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ɊȿɎȿɊȺɌ 
 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɝɪɭɡɨɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ» ɫɨɞɟɪɠɢɬ 111 
ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 32 ɢɥɥɸɫɬɪɚɰɢɣ, 43 ɮɨɪɦɭɥɵ, 107 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

Ɉɛɴɟɤɬɨɦ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɭɫɬɪɨɣɫɬɜɚ 
ɝɪɭɡɨɩɨɞɴёɦɧɨɝɨ ɤɪɚɧɚ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ. 

ɐɟɥɶ ɪɚɛɨɬɵ – ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ, 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ɝɢɞɪɨɩɪɢɜɨɞɚ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 
1) ɉɪɟɞɥɨɠɢɬɶ ɫɯɟɦɭ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ (ɞɨ –600ɋ). 

2) ɍɫɬɚɧɨɜɢɬɶ ɜ ɯɨɞɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚɤɪɚɧɚ; 

3) Ɉɛɨɫɧɨɜɚɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɡɚ 
ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɢɡ ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ Ⱦȼɋ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɢ ɟɝɨ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ Mathcad ɛɵɥ ɩɪɨɢɡɜɟɞёɧ ɪɚɫɱёɬ ɩɚɪɚɦɟɬɪɨɜ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɵɯ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ MATLAB ɫ ɩɨɦɨɳɶɸ ɩɚɤɟɬɨɜ ɪɚɫɲɢɪɟɧɢɣ 
Simulink, SimHudraulics, SimMechanics ɪɟɚɥɢɡɨɜɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ 
ɝɢɞɪɨɩɪɢɜɨɞɚ ɤɪɚɧɚ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶɸ ɢ ɩɨɥɭɱɟɧɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɦɢɬɚɰɢɨɧɧɵɯ ɦɨɞɟɥɟɣ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɫɪɟɞɟ MATLAB&Simulink. 
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ȼȼȿȾȿɇɂȿ 
 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɬɟɦɵ 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɪɢɜɨɞ ɫɬɚɥ ɨɫɧɨɜɧɵɦ ɩɪɢɜɨɞɨɦ 

ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɧɨɫɧɵɯ ɨɩɨɪ, ɬɨɪɦɨɡɧɵɯ ɫɢɫɬɟɦ, ɪɭɥɟɜɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. ɂɦ ɨɫɧɚɳɟɧɨ ɞɨ 90 % ɫɚɦɨɯɨɞɧɵɯ ɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɦɚɲɢɧ 
ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 

Ƚɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɟ ɦɚɲɢɧɵ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ 
ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ ɲɢɪɨɬɚɯ ɫ ɛɨɥɶɲɢɦ ɞɢɚɩɚɡɨɧɨɦ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. Ɉɩɵɬ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɲɢɧ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɢɯ 
ɧɚɞɟɠɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɤɥɢɦɚɬɚ. ɗɬɨ ɫɬɚɧɨɜɢɬɫɹ ɨɫɨɛɟɧɧɨ 
ɡɚɦɟɬɧɵɦ, ɟɫɥɢ ɦɚɲɢɧɚ ɜ ɰɟɥɨɦ ɢɥɢ ɨɬɞɟɥɶɧɵɟ ɟɟ ɷɥɟɦɟɧɬɵ ɪɚɛɨɬɚɸɬ ɜ 
ɤɥɢɦɚɬɟ, ɧɚ ɤɨɬɨɪɵɣ ɨɧɢ ɧɟ ɪɚɫɫɱɢɬɚɧɵ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɞɟɬɚɥɟɣ ɜ 
ɫɟɜɟɪɧɵɯ ɪɚɣɨɧɚɯ ɨɬ ɬɪɟɯ ɞɨ ɩɹɬɢ ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɭɫɥɨɜɢɹɯ ɫɪɟɞɧɟɣ ɩɨɥɨɫɵ. 

Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦ 
ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɪɟɠɢɦɚ ɢɯ ɫɦɚɡɤɢ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɚɫɟɥ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, 
ɱɬɨ ɫɨɜɪɟɦɟɧɧɚɹ ɬɟɯɧɢɤɚ ɧɟ ɢɦɟɟɬ ɷɮɮɟɤɬɢɜɧɵɯ ɫɪɟɞɫɬɜ ɪɚɡɨɝɪɟɜɚ ɢ 
ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ ɜ ɪɚɰɢɨɧɚɥɶɧɵɯ ɩɪɟɞɟɥɚɯ, 
ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɜ ɰɟɥɨɦ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɚ ɢɡɜɟɫɬɧɵɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟ 
ɩɨɥɧɨɫɬɶɸ ɭɱɢɬɵɜɚɸɬ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɶɸ ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɫ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɨɣ. ȼɜɢɞɭ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɧɚ ɩɪɨɰɟɫɫ 
ɢɡɦɟɧɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɜɧɟɞɪɟɧɢɟ ɦɟɬɨɞɨɜ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɪɨɰɟɫɫɵ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ. 

ɐɟɥɶ ɪɚɛɨɬɵ 
ɉɨɜɵɲɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ, 

ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 
ɝɢɞɪɨɩɪɢɜɨɞɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
1) ɉɪɟɞɥɨɠɢɬɶ ɫɯɟɦɭ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ (ɞɨ – 600ɋ). 

2) ɍɫɬɚɧɨɜɢɬɶ ɜ ɯɨɞɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɤɪɚɧɚ; 

3) Ɉɛɨɫɧɨɜɚɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɡɚ 
ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɢɡ ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ Ⱦȼɋ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɢ ɟɝɨ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ. 
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1 ɋɨɫɬɨɹɧɢɟ ɜɨɩɪɨɫɚ 
 
1.1 ɂɡɦɟɧɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɫɢɫɬɟɦ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ 

ɤɪɚɧɚ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 
ɋɨɜɪɟɦɟɧɧɵɟ ɦɨɛɢɥɶɧɵɟ ɫɬɪɨɢɬɟɥɶɧɵɟ ɦɚɲɢɧɵ ɞɨɫɬɚɬɨɱɧɨ ɫɨɜɟɪɲɟɧɧɵ 

ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɪɚɫɩɨɥɚɝɚɸɬ ɧɟɨɛɯɨɞɢɦɵɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɤɚɱɟɫɬɜɚɦɢ. 
ȼɚɠɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɤɚɱɟɫɬɜɚ ɦɚɲɢɧ ɢ ɢɯ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɹɜɥɹɟɬɫɹ 
ɧɚɞɟɠɧɨɫɬɶ, ɨɬɪɚɠɚɸɳɚɹ ɫɥɭɠɟɛɧɵɟ ɫɜɨɣɫɬɜɚ ɞɚɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɤɨɬɨɪɵɟ 
ɡɚɤɥɚɞɵɜɚɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɚɲɢɧ, ɪɟɚɥɢɡɭɸɬɫɹ 
ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɜɨɡɨɛɧɨɜɥɹɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɪɟɦɨɧɬɚ [1, 2]. 

Ɉɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɭɫɥɨɜɢɣ ɩɨɜɵɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɤɨ- 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ 
ɝɢɞɪɨɫɢɫɬɟɦ. 

ɒɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɨɛɴɹɫɧɹɟɬɫɹ ɰɟɥɵɦ 
ɪɹɞɨɦ ɢɯ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɬɢɩɚɦɢ ɩɪɢɜɨɞɨɜ:  

1) ɧɟɛɨɥɶɲɚɹ ɦɚɫɫɚ 
2) ɦɚɥɵɟ ɪɚɡɦɟɪɵ  
3) ɛɟɫɫɬɭɩɟɧɱɚɬɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ 
4) ɧɟɡɚɜɢɫɢɦɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ 
5) ɧɚɞɟɠɧɨɟ ɩɪɟɞɨɯɪɚɧɟɧɢɟ ɨɬ ɧɚɝɪɭɡɨɤ 
6) ɭɞɨɛɫɬɜɨ ɨɛɫɥɭɠɢɜɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ 
7) ɥɟɝɤɨɫɬɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɢ ɞɪ. [3, 4]. 
Ɉɫɧɨɜɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɝɢɞɪɨɫɢɫɬɟɦɵ – ɩɪɢɜɟɞɟɧɢɟ ɜ ɞɜɢɠɟɧɢɟ 

ɦɟɯɚɧɢɡɦɨɜ ɢ ɦɚɲɢɧ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɢɥɢ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɷɧɟɪɝɢɢ ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢ ɩɟɪɟɞɚɱɢ ɟɟ ɧɚ ɪɚɫɫɬɨɹɧɢɟ 
ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɜ ɷɧɟɪɝɢɸ ɞɜɢɠɢɬɟɥɹ ɜɵɯɨɞɧɨɝɨ ɡɜɟɧɚ [5, 6]. 

ɉɨɬɟɪɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɩɟɪɟɞɚɱ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɨ ɩɪɢɱɢɧɟ 
ɜɵɯɨɞɚ ɥɸɛɨɝɨ ɩɚɪɚɦɟɬɪɚ ɡɚ ɩɪɟɞɟɥɵ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ ɢɥɢ ɜɫɥɟɞɫɬɜɢɟ 
ɧɚɪɭɲɟɧɢɹ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɝɢɞɪɨɩɟɪɟɞɚɱ ɢɥɢ ɢɯ ɚɝɪɟɝɚɬɨɜ (ɢɡɝɢɛ ɲɬɨɤɚ 
ɝɢɞɪɨɰɢɥɢɧɞɪɚ, ɪɚɡɪɵɜ ɦɚɧɠɟɬɵ, ɡɚɤɥɢɧɢɜɚɧɢɟ ɩɟɪɟɩɭɫɤɧɨɝɨ ɤɥɚɩɚɧɚ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ). Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɬɤɚɡɵ ɝɢɞɪɨɫɢɫɬɟɦɵ ɫɨɫɬɚɜɥɹɸɬ 60 % ɨɬ 
ɨɛɳɟɝɨ ɱɢɫɥɚ ɨɬɤɚɡɨɜ, ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ – 40 %. 

ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ 42 % ɨɬɤɚɡɨɜ ɨɛɭɫɥɨɜɥɟɧɨ ɜɧɟɲɧɟɣ 
ɧɟɝɟɪɦɟɬɢɱɧɨɫɬɶɸ, 16 % – ɧɟɫɨɨɬɜɟɬɫɬɜɢɟɦ ɩɚɪɚɦɟɬɪɨɜ, ɧɨɪɦɢɪɨɜɚɧɧɵɦ 
ɬɟɯɧɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ ɭɪɨɜɧɹɦ, 13 % – ɨɬɫɭɬɫɬɜɢɟɦ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɚɝɪɟɝɚɬɚ ɢɥɢ ɟɝɨ ɷɥɟɦɟɧɬɨɜ, 12 % – ɧɚɪɭɲɟɧɢɟɦ ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, 
10 % – ɧɚɪɭɲɟɧɢɟɦ ɢ ɩɨɜɪɟɠɞɟɧɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ 
ɩɟɪɟɞɚɱɢ, 4 % – ɩɨɜɪɟɠɞɟɧɢɟɦ ɮɢɥɶɬɪɨɜ. 
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1.2 ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɢɡɦɟɧɟɧɢɟ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ 

 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɛɴɟɦɧɵɦ 

ɄɉȾ ɢ ɩɨɞɚɱɟɣ ɧɚɫɨɫɨɜ, ɩɨɬɟɪɹɦɢ ɷɧɟɪɝɢɢ ɧɚ ɬɪɟɧɢɟ ɜ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɢ ɢ 
ɩɨɬɟɪɹɦɢ ɞɚɜɥɟɧɢɹ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ, ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɢɡɧɚɲɢɜɚɧɢɹ ɞɟɬɚɥɟɣ ɢ 
ɫɜɹɡɚɧɧɭɸ ɫ ɧɟɣ ɞɨɥɝɨɜɟɱɧɨɫɬɶɸ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ. 

Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɥɢɹɸɬ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɝɢɞɪɨɫɢɫɬɟɦɵ ɜ ɨɫɧɨɜɧɨɦ ɱɟɪɟɡ ɫɨɫɬɨɹɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, 
ɨɩɪɟɞɟɥɹɟɦɨɟ ɟɟ ɜɹɡɤɨɫɬɶɸ, ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ, ɝɚɡɨɜ ɢ 
ɜɥɚɝɢ, ɚ ɬɚɤɠɟ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ [7, 8]. 

Ʉɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɲɢɧ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɭɪɨɜɟɧɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɟɧɢɣ. Ʉɚɤ ɜɟɫɟɧɧɟ-ɥɟɬɧɢɣ, ɬɚɤ ɢ 
ɨɫɟɧɧɟ-ɡɢɦɧɢɣ ɩɟɪɢɨɞɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɶɲɢɦ ɪɚɡɛɪɨɫɨɦ ɩɨɤɚɡɚɬɟɥɟɣ 
ɡɚɝɪɹɡɧɟɧɧɨɫɬɢ. ȼ ɜɟɫɟɧɧɟ-ɥɟɬɧɢɣ ɩɟɪɢɨɞ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɟɧɢɣ ɩɪɢɦɟɪɧɨ ɜ ɞɜɚ ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɟɧɧɟ-ɡɢɦɧɢɦ 
ɩɟɪɢɨɞɨɦ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɥɢɧɟɣɧɵɟ ɮɢɥɶɬɪɵ 
ɮɢɥɶɬɪɭɸɬ ɥɢɲɶ ɱɚɫɬɶ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ, ɬɚɤ ɤɚɤ ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɟɟ ɢɞɟɬ 
ɱɟɪɟɡ ɩɟɪɟɥɢɜɧɨɣ ɤɥɚɩɚɧ, ɧɟ ɮɢɥɶɬɪɭɹɫɶ, ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɡɚɩɵɥɟɧɧɨɫɬɶ ɜɨɡɞɭɯɚ 
ɜ ɥɟɬɧɟɟ ɜɪɟɦɹ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɭɪɨɜɧɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɝɪɹɡɧɟɧɢɣ [9]. 

ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ Ɂ.ȼ. Ʌɨɜɤɢɫɨɦ [8], ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ 
ɝɢɞɪɨɫɢɫɬɟɦɚɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ ɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫɨɞɟɪɠɢɬɫɹ ɞɨ 
12…15 % ɧɟɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɨɡɞɭɯɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɨɛɴɟɦɧɨɝɨ 
ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɦɢɧɟɪɚɥɶɧɵɯ ɫɦɟɫɟɣ ɛɨɥɟɟ ɱɟɦ ɜ 2 ɪɚɡɚ. ɋ ɩɨɧɢɠɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ ɝɚɡɨɜɨɝɨ 
ɩɭɡɵɪɶɤɚ ɭɦɟɧɶɲɚɟɬɫɹ, ɨɧ ɥɟɝɱɟ ɭɞɟɪɠɢɜɚɟɬɫɹ ɜ ɜɹɡɤɨɦ ɦɚɫɥɟ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ 
ɪɚɛɨɬɵ ɝɢɞɪɨɫɢɫɬɟɦɵ ɩɪɢɜɨɞɢɬ ɤ ɧɚɤɨɩɥɟɧɢɸ ɝɚɡɨɜɵɯ ɩɭɡɵɪɶɤɨɜ, 
ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɩɨ ɝɢɞɪɨɫɢɫɬɟɦɟ ɜ ɨɛɴɟɦɟ ɠɢɞɤɨɫɬɢ. 

ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɢɥɢ ɫɬɪɨɝɨ 
ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ (ɧɟ ɛɨɥɟɟ 0,1 % ɩɨ ɜɟɫɭ). ȼɥɚɝɚ, ɜ ɨɫɧɨɜɧɨɦ, ɩɪɨɧɢɤɚɟɬ ɜ 
ɝɢɞɪɨɫɢɫɬɟɦɭ ɢɡ ɚɬɦɨɫɮɟɪɵ ɱɟɪɟɡ ɫɚɩɭɧ, ɭɩɥɨɬɧɟɧɢɹ ɲɬɨɤɨɜ, ɧɟɝɟɪɦɟɬɢɱɧɵɟ 
ɫɨɟɞɢɧɟɧɢɹ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢɡ-ɡɚ ɢɧɬɟɧɫɢɜɧɨɝɨ ɬɟɩɥɨɨɛɦɟɧɚ ɦɟɠɞɭ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɶɸ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. ȼɥɚɝɚ ɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɫɬɨɣɤɨɣ ɜɨɡɞɭɲɧɨ-ɦɚɫɥɹɧɨɣ ɷɦɭɥɶɫɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɱɟɝɨɭɯɭɞɲɚɸɬɫɹ ɫɦɚɡɵɜɚɸɳɢɟ ɫɜɨɣɫɬɜɚ ɦɚɫɟɥ, ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɢɧɬɟɧɫɢɜɧɨɟ 
ɨɤɢɫɥɟɧɢɟ, ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɬɟɤɚɟɬ ɤɨɪɪɨɡɢɹ ɢ ɤɚɜɢɬɚɰɢɨɧɧɵɟ ɹɜɥɟɧɢɹ, 
ɩɨɜɵɲɚɟɬɫɹ ɬɪɟɧɢɟ [10, 11]. 

Ɍɪɟɧɢɟ ɜ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɢ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. ɉɨɜɵɲɟɧɢɟ ɫɢɥɵ ɬɪɟɧɢɹ ɜ 
ɝɢɞɪɨɰɢɥɢɧɞɪɚɯ ɢ ɝɢɞɪɨɦɨɬɨɪɚɯ ɫɧɢɠɚɟɬ ɩɨɥɟɡɧɵɟ ɭɫɢɥɢɹ ɧɚ ɲɬɨɤɟ ɢ ɜɚɥɭ. 
ɉɨɜɵɲɟɧɢɟ ɫɢɥɵ ɬɪɟɧɢɹ ɜ ɧɚɫɨɫɚɯ ɭɜɟɥɢɱɢɜɚɟɬ ɩɨɬɪɟɛɧɭɸ ɦɨɳɧɨɫɬɶ Ⱦȼɋ, ɱɬɨ 
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ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɢ ɫɧɢɠɟɧɢɸ ɪɟɫɭɪɫɚ ɞɜɢɝɚɬɟɥɹ. ɉɨɜɵɲɟɧɢɟ 
ɫɢɥɵ ɬɪɟɧɢɹ ɜ ɩɥɭɧɠɟɪɚɯ ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ ɭɜɟɥɢɱɢɜɚɟɬ ɭɫɢɥɢɹ ɧɚ ɪɭɤɨɹɬɤɚɯ ɢ 
ɩɟɞɚɥɹɯ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɭɬɨɦɥɹɟɦɨɫɬɶ ɨɩɟɪɚɬɨɪɚ ɢ ɭɯɭɞɲɚɟɬ 
ɷɪɝɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɦɚɲɢɧɵ. ɉɨɜɵɲɟɧɢɟ ɫɢɥɵ ɬɪɟɧɢɹ ɜ ɧɚɩɪɚɜɥɹɸɳɟɣ 
ɢ ɪɟɝɭɥɢɪɭɸɳɟɣ ɝɢɞɪɨɚɩɩɚɪɚɬɭɪɟ ɫɧɢɠɚɟɬ ɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. ȼ ɤɨɧɟɱɧɨɦ 
ɢɬɨɝɟ ɩɨɜɵɲɟɧɢɟ ɫɢɥ ɬɪɟɧɢɹ ɫɧɢɠɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɚɲɢɧɵ, 
ɭɜɟɥɢɱɢɜɚɟɬ ɢɡɧɨɫ ɫɨɩɪɹɠɟɧɧɵɯ ɞɟɬɚɥɟɣ ɢ ɫɨɤɪɚɳɚɟɬ ɪɟɫɭɪɫ 
ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ [12, 13, 14, 15]. 

ɍɜɟɥɢɱɟɧɢɟ ɫɢɥɵ ɬɪɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ 0ɨɋ ɫɜɹɡɚɧɨ, ɩɪɟɠɞɟ 
ɜɫɟɝɨ, ɫ ɩɨɜɵɲɟɧɢɟɦ ɜɹɡɤɨɫɬɢ ɦɚɫɟɥ, ɬ.ɟ. ɩɨɜɵɲɟɧɢɟɦ ɫɢɥ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ, 
ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɪɟɞɟɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɫɞɜɢɝɚ ɨɞɧɨɝɨ ɫɥɨɹ 
ɠɢɞɤɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɝɨ [4, 16]. ɉɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ –  40ɨɋ 
ɫɢɥɚ ɬɪɟɧɢɹ ɦɚɧɠɟɬɧɵɯ ɭɩɥɨɬɧɟɧɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 1,6-1,8 ɪɚɡɚ, ɤɨɥɟɰ 
ɤɪɭɝɥɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ – ɜ 1,4-1,6 ɪɚɡɚ, ɚ ɱɭɝɭɧɧɵɯ ɤɨɥɟɰ – ɜ 1,1 ɪɚɡɚ [1]. 

ɋɨɝɥɚɫɧɨ ɡɚɤɥɸɱɟɧɢɸ ɘ.Ⱥ. ȼɢɧɨɝɪɚɞɨɜɚ [17], ɛɪɨɧɡɨɜɵɟ ɨɩɨɪɧɵɟ 
ɜɬɭɥɤɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɝɢɞɪɨɧɚɫɨɫɚɯ, ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɫɜɵɲɟ 100 ɨɋ ɡɚɦɟɬɧɨ ɫɧɢɠɚɸɬ ɫɜɨɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ: ɩɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ ɫɧɢɠɚɟɬɫɹ ɫ 55 ɞɨ 36,5 ɤɝɫ/ɦɦ2, ɭɞɚɪɧɚɹ ɜɹɡɤɨɫɬɶ – ɫ 6,3 ɞɨ 2,65 
ɤɝɫ·ɦ/ɫɦ2, ɬɜɟɪɞɨɫɬɶ – ɫɨ 120 ɞɨ 85,5 ɟɞɢɧɢɰ. 

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ   ɫɢɥɚ   ɬɪɟɧɢɹ   ɬɚɤɠɟ   ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɋ 
ɭɦɟɧɶɲɟɧɢɟɦ ɜɹɡɤɨɫɬɢ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɫɥɚ ɨɫɥɚɛɟɜɚɸɬ, ɢ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ 
ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɵɜ ɦɚɫɥɹɧɨɣ ɩɥɟɧɤɢ. Ɉɛɪɚɡɭɸɬɫɹ ɡɨɧɵ ɫɭɯɨɝɨ ɬɪɟɧɢɹ, ɧɚ 
ɤɨɬɨɪɵɯ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɦɨɥɟɤɭɥɹɪɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ, ɬ.ɟ. ɩɨɜɵɲɚɟɬɫɹ ɚɞɝɟɡɢɨɧɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɬɪɟɧɢɹ. ɉɪɢ ɪɨɫɬɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɬɪɭɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɭɦɟɧɶɲɚɟɬɫɹ ɢɯ ɩɨɜɟɪɯɧɨɫɬɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɧɟɞɪɟɧɢɸ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɝɥɭɛɢɧɚ ɜɡɚɢɦɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɱɬɨ 
ɩɨɜɵɲɚɟɬ ɝɢɫɬɟɪɟɡɢɫɧɵɟ ɩɨɬɟɪɢ [2, 9]. ɋɭɦɦɚɪɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɞɜɭɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɛɴɹɫɧɹɟɬ ɩɨɜɵɲɟɧɢɟ ɫɢɥɵ ɬɪɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 
+20ɨɋ. 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɫɢɥɵ ɬɪɟɧɢɹ ɩɨɤɨɹ ɢ ɫɤɨɥɶɠɟɧɢɹ ɡɨɥɨɬɧɢɤɚ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɟɣ ɬɚɤɠɟ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ [18, 19], ɩɪɢɱɟɦ ɧɚɢɛɨɥɶɲɟɦɭ 
ɜɥɢɹɧɢɸ ɩɨɞɜɟɪɠɟɧɚ ɧɚɱɚɥɶɧɚɹ ɫɢɥɚ ɬɪɟɧɢɹ. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ 
ɡɨɧ ɫɭɯɨɝɨ ɬɪɟɧɢɹ ɩɪɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɨɝɞɚ ɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ 
ɦɚɫɟɥ ɭɯɭɞɲɚɸɬɫɹ [1, 20, 21]. 

ɉɟɪɢɨɞ ɩɭɫɤɚ ɧɚɫɨɫɨɜ ɢ ɝɢɞɪɨɦɨɬɨɪɨɜ ɜ ɪɚɛɨɬɭ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɢɦɢ ɩɨɬɟɪɹɦɢ ɧɚ ɬɪɟɧɢɟ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ – 
40ɨɋ ɢ ɪɚɡɪɭɲɟɧɢɟɦ ɧɟɤɨɬɨɪɵɯ ɞɟɬɚɥɟɣ (ɩɪɢɜɨɞɧɨɣ ɜɚɥ, ɫɬɨɩɨɪɧɵɟ ɤɨɥɶɰɚ, 
ɭɩɥɨɬɧɟɧɢɹ ɢ ɞɪ.) [22, 23,24]. Ⱦɚɧɧɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ [1] 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɨ 80 % ɝɢɞɪɨɧɚɫɨɫɨɜ ɜɵɯɨɞɢɬ ɢɡ ɫɬɪɨɹ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɬɪɟɧɢɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɣ ɞɢɚɩɚɡɨɧ 
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ɬɟɦɩɟɪɚɬɭɪɵ (ɜɹɡɤɨɫɬɢ) ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɜ ɤɨɬɨɪɨɦ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɧɚ ɬɪɟɧɢɟ 
ɦɢɧɢɦɚɥɶɧɵ. ɂɫɤɭɫɫɬɜɟɧɧɨ ɩɨɞɞɟɪɠɢɜɚɹ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɪɚɰɢɨɧɚɥɶɧɨɦ 
ɞɢɚɩɚɡɨɧɟ, ɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɧɚ ɬɪɟɧɢɟ. ɉɪɢ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɪɟɡɤɨ ɫɧɢɠɚɸɬɫɹ ɩɨɥɟɡɧɵɟ ɭɫɢɥɢɹ ɧɚ ɪɚɛɨɱɢɯ ɨɪɝɚɧɚɯ 
ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ ɦɚɲɢɧ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɢɯ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɢ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ƚɥɚɜɧɨɣ ɩɪɢɱɢɧɨɣ ɷɬɨɝɨ ɹɜɥɹɸɬɫɹ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 
ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɢ, ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɢ ɜɫɚɫɵɜɚɸɳɟɣ ɝɢɞɪɨɥɢɧɢɢ ɧɚɫɨɫɨɜ. ɗɬɢ 
ɩɨɬɟɪɢ ɜɵɡɵɜɚɸɬɫɹ ɬɪɟɧɢɟɦ ɠɢɞɤɨɫɬɢ ɨ ɫɬɟɧɤɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɤɚɧɚɥɨɜ 
ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ; ɞɟɮɨɪɦɚɰɢɟɣ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ, ɜɵɡɵɜɚɟɦɨɣ 
ɡɚɜɢɯɪɟɧɢɹɦɢ, ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɢ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚ; ɢɧɟɪɰɢɟɣ 
ɜɹɡɤɨɣɠɢɞɤɨɫɬɢ. 

ɇɚ ɩɪɟɨɞɨɥɟɧɢɟ ɷɬɢɯ ɫɢɥ ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɷɧɟɪɝɢɹ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ 
ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ. ɗɬɢ ɩɨɬɟɪɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɢ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɧɟ ɬɨɥɶɤɨ ɤ ɫɧɢɠɟɧɢɸ ɩɨɥɟɡɧɵɯ ɭɫɢɥɢɣ 
ɧɚ ɜɵɯɨɞɧɵɯ ɡɜɟɧɶɹɯ ɝɢɞɪɨɞɜɢɝɚɬɟɥɟɣ, ɧɨ ɢ ɤ ɩɨɥɧɨɣ ɩɨɬɟɪɟ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɦɚɲɢɧɵ, ɤɨɝɞɚ ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɞɜɢɝɚɬɟɥɹɯ 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɚɠɟ ɞɥɹ ɯɨɥɨɫɬɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɟɯɚɧɢɡɦ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɢ 
ɧɚɩɨɪɧɨɣ ɝɢɞɪɨɥɢɧɢɹɯ ɢɦɟɟɬ ɧɟɤɨɬɨɪɨɟ ɪɚɡɥɢɱɢɟ. ȿɫɥɢ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ 
ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɫɜɹɡɚɧɵ ɫ ɬɪɟɧɢɟɦ ɢ ɢɧɟɪɰɢɟɣ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ, 
ɬɨ ɜ ɧɚɩɨɪɧɨɦ ɢ ɫɥɢɜɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɚɯ – ɫ ɬɪɟɧɢɟɦ ɢ ɞɟɮɨɪɦɚɰɢɟɣ ɩɨɬɨɤɚ 
ɠɢɞɤɨɫɬɢ. ɗɬɨ ɪɚɡɥɢɱɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɯɚɪɚɤɬɟɪɨɦ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ: ɜɨ 
ɜɫɚɫɵɜɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɬɨɤɚ ɩɨɫɬɨɹɧɧɨ, ɨɬɜɟɬɜɥɟɧɢɣ ɧɟɬ, 
ɢɡɝɢɛɨɜ ɦɟɧɶɲɟ, ɨɝɪɚɧɢɱɟɧɚ ɢ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ; ɜ ɧɚɩɨɪɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ 
ɩɨɬɨɤ ɪɚɡɜɟɬɜɥɹɟɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɱɚɫɬɟɣ, ɧɚ ɟɝɨ ɩɭɬɢ ɜɫɬɪɟɱɚɟɬɫɹ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɢɡɝɢɛɨɜ ɢ ɦɟɫɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɩɪɢ ɩɟɪɟɤɥɸɱɟɧɢɢ 
ɧɚɩɪɚɜɥɹɸɳɟɣ ɢ ɪɟɝɭɥɢɪɭɸɳɟɣ ɝɢɞɪɨɚɩɩɚɪɚɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ 
ɧɚɩɪɚɜɥɟɧɢɹ ɢ ɪɟɜɟɪɫɢɪɨɜɚɧɢɟ ɩɨɬɨɤɚ, ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ (5 ɦ/ɫ ɢ 
ɛɨɥɟɟ) ɧɚɛɥɸɞɚɸɬɫɹ ɡɚɜɢɯɪɟɧɢɹ [10, 25, 26, 27].ɏɨɬɹ ɩɨ ɜɟɥɢɱɢɧɟ ɩɨɬɟɪɢ 
ɞɚɜɥɟɧɢɹ ɜ ɧɚɩɨɪɧɵɯ ɝɢɞɪɨɥɢɧɢɹɯ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ ɜɨ ɜɫɚɫɵɜɚɸɳɢɯ, 
ɩɨɫɥɟɞɧɢɟ ɨɤɚɡɵɜɚɸɬ ɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 

ɉɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ (ɩɨɜɵɲɟɧɢɢ ɜɹɡɤɨɫɬɢ 
ɦɚɫɥɚ) ɪɚɡɪɹɠɟɧɢɟ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɤɚɦɟɪɟ ɲɟɫɬɟɪɟɧɧɵɯ ɧɚɫɨɫɨɜ ɬɢɩɚ ɇɒ 
ɪɚɫɬɟɬ. ȼɨ ɜɫɚɫɵɜɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɜɨɡɪɚɫɬɚɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɨɬɟɪɢ, ɚ 
ɩɪɢ ɪɚɡɪɹɠɟɧɢɢ 0,06-0,07 Ɇɉɚ ɜɨɡɧɢɤɚɟɬ ɤɚɜɢɬɚɰɢɹ, ɤɨɬɨɪɚɹ ɜɵɡɵɜɚɟɬ ɲɭɦ, 
ɜɢɛɪɚɰɢɸ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɭɞɚɪɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɞɟɬɚɥɢ ɧɚɫɨɫɨɜ ɢ ɢɯ 
ɢɧɬɟɧɫɢɜɧɨɟ ɷɪɨɡɢɨɧɧɨɟ ɪɚɡɪɭɲɟɧɢɟ. Ʉɚɜɢɬɚɰɢɹ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɢ ɩɪɢ ɛɨɥɟɟ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɟɫɥɢ ɨɛɨɪɨɬɵ ɜɚɥɚ ɧɚɫɨɫɚ ɛɭɞɭɬ ɛɥɢɡɤɢ ɤ 
ɦɚɤɫɢɦɚɥɶɧɵɦ ɢ ɜɫɥɟɞɫɬɜɢɟ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɨɧɚ ɧɟ ɛɭɞɟɬ 
ɭɫɩɟɜɚɬɶ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɢɬɶ ɪɚɛɨɱɢɟ ɤɚɦɟɪɵ ɧɚɫɨɫɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɜɢɬɚɰɢɹ 
ɭɫɢɥɢɜɚɟɬɫɹ ɩɪɢ ɧɚɥɢɱɢɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜ ɠɢɞɤɨɫɬɢ 
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ɜɨɡɞɭɯɚ [1, 8, 22]. 
Ʉ ɬɟɦ ɠɟ ɜɵɜɨɞɚɦ ɩɨɞɜɨɞɢɬ Ɇ.Ⱥ. ɋɢɧ ɜ ɪɚɛɨɬɟ [28]. ɂɡɜɟɫɬɧɨ, ɱɬɨ 

ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨɷɬɨɦɭ ɞɥɹ ɤɚɠɞɨɣ ɦɚɪɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 
ɪɚɰɢɨɧɚɥɶɧɵɟ ɢɧɬɟɪɜɚɥɵ ɬɟɦɩɟɪɚɬɭɪ, ɤɨɬɨɪɵɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢ ɜ ɬɟɩɥɨɟ, ɢ ɜ 
ɯɨɥɨɞɧɨɟ ɜɪɟɦɹ ɝɨɞɚ ɞɨɫɬɢɝɚɸɬɫɹ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɪɨɝɪɟɜɚ 
ɝɢɞɪɨɫɢɫɬɟɦɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɫɨɫɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɪɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɦ 
ɩɪɨɝɪɟɜɟ ɝɢɞɪɨɫɢɫɬɟɦɵ ɪɚɛɨɬɚɟɬ ɜ ɬɟɱɟɧɢɟ ɧɟɤɨɬɨɪɨɝɨ ɜɪɟɦɟɧɢ ɧɚ ɜɹɡɤɨɫɬɹɯ, 
ɩɪɟɜɵɲɚɸɳɢɯ ɞɨɩɭɫɬɢɦɵɟ. Ɂɚɫɚɫɵɜɚɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɨɛɥɚɞɚɸɳɟɣ 
ɛɨɥɶɲɨɣ ɜɹɡɤɨɫɬɶɸ, ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɧɚ ɜɫɚɫɵɜɚɧɢɢ ɧɚɫɨɫɚ ɜɨɡɧɢɤɚɟɬ 
ɪɚɡɪɹɠɟɧɢɟ ɜɵɲɟ ɪɟɤɨɦɟɧɞɭɟɦɨɣ ɜɟɥɢɱɢɧɵ. 

