
ВеȟȠник ХНАДУ, вып. 73, 2016 253 

ɍȾɄ 629.03 
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Abstract. ThО ТnПluОncО oП an Обcavator аorkТnР unТt loads on ПormТnР loads Тn thО contact arОa oП 
pumpТnР unТt surПacОs oП aбТal pТston pump and thОТr ТnПluОncО on pТston–slООvО conУuРatТon аОar has 
bООn consТdОrОd. 
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ȼɜɟɞɟɧɢɟ 
 
Ƚɢɞɪɚɜɥɢɱɟɫɤɢɟ ɷɤɫɤɚɜɚɬɨɪɵ ɡɚɧɢɦɚɸɬ ɜɟ-
ɞɭɳɟɟ ɦɟɫɬɨ ɫɪɟɞɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɲɢɧ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. Ɉɛɳɚɹ ɬɟɧɞɟɧ-
ɰɢɹ ɪɚɡɜɢɬɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɷɤɫɤɚɜɚɬɨɪɨɜ 
ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɩɨɜɵɲɟɧɢɟ ɭɞɟɥɶɧɨɣ ɦɨɳɧɨ-
ɫɬɢ ɦɚɲɢɧɵ ɩɪɢ  ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ 

ɭɜɟɥɢɱɟɧɢɢ ɟɟ ɦɚɫɫɵ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɷɤɫɤɚ-
ɜɚɬɨɪ – ɷɬɨ ɧɚɢɛɨɥɟɟ ɩɪɨɛɥɟɦɧɚɹ ɦɚɲɢɧɚ ɫ 
ɬɨɱɤɢ ɡɪɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ.  
 
ɇɚɢɛɨɥɟɟ ɤɪɢɬɢɱɧɵɦ ɷɥɟɦɟɧɬɨɦ ɷɤɫɤɚɜɚɬɨɪɚ 
ɹɜɥɹɟɬɫɹ ɨɛɴɟɦɧɵɣ ɝɢɞɪɨɩɪɢɜɨɞ. Ɉɬɤɚɡ ɷɥɟ-
ɦɟɧɬɨɜ  ɝɢɞɪɨɩɪɢɜɨɞɚ ɫɨɫɬɚɜɥɹɟɬ ɞɨ 70 % ɜ 
ɨɛɳɟɦ ɩɨɬɨɤɟ ɨɬɤɚɡɨɜ ɦɚɲɢɧɵ Д1, 2Ж. 
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ȼ ɩɨɬɨɤɟ ɨɬɤɚɡɨɜ ɷɥɟɦɟɧɬɨɜ  ɝɢɞɪɨɩɪɢɜɨɞɚ 
ɫɚɦɵɦɢ ɡɧɚɱɢɦɵɦɢ ɹɜɥɹɸɬɫɹ: ɚɤɫɢɚɥɶɧɨ-
ɩɥɭɧɠɟɪɧɵɟ ɧɚɫɨɫɵ, ɝɢɞɪɨɰɢɥɢɧɞɪɵ, ɝɢɞɪɨ-
ɪɚɫɩɪɟɞɟɥɢɬɟɥɢ. Ɉɫɧɨɜɧɚɹ ɩɪɢɱɢɧɚ ɪɚɡɜɢɬɢɹ 
ɧɟɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɜɵ-
ɯɨɞɭ ɢɡ ɫɬɪɨɹ ɨɬɦɟɱɟɧɧɵɯ ɝɢɞɪɨɚɝɪɟɝɚɬɨɜ, –   
ɢɡɧɚɲɢɜɚɧɢɟ ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɢɠɧɵɯ ɫɨɩɪɹ-
ɠɟɧɢɣ, ɨɫɧɨɜɧɵɦ ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ 
ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɧɚɝɪɭɡɤɚ ɜ ɡɨɧɟ ɢɯ ɤɨɧɬɚɤ-
ɬɢɪɨɜɚɧɢɹ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

ɉɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɤɫɤɚɜɚɬɨɪɨɜ ɜ ɭɫɥɨɜɢɹɯ 
ɨɝɪɚɧɢɱɟɧɢɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɩɚɫɩɨɪɬɨɦ ɧɚ 
ɝɢɞɪɨɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɚɫɩɨɪɬɨɦ ɧɚ ɦɚɲɢɧɭ 
ɜ ɰɟɥɨɦ, ɜɟɞɭɳɢɦ ɜɢɞɨɦ ɢɡɧɨɫɚ ɩɨɞɜɢɠɧɵɯ 
ɬɪɢɛɨɫɨɩɪɹɠɟɧɢɣ ɹɜɥɹɟɬɫɹ ɭɫɬɚɥɨɫɬɧɵɣ ɢɡ-
ɧɨɫ Д1, 2Ж. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢ ɯɚ-
ɪɚɤɬɟɪ ɭɫɬɚɥɨɫɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɦɟɬɚɥɥɚɯ 
ɡɚɜɢɫɢɬ ɨɬ ɫɩɟɤɬɪɚ ɧɚɝɪɭɡɨɤ ɢ ɪɟɠɢɦɚ ɢɯ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɷɥɟɦɟɧɬɵ ɫɨɩɪɹɠɟɧɢɹ. 
ɇɚɝɪɭɡɤɢ ɜ ɩɨɞɜɢɠɧɵɯ ɫɨɩɪɹɠɟɧɢɹɯ ɤɚɱɚɸ-
ɳɟɝɨ ɭɡɥɚ ɚɤɫɢɚɥɶɧɨ-ɩɥɭɧɠɟɪɧɵɯ ɧɚɫɨɫɨɜ 
ɝɢɞɪɨɩɪɢɜɨɞɚ ɷɤɫɤɚɜɚɬɨɪɚ ɹɜɥɹɸɬɫɹ ɫɭɦɦɨɣ 
ɫɩɟɤɬɪɚ ɧɚɝɪɭɡɨɤ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɧɚ ɢɫ-
ɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɚɯ ɦɚɲɢɧɵ ɜ ɩɪɨ-
ɰɟɫɫɟ ɟɟ ɪɚɛɨɬɵ  p ,F t  ɢ ɫɩɟɤɬɪɚ ɧɚɝɪɭɡɨɤ 

 Тp t  ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɷɥɟɦɟɧɬɨɜ ɟɟ 
ɝɢɞɪɨɫɢɫɬɟɦɵ.  
 

