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ɉɚɪɚɥɥɟɥɶɧɚɹ ɤɢɧɟɦɚɬɢɤɚ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟ-
ɯɚɧɢɡɦɚɯ ɧɚɯɨɞɢɬ ɫɚɦɨɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɱɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɟɟ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
ɪɚɡɨɦɤɧɭɬɵɦɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ ɰɟɩɹɦɢ ɦɟɯɚ-
ɧɢɡɦɨɜ. Ʉ ɬɚɤɢɦ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɨɬɧɨɫɹɬ, ɩɪɟɠɞɟ 
ɜɫɟɝɨ, ɩɨɜɵɲɟɧɧɭɸ ɠɟɫɬɤɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɛɭɫɥɨɜ-
ɥɟɧɚ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɭɫɢɥɢɣ ɜ ɩɪɢ-
ɜɨɞɚɯ ɩɨ ɜɫɟɣ ɫɬɪɭɤɬɭɪɟ ɦɟɯɚɧɢɡɦɚ. ɉɚɪɚɥɥɟɥɶɧɚɹ 
ɫɬɪɭɤɬɭɪɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɪɚɡɜɢɜɚɬɶ ɛɨɥɟɟ ɜɵɫɨ-
ɤɢɟ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɢ 
ɭɫɤɨɪɟɧɢɹ, ɚ ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɨɝɨ ɢɫɩɨɥɧɟ-
ɧɢɹ ɦɟɯɚɧɢɡɦɚ ɪɟɡɤɨ ɫɧɢɠɚɟɬɫɹ ɟɝɨ ɦɟɬɚɥɥɨɟɦ-
ɤɨɫɬɶ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɦɟɯɚɧɢɡɦɨɦ ɩɚɪɚɥɥɟɥɶ-
ɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɨɣ ɦɟɯɚɧɢɡɦ, ɨɫɧɨ-
ɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɫɜɹɡɚɧɨ ɫ ɪɚɛɨɱɢɦ ɡɜɟɧɨɦ ɧɟ-
ɫɤɨɥɶɤɢɦɢ ɩɪɢɜɨɞɧɵɦɢ ɢɥɢ ɠɟɫɬɤɢɦɢ ɤɢɧɟɦɚɬɢ-
ɱɟɫɤɢɦɢ ɰɟɩɹɦɢ, ɩɪɢɱɟɦ ɤɚɠɞɚɹ ɰɟɩɶ ɫɨɟɞɢɧɹɟɬɫɹ 
ɬɨɥɶɤɨ ɫ ɪɚɛɨɱɢɦ ɡɜɟɧɨɦ ɢ ɫ ɨɫɧɨɜɚɧɢɟɦ. 
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Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɟɯɚɧɢɡɦɨɜ ɫ ɩɚɪɚɥ-

ɥɟɥɶɧɨɣ ɤɢɧɟɦɚɬɢɤɨɣ 
 

ɂɡ ɜɫɟɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ɦɟɯɚɧɢɡɦɨɜ ɩɚɪɚɥɥɟɥɶ-
ɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɥɚɫɫ 
ɦɟɯɚɧɢɡɦɨɜ, ɜ ɤɨɬɨɪɵɯ ɜɫɟ ɡɜɟɧɶɹ ɪɚɛɨɬɚɸɬ ɬɨɥɶ-
ɤɨ ɧɚ ɪɚɫɬɹɠɟɧɢɟ-ɫɠɚɬɢɟ. ȼ ɧɟɝɨ ɜɯɨɞɹɬ ɦɟɯɚɧɢɡ-
ɦɵ, ɜɫɟ ɩɪɢɜɨɞɵ ɤɨɬɨɪɵɯ ɥɢɧɟɣɧɵɟ, ɚ ɨɫɢ ɫɨɩɪɹ-
ɠɟɧɧɵɯ ɡɜɟɧɶɟɜ ɞɨɥɠɧɵ ɩɟɪɟɫɟɤɚɬɶɫɹ ɜ ɨɞɧɨɣ 
ɬɨɱɤɟ. Ɉɛɳɢɣ ɜɢɞ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɦɟɯɚɧɢɡɦɚ ɫ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɤɢɧɟɦɚɬɢɤɨɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧ-
ɤɟ 1. 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɫɨ-
ɡɞɚɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɯɚɬɪɨɧɧɵɯ ɦɚɲɢɧ ɹɜɥɹɟɬ-
ɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɧɰɢɩɨɜ ɩɨɫɬɪɨɟɧɢɹ ɦɚɲɢɧ ɫ 
ɩɚɪɚɥɥɟɥɶɧɨɣ ɤɢɧɟɦɚɬɢɤɨɣ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɥɟ-
ɠɢɬ ɦɟɬɨɞ l-ɤɨɨɪɞɢɧɚɬ [1, 2]. 