ɉɨɜɵɲɟɧɧɨɟ ɪɚɡɪɹɠɟɧɢɟ ɧɚ ɜɫɚɫɵɜɚɧɢɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɚɛɨɬɨɣ ɧɚɫɨɫɚ 
ɧɚ ɪɟɠɢɦɟ ɧɟɞɨɡɚɩɨɥɧɟɧɢɹ ɜɫɚɫɵɜɚɸɳɢɯ ɤɚɦɟɪ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɜ ɪɚɛɨɱɭɸ 
ɠɢɞɤɨɫɬɶ ɩɪɨɧɢɤɚɟɬ ɜɨɡɞɭɯ ɜ ɨɫɧɨɜɧɨɦ ɱɟɪɟɡ ɪɚɫɤɪɵɜɚɸɳɭɸɫɹ ɤɪɨɦɤɭ 
ɭɩɥɨɬɧɢɬɟɥɶɧɨɣ ɦɚɧɠɟɬɵ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɚ ɧɚɫɨɫɚ ɩɪɢ ɩɨɬɟɪɟ ɢɦ ɜɚɤɭɭɦɧɨɣ 
ɫɬɨɣɤɨɫɬɢ. 

ȼɫɥɟɞɫɬɜɢɟ ɬɚɤɢɯ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɩɭɫɤɨɜɨɝɨ ɪɟɠɢɦɚ ɫɟɪɢɣɧɵɯ 
ɝɢɞɪɨɫɢɫɬɟɦ ɜɨɡɞɭɯ ɫ ɦɚɫɥɨɦ ɨɛɪɚɡɭɟɬ ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɦɟɫɶ, ɤɨɬɨɪɚɹ ɩɪɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɨɜ ɩɭɡɵɪɶɤɨɜ ɜɨɡɞɭɯɚ ɢ 
ɜɹɡɤɨɫɬɢ ɦɚɫɥɚ ɦɨɠɟɬ ɫɨɯɪɚɧɹɬɶɫɹ ɜ ɬɟɱɟɧɢɟ ɦɧɨɝɢɯ ɫɭɬɨɤ [29]. 

ɉɪɢ ɪɚɛɨɬɟ ɧɚ ɫɦɟɫɢ ɦɚɫɥɚ ɫ ɜɨɡɞɭɯɨɦ ɜ ɧɚɫɨɫɟ ɜɨɡɧɢɤɚɸɬ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɭɞɚɪɵ. Ɉɛɴɹɫɧɹɸɬɫɹ ɨɧɢ ɬɟɦ, ɱɬɨ ɩɪɢ ɫɨɟɞɢɧɟɧɢɢ ɪɚɛɨɱɟɣ 
ɤɚɦɟɪɵ, ɧɟ ɡɚɩɨɥɧɟɧɧɨɣ ɠɢɞɤɨɫɬɶɸ, ɫ ɧɚɩɨɪɧɨɣ ɦɚɝɢɫɬɪɚɥɶɸ ɝɢɞɪɨɫɢɫɬɟɦɵ ɜ 
ɷɬɭ ɤɚɦɟɪɭ ɭɫɬɪɟɦɥɹɟɬɫɹ ɨɛɪɚɬɧɵɣ ɩɨɬɨɤ ɠɢɞɤɨɫɬɢ, ɫɨɩɪɨɜɨɠɞɚɟɦɨɣ ɭɞɚɪɧɵɦɢ 
ɡɚɛɪɨɫɚɦɢ ɞɚɜɥɟɧɢɹ. ɉɨɫɥɟɞɧɢɟ ɩɟɪɟɝɪɭɠɚɸɬ ɤɚɱɚɸɳɢɣ ɭɡɟɥ ɧɚɫɨɫɚ ɢ 
ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɜɵɯɨɞ ɟɝɨ ɢɡ ɫɬɪɨɹ [28]. 

Ɍɭɪɛɭɥɟɧɬɧɵɣ ɪɟɠɢɦ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɦɟɧɶɲɢɦɢ 
ɩɨɬɟɪɹɦɢ ɞɚɜɥɟɧɢɹ, ɱɟɦ ɥɚɦɢɧɚɪɧɵɣ. ɉɪɢ ɥɚɦɢɧɚɪɧɨɦ ɪɟɠɢɦɟ ɫɥɨɢ ɠɢɞɤɨɫɬɢ 
ɩɟɪɟɦɟɳɚɸɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɭ, ɜɵɡɵɜɚɸɬ ɩɨɜɵɲɟɧɧɨɟ ɫɰɟɩɥɟɧɢɟ ɫɨ 
ɫɬɟɧɤɚɦɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɤɚɧɚɥɨɜ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ ɬɭɪɛɭɥɟɧɬɧɨɦ 
ɪɟɠɢɦɟ ɬɟɱɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɤɚɤ ɛɵ ɩɟɪɟɤɚɬɵɜɚɧɢɟ ɨɛɴɟɦɨɜ ɠɢɞɤɨɫɬɢ ɩɨ 
ɬɪɭɛɨɩɪɨɜɨɞɭ, ɢ, ɯɨɬɹ, ɩɪɢ ɷɬɨɦ ɧɚ ɞɟɮɨɪɦɚɰɢɸ ɩɨɬɨɤɚ ɪɚɫɯɨɞɭɟɬɫɹ ɷɧɟɪɝɢɹ, 
ɨɧɚ ɨɤɚɡɵɜɚɟɬɫɹ ɜɫɟ-ɬɚɤɢ ɦɟɧɶɲɟ, ɱɟɦ ɩɨɬɟɪɢ ɧɚ ɬɪɟɧɢɟ ɩɪɢ ɥɚɦɢɧɚɪɧɨɦ 
ɪɟɠɢɦɟ ɬɟɱɟɧɢɹ [30, 26]. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɋ.ȼ. Ʉɚɜɟɪɡɢɧɚ [1], ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɢɫɩɵɬɚɧɢɢ 
ɝɢɞɪɨɫɢɫɬɟɦɵ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɩɥɚɬɮɨɪɦɵ ɷɤɫɤɚɜɚɬɨɪɚ ɗɈ-4121Ⱥ, ɫɥɟɞɭɟɬ, 
ɱɬɨ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɬ +40 ɞɨ –10 ɨɋ 
ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ ɧɚɩɨɪɧɨɣ ɥɢɧɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 1,8 ɪɚɡɚ, 
ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɦɨɬɨɪɟ ɜ ɩɟɪɢɨɞ ɪɚɡɝɨɧɚ – ɜ 2,5 ɪɚɡɚ, ɚ ɜ ɩɟɪɢɨɞ ɬɨɪɦɨɠɟɧɢɹ – 
ɜ 2,3 ɪɚɡɚ. ɉɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɢɤɨɜɨɟ ɞɚɜɥɟɧɢɟ ɜ ɧɚɫɨɫɟ ɢ ɝɢɞɪɨɦɨɬɨɪɟ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɜɫɟ ɜɵɲɟɢɡɥɨɠɟɧɧɨɟ, ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɚɹ 
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ɩɪɟɞɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ (ɜɹɡɤɨɫɬɶ), ɩɨɫɥɟ ɩɨɧɢɠɟɧɢɹ, ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ 
ɪɟɡɤɢɣ ɪɨɫɬ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ, ɱɬɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɦɚɲɢɧ ɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɜ ɰɟɥɨɦ. ɍɦɟɧɶɲɢɬɶ ɷɬɨ 
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɦɨɠɧɨ ɩɪɢ ɩɨɦɨɳɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

ɉɪɨɰɟɫɫ ɢɡɧɚɲɢɜɚɧɢɹ ɩɪɢ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɟɫɶɦɚ ɫɥɨɠɟɧ ɢ 
ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɨɬ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɭɫɬɚɧɨɜɥɟɧɨ 
ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɢɡɧɚɲɢɜɚɧɢɹ. 
Ȼɨɥɟɟ ɬɨɝɨ, ɫɪɟɞɢ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɧɟɬ ɟɞɢɧɨɝɨ ɦɧɟɧɢɹ ɨ ɬɨɦ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢɥɢ 
ɭɦɟɧɶɲɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. 
Ȼɨɥɶɲɢɧɫɬɜɨ ɭɱɟɧɵɯ ɜɫɟ ɠɟ ɫɱɢɬɚɟɬ, ɱɬɨ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

Ɍɚɤ, Ƚ.ȼ. Ʉɪɚɦɚɪɟɧɤɨ [31] ɨɬɦɟɱɚɟɬ, ɱɬɨ ɜɫɟ ɛɟɡ ɢɫɤɥɸɱɟɧɢɹ 
ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɩɨɞɬɜɟɪɠɞɚɸɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ 
ɛɨɥɶɲɢɧɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɦɚɲɢɧ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɜɵɲɟ, ɱɟɦ ɜ 
ɧɟɤɨɬɨɪɨɦ ɞɢɚɩɚɡɨɧɟ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. 

ɉɨ ɦɧɟɧɢɸ ɉ.ɂ. Ʉɨɯɚ [32] ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ ɜɵɡɵɜɚɸɬ 
ɦɧɨɝɨɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜɹɡɤɨɫɬɢ ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯɧɢɱɟɫɤɢɯ 
ɠɢɞɤɨɫɬɟɣ. Ɍɚɤ, ɪɚɛɨɱɚɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɠɢɞɤɨɫɬɶ ɉȽ-271 ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 50ɨɋ ɢɦɟɟɬ ɜɹɡɤɨɫɬɶ 4·10-6 ɦ2/ɫ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɢɧɭɫ 50 ɨɋ – 
3·10-4 ɦ2/ɫ. 

Ɍɚɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɜɹɡɤɨɫɬɢ ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɧɢɠɚɟɬ ɢɯ 
ɠɢɞɤɨɬɟɤɭɱɟɫɬɶ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɫɬɭɩɥɟɧɢɟ ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɤ ɭɡɥɚɦ 
ɬɪɟɧɢɹ ɡɚɬɪɭɞɧɹɟɬɫɹ ɢɥɢ ɦɨɠɟɬ ɩɨɥɧɨɫɬɶɸ ɩɪɟɤɪɚɬɢɬɶɫɹ. ɉɨɞ ɞɟɣɫɬɜɢɟɦ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɜɥɚɝɚ, ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɚɯ, 
ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ, ɱɬɨ ɜɦɟɫɬɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɜɨɣɫɬɜ ɫɚɦɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫɧɢɠɚɟɬ 
ɢɯ ɫɦɚɡɵɜɚɸɳɢɟ ɫɜɨɣɫɬɜɚ (ɧɚɩɪɢɦɟɪ, ɫɧɢɠɚɟɬɫɹ ɫɜɨɣɫɬɜɨ ɩɪɢɥɢɩɚɟɦɨɫɬɢ 
ɦɚɫɥɚ ɤ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɩɨɜɟɪɯɧɨɫɬɹɦ) ɢ, ɬɟɦ ɫɚɦɵɦ, ɩɪɨɜɨɰɢɪɭɟɬ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɭɯɨɝɨ ɢɥɢ ɩɨɥɭɫɭɯɨɝɨ ɪɟɠɢɦɚ ɬɪɟɧɢɹ ɢ, ɤɚɤ ɪɟɡɭɥɶɬɚɬɚ, 
ɩɨɜɵɲɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ. 

ɍ ɬɟɯɧɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɢ ɬɨɪɦɨɡɧɵɯ 
ɫɢɫɬɟɦɚɯ ɦɚɲɢɧ, ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɧɢɠɚɟɬɫɹ ɜɹɡɤɨɫɬɶ, ɜɨɡɪɚɫɬɚɸɬ 
ɭɬɟɱɤɢ ɠɢɞɤɨɫɬɢ ɢɡ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɱɬɨ ɭɯɭɞɲɚɟɬ ɫɦɚɡɵɜɚɟɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɬɪɟɧɢɹ ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɢɡɧɨɫ ɞɟɬɚɥɟɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɞɜɢɝɚɬɟɥɟɣ, ɰɢɥɢɧɞɪɨɜ ɢ 
ɚɩɩɚɪɚɬɭɪɵ. 

Ɉɞɧɚɤɨ, ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɩɨɜɵɲɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ, 
ɫɥɟɞɭɟɬ ɫɱɢɬɚɬɶ ɭɯɭɞɲɟɧɢɟ ɭɫɥɨɜɢɣ ɬɪɟɧɢɹ – ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɚɛɪɚɡɢɜɧɵɯ 
ɱɚɫɬɢɰ ɜ ɡɨɧɭ ɤɨɧɬɚɤɬɚ ɞɟɬɚɥɟɣ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɫɥɚɛɥɟɧɢɟ ɡɚɳɢɬɧɵɯ 
ɫɜɨɣɫɬɜ ɫɦɚɡɤɢ, ɢɡɦɟɧɟɧɢɟ ɡɚɡɨɪɨɜ ɫɨɩɪɹɠɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɢɡɦɟɧɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɦ ɦɚɲɢɧɚɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨ 
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ɩɪɢɱɢɧɟ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɝɨ ɢɡɧɚɲɢɜɚɧɢɹ ɜɵɯɨɞɢɬ ɢɡ ɫɬɪɨɹ 90 % ɞɟɬɚɥɟɣ, ɚ ɩɨ 
ɩɪɢɱɢɧɟ ɩɨɬɟɪɢ ɩɪɨɱɧɨɫɬɢ – 10 % ɞɟɬɚɥɟɣ [1]. 

ɇɚɥɢɱɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ ɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ 
ɚɛɪɚɡɢɜɧɨɦɭ ɢɡɧɚɲɢɜɚɧɢɸ, ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɟɞɢɧɫɬɜɟɧɧɵɦ ɜɢɞɨɦ 
ɢɡɧɚɲɢɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɩɨɥɢɦɟɪɧɵɯ ɞɟɬɚɥɟɣ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɨɥɢɱɟɫɬɜɭ ɢ ɪɚɡɦɟɪɚɦ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɦɟɫɟɣ. ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ 
ɡɚɝɪɹɡɧɟɧɧɨɫɬɢ ɜ ɱɟɬɵɪɟ ɪɚɡɚ ɫɧɢɠɚɟɬ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɞɜɚ 
ɪɚɡɚ. Ɉɬɫɭɬɫɬɜɢɟ ɢɥɢ ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɮɢɥɶɬɪɚ ɫɨɤɪɚɳɚɟɬ ɫɪɨɤ 
ɫɥɭɠɛɵ ɧɚɫɨɫɨɜ ɜ 10-12 ɪɚɡ [9]. ȼɫɟ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɢ ɡɚɪɭɛɟɠɧɵɟ 
ɢɫɫɥɟɞɨɜɚɬɟɥɢ, ɡɚɧɢɦɚɜɲɢɟɫɹ ɜ ɪɚɡɧɨɟ ɜɪɟɦɹ ɢɡɭɱɟɧɢɟɦ ɩɪɨɰɟɫɫɚ ɢɡɧɚɲɢɜɚɧɢɹ 
ɢ ɧɚɞɟɠɧɨɫɬɢ ɦɚɲɢɧ, ɫɱɢɬɚɸɬ, ɱɬɨ ɝɥɚɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɭɜɟɥɢɱɢɜɚɸɳɢɦ ɢɡɧɨɫ ɢ 
ɫɧɢɠɚɸɳɢɦ ɧɚɞɟɠɧɨɫɬɶ ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ ɦɚɲɢɧ, ɹɜɥɹɟɬɫɹ ɡɚɝɪɹɡɧɟɧɧɨɫɬɶ 
ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ. 

Ɍɟɦɩɟɪɚɬɭɪɚ (ɜɹɡɤɨɫɬɶ) ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɚɲɢɜɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɞɟɬɚɥɟɣ 
ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɱɚɫɬɶ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɟɣ 
ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɩɟɪɟɥɢɜɧɨɣ ɤɥɚɩɚɧ ɮɢɥɶɬɪɚ, ɧɟ ɮɢɥɶɬɪɭɹɫɶ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɛɨɥɟɟ 
ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ ɚɛɪɚɡɢɜɧɵɟ ɱɚɫɬɢɰɵ ɥɟɝɱɟ ɭɞɟɪɠɢɜɚɸɬɫɹ ɜɨ ɜɡɜɟɲɟɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɸɬɫɹ ɩɨ ɝɢɞɪɨɫɢɫɬɟɦɟ. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɞɟɬɚɥɟɣ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɱɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɢɠɟ 0ɨɋ ɨɤɚɡɵɜɚɸɬ ɧɚ ɢɡɧɚɲɢɜɚɧɢɟ 
ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ +20 ɞɨ –30 ɨɋ 
ɢɡɧɨɫ ɦɚɧɠɟɬɧɵɯ ɭɩɥɨɬɧɟɧɢɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 5,5 ɪɚɡɚ, ɚ ɤɨɥɟɰ ɤɪɭɝɥɨɝɨ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ – ɜ 5,2 ɪɚɡɚ. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ +20 ɞɨ +80 ɨɋ 
ɜɵɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɣ ɢɡɧɨɫ: ɦɚɧɠɟɬɧɨɟ ɭɩɥɨɬɧɟɧɢɟ – ɜ 1,5 ɪɚɡɚ, 
ɤɨɥɶɰɚ ɤɪɭɝɥɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ – ɜ 1,4 ɪɚɡɚ. 

ɇɚ ɢɡɧɚɲɢɜɚɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɞɟɬɚɥɟɣ ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ ɬɚɤɠɟ 
ɨɤɚɡɵɜɚɟɬ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ +20 ɞɨ –30 ɨɋ 
ɢɡɧɨɫ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 1,25 ɪɚɡɚ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ +20 ɞɨ+80 ɨɋ – 
ɜ 1,2 ɪɚɡɚ [1]. ɉɨɜɵɲɟɧɢɟ ɢɡɧɨɫɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɞɟɬɚɥɟɣ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɢ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɛɭɫɥɨɜɥɟɧɨ ɭɯɭɞɲɟɧɢɟɦ ɭɫɥɨɜɢɣ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɹ, ɤɨɬɨɪɵɟ, ɧɟ ɜɥɢɹɹ ɧɚ ɯɚɪɚɤɬɟɪ 
ɢɡɧɚɲɢɜɚɧɢɹ, ɭɜɟɥɢɱɢɜɚɸɬ ɟɝɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ +10 ɞɨ +50 ɨɋ ɧɚɛɥɸɞɚɟɬɫɹ ɭɱɚɫɬɨɤ ɧɚɢɦɟɧɶɲɟɝɨ 
ɢɡɧɨɫɚ ɞɟɬɚɥɟɣ. ȼ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ ɧɚɢɛɨɥɟɟ 
ɩɨɥɧɨ ɪɚɡɞɟɥɹɸɬɫɹ ɫɥɨɟɦ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

ɍɦɟɧɶɲɢɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɚɲɢɜɚɧɢɹ, ɫɧɢɡɢɬɶ ɫɢɥɵ 
ɬɪɟɧɢɹ ɜ ɡɨɧɟ ɤɨɧɬɚɤɬɚ ɞɟɬɚɥɟɣ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɧɨ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ 
ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɮɢɥɶɬɪɨɷɥɟɦɟɧɬɨɜ, ɫɬɪɨɝɨɝɨ ɜɵɩɨɥɧɟɧɢɹ 
ɬɟɯɧɢɤɨ-ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɢ ɨɩɬɢɦɢɡɚɰɢɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ. 
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ɉɪɢɦɟɧɟɧɢɟ ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ ɫɚɦɨɯɨɞɧɵɯ ɦɚɲɢɧ ɫɞɟɪɠɢɜɚɟɬɫɹ 
ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɝɢɞɪɨɫɢɫɬɟɦɵ ɜ ɭɫɥɨɜɢɹɯ 
ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. 

Ɍɚɤ, ɜ ɫɟɜɟɪɧɵɯ ɪɚɣɨɧɚɯ ɱɚɫɬɨ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɝɢɞɪɨɫɢɫɬɟɦɵ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɭɪɨɜɧɟ ɜ ɫɭɪɨɜɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ 
ɞɜɢɝɚɬɟɥɢ ɦɚɲɢɧ ɧɟ ɝɥɭɲɚɬ ɫ ɧɨɹɛɪɹ ɩɨ ɦɚɪɬ ɦɟɫɹɰ [13, 14]. ɗɬɨ ɜɟɞɟɬ ɤ 
ɩɟɪɟɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ, ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɢɡɧɨɫɭ ɞɜɢɝɚɬɟɥɹ ɢ ɝɢɞɪɨɧɚɫɨɫɚ, 
ɡɚɝɪɹɡɧɟɧɢɸ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ 
ɮɚɤɬɨɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ ɦɚɲɢɧ. Ɍɚɤ ɤɚɤ, ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɪɚɧɟɟ, ɩɨɞ ɜɥɢɹɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ: ɜ ɫɨɬɧɢ ɢ 
ɬɵɫɹɱɢ ɪɚɡ ɩɨɜɵɲɚɟɬɫɹ ɜɹɡɤɨɫɬɶ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɥɨɬɧɨɫɬɶ, ɩɨɜɵɲɚɸɬɫɹ 
ɡɚɝɪɹɡɧɟɧɧɨɫɬɶ ɢ ɫɨɞɟɪɠɚɧɢɟ ɜɥɚɝɢ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɫɯɨɞɢɬ 
ɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ ɡɚɡɨɪɨɜ ɜ ɩɨɞɜɢɠɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɢ ɧɚɬɹɝɨɜ ɜ 
ɧɟɩɨɞɜɢɠɧɵɯ. Ɂɚ ɫɱɟɬ ɞɟɮɨɪɦɚɰɢɢ ɢ ɢɡɦɟɧɟɧɢɹ ɪɚɡɦɟɪɨɜ ɞɟɬɚɥɟɣ ɩɪɨɢɫɯɨɞɢɬ 
ɩɨɜɵɲɟɧɢɟ ɫɢɥ ɬɪɟɧɢɹ, ɩɨɞɫɨɫ ɜɨɡɞɭɯɚ ɜɨ ɜɫɚɫɵɜɚɸɳɟɣ ɝɢɞɪɨɥɢɧɢɢ ɢ 
ɧɚɫɵɳɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜɨɡɞɭɯɨɦ. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɚɡɵɜɚɟɬ 
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ 
ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. ɂɡɦɟɧɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɤɨɧɬɚɤɬɚ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɹ, 
ɩɨɜɵɲɚɸɬɫɹ ɫɢɥɚ ɬɪɟɧɢɹ ɢ ɢɡɧɨɫ ɞɟɬɚɥɟɣ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɨɡɞɟɣɫɬɜɭɹ ɧɚ ɫɨɫɬɨɹɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɡɚɡɨɪɵ ɢ 
ɧɚɬɹɝɢ ɜ ɫɨɟɞɢɧɟɧɢɹɯ ɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɜɨɞɢɬ ɤ 
ɭɯɭɞɲɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɜɟɞɟɬ ɤ 
ɭɦɟɧɶɲɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɝɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɯ 
ɫɚɦɨɯɨɞɧɵɯ ɦɚɲɢɧ. 

Ɍɚɤ, Ɇ.Ⱦ. ɇɨɝɚɣ [33] ɭɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɟɥɢɱɢɧɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɄɉȾ 
ɨɤɚɠɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ. 

ɉɨɜɵɫɢɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɦɨɠɧɨ ɩɨɞɞɟɪɠɚɧɢɟɦ ɜ 
ɪɚɰɢɨɧɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ ɫɨɫɬɨɹɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɡɚɡɨɪɨɜ ɢ ɧɚɬɹɝɨɜ ɢ 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ. Ɍɟɯɧɢɱɟɫɤɢ ɷɬɨ 
ɩɪɨɳɟ ɜɫɟɝɨ ɨɫɭɳɟɫɬɜɢɬɶ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ [1]. 

 
1.3 Ʉɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ 
 
ȼ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɫɬɪɟɥɨɜɵɟ ɫɚɦɨɯɨɞɧɵɟ ɤɪɚɧɵ ɫ 

ɝɢɞɪɨɩɪɢɜɨɞɨɦ. Ɋɚɡɛɟɪɟɦ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɫɚɦɨɯɨɞɧɨɝɨ ɫɬɪɨɢɬɟɥɶɧɨɝɨ 
ɤɪɚɧɚ ɧɚ ɩɪɢɦɟɪɟ Ʉɋ-55716 (ɪɢɫɭɧɨɤ 1.1, 1.2) ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 25 ɬ ɫ 
ɬɪɟɯɫɟɤɰɢɨɧɧɨɣ ɬɟɥɟɫɤɨɩɢɱɟɫɤɨɣ ɫɬɪɟɥɨɣ, ɫɦɨɧɬɢɪɨɜɚɧɧɨɣ ɧɚ ɲɚɫɫɢ «ɍɪɚɥ-
4320-1958-30» ɫ ɤɨɥɟɫɧɨɣ ɮɨɪɦɭɥɨɣ 6x6.  
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ɇɚ ɤɪɚɧɟ Ʉɋ-55716 ɨɞɢɧɚɤɨɜɵɣ ɫ ɞɪɭɝɢɦɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦɢ 
ɚɜɬɨɦɨɛɢɥɶɧɵɦɢ ɤɪɚɧɚɦɢ ɫɨɫɬɚɜ ɧɟɫɭɳɢɯ ɱɚɫɬɟɣ, ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ, ɪɚɛɨɱɢɯ 
ɦɟɯɚɧɢɡɦɨɜ ɢ ɢɯ ɩɪɢɜɨɞɨɜ, ɜɵɩɨɥɧɹɟɦɵɯ ɢ ɫɨɜɦɟɳɚɟɦɵɯ ɪɚɛɨɱɢɯ ɞɜɢɠɟɧɢɣ 
(ɨɩɟɪɚɰɢɣ). ɇɚ ɬɟɥɟɫɤɨɩɢɱɟɫɤɭɸ ɬɪɟɯɫɟɤɰɢɨɧɧɭɸ ɫɬɪɟɥɭ ɞɥɢɧɨɣ ɨɬ 9,5ɦ ɞɨ 
21,5 ɦ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧ ɧɟɭɩɪɚɜɥɹɟɦɵɣ ɝɭɫɟɤ (ɭɞɥɢɧɢɬɟɥɶ) ɞɥɢɧɨɣ 7,15 
ɦ. 
 

 

 
1 – ɲɚɫɫɢ; 2 – ɫɬɪɟɥɚ; 3 – ɞɚɬɱɢɤ ɞɥɢɧɵ ɫɬɪɟɥɵ; 4 – ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 
ɬɨɩɥɢɜɨɩɨɞɚɱɟɣ ɞɜɢɝɚɬɟɥɹ ɲɚɫɫɢ; 5 – ɝɪɭɡɨɜɨɣ ɤɚɧɚɬ; 6 – ɫɬɨɣɤɚ ɫɬɪɟɥɵ;   

7 – ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɣ ɹɳɢɤ; 8 – ɝɢɞɪɨɰɢɥɢɧɞɪ ɩɨɞɴɟɦɚ ɫɬɪɟɥɵ; 9 – ɤɚɛɢɧɚ 
ɦɚɲɢɧɢɫɬɚ; 10 - ɦɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ; 11 – ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ; 12 – ɩɨɜɨɪɨɬɧɚɹ ɪɚɦɚ;  

13 – ɝɪɭɡɨɜɚɹ ɥɟɛɟɞɤɚ; 14 – ɩɪɨɬɢɜɨɜɟɫ; 15 – ɡɚɳɢɬɧɵɣ ɤɨɠɭɯ; 16 – ɩɨɩɟɪɟɱɧɚɹ ɛɚɥɤɚ; 
17 – ɫɬɚɛɢɥɢɡɚɬɨɪ; 18 – ɮɢɤɫɚɬɨɪ; 19 – ɤɪɸɤɨɜɚɹ ɨɛɨɣɦɚ; 20 – ɢɧɜɟɧɬɚɪɧɚɹ ɩɨɞɤɥɚɞɤɚ; 21 – 

ɧɟɩɨɜɨɪɨɬɧɚɹ ɪɚɦɚ; 22 – ɝɢɞɪɨɰɢɥɢɧɞɪ ɜɵɜɟɲɢɜɚɧɢɹ ɤɪɚɧɚ; 23 – ɩɪɢɜɨɞ ɧɚɫɨɫɨɜ; 24 – 
ɩɨɞɩɹɬɧɢɤ; 25 – ɝɢɞɪɨɛɚɤ. 

Ɋɢɫɭɧɨɤ 1.1− Ɉɛɳɢɣ ɜɢɞ ɤɪɚɧɚ Ʉɋ-55716 
 

 

 
 

Ɋɢɫɭɧɨɤ 1.2 – Ƚɢɞɪɨɫɢɫɬɟɦɚ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ 
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Ƚɢɞɪɨɫɢɫɬɟɦɚ ɤɪɚɧɚ ɫɨɞɟɪɠɢɬ ɞɜɚ ɤɨɧɬɭɪɚ: ɩɟɪɜɵɣ ɩɪɢɜɨɞɢɬ ɜ ɪɚɛɨɬɭ 
ɜɵɧɨɫɧɵɟ ɨɩɨɪɵ, ɜɬɨɪɨɣ – ɤɪɚɧɨɜɵɟ ɦɟɯɚɧɢɡɦɵ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɜɨɞɢɬɶ ɨɬ 
ɨɞɧɨɝɨ ɧɚɫɨɫɚ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɢɞɪɨɰɢɥɢɧɞɪɨɜ ɢ ɝɢɞɪɨɦɨɬɨɪɨɜ.  

Ɍɚɤɚɹ ɫɯɟɦɚ, ɩɪɢ ɜɫɟɣ ɟё ɩɪɨɫɬɨɬɟ ɢ ɷɤɨɧɨɦɢɱɧɨɫɬɢ, ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ 
ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ.   Ⱦɢɫɤɪɟɬɧɨɟ   ɢ ɞɨɫɬɚɬɨɱɧɨ    ɪɟɡɤɨɟ, ɚ ɢɧɨɝɞɚ ɢ 
ɧɟɨɠɢɞɚɧɧɨɟ ɞɥɹ ɤɪɚɧɨɜɳɢɤɚ, ɨɬɤɥɸɱɟɧɢɟ ɞɜɢɠɟɧɢɣ ɦɟɯɚɧɢɡɦɨɜ ɤɪɚɧɚ ɩɪɢ 
ɫɪɚɛɚɬɵɜɚɧɢɢ ɩɪɢɛɨɪɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɧɚɝɪɭɡɨɤ ɧɚ ɤɪɚɧ ɢ ɪɚɫɤɚɱɢɜɚɧɢɸ ɝɪɭɡɚ ɩɨɫɥɟ ɨɫɬɚɧɨɜɤɢ. ɗɬɨ ɭɜɟɥɢɱɢɜɚɟɬ 
ɜɟɪɨɹɬɧɨɫɬɶ ɚɜɚɪɢɢ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɩɨɞɴɟɦɟ ɢɩɟɪɟɦɟɳɟɧɢɢ ɝɪɭɡɨɜ, ɛɥɢɡɤɢɯ ɤ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ ɤɪɚɧɚ. ɉɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɩɨɜɵɲɚɟɬɫɹɜɹɡɤɨɫɬɶɪɚɛɨɱɟɣɠɢɞɤɨɫɬɢ,ɱɬɨɡɚɬɪɭɞɧɹɟɬɭɩɪɚɜɥɟɧɢɟɧɚɝɪɭɡɤɨɣɩɪɢ  
ɩɨɦɨɳɢ  ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ  ɤɥɚɩɚɧɚ  (ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ)ɜɤɥɸɱɟɧɧɨɝɨ     ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ     ɫɢɫɬɟɦɭ      ɢ 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ,     ɤɪɨɦɟ ɟё ɪɚɡɝɪɭɡɤɢ, ɩɪɟɞɨɯɪɚɧɟɧɢɟ ɝɢɞɪɨɩɪɢɜɨɞɚ ɨɬ 
ɩɪɟɜɵɲɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɢ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɨɝɪɚɧɢɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ ɟɝɨ ɧɚɪɚɫɬɚɧɢɹ. ɍɱɢɬɵɜɚɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɫɬɨɢ 
ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɤɪɚɧɨɜ, ɝɢɞɪɨɫɢɫɬɟɦɵ ɨɬɤɪɵɬɨɝɨ ɬɢɩɚ ɩɨɞɜɟɪɠɟɧɵ 
ɢɧɬɟɧɫɢɜɧɨɦɭ ɨɯɥɚɠɞɟɧɢɸ ɢ ɩɨɬɟɪɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ 
ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɦɢɧɢɦɚɥɶɧɭɸ 
ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ ɢɡɝɢɛɨɜ, ɫɨɟɞɢɧɟɧɢɣ, 
ɩɟɪɟɯɨɞɨɜ ɢɬ.ɩ. 

ɗɬɢ ɧɟɞɨɫɬɚɬɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɜ ɫɢɫɬɟɦɚɯ ɡɚɦɤɧɭɬɨɝɨ ɬɢɩɚ, ɬɚɤ ɤɚɤ 
ɨɛɴɟɦ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɱɢɦɢ ɨɛɴɟɦɚɦɢ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ, ɚ ɪɚɡɦɟɪɵ ɛɚɤɚ ɜɵɛɢɪɚɸɬ ɢɫɯɨɞɹ ɢɡ ɩɨɞɚɱɢ ɧɚɫɨɫɚ ɫɢɫɬɟɦɵ 
ɩɨɞɩɢɬɤɢ, ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɨɛɴɟɦɧɵɟ ɩɨɬɟɪɢ ɧɚɫɨɫɚ ɢ ɝɢɞɪɨɦɨɬɨɪɚ. 
ȼɨɡɧɢɤɚɸɳɢɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ ɩɪɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɢ ɢɞɭɬ ɧɚ ɧɚɝɪɟɜɚɧɢɟ 
ɝɢɞɪɨɩɪɢɜɨɞɚ. Ɉɬɫɭɬɫɬɜɭɟɬ ɤɨɧɬɚɤɬ Ɋɀ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɱɬɨ ɢɫɤɥɸɱɚɟɬ 
ɡɚɝɪɹɡɧɟɧɢɟ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɭɜɟɥɢɱɢɜɚɟɬ ɪɟɫɭɪɫ ɝɢɞɪɨɩɪɢɜɨɞɚ ɢ ɩɟɪɢɨɞɢɱɧɨɫɬɶ 
ɡɚɦɟɧɵ Ɋɀ. ɂɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ ɧɚɫɨɫ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɝɨ ɪɚɛɨɬɭ 
ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɢɬɶ ɧɚɫɨɫ ɦɟɧɶɲɟɝɨ 
ɪɚɛɨɱɟɝɨ ɨɛɴɟɦɚ (ɬ. ɟ. ɦɟɧɶɲɢɯ ɬɢɩɨɪɚɡɦɟɪɚ, ɦɚɫɫɵ ɢ ɫɬɨɢɦɨɫɬɢ). ɋɢɫɬɟɦɵ 
ɡɚɦɤɧɭɬɨɝɨ ɬɢɩɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ ɧɚ ɦɚɫɥɟ 
ɆȽ-15ȼ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ ɜ ɨɫɧɨɜɧɨɣ ɧɚɫɨɫ 
ɩɨɡɜɨɥɹɟɬ ɡɚɩɭɫɤɚɬɶ ɜ ɪɚɛɨɬɭ ɦɚɲɢɧɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɚɫɥɚ ɆȽ-15ȼ ɧɢɠɟ –40 
°ɋ ɛɟɡ ɪɚɡɨɝɪɟɜɚ Ɋɀ. 

