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Abstract. The possibility of using the universal law of nature science on example of the law of matter 
preservation as generators of the common law of physics on example of the law of general relativity is 
considered. 
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Ɋɚɡɜɢɬɢɟ ɧɚɭɤɢ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɦɚɬɟɦɚ-
ɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɫɬɚɧɨ-
ɜɹɬɫɹ ɜɫɟ ɛɨɥɟɟ ɚɛɫɬɪɚɤɬɧɵɦɢ. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ 
ɞɜɢɠɟɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɛɨɥɟɟ ɟɫɬɟ-
ɫɬɜɟɧɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɧɟ ɜ ɮɢɡɢɱɟɫɤɨɦ 
ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɜɦɟɳɚɸɳɟɦ ɦɚ-
ɬɟɪɢɚɥɶɧɵɟ ɬɟɥɚ, ɚ ɜ ɦɧɨɝɨɦɟɪɧɵɯ ɢɥɢ ɞɚɠɟ 
ɛɟɫɤɨɧɟɱɧɨɦɟɪɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ. ɗɬɨ ɨɛɵɱɧɨ 
ɫɜɹɡɚɧɨ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɱɚɫɬɧɨɝɨ ɢɥɢ ɨɛɳɟɝɨ 
ɯɚɪɚɤɬɟɪɚ, ɧɚɥɚɝɚɟɦɵɦɢ ɧɚ ɞɜɢɠɟɧɢɟ ɫɢɫɬɟ-
ɦɵ, ɢɥɢ ɜɵɛɨɪɨɦ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. Ɍɚɤ, 
ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɩɪɢɜɟɥɨ ɤ ɜɜɟɞɟɧɢɸ ɱɟɬɵ-
ɪɟɯɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ, ɚ ɩɪɢɦɟ-
ɧɟɧɢɟ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɫɞɟɥɚɥɨ ɰɟɥɟ-
ɫɨɨɛɪɚɡɧɵɦ ɪɚɫɫɦɚɬɪɟɧɢɟ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ 
ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɨɧɮɢɝɭɪɚɰɢɣ.  

ɇɚɢɛɨɥɟɟ ɩɨɥɧɨ ɞɜɢɠɟɧɢɟ ɮɢɡɢɱɟɫɤɨɣ ɫɢ-
ɫɬɟɦɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɟɟ ɜ 
ɜɢɞɟ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟ (ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ).  
 
Ɏɚɡɨɜɚɹ ɫɪɟɞɚ ɩɨ ɜɫɟɦ ɮɨɪɦɚɥɶɧɵɦ ɩɪɢɡɧɚ-
ɤɚɦ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɦɚɬɟɪɢɚɥɶɧɨɣ, ɢ ɤ ɧɟɣ 
ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɢ 
ɜ ɜɢɞɟ ɭɪɚɜɧɟɧɢɹ ɛɚɥɚɧɫɚ ɧɟɤɨɬɨɪɨɣ ɮɢɡɢɱɟ-
ɫɤɨɣ ɜɟɥɢɱɢɧɵ ɩɥɨɬɧɨɫɬɢ f  
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ɫɢɜɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɷɬɨɣ ɜɟɥɢɱɢɧɵ. 
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Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɢ ɜ ɫɢɥɭ ɫɜɨɟɣ ɭɧɢ-

ɜɟɪɫɚɥɶɧɨɫɬɢ, ɤɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɜ ɞɚɥɶɧɟɣ-

ɲɟɦ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɪɢɧɰɢɩɵ ɨɬɧɨɫɢɬɟɥɶ-
ɧɨɫɬɢ ɢ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɫɱɢɬɚɸɬɫɹ 
ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦɢ ɩɪɢɧɰɢɩɚɦɢ ɨɛɳɟɣ ɬɟɨ-
ɪɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ. 

