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4  
ȼɜɟɞɟɧɢɟ 

ɋɨɜɪɟɦɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɞɜɢɝɚɬɟɥɹɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚ-

ɧɢɹ, ɩɪɟɞɩɨɥɚɝɚɸɬ ɜ ɬɨɦ ɱɢɫɥɟ ɜɵɫɨɤɢɣ ɄɉȾ ɞɜɢɝɚɬɟɥɹ. Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɩɨɜɵɲɟ-

ɧɢɹ ɄɉȾ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɦɨɳɧɨɫɬɢ, ɪɚɫɯɨɞɭɟɦɨɣ ɧɚ ɩɪɢɜɨɞ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ 

ɚɝɪɟɝɚɬɨɜ. Ⱦɥɹ ɫɢɫɬɟɦɵ ɜɨɡɞɭɯɨɫɧɚɛɠɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɧɚɩɪɢɦɟɪ, ɩɨ-

ɜɵɲɟɧɢɟ ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɬɭɪɛɢɧɵ, ɨɯɥɚɞɢɬɟɥɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, 

ɭɦɟɧɶɲɟɧɢɟ ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ ɧɚ ɰɢɪɤɭɥɹɰɢɸ ɨɯɥɚɠɞɚɸɳɟɣ ɫɪɟɞɵ ɱɟɪɟɡ ɨɯɥɚɞɢ-

ɬɟɥɶ, ɚ ɬɚɤɠɟ ɩɨɢɫɤ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɩɭɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢɥɢ 

ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ. 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɯɟɦ ɨɯɥɚɠɞɟɧɢɹ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɷɠɟɤɰɢɨɧɧɭɸ, ɜ ɤɨɬɨɪɨɣ ɰɢɪɤɭɥɹɰɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɺɬ ɷɠɟɤɬɨɪɚ, ɪɚɛɨɱɢɦ ɩɨɬɨɤɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɨɬɪɚɛɨɬɚɜɲɢɟ 

ɝɚɡɵ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɩɨɞɨɛɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɪɨɫɬɨɬɚ, ɨɛɭ-

ɫɥɨɜɥɟɧɧɚɹ ɨɬɫɭɬɫɬɜɢɟɦ ɜɪɚɳɚɸɳɢɯɫɹ ɱɚɫɬɟɣ, ɫɜɨɣɫɬɜɟɧɧɵɯ ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɫɢ-

ɫɬɟɦɟ. Ɉɞɧɚɤɨ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɠɟɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɚ.   

Аɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

1. ɇɟɞɨɫɬɚɬɤɚɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɟɧɬɢɥɹɬɨɪɚ  ɞɥɹ ɰɢɪɤɭɥɹ-

ɰɢɢ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɜ ɦɚɬɪɢɰɟ ɨɯɥɚɞɢɬɟɥɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɜ ɱɚɫɬ-

ɧɨɫɬɢ ɩɨɜɵɲɟɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɦɨɳɧɨɫɬɢ, ɫɥɨɠɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ, ɭɫɥɨɜɢɹɦɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɤɨɦɩɨɧɨɜɤɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɩɪɢɜɨɞɚ 

2. ɇɟɩɨɥɧɵɦ ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɷɠɟɤɬɨɪɚ ɧɚ  ɢɡɦɟɧɟɧɢɟ ɪɚɛɨɱɢɯ ɩɚɪɚɦɟɬɪɨɜ ɚɝ-

ɪɟɝɚɬɨɜ ɧɚɞɞɭɜɚ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ  

3. ɇɟɞɨɫɬɚɬɨɱɧɵɦ ɢɡɭɱɟɧɢɟɦ ɜɥɢɹɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɈȽ ɦɟɠɞɭ ɬɭɪ-

ɛɢɧɨɣ ɢ ɷɠɟɤɬɨɪɨɦ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɧɚɞɞɭɜɚ  ɜ ɞɢɡɟɥɟ 

4. ɇɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɨɜɵɲɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨ-

ɫɬɢ ɝɚɡɨɨɛɦɟɧɚ ɜ ɞɢɡɟɥɟ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɫɢɫɬɟɦɵ 

ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɧɚɞɞɭɜɚ 

Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɷɠɟɤɬɨɪɚ ɧɚ ɩɚɪɚɦɟɬɪɵ ɞɢɡɟɥɹ ɢ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɝɚ-

ɡɨɬɭɪɛɢɧɧɨɝɨ ɧɚɞɞɭɜɚ, ɚ ɬɚɤɠɟ ɧɚɯɨɠɞɟɧɢɟ ɫɨɱɟɬɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɷɠɟɤɰɢɨɧɧɨɣ 
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ɫɢɫɬɟɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɧɚɢɥɭɱɲɭɸ ɬɨɩɥɢɜɧɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢɥɢ ɦɚɤɫɢ-

ɦɚɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɧɟɫɨɦɧɟɧɧɨ ɚɤɬɭɚɥɶɧɨ. 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɭɥɭɱɲɟɧɢɟ ɝɚɡɨɨɛɦɟɧɚ ɜ 

ɞɢɡɟɥɟ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ  ɩɪɢɦɟɧɟɧɢɟɦ ɷɠɟɤɬɨɪɚ ɞɥɹ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ 

ɷɧɟɪɝɢɢ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɋɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɞɢɡɟɥɟ 

ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ, ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

ɢ ɷɠɟɤɬɨɪɨɦ. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɪɚɛɨɬɵ ɞɢɡɟɥɹ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ 

ɧɚɞɞɭɜɨɦ, ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɷɠɟɤɬɨɪɨɦ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɰɟɧɧɨɫɬɶ: 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɫɢɫɬɟɦɵ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭ-

ɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɫ ɭɫɥɨɜɢɟɦ ɨɛɟɫɩɟɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɟɺ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɥɹ ɡɚ-

ɞɚɧɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ. 

2. Ɉɩɪɟɞɟɥɟɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɠɟɤɬɨɪɚ ɞɥɹ ɱɟɬɵɪɟɯɰɢɥɢɧɞɪɨɜɨɝɨ 

ɞɢɡɟɥɹ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ ɢ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

3. Ɋɟɚɥɢɡɨɜɚɧɚ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɚɯ Matlab ɢ SolidWorks ɦɟɬɨɞɢɤɚ ɪɚɫ-

ɱɟɬɚ ɫɢɫɬɟɦɵ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ.  

4.   Ɉɛɨɫɧɨɜɚɧɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɠɟɤɬɨɪɚ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɟɦ  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɦɚɤɟɬɧɨɦ ɞɜɢɝɚɬɟɥɟ ɤɚɤ 

ɝɟɧɟɪɚɬɨɪɟ ɝɚɡɚ. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɤɨɦɩɥɟɤɫɧɚɹ  ɡɚɦɤɧɭɬɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ 

ɝɚɡɨɨɛɦɟɧɚ ɞɢɡɟɥɹ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ 

ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɞɨɩɨɥɧɟɧɧɚɹ ɨɩɢɫɚɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɜ ɷɠɟɤɬɨɪɟ ɩɪɢ ɪɚɡɥɢɱ-

ɧɵɯ ɫɩɨɫɨɛɚɯ ɟɝɨ ɪɚɡɦɟɳɟɧɢɹ ɜ ɦɚɝɢɫɬɪɚɥɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ. 

2. ɍɫɬɚɧɨɜɥɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɪɚɡɦɟɳɟɧɢɹ ɷɠɟɤɬɨɪɚ ɩɨɫɥɟ 

ɬɭɪɛɢɧɵ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ ɜ ɦɚɝɢɫɬɪɚɥɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɫɢɫɬɟɦɵ ɝɚɡɨɨɛɦɟ-

ɧɚ.  
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3. Ɉɰɟɧɟɧɨ ɜɥɢɹɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɦɟɠɞɭ ɬɭɪɛɢ-

ɧɨɣ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ ɢ ɷɠɟɤɬɨɪɨɦ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɧɚɞɞɭɜɚ  ɜ 

ɞɢɡɟɥɟ. 

ɇɚ ɡɚɳɢɬɭ ɜɵɧɨɫɹɬɫɹ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜɵɲɟ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɢɦɟɸ-

ɳɢɟ ɧɚɭɱɧɭɸ ɧɨɜɢɡɧɭ ɢ ɩɪɚɤɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ. 

Аɩɪɨɛɚɰɢɹ ɪɚɛɨɬɵ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɞɢɫɫɟɪɬɚɰɢɢ ɨɛɫɭɠɞɚɥɢɫɶ ɧɚ 

ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯ ɘɍɪȽɍ (2012-2016 ɝɝ.), ɑȽȺȺ (2012-2014 

ɝɝ.), ɧɚ 2-ɣ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɉɪɨɦ-

ɂɧɠɢɧɢɪɢɧɝ». 

Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɞɢɫɫɟɪɬɚɰɢɢ ɨɬɪɚɠɟɧɨ ɜ ɫɥɟɞɭɸɳɢɯ ɩɭɛɥɢɤɚɰɢɹɯ:  

1) Ʌɚɡɚɪɟɜ, ȿ.Ⱥ. ɇɨɜɵɣ ɫɩɨɫɨɛ ɢ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ ɝɚɡɨɨɛɦɟɧɨɦ ɜ 

ɞɢɡɟɥɟ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ / ȿ.Ⱥ. Ʌɚɡɚɪɟɜ, Ⱥ.ɇ. ɉɨɦɚɡ, Ⱥ.ɘ. ɋɚɥɨɜ // 

ȼɟɫɬɧɢɤ ɘɍɪȽɍ. ɋɟɪɢɹ «Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ». – 2013. – №  1. ɫ. 132-136. 

2) Ʌɚɡɚɪɟɜ, ȿ.Ⱥ. Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ 

ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɞɢɡɟɥɟ / ȿ.Ⱥ. Ʌɚɡɚɪɟɜ, Ⱥ.ɇ. 

ɉɨɦɚɡ, Ⱥ.ɘ. ɋɚɥɨɜ // ȼɟɫɬɧɢɤ ɘɍɪȽɍ. ɋɟɪɢɹ «Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ». – 2014. – №  1. 

ɫ. 17-25. 

3) Ʌɚɡɚɪɟɜ, ȿ.Ⱥ. Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɰɟɧɤɢ ɷɮɮɟɤ-

ɬɢɜɧɨɫɬɢ ɷɠɟɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ / ȿ.Ⱥ. Ʌɚɡɚɪɟɜ, 

Ⱥ.ɇ. ɉɨɦɚɡ, Ⱥ.ɘ. ɋɚɥɨɜ // ɇɚɭɱɧɵɣ ɩɨɢɫɤ: ɦɚɬɟɪɢɚɥɵ 7-ɣ ɧɚɭɱɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 

ɞɨɤɬɨɪɚɧɬɨɜ ɢ ɚɫɩɢɪɚɧɬɨɜ. ɘɍɪȽɍ. – 2015. – ɫ. 31-40.   

4) Ʌɚɡɚɪɟɜ, ȿ.Ⱥ. ɋɨɝɥɚɫɨɜɚɧɢɟ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫɢɫɬɟ-

ɦɵ «ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪ-ɨɯɥɚɞɢɬɟɥɶ-ɷɠɟɤɬɨɪ» ɜ ɞɢɡɟɥɟ ɫ ɧɚɞɞɭɜɨɦ / ȿ.Ⱥ. Ʌɚɡɚɪɟɜ, 

Ⱥ.ɘ. ɋɚɥɨɜ // ȼɟɫɬɧɢɤ ɘɍɪȽɍ. ɋɟɪɢɹ «Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ». – 2016. – №  4. ɫ. 23-

31. DOI: 10.14529/engin160403. 

5) Lazarev  E. System of ejection cooling of the charged air and evaluation of 

its effectiveness in the engine / E. Lazarev, A. Pomaz, A. Salov // Procedia  Engineer-

ing. – 2016. –  Vol.  150. p. 235  –  240.  



7  
6) Lazarev  E. Exhaust gases energy use in the course of gas exchange in die-

sel-fueled vehicles / E. Lazarev, V. Lazarev, A. Pomaz, A Salov // Energy and Sustain-

ability – 2017. – Vol. 224. doi: 10.2495/ESUS170091.  

ɋɨɞɟɪɠɚɧɢɟ ɞɢɫɫɟɪɬɚɰɢɢ. Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ, ɪɚɫɫɦɚɬɪɢɜɚɸɳɚɹ ɡɚ-

ɞɚɱɭ ɪɚɡɪɚɛɨɬɤɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞ-

ɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, ɩɹɬɢ ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, ɛɢɛɥɢɨɝɪɚɮɢɱɟ-

ɫɤɨɝɨ ɫɩɢɫɤɚ. 

ȼɨ ɜɜɟɞɟɧɢɢ ɭɤɚɡɚɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, ɟɺ ɧɨɜɢɡɧɚ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚ-

ɱɢɦɨɫɬɶ, ɭɤɚɡɚɧɵ ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ ɩɨɥɨɠɟɧɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ, 

ɨɛɨɫɧɨɜɵɜɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɪɚɫɫɦɨɬɪɟɧɵ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɢ, ɭɤɚɡɚɧɵ ɢɯ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ. Ⱦɚɧɵ 

ɨɩɢɫɚɧɢɟ ɪɚɛɨɬɵ ɷɬɢɯ ɫɢɫɬɟɦ ɢ ɩɪɢɦɟɧɹɟɦɨɫɬɶ. Ʉɚɤ ɚɥɶɬɟɪɧɚɬɢɜɚ ɨɩɢɫɚɧɚ ɫɢɫɬɟ-

ɦɚ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. ɍɤɚɡɚɧɨ ɨɫɧɨɜɧɨɟ ɞɨɫɬɨɢɧ-

ɫɬɜɨ ɷɬɨɣ ɫɢɫɬɟɦɵ, ɡɚɤɥɸɱɚɸɳɟɟɫɹ ɬɨɦ, ɱɬɨ ɞɥɹ ɰɢɪɤɭɥɹɰɢɢ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡ-

ɞɭɯɚ ɱɟɪɟɡ ɦɚɬɪɢɰɭ ɨɯɥɚɞɢɬɟɥɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɟ ɷɮɮɟɤɬɢɜ-

ɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɚ ɷɧɟɪɝɢɹ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɩɨɫɥɟ ɬɭɪɛɢɧɵ, ɢ ɧɟɞɨɫɬɚ-

ɬɨɤ – ɟɺ ɧɟɜɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ. ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɰɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ȼɬɨɪɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦɭ ɨɩɢɫɚɧɢɸ ɪɚɛɨɬɵ ɤɚɠɞɨɝɨ ɢɡ 

ɷɥɟɦɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɢɫɬɟɦɭ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɞɜɟ ɪɚɡɥɢɱɧɵɟ ɫɯɟɦɵ ɜɤɥɸ-

ɱɟɧɢɹ ɷɠɟɤɬɨɪɚ: ɫɯɟɦɚ ɫ ɭɫɬɚɧɨɜɤɨɣ ɷɠɟɤɬɨɪɚ ɩɨɫɥɟ ɢ ɬɭɪɛɢɧɵ ɢ ɫɯɟɦɚ ɫ ɭɫɬɚɧɨɜ-

ɤɨɣ ɷɠɟɤɬɨɪɚ ɩɚɪɚɥɥɟɥɶɧɨ ɬɭɪɛɢɧɟ. 

ɉɨɤɚɡɚɧɚ ɫɜɹɡɶ ɷɥɟɦɟɧɬɨɜ ɢ ɢɯ ɜɥɢɹɧɢɟ ɞɪɭɝ ɧɚ ɞɪɭɝɚ. ɉɨɫɬɪɨɟɧɚ ɤɨɦɩɥɟɤɫ-

ɧɚɹ ɨɛɨɛɳɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɜ ɤɨɬɨɪɨɣ ɨɛɴɟɞɢɧɟɧɵ  ɦɨɞɟɥɢ ɜɫɟɯ ɷɥɟ-

ɦɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɢɫɬɟɦɭ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ.  ɉɨɤɚɡɚɧɵ ɭɫɥɨɜɢɹ 

ɧɚɯɨɠɞɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɨɜ ɢɫɯɨɞɹ ɢɡ ɩɨɥɭ-

ɱɟɧɢɹ ɧɚɢɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɢ ɞɢɡɟɥɢ, ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱ-

ɧɨɝɨ ɜɨɡɞɭɯɚ ɜ Ɉɇȼ ɢɥɢ ɧɚɢɥɭɱɲɟɣ ɬɨɩɥɢɜɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ. ɍɤɚɡɚɧɵ ɭɫɥɨɜɢɹ, 
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ɩɪɢ ɤɨɬɨɪɵɯ ɷɠɟɤɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɤɚɤ ɦɢɧɢɦɭɦ ɧɟ ɯɭɠɟ ɜɟɧɬɢɥɹɬɨɪ-

ɧɨɣ.   

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɞɚɧɵ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɜɨ ɜɬɨɪɨɣ ɝɥɚ-

ɜɟ, ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɜɢɝɚɬɟɥɸ 4ɑɇ13/15. ɇɚɣɞɟɧɵ ɪɚɰɢɨɧɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɬɟ-

ɩɟɧɟɣ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ ɢ ɷɠɟɤɬɨɪɟ ɢ ɪɚɰɢɨɧɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫ-

ɯɨɞɨɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɢ ɷɠɟɤɬɨɪ. ȼɵɩɨɥɧɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 

ɪɚɫɱɟɬɵ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɫɢɫɬɟɦɵ: ɬɭɪɛɢɧɵ, ɷɠɟɤɬɨɪɚ, ɨɯɥɚɞɢɬɟɥɹ ɧɚɞɞɭɜɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ, ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɞɜɢɝɚɬɟɥɹ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢ-

ɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɟɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪ, ɞɚɜɥɟɧɢɣ ɢ ɫɤɨɪɨɫɬɟɣ ɜ 

ɩɪɨɬɨɱɧɵɯ ɬɪɚɤɬɚɯ ɬɭɪɛɢɧɵ ɢ ɷɠɟɤɬɨɪɚ. Ɉɩɪɟɞɟɥɟɧɵ ɭɫɥɨɜɢɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɷɠɟɤɬɨɪɚ ɢ ɩɨɤɚɡɚɧɨ ɭɪɚɜɧɟɧɢɟ ɩɨɞɨɛɢɹ ɞɥɹ ɷɠɟɤɬɨɪɚ. 

ɑɟɬɜɟɪɬɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɨɩɢɫɚɧɢɸ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɞɚɧɨ ɨɛɨɫ-

ɧɨɜɚɧɢɟ ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ ɜɦɟɫɬɨ ɪɟɚɥɶɧɨɝɨ, ɨɩɪɟɞɟɥɟɧɵ ɟɝɨ ɪɚɡ-

ɦɟɪɵ. ɉɪɢɜɟɞɟɧɵ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɞɜɢ-

ɝɚɬɟɥɹ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɧɟɝɨ ɷɠɟɤɬɨɪɨɦ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɧɚɝɪɭɠɟɧɢɹ. 

Ɉɩɢɫɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɢ ɪɟɝɢɫɬɪɢɪɭɸɳɚɹ ɚɩɩɚ-

ɪɚɬɭɪɚ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ, ɢ ɦɟɬɨɞɢɤɚ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɨɰɟɧɤɢ 

ɩɨɝɪɟɲɧɨɫɬɟɣ. 

ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, 

ɩɪɨɜɨɞɢɜɲɟɝɨɫɹ ɧɚ ɫɬɟɧɞɟ – ɫɧɹɬɵɟ ɧɚɝɪɭɡɨɱɧɵɟ, ɫɤɨɪɨɫɬɧɵɟ ɢ ɪɟɝɭɥɢɪɨɜɨɱɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɋɨɩɨɫɬɚɜɥɹɸɬɫɹ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ. 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɣ ɜɵɩɨɥɧɟɧɧɨɣ ɞɢɫɫɟɪ-

ɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ,  ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɜɵɜɨɞɵ. 
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1 Ɉɰɟɧɤɚ ɢ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦ  

ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

Ɋɚɡɜɢɬɢɟ ɧɚɭɤɢ ɜɟɞɟɬ ɤ ɩɨɹɜɥɟɧɢɸ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɨɫɬɨɹɧɧɨɦɭ ɪɨɫɬɭ 

ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɬɪɚɧɫɩɨɪɬɧɵɦ ɞɢɡɟɥɹɦ. ɋɪɟɞɢ ɬɚɤɢɯ ɬɪɟɛɨɜɚɧɢɣ 

ɩɨɜɵɲɟɧɢɟ ɬɨɩɥɢɜɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɭɦɟɧɶɲɟɧɢɟ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɫ ɨɬɪɚɛɨ-

ɬɚɜɲɢɦɢ ɝɚɡɚɦɢ, ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢ ɞɪɭɝɢɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɭɬɟɣ ɞɨɫɬɢ-

ɠɟɧɢɹ ɧɨɜɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɟɨɛɯɨɞɢɦ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɟɪɲɟɧ-

ɫɬɜɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɢ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɞɜɢɝɚɬɟɥɟ. Ɉɞɧɢɦ ɢɡ ɩɭ-

ɬɟɣ ɹɜɥɹɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɝɚɡɨɨɛɦɟɧɚ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɞɜɢɝɚɬɟ-

ɥɟ. Ⱦɜɢɠɟɧɢɟ ɩɨ ɷɬɨɦɭ ɩɭɬɢ ɡɚɫɬɚɜɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɞɜɢɝɚɬɟɥɟɣ ɫɨɜɟɪɲɟɧ-

ɫɬɜɨɜɚɬɶ ɚɝɪɟɝɚɬɵ ɧɚɞɞɭɜɚ ɢ ɬɟɩɥɨɨɛɦɟɧɧɵɟ ɚɩɩɚɪɚɬɵ, ɚ ɬɚɤɠɟ ɢɫɤɚɬɶ, ɜ ɬɨɦ ɱɢɫ-

ɥɟ, ɧɨɜɵɟ ɫɩɨɫɨɛɵ ɢ ɫɪɟɞɫɬɜɚ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

1.1 ɋɩɨɫɨɛɵ ɢ ɫɪɟɞɫɬɜɚ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

ȼɵɫɨɤɚɹ ɭɞɟɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɫɪɟɞɧɢɦ ɷɮɮɟɤɬɢɜ-

ɧɵɦ ɞɚɜɥɟɧɢɟɦ, ɞɨɫɬɢɝɚɟɦɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɰɢɤɥɨɜɨɣ  ɩɨɞɚɱɢ  ɬɨɩɥɢɜɚ  ɩɪɢ ɩɨ-

ɜɵɲɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɡɚɪɹɞɚ ɧɚ  ɜɩɭɫɤɟ  ɫ  ɩɨɦɨɳɶɸ  ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ 

ɧɚɞɞɭɜɚ. 

ɍɜɟɥɢɱɟɧɢɟ  ɩɥɨɬɧɨɫɬɢ  ɜɨɡɞɭɲɧɨɝɨ  ɡɚɪɹɞɚ  ɩɪɢ ɧɚɞɞɭɜɟ ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɜɵ-

ɲɟɧɢɟɦ ɞɚɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɲɧɨɝɨ ɡɚ-

ɪɹɞɚ ɢɡ-ɡɚ ɱɟɝɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɥɨɬɧɨɫɬɶ ɇȼ ɢ ɫɧɢɠɚɟɬɫɹ ɷɮɮɟɤɬ ɨɬ ɭɜɟɥɢɱɟɧɢɹ 

ɞɚɜɥɟɧɢɹ ɤɪɨɦɟ ɬɨɝɨ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɭɜɟɥɢɱɢɜɚɟɬ ɬɟɩɥɨɜɭɸ ɧɚɝɪɭɠɟɧɧɨɫɬɶ 

ɷɥɟɦɟɧɬɨɜ ɞɢɡɟɥɹ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɲɧɨɝɨ ɡɚɪɹɞɚ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ 

ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɟɝɨ ɨɯɥɚɠɞɟɧɢɟɦ ɩɟɪɟɞ ɩɨɫɬɭɩɥɟɧɢɟɦ  ɜ  ɰɢɥɢɧɞɪ. ɉɪɢ ɧɟɢɡɦɟɧ-

ɧɵɯ ɪɚɫɯɨɞɟ ɬɨɩɥɢɜɚ  ɢ  ɞɚɜɥɟɧɢɢ ɜɨɡɞɭɲɧɨɝɨ ɡɚɪɹɞɚ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɨɯɥɚɠɞɟɧɢɟ 

ɩɨɜɵɲɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɢ ɢɧɞɢɤɚɬɨɪɧɵɣ ɄɉȾ ɰɢɤɥɚ ɡɚ  ɫɱɟɬ ɫɨ-

ɤɪɚɳɟɧɢɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ  ɫɝɨɪɚɧɢɹ  ɢ  ɫɧɢɠɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ 
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ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɪɨɫɬɟ ɦɚɤɫɢɦɚɥɶɧɵɯ  ɞɚɜɥɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ ɟɝɨ ɧɚɪɚɫɬɚɧɢɹ ɜ ɰɢ-

ɥɢɧɞɪɟ. Ɉɯɥɚɠɞɟɧɢɟ ɇȼ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ 

ɷɥɟɦɟɧɬɵ ɤɚɦɟɪɵ ɫɝɨɪɚɧɢɹ ɢ ɝɨɥɨɜɤɢ ɛɥɨɤɚ ɰɢɥɢɧɞɪɨɜ, ɱɬɨ ɡɚɱɚɫɬɭɸ ɹɜɥɹɟɬɫɹ 

ɮɚɤɬɨɪɨɦ, ɫɞɟɪɠɢɜɚɸɳɢɦ ɞɚɥɶɧɟɣɲɢɣ ɜɨɡɦɨɠɧɵɣ ɪɨɫɬ ɫɬɟɩɟɧɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜ-

ɥɟɧɢɹ. 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɭɪɨɜɧɹ ɮɨɪɫɢɪɨɜɚɧɢɹ ɨɯɥɚɞɢɬɟɥɶ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ (Ɉɇȼ) 

ɫɬɚɧɨɜɢɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɞɜɢɝɚɬɟɥɟɣ ɫ ɧɚɞɞɭɜɨɦ. 

ɋɭɳɟɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɩɨɞɯɨɞɵ ɤ ɩɨɧɢɠɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɞɭɜɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ: 

1. ɉɨɫɪɟɞɫɬɜɨɦ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚɯ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ (ɪɟɤɭɩɟɪɚ-

ɬɢɜɧɨɝɨ ɢ ɪɟɝɟɧɟɪɚɬɢɜɧɨɝɨ) ɬɢɩɚ, ɤɨɝɞɚ ɩɨ ɨɞɧɭ ɫɬɨɪɨɧɭ ɬɟɩɥɨɨɛɦɟɧɧɨɣ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɰɢɪɤɭɥɢɪɭɟɬ ɧɚɞɞɭɜɨɱɧɵɣ ɜɨɡɞɭɯ, ɚ ɩɨ ɞɪɭɝɭɸ – ɨɯɥɚɠɞɚɸɳɚɹ ɫɪɟɞɚ (ɠɢɞ-

ɤɨɫɬɶ ɢɥɢ ɜɨɡɞɭɯ). 

2. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡɦɟɧɟɧɢɟɦ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɜ ɬɭɪɛɨ-

ɞɟɬɚɧɞɟɪɚɯ ɢɥɢ ɰɢɥɢɧɞɪɚɯ ɞɜɢɝɚɬɟɥɹ.  

3. Ɂɚ ɫɱɺɬ ɢɫɩɚɪɟɧɢɹ ɜ ɧɚɞɞɭɜɨɱɧɨɦ ɜɨɡɞɭɯɟ ɜɩɪɵɫɧɭɬɨɣ ɜ ɪɚɫɩɵɥɟɧɧɨɦ ɫɨ-

ɫɬɨɹɧɢɢ ɠɢɞɤɨɫɬɢ (ɢɫɩɚɪɢɬɟɥɶɧɨɣ ɨɯɥɚɠɞɟɧɢɟ) ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɚɤɬɚ 

ɫ ɠɢɞɤɨɫɬɶɸ. 

4. Ʉɨɦɛɢɧɚɰɢɟɣ ɜ ɪɚɡɥɢɱɧɵɯ ɫɨɱɟɬɚɧɢɹɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɩɨɫɨɛɨɜ. 

Ɉɫɧɨɜɧɵɦ ɜɢɞɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ  ɧɚɞɞɭ-

ɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɹɜɥɹɸɬɫɹ ɪɟɤɭɩɟɪɚɬɢɜɧɵɟ. ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɨɫɧɨɜɧɵɯ ɬɢɩɚ ɩɪɨ-

ɦɟɠɭɬɨɱɧɵɯ ɨɯɥɚɞɢɬɟɥɟɣ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ: «ɜɨɡɞɭɯ-ɜɨɡɞɭɯ» ɢ «ɜɨɡɞɭɯ-

ɜɨɞɚ». ȼ ɩɟɪɜɨɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɩɥɨɬɚ ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɤ 

ɨɯɥɚɠɞɚɸɳɟɦɭ ɜɨɡɞɭɯɭ, ɚ ɜɨ ɜɬɨɪɨɦ – ɨɬ ɇȼ ɤ ɠɢɞɤɨɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɯɥɚɠɞɚ-

ɸɳɟɣ ɠɢɞɤɨɫɬɢ, ɰɢɪɤɭɥɢɪɭɸɳɟɣ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɥɢɛɨ ɜ ɨɬ-

ɞɟɥɶɧɨɦ ɤɨɧɬɭɪɟ. Ʉɚɠɞɨɦɭ ɬɢɩɭ ɫɜɨɣɫɬɜɟɧɧɵ ɤɚɤ ɞɨɫɬɨɢɧɫɬɜɚ, ɬɚɤ ɧɟɞɨɫɬɚɬɤɢ. 

Ɍɚɤ ɨɯɥɚɞɢɬɟɥɢ ɬɢɩɚ «ɜɨɡɞɭɯ-ɠɢɞɤɨɫɬɶ» ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩ-

ɥɨɩɟɪɟɞɚɱɢ (ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɦɟɧɶɲɢɟ ɪɚɡɦɟɪɵ), ɧɨ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɜɨɞɵ ɧɭ-

ɠɟɧ ɪɚɞɢɚɬɨɪ, ɚ ɬɚɤɠɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɧɚɫɨɫ, ɟɫɥɢ ɨɯɥɚɠɞɚɸɳɚɹ ɠɢɞɤɨɫɬɶ ɞɜɢ-
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ɠɟɬɫɹ ɜ ɨɬɞɟɥɶɧɨɦ ɤɨɧɬɭɪɟ. Ʉ ɬɨɦɭ ɠɟ ɩɨɞɨɛɧɵɟ ɨɯɥɚɞɢɬɟɥɢ ɛɨɥɟɟ ɝɪɨɦɨɡɞɤɢ, ɬ.ɤ. 

ɬɪɟɛɭɸɬ ɝɟɪɦɟɬɢɱɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɨ ɬɪɚɤɬɭ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ. ɂɯ ɞɨɫɬɨɢɧ-

ɫɬɜɨɦ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɨɞɨɝɪɟɜ ɇȼ ɩɪɢ ɪɚɛɨɬɟ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦ-

ɩɟɪɚɬɭɪɚɯ ɢ ɱɚɫɬɢɱɧɵɯ ɧɚɝɪɭɡɤɚɯ, ɱɬɨ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɪɚɛɨɱɟɦ ɰɢɤ-

ɥɟ. ȼ ɨɯɥɚɞɢɬɟɥɹɯ ɬɢɩɚ «ɜɨɡɞɭɯ-ɜɨɡɞɭɯ» ɨɯɥɚɠɞɚɸɳɢɦ ɜɨɡɞɭɯɨɦ ɹɜɥɹɟɬɫɹ  ɚɬɦɨ-

ɫɮɟɪɧɵɣ ɜɨɡɞɭɯ, ɡɚɛɢɪɚɟɦɵɣ ɢɡ ɩɨɞɤɚɩɨɬɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɥɢ ɫɧɚɪɭɠɢ ɷɧɟɪɝɟ-

ɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ, ɧɨ ɬɚɤɢɟ ɨɯɥɚɞɢɬɟɥɢ ɢɦɟɸɬ ɦɟɧɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟ-

ɪɟɞɚɱɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɪɟɛɭɸɬ ɛɨɥɶɲɢɯ ɩɥɨɳɚɞɟɣ ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɡɚɧɢɦɚɸɬ 

ɛɨɥɶɲɟɟ ɦɟɫɬɨ ɩɪɢ ɬɟɯ ɠɟ ɩɟɪɟɩɚɞɚɯ ɬɟɦɩɟɪɚɬɭɪ [1]. Ɉɞɧɚɤɨ, ɨɧɢ ɛɨɥɟɟ ɩɪɨɫɬɵ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨ. 

ȼ Ɉɇȼ ɬɢɩɚ «ɜɨɡɞɭɯ-ɜɨɡɞɭɯ» ɰɢɪɤɭɥɹɰɢɹ Ɉȼ ɱɟɪɟɡ ɦɚɬɪɢɰɭ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɜɭɦɹ ɨɫɧɨɜɧɵɦɢ ɫɩɨɫɨɛɚɦɢ: 

1. ɋɤɨɪɨɫɬɧɨɣ – ɩɪɢɦɟɧɹɟɬɫɹ ɧɚ ɥɟɝɤɨɜɵɯ ɚɜɬɨɦɨɛɢɥɹɯ. ɉɪɢ ɞɜɢɠɟɧɢɢ ɚɜɬɨ-

ɦɨɛɢɥɹ ɧɚɛɟɝɚɸɳɢɣ ɩɨɬɨɤ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɧɚɩɪɚɜɥɹɟɬɫɹ ɱɟɪɟɡ Ɉɇȼ.  

2. ȼɟɧɬɢɥɹɬɨɪɧɵɣ – ɞɜɢɠɟɧɢɟ Ɉȼ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɟɧɬɢɥɹɬɨɪɨɦ, ɩɪɢɜɨɞɢɦɵɦ 

ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢɥɢ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ. ɉɪɢɦɟɧɹɟɬɫɹ ɧɚ ɬɪɚɤɬɨɪ-

ɧɵɯ, ɫɬɚɰɢɨɧɚɪɧɵɯ ɢ ɮɨɪɫɢɪɨɜɚɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ. 

ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɬɢɩɚ Ɉɇȼ ɰɢɪɤɭɥɹɰɢɹ ɨɯɥɚɠɞɚɸɳɟɣ ɫɪɟɞɵ ɱɟɪɟɡ ɨɯɥɚɞɢɬɟɥɶ 

ɬɪɟɛɭɟɬ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ. ȼ ɫɥɭɱɚɟ ɫɤɨɪɨɫɬɧɨɝɨ – ɷɬɨ ɭɜɟɥɢɱɟɧɢɟ ɥɨɛɨɜɨɝɨ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. ȼ ɫɥɭɱɚɟ ɠɢɞɤɨɫɬɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢɥɢ ɜɨɡɞɭɲɧɨɝɨ – ɷɬɨ 

ɡɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɢɜɨɞ ɜɨɞɹɧɨɝɨ ɧɚɫɨɫɚ ɢɥɢ ɜɟɧɬɢɥɹɬɨɪɚ. Ɉɫɧɨɜɧɵɟ ɫɯɟɦɵ 

ɪɚɫɩɨɥɨɠɟɧɢɹ Ɉɇȼ  ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɨɤ 1.1 [2]. 
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Ɋɢɫɭɧɨɤ 1.1 – ɋɯɟɦɵ ɭɫɬɚɧɨɜɤɢ Ɉɇȼ ɧɚ ɚɜɬɨɬɪɚɤɬɨɪɧɵɯ ɞɜɢɝɚɬɟɥɹɯ 

 1 – ɞɜɢɝɚɬɟɥɶ, 2 – ɨɫɧɨɜɧɨɣ ɜɟɧɬɢɥɹɬɨɪ, 3 – ɚɝɪɟɝɚɬ ɧɚɞɞɭɜɚ, 4 – ɜɨɞɹɧɨɣ ɪɚɞɢɚɬɨɪ, 5 – ɦɚɫ-

ɥɹɧɵɣ ɪɚɞɢɚɬɨɪ, 6 – ɫɟɤɰɢɹ ɜɨɞɹɧɨɝɨ ɪɚɞɢɚɬɨɪɚ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, 7 – 

ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɜɨɞɹɧɨɣ ɧɚɫɨɫ, 8 – Ɉɇȼ, 9 – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɜɟɧɬɢɥɹɬɨɪ. 

ɉɨɦɢɦɨ ɨɫɧɨɜɧɵɯ ɫɯɟɦ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɢɯ ɤɨɦɩɨɧɨɜɨɤ.  

Ⱦɥɹ Ɉɇȼ ɬɢɩɚ «ɜɨɡɞɭɯ-ɜɨɡɞɭɯ» ɷɬɨ, ɜɨ-ɩɟɪɜɵɯ, ɪɚɡɥɢɱɧɵɟ ɪɚɫɩɨɥɨɠɟɧɢɹ Ɉɇȼ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɞɢɚɬɨɪɚ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ. ȼɨ-ɜɬɨɪɵɯ, ɪɚɡɥɢɱɧɵɣ ɩɪɢɜɨɞ ɜɟɧ-

ɬɢɥɹɬɨɪɚ: ɨɬ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ (ɱɟɪɟɡ ɩɟɪɟɞɚɱɭ ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ), ɷɥɟɤɬɪɨɩɪɢ-

ɜɨɞ, ɬɭɪɛɨɩɪɢɜɨɞ ɢ ɬ. ɞ. 

 ȼ ɫɥɭɱɚɟ Ɉɇȼ ɬɢɩɚ «ɜɨɡɞɭɯ-ɠɢɞɤɨɫɬɶ» ɠɢɞɤɨɫɬɶ, ɨɯɥɚɠɞɚɸɳɚɹ ɇȼ, ɦɨɠɟɬ 

ɞɜɢɝɚɬɶɫɹ ɜ ɨɬɞɟɥɶɧɨɦ ɤɨɧɬɭɪɟ ɢɥɢ ɜ ɨɛɳɟɦ ɤɨɧɬɭɪɟ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚ-

ɬɟɥɹ. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɡɧɵɣ ɩɪɢɜɨɞ ɧɚɫɨɫɚ, ɩɟɪɟɤɚɱɢɜɚɸɳɟɝɨ ɨɯɥɚɠɞɚɸɳɭɸ 

ɠɢɞɤɨɫɬɶ. 

1.2 Ɉɫɧɨɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ ɧɚ                        

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

ɋɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭ-

ɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜɟɞɟɬɫɹ ɩɨ ɞɜɭɦ ɩɭɬɹɦ: 1) ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɧɵɯ 

ɚɩɩɚɪɚɬɨɜ 2) ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɚɦɢɯ ɫɢɫɬɟɦ 

ɨɯɥɚɠɞɟɧɢɹ ɩɭɬɺɦ ɢɯ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ, 3) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫ-

ɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɞɥɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɢ ɞɪɭɝɢɟ ɫɩɨɫɨɛɵ ɨɯɥɚɠɞɟɧɢɹ.   
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ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɫɨɫɬɨɢɬ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɨɜɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ, ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɮɨɪɦɵ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ,  ɩɪɨɟɤ-

ɬɢɪɨɜɚɧɢɢ ɭɫɬɪɨɣɫɬɜ ɫ ɬɚɤɢɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɤɨɢ ɨɛɟɫɩɟɱɢɜɚɥɢ 

ɛɵ ɦɢɧɢɦɚɥɶɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɩɪɢ ɛɨɥɶɲɨɣ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

ɉɨɞɨɛɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɷɧɟɪɝɨɡɚɬɪɚɬɚɯ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ 

ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ ɩɨɥɭɱɢɬɶ ɛɨɥɶɲɭɸ ɬɟɩɥɨɜɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ.  

Ɍɟɩɥɨɜɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɞɨɯɨɞɢɬ ɞɨ 95% (ɪɟ-

ɤɭɩɟɪɚɬɨɪɵ ɤɨɦɩɚɧɢɢ ACTE S.A. (Ȼɟɥɶɝɢɹ)), ɚ ɨɯɥɚɞɢɬɟɥɟɣ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

ɞɨ 92% (ɧɚɩɪɢɦɟɪ, Ɉɇȼ ɮɢɪɦɵ Mahle (Ƚɟɪɦɚɧɢɹ)). 

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɭɪɨɜɧɹ ɮɨɪɫɢɪɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɨɯɥɚɠɞɟɧɢɹ ɇȼ ɜ ɪɚɦɤɚɯ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɯɟɦ ɬɭɪɛɨɧɚɞɞɭɜɚ ɩɨɫɬɟɩɟɧɧɨ ɫɧɢɠɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɱɬɨ ɢ 

ɪɚɡɜɢɜɚɟɬ ɢɧɬɟɪɟɫ ɤ  ɩɨɢɫɤɭ  ɧɨɜɵɯ ɫɯɟɦ ɢ ɩɪɢɧɰɢɩɨɜ  ɨɪɝɚɧɢɡɚɰɢɢ ɨɯɥɚɠɞɟɧɢɹ 

ɇȼ ɜ  ɫɢɫɬɟɦɚɯ  ɜɨɡɞɭɯɨɫɧɚɛɠɟɧɢɹ ɞɜɢɝɚɬɟɥɟɣ [3].   

Ɉɞɧɨɣ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɢɫɩɚɪɢɬɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɧɚɞɞɭ-

ɜɨɱɧɵɣ ɜɨɡɞɭɯ ɨɯɥɚɠɞɚɟɬɫɹ ɡɚ ɫɱɟɬ ɢɫɩɚɪɟɧɢɹ ɜ ɧɟɦ ɠɢɞɤɨɫɬɢ, ɢɦɟɸɳɟɣ ɞɨɫɬɚ-

ɬɨɱɧɨ ɜɵɫɨɤɭɸ ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɬɭ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ [3, 4]. ɉɪɢ ɢɫɩɚɪɢɬɟɥɶɧɨɦ 

ɨɯɥɚɠɞɟɧɢɢ ɨɯɥɚɠɞɚɸɳɚɹ ɠɢɞɤɨɫɬɶ ɪɚɫɩɵɥɢɜɚɟɬɫɹ ɩɟɪɟɞ ɜɯɨɞɧɵɦ ɩɚɬɪɭɛɤɨɦ 

ɤɨɦɩɪɟɫɫɨɪɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɰɟɫɫ ɫɠɚɬɢɹ ɜ ɧɟɦ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɢɡɨɬɟɪɦɢ-

ɱɟɫɤɨɦɭ. ɂɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɦ ɩɪɨɰɟɫ-

ɫɨɦ ɫɠɚɬɢɹ ɢɡ ɨɫɭɳɟɫɬɜɢɦɵɯ. Ɉɞɧɨɣ ɢɡ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɚɧɧɨɣ ɫɢ-

ɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɯɥɚɠɞɚɸɳɢɣ ɚɝɟɧɬ ɫ ɨɯɥɚɠɞɚɟɦɵɦ ɜɨɡɞɭɯɨɦ 

ɩɨɫɬɭɩɚɟɬ ɜ ɰɢɥɢɧɞɪ, ɨɤɚɡɵɜɚɹ ɜɥɢɹɧɢɟ ɧɚ ɜɫɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɧɟɦ ɜɨ 

ɜɪɟɦɹ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ. ȼ ɤɚɱɟɫɬɜɟ ɨɯɥɚɠɞɚɸɳɟɝɨ ɚɝɟɧɬɚ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɝɨ-

ɪɸɱɢɟ ɫɠɢɠɟɧɧɵɟ ɝɚɡɵ, ɫɩɢɪɬɵ, ɜɨɞɨɫɩɢɪɬɨɜɵɟ ɫɦɟɫɢ, ɜɨɞɚ – ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ 

ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɢ ɤɚɤ ɞɨɛɚɜɤɚ ɤ ɨɫɧɨɜɧɨɦɭ ɬɨɩɥɢɜɭ. Ɍɚɤɠɟ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ-

ɫɹ ɢ ɫɚɦɨ ɬɨɩɥɢɜɨ. Ɉɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɬɚɤɨɣ ɫɯɟɦɵ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɨɤ 1.2. 
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Ɋɢɫɭɧɨɤ 1.2 – ɉɪɢɦɟɪ ɫɢɫɬɟɦɵ ɢɫɩɚɪɢɬɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɇȼ 

1 – ɟɦɤɨɫɬɶ ɫ ɠɢɞɤɨɫɬɶɸ, 2 – ɩɨɩɥɚɜɤɨɜɚɹ ɤɚɦɟɪɚ, 3 – ɬɪɭɛɨɩɪɨɜɨɞ ɩɨɞɜɨɞɚ ɠɢɞɤɨɫɬɢ ɤ 

ɪɚɫɩɵɥɢɬɟɥɸ, 4 – ɤɥɚɩɚɧ ɠɢɞɤɨɫɬɧɵɣ, 5 – ɪɚɫɩɵɥɢɬɟɥɶ, 6 – ɤɨɦɩɪɟɫɫɨɪ, 7 – ɬɭɪɛɢɧɚ, 8 – ɜɩɭɫɤ-

ɧɨɣ ɤɨɥɥɟɤɬɨɪ, 9 – ɩɥɟɧɤɨɨɬɛɨɪɧɢɤ, 10 – ɩɨɩɥɚɜɨɤ, 11 – ɤɥɚɩɚɧ ɩɧɟɜɦɚɬɢɱɟɫɤɢɣ, 12 – ɞɜɢɝɚɬɟɥɶ. 

ɋɢɫɬɟɦɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɀɢɞɤɨɫɬɶ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ  ɢɫɩɚɪɢ-

ɬɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɟɦɤɨɫɬɢ 1, ɢɡ ɤɨɬɨɪɨɣ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɩɨɫɬɭ-

ɩɚɟɬ ɜ ɩɨɩɥɚɜɤɨɜɭɸ ɤɚɦɟɪɭ 2 ɱɟɪɟɡ ɩɨɩɥɚɜɤɨɜɵɣ ɤɥɚɩɚɧ 10, ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ ɩɨ-

ɫɬɨɹɧɧɵɣ ɭɪɨɜɟɧɶ ɠɢɞɤɨɫɬɢ. ɂɡ ɤɚɦɟɪɵ 2 ɠɢɞɤɨɫɬɶ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɧɚɞɞɭɜɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ ɩɨɫɬɭɩɚɟɬ ɤ ɪɚɫɩɵɥɢɬɟɥɸ 5. ȼɨɡɞɭɯ ɜ ɪɚɫɩɵɥɢɬɟɥɶ ɩɨɫɬɭɩɚɟɬ ɢɡ ɜɩɭɫɤɧɨ-

ɝɨ ɤɨɥɥɟɤɬɨɪɚ 8 ɱɟɪɟɡ ɩɥɟɧɤɨɨɬɛɨɪɧɢɤ 9, ɩɨɩɥɚɜɤɨɜɭɸ ɤɚɦɟɪɭ 2 ɢ ɜɨɡɞɭɲɧɵɣ 

ɤɥɚɩɚɧ 11. Ɋɚɫɯɨɞ ɠɢɞɤɨɫɬɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɤɥɚɩɚɧɨɦ 4. ɉɥɟɧɤɨɨɬɛɨɪɧɢɤ ɫɥɭɠɢɬ 

ɞɥɹ ɭɞɚɥɟɧɢɹ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɢɡ ɜɩɭɫɤɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡ ɞɜɭɯ-

ɮɚɡɧɨɝɨ ɩɨɬɨɤɚ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ.    

Ɉɞɧɚɤɨ, ɞɚɧɧɵɣ ɦɟɬɨɞ ɧɟ ɩɨɥɭɱɢɥ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɡ-ɡɚ ɭɯɭɞɲɟɧɢɹ ɫɜɨɣɫɬɜ 

ɫɦɚɡɨɱɧɨɝɨ ɦɚɫɥɚ ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɧɟɝɨ ɜɨɞɵ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ ɜɵɫɨɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɤ 

ɱɢɫɬɨɬɟ ɢ ɠɟɫɬɤɨɫɬɢ ɜɨɞɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɜɵɫɨɤɢɦɢ ɫɤɨɪɨɫɬɹɦɢ ɩɨɬɨɤɚ ɜ ɤɚɧɚ-

ɥɚɯ ɤɨɦɩɪɟɫɫɨɪɚ. 

ɑɚɫɬɧɵɦ ɫɥɭɱɚɟɦ ɢɫɩɚɪɢɬɟɥɶɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɤɨɧɬɚɤɬɧɵɣ – ɩɪɢ 

ɤɨɧɬɚɤɬɧɨɦ ɨɯɥɚɠɞɟɧɢɢ ɧɚɞɭɜɨɱɧɵɣ ɜɨɡɞɭɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤɨɧɬɚɤɬɢɪɭɟɬ ɫɨ 
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ɫɬɪɭɹɦɢ ɜɨɞɵ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɦɟɬɨɞɚ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ ɜɨɞɵ ɜ ɰɢ-

ɥɢɧɞɪɵ ɞɜɢɝɚɬɟɥɹ, ɛɨɥɶɲɨɣ ɪɚɫɯɨɞ ɜɨɞɵ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ 

ɦɨɳɧɨɫɬɢ ɧɚ ɩɪɨɤɚɱɤɭ ɜɨɞɵ. 

Ɍɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɢ ɞɪɭɝɢɟ ɧɟɨɛɵɱɧɵɟ ɫɩɨɫɨɛɵ ɨɯɥɚɠɞɟɧɢɹ ɇȼ, ɧɚɩɪɢɦɟɪ, 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɮɮɟɤɬɚ Ɋɚɧɤɚ-ɏɢɥɲɚ – ɷɮɮɟɤɬɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɝɚɡɚ 

[5, 6, 7]. ɉɪɢ ɬɚɤɨɣ ɫɯɟɦɟ ɧɚɞɞɭɜɨɱɧɵɣ ɜɨɡɞɭɯ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɞɜɚ ɩɨɬɨɤɚ, ɤɨɬɨɪɵɟ 

ɨɫɨɛɵɦ ɨɛɪɚɡɨɦ ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɢɥɢ ɤɨɧɢɱɟɫɤɨɣ ɤɚɦɟɪɟ. ȼɫɥɟɞ-

ɫɬɜɢɟ ɨɞɢɧ ɩɨɬɨɤ ɢɦɟɟɬ ɩɨɧɢɠɟɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɚ ɞɪɭɝɨɣ ɩɨɜɵɲɟɧɧɭɸ. 

 

Ɋɢɫɭɧɨɤ 1.3 –  ɋɯɟɦɚ ɫɢɫɬɟɦɵ ɫɬɚɛɢɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡ-

ɞɭɯɚ ɩɪɢ ɪɚɛɨɬɟ ɞɜɢɝɚɬɟɥɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

 ɜɢɯɪɟɜɨɣ ɬɪɭɛɵ 

1 – Ⱦȼɋ, 2 – ɜɵɩɭɫɤɧɵɟ ɤɨɥɥɟɤɬɨɪɵ, 3 – ɜɩɭɫɤɧɵɟ ɤɨɥɥɟɤɬɨɪɵ, 4 – ɜɵɯɥɨɩɧɚɹ ɬɪɭɛɚ, 5 – ɝɚ-

ɡɨɜɚɹ ɬɭɪɛɢɧɚ, 6 – ɤɨɦɩɪɟɫɫɨɪ, 7 – ɜɨɡɞɭɯɨɩɪɨɜɨɞ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɜɢɯɪɟɜɭɸ ɬɪɭɛɭ, 8 – ɭɩɪɚɜ-

ɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, 9 – ɜɢɯɪɟɜɚɹ ɬɪɭɛɚ, 10 – ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ, 11 – ɜɨɡɞɭɯɨɩɪɨɜɨɞ ɧɚɞɞɭɜɨɱɧɨ-

ɝɨ ɜɨɡɞɭɯɚ, 12 – ɜɨɡɞɭɯɨɩɪɨɜɨɞ ɯɨɥɨɞɧɨɝɨ ɜɨɡɞɭɯɚ, 13 – ɜɨɡɞɭɯɨ-ɜɨɡɞɭɲɧɵɣ Ɉɇȼ, 14 – ɞɚɬɱɢɤ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

Ɉɯɥɚɠɞɟɧɢɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɢɯɪɟɜɨɝɨ ɷɮɮɟɤɬɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɢɦɨ ɞɥɹ 

ɨɯɥɚɠɞɟɧɢɹ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɝɨɪɸɱɟɣ ɫɦɟɫɢ. Ⱦɥɹ ɷɬɨɝɨ 

ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ ɜɢɯɪɟɜɭɸ ɬɪɭɛɭ ɜ ɝɚɡɨɜɨɡɞɭɲɧɵɣ ɬɪɚɤɬ ɜɩɭɫɤɧɨɣ ɫɢɫɬɟ-

ɦɵ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ. ȼɢɯɪɟɜɨɣ ɷɮɮɟɤɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɚɡɨ-

ɞɢɧɚɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ, ɤɨɬɨɪɵɣ ɩɪɨɯɨɞɢɬ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɬɭɪɛɭɥɟɧɬɧɨɦ ɩɨ-

ɬɨɤɟ ɫɠɢɦɚɟɦɨɝɨ ɝɚɡɚ ɢ ɤɨɬɨɪɵɣ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɜɢɯɪɟɜɨɣ ɬɪɭɛɟ. 
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Ⱦɪɭɝɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬ-

ɫɹ ɢɫɤɥɸɱɟɧɢɟ ɢɡ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɧɚɫɨɫɚ ɢɥɢ ɜɟɧɬɢɥɹɬɨɪɚ ɢ  ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɤɚɤɢɯ-ɥɢɛɨ ɫɬɨɪɨɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɞɥɹ ɰɢɪɤɭɥɹɰɢɢ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭ-

ɯɚ ɱɟɪɟɡ Ɉɇȼ. Ɍɚɤ, ɰɢɪɤɭɥɹɰɢɹ Ɉȼ ɱɟɪɟɡ Ɉɇȼ ɢɧɨɝɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɬɭɪɛɨɜɟɧɬɢɥɹɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɬɭɪɛɢɧɚ, ɩɪɢɜɨɞɹɳɚɹ ɟɝɨ ɜ ɞɟɣɫɬɜɢɟ, ɢɫɩɨɥɶɡɭɟɬ ɥɢ-

ɛɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɷɧɟɪɝɢɸ ɇȼ, ɥɢɛɨ ɷɧɟɪɝɢɸ ɈȽ.  

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɧɚɞɭɜɨɱɧɵɣ ɜɨɡɞɭɯ ɜ ɤɨɥɢɱɟɫɬɜɟ ɞɨ 10 % ɨɬ ɨɛɳɟɝɨ ɪɚɫɯɨɞɚ 

ɜɨɡɞɭɯɚ ɜ ɞɜɢɝɚɬɟɥɟ ɨɬɛɢɪɚɸɬ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɧɚɩɪɚɜɥɹɸɬ ɜ ɬɭɪɛɢɧɭ 

ɬɭɪɛɨɜɟɧɬɢɥɹɬɨɪɚ [8]. ȼ ɫɨɟɞɢɧɢɬɟɥɶɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɚɜɬɨɦɚ-

ɬɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɩɪɟɤɪɚɳɚɸɳɟɟ ɩɨɞɚɱɭ ɜɨɡɞɭɯɚ ɤ ɬɭɪɛɢɧɟ ɬɭɪɛɨɜɟɧɬɢɥɹɬɨɪɚ 

ɢ ɢɫɤɥɸɱɚɸɳɟɟ ɨɯɥɚɠɞɟɧɢɟ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɬɟɯ ɪɟɠɢɦɚɯ, ɤɨɝɞɚ ɜ ɷɬɨɦ 

ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. ɇɟɞɨɫɬɚɬɨɤ ɫɯɟɦɵ ɜ ɟɟ ɫɥɨɠɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɧɚɥɢɱɢɟɦ 

ɜɵɫɨɤɨɨɛɨɪɨɬɧɨɝɨ ɬɭɪɛɨɜɟɧɬɢɥɹɬɨɪɚ ɢ ɡɚɬɪɚɬɨɣ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɚɞɞɭ-

ɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɟɝɨ ɩɪɢɜɨɞ. ɉɨ ɬɚɤɨɦɭ ɩɭɬɢ, ɧɚɩɪɢɦɟɪ, ɩɨɲɥɚ ɮɢɪɦɚ «Garrett» 

(ɋɒȺ) ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɇȼ ɞɥɹ ɞɢɡɟɥɟɣ «Maxidyne» ɤɨɦɩɚ-

ɧɢɢ  Mack (ɋɒȺ) (ɪɢɫɭɧɨɤ 1.4). 

 

Ɋɢɫɭɧɨɤ 1.4 – ɋɯɟɦɚ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɧɚ ɞɢɡɟɥɟ 

Ɇɚɫk V-8  

1 – ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪ, 2 – Ɉɇȼ, 3 – ɪɚɞɢɚɬɨɪ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, 4 – ɜɟɧɬɢɥɹ-

ɬɨɪ, 5 – ɞɜɢɝɚɬɟɥɶ, 6 – ɬɭɪɛɨɜɟɧɬɢɥɹɬɨɪ. 

Ʉɪɨɦɟ ɨɫɧɨɜɧɨɣ ɪɨɥɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɫɥɭɠɢɬ 

ɢ ɰɟɥɹɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚɞɞɭɜɚ ɩɟɪɟɩɭɫɤɨɦ ɱɚɫɬɢ ɧɚɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ 

ɤɨɦɩɪɟɫɫɨɪɚ.  
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ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɬɭɪɛɢɧɚ ɬɭɪɛɨɜɟɧɬɢɥɹɬɨɪɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɚɟɬɫɹ ɩɨ 

ɯɨɞɭ ɈȽ ɩɨɫɥɟ ɬɭɪɛɢɧɵ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ [9]. ɉɨɞɨɛɧɵɣ ɩɨɞɯɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɮɢɪɦɚɦɢ «Scania» ɢ «Volvo Trucks» ɧɚ ɫɟɞɟɥɶɧɵɯ ɬɹɝɚɱɚɯ. ɉɨɞɨɛɧɵɟ ɞɢɡɟɥɢ ɬɚɤ-

ɠɟ ɧɨɫɹɬ ɧɚɡɜɚɧɢɟ ɬɭɪɛɨɤɨɦɩɚɭɧɞɧɵɯ.  

