




Вɟɫɬɧɢɤ ɬɟɯɧɨɥɨɝɢчɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 2015. Ɍ.18, №24 

95 

ɍДК 662.6 

 

Ɇ. Ⱥ. Ɍɚɣɦɚɪɨɜ,  ɂ. Ɋ. Ⱦɨɞɨɜ,  Ɍ. Ɉ. ɋɬɟɩɚɧɨɜɚ 

ɋɀɂȽȺɇɂȿ  ɋȻɊɈɋɇЫɏ  ȽȺɁɈȼ  ȾɅə  ɌȿɉɅɈɎɂɄȺɐɂɂ  ȼ  ɇȿɎɌȿɏɂɆɂɂ 

Кɥɸчɟɜɵɟ ɫɥɨɜɚ: ɬɟɯɧɨɥɨɝɢчɟɫɤɢɟ ɩɟчɢ, ɛɚɥɥɚɫɬɧɵɣ ɜɨɡɞɭɯ, ɩɪɢɪɨɞɧɵɣ ɝɚɡ, ɡɦɟɟɜɢɤɢ, ɪɚɞɢɚɧɬɧɚɹ ɤɚɦɟɪɚ, ɪɚɞɢɚɧɬɧɵɟ ɡɦɟɟ-
ɜɢɤɢ, ɮɨɪɫɭɧɤɢ, ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ, КɉД. 

 

В ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɨɛɫɥɟɞɨɜɚɧɢɸ ɬɟɯɧɨɥɨɝɢчɟɫɤɢɯ ɩɟчɟɣ ɩɪɢ ɫɠɢɝɚ-

ɧɢɢ ɜ ɧɢɯ ɬɨɩɥɢɜɧɨɝɨ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɝɚɡɨɨɛɪɚɡɧɵɯ ɫɞɭɜɨɤ ɫ ɭɫɬɚɧɨɜɨɤ ɡɚɜɨɞɨɜ ɈАɈ «ɇɢɠɧɟ-
ɤɚɦɫɤɧɟɮɬɟɯɢɦ». 
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In this article, experimental results on the survey process furnaces by burning them in fuel natural gas with the addi-

tion of gaseous waste flow from factories OJSC "Nizhnekamskneftekhim". 

 

Оɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢя 

 
Ɍɟɩɥɨɮɢɤɚɰɢɨɧɧɵɟ ɜɨɞɨɝɪɟɣɧɵɟ ɩɟɱɢ ɉ–3/1, ɉ–

3/2, ɉ–3/3, ɉ–3/4, ɉ–3/5 ɜ ɤɨɬɨɪɵɯ ɫɠɢɝɚɸɬɫɹ 

ɫɛɪɨɫɧɵɟ ɝɚɡɵ ɫɞɭɜɨɤ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɰɟɯɟ 1517 

ɧɚ ɡɚɜɨɞɟ «ɋɢɧɬɟɬɢɱɟɫɤɨɝɨ ɤɚɭɱɭɤɚ» ɈȺɈ «ɇɢɠɧɟ-
ɤɚɦɫɤɧɟɮɬɟɯɢɦ» ɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɭɸ ɤɨɧɫɬɪɭɤɰɢɸ 

ɢ ɫɨɫɬɨɹɬ ɢɡ ɧɢɠɧɟɣ ɪɚɞɢɚɧɬɧɨɣ ɢ ɜɟɪɯɧɟɣ ɤɨɧɜɟɤ-

ɬɢɜɧɨɣ ɬɨɩɨɱɧɵɯ ɤɚɦɟɪ. ȼ ɤɨɧɜɟɤɰɢɨɧɧɨɣ ɤɚɦɟɪɟ 
ɪɚɫɩɨɥɨɠɟɧɵ ɬɪɢ ɡɦɟɟɜɢɤɚ: ɜɟɪɯɧɢɣ, ɫɪɟɞɧɢɣ ɢ 

ɧɢɠɧɢɣ. Ɍɪɭɛɵ ɷɬɢɯ ɡɦɟɟɜɢɤɨɜ ɪɚɫɩɨɥɨɠɟɧɵ ɝɨɪɢ-

ɡɨɧɬɚɥɶɧɨ. Ɂɦɟɟɜɢɤɢ ɜ ɪɚɞɢɚɧɬɧɨɣ ɤɚɦɟɪɟ ɪɚɫɩɨɥɨ-

ɠɟɧɵ ɜɟɪɬɢɤɚɥɶɧɨ, ɨɛɪɚɡɭɹ ɧɚɫɬɢɥɶɧɵɣ ɨɞɧɨɪɹɞɧɵɣ 

ɷɤɪɚɧ ɨɞɧɨɫɬɨɪɨɧɧɟɝɨ ɨɛɥɭɱɟɧɢɹ (ɪɢɫ. 1.). Ɋɚɞɢɚɧɬ-
ɧɵɟ ɬɪɭɛɵ ɪɚɫɩɨɥɨɠɟɧɵ ɨɬ ɫɬɟɧɵ ɩɟɱɢ ɧɚ ɪɚɫɫɬɨɹ-
ɧɢɢ 100… 150 ɦɦ ɢ ɤɪɟɩɹɬɫɹ ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɹɤɨɪɹɯ 

