɨ ɠɟ ɜ 
ɬɪɟɬɶɟɣ ɫɦɟɧɟ. Ɂɚɩɢɫɶ ɧɚ ɪɢɫɭɧɤɟ 1, ɚ ɱɢɬɚɟɬɫɹ ɬɚɤ: ɩɪɚɜɤɚ ɬɪɭɛ ɫɪɟɞɧɟɣ 
ɪɚɞɢɚɰɢɨɧɧɨɣ ɱɚɫɬɢ ɞɥɢɬɫɹ 8 ɞɧɟɣ ɢ ɜɵɩɨɥɧɹɟɬɫɹ ɬɪɟɦɹ ɪɚɛɨɱɢɦɢ ɜɨ ɜɬɨɪɭɸ 
ɫɦɟɧɭ.  

 

ɚ)       ɛ) 
Ɋɢɫ. 1. ɂɡɨɛɪɚɠɟɧɢɟ ɪɚɛɨɬɵ ɧɚ ɫɟɬɟɜɨɦ ɝɪɚɮɢɤɟ:  

ɚ – ɨɛɳɢɣ ɜɢɞ, ɛ – ɭɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ (ɤɨɞ) ɡɚɩɢɫɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬɵ, 
ɤɨɥɢɱɟɫɬɜɚ ɪɚɛɨɱɢɯ ɢ ɧɨɦɟɪɚ ɪɚɛɨɱɟɣ ɫɦɟɧɵ 

 

Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɬɟɪɦɢɧ «ɪɚɛɨɬɚ» ɨɛɨɡɧɚɱɚɟɬ ɚɤɬɢɜɧɭɸ ɪɚɛɨɬɭ, ɧɚ 
ɤɨɬɨɪɭɸ ɡɚɬɪɚɱɢɜɚɸɬɫɹ ɜɪɟɦɹ ɢ ɪɟɫɭɪɫɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɦɟɸɬɫɹ ɞɜɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɬɟɪɦɢɧɚ: ɨɠɢɞɚɧɢɟ (ɧɚ ɧɟɝɨ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɬɨɥɶɤɨ ɜɪɟɦɹ); 
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ɮɢɤɬɢɜɧɚɹ ɪɚɛɨɬɚ ɢɥɢ ɡɚɜɢɫɢɦɨɫɬɶ (ɨɛɨɡɧɚɱɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɧɚɱɚɥɚ ɨɞɧɨɣ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɯ ɪɚɛɨɬ ɨɬ ɨɤɨɧɱɚɧɢɹ ɩɪɟɞɵɞɭɳɟɣ ɢɥɢ ɩɪɟɞɵɞɭɳɢɯ ɪɚɛɨɬ). 

ɋɨɛɵɬɢɟ – ɷɬɨ ɪɟɡɭɥɶɬɚɬ ɨɞɧɨɣ ɪɚɛɨɬɵ ɢɥɢ ɫɨɜɨɤɭɩɧɵɣ ɪɟɡɭɥɶɬɚɬ 
ɧɟɫɤɨɥɶɤɢɯ ɪɚɛɨɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɧɚɱɚɬɶ ɨɞɧɭ ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬ. 
ɋɨɛɵɬɢɟ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɪɭɝɨɦ (ɪɢɫ. 2). ɋɟɬɟɜɨɣ ɝɪɚɮɢɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɤɨɦɛɢɧɚɰɢɸ ɤɪɭɝɨɜ ɢ ɥɢɧɢɣ ɫɨ ɫɬɪɟɥɤɚɦɢ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɫɥɟɜɚ ɧɚɩɪɚɜɨ. 
Ʉɚɠɞɨɟ ɫɨɛɵɬɢɟ ɧɭɦɟɪɭɸɬ.  

 

Ɋɢɫ. 2. ɋɟɬɟɜɨɣ ɝɪɚɮɢɤ ɋɉɍ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɟɦɢ ɫɨɛɵɬɢɣ 

 

Ʉɪɭɝ ɤɚɠɞɨɝɨ ɫɨɛɵɬɢɹ ɞɟɥɹɬ ɧɚ ɱɟɬɵɪɟ ɪɚɜɧɵɟ ɱɚɫɬɢ ɢ ɤɨɞɢɪɭɸɬ 
ɩɚɪɚɦɟɬɪɵ ɫɨɛɵɬɢɹ (ɪɢɫ. 3): ɜ – ɧɨɦɟɪ ɞɚɧɧɨɝɨ ɫɨɛɵɬɢɹ, ɝ – ɧɨɦɟɪ ɫɨɛɵɬɢɹ, ɨɬ 
ɤɨɬɨɪɨɝɨ ɫɞɟɥɚɧ ɨɬɫɱɟɬ, ɞ – ɧɚɢɛɨɥɟɟ ɪɚɧɧɟɟ ɫɜɟɪɲɟɧɢɟ ɞɚɧɧɨɝɨ ɫɨɛɵɬɢɹ,  
ɟ – ɧɚɢɛɨɥɟɟ ɩɨɡɞɧɟɟ ɟɝɨ ɫɜɟɪɲɟɧɢɟ. 

 

Ɋɢɫ. 3. ɍɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ ɧɚɞɩɢɫɟɣ ɧɚ ɫɨɛɵɬɢɢ 

 

ɋɨɛɵɬɢɟ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɪɚɛɨɬɵ, ɧɟ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫɨɦ, ɨɧɨ ɧɟ ɢɦɟɟɬ 
ɞɥɢɬɟɥɶɧɨɫɬɢ. Ʉɚɠɞɨɟ ɫɨɛɵɬɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɱɟɬɤɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɨ ɢ 
ɭɤɚɡɵɜɚɬɶ ɧɚ ɤɨɧɤɪɟɬɧɵɣ ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ. 

ȼ ɫɟɬɟɜɨɦ ɝɪɚɮɢɤɟ ɜɫɟɝɞɚ ɢɦɟɸɬɫɹ ɞɜɚ ɨɫɨɛɵɯ ɫɨɛɵɬɢɹ: ɢɫɯɨɞɧɨɟ ɢ 
ɡɚɜɟɪɲɚɸɳɟɟ. ɇɚ ɪɢɫɭɧɤɟ 2 ɢɫɯɨɞɧɨɟ ɫɨɛɵɬɢɟ ɨɛɨɡɧɚɱɟɧɨ ɰɢɮɪɨɣ 1, ɚ 
ɡɚɜɟɪɲɚɸɳɟɟ – ɰɢɮɪɨɣ 7. Ʌɸɛɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬ, ɜ ɤɨɬɨɪɨɣ 
ɤɨɧɟɱɧɨɟ ɫɨɛɵɬɢɟ ɤɚɠɞɨɣ ɪɚɛɨɬɵ ɫɨɜɩɚɞɚɟɬ ɫ ɧɚɱɚɥɶɧɵɦ ɫɨɛɵɬɢɟɦ ɫɥɟɞɭɸɳɟɣ 
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ɡɚ ɧɟɣ ɪɚɛɨɬɵ, ɧɚɡɵɜɚɟɬɫɹ ɩɭɬɟɦ ɫɟɬɟɜɨɣ ɦɨɞɟɥɢ. 
ɉɭɬɶ ɫɟɬɟɜɨɣ ɦɨɞɟɥɢ ɨɬ ɢɫɯɨɞɧɨɝɨ ɞɨ ɡɚɜɟɪɲɚɸɳɟɝɨ ɫɨɛɵɬɢɹ ɧɚɡɵɜɚɟɬɫɹ 

ɩɨɥɧɵɦ ɩɭɬɟɦ. ɉɨɥɧɵɣ ɩɭɬɶ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ, ɢɦɟɸɳɢɣ ɧɚɢɛɨɥɶɲɭɸ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ, ɧɚɡɵɜɚɟɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦ ɩɭɬɟɦ. 

Ʉɪɢɬɢɱɟɫɤɢɣ ɩɭɬɶ ɜ ɫɟɬɟɜɨɦ ɝɪɚɮɢɤɟ ɜ ɧɚɝɥɹɞɧɨɣ ɮɨɪɦɟ ɩɨɤɚɡɵɜɚɟɬ ɬɭ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ ɨɛɳɢɟ ɫɪɨɤɢ ɢɯ ɜɵɩɨɥɧɟɧɢɹ. ȼ 
ɷɬɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɛɨɥɶɲɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ ɩɟɪɟɞ ɝɪɚɮɢɤɚɦɢ 
ɞɪɭɝɢɯ ɬɢɩɨɜ. ɗɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɥɨɠɧɵɯ ɪɚɛɨɬ, 
ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ ɞɟɫɹɬɤɨɜ ɢ ɫɨɬɟɧ ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɟɦɵɯ 
ɪɚɛɨɱɢɦɢ ɪɚɡɥɢɱɧɵɯ ɩɪɨɮɟɫɫɢɣ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɩɨɞɱɢɧɟɧɢɢ ɦɧɨɝɢɯ 
ɨɪɝɚɧɢɡɚɰɢɣ Д2Ж. 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɩɥɚɧɚ ɪɚɡɪɚɛɨɬɤɢ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ ɢ ɜɵɩɨɥɧɟɧɢɢ 
ɪɟɦɨɧɬɚ ɨɞɧɨɣ ɢɡ ɝɥɚɜɧɵɯ ɡɚɞɚɱ ɹɜɥɹɟɬɫɹ ɢɡɵɫɤɚɧɢɟ ɦɟɬɨɞɨɜ ɫɨɤɪɚɳɟɧɢɹ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɛɨɬ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɤɪɢɬɢɱɟɫɤɨɦ ɩɭɬɢ. Ɂɚ ɜɵɩɨɥɧɟɧɢɟɦ 
ɷɬɢɯ ɪɚɛɨɬ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɬɳɚɬɟɥɶɧɵɣ ɤɨɧɬɪɨɥɶ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɟɬɟɜɨɣ ɦɨɞɟɥɢ, ɤɪɨɦɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɩɭɬɢ, 
ɹɜɥɹɸɬɫɹ ɪɟɡɟɪɜɵ ɜɪɟɦɟɧɢ ɫɜɟɪɲɟɧɢɹ ɫɨɛɵɬɢɣ. Ɋɟɡɟɪɜɵ ɜɪɟɦɟɧɢ ɫɭɳɟɫɬɜɭɸɬ ɜ 
ɫɟɬɟɜɨɦ ɝɪɚɮɢɤɟ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɢɦɟɟɬɫɹ ɛɨɥɟɟ ɨɞɧɨɝɨ ɩɭɬɢ ɪɚɡɧɨɣ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ Д1Ж. Ɉɩɪɟɞɟɥɟɧɢɟ ɜɟɥɢɱɢɧ ɪɟɡɟɪɜɨɜ ɜɪɟɦɟɧɢ ɢ ɪɚɛɨɱɟɣ 
ɫɢɥɵ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɰɟɥɟɣ ɫɨɡɞɚɧɢɹ ɫɟɬɟɜɵɯ ɝɪɚɮɢɤɨɜ, ɬɚɤ ɤɚɤ 
ɩɨɡɜɨɥɹɸɬ ɪɭɤɨɜɨɞɢɬɟɥɸ ɤɨɦɩɥɟɤɫɚ ɪɚɛɨɬ ɨɩɟɪɚɬɢɜɧɨ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ «ɦɚɧɟɜɪɢɪɨɜɚɧɢɹ» ɷɬɢɦɢ ɪɟɫɭɪɫɚɦɢ ɜ ɢɧɬɟɪɟɫɚɯ ɫɨɛɥɸɞɟɧɢɹ 
ɨɛɳɟɝɨ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɫɪɨɤɚ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ. 

 

Ɋɢɫ. 4. ɑɚɫɬɶ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ ɧɚ ɪɟɦɨɧɬ ɷɥɟɦɟɧɬɨɜ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ 
ɤɨɬɥɚ ȻɄɁ-75-ɁɗɎȻ. 
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ɇɚ ɪɢɫ. 4 ɨɬɨɛɪɚɠɟɧɚ ɱɚɫɬɶ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ ɪɟɦɨɧɬɚ ɤɨɬɥɚ ȻɄɁ-75-

ɁɗɎȻ, ɩɨɡɜɨɥɹɸɳɚɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɬɨɝɨ ɝɪɚɮɢɤɚ ɫɨɫɬɚɜɢɬɶ ɬɚɛɥɢɰɭ, 
ɫɨɞɟɪɠɚɳɭɸ ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɪɟɡɟɪɜɨɜ ɜɪɟɦɟɧɢ ɢ ɪɚɛɨɱɟɣ ɫɢɥɵ ɞɥɹ 
ɤɚɠɞɨɣ ɪɚɛɨɬɵ, ɞɥɹ ɤɚɠɞɨɝɨ ɩɭɬɢ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ. 

ɂɫɯɨɞɹ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɝɪɚɮɢɤɚ, ɤɪɢɬɢɱɟɫɤɢɣ ɩɭɬɶ ɫɨɫɬɨɢɬ ɢɡ ɪɚɛɨɬ, 
ɥɟɠɚɳɢɯ ɧɚ ɩɭɬɢ 0-1-4-6-7-8, ɬɚɤ ɤɚɤ ɷɬɨɬ ɩɨɥɧɵɣ ɩɭɬɶ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɭɸ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɨ ɜɪɟɦɟɧɢ – 14 ɞɧɟɣ. ɇɚ ɫɟɬɟɜɨɦ ɝɪɚɮɢɤɟ ɤɪɢɬɢɱɟɫɤɢɣ 
ɩɭɬɶ ɜɵɞɟɥɹɟɬɫɹ ɩɨɥɭɠɢɪɧɨɣ ɥɢɧɢɟɣ. 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɩɭɬɢ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɵɩɨɥɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɵɱɢɫɥɟɧɢɟ ɪɟɡɟɪɜɨɜ, 
ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ № 1. 

ȼ ɭɤɚɡɚɧɧɨɣ ɬɚɛɥɢɰɟ ɜ ɩɟɪɜɨɦ ɫɬɨɥɛɰɟ ɭɤɚɡɚɧɵ ɧɨɦɟɪɚ ɪɚɛɨɬ. ȼ 
ɨɫɬɚɥɶɧɵɯ ɫɬɨɥɛɰɚɯ ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɤɚɠɞɨɣ ɪɚɛɨɬɵ: ݐ௜−௝ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɜɢɞɨɜ ɪɚɛɨɬ; ݐ௜−௝˓ː

 – ɪɚɧɧɟɟ ɧɚɱɚɥɨ ɪɚɛɨɬ; ݐ௜−௝˓ˑ
 – ɪɚɧɧɟɟ ɨɤɨɧɱɚɧɢɟ ɪɚɛɨɬ; ݐ௜−௝˒ː  – ɩɨɡɞɧɟɟ ɧɚɱɚɥɨ ɪɚɛɨɬ; ݐ௜−௝˒ˑ  – ɩɨɡɞɧɟɟ ɨɤɨɧɱɚɧɢɟ ɪɚɛɨɬ; ܴ௜−௝ – ɨɛɳɢɣ ɪɟɡɟɪɜ ɜɪɟɦɟɧɢ ɪɚɛɨɬ; ݎ௜−௝ – ɱɚɫɬɧɵɣ ɪɟɡɟɪɜ ɜɪɟɦɟɧɢ ɤɚɠɞɨɣ ɪɚɛɨɬɵ; ʡˍ˓ˋ˕. – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɤɪɢɬɢɱɟɫɤɨɝɨ ɩɭɬɢ Д3Ж. 

Ɍɚɛɥɢɰɚ 1 

Ɋɚɫɱɟɬ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ. 
Ɋɚɛɨɬɚ ݐ௜−௝ �௜−௝ ݐ௜−௝˓ː

௜−௝˓ˑݐ 
௜−௝˒ːݐ  ௜−௝˒ˑݐ   ܴ௜−௝ ݎ௜−௝ ̱ܶ ˓ˋ˕. 

0-1 2 0 0 2 0 2 0 0 14 

1-2 2 10 2 4 6 8 4 0 14 

1-3 2 24 2 4 4 6 2 0 14 

1-4 4 12 2 6 2 6 0 0 14 

3-4 0 0 4 6 6 6 2 0 14 

2-5 2 16 4 6 8 10 4 0 14 

4-6 4 12 6 10 6 10 0 0 14 

5-6 0 0 6 6 10 10 4 0 14 

6-7 2 20 10 12 10 12 0 0 14 

7-8 2 20 12 14 12 14 0 0 14 
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Ɍɚɛɥɢɰɚ ɪɚɫɫɱɢɬɚɧɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ  ɤ ɱɚɫɬɢ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ, 
ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫ. 4.   ݐ௜−௝˒ː = ௜−௝˒ˑݐ  ௜−௝˓ˑݐ ௜−௝ݐ − = ௜−௝˓ːݐ  + ௜−௝˒ːݐ = ௜−௝ ܴ௜−௝ݐ ௜−௝˓ːݐ −

௝−௞˓ːݐ = ௜−௝ݎ  − ௜−௝˓ˑݐ
 

ɂɡ ɞɚɧɧɵɯ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɢ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ, ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬ ɧɚ ɭɱɚɫɬɤɚɯ ɩɭɬɢ 1-2, 1-3, 3-4, 2-5, 5-6 ɢɦɟɸɬɫɹ ɨɛɳɢɟ 
ɪɟɡɟɪɜɵ ɜ ɞɧɹɯ, ɤɨɬɨɪɵɟ ɪɭɤɨɜɨɞɢɬɟɥɶ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɫɪɟɞɫɬɜɨɦ 
ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɛɨɱɟɣ ɫɢɥɵ ɧɚ ɞɪɭɝɢɟ ɭɱɚɫɬɤɢ ɩɭɬɢ ɢɥɢ ɭɜɟɥɢɱɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 
ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɪɚɛɨɬ ɫ ɰɟɥɶɸ ɫɨɛɥɸɞɟɧɢɹ ɨɛɳɟɣ 
ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɢɡɥɨɠɟɧɧɨɟ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɫɟɬɟɜɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɭɩɪɚɜɥɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɪɟɡɭɥɶɬɚɬɢɜɧɨ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɤɚɤ ɢɫɩɨɥɧɢɬɟɥɢ ɪɚɛɨɬ, ɬɚɤ ɢ ɪɭɤɨɜɨɞɢɬɟɥɢ ɢɦɟɸɬ ɜ 
ɞɨɫɬɚɬɨɱɧɨ ɤɨɦɩɚɤɬɧɨɦ ɜɢɞɟ ɜɫɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɰɟɥɹɯ, ɫɨɞɟɪɠɚɧɢɢ ɢ 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɫɪɨɤɚɯ ɧɚ ɤɚɠɞɨɦ ɭɱɚɫɬɤɟ ɩɭɬɢ. 

ɇɟɨɛɯɨɞɢɦɨ ɭɩɨɦɹɧɭɬɶ ɬɚɤɠɟ ɩɨɧɹɬɢɟ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɟɜɨɝɨ ɝɪɚɮɢɤɚ. ɇɨ 
ɷɬɚ ɬɟɦɚ, ɫ ɭɱɟɬɨɦ ɟɟ ɨɛɴɟɦɚ, ɞɥɹ ɧɚɩɢɫɚɧɢɹ ɨɬɞɟɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
Ɉɝɪɚɧɢɱɢɦɫɹ ɜɵɫɤɚɡɵɜɚɧɢɟɦ ɨ ɬɨɦ, ɱɬɨ ɨɩɬɢɦɢɡɚɰɢɹ ɫɟɬɟɜɵɯ ɝɪɚɮɢɤɨɜ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨɦɭ ɫɨɛɥɸɞɟɧɢɸ  ɫɪɨɤɨɜ ɜɵɩɨɥɧɟɧɢɸ ɪɚɛɨɬ, ɚ 
ɬɚɤɠɟ ɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɵɪɶɹ, ɪɟɫɭɪɫɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ. 
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purification of gases consists in neutralization of gas emissions by chemical transformation of the 

harmful substances which are contained in gas in the presence of the catalyst. The essence of 

catalytic process of cleaning of gas emissions is that the gas stream is passed through a catalyst 

layer, meeting technological conditions of effective transformation. 

