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1. ФИЗИКО-МЕХАНИЧЕСКИЕ СВОЙСТВА КОРМОВ 

Ʉɨɪɦɚ – ɷɬɨ ɫɩɟɰɢɚɥɶɧɨ ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢ ɩɪɢɟɦ-

ɥɟɦɵɟ ɩɪɨɞɭɤɬɵ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɞɨɫɬɭɩɧɨɦ ɜɢɞɟ ɧɟɨɛɯɨɞɢɦɵɟ ɠɢɜɨɬ-
ɧɨɦɭ ɩɢɬɚɬɟɥɶɧɵɟ ɜɟɳɟɫɬɜɚ ɜ ɭɫɜɨɹɟɦɨɣ ɮɨɪɦɟ ɢ ɧɟ ɨɤɚɡɵɜɚɸɳɢɟ
ɜɪɟɞɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ ɡɞɨɪɨɜɶɟ ɠɢɜɨɬɧɵɯ ɢ ɤɚɱɟɫɬɜɨ ɩɨɥɭɱɚɟɦɨɣ ɨɬ 
ɧɢɯ ɩɪɨɞɭɤɰɢɢ. 

ȼ ɤɨɪɦɥɟɧɢɢ ɠɢɜɨɬɧɵɯ ɢɫɩɨɥɶɡɭɸɬ ɲɢɪɨɤɢɣ ɚɫɫɨɪɬɢɦɟɧɬ ɤɨɪ-
ɦɨɜɵɯ ɫɪɟɞɫɬɜ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɤɚɤ ɩɨ ɢɫɬɨɱɧɢɤɭ ɩɨɥɭɱɟɧɢɹ, ɬɚɤ ɢ ɩɨ
ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɢ ɩɢɬɚɬɟɥɶɧɨɫɬɢ. 

ɉɨ ɢɫɬɨɱɧɢɤɚɦ ɩɨɥɭɱɟɧɢɹ ɤɨɪɦɚ ɪɚɡɞɟɥɹɸɬ ɧɚ: ɪɚɫɬɢɬɟɥɶɧɵɟ, 
ɠɢɜɨɬɧɵɟ, ɦɢɧɟɪɚɥɶɧɵɟ, ɦɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɢɧɬɟ-
ɡɚ, ɤɨɦɛɢɤɨɪɦɚ, ɩɢɳɟɜɵɟ ɨɬɯɨɞɵ. 

ȼ ɩɪɚɤɬɢɱɟɫɤɨɦ ɠɢɜɨɬɧɨɜɨɞɫɬɜɟ ɝɥɚɜɧɵɟ ɤɨɪɦɨɜɵɟ ɫɪɟɞɫɬɜɚ ɨɛɴ-

ɟɞɢɧɹɸɬ ɜ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: ɫɨɱɧɵɟ – ɜɫɟ ɡɟɥёɧɵɟ, ɫɢɥɨɫɨɜɚɧɧɵɟ
ɤɨɪɦɚ, ɤɨɪɧɟɤɥɭɛɧɟɩɥɨɞɵ, ɛɚɯɱɟɜɵɟ; ɝɪɭɛɵɟ – ɫɨɥɨɦɚ, ɫɟɧɨ, ɜɟɬɨɱɧɵɟ
ɤɨɪɦɚ; ɤɨɧɰɟɧɬɪɚɬɵ – ɡɟɪɧɨɜɵɟ, ɠɦɵɯɢ, ɲɪɨɬɵ, ɦɟɥɶɧɢɱɧɵɟ ɨɬɯɨɞɵ, 

ɤɨɦɛɢɤɨɪɦɚ (ɨɞɧɨɪɨɞɧɵɟ ɫɦɟɫɢ ɤɨɪɦɨɜɵɯ ɫɪɟɞɫɬɜ, ɫɨɫɬɚɜɥɟɧɧɵɟ ɩɨ
ɧɚɭɱɧɨ-ɨɛɨɫɧɨɜɚɧɧɵɦ ɪɟɰɟɩɬɚɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥёɧɧɨɝɨ 
ɜɢɞɚ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɝɪɭɩɩɵ ɠɢɜɨɬɧɵɯ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɧɚɢɛɨ-
ɥɟɟ ɩɨɥɧɨɟ ɢ ɷɮɮɟɤɬɢɜɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɢɯ ɩɢɬɚ-
ɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ); ɠɢɜɨɬɧɵɟ ɤɨɪɦɚ – ɦɨɥɨɤɨ ɢ ɩɪɨɞɭɤɬɵ ɟɝɨ ɩɟɪɟɪɚ-
ɛɨɬɤɢ, ɪɵɛɧɚɹ ɢ ɦɹɫɨɤɨɫɬɧɚɹ ɦɭɤɚ, ɞɪɨɠɠɢ; ɦɢɧɟɪɚɥɶɧɵɟ ɤɨɪɦɚ – 

ɫɨɥɶ, ɦɟɥ, ɮɨɫɮɚɬɵ, ɫɨɥɢ ɦɢɤɪɨɷɥɟɦɟɧɬɨɜ, ɫɚɩɪɨɩɟɥɶ; ɜɢɬɚɦɢɧɧɵɟ; 
ɩɪɟɦɢɤɫɵ – ɫɦɟɫɶ ɢɡɦɟɥɶɱёɧɧɵɯ ɧɚɩɨɥɧɢɬɟɥɟɣ (ɤɭɤɭɪɭɡɚ, ɨɬɪɭɛɢ, 

ɩɲɟɧɢɱɧɚɹ ɦɭɤɚ ɢ ɞɪ.) ɢ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ (ɦɢɤɪɨɷɥɟ-
ɦɟɧɬɨɜ, ɚɧɬɢɛɢɨɬɢɤɨɜ, ɜɢɬɚɦɢɧɨɜ, ɚɧɬɢɨɤɢɫɥɢɬɟɥɟɣ, ɝɨɪɦɨɧɨɜ, ɥɟɤɚɪ-
ɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ), ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɨɛɨɝɚɳɟɧɢɹ ɤɨɦɛɢɤɨɪɦɨɜ
(1…2% ɩɪɟɦɢɤɫɵ ɧɚ 98…99% ɧɚɩɨɥɧɢɬɟɥɹ); ɛɟɥɤɨɜɨ-ɜɢɬɚɦɢɧɧɨ-
ɦɢɧɟɪɚɥɶɧɵɟ ɞɨɛɚɜɤɢ (ȻȼɆȾ) – ɫɦɟɫɶ ɛɟɥɤɨɜɵɯ ɤɨɪɦɨɜ, ɨɛɨɝɚɳёɧɧɚɹ 
ɜɢɬɚɦɢɧɚɦɢ, ɦɢɧɟɪɚɥɶɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɢ ɞɪɭɝɢɦɢ ɞɨɛɚɜɤɚɦɢ (ɜ ɤɨɦ-

ɛɢɤɨɪɦ ȻȼɆȾ ɜɜɨɞɹɬ ɜ ɤɨɥɢɱɟɫɬɜɟ 25…35% ɨɬ ɦɚɫɫɵ). 

