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ɉ.Ⱥ. Ʉɨɪɱɚɝɢɧ, ɂ.Ⱥ. Ɍɟɬɟɪɢɧɚ 
ɎȽȻɈɍ ȼɉɈ «ɋɢɛȺȾɂ», Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 

 

Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɨɩɢɫɵɜɚɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫ-
ɬɟɦɵ «ɜɨɡɦɭɳɚɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ – ɦɚɲɢɧɚ – ɨɩɟɪɚɬɨɪ». ɉɪɟɞɫɬɚɜɥɟɧɚ ɪɚɫɱɟɬɧɚɹ 
ɫɯɟɦɚ ɞɨɪɨɠɧɨɣ ɭɛɨɪɨɱɧɨ-ɩɨɞɦɟɬɚɥɶɧɨɣ ɦɚɲɢɧɵ (ȾɍɉɆ) ɧɚ ɛɚɡɟ ɆɌɁ-80. ɉɪɨɜɟɞɟɧɚ 
ɦɟɬɨɞɢɤɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɤɢ ɞɥɹ ɫɥɨɠɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
«ɜɨɡɦɭɳɚɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ – ȾɍɉɆ – ɨɩɟɪɚɬɨɪ». Ɍɚɤɠɟ ɜ ɫɬɚɬɶɟ ɨɬɪɚɠɟɧɵ ɪɚɫ-
ɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɪɟɞɟɥɢɬɶ ɜɨɡɦɭɳɚɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɫɨ ɫɬɨɪɨ-
ɧɵ ɦɢɤɪɨɪɟɥɶɟɮɚ, ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɳɟɬɨɱɧɨɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ. 

 

 Кɥɸɱеɜые ɫɥɨɜɚ: ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɞɨɪɨɠɧɚɹ ɭɛɨɪɨɱɧɨ-ɩɨɞɦɟɬɚɥɶɧɚɹ 
ɦɚɲɢɧɚ, ɜɢɛɪɨɡɚɳɢɬɚ. 

 

ȼɜɟɞɟɧɢɟ 
ȼ ɝɨɪɨɞɫɤɨɦ ɢ ɤɨɦɦɭɧɚɥɶɧɨɦ ɯɨɡɹɣɫɬɜɚɯ 

ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɰɟɥɨɝɨ ɫɩɟɤɬɪɚ ɪɚɛɨɬ, ɜ ɱɚ-
ɫɬɧɨɫɬɢ, ɪɚɛɨɬ ɩɨ ɨɱɢɫɬɤɟ ɬɟɪɪɢɬɨɪɢɣ ɨɬ ɫɦɟ-
ɬɚ, ɥɶɞɚ ɢ ɫɧɟɝɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɨɪɨɠɧɵɟ ɭɛɨ-
ɪɨɱɧɨ-ɩɨɞɦɟɬɚɥɶɧɵɟ ɦɚɲɢɧɵ, ɫɦɨɧɬɢɪɨɜɚɧ-

ɧɵɟ ɧɚ ɛɚɡɟ ɬɪɚɤɬɨɪɨɜ ɆɌɁ-80. ɉɪɨɱɧɨ ɡɚɪɟ-
ɤɨɦɟɧɞɨɜɚɜɲɢɟ ɫɟɛɹ ɧɚ ɪɵɧɤɟ ɤɨɦɦɭɧɚɥɶɧɨɣ 
ɬɟɯɧɢɤɢ, ɷɬɢ ɦɚɲɢɧɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɛɟɫɩɟɱɢ-
ɜɚɸɬ ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɞɥɹ ɨɩɟɪɚɬɨ-
ɪɨɜ, ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɟ ɫɚɧɢɬɚɪɧɵɦɢ ɧɨɪɦɚ-
ɦɢ. ɇɨ ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɫɬɚɧɞɚɪɬɵ, ɞɟɣɫɬ-
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ɜɭɸɳɢɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɬɪɟɛɭɸɬ ɞɨɫ-
ɬɢɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ ɜɢɛɪɚ-
ɰɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɨɩɟ-
ɪɚɬɨɪɚ. Ɉɬ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɨɛɟɫɩɟɱɟɧɵ ɤɨɦ-
ɮɨɪɬɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɞɥɹ ɨɩɟɪɚɬɨɪɚ 
ȾɍɉɆ, ɡɚɜɢɫɹɬ ɤɚɱɟɫɬɜɨ ɢ ɫɤɨɪɨɫɬɶ ɜɵɩɨɥ-
ɧɹɟɦɵɯ ɪɚɛɨɬ. ɋɨɫɬɚɜɥɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɦɚɲɢɧɵ ɧɟɨɛɯɨɞɢɦɨ ɜ ɫɥɭɱɚɟ ɜɵɪɚ-
ɛɨɬɤɢ ɧɚɭɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɜɢɛɪɨɡɚ-
ɳɢɬɵ ɨɩɟɪɚɬɨɪɚ ȾɍɉɆ. 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚɦɢчɟɫɤɨɣ ɫɢɫɬɟɦы 
Ɉɛɨɛɳɟɧɧɚɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɢɧɚɦɢɱɟ-

ɫɤɨɣ ɫɢɫɬɟɦɵ «ȾɍɉɆ-ɨɩɟɪɚɬɨɪ» (ɪɢɫ.1.) 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɫ ɲɟɫɬɶɸ ɦɚɫ-
ɫɚɦɢ, ɡɜɟɧɶɹɦɢ ɤɨɬɨɪɨɣ ɜɵɫɬɭɩɚɸɬ ɛɚɡɨɜɵɣ 
ɬɪɚɤɬɨɪ, ɤɚɛɢɧɚ ɬɪɚɤɬɨɪɚ, ɨɩɟɪɚɬɨɪ, ɫɬɪɟɥɚ 
ɩɨɝɪɭɡɱɢɤɚ, ɤɨɜɲ ɩɨɝɪɭɡɱɢɤɚ, ɳɟɬɨɱɧɵɣ ɪɚɛɨ-
ɱɢɣ ɨɪɝɚɧ. 