 

Key words: emissions, boiler house, catalytic way of purification of gases, catalyst. 

 

ȼɵɛɪɨɫɵ ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ – ɷɬɨ ɪɚɡɥɢɱɧɵɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɨɬɯɨɞɨɜ, 
ɩɨɩɚɞɚɸɳɢɟ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɜ ɪɟɡɭɥɶɬɚɬɟ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ. 

ɉɪɢ ɫɠɢɝɚɧɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ ɢ ɨɛɪɚɡɭɟɬɫɹ ɨɫɧɨɜɧɚɹ ɞɨɥɹ 
ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɜɵɛɪɨɫ ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɞɵɦɨɜɭɸ 
ɬɪɭɛɭ ɜ ɚɬɦɨɫɮɟɪɭ ɫɥɟɞɭɸɳɢɯ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ: ɱɚɫɬɢɰɵ ɧɟɞɨɝɨɪɟɜɲɟɣ 
ɭɝɨɥɶɧɨɣ ɩɵɥɢ, ɤɨɤɫɨɜɵɟ ɨɫɬɚɬɤɢ, ɡɨɥɚ ɢ ɫɚɠɚ; ɧɟɬɨɤɫɢɱɧɵɟ ɝɚɡɵ, ɤɨɬɨɪɵɟ 
ɫɨɡɞɚɸɬ «ɩɚɪɧɢɤɨɜɵɣ» ɷɮɮɟɤɬ (ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɋɈ2); ɬɨɤɫɢɱɧɵɯ ɝɚɡɨɜ (ɨɤɫɢɞ 
ɭɝɥɟɪɨɞɚ ɋɈ, ɨɤɫɢɞɵ ɫɟɪɵ CO2, CO3 ,ɨɤɫɢɞɵ ɚɡɨɬɚ NO, NO2); ɞɢɨɤɫɢɧɨɜ ɢ 
ɫɥɨɠɧɵɯ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ; ɩɚɪɨɜ ɫɨɥɹɧɨɣ ɢ 
ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬ; ɦɟɬɚɥɥɨɜ (ɦɵɲɶɹɤ, ɤɚɞɦɢɣ, ɠɟɥɟɡɨ ɢ ɞɪ.); ɫɨɟɞɢɧɟɧɢɣ 
ɤɪɟɦɧɢɹ, ɚɥɸɦɢɧɢɹ, ɠɟɥɟɡɚ, ɤɚɥɶɰɢɹ ɢ ɞɪ.; ɫɭɥɶɮɚɬɨɜ, ɧɢɬɪɚɬɨɜ, ɚɦɦɢɚɤɚ 
ɧɟɤɨɬɨɪɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ; ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɬɨɪɢɹ, ɤɚɥɢɹ, ɮɨɫɮɨɪɚ; 
ɮɨɪɦɚɥɶɞɟɝɢɞɨɜ; ɫɟɪɨɜɨɞɨɪɨɞɚ. 

ɑɬɨɛɵ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɢ ɨɝɪɚɧɢɱɟɧɢɹ ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɩɪɟɞɩɪɢɹɬɢɣ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ ɧɚ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ, ɧɭɠɧɨ ɩɪɨɜɨɞɢɬɶ 
ɪɚɫɱɟɬ, ɚ ɬɚɤɠɟ ɧɨɪɦɢɪɨɜɚɧɢɟ ɜɵɛɪɨɫɨɜ ɬɚɤɢɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬɫɹ ɜ 
ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ: 

– ɉɪɢ ɫɠɢɝɚɧɢɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɬɨɩɥɢɜɚ. ɇɚɩɪɢɦɟɪ, ɨɤɫɢɞɨɜ ɚɡɨɬɚ NɈ, 

NɈ2, ɬɚɤɠɟ ɨɤɫɢɞɨɜ ɭɝɥɟɪɨɞɚ ɋɈ, ɋɈ2 ɢ ɛɟɧɡ(ɚ)ɩɢɪɟɧɚ ɋ20ɇ12, ɧɨ ɢ ɜɨɡɦɨɠɧɨ 
ɫɨɞɟɪɠɚɧɢɟ ɜ ɫɨɫɬɚɜɟ ɬɨɩɥɢɜɚ ɫɨɟɞɢɧɟɧɢɣ ɫɟɪɵ ɞɢɨɤɫɢɞɚ ɫɟɪɵ SɈ2;  

– ɉɪɢ ɫɠɢɝɚɧɢɢ ɬɜɟɪɞɨɝɨ ɬɨɩɥɢɜɚ ɤ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɜɟɳɟɫɬɜɚɦ 
ɦɨɠɧɨ ɞɨɛɚɜɢɬɶ ɨɤɫɢɞ ɫɟɪɵ SɈ2 ɢ ɬɜɟɪɞɵɣ ɱɚɫɬɢɰɵ, ɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɦɚɡɭɬɚ – 

ɨɤɫɢɞ ɫɟɪɵ SɈ2 ɢ ɦɚɡɭɬɧɚɹ ɡɨɥɚ. 
ȼɵɞɟɥɹɸɬ ɬɪɢ ɪɚɡɧɵɯ ɢɫɬɨɱɧɢɤɚ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɨɜ ɚɡɨɬɚ: 
– ɢɡ ɚɡɨɬɚ, ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɦɟɧɶɲɟ 1000 °ɋ) ɜ ɨɫɧɨɜɧɨɣ ɡɨɧɟ 

ɝɨɪɟɧɢɹ; 
– ɢɡ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɚ ɜɨɡɞɭɯɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 1300°ɋ; 
– ɩɭɬɟɦ ɪɟɚɤɰɢɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɚɡɨɬɚ ɜɨɡɞɭɯɚ ɫ ɭɝɥɟɜɨɞɨɪɨɞɧɵɦɢ 

ɪɚɞɢɤɚɥɚɦɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 1300°ɋ, ɷɬɚ ɪɟɚɤɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜ ɡɨɧɟ 
ɮɪɨɧɬɚ ɩɥɚɦɟɧɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ.  
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Ɍɚɤɠɟ ɩɪɢ ɫɝɨɪɚɧɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɬɨɩɥɢɜɚ, ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɦɨɧɨɨɤɫɢɞ 
NO ɢ ɞɢɨɤɫɢɞ ɚɡɨɬɚ NO2. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɝɨɪɟɧɢɢ ɬɨɩɥɢɜɚ ɜɵɞɟɥɹɟɬɫɹ 95 – 99 % 

ɦɨɧɨɨɤɫɢɞɚ ɚɡɨɬɚ NO ɢ 1 – 5 % ɞɢɨɤɫɢɞɚ ɚɡɨɬɚ NO2, ɤɨɬɨɪɵɣ ɛɨɥɟɟ ɬɨɤɫɢɱɧɵɣ. 
ȼɫɟ ɜɵɛɪɨɫɵ ɨɤɫɢɞɚ ɫɟɪɵ ɩɪɢ ɨɰɟɧɤɟ ɡɚɝɪɹɡɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ SO2, 

ɬ.ɤ. ɜɫɹ ɱɚɫɬɶ ɫɟɪɵ ɩɪɢ ɫɠɢɝɚɧɢɢ ɨɤɢɫɥɹɟɬɫɹ ɞɨ ɞɢɨɤɫɢɞɚ ɫɟɪɵ SO2, ɚ ɨɫɬɚɥɶɧɚɹ 
– ɞɨ ɬɪɢɨɤɫɢɞɚ SO3. 

Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɨɛɨɟ ɦɟɫɬɨ, ɫɪɟɞɢ ɜɪɟɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɞɵɦɨɜɵɯ 
ɝɚɡɨɜ, ɡɚɧɢɦɚɟɬ ɝɪɭɩɩɚ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɉȺɍ). 
Ɉɧɢ ɨɛɥɚɞɚɸɬ ɦɭɬɚɝɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɬɚɤ ɠɟ ɭɱɚɫɬɜɭɸɬ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɦɨɝɚ ɢ ɞɚɠɟ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɚɯ. Ɉɛɪɚɡɨɜɚɧɢɟ 
ɷɬɢɯ ɦɨɥɟɤɭɥ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɟɦ, ɱɬɨ  ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ 
ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɢɡ-ɡɚ ɬɨɪɦɨɠɟɧɢɹ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɬɨɩɥɢɜɚ ɯɨɥɨɞɧɵɦɢ ɫɬɟɧɤɚɦɢ ɬɨɩɨɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɩɪɢ 
ɫɦɟɲɟɧɢɢ ɬɨɩɥɢɜɚ ɢ ɜɨɡɞɭɯɚ Д1Ж. 

ɏɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɦɟɠɞɭ ɢɧɝɪɟɞɢɟɧɬɚɦɢ ɝɚɡɨɜɵɯ 
ɜɵɛɪɨɫɨɜ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɋɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɫɨɞɟɪɠɢɬ ɬɨɤɫɢɱɧɵɟ ɜɟɳɟɫɬɜɚ, ɦɨɠɧɨ ɨɛɟɡɜɪɟɞɢɬɶ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɪɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɧɟɣ, ɩɪɢɜɟɞɭɬ ɤ 
ɩɨɹɜɥɟɧɢɸ ɦɟɧɟɟ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ.  

Ɍɟɪɦɨɨɤɢɫɥɟɧɢɟ ɝɚɡɨɨɛɪɚɡɧɵɯ ɡɚɝɪɹɡɧɢɬɟɥɟɣ ɨɛɵɱɧɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɭɯ 
ɮɚɡɚɯ: ɝɚɡɨɜɚɹ (ɜ ɨɛɴɟɦɟ) ɢɥɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ (ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ).  
ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɨɰɟɫɫ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɠɢɝɚɧɢɟɦ ɜ ɩɥɚɦɟɧɢ ɜɵɛɪɨɫɨɜ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɨɬɨɪɵɟ ɩɪɟɜɵɲɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɝɨɪɸɱɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɨɜɵɯ ɜɵɛɪɨɫɨɜ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɡɚɩɭɫɬɢɬɶ ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ 
ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɧɭɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɬɚɥɢɡɚɬɨɪɵ. Ʉɚɬɚɥɢɡɚɬɨɪɵ – 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɫɩɨɫɨɛɧɵ ɡɚ ɫɱɟɬ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɱɚɫɬɢɰ 
ɭɫɤɨɪɹɬɶ ɨɤɢɫɥɟɧɢɟ ɡɚɝɪɹɡɧɢɬɟɥɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɨɫɩɥɚɦɟɧɟɧɢɹ. 

Ⱦɥɹ ɨɱɢɫɬɤɢ ɜɟɧɬɢɥɹɰɢɨɧɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɝɚɡɨɜ ɨɬ ɜɪɟɞɧɵɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ 
ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɩɚɪɵ ɥɟɬɭɱɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɚɡɨɬɚ, 
ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɢ ɬɟɪɦɨɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɝɚɡɨɨɱɢɫɬɤɢ.  

ȼ ɨɫɧɨɜɧɨɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɹɜɥɹɸɬɫɹ ɦɟɬɚɥɥɵ ɢ ɢɯ ɫɨɟɞɢɧɟɧɢɹ, 
ɩɟɪɟɯɨɞɧɵɟ ɦɟɬɚɥɥɵ ɢ ɢɯ ɫɨɟɞɢɧɟɧɢɹ (ɨɤɫɢɞ ɦɟɞɢ, ɞɢɨɤɫɢɞ ɦɚɪɝɚɧɰɚ). Ɍɚɤɠɟ 
ɦɨɝɭɬ ɞɨɛɚɜɥɹɬɶɫɹ ɩɪɨɦɨɬɢɪɨɜɚɧɧɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ; ɜ ɢɯ ɫɨɫɬɚɜ ɩɨɦɢɦɨ 
ɫɨɟɞɢɧɟɧɢɣ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ ɜɜɨɞɢɬɫɹ ɜ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ (< 0,1 %) 
ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ.  
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Ⱦɥɹ ɩɪɨɬɟɤɚɧɢɹ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɭɠɧɵ ɧɟɛɨɥɶɲɢɟ ɤɨɥɢɱɟɫɬɜɚ 
ɤɚɬɚɥɢɡɚɬɨɪɚ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɨɠɟɧ ɬɚɤ, ɱɬɨɛɵ ɫɨɡɞɚɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɫ ɝɚɡɨɜɵɦ ɩɨɬɨɤɨɦ. 

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɠɢɝɚɧɢɹ 
ɬɨɤɫɢɱɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɝɚɡɨɜɵɯ ɨɬɯɨɞɚɯ. ȼ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ ɩɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 200…300 °ɋ. ɗɬɨɬ ɞɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ 
ɝɨɪɚɡɞɨ ɦɟɧɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɩɪɢ ɩɪɹɦɨɦ ɫɠɢɝɚɧɢɢ ɜ ɩɟɱɚɯ.  

ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɠɢɝɚɧɢɹ ɜɵɛɪɨɫɨɜ ɫɨɞɟɪɠɚɳɢɯ ɩɚɪɵ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. 

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɫɠɢɝɚɧɢɹ ɝɚɡɨɜɵɯ ɨɬɯɨɞɨɜ: 
1 – ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ; 2 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 3 – ɜɟɧɬɢɥɹɬɨɪ; 4 – ɤɚɦɟɪɚ ɫɝɨɪɚɧɢɹ; 5 – ɤɚɦɟɪɚ 

ɫɦɟɲɟɧɢɹ; 6 – ɤɚɬɚɥɢɡɚɬɨɪ; 7 – ɝɚɡɨɯɨɞ; 8 – ɪɟɝɭɥɢɪɨɜɨɱɧɵɣ ɲɢɛɟɪ 

 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɪɟɚɤɬɨɪɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɵɟ ɦɨɞɟɥɢ ɭɪɚɜɧɟɧɢɣ. 
ȼɵɞɟɥɹɟɬɫɹ 3 ɬɢɩɚ ɢɞɟɚɥɶɧɵɯ ɪɟɚɤɬɨɪɨɜ: ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɩɨɥɧɨɝɨ ɫɦɟɲɟɧɢɹ, 
ɩɪɨɬɨɱɧɵɣ ɢɞɟɚɥɶɧɨɝɨ ɜɵɬɟɫɧɟɧɢɹ ɢ ɩɪɨɬɨɱɧɵɣ ɩɨɥɧɨɝɨ ɫɦɟɲɟɧɢɹ [2]. 

ȿɫɥɢ ɢɡɜɟɫɬɧɚ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ s0 (ɦ2/ɦ3), ɬɨ 
ɤɢɧɟɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɩɪɨɬɨɱɧɵɯ ɪɟɚɤɬɨɪɨɜ ɜɵɬɟɫɧɟɧɢɹ ɩɪɢɦɟɬ ɜɢɞ: ݑ = �݀ܩ݀ = ݇ �̱ а˕ݏ଴∆ (1) 

ɝɞɟ ݑ – ɫɤɨɪɨɫɬɶ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ, ɤɝ/ɫ (ɤɦɨɥɶ/ɫ); ܩ – ɤɨɥɢɱɟɫɬɜɨ 
ɭɞɚɥɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɤɝ (ɤɦɨɥɶ); � – ɜɪɟɦɹ, ɫ (ɱ); ݇ – ɨɛɳɚɹ ɤɨɧɫɬɚɧɬɚ 
ɫɤɨɪɨɫɬɢ ɩɪɨɰɟɫɫɚ; �̱ а˕ – ɨɛɴɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɦ3

; ∆ – ɞɜɢɠɭɳɚɹ ɫɢɥɚ ɩɪɨɰɟɫɫɚ. 
Ɉɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɤɚɬɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɚɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɫɨɜɨɤɭɩɧɨɫɬɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɫ ɬɟɩɥɨɜɵɦɢ ɢ ɦɚɬɟɪɢɚɥɶɧɵɦɢ 
ɛɚɥɚɧɫɚɦɢ.  

ɋɤɨɪɨɫɬɶ ɦɚɫɫɨɩɟɪɟɞɚɱɢ ɤɨɦɩɨɧɟɧɬɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɪɟɚɤɰɢɨɧɧɨɣ 
ɫɦɟɫɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ: ܩ =  (2)  ܥ∆ˏܵߚ
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ɝɞɟ ܩ – ɤɨɥɢɱɟɫɬɜɨ ɭɞɚɥɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɤɝ/ɫ (ɤɦɨɥɶ/ɱ); β – ɤɨɷɮɮɢɰɢɟɧɬ 
ɦɚɫɫɨɨɬɞɚɱɢ, ɦ/c (ɦ/ɱ); ܵˏ – ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɫɫɨɩɟɪɟɞɚɱɢ, ɦ2

 ɫɪɟɞɧɹɹ – ܥ∆ ;
ɥɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɣ ɭɞɚɥɹɟɦɨɝɨ ɤɨɦɨɩɨɧɟɧɬɚ ɜ ɝɚɡɨɜɨɦ 
ɩɨɬɨɤɟ ܥː ɢ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɫɥɨɹ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ܥˍ, ɤɝ/ɦ3 (ɤɦɨɥɶ/ ɦ3

ܥ∆ :( = ːܥ − lnˍܥ  (3) ˍܥ/ːܥ

ɇɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɫɨɫɬɚɜɢɬ: �̱ а˕ =  ଴,  (4)ݏ/ܵ

ɝɞɟ �̱ а˕ – ɨɛɴɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɦ3
; ܵ – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ 

ɤɚɬɚɥɢɡɚɬɨɪɚ, ɦ2
 ଴ – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚݏ ;

ɤɚɬɚɥɢɡɚɬɨɪɚ (ɭɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ), ɦ2/ɦ3
. 

ɍɱɢɬɵɜɚɹ ɮɨɪɦɭɥɵ (2) ɢ (3) ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɥɭɱɚɟɦ: �̱ а˕ = ܩ ln ːܥሺߚˍܥ/ːܥ −  ଴. (5)ݏሻˍܥ

Ʉɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɨɬɞɚɱɢ  ߚ = ˇݑ� ∙  э ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ݀/ܦ
ɨɬ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɝɚɡɚ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ: 

ɩɪɢ Re = 0,01…2               �ݑˇ = Ͳ,ͷͳͷ ܴ݁଴,ଶହ �ݎ଴,ଷଷ 

ɩɪɢ Re = 2…30                    �ݑˇ = Ͳ,͹ʹͷ ܴ݁଴,ସ଻ �ݎ଴,ଷଷ 

ɩɪɢ Re = 0,01…2               �ݑˇ = Ͳ,͵ͻͷ ܴ݁଴,଺ସ �ݎ଴,ଷଷ 

(6) 

ɝɞɟ �ݑˇ – ɞɢɮɮɭɡɢɨɧɧɵɣ ɤɪɢɬɟɪɢɣ ɇɭɫɫɟɥɶɬɚ:  �݀ߚ = ˇݑэ/ܦ௬; (7) 

Re – ɤɪɢɬɟɪɢɣ Ɋɟɣɧɨɥɶɞɫɚ: 
 Re = ݒˆ݀э/νˆ;  (8) �ݎ – ɞɢɮɮɭɡɢɨɧɧɵɣ ɤɪɢɬɟɪɢɣ ɉɪɚɧɞɬɥɹ: �ݎ =  ௬ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɭɥɚɜɥɢɜɚɟɦɨɝɨ ɝɚɡɨɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜܦ ௬; (9)ܦ/ˆݒ

ɜɨɡɞɭɯɟ ɩɪɢ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ: ܦ௬ = ௬଴ሺܦ ்ଶ଻ଷሻଵ,ହ �బ� ; (10) �଴ = ͻ,ͺ ∙ ͳͲସ ɉɚ; � – ɞɚɜɥɟɧɢɟ ɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɉɚ; ܦ௬଴ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ 
ɭɥɚɜɥɢɜɚɟɦɨɝɨ ɝɚɡɨɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɜɨɡɞɭɯɟ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɦ2

/c; ݒˆ – ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɩɪɢ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ, ɦ/ɫ: 
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ˆݒ = �బ�బ ∙ ்ଶ଻ଷ �బ�  ଴ – ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, ɨɬɧɟɫɟɧɧɚɹ ɤݒ (11) ;
ɩɨɥɧɨɣ ɮɢɥɶɬɪɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɧɚ ɩɪɚɤɬɢɤɟ ݒ଴ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ 
0,5…1 ɦ/ɫ); ߝ଴ – ɩɨɪɢɫɬɨɫɬɶ ɧɟɩɨɞɜɢɠɧɨɝɨ ɫɥɨɹ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ; ݀э = Ͷߝ଴/ݏ଴ 

– ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰɵ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɦ; νɝ – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ 
ɝɚɡɚ ɩɪɢ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ, ɦ2/ɫ; ܶ – ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɟ, Ʉ. 