 

ɉɪɢɧɰɢɩ ɨɬɧɨɫɢɬɟɥɶɧɨɫɬɢ ɩɨɫɬɭɥɢɪɭɟɬ ɷɤ-
ɜɢɜɚɥɟɧɬɧɨɫɬɶ ɫɢɫɬɟɦ ɨɬɫɱɟɬɚ ɢ ɬɟɦ ɫɚɦɵɦ 

ɢɧɜɚɪɢɚɧɬɧɨɫɬɶ ɬɟɨɪɢɢ (ɮɭɧɤɰɢɨɧɚɥɚ ɞɟɣ-

ɫɬɜɢɹ, ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ, ɭɪɚɜɧɟɧɢɣ ɩɨɥɹ) 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɫɢɫɬɟɦ ɨɬɫɱɟ-
ɬɚ. ɋɥɟɞɭɟɬ, ɨɞɧɚɤɨ, ɪɚɡɥɢɱɚɬɶ ɞɜɚ ɪɨɞɚ ɩɪɟ-
ɨɛɪɚɡɨɜɚɧɢɣ – ɢɡɦɟɧɟɧɢɟ ɫɢɫɬɟɦɵ ɨɬɫɱɟɬɚ ɢ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɚɦɨɣ ɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 

Ɍɪɟɛɨɜɚɧɢɟ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɢɡɦɟɧɟɧɢɣ ɫɢɫɬɟɦɵ ɨɬɫɱɟɬɚ ɤɚɠɟɬɫɹ ɜɩɨɥɧɟ 
ɟɫɬɟɫɬɜɟɧɧɵɦ ɢ ɞɚɠɟ ɬɪɢɜɢɚɥɶɧɵɦ, ɬɨɝɞɚ ɤɚɤ 
ɢɧɜɚɪɢɚɧɬɧɨɫɬɶ ɩɪɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɯ ɫɚɦɨɣ 

ɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɧɟɫɨɦɧɟɧɧɨ, ɧɟɫɟɬ ɢɧ-

ɮɨɪɦɚɰɢɸ ɨ ɟɟ ɫɜɨɣɫɬɜɚɯ. Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ 
ɦɚɬɟɪɢɢ ɜ ɜɢɞɟ ɭɪɚɜɧɟɧɢɹ ɛɚɥɚɧɫɚ ɜ ɮɚɡɨɜɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ ɩɨɫɥɟɞɧɟɝɨ ɪɨɞɚ. 
 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɩɪɢɧɰɢɩɚ ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ, ɬɨ ɜ 
ɫɢɥɭ ɨɛɳɧɨɫɬɢ ɩɨɞɯɨɞɚ (ɦɚɫɫɚ ɦɚɬɟɪɢɚɥɶɧɨɣ 

ɬɨɱɤɢ ɜɜɨɞɢɬɫɹ ɤɚɤ ɜɟɫɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜ 
ɦɟɬɪɢɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɤɨɧɮɢɝɭɪɚɰɢɣ ɮɢɡɢ-

ɱɟɫɤɨɣ ɫɢɫɬɟɦɵ) ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɡɥɢ-

ɱɚɬɶ ɢɧɟɪɬɧɭɸ ɢ ɝɪɚɜɢɬɚɰɢɨɧɧɭɸ ɦɚɫɫɭ. 
 

  

 

ȼ ɪɚɛɨɬɟ [1] ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɪɨɥɢ, ɤɨɬɨɪɭɸ 

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

ɦɢ ɡɚɤɨɧɚɦɢ ɮɢɡɢɤɢ. Ɋɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱ-
ɧɵɟ ɮɨɪɦɭɥɢɪɨɜɤɢ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟ-
ɪɢɢ ɢ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɭɪɚɜɧɟɧɢɣ ɛɚɥɚɧɫɚ 
ɮɢɡɢɱɟɫɤɢɯ ɫɭɛɫɬɚɧɰɢɣ ɤɚɤ ɫɩɨɫɨɛɨɜ ɮɨɪɦɚ-
ɥɢɡɚɰɢɢ ɩɨɫɥɟɞɧɟɝɨ. Ɉɛɨɫɧɨɜɚɧɚ ɜɨɡɦɨɠ-

ɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟ-
ɪɢɢ 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 ɢɫɫɥɟɞɨɜɚɧɢɹ – ɩɨɥɭɱɟɧɢɟ ɭɪɚɜɧɟɧɢɣ 