ȼ ɫɢɫɬɟɦɟ l-ɤɨɨɪɞɢɧɚɬ ɩɨɥɨɠɟɧɢɟ ɬɜɟɪɞɨɝɨ ɬɟ-
ɥɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɲɟɫɬɢ 
ɱɢɫɟɥ l1, l2,…, l6, ɪɚɜɧɵɯ ɞɥɢɧɚɦ ɨɬɪɟɡɤɨɜ, ɫɨɟɞɢ-
ɧɹɸɳɢɯ ɬɨɱɤɢ ɬɟɥɚ ɫ ɬɨɱɤɚɦɢ ɧɟɩɨɞɜɢɠɧɨɣ ɛɚɡɵ 
ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ l1, 
l2,…, l6 ɨɛɪɚɡɭɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢ ɧɟɢɡɦɟɧɹɟɦɚɹ 
ɮɢɝɭɪɚ. 

Ȼɨɥɶɲɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ 
ɞɟɧɶ ɩɨɥɭɱɢɥɢ l-ɤɨɨɪɞɢɧɚɬɧɵɟ ɪɨɛɨɬɵ, ɜ ɦɚɧɢɩɭ-
ɥɹɬɨɪɚɯ ɤɨɬɨɪɵɯ ɜɵɯɨɞɧɨɟ ɡɜɟɧɨ ɩɟɪɟɦɟɳɚɟɬɫɹ 
ɩɪɢɜɨɞɚɦɢ, ɪɟɝɭɥɢɪɭɸɳɢɦɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɡɚɞɚɧɧɵɦɢ ɬɨɱɤɚɦɢ ɨɫɧɨɜɚɧɢɹ ɢ ɜɵɯɨɞɧɨɝɨ ɡɜɟɧɚ. 
Ʉ ɱɢɫɥɭ ɬɚɤɢɯ ɦɟɯɚɧɢɡɦɨɜ ɢ ɨɬɧɨɫɢɬɫɹ ɝɟɤɫɚɩɨɞ (ɜ 
ɥɢɬɟɪɚɬɭɪɟ ɦɨɠɧɨ ɜɫɬɪɟɬɢɬɶ ɬɚɤɠɟ ɧɚɡɜɚɧɢɟ 
«ɩɥɚɬɮɨɪɦɚ ɋɬɸɚɪɬɚ»). Ƚɟɤɫɚɩɨɞ ɢɦɟɟɬ ɞɜɟ ɩɥɚɬ-
ɮɨɪɦɵ, ɩɨɞɜɢɠɧɭɸ ɢ ɧɟɩɨɞɜɢɠɧɭɸ, ɲɚɪɧɢɪɧɨ 
ɫɨɟɞɢɧɟɧɧɵɟ ɲɟɫɬɶɸ ɫɬɟɪɠɧɹɦɢ ɩɟɪɟɦɟɧɧɨɣ ɞɥɢ-
ɧɵ (ɩɪɢɜɨɞɚɦɢ). Ɍɚɤɨɣ ɦɟɯɚɧɢɡɦ ɢɦɟɟɬ ɲɟɫɬɶ 
ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɩɪɨɫɬɨɬɭ ɢɞɟɢ ɩɨɫɬɪɨɟɧɢɹ ɬɚɤɢɯ 
ɦɚɲɢɧ, ɢɦɟɸɳɢɯ, ɧɟɫɨɦɧɟɧɧɨ, ɪɹɞ ɫɭɳɟɫɬɜɟɧɧɵɯ 
ɞɨɫɬɨɢɧɫɬɜ, ɩɪɢ ɢɯ ɫɨɡɞɚɧɢɢ ɜɫɬɚɟɬ ɪɹɞ ɡɚɞɚɱ, ɬɚ-
ɤɢɯ ɤɚɤ ɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɢ ɫɢɧɬɟɡ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 
ɜɵɯɨɞɧɨɝɨ ɡɜɟɧɚ ɜ l-ɤɨɨɪɞɢɧɚɬɵ ɭɩɪɚɜɥɹɟɦɵɯ ɥɢ-
ɧɟɣɧɵɯ ɩɪɢɜɨɞɨɜ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɜɜɟɞɟɦ ɫɥɟ-
ɞɭɸɳɢɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɭɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫɭɧ-
ɤɟ βμ БВГ –ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɧɟɩɨɞɜɢɠɧɨɣ 
ɩɥɚɬɮɨɪɦɵ ɝɟɤɫɚɩɨɞɚ, бвг – ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 
ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ. 

