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Abstract. Vehicle controllability is presented as one of stability properties. Dependences for 

eigentones inplane road calculation of two-, three- and four-axis vehicles are defined. 

 

Key words: ɫontrollability, stability, vehicle, steady motion. 

 

 

ȼɜɟɞɟɧɢɟ 
 

ɉɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɩɨ ɩɪɹɦɨɥɢ-

ɧɟɣɧɨɣ ɢɥɢ ɤɪɢɜɨɥɢɧɟɣɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɫ ɩɨ-
ɫɬɨɹɧɧɨɣ ɫɪɟɞɧɟɣ ɥɢɧɟɣɧɨɣ ɢɥɢ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɶɸ ɢ ɞɟɣɫɬɜɢɢ ɧɚ ɤɨɥɟɫɧɭɸ ɦɚɲɢɧɭ 
ɜɨɡɦɭɳɟɧɢɣ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɨɡ-
ɞɟɣɫɬɜɢɹ ɧɚ ɟɟ ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɫ ɰɟɥɶɸ 

ɫɨɯɪɚɧɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɥɢɛɨ 

ɩɨɫɬɨɹɧɧɨɝɨ ɪɚɞɢɭɫɚ ɩɨɜɨɪɨɬɚ. ȼ ɷɬɨɦ ɫɥɭ-

ɱɚɟ ɨɬ ɫɩɨɫɨɛɧɨɫɬɢ ɦɚɲɢɧɵ ɚɞɟɤɜɚɬɧɨ ɪɟɚ-
ɝɢɪɨɜɚɬɶ ɧɚ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɟ (ɨɬ 
ɭɩɪɚɜɥɹɟɦɨɫɬɢ) ɡɚɜɢɫɢɬ ɟɺ ɤɭɪɫɨɜɚɹ ɢ ɬɪɚɟɤ-
ɬɨɪɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ. 
 

ȼ ɫɬɚɬɶɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ 
ɞɜɢɠɟɧɢɢ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɭɩɪɚɜɥɹɟɦɨɫɬɶ 
ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɜɨɣɫɬɜ ɛɨɥɟɟ ɨɛɳɟɝɨ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɫɜɨɣɫɬɜɚ – ɭɫɬɨɣɱɢɜɨɫɬɢ. 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɭɩɪɚɜɥɹɟɦɨɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨ-
ɫɹ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɦɨɠɟɬ ɛɵɬɶ 
ɧɚɪɭɲɟɧɚ ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɪɟɡɨɧɚɧɫɧɵɯ ɹɜɥɟ-
ɧɢɣ, ɬ.ɟ. ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɱɚɫɬɨɬɵ ɜɨɡɦɭ-

ɳɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɫ ɱɚɫɬɨɬɨɣ ɫɨɛɫɬɜɟɧ-

ɧɵɯ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ ɦɚɲɢɧɵ ɜ 
ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ. 

 

ȼ ɫɬɚɬɶɟ ɨɩɪɟɞɟɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɪɚɫɱɺ-
ɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨ-
ɝɢ ɞɜɭɯ-, ɬɪɺɯ- ɢ ɱɟɬɵɪɺɯɨɫɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɍɫɬɚɧɨɜɢɜɲɟɟɫɹ ɞɜɢɠɟɧɢɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɪɚ-
ɜɧɨɦɟɪɧɨɝɨ ɬɟɦ, ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ  

ɩɨɫɬɨɹɧɧɨɣ ɫɪɟɞɧɟɣ, ɚ ɧɟ ɦɝɧɨɜɟɧɧɨɣ (ɥɢ-

ɧɟɣɧɨɣ ɢɥɢ ɭɝɥɨɜɨɣ) ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨ-
ɥɟɫɧɨɣ ɦɚɲɢɧɵ. ɑɟɦ ɛɥɢɠɟ ɜɟɥɢɱɢɧɚ ɦɝɧɨ-
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ɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɤ ɫɪɟɞɧɟɣ, ɬɟɦ ɛɨɥɟɟ ɭɫɬɨɣ-

ɱɢɜɨ ɞɜɢɠɟɧɢɟ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ. 

 

ɉɪɢ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɞɜɢ-

ɠɟɧɢɢ ɚɜɬɨɦɨɛɢɥɟɣ ɢ ɚɜɬɨɩɨɟɡɞɨɜ, ɩɨ ɦɧɟ-
ɧɢɸ ɚɜɬɨɪɚ ɪɚɛɨɬɵ [1], ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɹɜɥɹ-
ɟɬɫɹ ɤɨɦɩɥɟɤɫɧɵɦ (ɫɥɨɠɧɵɦ) ɫɜɨɣɫɬɜɨɦ, 

ɜɤɥɸɱɚɸɳɢɦ ɜ ɫɟɛɹ ɛɨɥɟɟ ɩɪɨɫɬɵɟ ɫɜɨɣɫɬɜɚ: 
ɭɫɬɨɣɱɢɜɨɫɬɶ, ɫɬɟɩɟɧɶ ɩɨɜɨɪɚɱɢɜɚɟɦɨɫɬɢ 

(ɩɨɜɨɪɚɱɢɜɚɟɦɨɫɬɶ), ɥɺɝɤɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ. 
ɍɫɬɚɧɨɜɢɜɲɟɟɫɹ ɞɜɢɠɟɧɢɟ ɧɚ ɩɨɜɨɪɨɬɟ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬɫɹ [1] ɨɞɧɢɦ ɢɡ ɫɜɨɣɫɬɜ ɦɚɧɟɜ-
ɪɟɧɧɨɫɬɢ – ɩɨɜɨɪɨɬɥɢɜɨɫɬɶɸ. ɉɨ ɦɧɟɧɢɸ 

ɚɜɬɨɪɨɜ ɪɚɛɨɬɵ [2], ɩɨɜɨɪɨɬɥɢɜɨɫɬɶ ɯɚɪɚɤɬɟ-
ɪɢɡɭɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɪɢ ɭɫɬɚɧɨ-
ɜɢɜɲɟɦɫɹ ɩɨɜɨɪɨɬɟ (ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɪɚɞɢɭɫɟ 
ɩɨɜɨɪɨɬɚ) ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɭɝ-
ɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ. 

 

ɉɨɜɨɪɚɱɢɜɚɟɦɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɩɪɭɝɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɲɢɧ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ ɜ ɛɨɤɨɜɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ, ɚ ɛɨɥɟɟ ɬɨɱɧɨ – ɫɨɩɪɨɬɢɜɥɟɧɢ-

ɟɦ ɛɨɤɨɜɨɦɭ ɭɜɨɞɭ. Ɉɬ ɷɬɨɝɨ ɫɜɨɣɫɬɜɚ ɜ ɡɧɚ-
ɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɬɨɱɧɨɫɬɶ ɭɩɪɚɜ-
ɥɟɧɢɹ ɩɨɜɨɪɨɬɨɦ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ. 

