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Аɧɧɨɬɚɰиɹ. Ɉɬɫɭɬɫɬɜɢɟ ɦɟɬɨɞɢɤɢ ɩɪɨɱɧɨɫɬɧɨɝɨ ɪɚɫɱɺɬɚ ɜɚɥɚ ɪɚɫɤɚɬɵɜɚɸɳɟ-

ɝɨ ɩɪɨɯɨɞɱɢɤɚ ɫɤɜɚɠɢɧ, ɭɱɢɬɵɜɚɸɳɟɣ ɟɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɡɧɚɱɢɬɟɥɶ-
ɧɨ ɭɫɥɨɠɧɹɟɬ ɪɚɛɨɬɭ ɤɨɧɫɬɪɭɤɬɨɪɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɧɟɨɛɯɨɞɢɦɵɯ ɩɨɩɟɪɟɱɧɵɯ ɫɟɱɟ-
ɧɢɣ ɜɚɥɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɟɝɨ ɧɚɞɺɠɧɭɸ, ɛɟɡɨɬɤɚɡɧɭɸ ɪɚɛɨɬɭ ɜ ɬɟɱɟɧɢɢ ɜɫɟɝɨ ɷɤɫ-
ɩɥɭɚɬɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ. ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɪɚɫ-
ɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɜ ɫɤɜɚɠɢɧɟ, ɪɚɫɫɦɨɬɪɟɧɚ ɫɯɟɦɚ ɩɟɪɟɞɚɱɢ ɧɚɝɪɭɡɤɢ ɨɬ 
ɤɚɬɤɨɜ ɤ ɫɟɪɞɟɱɧɢɤɭ ɜɚɥɚ ɩɨɫɪɟɞɫɬɜɨɦ ɷɤɫɰɟɧɬɪɢɱɧɵɯ ɜɬɭɥɨɤ ɢ ɭɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ 
ɷɬɢɯ ɜɬɭɥɨɤ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜɞɨɥɶ ɫɟɪɞɟɱɧɢɤɚ.  
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ɢɡɝɢɛɚɸɳɢɣ ɢ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ.  
 

ȼɜɟɞɟɧɢɟ 
ɇɚɞɺɠɧɨɫɬɶ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶ ɪɚɛɨɬɵ ɪɚɫ-

ɤɚɬɵɜɚɸɳɟɝɨ ɩɪɨɯɨɞɱɢɤɚ ɫɤɜɚɠɢɧ Д1 – 6Ж, ɤɚɤ 
ɢ ɥɸɛɨɝɨ ɞɪɭɝɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɜɫɟɰɟɥɨ ɡɚɜɢɫɢɬ 
ɨɬ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɠɞɨɝɨ ɭɡɥɚ, ɞɟɬɚɥɢ ɢɥɢ 
ɤɨɦɩɥɟɤɬɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜɨɫɩɪɢɧɢɦɚɬɶ 
ɩɪɢɤɥɚɞɵɜɚɟɦɭɸ ɧɚɝɪɭɡɤɭ ɢ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ 
ɧɟɺ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ, ɧɟ ɩɪɟɬɟɪɩɟ-

ɜɚɹ ɩɪɢ ɷɬɨɦ ɧɟɨɛɪɚɬɢɦɵɯ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 
ɢɡɦɟɧɟɧɢɣ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɨɱɧɨɫɬɧɵɦ 
ɪɚɫɱɺɬɨɦ ɢ ɨɛɨɫɧɨɜɚɧɧɵɦ ɜɵɛɨɪɨɦ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɱ-
ɧɨɫɬɧɨɝɨ ɪɚɫɱɺɬɚ ɥɸɛɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ ɪɚɫɤɚ-
ɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɧɟɨɛɯɨɞɢɦɨ ɭɫ-
ɬɚɧɨɜɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɟɦɭ ɪɚɫɱɺɬɧɭɸ
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ɫɯɟɦɭ ɢ ɨɩɪɟɞɟɥɢɬɶ ɜɢɞ ɢ ɡɧɚɱɟɧɢɟ ɩɪɢɥɨ-
ɠɟɧɧɵɯ ɫɢɥɨɜɵɯ ɧɚɝɪɭɡɨɤ Дβ, 5 – 8].  

ɉɪɨɱɧɨɫɬɧɨɣ ɪɚɫɱɺɬ ɨɬɞɟɥɶɧɵɯ ɭɡɥɨɜ ɢ 
ɞɟɬɚɥɟɣ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɩɪɨɯɨɞɱɢɤɚ ɫɤɜɚ-
ɠɢɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ, ɧɟɫɦɨɬɪɹ ɧɚ ɩɟɪɜɨ-
ɧɚɱɚɥɶɧɨ ɤɚɠɭɳɭɸɫɹ ɩɪɨɫɬɨɬɭ, ɤɨɦɩɥɟɤɫɧɭɸ 
ɡɚɞɚɱɭ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟ-
ɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɺɬɚ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɚɤɨɣ ɦɟɬɨɞ ɪɚɫɱɺɬɚ ɨɬɫɭɬ-
ɫɬɜɭɟɬ ɢ ɤɚɱɟɫɬɜɨ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɪɚɡɪɚɛɨɬɤɢ 
ɜɫɟɰɟɥɨ ɡɚɜɢɫɢɬ ɨɬ ɨɩɵɬɚ ɤɨɧɫɬɪɭɤɬɨɪɚ ɢ ɟɝɨ 
ɭɦɟɧɢɹ ɢɞɟɚɥɢɡɢɪɨɜɚɬɶ ɪɚɫɱɺɬɧɭɸ ɫɯɟɦɭ. 
Ɉɞɧɨɣ ɢɡ ɩɟɪɜɵɯ ɢ ɧɟɦɧɨɝɢɯ ɩɭɛɥɢɤɚɰɢɣ ɜ 
ɤɚɤɨɣ-ɥɢɛɨ ɫɬɟɩɟɧɢ ɨɩɢɫɵɜɚɸɳɢɯ ɩɪɨɰɟɫɫ 
ɪɚɛɨɬɵ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɩɪɨɯɨɞɱɢɤɚ ɫɤɜɚɠɢɧ 
ɫ ɭɱɺɬɨɦ ɧɚɝɪɭɡɨɤ ɹɜɥɹɟɬɫɹ ɦɨɧɨɝɪɚɮɢɹ ȼ.Ʉ. 
ɋɜɢɪɳɟɜɫɤɨɝɨ Д1Ж, ɨɞɧɚɤɨ ɜɨɩɪɨɫɵ ɪɚɫɱɺɬɚ 
ɷɥɟɦɟɧɬɨɜ ɪɚɫɤɚɬɱɢɤɚ ɧɚ ɩɪɨɱɧɨɫɬɶ ɧɟ ɪɚɫ-
ɫɦɚɬɪɢɜɚɥɢɫɶ ɧɢ ɡɞɟɫɶ, ɧɢ ɜ ɤɚɤɢɯ ɥɢɛɨ ɞɪɭ-
ɝɢɯ ɩɭɛɥɢɤɚɰɢɹɯ.  