Ƚɢɞɪɨɩɪɢɜɨɞɵ ɫ ɡɚɦɤɧɭɬɵɦ ɩɨɬɨɤɨɦ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɫɦɟɫɢɬɟɥɶɧɨɝɨ ɛɚɪɚɛɚɧɚ 
ɚɜɬɨɛɟɬɨɧɨɫɦɟɫɢɬɟɥɹ, ɩɪɢɜɨɞɚ ɥɟɛɟɞɨɤ ɚɜɬɨɤɪɚɧɨɜ, ɜ ɛɭɪɨɜɵɯ ɢ 
ɤɨɥɬɸɛɢɧɝɨɜɵɯ ɭɫɬɚɧɨɜɤɚɯ ɞɥɹ ɤɢɫɥɨɬɧɨɣ ɩɪɨɦɵɜɤɢ ɧɟɮɬɹɧɵɯ ɫɤɜɚɠɢɧ, ɜ 
ɚɝɪɟɝɚɬɚɯ ɞɥɹ ɪɟɦɨɧɬɚ ɢ ɨɫɜɨɟɧɢɹ ɫɤɜɚɠɢɧ, ɜ ɬɪɭɛɨɭɤɥɚɞɱɢɤɚɯ, ɞɥɹ ɩɪɢɜɨɞɚ 
ɩɨɞɴɟɦɧɢɤɨɜ, ɜ ɫɚɦɨɯɨɞɧɵɯ ɤɚɬɤɚɯ ɢ ɞɪɭɝɢɟ. Ɉɫɨɛɟɧɧɨ ɷɮɮɟɤɬɢɜɧɨ 
ɩɪɢɦɟɧɟɧɢɟ ɝɢɞɪɨɩɪɢɜɨɞɨɜ ɫ ɡɚɦɤɧɭɬɵɦ ɩɨɬɨɤɨɦ ɜ ɩɧɟɜɦɨɤɨɥɟɫɧɵɯ ɦɚɲɢɧɚɯ, 
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ɜ ɬɨɦ ɱɢɫɥɟɫ ɲɚɪɧɢɪɧɨ-ɫɨɱɥɟɧɟɧɧɨɣ ɪɚɦɨɣ, ɞɥɹ ɩɪɢɜɨɞɚ ɯɨɞɨɜɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫ 
ɞɜɭɦɹ ɢɥɢ ɱɟɬɵɪɶɦɹ ɚɤɬɢɜɧɵɦɢ ɤɨɥɟɫɚɦɢ ɜ ɭɫɥɨɜɢɹɯ ɛɟɡɞɨɪɨɠɶɹ. 

ȼ ɫɢɫɬɟɦɚɯ ɞɪɨɫɫɟɥɶɧɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɚ ɱɚɫɬɨ ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ 
ɫɬɪɨɝɨ ɤɜɚɞɪɚɬɢɱɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɤɪɚɧɨɜɵɣ ɞɪɨɫɫɟɥɶ. 
Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɩɪɨɮɢɥɶ ɞɪɨɫɫɟɥɢɪɭɸɳɟɣ ɳɟɥɢ ɩɨɜɨɪɨɬɧɨɣ ɩɪɨɛɤɢ ɜɵɩɨɥɧɹɸɬ 
ɩɨ ɚɪɯɢɦɟɞɨɜɨɣ ɫɩɢɪɚɥɢ (ɨɛɵɱɧɨ ɫ ɲɚɝɨɦ 3 ɦɦ), ɩɨɷɬɨɦɭ ɝɥɭɛɢɧɚ ɤɚɧɚɜɤɢ 
ɛɭɞɟɬ ɫɜɹɡɚɧɚ ɫ ɭɝɥɨɦ ɩɨɜɨɪɨɬɚ ɩɨ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɚ ɩɥɨɳɚɞɶ— ɩɨ 
ɤɜɚɞɪɚɬɢɱɧɨɣ (ɪɢɫɭɧɨɤ 1.3). 

Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɨɛɥɟɝɱɚɟɬɫɹ ɬɨɱɧɚɹ ɧɚɫɬɪɨɣɤɚ ɞɪɨɫɫɟɥɹ ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ 
ɩɨɞɚɱ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɨɯɜɚɬɢɬɶ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ 
ɪɚɫɯɨɞɨɜ ɧɚ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɭɝɥɟ ɩɨɜɨɪɨɬɚ ɟɝɨ ɩɪɨɛɤɢ. Ⱦɥɹ 
ɩɨɜɵɲɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɪɚɫɯɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɚɬɶ ɜɟɥɢɱɢɧɭ ɲɢɪɢɧɵ 
ɩɟɪɟɦɵɱɤɢ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɪɨɫɫɟɥɟɣ ɫ ɩɨɜɨɪɨɬɧɨɣ ɩɪɨɛɤɨɣ ɹɜɥɹɟɬɫɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɧɢɯ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ 
ɡɚɫɨɪɟɧɢɹ ɩɪɨɯɨɞɧɨɝɨ ɤɚɧɚɥɚ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɦɚɥɵɯ ɟɝɨɫɟɱɟɧɢɹɯ. 

 

 
Ɋɢɫɭɧɨɤ 1.3 −ɓɟɥɟɜɨɣ ɞɪɨɫɫɟɥɶ 

 
ɋɯɟɦɚ ɫ ɞɪɨɫɫɟɥɟɦ ɧɚ ɜɵɯɨɞɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɩɥɚɜɧɨɟ ɞɜɢɠɟɧɢɟ 

ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɢ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɝɢɞɪɨɩɪɢɜɨɞɚɯ ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɟɣɫɬɜɢɹ ɧɚɝɪɭɡɤɢ. Ɉɞɧɚɤɨ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɷɬɨɣ ɫɯɟɦɵ 
ɜɨɡɪɚɫɬɚɟɬ ɨɩɚɫɧɨɫɬɶ ɪɵɜɤɨɜ ɲɬɨɤɚ ɰɢɥɢɧɞɪɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɞɚɱɢ ɜ 
ɦɨɦɟɧɬɡɚɩɭɫɤɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜ ɪɚɛɨɬɭ. ɉɪɢ ɩɪɢɦɟɧɟɧɢɢ ɫɯɟɦɵ ɫ ɭɫɬɚɧɨɜɤɨɣ 
ɞɪɨɫɫɟɥɹ ɧɚ ɜɯɨɞɟ ɞɚɜɥɟɧɢɟ ɜ ɰɢɥɢɧɞɪɟ ɦɟɧɶɲɟ, ɩɨɷɬɨɦɭ ɫɧɢɠɚɟɬɫɹ ɬɪɟɧɢɟ ɢ 
ɭɥɭɱɲɚɸɬɫɹ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɭɩɥɨɬɧɟɧɢɣ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɧɟ ɜɫɟɝɞɚ ɯɜɚɬɚɟɬ 
ɞɚɜɥɟɧɢɹ ɩɨɞɩɨɪɚ ɞɥɹ ɧɨɪɦɚɥɶɧɨɣ ɪɚɛɨɬɵ ɝɢɞɪɨɦɨɬɨɪɨɜ [34]. 

ȼ ɝɢɞɪɨɩɪɢɜɨɞɚɯ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɭɫɥɨɜɢɹɯ ɯɨɥɨɞɧɨɝɨ ɤɥɢɦɚɬɚ, ɩɪɢ ɩɭɫɤɟ 
ɢ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɪɚɛɨɬɵ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɸɬ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɚɯ. ɉɪɢ -50…-60ºɋ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 
ɝɢɞɪɨɥɢɧɢɹɯ ɩɪɢɜɨɞɚ ɦɨɝɭɬ ɜɨɡɪɚɫɬɚɬɶ ɜ 15…20 ɪɚɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɬɟɪɹɦɢ 
ɞɚɜɥɟɧɢɹ ɩɪɢ +50ºɋ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ 
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ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɦɢɧɢɦɚɥɶɧɭɸ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, 
ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ ɢɡɝɢɛɨɜ, ɫɨɟɞɢɧɟɧɢɣ, ɩɟɪɟɯɨɞɨɜ ɢ ɬ.ɩ. Ⱦɨɩɭɫɬɢɦɚɹ ɫɤɨɪɨɫɬɶ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜɨ ɜɫɚɫɵɜɚɸɳɟɦ ɬɪɭɛɨɩɪɨɜɨɞɟ - 0,85 ɦ/ɫ, ɜ ɫɥɢɜɧɨɦ - 1,4 ɦ/ɫ, 
ɜ ɧɚɝɧɟɬɚɬɟɥɶɧɨɦ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ 25 Ɇɉɚ - 5 ɦ/ɫ[35]. 

ɇɢɠɧɟɟ ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɞɭɯɚ, ɪɟɝɥɚɦɟɧɬɢɪɭɟɦɨɟ 
ȽɈɋɌɨɦ ɞɥɹ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ 
ɪɚɣɨɧɚɯ ɫ ɯɨɥɨɞɧɵɦ ɤɥɢɦɚɬɨɦ ɫɨɫɬɚɜɥɹɟɬ -60ºɋ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɪɢɧɭɞɢɬɟɥɶɧɭɸ ɩɨɞɩɢɬɤɭ ɧɚɫɨɫɚ ɢɥɢ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɟɝɨ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɝɢɞɪɨɛɚɤɟ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɬɚɤɠɟ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɚɫɨɫɵ ɬɚɤ, 
ɱɬɨɛɵ ɜɫɚɫɵɜɚɸɳɟɟ ɨɬɜɟɪɫɬɢɟ ɧɚɫɨɫɚ ɛɵɥɨ ɪɚɫɩɨɥɨɠɟɧɨ ɧɢɠɟ ɧɚɢɦɟɧɶɲɟɝɨ 
ɭɪɨɜɧɹ ɦɚɫɥɚ ɜ ɝɢɞɪɨɛɚɤɟ ɧɟ ɦɟɧɟɟ ɱɟɦ ɧɚ 500 ɦɦ. ɉɪɢ ɪɚɛɨɬɟ ɜ ɪɟɠɢɦɟ 
ɫɚɦɨɜɫɚɫɵɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜɫɚɫɵɜɚɸɳɭɸ ɝɢɞɪɨɥɢɧɢɸ ɫɥɟɞɭɟɬ ɞɟɥɚɬɶ 
ɤɚɤ ɦɨɠɧɨ ɤɨɪɨɱɟ; ɡɚɩɪɟɳɚɟɬɫɹ ɩɨɦɟɳɚɬɶ ɜ ɧɟɣ ɮɢɥɶɬɪɵ ɢ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ, 
ɫɩɨɫɨɛɫɬɜɭɸɳɢɟ ɭɜɟɥɢɱɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɯɨɞɭ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 
ɇɟɨɛɯɨɞɢɦɨ ɬɳɚɬɟɥɶɧɨ ɫɥɟɞɢɬɶ ɡɚ ɝɟɪɦɟɬɢɱɧɨɫɬɶɸ ɜɫɚɫɵɜɚɸɳɟɝɨ 
ɬɪɭɛɨɩɪɨɜɨɞɚ [36]. 

Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɞɨɥɠɧɨ ɭɞɟɥɹɬɶɫɹ ɨɱɢɫɬɤɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɬ 
ɡɚɝɪɹɡɧɟɧɢɣ. Ɏɢɥɶɬɪɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɧɚ ɫɥɢɜɧɨɣ ɦɚɝɢɫɬɪɚɥɢ. 
ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢɯ ɞɨɥɠɧɚ ɛɵɬɶ ɜɞɜɨɟ ɛɨɥɶɲɟɣ, ɱɟɦ ɮɢɥɶɬɪɨɜ ɜ 
ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. ȼ ɝɢɞɪɨɫɢɫɬɟɦɟ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɩɟɪɟɩɭɫɤɧɵɟ ɤɥɚɩɚɧɵ. 

Ƚɢɞɪɨɛɚɤɢ ɞɨɥɠɧɵ ɢɦɟɬɶ ɨɬɫɬɨɣɧɢɤɢ ɞɥɹ ɫɛɨɪɚ ɜɨɞɵ ɢ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ 
ɫɥɢɜɚ ɤɨɧɞɟɧɫɚɬɚ. ȼɨ ɢɡɛɟɠɚɧɢɟ ɩɨɩɚɞɚɧɢɹ ɤɨɧɞɟɧɫɚɬɚ ɜ ɝɢɞɪɨɫɢɫɬɟɦɭ 
ɝɢɞɪɨɩɪɢɜɨɞ ɩɨɥɧɨɫɬɶɸ ɡɚɩɨɥɧɹɟɬɫɹ ɦɚɫɥɨɦ, ɚ ɞɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɨɛɴɟɦɧɵɯ 
ɢɡɦɟɧɟɧɢɣ ɠɢɞɤɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɷɥɚɫɬɢɱɧɵɟ 
ɤɨɦɩɟɧɫɚɬɨɪɵ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɫɨɨɛɳɟɧɢɟ ɝɢɞɪɨɛɚɤɚ ɫ ɚɬɦɨɫɮɟɪɨɣ ɞɨɥɠɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɱɟɪɟɡ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɸɳɢɟ ɩɨɩɚɞɚɧɢɹ ɜɨɞɵ ɜ 
ɪɚɛɨɱɭɸ ɠɢɞɤɨɫɬɶ [37]. 

Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɜɵɯɨɞɚ ɧɚ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ ɬɟɩɥɨɢɡɨɥɹɰɢɸ ɝɢɞɪɨɛɚɤɨɜ ɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ɋ 
ɷɬɨɣ ɠɟ ɰɟɥɶɸ ɜ ɝɢɞɪɨɩɪɢɜɨɞɚɯ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɩɨɞɨɝɪɟɜɚ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɩɟɪɢɨɞ ɩɭɫɤɚ. Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɷɬɨ ɞɟɥɚɬɶ ɜ ɬɟɱɟɧɢɟ 20-30 
ɦɢɧ. ȼ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɩɪɢɜɨɞɚ ɩɨɞɨɝɪɟɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɩɟɪɢɨɞ 
ɩɭɫɤɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɭɬɟɦ ɩɪɨɩɭɫɤɚɧɢɹ ɜɫɟɣ ɩɨɞɚɜɚɟɦɨɣ ɧɚɫɨɫɨɦ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɤɥɚɩɚɧ ɩɪɢ ɧɨɦɢɧɚɥɶɧɨɦ ɪɚɛɨɱɟɦ 
ɞɚɜɥɟɧɢɢ. 

ɉɭɫɤ ɧɚɫɨɫɨɜ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɩɪɢ 
ɩɨɫɬɟɩɟɧɧɨɦ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɫ 
ɜɵɞɟɪɠɤɨɣ ɩɪɢ ɞɚɜɥɟɧɢɢ 10 Ɇɉɚ ɜ ɬɟɱɟɧɢɟ 1-2 ɦɢɧ. 

Ⱦɥɹ ɨɛɥɟɝɱɟɧɢɹ ɡɚɩɭɫɤɚ ɩɪɢɜɨɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢ ɜɨ ɢɡɛɟɠɚɧɢɟ ɜɵɯɨɞɚ ɢɡ 
ɫɬɪɨɹ ɧɚɫɨɫɚ ɟɝɨ ɩɪɢɜɨɞ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɨɫɭɳɟɫɬɜɥɹɬɶ ɱɟɪɟɡ ɪɚɡɴɟɞɢɧɢɬɟɥɶɧɵɟ 
ɦɭɮɬɵ (ɠɟɥɚɬɟɥɶɧɨ ɮɪɢɤɰɢɨɧɧɵɟ). ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ 
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ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɴɟɞɢɧɢɬɟɥɶɧɵɯ ɦɭɮɬ ɧɟɨɛɯɨɞɢɦɨ ɨɝɪɚɧɢɱɢɬɶ 
ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɩɪɢ ɡɚɩɭɫɤɟ ɞɥɹ ɚɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɵɯ ɝɢɞɪɨɧɚɫɨɫɨɜ ɞɨ 
1000 ɨɛ/ɦɢɧ, ɲɟɫɬɟɪɟɧɧɵɯ - ɞɨ 1500 ɨɛ/ɦɢɧ. ȼ ɝɢɞɪɨɩɪɢɜɨɞɚɯ ɫ ɡɚɦɤɧɭɬɨɣ 
ɰɢɪɤɭɥɹɰɢɟɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚɫɨɫɚ 
[38]. 

Ʉɚɱɚɸɳɢɟɫɹ ɛɥɨɤɢ ɚɤɫɢɚɥɶɧɨ-ɩɥɭɧɠɟɪɧɵɯ ɧɚɫɨɫɨɜ ɢɦɟɸɬ ɩɪɟɰɢɡɢɨɧɧɵɟ 
ɩɚɪɵ, ɫɨɫɬɨɹɧɢɟ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɡɧɚɱɢɬɟɥɶɧɨ ɨɬ ɱɢɫɬɨɬɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 
ɗɬɨ ɨɫɨɛɨ ɨɬɧɨɫɢɬɫɹ ɤ ɡɚɦɤɧɭɬɵɦ ɫɢɫɬɟɦɚɦ ɝɢɞɪɨɩɪɢɜɨɞɚ. Ɋɚɛɨɱɚɹ 
ɠɢɞɤɨɫɬɶɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɢɡɦɟɧɹɟɬ ɫɜɨɢ 
ɫɜɨɣɫɬɜɚ.ȼ ɝɢɞɪɨɩɪɢɜɨɞɟ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɩɪɢɦɟɧɹɸɬ ɦɚɫɥɚ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɨɬ 11 ɢ ɞɨ 17 ɤɥɚɫɫɚ ɱɢɫɬɨɬɵ. ɑɟɦ ɧɢɠɟ ɰɢɮɪɚ ɤɥɚɫɫɚ ɱɢɫɬɨɬɵ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ, ɬɟɦ ɦɟɧɶɲɟ ɡɚɝɪɹɡɧɟɧɢɣ ɜ ɦɚɫɥɟ, ɬɟɦ ɥɭɱɲɟ ɟɝɨ ɫɜɨɣɫɬɜɚ. 
ɉɪɨɜɟɞɟɧɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ 4-ɝɨɤɥɚɫɫɚ 
ɱɢɫɬɨɬɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 14-ɵɦ ɫɪɨɤ ɠɢɞɤɨɫɬɢ ɫɥɭɠɛɵ 
ɚɝɪɟɝɚɬɨɜ ɩɨ ɢɡɧɨɫɭ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 10 ɪɚɡ. 

Ⱦɥɹ ɫɦɚɡɨɱɧɵɯ ɦɚɫɟɥ ɢ ɠɢɞɤɨɫɬɟɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɡɚɝɪɹɡɧɟɧɧɨɫɬɶ 
ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 0,005% ɩɨ ɦɚɫɫɟ, ɬ.ɟ. 50 ɦɝ/ɥ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 13 ɤɥɚɫɫɭ 
ɱɢɫɬɨɬɵ. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɟɫɥɢ ɝɢɞɪɨɫɢɫɬɟɦɚ ɡɚɩɪɚɜɥɟɧɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɶɸ 13-ɝɨ ɤɥɚɫɫɚ ɱɢɫɬɨɬɵ, ɬɨ ɧɚɫɨɫ ɡɚ ɬɪɨɟ ɫɭɬɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ (5 ɬɵɫ. 
ɱɚɫɨɜ) ɩɪɢ ɩɨɞɚɱɟ 150 ɥ/ɦɢɧ ɩɪɨɩɭɫɬɢɬ ɱɟɪɟɡ ɫɟɛɹ ɩɪɢɦɟɪɧɨ 2000 ɤɝ 
ɡɚɝɪɹɡɧɟɧɢɣ, ɝɞɟ ɫɨɞɟɪɠɢɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 7,5·1012 ɱɚɫɬɢɰ ɫ ɪɚɡɦɟɪɚɦɢ, 
ɩɪɟɜɵɲɚɸɳɢɦɢ 5 ɦɤɦ. Ɏɚɤɬɢɱɟɫɤɚɹ ɡɚɝɪɹɡɧɟɧɧɨɫɬɶ ɠɢɞɤɨɫɬɟɣ ɪɚɛɨɬɚɸɳɢɯ 
ɝɢɞɪɨɫɢɫɬɟɦ ɦɨɠɟɬ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ (8-13) ɩɪɟɜɵɲɚɬɶ ɞɨɩɭɫɬɢɦɭɸ ɧɨɪɦɭ (12), 
ɬɚɤ ɩɨ ɞɚɧɧɵɦ Ʌɟɧɢɧɝɪɚɞɫɤɨɝɨ ɢɧɠɟɧɟɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɢɧɫɬɢɬɭɬɚ ɜ 
ɝɢɞɪɨɫɢɫɬɟɦɚɯ ɷɤɫɤɚɜɚɬɨɪɚ ɡɚɝɪɹɡɧɟɧɧɨɫɬɶ ɞɨɫɬɢɝɚɥɚ ɞɨ 1200 ɦɝ/ɥ (11). 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɚɹ ɧɚɞɟɠɧɨɫɬɶ ɝɢɞɪɨɩɪɢɜɨɞɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ: 
1) ɤɨɦɩɥɟɤɫɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɪ, ɤɨɬɨɪɵɟ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɩɪɢ 

ɢɡɝɨɬɨɜɥɟɧɢɢ, ɭɫɬɚɧɨɜɤɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɡɥɨɜ ɢɷɥɟɦɟɧɬɨɜ; 
2) ɩɪɢɦɟɧɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɫɬɚɥɟɣ) ɢ 

ɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ 
ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɞɟɬɚɥɟɣ; 

3) ɩɨɜɵɲɟɧɢɹ ɱɢɫɬɨɬɵ ɨɛɪɚɛɨɬɤɢ ɨɫɧɨɜɧɵɯ ɞɟɬɚɥɟɣ, ɪɚɰɢɨɧɚɥɶɧɨɝɨ 
ɜɵɛɨɪɚ ɞɨɩɭɫɤɚ ɢ ɩɨɫɚɞɨɤ, ɭɦɟɧɶɲɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ; 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɯɪɭɩɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɫɜɚɪɧɵɯ ɭɡɥɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ ɩɭɬɟɦ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɟɬɨɞɨɜ ɢɯ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ; 

4) ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɭɩɥɨɬɧɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɪɟɡɢɧ; 

5) ɩɪɢɦɟɧɟɧɢɹ ɪɚɛɨɱɢɯ ɠɢɞɤɨɫɬɟɣ, ɫɨɯɪɚɧɹɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɛɨɱɢɟ 
ɫɜɨɣɫɬɜɚ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ; 

6) ɫɧɢɠɟɧɢɹ ɩɨɬɟɪɶ ɞɚɜɥɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɥɢɧɢɹɯ 
ɜɫɚɫɵɜɚɧɢɹ, ɧɚɝɧɟɬɚɧɢɹ ɢɞɪɟɧɚɠɚ; 

7) ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɢ ɩɨɞɨɝɪɟɜɚ ɪɚɛɨɱɟɣ 
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ɠɢɞɤɨɫɬɢ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɡɚɩɭɫɤɚ; ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɡɚɩɭɫɤɚ 
ɝɢɞɪɨɩɪɢɜɨɞɚ. 

 
1.4 Ⱥɧɚɥɢɡ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ 
 
Ⱥɧɚɥɢɡ ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɥ, ɱɬɨ ɷɤɨɧɨɦɢɱɧɚɹ 

ɪɚɛɨɬɚ ɝɢɞɪɨɫɢɫɬɟɦɵ ɤɪɚɧɚ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɪɚɰɢɨɧɚɥɶɧɨɦ ɬɟɩɥɨɜɨɦ 
ɪɟɠɢɦɟ. ɋɨɜɪɟɦɟɧɧɵɟ ɤɪɚɧɵ ɧɟ ɢɦɟɸɬ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɚɫɥɚ ɜ 
ɚɝɪɟɝɚɬɚɯ ɝɢɞɪɨɫɢɫɬɟɦɵ [5]. ȿɟ ɨɬɫɭɬɫɬɜɢɟ ɫɤɚɡɵɜɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢ ɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ ɡɢɦɧɟɟ ɜɪɟɦɹ. 

Ɉɫɧɨɜɧɵɦɢ ɩɪɢɱɢɧɚɦɢ, ɭɯɭɞɲɚɸɳɢɦɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɢ 
ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɨɫɨɛɟɧɧɨɫɬɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɜ ɯɨɥɨɞɧɨɟ ɜɪɟɦɹ ɝɨɞɚ, ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ: 

1) ɨɬɫɭɬɫɬɜɢɟ ɭɫɬɪɨɣɫɬɜ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɚɫɥɚ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦɚɯ ɫɨɜɪɟɦɟɧɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ; 

2) ɜɵɫɨɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɪɚɛɨɬɵ, 
ɨɩɪɟɞɟɥɹɸɳɚɹ ɭɯɭɞɲɟɧɢɟ ɩɭɫɤɨɜɵɯ ɤɚɱɟɫɬɜ ɝɢɞɪɨɧɚɫɨɫɨɜ, ɚ ɬɚɤɠɟ ɧɚɪɭɲɟɧɢɟ 
ɪɟɠɢɦɚ ɫɦɚɡɤɢ ɭɡɥɨɜ ɢ ɦɟɯɚɧɢɡɦɨɜ; 

3) ɛɨɥɶɲɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɪɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɨ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ; 

4) ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɨɫɧɨɜɧɵɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɢɫɬɟɦ ɝɢɞɪɨɫɢɫɬɟɦɵ. 

Ʉɚɤ ɩɨɤɚɡɚɥɨ ɨɛɨɛɳɟɧɢɟ ɨɩɵɬɚ, ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɵɦ ɨɫɭɳɟɫɬɜɢɬɶ ɫɥɟɞɭɸɳɢɟ ɫɩɨɫɨɛɵ ɭɥɭɱɲɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɝɢɞɪɨɫɢɫɬɟɦ:  

1) ɩɟɪɟɞ ɡɢɦɧɢɦɢ ɪɚɛɨɬɚɦɢ ɩɨɞɛɢɪɚɬɶ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɫɥɚ ɫ 
ɭɥɭɱɲɟɧɧɵɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ; 

2)ɩɪɨɢɡɜɨɞɢɬɶ ɩɨɞɨɝɪɟɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɪɚɛɨɬɵ ɢ 
ɩɨɞɞɟɪɠɢɜɚɬɶ ɪɚɰɢɨɧɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɪɟɠɢɦɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ [13]. 

ɇɚɢɥɭɱɲɢɦ ɪɟɲɟɧɢɟɦ ɜɨɩɪɨɫɚ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɛɵ ɫɱɢɬɚɬɶ ɩɪɢɦɟɧɟɧɢɟ 
ɦɚɫɟɥ ɫ ɩɨɥɨɝɨɣ ɜɹɡɤɨɫɬɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ (ɦɚɫɥɚ ɧɚ 
ɦɢɧɟɪɚɥɶɧɨɣ ɢ ɫɢɧɬɟɬɢɱɟɫɤɨɣ ɨɫɧɨɜɚɯ) [1, 10]. Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɫɟɥ ɫ 
ɭɥɭɱɲɟɧɧɵɦɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɷɮɮɟɤɬɢɜɧɨ ɜ ɨɫɧɨɜɧɨɦ 
ɬɨɥɶɤɨ ɜ ɩɟɪɢɨɞ ɩɭɫɤɚ ɢ ɜ ɧɚɱɚɥɟ ɪɚɛɨɬɵ. ɇɚ ɭɪɨɜɟɧɶ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ 
ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɝɢɞɪɨɫɢɫɬɟɦɵ ɷɬɨ ɧɟ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɴɟɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɭɤɚɡɚɧɧɵɯ ɦɚɫɟɥ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ ɩɨɤɚ ɟɳɟ 
ɧɟɞɨɫɬɚɬɨɱɟɧ, ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɨɝɪɚɧɢɱɟɧɨ ɜɵɫɨɤɨɣ ɫɬɨɢɦɨɫɬɶɸ, ɩɨɷɬɨɦɭ ɢɯ 
ɪɚɡɪɚɛɚɬɵɜɚɸɬ, ɜ ɨɫɧɨɜɧɨɦ, ɞɥɹ ɪɚɣɨɧɨɜ Ʉɪɚɣɧɟɝɨ ɋɟɜɟɪɚ ɢ ɢɫɩɨɥɶɡɭɸɬ ɬɨɥɶɤɨ 
ɜ ɫɚɦɵɯ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɭɡɥɚɯ ɬɪɟɧɢɹ [38]. 

ɍɥɭɱɲɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
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ɩɨɞɞɟɪɠɚɧɢɟɦ ɪɚɰɢɨɧɚɥɶɧɵɯ ɧɚɝɪɭɡɨɱɧɨɝɨ ɢ ɫɤɨɪɨɫɬɧɨɝɨ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ 
ɦɟɯɚɧɢɡɦɨɜ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɦɟɧɧɨɫɬɢ ɢ 
ɭɜɟɥɢɱɟɧɢɟɦ ɡɚɝɪɭɡɤɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɝɨ ɞɧɹ ɹɜɥɹɟɬɫɹ 
ɦɚɥɨɩɟɪɫɩɟɤɬɢɜɧɵɦ ɜɜɢɞɭ ɫɩɟɰɢɮɢɱɧɨɫɬɢ ɡɢɦɧɢɯ ɜɢɞɨɜ ɪɚɛɨɬ. 

ɏɪɚɧɟɧɢɟ ɤɪɚɧɚ ɜ ɦɟɠɫɦɟɧɧɨɟ ɜɪɟɦɹ ɜ ɬɟɩɥɨɦ ɝɚɪɚɠɟ ɡɧɚɱɢɬɟɥɶɧɨ 
ɫɧɢɠɚɟɬ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɟɝɨ ɚɝɪɟɝɚɬɨɜ ɢ ɤ ɧɚɱɚɥɭ ɫɦɟɧɵ ɬɟɦɩɟɪɚɬɭɪɚ 
ɦɚɫɥɚ ɜ ɝɢɞɪɨɚɝɪɟɝɚɬɚɯ ɧɟɫɤɨɥɶɤɨ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɨɦɟɳɟɧɢɢ. ɉɪɢ ɷɬɨɦ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɥɟɝɤɢɣ ɩɭɫɤ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɜ ɪɚɛɨɬɭ, ɡɧɚɱɢɬɟɥɶɧɨ 
ɭɥɭɱɲɚɸɬɫɹ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɤɪɚɧɨɜɳɢɤɨɜ, ɩɨɜɵɲɚɟɬɫɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 
Ɉɞɧɚɤɨ, ɭɱɢɬɵɜɚɹ ɬɟɪɪɢɬɨɪɢɚɥɶɧɭɸ ɪɚɡɨɛɳɟɧɧɨɫɬɶ ɩɚɪɤɚ ɤɪɚɧɨɜ ɢ ɪɚɛɨɬɭ ɢɯ ɜ 
ɡɢɦɧɢɯ ɭɫɥɨɜɢɹɯ, ɨɬɫɭɬɫɬɜɢɟ ɨɬɚɩɥɢɜɚɟɦɵɯ ɝɚɪɚɠɟɣ, ɢ ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, 
ɱɬɨ ɧɟ ɜɫɟɝɞɚ ɷɤɨɧɨɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨ ɢɦɟɬɶ ɭɬɟɩɥɟɧɧɵɟ ɝɚɪɚɠɢ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɞɨ ɫɢɯ ɩɨɪ ɩɪɢɯɨɞɢɬɫɹ ɫɱɢɬɚɬɶɫɹ ɫ ɧɚɥɢɱɢɟɦ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɩɪɢ ɛɟɡɝɚɪɚɠɧɨɦ ɯɪɚɧɟɧɢɢ. ɂ ɟɫɥɢ ɞɥɹ ɪɚɡɨɝɪɟɜɚ 
ɞɜɢɝɚɬɟɥɟɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɨ ɦɧɨɝɨ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ 
(ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɪɚɡɨɝɪɟɜɚ, ɝɪɭɩɩɨɜɨɣ ɪɚɡɨɝɪɟɜ ɢ ɬ.ɞ.), ɬɨ 
ɝɢɞɪɨɫɢɫɬɟɦɵ ɤɪɚɧɚ ɱɚɳɟ ɜɫɟɝɨ ɩɭɫɤɚɸɬɫɹ ɜ ɪɚɛɨɬɭ ɛɟɡ ɩɨɞɨɝɪɟɜɚ, ɱɬɨ ɜɟɞɟɬ ɤ 
ɢɡɜɟɫɬɧɵɦ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ [10]. 

ȼɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɨ ɭɬɟɩɥɟɧɢɟ ɤɨɪɩɭɫɨɜ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɧɨ ɷɬɚ ɡɚɞɚɱɚ ɬɟɯɧɢɱɟɫɤɢ ɬɪɭɞɧɨ 
ɨɫɭɳɟɫɬɜɢɦɚ, ɬɚɤ ɤɚɤ ɚɝɪɟɝɚɬɵ ɝɢɞɪɨɫɢɫɬɟɦɵ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨ ɜɫɟɣ ɞɥɢɧɟ 
ɤɪɚɧɚ, ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ [31]. 

ɂɡ ɧɟɦɧɨɝɢɯ ɫɩɨɫɨɛɨɜ ɩɨɞɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ 
ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɫɥɟɞɭɸɳɢɟ:  

-ɝɨɪɹɱɢɦ ɜɨɡɞɭɯɨɦ,  
-ɬɟɩɥɨɦ ɢɧɮɪɚɤɪɚɫɧɵɯ ɝɨɪɟɥɨɤ,  
-ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟɦ,  
-ɢɡɦɟɧɟɧɢɟɦ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ,  
-ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɡɚ ɫɱɟɬ ɬɟɩɥɚ ɜɵɞɟɥɹɟɦɨɝɨ 

ɞɜɢɝɚɬɟɥɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ),  
-ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ Ⱦȼɋ [1, 6,39, 40–45]. 
Ɋɚɡɨɝɪɟɜ ɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ ɝɨɪɹɱɢɦ ɜɨɡɞɭɯɨɦ ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɟɧ, 

ɩɪɨɫɬ ɢ ɞɨɫɬɭɩɟɧ. ȼɨɞɨɜɨɡɞɭɲɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɐɟɥɢɧɧɨɝɨ ɮɢɥɢɚɥɚ ȽɈɋɇɂɌɂ 
ɦɨɠɟɬ ɪɚɡɨɝɪɟɬɶ ɫɪɚɡɭ ɲɟɫɬɶ ɦɚɲɢɧ. ɋ ɟɝɨ ɩɨɦɨɳɶɸ ɧɚɝɪɟɜɚɟɬɫɹ ɦɚɫɥɨ ɜ ɤɚɪɬɟɪɚɯ 
ɞɜɢɝɚɬɟɥɹ, ɛɚɤɚɯ ɝɢɞɪɨɫɢɫɬɟɦ, Ʉɉɉ, ɡɚɞɧɟɦ ɦɨɫɬɭ. Ɇɚɫɥɨ ɪɚɡɨɝɪɟɜɚɸɬ ɝɨɪɹɱɢɦ 
ɜɨɡɞɭɯɨɦ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 300…350 ɨɋ[13]. Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ 
ɫɩɨɫɨɛɚ ɹɜɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɨɛɪɟɬɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɝɨɪɸɱɟ-ɫɦɚɡɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ. 