ɢ ɭɩɨɪɚɯ. ɉɨɫɤɨɥɶɤɭ ɪɚɞɢɚɧɬɧɵɟ ɬɪɭɛɵ ɫɨɫɬɨɹɬ ɢɡ 
ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɝɢɛɨɜ, ɬɨ ɧɚ ɩɟɪɟɯɨɞɧɵɯ ɪɟɠɢɦɚɯ 

ɰɢɪɤɭɥɹɰɢɢ ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɢ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ 
ɩɨɹɜɥɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɭɞɚɪɨɜ. Ʉɚɠɞɚɹ ɢɡ ɩɟɱɟɣ 

ɨɛɨɪɭɞɨɜɚɧɚ 40 ɩɨɞɨɜɵɦɢ ɞɢɮɮɭɡɢɨɧɧɵɦɢ ɝɚɡɨɜɵ-

ɦɢ ɝɨɪɟɥɤɚɦɢ (ɪɢɫ. 2, 3) Ɍ-ɨɛɪɚɡɧɨɝɨ ɬɢɩɚ, ɤɨɬɨɪɵɟ 
ɪɚɫɩɨɥɨɠɟɧɵ ɩɚɪɚɥɥɟɥɶɧɨ ɩɪɨɞɨɥɶɧɨɦɭ ɫɟɱɟɧɢɸ 

ɩɟɱɢ ɫɧɢɡɭ ɪɚɞɢɚɰɢɨɧɧɨɣ ɤɚɦɟɪɵ ɜ ɞɜɚ ɪɹɞɚ ɩɨ 20 

ɲɬ. ɜ ɤɚɠɞɨɦ ɪɹɞɭ (ɪɢɫ. 4) [1]. ȼɨɡɞɭɯ ɞɥɹ ɝɨɪɟɥɨɤ 

ɩɨɫɬɭɩɚɟɬ ɢɡ ɚɬɦɨɫɮɟɪɵ ɫɧɢɡɭ ɱɟɪɟɡ ɨɬɜɟɪɫɬɢɹ ɩɨɞɚ 
ɩɟɱɢ. ɇɚ ɜɟɪɯɧɟɣ ɫɬɟɧɤɟ ɤɨɧɜɟɤɬɢɜɧɨɣ ɤɚɦɟɪɵ ɩɟɱɢ 

ɭɫɬɚɧɨɜɥɟɧɵ ɬɪɢ ɬɪɭɛɵ ɞɥɹ ɨɬɜɨɞɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ. 

Ƚɚɡɨɜɚɹ ɝɨɪɟɥɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɭɛɭ ɫ ɜɵɫɜɟɪ-

ɥɟɧɧɵɦɢ ɜ ɧɟɣ ɨɬɜɟɪɫɬɢɹɦɢ, ɧɚ ɨɬɜɟɪɫɬɢɹ ɧɚ ɪɟɡɶɛɟ 
ɭɫɬɚɧɨɜɥɟɧɵ ɝɚɡɨɜɵɟ ɫɨɩɥɚ (ɫɦ. ɪɢɫ. 2, 3). ɉɭɧɤɬɢ-

ɪɨɦ (ɫɦ. ɪɢɫ. 2) ɭɫɥɨɜɧɨ ɩɨɤɚɡɚɧɚ ɬɪɭɛɚ 60 ɦɦ, ɧɚ 
ɤɨɬɨɪɨɣ ɤɪɟɩɹɬɫɹ ɫɢɦɦɟɬɪɢɱɧɨ ɩɨ 5 ɫɨɩɟɥ ɢ ɤ ɤɨɬɨ-

ɪɨɣ ɩɨɞɯɨɞɢɬ ɬɪɭɛɚ ɩɨɞɜɨɞɚ ɝɚɡɚ 108 ɦɦ. ȼɫɟɝɨ ɧɚ 
ɝɨɪɟɥɤɟ 10 ɫɨɩɟɥ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫ ɲɚɝɨɦ ɨɤɨɥɨ 

150 ɦɦ. Ʉɨɥɢɱɟɫɬɜɨ ɩɨɞɫɚɫɵɜɚɟɦɨɝɨ ɜɨɡɞɭɯɚ ɪɟɝɭ-

ɥɢɪɭɟɬɫɹ ɨɬɤɪɵɬɢɟɦ ɲɢɛɟɪɨɜ ɧɚ ɤɨɪɨɛɚɯ ɝɨɪɟɥɨɤ. 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɧɚɫɬɢɥɶɧɨɝɨ ɫɠɢɝɚɧɢɹ ɝɚɡɚ ɫɨ-