 

Ɋɢɫɭɧɨɤ 1.5 – ɋɯɟɦɚ ɬɭɪɛɨɜɟɧɬɢɥɹɬɨɪɚ ɞɥɹ ɫɢɫɬɟɦɵ ɠɢɞɤɨɫɬɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ 

ɬɭɪɛɨɩɨɪɲɧɟɜɨɝɨ ɞɢɡɟɥɹ  

1 – ɞɢɚɝɨɧɚɥɶɧɵɣ ɜɟɧɬɢɥɹɬɨɪ, 2 – ɨɛɝɨɧɧɚɹ ɦɭɮɬɚ, 3 – ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɪɟɞɭɤɬɨɪ, 4 – ɨɫɟɜɚɹ 

ɬɭɪɛɢɧɚ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɭɪɛɨɜɟɧɬɢɥɹɬɨɪɚ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɧɚ 6 % 

[10]. ɇɟɞɨɫɬɚɬɤɨɦ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɢ ɜɵɫɨɤɚɹ 

ɫɬɨɢɦɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɨɧɢɠɚɸɳɟɣ ɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɬɭɪɛɢɧɨɣ ɢ ɜɟɧɬɢɥɹɬɨɪɨɦ.  

ɋɯɟɦɚ, ɩɨɥɭɱɢɜɲɚɹ ɧɚɢɦɟɧɨɜɚɧɢɟ "ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ", ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɢɦɟ-

ɧɟɧɢɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɧɟɛɨɥɶɲɨɝɨ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞ-

ɤɨɫɬɢ ɫ ɩɪɢɛɥɢɠɟɧɢɟɦ ɟɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜɨɡɞɭɯɚ. ɉɪɢ 

ɬɚɤɨɣ ɫɯɟɦɟ ɞɨɫɬɢɝɚɟɬɫɹ ɛɨɥɟɟ ɝɥɭɛɨɤɨɟ ɨɯɥɚɠɞɟɧɢɟ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ [11]. 

Ɏɢɪɦɚ «Cummins» ɜɡɹɥɚ ɡɚ ɨɫɧɨɜɭ ɷɬɭ ɫɯɟɦɭ, ɪɚɡɪɚɛɨɬɚɜ ɞɜɢɝɚɬɟɥɶ «Big Cam 

– IV» ɫ ɨɪɢɝɢɧɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ Ɉɇȼ, ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɧɢɡ-

ɤɨɪɚɫɯɨɞɧɵɣ («low flaw») ɢɥɢ "ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ"  ɪɚɞɢɚɬɨɪ (ɪɢɫɭɧɨɤ 1.6). 
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Ɋɢɫɭɧɨɤ 1.6 – ɋɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɇȼ ɞɜɢɝɚɬɟɥɹ ɞɜɢɝɚɬɟɥɶ «Big Cam – IV»  
1 – ɪɚɡɞɚɸɳɢɣ ɤɨɥɥɟɤɬɨɪ, 2 – ɪɚɞɢɚɬɨɪ, 3 – ɛɥɨɤ ɰɢɥɢɧɞɪɨɜ ɞɢɡɟɥɹ, 4 – ɫɛɨɪɧɵɣ ɤɨɥɥɟɤɬɨɪ 

ɪɚɞɢɚɬɨɪɚ, 5 – ɩɟɪɟɝɨɪɨɞɤɚ, 6 – ɜɨɞɹɧɨɣ ɧɚɫɨɫ, 7 – Ɉɇȼ, 8 – ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪ. 

Ɋɚɡɞɚɸɳɢɣ ɤɨɥɥɟɤɬɨɪ 1 ɪɚɞɢɚɬɨɪɚ 2 ɫɨɟɞɢɧɺɧ ɬɪɭɛɨɩɪɨɜɨɞɨɦ ɫ ɪɭɛɚɲɤɨɣ 

ɨɯɥɚɠɞɟɧɢɹ ɛɥɨɤɚ ɞɜɢɝɚɬɟɥɹ 3. ȼ ɫɛɨɪɧɨɦ ɤɨɥɥɟɤɬɨɪɟ 4 ɪɚɞɢɚɬɨɪɚ ɭɫɬɚɧɨɜɥɟɧɚ 

ɩɟɪɟɝɨɪɨɞɤɚ 5, ɪɚɡɞɟɥɹɸɳɚɹ ɟɝɨ ɧɚ ɞɜɟ ɩɨɥɨɫɬɢ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ ɫɨɟɞɢɧɟɧɚ ɫ ɜɫɚ-

ɫɵɜɚɸɳɢɦ ɩɚɬɪɭɛɤɨɦ ɧɚɫɨɫɚ 6, ɚ ɞɪɭɝɚɹ – ɫ ɜɩɭɫɤɧɵɦ ɩɚɬɪɭɛɤɨɦ Ɉɇȼ 7. ȼɵ-

ɩɭɫɤɧɨɣ ɩɚɬɪɭɛɨɤ Ɉɇȼ ɩɨɞɤɥɸɱɺɧ ɤ ɜɫɚɫɵɜɚɸɳɟɦɭ ɩɚɬɪɭɛɤɭ ɧɚɫɨɫɚ. ɍɫɬɚɧɨɜɤɚ 

ɩɟɪɟɝɨɪɨɞɤɢ ɜ ɫɛɨɪɧɨɦ ɤɨɥɥɟɤɬɨɪɟ ɪɚɞɢɚɬɨɪɚ ɩɨɡɜɨɥɹɟɬ ɨɬɞɟɥɢɬɶ ɩɨɬɨɤ ɨɯɥɚɠɞɚ-

ɸɳɟɣ ɠɢɞɤɨɫɬɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɡɚɪɭɛɚɲɟɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 

ɛɥɨɤɚ ɰɢɥɢɧɞɪɨɜ, ɨɬ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ, ɧɚɩɪɚɜɥɹɟɦɨɝɨ ɜ Ɉɇȼ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

Ɉɇȼ ɨɤɚɡɵɜɚɟɬɫɹ ɜɤɥɸɱɺɧɧɵɦ ɜ ɩɚɪɚɥɥɟɥɶɧɵɣ ɤɨɧɬɭɪ ɰɢɪɤɭɥɹɰɢɢ ɠɢɞɤɨɫɬɢ. 

Ɉɛɨɫɨɛɥɟɧɧɚɹ ɫɟɤɰɢɹ ɪɚɞɢɚɬɨɪɚ, ɜɤɥɸɱɺɧɧɚɹ ɜ ɩɚɪɚɥɥɟɥɶɧɵɣ ɤɨɧɬɭɪ, ɜɵɩɨɥɧɹɟɬ 

ɪɨɥɶ ɪɚɞɢɚɬɨɪɚ ɫɢɫɬɟɦɵ Ɉɇȼ. ɉɥɨɳɚɞɢ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɩɨɞɨ-

ɛɪɚɧɵ ɬɚɤ, ɱɬɨɛɵ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɤɚɯ ɨɛɨɫɨɛɥɟɧɧɨɣ ɫɟɤ-

ɰɢɢ ɛɵɥɚ ɛɵ ɦɟɧɶɲɟ, ɱɟɦ ɜ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ ɪɚɞɢɚɬɨɪɚ. ɗɬɢɦ ɞɨɫɬɢɝɚɟɬɫɹ ɛɨɥɟɟ 

ɝɥɭɛɨɤɨɟ ɨɯɥɚɠɞɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɩɨɫɬɭɩɚɸɳɟɣ ɜ Ɉɇȼ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɛɨɥɟɟ 

ɝɥɭɛɨɤɨɟ ɨɯɥɚɠɞɟɧɢɟ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ.  

ȼ ɤɚɱɟɫɬɜɟ ɚɜɬɨɧɨɦɧɨɝɨ ɚɝɪɟɝɚɬɚ ɩɪɨɤɚɱɤɢ ɜɨɡɞɭɯɚ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɷɥɟɤɬɪɨɜɟɧɬɢɥɹɬɨɪɵ. 

ɇɚ ɏɄȻȾ (ɍɤɪɚɢɧɚ) ɪɚɡɪɚɛɨɬɚɥɢ ɜɨɞɨ-ɜɨɡɞɭɲɧɵɣ Ɉɇȼ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɫɨ-

ɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɤɨɦɩɪɟɫɫɨɪɚ (ɪɢɫɭɧɨɤ 1.7).  
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Ɋɢɫɭɧɨɤ 1.7 – Ʉɨɦɩɪɟɫɫɨɪ ɫɢɫɬɟɦɵ ɧɚɞɞɭɜɚ ɞɜɢɝɚɬɟɥɹ 6Ⱦɇ 12/2ɯ12  
1 – ɜɨɡɞɭɯɨɡɚɛɨɪɧɵɣ ɩɚɬɪɭɛɨɤ, 2 – ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ ɤɨɦɩɪɟɫɫɨɪɚ, 3 – ɜɨɡɞɭɯɨɨɬɜɨɞɹɳɢɣ ɩɚ-

ɬɪɭɛɨɤ ɤɨɦɩɪɟɫɫɨɪɚ, 4 – ɦɚɬɪɢɰɚ ɨɯɥɚɞɢɬɟɥɹ. 

Ɉɯɥɚɞɢɬɟɥɶ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɞɜɭɯ ɤɨɥɶɰɟɜɵɯ ɦɚɬɪɢɰ, ɫɦɨɧɬɢɪɨɜɚɧɧɵɯ ɧɚ 

ɤɪɵɲɤɟ ɤɨɪɩɭɫɚ ɤɨɦɩɪɟɫɫɨɪɚ, ɜɨɤɪɭɝ ɜɯɨɞɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɤɨɦɩɪɟɫɫɨɪɚ. Ɇɚɬɪɢɰɚ 

Ɉɇȼ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɚɤɟɬ ɤɨɧɰɟɧɬɪɢɱɧɨ ɨɪɟɛɪɟɧɧɵɯ ɬɪɭɛɨɤ, ɫɨɟɞɢɧɟɧɧɵɯ ɫ 

ɤɨɥɥɟɤɬɨɪɚɦɢ ɞɥɹ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ. ɉɚɤɟɬ ɨɯɜɚɱɟɧ ɨɛɟɱɚɣɤɚɦɢ, ɩɪɟɞɨɬ-

ɜɪɚɳɚɸɳɢɦɢ ɭɬɟɱɤɭ ɜɨɡɞɭɯɚ ɩɨ ɤɪɚɹɦ ɦɚɬɪɢɰɵ. 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɩɨɥɨɫɬɟɣ ɞɥɹ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɨɛɪɚɡɭɟɬ ɬɟɩɥɨɨɛɦɟɧɧɢɤ 

ɫɨ ɫɯɟɦɨɣ ɬɟɱɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ – ɩɟɪɟɤɪɟɫɬɧɵɣ ɬɨɤ ɫ ɩɪɨɬɢɜɨɬɨɤɨɦ. 

ɉɨɞɨɛɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ Ɉɇȼ ɩɨɬɪɟɛɨɜɚɥɨ ɩɟɪɟɩɪɨɟɤɬɢɪɨɜɚɬɶ ɪɚɞɢɚɥɶɧɵɣ  

ɥɨɩɚɬɨɱɧɵɣ ɞɢɮɮɭɡɨɪ ɜ ɪɚɞɢɚɥɶɧɨ-ɨɫɟɜɨɣ ɫ ɰɟɥɶɸ ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɧɚ ɭɱɚɫɬɤɟ 

ɩɟɪɟɯɨɞɚ ɜɨɡɞɭɯɚ ɨɬ ɞɢɮɮɭɡɨɪɚ ɤ ɦɚɬɪɢɰɟ Ɉɇȼ. ɋɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɜɯɨɞɟ ɦɚɬɪɢ-

ɰɭ ɫɨɫɬɚɜɥɹɟɬ 12 ɦ/ɫ [12]. 
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ɋɭɳɟɫɬɜɭɸɬ ɫɯɟɦɵ ɫ ɬɭɪɛɨɞɟɬɚɧɞɟɪɧɵɦ  ɨɯɥɚɠɞɟɧɢɟɦ ɧɚɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

Ɍɚɤɨɣ ɬɢɩ ɨɯɥɚɠɞɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɇȼ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɉɞɧɚ ɢɡ ɫɯɟɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.8. 

 

Ɋɢɫɭɧɨɤ 1.8 – ɋɯɟɦɚ ɞɜɢɝɚɬɟɥɹ ɫ ɬɭɪɛɨɞɟɬɚɧɞɟɪɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɇȼ  
ɌɄ – ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪ, ɌȾ – ɬɭɪɛɨɞɟɬɚɧɞɟɪ, 1 – Ⱦȼɋ, 2 – ɬɭɪɛɢɧɚ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, 3 – 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ, 4 – ɤɨɦɩɪɟɫɫɨɪ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, 5 – ɤɨɦɩɪɟɫɫɨɪ ɬɭɪɛɨɞɟ-

ɬɚɧɞɟɪɚ, 6 –  Ɉɇȼ, 7 – ɬɭɪɛɢɧɚ ɬɭɪɛɨɞɟɬɚɧɞɟɪɚ. 

ɋɢɫɬɟɦɚ ɧɚɞɞɭɜɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɉɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ ɞɜɢɝɚɬɟɥɹ 

1 ɧɚɩɪɚɜɥɹɸɬɫɹ ɜ ɬɭɪɛɢɧɭ 2 ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, ɝɞɟ ɪɚɫɲɢɪɹɹɫɶ, ɫɨɜɟɪɲɚɸɬ ɪɚɛɨ-

ɬɭ, ɤɨɬɨɪɚɹ ɢɞɟɬ ɧɚ ɫɠɚɬɢɟ ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ 4. Ɉɬɞɚɜɲɢɟ ɡɧɚɱɢɬɟɥɶɧɭɸ 

ɱɚɫɬɶ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɈȽ ɫ ɧɟɛɨɥɶɲɢɦ ɨɫɬɚɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ ɨɬɜɨɞɹɬɫɹ ɜ  

ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɋɠɚɬɵɣ ɜɨɡɞɭɯ ɩɨɫɬɭɩɚɟɬ  ɜ  ɤɨɦɩɪɟɫɫɨɪ  5 ɬɭɪɛɨɞɟɬɚɧɞɟɪɚ,  

ɞɨɫɠɢɦɚɟɬɫɹ, ɢ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ Ɉɇȼ 6, ɝɞɟ ɨɯɥɚɠɞɚɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɛɥɢɡɤɨɣ ɤ 

ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɂɚɬɟɦ ɜɨɡɞɭɯ ɩɨɫɬɭɩɚɟɬ ɜ ɬɭɪɛɢɧɭ ɬɭɪɛɨɞɟɬɚɧ-

ɞɟɪɚ 7, ɝɞɟ ɫɨɜɟɪɲɚɟɬ ɪɚɛɨɬɭ ɞɥɹ ɩɪɢɜɨɞɚ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɪɚɫɲɢɪɹɟɬɫɹ ɞɨ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɧɢɠɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɚ ɡɚɬɟɦ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɰɢɥɢɧɞɪɵ ɞɜɢɝɚɬɟɥɹ. 

Ɇɟɠɞɭ ɤɨɦɩɪɟɫɫɨɪɚɦɢ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ ɢ ɬɭɪɛɨɞɟɬɚɧɞɟɪɚ ɦɨɠɟɬ ɫɬɨɹɬɶ ɩɪɨɦɟ-

ɠɭɬɨɱɧɵɣ ɨɯɥɚɞɢɬɟɥɶ 3 [13]. ɐɢɤɥ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.9.  



21  

 

Ɋɢɫɭɧɨɤ 1.9 – ɐɢɤɥ ɞɜɢɝɚɬɟɥɹ ɫ ɬɭɪɛɨɞɟɬɚɧɞɟɪɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɇȼ 

ɉɨɞɨɛɧɵɣ ɫɩɨɫɨɛ ɩɪɢɦɟɧɹɥɫɹ ɮɢɪɦɨɣ "Ʉɭɩɟɪ-Ȼɟɫɫɟɦɟɪ"[14]. ɋɧɢɠɟɧɢɟ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɨɯɥɚɠɞɚɸɳɟɣ ɬɭɪɛɢɧɟ ɬɭɪɛɨɞɟɬɚɧɞɟɪɚ ɛɭɞɟɬ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ 

ɛɨɥɶɲɟ ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɧɟɣ ɞɚɜɥɟɧɢɹ ɧɚɞɞɭɜɚ. 

ɇɟɨɛɵɱɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɬɭɪɛɨɞɟɬɚɧɞɟɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɢ ɤɚɫɤɚɞɧɵɯ ɢ ɜɨɥɧɨɜɵɯ ɨɛɦɟɧɧɢɤɨɜ ɞɚɜɥɟɧɢɹ (ɄɈȾ) [15]. ɉɨɞɨɛɧɵɟ ɫɯɟ-

ɦɵ ɩɨɡɜɨɥɹɸɬ ɨɛɟɫɩɟɱɢɜɚɬɶ  ɧɟɢɡɦɟɧɧɨɫɬɶ ɞɚɜɥɟɧɢɹ  ɧɚɞɞɭɜɚ  ɜ ɨɱɟɧɶ ɲɢɪɨɤɨɦ  

ɞɢɚɩɚɡɨɧɟ  ɫɤɨɪɨɫɬɧɵɯ ɪɟɠɢɦɨɜ ɞɜɢɝɚɬɟɥɹ.  

Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɬɭɪɛɨɞɟɬɚɧɞɟɪɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɧɢɡɤɢɯ 

ɬɟɦɩɟɪɚɬɭɪ ɇȼ. ɇɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɦɨɝɭɬ ɬɪɟɛɨɜɚɬɶɫɹ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɞɟ-

ɬɨɧɚɰɢɢ ɜ Ⱦȼɋ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɥɟɝɤɢɯ ɬɨɩɥɢɜɚɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɟɫɥɢ ɨɯɥɚɠɞɟɧɢɟ 

ɜɨɡɞɭɯɚ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɬɨ ɟɝɨ ɪɟɫɭɪɫ ɭɜɟɥɢɱɢɜɚɟɬɫɹ.  ɇɟɞɨɫɬɚɬ-

ɤɨɦ ɬɚɤɨɝɨ ɬɢɩɚ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ. 

ȼ ɩɨɞɨɛɧɵɯ ɫɯɟɦɚɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɨɬɵ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ (ɢ ɈȽ) 

ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɜɭɯ- ɬɪɟɯɤɚɫɤɚɞɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɇȼ. 

Ⱦɪɭɝɢɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɢɡɤɨɩɨɬɟɧɰɢɚɥɶɧɨɣ ɬɟɩɥɨɬɵ ɈȽ ɢɥɢ ɬɟɩɥɨɬɵ 
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ɫɚɦɨɝɨ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ [16, 17, 18]. ɇɚɩɪɢɦɟɪ, ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ 

ɜɨɡɞɭɯɚ ɩɚɪɨɷɠɟɤɬɨɪɧɭɸ ɦɚɲɢɧɭ (ɪɢɫɭɧɨɤ 1.10). 

 

Ɋɢɫɭɧɨɤ 1.10 – ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɪɨɷɠɟɤɬɨɪɧɨɣ ɦɚɲɢɧɵ  

ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ  

1 – Ⱦȼɋ, 2 – Ɉɇȼ, 3 – ɤɨɦɩɪɟɫɫɨɪ, 4 – ɬɭɪɛɢɧɚ, 5 – ɩɚɪɨɝɟɧɟɪɚɬɨɪ, 6 – ɧɚɫɨɫ, 7 – ɷɠɟɤɬɨɪ, 8 

– ɤɨɧɞɟɧɫɚɬɨɪ, 9 – ɤɥɚɩɚɧ, 10 – ɢɫɩɚɪɢɬɟɥɶ-ɨɯɥɚɞɢɬɟɥɶ. 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɫɯɟɦɟ ɨɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ ɩɨɫɥɟ ɬɭɪɛɢɧɵ ɩɨɩɚɞɚɸɬ ɜ ɩɚɪɨ-

ɝɟɧɟɪɚɬɨɪ 5, ɝɞɟ ɨɬɞɚɸɬ ɬɟɩɥɨɬɭ ɪɚɛɨɱɟɦɭ ɬɟɥɭ, ɰɢɪɤɭɥɢɪɭɸɳɟɦɭ ɜ ɡɚɦɤɧɭɬɨɦ 

ɤɨɧɬɭɪɟ. Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɩɚɪ ɩɨɫɬɭɩɚɟɬ ɜ ɷɠɟɤɬɨɪ 7 ɢ ɪɚɡɝɨɧɹɹɫɶ ɜ ɫɨɩɥɟ ɩɟɪɟɞɚ-

ɟɬ ɷɧɟɪɝɢɸ ɯɨɥɨɞɧɨɦɭ ɩɨɬɨɤɭ, ɢɞɭɳɟɦɭ ɢɡ ɢɫɩɚɪɢɬɟɥɹ 10. ɋɦɟɫɶ ɯɨɥɨɞɧɨɝɨ ɢ ɝɨ-

ɪɹɱɟɝɨ ɩɚɪɨɜ ɩɨɫɥɟ ɷɠɟɤɬɨɪɚ ɩɨɫɬɭɩɚɟɬ ɜ ɤɨɧɞɟɧɫɚɬɨɪ 8, ɝɞɟ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ, ɨɬ-

ɞɚɜɚɹ ɬɟɩɥɨɬɭ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ. Ʉɥɚɩɚɧ 9 ɱɚɫɬɶ ɩɨɬɨɤɚ ɧɚɩɪɚɜɥɹɟɬ ɨɛɪɚɬɧɨ ɜ ɝɚ-

ɡɨɝɟɧɟɪɚɬɨɪ, ɚ ɱɚɫɬɶ – ɜ ɢɫɩɚɪɢɬɟɥɶ, ɝɞɟ ɷɠɟɤɬɨɪɨɦ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɧɢɡɤɨɟ ɞɚɜɥɟ-

ɧɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɢɹ. ɂɫɩɚɪɹɹɫɶ ɜ ɢɫɩɚɪɢɬɟɥɟ, 

ɠɢɞɤɨɫɬɶ ɨɬɛɢɪɚɟɬ ɬɟɩɥɨɬɭ ɭ ɜɨɡɞɭɯɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɜ ɤɨɦɩɪɟɫɫɨɪ.    

Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɰɢɢ ɨɱɟɜɢɞɧɨ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚ-

ɸɳɟɣ ɫɪɟɞɵ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ – ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨ-

ɪɨɦ – ɧɢɠɟ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɬɨɝɨ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɠɟɤɬɨɪ. ȼ 

ɫɥɭɱɚɟ ɤɨɝɞɚ ɨɯɥɚɞɢɬɟɥɶ-ɢɫɩɚɪɢɬɟɥɶ ɫɬɨɢɬ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟ-
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ɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɧɨ ɩɪɢ ɷɬɨɦ ɩɨɜɵɲɚɟɬɫɹ 

ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɞɟɧɫɚɰɢɢ, ɱɬɨ ɫɧɢɠɚɟɬ ɄɉȾ ɭɫɬɚɧɨɜɤɢ.  

Ɍɚɤɨɣ ɫɩɨɫɨɛ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɇɍɄ ɢɦ. Ɇɚɤɚɪɨɜɚ ɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɞɥɹ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɹ ɧɚ ɫɭɞɨɜɵɯ ɞɢɡɟɥɹɯ [19, 20].   

Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɩɥɨɬɵ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ, 

ɤɨɬɨɪɨɣ ɨɧɢ ɨɛɥɚɞɚɸɬ ɩɨɫɥɟ ɬɭɪɛɢɧɵ, ɧɟɞɨɫɬɚɬɤɨɦ – ɧɢɡɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢ-

ɫɬɟɦɵ.  

Ʉ ɫɢɫɬɟɦɚɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɬɚɤɠɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɞɜɢɝɚɬɟɥɢ, 

ɪɚɛɨɬɚɸɳɢɟ ɩɨ ɰɢɤɥɭ Ɇɢɥɥɟɪɚ, ɤɨɬɨɪɵɣ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɪɢɨɛɪɟɬɚɟɬ ɢɡɜɟɫɬ-

ɧɨɫɬɶ [21, 22]. 

ȼ ɰɢɤɥɟ Ɇɢɥɥɟɪɚ ɨɯɥɚɠɞɟɧɢɟ ɇȼ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɡɚɪɹɞɚ ɜ ɰɢ-

ɥɢɧɞɪɟ ɞɜɢɝɚɬɟɥɹ ɜ ɤɨɧɰɟ ɬɚɤɬɚ ɜɩɭɫɤɚ. ɗɬɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɪɚɧɧɟɝɨ (ɞɨ 

ɩɪɢɯɨɞɚ ɩɨɪɲɧɹ ɜ ɧ.ɦ.ɬ.) ɡɚɤɪɵɬɢɹ ɜɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɧɚɞɞɭɜɚ ɞɚɜɥɟɧɢɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɲɟ ɬɪɟɛɭɟɦɨɝɨ 

ɞɚɜɥɟɧɢɹ ɧɚɞɞɭɜɚ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɣ  ɫɩɨɫɨɛ  ɨɯɥɚɠɞɟɧɢɹ  ɩɨɡɜɨɥɹɟɬ  ɨɫɭɳɟɫɬɜɢɬɶ  ɜ ɩɨɪɲɧɟɜɨɦ 

Ⱦȼɋ ɰɢɤɥ, ɭ ɤɨɬɨɪɨɝɨ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɦɟɧɶɲɟ ɫɬɟɩɟɧɢ ɪɚɫɲɢɪɟɧɢɹ. Ɍɚɤɨɣ ɰɢɤɥ 

ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ, ɱɟɦ ɢɡɜɟɫɬɧɵɟ ɰɢɤɥɵ Ɉɬɬɨ, Ⱦɢɡɟɥɹ, 

Ɍɪɢɧɤɥɟɪɚ.  

ɐɢɤɥ Ɇɢɥɥɟɪɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.11. ȼ ɛɚɡɨɜɨɦ ɰɢɤɥɟ ɫɠɚɬɢɟ ɧɚɱɢɧɚɟɬɫɹ ɜ 

ɬɨɱɤɟ 1, ɜ ɰɢɤɥɟ Ɇɢɥɥɟɪɚ – ɜ ɬɨɱɤɟ ɚ’. ɉɪɢ ɭɤɨɪɨɱɟɧɧɨɦ ɜɩɭɫɤɟ, ɧɚ ɭɱɚɫɬɤɟ ɰɢɤɥɚ 

ɚ’-1-ɚ’, ɩɪɢ ɡɚɤɪɵɬɵɯ ɤɥɚɩɚɧɚɯ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɪɚɫɲɢɪɟɧɢɟ ɪɚɛɨɱɟ-

ɝɨ ɬɟɥɚ (ɭɱɚɫɬɨɤ ɚ’-1) ɩɨɫɥɟ ɱɟɝɨ ɫɥɟɞɭɟɬ ɟɝɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɫɠɚɬɢɟ (ɭɱɚɫɬɨɤ 1-

ɚ’). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɪɟɚɥɢɡɚɰɢɢ ɰɢɤɥɚ Ɇɢɥɥɟɪɚ, ɩɪɨɰɟɫɫ ɫɠɚ-

ɬɢɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ – ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɢ ɨɫɧɨɜɧɨɝɨ. ɉɨɞ ɦɨɦɟɧɬɨɦ ɧɚɱɚ-

ɥɚ ɨɫɧɨɜɧɨɝɨ ɫɠɚɬɢɹ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɞɚɜɥɟɧɢɟ ɜ ɪɚɛɨɱɟɦ ɰɢɥɢɧ-

ɞɪɟ ɩɪɟɜɵɫɢɬ ɞɚɜɥɟɧɢɟ ɜɨ ɜɩɭɫɤɧɨɦ ɪɟɫɢɜɟɪɟ (ɤɨɥɥɟɤɬɨɪɟ) [22, 23].  
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Ɋɢɫɭɧɨɤ 1.11 – ɐɢɤɥ Ɇɢɥɥɟɪɚ ɫ ɭɤɨɪɨɱɟɧɧɵɦ ɜɩɭɫɤɨɦ: --- ɰɢɤɥ Ɇɢɥɥɟɪɚ, ∙∙∙∙∙ – 

ɛɚɡɨɜɵɣ ɰɢɤɥ. 

Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɰɢɤɥɚ Ɇɢɥɥɟɪɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ 

ɭɫɥɨɜɢɹɯ ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ ɪɚɛɨɱɟɝɨ ɰɢɥɢɧɞɪɚ, ɚ ɡɧɚɱɢɬ 

ɪɚɡɜɢɜɚɟɦɚɹ ɞɜɢɝɚɬɟɥɟɦ ɦɨɳɧɨɫɬɶ. Ʉɨɦɩɟɧɫɢɪɨɜɚɬɶ ɩɨɬɟɪɸ ɦɨɳɧɨɫɬɢ ɦɨɠɧɨ ɩɨ-

ɜɵɫɢɜ ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ. Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɡɚɬɪɚ-

ɬɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɦɨɳɧɨɫɬɶ ɧɚ ɩɪɢɜɨɞ ɤɨɦɩɪɟɫɫɨɪɚ.  

Ⱦɜɢɝɚɬɟɥɟɦ Mazda-Miller, ɪɚɛɨɬɚɸɳɢɦ ɩɨ ɬɚɤɨɦɭ ɰɢɤɥɭ ɨɫɧɚɳɚɥɫɹ ɚɜɬɨɦɨ-

ɛɢɥɶ Xedos 9. Ⱦɜɢɝɚɬɟɥɶ ɢɦɟɟɬ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɧɚ 70% ɦɟɧɶɲɟ ɫɬɟɩɟɧɢ ɪɚɫɲɢɪɟ-

ɧɢɹ. ɉɨɞɚɱɚ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɢɧɬɨɜɵɦ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɩɪɢɜɨɞɢɦɵɦ ɨɬ 

ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ ɪɚɜɧɚ 10, 

ɮɚɤɬɢɱɟɫɤɚɹ ɠɟ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɛɵɱɧɵɣ ɧɢɡɤɨɨɤ-

ɬɚɧɨɜɵɣ ɛɟɧɡɢɧ, ɧɟ ɨɩɚɫɚɹɫɶ ɞɟɬɨɧɚɰɢɢ.  

ɉɨɞɨɛɧɵɣ ɞɜɢɝɚɬɟɥɶ ɤɨɦɩɚɧɢɹ Volkswagen ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɧɚ ɦɨɞɢɮɢɤɚɰɢɢ ɚɜ-

ɬɨɦɨɛɢɥɟɣ  Volkswagen GOLF ɢ Skoda Octavia. Ⱦɜɢɝɚɬɟɥɶ EA211 1.5 TSI evo ɢɦɟ-

ɟɬ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɫɬɟɩɟɧɶ ɫɠɚɬɢɹ 12,5. ɉɨɞɚɱɚ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɭɪɛɨ-
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ɤɨɦɩɪɟɫɫɨɪɨɦ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ ɫɨɩɥɨɜɵɦ ɚɩɩɚɪɚɬɨɦ. Ɍɚɤɠɟ ɢ ɤɨɦɩɚɧɢɹ Audi ɪɚɡ-

ɪɚɛɨɬɚɥɚ ɫɜɨɣ ɜɚɪɢɚɧɬ ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɩɨ ɰɢɤɥɭ Ɇɢɥɥɟɪɚ – 2.0 TFSI ultra. 

Ɍɚɤɠɟ ɨɞɧɨɣ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɹɜ-

ɥɹɟɬɫɹ ɷɠɟɤɰɢɨɧɧɚɹ, ɜ ɤɨɬɨɪɨɣ ɰɢɪɤɭɥɹɰɢɹ Ɉȼ ɱɟɪɟɡ ɦɚɬɪɢɰɭ Ɉɇȼ ɨɫɭɳɟɫɬɜɥɹ-

ɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɷɠɟɤɬɨɪɚ. 

1.3 ɋɢɫɬɟɦɚ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢ ɫɩɨɫɨɛɵ ɢɡɦɟɧɟɧɢɹ  

ɰɢɪɤɭɥɹɰɢɢ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 

ɗɠɟɤɬɨɪ – ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɪɢɫɭɧɨɤ 1.12), ɜ ɤɨɬɨɪɨɦ ɷɧɟɪɝɢɹ ɨɬ 

ɨɞɧɨɝɨ ɩɨɬɨɤɚ – ɪɚɛɨɱɟɝɨ (ɷɠɟɤɬɢɪɭɸɳɟɝɨ, ɜɵɫɨɤɨɧɚɩɨɪɧɨɝɨ) – ɩɨɫɪɟɞɫɬɜɨɦ 

ɫɦɟɲɟɧɢɹ ɩɟɪɟɞɚɟɬɫɹ ɞɪɭɝɨɦɭ – ɢɧɠɟɤɬɢɪɭɟɦɨɦɭ (ɷɠɟɤɬɢɪɭɟɦɨɦɭ, ɧɢɡɤɨɧɚɩɨɪ-

ɧɨɦɭ) [24]. ɉɪɢ ɷɬɨɦ ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ ɩɚɞɚɟɬ, ɚ ɢɧɠɟɤɬɢɪɭɟɦɨɝɨ 

– ɜɨɡɪɚɫɬɚɟɬ.  

ɗɠɟɤɬɨɪɵ ɧɚɲɥɢ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɬɟɯɧɢɤɢ ɛɥɚɝɨɞɚɪɹ 

ɫɜɨɟɦɭ ɨɫɧɨɜɧɨɦɭ ɤɚɱɟɫɬɜɭ – ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɢɧɠɟɤɬɢɪɭɟɦɨɝɨ ɩɨɬɨɤɚ ɩɪɨ-

ɢɫɯɨɞɢɬ ɛɟɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɡɚɬɪɚɬɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. Ⱥ ɬɚɤɠɟ ɛɥɚɝɨɞɚɪɹ 

ɩɪɨɫɬɨɬɟ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚɞɟɠɧɨɫɬɢ, ɨɛɭɫɥɚɜɥɢɜɚɟɦɵɦɢ ɬɟɦ, ɱɬɨ ɜ ɷɠɟɤɬɨɪɚɯ 

ɧɟɬ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ (ɲɤɢɜɨɜ, ɜɚɥɨɜ, ɩɨɞɲɢɩɧɢɤɨɜ ɢ ɩɪɨɱ.), ɬɪɟɛɭɸɳɢɯ ɫɩɟɰɢ-

ɚɥɶɧɨɝɨ ɭɯɨɞɚ, ɨɫɨɛɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɢɥɢ ɩɨɞɜɟɪɠɟɧɧɵɯ ɢɡɧɨɫɭ, ɱɬɨ ɨɫɨɛɟɧɧɨ 

ɜɚɠɧɨ ɩɪɢ ɪɚɛɨɬɟ ɫ ɝɨɪɹɱɢɦɢ ɢɥɢ ɚɝɪɟɫɫɢɜɧɵɦɢ ɫɪɟɞɚɦɢ (ɬɚɤɢɦɢ ɤɚɤ, ɧɚɩɪɢɦɟɪ, 

ɨɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ). 

 

Ɋɢɫɭɧɨɤ 1.12 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɠɟɤɬɨɪɚ 
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ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɷɠɟɤɬɨɪɚ ɜ ɧɟɦ ɢɦɟɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɤɨɧɫɬɪɭɤɬɢɜ-

ɧɵɟ ɷɥɟɦɟɧɬɵ: ɩɪɢɟɦɧɚɹ ɤɚɦɟɪɚ 1, ɪɚɛɨɱɟɟ ɫɨɩɥɨ 2, ɫɨɩɥɨ ɢɧɠɟɤɬɢɪɭɟɦɨɝɨ ɝɚɡɚ 3, 

ɤɚɦɟɪɚ ɫɦɟɲɟɧɢɹ 4, ɞɢɮɮɭɡɨɪ 5.  

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɷɠɟɤɬɨɪɚ ɨɫɧɨɜɚɧ ɧɚ ɡɚɤɨɧɚɯ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ, ɫɨɯɪɚɧɟ-

ɧɢɹ ɷɧɟɪɝɢɢ ɢ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ. Ɋɚɛɨɱɢɣ ɢ ɢɧɠɟɤɬɢɪɭɟɦɵɣ ɩɨɬɨɤɢ ɩɨɫɬɭɩɚɸɬ ɜ 

ɤɚɦɟɪɭ ɫɦɟɲɟɧɢɹ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɪɚɜɧɢɜɚɧɢɟ ɫɤɨɪɨɫɬɟɣ, ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟ-

ɧɢɣ. 

ɋɬɪɭɣɧɵɟ ɚɩɩɚɪɚɬɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ 

ɞɚɜɥɟɧɢɹ ɜ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɢɫɩɚɪɢɬɟɥɹɯ ɯɨɥɨɞɢɥɶɧɵɯ ɫɢɫɬɟɦ [25] ɢ ɤɨɧɞɢɰɢɨɧɟ-

ɪɨɜ [26, 27]. Ⱥ ɬɚɤɠɟ ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɦɚɝɢɫɬɪɚɥɢ, ɪɚɛɨɬɚɸɳɟɣ ɢɡ 

ɧɟɫɤɨɥɶɤɢɯ ɧɟɮɬɹɧɵɯ ɫɤɜɚɠɢɧ.  

ȿɫɬɶ ɩɪɢɦɟɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɠɟɤɬɨɪɚ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɥɟɝɤɨɝɨ ɜɟɪɬɨɥɟɬɚ 

ɫ ɞɢɡɟɥɶɧɵɦ ɞɜɢɝɚɬɟɥɟɦ [28]. 

ɉɪɢɦɟɧɟɧɢɟ ɷɠɟɤɬɨɪɨɜ ɧɚ ɚɜɬɨɬɪɚɧɫɩɨɪɬɟ ɧɟ ɨɱɟɧɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ – ɜ ɨɫɧɨɜ-

ɧɨɦ ɨɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɭɞɚɥɟɧɢɹ ɩɵɥɢ ɢɡ ɜɨɡɞɭɲɧɵɯ ɮɢɥɶɬɪɨɜ (ɧɚ ɞɜɢɝɚɬɟɥɹɯ 

ɚɜɬɨɦɨɛɢɥɟɣ ɍɪɚɥ, ɄɚɦȺɁ ɢ ɞɜɢɝɚɬɟɥɟ Ⱦ12Ⱥ-375Ȼ ɚɜɬɨɦɨɛɢɥɟɣ ȻɟɥȺɁ) [29]. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɜɢɝɚɬɟɥɸ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ ɪɚɛɨɱɢɦ ɩɨɬɨɤɨɦ ɹɜɥɹɸɬ-

ɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ, ɚ ɢɧɠɟɤɬɢɪɭɟɦɵɦ – ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ, 

ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɤɚɤɢɟ-ɥɢɛɨ ɭɫɬɪɨɣɫɬɜɚ – ɮɢɥɶɬɪɵ ɢɥɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ. ɉɪɢ 

ɷɬɨɦ ɭɞɚɥɹɟɬɫɹ ɩɵɥɶ, ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɬɪɟɛɭɟɦɨɟ ɪɚɡɪɟɠɟɧɢɟ ɢɥɢ ɨɬɜɨɞɢɬɫɹ ɬɟɩ-

ɥɨɬɚ. 

ɇɚɩɪɢɦɟɪ, ɢɦɟɟɬɫɹ ɨɩɵɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɠɟɤɬɨɪɚ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢ-

ɝɚɬɟɥɹ ɬɪɚɤɬɨɪɚ ȾɗɌ-250 [30]. ɇɚ ɬɪɚɤɬɨɪɟ ɭɫɬɚɧɨɜɥɟɧ 12-ɰɢɥɢɧɞɪɨɜɵɣ V-

ɨɛɪɚɡɧɵɣ ɛɟɡɧɚɞɞɭɜɧɵɣ ɞɢɡɟɥɶ ȼ-30 (ɢɥɢ ȼ-31Ɇ2). ɇɚ ɝɨɥɨɜɤɚɯ ɛɥɨɤɨɜ ɞɜɢɝɚɬɟɥɹ 

ɭɫɬɚɧɨɜɥɟɧɵ ɩɨ ɞɜɚ ɜɵɩɭɫɤɧɵɯ ɤɨɥɥɟɤɬɨɪɚ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɬɜɨɞɢɬ ɨɬɪɚɛɨ-

ɬɚɜɲɢɟ ɝɚɡɵ ɢɡ ɬɪɟɯ ɫɨɫɟɞɧɢɯ ɰɢɥɢɧɞɪɨɜ ɜ ɨɞɧɭ ɫɟɤɰɢɸ ɷɠɟɤɬɨɪɚ. ɗɠɟɤɬɨɪɵ 

ɭɫɬɚɧɨɜɥɟɧɵ ɫɢɦɦɟɬɪɢɱɧɨ ɩɨ ɛɨɤɚɦ ɞɢɡɟɥɹ (ɪɢɫɭɧɨɤ 1.13). 
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Ɋɢɫɭɧɨɤ 1.13 – ɋɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ȼ-30  

ɚ – ɨɛɳɢɣ ɜɢɞ, ɛ – ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ, ɜ – ɷɠɟɤɬɨɪ: 1 – ɪɚɫɲɢɪɢɬɟɥɶɧɵɣ ɛɚɱɨɤ, 2 – ɜɨ-

ɞɹɧɵɟ ɪɚɞɢɚɬɨɪɵ, 3 – ɤɨɪɩɭɫ ɷɠɟɤɬɨɪɚ, 4 – ɠɚɥɸɡɢ, 5, 10, 11 – ɬɪɭɛɨɩɪɨɜɨɞɵ, 6 – ɜɨɞɹɧɨɣ 

ɧɚɫɨɫ, 7 – ɞɢɡɟɥɶ, 8 – ɫɩɭɫɤɧɨɣ ɤɪɚɧ, 9 – ɬɟɪɦɨɦɟɬɪ, 12 – ɩɚɪɨɜɨɡɞɭɲɧɵɣ ɤɥɚɩɚɧ, 13 – ɬɪɭɛɚ, 14 

– ɫɨɩɥɨ, 15 – ɤɚɦɟɪɚ ɫɦɟɲɟɧɢɹ, 16 – ɞɢɮɮɭɡɨɪ, 17 – ɦɚɫɥɹɧɵɣ ɪɚɞɢɚɬɨɪ, 18 – ɜɵɩɭɫɤɧɨɣ ɤɨɥ-

ɥɟɤɬɨɪ. 

Ɉɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ ɢɡ ɜɵɩɭɫɤɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ 18 ɩɨɫɬɭɩɚɸɬ ɜ ɬɪɭɛɭ 13, ɤɨɬɨ-

ɪɚɹ ɨɤɚɧɱɢɜɚɟɬɫɹ ɫɨɩɥɨɦ 14. ɋɬɪɭɹ ɝɚɡɨɜ ɫ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ ɜɵɬɟɤɚɟɬ ɢɡ ɫɨɩɥɚ 

ɜ ɤɚɦɟɪɭ ɫɦɟɲɟɧɢɹ 15, ɝɞɟ ɨɬɞɚɟɬ ɱɚɫɬɶ ɫɜɨɟɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚɯɨɞɹɳɟɦɭ-
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ɫɹ ɜ ɤɚɦɟɪɟ ɜɨɡɞɭɯɭ ɢ ɭɜɥɟɤɚɟɬ ɟɝɨ ɜɦɟɫɬɟ ɫ ɫɨɛɨɣ ɜ ɞɢɮɮɭɡɨɪ 16. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɭɞɚɥɟɧɢɹ ɱɚɫɬɢ ɜɨɡɞɭɯɚ ɜ ɤɚɦɟɪɟ ɫɨɡɞɚɟɬɫɹ ɪɚɡɪɟɠɟɧɢɟ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɬɭɞɚ 

ɱɟɪɟɡ ɪɚɞɢɚɬɨɪɵ – ɜɨɞɹɧɨɣ 2 ɢ ɦɚɫɥɹɧɵɣ 17 – ɩɨɫɬɭɩɚɟɬ ɚɬɦɨɫɮɟɪɧɵɣ ɜɨɡɞɭɯ. 

ɋɢɫɬɟɦɵ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɧɚɲɥɢ ɞɨɜɨɥɶɧɨ ɲɢɪɨɤɨɟ ɩɪɢ-

ɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɦɚɲɢɧɚɯ ɫɩɟɰɢɚɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. Ɍɚɤ ɟɳɺ ɜ 1946 ɝ., ɜɜɢɞɭ 

ɫɥɨɠɧɨɫɬɢ ɢ ɬɪɭɞɨɟɦɤɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɜɨɞɨɜ ɫɢɫɬɟɦɵ 

ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɌȾ-30, ɚ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ ɧɚ ɢɯ ɩɪɢ-

ɜɨɞ, ɝɥɚɜɧɵɣ ɤɨɧɫɬɪɭɤɬɨɪ ɀ.ə. Ʉɨɬɢɧ ɩɨɫɬɚɜɢɥ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɝɪɭɩɩɟ ɈȽɄ 

ɮɢɥɢɚɥɚ Ɉɩɵɬɧɨɝɨ ɡɚɜɨɞɚ №100 ɢ ɅɄɁ ɡɚɞɚɱɭ ɩɨ ɫɨɡɞɚɧɢɸ ɷɠɟɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

ɨɯɥɚɠɞɟɧɢɹ ɬɚɧɤɚ ɂɋ-7 [31] (ɪɢɫɭɧɨɤ 1.14). 

 

Ɋɢɫɭɧɨɤ 1.14 – ɋɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɬɚɧɤɚ ɂɋ-7. 

Ȼɟɡɧɚɞɞɭɜɧɵɟ ɞɜɢɝɚɬɟɥɢ ɍɌȾ-20 ɢ ɍɌȾ-29 ɦɚɲɢɧ ȻɆɉ-2 ɢ ȻɊɗɆ-Ʌ ɢɦɟɸɬ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɭɸ – ɷɠɟɤɰɢɨɧɧɭɸ ɢ  ɜɟɧɬɢɥɹɬɨɪɧɭɸ – ɫɢɫɬɟɦɭ ɨɯɥɚɠɞɟɧɢɹ [32, 

33]. ȼɨɞɹɧɨɣ ɢ ɦɚɫɥɹɧɵɣ ɪɚɞɢɚɬɨɪɵ ɭɫɬɚɧɨɜɥɟɧɵ ɚɧɚɥɨɝɢɱɧɨ ɪɚɞɢɚɬɨɪɚɦ ɞɜɢɝɚ-

ɬɟɥɹ ȼ-31Ɇ2, ɬ.ɟ. ɬɚɤɠɟ ɜ ɤɨɪɨɛɟ ɷɠɟɤɬɨɪɚ (ɪɢɫɭɧɨɤ 1.15). 
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Ɋɢɫɭɧɨɤ 1.15 – ɗɠɟɤɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɍɌȾ-20  

1 – ɬɪɭɛɚ ɝɥɭɲɢɬɟɥɹ, 2 – ɪɚɛɨɱɢɟ ɫɨɩɥɚ ɷɠɟɤɬɨɪɨɜ, 3 – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɜɟɧɬɢɥɹɬɨɪ ɫɢɫɬɟ-

ɦɵ ɨɯɥɚɠɞɟɧɢɹ, 4 – ɤɨɥɟɫɨ ɜɟɧɬɢɥɹɬɨɪɚ, 5 – ɜɯɨɞ ɜɟɧɬɢɥɹɬɨɪɚ, 6 – ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɷɠɟɤɬɨɪɚ, 7 - 

ɦɚɫɥɹɧɵɣ ɪɚɞɢɚɬɨɪ, 8 – ɜɨɞɹɧɨɣ ɪɚɞɢɚɬɨɪ. 

Ɋɚɛɨɬɵ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɷɬɢɯ ɫɢɫɬɟɦ ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɟɞɭɬɫɹ ɜ 

ɈȺɈ «ɋɄȻɆ» ɝ. Ʉɭɪɝɚɧ [34, 35]. 

Ⱥɧɚɥɨɝɢɱɧɭɸ ɫɢɫɬɟɦɭ ɨɯɥɚɠɞɟɧɢɹ ɢɦɟɸɬ ɞɜɢɝɚɬɟɥɢ ɫɟɪɢɢ ȼ-46 – ȼ-46-4 [36], 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɚ ɬɪɚɧɫɩɨɪɬɟɪɟ-ɬɹɝɚɱɟ ɆɌ-Ɍ, ɢ ɞɜɢɝɚɬɟɥɶ ȼ-45Ɍ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ 

ɞɥɹ ɨɞɧɨɣ ɢɡ ɦɨɞɢɮɢɤɚɰɢɣ ɬɚɧɤɚ Ɍ-64 [36]. ɉɪɢ ɷɬɨɦ, ɭɤɚɡɚɧɧɵɟ ɞɜɢɝɚɬɟɥɢ ɢɦɟɸɬ 

ɰɟɧɬɪɨɛɟɠɧɵɣ ɧɚɝɧɟɬɚɬɟɥɶ, ɩɪɢɜɨɞɢɦɵɣ ɨɬ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ.  

ɗɠɟɤɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ ɨɯɥɚɠɞɟɧɢɹ ɢɦɟɸɬ ɬɚɤɠɟ ɞɜɢɝɚɬɟɥɢ ɫɟɪɢɢ 5ɌȾɎ, ɪɚ-

ɧɟɟ ɭɫɬɚɧɚɜɥɢɜɚɜɲɢɟɫɹ ɧɚ ɬɚɧɤɢ ɫɟɪɢɢ Ɍ-64 [37]. ɗɬɢ ɞɜɢɝɚɬɟɥɢ ɢɦɟɸɬ ɱɚɫɬɢɱɧɵɣ 

ɝɚɡɨɬɭɪɛɢɧɧɵɣ ɧɚɞɞɭɜ, ɬ.ɟ. ɤɨɦɩɪɟɫɫɨɪ ɢɦɟɟɬ ɩɪɢɜɨɞ ɤɚɤ ɨɬ ɝɚɡɨɜɨɣ ɬɭɪɛɢɧɵ, ɬɚɤ 

ɢ ɨɬ ɨɞɧɨɝɨ ɢɡ ɤɨɥɟɧɱɚɬɵɯ ɜɚɥɨɜ ɞɜɢɝɚɬɟɥɹ. ȼ ɏɄȻȾ (ɍɤɪɚɢɧɚ) ɩɪɨɞɨɥɠɚɸɬɫɹ ɚɤ-

ɬɢɜɧɵɟ ɪɚɛɨɬɵ ɩɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɸ ɷɬɨɣ ɷɠɟɤɰɢɨɧɧɨɣ  ɫɢɫɬɟɦɵ ɭɠɟ ɧɚ ɞɜɢɝɚ-

ɬɟɥɹɯ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 6ɌȾ-1 (735 ɤȼɬ), 6ɌȾ-2 (882 ɤȼɬ) ɢ 6ɌȾ-4 (1103 ɤȼɬ) [38, 

39], ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɧɚ ɬɚɧɤɢ Ɍ-80ɍȾ ɢ Ɍ-84. ɉɪɨɬɨɬɢɩɨɦ ɷɬɢɯ ɞɜɢɝɚɬɟɥɟɣ ɹɜɥɹ-

ɟɬɫɹ 5ɌȾɎ. 

ȼɨ ɜɫɟɯ ɭɩɨɦɹɧɭɬɵɯ ɫɯɟɦɚɯ ɞɢɡɟɥɶ ɥɢɛɨ ɛɟɡɧɚɞɞɭɜɧɵɣ, ɥɢɛɨ ɢɦɟɟɬ ɩɪɢɜɨɞɧɨɣ 

ɧɚɝɧɟɬɚɬɟɥɶ. Ɂɚ ɢɫɤɥɸɱɟɧɢɟɦ ɫɟɪɢɢ 5ɌȾɎ ɧɢ ɨɞɢɧ ɞɜɢɝɚɬɟɥɶ ɧɟ ɢɦɟɟɬ Ɉɇȼ. 

ɗɠɟɤɬɨɪ ɜ ɭɩɨɦɹɧɭɬɵɯ ɫɥɭɱɚɹɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚ-

ɬɟɥɹ. 
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Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɠɟɤɬɨɪɚ ɜ  ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɢɦɟɟɬ ɧɟɞɨ-

ɫɬɚɬɨɤ – ɩɪɢ ɩɨɧɢɠɟɧɧɨɣ ɧɚɝɪɭɡɤɟ ɞɜɢɝɚɬɟɥɹ (ɩɪɢ ɦɨɳɧɨɫɬɢ ≈ 0,3Ne), ɷɠɟɤɰɢɨɧ-

ɧɚɹ ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɩɟɪɟɫɬɚɟɬ ɫɩɪɚɜɥɹɬɶɫɹ ɫɨ ɫɜɨɟɣ ɡɚɞɚɱɟɣ –   ɡɧɚɱɢɬɟɥɶɧɨ 

ɫɧɢɠɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɬɜɨɞɚ ɬɟɩɥɨɬɵ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɛɨɥɟɟ ɧɢɡɤɢɦ ɄɉȾ 

ɷɠɟɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɜɟɧɬɢɥɹɬɨɪɧɨɣ. ɂɦɟɧɧɨ ɞɥɹ ɷɬɨɝɨ ɩɚɪɚɥ-

ɥɟɥɶɧɨ ɷɠɟɤɬɨɪɭ ɢɧɨɝɞɚ ɞɨɛɚɜɥɹɸɬ ɜɟɧɬɢɥɹɬɨɪ (ɞɜɢɝɚɬɟɥɢ ɍɌȾ-20). ɗɬɨɬ ɦɨɦɟɧɬ 

ɩɪɟɩɹɬɫɬɜɭɟɬ ɲɢɪɨɤɨɦɭ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ. ɉɨɷɬɨɦɭ ɷɠɟɤɰɢɨɧɧɚɹ 

ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɧɚɢɛɨɥɟɟ ɩɪɢɠɢɥɚɫɶ ɥɢɲɶ ɧɚ ɮɨɪɫɢɪɨɜɚɧɧɵɯ ɞɜɢ-

ɝɚɬɟɥɹɯ. 

ɇɟɨɛɵɱɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɠɟɤɬɨɪɚ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭ-

ɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɞɢɡɟɥɟ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ [40], ɝɞɟ ɷɠɟɤɬɨɪ ɫɥɭɠɢɬ ɞɥɹ 

ɨɯɥɚɠɞɟɧɢɹ ɇȼ ɢ  ɭɫɬɚɧɨɜɥɟɧ ɩɨɫɥɟ ɬɭɪɛɢɧɵ. ɍɤɚɡɚɧɧɵɣ ɜɵɲɟ ɧɟɞɨɫɬɚɬɨɤ ɫɬɚɧɨ-

ɜɢɬɫɹ ɞɨɫɬɨɢɧɫɬɜɨɦ – ɬ.ɤ. ɩɪɢ ɦɚɥɨɣ ɧɚɝɪɭɡɤɟ ɧɚɞɞɭɜɨɱɧɵɣ ɜɨɡɞɭɯ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 

ɞɚɠɟ ɩɨɞɨɝɪɟɜɚɬɶ.  

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ: 1) ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɠɟɤɬɨɪɚ ɞɥɹ ɨɯɥɚ-

ɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ 2) ɭɫɬɚɧɨɜɤɚ ɷɠɟɤɬɨɪɚ ɩɨɫɥɟ ɬɭɪɛɢɧɵ ɬɭɪɛɨɤɨɦ-

ɩɪɟɫɫɨɪɚ. 

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ (ɪɢɫɭɧɨɤ 1.16). 

ȼɨɡɞɭɯ ɢɡ ɚɬɦɨɫɮɟɪɵ ɩɨɫɬɭɩɚɟɬ ɜ ɜɨɡɞɭɯɨɨɱɢɫɬɢɬɟɥɶ 4, ɝɞɟ ɨɱɢɳɚɟɬɫɹ ɨɬ ɡɚɝɪɹɡ-

ɧɟɧɢɣ, ɚ ɡɚɬɟɦ ɜ ɤɨɦɩɪɟɫɫɨɪ 5. ȼ ɤɨɦɩɪɟɫɫɨɪɟ ɜɨɡɞɭɯ ɫɠɢɦɚɟɬɫɹ, ɩɪɢ ɷɬɨɦ ɟɝɨ 

ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɪɚɫɬɚɸɬ. ɉɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɜɨɡɞɭɯ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ 

ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɨɯɥɚɞɢɬɟɥɶ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 3, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɬɟɩɥɨɨɛɦɟɧ 

ɦɟɠɞɭ ɧɚɞɞɭɜɨɱɧɵɦ ɜɨɡɞɭɯɨɦ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɨɯɥɚɠɞɚɸɳɢɦ ɜɨɡɞɭɯɨɦ, 

ɰɢɪɤɭɥɢɪɭɸɳɢɦ ɱɟɪɟɡ ɦɚɬɪɢɰɭ ɨɯɥɚɞɢɬɟɥɹ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɉɨɬɨɤ ɨɯɥɚ-

ɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɱɟɪɟɡ ɦɚɬɪɢɰɭ Ɉɇȼ ɩɨɫɬɭɩɚɟɬ ɜ ɷɠɟɤɬɨɪ 8. 

ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɜ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɨɯɥɚɞɢɬɟɥɟ 3 ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ ɨɬ ɤɨɦ-

ɩɪɟɫɫɨɪɚ 5 ɧɚɩɪɚɜɥɹɟɬɫɹ ɜɨ ɜɩɭɫɤɧɨɣ ɬɪɭɛɨɩɪɨɜɨɞ  2 ɢ ɞɚɥɟɟ ɜ ɰɢɥɢɧɞɪɵ ɞɢɡɟɥɹ. 