Ɇɟɬɨɞ ɩɨɷɬɚɩɧɨɝɨ ɪɚɫɱɺɬɚ ɜɚɥɚ ɢ ɫɯɟ-
ɦɵ ɩɟɪɟɞɚɱɢ ɧɚɝɪɭɡɤɢ ɧɚ ɫɟɪɞɟɱɧɢɤ ɜɚɥɚ 

ȼ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɟɬɨ-
ɞɢɤɚ ɪɚɫɱɺɬɚ ɜɚɥɚ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ 
ɨɪɝɚɧɚ, ɹɜɥɹɸɳɟɝɨɫɹ ɨɫɧɨɜɧɵɦ ɫɬɪɭɤɬɭɪɧɵɦ 
ɷɥɟɦɟɧɬɨɦ ɩɪɨɯɨɞɱɢɤɚ. Ɍɚɤ ɤɚɤ ɜɚɥ ɪɚɛɨɱɟɝɨ 
ɨɪɝɚɧɚ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɤɨɧ-

ɬɚɤɬɟ ɬɨɥɶɤɨ ɫ ɜɚɥɨɦ ɜɪɚɳɚɬɟɥɹ ɢ ɩɨɞɲɢɩɧɢ-
ɤɨɜɵɦɢ ɨɩɨɪɚɦɢ ɤɚɬɤɨɜ, ɬɨ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɫɢ-
ɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɧɟɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ. ɋɨɝɥɚɫɧɨ ɷɬɨɦɭ 
ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɜɚɥɚ ɪɚɫɤɚ-
ɬɵɜɚɸɳɟɝɨ ɩɪɨɯɨɞɱɢɤɚ ɫɤɜɚɠɢɧ (ɪɢɫ. 1). ɗɬɚ 
ɫɯɟɦɚ ɭɱɢɬɵɜɚɟɬ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɨɫɨɛɟɧ-
ɧɨɫɬɶ ɜɚɥɚ, ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɧɟ-
ɧɢɢ ɟɝɨ ɫɨɫɬɚɜɧɵɦ ɢɡ ɫɟɪɞɟɱɧɢɤɚ 1 ɢ ɷɤɫɰɟɧ-
ɬɪɢɱɧɵɯ ɜɬɭɥɨɤ 2. ɇɚ ɷɤɫɰɟɧɬɪɢɱɧɵɟ ɜɬɭɥɤɢ 
ɨɩɢɪɚɸɬɫɹ, ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɞɲɢɩɧɢɤɨɜ 3, 
ɝɪɭɧɬɨɭɩɥɨɬɧɹɸɳɢɟ ɤɚɬɤɢ 4.  

Ⱦɪɭɝɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɪɚɫ-
ɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɹɜɥɹɟɬɫɹ 
ɨɛɟɫɩɟɱɟɧɢɟ ɟɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɤɜɚɠɢɧɟ ɩɨ-
ɫɪɟɞɫɬɜɨɦ ɧɟɫɤɨɥɶɤɢɯ ɫɢɥɨɜɵɯ ɩɚɪ, ɤɚɠɞɚɹ 
ɢɡ ɤɨɬɨɪɵɯ ɨɛɪɚɡɨɜɚɧɚ ɞɜɭɦɹ ɫɨɫɟɞɫɬɜɭɸ-
ɳɢɦɢ ɤɚɬɤɚɦɢ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ ɧɚɩɪɚɜɥɟɧ-
ɧɵɦɢ ɩɪɢɜɟɞɺɧɧɵɦɢ ɫɢɥɚɦɢ Pɫɦj ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɝɪɭɧɬɚ ɫɦɹɬɢɸ [2, 4]. ɉɥɨɫɤɨɫɬɢ ɞɟɣɫɬɜɢɹ 
ɤɚɠɞɨɣ ɫɢɥɨɜɨɣ ɩɚɪɵ ɪɚɡɜɺɪɧɭɬɵ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɜɨɤɪɭɝ ɨɫɢ ɫɟɪɞɟɱɧɢɤɚ ɜɚɥɚ 
ɩɪɢɦɟɪɧɨ ɧɚ 1β0°     (ɪɢɫ. β). Ɍɚɤɨɟ ɪɚɫɩɨɥɨ-
ɠɟɧɢɟ ɫɢɥɨɜɵɯ ɩɚɪ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɪɚɫɤɚɬɵ-
ɜɚɸɳɢɣ ɩɪɨɯɨɞɱɢɤ ɜ ɫɤɜɚɠɢɧɟ ɢ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɟɝɨ ɩɪɹɦɨɥɢɧɟɣɧɨɦɭ ɩɟɪɟɦɟɳɟɧɢɸ ɜɞɨɥɶ ɨɫɢ 
ɩɨɫɥɟɞɧɟɣ.  

 
Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɤ ɪɚɫɤɚɬɵɜɚɸɳɟɦɭ ɩɪɨɯɨɞɱɢɤɭ ɫɤɜɚɠɢɧ: 

1 – ɫɟɪɞɟɱɧɢɤ ɜɚɥɚ; 2 – ɜɬɭɥɤɚ ɷɤɫɰɟɧɬɪɢɱɧɚɹ; 3 – ɩɨɞɲɢɩɧɢɤ ɨɩɨɪɧɵɣ; 4 – ɤɚɬɨɤ ɝɪɭɧɬɨɭɩɥɨɬɧɹɸɳɢɣ. 
Fj – ɫɢɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɝɪɭɧɬɚ ɧɚ ɩɪɨɢɡɜɨɥɶɧɵɣ (j-ɵɣ) ɤɚɬɨɤ; Fɩɜj ɢ Fɩɧj – ɧɚɝɪɭɡɤɚ ɧɚ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ 
ɩɨɞɲɢɩɧɢɤɨɜɨɣ ɨɩɨɪɟ j-ɝɨ ɤɚɬɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; ɐɩɪj – ɰɟɧɬɪ ɩɪɢɜɟɞɟɧɢɹ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɫɦɹ-

