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ȼɜɟɞɟɧɢɟ 
 

Ɉɫɧɨɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɢ ɫɱɢɬɚɟɬɫɹ ɟɟ 
ɧɟɫɨɬɜɨɪɢɦɨɫɬɶ ɢ ɧɟɭɧɢɱɬɨɠɢɦɨɫɬɶ, ɤɨɬɨ-
ɪɵɟ ɫɨɫɬɚɜɥɹɸɬ ɫɭɬɶ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚ-
ɬɟɪɢɢ. Ɏɨɪɦɭɥɢɪɨɜɤɚ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚ-
ɬɟɪɢɢ, ɤɨɬɨɪɚɹ ɞɨɩɭɫɤɚɟɬ ɮɨɪɦɚɥɢɡɚɰɢɸ ɜ 
ɜɢɞɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɝɨ ɭɪɚɜɧɟɧɢɹ ɛɚɥɚɧɫɚ ɧɟ-
ɤɨɬɨɪɨɣ ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ, ɫɨɫɬɨɢɬ ɜ 
ɫɥɟɞɭɸɳɟɦ: ɤɨɥɢɱɟɫɬɜɨ ɥɸɛɨɣ ɫɭɛɫɬɚɧɰɢɢ, 

ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɞɚɧɧɨɦ ɨɛɴɟɦɟ ɫɪɟɞɵ, ɦɨ-
ɠɟɬ ɢɡɦɟɧɢɬɶɫɹ ɬɨɥɶɤɨ ɩɨɫɪɟɞɫɬɜɨɦ ɟɟ ɩɟɪɟ-
ɬɟɤɚɧɢɹ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɴɟɦɚ (ɢɡɜɧɟ ɢɥɢ 

ɧɚɪɭɠɭ) ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɜɧɭɬ-
ɪɟɧɧɟɝɨ ɢɫɬɨɱɧɢɤɚ (ɫɬɨɤɚ). ȼ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɣ ɡɚɩɢɫɢ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ ɞɥɹ ɜɟɥɢɱɢɧɵ 

ɩɥɨɬɧɨɫɬɢ f  ɢɦɟɟɬ ɜɢɞ 

,
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d
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ɝɞɟ F  – ɩɨɬɨɤ ɜɟɥɢɱɢɧɵ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ 
ɨɛɴɟɦɚ, ɚ j  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɷɬɨɣ 

ɜɟɥɢɱɢɧɵ.  

 

ɇɚɢɛɨɥɟɟ ɩɨɥɧɨ ɢ ɟɫɬɟɫɬɜɟɧɧɨ ɷɜɨɥɸɰɢɹ ɮɢ-

ɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜɵɪɚɠɚɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧ-

ɫɬɜɟ ɫɨɫɬɨɹɧɢɣ (ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ). ɉɪɢ 

ɷɬɨɦ ɞɜɢɠɟɧɢɸ ɫɢɫɬɟɦɵ ɜ ɮɢɡɢɱɟɫɤɨɦ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ ɨɬɜɟɱɚɟɬ ɞɜɢɠɟɧɢɟ ɧɟɤɨɬɨɪɨɣ ɮɚ-
ɡɨɜɨɣ ɫɪɟɞɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ. ȼɨɡ-
ɧɢɤɚɟɬ ɜɨɩɪɨɫ, ɦɨɠɧɨ ɥɢ ɩɪɢɦɟɧɹɬɶ ɡɚɤɨɧ 

ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɢ ɜ ɷɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, 
ɬɟɦ ɛɨɥɟɟ, ɱɬɨ ɮɚɡɨɜɚɹ ɫɪɟɞɚ ɩɨ ɜɫɟɦ ɮɨɪ-
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ɦɚɥɶɧɵɦ ɩɪɢɡɧɚɤɚɦ ɦɨɠɟɬ ɧɟ ɨɬɥɢɱɚɬɶɫɹ ɨɬ 
ɦɚɬɟɪɢɚɥɶɧɨɣ, ɞɚ ɢ ɫ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɧɟɬ ɧɢɤɚɤɢɯ ɩɪɟɩɹɬɫɬɜɢɣ ɤ ɬɨɦɭ.  

 

ɉɨɫɤɨɥɶɤɭ ɧɚɲɢ ɡɧɚɧɢɹ ɨɝɪɚɧɢɱɟɧɵ ɢɞɟɹɦɢ, 

ɩɨɥɭɱɟɧɧɵɦɢ ɢɡ ɨɩɵɬɚ, ɬɨ ɧɟɬ ɨɫɧɨɜɚɧɢɣ 

ɫɱɢɬɚɬɶ, ɱɬɨ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɡɚɤɨɧɵ ɟɫɬɟɫɬɜɨ-
ɡɧɚɧɢɹ ɧɟ ɹɜɥɹɸɬɫɹ ɬɚɤɠɟ ɡɚɤɨɧɚɦɢ ɞɢɚɥɟɤ-
ɬɢɱɟɫɤɨɣ ɥɨɝɢɤɢ – ɭɱɟɧɢɹ ɨ ɡɚɤɨɧɚɯ ɢ ɮɨɪɦɚɯ 
ɨɬɪɚɠɟɧɢɹ ɜ ɦɵɲɥɟɧɢɢ ɪɚɡɜɢɬɢɹ ɨɛɴɟɤɬɢɜɧɨ-
ɝɨ ɦɢɪɚ ɢ ɩɨɡɧɚɧɢɹ. Ɍɨ ɟɫɬɶ ɨɧɢ ɞɨɥɠɧɵ ɪɚɫ-
ɩɪɨɫɬɪɚɧɹɬɶɫɹ ɢ ɧɚ ɚɛɫɬɪɚɤɬɧɵɟ ɨɛɴɟɤɬɵ, ɤɨ-
ɬɨɪɵɟ ɨɬɪɚɠɚɸɬ ɫɜɨɣɫɬɜɚ ɪɟɚɥɶɧɵɯ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ȼ ɪɚɛɨɬɟ [1] ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɪɨɥɢ, ɤɨɬɨɪɭɸ 