ɉɨɬɨɤ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɢɡ ɰɢɥɢɧɞɪɨɜ ɞɢɡɟɥɹ ɩɨɫɬɭɩɚɟɬ ɱɟɪɟɡ ɜɵɩɭɫɤɧɨɣ ɬɪɭ-

ɛɨɩɪɨɜɨɞ 7 ɜ ɤɨɪɩɭɫ ɬɭɪɛɢɧɵ 6 ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, ɝɞɟ ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ ɨɬɪɚɛɨ-
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ɬɚɜɲɢɯ ɝɚɡɨɜ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɜɪɚɳɟɧɢɹ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ. 

Ɂɚɬɟɦ ɩɨɬɨɤ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɷɠɟɤɬɨɪ 8, ɤɨɬɨɪɵɣ ɩɨɞɞɟɪɠɢɜɚ-

ɟɬ ɪɚɡɧɢɰɭ ɞɚɜɥɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɰɢɪɤɭɥɹɰɢɢ Ɉȼ ɱɟɪɟɡ Ɉɇȼ.  

 

 

Ɋɢɫɭɧɨɤ 1.16. ɋɢɫɬɟɦɚ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ  

ɜɨɡɞɭɯɚ ɜ ɞɢɡɟɥɟ  
1 – ɞɢɡɟɥɶ, 2 – ɜɩɭɫɤɧɨɣ ɬɪɭɛɨɩɪɨɜɨɞ, 3 –  ɨɯɥɚɞɢɬɟɥɶ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ (OHB), 4 – 

ɜɨɡɞɭɲɧɵɣ ɮɢɥɶɬɪ,  5 – ɤɨɦɩɪɟɫɫɨɪ, 6 – ɬɭɪɛɢɧɚ, 7 – ɜɵɩɭɫɤɧɨɣ ɬɪɭɛɨɩɪɨɜɨɞ, 8 – ɷɠɟɤɬɨɪ. 

Ɉɞɧɚɤɨ, ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɩɨɞɨɛɧɨɣ ɫɯɟɦɵ ɜɨɡɦɨɠɧɨ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɟɪɟɞ 

ɷɠɟɤɬɨɪɨɦ ɢɦɟɟɬɫɹ ɢɡɛɵɬɨɱɧɨɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɬɦɨɫɮɟɪɧɨɦɭ ɞɚɜɥɟɧɢɸ. ɗɬɨ, ɜ 

ɫɜɨɸ ɨɱɟɪɟɞɶ, ɬɪɟɛɭɟɬ ɧɟɩɨɥɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ ɬɭɪɛɢɧɟ ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɟ-

ɞɟɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢ-

ɹɯ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɤ ɫɧɢɠɟɧɢɸ ɫɬɟɩɟɧɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪ. ȿɫɥɢ 

ɠɟ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɪɨɟɤɬɧɨɦ ɪɚɫɱɟɬɟ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɡɚɞɚɬɶɫɹ ɫɬɟɩɟɧɶɸ ɩɨɜɵɲɟ-

ɧɢɹ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɩɨɥɭɱɢɬɶɫɹ ɩɪɢ ɩɨɥɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ɈȽ ɜ ɬɭɪɛɢɧɟ, 

ɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɷɠɟɤɬɨɪɚ ɩɨɬɪɟɛɭɟɬɫɹ ɥɢɛɨ ɩɨɜɵɫɢɬɶ ɞɚɜɥɟɧɢɟ ɩɟɪɟɞ 

ɬɭɪɛɢɧɨɣ ɥɢɛɨ ɭɜɟɥɢɱɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɈȽ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɤɨɦ ɬɚɤɨɣ ɫɢ-
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ɫɬɟɦɵ. ɉɪɢ ɷɬɨɦ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɈȽ ɭɜɟɥɢɱɢɬ ɬɟɩɥɨɜɭɸ ɧɚɩɪɹɠɟɧɧɨɫɬɶ 

ɟɺ ɷɥɟɦɟɧɬɨɜ ɢ ɷɥɟɦɟɧɬɨɜ ɞɜɢɝɚɬɟɥɹ, ɚ ɭɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɭɦɟɧɶɲɢɬ ɪɚɛɨɬɭ 

ɪɚɫɲɢɪɟɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɞɜɢɝɚɬɟɥɹ. ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɧɟ ɡɚɞɚɜɚɬɶɫɹ ɫɬɟɩɟɧɶɸ ɩɨɜɵ-

ɲɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɚ ɡɚɞɚɬɶɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɬɨ 

ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɡɚ ɬɭɪɛɢɧɨɣ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɷɠɟɤɬɨɪɨɦ, ɛɭɞɟɬ ɩɪɢ-

ɜɨɞɢɬɶ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ. ɑɚɫɬɶ ɪɚɛɨɬɵ ɪɚɫɲɢɪɟɧɢɹ, ɡɚɛɪɚɧɧɚɹ ɭ 

ɬɭɪɛɢɧɵ, ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɇȼ ɜ Ɉɇȼ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɚ Ɉɇȼ ɬɚɤɠɟ ɧɟɥɢɧɟɣɧɚ ɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɪɚɫɯɨɞɟ ɩɪɢɪɚɳɟɧɢɟ ɪɚɫɯɨ-

ɞɚ Ɉȼ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɩɪɢɪɚɳɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɪɚ-

ɡɭɦɧɨ ɭɫɬɚɧɨɜɢɬɶ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ Ɉȼ ɧɚ ɷɬɨɦ ɭɪɨɜɧɟ. Ɍɚɤɢɦ ɨɛ-

ɪɚɡɨɦ, ɨɫɧɨɜɧɨɣ ɜɨɩɪɨɫ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ  ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɨɫɧɨɜɧɵɦ ɹɜɥɹɟɬɫɹ 

ɜɨɩɪɨɫ ɨ ɩɪɚɜɢɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɷɧɟɪɝɢɢ ɈȽ ɦɟɠɞɭ ɬɭɪɛɢɧɨɣ ɢ ɷɠɟɤɬɨɪɨɦ. 

Ɍ.ɟ. ɨɩɪɟɞɟɥɟɧɢɟ ɡɚ ɫɱɟɬ ɱɟɝɨ ɩɥɨɬɧɨɫɬɶ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ  ɩɪɢɛɚɜɢɬ ɛɨɥɶɲɟ 

– ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ ɢɥɢ ɡɚ ɫɱɟɬ ɨɯɥɚɠɞɟɧɢɹ ɜ Ɉɇȼ.  

 

1.4 ɐɟɥɶ ɢ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ⱥɧɚɥɢɡ ɩɭɬɟɣ ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɫɜɟɠɟɝɨ ɡɚɪɹɞɚ ɩɨɤɚɡɵɜɚɟɬ ɪɚɡɧɨɨɛɪɚɡɢɟ 

ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. Ɉɞɧɚɤɨ ɧɟɤɨɬɨɪɵɟ ɹɜɥɹ-

ɸɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɫɥɨɠɧɵɦɢ, ɞɪɭɝɢɟ ɨɛɥɚɞɚɸɬ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɷɮɮɟɤɬɢɜɧɨ-

ɫɬɶɸ, ɬɪɟɬɶɢ – ɫɬɪɨɝɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬ. ɞ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 

ɷɠɟɤɬɨɪɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɰɢɪɤɭɥɹɰɢɢ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ Ɉɇȼ ɬɚɤɠɟ 

ɢɦɟɟɬ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ. Ɍɚɤɨɣ ɫɩɨɫɨɛ ɨɛɥɚɞɚɟɬ ɩɪɨɫɬɨɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɚ ɬɚɤɠɟ 

ɩɨɡɜɨɥɹɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɧɟɪɝɢɸ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɡɚ ɬɭɪɛɢɧɨɣ, 

ɱɬɨ ɩɨɜɵɲɚɟɬ ɨɛɳɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. ɉɨɷɬɨɦɭ ɩɨ-

ɞɨɛɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɫɟɪɢɣɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ 

ɞɜɢɝɚɬɟɥɹ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɷɠɟɤɬɨɪ ɫɨɡɞɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɜɵɯɨ-

ɞɟ ɢɡ ɞɜɢɝɚɬɟɥɹ, ɱɬɨ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ ɩɪɨɰɟɫɫɵ ɝɚɡɨɨɛɦɟɧɚ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ 
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ɰɟɥɨɦ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɠɟɤɬɨɪɚ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɞɢ-

ɡɟɥɟ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ ɢɫɫɥɟɞɨɜɚɧ ɫɥɚɛɨ. ɉɪɢ ɛɥɢɠɚɣɲɟɦ ɪɚɫɫɦɨɬɪɟɧɢɢ 

ɜɨɩɪɨɫ ɩɪɟɞɫɬɚɟɬ ɜɟɫɶɦɚ ɫɥɨɠɧɵɦ, ɬ.ɤ. ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɜɥɢɹɟɬ ɧɚ 

ɫɨɫɟɞɧɢɟ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɪɚɫɫɦɨɬɪɟɧɢɟ ɪɚɛɨɬɵ ɬɨɥɶɤɨ ɷɠɟɤɬɨɪɚ ɜ ɨɬɪɵɜɟ ɨɬ 

ɨɫɬɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɧɟɨɩɪɚɜɞɚɧɧɨ, ɱɬɨ ɭɫɥɨɠɧɹɟɬ ɚɧɚɥɢɡ ɪɚɛɨɬɵ ɬɚɤɨɣ 

ɫɢɫɬɟɦɵ.     

ɋɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ, ɞɨɥɠɧɚ ɨɬɥɢɱɚɬɶ-

ɫɹ ɩɪɨɫɬɨɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɚɞɟɠɧɨɫɬɶɸ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɞɨɥɝɨɜɟɱɧɨɫɬɶɸ, ɚ ɬɚɤ-

ɠɟ ɢɦɟɬɶ ɲɢɪɨɤɢɣ ɪɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɥɢɛɨ ɩɪɨɫɬɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. ɉɪɨɛɥɟɦɨɣ ɹɜ-

ɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɭɡ-

ɥɨɜ ɫɢɫɬɟɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɨɩɬɢɦɚɥɶɧɭɸ ɪɚɛɨɬɭ ɞɜɢɝɚɬɟɥɹ ɜ ɰɟɥɨɦ. ȼ ɱɚɫɬɧɨ-

ɫɬɢ, ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ (ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ), 

ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɥ ɛɵ ɬɪɟɛɭɟɦɭɸ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ. 

Ʉɚɤ  ɩɪɚɜɢɥɨ, ɪɚɫɱɟɬ ɷɠɟɤɬɨɪɚ ɞɥɹ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɨɩɪɟɞɟɥɟ-

ɧɢɸ ɪɚɡɦɟɪɨɜ ɷɠɟɤɬɨɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɚɞɚɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɩɪɢ 

ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɧɚ ɜɯɨɞɟ ɜ ɷɠɟɤɬɨɪ. ɉɪɢ ɷɬɨɦ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ, ɱɬɨ ɫɚɦɨ 

ɧɚɥɢɱɢɟ ɷɠɟɤɬɨɪɚ ɦɨɠɟɬ ɢɡɦɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɨɦɢɧɚɥɶɧɨɦɭ 

ɪɟɠɢɦɭ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɢ ɬɭɪɛɢɧɵ.   

Ɋɟɚɥɢɡɚɰɢɹ ɷɠɟɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɟɞɩɨɥɚ-

ɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɨɣ ɨɛɥɚɞɚɸɬ ɨɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ ɡɚ ɬɭɪɛɢɧɨɣ,  ɜ 

ɷɠɟɤɬɨɪɟ, ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɩɨɫɥɟ ɬɭɪɛɢɧɵ. ɗɠɟɤɬɨɪ ɩɨɡɜɨɥɢɬ ɢɫɤɥɸɱɢɬɶ ɜɟɧɬɢɥɹ-

ɬɨɪ ɢɡ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɬ.ɤ. ɛɭɞɟɬ ɫɥɭɠɢɬɶ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ Ɉɇȼ.  Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬ-

ɪɨɜ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, ɷɠɟɤɬɨɪɚ ɢ Ɉɇȼ ɩɨɡɜɨɥɢɬ ɩɨɜɵ-

ɫɢɬɶ ɷɮɮɟɤɬɢɜɧɵɣ ɄɉȾ (ɢɥɢ ɦɨɳɧɨɫɬɶ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ) 

ɞɜɢɝɚɬɟɥɹ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɜɨɩɪɨɫɨɦ ɩɪɢ ɟɺ  

ɪɚɡɪɚɛɨɬɤɟ. ɉɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɫɨɝɥɚɫɨɜɚɬɶ ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɬɚɤɢɦ ɨɛɪɚ-



34  
ɡɨɦ, ɱɬɨɛɵ ɨɧɢ ɢɦɟɥɢ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɣ ɄɉȾ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢ, 

ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ, ɧɚ ɱɚɫɬɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ.   

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɝɚɡɨɨɛɦɟɧɚ ɜ ɞɢɡɟɥɟ ɫ ɝɚɡɨɬɭɪɛɢɧ-

ɧɵɦ ɧɚɞɞɭɜɨɦ  ɩɪɢɦɟɧɟɧɢɟɦ ɷɠɟɤɬɨɪɚ ɞɥɹ ɫɧɢɠɟɧɢɹ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɧɚ ɨɯɥɚɠɞɟ-

ɧɢɟ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ    

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɶɸ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ ɢɫ-

ɫɥɟɞɨɜɚɧɢɹ:  

1. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɩɪɢɦɟɧɟɧɢɹ ɷɠɟɤɬɨ-

ɪɨɜ ɜ ɫɢɫɬɟɦɚɯ ɨɯɥɚɠɞɟɧɢɹ ɢ ɜɵɩɭɫɤɚ  ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɞɢɡɟ-

ɥɟɣ. 

2. ɋɨɡɞɚɬɶ ɤɨɦɩɥɟɤɫɧɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɝɚɡɨɨɛɦɟɧɚ ɜ 

ɞɢɡɟɥɟ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ, ɨɯɥɚɠɞɟɧɢɟɦ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɷɠɟɤɬɨ-

ɪɨɦ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɧɨ-ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

3. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɨɰɟɧɢɬɶ ɫɩɨɫɨɛɵ ɪɚɡɦɟɳɟɧɢɹ ɷɠɟɤɬɨɪɚ ɢ ɜɡɚɢɦɨɫɜɹɡɢ 

ɟɝɨ ɩɚɪɚɦɟɬɪɨɜ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɤɨɦɩɪɟɫɫɨɪɚ, ɨɯɥɚɞɢɬɟɥɹ ɢ ɬɭɪɛɢɧɵ ɩɪɢ ɤɨɦɩɥɟɤɫ-

ɧɨɦ ɜɥɢɹɧɢɢ ɧɚ ɩɪɨɰɟɫɫɵ ɝɚɡɨɨɛɦɟɧɚ  ɢ ɩɨɤɚɡɚɬɟɥɢ ɞɢɡɟɥɹ. 

4. ɍɫɬɚɧɨɜɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟ-

ɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɩɚɪɚɦɟɬɪɨɜ ɝɚɡɨɨɛɦɟɧɚ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ 

ɷɥɟɦɟɧɬɨɜ ɷɠɟɤɬɨɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɚɢɥɭɱɲɭɸ ɬɨɩɥɢɜɧɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ  

ɢɥɢ  ɧɚɢɛɨɥɶɲɭɸ ɦɨɳɧɨɫɬɶ ɞɢɡɟɥɹ. 

5. ɋɨɡɞɚɬɶ ɨɩɵɬɧɵɣ ɨɛɪɚɡɟɰ ɷɠɟɤɰɢɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɨɰɟɧɤɢ ɩɚɪɚ-

ɦɟɬɪɨɜ ɷɠɟɤɬɨɪɚ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨ-

ɬɵ ɩɨɪɲɧɟɜɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɝɟɧɟɪɚɬɨɪɚ ɝɚɡɚ. 

6. Ɋɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɫɨɡɞɚɧɢɸ  ɫɢɫɬɟɦɵ ɷɠɟɤɰɢɨɧɧɨɝɨ  

ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɞɢɡɟɥɟ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ 
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2 ɋɨɝɥɚɫɨɜɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦ ɝɚɡɨɬɭɪɛɢɧɧɨɝɨ ɧɚɞɞɭɜɚ ɢ  

ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

Ⱦɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɧɟɫɤɨɥɶɤɢɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɧɟɨɛɯɨɞɢɦɚ ɡɚɦɤɧɭɬɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɚɤɨɣ ɫɢɫɬɟɦɵ. Ʉ ɬɚ-

ɤɨɣ ɫɢɫɬɟɦɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɢ ɫɢɫɬɟɦɭ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ 

ɜɨɡɞɭɯɚ, ɜɤɥɸɱɚɸɳɭɸ ɜ ɫɟɛɹ ɞɢɡɟɥɶ, ɬɭɪɛɢɧɭ, ɤɨɦɩɪɟɫɫɨɪ, ɷɠɟɤɬɨɪ ɢ ɨɯɥɚɞɢɬɟɥɶ 

ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɫɜɹɡɚɧɧɵɟ ɞɪɭɝ ɞɪɭɝɨɦ. ɋɨɡɞɚɧɢɟ ɦɚɬɟ-

ɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ 

ɪɚɛɨɬɵ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɫɢɫɬɟɦɵ. Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ, 

ɧɚɩɪɢɦɟɪ, ɬɚɤɢɯ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɬɟɪɶ ɪɚɡɭɦɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɪɚɡ-

ɥɢɱɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɩɚɪɚɦɟɬɪɵ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ, ɚ ɜ ɫɥɭɱɚɟ ɝɚɡɨ-

ɜɨɝɨ ɷɠɟɤɬɨɪɚ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɨɞɧɨɡɧɚɱɧɨɣ ɦɟɬɨɞɢɤɢ 

ɪɚɫɱɺɬɚ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢ ɢɧɬɟɝɪɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ,  ɬɚɤɢɟ ɤɚɤ ɤɨ-

ɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ. 

2.1 Ɋɚɛɨɱɢɣ ɰɢɤɥ ɢ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɞɢɡɟɥɹ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ ɢ 

ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

ȼ ɞɢɡɟɥɟ ɫ ȽɌɇ ɢ Ɉɇȼ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [41]: 

 
e ɜ ɝ ɦ ɨɫɬQ Q Q Q Q Q     , (2.1) 

ɝɞɟ Q – ɬɟɩɥɨɬɚ, ɩɨɞɜɟɞɟɧɧɚɹ ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ, 

      Qɟ – ɬɟɩɥɨɬɚ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɟ ɞɜɢɝɚɬɟɥɹ (Qe = Ne), 

      Qɜ – ɬɟɩɥɨɬɚ, ɨɬɜɨɞɢɦɚɹ ɨɬ ɞɜɢɝɚɬɟɥɹ ɨɯɥɚɠɞɚɸɳɟɣ ɫɪɟɞɨɣ, 

      Qɝ – ɬɟɩɥɨɬɚ, ɨɬɜɨɞɢɦɚɹ ɜɵɩɭɫɤɧɵɦɢ ɝɚɡɚɦɢ, 

      Qɦ – ɬɟɩɥɨɬɚ, ɨɬɜɨɞɢɦɚɹ ɫɦɚɡɨɱɧɵɦ ɦɚɫɥɨɦ, 
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      Qɨɫɬ – ɨɫɬɚɬɨɱɧɵɟ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ (ɥɭɱɢɫɬɵɣ ɢ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛ-

ɦɟɧ, ɧɟɭɱɬɟɧɧɵɟ ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ, ɬɟɩɥɨɬɚ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ 

ɈȽ). 

ɉɟɪɟɩɢɲɟɦ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɜ ɭɞɨɛɧɨɦ ɞɥɹ ɧɚɫ ɜɢɞɟ ɞɥɹ ɞɜɢɝɚɬɟɥɹ ɫ ɷɠɟɤɰɢ-

ɨɧɧɨɣ ɫɢɫɬɟɦɨɣ ɨɯɥɚɠɞɟɧɢɹ ɇȼ. Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ Qɩ – ɬɟɩɥɨɬɭ, ɷɤɜɢɜɚɥɟɧɬɧɭɸ 

ɧɟɜɨɫɩɨɥɧɢɦɵɦ ɩɨɬɟɪɹɦ (ɬɪɟɧɢɟ, ɥɭɱɢɫɬɵɣ ɢ ɤɨɧɜɟɤɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧ, ɧɟɩɨɥ-

ɧɨɟ ɫɝɨɪɚɧɢɟ ɬɨɩɥɢɜɚ ɢ ɩɪɨɱ.), ɞɚɥɟɟ ɜɜɟɞɟɦ Qɷ – ɬɟɩɥɨɬɭ, ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɪɚɛɨɬɟ 

ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ ɷɠɟɤɬɨɪɟ, Qɬɤ – ɬɟɩɥɨɬɭ, ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɪɚɛɨɬɟ ɬɭɪɛɢɧɵ ɬɭɪɛɨ-

ɤɨɦɩɪɟɫɫɨɪɚ, Qk – ɬɟɩɥɨɬɭ, ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ 

ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ, ΔQo – ɬɟɩɥɨɬɭ, ɨɬɜɨɞɢɦɭɸ ɨɬ ɇȼ ɜ Ɉɇȼ, Qɝɬ – ɬɟɩɥɨɬɭ, ɭɧɨ-

ɫɢɦɭɸ ɈȽ ɩɨɫɥɟ ɷɠɟɤɬɨɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɢɦ 

 ɝ ɬɤ ɷ ɝɬQ Q Q Q   .  (2.2) 

Ɍɟɩɥɨɬɚ Qɷɜ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɪɚɛɨɬɟ ɩɨ ɩɟɪɟɦɟɳɟɧɢɸ Ɉȼ ɷɠɟɤɬɨɪɨɦ ɟɫɬɶ 

 ɷɜ ɷ ɷQ Q ,  (2.3) 

ɝɞɟ Șɷ – ɄɉȾ ɷɠɟɤɬɨɪɚ. 

ɍɪɚɜɧɟɧɢɟ (2.1) ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɩɟɪɟɩɢɲɟɬɫɹ ɜ ɜɢɞɟ 

 ɤ ɨ e ɬɤ ɷ ɝɬ ɩQ Q Q Q Q Q Q Q       .  (2.4) 

ɋɬɨɢɬ ɭɩɨɦɹɧɭɬɶ, ɱɬɨ ɬɟɩɥɨɬɚ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɪɚɛɨɬɟ ɷɠɟɤɬɨɪɚ ɩɨ ɩɟɪɟɦɟ-

ɳɟɧɢɸ Ɉȼ Qɷɜ, ɧɟ ɷɤɜɢɜɚɥɟɧɬɧɚ ɨɬɜɨɞɢɦɨɣ ɨɬ ɇȼ ɬɟɩɥɨɬɟ ΔQɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɷɤɜɢ-

ɜɚɥɟɧɬɧɵɯ ɦɟɠ ɫɨɛɨɣ  Qɬɤ ɢ Qɤ. Ɋɚɛɨɬɚ ɷɠɟɤɬɨɪɚ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ 

ɜɨɡɞɭɯɚ ɢ ɩɪɟɨɞɨɥɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɬɟɩ-

ɥɨɨɛɦɟɧ ɜ Ɉɇȼ ɩɪɢ ɷɬɨɦ ɦɨɠɟɬ ɢ ɨɬɫɭɬɫɬɜɨɜɚɬɶ. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ΔQɨ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɨɬɜɟɞɟɧɨ ɨɬ 

ɇȼ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɟɝɨ ɞɨ ɢɫɯɨɞɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ) ɨɝɪɚɧɢ-

ɱɟɧɨ ɪɚɛɨɬɨɣ ɤɨɦɩɪɟɫɫɨɪɚ, ɢɥɢ ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ ɬɟɩɥɨɬɨɣ, ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɪɚɛɨɬɟ 

ɬɭɪɛɢɧɵ Qɬɤ. 
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ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɜɨɡ-

ɞɭɯɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɭɜɟɥɢɱɟɧɢɸ Q, 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

 ɩ kQ   , (2.5) 

ɝɞɟ αɩ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ.  

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɥɨɬɧɨɫɬɶ ρk ɡɚɜɢɫɢɬ ɨɬ Qɷ ɢ Qɬɤ  

  
    

ɤ ɬɤ

ɤ ɬɤ ɷ
k

p Q

R T Q T Q
 


, (2.6) 

ɝɞɟ ɪɤ – ɞɚɜɥɟɧɢɟ ɩɟɪɟɞ ɜɩɭɫɤɧɵɦɢ ɤɥɚɩɚɧɚɦɢ, 

      Тɤ – ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɞ ɜɩɭɫɤɧɵɦɢ ɤɥɚɩɚɧɚɦɢ, 

      ΔТ – ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ ɜ Ɉɇȼ. 

ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɤɨɦɩɪɟɫɫɨɪɟ ɩɪɢ ɚɞɢɚɛɚɬɧɨɦ ɫɠɚɬɢɢ ɦɨɠɧɨ 

ɬɨɱɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɬɟɩɥɨɬɭ Qɬɤ 

 ɬɤ ɬɤ
ɤ

ɚ ɪɜ ɜ ɚ

1кТ Q
Т ɫ G Т

    ,  (2.7) 

ɝɞɟ Șɤ – ɄɉȾ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, 

       ɫɪɜ – ɢɡɨɛɚɪɧɚɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɇȼ, 

       Gɜ – ɪɚɫɯɨɞ ɇȼ, 

       Ta – ɬɟɦɩɟɪɚɬɭɪɚ ɇȼ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ. 

ɋɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ πɤ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɜɵɪɚɡɢɬɫɹ ɱɟɪɟɡ Ĳɤ ɫɥɟɞɭɸ-

ɳɢɦ ɨɛɪɚɡɨɦ 

 1

k

k
к к   ,  (2.8) 

ɝɞɟ k – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɞɥɹ ɇȼ. 

Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ (2.6) ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ 
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
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 

 
  

  
   

       

  (2.9) 

ɝɞɟ ɪa – ɞɚɜɥɟɧɢɟ ɇȼ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ. 

ɉɪɢ ɷɬɨɦ, ɨɞɧɨɡɧɚɱɧɨ ɜɵɪɚɡɢɬɶ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ ΔТ ɱɟɪɟɡ Qɷ ɧɟɜɨɡɦɨɠ-

ɧɨ ɬ.ɤ. ΔɌ ɡɚɜɢɫɢɬ ɟɳɺ ɢ ɨɬ Qɬɤ. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, 

 e h uh
e e i v ɦ ɤ

ɞ ɞ 04 4

p V in HV in
Q N

L
  

  
   ,  (2.10) 

ɝɞɟ ɪɟ – ɫɪɟɞɧɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ,  

      Vh – ɨɛɴɺɦ ɰɢɥɢɧɞɪɚ, 

      i – ɱɢɫɥɨ ɰɢɥɢɧɞɪɨɜ, 

      n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ Ʉȼ, 

     Ĳɞ – ɬɚɤɬɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, 

     Hu – ɧɢɡɲɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ, 

     L0 – ɤɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɫɝɨɪɚɧɢɹ 1 ɤɝ ɬɨɩɥɢɜɚ, 

     α – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ, 

     Și – ɢɧɞɢɤɚɬɨɪɧɵɣ ɄɉȾ, 

     Șv – ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ. 

Ⱦɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɫɥɟ-

ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

 
e i v ɦ ɤ e v ɤconst constQ         ,  (2.11) 

ɝɞɟ Șɟ = Qe/Q – ɷɮɮɟɤɬɢɜɧɵɣ ɄɉȾ. 

ɗɬɨ ɜɵɪɚɠɟɧɢɟ ɫɨɜɦɟɫɬɧɨ ɫ (2.9) ɫɜɹɡɵɜɚɸɬ ɬɟɩɥɨɬɭ, ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɷɮɮɟɤ-

ɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɫ ɬɟɩɥɨɬɚɦɢ, ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɦɨɳɧɨɫɬɹɦ ɬɭɪɛɢɧɵ ɢ ɷɠɟɤɬɨɪɚ.  
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2.2 Ɋɚɫɱɟɬɧɨ-ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ ɜ ɷɠɟɤ-

ɬɨɪɟ 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɢɡɵɫɤɚɧɢɣ ɩɨɬɪɟɛɭɟɬɫɹ ɡɧɚɬɶ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɵ, ɤɨɬɨɪɵɟ ɨɩɢ-

ɫɵɜɚɸɬ ɪɚɛɨɬɭ ɷɠɟɤɬɨɪɚ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɬɟɨɪɢɢ ɢ ɧɚɞɟɠɧɨɣ ɦɟɬɨɞɢɤɢ 

ɪɚɫɱɟɬɚ ɷɠɟɤɬɨɪɨɜ ɜɫɟ ɠɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɫɬɪɭɣɧɵɯ ɚɩɩɚɪɚɬɚɯ, ɨɩɢɫɵ-

ɜɚɸɬɫɹ ɟɞɢɧɵɦɢ ɞɥɹ ɜɫɟɝɨ ɮɢɡɢɱɟɫɤɢɦɢ ɡɚɤɨɧɚɦɢ [42], ɫ ɭɱɟɬɨɦ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɞɨɩɭɳɟɧɢɣ. Ɉɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ ɪɚɫɱɟɬɚ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɚɤɚɞɟɦɢɤɨɦ ɋ.Ⱥ. 

ɏɪɢɫɬɢɚɧɨɜɢɱɟɦ ɟɳɟ ɜ 1944 ɝ. ɂɦ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚ-

ɸɳɢɟ ɜ ɨɛɳɟɦ ɜɢɞɟ ɩɪɨɰɟɫɫ ɜ ɷɠɟɤɬɨɪɟ ɢ ɹɜɥɹɸɳɢɟɫɹ ɡɚɩɢɫɶɸ ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɜ 

ɫɨɯɪɚɧɟɧɢɹ ɞɥɹ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ [43]:  

1) Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ. 

ɉɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɷɠɟɤɬɨɪɟ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ ɧɚ  i,s-ɞɢɚɝɪɚɦɦɟ (ɪɢɫɭ-

ɧɨɤ 2.1).  

 

Ɋɢɫɭɧɨɤ 2.1 –  i-s-ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ ɜ ɷɠɟɤɬɨɪɟ:  
«ɪ» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, «0» – ɫɨɫɬɨɹɧɢɟ Ɉȼ ɩɟɪɟɞ Ɉɇȼ, «ɧ» – ɩɟɪɟɞ ɷɠɟɤɬɨ-

ɪɨɦ, «ɤ» – ɫɨɫɬɨɹɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɜ ɤɨɧɰɟ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ, «ɫ» – ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭ-

ɡɨɪɚ ɷɠɟɤɬɨɪɚ; ɪɪ, ɪɫ, ɪ3, ɪɧ, ɪɧ2 – ɢɡɨɛɚɪɵ; ɇɪ – ɭɞɟɥɶɧɚɹ ɚɞɢɚɛɚɬɧɚɹ ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ 

ɫɨɩɥɟ ɷɠɟɤɬɨɪɚ, ɇɷ – ɭɞɟɥɶɧɚɹ ɚɞɢɚɛɚɬɧɚɹ ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ ɷɠɟɤɬɨɪɟ, ɇɨɜ – ɭɞɟɥɶɧɚɹ 

ɚɞɢɚɛɚɬɧɚɹ ɪɚɛɨɬɚ ɫɠɚɬɢɹ Ɉȼ ɜ ɷɠɟɤɬɨɪɟ. 
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ɉɨɬɨɤ ɈȽ, ɪɚɫɲɢɪɹɹɫɶ ɨɬ ɞɚɜɥɟɧɢɹ ɪɪ ɞɨ ɞɚɜɥɟɧɢɹ ɪɫ, ɫɨɜɟɪɲɚɟɬ ɪɚɛɨɬɭ, ɤɨɬɨ-

ɪɚɹ ɧɚ ɞɢɚɝɪɚɦɦɟ ɜɵɪɚɠɚɟɬɫɹ ɪɚɡɧɢɰɟɣ ɷɧɬɚɥɶɩɢɣ [44]:  
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
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       
 

, (2.12) 

 ɝɞɟ Тɪ
*
 – ɬɟɦɩɟɪɚɬɭɪɚ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, 

        kɬ, Rɬ – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɢ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɈȽ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

        ip, ic – ɷɧɬɚɥɶɩɢɹ ɩɨɬɨɤɚ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ ɢ ɩɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

        πɷ = ɪɪ/ɪɫ – ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɈȽ ɜ ɷɠɟɤɬɨɪɟ. 

ɗɬɚ ɪɚɛɨɬɚ ɢɞɟɬ ɧɚ ɫɠɚɬɢɟ Ɉȼ ɨɬ ɞɚɜɥɟɧɢɹ ɪɧ ɞɨ ɞɚɜɥɟɧɢɹ ɪɫ 
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, (2.13) 

ɝɞɟ kɜ, Rɜ – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɢ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɨɡɞɭɯɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

       Тɧ
*
 – ɬɟɦɩɟɪɚɬɭɪɚ Ɉȼ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ. 

       πɨɜ = ɪɫ/ɪɧ – ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ Ɉȼ ɜ ɷɠɟɤɬɨɪɟ.  

ɇɚɩɢɲɟɦ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɟɣ ɞɥɹ ɷɠɟɤɬɨɪɚ  

 ɷ ɷ ɨɜ ɨɜG H G H , (2.14) 

ɝɞɟ Gɷ ɢ Gɨɜ – ɪɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɢ Ɉȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.    

ɉɨɞɟɥɢɦ ɨɛɟ ɱɚɫɬɢ ɪɚɜɟɧɫɬɜɚ ɧɚ Gɷ 

 ɨɜ
ɷ ɨɜ

ɷ

G
H H

G
 .  (2.15) 

Ɉɬɧɨɲɟɧɢɟ Gɨɜ/Gɷ ɨɛɨɡɧɚɱɚɟɬɫɹ ɱɟɪɟɡ u ɢ ɧɚɡɵɜɚɟɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɦ ɷɠɟɤɰɢɢ: 

 p cɨɜ ɷ

ɷ ɨɜ c ɧ

i iG H
u

G H i i


  


.  (2.16) 

ɍɪɚɜɧɟɧɢɹ (2.7-2.11) ɨɬɧɨɫɹɬɫɹ ɤ ɢɞɟɚɥɶɧɨɦɭ ɷɠɟɤɬɨɪɭ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɵɟ ɠɟ 

ɩɪɨɰɟɫɫɵ ɩɪɨɬɟɤɚɸɬ ɫ ɩɨɬɟɪɹɦɢ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɡɚɞɚɧɧɨɦ ɮɢɤɫɢɪɨɜɚɧɧɨɦ 
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ɞɚɜɥɟɧɢɢ ɪɫ, ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ uɞ ɛɭɞɟɬ ɦɟɧɶɲɟ ɬɟɨɪɟɬɢɱɟ-

ɫɤɨɝɨ ɢ ɨɩɪɟɞɟɥɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ ɤɚɤ  

 
 
 

p c 0 p c

ɞ
c ɧ 0 c ɧ

i i T s s
u

i i T s s

  


  
,  (2.17) 

ɝɞɟ sp, sɧ, sɫ – ɭɞɟɥɶɧɚɹ ɷɧɬɪɨɩɢɹ ɈȽ, Ɉȼ ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

2) Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ (ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡɪɵɜɧɨɫɬɢ) ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 

ɷɠɟɤɬɨɪɭ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ: 

  ɫ ɷ ɨɜ ɷ 1G G G G u    .  (2.18) 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɞɥɹ ɷɠɟɤɬɨɪɚ c ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ Ʉɋ (ɪɢɫɭɧɨɤ 2.2), 

 3 p2 ɧ2f f f  ,  (2.19) 

ɝɞɟ  f3,  fɧ2,  fp2 – ɩɥɨɳɚɞɢ, ɡɚɧɢɦɚɟɦɵɟ ɩɨɬɨɤɚɦɢ ɜ Ʉɋ.    

 

Ɋɢɫɭɧɨɤ 2.2 – ɉɨɥɹ ɫɤɨɪɨɫɬɟɣ ɜ ɧɚɱɚɥɶɧɨɦ ɢ ɤɨɧɟɱɧɨɦ ɫɟɱɟɧɢɹɯ Ʉɋ 

 ɩɚɪɚɦɟɬɪɵ ɫ ɢɧɞɟɤɫɨɦ «ɪ» ɨɬɧɨɫɹɬɫɹ ɤ ɪɚɛɨɱɟɦɭ ɩɨɬɨɤɭ, «ɧ» – ɤ ɢɧɠɟɤɬɢɪɭɟɦɨɦɭ. 

  Ɇɨɠɧɨ ɡɚɩɢɫɚɬɶ (2.18) ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

    
 

 

* **
p cɧ

* **
ɧ ɧ ɧ c c cp p ɬ

1T u Tu T

p q m p q mp q m  


  , (2.20) 

ɝɞɟ Тɫ – ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ, 

q(Ȝ) – ȽȾɎ – ɛɟɡɪɚɡɦɟɪɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, 
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 – ɩɨɤɚɡɚɬɟɥɶ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɝɚ-

ɡɚ.  

ɉɪɢ ɷɬɨɦ ɞɨɩɭɫɤɚɟɬɫɹ: 1) ɧɚ ɭɱɚɫɬɤɟ ɦɟɠɞɭ ɫɟɱɟɧɢɹɦɢ 1-1 ɢ 2-2 ɧɟ ɩɪɨɢɫɯɨɞɢɬ 

ɫɦɟɲɟɧɢɹ ɩɨɬɨɤɨɜ, 2) ɫɤɨɪɨɫɬɶ ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ ɜ ɫɟɱɟɧɢɢ 2-2 ɪɚɜɧɚ ɫɤɨɪɨɫɬɢ ɢɫ-

ɬɟɱɟɧɢɹ ɝɚɡɚ ɢɡ ɫɨɩɥɚ ɢ 3) fp2 = fp1,  fɧ2 = f3 – fp2. 

3) Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɢɦɩɭɥɶɫɚ (ɭɪɚɜɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɞɜɢɠɟɧɢɹ): 

 p2 ɧ2 ɫI I I  ,  (2.21) 

ɝɞɟ I – ɢɦɩɭɥɶɫ ɩɨɬɨɤɚ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɫɟɱɟɧɢɢ Ʉɋ. 

ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

       ɷ p2 ɧ2 3 3 p2 p2 3 ɧ2 ɧ21G w uw u w p p f p p f         (2.22) 

ɝɞɟ wɧ2, wɪ2 – ɫɤɨɪɨɫɬɶ ɜɨɡɞɭɯɚ ɢ ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ ɜ ɫɟɱɟɧɢɢ 2-2, 

w3 – ɫɤɨɪɨɫɬɶ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ.  

ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɭɪɚɜɧɟɧɢɹ –  (2.16), (2.20) ɢ (2.22) ɞɚɸɬ ɫɜɹɡɶ ɦɟɠɞɭ ɩɚ-

ɪɚɦɟɬɪɚɦɢ ɝɚɡɨɜ ɧɚ ɜɯɨɞɟ ɜ Ʉɋ ɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɟɺ. Ⱦɥɹ ɨɞɧɨɡɧɚɱɧɨɝɨ ɪɟɲɟɧɢɹ – 

ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ (ɫɬɟɩɟɧɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ) ɢ ɝɟɨɦɟɬɪɢ-

ɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɟɝɨ ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ – ɧɭɠɧɨ ɡɚɞɚɬɶ ɞɜɟ ɝɪɭɩɩɵ ɩɚɪɚɦɟɬɪɨɜ ɢɡ 

ɬɪɺɯ, ɧɚɩɪɢɦɟɪ, ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ, ɱɬɨ ɩɨɡɜɨɥɢɬ 

ɨɬɵɫɤɚɬɶ ɩɚɪɚɦɟɬɪɵ ɢɧɠɟɤɬɢɪɭɟɦɨɝɨ ɩɨɬɨɤɚ. Ⱥ ɜ ɫɥɭɱɚɟ ɟɫɥɢ ɷɠɟɤɬɨɪ, ɧɚɩɪɢɦɟɪ, 

ɪɚɛɨɬɚɟɬ ɫ ɩɟɪɟɦɟɧɧɵɦ ɞɚɜɥɟɧɢɟɦ ɷɠɟɤɬɢɪɭɟɦɨɝɨ (ɢɥɢ ɪɚɛɨɱɟɝɨ) ɩɨɬɨɤɚ, ɤɨɬɨɪɨɟ 

ɡɚɜɢɫɢɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ, ɬɪɟɛɭɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɫɜɹɡɢ 

ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɬɨɤɨɜ. 

Ʉ ɬɨɦɭ ɠɟ ɧɟ ɜɫɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɷɠɟɤɬɨɪɚ, ɩɨɥɭɱɚɟɦɵɟ ɪɟɲɟɧɢɟɦ ɜɵɲɟ-

ɭɤɚɡɚɧɧɵɯ ɨɛɳɢɯ ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ, ɦɨɝɭɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ, ɬ.ɤ. ɫɭɳɟɫɬɜɭɸɬ 

ɮɢɡɢɱɟɫɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɜ ɜɢɞɟ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɤɪɢɬɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ [45].  
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ɉɨɫɥɟ ɨɛɴɟɞɢɧɟɧɢɹ (2.16), (2.20) ɢ (2.22)ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ, ɫɜɹɡɵɜɚ-

ɸɳɟɟ ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɨɜ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɢ ɝɟɨɦɟɬɪɢɱɟ-

ɫɤɢɣ ɩɚɪɚɦɟɬɪ ɷɠɟɤɬɨɪɚ – ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɢ Ʉɋ ɤ ɩɥɨɳɚɞɢ ɫɨɩɥɚ [46]: 
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,  (2.23) 

ɝɞɟ ɪɫ – ɞɚɜɥɟɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɚɩɩɚɪɚɬɚ, 

       ɪɧ – ɞɚɜɥɟɧɢɟ Ɉȼ ɧɚ ɜɯɨɞɟ ɜ ɚɩɩɚɪɚɬ, 

       ɉɪ = ɪɧ/ɪɪ – ɨɬɧɨɲɟɧɢɟ ɞɚɜɥɟɧɢɣ ɈȽ ɢ Ɉȼ ɧɚ ɫɪɟɡɟ ɫɨɩɥɚ, 

       Ȝɪ – ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɫɪɟɡɟ ɫɨɩɥɚ ɷɠɟɤɬɨɪɚ,  

           φ1, φ2, φ3, φ4 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɤɨɪɨɫɬɢ ɫɨɩɥɚ, Ʉɋ, ɞɢɮɮɭɡɨɪɚ ɢ ɩɪɢɟɦɧɨɣ 

ɤɚɦɟɪɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

vɪ, vɧ, vɫ – ɭɞɟɥɶɧɵɟ ɨɛɴɺɦɵ ɈȽ (ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ), Ɉȼ (ɢɧɠɟɤɬɢɪɭɟɦɨɝɨ ɩɨ-

ɬɨɤɚ) ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

 f3p = f3/fp1 – ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ Ʉɋ ɢ ɫɨɩɥɚ. 

2.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚ-

ɡɨɜ ɦɟɠɞɭ ɬɭɪɛɢɧɨɣ ɢ ɷɠɟɤɬɨɪɨɦ 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɟɞɭɸɳɭɸ ɡɚɞɚɱɭ. ɇɟɤɨɟ ɤɨɧɟɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɈȽ ɦɨ-

ɠɟɬ ɛɵɬɶ ɧɭɠɧɵɦ ɨɛɪɚɡɨɦ ɪɚɫɩɪɟɞɟɥɟɧɨ ɦɟɠɞɭ ɚɝɪɟɝɚɬɚɦɢ ɟɺ ɢɫɩɨɥɶɡɭɸɳɢɦɢ. 

ɇɚɣɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɥɭɱɚɟɦɵɣ ɷɮɮɟɤɬ (ɤɚɤɢɦ ɛɵ ɨɧ ɧɢ ɛɵɥ) ɛɵɥ 

ɛɵ ɦɚɤɫɢɦɚɥɶɧɵɦ.   

Ɋɚɫɫɦɨɬɪɢɦ ɷɬɭ ɡɚɞɚɱɭ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɫɯɟɦɟ ɷɠɟɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɨɯɥɚ-

ɠɞɟɧɢɹ ɇȼ (ɪɢɫɭɧɨɤ 1.16, ɝɥɚɜɚ 1). Ʉɚɤ ɜɢɞɧɨ, ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ ɪɚɛɨɬɚ ɈȽ ɩɨɫɥɟ 

ɰɢɥɢɧɞɪɚ ɢɞɟɬ ɧɚ ɩɨɜɵɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɇȼ. Ɉɞɧɚɤɨ ɩɨɜɵɲɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɪɨ-

ɢɫɯɨɞɢɬ ɜ ɞɜɭɯ ɭɫɬɪɨɣɫɬɜɚɯ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ: ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪ ɫɥɭɠɢɬ ɞɥɹ ɭɜɟɥɢ-

ɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɇȼ, ɚ ɷɠɟɤɬɨɪ ɡɚɞɟɣɫɬɜɨɜɚɧ ɜ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɇȼ. Ɍɚɤ 

ɤɚɤ ɨɛɚ ɭɫɬɪɨɣɫɬɜɚ ɢɫɩɨɥɶɡɭɸɬ ɷɧɟɪɝɢɸ ɈȽ, ɬɨ ɢɦɟɟɬ ɫɦɵɫɥ ɩɨɫɬɚɪɚɬɶɫɹ ɢɫɩɨɥɶ-
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ɡɨɜɚɬɶ ɷɬɭ ɪɚɛɨɬɭ (ɜ ɤɚɠɞɨɦ ɭɫɬɪɨɣɫɬɜɟ ɢ ɜ ɨɛɳɟɦ) ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɢ ɷɮɮɟɤɬɢɜɧɨ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶɸ ɞɥɹ ɬɚɤɨɣ ɫɯɟɦɵ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ 

ɨɯɥɚɠɞɟɧɢɹ ɢɥɢ ɩɥɨɬɧɨɫɬɢ ɇȼ, ɥɢɛɨ ɦɢɧɢɦɢɡɚɰɢɹ ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ ɧɚ ɮɭɧɤɰɢɨ-

ɧɢɪɨɜɚɧɢɟ ɫɯɟɦɵ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ (ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ 

ɇȼ, ɩɥɨɬɧɨɫɬɢ ɇȼ ɢɥɢ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ). 

ɉɨɥɚɝɚɹ, ɱɬɨ ɨɯɥɚɠɞɟɧɢɟ ɇȼ ɧɚ ɞɜɢɝɚɬɟɥɟ ɬɪɟɛɭɟɬɫɹ ɜɫɺ ɪɚɜɧɨ ɦɨɠɧɨ ɜɵɞɟ-

ɥɢɬɶ ɞɜɚ ɹɜɧɵɯ ɫɩɨɫɨɛɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɈȽ: 

 1) ɢɡɪɚɫɯɨɞɨɜɚɬɶ ɪɚɛɨɬɭ ɩɨɥɧɨɫɬɶɸ ɜ ɬɭɪɛɢɧɟ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɜɵɲɟɧɢɹ 

ɞɚɜɥɟɧɢɹ ɇȼ ɜ ɤɨɦɩɪɟɫɫɨɪɟ. ɉɪɢ ɷɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɡɚɬɪɚɱɢɜɚɬɶ 

ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɧɚ ɪɚɛɨɬɭ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɇȼ – ɧɚ ɩɪɢɜɨɞ ɜɟɧɬɢɥɹɬɨɪɚ 

ɢɥɢ ɜɨɞɹɧɨɝɨ ɧɚɫɨɫɚ.    

2) ɱɚɫɬɢɱɧɨ ɢɡɪɚɫɯɨɞɨɜɚɬɶ ɷɧɟɪɝɢɸ ɈȽ ɜ ɬɭɪɛɢɧɟ ɢ ɱɚɫɬɢɱɧɨ ɜ ɷɠɟɤɬɨɪɟ, ɤɨ-

ɬɨɪɵɣ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɰɢɪɤɭɥɹɰɢɸ Ɉȼ ɱɟɪɟɡ Ɉɇȼ – ɞɥɹ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɇȼ. 

Ɏɨɪɦɚɥɶɧɵɣ ɬɪɟɬɢɣ ɜɚɪɢɚɧɬ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɫɟɣ ɷɧɟɪɝɢɢ ɈȽ ɜ ɷɠɟɤɬɨɪɟ –  

ɩɨ ɨɱɟɜɢɞɧɵɦ ɩɪɢɱɢɧɚɦ ɧɟɩɪɢɝɨɞɟɧ.  

ɉɪɢ ɷɬɨɦ, ɜɚɠɧɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ, ɧɚɩɪɢɦɟɪ, ɩɨɥɭɱɟɧɢɟ ɧɚɢɛɨɥɶɲɟɝɨ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɷɠɟɤɰɢɢ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɨɡɧɚɱɚɟɬ ɩɨɥɭɱɟɧɢɟ ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɯɥɚ-

ɠɞɟɧɢɹ, ɩɥɨɬɧɨɫɬɢ ɇȼ ɢɥɢ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ. Ʉɚɤɢɦ ɛɵ ɛɨɥɶɲɢɦ ɧɢ ɛɵɥ ɪɚɫ-

ɯɨɞ Ɉȼ ɱɟɪɟɡ Ɉɇȼ, ɨɯɥɚɞɢɬɶ ɇȼ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ Ɉȼ ɧɚ ɜɯɨɞɟ 

ɨɱɟɜɢɞɧɨ ɧɟɜɨɡɦɨɠɧɨ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɷɠɟɤɬɨɪɚ  (ɤɚɤ ɢ ɬɭɪɛɢ-

ɧɵ) ɬɪɚɬɢɬɫɹ ɷɧɟɪɝɢɹ ɈȽ ɢ ɟɫɥɢ ɟɺ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɛɭɞɟɬ ɪɚɰɢɨɧɚɥɶɧɵɦ, ɬɨ ɩɨ-

ɥɨɠɢɬɟɥɶɧɨɝɨ ɷɮɮɟɤɬɚ ɦɨɠɟɬ ɧɟ ɛɵɬɶ. 

Ʉɨɧɟɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ ɈȽ ɨɩɪɟɞɟɥɢɦ ɡɚɞɚɜ ɞɚɜɥɟɧɢɟ ɪɬ ɢ ɬɟɦɩɟɪɚɬɭɪɭ 

Тɬ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɧɟɢɡɦɟɧɧɵɦɢ, ɚ ɬɚɤɠɟ, ɩɨɥɨɠɢɜ ɞɥɹ ɭɞɨɛɫɬɜɚ, ɱɬɨ ɜɵɯɥɨɩ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɭ, ɩɪɢɦɟɦ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɪɫ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ 

ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ ɪɚɜɧɵɦ ɚɬɦɨɫɮɟɪɧɨɦɭ. 

ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɪɚɫɩɨɥɚɝɚɟɦɚɹ ɪɚɛɨɬɚ ɈȽ ɧɚ ɜɵɯɨɞɟ ɢɡ ɰɢɥɢɧɞɪɚ ɇɩ ɛɭɞɟɬ 

ɬɚɤɠɟ ɜɟɥɢɱɢɧɨɣ ɩɨɫɬɨɹɧɧɨɣ: 
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ɝɞɟ Тɬ – ɬɟɦɩɟɪɚɬɭɪɚ ɈȽ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ. 

πɩ = ɪɬ/ɪɫ – ɨɛɳɚɹ ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɈȽ.  

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ, ɪɚɛɨɬɚ ɬɭɪɛɢɧɵ ɇɬ = ɇɩ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ πɬ = πɩ, ɫɬɟɩɟɧɶ 

ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɛɭɞɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ. Ɇɨɳɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɞɥɹ 

ɰɢɪɤɭɥɹɰɢɢ ɜɨɡɞɭɯɚ ɱɟɪɟɡ Ɉɇȼ: 

 ɨɜ
ɜ ɨɜ

ɨɜ

G
N ɪ


  ,  (2.25) 

ɝɞɟ ρɨɜ – ɩɥɨɬɧɨɫɬɶ Ɉȼ,  

Δɪɨɜ – ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ Ɉɇȼ ɫɨ ɫɬɨɪɨɧɵ Ɉȼ.  

ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ, ɷɧɟɪɝɢɹ ɈȽ ɛɭɞɟɬ ɪɚɫɩɪɟɞɟɥɹɬɶɫɹ ɦɟɠɞɭ ɞɜɭɦɹ ɭɫɬɪɨɣɫɬɜɚ-

ɦɢ ɢ ɜɨɩɪɨɫ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɯɨɠɞɟɧɢɢ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɟɺ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɠɞɭ 

ɧɢɦɢ. ɉɪɢ ɷɬɨɦ ɷɠɟɤɬɨɪ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɡɚ ɬɭɪɛɢɧɨɣ  

ɢɥɢ ɠɟ ɩɚɪɚɥɥɟɥɶɧɨ ɟɣ.  

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɥɹ ɞɜɢɝɚɬɟɥɹ ɫ ɧɚɞɞɭɜɨɦ ɢ Ɉɇȼ ɨɱɟɜɢɞɧɨ ɫɥɟɞɭɸɳɟɟ: ɫɤɨɥɶ 

ɛɵ ɜɟɥɢɤ ɧɢ ɛɵɥ ɪɚɫɯɨɞ Ɉȼ ɨɯɥɚɞɢɬɶ ɇȼ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɧɶɲɟɣ, ɱɟɦ ɬɟɦɩɟɪɚ-

ɬɭɪɚ Ɉȼ ɧɚ ɜɯɨɞɟ ɜ Ɉɇȼ ɧɟɜɨɡɦɨɠɧɨ, ɬ.ɟ. ɫɭɳɟɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ΔТ-

ɦакɫ (ɜ ɢɞɟɚɥɶɧɨɦ ɫɥɭɱɚɟ, ɪɚɜɧɨɟ ɪɚɡɧɢɰɟ ɬɟɦɩɟɪɚɬɭɪ ɇȼ ɧɚ ɜɯɨɞɟ ɢ Ɉȼ ɧɚ ɜɯɨɞɟ). 

Ⱥ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɤɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ Ɉȼ, ɩɨɫɥɟ ɤɨɬɨɪɨɝɨ ɞɚɥɶ-

ɧɟɣɲɟɟ ɟɝɨ ɭɜɟɥɢɱɟɧɢɟ ɧɟɪɚɰɢɨɧɚɥɶɧɨ – ɨɧɨ ɥɢɛɨ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɇȼ, ɥɢɛɨ ɡɚɬɪɚɱɢɜɚɟɬ ɧɚ ɞɚɥɶɧɟɣɲɟɟ ɨɯɥɚɠɞɟɧɢɟ ɧɟɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 

ɦɧɨɝɨ ɷɧɟɪɝɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ πɤ ɩɨɜɵɲɟɧɢɹ ɞɚɜ-

ɥɟɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɢ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ΔТ, ɧɚɯɨɞɢɦɨɟ ɢɡ 

ɭɫɥɨɜɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ (ɢɥɢ ɩɥɨɬɧɨɫɬɢ ɇȼ ɩɨɫɥɟ Ɉɇȼ). ɗɬɨ ɡɧɚɱɟɧɢɟ 

ΔТ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɬ ɫɨɜɟɪɲɟɧɫɬɜɚ Ɉɇȼ ɢ 

ɭɫɬɪɨɣɫɬɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɰɢɪɤɭɥɹɰɢɸ Ɉȼ. ɑɟɦ ɫɨɜɟɪɲɟɧɧɟɟ ɷɬɢ ɭɫɬɪɨɣɫɬɜɚ, 
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ɬɟɦ ɛɥɢɠɟ ΔТ ɤ ΔТɦакɫ ɩɪɢ ɨɞɧɢɯ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɟ ΔТ ɧɟ ɨɛɹ-

ɡɚɬɟɥɶɧɨ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ ɞɥɹ ɞɚɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɬɟɦɩɟɪɚɬɭɪ. 

2.3.1 ɋɯɟɦɚ ɫ ɷɠɟɤɬɨɪɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɩɨɫɥɟ ɬɭɪɛɢɧɵ 

  ȼ ɫɥɭɱɚɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɷɠɟɤɬɨɪɚ (ɪɢɫɭɧɨɤ 2.3) ɪɚɫɯɨɞ ɈȽ ɱɟ-

ɪɟɡ ɷɠɟɤɬɨɪ ɪɚɜɟɧ ɪɚɫɯɨɞɭ ɈȽ ɱɟɪɟɡ ɬɭɪɛɢɧɭ. ȼɨɩɪɨɫ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ  

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɬɟɩɟɧɟɣ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ – ɜ ɬɭɪɛɢɧɟ ɢ ɷɠɟɤɬɨɪɟ – ɚ ɬɚɤɠɟ 

ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɯ ɜɵɛɨɪɚ, ɟɫɥɢ ɬɚɤɨɜɨɣ ɜɨɡɦɨɠɟɧ, ɬ.ɟ. ɨ ɬɚɤɨɦ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɢ ɷɧɟɪɝɢɢ ɈȽ ɦɟɠɞɭ ɬɭɪɛɢɧɨɣ ɢ ɷɠɟɤɬɨɪɨɦ, ɤɨɟ ɛɵ ɞɚɜɚɥɨ ɧɚɢɛɨɥɶɲɢɣ 

ɩɨɥɟɡɧɵɣ ɷɮɮɟɤɬ, ɛɭɞɶ ɬɨ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ, ɩɥɨɬɧɨɫɬɶ ɇȼ ɢɥɢ ɦɨɳɧɨɫɬɶ ɞɜɢ-

ɝɚɬɟɥɹ.  

