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Ɋ.Ⱥ. Ⱦɢɞɢɤɨɜ 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɉɟɬɪɚ ȼɟɥɢɤɨɝɨ»,  
Ɋɨɫɫɢɹ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ. 

 

Аɧɧɨɬɚɰиɹ. Ɋɚɫɫɦɨɬɪɟɧɚ ɦɟɬɨɞɢɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɢɬɶ ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɞɜɭɯɩɨɬɨɱɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ ɜ 
ɬɪɚɧɫɦɢɫɫɢɢ ɚɜɬɨɦɨɛɢɥɹ, ɜɵɩɨɥɧɹɸɳɟɝɨ ɮɭɧɤɰɢɸ ɦɟɠɤɨɥɟɫɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɚ, 
ɛɟɡ ɨɛɪɚɳɟɧɢɹ ɤ ɤɨɧɤɪɟɬɧɨɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɟ ɦɟɯɚɧɢɡɦɚ. Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɹ ɫ 
ɤɨɧɤɪɟɬɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɩɪɟɞɟɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɳɧɨɫɬɢ ɛɭɤɫɨɜɚɧɢɹ 
ɮɪɢɤɰɢɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɨɬɪɟɛɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ, ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɪɚɞɢɭɫɚ ɩɨɜɨɪɨɬɚ, ɹɜɥɹɸɳɢɦɢɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɩɪɨɱɧɨɫɬɧɵɯ 
ɪɚɫɱɟɬɨɜ ɢ ɨɰɟɧɤɢ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɦɢɫɫɢɢ ɚɜɬɨɦɨɛɢɥɹ. 

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɚɜɬɨɦɨɛɢɥɶ, ɦɟɯɚɧɢɡɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ, ɛɚɥɚɧɫ 
ɦɨɳɧɨɫɬɢ, ɬɪɚɧɫɦɢɫɫɢɹ ɚɜɬɨɦɨɛɢɥɹ, ɞɢɮɮɟɪɟɧɰɢɚɥ. 
 

ȼɜɟɞɟɧɢɟ 
Ɉɫɧɨɜɧɨɣ ɮɭɧɤɰɢɟɣ ɦɟɯɚɧɢɡɦɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɢ (ɆɊɆ) ɜ 
ɬɪɚɧɫɦɢɫɫɢɢ ɚɜɬɨɦɨɛɢɥɹ ɹɜɥɹɟɬɫɹ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɳɧɨɫɬɧɵɯ ɩɨɬɨɤɨɜ ɦɟɠɞɭ 
ɜɟɞɭɳɢɦɢ ɤɨɥɟɫɚɦɢ ɢɥɢ ɦɨɫɬɚɦɢ. 
ɉɪɨɫɬɟɣɲɢɦ ɩɪɢɦɟɪɨɦ ɆɊɆ ɜ ɬɪɚɧɫɦɢɫɫɢɢ 
ɚɜɬɨɦɨɛɢɥɹ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɣ ɫɢɦɦɟɬɪɢɱɧɵɣ 
ɦɟɠɤɨɥɟɫɧɵɣ ɞɢɮɮɟɪɟɧɰɢɚɥ. Ɍɚɤɢɟ ɆɊɆ 
ɱɪɟɡɜɵɱɚɣɧɨ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ, ɧɨ ɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɦɨɳɧɨɫɬɢ ɩɪɢ ɩɨɬɟɪɟ ɫɰɟɩɥɟɧɢɹ ɫ ɝɪɭɧɬɨɦ 
ɨɞɧɨɝɨ ɢɡ ɤɨɥɟɫ, ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɪɟɚɥɢɡɚɰɢɢ 
ɭɩɪɚɜɥɟɧɢɹ ɜɟɥɢɱɢɧɚɦɢ ɪɚɫɩɪɟɞɟɥɹɟɦɵɯ 
ɦɨɳɧɨɫɬɟɣ ɢ ɞɪ.) ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɨɝɪɚɧɢɱɢɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɩɨɜɵɲɟɧɢɸ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɚɜɬɨɦɨɛɢɥɹ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɠɟ ɧɟ 
ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɚɜɬɨɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. Ɋɚɛɨɬɚ 
ɧɚɞ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɆɊɆ 
ɩɪɢɜɟɥɚ ɤ ɩɨɹɜɥɟɧɢɸ ɲɢɪɨɤɨɣ ɝɚɦɦɵ 
ɤɨɧɫɬɪɭɤɰɢɣ ɦɟɯɚɧɢɡɦɨɜ Д1, 2]. Ɂɚ ɩɨɫɥɟɞɧɢɟ 
ɞɜɚ ɞɟɫɹɬɢɥɟɬɢɹ ɫɮɨɪɦɢɪɨɜɚɥɫɹ ɤɥɚɫɫ 
ɦɟɯɚɧɢɡɦɨɜ, ɧɚɲɟɞɲɢɯ ɩɪɢɦɟɧɟɧɢɟ ɧɚ 
ɫɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɵɯ ɦɨɞɟɥɹɯ ɚɜɬɨɦɨɛɢɥɟɣ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɞɜɭɯɩɨɬɨɱɧɵɟ ɆɊɆ ɫ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɩɪɚɜɥɹɟɦɨɝɨ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɳɧɨɫɬɧɵɯ ɩɨɬɨɤɨɜ (ɢ, 
ɤɚɤ ɫɥɟɞɫɬɜɢɟ – ɬɹɝɢ) ɦɟɠɞɭ ɤɨɥɟɫɚɦɢ 

