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ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɎɈɊɆɂɊɈȼȺɇɂə ɆɇɈȽɈɐȼȿɌɇɈȽɈ 
ɂɁɈȻɊȺɀȿɇɂə ɋ ɉɈɆɈɓɖɘ 

ȾɂɎɊȺɄɐɂɈɇɇɈɃ ɅɂɇɁɕ 

 
Ⱥ.ɂ. Ʉɨɜɚɥɟɧɤɨ 

 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ 
(ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) 

 
Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹщɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɢɡɨɛɪɚɠɟɧɢɹ, ɮɨɪɦɢɪɭɟɦɨɝɨ ɦɧɨɝɨɭɪɨɜɧɟɜɨɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ 

ɥɢɧɡɨɣ ɜ ɭɫɥɨɜɢɹɯ ɩɨɥɢɯɪɨɦɚɬɢɱɟɫɤɨɝɨ ɨɫɜɟщɟɧɢɹ. ȼɥɢɹɧɢɟ ɯɪɨɦɚɬɢɡɦɚ ɢɫɫɥɟɞɭɟɬɫɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɭɪɨɜɧɟɣ ɤɜɚɧɬɨɜɚɧɢɹ ɢ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɢɧɬɟɪɜɚɥɚ (ɩɪɢɜɟɞɟɧɢɹ ɮɚɡɵ ɤ ɭɪɨɜɧɸ 2n). 

 

Ⱦɢɮɪɚɤɰɢɨɧɧɵɟ ɨɩɬɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ (ȾɈɗ) ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ  ɦɢɧɢɚɬɸɪɢɡɚɰɢɢ ɢ 
ɨɛɥɟɝɱɟɧɢɹ ɨɩɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɧɢ ɩɨɡɜɨɥɹɸɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɫɜɟɬɨɜɵɟ ɩɭɱɤɢ 
ɫ ɬɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɧɟɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫ ɩɨɦɨщɶɸ ɤɥɚɫɫɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ 
ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɨɩɬɢɤɢ. Ɉɞɧɚɤɨ ȾɈɗ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɭщɟɫɬɜɟɧɧɨɣ ɯɪɨɦɚɬɢɱɟɫɤɨɣ 
ɚɛɟɪɪɚɰɢɟɣ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɤɚɤ ɧɟɝɚɬɢɜɧɨ, ɬɚɤ ɢ ɩɨɡɢɬɢɜɧɨ ɫɤɚɡɵɜɚɬɶɫɹ ɜ ɫɢɫɬɟɦɚɯ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ Д1-5]. 

Ʉɥɚɫɫɢɱɟɫɤɢɟ ɥɢɧɡɵ ɢ ɡɟɪɤɚɥɚ ɪɚɡɪɚɛɨɬɚɧɵ ɧɚ ɨɫɧɨɜɟ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɨɩɬɢɤɢ, 
ɤɨɬɨɪɵɟ ɢɡ-ɡɚ ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ ɧɟ ɩɨɞɯɨɞɹɬ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɨɩɬɢɱɟɫɤɢɯ ɢ 
ɨɩɬɨɷɥɟɤɬɪɨɧɧɵɯ ɦɢɤɪɨɫɢɫɬɟɦɚɯ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɥɨɠɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ  
ɥɚɡɟɪɧɵɯ  ɩɨɥɟɣ ɧɟɜɨɡɦɨɠɧɨ ɜɵɩɨɥɧɢɬɶ ɫ ɩɨɦɨщɶɸ ɤɥɚɫɫɢɱɟɫɤɢɯ ɪɟɮɪɚɤɰɢɨɧɧɵɯ 
ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɚɤɨ ɷɬɚ ɡɚɞɚɱɚ ɨɱɟɧɶ ɯɨɪɨɲɨ ɪɟɲɚɟɬɫɹ ɫ ɩɨɦɨщɶɸ ɫɪɟɞɫɬɜ ɞɢɮɪɚɤɰɢɨɧɧɨɣ 
ɨɩɬɢɤɢ. ȾɈɗ, ɭɱɢɬɵɜɚɸщɢɟ ɜɨɥɧɨɜɭɸ ɩɪɢɪɨɞɭ ɫɜɟɬɚ, ɭɫɩɟɲɧɨ ɜɵɩɨɥɧɹɸɬ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɩɪɚɤɬɢɱɟɫɤɢ ɩɪɨɢɡɜɨɥɶɧɨɟ ɚɦɩɥɢɬɭɞɧɨ-ɮɚɡɨɜɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ Д6, 7Ж. 