 
Ɋɢɫ. β. ɋɯɟɦɚ ɝɟɤɫɚɩɨɞɚ 

 
ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ xyz ɫɦɟɳɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ XYZ ɧɚ ɪɚɫɫɬɨɹɧɢɟ, 
ɨɩɪɟɞɟɥɹɟɦɨɟ ɜɟɤɬɨɪɨɦ H: 

( , , ),x y zOo H H H H H  

ɝɞɟ Hx, Hy, Hz – ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ H ɧɚ ɨɫɢ ɫɢ-
ɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ XYZ. 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɢɡɜɟɫɬɧɵ ɤɨɨɪɞɢɧɚɬɵ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɯ ɬɨɱɟɤ (ɲɚɪɧɢɪɨɜ) ɧɢɠɧɟɣ ɩɥɚɬ-
ɮɨɪɦɵ ɜ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬμ 

( , , ), 1,6.i i i iA X Y Z i   

Ʉɨɨɪɞɢɧɚɬɵ ɲɚɪɧɢɪɨɜ ɜɟɪɯɧɟɣ ɩɥɚɬɮɨɪɦɵ ɜ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ xyz ɨɛɨɡɧɚɱɢɦ ɱɟɪɟɡμ 

( , , ), 1,6.j j j ja x y z j   
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ɉɪɢ ɪɚɛɨɬɟ ɝɟɤɫɚɩɨɞɚ ɨɫɧɨɜɚɧɢɟ ɨɫɬɚɟɬɫɹ ɧɟ-
ɩɨɞɜɢɠɧɵɦ, ɩɨɷɬɨɦɭ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ ɲɚɪɧɢ-

ɪɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɧɟɦ, ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 
 

 
Ɋɢɫ. γ. Ƚɥɚɜɧɚɹ ɮɨɪɦɚ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ Х-ɤɨɨɪɞɢɧɚɬ 

 
ɒɚɪɧɢɪɵ ɜɟɪɯɧɟɣ ɩɥɚɬɮɨɪɦɵ ɢɡɦɟɧɹɸɬ ɫɜɨɟ 

ɩɨɥɨɠɟɧɢɟ ɜ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɪɢ ɩɟ-
ɪɟɦɟɳɟɧɢɢ ɜɟɪɯɧɟɣ ɩɥɚɬɮɨɪɦɵ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɷɬɨɝɨ ɩɨɥɨɠɟɧɢɹ (ɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɢ ɞɥɢɧ ɩɪɢɜɨɞ-
ɧɵɯ ɡɜɟɧɶɟɜ) ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɞɜɢɠɟɧɢɹ ɩɨ-
ɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɧɵɦɢ 
ɞɚɧɧɵɦɢ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɩɪɢɥɨɠɟɧɢɢ, ɩɨɦɢɦɨ 
ɤɨɧɮɢɝɭɪɚɰɢɢ ɦɟɯɚɧɢɡɦɚ, ɹɜɥɹɟɬɫɹμ 

1. ɍɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɜɟɪɯɧɟɣ ɩɥɚɬɮɨɪɦɵ ɝɟɤ-

ɫɚɩɨɞɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 0 0 0x y z , ɤɨɬɨɪɨɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɭɝɥɨɜ ɜɪɚɳɟɧɢɹ ɩɥɚɬ-
ɮɨɪɦɵ ɜɨɤɪɭɝ ɨɫɟɣ бвг. ɉɪɢɱɟɦ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ 
ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɦɚɬ-
ɪɢɰ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɨɜɨɪɨɬɨɜ. 

2. Ɂɧɚɱɟɧɢɟ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɩɨɞɜɢɠ-
ɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɜɟɤɬɨɪɨɦμ 

( , , )x y zM M MM , 

ɝɞɟ Mx, My, Mz – ɩɪɨɟɤɰɢɢ ɜɟɤɬɨɪɚ M ɧɚ ɨɫɢ ɩɨ-
ɞɜɢɠɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ xyz. 

ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɡɚɞɚɧɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɜɵɩɨɥɧɹɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɵɟ ɩɨɜɨɪɨɬɵ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ ɝɟɤɫɚɩɨɞɚ 
ɜɨɤɪɭɝ ɨɫɟɣ бвг ɫ ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɦɟɳɟɧɢɟɦ ɜɞɨɥɶ 
ɷɬɢɯ ɠɟ ɨɫɟɣ 

Ɋɚɞɢɭɫ-ɜɟɤɬɨɪɵ ɤɨɧɟɱɧɵɯ ɩɨɥɨɠɟɧɢɣ ɲɚɪɧɢ-

ɪɨɜ _i ɤɨɧɟɱa'
, 1,6i   ɜ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 

БВГ ɩɨɫɥɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɜɨɪɨɬɚ ɩɨɞɜɢɠ-
ɧɨɣ ɩɥɚɬɮɨɪɦɵ ɜɨɤɪɭɝ ɨɫɟɣ бвг ɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ 

ɩɟɪɟɧɨɫɚ ɧɚ ɜɟɤɬɨɪ 
( , , )x y zM M MM

 ɨɩɪɟɞɟɥɹɬ-
ɫɹ ɜɵɪɚɠɟɧɢɟɦμ 

_ , 1,6,i ɤɨɧɟɱ Т i   a HC a M
 

ɝɞɟ  – ɩɨɥɨɠɟɧɢɹ ɲɚɪɧɢɪɨɜ ɜ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ бвг. 

ȼɵɱɢɫɥɢɜ ɤɨɨɪɞɢɧɚɬɵ ɲɚɪɧɢɪɨɜ ɩɨɞɜɢɠɧɨɣ 
ɩɥɚɬɮɨɪɦɵ ɦɨɠɧɨ ɛɟɡ ɬɪɭɞɚ ɨɩɪɟɞɟɥɢɬɶ 
l-ɤɨɨɪɞɢɧɚɬɵ ɪɨɛɨɬɚμ 

2 2 2 2
1 1 1 1 1 1 1

2 2 2 2
2 2 2 2 2 2 2

2 2 2 2
3 3 3 3 3 3 3

2 2 2 2
4 4 4 4 4 4 4

2 2 2 2
5 5 5 5 5 5 5

2
6 6 6

( ) ( ) ( ) ;

( ) ( ) ( ) ;

( ) ( ) ( ) ;

( ) ( ) ( ) ;

( ) ( ) ( ) ;

( ) (

a A a A a A

a A a A a A

a A a A a A

a A a A a A

a A a A a A

a A a

x x y y z z l

x x y y z z l

x x y y z z l

x x y y z z l

x x y y z z l

x x y

     

     

     

     

     

  2 2 2
6 6 6 6) ( ) .A a Ay z z l










      

ɉɨɥɭɱɢɜ ɡɧɚɱɟɧɢɹ Х-ɤɨɨɪɞɢɧɚɬ ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɩɪɢ ɫɨɜɟɪɲɟɧɢɢ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɨɜɨɪɨɬɨɜ ɜɨɤɪɭɝ 
ɨɫɟɣ бвг ɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɩɨɞɜɢɠɧɨɣ 
ɩɥɚɬɮɨɪɦɵ, ɦɨɠɧɨ ɬɚɤɠɟ ɜɵɱɢɫɥɢɬɶ ɩɪɢɪɚɳɟɧɢɟ 
ɩɨ ɤɚɠɞɨɣ ɤɨɨɪɞɢɧɚɬɟ, ɱɬɨɛɵ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɨ-
ɫɵɥɚɬɶ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ ɧɚ ɭɩɪɚɜɥɹɟɦɵɟ 
ɩɪɢɜɨɞɵ ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ. 