ɢɝɪɚɸɬ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɡɚɤɨɧɵ ɩɪɢɪɨɞɵ ɜ 
ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɟ, ɢɯ ɜɡɚɢɦɨɫɜɹɡɶ ɫ ɨɛɳɢ-

ɦɢ ɢ ɱɚɫɬɧɵɦɢ ɡɚɤɨɧɚɦɢ ɮɢɡɢɤɢ. Ɋɚɫɫɦɨɬɪɟ-
ɧɵ ɪɚɡɥɢɱɧɵɟ ɮɨɪɦɭɥɢɪɨɜɤɢ ɡɚɤɨɧɚ ɫɨɯɪɚ-
ɧɟɧɢɹ ɦɚɬɟɪɢɢ ɢ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɭɪɚɜɧɟɧɢɣ 

ɛɚɥɚɧɫɚ ɮɢɡɢɱɟɫɤɢɯ ɫɭɛɫɬɚɧɰɢɣ ɤɚɤ ɫɩɨɫɨɛɵ 

ɮɨɪɦɚɥɢɡɚɰɢɢ ɩɨɫɥɟɞɧɟɝɨ. Ɉɛɨɫɧɨɜɚɧɚ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ 
ɦɚɬɟɪɢɢ ɜ ɚɛɫɬɪɚɤɬɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ. 
 

ȼ ɪɚɛɨɬɟ [2] ɩɨɥɭɱɟɧɵ ɤɚɧɨɧɢɱɟɫɤɢɟ ɭɪɚɜɧɟ-
ɧɢɹ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɜ ɮɚɡɨɜɨɦ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ ɧɚ ɨɫɧɨɜɟ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟ-
ɪɢɢ. ɉɨɤɚɡɚɧɵ ɩɪɟɢɦɭɳɟɫɬɜɚ ɦɚɬɪɢɱɧɨɝɨ  
ɮɨɪɦɚɥɢɡɦɚ ɩɪɢ ɪɚɛɨɬɟ ɜ ɦɧɨɝɨɦɟɪɧɵɯ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚɯ.  
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ 
ɭɪɚɜɧɟɧɢɣ ɷɥɟɤɬɪɨɞɢɧɚɦɢɤɢ ɢɡ ɩɪɢɧɰɢɩɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ ɢ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟ-
ɪɢɢ. Ⱦɜɢɠɟɧɢɟ ɱɚɫɬɢɰɵ ɡɚɪɹɠɟɧɧɨɣ ɫɪɟɞɵ  

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɞɜɢɠɟɧɢɟ  ɠɢɞɤɨɫɬɢ ɜ 
ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɦɟɬɪɢ-

ɤɨɣ. ȿɫɬɟɫɬɜɟɧɧɚɹ ɦɟɬɪɢɤɚ ɨɬɜɟɱɚɟɬ ɦɟɬɪɢɤɟ 
ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɢ-

ɰɭ ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ. ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ 
ɮɚɡɨɜɨɣ ɠɢɞɤɨɫɬɢ ɩɨɥɭɱɚɸɬɫɹ ɢɡ ɡɚɤɨɧɚ ɫɨ-
ɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɢ ɜ ɜɢɞɟ ɭɪɚɜɧɟɧɢɹ ɛɚɥɚɧɫɚ.  
 

ɍɪɚɜɧɟɧɢe ɞɜɢɠɟɧɢɹ ɡɚɪɹɠɟɧɧɨɣ ɱɚɫɬɢɰɵ 

ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
 

Ɋɚɫɫɦɨɬɪɢɦ ɦɟɯɚɧɢɤɭ, ɜ ɤɨɬɨɪɨɣ ɫɤɨɪɨɫɬɶ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɢɦɟɟɬ ɦɚɤ-
ɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɱɬɨ ɜɩɨɥɧɟ ɟɫɬɟɫɬɜɟɧɧɨ 
ɫ ɧɚɭɱɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɮɢ-

ɡɢɤɟ ɷɬɨ ɬɪɟɛɨɜɚɧɢɟ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜ ɜɢɞɟ 
ɩɪɢɧɰɢɩɚ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. 

 

ɋɨɝɥɚɫɧɨ ɩɪɢɧɰɢɩɭ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ ɜɟɥɢ-

ɱɢɧɚ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɤɚɤ ɨɞɢɧ ɢɡ ɡɚɤɨɧɨɜ ɩɪɢɪɨɞɵ ɨɞɢɧɚɤɨ-
ɜɚ ɜɨ ɜɫɟɯ ɢɧɟɪɰɢɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɨɬɫɱɟɬɚ, 
ɬɨ ɟɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɧɢɜɟɪɫɚɥɶɧɭɸ 

ɩɨɫɬɨɹɧɧɭɸ. ɗɬɨɣ ɫɤɨɪɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɫɤɨ-
ɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɜɟɬɚ ɜ ɩɭɫɬɨɬɟ . 