ɜɟɞɭɳɢɯ ɨɫɟɣ [3-5Ж. ȼ Ɋɨɫɫɢɢ ɬɚɤɢɟ 
ɚɜɬɨɦɨɛɢɥɢ ɧɟ ɜɵɩɭɫɤɚɸɬɫɹ, ɩɭɛɥɢɤɚɰɢɣ ɩɨ 
ɜɨɩɪɨɫɚɦ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɢɧɬɟɡɚ 
ɫɯɟɦ ɬɚɤɢɯ ɆɊɆ ɦɚɥɨ Д6,7Ж ɢ ɩɪɨɛɥɟɦɚ ɧɟ 
ɢɦɟɟɬ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɜ 
ɥɢɬɟɪɚɬɭɪɟ. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɢɣ ɢ ɫɢɥɨɜɨɣ ɚɧɚɥɢɡ 
ɞɜɭɯɩɨɬɨɱɧɵɯ ɆɊɆ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ 
ɫɨɛɨɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɥɚɧɟɬɚɪɧɵɟ ɪɟɞɭɤɬɨɪɵ 
ɫ ɞɜɭɦɹ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ, ɧɟ ɹɜɥɹɟɬɫɹ 
ɬɪɢɜɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ Д8Ж. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɧɚ 
ɨɫɧɨɜɟ ɢɡɜɟɫɬɧɵɯ ɩɨɥɨɠɟɧɢɣ ɬɟɨɪɢɢ 
ɩɥɚɧɟɬɚɪɧɵɯ ɩɟɪɟɞɚɱ Д9Ж ɨɧɚ ɜɩɨɥɧɟ 
ɪɚɡɪɟɲɢɦɚ. Ɋɟɲɚɬɶ ɟɟ ɧɟɨɛɯɨɞɢɦɨ, 
ɧɚɩɪɢɦɟɪ, ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤɨɧɤɪɟɬɧɨɝɨ 
ɦɟɯɚɧɢɡɦɚ, ɤɨɝɞɚ ɟɟ ɪɟɡɭɥɶɬɚɬɵ ɹɜɥɹɸɬɫɹ 
ɨɫɧɨɜɨɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱɟɬɨɜ ɧɚ 
ɩɪɨɱɧɨɫɬɶ, ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɢ ɞɪ. ɉɪɢ ɷɬɨɦ 
ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɆɊɆ ɭɠɟ ɞɨɥɠɧɚ 
ɛɵɬɶ ɢɡɜɟɫɬɧɚ, ɤɚɤ ɢ ɱɢɫɥɚ ɡɭɛɶɟɜ ɲɟɫɬɟɪɟɧ 
(ɢɥɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 
ɩɥɚɧɟɬɚɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ). Ⱥ ɷɬɢ ɡɚɞɚɱɢ 
ɪɟɲɚɸɬɫɹ ɧɚ ɫɬɚɞɢɢ ɫɢɧɬɟɡɚ ɆɊɆ. 

Ɇɟɬɨɞɢɤɢ ɫɢɧɬɟɡɚ, ɩɨɥɨɠɟɧɧɵɟ ɜ ɨɫɧɨɜɭ 
ɬɟɨɪɢɢ ɩɥɚɧɟɬɚɪɧɵɯ ɩɟɪɟɞɚɱ, ɩɨɡɜɨɥɹɸɬ 
ɪɚɡɪɟɲɢɬɶ ɡɚɞɚɱɭ ɢ ɞɥɹ ɞɜɭɯɩɨɬɨɱɧɵɯ 
ɩɥɚɧɟɬɚɪɧɵɯ ɦɟɯɚɧɢɡɦɨɜ (ɜ ɬɨɦ ɱɢɫɥɟ 
ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɢɧɬɟɡɚ 
ɩɥɚɧɟɬɚɪɧɵɯ ɪɟɞɭɤɬɨɪɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɱɢɫɥɨɦ 
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ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ Д10Ж). ɇɨ ɧɟ ɪɟɲɟɧ ɜɨɩɪɨɫ ɨ 
ɪɚɰɢɨɧɚɥɶɧɨɦ ɜɵɛɨɪɟ ɩɨɬɪɟɛɧɵɯ ɡɧɚɱɟɧɢɣ 
ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɆɊɆ, ɧɟ ɡɚɜɢɫɹɳɢɯ ɨɬ 
ɟɝɨ ɫɯɟɦɵ. Ɍɚɤɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ, 
ɤɚɤ ɦɢɧɢɦɭɦ, ɪɟɚɥɢɡɭɟɦɵɟ ɡɧɚɱɟɧɢɹ 
ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɱɢɫɥɚ ɦɟɠɞɭ ɤɨɥɟɫɚɦɢ ɛɨɪɬɨɜ 
(ɢɥɢ ɜɟɞɭɳɢɦɢ ɦɨɫɬɚɦɢ, ɟɫɥɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɠɨɫɟɜɨɣ ɆɊɆ) ɢ ɪɚɛɨɱɢɟ 
ɱɚɫɬɨɬɵ ɡɨɥɨɬɧɢɤɨɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
(ɩɨɫɤɨɥɶɤɭ ɜ ɢɡɜɟɫɬɧɵɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɞɥɹ 
ɤɨɧɬɪɨɥɹ ɫɠɚɬɢɹ ɩɚɤɟɬɨɜ ɞɢɫɤɨɜ 
ɮɪɢɤɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɭɩɪɚɜɥɟɧɢɹ (Ɏɗɍ) 
ɆɊɆ ɜ ɝɢɞɪɨɩɪɢɜɨɞɟ ɩɪɢɦɟɧɹɟɬɫɹ ɲɢɪɨɬɧɨ-
ɢɦɩɭɥɶɫɧɚɹ ɦɨɞɭɥɹɰɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɞɚɜɥɟɧɢɹ). ȼɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɹɜɥɹɟɬɫɹ ɢ 
ɦɨɳɧɨɫɬɶ, ɪɚɫɫɟɢɜɚɟɦɚɹ ɩɪɢ ɛɭɤɫɨɜɚɧɢɢ 
Ɏɗɍ, ɬɚɤ ɤɚɤ ɟɟ ɜɟɥɢɱɢɧɚ ɨɩɪɟɞɟɥɹɟɬ 
ɬɟɩɥɨɧɚɩɪɹɠɟɧɧɨɫɬɶ ɭɡɥɨɜ ɆɊɆ, 
ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɩɚɤɟɬɚ ɞɢɫɤɨɜ Ɏɗɍ ɢ ɞɪ. 