Ɉɫɧɨɜɧɭɸ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɦɨɠɧɨ ɞɨɩɨɥɧɢɬɶ ɝɪɭɩɩɨɣ: «ɜɨɞɹɧɢ-

ɫɬɵɟ ɤɨɪɦɚ» – ɫɜɟɤɥɨɜɢɱɧɵɣ ɠɨɦ, ɛɚɪɞɚ, ɩɢɜɧɚɹ ɞɪɨɛɢɧɚ; ɦɨɧɨɤɨɪɦ – 

ɢɡɦɟɥɶɱёɧɧɵɟ ɡɥɚɤɨɜɵɟ ɜ ɩɟɪɢɨɞ ɦɨɥɨɱɧɨ-ɜɨɫɤɨɜɨɣ ɫɩɟɥɨɫɬɢ, ɜɤɥɸ-

ɱɚɸɳɢɟ ɤɚɤ ɡɟɪɧɨ, ɬɚɤ ɢ ɫɬɟɛɥɢ; ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɤɨɪɦɨɜɵɟ ɫɦɟɫɢ – 

ɢɡɦɟɥɶɱёɧɧɵɟ ɞɨ ɧɟɨɛɯɨɞɢɦɨɣ ɤɪɭɩɧɨɫɬɢ ɫɦɟɫɶ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ
ɤɨɪɦɨɜ; ɩɨɥɧɨɪɚɰɢɨɧɧɵɟ ɤɨɪɦɚ – ɤɨɪɦɚ, ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɵɟ ɩɨ ɜɫɟɦ 

ɩɢɬɚɬɟɥɶɧɵɦ ɜɟɳɟɫɬɜɚɦ ɢ ɨɛɨɝɚɳёɧɧɵɟ ɜɢɬɚɦɢɧɚɦɢ, ɦɢɤɪɨɷɥɟɦɟɧɬɚ-
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ɦɢ, ɚɧɬɢɛɢɨɬɢɤɚɦɢ, ɛɢɨɫɬɢɦɭɥɹɬɨɪɚɦɢ ɢ ɞɪɭɝɢɦɢ ɥɟɱɟɛɧɨ-ɩɪɨɮɢɥɚɤ-
ɬɢɱɟɫɤɢɦɢ ɩɪɟɩɚɪɚɬɚɦɢ. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɧɨɪɚɰɢɨɧɧɵɯ ɤɨɪɦɨɜ ɩɨɜɵɲɚɟɬ ɩɪɨɞɭɤɬɢɜ-
ɧɨɫɬɶ ɠɢɜɨɬɧɵɯ ɧɚ 25…30%, ɩɪɢ ɷɬɨɦ ɫɨɤɪɚɳɚɸɬɫɹ ɫɪɨɤɢ ɨɬɤɨɪɦɚ ɢ 
ɧɚ 15…20% ɭɦɟɧɶɲɚɟɬɫɹ ɪɚɫɯɨɞ ɤɨɪɦɨɜ ɧɚ ɟɞɢɧɢɰɭ ɩɪɨɞɭɤɰɢɢ. 

 

2.2.    

    
 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɪɦɨɜ ɜ ɟɫɬɟɫɬɜɟɧɧɨɦ ɜɢɞɟ ɧɟɷɮɮɟɤɬɢɜɧɨ, ɨɞɧɢ 
ɤɨɪɦɚ (ɩɢɳɟɜɵɟ ɨɬɯɨɞɵ) ɛɟɡ ɨɛɪɚɛɨɬɤɢ ɨɩɚɫɧɵ, ɬɚɤ ɤɚɤ ɜ ɧɢɯ ɦɨɝɭɬ 
ɫɨɞɟɪɠɚɬɶɫɹ ɩɨɫɬɨɪɨɧɧɢɟ ɩɪɢɦɟɫɢ ɢ ɛɨɥɟɡɧɟɬɜɨɪɧɵɟ ɦɢɤɪɨɛɵ, ɚ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɪɭɝɢɯ (ɪɚɫɫɵɩɧɨɟ ɫɟɧɨ, ɫɨɥɨɦɚ) ɜɨɡɧɢɤɚɸɬ ɬɪɭɞɧɨɫɬɢ 
ɩɪɢ ɪɚɡɞɚɱɟ ɠɢɜɨɬɧɵɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ (ɤɨɪɦɨ-
ɪɚɡɞɚɬɱɢɤɨɜ). 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
ɤɨɪɦɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ: ɦɟɯɚɧɢɱɟɫɤɢɣ – ɢɡ-
ɦɟɥɶɱɟɧɢɟ, ɫɦɟɲɢɜɚɧɢɟ, ɝɪɚɧɭɥɢɪɨɜɚɧɢɟ ɢ ɞɪ.; ɜɥɚɝɨ-ɬɟɩɥɨɜɚɹ ɨɛɪɚ-
ɛɨɬɤɚ – ɜɚɪɤɚ, ɡɚɩɚɪɢɜɚɧɢɟ, ɫɬɟɪɢɥɢɡɚɰɢɹ ɩɢɳɟɜɵɯ ɨɬɯɨɞɨɜ; ɯɢɦɢɱɟ-
ɫɤɢɣ, ɱɚɳɟ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɣ – ɨɛɪɚɛɨɬɤɚ ɫɨɥɨɦɵ ɪɚɫɬɜɨɪɚɦɢ ɤɚɥɶɰɟ-
ɧɢɪɨɜɚɧɧɨɣ ɫɨɞɵ, ɳёɥɨɱɢ ɢɥɢ ɚɦɦɢɚɤɨɦ; ɛɢɨɥɨɝɢɱɟɫɤɢɣ – ɞɪɨɠɠɟɜɚ-
ɧɢɟ; ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɫɩɨ-
ɫɨɛɵ ɨɛɪɚɛɨɬɤɢ ɤɨɪɦɨɜ (ɫɦ. ɩɪɢɥ. Ⱥ). 

Ⱦɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɢɬɚɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ ɤɨɪɦɨɜ ɢ 
ɤɨɪɦɨɜɵɯ ɫɦɟɫɟɣ ɤ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬ ɫɥɟ-
ɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ. 

Ɋɚɫɬɢɬɟɥɶɧɵɟ ɤɨɪɦɚ ɧɚɞɨ ɭɛɢɪɚɬɶ ɜ ɦɨɦɟɧɬ ɧɚɢɛɨɥɶɲɟɣ ɭɪɨɠɚɣ-
ɧɨɫɬɢ ɢ ɩɢɬɚɬɟɥɶɧɨɣ ɰɟɧɧɨɫɬɢ. 

Ɇɵɬɶ ɢ ɢɡɦɟɥɶɱɚɬɶ ɤɨɪɧɟɩɥɨɞɵ ɧɟɨɛɯɨɞɢɦɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟ-
ɪɟɞ ɩɪɢɝɨɬɨɜɥɟɧɢɟɦ ɤɨɪɦɨɜɵɯ ɫɦɟɫɟɣ ɜɨ ɢɡɛɟɠɚɧɢɟ ɢɯ ɨɤɢɫɥɟɧɢɹ ɜɨɡ-
ɞɭɯɨɦ ɢ ɩɨɪɱɢ. ɉɪɢ ɷɬɨɦ ɨɫɬɚɬɨɱɧɚɹ ɡɚɝɪɹɡɧёɧɧɨɫɬɶ ɩɨɫɥɟ ɦɨɣɤɢ ɧɟ 
ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 2…3% ɨɬ ɦɚɫɫɵ ɱɢɫɬɵɯ ɤɨɪɧɟɣ. 

Ⱦɥɹ ɫɜɢɧɟɣ ɫɨɱɧɵɟ ɤɨɪɦɚ ɢ ɫɢɥɨɫ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɥɶɱɚɬɶ ɞɨ ɫɨ-
ɫɬɨɹɧɢɹ ɩɚɫɬɵ ɢɥɢ ɦɟɥɤɨɣ ɪɟɡɤɢ. ȼ ɢɡɦɟɥɶɱёɧɧɨɣ ɦɚɫɫɟ 70…75% ɱɚɫɬɢɰ 
ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɦɟɪɨɦ ɞɨ 10 ɦɦ, ɚ ɱɚɫɬɢɰ ɤɪɭɩɧɟɟ 10 ɦɦ ɧɟ ɞɨɥɠɧɨ 
ɛɵɬɶ ɛɨɥɟɟ 30%, ɩɪɢɱёɦ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 20 ɦɦ. 