ɩɥɚ ɝɨɪɟɥɨɤ ɧɚɩɪɚɜɥɟɧɵ ɩɨɞ ɭɝɥɨɦ 7 ɝɪɚɞɭɫɨɜ ɤ ɩɟ-
ɪɟɜɚɥɶɧɨɣ ɫɬɟɧɟ, ɤɨɬɨɪɚɹ ɪɚɫɩɨɥɨɠɟɧɚ ɩɨ ɩɪɨɞɨɥɶ-

ɧɨɣ ɨɫɢ ɩɟɱɢ. Ƚɚɛɚɪɢɬɵ ɫɬɟɧɨɤ ɩɟɱɟɣ ɫɥɟɞɭɸɳɢɟ: 
ɞɥɢɧɚ – 25925 ɦɦ, ɲɢɪɢɧɚ – 6900 ɦɦ, ɜɵɫɨɬɚ – 

23170 ɦɦ. ɉɟɱɢ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɮɭɧɞɚɦɟɧɬɧɵɯ 

ɫɬɨɥɛɚɯ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɹɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɨɧ-

ɫɬɪɭɤɰɢɢ ɹɜɥɹɟɬɫɹ ɦɚɥɚɹ ɜɟɪɬɢɤɚɥɶɧɚɹ ɩɪɨɬɹɠɟɧ-

ɧɨɫɬɶ ɝɚɡɨɯɨɞɚ ɢ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɪɚɞɢɚɰɢɨɧɧɨɣ ɱɚɫ-
ɬɢ ɩɪɢ ɧɟɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɮɚɤɟɥɚ, ɱɬɨ ɜɵɧɭ-

ɞɢɥɨ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɤ ɪɚɡɦɟɳɟɧɢɸ ɜ ɤɨɧɜɟɤɬɢɜɧɨɣ 

ɱɚɫɬɢ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɬɟɩɥɨɜɨɫɩɪɢɧɢɦɚɸɳɢɯ ɩɨ-

ɜɟɪɯɧɨɫɬɟɣ. 

Мɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɣ 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɄɉȾ ɫɨɫɬɚɜɥɹɥɚ 4,6% ɢ ɨɩɪɟɞɟɥɹɥɚɫɶ 
ɩɨ ɦɟɬɨɞɢɤɟ, ɢɡɥɨɠɟɧɧɨɣ ɜ ɪɚɛɨɬɚɯ [2–6]. Ɋɚɫɯɨɞ 

ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɜɯɨɞɟ ɜ ɤɚɠɞɭɸ ɩɟɱɶ ɢɡɦɟɪɹɥɫɹ 

ɲɬɚɬɧɵɦ ɩɪɢɛɨɪɨɦ. Ɍɨɩɥɢɜɧɵɣ ɝɚɡ ɩɨɫɬɭɩɚɟɬ ɜ 

ɩɟɱɶ ɞɜɭɦɹ ɩɨɬɨɤɚɦɢ. ɇɚ ɤɚɠɞɨɦ ɩɨɬɨɤɟ ɬɨɩɥɢɜɧɨɝɨ 

ɝɚɡɚ ɭɫɬɚɧɨɜɥɟɧɵ ɨɬɫɟɤɚɸɳɢɟ ɤɥɚɩɚɧɵ, ɤɨɬɨɪɵɟ 
ɡɚɤɪɵɜɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɪɢ ɩɚɞɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ 

ɥɢɧɢɢ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɞɨ 0,02 Ɇɉɚ, ɩɪɢ ɫɧɢɠɟɧɢɢ 

ɪɚɫɯɨɞɚ ɜɨɞɵ ɦɟɧɶɲɟ 400 ɦ3/ɱ, ɩɪɢ ɡɚɜɵɲɟɧɢɢ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɜɵɲɟ 115°ɋ, ɩɪɢ ɡɚɜɵɲɟ-
ɧɢɢ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɜɵɲɟ 1,05 Ɇɉɚ ɢ ɩɪɢ 

ɩɨɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɨɞɨɧɚɝɪɟ-
ɜɚɬɟɥɹ ɧɢɠɟ 0,4 Ɇɉɚ. 

ɉɪɟɞɭɫɦɨɬɪɟɧɚ ɬɚɤɠɟ ɫɢɝɧɚɥɢɡɚɰɢɹ ɩɨ ɡɚɜɵɲɟ-
ɧɢɸ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɞɨ 1,0 Ɇɉɚ ɢ ɩɨɧɢ-

ɠɟɧɢɸ ɞɚɜɥɟɧɢɹ ɞɨ 0,45 Ɇɉɚ. 
 

