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ȾɂɇȺɆɂɄȺ ɋɉȿɄɌɊȺ ɉɊɈɋɌɊȺɇɋɌȼȿɇɇɕɏ ɑȺɋɌɈɌ 
ȼɊȺɓȺɘɓɂɏɋə ȻȿɋɋȿɅȿȼɕɏ ɉɍɑɄɈȼ 

ɌȿɊȺȽȿɊɐɈȼɈȽɈ ȾɂȺɉȺɁɈɇȺ, ɋɈɁȾȺɇɇɕɏ 
ɋɉɂɊȺɅɖɇɈɃ ɎȺɁɈȼɈɃ ɉɅȺɋɌɂɇɄɈɃ 
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1ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
2ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ  

ɢɦ. ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ (ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) 
3ɂɧɫɬɢɬɭɬ ɫɢɫɬɟɦ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɊȺɇ 

4ɂɧɫɬɢɬɭɬ ɹɞɟɪɧɨɣ ɮɢɡɢɤɢ ɢɦ. Ƚ.ɂ. Ȼɭɞɤɟɪɚ ɋɈ ɊȺɇ 
5ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧ ɭɝɥɨɜɨɣ ɫɩɟɤɬɪ ɬɟɪɚɝɟɪɰɨɜɨɝɨ ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ, 
ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɩɢɪɚɥɶɧɨɣ ɮɚɡɨɜɨɣ ɪɟɲɟɬɤɨɣ, ɨɫɜɟщɟɧɧɨɣ ɝɚɭɫɫɨɜɵɦ ɩɭɱɤɨɦ ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ ɥɚɡɟɪɚ ɧɚ 
ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɚɯ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɫ ɞɥɢɧɨɣ ɜɨɥɧɵ 141 ɦɤɦ ɞɨ ɢ ɩɨɫɥɟ 
ɮɨɤɭɫɢɪɭɸщɟɣ ɥɢɧɡɵ ɫɧɢɦɚɥɨɫɶ ɫ ɱɚɫɬɨɬɨɣ ɨɤɨɥɨ β0 ɤɚɞɪɨɜ ɜ ɫɟɤɭɧɞɭ ɦɚɬɪɢɱɧɵɦ ɦɢɤɪɨɛɨɥɨɦɟɬɪɢɱɟɫɤɢɦ 
ɩɪɢɟɦɧɢɤɨɦ ɫ ɪɚɡɦɟɪɨɦ ɷɥɟɦɟɧɬɨɜ  ɦɤɦ, ɩɟɪɟɦɟщɚɟɦɵɦ ɜɞɨɥɶ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɥɢɧɟɣɧɵɦ ɚɤɬɭɚɬɨɪɨɦ 
ɫ ɲɚɝɨɜɵɦ ɞɜɢɝɚɬɟɥɟɦ. ȼɵɩɨɥɧɟɧɵ ɱɢɫɥɟɧɧɵɟ ɪɚɫɱɟɬɵ ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ ɫ ɩɨɦɨщɶɸ ɫɨɡɞɚɧɧɨɝɨ ɜ ɪɚɦɤɚɯ 
ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɨɤɚɡɚɜɲɟɟ ɢɯ ɯɨɪɨɲɟɟ ɫɨɜɩɚɞɟɧɢɟ.  
 

ɉɥɨɫɤɚɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɜɨɥɧɚ ɩɨɦɢɦɨ ɚɦɩɥɢɬɭɞɵ ɢ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪɚ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɥɹɪɢɡɚɰɢɟɣ. ȼ ɨɛщɟɦ ɫɥɭɱɚɟ ɷɥɥɢɩɬɢɱɟɫɤɚɹ ɩɨɥɹɪɢɡɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɡɥɨɠɟɧɚ ɧɚ ɩɪɚɜɭɸ ɢ ɥɟɜɭɸ ɤɪɭɝɨɜɵɟ ɩɨɥɹɪɢɡɚɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɫɩɢɧɭ 
(ɫɨɛɫɬɜɟɧɧɨɦɭ ɭɝɥɨɜɨɦɭ ɦɨɦɟɧɬɭ, SAε) ɮɨɬɨɧɚ . ȿɫɥɢ ɜɨɥɧɨɜɚɹ ɮɭɧɤɰɢɹ ɢɦɟɟɬ 
ɭɝɥɨɜɭɸ ɡɚɜɢɫɢɦɨɫɬɶ , ɬɨ ɮɨɬɨɧ ɩɨɦɢɦɨ ɫɩɢɧɚ ɨɛɥɚɞɚɟɬ ɨɪɛɢɬɚɥɶɧɵɦ ɦɨɦɟɧɬɨɦ , 