Ⱦɥɹ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɤɨɪ-
ɧɟɩɥɨɞɨɜ 10…15 ɦɦ. Ɉɞɧɚɤɨ ɞɥɹ ɥɭɱɲɟɝɨ ɫɦɚɱɢɜɚɧɢɹ ɝɪɭɛɵɯ ɤɨɪɦɨɜ 
ɤɥɟɬɨɱɧɵɦ ɫɨɤɨɦ ɤɨɪɧɟɩɥɨɞɨɜ ɢ ɥɭɱɲɟɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢɯ ɦɨɠɧɨ 
ɢɡɦɟɥɶɱɚɬɶ ɢ ɛɨɥɟɟ ɦɟɥɤɨ. 

Ʉɚɪɬɨɮɟɥɶ ɧɚɞɨ ɦɵɬɶ, ɡɚɩɚɪɢɜɚɬɶ ɢ ɦɹɬɶ ɞɨ ɫɨɫɬɨɹɧɢɹ ɩɸɪɟ.             
Ⱦɨɩɭɫɤɚɟɬɫɹ ɢɡɦɟɥɶɱɟɧɢɟ ɡɚɩɚɪɟɧɧɨɝɨ ɤɚɪɬɨɮɟɥɹ ɞɨ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ 
10 ɦɦ ɜ ɤɨɥɢɱɟɫɬɜɟ 70% ɩɨ ɦɚɫɫɟ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɧɟ 
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ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 20 ɦɦ. Ɍɟɦɩɟɪɚɬɭɪɚ ɡɚɩɚɪɟɧɧɨɝɨ ɤɚɪɬɨɮɟɥɹ ɩɟɪɟɞ 
ɩɨɞɚɱɟɣ ɧɚ ɫɦɟɲɢɜɚɧɢɟ ɧɟ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ 60 °ɋ. ɇɚɥɢɱɢɟ ɧɟɡɚ-
ɩɚɪɟɧɧɵɯ ɤɥɭɛɧɟɣ ɜ ɤɚɪɬɨɮɟɥɟ ɧɟɠɟɥɚɬɟɥɶɧɨ. 

Ƚɪɭɛɵɟ ɤɨɪɦɚ ɞɥɹ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɡ-
ɦɟɥɶɱɚɬɶ ɞɨ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ 20…40 ɦɦ (80% ɩɨ ɦɚɫɫɟ). Ⱦɨɩɭɫɤɚɸɬɫɹ 
ɱɚɫɬɢɰɵ (20% ɩɨ ɦɚɫɫɟ) ɞɥɢɧɨɣ ɞɨ 50 ɦɦ. ɉɪɢ ɷɬɨɦ ɝɪɭɛɵɟ ɤɨɪɦɚ 
ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɫɳɟɩɥɟɧɵ ɜɞɨɥɶ ɜɨɥɨɤɨɧ ɢ ɩɟɪɟɦɹɬɵ. 

Ɂɟɪɧɨɜɵɟ ɤɨɪɦɚ ɩɨɫɥɟ ɞɪɨɛɥɟɧɢɹ ɞɨɥɠɧɵ ɢɦɟɬɶ ɫɪɟɞɧɟɜɡɜɟɲɟɧ-

ɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ (ɦɨɞɭɥɶ ɩɨɦɨɥɚ) ɞɥɹ ɫɜɢɧɟɣ 0,2…1,0 ɦɦ (ɬɨɧɤɢɣ 

ɩɨɦɨɥ), ɚ ɞɥɹ ɤɪɭɩɧɨɝɨ ɪɨɝɚɬɨɝɨ ɫɤɨɬɚ 1,0…1,8 ɦɦ (ɫɪɟɞɧɢɣ ɩɨɦɨɥ). 
ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɨɬɞɟɥɶɧɵɟ ɜɢɞɵ ɤɨɪɦɨɜ ɞɨɡɢɪɭɸɬ ɢ ɫɦɟɲɢɜɚɸɬ. 

ɋɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɨɪɦɨɜɵɯ ɫɦɟɫɹɯ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɢ ɝɪɭɩɩ 

ɠɢɜɨɬɧɵɯ ɢ ɧɚɥɢɱɢɹ ɜ ɯɨɡɹɣɫɬɜɟ ɤɨɪɦɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɉɪɢ ɞɨɡɢɪɨ-
ɜɚɧɧɨɣ ɩɨɞɚɱɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɦɟɫɢɬɟɥɶ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɞɚɧɧɨɣ ɧɨɪ-
ɦɵ ɞɥɹ ɤɨɧɰɤɨɪɦɨɜ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɛɨɥɟɟ ±5%, ɞɥɹ ɫɨɱɧɵɯ ɤɨɪɦɨɜ 
±15%, ɝɪɭɛɵɯ ɤɨɪɦɨɜ ±10%, ɞɥɹ ɞɨɛɚɜɨɤ ±1%. ɉɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ 

ɨɞɧɨɪɨɞɧɨɫɬɢ ɤɨɪɦɨɜɨɣ ɫɦɟɫɢ ɧɟ ɦɟɧɟɟ 90%. 
 

  
 

1.  Ⱦɚɣɬɟ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɪɦɨɜ. 
2.  ɇɚɡɨɜɢɬɟ ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ ɤɨɪɦɨɜɵɯ ɫɪɟɞɫɬɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ 

ɠɢɜɨɬɧɨɜɨɞɫɬɜɟ. 
3.  ȼɥɢɹɟɬ ɥɢ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɧɨɪɚɰɢɨɧɧɵɯ ɤɨɪɦɨɜ ɧɚ ɩɪɨɞɭɤ-

ɬɢɜɧɨɫɬɶ ɠɢɜɨɬɧɵɯ ɢ ɤɚɤ? 

4.  Ʉɚɤɢɟ ɫɩɨɫɨɛɵ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɤɨɪɦɨɜ ɜɵ ɡɧɚɟɬɟ? 

5.  Ʉɚɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɤ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
ɤɨɪɦɨɜ? 