 

Ɍɨɱɧɨɫɬɶ ɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜ-
ɥɟɧɢɹ ɩɨɜɨɪɨɬɨɦ ɡɚɜɢɫɢɬ ɨɬ ɥɺɝɤɨɫɬɢ ɭɩɪɚɜ-
ɥɟɧɢɹ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɨɣ. Ʌɺɝɤɨɫɬɶ ɭɩɪɚɜɥɟ-
ɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɤɚɤ ɭɫɢɥɢɬɟɥɟɣ ɜ 
ɪɭɥɟɜɨɦ ɭɩɪɚɜɥɟɧɢɢ, ɬɚɤ ɢ ɡɚɩɚɫɨɦ ɦɨɳɧɨ-
ɫɬɢ ɞɜɢɝɚɬɟɥɹ [2], ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɪɟɨɞɨɥɟɧɢɟ ɭɜɟɥɢɱɢɜɚɸɳɟɝɨɫɹ ɩɪɢ ɩɨɜɨɪɨ-
ɬɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ ɦɚɲɢɧɵ. ɉɪɢ 

ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɫɬɨɹɧɧɵɦɢ ɧɚ-
ɩɪɚɜɥɟɧɢɟ ɢ ɥɢɧɟɣɧɭɸ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ 
ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ. Ɉɞɧɚɤɨ, ɜɫɥɟɞɫɬɜɢɟ ɞɟɣ-

ɫɬɜɢɹ ɪɚɡɥɢɱɧɵɯ ɜɨɡɦɭɳɟɧɢɣ (ɛɨɤɨɜɨɝɨ ɜɟɬ-
ɪɚ, ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɰɟɩɥɟ-
ɧɢɹ ɧɚ ɥɟɜɵɯ ɢ ɩɪɚɜɵɯ ɜɟɞɭɳɢɯ ɤɨɥɟɫɚɯ, 
ɪɚɡɧɨɫɬɢ ɡɧɚɱɟɧɢɣ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɞɢɭɫɨɜ 
ɥɟɜɵɯ ɢ ɩɪɚɜɵɯ ɤɨɥɟɫ ɢ ɬ.ɞ.) ɚɜɬɨɦɨɛɢɥɶ 
ɫɬɪɟɦɢɬɫɹ ɤ ɨɬɤɥɨɧɟɧɢɹɦ ɨɬ ɡɚɞɚɧɧɵɯ ɩɚɪɚ-
ɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ. ȼ ɷɬɢɯ ɫɥɭɱɚɹɯ ɜɨɞɢɬɟɥɶ 
ɢɥɢ (ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬ-
ɜɨ – ɚɜɬɨɩɢɥɨɬ) ɜɵɧɭɠɞɟɧ ɥɢɤɜɢɞɢɪɨɜɚɬɶ 
ɜɨɡɦɭɳɺɧɧɨɟ ɞɜɢɠɟɧɢɟ ɡɚ ɫɱɟɬ ɜɨɡɞɟɣɫɬɜɢɹ 
ɧɚ ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɢɡɜɟɫɬɧɨɣ ɥɢɬɟɪɚ-
ɬɭɪɟ ɩɨ ɭɩɪɚɜɥɹɟɦɨɫɬɢ [3], ɚ ɬɚɤɠɟ ɜ ɪɚɛɨɬɚɯ 
[4, 5, 6] ɩɨɞ ɭɩɪɚɜɥɹɟɦɨɫɬɶɸ (ɤɪɨɦɟ ɫɩɨɫɨɛ-

ɧɨɫɬɢ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɞɟɣɫɬɜɢɹ ɜɨɞɢɬɟɥɹ)  
ɩɨɧɢɦɚɟɬɫɹ ɬɚɤɠɟ ɫɩɨɫɨɛɧɨɫɬɶ ɤɨɥɟɫɧɨɣ ɦɚ-
ɲɢɧɵ ɫɨɯɪɚɧɹɬɶ ɡɚɞɚɧɧɵɣ ɪɟɠɢɦ ɢ ɩɚɪɚɦɟɬ-
ɪɵ ɞɜɢɠɟɧɢɹ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɪɟɠɢɦɟ 

ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ, ɩɨ ɦɧɟɧɢɸ ɪɚɡ-
ɥɢɱɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɹɜɥɹ-
ɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɜɨɣɫɬɜ ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɫɬɚɧɨ-
ɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ. 
 

ɉɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɩɨɞ ɭɩɪɚɜɥɹɟɦɨɫɬɶɸ 

ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɫɥɟɞɭɟɬ ɩɨ-
ɧɢɦɚɬɶ ɫɩɨɫɨɛɧɨɫɬɶ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɜ ɫɥɭ-

ɱɚɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ 
ɜɨɡɦɭɳɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɬɶ ɧɟɢɡɦɟɧɧɨɫɬɶ ɢɥɢ  

ɞɨɩɭɫɬɢɦɨɟ ɨɬɤɥɨɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢ ɬɪɚɟɤ-
ɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɨɬ ɡɚɞɚɧɧɵɯ ɡɚ ɫɱɟɬ ɜɨɡɞɟɣ-

ɫɬɜɢɹ ɜɨɞɢɬɟɥɹ ɧɚ ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɢɥɢ 

ɪɚɛɨɬɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɭɫɬ-
ɪɨɣɫɬɜɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵ-

ɜɨɞ, ɱɬɨ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɬɚ-
ɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ, ɤɚɤ ɬɹɝɨɜɚɹ 
ɞɢɧɚɦɢɱɧɨɫɬɶ, ɩɨɜɨɪɨɬɥɢɜɨɫɬɶ ɢ ɭɩɪɚɜɥɹɟ-
ɦɨɫɬɶ ɹɜɥɹɸɬɫɹ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɛɨɥɟɟ ɫɥɨɠ-

ɧɨɝɨ ɫɜɨɣɫɬɜɚ – ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɫɬɚɧɨɜɢɜɲɟ-
ɝɨɫɹ ɞɜɢɠɟɧɢɹ (ɪɢɫ. 1). 

 

ɉɨɜɨɪɚɱɢɜɚɟɦɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨ-
ɥɟɟ ɜɚɠɧɵɯ ɫɜɨɣɫɬɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɭɩɪɚɜɥɹɟ-
ɦɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ. 