 
Ɋɢɫ. 1. ɉɥɨɫɤɚɹ ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ȾɍɉɆ 

 
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɛɵ-

ɥɚ ɩɪɢɧɹɬɚ ɩɪɚɜɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ O0Б0Г0. 
ȼ ɫɨɫɬɨɹɧɢɢ ɩɨɤɨɹ ɧɚɱɚɥɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
– ɬɨɱɤɚ O0 – ɫɨɜɩɚɞɚɟɬ ɫ ɬɨɱɤɨɣ O1. Ʉɨɨɪɞɢɧɚ-
ɬɵ ɬɨɱɤɢ O1 ɡɚɞɚɧɵ ɜ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨ-
ɨɪɞɢɧɚɬ O1Б1Г1, ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ ɪɚɦɨɣ 
ȾɍɉɆ. ɇɚɩɪɚɜɥɟɧɢɟ ɨɫɢ O1 Б1 ɫɨɜɩɚɞɚɟɬ ɫ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɜɢɠɟɧɢɹ, ɨɫɶ O1 Г1 ɧɚɩɪɚɜɥɟ-
ɧɚ ɜɟɪɬɢɤɚɥɶɧɨ ɜɜɟɪɯ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ȾɍɉɆ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 6 ɥɨɤɚɥɶ-
ɧɵɯ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭ-
ɸɬ ɱɢɫɥɭ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɯ ɦɚɫɫ. ɉɨɥɨɠɟɧɢɹ 
ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɩɪɟɞɟ-
ɥɹɸɬ 8 ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ qУ Д1].  

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ȾɍɉɆ ɤɚɤ ɫɥɨɠɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɹɞ ɞɨɩɭɳɟɧɢɣ Д2]: ȾɍɉɆ ɩɪɚ-
ɜɨɦɟɪɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ 
ɲɚɪɧɢɪɧɨ ɫɨɱɥɟɧɟɧɧɵɣ ɦɧɨɝɨɡɜɟɧɧɢɤ ɫ ɧɚ-
ɥɨɠɟɧɧɵɦɢ ɧɚ ɧɟɝɨ ɭɩɪɭɝɨɜɹɡɤɢɦɢ ɫɜɹɡɹɦɢ; 
ɫɜɹɡɢ, ɧɚɥɨɠɟɧɧɵɟ ɧɚ ɤɨɥɟɛɚɬɟɥɶɧɭɸ ɫɢɫɬɟ-
ɦɭ ȾɍɉɆ - ɹɜɥɹɸɬɫɹ ɫɬɚɰɢɨɧɚɪɧɵɦɢ ɢ ɝɨɥɨ-
ɧɨɦɧɵɦɢ; ɷɥɟɦɟɧɬɵ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ȾɍɉɆ ɢɦɟɸɬ ɩɨɫɬɨɹɧɧɵɣ ɤɨɧɬɚɤɬ ɫ ɝɪɭɧɬɨɦ; 
ɜɫɟ ɡɜɟɧɶɹ ɪɚɫɱёɬɧɨɣ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɤɚɤ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɢɟ ɫɬɟɪɠɧɢ ɫ ɫɨɫɪɟɞɨɬɨ-
ɱɟɧɧɵɦɢ ɦɚɫɫɚɦɢ; ɥɸɮɬɵ ɜ ɲɚɪɧɢɪɚɯ ɨɬɫɭɬ-
ɫɬɜɭɸɬ; ɫɢɥɵ ɫɭɯɨɝɨ ɬɪɟɧɢɹ ɜ ɝɢɞɪɨɰɢɥɢɧɞɪɚɯ 
ɨɬɫɭɬɫɬɜɭɸɬ. 

Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɫɜɹɡɢ, ɧɚɥɨɠɟɧɧɵɟ ɧɚ ɡɜɟ-
ɧɶɹ ɫɢɫɬɟɦɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧ-
ɬɚɦ ɠɟɫɬɤɨɫɬɢ ɋ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɜɹɡɤɨɝɨ 
ɬɪɟɧɢɹ Л.  