 

2.3.   ,  

    
 

ɂɡɦɟɥɶɱɟɧɢɟɦ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɭ-
ɬёɦ ɬɜёɪɞɨɝɨ ɬɟɥɚ ɧɚ ɱɚɫɬɢ, ɬ.ɟ. ɩɭɬёɦ ɩɪɢɥɨɠɟɧɢɹ ɜɧɟɲɧɢɯ ɫɢɥ, ɩɪɟ-
ɜɨɫɯɨɞɹɳɢɯ ɫɢɥɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɰɟɩɥɟɧɢɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɥɶɱɟɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɦɟɥɤɢɯ ɱɚɫɬɢɰ ɫ 
ɫɢɥɶɧɨ ɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɫɤɨɪɟɧɢɸ ɩɪɨɰɟɫ-
ɫɨɜ ɩɢɳɟɜɚɪɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɸ ɭɫɜɨɹɟɦɨɫɬɢ ɩɢɬɚɬɟɥɶɧɵɯ ɜɟɳɟɫɬɜ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɦɟɥɶɱɟɧɢɟ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɩɪɨɰɟɫɫ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɱɚɫɬɢɰ ɤɨɪɦɚ. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɣ ɦɟɪɨɣ ɪɚɡɜɢɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ (ɞɢɫɩɟɪɫ-
ɧɨɫɬɶ) ɫɥɭɠɢɬ ɩɨɤɚɡɚɬɟɥɶ ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɞ ɤɨɬɨ-
ɪɨɣ ɩɨɧɢɦɚɟɬɫɹ ɫɭɦɦɚɪɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɟɯ ɱɚɫɬɢɰ, ɡɚɤɥɸ-
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ɱёɧɧɵɯ ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɢɥɢ ɨɛɴёɦɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɪɚɡɥɢɱɚɸɬ ɨɛɴёɦ-

ɧɭɸ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɭɞ.S  (ɦ–1) ɢ ɦɚɫɫɨɜɭɸ ɦɭɞ.S  (ɦ2/ɤɝ): 
 

dS 6ɨɛɭɞ. = ;   dS ρ= 6ɦɭɞ. , 

 

ɝɞɟ d – ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɦ; ρ – ɩɥɨɬɧɨɫɬɶ, ɤɝ/ɦ3. 

Ⱥɛɫɨɥɸɬɧɵɟ ɪɚɡɦɟɪɵ ɢɥɢ ɤɪɭɩɧɨɫɬɶ ɱɚɫɬɢɰ ɤɨɪɦɚ ɨɛɭɫɥɨɜɥɟɧɵ 

ɡɨɨɬɟɯɧɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɨɰɟɧɤɟ ɤɚɱɟɫɬɜɚ 
ɩɪɨɞɭɤɬɨɜ ɢɡɦɟɥɶɱɟɧɢɹ. Ⱦɥɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɩɪɨɰɟɫɫɨɜ ɢɡ-
ɦɟɥɶɱɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɟɳё ɢɦɟɬɶ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɝɥɭɛɢɧɟ ɩɪɨɰɟɫɫɚ 
ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ, ɬ.ɟ. ɨ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɷɧɟɪɝɨёɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ 
ɩɪɢɪɚɳɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ΔS ɦɚɬɟɪɢɚɥɚ, 

ɧɤ SSS −=Δ . 

ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɭɞɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ 

ɱɚɫɬɢɰ ɜɨɡɪɚɫɬɚɟɬ, ɩɨɷɬɨɦɭ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ λ ɪɚɜɧɚ ɨɬɧɨɲɟɧɢɸ 

ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɤS  ɤ 
ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧS , ɧɤ SS=λ . 

Ɉɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɵɩɭɱɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɡɚɬɪɭɞɧɟɧɨ, ɩɨɷɬɨɦɭ ɩɨɥɶɡɭɸɬɫɹ ɨɬɧɨɲɟɧɢɹɦɢ ɪɚɡɦɟɪɨɜ. 

Ⱦɥɹ ɦɚɬɟɪɢɚɥɨɜ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫɬɟɩɟɧɶɸ ɢɡɦɟɥɶɱɟɧɢɹ ɩɪɢ-

ɧɹɬɨ ɧɚɡɵɜɚɬɶ ɨɬɧɨɲɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ D ɤɭɫɤɨɜ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɤ ɫɪɟɞɧɟɦɭ ɪɚɡɦɟɪɭ d ɱɚɫɬɢɰ ɩɪɨɞɭɤɬɚ ɢɡɦɟɥɶɱɟɧɢɹ dD=λ , ɚ 
ɜɵɬɹɧɭɬɨɣ ɮɨɪɦɵ (ɫɬɟɛɟɥɶɧɵɟ ɤɨɪɦɚ) – ɨɬɧɨɲɟɧɢɟ ɞɥɢɧɵ L ɫɬɟɛɥɟɣ ɤ 
ɞɥɢɧɟ l ɱɚɫɬɢɰ lL=λ . 

ɍɱɢɬɵɜɚɹ ɪɚɡɧɨɨɛɪɚɡɢɟ ɢ ɫɥɨɠɧɨɫɬɶ ɮɨɪɦɵ ɡёɪɟɧ, ɢɯ ɪɚɡɦɟɪɵ ɧɚɢ-

ɛɨɥɟɟ ɭɞɨɛɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɜɟɥɢɱɢɧɨɣ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɞɢɚɦɟɬɪɚ dɷ. 

ɗɤɜɢɜɚɥɟɧɬɧɵɦ ɞɢɚɦɟɬɪɨɦ ɡɟɪɧɚ ɧɚɡɵɜɚɟɬɫɹ ɞɢɚɦɟɬɪ ɲɚɪɚ, ɨɛɴёɦ ɤɨɬɨ-
ɪɨɝɨ ɪɚɜɟɧ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦɭ ɨɛɴёɦɭ ɡɟɪɧɚ Vɡ, 3

ɡ
3

ɡɷ 24,16 VVD ≈π= . 

Ⱦɥɹ ɦɹɫɨɪɵɛɧɵɯ ɤɨɪɦɨɜ, ɢɡɦɟɥɶɱɚɟɦɵɯ ɧɚ ɮɚɪɲ, ɫɬɟɩɟɧɶ ɢɡ-
ɦɟɥɶɱɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɱɚɫɬɢɰ ɧɚɱɚɥɶɧɨɝɨ ɢ ɤɨɧɟɱ-
ɧɨɝɨ ɩɪɨɞɭɤɬɚ. 

ɉɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɩɪɨɰɟɫɫɟ ɤɨɧɟɱɧɚɹ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ ɛɭɞɟɬ 
ɪɚɜɧɚ ɩɪɨɢɡɜɟɞɟɧɢɸ ɱɚɫɬɧɵɯ ɫɬɟɩɟɧɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɨɬɞɟɥɶɧɵɟ 
ɫɬɭɩɟɧɢ ɩɪɨɰɟɫɫɚ. 

ɉɨɫɤɨɥɶɤɭ ɪɚɡɦɟɪ ɢɡɦɟɥɶɱёɧɧɵɯ ɱɚɫɬɢɰ ɜɟɥɢɱɢɧɚ ɫɥɭɱɚɣɧɚɹ, ɬɨ 
ɢɯ ɪɚɡɦɟɪɵ ɨɰɟɧɢɜɚɸɬ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɜ ɢɡɦɟɥɶɱёɧɧɨɦ ɩɪɨɞɭɤɬɟ ɤɥɚɫ-
ɫɨɜ (ɮɪɚɤɰɢɣ) ɨɩɪɟɞɟɥёɧɧɵɯ ɪɚɡɦɟɪɨɜ, ɩɨ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦɭ ɫɨ-
ɫɬɚɜɭ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫ-
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ɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚɲёɥ ɦɟɬɨɞ ɫɢɬɨɜɨɝɨ ɚɧɚɥɢɡɚ – ɪɚɫɫɟɜ ɧɚɜɟɫɤɢ ɫɵɩɭɱɟ-
ɝɨ ɦɚɬɟɪɢɚɥɚ ɧɚ ɮɪɚɤɰɢɢ ɱɟɪɟɡ ɧɚɛɨɪ ɲɬɚɦɩɨɜɚɧɧɵɯ ɫɢɬ ɫ ɤɪɭɝɥɵɦɢ 

ɨɬɜɟɪɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ 5, 3, 2 ɢ 1 ɦɦ ɩɪɢ ɝɪɭɛɨɦ ɢ ɫɪɟɞɧɟɦ ɢɡɦɟɥɶɱɟ-
ɧɢɢ ɢɥɢ ɞɢɚɦɟɬɪɨɦ 4, 3, 2, 1 ɢ 0,2 ɦɦ ɩɪɢ ɬɨɧɤɨɦ ɢɡɦɟɥɶɱɟɧɢɢ. ȼɟɪɯ-
ɧɢɟ ɫɢɬɚ ɫ ɨɬɜɟɪɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ 5 ɢ 4 ɦɦ ɹɜɥɹɸɬɫɹ ɤɨɧɬɪɨɥɶɧɵɦɢ 

ɞɥɹ ɭɱёɬɚ ɰɟɥɵɯ ɡёɪɟɧ, ɧɚɥɢɱɢɟ ɤɨɬɨɪɵɯ ɜ ɞɟɪɬɢ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ.             
Ɉɫɬɚɬɤɢ ɞɟɪɬɢ ɧɚ ɷɬɢɯ ɫɢɬɚɯ ɩɪɢɫɨɟɞɢɧɹɸɬ ɤ ɨɫɬɚɬɤɚɦ ɧɚ ɫɢɬɟ ɫ ɨɬɜɟɪ-
ɫɬɢɹɦɢ ɞɢɚɦɟɬɪɨɦ 3 ɦɦ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɦɚɫɫɭ ɢɫɯɨɞɧɨɣ ɧɚɜɟɫɤɢ ɤɨɪɦɨɜ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ 

100 ɝ, ɢ ɟɫɥɢ ɩɨɫɥɟ ɪɚɫɫɟɜɚ ɫɭɦɦɚ ɨɫɬɚɬɤɨɜ ɜɜɢɞɭ ɩɨɬɟɪɶ ɨɤɚɡɚɥɚɫɶ 
ɦɟɧɶɲɟ 97 ɝ, ɬɨ ɫɢɬɨɜɨɣ ɚɧɚɥɢɡ ɛɪɚɤɭɸɬ. 

Ɂɚ ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɞɟɪɬɢ ɩɪɢɧɢɦɚɸɬ ɫɪɟɞɧɟɜɡɜɟɲɟɧ-

ɧɵɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ ɞɟɪɬɢ dɫɪ, ɬ.ɟ. ɪɚɡɦɟɪ ɫ ɭɱёɬɨɦ ɦɚɫɫɵ ɱɚɫɬɢɰ ɬɨɣ ɢɥɢ 

ɢɧɨɣ ɮɪɚɤɰɢɢ, ɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɮɨɪɦɭɥɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ: 
 

( )
100100

22111
cp

nn

n

i

ii
pdpdpd

pd

d
+⋅⋅⋅++==

∑= ,                (2.1) 

 

ɝɞɟ di – ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɨɬɜɟɪɫɬɢɣ ɞɜɭɯ ɫɦɟɠɧɵɯ ɫɢɬ, ɦɦ; ( ) 2101 ddd += , ( ) 2212 ddd +=  ɢ ɬ.ɞ.; ip  – ɜɟɫɨɜɨɣ ɜɵɯɨɞ ɤɥɚɫɫɚ, 

%100
1

=∑=
n

i

ip . 

ɇɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɩɪɟɞɟɥɹɸɬ ɦɨɞɟɥɶ ɩɨɦɨɥɚ Ɇ, ɦɦ, ɩɨ ɨɞɧɨɣ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɮɨɪɦɭɥ: 

 ( )
100

5,35,25,15,0 3210 ppppɆ +++= ; 

 ( )
100

5,35,25,16,01,0 3212,00 ppppp
Ɇ

++++= ,                (2.2) 

 

ɝɞɟ p0, p0,2, p1, p2, p3 – ɨɫɬɚɬɤɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɩɨɞɞɨɧɟ ɢ ɫɢɬɚɯ                     
ɫ ɪɚɡɦɟɪɚɦɢ ɨɬɜɟɪɫɬɢɣ ɞɢɚɦɟɬɪɨɦ 0,2; 1; 2; 3 ɦɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɝ. 

Ɋɚɡɥɢɱɚɸɬ ɬɪɢ ɫɬɟɩɟɧɢ ɪɚɡɦɨɥɚ ɡɟɪɧɚ: ɩɪɢ Ɇ = 0,2…1,0 ɦɦ – ɦɟɥ-
ɤɢɣ; Ɇ = 1,0…1,8 ɦɦ – ɫɪɟɞɧɢɣ; Ɇ = 1,8…2,6 ɦɦ – ɤɪɭɩɧɵɣ. 

 
2.4.      

 

ɉɪɢ ɪɚɡɪɭɲɟɧɢɢ ɤɭɫɤɨɜ ɦɚɬɟɪɢɚɥɚ ɜɧɟɲɧɢɟ ɫɢɥɵ, ɩɪɢɤɥɚɞɵɜɚɟ-
ɦɵɟ ɫɨ ɫɬɨɪɨɧɵ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɢɡɦɟɥɶɱɢɬɟɥɟɣ, ɩɪɨɢɡɜɨɞɹɬ ɪɚɛɨɬɭ. 
Ɋɟɚɥɶɧɨɟ ɬɜёɪɞɨɟ ɬɟɥɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 
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ɫɢɫɬɟɦɵ ɦɢɤɪɨ- ɢ ɦɚɤɪɨɞɟɮɟɤɬɨɜ, ɫɥɭɱɚɣɧɨ ɪɚɫɩɪɟɞɟɥёɧɧɵɯ ɜ ɬɨɥɳɟ ɢ 

ɱɚɫɬɢɱɧɨ ɜɵɯɨɞɹɳɢɯ ɧɚ ɧɚɪɭɠɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. ɋɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶ 
ɬɟɥɚ ɪɚɡɪɭɲɟɧɢɸ (ɩɪɨɱɧɨɫɬɶ) ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɜ ɧɢɯ ɭɤɚɡɚɧɧɵɯ ɞɟɮɟɤɬɨɜ 
ɫɧɢɠɚɟɬɫɹ ɜ 100 – 1000 ɪɚɡ ɩɪɨɬɢɜ ɢɞɟɚɥɶɧɨɝɨ ɬɜёɪɞɨɝɨ ɬɟɥɚ ɫ ɧɟɧɚɪɭ-
ɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ. 

ɉɪɢ ɷɬɨɦ ɨɛɧɚɠɚɸɬɫɹ ɧɨɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɬɟɦ ɫɟɱɟɧɢɹɦ, ɜ ɤɨ-
ɬɨɪɵɯ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɜɧɟɲɧɢɯ ɫɢɥ ɩɪɟɜɡɨɲɥɢ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ. ɉɪɢ 

ɰɢɤɥɢɱɟɫɤɢɯ ɧɚɝɪɭɠɟɧɢɹɯ ɫ ɤɚɠɞɵɦ ɩɨɫɥɟɞɭɸɳɢɦ ɰɢɤɥɨɦ ɤɨɥɢɱɟɫɬɜɨ 
ɞɟɮɟɤɬɨɜ ɜ ɬɟɥɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɟɝɨ ɩɪɨɱɧɨɫɬɶ ɩɚɞɚɟɬ. ɍɫɬɚɥɨɫɬɧɨɟ 
ɩɨɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɢɡɦɟɥɶɱɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶ-
ɧɨ ɭɫɢɥɟɧɨ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɤɨɬɨɪɵɟ 
ɩɪɨɧɢɤɚɹ ɜ ɦɢɤɪɨɬɪɟɳɢɧɵ, ɷɤɪɚɧɢɪɭɸɬ ɦɨɥɟɤɭɥɹɪɧɵɟ ɫɢɥɵ, ɫɬɪɟɦɹ-
ɳɢɟɫɹ ɢɯ ɫɨɦɤɧɭɬɶ, ɢ ɪɟɡɤɨ ɫɧɢɠɚɸɬ ɩɪɨɱɧɨɫɬɶ (ɷɮɮɟɤɬ Ɋɟɛɢɧɞɟɪɚ). 