 

ȼ ɪɚɛɨɬɟ [7] ɩɨɥɭɱɟɧɚ ɮɨɪɦɭɥɚ, ɩɨɡɜɨɥɹɸ-

ɳɚɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɩɨɜɨɪɚɱɢɜɚɟ-
ɦɨɫɬɶ ɚɜɬɨɦɨɛɢɥɹ ɢ ɟɺ ɫɜɹɡɶ ɫ ɛɨɤɨɜɨɣ ɷɥɚ-
ɫɬɢɱɧɨɫɬɶɸ ɲɢɧ 

 

ɛ
2

2 1

,
ɭ ɭ

P a b
K

K KL

⎛ ⎞
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⎝ ⎠
  (1) 

 

ɝɞɟ K∆  – ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɤɪɢ-

ɜɢɡɧɵ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ, ɜɵ-

ɡɜɚɧɧɨɟ ɛɨɤɨɜɨɣ ɷɥɚɫɬɢɱɧɨɫɬɶɸ ɲɢɧ; ɛP  – 

ɛɨɤɨɜɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɚɜɬɨɦɨɛɢɥɶ; 
1ɭK , 2ɭK – ɫɭɦɦɚɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɨ-

ɩɪɨɬɢɜɥɟɧɢɹ ɛɨɤɨɜɨɦɭ ɭɜɨɞɭ ɤɨɥɟɫ ɩɟɪɟɞɧɟɣ 

ɢ ɡɚɞɧɟɣ ɨɫɟɣ; L  – ɩɪɨɞɨɥɶɧɚɹ ɤɨɥɟɫɧɚɹ ɛɚɡɚ 
ɦɚɲɢɧɵ; a , b  – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɩɟɪɟɞɧɟɣ ɢ 

ɡɚɞɧɟɣ ɨɫɟɣ ɞɨ ɩɪɨɟɤɰɢɢ ɰɟɧɬɪɚ ɦɚɫɫ ɧɚ ɝɨ-
ɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ. 
 

ȿɫɥɢ ɜ ɜɵɪɚɠɟɧɢɢ (1) ɜɵɧɟɫɬɢ 
1ɭ

b

K
 ɡɚ ɫɤɨɛ-

ɤɢ, ɬɨ ɨɧɨ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɤ ɜɢɞɭ 
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɫɜɨɣɫɬɜ ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ 

 

 

ɂɡ ɜɵɪɚɠɟɧɢɹ (2) ɜɢɞɧɨ, ɱɬɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ 

ɨɬɧɨɲɟɧɢɹ 1 2/ɭ ɭK K  (ɭɜɟɥɢɱɟɧɢɟɦ 2 1/ɭ ɭK K ) 

ɩɪɢ ɨɫɬɚɥɶɧɵɯ ɧɟɢɡɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɢɡ-
ɦɟɧɟɧɢɟ ɤɪɢɜɢɡɧɵ ɬɪɚɟɤɬɨɪɢɢ ɤɨɥɟɫɧɨɣ ɦɚ-
ɲɢɧɵ ɭɦɟɧɶɲɚɟɬɫɹ, ɬ.ɟ. ɧɟɞɨɫɬɚɬɨɱɧɚɹ ɩɨɜɨ-
ɪɚɱɢɜɚɟɦɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɩɨ ɢɡɦɟɧɟɧɢɸ ɫɨɨɬɧɨɲɟɧɢɹ 2 1/ɭ ɭK K  ɦɨɠɧɨ 

ɫɭɞɢɬɶ ɨɛ ɢɡɦɟɧɟɧɢɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɩɨɜɨɪɚ-
ɱɢɜɚɟɦɨɫɬɢ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ ɩɪɢ ɩɪɨɱɢɯ 
ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ. 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɹɜ-
ɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɭɫɬɨɣ-

ɱɢɜɨɫɬɶ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ. 
 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɭɩɪɚɜɥɹɟɦɨɫɬɶ, ɚ, ɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ, ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ ɩɪɢ 

ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɜ ɫɥɭɱɚɟ ɤɨɥɟɛɚ-
ɬɟɥɶɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɹɜɥɹɟɬɫɹ 
ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɦɚɲɢɧɵ ɜ 
ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɭɩɪɭɝɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɲɢɧ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ ɜ 
ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɡɚ ɫɱɟɬ ɭɥɭɱɲɟɧɢɹ 

ɩɨɤɚɡɚɬɟɥɟɣ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɩɪɢ ɤɨɥɟɛɚɬɟɥɶ-
ɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ. 

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ 
ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɨɩɪɟɞɟɥɢɬɶ ɱɚɫɬɨɬɭ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚ-
ɧɢɣ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ 

ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟ-
ɧɢɢ; 

– ɨɩɪɟɞɟɥɢɬɶ ɱɚɫɬɨɬɭ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚ-
ɧɢɣ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ ɩɪɢ 

ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ. 

 

Ɉɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ  
ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ 

ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ 

 

ɍɫɬɚɧɨɜɢɜɲɟɟɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨɟ ɞɜɢɠɟɧɢɟ 
ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɫɬɨɹɧ-

ɧɵɯ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɹɯ ɧɚɩɪɚɜɥɹɸ-

ɳɢɯ ɤɨɥɟɫ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ 

ɨɛɟɫɩɟɱɟɧɢɹ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɡɚ ɫɱɟɬ 
ɤɨɪɪɟɤɰɢɢ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ. 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ ɤɨɥɟɫɧɚɹ 
ɦɚɲɢɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɩɪɭɝɭɸ ɤɨɥɟɛɚ-
ɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ, ɫɨɜɟɪɲɚɸɳɭɸ ɜɵɧɭɠɞɟɧ-

ɧɵɟ ɤɨɥɟɛɚɧɢɹ. ɍɪɚɜɧɟɧɢɟ ɭɤɚɡɚɧɧɵɯ ɤɨɥɟ-
ɛɚɧɢɣ ɢɦɟɟɬ ɜɢɞ [8] 

 
2

2
12

2 sin
d d

n K h pt
dtdt

ψ ψ
+ ⋅ ⋅ + ⋅ψ = ⋅ ,      (3) 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɞɜɢɠɟɧɢɹ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ 

Ʉɭɪɫɨɜɚɹ  Ɍɪɚɟɤɬɨɪɧɚɹ 

Ɍɹɝɨɜɚɹ ɞɢɧɚɦɢɤɚ 

Ʉɨɧɬɪɨɥɢɪɭɟɦɵɟ 
ɩɚɪɚɦɟɬɪɵ 

ɉɨɜɨɪɚɱɢɜɚɟɦɨɫɬɶ Ʌɺɝɤɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ 

ɍɩɪɚɜɥɹɟɦɨɫɬɶ 

ɉɨɜɨɪɨɬɥɢɜɨɫɬɶ 

Ɋɚɞɢɭɫ 
ɩɨɜɨɪɨɬɚ 

ɍɝɥɨɜɚɹ 
ɫɤɨɪɨɫɬɶ 

Ʉɭɪɫɨɜɨɣ 

ɭɝɨɥ 
Ʌɢɧɟɣɧɚɹ 
ɫɤɨɪɨɫɬɶ 
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ɝɞɟ ψ – ɤɭɪɫɨɜɨɣ ɭɝɨɥ ɦɚɲɢɧ ɜ ɞɚɧɧɵɣ ɦɨ-

ɦɟɧɬ ɜɪɟɦɟɧɢ; z

d

dt

ψ
= ω  – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 

ɦɚɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ; 
2

2

d

dt

ψ
= zω$  – ɭɝ-

ɥɨɜɨɟ ɭɫɤɨɪɟɧɢɟ ɦɚɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨ-
ɝɢ; h  – ɨɬɧɨɲɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜɵɧɭɠɞɚɸɳɟ-
ɝɨ ɦɨɦɟɧɬɚ ɩɨɜɆ  ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɤ 
ɦɨɦɟɧɬɭ ɢɧɟɪɰɢɢ ɩɨɫɥɟɞɧɟɣ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨ-
ɪɨɝɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ, ɩɪɨɯɨ-
ɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɭɩɪɭɝɨɫɬɢ 

MZI , 

 

ɩɨɜ .