ɂɧɬɟɪɮɟɣɫ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɢ-
ɥɨɠɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ Х-ɤɨɨɪɞɢɧɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 
ɪɢɫɭɧɤɟ γ. Ⱦɚɧɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɩɪɨɜɨɞɢɬ ɪɚɫɱɟɬɵ, 
ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɪɚɫɫɦɨɬɪɟɧɧɨɦ ɦɟɬɨɞɟ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɩɨɥɨɠɟɧɢɹ ɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɵ ɝɟɤɫɚɩɨɞɚ. 
ɉɪɨɝɪɚɦɦɚ ɢɦɟɟɬ ɩɪɨɫɬɨɣ ɢ ɢɧɬɭɢɬɢɜɧɨ ɩɨɧɹɬɧɵɣ 
ɢɧɬɟɪɮɟɣɫ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɛɟɡ ɬɪɭɞɚ ɪɚɡɨɛɪɚɬɶɫɹ ɜ 
ɧɟɦ ɩɨɥɶɡɨɜɚɬɟɥɸ. Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɥɨɠɟɧɢɹ ɩɪɨɢɡ-
ɜɨɞɢɥɚɫɶ ɜ ɫɪɟɞɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ EЦЛКЫМКНОЫШ 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɞɥɹ ɩɪɢɟɦɚ ɢ ɩɟɪɟɞɚɱɢ 
ɫɢɝɧɚɥɨɜ ɧɚ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɚɯ (ɄȺ) ɢɫɩɨɥɶ-
ɡɭɸɬɫɹ ɚɧɬɟɧɧɵ ɫɚɦɵɯ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ. ȼ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɢɡɥɭɱɚɟɦɵɯ ɢɥɢ ɩɪɢɧɢɦɚɟɦɵɯ 
ɜɨɥɧ, ɧɚɡɧɚɱɟɧɢɹ ɚɧɬɟɧɧɵ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɨɜ ɟɟ 
ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɜ ɤɨɫɦɨɫɟ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɧɨɨɛɪɚɡ-
ɧɵɟ ɜɚɪɢɚɧɬɵ ɢɫɩɨɥɧɟɧɢɹ ɚɧɬɟɧɧ ɢɦɟɸɳɢɯ ɪɚɡ-
ɥɢɱɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɪɚɡɦɟɪɵ ɢ ɞɚɠɟ ɮɨɪɦɭ. 
ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɦɢ ɚɧɬɟɧɧɚɦɢ ɄȺ ɹɜ-
ɥɹɸɬɫɹ ɚɧɬɟɧɧɵ ɩɚɪɚɛɨɥɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɢɡ-ɡɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɜ 
ɞɢɚɩɚɡɨɧɟ ɫɚɧɬɢɦɟɬɪɨɜɵɯ ɜɨɥɧ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, 
ɬɚɤɢɟ ɚɧɬɟɧɧɵ ɫɨɞɟɪɠɚɬ ɨɬɪɚɠɚɬɟɥɶ (ɢɥɢ ɪɟɮɥɟɤ-
ɬɨɪ) ɢ ɨɛɥɭɱɚɬɟɥɶ. Ɋɟɮɥɟɤɬɨɪ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ 
ɩɚɪɚɛɨɥɨɢɞɚ ɜɪɚɳɟɧɢɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɦɟɬɶ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɮɨɤɭɫɢɪɨɜɚɬɶ ɜɫɟ ɩɚɞɚɸɳɢɟ ɧɚ ɟɝɨ ɩɨ-
ɜɟɪɯɧɨɫɬɶ (ɚɩɟɪɬɭɪɭ) ɥɭɱɢ, ɩɚɪɚɥɥɟɥɶɧɵɟ ɨɫɢ ɩɚ-
ɪɚɛɨɥɨɢɞɚ, ɜ ɨɞɧɨɣ ɬɨɱɤɭ (ɮɨɤɭɫ ɩɚɪɚɛɨɥɨɢɞɚ), ɜ 
ɤɨɬɨɪɨɣ ɞɨɥɠɟɧ ɛɵɬɶ ɪɚɡɦɟɳɟɧ ɨɛɥɭɱɚɬɟɥɶ. 