ɉɨ ɯɚɪɚɤɬɟɪɭ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ, ɫɩɨɫɨɛɭ ɢɯ 
ɪɟɲɟɧɢɹ, ɭɫɬɪɨɣɫɬɜɭ, ɆɊɆ ɫɨɜɪɟɦɟɧɧɵɯ 
ɚɜɬɨɦɨɛɢɥɟɣ Д3-6Ж ɜɟɫɶɦɚ ɫɯɨɞɧɵ ɫ 
ɦɟɯɚɧɢɡɦɚɦɢ ɩɨɜɨɪɨɬɚ ɝɭɫɟɧɢɱɧɵɯ ɦɚɲɢɧ 
[11, 12Ж, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 
ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɞɥɹ ɷɬɢɯ 
ɚɝɪɟɝɚɬɨɜ ɨɪɢɝɢɧɚɥɶɧɵɣ ɩɨɞɯɨɞ ɤ 
ɨɩɪɟɞɟɥɟɧɢɸ ɫɨɫɬɚɜɥɹɸɳɢɯ ɛɚɥɚɧɫɚ 
ɦɨɳɧɨɫɬɢ Д13Ж. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ ɛɚɥɚɧɫɚ 
ɦɨɳɧɨɫɬɢ ɆɊɆ 

Ɋɚɫɫɦɨɬɪɢɦ ɦɟɬɨɞɢɤɭ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɆɊɆ, ɜ 
ɤɨɬɨɪɨɦ ɨɞɢɧ ɢɡ Ɏɗɍ ɹɜɥɹɟɬɫɹ ɛɭɤɫɭɸɳɢɦ. 
ɍɩɪɚɜɥɹɟɦɨɟ ɛɭɤɫɨɜɚɧɢɟ Ɏɗɍ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚ 
ɫɱɟɬ ɤɨɧɬɪɨɥɹ ɭɫɢɥɢɹ ɫɠɚɬɢɹ ɩɚɤɟɬɚ ɞɢɫɤɨɜ, 
ɧɚɩɪɢɦɟɪ, ɩɨɫɪɟɞɫɬɜɨɦ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ 
ɦɨɞɭɥɹɰɢɢ ɞɚɜɥɟɧɢɹ ɩɪɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɢɥɢ ɤɨɧɬɪɨɥɹ ɫɢɥɵ ɬɨɤɚ 
(ɧɚɩɪɹɠɟɧɢɹ) ɩɪɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɦ ɩɪɢɜɨɞɟ 
Д14Ж. Ⱦɚɧɧɵɣ ɩɪɢɧɰɢɩ ɨɬɪɚɛɨɬɚɧ ɧɚ ɩɪɢɦɟɪɚɯ 
ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɨɜɨɪɨɬɨɦ 
ɛɵɫɬɪɨɯɨɞɧɵɯ ɝɭɫɟɧɢɱɧɵɯ ɦɚɲɢɧ Д15-18]. 

Ɋɚɫɫɦɨɬɪɢɦ ɭɩɪɨɳɟɧɧɭɸ ɪɚɫɱɟɬɧɭɸ 
ɫɯɟɦɭ ɩɨɜɨɪɨɬɚ ɞɜɭɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
(ɪɢɫ. 1). ɉɨɞɨɛɧɚɹ ɫɯɟɦɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɧɚɦɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɡɧɚɱɟɧɢɣ 
ɩɟɪɟɞɚɬɨɱɧɵɯ ɨɬɧɨɲɟɧɢɣ ɭɩɪɚɜɥɹɟɦɨɝɨ ɆɊɆ 
[6]. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɵ ɨɛɨɡɧɚɱɟɧɢɹ 
ɨɫɧɨɜɧɵɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɞɚɥɟɟ 
ɩɚɪɚɦɟɬɪɨɜ. 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɩɨɜɨɪɨɬɚ ɚɜɬɨɦɨɛɢɥɹ (ɡɚɞɧɢɣ ɦɨɫɬ) ɫ 

ɞɜɭɯɩɨɬɨɱɧɵɦ ɆɊɆ: 1 ɢ 2 – ɨɬɫɬɚɸɳɢɣ ɢ ɡɚɛɟɝɚɸɳɢɣ 

ɛɨɪɬɚ, O  – ɰɟɧɬɪ ɦɨɫɬɚ, пo  – ɩɨɥɸɫ ɩɨɜɨɪɨɬɚ,  

B  – ɲɢɪɢɧɚ ɤɨɥɟɢ, R  ɢ   – ɪɚɞɢɭɫ  

ɢ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɩɨɜɨɪɨɬɚ, 
1

V  – ɫɤɨɪɨɫɬɶ 

ɨɬɫɬɚɸɳɟɝɨ ɛɨɪɬɚ, 
2

V  – ɫɤɨɪɨɫɬɶ ɡɚɛɟɝɚɸɳɟɝɨ ɛɨɪɬɚ; 

0
V  – ɫɤɨɪɨɫɬɶ ɰɟɧɬɪɚ ɦɨɫɬɚ 

 

ɉɪɟɞɫɬɚɜɢɦ ɆɊɆ ɜ ɜɢɞɟ «ɱɟɪɧɨɝɨ ɹɳɢɤɚ» 
(ɪɢɫ. 2), ɢɦɟɸɳɟɝɨ ɱɟɬɵɪɟ ɜɧɟɲɧɢɯ ɡɜɟɧɚ O , 

1, 2, ɗ. Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɆɊɆ ɧɟ ɜɚɠɧɚ, 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɟɝɨ ɦɟɯɚɧɢɡɦɵ (ɧɚɩɪɢɦɟɪ, 
ɩɪɨɫɬɵɟ ɢ ɩɥɚɧɟɬɚɪɧɵɟ ɡɭɛɱɚɬɵɟ ɦɟɯɚɧɢɡɦɵ, 
ɩɨɫɬɨɹɧɧɨ ɜɤɥɸɱɟɧɧɵɟ ɜ ɩɨɜɨɪɨɬɟ 
ɮɪɢɤɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɬɟɦ, ɱɬɨ ɢɯ ɩɟɪɟɞɚɬɨɱɧɵɟ ɨɬɧɨɲɟɧɢɹ ɧɟ 
ɡɚɜɢɫɹɬ ɨɬ ɫɤɨɪɨɫɬɟɣ ɜɪɚɳɟɧɢɹ ɡɜɟɧɶɟɜ. 

 

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɆɊɆ ɫ ɮɪɢɤɰɢɨɧɧɵɦ 

ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɜɵɯɨɞɧɵɯ ɦɨɦɟɧɬɨɜ 
 

Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɟɪɟɞɚɱɢ ɜ ɫɨɫɬɚɜ 
ɆɊɆ ɧɟ ɜɯɨɞɹɬ. ȼ ɬɚɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ 
ɆɊɆ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɨɝɪɚɧɢɱɟɧɢɸ, 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɨɦɭ ɜ ɪɚɛɨɬɟ Д13Ж. 