Mz

Ɇ
h

I
=          (4) 

 

1K  – ɤɪɭɝɨɜɚɹ ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚ-
ɧɢɣ ɭɩɪɭɝɨɣ ɫɢɫɬɟɦɵ 
 

ɭɝɥ
1 ,

MZ

C
K

I
=   (5) 

 

ɝɞɟ ɭɝɥC  – ɭɝɥɨɜɚɹ ɠɺɫɬɤɨɫɬɶ ɤɨɥɟɫɧɨɣ ɦɚ-
ɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ; p  – ɤɪɭɝɨɜɚɹ ɱɚɫ-
ɬɨɬɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ (ɜ ɪɚɫɫɦɚɬɪɢ-

ɜɚɟɦɨɣ ɡɚɞɚɱɟ – ɱɚɫɬɨɬɚ ɜɨɡɞɟɣɫɬɜɢɣ 

ɜɨɞɢɬɟɥɹ ɢɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɹɸɳɟ-
ɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɪɭɥɟɜɨɟ ɭɩɪɚɜɥɟɧɢɟ); 2n  – 

ɨɬɧɨɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 
Ⱦα  ɤ ɦɨɦɟɧɬɭ ɢɧɟɪɰɢɢ 

MZI . 

 

ȼɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɫ ɱɚɫ-
ɬɨɬɨɣ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ (ɜ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɨɣ ɡɚɞɚɱɟ – ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ), ɩɪɢ ɷɬɨɦ, 

ɟɫɥɢ ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɛɨɥɶɲɟ 
ɱɚɫɬɨɬɵ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ, ɫɞɜɢɝ ɮɚɡ ɦɟɠ-

ɞɭ ɤɨɥɟɛɚɧɢɹɦɢ ɢ ɫɢɥɨɣ (ɦɨɦɟɧɬɨɦ) ɨɬɫɭɬɫɬ-
ɜɭɟɬ. ȿɫɥɢ ɱɚɫɬɨɬɚ ɜɨɡɦɭɳɚɸɳɟɣ ɫɢɥɵ 

ɛɨɥɶɲɟ ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɵ, ɢɦɟɟɬ ɦɟɫɬɨ 
ɫɞɜɢɝ ɮɚɡ ɧɚ π  (180 °) [8]. 

 

ɉɪɢ ɪɚɜɟɧɫɬɜɟ ɱɚɫɬɨɬ ɫɨɛɫɬɜɟɧɧɵɯ ɢ ɜɵɧɭɠ-

ɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɤɨɟ ɜɨɡ-
ɪɚɫɬɚɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚ-
ɧɢɣ, ɩɨɥɭɱɢɜɲɟɟ ɧɚɡɜɚɧɢɟ ɪɟɡɨɧɚɧɫɚ [8]. 

 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ( Ⱦ 0α =  ɢ 

2 0n = ) ɚɦɩɥɢɬɭɞɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɜɨɡɪɚɫɬɚɟɬ ɞɨ ɛɟɫɤɨɧɟɱɧɨɫɬɢ. ȼ ɨɤɪɟɫɬɧɨɫɬɹɯ 

ɬɨɱɤɢ ɪɟɡɨɧɚɧɫɚ ɜɟɥɢɱɢɧɚ ɚɦɩɥɢɬɭɞɵ ɜɵɧɭ-

ɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɨɰɟɧɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɧɚɦɢɱɧɨɫɬɢ [8] 

0 0 Ⱦ2

2
1

1
,

1

Ⱥ Ⱥ Ⱥ K
P

K

= ⋅ = ⋅
−

       (6) 

 

ɝɞɟ Ⱥ  – ɜɟɥɢɱɢɧɚ ɚɦɩɥɢɬɭɞɵ; 0Ⱥ  – ɫɬɚɬɢɱɟ-
ɫɤɢɣ ɩɨɜɨɪɨɬ ɫɢɫɬɟɦɵ ɩɪɢ ɚɦɩɥɢɬɭɞɧɨɦ ɡɧɚ-
ɱɟɧɢɢ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ, ɪɚɜɧɨɝɨ ɩɨɜ.M  

 

ɉɪɢ ɧɚɥɢɱɢɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ (ɫɢɥ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ) ɜɟɥɢɱɢɧɚ ɚɦɩɥɢɬɭɞɵ 

ɤɨɥɟɛɚɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢ-

ɦɨɫɬɶɸ 
 

0
2 2 2

2 4
1 1

1

1 4

Ⱥ Ⱥ
p n p

K K

=
⎛ ⎞ ⋅− +⎜ ⎟
⎝ ⎠

,  (7) 

  
ɢ ɞɨ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɜ ɬɨɱɤɟ ɪɟɡɨɧɚɧɫɚ ɜɨɡ-
ɪɚɫɬɢ ɧɟ ɦɨɠɟɬ. 
 

ɉɪɢ ɚɧɚɥɢɡɟ ɜɥɢɹɧɢɹ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɤɨɥɟɫ-
ɧɨɣ ɦɚɲɢɧɵ ɧɚ ɟɺ ɭɫɬɨɣɱɢɜɨɫɬɶ ɜ ɭɫɬɚɧɨ-
ɜɢɜɲɟɦɫɹ ɪɟɠɢɦɟ ɧɚɫ ɛɭɞɭɬ ɢɧɬɟɪɟɫɨɜɚɬɶ 
ɚɦɩɥɢɬɭɞɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɨɤɪɟ-
ɫɬɧɨɫɬɹɯ ɬɨɱɤɢ ɪɟɡɨɧɚɧɫɚ, ɫɞɜɢɝ ɮɚɡ ɦɟɠɞɭ 

ɤɨɥɟɛɚɧɢɹɦɢ ɢ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧɬɨɦ, ɱɚɫɬɨɬɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɦɚɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ 

ɞɨɪɨɝɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦ ɩɨ-
ɤɚɡɚɬɟɥɟɦ ɞɥɹ ɨɰɟɧɤɢ ɭɩɪɚɜɥɹɟɦɨɫɬɢ, ɚ ɡɚɬɟɦ 

ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ, ɛɭɞɟɬ 
ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ. 

 

Ɉɩɪɟɞɟɥɢɦ ɤɪɭɝɨɜɭɸ ɱɚɫɬɨɬɭ ɫɨɛɫɬɜɟɧɧɵɯ 

ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɨɛɫɬɜ 1Kω =  ɩɪɢ ɭɫɬɚ-
ɧɨɜɢɜɲɟɦɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ ɤɨ-
ɥɟɫɧɨɣ ɦɚɲɢɧɵ. Ⱦɥɹ ɷɬɨɝɨ ɨɩɪɟɞɟɥɢɦ ɦɨ-
ɦɟɧɬ ɢɧɟɪɰɢɢ ɤɨɪɩɭɫɚ ɦɚɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ 

ɞɨɪɨɝɢ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ, 

ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɰɟɧɬɪ ɭɩɪɭɝɨɫɬɢ (ɪɢɫ. 2). 

