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Аɧɧɨɬɚɰиɹ. ɉɪɢɜɟɞɟɧɵ ɤɪɚɬɤɢɣ ɨɛɡɨɪ ɢ ɚɧɚɥɢɡ ɩɨɤɚɡɚɬɟɥɟɣ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ 

ɞɢɡɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɧɚ ɠɢɞɤɨɦ ɬɨɩɥɢɜɟ ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ. ɉɪɢɜɟɞɟɧɵ ɚɧɚɥɢɬɢɱɟ-
ɫɤɚɹ ɢ ɝɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɢɧɞɢɤɚɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨ-
ɰɟɫɫɚ ɜɩɪɵɫɤɚ ɬɨɩɥɢɜɚ ɢ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ, ɩɨɤɚɡɚɬɟɥɟɣ «ɠɟɫɬɤɨɫɬɢ» ɪɚɛɨɱɟɝɨ ɰɢɤ-
ɥɚ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɜɥɢɹɧɢɟ ɫɜɨɣɫɬɜ ɠɢɞɤɢɯ ɫɬɚɧɞɚɪɬɧɨɝɨ ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ 
ɬɨɩɥɢɜ ɧɚ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ, ɷɤɫɩɟɪɢɦɟɧɬɵ ɜɵɩɨɥɧɟɧɵ ɧɚ ɫɬɟɧɞɟ ɫ ɛɵ-
ɫɬɪɨɯɨɞɧɵɦ ɞɢɡɟɥɶɧɵɦ ɞɜɢɝɚɬɟɥɟɦ. Ɋɚɫɫɦɨɬɪɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɧɞɢɰɢɪɨɜɚɧɢɹ ɞɜɢ-
ɝɚɬɟɥɹ ɧɚ ɫɦɟɫɹɯ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɠɢɠɟɧɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ. ɉɪɨɚɧɚɥɢɡɢɪɨ-
ɜɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɧɞɢɤɚɬɨɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɞɢɡɟɥɹ ɧɚ ɫɦɟ-
ɫɢ ɫɠɢɠɟɧɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ. 

Кɥɸɱеɜые ɫɥɨɜɚ: ɢɧɞɢɤɚɬɨɪɧɵɣ ɩɪɨɰɟɫɫ, ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ, ɚɥɶɬɟɪɧɚɬɢɜɧɨɟ 
ɬɨɩɥɢɜɨ, ɢɧɞɢɤɚɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ, ɩɪɨɰɟɫɫ ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɢ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ. 

 
ȼɜɟɞɟɧɢɟ 

Ɉɞɢɧ  ɢɡ ɩɭɬɟɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɩɨɤɚ-
ɡɚɬɟɥɟɣ ɞɢɡɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɦ ɭɥɭɱɲɟɧɢɢ ɩɪɨɰɟɫɫɨɜ, ɫɨ-
ɫɬɚɜɥɹɸɳɢɯ ɟɝɨ ɪɚɛɨɱɢɣ ɰɢɤɥ. ɉɪɨɜɟɞɟɧɧɵɟ 
ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɛɨɱɢɯ ɰɢɤɥɨɜ 
ɞɜɢɝɚɬɟɥɟɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɚɠɧɨ ɞɨɛɢɜɚɬɶɫɹ ɜ 
ɤɚɠɞɨɦ ɤɨɧɤɪɟɬɧɨɦ ɬɢɩɟ ɞɜɢɝɚɬɟɥɹ ɨɩɬɢɦɚɥɶ-
ɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ Д1–3]. 

Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ, ɩɪɨɬɟɤɚɸɳɢɣ ɜ ɰɢɥɢɧ-
ɞɪɚɯ ɞɢɡɟɥɹ, ɨɩɪɟɞɟɥɹɟɬ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟ-
ɥɢ ɞɜɢɝɚɬɟɥɹ – ɦɨɳɧɨɫɬɶ, ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ, ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɝɪɭɡɤɢ ɜ ɞɟɬɚɥɹɯ ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɞɟɬɚɥɟɣ ɰɢɥɢɧɞɪɨ-
ɩɨɪɲɧɟɜɨɣ ɝɪɭɩɩɵ. Ƚɥɚɜɧɵɟ ɡɚɞɚɱɢ ɩɪɢ ɢɫ-
ɫɥɟɞɨɜɚɧɢɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɫɨɫɬɨɹɬ ɜ ɭɫ-
ɬɚɧɨɜɥɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɨɫɧɨɜɧɵɯ ɟɝɨ ɩɨɤɚ-
ɡɚɬɟɥɟɣ ɨɬ ɪɚɡɥɢɱɧɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɮɚɤɬɨ-
ɪɨɜ ɢ ɜɵɛɨɪɟ ɬɚɤɨɝɨ ɫɨɱɟɬɚɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɪɢ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɸɬɫɹ 
ɧɚɢɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ. 

ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɦ ɰɢɤɥɟ ɞɢɡɟɥɹ ɩɨɬɟɪɢ 
ɬɟɩɥɨɬɵ ɜ ɩɪɨɰɟɫɫɟ ɟɟ ɩɨɞɜɨɞɚ ɢ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɹ ɜ ɪɚɛɨɬɭ ɹɜɥɹɸɬɫɹ ɧɟɢɡɛɟɠɧɵɦɢ ɜ ɫɢɥɭ 
ɪɹɞɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɢ-
ɱɢɧ. ɉɨɞɜɨɞ ɬɟɩɥɨɬɵ ɤ ɪɚɛɨɱɟɦɭ ɬɟɥɭ ɧɚɱɢɧɚ-
ɟɬɫɹ ɟɳɟ ɞɨ ɜɟɪɯɧɟɣ ɦɟɪɬɜɨɣ ɬɨɱɤɢ (ȼɆɌ), ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ, ɜɩɪɵɫɧɭɬɨɝɨ ɜ ɫɪɟɞɭ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ. 
Ⱦɚɜɥɟɧɢɟ ɫɠɚɬɢɹ ɭ ɞɢɡɟɥɟɣ ɛɟɡ ɧɚɞɞɭɜɚ ɫɨ-

ɫɬɚɜɥɹɟɬ (38 - 50) ⋅ 10
2
 ɤɉɚ, ɭ ɞɢɡɟɥɟɣ ɫ ɧɚɞɞɭ-

ɜɨɦ (45 - 100) ⋅ 10
2
 ɤɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɨɬɜɟɬ-

ɫɬɜɟɧɧɨ 800 - 900 Ʉ ɢ 900 -÷ 1000 Ʉ, ɱɬɨ ɩɪɟ-
ɜɵɲɚɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɬɨɩ-
ɥɢɜɚ ɩɪɢɦɟɪɧɨ ɧɚ 430 - 490 Ʉ Д3Ж. 

