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ɊȺɁɊȺȻɈɌɄȺ ɆȺɌȿɆȺɌɂɑȿɋɄɈɃ ɆɈȾȿɅɂ  
ɐȿɉɇɈȽɈ ɌɊȺɇɒȿɃɇɈȽɈ ЭɄɋɄȺȼȺɌɈɊȺ 

 
Ⱥ.Ʌ. Ⱥɯɬɭɥɨɜ1, Ʌ.ɇ. Ⱥɯɬɭɥɨɜɚ1, ȼ.Ⱥ. Ɉɫɢɬ2 

1Ɉɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɹ, Ɉɦɫɤ, Ɋɨɫɫɢɹ; 
2ɎȽȻɈɍ ȼɉɈ «ɋɢɛȺȾɂ», Ɉɦɫɤ, Ɋɨɫɫɢɹ.  

 
Аɧɧɨɬɚɰиɹ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 

ɨɬɞɟɥɶɧɵɯ ɩɨɞɫɢɫɬɟɦ ɢ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚ-
ɜɚɬɨɪɚ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɪɚɡɪɚɛɨɬɚɧɚ ɨɛɨɛɳɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɝɢɞ-
ɪɚɜɥɢɱɟɫɤɨɣ ɨɛɴɟɦɧɨɣ ɬɪɚɧɫɦɢɫɫɢɟɣ ɧɚɜɟɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɞɤɨɩɚ ɰɟɩɧɨɝɨ ɬɪɚɧ-
ɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ. Ⱦɚɧɨ ɨɛɨɫɧɨɜɚɧɢɟ ɤɪɢɬɟɪɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɰɟɩ-
ɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɞɥɹ ɩɪɨɰɟɫɫɚ ɜɫɤɪɵɬɢɹ ɢ ɩɨɞɤɨɩɚ ɬɪɭɛɨɩɪɨɜɨɞɚ. 

 
Кɥɸɱеɜые ɫɥɨɜɚ: ɬɪɚɧɲɟɣɧɵɣ ɰɟɩɧɨɣ ɷɤɫɤɚɜɚɬɨɪ, ɧɚɜɟɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ 

ɩɨɞɤɨɩɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɢɟɪɚɪɯɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ ɷɥɟɦɟɧɬ, ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ. 

   
ȼɜɟɞɟɧɢɟ 
ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɟɦɨɧɬɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɚɛɨɬ ɧɚ ɧɟɮɬɟɝɚɡɨɩɪɨ-
ɜɨɞɚɯ, ɨɫɨɛɟɧɧɨ ɦɚɝɢɫɬɪɚɥɶɧɵɯ, ɫ ɰɟɥɶɸ ɡɚ-
ɦɟɧɵ ɧɚɪɭɠɧɨɝɨ ɢɡɨɥɹɰɢɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ 
ɡɧɚɱɢɬɟɥɶɧɭɸ ɬɪɭɞɨɟɦɤɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ ɩɪɨ-
ɰɟɫɫ ɜɫɤɪɵɬɢɹ ɢ ɩɨɞɤɨɩɚ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɩɨ-
ɷɬɨɦɭ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɫɞɟɪɠɢ-
ɜɚɸɳɢɯ ɩɨɜɵɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭ-
ɞɚ Д1-3Ж, ɹɜɥɹɟɬɫɹ ɧɟɫɨɜɟɪɲɟɧɫɬɜɨ ɫɪɟɞɫɬɜ 
ɜɵɩɨɥɧɟɧɢɹ ɡɟɦɥɹɧɵɯ ɪɚɛɨɬ. Ⱦɥɹ ɦɟɯɚɧɢɡɚ-
ɰɢɢ ɪɚɛɨɬ ɢ ɭɥɭɱɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɚɧɲɟɣɧɵɟ ɷɤɫɤɚɜɚ-
ɬɨɪɵ ɢ ɫɩɟɰɢɚɥɶɧɨɟ ɧɚɜɟɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

Ⱥɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɩɨɤɚ-
ɡɚɥ, ɱɬɨ ɤɨɦɩɥɟɤɫɵ ɦɚɲɢɧ ɩɪɢ ɪɚɛɨɬɟ ɫ ɩɨ-
ɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ ɩɨɥɭɱɚɸɬɫɹ ɫɥɨɠɧɵɦɢ, ɝɪɨ-
ɦɨɡɞɤɢɦɢ ɢ ɦɟɬɚɥɥɨёɦɤɢɦɢ, ɬɚɤ ɤɚɤ ɩɨɞɤɨɩ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɛɨɥɶɲɢɟ ɝɥɭɛɢɧɵ, ɱɬɨ 
ɬɪɟɛɭɟɬ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɤɚɤ ɦɨɠɧɨ ɛɥɢɠɟ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɚ Д4Ж. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɰɟɩ-
ɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɞɥɹ ɩɨɞɤɨɩɚ ɬɪɭɛɨɩɪɨ-
ɜɨɞɨɜ 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɪɚɛɨɬɚɦɢ Д5-7Ж ɩɪɟɞɥɚ-
ɝɚɟɬɫɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɷɤɫɤɚɜɚɬɨɪɚ ɞɥɹ ɩɨɞɤɨ-
ɩɚ ɬɪɭɛɨɩɪɨɜɨɞɨɜ (ɪɢɫ. 1) ɬɨɱɤɢ ɡɪɟɧɢɹ ɟɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɩɨɞɝɨɬɨɜɤɢ ɤ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɤɚɤ ɦɧɨɝɨɭɪɨɜɧɟɜɭɸ, ɢɟɪɚɪɯɢ-

ɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɥ-
ɥɸɫɬɪɢɪɨɜɚɧɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɧɚ 
ɩɪɚɤɬɢɤɟ ɨɛɳɢɦ ɩɨɞɯɨɞɨɦ Д8, 9Ж ɤ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɸ ɫɥɨɠɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫ ɩɨɦɨ-
ɳɶɸ ɬɟɨɪɢɢ ɝɪɚɮɨɜ. ɋɨɝɥɚɫɧɨ ɷɬɨɦɭ ɩɨɞɯɨɞɭ, 
ɥɸɛɚɹ ɬɟɯɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɝɪɚɮɨɦ (ɪɢɫ. 2), ɩɪɨɦɟɠɭɬɨɱ-
ɧɵɟ ɭɡɥɵ ɤɨɬɨɪɨɝɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɷɥɟɦɟɧɬɚɦ 
ɪɚɡɥɢɱɧɨɝɨ ɭɪɨɜɧɹ ɞɟɬɚɥɢɡɚɰɢɢ: ɫɚɦɵɣ ɧɢɠ-
ɧɢɣ ɭɪɨɜɟɧɶ ɢɟɪɚɪɯɢɢ ɩɪɟɞɫɬɚɜɥɟɧ ɦɧɨɠɟɫɬ-
ɜɨɦ Lr ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ - ɩɟɪɜɢɱ-
ɧɵɯ ɨɛɴɟɤɬɨɜ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚ-
ɱɟɧɧɵɯ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɝɪɚɧɢɱɟɧɧɵɯ ɮɭɧɤ-
ɰɢɣ. Ɂɚɬɟɦ ɢɞɭɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɭɪɨɜɧɢ: ɭɡɥɨɜ 
LС-L3, ɚɝɪɟɝɚɬɨɜ L2, ɩɨɞɫɢɫɬɟɦ L1 ɢ ɜɟɪɯɧɢɣ 
ɭɪɨɜɟɧɶ ɢɟɪɚɪɯɢɢ L0 - ɫɚɦ ɷɤɫɤɚɜɚɬɨɪ, ɩɪɟɞ-
ɫɬɚɜɥɹɸɳɢɣ ɨɛɴɟɞɢɧɟɧɢɟ ɨɫɧɨɜɧɵɯ ɩɨɞɫɢɫ-
ɬɟɦ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɧɢɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɰɟɫɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
Д10,11Ж ɧɟ ɹɜɥɹɟɬɫɹ ɤɚɤɢɦ-ɬɨ ɢɡɨɥɢɪɨɜɚɧɧɵɦ, 
ɚ ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧ ɫɨ ɜɫɟɦɢ ɫɬɚɞɢɹɦɢ ɫɨɡ-
ɞɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɚɧɚɥɨɝɢɱɧɨ ɫɥɨɠɧɨɫɬɢ ɨɛɴɟɤɬɚ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɹ, ɦɨɠɧɨ, ɤɚɤ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɪɚɛɨɬɚɯ Д5, 6Ж 
ɢɟɪɚɪɯɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢ-
ɪɨɜɚɧɢɹ ɜɵɪɚɡɢɬɶ ɮɚɡɚɦɢ, ɤɥɚɫɫɢɮɢɰɢɪɭɟ-
ɦɵɦɢ ɩɨ ɩɪɢɧɰɢɩɭ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɡɚɦɤɧɭɬɵɯ 
ɜɢɞɨɜ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. 
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ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɨɜɨɤɭɩɧɨɫɬɶ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɨɬɞɟɥɶɧɵɯ ɩɨɞɫɢɫɬɟɦ 
ɢ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫ-
ɤɚɜɚɬɨɪɚ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɟɧɚ 
ɨɛɨɛɳɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɰɟɩɧɨɝɨ 
ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ Д12Ж. Ɉɛɨɫɧɨɜɚɧ 
ɤɪɢɬɟɪɢɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ Д13Ж: 

,
n
NpE                                 (1) 

ɝɞɟ E  – ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ 
ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ; Np  – ɩɨ-
ɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ; n  – ɩɪɨɢɡɜɨɞɢɬɟɥɶ-
ɧɨɫɬɶ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ. 

 

 
Ɋɢɫ. 1. Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɰɟɩɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɞɥɹ ɩɨɞɤɨɩɚ ɬɪɭɛɨɩɪɨɜɨɞɚ, ɝɞɟ: 1- ɛɚɡɨɜɨɟ ɲɚɫɫɢ;  

2, 11 - ɪɚɦɚ; 3, 12 – ɪɚɛɨɱɢɣ ɨɪɝɚɧ; 4, 13 – ɷɜɚɤɭɚɬɨɪ ɝɪɭɧɬɚ; 5, 14 – ɝɢɞɪɨɰɢɥɢɧɞɪ; 6, 15 – ɧɚɩɪɚɜɥɹɸɳɢɟ; 
7, 16, 18 – ɝɢɞɪɨɰɢɥɢɧɞɪ; 8, 17 – ɰɟɩɧɚɹ ɫɟɤɰɢɹ; 10, 19 – ɝɢɞɪɨɞɜɢɝɟɬɟɥɶ; 20 – ɤɨɩɢɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ;  