ɪɟɥɹɬɢɜɢɫɬɫɤɨɣ ɦɟɯɚɧɢɤɢ, ɢɫɯɨɞɹ ɢɡ ɤɨɧɟɱ-
ɧɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɢ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɢ. Ⱦɜɢɠɟ-
ɧɢɟ ɱɚɫɬɢɰɵ ɫɪɟɞɵ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 
ɞɜɢɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɫ ɟɫɬɟɫɬɜɟɧɧɨɣ ɦɟɬɪɢɤɨɣ. ȿɫɬɟɫɬɜɟɧɧɚɹ ɦɟɬ-
ɪɢɤɚ ɨɬɜɟɱɚɟɬ ɦɟɬɪɢɤɟ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɪɚɧ-

ɫɬɜɚ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɢɰɭ ɦɚɬɟɪɢɚɥɶɧɵɯ 
ɬɨɱɟɤ. ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɮɚɡɨɜɨɣ ɠɢɞɤɨ-
ɫɬɢ ɢ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɦɟɬɪɢɱɟɫɤɨɝɨ ɬɟɧɡɨɪɚ 
ɩɨɥɭɱɚɸɬɫɹ ɢɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɢ ɜ 
ɜɢɞɟ ɭɪɚɜɧɟɧɢɣ ɛɚɥɚɧɫɚ.  
 

   

   

 

Ɉɝɪɚɧɢɱɟɧɢɟ ɫɜɟɪɯɭ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟ-
ɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɮɢɡɢɤɟ 
ɜɯɨɞɢɬ ɜ ɮɨɪɦɭɥɢɪɨɜɤɭ ɩɪɢɧɰɢɩɚ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɫɬɢ ɗɣɧɲɬɟɣɧɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ 
ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɩɨ-
ɫɬɨɹɧɧɭɸ. ɗɬɨɣ ɫɤɨɪɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɜɟɬɚ ɜ ɩɭɫɬɨɬɟ c .  

 

ɍɧɢɜɟɪɫɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɢ ɦɨɠɧɨ ɭɱɟɫɬɶ, ɟɫɥɢ ɩɟɪɟɣɬɢ ɤ 
ɱɟɬɵɪёɯɦɟɪɧɨɦɭ ɩɪɨɫɬɪɚɧɫɬɜɭ Ɇɢɧɤɨɜɫɤɨɝɨ, 
ɝɞɟ ɱɟɬɜɟɪɬɚɹ ɞɟɤɚɪɬɨɜɚɹ ɤɨɨɪɞɢɧɚɬɚ 0x  ɪɚɜ-
ɧɚ ct . ɉɪɨɫɬɪɚɧɫɬɜɨ Ɇɢɧɤɨɜɫɤɨɝɨ ɫɥɟɞɭɟɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɨɫɬɪɚɧɫɬɜɨ ɤɨɧɮɢɝɭɪɚ-
ɰɢɢ ɨɞɧɨɣ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ. Ⱦɟɣɫɬɜɢ-

ɬɟɥɶɧɨ, ɦɟɬɪɢɤɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɮɨɪɦɚɥɶɧɨ 

ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɢɡɜɨɥɶɧɨɣ, ɚ ɩɨ 

ɫɭɳɟɫɬɜɭ ɞɨɥɠɧɚ ɡɚɜɢɫɟɬɶ ɨɬ ɪɚɫɫɦɚɬɪɢɜɚɟ-
ɦɨɣ ɫɢɫɬɟɦɵ.  

 

Ɍɚɤ ɤɚɤ ɦɚɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɤɨɧɮɢɝɭɪɚɰɢɣ ɜɫɟɝɞɚ ɧɚɯɨɞɢɬɫɹ ɜ ɞɜɢɠɟɧɢɢ, 

ɬɨ ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ ɞɜɭɦɹ ɦɢɪɨɜɵɦɢ ɬɨɱɤɚɦɢ 

ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ 
ɞɜɭɦɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɩɨɥɨɠɟɧɢɹɦɢ ɦɚ-
ɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ, ɤɨɬɨɪɵɣ ɩɨ ɚɧɚɥɨɝɢɢ ɫ 
ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɨɣ ɟɫɬɟɫɬɜɟɧɧɨ ɜɵ-

ɛɪɚɬɶ 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  
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Ɂɧɚɤ «+» ɩɟɪɟɞ 
2