Ɉɫɧɨɜɧɨɟ ɫɜɨɣɫɬɜɨ ȾɈɗ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɹɜɥɟɧɢɹ ɞɢɮɪɚɤɰɢɢ ɞɥɹ ɢɡɦɟɧɟɧɢɹ 
ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɜɟɬɨɜɵɯ ɥɭɱɟɣ. Ⱦɢɮɪɚɤɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ ɪɚɡɛɢɜɚɸɬ 
ɫɜɟɬɨɜɨɣ ɥɭɱ ɧɚ ɦɧɨɠɟɫɬɜɨ ɥɭɱɟɣ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɩɟɪɟɧɚɩɪɚɜɥɹɟɬɫɹ ɩɨɞ ɪɚɡɧɵɦɢ 
ɭɝɥɚɦɢ. Ⱦɥɹ ɪɚɡɧɵɯ ɞɥɢɧ ɜɨɥɧ ɛɭɞɟɬ ɪɚɡɧɵɦ ɭɝɨɥ ɞɢɮɪɚɤɰɢɢ. Ȼɨɥɟɟ ɞɥɢɧɧɵɟ ɜɨɥɧɵ 
ɞɢɮɪɚɝɢɪɭɸɬ ɧɚ ɛɨɥɶɲɢɯ ɭɝɥɚɯ, ɱɟɦ ɤɨɪɨɬɤɢɟ ɞɥɢɧɵ ɜɨɥɧ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɹɜɥɹɟɬɫɹ 
ɯɪɨɦɚɬɢɱɟɫɤɢɣ ɞɢɫɩɟɪɫɢɨɧɧɵɣ ɷɮɮɟɤɬ Д8, λЖ. ɇɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɬɚɤɨɝɨ ɷɮɮɟɤɬɚ 
ɫɤɚɡɵɜɚɟɬɫɹ ɤɚɤ ɜ ɢɡɨɛɪɚɠɚɸщɢɯ Д1, β, 4Ж, ɬɚɤ ɢ ɮɨɤɭɫɢɪɭɸщɢɯ Д10, 11Ж ɫɢɫɬɟɦɚɯ, 
ɫɨɞɟɪɠɚщɢɯ ȾɈɗ. Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɯɪɨɦɚɬɢɡɦɚ ȾɈɗ ɱɚɫɬɨ ɩɪɟɞɥɚɝɚɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɝɢɛɪɢɞɧɵɟ ɫɢɫɬɟɦɵ, ɬ.ɟ. ɫɨɱɟɬɚɧɢɟ ɪɟɮɪɚɤɰɢɨɧɧɵɯ ɢ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
ɨɛɥɚɞɚɸщɢɯ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦ ɯɪɨɦɚɬɢɡɦɨɦ Д8, λ, 1β, 1γЖ. 