Ɍɨɱɤɢ ɰɟɧɬɪɨɜ ɦɚɫɫ SТ ɫɨɜɩɚɞɚɸɬ ɫ ɬɨɱɤɚ-
ɦɢ mТ. ȼ ɬɨɱɤɚɯ ɰɟɧɬɪɨɜ ɦɚɫɫ ɩɪɢɥɨɠɟɧɵ ɫɢ-
ɥɵ ɬɹɠɟɫɬɢ, ɨɛɨɡɧɚɱɟɧɧɵɟ ɧɚ ɫɯɟɦɟ ɜɟɤɬɨɪɚ-

ɦɢ iG . ɇɚ ɷɥɟɦɟɧɬɵ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɞɟɣɫɬɜɭɸɬ ɫɢɥɵ rF  (r=1,2). ɋɢɥɚ, ɞɟɣɫɬɜɭɸ-
ɳɚɹ ɫɨ ɫɬɨɪɨɧɵ Ⱦȼɋ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɚɫ-

ɱɟɬɧɨɣ ɫɯɟɦɟ rF  (r=3). Ɋɟɚɤɰɢɹ ɨɬ ɜɡɚɢɦɨɞɟɣ-
ɫɬɜɢɹ ɳɟɬɨɱɧɨɝɨ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɫ ɨɛɪɚɛɚ-

ɬɵɜɚɟɦɨɣ ɫɪɟɞɨɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɢɥɨɣ rF  
(r=4). Ɋɟɚɤɰɢɹ ɨɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɜɲɚ ɩɨ-
ɝɪɭɡɱɢɤɚ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɫɪɟɞɨɣ ɩɪɟɞɫɬɚɜ-

ɥɟɧɚ ɫɢɥɨɣ rF  (r=5). 
ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ȾɍɉɆ ɧɟɨɛɯɨɞɢɦɨ ɨɩɢ-
ɫɚɬɶ ɩɨɥɨɠɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ⱦɥɹ 
ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ ɨɞɧɨ-
ɪɨɞɧɵɯ ɤɨɨɪɞɢɧɚɬ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɵ-
ɜɚɬɶ ɫɥɨɠɧɵɟ ɲɚɪɧɢɪɧɨ ɫɨɱɥɟɧɟɧɧɵɟ ɫɯɟɦɵ 
ɢ ɨɩɪɟɞɟɥɢɬɶ ɥɸɛɭɸ ɬɨɱɤɭ, ɡɚɞɚɧɧɭɸ ɜ ɫɢɫ-
ɬɟɦɟ ɤɨɨɪɞɢɧɚɬ OТБТГТ ɜɟɤɬɨɪɨɦ RТ, ɩɪɟɞɫɬɚ-
ɜɢɜ ɟɟ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ OТ-1БТ-1ГТ-1 ɜɟɤɬɨ-
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ɪɨɦ RТ-1. ɍɪɚɜɧɟɧɢɟ ɩɟɪɟɯɨɞɚ ɢɡ ɨɞɧɨɣ ɫɢɫɬɟ-
ɦɵ ɤɨɨɪɞɢɧɚɬ ɜ ɞɪɭɝɭɸ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ Д3]: 

RТ-1=AТ∙RТ , 
ɝɞɟ AТ – ɛɥɨɱɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ 3ɯ3, 

ɫɨɫɬɨɹɳɚɹ ɢɡ ɦɚɬɪɢɰ ɩɨɜɨɪɨɬɚ, ɩɟɪɟɦɟɳɟɧɢɹ 
ɢ ɜɪɚɳɟɧɢɹ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ. 

ȼɵɪɚɠɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ 
ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 
ɭɪɚɜɧɟɧɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɜɹɡɟɣ. ɋɮɨɪɦɢ-
ɪɨɜɚɧɧɵɟ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɭɪɚɜɧɟɧɢɹ ɤɢɧɟɦɚ-
ɬɢɤɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ, ɫɤɨ-
ɪɨɫɬɶ ɢ ɭɫɤɨɪɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɜ ɨɩɪɟɞɟɥɟɧɧɵɣ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɤɚɤ ɜ ɥɨɤɚɥɶɧɨɣ, ɬɚɤ ɢ ɢɧɟɪ-
ɰɢɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. 

Ƚɢɞɪɨɰɢɥɢɧɞɪɵ ɢ ɡɜɟɧɶɹ ɪɚɫɱɟɬɧɨɣ ɫɯɟ-
ɦɵ ɨɛɪɚɡɭɸɬ ɱɟɬɵɪɟɯɡɜɟɧɧɵɣ ɦɟɯɚɧɢɡɦ, ɤɨ-
ɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɱɟɬɵɪɶɦɹ 

ɜɟɤɬɨɪɚɦɢ: i0R , ɫɨɟɞɢɧɹɟɬ ɧɚɱɚɥɚ Т ɢ Т-n ɥɨ-
ɤɚɥɶɧɵɯ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ; ሬܴ⃗ ௨, ሬܴ⃗ ு௨ ɫɨɟɞɢ-
ɧɹɸɬ ɧɚɱɚɥɚ ɥɨɤɚɥɶɧɵɯ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɫ 
ɬɨɱɤɚɦɢ ɭɩɪɭɝɨɜɹɡɤɨɝɨ ɷɥɟɦɟɧɬɚ; ሬܴ⃗ ௨, ɫɨɟɞɢ-
ɧɹɟɬ ɤɨɧɰɵ ɭɩɪɭɝɨɜɹɡɤɨɝɨ ɷɥɟɦɟɧɬɚ.  

ȼɟɤɬɨɪ ሬܴ⃗ ௨ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɫɥɟɞɭɸ-
ɳɢɦ ɨɛɪɚɡɨɦ: ሬܴ⃗ ௨ = ሬܴ⃗  + ሬܴ⃗ ௨ − ሬܴ⃗ ு௨ 	.			 