 

Ɋɢɫɭɧɨɤ 2.3 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɢ ɩɚɪɚɦɟɬɪɵ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ:  
1 – ɞɜɢɝɚɬɟɥɶ, 2 – Ɉɇȼ, 3 – ɜɨɡɞɭɲɧɵɣ ɮɢɥɶɬɪ, 4 – ɤɨɦɩɪɟɫɫɨɪ, 5 – ɬɭɪɛɢɧɚ, 6 – ɜɵɩɭɫɤɧɨɣ 

ɤɨɥɥɟɤɬɨɪ, 7 – ɬɪɭɛɨɩɪɨɜɨɞ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, 8 – ɷɠɟɤɬɨɪ; Gɜ – ɪɚɫɯɨɞ ɇȼ, Gɨɝ – ɪɚɫɯɨɞ 

ɈȽ, Gɫ – ɪɚɫɯɨɞ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ; «ɤ1» – ɫɨɫɬɨɹɧɢɟ ɇȼ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ, «ɤ» – ɫɨɫɬɨɹɧɢɟ 

ɇȼ ɩɨɫɥɟ Ɉɇȼ, «ɬ» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, «ɪ» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, «ɧ» 

– ɫɨɫɬɨɹɧɢɟ Ɉȼ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, «ɫ» –ɫɨɫɬɨɹɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɩɨɫɥɟ ɷɠɟɤɬɨɪɚ. 
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ɏɚɪɚɤɬɟɪɧɵɟ ɬɟɩɥɨɩɟɪɟɩɚɞɵ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɩɨɤɚɡɚɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 2.4 

 

Ɋɢɫɭɧɨɤ 2.4 – Ⱦɢɚɝɪɚɦɦɚ «ɷɧɬɚɥɶɩɢɹ h-ɷɧɬɪɨɩɢɹ s» ɫɨɫɬɨɹɧɢɹ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ 

ɜ ɫɢɫɬɟɦɟ «ɬɭɪɛɢɧɚ-ɷɠɟɤɬɨɪ-ɨɯɥɚɞɢɬɟɥɶ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ»:  

«ɬ» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, «1» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɤɨɥɟɫɨɦ ɬɭɪɛɢɧɵ, «ɪ» – ɫɨ-

ɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ,  «ɪ2» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɤɚɦɟɪɨɣ ɫɦɟɲɟɧɢɹ ɷɠɟɤɬɨɪɚ, «0» – 

ɫɨɫɬɨɹɧɢɟ Ɉȼ ɩɟɪɟɞ Ɉɇȼ, «ɧ» – ɫɨɫɬɨɹɧɢɟ Ɉȼ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, «ɧ2» – ɫɨɫɬɨɹɧɢɟ Ɉȼ ɩɟɪɟɞ ɤɚ-

ɦɟɪɨɣ ɫɦɟɲɟɧɢɹ ɷɠɟɤɬɨɪɚ,  «ɫ» – ɫɨɫɬɨɹɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ;  ɪɧ2, ɪɧ, 

ɪ0, ɪp, ɪ1, ɪɬ – ɢɡɨɛɚɪɵ; Hɬ – ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ ɬɭɪɛɢɧɟ, Hɷ – ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ 

ɷɠɟɤɬɨɪɟ, Hɪ – ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ ɫɨɩɥɟ ɷɠɟɤɬɨɪɟ, Hɨɜ – ɪɚɛɨɬɚ ɩɨɥɢɬɪɨɩɧɨɝɨ ɫɠɚɬɢɹ Ɉȼ 

ɜ ɷɠɟɤɬɨɪɟ, Hɧ – ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɟ Ɉȼ ɜ ɩɪɢɟɦɧɨɣ ɤɚɦɟɪɟ ɷɠɟɤɬɨɪɚ, ΔhɈȼ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨ-

ɬɵ, ɩɨɞɜɟɞɟɧɧɨɟ ɤ Ɉȼ ɜ Ɉɇȼ, Hɪɂ, Hɬɂ – ɪɚɛɨɬɵ ɢɡɨɷɧɬɪɨɩɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɈȽ  ɜ ɫɨɩɥɟ ɷɠɟɤ-

ɬɨɪɚ ɢ ɬɭɪɛɢɧɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɪɚɜɟɧ ɪɚɫɯɨɞɭ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ, ɬ.ɟ. Gɷ = Gɝ = Gɨɝ. 

Ɉɛɨɡɧɚɱɢɜ ɞɚɜɥɟɧɢɟ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ ɱɟɪɟɡ ɪɪ, ɦɨɠɧɨ ɧɚɣɬɢ ɪɚɛɨɬɭ ɬɭɪɛɢɧɵ 

[47] 
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  (2.26) 

ɝɞɟ πɬ = ɪɬ/ɪɪ – ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ. 

Ɋɚɛɨɬɚ ɷɠɟɤɬɨɪɚ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ 
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ɝɞɟ πɷ = ɪɪ/ɪɫ – ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɷɠɟɤɬɨɪɟ, 

ɂɡ ɭɫɥɨɜɢɹ ɇɷ = ɇɩ – ɇɬ ɫɥɟɞɭɟɬ, ɱɬɨ  

 ɩ
ɷ

ɬ




 ,  (2.28) 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɡɚɞɚɧɧɵɯ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɡɚɞɚ-

ɧɢɟ ɨɞɧɨɣ ɢɡ ɫɬɟɩɟɧɟɣ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ (πɬ ɢɥɢ πɷ) ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɟɬ ɜɟ-

ɥɢɱɢɧɵ ɪɚɛɨɬ ɬɭɪɛɢɧɵ ɢ ɷɠɟɤɬɨɪɚ.  

ɍɱɢɬɵɜɚɹ ɫɨɨɬɧɨɲɟɧɢɟ (2.68) ɦɨɠɧɨ ɧɚɩɢɫɚɬɶ, 

 
ɬ ɬ

ɬ ɬ

1 1

ɬ
ɷ ɬ ɬ ɩ ɬ

ɬ 1
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k kk
H R T
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 

  
     

  (2.29) 

ɍɱɢɬɵɜɚɹ, ɱɬɨ  

 ɨɝ ɜ ɬ ɜ
0

1
1

ɩɪ

G G G G
L 

 
     

 
,  (2.30) 

ɝɞɟ Gɬ – ɫɟɤɭɧɞɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, 

α – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ,  

ϕɩɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɞɭɜɤɢ, 

L0 – ɦɚɫɫɚ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɫɝɨɪɚɧɢɹ 1 ɤɝ ɬɨɩɥɢɜɚ. 
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Ⱥɞɢɚɛɚɬɧɚɹ ɪɚɛɨɬɚ ɤɨɦɩɪɟɫɫɨɪɚ ɟɫɬɶ 

 ɤ ɤ ɬ ɬ
0

1
1

ɩɪ

ɇ ɇ
L

 
 

 
   

 
,  (2.31) 

ɝɞɟ Șɤ, Șɬ – ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɬɭɪɛɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɍɚɤ ɤɚɤ ɪɚɫɱɟɬ ɜɟɞɟɬɫɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɧɨɦɢɧɚɥɶɧɨɦɭ ɪɟɠɢɦɭ, ɬɨ ɜɟɥɢɱɢɧɵ 

ɄɉȾ ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɩɨɫɬɨɹɧɧɵɦɢ. 

ɋɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ  
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 , (2.32) 

ɝɞɟ kɜ, Rɜ – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɢ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɨɡɞɭɯɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

Т0 – ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

ɂɥɢ, ɩɪɨɜɟɞɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɥɭɱɢɦ ɢɡɜɟɫɬɧɭɸ ɮɨɪɦɭɥɭ 

[48]: 
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, (2.33) 

ɝɞɟ ɬ ɬ

ɬ

1

1

k Rk

k k R
 



 – ɩɚɪɚɦɟɬɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɪɚɡɥɢɱɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɈȽ ɢ ɇȼ, 

         ɬ
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 
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  – ɩɚɪɚɦɟɬɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɧɚɝɪɭɡɤɭ ɧɚ ɞɜɢɝɚɬɟɥɶ. 

Ɍɟɦɩɟɪɚɬɭɪɚ Тɤ1 ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɟɫɬɶ  

 

ɜ

ɜ

1

ɤ
ɤ1 0

ɤ

1
1

k

k

T T



 
   

 
 

  (2.34) 

ɉɥɨɬɧɨɫɬɶ ɇȼ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ 
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 ɜ

1

ɤ
ɤ1 0 ɤ

ɜ ɤ1

kp

R T
    ,  (2.35) 

ɝɞɟ ρ0 – ɩɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɨɦɩɪɟɫɫɨɪɨɦ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɭɪɚɜɧɟɧɢɟ (2.23) ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɷɠɟɤɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɨɜ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, ɬ.ɟ.: 

  p p ɧ ɧ, , ,u f p T p T , (2.36) 

ȼ ɨɩɪɟɞɟɥɟɧɢɢ ɪɧ ɭɱɚɫɬɜɭɟɬ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ Ɉȼ ɱɟɪɟɡ ɦɚɬɪɢɰɭ 

Ɉɇȼ [49]:
 
 

 
2

ɨɜ ɧ
ɧ 0 ɧ

2

w
p p

  ,  (2.37) 

ɝɞɟ ξɧ – ɤɨɷɮɮɢɰɢɟɧɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ɉɇȼ, 

       p0 – ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ, 

 ρɧ  – ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ Ɉȼ, 

       wɧ – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ Ɉȼ. 

ɉɪɢ ɧɟɢɡɦɟɧɧɨɣ ɩɥɨɳɚɞɢ ɤɚɧɚɥɚ ɫɤɨɪɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɯɨɞɚ ɢ ɩɥɨɬɧɨɫɬɢ, 

ɚ ɪɚɫɯɨɞ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ, ɬ.ɟ.  

  ɨɜ ɨɝ
ɤ1, ,

ɨв w ɨв w

G uG
w f u T

F F


 
   ,  (2.38) 

ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɧ = f(α, u, Tk1). Ɉɛɴɟɞɢɧɹɹ ɡɚɜɢɫɢɦɨɫɬɢ (2.36) ɢ (2.38), 

ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɭɸ ɨɛɳɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ 

  p p k1, , ,u f p T T .  (2.39) 

Ʉɚɤ ɜɢɞɧɨ, ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɮɭɧɤɰɢɹ ɬɨɥɶɤɨ 

ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɨɤɚ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɇȼ ɩɟɪɟɞ Ɉɇȼ, ɤɨɬɨɪɵɟ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɱɟɪɟɡ πɬ, ɚ ɭɱɢɬɵɜɚɹ ɭɪɚɜɧɟɧɢɟ (2.34) ɩɨɥɭɱɚɟɦ, ɱɬɨ 

  ɬ,u f   .  (2.40) 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɜ ɫɯɟɦɟ ɫ ɭɫɬɚɧɨɜɤɨɣ ɷɠɟɤɬɨɪɚ ɩɨɫɥɟ ɬɭɪɛɢɧɵ ɟɫɬɶ 

ɮɭɧɤɰɢɹ ɬɨɥɶɤɨ ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ (ɢɥɢ, ɭɱɢɬɵɜɚɹ (2.28), ɜ 

ɷɠɟɤɬɨɪɟ).  

ɉɥɨɬɧɨɫɬɶ ɇȼ ɩɨɫɥɟ Ɉɇȼ ɟɫɬɶ 
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 
 


, (2.41) 

ɝɞɟ ɤ1 0 ɤp p   – ɞɚɜɥɟɧɢɟ ɇȼ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ, 

Δɪɧɜ – ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ Ɉɇȼ, 

ɪɤ – ɞɚɜɥɟɧɢɟ ɇȼ ɩɨɫɥɟ Ɉɇȼ, 

Tk – ɬɟɦɩɟɪɚɬɭɪɚ ɇȼ ɩɨɫɥɟ Ɉɇȼ. 

Ɍɟɩɥɨɜɨɣ ɛɚɥɚɧɫ ɞɥɹ Ɉɇȼ ɨɩɢɫɵɜɚɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ [49]: 

  ɧɜ ɨɜ
ɜ p ɨɜ p 0 ɧG c T G c Т Т     (2.42)            

ɝɞɟ Gɜ – ɪɚɫɯɨɞ ɇȼ, 
ɧɜ
pc

, 
ɨɜ
pc

 – ɭɞɟɥɶɧɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɇȼ ɢ Ɉȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

  Ⱦɨɩɭɫɤɚɹ, ɱɬɨ Gɜ ≈ Gɨɝ ɢ ɧɜ ɨɜ
p pc c   ɢ ɩɪɨɜɟɞɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɚɦɟɧɵ ɩɨɥɭ-

ɱɢɦ 

  0 ɧT u Т Т   .  (2.43) 

Ɍɟɦɩɟɪɚɬɭɪɚ Тɧ – ɜɟɥɢɱɢɧɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ ɪɚɫɯɨɞɨɜ Gɜ ɢ Gɨɜ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ Тɤ1, ɬɨ ɟɫɬɶ ΔТ = f(α, u, Tk1).  ɍɱɢɬɵɜɚɹ (2.34) ɢ (2.40) ɦɨɠɧɨ ɩɪɢɣɬɢ 

ɜɵɜɨɞɭ, ɱɬɨ ΔТ = f(α, πɬ) ɬɚɤɠɟ ɤɚɤ ɢ u = f(α, πɬ) – ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚ-

ɟɦɨɣ ɫɯɟɦɟ, ɧɚ ɡɚɞɚɧɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ, ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɬɟɩɟɧɢ 

ɨɯɥɚɠɞɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ ɞɨɫɬɚɬɨɱɧɨ ɡɚɞɚɬɶ ɥɢɲɶ ɫɬɟɩɟɧɶ πɬ ɩɨɧɢɠɟ-

ɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ (ɢɥɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.28), πɷ, ɟɫɥɢ ɢɡɧɚɱɚɥɶɧɨ ɡɚɞɚɺɬɫɹ 

ɬɪɟɛɭɟɦɨɟ ɡɧɚɱɟɧɢɟ u ɢɥɢ ΔТ). Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ΔТ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ [49, 50].  
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ɉɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɇȼ ɩɟɪɟɞ 

ɤɥɚɩɚɧɚɦɢ (ɢ ɞɪɭɝɢɟ ɬɪɟɛɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ – u, ΔТ, πɷ, πk, ɢ ɩɪɨɱ.), ɩɪɨɜɟɫɬɢ ɪɚɫ-

ɱɟɬ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɢ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ.  

2.3.2 ɋɯɟɦɚ ɫ ɷɠɟɤɬɨɪɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɩɚɪɚɥɥɟɥɶɧɨ ɬɭɪɛɢɧɟ 

Ɏɨɪɦɭɥɚ (2.32) ɜɵɜɟɞɟɧɚ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɦɨɳɧɨɫɬɟɣ ɤɨɦɩɪɟɫɫɨɪɚ ɢ ɬɭɪ-

ɛɢɧɵ ɩɪɢ ɭɫɥɨɜɢɢ (2.30), ɬ.ɟ. ɪɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɟɫɬɶ Gɝ = Gɨɝ = Gɜ + Gɬ. 
ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɩɚɪɚɥɥɟɥɶɧɨ ɬɭɪɛɢɧɟ ɭɫɬɚɧɨɜɥɟɧ ɷɠɟɤɬɨɪ, ɪɚɫɯɨɞ Gɨɝ ɈȽ ɞɟ-

ɥɢɬɫɹ ɦɟɠɞɭ ɷɬɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɚ ɞɚɜɥɟɧɢɟ ɩɟɪɟɞ ɧɢɦɢ, ɧɚɨɛɨɪɨɬ, ɹɜɥɹɟɬɫɹ ɨɞ-

ɧɢɦ ɢ ɬɟɦ ɠɟ, ɬ.ɟ. ɪɪ = ɪɬ (ɪɢɫɭɧɨɤ 2.5). 

 

Ɋɢɫɭɧɨɤ 2.5 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɢ ɩɚɪɚɦɟɬɪɵ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ:  
1 – ɞɜɢɝɚɬɟɥɶ, 2 – Ɉɇȼ, 3 – ɜɨɡɞɭɲɧɵɣ ɮɢɥɶɬɪ, 4 – ɤɨɦɩɪɟɫɫɨɪ, 5 – ɬɭɪɛɢɧɚ, 6 – ɜɵɩɭɫɤɧɨɣ 

ɤɨɥɥɟɤɬɨɪ, 7 – ɬɪɭɛɨɩɪɨɜɨɞ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, 8 – ɷɠɟɤɬɨɪ; Gɜ – ɪɚɫɯɨɞ ɇȼ, Gɨɝ – ɫɭɦɦɚɪ-

ɧɵɣ ɪɚɫɯɨɞ ɈȽ, Gɷ – ɪɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ, Gɫ – ɪɚɫɯɨɞ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ; «ɤ1» – ɫɨɫɬɨɹ-

ɧɢɟ ɇȼ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ, «ɤ» – ɫɨɫɬɨɹɧɢɟ ɇȼ ɩɨɫɥɟ Ɉɇȼ, «ɬ» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ 

ɢ ɷɠɟɤɬɨɪɨɦ, «ɪ» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, «ɧ» – ɫɨɫɬɨɹɧɢɟ Ɉȼ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, «ɫ» – 

ɫɨɫɬɨɹɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɩɨɫɥɟ ɷɠɟɤɬɨɪɚ ɢ ɬɭɪɛɢɧɵ. 
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ɏɚɪɚɤɬɟɪɧɵɟ ɬɟɩɥɨɩɟɪɟɩɚɞɵ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ ɩɨɤɚɡɚɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 2.6 

 

Ɋɢɫɭɧɨɤ 2.6 – Ⱦɢɚɝɪɚɦɦɚ «ɷɧɬɚɥɶɩɢɹ h-ɷɧɬɪɨɩɢɹ s» ɫɨɫɬɨɹɧɢɹ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ 

ɜ ɫɢɫɬɟɦɟ «ɬɭɪɛɢɧɚ-ɷɠɟɤɬɨɪ-ɨɯɥɚɞɢɬɟɥɶ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ»:  

«ɬ» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, «1» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɤɨɥɟɫɨɦ ɬɭɪɛɢɧɵ, «ɪ» – ɫɨ-

ɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ,  «ɪ2» – ɫɨɫɬɨɹɧɢɟ ɈȽ ɩɟɪɟɞ ɤɚɦɟɪɨɣ ɫɦɟɲɟɧɢɹ ɷɠɟɤɬɨɪɚ, «0» – 

ɫɨɫɬɨɹɧɢɟ Ɉȼ ɩɟɪɟɞ Ɉɇȼ, «ɧ» – ɫɨɫɬɨɹɧɢɟ Ɉȼ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, «ɧ2» – ɫɨɫɬɨɹɧɢɟ Ɉȼ ɩɟɪɟɞ ɤɚ-

ɦɟɪɨɣ ɫɦɟɲɟɧɢɹ ɷɠɟɤɬɨɪɚ,  «ɫ» – ɫɨɫɬɨɹɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ;  ɪɧ2, ɪɧ, 

ɪ0, ɪp, ɪ1, ɪɬ – ɢɡɨɛɚɪɵ; Hɬ – ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ ɬɭɪɛɢɧɟ, Hɷ – ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ 

ɷɠɟɤɬɨɪɟ, Hɪ – ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɹ ɈȽ ɜ ɫɨɩɥɟ ɷɠɟɤɬɨɪɟ, Hɨɜ – ɪɚɛɨɬɚ ɩɨɥɢɬɪɨɩɧɨɝɨ ɫɠɚɬɢɹ Ɉȼ 

ɜ ɷɠɟɤɬɨɪɟ, Hɧ – ɪɚɛɨɬɚ ɪɚɫɲɢɪɟɧɢɟ Ɉȼ ɜ ɩɪɢɟɦɧɨɣ ɤɚɦɟɪɟ ɷɠɟɤɬɨɪɚ, ΔhɈȼ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨ-

ɬɵ, ɩɨɞɜɟɞɟɧɧɨɟ ɤ Ɉȼ ɜ Ɉɇȼ, Hɪɂ, Hɬɂ – ɪɚɛɨɬɵ ɢɡɨɷɧɬɪɨɩɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɈȽ  ɜ ɫɨɩɥɟ ɷɠɟɤ-

ɬɨɪɚ ɢ ɬɭɪɛɢɧɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ʉɚɤ ɢ ɞɥɹ ɩɟɪɜɨɣ ɫɯɟɦɵ ɨɩɪɟɞɟɥɢɦ ɩɚɪɚɦɟɬɪɵ ɇȼ ɩɟɪɟɞ ɤɥɚɩɚɧɚɦɢ ɢ ɩɪɨɦɟ-

ɠɭɬɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɨɜ ɜ ɧɭɠɧɵɯ ɫɟɱɟɧɢɹɯ. 

Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ Gɷ ɪɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ, ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ 

 ɝ ɨɝ ɷ ɜ ɷ
0

1
1

ɩɪ

G G G G G
L 

 
      

 
,  (2.44) 

ɝɞɟ Gɝ – ɪɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɬɭɪɛɢɧɭ. 

Ʉɚɤ ɢ ɜ ɩɟɪɜɨɣ ɫɯɟɦɟ, ɩɨɥɨɠɢɦ, ɱɬɨ ɪɬ = const ɢ ɪɫ = const. ɉɪɢ ɷɬɨɦ ɫɬɟɩɟɧɶ 

ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ (πɩ = ɪɬ/ɪɫ) ɛɭɞɟɬ ɨɞɧɚ ɞɥɹ ɨɛɨɢɯ ɭɫɬɪɨɣɫɬɜ, ɚ ɡɧɚɱɢɬ ɢ 

ɭɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɈȽ ɛɭɞɟɬ ɨɞɢɧɚɤɨɜɚ ɤɚɤ ɜ ɬɭɪɛɢɧɟ, ɬɚɤ ɢ ɜ ɷɠɟɤɬɨɪɟ ɢ ɦɨɠɟɬ 

ɛɵɬɶ ɩɨɫɱɢɬɚɧɚ ɩɨ (2.24).  

Ɉɞɧɚɤɨ, ɜ ɫɢɥɭ (2.44) ɪɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɭɦɟɧɶɲɢɬɫɹ, ɚ ɢɡ ɭɫɥɨɜɢɹ ɛɚ-

ɥɚɧɫɚ ɦɨɳɧɨɫɬɟɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɦɟɧɶɲɢɬɫɹ ɢ ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ, ɚ ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ, ɦɨɳɧɨɫɬɶ ɤɨɦɩɪɟɫɫɨɪɚ  ɢ ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ πɤ ɭɪɚɜɧɟɧɢɹ (2.13–2.19) ɩɟɪɟɩɢɲɟɦ ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɹɸɳɟɝɨɫɹ 

ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɬɭɪɛɢɧɭ (2.44). ɍɪɚɜɧɟɧɢɟ  (2.33) ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɦɟɬ ɫɥɟɞɭ-

ɸɳɢɣ ɜɢɞ: 
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  (2.45) 

ȿɫɥɢ ɠɟ ɩɪɢ ɞɚɧɧɨɣ ɫɯɟɦɟ ɬɪɟɛɭɟɬɫɹ ɩɨɞɞɟɪɠɚɧɢɟ ɬɪɟɛɭɟɦɨɣ ɫɬɟɩɟɧɢ πɤ, ɬɨ 

ɦɨɳɧɨɫɬɶ, ɫɧɢɠɟɧɧɭɸ ɢɡ-ɡɚ ɭɦɟɧɶɲɟɧɧɨɝɨ ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɬɭɪɛɢɧɭ, ɧɟɨɛɯɨɞɢ-

ɦɨ ɛɭɞɟɬ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ. ȼɵɪɚɠɟɧɢɟ 

(2.45) ɞɥɹ ɫɬɟɩɟɧɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɦɨɠɧɨ ɩɟɪɟɩɢɫɚɬɶ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨ-

ɬɪɟɛɧɨɣ ɫɬɟɩɟɧɢ πɬ ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɬɟɩɟɧɢ πɤ. ɋ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɪɚɫɯɨɞɚ ɈȽ ɱɟ-

ɪɟɡ ɬɭɪɛɢɧɭ  ɨɧɨ ɩɪɢɨɛɪɟɬɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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  (2.46) 

ɗɬɨ ɩɨɡɜɨɥɢɬ ɨɩɪɟɞɟɥɢɬɶ ɬɪɟɛɭɟɦɨɟ ɞɚɜɥɟɧɢɟ ɪɬ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ (ɢ ɷɠɟɤ-

ɬɨɪɨɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɭɠɧɨɣ ɫɬɟɩɟɧɢ πɤ: 

 ɬ ɫ ɬɪ ɪ    (2.47) 

Ɋɚɫɯɨɞ Ɉȼ ɱɟɪɟɡ Ɉɇȼ ɨɩɪɟɞɟɥɢɬɫɹ ɤɚɤ  

 ɨɜ ɷG uG   (2.48) 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ Ɉɇȼ ɬɪɟɛɭɟɦɨɝɨ ɪɚɫɯɨɞɚ Ɉȼ ɢ ɫɨɜ-

ɦɟɫɬɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ (2.23) ɢ  (2.33–2.35) ɧɚɯɨɞɢɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤ-

ɰɢɢ (ɤɨɬɨɪɵɣ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɯɨɞɨɜ ɝɚɡɨɜ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɢ ɬɭɪɛɢɧɭ) ɢ ɪɚɫɯɨɞ ɈȽ 

ɱɟɪɟɡ ɫɨɩɥɨ ɷɠɟɤɬɨɪɚ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɵ ɈȽ ɩɟɪɟɞ ɬɭɪ-

ɛɢɧɨɣ (ɷɠɟɤɬɨɪɨɦ) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [51]: 
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, (2.49) 

 Ⱦɚɥɶɧɟɣɲɟɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɇȼ ɜɟɞɟɬɫɹ ɩɨ ɬɟɦ ɠɟ ɭɪɚɜɧɟɧɢɹɦ, ɤɚɤ ɢ 

ɞɥɹ ɩɟɪɜɨɣ ɫɯɟɦɵ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɩɥɨɬɧɨɫɬɶ ɇȼ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɨɩɪɟɞɟɥɹɬɫɹ 

ɩɨ ɮɨɪɦɭɥɚɦ (2.21–2.22). ɉɥɨɬɧɨɫɬɶ ɇȼ ɩɨɫɥɟ Ɉɇȼ ɩɨ (2.41).  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɰɟɥɢ – ɨɩɪɟɞɟɥɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɚɜɥɟɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪ-

ɛɢɧɨɣ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ πɤ ɩɪɢ ɬɪɟɛɭɟɦɨɦ ɪɚɫɯɨɞɟ Ɉȼ, ɢɥɢ, ɧɚɨɛɨɪɨɬ, 

ɨɩɪɟɞɟɥɟɧɢɟ (ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ) ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɫɬɟɩɟɧɢ 

ɨɯɥɚɠɞɟɧɢɹ (ɩɥɨɬɧɨɫɬɢ) ɇȼ ɩɪɢ ɡɚɞɚɧɧɨɦ ɞɚɜɥɟɧɢɢ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ – ɜɵɛɢ-

ɪɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟ – (2.45) ɢɥɢ (2.46). Ɍɚɤ ɢɥɢ ɢɧɚɱɟ ɢɫɩɨɥɶɡɭɹ ɭɤɚɡɚɧɧɵɟ ɮɨɪɦɭɥɵ 

ɦɨɠɧɨ ɞɚɥɶɲɟ ɨɞɧɨɡɧɚɱɧɨ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɢ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚ-

ɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ. 
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2.4 Ɋɚɡɪɚɛɨɬɤɚ ɭɫɥɨɜɢɹ ɞɨɫɬɢɠɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪ-

ɝɢɢ ɦɟɠɞɭ ɬɭɪɛɢɧɨɣ ɢ ɷɠɟɤɬɨɪɨɦ 

ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɫɯɟɦɵ, ɩɨɞɯɨɞɢɬɶ ɤ ɧɚɯɨɠɞɟɧɢɸ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ πɬ 

(ɢɥɢ Gɷ)  ɦɨɠɧɨ ɢɫɯɨɞɹ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɭɫɥɨɜɢɣ:  

1) ɩɨɥɭɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɇȼ, ɬ.ɟ. ɢɡ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟ-

ɧɢɣ:  
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   (2.50) 

2)  ɩɨɥɭɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɇȼ  
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 (2.51) 

3)  ɩɨɥɭɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ  
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.  (2.52) 

4)  ɩɨɥɭɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɄɉȾ ɞɜɢɝɚɬɟɥɹ  

 e 0
x
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.  (2.53) 

ȼ ɷɬɢɯ ɭɪɚɜɧɟɧɢɹɯ y – ɩɟɪɟɦɟɧɧɚɹ, ɩɨ ɤɨɬɨɪɨɣ ɜɟɞɟɬɫɹ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ 

ɩɪɢ ɭɫɥɨɜɢɢ ɩɨɫɬɨɹɧɫɬɜɚ ɜɟɥɢɱɢɧ, ɤɨɬɨɪɵɟ ɨɛɨɡɧɚɱɚɸɬɫɹ ɢɧɞɟɤɫɨɦ. Ⱦɥɹ ɩɟɪɜɨɣ 

ɫɯɟɦɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.28) ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɜɟɞɟɬɫɹ ɩɨ πɬ ɢɥɢ  πɷ, ɜɨ ɜɬɨɪɨɣ 

– ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.44) – ɩɨ  Gɷ ɢɥɢ Gɝ. 

ȼ ɫɢɥɭ ɫɥɨɠɧɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɪɟɲɢɬɶ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ 

ɚɧɚɥɢɬɢɱɟɫɤɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, ɪɟɲɟɧɢɟ ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɱɢɫɥɟɧɧɨɦ 

ɜɢɞɟ. Ɉɞɧɚɤɨ, ɧɟɤɨɬɨɪɵɟ ɨɱɟɜɢɞɧɵɟ ɚɫɩɟɤɬɵ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɭɫɥɨɜɢɣ 

ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɫɪɚɡɭ. 
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1. Ɍɚɤ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭ-

ɯɚ ΔТmax ɞɥɹ ɫɯɟɦɵ ɫ ɷɠɟɤɬɨɪɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɡɚ ɬɭɪɛɢɧɨɣ, ɢɫɯɨɞɹ ɢɡ ɜɵɪɚɠɟ-

ɧɢɹ (2.50), ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɜɢɞɧɵɦ ɩɪɢ ɚɧɚɥɢɡɟ ɞɜɭɯ ɤɪɚɣɧɢɯ ɫɥɭɱɚɟɜ ɪɚɫɩɪɟɞɟɥɟ-

ɧɢɢ ɷɧɟɪɝɢɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ:  

– ɷɧɟɪɝɢɹ ɈȽ (ɬɟɩɥɨɩɟɪɟɩɚɞ ɇɩ) ɩɨɥɧɨɫɬɶɸ ɫɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɬɭɪɛɢɧɟ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ ɷɠɟɤɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɧɟ ɮɭɧɤɰɢɨɧɢɪɭɟɬ, ɬ.ɟ. u = 0, ɰɢɪɤɭɥɹɰɢɹ ɨɯɥɚ-

ɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ Ɉɇȼ ɨɬɫɭɬɫɬɜɭɟɬ ɢ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɇȼ ΔТ ɛɥɢɡ-

ɤɨ ɤ ɧɭɥɸ;  

– ɷɧɟɪɝɢɹ ɈȽ (ɬɟɩɥɨɩɟɪɟɩɚɞ ɇɩ) ɩɨɥɧɨɫɬɶɸ ɫɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɷɠɟɤɰɢɨɧɧɨɦ 

ɭɫɬɪɨɣɫɬɜɟ, ɪɚɛɨɬɚ ɬɭɪɛɢɧɵ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɦɩɪɟɫɫɨɪɚ ɪɚɜɧɚ ɧɭɥɸ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ Ɉȼ ɢ ɇȼ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɟɬ ɢ, ɧɟɫɦɨɬɪɹ ɧɚ 

ɧɚɥɢɱɢɟ ɰɢɪɤɭɥɹɰɢɢ Ɉȼ ɱɟɪɟɡ Ɉɇȼ, ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɇȼ ΔТ ɬɚɤɠɟ ɛɥɢɡɤɨ 

ɤ ɧɭɥɸ.  

Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɚɫɫɭɠɞɟɧɢɹ ɞɥɹ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢɦɟɧɢɦɵ ɢ ɞɥɹ ɜɬɨɪɨɣ 

ɫɯɟɦɵ. ɂ ɯɨɬɹ ɮɢɡɢɱɟɫɤɢ, ɪɟɠɢɦ, ɤɨɝɞɚ ɜɟɫɶ ɩɨɬɨɤ ɈȽ ɢɞɟɬ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɪɟɚɥɢ-

ɡɨɜɚɧ ɛɵɬɶ ɧɟ ɦɨɠɟɬ, ɪɟɚɥɢɡɭɟɦ ɪɟɠɢɦ, ɩɪɢɛɥɢɠɟɧɧɵɣ ɤ ɧɟɦɭ, ɤɨɝɞɚ ɛɨɥɶɲɚɹ 

ɱɚɫɬɶ ɈȽ ɞɜɢɠɟɬɫɹ ɱɟɪɟɡ ɷɠɟɤɬɨɪ. 

2. Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɜɬɨɪɨɝɨ ɭɫɥɨɜɢɹ (2.51) ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɟɪɜɨɣ ɫɯɟɦɟ 

ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɭɪɚɜɧɟɧɢɟ (2.41), ɭɱɢɬɵɜɚɹ (2.33) ɢ ɩɪɢɪɚɜɧɹɟɦ ɧɭɥɸ:  
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  (2.54) 

 Ʉɪɢɬɢɱɟɫɤɭɸ ɬɨɱɤɭ Tk1 = ΔТ ɢɫɤɥɸɱɚɟɦ ɢɡ ɪɚɫɫɦɨɬɪɟɧɢɹ, ɬ.ɤ. ɮɭɧɤɰɢɹ (2.19) 

ɜ ɧɟɣ ɧɟ ɫɭɳɟɫɬɜɭɟɬ, ɤ ɬɨɦɭ ɠɟ ɨɧɚ ɧɟɜɨɡɦɨɠɧɚ ɮɢɡɢɱɟɫɤɢ.  

Ɋɚɫɫɦɨɬɪɟɬɶ ɫɬɨɢɬ ɬɨɥɶɤɨ ɱɢɫɥɢɬɟɥɶ ɞɪɨɛɢ, ɫɬɨɹɳɟɣ ɫɩɪɚɜɚ ɜ ɜɵɪɚɠɟɧɢɢ 

(2.54). ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ: 

 k k1

k ɬ k ɬ

1 1dp dT

p d T d 
 .  (2.55) 

ɂɥɢ  
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 k k

k k

1
T dp

p dT
 .  (2.56) 

 

ɍɱɢɬɵɜɚɹ, ɱɬɨ Тɤ = Тɤ1 – ΔТ, 

 
 

k k1

k ɬ k1 ɬ ɬ

1 1dp dT d T

p d T T d d  
 

    
. (2.57) 

Ʉɚɤ ɜɢɞɧɨ, ɷɤɫɬɪɟɦɭɦ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶ-

ɧɵɯ ɛɵɫɬɪɨɬ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɪɤ ɢ ɬɟɦɩɟɪɚɬɭɪɵ Тɤ. Ɉ ɜɨɡɦɨɠɧɨɦ ɫɭɳɟɫɬɜɨɜɚ-

ɧɢɢ ɬɚɤɨɝɨ ɦɨɠɧɨ ɫɭɞɢɬɶ ɩɨ ɢɡɜɟɫɬɧɵɦ  ɱɚɫɬɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ. Ɍɚɤ ɫ ɭɜɟɥɢɱɟɧɢ-

ɟɦ πɬ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɞɚɜɥɟɧɢɟ ɪɤ1 ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɤ. Ɉɞɧɚɤɨ ɛɵɫɬɪɨɬɚ 

ɜɨɡɪɚɫɬɚɧɢɹ ɮɭɧɤɰɢɢ ɪɤ = f(πɬ) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢɟɦ (2.33), ɤɚɤ ɦɢɧɢɦɭɦ 

ɧɟ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ. ɉɪɢ ɷɬɨɦ ɨɞɧɨɜɪɟɦɟɧɧɨ ɛɭɞɟɬ ɫɧɢɠɚɬɶɫɹ ɤɨɷɮɮɢɰɢɟɧɬ 

ɷɠɟɤɰɢɢ.  

ȼ ɫɥɭɱɚɟ ɫɨ ɜɬɨɪɨɣ ɫɯɟɦɨɣ ɩɨɫɬɭɩɢɦ ɚɧɚɥɨɝɢɱɧɨ, ɬ.ɟ ɩɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ 

ɭɪɚɜɧɟɧɢɟ (2.41), ɧɨ ɫɨɜɦɟɫɬɧɨ ɫ (2.45): 
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  (2.58) 

ɉɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɹ, ɚɧɚɥɨɝɢɱɧɵɟ (2.55) ɢ (2.57): 
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  (2.59) 

3. Ⱥɧɚɥɢɡ ɭɪɚɜɧɟɧɢɹ (2.52) ɜɟɫɶɦɚ ɫɥɨɠɟɧ – ɧɭɠɧɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ 

ɩɥɨɬɧɨɫɬɢ ɇȼ – ɰɟɥɶɸ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ, ɩɨɫɬɭ-

ɩɚɸɳɟɝɨ ɜ ɰɢɥɢɧɞɪ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɦɨɳɧɨɫɬɢ – ɱɟɪɟɡ ɩɨɜɵɲɟɧɢɟ 

πɤ ɢ/ɢɥɢ ΔТ (ɩɨɫɪɟɞɫɬɜɨɦ ɭɜɟɥɢɱɟɧɢɹ u) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ πɩ, ɬ.ɟ. 

ɭɜɟɥɢɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɪɬ ɧɚ ɜɵɯɨɞɟ ɢɡ ɰɢɥɢɧɞɪɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɪɚ-

ɛɨɬɵ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɨɜ ɜ ɰɢɥɢɧɞɪɟ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɭɦɟɧɶɲɟɧɢɸ 

ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ. ɗɬɨɬ ɮɚɤɬɨɪ ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɩɪɢ ɜɵɛɨɪɟ ɡɧɚɱɟ-

ɧɢɹ ɞɚɜɥɟɧɢɹ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ. 
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Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɭɜɟɥɢɱɟɧɧɵɦ 

ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ ɧɚ ɜɵɯɨɞɟ ɢɡ ɰɢɥɢɧɞɪɚ ɡɚɜɢɫɹɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ 

ɪɟɠɢɦ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ, ɬɢɩ ɭɫɬɪɨɣɫɬɜɚ, ɫɨɡɞɚɸɳɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɩɪɨɱ. 

ɍɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɩɨɬɟɪɢ ΔNɟ ɦɨɳɧɨɫɬɢ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ 

[52, 53, 54]: 

 ɜɵɯɥ ɥ
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p V n
N


  ,  (2.60) 

ɝɞɟ Δɪ – ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɧɚ ɜɵɩɭɫɤɟ, ɤɉɚ, 

       Vɥ – ɨɛɴɺɦ ɰɢɥɢɧɞɪɨɜ, ɥ, 

       n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ, ɨɛ/ɦɢɧ. 

ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɭɫɥɨɜɢɹ (2.45-2.47) ɜɟɪɧɨ ɫɥɟɞɭɸɳɟɟ. ȿɫɥɢ ɩɪɟɞ-

ɩɨɥɨɠɢɬɶ ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɢ ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɨɫɬɶ ɮɭɧɤɰɢɣ ɜ ɭɤɚɡɚɧɧɨɦ ɢɧɬɟɪɜɚ-

ɥɟ, ɬɨ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɦɟɠɞɭ ɞɜɭɦɹ ɷɬɢɦɢ ɫɥɭɱɚɹɦɢ ɧɚɣɞɟɬɫɹ ɷɤɫɬɪɟɦɭɦ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɚɤɫɢɦɚɥɶɧɨɦɭ (ɦɢɧɢɦɚɥɶɧɨɦɭ) ɡɧɚɱɟɧɢɸ ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɨɣ 

ɜɟɥɢɱɢɧɵ – ɬ.ɟ. ɧɚɣɞɟɬɫɹ ɡɧɚɱɟɧɢɟ πɬ (ɢɥɢ Gɷ) ɬɚɤɨɟ, ɱɬɨ Nɟ (ΔT ɢɥɢ ρɤ) ɩɪɢɦɟɬ 

ɦɚɤɫɢɦɚɥɶɧɨɟ (ɦɢɧɢɦɚɥɶɧɨɟ) ɡɧɚɱɟɧɢɟ ɧɚ ɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ πɬ (ɢɥɢ 

Gɷ).  

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɇȼ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɚɧɚɥɢɡ ɨɬɧɨɲɟɧɢɹ 

ΔNɟ/ΔT – ɬ.ɟ. ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ (ɦɨɳɧɨɫɬɶ), ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɇȼ 

ɧɚ ΔT ɝɪɚɞɭɫɨɜ. Ⱦɥɹ ɛɨɥɟɟ ɝɥɭɛɨɤɨɣ ɨɰɟɧɤɢ ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ 

ɇȼ ɩɥɨɬɧɨɫɬɶɸ ρk (ɢɥɢ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɶɸ Ne) ɇȼ ɩɨɫɥɟ Ɉɇȼ ɢ ɨɰɟɧɢɜɚɬɶ 

ɨɬɧɨɲɟɧɢɟ ΔNɟ/Δρɤ (ɢɥɢ ΔNɟ/Nɟ). ɉɨɞɨɛɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ ɧɚɫɤɨɥɶɤɨ 

ɫɨɜɟɪɲɟɧɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ ɭɫɬɪɨɣɫɬɜɨ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɰɢɪɤɭɥɹɰɢɸ 

Ɉȼ ɱɟɪɟɡ Ɉɇȼ (ɬ.ɟ. ɧɚɫɤɨɥɶɤɨ ɦɟɧɶɲɟ ɨɧɨ ɬɪɚɬɢɬ ɷɧɟɪɝɢɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɚɤɨɝɨ ɠɟ 

ɪɚɫɯɨɞɚ Ɉȼ ɱɟɪɟɡ Ɉɇȼ) ɢ ɧɚɫɤɨɥɶɤɨ ɫɨɜɟɪɲɟɧɧɚ ɜ ɰɟɥɨɦ ɜɫɹ ɫɢɫɬɟɦɚ ɨɯɥɚɠɞɟɧɢɹ 

ɇȼ (ɬɚɤɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɨɣ).  

Ɍɚɤ ɡɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ ɬɨɥɶɤɨ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ Ɉȼ  ɱɟɪɟɡ Ɉɇȼ ɟɫɬɶ (ɩɪɟɧɟɛɪɟ-

ɝɚɹ  ɫɠɢɦɚɟɦɨɫɬɶɸ Ɉȼ ɜ ɫɢɥɭ ɧɟɛɨɥɶɲɨɝɨ ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɹ ɜ Ɉɇȼ) [55]:  
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ɝɞɟ  ρɨɜ – ɩɥɨɬɧɨɫɬɶ Ɉȼ, 

       Δɪ – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ Ɉȼ, ɫɨɡɞɚɜɚɟɦɵɣ ɭɫɬɪɨɣɫɬɜɨɦ. 

ɗɬɨ ɟɫɬɶ ɦɢɧɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɫɯɨɞɚ Gɨɜ Ɉȼ 

ɩɪɢ ɡɚɞɚɧɧɨɣ ɪɚɡɧɢɰɟ ɞɚɜɥɟɧɢɣ Δɪ, ɨɧɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɟɫɩɟɱɢɜɚɸ-

ɳɟɝɨ ɰɢɪɤɭɥɹɰɢɸ. Ʌɸɛɵɟ ɪɟɚɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɢɦɟɸɬ ɜɧɭɬɪɟɧɧɢɟ ɩɨɬɟɪɢ ɦɨɳ-

ɧɨɫɬɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ ɫɜɨɺ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɡɚɬɪɚɱɢɜɚɸɬ ɦɨɳɧɨɫɬɶ 

ɛɨɥɶɲɭɸ, ɱɟɦ Nɨɜ.  Ⱦɨɥɹ Nɨɜ ɨɬ ɨɛɳɟɣ ɡɚɬɪɚɱɟɧɧɨɣ ɭɫɬɪɨɣɫɬɜɨɦ ɦɨɳɧɨɫɬɢ ɟɫɬɶ 

ɄɉȾ ɭɫɬɪɨɣɫɬɜɚ. ɑɟɦ ɨɧ ɜɵɲɟ, ɬɟɦ ɦɟɧɶɲɟ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɢ ɬɟɦ ɦɟɧɶɲɟ ɷɧɟɪ-

ɝɢɢ ɬɪɟɛɭɟɬɫɹ ɡɚɬɪɚɱɢɜɚɬɶ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɇȼ ɧɚ ɡɚɞɚɧɧɭɸ ΔT.  

ɇɚɩɪɢɦɟɪ, ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɪɚɛɨɬɭ ɷɠɟɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ 

ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɈȽ ɜ ɧɺɦ (ɚɧɚɥɨɝɢɱɧɨ ɦɨɳɧɨɫɬɢ ɬɭɪɛɢɧɵ):  

 ɷ ɷ ɷN G H .  (2.62) 

ɉɨɥɟɡɧɚɹ ɠɟ ɦɨɳɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɫɹ ɫ ɩɨɦɨɳɶɸ (2.61). Ɉɬɧɨɲɟɧɢɟ Nɨɜ/Nɷ ɟɫɬɶ 

ɄɉȾ ɷɠɟɤɬɨɪɚ. 

ȼ ɫɥɭɱɚɟ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɡɚɦɟɧɵ ɜɟɧɬɢɥɹɬɨɪɚ ɷɠɟɤɬɨɪɨɦ, ɄɉȾ ɷɠɟɤɬɨɪɚ ɞɨɥ-

ɠɟɧ ɛɵɬɶ ɧɟ ɧɢɠɟ ɄɉȾ ɜɟɧɬɢɥɹɬɨɪɚ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ, ɡɚɦɟɧɚ ɨɤɚɠɟɬɫɹ ɧɟɪɚ-

ɰɢɨɧɚɥɶɧɨɣ, ɬ.ɤ. ɩɪɢ ɬɟɯ ɠɟ ɩɪɨɱɢɯ ɩɚɪɚɦɟɬɪɚɯ (ΔT, Gɨɜ) ɷɠɟɤɬɨɪ ɛɭɞɟɬ ɡɚɬɪɚɱɢ-

ɜɚɬɶ ɧɚ ɫɜɨɺ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɛɨɥɶɲɟ ɦɨɳɧɨɫɬɢ.  

ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɨɳɧɨɫɬɶ, ɪɚɫɫɱɢɬɵɜɚɟɦɚɹ ɩɨ (2.62), ɟɫɬɶ ɩɪɨɢɡɜɟɞɟɧɢɟ 

ɭɞɟɥɶɧɨɣ ɪɚɛɨɬɵ ɩɪɨɰɟɫɫɚ ɚɞɢɚɛɚɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɧɚ ɪɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɫɨɩɥɨ 

ɷɠɟɤɬɨɪɚ – ɷɤɜɢɜɚɥɟɧɬɧɚ, ɧɨ ɧɟ ɪɚɜɧɚ ɭɛɵɥɢ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ (ɤɨɬɨɪɚɹ ɨɩɪɟ-

ɞɟɥɹɟɬɫɹ ɩɨ (2.60)), ɢ ɫɪɚɜɧɢɜɚɬɶ ɟɺ ɫ ɦɨɳɧɨɫɬɶɸ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɩɪɢɜɨɞ ɜɟɧ-

ɬɢɥɹɬɨɪɚ ɧɟɤɨɪɪɟɤɬɧɨ.  Ⱦɥɹ ɩɨɞɨɛɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɵɪɚɠɟ-

ɧɢɟ (2.60).  

Ɇɨɳɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɧɚ ɩɪɢɜɨɞ ɜɟɧɬɢɥɹɬɨɪɚ, ɟɫɬɶ  

 ɨɜ
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   ,  (2.63) 
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ɝɞɟ Șɜɟɧɬ – ɄɉȾ ɜɟɧɬɢɥɹɬɨɪɚ. 

Ⱦɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɄɉȾ ɷɠɟɤɬɨɪɚ ɧɟ ɦɟɧɶɲɟ ɄɉȾ ɜɟɧɬɢɥɹɬɨɪɚ, ɡɚɦɟɧɚ ɜɟɧɬɢ-

ɥɹɬɨɪɚ ɷɠɟɤɬɨɪɨɦ ɛɭɞɟɬ ɤɚɤ ɦɢɧɢɦɭɦ ɷɤɜɢɜɚɥɟɧɬɧɨɣ, ɟɫɥɢ ɩɪɟɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜ-

ɥɟɧɢɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɷɠɟɤɬɨɪɨɦ, ɧɟ ɩɪɟɜɵɫɢɬ ɜɟɥɢɱɢɧɵ (ɩɪɢɧɹɜ ΔNe = Nɜ)  
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Ɋɚɜɟɧɫɬɜɨ ɄɉȾ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɭɫɥɨɜɢɟɦ, ɬ.ɤ. ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɫɨ-

ɡɞɚɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɪɚɫɯɨɞɚ ɧɭɠɟɧ ɛɭɞɟɬ ɛɨɥɶɲɢɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɈȽ ɧɚ ɷɠɟɤ-

ɬɨɪɟ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɨɥɶɲɚɹ ɩɨɬɟɪɹ ɦɨɳɧɨɫɬɢ ɢɥɢ ɩɪɢ ɡɚɞɚɧɧɨɦ ɩɟɪɟɩɚɞɟ ɛɭ-

ɞɟɬ ɩɨɥɭɱɚɬɶɫɹ ɦɟɧɶɲɢɣ ɪɚɫɯɨɞ Ɉȼ. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɡɚɦɟɧɚ ɜɟɧɬɢɥɹɬɨɪɚ ɷɠɟɤɬɨ-

ɪɨɦ ɛɭɞɟɬ ɧɟɪɚɰɢɨɧɚɥɶɧɨɣ.  

Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɷɠɟɤɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɫ ɞɪɭɝɨɣ ɭɞɨɛɧɨ ɜɵɪɚɡɢɬɶ ɩɨɬɟɪɢ ɷɮ-

ɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɱɟɪɟɡ ɦɨɳɧɨɫɬɶ ɷɠɟɤɬɨɪɚ (ɢɥɢ ɞɪɭɝɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ), ɪɟ-

ɲɚɹ ɫɨɜɦɟɫɬɧɨ (2.60) ɢ (2.27) 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɡɚɞɚɧɧɨɦ ɪɟɠɢɦɟ ɡɧɚɹ ɦɨɳɧɨɫɬɶ ɷɠɟɤɬɨɪɚ ɦɨɠɧɨ ɨɞɧɨ-

ɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɭɦɟɧɶɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ. 

2.5 Ɋɚɡɪɚɛɨɬɤɚ ɭɫɥɨɜɢɣ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ  

ɷɠɟɤɰɢɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɞɢɡɟɥɹ 

Ȼɨɥɟɟ ɩɪɨɫɬɵɦ ɪɚɫɱɟɬɧɵɦ ɫɥɭɱɚɟɦ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɣ ɫɬɟɩɟɧɢ 

ɨɯɥɚɠɞɟɧɢɹ ΔТ (ɢɥɢ ɩɥɨɬɧɨɫɬɢ ρɤ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɩɪɢ ɡɚɞɚɧɧɨɣ πɤ (ɚ ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ, ɢ Тɤ), ɬɪɟɛɭɟɬɫɹ ɧɚɣɬɢ  ɪɚɫɯɨɞ Ɉȼ, ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɱɟɪɟɡ Ɉɇȼ, ɧɟɨɛɯɨ-

ɞɢɦɵɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ΔТ. 

ɂɥɢ ɦɚɤɫ ɦɨɳɧɨɫɬɢ ɢɥɢ ɷɤɜ ɡɚɦɟɧɵ  
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ɉɨɥɚɝɚɹ ɢɡɜɟɫɬɧɨɣ ɢɡ ɪɚɫɱɟɬɚ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ πɤ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, Тɤ ɢ πɬ 

ɜɨɡɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, ɨɩɪɟɞɟɥɢɜ ɩɚɪɚɦɟɬɪɵ ɝɚɡɨɜ ɩɨɫɥɟ 

ɬɭɪɛɢɧɵ ɢ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ. 

ɂɡ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ Ɉɇȼ (2.42) ɧɚɯɨɞɢɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɪɚɫɯɨɞ Ɉȼ. ɉɨ 

ɢɡɜɟɫɬɧɵɦ Gɜ, Gɨɜ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ α ɦɨɠɧɨ ɧɚɣɬɢ  ɤɨɷɮɮɢɰɢɟɧɬ 

ɷɠɟɤɰɢɢ.  

1) Ⱦɥɹ ɩɟɪɜɨɣ ɫɯɟɦɵ: 

 ɨɜ ɨɜ

ɜ ɬ
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L 

 
  

 
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  (2.66) 

Ɂɚɬɟɦ ɩɨ (2.23) ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟ pp ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, ɧɟɨɛɯɨɞɢɦɨɟ 

ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ, ɢ ɩɨ ɢɡɜɟɫɬɧɨɣ πɬ ɬɪɟɛɭɟɦɨɟ 

ɞɚɜɥɟɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ: 

 ɬ
ɬ ɧ

ɪ

p p
ɉ


 .  (2.67) 

Ɍɟɦɩɟɪɚɬɭɪɚ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ:  
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, (2.68) 

ɝɞɟ Șɬ – ɄɉȾ ɬɭɪɛɢɧɵ. 

2) Ⱦɥɹ ɜɬɨɪɨɣ ɫɯɟɦɵ: 

 ɨɜ

ɷ

G
u

G
 . (2.69) 

ɋɨɜɦɟɫɬɧɵɦ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (2.69) ɢ (2.46) ɧɚɯɨɞɢɬɫɹ ɬɪɟɛɭɟɦɨɟ ɞɚɜ-

ɥɟɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɢ ɷɠɟɤɬɨɪɨɦ. ɉɪɢ ɷɬɨɦ Тɪ = Тɬ. 

ȼɵɲɟɧɚɩɢɫɚɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɦɢɧɢɦɚɥɶɧɨ ɧɟɨɛɯɨɞɢ-

ɦɨɟ ɞɚɜɥɟɧɢɟ ɈȽ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɵɯ πɤ ɢ ΔТ ɢ ɨɩɪɟɞɟɥɢɬɶ ɜɫɟ ɩɚɪɚɦɟɬɪɵ 

ɫɢɫɬɟɦɵ. 
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2.6. ȼɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɨɩɥɚ ɷɠɟɤɬɨɪɚ 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɫɩɨɫɨɛɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɷɠɟɤɬɨɪɚ ɹɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ 

ɩɥɨɳɚɞɢ ɪɚɛɨɱɟɝɨ ɫɨɩɥɚ.  

ɉɪɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɧɚ ɫɪɟɡɟ ɫɨɩɥɚ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ 

ɈȽ ɱɟɪɟɡ ɫɨɩɥɨ ɦɨɠɧɨ ɧɚɣɬɢ ɩɨ ɮɨɪɦɭɥɟ [56]:  
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  (2.70) 

Ʉɚɤ ɜɢɞɧɨ, ɪɚɫɯɨɞ ɩɪɢ ɷɬɨɦ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɈȽ ɩɟɪɟɞ ɫɨɩɥɨɦ – 

ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ – ɢ ɩɥɨɳɚɞɢ ɫɨɩɥɚ. Ɍɚɤɨɦɭ ɫɥɭɱɚɸ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɯɟɦɚ 

ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ ɷɠɟɤɬɨɪɚ ɢ ɬɭɪɛɢɧɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɦɟɧɟɧɢɟ 

ɪɚɫɯɨɞɚ Ɉȼ ɱɟɪɟɡ Ɉɇȼ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɡɦɟɧɟɧɢɸ ɩɥɨɳɚɞɢ ɫɨɩɥɚ.  

ɉɪɢ ɷɬɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɄɉȾ ɪɟɲɟɬɨɤ ɬɭɪɛɢɧɵ  ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɝɥɚ ɚɬɚɤɢ 1   ɧɚɬɟɤɚɧɢɹ ɩɨɬɨɤɚ ɭɱɢɬɵɜɚɟɬɫɹ ɩɨ ɪɟɤɨɦɟɧɞɚ-

ɰɢɹɦ ȼ.ɂ. Ʌɨɤɚɹ [57]:  
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  (2.71) 

ɝɞɟ β1ɪ, β1 – ɭɝɨɥ ɚɬɚɤɢ ɪɚɫɱɟɬɧɵɣ ɢ ɬɟɤɭɳɢɣ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ΔLɭɞ ɧɚ «ɭɞɚɪ», ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɧɟɪɚɫɱɟɬɧɨɦ ɭɝ-

ɥɟ ɧɚɬɟɤɚɧɢɹ ɩɨɬɨɤɚ ɧɚ ɥɨɩɚɬɤɢ ɊɄ ɤɨɦɩɪɟɫɫɨɪɚ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ [58] 
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  (2.72) 

ɝɞɟ u1k – ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ, 

      β1ɪ,  β1 – ɪɚɫɱɟɬɧɵɣ ɢ ɬɟɤɭɳɢɣ ɭɝɥɵ ɧɚɬɟɤɚɧɢɹ ɩɨɬɨɤɚ ɧɚ ɥɨɩɚɬɤɢ.  

ɉɚɪɚɦɟɬɪɵ ɷɠɟɤɬɨɪɚ ɧɚ ɧɟɪɚɫɱɟɬɧɨɦ ɪɟɠɢɦɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ: 
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,  (2.73) 

ɝɞɟ r = kpɉɪ*, 

       s = kpɉɪ*εp*. 

Ⱦɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ ɤɨɧɢɱɟɫɤɨɝɨ ɫɨɩɥɚ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɤɨɧɢɱɟ-

ɫɤɨɣ ɢɝɥɨɣ ɫɭɳɟɫɬɜɭɟɬ ɷɦɩɢɪɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɳɚɞɢ 

ɫɨɩɥɚ [46]:  

 1 p10,7 0,2 f   ,  (2.74) 

ɝɞɟ p1f  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɫɨɩɥɚ. 

ɉɪɟɞɟɥɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɨɪɦɭɥɵ – p1f ɨɬ 1 ɞɨ 0,2. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɢ ɢɝɥɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɧɢɠɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɩɪɢɟɦɧɨɣ ɤɚɦɟɪɵ φ4 ɫ 

0,925 ɞɨ 0,9 ɞɚɠɟ ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɜɵɤɪɭɱɟɧɧɨɣ ɢɝɥɟ [46]. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɮɨɪɦɭɥɵ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɝɥɵ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɫɤɨɪɨɫɬɢ ɫɨɩɥɚ, ɬ.ɟ. ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɩɨɬɟɪɹɦ, ɩɪɢɜɨɞɹɳɢɦ ɤ ɭɦɟɧɶɲɟ-

ɧɢɸ ɪɚɫɯɨɞɚ ɈȽ ɢ ɫɧɢɠɟɧɢɸ ɄɉȾ ɷɠɟɤɬɨɪɚ ɜ ɰɟɥɨɦ.  