ɇɚ ɜɯɨɞɧɨɟ (ɜɟɞɭɳɟɟ) ɡɜɟɧɨ ɩɨɞɚɸɬɫɹ 
ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 

O
M  ɩɪɢ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 

O


. ɍɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɷɬɨɝɨ ɡɜɟɧɚ ɩɨɫɬɨɹɧɧɚ ɩɪɢ 
ɥɸɛɨɦ ɪɟɠɢɦɟ ɞɜɢɠɟɧɢɹ. ɋ ɩɨɥɭɨɫɟɣ 
(ɜɵɯɨɞɧɵɯ ɡɜɟɧɶɟɜ) ɫɧɢɦɚɸɬɫɹ ɦɨɦɟɧɬɵ 

1
M  ɢ 

2
M  ɩɪɢ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɹɯ 

1
  ɢ 

2
 .  

ɍɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɩɨɥɭɨɫɟɣ ɫɜɹɡɚɧɵ ɫ 
ɥɢɧɟɣɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɛɨɪɬɨɜ ɫɨɨɬɧɨɲɟɧɢɹɦɢ 

1 1 кV r   ɢ 
2 2 кV r  . Ɂɞɟɫɶ 
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кr  – ɪɚɞɢɭɫ ɤɚɱɟɧɢɹ ɤɨɥɟɫɚ, ɡɧɚɱɟɧɢɟ 
ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɢɡɜɟɫɬɧɵɦ 
ɦɟɬɨɞɢɤɚɦ Д19Ж. 

ɂɦɟɟɬɫɹ ɛɭɤɫɭɸɳɢɣ ɷɥɟɦɟɧɬ ɭɩɪɚɜɥɟɧɢɹ, 
ɧɚ ɤɨɬɨɪɨɦ ɪɟɚɥɢɡɭɟɬɫɹ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 

ЭM . Ȼɭɤɫɨɜɚɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɢ Э . ɗɥɟɦɟɧɬ ɭɩɪɚɜɥɟɧɢɹ 
ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɜɢɞɟ ɬɨɪɦɨɡɚ ɢɥɢ 
ɛɥɨɤɢɪɭɸɳɟɣ ɦɭɮɬɵ. ȼ ɫɨɫɬɚɜ ɆɊɆ ɦɨɠɟɬ 
ɜɯɨɞɢɬɶ ɧɟɫɤɨɥɶɤɨ ɷɥɟɦɟɧɬɨɜ ɭɩɪɚɜɥɟɧɢɹ. 
ɉɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɤɥɸɱɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ 
Ɏɗɍ ɛɭɤɫɭɸɳɢɦ ɨɤɚɠɟɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ (ɤɚɤ 
ɩɪɚɜɢɥɨ – ɬɨɬ, ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɭ 
ɤɨɬɨɪɨɝɨ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɨɫɬɚɥɶɧɵɯ). 

ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɩɟɪɟɞɚɬɨɱɧɵɦ ɨɬɧɨɲɟɧɢɟɦ 
ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɝɭɫɟɧɢɱɧɨɣ ɦɚɲɢɧɵ Д11Ж 
ɜɜɟɞɟɦ ɦɟɠɛɨɪɬɨɜɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ 
ɨɬɧɨɲɟɧɢɟ ɞɥɹ ɆɊɆ: 

2 1
u    . 

ɉɪɢ ɩɨɥɧɨɫɬɶɸ ɜɤɥɸɱɟɧɧɨɦ ɗ (ɩɨ 
ɚɧɚɥɨɝɢɢ ɫ ɪɟɠɢɦɨɦ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ 
ɩɨɜɨɪɨɬɚ Д13Ж) ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɆɊɆ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɧɟɲɧɢɦ ɩɚɪɚɦɟɬɪɨɦ 

ф 2 ф 1фu    . 

ȼ ɤɚɱɟɫɬɜɟ ɜɧɟɲɧɟɝɨ ɩɚɪɚɦɟɬɪɚ 
ɪɚɫɫɦɨɬɪɢɦ ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɆɊɆ 
ɩɪɢ ɨɫɬɚɧɨɜɥɟɧɧɨɦ ɜɟɞɭɳɟɦ ɡɜɟɧɟ ɢ 
ɩɨɥɧɨɫɬɶɸ ɜɵɤɥɸɱɟɧɧɨɦ Ɏɗɍ ɗ:  

0

2

0

1 0

u

 





. 

ȼ ɫɬɚɬɶɟ Д6Ж ɪɚɫɫɦɨɬɪɟɧ ɜɨɩɪɨɫ ɨɛ 
ɨɩɪɟɞɟɥɟɧɢɢ ɡɧɚɱɟɧɢɣ ɷɬɢɯ ɜɧɟɲɧɢɯ 
ɩɚɪɚɦɟɬɪɨɜ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɬɪɟɛɧɨɣ ɦɨɳɧɨɫɬɢ 
ɞɜɢɝɚɬɟɥɹ ɫɨɫɬɚɜɢɦ ɛɚɥɚɧɫ ɦɨɳɧɨɫɬɢ ɆɊɆ 
(ɫɦ. ɪɢɫ. 2): 

1 1 2 2 0 0 э э 0M M M M        .        (1) 

Ⱦɚɧɧɨɟ ɪɚɜɟɧɫɬɜɨ ɫɩɪɚɜɟɞɥɢɜɨ ɩɪɢ 
ɥɸɛɵɯ ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟɧɢɹ ɡɜɟɧɶɟɜ, 
ɞɨɩɭɫɬɢɦɵɯ ɞɚɧɧɵɦ ɆɊɆ, ɜ ɬɨɦ ɱɢɫɥɟ, ɩɪɢ 
ɫɤɨɪɨɫɬɹɯ ɜɪɚɳɟɧɢɹ ɡɜɟɧɶɟɜ, ɯɚɪɚɤɬɟɪɧɵɯ 
ɞɥɹ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɩɨɜɨɪɨɬɚ: 

1 1ф 2 2ф 0 0 э эф 0M M M M        .      (2) 

Ɂɞɟɫɶ ɦɨɦɟɧɬɵ ɞɥɹ ɡɜɟɧɶɟɜ 1,2,0,ɗ ɜɡɹɬɵ 
ɩɪɢ ɞɜɢɠɟɧɢɢ ɫ ɬɟɤɭɳɢɦ ɡɧɚɱɟɧɢɟɦ ɪɚɞɢɭɫɚ 
ɩɨɜɨɪɨɬɚ.  