Ɋɢɫ. 1 – ɋɯɟɦɚ ɪɚɞɢɚɧɬɧɵɯ ɡɦɟɟɜɢɤɨɜ ɜ ɩɟɱɚɯ 

ɉ–3/1, ɉ–3/2, ɉ–3/3, ɉ–3/4, ɉ–3/5 

 

Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ ɧɚ ɤɚɠɞɨɦ ɩɨɬɨɤɟ ɜɨɞɵ 

ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɩɨ ɦɟɫɬɭ ɬɟɪɦɨɦɟɬɪɨɦ ɢ ɦɚɧɨɦɟɬ-
ɪɨɦ ɢ ɬɟɦ ɫɚɦɵɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɚɱɟɫɬɜɟɧɧɨɟ ɪɟ-
ɝɭɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɟɱɟɣ ɉ–3/1, 

ɉ–3/2, ɉ–3/3, ɉ–3/4, ɉ–3/5 ɰɟɯɚ 1517 ɫɨɝɥɚɫɧɨ ɝɪɚ-
ɮɢɤɚ 150-70°ɋ ɫɨ ɫɪɟɡɤɨɣ 114-65°ɋ. ȼɨɞɚ ɱɟɪɟɡ ɨɛ-
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ɳɢɣ ɤɨɥɥɟɤɬɨɪ ɩɨɫɬɭɩɚɟɬ ɬɪɟɦɹ ɩɨɬɨɤɚɦɢ ɜ ɜɟɪɯɧɢɟ 
ɤɨɧɜɟɤɰɢɨɧɧɵɟ ɡɦɟɟɜɢɤɢ ɫɪɟɞɢɧɵ, ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ 

ɫɬɨɪɨɧɵ ɤɨɧɜɟɤɰɢɨɧɧɨɣ ɤɚɦɟɪɵ ɜɨɞɨɧɚɝɪɟɜɚɬɟɥɹ.  

 

Ɋɢɫ. 2 – ɋɯɟɦɚ ɮɨɪɫɭɧɤɢ (ɝɚɡɨɜɨɝɨ ɫɨɩɥɚ) ɞɥя 

ɫɠɢɝɚɧɢя ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɜ ɩɟɱɚɯ ɉ–3/1, ɉ–

3/2, ɉ–3/3, ɉ–3/4, ɉ–3/5 (ɦɚɬɟɪɢɚɥ ɫɨɩɥɚ – 

ɫɬɚɥɶ 20) 

 

Ɋɢɫ. 3 – ɋɯɟɦɚ ɝɨɪɟɥɤɢ ɫ ɧɚɫɚɠɟɧɧɵɦɢ ɫɨɩɥɚ-

ɦɢ ɞɥя ɫɠɢɝɚɧɢя ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɜ ɬɟɩɥɨɮɢ-

ɤɚɰɢɨɧɧɵɯ (ɜɨɞɨɝɪɟɣɧɵɯ) ɩɟɱɚɯ ɉ–3/1, ɉ–3/2, 

ɉ–3/3, ɉ–3/4, ɉ–3/5 

 

Ɋɢɫ. 4 – ɋɯɟɦɚ ɤɨɦɩɨɧɨɜɤɢ 40 ɲɬ. ɝɨɪɟɥɨɤ 

ɩɪɢ ɜɢɞɟ ɫɜɟɪɯɭ ɧɚ ɩɨɞɟ ɜ ɩɟɱɚɯ ɉ–3/1, ɉ–3/2, 

ɉ–3/3, ɉ–3/4, ɉ–3/5 

 

Рɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

 

ɇɚ ɦɨɦɟɧɬ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɪɚɛɨɬɟ 
ɧɚɯɨɞɢɥɢɫɶ ɩɟɱɢ ɉ–3/1, ɉ–3/2, ɉ–3/4. Ɉɫɬɚɥɶɧɵɟ 
ɩɟɱɢ ɛɵɥɢ ɜ ɪɟɦɨɧɬɟ. ɉɟɪɜɢɱɧɵɟ ɫɜɨɞɧɵɟ ɩɨɤɚɡɚɬɟ-
ɥɢ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ ɩɟɱɟɣ ɉ–3/1, 

ɉ–3/2, ɉ–3/4 ɜ ɩɟɪɢɨɞ ɢɫɩɵɬɚɧɢɣ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 

ɢɡɦɟɪɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɫɬɚɰɢɨɧɚɪɧɵɯ ɩɪɢɛɨɪɨɜ ɩɪɢ-

ɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥ. 1, ɟɞɢɧɢɱɧɚɹ 

ɫɪɟɞɧɹɹ ɡɚɝɪɭɠɟɧɧɨɫɬɶ ɨɞɧɨɣ ɩɟɱɢ ɩɨ ɧɚɝɪɟɜɚɟɦɨɣ 

ɜɨɞɟ ɫɨɫɬɚɜɥɹɟɬ 1255,2 ɦ3/ɱɚɫ, ɱɬɨ ɪɚɜɧɨ 62,7% ɨɬ 
ɩɪɨɟɤɬɧɨɣ ɟɞɢɧɢɱɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɞɧɨɣ 