Ɉɬ ɤɚɱɟɫɬɜɚ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚ-
ɧɢɹ ɬɨɩɥɢɜɚ ɜɨ ɦɧɨɝɨɦ ɡɚɜɢɫɹɬ ɪɟɠɢɦɧɵɟ 
ɩɨɤɚɡɚɬɟɥɢ ɞɢɡɟɥɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɤ ɩɪɨɰɟɫɫɭ 
ɫɝɨɪɚɧɢɹ ɩɪɟɞɴɹɜɥɹɟɬɫɹ ɪɹɞ ɬɪɟɛɨɜɚɧɢɣ, ɤɨ-
ɬɨɪɵɟ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɬɶ ɧɟɨɛɯɨɞɢɦɭɸ ɷɤɨ-
ɧɨɦɢɱɧɨɫɬɶ ɰɢɤɥɚ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɰɢɤɥɚ, ɦɢɧɢɦɚɥɶ-
ɧɵɣ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ ɢ ɜɨɡɞɭɯɚ), ɧɚɞɟɠɧɭɸ 
ɪɚɛɨɬɭ ɞɢɡɟɥɹ (ɧɟ ɩɪɟɜɵɲɟɧɢɟ ɞɨɩɭɫɬɢɦɵɯ 
ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɢ ɢ ɫɤɨɪɨɫɬɢ 
ɢɯ ɧɚɪɚɫɬɚɧɢɹ ɡɚ ɰɢɤɥ). Ɉɞɧɨɜɪɟɦɟɧɧɨɟ ɜɵ-
ɩɨɥɧɟɧɢɟ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ 
ɤɚɤ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɨɧɢ ɩɪɨɬɢɜɨɪɟɱɚɬ ɞɪɭɝ 
ɞɪɭɝɭ. Ɂɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɤɨɦɩɪɨɦɢɫɫɧɨ, ɜ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ 
ɞɚɧɧɨɦɭ ɞɢɡɟɥɸ, ɩɭɬɟɦ ɩɨɞɛɨɪɚ ɨɫɧɨɜɧɵɯ 
ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɪɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɚ 
ɫɝɨɪɚɧɢɹ. ɗɬɢɦɢ ɮɚɤɬɨɪɚɦɢ ɹɜɥɹɸɬɫɹ ɜɵɛɨɪ 
ɬɨɩɥɢɜɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɢ ɟɝɨ ɩɨɞɝɨɬɨɜɤɚ 
ɩɟɪɟɞ ɩɨɞɚɱɟɣ ɜ ɰɢɥɢɧɞɪ ɞɢɡɟɥɹ, ɫɨɡɞɚɧɢɟ 
ɛɥɚɝɨɩɪɢɹɬɧɵɯ ɭɫɥɨɜɢɣ ɪɚɫɩɵɥɢɜɚɧɢɹ ɢ ɩɟ-
ɪɟɦɟɲɢɜɚɧɢɹ ɬɨɩɥɢɜɚ ɫ ɜɨɡɞɭɯɨɦ, ɨɛɟɫɩɟɱɟ-
ɧɢɟ ɩɪɚɜɢɥɶɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɬɨɩɥɢ-
ɜɨɦ ɢ ɜɨɡɞɭɯɨɦ (ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ 
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ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ α), ɜɵɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ ɡɚ-
ɤɨɧɚ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ ɩɨ ɭɝɥɭ ɩɨɜɨɪɨɬɚ ɤɨɥɟɧ-
ɱɚɬɨɝɨ ɜɚɥɚ, ɫɨɡɞɚɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨ-
ɝɨ ɪɟɠɢɦɚ ɜ ɰɢɥɢɧɞɪɟ ɞɢɡɟɥɹ, ɨɛɟɫɩɟɱɢɜɚɸ-
ɳɟɝɨ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɩɨɞɝɨɬɨɜɤɢ ɬɨɩɥɢɜɚ 
ɤ ɫɝɨɪɚɧɢɸ [1,3]. 

Ɉɬ ɦɨɦɟɧɬɚ ɧɚɱɚɥɚ ɜɩɪɵɫɤɢɜɚɧɢɹ ɜ ɰɢ-
ɥɢɧɞɪ ɬɨɩɥɢɜɚ ɞɨ ɤɨɧɰɚ ɟɝɨ ɜɵɝɨɪɚɧɢɹ ɩɪɨ-
ɢɫɯɨɞɹɬ ɫɥɨɠɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫ-
ɫɵ ɢɫɩɚɪɟɧɢɹ, ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɫɝɨɪɚɧɢɹ, 
ɩɪɨɬɟɤɚɸɳɢɟ ɫ ɤɨɧɟɱɧɨɣ ɫɤɨɪɨɫɬɶɸ ɬɟɩɥɨɜɵ-
ɞɟɥɟɧɢɹ, ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢ ɫɨɩɪɨɜɨɠɞɚɸɳɢɟɫɹ ɩɨɬɟɪɟɣ ɬɟɩɥɨɬɵ. 

Ɇɟɬɨɞɵ ɨɰɟɧɤɢ ɫɨɜɟɪɲɟɧɫɬɜɚ ɪɚɛɨɱɟ-
ɝɨ ɩɪɨɰɟɫɫɚ ɞɢɡɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ȼɚɠɧɵɦɢ ɪɟɡɭɥɶɬɢɪɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚ-
ɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ ɩɪɨɰɟɫɫ ɫɝɨɪɚɧɢɹ ɬɨ-
ɩɥɢɜɚ, ɹɜɥɹɸɬɫɹ ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɝɚ-
ɡɨɜ ɜ ɰɢɥɢɧɞɪɟ. Ⱥɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɪɚɡɜɟɪɧɭɬɨɣ ɢɧɞɢɤɚ-
ɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɟ, ɫɧɹɬɨɣ ɫ ɰɢɥɢɧɞɪɚ ɞɢɡɟɥɹ 
(ɪɢɫ. 1) [4]. 

Ɉɫɧɨɜɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɦɚɬɟɪɢɚ-
ɥɨɦ, ɫɥɭɠɚɳɢɦ ɞɥɹ ɨɰɟɧɤɢ  ɫɨɜɟɪɲɟɧɫɬɜɚ 
ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɜ ɰɢɥɢɧɞ-
ɪɟ ɞɢɡɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɹɜɥɹɟɬɫɹ ɢɧɞɢɤɚ-
ɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɪɨɰɟɫɫɚ ɢ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ. ɂɡ ɢɧɞɢɤɚɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɛɪɚɛɨɬɤɟ 
ɛɨɥɶɲɢɧɫɬɜɨ ɩɚɪɚɦɟɬɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 
ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ; ɫɪɟɞɧɟɟ ɢɧɞɢɤɚɬɨɪɧɨɟ ɞɚɜ-
ɥɟɧɢɟ pi,ɞɚɜɥɟɧɢɟ ɫɠɚɬɢɹ ɪɫ, ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ ɫɝɨɪɚɧɢɹ ɪz, ɫɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚɧɢɹ 
ɞɚɜɥɟɧɢɹ Нp/Нφ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɜɵɞɟ-
ɥɟɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɞɢɡɟɥɹ (ɡɚɤɨɧ ɜɵɝɨɪɚɧɢɹ 
ɬɨɩɥɢɜɚ ɯi= f(φ), ɫɤɨɪɨɫɬɶ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ 
dxi/d φ = f (φ), ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɝɨɪɚɧɢɹ φ 

ɝ), ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɚ ɜ ɰɢɥɢɧɞɪɟ ɜ ɥɸɛɨɣ ɦɨ-
ɦɟɧɬ ɜɪɟɦɟɧɢ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ. ɉɨ 
ɱɚɫɨɜɨɦɭ ɪɚɫɯɨɞɭ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬ ɫɪɟɞ-
ɧɢɣ ɢɧɞɢɤɚɬɨɪɧɵɣ bi ɢ ɫɪɟɞɧɢɣ ɷɮɮɟɤɬɢɜɧɵɣ 
be (ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɷɮɮɟɤɬɢɜɧɨɣ ɦɨɳɧɨɫɬɢ 
ɞɢɡɟɥɹ) ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɪɚ-
ɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɞɢɡɟɥɹ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟ-
ɪɢɬɶ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ: ɷɮ-
ɮɟɤɬɢɜɧɚɹ ɦɨɳɧɨɫɬɶ Ne ɢ ɱɚɫɨɜɨɣ ɪɚɫɯɨɞ 
ɬɨɩɥɢɜɚ Gɬ. ɉɨɫɥɟ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫ-
ɬɢ ɚɧɚɥɢɡ ɢɧɞɢɤɚɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ. 