0dx  ɨɬɜɟɱɚɟɬ ɬɨɦɭ, ɱɬɨ ɦɚ-
ɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ ɦɨɠɟɬ ɜ ɪɚɡɧɵɟ ɦɨɦɟɧɬɵ 

ɜɪɟɦɟɧɢ ɡɚɧɢɦɚɬɶ ɨɞɧɨ ɢ ɬɨ ɠɟ ɩɨɥɨɠɟɧɢɟ ɜ 
ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɬɨ ɟɫɬɶ ɤɜɚɞɪɚɬ 
ɢɧɬɟɪɜɚɥɚ ɦɟɠɞɭ ɟɟ ɩɨɥɨɠɟɧɢɹɦɢ ɜ ɱɟɬɵ-

ɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɥɨ-
ɠɢɬɟɥɶɧɵɦ.  

 
ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɦɚɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ ɧɟ 
ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɞɜɭɯ ɬɨɱ-
ɤɚɯ ɬɪɟɯɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɩɨɷɬɨɦɭ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɜɚɞɪɚɬ ɢɧɬɟɪɜɚɥɚ ɨɬɪɢɰɚ-
ɬɟɥɶɧɵɣ, ɬɨ ɟɫɬɶ ɧɟɮɢɡɢɱɧɵɣ.  

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

ɫɤɚɥɹɪɨɦ, ɦɨɠɧɨ ɜɜɟɫɬɢ ɫɨɛɫɬɜɟɧɧɨɟ ɜɪɟɦɹ 
Ĳ  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ 

 

  2
2

2
Ĳ .

dl
d

c
  

 
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 n  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 
ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ ɱɚɫɬɢɰɵ ɫɪɟɞɵ.  

 
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). 

ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɬɚɤɠɟ ɦɨɠɧɨ ɜɜɟɫɬɢ ɫɨɛ-
ɫɬɜɟɧɧɨɟ ɜɪɟɦɹ ɱɚɫɬɢɰɵ ɫɪɟɞɵ Ĳ  ɩɨ ɮɨɪɦɭɥɟ 
 

  2
2

2
Ĳ ,

dl
d

c dm
  

 

ɝɞɟ dm  – ɦɚɫɫɚ ɩɨɤɨɹ ɱɚɫɬɢɰɵ (ɫɭɦɦɚ ɦɚɫɫ 
ɩɨɤɨɹ ɜɫɟɯ ɬɨɱɟɤ, ɜɯɨɞɹɳɢɯ ɜ ɱɚɫɬɢɰɭ). 

 

ɂɧɬɟɪɜɚɥ ɦɟɠɞɭ ɛɥɢɠɚɣɲɢɦɢ ɩɨɥɨɠɟɧɢɹɦɢ 

ɫɢɫɬɟɦɵ n  ɦɚɬɟɪɢɚɥɶɧɵɯ ɬɨɱɟɤ ɜ ɮɚɡɨɜɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɨɥɭɱɢɦ, ɟɫɥɢ ɜɨɡɶɦɟɦ ɩɪɨɢɡ-
ɜɨɞɧɭɸ ɩɨ ɜɪɟɦɟɧɢ ɨɬ ɦɟɬɪɢɤɢ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɤɨɧɮɢɝɭɪɚɰɢɣ, ɨɬɛɪɨɫɢɜ ɩɨɫɬɨɹɧɧɵɣ ɦɧɨ-
ɠɢɬɟɥɶ 
 

2 ,ds d d d d xM x x p  

 

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

ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɫɨɛɫɬɜɟɧɧɵɦ ɜɪɟɦɟɧɟɦ 

ɱɚɫɬɢɰɵ Ĳ , ɦɨɠɧɨ ɨɛɪɚɡɨɜɚɬɶ ɜɟɤɬɨɪɵ ɫɤɨ-
ɪɨɫɬɢ ɬɨɱɟɤ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɱɚɫɬɢɰɭ ɫɪɟɞɵ, ɢ 

ɫɚɦɨɣ ɱɚɫɬɢɰɵ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ ɫɜɹɡɚɧɵ ɫɨɨɬ-
ɧɨɲɟɧɢɟɦ 

 

,v
  
x

x q
q

  

 

ɝɞɟ 



r

q
 – ɦɚɬɪɢɰɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ 

ɪɚɡɦɟɪɨɦ 4  ɧɚ 4n .  