Ɋɚɡɨɝɪɟɜ ɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ ɝɚɡɨɜɵɦɢ ɝɨɪɟɥɤɚɦɢ ɢɧɮɪɚɤɪɚɫɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɬɚɤɠɟ ɧɟ ɩɨɥɭɱɢɥ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɡ-ɡɚ ɧɢɡɤɨɝɨ ɄɉȾ ɷɬɢɯ 
ɭɫɬɚɧɨɜɨɤ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɝɚɡɚ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɢ ɭɫɬɚɧɨɜɨɤ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɝɨɪɟɥɨɤ 
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ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢ ɫɠɢɠɟɧɧɨɝɨ ɝɚɡɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɚɸɬɫɹ, ɟɫɥɢ ɢɯ 
ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɞɪɭɝɢɯ ɰɟɥɟɣ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɨɬɨɩɥɟɧɢɹ ɡɞɚɧɢɣ. 

ɋɢɫɬɟɦɵ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟɦ [1, 43–46], 
ɨɫɧɨɜɚɧɵ ɧɚ ɬɨɦ, ɱɬɨ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ ɫ ɩɟɪɟɩɚɞɨɦ 
ɞɚɜɥɟɧɢɣ, ɨɧɚ ɧɚɝɪɟɜɚɟɬɫɹ. Ɋɚɡɨɝɪɟɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ (ɞɪɨɫɫɟɥɶ)ɡɚ ɫɱɟɬ ɩɨɬɟɪɢ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɚɰɢɢ (ɦɹɬɢɹ) 
ɠɢɞɤɨɫɬɢ ɢ ɩɪɟɜɪɚɳɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɬɟɩɥɨɜɭɸ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɢɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɠɢɞɤɨɫɬɢ ɩɨɞ 
ɞɚɜɥɟɧɢɟɦ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɱɟɪɟɡ ɤɚɧɚɥɵ ɢ ɡɚɡɨɪɵ ɧɚɩɪɚɜɥɹɸɳɟɣ ɢ 
ɪɟɝɭɥɢɪɭɸɳɟɣ ɝɢɞɪɨɚɩɩɚɪɚɬɭɪɵ ɢ ɞɪɭɝɢɟ ɦɟɫɬɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɦɧɨɝɨɤɪɚɬɧɨɟ ɦɹɬɢɟ ɠɢɞɤɨɫɬɢ, ɱɬɨ ɜɟɫɶɦɚ ɜɪɟɞɧɨ ɜɥɢɹɟɬ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ȼ ɩɪɨɰɟɫɫɟ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɦɚɫɥɚ ɩɪɢ ɛɨɥɶɲɢɯ 
ɞɚɜɥɟɧɢɹɯ ɩɪɨɢɫɯɨɞɢɬ ɞɟɫɬɪɭɤɰɢɹ ɦɨɥɟɤɭɥɹɪɧɵɯ ɰɟɩɨɱɟɤ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɭɦɟɧɶɲɚɟɬɫɹ ɜɹɡɤɨɫɬɶ, ɭɯɭɞɲɚɸɬɫɹ ɫɦɚɡɵɜɚɸɳɢɟ ɫɜɨɣɫɬɜɚ, ɢ ɧɚɛɥɸɞɚɟɬɫɹ 
ɩɨɬɟɦɧɟɧɢɟ ɦɚɫɥɚ. 

ɂɡɜɟɫɬɧɵ ɫɢɫɬɟɦɵ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ 
ɜɦɟɫɬɢɦɨɫɬɢ ɝɢɞɪɨɛɚɤɚ ɢ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɬɞɚɱɢ [1, 40–42], ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ 
ɦɚɥɵɣ ɢ ɛɨɥɶɲɨɣ ɛɚɤɢ, ɨɫɧɨɜɧɨɣ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɢ, ɧɚɫɨɫ, 
ɬɟɪɦɨɞɚɬɱɢɤ, ɝɢɞɪɨɞɜɢɝɚɬɟɥɶ. ɇɟɞɨɫɬɚɬɤɨɦ ɷɬɢɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɨɫɥɟ 
ɞɨɫɬɢɠɟɧɢɹ ɪɚɰɢɨɧɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɟɪɢɨɞ ɪɚɛɨɬɵ ɧɚ ɦɚɥɨɦ ɛɚɤɟ ɩɪɢ 
ɩɨɞɤɥɸɱɟɧɢɢ ɛɨɥɶɲɨɝɨ ɛɚɤɚ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɪɟɡɤɨ ɩɨɧɢɠɚɟɬɫɹ 
ɢ ɫɬɚɧɨɜɢɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɪɚɰɢɨɧɚɥɶɧɨɣ, ɬɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɫɚ 
ɯɨɥɨɞɧɨɝɨ ɦɚɫɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɦɚɫɫɵ ɝɨɪɹɱɟɝɨ ɦɚɫɥɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɨ 
ɧɚɩɪɚɜɥɟɧɢɟ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɬɪɟɛɭɟɬ ɞɨɜɨɥɶɧɨ 
ɫɭɳɟɫɬɜɟɧɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢɡɦɟɧɟɧɢɣ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɱɬɨ ɜɥɟɱɟɬ 
ɭɫɥɨɠɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɭɜɟɥɢɱɟɧɢɟ ɝɚɛɚɪɢɬɨɜ, ɦɚɫɫɵ ɢ 
ɫɬɨɢɦɨɫɬɢ ɦɚɲɢɧɵ. 

Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɫɢɫɬɟɦ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ [1, 39, 46] ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɨɟ ɧɚɥɢɱɢɟ 
ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɝɢɞɪɨɫɢɫɬɟɦ, ɱɬɨ ɧɟ ɜɫɟɝɞɚ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ, ɨɫɨɛɟɧɧɨ, ɜ ɭɫɥɨɜɢɹɯ 
ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɞɚɥɟɧɢɹ ɬɟɯɧɢɤɢ ɨɬ ɫɬɚɰɢɨɧɚɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ. 
ɇɚɝɪɟɜɚɬɟɥɶɧɵɟ ɠɟ ɷɥɟɦɟɧɬɵ, ɩɢɬɚɸɳɢɟɫɹ ɨɬ ɛɨɪɬɨɜɨɣ ɫɟɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɢɦɟɸɬ ɧɢɡɤɢɣ ɄɉȾ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɸɬ ɧɚɝɪɭɡɤɭ ɷɥɟɤɬɪɨɫɢɫɬɟɦɵ 
ɤɪɚɧɚ. 

Ʉɨɧɫɬɪɭɤɰɢɹ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɡɚ ɫɱɟɬ ɬɟɩɥɚ ɜɵɞɟɥɹɟɦɨɝɨ 
Ⱦȼɋ ɫɨɫɬɨɢɬ ɢɡ ɬɪɭɛɱɚɬɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɢ ɤɪɵɲɤɢ, ɤɪɟɩɹɳɟɣɫɹ ɤ ɛɥɨɤ-
ɤɚɪɬɟɪɭ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɩɨɦɨɳɢ ɛɨɥɬɨɜ. Ɇɚɫɥɨ, ɩɨɞɚɜɚɟɦɨɟ ɝɢɞɪɨɧɚɫɨɫɨɦ, 
ɧɚɝɪɟɜɚɟɬɫɹ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ ɡɚ ɫɱɟɬ ɬɟɩɥɚ ɜɵɞɟɥɹɟɦɨɝɨ Ⱦȼɋ. 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɬɨ, ɱɬɨ ɜ ɧɚɱɚɥɶɧɵɣ 
ɦɨɦɟɧɬ ɩɪɨɤɚɱɤɢ ɦɚɫɥɚ ɱɟɪɟɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɪɩɭɫɧɵɯ ɞɟɬɚɥɟɣ 
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ɞɜɢɝɚɬɟɥɹ ɜɫɟ ɟɳɟ ɨɫɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɣ. Ɋɚɡɨɝɪɟɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɲɶ ɡɚ ɫɱɟɬ ɟɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ ɛɚɪɛɨɬɢɪɨɜɚɧɢɹ 
ɲɟɫɬɟɪɟɧɧɵɦ ɧɚɫɨɫɨɦ, ɱɬɨ ɜɟɞɟɬ ɤ ɟɝɨ ɩɨɜɵɲɟɧɧɨɦɭ ɢɡɧɚɲɢɜɚɧɢɸ. ȼ ɩɟɪɢɨɞ 
ɠɟ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɞɜɢɝɚɬɟɥɹ ɜɨɡɪɚɫɬɟɬ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨ ɭɫɬɚɧɨɜɢɜɲɟɣɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ, ɬɟɦɩɟɪɚɬɭɪɚ ɛɥɨɤɚ ɰɢɥɢɧɞɪɨɜ 
ɛɭɞɟɬ ɧɚɦɧɨɝɨ ɩɪɟɜɵɲɚɬɶ ɪɚɰɢɨɧɚɥɶɧɭɸ ɪɚɛɨɱɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɝɢɞɪɨɠɢɞɤɨɫɬɢ, 
ɫɨɡɞɚɜɚɹ ɬɟɦ ɫɚɦɵɦ ɭɫɥɨɜɢɹ ɞɥɹ ɭɯɭɞɲɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

ɋɢɫɬɟɦɵ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ Ⱦȼɋ [1, 6, 
47] ɬɚɤɠɟ ɧɟ ɧɚɲɥɢ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɦɚɫɥɨ 
ɝɢɞɪɨɫɢɫɬɟɦɵ ɩɪɟɬɟɪɩɟɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɥɨɤɚɥɶɧɵɟ ɩɟɪɟɝɪɟɜɵ ɜ ɪɟɠɢɦɟ ɟɝɨ 
ɪɚɡɨɝɪɟɜɚ, ɬɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɩɪɢ ɜɵɩɭɫɤɟ ɢɯ ɢɡ 
ɞɜɢɝɚɬɟɥɹ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɪɚɰɢɨɧɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ. ɉɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɭɫɤɨɪɹɟɬɫɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶɩɪɨɰɟɫɫɚɨɤɢɫɥɟɧɢɹɢɨɤɢɫɥɢɬɟɥɶɧɨɣɩɨɥɢɦɟɪɢɡɚɰɢɢ–
ɷɬɨɹɜɥɹɟɬɫɹɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ ɫɬɚɪɟɧɢɹ ɦɚɫɥɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɵɞɟɥɹɸɬɫɹ ɢ 
ɜɵɩɚɞɚɸɬ ɜ ɨɫɚɞɨɤ ɨɪɝɚɧɢɱɟɫɤɢɟ ɤɢɫɥɨɬɵ ɢ ɚɫɮɚɥɶɬɨɫɦɨɥɢɫɬɵɟ ɜɟɳɟɫɬɜɚ, 
ɤɨɬɨɪɵɟ ɡɚɫɨɪɹɸɬ ɦɚɫɥɨɩɪɨɜɨɞɵ ɢ ɤɚɧɚɥɵ. 

Ɋɚɫɫɦɨɬɪɟɧɧɵɟ ɜɵɲɟ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ ɢ ɬɟɯɧɢɱɟɫɤɢɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɩɪɢ 
ɧɟɨɫɩɨɪɢɦɨɣ ɜɚɠɧɨɫɬɢ ɢ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ, ɜɫɟ ɠɟ ɧɟ ɩɨɥɧɨɫɬɶɸ 
ɪɟɲɚɸɬ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɨɣ ɫ ɭɥɭɱɲɟɧɢɟɦ ɜɵɯɨɞɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɝɢɞɪɨɫɢɫɬɟɦɵ, ɨɫɨɛɟɧɧɨ, ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. Ɉɧɢ 
ɦɨɝɭɬ ɛɵɬɶ ɭɥɭɱɲɟɧɵ ɡɚ ɫɱɟɬ ɤɨɦɩɥɟɤɫɚ ɦɟɪɨɩɪɢɹɬɢɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 
ɪɚɰɢɨɧɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɝɢɞɪɨɫɢɫɬɟɦɵ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɜɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɫɩɨɫɨɛɵ ɩɨɞɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, 
ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɫɩɨɫɨɛɚ. 
ȼɵɛɪɚɧɧɵɣ ɩɨɞɨɝɪɟɜɚɬɟɥɶ ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: 

– ɦɢɧɢɦɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɧɚ ɪɚɡɨɝɪɟɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
– ɦɢɧɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ; 
– ɨɬɫɭɬɫɬɜɢɟ ɫɥɨɠɧɵɯ ɢ ɞɨɪɨɝɢɯ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɢ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɵɯ ɪɚɛɨɱɢɯ 
ɷɥɟɦɟɧɬɨɜ; 

– ɪɚɜɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɪɨɤɚ ɫɥɭɠɛɵ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ; 
– ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɤɥɸɱɟɧɢɹ ɪɚɡɨɝɪɟɜɚ ɧɚ ɨɯɥɚɠɞɟɧɢɟ; 
– ɩɪɨɫɬɨɬɚ ɢ ɚɜɬɨɦɚɬɢɡɦ ɜɤɥɸɱɟɧɢɹ, ɜɵɤɥɸɱɟɧɢɹ ɢ ɩɟɪɟɤɥɸɱɟɧɢɹ; 
– ɪɟɦɨɧɬɨɩɪɢɝɨɞɧɨɫɬɶ. 
ɂɡ ɜɫɟɯ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɫɩɨɫɨɛɨɜ ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɜ ɩɨɥɧɨɣ 

ɦɟɪɟ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɢ ɨɞɢɧ. ɉɨɷɬɨɦɭ, ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɫɢɫɬɟɦɭ ɞɥɹ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ. ȿɟ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɤɚɤ ɞɥɹ 
ɩɨɞɨɝɪɟɜɚ, ɬɚɤ ɢ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɦɚɫɥɚ ɜ ɭɫɥɨɜɢɹɯ ɩɨɧɢɠɟɧɧɵɯ ɢɥɢ 
ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. 

ɗɬɚ ɫɢɫɬɟɦɚ ɫɨɞɟɪɠɢɬ ɝɢɞɪɨɧɚɫɨɫ, ɫɨɨɛɳɟɧɧɵɣ ɧɚɩɨɪɧɨɣ ɝɢɞɪɨɥɢɧɢɟɣ ɫ 
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ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ, ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫ ɛɚɤɨɦ ɩɨɫɪɟɞɫɬɜɨɦ ɫɥɢɜɧɨɣ ɝɢɞɪɨɥɢɧɢɢ, 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɜ ɭɩɨɦɹɧɭɬɨɣ ɧɚɩɨɪɧɨɣ 
ɝɢɞɪɨɥɢɧɢɢ, ɦɚɫɥɹɧɵɣ ɧɚɫɨɫ ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ ɞɜɢɝɚɬɟɥɹ ɢ ɜɟɧɬɢɥɹɬɨɪ ɛɥɨɤɚ 
ɨɯɥɚɠɞɟɧɢɹ ɤɚɛɢɧɵ, ɬɚɤɠɟ ɫɨɟɞɢɧɟɧɧɵɟ ɫ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ, ɢ ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, 
ɱɬɨ ɞɥɹ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɩɥɨɜɚɹ 
ɷɧɟɪɝɢɹ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɢɡ ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ Ⱦȼɋ. 

Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɢɬ ɭɫɬɪɚɧɢɬɶ ɨɬɦɟɱɟɧɧɵɟ ɜɵɲɟ ɧɟɞɨɫɬɚɬɤɢ, ɢ ɟɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɜɵɫɢɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɭɥɭɱɲɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦ ɡɚ 
ɫɱɟɬ ɪɚɡɨɝɪɟɜɚ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɪɚɤɬɨɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɵɦ 
ɫɪɟɞɫɬɜɨɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɪɟɚɥɢɡɨɜɚɬɶɟɝɨ ɩɨɬɟɧɰɢɚɥɶɧɵɟ 
ɜɨɡɦɨɠɧɨɫɬɢ. ɗɬɨ ɜɨɡɦɨɠɧɨ ɡɚ ɫɱɟɬ ɬɟɤɭɳɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
(ɦɨɞɟɪɧɢɡɚɰɢɢ) ɝɢɞɪɨɫɢɫɬɟɦɵ ɤɪɚɧɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɭɬɟɦ ɪɚɡɪɚɛɨɬɤɢ 
ɫɢɫɬɟɦɵ ɟɟ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
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2 ɌȿɈɊȿɌɂɑȿɋɄɈȿ ɈȻɈɋɇɈȼȺɇɂȿ ɉɊɂɆȿɇȿɇɂə ɋɂɋɌȿɆɕ 
ɌȿɊɆɈɊȿȽɍɅɂɊɈȼȺɇɂə ɊȺȻɈɑȿɃ ɀɂȾɄɈɋɌɂ ȼ ȽɂȾɊɈɋɂɋɌȿɆȿ 
ȺȼɌɈɆɈȻɂɅɖɇɈȽɈ ɄɊȺɇȺ 

 
ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɦɨɛɢɥɶɧɵɯ ɦɚɲɢɧ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɦɟɯɚɧɢɡɦɵ ɞɥɹ ɩɪɢɜɨɞɚ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ, ɜ 
ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɜ ɤɚɱɟɫɬɜɟ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɬɪɚɧɫɦɢɫɫɢɣ. Ɉɛɥɚɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɝɢɞɪɨɫɢɫɬɟɦ ɩɨɫɬɨɹɧɧɨ ɪɚɫɲɢɪɹɟɬɫɹ. Ɋɨɫɬ ɩɪɢɦɟɧɟɧɢɹ 
ɝɢɞɪɨɫɢɫɬɟɦ ɨɛɴɹɫɧɹɟɬɫɹ ɰɟɥɵɦ ɪɹɞɨɦ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɚɝɪɟɝɚɬɨɜ ɩɟɪɟɞ ɦɟɯɚɧɢɱɟɫɤɢɦɢ [48]. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɦɚɲɢɧ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɧɚ 
ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɥɢɹɧɢɟ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɧɚ 
ɬɟɩɥɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɝɢɞɪɨɫɢɫɬɟɦɵ. ɋɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɧɚ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ 
ɬɚɤɠɟ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɪɟɠɢɦ ɪɚɛɨɬɵ 
ɝɢɞɪɨɫɢɫɬɟɦɵ ɢ ɦɚɲɢɧɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɟɬ ɤɚɱɟɫɬɜɟɧɧɚɹ ɫɜɹɡɶ ɦɟɠɞɭ 
ɤɥɢɦɚɬɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹɦɢ (ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ), ɤɨɧɫɬɪɭɤɰɢɟɣ, ɪɟɠɢɦɨɦ ɪɚɛɨɬɵ 
ɝɢɞɪɨɫɢɫɬɟɦɵ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ ɬɟɩɥɨɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɝɢɞɪɨɫɢɫɬɟɦɵ ɫ 
ɞɪɭɝɨɣ [67]. 

Ɍɟɩɥɨɜɨɣ ɪɟɠɢɦ ɜɥɢɹɟɬ ɧɚ ɫɨɫɬɨɹɧɢɟ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɦɟɬɚɥɥɨɜ ɢ ɩɨɥɢɦɟɪɨɜ, ɡɚɡɨɪɚɦɢ ɜ ɩɚɪɚɯ ɬɪɟɧɢɹ ɢ ɧɚɬɹɝɚɦɢ 
ɜ ɪɚɡɴɟɦɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɭɫɥɨɜɢɹɦɢ ɮɢɥɶɬɪɚɰɢɢ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ. ɋɨɫɬɨɹɧɢɟ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɚ ɩɨɫɥɟɞɧɢɟ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, ɨɩɪɟɞɟɥɹɸɬ 
ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɦɚɲɢɧɵ ɜ ɰɟɥɨɦ [1,10]. 

ȼ ɷɬɨɣ ɥɨɝɢɱɟɫɤɨɣ ɰɟɩɢ (ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ – ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ 
ɝɢɞɪɨɫɢɫɬɟɦɵ – ɫɨɫɬɨɹɧɢɟ ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ – ɩɚ- 
ɪɚɦɟɬɪɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɫɢɫɬɟɦɵ – ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɦɚɲɢɧɵ) ɨɬɱɟɬɥɢɜɨ ɜɢɞɧɨ ɦɟɫɬɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɂɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɫɩɨɫɨɛɨɜ ɩɨɞɨɝɪɟɜɚ ɢ ɩɨɞɞɟɪɠɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɫɢɫɬɟɦɚɯ (ɪɢɫɭɧɨɤ 2.1) [40–47]. Ʉɚɠɞɵɣ 
ɢɡ ɧɢɯ ɢɦɟɟɬ ɤɚɤ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ, ɬɚɤ ɢ ɧɟɞɨɫɬɚɬɤɢ, ɚ, ɤɪɨɦɟ ɬɨɝɨ, ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɭɫɬɪɨɣɫɬɜ ɢ ɫɢɫɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɛɵɥɚ 
ɩɪɟɞɥɨɠɟɧɚ ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɞɥɹ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɧɭɬɪɟɧɧɢɟ ɪɟɡɟɪɜɵ Ⱦȼɋ, ɚ ɢɦɟɧɧɨ, ɬɟɩɥɨɜɚɹ ɷɧɟɪɝɢɹ 
ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɢɡ ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ ɞɜɢɝɚɬɟɥɹ [48–50]. 
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ɚ ɛ 

 
 

ɚ – ɢɡɦɟɧɟɧɢɟɦ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ; ɛ – ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟɦ; ɜ – 
ɨɬɪɚɛɨɬɚɜɲɢɦɢ ɝɚɡɚɦɢ Ⱦȼɋ; ɝ – ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ; 

1, 2 – ɦɚɥɵɣ ɢ ɛɨɥɶɲɨɣ ɝɢɞɪɨɛɚɤɢ; 3 – ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ; 4 – ɬɟɪɦɨɞɚɬɱɢɤ; 
5 – ɧɚɫɨɫ; 6 – ɨɫɧɨɜɧɨɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ; 7 – ɝɢɞɪɨɞɜɢɝɚɬɟɥɶ; 8 – ɡɨɥɨɬɧɢɤ; 

9 – ɫɥɢɜɧɚɹ ɦɚɝɢɫɬɪɚɥɶ; 10 – ɤɚɧɚɥ; 11 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 12 – ɞɪɨɫɫɟɥɶ; 
13 – ɩɥɭɧɠɟɪ; 14 – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɞɪɨɫɫɟɥɶ; 15 – ɩɟɪɟɤɥɸɱɚɬɟɥɶ; 16 – ɬɪɭɛɚ 
ɜɵɯɥɨɩɧɚɹ; 17 – Ⱦȼɋ; 18 – ɡɚɫɥɨɧɤɚ; 19 – ɨɬɪɚɠɚɬɟɥɶ; 20 – ɬɪɭɛɚ; 21 – Ɍɗɇɵ 

Ɋɢɫɭɧɨɤ 2.1 - ɋɯɟɦɵ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ, ɥɢɫɬ1
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ɜ ɝ 

 
ɚ – ɢɡɦɟɧɟɧɢɟɦ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ; ɛ – ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟɦ; ɜ – ɨɬɪɚɛɨɬɚɜɲɢɦɢ 

ɝɚɡɚɦɢ Ⱦȼɋ; ɝ – ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ; 
1, 2 – ɦɚɥɵɣ ɢ ɛɨɥɶɲɨɣ ɝɢɞɪɨɛɚɤɢ; 3 – ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ; 4 – ɬɟɪɦɨɞɚɬɱɢɤ; 
5 – ɧɚɫɨɫ; 6 – ɨɫɧɨɜɧɨɣ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶ; 7 – ɝɢɞɪɨɞɜɢɝɚɬɟɥɶ; 8 – ɡɨɥɨɬɧɢɤ; 
9 – ɫɥɢɜɧɚɹ ɦɚɝɢɫɬɪɚɥɶ; 10 – ɤɚɧɚɥ; 11 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 12 – ɞɪɨɫɫɟɥɶ; 
13 – ɩɥɭɧɠɟɪ; 14 – ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɞɪɨɫɫɟɥɶ; 15 – ɩɟɪɟɤɥɸɱɚɬɟɥɶ; 16 – ɬɪɭɛɚ 
ɜɵɯɥɨɩɧɚɹ; 17 – Ⱦȼɋ; 18 – ɡɚɫɥɨɧɤɚ; 19 – ɨɬɪɚɠɚɬɟɥɶ; 20 – ɬɪɭɛɚ; 21 – Ɍɗɇɵ 

Ɋɢɫɭɧɨɤ 2.1, ɥɢɫɬ 2 
 

ȼ ɜɢɞɭ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɪɢ ɨɛɨɫɧɨɜɚɧɢɢ ɩɨɜɵɲɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɝɢɞɪɨɫɢɫɬɟɦɵ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɫɜɹɡɢ ɦɟɠɞɭ ɫɜɨɣɫɬɜɚɦɢ ɭɫɬɪɨɣɫɬɜ 
ɨɯɥɚɠɞɟɧɢɹ ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ Ⱦȼɋ ɢ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɫ ɤɪɢɬɟɪɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɱɟɬɧɵɣ ɪɟɠɢɦ 
ɦɚɫɥɹɧɨɝɨ ɪɚɞɢɚɬɨɪɚ ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ Ⱦȼɋ ɤɪɚɧɚ, ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɧɚ ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɬɪɚɤɬɨɪɧɨɣ 
ɝɢɞɪɨɫɢɫɬɟɦɵ ɢ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɫɢɫɬɟɦɵ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ. 
 

2.1 Ɍɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɫɢɫɬɟɦɵ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

 
ɉɪɢ ɪɚɫɱɟɬɟ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɝɢɞɪɨɫɢɫɬɟɦɵ ɜ ɧɟɝɨ ɨɬɞɟɥɶɧɵɦɢ ɛɥɨɤɚɦɢ 

ɜɯɨɞɹɬ ɪɚɫɱɟɬɵ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɣ ɧɚ ɭɫɬɪɨɣɫɬɜɚɯ ɪɚɡɨɝɪɟɜɚ. 
Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɚɟɦɨɟ ɝɢɞɪɨɫɢɫɬɟɦɨɣ ɨɬ ɭɫɬɪɨɣɫɬɜɚ ɪɚɡɨɝɪɟɜɚ, ɦɨɠɟɬ 
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2 1 

ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ ɩɨ ɮɨɪɦɭɥɟ [1, 51, 52] 
 

           Qɝ= kɌ· FɌ· (Ɍ1-2–Ɍ3)(2.1) 
 
ɝɞɟ    kɌ–ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ; 

FɌ–ɩɥɨɳɚɞɶ ɬɟɩɥɨɨɬɞɚɱɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɦ2 
Ɍ1-2– ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɟɪɟɞ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ, ɨɋ;  
Ɍ3–ɬɟɦɩɟɪɚɬɭɪɚ ɝɨɪɹɱɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɨɫɥɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɨɋ. 
 
Ɍɟɩɥɨɨɛɦɟɧɧɢɤ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɢɞɪɨɛɚɤ, 

ɱɟɪɟɡɤɨɬɨɪɵɣ ɩɪɨɯɨɞɹɬ ɞɜɚ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɷɥɟɦɟɧɬɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɜɢɞɟ 
ɫɢɫɬɟɦɵ ɬɪɭɛɨɤ. Ⱦɥɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɫɯɟɦɭ 
ɞɜɢɠɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ, ɫɨɝɥɚɫɧɨ [53, 54], ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ 
ɩɪɨɬɢɜɨɬɨɱɧɭɸ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɯɨɞɹɳɢɯ ɢ 
ɜɵɯɨɞɹɳɢɯ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ (Δt) ɩɪɢ ɩɪɨɬɢɜɨɬɨɤɟ ɜɫɟɝɞɚ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ 
ɩɪɹɦɨɬɨɤɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɟɪɟɞɚɱɢ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ Q 
ɩɪɢ ɩɪɨɬɢɜɨɬɨɱɧɨɣ ɫɯɟɦɟ ɩɨɬɪɟɛɭɟɬɫɹ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɦɟɧɶɲɟɣ ɩɥɨɳɚɞɢ ɢ, 
ɤɪɨɦɟ ɬɨɝɨ, ɬɨɥɶɤɨ ɜ ɩɪɨɬɢɜɨɬɨɱɧɨɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɟ ɦɨɠɧɨ ɧɚɝɪɟɬɶ ɯɨɥɨɞɧɵɣ 
ɬɟɩɥɨɧɨɫɢɬɟɥɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɛɨɥɟɟ ɜɵɫɨɤɨɣ, ɱɟɦ ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɝɨ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɵɯɨɞɟ t1”>t2

”(ɪɢɫɭɧɨɤ 2.2). 
 

Ɋɢɫɭɧɨɤ 2.2 - ɉɪɨɬɢɜɨɬɨɱɧɚɹ ɫɯɟɦɚ ɞɜɢɠɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ 
 
ɂɫɯɨɞɹ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɭɫɥɨɜɢɣ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɝɢɞɪɨɫɢɫɬɟɦɵ, ɩɪɢɧɢɦɚɟɦ ɫɯɟɦɭ ɞɜɢɠɟɧɢɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɩɟɪɟɤɪɟɫɬɧɭɸ ɫ 
ɱɢɫɥɨɦ ɩɟɪɟɤɪɟɫɬɧɵɯ ɯɨɞɨɜ ɛɨɥɟɟ ɬɪɟɯ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɯɟɦɭ ɞɜɢɠɟɧɢɹ ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɱɢɫɬɨ ɩɪɨɬɢɜɨɬɨɱɧɨɣ [53, 54], ɬɚɤ ɤɚɤ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɤɪɚɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ. Ɉɞɢɧ 
ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɧɚɝɪɟɜɚ, ɜɬɨɪɨɣ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɩɨɧɢɠɟɧɧɵɯ ɢɥɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. 
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ɇɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɟɧ ɜ ɫɢɫɬɟɦɭ ɫɦɚɡɤɢ Ⱦȼɋ ɢ 
ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɢ ɲɬɚɬɧɨɝɨ ɦɚɫɥɹɧɨɝɨ ɪɚɞɢɚɬɨɪɚ ɤɪɚɧɚ. ɗɥɟɦɟɧɬ ɞɥɹ 
ɨɯɥɚɠɞɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫɨɟɞɢɧɟɧ ɫ ɪɟɫɢɜɟɪɨɦ ɩɧɟɜɦɨɫɢɫɬɟɦɵ ɧɚ ɜɯɨɞɟ ɜ 
ɝɢɞɪɨɛɚɤ ɢ ɫɜɨɛɨɞɧɨ ɫɨɨɛɳɟɧ ɫ ɚɬɦɨɫɮɟɪɨɣ ɧɚ ɜɵɯɨɞɟ [48–50]. 

ɋ ɰɟɥɶɸ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɚ, ɩɨɞɜɨɞɹɳɢɟ ɢ ɨɬɜɨɞɹɳɢɟ ɩɚɬɪɭɛɤɢ ɭɫɥɨɜɧɨ 
ɪɚɡɞɟɥɢɦ ɧɚ ɭɱɚɫɬɤɢ, ɜ ɤɨɬɨɪɵɯ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵ ɞɢɚɦɟɬɪɵ ɢ ɪɟɠɢɦ ɬɟɱɟɧɢɹ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ (ɪɢɫɭɧɨɤ 2.3). 
 

1 – Ⱦȼɋ; 2 – ɝɢɞɪɨɛɚɤ; 3 – ɧɚɩɨɪɧɚɹ ɝɢɞɪɨɥɢɧɢɹ; 4 – ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɷɥɟɦɟɧɬ; 5 – ɫɥɢɜɧɚɹ 
ɝɢɞɪɨɥɢɧɢɹ; 6 – ɜɫɚɫɵɜɚɸɳɚɹɝɢɞɪɨɥɢɧɢɹ;7 – ɲɟɫɬɟɪɟɧɧɵɣ ɧɚɫɨɫ; 8 – ɧɚɝɧɟɬɚɬɟɥɶɧɚɹ 

ɝɢɞɪɨɥɢɧɢɹ 
Ɋɢɫɭɧɨɤ 2.3 - ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 

ɝɢɞɪɨɫɢɫɬɟɦɟ 
 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚ ɭɱɚɫɬɤɚɯ 1-2 ɢ 3-4, ɝɞɟ ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ 
ɜɧɭɬɪɢ ɝɢɛɤɢɯ ɪɟɡɢɧɨɚɪɦɢɪɨɜɚɧɧɵɯ ɲɥɚɧɝɚɯ, ɬɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ ɝɪɟɸɳɢɦ 
ɦɚɫɥɨɦ ɢ ɚɬɦɨɫɮɟɪɨɣ ɧɟɡɧɚɱɢɬɟɥɟɧ ɢ ɜ ɯɨɞɟ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɩɨɬɟɪɹɦɢ 
ɬɟɩɥɚ ɡɚ ɫɱɟɬ ɟɫɬɟɫɬɜɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ ɱɟɪɟɡ ɢɯ ɧɚɪɭɠɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ 
ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɧɚ ɜɯɨɞɟ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɦɚɫɥɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɜɢɝɚɬɟɥɹ Ɍɦ= Ɍ1-2= 85±5 oC. 

Ɋɚɫɱɟɬ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ ɫɜɨɞɢɬɫɹ ɤ ɫɨɜɦɟɫɬɧɨɦɭ ɪɟɲɟɧɢɸ 
ɭɪɚɜɧɟɧɢɣ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɢ ɬɟɩɥɨɩɟɪɟɞɚɱɢ [54], ɜ ɤɨɬɨɪɵɯ ɧɟɢɡɜɟɫɬɧɵɦɢ 
ɨɫɬɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɨɫɥɟ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɟɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ 
ɮɨɪɦɭɥɚɦɢ 2.2 ɢ 2.3: 

 

Ɍ23 ɌɦɌɦɌɨZ,                                             (2.2) 
 

 Tଶ−ଷ = T଴ + ሺTM − T଴ሻ ∙ Z ∙ ୋM∙ୡ౦mୋబ∙ୡ౦౥ ,(2.3) 
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ɝɞɟ    Ɍɨ – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɛɚɤɟ,oC; 
Ɍɦ– ɬɟɦɩɟɪɚɬɭɪɚ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɧɚ ɜɯɨɞɟ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ,oC; 
Z– ɨɩɵɬɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ [54] (ɬɚɛɥɢɰɚ2.1); 
Gɦ– ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ,ɦ3/ɫ; 
Gɨ– ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɬɟɦɵ,ɦ3/ɫ; 
ɫɪɨ– ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɦɨɬɨɪɧɨɝɨ 

ɦɚɫɥɚ,Ⱦɠ/(ɤɝ·oC); 
ɫɪɦ– ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

Ⱦɠ/(ɤɝ·oC). 
 