Ɏɨɪɦɭɥɵ (2.58–2.51) ɫɨɜɦɟɫɬɧɨ ɫ ɮɨɪɦɭɥɚɦɢ ɩɩ. 2.4 ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ 

ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, Ɉɇȼ ɢ ɷɠɟɤɬɨɪɚ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 

ɞɜɢɝɚɬɟɥɹ.  
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3 Ɋɚɫɱɟɬɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ 

«ɬɭɪɛɢɧɚ ɌКɊ-ɷɠɟɤɬɨɪ-ɨɯɥɚɞɢɬɟɥɶ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ» 

Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɷɠɟɤɰɢɨɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɩɚɪɚɦɟɬɪɵ 

ɞɜɢɝɚɬɟɥɹ ɢ ɚɝɪɟɝɚɬɨɜ ɧɚɞɞɭɜɚ ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɩɪɨɝɪɚɦɦɚ ɪɚɫɱɺɬɚ ɞɥɹ ɗȼɆ ɧɚ 

ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɝɥ. 2 ɦɟɬɨɞɢɤ. 

ɉɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨ ɡɚ-

ɞɚɬɶɫɹ ɧɟɨɛɯɨɞɢɦɵɦɢ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ, ɨɩɢɫɵɜɚɸɳɢɦɢ ɨɤɪɭɠɚɸɳɢɟ ɭɫɥɨ-

ɜɢɹ ɪɚɛɨɬɵ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɞɢɡɟɥɹ, ɩɚɪɚɦɟɬɪɵ ɧɚ ɜɵɩɭɫɤɟ,  ɤɢɧɟɬɢ-

ɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ, ɚ ɬɚɤɠɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ Ɉɇȼ. Ɂɚ 

ɨɫɧɨɜɭ ɜɡɹɬ ɞɜɢɝɚɬɟɥɶ 4Ɍ371.04.04 – ɱɟɬɵɪɺɯɬɚɤɬɧɵɣ ɱɟɬɵɪɺɯɰɢɥɢɧɞɪɨɜɵɣ ɞɢ-

ɡɟɥɶ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ, ɞɢɚɦɟɬɪ ɩɨɪɲɧɹ 130 ɦɦ ɢ ɯɨɞ 150 ɦɦ. Ɉɫɧɨɜɧɵɟ 

ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1.  

Ɍɚɛɥɢɰɚ 3.1 – Ⱦɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɞɜɢɝɚɬɟɥɹ 4Ɍ371.04.04 

ɉɚɪɚɦɟɬɪ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ Ɋɚɡɦɟɪɧɨɫɬɶ 

1 2 3 4 

Ⱦɚɜɥɟɧɢɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ p0 101325 ɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ Ɍ0 293 Ʉ 

ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ ε 16  

Ʉɨɷɮɮɢɰɢɟɧɬ ɧɚɩɨɥɧɟɧɢɹ Șv 0,9  

ɉɨɞɨɝɪɟɜ ɫɜɟɠɟɝɨ ɡɚɪɹɞɚ ΔɌɫɡ 10 Ʉ 

ɋɨɞɟɪɠɚɧɢɟ ɭɝɥɟɪɨɞɚ ɜ ɬɨɩɥɢɜɟ ɋ 86 % 

ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɨɪɨɞɚ ɜ ɬɨɩɥɢɜɟ ɇ 13 % 

ɋɨɞɟɪɠɚɧɢɟ ɤɢɫɥɨɪɨɞɚ ɜ ɬɨɩɥɢɜɟ Ɉ 1 % 

Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɜɨɡɞɭɯɚ ȝɜ 28,97 ɝ/ɦɨɥɶ 

Ɉɬɧɨɲɟɧɢɟ ɞɥɢɧɵ ɤɪɢɜɨɲɢɩɚ ɤ 

ɞɥɢɧɟ ɲɚɬɭɧɚ  
Ȝ 0,289    
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ɩɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.1 

1 2 3 4 

ɉɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ ɫɠɚɬɢɹ n1 1,38  

ɇɢɡɲɚɹ ɬɟɩɥɨɬɜɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɬɨɩɥɢɜɚ 
Hu 42,5 ɆȾɠ/ɤɝ 

ɉɨɤɚɡɚɬɟɥɶ ɯɚɪɚɤɬɟɪɚ ɫɝɨɪɚɧɢɹ m 0,25  

ɍɫɥɨɜɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɝɨ-

ɪɚɧɢɹ 
ĳz 110 ɝɪɚɞ. ɉɄȼ 

ɉɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ ɪɚɫɲɢɪɟɧɢɹ n2 1,36  

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɝɨ-

ɪɚɧɢɹ 
ξ 0,85  

ɍɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ș 10 ɝɪɚɞ. ɉɄȼ 

Ɍɢɩ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ Ɍɪɭɛɱɚɬɨ-ɪɟɛɪɢɫɬɵɣ 

Ⱦɥɢɧɚ ɬɪɭɛɤɢ  lɬ 0,6 ɦ 

Ʉɨɥɢɱɟɫɬɜɨ ɬɪɭɛɨɤ  ɤ 216  

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɤɢ dɜ 10 ɦɦ 

ɒɚɝ ɬɪɭɛɨɤ ɩɨ ɮɪɨɧɬɭ ɩɨɬɨɤɚ s1 18 ɦɦ 

ɒɚɝ ɬɪɭɛɨɤ ɜɞɨɥɶ ɩɨɬɨɤɚ s2 16 ɦɦ 

  

 

3.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ  

ɢ ɩɚɪɚɦɟɬɪɨɜ ɚɝɪɟɝɚɬɨɜ ɧɚɞɞɭɜɚ 

Ⱦɜɢɝɚɬɟɥɶ 4Ɍ371.04.04 ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ɢɦɟɟɬ Ne = 210 ɤȼɬ ɩɪɢ  πɤ = 

2,46, ɩɨɞɨɛɧɭɸ ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɚɜɥɟɧɢɟ ɈȽ ɪɬ
*
 = 208 

ɤɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 923 Ʉ ɢ ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ πɬ = 1,96. 

ɋɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ ɇȼ ɜ Ɉɇȼ ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ ΔТ = 70 ɝɪɚɞ. ɐɢɪɤɭɥɹ-
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ɰɢɹ Ɉȼ ɱɟɪɟɡ ɦɚɬɪɢɰɭ Ɉɇȼ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɟɧɬɢɥɹɬɨɪɨɦ. Ɇɨɳɧɨɫɬɶ ɜɟɧɬɢɥɹɬɨ-

ɪɚ Nɜ = 1,42 ɤȼɬ.  

Ɉɞɧɚɤɨ, ɦɨɠɧɨ ɩɨɩɵɬɚɬɶɫɹ ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɭɸ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ ɇȼ ɞɥɹ 

ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɭɫɥɨɜɢɣ – ɡɚɞɚɜ ɬɪɟɛɭɟɦɭɸ πɤ = 2,46 – ɭɜɟɥɢɱɢɜɚɹ ɦɨɳɧɨɫɬɶ 

ɜɟɧɬɢɥɹɬɨɪɚ ɢɡ ɭɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ (2.52). Ⱦɥɹ Ɉɇȼ ɤɨ-

ɧɟɱɧɵɯ ɪɚɡɦɟɪɨɜ ɬɚɤɨɜɚɹ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 84 ɝɪɚɞ. (ɪɢɫɭɧɨɤ 

3.1). 

 

Ɋɢɫɭɧɨɤ 3.1 – Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɪɚɫɯɨɞ Ɉȼ ɱɟɪɟɡ Ɉɇȼ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɥɹɟɬ 0,79 ɤɝ/ɫ. 

ɗɬɨɦɭ ɡɧɚɱɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɮɮɟɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ 215,4 ɤȼɬ. Ɇɨɳɧɨɫɬɶ ɜɟɧ-

ɬɢɥɹɬɨɪɚ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɬ 6,48 ɤȼɬ. ɇɚɥɢɱɢɟ ɦɚɤɫɢɦɭɦɚ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ 

ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɰɢɪɤɭɥɹɰɢɸ Ɉȼ, ɜ ɤɚɤɨɣ-ɬɨ ɦɨɦɟɧɬ ɫɬɚɧɨɜɢɬɫɹ 

ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢɛɚɜɤɚ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɨɬ ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɇȼ, ɩɨɥɭɱɚ-

ɟɦɨɣ ɡɚ ɫɱɟɬ ɨɯɥɚɠɞɟɧɢɹ ɇȼ.    
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ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ ɇȼ ɱɟɪɟɡ Ɉɇȼ ɜɟɞɟɬ ɤ ɪɨɫɬɭ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɨɡɞɚɜɚɟɦɨ-

ɝɨ ɨɯɥɚɞɢɬɟɥɟɦ. ɉɪɢ ɧɟɢɡɦɟɧɧɨɣ ɝɟɨɦɟɬɪɢɢ Ɉɇȼ, ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.32), ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɟ ɪɚɫɬɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɜɚɞɪɚɬɭ ɫɤɨɪɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɨɳɧɨɫɬɶ, 

ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɩɪɢɜɨɞ ɜɟɧɬɢɥɹɬɨɪɚ (ɢɥɢ ɞɪɭɝɨɝɨ ɚɝɪɟɝɚɬɚ) ɪɚɫɬɟɬ ɬɚɤɠɟ ɧɟɥɢ-

ɧɟɣɧɨ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɯɨɞɚ Ɉȼ). ȼ ɫɥɭɱɚɟ ɠɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ ɭɜɟɥɢɱɟ-

ɧɢɹ ɩɥɨɳɚɞɢ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɩɨ Ɉȼ, ɬ.ɟ. ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɫɨɩɪɨɬɢɜ-

ɥɟɧɢɹ Ɉɇȼ, ɦɨɳɧɨɫɬɶ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɜɟɧɬɢɥɹɬɨɪ, ɛɭɞɟɬ ɪɚɫɬɢ ɩɪɹɦɨ ɩɪɨɩɨɪ-

ɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɭ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɥɢɧɟɣɧɵɣ ɪɨɫɬ ɦɨɳɧɨɫɬɢ ɜɟɧɬɢɥɹɬɨɪɚ ɬɚɤɠɟ 

ɩɪɢɜɟɞɟɬ ɤ ɩɨɹɜɥɟɧɢɸ ɦɚɤɫɢɦɭɦɚ ɭ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ.  

3.2 ȼɥɢɹɧɢɟ ɫɬɟɩɟɧɢ ɪɚɫɲɢɪɟɧɢɹ ɝɚɡɚ ɜ ɫɢɫɬɟɦɟ «ɬɭɪɛɢɧɚ ɌКɊ-ɷɠɟɤɬɨɪ» 

ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɢ ɩɨɤɚɡɚɬɟɥɢ ɞɢɡɟɥɹ 

ȿɫɥɢ ɠɟ ɜɟɧɬɢɥɹɬɨɪ ɡɚɦɟɧɹɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɷɠɟɤɬɨɪɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɡɚ ɬɭɪ-

ɛɢɧɨɣ, ɬɨ ɞɥɹ ɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ, 

ɨɬɥɢɱɧɨɟ ɨɬ ɚɬɦɨɫɮɟɪɧɨɝɨ. 

ɉɪɢ πɤ = 2,46 ɬɟɦɩɟɪɚɬɭɪɚ ɇȼ ɩɟɪɟɞ Ɉɇȼ Тɤ1 = 405 Ʉ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭ-

ɟɦɨɣ πɤ ɧɟɨɛɯɨɞɢɦɚ πɬ = 1,96 ɩɪɢ Тɬ = 923 Ʉ. ɉɨɥɚɝɚɹ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɧɟɢɡɦɟɧɧɵɦɢ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɪɟɛɭɟɦɨɟ ɞɚɜɥɟɧɢɟ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛ-

ɯɨɞɢɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ (ɪɚɫɯɨɞɚ Ɉȼ) ɢɥɢ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ΔТ (ɪɢɫɭ-

ɧɨɤ 3.2).   
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Ɋɢɫɭɧɨɤ 3.2 – ɉɥɨɬɧɨɫɬɶ ɇȼ ɧɚ ɜɵɯɨɞɟ ɢɡ Ɉɇȼ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹ ɩɟ-

ɪɟɞ ɬɭɪɛɢɧɨɣ. 

Ʉɚɤ ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɭɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɜɟɞɟɬ ɤ ɪɨɫɬɭ ɤɨɷɮ-

ɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɩɨɥɭ-

ɱɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ (70 ɝɪɚɞ.) ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɠɟɤɬɨɪɚ 

ɬɪɟɛɭɟɬɫɹ ɩɨɞɧɹɬɶ ɞɚɜɥɟɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɧɚ 7 ɤɉɚ – ɫ 208 ɞɨ 215 ɤɉɚ. ɉɪɢ 

ɫɨɯɪɚɧɟɧɢɢ ɬɨɣ ɠɟ ɫɚɦɨɣ πɬ = 1,96 ɷɬɨ ɞɚɺɬ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ u = 1,45, ɤɨɬɨ-

ɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ Ɉȼ, Gɨɜ = 0,47 ɤɝ/ɫ. ɉɪɢ ɷɬɨɦ ɫɬɟɩɟɧɶ ɩɨɧɢ-

ɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɷɠɟɤɬɨɪɟ πɷ = 1,08 (ɪɢɫɭɧɨɤ 3.3).   
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Ɋɢɫɭɧɨɤ 3.3 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɨɬ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ 

ɬɭɪɛɢɧɨɣ. 

ȼ ɫɢɥɭ πɤ = const ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, Тɤ = const ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɇȼ ɢ 

ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɡɚ ɫɱɺɬ ɭɜɟɥɢɱɟɧɢɹ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ. 

Ɉɞɧɚɤɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɫɧɢɠɚɟɬɫɹ ɷɮɮɟɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢ-

ɝɚɬɟɥɹ. Ɍ.ɤ. Тɤ = const ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɨɝɪɚɧɢɱɟɧɨ 

ɬɟɦɩɟɪɚɬɭɪɨɣ Ɉȼ ɧɚ ɜɯɨɞɟ ɜ Ɉɇȼ, ɬɨ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ  ɧɟ ɦɨɠɟɬ ɭɜɟɥɢɱɢɜɚɬɶ-

ɫɹ ɛɟɫɤɨɧɟɱɧɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ (ɪɢɫɭɧɨɤ 3.4).  

 

Ɋɢɫɭɧɨɤ 3.4 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɨɳɧɨɫɬɢ ɷɠɟɤɬɨɪɚ ɢ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɜɟɧɬɢɥɹɬɨɪɚ 

ɨɬ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ. 
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ɋ ɤɚɤɨɝɨ-ɬɨ ɦɨɦɟɧɬɚ ɭɜɟɥɢɱɟɧɢɟ ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ ɧɚ ɰɢɪɤɭɥɹɰɢɸ Ɉȼ ɫɬɚɧɨ-

ɜɢɬɫɹ ɧɟɨɩɪɚɜɞɚɧɧɵɦ. ɗɬɨɬ ɮɚɤɬɨɪ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɩɪɢ ɜɵɛɨɪɟ ɫɬɟɩɟɧɢ ɨɯɥɚ-

ɠɞɟɧɢɹ (ɪɢɫɭɧɨɤ 3.5).  

 

Ɋɢɫɭɧɨɤ 3.5 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɲɟɧɢɹ ɦɨɳɧɨɫɬɢ ɤ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ, ɡɚ-

ɬɪɚɱɢɜɚɟɦɨɣ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɜɨɡɞɭɯɚ ɨɬ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ.   

Ɉɬɧɨɲɟɧɢɹ  Nɜ/ΔT ɢ Nɷ/ΔT ɩɨɤɚɡɵɜɚɸɬ ɤɚɤɚɹ ɦɨɳɧɨɫɬɶ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɩɪɢ 

ɨɯɥɚɠɞɟɧɢɢ ɇȼ ɧɚ ɨɞɢɧ ɝɪɚɞɭɫ ɩɪɢ ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɢ ɷɠɟɤ-

ɰɢɨɧɧɨɣ. Ɍɚɤ ɞɥɹ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɜ 70 ɝɪɚɞ. ɷɬɚ ɜɟɥɢɱɢɧɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 18 

ȼɬ/Ʉ ɞɥɹ ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɢ 10 ȼɬ/Ʉ ɞɥɹ ɷɠɟɤɰɢɨɧɧɨɣ. 

ɉɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ πɤ ɫ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ ɈȽ ɜɨɡɪɚɫɬɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ 

ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ Ɉɇȼ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ 

(2.29). ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɩɟɪɟɩɚɞɭ ɞɚɜɥɟɧɢɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɷɠɟɤɬɨɪɨɦ, ɪɚɫɬɺɬ ɢ 

ɦɨɳɧɨɫɬɶ, ɬɪɟɛɭɟɦɚɹ ɞɥɹ ɰɢɪɤɭɥɹɰɢɢ Ɉȼ.  

ɉɨɞɞɟɪɠɚɧɢɟ ɬɪɟɛɭɟɦɨɣ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɩɚɪɚɥɥɟɥɶɧɨɦ ɫɨɟɞɢɧɟɧɢɢ 

ɬɪɟɛɭɟɬ ɨɬɜɨɞɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɱɚɫɬɢ ɈȽ ɜ ɷɠɟɤɬɨɪ. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢɡ ɭɫɥɨ-

ɜɢɹ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ πɤ, ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɬɚɤɠɟ ɩɨɜɵɲɚɬɶ ɞɚɜɥɟ-

ɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ. 
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3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ 

3.3.1 Ⱦɥɹ ɫɯɟɦɵ ɫ ɷɠɟɤɬɨɪɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɡɚ ɬɭɪɛɢɧɨɣ 

 Ⱦɥɹ ɫɯɟɦɵ ɫ ɷɠɟɤɬɨɪɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɡɚ ɬɭɪɛɢɧɨɣ, ɩɪɢ ɩɨɫɬɨɹɧɧɵx ɞɚɜɥɟ-

ɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɜɚɪɶɢɪɭɟɦɵɦ ɩɚɪɚɦɟɬɪɨɦ ɤɚɤ ɭɤɚɡɚɧɨ ɜ 

ɝɥ. 2 ɹɜɥɹɟɬɫɹ ɨɞɧɚ ɢɡ ɫɬɟɩɟɧɟɣ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ – ɜ ɬɭɪɛɢɧɟ ɢɥɢ ɷɠɟɤɬɨɪɟ – 

ɟɺ ɡɚɞɚɧɢɹ ɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɜɫɟɯ ɭɫɬɪɨɣɫɬɜ, 

ɜɯɨɞɹɳɢɯ ɜ ɫɢɫɬɟɦɭ.   

ɇɚɣɞɟɧɧɨɟ ɜɵɲɟ ɡɧɚɱɟɧɢɟ ɪɬ = 215 ɤɉɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɚɪɚɦɟɬɪɵ ɇȼ ɩɟɪɟɞ 

ɤɥɚɩɚɧɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɧɨɦɢɧɚɥɶɧɨɦɭ ɪɟɠɢɦɭ, ɨɞɧɚɤɨ ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ ɦɚɤ-

ɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɢɥɢ ɩɥɨɬɧɨɫɬɢ ɇȼ. ɗɤɫɬɪɟɦɭɦ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟ-

ɧɢɹ ɧɚɯɨɞɢɬɫɹ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (2.50) ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɡɧɚɱɟɧɢɢ ɪɬ. ɑɢɫɥɟɧ-

ɧɨɟ ɪɟɲɟɧɢɟ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɪɢ ɬɪɟɛɭɟɦɨɣ πɤ = 2,46 ɢ ɡɚɞɚɧɧɨɦ ɪɬ = 

215 ɤɉɚ ɧɚɣɬɢ ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɦɚɤɫɢ-

ɦɚɥɶɧɨɣ ɨɯɥɚɠɞɟɧɢɹ ɫɬɟɩɟɧɢ (ɪɢɫɭɧɨɤ 3.6).   
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Ɋɢɫɭɧɨɤ 3.6 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɢ ɩɪɨɱɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ πɬ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 3.5 ɫɭɳɟɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ ɨɯɥɚ-

ɠɞɟɧɢɹ ΔTɦɚɤɫ= 71,5 ɝɪɚɞ. ɉɪɢ ɷɬɨɦ ɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɨɬɥɢɱɧɨ ɨɬ ɩɨɥɨɠɟɧɢɹ 

ɧɨɦɢɧɚɥɶɧɨɣ ɬɨɱɤɢ. Ɍɚɤɠɟ ɦɨɠɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ, ɜ ɨɛɳɟɦ, ɫɭɳɟɫɬɜɭɟɬ ɞɜɟ ɬɨɱɤɢ, ɜ 

ɤɨɬɨɪɵɯ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɯɨɞɧɨɦɭ ɧɨɦɢɧɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ 

ΔT = 70 ɝɪɚɞ. Ɉɞɧɚɤɨ, ɬɨɱɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɟɧɶɲɟɣ πɬ, ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟ-

ɛɭɟɦɨɣ πɤ = 2,46.  

ɇɚɥɢɱɢɟ ɦɚɤɫɢɦɭɦɚ ɨɛɭɫɥɨɜɥɟɧɨ ɩɟɪɟɫɟɱɟɧɢɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɛɵɫɬɪɨɬɵ ɢɡ-

ɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ К ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɛɵɫɬɪɨɬɵ ɢɡɦɟɧɟɧɢɹ 

ɫɪɟɞɧɟɝɨ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ Δt ɬ.ɟ. ɩɨ ɮɨɪɦɭɥɟ (2.50) (ɪɢɫɭ-

ɧɨɤ 3.7).  
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Ɋɢɫɭɧɨɤ 3.7 – Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɦɚɤɫɢɦɭɦɚ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ: '

ɬ

1 d t
t

t d


 


 – 

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɛɵɫɬɪɨɬɚ ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɟɝɨ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟ-

ɪɚɬɭɪ, '

ɬ

1 dK
K

K d
  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɛɵɫɬɪɨɬɚ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟ-

ɞɚɱɢ.    

ɍɦɟɧɶɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ К ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɛɭɫɥɨɜɥɟɧɨ ɭɦɟɧɶɲɟɧɢɟɦ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɫɨ ɫɬɨɪɨɧɵ Ɉȼ. ɑɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɵɡɜɚɧɨ ɫɧɢɠɟɧɢ-

ɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ (ɬ.ɟ. ɪɚɫɯɨɞɚ Ɉȼ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ 

Ɉȼ ɜ ɦɚɬɪɢɰɟ Ɉɇȼ), ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɩɚɞɟɧɢɟɦ πɷ, ɬ.ɟ. ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɛɨɬɵ ɷɠɟɤ-

ɬɨɪɚ (ɪɢɫɭɧɨɤ 3.8). 
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Ɋɢɫɭɧɨɤ 3.8 – ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟ-

ɞɚɱɢ ɜ Ɉɇȼ, ɨɬ ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ. 

ɉɚɞɟɧɢɟ πɷ ɭɜɟɥɢɱɢɜɚɟɬ πɬ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ πɤ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ 

ɪɨɫɬɭ Тɤ1, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɪɟɞɧɟɝɨ ɥɨɝɚɪɢɮɦɢɱɟ-

ɫɤɨɝɨ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ (ɪɢɫɭɧɨɤ 3.9). 

 

Ɋɢɫɭɧɨɤ 3.9 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ 

ɨɬ ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɪɚɫɯɨɞ ɇȼ ɢ ɈȽ ɪɚɫɬɭɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ πɬ, ɷɬɨɝɨ ɪɨɫɬɚ ɧɟ-

ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɩɚɞɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ  (ɪɢɫɭɧɤɢ 3.7-3.8).  
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Ⱦɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ πɬ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɇȼ ɤ Ɉȼ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɚ 

ɫɱɺɬ ɪɨɫɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɇȼ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ –  ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨɥɹ ɬɟɩɥɨɬɵ, 

ɩɟɪɟɞɚɜɚɟɦɨɣ ɡɚ ɫɱɺɬ ɪɚɡɧɢɰɵ ɬɟɦɩɟɪɚɬɭɪ ɇȼ ɢ Ɉȼ, ɨɧɚ ɤɨɦɩɟɧɫɢɪɭɟɬ ɭɦɟɧɶɲɟ-

ɧɢɟ ɞɨɥɢ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɜɚɟɦɨɣ ɡɚ ɫɱɺɬ ɫɧɢɠɚɸɳɟɝɨɫɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚ-

ɱɢ ɫɨ ɫɬɨɪɨɧɵ Ɉȼ. Ɂɚɬɟɦ ɠɟ ɷɬɨɝɨ ɫɬɚɧɨɜɢɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ΔТ = f(πɬ) ɜɨɡɧɢɤɚɟɬ ɩɟɪɟɝɢɛ.  ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɱɢɫɥɟɧɧɵɦ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟ-

ɧɢɹ (2.51) ɦɨɠɧɨ ɧɚɣɬɢ πɬmax = 1,91 ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ πɷ = 1,12. 

Ⱦɥɹ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɷɤɫɬɪɟɦɭɦɚ ɭ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɇȼ ɧɚ ɜɵɯɨɞɟ ɢɡ Ɉɇȼ 

ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ (2.51). Ʉɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫɨ ɫɬɟɩɟɧɶɸ ɨɯɥɚɠɞɟɧɢɹ ɷɬɨ 

ɭɫɥɨɜɢɟ – ɩɟɪɟɫɟɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɛɵɫɬɪɨɬ. Ⱦɥɹ ɩɥɨɬɧɨɫɬɢ ɷɬɨ ɢɡɦɟɧɟɧɢɹ 

ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ Ɉɇȼ.  

ɉɪɢ ɷɬɨɦ, ɤɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 3.6, ɦɚɤɫɢɦɭɦ ɩɥɨɬɧɨɫɬɢ ɇȼ ɧɟ ɫɨɜɩɚɞɚɟɬ ɫ 

ɦɚɤɫɢɦɭɦɨɦ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ. ɋɭɳɟɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ 

ɇȼ ρɦɚɤɫ= 2,6 ɤɝ/ɦ3, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɪɟɲɚɹ ɭɪɚɜɧɟɧɢɟ (2.51). 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɬɟɩɟɧɶ  πɬmax = 2,03. ɉɪɢ ɷɬɨɦ ɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɨɬɥɢɱɧɨ 

ɨɬ ɩɨɥɨɠɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɣ ɬɨɱɤɢ, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ ɫɨ ɫɬɟɩɟɧɶɸ ɨɯɥɚɠɞɟɧɢɹ. ɇɚɥɢ-

ɱɢɟ ɦɚɤɫɢɦɭɦɚ ɨɛɭɫɥɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɛɵɫɬɪɨɬɵ ɜɨɡɪɚɫɬɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ-

ɫɥɟ Ɉɇȼ (ɪɢɫɭɧɨɤ 3.11). 

 

Ɋɢɫɭɧɨɤ 3.11 – Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɦɚɤɫɢɦɭɦɚ ɩɥɨɬɧɨɫɬɢ ɇȼ ɧɚ ɜɵɯɨɞɟ ɢɡ Ɉɇȼ: 

k
k

k ɬ

1
'

d

d


 

  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɛɵɫɬɪɨɬɚ ɢɡɦɟɧɟɧɢɹ ɫɬɟɩɟɧɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 
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ɤɨɦɩɪɟɫɫɨɪɟ, k

k

k ɬ

1
'

dТТ
Т d

  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɛɵɫɬɪɨɬɚ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɇȼ 

ɩɨɫɥɟ Ɉɇȼ. 

ɇɚɥɢɱɢɟ ɦɚɤɫɢɦɭɦɚ ɩɥɨɬɧɨɫɬɢ ɨɛɴɹɫɧɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ – ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 

ɦɨɦɟɧɬɚ ɜɥɢɹɧɢɟ ɭɜɟɥɢɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɛɨɥɶɲɟ, ɱɟɦ ɜɥɢɹɧɢɟ 

ɨɬ ɪɨɫɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ Ɉɇȼ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɥɨɬɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ. Ɍɚɤɨɟ 

ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɩɪɢɪɨɫɬ ɩɥɨɬɧɨɫɬɢ ɨɬ ɜɨɡɪɚɫɬɚɧɢɹ ɞɚɜɥɟɧɢɹ ɧɟ ɤɨɦ-

ɩɟɧɫɢɪɭɟɬɫɹ ɫɧɢɠɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɨɬ ɪɨɫɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ Ɉɇȼ. ȼɨɡɪɚɫɬɚɧɢɟ 

ɫɬɟɩɟɧɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ ɩɨɧɢɠɟɧɢɹ ɞɚɜ-

ɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ. Ɋɨɫɬ ɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɡɜɚɧ ɫɥɟɞɭɸɳɢɦɢ ɩɪɢɱɢɧɚɦɢ: 1) ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɵɦ ɫɧɢɠɟɧɢɟɦ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ  ɷɠɟɤɰɢɢ, ɩɨɜɥɟɤɲɢɦ ɭɦɟɧɶɲɟɧɢɟ ɪɚɫɯɨɞɚ Ɉȼ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

(ɪɢɫɭɧɨɤ 3.7); 2) ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ Тɤ1 ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ πɤ, 

ɜɵɡɜɚɧɧɨɝɨ ɪɨɫɬɨɦ πɬ.  

 ɋɧɢɠɟɧɢɟɦ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ, ɤɚɤ ɛɵɥɨ ɭɤɚɡɚɧɨ ɜɵɲɟ, ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ 

ɭɦɟɧɶɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ɜɵɡɜɚɧɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ  ɷɠɟɤɰɢɢ. ɉɪɢ ɷɬɨɦ, ɤ ɬɨɱɤɟ ɦɚɤɫɢɦɭɦɚ ɩɥɨɬɧɨɫɬɢ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ 

ɧɚɱɢɧɚɟɬ ɫɧɢɠɚɬɶɫɹ, ɬ.ɤ. ɦɚɤɫɢɦɭɦ ΔТ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɦɟɧɶɲɟɣ πɬ, ɱɬɨ ɜɤɭɩɟ ɫ 

ɜɨɡɪɚɫɬɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɭɜɟɥɢɱɢɜɚɟɬ ɛɵɫɬɪɨɬɭ ɢɡɦɟɧɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ Ɉɇȼ. 

Ⱦɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ, 

ɜɨɡɪɚɫɬɚɧɢɟ ɩɥɨɬɧɨɫɬɢ ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ 

ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ – ɷɬɢɦ ɨɛɴɹɫɧɹɟɬɫɹ ɫɨɜɩɚ-

ɞɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ ɩɥɨɬɧɨɫɬɢ ɇȼ ɩɨɫɥɟ Ɉɇȼ ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɞɢɡɟɥɹ. 

Ɋɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (2.53) ɫɨɜɩɚɞɚɟɬ ɫ ɪɟɲɟɧɢɟɦ, ɩɨɥɭɱɟɧɧɵɦ ɞɥɹ ɭɪɚɜɧɟɧɢɹ 

(2.52) – ɦɚɤɫɢɦɭɦ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ Nɟ = 211,5 ɤȼɬ ɫɨɨɬɜɟɬɫɬɜɭɟɬ   

πɬmax = 2,03. 
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3.3.2 Ⱦɥɹ ɫɯɟɦɵ ɫ ɷɠɟɤɬɨɪɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɩɚɪɚɥɥɟɥɶɧɨ ɬɭɪɛɢɧɟ 

Ɍɚɤɠɟ ɤɚɤ ɢ ɞɥɹ ɩɟɪɜɨɣ ɫɯɟɦɵ ɩɪɨɜɟɪɢɦ ɧɚɥɢɱɢɟ ɪɟɲɟɧɢɣ ɭɪɚɜɧɟɧɢɣ (2.50-

2.52). ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɟɪɜɨɣ ɫɯɟɦɵ, ɜɚɪɶɢɪɭɟɦɵɣ ɩɚɪɚɦɟɬɪ – ɨɞɢɧ ɢɡ ɪɚɫɯɨɞɨɜ ɈȽ – 

ɢɥɢ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɢɥɢ ɱɟɪɟɡ ɬɭɪɛɢɧɭ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɟɩɟɧɢ ɨɯɥɚ-

ɠɞɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɨɦɢɧɚɥɶɧɨɦɭ ɪɟɠɢɦɭ, ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟ-

ɧɢɹ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ (ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɷɠɟɤɬɨɪɨɦ) ɞɨ 251 ɤɉɚ. ɂɡɦɟɧɟɧɢɟ ɨɫ-

ɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.12. 

 

Ɋɢɫɭɧɨɤ 3.12 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɷɠɟɤ-
ɬɨɪ. 

ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ, ɬɟɦɩɟ-

ɪɚɬɭɪɚ ɇȼ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɦɩɪɟɫɫɨɪɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɫɧɢɠɟɧɢɟɦ 

πɤ, ɩɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɫɧɢɠɚɟɬɫɹ, ɧɨ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ Ɉȼ ɜɫɺ ɪɚɜɧɨ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɋɧɢɠɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ ɨɛɴɹɫɧɹɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨ-
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ɩɪɨɬɢɜɥɟɧɢɹ Ɉɇȼ ɨɬ ɭɜɟɥɢɱɢɜɚɸɳɟɝɨɫɹ ɪɚɫɯɨɞɚ Ɉȼ. Ɋɚɫɯɨɞ Ɉȼ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɩɪɢ πɷ = const (ɭɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɪɚɫ-

ɲɢɪɟɧɢɹ ɈȽ ɜ ɷɠɟɤɬɨɪɟ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ). 

ɑɢɫɥɟɧɧɨ ɪɟɲɚɹ ɭɪɚɜɧɟɧɢɟ (2.51) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ ɈȽ ɱɟ-

ɪɟɡ ɷɠɟɤɬɨɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɤɫɬɪɟɦɭɦɭ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ. ɉɪɢ ɡɚɞɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɦɚɤɫɢɦɚɥɶɧɚɹ ΔТ = 71,5 ɝɪɚɞ. ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ Gɟɦɚɤɫ = 0,06 ɤɝ/ɫ. Ɇɚɤɫɢ-

ɦɭɦ ΔТ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɬɨɦ ɠɟ ɫɥɭɱɚɟ, ɤɚɤ ɢ ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɜɤɥɸɱɟɧɢɢ 

ɷɠɟɤɬɨɪɚ, ɬ.ɟ. ɤɨɝɞɚ ɛɵɫɬɪɨɬɚ ɧɚɪɚɫɬɚɧɢɹ Δt ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ, ɱɟɦ ɛɵɫɬɪɨɬɚ 

ɭɦɟɧɶɲɟɧɢɹ Ʉ. (ɪɢɫɭɧɨɤ 3.13). 

 

Ɋɢɫɭɧɨɤ 3.13 – Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɦɚɤɫɢɦɭɦɚ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɇȼ:  

'

ɷ

1 d t
t

t dG


 


 – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɛɵɫɬɪɨɬɚ ɢɡɦɟɧɟɧɢɹ ɫɪɟɞɧɟɝɨ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɩɟ-

ɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ,  '

ɷ

1 dK
K

K dG
  – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɛɵɫɬɪɨɬɚ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧ-

ɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ. 

ɉɪɨɰɟɫɫɵ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɩɨɹɜɥɟɧɢɸ ɦɚɤɫɢɦɭɦɚ ɭ ɡɚɜɢɫɢɦɨɫɬɢ ΔТ = f(Gɷ), 

ɚɧɚɥɨɝɢɱɧɵ ɩɪɨɰɟɫɫɚɦ, ɜɨɡɧɢɤɚɸɳɢɦ ɜ ɩɟɪɜɨɣ ɫɯɟɦɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ πɬ. ȼɨɡɪɚɫ-

ɬɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɟɪɟɞɚɱɢ К ɨɛɭɫɥɨɜɥɟɧɨ ɪɨɫɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨ-

ɨɬɞɚɱɢ αɨɜ ɫɨ ɫɬɨɪɨɧɵ Ɉȼ, ɜɵɡɵɜɚɟɦɨɝɨ ɭɜɟɥɢɱɟɧɢɟɦ ɟɝɨ ɪɚɫɯɨɞɚ (ɪɢɫɭɧɨɤ 3.12). 
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ɉɪɢ ɷɬɨɦ, ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ αɧɜ ɫɨ ɫɬɨɪɨɧɵ ɇȼ ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟ ɡɚɜɢɫɢɬ ɨɬ Gɷ ɢ  ɨɛɭɫɥɨɜɥɟɧɨ ɥɢɲɶ ɢɡɦɟɧɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɇȼ ɨɬ ɢɡɦɟɧɟɧɢɹ  

ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ (ɪɢɫɭɧɨɤ 3.14).  

 

Ɋɢɫɭɧɨɤ 3.14 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɇȼ ɢ Ɉȼ ɨɬ ɪɚɫɯɨɞɚ 

ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ. 

ɍɦɟɧɶɲɟɧɢɟ ɫɪɟɞɧɟɝɨ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ ɨɛɴɹɫɧɹɟɬɫɹ 

ɫɧɢɠɟɧɢɟɦ πɤ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, Тɤ (ɪɢɫɭɧɨɤ 3.15). 

 

Ɋɢɫɭɧɨɤ 3.15 – Ɂɚɜɢɫɢɦɨɫɬɶ πɤ ɢ  Тɤ ɨɬ Gɷ. 
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Ⱦɥɹ ɧɚɥɢɱɢɹ ɷɤɫɬɪɟɦɭɦɚ ɭ ɮɭɧɤɰɢɢ ɩɥɨɬɧɨɫɬɢ ɇȼ ɩɨɫɥɟ Ɉɇȼ ɞɨɥɠɧɨ ɜɵ-

ɩɨɥɧɹɬɶɫɹ ɭɫɥɨɜɢɟ (2.51). Ʉɚɤ ɢ ɜ ɩɟɪɜɨɣ ɫɯɟɦɟ, ɩɨɥɨɠɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɩɥɨɬɧɨɫɬɢ 

ɫɦɟɳɟɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɤɫɢɦɭɦɚ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ (ɪɢɫɭɧɨɤ 3.16).  

 

Ɋɢɫɭɧɨɤ 3.16 – Ɂɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ Ɉȼ ɢ ɨɩɪɟɞɟɥɹɸɳɢɯ ɟɺ ɜɟɥɢɱɢɧ ɨɬ 

ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ (2.46) ɢɦɟɥɚ ɦɚɤɫɢɦɭɦ ɧɟɨɛɯɨɞɢɦɨ, 

ɱɬɨɛɵ ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ Ɉɇȼ ΔТ ɤɨɦɩɟɧɫɢɪɨɜɚɥɨ ɩɨɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ 

ɪɤ1 ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ (ɤɨɬɨɪɨɟ ɬɚɤɠɟ ɜɥɟɱɟɬ ɫɧɢɠɟɧɢɟ Тɤ1). ɂɧɚɱɟ ɝɨɜɨɪɹ, ɜ ɤɚ-

ɤɨɣ-ɬɨ ɦɨɦɟɧɬ ɛɵɫɬɪɨɬɚ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɩɟɪɟɫɟɤɚɬɶɫɹ ɫ ɛɵɫɬɪɨɬɨɣ 

ɢɡɦɟɧɟɧɢɹ  ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɥɟ Ɉɇȼ. ɍɬɨɱɧɟɧɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (2.51) ɞɚɺɬ 

ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ ɈȽ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ 

Gɷ = 0,024 ɤɝ/ɫ (ɪɢɫɭɧɨɤ 3.17). 
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Ɋɢɫɭɧɨɤ 3.17 – Ʉ ɨɩɪɟɞɟɥɟɧɢɸ ɦɚɤɫɢɦɭɦɚ ɩɥɨɬɧɨɫɬɢ ɇȼ:  '

ɷ

1 k
k

k

dp
p

p dG
  – ɨɬ-

ɧɨɫɢɬɟɥɶɧɚɹ ɛɵɫɬɪɨɬɚ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɨɫɥɟ Ɉɇȼ,  ' k
k

k ɷ

1 dT
T

T dG
  – ɨɬɧɨɫɢɬɟɥɶ-

ɧɚɹ ɛɵɫɬɪɨɬɚ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɇȼ ɩɨɫɥɟ Ɉɇȼ. 

Ɍɚɤ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ Gɷ c 0,005 ɞɨ 0,025 ɤɝ/ɫ ɞɚɜɥɟɧɢɟ ɪɤ1 ɫɧɢɠɚɟɬɫɹ ɫ 267,2 

ɤɉɚ ɞɨ 252,6 ɤɉɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, Тɤ1 ɫ 417 Ʉ ɞɨ 409 Ʉ. ɗɬɨ ɜɵɡɵɜɚɟɬ ɩɚɞɟɧɢɟ 

ɩɥɨɬɧɨɫɬɢ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɫ 2,25 ɞɨ  2,16 ɤɝ/ɦ3. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɥɨɬɧɨɫɬɢ, 

ɧɚɩɪɢɦɟɪ, ɧɚ ɩɪɟɠɧɟɦ ɭɪɨɜɧɟ –  2,25 ɤɝ/ɦ3
 – ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 

ɇȼ ɜ Ɉɇȼ ɧɟ ɦɟɧɟɟ, ɱɟɦ ɧɚ 15 ɝɪɚɞ. ɗɬɨ ɭɫɥɨɜɢɟ, ɤɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɚ, ɜɵɩɨɥɧɹ-

ɟɬɫɹ ɞɚɠɟ ɡɚɩɚɫɨɦ. ΔТ ɫɨɫɬɚɜɥɹɟɬ 64,8 ɝɪɚɞ. – ɷɬɨ ɞɚɺɬ ɞɚɠɟ ɩɪɢɪɨɫɬ ɩɥɨɬɧɨɫɬɢ ɞɨ 

2,54 ɤɝ/ɦ3. ɉɪɢ ɡɚɞɚɧɧɨɦ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɪɬ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ (ɢ ɷɠɟɤɬɨɪɨɦ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɷɬɨ ɡɧɚɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɦ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ Ge c 0,025 ɞɨ 0,045 ɤɝ/ɫ ɞɚɜɥɟɧɢɟ ɪɤ1 ɫɧɢɠɚɟɬɫɹ ɫ 252,6 ɤɉɚ 

ɞɨ 238,5 ɤɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ Тɤ1 ɫ 409 Ʉ ɞɨ 400 Ʉ. ɗɬɨ ɜɵɡɵɜɚɟɬ ɞɚɥɶɧɟɣɲɟɟ ɩɚɞɟ-

ɧɢɟ ɩɥɨɬɧɨɫɬɢ ɩɨɫɥɟ ɤɨɦɩɪɟɫɫɨɪɚ ɫ 2,16 ɞɨ 2,08 ɤɝ/ɦ3. Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɥɨɬɧɨ-

ɫɬɢ ɧɚ ɢɫɯɨɞɧɨɦ ɭɪɨɜɧɟ – 2,16 ɤɝ/ɦ3
 – ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɢɡɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɇȼ ɜ 

Ɉɇȼ ɬɚɤɠɟ ɧɚ 15 ɝɪɚɞ, ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɞɨ 2,25 ɤɝ/ɦ3
 – ɧɚ 28 ɝɪɚɞ., ɞɥɹ 

ɭɞɟɪɠɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨɫɥɟ Ɉɇȼ ɜ 2,55 ɤɝ/ɦ3
 – ɧɚ 72 ɝɪɚɞ. 

ɉɨɫɥɟɞɧɟɟ ɭɫɥɨɜɢɟ, ɤɚɤ ɜɢɞɧɨ, ɧɟ ɞɨɫɬɢɝɚɟɬɫɹ – ΔТ ɫɨɫɬɚɜɥɹɟɬ ɥɢɲɶ 69 ɝɪɚɞ. ɉɪɢ 
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ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɷɠɟɤɬɨɪ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ, ɬɪɟɛɭɟɦɵɣ 

ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ΔТ = 72 ɝɪɚɞ.   

Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ Ge ɜɟɞɟɬ ɤ ɟɳɺ ɛɨɥɶɲɟɦɭ ɫɧɢɠɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɇȼ. 

Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɬɟɪɢ ɩɥɨɬɧɨɫɬɢ ɨɬ ɫɧɢɠɟɧɢɹ ɪɤ1 ɬɪɟɛɭɟɬɫɹ ɟɳɺ ɛɨɥɶɲɟɟ ɡɧɚ-

ɱɟɧɢɟ ΔТ. ɉɪɢ ɷɬɨɦ, ɩɪɢ Ge = 0,06 ɤɝ/ɫ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ ɢɦɟɟɬ, ɤɚɤ ɛɵɥɨ ɭɤɚ-

ɡɚɧɨ ɜɵɲɟ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ΔТ = 71,5 ɝɪɚɞ., ɧɨ ɞɚɠɟ ɟɝɨ ɧɚ ɞɚɧɧɨɦ ɪɟɠɢɦɟ 

ɭɠɟ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ  ɩɥɨɬɧɨɫɬɶ ɢɦɟɥɚ ɡɧɚɱɟɧɢɟ 2,55 ɤɝ/ɦ3. Ɍɪɟɛɭɟɦɨɟ ɡɧɚɱɟ-

ɧɢɟ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ 84 ɝɪɚɞ. ɉɥɨɬɧɨɫɬɶ ɠɟ ɩɪɢ ɬɟɤɭ-

ɳɟɣ ΔТ = 71,5 ɝɪɚɞ. ɫɨɫɬɚɜɥɹɟɬ ρɤ = 2,47 ɤɝ/ɦ3. ɇɟɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ Тɤ 

ɨɛɭɫɥɨɜɥɟɧɨ ɞɜɭɦɹ ɩɪɢɱɢɧɚɦɢ:  

1) Ɋɚɫɯɨɞ Ɉȼ ɪɚɫɬɟɬ ɧɟɞɨɫɬɚɬɨɱɧɨ. Ʉɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɭɦɟɧɶɲɚɟɬɫɹ ɢɡ-

ɡɚ ɫɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɪɧ Ɉȼ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ ɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ 

ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɩɪɢɪɨɫɬ ɪɚɫɯɨɞɚ Ɉȼ ɹɜɥɹɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɵɦ (ɪɢɫɭɧɨɤ 3.18).  

2) ɍɦɟɧɶɲɟɧɢɟ πɤ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ Тɤ1, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨ-

ɞɢɬ ɫɧɢɠɟɧɢɸ ɫɪɟɞɧɟɝɨ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ Δt ɢ, ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ, ɤ ɭɦɟɧɶɲɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ. 

 

Ɋɢɫɭɧɨɤ 3.18 – ȼɥɢɹɧɢɟ ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɧɚ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɫɯɟɦɵ. 
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3.3.3 ɋɪɚɜɧɟɧɢɟ ɫɯɟɦ 

ɗɤɫɬɪɟɦɭɦ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ (2.49) ɫɨɜɩɚɞɚɟɬ ɫ ɦɚɤɫɢɦɭ-

ɦɨɦ ɩɥɨɬɧɨɫɬɢ ɞɥɹ ɨɛɟɢɯ ɫɯɟɦ. Ɉɛɴɹɫɧɢɬɶ ɷɬɨ ɦɨɠɧɨ ɬɟɦ, ɱɬɨ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 

ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ ɦɨɳɧɨɫɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɤɨ-

ɬɨɪɵɣ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɪɚɫɯɨɞɭ ɜɨɡɞɭɯɚ. Ⱥ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ 

ɜɨɡɞɭɯɚ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɟɝɨ ɩɥɨɬɧɨɫɬɢ (ɪɢɫɭɧɤɢ 3.19-3.20). 

 

Ɋɢɫɭɧɨɤ 3.19 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɨɳɧɨɫɬɢ, ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɢ ɩɥɨɬɧɨɫɬɢ ɇȼ ɨɬ 

ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɞɥɹ 1-ɣ ɫɯɟɦɵ. 

 

Ɋɢɫɭɧɨɤ 3.20 – Ɂɚɜɢɫɢɦɨɫɬɶ ɦɨɳɧɨɫɬɢ, ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɢ ɩɥɨɬɧɨɫɬɢ ɇȼ ɨɬ 

ɪɚɫɯɨɞɚ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ ɞɥɹ 2-ɣ ɫɯɟɦɵ. 
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ɋɪɚɜɧɟɧɢɟ ɫɯɟɦ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚ-

ɛɨɬɵ ɞɢɡɟɥɹ. ɋɪɚɜɧɟɧɢɟ ɫ ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɫɢɫɬɟɦɨɣ ɨɛɟɢɯ ɫɯɟɦ ɜɤɥɸɱɟɧɢɹ ɷɠɟɤ-

ɬɨɪɚ ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 3.2. 

Ɍɚɛɥɢɰɚ 3.2 – ɋɪɚɜɧɟɧɢɟ ɫɯɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 

ɉɚɪɚɦɟɬɪ 
ȼɟɧɬɢ-

ɥɹɬɨɪɧɚɹ 

ɗɠɟɤɰɢ-
ɨɧɧɚɹ, ɩɨ-
ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɚɹ 

ɗɠɟɤɰɢ-
ɨɧɧɚɹ, ɩɚ-

ɪɚɥɥɟɥɶɧɚɹ  

Ɋɚɡɦɟɪ-
ɧɨɫɬɶ 

1 2 3 4 5 

ɋɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 
ɤɨɦɩɪɟɫɫɨɪɟ, πɨɜ 

2,46 2,46 2,68  

Ⱦɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɨɦɩɪɟɫ-
ɫɨɪɚ, ɪɤ1 

241900 241900 270600 ɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɨɦ-
ɩɪɟɫɫɨɪɚ, Тɤ1 

405 405 420 Ʉ 

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɩɨɫɥɟ ɤɨɦɩɪɟɫ-
ɫɨɪɚ, ρɤ1 

2,06 2,06 2,06 ɤɝ/ɦ3 

ɄɉȾ ɤɨɦɩɪɟɫɫɨɪɚ, Șɤ 0,757 0,757 0,757  

ɉɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɇȼ ɜ 
Ɉɇȼ, ΔТ 

70 70 65,2 Ʉ 

Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ Ɉɇȼ, 
Δɪɧɜ 

1802 1802 1127 ɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɩɨɫɥɟ Ɉɇȼ, 
Тɤ 

335 335 351 Ʉ 

ɉɥɨɬɧɨɫɬɶ ɜɨɡɞɭɯɚ ɩɨɫɥɟ Ɉɇȼ, ρɤ 2,58 2,584 2,67 ɤɝ/ɦ3
 

Ⱦɚɜɥɟɧɢɟ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɪɬ 208000 215000 263000 ɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɈȽ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, 
Тɬ 

923 923 923 Ʉ  

Ɋɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɬɭɪɛɢɧɭ, Gɝ 0,317 0,317 0,296 ɤɝ/ɫ 

ɋɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 
ɬɭɪɛɢɧɟ, πɬ 

1,97 1,97 2,48  

ɋɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 
ɬɭɪɛɢɧɟ ɩɨ ɩɨɥɧɵɦ ɩɚɪɚɦɟɬɪɚɦ, 
πɬ* 

1,78 1,78 2,32  

ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɈȽ ɩɨɫɥɟ ɬɭɪɛɢ-
ɧɵ, ɪɪ* 

106000 106000   107000   ɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɈȽ ɩɨɫɥɟ ɬɭɪɛɢɧɵ, Тɪ 813 813 780 Ʉ 

ɄɉȾ ɬɭɪɛɢɧɵ, Șɬ 0,709 0,706 0,707  

ɄɉȾ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, Șɬɤ  0,537 0,535 0,536    
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ɩɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2  

1 2 3 4 5 

ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɈȽ ɩɟɪɟɞ ɷɠɟɤ-
ɬɨɪɨɦ, ɪɪ* 

– 106000 263000 ɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, 
Тɪ 

– 829 923 Ʉ 

Ⱦɚɜɥɟɧɢɟ Ɉȼ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, ɪɧ  – 99520 100200 ɉɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ Ɉȼ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, 
Тɧ 

– 335 351 Ʉ 

Ⱦɚɜɥɟɧɢɟ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɩɨ-
ɫɥɟ ɷɠɟɤɬɨɪɚ, ɪɫ 

– 102000 102000 ɉɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ, u – 1,44 14,91  

Ɋɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɷɠɟɤɬɨɪ, Gɷ – 0,317 0,023 ɤɝ/ɫ 

Ɋɚɫɯɨɞ Ɉȼ ɱɟɪɟɡ Ɉɇȼ, Gɨɜ 0,47 0,477 0,343 ɤɝ/ɫ 

ɄɉȾ ɷɠɟɤɬɨɪɚ, Șɷ – 0,435 0,08  

Ɋɚɫɯɨɞ ɇȼ, Gɜ 0,305 0,305 0,307 ɤɝ/ɫ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɨɫɬɚɬɨɱɧɵɯ ɝɚɡɨɜ, Ȗ 0,021 0,021 0,025  

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɩɪɨɰɟɫɫɚ ɫɠɚɬɢɹ, 
la-y 

-0,4556 -0,4556 -0,4611 ɆȾɠ/ɤɝ 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚ-
ɧɢɹ, ly-z 

1,062 1,062 1,045 ɆȾɠ/ɤɝ 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɩɪɨɰɟɫɫɚ ɪɚɫɲɢ-
ɪɟɧɢɹ, lz-b 

0,1285 0,1285 0,1255 ɆȾɠ/ɤɝ 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɰɢɤɥɚ, li 0,7352 0,7352 0,7105 ɆȾɠ/ɤɝ 

ɋɪɟɞɧɟɟ ɢɧɞɢɤɚɬɨɪɧɨɟ ɞɚɜɥɟɧɢɟ, pi 1,708 1,708 1,662 Ɇɉɚ 

ɂɧɞɢɤɚɬɨɪɧɵɣ ɄɉȾ, Și 0,473 0,473 0,458  

ɍɞɟɥɶɧɵɣ ɢɧɞɢɤɚɬɨɪɧɵɣ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ, gi 

179 178 185 ɝ/ɤȼɬ/ɱ 

Ⱦɚɜɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ, ɪɦ 0,202 0,202 0,202 Ɇɉɚ 

ɗɮɮɟɤɬɢɜɧɵɣ ɄɉȾ ɞɜɢɝɚɬɟɥɹ, Șe 0,429 0,43 0,412  

ɍɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ, ge 

198,2 197,6 203,5 ɝ/ɤȼɬ/ɱ 

Ɂɚɬɪɚɬɵ ɦɨɳɧɨɫɬɢ ɧɚ ɨɯɥɚɠɞɟɧɢɟ, 
ΔNe 

1,42 0,91 7,72 ɤȼɬ 

Ɇɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, Ne 210 210 210 ɤȼɬ 
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3.4 ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɛɨɬɵ ɷɠɟɤɬɨɪɚ ɧɚ  

ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɤɥɚɞɨɤ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɱɢɫɥɟɧɧɨɟ ɦɨ-

ɞɟɥɢɪɨɜɚɧɢɟ ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɬɭɪɛɢɧɵ ɢ ɷɠɟɤɬɨɪɚ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɨ 

ɜ ɩɚɤɟɬɟ Flow Simulation ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Solidworks.  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ 

ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ. Ɍɚɤ ɤɚɤ ɷɠɟɤɬɨɪ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧ ɫ ɬɭɪɛɢɧɨɣ, ɬɨ ɩɨɦɢɦɨ 

ɪɚɡɦɟɪɨɜ ɷɠɟɤɬɨɪɚ ɬɪɟɛɭɟɬɫɹ ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɦɟɪɵ ɬɭɪɛɢɧɵ. Ɋɚɡɦɟɪɵ ɨɩɪɟ-

ɞɟɥɟɧɵ ɞɥɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɩɪɢ ɪɚɛɨɬɟ ɩɟɪɜɨɣ ɫɯɟɦɵ, ɬ.ɟ. ɞɥɹ ΔТ = 70 ɝɪɚɞ. 

ɢ πɤ = 2,46.  

Ɍɪɟɛɭɟɦɚɹ ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ: 

ɬ
1,341ɬ

1,34 1

ɜ

ɜ

1 1,6 1

1,6
ɤ

ɬ

ɬ
ɝɬɧ

0 ɩɪ 0

1 2,46 1
1 1 2,106

1 9231 1,129 0,57 11
1,8 14,324 1 293

k

k

n

n

Т
L Т




 




 
                                     

, (3.1) 

ɝɞɟ πɤ – ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɤɨɦɩɪɟɫɫɨɪɟ, 

      nɜ – ɩɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ ɩɪɨɰɟɫɫɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ,  

      ɬ ɜ ɬ

ɬ ɜ ɜ

1

1

k k R

k k R
 



 – ɩɚɪɚɦɟɬɪ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɟ ɪɚɡɥɢ-

ɱɢɟ ɈȽ ɢ Ɉȼ, 

      Șɝɬɧ – ɄɉȾ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, 

      α – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ,  

      ϕɩɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɞɭɜɤɢ, 

      L0 – ɦɚɫɫɚ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɫɝɨɪɚɧɢɹ 1 ɤɝ ɬɨɩɥɢɜɚ. 

ɍɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɩɪɨɰɟɫɫɚ ɚɞɢɚɛɚɬɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜ ɬɭɪɛɢɧɟ [59]   

 

1,34 1

1,34

ɬ
1,34 1

287 923 1 151551
1,34 1 2,03

H

 
          

 

 Ⱦɠ/ɤɝ. (3.2) 
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Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɩɪɢ ɚɞɢɚɛɚɬɧɨɦ ɪɚɫɲɢɪɟɧɢɢ ɈȽ ɜ ɬɭɪɛɢɧɟ ɨɬ ɞɚɜɥɟ-

ɧɢɹ ɪɬ ɞɨ ɪɪ [60]: 

 ɚɞ ɬ2 2 151551 550,47c H     ɦ/ɫ.  (3.3) 

ɋɤɨɪɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɨɩɥɨɜɨɝɨ ɚɩɩɚɪɚɬɚ: 

 1 ɚɞ 1 0,96 550,47 1 0,51 366,13 ɦ/cɫ ɫ         (3.4) 

ɝɞɟ φ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɜ ɫɨɩɥɨɜɨɦ ɚɩɩɚɪɚɬɟ, 

      ρ – ɫɬɟɩɟɧɶ ɪɟɚɤɬɢɜɧɨɫɬɢ.          