Ⱦɪɭɝɚɹ ɝɪɭɩɩɚ ɩɚɪɚɦɟɬɪɨɜ ɨɩɪɟɞɟɥɹɟɬ 
ɮɚɤɬɨɪɵ, ɜ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɜɥɢɹɸɳɢɟ ɧɚ 

ɤɚɱɟɫɬɜɨ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ. Ɉɫɧɨɜɧɵɦɢ ɜ 
ɷɬɨɣ ɝɪɭɩɩɟ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɫɢɫɬɟɦɵ ɬɨɩɥɢɜɨɩɨɞɚɱɢ – ɩɪɨɞɨɥɠɢ-
ɬɟɥɶɧɨɫɬɶ ɢ ɡɚɤɨɧ ɩɨɞɚɱɢ ɬɨɩɥɢɜɚ, ɤɚɱɟɫɬɜɨ 
ɪɚɫɩɵɥɢɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɪɚɫɯɨɞ ɜɨɡɞɭɯɚ ɢ ɟɝɨ 
ɬɟɦɩɟɪɚɬɭɪɚ, ɤɚɱɟɫɬɜɨ ɨɱɢɫɬɤɢ ɰɢɥɢɧɞɪɚ ɨɬ 
ɨɫɬɚɬɨɱɧɵɯ ɝɚɡɨɜ, ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɧɨɤ ɤɚɦɟ-
ɪɵ ɫɝɨɪɚɧɢɹ ɢ ɬ. ɞ. 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɢɧɞɢɤɚɬɨɪɧɨɣ ɞɢɚ-
ɝɪɚɦɦɟ ɧɚɯɨɞɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ 
ɝɚɡɨɜ ɪmɚɯ. ȿɫɥɢ ɧɚ ɞɢɚɝɪɚɦɦɟ ɡɚɩɢɫɚɧɨ ɢɡ-
ɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɝɚɡɨɜ ɪ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ φ, ɬɨ ɥɟɝɤɨ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɪɟɞɧɹɹ (dp/dφ)ɫɪ ɢ ɦɚɤɫɢɦɚɥɶ-
ɧɚɹ  (dp/dφ)max ɫɤɨɪɨɫɬɢ ɧɚɪɚɫɬɚɧɢɹ ɞɚɜɥɟɧɢɹ 
ɝɚɡɨɜ. Ɉɛɚ ɩɨɤɚɡɚɬɟɥɹ  ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɢ ɞɢɧɚɦɢɱɟɫɤɭɸ ɧɚɩɪɹɠɟɧ-
ɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɞɟɬɚɥɟɣ ɤɪɢɜɨɲɢɩɧɨ-
ɲɚɬɭɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɨɤɚɡɚɬɟɥɟɣ ɞɢɧɚɦɢɱɧɨɫɬɢ 
ɰɢɤɥɚ ɨɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ ɫɪɟɞɧɸɸ ɢ ɦɚɤɫɢ-
ɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚɧɢɹ ɞɚɜɥɟɧɢɹ ɩɨ 
ɭɝɥɭ ɩɨɜɨɪɨɬɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ (ɫɦ. ɪɢɫ. 1). 

ɋɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚɧɢɹ ɞɚɜɥɟɧɢɹ 
ɩɨ ɭɝɥɭ ɩɨɜɨɪɨɬɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɨɩɪɟɞɟ-
ɥɹɟɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɹɦ, ɤɉɚ/°ɉɄȼ: 

 

pz c

ɫɪ c
z cɫɪ

mɪ pdp
tg

d mφ

ω α
φ φ φ

− 
= = = ⋅  − 

,       (1) 

 
ɝɞɟ dɪ – ɩɪɢɪɚɳɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɡɚ 
ɭɝɨɥ ∆φ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ-
ɫɬɢ ɜɬɨɪɨɝɨ ɩɟɪɢɨɞɚ ɫɝɨɪɚɧɢɹ, ɤɉɚ; φz, φɫ – 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɥɢɱɢɧɵ ɭɝɥɨɜ ɩɨɜɨɪɨɬɚ ɤɨ-
ɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɜ ɬɨɱɤɚɯ 2, z (ɪɢɫ. 1), ɝɪɚɞɭɫ 
ɩɨɜɨɪɨɬɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ (°ɉɄȼ); mp, mφ – 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɫɲɬɚɛɵ ɞɚɜɥɟɧɢɹ, ɭɝɥɚ 
ɩɨɜɨɪɨɬɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɞɢɡɟɥɹ; αɫ – ɭɝɨɥ 
ɧɚɤɥɨɧɚ ɫɟɤɭɳɟɣ, ɩɪɨɜɟɞɟɧɧɨɣ ɱɟɪɟɡ ɬɨɱɤɢ 
z–2 (ɪɢɫ. 1), ɝɪɚɞ. [4]. 

Ɋɚɛɨɬɚ ɛɟɡ ɫɬɭɤɨɜ ɜ ɞɢɡɟɥɟ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬɫɹ ɩɪɢ ωɫɪ = (2 - 6) ⋅ 10

2 ɤɉɚ/°ɉɄȼ. ɍ ɫɭɞɨɜɵɯ 
ɦɚɥɨɨɛɨɪɨɬɧɵɯ (ɆɈȾ) ωɫɪ ɪɟɞɤɨ ɩɪɟɜɵɲɚɟɬ 
(1,4 - 1,6) ⋅ 10

2
 ɤɉɚ/°ɉɄȼ. ȼ ɮɨɪɫɢɪɨɜɚɧɧɵɯ 

ɜɵɫɨɤɨɨɛɨɪɨɬɧɵɯ (ȼɈȾ) ɞɨɩɭɫɤɚɟɬɫɹ 

ωɫɪ = (8 − 12) ⋅ 10
2
 ɤɉɚ/°ɉɄȼ, ɧɨ ɩɪɢ ɷɬɨɦ ɜɨɡ-

ɧɢɤɚɸɬ ɜɵɫɨɤɢɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɝɪɭɡɤɢ, ɱɬɨ 
ɭɫɤɨɪɹɟɬ ɢɡɧɚɲɢɜɚɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜ ɢ ɲɟɟɤ 
ɤɪɢɜɨɲɢɩɧɨ-ɲɚɬɭɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ. 
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Ɇɉɚ

ɂɧɞɢɤɚɬɨɪɧɵɟ 
ɞɢɚɝɪɚɦɦɵ

(ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢя ɝɚɡɨɜ 
ɜ ɰɢɥɢɧɞɪɟ ɞɢɡɟɥя)

Ɉɩɪɟɞɟɥɟɧɢɟ «ɠɟɫɬɤɨɫɬɢ» 

ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ:

ɦɚɤɫɢɦɚɥɶɧɚя «ɠɟɫɬɤɨɫɬɶ»: 

(dP/dϕ)max = tgα1;

cɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ «ɠɟɫɬɤɨɫɬɢ»: 

(dP/dϕ)ɫɪ. = tgα2;

P,

Pc

-60 -40 -20 ȼɆɌ +20 +40

Pc

Pc max

2

P

1

ɉɁȼ

α1
α2

3

P max

m

ɬ.1 – ɧɚɱɚɥɨ ɜɩɪɵɫɤɚ;

ɬ.2 – ɧɚɱɚɥɨ ɝɨɪɟɧɢя;

ɬ. m – ɬɨɱɤɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɢɡɝɢɛɚ ɤɪɢɜɨɣ ɝɨɪɟɧɢя;

ɬ. 3 – ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ ɰɢɤɥɚ Pmax;

Pc – ɞɚɜɥɟɧɢɟ «ɱɢɫɬɨɝɨ» 

ɫɠɚɬɢя (ɛɟɡ ɜɩɪɵɫɤɚ 
ɬɨɩɥɢɜɚ);

P – ɬɟɤɭщɟɟ ɞɚɜɥɟɧɢɟ ɜ 
ɰɢɥɢɧɞɪɟ;

ɉɁȼ - ɩɟɪɢɨɞ ɡɚɞɟɪɠɤɢ 
ɜɨɫɩɥɚɦɟɧɟɧɢя.

σ

dσ
dϕ

dσ
dϕ

- ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚя.