    p( ) ; ТN t П F t p t  .              (1) 
 

Ɉɞɧɚɤɨ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ  ɧɟɬ ɱɟɬɤɨɣ 
ɮɢɡɢɱɟɫɤɨɣ ɤɚɪɬɢɧɵ, ɨɬɪɚɠɚɸɳɟɣ ɫɜɹɡɶ 
ɦɟɠɞɭ ɧɚɝɪɭɠɟɧɧɨɫɬɶɸ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟ-
ɯɚɧɢɡɦɨɜ ɦɚɲɢɧɵ ɢ ɭɫɬɚɥɨɫɬɧɵɦ ɢɡɧɨɫɨɦ 
ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɢɠɧɵɯ ɫɨɩɪɹɠɟɧɢɣ ɤɚɱɚɸɳɟ-
ɝɨ ɭɡɥɚ ɚɤɫɢɚɥɶɧɨ-ɩɥɭɧɠɟɪɧɵɯ ɧɚɫɨɫɨɜ ɜ ɟɟ 
ɝɢɞɪɨɩɪɢɜɨɞɟ. 
 
Ɉɫɧɨɜɧɵɦɢ ɮɚɤɬɨɪɚɦɢ, ɮɨɪɦɢɪɭɸɳɢɦɢ  
ɜɟɥɢɱɢɧɭ ɢ ɯɚɪɚɤɬɟɪ ɧɚɝɪɭɡɤɢ ɜ ɡɨɧɟ ɤɨɧɬɚɤ-
ɬɚ ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɢɠɧɵɯ ɫɨɩɪɹɠɟɧɢɣ ɤɚɱɚ-
ɸɳɟɝɨ ɭɡɥɚ ɚɤɫɢɚɥɶɧɨ-ɩɥɭɧɠɟɪɧɵɯ ɧɚɫɨɫɨɜ 
ɝɢɞɪɨɩɪɢɜɨɞɚ ɷɤɫɤɚɜɚɬɨɪɚ, ɹɜɥɹɸɬɫɹ ɭɫɢɥɢɹ 
ɧɚ ɟɝɨ ɪɚɛɨɱɟɦ ɨɪɝɚɧɟ ɢ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ 
ɜɧɭɬɪɢ ɝɢɞɪɨɧɚɫɨɫɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɩɪɢɧɰɢ-
ɩɨɦ ɟɝɨ ɪɚɛɨɬɵ.  
 
ȼɵɩɨɥɧɟɧɢɟ ɨɩɟɪɚɰɢɣ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ 
ɷɤɫɤɚɜɚɬɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɭɬɟɦ ɩɨɞɤɥɸɱɟ-
ɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟ-
ɯɚɧɢɡɦɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɯɚɪɚɤɬɟɪɧɨɣ ɰɢɤ-
ɥɨɝɪɚɦɦɨɣ (ɪɢɫ. 1) Д3Ж. 

 
 
Ɋɢɫ. 1. ɐɢɤɥɨɝɪɚɦɦɚ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɷɤɫ-

ɤɚɜɚɬɨɪɚ 
 

Ⱥɧɚɥɢɡ ɰɢɤɥɨɝɪɚɦɦɵ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɱɚɫɬɶ 
ɪɚɛɨɱɢɯ ɨɩɟɪɚɰɢɣ ɷɤɫɤɚɜɚɬɨɪɚ ɫɨɩɪɨɜɨɠɞɚ-
ɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɜɤɥɸɱɟɧɢɟɦ ɪɚɡɥɢɱɧɨɝɨ 
ɧɚɛɨɪɚ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ. ɉɪɢ 
ɷɬɨɦ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɰɢɤɥɚ ɫɨɫɬɚɜɥɹɟɬ ɪɚɛɨ-
ɬɚ ɤɨɜɲɚ ɢ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɩɥɚɬɮɨɪɦɵ. 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɩɟɪɚɰɢɢ, ɜɵɩɨɥɧɹɟɦɵɟ ɷɤɫɤɚ-
ɜɚɬɨɪɨɦ ɜ ɬɟɱɟɧɢɟ ɰɢɤɥɚ, ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ 
ɡɚɬɪɚɬɚɦɢ ɷɧɟɪɝɢɢ. Ʉɚɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ 
ɷɧɟɪɝɨɡɚɬɪɚɬ ɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɰɢɤɥɨɝɪɚɦɦ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 
ɝɢɞɪɨɫɢɫɬɟɦɟ ɷɤɫɤɚɜɚɬɨɪɚ. ɏɚɪɚɤɬɟɪɧɚɹ ɰɢɤ-
ɥɨɝɪɚɦɦɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2 ДζЖ. 

 
 
Ɋɢɫ. 2. ɐɢɤɥɨɝɪɚɦɦɚ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 

ɝɢɞɪɨɫɢɫɬɟɦɟ ɷɤɫɤɚɜɚɬɨɪɚ 
 
Ⱥɧɚɥɢɡ ɰɢɤɥɨɝɪɚɦɦɵ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 
ɝɢɞɪɨɫɢɫɬɟɦɟ ɷɤɫɤɚɜɚɬɨɪɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɷɤɫ-
ɤɚɜɚɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɟɪɚɰɢɢ ɧɚɛɨɪɚ 
ɤɨɜɲɚ. ɉɪɢ ɷɬɨɦ ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ 
ɧɚɛɥɸɞɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟ-
ɧɢɹ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ, ɫɨɫɬɚɜɥɹɟɬ 0,2η–0,3 ɜɪɟ-
ɦɟɧɢ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɷɤɫɤɚɜɚɬɨɪɚ. ɑɚɳɟ ɜɫɟ-
ɝɨ ɧɚɛɨɪ ɤɨɜɲɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɟɝɨ ɩɨɜɨɪɨɬɨɦ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɤɪɟɩɥɟɧɢɹ ɧɚ ɪɭɤɨɹɬɢ.  
 
ɂɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ Ʉɨɜɚ-
ɥɟɧɤɨ Ɇ.ȼ. ДζЖ (ɪɢɫ. 3),  ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɦɚɤɫɢɦɚɥɶɧɵɟ ɭɫɢɥɢɹ ɪɟɡɚɧɢɹ ɝɪɭɧɬɚ ɤɨɜ-
ɲɨɦ ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɟɝɨ ɩɨɜɨɪɨɬɚ ɧɚ 
ζ0–90 ɝɪɚɞɭɫɨɜ. 
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ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɹ ɪɟɡɚɧɢɹ ɢ ɞɢɚɩɚ-
ɡɨɧ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɤɨɜɲɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɦɚɤɫɢɦɚɥɶɧɵɦ ɭɫɢɥɢɹɦ ɪɟɡɚɧɢɹ, ɩɪɚɤɬɢɱɟ-
ɫɤɢ ɫɨɯɪɚɧɹɸɬɫɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɝɪɭɧɬɨɜ ɢ 
ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɮɭɧɤɰɢɟɣ ɜɢɞɚ 
 

  2 η
Ĳ 0 1 2 ηφ φ φ ... φP a a a a        .  (2) 

 

 
 
Ɋɢɫ. 3.  Ⱦɢɚɝɪɚɦɦɚ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɚɫɚɬɟɥɶɧɨɣ 

ɫɢɥɵ ɊĲ ɧɚ ɪɟɠɭɳɟɣ ɤɪɨɦɤɟ ɤɨɜɲɚ ɨɬ 
ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɤɨɜɲɚ φ ɩɪɢ ɪɟɡɚɧɢɢ ɪɚɡ-
ɥɢɱɧɵɯ ɝɪɭɧɬɨɜ: 1 – ɦɹɝɤɢɣ ɫɭɝɥɢɧɨɤ;  
2 – ɫɭɝɥɢɧɨɤ; 3 – ɝɥɢɧɚ ɜɥɚɠɧɚɹ ɫɪɟɞɧɟɣ 
ɤɪɟɩɨɫɬɢ, ζ – ɝɥɢɧɚ ɜɥɚɠɧɚɹ ɤɪɟɩɤɚɹ; η – 
ɝɥɢɧɚ ɨɬɜɟɪɞɟɜɲɚɹ ɢ ɥɟɫɫ 

 
Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɩɨɫɥɟɞɭɸɳɟɝɨ ɚɧɚɥɢɡɚ ɜɵɩɨɥ-
ɧɢɦ ɩɟɪɟɯɨɞ ɢɡ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɝɪɚɮɢɤɚ 

 τ φP П  (ɪɢɫ. 3) ɜ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ 

 Ĳ .P П t  ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɛɭɞɟɦ 
ɫɱɢɬɚɬɶ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɩɨɜɨɪɨɬɚ ɤɨɜɲɚ Vɤ ɫɨ-
ɯɪɚɧɹɟɬɫɹ ɩɨɫɬɨɹɧɧɨɣ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ 
ɧɚɛɨɪɚ ɤɨɜɲɚ. Ɍɨɝɞɚ ɜɪɟɦɹ ɩɨɜɨɪɨɬɚ ɤɨɜɲɚ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɵ ɝɢɞɪɨ-
ɰɢɥɢɧɞɪɚ ɩɨɜɨɪɨɬɚ ɤɨɜɲɚ ɢ ɜɟɥɢɱɢɧɭ ɩɨɞɚɱɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɟɤɰɢɢ ɝɢɞɪɨɧɚɫɨɫɚ ɢɡ ɜɵ-
ɪɚɠɟɧɢɹ 
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 ,                     (3) 

 
ɝɞɟ k  – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɤɨɜɲɚ ɩɪɢ ɤɨɩɚɧɢɢ; 

kr  – ɪɚɞɢɭɫ ɩɨɜɨɪɨɬɚ ɬɨɱɤɢ ɫɨɩɪɹɠɟɧɢɹ 
ɲɬɨɤɚ ɝɢɞɪɨɰɢɥɢɧɞɪɚ ɫ ɤɨɜɲɨɦ; ɰɤS  – ɩɥɨ-
ɳɚɞɶ ɩɥɭɧɠɟɪɚ ɰɢɥɢɧɞɪɚ ɤɨɜɲɚ; ɧq  – ɬɟɨɪɟ-
ɬɢɱɟɫɤɚɹ ɩɨɞɚɱɚ ɝɢɞɪɨɧɚɫɨɫɚ; Ș  – ɫɭɦɦɚɪ-
ɧɵɟ ɨɛɴɟɦɧɵɟ ɩɨɬɟɪɢ ɜ ɦɚɝɢɫɬɪɚɥɢ 
ɝɢɞɪɨɧɚɫɨɫ – ɝɢɞɪɨɰɢɥɢɧɞɪ ɤɨɜɲɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɪɚɠɟɧɢ-
ɟɦ (3), ɝɪɚɮɢɤ ɮɭɧɤɰɢɢ ɊĲ(t) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 
(ɪɢɫ. ζ). 
 

 
Ɋɢɫ. ζ. Ⱦɢɚɝɪɚɦɦɚ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɚɫɚɬɟɥɶɧɨɣ 

ɫɢɥɵ ɊĲ ɧɚ ɪɟɠɭɳɟɣ ɤɪɨɦɤɟ ɤɨɜɲɚ ɨɬ 
ɜɪɟɦɟɧɢ ɩɨɜɨɪɨɬɚ ɤɨɜɲɚ t ɩɪɢ ɪɟɡɚɧɢɢ  
ɪɚɡɥɢɱɧɵɯ ɝɪɭɧɬɨɜ: 1 – ɦɹɝɤɢɣ ɫɭɝɥɢ-
ɧɨɤ; 2 – ɫɭɝɥɢɧɨɤ; 3 – ɝɥɢɧɚ ɜɥɚɠɧɚɹ 
ɫɪɟɞɧɟɣ ɤɪɟɩɨɫɬɢ; ζ – ɝɥɢɧɚ ɜɥɚɠɧɚɹ 
ɤɪɟɩɤɚɹ; η – ɝɥɢɧɚ ɨɬɜɟɪɞɟɜɲɚɹ ɢ ɥɟɫɫ 