 

ɉɪɢɧɰɢɩ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ ɜ ɦɟɯɚɧɢɤɟ ɦɨɠɧɨ 
ɭɱɟɫɬɶ, ɟɫɥɢ ɩɟɪɟɣɬɢ ɤ ɱɟɬɵɪёɯɦɟɪɧɨɦɭ ɮɢ-

ɡɢɱɟɫɤɨɦɭ ɩɪɨɫɬɪɚɧɫɬɜɭ Ɇɢɧɤɨɜɫɤɨɝɨ, ɝɞɟ 
ɱɟɬɜɟɪɬɚɹ ɞɟɤɚɪɬɨɜɚɹ ɤɨɨɪɞɢɧɚɬɚ 0x  ɪɚɜɧɚ 
ct . 

 

ɂɧɬɟɪɜɚɥ ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ 

ɩɨɥɨɠɟɧɢɹɦɢ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɜ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ Ɇɢɧɤɨɜɫɤɨɝɨ (ɦɢɪɨɜɵɦɢ ɬɨɱɤɚɦɢ) 

ɟɫɬɟɫɬɜɟɧɧɨ ɜɵɛɪɚɬɶ ɜ ɜɢɞɟ 
 

2 2 2 2 2
0 1 2 3 ,dl d d dx dx dx dx    xI x  

 

ɝɞɟ dx  – ɫɬɨɥɛɟɰ, ɫɨɫɬɚɜɥɟɧɧɵɣ ɢɡ ɞɢɮɮɟ-
ɪɟɧɰɢɚɥɨɜ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ, ɟɫɥɢ ɫɬɨɢɬ ɫɩɪɚ-
ɜɚ ɜ ɩɪɨɢɡɜɟɞɟɧɢɢ, ɢɥɢ ɫɬɪɨɤɚ, ɟɫɥɢ ɫɬɨɢɬ 
ɫɥɟɜɚ, I  – ɦɚɬɪɢɰɚ ɜɢɞɚ 
 

1 0 0 0

0 1 0 0
.

0 0 1 0

0 0 0 1

       
I  

 

Ɂɧɚɤ «+» ɩɟɪɟɞ 2
0dx  ɨɬɜɟɱɚɟɬ ɬɨɦɭ ɨɛɫɬɨɹ-

ɬɟɥɶɫɬɜɭ, ɱɬɨ ɦɚɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ ɦɨɠɟɬ ɜ 
ɪɚɡɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɡɚɧɢɦɚɬɶ ɨɞɧɨ ɢ ɬɨ 
ɠɟ ɩɨɥɨɠɟɧɢɟ ɜ ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɬɨ 

ɟɫɬɶ ɤɜɚɞɪɚɬ ɢɧɬɟɪɜɚɥɚ ɦɟɠɞɭ ɟɟ ɩɨɥɨɠɟɧɢ-

ɹɦɢ ɜ ɱɟɬɵɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɨɥɠɟɧ 

ɛɵɬɶ  ɩɨɥɨɠɢɬɟɥɶɧɵɦ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ,  

ɦɚɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ ɧɟ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɨɞ-

ɧɨɜɪɟɦɟɧɧɨ ɜ ɞɜɭɯ ɬɨɱɤɚɯ ɬɪɟɯɦɟɪɧɨɝɨ ɩɪɨ-
ɫɬɪɚɧɫɬɜɚ, ɩɨɷɬɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɜɚɞ-
ɪɚɬ ɢɧɬɟɪɜɚɥɚ ɨɬɪɢɰɚɬɟɥɶɧɵɣ, ɬɨ ɟɫɬɶ 
ɧɟɮɢɡɢɱɧɵɣ. 

 

ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ 
ɞɜɭɦɹ ɦɢɪɨɜɵɦɢ ɬɨɱɤɚɦɢ ɹɜɥɹɟɬɫɹ ɦɢɪɨɜɵɦ 

ɫɤɚɥɹɪɨɦ, ɦɨɠɧɨ ɨɛɪɚɡɨɜɚɬɶ ɧɨɜɵɣ ɦɢɪɨɜɨɣ 

ɫɤɚɥɹɪ   ɩɨ ɮɨɪɦɭɥɟ 
 

  2
2

2
,

dl
d

c
   
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ɝɞɟ d  ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɛɟɫɤɨɧɟɱɧɨ 
ɦɚɥɵɣ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ, ɢɡɦɟɪɹɟɦɵɣ ɩɨ 
ɱɚɫɚɦ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫ ɢɧɟɪɰɢɚɥɶɧɨɣ ɫɢ-

ɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ, ɞɜɢɠɭɳɟɣɫɹ ɜ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɫɨ ɫɤɨɪɨɫɬɶɸ ɬɨɱɤɢ (ɫɨɛ-
ɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɤɨɨɪɞɢɧɚɬ).  
 