Ⱦɢɚɦɟɬɪ ɤɨɥɟɫɚ ɧɚ ɜɯɨɞɟ  

 1
1

60 60 363,361
0,113

3,142 61287

u
D

n


  


 ɦ,  (3.5) 

ɝɞɟ n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɦɢɧ-1
.  

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ ɧɚɣɞɟɧɚ ɩɪɢ ɪɚɫɱɟɬɟ ɤɨɦɩɪɟɫɫɨ-

ɪɚ.  

Ⱦɢɚɦɟɬɪ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ ɧɚ ɜɵɯɨɞɟ:  

 2 1 0,113 0,515 0,058D D     ɦ, (3.6) 

ɝɞɟ ȝ – ɫɬɟɩɟɧɶ ɪɚɞɢɚɥɶɧɨɫɬɢ.  

ȼɵɫɨɬɚ ɥɨɩɚɬɤɢ ɧɚ ɜɯɨɞɟ ɜ ɪɚɛɨɱɟɟ ɤɨɥɟɫɨ: 

 ɝ
1

1 1 1 1 1

0,316
0,012

sin 366,13 0,773 0,113 sin(16)

G
l

ɫ D   
  

  
 ɦ, (3.7) 

ɝɞɟ ρ1 – ɩɥɨɬɧɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɨɩɥɨɜɨɝɨ ɚɩɩɚɪɚɬɚ, ɤɝ/ɦ3
,  

      α1 – ɭɝɨɥ ɚɛɫɨɥɸɬɧɨɣ ɫɤɨɪɨɫɬɢ, ɝɪɚɞ.  

ȼɵɫɨɬɚ ɥɨɩɚɬɤɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ: 

 ɝ
2

2 2 2 2 2

0,316
0,022

sin 366,13 0,56 0,058 sin(40)

G
l

w D   
  

  
 ɦ,  (3.8) 

ɝɞɟ w2 – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ, ɦ/ɫ, 

      ρ1 – ɩɥɨɬɧɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɚɛɨɱɟɝɨ ɤɨɥɟɫɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɞɜɢɠɟɧɢɢ, 

ɤɝ/ɦ3
,  
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      β2 – ɭɝɨɥ ɜɟɤɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɨɥɟɫɚ, ɝɪɚɞ.  

ɒɢɪɢɧɚ ɤɨɥɟɫɚ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨ ɨɩɵɬɧɵɦ ɞɚɧɧɵɦ ɪɚɜɧɨɣ 30 ɦɦ [61]. Ʉɨɥɢɱɟ-

ɫɬɜɨ ɥɨɩɚɬɨɤ 15. ɋɨɩɥɨɜɨɣ ɚɩɩɚɪɚɬ ɢɦɟɟɬ ɞɢɚɦɟɬɪ ɧɚ ɜɯɨɞɟ 145 ɦɦ, ɧɚ ɜɵɯɨɞɟ 114 

ɦɦ. Ʉɨɥɢɱɟɫɬɜɨ ɥɨɩɚɬɨɤ 19. Ʌɨɩɚɬɤɚ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ ɫɩɪɨɮɢɥɢɪɨɜɚɧɚ ɩɨ ɦɟɬɨɞɢ-

ɤɟ [62]. 

Ɉɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ Ʉɋ ɢ ɫɨɩɥɚ ɷɠɟɤɬɨɪɚ ɧɚɯɨɞɢɬɫɹ ɢɡ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɵ 

[46]: 

 

   2 3 2c ɨɜ
p 2 4

3 ɪ ɪ 33
3

p 1 2

1
2 0,5 1 0,5

1

p

p

p

fv v
u u

v v ff
f

f

  




  
          , (3.9) 

ɝɞɟ εɪ – ɩɪɢɜɟɞɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɜ ɤɪɢɬɢɱɟɫɤɨɦ ɫɟɱɟɧɢɢ, 

      φ1, φ2, φ3, φ4 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɤɨɪɨɫɬɢ ɫɨɩɥɚ, Ʉɋ, ɞɢɮɮɭɡɨɪɚ ɢ ɜɯɨɞɧɨɝɨ 

ɭɱɚɫɬɤɚ. 

       vp, vɨɜ, vɫ – ɭɞɟɥɶɧɵɟ ɨɛɴɺɦɵ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, Ɉȼ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ 

ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɡɚ ɞɢɮɮɭɡɨɪɨɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

   2 3 2

3

3

1
2 0,95 0,5 0,739 1 1,72 0,975 0,925 0,5 0,563 1,72

0,9 1

0,95 0,975

p

p

p

f

f
f

              


 (3.10) 

Ɉɬɤɭɞɚ ɧɚɯɨɞɢɦ  f3p = 5,16. 

ɉɥɨɳɚɞɶ ɫɨɩɥɚ ɞɥɹ ɈȽ ɩɪɢ ɞɨɤɪɢɬɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɞɚɜɥɟɧɢɣ ɧɚɯɨɞɢɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

  
*

p p

*

ɬ ɪ ɪ p

0,316 458,484
0,001898

1,34 0,538 219000 0,508
p

G a
f

k ɉ ɪ q 


  
  

ɦ2
,  (3.11) 

ɝɞɟ аɪ – ɤɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɞɥɹ ɈȽ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, ɦ/ɫ, 

      ɉɪ – ɤɪɢɬɢɱɟɫɤɢɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ, 

      q(Ȝp) – ȽȾɎ – ɩɪɢɜɟɞɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ. 

ɉɥɨɳɚɞɶ Ʉɋ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

 3 p 3 0,001898 5,16 0,0193pf f f     ɦ2
. (3.12) 



90  
Ⱦɢɚɦɟɬɪɵ ɫɨɩɥɚ ɢ Ʉɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: dp = 61 ɦɦ,  d3 = 159 ɦɦ. Ⱦɥɢɧɭ Ʉɋ 

ɩɪɢɦɟɦ ɩɨ ɨɩɵɬɧɵɦ ɞɚɧɧɵɦ lɤɫ = 9d3 ≈ 1500 ɦɦ. 

ɍɝɨɥ ɪɚɫɲɢɪɟɧɢɹ ɞɢɮɮɭɡɨɪɚ ɩɪɢɦɟɦ ɪɚɜɧɵɦ 8ɨ
. ɋɤɨɪɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮ-

ɮɭɡɨɪɚ ɩɪɢɦɟɦ ɪɚɜɧɨɣ 20 ɦ/ɫ, ɞɥɢɧɚ ɞɢɮɮɭɡɨɪɚ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɬ 284 ɦɦ. 

Ɇɨɞɟɥɢɪɨɜɚɥɚɫɶ ɫɨɜɦɟɫɬɧɚɹ ɪɚɛɨɬɚ ɬɭɪɛɢɧɵ ɢ ɷɠɟɤɬɨɪɚ [63]. Ɋɚɫɱɟɬɧɚɹ ɦɨ-

ɞɟɥɶ ɫɨɫɬɨɢɬ ɢɡ ɬɭɪɛɢɧɵ ɢ ɷɠɟɤɬɨɪɚ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɢ 

ɬɪɭɛɨɤ Ɉɇȼ (ɪɢɫɭɧɨɤ 3.21). 

 

 

Ɋɢɫɭɧɨɤ 3.21 – Ɉɛɳɢɣ ɜɢɞ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɡɚɞɚɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ:  

1) ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɈȽ ɧɚ ɜɯɨɞɟ ɜ ɫɨɩɥɨɜɨɣ ɚɩɩɚɪɚɬ 0,316 ɤɝ/ɫ,  

2) ɬɟɦɩɟɪɚɬɭɪɚ ɈȽ 800 Ʉ;  

3) ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ 101325 ɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 293 Ʉ;  

4) ɩɨɥɧɨɟ ɞɚɜɥɟɧɢɟ Ɉȼ ɩɟɪɟɞ ɬɪɭɛɤɚɦɢ Ɉɇȼ 101325 ɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ 331 Ʉ;  

5) ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɥɟɫɚ ɬɭɪɛɢɧɵ 61000 ɦɢɧ-1
. 

6) Ɇɨɞɟɥɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ k-ε. 

ȼ ɯɨɞɟ ɱɢɫɥɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɨɥɹ ɞɚɜɥɟɧɢɣ, ɬɟɦɩɟɪɚɬɭɪ, ɫɤɨɪɨ-

ɫɬɟɣ ɢ ɞɪɭɝɢɯ ɜɟɥɢɱɢɧ. ɉɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɭɪɛɢɧɟ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.22. 
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Ɋɢɫɭɧɨɤ 3.22 – ɉɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɭɪɛɢɧɟ. 

ȼ ɫɨɩɥɨɜɨɦ ɚɩɩɚɪɚɬɟ ɫɬɚɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɈȽ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 740 Ʉ. ɇɚ 

ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɫɬɚɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɬɚɜɢɥɚ 687 Ʉ, ɫɪɟɞɧɟɪɚɫɯɨɞɧɚɹ 

ɩɨɥɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ – 694 Ʉ. 

ɉɨɥɹ ɞɚɜɥɟɧɢɣ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.23. 

 

Ɋɢɫɭɧɨɤ 3.23 – ɉɨɥɹ ɞɚɜɥɟɧɢɣ ɜ ɬɭɪɛɢɧɵ. 
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ɋɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɡɚ ɫɨɩɥɨɜɵɦ ɚɩɩɚɪɚɬɨɦ 156,6 ɤɉɚ. ɋɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟ-

ɧɢɟ ɡɚ ɬɭɪɛɢɧɨɣ 109,6 ɤɉɚ. ɉɨɥɧɨɟ ɫɪɟɞɧɟɪɚɫɯɨɞɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪ-

ɛɢɧɵ 113,7 ɤɉɚ. 

ɉɨɥɹ ɫɤɨɪɨɫɬɟɣ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.24. 

 

Ɋɢɫɭɧɨɤ 3.24 – ɉɨɥɹ ɫɤɨɪɨɫɬɟɣ ɜ ɬɭɪɛɢɧɟ. 

  Ɋɟɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɚɛɫɨɥɸɬɧɨɣ  ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɫɨɩɥɨɜɨɝɨ ɚɩɩɚɪɚɬɚ 

ɫɨɫɬɚɜɥɹɟɬ 368 ɦ/ɫ, ɩɪɢ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ 385 ɦ/ɫ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɢɧɹ-

ɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɫɤɨɪɨɫɬɢ ɞɥɹ ɫɨɩɥɨɜɨɝɨ ɚɩɩɚɪɚɬɚ 0,96. Ⱥɛɫɨɥɸɬɧɚɹ ɫɪɟɞɧɟ-

ɪɚɫɯɨɞɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɫɨɫɬɚɜɥɹɟɬ 125 ɦ/ɫ.  

ɍɬɨɱɧɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɜ ɩɪɨ-

ɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ Ansys CFX (ɦɨɞɟɥɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ SST) c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɫɟɬɨɱɧɨɝɨ ɩɨɫɬɪɨɢɬɟɥɹ Turbogrid [64, 65, 66]. ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɫɨɫɬɚ-

ɜɢɥ Ɇɬ = 5,5 ɇɦ. Ɇɨɳɧɨɫɬɶ ɧɚ ɜɚɥɭ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ: 

 ɬ
ɬɞ

5,5 61287
35,666

9550 9550

M n
N


    ɤȼɬ. (3.13) 

Ɋɚɫɩɨɥɚɝɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɟɫɬɶ 
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 ɬɪ ɬ ɝ

151551 0,316
47,89

1000
N ɇ G 

    ɤȼɬ. (3.14) 

 Ⱥɞɢɚɛɚɬɧɵɣ ɄɉȾ ɬɭɪɛɢɧɵ 

 ɬɞ
ɚɞ

ɬɪ

35,666
0,731

47,89

N

N
      (3.15) 

Ʉɚɤ ɜɢɞɧɨ ɄɉȾ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɨɤɚɡɚɥɫɹ ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ ɩɨ-

ɥɭɱɟɧɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɩɭɬɺɦ. ɉɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ (0,731–

0,706)/0,731∙100 = 3,54%, ɩɨɷɬɨɦɭ ɭɬɨɱɧɟɧɢɟ ɧɟ ɬɪɟɛɭɟɬɫɹ. 

ɉɨɥɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɠɟɤɬɨɪɟ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.25.  

 

 

Ɋɢɫɭɧɨɤ 3.25 – ɉɨɥɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. 

ɋɬɚɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɈȽ ɧɚ ɫɪɟɡɟ ɫɨɩɥɚ 637 Ʉ. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɦɟɲɚɧɧɨɝɨ 

ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ 478 Ʉ, ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ – 467 Ʉ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɚɯ 3.26-3.27. 

 Ɋɢɫɭɧɨɤ 3.26 – ɉɨɥɟ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. 



94  
 

Ɋɢɫɭɧɨɤ 3.27 – ɉɨɥɟ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. 

ɋɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɫɪɟɡɟ ɫɨɩɥɚ 99,8 ɤɉɚ. ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ Ɉȼ ɭɜɟɥɢɱɢ-

ɜɚɟɬɫɹ ɫ 100,4 ɤɉɚ  ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɪɭɛɨɤ Ɉɇȼ ɞɨ 101,1 ɤɉɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ ɢ ɞɨ 

101,5 ɤɉɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ. ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɈȽ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ 106,9 

ɤɉɚ ɧɚ ɫɪɟɡɟ ɫɨɩɥɚ ɞɨ 101,4 ɧɚ ɜɵɯɨɞɟ ɢɯ Ʉɋ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.28 

 

Ɋɢɫɭɧɨɤ 3.28 – ɉɨɥɟ ɫɤɨɪɨɫɬɟɣ ɜ ɩɪɨɞɨɥɶɧɨɦ ɫɟɱɟɧɢɢ. 

Ⱥɛɫɨɥɸɬɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɫɨɫɬɚɜɥɹɟɬ 125 ɦ/ɫ, ɧɚ ɫɪɟɡɟ ɫɨɩɥɚ 

ɷɠɟɤɬɨɪɚ 156 ɦ/ɫ. ȼ ɤɚɦɟɪɟ ɫɦɟɲɟɧɢɹ ɨɧɚ ɫɧɢɠɚɟɬɫɹ ɞɨ 50 ɦ/ɫ. ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ 

Ɉȼ ɜ ɬɪɭɛɤɚɯ ɦɚɬɪɢɰɵ Ɉɇȼ 28 ɦ/ɫ,  ɧɚ ɫɪɟɡɟ ɫɨɩɥɚ –  24 ɦ/ɫ, ɜ ɤɚɦɟɪɟ ɫɦɟɲɟɧɢɹ 

ɫɤɨɪɨɫɬɶ Ɉȼ ɜɨɡɪɚɫɬɚɟɬ ɞɨ 43 ɦ/ɫ. ɇɚ ɜɵɯɨɞɟ ɢɡ ɞɢɮɮɭɡɨɪɚ ɫɤɨɪɨɫɬɶ ɫɦɟɲɚɧɧɨɝɨ 

ɩɨɬɨɤɚ 25 ɦ/ɫ, ɱɬɨ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢɧɹɬɨ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɪɚɫɱɟɬɟ. ɇɟɪɚɜɧɨɦɟɪ-

ɧɨɫɬɶ ɩɨɥɹ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 84%, ɩɨɤɚɡɚɧɚ ɧɚ 

ɪɢɫɭɧɨɤ 3.29.  
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Ɋɢɫɭɧɨɤ 3.29 – ɇɟɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɨɥɹ ɫɤɨɪɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɤɚɦɟɪɵ ɫɦɟɲɟ-

ɧɢɹ. 

Ɋɚɫɯɨɞ Ɉȼ ɫɨɫɬɚɜɢɥ 0,51 ɤɝ/ɫ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɷɮɮɢɰɢɟɧɬɭ ɷɠɟɤɰɢɢ 1,6. 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɛɨɥɶɲɟ ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɚɧɚɥɢɬɢɱɟɫɤɢ. ɉɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜ-

ɥɹɟɬ (1,6 – 1,47)/1,47*100 = 10,2%.  

Ⱥɞɢɚɛɚɬɧɵɣ ɄɉȾ ɷɠɟɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ:  
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,  (3.16) 

ɝɞɟ                  πɨɜ = 101,4/100 = 1,014 – ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ Ɉȼ,   

                       πɨɝ = 106,9/101,4 = 1,055 – ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɈȽ. 

ɄɉȾ ɷɠɟɤɬɨɪɚ ɬɚɤɠɟ ɩɨɥɭɱɢɥɫɹ ɧɟɦɧɨɝɨ ɜɵɲɟ, ɱɟɦ ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ. ɉɨ-

ɝɪɟɲɧɨɫɬɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɫɬɚɜɥɹɟɬ (0,499 – 0,435)/0,435 = 14,7%. 

Ⱦɥɹ ɜɬɨɪɨɣ ɫɯɟɦɵ ɩɪɨɜɟɞɟɧ ɚɧɚɥɨɝɢɱɧɵɣ ɪɚɫɱɺɬ. Ⱦɥɹ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ΔТ 

= 70 ɝɪɚɞ. ɢ πɤ = 2,46 ɩɨ ɮɨɪɦɭɥɚɦ (3.1-3.12) ɨɩɪɟɞɟɥɟɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ 

ɢ ɩɚɪɚɦɟɬɪɵ ɬɭɪɛɢɧɵ ɢ ɷɠɟɤɬɨɪɚ: ɪɚɫɯɨɞ ɈȽ ɱɟɪɟɡ ɬɭɪɛɢɧɭ Gɬ = 0,282 ɤɝ/ɫ, ɫɬɟ-

ɩɟɧɶ ɩɨɧɢɠɟɧɢɹ  ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ πɬ = 2,39, ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ ɧɚ ɜɯɨɞɟ D = 110 

ɦɦ, ɫɬɟɩɟɧɶ ɪɚɞɢɚɥɶɧɨɫɬɢ ȝ = 0,515, ɭɞɟɥɶɧɚɹ ɚɞɢɚɛɚɬɧɚɹ ɪɚɛɨɬɚ ɬɭɪɛɢɧɵ ɇ = 
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176277 Ⱦɠ/ɤɝ, ɚɞɢɚɛɚɬɧɚɹ ɫɤɨɪɨɫɬɶ ɫɚɞ = 593 ɦ/ɫ. ȼɵɫɨɬɚ ɥɨɩɚɬɤɢ ɧɚ ɜɯɨɞɟ ɜ ɤɨɥɟ-

ɫɨ l1 = 10 ɦɦ, ɄɉȾ ɬɭɪɛɢɧɵ Șɬ = 0,8. 

Ⱦɢɚɦɟɬɪ ɫɨɩɥɚ Ʌɚɜɚɥɹ ɧɚ ɜɵɯɨɞɟ Dɫ = 7,2 ɦɦ, ɞɢɚɦɟɬɪ ɤɚɦɟɪɵ D3 = 104, ɞɢɚ-

ɦɟɬɪ ɞɢɮɮɭɡɨɪɚ Dɞ = 230, ɞɥɢɧɚ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ lɤ = 1230 ɦɦ (ɪɢɫɭɧɨɤ 3.30). 

 

Ɋɢɫɭɧɨɤ 3.30 – Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɷɠɟɤɬɨɪɚ. 

ɉɨɥɹ ɞɚɜɥɟɧɢɣ, ɫɤɨɪɨɫɬɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 3.31-3.34. Ɇɨ-

ɦɟɧɬ ɧɚ ɜɚɥɭ 5,68 ɇɦ. Ɇɨɳɧɨɫɬɶ ɬɭɪɛɢɧɵ ɫɨɫɬɚɜɢɥɚ 36,7 ɤȼɬ. 

 

Ɋɢɫɭɧɨɤ 3.31 – ɉɨɥɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɷɠɟɤɬɨɪɟ. 

ɋɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ Ɉȼ ɩɨɞɧɢɦɚɟɬɫɹ ɨɬ 100216 ɉɚ ɞɨ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɷɠɟɤɬɨɪɚ 101444 ɉɚ. ɗɬɨ ɫɨɜɩɚɞɚɟɬ ɫ ɩɪɢɧɹɬɵɦ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɪɚɫɱɺɬɟ. ɋɬɚɬɢ-

ɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ 100000 ɉɚ. 
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Ɋɢɫɭɧɨɤ 3.32 – ɉɨɥɟ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɷɠɟɤɬɨɪɟ. 

ɉɨɥɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ ɫɨɫɬɚɜɢɥɨ 101585 ɉɚ, ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɬɭɪɛɢɧɵ 112 354 ɤɉɚ. 

 

Ɋɢɫɭɧɨɤ 3.33 – ɉɨɥɟ ɫɤɨɪɨɫɬɟɣ ɜ ɷɠɟɤɬɨɪɟ. 

ɋɤɨɪɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ ɫɨɫɬɚɜɢɥɚ 16,1 ɦ/ɫ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ 

ɧɚ ɫɪɟɡɟ ɫɨɩɥɚ 602 ɦ/ɫ. ɇɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 103 

ɦ/ɫ. 

 

Ɋɢɫɭɧɨɤ 3.34 – ɉɨɥɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɠɟɤɬɨɪɟ.  

Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ ɫɨɫɬɚɜɢɥɚ 388 Ʉ, ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɭɪɛɢɧɵ – 

656 Ʉ. 
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 3.5 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɨɩɵɬɧɨɝɨ ɷɠɟɤɬɨɪɚ ɞɥɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ  ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Ɉɛɴɟɞɢɧɹɹ ɭɪɚɜɧɟɧɢɹ (2.9), (2.13) ɢ (2.15) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɩɨɞɨɛɢɹ 

ɞɥɹ ɷɠɟɤɬɨɪɚ, ɞɚɸɳɟɟ ɫɜɹɡɶ ɦɟɠɞɭ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɷɠɟɤɰɢɢ, ɨɬɧɨɲɟɧɢɟɦ ɩɥɨɳɚ-

ɞɟɣ ɫɨɩɥɚ ɢ Ʉɋ ɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɬɨɤɨɜ ɝɚɡɨɜ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚ-

ɠɟɧɢɟɦ: 

    
 

*
ɧɧ

3p*

ɪ ɪ

1
1

qp
u f

p q


 

  ,  (3.17) 

ɝɞɟ ș – ɨɬɧɨɲɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ Ɉȼ ɤ ɤɪɢɬɢɱɟɫɤɨɣ ɫɤɨɪɨɫɬɢ ɈȽ.         

ɉɪɢ ɡɚɞɚɧɧɨɦ ɨɬɧɨɲɟɧɢɢ ɞɚɜɥɟɧɢɣ ɈȽ ɢ Ɉȼ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɩɪɨ-

ɩɨɪɰɢɨɧɚɥɟɧ ɤɨɪɧɸ ɤɜɚɞɪɚɬɧɨɦɭ ɢɡ ɨɬɧɨɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɫɦɟɲɢɜɚɸɳɢɯɫɹ ɩɨ-

ɬɨɤɨɜ. Ʉɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨ-

ɱɟɝɨ ɩɨɬɨɤɚ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɧɠɟɤɬɢɪɭɟɦɨɝɨ ɩɨɬɨɤɚ. 

Ɉɱɟɜɢɞɧɨ ɬɚɤɠɟ, ɱɬɨ ɞɥɹ ɚɩɩɚɪɚɬɚ ɡɚɞɚɧɧɵɯ ɪɚɡɦɟɪɨɜ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɡɧɚ-

ɱɟɧɢɢ ɞɚɜɥɟɧɢɣ ɪɪ, ɪɧ, ɪɫ ɢ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɟ u√ș ɩɨɫɬɨɹɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɢ ɝɚ-

ɡɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɪɚɫɱɟɬɟ. Ʉɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɞɥɹ 

ɚɩɩɚɪɚɬɚ ɡɚɞɚɧɧɵɯ ɪɚɡɦɟɪɨɜ ɢ ɩɨɫɬɨɹɧɧɨɦ ɨɬɧɨɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ ɩɪɹɦɨ ɩɪɨɩɨɪ-

ɰɢɨɧɚɥɟɧ ɨɬɧɨɲɟɧɢɸ ɩɨɥɧɵɯ ɞɚɜɥɟɧɢɣ ɩɨɬɨɤɨɜ ɈȽ ɢ Ɉȼ. ɂ ɧɚɤɨɧɟɰ, ɩɪɢ ɧɟɢɡ-

ɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɨɬɨɤɨɜ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɨɬɧɨ-

ɲɟɧɢɸ ɩɥɨɳɚɞɟɣ Ʉɋ ɢ ɫɨɩɥɚ.  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɭɪɚɜɧɟɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɯɨɞɨɜ ɈȽ ɢ 

Ɉȼ, ɚ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɨɤɨɜ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ [67]. Ɍɚɤɢɦ ɨɛɪɚ-

ɡɨɦ, ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɩɨɫɬɨɹɧɧɵɯ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ ɈȽ ɢ Ɉȼ, ɩɪɢ ɭɦɟɧɶɲɟ-

ɧɢɢ ɪɚɫɯɨɞɚ ɈȽ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɪɚɫɯɨɞ Ɉȼ ɢ ɬɚɤɠɟ ɩɪɨɩɨɪɰɢɨ-

ɧɚɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ f3p. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɭɫɥɨɜɢɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɉɪɢ ɪɚɫɯɨɞɟ, ɨɬɥɢɱɚɸɳɟɦɫɹ ɨɬ ɬɪɟɛɭɟɦɨɝɨ, ɞɢɚɦɟɬɪ ɫɨɩɥɚ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤ-

ɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ 
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2

ɪ
ɪɦ

ɷ

ɨɝɆ

d
d

G

G

 ,  (3.18) 

ɝɞɟ GɨɝɆ – ɪɚɫɯɨɞ ɈȽ ɞɥɹ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ.          

Ⱦɢɚɦɟɬɪ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ 

 2

3 3 3 pd d f .  (3.19) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ ɪɚɡɭɦɧɵɦ ɹɜɥɹɟɬɫɹ ɜɵ-

ɞɟɪɠɢɜɚɬɶ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ ɢ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɟɚɥɶɧɨɦɭ 

ɷɠɟɤɬɨɪɭ. Ɉɞɧɚɤɨ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɜɵɞɟɪɠɢɜɚɧɢɟ ɨɛɨɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɹɜɥɹɟɬɫɹ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ. ɉɨɷɬɨɦɭ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɨɛɵɱɧɨ ɜɵɞɟɪɠɢɜɚɸɬ 

ɬɨɥɶɤɨ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ, ɨɩɪɟɞɟɥɹɹ ɜɟɥɢɱɢɧɭ u√ș, ɚ ɡɚɬɟɦ ɧɚɯɨɞɹɬ ɧɟɩɨɫɪɟɞ-

ɫɬɜɟɧɧɨ ɮɢɡɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ u.  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɷɠɟɤɬɨɪɚ ɧɚɢɛɨɥɟɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɪɚɫɫɱɢ-

ɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɦɟɬɨɞɢɤɟ [68]: 

1) Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɜɟɞɟɧɧɵɣ Ʉɗ 

  
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, (3.20) 

 ɝɞɟ ın – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɚɫɫɢɜɧɨɦ ɫɨɩɥɟ 

ɷɠɟɤɬɨɪɚ; 

       

1

12

1

k

kk
m

R k


    

 – ɩɚɪɚɦɟɬɪ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɚ-

ɡɚ; 

       πɨɝ = ɪɪ/ɪɧ – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ ɜ ɪɚɛɨɱɟɦ ɫɨɩɥɟ; 

       Ȝɨɜ2 – ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ Ɉȼ ɧɚ ɜɯɨɠɟ ɜ Ʉɋ; 

       ıɚ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɪɚɛɨɱɟɦ ɫɨɩɥɟ ɷɠɟɤ-

ɬɨɪɚ; 

2) ɉɚɪɚɦɟɬɪɵ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ  

- ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ 
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  (3.21) 

- ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ 
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3) Ɉɬɧɨɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɢ ɪɚɛɨɱɟɝɨ 
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, (3.23) 

ɝɞɟ ɫɪɨɜ, ɫɪɪ, ɫɪɫ – ɭɞɟɥɶɧɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, 

ɈȽ ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, Ⱦɠ/ɤɝ/Ʉ; 

       Qɤɫ – ɬɟɩɥɨɬɚ, ɨɬɜɨɞɢɦɚɹ ɨɬ Ʉɋ ɜɨɜɧɟ, ȼɬ;       

       Gɪ – ɪɚɫɯɨɞ ɈȽ, ɤɝ/ɫ. 

4) Ɉɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɜɟɞɟɧɧɵɣ ɢɦɩɭɥɶɫ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ (ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨ ɡɚɞɚɟɬɫɹ Ȝɨɜ ɢ Ȝ3) 

- ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ Ɉȼ ɧɚ ɜɯɨɞɧɨɦ ɭɱɚɫɬɤɟ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ 
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, 

ɝɞɟ vɨɜ, vɪ – ɭɞɟɥɶɧɵɣ ɨɛɴɺɦ Ɉȼ ɢ ɈȽ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦ3/ɤɝ 

- ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɜɟɥɢɱɢɧɵ 
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ɤɫ

2 ɤɫ 3
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а
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   ,  

ɝɞɟ  аɨɜ, аɪ, ac – ɤɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɜ Ɉȼ ɢ ɜ ɈȽ ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɫɨ-

ɨɬɜɟɬɫɬɜɟɧɧɨ, ɦ/ɫ; 

      z(Ȝ) – ȽȾɎ – ɩɪɢɜɟɞɟɧɧɵɣ ɢɦɩɭɥɶɫ ɩɨɬɨɤɚ; 

      q(Ȝ) – ȽȾɎ – ɩɪɢɜɟɞɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ; 

      ξɤɫ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɜ Ʉɋ; 

      Ȝ3 – ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ;   

      Dɧ – ɞɢɚɦɟɬɪ ɩɪɢɺɦɧɨɣ ɤɚɦɟɪɵ, ɦ; 

      dɫ – ɞɢɚɦɟɬɪ ɬɪɭɛɵ ɩɨɞɜɨɞɚ ɈȽ, ɦ; 

      dɤɫ – ɞɢɚɦɟɬɪ Ʉɋ, ɦ. 

      - ɩɪɢɜɟɞɟɧɧɵɣ ɢɦɩɭɥɶɫ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ Ʉɋ 
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5) ɉɨ ɢɡɜɟɫɬɧɨɦɭ ɩɪɢɜɟɞɟɧɧɨɦɭ ɢɦɩɭɥɶɫɭ ɧɚɯɨɞɢɬɫɹ ɩɪɢɜɟɞɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚ 

ɜɵɯɨɞɟ ɢɡ Ʉɋ Ȝ3. Ⱦɚɥɟɟ ɧɚɯɨɞɢɬɫɹ ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɷɠɟɤɬɨɪɟ 
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ɝɞɟ ıɞ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɯɪɚɧɟɧɢɹ ɩɨɥɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɞɢɮɮɭɡɨɪɟ.  

6) Ɉɩɪɟɞɟɥɹɟɬɫɹ ɚɞɢɚɛɚɬɧɵɣ ɄɉȾ ɷɠɟɤɬɨɪɚ 
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  (3.26)  
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7) ɇɚ ɧɟɪɚɫɱɟɬɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɜɨɡɧɢɤɚɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 

ɩɨɥɭɱɚɟɦɨɟ ɩɪɢ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɢ ɧɚ ɜɯɨɞɟ ɜ ɤɚɦɟɪɭ, ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɟɝɨ 

ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ, ɞɚɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɬɟɪɶ 

ɨɬ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɨɬɧɨɲɟɧɢɹ ɩɥɨɳɚɞɟɣ Ʉɋ ɢ ɫɨɩɥɚ ɢ ɩɪɢɜɟɞɟɧɧɨɣ ɫɤɨɪɨɫɬɢ 

ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ ɧɚ ɪɟɡɟ ɫɨɩɥɚ,  

 
 

3p

ɤɫ 4

p

0,1
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f
a


  ,  (3.27) 

ɝɞɟ а – ɤɨɷɮɮɢɰɢɟɧɬ ɬɭɪɛɭɥɟɧɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨɬɨɤɚ (a = 0,08) [69, 70].  

8) Ʉɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ ɪɚɛɨɱɟɝɨ ɫɨɩɥɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɟɝɨ ɩɥɨɳɚɞɢ ɢɝɥɨɣ 

ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.73). 

ɋ ɭɱɺɬɨɦ (3.27) ɢ (2.73) ɭɤɚɡɚɧɧɵɟ ɮɨɪɦɭɥɵ ɫɬɚɧɨɜɹɬɫɹ ɩɪɢɦɟɧɢɦɵ ɤɚɤ ɞɥɹ 

ɪɚɫɱɺɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɠɟɤɬɨɪɚ ɫ ɧɟɢɡɦɟɧɧɨɣ ɝɟɨɦɟɬɪɢɟɣ, ɬɚɤ ɢ ɫ ɢɡɦɟɧɹɟɦɨɣ.  
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4 Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚ-

ɧɨɜɤɚ ɢ ɩɪɢɦɟɧɹɟɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

  ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɦɚɤɟɬɧɨɦ ɷɠɟɤɬɨɪɟ, ɫɩɪɨ-

ɟɤɬɢɪɨɜɚɧɧɨɦ ɩɨ ɭɪɚɜɧɟɧɢɸ ɩɨɞɨɛɢɹ, ɩɨɤɚɡɚɧɧɨɦɭ ɜ ɝɥ.3. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ 

ɫɬɟɧɞ ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣ 4-ɰɢɥɢɧɞɪɨɜɵɣ ɱɟɬɵɪɟɯɬɚɤɬɧɵɣ ɞɜɢɝɚɬɟɥɶ 4ɑ8,2×7,1 

(ȼȺɁ 21114) ɢ ɫɦɨɧɬɢɪɨɜɚɧɧɵɣ ɩɨɫɥɟ ɜɵɩɭɫɤɧɨɝɨ ɤɨɥɥɟɤɬɨɪɚ ɦɚɤɟɬɧɵɣ ɷɠɟɤɬɨɪ. 

Ȼɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɦɟɬɨɞɢɤɢ ɩɨɥɭɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɝɚɬɟɥɹ ɢ ɷɠɟɤɬɨɪɚ. 

ɉɪɢ ɢɫɩɵɬɚɧɢɹɯ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɪɚɡɥɢɱɧɚɹ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɚɩɩɚɪɚɬɭ-

ɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɩɨɥɭɱɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɫ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɶɸ. ɉɨ-

ɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟ-

ɡɭɥɶɬɚɬɨɜ. 

4.1 Ɉɛɨɫɧɨɜɚɧɢɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ ɷɠɟɤɬɨɪɚ. ɂɫɫɥɟɞɨɜɚ-

ɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɤɚɮɟɞɪɵ «Ⱦɜɢɝɚɬɟɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ» 

ɘɠɧɨ-ɍɪɚɥɶɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɝɞɟ ɛɵɥɚ ɫɨɡɞɚɧɚ ɫɩɟɰɢɚɥɶɧɚɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ: 4-ɰɢɥɢɧɞɪɨɜɵɣ ɞɜɢɝɚɬɟɥɶ 

4ɑ 8,2×7,1, ɨɛɨɪɭɞɨɜɚɧɧɵɣ ɚɝɪɟɝɚɬɚɦɢ ɢ ɫɢɫɬɟɦɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɟɝɨ ɧɨɪ-

ɦɚɥɶɧɭɸ ɪɚɛɨɬɭ, ɧɚɝɪɭɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɫɦɨɧɬɢɪɨɜɚɧɧɵɣ ɧɚ ɜɵɩɭɫɤɧɨɣ ɫɢɫɬɟɦɟ 

ɫɬɪɭɣɧɵɣ ɚɩɩɚɪɚɬ – ɷɠɟɤɬɨɪ, ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɚɩɩɚɪɚɬɭɪɭ, ɚ ɬɚɤɠɟ ɦɟ-

ɯɚɧɢɡɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɪɢɛɨɪɵ. 

ɍɫɬɚɧɨɜɤɚ ɛɵɥɚ ɫɨɡɞɚɧɚ ɧɚ ɛɚɡɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ «Ɋɚɛɨɱɢɟ ɩɪɨɰɟɫɫɵ 

ɛɟɧɡɢɧɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ», ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ, ɞɨɜɨɞɨɱɧɵɯ, ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɤɪɚɬɤɨɫɪɨɱɧɵɯ ɢ ɞɥɢɬɟɥɶɧɵɯ  

ɢɫɩɵɬɚɧɢɣ ɞɜɢɝɚɬɟɥɟɣ, ɜɤɥɸɱɚɹ ɨɩɵɬɧɵɟ ɨɛɪɚɡɰɵ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ. Ɉɧ ɩɨɡɜɨɥɹɟɬ 
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ɨɫɭɳɟɫɬɜɥɹɬɶ ɨɬɪɚɛɨɬɤɭ ɨɬɞɟɥɶɧɵɯ ɭɡɥɨɜ ɢ ɫɢɫɬɟɦ ɞɜɢɝɚɬɟɥɹ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɦɨɳɧɨɫɬɢ, ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ.  

ɐɟɥɶɸ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɥɨɫɶ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɚɫɩɟɤɬɨɜ, ɜɵɞɜɢɧɭ-

ɬɵɯ ɜɨ 2-ɣ ɝɥɚɜɟ. 

Ɇɟɬɨɞɢɤɨɣ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɨɫɶ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 

– ɩɪɨɜɟɞɟɧɢɟ ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɷɠɟɤɬɨɪɚ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɪɟɝɭɥɢɪɨɜɨɱ-

ɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɠɟɤɬɨɪɚ; 

– ɩɪɨɜɟɞɟɧɢɟ ɢɡɦɟɪɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɱɚɫɬɢɱɧɵɯ 

ɫɤɨɪɨɫɬɧɵɯ ɢ ɧɚɝɪɭɡɨɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ; 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɞɜɢɝɚɬɟɥɟ 4ɑ 8,2×7,1 (ȼȺɁ 21114) ɱɟɬɵɪɟɯɬɚɤɬ-

ɧɵɣ, ɱɟɬɵɪɟɯɰɢɥɢɧɞɪɨɜɵɣ, ɪɹɞɧɵɣ, ɛɟɧɡɢɧɨɜɵɣ (ɬɚɛɥɢɰɚ 4.1). 

Ɍɚɛɥɢɰɚ 4.1 – Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ  4ɑ 8,2×7,1 

Ɉɛɴɺɦ, ɫɦ3
  1596 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɇɦ (ɤɝɫ∙ɦ) ɩɪɢ 

ɦɢɧ-1
 

125 (12) / 3000 

ɂɫɩɨɥɶɡɭɟɦɨɟ ɬɨɩɥɢɜɨ Ȼɟɧɡɢɧ Ⱥɂ-95 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ (ɥ.ɫ.) ɩɪɢ ɦɢɧ-1
 60 (81) / 5200 

Ⱦɢɚɦɟɬɪ ɰɢɥɢɧɞɪɚ, ɦɦ 82 

ɏɨɞ ɩɨɪɲɧɹ, ɦɦ 71 

ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ 9,6 

Ʉɨɥɢɱɟɫɬɜɨ ɤɥɚɩɚɧɨɜ ɧɚ ɰɢɥɢɧɞɪ 8 (ɞɜɚ ɜɩɭɫɤɧɵɯ ɢ ɞɜɚ ɜɵ-

ɩɭɫɤɧɵɯ) 

ɋɢɫɬɟɦɚ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ  Ɋɚɫɩɪɟɞɟɥɟɧɧɵɣ ɜɩɪɵɫɤ ɫ 

ɷɥɟɤɬɪɨɧɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ 

 

ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɨɦ ɬɨɪɦɨɠɟɧɢɹ ɪɚɛɨɬɚɸɳɟɝɨ ɞɜɢɝɚɬɟɥɹ. ɇɚɝɪɭ-

ɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ – ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɢɩɚ, ɜɤɥɸɱɚɸɳɟɟ ɦɚɫɥɹɧɵɣ ɛɚɤ, ɟɦɤɨɫɬɶɸ 

400 ɥ, ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɨɣ ɦɚɫɥɹɧɵɣ ɧɚɫɨɫ 303.4.112.03.06, ɢɦɟɸɳɢɣ ɫɨɟɞɢɧɟ-
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ɧɢɟ ɫ ɜɚɥɨɦ ɨɬɛɨɪɚ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɱɟɪɟɡ ɪɟɞɭɤɬɨɪ ɢ ɦɟɯɚɧɢɡɦ ɫɰɟɩɥɟɧɢɹ, 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɷɥɟɤɬɪɨɭɩɪɚɜɥɹɟɦɵɣ ɞɪɨɫɫɟɥɶ ɢ ɪɭɤɚɜɚ ɧɢɡɤɨɝɨ ɞɚɜɥɟɧɢɹ. 

Ɍɨɩɥɢɜɨ ɢ ɦɚɫɥɨ,  ɩɪɢɦɟɧɹɟɦɨɟ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ, ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɢɡ ɨɞɧɨɣ 

ɩɚɪɬɢɢ ɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɨ ɬɪɟɛɨɜɚɧɢɹɦ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɧɚ ɞɜɢɝɚɬɟɥɶ. Ɍɟɦ-

ɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ (ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ, ɬɨɩɥɢɜɚ ɢ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ) ɩɨɞ-

ɞɟɪɠɢɜɚɥɚɫɶ ɜ ɡɚɞɚɧɧɵɯ  ɩɪɟɞɟɥɚɯ ɫɨɝɥɚɫɧɨ ɬɟɯɧɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ ɧɚ ɞɜɢɝɚɬɟɥɶ.   

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 

4.1. 

 

Ɋɢɫɭɧɨɤ 4.1 – ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ:  
1 – ɞɜɢɝɚɬɟɥɶ, 2 – ɬɟɪɦɨɩɚɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɧɚ ɜɯɨɞɟ ɜ ɞɜɢɝɚɬɟɥɶ, 3 – 

ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɨɣ, 4 – ɜɨɡɞɭɲɧɵɣ ɮɢɥɶɬɪ ɧɚ ɜɯɨɞɟ ɜ ɞɜɢɝɚɬɟɥɶ, 5 – 

ɞɪɨɫɫɟɥɶɧɚɹ ɡɚɫɥɨɧɤɚ, 6 – ɞɚɬɱɢɤ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɞɜɢɝɚɬɟɥɶ, 7 – ɮɨɪɫɭɧɤɚ, 8 – 

ɜɟɫɵ, 9 – ɬɨɩɥɢɜɧɵɣ ɛɚɤ, ɬɨɩɥɢɜɧɵɣ ɧɚɫɨɫ, 11 – ɬɨɩɥɢɜɧɵɣ ɮɢɥɶɬɪ, 12 – ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɟ, ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɸ Ɉɇȼ, 13 – ɞɚɬɱɢɤ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɝɨ 

ɜɨɡɞɭɯɚ, 14 – ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ Ɉȼ, 15 – ɬɟɪɦɨɩɚɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɲɚɧɧɨɝɨ ɩɨ-

ɬɨɤɚ, 16 – ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ, 17 – ɤɨɪɨɛɤɚ ɩɟɪɟɞɚɱ, 18 – ɚɤɫɢɚɥɶɧɨ-

ɩɨɪɲɧɟɜɨɣ ɧɚɫɨɫ, 19 – ɦɚɫɥɹɧɵɣ ɞɪɨɫɫɟɥɶ, 20 – ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ ɦɚɫɥɹɧɵɦ ɞɪɨɫɫɟɥɟɦ, 

21 – ɦɚɫɥɹɧɵɣ ɛɚɤ, 22 – ɦɚɫɥɹɧɵɣ ɪɚɞɢɚɬɨɪ, 23 – ɬɟɪɦɨɩɚɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ 

ɜ ɧɚɝɪɭɡɨɱɧɨɦ ɭɫɬɪɨɣɫɬɜɟ, 24 – ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ ɦɚɫɥɚ ɜ ɧɚɝɪɭɡɨɱɧɨɦ ɭɫɬɪɨɣɫɬɜɟ, 25 – ɞɚɬɱɢɤ 

ɞɚɜɥɟɧɢɹ Ɉȼ ɩɟɪɟɞ Ʉɋ, 26 – ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, 27 – ɬɟɪɦɨɩɚɪɚ ɞɥɹ ɢɡɦɟɪɟ-

ɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɈȽ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, 28 – ɷɠɟɤɬɨɪ. 
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Ɋɟɝɢɫɬɪɢɪɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ:  

– ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ – n, ɦɢɧ–1
  

– ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ – ɆK, ɇ·ɦ; 

– ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ GТ, ɤɝ/ɱ;   

– ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɞɵ, ɦɚɫɥɚ, ɬɨɩɥɢɜɚ, ɜɨɡɞɭɯɚ ɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ, °ɋ; 

– ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɞɜɢɝɚɬɟɥɶ – Gв, ɤɝ/ɱ; 

– ɞɚɜɥɟɧɢɟ ɫɦɚɡɨɱɧɨɝɨ ɦɚɫɥɚ – ɪɦ, Ɇɉɚ;     

ȼɵɱɢɫɥɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ: 

–  ɫɪɟɞɧɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɞɚɜɥɟɧɢɟ, Ɇɉɚ:  

 
0,00314 Д K

e

h

M
p

iV


 ,  (4.1)                 

ɝɞɟ τɞ – ɬɚɤɬɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ,   

i – ɱɢɫɥɨ ɰɢɥɢɧɞɪɨɜ,  

Vh – ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɨɞɧɨɝɨ ɰɢɥɢɧɞɪɚ. 

– ɷɮɮɟɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ: 

 
9550

K
e

M n
N  .  (4.2)                 

–  ɭɞɟɥɶɧɵɣ  ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɝ/(ɤȼɬ·ɱ): 
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 .  (4.3)                 

ɉɪɢ ɪɚɛɨɬɟ ɞɜɢɝɚɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɪɢɜɟɞɟɧɢɟ ɦɨɳɧɨɫɬɢ ɢ ɪɚɫɯɨɞɚ ɬɨɩɥɢ-

ɜɚ ɤ ɫɬɚɧɞɚɪɬɧɵɦ ɚɬɦɨɫɮɟɪɧɵɦ ɭɫɥɨɜɢɹɦ ɧɚ ɜɫɟɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ. 

ɉɪɢɜɟɞɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹ-

ɥɨɫɶ ɩɨ ȽɈɋɌ Ɋ 52517-2005 ɩɪɢ ɩɨɦɨɳɢ ɩɨɩɪɚɜɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

ɋɬɚɧɞɚɪɬɧɵɟ ɚɬɦɨɫɮɟɪɧɵɟ ɭɫɥɨɜɢɹ: 

– ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ – 100 ɤɉɚ; 

– ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ – 298 °Ʉ; 

– ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ – 30%; 

ɉɪɢɜɟɞɟɧɧɚɹ ɦɨɳɧɨɫɬɶ Nе0  ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ                                          
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 ,  (4.4)         

ɝɞɟ αɢ – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɦɨɳɧɨɫɬɢ, 

      Ne – ɦɨɳɧɨɫɬɶ, ɨɩɪɟɞɟɥɟɧɧɚɹ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɧɞɢɤɚɬɨɪɧɨɣ ɦɨɳɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 ɢ

m n s

х х sx srr

r r sr x sx

ɪ p TT
k

ɪ p T T



     
           

, (4.5) 

ɝɞɟ    pɯ, Тɯ – ɞɚɜɥɟɧɢɟ (ɤɉɚ) ɢ ɬɟɦɩɟɪɚɬɭɪɚ (Ʉ) ɩɪɢ ɦɟɫɬɧɵɯ ɨɤɪɭɠɚɸɳɢɯ 

ɭɫɥɨɜɢɹɯ; 

             pr, Тr – ɞɚɜɥɟɧɢɟ (ɤɉɚ) ɢ ɬɟɦɩɟɪɚɬɭɪɚ (Ʉ) ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɨɤɪɭɠɚ-

ɸɳɢɯ ɭɫɥɨɜɢɹɯ; 

            psx, psr – ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɢɹ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɩɪɢ ɦɟɫɬɧɵɯ ɨɤɪɭɠɚɸ-

ɳɢɯ ɭɫɥɨɜɢɹɯ ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɨɤɪɭɠɚɸɳɢɯ ɭɫɥɨɜɢɹɯ, ɤɉɚ; 

           ĳɯ, ĳr – ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɜɥɚɠɧɨɫɬɢ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɦɟɫɬɧɵɯ 

ɭɫɥɨɜɢɹɯ ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ, %, 

           Тsɯ, Тsr – ɬɟɦɩɟɪɚɬɭɪɵ  ɨɯɥɚɠɞɚɸɳɟɣ  ɫɪɟɞɵ  ɧɚ  ɜɯɨɞɟ  ɜ  ɨɯɥɚɞɢɬɟɥɶ 

ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɦɟɫɬɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ, Ʉ, 

           m, n, s – ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɢ, ɤɨɬɨɪɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2. 

Ɍɚɛɥɢɰɚ 4.2 – ɉɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɢ ɞɥɹ ɩɨɩɪɚɜɨɱɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

Ɍɢɩ ɞɜɢɝɚɬɟɥɹ 
ȼɢɞ 

ɬɨɩɥɢɜɚ 
ɍɫɥɨɜɢɹ m n s 

Ⱦɜɢɝɚɬɟɥɢ ɫ 
ɜɨɫɩɥɚɦɟɧɟɧɢɟɦ 
ɨɬ ɢɫɤɪɵ 

Ȼɟɧɡɢɧ, 
ɫɠɢɠɟɧɧɵɣ 
ɧɟɮɬɹɧɨɣ 
ɝɚɡ, ɝɚɡɨɨɛ-
ɪɚɡɧɨɟ ɬɨɩ-
ɥɢɜɨ 

Ȼɟɡ 
ɬɭɪɛɨɧɚɞɞɭɜɚ 

ȼɵɫɨɤɨɨɛɨ
ɪɨɬɧɵɟ 
ɱɟɬɵɪɟɯɬɚ
ɤɬɧɵɟ 
ɞɜɢɝɚɬɟɥɢ 

0,86 0,55 0 

   

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
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m

1
0,7 1 1k


 

   
 

,  (4.6) 

ɝɞɟ Șm – ɦɟɯɚɧɢɱɟɫɤɢɣ ɄɉȾ. 

ɍɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɪɢ ɫɬɚɧɞɚɪɬɧɵɯ ɭɫɥɨɜɢɹɯ ɨɩɪɟɞɟ-

ɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ                        

 ɢ
0

ɢ
e eg g

k


 ,  (4.7) 

ɝɞɟ ge – ɭɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɩɪɢ ɦɟɫɬɧɵɯ ɭɫɥɨɜɢɹɯ.       

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɩɪɢɜɟɞɟɧɧɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɜɢɝɚ-

ɬɟɥɹ ɜɵɱɢɫɥɹɥɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ: 

 
14,7

B

T

G

G
    (4.8)                 

Ɋɟɝɢɫɬɪɢɪɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɷɠɟɤɬɨɪɚ: 

– ɞɚɜɥɟɧɢɟ pɪ ɈȽ ɧɚ ɜɯɨɞɟ ɜ ɷɠɟɤɬɨɪ, ɤɉɚ; 

– ɬɟɦɩɟɪɚɬɭɪɚ Тɪ ɈȽ ɧɚ ɜɯɨɞɟ ɜ ɷɠɟɤɬɨɪ, ɨɋ; 

– ɞɚɜɥɟɧɢɟ pɧ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɚɦɟɪɨɣ ɫɦɟɲɟɧɢɹ ɷɠɟɤɬɨɪɚ, ɤɉɚ; 

– ɬɟɦɩɟɪɚɬɭɪɚ Тɧ ɜɨɡɞɭɯɚ ɩɟɪɟɞ ɤɚɦɟɪɨɣ ɫɦɟɲɟɧɢɹ ɷɠɟɤɬɨɪɚ, ɨɋ; 

– ɪɚɫɯɨɞ Gɨɜ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɷɠɟɤɬɨɪ, ɤɝ/ɱ; 

– ɞɚɜɥɟɧɢɟ pɫ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ, ɤɉɚ; 

– ɬɟɦɩɟɪɚɬɭɪɚ Тɫ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ, ɨɋ; 

Ɏɚɤɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɜɵɱɢɫɥɹɥɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

 в

в ɬ

G
u

G G



. (4.9) 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɹɥɫɹ ɩɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ 

 ɧ
ɩ

ɪ

T
u u

T
   (4.10) 

ɋɧɢɦɚɥɨɫɶ ɬɪɢ ɜɢɞɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ [71]: ɧɚɝɪɭɡɨɱɧɵɟ, ɫɤɨɪɨɫɬɧɵɟ ɢ ɪɟɝɭɥɢɪɨ-

ɜɨɱɧɵɟ ɷɠɟɤɬɨɪɚ. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɤ ɞɜɢɝɚɬɟɥɹ ɬɚɤ ɢ ɷɠɟɤɬɨɪɚ 

ɢɡɦɟɪɹɥɢɫɶ ɨɞɧɢ ɢ ɬɟ ɠɟ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ. ɉɪɢ ɫɧɹɬɢɢ ɤɚɠɞɨɣ ɢɡ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɝɚɬɟɥɶ ɪɚɛɨɬɚɥ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɢɡɦɟɪɟɧɢɣ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɬɟɦ-
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ɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɢ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɧɟ ɩɪɢɨɛɪɟɬɚɥɢ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ, ɫ 

ɤɨɥɟɛɚɧɢɹɦɢ ɧɟ ɛɨɥɟɟ, ɱɟɦ 2%. ɉɪɢ ɡɚɩɢɫɢ ɩɚɪɚɦɟɬɪɨɜ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟ-

ɧɢɹ, ɢ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɧɟ ɨɬɥɢɱɚɥɢɫɶ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ ɨɬ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɣ 

ɛɨɥɟɟ, ɱɟɦ ɧɚ 3%, ɚ ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ – ɧɟ ɛɨɥɟɟ, ɱɟɦ ɧɚ 2%. 

ɂɡɦɟɪɟɧɢɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ 

ɫɟɦɢ ɬɨɱɤɚɯ, ɫɤɨɪɨɫɬɧɵɯ ɢ ɧɚɝɪɭɡɨɱɧɵɯ – ɧɚ ɲɟɫɬɢ.  Ɂɚɦɟɪɵ ɧɚ ɤɚɠɞɨɦ ɢɡ ɪɟɠɢ-

ɦɨɜ  ɩɪɨɜɨɞɢɥɢɫɶ ɧɟ ɦɟɧɟɟ ɬɪɺɯ ɪɚɡ. 

Ɇɟɬɨɞɢɤɚ ɫɧɹɬɢɹ ɧɚɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɧɚɝɪɭɡɨɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɝɚɬɟɥɹ ɢɡɦɟɪɹɥɢɫɶ ɬɟ ɠɟ ɩɚ-

ɪɚɦɟɬɪɵ, ɱɬɨ ɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɤɨɪɨɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɇɚɝɪɭɡɨɱɧɵɟ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɪɢ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ 2800 ɦɢɧ–1
 ɢ 3500 ɦɢɧ–1. Ɇɨɦɟɧɬ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɦɟɧɹɥɫɹ ɫɬɭɩɟɧɱɚɬɨ – ɨɬ 11 ɞɨ 66 ɇɦ ɫ ɲɚɝɨɦ 11 ɇɦ. 

1. ɉɨɫɥɟ ɩɪɨɝɪɟɜɚ ɞɜɢɝɚɬɟɥɹ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ, ɞɪɨɫɫɟɥɶɧɚɹ ɡɚɫɥɨɧɤɚ ɨɬɤɪɵɜɚ-

ɥɚɫɶ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ Ʉȼ, ɩɪɢ ɤɨɬɨɪɨɣ ɫɧɢɦɚɥɚɫɶ ɯɚɪɚɤɬɟɪɢ-

ɫɬɢɤɚ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫɨɩɥɨ ɷɠɟɤɬɨɪɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɜɚɥɨɫɶ. Ɋɭɤɨɹɬɤɨɣ ɭɩɪɚɜ-

ɥɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɞɪɨɫɫɟɥɟɦ ɭɫɬɚɧɚɜɥɢɜɚɥɚɫɶ ɧɚɝɪɭɡɤɚ ɧɚ ɞɜɢɝɚɬɟɥɶ (11 ɇɦ). 

ɉɨ ɞɨɫɬɢɠɟɧɢɢ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɫɤɨɪɨɫɬɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɨɜ ɩɪɨɢɡɜɨɞɢ-

ɥɢɫɶ ɡɚɦɟɪɵ ɢ ɡɚɩɢɫɶ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɢ ɷɠɟɤɬɨɪɚ. 

2. ɉɨɫɥɟ ɡɚɩɢɫɢ ɢɡɦɟɪɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɫɥɟɞɭɸɳɢɣ ɧɚɝɪɭ-

ɡɨɱɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ, ɞɥɹ ɱɟɝɨ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɦɚɫɥɹɧɵɣ ɞɪɨɫɫɟɥɶ 

ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɧɚɝɪɭɡɤɚ ɧɚ ɞɜɢɝɚɬɟɥɶ. ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɩɨɞɞɟɪɠɢɜɚ-

ɥɚɫɶ ɩɨɫɬɨɹɧɧɨɣ ɩɨɫɪɟɞɫɬɜɨɦ ɭɜɟɥɢɱɟɧɢɹ ɭɝɥɚ ɨɬɤɪɵɬɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ. 

ɉɨɫɥɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫɤɨɪɨɫɬɧɨɝɨ ɢ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɧɚ ɭɫɬɚ-

ɧɨɜɥɟɧɧɨɣ ɧɚɝɪɭɡɤɟ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɡɚɦɟɪɵ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɧɚɝɪɭɡɤɢ ɧɚ ɞɜɢɝɚɬɟɥɶ ɨɬ ɪɟɠɢɦɚ ɯɨɥɨɫɬɨɝɨ 

ɯɨɞɚ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɧɚɱɟɧɢɹ (66 ɇɦ) ɛɵɥɨ ɩɨɥɭɱɟɧɨ 6 ɬɨɱɟɤ ɩɨ ɧɚɝɪɭɡɨɱɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ.  