ɬɢɸ j-ɵɦ ɤɚɬɤɨɦ; cj – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɩɪɢɜɟɞɟɧɢɹ ɫɢɥ ɞɨ ɧɢɠɧɟɣ ɨɩɨɪɵ ɤɚɬɤɚ; dj – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɩɨɞɲɢɩɧɢɤɨɜɵɦɢ ɨɩɨɪɚɦɢ j-ɝɨ ɤɚɬɤɚ 

 
ɉɪɢ ɩɪɟɤɪɚɳɟɧɢɢ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɫɢɥɵ 

Pɫɦj ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɫɦɹɬɢɸ ɨɛɠɢɦɚɸɬ, 
ɩɨɫɪɟɞɫɬɜɨɦ ɤɚɬɤɨɜ, ɜɚɥ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ, ɩɪɢ-
ɞɚɜɚɹ ɟɦɭ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɤɜɚɡɢɡɚɳɟɦɥɺɧɧɨɟ 
ɫɨɫɬɨɹɧɢɟ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɪɚɫɩɨɥɨɠɟɧɢɢ 
ɫɢɥɨɜɵɯ ɩɚɪ ɜ ɪɚɡɜɺɪɧɭɬɵɯ ɩɥɨɫɤɨɫɬɹɯ ɢ ɠɟ-
ɫɬɤɨɦ ɡɚɳɟɦɥɟɧɢɢ ɜɚɥɚ ɫɢɥɚɦɢ Pɫɦj, ɪɚɫɱɺɬ 
ɜɚɥɚ ɜɟɞɺɬɫɹ ɩɨɷɬɚɩɧɨ ɞɥɹ ɤɚɠɞɨɣ ɫɢɥɨɜɨɣ 
ɩɚɪɵ. ɉɪɢ ɷɬɨɦ ɪɚɫɱɺɬ ɧɚɱɢɧɚɟɬɫɹ ɨɬ ɩɟɪɜɨɣ 
ɫɢɥɨɜɨɣ ɩɚɪɵ (ɤɚɬɤɢ Ʉ-1 ɢ Ʉ-β). ɋ ɷɬɨɣ ɰɟɥɶɸ  

 
ɭɫɥɨɜɧɨ ɜɵɪɟɡɚɟɬɫɹ ɭɱɚɫɬɨɤ ɫɤɜɚɠɢɧɵ ɨɬ ɡɚ-
ɛɨɹ (ɨɫɬɪɢɹ ɧɚɤɨɧɟɱɧɢɤɚ) ɞɨ ɫɬɵɤɚ ɜɬɨɪɨɝɨ – 
Ʉ-β ɢ ɬɪɟɬɶɟɝɨ – Ʉ-γ ɤɚɬɤɨɜ ɢ ɡɚɦɟɧɹɟɬɫɹ ɫɢ-
ɥɨɜɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɝɪɭɧɬɚ ɧɚ ɨɫɜɨɛɨɠɞɺɧ-
ɧɵɟ ɤɚɬɤɢ Ʉ-1 ɢ Ʉ-β (ɪɢɫ. 3). ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɭɞɚɥɟɧɢɹ ɝɪɭɧɬɚ ɢ ɤɨɪɩɭɫɨɜ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ 
ɤɚɬɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɫɢɥɨɜɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɫɟɪ-
ɞɟɱɧɢɤ ɜɚɥɚ ɩɟɪɟɞɚɸɬɫɹ ɷɤɫɰɟɧɬɪɢɱɧɵɦɢ 
ɜɬɭɥɤɚɦɢ ɧɚ ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɥɟɧɵ, ɫ ɜɨɡɦɨɠ-
ɧɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɞɲɢɩɧɢɤɨ-
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ɜɵɯ ɨɩɨɪ, ɤɨɪɩɭɫɚ ɤɚɬɤɨɜ. Ⱥɫɢɦɦɟɬɪɢɱɧɨɟ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨɞɲɢɩɧɢɤɨɜɵɯ ɨɩɨɪ ɨɬɧɨɫɢ-
ɬɟɥɶɧɨ ɰɟɧɬɪɚ ɩɪɢɜɟɞɟɧɢɹ ɫɢɥ (ɐɩɪj) ɨɛɭ-
ɫɥɚɜɥɢɜɚɟɬ ɢɯ ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɧɚɝɪɭɠɟɧɢɟ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɟ ɧɚɝɪɭɡɤɢ ɩɨ ɥɢɧɢɢ ɤɨɧɬɚɤɬɚ ɷɤɫɰɟɧɬɪɢɱ-
ɧɨɣ ɜɬɭɥɤɢ ɫ ɫɟɪɞɟɱɧɢɤɨɦ ɜɚɥɚ. ɇɚɝɪɭɡɤɢ ɧɚ 
ɩɨɞɲɢɩɧɢɤɨɜɵɯ ɨɩɨɪɚɯ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɵ ɪɚɫɫɬɨɹɧɢɹɦ ɨɬ ɨɩɨɪ ɞɨ ɰɟɧɬɪɚ ɩɪɢ-
ɜɟɞɟɧɢɹ ɫɢɥ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɪɚɜɟɧɫɬɜɚɦɢ: 

,  ,        (1) 

ɝɞɟ Fj – ɫɢɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɝɪɭɧɬɚ ɧɚ ɩɪɨ-
ɢɡɜɨɥɶɧɵɣ (j-ɵɣ) ɤɚɬɨɤ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɤɚɬɵɜɚ-
ɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɤɚɤ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ 
ɦɟɠɞɭ ɫɢɥɚɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɫɦɹɬɢɸ 
Pɫɦj ɢ ɩɟɪɟɤɚɬɵɜɚɧɢɸ Fɩɟɪj ɩɨ ɮɨɪɦɭɥɟ 

, ɡɞɟɫɶ ȕj – ɭɝɨɥ ɦɟ-
ɠɞɭ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɜɧɨɞɟɣɫɬɜɭɸɳɟɣ ɫɢɥɵ 
Fj ɢ ɩɥɨɫɤɨɫɬɶɸ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɤɚɬɤɚ;  
Fɩɜj ɢ Fɩɧj – ɜɟɥɢɱɢɧɚ ɧɚɝɪɭɡɤɢ ɩɟɪɟɞɚɜɚɟɦɨɣ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɨɩɨɪɚɦɢ j-
ɝɨ ɤɚɬɤɚ ɧɚ ɷɤɫɰɟɧɬɪɢɱɧɭɸ ɜɬɭɥɤɭ; dj – ɪɚɫ-
ɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɨɞɲɢɩɧɢɤɨɜɵɦɢ ɨɩɨɪɚɦɢ j-ɝɨ 
ɤɚɬɤɚ; cj – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɩɪɢɜɟɞɟɧɢɹ 
ɫɢɥ (ɐɩɪj) ɞɨ ɧɢɠɧɟɣ ɨɩɨɪɵ ɤɚɬɤɚ. 