 

ɂɧɬɟɪɜɚɥ ɦɟɠɞɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɩɨɥɨ-
ɠɟɧɢɹɦɢ ɱɚɫɬɢɰɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɨɧɮɢɝɭ-

ɪɚɰɢɣ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

 
2 ,dl d d qI q  

 

ɝɞɟ ɪɨɥɶ ɦɟɬɪɢɱɟɫɤɨɝɨ ɬɟɧɡɨɪɚ ɢɝɪɚɟɬ ɦɚɬɪɢɰɚ 
 

.
   
x x

I M
q q

 

 

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. 
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ɂɧɬɟɪɜɚɥ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ  
 

 

2

.

ds d d d d

d d d d

d d

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



x x
q p q p

q q

x x x
q Mv q M q

q q q

q Iq





 

 

ȼɵɪɚɠɟɧɢɟ ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ, ɟɫɥɢ ɜɜɟɫɬɢ 
ɫɬɨɥɛɟɰ (ɫɬɪɨɤɭ) x , ɫɨɫɬɚɜɥɟɧɧɵɣ ɢɡ ɩɨɫɥɟ-
ɞɨɜɚɬɟɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ q  ɢ 

ɢɦɩɭɥɶɫɨɜ p Iq  ɱɚɫɬɢɰɵ. ɉɨɥɭɱɢɦ  

 
2 ,ds d d xG x  

 

ɝɞɟ G  ɢɝɪɚɟɬ ɪɨɥɶ ɦɟɬɪɢɱɟɫɤɨɝɨ ɬɟɧɡɨɪɚ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɤɨɧɮɢɝɭɪɚɰɢɣ, ɤɨɬɨɪɨɦɭ ɨɬɜɟ-
ɱɚɟɬ 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 
 

  .
Ĳ

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  ɪɚɡɦɟ-

ɪɨɦ 8 ɧɚ 8; j – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ. 
 

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, ɨɞ-
ɧɨɪɨɞɧɨɫɬɶ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɨɡɧɚɱɚɟɬ 
ɨɬɫɭɬɫɬɜɢɟ ɢɫɬɨɱɧɢɤɚ ɜ ɭɪɚɜɧɟɧɢɢ ɞɜɢɠɟɧɢɹ. 
ɂɡ ɤɨɧɫɟɪɜɚɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ ɨɛ ɚɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɦɚɬɪɢɰɵ H   
 

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 . ɉɨɞɫɬɚɜ-
ɥɹɟɦ ɦɚɬɪɢɰɭ H  ɜ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɢ 
ɩɨɥɭɱɚɟɦ 
 

,
H x B
x

  

 

ɝɞɟ 
H
x

 – ɝɪɚɞɢɟɧɬ ɮɭɧɤɰɢɢ H  ɜ ɮɚɡɨɜɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ, ɚ ɦɚɬɪɢɰɚ B – ɚɫɢɦɦɟɬɪɢɱɧɚɹ 
ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ 8 ɧɚ 8, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɤɥɟ-
ɬɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ 
 

,
    

O E
B

E O
 

 

ɝɞɟ O  ɢ E  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɭɥɟɜɚɹ ɢ ɟɞɢ-

ɧɢɱɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɨɦ 4 ɧɚ 4.  
 
ȿɫɥɢ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɧɚ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɤɨɧɮɢɝɭɪɚɰɢɣ ɢ ɧɚ ɩɪɨɫɬɪɚɧ-
ɫɬɜɨ ɢɦɩɭɥɶɫɨɜ ɱɚɫɬɢɰɵ, ɬɨ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟ-
ɧɢɹ ɜ ɤɚɧɨɧɢɱɟɫɤɨɦ ɜɢɞɟ 
 

,     .
H H    q p
p q

   
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Ɏɭɧɤɰɢɹ Ƚɚɦɢɥɶɬɨɧɚ ɩɪɢ ɷɬɨɦ ɞɨɥɠɧɚ ɢɦɟɬɶ 
ɜɢɞ 

 

1 1
,

2 2
H

dm

  1 1
pI p pg p  

 

ɝɞɟ  
dm

 I
g q  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ, ɫ ɨɞɧɨɣ 

ɫɬɨɪɨɧɵ, ɬɟɧɡɨɪɧɵɣ ɩɨɬɟɧɰɢɚɥ, ɚ ɫ ɞɪɭɝɨɣ – 

ɦɟɬɪɢɱɟɫɤɢɣ ɬɟɧɡɨɪ. 
 