21 – ɝɢɞɪɨɰɢɥɢɞɪ; 22 – ɨɩɨɪɚ ɧɚ ɬɪɭɛɨɩɪɨɜɨɞ; 23, 24 – ɩɨɜɨɪɨɬɧɵɟ ɦɟɯɚɧɢɡɦɵ 
 

ȼɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɨɛɳɟɧɧɨɣ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ 
ɷɤɫɤɚɜɚɬɨɪɚ ɹɜɥɹɸɬɫɹ: ɡɚɞɚɧɧɚɹ ɝɥɭɛɢɧɚ ɤɨ-
ɩɚɧɢɹ ɢ ɜɨɡɦɭɳɚɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɫɨ ɫɬɨɪɨ-
ɧɵ ɫɢɥɵ ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɧɚ 
ɪɚɛɨɱɢɣ ɨɪɝɚɧ ɢ ɧɚ ɷɥɟɦɟɧɬɵ ɯɨɞɨɜɨɝɨ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ ɫɨ ɫɬɨɪɨɧɵ ɦɢɤ-
ɪɨɪɟɥɶɟɮɚ. ȼɵɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɛɨɛ-
ɳɟɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɰɟɩɧɨɝɨ 
ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɹɜɥɹɸɬɫɹ: ɬɟɤɭɳɟɟ 
ɡɧɚɱɟɧɢɟ ɩɨɬɪɟɛɥɹɟɦɨɣ ɦɨɳɧɨɫɬɢ; ɬɟɤɭɳɟɟ 
ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɷɧɟɪɝɨɟɦ-
ɤɨɫɬɶ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ. 

ɋ ɭɱɟɬɨɦ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɩɪɹɦɨɥɢɧɟɣɧɨ-
ɝɨ ɞɜɢɠɟɧɢɹ, ɜɵɡɜɚɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɧɚ 
ɷɥɟɦɟɧɬɵ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɪɨɜɧɨ-
ɫɬɟɣ ɦɢɤɪɨɪɟɥɶɟɮɚ ɢ ɫɢɥɵ ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚ-
ɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɧɚ ɪɚɛɨɱɢɣ ɨɪɝɚɧ, ɫɭɦɦɚɪ-
ɧɵɣ ɦɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɥɨɠɟɧ-
ɧɵɯ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ (Ⱦȼɋ) 
Д13Ж, ɨɩɢɫɵɜɚɸɬ ɭɪɚɜɧɟɧɢɹɦɢ: 

;21
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Н

JM
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Н

JMM m
xoxo

m
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;111
ТMM mpo                           (3) 

;222
ТMM mxo                           (4) 

,sin
2

 G
Т
rM Ф








                       (5) 

ɝɞɟ МM – ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɣ, ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɜɚɥɭ Ⱦȼɋ; xoM – 
ɦɨɦɟɧɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɛɚɡɨɜɨɣ 
ɦɚɲɢɧɵ; poM – ɦɨɦɟɧɬ, ɜɨɡɧɢɤɚɸɳɢɣ ɨɬ ɫɢɥ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɩɚɧɢɹ ɝɪɭɧɬɚ; M – ɩɪɢɜɟ-
ɞɟɧɧɵɣ ɤ ɜɚɥɭ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ ɦɨɦɟɧɬ ɫɢɥ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɣ  
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Ɋɢɫ. 2. ɂɟɪɚɪɯɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ, ɝɞɟ: L - ɢɟɪɚɪɯɢɹ ɪɚɧɝɨɜ ɜɯɨɞɢɦɨɫɬɢ; 

M - ɩɨɞɫɢɫɬɟɦ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɤ 1-ɦɭ ɪɚɧɝɭ; B – ɚɝɪɟɝɚɬɨɜ - ɤɨ 2-ɦɭ ɪɚɧɝɭ; 
U - ɭɡɥɨɜ - ɤ 3-ɦɭ ɪɚɧɝɭ; F – ɷɥɟɦɟɧɬɨɜ - ɤ С-ɦɭ ɪɚɧɝɭ; Н – ɞɟɬɚɥɟɣ – ɤ r-ɦɭ ɪɚɧɝɭ 

ɨɬ ɞɜɢɠɟɧɢɹ ɩɨɞ ɭɤɥɨɧ; poJ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ; xoJ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨ-

ɜɚɧɢɹ;
1m

 – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɝɢɞɪɨɦɨɬɨɪɚ ɜɚɥɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ; 
2m

 - ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɝɢɞɪɨɦɨɬɨɪɚ 

ɜɚɥɚ ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
1m

M – ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɝɢɞɪɨɦɨɬɨɪɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, 
2m

M – ɤɪɭ-

ɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɝɢɞɪɨɦɨɬɨɪɚ ɞɜɢɠɢɬɟɥɹ; 21, ТТ  – ɩɟɪɟɞɚɬɨɱɧɵɟ ɨɬɧɨɲɟɧɢɹ ɬɪɚɧɫɦɢɫɫɢɣ ɪɚɛɨɱɟɝɨ 

ɨɪɝɚɧɚ ɢ ɞɜɢɠɢɬɟɥɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 21, – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ ɬɪɚɧɫɦɢɫɫɢɣ ɪɚɛɨɱɟɝɨ 