ɉɨɫɤɨɥɶɤɭ эф 0  , ɩɨɥɭɱɢɦ 

 0 0 1 1ф 2 2фM M M      . Ɂɧɚɤ «–» ɭɤɚɡɵɜɚɟɬ 
ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɬɨɤɚ ɦɨɳɧɨɫɬɢ. 

Ȼɟɡ ɭɱɟɬɚ ɩɨɬɟɪɶ ɦɨɳɧɨɫɬɢ ɜ 
ɬɪɚɧɫɦɢɫɫɢɢ ɞɨ ɆɊɆ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

   д в 1 1ф 2 2ф 1ф 1 2 ф 1ф 1 2 фN M M M M u V P P u         . (3) 

Ɂɞɟɫɶ ɫɢɥɵ ɬɹɝɢ ɧɚ ɤɨɥɟɫɚɯ: 
1 1 кP M r  ɢ 

2 2 кP M r . ȼɵɱɢɬɚɹ ɢɡ (2) ɜɵɪɚɠɟɧɢɟ (1), 
ɩɨɥɭɱɚɟɦ: 

   э э 1 1ф 1 2 2ф 2M M M         . 

ȼ ɪɟɠɢɦɟ ɛɭɤɫɨɜɚɧɢɹ Ɏɗɍ ɆɊɆ ɢɦɟɟɬ 
ɞɜɟ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ, ɬɚɤ ɤɚɤ ɜɫɟ ɷɥɟɦɟɧɬɵ 
ɭɩɪɚɜɥɟɧɢɹ, ɩɨɦɢɦɨ Ɏɗɍ ɗ, ɩɨɥɧɨɫɬɶɸ 
ɜɤɥɸɱɟɧɵ. ɋɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɥɸɛɨɝɨ ɡɜɟɧɚ, 
ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɡɜɟɧɚ O , ɞɥɹ ɦɟɯɚɧɢɡɦɚ ɫ 
ɞɜɭɦɹ ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ ɹɜɥɹɸɬɫɹ 
ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɫɤɨɪɨɫɬɟɣ ɜɪɚɳɟɧɢɹ ɞɜɭɯ 
ɡɜɟɧɶɟɜ. ɉɭɫɬɶ ɷɬɨ ɛɭɞɭɬ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɡɜɟɧɶɟɜ 1 ɢ 2: 

0 0 1 1 2 2
A A A     . 

Ɂɞɟɫɶ 
0 1 2

, ,A A A  – ɩɨɫɬɨɹɧɧɵɟ, ɡɚɜɢɫɹɳɢɟ 
ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɆɊɆ ɢ ɩɨɞɥɟɠɚɳɢɟ 
ɨɩɪɟɞɟɥɟɧɢɸ. 

Ɍɨɝɞɚ 
0

2

0 1 2

1 0

u A A

 


  


, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

1 0 2
A u A  . 

ɋ ɭɱɟɬɨɦ ɩɨɫɬɨɹɧɫɬɜɚ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɡɜɟɧɚ O : 

 
2 0 1 0 1 0

u A A co n s t      . 

ȼ ɱɚɫɬɧɨɫɬɢ, 
2 0 1 2 ф 0 1фu u        

Ɍɨɝɞɚ 

       э 1 0 2 1ф 1 1 0 2 1ф 1N M u M P u P V V         (4). 

Ɋɚɫɫɦɨɬɪɢɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ 
ɩɨɫɬɪɨɟɧɢɟ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɞɥɹ ɆɊɆ ɫ 
ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɜ ɫɬɚɬɶɟ Д6Ж. Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ 
ɫɯɟɦɚ ɚɝɪɟɝɚɬɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. 

 
Ɋɢɫ. 3. ɉɪɢɦɟɪ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ 

ɞɜɭɯɩɨɬɨɱɧɨɝɨ ɆɊɆ (ɋɢɫɬɟɦɚ ZF Vector Drive) [4]:  
1 – ɜɟɞɭɳɚɹ ɲɟɫɬɟɪɧɹ; 2 – ɞɢɮɮɟɪɟɧɰɢɚɥ;  

3 – ɩɥɚɧɟɬɚɪɧɚɹ ɩɟɪɟɞɚɱɚ 1; 4 – ɥɟɜɚɹ ɩɨɥɭɨɫɶ;  
5 – ɩɥɚɧɟɬɚɪɧɚɹ ɩɟɪɟɞɚɱɚ 2; 6 – ɩɪɚɜɚɹ ɩɨɥɭɨɫɶ;  

cl – ɷɥɟɦɟɧɬ ɭɩɪɚɜɥɟɧɢɹ; z – ɱɢɫɥɨ ɡɭɛɶɟɜ 
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Ɇɟɠɛɨɪɬɨɜɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ 
ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɩɨɜɨɪɨɬɟ ф 1, 4 4u   (ɷɬɨɦɭ 
ɪɟɠɢɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ 
ɩɨɜɨɪɨɬɚ ɦɚɲɢɧɵ 5R м ; ɲɢɪɢɧɚ ɤɨɥɟɢ 
ɡɚɞɧɢɯ ɤɨɥɟɫ 1, 8B м ). 

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɆɊɆ 
0

1, 0u   , ɤɚɤ 
ɜ ɫɥɭɱɚɟ ɩɪɨɫɬɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɚ. 

ɉɪɢɦɟɦ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɤɨɥɟɫɚ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɰɟɩɥɟɧɢɹ ɫ ɝɪɭɧɬɨɦ 0 , 0 2f   

ɢ 0 , 6  . Ⱦɜɢɠɟɧɢɟ ɞɜɭɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ. 
Ɇɚɫɫɚ ɚɜɬɨɦɨɛɢɥɹ 1 8 0 0m к г , 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɨɪɦɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ 
ɤɨɥɟɫɚɦ ɪɚɜɧɨɦɟɪɧɨɟ. 

ɉɨɜɨɪɨɬ ɦɚɲɢɧɵ ɫ ɪɚɞɢɭɫɨɦ ɦɟɧɟɟ 5 м  

ɧɟɜɨɡɦɨɠɟɧ (ɬɟɨɪɟɬɢɱɟɫɤɢ ɟɝɨ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ, ɩɨɞɬɨɪɦɚɠɢɜɚɹ ɤɨɥɟɫɨ ɨɬɫɬɚɸɳɟɝɨ 
ɛɨɪɬɚ ɫ ɩɨɦɨɳɶɸ ɨɫɬɚɧɨɜɨɱɧɨɝɨ ɬɨɪɦɨɡɚ, ɧɨ 
ɬɚɤɨɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ). 
Ʉɪɢɬɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɩɨ ɧɚɱɚɥɭ ɡɚɧɨɫɚ 
ɚɜɬɨɦɨɛɢɥɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɞɨɪɨɠɧɵɯ 
ɭɫɥɨɜɢɹɯ ɩɪɢ ɩɨɜɨɪɨɬɟ ɫ ɷɬɢɦ ɪɚɞɢɭɫɨɦ 
ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 3 м ɫ  (ɨɤɨɥɨ 
1 1 км ч ). 