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 ɦɚɫɫɭ ɱɚɫɬɢ-

ɰɵ, ɩɨɥɭɱɚɟɦ 

 

0,
      

u
u u

q
 

 

ɝɞɟ 1 21

2

           
g g g

g E E
q q q

 – ɫɢɦɜɨɥ 

Ʉɪɢɫɬɨɮɟɥɹ 2-ɝɨ ɪɨɞɚ (ɡɞɟɫɶ E  – ɟɞɢɧɢɱɧɚɹ 
ɦɚɬɪɢɰɚ, ɤɨɬɨɪɚɹ ɢɝɪɚɟɬ ɪɨɥɶ ɨɩɟɪɚɬɨɪɚ ɬɪɚɧɫ-
ɩɨɧɢɪɨɜɚɧɢɹ); u q  – ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰɵ.  

 

ɉɟɪɟɯɨɞɹ ɨɬ ɩɫɟɜɞɨɷɜɤɥɢɞɨɜɨɣ ɤ ɟɫɬɟɫɬɜɟɧ-

ɧɨɣ ɦɟɬɪɢɤɟ, ɬ. ɟ. ɫɱɢɬɚɹ ɤɨɨɪɞɢɧɚɬɵ ɱɚɫɬɢ-

ɰɵ ɤɪɢɜɨɥɢɧɟɣɧɵɦɢ, ɜɜɟɞɟɦ ɨɩɟɪɚɬɨɪ ɝɪɚɞɢ-

ɟɧɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ 

       .
d

d

  q q
 

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɩɪɢɧɢɦɚ-
ɟɬ ɨɫɨɛɟɧɧɨ ɩɪɨɫɬɨɣ ɜɢɞ 

 

0.u  

 

ɍɱɢɬɵɜɚɹ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ ɱɚɫɬɢɰɵ 

ɫɪɟɞɵ, ɩɨɥɭɱɚɟɦ ɞɢɜɟɪɝɟɧɰɢɸ ɬɟɧɡɨɪɚ ɷɧɟɪ-
ɝɢɢ-ɢɦɩɭɥɶɫɚ, ɪɚɜɧɭɸ ɧɭɥɸ 
 

   
 
ρ ρ ρ

ρ ρ 0,

d d d

d d d

d

d

     
  

uu u u u u
q q q

u u u
q



 

 

ɝɞɟ ρ  – ɫɨɛɫɬɜɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɱɚɫɬɢɰɵ. 

    
 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɧɡɨɪɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɟ-
ɪɟɣɞɟɦ ɤ ɟɫɬɟɫɬɜɟɧɧɨɣ ɦɟɬɪɢɤɟ. ȼɵɛɢɪɚɹ ɜ 
ɤɚɱɟɫɬɜɟ ɩɥɨɬɧɨɫɬɢ ɫɭɛɫɬɚɧɰɢɢ ɜ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟ ɤɨɧɮɢɝɭɪɚɰɢɣ ɩɪɨɢɡɜɟɞɟɧɢɟ ɪɚɞɢɭɫ-
ɜɟɤɬɨɪɚ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ ɱɚɫɬɢɰɵ ɧɚ ɟɟ 
ɫɨɛɫɬɜɟɧɧɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ, ɡɚɩɢɲɟɦ 
ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɦɚɬɟɪɢɢ ɜ ɜɢɞɟ ɭɪɚɜɧɟɧɢɹ 
ɛɚɥɚɧɫɚ 
    ρ

ρ ρ

.

d dV d
dV dV

d d

d

  
 

uq
uu uu q

q

F S J

  

 