 

 
 

Ɋɢɫ. β. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɫɦɹɬɢɸ ɩɨ ɩɟɪɢɦɟɬɪɭ ɪɚɫɤɚɬɵɜɚɟɦɨɣ ɫɤɜɚɠɢɧɵ (ɜɢɞ ɫ 
ɧɚɤɨɧɟɱɧɢɤɚ): Ʉ-1 ... Ʉ-8 – ɷɥɟɦɟɧɬ ɤɨɪɩɭɫɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɬɤɚ; Pɫɦ1 ... Pɫɦ8 – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɝɪɭɧɬɚ ɫɦɹɬɢɸ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɤɚɬɤɨɦ; ɉɥ. Ʉ-1/Ʉ-β, ɉɥ. Ʉ-γ/Ʉ-4, ɉɥ. Ʉ-5/Ʉ-6 ɢ ɉɥ. Ʉ-7/Ʉ-8 – ɩɥɨɫɤɨɫɬɢ ɪɚɫ-
ɩɨɥɨɠɟɧɢɹ ɫɢɥɨɜɵɯ ɩɚɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɚɬɤɨɜ.
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Ɋɢɫ. γ. ɋɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɜɚɥɚ ɪɚɫɤɚɬɱɢɤɚ ɧɚ ɩɟɪɜɨɦ (I) ɷɬɚɩɟ ɪɚɫɱɺɬɚ: 
ɚ – ɫɯɟɦɚ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥ F1 ɢ F2 ɜ ɰɟɧɬɪɚɯ ɩɪɢɜɟɞɟɧɢɹ ɩɟɪɜɨɝɨ Ʉ-1 ɢ ɜɬɨɪɨɝɨ Ʉ-β ɤɚɬɤɨɜ; ɛ – ɫɯɟɦɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɥ F1 ɢ F2 ɩɨ ɩɨɞɲɢɩɧɢɤɨɜɵɦ ɨɩɨɪɚɦ ɢ ɩɟɪɟɞɚɱɚ ɢɯ ɷɤɫɰɟɧɬɪɢɱɧɵɦɢ ɜɬɭɥɤɚɦɢ ɧɚ ɫɟɪ-
ɞɟɱɧɢɤ ɜɚɥɚ 

 
ɉɪɢɧɢɦɚɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ, ɩɟɪɟ-

ɞɚɜɚɟɦɨɣ ɷɤɫɰɟɧɬɪɢɱɧɨɣ ɜɬɭɥɤɨɣ ɧɚ ɫɟɪɞɟɱ-
ɧɢɤ ɜɚɥɚ, ɢɞɟɧɬɢɱɧɵɦ ɟɺ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɨ 
ɩɨɞɲɢɩɧɢɤɨɜɵɦ ɨɩɨɪɚɦ ɫɨɝɥɚɫɧɨ ɪɚɜɟɧɫɬɜɚɦ 
(1) ɭɫɬɚɧɚɜɥɢɜɚɟɦ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɧɚ-
ɝɪɭɡɤɚɦɢ ɧɚ ɩɨɞɲɢɩɧɢɤɚɯ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 
ɪɚɫɩɪɟɞɟɥɺɧɧɨɣ ɧɚɝɪɭɡɤɢ ɩɨ ɨɫɧɨɜɚɧɢɹɦ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɟɣ ɷɤɫɰɟɧɬɪɢɱɧɨɣ ɜɬɭɥɤɢ, ɤɨɬɨ-
ɪɨɟ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

             ,              (2) 

ɝɞɟ qɜj ɢ qɧj – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɩɨ ɜɟɪɯ-
ɧɟɦɭ (ɜj) ɢ ɧɢɠɧɟɦɭ (ɧj) ɨɫɧɨɜɚɧɢɹɦ ɷɤɫɰɟɧ-
ɬɪɢɱɧɨɣ ɜɬɭɥɤɢ j-ɝɨ ɤɚɬɤɚ; Lɜɬj – ɞɥɢɧɚ ɷɤɫɰɟɧ-
ɬɪɢɱɧɨɣ ɜɬɭɥɤɢ j-ɝɨ ɤɚɬɤɚ. 

ɇɚɝɪɭɡɤɚ ɨɬ ɷɤɫɰɟɧɬɪɢɱɧɨɣ ɜɬɭɥɤɢ ɪɚɫ-
ɩɪɟɞɟɥɹɟɬɫɹ ɜɞɨɥɶ ɫɟɪɞɟɱɧɢɤɚ ɜɚɥɚ ɩɨ ɬɪɚ-
ɩɟɰɟɢɞɚɥɶɧɨɣ ɮɨɪɦɟ ɫɨɝɥɚɫɧɨ ɪɚɜɟɧɫɬɜɭ (β) 
ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ qzj ɨɩɪɟɞɟɥɹɟɦɨɣ ɫɥɟɞɭɸ-
ɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 

, (3)
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ɝɞɟ zj – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɢɠɧɟɝɨ ɨɫɧɨɜɚɧɢɹ 
ɷɤɫɰɟɧɬɪɢɱɧɨɣ ɜɬɭɥɤɢ j-ɝɨ ɤɚɬɤɚ, ɪɚɫɩɨɥɨɠɟɧ-
ɧɨɝɨ ɜɛɥɢɡɢ ɦɟɧɶɲɟɝɨ ɨɫɧɨɜɚɧɢɹ ɤɚɬɤɚ, ɞɨ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɱɟɧɢɹ.  

ɉɨɩɟɪɟɱɧɚɹ ɫɢɥɚ Qz(1-2) ɢ ɢɡɝɢɛɚɸɳɢɣ ɦɨ-
ɦɟɧɬ Mz(1-2) ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɫɟɪɞɟɱɧɢɤ ɜɚɥɚ ɜ 
ɡɨɧɟ ɤɚɬɤɨɜ Ʉ-1 ɢ Ʉ-β ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸ-
ɳɢɦɢ ɜɵɪɚɠɟɧɢɹɦɢ:  
 

            ,           (4) 

 

, (5) 

 

ɝɞɟ zɰ.ɬ.ɬɪ.j – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 
ɱɚɫɬɢ ɬɪɚɩɟɰɢɟɜɢɞɧɨɣ ɧɚɝɪɭɡɤɢ j-ɝɨ ɤɚɬɤɚ, 
ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɨɬɪɟɡɨɤ 
ɫɟɪɞɟɱɧɢɤɚ ɜɚɥɚ, ɞɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɟɱɟ-
ɧɢɹ. 