ȼɟɤɬɨɪ ɩɨɞɜɢɠɧɨɝɨ ɤɨɧɰɚ ɭɩɪɭɝɨɜɹɡɤɨɝɨ 
ɷɥɟɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɜɟɫɬɢ ɜ ɫɢɫɬɟɦɭ 
ɤɨɨɪɞɢɧɚɬ ɧɟɩɨɞɜɢɠɧɨɝɨ ɤɨɧɰɚ Д3]. ሬܴ⃗ ௨ = ʒ௨ ∙ ሬܴ⃗ ௨ − ሬܴ⃗ ு௨ 	,						 

ɝɞɟ ʒ௨ – ɦɚɬɪɢɰɚ ɩɟɪɟɯɨɞɚ ɢɡ ɫɢɫɬɟɦɵ ɤɨ-
ɨɪɞɢɧɚɬ Т ɩɨɞɜɢɠɧɨɝɨ ɤɨɧɰɚ ɭɩɪɭɝɨɜɹɡɤɨɝɨ 
ɷɥɟɦɟɧɬɚ ɜ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ Т-n ɧɟɩɨɞɜɢɠ-
ɧɨɝɨ ɤɨɧɰɚ; ሬܴ⃗ ௨ – ɜɟɤɬɨɪ ɬɨɱɤɢ ɤɨɨɪɞɢɧɚɬ ɩɨɞ-
ɜɢɠɧɨɝɨ ɤɨɧɰɚ ɭɩɪɭɝɨɜɹɡɤɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɫɢɫ-
ɬɟɦɟ ɤɨɨɪɞɢɧɚɬ Т, ሬܴ⃗ ு௨ – ɜɟɤɬɨɪ ɬɨɱɤɢ ɤɨɨɪɞɢ-
ɧɚɬ ɧɟɩɨɞɜɢɠɧɨɝɨ ɤɨɧɰɚ ɭɩɪɭɝɨɜɹɡɤɨɝɨ ɷɥɟ-
ɦɟɧɬɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ Т, u – ɧɨɦɟɪ ɭɩɪɭ-
ɝɨɜɹɡɤɨɝɨ ɷɥɟɦɟɧɬɚ. 

Ʌɢɧɟɚɪɢɡɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɜɵɪɚɠɟɧɢɣ, 
ɩɪɨɜɟɞɟɧɧɚɹ ɦɟɬɨɞɨɦ Ɍɟɣɥɨɪɚ, ɞɚɥɚ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɹ ɩɨɞɜɢɠɧɵɯ 
ɤɨɧɰɨɜ ɭɩɪɭɝɨɜɹɡɤɢɯ ɷɥɟɦɟɧɬɨɜ Д3]: ሬܴ⃗ ௨ =ܯ௨ ∙ ݍ ∙ ሬܴ⃗ ௨ 	ℓ

ୀଵ ; 
௨ܯ = డʒೠడೕ . 

ɉɨɥɭɱɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɫɜɹɡɟɣ ɩɨɡɜɨɥɹɸɬ ɫɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɹ ɞɢɧɚ-
ɦɢɤɢ ɫɢɫɬɟɦɵ «ȾɍɉɆ – ɨɩɟɪɚɬɨɪ». Ⱦɥɹ ɷɬɨɝɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɭɪɚɜɧɟɧɢɣ Ʌɚɝɪɚɧɠɚ ɜɬɨ-
ɪɨɝɨ ɪɨɞɚ. ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɛɭɞɭɬ ɢɦɟɬɶ 
ɜɢɞ Д3] 

	 ݐ݀݀ ∙ ቈ߲ݍ߲ܭఫሶ  − ݍ߲ܭ߲ + ݍ߲߲ܲ + ߲Ф߲ݍఫሶ = ܳ .		 
Ʉɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɨɩ-

ɪɟɞɟɥɹɬɶɫɹ ɤɚɤ ɫɭɦɦɚ ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɧɟɪɝɢɣ 
ɜɫɟɯ ɩɨɞɜɢɠɧɵɯ ɡɜɟɧɶɟɜ ɫɢɫɬɟɦɵ, ɨɛɥɚɞɚɸ-
ɳɢɯ ɢɧɟɪɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ Д2]: ܭ =∙ 	ܭ

ୀଵ .		 
ɉɪɟɞɫɬɚɜɢɜ ɤɚɠɞɨɟ ɡɜɟɧɨ ɤɚɤ ɫɨɜɨɤɭɩ-

ɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ ɬɨɱɟɤ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ܴపሬሬሬ⃗ , 
ɡɚɞɚɧɧɵɦɢ ɜ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɢ 
ɢɦɟɸɳɢɦɢ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɭɸ ɦɚɫɫɭ Нm, ɨɩ-
ɪɟɞɟɥɢɦ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɡɜɟɧɚ ɩɨ 
ɮɨɪɦɭɥɟ Д3] ݀ܭ = ͳʹ ቚ ሶܴሬ⃗ ቚଶ ∙ ݀݉.		 