σ - ɢɧɬɟɝɪɚɥɶɧɚя;

Хɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɨɩɥɢɜɨɩɨɞɚɱɢ:

σ

dσ
dϕ

- ɯɚɪɚɤɬɟɪɧɵɟ ɬɨɱɤɢ 
(ɞɥя ɚɧɚɥɢɡɚ)

OɉКȼ

OɉКȼ

OɉКȼ-60 -40 -20 ȼɆɌ +20 +40

ϕ

x

dx

dϕ

dx

dϕ

x

dx

dϕ
- ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢя 

ɬɟɩɥɨɜɵɞɟɥɟɧɢя

Хɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɟɩɥɨɜɵɞɟɥɟɧɢя:

x - ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɬɟɩɥɨɜɵɞɟɥɟɧɢя

(ɇɚɤɥɨɧɧɚя ɩɪяɦɚя 
ɱɟɪɟɡ ɬɨɱɤɢ 1-m)

(ɇɚɤɥɨɧɧɚя ɩɪяɦɚя 
ɱɟɪɟɡ ɬɨɱɤɢ 1-Pmax)

 
Ɋɢɫ. 1.  Ⱦɢɚɝɪɚɦɦɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɞɢɡɟɥɹ; 

ɪɚɫɱɟɬ ɠɟɫɬɤɨɫɬɢ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ 
 
Ɇɚɤɫɢɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚɧɢɹ ɞɚɜ-

ɥɟɧɢɹ ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ ɨɩɪɟɞɟɥɹɸɬ ɤɚɤ 
ɩɟɪɜɭɸ ɩɪɨɢɡɜɨɞɧɭɸ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɨ 
ɭɝɥɭ ɩɨɜɨɪɨɬɚ ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ ɧɚ ɛɨɥɟɟ 
ɤɪɭɬɨɦ ɭɱɚɫɬɤɟ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɰɢ-
ɥɢɧɞɪɟ (ɤɉɚ/°ɉɄȼ) 

max

p

ɫɪ m

mdp
tg

d mφ

ω α
φ

 
= = ⋅ 

 
,                (2) 

 
ɝɞɟ αm – ɭɝɨɥ ɧɚɤɥɨɧɚ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɧɚɢɛɨɥɟɟ 
ɤɪɭɬɨɦɭ ɭɱɚɫɬɤɭ ɢɧɞɢɤɚɬɨɪɧɨɣ ɞɢɚɝɪɚɦɦɵ, 
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ɩɪɨɜɟɞɟɧɧɨɣ ɱɟɪɟɡ ɬɨɱɤɭ ɧɚɱɚɥɚ ɝɨɪɟɧɢɹ ɬɨ-
ɩɥɢɜɚ 2 (ɪɢɫ. 1). 

Ɉɰɟɧɤɭ ɞɢɧɚɦɢɱɧɨɫɬɢ ɰɢɤɥɚ ɜ ɨɛɳɟɦ ɫɥɭ-
ɱɚɟ ɩɪɨɢɡɜɨɞɹɬ ɩɨ ɮɚɤɬɨɪɭ ɞɢɧɚɦɢɱɧɨɫɬɢ, 
ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ ɤɨ-
ɥɢɱɟɫɬɜɚ ɬɨɩɥɢɜɚ, ɜɩɪɵɫɧɭɬɨɝɨ ɡɚ ɩɟɪɢɨɞ 
ɡɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ bɰТ, ɤɨ ɜɫɟɦɭ 
ɤɨɥɢɱɟɫɬɜɭ ɬɨɩɥɢɜɚ bɰ, ɜɩɪɵɫɧɭɬɨɝɨ ɡɚ ɰɢɤɥ 

цi
вɩɪ

ц

b

b
σ = .                            (3) 

Ɉɬ ɮɚɤɬɨɪɚ ɞɢɧɚɦɢɱɧɨɫɬɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɫɬɟɩɟɧɢ ɡɚɜɢɫɹɬ ɩɨɤɚɡɚɬɟɥɢ ɞɢɧɚɦɢɱɧɨɫɬɢ 
ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ. ɑɟɦ ɜɵɲɟ ɮɚɤɬɨɪ ɞɢ-
ɧɚɦɢɱɧɨɫɬɢ, ɬɟɦ ɜɵɲɟ, ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɞɢɧɚɦɢɱɧɨ-
ɫɬɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢ 
ɨɞɢɧɚɤɨɜɨɦ ɜɢɞɟ ɬɨɩɥɢɜ. ɍ ɆɈȾ ɢ ɋɈȾ ɮɚɤ-
ɬɨɪ ɞɢɧɚɦɢɱɧɨɫɬɢ ɥɟɠɢɬ ɜ ɩɪɟɞɟɥɚɯ                     
ıɜɩɪ = 0,3 - 0,5, ɭ ȼɈȾ ɨɧ ɞɨɫɬɢɝɚɟɬ ɡɧɚɱɟɧɢɣ  
ıɜɩɪ = 0,8 - 1,0 [4] . 

Ɋɚɛɨɬɚ ɞɢɡɟɥɹ ɧɚ ɪɚɡɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɬɨɩɥɢɜɚɯ 

ɉɪɢ ɪɚɛɨɬɟ ɧɚ ɬɹɠɟɥɵɯ ɫɨɪɬɚɯ ɬɨɩɥɢɜ, 
ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɞɢɧɚɦɢɱɧɨɫɬɶ 
ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɞɢɡɟɥɹ ɨɤɚɡɵɜɚɟɬɫɹ ɧɢɠɟ, 
ɱɟɦ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɞɢɡɟɥɶɧɵɯ. ɗɬɨ ɨɛɴɹɫɧɹ-
ɟɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɩɨɧɢɠɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɢɫ-
ɩɚɪɟɧɢɹ ɬɹɠɟɥɵɯ ɬɨɩɥɢɜ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɩɨɧɢɠɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɹɠɟɥɵɯ ɬɨ-
ɩɥɢɜ ɮɚɤɬɨɪ ɞɢɧɚɦɢɱɧɨɫɬɢ ɨɤɚɡɵɜɚɟɬ ɦɟɧɶ-
ɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɞɢɧɚɦɢɱɧɨɫɬɶ ɪɚɛɨɱɟɝɨ ɰɢɤ-
ɥɚ, ɱɟɦ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɞɢɡɟɥɶɧɵɯ ɬɨɩɥɢɜɚɯ. 

ɋɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚɧɢɹ ɞɚɜɥɟɧɢɹ ɩɪɢ ɫɝɨ-
ɪɚɧɢɢ ɬɨɩɥɢɜɚ ɫɧɢɠɚɟɬɫɹ ɩɭɬɟɦ ɭɦɟɧɶɲɟɧɢɹ 
ɮɚɤɬɨɪɚ ɞɢɧɚɦɢɱɧɨɫɬɢ, ɚ ɷɬɨ ɞɨɫɬɢɝɚɟɬɫɹ 
ɥɢɛɨ ɫɨɤɪɚɳɟɧɢɟɦ ɩɟɪɢɨɞɚ ɡɚɞɟɪɠɤɢ ɫɚɦɨ-
ɜɨɫɩɥɚɦɟɧɟɧɢɹ, ɥɢɛɨ ɢɡɦɟɧɟɧɢɟɦ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤɢ ɜɩɪɵɫɤɢɜɚɧɢɹ ɬɨɩɥɢɜɚ. 