Ɋɚɫɫɬɨɹɧɢɟ zɰ.ɬ.ɬɪ.j ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɢɧ-
ɬɟɧɫɢɜɧɨɫɬɶ ɧɚɝɪɭɡɤɢ ɜ ɩɥɨɫɤɨɫɬɢ ɧɢɠɧɟɝɨ 
ɨɫɧɨɜɚɧɢɹ ɷɤɫɰɟɧɬɪɢɱɧɨɣ ɜɬɭɥɤɢ ɢ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɨɝɨ ɫɟɱɟɧɢɹ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 

 

.     (6) 

 

Ɂɚɦɟɧɢɜ ɜ ɜɵɪɚɠɟɧɢɹɯ (γ), (4), (5) ɢ (6) 
ɩɚɪɚɦɟɬɪɵ z1 ɢ z2 ɧɚ ɞɥɢɧɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɷɤɫɰɟɧɬɪɢɱɧɨɣ ɜɬɭɥɤɢ Lɜɬ1 ɢɥɢ Lɜɬβ, ɩɨɥɭɱɢɦ 
ɡɧɚɱɟɧɢɟ ɩɨɩɟɪɟɱɧɨɣ ɫɢɥɵ Qz = RI ɢ ɢɡɝɢ-
ɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ Mz = Mɢɡɝ.I ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ 
ɫɟɪɞɟɱɧɢɤ ɜɚɥɚ ɜ ɩɥɨɫɤɨɫɬɢ ɫɬɵɤɚ ɷɤɫɰɟɧ-
ɬɪɢɱɧɵɯ ɜɬɭɥɨɤ ɜɬɨɪɨɝɨ – Ʉ-β ɢ ɬɪɟɬɶɟɝɨ – Ʉ-3 
ɤɚɬɤɨɜ (ɫɦ. ɪɢɫ. 4).  

Ʉɪɨɦɟ ɩɨɩɟɪɟɱɧɨɣ ɫɢɥɵ ɢ ɢɡɝɢɛɚɸɳɟɝɨ 
ɦɨɦɟɧɬɚ, ɤ ɜɚɥɭ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɩɪɨɯɨɞɱɢɤɚ 
ɫɤɜɚɠɢɧ ɩɪɢɥɨɠɟɧɵ, ɧɨɪɦɚɥɶɧɚɹ ɫɢɥɚ Nz, 
ɞɟɣɫɬɜɭɸɳɚɹ ɜɞɨɥɶ ɨɫɢ ɜɚɥɚ ɢ ɤɪɭɬɹɳɢɣ ɦɨ-
ɦɟɧɬ Mɤɪj ɜɨɤɪɭɝ ɷɬɨɣ ɨɫɢ. 

Ɂɧɚɱɟɧɢɟ ɧɨɪɦɚɥɶɧɨɣ ɫɢɥɵ Nz ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɫɭɦɦɨɣ ɨɫɟɜɨɣ ɫɢɥɵ Pɨɫ ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɪɚɫɤɚɬɵɜɚɸɳɢɣ ɩɪɨɯɨɞɱɢɤ ɢ ɫɢɥɨɣ Pɧ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɜɧɟɞɪɟɧɢɸ ɧɚɤɨɧɟɱɧɢɤɚ, ɤɨ-
ɬɨɪɵɟ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢ-
ɪɨɜɨɱɧɨɝɨ ɪɚɫɱɺɬɚ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ 
ɨɪɝɚɧɚ ɫɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɹɦ ɩɪɢɜɟɞɺɧɧɵɦ ɜ 
ɫɬɚɬɶɟ «ɊȺȻɈɑɂɃ ɈɊȽȺɇ ȾɅə ɊȺɋɄȺɌɄɂ 
ɋɄȼȺɀɂɇ» [ɫ. 196, 6Ж. Ɉɫɟɜɚɹ ɫɢɥɚ Pɨɫ ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɫɢɥ Pɩɪ ɬɹɠɟɫɬɢ 
ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɫ ɩɪɢɜɨɞɨɦ ɢ ɫɭɦɦɚɪɧɨɣ ɫɢ-
ɥɵ ∑Pj

ɡɚɬ
 ɡɚɬɹɝɢɜɚɧɢɹ ɤɚɬɤɨɜ ɝɪɭɧɬɨɦ. ɋɢɥɚ 

Pɩɪ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ ɞɥɹ ɞɚɧɧɨɝɨ ɪɚɛɨɱɟ-
ɝɨ ɨɪɝɚɧɚ, ɚ ɫɢɥɵ Pj

ɡɚɬ
 ɡɚɬɹɝɢɜɚɧɢɹ ɢ ɫɢɥɚ Pɧ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɭɧɬɚ ɜɧɟɞɪɟɧɢɸ ɧɚɤɨɧɟɱɧɢ-
ɤɚ ɡɚɜɢɫɹɬ ɨɬ ɝɪɭɧɬɨɜɵɯ ɭɫɥɨɜɢɣ ɢ ɦɨɝɭɬ 
ɜɚɪɶɢɪɨɜɚɬɶ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ, ɱɟɦ ɨɛɴ-
ɹɫɧɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɟɤ-
ɬɢɪɨɜɨɱɧɨɝɨ ɪɚɫɱɺɬɚ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɩɪɨ-
ɯɨɞɱɢɤɚ ɞɥɹ ɧɚɢɛɨɥɟɟ ɬɹɠɺɥɵɯ ɝɪɭɧɬɨɜɵɯ 
ɭɫɥɨɜɢɣ. ɉɪɢ ɷɬɨɦ ɪɚɫɱɺɬ ɜɟɞɺɬɫɹ ɬɚɤɢɦ ɨɛ-
ɪɚɡɨɦ, ɱɬɨɛɵ ɫɭɦɦɚɪɧɚɹ ɫɢɥɚ ∑Pj