 
Ɋɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɜɪɟɦɟɧɢ ɩɨɜɨɪɨɬɚ ɤɨɜɲɚ 
ɧɚ ɭɝɨɥ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɧɚɛɨɪɚ ɤɨɜɲɚ  
(ɪɢɫ. 3), ɫɨɫɬɚɜɥɹɟɬ η–8 ɫ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜ-
ɩɚɞɚɸɬ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɨɩɟɪɚɰɢɢ, ɜɵɩɨɥɧɹ-
ɟɦɨɣ ɤɨɜɲɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɰɢɤɥɨɝɪɚɦɦɨɣ 
ɧɚ ɪɢɫ. 1. ɋɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɚ ɮɭɧɤɰɢɢ ɢɡ-
ɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɨɩɟɪɚɰɢɢ 
ɧɚɛɨɪɚ ɤɨɜɲɚ ɧɚ ɪɢɫ. 2 ɢ 3 ɩɨɡɜɨɥɹɟɬ ɤɨɧɫɬɚ-
ɬɢɪɨɜɚɬɶ, ɱɬɨ ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ 
ɝɢɞɪɨɫɢɫɬɟɦɟ ɷɤɫɤɚɜɚɬɨɪɚ ɜ ɨɛɥɚɫɬɢ, ɫɨɨɬ-
ɜɟɬɫɬɜɭɸɳɟɣ ɨɩɟɪɚɰɢɢ ɧɚɛɨɪɚ ɤɨɜɲɚ, ɩɨ 
ɫɜɨɟɦɭ ɯɚɪɚɤɬɟɪɭ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ 
ɚɧɚɥɨɝɢɱɟɧ ɝɪɚɮɢɤɭ ɢɡɦɟɧɟɧɢɹ ɤɚɫɚɬɟɥɶɧɨɣ 
ɫɢɥɵ ɊĲ ɧɚ ɪɟɠɭɳɟɣ ɤɪɨɦɤɟ ɤɨɜɲɚ, ɬ.ɟ. ɦɨɠ-
ɧɨ ɭɬɜɟɪɠɞɚɬɶ; ɤɚɫɚɬɟɥɶɧɚɹ ɫɢɥɚ ɊĲ ɧɚ ɪɟ-
ɠɭɳɟɣ ɤɪɨɦɤɟ ɤɨɜɲɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 
ɮɚɤɬɨɪɨɦ  ɨɩɪɟɞɟɥɹɸɳɢɦ ɜɟɥɢɱɢɧɭ ɞɚɜɥɟ-
ɧɢɹ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɷɤɫɤɚɜɚɬɨɪɚ ɩɪɢ ɜɵɩɨɥ-
ɧɟɧɢɢ ɪɚɛɨɱɟɣ ɨɩɟɪɚɰɢɢ «ɪɟɡɚɧɢɟ ɝɪɭɧɬɚ». 
 
ɋɩɟɤɬɪ ɧɚɝɪɭɡɨɤ ɜ  ɤɚɱɚɸɳɟɦ ɭɡɥɟ ɚɤɫɢɚɥɶ-
ɧɨ-ɩɥɭɧɠɟɪɧɵɯ ɧɚɫɨɫɨɜ ɨɬɪɚɠɚɟɬ ɢɧɞɢɤɚ-
ɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ ɧɚ ɪɢɫ. η. ɂɡɦɟɧɟɧɢɟ ɞɚɜ-
ɥɟɧɢɹ ɪɰ(t) ɜ ɰɢɥɢɧɞɪɟ ɧɚɫɨɫɚ ɩɪɢ ɩɟɪɟɯɨɞɟ 
ɰɢɥɢɧɞɪɚ ɢɡ ɩɪɢɟɦɧɨɣ ɨɛɥɚɫɬɢ ɫ ɞɚɜɥɟɧɢɟɦ 
ɪɜ ɜ ɨɬɞɚɸɳɭɸ, ɫ ɞɚɜɥɟɧɢɟɦ ɪɧ, ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɬɪɟɦɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɩɟɪɟɯɨɞɧɵɦɢ 
ɩɪɨɰɟɫɫɚɦɢ: ɩɪɨɰɟɫɫɨɦ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ 
ɜ ɡɚɩɟɪɬɨɦ ɰɢɥɢɧɞɪɟ (1–2–3 ɧɚ ɪɢɫ. η), ɩɪɨ-
ɰɟɫɫɨɦ ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɰɢɥɢɧɞɪɟ ɢ 
ɨɬɞɚɸɳɟɣ ɤɚɦɟɪɟ (3–ζ–6), ɩɪɨɰɟɫɫɨɦ ɝɟɧɟ-
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ɪɚɰɢɢ ɰɢɥɢɧɞɪɨɜɵɯ ɤɨɥɟɛɚɧɢɣ ɢɡ-ɡɚ ɜɫɬɭɩ-
ɥɟɧɢɹ ɜ ɞɟɣɫɬɜɢɟ ɩɨɫɥɟɞɭɸɳɢɯ ɰɢɥɢɧɞɪɨɜ 
(6–7 ɢ 7–η) ДηЖ. 
 

 
 

Ɋɢɫ. η. ɂɧɞɢɤɚɬɨɪɧɚɹ ɞɢɚɝɪɚɦɦɚ ɚɤɫɢɚɥɶɧɨ-
ɩɥɭɧɠɟɪɧɨɝɨ ɧɚɫɨɫɚ 

 
Ⱥɧɚɥɨɝɢɱɧɵɟ ɩɪɨɰɟɫɫɵ ɩɪɨɢɫɯɨɞɹɬ ɩɪɢ ɩɟ-
ɪɟɯɨɞɟ ɰɢɥɢɧɞɪɚ ɢɡ ɨɬɞɚɸɳɟɣ ɨɛɥɚɫɬɢ ɜ 
ɩɪɢɟɦɧɭɸ (8–9–10, 10–11–13, 13–1ζ ɢ 1ζ–1 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ДηЖ. ɉɪɨɰɟɫɫ ɧɚɝɪɭɠɟɧɢɹ 
ɩɨɞɜɢɠɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ ɤɚɱɚɸɳɟɝɨ ɭɡɥɚ 
«ɩɥɭɧɠɟɪ–ɝɢɥɶɡɚ» ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɢ-
ɨɞɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɤɨɥɟɛɚɧɢɹɦɢ ɱɟɬɵɪɟɯ ɪɚɡɧɵɯ ɱɚɫɬɨɬ ДηЖ:  
 
– ɪɨɬɨɪɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɫ ɩɟɪɢɨɞɨɦ  
Ɍɪ = 2π/Ω (Ω – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ); 
– ɤɨɦɦɭɬɚɰɢɨɧɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɫ ɩɟɪɢɨ-
ɞɨɦ Ɍɤ = Ɍɪ/г (г – ɱɢɫɥɨ ɰɢɥɢɧɞɪɨɜ); 
– ɢ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦɢ ɰɢɥɢɧɞɪɨɜɵɦɢ ɤɨɥɟ-
ɛɚɧɢɹɦɢ ɫ ɩɟɪɢɨɞɚɦɢ Tɰɧ ɢ Tɰɜ, ɨɩɪɟɞɟɥɹɟɦɵɟ 
ɩɟɪɟɯɨɞɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɞɚɜ-
ɥɟɧɢɣ ɩɪɢ ɨɬɤɪɵɬɢɢ ɰɢɥɢɧɞɪɨɜ. 
 