ɂɧɬɟɪɜɚɥ ɦɟɠɞɭ ɛɥɢɠɚɣɲɢɦɢ ɩɨɥɨɠɟɧɢɹɦɢ 

ɫɢɫɬɟɦɵ n  ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɨɧɮɢɝɭɪɚɰɢɣ ɦɨɠɧɨ ɜɜɟɫɬɢ, 

ɢɫɩɨɥɶɡɭɹ ɤɜɚɞɪɚɬɢɱɧɭɸ ɮɨɪɦɭ 
 

2 ,dl d d xM x  

 

ɝɞɟ dx  – ɫɬɨɥɛɟɰ ɢɥɢ ɫɬɪɨɤɚ ɢɡ 4n  ɤɨɨɪɞɢ-

ɧɚɬ ɬɨɱɟɤ ɫɢɫɬɟɦɵ, ɚ M  – ɞɢɚɝɨɧɚɥɶɧɚɹ ɦɚɬ-
ɪɢɰɚ ɪɚɡɦɟɪɨɦ 4 4n n , ɫɨɫɬɨɹɳɚɹ ɢɡ ɛɥɨɤɨɜ 

k
m I , ɝɞɟ km  – ɦɚɫɫɚ k -ɬɨɣ ɦɚɬɟɪɢɚɥɶɧɨɣ 

ɬɨɱɤɢ ɜ ɫɨɛɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 
(ɦɚɫɫɚ ɩɨɤɨɹ). 
 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɜɟɞɟɧɧɵɣ ɬɚɤɢɦ ɨɛ-

ɪɚɡɨɦ ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ 

ɩɨɥɨɠɟɧɢɹɦɢ ɢɡɨɛɪɚɠɚɸɳɟɣ ɬɨɱɤɢ ɜ ɮɚɡɨ-
ɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɟɫɬɟ-
ɫɬɜɟɧɧɚɹ ɦɟɬɪɢɤɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɤɨɧɮɢɝɭɪɚ-
ɰɢɣ, ɤɨɬɨɪɚɹ ɢɡɧɚɱɚɥɶɧɨ ɨɬɪɚɠɚɟɬ ɫɜɨɣɫɬɜɚ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 

 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɬɚɤɠɟ  ɦɨɠɧɨ ɨɛɪɚɡɨɜɚɬɶ 
ɦɢɪɨɜɨɣ ɫɤɚɥɹɪ   ɩɨ ɮɨɪɦɭɥɟ 
 

  2
2

2
,

dl
d

mc
   

 

ɝɞɟ m  – ɦɚɫɫɚ ɩɨɤɨɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

(ɫɭɦɦɚ ɦɚɫɫ ɩɨɤɨɹ ɜɫɟɯ ɬɨɱɟɤ ɫɢɫɬɟɦɵ), ɚ d  

ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɣ 

ɢɧɬɟɪɜɚɥ ɫɨɛɫɬɜɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɫɢɫɬɟɦɵ ɦɚ-
ɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ ɜ 4n -ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɤɨɧɮɢɝɭɪɚɰɢɣ. 

 

ɂɧɬɟɪɜɚɥ ɦɟɠɞɭ ɛɥɢɠɚɣɲɢɦɢ ɩɨɥɨɠɟɧɢɹɦɢ 

ɫɢɫɬɟɦɵ n  ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ ɜ 
ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɨɥɭɱɢɦ, ɟɫɥɢ ɜɨɡɶ-
ɦɟɦ ɩɪɨɢɡɜɨɞɧɭɸ ɩɨ ɜɪɟɦɟɧɢ ɨɬ ɦɟɬɪɢɤɢ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɤɨɧɮɢɝɭɪɚɰɢɣ, ɨɬɛɪɨɫɢɜ ɩɨ-
ɫɬɨɹɧɧɵɣ ɦɧɨɠɢɬɟɥɶ 
 

2 ,ds d d d d xM x x p  

 

ɝɞɟ d dp M x  – ɫɬɨɥɛɟɰ ɞɢɮɮɟɪɟɧɰɢɚɥɨɜ 
ɢɦɩɭɥɶɫɨɜ ɬɨɱɟɤ.  

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ dx  

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɨɥɛɟɰ (ɫɬɪɨɤɭ), ɫɨɫɬɚɜ-
ɥɟɧɧɵɣ ɢɡ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɤɨɨɪɞɢɧɚɬ ɢ ɢɦɩɭɥɶɫɨɜ ɬɨɱɟɤ, ɩɨɥɭɱɚɟɦ 

 
2 ,ds d d xG x  

 

ɝɞɟ G  ɢɝɪɚɟɬ ɪɨɥɶ ɦɟɬɪɢɱɟɫɤɨɝɨ ɬɟɧɡɨɪɚ, 
ɤɨɬɨɪɨɦɭ ɨɬɜɟɱɚɟɬ ɦɚɬɪɢɰɚ 
 

,
    

O E
G

E O
 

 

ɝɞɟ O  ɢ E  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɭɥɟɜɚɹ ɢ ɟɞɢ-

ɧɢɱɧɚɹ ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɨɦ 4n  ɧɚ 4n .   

 

Ɋɚɫɫɦɨɬɪɢɦ ɞɜɢɠɟɧɢɟ ɫɢɫɬɟɦɵ ɦɚɬɟɪɢɚɥɶ-
ɧɵɯ ɬɨɱɟɤ ɜ  ɩɪɨɫɬɪɚɧɫɬɜɟ-ɜɪɟɦɟɧɢ ɤɚɤ ɞɜɢ-

ɠɟɧɢɟ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ. Ɋɚɡɨɛɶɟɦ ɫɪɟɞɭ ɧɚ 
ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɟ ɨɛɴɟɦɵ, ɤɨɬɨɪɵɦ ɛɭɞɭɬ 
ɨɬɜɟɱɚɬɶ ɬɨɱɤɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ, ɨɛɪɚɡɭɸɳɢ-