Ɇɟɬɨɞɢɤɚ ɫɧɹɬɢɹ ɱɚɫɬɢɱɧɨɣ ɫɤɨɪɨɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
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ɑɚɫɬɢɱɧɵɟ ɫɤɨɪɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɧɢɦɚɥɢɫɶ ɩɪɢ ɨɬɤɪɵɬɢɢ ɞɪɨɫɫɟɥɶɧɨɣ 

ɡɚɫɥɨɧɤɢ ɧɚ 25% ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɫɨɩɥɟ ɷɠɟɤɬɨɪɚ (100%) ɢ ɨɬɤɪɵɬɨɦ ɧɚ 

78%.  ɉɪɢ ɫɧɹɬɢɢ ɫɤɨɪɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɝɚɬɟɥɶ ɧɚɝɪɭɠɚɥɫɹ ɫɬɭɩɟɧɱɚɬɨ ɞɨ 

ɦɢɧɢɦɚɥɶɧɨ ɭɫɬɨɣɱɢɜɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ Ʉȼ. Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɡɚɩɢɫɵɜɚ-

ɥɢɫɶ ɜ ɬɨɱɤɚɯ, ɤɨɬɨɪɵɟ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɪɚɫɩɨɥɚɝɚɥɢɫɶ ɱɟɪɟɡ ɤɚɠɞɵɟ 200 ɦɢɧ-1
 

ɜɪɚɳɟɧɢɹ Ʉȼ. 

1. ɉɨɫɥɟ ɩɪɨɝɪɟɜɚ ɞɜɢɝɚɬɟɥɹ, ɞɪɨɫɫɟɥɶɧɚɹ ɡɚɫɥɨɧɤɚ ɨɬɤɪɵɜɚɥɚɫɶ ɞɨ ɩɨɥɨɠɟɧɢɹ 

25%, ɩɪɢ ɤɨɬɨɪɨɦ ɫɧɢɦɚɥɚɫɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ, ɢ ɮɢɤɫɢɪɨɜɚɥɚɫɶ. Ɉɞɧɨɜɪɟɦɟɧɧɨ 

ɫɨɩɥɨ ɷɠɟɤɬɨɪɚ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɜɚɥɨɫɶ.  

2. Ⱦɜɢɝɚɬɟɥɶ ɧɚɝɪɭɠɚɥɫɹ ɞɨ ɦɢɧɢɦɚɥɶɧɨ ɭɫɬɨɣɱɢɜɨɣ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ Ʉȼ. 

ɉɨɫɥɟ ɜɵɪɚɜɧɢɜɚɧɢɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɡɚɩɢɫɶ ɩɚɪɚ-

ɦɟɬɪɨɜ ɷɠɟɤɬɨɪɚ ɢ ɞɜɢɝɚɬɟɥɹ. 

3. Ⱦɥɹ ɫɧɹɬɢɹ ɫɥɟɞɭɸɳɢɯ ɞɜɭɯ ɬɨɱɟɤ ɧɚɝɪɭɡɤɚ ɩɥɚɜɧɨ ɭɦɟɧɶɲɚɥɚɫɶ ɞɨ ɬɟɯ ɩɨɪ, 

ɩɨɤɚ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɧɟ  ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɧɚ 100±20 ɦɢɧ-1
. 

4. ɉɪɢ ɫɧɹɬɢɢ ɫɥɟɞɭɸɳɢɯ ɬɨɱɟɤ ɧɚɝɪɭɡɤɚ ɭɦɟɧɶɲɚɥɚɫɶ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɱɚɫɬɨ-

ɬɚ ɜɪɚɳɟɧɢɹ ɧɟ ɭɜɟɥɢɱɢɜɚɥɚɫɶ ɧɚ 200±20 ɦɢɧ-1
. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɩɨɥɭɱɟɧɨ 6 ɬɨɱɟɤ ɱɚɫɬɢɱɧɨɣ ɫɤɨɪɨɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɜɪɚɳɟɧɢɹ 1700-2800 ɦɢɧ-1
. 

Ⱥɧɚɥɨɝɢɱɧɨ ɛɵɥɚ ɫɧɹɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ ɨɬɤɪɵɬɢɢ ɫɨɩɥɚ ɷɠɟɤɬɨɪɚ ɧɚ 80%. 

Ɇɟɬɨɞɢɤɚ ɫɧɹɬɢɹ ɪɟɝɭɥɢɪɨɜɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɋɟɝɭɥɢɪɨɜɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨ ɩɨɥɨɠɟɧɢɸ ɢɝɥɵ ɜ ɫɨɩɥɟ ɷɠɟɤɬɨɪɚ Δɢ (ɪɢ-

ɫɭɧɨɤ 4.3).  Ɋɟɝɭɥɢɪɨɜɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɧɢɦɚɥɚɫɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɟ 

ɜɪɚɳɟɧɢɹ 2800 ɦɢɧ–1
 ɩɪɢ ɦɨɦɟɧɬɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ: 11, 22, 33, 44, 55, 67 ɇ∙ɦ ɫɨɨɬ-

ɜɟɬɫɬɜɟɧɧɨ. ɒɚɝ ɢɫɫɥɟɞɭɟɦɵɯ ɡɧɚɱɟɧɢɣ ɩɨɥɨɠɟɧɢɹ ɢɝɥɵ Δɢ ɛɵɥ ɜɵɛɪɚɧ ɪɚɜɧɵɦ 

10 ɦɦ ɜɩɥɨɬɶ ɞɨ ɜɵɯɨɞɚ ɢɝɥɵ ɢɡ ɫɨɩɥɚ. 

1. ɉɨɫɥɟ ɩɪɨɝɪɟɜɚ ɞɜɢɝɚɬɟɥɹ, ɭɫɬɚɧɚɜɥɢɜɚɥɢɫɶ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ Ʉȼ 2800  

ɦɢɧ-1
 ɢ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 11 ɇɦ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫɨɩɥɨ ɷɠɟɤɬɨɪɚ ɩɨɥɧɨɫɬɶɸ 

ɨɬɤɪɵɜɚɥɨɫɶ. ɉɪɨɢɡɜɨɞɢɥɢɫɶ ɡɚɦɟɪɵ ɢ ɡɚɩɢɫɶ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɢ ɷɠɟɤɬɨɪɚ.  
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2. Ɋɟɝɭɥɢɪɨɜɨɱɧɚɹ ɢɝɥɚ ɡɚɜɨɞɢɥɚɫɶ ɜ ɫɨɩɥɨ ɧɚ 10 ɦɦ, ɬɟɦ ɫɚɦɵɦ ɭɦɟɧɶɲɚɹ 

ɩɥɨɳɚɞɶ ɫɨɩɥɚ. ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɪɪɟɤɬɢɪɨɜɚɥɚɫɶ ɢɡɦɟɧɟɧɢɟɦ ɩɨɥɨɠɟɧɢɹ 

ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ. ɉɨɫɥɟ ɜɵɪɚɜɧɢɜɚɧɢɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɩɪɨ-

ɢɡɜɨɞɢɥɚɫɶ ɡɚɩɢɫɶ ɩɚɪɚɦɟɬɪɨɜ ɷɠɟɤɬɨɪɚ ɢ ɞɜɢɝɚɬɟɥɹ. 

3. ɋɥɟɞɭɸɳɢɟ ɬɨɱɤɢ ɫɧɢɦɚɥɢɫɶ ɚɧɚɥɨɝɢɱɧɨ. ɉɥɨɳɚɞɶ ɫɨɩɥɚ ɭɦɟɧɶɲɚɥɚɫɶ ɞɨ 

ɬɟɯ ɩɨɪ, ɩɨɤɚ ɢɝɥɚ ɧɟ ɜɵɯɨɞɢɥɚ  ɢɡ ɫɨɩɥɚ. Ɇɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɥɨɳɚɞɢ ɫɨɩɥɚ 

ɫɨɫɬɚɜɥɹɟɬ 39,5% ɨɬ ɩɥɨɳɚɞɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɝɨ ɫɨɩɥɚ.    

Ⱥɧɚɥɨɝɢɱɧɨ ɛɵɥɢ ɫɧɹɬɵ ɪɟɝɭɥɢɪɨɜɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɞɪɭɝɢɯ ɪɟɠɢɦɚɯ 

ɧɚɝɪɭɠɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. 

4.2 ɋɨɡɞɚɧɢɟ ɢ ɨɬɪɚɛɨɬɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɴɟɤɬɚ ɢɫɩɵɬɚɧɢɹ 

Ɉɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɫɬɟɧɞɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.2.  

 

Ɋɢɫɭɧɨɤ 4.2 – Ɉɛɳɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ 

1 – ɮɭɧɞɚɦɟɧɬɧɚɹ ɪɚɦɚ, 2 – ɩɚɧɟɥɶ ɭɩɪɚɜɥɟɧɢɹ ɫɬɟɧɞɨɦ, 3 – ɩɨɪɲɧɟɜɨɣ ɞɜɢɝɚɬɟɥɶ, 4 – ɧɚɝɪɭ-

ɡɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, 5 – ɦɚɫɥɹɧɵɣ ɛɚɤ, 6 – ɫɬɨɣɤɚ ɜɟɫɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 7 – ɬɪɭɛɨɩɪɨɜɨɞɵ, 8 – 

ɫɬɨɣɤɚ ɗȼɆ ɢ ɝɚɡɨɚɧɚɥɢɡɚɬɨɪɚ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɜɵɩɭɫɤ ɭ ɞɜɢɝɚɬɟɥɹ 4ɑ 8,2×7,1 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɪɚɡɭ ɜ ɚɬ-

ɦɨɫɮɟɪɭ, ɨɧ ɬɚɤɠɟ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɩɪɢ ɞɚɜɥɟɧɢɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɞɨ 170 ɤɉɚ ɢ 

ɜɵɲɟ, ɬ.ɟ. ɨɧ ɩɨɡɜɨɥɹɟɬ ɜɵɞɟɪɠɢɜɚɬɶ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɟɚɥɶ-

ɧɨɦɭ ɷɠɟɤɬɨɪɭ (ɝɥ. 3). ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɥɨɳɚɞɶ ɪɚɛɨɱɟɝɨ ɫɨɩɥɚ ɞɨɥɠɧɚ ɛɵɬɶ ɢɡ-
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ɦɟɧɟɧɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɬɧɨɲɟɧɢɸ ɪɚɫɯɨɞɨɜ ɈȽ ɞɢɡɟɥɹ 4Ɍ371 ɢ ɦɨɞɟɥɶɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ 4ɑ 8,2×7,1. Ɋɚɫɯɨɞ ɈȽ ɞɜɢɝɚɬɟɥɹ 4ɑ 8,2×7,1 ɧɚ ɧɨɦɢɧɚɥɶɧɨɦ ɪɟɠɢɦɟ 

ɫɨɫɬɚɜɥɹɟɬ GɨɝɆ = 0,03 ɤɝ/ɫ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɹɦɢ (3.18-3.19, ɝɥ. 3), ɩɪɟ-

ɧɟɛɪɟɝɚɹ ɪɚɡɥɢɱɢɟɦ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɈȽ ɞɢɡɟɥɹ ɢ ɛɟɧɡɢɧɨɜɨɝɨ ɞɜɢ-

ɝɚɬɟɥɹ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɞɢɚɦɟɬɪ ɫɨɩɥɚ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ – ɦɚɤɫɢɦɚɥɶɧɵɣ 

ɞɢɚɦɟɬɪ ɫɨɩɥɚ ɫɨɫɬɚɜɥɹɟɬ 

 
2

ɪɦ
58

18,04
0,31

0,03

d   ɦɦ.   (4.11) 

ȿɫɥɢ ɩɪɢɧɹɬɶ ɞɥɹ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɬɚɤɭɸ 

ɠɟ ɤɚɤ ɢ ɭ ɪɟɚɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ, ɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɨɝɨ ɠɟ ɡɧɚɱɟɧɢɹ Ʉɗ  ɨɬɧɨɲɟɧɢɟ 

ɩɥɨɳɚɞɟɣ Ʉɋ ɢ ɫɨɩɥɚ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ  ɫ (3.17) ɞɨɥɠɧɨ ɛɵɬɶ 

ɬɟɦ ɠɟ ɫɚɦɵɦ, ɱɬɨ ɢ ɭ ɪɟɚɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɢɚɦɟɬɪ ɤɚɦɟɪɵ ɫɦɟ-

ɲɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ 

 
2

3ɦ 18 10,25 57,8d    ɦɦ.  (4.12) 

Ɉɫɟɜɵɟ ɪɚɡɦɟɪɵ ɷɠɟɤɬɨɪɚ (ɩɪɢ ɩɟɪɟɫɱɟɬɟ) ɹɜɧɨ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ, ɩɨɥɚɝɚɟɬɫɹ 

ɥɢɲɶ, ɱɬɨ Ʉɋ ɢɦɟɟɬ ɞɥɢɧɭ (6-12 ɞɢɚɦɟɬɪɨɜ), ɞɨɫɬɚɬɨɱɧɭɸ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɤɨɷɮ-

ɮɢɰɢɟɧɬ ɩɨɥɹ ɫɤɨɪɨɫɬɢ τs – ɨɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɣ ɩɨ ɪɚɫɯɨɞɭ ɢɡɛɵɬɨɱɧɨɣ ɫɤɨɪɨɫɬɢ ɤ 

ɫɤɨɪɨɫɬɢ ɩɨɬɨɤɚ ɨɫɪɟɞɧɟɧɧɨɣ ɩɨ ɩɥɨɳɚɞɢ [72] – ɛɵɥ ɛɥɢɡɨɤ ɤ ɟɞɢɧɢɰɟ ɜ ɤɨɧɰɟ 

ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ, ɬ.ɟ. 

 

 
2

3 3

3 2

3 3

1s

w df
f

w df

  


.  (4.13) 

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɧɟɞɨɫɬɚɬɨɱɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɩɨɬɨɤɨɜ ɛɵɥɚ 

ɩɪɢɧɹɬɚ ɞɥɢɧɚ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ ɪɚɜɧɚɹ 12 ɞɢɚɦɟɬɪɚɦ (≈ 695 ɦɦ). ɇɚ ɪɢɫɭɧɤɟ 4.3 

ɩɨɤɚɡɚɧɚ ɩɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ. 

ɋ ɭɱɺɬɨɦ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ ɦɨɞɟɥɶɧɵɣ ɷɠɟɤɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɟɞɭɸɳɟɟ. 

ɋɨɩɥɨ ɩɪɨɫɬɨɟ ɤɨɧɢɱɟɫɤɨɟ ɞɢɚɦɟɬɪɨɦ 18 ɦɦ ɫ ɭɝɥɨɦ ɫɭɠɟɧɢɹ 30ɨ. Ⱦɢɚɦɟɬɪ ɤɚɦɟ-

ɪɵ ɫɦɟɲɟɧɢɹ 69 ɦɦ, ɞɥɢɧɚ – 695 ɦɦ. Ɉɬɪɚɛɨɬɚɜɲɢɟ ɝɚɡɵ ɤ ɫɨɩɥɭ ɩɨɞɜɨɞɢɥɢɫɶ ɩɨ 

ɬɪɭɛɟ ɞɢɚɦɟɬɪɨɦ 48 ɦɦ.  
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Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɥɨɳɚɞɢ ɫɨɩɥɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɢɝɥɚ ɫ ɭɝɥɨɦ 8ɨ

, 

ɢɦɟɸɳɚɹ ɞɢɚɦɟɬɪ 14 ɦɦ, ɡɚɤɪɟɩɥɟɧɧɚɹ ɧɚ ɲɩɢɥɶɤɟ, ɩɪɨɯɨɞɹɳɟɣ ɜɧɭɬɪɢ ɬɪɭɛɵ 

ɞɥɹ ɩɨɞɜɨɞɚ ɈȽ. ɂɝɥɚ ɩɨɡɜɨɥɹɥɚ ɭɦɟɧɶɲɚɬɶ ɩɥɨɳɚɞɶ ɫɨɩɥɚ ɞɨ 60% ɨɬ ɧɨɦɢɧɚɥɶ-

ɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɒɩɢɥɶɤɚ ɢɦɟɥɚ ɪɟɡɶɛɭ Ɇ6ɯ1 ȽɈɋɌ 24705-81. Ⱦɥɹ ɢɡɛɟɝɚɧɢɹ ɤɨɥɟ-

ɛɚɧɢɣ ɢɝɥɵ ɩɪɢ ɪɟɝɭɥɢɪɨɜɤɟ ɲɩɢɥɶɤɚ ɛɵɥɚ  ɡɚɤɪɟɩɥɟɧɚ ɧɚ ɞɜɭɯ ɨɩɨɪɚɯ. ɂɡɦɟɧɟ-

ɧɢɟ ɩɨɥɨɠɟɧɢɹ ɢɝɥɵ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɨɜɨɪɨɬɨɦ ɲɩɢɥɶɤɢ. Ɉɞɢɧ ɨɛɨɪɨɬ ɫɨɨɬɜɟɬ-

ɫɬɜɨɜɚɥ 1 ɦɦ  ɨɫɟɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɢɝɥɵ (ɪɢɫɭɧɨɤ 4.3). 

 

 

 

Ɋɢɫɭɧɨɤ 4.3 – ɉɪɨɬɨɱɧɚɹ ɱɚɫɬɶ ɦɨɞɟɥɶɧɨɝɨ ɷɠɟɤɬɨɪɚ. 

ɗɠɟɤɬɨɪ, ɫɦɨɧɬɢɪɨɜɚɧɧɵɣ ɧɚ ɫɬɟɧɞ, ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.4. 
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Ɋɢɫɭɧɨɤ 4.4 – Ɉɛɳɢɣ ɜɢɞ ɫɬɟɧɞɚ 

Ⱦɚɬɱɢɤ ɪɚɫɯɨɞɚ Ɉȼ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɧɚ ɬɪɭɛɭ ɞɢɚɦɟɬɪɨɦ 57 ɦɦ, ɤɨɬɨɪɚɹ ɩɪɢ 

ɩɨɦɨɳɢ ɤɨɧɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ ɫɨɟɞɢɧɹɥɚɫɶ ɫ ɨɬɜɨɞɨɦ, ɩɟɪɟɯɨɞɹɳɢɦ ɜ ɩɪɢɟɦɧɭɸ 

ɤɚɦɟɪɭ. ɉɪɢɟɦɧɚɹ ɤɚɦɟɪɚ ɷɠɟɤɬɨɪɚ ɢɦɟɥɚ ɞɢɚɦɟɬɪ 133 ɦɦ. Ʉɨɧɢɱɟɫɤɢɦ ɩɟɪɟɯɨ-

ɞɨɦ  ɩɪɢɟɦɧɚɹ ɤɚɦɟɪɚ ɫɨɟɞɢɧɹɥɚɫɶ ɫ ɤɚɦɟɪɨɣ ɫɦɟɲɟɧɢɹ ɞɢɚɦɟɬɪɨɦ 69 ɦɦ. Ʉɚɦɟɪɚ 

ɫɦɟɲɟɧɢɹ ɩɟɪɟɯɨɞɢɥɚ ɜ ɫɢɫɬɟɦɭ ɜɵɩɭɫɤɚ ɈȽ ɥɚɛɨɪɚɬɨɪɢɢ. 

ɉɟɪɟɞ ɫɨɩɥɨɦ ɷɠɟɤɬɨɪɚ ɢɦɟɥɢɫɶ ɲɬɭɰɟɪɵ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟ-

ɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɈȽ. ȼ ɩɥɨɫɤɨɫɬɢ ɫɪɟɡɚ ɫɨɩɥɚ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɲɬɭɰɟɪɵ ɞɥɹ  

ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜ ɩɪɢɟɦɧɨɣ ɤɚɦɟɪɟ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɢɦɟɥɢɫɶ ɲɬɭɰɟɪɵ, 

ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɫ ɲɚɝɨɦ 10 ɦɦ, ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ 600 ɞɨ 650 ɦɦ ɨɬ ɧɚɱɚɥɚ ɰɢɥɢɧ-

ɞɪɢɱɟɫɤɨɝɨ ɭɱɚɫɬɤɚ Ʉɋ. Ⱦɚɬɱɢɤ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɧɚ ɬɪɭɛɭ ɭɫɬɚɧɚɜ-

ɥɢɜɚɥɫɹ ɱɟɪɟɡ ɷɥɚɫɬɢɱɧɭɸ ɦɭɮɬɭ, ɡɚɤɪɟɩɥɹɟɦɭɸ ɯɨɦɭɬɨɦ. Ⱦɚɬɱɢɤ ɪɚɫɯɨɞɚ ɜɨɡɞɭ-

ɯɚ ɞɜɢɝɚɬɟɥɟɦ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɫɚɦɨɦ ɞɜɢɝɚɬɟɥɟ. Ɍɚɤɠɟ ɢɡɦɟɪɹɥɢɫɶ ɬɟɦɩɟɪɚɬɭ-

ɪɵ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ, ɦɚɫɥɚ, ɬɨɩɥɢɜɚ, ɜɨɡɞɭɯɚ ɢ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɞɜɢɝɚ-

ɬɟɥɹ.  
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Ⱦɥɹ ɭɬɨɱɧɟɧɧɨɝɨ ɪɚɫɱɺɬɚ ɩɨɥɭɱɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɠɟɤɬɨɪɚ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ 

ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɟɧɞɚ (ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɵɯɥɨɩɧɨɣ ɫɢɫɬɟɦɵ, ɩɨɬɟɪɢ ɬɟɩɥɨɬɵ ɢ ɬ. ɞ.), 

ɤɨɬɨɪɵɦɢ ɨɛɵɱɧɨ ɩɪɟɧɟɛɪɟɝɚɸɬ ɜ ɯɨɞɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ  ɢɫɫɥɟɞɨɜɚɧɢɣ (ɞɥɹ ɭɩɪɨ-

ɳɟɧɢɹ). 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɵɩɭɫɤɧɨɣ ɫɢɫɬɟɦɵ Δɪɜɵɩ ɫɬɟɧɞɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɭɪɚɜɧɟɧɢɟɦ 

 
2

ɨɝ ɨɝ
ɜɵɩ ɜɵɩ

2

w
p

  ,  (4.14) 

ɝɞɟ ξɜɵɩ = 8,623 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɬɟɪɶ ɜɵɩɭɫɤɧɨɣ ɫɢɫɬɟɦɵ; 

      ρɨɝ – ɫɪɟɞɧɹɹ ɩɥɨɬɧɨɫɬɶ ɈȽ ɩɨɫɥɟ ɷɠɟɤɬɨɪɚ, ɤɝ/ɦ3
; 

      wɨɝ – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɈȽ ɜ ɜɵɩɭɫɤɧɨɣ ɤɨɥɥɟɤɬɨɪɟ ɫɬɟɧɞɚ, ɦ/ɫ. 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɜɯɨɞɧɨɝɨ ɭɱɚɫɬɤɚ Δɪɧɯ ɷɠɟɤɬɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɭɪɚɜɧɟɧɢɟɦ 

 2

ɧɯ ɨɝ ɨɝ0,0156 0,2725p G G    , (4.15) 

ɝɞɟ Gɨɝ – ɪɚɫɯɨɞ ɈȽ, ɤɝ/ɱ.  

Ɉɬɜɨɞ ɬɟɩɥɨɬɵ ɨɬ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ (ɤɚɤ ɫɚɦɨɝɨ ɝɨɪɹɱɟɝɨ ɷɥɟɦɟɧɬɚ) ɷɠɟɤɬɨɪɚ 

ɜɨ ɜɧɟɲɧɸɸ ɫɪɟɞɭ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɪɟɞɫɬɜɨɦ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ [73]. ɑɢɫɥɨ 

Ƚɪɚɫɝɨɮɚ ɧɚɯɨɞɢɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ 

 ɤɫɜ
2

cg d
Gr




 ,  (4.16) 

ɝɞɟ            g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2
, 

                 ȕ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɴɺɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜɨɡɞɭɯɚ, 

                 ϑɫ – ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɫɬɟɧɤɢ ɢ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, Ʉ, 

                 υ – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ, ɦ2/ɫ, 

                 dɤɫɜ – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ, ɦ. 

ɑɢɫɥɨ ɇɭɫɫɟɥɶɬɚ  

  
0,25

0,25 ɠ
o ɠ ɠ

ɫɬ

0,5
Pr

Nu Gr Pr
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 
  

 
, (4.17) 
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ɝɞɟ            Prɠ, Prɫɬ – ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɝɚɡɚ ɢ ɫɬɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ αɨ ɜ ɤɚɱɟɫɬɜɟ ɨɩɪɟɞɟɥɹɸɳɟɝɨ 

ɪɚɡɦɟɪɚ ɛɟɪɟɬɫɹ ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ dɤɫɜ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɥɢ-

ɱɟɫɬɜɨ ɬɟɩɥɨɬɵ ɨɬɜɨɞɢɦɨɣ ɨɬ Ʉɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

  ɤɫ ɨ ɤɫ ɫɬ 0Q f T T  .  (4.18) 

ɝɞɟ            fɤɫ – ɧɚɪɭɠɧɚɹ ɩɥɨɳɚɞɶ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ, ɦ2
; 

                Tɫɝ – ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ, Ʉ. 

 Ɂɚ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɬɨɤɚ ɩɪɢɧɹɬɨ ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɦɟɠɞɭ 

ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜɨɡɞɭɯɚ Тɧ ɧɚ ɜɯɨɞɟ ɜ ɷɠɟɤɬɨɪ. 

Ɋɚɛɨɱɢɣ ɰɢɤɥ ɞɜɢɝɚɬɟɥɹ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ AVL 

Boost. Ɉɫɧɨɜɧɵɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.3 [74]. 

Ɍɚɛɥɢɰɚ 4.3 – ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɰɢɤɥɚ ɜ AVL Boost 

ɉɚɪɚɦɟɬɪ Ɉɛɨɡɧɚɱɟɧɢɟ Ɂɧɚɱɟɧɢɟ  

Ɇɨɞɟɥɶ ɜɵɝɨɪɚɧɢɹ ɬɨɩɥɢɜɚ  ȼɢɛɟ 

ɉɨɤɚɡɚɬɟɥɶ ɯɚɪɚɤɬɟɪɚ ɫɝɨɪɚɧɢɹ  m 1,6 

ɍɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɡɚɠɢɝɚɧɢɹ ĳ -23 ɝɪɚɞ. 

ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɝɨɪɚɧɢɹ  ĳz 45 ɝɪɚɞ. 

ɋɬɟɩɟɧɶ ɫɠɚɬɢɹ  ε 9,6 

Ʉɨɥɢɱɟɫɬɜɨ ɜɨɡɞɭɯɚ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 

ɫɝɨɪɚɧɢɹ 1 ɤɝ ɬɨɩɥɢɜɚ 
L0 14,7 ɤɝ/ɤɝ 

Ɍɨɩɥɢɜɨ Ȼɟɧɡɢɧ Ⱥɂ-95-Ʉ5 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ  α ɨɬ 0,97 ɞɨ 1,13 

ɍɪɚɜɧɟɧɢɟ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨ-

ɨɬɞɚɱɢ ɜɧɭɬɪɢ ɰɢɥɢɧɞɪɚ 
Woschhi (1978 ɝ) 

ɍɪɚɜɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɞɚɜɥɟɧɢɹ ɦɟɯɚ-

ɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ 

p = 3,4∙10-4
n + 0,26, 

ɝɞɟ n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ Ʉȼ, ɦɢɧ-1
 

Ɍɢɩ ɪɚɫɱɟɬɚ ɫɬɚɰɢɨɧɚɪɧɵɣ 
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   Ɋɚɫɱɺɬɧɚɹ ɦɨɞɟɥɶ, ɩɨɫɬɪɨɟɧɧɚɹ ɜ ɤɨɦɩɥɟɤɫɟ AVL Boost ɩɨɤɚɡɚɧɚ ɧɚ ɪɢ-

ɫɭɧɤɟ. 4.5. 

 

Ɋɢɫɭɧɨɤ 4.5 – Ɋɚɫɱɟɬɧɚɹ ɦɨɞɟɥɶ ɞɜɢɝɚɬɟɥɹ, ɩɨɫɬɪɨɟɧɧɚɹ ɜ AVL Boost. 

ɉɪɢ ɪɚɫɱɺɬɟ ɜ AVL Boost ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɷɠɟɤɬɨɪɨɦ, ɦɨɞɟɥɢ-

ɪɨɜɚɥɨɫɶ ɩɪɢ ɩɨɦɨɳɢ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɪɨɫɫɟɥɹ ɜ ɜɵɩɭɫɤɧɨɦ ɤɨɥɥɟɤɬɨɪɟ ɧɚ ɜɵɯɨ-

ɞɟ ɢɡ ɞɜɢɝɚɬɟɥɹ. 

Ɋɚɫɱɟɬ ɩɪɨɜɨɞɢɥɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɋ ɩɨɦɨɳɶɸ ɞɪɨɫɫɟɥɹ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɞɜɢɝɚɬɟɥɹ ɡɚɞɚɜɚɥɨɫɶ ɞɚɜɥɟɧɢɟ. ɉɪɨɜɨɞɢɥɫɹ ɪɚɫɱɺɬ ɩɚɪɚɦɟɬɪɨɜ ɰɢɤɥɚ ɜ  AVL 

Boost. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɺɬɚ ɞɚɧɧɵɦ ɩɪɨɜɨɞɢɥɫɹ ɪɚɫɱɺɬ ɷɠɟɤɬɨɪɚ 

ɩɨ ɮɨɪɦɭɥɚɦ (3.20-3.23). 
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4.3 ɉɪɢɦɟɧɹɟɦɚɹ ɤɨɧɬɪɨɥɶɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɚɩɩɚɪɚɬɭɪɚ  

ɢ ɨɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ 

ȼɫɟ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɤ ɢɫɩɵɬɚɧɢɹɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 

ɫ ɢɯ ɪɭɤɨɜɨɞɫɬɜɚɦɢ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɇɨɧɬɚɠ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɧɚ ɢɫɩɵɬɚɬɟɥɶɧɵɣ ɫɬɟɧɞ ɨɫɭɳɟɫɬɜɥɹɥɫɹ 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɤɥɸɱɢɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɧɟɟ ɥɸɛɵɯ ɮɚɤ-

ɬɨɪɨɜ, ɢɫɤɚɠɚɸɳɢɯ ɩɨɤɚɡɚɧɢɹ.  

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɢɫɩɵɬɚɧɢɣ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɩɪɨɜɟɪɤɚ ɫɬɟɧɞɚ: 

- ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɡɚɝɪɹɡɧɟɧɢɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ; 

- ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɧɟɩɥɨɬɧɨɫɬɟɣ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɪɟɝɭɥɢɪɭɸɳɟɣ 

ɚɪɦɚɬɭɪɟ; 

- ɧɚ ɩɪɚɜɢɥɶɧɨɫɬɶ ɦɨɧɬɚɠɚ ɨɛɴɟɤɬɨɜ ɢɫɩɵɬɚɧɢɣ; 

- ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɍɩɪɚɜɥɟɧɢɟ ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɱɟɪɟɡ ɩɚɧɟɥɶ ɭɩɪɚɜ-

ɥɟɧɢɹ ɫɬɟɧɞɨɦ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ ɢ ɢɡɦɟɧɟɧɢɹ 

ɩɨɥɨɠɟɧɢɹ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɨɭɩɪɚɜɥɹɟɦɨɝɨ ɞɪɨɫɫɟɥɹ ɧɚɝɪɭɡɨɱɧɨɝɨ ɭɫɬɪɨɣ-

ɫɬɜɚ. 

ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɧɚ ɤɨɥɟɧɱɚɬɨɦ ɜɚɥɭ ɢɡɦɟɪɹɥɫɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟ-

ɦɟɧɢ ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɜɪɚɳɚɸɳɟɝɨ ɦɨɦɟɧɬɚ; ɩɪɢ ɪɚɛɨɬɟ ɞɜɢɝɚɬɟɥɹ ɡɧɚɱɟɧɢɟ 

ɦɨɦɟɧɬɚ ɨɬɨɛɪɚɠɚɥɨɫɶ ɧɚ ɷɤɪɚɧɟ ɗȼɆ. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɜɪɚɳɚɸɳɢɣ  ɦɨɦɟɧɬ ɤɨɧ-

ɬɪɨɥɢɪɨɜɚɥɫɹ ɩɟɪɟɫɱɟɬɨɦ ɞɚɜɥɟɧɢɹ ɦɚɫɥɚ ɩɟɪɟɞ ɞɪɨɫɫɟɥɟɦ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪ-

ɦɭɥɟ   

 
 

1,2
0,6

0
ɞ 2 2

0 0 0

273,15100
5,35

293,150,0065 0,135 2,4
кɪ

t
M p

p t t

            
,  (4.19) 

ɝɞɟ ɪɞ – ɞɚɜɥɟɧɢɟ ɩɟɪɟɞ ɞɪɨɫɫɟɥɟɦ, Ɇɉɚ, 

      t0 – ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɨɋ.         

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɨɝɨ 

ɢɧɞɭɤɬɢɜɧɨɝɨ ɞɚɬɱɢɤɚ, ɢɦɟɸɳɟɝɨɫɹ ɧɚ ɞɜɢɝɚɬɟɥɟ. 
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Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɥɫɹ ɜɟɫɨɜɵɦ ɦɟɬɨɞɨɦ ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɵɯ ɜɟɫɨɜ 

ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ±4 ɝ. ɜɟɫɨɜ ɢ ɫɟɤɭɧɞɨɦɟɪɚ. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸ-

ɳɟɣ ɫɪɟɞɵ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɫɩɢɪɬɨɜɨɣ ɬɟɪɦɨɦɟɬɪ ɫ ɰɟɧɨɣ ɞɟɥɟɧɢɹ 0,5 
ɨɋ.  

ɂɡɦɟɪɟɧɢɟ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɞɜɢɝɚɬɟɥɶ, ɚ ɪɚɫɯɨ-

ɞɚ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɞɚɬɱɢɤɚɦɢ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ 

(ȾɆɊȼ) Bosh 0 280 218 116 [75]. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ, ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɵɦɢ ɬɟɪɦɨɩɚɪɚɦɢ (ɌɏȺ) (ɬɟɪɦɨɷɥɟɤɬɪɢɱɟ-

ɫɤɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ) ɬɢɩɚ MT-102-Ʉ [76]. 

Ɍɟɦɩɟɪɚɬɭɪɵ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ, ɫɜɟɠɟɝɨ ɡɚɪɹɞɚ, ɜɨɡɞɭɯɚ ɜ ɷɠɟɤɬɨɪɟ ɢ ɫɦɟ-

ɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ ɡɚɦɟɪɹɥɢɫɶ ɬɟɪɦɨɩɚɪɚɦɢ MT-102-Ʉ.  

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ, ɬɟɦɩɟɪɚɬɭɪɵ 

ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɬɟɪɦɨɩɚɪɚɦɢ ɬɢɩɚ MT-102-Ʉ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɜ ɫɢɫɬɟɦɟ ɧɚɝɪɭɠɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ ɬɟɪɦɨ-

ɩɚɪɨɣ ɬɢɩɚ ɌɏȺ 9312. 

Ⱦɚɜɥɟɧɢɟ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɢɡɦɟɪɹɥɨɫɶ ɞɚɬɱɢɤɨɦ ɞɚɜɥɟɧɢɹ MPX5050DP 

[77], ɞɚɜɥɟɧɢɹ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɢ ɜɨɡɞɭɯɚ – ɆPX5010DP. Ⱦɚɬɱɢɤɢ MPX ɢɦɟɸɬ 

ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɚɬɱɢɤɚ 

ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɞɟɣɫɬɜɭɸɳɟɦɭ ɞɚɜɥɟɧɢɸ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɤɚɤɨɟ 

ɞɚɜɥɟɧɢɟ ɢɡɦɟɪɹɟɬɫɹ – ɢɡɛɵɬɨɱɧɨɟ ɢɥɢ ɜɚɤɭɭɦɦɟɬɪɢɱɟɫɤɨɟ – ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟ-

ɧɢɟ ɢɡɦɟɪɹɟɬɫɹ ɧɚ ɤɨɧɬɚɤɬɟ 2 ɢɥɢ 4, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫɭɧɨɤ 4.6). 

 

Ɋɢɫɭɧɨɤ 4.6 Ⱦɚɬɱɢɤ ɞɚɜɥɟɧɢɹ ɬɢɩɚ MPX ɢɫɩɨɥɧɟɧɢɹ DɊ: 
 ɚ) ɨɛɳɢɣ ɜɢɞ, ɛ) ɫɯɟɦɚ ɜɤɥɸɱɟɧɢɹ. 
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ɉɨɥɭɱɟɧɧɵɣ ɨɬ ɞɚɬɱɢɤɚ ɫɢɝɧɚɥ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ  ɜ ɦɨɞɭɥɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 

ɫɬɟɧɞɚ, ɫɨɟɞɢɧɟɧɧɨɦ ɫ ɗȼɆ. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɚɬɱɢɤɚ ɫɨɫɬɚɜɥɹɟɬ 1,2 ɦȼ/ɤɉɚ. 

ɂɫɩɨɥɧɟɧɢɟ DP ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɚɬɱɢɤ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɡɧɢɰɵ ɞɚɜɥɟ-

ɧɢɣ ɦɟɠɞɭ ɲɬɭɰɟɪɚɦɢ. 

ɉɟɪɟɱɟɧɶ ɨɫɧɨɜɧɵɯ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɪɟɞɫɬɜ ɢɡ-

ɦɟɪɟɧɢɹ ɩɪɢɜɟɞɺɧ ɜ ɬɚɛɥɢɰɟ 4.4. 

Ɍɚɛɥɢɰɚ 4.4 – ɉɟɪɟɱɟɧɶ ɨɫɧɨɜɧɵɯ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 

ɩɨɤɚɡɚɬɟɥɹ 

ɍɫɥɨɜɧɨɟ 
ɨɛɨɡɧɚɱɟ
ɧɢɟ 

Ɋɚɡɦɟɪ
ɧɨɫɬɶ 

ɋɪɟɞɫɬɜɨ 
ɢɡɦɟɪɟɧɢɹ 

ȼɟɥɢɱɢɧɚ 
ɩɨɝɪɟɲɧɨɫɬɟɣ 

ɚɛɫɨɥɸɬ
ɧɚɹ 

ɨɬɧɨɫɢ
ɬɟɥɶɧɚɹ 

1 2 3 4 5 6 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ 

Тɬ 

Ʉ 

 

ɏɪɨɦɟɥɶ-

ɚɥɸɦɟɥɟɜɚɹ 
ɬɟɪɦɨɩɚɪɚ 

(ɌɏȺ) 

±2,5 ɨɬ 
−40 °C 

ɞɨ 
333 °C; 

±0,0075
×T ɨɬ 
333 °C 

ɞɨ 
1200 °C 

 

Ɍɟɦɩɟɪɚɬɭɪɚ  
ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ 

Тɫ 

Ɍɟɦɩɟɪɚɬɭɪɚ  
ɜɨɡɞɭɯɚ ɜ ɷɠɟɤɬɨɪɟ 

Тɧ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɜ 
ɫɢɫɬɟɦɟ ɧɚɝɪɭɠɟɧɢɹ 
ɞɜɢɝɚɬɟɥɹ 

Тɦɧ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɜ 
ɫɢɫɬɟɦɟ ɫɦɚɡɤɢ ɞɜɢ-
ɝɚɬɟɥɹ 

Тɦ 

Ⱦɚɜɥɟɧɢɟ 
ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɪɬ 

ɤɉɚ 

Ⱦɚɬɱɢɤ 
ɞɚɜɥɟɧɢɹ 

MPX5050D

P 

 ±2,5% 

Ⱦɚɜɥɟɧɢɟ  
ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ 

ɪɫ 
Ⱦɚɬɱɢɤ 

ɞɚɜɥɟɧɢɹ 
MPX5010D

P 

 ±5% Ⱦɚɜɥɟɧɢɟ  ɜɨɡɞɭɯɚ ɜ 
ɷɠɟɤɬɨɪɟ 

ɪɧ 

Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ 
ɞɜɢɝɚɬɟɥɟɦ 

Gɜ 

ɤɝ/ɱ 

ȾɆɊȼ Bosh 

0 280 

218 116 

 ±3% Ɋɚɫɯɨɞ 
ɨɯɥɚɠɞɚɸɳɟɝɨ 
ɜɨɡɞɭɯɚ  

Gɧ   
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ɩɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 4.4 

1 2 3 4 5 6 

Ɋɚɫɯɨɞ ɬɨɩɥɢɜɚ Gɬ ɝ 
ȼɟɫɵ ɆɄ-

6.2-Ⱥ21 
±4 

 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ Ʉȼ n ɦɢɧ-1
 

ɂɧɞɭɤɬɢɜɧ
ɵɣ ɞɚɬɱɢɤ 
VSCS0112 

 

±10% 

 

4.4 Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ, ɢɡɦɟɪɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɹɬɶ ɧɚ 

ɬɨɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɢɯ ɡɧɚɱɟɧɢɹ. ɗɬɨ ɨɫɨɛɨ ɜɚɠɧɨ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɟɜɨɡɦɨɠɧɨ 

ɢɥɢ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɨɜɟɞɟɧɢɟ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɩɨɞɯɨɞɨɜ ɢɡɦɟɪɟɧɢɹ, ɬ.ɟ. ɤɨɝɞɚ 

ɩɨɥɭɱɟɧɧɨɟ ɫɥɭɱɚɣɧɨɟ ɡɧɚɱɟɧɢɟ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɨɲɢɛɨɱɧɨɦɭ ɪɟɡɭɥɶɬɚɬɭ 

ɜɫɟɣ ɤɚɪɬɢɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɬɚɤɨɣ ɫɢɬɭɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɥɶ-

ɡɨɜɚɬɶɫɹ ɦɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɨɰɟ-

ɧɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ. 

 Ɇɟɬɨɞ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɢɧɬɟɪɜɚɥɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ [78, 79]. ȼ ɨɩɵɬɟ ɧɚɯɨɞɹɬ ɧɟɤɨɬɨɪɨɟ ɩɪɢ-

ɛɥɢɠɟɧɧɨɟ ɤ ɢɫɬɢɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɢɡɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɵ x0 ɡɧɚɱɟɧɢɟ  , ɧɚɡɵɜɚɟ-

ɦɨɟ ɨɰɟɧɤɨɣ ɢɫɬɢɧɧɨɝɨ  ɡɧɚɱɟɧɢɹ, ɢ ɭɤɚɡɵɜɚɸɬ ɢɧɬɟɪɜɚɥ, ɜ ɤɨɬɨɪɵɣ ɡɧɚɱɟɧɢɟ ɢɡ-

ɦɟɪɹɟɦɨɣ ɜɟɥɢɱɢɧɵ x0 ɩɨɩɚɞɚɟɬ ɫ ɡɚɞɚɧɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ P. ɗɬɨɬ ɢɧɬɟɪɜɚɥ ɧɚɡɵ-

ɜɚɸɬ ɞɨɜɟɪɢɬɟɥɶɧɵɦ ɢɧɬɟɪɜɚɥɨɦ, ɚ ɜɟɪɨɹɬɧɨɫɬɶ Ɋ – ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ. 

ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ    ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧɵ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɫɢɫɬɟɦɚɬɢ-

ɱɟɫɤɨɣ ɩɪɢɛɨɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ șɩ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɩɨɫɬɨɹɧɧɨɣ, ɢ ɫɥɭ-

ɱɚɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ    ɜ ɜɢɞɟ ɧɟɩɪɟɞɫɤɚɡɭɟɦɵɯ ɨɬɤɥɨɧɟɧɢɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢ-

ɧɵ, ɦɟɧɹɸɳɢɯɫɹ ɨɬ ɨɞɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɤ ɞɪɭɝɨɦɭ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ɩɪɨɜɟɞɟɧɢɹ 

ɢɡɦɟɪɟɧɢɹ. 

 ɩ ɩx x x          (4.20) 
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ɇɚ ɩɪɚɤɬɢɤɟ ɩɪɢɧɢɦɚɸɬ, ɱɬɨ ɩɪɢɛɨɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɤ ɨɬɞɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ, 

ɬɚɤ ɢ ɫɟɪɢɢ ɩɪɢɛɨɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɚ ɪɚɜɧɨɦɟɪɧɨ.  

ɋɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ (Ƚɚɭɫɫɚ) ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɭɤɚɡɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ 

ɨɠɢɞɚɧɢɟ M ɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ı. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɢɡɦɟ-

ɪɟɧɢɢ ɩɪɨɜɨɞɢɬɫɹ ɨɝɪɚɧɢɱɟɧɧɨɟ ɱɢɫɥɨ ɧɚɛɥɸɞɟɧɢɣ, ɧɚɯɨɞɹɬ ɬɨɥɶɤɨ ɧɚɢɥɭɱɲɢɟ 

ɨɰɟɧɤɢ ɷɬɢɯ ɜɟɥɢɱɢɧ: ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɟɧɢɣ ɢ ɫɪɟɞɧɟ-

ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɚɪɢɮɦɟɬɢɱɟɫɤɨɝɨ. Ɍɨɝɞɚ ɫɨɜɦɟɫɬɧɚɹ ɮɭɧɤ-

ɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ fɫ(x) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɟɪɬɤɭ ɧɨɪɦɚɥɶɧɨɝɨ fn(x) (ɢɥɢ ɪɚɫ-

ɩɪɟɞɟɥɟɧɢɹ ɋɬɶɸɞɟɧɬɚ ɞɥɹ ɤɨɧɟɱɧɨɝɨ ɱɢɫɥɚ ɧɚɛɥɸɞɟɧɢɣ N) ɢ ɪɚɜɧɨɦɟɪɧɨɝɨ  g(ș)  

ɡɚɤɨɧɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ [80] 

      ɩ ɩcf x g f x d  




  .  (4.21) 

Ⱥɥɝɨɪɢɬɦ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ ɩɨ ɜɵɛɨɪɤɟ ɫɥɟɞɭɸɳɢɣ: 

1. ɍɫɬɪɚɧɹɸɬɫɹ ɢɡ ɜɵɛɨɪɤɢ ɨɱɟɜɢɞɧɵɟ ɩɪɨɦɚɯɢ. 

2. ȼɵɱɢɫɥɹɟɬɫɹ ɜɵɛɨɪɨɱɧɨɟ ɫɪɟɞɧɟɟ  . 

1

N

i

i

x

x
N




, 

3. Ⱦɢɫɩɟɪɫɢɹ ɜɟɥɢɱɢɧɵ ɧɟɢɡɜɟɫɬɧɚ. ɇɟɫɦɟɳɟɧɧɚɹ ɨɰɟɧɤɚ ɞɢɫɩɟɪɫɢɢ 

 2
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1

N

i

i

x x

D
N




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


, 

4. ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɜɵɛɨɪɨɱɧɨɝɨ ɫɪɟɞɧɟɝɨ   

x

D
S

N
 , 

5. Ɂɧɚɱɟɧɢɟ ɫɥɭɱɚɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 

P x
x t S  , 

ɝɞɟ tɊ – ɤɨɷɮɮɢɰɢɟɧɬ ɋɬɶɸɞɟɧɬɚ.  Ⱦɥɹ  ɬɟɯɧɢɱɟɫɤɢɯ  ɩɪɢɥɨɠɟɧɢɣ  ɩɪɢɧɢɦɚ-

ɟɬɫɹ ɪ = 0,95.   
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Ƚɥɚɜɚ 5. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɩɵɬɧɨɝɨ 

 ɷɠɟɤɬɨɪɚ ɧɚ ɦɨɬɨɪɧɨɦ ɫɬɟɧɞɟ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɞɬɜɟɪɞɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫ-

ɩɨɥɶɡɨɜɚɧɢɹ ɷɠɟɤɬɨɪɚ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɟɝɨ ɧɚ 

ɞɜɢɝɚɬɟɥɟ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɢɬɶ ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ (ɤɨɷɮɮɢ-

ɰɢɟɧɬɚ ɷɠɟɤɰɢɢ) ɩɪɢ ɡɚɞɚɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɉɨɥɭɱɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢ-

ɟɧɬɚ ɷɠɟɤɰɢɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɢɡɦɟɧɟɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ 

ɷɠɟɤɬɨɪɚ – ɨɬɧɨɲɟɧɢɹ ɩɥɨɳɚɞɟɣ ɫɨɩɥɚ ɢ ɤɚɦɟɪɵ ɫɦɟɲɟɧɢɹ. ɂɡɦɟɧɟɧɢɟ ɨɬɧɨɲɟ-

ɧɢɹ ɩɥɨɳɚɞɟɣ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɥɨɳɚɞɢ ɫɨɩɥɚ. ȼɥɢɹɧɢɟ ɪɟɝɭɥɢ-

ɪɨɜɚɧɢɹ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɢɡɦɟɧɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ 

ɷɠɟɤɬɨɪɚ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɩɨɬɟɪɢ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ, ɜɵɡɜɚɧɧɨɣ ɞɨɩɨɥɧɢɬɟɥɶ-

ɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɧɚ ɜɵɩɭɫɤɟ, ɫɨɡɞɚɜɚɟɦɵɦ ɷɠɟɤɬɨɪɨɦ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɦɨɞɟɥɶɧɨɦ ɷɠɟɤɬɨɪɟ, ɪɚɡɦɟɪɵ ɤɨɬɨɪɨɝɨ ɩɨ-

ɥɭɱɟɧɵ ɜ 4-ɣ ɝɥɚɜɟ, ɫɦɨɧɬɢɪɨɜɚɧɧɨɦ ɧɚ ɫɩɟɰɢɚɥɶɧɨɦ ɫɬɟɧɞɟ. 

ɂɫɫɥɟɞɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɷɠɟɤɬɨɪɚ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ. Ⱦɨɩɨɥɧɢ-

ɬɟɥɶɧɨ ɢɡɦɟɧɹɥɚɫɶ ɩɥɨɳɚɞɶ ɫɨɩɥɚ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ 

ɷɠɟɤɬɨɪɚ ɢ ɩɨɥɭɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ. ɂɡɦɟɧɟɧɢɟ 

ɩɥɨɳɚɞɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɟɪɟɦɟɳɟɧɢɟɦ ɢɝɥɵ ɜɧɭɬɪɢ ɫɨɩɥɚ. ɉɟɪɟɦɟɳɟɧɢɟ ɢɝɥɵ, 

ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨɜɨɪɨɬɨɦ ɲɩɢɥɶɤɢ, ɧɚ ɤɨɬɨɪɨɣ ɨɧɚ ɛɵɥɚ ɭɫɬɚ-

ɧɨɜɥɟɧɚ (ɪɢɫɭɧɨɤ 4.3 ɝɥ. 4).  

Ɋɟɝɭɥɢɪɨɜɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɧɢɦɚɥɢɫɶ ɩɨ ɩɨɥɨɠɟɧɢɸ ɢɝɥɵ, ɩɪɢ ɪɚɡ-

ɥɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɞɜɢɝɚɬɟɥɶ. Ⱦɥɹ ɜɫɟɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚ-

ɬɨɝɨ ɜɚɥɚ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɩɨɫɬɨɹɧɧɨɣ, ɪɚɜɧɨɣ 2800 ɦɢɧ-1, ɬɚɤɠɟ ɩɨɞɞɟɪɠɢɜɚɥɫɹ 

ɩɨɫɬɨɹɧɧɵɦ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ.  
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  5.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɠɟɤɬɨɪɚ 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɭɠɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ ɧɚ ɤɚɠɞɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 

ɩɥɨɳɚɞɶ ɫɨɩɥɚ ɭɦɟɧɶɲɚɥɚɫɶ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ (201 ɦɦ2) ɞɨ ɡɧɚɱɟɧɢɹ, ɪɚɜɧɨɝɨ 

61% (140 ɦɦ2) ɨɬ ɩɥɨɳɚɞɢ ɨɬɤɪɵɬɨɝɨ ɫɨɩɥɚ.  ɉɪɢ ɷɬɨɦ ɜɨɡɪɚɫɬɚɥɨ ɞɚɜɥɟɧɢɟ ɈȽ 

ɩɟɪɟɞ ɫɨɩɥɨɦ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɥɫɹ. 

5.1.1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɧɢɦɚɥɢɫɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɦɨɳɧɨɫɬɢ. ɉɨɞɞɟɪɠɚɧɢɟ ɩɨɫɬɨ-

ɹɧɧɨɣ ɦɨɳɧɨɫɬɢ (ɬ.ɟ. ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ Ʉȼ ɩɪɢ ɡɚɞɚɧɧɨɣ ɧɚɝɪɭɡɤɟ) ɩɪɢ ɭɦɟɧɶ-

ɲɟɧɢɢ ɩɥɨɳɚɞɢ ɫɨɩɥɚ ɬɪɟɛɭɟɬ ɭɜɟɥɢɱɟɧɢɹ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ, ɚ ɬ.ɤ. ɧɚ ɞɜɢɝɚɬɟɥɟ 

ɭɫɬɚɧɨɜɥɟɧɚ ɷɥɟɤɬɪɨɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɞɞɟɪɠɢɜɚɸɳɚɹ ɭɫɬɚɧɨɜɥɟɧɧɨɟ 

ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ, ɬɨ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɭɝɥɚ ɨɬ-

ɤɪɵɬɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɱɟ-

ɪɟɡ ɞɜɢɝɚɬɟɥɶ. ɉɪɢ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɢ ɦɨɳɧɨɫɬɢ ɤɨɥɟɛɚɧɢɹ ɟɺ ɡɧɚɱɟɧɢɣ ɧɚ ɪɚɡɥɢɱ-

ɧɵɯ ɪɟɠɢɦɚɯ ɧɟ ɩɪɟɜɨɫɯɨɞɢɥɢ 1,5% ɨɬ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ.   

Ⱦɥɹ ɩɪɢɦɟɪɚ ɞɚɥɟɟ ɩɨɤɚɡɚɧɨ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɢ ɷɠɟɤɬɨ-

ɪɚ ɩɨɤɚɡɚɧɨ ɩɪɢ ɪɚɛɨɬɟ ɞɜɢɝɚɬɟɥɹ ɫ ɦɨɦɟɧɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 55 ɇɦ. ɉɚɪɚɦɟɬɪɵ ɜ 

ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɟ – ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɫɨɩɥɟ ɷɠɟɤɬɨɪɚ – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ 

Ʉȼ 2800 ɦɢɧ-1, ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 1,04, ɦɨɳɧɨɫɬɶ 16,5 ɤȼɬ.  

ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɟɣ Ʉɗ ɨɬ ɫɬɟɩɟɧɢ ɨɬ-

ɤɪɵɬɢɹ ɫɨɩɥɚ ɞɥɹ ɭɤɚɡɚɧɧɨɝɨ ɪɟɠɢɦɚ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.1.  
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Ɋɢɫɭɧɨɤ 5.1 – ɋɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ Ʉɗ ɨɬ ɫɬɟɩɟɧɢ ɨɬɤɪɵ-

ɬɢɹ ɫɨɩɥɚ ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ  ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ. 

ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɥɨɳɚɞɢ ɫɨɩɥɚ ɨɬ 95 ɞɨ 60% Ʉɗ ɭɜɟɥɢɱɢɥɫɹ ɫ 1,16 ɞɨ 1,52. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɨ ɮɨɪɦɭɥɚɦ (3.20-3.27) ɧɟ ɩɪɟɜɨɫ-

ɯɨɞɢɬ 2%.  

ɉɪɢ ɷɬɨɦ ɞɚɠɟ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɪɚɫɯɨɞɟ ɈȽ ɭɦɟɧɶɲɟɧɢɟ ɩɥɨɳɚɞɢ ɫɨɩɥɚ 

ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɫɨɩɥɨɦ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ 

ɢɫɬɟɱɟɧɢɹ ɝɚɡɨɜ ɢɡ ɫɨɩɥɚ. Ɍɚɤ ɤɚɤ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɧɟ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɫɤɨɪɨɫɬɶ 

ɜɨɡɪɚɫɬɚɟɬ, ɬɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɩɨɬɨɤɚ, ɱɬɨ ɢ ɩɪɢɜɨ-

ɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ Ʉɗ.  

ɂɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɢ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɫɨɩɥɨɦ ɷɠɟɤɬɨɪɚ ɩɨɤɚɡɚɧɨ ɧɚ 

ɪɢɫɭɧɤɟ 5.2 

 

Ɋɢɫɭɧɨɤ 5.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɞɜɢɝɚɬɟɥɶ ɢ ɞɚɜɥɟɧɢɹ ɈȽ 

ɩɟɪɟɞ ɫɨɩɥɨɦ ɨɬ ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ. 
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ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɥɨɳɚɞɢ ɫɨɩɥɚ ɨɬ 95 ɞɨ 60% ɞɚɜɥɟɧɢɟ ɈȽ ɜɨɡɪɨɫɥɨ ɨɬ 115 

ɞɨ 150 ɤɉɚ. Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɭɜɟɥɢɱɢɥɫɹ ɫ 76,9 ɞɨ 80,6 ɤɝ/ɱ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲ-

ɧɨɫɬɶ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɧɟ ɩɪɟɜɨɫɯɨɞɢɬ 2%. 

ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɈȽ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ 

ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.3 

 

Ɋɢɫɭɧɨɤ 5.3 – ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɈȽ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɨɬɤɪɵ-

ɬɢɹ ɫɨɩɥɚ. 

  Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ ɧɚɛɨɥɶɲɚɹ ɪɚɡɧɢɰɚ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɈȽ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ ɫɨɩɥɟ ɢ ɫɨɫɬɚɜ-

ɥɹɟɬ 117 Ʉ (13%). ɉɪɢ ɡɚɤɪɵɬɢɢ ɫɨɩɥɚ ɩɨɝɪɟɲɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 13 Ʉ (1,45%). 