Ɍɚɛɥɢɰɚ 2.1 - Ɂɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ Z ɜ ɭɪɚɜɧɟɧɢɹɯ (2.2), (2.3) [54] 
 

G1  ∙c1 

G2  ∙c2 

k ∙F 

 
G1  ∙c2 

0,033 0,10 0,33 0,50 1 2 3 ∞ 

0 0,033 0,10 0,28 0,39 0,63 0,86 0,96 1,00 
0,01 0,033 0,10 0,28 0,39 0,63 0,86 0,95 0,99 

0,05 0,033 0,10 0,28 0,39 0,62 0,84 0,91 0,95 

0,10 0,033 0,10 0,28 0,38 0,61 0,81 0,89 0,91 

0,20 0,033 0,10 0,27 0,38 0,58 0,76 0,81 0,83 

0,50 0,033 0,10 0,26 0,35 0,52 0,63 0,66 0,67 

1,0 0,033 0,09 0,25 0,32 0,43 0,49 0,50 0,50 

2,0 0,033 0,09 0,21 0,26 0,32 0,33 0,33 0,33 
5,0 0,032 0,08 0,14 0,16 0,17 0,17 0,17 0,17 

10,0 0,028 0,06 0,09 0,09 0,09 0,09 0,09 0,09 

20,0 0,024 0,04 0,05* 0,05 0,05 0,05 0,05 0,05 

50,0 0,016 0,02 0,02 0,02 0,02 0,02 0,02 0,02 

100,0 0,009 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

* Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɟɥɢɱɢɧɵ Z. 
 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɟɞɟɥɵ ɢɡɦɟɧɟɧɢɹ, ɜɵɛɨɪ ɢ ɪɚɫɱɟɬ ɩɟɪɟɦɟɧɧɵɯ ɜɟɥɢɱɢɧ, 
ɜɯɨɞɹɳɢɯ ɜ ɭɪɚɜɧɟɧɢɹ (2.2) ɢ (2.3). 

Ɍɟɦɩɟɪɚɬɭɪɚ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɜɢɝɚɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ 
ɨɩɪɟɞɟɥɟɧɚ ɢɡ ɬɟɯɧɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɹ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɜ ɞɢɡɟɥɶɧɨɦ 
ɞɜɢɝɚɬɟɥɟ ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɧɟ ɞɨɥɠɧɚ 
ɛɵɬɶ ɧɢɠɟ 40 ɨɋ. ɉɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɪɚɛɨɬɚ 
ɞɜɢɝɚɬɟɥɹ ɫɬɚɧɨɜɢɬɶɫɹ ɧɟɭɫɬɨɣɱɢɜɨɣ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬɫɹ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ 
(6…7 %), ɫɬɟɩɟɧɶ ɢɡɧɚɲɢɜɚɧɢɹ ɞɟɬɚɥɟɣ ɞɜɢɝɚɬɟɥɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɨɬ 4 ɞɨ 20 ɪɚɡ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɨɪɦɚɥɶɧɵɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ (85-90 ɨɋ) [2, 6, 13, 14]. 

Ⱦɥɹ ɪɚɡɨɝɪɟɜɚ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɜ ɫɢɫɬɟɦɟ ɫɦɚɡɤɢ ɞɜɢɝɚɬɟɥɹ, ɜɨɞɵ ɢɥɢ 
ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɜ ɫɢɫɬɟɦɟ ɨɯɥɚɠɞɟɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɢ ɞɜɢɝɚɬɟɥɹ ɤ 
ɜɨɫɩɪɢɹɬɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɨɤ ɩɟɪɟɞ ɟɝɨ ɩɭɫɤɨɦ, ɩɪɢɦɟɧɹɸɬ ɫɩɟɰɢɚɥɶɧɨ-
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ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɟ ɧɚ ɤɪɚɧɵ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɩɭɫɤɨɜɵɟ ɩɨɞɨɝɪɟɜɚɬɟɥɢ, ɧɚɩɪɢɦɟɪ, 
ɉɀȻ-200Ȼ, ɉɀȻ-300, ɫɜɟɱɧɨɝɨ, ɮɚɤɟɥɶɧɨɝɨ ɬɢɩɨɜ ɢ ɬ.ɩ. Ɍɟɦ ɫɚɦɵɦ, ɞɨɛɢɜɚɸɬɫɹ 
ɪɚɡɨɝɪɟɜɚ ɞɜɢɝɚɬɟɥɹ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ, ɜɨɞɵ ɢɥɢ ɧɢɡɤɨɡɚɦɟɪɡɚɸɳɟɣ ɠɢɞɤɨɫɬɢ 
ɪɚɜɧɨɣ 50-60 ɨC, ɦɚɤɫɢɦɚɥɶɧɨ ɫɨɤɪɚɳɚɹ, ɬɟɦ ɫɚɦɵɦ, ɩɟɪɢɨɞ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɜ 
ɢɧɬɟɪɜɚɥɟ ɡɚɧɢɠɟɧɧɵɯ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɦɵɯ, ɬɟɦɩɟɪɚɬɭɪ ɪɚɛɨɱɢɯ 
ɠɢɞɤɨɫɬɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɪɟɦɹ ɩɨɞɝɨɬɨɜɤɢ ɞɜɢɝɚɬɟɥɹ ɤ ɜɨɫɩɪɢɹɬɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɧɚɝɪɭɡɨɤ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 30 
ɦɢɧɭɬ [6]. 

Ƚɢɞɪɨɮɢɰɢɪɨɜɚɧɧɵɟ ɦɨɛɢɥɶɧɵɟ ɦɚɲɢɧɵ ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɜ ɡɢɦɧɢɯ 
ɭɫɥɨɜɢɹɯ ɧɚ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɪɚɛɨɬ, ɧɚɩɪɢɦɟɪ, ɪɚɫɱɢɫɬɤɚ ɞɨɪɨɝ ɨɬ ɫɧɟɝɚ ɢ 
ɩɨɫɵɩɤɚ ɩɨɞɴɟɡɞɧɵɯ ɩɭɬɟɣ ɨɩɢɥɤɚɦɢ, ɫɬɪɭɠɤɨɣ, ɫɭɯɢɦ ɩɟɫɤɨɦ, ɪɚɡɝɪɭɡɨɱɧɨ-
ɩɨɝɪɭɡɨɱɧɵɟ ɪɚɛɨɬɵ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɝɪɭɡɨɜ. ȼ ɨɫɧɨɜɧɨɦ, ɜɫɟ ɨɧɢ ɫɨɩɪɹɠɟɧɵ 
ɫ ɩɟɪɟɟɡɞɚɦɢ ɨɬ ɦɟɫɬɚ ɫɬɨɹɧɤɢ ɬɟɯɧɢɤɢ ɞɨ ɦɟɫɬɚ ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ – 
ɫɬɪɨɢɬɟɥɶɧɚɹ ɩɥɨɳɚɞɤɚ.  

ȼɪɟɦɹ, ɩɨɬɪɚɱɟɧɧɨɟ ɧɚ ɩɟɪɟɟɡɞ ɬɟɯɧɢɤɢ, ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ 
ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɟɟ ɢɧɬɟɧɫɢɜɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɪɚɫɱɟɬɟ ɪɚɛɨɱɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɯɨɞɢɬɶ ɢɡ ɞɨɩɭɳɟɧɢɹ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɝɨ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ (ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ) (Ɍɦ) ɤ ɦɨɦɟɧɬɭ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 
ɞɨɫɬɢɝɚɟɬ ɧɨɪɦɚɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ – 85±5 ɨɋ. 

Ⱦɢɚɦɟɬɪ ɢ ɞɥɢɧɭ ɭɱɚɫɬɤɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɜ ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɫɥɭɱɚɟ 
ɜɵɛɢɪɚɸɬ ɤɨɧɫɬɪɭɤɬɢɜɧɨ – ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɝɚɛɚɪɢɬɨɜ ɦɚɲɢɧɵ, ɥɢɬɪɚɠɚ ɢ 
ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ, ɚ ɬɚɤɠɟ ɨɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɝɢɞɪɨɛɚɤɚ ɧɚ ɦɚɲɢɧɟ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɭɱɚɫɬɤɚ ɬɪɭɛɵ ɡɦɟɟɜɢɤɚ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɱɢɫɥɟɧ ɩɨ ɮɨɪɦɭɥɟ 2.4 [1, 51, 53, 54] 
 kଵ = ଵభαభ+δλ+ భλమ(2.4) 

 
ɝɞɟ     α1– ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɞɜɢɝɚɬɟɥɹ ɤ ɫɬɟɧɤɟ 
ɬɪɭɛɵ,ȼɬ/(ɦ2·ɨɋ); 

δ– ɫɪɟɞɧɹɹ ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɬɪɭɛɵ,ɦ;  
Ȝ– ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɧɤɢ ɬɪɭɛɵ,ȼɬ/(ɦ·ɨɋ); 
α2–ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɬɪɭɛɵ ɤ ɜɨɡɞɭɯɭ,ȼɬ/(ɦ2·ɨɋ). 
 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɨɬɞɚɱɢ α1 ɢ α2 ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ 

ɦɚɫɥɚ ɨɩɪɟɞɟɥɹɬɶɫɹ ɧɚ ɨɫɧɨɜɟ ɤɪɢɬɟɪɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 2.5 [1, 52, 54] 
 Nu୫ = Ͳ,Ͳʹͳ ∙ Re୫଴,8 ∙ Pr୫଴,ସଷ ∙ ቀ୔୰m୔୰ౙ ቁ଴,ଶହ ∙ ȟ,(2.5) 

 

ɝɞɟNu–ɱɢɫɥɨ ɇɭɫɫɟɥɶɬɚ,Nu = αభ∙ୢౘభ஛m [1,52, 53]; 
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Rem–ɱɢɫɥɨɊɟɣɧɨɥɶɞɫɚ,Nu = Um∙ୢౘభ୴m  [1,91,101]; 

Pr– ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ [1, 91,101]; 
ȟ1– ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɞɥɹ ɡɦɟɟɜɢɤɨɜɵɯɬɪɭɛ ȟ1=1+d/R [92]; 
db– ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ,ɦ; 
Ȝɦ– ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ,ȼɬ/(ɦ·oC);  
υɦ– ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɜ ɝɢɞɪɨɥɢɧɢɢ,ɦ/ɫ. 
Ȟɦ– ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɦ2/ɫ.  
 
Ɍɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ, ɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ 

ɫɬɟɧɤɢ, ɧɟɢɡɜɟɫɬɧɵ, ɬɨ ɪɟɲɟɧɢɟ ɛɭɞɟɦ ɜɟɫɬɢ ɦɟɬɨɞɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɩɪɢɛɥɢɠɟɧɢɣ (ɪɚɫɱɟɬ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɢɜɟɞɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ 
ȼ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɢɜ ɬɟɦɩɟɪɚɬɭɪɭ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɩɟɪɟɞ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ (Ɍ1-2) ɢ ɩɨɫɥɟ ɧɟɝɨ (Ɍ2-3), ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ 
ɬɟɩɥɨɬɵ (Qɭɪ), ɩɨɥɭɱɚɟɦɨɟ ɝɢɞɪɨɫɢɫɬɟɦɨɣ ɨɬ ɭɫɬɪɨɣɫɬɜɚ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ: 

 
Qɝ= 4260,27 · 0,18 · (90 – 80) = 7668,49 ȼɬ. 
 
ɉɨɥɭɱɚɟɦ ɬɟɩɥɨɬɭ, ɢɞɭɳɭɸ ɧɚ ɧɚɝɪɟɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ 

ɤɪɚɧɚ: 
 
Qɝɩ

ɧɚɝɪi = 17,8 + 7,7 = 25,5 ɤȼɬ. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɜɧɟɲɧɢɣ ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ ɞɥɹ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɜ 

ɝɢɞɪɨɫɢɫɬɟɦɟ, ɩɨ ɫɜɨɢɦ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɩɪɢɛɥɢɠɟɧɧɵɣ ɤ 
ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɫɥɹɧɨɝɨ ɪɚɞɢɚɬɨɪɚ, ɜɵɹɫɧɢɥɢ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ 
ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɞɜɢɝɚɬɟɥɹ ɧɟ ɧɚɪɭɲɚɟɬɫɹ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɝɢɞɪɨɫɢɬɟɦɵ ɩɪɢ ɷɬɨɦ ɜɵɞɟɪɠɢɜɚɟɬɫɹ ɜ ɪɟɤɨɦɟɧɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ. 
Ƚɢɞɪɨɫɢɫɬɟɦɚ ɩɨɥɭɱɚɟɬ ɬɟɩɥɨɬɭ ɧɟ ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɫɚɦɨɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɟɟ ɬɪɟɧɢɹ ɨ ɫɬɟɧɤɢ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ, ɧɨ ɢ 
ɨɬ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɱɬɨ ɨɩɪɚɜɞɵɜɚɟɬ ɟɟ ɩɪɢɦɟɧɟɧɢɟ. 
 

 2.2 Ɉɛɨɫɧɨɜɚɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 
ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

 
Ⱦɥɹ ɪɚɡɨɝɪɟɜɚ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɝɢɞɪɨɫɢɫɬɟɦɵ ɤɪɚɧɚ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɪɚɡɨɝɪɟɜɚ ɞɨɥɠɧɵ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɟɪɟɱɢɫɥɟɧɧɵɦ ɜ ɩ.1.4. 

ɋ ɭɱɟɬɨɦ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ, ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɢ ɢɫɩɨɥɶɡɨɜɚɧɨ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɭɫɬɪɨɣɫɬɜɨ – «ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɝɢɞɪɨɩɪɢɜɨɞɚ». ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɫɨɞɟɪɠɢɬ ɝɢɞɪɨɧɚɫɨɫ, ɫɨɨɛɳɟɧɧɵɣ ɧɚɩɨɪɧɨɣ ɝɢɞɪɨɥɢɧɢɟɣ ɫ ɚɝɪɟɝɚɬɚɦɢ 
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ɝɢɞɪɨɫɢɫɬɟɦɵ ɢ ɛɚɤɨɦ-ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ, ɜ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧɵ ɞɜɚ 
ɬɟɩɥɨɷɥɟɦɟɧɬɚ – ɡɦɟɟɜɢɤ ɢ ɪɚɞɢɚɬɨɪ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɬɢɩɚ ɤɪɚɧɚ ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɛɭɞɟɬ 
ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɩɥɨɳɚɞɢ ɬɟɩɥɨɨɛɦɟɧɚ, 
ɞɢɚɦɟɬɪɚ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɤɚɧɚɥɟ, ɦɚɫɫɵ ɢ ɩɥɨɬɧɨɫɬɢ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 
(ɪɢɫɭɧɨɤ 2.4) ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ: ɞɥɢɧɚ ɨɞɧɨɝɨ ɜɢɬɤɚ ɡɦɟɟɜɢɤɨɜɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 
l, ɨɛɳɚɹ ɞɥɢɧɚ ɡɦɟɟɜɢɤɚ L, ɨɛɳɚɹ ɜɵɫɨɬɚ ɡɦɟɟɜɢɤɚ H, ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ F, ɱɢɫɥɨ ɜɢɬɤɨɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ n. 

 

 
 
 
1 – ɤɪɨɧɲɬɟɣɧ; 2 – ɪɟɥɟ; 3 – ɲɬɭɰɟɪ ɫɥɢɜɧɨɣ; 4 – ɡɦɟɟɜɢɤ; 5 – ɫɤɨɛɚ; 6 – ɲɬɭɰɟɪ; 7 – 

ɤɪɵɲɤɚ ɡɚɞɧɹɹ; 8 – ɤɨɪɩɭɫ; 9 – ɲɬɭɰɟɪ ɫɚɩɭɧɚ; 10 – ɫɚɩɭɧ; 11 – ɮɢɥɶɬɪɭɸɳɢɟ ɷɥɟɦɟɧɬɵ; 12 – 
ɬɟɪɦɨɪɟɝɭɥɹɬɨɪ; 13 – ɫɟɪɞɟɱɧɢɤ; 14 – ɩɪɭɠɢɧɚ; 15 – ɫɬɨɩɨɪ; 16 – ɤɪɚɧ ɲɚɪɨɜɨɣ; 17 – ɪɵɱɚɝ; 18 
– ɤɨɥɶɰɨ; 19 – ɩɪɨɤɥɚɞɤɚ; 20 – ɤɪɵɲɤɚ ɩɟɪɟɞɧɹɹ; 21 – ɛɨɥɬ Ɇ6×16 ȽɈɋɌ 7805-70; 22 – ɜɢɧɬ 
Ɇ5×6 ȽɈɋɌ 11644-75; 23 – ɤɪɵɲɤɚ ɝɨɪɥɨɜɢɧɵ; 24 – ɝɨɪɥɨɜɢɧɚ; 25 – ɩɪɨɤɥɚɞɤɚ; 26 – 
ɬɟɪɦɨɩɚɪɚ; 27 – ɛɨɥɬ Ɇ6×12 ȽɈɋɌ 7805-70; 28 – ɪɚɞɢɚɬɨɪ ɨɯɥɚɠɞɟɧɢɹ 

Ɋɢɫɭɧɨɤ 2.4 - Ɍɟɩɥɨɨɛɦɟɧɧɢɤ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 
 

Ⱦɥɢɧɚ ɨɞɧɨɝɨ ɜɢɬɤɚ ɡɦɟɟɜɢɤɨɜɨɝɨ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ l [ 54] ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (2.6) 
 

lDɡɦ, (2.6) 
 
ɝɞɟ   Dɡɦ – ɞɢɚɦɟɬɪ ɜɢɬɤɚ ɡɦɟɟɜɢɤɚ, ɦ, Dɡɦ = 0,15 ɦ; 
 

ɉɨɞɫɬɚɜɢɦ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ 2.6 ɢ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ: 
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l3,140,150,47ɦ. 
 
ɉɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ F [54] ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.7) 

 F = ୕୩∙Δ୲̅ɫɪ.ɥɨɝ
(2.7) 

  

ɝɞɟ    Q– ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɦɨɳɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɞɚɧɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɨɬ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɞɜɢɝɚɬɟɥɹ ,ɤȼɬ, Q=14,7ɤȼɬ; 

k – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɱɟɪɟɡ ɫɬɟɧɤɭ ɬɪɭɛɤɢ ɡɦɟɟɜɢɤɚ, ɤȼɬ/(ɦ2◦ɫ),  
k = 4260,27 ȼɬ/(ɦ2◦ɫ) (ɉɪɢɥɨɠɟɧɢɟ Ƚ) 

tɫɪ., ɥɨɝ–ɫɪɟɞɧɟ ɥɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ,ɨɋ, 
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 2.8; 

 
 Δt̅˔˓.,ˎˑˆ. = ୲బ" −୲బ′୪୬tˏ˔˓−tబ′tˏ˔˓−tబ"

(2.8) 

 
ɝɞɟtɦɫɪ–ɫɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɋ, tɦɫɪ=85ɨɋ; ݐ଴′ –ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɋ,t=5ɨɋ; ݐ଴"–ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɋ,t=40ɨɋ; 
 

ɉɨɞɫɬɚɜɢɦ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ 2.8, 2.7 ɢ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ:             𝛥̝̅ݐ ˓.,ˎˑˆ. = 42,3ɨɋ;F=0,18 ɦ2. 
 
Ɉɛɳɭɸ ɞɥɢɧɭ ɡɦɟɟɜɢɤɚ L ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ 2.9[54] 
 𝐿 = ி𝜋∙ௗ(2.9) 

 
ɝɞɟ   d – ɧɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ ɡɦɟɟɜɢɤɚ, ɦ, d = 0,016 ɦ; 
 

ɉɨɞɫɬɚɜɢɦ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ 2.9 ɢ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ: 
 

ɑɢɫɥɨ ɜɢɬɤɨɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ n ɧɚɣɞɟɦ ɩɨ ɮɨɪɦɭɥɟ 2.10[54] 
 ݊ = 𝐿௟(2.10) 

 
ɇɚɣɞɟɦ ɱɢɫɥɨ ɜɢɬɤɨɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɩɨɞɫɬɚɜɢɜ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ 

ɮɨɪɦɭɥɭ 2.10 
              ݊ = ͵,ͷͺͲ,Ͷ͹ ≈ ͺ 
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Ɉɛɳɚɹ ɜɵɫɨɬɚ ɡɦɟɟɜɢɤɚ H ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 2.11[54] 
 
H n h, (2.11) 
 

ɝɞɟ h – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɢɬɤɚɦɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɦ, h = 0,1 ɦ; 
 
H  8  0,10  0,8 ɦ. 

 
ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɜɟɞɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɢɬɫɹ 

ɢ ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɗȼɆ. ɋɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɯ ɹɡɵɤɨɜ, ɧɚ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ 
ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. ȼɵɛɨɪ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ 
ɦɧɨɝɢɯ ɭɫɥɨɜɢɣ. ɑɚɫɬɨ ɪɟɲɚɸɳɭɸ ɪɨɥɶ ɨɤɚɡɵɜɚɟɬ ɭɞɨɛɫɬɜɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, 
ɧɚɥɢɱɢɟ ɩɪɨɜɟɪɟɧɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɥɟɝɤɨɫɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɍɚɤɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɨɛɥɚɞɚɟɬ ɩɚɤɟɬ MATLAB, 
ɫɨɞɟɪɠɚɳɢɣ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɢɧɫɬɪɭɦɟɧɬ ɜɢɡɭɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
SIMULINK. 

SIMULINK ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɧɚɝɥɹɞɧɨɫɬɶ ɚɧɚɥɨɝɨɜɵɯ ɦɚɲɢɧ ɢ ɬɨɱɧɨɫɬɶ 
ɰɢɮɪɨɜɵɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɚɲɢɧ. SIMULINK ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ 
ɞɨɫɬɭɩ ɤɨ ɜɫɟɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɩɚɤɟɬɚ MATLAB, ɜ ɬɨɦ ɱɢɫɥɟ ɤ ɛɨɥɶɲɨɣ 
ɛɢɛɥɢɨɬɟɤɟ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ [55]. Ⱦɥɹ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɩɪɨɰɟɫɫɚɦɢ ɜ ɦɨɞɟɥɢ 
ɭɫɬɚɧɨɜɥɟɧ "ɨɫɰɢɥɥɨɝɪɚɮ" - ɛɥɨɤ Scope, ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɢɡɦɟɧɟɧɢɹ 
ɩɟɪɟɦɟɧɧɵɯ ɜɨ ɜɪɟɦɟɧɢ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ 
ɜɵɩɨɥɧɟɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (2.12), (2.13) ɤ 
ɜɢɞɭɄɨɲɢ: 

 ୢ୶tሺ୲ሻୢ୲ = ଵ୊T ሺȝ ∙ b ∙ Zሺtሻ√ଶp(p-p)-Qɭɬ)                                                            (2.12) 

 
 ୢ୶ɞ.ɡ.ୢ୲ = ଵCk ሺU୷ୡ − (R୷I୷) − L୷ ୢI౯ୢ୲ .                                                               (2.13) 

 
ȼɫɟ ɫɯɟɦɵ ɢ ɦɚɤɪɨɛɥɨɤɢ ɫɢɫɬɟɦɵ ɢɡɝɨɬɨɜɥɟɧɵ ɧɚ ɗȼɆ ɩɪɢ ɩɨɦɨɳɢ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜɢɡɭɚɥɢɡɚɰɢɢ MATLAB 6.5 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɛɢɛɥɢɨɬɟɤɢ ɦɨɞɟɥɟɣ «Matlab+Simulink». 

 Ʌɢɧɟɣɧɚɹ ɦɨɞɟɥɶ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ ɫɪɟɞɟ MATLAB 6.5 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.5. 
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Ɋɢɫɭɧɨɤ 2.5 − Ɇɨɞɟɥɶ ɝɢɞɪɨɩɪɢɜɨɞɚ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ ɫɪɟɞɟ MATLAB 6.5 
 

ȼ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɟɥɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ: ɩɨɫɬɨɹɧɧɨɟ 
ɞɚɜɥɟɧɢɟ ɩɢɬɚɧɢɹ (P0 = 21 Ɇɉɚ), ɜɧɟɲɧɢɣ ɜɨɡɦɭɳɚɸɳɢɣ ɦɨɦɟɧɬ (Mb = 0) ɢ 
ɫɢɝɧɚɥ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɡɧɚɱɟɧɢɸ ɩɥɭɧɠɟɪɚ (ymax = 0,3 ɦɦ), ɤɨɬɨɪɵɣ ɦɟɧɹɟɬɫɹ 
ɩɨ ɜɪɟɦɟɧɢ ɢ ɡɚɞɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ “SignalBuilder” ɜ ɉɄ “MATLAB”, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 2.6. 

 
Ɋɢɫɭɧɨɤ 2.6 − Ƚɪɚɮɢɤ ɫɦɟɳɟɧɢɹ ɩɥɭɧɠɟɪɚ ɡɨɥɨɬɧɢɤɚ 

 

ȼɫɟ ɩɨɫɬɨɹɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɚɤɪɨɛɥɨɤɨɜ ɦɨɞɟɥɢ ɝɢɞɪɨɩɪɢɜɨɞɚ 
ɡɚɞɚɜɚɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ “M-ɮɚɣɥɚ” ɜ ɨɬɞɟɥɶɧɨɦ ɬɟɤɫɬɨɜɨɦ ɞɨɤɭɦɟɧɬɟ, ɢɦɟɸɳɢɣ 
ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱦ. 
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2.3 ɋɨɡɞɚɧɢɟ ɦɚɤɪɨɛɥɨɤɨɜ ɞɥɹ ɫɢɫɬɟɦɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ 
ɤɪɚɧɚ 
 

Ɉɫɧɨɜɧɵɦɢ ɦɚɤɪɨɛɥɨɤɚɦɢ ɩɪɢɦɟɧɹɟɦɵɦɢ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ 
ɹɜɥɹɸɬɫɹ: “ɂɫɬɨɱɧɢɤ ɝɢɞɪɨɩɢɬɚɧɢɹ” – ɚɤɫɢɚɥɶɧɨ-ɩɥɭɧɠɟɪɧɵɣ ɧɚɫɨɫ (ɪɢɫɭɧɨɤ 
2.7) ɢ “Ƚɢɞɪɨɩɪɢɜɨɞ” (ɪɢɫɭɧɨɤ 2.8), ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ “Ɂɨɥɨɬɧɢɤ”, 
“ɉɨɥɨɫɬɶ”, “Ɍɟɩɥɨɨɛɦɟɧɧɢɤ”. 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɤɪɨɛɥɨɤɚ “ɂɫɬɨɱɧɢɤ ɝɢɞɪɨɩɢɬɚɧɢɹ” ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 2.7. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɤɪɨɛɥɨɤɚ “Ƚɢɞɪɨɩɪɢɜɨɞ” ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 2.8. 

 
 

 
Ɋɢɫɭɧɨɤ 2.7 − ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɤɪɨɛɥɨɤɚ “ɇɚɫɨɫ” 

 
 

 
Ɋɢɫɭɧɨɤ 2.8 − ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɤɪɨɛɥɨɤɚ “Ƚɢɞɪɨɩɪɢɜɨɞ” 

 
Ɂɨɥɨɬɧɢɤɨɜɵɟ ɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɹɜɥɹɸɬɫɹ ɭɫɬɪɨɣɫɬɜɚɦɢ ɞɥɹ ɨɤɚɡɚɧɢɹ 

ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɢ ɦɨɳɧɨɫɬɶ ɩɨɬɨɤɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɭɟɦɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɨɛɴɟɞɢɧɟɧɧɵɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɨɞɧɨɝɨ 
ɝɢɞɪɨɚɩɩɚɪɚɬɚ.  

Ɇɚɤɪɨɛɥɨɤ “Ɂɨɥɨɬɧɢɤ” (ɪɢɫɭɧɨɤ 2.7) ɪɟɚɥɢɡɭɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ 
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ɡɨɥɨɬɧɢɤɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɢɬɟɥɹ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɨɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ 
ɧɚɝɪɭɡɤɟ.ɍɱɬɟɧɵ ɪɟɤɭɩɟɪɚɬɢɜɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɪɟɠɢɦɵ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɨɦ 
ɞɚɜɥɟɧɢɢ ɩɢɬɚɧɢɹ. 

 

 
 

Ɋɢɫɭɧɨɤ 2.7 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɤɪɨɛɥɨɤɚ “Ɂɨɥɨɬɧɢɤ” 
 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɨɥɨɬɧɢɤɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
 ܳДଵ = ܳଵ − ܳଷ; (2.14)  ܳДଶ = ܳଶ − ܳସ;

  

ɝɞɟ     QД1, QД 2- ɪɚɫɯɨɞɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ;

Q1,2.3,4- ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɤɧɚ ɞɪɨɫɫɟɥɹ;
ɪɚɫɯɨɞɧɚɹ ɪɟɝɭɥɢɪɨɜɨɱɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɪɨɫɫɟɥɢɪɭɸɳɟɝɨ ɨɤɧɚ ɫ 
ɩɟɪɟɦɟɧɧɨɣ ɩɥɨɳɚɞɶɸ ɜɵɪɚɠɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ 2.15: 

 Q = sሺxሻv, (2.15) 
 

ɝɞɟ S(x) − ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹɨɤɧɚ; 
 

v - ɫɤɨɪɨɫɬɶ ɪɟɜɟɪɫɢɜɧɨɝɨ ɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡɞɪɨɫɫɟɥɶ, 
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vi = ஜ√ଶ|Р˒−Рi|ρୱig୬ሺР˒−Рiሻ , ˒˓и i = ͳ,ʹ; vi = ஜ√ଶ|Рi−Р˔ˎ|ρୱig୬ሺРi−Р˔ˎሻ , ˒˓и i = ͵,Ͷ;            (2.16) 

 

ɝɞɟ        − ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ; 

− ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ; 
 

 pi − ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɥɢɧɢɹɯ; 
 p Ï − ɞɚɜɥɟɧɢɟ ɩɢɬɚɧɢɹ; 

            pñë− ɞɚɜɥɟɧɢɟ ɫɥɢɜɚ; 
  

S(x)
 Siሺxሻ = { ୪౮√୶మ+ஔమ ˒˓и х≥଴୪δ୶                 ˒˓и ୶<଴} ; i = ͳ,Ͷ                                   Siሺxሻ ={ ୪౮√୶మ+ஔమ ˒˓и х<଴୪δ୶                 ˒˓и ୶≥଴} ; i = ʹ,͵                                                                        (2.17) 

 
ɝɞɟ        x – ɫɦɟɳɟɧɢɟ ɜɯɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɨɬ ɧɟɣɬɪɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ; 

 lx – ɞɥɢɧɚ ɞɪɨɫɫɟɥɢɪɭɸɳɟɣ ɳɟɥɢ ɨɬɤɪɵɬɨɝɨ ɪɚɛɨɱɟɝɨ ɨɤɧɚ; 
 

 l– ɞɥɢɧɚ ɤɨɥɶɰɟɜɨɣ ɳɟɥɢ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɜ ɪɚɞɢɚɥɶɧɨɦ ɡɚɡɨɪɟ; 
– ɪɚɞɢɚɥɶɧɵɣ ɡɚɡɨɪ. 

 

Ɇɚɤɪɨɛɥɨɤ “Ɂɨɥɨɬɧɢɤ” ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɜɯɨɞɵ ɢ ɜɵɯɨɞɵ: ȼɯɨɞɧɵɟ 
ɩɨɪɬɵ: 

1) y – ɫɦɟɳɟɧɢɹ ɩɥɭɧɠɟɪɚ; 
2) Ɋ1 ɢ Ɋ2 − ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɥɢɧɢɹɯ 1 ɢ2; 
3) Ppit − ɞɚɜɥɟɧɢɹ ɩɢɬɚɧɢɹ. ȼɵɯɨɞɧɵɟ ɩɨɪɬɵ: 
4) Qd1 ɢ Qd2 − ɪɚɫɯɨɞɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɩɨɞɚɜɚɟɦɵɟ ɜ ɝɢɞɪɨɥɢɧɢɢ 1 ɢ2; 
5) Qpit − ɪɚɫɯɨɞ, ɩɨɬɪɟɛɥɹɟɦɵɣ ɨɬ ɢɫɬɨɱɧɢɤɚ ɝɢɞɪɨɩɢɬɚɧɢɹ. 
Ⱦɟɮɨɪɦɚɰɢɹ Ɋɀ ɜ ɡɚɦɤɧɭɬɨɣ ɩɨɥɨɫɬɢ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɵɯ ɩɟɪɟɦɟɳɟɧɢɹɯ 

ɩɨɪɲɧɹ ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɜɧɟɲɧɟɝɨ ɪɚɫɯɨɞɚ Q, ɜɬɟɤɚɸɳɟɝɨ ɜ ɷɬɭ ɩɨɥɨɫɬɶ, ɹɜɥɹɟɬɫɹ 
ɞɢɧɚɦɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɡɚɦɤɧɭɬɨɣ 
ɩɨɥɨɫɬɢ ɩɪɢ ɨɛɴɟɦɧɨɦ ɫɠɚɬɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɩɪɭɝɨɫɬɢ ɩɨɥɨɫɬɢ. 

Ɇɚɤɪɨɛɥɨɤ “ɉɨɥɨɫɬɶ” (ɪɢɫɭɧɨɤ 2.8) ɪɟɚɥɢɡɭɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ 
ɡɚɦɤɧɭɬɨɣ ɝɟɪɦɟɬɢɱɧɨɣ ɩɨɥɨɫɬɢ ɫ ɭɩɪɭɝɨɣ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɶɸ ɩɪɢ ɧɚɥɢɱɢɢ 
ɭɫɬɪɨɣɫɬɜ ɨɝɪɚɧɢɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ 
(ɢɞɟɚɥɶɧɵɟ ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɵɣ ɢ ɩɨɞɩɢɬɨɱɧɵɣ ɤɥɚɩɚɧɵ) ɢɥɢ ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ 
ɨɝɪɚɧɢɱɟɧɢɹ (ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɹɯ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɨɬɪɢɰɚɬɟɥɶɧɵɦ).Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɥɨɫɬɢ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

Ɇɚɤɪɨɛɥɨɤ “ɩɨɥɨɫɬɶ” ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɜɯɨɞɵ ɢ ɜɵɯɨɞɵ:  
ȼɯɨɞɧɨɣ ɩɨɪɬ:Q - ɨɛɴɟɦɧɨɦ ɪɚɫɯɨɞɚ ɫɠɚɬɢɹ.  
ȼɵɯɨɞɧɨɣ ɩɨɪɬ: P - ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 2.8 − ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɤɪɨɛɥɨɤɚ “ɉɨɥɨɫɬɶ” 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɸɳɚɹ ɩɪɨɰɟɫɫɵ ɪɟɰɢɪɤɭɥɹɰɢɢ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɩɨɥɭɱɟɧɚ ɢɫɯɨɞɹ ɢɡ ɪɚɜɟɧɫɬɜɚ ɪɚɫɯɨɞɨɜ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ ɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ: 
 

ȝୢp∫ୢp√ଶg
γ

(Pɞɪ − Pɜɵɯ) − Qɭɬ = π∙ୢtమସ ∙ ୢ୶Tሺ୲ሻୢ୲ ,                                            (2.18) 

 (pୢp − pɜɵɯ) = Δp, (2.19) 

 ∆p = க∙୳మ∙ஓଶg ,(2.20) 

 fୢp = l୳ ∙ bሺtሻ, (2.21)  
 
ɝɞɟ fdp- ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ ɞɪɨɫɫɟɥɹ; 

dp ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ; 
 ɭɞɟɥɶɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ; 
g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ; 
ɪɞɪ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɞɪɨɫɫɟɥɹ;  
ɪɜɵɯ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɞɪɨɫɫɟɥɹ;  
dɌ ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ; 
ξ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 
lɳ – ɞɥɢɧɚ ɧɚɢɛɨɥɟɟ ɭɡɤɨɝɨ ɦɟɫɬɚ ɳɟɥɢ; 
b – ɲɢɪɢɧɚ ɳɟɥɢ. 
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ɍɪɚɜɧɟɧɢɟ 2.18 ɨɩɢɫɵɜɚɟɬ ɩɪɨɰɟɫɫ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɩɨɞɫɢɫɬɟɦɵ «ɞɪɨɫɫɟɥɶ-ɬɟɩɥɨɨɛɦɟɧɧɢɤ».  ɍɪɚɜɧɟɧɢɟ 2.19 − ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ 
ɞɪɨɫɫɟɥɟ. ɍɪɚɜɧɟɧɢɟ 2.20 ɞɚɟɬ ɫɜɹɡɶ ɦɟɠɞɭ ɩɟɪɟɩɚɞɨɦ ɞɚɜɥɟɧɢɹ ɢ ɫɤɨɪɨɫɬɶɸ 
ɞɜɢɠɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ɍɪɚɜɧɟɧɢɟ 2.21 ɨɩɪɟɞɟɥɹɟɬ ɩɥɨɳɚɞɶ ɳɟɥɢ 
ɞɪɨɫɫɟɥɹ. 