Ɇɚɥɨɜɹɡɤɨɟ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ (ɬɚɛɥ. 1) 
ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɜɹɡɤɨɫɬɶɸ, ɩɥɨɬɧɨ-
ɫɬɶɸ, ɫɠɢɦɚɟɦɨɫɬɶɸ, ɬɟɩɥɨɬɨɣ ɫɝɨɪɚɧɢɹ, 
ɮɪɚɤɰɢɨɧɧɵɦ ɫɨɫɬɚɜɨɦ, ɰɟɬɚɧɨɜɵɦ ɱɢɫɥɨɦ ɢ 
ɞɪ.). ɉɨɷɬɨɦɭ ɪɹɞ ɢɫɯɨɞɧɵɯ ɪɚɫɱɟɬɧɵɯ ɞɚɧ-
ɧɵɯ, ɢ ɱɚɫɬɧɨɫɬɢ, ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɢ ɷɥɟɦɟɧ-
ɬɚɪɧɵɣ ɫɨɫɬɚɜ ɬɨɩɥɢɜɚ, ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɷɧ-
ɬɪɨɩɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɛɭɞɭɬ ɢɦɟɬɶ ɪɚɡ-

ɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɩɪɢɦɟɧɹɟɦɵɯ ɬɨɩɥɢɜ 
(ɬɚɛɥ. 1). 

ɉɪɢ ɩɟɪɟɜɨɞɟ ɞɢɡɟɥɹ ɧɚ ɦɚɥɨɜɹɡɤɨɟ ɬɨɩ-
ɥɢɜɨ [4, 5, 6Ж, ɩɨ ɫɩɨɫɨɛɭ ɜɩɪɵɫɤɚ ɨɩɬɢ-
ɦɚɥɶɧɵɦ ɪɟɲɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɨɯɪɚɧɟɧɢɟ ɟɝɨ 
ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ: ɦɨɳɧɨɫɬɢ ɢ ɷɤɨɧɨɦɢɱ-
ɧɨɫɬɢ. Ɋɚɫɫɦɨɬɪɢɦ, ɜɨɡɦɨɠɧɨ ɥɢ ɜɵɩɨɥɧɟɧɢɟ 
ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ. 

Ɍɢɩɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɨɰɟɫɫɨɜ ɫɝɨɪɚɧɢɹ, ɬɨɩɥɢɜɨɩɨɞɚɱɢ ɢ ɬɟɩɥɨ-
ɜɵɞɟɥɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ.1 ɩɨɡɜɨɥɹɸɬ 
ɜɵɩɨɥɧɢɬɶ ɩɨɥɧɵɣ ɫɨɜɦɟɫɬɧɵɣ ɚɧɚɥɢɡ ɩɪɨ-
ɰɟɫɫɨɜ ɜ ɞɢɡɟɥɟ, ɩɨɥɭɱɟɧɧɵɯ ɤɚɤ ɬɟɨɪɟɬɢɱɟ-
ɫɤɢ. ɬɚɤ ɢ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚ Д4Ж. ɉɪɢɜɟɞɟɧɧɵɣ 
ɧɚɦɢ ɪɢɫ. 1 ɞɨɩɨɥɧɟɧ ɝɪɚɮɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ «ɠɟɫɬɤɨɫɬɢ» ɪɚɛɨ-
ɱɟɝɨ ɰɢɤɥɚ ɞɢɡɟɥɹ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɪɚɡɧɵɯ 
ɫɨɪɬɚɯ ɬɨɩɥɢɜɚ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɢɧɞɢɤɚɬɨɪ-
ɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɜɩɪɵɫɤ ɬɨɩɥɢ-
ɜɚ, ɭɱɢɬɵɜɚɹ ɩɟɪɢɨɞ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟ-
ɧɢɹ (ɉɁȼ), ɧɚɱɢɧɚɬɶ ɬɚɤ, ɱɬɨɛɵ ɪɚɡɜɢɬɢɟ ɩɪɨ-
ɰɟɫɫɚ ɩɪɨɢɫɯɨɞɢɥɨ ɜɛɥɢɡɢ ȼɆɌ Д4–6]. 

ɉɪɢ ɱɪɟɡɦɟɪɧɨ ɪɚɧɧɟɦ ɜɩɪɵɫɤɟ ɩɟɪɢɨɞ 
ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚɦɟɧɟɧɢɹ ɦɨɠɟɬ ɭɜɟɥɢɱɢ-
ɜɚɬɶɫɹ ɢɡ-ɡɚ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɪɹɞɚ. Ɉɞ-
ɧɨɜɪɟɦɟɧɧɨ ɩɪɨɰɟɫɫ ɫɝɨɪɚɧɢɹ ɫɦɟɳɚɟɬɫɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ȼɆɌ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɧɚɢ-
ɛɨɥɶɲɟɟ ɞɚɜɥɟɧɢɟ pz ɞɨɫɬɢɝɚɟɬɫɹ ɞɨ ɩɪɢɯɨɞɚ 
ɩɨɪɲɧɹ ɜ ȼɆɌ. ɗɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɟɡɤɢɦ 
ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɛɨɬɵ ɫɠɚɬɢɹ, ɭɦɟɧɶɲɟɧɢɟɦ 
ɪɚɛɨɬɵ ɪɚɫɲɢɪɟɧɢɹ  ɢ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɚɞɟ-
ɧɢɟɦ ɢɧɞɢɤɚɬɨɪɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɮɚɡɚ ɜɢɞɢɦɨɝɨ ɫɝɨɪɚɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵ-
ɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ ɧɚɪɚɫɬɚɧɢɹ ɞɚɜɥɟɧɢɹ [6]. 

ɉɨɡɞɧɢɣ ɜɩɪɵɫɤ ɬɨɩɥɢɜɚ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɫɝɨɪɚɧɢɟ ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟ-
ɧɢɹ, ɯɨɬɹ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɦɟɞɥɟɧɧɨɦ ɩɨ-
ɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ  ɢ ɦɚɥɵɯ ɜɟɥɢɱɢɧɚɯ 
∆ɪ/∆φ, ɧɨ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɢɧɞɢ-
ɤɚɬɨɪɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. Ɉɩɬɢɦɚɥɶɧɵɣ ɭɝɨɥ 
ɨɩɟɪɟɠɟɧɢɹ ɜɩɪɵɫɤɚ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɫɦɟɫɟ-
ɨɛɪɚɡɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɨɬ ɫɤɨɪɨɫɬɧɨɝɨ ɢ ɧɚɝɪɭ-
ɡɨɱɧɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ. Ⱦɥɹ ɤɚɠ-
ɞɨɝɨ ɞɜɢɝɚɬɟɥɹ ɭɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɧɚɱɚɥɚ 
ɜɩɪɵɫɤɚ ɜɵɛɢɪɚɸɬ ɩɨ ɞɚɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ Д4, 6]. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ 

ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧɵ ɢɧɞɢɤɚɬɨɪɧɵɟ ɞɢɚɝɪɚɦ-
ɦɵ ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɞɢɤɚɬɨɪɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɱɟɬɵɪɟɯɬɚɤɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɤɚɦɟɪɨɣ ɫɝɨɪɚɧɢɹ 
əɆɁ ɨɬ ɭɝɥɚ ɨɩɟɪɟɠɟɧɢɹ  ɧɚɱɚɥɚ ɜɩɪɵɫɤɚ 
[13].Ɉɩɵɬɵ  ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɤɨɥɢɱɟ-
ɫɬɜɚɯ ɜɩɪɵɫɤɢɜɚɟɦɨɝɨ ɬɨɩɥɢɜɚ, ɱɢɫɥɟ ɨɛɨɪɨɬɨɜ 
ɢ ɞɚɜɥɟɧɢɢ ɡɚɬɹɠɤɢ ɩɪɭɠɢɧɵ ɢɝɥɵ ɪɚɫɩɵɥɢɬɟ-
ɥɹ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɭɝɥɚ φɜɩɪ ɞɚɜɥɟɧɢɟ pz ɪɟɡɤɨ 
ɜɨɡɪɚɫɬɚɟɬ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɧɚɪɚɫɬɚ-
ɧɢɹ ɞɚɜɥɟɧɢɹ ɩɨ ɭɝɥɭ ɩɨɜɨɪɨɬɚ (∆ɪ/∆φ)max ɭɜɟ-
ɥɢɱɢɜɚɟɬɫɹ ɨɬ 0,5 ɞɨ 2 Ɇɧ/(ɦ2∙ɝɪɚɞ)                          
[5-20 ɤȽ/(ɫɦ2∙ɝɪɚɞ)Ж. ɉɟɪɢɨɞ ɡɚɞɟɪɠɤɢ ɜɨɫɩɥɚ-
ɦɟɧɟɧɢɹ θɡ, ɜɵɪɚɠɟɧɧɵɣ ɜ ɝɪɚɞɭɫɚɯ ɩɨɜɨɪɨɬɚ 
ɤɨɥɟɧɱɚɬɨɝɨ ɜɚɥɚ, ɬɚɤɠɟ ɡɚɦɟɬɧɨ ɭɜɟɥɢɱɢɜɚɟɬ-
ɫɹ. ɉɟɪɢɨɞ ɜɢɞɢɦɨɝɨ ɫɝɨɪɚɧɢɹ θɜɢɞ ɜɨɡɪɚɫɬɚɟɬ, 
ɧɨ ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɱɟɦ θɡ. Ɉɩɬɢɦɚɥɶɧɵɣ 
ɭɝɨɥ ɨɩɟɪɟɠɟɧɢɹ ɧɚɱɚɥɚ ɜɩɪɵɫɤɚ ɢɫɫɥɟɞɨɜɚɧ-
ɧɨɝɨ ɪɟɠɢɦɚ φɡ = 18° ɞɨ ɜ.ɦ.ɬ. 