ɋ ɩɨɦɨɳɶɸ ɷɬɢɯ ɞɚɧɧɵɯ ɜɵɱɢɫɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ qɨɛ, 

ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɤɚɬɚɥɢɬɢɱɟɫɤɚɹ ɨɱɢɫɬɤɚ ɝɚɡɚ. ȿɫɥɢ ɪɚɫɱɟɬɵ 
ɜɵɩɨɥɧɹɥɢɫɶ ɞɥɹ ɨɱɢɫɬɤɢ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɝɚɡɚ ɜ ɱɚɫ, ɬɨ, ɪɚɡɞɟɥɢɜ 
ɨɛɴɟɦ ɷɬɨɝɨ ɝɚɡɚ Qɝ ɧɚ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɤɚɬɚɥɢɡɚɬɨɪɚ Vɤɚɬ, ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɨɛɴɟɦɧɭɸ ɫɤɨɪɨɫɬɶ. Ɋɚɫɫɱɢɬɚɧɧɨɟ ɡɧɚɱɟɧɢɟ 
ɨɛɴɟɦɧɨɣ ɫɤɨɪɨɫɬɢ ɭɦɟɧɶɲɚɸɬ ɜ 1,5 – 2 ɪɚɡɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

ɍɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ  ɪɚɜɧɚ: ݏ଴ = ௌ�̊̊ = ଺ሺଵ−�ሻʣௗ˚ ; (12) 

ɝɞɟ ݀˚ – ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ (ɞɥɹ ɱɚɫɬɢɰ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ 
ɰɢɥɢɧɞɪɚ ɫ ɜɵɫɨɬɨɣ, ɪɚɜɧɨɣ ɞɢɚɦɟɬɪɭ), ɦ; Ɏ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɱɚɫɬɢɰ 
ɤɚɬɚɥɢɡɚɬɨɪɚ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɟɪɚɜɧɨɞɨɫɬɭɩɧɨɫɬɶ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɪɧɚ 
ɨɛɞɭɜɚɟɦɨɦɭ ɩɨɬɨɤɭ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɮɨɪɦɟ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ 
ɱɚɫɬɢɰ ɞɥɢɧɨɣ ݈˚ ɢ ɞɢɚɦɟɬɪɨɦ ݀˚: ʣ = ଷௗ˚௟˚ଶሺ௟˚+೏మ̊ ሻሺయమௗ˚మ௟˚ሻభ/య; (13) 

ɇɟɨɛɯɨɞɢɦɚɹ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɬɨɥɳɢɧɚ ɧɟɩɨɞɜɢɠɧɨɝɨ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɇ0 

ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ  ɫɬɟɩɟɧɢ ɨɱɢɫɬɤɢ ߟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: ܪ଴ = ேబ�ˆ௦బఉ ; (14) 

ɝɞɟ �଴ – ɱɢɫɥɨ ɟɞɢɧɢɰ ɩɟɪɟɧɨɫɚ: �଴ = ln ଵଵ−�; (15) 

ɝɞɟ ߟ – ɬɪɟɛɭɟɦɚɹ ɫɬɟɩɟɧɶ ɩɪɟɜɪɚɳɟɧɢɹ ( ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɱɢɫɬɤɢ ɝɚɡɚ). 
Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɥɨɹ ɧɚɫɵɩɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ 

ɥɚɦɢɧɚɪɧɨɦ ɞɜɢɠɟɧɢɢ ɝɚɡɚ ɱɟɪɟɡ ɡɟɪɧɢɫɬɵɣ ɧɟɩɨɞɜɢɠɧɵɣ ɫɥɨɣ ɤɚɬɚɥɢɡɚɬɨɪɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ: Δ� = ߞ ଷሺଵ−�బሻଶ�బయʣ ∙ �బௗ˚ ∙ �ˆ�బమଶ ; (16) 

ɢɥɢ 
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Δ�ܪ଴ = ͳͷͲ ∙ ሺͳ − ଴ଷ݀˚ଶߝʣଶˆߤ଴ሻଶߝ ∙  ଴ (17)ߥ

ɝɞɟ ߞ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; ߝ଴ – ɩɨɪɢɫɬɨɫɬɶ ɧɟɩɨɞɜɢɠɧɨɝɨ ɫɥɨɹ; ܪ଴ – 

ɜɵɫɨɬɚ ɧɟɩɨɞɜɢɠɧɨɝɨ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɦ; ݏ଴ – ɭɞɟɥɶɧɚɹ ɜɧɟɲɧɹɹ ɩɨɜɟɪɯɧɨɫɬɶ 
ɡɟɪɟɧ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɦ2/ɦ3

 ɩɥɨɬɧɨɫɬɶ – ˆߩ ;଴ – ɮɢɤɬɢɜɧɚɹ ɫɤɨɪɨɫɬɶ ɝɚɡɚ, ɦ/ɫߥ ;
ɝɚɡɚ, ɤɝ/ɦ3

 – ˚݀ ;ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɚɡɚ ɩɪɢ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ, ɉɚ∙ɫ – ˆߤ ;

ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɦ. 
ɉɪɢ Re < 50 ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 220 = ߞ/Re; ɩɪɢ Re > 50 11,6 = ߞ/Re

0,25
. 

Ʉɪɢɬɢɱɟɫɤɢɟ ɫɤɨɪɨɫɬɢ ɜɡɜɟɲɢɜɚɧɢɹ ɢ ɭɧɨɫɚ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ ɚ ɬɚɤɠɟ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɥɨɹ Δ� – ɷɬɨ ɨɫɧɨɜɧɵɟ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɚɤɬɨɪɚ ɤɢɩɹɳɟɝɨ ɫɥɨɹ. ɗɬɢ ɜɟɥɢɱɢɧɵ ɨɩɪɟɞɟɥɹɸɬ ɩɪɟɞɟɥɵ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɜɡɜɟɲɟɧɧɨɝɨ ɫɥɨɹ. 

ɋɤɨɪɨɫɬɶ ɧɚɱɚɥɚ ɜɡɜɟɲɢɜɚɧɢɹ ߥ˅ˊ˅ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɱɢɫɥɭ Ɋɟɣɧɨɥɶɞɫɚ: ܴ݁˅ˊ˅ = ͳͶͲͲݎ� + ͷ,ʹʹ√�(18) ݎ 

ɝɞɟ ܴ݁˅ˊ˅ = ݎ� ɢ ˆߥ/˚݀˅ˊ˅ߥ = gௗ˚యሺ�˕−�ˆሻ�ˆమ�ˆ  ɩɥɨɬɧɨɫɬɶ – ˆߩ,˕ߩ ;ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɝɚɡɚ, ɦ2/ɫ – ˆߥ ;
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɤɚɬɚɥɢɡɚɬɨɪɚ ɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ; g – ɭɫɤɨɪɟɧɢɟ 
ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ. 

ɂɫɬɢɧɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚɱɚɥɚ ɜɡɜɟɲɢɜɚɧɢɹ: ߥˋ˔˕ =  (19) ߝ/˅ˊ˅ߥ

ɝɞɟ İ – ɩɨɪɢɫɬɨɫɬɶ ɤɢɩɹɳɟɝɨ ɫɥɨɹ. 
ɍɪɚɜɧɟɧɢɟ (18) ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ߥ˅ˊ˅ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɬɟɯɧɢɱɟɫɤɢɯ 

ɪɚɫɱɟɬɨɜ ɬɨɱɧɨɫɬɶɸ. 
ɋɤɨɪɨɫɬɶ ɭɧɨɫɚ ɱɚɫɬɢɰ ɝɚɡɚ ߥ˖ː ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ: ܴ݁˖ː = ௠௜௡ሺͳͺݎ� + Ͳ,͸√�ݎ௠௜௡ሻ (20) 

ɜ ɤɨɬɨɪɨɦ �ݎ௠௜௡ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɹ ɧɚɢɛɨɥɟɟ ɦɟɥɤɢɯ ɱɚɫɬɢɰ ɬɜɟɪɞɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɞɢɚɦɟɬɪɨɦ dmin. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɡɜɟɲɟɧɧɨɝɨ ɫɥɨɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 
ɭɫɥɨɜɢɣ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɜɡɜɟɲɟɧɧɨɝɨ ɫɥɨɹ, ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɢɡ ɪɚɜɟɧɫɬɜɚ ɫɢɥ 
ɬɪɟɧɢɹ ɝɚɡɚ ɨ ɱɚɫɬɢɰɵ ɢ ɫɢɥɵ ɬɹɠɟɫɬɢ ɱɚɫɬɢɰ. ɍɫɥɨɜɢɟ ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɫɥɨɹ 
ɜɵɫɨɬɨɣ ɇɫɥ: 
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Δ� = gߩ˕(ͳ −  (21) ˎ˔ܪ(˓˔ߝ

ɝɞɟ ߝ˔˓ – ɫɪɟɞɧɹɹ ɩɨɪɢɫɬɨɫɬɶ ɜɡɜɟɲɟɧɧɨɝɨ ɫɥɨɹ (ɜ ɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ). 
ȼɵɫɨɬɚ ɜɡɜɟɲɟɧɧɨɝɨ ɫɥɨɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɇ: ܪ = ଴ܪ ͳ − ଴ͳߝ − ߝ . (22) 

Ɋɚɫɱɟɬ ɩɨɪɢɫɬɨɫɬɢ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɜɡɜɟɲɟɧɧɨɝɨ ɫɥɨɹ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫ 
ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ, ɨɩɪɟɞɟɥɹɸɳɟɣ İ ɱɟɪɟɡ �ݎ ɢ Re: ߝ = ሺͳͺܴ݁ + Ͳ,͵͸ܴ݁ଶ�ݎ ሻ଴,ଶଵ. (23) 
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Ⱥ. ɋ. Ɂɚɜɨɪɢɧ ɢ ɞɪ.; ɩɨɞ ɪɟɞ. ȼ. Ɇ. Ʌɟɛɟɞɟɜɚ. – Ɇ.: ɎȽȻɈɍ «ɍɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɣ 
ɰɟɧɬɪ ɩɨ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ», 2013. 376 ɫ.  

2. ȼɟɬɨɲɤɢɧ, Ⱥ. Ƚ. Ɍɟɯɧɨɥɨɝɢɹ ɡɚɳɢɬɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ (ɬɟɨɪɟɬɢɱɟɫɤɢɟ 
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USE OF GEOTHERMAL SOURCES OF THERMAL ENERGY FOR NEEDS 

OF HEAT SUPPLY AND DEVELOPMENT THE ELECTRIC POWER IN 

THE REGION OF THE FAR NORTH 

 

In article the prospects of development of geothermal energy are considered. The review of 

power plants in the region of the Far North, ways of obtaining energy at geothermal stations is 

carried out. Merits and demerits of energy of this type are reflected. 

 

Key words: geothermal energy, heat, permafrost, planning. 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɤɚɤ ɨɞɧɨɝɨ ɢɡ ɜɢɞɨɜ 
ɜɨɡɨɛɧɨɜɥɹɟɦɨɣ ɷɧɟɪɝɢɢ ɨɛɭɫɥɨɜɥɟɧɚ ɢɫɬɨɳɟɧɢɟɦ ɡɚɩɚɫɨɜ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɬɨɩɥɢɜɚ ɢ ɡɚɜɢɫɢɦɨɫɬɶɸ ɛɨɥɶɲɢɧɫɬɜɚ ɪɚɡɜɢɬɵɯ ɝɨɫɭɞɚɪɫɬɜ ɨɬ ɟɝɨ ɢɦɩɨɪɬɚ, ɚ 
ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɵɦ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɬɨɩɥɢɜɧɨɣ ɢ ɹɞɟɪɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ ɧɚ ɫɪɟɞɭ ɨɛɢɬɚɧɢɹ ɱɟɥɨɜɟɤɚ ɢ ɧɚ ɩɪɢɪɨɞɭ. 

ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɢ ɪɚɡɜɟɞɚɧɨ 47 ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɫ 
ɡɚɩɚɫɚɦɢ ɬɟɪɦɚɥɶɧɵɯ ɜɨɞ, ɩɨɡɜɨɥɹɸɳɢɦɢ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ 240·103

 ɦ3/ɫɭɬɤɢ ɢ 
ɩɚɪɨɝɢɞɪɨɬɟɪɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɛɨɥɟɟ 105·103

 ɬ/ɫɭɬɤɢ Д1-2]. 
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ɇɚ ɬɟɪɪɢɬɨɪɢɢ ɧɚɲɟɣ ɫɬɪɚɧɵ ɩɪɨɛɭɪɟɧɨ ɛɨɥɟɟ 3000 ɫɤɜɚɠɢɧ ɫ ɰɟɥɶɸ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ Д3Ж. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɧɚ Ʉɚɦɱɚɬɤɟ ɭɠɟ 
ɩɪɨɛɭɪɟɧɨ ɧɚ ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɩɨɥɹɯ 365 ɫɤɜɚɠɢɧ ɝɥɭɛɢɧɨɣ ɨɬ 255 ɞɨ 2266 ɦ. ɉɨ 
ɞɚɧɧɵɦ ɂɧɫɬɢɬɭɬɚ ɜɭɥɤɚɧɨɥɨɝɢɢ ɢ ɫɟɣɫɦɨɥɨɝɢɢ ȾȼɈ ɊȺɇ ɝɟɨɬɟɪɦɚɥɶɧɵɟ 
ɪɟɫɭɪɫɵ, ɤɨɬɨɪɵɟ ɜɵɹɜɥɟɧɵ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɩɨɡɜɨɥɹɸɬ ɩɨɥɧɨɫɬɶɸ 
ɨɛɟɫɩɟɱɢɬɶ Ʉɚɦɱaɬɤɭ ɷɥɟɤɬɪɢɱɟɫɬɜɨɦ ɢ ɬɟɩɥɨɦ ɛɨɥɟɟ, ɱɟɦ ɧɚ 100 ɥɟɬ. ɇɚɪɹɞɭ ɫ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ Ɇɭɬɧɨɜɫɤɢɦ ɦɟɫɬɨɪɨɠɞɟɧɢɟɦ ɦɨɳɧɨɫɬɶɸ 300 Ɇȼɬ(ɷ) 
ɧɚ ɸɝɟ Ʉɚɦɱɚɬɤɢ ɢɡɜɟɫɬɧɵ ɡɧɚɱɢɬɟɥɶɧɵɟ ɡɚɩɚɫɵ ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ ɧɚ 
ɉɚɭɠɟɬɫɤɨɦ, Ʉɨɲɟɥɟɜɫɤɨɦ, Ȼɨɥɶɲɟ-Ȼɚɧɧɨɦ, ɚ ɬɚɤɠɟ ɧɚ ɫɟɜɟɪɟ Ʉɚɦɱɚɬɤɢ - 

Ʉɢɪɟɭɧɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ. ɇɚ ɷɬɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹɯ ɦɨɠɧɨ ɞɨɫɬɢɝɧɭɬɶ 
ɦɨɳɧɨɫɬɢ ɨɤɨɥɨ 2000 Ɇȼɬ (ɷɥɟɤɬɪɢɱɟɫɤɢɯ). Ɂɚɩɚɫɵ ɬɟɩɥɚ ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɜɨɞ 
Ʉɚɦɱɚɬɤɢ ɨɰɟɧɢɜɚɸɬɫɹ ɜ 5000 Ɇȼɬ (ɬɟɩɥɨɜɵɯ). 

ȼɫɟ ɠɟ, ɩɪɢɦɟɧɹɹ ɝɟɨɬɟɪɦɚɥɶɧɭɸ ɷɧɟɪɝɢɸ, ɫɥɟɞɭɟɬ ɩɨɥɧɨɫɬɶɸ ɭɱɢɬɵɜɚɬɶ 
ɤɚɤ ɞɨɫɬɨɢɧɫɬɜɚ, ɬɚɤ ɢ ɧɟɞɨɫɬɚɬɤɢ. 

Ƚɥɚɜɧɨɟ ɞɨɫɬɨɢɧɫɬɜɨ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ - ɜoɡɦɨɠɧɨɫɬɶ ɟɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɜɢɞɟ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɜɨɞɵ ɥɢɛɨ ɫɦɟɫɢ ɜɨɞɵ ɢ ɩɚɪɚ (ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɬɟɦɩɟɪɚɬɭɪɵ) ɞɥɹ ɧɭɠɞ ɝɨɪɹɱɟɝɨ ɜɨɞɨ- ɢ ɬɟɩɥɨɫɧɚɛɠɟɧɢɹ, 
ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɢɥɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɥɹ ɜɫɟɯ 3-ɯ ɰɟɥɟɣ, ɟɟ 
ɩɪɚɤɬɢɱɟɫɤɚɹ ɧɟɢɫɱɟɪɩɚɟɦɨɫɬɶ, ɩɨɥɧɚɹ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɭɫɥɨɜɢɣ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ, ɜɪɟɦɟɧɢ ɫɭɬɨɤ ɢ ɝɨɞɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɟɨɬɟɪɦɚɥɶɧɨɣ 
ɷɧɟɪɝɢɢ (ɧɚɪɹɞɭ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɪɭɝɢɯ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ 
ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ) ɦɨɠɟɬ ɜɧɟɫɬɢ ɫɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ 
ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɩɪɨɛɥɟɦ: ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɭɫɬɨɣɱɢɜɨɝɨ ɬɟɩɥɨ- ɢ 
ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ ɞɥɹ ɧɚɫɟɥɟɧɢɹ ɜ ɪɚɣɨɧɚɯ, ɝɞɟ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɟ 
ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ ɢɥɢ ɹɜɥɹɟɬɫɹ ɞɨɪɨɝɨɫɬɨɹɳɢɦ (ɧɚɩɪɢɦɟɪ, ɧɚ 
Ʉɚɦɱɚɬɤɟ, ɜ ɪɚɣɨɧɚɯ Ʉɪɚɣɧɟɝɨ ɋɟɜɟɪɚ ɢ ɬ. ɩ.); ɨɛɟɫɩɟɱɟɧɢɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɝɨ 
ɦɢɧɢɦɭɦɚ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɧɚɫɟɥɟɧɢɹ ɜ ɡɨɧɚɯ ɧɟɭɫɬɨɣɱɢɜɨɝɨ 
ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɢɡ-ɡɚ ɧɟɯɜɚɬɤɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɜ 
ɷɧɟɪɝɨɫɢɫɬɟɦɚɯ, ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɭɳɟɪɛɚ ɨɬ ɚɜɚɪɢɣɧɵɯ ɢ ɨɝɪɚɧɢɱɢɬɟɥɶɧɵɯ 
ɨɬɤɥɸɱɟɧɢɣ ɢ ɬ.ɩ.; ɫɧɢɠɟɧɢɟ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɨɬ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ ɜ 
ɨɬɞɟɥɶɧɵɯ ɪɟɝɢɨɧɚɯ ɫ ɧɟɩɪɨɫɬɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɨɣ. 

Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɨɛɪɚɬɧɨɣ ɡɚɤɚɱɤɢ ɨɬɪɚɛɨɬɚɧɧɨɣ ɜɨɞɵ ɜ ɩɨɞɡɟɦɧɵɣ ɜɨɞɨɧɨɫɧɵɣ ɝɨɪɢɡɨɧɬ. 
Ⱦɪɭɝɨɣ ɧɟɞɨɫɬɚɬɨɤ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɫɨɤɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ ɬɟɪɦɚɥɶɧɵɯ ɜɨɞ 
ɛɨɥɶɲɢɧɫɬɜɚ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢ ɧɚɥɢɱɢɢ ɬɨɤɫɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɦɟɬɚɥɥɨɜ ɜ 
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ɜɨɞɟ, ɱɬɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɛɪɨɫɚ ɷɬɢɯ ɜɨɞ ɜ 
ɩɪɢɪɨɞɧɵɟ ɜɨɞɧɵɟ ɫɢɫɬɟɦɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. 

ȼɵɲɟɭɩɨɦɹɧɭɬɵɟ ɧɟɞɨɫɬɚɬɤɢ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɪɢɜɨɞɹɬ ɤ ɬɨɦɭ, 
ɱɬɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɬɵ ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɜɨɞ ɧɟɨɛɯɨɞɢɦɵ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɛɭɪɟɧɢɟ ɫɤɜɚɠɢɧ, ɨɛɪɚɬɧɭɸ ɡɚɤɚɱɤɭ 
ɨɬɪɚɛɨɬɚɧɧɨɣ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɜɨɞɵ, ɚ ɬɚɤɠɟ ɧɚ ɫɨɡɞɚɧɢɟ ɤɨɪɪɨɡɢɨɧɧɨ-

ɭɫɬɨɣɱɢɜɨɝɨ ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɬɟɩɥɨɜɨɣ 

ɷɧɟɪɝɢɢ ɜ ɜɵɪɚɛɨɬɤɭ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɦɟɬɨɞɚɦɢ Д2Ж: 

1. ɉɪɹɦɨɣ ɦɟɬɨɞ  
ɇɚ ɪɢɫ.1 ɨɬɨɛɪɚɠɟɧ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɪɹɦɨɝɨ ɦɟɬɨɞɚ. ȼ ɭɫɬɚɧɨɜɤɚɯ 

ɬɚɤɨɝɨ ɜɢɞɚ ɢɡ ɧɟɞɪ ɡɟɦɥɢ ɢɞɟɬ ɩɚɪ,  ɪɚɛɨɬɚɸɳɢɣ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɤɨɧɬɚɤɬɟ 
ɫ ɩɚɪɨɜɨɣ ɬɭɪɛɢɧɨɣ. ɉɚɪ ɩɨɞɚɟɬɫɹ ɧɚ ɥɨɩɚɫɬɢ ɬɭɪɛɢɧɵ, ɤɨɬɨɪɚɹ ɫɜɨɟ 
ɜɪɚɳɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɩɟɪɟɞɚɟɬ ɝɟɧɟɪɚɬɨɪɭ, ɜɵɪɚɛɚɬɵɜɚɸɳɟɦɭ 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ.  

 

Ɋɢɫ. 1. ɉɪɹɦɨɣ ɦɟɬɨɞ ɪɚɛɨɬɵ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

 

2. ɇɟɩɪɹɦɨɣ ɦɟɬɨɞ  
ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɧɟɩɪɹɦɨɝɨ ɦɟɬɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 2. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɢɡ ɡɟɦɥɢ ɡɚɤɚɱɢɜɚɟɬɫɹ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ ɩɨɫɬɭɩɚɟɬ ɧɚ ɢɫɩɚɪɢɬɟɥɶ, ɡɚɬɟɦ ɩɨɫɥɟ 
ɢɫɩɚɪɟɧɢɹ ɩɨɥɭɱɟɧɧɵɣ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɧɚ ɥɨɩɚɫɬɢ ɬɭɪɛɢɧɵ.  
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Ɋɢɫ. 2. ɇɟɩɪɹɦɨɣ ɦɟɬɨɞ ɪɚɛɨɬɵ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

 

3. ɋɦɟɲɚɧɧɵɣ (ɛɢɧɚɪɧɵɣ) ɦɟɬɨɞ  
ɇɚ ɪɢɫ. 3 ɨɬɨɛɪɚɠɟɧ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɛɢɧɚɪɧɨɝɨ ɦɟɬɨɞɚ. ȼ 

ɭɫɬɪɨɣɫɬɜɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɷɬɨɦɭ ɦɟɬɨɞɭ, ɜɨɞɚ ɢɡ ɫɤɜɚɠɢɧɵ ɩɨɫɬɭɩɚɟɬ ɧɚ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤ, ɜ ɤɨɬɨɪɨɦ ɩɟɪɟɞɚɟɬ ɫɜɨɸ ɷɧɟɪɝɢɸ ɬɟɩɥɨɧɨɫɢɬɟɥɸ. Ɉɧ, ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɢɫɩɚɪɹɟɬɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɨɥɭɱɟɧɧɨɣ ɷɧɟɪɝɢɢ, ɚ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ 
ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɧɚ ɥɨɩɚɫɬɢ ɬɭɪɛɢɧɵ.  

ȼ ɝɟɨɬɟɪɦɚɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɩɪɹɦɨɦɭ ɦɟɬɨɞɭ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɬɭɪɛɢɧɭ, ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɫɥɭɠɢɬ ɝɟɨɬɟɪɦɚɥɶɧɵɣ ɩɚɪ.  

ȼ ɧɟɩɪɹɦɨɦ ɦɟɬɨɞɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɟɪɟɝɪɟɬɵɟ ɝɢɞɪɨɬɟɯɧɢɱɟɫɤɢɟ ɪɚɫɬɜɨɪɵ 
(ɝɢɞɪɨɬɟɪɦɵ), ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɵɲɟ 180°ɋ.  

ɉɪɢ ɛɢɧɚɪɧɨɦ ɦɟɬɨɞɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɨɪɹɱɚɹ ɜɨɞɚ, ɡɚɛɢɪɚɟɦɚɹ ɢɡ ɫɥɨɟɜ 
ɡɟɦɥɢ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɩɚɪɨɨɛɪɚɡɭɸɳɟɣ ɠɢɞɤɨɫɬɢ ɫ ɦɟɧɶɲɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɤɢɩɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɮɪɟɨɧ). 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɚ Ʉɚɦɱɚɬɤɟ ɪɚɛɨɬɚɸɬ ɱɟɬɵɪɟ ɝɟɨɬɟɪɦɚɥɶɧɵɟ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ – ɫɬɚɪɟɣɲɚɹ ɜ Ɋɨɫɫɢɢ ɉɚɭɠɟɬɫɤɚɹ Ƚɟɨɗɋ , ȼɟɪɯɧɟ-Ɇɭɬɧɨɜɫɤɚɹ 
Ƚɟɨɗɋ, ɤɪɭɩɧɟɣɲɚɹ ɜ ɫɬɪɚɧɟ Ɇɭɬɧɨɜɫɤɚɹ Ƚɟɨɗɋ ɢ Ɇɟɧɞɟɥɟɟɜɫɤɚɹ ȽɟɨɌɗɋ. 

1. ɉɚɭɠɟɬɫɤɚɹ ȽɟɨɗC ɪɚɫɩɨɥɨɠɟɧɚ ɨɤɨɥɨ ɩɨɫɟɥɤɚ ɉɚɭɠɟɬɤɚ ɧɚ 
ɩɨɥɭɨɫɬɪɨɜɟ Ʉɚɦɱɚɬɤɚ. ȼɜɟɞɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ 1966 ɝɨɞɭ.  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ – 12,0 Ɇȼɬ;  
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Ƚɨɞɨɜɨɣ ɨɛɴɟɦ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ – 124,0 ɦɥɧ 
ɤȼɬ·ɱ;  

Ʉɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɨɛɥɨɤɨɜ – 2.  

ȼɟɞɭɬɫɹ ɪɚɛɨɬɵ ɩɨ ɪɟɤɨɧɫɬɪɭɤɰɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɦɨɳɧɨɫɬɶ ɜɨɡɪɚɫɬɟɬ ɞɨ 17,0 Ɇȼɬ. 

 

Ɋɢɫ. 3. ɋɦɟɲɚɧɧɵɣ ɦɟɬɨɞ ɪɚɛɨɬɵ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

 

2. ȼɟɪɯɧɟ-Ɇɭɬɧɨɜɫɤɚɹ Ƚɟɨɗɋ - ɨɩɵɬɧɨ-ɩɪɨɦɵɲɥɟɧɧɚɹ Ƚɟɨɗɋ, 
ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜ Ʉɚɦɱɚɬɫɤɨɦ ɤɪɚɟ. ȼɜɟɞɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ 1999 ɝɨɞɭ.  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ – 12,0 Ɇȼɬ;  
Ƚɨɞɨɜɨɣ ɨɛɴɟɦ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ – 63,0 ɦɥɧ ɤȼɬ·ɱ;  
Ʉɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɨɛɥɨɤɨɜ – 3. 

3. Ɇɭɬɧɨɜɫɤɚɹ Ƚɟɨɗɋ -  ɤɪɭɩɧɟɣɲɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɬɚɧɰɢɹ ɩɨɞɨɛɧɨɝɨ 
ɬɢɩɚ. Ɋɚɫɩɨɥɨɠɟɧɚ ɜ Ʉɚɦɱɚɬɫɤɨɦ ɤɪɚɟ. ȼɜɟɞɟɧɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ 2003 ɝɨɞɭ.  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ – 50,0 Ɇȼɬ;  
Ƚɨɞɨɜɨɣ ɨɛɴɟɦ ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ – 350,0 ɦɥɧ ɤȼɬ·ɱ;  
Ʉɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɨɛɥɨɤɨɜ – 2 

4.  Ɇɟɧɞɟɥɟɟɜɫɤɚɹ ȽɟɨɌɗɋ ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɨɫɬɪɨɜɟ Ʉɭɧɚɲɢɪ. ȼɜɟɞɟɧɚ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɜ 2000 ɝɨɞɭ.  

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ:  
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ – 3,6 Ɇȼɬ;  
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Ɍɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ – 17 Ƚɤɚɥ/ɱɚɫ;  
Ʉɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɨɦɨɞɭɥɟɣ – 2.  

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɬɚɧɰɢɹ ɦɨɞɟɪɧɢɡɢɪɭɟɬɫɹ, ɩɨɫɥɟ ɱɟɝɨ ɦɨɳɧɨɫɬɶ 
ɫɨɫɬɚɜɢɬ 7,4 Ɇȼɬ. 

Ƚɨɪɹɱɢɟ ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ ɧɚ Ʉɚɦɱɚɬɤɟ ɢ Ʉɭɪɢɥɚɯ ɨɛɥɚɞɚɸɬ ɩɨɬɟɧɰɢɚɥɨɦ 
ɜ 20 ɦɢɥɥɢɨɧɨɜ ɬɨɧɧ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ ɜ ɝɨɞ. Ɉɧɢ ɩɨɡɜɨɥɹɬ ɩɨɥɧɨɫɬɶɸ 
ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɬɟɩɥɨɜɵɟ ɩɨɬɪɟɛɧɨɫɬɢ ɷɬɢɯ ɬɟɪɪɢɬɨɪɢɣ. 
Ƚɟɨɬɟɪɦɚɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ ɪɟɝɢɨɧɚ ɜɨ ɦɧɨɝɨ ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɩɨɤɚɡɚɬɟɥɶ ɝɥɚɜɧɨɣ 
ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɞɟɪɠɚɜɵ  – ɂɫɥɚɧɞɢɢ, ɝɞɟ ɢɡɛɵɬɨɱɧɚɹ ɷɧɟɪɝɢɹ ɜɭɥɤɚɧɢɱɟɫɤɢɯ 
ɝɟɨɫɬɪɭɤɬɭɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɨɞɨɪɨɞɚ ɢ ɩɨɥɭɱɟɧɢɹ 
ɡɧɚɱɢɬɟɥɶɧɵɯ ɷɤɫɩɨɪɬɧɵɯ ɞɨɯɨɞɨɜ.  

Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɧɟɨɛɯɨɞɢɦɵ 
ɢɧɜɟɫɬɢɰɢɢ ɢ ɩɨɞɞɟɪɠɤɚ ɝɨɫɭɞɚɪɫɬɜɚ. ȼɜɟɞɟɧɢɟ ɝɟɨɬɟɪɦɚɥɶɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɜ 
ɷɧɟɪɝɨɛɚɥɚɧɫ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ 
ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɛɟɡɨɩɚɫɧɨɫɬɶ, ɫ ɞɪɭɝɨɣ - ɭɦɟɧɶɲɢɬɶ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɫɢɬɭɚɰɢɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ. 
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DRAINLESS TECHNOLOGY AT CHP 

 

The work is devoted to the transition to a continuous operation of CHP. The questions of 

relevance of this subject are considered. The main characteristics of the object of study are described and 

its schematic diagram is presented. The main ways of realization of the task are presented. 
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ɗɤɫɩɥɭɚɬɚɰɢɹ ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɬɚɧɰɢɣ ɫɜɹɡɚɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɨɞɵ. ɋɬɨɱɧɨɣ ɜɨɞɨɣ ɹɜɥɹɟɬɫɹ ɥɸɛɨɣ ɩɨɬɨɤ ɜɨɞɵ, 
ɜɵɜɨɞɢɦɵɣ ɢɡ ɰɢɤɥɚ ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɢ.  

Ɂɚɝɪɹɡɧɟɧɧɵɟ ɫɬɨɱɧɵɟ ɜɨɞɵ Ɍɗɋ ɢ ɢɯ ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ 
ɫɨɫɬɨɹɬ ɢɡ ɪɚɡɥɢɱɧɵɯ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɢ ɤɚɱɟɫɬɜɭ ɩɨɬɨɤɨɜ. ȼ ɢɯ ɫɨɫɬɚɜ ɜɯɨɞɹɬ: 

1. ɋɬɨɱɧɵɟ ɜɨɞɵ ɤɚɤ ɨɛɨɪɨɬɧɵɯ, ɬɚɤ ɢ ɩɪɹɦɨɬɨɱɧɵɯ (ɪɚɡɨɦɤɧɭɬɵɯ) 
ɫɢɫɬɟɦ ɝɢɞɪɨɡɨɥɨɲɥɚɤɨɭɞɚɥɟɧɢɹ (ȽɁɍ) ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ 
ɬɜɟɪɞɨɦ ɬɨɩɥɢɜɟ. ɉɪɨɞɭɜɨɱɧɵɟ ɜɨɞɵ ɨɛɨɪɨɬɧɵɯ ɫɢɫɬɟɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ Ɍɗɋ, 
ɫɛɪɚɫɵɜɚɟɦɵɟ ɩɨɫɬɨɹɧɧɨ. 

2. ȼɨɞɵ ɤɨɦɩɥɟɤɫɧɵɯ ɨɱɢɫɬɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɫɛɪɚɫɵɜɚɟɦɵɟ ɩɟɪɢɨɞɢɱɟɫɤɢ, 
ɜ ɬɨɦ ɱɢɫɥɟ: ɩɪɟɫɧɵɟ, ɡɚɲɥɚɦɥɟɧɧɵɟ, ɡɚɫɨɥɟɧɧɵɟ, ɤɢɫɥɵɟ, ɳɟɥɨɱɧɵɟ, 
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ɡɚɦɚɫɥɟɧɧɵɟ ɢ ɡɚɦɚɡɭɱɟɧɧɵɟ ɜɨɞɵ ɝɥɚɜɧɨɝɨ ɤɨɪɩɭɫɚ, ɦɚɡɭɬɧɨɝɨ ɢ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɯɨɡɹɣɫɬɜɚ Ɍɗɋ. 

3. ɉɪɨɞɭɜɨɱɧɵɟ ɜɨɞɵ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ, ɢɫɩɚɪɢɬɟɥɟɣ ɢ 
ɩɚɪɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɫɛɪɚɫɵɜɚɟɦɵɟ ɩɨɫɬɨɹɧɧɨ ɢ ɫɬɨɱɧɵɟ ɜɨɞɵ 
ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ (ȼɉɍ) ɢ ɤɨɧɞɟɧɫɚɬɨɨɱɢɫɬɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. 

4. Ɂɚɦɚɫɥɟɧɧɵɟ ɢ ɡɚɲɥɚɦɥɟɧɧɵɟ ɫɧɟɝɨɜɵɟ ɢ ɞɨɠɞɟɜɵɟ ɫɬɨɤɢ ɫ 
ɬɟɪɪɢɬɨɪɢɢ Ɍɗɋ. 

5. Ɉɛɦɵɜɨɱɧɵɟ ɜɨɞɵ Ɋȼɉ ɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɨɬɥɨɜ (ɫɬɨɤɢ ɨɬ Ɋȼɉ 
ɤɨɬɥɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɦɚɡɭɬɟ, ɫɛɪɚɫɵɜɚɸɬɫɹ 1 – 2 ɪɚɡɚ ɜ ɦɟɫɹɰ ɢ ɪɟɠɟ, ɚ ɨɬ 
ɞɪɭɝɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɜɟɪɞɵɯ ɬɨɩɥɢɜ – ɱɚɳɟ). 

6. Ɂɚɦɚɫɥɟɧɧɵɟ, ɡɚɝɪɹɡɧɟɧɧɵɟ ɜɧɟɲɧɢɟ ɤɨɧɞɟɧɫɚɬɵ, ɩɪɢɝɨɞɧɵɟ ɩɨɫɥɟ ɢɯ 
ɨɱɢɫɬɤɢ ɞɥɹ ɩɢɬɚɧɢɹ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ-ɢɫɩɚɪɢɬɟɥɟɣ. 

a. ɋɛɪɨɫɧɵɟ, ɨɬɪɚɛɨɬɚɧɧɵɟ, ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ, ɦɨɸɳɢɟ ɤɢɫɥɵɟ ɢ 
ɳɟɥɨɱɧɵɟ ɪɚɫɬɜɨɪɵ ɢ ɨɬɦɵɜɨɱɧɵɟ ɜɨɞɵ ɩɨɫɥɟ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɦɵɜɨɤ ɢ 
ɤɨɧɫɟɪɜɚɰɢɢ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ, ɤɨɧɞɟɧɫɚɬɨɪɨɜ, ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ ɢ ɞɪɭɝɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ (ɫɛɪɚɫɵɜɚɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɜ ɝɨɞ, ɨɛɵɱɧɨ ɥɟɬɨɦ). 

7. ȼɨɞɵ ɩɨɫɥɟ ɝɢɞɪɨɭɛɨɪɤɢ ɬɨɩɥɢɜɧɵɯ ɰɟɯɨɜ ɢ ɞɪɭɝɢɯ ɩɨɦɟɳɟɧɢɣ Ɍɗɋ 
(ɫɛɪɚɫɵɜɚɸɬɫɹ ɨɛɵɱɧɨ 1 ɪɚɡ ɜ ɫɭɬɤɢ ɜ ɫɦɟɧɭ, ɱɚɳɟ ɞɧɟɦ). 