ɇɟɤɨɬɨɪɵɟ ȾɈɗ ɦɨɝɭɬ ɫɨɱɟɬɚɬɶ ɜ ɫɟɛɟ ɫɜɨɣɫɬɜɚ ɤɚɤ ɞɢɮɪɚɤɰɢɨɧɧɵɯ, ɬɚɤ ɢ 
ɪɟɮɪɚɤɰɢɨɧɧɵɯ ɥɢɧɡ. ɉɪɢɦɟɪɨɦ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɝɚɪɦɨɧɢɱɟɫɤɢɟ 
ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ, ɝɞɟ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɢ ɪɟɮɪɚɤɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɥɢɧɡɵ ɡɚɜɢɫɹɬ 
ɨɬ ɩɪɢɜɟɞɟɧɢɹ ɮɚɡɵ ɤ ɪɚɡɥɢɱɧɵɦ ɢɧɬɟɪɜɚɥɚɦ Д14-16Ж. Ƚɚɪɦɨɧɢɱɟɫɤɢɦ ɢɧɬɟɪɜɚɥɨɦ 
ɧɚɡɵɜɚɟɬɫɹ ɩɪɢɜɟɞɟɧɢɟ ɮɚɡɵ ɤ ɭɪɨɜɧɸ βn. Ɉɱɟɜɢɞɧɨ, ɱɟɦ ɛɨɥɶɲɟ n, ɬɟɦ ɛɥɢɠɟ ɫɜɨɣɫɬɜɚ 
ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ȾɈɗ ɤ ɪɟɮɪɚɤɰɢɨɧɧɨɦɭ ɷɥɟɦɟɧɬɭ. Ɉɞɧɚɤɨ ɢɡɝɨɬɨɜɥɟɧɢɟ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ 
ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɫɥɨɠɧɨɫɬɹɦɢ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɪɟɛɭɟɬɫɹ ɝɥɭɛɨɤɨɟ 
ɬɪɚɜɥɟɧɢɟ. ɉɨɷɬɨɦɭ ɠɟɥɚɬɟɥɶɧɨ ɧɚɣɬɢ ɧɟɤɨɬɨɪɵɣ ɤɨɦɩɪɨɦɢɫɫ ɦɟɠɞɭ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ 
ɭɜɟɥɢɱɟɧɢɹ ɝɚɪɦɨɧɢɱɟɫɤɨɝɨ ɢɧɬɟɪɜɚɥɚ ɫ ɰɟɥɶɸ ɩɪɟɨɞɨɥɟɧɢɹ ɯɪɨɦɚɬɢɡɦɚ ɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ.   

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɩɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 1, ɝɞɟ 
z1 - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɢɡɥɭɱɟɧɢɹ ɞɨ ȾɈɗ, z2 - ɪɚɫɫɬɨɹɧɢɟ ɨɬ ȾɈɗ ɞɨ ɩɥɨɫɤɨɫɬɢ 
ɢɡɨɛɪɚɠɟɧɢɹ. Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɨɬ ɢɫɬɨɱɧɢɤɚ ɢɡɥɭɱɟɧɢɹ ɢɞɟɬ ɪɚɫɯɨɞɹщɚɹɫɹ ɫɮɟɪɢɱɟɫɤɚɹ 
ɜɨɥɧɚ, ɞɥɹ ɤɨɬɨɪɨɣ ɩɪɢ ɛɨɥɶɲɢɯ z1 ɩɨɥɭɱɚɟɦ ɩɚɪɚɥɥɟɥɶɧɵɟ ɩɭɱɤɢ ɫɜɟɬɚ. 
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Ɋɢɫɭɧɨɤ β - Ɉɩɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɫ ȾɈɗ 

Ɉɫɧɨɜɧɵɟ ɷɬɚɩɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ȾɈɗμ 
1. ɧɟɩɪɟɪɵɜɧɭɸ ɮɚɡɨɜɭɸ ɮɭɧɤɰɢɸ ɩɪɨɩɭɫɤɚɧɢɹ  r  ɫɜɨɞɹɬ ɤ ɢɧɬɟɪɜɚɥɭ Д0,βn), 

ɝɞɟ n - ɱɢɫɥɨ ɩɟɪɢɨɞɢɱɧɨɫɬɢ; 
2. ɩɨɥɭɱɟɧɧɭɸ n - ɩɟɪɢɨɞɢɱɟɫɤɭɸ ɮɚɡɭ    2mod

t
r r    ɤɜɚɧɬɭɸɬ ɫ ɧɟɤɨɬɨɪɵɦ 

ɲɚɝɨɦ ɩɨ ɜɵɫɨɬɟ, ɮɨɪɦɢɪɭɹ m ɭɪɨɜɧɟɣ. 
ɑɟɦ ɛɨɥɶɲɟ ɱɢɫɥɨ ɭɪɨɜɧɟɣ ɤɜɚɧɬɨɜɚɧɢɹ ɮɚɡɵ m, ɬɟɦ ɬɨɱɧɟɟ ɩɨɥɭɱɟɧɧɚɹ ɮɚɡɚ 