ɦɢ ɜɟɤɬɨɪ q . Ɇɟɠɞɭ ɩɨɥɨɠɟɧɢɟɦ ɬɨɱɤɢ ɫɪɟ-
ɞɵ ɢ ɩɨɥɨɠɟɧɢɟɦ ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ, ɢɡ 
ɤɨɬɨɪɵɯ ɨɧɚ ɫɨɫɬɨɢɬ, ɫɭɳɟɫɬɜɭɟɬ ɧɟɚɧɚɥɢɬɢ-

ɱɟɫɤɚɹ, ɬɨ ɟɫɬɶ ɡɚɜɢɫɹɳɚɹ ɨɬ ɡɚɤɨɧɚ ɞɜɢɠɟ-
ɧɢɹ ɬɨɱɟɤ, ɫɜɹɡɶ   
   ,x x q  

 

ɝɞɟ x – ɫɬɪɨɤɚ (ɫɬɨɥɛɟɰ), ɫɨɫɬɚɜɥɟɧɧɚɹ ɢɡ ɤɨ-
ɨɪɞɢɧɚɬ ɬɨɱɟɤ ɱɚɫɬɢɰɵ ɫɪɟɞɵ.  

 

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɫɨɛɫɬɜɟɧɧɵɦ ɜɪɟɦɟɧɟɦ 

ɱɚɫɬɢɰɵ  , ɦɨɠɧɨ ɨɛɪɚɡɨɜɚɬɶ ɱɟɬɵɪёɯɦɟɪ-
ɧɵɣ ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɬɨɱɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɚɛɥɸɞɚɬɟɥɹ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɨɣ 

ɫ ɱɚɫɬɢɰɟɣ  

 

  ,
i

i i i
i i

d d dx d
x x

d d d d
     

r e
e e  

 

ɝɞɟ ie  – ɨɪɬɵ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɫɜɹɡɚɧɧɨɣ 

ɫ ɧɚɛɥɸɞɚɬɟɥɟɦ; 
i

i

dx

d e  – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ 

ɬɨɱɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɛɥɸɞɚɬɟɥɹ, ɟɫɥɢ ɟɟ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɫɨɛɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪ-

ɞɢɧɚɬ ɱɚɫɬɢɰɵ ɜɟɳɟɫɬɜɚ; i id
x

d
e

 – ɩɟɪɟɧɨɫɧɚɹ 

ɫɤɨɪɨɫɬɶ, ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ ɩɨɜɨɪɨɬɨɦ ɫɢ-

ɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɧɚɛɥɸɞɚɬɟɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɱɚɫɬɢɰɵ. 

Ɍɨɝɞɚ ɫɤɨɪɨɫɬɢ ɬɨɱɟɤ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɢ-
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ɰɭ ɫɪɟɞɵ, ɢ ɫɚɦɨɣ ɱɚɫɬɢɰɵ ɫɪɟɞɵ ɛɭɞɭɬ ɫɜɹ-
ɡɚɧɵ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

 

  ,  
x

v x q a q
q

  

 

ɝɞɟ 
r

q
 – ɦɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ 

ɪɚɡɦɟɪɨɦ 4  ɧɚ 4n ;  a q – ɩɟɪɟɧɨɫɧɚɹ ɫɤɨ-
ɪɨɫɬɶ.  
 

ɂɧɬɟɪɜɚɥ ɦɟɠɞɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɩɨɥɨ-
ɠɟɧɢɹɦɢ ɱɚɫɬɢɰɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɨɧɮɢɝɭ-
ɪɚɰɢɣ  ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

 
2 ,dl d d qI q  

 

ɝɞɟ ɪɨɥɶ ɦɟɬɪɢɱɟɫɤɨɝɨ ɬɟɧɡɨɪɚ ɢɝɪɚɟɬ ɦɚɬ-
ɪɢɰɚ 
 

.
   
x x

I M
q q

 

 

ɂɧɬɟɪɜɚɥ ɜ  ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ  
 

2

.

ds d d d d d d

d d

                
           

x x x
q p q p q Mv

q q q

x x x
q M q Ma

q q q


 

 

ȼɵɪɚɠɟɧɢɟ ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ, ɟɫɥɢ ɜɜɟɫɬɢ 

ɦɟɬɪɢɱɟɫɤɢɣ ɬɟɧɡɨɪ  
 

,
dm

 I
g  

 

ɝɞɟ dm  – ɦɚɫɫɚ ɩɨɤɨɹ ɱɚɫɬɢɰɵ ɫɪɟɞɵ, ɩɨɬɟɧ-

ɰɢɚɥ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ A  ɜ ɫɨɨɬɜɟɬ-
ɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ 

 

,
de

c

 
x

A Ma
q

 

 

ɝɞɟ de  – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ ɱɚɫɬɢɰɵ 

(ɧɚɥɢɱɢɟ ɪɚɡɦɟɪɧɨɣ ɤɨɧɫɬɚɧɬɵ ɫɜɹɡɚɧɨ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɝɚɭɫɫɨɜɨɣ ɫɢɫɬɟɦɵ ɟɞɢɧɢɰ ɢɡ-
ɦɟɪɟɧɢɹ ɩɨɥɹ) ɢ ɢɦɩɭɥɶɫ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɤɨɧɮɢɝɭɪɚɰɢɣ ɱɚɫɬɢɰɵ  

 

.
de

dm
c

 p gq A  

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɮɨɪɦɭɥɵ ɞɥɹ ɩɨɬɟɧɰɢɚɥɚ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ A , ɨɧ ɧɟɩɨɫɪɟɞ-