Ⱥɧɚɥɢɡ ɝɪɚɮɢɤɚ (ɪɢɫ. η) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɚ-
ɠɟ ɟɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɢɡɦɟɧɟɧɢɹɦɢ ɞɚɜɥɟɧɢɹ 
ɢɡ-ɡɚ ɤɨɥɟɛɚɧɢɣ ɧɚɝɪɭɡɤɢ, ɭɩɪɭɝɢɦɢ ɩɪɨɰɟɫ-
ɫɚɦɢ ɜ ɫɢɫɬɟɦɟ, ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɜɢɛɪɚɰɢɨɧ-
ɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɬɨ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɟ-
ɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ ɜɨɡɧɢɤɚɸɬ ɮɥɸɤɬɭɚɰɢɢ, 
ɩɨɷɬɨɦɭ ɡɧɚɱɟɧɢɹ ɪɰ ɢ ɞɪɰ/ɞt ɜ ɧɚɱɚɥɟ ɤɚɠɞɨ-
ɝɨ ɧɨɜɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɧɟ ɹɜɥɹɸɬɫɹ  
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦɢ ДηЖ. 
 
ȼɵɩɨɥɧɟɧɧɵɣ ɨɛɡɨɪ ɢɫɫɥɟɞɨɜɚɧɢɣ ɮɚɤɬɨɪɨɜ, 
ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɧɚɝɪɭɡɤɢ ɜ  
ɤɚɱɚɸɳɟɦ ɭɡɥɟ ɚɤɫɢɚɥɶɧɨ-ɩɥɭɧɠɟɪɧɨɝɨ 
ɧɚɫɨɫɚ ɝɢɞɪɨɩɪɢɜɨɞɚ ɷɤɫɤɚɜɚɬɨɪɚ, ɩɨɤɚɡɵɜɚ-
ɟɬ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɞɚɜɥɟɧɢɹ Ɋɧ ɜ ɰɢɥɢɧɞɪɟ 
ɧɚɫɨɫɚ ɧɚ ɭɱɚɫɬɤɟ ɞɢɚɝɪɚɦɦɵ 3–ζ (ɪɢɫ.η) 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɢɡɦɟɧɟɧɢɹ ɭɫɢɥɢɹ ɧɚ  
ɪɚɛɨɱɟɦ ɨɪɝɚɧɟ ɦɚɲɢɧɵ, ɚ ɩɚɪɚɦɟɬɪɵ, ɨɩɪɟ-
ɞɟɥɹɸɳɢɟ ɢɡɦɟɧɟɧɢɹ  ɪɰ(t) ɜɨ ɜɪɟɦɹ ɩɟɪɟɦɟ-
ɳɟɧɢɹ ɩɨɪɲɧɹ ɜ ɨɬɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ, – 

ɱɚɫɬɨɬɨɣ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧ-
ɧɵɯ ɩɟɪɟɯɨɞɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜ ɚɤɫɢɚɥɶɧɨ-
ɩɥɭɧɠɟɪɧɨɦ ɧɚɫɨɫɟ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 
ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɜɥɢɹɧɢɢ 
ɧɚɝɪɭɡɤɢ ɧɚ ɪɚɛɨɱɟɦ ɨɪɝɚɧɟ ɷɤɫɤɚɜɚɬɨɪɚ ɧɚ 
ɩɪɨɰɟɫɫ ɢɡɧɨɫɚ ɤɚɱɚɸɳɟɝɨ ɭɡɥɚ ɚɤɫɢɚɥɶɧɨ-
ɩɥɭɧɠɟɪɧɨɝɨ ɧɚɫɨɫɚ ɜ ɟɝɨ ɝɢɞɪɨɩɪɢɜɨɞɟ. 
 
Ɂɚɞɚɱɟɣ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ: 
ɭɫɬɚɧɨɜɥɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ 
ɪɟɠɢɦɨɦ ɧɚɝɪɭɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɷɤɫɤɚ-
ɜɚɬɨɪɚ ɢ ɭɫɬɚɥɨɫɬɧɵɦ ɢɡɧɨɫɨɦ ɷɥɟɦɟɧɬɨɜ 
ɩɨɞɜɢɠɧɵɯ ɫɨɩɪɹɠɟɧɢɣ ɜ ɤɚɱɚɸɳɟɦ ɭɡɥɟ ɟɝɨ 
ɝɢɞɪɨɧɚɫɨɫɚ. 
 

Ɏɢɡɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚ 
ɢɡɧɨɫ ɤɚɱɚɸɳɟɝɨ ɭɡɥɚ ɝɢɞɪɨɧɚɫɨɫɚ  

ɧɚɝɪɭɡɤɢ ɧɚ ɪɚɛɨɱɟɦ ɨɪɝɚɧɟ ɷɤɫɤɚɜɚɬɨɪɚ 
 
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɨɫɚ ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɢɠɧɨ-
ɝɨ ɫɨɩɪɹɠɟɧɢɹ hI  ɜ ɭɫɥɨɜɢɹɯ ɝɪɚɧɢɱɧɨɣ 
ɫɦɚɡɤɢ ɜ ɨɛɳɟɦ ɜɢɞɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ 
ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ  Д6, 7Ж: 
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ɝɞɟ 2K  – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɩɚɪɚ-
ɦɟɬɪɨɜ ɨɩɨɪɧɨɣ ɤɪɢɜɨɣ; ζ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɜɡɚɢɦɧɨɝɨ ɩɟɪɟɤɪɵɬɢɹ; νtK  – ɛɟɡɪɚɡɦɟɪɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ; ЦКбp  – ɦɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ 
ɜ ɤɨɧɬɚɤɬɟ; в  – ɩɨɤɚɡɚɬɟɥɶ ɤɪɢɜɨɣ ɮɪɢɤɰɢ-
ɨɧɧɨɣ ɭɫɬɚɥɨɫɬɢ; ν – ɩɚɪɚɦɟɬɪ ɨɩɨɪɧɨɣ ɤɪɢ-
ɜɨɣ; 2ɤE  – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ;   – 
ɤɨɦɩɥɟɤɫɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɲɟɪɨɯɨɜɚɬɨɫɬɢ;  