Ɇɚɤɪɨɛɥɨɤ “Ɍɟɩɥɨɨɛɦɟɧɧɢɤ” (ɪɢɫɭɧɨɤ 2.9) ɪɟɚɥɢɡɭɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ 
ɦɨɞɟɥɶ 2.13. 

 
 

Ɋɢɫɭɧɨɤ 2.9 − ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɤɪɨɛɥɨɤɚ “Ɍɟɩɥɨɨɛɦɟɧɧɢɤ” 
 

 ȼ ɪɟɡɭɥɶɬɚɬɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɜ ɫɪɟɞɟ “Simulink”ɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜ ɬɟɱɟɧɢɟ ɱɟɬɵɪɟɯ ɫɟɤɭɧɞ, ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɥɨɤɨɜ “Scope”, ɜɵɩɨɥɧɹɸɳɢɯ ɮɭɧɤɰɢɢ ɨɫɰɢɥɥɨɝɪɚɮɨɜ, ɛɵɥɢ 
ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɝɪɚɮɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ: 

-Ɂɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɜ ɧɚɩɨɪɧɨɣ ɢ ɫɥɢɜɧɨɣ ɝɢɞɪɨɥɢɧɢɹɯ ɨɬ ɜɪɟɦɟɧɢ 
ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ (ɪɢɫɭɧɨɤ 2.10). 

-ɋɜɨɞɧɵɣ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ, ɭɝɥɚ ɩɨɜɨɪɨɬɚ, 
ɫɦɟɳɟɧɢɹ ɩɥɭɧɠɟɪɚ ɢ ɞɚɜɥɟɧɢɹ ɩɢɬɚɧɢɹ ɨɬ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ 
(ɪɢɫɭɧɨɤ 2.11). 

-Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɫɯɨɞɚ ɢɫɬɨɱɧɢɤɚ ɝɢɞɪɨɩɢɬɚɧɢɹ ɨɬ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ 
ɝɢɞɪɨɩɪɢɜɨɞɚ (ɪɢɫɭɧɨɤ 2.12). 

-ɋɜɨɞɧɵɟ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɢɬɚɧɢɹ ɢ 
ɞɚɜɥɟɧɢɟ ɩɢɬɚɧɢɹ, ɪɚɡɜɢɜɚɟɦɨɟ ɂȽɉ ɨɬ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ (ɪɢɫɭɧɨɤ 
2.13). 
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Ɋɢɫɭɧɨɤ 2.10 − Ⱦɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɥɢɧɢɹɯ (Ɇɉɚ) 
 

 

 
 

 

Ɋɢɫɭɧɨɤ 2.11 − ɍɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ (ɪɚɞ/ɫ), ɭɝɨɥ ɩɨɜɨɪɨɬɚ (ɪɚɞ.), ɫɦɟɳɟɧɢɟ 
ɩɥɭɧɠɟɪɚ, ɞɚɜɥɟɧɢɟ ɩɢɬɚɧɢɹ 
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Ɋɢɫɭɧɨɤ 2.12 − Ɋɚɫɯɨɞ, ɩɨɬɪɟɛɥɹɟɦɵɣ ɨɬ ɢɫɬɨɱɧɢɤɚ ɝɢɞɪɨɩɢɬɚɧɢɹ 

 
 

 
 

Ɋɢɫɭɧɨɤ 2.13 − Ɂɚɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɢɬɚɧɢɹ, ɞɚɜɥɟɧɢɟ ɩɢɬɚɧɢɹ, 
ɪɚɡɜɢɜɚɟɦɨɟ ɂȽɉ (Ɇɉɚ) 
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3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 
3.1 ɉɪɨɝɪɚɦɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
 
ɉɪɨɝɪɚɦɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɤɥɸɱɚɥɚ ɜ ɫɟɛɹ ɬɪɢ ɷɬɚɩɚ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɜɨɞɢɥɢɫɶ ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɨ ɨɰɟɧɤɟ ɜɥɢɹɧɢɹ 
ɨɛɴɟɦɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɧɚ ɷɧɟɪɝɨɡɚɬɪɚɬɵ ɧɚ ɬɪɟɧɢɟ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ 
ɢɡɦɟɧɟɧɢɟ ɦɨɦɟɧɬɚ ɬɪɟɧɢɹ, ɢ ɨɰɟɧɤɟ ɜɥɢɹɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ 
(ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɭɡɥɚ ɬɪɟɧɢɹ ɢ ɡɚɝɪɹɡɧɟɧɢɹ ɫɦɚɡɨɱɧɨɝɨ ɦɚɫɥɚ 
ɚɛɪɚɡɢɜɧɵɦɢ ɩɪɢɦɟɫɹɦɢ) ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɨɛɪɚɡɰɨɜ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɹ ɩɨ ɫɯɟɦɟ «ɪɨɥɢɤ-ɤɨɥɨɞɤɚ». ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ 
ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚ ɦɚɲɢɧɟ ɬɪɟɧɢɹ ɦɨɞɟɥɢ Ɇɂ-1Ɇ. ɋ ɰɟɥɶɸ 
ɫɨɤɪɚɳɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɨɩɵɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɟɬɨɞɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɪɨɝɪɚɦɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 3.1. 

ɉɪɨɝɪɚɦɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ: 
- ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ 

ɞɢɧɚɦɢɤɭ ɨɛɴёɦɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɜ ɭɫɥɨɜɢɹɯ, ɢɦɢɬɢɪɭɸɳɢɯ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ; 

- ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɣ ɝɢɞɪɨɫɢɫɬɟɦɵ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ; 

ɇɚ ɫɬɟɧɞɟ Ʉɂ-4815Ɇ, ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɞɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɨɛɴёɦɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ Ɇ-10Ƚ2 ȽɈɋɌ 8581-78, ɡɚɩɪɚɜɥɟɧɧɨɝɨ ɜ 
ɥɚɛɨɪɚɬɨɪɧɭɸ ɭɫɬɚɧɨɜɤɭ, ɩɪɟɞɫɬɚɜɥɹɸɳɭɸ ɫɨɛɨɣ ɦɨɞɟɥɶ ɝɢɞɪɨɫɢɫɬɟɦɵ ɤɪɚɧɚ, 
ɜ ɭɫɥɨɜɢɹɯ ɢɦɢɬɢɪɭɸɳɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

Ⱦɥɹ ɩɨɞɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɦɚɲɢɧɵ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ [50] (ɪɢɫɭɧɨɤ 3.1). Ɉɧɚ ɦɨɠɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ 
ɞɜɢɝɚɬɟɥɹ, ɫ ɰɟɥɶɸ ɩɨɞɝɨɬɨɜɤɢ ɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ ɤ ɜɨɫɩɪɢɹɬɢɸ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɨɤ, ɬɚɤ ɢ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 
ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ [48, 50]. 

ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫɨɞɟɪɠɢɬ 
ɝɢɞɪɨɧɚɫɨɫ 1, ɫɨɨɛɳɟɧɧɵɣ ɧɚɩɨɪɧɨɣ ɝɢɞɪɨɥɢɧɢɟɣ 3 ɫ ɚɝɪɟɝɚɬɚɦɢ ɝɢɞɪɨɫɢɫɬɟɦɵ 
ɢ ɛɚɤɨɦ-ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ 15, ɜ ɤɨɬɨɪɨɦ ɪɚɫɩɨɥɨɠɟɧɵ ɞɜɚ ɬɟɩɥɨɷɥɟɦɟɧɬɚ – 
ɡɦɟɟɜɢɤ 7 ɢ ɪɚɞɢɚɬɨɪ 6 ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

Ɇɚɫɥɹɧɵɣ ɧɚɫɨɫ 10 ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ Ⱦȼɋ ɩɨ ɪɚɞɢɚɬɨɪɧɨɣ ɝɢɞɪɨɥɢɧɢɢ 11 
ɩɨɞɚɟɬ ɝɨɪɹɱɟɟ ɦɨɬɨɪɧɨɟ ɦɚɫɥɨ ɢɡ ɞɜɢɝɚɬɟɥɹ ɜ ɡɦɟɟɜɢɤ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɝɞɟ ɨɧɨ 
ɨɫɬɵɜɚɟɬ ɞɨ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɝɪɟɜɚɹ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɪɚɛɨɱɭɸ 
ɠɢɞɤɨɫɬɶɝɢɞɪɨɫɢɫɬɟɦɵɢɡɚɬɟɦɩɨɫɥɢɜɧɨɣɝɢɞɪɨɥɢɧɢɢ8ɩɨɫɬɭɩɚɟɬɨɛɪɚɬɧɨ ɜ 
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ɤɚɪɬɟɪ ɞɜɢɝɚɬɟɥɹ. Ɋɟɫɢɜɟɪ 4 ɩɧɟɜɦɨɫɢɫɬɟɦɵ ɤɪɚɧɚ, ɫɨɟɞɢɧɟɧ ɫ ɪɚɞɢɚɬɨɪɨɦ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɞɥɹ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ ɫɥɭɱɚɟ ɩɟɪɟɝɪɟɜɚ ɦɚɫɥɚ ɫɜɵɲɟ 
ɪɟɤɨɦɟɧɞɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɍɟɦɩɟɪɚɬɭɪɭ ɦɚɫɥɚ ɜɧɭɬɪɢ ɛɚɤɚ ɬɟɩɥɨɨɛɦɟɧɢɤɚ ɪɟɝɢɫɬɪɢɪɭɟɬ 
ɬɟɪɦɨɪɟɝɭɥɹɬɨɪ 12, ɤɨɬɨɪɵɣ ɜɥɢɹɟɬ ɧɚ ɪɚɛɨɬɭ ɜɬɹɝɢɜɚɸɳɢɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 
ɪɟɥɟ 13, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɤɚɬɭɲɤɢ ɫ 
ɩɨɞɩɪɭɠɢɧɟɧɧɵɦɢ ɫɟɪɞɟɱɧɢɤɚɦɢ, ɤɨɬɨɪɵɟ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɭɩɪɚɜɥɹɸɬ 
ɨɬɤɪɵɬɢɟɦ ɲɚɪɨɜɵɯ ɤɪɚɧɨɜ 14, ɢɡɦɟɧɹɹ ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ 
ɢ ɬɟɦ ɫɚɦɵɦ, ɪɟɝɭɥɢɪɭɹ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

 

13 10 11 14  12 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

1 – ɧɚɫɨɫ ɲɟɫɬɟɪɟɧɧɵɣ ɇɒ; 2 – ɡɚɛɨɪɧɚɹ ɝɢɞɪɨɥɢɧɢɹ; 3 – ɧɚɩɨɪɧɚɹ ɝɢɞɪɨɥɢɧɢɹ; 4 – 
ɪɟɫɢɜɟɪ ɩɧɟɜɦɨɫɢɫɬɟɦɵ; 5 – ɧɚɝɧɟɬɚɬɟɥɶɧɚɹ ɩɧɟɜɦɨɥɢɧɢɹ; 6 – ɪɚɞɢɚɬɨɪ ɨɯɥɚɠɞɟɧɢɹ; 7 –

ɡɦɟɟɜɢɤ; 8 – ɫɥɢɜɧɚɹ ɝɢɞɪɨɥɢɧɢɹ; 9 – ɩɨɞɞɨɧ ɤɚɪɬɟɪɚ Ⱦȼɋ;10 – ɦɚɫɥɹɧɵɣ ɧɚɫɨɫ; 11 – 
ɪɚɞɢɚɬɨɪɧɚɹ ɝɢɞɪɨɥɢɧɢɹ ɦɚɫɥɹɧɨɝɨ ɧɚɫɨɫɚ; 12 – ɬɟɪɦɨɪɟɝɭɥɹɬɨɪ; 13 – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ 

ɪɟɥɟ; 14 – ɤɪɚɧɵ ɲɚɪɨɜɵɟ; 15 –ɬɟɩɥɨɨɛɦɟɧɧɢɤ 
Ɋɢɫɭɧɨɤ 3.1- ɋɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 
ȼ ɤɚɱɟɫɬɜɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɪɟɞɫɬɜɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɬɟɧɞ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ Ʉɂ-4815Ɇ, ɫ 
ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɧɟɦ ɲɟɫɬɟɪɟɧɧɵɦ ɧɚɫɨɫɨɦ ɇɒ-50ɍ-3Ʌ ɢ 
ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɦɊ75-ȼ3Ⱥ(ɪɢɫɭɧɨɤ3.2). ɋɬɟɧɞ ɩɨɦɟɳɚɥɫɹ ɜ ɯɨɥɨɞɢɥɶɧɭɸ 
ɤɚɦɟɪɭ Ʉɏ-23 ɌɈɈ «ɗɞɟɥɶɜɟɣɫ» ɢ ɧɚ ɧɟɦ ɦɨɧɬɢɪɨɜɚɥɚɫɶ ɫɢɫɬɟɦɚ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ 3.3). 
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1 – ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ Ɋ75-ȼ3Ⱥ; 2 – ɝɢɞɪɨɧɚɫɨɫ ɇɒ-50ɍ-3Ʌ 
Ɋɢɫɭɧɨɤ 3.2 - Ɇɟɫɬɨ ɭɫɬɚɧɨɜɤɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɧɚ ɫɬɟɧɞɟ 

 

 
1 – ɯɨɥɨɞɢɥɶɧɚɹ ɤɚɦɟɪɚ Ʉɏ-23 ɌɈɈ «ɗɞɟɥɶɜɟɣɫ»; 2 – ɫɬɟɧɞ Ʉɂ-4815Ɇ 

Ɋɢɫɭɧɨɤ 3.3 - Ɉɛɳɢɣ ɜɢɞ ɫɬɟɧɞɚ 
 

Ɇɚɫɥɹɧɵɣ ɧɚɫɨɫ ɜɫɚɫɵɜɚɸɳɟɣ ɝɢɞɪɨɥɢɧɢɟɣ ɫɨɟɞɢɧɹɥɫɹ ɫ ɝɢɞɪɨɛɚɤɨɦ 
ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ. ɇɚɩɨɪɧɚɹ ɝɢɞɪɨɥɢɧɢɹ ɫɜɹɡɵɜɚɥɚ ɧɚɫɨɫ ɫ 
ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɟɦ, ɨɬ ɤɨɬɨɪɨɝɨ ɝɢɞɪɨɠɢɞɤɨɫɬɶ ɩɨɫɬɭɩɚɥɚ ɜ ɫɬɟɧɞ, ɢɥɢ ɠɟ 
ɨɛɪɚɬɧɨ ɜ ɛɚɤ (ɪɢɫɭɧɨɤ 3.4). Ɋɚɡɨɝɪɟɬɨɟ ɦɨɬɨɪɧɨɟ ɦɚɫɥɨ ɩɨɞɚɜɚɥɨɫɶ ɜ ɡɦɟɟɜɢɤ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɨɬ ɬɟɪɦɨɫɬɚɬɚ Thermostat U1 (ȽȾɊ). ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɝɨɪɹɱɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 
ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɯɪɨɦɟɥɶ-ɤɨɩɟɥɟɜɵɦɢ ɬɟɪɦɨɩɚɪɚɦɢ (ɪɢɫ. 3.5) ɬɢɩɚ ɌɏɄ ɫ 
ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɪɟɧɢɹ –50…+60ɨɋ ɢ ɪɟɝɢɫɬɪɢɪɨɜɚɥɨɫɶ ɷɥɟɤɬɪɨɧɧɵɦ 
ɞɜɟɧɚɞɰɚɬɢɬɨɱɟɱɧɵɦ ɩɨɬɟɧɰɢɨɦɟɬɪɨɦ Ʉɋɉ-4 ɫ ɰɟɧɨɣ ɞɟɥɟɧɢɹ 2ɨɋ. 
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4 
 

 

3 
 
 
 
 
 

1 
 
 
 

2 
 
 
 
 
 

 
1 – ɩɨɬɟɧɰɢɨɦɟɬɪ Ʉɋɉ-4; 2 – ɬɟɪɦɨɫɬɚɬ; 3 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 4 – ɫɬɟɧɞ Ʉɂ-4815Ɇ 

Ɋɢɫɭɧɨɤ 3.4 - Ɉɛɳɢɣ ɜɢɞ ɭɫɬɚɧɨɜɤɢ 
 
 
 
 
 
 
 
 
 
 

1 
 

2 
3 

 
 
 
 
 
 
 
 

 
 

1– ɧɚ ɜɯɨɞɟ ɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 2 – ɜ ɫɥɢɜɧɨɣ ɩɪɨɛɤɟ; 3 – ɧɚ ɜɵɯɨɞɟ ɢɡ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ 

Ɋɢɫɭɧɨɤ 3.5 - Ɇɟɫɬɚ ɭɫɬɚɧɨɜɤɢ ɬɟɪɦɨɩɚɪ
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 k 
i 

ɂɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɢ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ ɫ ɩɨɦɨɳɶɸ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɫɬɟɧɞɟ Ʉɂ-4815Ɇ, ɦɚɧɨɦɟɬɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɆȽɧɈɒ-
160 ȽɈɋɌ 8625-77 ɫ ɰɟɧɨɣ ɞɟɥɟɧɢɹ 0,5 ɤɝɫ/ɫɦ2 ɢ ɫɱɟɬɱɢɤɨɜ ɠɢɞɤɨɫɬɢ ɒɀɍ-
40ɋ-6 ȽɈɋɌ 12671-81 ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɫɯɨɞɚ ɜ ɩɪɟɞɟɥɚɯ 40…120 ɥ/ɦɢɧ, ɒɀɍ-
25Ɇ-16 ȽɈɋɌ 12671-81 ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɫɯɨɞɚ ɜ ɩɪɟɞɟɥɚɯ 7…40 ɥ/ɦɢɧ. 
  

3.2 Ɇɟɬɨɞɢɤɚ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ 

 
Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɦɧɨɝɨɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ 

ɗȼɆ ɩɨ ɩɪɨɝɪɚɦɦɚɦ «Excel 2003», «Statistica v.6.0». 
ɉɪɨɬɟɤɚɧɢɟ ɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɚɲɢɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɥɢɧɟɣɧɵɦ 

ɢɡɦɟɧɟɧɢɟɦ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɨɷɬɨɦɭ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɛɵɥɨ 
ɜɵɛɪɚɧɨ ɩɨɥɢɧɨɦɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɢɦɟɸɳɟɟ ɜɢɞ: 

 
 

y b0  bi Xi  bijXi X j  biiX
2, (3.4) 

i1 ij i1 

 
ɝɞɟ    ɭ - ɨɰɟɧɤɚ ɜɵɯɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɨɩɬɢɦɢɡɚɰɢɢ; 

b0, bi, bij - ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 
ɫɜɨɛɨɞɧɵɣ ɱɥɟɧ ɭɪɚɜɧɟɧɢɹ, ɥɢɧɟɣɧɵɟ ɩɚɪɧɵɟ ɢ ɤɜɚɞɪɚɬɢɱɧɵɟ ɷɮɮɟɤɬɵ. 

 Xi, Xj - ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɪɚɜɧɹɯ; 
 k - ɤɨɥɢɱɟɫɬɜɨ ɧɟɡɚɜɫɢɦɵɯ ɮɚɤɬɨɪɨɜ.

Ɉɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ ɢ ɢɯ ɞɢɫɩɟɪɫɢɣ 
ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ ɩɪɨɝɪɚɦɦɟ «Statistica v.6.0», ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɨɣ ɡɚɥɨɠɟɧɵ ɜɫɟ 
ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɱɟɬɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɚɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɤɪɟɬɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɨɬ ɢɫɫɥɟɞɭɟɦɵɯ ɮɚɤɬɨɪɨɜ. 

Ⱦɢɫɩɟɪɫɢɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɢ ɫɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ ɮɨɪɦɭɥɚɦ 

 
 

ݕ̂  = ܾ଴ + ∑ ܾ௜௞௜=ଵ ∙ 𝑋௜ + ∑ ܾ௜௝௞௜≠௝ 𝑋௜𝑋௝ + ∑ ܾ௜௜𝑋௜ଶ௞௜௜ (3.5) 

 
ɝɞɟ     ̂ݕ - ɨɰɟɧɤɚ ɜɵɯɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɨɩɬɢɦɢɡɚɰɢɢ; ܾ଴, ܾ௜ , ܾ௜௝ , ܾ௜௜ – ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɜɨɛɨɞɧɵɣ ɱɥɟɧ ɭɪɚɜɧɟɧɢɹ, ɥɢɧɟɣɧɵɟ, ɩɚɪɧɵɟ ɢ 
ɤɜɚɞɪɚɬɢɱɧɵɟ ɷɮɮɟɤɬɵ; 

Xi, Xj – ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɨɜ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɪɚɜɧɟɧɢɹɯ. 
ɤ – ɤɨɥɢɱɟɫɬɜɨ ɧɟɡɚɜɢɫɢɦɵɯ ɮɚɤɬɨɪɨɜ. 
Ɉɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ ɢ ɢɯ ɞɢɫɩɟɪɫɢɣ 

k k 
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ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ ɩɪɨɝɪɚɦɦɟ «Statistica v.6.0», ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɨɣ ɡɚɥɨɠɟɧɵ ɜɫɟ 
ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɫɱɟɬɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɚɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɤɪɟɬɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɨɬ ɢɫɫɥɟɞɭɟɦɵɯ ɮɚɤɬɨɪɨɜ. 

Ⱦɢɫɩɟɪɫɢɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɢ ɫɪɟɞɧɹɹ ɤɜɚɞɪɚɬɢɱɟɫɤɚɹ ɨɲɢɛɤɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ ɮɨɪɦɭɥɚɦ 3.7 ɢ 3.8: 

 ܵଶሺ̅ݕሻ = ଵ𝑁 ∑ ܵ௨ଶ𝑁௨=ଵ , ܵሺ̅ݕሻ = +√ܵଶሺ̅ݕሻ;                                                       (3.6) 

 
ɝɞɟ    ܵ௨ଶ - ɞɢɫɩɟɪɫɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɩɵɬɨɜ. ܵ௨ଶ = ଵ𝑟−ଵ ∑ ሺݕ௨௩ − ௨̅̅ݕ ̅𝑟௩=ଵ ሻଶ;                                                                            (3.7) 

 
 

ɝɞɟ     r– ɤɨɥɢɱɟɫɬɜɨ ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɩɵɬɨɜ ɜ ɤɚɠɞɨɦ ɧɟɡɚɜɢɫɢɦɨɦ; ݕ௨–ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɨɩɬɢɦɢɡɚɰɢɢ ɜ ɤɚɠɞɨɦ ɧɟɡɚɜɢɫɢɦɨɦ 
ɨɩɵɬɟ. 
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ 
ɚɧɚɥɢɡɚ ɩɪɨɜɟɪɹɥɚɫɶ ɨɞɧɨɪɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɣ ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɩɵɬɨɜ 
ɩɨ ɤɪɢɬɟɪɢɸ Ʉɨɯɪɟɧɚ: 

𝑝ܩ  = 𝑆𝑢మ௠௔௫∑ 𝑆𝑢మ𝑁𝑢=భ < ɬɚɛɥ                                                                                      (3.8)ܩ

 
ɝɞɟ    Gɪ - ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ʉɨɯɪɟɧɚ; 

Gɬɚɛɥ– ɬɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɤɪɢɬɟɪɢɹ Ʉɨɯɪɟɧɚ ɞɥɹ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ: 
ɱɢɫɥɢɬɟɥɹ f1r1 ɢ ɡɧɚɦɟɧɚɬɟɥɹ f2Nɢ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α=0,05.ܵ௨ଶ݉ܽݔ- ɧɚɢɛɨɥɶɲɚɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɞɢɫɩɟɪɫɢɹ ɩɚɪɚɥɥɟɥɶɧɵɯɨɩɵɬɨɜ. 

 
ɉɪɨɜɟɪɤɚ ɝɢɩɨɬɟɡɵ ɨ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ t – ɤɪɢɬɟɪɢɹ (ɤɪɢɬɟɪɢɹ 
ɋɬɶɸɞɟɧɬɚ): 

𝑝ݐ  = |௕𝑖|𝑆ሺ௕𝑖ሻ >  (3.9)                                                                                           ˎ˄˃˕ݐ

 
ɝɞɟ     ɩɨɞ bi ɩɨɧɢɦɚɸɬ b0, bij, bii; 

tɬɚɛɥ – ɬɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ t-ɤɪɢɬɟɪɢɹ ɞɥɹ ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ N(r-1) ɢ 
ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α=0,05.
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Ƚɢɩɨɬɟɡɚ ɨɛ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɨɞɟɥɢ ɩɪɨɜɟɪɹɥɚɫɶ ɩɨ F-ɤɪɢɬɟɪɢɸ (ɤɪɢɬɟɪɢɸ 
Ɏɢɲɟɪɚ): 

𝑝ܨ  = 𝑆˃మ̌𝑆మሺ௬ሻ ≤ ܨ̞ ˃˄ˎ                                                                                       (3.10) 

 
ɝɞɟ    ܵ˃ଶ̌  - ɞɢɫɩɟɪɫɢɹ ɚɞɟɤɜɚɬɧɨɫɬɢ. 

Fɬɚɛɥ– ɬɚɛɥɢɱɧɨɟ ɡɧɚɱɟɧɢɟ F-ɤɪɢɬɟɪɢɹ ɞɥɹ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ∫ɚɞ=N-𝛌, 
∫e = N(r-1) ɢ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ α=0,05. 
 
Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɨɞɧɨɮɚɤɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 

ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɗȼɆ ɩɨ ɩɪɨɝɪɚɦɦɚɦ «Excel 2003», «StatisticaV6.0». 
ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɢɡɦɟɪɟɧɢɣ ɩɪɟɞɟɥɶɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ 

ɨɩɪɟɞɟɥɹɥɢɫɶ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ P = 0,9876 ɩɨ ɮɨɪɦɭɥɟ [57]:  

 δ˒˓ = ± ଶ,ହSA ,(3.11) 

 

ɝɞɟ    S –ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ ɜ ɫɟɪɢɢ; 
А–ɫɪɟɞɧɟɟ ɚɪɢɮɦɟɬɢɱɟɫɤɨɟ ɧɟɫɤɨɥɶɤɢɯɢɡɦɟɪɟɧɢɣ. 

 
3.3 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɦɚɫɥɚ 

ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɫɬɟɧɞɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

 
ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ 

ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɧɚ ɫɬɟɧɞɟ Ʉɂ-4815Ɇ ɜ ɭɫɥɨɜɢɹɯ 
ɢɡɦɟɧɹɸɳɢɯɫɹ ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɩɨ ɜɪɟɦɟɧɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɛɟɡ ɩɪɢɜɟɞёɧ ɧɚ ɪɢɫɭɧɤɟ3.6. 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɪɢɫɭɧɤɟ3.6 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɪɟɦɹ ɩɪɨɝɪɟɜɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 40 ɨɋ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. Ɍɚɤ, ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 
ɨɬ ɦɢɧɭɫ 1 ɨɋ ɞɨ ɦɢɧɭɫ 16 ɨɋ ɜɪɟɦɹ ɩɪɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ 
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 40 ɨɋ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ ɦɢɧɭɫ 6 ɞɨ ɦɢɧɭɫ 16 
ɨɋ ɡɚ ɜɪɟɦɹ ɪɚɛɨɬɵ ɝɢɞɪɨɫɢɫɬɟɦɵ ɧɟ ɨɛɨɪɭɞɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɛɨɥɟɟ 2 ɱɚɫɨɜ ɟɟ ɪɚɛɨɱɚɹ ɠɢɞɤɨɫɬɶ ɧɟ ɞɨɫɬɢɝɥɚ 
ɪɟɤɨɦɟɧɞɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 40 ɨɋ. ɇɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 
ɜɪɟɦɟɧɢ ɩɨɞɝɨɬɨɜɤɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɤ ɪɚɛɨɬɟ, ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɨɫɬɚёɬɫɹ ɧɢɡɤɨɣ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɡɧɨɫɚ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ 
ɞɜɢɝɚɬɟɥɹ ɢ ɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɫɧɢɠɟɧɢɸ ɬɨɩɥɢɜɧɨɣ 
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ɷɤɨɧɨɦɢɱɧɨɫɬɢɤɪɚɧɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɜ 
ɝɢɞɪɨɛɚɤɟ 

 ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.7. 
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Ɋɢɫɭɧɨɤ3.6 - ȼɪɟɦɹ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɝɢɞɪɨɫɢɫɬɟɦɵ ɞɨ 40ɨɋ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 

 
 

 
Ɋɢɫɭɧɨɤ 3.7 - Ɇɚɤɫɢɦɚɥɶɧɚɹ ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɜ ɝɢɞɪɨɛɚɤɟ 
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Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɦɨɞɟɥɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɧɟ 

ɨɛɨɪɭɞɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.8, – ɫ ɫɢɫɬɟɦɨɣ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɚ ɪɢɫɭɧɤɟ 3.9.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɢɧɬɟɪɜɚɥɟ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢ 
ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɪɚɛɨɱɚɹ 
ɠɢɞɤɨɫɬɶ ɝɢɞɪɨɫɢɫɬɟɦɵ ɧɚɝɪɟɜɚɟɬɫɹ ɫ ɩɟɪɟɦɟɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ.  

ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɩɪɚɤɬɢɱɟɫɤɢ ɨɞɢɧɚɤɨɜ. ɇɚɢɛɨɥɟɟ 
ɢɧɬɟɧɫɢɜɧɨ ɨɧɚ ɧɚɝɪɟɜɚɟɬɫɹ ɜ ɩɟɪɜɵɟ 40...60 ɦɢɧɭɬ ɪɚɛɨɬɵ ɝɢɞɪɨɫɢɫɬɟɦɵ. 
Ɍɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɞɥɹ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɢ ɭɫɥɨɜɢɣ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɱɟɪɟɡ 80...120 ɦɢɧɭɬ ɧɟɩɪɟɪɵɜɧɨɣ ɟɝɨ ɪɚɛɨɬɵ ɢ 
ɨɫɬɚёɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɨɣ. Ɉɧɚ ɫɨɫɬɚɜɥɹɟɬ (ɪɢɫɭɧɨɤ 3.7) 10... 12 ɨɋ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɦɢɧɭɫ 16 ɨɋ ɢ 53...54 ɨɋ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 24 ɨɋ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [58, 59]. 

ɋɬɚɛɢɥɢɡɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ 
ɪɚɜɟɧɫɬɜɟ ɬɟɩɥɚ, ɜɵɞɟɥɟɧɧɨɝɨ ɚɝɪɟɝɚɬɚɦɢ ɝɢɞɪɨɫɢɫɬɟɦɵ, ɢ ɬɟɩɥɚ, ɨɬɞɚɧɧɨɝɨ ɜ 
ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɭ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ, ɩɪɢ 
ɧɟɢɡɦɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɫ ɢɡɦɟɧɟɧɢɟɦ 
ɭɫɥɨɜɢɣ ɬɟɩɥɨɨɛɦɟɧɚ (ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ, ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ ɢ ɬ.ɩ.) ɢ ɪɟɠɢɦɚ 
ɧɚɝɪɭɠɟɧɢɹ. 
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1 – ɩɪɢ tɜ = – 16ɨɋ Ɍ = 0,0789τ3 – 2,0724τ2 + 16,894τ – 29,805; 

2 – ɩɪɢ tɜ = – 1ɨɋ Ɍ = 0,0789τ3 – 2,083τ2 + 17,101τ –14,809; 
3 – ɩɪɢ tɜ = 24ɨɋ Ɍ = 0,1007τ3 – 2,5401τ2 + 19,479τ +10,266 

Ɋɢɫɭɧɨɤ3.8 - Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ (Ɍ) ɜ ɛɚɤɟ ɝɢɞɪɨɫɢɫɬɟɦɵ 

 ɫɬɟɧɞɚ, ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ,  
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ (tɜ) 

 

 
1 – ɩɪɢ tɜ = – 16ɨɋ Ɍ = 0,1778τ3 – 4,5936τ2 + 36,499τ – 44,793; 
2 – ɩɪɢ tɜ = – 1ɨɋ Ɍ = 0,1841τ3 – 4,7134τ2 + 36,978τ – 28,324; 

3 – ɩɪɢ tɜ = 24ɨɋ Ɍ = 0,2303τ3 – 5,7981τ2 + 44,37τ – 5,4832 

Ɋɢɫɭɧɨɤ3.9 - Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ (Ɍ) ɜ ɛɚɤɟ  
ɝɢɞɪɨɫɢɫɬɟɦɵ ɫɬɟɧɞɚ, ɨɫɧɚɳɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ,  

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ (tɜ) 
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 Ⱥɧɚɥɢɡ ɪɚɛɨɬɵ ɝɢɞɪɨɫɢɫɬɟɦɵ ɨɛɨɪɭɞɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ                 ɧɚ ɫɬɟɧɞɟ ɩɨɡɜɨɥɢɥ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɜɪɟɦɹ 
ɧɚɝɪɟɜɚ ɦɚɫɥɚ ɞɨ ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 40 ɨɋ ɫɨɫɬɚɜɢɥɨ: ɩɪɢ 
ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɦɚɫɥɚ ɦɢɧɭɫ 16 ɨɋ – 51 ɦɢɧ, ɦɢɧɭɫ 11 ɨɋ – 35 ɦɢɧ, 
ɦɢɧɭɫ 6 ɨɋ – 20 ɦɢɧ, ɦɢɧɭɫ 2 ɨɋ – 16 ɦɢɧ (ɪɢɫɭɧɨɤ 3.6), ɚ ɦɚɤɫɢɦɚɥɶɧɨ 
ɭɫɬɚɧɨɜɢɜɲɚɹɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɛɚɤɟ ɩɨɜɵɫɢɥɚɫɶ ɞɨ 42 ɨɋ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɦɢɧɭɫ 16 ɨɋ ɢ ɞɨ 94 ɨɋ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 24 
ɨɋ (ɪɢɫɭɧɨɤ 3.7). 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɩɵɬɚɧɢɹɦɢ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɭɜɟɥɢɱɢɥɚɫɶ, ɚ ɜɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ 
ɪɟɤɨɦɟɧɞɭɟɦɨɝɨ ɭɪɨɜɧɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ ɫɨɤɪɚɬɢɥɨɫɶ ɢ ɫɨɫɬɚɜɢɥɨ 5…30 
ɦɢɧɭɬ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɧɚɱɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɨɡɞɭɯɚ. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɨɤ ɤɨɪɩɭɫɧɵɯ 
ɞɟɬɚɥɟɣ ɝɢɞɪɨɫɢɫɬɟɦɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɜ ɡɢɦɧɢɯ ɭɫɥɨɜɢɹɯ ɧɚɪɹɞɭ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ 
ɩɪɢɦɟɧɟɧɢɟ ɭɬɟɩɥɢɬɟɥɶɧɵɯ ɱɟɯɥɨɜ, ɤɨɠɭɯɨɜ ɢ ɪɚɡɥɢɱɧɵɯ ɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɞɨɫɬɢɱɶ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɬɟɦɩɟɪɚɬɭɪ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɗȼɆ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɢɥɨɠɟɧɢɢ ȿ. 
 