ɫɬɜɟɧɧɨ ɫɜɹɡɚɧ ɫ ɩɟɪɟɧɨɫɧɨɣ ɫɤɨɪɨɫɬɶɸ  a q , ɤɨɬɨɪɚɹ ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ ɩɨɜɨɪɨɬɚ ɫɢ-

ɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɧɚɛɥɸɞɚɬɟɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɨɩɭɬɫɬɜɭɸɳɟɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɱɚɫɬɢɰɵ, 

ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɟɟɬ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ 

ɩɪɢɪɨɞɭ. ɇɨ ɜɡɚɢɦɧɵɣ ɩɨɜɨɪɨɬ ɫɨɩɭɬɫɬɜɭɸ-

ɳɟɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ  ɢ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢ-

ɧɚɬ ɧɚɛɥɸɞɚɬɟɥɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ-ɜɪɟɦɟɧɢ 

ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 

ɞɜɢɠɟɧɢɹ  ɫɨɩɭɬɫɬɜɭɸɳɟɣ  ɫɢɫɬɟɦɵ ɤɨɨɪɞɢ-

ɧɚɬ ɜ ɬɪɟɯɦɟɪɧɨɦ ɮɢɡɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɬɟɧɰɢɚɥ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨ-
ɝɨ ɩɨɥɹ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɬɚɤɠɟ ɦɟɪɨɣ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɨɟ ɜɵɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɫɤɨ-
ɪɨɫɬɢ ɱɚɫɬɢɰɵ. 

 

ɉɟɪɟɯɨɞɹ ɜ ɮɚɡɨɜɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɩɨɥɭɱɚɟɦ 
 

2 ,ds d d xG x  
 

ɝɞɟ G  ɢɝɪɚɟɬ ɪɨɥɶ ɦɟɬɪɢɱɟɫɤɨɝɨ ɬɟɧɡɨɪɚ, 
ɤɨɬɨɪɨɦɭ ɨɬɜɟɱɚɟɬ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ 8 ɧɚ 8 

ɜɢɞɚ 
 

.
    

O E
G

E O
 

 

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɱɚɫɬɢɰɭ ɫɪɟɞɵ ɤɚɤ ɤɨɧ-

ɫɟɪɜɚɬɢɜɧɭɸ ɫɢɫɬɟɦɭ, ɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 
ɟɣ ɮɚɡɨɜɚɹ ɠɢɞɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɧɟɫɠɢɦɚɟɦɨɣ 

ɢ ɞɢɜɟɪɝɟɧɰɢɹ ɫɤɨɪɨɫɬɢ ɮɚɡɨɜɨɣ ɠɢɞɤɨɫɬɢ 

ɪɚɜɧɚ ɧɭɥɸ, ɬ.ɟ.   
 

0.
  x
x

  

 

ȼɵɛɢɪɚɹ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɚɧɰɢɢ ɩɪɨɢɡɜɟɞɟ-
ɧɢɟ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ ɱɚɫɬɢ-

ɰɵ ɮɚɡɨɜɨɣ ɠɢɞɤɨɫɬɢ ɧɚ ɟɟ ɨɛɴɟɦ, ɡɚɩɢɲɟɦ 

ɞɥɹ ɧɟɟ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ 
 

  .
d

dV dV dV d
d

    x x x H S J  

 

Ɋɚɡɞɟɥɢɜ ɨɛɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ ɧɚ ɨɛɴɟɦ ɱɚ-
ɫɬɢɰɵ dV , ɩɨɥɭɱɚɟɦ  

 

,
    x x x H j
x x

   

 

ɝɞɟ  H
x

 – ɞɢɜɟɪɝɟɧɰɢɹ ɬɟɧɡɨɪɚ H  ɪɚɡɦɟɪɨɦ 

8 ɧɚ 8, j  – ɜɟɤɬɨɪ ɢɫɬɨɱɧɢɤɚ.   
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Ʉɨɧɤɪɟɬɧɵɣ ɜɢɞ ɦɚɬɪɢɰɵ H  ɢ ɜɟɤɬɨɪɚ j  

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɫɯɨɞɹ ɢɡ ɨɞɧɨɪɨɞɧɨɫɬɢ  

ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ 

ɭɪɚɜɧɟɧɢɣ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɜɵɛɨɪɭ ɩɨɪɹɞɤɚ  
ɤɨɨɪɞɢɧɚɬ, ɚ ɬɚɤɠɟ ɢɦɟɹ ɜ ɜɢɞɭ ɤɨɧɫɟɪɜɚɬɢɜ-
ɧɵɣ ɯɚɪɚɤɬɟɪ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Ɍɚɤ, 
ɨɞɧɨɪɨɞɧɨɫɬɶ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɡɧɚɱɚ-
ɟɬ ɨɬɫɭɬɫɬɜɢɟ ɢɫɬɨɱɧɢɤɚ ɜ ɭɪɚɜɧɟɧɢɢ ɞɜɢɠɟ-
ɧɢɹ. ɂɡ ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɦɚɬ-
ɪɢɰɵ H , ɞɟɣɫɬɜɢɬɟɥɶɧɨ  
 

0.
     x H
x x x

  

 

Ⱦɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɫɤɚɥɹɪɚ 
 

d d
 xG x HG x
x

  

 

ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɦɚɬɪɢɰɚ HG  ɛɵɥɚ ɞɢɚ-
ɝɨɧɚɥɶɧɨɣ, ɚ ɦɚɬɪɢɰɚ H  ɢɦɟɥɚ ɫɨɨɬɜɟɬ-
ɫɬɜɟɧɧɨ ɤɥɟɬɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ 
 

,
    

O D
H

D O
 

 

 ɝɞɟ O  ɢ D  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɭɥɟɜɚɹ ɢ ɞɢɚ-
ɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɵ ɪɚɡɦɟɪɨɦ 4 ɧɚ 4.   