ɋɨɫɬɚɜɵ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɬɨɤɨɜ ɪɚɡɥɢɱɧɵ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɢɩɨɦ Ɍɗɋ ɢ 
ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɟɟ ɦɨɳɧɨɫɬɶɸ, ɜɢɞɨɦ ɬɨɩɥɢɜɚ, ɫɨɫɬɚɜɨɦ ɢɫɯɨɞɧɨɣ 
ɜɨɞɵ, ɫɩɨɫɨɛɨɦ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ ɜ ɨɫɧɨɜɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɭɪɨɜɧɟɦ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ȼ ɫɧɢɠɟɧɢɢ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɷɧɟɪɝɟɬɢɤɢ ɧɚ ɜɨɞɧɵɣ ɛɚɫɫɟɣɧ 
ɫɬɪɚɧɵ ɦɚɝɢɫɬɪɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɨɤɪɚɳɟɧɢɟ 
ɩɨɬɪɟɛɥɟɧɢɹ ɫɜɟɠɟɣ ɜɨɞɵ, ɛɚɡɢɪɭɸɳɟɟɫɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɡɚɦɤɧɭɬɵɯ ɫɢɫɬɟɦ 
ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ. ɗɬɢ ɫɢɫɬɟɦɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɟɝɟɧɟɪɚɰɢɸ ɜɨɞɵ ɫ ɞɨɜɟɞɟɧɢɟɦ 
ɟɟ ɞɨ ɤɨɧɞɢɰɢɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɜɬɨɪɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɨɞɭ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɨɩɟɪɚɰɢɹɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. Ɉɛɵɱɧɨ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɡɚɝɪɹɡɧɟɧɧɵɯ ɫɬɨɤɨɜ 
ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ɩɪɨɳɟ ɢ ɞɟɲɟɜɥɟ ɨɱɢɫɬɢɬɶ ɞɨ ɭɪɨɜɧɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɩɭɫɬɢɦɨ 
ɩɨɜɬɨɪɧɨɟ (ɦɧɨɝɨɤɪɚɬɧɨɟ) ɢɫɩɨɥɶɡɨɜɚɧɢɟ, ɱɟɦ ɞɨ ɭɪɨɜɧɹ, ɪɟɝɥɚɦɟɧɬɢɪɭɟɦɨɝɨ 
ɫɚɧɢɬɚɪɧɵɦɢ ɢ ɪɵɛɨɨɯɪɚɧɧɵɦɢ ɨɪɝɚɧɚɦɢ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɫɛɪɨɫɢɬɶ ɫɬɨɤɢ ɜ 
ɜɨɞɨɟɦɵ ɨɛɳɟɝɨ ɩɨɥɶɡɨɜɚɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɡɚɳɢɬɵ ɜɨɞɧɵɯ ɨɛɴɟɤɬɨɜ ɨɬ ɡɚɝɪɹɡɧɟɧɢɹ 
ɫɬɨɱɧɵɦɢ ɜɨɞɚɦɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɫɨɡɞɚɧɢɢ ɡɚɦɤɧɭɬɵɯ ɫɢɫɬɟɦ ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ ɢ ɩɟɪɟɯɨɞɟ ɧɚ 
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ɛɟɫɫɬɨɱɧɵɣ ɪɟɠɢɦ ɜɨɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɥɭɱɲɟ ɜɫɟɝɨ ɨɬɜɟɱɚɸɳɢɣ ɡɚɞɚɱɟ 
ɫɨɯɪɚɧɟɧɢɹ ɩɪɢɪɨɞɧɵɯ ɪɟɫɭɪɫɨɜ ɢ ɡɚɳɢɬɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ɉɪɢ ɩɟɪɟɯɨɞɟ ɧɚ ɛɟɫɫɬɨɱɧɵɟ ɫɢɫɬɟɦɵ ɞɨɥɠɟɧ ɭɱɢɬɵɜɚɬɶɫɹ ɬɟɯɧɢɤɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɮɚɤɬɨɪ. Ⱦɨɫɬɢɠɟɧɢɟ ɛɟɫɫɬɨɱɧɨɫɬɢ ɥɸɛɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɦɨɠɟɬ 
ɩɪɢɜɨɞɢɬɶ ɤ ɧɟɩɨɦɟɪɧɵɦ ɤɚɩɢɬɚɥɶɧɵɦ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɪɚɫɯɨɞɚɦ. 
ɉɨɷɬɨɦɭ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɜɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ 
ɛɟɫɫɬɨɱɧɵɣ ɪɟɠɢɦ ɜɨɞɨɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɥɠɟɧ ɩɪɟɞɲɟɫɬɜɨɜɚɬɶ ɪɹɞ 
ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɧɟɞɪɟɧɢɟ ɛɟɡɜɨɞɧɵɯ ɢɥɢ 
ɦɚɥɨɜɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɫɨɤɪɚɳɟɧɢɟ ɨɛɴɟɦɨɜ 
ɜɨɞɨɩɨɬɪɟɛɥɟɧɢɹ, ɤɨɥɢɱɟɫɬɜɚ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɭɬɢɥɢɡɚɰɢɸ ɭɥɨɜɥɟɧɧɵɯ ɢɡ 
ɫɬɨɱɧɵɯ ɜɨɞ ɩɪɨɞɭɤɬɨɜ. 

ɉɨɞ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɨɣ ɜɨɞɧɨɝɨ ɯɨɡɹɣɫɬɜɚ ɩɪɟɞɩɪɢɹɬɢɹ ɩɨɧɢɦɚɟɬɫɹ 
ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɜɨɞɨɩɨɥɶɡɨɜɚɧɢɹ, ɤɨɝɞɚ ɨɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɜɨɞɨɫɧɚɛɠɟɧɢɹ 
ɹɜɥɹɸɬɫɹ ɨɱɢɳɟɧɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ, ɛɵɬɨɜɵɟ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɫɬɨɱɧɵɟ 
ɜɨɞɵ ɩɪɢ ɢɫɤɥɸɱɟɧɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɯɨɞɨɜ ɢ ɫɛɪɨɫɚ ɫɬɨɱɧɵɯ ɜɨɞ ɜ ɜɨɞɨёɦɵ. 

ɋɭɳɟɫɬɜɟɧɧɨ ɨɛɥɟɝɱɚɸɬ ɩɪɨɛɥɟɦɵ ɩɟɪɟɯɨɞɚ ɧɚ ɛɟɫɫɬɨɱɧɨɟ 
ɜɨɞɨɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɷɧɟɪɝɟɬɢɤɟ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɱɢɫɬɤɢ 
ɜɨɞɵ. 

Ɇɟɬɨɞɵ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ 
(ɮɢɡɢɱɟɫɤɢɟ), ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ, ɯɢɦɢɱɟɫɤɢɟ ɢ ɛɢɨɯɢɦɢɱɟɫɤɢɟ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɵɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɢɡ ɫɬɨɱɧɵɯ ɜɨɞ ɦɨɠɟɬ ɛɵɬɶ 
ɨɫɭɳɟɫɬɜɥɟɧɨ ɫɥɟɞɭɸɳɢɦɢ ɩɭɬɹɦɢ (ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ): 

1. Ɇɟɯɚɧɢɱɟɫɤɨɟ ɭɞɚɥɟɧɢɟ ɤɪɭɩɧɵɯ ɩɪɢɦɟɫɟɣ (ɧɚ ɪɟɲɟɬɤɚɯ, ɫɟɬɤɚɯ). 
2. Ɇɢɤɪɨɩɪɨɰɟɠɢɜɚɧɢɟ (ɦɟɥɤɢɟ ɫɟɬɤɢ). 
3. Ɉɬɫɬɚɢɜɚɧɢɟ ɢ ɨɫɜɟɬɥɟɧɢɟ. 
4. ɉɪɢɦɟɧɟɧɢɟ ɝɢɞɪɨɰɢɤɥɨɧɨɜ. 
5. ɐɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɟ. 
6. Ɏɢɥɶɬɪɨɜɚɧɢɟ. 
7. Ɏɥɨɬɚɰɢɹ. 
8. ɗɥɟɤɬɪɨɮɨɪɟɡ. 
9. Ɇɟɦɛɪɚɧɧɵɟ ɦɟɬɨɞɵ (ɨɛɪɚɬɧɵɣ ɨɫɦɨɫ, ɷɥɟɤɬɪɨɞɢɚɥɢɡ). 
ȼɵɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɫ ɢɡɦɟɧɟɧɢɟɦ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨɞɵ ɢɥɢ 

ɩɪɢɦɟɫɢ (ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ): 
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1) ɩɪɢɦɟɫɶ – ɝɚɡɨɜɚɹ ɮɚɡɚ, ɜɨɞɚ – ɠɢɞɤɚɹ ɮɚɡɚ (ɞɟɝɚɡɚɰɢɹ ɢɥɢ ɨɬɝɨɧɤɚ ɫ 
ɩɚɪɨɦ); 

2) ɩɪɢɦɟɫɶ – ɠɢɞɤɚɹ ɢɥɢ ɬɜɟɪɞɚɹ ɮɚɡɚ, ɜɨɞɚ – ɠɢɞɤɚɹ ɮɚɡɚ 
(ɜɵɩɚɪɢɜɚɧɢɟ); 
3) ɩɪɢɦɟɫɶ ɢ ɜɨɞɚ – ɞɜɟ ɠɢɞɤɢɟ ɧɟ ɫɦɟɲɢɜɚɸɳɢɟɫɹ ɮɚɡɵ (ɷɤɫɬɪɚɤɰɢɹ ɢ 
ɤɨɚɥɟɫɰɟɧɰɢɹ); 
4) ɩɪɢɦɟɫɶ – ɬɜɟɪɞɚɹ ɮɚɡɚ, ɜɨɞɚ – ɬɜɟɪɞɚɹ ɮɚɡɚ (ɜɵɦɨɪɚɠɢɜɚɧɢɟ); 
5) ɩɪɢɦɟɫɶ – ɬɜɟɪɞɚɹ ɮɚɡɚ, ɜɨɞɚ – ɠɢɞɤɚɹ ɮɚɡɚ (ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ, ɫɨɪɛɰɢɹ, 

ɤɨɚɝɭɥɹɰɢɹ). 
Ɇɟɬɨɞɵ ɨɱɢɫɬɤɢ ɫɬɨɱɧɵɯ ɜɨɞ ɩɭɬɟɦ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɢɦɟɫɟɣ ɫ ɢɡɦɟɧɟɧɢɟɦ 

ɢɯ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ (ɯɢɦɢɱɟɫɤɢɟ ɢ ɮɢɡɢɤɨɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ) ɪɚɡɞɟɥɹɸɬɫɹ 
ɩɨ ɯɚɪɚɤɬɟɪɭ ɩɪɨɰɟɫɫɨɜ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: 

1) ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɢɡɜɟɫɬɤɨɜɚɧɢɟ ɢ ɞɪ.); 
2) ɫɢɧɬɟɡ ɢ ɪɚɡɥɨɠɟɧɢɟ (ɪɚɡɥɨɠɟɧɢɟ ɤɨɦɩɥɟɤɫɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ 

ɩɪɢ ɜɜɨɞɟ ɳɟɥɨɱɟɣ ɢ ɞɪ.); 
3) ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵ (ɨɤɢɫɥɟɧɢɟ 

ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫɢɥɶɧɵɦɢ ɨɤɢɫɥɢɬɟɥɹɦɢ ɢ ɞɪ.); 
4) ɬɟɪɦɢɱɟɫɤɚɹ ɩɟɪɟɪɚɛɨɬɤɚ (ɚɩɩɚɪɚɬɵ ɫ ɩɨɝɪɭɠɧɵɦɢ ɝɨɪɟɥɤɚɦɢ, 

ɫɠɢɝɚɧɢɟ ɤɭɛɨɜɵɯ ɨɫɬɚɬɤɨɜ ɢ ɞɪ.). 
ɇɚɢɛɨɥɶɲɟɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɨɱɢɫɬɤɟ ɫɬɨɱɧɵɯ ɜɨɞ Ɍɗɋ ɢɦɟɸɬ 

ɦɟɬɨɞɵ: ɨɬɫɬɚɢɜɚɧɢɟ, ɮɥɨɬɚɰɢɹ, ɮɢɥɶɬɪɨɜɚɧɢɟ, ɤɨɚɝɭɥɹɰɢɹ ɢ ɫɨɪɛɰɢɹ, 
ɢɡɜɟɫɬɤɨɜɚɧɢɟ, ɪɚɡɥɨɠɟɧɢɟ ɢ ɨɤɢɫɥɟɧɢɟ ɜɟɳɟɫɬɜ. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɱɟɫɬɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɚɱɟɫɬɜɭ 
ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɤɨɬɥɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɫɯɟɦ 
ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. ȼ ɨɛɳɟɦ ɜɢɞɟ ɨɧɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ 
ɩɪɟɞɨɱɢɫɬɤɭ ɜɨɞɵ ɢ ɢɨɧɧɵɣ ɨɛɦɟɧ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɫɛɪɨɫ ɫɬɨɱɧɵɯ ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɜ 
ɜɨɞɨɟɦɵ ɧɟɞɨɩɭɫɬɢɦ ɢɡ-ɡɚ ɪɟɡɤɨɩɟɪɟɦɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɪɇ, ɜɵɯɨɞɹɳɢɯ ɡɚ 
ɩɪɟɞɟɥɵ 6,5 – 8,5, ɨɩɬɢɦɚɥɶɧɵɯ ɞɥɹ ɜɨɞɨɟɦɨɜ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ɧɢɯ ɝɪɭɛɨɞɢɫɩɟɪɫɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɫɨɥɟɣ. 

ɍɞɚɥɟɧɢɟ ɝɪɭɛɨɞɢɫɩɟɪɫɧɵɯ ɩɪɢɦɟɫɟɣ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɇ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɪɨɛɥɟɦɵ. ɇɚɢɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɫɬɢɧɧɨ-ɪɚɫɬɜɨɪɟɧɧɵɯ ɩɪɢɦɟɫɟɣ (ɫɨɥɟɣ). ɂɨɧɨɨɛɦɟɧɧɵɣ ɦɟɬɨɞ 
ɡɞɟɫɶ ɧɟɩɪɢɝɨɞɟɧ, ɬɚɤ ɤɚɤ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɫɛɪɚɫɵɜɚɟɦɵɯ 
ɫɨɥɟɣ. Ȼɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ ɛɟɡɪɟɚɝɟɧɬɧɵɟ ɦɟɬɨɞɵ (ɜɵɩɚɪɢɜɚɧɢɟ, ɨɛɪɚɬɧɵɣ 
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ɨɫɦɨɫ) ɢɥɢ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɩɪɢɦɟɧɟɧɢɟɦ ɪɟɚɝɟɧɬɨɜ (ɷɥɟɤɬɪɨɞɢɚɥɢɡ). ɇɨ ɢ ɜ 
ɷɬɢɯ ɫɥɭɱɚɹɯ ɨɛɪɚɛɨɬɤɚ ɜɨɞɵ ɧɚ ɜɨɞɨɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɞɜɚɠɞɵ. ɉɨɷɬɨɦɭ ɝɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɨɞɨɩɨɞɝɨɬɨɜɤɢ Ɍɗɋ ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɭɦɟɧɶɲɟɧɢɟ ɫɛɪɨɫɚ 
ɫɬɨɱɧɵɯ ɜɨɞ. 

ɇɚ ɪɢɫ. 1. ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɛɟɫɫɬɨɱɧɨɝɨ 
ɜɨɞɨɫɧɚɛɠɟɧɢɹ Ɍɗɋ, ɪɚɛɨɬɚɸɳɟɣ ɧɚ ɭɝɥɟ. Ɂɨɥɚ ɢ ɲɥɚɤ ɢɡ ɤɨɬɥɨɜ ɩɨɞɚɸɬɫɹ ɧɚ 
ɡɨɥɨɨɬɜɚɥ 1. Ɉɫɜɟɬɥɟɧɧɚɹ ɜɨɞɚ 2 ɫ ɡɨɥɨɨɬɜɚɥɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɤɨɬɥɵ. ɉɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɱɚɫɬɶ ɷɬɨɣ ɜɨɞɵ ɩɨɞɜɟɪɝɚɟɬɫɹ ɨɱɢɫɬɤɟ ɧɚ ɭɫɬɚɧɨɜɤɟ ɥɨɤɚɥɶɧɨɣ 
ɨɱɢɫɬɤɢ 3. Ɉɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɷɬɨɦ ɬɜɟɪɞɵɟ ɨɬɯɨɞɵ 4 ɩɨɞɚɸɬɫɹ ɧɚ ɡɨɥɨɨɬɜɚɥ 1. 
ɑɚɫɬɢɱɧɨ ɨɛɟɡɜɨɠɟɧɧɵɟ ɡɨɥɚ ɢ ɲɥɚɤ ɭɬɢɥɢɡɢɪɭɸɬɫɹ. ȼɨɡɦɨɠɧɨ ɬɚɤɠɟ ɫɭɯɨɟ 
ɲɥɚɤɨɡɨɥɨɭɞɚɥɟɧɢɟ, ɱɬɨ ɭɩɪɨɳɚɟɬ ɭɬɢɥɢɡɚɰɢɸ ɡɨɥɵ ɢ ɲɥɚɤɚ. Ⱦɵɦɨɜɵɟ ɝɚɡɵ  
5 ɤɨɬɥɨɜ ɩɪɨɯɨɞɹɬ ɨɱɢɫɬɤɭ ɜ ɭɫɬɚɧɨɜɤɟ ɞɟɫɭɥɶɮɭɪɢɡɚɰɢɢ ɝɚɡɨɜ 6. 
Ɉɛɪɚɡɭɸɳɢɟɫɹ ɫɬɨɱɧɵɟ ɜɨɞɵ ɨɱɢɳɚɸɬɫɹ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɪɟɚɝɟɧɬɨɜ (ɢɡɜɟɫɬɢ, ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɨɜ). Ɉɱɢɳɟɧɧɚɹ ɜɨɞɚ ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ 
ɫɢɫɬɟɦɭ ɝɚɡɨɨɱɢɫɬɤɢ, ɚ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɝɢɩɫɨɜɵɣ ɲɥɚɦ ɜɵɜɨɡɢɬɫɹ ɧɚ 
ɩɟɪɟɪɚɛɨɬɤɭ. 

ɋɬɨɱɧɵɟ ɜɨɞɵ 7, ɨɛɪɚɡɭɸɳɢɟɫɹ ɩɪɢ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɦɵɜɤɚɯ, ɤɨɧɫɟɪɜɚɰɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɛɦɵɜɤɟ ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚɝɪɟɜɚ ɤɨɬɥɨɜ, ɩɨɞɚɸɬɫɹ 
ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɫɬɚɧɨɜɤɢ ɩɨ ɨɱɢɫɬɤɟ 8, ɝɞɟ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɝɟɧɬɨɜ ɩɨ ɨɞɧɨɣ ɢɡ ɨɩɢɫɚɧɧɵɯ ɪɚɧɟɟ ɬɟɯɧɨɥɨɝɢɣ. Ɉɫɧɨɜɧɚɹ 
ɱɚɫɬɶ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ 9 ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɜɬɨɪɧɨ. ȼɚɧɚɞɢɣ ɫɨɞɟɪɠɚɳɢɣ ɲɥɚɦ 10 
ɜɵɜɨɡɢɬɫɹ ɧɚ ɭɬɢɥɢɡɚɰɢɸ. Ɉɫɚɞɤɢ 11, ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɪɢ ɨɱɢɫɬɤɟ ɫɬɨɱɧɵɯ 
ɜɨɞ, ɜɦɟɫɬɟ ɫ ɱɚɫɬɶɸ ɜɨɞɵ ɩɨɞɚɸɬɫɹ ɧɚ ɡɨɥɨɨɬɜɚɥ 1 ɥɢɛɨ ɫɤɥɚɞɢɪɭɸɬɫɹ ɜ 
ɫɩɟɰɢɚɥɶɧɵɯ ɲɥɚɦɨɧɚɤɨɩɢɬɟɥɹɯ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢ ɩɨɞɩɢɬɤɟ ɤɨɬɥɨɜ 
ɞɢɫɬɢɥɥɹɬɨɦ Ɇɂɍ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɨɱɢɫɬɤɚ ɤɨɬɥɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɧɭɠɧɚ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɬɨɱɧɵɟ ɜɨɞɵ ɬɚɤɨɝɨ ɬɢɩɚ ɛɭɞɭɬ ɩɪɚɤɬɢɱɟɫɤɢ, ɨɬɫɭɬɫɬɜɨɜɚɬɶ 
ɥɢɛɨ ɢɯ ɤɨɥɢɱɟɫɬɜɨ ɛɭɞɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ 
ɭɬɢɥɢɡɢɪɭɟɬɫɹ ɜɨɞɚ ɨɬ ɤɨɧɫɟɪɜɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɥɢɛɨ ɩɪɢɦɟɧɹɸɬɫɹ ɦɟɬɨɞɵ 
ɤɨɧɫɟɪɜɚɰɢɢ, ɧɟ ɫɨɩɪɨɜɨɠɞɚɸɳɢɟɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɬɨɱɧɵɯ ɜɨɞ. ɑɚɫɬɶ ɷɬɢɯ 
ɫɬɨɱɧɵɯ ɜɨɞ ɩɨɫɥɟ ɨɛɟɡɜɪɟɠɢɜɚɧɢɹ ɦɨɠɟɬ ɪɚɜɧɨɦɟɪɧɨ ɩɨɞɚɜɚɬɶɫɹ ɧɚ ȼɉɍ ɞɥɹ 
ɨɛɪɚɛɨɬɤɢ ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɨɞɭɜɨɱɧɵɦɢ ɜɨɞɚɦɢ 12 ɋɈɈ (ɫɢɫɬɟɦɵ ɨɛɨɪɨɬɧɨɝɨ 
ɨɯɥɚɠɞɟɧɢɹ). 