3.4 Ɋɟɡɭɥɶɬɚɬɵ ɫɬɟɧɞɨɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɡɦɟɧɟɧɢɹ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɚɪɟɝɚɬɨɜ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ɝɢɞɪɨɫɢɫɬɟɦɵ ɝɥɚɜɧɵɦ ɭɫɥɨɜɢɟɦ ɩɪɢɦɟɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɭɫɥɨɜɢɟ, ɱɬɨ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɧɟ ɭɯɭɞɲɚɟɬɫɹ. 

ɋɬɟɧɞɨɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ ɢɡɦɟɧɟɧɢɹ ɨɫɧɨɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ (ɬɚɛɥɢɰɚ 3.1). 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɚɹ ɩɨɞɚɱɚ ɢ ɄɉȾ ɧɚɫɨɫɚ 
ɢɡɦɟɧɹɥɢɫɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. Ɇɚɤɫɢɦɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɟ ɩɨɞɚɱɢ ɢ ɄɉȾ ɧɚɛɥɸɞɚɥɢɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɦɚɫɥɚ 
ɝɢɞɪɨɫɢɫɬɟɦɵ 35…50 ɨɋ ɢ ɫɨɫɬɚɜɥɹɥɢ Qɮ = 100,9…103,1 ɥ/ɦɢɧ ɢ ηɨɛ = 
0,94…0,96. ɇɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɮɚɤɬɢɱɟɫɤɨɣ ɩɨɞɚɱɢ (Qɮ  =  67,7  ɥ/ɦɢɧ)  ɢ  
ɄɉȾ  (ηɨɛ = 0,63) ɧɚɫɨɫɚ ɧɚɛɥɸɞɚɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 80 ɨC. 
ɱɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɫɧɢɠɟɧɢɟɦ ɜɹɡɤɨɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ ɢ 
ɪɟɡɤɨɝɨɜɨɡɪɚɫɬɚɧɢɹɨɛɴɟɦɧɵɯɩɨɬɟɪɶ–ɧɚɪɭɠɧɵɯɭɬɟɱɟɤɢɜɧɭɬɪɟɧɧɢɯɩɟɪɟɬɟɱɟɤ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢɡ ɩɨɥɨɫɬɢ ɫ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɜ ɩɨɥɨɫɬɢ  ɫ ɧɢɡɤɢɦ 
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ɞɚɜɥɟɧɢɟɦ. 
ɉɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɨ 5 ɨɋ, ɜɟɥɢɱɢɧɚ ɩɨɞɚɱɢ 

ɢ ɡɧɚɱɟɧɢɟ ɄɉȾ ɬɚɤɠɟ ɫɧɢɠɚɟɬɫɹ ɞɨ Qɮ = 82,7 ɥ/ɦɢɧ ɢ ηɨɛ = 0,77, ɱɬɨ ɫɜɹɡɚɧɨ ɫ 
ɜɨɡɪɚɫɬɚɧɢɟɦ ɜɹɡɤɨɫɬɢ ɦɚɫɥɚ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɬɨɤɭ ɦɚɫɥɚ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɚ ɬɚɤɠɟ ɭɯɭɞɲɟɧɢɟɦ ɡɚɩɨɥɧɟɧɢɹ ɜɫɚɫɵɜɚɸɳɟɣ ɩɨɥɨɫɬɢ ɧɚɫɨɫɚ. 

 
Ɍɚɛɥɢɰɚ 3.1 - ɂɡɦɟɧɟɧɢɟ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɜ ɫɬɟɧɞɨɜɵɯ 
ɭɫɥɨɜɢɹɯ 
 

Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɨɋ 5 20 35 50 65 80 
ɉɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ, ΔɊ, Ɇɉɚ 0 0 0 0 0 0,5 
Ɏɚɤɬɢɱɟɫɤɚɹ ɩɨɞɚɱɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, Qɮ, 
ɥ/ɦɢɧ 

82,7 92,4 100,9 103,1 88,1 67,7 

Ⱦɚɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ, Ɇɉɚ: 
– ɚɜɬɨɦɚɬɚ ɜɨɡɜɪɚɬɚɡɨɥɨɬɧɢɤɚ 
– ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ ɤɥɚɩɚɧɚ Ɉɛɴɟɦɧɵɣ 
ɄɉȾ,ηɨɛ 

 
11,0 

 
11,0 

 
10,9 

 
10,8 

 
10,9 

 
10,9 

13,1 13,1 13,0 13,0 13,0 13,1 
0,77 0,86 0,94 0,96 0,82 0,63 

 
ɉɚɞɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɚɡɜɢɜɚɟɦɨɝɨ 

ɝɢɞɪɨɧɚɫɨɫɨɦ, ɞɚɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɚɜɬɨɦɚɬɚ ɜɨɡɜɪɚɬɚ ɡɨɥɨɬɧɢɤɨɜ ɢ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ ɤɥɚɩɚɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɢɥɢɫɶ. Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶ 
ɪɚɛɨɬɚɥ ɧɨɪɦɚɥɶɧɨ, ɭɬɟɱɟɤ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɧɟɝɨ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɫɬɟɧɞɨɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ 
ɝɢɞɪɨɫɢɫɬɟɦɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɨɛɴɟɦɧɵɣ ɄɉȾ ɝɢɞɪɨɧɚɫɨɫɚ ɫɧɢɠɚɟɬɫɹ – ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫ 50 ɞɨ 5 ɨɋ ɜ  1,25 
ɪɚɡɚ, ɫ 50 ɨɋ ɞɨ 80 ɜ 1,5 ɪɚɡɚ, ɱɬɨ ɧɚɩɪɹɦɭɸ ɜɥɢɹɟɬ ɧɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 
ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ. ɉɨɞɞɟɪɠɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɦ ɧɚɢɛɨɥɶɲɢɟ ɩɨɤɚɡɚɬɟɥɢ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ, ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ ɦɟɪɨɩɪɢɹɬɢɟɦ, 
ɫɩɨɫɨɛɫɬɜɭɸɳɢɦ ɩɨɜɵɲɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɝɢɞɪɨɫɢɫɬɟɦɵ. 
 

 3.5 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɦɚɫɥɚ 
ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɫɬɟɦɵ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 

ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɪɚɜɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 40ɨɋ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɛɟɡ ɧɟɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ3.10, 3.11. 
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Ɋɢɫɭɧɨɤ 3.10 - ȼɪɟɦɹ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɝɢɞɪɨɫɢɫɬɟɦɵ ɞɨ 40ɨɋ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ 

 
1 – ɩɪɢ tɜ = – 28ɨɋ Ɍ = 0,1568τ3 – 4,273τ2 + 36,947τ – 60,364; 
2 – ɩɪɢ tɜ = – 18ɨɋ Ɍ = 0,131τ3 – 3,5189τ2 + 29,861τ –36,15; 
3 – ɩɪɢ tɜ = – 8ɨɋ Ɍ = 0,1323τ3 – 3,5242τ2 + 29,597τ +29,497 

Ɋɢɫɭɧɨɤ3.11. Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ (Ɍ) ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɤɪɚɧɚ 
ɨɛɨɪɭɞɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɪɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ (tɜ) 
 

Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢɦɟɟɬ ɬɨɬ ɠɟ 
ɯɚɪɚɤɬɟɪ, ɱɬɨ ɢ ɩɪɢ ɫɬɟɧɞɨɜɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɛɟɡ ɭɱɚɫɬɢɹ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɪɚɛɨɬɟ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ ɫɜɵɲɟ 2 ɱɚɫɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɬ 
ɦɢɧɭɫ 28 ɞɨ ɦɢɧɭɫ 8 ɨɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɫɥɚ ɬɚɤ ɢ ɧɟ ɞɨɫɬɢɝɥɚ ɪɟɤɨɦɟɧɞɭɟɦɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ 40ɨɋ. ȼɪɟɦɹ ɧɚɝɪɟɜɚ ɦɚɫɥɚ ɞɨ ɭɤɚɡɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ: ɩɪɢ ɧɚɱɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɦɚɫɥɚ ɦɢɧɭɫ 28 ɨɋ – 82 ɦɢɧ; ɦɢɧɭɫ 18 ɨɋ – 67 ɦɢɧ; ɦɢɧɭɫ 8 ɨɋ – 23 
ɦɢɧ. 

 
 3.6 Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ 

ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
 
ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɮɚɤɬɢɱɟɫɤɚɹ ɩɨɞɚɱɚ ɢ 

ɄɉȾ ɧɚɫɨɫɚ ɢɡɦɟɧɹɥɢɫɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɟ ɩɨɞɚɱɢ ɢ ɄɉȾ ɧɚɛɥɸɞɚɥɢɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚ- ɬɭɪ 
ɦɚɫɥɚ ɝɢɞɪɨɫɢɫɬɟɦɵ 35…50 ɨɋ ɢ ɫɨɫɬɚɜɥɹɥɢ Qɮ = 92,4…95,6 ɥ/ɦɢɧ ɢ ηɨɛ= 
0,86…0,89. ɇɚɢɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ ɮɚɤɬɢɱɟɫɤɨɣ ɩɨɞɚɱɢ (Qɮ= 67,7 ɥ/ɦɢɧ) ɢ ɄɉȾ 
(ηɨɛ= 0,63) ɧɚɫɨɫɚ ɧɚɛɥɸɞɚɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 80 ɨC. ɱɬɨ 
ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɫɧɢɠɟɧɢɟɦ ɜɹɡɤɨɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ ɢ ɪɟɡɤɨɝɨ 
ɜɨɡɪɚɫɬɚɧɢɹ ɨɛɴɟɦɧɵɯ ɩɨɬɟɪɶ – ɧɚɪɭɠɧɵɯ ɭɬɟɱɟɤ ɢ ɜɧɭɬɪɟɧɧɢɯ ɩɟɪɟɬɟɱɟɤ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢɡ ɩɨɥɨɫɬɟɣ ɫ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɜ ɩɨɥɨɫɬɶ ɫ ɛɨɥɟɟ ɧɢɡɤɢɦ 
ɞɚɜɥɟɧɢɟɦ, ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 

ɂɡɦɟɧɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɄɉȾ ɝɢɞɪɨɧɚɫɨɫɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.12. 
 

η 
1,2 

 

 
1 

 

 
0,8 

 

 
0,6 

 

 
0,4 

 

 
0,2 

 

 
  0 

5 20 35 

 

 
50 65 
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t ɦ ,ɨ С 
 

Ɋɢɫɭɧɨɤ 3.12- ɂɡɦɟɧɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɄɉȾ ɝɢɞɪɨɧɚɫɨɫɚ 
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Ɍɚɛɥɢɰɚ 3.2 - ɂɡɦɟɧɟɧɢɟ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
 

Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɨɋ 5 20 35 50 65 80 
ɉɚɞɟɧɢɟ ɞɚɜɥɟɧɢɹ, ΔɊ, Ɇɉɚ 0 0 0 0 0 0,5 
Ɏɚɤɬɢɱɟɫɤɚɹ ɩɨɞɚɱɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, Qɮ, ɥ/ɦɢɧ 67,7 83,8 92,4 95,6 82,7 62,3 
Ⱦɚɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ, Ɇɉɚ: 
– ɚɜɬɨɦɚɬɚ ɜɨɡɜɪɚɬɚɡɨɥɨɬɧɢɤɚ 
– ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ ɤɥɚɩɚɧɚ 
Ɉɛɴɟɦɧɵɣ ɄɉȾ,ηɨɛ 

 
10,8 

 
10,9 

 
11,0 

 
11,0 

 
10,9 

 
10,9 

12,9 13,0 12,9 13,0 13,1 13,1 
0,63 0,78 0,86 0,89 0,77 0,58 

 
ɉɪɢ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɨ 5 ɨɋ, ɜɟɥɢɱɢɧɚ ɩɨɞɚɱɢ ɢ 

ɡɧɚɱɟɧɢɟ ɄɉȾ ɬɚɤɠɟ ɫɧɢɠɚɟɬɫɹ ɞɨ Qɮ = 62,3 ɥ/ɦɢɧ ɢ ηɨɛ = 0,58, ɱɬɨ ɫɜɹɡɚɧɨ ɫ 
ɜɨɡɪɚɫɬɚɧɢɟɦ ɜɹɡɤɨɫɬɢ ɦɚɫɥɚ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɬɨɤɭ ɦɚɫɥɚ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɚɯ, ɚ ɬɚɤɠɟ ɭɯɭɞɲɟɧɢɟɦ ɡɚɩɨɥɧɟɧɢɹ ɜɫɚɫɵɜɚɸɳɟɣ ɩɨɥɨɫɬɢ ɧɚɫɨɫɚ. 

ɉɚɞɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɨɦɢɧɚɥɶɧɨɝɨ ɪɚɡɜɢɜɚɟɦɨɝɨ 
ɝɢɞɪɨɧɚɫɨɫɨɦ, ɞɚɜɥɟɧɢɟ ɫɪɚɛɚɬɵɜɚɧɢɹ ɚɜɬɨɦɚɬɚ ɜɨɡɜɪɚɬɚ ɡɨɥɨɬɧɢɤɨɜ ɢ 
ɩɪɟɞɨɯɪɚɧɢɬɟɥɶɧɨɝɨ ɤɥɚɩɚɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɢɥɢɫɶ. Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶ 
ɪɚɛɨɬɚɥ ɧɨɪɦɚɥɶɧɨ, ɭɬɟɱɟɤ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɧɟɝɨ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. 

ɂɡɦɟɧɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɄɉȾ ɝɢɞɪɨɧɚɫɨɫɚ ɬɚɤ ɠɟ ɧɨɫɹɬ ɩɨɯɨɠɢɣ ɯɚɪɚɤɬɟɪ, 
ɨɞɧɚɤɨ ɢɦɟɟɬ ɧɟɫɤɨɥɶɤɨ ɦɟɧɶɲɢɟ ɡɧɚɱɟɧɢɹ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɜɥɢɹɧɢɟɦ ɧɚ 
ɜɟɥɢɱɢɧɭ ɄɉȾ ɧɟɭɱɬɟɧɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɮɚɤɬɨɪɨɜ, ɧɚɩɪɢɦɟɪ, ɫɤɨɪɨɫɬɢ 
ɜɟɬɪɚ, ɜɨɡɞɟɣɫɬɜɢɟ ɫɧɟɝɚ ɢ ɬ.ɞ. 
 
 

3.7 Ɋɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢ ɫɤɨɪɟɣɲɟɝɨ ɞɨɫɬɢɠɟɧɢɹ 
ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɟɟ ɬɟɦɩɟɪɚɬɭɪ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɧɢɠɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɢɡɧɚɲɢɜɚɧɢɹ ɚɝɪɟɝɚɬɨɜ ɝɢɞɪɨɫɢɫɬɟɦɵ ɬɪɚɤɬɨɪɚ ɢ ɩɨɜɵɲɟɧɢɹ ɬɨɩɥɢɜɧɨɣ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɞɢɡɟɥɹ, ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ, ɦɨɠɧɨ 
ɪɟɤɨɦɟɧɞɨɜɚɬɶ: 

- ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɦɚɫɥɚ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɝɪɟɜɚ ɞɜɢɝɚɬɟɥɹ ɩɪɢ 
ɫɪɟɞɧɟɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ (ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ 
ɞɜɢɝɚɬɟɥɹ ɤ ɜɨɫɩɪɢɹɬɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɨɤ) ɟɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɢ 
ɩɪɨɤɚɱɤɭ ɝɢɞɪɨɧɚɫɨɫɨɦ ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɛɨɬɨɣ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

- ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɪɟɦɹ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɩɟɪɟɟɡɞ ɬɟɯɧɢɤɢ ɤ ɦɟɫɬɭ ɩɪɨ- 
ɜɟɞɟɧɢɹ ɪɚɛɨɬ, ɞɥɹ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 

- ɞɥɹ ɩɨɞɨɝɪɟɜɚ ɦɚɫɥɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɫɢɫɬɟɦɭ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɟɞɥɨɠɟɧɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɞɨɝɪɟɜɚ ɨɛɟɫɩɟɱɢɜɚɟɬ: 
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- ɪɚɡɨɝɪɟɜ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɨ 40ɨɋ ɩɪɢ ɪɚɛɨɬɟ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭ- 
ɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɬɟɱɟɧɢɟ 82 ɦɢɧɭɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɦɢɧɭɫ 28ɨɋ, 
67 ɦɢɧɭɬ ɩɪɢ ɦɢɧɭɫ 18ɨɋ, 23 ɦɢɧɭɬ ɩɪɢ ɦɢɧɭɫ 8ɨɋ ɜ ɭɫɥɨɜɢɹɯ ɯɪɚɧɟɧɢɹ 
ɬɪɚɤɬɨɪɚ ɜ ɦɟɠɫɦɟɧɧɨɟ ɜɪɟɦɹ ɧɚ ɨɬɤɪɵɬɨɣ ɩɥɨɳɚɞɤɟ ɩɨɞ ɧɚɜɟɫɨɦ (ɜ ɡɢɦɧɢɯ 
ɭɫɥɨɜɢɹɯ). 

- ɫɧɢɠɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɡɨɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɬɟɦɵ 
ɧɚ 70...80 % ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɝɪɟɜɚ ɞɜɢɝɚɬɟɥɹ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɪɚɛɨɬɟ 
ɝɢɞɪɨɧɚɫɨɫɚ ɢ ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɜ ɡɢɦɧɢɯ ɭɫɥɨɜɢɹɯ). 

- ɫɧɢɠɟɧɢɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɪɚɡɨɝɪɟɜɚ ɢ ɫɬɚɛɢɥɢɡɚɰɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ – ɩɪɢ ɪɚɛɨɬɟ 
ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɜ ɡɢɦɧɢɯ ɢ ɥɟɬɧɢɯ ɭɫɥɨɜɢɹɯ). 

Ⱦɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɪɟɦɟɧɢ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɝɢɞɪɨɫɢɫɬɟɦɵ ɩɪɢɦɟɧɟɧɢɟ 
ɫɢɫɬɟɦɵ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ 
ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɢ ɜ ɥɟɬɧɢɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɜɢɞɭ 
ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɝɢɞɪɨɫɢɫɬɟɦɭ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɫɨɥɧɟɱɧɨɣ 
ɪɚɞɢɚɰɢɢ, ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɦɨɠɟɬ ɫɬɪɟɦɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɬɶ ɜ 
ɩɟɪɢɨɞ ɩɪɨɜɟɞɟɧɢɹ ɥɟɬɧɢɯ ɪɚɛɨɬ. ɗɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɨɡɪɚɫɬɚɧɢɸ ɭɬɟɱɟɤ, 
ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɢ ɫɬɚɪɟɧɢɹ ɦɚɫɟɥ. ɉɨɷɬɨɦɭ ɞɥɹ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɷɬɢɯ ɹɜɥɟɧɢɣ ɫɢɫɬɟɦɭ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɥɟɬɧɟɟ ɜɪɟɦɹ 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦɵ [48, 49, 
50, 59]. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɞɥɹ ɞɨɪɨɠɧɨ-
ɫɬɪɨɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ, ɪɚɛɨɬɚɸɳɟɣ ɜ ɬɹɠɟɥɵɯ ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɩɪɢ 
ɛɨɥɶɲɢɯ ɩɟɪɟɩɚɞɚɯ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɚ 
ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɫɢɫɬɟɦɵ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɤɨɧɤɪɟɬɧɨɣ ɫɯɟɦɵ ɝɢɞɪɨɫɢɬɟɦɵ. 
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4 Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ 
ɝɢɞɪɨɩɪɢɜɨɞɚ 

 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɩɪɟɞɥɚɝɚɸɬɫɹ ɧɨɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ. 
ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɹɦɢ ɫ ɧɚɢɛɨɥɟɟ 

ɢɧɬɟɧɫɢɜɧɵɦ ɩɪɨɝɪɟɜɨɦ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɪɚɛɨɬɵ ɢ ɩɨɫɥɟɞɭɸɳɢɦ 
ɨɫɥɚɛɥɟɧɢɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚɝɪɟɜɚ. 

 
T = – 0,0084t2 +1,9426t –44,786(4.1) 

 
Ɂɚɜɢɫɢɦɨɫɬɶ ɄɉȾ ɧɚɫɨɫɚ ɨɬ ɫɪɨɤɚ ɫɥɭɠɛɵ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɚ 

ɜɵɪɚɠɟɧɢɟɦ: 
 

ɳ=0,967-0,2ɯ10-4 -0,94ɯ10-8ɯɌ2   (4.2) 
 

ɝɞɟ Ɍ – ɧɚɪɚɛɨɬɤɚ ɝɢɞɪɨɧɚɫɨɫɚ. 
 
Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɝɢɞɪɨɩɪɢɜɨɞɚ. 
ɇɚ ɪɢɫɭɧɤɟ 4.1 ɩɪɢɜɟɞɟɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ 

ɝɢɞɪɨɩɪɢɜɨɞɚ.  
 

 

Ɋɢɫɭɧɨɤ 4.1 - Ȼɥɨɤ ɫɯɟɦɚ ɪɟɰɢɪɤɭɥɹɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵɝɢɞɪɨɩɪɢɜɨɞɚ 
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Ȼɥɨɤ ɫɯɟɦɚ ɫɞɟɪɠɢɬ ɩɨɞɫɢɫɬɟɦɵ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɫɯɟɦɵ: ɧɚɫɨɫ, ɡɨɥɨɬɧɢɤ 
ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ, ɞɪɨɫɫɟɥɶ, ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ.  

ɇɚ ɷɤɪɚɧ Displey ɜɵɜɟɞɟɧɵ ɪɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨɫɯɟɦɵ: 
1) Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚɫɨɫɚ; 
2) ɇɚɩɨɪ ɧɚɫɨɫɚ; 
3) Ɋɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ; 
4) ɉɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɧɚ ɞɪɨɫɫɟɥɟ; 
5) ɋɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
6) Ɍɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. 
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5 Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 
 
Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧɱɟɧɧɨɣ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɨɣ, ɫɨɞɟɪɠɚɳɟɣ ɧɚɭɱɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ, ɬɟɨɪɟɬɢɱɟɫɤɢɟ 
ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɟɲɟɧɢɟ 
ɜɚɠɧɨɣ ɩɪɨɛɥɟɦɵ. Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ 
ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. 

1) Ɋɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɩɨɜɵɲɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɫɬɪɨɢɬɟɥɶɧɵɯ ɤɪɚɧɨɜ 
ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɢɡ ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ 
Ⱦȼɋ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɢ ɟɝɨ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ. 

2) Ɉɩɪɟɞɟɥɟɧɵ ɦɧɨɝɨɮɚɤɬɨɪɧɵɟ ɪɟɝɪɟɫɫɢɨɧɧɵɟ ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨ 
ɭɩɪɨɳɟɧɧɨɣ ɦɟɬɨɞɢɤɟ ɨɩɪɟɞɟɥɹɬɶ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ. 

3) Ɋɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɦɨɞɭɥɹ, ɩɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɨɰɟɧɤɟ, ɫɨɫɬɨɹɧɢɹ ɝɢɞɪɨɩɪɢɜɨɞɚ ɫ ɫɢɫɬɟɦɨɣ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ. 

4) Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɞɪɨɫɫɟɥɶɧɨɝɨ ɝɢɞɪɨɩɪɢɜɨɞɚ ɫ ɫɢɫɬɟɦɨɣ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɞɨ ɦɢɧɭɫ 600ɋ. 
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ɁȺɄɅɘɑȿɇɂȿ 
 

1) ɉɪɟɞɥɨɠɢɥɢ ɫɯɟɦɭ ɪɟɰɢɪɤɭɥɹɰɢɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɜ ɭɫɥɨɜɢɹɯ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɞɨ – 
600ɋ). 

2) ɍɫɬɚɧɨɜɢɥɢ ɜ ɯɨɞɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɪɟɰɢɪɤɭɥɹɰɢɢ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ ɤɪɚɧɚ; 

3) Ɉɛɨɫɧɨɜɚɥɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɡɚ 
ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɢɡ ɫɢɫɬɟɦɵ ɫɦɚɡɤɢ Ⱦȼɋ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɢ ɟɝɨ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɟ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɫɢɫɬɟɦɵ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 

1 Ʉɚɜɟɪɡɢɧ, ɋ.ȼ. Ɉɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 
ɩɪɢɜɨɞɚ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ɋ.ȼ. Ʉɚɜɟɪɡɢɧ, ȼ.ɉ. 
Ʌɟɛɟɞɟɜ, ȿ.Ⱥ. ɋɨɪɨɤɢɧ. – Ʉɪɚɫɧɨɹɪɫɤ, 1997. – 240ɫ. 

2 ȼɥɚɫɨɜ, ɉ.Ⱥ. ɇɚɞɟɠɧɨɫɬɶ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɬɟɯɧɢɤɢ: ɭɱɟɛɧɨɟ 
ɩɨɫɨɛɢɟ /ɉ.Ⱥ. ȼɥɚɫɨɜ. – ɉɟɧɡɚ: ɊɂɈ ɉȽɋɏȺ, 2001. – 124 ɫ. 

3 ȿɮɢɦɨɜ, ȼ.ȼ. Ɉɛɟɫɩɟɱɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ ɝɢɞɪɨɫɢɫɬɟɦ 
ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɬɟɯɧɢɤɢ ɩɪɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɩɫɨɜɨɝɨ 
ɦɚɫɥɚ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ: ɞɢɫ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ / ȼ.ȼ. ȿɮɢɦɨɜ. – 
ɋɚɦɚɪɚ, 2000. – 177ɫ. 

4 Ⱦɢɞɭɪ, ȼ.Ⱥ. Ⱦɢɚɝɧɨɫɬɢɤɚ ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɨɜ 
ɦɚɲɢɧ: ɭɱɟɛɧɢɤ / ȼ.Ⱥ. Ⱦɢɞɭɪ, ȼ.ə. ȿɮɪɟɦɨɜ. – Ʉɢɟɜ: Ɍɟɯɧɢɤɚ, 1986. – 128ɫ. 

5 ȼɥɚɫɨɜ, ɉ.Ⱥ. ɉɨɜɵɲɟɧɢɟ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɢ 
ɷɤɨɧɨɦɢɱɧɨɫɬɢ ɬɪɚɤɬɨɪɨɜ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɰɢɨɧɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɬɨɩɥɢɜɨ- 
ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ: ɞɢɫ., ɞ-ɪɚ ɬɟɯɧ. ɧɚɭɤ / ɉ.Ⱥ. ȼɥɚɫɨɜ. – ɋɚɪɚɬɨɜ, 1994. – 
63ɫ. 

6 Ɉɪɟɯɨɜ, Ⱥ.Ⱥ. ɋɧɢɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɧɚɲɢɜɚɧɢɹ ɡɭɛɱɚɬɵɯ 
ɬɪɚɤɬɨɪɧɵɯ ɬɪɚɧɫɦɢɫɫɢɣ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɰɢɨɧɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ 
ɬɪɚɧɫɦɢɫɫɢɨɧɧɵɯ ɦɚɫɟɥ: ɞɢɫ. ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ / Ⱥ.Ⱥ. Ɉɪɟɯɨɜ. – ɉɟɧɡɚ, 2001. – 
162ɫ. 

7 ɒɟɜɱɟɧɤɨ, Ⱥ.ɂ. ɋɩɪɚɜɨɱɧɢɤ ɫɥɟɫɚɪɹ ɩɨ ɪɟɦɨɧɬɭ ɬɪɚɤɬɨɪɨɜ: ɫɩɪɚɜɨɱɧɢɤ 
/ Ⱥ.ɂ. ɒɟɜɱɟɧɤɨ, ɉ.ɂ. ɋɚɮɪɨɧɨɜ. – Ʌ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ. Ʌɟɧɢɧɝɪ. ɨɬɞɟɥɟɧɢɟ, 
1989. – 512ɫ. 

8 Ʌɨɜɤɢɫ, Ɂ.ȼ. Ƚɢɞɪɨɩɪɢɜɨɞɵ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɨɣ ɬɟɯɧɢɤɢ: 
ɤɨɧɫɬɪɭɤɰɢɹ ɢ ɪɚɫɱɟɬ: ɭɱɟɛɧɢɤ/ Ɂ.ȼ. Ʌɨɜɤɢɫ. – Ɇɨɫɤɜɚ: Ⱥɝɪɨɩɪɨɦɢɡɞɚɬ, 1990. – 
239ɫ. 

9  ȼɥɚɫɨɜ, ɉ.Ⱥ. Ɍɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɨɩɥɢɜɧɨ-ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɫɢɫɬɟɦɚɯ ɦɨɛɢɥɶɧɵɯ ɦɚɲɢɧ: ɭɱɟɛɧɢɤ / ɉ.Ⱥ. ȼɥɚɫɨɜ, Ⱥ.ɉ. ɍɯɚɧɨɜ, ɂ.Ⱥ. ɋɩɢɰɵɧ 
– ɉɟɧɡɚ: ɊɂɈ ɉȽɋɏȺ, 2001. – 140ɫ. 

10 Ʉɚɜɟɪɡɢɧ, ɋ.ȼ. Ʉɭɪɫɨɜɨɟ ɢ ɞɢɩɥɨɦɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɨ 
ɝɢɞɪɨɩɪɢɜɨɞɭ ɫɚɦɨɯɨɞɧɵɯ ɦɚɲɢɧ: ɦɟɬɨɞɢɱɟɫɤɨɟ ɩɨɫɨɛɢɟ/ɋ.ȼ.Ʉɚɜɟɪɡɢɧ. –
Ʉɪɚɫɧɨɹɪɫɤ:ɉɂɄ «Ɉɮɫɟɬ», 1997. – 384 ɫ. 

11 ȽɈɋɌ 2477-65. ɇɟɮɬɶ ɢ ɧɟɮɬɟɩɪɨɞɭɤɬɵ. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ [Ɍɟɤɫɬ]. – Ɇɨɫɤɜɚ: ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, 1965. – 22ɫ. 

12 ɂɨɧɨɜ, ɉ.Ⱥ. ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɢɡɧɨɲɟɧɧɵɯ ɞɟɬɚɥɟɣ ɷɥɟɤɬɪɨɢɫɤɪɨɜɨɣ ɧɚɩɥɚɜɤɨɣ (ɧɚ ɩɪɢɦɟɪɟ ɡɨɥɨɬɧɢɤɚ 
ɝɢɞɪɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ Ɋ-75): ɞɢɫ. ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ / ɉ.Ⱥ. ɂɨɧɨɜ. – ɋɚɪɚɧɫɤ, 1999. 
– 198ɫ. 

13 ɐɭɰɨɟɜ, ȼ.ɂ. Ɂɢɦɧɹɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɬɪɚɤɬɨɪɨɜ ɢ ɚɜɬɨɦɨɛɢɥɟɣ: ɭɱɟɛɧɢɤ 
/ ȼ.ɂ. ɐɭɰɨɟɜ. – Ɇ.: Ɇɨɫɤɨɜɫɤɢɣ ɪɚɛɨɱɢɣ, 1983. – 111 ɫ. 