ɍ ɞɜɢɝɚɬɟɥɟɣ ɫ ɪɚɡɞɟɥɟɧɧɨɣ ɤɚɦɟɪɨɣ ɫɝɨ-
ɪɚɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɤ ɭɝɥɭ ɨɩɟ-
ɪɟɠɟɧɢɹ ɜɩɪɵɫɤɚ ɦɟɧɶɲɟ [3]. 

ɇɚ ɪɢɫ. 3 ɩɨɤɚɡɚɧɵ ɤɪɢɜɵɟ ɧɚɪɚɫɬɚɧɢɹ 
ɞɚɜɥɟɧɢɹ ɜ ɩɟɪɢɨɞ ɫɝɨɪɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɞɜɢ-
ɝɚɬɟɥɹ ɪɚɡɥɢɱɧɵɯ ɫɨɪɬɨɜ ɬɨɩɥɢɜɚ ɩɪɢ ɨɞɧɨɦ 

ɢ ɬɨɦ ɠɟ ɭɝɥɟ ɨɩɟɪɟɠɟɧɢɹ ɜɩɪɵɫɤɚ [14]. ɉɪɢ 
ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜ, ɢɦɟɸɳɢɯ ɦɚɥɵɯ ɩɟɪɢɨɞ Ĳi 

(ɤɪɢɜɵɟ 1 ɢ 2), ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɧɨɟ ɢ ɫɜɨɟ-
ɜɪɟɦɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɟ, ɬɨɝɞɚ ɤɚɤ 
ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜ ɫ ɛɨɥɶɲɢɦ ɩɟɪɢɨɞɨɦ Ĳi 

(ɤɪɢɜɵɟ 3, 4 ɢ 5) ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɧɚɪɚɫɬɚ-
ɧɢɟ ɞɚɜɥɟɧɢɹ ɢ ɫ ɛɨɥɶɲɢɦ ɨɩɨɡɞɚɧɢɟɦ Д4]. 

Ɂɧɚɱɢɬɟɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɧɚɪɚɫɬɚɧɢɹ ɞɚɜ-
ɥɟɧɢɹ ɫɨɡɞɚɸɬ ɞɢɧɚɦɢɱɟɫɤɭɸ ɧɚɝɪɭɡɤɭ ɲɚ-
ɬɭɧɧɨ-ɤɪɢɜɨɲɢɩɧɨɦɭ ɦɟɯɚɧɢɡɦɭ. 

ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɢɫɥɨɪɨɞɚ ɢ 
ɭɦɟɧɶɲɟɧɢɟ ɨɫɬɚɬɨɱɧɵɯ ɝɚɡɨɜ ɜ ɤɚɦɟɪɟ ɫɝɨ-
ɪɚɧɢɹ ɭɦɟɧɶɲɚɸɬ ɩɟɪɢɨɞ ɡɚɞɟɪɠɤɢ ɫɚɦɨɜɨɫ-
ɩɥɚɦɟɧɟɧɢɹ. ɉɪɢɫɚɞɤɚ ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɡɚ-
ɬɨɪɨɜ ɤ ɬɨɩɥɢɜɭ ɫɨɤɪɚɳɚɟɬ ɩɟɪɢɨɞ ɡɚɞɟɪɠɤɢ 
ɫɚɦɨɜɨɫɩɥɚɦɟɧɟɧɢɹ ɢ ɫɧɢɠɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ ɰɢɤɥɚ. 

Ʉ ɮɢɡɢɱɟɫɤɢɦ ɮɚɤɬɨɪɚɦ ɨɬɧɨɫɹɬɫɹ ɞɚɜ-
ɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɧɚ ɜɩɭɫɤɟ ɢ ɜ 
ɤɨɧɰɟ ɫɠɚɬɢɹ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜɨɡ-
ɞɭɯɚ ɧɚ ɜɩɭɫɤɟ ɢ ɜ ɤɨɧɰɟ ɫɠɚɬɢɹ ɜɫɥɟɞɫɬɜɢɟ 
ɜɨɡɪɚɫɬɚɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜɨɡɞɭɯɚ ɭɫɤɨɪɹɟɬɫɹ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɚɹ ɩɨɞɝɨɬɨɜɤɚ ɬɨɩɥɢɜɚ ɤ 
ɜɨɫɩɥɚɦɟɧɟɧɢɸ, ɚ ɩɨɬɨɦɭ ɜɟɥɢɱɢɧɚ Ĳi ɫɨɤɪɚ-
ɳɚɟɬɫɹ. 
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Ɋɢɫ. 2. ɂɧɞɢɤɚɬɨɪɧɵɟ ɞɢɚɝɪɚɦɦɵ 
ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɞɢɡɟɥɹ 

ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɝɥɚɯ ɨɩɟɪɟɠɟɧɢɹ 
ɜɩɪɵɫɤɚ (φ0

) ɩɪɢ ɪɚɛɨɬɟ 
ɧɚ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ 

ȽɈɋɌ 305-82 [13] 

 

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ, ɫɟɪɢɹ ɢɧɞɢɤɚɬɨɪɧɵɯ 
ɞɢɚɝɪɚɦɦ ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɞɢɡɟɥɹ, ɪɚɛɨɬɚ-
ɸɳɟɝɨ ɧɚ ɫɦɟɫɹɯ ɫɬɚɧɞɚɪɬɧɨɝɨ ɞɢɡɟɥɶɧɨɝɨ 
ɬɨɩɥɢɜɚ ɢ ɫɠɢɠɟɧɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ [15]. 
Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɫɦɚɡɵɜɚɸɳɢɯ ɫɜɨɣɫɬɜ ɫɦɟɫɟɣ 
ɬɨɩɥɢɜ ɢ ɩɨɜɵɲɟɧɢɹ ɜɹɡɤɨɫɬɢ ɞɨ ɩɪɢɟɦɥɟɦɨɣ 
(ɩɨ ɨɩɵɬɭ ɷɤɫɩɥɭɚɬɚɰɢɢ) ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɢ-
ɫɚɞɤɚ (ɤɭɦɨɥ). ɇɚ ɜɫɟɯ ɱɟɬɵɪɟɯ ɧɚɝɪɭɡɨɱɧɵɯ 
ɪɟɠɢɦɚɯ ɯɚɪɚɤɬɟɪ ɢɧɞɢɤɚɬɨɪɧɨ-ɝɨ ɩɪɨɰɟɫɫɚ 
ɢɡɦɟɧɹɥɫɹ ɚɧɚɥɨɝɢɱɧɨ: ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɨɥɢ 
ɫɠɢɠɟɧɧɨɝɨ ɝɚɡɚ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɫɝɨɪɚɧɢɹ ɭɦɟɧɶɲɚ-ɥɨɫɶ; ɞɢɡɟɥɶ 
ɪɚɛɨɬɚɥ «ɦɹɝɱɟ». Ƚɚɡɨɞɢɡɟɥɶɧɚɹ ɫɬɟɧɞɨɜɚɹ 
ɫɢɫɬɟɦɚ ɞɥɹ ɞɚɧɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɪɚɡɪɚɛɨɬɚɧɚ 

ɧɚ ɤɚɮɟɞɪɟ «Ʌɨɤɨɦɨɬɢɜɵ» ɈɦȽɍɉɋ ɢ ɩɪɟɞ-
ɧɚɡɧɚɱɟɧɚ ɞɥɹ ɪɚɛɨɬɵ ɞɢɡɟɥɟɣ ɧɚ ɪɚɡɥɢɱɧɵɯ 
ɜɢɞɚɯ ɬɨɩɥɢɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 
ɜ ɫɦɟɫɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦ. 