 

ɐɟɧɬɪɨɦ ɭɩɪɭɝɨɫɬɢ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚ-
ɱɟ ɹɜɥɹɟɬɫɹ ɩɨɥɸɫ ɩɨɜɨɪɨɬɚ [2, 3], ɤɨɬɨɪɵɣ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɩɪɨɟɤɰɢɹ ɰɟɧɬɪɚ ɩɨɜɨ-
ɪɨɬɚ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ Ɉ  ɧɚ ɟɺ ɩɪɨɞɨɥɶɧɭɸ 

ɨɫɶ (ɪɢɫ. 2). ɂɡ ɪɢɫ. 2 ɨɩɪɟɞɟɥɢɦ 
 

2 2

1 1

tg ; (8)

tg , (9)

b H R R

a H R R

+ = ⋅ δ ≈ ⋅δ⎧
⎪
⎨
⎪ − = ⋅ δ ≈ ⋅δ⎩
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ɝɞɟ H  – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɞɨ ɩɨɥɸ-

ɫɚ ɩɨɜɨɪɨɬɚ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ. 

 

R

H

C2

1

B

M

O

b a

L

Mɩɨɜ

δ
2

δ1

δ2 δ1

V M

V2

V1

Rδ1

Rδ2

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɭɜɨɞɚ ɫɟɪɟɞɢɧ (ɬɨɱɤɢ 1 ɢ 2) 

ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ 

ɞɟɣɫɬɜɢɢ ɩɨɜɨɪɚɱɢɜɚɸɳɟɝɨ ɦɨɦɟɧɬɚ 

1 2ɩɨɜ :M R L R Lδ δ= ⋅ = ⋅  
1

Rδ  ɢ 
2

Rδ  – ɛɨɤɨ-
ɜɵɟ ɪɟɚɤɰɢɢ ɞɨɪɨɝɢ, ɫɭɦɦɚɪɧɵɟ ɞɥɹ ɤɨ-
ɥɟɫ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ; 1 2,δ δ  – ɭɝɥɵ ɭɜɨɞɚ ɬɨɱɟɤ 1 ɢ 2; 

1 2, , ɆV V V  – ɥɢɧɟɣɧɵɟ ɫɤɨɪɨɫɬɢ ɬɨɱɟɤ 1, 2 

ɢ ɰɟɧɬɪɚ ɭɩɪɭɝɨɫɬɢ ;Ɇ  R – ɪɚɞɢɭɫ ɩɨ-
ɜɨɪɨɬɚ; B – ɤɨɥɟɹ ɦɚɲɢɧɵ 

 

Ɋɟɲɚɹ ɫɨɜɦɟɫɬɧɨ (8) ɢ (9), ɩɨɥɭɱɢɦ 

 

2

1

2

1

.

1

ɚ b

H

δ⋅ −
δ

=
δ+
δ

 (10) 

 

ȼɵɪɚɠɚɹ ɭɝɥɵ ɭɜɨɞɚ 1δ  ɢ 2δ  ɱɟɪɟɡ ɛɨɤɨɜɵɟ 
ɫɢɥɵ 1ɢɛ ɛR R , ɫɜɹɡɚɧɧɵɟ ɦɟɠɞɭ ɫɨɛɨɣ ɢɡ-
ɜɟɫɬɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ [3], ɢɦɟɟɦ 

 

11 1;ɛ YR K= ⋅δ   (11) 

 

22 2ɛ YR K= ⋅δ .  (12) 

 

Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ 
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2

2

1

Y

Y

K

K

δ
=

δ
             (13) 
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1
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K
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K

−

=
+

                       (14) 

 

Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɜ ɩɥɨɫ-
ɤɨɫɬɢ ɞɨɪɨɝɢ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɨɫɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ ɬɨɱɤɭ M  

 

( )2 2 ,ZM ZC a a zI I m H m i H= + ⋅ = ⋅ +           (15) 

 

ɝɞɟ ZCI  –  ɰɟɧɬɪɚɥɶɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɦɚ-
ɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ 

 
2 ,ZC a zI m i= ⋅    (16) 

 

ɝɞɟ am  – ɨɛɳɚɹ ɦɚɫɫɚ ɦɚɲɢɧɵ; zi – ɪɚɞɢɭɫ 
ɢɧɟɪɰɢɢ ɦɚɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɨɫɢ. 

 

ȼ ɪɚɛɨɬɟ [2] ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɟɪɨɹɬɧɨɫɬ-
ɧɨɣ ɦɨɞɟɥɢ ɩɪɟɞɥɨɠɟɧɚ ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɪɚɞɢɭɫɚ ɢɧɟɪɰɢɢ 

ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶ-
ɧɨɣ ɨɫɢ 

 

21
.

2 12
z

B
i a b= ⋅ +   (17) 

 

ɉɨɞɫɬɚɜɥɹɹ ɜɵɪɚɠɟɧɢɹ (14) ɢ (17) ɜ ɭɪɚɜɧɟ-
ɧɢɟ (15), ɩɨɥɭɱɢɦ 
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2

21
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Y
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ZM a
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a b
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I m a b

K
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⎡ ⎤⎛ ⎞
⎢ ⎥⋅ −⎜ ⎟
⎢ ⎥⎜ ⎟= ⋅ ⋅ + +⎢ ⎥⎜ ⎟
⎢ ⎥+⎜ ⎟⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

 (18) 

 

ɍɝɥɨɜɚɹ ɠɺɫɬɤɨɫɬɶ ɦɚɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨ-
ɪɨɝɢ 

ɩɨɜ ɩɨɜ
ɭɝɥ

1 2

,
M M

C = =
∆ψ δ + δ

           (19) 

 

ɝɞɟ ∆ψ  – ɢɡɦɟɧɟɧɢɟ ɤɭɪɫɨɜɨɝɨ ɭɝɥɚ ɦɚɲɢɧɵ, 

ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɛɨɤɨɜɨɣ ɷɥɚɫɬɢɱɧɨɫɬɶɸ ɲɢɧ 

ɢ ɞɟɣɫɬɜɢɟɦ ɩɨɜɨɪɚɱɢɜɚɸɳɟɝɨ ɦɨɦɟɧɬɚ 
ɩɨɜM  

 

1 2.∆ψ = δ + δ   (20) 
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ɍɱɢɬɵɜɚɹ, ɱɬɨ  
 

1ɩɨɜ 1 .YM K L= ⋅δ ⋅   (21) 

 
ɉɪɟɨɛɪɚɡɭɟɦ (19) ɤ ɜɢɞɭ 

 

1 1 1

1

2

1

ɭɝɥ
21 2

1

1 1

Y Y Y

Y

Y

L K K K
C L L

K

K

⋅ ⋅ δ
= = =

δδ + δ + +δ

.     (22) 

 
ɉɨɞɫɬɚɜɥɹɹ ɜɵɪɚɠɟɧɢɹ (18) ɢ (22) ɜ (5), ɩɨ-
ɥɭɱɢɦ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
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(23) 

 
ɑɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɤɨɥɟɫɧɨɣ 

ɦɚɲɢɧɵ 

 