аг  – ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɧɚɩɪɹ-
ɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜ ɤɨɧɬɚɤɬɟ; аП  – ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɬɪɟɧɢɹ; 2  – ɩɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢ-
ɚɥɚ; L  – ɩɭɬɶ ɬɪɟɧɢɹ. 
 
ɂɡ ɭɪɚɜɧɟɧɢɹ (ζ) ɜɢɞɧɨ, ɱɬɨ ɫɜɹɡɶ ɩɪɨɰɟɫɫɚ 
ɢɡɧɚɲɢɜɚɧɢɹ ɫɨɩɪɹɠɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ 
ɩɚɪɚɦɟɬɪɚɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ ɫɬɟɩɟɧɶ 
ɜɥɢɹɧɢɹ  ɧɚ ɧɢɯ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ, ɭɱɢɬɵɜɚ-
ɟɬɫɹ ɩɚɪɚɦɟɬɪɨɦ ЦКбp .  
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Ɋɢɫ. 6.  ɋɯɟɦɚ ɞɟɣɫɬɜɢɹ ɜɧɭɬɪɟɧɧɢɯ ɢ ɜɧɟɲɧɢɯ ɫɢɥ ɧɚ ɩɥɭɧɠɟɪ: 1 – ɨɩɨɪɚ; 2 – ɩɹɬɚ; 3 – ɩɥɭɧ-
ɠɟɪ; ζ – ɜɬɭɥɤɚ ɛɥɨɤɚ ɰɢɥɢɧɞɪɨɜ 

 
ȼɟɥɢɱɢɧɚ ɩɚɪɚɦɟɬɪɚ ЦКбp  ɜ ɤɨɧɬɚɤɬɟ ɩɨ-
ɞɜɢɠɧɵɯ ɫɨɩɪɹɠɟɧɢɣ ɤɚɱɚɸɳɟɝɨ ɭɡɥɚ ɝɢɞ-
ɪɨɧɚɫɨɫɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ ɧɚ ɪɢɫ. 6,  
ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɢɡɦɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ 
ɜ ɧɚɩɨɪɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ɝɢɞɪɨɫɢɫɬɟɦɵ. ȼ ɨɛ-
ɳɟɦ ɜɢɞɟ ɤɨɧɬɚɤɬɧɨɟ ɞɚɜɥɟɧɢɟ ɩɥɭɧɠɟɪɧɨɣ 
ɩɚɪɵ ɢɦɟɟɬ ɜɢɞ Д8Ж 
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ɝɞɟ λ  – ɭɝɨɥ ɧɚɤɥɨɧɚ ɞɟɬɚɥɟɣ ɫɨɩɪɹɠɟɧɢɹ; 

FR – ɪɚɞɢɚɥɶɧɚɹ  ɫɢɥɚ ɜ ɤɨɧɬɚɤɬɟ; 1r  ɢ 2r  – 
ɪɚɞɢɭɫɵ ɤɪɢɜɢɡɧɵ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɩɨɜɟɪɯ-
ɧɨɫɬɟɣ ɩɥɭɧɠɟɪɚ ɢ ɜɬɭɥɤɢ; ɤȘ  – ɭɩɪɭɝɚɹ ɫɨ-
ɫɬɚɜɥɹɸɳɚɹ ɦɚɬɟɪɢɚɥɨɜ ɫɨɩɪɢɤɚɫɚɸɳɢɯɫɹ 
ɬɟɥ. 
 
ɇɚ ɫɯɟɦɟ (ɪɢɫ. 6) ɤɨɧɬɚɤɬ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɩɥɭɧɠɟɪɚ ɢ ɝɢɥɶɡɵ ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɜɭɯ ɬɨɱɤɚɯ 
ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɪɚɞɢɚɥɶɧɵɟ ɫɢɥɵ ɜ 
ɤɨɧɬɚɤɬɟ ɨɛɨɡɧɚɱɟɧɵ ɪɜF  ɢ ɪɧF . Д9Ж  
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ɝɞɟ mF  – ɧɨɪɦɚɥɶɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ 
ɞɟɣɫɬɜɭɸɳɟɣ ɫɨ ɫɬɨɪɨɧɵ ɨɩɨɪɵ  ɧɚ ɩɥɭɧɠɟɪ; 

pɧl , pɜl , ɰl  – ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɬɨɱɤɢ ɩɪɢɥɨɠɟ-

ɧɢɹ ɤɨɧɬɚɤɬɧɨɣ ɧɚɝɪɭɡɤɢ ɪɧF  ɢ ɰɟɧɬɪɨɛɟɠ-
ɧɨɣ ɫɢɥɵ ɰF  (ɪɢɫ. 6); ɝɩМ  – ɦɨɦɟɧɬ ɬɪɟɧɢɹ ɜ 
ɨɩɨɪɟ ɝɨɥɨɜɤɢ ɩɥɭɧɠɟɪɚ. 
 
ɋɢɥɚ  mF  ɪɚɜɧɚ 
 

2
1π ЭРβmF p r    ,                (8) 

 
ɝɞɟ p  – ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ; β  – ɭɝɨɥ 
ɧɚɤɥɨɧɚ ɨɩɨɪɵ 1 (ɪɢɫ. 6); 1r  – ɪɚɞɢɭɫ ɩɥɭɧ-
ɠɟɪɚ. 
 