ɇɚ ɪɢɫ. 5 ɢ ɬɚɛɥ. 2 ɩɪɢɜɟɞɟɧɵ, ɩɨɥɭ-
ɱɟɧɧɵɟ ɧɚɦɢ ɱɢɫɥɟɧɧɵɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɩɨ 
ɫɩɟɰɢɚɥɶɧɨɣ ɩɪɨɝɪɚɦɦɟ «Ɍɪɢɬɨɧ» Д4Ж ɢɧɞɢɤɚ-
ɬɨɪɧɵɟ ɞɢɚɝɪɚɦɦɵ ɞɢɡɟɥɹ 6ɑɋɉ15/18 ɧɚ ɞɢ-
ɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ ȽɈɋɌ 305-82 ɢ ɫɦɟɫɢ 50 % 
ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ 50 % ɫɠɢɠɟɧɧɨɝɨ ɧɟɮ-
ɬɹɧɨɝɨ ɝɚɡɚ. Ⱦɥɹ ɷɬɨɣ ɫɦɟɫɢ ɩɪɢɫɚɞɤɚ ɧɟ ɢɫ-
ɩɨɥɶɡɨɜɚɥɚɫɶ. Ⱦɚɧɧɵɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɞ-
ɬɜɟɪɞɢɥɢ ɜɵɹɜɥɟɧɧɵɟ ɪɚɧɟɟ ɧɚ ɫɬɟɧɞɟ Д15, 16Ж 
ɪɟɡɭɥɶɬɚɬɵ ɢɧɞɢɰɢɪɨɜɚɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɪɚɛɨ-
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ɬɚɸɳɟɝɨ ɧɚ ɫɦɟɫɹɯ ɫɬɚɧɞɚɪɬɧɨɝɨ ɢ ɥɟɝɤɨɝɨ 
ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɬɨɩɥɢ-

ɜɚ – ɫɠɢɠɟɧɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ [4]. 
 

 
 
 
 
 
 
 
 
 

Ɋɢɫ. 3. Ʉɪɢɜɵɟ ɫɤɨɪɨɫɬɢ ɧɚɪɚɫɬɚɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 
ɩɟɪɢɨɞ ɩɪɨɰɟɫɫɚ ɫɝɨɪɚɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɞɢɡɟɥɹ 
ɩɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜ ɫ ɪɚɡɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ: 

1 - ɬɨɩɥɢɜɨ ɞɢɡɟɥɶɧɨɟ «Ʌ» ȽɈɋɌ 305-82; 
2 - ɬɨɩɥɢɜɨ ɞɢɡɟɥɶɧɨɟ «3» ȽɈɋɌ 305-82; 

3 - ɬɨɩɥɢɜɨ ɝɚɡɨɬɭɪɛɢɧɧɨɟ ȽɈɋɌ 104433-75; 
4 - ɬɨɩɥɢɜɨ ɬɹɠɟɥɨɟ ȾɌ-1 ȽɈɋɌ 1667-71; 

5 - ɬɨɩɥɢɜɨ ɬɹɠɟɥɨɟ ȾɌ-2 ȽɈɋɌ 1667-71 [14] 
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Ɋɢɫ. 4. ɂɧɞɢɤɚɬɨɪɧɵɟ ɞɢɚɝɪɚɦɦɵ ɞɢɡɟɥɹ 6ɑ15/18, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɫɦɟɫɹɯ ɬɨɩɥɢɜ[15]: 
ɚ – 20 % ɞɢɡɟɥɶɧɨɝɨ ɥɟɬɧɟɝɨ ɬɨɩɥɢɜɚ + 78 % ɫɠɢɠɟɧɧɨɝɨ ɝɚɡɚ + 2 % ɩɪɢɫɚɞɤɢ; 
ɛ – 20 % ɞɢɡɟɥɶɧɨɝɨ ɥɟɬɧɟɝɨ ɬɨɩɥɢɜɚ + 76 % ɫɠɢɠɟɧɧɨɝɨ ɝɚɡɚ + 4 % ɩɪɢɫɚɞɤɢ; 
ɜ –15 % ɞɢɡɟɥɶɧɨɝɨ ɥɟɬɧɟɝɨ ɬɨɩɥɢɜɚ + 83 % ɫɠɢɠɟɧɧɨɝɨ ɝɚɡɚ + 2 % ɩɪɢɫɚɞɤɢ; 
ɝ – 15 % ɞɢɡɟɥɶɧɨɝɨ ɥɟɬɧɟɝɨ ɬɨɩɥɢɜɚ + 81 % ɫɠɢɠɟɧɧɨɝɨ ɝɚɡɚ + 4 % ɩɪɢɫɚɞɤɢ. 

ɉɪɢɫɚɞɤɚ – ɤɭɦɨɥ. Ɋɟɠɢɦɵ ɧɚɝɪɭɡɤɢ: 1 ; 2 0,75 ; 3 0,5 ; 4 0,25 .e e e eN N N N N N N N− = − = − = − =
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Ɍɚɛɥɢɰɚ 2 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɨ ɩɪɨɝɪɚɦɦɟ «Ɍɪɢɬɨɧ» 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ɩɚɪɚɦɟɬɪɚ 

Ɉɛɨɡɧɚɱɟɧɢɹ 
ɋɨɫɬɚɜ ɫɦɟɫɢ 

ȾɌ 25%ɋɇȽ+75%ȾɌ 50%ɋɇȽ+50%ȾɌ 75%ɋɇȽ+25%ȾɌ 

Ⱦɚɜɥɟɧɢɟ ɫɠɚɬɢɹ Pc, ɤɉɚ 4861,6 4861,6 4861,6 4861,5 

Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ 

Pz, ɤɉɚ 7705,84 7231,54 6336,84 4875,51 

Ⱦɚɜɥɟɧɢɟ ɜ ɤɨɧ-
ɰɟ ɪɚɫɲɢɪɟɧɢɹ 

Pb, ɤɉɚ 391,7 399,2 411,2 435,1 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɜ ɤɨɧɰɟ 

ɪɚɫɲɢɪɟɧɢɹ 
Tb, Ʉ 838,2 853,6 878,5 929,0 

Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ 

Tmax, Ʉ 1514,03 1493,72 1458,58 1414,33 

Ⱦɚɜɥɟɧɢɟ 
ɧɚɞɞɭɜɚ 

Pint, ɤɉɚ 150,3 150,3 150,3 150,3 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɢɡɛɵɬɤɚ ɜɨɡɞɭɯɚ 

a 2,67 2,64 2,63 2,61 

180 195 210 225 240 255 270 285 300 315 330 345 360 375 390 405 420 435 450 465 480 495 510 525 540
ɇɆɌ

P, Ɇɉɚ

ȼɆɌ

78 o
33 '

69 o
49 '

- ɪɚɛɨɬɚ ɧɚ ɫɦɟɫɢ 50 % ɋɇȽ ɢ
 50 % ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ;

- ɪɚɛɨɬɚ ɧɚ ɞɢɡɟɥɶɧɨɦ ɬɨɩɥɢɜɟ;

ɋɇȽ - ɫɠɢɠɟɧɧɵɣ ɧɟɮɬяɧɨɣ ɝɚɡ 
ɩɪɨɢɡɜɨɞɫɬɜɚ Ɉɦɫɤɨɝɨ ɇɉɁ. 