1

1

1 2

12

2

ɫɨɛɫɬɜ
ɫɨɛɫɬɜ

2

2

(24)
2

1

2

1
1

2 12
1

Y

a Y

Y Y

YY

Y

KL

m K
a b

K KB
a b

KK

K

ω
ν = =

π

= ⋅ ⋅
π ⎡ ⎤⎛ ⎞

⎢ ⎥−⎜ ⎟⎛ ⎞ ⎢ ⎥⎜ ⎟+ ⋅ + +⎜ ⎟ ⎢ ⎥⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎢ ⎥+⎜ ⎟⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦

 
ɍ ɞɜɭɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫ ɨɞɢɧɚɪɧɵɦɢ ɡɚɞ-

ɧɢɦɢ ɤɨɥɟɫɚɦɢ 
1 2Y YK K= . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵ-

ɪɚɠɟɧɢɟ (24) ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɤ ɜɢɞɭ 

 

ɫɨɛɫɬɜ
1

2
ν =

π ( )
1

2
2

.
1

12 2

Y

a

KL

m B
a b a b

⋅
⋅ + + −

(25) 

 
Ⱦɥɹ ɬɪɟɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫ ɨɞɢɧɚɪɧɵɦɢ 

ɤɨɥɟɫɚɦɢ ɡɚɞɧɟɣ ɛɚɥɚɧɫɢɪɧɨɣ ɬɟɥɟɠɤɢ ɢ 

ɞɜɭɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫɨ ɫɞɜɨɟɧɧɵɦɢ ɤɨɥɟ-
ɫɚɦɢ ɡɚɞɧɟɣ ɨɫɢ ɦɨɠɧɨ ɫ ɨɩɪɟɞɟɥɺɧɧɵɦɢ 

ɞɨɩɭɳɟɧɢɹɦɢ ɩɪɢɧɹɬɶ 
 

2 1
2y yK K= .           (26) 

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
 

1

ɫɨɛɫɬɜ 2

2

1
.

2 3 1 2 1

4 8 3 2

Y

a

KL

m
a b B a b

ν = ⋅ ⋅
π ⎛ ⎞⋅ + + −⎜ ⎟

⎝ ⎠

 

  (27) 

 

Ⱦɥɹ ɬɪɺɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫɨ ɫɞɜɨɟɧɧɵɦɢ 

ɤɨɥɟɫɚɦɢ ɡɚɞɧɟɣ ɛɚɥɚɧɫɢɪɧɨɣ ɬɟɥɟɠɤɢ 

 

2 1
4y yK K= .           (28) 

 

ɑɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɚɜɬɨɦɨɛɢɥɹ 
ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

 

1

ɫɨɛɫɬɜ 2

2

1
.

2 5 5 4 1

8 48 5 4

Y

a

KL

m
a b B a b

ν = ⋅ ⋅
π ⎛ ⎞⋅ + + −⎜ ⎟

⎝ ⎠
   (29) 

 

Ⱦɥɹ ɱɟɬɵɪɺɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫɨ ɜɫɟɦɢ 

ɨɞɢɧɚɪɧɵɦɢ ɤɨɥɟɫɚɦɢ
1 2y yK K=  ɢ ɫɩɪɚɜɟɞ-

ɥɢɜɨ ɜɵɪɚɠɟɧɢɟ (25). Ⱦɥɹ ɱɟɬɵɪɺɯɨɫɧɨɝɨ ɚɜ-
ɬɨɦɨɛɢɥɹ ɫɨ ɫɞɜɨɟɧɧɵɦɢ ɤɨɥɟɫɚɦɢ ɡɚɞɧɟɣ 

ɛɚɥɚɧɫɢɪɧɨɣ ɬɟɥɟɠɤɢ
2 1

2y yK K=  ɢ ɫɩɪɚɜɟɞ-

ɥɢɜɨ ɫɨɨɬɧɨɲɟɧɢɟ (27). 

 

ɇɚ ɪɢɫ. 3 ɞɥɹ ɝɪɭɡɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ  
ɍɪɚɥ-4320 ɩɪɨɜɟɞɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ 

2

1

ɫɨɛɫɬɜ
Y

Y

K

K

⎛ ⎞
ν = ⎜ ⎟⎜ ⎟

⎝ ⎠
, ɩɨɫɬɪɨɟɧɧɵɣ ɞɥɹ ɩɨɥɧɨɫɬɶɸ 

ɝɪɭɠɟɧɨɝɨ ɢ ɫɧɚɪɹɠɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ 

ɪɚɡɥɢɱɧɨɦ ɞɚɜɥɟɧɢɢ ɜɨɡɞɭɯɚ ɜ ɲɢɧɚɯ ɢ, ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ, ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɛɨɤɨɜɨɦɭ ɭɜɨɞɭ ɲɢɧ.  

 

ȼ ɬɚɛɥ.1 ɩɪɢɜɟɞɟɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚ-
ɦɟɬɪɵ ɚɜɬɨɦɨɛɢɥɹ ɍɪɚɥ-4320 ɜ ɫɧɚɪɹɠɺɧɧɨɦ 

ɢ ɝɪɭɠɟɧɨɦ ɫɨɫɬɨɹɧɢɹɯ. 
 

Ɍɚɛɥɢɰɚ 1 Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ  

ɚɜɬɨɦɨɛɢɥɹ ɍɪɚɥ-4320 
 

ɋɨɫɬɨɹɧɢɟ 
ɚɜɬɨɦɨɛɢɥɹ 

ma,  

ɤɝ 
a,  

ɦ 

b,  

ɦ 

L, 

ɦ 

B, 

ɦ 

ɋɧɚɪɹɠɟɧɧɵɣ 8100 2,39 1,81 4,2 2,0 

ɉɨɥɧɨɫɬɶɸ 

ɝɪɭɠɟɧɵɣ 
13025 2,97 1,23 4,2 2,0 

 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɹɟɬ 
ɫɞɟɥɚɬɶ ɡɚɤɥɸɱɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɨɬ-
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ɧɨɲɟɧɢɹ 
2 1

/Y YK K  ɢ ɜɟɥɢɱɢɧɵ 
1YK  ɩɪɨɢɫɯɨ-

ɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟ-
ɛɚɧɢɣ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ. 