ɨɪɝɚɧɚ ɢ ɞɜɢɠɢɬɟɥɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; G – ɫɢɥɚ ɬɹɠɟɫɬɢ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ; Фr  – ɪɚɞɢɭɫ 

ɤɨɥɟɫɚ; sin – ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɧɬɚ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 
 

Ɋɚɛɨɱɢɣ ɩɪɨɰɟɫɫ Ⱦȼɋ ɫɨɜɦɟɫɬɧɨ ɫ ɪɟɝɭ-
ɥɹɬɨɪɨɦ ɱɢɫɥɚ ɨɛɨɪɨɬɨɜ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚ-
ɠɟɧɢɹɦɢ Д13Ж: 

;)( MМzMJ LÄÄÄ                (6) 

;)()( )( zФMMzM ÄГMINÄÄÄ    (7) 

,0;)( 2
mmȾHɌɊм zzzAFzEzzm      

(8) 

ɝɞɟ ȾJ  – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ; ȾM – ɚɤɬɢɜɧɵɣ 

ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ; Ⱦ  – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ; 

)(MINȾM  – ɦɨɦɟɧɬ Ⱦȼɋ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ ɩɨ-
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ɞɚɱɟ ɬɨɩɥɢɜɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɯɨɥɨɫɬɨɦɭ 
ɯɨɞɭ; ГM – ɩɪɢɪɚɳɟɧɢɟ ɦɨɦɟɧɬɚ ɩɪɢ ɦɚɤɫɢ-

ɦɚɥɶɧɨɣ ɩɨɞɚɱɟ ɬɨɩɥɢɜɚ; zФ Ä  – ɦɨɦɟɧɬ ɨɬ 
ɩɟɪɟɦɟɳɟɧɢɹ ɦɭɮɬɵ ɪɟɝɭɥɹɬɨɪɚ, ɨɬɫɱɢɬɵ-
ɜɚɟɦɨɝɨ ɨɬ ɩɨɥɨɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɨɞɚɱɢ 
ɬɨɩɥɢɜɚ; ìm  – ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɦɭɮɬɟ ɦɚɫɫɚ 

ɜɫɟɯ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ ɪɟɝɭɥɹɬɨɪɚ; ɌɊ – ɤɨ-

ɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ; HF  – ɫɢɥɚ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɬɹɝɚ ɩɪɭɠɢɧɵ, ɩɪɢɜɟ-
ɞɟɧɧɚɹ ɤ ɦɭɮɬɟ; A(г) – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɞɞɟɪ-
ɠɢɜɚɸɳɟɣ ɫɢɥɵ;  

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ 
ɷɤɫɤɚɜɚɬɨɪɚ ɯɨɞɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɭɟɬ ɫ ɪɟɥɶɟɮɨɦ ɝɪɭɧɬɨɜɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɢ, ɧɟɪɨɜɧɨɫɬɢ ɤɨɬɨɪɨɣ ɩɪɢɜɨɞɹɬ ɤ ɫɬɨɯɚɫɬɢ-
ɱɟɫɤɢɦ ɜɟɪɬɢɤɚɥɶɧɵɦ ɢ ɭɝɥɨɜɵɦ ɩɟɪɟɦɟɳɟ-
ɧɢɹɦ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɢ ɪɚ-
ɛɨɱɟɝɨ ɨɪɝɚɧɚ ɩɪɢ ɞɜɢɠɟɧɢɢ ɦɚɲɢɧɵ. Ⱦɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɢɤɪɨɪɟɥɶɟɮɚ ɥɟɜɨɣ ɢ ɩɪɚ-
ɜɨɣ ɤɨɥɟɢ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɤɨɪɪɟɥɹ-
ɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɜɵɪɚɠɟɧɢ-
ɟɦ Д13Ж: 

;)( 2  mОtR y
                        (9) 

ɝɞɟ 2
y  – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟ-

ɧɢɟ ɢɫɯɨɞɧɨɝɨ ɦɢɤɪɨɪɟɥɶɟɮɚ; m – ɤɨɷɮɮɢ-
ɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɮɭɧɤɰɢɢ;   – ɜɪɟɦɹ ɤɨɪɪɟ-
ɥɹɰɢɢ.  

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɩɪɨɝɪɚɦɦɵ ɧɚ ɩɟɪɫɨ-
ɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ ɦɢɤɪɨɪɟɥɶɟɮ ɛɵɥ ɫɝɥɚ-
ɠɟɧ ɩɨ ɩɹɬɧɭ ɤɨɧɬɚɤɬɚ ɲɢɧɵ ɫ ɦɢɤɪɨɪɟɥɶɟ-
ɮɨɦ Д13Ж: 

,1)(
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ФТ

ФТm
ТɋȽ y

x
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(10) 

ɝɞɟ )(myɋȽ  – ɨɪɞɢɧɚɬɵ ɫɝɥɚɠɟɧɧɨɝɨ ɦɢɤ-

ɪɨɪɟɥɶɟɮɚ; 0x – ɢɧɬɟɪɜɚɥ ɭɫɪɟɞɧɟɧɢɹ; Тy  – 
ɨɪɞɢɧɚɬɵ ɧɟɫɝɥɚɠɟɧɨɝɨ ɦɢɤɪɨɪɟɥɶɟɮɚ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɯɨɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɏO) ɫ ɝɪɭɧɬɨɦ ɨɩɢ-
ɫɚɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɜɢɫɢɦɨɫɬɹɦɢ, ɩɪɟɞ-
ɥɨɠɟɧɧɵɦɢ ɜ ɪɚɛɨɬɚɯ ȼ.Ƚ. Ɂɟɞɝɟɧɢɡɨɜɚ Д14Ж 
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  ;cos1 HKKK RFGFR      (13) 