ȼ ɨɫɧɨɜɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ ɥɟɠɢɬ ɦɟɯɚɧɢɡɦ 

ɪɚɡɪɭɲɟɧɢɹ ɫɠɚɬɢɟɦ, ɢ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɩɨ ɫɯɟɦɟ ɯɪɭɩɤɨɝɨ ɪɚɡɪɭ-
ɲɟɧɢɹ, ɬ.ɟ. ɛɟɡ ɡɚɦɟɬɧɨɝɨ ɪɚɡɜɢɬɢɹ ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ. 

Ɋɚɛɨɬɚ, ɡɚɬɪɚɱɢɜɚɟɦɚɹ ɧɚ ɪɚɡɪɭɲɟɧɢɟ, ɱɚɫɬɢɱɧɨ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ 
ɞɟɮɨɪɦɚɰɢɸ ɤɭɫɤɨɜ ɢ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜ ɜɢɞɟ 
ɬɟɩɥɚ ɢ ɡɜɭɤɚ, ɚ ɱɚɫɬɢɱɧɨ ɢɞёɬ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɛɨɬɵ ɢɡɦɟɥɶɱɟɧɢɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɬɟɨ-
ɪɢɣ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ. ɇɨ ɜ ɩɪɚɤɬɢɤɟ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ 
ɧɚɲɥɢ ɫɥɟɞɭɸɳɢɟ: ɨɛɴёɦɧɚɹ (ɬɟɨɪɢɹ Ʉɢɪɩɢɱɟɜɚ–Ʉɢɤɚ) ɢ ɩɨɜɟɪɯɧɨɫɬ-
ɧɚɹ (ɬɟɨɪɢɹ Ɋɢɬɬɢɧɝɟɪɚ). 

ɋɨɝɥɚɫɧɨ ɨɛɴёɦɧɨɣ ɬɟɨɪɢɢ ɪɚɛɨɬɚ, ɡɚɬɪɚɱɟɧɧɚɹ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ AV, 

ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɨɛɴёɦɭ ΔV ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɱɚɫɬɢ ɬɟɥɚ: 
 

VkAV Δ= ,                                           (2.3) 
 

ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, Ⱦɠ/ɦ3. 

Ɉɩɪɟɞɟɥɢɦ ɪɚɛɨɬɭ ɞɟɮɨɪɦɚɰɢɢ ɫɠɚɬɢɹ ɤɭɫɤɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ 
Ƚɭɤɚ, ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɫɨɜɩɚɞɚɟɬ ɫ ɩɪɟɞɟɥɨɦ ɭɩɪɭɝɨɫɬɢ. 

ɇɚ ɪɢɫɭɧɤɟ 2.1 ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɫɢɥɵ Ɋ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ 

ɤɭɫɤɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɟɮɨɪɦɚɰɢɢ ɧɚ ɜɟɥɢɱɢɧɭ Δl ɫɨɜɟɪɲɚɟɬɫɹ ɪɚɛɨɬɚ Ⱥ 

(ɜɟɪɬɢɤɚɥɶɧɚɹ ɲɬɪɢɯɨɜɤɚ). ȿɫɥɢ ɤɚɤɨɦɭ-ɥɢɛɨ 
ɡɧɚɱɟɧɢɸ ɫɢɥɵ Ɋ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɮɨɪɦɚ-
ɰɢɹ Δl, ɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɧɚ dP 

ɞɟɮɨɪɦɚɰɢɹ ɩɨɥɭɱɢɬ ɷɥɟɦɟɧɬɚɪɧɨɟ ɩɪɢɪɚɳɟ-
ɧɢɟ dΔl, ɚ ɫɨɜɟɪɲёɧɧɚɹ ɷɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ 

lPddA Δ= . Ɏɨɪɦɭɥɚ ɡɚɤɨɧɚ Ƚɭɤɚ ɢɦɟɟɬ ɜɢɞ 
 

EF

Pl
l =Δ ,                       (2.4) 

 

. 2.1.   
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ɝɞɟ P – ɫɢɥɚ, ɇ; l – ɞɥɢɧɚ ɧɚɩɪɹɠёɧɧɨɝɨ ɭɱɚɫɬɤɚ, ɦ; Е – ɦɨɞɭɥɶ ɭɩɪɭɝɨ-
ɫɬɢ ɦɚɬɟɪɢɚɥɚ ɤɭɫɤɚ, ɉɚ; F – ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɭɫɤɚ, ɦ2. 

Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ ɮɨɪɦɭɥɭ Ƚɭɤɚ, ɩɨɥɭɱɢɦ EFldPld =Δ . Ɍɨɝɞɚ ɪɚ-
ɛɨɬɚ ɡɚɩɢɲɟɬɫɹ: 

 

kV
E

V

E

Fl

EP

lP
dP

EF

Pl
A

P =σ=σ=== ∫ 222

222

0

,                   (2.5) 

 

ɝɞɟ FP=σ  – ɪɚɡɪɭɲɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ, ɉɚ; FlV =  – ɞɟɮɨɪɦɢɪɨ-

ɜɚɧɧɵɣ ɨɛɴёɦ ɬɟɥɚ, ɦ3; Ek 22σ=  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-
ɫɬɢ, Ⱦɠ/ɦ3. 

ȼɵɪɚɡɢɦ ɪɚɛɨɬɭ ɢɡɦɟɥɶɱɟɧɢɹ ɱɟɪɟɡ ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ λ ɢ ɞɨ-
ɩɭɫɬɢɦ, ɱɬɨ ɢɡɦɟɥɶɱɚɟɬɫɹ ɤɭɫɨɤ ɤɭɛɢɱɟɫɤɨɣ ɮɨɪɦɵ ɫ ɞɥɢɧɨɣ ɪɟɛɪɚ L 
ɞɨ ɱɚɫɬɢɰ ɫ ɞɥɢɧɨɣ ɪɟɛɪɚ l ɡɚ r ɪɚɫɩɚɞɨɜ ɧɚ ɨɫɧɨɜɚɧɢɢ ɡɚɤɨɧɚ ɞɟɮɨɪ-
ɦɚɰɢɢ ȼ. Ʌ. Ʉɢɪɩɢɱɟɜɚ, ɤɨɬɨɪɵɣ ɭɬɜɟɪɠɞɚɟɬ, ɱɬɨ ɱɚɫɬɢɰɵ ɦɚɬɟɪɢɚɥɚ 
ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɪɚɫɩɚɞɚɸɬɫɹ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɩɨɞɨɛɧɵɟ ɫɟɛɟ. Ⱦɨ-
ɩɭɫɬɢɦ, ɱɬɨ ɡɚ ɨɞɢɧ ɪɚɫɩɚɞ ɨɛɪɚɡɭɟɬɫɹ m ɱɚɫɬɢɰ. Ɍɨɝɞɚ ɡɚ r ɪɚɫɩɚɞɨɜ 
ɨɛɪɚɡɭɟɬɫɹ ɨɛɳɟɟ ɱɢɫɥɨ ɱɚɫɬɢɰ 33 lLmr = . Ʌɨɝɚɪɢɮɦɢɪɭɹ ɷɬɨ ɜɵɪɚ-
ɠɟɧɢɟ, ɩɨɥɭɱɢɦ 

 ( )
mm

lL
r

lg

lg

lg

lg3 3λ== ,                                    (2.6) 

 

ɝɞɟ lL=λ  – ɫɬɟɩɟɧɶ ɢɡɦɟɥɶɱɟɧɢɹ. 
ȿɫɥɢ k1 – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɩɪɢ ɨɞɧɨɤɪɚɬɧɨɦ ɪɚɫɩɚɞɟ, ɬ.ɟ. 

ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ, ɨɬɧɟɫёɧɧɵɣ ɤ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɢɥɢ ɨɛɴёɦɚ ɢɡɦɟɥɶɱɚɟ-
ɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬɨ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɪɚɫɩɚɞɟ ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪ-
ɝɢɢ Aɭɞ V ɡɚɩɢɲɟɬɫɹ: 

 

3
3

1
1ɭɞ lg

lg

lg λ=λ== VV C
m

k
rkA ,                           (2.7) 

 

ɝɞɟ mkCV lg1=  – ɩɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɨɩɵɬɧɵɦ 

ɩɭɬёɦ, Ⱦɠ/ɦ3, Ⱦɠ/ɤɝ. 
ɋɨɝɥɚɫɧɨ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɟɨɪɢɢ ɪɚɛɨɬɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɢɡɦɟɥɶ-

ɱɟɧɢɹ ɬɟɥɚ, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɜɧɨɜɶ ɨɛɪɚɡɨɜɚɜɲɟɣɫɹ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɉɨɥɨɠɢɦ, ɱɬɨ ɢɡɦɟɥɶɱɟɧɢɸ ɩɨɞɜɟɪɝɚɸɬɫɹ ɤɭɫɤɢ ɤɭɛɢɱɟɫɤɨɣ 

ɮɨɪɦɵ ɫ ɞɥɢɧɨɣ ɪɟɛɪɚ L ɞɨ ɤɭɛɢɤɨɜ ɫ ɞɥɢɧɨɣ ɪɟɛɪɚ l. ɉɪɢɪɚɳɟɧɢɟ 
ɭɞɟɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɷɬɨɦ ( )LlSSS 116ɧɤ −=−=Δ . 
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ɂɡ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɟɨɪɢɢ ɫɥɟɞɭɟɬ 
 

⎟⎠
⎞⎜⎝

⎛ −=Δ=
Ll

kSkA SSS

11
6ɭɞ ,                             (2.8) 

 

ɝɞɟ kS – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, Ⱦɠ/ɦ2. 

ȿɫɥɢ ɭɦɧɨɠɢɬɶ ɢ ɪɚɡɞɟɥɢɬɶ ɩɪɚɜɭɸ ɱɚɫɬɶ ɧɚ L, ɩɨɥɭɱɢɦ 
 

( )1
6

ɭɞ −λ=⎟⎠
⎞⎜⎝

⎛ −= S
S

S C
L

L

l

L

L

k
A ,                         (2.9) 

 

ɝɞɟ LkC SS 6=  – ɩɨɫɬɨɹɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, ɨɩ-

ɪɟɞɟɥɹɟɦɵɣ ɨɩɵɬɧɵɦ ɩɭɬёɦ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ ɮɢɡɢɤɨ-ɦɟɯɚɧɢ-

ɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɢ ɭɫɥɨɜɢɣ ɢɡɦɟɥɶɱɟɧɢɹ, Ⱦɠ/ɦ3, Ⱦɠ/ɤɝ. 
Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɪɚɫɱёɬɵ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɩɨ ɜɵɪɚɠɟɧɢɹɦ ɨɛɴёɦɧɨɣ 

ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɟɨɪɢɣ ɞɚɸɬ ɥɢɲɶ ɩɪɢɛɥɢɠёɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤ ɨɩɵɬ-
ɧɵɦ ɞɚɧɧɵɦ, ɬɚɤ ɤɚɤ ɮɨɪɦɭɥɚ ɨɛɴёɦɧɨɣ ɬɟɨɪɢɢ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɨɰɟɫɫɟ, 
ɩɪɨɢɫɯɨɞɹɳɟɦ ɞɨ ɪɚɡɪɭɲɟɧɢɹ ɦɚɬɟɪɢɚɥɚ (ɜ ɨɛɥɚɫɬɢ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚ-
ɰɢɣ), ɚ ɮɨɪɦɭɥɚ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɬɟɨɪɢɢ – ɧɚ ɩɪɨɰɟɫɫɟ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨ-
ɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɛɧɚɠɚɸɳɢɯɫɹ ɩɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɬɟɥɚ (ɜ ɨɛɥɚɫɬɢ 

ɩɥɚɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɣ). ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɠɟ ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ 
ɪɚɡɪɭɲɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɟ ɜɨɡɧɢɤɚɸɬ ɭɩɪɭɝɢɟ ɞɟɮɨɪɦɚɰɢɢ, ɡɚɬɟɦ ɩɥɚ-
ɫɬɢɱɟɫɤɢɟ, ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ ɧɚɱɢɧɚɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɦɚɬɟɪɢɚɥɚ ɧɚ ɱɚɫɬɢ. 

Ɉɩɵɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɨɦ ɢɡɦɟɥɶɱɟɧɢɢ 

ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɚ ɢ ɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ 

ɞɚёɬ ɨɛɴёɦɧɚɹ ɬɟɨɪɢɹ, ɚ ɩɪɢ ɬɨɧɤɨɦ ɢɡɦɟɥɶɱɟɧɢɢ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ, ɢ ɛɨɥɟɟ ɫɩɪɚɜɟɞɥɢɜɨɣ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨ-
ɜɟɪɯɧɨɫɬɧɚɹ ɬɟɨɪɢɹ. 

Ɋɟɛɢɧɞɟɪ ɉ. Ⱥ. ɫɨɡɞɚɥ ɨɛɨɛɳёɧɧɭɸ ɬɟɨɪɢɸ ɢɡɦɟɥɶɱɟɧɢɹ, ɭɱɢɬɵ-

ɜɚɸɳɭɸ ɩɨɥɨɠɟɧɢɟ ɨɛɟɢɯ ɬɟɨɪɢɣ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɣ 
 

SVkAAA SV Δα+Δ=+=ɢɡɦ ,                          (2.10) 
 

ɝɞɟ ɢɡɦA  – ɪɚɛɨɬɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ, Ⱦɠ; AV – ɪɚɛɨɬɚ ɞɟ-
ɮɨɪɦɚɰɢɣ ɜ ɨɛɴёɦɟ ɤɭɫɤɚ, Ⱦɠ; k, α – ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶ-
ɧɨɫɬɢ; ΔV – ɞɟɮɨɪɦɢɪɨɜɚɧɧɚɹ ɱɚɫɬɶ ɨɛɴёɦɚ ɤɭɫɤɚ, ɦ3; ΔS – ɩɪɢɪɚɳɟ-
ɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɦ2. 