 

Ɍɚɤ ɤɚɤ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɧɟ ɞɨɥɠɧɵ ɡɚ-
ɜɢɫɟɬɶ ɨɬ ɜɵɛɨɪɚ ɩɨɪɹɞɤɚ ɤɨɨɪɞɢɧɚɬ ɱɚɫɬɢ-

ɰɵ, ɬɨ ɜɫɟ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ D  ɞɨɥɠɧɵ 

ɛɵɬɶ ɨɞɢɧɚɤɨɜɵɦɢ ɢ ɪɚɜɧɵɦɢ .H  

 

ɉɨɞɫɬɚɜɥɹɟɦ ɦɚɬɪɢɰɭ H  ɜ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟ-
ɧɢɹ ɢ ɩɨɥɭɱɚɟɦ 

 

,
H x B
x

  

 

ɝɞɟ H
x

 – ɝɪɚɞɢɟɧɬ ɮɭɧɤɰɢɢ H  ɜ ɮɚɡɨɜɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ, ɚ ɦɚɬɪɢɰɚ B – ɚɧɬɢɫɢɦɦɟɬɪɢɱ-
ɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ 8 ɧɚ 8, ɤɨɬɨɪɚɹ ɢɦɟɟɬ 
ɤɥɟɬɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ 
 

,
    

O E
B

E O
 

 

ɝɞɟ O  ɢ E  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɭɥɟɜɚɹ ɢ ɟɞɢ-

ɧɢɱɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ 4 ɧɚ 4.  

 

ȿɫɥɢ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɧɚ  
ɩɪɨɫɬɪɚɧɫɬɜɨ ɤɨɧɮɢɝɭɪɚɰɢɣ ɢ ɧɚ ɩɪɨɫɬɪɚɧ-

ɫɬɜɨ ɢɦɩɭɥɶɫɨɜ ɱɚɫɬɢɰɵ, ɬɨ ɩɨɥɭɱɢɦ ɤɚɧɨ-
ɧɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ 
 

,

.

H

H

 
  

q
p

p
q




 

 

Ɏɭɧɤɰɢɹ Ƚɚɦɢɥɶɬɨɧɚ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɚ ɢɦɟɬɶ 
ɜɢɞ 

 

1
,

2

de de
H

dm c c

           
1

p A g p A  

 

ɝɞɟ    ,g q A q  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɟɧɡɨɪ-
ɧɵɣ ɢ ɜɟɤɬɨɪɧɵɣ  ɩɨɬɟɧɰɢɚɥɵ. 

 

ɉɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɤɚɤ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɫɪɟɞɵ ɜ ɷɣɥɟɪɨɜɨɦ 

ɩɪɟɞɫɬɚɜɥɟɧɢɢ. ɉɨɞɫɬɚɜɥɹɹ ɜ ɧɟɝɨ ɮɭɧɤɰɢɸ 

Ƚɚɦɢɥɶɬɨɧɚ ɢ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɢɦɩɭɥɶɫɚ ɱɚ-
ɫɬɢɰɵ, ɚ ɬɚɤɠɟ ɪɚɡɞɟɥɢɜ ɟɝɨ ɧɚ ɫɨɛɫɬɜɟɧɧɵɣ 

ɨɛɴɟɦ ɱɚɫɬɢɰɵ, ɩɨɥɭɱɚɟɦ 

 

1 ,
c

       
u

u u g Fu
q

 

 

ɝɞɟ    
A A

F E
q q

 – ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɵɣ ɬɟɧ-

ɡɨɪ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ɡɞɟɫɶ E  – ɟɞɢ-

ɧɢɱɧɚɹ ɦɚɬɪɢɰɚ, ɤɨɬɨɪɚɹ ɢɝɪɚɟɬ ɪɨɥɶ ɨɩɟɪɚ-
ɬɨɪɚ ɬɪɚɧɫɩɨɧɢɪɨɜɚɧɢɹ); 

1 21

2

           
g g g

g E E
q q q

– ɫɢɦɜɨɥ Ɋɢɦɚ-

ɧɚ-Ʉɪɢɫɬɨɮɟɥɹ;   – ɫɨɛɫɬɜɟɧɧɚɹ  ɦɚɫɫɨɜɚɹ 
ɩɥɨɬɧɨɫɬɶ ɱɚɫɬɢɰɵ;   – ɫɨɛɫɬɜɟɧɧɚɹ ɩɥɨɬ-
ɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɡɚɪɹɞɚ; u q  – ɫɤɨ-
ɪɨɫɬɶ  ɱɚɫɬɢɰɵ.  