ɂɫɯɨɞɧɚɹ ɜɨɞɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɥɢɛɨ ɩɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ 
ɧɚ ȼɉɍ ɩɨɞɚɟɬɫɹ ɜ ɋɈɈ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɢ ɟɟ ɜɢɞ ɡɚɜɢɫɹɬ ɨɬ 
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ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ Ɍɗɋ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɬ ɫɨɫɬɚɜɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ, 
ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɟɩɟɧɢ ɟɟ ɭɩɚɪɢɜɚɧɢɹ ɜ ɋɈɈ, ɬɢɩɚ ɝɪɚɞɢɪɟɧ ɢ ɞɪ. ɋ ɰɟɥɶɸ 
ɫɨɤɪɚɬɢɬɶ ɩɨɬɟɪɢ ɜɨɞɵ ɜ ɋɈɈ ɝɪɚɞɢɪɧɢ ɦɨɝɭɬ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ 
ɤɚɩɥɟɭɥɨɜɢɬɟɥɹɦɢ ɥɢɛɨ ɩɪɢɦɟɧɟɧɵ ɩɨɥɭɫɭɯɢɟ ɢɥɢ ɫɭɯɢɟ ɝɪɚɞɢɪɧɢ. 
ȼɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 13, ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɤɨɬɨɪɨɝɨ ɜɨɡɦɨɠɧɨ 
ɡɚɝɪɹɡɧɟɧɢɟ ɨɛɨɪɨɬɧɨɣ ɜɨɞɵ ɧɟɮɬɟɩɪɨɞɭɤɬɚɦɢ ɢ ɦɚɫɥɚɦɢ, ɜɵɞɟɥɟɧɨ ɜ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ. ȼɨɞɚ ɷɬɨɣ ɫɢɫɬɟɦɵ ɩɨɞɜɟɪɝɚɟɬɫɹ ɥɨɤɚɥɶɧɨɣ 
ɨɱɢɫɬɤɟɨɬ ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɢ ɦɚɫɥɚ ɜ ɭɡɥɟ 14 ɢ ɨɯɥɚɠɞɚɟɬɫɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ 
15 ɜɨɞɨɣ 16 ɢɡ ɨɫɧɨɜɧɨɝɨ ɤɨɧɬɭɪɚ ɋɈɈ ɨɯɥɚɠɞɟɧɢɹ ɤɨɧɞɟɧɫɚɬɨɪɨɜ ɬɭɪɛɢɧ. 
ɑɚɫɬɶ ɷɬɨɣ ɜɨɞɵ 17 ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɜɨɫɩɨɥɧɟɧɢɹ ɩɨɬɟɪɶ ɜ ɤɨɧɬɭɪɟ 
ɨɯɥɚɠɞɟɧɢɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 13. ȼɵɞɟɥɟɧɧɵɟ ɜ ɭɡɥɟ 14 ɦɚɫɥɨ- ɢ 
ɧɟɮɟɩɪɨɞɭɤɬɵ 18 ɩɨɞɚɸɬɫɹ ɧɚ ɫɠɢɝɚɧɢɟ ɜ ɤɨɬɥɵ. ɑɚɫɬɶ ɜɨɞɵ 12, ɩɨɞɨɝɪɟɬɨɣ ɜ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ 15, ɧɚɩɪɚɜɥɹɟɬɫɹ ɧɚ ȼɉɍ, ɚ ɟɟ ɢɡɛɵɬɨɤ 19 – ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɜ 
ɝɪɚɞɢɪɧɢ. ɉɪɨɞɭɜɨɱɧɚɹ ɜɨɞɚ 12 ɋɈɈ ɩɪɨɯɨɞɢɬ ɨɛɪɚɛɨɬɤɭ ɧɚ ȼɉɍ ɩɨ 
ɬɟɯɧɨɥɨɝɢɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɚɝɟɧɬɨɜ. ɑɚɫɬɶ ɭɦɹɝɱɟɧɧɨɣ ɜɨɞɵ 20 ɩɨɞɚɟɬɫɹ 
ɧɚ ɩɨɞɩɢɬɤɭ ɡɚɤɪɵɬɨɣ ɬɟɩɥɨɫɟɬɢ ɩɟɪɟɞ ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ 21 ɫɟɬɟɜɨɣ ɜɨɞɵ. ɉɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɱɚɫɬɶ ɭɦɹɝɱɟɧɧɨɣ ɜɨɞɵ ɦɨɠɟɬ ɛɵɬɶ ɜɨɡɜɪɚɳɟɧɚ ɜ ɋɈɈ. 
ɇɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɭɦɹɝɱɟɧɧɨɣ ɜɨɞɵ 22 ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ Ɇɂɍ. ɋɸɞɚ ɠɟ 
ɩɨɞɚɸɬɫɹ ɩɪɨɞɭɜɤɢ 23 ɤɨɬɥɨɜ, ɚ ɬɚɤɠɟ ɤɨɧɞɟɧɫɚɬ 24 ɫ ɦɚɡɭɬɧɨɝɨ ɯɨɡɹɣɫɬɜɚ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɥɢɛɨ ɩɨɫɥɟ ɨɱɢɫɬɤɢ ɜ ɭɡɥɟ 25. ȼɵɞɟɥɟɧɧɵɟ ɢɡ ɤɨɧɞɟɧɫɚɬɚ 
ɧɟɮɬɟɩɪɨɞɭɤɬɵ 18 ɫɠɢɝɚɸɬɫɹ ɜ ɤɨɬɥɚɯ. 

ɉɚɪ 26 ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ Ɇɂɍ ɩɨɞɚɟɬɫɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɜ ɦɚɡɭɬɧɨɟ 
ɯɨɡɹɣɫɬɜɨ, ɚ ɩɨɥɭɱɟɧɧɵɣ ɞɢɫɬɢɥɥɹɬ 27 ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɨɞɩɢɬɤɭ ɤɨɬɥɨɜ. ɋɸɞɚ ɠɟ 
ɩɨɞɚɟɬɫɹ ɤɨɧɞɟɧɫɚɬ ɫ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɤɨɧɞɟɧɫɚɬ ɫɟɬɟɜɵɯ ɩɨɞɨɝɪɟɜɚɬɟɥɟɣ 21 ɩɨɫɥɟ 
ɨɛɪɚɛɨɬɤɢ ɜ ɤɨɧɞɟɧɫɚɬɨɨɱɢɫɬɤɟ (ɄɈ). ɋɬɨɱɧɵɟ ɜɨɞɵ 28 ɄɈ ɢ ɛɥɨɱɧɨɣ 
ɨɛɟɫɫɨɥɢɜɚɸɳɟɣ ɭɫɬɚɧɨɜɤɢ ȻɈɍ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ȼɉɍ. ɋɸɞɚ ɠɟ ɩɨɞɚɟɬɫɹ 
ɩɪɨɞɭɜɨɱɧɚɹ ɜɨɞɚ 29 Ɇɂɍ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɟɝɟɧɟɪɚɰɢɨɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɨ 
ɨɩɢɫɚɧɧɨɣ ɪɚɧɟɟ ɬɟɯɧɨɥɨɝɢɢ. 

Ʌɢɜɧɟɜɵɟ ɫɬɨɤɢ ɫ ɬɟɪɪɢɬɨɪɢɢ Ɍɗɋ ɫɨɛɢɪɚɸɬɫɹ ɜ ɧɚɤɨɩɢɬɟɥɟ ɥɢɜɧɟ ɫɬɨɤɨɜ 
30 ɢ ɩɨɫɥɟ ɥɨɤɚɥɶɧɨɣ ɨɱɢɫɬɤɢ ɜ ɭɡɥɟ 31 ɬɚɤɠɟ ɩɨɞɚɸɬɫɹ ɜ ɋɈɈ ɥɢɛɨ ɧɚ ȼɉɍ. 
ȼɵɞɟɥɟɧɧɵɟ ɢɡ ɜɨɞɵ ɧɟɮɬɟ- ɢ ɦɚɫɥɨɩɪɨɞɭɤɬɵ 18 ɫɠɢɝɚɸɬɫɹ ɜ ɤɨɬɥɚɯ. ȼ ɋɈɈ 
ɦɨɝɭɬ ɬɚɤɠɟ ɩɨɞɚɜɚɬɶɫɹ ɝɪɭɧɬɨɜɵɟ ɜɨɞɵ ɛɟɡ ɢɥɢ ɩɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɨɛɪɚɛɨɬɤɢ. ɉɪɢ ɪɚɛɨɬɟ ɩɨ ɨɩɢɫɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜ ɡɧɚɱɢɬɟɥɶɧɵɯ ɤɨɥɢɱɟɫɬɜɚɯ 
ɛɭɞɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɢɡɜɟɫɬɤɨɜɵɣ ɢ ɝɢɩɫɨɜɵɣ ɲɥɚɦ. 

ɉɟɪɫɩɟɤɬɢɜɧɵ ɞɜɚ ɧɚɩɪɚɜɥɟɧɢɹ ɫɨɡɞɚɧɢɹ ɛɟɫɫɬɨɱɧɵɯ Ɍɗɋ: 
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ɚ) ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ɷɤɨɧɨɦɢɱɧɵɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɫɨɜɟɪɲɟɧɧɵɯ 
ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɞɝɨɬɨɜɤɢ ɞɨɛɚɜɨɱɧɨɣ ɜɨɞɵ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ ɢ 
ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɬɟɩɥɨɫɟɬɢ; 

ɛ) ɪɚɡɪɚɛɨɬɤɚ ɢ ɜɧɟɞɪɟɧɢɟ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɦɚɤɫɢɦɚɥɶɧɨ 
ɩɨɥɧɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɭɬɢɥɢɡɚɰɢɢ ɨɛɪɚɡɭɸɳɢɯɫɹ ɫɬɨɱɧɵɯ ɜɨɞ ɫ ɩɨɥɭɱɟɧɢɟɦ ɢ 
ɩɨɜɬɨɪɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɰɢɤɥɟ ɫɬɚɧɰɢɢ ɢɫɯɨɞɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɝɟɧɬɨɜ. 

 

Ɋɢɫ. 1. ɋɯɟɦɚ Ɍɗɋ ɫ ɜɵɫɨɤɢɦɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ 

 

ȼɧɟɞɪɟɧɢɟ ɞɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɡɚɬɪɚɬɵ ɧɚ ɜɵɪɚɛɨɬɤɭ ɨɛɟɫɫɨɥɟɧɧɨɣ ɜɨɞɵ (ɡɚɬɪɚɬɵ ɜɨɞɵ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɧɭɠɞ, 
ɪɟɚɝɟɧɬɨɜ ɢ ɤɨɥɢɱɟɫɬɜɚ ɫɬɨɤɨɜ). Ⱥ ɞɨɨɱɢɫɬɤɚ ɢ ɩɨɜɬɨɪɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɭɫɥɨɜɧɨ ɱɢɫɬɨɣ ɜɨɞɵ ɩɪɟɞɩɪɢɹɬɢɹ ɫɧɢɡɢɬ ɨɛɴɟɦɵ ɡɚɛɨɪɚ ɢɫɯɨɞɧɨɣ ɜɨɞɵ. 
Ɂɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ Ɍɗɐ ɢ ɫɨɤɪɚɬɢɬɶ ɫɛɪɨɫɵ ɜ ɜɨɞɨɟɦɵ. 

  

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ȼɟɫɫɬɨɱɧɚɹ ɫɢɫɬɟɦɚ ɜɨɞɨɫɧɚɛɠɟɧɢɹ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. – Ɋɟɠɢɦ 
ɞɨɫɬɭɩɚ: http://www.newreferat.com/ref-220-1.html. 

http://www.newreferat.com/ref-220-1.html
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2. Ɋɢɯɬɟɪ, Ʌ. Ⱥ. Ɉɯɪɚɧɚ ɜɨɞɧɨɝɨ ɢ ɜɨɡɞɭɲɧɨɝɨ ɛɚɫɫɟɣɧɨɜ ɨɬ ɜɵɛɪɨɫɨɜ 
ɬɟɩɥɨɜɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / Ʌ. Ⱥ. Ɋɢɯɬɟɪ, ɗ. ɉ. ȼɨɥɤɨɜ, ȼ. ɇ. 
ɉɨɤɪɨɜɫɤɢɣ. – Ɇ.: ɗɧɟɪɝɨɢɡɞɚɬ, 1981. – 295 ɫ. 

3. . Ʉɨɛɢɬɨɜɢɱ, Ʉ. ə. ɉɭɬɢ  ɫɨɡɞɚɧɢɹ ɛɟɫɫɬɨɱɧɵɯ Ɍɗɋ ɢ Ⱥɗɋ /  
Ʉ. ə. Ʉɨɛɢɬɨɜɢɱ. – ɉɨɜɨɥɠɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ƀɨɲɤɚɪ-Ɉɥɚ, Ɋɟɫɩɭɛɥɢɤɚ Ɇɚɪɢɣ ɗɥ. Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ: 
https://interactive-plus.ru/e-articles/287/Action287-116065.pdf. 
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Stanislav V. Lugovoy, Vitaly M. Lebedev 

Omsk State Transport University (OSTU), Omsk, Russian Federation  

 

RESEARCH OF EFFICIENCY OF WORK OF THE HEAT SYSTEM OF 

PETROCHEMICAL PRODUCTION 

 

The article is devoted to research and analysis of the effectiveness of the reconstruction of 

the regeneration scheme of ion-exchange filters at a water treatment plant. Produced payback 

calculation of the event. 

 

Key words: water treatment, ejection unit, ion exchange filter. 

  

ɉɨɤɚɡɚɬɟɥɶ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜɫɟɝɨ ɇɉɁ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ 
ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɤɚɠɞɨɣ ɨɬɞɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. ɉɨɤɚɡɚɬɟɥɢ, ɩɨ ɤɨɬɨɪɵɦ 
ɨɰɟɧɢɜɚɸɬɫɹ ɭɫɬɚɧɨɜɤɢ, – ɷɬɨ ɩɨɬɪɟɛɥɟɧɢɟ ɬɚɤɢɯ ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɤɚɤ: ɬɨɩɥɢɜɨ 
ɞɥɹ ɩɟɱɟɣ, ɨɯɥɚɠɞɚɸɳɚɹ ɜɨɞɚ, ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɚɹ ɜɨɞɚ, ɜɨɞɹɧɨɣ ɩɚɪ, 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ. Ȼɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɢɦɟɟɬ ɩɪɨɛɥɟɦɚ ɛɟɡɜɨɡɜɪɚɬɧɵɯ ɩɨɬɟɪɶ. Ɉɧɚ 
ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɤɚɤ ɞɥɹ ɪɨɫɫɢɣɫɤɢɯ, ɬɚɤ ɢ ɞɥɹ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɧɟɮɬɹɧɵɯ 
ɤɨɦɩɚɧɢɣ. 

Ʉɚɱɟɫɬɜɨ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɞɥɹ ɩɨɞɩɢɬɤɢ ɤɨɬɥɨɜ ɜɥɢɹɟɬ ɧɚ , 
ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɛɟɡɚɜɚɪɢɣɧɨɫɬɶ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɟɩ-

ɥɨɜɵɯ ɫɟɬɟɣ, ɩɪɟɞɭɩɪɟɠɞɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɜɫɟɯ ɜɢɞɨɜ ɨɬɥɨɠɟɧɢɣ ɢ 
ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɜɪɟɠɞɟɧɢɣ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɥɟɦɟɧɬɚɯ ɬɪɚɫɫɵ ɫɟɬɟɜɨɣ ɜɨɞɵ, ɜɤɥɸɱɚɹ ɨɬɨɩɢɬɟɥɶɧɵɟ 
ɩɪɢɛɨɪɵ. Ɉɛɟɫɩɟɱɟɧɢɟ ɩɨɞɩɢɬɨɱɧɨɣ ɜɨɞɵ ɡɚɞɚɧɧɨɝɨ ɤɚɱɟɫɬɜɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɷɤɨɧɨɦɢɱɧɭɸ ɪɚɛɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɨɛɪɚɡɭɸɳɢɟɫɹ ɨɬɥɨɠɟɧɢɹ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɝɪɟɜɚ ɜɵɡɵɜɚɸ ɩɨɬɟɪɢ ɬɨɩɥɢɜɚ. Ʉɚɱɟɫɬɜɟɧɧɨɦɭ ɩɪɢɝɨɬɨɜɥɟɧɢɸ 
ɜɨɞɵ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɈȺɈ «Ƚɚɡɩɪɨɦɧɟɮɬɶ-ɈɇɉɁ» ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɭɫɬɚɧɨɜɤɚ 
ɏȼɈ-3, ɧɚ ɤɨɬɨɪɨɣ ɩɨɞɝɨɬɚɜɥɢɜɚɟɬɫɹ ɯɢɦɨɱɢɳɟɧɧɚɹ ɜɨɞɚ ɞɥɹ ɩɨɞɩɢɬɤɢ ɤɨɬɥɨɜ 
ɭɫɬɚɧɨɜɨɤ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɟɝɨ ɡɚɜɨɞɚ. 

Ɂɚɞɚɱɟɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɟ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɪɟɝɟɧɟɪɚɰɢɢ ɧɚɬɪɢɟɜɵɯ ɮɢɥɶɬɪɨɜ 
ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɩɪɢ ɡɚɦɟɧɟ 
ɧɚɫɨɫɨɜ ɞɨɡɚɬɨɪɨɜ ɧɚ ɷɠɟɤɰɢɨɧɧɭɸ ɭɫɬɚɧɨɜɤɭ. 