Ɋɚɡɞɟɥɢɜ ɨɛɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ ɧɚ ɫɨɛɫɬɜɟɧ-
ɧɵɣ ɨɛɴɟɦ ɱɚɫɬɢɰɵ ɫɪɟɞɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɤɨɧɮɢɝɭɪɚɰɢɣ, ɢɫɩɨɥɶɡɭɹ ɥɨɤɚɥɶɧɵɣ ɡɚɤɨɧ 
ɫɨɯɪɚɧɟɧɢɹ ɞɥɹ ɬɟɧɡɨɪɚ ɷɧɟɪɝɢɢ-ɢɦɩɭɥɶɫɚ, 
ɩɨɥɭɱɚɟɦ 
 

ρ ,
 uu F j
q

 

 

ɝɞɟ F  ɢ j  – ɬɟɧɡɨɪɵ ɬɪɟɬɶɟɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨ-
ɪɹɞɤɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫɨɫɬɚɜɥɟɧɧɵɟ ɢɡ ɬɟɧ-
ɡɨɪɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (ɦɟɬɪɢɱɟɫɤɨɝɨ ɬɟɧɡɨɪɚ) ɢ 
ɨɩɟɪɚɬɨɪɚ ɝɪɚɞɢɟɧɬɚ. 
 

Ʌɟɝɤɨ ɩɪɨɜɟɪɢɬɶ, ɱɬɨ ɞɥɹ ɦɟɬɪɢɱɟɫɤɨɝɨ ɬɟɧ-
ɡɨɪɚ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ɦɟɬɪɢɱɧɨɫɬɢ 
 

0.
d

d
g

q
 

 

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɬɟɧɡɨɪ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ 
.F 0  

 

Ɍɟɧɡɨɪ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ j  ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɩɭɬɟɦ ɫɨɤɪɚɳɟɧɢɹ ɬɟɧɡɨɪɚ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ. 
Ⱦɥɹ ɷɬɨɝɨ ɧɚɣɞɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɬɟɧɡɨɪɚ 
ɬɪɟɬɶɟɝɨ ɩɪɹɞɤɚ, ɞɜɭɤɪɚɬɧɨ ɞɟɣɫɬɜɭɹ ɨɩɟɪɚ-
ɬɨɪɨɦ ɝɪɚɞɢɟɧɬɚ ɧɚ ɩɪɨɢɡɜɨɥɶɧɵɣ ɜɟɤɬɨɪ a   
 

2
1 1

1 2 1 2 2 2

2 2

1 2 2

2 2
1 2

2 1 2 1 1

1 2 1 1

2 2
,

d d d d

d d d d d

d

d

d

d

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

          
     
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a a a
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ɝɞɟ ɢɧɞɟɤɫɵ 1 ɢ 2 ɨɬɪɚɠɚɸɬ ɬɨɬ ɮɚɤɬ, ɱɬɨ 
ɨɩɟɪɚɰɢɹ ɩɨɜɬɨɪɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 
ɧɟɤɨɦɦɭɬɚɬɢɜɧɚ  
 

2 2

2 1 1 2

1 2
1 2 2 1

2 1
.

d d

d d d d
 

          

a a

q q q q

a
q q

 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɵɪɚɠɟɧɢɟ ɜ ɫɤɨɛɤɚɯ ɩɪɟɞ-

ɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɧɡɨɪ ɱɟɬɜɟɪɬɨɝɨ ɩɨɪɹɞɤɚ 
(ɬɟɧɡɨɪ ɤɪɢɜɢɡɧɵ). ɉɟɪɟɯɨɞɹ ɤ ɨɛɨɡɧɚɱɟɧɢɹɦ 

ɬɟɧɡɨɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɩɨɥɭɱɚɟɦ 

 
ȝ ȝ

ȝ ȝ β ȝ βαı α
α ı β αı βı αı ,R

q q

            

 

ɝɞɟ ȝ ȝı ı αı α
α α ı

1
;

2

g g g
g

q q q

          
    

αβg ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ 

1
g . 