ɋ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ ቚ ሶܴሬ⃗ ቚ = ݎݐ  ሶܴሬ⃗  ∙ ሶܴሬ⃗ ்൨,			 
ɩɨɥɭɱɢɦ ݀ܭ = ͳʹ ∙ ݎݐ ቂ ܸ ∙ ܴపሬሬሬ⃗ ∙ ሬܴ⃗ ் ∙ ்ܸቃ ∙ 	݀݉	.		 
ɉɨɥɧɚɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɜɫɟɯ ɡɜɟɧɶ-

ɟɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɛɭɞɟɬ ܭ =ͳʹ
ୀଵ ∙ ]ݎݐ ܸ ∙ ܪ ∙ ்ܸ ].		 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨɥɭ-
ɱɢɦ ɜɵɪɚɠɟɧɢɟ ݀݀ݐ ቈ߲ݍ߲ܭሶ =ݎݐ ∙ ൣ ܷ ∙ ܪ ∙ ்ܷ൧ ∙ ሷݍ

ୀଵ
ೕ
ୀଵ .	 

ɉɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟ-
ɥɢɦ ɤɚɤ ɫɭɦɦɭ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɧɟɪɝɢɣ ɡɜɟɧɶ-
ɟɜ ɜ ɩɨɥɟ ɬɹɝɨɬɟɧɢɹ ܲ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪ-
ɝɢɢ ɭɩɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ	 уܲ Д1]. ܲ = уܲ + ܲ .	 

ɉɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɜ ɩɨɥɟ ɫɢɥ ɬɹɝɨ-
ɬɟɧɢɹ ܲ ɞɥɹ ɩɪɢɧɹɬɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɦɨɠ-
ɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ Д4] 

ܲ =݉ ∙ ݃ ∙ ்ܩ ∙ ܶ ∙ ሬܴ⃗ 
ୀଵ 	, 

ɝɞɟ ܩ = [Ͳ ͳ ͳ]்; Р – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞ-
ɧɨɝɨ ɩɚɞɟɧɢɹ. 

ɉɨɬɟɧɰɢɚɥɶɧɭɸ ɷɧɟɪɝɢɸ ɭɩɪɭɝɢɯ ɷɥɟɦɟɧ-
ɬɨɜ уܲ ɨɩɪɟɞɟɥɢɦ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ 
Ʉɥɚɣɩɟɪɨɧɚ Д4]: 
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уܲ = ͳʹ ∙ܥ௨ ∙ ௨ଶߣ
௨ୀଵ , 

ɝɞɟ ܥ௨ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɪɭɝɨɫɬɢ u-ɝɨ ɷɥɟ-
ɦɟɧɬɚ; ߣ௨ଶ– ɩɨɥɧɚɹ ɞɟɮɨɪɦɚɰɢɹ u-ɝɨ ɭɩɪɭɝɨɝɨ 
ɷɥɟɦɟɧɬɚ. 

уܲ = ͳʹ ∙ܥ௨ห ሬܴ⃗ ௨หଶ
௨ୀଵ .	 

Ⱦɥɹ ɩɪɢɧɹɬɵɯ ɜɵɪɚɠɟɧɢɣ ሬܴ⃗  = ܶ + ሬܴ⃗  ɢ ሬܴ⃗ ௨ = ∑ ௨ܯ ∙ ݍ ∙ ሬܴ⃗ ௨ 	ℓୀଵ  ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 

уܲ = ͳʹ ∙ݎݐ[ܳ௨ ∙ ܰ௨ ∙ ܳ௨்]
௨ୀଵ ,	 

ɝɞɟ ܰ௨ = ௨ܥ ∙ ห ሬܴ⃗ ௨ ሬܴ⃗ ௨்ห; 		ܳ௨ = ∑ ௨ܯ ∙ ݍ .௨ୀଵ 	 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟ-

ɧɢɹ ɩɨɥɧɨɣ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɩɪɢɦɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ Д1]: 

ܲ =݉ ∙ ݃ ∙ ்ܩ ∙ ܶ ∙ ሬܴ⃗ 
ୀଵ + ͳʹ ∙ ௨ܳ]ݎݐ ∙ ௨ܰ ∙ ܳ௨் ]

௨ୀଵ .	 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɟɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 

ɩɨɥɭɱɢɦ Д1]: ߲߲ܲݍ =݉ ∙ ݃ ∙ ்ܩ ∙ ܷ ∙ ሬܴ⃗ 
ୀଵ +ܯൣݎݐ௨ ∙ ௨ܰ ∙ ௨்൧ܯ

௨ୀଵ


ୀଵ 	 
Ⱦɢɫɫɢɩɚɬɢɜɧɚɹ ɮɭɧɤɰɢɹ ɫɢɫɬɟɦɵ Ɏ ɩɪɟɞ-

ɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɮɭɧɤɰɢɢ Ɋɟɥɟɹ Д4]: Ф = ͳʹ ∙ܾ௨ ∙ ሶ௨ଶߣ 	,
௨ୀଵ 	 

ɝɞɟ ܾ௨ – ɩɪɢɜɟɞɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡ-
ɤɨɫɬɢ u-ɝɨ ɷɥɟɦɟɧɬɚ; ߣሶ௨ – ɫɤɨɪɨɫɬɶ ɞɟɮɨɪɦɚ-
ɰɢɢ u-ɝɨ ɜɹɡɤɨɝɨ ɷɥɟɦɟɧɬɚ. 