ɡɚɬ
 ɡɚɬɹɝɢ-

ɜɚɧɢɹ ɤɚɬɤɨɜ ɝɪɭɧɬɨɦ ɩɪɢɦɟɪɧɨ ɪɚɜɧɹɥɚɫɶ (ɫ 
ɧɟɛɨɥɶɲɢɦ ɩɪɟɜɵɲɟɧɢɟɦ) ɫɢɥɟ Pɧ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɝɪɭɧɬɚ ɜɧɟɞɪɟɧɢɸ ɧɚɤɨɧɟɱɧɢɤɚ. Ɍɚɤɨɟ 
ɪɚɜɧɨɜɟɫɢɟ ɫɢɥ ɩɪɚɤɬɢɱɟɫɤɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɧɭɥɟɜɨɟ ɡɧɚɱɟɧɢɟ ɧɨɪɦɚɥɶɧɨɣ ɫɢɥɵ Nz ɧɚ 
ɜɚɥɭ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɨɬ ɜɧɟɲɧɢɯ ɫɢɥ ɜ ɡɨɧɟ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɤɚɬɤɨɜ. Ɏɢɤɫɚɰɢɹ ɷɤɫɰɟɧɬɪɢɱ-
ɧɵɯ ɜɬɭɥɨɤ ɤɚɬɤɨɜ ɧɚ ɫɟɪɞɟɱɧɢɤɟ ɨɫɭɳɟɫɬɜ-
ɥɹɟɬɫɹ ɭɩɨɪɧɵɦ ɛɭɪɬɨɦ ɧɚ ɜɟɪɯɧɟɦ ɭɪɨɜɧɟ 
ɜɨɡɜɪɚɬɧɨɝɨ ɤɚɬɤɚ ɢ ɮɢɤɫɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ 
ɧɚ ɭɪɨɜɧɟ ɧɢɠɧɟɝɨ ɨɫɧɨɜɚɧɢɹ ɩɟɪɜɨɝɨ ɤɚɬɤɚ. 
Ɏɢɤɫɚɰɢɹ ɷɤɫɰɟɧɬɪɢɱɧɵɯ ɜɬɭɥɨɤ ɨɛɟɫɩɟɱɢɜɚ-
ɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ-ɧɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɫɟɪɞɟɱɧɢɤɚ ɜɚɥɚ ɜ ɧɟɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ. ȼ 
ɩɪɨɰɟɫɫɟ ɠɟ ɪɚɛɨɬɵ ɨɫɟɜɚɹ ɧɚɝɪɭɡɤɚ ɨɬ ɜɟɫɚ 
ɩɪɢɜɨɞɚ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɝɪɭɧɬɚ ɜɧɟɞɪɟɧɢɸ 
ɤɚɬɤɨɜ ɢ ɧɚɤɨɧɟɱɧɢɤɚ ɤɨɦɩɟɧɫɢɪɭɸɬ ɩɪɟɞɜɚ-
ɪɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɟɪɞɟɱɧɢɤɚ, ɚ ɫɭɦ-
ɦɚɪɧɚɹ ɧɨɪɦɚɥɶɧɚɹ ɫɢɥɚ Nz ɩɪɢɧɢɦɚɟɬ ɧɭɥɟ-
ɜɨɟ ɡɧɚɱɟɧɢɟ. ȼɫɥɟɞɫɬɜɢɟ ɜɵɲɟɢɡɥɨɠɟɧɧɨɝɨ 
ɦɨɠɧɨ ɧɨɪɦɚɥɶɧɨɣ ɫɢɥɨɣ Nz, ɩɪɢ ɩɪɨɱɧɨɫɬ-
ɧɨɦ ɪɚɫɱɺɬɟ ɫɟɪɞɟɱɧɢɤɚ, ɩɪɟɧɟɛɪɟɱɶ.  

Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɩɪɢɥɨɠɟɧɧɵɣ ɤ ɫɟɪɞɟɱ-
ɧɢɤɭ ɜɚɥɚ ɜ ɩɥɨɫɤɨɫɬɢ ɫɬɵɤɚ ɷɤɫɰɟɧɬɪɢɱɧɵɯ 
ɜɬɭɥɨɤ ɩɟɪɜɨɝɨ – Ʉ-1 ɢ ɜɬɨɪɨɝɨ – Ʉ-β ɤɚɬɤɨɜ, 
ɪɚɜɟɧ ɦɨɦɟɧɬɭ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɪɚɳɟɧɢɸ 
ɩɟɪɜɨɝɨ ɤɚɬɤɚ Mɤɪ1 = Mɫ.ɤɪ1, ɚ ɜ ɩɥɨɫɤɨɫɬɢ ɫɬɵ-
ɤɚ ɷɤɫɰɟɧɬɪɢɱɧɵɯ ɜɬɭɥɨɤ ɜɬɨɪɨɝɨ – Ʉ-β ɢ 
ɬɪɟɬɶɟɝɨ – Ʉ-γ ɤɚɬɤɨɜ ɪɚɜɟɧ ɫɭɦɦɟ ɦɨɦɟɧɬɨɜ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɪɚɳɟɧɢɸ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ 
ɤɚɬɤɨɜ, ɬ.ɟ. MɤɪI = Mɫ.ɤɪ1 + Mɫ.ɤɪβ (ɫɦ. ɪɢɫ. 4.ɞ). 
Ɂɧɚɱɟɧɢɟ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ, ɩɪɢɥɨɠɟɧɧɨɝɨ 
ɤ ɫɟɪɞɟɱɧɢɤɭ ɜɚɥɚ, ɪɚɫɬɺɬ ɫɬɭɩɟɧɱɚɬɨ ɨɬ ɤɚɬɤɚ 
ɤ ɤɚɬɤɭ ɢ ɞɨɫɬɢɝɚɟɬ ɫɜɨɟɝɨ ɦɚɤɫɢɦɭɦɚ, ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɫɭɦɦɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɨɜ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɜɪɚɳɟɧɢɸ ɜɫɟɯ ɫɦɨɧɬɢɪɨɜɚɧɧɵɯ ɧɚ 
ɜɚɥɭ ɤɚɬɤɨɜ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɜɨɡɜɪɚɬɧɨɝɨ ɧɟ 
ɩɪɢɧɢɦɚɸɳɟɝɨ ɚɤɬɢɜɧɨɝɨ ɭɱɚɫɬɢɹ ɜ ɩɪɨɰɟɫɫɟ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɤɜɚɠɢɧɵ, ɧɚ ɜɨɫɶɦɨɦ ɤɚɬɤɟ. 