ɩɨɜɬɨɪɹɟɬ ɪɟɥɶɟɮ ɧɟɩɪɟɪɵɜɧɨɝɨ ɫɥɭɱɚɹ. Ⱥ ɭɜɟɥɢɱɟɧɢɟ ɩɟɪɢɨɞɢɱɧɨɫɬɢ n ɩɨɡɜɨɥɹɟɬ 
ɩɪɢɛɥɢɡɢɬɶ ɞɢɮɪɚɤɰɢɨɧɧɵɣ ɪɟɥɶɟɮ ɤ ɪɟɮɪɚɤɰɢɨɧɧɨɦɭ. 

ȼ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɬɚ, 
ɩɪɨɯɨɞɹщɟɝɨ ɱɟɪɟɡ ɦɧɨɝɨɭɪɨɜɧɟɜɵɣ ȾɈɗ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɭɪɨɜɧɟɣ ɤɜɚɧɬɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚ. 
Ⱦɥɹ ɦɧɨɝɨɭɪɨɜɧɟɜɵɯ ȾɈɗ ɩɨɥɭɱɢɥɢ ɪɚɫɯɨɠɞɟɧɢɟ ɮɨɤɭɫɨɜ ɞɥɹ ɪɚɡɧɵɯ ɞɥɢɧ ɜɨɥɧ ɢ 
ɩɨɧɢɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɭɪɨɜɧɟɣ ɤɜɚɧɬɨɜɚɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɨɣ. ɉɨɧɢɠɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɞɥɹ 
ɤɜɚɧɬɨɜɚɧɧɵɯ ȾɈɗ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɹɟɬɫɹ ɜɞɨɥɶ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɛɥɢɠɟ ɤ 
ɨɩɬɢɱɟɫɤɨɦɭ ɷɥɟɦɟɧɬɭ. 

Ɍɚɤɠɟ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ  
ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɭɪɨɜɧɟɣ ɤɜɚɧɬɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚ ɢ ɩɪɢɜɟɞɟɧɢɟ 
ɮɚɡɵ ɤ ɢɧɬɟɪɜɚɥɚɦ Д0,βn), ɝɞɟ n=1,β,..., 10. ɂɫɫɥɟɞɨɜɚɧɢɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɫ 
ɪɚɡɥɢɱɧɵɦɢ ɪɚɞɢɭɫɚɦɢ ɢ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧ M ɢ N ɨɬ ɪɚɞɢɭɫɚ ɥɢɧɡɵ. 

ɇɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɬɚ, ɩɨɥɭɱɟɧɧɭɸ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɱɟɪɟɡ ɷɥɟɦɟɧɬ ɢɡɥɭɱɟɧɢɹ, 
ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɟ ɬɨɥɶɤɨ ɤɨɥɢɱɟɫɬɜɨ ɭɪɨɜɧɟɣ ɤɜɚɧɬɨɜɚɧɢɹ ɢ ɝɥɭɛɢɧɚ ɪɟɥɶɟɮɚ, ɧɨ ɢ ɱɢɫɥɨ 
ɡɨɧ ɷɥɟɦɟɧɬɚ. Ʉɚɤ ɩɨɤɚɡɚɥ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɞɥɹ ɫɛɥɢɠɟɧɢɹ ɬɨɱɟɤ ɮɨɤɭɫɚ 
ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɡɨɧ ɷɥɟɦɟɧɬɚ ɞɨ ɨɞɧɨɣ ɩɭɬɟɦ ɭɜɟɥɢɱɟɧɢɹ 
ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɢɧɬɟɪɜɚɥɚ (ɭɜɟɥɢɱɟɧɢɹ ɝɥɭɛɢɧɵ ɪɟɥɶɟɮɚ ɷɥɟɦɟɧɬɚ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ 
ɭɦɟɧɶɲɟɧɢɢ ɡɨɧ ȾɈɗ ɛɭɞɟɬ ɫɬɪɟɦɢɬɫɹ ɤ ɪɟɮɪɚɤɰɢɨɧɧɨɦɭ ɫɥɭɱɚɸ, ɨɞɧɚɤɨ ɧɢɤɨɝɞɚ ɟɝɨ ɧɟ 
ɞɨɫɬɢɝɧɟɬ. 