 

0                    1                    2                   3

1,6

1,4

1,2

1

V ɫɨɛɫɬɜ

Ƚɰ

K
y2

K
y1

1

2

 
Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨ-

ɥɟɛɚɧɢɣ ɚɜɬɨɦɨɛɢɥɹ ɍɪɚɥ-4320 ɨɬ ɨɬ-
ɧɨɲɟɧɢɹ 

2 1
/ :Y YK K –– ɩɨɥɧɨɫɬɶɸ ɝɪɭ-

ɠɺɧɵɣ ɚɜɬɨɦɨɛɢɥɶ; – – ɫɧɚɪɹɠɺɧɧɵɣ 

ɚɜɬɨɦɨɛɢɥɶ; 1 – pɲ = 350 ɤɉɚ (
1YK =132 

ɤɇ/ɪɚɞ); 2 – pɲ = 70 ɤɉɚ (
1YK =86 

ɤɇ/ɪɚɞ) 

 

Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɹ ɍɪɚɥ-4320 ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɡɚɝɪɭɡɤɢ ɜɨɡɪɚɫɬɚɟɬ ɱɚɫɬɨɬɚ ɫɨɛɫɬɜν , ɤɨɬɨɪɚɹ 
ɞɥɹ ɜɨɡɦɨɠɧɵɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ 
ɫɨɫɬɨɹɧɢɹ ɦɚɲɢɧɵ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 
1,1 Ƚɰ ɞɨ 1,6 Ƚɰ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɟɫɥɢ ɱɚɫ-
ɬɨɬɚ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɜɨɞɢɬɟɥɹ ɛɭ-

ɞɟɬ ɦɟɧɶɲɟ ɱɟɦ 1,1 Ƚɰ, ɬɨ ɨɩɚɫɧɨɫɬɢ ɪɟɡɨ-
ɧɚɧɫɚ ɢ ɫɞɜɢɝɚ ɮɚɡ ɦɟɠɞɭ ɤɨɥɟɛɚɧɢɹɦɢ ɢ 

ɜɨɡɦɭɳɚɸɳɢɦ ɦɨɦɟɧɬɨɦ ɧɚ 180° ɧɟ ɛɭɞɟɬ. 
 

Ɉɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ  
ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ 

ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ 

 

ɇɚ ɪɢɫ. 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɭɜɨɞɚ ɫɟɪɟɞɢɧ 

ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ ɞɜɭɯɨɫɧɨɣ ɤɨɥɟɫɧɨɣ 

ɦɚɲɢɧɵ ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɞɜɢɠɟɧɢɢ ɧɚ 
ɩɨɜɨɪɨɬɟ.  
 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ (ɫɦ. ɪɢɫ. 4) 

( )

( )

2

1

2

1

,

1

a b
tg

H

tg

δ⋅ −
α + δ

=
δ+
α + δ

  (30) 

 

ɝɞɟ α  – ɫɪɟɞɧɢɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɧɚɩɪɚɜɥɹɸ-

ɳɢɯ ɤɨɥɟɫ. 

R

H

C2

1

B

M

O

b a

L

Mɩɨɜ

δ
2

α

δ2

α+δ1

V2

V1

Rδ1

Rδ2

O1

δ1

 
 

Ɋɢɫ. 4. ɋɯɟɦɚ ɭɜɨɞɚ ɫɟɪɟɞɢɧ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞ-

ɧɟɣ ɨɫɟɣ ɞɜɭɯɨɫɧɨɣ ɤɨɥɟɫɧɨɣ ɦɚɲɢɧɵ 

ɩɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɩɨɜɨɪɨɬɟ ɢ ɞɟɣɫɬɜɢ-

ɟɦ ɩɨɜɨɪɚɱɢɜɚɸɳɟɝɨ ɦɨɦɟɧɬɚ Ɇɩɨɜ 

 

ɍɱɢɬɵɜɚɹ, ɱɬɨ 
 

tg ( ) 1
1

11

tg tg

tg tg

α + δ
α + δ =

− δ ⋅ α
  (31) 

 

ɢ, ɩɪɢɧɢɦɚɹ ɞɥɹ ɦɚɥɵɯ ɭɝɥɨɜ 1 1tgδ ≈ δ , 

2 2tgδ ≈ δ  ɢ 1 2 0δ ⋅δ ≈ , ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ 

 

2 1

1 2

.
a b b tg

H
tg

⋅ δ − ⋅δ − ⋅ α
=

δ + δ + α
 (32) 

 

Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɦɚɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧ-

ɬɪɚ ɭɩɪɭɝɨɫɬɢ Ɇ ɨɩɪɟɞɟɥɢɦ ɩɨɫɥɟ ɩɨɞɫɬɚ-
ɧɨɜɤɢ (32) ɜ ɭɪɚɜɧɟɧɢɟ (15) ɫ ɭɱɟɬɨɦ (17) 

 

ZMI = am

22
2 1

1 2

1

2 12

B a b b tg
a b

tg

⎡ ⎤⎛ ⎞⋅δ − ⋅δ − ⋅ α⎢ ⎥⋅ + + ⎜ ⎟δ + δ + α⎢ ⎥⎝ ⎠⎣ ⎦
. (33) 

 

ɉɨɜɨɪɚɱɢɜɚɸɳɢɣ ɦɨɦɟɧɬ 
 

2 1
secɩɨɜM R L R Lδ δ= ⋅ = ⋅ ⋅ α . (34) 
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ɍɱɢɬɵɜɚɹ ɡɚɜɢɫɢɦɨɫɬɢ (11) ɢ (12), ɩɨɥɭɱɢɦ 

 

2 1ɩɨɜ 2 1 secY YM K L K L= ⋅δ ⋅ = ⋅δ ⋅ ⋅ α .   (35) 

 

ɍɝɥɨɜɚɹ ɞɟɮɨɪɦɚɰɢɹ ∆ψ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵ-

ɪɚɠɟɧɢɟɦ (20). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɝɥɨɜɚɹ ɠɟ-
ɫɬɤɨɫɬɶ ɦɚɲɢɧɵ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ (ɫɦ. 

ɭɪɚɜɧɟɧɢɟ (19) 

 

1 1

1

2

1

ɭɝɥ
1 2

sec
sec

1

Y Y

Y

Y

L K K
C L

K

K

⋅ ⋅ δ ⋅ α
= = ⋅ α ⋅

δ + δ +
.(36) 

 

ɉɨɞɫɬɚɜɥɹɹ ɜɵɪɚɠɟɧɢɹ (33) ɢ (36) ɜ (5), ɩɨ-
ɥɭɱɢɦ 

 

ɫɨɛɫɬɜω =                                                        (37)  

1

1

2

22
2 1

1 2

sec

1
1

2 12

Y

a Y

Y

KL

m K B a b b tg
a b

K tg

⋅ α
= ⋅

⎡ ⎤⎛ ⎞ ⎛ ⎞⋅δ − ⋅δ − ⋅ α⎢ ⎥+ ⋅ ⋅ + +⎜ ⎟ ⎜ ⎟⎜ ⎟ δ + δ + α⎢ ⎥⎝ ⎠⎝ ⎠ ⎣ ⎦
 

 

ɢɥɢ ɫ ɭɱɺɬɨɦ ɡɚɜɢɫɢɦɨɫɬɟɣ (11) ɢ (12) 

 

ɫɨɛɫɬɜω =                                                          (38) 

1

1

1 2

12

2

2

2
1

1

sec

1
1

2 12
1

Y

a Y

Y Y

YY

Y

KL

m K tg
a b b

K KB
a b

KK tg

K

⋅ α
= ⋅

⎡ ⎤⎛ ⎞α⎢ ⎥⋅ − − ⋅⎜ ⎟⎛ ⎞ δ⎢ ⎥⎜ ⎟+ ⋅ ⋅ + +⎜ ⎟ ⎢ ⎥⎜ ⎟ ⎜ ⎟α⎝ ⎠ ⎢ ⎥+ +⎜ ⎟⎜ ⎟δ⎢ ⎥⎝ ⎠⎣ ⎦