  ,)cos( 31 ТRFGrM HKФM    (14) 

ɝɞɟ Ф  - ɤɨɷɮɮɢɰɢɟɧɬ ɛɭɤɫɨɜɚɧɢɹ; ФF – 
ɫɭɦɦɚɪɧɚɹ ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɢɥɨɠɟɧɧɚɹ 
ɤ ɐɌɗ; 1KG – ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɜɟɫɚ ɰɟɩɧɨ-
ɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ 
ɧɚ ɡɚɞɧɸɸ ɨɫɶ ɦɚɲɢɧɵ; 2V – ɫɤɨɪɨɫɬɶ ɩɟɪɟ-
ɞɜɢɠɟɧɢɹ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ; Фr – ɪɚɞɢɭɫ ɤɨɥɟ-

ɫɚ; KR – ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɫɢɥɚ ɪɟɚɤɰɢɢ ɧɚ ɤɨ-

ɥɟɫɟ; MM – ɚɤɬɢɜɧɵɣ ɦɨɦɟɧɬ ɫɢɥ ɧɚ ɜɚɥɭ 
ɡɚɞɧɟɝɨ ɦɨɫɬɚ; F  – ɫɢɥɚ ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚɬɵ-
ɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɧɚ ɊɈ;   – ɤɨɷɮɮɢɰɢɟɧɬ 

ɫɰɟɩɥɟɧɢɹ HR – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɟɦɟ-
ɳɟɧɢɸ ɡɚɱɢɫɬɧɨɝɨ ɛɚɲɦɚɤɚ; 3Т – ɩɟɪɟɞɚɬɨɱ-
ɧɨɟ ɨɬɧɨɲɟɧɢɟ ɪɟɞɭɤɬɨɪɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ 
ɦɟɠɞɭ ɨɫɶɸ ɡɚɞɧɟɝɨ ɦɨɫɬɚ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɦ 
ɦɨɬɨɪɨɦ ɞɜɢɠɢɬɟɥɹ. 

ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɚɹ ɪɚɛɨɬɭ 
ɞɜɢɠɢɬɟɥɹ ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɪɚɞɢɭɫɚ ɤɨɥɟ-
ɫɚ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ Д13Ж: 

 ;)(1 tqyМy
m

y ШШ
K

              (15) 

,CRɋɌK yyrr                  (16) 

ɝɞɟ êm  – ɦɚɫɫɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɨɫɶ ɤɨ-

ɥɟɫɚ; Шv – ɤɨɷɮɮɢɰɢɟɧɬ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 

ɲɢɧ; ØМ – ɠɟɫɬɤɨɫɬɶ ɲɢɧ;  tq  – ɫɢɥɚ, ɜɨɡɧɢ-
ɤɚɸɳɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɟɪɨɜɧɨ-
ɫɬɟɣ ɦɢɤɪɨɪɟɥɶɟɮɚ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ (ɏɈ); r – 
ɫɜɨɛɨɞɧɵɣ ɪɚɞɢɭɫ ɤɨɥɟɫɚ; ɋɌy – ɫɬɚɬɢɱɟɫɤɢɣ 

ɩɪɨɝɢɛ ɤɨɥɟɫɚ ɩɨɞ ɧɚɝɪɭɡɤɨɣ; CRy – ɜɟɪɬɢ-
ɤɚɥɶɧɚɹ ɤɨɨɪɞɢɧɚɬɚ ɩɟɪɟɦɟɳɟɧɢɹ ɨɫɢ. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɫɜɹɡɢ ɡɜɟɧɶɟɜ ɰɟɩɧɨɝɨ 
ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɜ Д15, 16Ж ɨɩɢɫɵɜɚ-
ɸɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ: 

;1

L
LK Б                               (17) 

;
23

ЗɉЗɅ yy
y


                         (18) 

;
2

ɉɉɉɅ
n

yy
y


                      (19) 

БɍɅnБpo KyKKy  )( ,            (20) 

ɝɞɟ БK  – ɤɨɷɮɮɢɰɢɟɧɬ ɛɚɡɵ; L  – ɞɥɢɧɚ 

ɛɚɡɵ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ; 1L  – 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ ɩɟɪɟɞɧɢɯ ɤɨɥɟɫ ɞɨ ɪɟɠɭ-
ɳɟɣ ɤɪɨɦɤɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɮɨɪɦɢɪɭɸɳɟɣ 
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 ɞɧɨ ɬɪɚɧɲɟɢ; poy  – ɢɡɦɟɧɟɧɢɟ ɝɥɭɛɢɧɵ ɤɨ-
ɩɚɧɢɹ ɜ ɢɧɟɪɰɢɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɧɟɪɨɜɧɨɫɬɟɣ ɦɢɤɪɨ-
ɪɟɥɶɟɮɚ; ɉɉy  – ɜɵɫɨɬɚ ɧɟɪɨɜɧɨɫɬɟɣ ɦɢɤɪɨ-
ɪɟɥɶɟɮɚ ɩɨɞ ɩɟɪɟɞɧɢɦ ɩɪɚɜɵɦ ɤɨɥɟɫɨɦ; ɉɅy  
– ɜɵɫɨɬɚ ɧɟɪɨɜɧɨɫɬɟɣ ɦɢɤɪɨɪɟɥɶɟɮɚ ɩɨɞ ɩɟ-
ɪɟɞɧɢɦ ɥɟɜɵɦ ɤɨɥɟɫɨɦ; Зɉy  – ɜɵɫɨɬɚ ɧɟ-
ɪɨɜɧɨɫɬɟɣ ɦɢɤɪɨɪɟɥɶɟɮɚ ɩɨɞ ɡɚɞɧɢɦ ɩɪɚɜɵɦ 
ɤɨɥɟɫɨɦ; ЗɅy  – ɜɵɫɨɬɚ ɧɟɪɨɜɧɨɫɬɟɣ ɦɢɤɪɨ-
ɪɟɥɶɟɮɚ ɩɨɞ ɡɚɞɧɢɦ ɥɟɜɵɦ ɤɨɥɟɫɨɦ. 