ɂɡ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɩɨɥɭɱɟɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɪɚɞɢɭɫɚ ɥɢɧɡɵ ɞɥɹ ɫɦɟщɟɧɢɹ ɮɨɤɭɫɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɭɪɨɜɧɟɣ 
ɤɜɚɧɬɨɜɚɧɢɹ (ɞɥɹ ɥɢɧɡɵ ɪɚɞɢɭɫɚ 1 ɦɦ ɞɨɫɬɚɬɨɱɧɨ γβ ɭɪɨɜɧɹ ɤɜɚɧɬɨɜɚɧɢɹ, ɞɥɹ ɥɢɧɡɵ ɫ 
ɪɚɞɢɭɫɨɦ 10 ɦɦ – β048 ɭɪɨɜɧɟɣ). ɉɪɢ ɷɬɨɦ, ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɥɢɧɡɵ ɨɞɧɨɣ ɡɨɧɵ ɩɪɢ 
ɛɨɥɶɲɟɦ ɪɚɞɢɭɫɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɝɥɭɛɢɧɚ ɪɟɥɶɟɮɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɞɥɹ ɥɢɧɡɵ ɪɚɞɢɭɫɚ 1 ɦɦ 
N = λ,1, ɞɥɹ ɪɚɞɢɭɫɚ 10 ɦɦ N = 910). 

Ɍɚɤɠɟ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɫ 
ɩɨɦɨщɶɸ ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɢ ɞɢɮɪɚɤɰɢɨɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. ɉɭɫɬɶ ɞɚɧ ɨɛɴɟɤɬ ɫ ɧɭɥɟɜɨɣ 
ɮɚɡɨɣ (ɪɢɫ. β). Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɥɢɧɡɚ ɫ ɮɨɤɭɫɧɵɦ 
ɪɚɫɫɬɨɹɧɢɟɦ f=γβ0 ɦɦ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ z1

 
=

 
50

 
000 ̥̥ ɨɬ ɨɛɴɟɤɬɚ. 

Ɋɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɨɫɜɟщɟɧɢɟ ɥɚɡɟɪɧɵɦ ɢɡɥɭɱɟɧɢɟɦ М ɬɪɟɦɹ ɞɥɢɧɚɦɢ ɜɨɥɧμ 1
 
=

 
400 ̦̥, 

2
 
=

 
550 ̦̥ ɢ 3

 
=

 
700 ̦̥. Ȼɚɡɨɜɨɣ ɫɱɢɬɚɥɚɫɶ ɫɪɟɞɧɹɹ ɞɥɢɧɚ ɜɨɥɧɵ 0

 
=

 2. ɂɡɨɛɪɚɠɟɧɢɟ 
ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ z2 ɨɬ ɥɢɧɡɵ. 
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Ɋɢɫɭɧɨɤ γ – ȼɢɞ ɨɛɴɟɤɬɚ 

Ɋɚɫɫɦɨɬɪɢɦ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 
z2=γβ5 ɦɦ. ɇɚ ɪɢɫɭɧɤɟ γ ɩɪɢɜɟɞɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɞɥɹ 
ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɞɥɢɧ ɜɨɥɧ (ɫɢɧɢɢ ɰɜɟɬ ɞɥɹ 1

 
=

 
400 ̦̥, ɡɟɥɟɧɵɢ ɰɜɟɬ 

ɞɥɹ 2
 
=

 
550 ̦̥, ɤɪɚɫɧɵɢ ɰɜɟɬ ɞɥɹ 3

 
=

 
700 ̦̥). 