 
Ɋɢɫ. 1. Ɍɢɩɨɜɚɹ ɫɯɟɦɚ ɡɨɧɬɢɱɧɨɣ ɚɧɬɟɧɧɵ ɄȺμ 1 – 

ɨɛɥɭɱɚɬɟɥɶ ɢ β – ɪɟɮɥɟɤɬɨɪ 
ɉɪɨɜɟɞɹ ɚɧɚɥɢɡ ɜɫɟɜɨɡɦɨɠɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ 

ɦɟɯɚɧɢɡɦɨɜ ɪɚɡɦɟɳɟɧɢɹ ɚɧɬɟɧɧ ɄȺ ɦɨɠɧɨ ɜɵɞɟ-
ɥɢɬɶ ɨɛɳɟɩɪɢɧɹɬɵɣ ɫɩɨɫɨɛ ɢɫɩɨɥɧɟɧɢɹ, ɬ. ɤ. ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɧɢ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɡɨɧɬɚ 
ɢ ɫɨɫɬɨɹɬ ɢɡ ɜɵɧɟɫɟɧɧɨɝɨ ɨɛɥɭɱɚɬɟɥɹ ɢ ɪɚɫɤɪɵɜɚ-
ɟɦɨɝɨ ɪɟɮɥɟɤɬɨɪɚ. Ɍɢɩɨɜɚɹ ɫɯɟɦɚ ɚɧɬɟɧɧɵ ɩɪɟɞ-
ɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

ȼ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɛɚɡɟ ɩɚɬɟɧɬɨɜ ɢ ɢɡɨɛɪɟɬɟɧɢɣ, 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɜ ɊɎ ɢ ɋɋɋɊ, ɦɨɠɧɨ ɧɚɣɬɢ 
ɦɧɨɠɟɫɬɜɨ ɩɪɟɞɥɨɠɟɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɨɧɬɢɱ-
ɧɵɯ ɚɧɬɟɧɧ ɄȺ Д1,β,γЖ. Ɉɞɧɚɤɨ, ɞɥɹ ɜɫɟɯ ɩɪɟɞɥɨ-
ɠɟɧɧɵɯ ɢɡɨɛɪɟɬɟɧɢɣ ɯɚɪɚɤɬɟɪɧɨ ɠɟɫɬɤɨɟ ɫɨɟɞɢ-
ɧɟɧɢɟ ɨɛɥɭɱɚɬɟɥɹ ɫ ɪɟɮɥɟɤɬɨɪɨɦ. Ɍɚɤɚɹ ɤɨɧɫɬɪɭɤ-
ɰɢɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɨɣ, ɟɫɥɢ ɨɬɫɭɬɫɬɜɭɸɬ 

ɩɪɨɛɥɟɦɵ ɪɚɡɦɟɳɟɧɢɹ ɬɚɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɨɬɤɪɵ-
ɬɨɦ ɤɨɫɦɨɫɟ. 

ȼ β01γ ɝ. ɤɨɦɩɚɧɢɟɣ ɈȺɈ ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɫɩɭɬɧɢɤɨɜɵɟ ɫɢɫɬɟɦɵ (ɂɋɋ) ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ 
Ɇ.Ɏ. Ɋɟɲɟɬɧɺɜɚ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɦɟɯɚɧɢɡɦ ɪɚɡɦɟ-
ɳɟɧɢɹ ɚɧɬɟɧɧɵ ɄȺ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɥɭɱɚ-
ɬɟɥɶ ɢ ɪɟɮɥɟɤɬɨɪ ɛɵɥɢ ɪɚɡɦɟɳɟɧɵ ɧɚ ɨɬɞɟɥɶɧɵɯ 
ɲɬɚɧɝɚɯ, ɡɚɤɪɟɩɥɟɧɧɵɯ ɧɚ ɄȺ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɜɨɡɧɢɤɥɚ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ ɄȺ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɚɱɚɥɢ ɜɨɡɧɢɤɚɬɶ ɬɪɭɞɧɨɫɬɢ ɫ 
ɤɨɦɩɚɤɬɧɵɦ ɪɚɡɦɟɳɟɧɢɟɦ ɰɟɥɟɜɨɣ ɚɩɩɚɪɚɬɭɪɵ 
(ɩɨɥɟɡɧɨɣ ɧɚɝɪɭɡɤɢ) ɄȺ. Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ 
ɚɧɬɟɧɧɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ β. Ɉɱɟɜɢɞɧɨ, 
ɱɬɨ ɞɥɹ ɫɨɜɦɟɳɟɧɢɹ ɬɨɱɤɢ ɨɛɥɭɱɚɬɟɥɹ ɢ ɮɨɤɭɫɚ 
ɩɚɪɚɛɨɥɨɢɞɚ ɧɟɨɛɯɨɞɢɦɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɩɨɥɨ-
ɠɟɧɢɹ ɪɟɮɥɟɤɬɨɪɚ ɭɱɢɬɵɜɚɹ, ɱɬɨ ɲɬɚɧɝɚ ɨɛɥɭɱɚ-
ɬɟɥɹ ɩɨɞɜɟɪɠɟɧɚ ɞɢɧɚɦɢɱɟɫɤɢɦ ɜɨɡɦɭɳɚɸɳɢɦ 
ɜɨɡɞɟɣɫɬɜɢɹɦ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɜɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɵ (ɜɪɚɳɚ-
ɬɟɥɶɧɨɟ ɫɨɱɥɟɧɟɧɢɟ ɢ ɤɚɪɞɚɧɧɵɣ ɲɚɪɧɢɪ) ɞɥɹ ɫɢ-
ɫɬɟɦɵ ɨɪɢɟɧɬɚɰɢɢ ɪɟɮɥɟɤɬɨɪɚ. 