ɉɪɢ ɷɬɨɦ ɮɢɤɫɢɪɨɜɚɧɧɚɹ ɥɢɧɟɣɧɚɹ 
ɫɤɨɪɨɫɬɶ ɡɚɛɟɝɚɸɳɟɝɨ ɛɨɪɬɚ ɫɨɫɬɚɜɢɬ 

2ф 3, 5V м ɫ . 

ɉɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɛɨɪɬɚɦɢ 
ɞɥɹ ɥɸɛɨɝɨ ɪɟɠɢɦɚ ɞɜɢɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ: 

0 , 5

0 , 5

R B
u

R B





. 

 
 

ɉɪɢ ɩɨɜɨɪɨɬɟ ɚɜɬɨɦɨɛɢɥɹ ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɫɢɥɚ ɬɹɝɢ ɧɚ ɡɚɛɟɝɚɸɳɟɦ ɛɨɪɬɭ ɨɝɪɚɧɢɱɟɧɚ 
ɩɨ ɫɰɟɩɥɟɧɢɸ ɫ ɝɪɭɧɬɨɦ: 

2
4 2 , 7 2P m g кɇ    . 

ɋɢɥɚ ɬɹɝɢ ɧɚ ɨɬɫɬɚɸɳɟɦ ɛɨɪɬɭ 
ɮɨɪɦɢɪɭɟɬɫɹ ɆɊɆ. Ɇɨɳɧɨɫɬɶ ɩɨɞɜɨɞɢɬɫɹ ɤ 
ɡɚɛɟɝɚɸɳɟɦɭ ɛɨɪɬɭ ɞɜɭɦɹ ɫɭɦɦɢɪɭɸɳɢɦɢɫɹ 
ɧɚ ɩɨɥɭɨɫɢ ɩɨɬɨɤɚɦɢ: ɱɟɪɟɡ ɩɪɨɫɬɨɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥ ɢ ɱɟɪɟɡ ɩɥɚɧɟɬɚɪɧɵɣ ɪɹɞ 
ɡɚɛɟɝɚɸɳɟɝɨ ɛɨɪɬɚ. ɇɚ ɨɬɫɬɚɸɳɢɣ ɛɨɪɬ 
ɦɨɳɧɨɫɬɶ ɩɨɞɜɨɞɢɬɫɹ ɨɞɧɢɦ ɩɨɬɨɤɨɦ – ɱɟɪɟɡ 
ɞɢɮɮɟɪɟɧɰɢɚɥ, ɩɨɷɬɨɦɭ ɫɢɥɚ ɬɹɝɢ ɧɚ ɤɨɥɟɫɟ 
ɨɬɫɬɚɸɳɟɝɨ ɛɨɪɬɚ ɦɟɧɶɲɟ, ɱɟɦ ɧɚ ɤɨɥɟɫɟ 
ɡɚɛɟɝɚɸɳɟɝɨ, ɚ ɪɟɤɭɩɟɪɚɰɢɹ ɦɨɳɧɨɫɬɢ ɧɚ 
ɜɫɟɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɆɊɆ ɧɟɜɨɡɦɨɠɧɚ. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɡɚɞɚɬɶ ɡɚɤɨɧ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɥɵ 

1
4P m g   ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɪɚɞɢɭɫɵ ɫɢɥɨɜɨɝɨ ɢ 
ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɩɨɜɨɪɨɬɚ ɫɨɜɩɚɞɚɥɢ: 

1 2
P P u . 

ȼɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɢɧɵɯ ɡɚɤɨɧɨɜ 
ɢɡɦɟɧɟɧɢɹ ɫɢɥ 

1
P  ɢ 

2
P  – ɧɚɩɪɢɦɟɪ, ɩɪɢ 

ɪɚɛɨɬɟ ɆɊɆ ɜ ɫɨɫɬɚɜɟ ɫɢɫɬɟɦɵ ɫɬɚɛɢɥɢɡɚɰɢɢ 
ɞɜɢɠɟɧɢɹ ɦɨɦɟɧɬ, ɤɨɦɩɟɧɫɢɪɭɸɳɢɣ 
ɜɨɡɦɭɳɚɸɳɟɟ ɜɧɟɲɧɟɟ ɜɨɡɞɟɣɫɬɜɢɟ, 
ɫɨɡɞɚɟɬɫɹ ɤɚɤ ɪɚɡ ɡɚ ɫɱɟɬ ɪɚɡɧɢɰɵ ɷɬɢɯ ɫɢɥ. 
Ɉɝɪɚɧɢɱɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɞɚɸɬɫɹ 
ɭɫɥɨɜɢɹɦɢ ɞɜɢɠɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ ɢ ɫɢɥɨɜɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɆɊɆ. ɆɊɆ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɨɛɹɡɚɬɟɥɶɧɨ ɪɚɛɨɬɚɟɬ ɜ ɫɨɫɬɚɜɟ ɡɚɦɤɧɭɬɨɣ 
(ɫɥɟɞɹɳɟɣ) ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ Д15Ж ɫ 
ɨɛɟɫɩɟɱɟɧɢɟɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɭɝɥɨɜɨɣ 
ɫɤɨɪɨɫɬɢ ɢ ɭɝɥɨɜɨɦɭ ɭɫɤɨɪɟɧɢɸ ɚɜɬɨɦɨɛɢɥɹ. 

ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɩɨɬɪɟɛɧɨɣ 
ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ɢ ɦɨɳɧɨɫɬɢ, 
ɪɚɫɫɟɢɜɚɟɦɨɣ ɧɚ ɷɥɟɦɟɧɬɟ ɭɩɪɚɜɥɟɧɢɹ, ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɞɢɭɫɚ ɩɨɜɨɪɨɬɚ. 