 



ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ 
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Ɋɢɫ. 4. ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɢɥ ɢ ɦɨɦɟɧɬɨɜ ɧɚ ɫɟɪɞɟɱɧɢɤɟ ɜɚɥɚ ɜ ɡɨɧɟ ɤɚɬɤɨɜ Ʉ-1 ɢ Ʉ-β (ɷɬɚɩ I): ɚ – 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɨɤ ɩɨ ɨɩɨɪɧɵɦ ɩɨɞɲɢɩɧɢɤɚɦ ɷɤɫɰɟɧɬɪɢɱɧɵɯ ɜɬɭɥɨɤ; ɛ – ɫɯɟɦɚ ɩɪɢɜɟɞɟɧɢɹ ɫɨɫɪɟɞɨ-
ɬɨɱɟɧɧɵɯ ɫɢɥ Fɩɜ1, Fɩɧ1 ɢ Fɩɜ2, Fɩɧ2 ɤ ɪɚɫɩɪɟɞɟɥɺɧɧɵɦ ɧɚɝɪɭɡɤɚɦ; ɜ – ɷɩɸɪɚ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ Q ɞɟɣɫɬɜɭɸɳɢɯ 
ɜ ɫɟɪɞɟɱɧɢɤɟ ɜɚɥɚ ɜ ɡɨɧɟ ɤɚɬɤɨɜ Ʉ-1 ɢ Ʉ-2; ɝ – ɷɩɸɪɚ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ Ɇɢɡɝ. ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɫɟɪɞɟɱ-

ɧɢɤ ɜɚɥɚ ɜ ɡɨɧɟ ɷɬɢɯ ɤɚɬɤɨɜ; ɞ – ɷɩɸɪɚ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧɬɨɜ Ɇɤɪ. ɞɟɣɫɬɜɭɸɳɢɯ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɨɧɟ ɫɟɪ-
ɞɟɱɧɢɤɚ ɜɚɥɚ 

 
Ɋɚɫɱɺɬ ɫɟɪɞɟɱɧɢɤɚ ɜɚɥɚ ɩɨɞɜɟɪɠɟɧɧɨɝɨ 

ɫɨɜɦɟɫɬɧɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɢɡɝɢɛɚ ɢ ɤɪɭɱɟɧɢɹ 
ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɩɪɢɜɟɞɺɧɧɨɦɭ ɦɨɦɟɧɬɭ ɆIV, 
ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɩɨ ɱɟɬɜɺɪɬɨɣ ɬɟɨɪɢɢ ɩɪɨɱɧɨ-
ɫɬɢ Дɫ.γ94, 8]: 

 

,  (7) 

ɝɞɟ Ɇz ɢ Ɇɤɪj – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡɝɢɛɚɸɳɢɣ ɢ 
ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɜ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɨɦ ɫɟɱɟɧɢɢ ɫɟɪɞɟɱɧɢɤɚ ɜɚɥɚ. 

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɪɚɫɱɺɬɚ ɫɟɪɞɟɱɧɢɤɚ 
ɜɚɥɚ ɹɜɥɹɟɬɫɹ ɜɬɨɪɚɹ ɫɢɥɨɜɚɹ ɩɚɪɚ ɨɛɪɚɡɨ-
ɜɚɧɧɚɹ ɤɚɬɤɚɦɢ Ʉ-γ ɢ Ʉ-4 (ɪɢɫ. 5). Ɂɞɟɫɶ ɜɵɪɟ-
ɡɚɟɬɫɹ, ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɩɟɪɜɨɦɭ ɷɬɚɩɭ, ɱɚɫɬɶ 
ɫɤɜɚɠɢɧɵ ɨɯɜɚɬɵɜɚɸɳɚɹ ɤɚɬɤɢ Ʉ-γ ɢ Ʉ-4, ɩɪɢ 
ɷɬɨɦ ɡɚɳɟɦɥɟɧɢɟ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɜ ɫɤɜɚɠɢ-
ɧɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɠɚɬɢɟɦ ɤɚɬɤɨɜ Ʉ-5, Ʉ-6, 
Ʉ-7 ɢ Ʉ-8 ɝɪɭɧɬɨɦ (ɫɦ. ɪɢɫ. 2), ɚ ɩɥɨɫɤɨɫɬɶ ɧɚ-
ɱɚɥɚ ɡɚɳɟɦɥɟɧɢɹ ɫɦɟɳɚɟɬɫɹ ɢɡ ɩɥɨɫɤɨɫɬɢ 
ɫɬɵɤɚ ɷɤɫɰɟɧɬɪɢɱɧɵɯ ɜɬɭɥɨɤ ɤɚɬɤɨɜ Ʉ-β/Ʉ-γ ɜ 
ɩɥɨɫɤɨɫɬɶ ɫɬɵɤɚ ɜɬɭɥɨɤ ɤɚɬɤɨɜ Ʉ-4/Ʉ-5. ɉɪɢ-
ɦɟɧɹɹ ɦɟɬɨɞ ɫɟɱɟɧɢɣ ɨɬɫɟɤɚɟɦ ɩɪɚɜɭɸ ɱɚɫɬɶ 
ɫɟɪɞɟɱɧɢɤɚ ɜɚɥɚ ɩɨ ɩɥɨɫɤɨɫɬɢ ɫɬɵɤɚ ɷɤɫɰɟɧ-
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ɬɪɢɱɧɵɯ ɜɬɭɥɨɤ ɤɚɬɤɨɜ Ʉ-β/Ʉ-3, ɡɚɦɟɧɢɜ ɟɺ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɥɟɜɭɸ ɱɚɫɬɶ ɫɟɪɞɟɱɧɢɤɚ ɩɨ-
ɩɟɪɟɱɧɨɣ ɫɢɥɨɣ RI, ɢɡɝɢɛɚɸɳɢɦ Ɇɢɡɝ.I ɢ ɤɪɭ-

ɬɹɳɢɦ Ɇɤɪ.I ɦɨɦɟɧɬɚɦɢ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ 
ɭɫɬɚɧɨɜɥɟɧɧɵ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɚɫɱɺɬɚ.  

 

 
 

Ɋɢɫ. 5. Cɯɟɦɚ ɧɚɝɪɭɠɟɧɢɹ ɜɚɥɚ ɪɚɫɤɚɬɱɢɤɚ ɧɚ ɜɬɨɪɨɦ (II) ɷɬɚɩɟ ɪɚɫɱɺɬɚ: ɚ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɬɤɨɜ ɩɨ ɷɬɚ-
ɩɚɦ ɪɚɫɱɺɬɚ ɢ ɩɪɢɥɨɠɟɧɢɟ ɧɚɝɪɭɡɨɤ F3 ɢ F4 ɜ ɰɟɧɬɪɚɯ ɩɪɢɜɟɞɟɧɢɹ ɫɢɥ ɬɪɟɬɶɟɝɨ Ʉ-γ ɢ ɱɟɬɜɺɪɬɨɝɨ Ʉ-4 ɤɚɬɤɨɜ; 
ɛ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɨɤ F3 ɢ F4 ɩɨ ɨɩɨɪɚɦ ɤɚɬɤɨɜ ɢ ɢɯ ɩɟɪɟɞɚɱɚ ɷɤɫɰɟɧɬɪɢɱɧɵɦɢ ɜɬɭɥɤɚɦɢ ɧɚ ɫɟɪɞɟɱ-
ɧɢɤ ɜɚɥɚ; ɜ – ɫɯɟɦɚ ɩɪɢɥɨɠɟɧɢɹ ɩɨɩɟɪɟɱɧɨɣ ɫɢɥɵ RI ɢ ɢɡɝɢɛɚɸɳɟɝɨ Ɇɢɡɝ.I ɢ ɤɪɭɬɹɳɟɝɨ Ɇɤɪ.I ɦɨɦɟɧɬɨɜ, ɢɡ 

ɩɟɪɜɨɝɨ (I) ɷɬɚɩɚ ɪɚɫɱɺɬɚ, ɤ ɫɟɪɞɟɱɧɢɤɭ ɜɚɥɚ ɜ ɡɨɧɟ ɫɬɵɤɚ ɷɤɫɰɟɧɬɪɢɱɧɵɯ  
ɜɬɭɥɨɤ ɜɬɨɪɨɝɨ Ʉ-β ɢ ɬɪɟɬɶɟɝɨ Ʉ-γ ɤɚɬɤɨɜ 

 
Ɂɚɤɥɸɱɟɧɢɟ 
Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɜɟɞɺɬɫɹ ɪɚɫɱɺɬ ɩɨ-

ɩɟɪɟɱɧɵɯ ɫɢɥ ɢ ɢɡɝɢɛɚɸɳɢɯ ɢ ɤɪɭɬɹɳɢɯ ɦɨ-
ɦɟɧɬɨɜ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɫɟɪɞɟɱɧɢɤ ɜɚɥɚ ɩɨ 
ɜɫɟɣ ɞɥɢɧɟ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ.  

ɉɪɢɜɟɞɺɧɧɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɺɬɚ ɫɟɪɞɟɱ-
ɧɢɤɚ ɜɚɥɚ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 
ɧɚ ɩɪɨɱɧɨɫɬɶ ɩɨɡɜɨɥɹɟɬ ɫ ɞɨɫɬɚɬɨɱɧɨɣ, ɞɥɹ 
ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɚɛɨɬ, ɬɨɱɧɨɫɬɶɸ 
ɭɫɬɚɧɨɜɢɬɶ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɫɟɪ-
ɞɟɱɧɢɤɟ ɜɚɥɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɢ ɜɵɛɪɚɬɶ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɚɬɟɪɢɚɥ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ 

ɧɚɞɺɠɧɭɸ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɤɚɬɵɜɚɸ-
ɳɟɝɨ ɩɪɨɯɨɞɱɢɤɚ ɫɤɜɚɠɢɧ.  

ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɪɚɫɱɺɬɚ ɩɨɩɟ-
ɪɟɱɧɵɯ ɫɢɥ ɢ ɢɡɝɢɛɚɸɳɢɯ ɢ ɤɪɭɬɹɳɢɯ ɦɨɦɟɧ-
ɬɨɜ ɜɩɟɪɜɵɟ ɩɪɢɦɟɧɟɧɚ ɞɥɹ ɩɪɨɱɧɨɫɬɧɨɝɨ 
ɪɚɫɱɺɬɚ ɜɚɥɚ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɪɚɛɨɱɟɝɨ ɨɪ-
ɝɚɧɚ RS-400, ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɜ Ƚɟɪɦɚɧɢɢ 
ɩɨ ɥɢɱɧɨɣ ɢɧɢɰɢɚɬɢɜɟ ɚɜɬɨɪɨɜ ɧɚɫɬɨɹɳɟɣ 
ɫɬɚɬɶɢ. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɺɬɚ ɩɨɩɟɪɟɱɧɵɯ ɫɢɥ 
ɢ ɢɡɝɢɛɚɸɳɢɯ ɦɨɦɟɧɬɨɜ ɧɚ «ɷɬɚɩɟ I» ɩɪɢɜɟ-
ɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
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Ɍɚɛɥɢɰɚ 1 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɱɧɨɫɬɧɨɝɨ ɪɚɫɱɺɬɚ ɫɟɪɞɟɱɧɢɤɚ ɜɚɥɚ ɪɚɫɤɚɬɵɜɚɸɳɟɝɨ ɩɪɨɯɨɞɱɢ-
ɤɚ ɫɤɜɚɠɢɧ RS-400 ɜ ɡɨɧɟ ɤɚɬɤɨɜ Ʉ-1/Ʉ-β (ɷɬɚɩ I) 

 

ɉɚɪɚɦɟɬɪ ȿɞ. ɢɡɦ. ɉɚɪɚɦɟɬɪɵ ɷɤɫɰɟɧɬɪɢɱɧɨɣ  
ɜɬɭɥɤɢ ɤɚɬɤɚ Ʉ-1 (j=1) 
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ɜɬɭɥɤɢ ɤɚɬɤɚ Ʉ-2 (j=2) 
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A METHOD FOR STRENGTH CALCULATION OF A 

SHAFT OF АELLS’ SINKER 
 

V. Lis, Y.E. Ponomarenko 
 

Abstract. The absence of a method for strength 
МКХМЮХКЭТШЧ ШП К sСКПЭ ШП аОХХs’ sТЧФОr, МШЧsТНОrТЧР ТЭs 
structural features, significantly complicates the con-
strЮМЭШr’s аШrФ ТЧ НОЭОrmining essential cross-sections 
of a shaft, providing its reliable, no-failure operation 
during the whole  life cycle. The article provides the 
scheme of loading a rolling working element in a well, 
the scheme of a load transferring from rollers to the 
sСКПЭ’s МШrО ЮsТЧР ШПП-center bushing. The authors of 
the article have also determined the influence of these 
bushings on load distribution along the core. 

 
Keywords: roller, off-МОЧЭОr ЛЮsСТЧР, sСКПЭ’s МШrО, 

cross force, bending and torsion moment. 
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