Ⱦɥɹ ɩɪɢɧɹɬɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɜɵɪɚɠɟ-
ɧɢɟ ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:  Ф = ͳʹ ∙ܾ௨ ∙ ቚ	 ሶܴሬ⃗ ௨ቚଶ ∙

௨ୀଵ ሶܴሬ⃗ 	. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɷɬɨ 

ɜɵɪɚɠɟɧɢɟ ɩɪɢɦɟɬ ɜɢɞ ߲Ф߲ݍ =ݎݐ[ ௨ܹ ∙ ௨ܤ ∙ ௨்ܹ ]	;
௨ୀଵ


௨ୀଵ 		 
௨ܤ = ܾ௨ ∙ ቚ ሶܴሬ⃗ ௨ ሶܴሬ⃗ ௨் ቚ ; 
௨ܹ =ܯ௨ ∙ ݍ .

௨ୀଵ 	 
ȼɧɟɲɧɢɟ ɫɢɥɵ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɪɚɛɨ-

ɱɢɣ ɨɪɝɚɧ ɢ ɷɥɟɦɟɧɬɵ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚ-
ɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɜɟɤɬɨɪɚ-ɫɬɨɥɛɰɚ 

ɨɛɨɛɳɟɧɧɵɯ ɫɢɥ ܳ, ɞɟɣɫɬɜɭɸɳɢɯ ɩɨ ɨɛɨɛ-
ɳɟɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ. ɗɥɟɦɟɧɬɵ ɜɟɤɬɨɪɚ-
ɫɬɨɥɛɰɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д4]. ܳ =⃗ܨ ߲ ሬܴ⃗ ߲ݍ

ୀଵ

ୀଵ 	,		 

ɝɞɟ ⃗ܨ – ɫɢɥɵ, ɩɪɢɥɨɠɟɧɧɵɟ ɤ ɡɜɟɧɶɹɦ 
ɪɚɫɱɟɬɧɨɣ ɫɢɥɵ; ሬܴ⃗  – ɜɟɤɬɨɪ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ 
ɩɪɢɥɨɠɟɧɢɹ ɫɢɥɵ ɜ ɢɧɟɪɰɢɚɥɶɧɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ; m=6. 

Ⱦɥɹ ɩɪɢɧɹɬɨɣ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ ɩɨɥɭɱɢɦ ܳ =⃗ܨ ∙ ܷ ∙ ሬܴ⃗ 	,
ୀଵ


ୀଵ 			 

ɝɞɟ ሬܴ⃗  – ɜɟɤɬɨɪ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ ɩɪɢɥɨ-
ɠɟɧɢɹ ɫɢɥɵ ɜ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɜɨɡɦɭɳɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ 
ɧɚ ȾɍɉɆ ɫɨ ɫɬɨɪɨɧɵ ɦɢɤɪɨɪɟɥɶɟɮɚ, ɫɢɥɨɜɨɣ 
ɭɫɬɚɧɨɜɤɢ ɢ ɪɚɛɨɱɢɯ ɨɪɝɚɧɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ Д5]. 

Ɉɩɪɟɞɟɥɢɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ ɞɢɫ-
ɩɟɪɫɢɢ )S( мк  ɦɨɠɧɨ, ɡɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ 

ɮɭɧɤɰɢɸ )( мкR   ɦɢɤɪɨɪɟɥɶɟɮɚ ɢ ɢɫɩɨɥɶɡɭɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ Д6]. 

мкмкмкмкмк dSR  )cos()(2)(
0

 


 , 

мкмкмкмкмк dRS   )cos()(1)( 


 . 

Ⱦɥɹ ɞɨɪɨɝ ɫ ɚɫɮɚɥɶɬɨɜɵɦ ɩɨɤɪɵɬɢɟɦ ɤɨɪ-
ɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ )( мкR   ɢ ɫɩɟɤɬɪɚɥɶ-

ɧɚɹ ɩɥɨɬɧɨɫɬɶ )S( мк  ɛɭɞɭɬ ɢɦɟɬɶ ɫɥɟɞɭɸ-
ɳɢɣ ɜɢɞ:  

  cos0,6е15,085,0)(  -0,52.0
мк  ɟR ; 
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ɋɢɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɞɧɨɝɨ ɰɢɥɢɧɞɪɚ 
ɪɹɞɧɨɝɨ ɢɥɢ ɦɧɨɝɨɪɹɞɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟ-
ɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

)](+)([=)( ɞ
j

ɞɞ
i

ɞ
j

ɞɞ
ɫ

ɞ
ц

ɞ
j

ɞ
j αSpαKpVαM , 

ɝɞɟ )( ɞ
j

ɞ
j αM – ɜɪɚɳɚɸɳɢɣɫɹ ɦɨɦɟɧɬ 

ɞɜɢɝɚɬɟɥɹ ɨɬ ɝɚɡɨɜɵɯ ɫɢɥ У-ɝɨ ɰɢɥɢɧɞɪɚ ɢ 
ɮɭɧɤɰɢɢ ɭɝɥɚ ɩɨɜɨɪɨɬɚ У-ɝɨ ɤɪɢɜɨɲɢɩɚ ɤɨɥɟɧ-
ɱɚɬɨɝɨ ɜɚɥɚ )( ɞ

j ; ɞ
цV  – ɪɚɛɨɱɢɣ ɨɛɴɟɦ 
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 ɰɢɥɢɧɞɪɚ; ɞ
i