 

ɑɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɷɬɨɦ ɫɥɭ-

ɱɚɟ 
 

ɫɨɛɫɬɜ
ɫɨɛɫɬɜ

1

2 2

ω
ν = = ×

π π
                                  (39) 

1

1

1 2

12

2

2

2
1

1

sec

1
1

2 12
1

Y

a Y

Y Y

YY

Y

KL

m K tg
a b b

K KB
a b

KK tg

K

⋅ α
×

⎡ ⎤⎛ ⎞α⎢ ⎥⋅ − − ⋅⎜ ⎟⎛ ⎞ δ⎢ ⎥⎜ ⎟+ ⋅ ⋅ + +⎜ ⎟ ⎢ ⎥⎜ ⎟ ⎜ ⎟α⎝ ⎠ ⎢ ⎥+ +⎜ ⎟⎜ ⎟δ⎢ ⎥⎝ ⎠⎣ ⎦
 

ɉɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭ-

ɱɢɬɶ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬ ɫɨɛɫɬɜɟɧ-

ɧɵɯ ɤɨɥɟɛɚɧɢɣ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ ɫ ɪɚɡɥɢɱɧɨɣ 

ɫɬɟɩɟɧɶɸ ɩɨɜɨɪɚɱɢɜɚɟɦɨɫɬɢ (ɨɰɟɧɢɜɚɟɦɨɣ 

ɨɬɧɨɲɟɧɢɟɦ 1

2

Y

Y

K

K
), ɩɨɫɤɨɥɶɤɭ ɜ ɜɵɪɚɠɟɧɢɢ 

(39) ɩɪɢɫɭɬɫɬɜɭɟɬ ɱɥɟɧ 
1

tgα
δ

. ɇɨ, ɫɪɚɜɧɢɜɚɹ 

ɜɵɪɚɠɟɧɢɹ (39) ɢ (24), ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ 

ɨ ɬɨɦ, ɱɬɨ ɧɚɥɢɱɢɟ ɭɤɚɡɚɧɧɨɝɨ ɱɥɟɧɚ ɜɥɟɱɺɬ 
ɡɚ ɫɨɛɨɣ ɭɜɟɥɢɱɟɧɢɟ ɫɨɛɫɬɜν . ɗɬɨ ɛɥɚɝɨɩɪɢɹɬ-
ɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɫɧɢɠɟɧɢɢ ɨɩɚɫɧɨɫɬɢ ɪɟɡɨ-
ɧɚɧɫɚ ɢ ɫɞɜɢɝɚ ɮɚɡ ɦɟɠɞɭ ɤɨɥɟɛɚɧɢɹɦɢ ɢ 

ɜɨɡɦɭɳɚɸɳɢɦ ɦɨɦɟɧɬɨɦ ɧɚ 180°. 
 

ȼɵɜɨɞɵ 
 

1. ɍɜɟɥɢɱɟɧɢɟ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɩɨɜɨɪɚɱɢɜɚɟ-
ɦɨɫɬɢ ɤɨɥɟɫɧɵɯ ɦɚɲɢɧ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɣ 

ɨɬɧɨɲɟɧɢɟɦ 
2 1

/Y YK K , ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟ-
ɧɢɸ ɱɚɫɬɨɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɩɥɨɫ-
ɤɨɫɬɢ ɞɨɪɨɝɢ ɤɚɤ ɩɪɢ ɩɪɹɦɨɥɢɧɟɣɧɨɦ, ɬɚɤ ɢ 

ɩɪɢ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɞɜɢɠɟ-
ɧɢɹɯ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɱɚɫɬɨɬɭ ɤɨɥɟ-
ɛɚɬɟɥɶɧɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɛɟɡ 
ɨɩɚɫɧɨɫɬɢ ɩɨɩɚɞɚɧɢɹ ɜ ɡɨɧɭ ɪɟɡɨɧɚɧɫɚ ɢ ɩɨ-
ɥɭɱɟɧɢɹ ɫɞɜɢɝɚ ɮɚɡ ɦɟɠɞɭ ɤɨɥɟɛɚɧɢɹɦɢ ɢ 

ɜɨɡɦɭɳɚɸɳɢɦ ɦɨɦɟɧɬɨɦ ɧɚ 180°. 
 

2. Ⱦɥɹ ɚɜɬɨɦɨɛɢɥɹ ɍɪɚɥ-4320 ɨɩɪɟɞɟɥɟɧɨ, 
ɱɬɨ ɫ ɪɨɫɬɨɦ ɨɬɧɨɲɟɧɢɹ 

2 1
/Y YK K  ɢ ɜɟɥɢɱɢ-

ɧɵ 
1YK  ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɱɚɫɬɨɬɵ ɫɨɛ-

ɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɩɥɨɫɤɨɫɬɢ ɞɨɪɨɝɢ.  

ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɡɚɝɪɭɡɤɢ ɦɚɲɢɧɵ ɬɚɤɠɟ ɜɨɡ-
ɪɚɫɬɚɟɬ ɜɟɥɢɱɢɧɚ ɫɨɛɫɬɜ ,ν  ɤɨɬɨɪɚɹ ɞɥɹ ɪɚɫ-
ɫɦɨɬɪɟɧɧɵɯ ɜɚɪɢɚɧɬɨɜ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 
ɨɬ 1,1 Ƚɰ ɞɨ 1,6 Ƚɰ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɟɫɥɢ 

ɱɚɫɬɨɬɚ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɛɭɞɟɬ 
ɦɟɧɶɲɟ 1,1 Ƚɰ, ɬɨ ɨɩɚɫɧɨɫɬɶ ɪɟɡɨɧɚɧɫɚ ɢ 

ɫɞɜɢɝɚ ɮɚɡ ɦɟɠɞɭ ɤɨɥɟɛɚɧɢɹɦɢ ɢ ɜɨɡɦɭ-

ɳɚɸɳɢɦ ɦɨɦɟɧɬɨɦ ɧɚ 180° ɧɟ ɛɭɞɟɬ. 
 

3. ɉɪɢ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɤɪɢɜɨɥɢɧɟɣɧɨɦ ɞɜɢ-

ɠɟɧɢɢ ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɤɨ-
ɥɟɫɧɵɯ ɦɚɲɢɧ ɜɵɲɟ, ɱɟɦ ɩɪɢ ɭɫɬɚɧɨɜɢɜ-
ɲɟɦɫɹ ɩɪɹɦɨɥɢɧɟɣɧɨɦ ɞɜɢɠɟɧɢɢ. ɗɬɨ 
ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɫɧɢɠɟɧɢɢ ɨɩɚɫ-
ɧɨɫɬɢ ɪɟɡɨɧɚɧɫɚ ɢ ɫɞɜɢɝɚ ɮɚɡ ɦɟɠɞɭ ɤɨɥɟɛɚ-
ɧɢɹɦɢ ɢ ɜɨɡɦɭɳɚɸɳɢɦ ɦɨɦɟɧɬɨɦ ɧɚ 180°. 
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