 

ɋɜɟɪɬɤɨɣ ɩɟɪɜɨɝɨ ɢ ɬɪɟɬɶɟɝɨ ɢɧɞɟɤɫɨɜ ɬɟɧɡɨ-
ɪɚ ɤɪɢɜɢɡɧɵ ɦɨɠɧɨ ɨɛɪɚɡɨɜɚɬɶ ɬɟɧɡɨɪ ɜɬɨɪɨ-
ɝɨ ɪɚɧɝɚ ȝ

αβ αȝβR R , ɤɨɬɨɪɵɣ ɧɚɡɵɜɚɟɬɫɹ ɬɟɧ-

ɡɨɪɨɦ Ɋɢɱɱɢ (ɨɫɬɚɥɶɧɵɟ ɫɜɟɪɬɤɢ ɞɚɸɬ ɬɨɬ ɠɟ 
ɪɟɡɭɥɶɬɚɬ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɡɧɚɤɚ). ɋɜɟɪɬɵɜɚɹ 
ɞɚɥɟɟ ɬɟɧɡɨɪ Ɋɢɱɱɢ, ɩɨɥɭɱɚɟɦ ɢɧɜɚɪɢɚɧɬ 

αβ
αβR g R , ɧɚɡɵɜɚɟɦɵɣ ɫɤɚɥɹɪɧɨɣ ɤɪɢɜɢɡ-

ɧɨɣ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɫɨɤɪɚɳɟɧɢɣ ɟɞɢɧɫɬɜɟɧ-

ɧɵɦ ɨɛɪɚɡɨɦ (ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɩɨɫɬɨɹɧɧɨɝɨ 
ɦɧɨɠɢɬɟɥɹ) ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɬɟɧɡɨɪ, ɤɨɬɨ-
ɪɵɣ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɥɨɤɚɥɶɧɨɦɭ ɡɚɤɨɧɭ ɫɨ-
ɯɪɚɧɟɧɢɹ 
 

0.
d

d
j

q
 

 

Ⱦɥɹ ɟɝɨ ɤɨɧɬɪɚɜɚɪɢɚɧɬɧɵɯ ɤɨɦɩɨɧɟɧɬ ɩɨɥɭɱɚɟɦ  

 

αβ αβ αβ1 1
,

2
j R g R

       

 

ɝɞɟ αβ αȝ β
ȝR g g R   .  

ɉɨɞɫɬɚɜɥɹɹ ɬɟɧɡɨɪ j  ɜ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɬɟɧɡɨ-

ɪɚ ɷɧɟɪɝɢɢ-ɢɦɩɭɥɶɫɚ αβ α βρT u u , ɩɪɢɯɨɞɢɦ 

ɤ ɭɪɚɜɧɟɧɢɹɦ ɗɣɧɲɬɟɣɧɚ  
 

αβ αβ αβ1
,

2
R g R T    

 

ɝɞɟ   ɧɚɡɵɜɚɟɬɫɹ ɷɣɧɲɬɟɣɧɨɜɫɤɨɣ ɝɪɚɜɢɬɚ-
ɰɢɨɧɧɨɣ ɩɨɫɬɨɹɧɧɨɣ. 

 

 

 

ȼ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɤɨɧɵ ɪɟɥɹɬɢɜɢɫɬ-
ɫɤɨɣ ɦɟɯɚɧɢɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɪɚɫɫɦɚɬɪɢ-

ɜɚɹ ɮɢɡɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ ɜ ɮɚɡɨɜɨɦ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ, ɢɫɯɨɞɹ ɢɡ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ 
ɦɚɬɟɪɢɢ ɢ ɤɨɧɟɱɧɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɉɪɢ ɷɬɨɦ ɦɟɬɪɢɡɚɰɢɹ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ ɜɜɨɞɢɬɫɹ ɟɫɬɟɫɬɜɟɧ-

ɧɵɦ ɩɭɬɟɦ ɤɚɤ ɪɟɡɭɥɶɬɚɬ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɧɟ-
ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɜɧɭɬɪɢ ɫɢɫɬɟɦɵ, ɚ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɢɡ ɩɪɢɧɰɢɩɚ 
ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɢɥɢ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ 

ɩɪɢɧɰɢɩ. ɉɫɟɜɞɨɪɢɦɚɧɨɜɨ ɩɪɨɫɬɪɚɧɫɬɜɨ ɜɵ-

ɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɚɛɫɬɪɚɤɬɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, 
ɭɞɨɛɧɨɝɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɨɥɹ. 
 

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

ɪɨɞɵ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɝɟɧɟɪɚɬɨɪɚɦɢ ɨɛɳɢɯ 
ɮɢɡɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ. 
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