ɞ
ɫ pp ,  – ɞɚɜɥɟɧɢɟ ɜ ɤɨɧɰɟ 

ɯɨɞɚ ɫɠɚɬɢɹ ɢ ɫɪɟɞɧɟɟ ɢɧɞɢɤɚɬɨɪɧɨɟ ɞɚɜɥɟ-
ɧɢɟ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ; 

)(),( ɞ
j

ɞɞ
j

ɞ SK   – ɛɟɡɪɚɡɦɟɪɧɵɟ 

ɫɢɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
ɉɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɞɢɧɚɦɢɤɢ ɫɢɥɨɜɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ⱦȼɋ ɩɪɚɜɨɦɟɪɧɨ ɩɪɟɞɫɬɚɜ-
ɥɹɬɶ ɜ ɜɢɞɟ ɪɹɞɨɜ Ɏɭɪɶɟ. Ʉɨɦɩɨɧɟɧɬɵ ɚɦɩɥɢ-
ɬɭɞɧɨɝɨ ɞС   ɢ ɞ

  ɮɚɡɨɜɨɝɨ ɫɩɟɤɬɪɨɜ ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

22 )()( ɞɞɞ bаС   , 

)/arctg( ɞɞɞ bа   , 

22
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Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɢɥɵ ɩɪɢɠɚɬɢɹ ɳɟɬɨɱɧɨɝɨ 
ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɚɫɮɚɥɶɬɨɜɨɝɨ 
ɩɨɤɪɵɬɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɨɪɦɭɥɚ Д6]: ܲ = 5,͵ ∙ ͳͲଶ ∙ ݀ ൬݈ܬܧ ൰ଶ ∙ ℎଵଷ∙ ʑ[ͳݖ + Ͳ,ͳ8ሺݒш − ʹሻ]ܽܿܿݏ ൬ͳ − ℎܴш൰,	 

ɝɞɟ Н ɢ Rɳ - ɞɢɚɦɟɬɪ ɩɪɭɬɤɚ ɢ ɪɚɞɢɭɫ ɳɟɬ-
ɤɢ, ɦ; ɞɥɹ ɫɬɚɥɶɧɨɝɨ ɜɨɪɫɚ Н = 4∙10-4 ɦ, ɞɥɹ 
ɩɨɥɢɦɟɪɧɨɝɨ ɜɨɪɫɚ Н = 22∙10-4 ɦ; Х – ɫɜɨɛɨɞ-
ɧɚɹ ɥɢɧɢɹ ɩɪɭɬɤɚ, ɦ; E – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ 
ɦɚɬɟɪɢɚɥɚ ɜɨɪɫɚ, ɉɚ; ɞɥɹ ɫɬɚɥɶɧɨɣ ɩɪɨɜɨɥɨ-
ɤɢ E=2∙1011ɉɚ; J- ɨɫɟɜɨɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɟ-
ɱɟɧɢɹ ɩɪɭɬɤɚ, ɦ4; С – ɞɟɮɨɪɦɚɰɢɹ ɩɪɭɬɤɚ, ɦ (ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɨɹɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɨɤɪɵ-
ɬɢɹ С ɩɪɢɧɢɦɚɸɬ ɜ ɩɪɟɞɟɥɚɯ 0,01…0,025 ɦ); 
гȼ – ɪɚɛɨɱɟɟ ɱɢɫɥɨ ɩɪɭɬɤɨɜ. 

ɉɨɞɫɬɚɜɢɜ ɜ ɭɪɚɜɧɟɧɢɟ Ʌɚɝɪɚɧɠɚ ɜɬɨɪɨɝɨ 
ɪɨɞɚ ɜɵɪɚɠɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶ-
ɧɨɣ ɷɧɟɪɝɢɣ, ɞɢɫɫɢɩɚɬɢɜɧɨɣ ɮɭɧɤɰɢɢ ɢ ɨɛɨɛ-
ɳɟɧɧɵɯ ɫɢɥ, ɩɨɥɭɱɢɦ ɫɢɫɬɟɦɭ ɢɡ 8 ɞɢɮɮɟ-
ɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ 
ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ Д7]: 

ݎݐ ∙ ൣ ܷ ∙ ܪ ∙ ܷఔ்൧ ∙ ሷݍ +
ୀଵ

ೕ
ୀଵ ܯൣݎݐ௨ ∙ ௨ܤ ∙ ௨ఔ்൧ܯ ∙ ሶݍ

ୀଵ

௨ୀଵ+ܯൣݎݐ௨ ∙ ௨ܰ ∙ ௨ఔ்ܯ ൧ ∙ ݍ +

ୀଵ

௨ୀଵ 	

+݉ ∙ ݃ ∙ ்ܩ ∙ ܷ ∙ ሬܴ⃗ 
ୀଵ=⃗ܨ ∙ ܷ ∙ ሬܴ⃗  	.