Ʉɚɠɞɵɣ ɩɥɭɧɠɟɪ ɩɪɢ ɜɪɚɳɟɧɢɢ ɪɨɬɨɪɚ ɫ ɭɝ-
ɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ω  ɢɫɩɵɬɵɜɚɟɬ ɞɟɣɫɬɜɢɟ 
ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ ɰF  
 

2
ɰ ω

2
cDF m   ,                (9) 

 
ɝɞɟ m  – ɦɚɫɫɚ ɩɥɭɧɠɟɪɚ; cD  – ɞɢɚɦɟɬɪ ɞɟɥɢ-
ɬɟɥɶɧɨɣ ɨɤɪɭɠɧɨɫɬɢ ɛɥɨɤɚ ɰɢɥɢɧɞɪɨɜ; ω  – 
ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ. 
 
Ɇɨɦɟɧɬ ɬɪɟɧɢɹ ɝɩМ  ɩɪɢɛɥɢɠɟɧɧɨ ɦɨɠɟɬ 
ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɩɨ ɮɨɪɦɭɥɟ Д9Ж 
 

2
ɝɩ 1 ɝɩ

ɝɩ
π

2
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 ,       (10) 

 
ɝɞɟ ɝɩП  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɪɟɧɢɹ ɜ ɨɩɨɪɟ;  ɝɩd  – 
ɞɢɚɦɟɬɪ ɝɨɥɨɜɤɢ ɩɥɭɧɠɟɪɚ. 
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Ⱥɧɚɥɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɡɚɜɢɫɢ-
ɦɨɫɬɟɣ (η–10) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɩɪɨɱɢɯ 
ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɢɡɦɟɧɟɧɢɟ ɮɭɧɤɰɢɢ ɤɨɧ-
ɬɚɤɬɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɥɭɧɠɟɪɧɨɣ ɩɚɪɟ ɧɚɫɨɫɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɹɦɢ ɞɚɜɥɟɧɢɹ ɜ ɝɢɞ-
ɪɨɫɢɫɬɟɦɟ, ɚ ɡɧɚɱɢɬ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɧɨɫɚ 
ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɢɠɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ ɜ ɭɫɥɨɜɢ-
ɹɯ ɝɪɚɧɢɱɧɨɣ ɫɦɚɡɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ 
ɧɚɝɪɭɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɦɚɲɢɧɵ.  
 

ȼɵɜɨɞɵ 
 

ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɧɚɝɪɭɡɤɢ ɜ ɤɨɧɬɚɤɬɟ ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɢɠ-
ɧɵɯ ɫɨɩɪɹɠɟɧɢɣ  ɤɚɱɚɸɳɟɝɨ ɭɡɥɚ ɝɢɞɪɨɧɚɫɨ-
ɫɚ ɷɤɫɤɚɜɚɬɨɪɚ ɢ ɟɝɨ ɜɥɢɹɧɢɹ ɧɚ ɢɯ ɢɡɧɨɫ 
ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 
– ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɧɚɛɥɸɞɚɸɬɫɹ 
ɧɚɝɪɭɡɤɢ, ɩɪɟɜɵɲɚɸɳɢɟ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɡɚ 
ɰɢɤɥ, ɫɨɫɬɚɜɥɹɟɬ 0,2η–0,3 ɩɪɨɞɨɥɠɢɬɟɥɶɧɨ-
ɫɬɢ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ɷɤɫɤɚɜɚɬɨɪɚ, ɚ  ɦɚɤɫɢ-
ɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ ɷɤɫɤɚɜɚɬɨ-
ɪɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ  ɨɩɟɪɚɰɢɢ ɧɚɛɨɪɚ ɤɨɜɲɚ; 
– ɤɚɫɚɬɟɥɶɧɚɹ ɫɢɥɚ ɊĲ ɧɚ ɪɟɠɭɳɟɣ ɤɪɨɦɤɟ 
ɤɨɜɲɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸ-
ɳɢɦ ɧɚ ɜɟɥɢɱɢɧɭ ɞɚɜɥɟɧɢɹ ɜ ɝɢɞɪɨɫɢɫɬɟɦɟ 
ɷɤɫɤɚɜɚɬɨɪɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɱɟɣ ɨɩɟɪɚ-
ɰɢɢ «ɪɟɡɚɧɢɟ ɝɪɭɧɬɚ»; 
–  ɜɟɥɢɱɢɧɚ ɞɚɜɥɟɧɢɹ Ɋɧ ɜ ɰɢɥɢɧɞɪɟ ɧɚɫɨɫɚ 
ɜ ɨɬɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɭɧɤ-
ɰɢɟɣ ɢɡɦɟɧɟɧɢɹ  ɭɫɢɥɢɹ ɧɚ ɪɚɛɨɱɟɦ ɨɪɝɚɧɟ 
ɦɚɲɢɧɵ, ɚ ɩɚɪɚɦɟɬɪɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ  ɢɡɦɟ-
ɧɟɧɢɹ  ɪɰ(t) ɜɨ ɜɪɟɦɹ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɪɲɧɹ ɜ 
ɨɬɞɚɸɳɟɣ ɦɚɝɢɫɬɪɚɥɢ, – ɩɟɪɟɯɨɞɧɵɦɢ ɩɪɨ-
ɰɟɫɫɚɦɢ ɜ ɚɤɫɢɚɥɶɧɨ-ɩɥɭɧɠɟɪɧɨɦ ɧɚɫɨɫɟ; 
– ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɢɧɬɟɧɫɢɜ-
ɧɨɫɬɶ ɢɡɧɚɲɢɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨɞɜɢɠɧɵɯ 
ɫɨɩɪɹɠɟɧɢɣ ɤɚɱɚɸɳɟɝɨ ɭɡɥɚ ɝɢɞɪɨɧɚɫɨɫɚ 
ɷɤɫɤɚɜɚɬɨɪɚ ɜ ɭɫɥɨɜɢɹɯ ɝɪɚɧɢɱɧɨɣ ɫɦɚɡɤɢ  
ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɧɚɝɪɭɠɟɧɢɹ ɟɝɨ ɪɚ-
ɛɨɱɟɝɨ ɨɪɝɚɧɚ. 
 

Ʌɢɬɟɪɚɬɭɪɚ 
 

1. Ɂɨɪɢɧ ȼ.Ⱥ. Ɉɫɧɨɜɵ ɞɨɥɝɨɜɟɱɧɨɫɬɢ ɫɬɪɨ-
ɢɬɟɥɶɧɵɯ ɢ ɞɨɪɨɠɧɵɯ ɦɚɲɢɧ / ȼ.Ⱥ. Ɂɨ-
ɪɢɧ. – Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1986. –  
2ζ8 ɫ. 