  
 

Ɋɢɫ. 4. ȼɢɞ ɪɚɫɱɟɬɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɨɬɪɟɛɧɨɣ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ Nɞɜ (R) ɢ ɦɨɳɧɨɫɬɢ, 
ɪɚɫɫɟɢɜɚɟɦɨɣ ɧɚ ɛɭɤɫɢɪɭɸɳɟɦ ɷɥɟɦɟɧɬɟ ɭɩɪɚɜɥɟɧɢɹ MPM Nɷ (R) ɨɬ ɪɚɞɢɭɫɚ ɩɨɜɨɪɨɬɚ ɜ ɞɢɚɩɚɡɨɧɟ 

ɪɚɞɢɭɫɨɜ ɩɨɜɨɪɨɬɚ R = (5 – 500) ɦ 
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ɉɨɬɪɟɛɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ 
ɨɝɪɚɧɢɱɟɧɚ ɡɧɚɱɟɧɢɟɦ д в 1 5 , 7 5N кȼ ɬ . ȼɢɞ 
ɪɚɫɱɟɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧ ɩɪɢɧɹɬɵɦ 
ɡɚɤɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɫɢɥ ɬɹɝɢ ɧɚ ɜɟɞɭɳɢɯ 
ɤɨɥɟɫɚɯ ɛɨɪɬɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ 
ɪɚɞɢɭɫɚ ɩɨɜɨɪɨɬɚ. 

Ɇɨɳɧɨɫɬɶ ɛɭɤɫɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɩɨɜɨɪɨɬɟ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦ 
ɪɚɞɢɭɫɨɦ ɧɭɥɟɜɚɹ (ɛɭɤɫɨɜɚɧɢɹ ɧɟɬ, ɷɥɟɦɟɧɬ 
ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɜɤɥɸɱɟɧ), ɡɚɬɟɦ 
ɜɟɥɢɱɢɧɚ ɜɨɡɪɚɫɬɚɟɬ ɢ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ  
(

э 1 2 0N ȼɬ  ɩɪɢ ɪɚɞɢɭɫɟ ɩɨɜɨɪɨɬɚ ɨɤɨɥɨ 
1 2 м ) ɢ ɞɚɥɟɟ ɫɧɢɠɚɟɬɫɹ. ɉɪɢ 
ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ ɪɚɫɱɟɬɧɚɹ 
ɦɨɳɧɨɫɬɶ ɛɭɤɫɨɜɚɧɢɹ ɪɚɜɧɚ ɧɭɥɸ. ɇɚɥɢɱɢɟ 
ɩɢɤɚ ɦɨɳɧɨɫɬɢ ɛɭɤɫɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧɨ 
ɫɨɱɟɬɚɧɢɟɦ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ ɫɢɥ ɬɹɝɢ ɧɚ 
ɛɨɪɬɚɯ ɢ ɡɧɚɱɢɬɟɥɶɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 
ɛɭɤɫɨɜɚɧɢɹ ɩɚɤɟɬɚ ɞɢɫɤɨɜ. Ⱦɚɧɧɚɹ ɦɨɳɧɨɫɬɶ 
ɜ ɨɫɧɨɜɧɨɦ ɢɞɟɬ ɧɚ ɧɚɝɪɟɜɚɧɢɟ ɩɚɤɟɬɚ ɞɢɫɤɨɜ 
ɷɥɟɦɟɧɬɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɨɩɪɟɞɟɥɹɟɬ ɟɝɨ 
ɞɨɥɝɨɜɟɱɧɨɫɬɶ. 

Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɚɫɱɟɬɵ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ 
ɞɥɹ ɜɫɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 
ɫɤɨɪɨɫɬɟɣ ɦɚɲɢɧɵ, ɭɱɢɬɵɜɚɹ ɨɝɪɚɧɢɱɟɧɢɹ, 
ɧɚɤɥɚɞɵɜɚɟɦɵɟ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɞɜɢɠɟɧɢɹ. 

Ɂɚɤɥɸɱɟɧɢɟ 
1. Ɇɟɬɨɞɢɤɚ ɩɨɫɬɪɨɟɧɢɹ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ 

ɮɪɢɤɰɢɨɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɝɭɫɟɧɢɱɧɨɣ 
ɦɚɲɢɧɵ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɚ ɤ ɆɊɆ 
ɚɜɬɨɦɨɛɢɥɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɩɪɨɱɧɨɫɬɧɵɯ ɪɚɫɱɟɬɨɜ ɞɟɬɚɥɟɣ ɫɚɦɨɝɨ 
ɦɟɯɚɧɢɡɦɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɨɰɟɧɤɟ 
ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɚɧɫɦɢɫɫɢɢ ɚɜɬɨɦɨɛɢɥɹ. 

2. ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɡɧɚɱɟɧɢɣ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɛɚɥɚɧɫɚ ɦɨɳɧɨɫɬɢ ɆɊɆ ɜ 
ɨɛɳɟɦ ɫɥɭɱɚɟ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɧɟ 
ɬɪɟɛɭɟɬɫɹ, ɞɨɫɬɚɬɨɱɧɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɧɟɲɧɢɯ 
ɩɚɪɚɦɟɬɪɨɜ (ɧɚɛɨɪɚ ɩɟɪɟɞɚɬɨɱɧɵɯ 
ɨɬɧɨɲɟɧɢɣ), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɦɟɯɚɧɢɡɦ. 

3. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɛɭɤɫɨɜɚɧɢɹ 
ɷɥɟɦɟɧɬɚ ɭɩɪɚɜɥɟɧɢɹ ɆɊɆ ɩɨɡɜɨɥɹɟɬ 
ɩɟɪɟɣɬɢ ɤ ɨɰɟɧɤɟ ɟɝɨ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɢ 
ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɠɟɧɧɨɫɬɢ. 
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METHODS OF POWER BALANCE EQUITATION 
COMPONENTS DEFINITION FOR THE POWER 
DISTRIBUTION MECHANISM IN THE VEHICLE 

TRANSMISSION 
 

R.A. Didikov 
 

Abstract. An issue examined of defining the 
components of the power balance equation for the 
dual power path distribution mechanism (interwheel 
differential) in the power transmission, irrespectively to 
concrete kinematic scheme. Calculations for the 
functional relations of control clutch unit frictional 
power as well as the engine requisite power from the 
turning radius introduced in the article with regards to 
the concrete vehicle parameters. Calculations serve 
the basis for the strength and durability calculations of 
the power distribution mechanism as well as overall 
efficiency of the vehicle power transmission. 