ୀଵ

ୀଵ 					 

ȼ ɜɟɤɬɨɪɧɨ-ɦɚɬɪɢɱɧɨɣ ɮɨɪɦɟ ɩɨɥɭɱɟɧɧɚɹ 
ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ 
ɜɢɞ Д3]: ܣ ∙ ሷ⃗ݍ + ܤ ∙ ሶ⃗ݍ + ܥ ∙ ݍ⃗ = ሬܳ⃗ ,		 

ɝɞɟ ܣ, ܤ, ܥ – ɦɚɬɪɢɰɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɪɚɡɦɟɪɨɦ 
8ɯ8; ݍሷ⃗ ሶ⃗ݍ , -ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɨɦ 8ɯ1, ɩɪɟɞ – ݍ⃗ ,
ɫɬɚɜɥɹɸɳɢɟ ɦɚɥɵɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɭɫɤɨɪɟɧɢɣ, ɫɤɨɪɨɫɬɟɣ ɢ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢ-
ɧɚɬ; ሬܳ⃗  – ɦɚɬɪɢɰɚ ɫɢɥ, ɪɚɡɦɟɪɨɦ 8ɯ1. 

ɗɥɟɦɟɧɬɵ ɦɚɬɪɢɰ ܣ, ܤ, ܥ ɨɩɪɟɞɟɥɹɸɬ-
ɫɹ ɩɨ ɮɨɪɦɭɥɚɦ Д8]: 

ܽఔ =ݎݐ ∙ ൣ ܷ ∙ ܪ ∙ ܷఔ்൧
ୀଵ ; 

ܾఔ =ܯൣݎݐ௨ ∙ ௨ܤ ∙ ௨ఔ்ܯ ൧
௨ୀଵ ;	 

ܿఔ =ܯൣݎݐ௨ ∙ ܰ௨ ∙ ௨ఔ்ܯ ൧
௨ୀଵ 	. 

Ɂɚɤɥючɟɧɢɟ 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɥɨɠɧɨɣ ɞɢɧɚ-

ɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɜɨɡɦɭɳɚɸɳɢɟ ɜɨɡɞɟɣɫɬ-
ɜɢɹ–ȾɍɉɆ–ɨɩɟɪɚɬɨɪ», ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɢɫɬɟɦɭ ɢɡ ɜɨɫɶɦɢ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɧɵɯ 
ɭɪɚɜɧɟɧɢɣ II ɩɨɪɹɞɤɚ ɫ ɩɟɪɟɦɟɧɧɵɦɢ ɤɨɷɮ-
ɮɢɰɢɟɧɬɚɦɢ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɛɨɥɶɲɢɯ ɡɧɚ-
ɱɟɧɢɣ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ. Ɉɧɚ ɫ ɬɨɱɧɨ-
ɫɬɶɸ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɥɢɹɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɞɢɧɚ-
ɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɩɪɢ 
ɨɤɚɡɚɧɢɢ ɧɚ ɧɟɟ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. 
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ATHEMATICAL MODEL OF THE COMPLEБ DВ-

NAMIC SВSTEM "PERTURBATION INFLUENCES-
MACHINE- OPERATOR" 

 
P.A. KorМСКРТn, I.A. TОЭОrТnК 

 
AЛsЭrКМЭ. TСО КЮЭСors НОsМrТЛО К mКЭСОmКЭТМКХ 

moНОХ oП ЭСО НвnКmТМ sвsЭОm "pОrЭЮrЛКЭТon ТnПХЮОnМОs-
mКМСТnО- opОrКЭor". TСОrО Тs prОsОnЭОН К НОsТРn 
sМСОmО oП К roКН sаООpТnР mКМСТnО (RSM) on ЭСО 
ЛКsТs oП MTГ-80. TСОrО Тs МКrrТОН oЮЭ К mОЭСoН oП 
ПormТnР НвnКmТМ ОqЮКЭТon Пor МompХОб НвnКmТМ sвs-
ЭОms "pОrЭЮrЛКЭТon ТnПХЮОnМОs-mКМСТnО- opОrКЭor".  
AХso ЭСО КrЭТМХО rОПХОМЭs МКХМЮХКЭТon НОpОnНОnМОs Пor 
НОЭОrmТnТnР pОrЭЮrЛКЭТon НОpОnНОnМОs Пrom ЭСО НТrОМ-
ЭТon oП mТМropКЭЭОrn, poаОr ТnsЭКХХКЭТon КnН ЛrЮsС-ЭвpО 
opОrКЭТnР НОvТМО.  

KОваШЫНЬ: mКЭСОmКЭТМКХ moНОХ, roКН sаООpТnР 
mКМСТnО, vТЛrКЭТon proЭОМЭТon. 
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Аɧɧɨɬɚɰиɹ. Ɂɧɚɱɢɬɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɩɨɝɪɭɠɟɧɢɟɦ ɜɢɧɬɨɜɨɣ ɫɜɚɢ ɭɞɟɥɹɟɬɫɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɩɚɪɚɦɟɬɪɚɦ 
ɫɢɫɬɟɦɵ. Ⱥɜɬɨɪɚɦɢ ɩɪɢɜɨɞɹɬɫɹ ɫɬɚɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɯɨɞɧɵɯ ɩɚɪɚɦɟɬ-
ɪɨɜ ɫɢɫɬɟɦɵ ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɝɪɚɧɢɰɵ ɢɡɦɟɧɟɧɢɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɫɢɫɬɟɦɵ. Ɍɚɤɠɟ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ, ɨɛɨɫɧɨɜɵɜɚ-
ɸɬɫɹ ɢɫɫɥɟɞɭɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɡɚɜɢɫɢɦɨɫɬɢ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨ-
ɜɚɧɢɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɝɪɭɠɟɧɢɹ ɫɜɚɢ ɨɬ ɢɫɫɥɟɞɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. 