2. Ƚɪɢɧɱɚɪ ɇ.Ƚ. Ɇɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜɚ ɩɨɜɵ-
ɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ 
ɝɢɞɪɨɩɪɢɜɨɞɨɜ ɞɨɪɨɠɧɵɯ ɢ  ɫɬɪɨɢɬɟɥɶ-
ɧɵɯ ɦɚɲɢɧ : ɚɜɬɨɪɟɮ. ɞɢɫɫ. ɧɚ ɫɨɢɫɤɚɧɢɟ 
ɫɬɟɩɟɧɢ ɞ-ɪɚ ɬɟɯɧ. ɧɚɭɤ : ɫɩɟɰ. 0η.0η.0ζ  
«Ⱦɨɪɨɠɧɵɟ, ɫɬɪɨɢɬɟɥɶɧɵɟ ɢ ɩɨɞɴɟɦɧɨ-
ɬɪɚɧɫɩɨɪɬɧɵɟ ɦɚɲɢɧɵ» / ɇ.Ƚ. Ƚɪɢɧɱɚɪ. – 
ɇɨɜɨɱɟɪɤɚɫɫɤ, 2007. – 3η ɫ. 

3. Ʉɨɜɚɥɟɧɤɨ Ɇ.Ȼ. Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɦɟɯɚ-
ɧɢɤɚ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ ɷɤɫɤɚɜɚɬɨɪɚ / 
Ɇ.Ȼ. Ʉɨɜɚɥɟɧɤɨ // Ⱦɢɧɚɦɢɤɚ ɫɢɫɬɟɦ, ɦɟ-
ɯɚɧɢɡɦɨɜ ɢ ɦɚɲɢɧ: ɦɚɬɟɪ. IV Ɇɟɠɞɭɧɚɪ. 
ɬɟɯɧ. ɤɨɧɮ., ɩɨɫɜ. 60-ɸ ɈɦȽɌɍ. – Ɉɦɫɤ: 
ɈɦȽɌɍ. – 2002. – Ʉɧ. 1. – ɋ. η1–η2. 

ζ. Ʉɨɜɚɥɟɧɤɨ Ɇ.ȼ. Ɇɟɯɚɧɢɤɚ ɤɨɩɚɧɢɹ ɝɪɭɧ-
ɬɨɜ ɤɨɜɲɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ 
/ ȼ.ɇ. Ɍɚɪɚɫɨɜ, Ɇ.ȼ. Ʉɨɜɚɥɟɧɤɨ // ɋɬɪɨɢ-
ɬɟɥɶɧɵɟ ɢ ɞɨɪɨɠɧɵɟ ɦɚɲɢɧɵ. – 2003. – 
№8. – ɋ. ζ1–ζη. 

η. ɉɪɨɤɨɮɶɟɜ ȼ.ɇ. Ⱥɤɫɢɚɥɶɧɨ-ɩɨɪɲɧɟɜɨɣ 
ɪɟɝɭɥɢɪɭɟɦɵɣ ɝɢɞɪɨɩɪɢɜɨɞ / ȼ.ɇ. ɉɪɨ-
ɤɨɮɶɟɜ, ɘ.Ⱥ. Ⱦɚɧɢɥɨɜ ɢ ɞɪ. – Ɇ.: Ɇɚɲɢ-
ɧɨɫɬɪɨɟɧɢɟ, 1969. – ζ96 ɫ. 

6. Ʉɪɚɝɟɥɶɫɤɢɣ ɂ.ȼ. Ɉɫɧɨɜɵ ɪɚɫɱɟɬɚ ɧɚ 
ɬɪɟɧɢɟ ɢ ɢɡɧɨɫ / ɂ.ȼ. Ʉɪɚɝɟɥɶɫɤɢɣ,  
Ɇ.ɇ. Ⱦɨɛɵɱɢɧ, ȼ.ɋ. Ʉɨɦɛɚɥɨɜ. – Ɇ.: 
Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1977. – η2η ɫ. 

7. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɬɪɢɛɨɬɟɯɧɢɤɟ: ɜ 3 ɬ. / ɩɨɞ 
ɨɛɳ. ɪɟɞ. Ɇ. ɏɟɛɞɵ, Ⱥ.ȼ. ɑɢɱɢɧɚɞɡɟ. – 
Ɍ.1: Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɫɧɨɜɵ. – Ɇ.: Ɇɚɲɢ-
ɧɨɫɬɪɨɟɧɢɟ, 1989. – ζ00 ɫ. 

8. Ʌɨɡɨɜɫɤɢɣ ȼ.ɇ. ɇɚɞɟɠɧɨɫɬɶ ɝɢɞɪɚɜɥɢɱɟ-
ɫɤɢɯ ɚɝɪɟɝɚɬɨɜ / ȼ.ɇ. Ʌɨɡɨɜɫɤɢɣ. – Ɇ.: 
Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 197ζ. – 320 ɫ. 

9. Ʌɿɬɨɜɤɚ ɋ.ȼ. Ɋɨɡɪɨɛɤɚ ɦɟɬɨɞɭ ɩɪɨɝɧɨ-
ɡɭɜɚɧɧɹ ɬɟɯɧɿɱɧɨɝɨ ɫɬɚɧɭ ɨɛ’єɦɧɢɯ 
ɝɿɞɪɨɩɪɢɜɨɞɿɜ ɬɪɚɧɫɦɿɫɿɣ ɫɿɥɶɫɶɤɨɝɨɫɩɨ-
ɞɚɪɫɶɤɢɯ ɦɚɲɢɧ : ɞɢɫ. ... ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ: 
ɫɩɟɰ. 0η.0η.11  / ɋ.ȼ. Ʌɿɬɨɜɤɚ. – ɏ., 2011. 
– 2ηζ ɫ. 
 

 
 
Ɋɟɰɟɧɡɟɧɬ: Ɇ.Ⱥ. ɉɨɞɪɢɝɚɥɨ, ɩɪɨɮɟɫɫɨɪ, 
ɞ.ɬ.ɧ., ɏɇȺȾɍ. 
 
 
ɋɬɚɬɶɹ ɩɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 17 ɦɚɪɬɚ 2016 ɝ. 

 
 
 