ɩɟɱɢ ɪɚɜɧɨɣ 2000 ɦ3/ɱɚɫ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɬɟɩ-

ɥɨɮɢɤɚɰɢɨɧɧɨɣ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɟɱɢ 75,1°ɋ ɩɪɢ 

ɫɪɟɞɧɟɦ ɞɚɜɥɟɧɢɢ 9,1 ɤɝɫ/ɫɦ2. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɨɣ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɩɟɱɶ 56,1°ɋ ɩɪɢ 

ɫɪɟɞɧɟɦ ɞɚɜɥɟɧɢɢ 9,5 ɤɝɫ/ɫɦ2. ɋɪɟɞɧɢɣ ɪɚɫɯɨɞ ɬɨɩ-

ɥɢɜɧɨɝɨ ɝɚɡɚ 2811,1 ɧɦ3/ɱɚɫ. ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɩ-

ɥɢɜɧɨɝɨ ɝɚɡɚ ɧɚ ɧɚɝɪɟɜ ɜɨɞɵ ɩɪɢ ɫɪɟɞɧɟɦ ɩɟɪɟɩɚɞɟ 
ɬɟɦɩɟɪɚɬɭɪ ɧɚɝɪɟɜɚɟɦɨɣ ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ 117,5 

ɧɦ3/Ƚɤɚɥ. ȼ ɬɚɛɥ. 2 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɪɟɠɢɦɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɩɟɱɟɣ ɉ–3/1, ɉ–3/2, ɉ–3/4 ɩɪɢ 

ɢɫɩɵɬɚɧɢɹɯ, ɢɡ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɪɚɛɨɬɚ ɩɟɱɟɣ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɨɞɟɪɠɚɧɢɹ 

ɤɢɫɥɨɪɨɞɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɟɱɢ. 

ɗɬɢ ɡɧɚɱɟɧɢɹ ɞɥɹ ɩɟɱɢ ɉ–3/4 ɫɨɫɬɚɜɥɹɸɬ 9,1%, ɚ ɞɥɹ 

ɩɟɱɟɣ ɉ–3/1, ɉ–3/2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 15,7 ɢ 12,4% (ɩɨ 

ɨɛɴɟɦɭ). ɇɨɪɦɚɥɶɧɵɦ (ɷɤɨɧɨɦɢɱɧɵɦ) ɫɱɢɬɚɟɬɫɹ 

ɡɧɚɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚ-
ɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɟɱɢ 2% (ɩɨ ɨɛɴɟɦɭ). 

Ɍɚɛɥɢɰɚ 1 – ɉɟɪɜɢɱɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɪɟɠɢɦɨɜ ɪɚ-

ɛɨɬɵ ɩɟɱɟɣ ɉ–3/1, ɉ–3/2, ɉ–3/4 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ȿɞɢ-

ɧɢɰɚ 
ɢɡɦɟ-
ɪɟɧɢɹ 

ɇɨɦɟɪɚ ɩɟɱɟɣ 

ɉ3/1 ɉ3/2 ɉ3/4 

Ɋɚɫɯɨɞ ɧɚɝɪɟɜɚɟɦɨɣ ɜɨɞɵ 

ɱɟɪɟɡ ɩɟɱɶ 

ɦ3
/ ɱɚɫ 1247,6 1306,4 1211,7 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɣ 

ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɟɱɢ tɜɵɯ 

°ɋ 73,7 71,85 79,84 

Ⱦɚɜɥɟɧɢɟ ɧɚɝɪɟɜɚɟɦɨɣ ɜɨɞɵ 

ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɟɱɢ 

ɤɝɫ/ɫɦ2
 9,15 9,10 9,06 

Ɍɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ:   

ɜ 1
ɨɣ

 ɞɵɦɨɜɨɣ ɬɪɭɛɟ °ɋ 209,3 209,3 236,7 

ɜ 2
ɨɣ

 ɞɵɦɨɜɨɣ ɬɪɭɛɟ °ɋ 231,6 210,6 270,0 

ɜ 3
ɟɣ

 ɞɵɦɨɜɨɣ ɬɪɭɛɟ °ɋ 190,4 219,0 254,9 

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɣ 

ɜɨɞɵ  ɧɚ ɜɯɨɞɟ ɜ ɩɟɱɶ tɜɯ 

°ɋ 56,3 55,69 56,18 

Ⱦɚɜɥɟɧɢɟ ɧɚɝɪɟɜɚɟɦɨɣ ɜɨɞɵ 

ɧɚ ɜɯɨɞɟ ɜ ɩɟɱɶ 

ɤɝɫ/ɫɦ2
 9,62 9,54 9,35 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ  ɧɦ3
/ 