Ⱥɧɚɥɢɡ ɫɢɥɵ ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ 
ɝɪɭɧɬɚ ɧɚ ɪɚɛɨɱɢɣ ɨɪɝɚɧ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ 
ɷɤɫɤɚɜɚɬɨɪɚ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɢɥɚ ɪɟɚɤɰɢɢ ɦɨɠɟɬ 
ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɢɥɚ ɪɟ-
ɚɤɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɝɪɭɧɬɚ ɧɚ ɪɚɛɨɱɢɣ 
ɨɪɝɚɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɛɨɬɚɦɢ Д17, 18Ж 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɫɭɦɦɚ ɞɜɭɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, 
ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ (ɬɪɟɧɞɚ) ɢ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ 
(ɮɥɸɤɬɭɚɰɢɢ): 

,ɎɌ FFF                          (21) 

ɝɞɟ F  – ɫɢɥɚ ɪɟɚɤɰɢɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ 
ɝɪɭɧɬɚ ɧɚ ɪɚɛɨɱɢɣ ɨɪɝɚɧ; ɌF – ɧɢɡɤɨɱɚɫɬɨɬɧɚɹ 

ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɪɟɚɤɰɢɢ (ɬɪɟɧɞ); ɎF  – 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ ɪɟɚɤ-
ɰɢɢ (ɮɥɸɤɬɭɚɰɢɹ). 

Ʉɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɮɥɸɤɬɭɚɰɢɣ 
ɩɪɢ ɤɨɩɚɧɢɢ ɝɪɭɧɬɨɜ ɪɚɛɨɱɢɣ ɨɪɝɚɧ ɰɟɩɧɨɝɨ 
ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ 
ɜɵɪɚɠɟɧɢɟɦ Д13Ж:        

,cos)( 2
ɎɎɎ

ɄɎеR    
       (22) 

ɝɞɟ Ɏ  – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟ-

ɧɢɟ ɫɢɥɵ ɪɟɚɤɰɢɢ; Ɏ ɢ Ɏ  – ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɡɚɬɭɯɚɧɢɹ ɢ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 
ɮɭɧɤɰɢɢ; Ф – ɜɪɟɦɹ ɤɨɪɪɟɥɹɰɢɢ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ (ɬɪɟɧɞɚ) ɜ Д12Ж ɛɵɥɚ ɩɪɟɞɫɬɚɜ-
ɥɟɧɚ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɨɣ (ɪɢɫɭɧɨɤ 3) ɢ ɨɩɢɫɚɧɚ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɢɟɣ ɤɨɩɚɧɢɹ Д19Ж, ɞɨ-
ɩɨɥɧɟɧɧɨɣ ɂ.Ⱥ. ɇɟɞɨɪɟɡɨɜɵɦ Д20Ж ɢ ȼ.Ƚ. Ɂɟɞ-
ɝɟɧɢɡɨɜɵɦ Д14Ж. 

Ɇɨɦɟɧɬ ɫɢɥ, ɜɨɡɧɢɤɚɸɳɢɣ ɧɚ ɜɚɥɭ ɝɢɞɪɨ-
ɦɨɬɨɪɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɨɬ ɫɢɥ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɤɨɩɚɧɢɸ, ɨɩɪɟɞɟɥɹɟɬɫɹ Д13Ж: 

,41 ТFrM zM                         (23) 

ɝɞɟ zr  – ɪɚɞɢɭɫ ɡɜɟɡɞɨɱɤɢ ɪɚɛɨɱɟɝɨ ɨɪɝɚ-

ɧɚ; 4Т – ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬ ɧɨɲɟɧɢɟ ɪɟɞɭɤɬɨɪɚ, 

ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɦɟɠɞɭ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɢ 
ɝɢɞɪɨɦɨɬɨɪɨɦ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɦɟɬɨɞɚ ɩɨɞɤɨɧɫɬɪɭɤɰɢɣ ɪɚɡ-
ɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɢ ɚɥ-
ɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ 
ɦɚɲɢɧɵ, ɚ ɡɚɬɟɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɨɡɢɰɢɢ ɩɨ-
ɥɭɱɟɧɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɢɯ 
ɨɛɴɟɦɧɭɸ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ ɬɪɚɧɫɦɢɫɫɢɸ ɦɚ-
ɲɢɧɵ ɜ ɰɟɥɨɦ. 