ɍɫɬɚɧɨɜɤɚ ɏȼɈ-3 ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ 
(ɭɦɹɝɱɟɧɧɨɣ) ɜɨɞɵ ɢ ɨɱɢɫɬɤɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɧɞɟɧɫɚɬɚ ɨɬ 
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ɧɟɮɬɟɩɪɨɞɭɤɬɨɜ ɫ ɨɫɬɚɬɨɱɧɨɣ ɠɟɫɬɤɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 15 ɦɤɝ-ɷɤɜ/ɞɦ3. 
Ɉɛɟɫɩɟɱɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɟ ɤɚɱɟɫɬɜɨ ɯɢɦɢɱɟɫɤɢ ɨɱɢɳɟɧɧɨɣ ɜɨɞɵ ɩɪɢ 
ɩɨɥɭɱɟɧɢɢ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɞɥɹ ɤɨɬɥɨɜ-ɭɬɢɥɢɡɚɬɨɪɨɜ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɞɨ  
3,9 Ɇɉɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɡɚɝɪɹɡɧɟɧɢɢ ɫɬɨɱɧɵɯ ɜɨɞ ɫɛɪɚɫɵɜɚɟɦɵɯ ɫ 
ɭɫɬɚɧɨɜɤɢ. 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɛɥɨɤɚ ɭɦɹɝɱɟɧɢɹ ɜɤɥɸɱɚɟɬ: 
1) ɤɨɚɝɭɥɢɪɨɜɚɧɢɟ ɢ ɭɞɚɥɟɧɢɟ ɜɡɜɟɲɟɧɧɵɯ ɜɟɳɟɫɬɜ; 
2) ɢɨɧɨɨɛɦɟɧɧɭɸ ɞɜɭɯɫɬɭɩɟɧɱɚɬɭɸ, ɯɢɦɢɱɟɫɤɭɸ ɨɱɢɫɬɤɭ. 
ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɯɢɦɜɨɞɨɩɨɞɝɨɬɨɜɤɢ. 

Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɯɢɦɜɨɞɨɩɨɞɝɨɬɨɜɤɢ: 

Ɍ – ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, Ɉɋ – ɨɫɜɟɬɥɢɬɟɥɢ, ɎɆ- ɦɟɯɚɧɢɱɟɫɤɢɟ ɮɢɥɶɬɪɵ, ɎNa1,2- ɧɚɬɪɢɟɜɵɟ 
ɮɢɥɶɬɪɵ 1-ɨɣ ɢ 2-ɨɣ ɫɬɭɩɟɧɢ 

 

Ɉɛɫɥɭɠɢɜɚɧɢɟ NК-ɤɚɬɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ ɩɟɪɜɨɣ ɢ ɜɬɨɪɨɣ ɫɬɭɩɟɧɢ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɜɟɞɟɧɢɢ ɪɟɝɟɧɟɪɚɰɢɣ ɩɨɫɥɟ ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɮɢɥɶɬɪɨɰɢɤɥɚ. 
ɉɨɫɥɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɡɚɝɪɭɡɨɱɧɨɝɨ ɫɥɨɹ ɤɚɬɢɨɧɢɬɚ ɟɦɭ ɧɟɨɛɯɨɞɢɦɚ ɪɟɝɟɧɟɪɚɰɢɹ, 
ɤɨɬɨɪɚɹ  ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɟɦ ɩɪɨɩɭɫɤɚɧɢɹ ɱɟɪɟɡ ɢɫɬɨɳɟɧɧɵɣ ɫɥɨɣ ɤɚɬɢɨɧɢɬɚ 
ɪɚɫɬɜɨɪ ɷɥɟɤɬɪɨɥɢɬɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɢɨɧɵ ɧɚɬɪɢɹ ɜ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɩɪɟɜɵɲɚɸɳɟɣ 
ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɨɛɦɟɧɢɜɚɟɦɵɯ ɤɚɬɢɨɧɨɜ. 

ɇɚ ɪɢɫ. 2 ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɩɨɞɚɱɢ ɫɨɥɟɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ 
ɪɟɝɟɧɟɪɚɰɢɸ Na-ɤɚɬɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ I ɢ II ɫɬɭɩɟɧɢ ɧɚɫɨɫɚɦɢ ɞɨɡɚɬɨɪɚɦɢ.  

ɉɨɫɥɟ ɬɳɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɪɚɫɬɜɨɪɚ ɜ ɫɨɥɟɜɵɯ ɹɱɟɣɤɚɯ ɫɥɟɞɭɟɬ 
ɩɟɪɟɤɚɱɚɬɶ ɜ ɟɦɤɨɫɬɶ ȿ-9, ɜ ɤɨɬɨɪɨɣ ɨɧ ɯɪɚɧɢɬɫɹ ɞɨ ɩɨɥɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 
ɋɨɥɟɜɨɣ ɪɚɫɬɜɨɪ ɩɨɞɚɟɬɫɹ ɰɟɧɬɪɨɛɟɠɧɵɦɢ ɧɚɫɨɫɚɦɢ ɇ-27,28 ɱɟɪɟɡ 
ɫɨɥɟɪɚɫɬɜɨɪɢɬɟɥɢ ɞɥɹ ɭɞɚɥɟɧɢɹ ɜɡɜɟɲɟɧɧɵɯ ɱɚɫɬɢɰ ɢ ɝɪɹɡɧɨɝɨ ɨɫɚɞɤɚ ɧɚ 
ɟɦɤɨɫɬɶ ȿ-9. ɉɨ ɬɟɯɧɨɥɨɝɢɢ ɪɚɫɬɜɨɪ ɩɨɞɚɟɬɫɹ ɧɚ ɜɫɚɫ ɧɚɫɨɫɨɜ ɞɨɡɚɬɨɪɨɜ  
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ɇ-28,29,30,31 , ɩɨɫɥɟ ɱɟɝɨ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɜɨɞɨɣ ɞɨ ɧɭɠɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɭɠɟ 
ɝɨɬɨɜɵɣ ɪɚɫɫɨɥ ɩɨɞɚɟɬɫɹ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ Na-ɮɢɥɶɬɪɨɜ (Ɋɢɫ. Ɋɢɫ.). 

 

 

Ɋɢɫ. 2. ɋɯɟɦɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɩɨɞɚɱɢ ɫɨɥɟɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ  
Na-ɤɚɬɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ I ɢ II ɫɬɭɩɟɧɢ ɧɚɫɨɫɚɦɢ ɞɨɡɚɬɨɪɚɦɢ: 

ɋ-1,2 – ɫɨɥɟɪɚɫɬɜɨɪɢɬɟɥɢ; ȿ-9 - ɟɦɤɨɫɬɶ-ɦɟɪɧɢɤ ɞɥɹ ɫɨɥɟɜɨɝɨ ɪɚɫɬɜɨɪɚ;  
ɇ-27,28 – ɧɚɫɨɫ ɞɥɹ ɩɟɪɟɤɚɱɤɢ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɢɡ ɫɨɥɟɜɵɯ ɹɱɟɟɤ ɜ ɟɦɤɨɫɬɶ ȿ-9;  

ɇ-28,29,30,31 – ɧɚɫɨɫɵ ɞɨɡɚɬɨɪɵ ɩɨɞɚɱɢ ɫɨɥɟɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ 

 

ɉɪɟɞɥɚɝɚɟɬɫɹ ɩɪɨɢɡɜɟɫɬɢ ɩɟɪɟɨɛɨɪɭɞɨɜɚɧɢɟ ɩɨɞɚɱɢ ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɧɚ 
ɪɟɝɟɧɟɪɚɰɢɸ ɮɢɥɶɬɪɨɜ. ɋɥɟɞɭɟɬ ɜɦɟɫɬɨ ɧɚɫɨɫɨɜ ɞɨɡɚɬɨɪɨɜ ɭɫɬɚɧɨɜɢɬɶ 
ɷɠɟɤɰɢɨɧɧɭɸ ɭɫɬɚɧɨɜɤɭ, ɜ ɤɨɬɨɪɭɸ ɬɚɤɠɟ ɛɭɞɟɬ ɩɨɞɚɜɚɬɶɫɹ ɫɨɥɟɜɨɣ 26% 
ɪɚɫɬɜɨɪ, ɭɜɥɟɤɚɟɦɵɣ ɡɚ ɷɠɟɤɬɢɪɭɟɦɵɦ ɪɚɛɨɱɢɦ ɬɟɥɨɦ, ɤɨɬɨɪɵɦ ɹɜɥɹɟɬɫɹ 
ɯɢɦɨɱɢɳɟɧɧɚɹ ɜɨɞɚ ɨɬ ɧɚɫɨɫɨɜ ɇ-13,14. Ɍɚɤɠɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɫɬɚɧɨɜɢɬɶ ɧɚ 
ɬɪɭɛɨɩɪɨɜɨɞɟ ɷɠɟɤɬɢɪɭɸɳɟɣ ɜɨɞɵ ɪɚɫɯɨɞɨɦɟɪ,ɡɚ ɷɠɟɤɬɨɪɨɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ 
ɤɨɧɰɟɧɬɪɚɬɨɦɟɪ, ɚ ɞɥɹ ɭɞɨɛɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɨɥɟɜɨɝɨ 
ɪɚɫɬɜɨɪɚ ɢɥɢ ɞɥɹ ɟё ɢɡɦɟɧɟɧɢɹ ɩɪɟɞɭɫɦɨɬɪɟɧ ɪɟɝɭɥɢɪɨɜɨɱɧɵɣ ɜɟɧɬɢɥɶ, 
ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɜɫɬɪɨɟɧ ɜ ɷɠɟɤɰɢɨɧɧɵɣ ɩɨɬɨɤ (ɪɢɫ. 3Ɋɢɫ.). Ⱦɥɹ ɩɨɞɫɬɪɚɯɨɜɤɢ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɧɟ ɭɛɢɪɚɬɶ ɩɥɭɧɠɟɪɧɵɟ ɧɚɫɨɫɵ, ɚ ɨɫɬɚɜɢɬɶ ɥɢɲɶ ɞɜɚ, ɜ ɤɚɱɟɫɬɜɟ 
ɪɟɡɟɪɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɫɥɭɱɚɣ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɪɟɦɨɧɬɚ 
ɷɠɟɤɬɨɪɚ. 

Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱёɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɤɚɦɟɪɵ ɫɬɪɭɣɧɨɝɨ 
ɧɚɫɨɫɚ ɢ ɩɨɞɫɱɢɬɚɧ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɞɚɧɧɨɝɨ ɦɟɪɨɩɪɢɹɬɢɹ. Ɋɚɫɱёɬɵ ɩɨ 
ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɦɭ ɨɛɨɫɧɨɜɚɧɢɸ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ.  
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Ɋɢɫ. 3. ɋɯɟɦɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢ ɩɨɞɚɱɢ ɫɨɥɟɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ  
Na-ɤɚɬɢɨɧɢɬɨɜɵɯ ɮɢɥɶɬɪɨɜ I ɢ II ɫɬɭɩɟɧɢ ɫ ɩɨɦɨɳɶɸ ɷɠɟɤɬɨɪɚ:  

ɋ-1,2 – ɫɨɥɟɪɚɫɬɜɨɪɢɬɟɥɢ; ȿ-9 – ɟɦɤɨɫɬɶ-ɦɟɪɧɢɤ ɞɥɹ ɫɨɥɟɜɨɝɨ ɪɚɫɬɜɨɪɚ; ɇ-27,28 – ɧɚɫɨɫ ɞɥɹ 
ɩɟɪɟɤɚɱɤɢ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɥɢ ɢɡ ɫɨɥɟɜɵɯ ɹɱɟɟɤ ɜ ɟɦɤɨɫɬɶ ȿ-9; ɇ-28,29,30,31 – 

ɧɚɫɨɫɵ ɞɨɡɚɬɨɪɵ ɩɨɞɚɱɢ ɫɨɥɟɜɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɪɟɝɟɧɟɪɚɰɢɸ 

 

Ɍɚɛɥɢɰɚ 1 

 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɱɢɫɬɨɝɨ ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɨɝɨ ɞɨɯɨɞɚ ɢ ɢɧɞɟɤɫɚ ɞɨɯɨɞɧɨɫɬɢ 

ɉɨɤɚɡɚɬɟɥɶ 
Ƚɨɞ (Э) 

0-ɣ 1-ɣ 2-ɣ 3-ɣ 4-ɣ 5-ɣ 6-ɣ 7-ɣ 8-ɣ 9-ɣ 10-ɣ 

ɗ 0,00 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 0,03 

Kt 0,03 0 0 0 0 0 0 0 0 0 0 

ɑȾȾt -0,03 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,01 0,01 

ɑȾȾ -0,03 0,00 0,03 0,06 0,08 0,10 0,12 0,14 0,15 0,17 0,18 

ɂɧɞɟɤɫ 
ɞɨɯɨɞɧɨɫɬɢ 

(ɂȾ) 
-1,00 0,04 0,99 1,85 2,63 3,35 3,99 4,58 5,12 5,60 6,05 

 

Ɉɠɢɞɚɟɦɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɨɬ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɧɚ ɷɧɟɪɝɨ-

ɪɟɫɭɪɫɵ ɫɨɫɬɚɜɥɹɟɬ 43 ɬɵɫ. ɪɭɛ. ɜ ɝɨɞ ɩɪɢ ɡɚɬɪɚɬɚɯ ɜ 15 ɬɵɫ. ɪɭɛ. ɧɚ ɪɟɚɥɢɡɚɰɢɸ 
ɩɪɟɞɥɨɠɟɧɧɵɯ ɪɟɤɨɦɟɧɞɚɰɢɣ. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ ɫɨɫɬɚɜɢɬ 
ɧɟ ɛɨɥɟɟ 0,9 ɥɟɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɧɧɨɟ ɦɟɪɨɩɪɢɹɬɢɟ ɹɜɥɹɟɬɫɹ ɦɚɥɨɡɚɬɪɚɬɧɵɦ 
ɢ ɛɵɫɬɪɨɨɤɭɩɚɟɦɵɦ. 
 

ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ 

1. Ƚɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɩɪɨɝɪɚɦɦɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ «ɗɧɟɪɝɨɫɛɟɪɟ-

ɠɟɧɢɟ ɢ ɩɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2020 ɝɨɞɚ», 
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ɭɬɜɟɪɠɞɟɧɧɚɹ ɪɚɫɩɨɪɹɠɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ  
27 ɞɟɤɚɛɪɹ 2010 ɝ. № 2446-ɪ. 

2. Ƚɨɝɥɚɱɟɜ, ɋ. ɇ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɱɢɫɬɤɢ ɜɨɞɵ ɫɢɫɬɟɦɵ 
ɨɛɨɪɨɬɧɨɝɨ ɜɨɞɨɫɧɚɛɠɟɧɢɹ / ɋ. ɇ. Ƚɨɝɥɚɱɟɜ, ȿ. Ⱥ. ɇɚɭɦɤɢɧ, ɂ. Ɋ. Ʉɭɡɟɟɜ // 

Ɇɢɪɨɜɨɟ ɫɨɨɛɳɟ-ɫɬɜɨ: ɩɪɨɛɥɟɦɵ ɢ ɩɭɬɢ ɪɟɲɟɧɢɹ: ɋɛɨɪɧɢɤ ɧɚɭɱɧɵɯ ɫɬɚɬɟɣ. – 
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ENERGY MANAGEMENT IN INDUSTRIAL ENTERPRISE 

 

Ɍhe article describes the main stages of the implementation of the energy management in 

industry and enterprise management features in the presence of energy management services. 
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ɗɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬ – ɷɬɨ ɧɟ ɱɬɨ ɢɧɨɟ, ɤɚɤ ɤɨɦɩɥɟɤɫ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɵɯ 
ɦɟɬɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɜɵɫɢɬɶ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɹ, ɱɬɨ ɩɨ 
ɢɬɨɝɭ ɩɪɢɜɨɞɢɬ ɤ ɨɠɢɞɚɟɦɨɦɭ ɪɟɡɭɥɶɬɚɬɭ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɬɟɯɧɢɱɟɫɤɨɝɨ, 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢɥɢ ɢɧɠɟɧɟɪɧɨɝɨ ɦɟɧɟɞɠɦɟɧɬɚ, ɤɨɬɨɪɵɣ ɧɚɩɪɚɜɥɟɧ ɬɨɥɶɤɨ 
ɧɚ ɨɞɧɨɫɬɨɪɨɧɧɟɟ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ, ɤɨɬɨɪɵɟ, ɧɟɫɨɦɧɟɧɧɨ, ɢɦɟɟɬ ɦɟɫɬɨ ɛɵɬɶ, 
ɜ ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ. 

ɋɢɫɬɟɦɚ ɷɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬɚ (ɋɗɆ) – ɷɬɨ ɤɨɦɩɥɟɤɫ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ 
ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɞɥɹ 
ɞɨɫɬɢɠɟɧɢɹ ɟɞɢɧɨɣ ɰɟɥɢ – ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ. ȼ ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɨɜ ɩɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɢ, ɷɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬ ɢɫɩɨɥɶɡɭɟɬ ɪɚɡɥɢɱɧɵɟ ɫɯɟɦɵ ɢ 
ɦɟɬɨɞɢɤɢ, ɤɨɬɨɪɵɟ ɩɨɦɨɝɚɸɬ ɞɨɫɬɢɝɚɬɶ ɩɨɫɬɚɜɥɟɧɧɵɯ ɰɟɥɟɣ ɢ ɡɚɞɚɱ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɋɗɆ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɬɶ 
ɢ ɜɧɟɞɪɢɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɨɰɟɫɫɵ, ɜ ɩɟɪɫɩɟɤɬɢɜɟ ɭɥɭɱɲɚɸɳɢɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɪɟɡɭɥɶɬɚɬɢɜɧɨɫɬɶ, ɤɨɦɩɚɧɢɹɦ ɢ ɨɪɝɚɧɢɡɚɰɢɹɦ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɢɯ ɪɚɡɦɟɪɚ ɢ ɫɩɟɰɢɚɥɢɡɚɰɢɢ. ɗɧɟɪɝɟɬɢɱɟɫɤɨɟ ɨɛɫɥɟɞɨɜɚɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ 
ɩɪɟɞɩɪɢɹɬɢɣ – ɷɬɨ ɧɟɨɛɯɨɞɢɦɵɣ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɞɨɥɠɧɚ ɩɪɨɣɬɢ ɤɚɠɞɚɹ 
ɤɨɦɩɚɧɢɹ, ɜɟɞɶ ɨɧ ɩɨɡɜɨɥɹɟɬ ɡɚɞɟɣɫɬɜɨɜɚɬɶ ɜɟɫɶ ɫɭɳɟɫɬɜɭɸɳɢɣ ɩɨɬɟɧɰɢɚɥ, ɢ 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɫɢɬɶ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɱɬɨ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ ɩɪɢɜɟɞɟɬ ɤ ɫɧɢɠɟɧɢɸ ɪɚɫɯɨɞɨɜ ɢ ɩɨɜɵɲɟɧɢɸ ɩɪɢɛɵɥɢ. 

Ɂɚɤɨɧɨɦ ɨɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧ ɨɛɹɡɚɬɟɥɶɧɵɣ ɪɟɝɭɥɹɪɧɵɣ 
ɷɧɟɪɝɨɚɭɞɢɬ ɤɪɭɩɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɧɨ ɟɝɨ ɪɟɚɥɢɡɚɰɢɹ ɡɚɬɪɭɞɧɟɧɚ 
ɧɟɫɨɜɟɪɲɟɧɫɬɜɨɦ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɮɢɧɚɧɫɨɜɨɝɨ ɦɟɯɚɧɢɡɦɚ ɢɫɩɨɥɧɟɧɢɹ. 

ɇɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɭɸ ɛɚɡɭ ɩɨ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɸ ɫɨɫɬɚɜɥɹɸɬ: 

http://npodhod.ru/%D0%BD%D0%B0%D1%83%D1%87%D0%BD%D1%8B%D0%B9-%D0%BF%D0%BE%D0%B4%D1%85%D0%BE%D0%B4--%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%BE%D1%81%D0%B1%D0%B5%D1%80%D0%B5%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.html
http://npodhod.ru/%D0%BD%D0%B0%D1%83%D1%87%D0%BD%D1%8B%D0%B9-%D0%BF%D0%BE%D0%B4%D1%85%D0%BE%D0%B4--%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%BE%D1%81%D0%B1%D0%B5%D1%80%D0%B5%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.html
http://npodhod.ru/%D0%BD%D0%B0%D1%83%D1%87%D0%BD%D1%8B%D0%B9-%D0%BF%D0%BE%D0%B4%D1%85%D0%BE%D0%B4--%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%BE%D1%81%D0%B1%D0%B5%D1%80%D0%B5%D0%B6%D0%B5%D0%BD%D0%B8%D0%B5.html
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 Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ № 261-ɎɁ ɨɬ 23.11.2009 «Ɉɛ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɢ ɢ ɨ 
ɩɨɜɵɲɟɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ»; 

 Ɏɟɞɟɪɚɥɶɧɵɣ ɡɚɤɨɧ № 190-ɎɁ ɨɬ 27.07.2010 «Ɉ ɬɟɩɥɨɫɧɚɛɠɟɧɢɢ»; 

 ɋɬɚɧɞɚɪɬ ɷɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬɚ ISO 50001; 

 Ɋɚɫɩɨɪɹɠɟɧɢɹ ɢ ɉɨɫɬɚɧɨɜɥɟɧɢɹ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɊɎ; 

 ɉɪɢɤɚɡɵ Ɇɢɧɷɤɨɧɨɦɪɚɡɜɢɬɢɹ ɢ Ɇɢɧɪɟɝɢɨɧɚ ɊɎ. 
ɐɟɥɹɦɢ ɜɧɟɞɪɟɧɢɹ ɋɗɆ ɹɜɥɹɸɬɫɹ: 
 ɨɛɟɫɩɟɱɟɧɢɟ ɢɧɬɟɝɪɚɰɢɢ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɨ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɸ ɢ 

ɩɨɜɵɲɟɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɨɛɳɭɸ ɫɬɪɭɤɬɭɪɭ; 
 ɨɛɟɫɩɟɱɟɧɢɟ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɪɟɫɭɪɫɨɜ; 
  ɭɥɭɱɲɟɧɢɟ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɞɨɤɭɦɟɧɬɢɪɨɜɚɧɢɹ ɢ ɨɬɱɟɬɧɨɫɬɢ; 
 ɫɨɤɪɚɳɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɬɯɨɞɨɜ; 
 ɩɪɨɡɪɚɱɧɨɫɬɶ ɢ ɨɛɦɟɧ ɡɧɚɧɢɹɦɢ ɜ ɨɛɥɚɫɬɢ ɭɩɪɚɜɥɟɧɢɹ 

ɷɧɟɪɝɨɪɟɫɭɪɫɚɦɢ; 
 ɫɬɢɦɭɥɢɪɨɜɚɧɢɟ ɜɧɟɞɪɟɧɢɹ ɢɧɧɨɜɚɰɢɣ, ɨɰɟɧɤɚ ɢ ɧɚɡɧɚɱɟɧɢɟ 

ɩɪɢɨɪɢɬɟɬɨɜ ɩɪɢ ɜɧɟɞɪɟɧɢɢ ɧɨɜɵɯ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. 
Ʉɚɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɬɤɪɵɜɚɟɬ ɷɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬ? 

 ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɭɱɟɬɚ ɢ ɪɚɫɯɨɞɚ 
ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ ɢ ɜɵɹɜɥɟɧɢɟ ɩɭɬɟɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɞɚɧɧɵɯ 
ɫɢɫɬɟɦ; 

 ɩɪɨɜɟɞɟɧɢɟ ɚɧɚɥɢɡɚ ɩɨ ɜɵɹɜɥɟɧɢɸ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɫɯɟɦ 
ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ, ɢ ɜɧɟɞɪɟɧɢɟ ɪɚɛɨɱɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɢɯ 
ɦɨɞɟɪɧɢɡɚɰɢɸ; 

 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɫɜɨɟɦ ɪɚɛɨɱɟɦ ɩɪɨɰɟɫɫɟ ɬɨɥɶɤɨ ɧɨɜɟɣɲɟɝɨ 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

 ɜɵɹɜɥɟɧɢɟ ɩɪɨɛɥɟɦ ɜ ɫɮɟɪɟ ɧɟɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ, ɢ ɩɨɥɭɱɟɧɢɟ ɪɟɤɨɦɟɧɞɚɰɢɣ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɝɨ, ɤɚɤ 
ɛɵɫɬɪɨ ɢ ɦɟɧɟɟ ɡɚɬɪɚɬɧɨ ɢɫɩɪɚɜɢɬɶ ɜɫɟ ɨɛɧɚɪɭɠɟɧɧɵɟ ɩɪɨɛɥɟɦɵ; 

 ɩɨɥɭɱɟɧɢɟ ɧɨɜɨɝɨ ɪɹɞɚ ɫɬɚɬɟɣ ɩɚɫɫɢɜɧɨɝɨ ɢ ɚɤɬɢɜɧɨɝɨ ɞɨɯɨɞɚ; 
 ɩɨɥɭɱɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɪɚɫɯɨɞɵ ɧɚ ɡɚɤɭɩɤɭ 

ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ, ɜ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɪɚɫɯɨɞɨɜɚɬɶɫɹ ɞɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɫ ɦɨɦɟɧɬɚ 
ɜɧɟɞɪɟɧɢɹ ɫɢɫɬɟɦɵ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɟɧɟɞɠɦɟɧɬɚ ɛɭɞɟɬ ɛɨɥɟɟ ɪɚɰɢɨɧɚɥɶɧɨ; 

 ɨɩɪɟɞɟɥɟɧɢɟ ɨɛɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɫɮɟɪɵ 
ɩɪɟɞɩɪɢɹɬɢɹ, ɨɩɢɪɚɹɫɶ ɧɚ ɬɨɱɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɢ ɪɚɫɱɟɬɵ; 
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 ɜɧɢɤɚɧɢɟ ɜ ɬɟɯɧɢɱɟɫɤɭɸ ɢ ɭɩɪɚɜɥɟɧɱɟɫɤɭɸ ɫɬɨɪɨɧɭ ɜɨɩɪɨɫɚ ɫ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɱɚɫɬɢɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɩɥɚɧɨɜ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɫɢɫɬɟɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɧɚɛɠɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɹ; 

 ɩɨɥɭɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɩɚɤɟɬɚ ɞɨɤɭɦɟɧɬɨɜ ɤɚɫɚɸɳɢɯɫɹ ɫɮɟɪɵ 
ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ, ɫɨɫɬɚɜɥɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɞɟɣɫɬɜɭɸɳɢɯ ɡɚɤɨɧɨɞɚɬɟɥɶɧɵɯ 
ɞɨɤɭɦɟɧɬɨɜ (ɧɨɪɦ, ɩɪɚɜɢɥ, ɫɬɚɧɞɚɪɬɨɜ); 

 ɩɪɨɜɟɞɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɚɞɪɨɜɨɝɨ ɦɟɧɟɞɠɦɟɧɬɚ, ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 
ɨɛɹɡɚɧɧɨɫɬɟɣ ɦɟɠɞɭ ɫɨɬɪɭɞɧɢɤɚɦɢ ɤɨɦɩɚɧɢɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɤɚɠɞɵɣ 
ɭɪɨɜɟɧɶ ɛɭɞɟɬ ɨɛɟɫɩɟɱɟɧ ɧɟɨɛɯɨɞɢɦɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɪɚɛɨɬɧɢɤɨɜ, ɞɥɹ ɟɝɨ 
ɨɬɥɚɠɟɧɧɨɝɨ ɢ ɛɟɫɩɟɪɟɛɨɣɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ; 

 ɜɧɟɞɪɟɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢ ɭɩɪɚɜɥɹɬɶ ɜɫɟɣ ɫɢɫɬɟɦɨɣ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɹ, ɤɚɤ 
ɟɞɢɧɵɦ ɤɨɦɩɥɟɤɫɨɦ. 

ɗɬɚɩɵ ɜɧɟɞɪɟɧɢɹ ɫɢɫɬɟɦɵ ɷɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬɚ ɜ ɨɛɳɭɸ ɫɢɫɬɟɦɭ 
ɩɪɟɞɩɪɢɹɬɢɹ: 

1. ɞɢɚɝɧɨɫɬɢɤɚ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ; 
2. ɪɟɚɥɢɡɚɰɢɹ; 
3. ɢɫɩɵɬɚɧɢɟ; 
4. ɤɨɪɪɟɤɬɢɪɨɜɤɚ. 
ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɧɟɞɠɦɟɧɬ ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɚɡɧɚɱɟɧɢɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ 

ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɥɢɰɚ – ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɟɧɟɞɠɟɪɚ. ɇɚ ɷɬɨɦ ɠɟ ɷɬɚɩɟ 
ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɨɫɧɨɜɧɵɟ ɰɟɥɢ ɢ ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚ ɩɨɫɥɟɞɭɸɳɢɟ 
ɧɟɫɤɨɥɶɤɨ ɥɟɬ. ɗɧɟɪɝɨɦɟɧɟɞɠɟɪ – ɷɬɨ ɫɩɟɰɢɚɥɢɫɬ ɩɨ ɨɩɬɢɦɚɥɶɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɯɨɡɹɣɫɬɜɨɦ ɩɪɟɞɩɪɢɹɬɢɹ. ɐɟɥɶɸ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɷɧɟɪɝɨɦɟɧɟɞɠɟɪɚ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɜɵɲɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ ɫɧɢɠɟɧɢɟ 
ɷɧɟɪɝɨɡɚɬɪɚɬ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ. Ɉɫɧɨɜɧɵɟ ɨɛɹɡɚɧɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɦɟɧɟɞɠɟɪɚ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ : 

 ɭɱɚɫɬɢɟ ɜ ɫɨɫɬɚɜɥɟɧɢɢ ɤɚɪɬɵ ɩɨɬɪɟɛɥɟɧɢɹ ɷɧɟɪɝɢɢ ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ; 
 ɫɛɨɪ ɞɚɧɧɵɯ ɩɨ ɩɨɬɪɟɛɥɟɧɢɸ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɱɟɬɱɢɤɨɜ ɢ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ; 
 ɫɨɫɬɚɜɥɟɧɢɟ ɩɥɚɧɚ ɭɫɬɚɧɨɜɤɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɱɟɬɱɢɤɨɜ ɢ ɤɨɧɬɪɨɥɶɧɨ-

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ; 
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 ɫɛɨɪ ɞɚɧɧɵɯ ɩɨ ɩɨɬɨɤɚɦ ɫɵɪɶɹ, ɬɨɩɥɢɜɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɢ 
ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ; 

 ɪɚɫɱɟɬ ɤɥɸɱɟɜɵɯ ɞɚɧɧɵɯ ɩɨ ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ – ɜ ɰɟɥɨɦ ɢ ɩɨ ɨɬɞɟɥɶɧɵɦ ɩɪɨɢɡɜɨɞɫɬɜɚɦ; 

 ɨɩɪɟɞɟɥɟɧɢɟ, ɥɨɤɚɥɢɡɚɰɢɹ ɢ ɜɧɟɞɪɟɧɢɟ ɦɟɪ ɩɨ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ, ɧɟ 
ɬɪɟɛɭɸɳɢɯ ɢɧɜɟɫɬɢɰɢɣ ɢɥɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɢɧɜɟɫɬɢɰɢɹɦɢ; – ɥɨɤɚɥɢɡɚɰɢɹ, 
ɨɰɟɧɤɚ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɨɪɢɬɟɬɧɨɫɬɢ ɦɟɪ ɩɨ ɷɤɨɧɨɦɢɢ ɷɧɟɪɝɢɢ, ɬɪɟɛɭɸɳɢɯ 
ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɢɧɜɟɫɬɢɰɢɣ; 

 ɭɱɚɫɬɢɟ ɜ ɫɨɫɬɚɜɥɟɧɢɢ ɫɯɟɦɵ ɨɫɬɚɧɨɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɜɚɪɢɚɧɬɨɜ 
ɷɧɟɪɝɨɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɫɥɭɱɚɟɜ ɚɜɚɪɢɣɧɨɝɨ ɩɪɟɤɪɚɳɟɧɢɹ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ; 

 ɢɧɮɨɪɦɢɪɨɜɚɧɢɟ ɩɟɪɫɨɧɚɥɚ ɩɪɟɞɩɪɢɹɬɢɹ ɨ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɨ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɦɭ ɦɟɧɟɞɠɦɟɧɬɭ ɢ ɩɪɟɞɩɪɢɧɢɦɚɟɦɵɯ ɦɟɪɚɯ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ 
ɷɤɨɧɨɦɢɸ ɷɧɟɪɝɢɢ; 

 ɜɧɟɞɪɟɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɧɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɧɨɜɵɯ 
ɷɧɟɪɝɨɧɨɫɢɬɟɥɹɯ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ; 

 ɭɱɚɫɬɢɟ ɜ ɪɚɡɪɚɛɨɬɤɟ ɛɢɡɧɟɫ-ɩɥɚɧɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɬɪɚɬɟɝɢɢ 
ɩɪɟɞɩɪɢɹɬɢɹ ɧɚɪɚɜɧɟ ɫ ɞɪɭɝɢɦɢ ɪɭɤɨɜɨɞɢɬɟɥɹɦɢ. 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɪɢɦɟɪɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɟɦ 
ɫɭɱɚɫɬɢɟɦ ɫɥɭɠɛɵ ɷɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬɚ. 

 

Ɋɢɫ. 1. ɋɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɩɪɢɹɬɢɟɦ ɫɭɱɚɫɬɢɟɦ ɫɥɭɠɛɵ ɷɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬɚ 
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ɗɧɟɪɝɟɬɢɱɟɫɤɢɣ ɦɟɧɟɞɠɟɪ ɨɛɹɡɚɧ ɫɥɟɞɢɬɶ ɡɚ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɨɛɥɚɫɬɢ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɩɨɥɢɬɢɤɢ ɢ ɫɨɩɭɬɫɬɜɭɸɳɢɯ ɚɫɩɟɤɬɚɯ, ɧɚɩɪɢɦɟɪɧɨɜɨɝɨ 
ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɩɨ ɧɚɥɨɝɨɨɛɥɨɠɟɧɢɸ, ɫɭɛɫɢɞɢɣ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ, ɡɚɳɢɬɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɬ.ɞ.  

ɉɨɤɚɡɚɧɢɹ ɨɫɧɨɜɧɵɯ ɫɱɟɬɱɢɤɨɜ ɢ ɞɪɭɝɢɯ ɩɪɢɛɨɪɨɜɢ ɫɢɫɬɟɦ ɭɱɟɬɚ ɢ 
ɤɨɧɬɪɨɥɹ ɧɟɨɛɯɨɞɢɦɨ ɫɧɢɦɚɬɶ ɟɠɟɞɧɟɜɧɨ ɢɥɢ ɧɟ ɪɟɠɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ ɧɟɞɟɥɸ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɩɨ ɨɛɳɟɦɭ ɩɨɬɪɟɛɥɟɧɢɸ ɝɚɡɚ, ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɜɨɞɵ ɢ ɬ.ɞ. 
ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɫɛɨɪ ɞɚɧɧɵɯ ɩɨ ɨɛɴɟɦɭ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɩɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɵɪɶɹ. 

Ɉɞɧɚɤɨ ɞɚɧɧɵɯ ɩɨ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɸ ɟɳɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɚɧɚɥɢɡɚ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɩɨ ɤɚɠɞɨɦɭ ɰɟɧɬɪɭ ɷɧɟɪɝɨɭɱɟɬɚ 
ɫɨɛɢɪɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɞɚɧɧɵɟ, ɜɥɢɹɸɳɢɟ ɧɚ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ: 

1) ɚɧɚɥɢɡ ɨɛɴɟɦɚ ɩɪɨɢɡɜɟɞɟɧɧɨɣ ɩɪɨɞɭɤɰɢɢ ɢɥɢ ɭɫɥɭɝ ɜ ɮɢɡɢɱɟɫɤɨɦ 
ɜɵɪɚɠɟɧɢɢ;  

2) ɚɧɚɥɢɡ ɜɵɯɨɞɚ ɜɬɨɪɢɱɧɨɝɨ ɷɧɟɪɝɨɪɟɫɭɪɫɚ (ɞɥɹɤɨɬɟɥɶɧɵɯ, 
ɤɨɦɩɪɟɫɫɨɪɧɵɯ, ɧɚɫɨɫɧɵɯ);  

3) ɚɧɚɥɢɡ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɞɥɹ ɨɰɟɧɤɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɬɟɩɥɚ ɞɥɹ ɨɬɨɩɥɟɧɢɹ (ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɜɟɧɬɢɥɹɰɢɢ); 

4) ɚɧɚɥɢɡ ɧɚɪɭɠɧɨɣ ɨɫɜɟɳɟɧɧɨɫɬɢ (ɞɥɹ ɫɢɫɬɟɦ ɨɫɜɟɳɟɧɢɹ);   

5) ɚɧɚɥɢɡ ɤɨɥɢɱɟɫɬɜɚ ɱɟɥɨɜɟɤɨ-ɱɚɫɨɜ ɩɪɢɫɭɬɫɬɜɢɹ ɥɸɞɟɣ ɜ ɡɞɚɧɢɢ (ɞɥɹ 
ɚɞɦɢɧɢɫɬɪɚɬɢɜɧɨ-ɛɵɬɨɜɵɯ ɡɞɚɧɢɣ, ɨɮɢɫɨɜ ɢ ɬ.ɞ.).  

ɍɫɩɟɲɧɨɟ ɜɜɟɞɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɟɧɟɞɠɦɟɧɬɚ ɜ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ 
ɡɚɜɢɫɢɬ ɨɬ ɨɬɧɨɲɟɧɢɹ ɤ ɧɟɦɭ ɪɭɤɨɜɨɞɫɬɜɚ ɩɪɟɞɩɪɢɹɬɢɹ. Ɉɳɭɬɢɦɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɪɭɤɨɜɨɞɫɬɜɨ ɩɪɨɹɜɥɹɟɬ 
ɢɧɢɰɢɚɬɢɜɭ. ɇɟɨɛɯɨɞɢɦɨ ɩɥɚɧɨɦɟɪɧɨ ɧɚɥɚɠɢɜɚɬɶ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ 
ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɦ ɜɨ ɜɫɟɯ ɟɟ ɚɫɩɟɤɬɚɯ: ɬɟɯɧɢɱɟɫɤɨɦ ɨɫɧɚɳɟɧɢɢ ɩɪɟɞɩɪɢɹɬɢɣ, 
ɫɨɡɞɚɧɢɢ ɫɬɪɭɤɬɭɪɵ ɢ ɩɪɨɰɟɞɭɪɵ ɷɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬɚ, ɨɛɭɱɟɧɢɢ ɩɟɪɫɨɧɚɥɚ.  

ɉɨɞɜɨɞɹ ɢɬɨɝ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ 
ɷɧɟɪɝɨɦɟɧɟɞɠɦɟɧɬɚ ɜ ɨɛɳɢɣ ɤɨɦɩɥɟɤɫ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɟɦ, ɩɨɡɜɨɥɹɟɬ ɜɵɫɬɪɨɢɬɶ ɪɚɛɨɱɢɣ ɦɟɯɚɧɢɡɦ, ɨɫɧɨɜɧɨɣ ɰɟɥɶɸ 
ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɧɟ ɬɨɥɶɤɨ ɬɚɤɬɢɱɟɫɤɢɯ, ɧɨ ɢ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɡɚɞɚɱ 
ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ, ɱɬɨ ɜ 
ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɫɧɢɡɢɬ ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɢ ɜɵɜɟɞɟɬ ɩɪɟɞɩɪɢɹɬɢɟ ɧɚ 
ɧɨɜɵɣ ɭɪɨɜɟɧɶ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ. 
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