ɱɚɫ 
2940,0 2501,0 2992,3 

Ⱦɚɜɥɟɧɢɟ ɬɨɩɥɢɜɧɨɝɨ ɝɚɡɚ ɤɝɫ/ɫɦ2
 0,04 0,02 0,04 

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɧɚɩɨɪ t=tɜɵɯ 

- tɜɯ 

°ɋ 17,4 16,16 23,66 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɝɚɡɚ ɧɚ 
ɧɚɝɪɟɜ ɜɨɞɵ qv 

ɧɦ3
/Ƚɤ
ɚɥ 

123,76 100,16 129,52 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ 

ɪɚɛɨɬɵ ɤɨɬɥɨɜ, ɩɟɱɟɣ, ɫɠɢɝɚɸɳɢɯ ɩɪɢɪɨɞɧɵɣ ɝɚɡ, 
ɫɨɫɬɚɜɥɹɟɬ 1,2. ȼɨ ɜɫɟɯ ɬɪɟɯ ɩɟɱɚɯ ɢɡɦɟɪɟɧɧɵɣ ɤɨ-

ɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɜɵɲɟ ɧɨɪɦɚɬɢɜɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɢ ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ ɩɟɱɢ ɉ–

3/4 =1,68, ɞɥɹ ɩɟɱɢ ɉ–3/2 =2,28, ɞɥɹ ɩɟɱɢ ɉ–3/1 

=3,65. ɉɨɷɬɨɦɭ ɩɨɬɟɪɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɫ ɞɵɦɨ-

ɜɵɦɢ ɝɚɡɚɦɢ ɜɵɫɨɤɢɟ ɩɨɬɨɦɭ, ɱɬɨ ɷɧɟɪɝɢɹ ɭɯɨɞɢɬ ɧɚ 
ɧɚɝɪɟɜ ɢɡɛɵɬɨɱɧɨɝɨ ɛɚɥɥɚɫɬɧɨɝɨ ɜɨɡɞɭɯɚ. ɉɪɢ ɷɬɨɦ 

ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɟɧɵ ɄɉȾ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɜ 

ɩɟɱɚɯ.  

Ⱦɚɠɟ ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɛɚɥɥɚɫɬ-
ɧɵɦ ɜɨɡɞɭɯɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɨɫɬɚɟɬɫɹ 

ɜɵɫɨɤɨɣ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɩɟɱɢ, ɪɚɜɧɚɹ 219°ɋ, ɩɪɟɜɵɲɚɟɬ ɧɨɪɦɚ-
ɬɢɜɧɭɸ 150°ɋ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ 69°ɋ. ɗɬɨ ɭɤɚɡɵɜɚɟɬ 
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ɧɚ ɬɨ, ɱɬɨ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢɡ ɞɵɦɨɜɵɯ ɝɚ-
ɡɨɜ ɜ ɧɚɝɪɟɜɚɟɦɭɸ ɜɨɞɭ ɡɚɬɪɭɞɧɟɧɵ. ɇɚ ɨɫɧɨɜɟ ɞɚɧ-

ɧɵɯ ɢɫɩɵɬɚɧɢɣ (ɫɦ. ɬɚɛɥ. 2) ɦɨɠɧɨ ɬɚɤɠɟ ɭɬɜɟɪ-

ɠɞɚɬɶ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɜ ɩɟɱɚɯ 

ɫɧɢɠɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɤɢɩɢ ɧɚ ɜɧɭɬ-
ɪɟɧɧɢɯ ɫɬɟɧɤɚɯ ɢ ɧɚɝɚɪɚ ɧɚ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ 

ɡɦɟɟɜɢɤɨɜ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɪɢɪɨɞɧɵɣ ɝɚɡ ɞɨ-

ɛɚɜɥɹɸɬɫɹ ɫɞɭɜɤɢ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɡɚ-
ɜɨɞɨɜ, ɫɨɞɟɪɠɚɳɢɟ ɪɚɡɥɢɱɧɵɟ ɩɪɟɞɟɥɶɧɵɟ ɢ ɧɟɩɪɟ-
ɞɟɥɶɧɵɟ ɭɝɥɟɜɨɞɨɪɨɞɵ, ɨɛɪɚɡɨɜɚɧɢɟ ɧɚɝɚɪɚ ɧɚ ɧɚ-
ɪɭɠɧɵɯ ɫɬɟɧɤɚɯ ɡɦɟɟɜɢɤɨɜ ɬɟɩɥɨɜɨɫɩɪɢɧɢɦɚɸɳɢɯ 

ɬɪɭɛ ɢɞɟɬ ɩɨɫɬɨɹɧɧɨ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɭɥɭɱɲɟ-
ɧɢɹ ɄɉȾ ɩɟɱɟɣ, ɧɟɨɛɯɨɞɢɦɵ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɱɢɫɬɤɢ 

ɨɬ ɧɚɝɚɪɚ ɧɚɪɭɠɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɬɦɵɜɚɬɶ ɨɬ ɧɚ-
ɤɢɩɢ ɜɧɭɬɪɟɧɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɡɦɟɟɜɢɤɨɜ. ȼ ɰɟɥɨɦ, 

ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɩɪɢ ɧɨɦɢɧɚɥɶɧɵɯ ɧɚ-
ɝɪɭɡɤɚɯ, ɩɨɥɭɱɟɧɨ, ɱɬɨ ɄɉȾ ɛɪɭɬɬɨ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟ-
ɞɨɜɚɧɧɵɯ ɩɟɱɟɣ ɉ–3/1, ɉ–3/2, ɉ–3/4 ɜ ɫɪɟɞɧɟɦ ɪɚ-
ɜɟɧ ɛ.ɫɪ=77,8%.  

 

Оɛɫɭɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢя 

 
Ɋɚɫɱɟɬ ɜɵɪɚɛɨɬɤɢ ɮɚɤɬɢɱɟɫɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩ-

ɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɬɨɩɤɟ ɩɟɱɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɨɥɢɱɟ-
ɫɬɜɭ ɜɵɞɟɥɹɟɦɨɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɫɠɢɝɚɧɢɢ 

ɬɨɩɥɢɜɚ. Ɍɨɩɥɢɜɨɦ ɞɥɹ ɩɟɱɟɣ ɫɥɭɠɢɬ ɩɪɢɪɨɞɧɵɣ ɝɚɡ 
ɫɦɟɲɚɧɧɵɣ ɫ ɝɚɡɨɨɛɪɚɡɧɵɦɢ ɫɞɭɜɤɚɦɢ ɢɡ ɩɪɨɢɡ-
ɜɨɞɫɬɜ ɈȺɈ «ɇɄɇɏ» ɫ ɧɢɡɲɟɣ ɬɟɩɥɨɬɜɨɪɧɨɣ ɫɩɨ-

ɫɨɛɧɨɫɬɶɸ ɦɟɧɹɸɳɟɣɫɹ ɨɬ Qɧ
ɪ=8500 ɞɨ 11000 

ɤɤɚɥ/ɧɦ3 (ɩɨ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɚɧɚɥɢɡɚɦ). ɂɦɟɟɬ ɦɟɫɬɨ 

ɫɠɢɝɚɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɝɚɡɚ ɫ Qɧ
ɪ=6400 ɤɤɚɥ/ɧɦ3.  

Ɋɚɫɱɟɬ ɜɵɪɚɛɨɬɤɢ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɩɟɱɢ ɩɪɨ-

ɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
 

Qɩ= GQHp10-6, Ƚɤɚɥ/ɱɚɫ,           (1) 

 

ɝɞɟ G – ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ ɩɟɱɶ, ɧɦ3/ɱɚɫ; 
QHp – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ, ɤɤɚɥ/ɧɦ3. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɪɚɛɨɬɤɢ ɬɟɩɥɨɬɵ ɩɪɢɜɟɞɟ-
ɧɵ ɜ ɬɚɛɥ. 2. 

Ɍɚɛɥɢɰɚ 2 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɵɪɚɛɨɬɤɢ ɬɟɩ-

ɥɨɬɵ ɜ ɩɟɱɚɯ ɉ–3/1, ɉ–3/2, ɉ–3/4 

ɇɨɦɟɪ ɩɟɱɢ 

ȼɵɪɚɛɨɬɤɚ 
ɬɟɩɥɚ 
ɜ ɩɟɱɢ, 

Qɩ Ƚɤɚɥ/ɱɚɫ 

Ɋɚɫɯɨɞ 

ɬɨɩɥɢɜɚ, 
G, 

ɧɦɁ/ɱɚɫ 

ɋɪɟɞɧɹɹ 

ɬɟɩɥɨ-

ɬɜɨɪɧɚɹ 

ɫɩɨɫɨɛ-

ɧɨɫɬɶ 

ɍɞɟɥɶɧɵɣ 

ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ,
ɧɦ3/Ƚɤɚɥ 

 

ɉɟɱɶ ɉ-3/1 29,40 2940,0 

8000 

100 

ɉɟɱɶ ɉ-3/2 25,01 2501,0 100 

ɉɟɱɶ ɉ-3/4 29,92 2992,3 102,5 

ɋɭɦɦɚɪɧɨ 

ɩɨ ɩɟɱɚɦ 
84,33 8433,3 100 

 

Ɍɟɩɥɨɬɚ, ɩɨɥɭɱɟɧɧɚɹ ɜɨɞɨɣ ɜ ɩɟɱɢ Qɜ ɨɩɪɟɞɟɥɹ-

ɟɬɫɹ ɩɨ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɢ ɧɚ ɜɵ-

ɯɨɞɟ ɢɡ ɩɟɱɢ, ɚ ɬɚɤɠɟ ɟɟ ɬɟɩɥɨɟɦɤɨɫɬɶɸ. 