Ɉɞɧɚɤɨ ɭɪɚɜɧɟɧɢɟ Ɋɟɛɢɧɞɟɪɚ ɞɚёɬ ɥɢɲɶ ɤɚɱɟɫɬɜɟɧɧɨɟ ɨɩɢɫɚɧɢɟ 
ɩɪɨɰɟɫɫɚ ɢɡɦɟɥɶɱɟɧɢɹ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɪɚɫ-
ɱёɬɵ, ɬɚɤ ɤɚɤ ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɜɟɥɢɱɢɧ, ɜɯɨɞɹɳɢɯ ɜ ɧɟɝɨ, ɧɟ ɩɨɞɞɚɸɬɫɹ 
ɱɢɫɥɟɧɧɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɋ. ȼ. Ɇɟɥɶɧɢɤɨɜ ɪɚɡɪɚɛɨɬɚɥ 
ɪɚɛɨɱɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɪɚɫɱёɬɚ ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɤɨɪɦɨɜ, 
ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɜɢɞ 
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( )[ ]1lg 3
ɩɪɢɡɦ −λ+λ= SV CCɋA ,                         (2.11) 

 

ɝɞɟ Ⱥɢɡɦ – ɭɞɟɥɶɧɚɹ ɪɚɛɨɬɚ ɢɡɦɟɥɶɱɟɧɢɹ ɤɨɪɦɨɜ, Ⱦɠ/ɤɝ; ɋɩɪ – ɛɟɡɪɚɡ-
ɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɧɟɭɱɬёɧɧɵɯ ɮɚɤɬɨɪɨɜ 
(ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɚ, ɫɩɨɫɨɛ ɢɡɦɟɥɶɱɟɧɢɹ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨ-
ɫɬɢ ɢɡɦɟɥɶɱɢɬɟɥɹ); ɋV – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɚɛɨɬɭ ɭɩɪɭɝɢɯ 
ɞɟɮɨɪɦɚɰɢɣ, ɨɬɧɟɫёɧɧɭɸ ɤ ɟɞɢɧɢɰɟ ɦɚɫɫɵ, Ⱦɠ/ɤɝ; ɋS – ɤɨɷɮɮɢɰɢɟɧɬ, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɪɚɛɨɬɭ, ɡɚɬɪɚɱɢɜɚɟɦɭɸ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɩɨɜɟɪɯɧɨ-
ɫɬɟɣ ɩɪɢ ɢɡɦɟɥɶɱɟɧɢɢ ɢ ɨɬɧɟɫёɧɧɭɸ ɤ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɦɚɬɟɪɢɚɥɚ, Ⱦɠ/ɤɝ. 

ɉɨ ɮɨɪɦɭɥɟ ɋ. ȼ. Ɇɟɥɶɧɢɤɨɜɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɷɧɟɪɝɨɡɚɬɪɚɬɵ 

ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɧɟ ɬɨɥɶɤɨ ɡɟɪɧɨɜɵɯ, ɧɨ ɢ ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ, ɢɡɦɟɥɶ-
ɱɚɟɦɵɯ ɦɨɥɨɬɤɨɜɵɦɢ ɢ ɧɨɠɟɜɵɦɢ ɪɚɛɨɱɢɦɢ ɨɪɝɚɧɚɦɢ. Ɉɩɵɬɧɵɟ ɡɧɚɱɟ-
ɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ ɤɨɪɦɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.1. 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɬɚɛɥ. 2.1 ɩɪɢɜɟɞɟɧɵ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶ-
ɧɨɣ ɜɥɚɠɧɨɫɬɢ ɤɨɪɦɨɜ 14%. Ɂɚɬɪɚɬɵ ɷɧɟɪɝɢɢ ɧɚ ɢɡɦɟɥɶɱɟɧɢɟ ɡɟɪɧɚ 
ɡɚɜɢɫɹɬ ɨɬ ɜɥɚɠɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɡɧɚɱɟɧɢɹ Ⱥɢɡɦ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɮɨɪɦɭɥɟ 

 
2.1.     . .  

 

Ʉɨɪɦ ɋɩɪ, ɤȾɠ/ɤɝ ɋV, ɤȾɠ/ɤɝ ɋS, ɤȾɠ/ɤɝ 

əɱɦɟɧɶ 
Ɉɜёɫ (ɛɟɡ ɩɥёɧɤɢ) 

Ɋɨɠɶ 
ɉɲɟɧɢɰɚ 
Ƚɨɪɨɯ 
ɋɟɧɨ:  
ɥɸɰɟɪɧɨɜɨɟ 
ɤɥɟɜɟɪɧɨɟ 

ɋɨɥɨɦɚ:  
ɪɠɚɧɚɹ 
ɩɲɟɧɢɱɧɚɹ 

Ɍɪɚɜɚ ɫɜɟɠɚɹ:  
ɥɸɰɟɪɧɚ 
ɤɥɟɜɟɪ 
ɪɚɡɧɨɬɪɚɜɶɟ 

0,9…1,5 

3,5…6,5 

1,05…1,75 

– 

– 

 

0,7…0,9 

0,7…0,9 

 

0,7…0,9 

0,7…0,9 

 

0,7…0,9 

0,7…0,9 

0,7…0,9 

8,5 

2,34 

8,4 

4,6 

10,7 

 

0,23 

0,11 

 

0,12 

0,12 

 

0,2 

0,1 

0,19 

7,5 

1,96 

6,40 

8,15 

3,66 

 

2,3 

1,1 

 

1,2 

1,3 

 

2,0 

1,1 

1,9 



ɋ. ȼ. Ɇɟɥɶɧɢɤɨɜɚ, ɧɟɨɛɯɨɞɢɦɨ ɭɦɧɨɠɢɬɶ ɧɚ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢ-

ɟɧɬ ( )1407,11 −+= BCw , ɝɞɟ B – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɡɟɪɧɚ, %. 

ɉɨɫɥɟɞɧɸɸ ɮɨɪɦɭɥɭ ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ, ɩɪɟɞɫɬɚɜɢɜ ɟё ɜ ɜɢɞɟ 

( )1lg 2
3

1ɢɡɦ −λ+λ= CCA ,                             (2.12) 

ɝɞɟ C1, C2 – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɢɡ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ                     
ɩɨ ɦɟɬɨɞɭ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ (ɞɥɹ ɹɱɦɟɧɹ C1 = 10...13 ɤȾɠ/ɤɝ ɢ               

C2 = 6...9 ɤȾɠ/ɤɝ, ɚ ɞɥɹ ɝɪɭɛɵɯ ɫɬɟɛɟɥɶɧɵɯ ɤɨɪɦɨɜ C1 = 7,5...8,5 ɤȾɠ/ɤɝ 
ɢ C2 = 0,6...0,9 ɤȾɠ/ɤɝ). 

ɗɬɚ ɮɨɪɦɭɥɚ ɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɚ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɥɸ-

ɛɨɣ ɩɪɨɰɟɫɫ ɢɡɦɟɥɶɱɟɧɢɹ (ɞɪɨɛɥɟɧɢɟ, ɢɫɬɢɪɚɧɢɟ, ɪɟɡɚɧɢɟ) ɫ ɩɨɡɢɰɢɣ
ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪɢɢ ɢɡɦɟɥɶɱɟɧɢɹ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɢɦɟɟɬ ɨɫɨɛɨɟ ɡɧɚɱɟ-
ɧɢɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɞɪɨɛɢɥɨɤ, 
ɨɛɨɪɭɞɨɜɚɧɧɵɯ ɪɟɠɭɳɢɦ ɚɩɩɚɪɚɬɨɦ ɢ ɦɨɥɨɬɤɨɜɵɦ ɛɚɪɚɛɚɧɨɦ, ɢ ɞɪɭ-
ɝɢɯ ɢɡɦɟɥɶɱɢɬɟɥɟɣ, ɤɨɬɨɪɵɟ ɩɪɨɢɡɜɨɞɹɬ ɞɜɭɤɪɚɬɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɪɚɡ-
ɧɵɯ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɧɚ ɦɚɬɟɪɢɚɥ. 
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