Ƚɢɞɪɨɧɚɫɨɫɵ Д21, 22Ж ɩɪɟɞɫɬɚɜɥɟɧɵ ɭɪɚɜ-
ɧɟɧɢɹɦɢ: 

HOHHH qMPP /1  ;              (24) 

;
2
 ȽHH

H
qQ                      (25) 

,pH Т
Ⱦ

                           (26) 

 

 
 

Ɋɢɫ. 3. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  
ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɫ ɝɪɭɧɬɨɦ 

 

ɝɞɟ HQ  – ɩɨɞɚɱɚ ɧɚɫɨɫɚ; Hq – ɪɚɛɨɱɢɣ ɨɛɴɟɦ 

ɧɚɫɨɫɚ; H – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ ɧɚɫɨɫɚ; ɇM – 

ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɧɚɫɨɫɚ; HPP ,1 – ɞɚɜɥɟ-

ɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ; ȽɈɇ  ,  – 
ɄɉȾ ɧɚɫɨɫɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɴɟɦɧɵɣ ɢ ɝɢɞɪɨɦɟ-
ɯɚɧɢɱɟɫɤɢɣ; pТ  – ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɪɟɞɭɤ-

ɬɨɪɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɦɟɠɞɭ Ⱦȼɋ ɢ ɝɢɞɪɨɧɚɫɨ-
ɫɨɦ. 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɝɢɞɪɨɦɨɬɨɪɚ ɜ Д22Ж 
ɨɩɢɫɚɧɚ ɭɪɚɜɧɟɧɢɹɦɢ: 

;)( MMMMMCMHHɆɇM JPPОqM   (27) 

);2/( HMHOMMM ОqQ              (28)
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,
MH

M
M q

qО                           (29) 

ɝɞɟ MQ  – ɪɚɫɯɨɞ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨ-

ɪɚ; MHq – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɨɛɴɟɦ ɝɢɞ-

ɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ; Mq – ɪɚɛɨɱɢɣ ɨɛɴɟɦ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ; HО – ɩɚɪɚɦɟɬɪ ɪɟɝɭ-

ɥɢɪɨɜɚɧɢɹ M  – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɚɥɚ ɝɢɞ-

ɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ; MJ – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ 
ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɫɫ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ ɝɢɞ-
ɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ; MM – ɤɪɭɬɹɳɢɣ ɦɨ-
ɦɟɧɬ ɧɚ ɜɚɥɭ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɦɨɬɨɪɚ; 

MCMH PP , – ɞɚɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɜɯɨɞɟ 

ɢ ɜɵɯɨɞɟ; OMMM  , – ɄɉȾ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 
ɦɨɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɛɴɟɦɧɵɣ ɢ ɝɢɞɪɨɦɟ-
ɯɚɧɢɱɟɫɤɢɣ. 

Ƚɢɞɪɚɜɥɢɱɟɫɤɚɹ ɥɢɧɢɹ ɢɡ Д21Ж ɛɭɞɟɬ ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɭɪɚɜɧɟɧɢɹɦɢ: 

;ɍɉɊ
H

HM Ф
Нt
НP

QQ                 (30) 

,8
32
ɌɊ

ɌɊ
MH РН

yLPP



   

(31) 

ɝɞɟ HQ , MQ  – ɪɚɫɯɨɞɵ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɢɡ ɫɥɢɜɚ; 

HP – ɞɚɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɜɯɨɞɟ ɢ 

ɜɵɯɨɞɟ ɢɡ ɫɥɢɜɚ; ɌɊН – ɞɢɚɦɟɬɪ; ɌɊL – ɞɥɢɧɚ; 
y  – ɭɞɟɥɶɧɵɣ ɜɟɫ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ; ɍɉɊФ  - 

ɩɚɪɚɦɟɬɪ ɭɩɪɚɜɥɟɧɢɹ; Р  – ɭɫɤɨɪɟɧɢɟ ɫɜɨ-
ɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ. 

Ɍɨɝɞɚ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɨɟɞɢ-
ɧɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ 
ɢɡ Д23Ж ɩɨɥɭɱɢɦ ɜɵɪɚɠɟɧɢɹ: 
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ɝɞɟ ɌɋɋɌ ɊɊ ;1  – ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜɯɨɞ-

ɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɥɢɧɢɣ; 21 , ɋɌɋɌ QQ – ɪɚɫ-
ɯɨɞɵ ɠɢɞɤɨɫɬɢ ɜɯɨɞɧɵɯ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɥɢ-
ɧɢɣ; CɌɌɋ QP , – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɚɜɥɟɧɢɟ ɢ 
ɪɚɫɯɨɞ ɜ ɜɵɯɨɞɧɨɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɥɢɧɢɢ; 

21 , – ɤɨɷɮɮɢɰɢɟɧɬɵ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɨɩɪɨ-

ɬɢɜɥɟɧɢɣ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɥɢɧɢɣ: 21 ,SS – 
ɩɥɨɳɚɞɢ ɩɪɨɯɨɞɧɵɯ ɫɟɱɟɧɢɣ ɜɯɨɞɧɵɯ ɝɢɞ-
ɪɚɜɥɢɱɟɫɤɢɯ ɥɢɧɢɣ. 