 

ɉɟɪɟɯɨɞɹ ɨɬ ɩɫɟɜɞɨɷɜɤɥɢɞɨɜɨɣ ɤ ɟɫɬɟɫɬɜɟɧ-

ɧɨɣ ɦɟɬɪɢɤɟ, ɬ.ɟ. ɫɱɢɬɚɹ ɤɨɨɪɞɢɧɚɬɵ ɱɚɫɬɢɰɵ 

ɤɪɢɜɨɥɢɧɟɣɧɵɦɢ, ɜɜɟɞɟɦ ɨɩɟɪɚɬɨɪ ɝɪɚɞɢɟɧɬɚ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ 

       .
d

d

  q q
 

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ  ɩɪɢɧɢ-

ɦɚɟɬ ɨɫɨɛɟɧɧɨ ɩɪɨɫɬɨɣ ɜɢɞ, ɤɨɬɨɪɵɣ ɧɟ ɡɚɜɢ-
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ɫɢɬ ɨɬ ɜɵɛɨɪɚ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɢ ɩɨɡɜɨɥɹ-
ɟɬ ɨɩɪɟɞɟɥɢɬɶ ɡɚɤɨɧ ɞɜɢɠɟɧɢɹ ɫɪɟɞɵ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ  ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 
 

1 ,
c

 u g Fu  

 

ɝɞɟ d d

d d
 A A

F E
q q

. 

 

ɍɪɚɜɧɟɧɢɟ ɞɥɹ ɬɟɧɡɨɪɚ  
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɪɟɲɢɬɶ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɞɢ-

ɧɚɦɢɤɢ, ɬ.ɟ. ɨɩɪɟɞɟɥɢɬɶ ɬɟɧɡɨɪ ɷɥɟɤɬɪɨɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɥɹ ɩɨ ɡɚɤɨɧɭ ɞɜɢɠɟɧɢɹ ɫɪɟɞɵ, 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɡɚɤɨɧɨɦ ɫɨɯɪɚɧɟɧɢɹ ɷɥɟɤɬɪɢ-

ɱɟɫɤɨɝɨ ɡɚɪɹɞɚ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ 
ɜɢɞɟ ɭɪɚɜɧɟɧɢɹ ɧɟɪɚɡɪɵɜɧɨɫɬɢ ɜ ɩɫɟɜɞɨ-
ɷɜɤɥɢɞɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ-ɜɪɟɦɟɧɢ 

 

  0.
   u
q

 

 

ɂɥɢ ɜ ɟɫɬɟɫɬɜɟɧɧɨɣ ɦɟɬɪɢɤɟ 
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ȼɵɛɢɪɚɹ ɜ ɤɚɱɟɫɬɜɟ ɫɭɛɫɬɚɧɰɢɢ ɜ ɩɪɨɫɬɪɚɧ-

ɫɬɜɟ ɤɨɧɮɢɝɭɪɚɰɢɣ ɩɪɨɢɡɜɟɞɟɧɢɟ ɪɚɞɢɭɫ-
ɜɟɤɬɨɪɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ ɱɚɫɬɢɰɵ ɫɪɟɞɵ ɧɚ 
ɟɟ ɫɨɛɫɬɜɟɧɧɵɣ ɨɛɴɟɦ ɢ ɩɥɨɬɧɨɫɬɶ ɡɚɪɹɞɚ, 
ɡɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɛɚɥɚɧɫɚ 
    

.
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Ɋɚɡɞɟɥɢɜ ɨɛɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ ɧɚ ɫɨɛɫɬɜɟɧ-

ɧɵɣ ɨɛɴɟɦ ɱɚɫɬɢɰɵ ɫɪɟɞɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɤɨɧɮɢɝɭɪɚɰɢɣ, ɢɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɟ ɧɟɪɚɡ-
ɪɵɜɧɨɫɬɢ ɢ ɨɞɧɨɪɨɞɧɨɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ-
ɜɪɟɦɟɧɢ, ɩɨɥɭɱɚɟɦ 

 

,
4

c     u F
q

 

 

ɝɞɟ F  – ɚɧɬɢɫɢɦɦɟɬɪɢɱɧɵɣ ɬɟɧɡɨɪ, ɤɨɬɨɪɵɣ 

ɫɥɟɞɭɟɬ ɨɬɨɠɞɟɫɬɜɢɬɶ ɫ ɬɟɧɡɨɪɨɦ ɷɥɟɤɬɪɨ-
ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ.  
 

ȼ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɭɪɚɜɧɟ-
ɧɢɟ ɞɥɹ ɬɟɧɡɨɪɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɡɚ-
ɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ 
  

.
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c d

d
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q
 

 

ȼɵɜɨɞɵ 

 

ȼ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɤɨɧɵ ɷɥɟɤɬɪɨɞɢɧɚ-
ɦɢɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɦɟɯɚ-
ɧɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, 
ɢɫɯɨɞɹ ɢɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɢ ɢ 

ɩɪɢɧɰɢɩɚ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɩɨɬɟɧ-

ɰɢɚɥ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɦɨɠɧɨ ɜɜɟɫɬɢ 

ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɭɬɟɦ ɢɡ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɫɨ-
ɨɬɧɨɲɟɧɢɣ.   

 

ɉɪɟɞɫɬɚɜɥɟɧ ɟɳɟ ɨɞɢɧ ɚɪɝɭɦɟɧɬ ɜ ɩɨɞɬɜɟɪ-
ɠɞɟɧɢɟ ɬɨɝɨ, ɱɬɨ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɡɚɤɨɧɵ ɩɪɢ-

ɪɨɞɵ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɝɟɧɟɪɚɬɨɪɚɦɢ ɨɛɳɢɯ 
ɮɢɡɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ. 
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