 

Qɜ= DCp(tɜɵɯ - tɜɯ ) 10-6, Ƚɤɚɥ/ɱɚɫ, (2) 

 

ɝɞɟ D – ɪɚɫɯɨɞ ɜɨɞɵ ɱɟɪɟɡ ɩɟɱɶ, ɦ3/ɱɚɫ;  
tɜɵɯ – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɵɯɨɞɟ ɢɡ ɩɟɱɢ, °ɋ;  

tɜɯ – ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɧɚ ɜɯɨɞɟ ɜ ɩɟɱɶ, °ɋ;  

ɋɪ – ɬɟɩɥɨɟɦɤɨɫɬɶ ɜɨɞɵ, ɤɤɚɥ/ɦ3°ɋ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɟɩɥɨɬɵ ɮɚɤɬɢɱɟɫɤɢ ɭɧɨɫɢ-

ɦɨɣ ɫ ɜɨɞɨɣ Qɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 4. ɂɡ ɬɚɛɥ. 4 ɜɢɞ-

ɧɨ, ɱɬɨ ɩɪɢ ɮɚɤɬɢɱɟɫɤɢ ɦɟɧɶɲɟɦ ɪɚɫɯɨɞɟ ɜɨɞɵ ɬɟɩ-

ɥɨɬɚ, ɩɨɥɭɱɟɧɧɚɹ ɜɨɞɨɣ ɜ ɩɟɱɢ ɉ–3/4 ɜɵɲɟ, ɱɟɦ ɜ 

ɩɟɱɚɯ ɉ–3/1 ɢ ɉ–3/2, ɜ ɫɪɟɞɧɟɦ ɧɚ 7,11 Ƚɤɚɥ/ɱɚɫ ɢɥɢ 

ɧɚ 31,73%. 

ɗɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɡɚɝɪɹɡɧɟɧɧɨɫɬɶ ɧɚɪɭɠɧɨɣ ɢ 

ɜɧɭɬɪɟɧɧɟɣ ɬɪɭɛ ɩɟɱɟɣ ɉ–3/1, ɉ–3/2: ɫ ɧɚɪɭɠɧɨɣ – 

ɧɚɝɚɪɨɦ, ɫ ɜɧɭɬɪɟɧɧɟɣ – ɧɚɤɢɩɶɸ. Ⱦɥɹ ɭɞɚɥɟɧɢɹ 

ɧɚɪɭɠɧɵɯ ɡɚɝɪɹɡɧɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɨɛ-

ɞɭɜɨɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɞɥɹ ɭɞɚɥɟɧɢɹ ɜɧɭɬɪɟɧɧɢɯ – 

ɩɪɢɦɟɧɹɬɶ ɨɬɦɵɜɚɧɢɟ ɨɬ ɧɚɤɢɩɢ ɢ ɢɧɝɢɛɢɪɨɜɚɧɢɟ ɫ 
ɩɨɦɨɳɶɸ «ɤɨɦɩɨɡɢɰɢɢ ɄɄɎ». 

 

Вɵɜɨɞɵ 

 
1. ɋɠɢɝɚɧɢɟ ɜ ɩɟɱɚɯ ɝɚɡɨɨɛɪɚɡɧɵɯ ɫɞɭɜɨɤ ɫ ɬɟɯ-

ɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɬɟɩɥɨɮɢɤɚɰɢɨɧɧɵɯ 

ɰɟɥɟɣ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɧɚɤɢɩɢ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧɤɚɯ ɢ ɧɚɝɚɪɚ ɧɚ ɧɚɪɭɠ-

ɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɡɦɟɟɜɢɤɨɜ ɬɟɩɥɨɜɨɫɩɪɢɧɢɦɚɸ-

ɳɢɯ ɬɪɭɛ. 

2. ɍɜɟɥɢɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 
ɞɥɹ ɥɭɱɲɟɝɨ ɫɦɟɫɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɝɨɪɟɧɢɢ ɧɟ ɩɪɢ-

ɜɨɞɢɬ ɤ ɢɫɤɥɸɱɟɧɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɥɨɠɟɧɢɣ ɢ ɧɚ-
ɝɚɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɡɦɟɟɜɢɤɨɜ ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɜɵɫɨɤɢɦɢ ɩɨɬɟɪɹɦɢ ɬɟɩɥɨɬɵ ɫ ɭɯɨɞɹɳɢɦɢ ɝɚɡɚɦɢ 

ɪɚɜɧɵɦɢ q2=18,4 %, ɜɦɟɫɬɨ ɬɪɟɛɭɟɦɵɯ ɧɨɪɦɚɬɢɜɧɵɯ 

q2=5%. 
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