ȼ ɬɚɛɥɢɰɟ 2 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɫɬɪɨɟɧɢɹ ɰɜɟɬɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɢ ɞɥɹ ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ, ɪɚɫɫɱɢɬɚɧɧɨɣ ɞɥɹ ɛɚɡɨɜɨɣ ɞɥɢɧɵ ɜɨɥɧɵ 2. 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɞɥɹ ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɞɥɹ 

ɪɚɡɥɢɱɧɵɯ ɞɥɢɧ ɜɨɥɧ 

Ɍɚɛɥɢɰɚ 5 – Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ γβ5 ɦɦ ɨɬ 
ɥɢɧɡɵ 

z2, 

ɦɦ 
1

 
=

 
400 ̦̥ 2

 
=

 
550 ̦̥ 3

 
=

 
700 ̦̥ ɋɭɦɦɚɪɧɨɟ 
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Ɋɚɫɫɦɨɬɪɢɦ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɱɟɬɵɪɟɯɭɪɨɜɧɟɜɨɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ 
ɥɢɧɡɵ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ, ɪɚɜɧɵɯ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɞɥɢɧ ɜɨɥɧ. ɂɡ ɪɢɫɭɧɤɚ 4 ɜɢɞɧɨ, ɱɬɨ z2 ɪɚɜɧɨ γβ5 ɢ γ45,5 ɦɦ. 

ɂɡ ɪɢɫ. 4 ɜɢɞɧɨ ɫɦɟщɟɧɢɟ ɮɨɤɭɫɚ ɞɥɹ ɞɥɢɧɵ ɜɨɥɧɵ ɪɚɜɧɨɣ 3
 
=

 
700 ̦̥ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɛɚɡɨɜɨɣ. ȼ ɬɚɛɥɢɰɟ β ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɂɡ ɬɚɛɥ. β 
ɜɢɞɧɨ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɹ ɡɚɦɟɬɧɨ ɯɭɠɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ. 
Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɢɡɨɛɪɚɠɟɧɢɹ ɭɜɟɥɢɱɢɦ ɤɨɥɢɱɟɫɬɜɨ ɭɪɨɜɧɟɣ ɞɨ 16. ɇɚ ɪɢɫɭɧɤɟ 5 ɢ 
ɜ ɬɚɛɥɢɰɟ γ ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɲɟɫɬɧɚɞɰɚɬɢ ɭɪɨɜɧɟɜɨɣ ɥɢɧɡɵ. 
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Ɋɢɫɭɧɨɤ 4 - Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɞɥɹ ɱɟɬɵɪɟɯɭɪɨɜɧɟɜɨɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ 

ɥɢɧɡɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɞɥɢɧ ɜɨɥɧ 

 

Ɍɚɛɥɢɰɚ 6 - Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɱɟɬɵɪɟɯɭɪɨɜɧɟɜɨɣ 
ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ 

z2, 

ɦɦ 
1

 
=

 
400 ̦̥ 2

 
=

 
550 ̦̥ 3

 
=

 
700 ̦̥ ɋɭɦɦɚɪɧɨɟ 
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345,

5 

    
 

 
Ɋɢɫɭɧɨɤ 5 - Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɞɥɹ ɲɟɫɬɧɚɞɰɚɬɢ ɭɪɨɜɧɟɜɨɣ 

ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɞɥɢɧ ɜɨɥɧ 

 

мм

150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

мм

150 175 200 225 250 275 300 325 350 375 400 425 450 475 500

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0



 