Ɂɚɤɥɸɱɟɧɢɟ 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɫɨɫɬɚɜɥɟɧɚ ɨɛɨɛ-

ɳɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɛɨɱɟɝɨ 
ɩɪɨɰɟɫɫɚ ɰɟɩɧɨɝɨ ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ, 
ɪɟɚɥɢɡɨɜɚɧɧɚɹ ɜ ɫɪɟɞɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤ-
ɬɚ MATLAB ɜ ɩɚɤɟɬɧɨɦ ɪɚɫɲɢɪɟɧɢɢ SimulinФ, 
ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɋȺɉɊ 
ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɨɛɴɟɦɧɨɣ ɬɪɚɧɫɦɢɫɫɢɟɣ ɧɚ-
ɜɟɫɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɞɤɨɩɚ ɰɟɩɧɨɝɨ 
ɬɪɚɧɲɟɣɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ. 
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AЛstrКМt. TСО КrЭТМХО prОsОЧЭs К sОrТОs oП ЦКЭСО-

ЦКЭТМКХ ЦoНОХs oП ТЧНТЯТНЮКХ sЮЛsвsЭОЦs КЧН ЭСО КЧКХ-
вsТs oП ЭСО sТЦЮХКЭТoЧ МСКТЧ oП ЭrОЧМС ОбМКЯКЭor oЧ ЭСО 
ЛКsТs oП аСТМС ЭСО РОЧОrКХТгОН ЦКЭСОЦКЭТМКХ ЦoНОХ Эo 
НОЭОrЦТЧО ЭСО ФОв pКrКЦОЭОrs ТЧ ЭСО НОsТРЧ oП ЭСО 
МoЧЭroХ НОЯТМО ЯoХЮЦОЭrТМ СвНrКЮХТМ ЭrКЧsЦТssТoЧ oП 
КЭЭКМСЦОЧЭs НТРРТЧР ЮЧНОr К МСКТЧ oП ЭrОЧМС ОбМКЯК-
Эor. TСО sЮЛsЭКЧЭТКЭТoЧ oП МrТЭОrТoЧ oП ОППТМТОЧМв oП Кp-
pХТМКЭТoЧ oП МСКТЧ oП ЭrОЧМС ОбМКЯКЭor Пor ЭСО proМОss 
oП НТssОМЭТoЧ КЧН ЮЧНОrЦТЧТЧР oП ЭСО pТpОХТЧО. 

KОваШrНs: ЭrОЧМС МСКТЧ ОбМКЯКЭor, КЭЭКМСЦОЧЭs 
Пor НТРРТЧР pТpОХТЧОs, СТОrКrМСТМКХ sЭrЮМЭЮrО, sЭrЮМЭЮrКХ 
ОХОЦОЧЭ, ЦКЭСОЦКЭТМКХ ЦoНОХ. 
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mail: aСtulov-al1949@вanНОб.ru). 
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ɮɟɞɪɵ «Эɤɨɧɨɦɢɤɚ ɬɪɚɧɫɩɨɪɬɚ, ɥɨɝɢɫɬɢɤɚ ɢ 
ɭɩɪɚɜɥɟɧɢɟ ɤɚɱɟɫɬɜɨɦ» ɎȽȻɈɍ ȼɉɈ «ɈɦȽɍɉɋ» 
(644046, Ɉɦɫɤ, ɩɪ. Ɇɚɪɤɫɚ, 35; О-mail: 
aСtulova.luНm@вanНОб.ru). 

 
Ɉɫɢɬ ȼɟɪɨɧɢɤɚ Ⱥɥɟɤɫɚɧɞɪɨɜɧɚ (Ɋɨɫɫɢɹ, Ɉɦɫɤ) 

– ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮɟɞɪɵ «ɍɩɪɚɜɥɟɧɢɟ 
ɤɚɱɟɫɬɜɨɦ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ» 
ɎȽȻɈɍ ȼɉɈ «ɋɢɛȺȾИ» (644080, ɝ. Ɉɦɫɤ, ɩɪ. 
Ɇɢɪɚ, 5, О-mail: niФa-995@вanНОб.ru). 

 
AlОбОв L. AФСtulov (Russian FОНОration, OmsФ) – 

НoМtor oП tОМСniМal sМiОnМОs, proПОssor, Пull mОmЛОr oП 
tСО IntОrnational AМaНОmв oП autСors oП sМiОntiПiМ Нis-
МovОriОs anН invОntions anН tСО AМaНОmв oП qualitв 
proЛlОms, Honorarв аorФОr oП СiРСОr proПОssional 
ОНuМation, ProПОssor oП tСО DОpartmОnt "Cars anН 
rollinР stoМФ" OmsФ StatО Transport UnivОrsitв 
(644046, OmsФ, MarФsa 35; О-mail: aСtulov-
al1949@вanНОб.ru). 

 
LвuНmila N. AФСtulova (Russian FОНОration, 

OmsФ) – МanНiНatО oП tОМСniМal sМiОnМОs, assoМiatО 
ProПОssor oП "EМonomiМs oП transport, loРistiМs anН 
qualitв manaРОmОnt" OmsФ StatО Transport UnivОrsitв 
(644046, OmsФ, MarФsa 35; О-mail: 
aСtulova.luНm@вanНОб.ru).  

 
VОroniМa A. Osit (Russian FОНОration, OmsФ) – is 

tСО СiРСОst tОaМСОr ФaПОНrОв "Qualitв manaРОmОnt 
anН proНuМtion sвstОms" oП TСО SiЛОrian automoЛilО 
anН СiРСаaв aМaНОmв (SIBADI) (644080, Mira, 5; О-
mail: niФa-995@вanНОб.ru). 

 
 
 
 
 
 