 

Keywords: vehicle, power distribution 
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Ɉ.Ʌ. Ɇɚɥɨɦɵɠɟɜ1, Ⱥ.Ƚ. ɋɟɦɟɧɨɜ2, ȼ.ȼ. ɋɤɭɬɟɥɶɧɢɤ1  
1ɂɪɤɭɬɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɂɊɇɂɌɍ)  

2ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɉɟɬɪɚ ȼɟɥɢɤɨɝɨ (ɋɉɛɉɍ) 
 

Аɧɧɨɬɚɰиɹ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɪɢɱɢɧ, ɜɵɡɵɜɚɸɳɢɯ ɫɧɢɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɚɛɨɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɚɦɨɪɬɢɡɚɬɨɪɨɜ ɩɨɞɜɟɫɤɢ ɚɜɬɨɦɨɛɢɥɟɣ, ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɤɨɬɨɪɨɝɨ, ɪɚɡɪɚɛɨɬɚɧɚ ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ. ɋɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɚɦɨɪɬɢɡɚɬɨɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɡɚɩɪɚɜɤɟ ɚɦɨɪɬɢɡɚɬɨɪɚ ɦɚɫɥɨɦ ɜ 
ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦɢ, ɞɨ ɟɝɨ ɝɟɪɦɟɬɢɡɚɰɢɢ, ɦɟɪɚɦɢ ɩɨ 
ɫɧɢɠɟɧɢɸ ɝɚɡɨɜɵɞɟɥɟɧɢɹ ɢɡ ɦɚɫɥɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɚɦɨɪɬɢɡɚɬɨɪɚ. 
ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɡɚɩɪɚɜɤɨɣ ɦɚɫɥɨ ɞɟɝɚɡɢɪɭɸɬ, ɧɚɝɪɟɜ ɟɝɨ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɲɟ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɛɨɱɟɣ ɢ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɫɩɵɲɤɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɨ: T = (70-80) °C ɞɥɹ 
ɚɦɨɪɬɢɡɚɬɨɪɧɨɣ ɠɢɞɤɨɫɬɢ (ɦɚɫɥɚ) ȺɆȽ-10 (ȽɈɋɌ 6794-75); T = (100-130) °C ɞɥɹ 
ɚɦɨɪɬɢɡɚɬɨɪɧɵɯ ɠɢɞɤɨɫɬɟɣ (ɦɚɫɟɥ) ɆȽɉ-12 (Ɍɍ 38.301-29-40-97, ɫɥɚɜɨɥ-Ⱥɀ) ɢ ȽɊɀ-
12 (Ɍɍ 0253-048-0567-924-96); T = (130-145) °C ɞɥɹ ɚɦɨɪɬɢɡɚɬɨɪɧɨɣ ɠɢɞɤɨɫɬɢ (ɦɚɫɥɚ) 
MOTUL Shock Oil Factory Line VI 400; T = (130-150) °C ɞɥɹ ɚɦɨɪɬɢɡɚɬɨɪɧɨɣ ɠɢɞɤɨɫɬɢ 
(ɦɚɫɥɚ) Ⱥɀ-12Ɍ (ȽɈɋɌ 23008-78). Ƚɟɪɦɟɬɢɡɚɰɢɸ ɚɦɨɪɬɢɡɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɞɨ 
ɨɫɬɵɜɚɧɢɹ ɦɚɫɥɚ ɜ ɧɟɦ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɣ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
Ɍɟɯɧɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɥɨɠɟɧɢɹ – ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ 
ɪɟɦɨɧɬɨɩɪɢɝɨɞɧɨɫɬɢ ɚɦɨɪɬɢɡɚɬɨɪɚ.  

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɧɚɡɟɦɧɵɣ ɬɪɚɧɫɩɨɪɬ, ɯɨɞɨɜɚɹ ɱɚɫɬɶ, ɩɨɞɜɟɫɤɚ, ɩɥɚɜɧɨɫɬɶ 
ɯɨɞɚ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɚɦɨɪɬɢɡɚɬɨɪ, ɝɚɡɨɜɵɞɟɥɟɧɢɟ, ɞɟɝɚɡɚɰɢɹ ɦɚɫɥɚ.  

 
ȼɜɟɞɟɧɢɟ  
ɉɥɚɜɧɨɫɬɶ ɯɨɞɚ ɚɜɬɨɦɨɛɢɥɟɣ, 

ɭɩɪɚɜɥɹɟɦɨɫɬɶ, ɫɰɟɩɥɟɧɢɟ ɲɢɧ ɫ ɞɨɪɨɠɧɵɦ 
ɩɨɤɪɵɬɢɟɦ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɡɚɜɢɫɹɬ ɨɬ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɚɦɨɪɬɢɡɚɬɨɪɨɜ ɩɨɞɜɟɫɤɢ Д1Ж ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɯ ɪɚɛɨɬɵ. Ɍɚɤ ɩɪɢ 
ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ 
ɚɦɨɪɬɢɡɚɬɨɪɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɢɯ 
ɧɟɢɫɩɪɚɜɧɨɫɬɶɸ, ɥɢɛɨ ɧɟɫɨɜɟɪɲɟɧɫɬɜɨɦ 

ɤɨɧɫɬɪɭɤɰɢɢ, ɜɨɡɧɢɤɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɪɵɜɚ 
ɨɬ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵɬɢɹ (ɩɨɞɩɪɵɝɢɜɚɧɢɟ 
ɤɨɥɟɫ).  

Ɉɫɧɨɜɧɭɸ ɮɭɧɤɰɢɸ, ɚɦɨɪɬɢɡɚɬɨɪ 
ɜɵɩɨɥɧɹɟɬ ɧɚ ɯɨɞɟ ɨɬɞɚɱɢ (ɩɪɢ ɜɵɬɹɝɢɜɚɧɢɢ 
ɲɬɨɤɚ). ɉɪɢ ɷɬɨɦ ɜ ɩɨɥɨɫɬɢ ɰɢɥɢɧɞɪɚ 
ɜɨɡɧɢɤɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ, 
ɤɨɬɨɪɨɟ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɜ 
ɦɚɫɥɟ ɝɚɡɨɜɵɯ ɩɭɡɵɪɶɤɨɜ, ɜɫɥɟɞɫɬɜɢɟ ɜɵɯɨɞɚ 
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