14 Ȼɚɪɞɵɲɟɜ, Ɉ.Ⱥ. ɗɤɫɩɥɭɚɬɚɰɢɹ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɡɢɦɨɣ: ɭɱɟɛɧɢɤ/ 
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Ɉ.Ⱥ. Ȼɚɪɞɵɲɟɜ. – Ɇɨɫɤɜɚ: Ɍɪɚɧɫɩɨɪɬ, 1976. – 100 ɫ. 
15 Ɇɢɯɚɣɥɨɜ, Ɇ.ȼ. Ʉɚɤ ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ 
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ɉɟɪɟɱɟɧɶ ɭɫɥɨɜɧɵɯ ɨɛɨɡɧɚɱɟɧɢɣ 
 

Ɍ0– ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢ 
ɨɤɪɭɠɚɸɳɢɦɜɨɡɞɭɯɨɦ,ɨɋ; 

Ɍ – ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
(ɨɩɪɟɞɟɥɹɟɬ ɩɪɟɞɟɥ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɝɢɞɪɨɫɢɫɬɟɦɵ) ɢ ɨɤɪɭɠɚɸɳɢɦ 
ɜɨɡɞɭɯɨɦ,ɨɋ; 

ɋi – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɠɢɞɤɨɫɬɢ ɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, 
ɤȾɠ/ɤɝɨɋ;  

Gi – ɦɚɫɫɚ ɠɢɞɤɨɫɬɢ ɢ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɤɝ; 
Fɬ – ɩɥɨɳɚɞɶ ɬɪɭɛɨɩɪɨɜɨɞɚ; 
ɤɬ – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ 

ɬɪɭɛɨɩɪɨɜɨɞɨɜ;  
Qɬ – ɜɵɞɟɥɹɟɦɨɟ ɬɟɩɥɨ. 
 ɤɨɷɮɮɢɰɢɟɧɬ ɜɪɟɦɟɧɢ, ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɜɪɟɦɟɧɢ ɩɪɨɤɚɱɤɢ ɜɫɟɝɨ 

ɨɛɴɟɦɚ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ; 
k  ɩɨɤɚɡɚɬɟɥɶ ɨɞɧɨɬɚɤɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
Pdp–ɞɚɜɥɟɧɢɟɜ ɧɚɩɨɪɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ɝɢɞɪɨɩɪɢɜɨɞɚ;  
Pɜɵɯ– ɞɚɜɥɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɡ ɞɪɨɫɫɟɥɹ; 
V – ɫɤɨɪɨɫɬɶɢɫɬɟɱɟɧɢɹɠɢɞɤɨɫɬɢ; 
pвх- ɞɚɜɥɟɧɢɟɜɯɨɞɚ; 
pкав- ɞɚɜɥɟɧɢɟ ɩɨɪɨɝɚ ɤɚɜɢɬɚɰɢɢ: 
l – ɞɥɢɧɚɞɪɨɫɫɟɥɹ; 
D – ɞɢɚɦɟɬɪɤɚɧɚɥɚ, ɜ ɤɨɬɨɪɨɦɭɫɬɚɧɨɜɥɟɧɞɪɨɫɫɟɥɶ; 
– ɲɟɪɨɯɨɜɚɬɨɫɬɶɫɬɟɧɨɤɞɪɨɫɫɟɥɹ; 
– ɤɢɧɟɦɚɬɢɱɟɫɤɚɹɜɹɡɤɨɫɬɶɪɚɛɨɱɟɣɫɪɟɞɵ; 
cɩɪ– ɠɟɫɬɤɨɫɬɶ ɩɪɭɠɢɧɵ ɪɟɝɭɥɹɬɨɪɚ ɩɨɞɚɱɢ ɧɚɫɨɫɚ; 
Ke – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 

ɫɢɥɵ ɫɦɟɳɟɧɢɹ ɫɬɚɬɨɪɧɨɝɨ ɤɨɥɶɰɚ e ɩɪɢ ɞɚɜɥɟɧɢɢ ɧɚɫɨɫɚpɧ const; 
m – ɩɪɢɜɟɞɟɧɧɚɹ ɦɚɫɫɚ ɪɟɝɭɥɹɬɨɪɚ; 
sɩ – ɩɥɨɳɚɞɶ ɩɨɪɲɧɹ ɰɢɥɢɧɞɪɚ ɪɟɝɭɥɹɬɨɪɚ; 
lɦ ɢ sɦ – ɞɥɢɧɚ ɢ ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɦɚɝɢɫɬɪɚɥɟɣ ɭɩɪɚɜɥɟɧɢɹ; 
– ɩɥɨɬɧɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
v – ɫɤɨɪɨɫɬɶ ɢɫɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
p – ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ; 
T – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
 ρ – ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ 

ɠɢɞɤɨɫɬɢ; 
Rɭ – ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɦɨɬɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ;  
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I – ɫɢɥɚ ɬɨɤɚ; 
Lɭ – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɨɛɦɨɬɤɢ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ;  
Cɩ –ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɬɢɜɨ-ɗȾɋ; 
xɹ – ɫɦɟɳɟɧɢɟ ɹɤɨɪɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɡɨɥɨɬɧɢɤɚ;  
Ly–ɤɨɷɮɮɢɰɢɟɧɬ ɭɬɟɱɟɤ ɜ ɞɪɟɧɚɠ; 
Lp–ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɬɟɱɟɤ ɦɟɠɞɭ 

ɩɨɥɨɫɬɹɦɢ;  
ȿɠ –ɦɨɞɭɥɶ ɨɛɴɟɦɧɨɣ ɭɩɪɭɝɨɫɬɢ ɠɢɞɤɨɫɬɢ; 
Jgd–ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ; 
fgd–ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ;  
pmax–ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɹɯ 1,2;  
pmax–ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɢ 3;  
pmin–ɦɢɧɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɢ 3;  
Psl–ɞɚɜɥɟɧɢɟ ɫɥɢɜɚ; 
po–ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ; 
 D –ɞɢɚɦɟɬɪ ɡɨɥɨɬɧɢɤɚ; 
kp–ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɟɪɢɦɟɬɪɚ; dz–ɪɚɞɢɚɥɶɧɵɟ ɡɚɡɨɪ, ɦ; 
QД1,QД 2 – ɪɚɫɯɨɞɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
Q1,2.3,4– ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɤɧɚ ɞɪɨɫɫɟɥɹ; 
S (x) –ɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɨɝɨ ɫɟɱɟɧɢɹ ɨɤɧɚ; 
v – ɫɤɨɪɨɫɬɶ ɪɟɜɟɪɫɢɜɧɨɝɨ ɬɟɱɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ; 
– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ; 
– ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ; 
pi – ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɥɢɧɢɹɯ; 
 

p Ï – ɞɚɜɥɟɧɢɟ ɩɢɬɚɧɢɹ; 
pñë– ɞɚɜɥɟɧɢɟ ɫɥɢɜɚ; 
x – ɫɦɟɳɟɧɢɟ ɜɯɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ ɨɬ ɧɟɣɬɪɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ; 
lx – ɞɥɢɧɚ ɞɪɨɫɫɟɥɢɪɭɸɳɟɣ ɳɟɥɢ ɨɬɤɪɵɬɨɝɨ ɪɚɛɨɱɟɝɨ ɨɤɧɚ; 
 

l– ɞɥɢɧɚ ɤɨɥɶɰɟɜɨɣ ɳɟɥɢ, ɨɛɪɚɡɨɜɚɧɧɨɣ ɜ ɪɚɞɢɚɥɶɧɨɦ ɡɚɡɨɪɟ; 
– ɪɚɞɢɚɥɶɧɵɣ ɡɚɡɨɪ; 
pi – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɥɢɧɢɢ; 
Qi – ɪɚɫɯɨɞ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
kɭɩɪ.ɩɨɥ– ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɫɬɢ ɩɨɥɨɫɬɢ; 
Vɬɭɩ – ɨɛɴɟɦ ɩɨɥɨɫɬɢ; 
Eɩɪ– ɩɪɢɜɟɞɟɧɧɵɣ ɨɛɴɟɦɧɵɣ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɨɥɨɫɬɢ ɫ ɠɢɞɤɨɫɬɶɸ; 
fdpɩɥɨɳɚɞɶ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ ɞɪɨɫɫɟɥɹ; 
dp ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɯɨɞɚ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɞɪɨɫɫɟɥɶ; 
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 ɭɞɟɥɶɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ;  
g – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ;  
ɪɞɪ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɜɯɨɞɟ ɞɪɨɫɫɟɥɹ; 
ɪɜɵɯ – ɞɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɞɪɨɫɫɟɥɹ; dɌ 

ɞɢɚɦɟɬɪ ɬɪɭɛɨɩɪɨɜɨɞɚ; 
ξ – ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 
lɳ – ɞɥɢɧɚ ɧɚɢɛɨɥɟɟ ɭɡɤɨɝɨ ɦɟɫɬɚ ɳɟɥɢ; b – ɲɢɪɢɧɚ ɳɟɥɢ; 
t – ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɫɬɢ;  
t0 – ɢɫɤɨɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ; 
t0

ɜ – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɞɤɨɫɬɢ; 
Ɋ – ɩɟɪɟɩɚɞ ɞɚɜɥɟɧɢɹ ɜ ɳɟɥɢ; 
 – ɨɛɴɟɦɧɵɣ ɜɟɫ ɠɢɞɤɨɫɬɢ; 
ɋɬ– ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɠɢɞɤɨɫɬɢ;  
R – ɦɟɯɚɧɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɬɟɩɥɚ;  
T – ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣɠɢɞɤɨɫɬɢ; 
A ɢ ɋ – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
ɤɫɪ–ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɬ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ

 ɱɟɪɟɡ ɷɥɟɦɟɧɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ ɤ ɨɤɪɭɠɚɸɳɟɦɭɜɨɡɞɭɯɭ; 
Fi – ɩɥɨɳɚɞɶ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ;  
ɫi – ɫɪɟɞɧɹɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɢɞɪɨɩɪɢɜɨɞɚ; 
Ji – ɦɚɫɫɚ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ; 
Ɍ – ɩɪɢɪɚɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɛɚɤɟ; 
Ɋ – ɪɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɦɟɠɞɭ ɫɥɢɜɧɨɣ ɢ ɧɚɩɨɪɧɨɣ ɦɚɝɢɫɬɪɚɥɹɦɢ; 
ɞɧ – ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɧɚɫɨɫɚ; 
ɨɛ – ɨɛɳɢɣ ɤ.ɩ.ɞ.; 
R – ɤɨɷɮɮɢɰɢɟɧɬ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ; 

QznQdpdɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɹɟɦɨɟ ɜ ɝɢɞɪɨɩɪɢɜɨɞɟ ɡɚ ɜɪɟɦɹ d; 
ɫznmzndTɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɡɚɬɪɚɱɢɜɚɟɦɨɟ ɧɚ ɧɚɝɪɟɜ 

ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ dT ; 
kznFzn(T T0 )dɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɫɟɢɜɚɟɦɨɟ ɜ ɨɤɪɭɠɚɸɳɭɸ 

ɫɪɟɞɭ ɡɚɜɪɟɦɹ d; 
ɫɝɩ – ɫɪɟɞɧɹɹ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɢɞɪɨɩɪɢɜɨɞɚ; 
Ʉɝɧ– ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ; 
Fɝɩ – ɩɥɨɳɚɞɶ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ; 
mɝɧ – ɦɚɫɫɚ ɷɥɟɦɟɧɬɨɜ ɝɢɞɪɨɩɪɢɜɨɞɚ; 
Ɍ0 – ɬɟɤɭɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; 
n – ɱɢɫɥɨ ɰɢɤɥɨɜ ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ.  
n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɝɢɞɪɨɧɚɫɨɫɚ; 
U – ɧɚɩɪɹɠɟɧɢɟ ɜ ɫɟɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ: 
Ʉ – ɢɡɦɟɧɟɧɢɟ ɜɪɟɦɟɧɢ ɤɨɩɚɧɢɹ ɜ %; 
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Ɉ – ɫɧɢɠɟɧɢɟ ɨɛɴɟɦɧɨɝɨ ɄɉȾ ɧɚɫɨɫɚ ɜ % (ɢɡɦɟɧɟɧɢɟ ɨɬ 0 ɞɨ 
50%);  

Ɍ – ɧɚɪɚɛɨɬɤɚ ɝɢɞɪɨɧɚɫɨɫɚ; 
 – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ, ɦ2/ɫ. 
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ɉɊɂɅɈɀȿɇɂȿ Ȼ 

ɉɍȻɅɂɄȺɐɂɂ 

 
ɍДК 62.82 
ɉɨɜɵшɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɝɢɞɪɨɩɪɢɜɨɞɚ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ 

А. ɋ. Чɢɛɢɫɨɜ 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ ɇ. ɘ. Ʉɥɢɧɞɭɯ 

ɤɚɧɞɢɞɚɬ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ  
ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
Иɧɠɟɧɟɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɣ ɢɧɫɬɢɬɭɬ 

 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɢɞɪɨɩɪɢɜɨɞ, ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɤɪɚɧ, ɫɢɫɬɟɦɚ 

ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ȼɜɟɞɟɧɢɟ 
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɭɫɥɨɜɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ. Ɉɩɢɫɵɜɚɸɬɫɹ ɫɩɨɫɨɛɵ ɩɪɟɞɩɭɫɤɨɜɨɝɨ ɩɨɞɨɝɪɟɜɚ ɢ 
ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɪɚɧɚ. 
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 
ɝɢɞɪɨɩɪɢɜɨɞɟ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ 
ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ⱥɧɚɥɢɡ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɬɚ 
ɝɢɞɪɨɩɪɢɜɨɞɚ ɦɨɛɢɥɶɧɵɯ ɦɚɲɢɧ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɪɚɰɢɨɧɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɪɚɧɫɩɨɪɬɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɦɚɲɢɧɵ ɧɟ ɨɫɧɚɳɟɧɵ ɫɢɫɬɟɦɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ 
ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ [1]. ɂɯ ɨɬɫɭɬɫɬɜɢɟ ɫɬɚɧɨɜɢɬɫɹ ɡɚɦɟɬɧɨ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɯɧɢɤɢ ɜ ɭɫɥɨɜɢɹɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. ɇɚ ɛɨɥɶɲɟɣ 
ɩɥɨɳɚɞɢ ɧɚɲɟɣ ɫɬɪɚɧɵ – 96…97% ɫɪɟɞɧɟɦɟɫɹɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ 
ɜɨɡɞɭɯɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɩɥɸɫ-ɦɢɧɭɫ 20ɨɋ ɫɜɵɲɟ ɱɟɬɵɪɟɯ 
ɦɟɫɹɰɟɜ ɜ ɝɨɞɭ. 

ɋɩɨɫɨɛɵ ɩɪɟɞɩɭɫɤɨɜɨɝɨ ɩɨɞɨɝɪɟɜɚ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 

ȼ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɨɦ ɫɟɤɬɨɪɟ, ɩɪɢɦɟɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɩɨɫɨɛɵ 
ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ: ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɚɫɥɚ ɫ ɛɨɥɟɟ 
ɩɨɥɨɝɨɣ ɜɹɡɤɨɫɬɧɨ-ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ; ɩɪɟɞɩɭɫɤɨɜɨɣ ɩɨɞɨɝɪɟɜ ɢ 
ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɰɢɨɧɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɬɪɚɧɫɩɨɪɬɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ [2,3]. 

ɂɡ ɧɟɤɨɬɨɪɵɯ ɫɩɨɫɨɛɨɜ ɧɚɝɪɟɜɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ 
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ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɫɥɟɞɭɸɳɢɟ: ɝɨɪɹɱɢɦ ɜɨɡɞɭɯɨɦ, ɢɧɮɪɚɤɪɚɫɧɵɦɢ 
ɝɨɪɟɥɤɚɦɢ, ɞɪɨɫɫɟɥɢɪɨɜɚɧɢɟɦ, ɢɡɦɟɧɟɧɢɟɦ ɨɛɥɚɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ, 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɧɚɝɪɟɜ ɡɚ ɫɱɟɬ ɬɟɩɥɚ ɜɵɞɟɥɹɟɦɨɝɨ 
ɞɜɢɝɚɬɟɥɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ, ɜɵɯɥɨɩɧɵɦɢ ɝɚɡɚɦɢ, ɧɚɝɪɟɜɚɧɢɹ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɢɡɦɟɧɟɧɢɟɦ ɟɦɤɨɫɬɢ ɝɢɞɪɨɛɚɤɚ ɢ ɨɛɥɚɫɬɢ ɬɟɩɥɨɨɬɞɚɱɢ, ɧɚɝɪɟɜɚɧɢɟ 
ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜɵɯɥɨɩɧɵɦɢ ɝɚɡɚɦɢ ɞɜɢɝɚɬɟɥɹ [1,4]. 

ɂɡ ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ ɫɩɨɫɨɛɨɜ ɜɵɞɜɢɝɚɟɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ 
ɩɨɥɧɨɫɬɶɸ ɧɟ ɨɬɜɟɱɚɟɬ ɧɢ ɨɞɢɧ. ȼ ɜɢɞɭ ɷɬɨɝɨ, ɩɪɟɞɥɨɠɟɧɚ ɫɢɫɬɟɦɚ ɞɥɹ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ. ɗɬɭ ɫɢɫɬɟɦɭ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɞɥɹ ɩɨɞɨɝɪɟɜɚ, ɢ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ [5,6]. 

ɋɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ 
ɝɢɞɪɨɩɪɢɜɨɞɟ 

ɋɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ 1) ɢ ɫɨɫɬɨɢɬ ɢɡ ɝɢɞɪɨɧɚɫɨɫɚ, 
ɫɨɨɛɳɟɧɧɨɝɨ ɧɚɝɧɟɬɚɬɟɥɶɧɨɣ ɝɢɞɪɨɥɢɧɢɟɣ ɫ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ, ɤɨɬɨɪɵɣ 
ɫɨɨɛɳɚɟɬɫɹ ɫ ɝɢɞɪɨɛɚɤɨɦ ɱɟɪɟɡ ɫɥɢɜɧɭɸ ɝɢɞɪɨɥɢɧɢɸ, ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɩɨɦɟɳɟɧɧɨɟ ɜ ɭɤɚɡɚɧɧɨɣ ɧɚɝɧɟɬɚɬɟɥɶɧɨɣ ɝɢɞɪɨɥɢɧɢɢ, 
ɲɟɫɬɟɪɟɧɧɵɣ ɧɚɫɨɫ ɫɦɚɡɨɱɧɨɣ ɫɢɫɬɟɦɵ ɞɜɢɝɚɬɟɥɹ ɢ ɜɟɧɬɢɥɹɬɨɪ ɛɥɨɤɚ 
ɨɯɥɚɠɞɟɧɢɹ ɤɚɛɢɧɵ, ɬɚɤɠɟ ɫɜɹɡɚɧɧɵɟ ɫ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ, ɢ ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, 
ɱɬɨ ɞɥɹ ɪɚɡɨɝɪɟɜɚ ɦɚɫɥɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɩɪɢɦɟɧɹɟɬɫɹ ɬɟɩɥɨ ɦɨɬɨɪɧɨɝɨ ɦɚɫɥɚ ɢɡ 
ɫɦɚɡɨɱɧɨɣ ɫɢɫɬɟɦɵ ɞɜɢɝɚɬɟɥɹ. 

 
 

Ɋɢɫɭɧɨɤ 1 - ɋɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ: 
1 – ɧɚɫɨɫ ɲɟɫɬɟɪɟɧɧɵɣ ɇɒ; 2 – ɡɚɛɨɪɧɚɹ ɝɢɞɪɨɥɢɧɢɹ; 3 – ɧɚɩɨɪɧɚɹ ɝɢɞɪɨɥɢɧɢɹ; 

4 – ɪɟɫɢɜɟɪ ɩɧɟɜɦɨɫɢɫɬɟɦɵ; 5 – ɧɚɝɧɟɬɚɬɟɥɶɧɚɹ ɩɧɟɜɦɨɥɢɧɢɹ; 6 – ɪɚɞɢɚɬɨɪ 
ɨɯɥɚɠɞɟɧɢɹ; 7 – ɡɦɟɟɜɢɤ; 8 – ɫɥɢɜɧɚɹ ɝɢɞɪɨɥɢɧɢɹ; 9 – ɩɨɞɞɨɧ ɤɚɪɬɟɪɚ Ⱦȼɋ;10 – 

ɦɚɫɥɹɧɵɣ ɧɚɫɨɫ; 11 – ɪɚɞɢɚɬɨɪɧɚɹ ɝɢɞɪɨɥɢɧɢɹ ɦɚɫɥɹɧɨɝɨ ɧɚɫɨɫɚ; 12 – 
ɬɟɪɦɨɪɟɝɭɥɹɬɨɪ; 13 – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɪɟɥɟ; 14 – ɤɪɚɧɵ ɲɚɪɨɜɵɟ; 15 –

ɬɟɩɥɨɨɛɦɟɧɧɢɤ 
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ȼɵɜɨɞ 
ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜɵɲɟ ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɜɟɥɢɱɢɬ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ 
ɠɢɞɤɨɫɬɢ ɝɢɞɪɨɩɪɢɜɨɞɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɜɵɲɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ 
ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɪɚɧɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɚɫɥɚ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɷɮɮɟɤɬɢɜɧɵɦ ɫɪɟɞɫɬɜɨɦ, 
ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɪɟɚɥɢɡɭɸɳɢɦ ɢɯ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ. ɗɬɨɝɨ ɦɨɠɧɨ 
ɞɨɫɬɢɱɶ ɦɨɞɟɪɧɢɡɚɰɢɟɣ ɝɢɞɪɨɩɪɢɜɨɞɚ ɩɭɬɟɦ ɭɫɬɚɧɨɜɤɢ ɜ ɧɟɝɨ ɫɢɫɬɟɦɵ 
ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
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Ɇɢɪ ɬɪɚɧɫɩɨɪɬɚ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɲɢɧ. № 3(46). ɂɸɥɶ-ɋɟɧɬɹɛɪɶ 2014. ɋ. 
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Ɂɚɜɢɫɢɦɨɫɬɶ ɦɨɦɟɧɬɚ ɬɪɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɫɥɚ Ɇ-10Ƚ2 
ȽɈɋɌ 8581-78 

Model: Mɨ=b1*tɦ^2+b2*tɦ+b3 
(Spreadsheet1) Dep. var: Mɨ Loss: (OBS-
PRED) **2 

Final loss: 1,545515610 R=,97365 Variance explained: 94,799 % 
 

Ɍɚɛɥɢɰɚ ȼ.1 -Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ 
 

 b1 b2 b3 
Estimate 0,00497 - 0,4651 21,52392 

 
Ɍɚɛɥɢɰɚ ȼ.2 - Ɉɩɵɬɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ 

 

 
Ɉɩɵɬɧɵɟ ɡɧɚɱɟɧɢɹ, 

ɇ·ɦ 

 
Ɋɚɫɱɟɬɧɵɟ 

ɡɧɚɱɟɧɢɹ, ɇ·ɦ 

Ɋɚɡɧɢɰɚ ɦɟɠɞɭ 
ɨɩɵɬɧɵɦɢ 

ɢ ɪɚɫɱɟɬɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ,ɇ·ɦ 

14 14,20841 - 0,208405 

12 11,32911 0,670892 
10 10,68468 - 0,684676 

12 12,27511 - 0,275109 

16 16,10041 - 0,100406 

14 13,30189 0,698110 

16 16,10041 - 0,100406 
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Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɨɬɞɚɜɚɟɦɨɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ 

Ʉɨɥɢɱɟɫɬɜɨ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɬɟɩɥɚ ɨɩɪɟɞɟɥɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ȼ.1[1, 10, 52, 
53, 54]: ܳ = ଶܩ · ܿ𝑝ଶ · "жݐ) − ′жଵݐ )(Ƚ.1) 

Ɍɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɜɵɯɨɞɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ ȼ.2 [53,54,]: 

"ɠଵݐ  = ′ɠଵݐ − ሺ ொீభ−௖𝑝భሻ                                                             

(Ƚ.2) 

ɇɚɯɨɞɢɦ ɫɪɟɞɧɢɟ ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɢ 
ɡɧɚɱɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɫɥɚ ɩɪɢ ɷɬɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɨ ɮɨɪɦɭɥɟ ȼ.3: 

жଵݐ  = Ͳ,ͷ · ሺݐжଵ" + ′жଵݐ ሻ                                                                                         (Ƚ.3) 

ɋɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɜɵɛɢɪɚɟɦ ɫɨɝɥɚɫɧɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [52, 
53] 

ɑɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɩɨɬɨɤɚ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ ȼ.41[1, 10, 52, 53, 54]. 

 
 ܴ𝑒жଵ = 𝑈భ·ௗభ௩жభ                                                                                                            (Ƚ.4)

 

Ⱦɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɪɟɠɢɦɚ ɬɟɱɟɧɢɹ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɪɚɫɱɟɬ ɱɢɫɥɚ 
ɇɭɫɫɟɥɶɬɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɜɟɞɟɦ ɩɨ ɮɨɪɦɭɥɚɦ ȼ.5 ɢ ȼ.61[1, 10, 52, 53, 
54]. 𝑁ݑжଵ = Ͳ,Ͳʹͳ · ܴ𝑒жଵ଴,8 · ܲ𝑟жଵ଴,ସଷ · ሺ௉𝑟Жభ௉𝑟𝑐 ሻ଴,ଶହ · 𝜀жଵ                                                    (Ƚ.5) 

             𝛼ଵ = 𝑁ݑжଵ · 𝛼жభௗభ    (Ƚ.6) 

 

Ⱦɥɹ ɩɨɬɨɤɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɱɢɫɥɨ ɇɭɫɫɟɥɶɬɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɨɬɞɚɱɢ ɧɚɯɨɞɹɬɫɹ ɚɧɚɥɨɝɢɱɧɨ. 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ȼ.7 [1, 42, 91, 92, 101, 
102, 120]: 
 𝑘 = ଵభ𝛼భ+𝛿𝑐𝜆𝑐+ భ𝜆మ   (Ƚ.7) 

Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ ɤɨɧɟɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɚɦɢ 
B.8 [54]: ݐଵ" = ′жଵݐ − ሺݐжଵ′ − ′жଶݐ ሻ · ܼ; "ଶݐ = ′жଶݐ + ሺݐжଵ−′ ′жଶݐ ሻ · ܼ · ீభ·௖𝑝భீଶ·௖𝑝మ(Ƚ7) 

Ɍɚɛɥɢɰɚ ȼ.1 - Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ, ɨɬɞɚɜɚɟɦɨɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ 
ɉɚɪɚɦɟɬɪɵ Ɂɧɚɱɟɧɢɟ 

ɫɪ2– ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, Ⱦɠ/(ɤɝ·oC) ɫɪ2= 1910 
ɫɪ1– ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, Ⱦɠ/(ɤɝ·oC) ɫɪ1= 2070 
G2 – ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɤɝ/ɫ* G2 = 1,63 
G1 – ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɤɝ/ɫ* G1 = 0,26 
t’ɠ2 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɋ t’ɠ2 = 0 
t”ɠ2 – ɤɨɧɟɱɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɋ t”ɠ2 = 40 
t’ɠ1 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɋ t’ɠ1 = 90 
Q – ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɬɟɩɥɚ, ɤȾɠ/ɫ* Q = 124,2 
tɠ2– ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɋ* tɠ2 = 20 
tɠ1– ɫɪɟɞɧɟɚɪɢɮɦɟɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɋ* tɠ1 = 85 
γɠ1 – ɩɥɨɬɧɨɫɬɶ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɤɝ/ɦ3 γɠ1 = 872 
γɠ2 – ɩɥɨɬɧɨɫɬɶ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɤɝ/ɦ3 γɠ2 = 908 
νɠ1 – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, (ɦ2/ɫ)·10-6 νɠ1 = 18,3 
νɠ2 – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, (ɦ2/ɫ)·10-6 νɠ2 = 620 
Ȝɠ2 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, 
ȼɬ/(ɦ·ɨɋ) Ȝɠ2 = 0,127 

Ȝɠ1 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, 
ȼɬ/(ɦ·ɨɋ) Ȝɠ1 = 0,13 

Ɋrɠ2 – ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ Ɋrɠ2 = 3730 
Ɋrɠ1 – ɱɢɫɥɨ ɉɪɚɧɞɬɥɹ ɞɥɹ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ Ɋrɠ1 = 265 
υɠ2 – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɦ/ɫ υɠ2 = 8,9 
υɠ1 – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɦ/ɫ υɠ1 = 1,5 
Reɠ2 – ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ* Reɠ2 = 229,9 
Reɠ1 – ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ ɞɥɹ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ* Reɠ1 = 1305,2 
Nuɠ1 – ɱɢɫɥɨ ɇɭɫɫɟɥɶɬɚ ɞɥɹ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ* Nuɠ1 = 910,3 
Nuɠ2 – ɱɢɫɥɨ ɇɭɫɫɟɥɶɬɚ ɞɥɹ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ* Nuɠ2 = 1371,9 
α1 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɝɪɟɸɳɟɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɤ ɫɬɟɧɤɟ 
ɡɦɟɟɜɢɤɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ȼɬ/(ɦ2·ɨɋ)* 

α1 = 7396,5 

α2 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɫɬɟɧɤɢ ɡɦɟɟɜɢɤɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɤ 
ɧɚɝɪɟɜɚɟɦɨɦɭ ɬɟɩɥɨɧɨɫɢɬɟɥɸ, ȼɬ/(ɦ2·ɨɋ)* 

α2 = 10889,1 

tc – ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɧɤɢ ɡɦɟɟɜɢɤɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, ɨɋ tc = 50 
k – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɟɪɟɞɚɱɢ, ȼɬ/(ɦ2·ɨɋ)* k = 4260,3 
t''1 – ɭɬɨɱɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚɟɦɨɝɨ ɬɟɩ- 
ɥɨɧɨɫɢɬɟɥɹ, ɨɋ* 

t''1 = 81,6 

t''2 – ɭɬɨɱɧɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɝɪɟɸɳɟɝɨɬɟɩɥɨɧɨ- 
ɫɢɬɟɥɹ, ɨɋ* 

t''2 = 37,2 

* Ɋɚɫɫɱɢɬɵɜɚɟɦɵɟ ɩɨɤɚɡɚɬɟɥɢ 
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ȼɫɟ ɩɨɫɬɨɹɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɚɤɪɨɛɥɨɤɨɜ ɦɨɞɟɥɢ ɝɢɞɪɨɩɪɢɜɨɞɚ 

ɡɚɞɚɜɚɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ “M-ɮɚɣɥɚ” ɜ ɨɬɞɟɥɶɧɨɦ ɬɟɤɫɬɨɜɨɦ ɞɨɤɭɦɟɧɬɟ, ɢɦɟɸɳɟɦ 

ɫɥɟɞɭɸɳɢɢɜɢɞ: 

wgd=3e-4; 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɬɟɱɟɤ ɜ ɞɪɟɧɚɠ Ly, ɦ3*ɫ/ɉɚ; Ly=1e-11; Ʉɨɷɮɮɢɰɢɟɧɬ 

ɩɟɪɟɬɟɱɟɤ ɦɟɠɞɭ ɩɨɥɨɫɬɹɦɢ Lp, ɦ3*ɫ/ɉɚ; Lp=4e-12; Ɇɨɞɭɥɶ ɨɛɴɟɦɧɨɣ 

ɭɩɪɭɝɨɫɬɢ ɠɢɞɤɨɫɬɢ ȿɠ, ɉɚ; Eg=9.0e8; Eg3=1e9; Ɉɛɴɟɦ ɩɨɥɨɫɬɢ1 V, ɦ3; 

Wp1=0.0005; 

Ɉɛɴɟɦ ɩɨɥɨɫɬɢ2 V, ɦ3; Wp2=0.0005; 

Ɉɛɴɟɦ ɩɨɥɨɫɬɢ3 V, ɦ3; Wp3=1e-3; Ɇɨɦɟɧɬ 

ɢɧɟɪɰɢɢ Jgd , ɤɝ*ɦ2; Jgd=200; 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ fgd, ɇɦ ɫ/ɪɚɞ; fgd=100; 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɹɯ 1,2 pmax, Ɇɉɚ; pmax=50e6; 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɢ 3 pmax, Ɇɉɚ; pmax3=25e6; 

Ɇɢɧɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɨɥɨɫɬɢ 3 pmin, Ɇɉɚ; pmin3=1e6 Ⱦɚɜɥɟɧɢɟ 

ɫɥɢɜɚ Psl, Ɇɉɚ; Psl=0.3e6; 

ɉɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ po, ɤɝ/ɦ3; po=800; 

Ⱦɢɚɦɟɬɪ ɡɨɥɨɬɧɢɤɚ D, ɦ; D=0.005; 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɟɪɢɦɟɬɪɚ kp; kp=0.5; 

Ɋɚɞɢɚɥɶɧɵɟ ɡɚɡɨɪ dz, ɦ; dz=0; 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ u; u=0.71; 

gnmax=0.523; 

kdin=0; 

kreg=1e-7; kn=1.2e-

3. 
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ɉɊɂɅɈɀȿɇɂȿ ȿ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɦɚɫɥɚ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɫɬɟɧɞɚɄɂ-4815Ɇ 

Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɫɬɟɧɞɚ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ: ɦɢɧɭɫ 16ɨɋ 

Model: Ɍ=b1*τ^3+b2* τ ^2+b3* τ +b4 
(Spreadsheet1) Dep. var: Ɍ Loss: (OBS-PRED)**2 

Final loss: 17,969280719 R=,98942 Variance explained: 97,894 % 

Ɍɚɛɥɢɰɚ ȿ.1 - Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ 
 

 b1 b2 b3 b4 
Estimate 0,000075 -0,017408 1,243236 -14,5247 

 

Ɍɚɛɥɢɰɚ ȿ.2 - Ɉɩɵɬɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ 
 

Ɉɩɵɬɧɵɟ ɡɧɚɱɟɧɢɹ, ɨɋ Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ, ɨɋ 
Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɨɩɵɬɧɵɦɢ 

ɢ ɪɚɫɱɟɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ,ɨɋ 
-16,0000 -14,5247 -1,47527 
-3,0000 -3,7582 0,75824 
5,5000 3,9760 1,52398 
10,5000 9,1274 1,37263 
12,0000 12,1451 -0,14510 
12,0000 13,4785 -1,47852 
12,0000 13,5769 -1,57692 
12,0000 12,8896 -0,88961 
12,0000 11,8659 0,13412 
12,0000 10,9550 1,04496 
12,0000 10,6064 1,39361 
12,0000 11,2692 0,73077 
12,0000 13,3929 -1,39286 

 
Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɫɬɟɧɞɚ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ: ɦɢɧɭɫ 1ɨɋ 
 

Model: Ɍ=b1* τ ^3+b2* τ ^2+b3* τ +b4 

(Spreadsheet1) Dep. var: Ɍ Loss: (OBS-PRED)**2 
Final loss: 17,309190809 R=,99040 Variance explained: 98,090 % 

Ɍɚɛɥɢɰɚ ȿ.3 - Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ 
 

 b1 b2 b3 b4 
Estimate 0,000075 -0,017567 1,264860 0,648352 
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Ɍɚɛɥɢɰɚ ȿ.4 - Ɉɩɵɬɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ 
 

Ɉɩɵɬɧɵɟ ɡɧɚɱɟɧɢɹ, ɨɋ Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ, ɨɋ Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɨɩɵɬɧɵɦɢ ɢ ɪɚɫɱɟɬ- 
ɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɨɋ 

-1,00000 0,64835 -1,64835 
13,00000 11,61538 1,38462 
20,50000 19,51998 0,98002 
26,00000 24,81319 1,18681 
28,00000 27,94605 0,05395 
28,00000 29,36963 -1,36963 
28,00000 29,53497 -1,53497 
28,00000 28,89311 -0,89311 
28,00000 27,89510 0,10490 
28,00000 26,99201 1,00799 
28,00000 26,63487 1,36513 
28,00000 27,27473 0,72527 
28,00000 29,36264 -1,36264 

 
Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɫɬɟɧɞɚ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ: + 24ɨɋ 
Model: Ɍ=b1* τ ^3+b2* τ ^2+b3* τ +b4 

(Spreadsheet1) Dep. var: Ɍ Loss: (OBS-PRED)**2 
Final loss: 73,729270729 R=,95733 Variance explained: 91,648 % 

Ɍɚɛɥɢɰɚ ȿ.5 - Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɪɟɝɪɟɫɫɢɢ 
 

 b1 b2 b3 b4 
Estimate 0,000093 -0,020599 1,373102 27,93956 

 

Ɍɚɛɥɢɰɚ ȿ.6 - Ɉɩɵɬɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ 
 

Ɉɩɵɬɧɵɟ ɡɧɚɱɟɧɢɹ, 
ɨɋ Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ, ɨɋ Ɋɚɡɧɢɰɚ ɦɟɠɞɭ ɨɩɵɬɧɵɦɢ 

ɢ ɪɚɫɱɟɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ,ɨɋ 
24,00000 27,93956 -3,93956 
43,00000 39,70330 3,29670 
52,00000 47,90310 4,09690 
54,00000 53,09491 0,90509 
54,00000 55,83467 -1,83467 
54,00000 56,67832 -2,67832 
54,00000 56,18182 -2,18182 
54,00000 54,90110 -0,90110 
54,00000 53,39211 0,60789 
54,00000 52,21079 1,78921 
54,00000 51,91309 2,08691 
54,00000 53,05495 0,94505 
54,00000 56,19231 -2,19231 

 
 
 