398 

Ɍɚɛɥɢɰɚ 7 - Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ γβ5 ɦɦ ɨɬ ɲɟɫɬɧɚɞɰɚɬɢ ɭɪɨɜɧɟɜɨɣ 
ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ 

z2, 

ɦɦ 
1

 
=

 
400 ̦̥ 2

 
=

 
550 ̦̥ 3

 
=

 
700 ̦̥ ɋɭɦɦɚɪɧɨɟ 

325 

    
ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜɵɲɟ ɪɟɡɭɥɶɬɚɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ 

ɲɟɫɬɧɚɞɰɚɬɢ ɭɪɨɜɧɟɜɨɣ ɥɢɧɡɵ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɪɟɮɪɚɤɰɢɨɧɧɨɝɨ ɫɥɭɱɚɹ. 
ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸщɢɟ ɪɟɡɭɥɶɬɚɬɵμ 
 ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɭɪɨɜɧɟɣ ɤɜɚɧɬɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚ ɞɥɹ ɪɚɡɧɵɯ ɞɥɢɧ ɜɨɥɧ 

ɢɡɥɭɱɟɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɪɚɡɧɵɟ ɮɨɤɭɫɧɵɟ ɪɚɫɫɬɨɹɧɢɹ, ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɚɞɟɧɢɟ 
ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɟɡɧɨɣ ɷɧɟɪɝɢɢ ɜɞɨɥɶ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ; 

 ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɞɢɭɫɚ ȾɈɗ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɫɦɟщɟɧɢɹ ɮɨɤɭɫɨɜ ɞɥɹ ɪɚɡɧɵɯ 
ɞɥɢɧ ɜɨɥɧ ɜ ɨɞɧɭ ɬɨɱɤɭ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ ɱɢɫɥɨ ɭɪɨɜɧɟɣ ɤɜɚɧɬɨɜɚɧɢɹ ɥɢɧɡɵ ɢ 
ɩɨɞɛɢɪɚɬɶ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɢɱɧɨɫɬɢ N, ɱɬɨɛɵ ɤɨɥɢɱɟɫɬɜɨ ɡɨɧ ɷɥɟɦɟɧɬɚ ɛɵɥɨ ɪɚɜɧɨ 
ɨɞɧɨɦɭ; 

 ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɧɚɢɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɛɵɥɨ 
ɩɨɥɭɱɟɧɨ ɭ ɜɨɫɶɦɢɭɪɨɜɧɟɜɨɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɛɥɢɡɤɨɟ ɩɨ ɤɚɱɟɫɬɜɭ ɤ 
ɪɟɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɟ, ɨɞɧɚɤɨ ɩɪɢɟɦɥɟɦɨɟ ɤɚɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚɛɥɸɞɚɥɨɫɶ ɢ ɭ 
ɱɟɬɵɪɟɯɭɪɨɜɧɟɜɨɣ ɥɢɧɡɵ. ɂɡɨɛɪɚɠɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨщɶɸ ɞɜɭɯɭɪɨɜɧɟɜɨɣ ɥɢɧɡɵ, 
ɢɦɟɸɬ ɤɚɱɟɫɬɜɨ ɫɨɜɟɪɲɟɧɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɰɜɟɬɧɵɯ ɢɡɨɛɪɚɠɟɧɢɢ. 

ɉɪɨɛɥɟɦɭ, ɫɜɹɡɚɧɧɭɸ ɫ ɯɪɨɦɚɬɢɱɟɫɤɨɣ ɚɛɟɪɪɚɰɢɟɣ ȾɈɗ, ɞɥɹ ɧɟɤɨɬɨɪɵɯ 
ɩɪɢɥɨɠɟɧɢɣ ɦɨɠɧɨ ɪɟɲɢɬɶ ɩɭɬɟɦ ɜɧɟɫɟɧɢɹ ɜ ɜɨɥɧɨɜɨɣ ɮɪɨɧɬ ɪɚɡɥɢɱɧɵɯ ɚɛɟɪɪɚɰɢɣ ɢ 
ɭɜɟɥɢɱɟɧɢɟɦ ɝɥɭɛɢɧɵ ɮɨɤɭɫɚ. 
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