ɋɢɫɬɟɦɚ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 
ɫɢɝɧɚɥ ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɨɛɥɭɱɚɬɟɥɹ (ɬɨɱɤɚ O0), ɪɚɫ-
ɩɨɥɨɠɟɧɧɨɝɨ ɧɚ ɤɨɧɰɟ ɲɬɚɧɝɢ, ɤ ɨɬɪɚɠɚɬɟɥɸ 
(ɬɨɱɤɚ O70) ɞɥɹ ɟɝɨ ɞɚɥɶɧɟɣɲɟɣ ɩɟɪɟɞɚɱɢ ɤ ɧɚɡɟɦ-
ɧɨɦɭ ɩɪɢɟɦɧɨɦɭ ɩɭɧɤɬɭ. ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ 
ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣμ 

1. ɋɢɝɧɚɥ ɨɬ ɩɟɪɟɞɚɬɱɢɤɚ ɞɨɥɠɟɧ ɩɟɪɟɞɚɜɚɬɶɫɹ 
ɬɨɱɧɨ ɜ ɰɟɧɬɪ ɪɟɮɥɟɤɬɨɪɚ (ɬɨɱɤɚ ɩɪɢɟɦɚ). 

β. ɉɥɨɫɤɨɫɬɶ ɬɚɪɟɥɤɢ-ɩɪɢɟɦɧɢɤɚ ɞɨɥɠɧɚ ɛɵɬɶ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɩɪɢɧɢɦɚɟɦɨɦɭ ɫɢɝɧɚɥɭ. 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɲɬɚɧɝɚ ɢɫɬɨɱɧɢɤɚ ɫɢɝɧɚɥɚ 
ɩɨɞɜɟɪɠɟɧɚ ɧɟɠɟɥɚɬɟɥɶɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɢɡ ɜɧɟ, 
ɜ ɯɨɞɟ ɤɨɬɨɪɵɯ ɨɧɚ ɦɨɠɟɬ ɢɡɝɢɛɚɬɶɫɹ (ɭɝɨɥ ɢɡɝɢɛɚ 

ɢ ) ɢ/ɢɥɢ ɫɤɪɭɱɢɜɚɬɶɫɹ (ɭɝɨɥ ɡɚɤɪɭɬɤɢ ɡ ). ɉɪɢ 
ɭɤɚɡɚɧɧɵɯ ɜɨɡɦɭɳɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɩɨɞɜɢɠ-
ɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɵɩɨɥɧɟ-
ɧɢɟ ɭɩɨɦɹɧɭɬɵɯ ɭɫɥɨɜɢɣ. 

ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱμ 
1. ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɮɢɝɭɪɚɰɢɸ ɪɟ-

ɮɥɟɤɬɨɪɚ, ɱɬɨɛɵ ɩɨɫɥɟ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɜɫɟɯ ɱɚɫɬɟɣ 
ɄȺ ɜɵɩɨɥɧɹɥɢɫɶ ɬɪɟɛɭɟɦɵɟ ɭɫɥɨɜɢɹ ɩɟɪɟɞɚɱɢ 
ɫɢɝɧɚɥɚ. 