ɇɟ ɫɚɦɵɦ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ ɨɛɪɚɡɨɦ ɫɨɜɩɚɞɚɟɬ ɤɚɱɟɫɬɜɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɈȽ. Ɍɚɤ ɪɚɫɱɟɬɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɈȽ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɪɨɬɢɜɨ-

ɞɚɜɥɟɧɢɹ ɧɟ ɩɪɟɜɨɫɯɨɞɢɬ 5 ɝɪɚɞɭɫɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɮɚɤɬɢɱɟɫɤɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡ-

ɪɚɫɬɚɟɬ ɛɨɥɟɟ ɱɟɦ ɧɚ 110 ɝɪɚɞɭɫɨɜ.   

ȿɳɟ ɛɨɥɶɲɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ ɫɦɟ-

ɲɚɧɧɨɝɨ ɩɨɬɨɤɚ. Ɋɚɡɧɢɰɚ ɡɧɚɱɟɧɢɣ ɞɨɯɨɞɢɬ ɩɨɱɬɢ ɞɨ 130 ɝɪɚɞɭɫɨɜ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 

20%. ɉɪɢ ɷɬɨɦ, ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɤɪɢɜɨɣ ɡɚɦɟɬɟɧ ɦɚɤɫɢɦɭɦ. ɜ ɞɢɚɩɚɡɨɧɟ 

ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ 0,8-0,9. ȿɝɨ ɧɚɥɢɱɢɟ ɦɨɠɧɨ  ɨɛɴɹɫɧɢɬɶ ɩɨɞɨɝɪɟɜɨɦ Ɉȼ – 

ɩɪɢ ɜɧɟɫɟɧɢɢ ɜ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɩɨɞɨɛɧɨɣ ɩɨɩɪɚɜɤɢ (ɧɚ ɨɫɧɨɜɟ ɡɧɚɱɟɧɢɣ 
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ɬɟɦɩɟɪɚɬɭɪɵ Ɉȼ, ɫɧɹɬɵɯ ɫ ɬɟɪɦɨɩɚɪɵ ɧɚ ɜɯɨɞɟ ɜ ɤɚɦɟɪɭ ɫɦɟɲɟɧɢɹ) ɧɚ ɪɚɫɱɟɬɧɨɣ 

ɤɪɢɜɨɣ ɬɚɤɠɟ ɩɨɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɭɦ.    

Ɂɧɚɱɢɬɟɥɶɧɨɟ ɧɟɫɨɜɩɚɞɟɧɢɟ ɩɨ ɬɟɦɩɟɪɚɬɭɪɚɦ ɝɚɡɨɜ, ɜɨɡɦɨɠɧɨ, ɨɛɴɹɫɧɹɟɬɫɹ 

ɧɟɩɨɥɧɵɦ ɭɱɟɬɨɦ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ (ɤɚɤ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɈȽ ɜ ɩɨɞɜɨɞɹɳɟɣ ɬɪɭ-

ɛɟ, ɬɚɤ ɢ ɩɪɢ ɧɚɝɪɟɜɟ Ɉȼ ɜ ɩɪɢɟɦɧɨɣ ɤɚɦɟɪɟ) ɜ ɪɚɫɱɟɬɧɨɣ ɦɨɞɟɥɢ. 

ɂɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.4 

 

Ɋɢɫɭɧɨɤ 5.4 – ɂɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɨɬ-

ɤɪɵɬɢɹ ɫɨɩɥɚ. 

   ɉɪɢ ɭɦɟɧɶɲɟɧɢɢ ɩɥɨɳɚɞɢ ɫɨɩɥɚ ɨɬ 95 ɞɨ 60% ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 

ɭɜɟɥɢɱɢɥɫɹ ɧɚ 0,13 ɤɝ/ɱ – ɫ 5,02 ɞɨ 5,14 ɤɝ/ɱ – ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɡɧɚɱɟɧɢɢ 0,24 ɤɝ/ɱ. 

ɍɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ ɭɜɟɥɢɱɢɥɫɹ ɧɚ 18,7 ɝ/ɤȼɬ/ɱ – ɫ 304,3 ɞɨ 321,4 

ɝ/ɤȼɬ/ɱ – ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɡɧɚɱɟɧɢɢ 16 ɝ/ɤȼɬ/ɱ. ɉɪɢ ɷɬɨɦ, ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɧɟ 

ɩɪɟɜɵɲɚɟɬ 2% ɤɚɤ ɩɨ ɦɚɫɫɨɜɨɦɭ, ɬɚɤ ɢ ɩɨ ɭɞɟɥɶɧɨɦɭ ɷɮɮɟɤɬɢɜɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩ-

ɥɢɜɚ. ɂɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ Ɉȼ ɢ ɞɚɜɥɟɧɢɹ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤ-

ɬɨɪɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.5. 
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Ɋɢɫɭɧɨɤ 5.5 – ɂɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ Ɉȼ ɩɟɪɟɞ Ʉɋ ɢ ɞɚɜɥɟɧɢɹ ɫɦɟɲɚɧɧɨɝɨ 

ɩɨɬɨɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ 

Ⱥɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɦɟɧɹɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜ ɫɢɥɭ ɧɢɡɤɨɧɚ-

ɩɨɪɧɨɫɬɢ ɷɠɟɤɬɨɪɚ, ɩɪɨɫɥɟɞɢɬɶ ɦɨɠɧɨ ɥɢɲɶ ɨɛɳɢɣ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ – ɩɨ 

ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɩɥɨɳɚɞɢ ɫɨɩɥɚ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ Ʉɗ ɞɚɜɥɟɧɢɟ ɧɚ 

ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ ɩɨɜɵɲɚɟɬɫɹ, ɞɚɜɥɟɧɢɟ Ɉȼ ɩɟɪɟɞ ɤɚɦɟɪɨɣ ɫɦɟɲɟɧɢɹ ɩɪɚɤɬɢ-

ɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 

Ɂɚɜɢɫɢɦɨɫɬɢ ɦɚɫɫɨɜɨɝɨ ɢ ɭɞɟɥɶɧɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ ɨɬ 

ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.6.  

 

Ɋɢɫɭɧɨɤ 5.6 – ȼɥɢɹɧɢɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɧɚ ɜɵɩɭɫɤɟ ɧɚ ɦɚɫɫɨɜɵɣ ɢ ɭɞɟɥɶ-

ɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ ɩɪɢ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɢ ɦɨɳɧɨɫɬɢ 
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ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɨɬ 113 ɤɉɚ ɞɨ 151 ɤɉɚ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 

ɭɦɟɧɶɲɢɥɫɹ ɧɚ 0,27 ɤɝ/ɱ – ɫ 4,87 ɞɨ 4,6 ɤɝ/ɱ, ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɡɧɚɱɟɧɢɢ 0,13 ɤɝ/ɱ. 

ɍɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ ɭɜɟɥɢɱɢɥɫɹ ɧɚ 29,7 ɝ/ɤȼɬ/ɱ – ɫ 304,6 ɞɨ 334,3 

ɝ/ɤȼɬ/ɱ. ɉɨɝɪɟɲɧɨɫɬɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 4% ɩɨ ɦɚɫɫɨɜɨɦɭ ɢ 2% – ɩɨ ɭɞɟɥɶɧɨɦɭ ɷɮ-

ɮɟɤɬɢɜɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ. 

5.1.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɭɝɥɟ ɨɬɤɪɵɬɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚ-

ɫɥɨɧɤɢ 

ȼ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ, ɬ.ɟ. ɭɞɟɪɠɚɧɢɟ ɭɝɥɚ ɨɬ-

ɤɪɵɬɢɹ ɞɪɨɫɫɟɥɶɧɨɣ ɡɚɫɥɨɧɤɢ,  ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟ-

ɧɢɸ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɦɭ ɭɦɟɧɶ-

ɲɟɧɢɸ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɟɞɺɬ ɤ ɩɚɞɟɧɢɸ ɦɨɳɧɨ-

ɫɬɢ. ȼɟɥɢɱɢɧɚ ɭɦɟɧɶɲɟɧɢɹ ɦɨɳɧɨɫɬɢ ɨɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɩɢɫɵ-

ɜɚɟɬɫɹ ɮɨɪɦɭɥɨɣ (2.54). ɋɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɮɨɪɦɭɥɟ ɢ ɷɤɫɩɟ-

ɪɢɦɟɧɬɚɥɶɧɵɯ ɩɪɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ Ʉȼ 2800 ɦɢɧ-1,  ɧɚɝɪɭɡɤɟ  55 ɇɦ ɢ ɩɨɫɬɨɹɧ-

ɧɨɦ ɤɨɷɮɮɢɰɢɟɧɬɟ ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ, ɪɚɜɧɨɦ 1,04, ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.7. 

 

Ɋɢɫɭɧɨɤ 5.7 – ȼɥɢɹɧɢɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɧɚ ɜɵɩɭɫɤɟ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɦɨɳɧɨ-

ɫɬɢ ɢ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ  
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ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɨɬ 113 ɤɉɚ ɞɨ 151 ɤɉɚ ɦɨɳɧɨɫɬɶ ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ 

ΔNe = 2,13 ɤȼɬ – ɫ 16,5 ɞɨ 14,37 ɤȼɬ, ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɨ ɮɨɪɦɭɥɟ (2.54) ΔNe = 2,45 

ɤȼɬ. Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɭɦɟɧɶɲɢɥɫɹ ɫ 76,9 ɞɨ 73,5 ɤɝ/ɱ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ ɩɨ-

ɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ 3% ɩɨ ɦɨɳɧɨɫɬɢ ɢ ɦɟɧɟɟ 2% ɩɨ ɪɚɫɯɨɞɭ ɜɨɡɞɭɯɚ.  

ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɦɨɳɧɨɫɬɶ ɦɟɧɹɟɬɫɹ ɧɟ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɦɚɫɫɨɜɨɦɭ 

ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɬɚɤɠɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɭɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, 

ɤɨɬɨɪɵɣ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɩɨ ɮɨɪɦɭɥɟ (4.3). ɋɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢ-

ɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.8. 

 

Ɋɢɫɭɧɨɤ 5.8 – ȼɥɢɹɧɢɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɧɚ ɜɵɩɭɫɤɟ ɧɚ ɦɚɫɫɨɜɵɣ ɢ ɭɞɟɥɶ-

ɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞɵ ɬɨɩɥɢɜɚ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɨɬ 113 ɤɉɚ ɞɨ 151 ɤɉɚ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 

ɭɦɟɧɶɲɢɥɫɹ ɧɚ 0,27 ɤɝ/ɱ – ɫ 4,87 ɞɨ 4,6 ɤɝ/ɱ, ɩɪɢ ɪɚɫɱɟɬɧɨɦ ɡɧɚɱɟɧɢɢ 0,13 ɤɝ/ɱ. 

ɍɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫɯɨɞ ɭɜɟɥɢɱɢɥɫɹ ɧɚ 29,7 ɝ/ɤȼɬ/ɱ – ɫ 304,6 ɞɨ 334,3 

ɝ/ɤȼɬ/ɱ. ɉɨɝɪɟɲɧɨɫɬɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 5% ɩɨ ɦɚɫɫɨɜɨɦɭ ɢ 2% – ɩɨ ɭɞɟɥɶɧɨɦɭ ɷɮ-

ɮɟɤɬɢɜɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ. 

ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɯ ɭɞɟɥɶɧɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɪɚɫ-

ɯɨɞɨɜ ɬɨɩɥɢɜɚ ɩɪɢ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.9. 
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Ɋɢɫɭɧɨɤ 5.9 – ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ  

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ: 
 ɚ) ɭɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ, ɛ) ɦɚɫɫɨɜɵɣ. 1 – ɪɟɠɢɦ ɫ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɟɦ ɦɨɳɧɨɫɬɢ, 2 – 

ɛɟɡ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɹ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɪɟɠɢɦɚ ɛɟɡ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɹ ɦɨɳɧɨɫɬɢ ɜ ɫɥɭɱɚɟ ɫ ɤɨɪɪɟɤɬɢ-

ɪɨɜɚɧɢɟɦ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ 

ɩɨɜɵɲɟɧɢɟɦ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ, ɜɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɹ ɭɝɥɚ ɨɬɤɪɵɬɢɹ ɞɪɨɫɫɟɥɶɧɨɣ 

ɡɚɫɥɨɧɤɢ. Ɇɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɜɨɡɪɚɫɬɚɟɬ ɧɚ 0,13 ɤɝ/ɱ, ɚ ɭɞɟɥɶɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɫ-

ɯɨɞ ɬɨɩɥɢɜɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 18,8 ɝ/ɤȼɬ/ɱ (6,2%), ɜ ɨɬɥɢɱɢɟ ɨɬ ɪɟɠɢɦɚ ɛɟɡ ɤɨɪ-

ɪɟɤɬɢɪɨɜɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɫɧɢɠɚɟɬɫɹ ɧɚ 0,27 ɤɝ/ɱ, ɚ ɭɞɟɥɶɧɵɣ 

ɷɮɮɟɤɬɢɜɧɵɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 29,6 ɝ/ɤȼɬ/ɱ (9,7%). Ɉɞɧɚɤɨ, ɤɚɤ ɬɟɨɪɟɬɢɱɟɫɤɢ, ɬɚɤ 

ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɟɪɟɫɟɱɟɧɢɟ ɥɢɧɢɣ ɭɞɟɥɶɧɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɧɨɦ ɡɧɚɱɟɧɢɢ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ, ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɨ-

ɫɬɚɜɥɹɟɬ 136 ɤɉɚ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ – 140 ɤɉɚ. ɉɨɫɥɟ ɷɬɨɣ ɬɨɱɤɢ ɭɞɟɥɶɧɵɣ ɪɚɫ-

ɯɨɞ ɬɨɩɥɢɜɚ ɩɪɢ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɢ ɦɨɳɧɨɫɬɢ ɫɬɚɧɨɜɢɬɫɹ ɜɵɲɟ, ɱɟɦ ɛɟɡ ɤɨɪɪɟɤɬɢ-

ɪɨɜɚɧɢɹ. 

5.1.3 ɋɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ 

ɍɜɟɥɢɱɟɧɢɟ ɦɨɦɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɫɯɨɞɚ ɜɨɡɞɭ-

ɯɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ  ɞɚɜɥɟɧɢɟ ɈȽ ɩɟ-
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ɪɟɞ ɫɨɩɥɨɦ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ. Ɍɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɢ Ʉɗ (ɪɢɫɭɧɨɤ 

5.10).    

 

Ɋɢɫɭɧɨɤ 5.10 – Ɂɚɜɢɫɢɦɨɫɬɶ Ʉɗ, ɪɚɫɯɨɞɚ ɈȽ ɢ ɞɚɜɥɟɧɢɹ ɈȽ ɩɟɪɟɞ ɫɨɩɥɨɦ ɨɬ 

ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɧɚɝɪɭɡɤɟ ɧɚ ɞɜɢɝɚɬɟɥɶ: ɰɢɮɪɵ ɜ ɢɧɞɟɤɫɟ 

ɨɛɨɡɧɚɱɚɸɬ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ ɧɚɢɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ (u = 1,91) Ʉɗ ɷɠɟɤɰɢɢ ɞɨɫɬɢɝɚɟɬ 

ɧɚ ɫɚɦɨɦ ɧɟɧɚɝɪɭɠɟɧɧɨɦ ɪɟɠɢɦɟ – ɩɪɢ 11 ɇɦ. ɇɚ ɷɬɨɦ ɪɟɠɢɦɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɪɢɪɨɫɬ Ʉɗ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɥɨɳɚɞɢ ɫɨɩɥɚ – Δu = 0,67. ɉɨ ɦɟɪɟ 

ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɡɧɚɱɟɧɢɟ Ʉɗ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ 



133  
ɭɦɟɧɶɲɚɟɬɫɹ – ɧɚɩɪɢɦɟɪ, ɨɬ u = 1,91 u = 1,45 ɩɪɢ fro = 0,6. Ɍɚɤɠɟ ɭɦɟɧɶɲɚɟɬɫɹ 

ɩɪɢɪɨɫɬ Ʉɗ ɫ Δu = 0,67  ɞɨ  Δu = 0,33. Ɋɨɫɬ Ʉɗ ɨɛɴɹɫɧɹɟɬɫɹ ɞɜɭɦɹ ɩɪɢɱɢɧɚɦɢ: ɜɨ-

ɩɟɪɜɵɯ, ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɈȽ ɩɟɪɟɞ ɫɨɩɥɨɦ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɪɚɫɯɨɞɟ ɈȽ; ɜɨ-

ɜɬɨɪɵɯ, ɭɜɟɥɢɱɟɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ ɷɠɟɤɬɨɪɚ – ɨɬɧɨɲɟ-

ɧɢɹ ɩɥɨɳɚɞɟɣ Ʉɋ ɢ ɫɨɩɥɚ (ɮɨɪɦɭɥɚ (3.17)). 

ɉɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɞɚɜɥɟɧɢɢ Ʉɗ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɫɧɢɠɟɧɢɢ ɧɚɝɪɭɡɤɢ 

(ɬ.ɟ. ɭɦɟɧɶɲɟɧɢɢ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɞɜɢɝɚɬɟɥɶ). ɇɚɩɪɢɦɟɪ, ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ 

ɠɟ ɞɚɜɥɟɧɢɢ 118 ɤɉɚ ɧɚ ɪɟɠɢɦɟ Ɇɫ = 66 ɇɦ u = 1,13, ɚ ɩɪɢ  Ɇɫ = 44 ɇɦ u = 1,33, ɚ 

ɩɪɢ  Ɇɫ = 22 ɇɦ u = 1,66.  

Ⱦɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɷɠɟɤɬɨɪɚ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɡɚɬɪɚɬɵ ɦɨɳ-

ɧɨɫɬɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɰɢɪɤɭɥɹɰɢɢ Ɉȼ – ɨɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɚ Ɉȼ ɤ ɦɨɳɧɨɫɬɢ ɷɠɟɤɬɨ-

ɪɚ – Gɧ/Nɷ  (ɪɢɫɭɧɨɤ 5.11). 

 

Ɋɢɫɭɧɨɤ 5.11 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɲɟɧɢɹ Gɧ/Nɷ ɨɬ ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ: 

ɰɢɮɪɵ ɨɛɨɡɧɚɱɚɸɬ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

ɉɪɢ ɩɨɫɬɨɹɧɧɨɦ ɪɚɫɯɨɞɟ ɈȽ ɭɦɟɧɶɲɟɧɢɟ ɩɥɨɳɚɞɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ 

ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɫɨɩɥɨɦ ɷɠɟɤɬɨɪɚ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɫɩɨɥɚɝɚɟɦɨɣ 

ɪɚɛɨɬɵ. ɉɨ (2.64) ɦɨɳɧɨɫɬɶ Nɷ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɫɱɢɬɚɧɚ ɜ ɷɤɜɢɜɚɥɟɧɬɧɭɸ ɩɨɬɟɪɢ 

ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ.  
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5.1.4 ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɪɚɫɯɨɞɚ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɢ ɤɨ-

ɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ 

Ʉɚɤ ɛɵɥɨ ɭɤɚɡɚɧɨ ɜ ɝɥ. 2 ɞɥɹ ɷɠɟɤɬɨɪɚ ɡɚɞɚɧɧɵɯ ɪɚɡɦɟɪɨɜ ɤɨɷɮɮɢɰɢɟɧɬ 

ɷɠɟɤɰɢɢ ɮɭɧɤɰɢɹ ɬɨɥɶɤɨ ɨɬɧɨɲɟɧɢɹ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ ɩɨɬɨɤɨɜ ɈȽ ɢ Ɉȼ. 

ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɨɬɨɤɨɜ ɪɚɫɯɨɞ Ɉȼ ɦɟɧɹɟɬɫɹ ɩɪɹɦɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɭ ɈȽ, ɬɚɤɠɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ ɢ ɨɬɧɨɲɟɧɢɟ 

ɩɥɨɳɚɞɟɣ Ʉɋ ɢ ɫɨɩɥɚ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɥɭɱɢɜ ɬɪɟɛɭɟɦɵɣ Ʉɗ ɧɚ ɦɨɞɟɥɶɧɨɦ 

ɷɠɟɤɬɨɪɟ, ɩɪɢ ɬɟɯ ɠɟ ɩɚɪɚɦɟɬɪɚɯ ɩɨɬɨɤɨɜ ɟɝɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢ ɧɚ ɪɟɚɥɶɧɨɦ ɞɜɢ-

ɝɚɬɟɥɟ ɭɜɟɥɢɱɢɜ ɩɥɨɳɚɞɢ ɫɨɩɥɚ ɢ Ʉɋ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɪɚɫɯɨɞɚɦ ɈȽ ɢ Ɉȼ.  ɉɪɢ 

ɷɬɨɦ, ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ Ɉȼ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɪɚɫɯɨɞɨɦ ɈȽ ɞɜɢɝɚɬɟɥɹ, ɚ ɪɚɫɯɨɞ 

Ɉȼ – ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɷɠɟɤɰɢɢ – ɨɞɢɧɚɤɨɜɵɦ ɞɥɹ ɦɨɞɟɥɶɧɨɝɨ ɢ ɪɟɚɥɶɧɨɝɨ ɷɠɟɤ-

ɬɨɪɨɜ.  

Ʉɚɤ ɜɢɞɧɨ, ɩɨ ɦɟɪɟ ɭɦɟɧɶɲɟɧɢɹ ɩɥɨɳɚɞɢ ɫɨɩɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟ ɈȽ 

ɩɟɪɟɞ ɫɨɩɥɨɦ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤ-

ɰɢɢ.  ɉɪɢ ɢɡɜɟɫɬɧɨɣ ɩɥɨɳɚɞɢ ɫɨɩɥɚ ɭɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚ-

ɧɨ  ɫ ɪɚɫɯɨɞɨɦ ɈȽ, ɨɛɟɫɩɟɱɢɜɚɟɦɨɦ ɩɨɫɬɨɹɧɫɬɜɨɦ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ Ʉȼ ɢ 

ɧɚɝɪɭɡɤɢ. Ɍ.ɤ. ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɬɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɪɚɫɩɨɥɚɝɚɟɦɚɹ 

ɪɚɛɨɬɚ ɷɠɟɤɬɨɪɚ (2.12), ɱɬɨ ɩɪɢ ɢɡɜɟɫɬɧɨɦ ɡɚɤɨɧɟ ɢɡɦɟɧɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ɉȼ 

ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ (ɪɢɫɭɧɨɤ 5.11).  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɥ. 3, ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ Ʉɗ u = 1,6 ɩɪɢ ɞɚɜɥɟɧɢɢ Ɉȼ  

ɪɧ = 99800 ɤɉɚ ɢ ɫɬɚɬɢɱɟɫɤɨɦ ɞɚɜɥɟɧɢɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɪɫ = 101325 ɤɉɚ. ȼɵ-

ɛɨɪ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭ-

ɪɵ ɈȽ (ɨɬɧɨɲɟɧɢɟɦ ɩɥɨɳɚɞɟɣ Ʉɋ ɢ ɫɨɩɥɚ) ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɥɭ-

ɱɚɟɬɫɹ ɬɪɟɛɭɟɦɵɣ Ʉɗ ɢ ɧɟɨɛɯɨɞɢɦɵɣ ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɣ.  

Ɍɪɟɛɭɟɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ u = 1,6 ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɩɪɢ ɪɚɡɥɢɱ-

ɧɵɯ ɞɚɜɥɟɧɢɹɯ ɩɟɪɟɞ ɫɨɩɥɨɦ – ɬ.ɟ. ɧɚ ɪɚɡɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ. Ʉɚɠɞɨ-

ɦɭ ɡɧɚɱɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɨɜ ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ ɢ ɩɨ-

ɫɥɟ (ɪɢɫɭɧɨɤ 5.12 ɢ ɬɚɛɥɢɰɚ 5.1).  
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Ɋɢɫɭɧɨɤ 5.12 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɈȽ ɩɟɪɟɞ ɫɨɩɥɨɦ 

ɢ ɪɚɫɯɨɞɚ Ɉȼ ɨɬ Ʉɗ: ɰɢɮɪɵ ɜ ɢɧɞɟɤɫɟ ɨɛɨɡɧɚɱɚɸɬ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

Ɍɚɛɥɢɰɚ 5.1 – ɍɫɥɨɜɢɹ ɩɨɥɭɱɟɧɢɹ u = 1,6 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ 

ɞɜɢɝɚɬɟɥɹ   

Ne, ɤȼɬ ɪr, ɤɉɚ  Gr, ɤɝ/ɱ ɪɫ–ɪɧ, ɤɉɚ 

3,3 112 40,7 2,1 

6,6 118,2 52,3 2,4 

9,9 130,8 63,6 2,25 

13,2 145,6 74,5 2,8 
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Ɍɨɱɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ u = 1,6, ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɧɚ ɤɪɢɜɨɣ, ɫɨɨɬɜɟɬ-

ɫɬɜɭɸɳɟɣ ɧɚɝɪɭɡɤɟ Ɇɫ = 22 ɇɦ (Ne =  6,6 ɤȼɬ) ɢ ɪɚɫɯɨɞɭ ɈȽ Gp ≈ 50 ɤɝ/ɱ, ɩɪɢ ɞɚɜ-

ɥɟɧɢɢ ɈȽ ɪɪ = 111,1 ɤɉɚ.  ɉɥɨɳɚɞɶ ɫɨɩɥɚ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɥɹɟɬ 69,1% ɨɬ ɢɫɯɨɞɧɨɣ, 

ɬ.ɟ. 140,5 ɦɦ2. Ɉɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ Ʉɋ ɢ ɫɨɩɥɚ f3ɪ = 22,25 (ɬɚɛɥɢɰɚ 5.2). 

Ɍɚɛɥɢɰɚ 5.2 – ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 

ɷɠɟɤɬɨɪɚ ɞɥɹ u = 1,44 

ɉɚɪɚɦɟɬɪ Ɋɚɫɱɟɬɧɨɟ ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɉɨɝɪɟɲɧɨɫɬɶ, % 

Ⱦɚɜɥɟɧɢɟ ɪɪ, ɤɉɚ 111 117,3 5,68 

Ɍɟɦɩɟɪɚɬɭɪɚ Тɪ, Ʉ 814 843 3,56 

Ⱦɚɜɥɟɧɢɟ ɪɧ, ɤɉɚ 99,2 99,4 0,20 

Ɍɟɦɩɟɪɚɬɭɪɚ Тɧ, Ʉ 339 338 0,29 

Ⱦɚɜɥɟɧɢɟ ɪɫ, ɤɉɚ 101,325 102 0,67 

ɪɫ/ɪɧ 1,021 1,024 0,39 

Șɷ, % 11,9 9,54 19,80 

u 1,44 1,42 1,39 
 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɯɨɠɞɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɄɉȾ ɷɠɟɤɬɨɪɚ. 

Ɍɚɤɨɜɚɹ ɪɚɡɧɢɰɚ, ɜɢɞɢɦɨ, ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɚ ɧɟɭɱɬɟɧɧɵɦɢ ɩɨɬɟɪɹɦɢ.     

ɉɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɨɬɧɨɲɟɧɢɢ f3p ɩɥɨɳɚɞɟɣ ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɯɨɞɚ (ɧɚɩɪɢ-

ɦɟɪ, ɩɟɪɟɯɨɞ ɧɚ ɞɪɭɝɨɣ ɪɟɠɢɦ) ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ Ʉɗ, ɧɨ ɪɚɫɯɨɞ Ɉȼ ɭɜɟɥɢ-

ɱɢɜɚɟɬɫɹ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɢ ɩɨɥɭɱɢɬɶ ɬɪɟɛɭɟɦɵɣ ɪɚɫɯɨɞ Ɉȼ ɢ ɬɪɟɛɭɟɦɵɣ Ʉɗ 

ɪɚɡɥɢɱɧɵ – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɫɯɨɞ Ɉȼ ɧɟ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨɦɭ 

ɡɧɚɱɟɧɢɸ Ʉɗ. 

Ɉɞɧɚɤɨ, ɬ.ɤ. ɫɢɫɬɟɦɚ ɡɚɦɤɧɭɬɚ, (ɬ.ɟ. ɪɚɫɯɨɞ Ɉȼ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɪɚɫɯɨɞɭ 

ɇȼ),  ɬɨ ɩɪɢɨɪɢɬɟɬɧɵɦ ɜɫɺ ɠɟ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ Ʉɗ, ɬ.ɤ. ɬɟɩɥɨɬɚ, ɨɬɜɨɞɢɦɚɹ Ɉȼ, ɛɭ-

ɞɟɬ ɬɚɤɠɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɬɟɩɥɨɬɟ, ɩɨɞɜɨɞɢɦɨɣ ɇȼ. 
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ɇɚ ɛɨɥɶɲɢɯ ɧɚɝɪɭɡɤɚɯ ɧɭɠɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɠɟɤɰɢɢ ɭɠɟ ɧɟ ɩɨ-

ɥɭɱɚɟɬɫɹ ɧɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɟɟ ɞɚɜɥɟɧɢɟ ɩɟɪɟɞ ɫɨɩɥɨɦ. Ɉɞɧɚɤɨ, ɤɚɤ ɛɵɥɨ ɭɤɚɡɚɧɨ, 

ɪɚɫɯɨɞ Ɉȼ ɜɫɺ ɪɚɜɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɨɞɨɛɧɨɟ ɫɜɹɡɚɧɨ, ɜɟɪɨɹɬɧɨ, ɫ ɪɨɫɬɨɦ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɹ ɤɚɤ ɧɚ ɜɯɨɞɟ ɜ ɷɠɟɤɬɨɪ, ɬɚɤ ɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɟɝɨ (ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɵ-

ɯɥɨɩɧɨɣ ɫɢɫɬɟɦɵ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɷɧɟɪɝɢɹ ɈȽ, ɩɨɞɜɨɞɢɦɚɹ ɤ ɷɠɟɤɬɨɪɭ, ɧɚɱɢɧɚɟɬ 

ɪɚɫɯɨɞɨɜɚɬɶɫɹ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɧɚ ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɪɫ 

(ɪɢɫɭɧɨɤ 5.13). 

 

Ɋɢɫɭɧɨɤ 5.13 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɫɦɟɲɚɧɧɨɝɨ  

ɩɨɬɨɤɚ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɠɟɧɢɹ  ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ 

ɉɪɢ ɷɬɨɦ, ɄɉȾ (ɤɚɤ ɚɞɢɚɛɚɬɧɵɣ, ɬɚɤ ɢ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ) ɜ ɜɵɛɪɚɧɧɨɣ ɬɨɱɤɟ 

ɧɟ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɦ. ɇɚ ɥɸɛɨɦ ɪɟɠɢɦɟ ɚɞɢɚɛɚɬɧɵɣ ɄɉȾ ɩɨɜɵɲɚɟɬɫɹ ɩɪɢ 

ɨɬɤɪɵɬɢɢ ɫɨɩɥɚ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɪɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ 

ɫɨɩɥɟ, ɱɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɧɚɢɦɟɧɶɲɢɦɢ ɩɨɬɟɪɹɦɢ ɤɚɤ ɜ ɫɨɩɥɟ (ɮɨɪɦɭɥɚ (2.73)) 

ɬɚɤ ɢ ɰɟɥɨɦ (ɪɢɫɭɧɨɤ 5.14).  
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Ɋɢɫɭɧɨɤ 5.14 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɄɉȾ ɨɬ ɪɟɠɢɦɚ  

ɧɚɝɪɭɠɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ. 

ɉɨɜɵɲɟɧɢɟ ɚɞɢɚɛɚɬɧɨɝɨ ɄɉȾ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɪɟɠɢɦɚɦ ɫ ɦɟɧɶɲɟɣ ɧɚɝɪɭɡ-

ɤɨɣ, ɨɛɭɫɥɨɜɥɟɧɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɧɢɠɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɫɨɩɥɨɦ ɢ, ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ, ɦɟɧɶɲɟɣ ɪɚɡɧɢɰɟɣ ɫɤɨɪɨɫɬɟɣ ɫɦɟɲɢɜɚɸɳɢɯɫɹ ɩɨɬɨɤɨɜ, ɱɬɨ ɢ ɨɩɪɟɞɟɥɹɟɬ 

ɨɫɧɨɜɧɵɟ ɩɨɬɟɪɢ  ɜ ɷɠɟɤɬɨɪɟ.  

ɗɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɄɉȾ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɧɟɪ-

ɝɢɢ. ɇɟɜɵɫɨɤɨɟ ɟɝɨ ɡɧɚɱɟɧɢɟ ɝɨɜɨɪɢɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɭɥɭɱɲɟɧɢɹ ɩɪɨɰɟɫɫɚ. Ʉɚɤ 

ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɬɟɩɟɧɢ ɨɬɤɪɵɬɢɹ ɫɨɩɥɚ ɟɫɬɶ ɪɟɠɢ-

ɦɵ,  ɩɪɢ ɤɨɬɨɪɵɯ ɷɤɫɟɪɝɟɬɢɱɟɫɤɢɣ ɄɉȾ ɢɦɟɟɬ ɦɚɤɫɢɦɭɦ. ɗɬɨ ɜ ɰɟɥɨɦ ɫɜɢɞɟɬɟɥɶ-

ɫɬɜɭɟɬ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɪɟɠɢɦɵ ɹɜɥɹɸɬɫɹ ɫɚɦɵɦɢ ɨɩɬɢɦɚɥɶɧɵɦɢ – ɝɟɨɦɟɬɪɢɹ 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɝɨ ɷɠɟɤɬɨɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɦɟɧɶɲɢɟ ɩɨɬɟɪɢ. Ɉɞɧɚɤɨ, ɩɚɪɚɦɟɬ-

ɪɵ ɷɠɟɤɬɨɪɚ, ɩɨɥɭɱɚɟɦɵɟ ɧɚ ɷɬɢɯ ɪɟɠɢɦɚɯ (u = 1,51…1,58, Gɨɜ = 119…130 ɤɝ/ɱ) 

ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟɛɭɟɦɵɦ (u = 1,6).  

ɗɬɨ, ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɵɣ ɷɠɟɤɬɨɪ ɧɟ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶ-

ɧɵɦ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɪɚɛɨɱɟɣ ɬɨɱɤɢ (ɬɚɛɥɢɰɚ 5.2).  
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5.2 Ɉɰɟɧɤɚ ɩɨɤɚɡɚɬɟɥɟɣ ɷɠɟɤɬɨɪɚ ɩɪɢ ɩɚɪɚɦɟɬɪɚɯ ɈȽ ɞɜɢɝɚɬɟɥɹ ɩɨ  

ɧɚɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ 

Ȼɵɥɢ ɫɧɹɬɵ ɱɚɫɬɧɵɟ ɧɚɝɪɭɡɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɋɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ Ʉɗ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.15. 

 

Ɋɢɫɭɧɨɤ 5.15 – ɋɪɚɜɧɟɧɢɟ Ʉɗ ɩɪɢ ɪɚɛɨɬɟ ɩɨ ɧɚɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ Ʉɗ ɫɧɢɠɚɟɬɫɹ – ɯɚɪɚɤ-

ɬɟɪ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɨɜɩɚɞɚɟɬ. ɋɧɢɠɟɧɢɟ Ʉɗ, ɤɚɤ ɛɵɥɨ ɭɤɚɡɚɧɨ ɜɵɲɟ, ɨɛɭɫɥɨɜɥɟɧɨ 

ɪɨɫɬɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɪɚɫɯɨɞɨɜ ɈȽ ɢ ɫɦɟɲɚɧ-

ɧɨɝɨ ɩɨɬɨɤɚ. ɉɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɧɟ ɩɪɟɜɨɫɯɨɞɢɬ 5%, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɟɪ-

ɜɨɣ ɬɨɱɤɢ, ɞɥɹ ɤɨɬɨɪɨɣ ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 10%. ɋɧɢɠɟɧɢɟ Ʉɗ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɫɯɨ-

ɞɚ ɩɪɢɜɨɞɢɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ ɪɨɫɬɭ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ – ɤ ɭɜɟɥɢ-

ɱɟɧɢɸ ɫɬɟɩɟɧɢ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ (ɪɢɫɭɧɨɤ 5.16). 
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Ɋɢɫɭɧɨɤ 5.16 – Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ, ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɫɨɩɥɨɦ ɷɠɟɤ-

ɬɨɪɚ, ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ ɢ ɞɚɜɥɟɧɢɹ ɧɚ ɜɯɨɞɟ ɜ Ʉɋ ɨɬ ɧɚɝɪɭɡɤɢ  

ɉɨ ɪɚɫɯɨɞɭ ɜɨɡɞɭɯɚ ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ ɩɪɟɜɨɫɯɨɞɢɬ 2%. Ɏɚɤɬɢɱɟɫɤɚɹ ɪɚɡɧɢɰɚ 

ɞɚɜɥɟɧɢɣ Ɉȼ ɧɚ ɜɯɨɞɟ Ʉɋ ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɫ 11 ɞɨ 

66 ɇɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 1 ɞɨ 2,75 ɤɉɚ, ɪɚɫɱɟɬɧɚɹ – ɫ 0,21 ɞɨ 1,55 ɤɉɚ.    

Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɈȽ ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.17. 

 

Ɋɢɫɭɧɨɤ 5.17 – Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɈȽ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɲɚɧɧɨɝɨ 

ɩɨɬɨɤɚ ɨɬ ɧɚɝɪɭɡɤɢ 

Ʉɚɤ ɢ ɧɚ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ, ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚ-

ɬɭɪ ɡɧɚɱɢɬɟɥɶɧɚ ɢ ɞɨɯɨɞɢɬ 10% ɞɥɹ ɈȽ ɢ ɞɨ 25% ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɟ ɢɡ 

ɷɠɟɤɬɨɪɚ. 
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ɗɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ, ɦɚɫɫɨɜɨɝɨ ɱɚɫɨɜɨɝɨ ɢ ɭɞɟɥɶɧɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɪɚɫɯɨɞɨɜ ɬɨɩɥɢɜɚ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.18. 

 

Ɋɢɫɭɧɨɤ 5.18 – ɇɚɝɪɭɡɨɱɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɢ n = 2800 ɦɢɧ-1
 

ɉɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 3% ɩɨ ɦɨɳɧɨɫɬɢ ɢ 4% ɩɨ ɪɚɫɯɨɞɚɦ 

ɬɨɩɥɢɜɚ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɱɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 11 ɇɦ, ɜ ɤɨɬɨɪɨɣ ɩɨɝɪɟɲɧɨɫɬɶ 

ɞɨɫɬɢɝɚɟɬ 15% ɤɚɤ ɩɨ ɦɨɳɧɨɫɬɢ, ɬɚɤ ɢ ɩɨ ɭɞɟɥɶɧɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ).  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ʉɗ ɢ ɞɚɜɥɟɧɢɣ Ɉȼ ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ 

ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ Ʉȼ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.19.  

 

Ɋɢɫɭɧɨɤ 5.19 – ɋɪɚɜɧɟɧɢɟ Ʉɗ ɢ ɞɚɜɥɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɡ ɷɠɟɤɬɨɪɚ ɩɪɢ ɪɚɡɧɨɣ 

ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ Ʉȼ. 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɩɪɢ ɦɟɧɶɲɟɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ Ʉȼ Ʉɗ ɢɦɟɟɬ ɛɨɥɶ-

ɲɢɟ ɡɧɚɱɟɧɢɹ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɧɚɝɪɭɡɤɟ, ɤɚɤ ɛɵɥɨ ɭɤɚɡɚɧɨ ɜɵɲɟ, ɷɬɨ ɨɛɭɫɥɨɜ-

ɥɟɧɨ ɦɟɧɶɲɢɦ ɪɚɫɯɨɞɨɦ ɈȽ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɚɜɥɟɧɢɟ ɡɚ Ʉɋ ɷɠɟɤɬɨɪɚ (ɚ ɡɧɚɱɢɬ 

ɢ ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɷɠɟɤɬɨɪɟ) ɩɪɢ ɦɟɧɶɲɟɣ ɱɚɫɬɨɬɟ ɧɢɠɟ. 

ɂɧɬɟɪɟɫɧɨ ɨɰɟɧɢɬɶ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟ-

ɧɢɹ Ʉȼ – ɨɬɧɨɲɟɧɢɟ ɪɚɫɯɨɞɚ Ɉȼ ɤ ɦɨɳɧɨɫɬɢ ɷɠɟɤɬɨɪɚ – Gɧ/Nɷ (ɪɢɫɭɧɨɤ 5.20).   

 

Ɋɢɫɭɧɨɤ 5.20 – Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɲɟɧɢɹ Gɧ/Nɷ ɨɬ ɧɚɝɪɭɡɤɢ. 

Ɂɚɜɢɫɢɦɨɫɬɢ ɧɚ ɪɢɫɭɧɤɢ ɩɨɤɚɡɵɜɚɸɬ ɦɨɳɧɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɩɨɥɭɱɟ-

ɧɢɹ ɪɚɫɯɨɞɚ Ɉȼ ɜ 1 ɤɝ/ɱ. Ʉɚɤ ɜɢɞɧɨ, ɧɚ ɨɛɟɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɷɬɢ ɡɧɚɱɟɧɢɹ ɩɨ 

ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɧɚɝɪɭɡɤɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ – ɨɬ 1,5 ɞɨ 9 ɤȼɬ ɩɪɢ ɱɚɫɬɨɬɟ 2800 ɦɢɧ-1
 

ɢ ɨɬ 3 ɞɨ 15 ɤȼɬ ɩɪɢ ɱɚɫɬɨɬɟ 3500 ɦɢɧ-1.   ɉɪɢ ɷɬɨɦ ɤɪɢɜɵɟ ɜɨɡɪɚɫɬɚɸɬ ɦɨɧɨɬɨɧɧɨ 

ɢ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ɩɟɪɟɝɢɛɚ ɧɟ ɢɦɟɸɬ, ɚ ɡɧɚɱɢɬ ɜ ɨɬɫɭɬɫɬɜɢɟ ɨɛɪɚɬɧɨɣ 

ɫɜɹɡɢ ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɭɸ ɬɨɱɤɭ, ɬ.ɟ. ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦɵ ɧɟɜɨɡɦɨɠ-

ɧɨ. 

5.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɷɠɟɤɬɨɪɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɈȽ  

ɞɜɢɝɚɬɟɥɹ ɩɨ ɫɤɨɪɨɫɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɪɚɛɨɬɵ ɷɠɟɤɬɨɪɚ ɧɚ ɪɚɛɨɬɭ ɞɜɢɝɚɬɟɥɹ ɩɨ ɫɤɨɪɨɫɬɧɨɣ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɛɵɥɚ ɫɧɹɬɚ ɱɚɫɬɢɱɧɚɹ ɫɤɨɪɨɫɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (ɪɢɫɭɧɨɤ 5.21). 
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Ɋɢɫɭɧɨɤ 5.21 – ɑɚɫɬɢɱɧɚɹ ɫɤɨɪɨɫɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
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ɉɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ Ʉɗ, ɞɚɜɥɟɧɢɣ Ɉȼ ɢ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ, ɬɟɦɩɟɪɚ-

ɬɭɪɵ ɈȽ, ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ, ɦɚɫɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ  ɧɟ ɩɪɟɜɨɫɯɨɞɢɬ 

5%, ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɩɨɥɭɱɚɟɬɫɹ ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ ɭɞɟɥɶɧɨɝɨ ɷɮɮɟɤɬɢɜ-

ɧɨɝɨ ɪɚɫɯɨɞɚ ɬɨɩɥɢɜɚ (6%) ɢ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ (6,5%). ɉɪɢ ɪɚɫɱɺɬɟ ɬɟɦɩɟ-

ɪɚɬɭɪɵ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɢɛɨɥɶɲɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɤɚɤ ɢ ɩɪɢ ɪɚɫ-

ɱɺɬɟ ɪɟɝɭɥɢɪɨɜɨɱɧɵɯ ɢ ɧɚɝɪɭɡɨɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (20%).    

Ɍɚɤ ɤɚɤ ɪɚɛɨɬɚ ɷɠɟɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɬɨɤɨɜ ɩɟɪɟɞ ɧɢɦ, ɬɨ 

ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ (Ʉɗ, ɪɚɫɯɨɞ Ɉȼ, ɬɟɦɩɟɪɚɬɭɪɚ ɫɦɟɲɚɧɧɨɝɨ ɩɨɬɨɤɚ) 

ɜ ɰɟɥɨɦ ɛɭɞɟɬ ɩɨɜɬɨɪɹɬɶ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɧɚɝɪɭɡɨɱɧɨɣ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤɟ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ Ʉɗ ɫɧɢ-

ɠɚɟɬɫɹ – ɩɨɜɟɞɟɧɢɟ ɤɪɢɜɨɣ ɜ ɰɟɥɨɦ ɩɨɜɬɨɪɹɟɬ ɤɪɢɜɭɸ, ɩɨɥɭɱɟɧɧɭɸ ɧɚ ɧɚɝɪɭɡɨɱ-

ɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ (ɩɪɢ n = 3500 ɦɢɧ-1). ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɈȽ 

ɩɟɪɟɞ ɷɠɟɤɬɨɪɨɦ ɦɟɧɹɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ – ɜɨɡɪɚɫɬɚɟɬ ɪɚɫɯɨɞ ɈȽ (ɪɚɫɬɺɬ ɱɚɫɬɨɬɚ 

ɜɪɚɳɟɧɢɹ Ʉȼ) ɢ ɜɨɡɪɚɫɬɚɟɬ ɬɟɦɩɟɪɚɬɭɪɚ ɈȽ (ɬ.ɤ. ɩɨɜɵɲɚɟɬɫɹ ɧɚɝɪɭɡɤɚ ɧɚ ɞɜɢɝɚ-

ɬɟɥɶ).   
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Зɚɤɥɸɱɟɧɢɟ 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɫɨɜɪɟɦɟɧɧɵɦ ɞɜɢɝɚɬɟ-

ɥɹɦ, ɹɜɥɹɟɬɫɹ ɬɪɟɛɨɜɚɧɢɟ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɷɮɮɟɤɬɢɜ-

ɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɦ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɞɜɢɝɚ-

ɬɟɥɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɰɟɫɫɨɜ ɝɚɡɨɨɛɦɟɧɚ.  

  Ɉɞɧɢɦ ɢɡ ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɄɉȾ ɞɢɡɟɥɹ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ ɢ 

ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɹɜɥɹɟɬɫɹ ɫɧɢɠɟɧɢɟ ɞɨɥɢ 

ɦɨɳɧɨɫɬɢ, ɡɚɬɪɚɱɢɜɚɟɦɨɣ ɧɚ ɩɪɢɜɨɞ ɚɝɪɟɝɚɬɚ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ ɰɢɪɤɭɥɹɰɢɸ 

ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɦɚɬɪɢɰɭ ɨɯɥɚɞɢɬɟɥɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ. 

ɋɚɦɨɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɯɥɚɞɢɬɟɥɟɣ ɬɢɩɚ ɜɨɡɞɭɯ-ɜɨɡɞɭɯ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɹɜɥɹɟɬɫɹ ɜɟɧ-

ɬɢɥɹɬɨɪɧɚɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɰɢɪɤɭɥɹɰɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɦɚɬɪɢɰɭ ɨɯɥɚ-

ɞɢɬɟɥɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɟɧɬɢɥɹɬɨɪɨɦ. 

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɫɯɟɦ ɨɯɥɚɠɞɟɧɢɹ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɷɠɟɤɰɢɨɧɧɭɸ, ɜ ɤɨɬɨɪɨɣ ɰɢɪɤɭɥɹɰɢɹ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 

ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɺɬ ɷɠɟɤɬɨɪɚ, ɪɚɛɨɱɢɦ ɩɨɬɨɤɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ ɨɬɪɚɛɨɬɚɜɲɢɟ 

ɝɚɡɵ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɠɟɤɬɨɪɚ ɜ ɞɜɢɝɚɬɟɥɹɯ ɨɛɵɱɧɨ ɫɜɨɞɢɬɫɹ ɤ  ɢɫɩɨɥɶɡɨɜɚɧɢɸ 

ɟɝɨ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɞɜɢɝɚɬɟɥɹ – ɞɥɹ ɰɢɪɤɭɥɹɰɢɢ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɪɚɞɢɚɬɨɪ ɫɢ-

ɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ – ɢɥɢ ɜ ɫɢɫɬɟɦɟ ɭɞɚɥɟɧɢɹ ɩɵɥɢ ɢɡ ɜɨɡɞɭɲɧɵɯ ɮɢɥɶɬɪɨɜ. Ʉ ɬɨ-

ɦɭ ɠɟ ɬɚɤɢɟ ɞɜɢɝɚɬɟɥɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɟɡɧɚɞɞɭɜɧɵɟ. 

   ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɫɢɫɬɟɦɚ ɷɠɟɤɰɢɨɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɚɞɞɭ-

ɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɞɢɡɟɥɟ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ, ɜɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ ɞɢɡɟɥɶ, 

ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪ, ɨɯɥɚɞɢɬɟɥɶ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɢ ɷɠɟɤɬɨɪ. 

Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɷɠɟɤɬɨɪɨɦ, ɜɟɫɶɦɚ ɫɥɨɠɧɚ, 

ɬ.ɤ. ɷɠɟɤɬɨɪ ɜɥɢɹɟɬ ɧɚ ɬɭɪɛɢɧɭ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, 

ɭɦɟɧɶɲɚɟɬ ɪɚɛɨɬɭ ɤɨɦɩɪɟɫɫɨɪɚ, ɧɨ ɜ ɬɨɠɟ ɜɪɟɦɹ ɷɠɟɤɬɨɪ ɨɫɭɳɟɫɬɜɥɹɟɬ ɰɢɪɤɭɥɹ-

ɰɢɸ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɨɯɥɚɞɢɬɟɥɶ, ɬɟɦ ɫɚɦɵɦ ɭɜɟɥɢɱɢɜɚɹ ɟɝɨ ɩɥɨɬ-



146  
ɧɨɫɬɶ, ɱɬɨ ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ ɜɥɢɹɟɬ ɧɚ ɩɚɪɚɦɟɬɪɵ ɞɢɡɟɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚ-

ɧɨɜɤɚ ɷɠɟɤɬɨɪɚ ɜɥɢɹɟɬ ɧɚ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɨɜ ɬɚɤɨɣ ɫɢɫɬɟɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɬɪɟɛɨɜɚɧɢɟ ɧɚɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɢ, ɧɚɢɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɢɥɢ ɧɚɢɥɭɱ-

ɲɟɣ ɬɨɩɥɢɜɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɦɩɥɟɤɫɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 

ɦɨɞɟɥɶ, ɫɜɹɡɵɜɚɸɳɚɹ ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ. 

Ⱦɥɹ ɞɢɡɟɥɹ ɬɢɩɚ 4ɑɇ13/15 ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɞɜɟ ɫɯɟɦɵ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɷɠɟɤɬɨɪɚ: ɩɚɪɚɥɥɟɥɶɧɨ ɫ ɬɭɪɛɢɧɨɣ ɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɫɥɟ  ɬɭɪɛɢɧɵ. Ɉɛɨɫɧɨɜɚ-

ɧɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɥɭɱɟɧɢɹ ɧɚɢɥɭɱɲɟɣ ɬɨɩɥɢɜɧɨɣ ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚ-

ɧɢɟ   ɫɯɟɦɵ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɷɠɟɤɬɨɪɚ ɩɨɫɥɟ ɬɭɪɛɢɧɵ, ɨɩɪɟɞɟɥɟɧɵ ɪɚɰɢɨɧɚɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɟɣ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɬɭɪɛɢɧɟ ɢ ɷɠɟɤɬɨɪɟ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-

ɧɨɣ ɫɯɟɦɵ ɢ ɪɚɫɯɨɞɨɜ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɱɟɪɟɡ ɬɭɪɛɢɧɭ ɢ ɷɠɟɤɬɨɪ ɞɥɹ ɩɚɪɚɥ-

ɥɟɥɶɧɨɣ ɫɯɟɦɵ. ɍɤɚɡɚɧɨ ɫɨɱɟɬɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɩɪɢ ɤɨɬɨɪɵɯ 

ɡɚɦɟɧɚ ɜɟɧɬɢɥɹɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɷɠɟɤɰɢɨɧɧɨɣ ɤɚɤ ɦɢɧɢɦɭɦ ɧɟ ɭɯɭɞɲɚɟɬ ɩɨɤɚɡɚɬɟ-

ɥɢ ɞɢɡɟɥɹ.   

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɨɝɨ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɫɮɨɪɦɢ-

ɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 

1. Ⱥɧɚɥɢɡ ɝɚɡɨɨɛɦɟɧɚ ɜ ɞɢɡɟɥɟ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ   ɫɜɢɞɟɬɟɥɶ-

ɫɬɜɭɟɬ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɠɟɤɬɨɪɚ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɤɚɤ ɢɫ-

ɬɨɱɧɢɤɚ ɰɢɪɤɭɥɹɰɢɢ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɜ ɨɯɥɚɞɢɬɟɥɟ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ.  

2. Ɋɚɡɪɚɛɨɬɚɧɚ ɤɨɦɩɥɟɤɫɧɚɹ  ɡɚɦɤɧɭɬɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ 

ɝɚɡɨɨɛɦɟɧɚ ɞɢɡɟɥɹ ɫ ɝɚɡɨɬɭɪɛɢɧɧɵɦ ɧɚɞɞɭɜɨɦ, ɫɨɞɟɪɠɚɳɚɹ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɜ 

ɜɨɡɞɭɲɧɨɦ ɤɨɦɩɪɟɫɫɨɪɟ, ɨɯɥɚɞɢɬɟɥɟ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɞɢɡɟɥɟ, ɝɚɡɨɜɨɣ ɬɭɪ-

ɛɢɧɟ  ɢ ɨɬɥɢɱɚɸɳɚɹɫɹ ɜɤɥɸɱɟɧɢɟɦ ɜ ɫɢɫɬɟɦɭ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɜ ɷɠɟɤɬɨɪɟ ɨɬ-

ɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ. 

3. Ɉɩɪɟɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɝɚɡɨɨɛɦɟɧɚ ɞɥɹ 

ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɢɡɟɥɹ 4ɑɇ13/15: ɫɬɟɩɟɧɶ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ 

ɜɨɡɞɭɯɚ ɜ ɤɨɦɩɪɟɫɫɨɪɟ – πɤ = 2,46 ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɞɞɭɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ 
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ɜ ɨɯɥɚɞɢɬɟɥɟ – ΔɌ = 70 ɝɪɚɞ, ɫɬɟɩɟɧɶ ɩɨɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜ ɬɭɪɛɢɧɟ – πɬ = 

1,96 ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɷɠɟɤɰɢɢ ɜ ɷɠɟɤɬɨɪɟ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ – u = 1,44. 

4. Ɉɛɨɫɧɨɜɚɧɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɨɬɪɚɛɨɬɚɜ-

ɲɢɯ ɝɚɡɨɜ ɦɟɠɞɭ ɬɭɪɛɢɧɨɣ ɬɭɪɛɨɤɨɦɩɪɟɫɫɨɪɚ ɢ ɷɠɟɤɬɨɪɨɦ, ɤɨɬɨɪɨɟ ɞɥɹ ɭɫɥɨɜɢɹ 

ɩɨɥɭɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɧɨɲɟɧɢɟ 88%/12%.  

5. ɍɫɬɚɧɨɜɥɟɧɨ ɫɨɱɟɬɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɩɪɟɫɫɨɪɚ, ɨɯɥɚɞɢɬɟɥɹ ɧɚɞɞɭ-

ɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ, ɬɭɪɛɢɧɵ ɢ ɷɠɟɤɬɨɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɩɚɪɚɦɟɬ-

ɪɚɯ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ: 

        - ɧɚɢɥɭɱɲɭɸ ɫɬɟɩɟɧɶ ɨɯɥɚɠɞɟɧɢɹ (πɤ = 2,37, ΔɌ = 72 ɝɪɚɞ, πɬ = 1,91, u 

= 1,71, πɷ = 1,15, Ne = 203 ɤȼɬ) ɢɥɢ  

        - ɬɨɩɥɢɜɧɭɸ ɷɤɨɧɨɦɢɱɧɨɫɬɶ ɢɥɢ ɧɚɢɛɨɥɶɲɭɸ ɦɨɳɧɨɫɬɶ ɞɢɡɟɥɹ (πɤ = 

2,55, ΔɌ = 67 ɋ, πɬ = 2,03, u = 1,2, πɷ = 1,06, Ne = 211,5 ɤȼɬ).  

6. Ɉɛɨɫɧɨɜɚɧɨ ɫɧɢɠɟɧɢɟ ɧɚ 36% ɡɚɬɪɚɬ ɦɨɳɧɨɫɬɢ ɧɚ ɨɯɥɚɠɞɟɧɢɟ ɧɚɞɞɭ-

ɜɨɱɧɨɝɨ ɜɨɡɞɭɯɚ ɜ ɞɢɡɟɥɟ 4ɑɇ13/15 ɩɪɢɦɟɧɟɧɢɟɦ ɷɠɟɤɬɨɪɚ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ 

ɤɚɤ ɢɫɬɨɱɧɢɤɚ  ɰɢɪɤɭɥɹɰɢɢ ɨɯɥɚɠɞɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɜ ɨɯɥɚɞɢɬɟɥɟ ɜɦɟɫɬɨ ɜɟɧɬɢɥɹ-

ɬɨɪɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɢɥɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɪɢɜɨɞɚɦɢ. 

7. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɤɨɧɫɬɪɭɤ-

ɰɢɹ ɢ ɫɨɡɞɚɧ ɨɩɵɬɧɵɣ ɨɛɪɚɡɟɰ  ɷɠɟɤɬɨɪɚ ɞɥɹ ɞɢɡɟɥɹ 4ɑɇ13/15. 

8.    ɉɚɪɚɦɟɬɪɵ ɷɠɟɤɬɨɪɚ ɩɨɞɬɜɟɪɠɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɰɟɧɤɨɣ ɧɚ ɦɨ-

ɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɦɚɤɟɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɤɚɤ ɝɟɧɟ-

ɪɚɬɨɪɚ ɝɚɡɚ. 
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