 
Ɋɢɫ. 5. Ɋɚɡɜɟɪɧɭɬɵɟ ɢɧɞɢɤɚɬɨɪɧɵɟ ɞɢɚɝɪɚɦɦɵ  ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɞɢɡɟɥɹ 6ɑɋɉ15/18 

 

ȼɵɜɨɞɵ ɢ ɡɚɤɥɸɱɟɧɢɟ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɪɚ-
ɛɨɱɢɣ ɩɪɨɰɟɫɫ ɛɵɫɬɪɨɯɨɞɧɨɝɨ ɞɢɡɟɥɹ ɧɚ ɬɨɩ-
ɥɢɜɧɵɯ ɫɦɟɫɹɯ ɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɫɠɢ-
ɠɟɧɧɨɝɨ ɝɚɡɚ ɩɪɨɬɟɤɚɟɬ ɫ ɩɪɢɟɦɥɟɦɵɦɢ ɢɧɞɢ-
ɤɚɬɨɪɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɧɚ ɪɚɡɥɢɱɧɵɯ ɧɚ-
ɝɪɭɡɨɱɧɵɯ ɪɟɠɢɦɚɯ. 

Ɉɪɝɚɧɢɡɚɰɢɹ ɬɚɤɨɝɨ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ 
ɞɢɡɟɥɶɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɨɡɜɨɥɹɟɬ ɤɚɤ ɭɦɟɧɶ-
ɲɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɬɨɩɥɢɜɨ (ɨɩɬɨɜɚɹ ɰɟɧɚ ɫɠɢ-
ɠɟɧɧɨɝɨ ɧɟɮɬɹɧɨɝɨ ɝɚɡɚ ɧɚ 30 – 50 % ɧɢɠɟ 
ɰɟɧɵ ɧɚ ɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ), ɬɚɤ ɢ ɫɧɢɡɢɬɶ 
ɬɨɤɫɢɱɧɨɫɬɶ ɨɬɪɚɛɨɬɚɜɲɢɯ ɝɚɡɨɜ ɡɚ ɫɱɟɬ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ) 
[1, 4, 5]. 
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A DIESEL ENGINE OPERATION BY USING 

ALTERNATIVE FUELS 
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P. V. Litvinov 

 
Abstract. The short survey and analyze of diesel 

operation indexes working on liquid fuels is shown. 
The analytic and graphic interpretation of the indicator 
diagram, characteristics of fuel injection and heat re-
lease, harshness of working cycle are given. The in-

fluence of standard and alternative fuel types on di-
esel operation parameters is analyzed by experiment-
ing on a high-speed diesel engine test bench. The 
results of diesel tests on diesel fuel and liquefied oil 
gas mixes are examined. The modelling results of 
diesel working on a mix of liquefied oil gas and stan-
dard diesel fuel are analyzed. 

Keywords: indicator process, diesel fuel, alterna-
tive fuel, indicator diagram, fuel supply and heat re-
lease. 
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Аɧɧɨɬɚɰиɹ. ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ȽИȻȾȾ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɫɚ-
ɦɵɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɜɢɞɚɦɢ ɞɨɪɨɠɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɨɢɫɲɟɫɬɜɢɣ ɫɬɚɥɢ 
ɫɬɨɥɤɧɨɜɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɤɨɬɨɪɵɯ ɩɪɨɢɫɯɨɞɹɬ ɧɚ ɩɟɪɟ-
ɤɪɟɫɬɤɚɯ ɞɨɪɨɝ. Ɉɛɴɟɤɬɢɜɧɨɟ ɪɚɫɫɥɟɞɨɜɚɧɢɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜ ɞɨɪɨɠɧɨ-
ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɪɨɢɫɲɟɫɬɜɢɣ ɢ ɭɫɬɚɧɨɜɥɟɧɢɟ ɢɫɬɢɧɧɨɝɨ ɜɢɧɨɜɧɢɤɚ ɩɪɨɢɫɲɟɫɬɜɢɹ 
ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɨɪɝɚɧɨɜ ɢ ɥɢɰ, ɩɪɨɜɨɞɹɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜ 
ȾɌɉ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɫɬɨɹɬɟɥɶɫɬɜ ɩɪɨɢɫɲɟɫɬɜɢɹ ɧɟɪɚɡ-
ɪɵɜɧɨ ɫɜɹɡɚɧɨ ɫ ɨɞɧɨɡɧɚɱɧɵɦ ɩɨɧɢɦɚɧɢɟɦ ɬɨɝɨ, ɝɞɟ, ɜ ɤɚɤɨɦ ɦɟɫɬɟ ɩɪɨɢɡɨɲɥɨ ɞɨɪɨɠ-
ɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɟ ɩɪɨɢɫɲɟɫɬɜɢɟ ɢ ɤɬɨ ɢɡ ɟɝɨ ɭɱɚɫɬɧɢɤɨɜ ɩɨɥɶɡɨɜɚɥɫɹ ɩɪɟɢɦɭɳɟɫɬ-
ɜɟɧɧɵɦ ɩɪɚɜɨɦ ɧɚ ɞɜɢɠɟɧɢɟ. Ɋɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɵɯ ɜɨɩɪɨɫɨɜ, ɡɚɱɚɫɬɭɸ, ɡɚɬɪɭɞɧɟɧɨ 
ɜ ɫɜɹɡɢ ɫ ɧɟɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɵɦɢ ɮɨɪɦɭɥɢɪɨɜɤɚɦɢ ɬɟɪɦɢɧɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɉɪɚɜɢ-
ɥɚɯ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. ȼ ɱɚɫɬɧɨɫɬɢ ɷɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɤɚ-
ɫɚɟɬɫɹ ɬɟɪɦɢɧɚ «ɩɟɪɟɤɪɟɫɬɨɤ». ȼ ɪɚɡɥɢɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ, ɩɨɫɜɹɳɟɧɧɨɣ ɜɨɩɪɨɫɚɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɜɢɠɟɧɢɹ, ɩɪɢɜɨɞɹɬɫɹ ɩɪɢɦɟɪɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɮɢɝɭɪɚ-
ɰɢɸ ɢ ɝɪɚɧɢɰɵ ɩɟɪɟɤɪɟɫɬɤɚ. Ɉɞɧɚɤɨ, ɩɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɩɪɢɜɟɞɟɧɧɵɯ ɩɪɢɦɟ-
ɪɨɜ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɮɨɪɦɟ ɬɪɟɯ- ɢɥɢ ɱɟɬɵɪɟɯ ɫɬɨɪɨɧɧɟɝɨ ɩɟɪɟɤɪɟ-
ɫɬɤɚ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɚɜɬɨɪɚɦɢ ɩɪɨɜɟɞɟɧ ɞɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɢ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ ɧɟɨɛ-
ɯɨɞɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɫɭɳɟɫɬɜɭɸɳɟɝɨ ɬɟɪɦɢɧɚ «ɩɟɪɟɤɪɟɫɬɨɤ». 

Кɥɸɱеɜые ɫɥɨɜɚ: ɞɨɪɨɠɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɟ ɩɪɨɢɫɲɟɫɬɜɢɟ, ɩɟɪɟɤɪɟɫɬɨɤ, ɛɟɡɨɩɚɫ-
ɧɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɩɪɚɜɢɥɚ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɝɪɚɧɢɰɵ ɩɟɪɟɤɪɟɫɬɤɚ. 
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