ɝɞɟ l – ɥɸɛɨɟ ɰɟɥɨɟ ɱɢɫɥɨ Д1Ж. ɉɪɢ ɷɬɨɦ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɫɬɨɹɧɧɨɣ ɮɚɡɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɝɟɥɢɤɨɢɞɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɪɢɱɟɦ ɤɨɥɢɱɟɫɬɜɨ ɢɯ ɜɟɬɜɟɣ ɪɚɜɧɨ ɢɧɞɟɤɫɭ l. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɡɚɤɪɭɱɟɧɧɵɟ ɛɟɫɫɟɥɟɜɵ ɩɭɱɤɢ, ɨɩɢɫɵɜɚɟɦɵɟ 
ɮɨɪɦɭɥɨɣμ 

 , (1) 

ɝɞɟ Jl(x) – ɮɭɧɤɰɢɹ Ȼɟɫɫɟɥɹ ɩɟɪɜɨɝɨ ɪɨɞɚ l-ɝɨ ɩɨɪɹɞɤɚ,  – ɪɚɞɢɚɥɶɧɚɹ 
ɫɨɫɬɚɜɥɹɸщɚɹ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪɚ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɫɹ ɭɝɥɨɜɨɣ ɫɩɟɤɬɪ ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 
ɮɚɡɨɜɵɦ ɞɢɮɪɚɤɰɢɨɧɧɵɦ ɷɥɟɦɟɧɬɨɦ ДβЖ. Ɏɚɤɬɢɱɟɫɤɢ, ɫɩɟɤɬɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɪɚɡɥɨɠɟɧɢɟ ɢɫɯɨɞɧɨɣ ɜɨɥɧɵ ɩɨ ɩɥɨɫɤɢɦ ɜɨɥɧɚɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɥɭɱɲɟ ɩɨɧɹɬɶ ɭɫɬɪɨɣɫɬɜɨ 
ɢ ɩɨɜɟɞɟɧɢɟ ɬɚɤɢɯ ɩɭɱɤɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɪɨɜɟɪɢɬɶ, 
ɹɜɥɹɟɬɫɹ ɥɢ ɤɚɤɨɣ-ɥɢɛɨ ɩɭɱɨɤ ɛɟɫɫɟɥɟɜɵɦ. ɋ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɭɝɥɨɜɨɣ 
ɫɩɟɤɬɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɮɭɪɶɟ-ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɨɧɨ ɜɵɩɨɥɧɹɟɬɫɹ ɬɨɧɤɨɣ 
ɥɢɧɡɨɣ, ɨɧɨ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɤɚɤ 

 , (2) 

ɝɞɟ R – ɪɚɞɢɭɫ ɚɩɟɪɬɭɪɵ ɥɢɧɡɵ,  f – ɮɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ, ρ ɢ ψ – ɩɨɥɹɪɧɵɟ 
ɤɨɨɪɞɢɧɚɬɵ ɜ ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. ɉɪɢ ɛɟɫɤɨɧɟɱɧɨɣ ɚɩɟɪɬɭɪɟ ɥɢɧɡɵ ɭɝɥɨɜɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ ɬɨɧɤɨɝɨ ɤɨɥɶɰɚ, ɨɩɢɫɵɜɚɟɦɨɟ ɮɨɪɦɭɥɨɣμ 

 , (3) 
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ɝɞɟ  – ɪɚɞɢɭɫ ɤɨɥɶɰɚ. ȼ ɫɥɭɱɚɟ ɤɨɧɱɟɧɨɣ ɚɩɟɪɬɭɪɵ ɥɢɧɡɵ ɨɫɧɨɜɧɨɟ ɤɨɥɶɰɨ 

ɪɚɡɦɵɜɚɟɬɫɹ, ɚ ɪɹɞɨɦ ɩɨɹɜɥɹɸɬɫɹ ɩɨɛɨɱɧɵɟ ɤɨɧɰɟɧɬɪɢɱɟɫɤɢɟ ɤɨɥɶɰɚ. 
ɋɭщɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɫɩɨɫɨɛɨɜ ɫɨɡɞɚɬɶ ɡɚɤɪɭɱɟɧɧɵɣ ɩɭɱɨɤ ɢɡ ɩɥɨɫɤɨɣ ɜɨɥɧɵ. ɇɚ 

ɩɪɚɤɬɢɤɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɷɥɟɦɟɧɬɵ, ɨɫɨɛɟɧɧɨ ɩɨɞɯɨɞɹщɢɟ ɞɥɹ 
ɬɟɪɚɝɟɪɰɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ. Ɉɧɢ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɜɢɥɨɱɧɵɟ ɞɢɮɪɚɤɰɢɨɧɧɵɟ 
ɪɟɲɟɬɤɢ (ПШЫФОН НТППЫКМЭТШЧ РЫКЭТЧР) ɢɥɢ ɫɩɢɪɚɥɶɧɭɸ ɩɥɚɫɬɢɧɤɭ Ɏɪɟɧɟɥɹ. ɉɪɢɦɟɧɟɧɢɟ 
ɚɦɩɥɢɬɭɞɧɨɣ ɫɩɢɪɚɥɶɧɨɣ ɩɥɚɫɬɢɧɤɢ Ɏɪɟɧɟɥɹ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɭɱɤɨɜ, ɫɨɞɟɪɠɚщɢɯ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɫɢɧɝɭɥɹɪɧɨɫɬɶ, ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɜ ɪɚɛɨɬɟ ДγЖ. Ƚɪɚɧɢɰɵ ɡɨɧ ɞɚɧɧɨɣ 
ɩɥɚɫɬɢɤɢ ɨɩɢɫɵɜɚɸɬɫɹ ɮɨɪɦɭɥɨɣμ 

 , 

ɝɞɟ  – ɬɨɩɨɥɨɝɢɱɟɫɤɢɣ ɡɚɪɹɞ ɩɭɱɤɚ, R – ɮɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɩɥɚɫɬɢɧɤɢ, n = 0, ±1, 
±β, … ɉɪɢ l = 0 ɩɨɥɭɱɚɟɬɫɹ ɨɛɵɱɧɚɹ ɡɨɧɧɚɹ ɩɥɚɫɬɢɧɤɚ Ɏɪɟɧɟɥɹ. 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɨɞɨɛɧɵɟ ɛɢɧɚɪɧɵɟ ɮɚɡɨɜɵɟ ɪɟɲɟɬɤɢ ɞɢɚɦɟɬɪɨɦ 
38 ɦɦ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɨɦ ɪɟɚɤɬɢɜɧɨ-ɢɨɧɧɨɝɨ ɬɪɚɜɥɟɧɢɹ Д4Ж ɧɚ ɜɵɫɨɤɨɨɦɧɨɣ 
ɤɪɟɦɧɢɟɜɨɣ ɩɥɚɫɬɢɧɤɟ, ɧɨ ɫ ɩɨɫɬɨɹɧɧɨɣ ɲɢɪɢɧɨɣ ɡɨɧ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫ. 1. Ƚɪɚɧɢɰɵ ɡɨɧ 
ɨɩɢɫɵɜɚɸɬɫɹ ɮɨɪɦɭɥɨɣμ 

 . 

Ⱦɚɥɟɟ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ ɬɚɤɭɸ ɪɟɲɟɬɤɭ ɫɩɢɪɚɥɶɧɨɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɨɣ (ɋȾɊ). 
Ȼɵɥɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ (ɫɦ. ɧɢɠɟ), ɱɬɨ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ ɧɟɟ ɩɥɨɫɤɨɣ ɜɨɥɧɵ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɮɨɪɦɢɪɭɟɬɫɹ ɛɟɫɫɟɥɟɜ ɩɭɱɨɤ. ɉɪɢ l = 0 ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɵɱɧɵɣ 
ɚɤɫɢɤɨɧ. 

Ɋɢɫɭɧɨɤ 1 – ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ ɫɩɢɪɚɥɶɧɵɟ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɪɟɲɟɬɤɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɭɱɤɨɜ ɫ 
ɬɨɩɨɥɨɝɢɱɟɫɤɢɦ ɡɚɪɹɞɨɦ  ɢ ; ɡɧɚɤ ɡɚɪɹɞɚ ɢɡɦɟɧɹɟɬɫɹ ɩɪɢ ɩɨɜɨɪɨɬɟ ɪɟɲɟɬɤɢ ɧɚ 180º ɜɨɤɪɭɝ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ. ɋɞɜɢɝ ɮɚɡɵ ɦɟɠɞɭ ɱɟɪɧɨɣ ɢ ɛɟɥɨɣ ɡɨɧɨɣ ɫɨɫɬɚɜɥɹɟɬ π. 
Ɋɢɫɭɧɨɤ β – ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚμ Ⱦɗ – ɫɩɢɪɚɥɶɧɚɹ ɞɢɮɪɚɤɰɢɨɧɧɚɹ ɪɟɲɟɬɤɚ. 

 

ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɹɥɨɫɶ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɫɤɚɥɹɪɧɨɣ ɬɟɨɪɢɢ 
ɞɢɮɪɚɤɰɢɢ. ȼ ɩɪɢɛɥɢɠɟɧɢɢ Ɏɪɟɧɟɥɹ ɢɧɬɟɝɪɚɥ Ʉɢɪɯɝɨɮɮɚ ɞɚɟɬ ɜɵɪɚɠɟɧɢɟ ɜɢɞɚ 

 . 

ɗɬɨɬ ɢɧɬɟɝɪɚɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɦɟɪɧɭɸ ɫɜɟɪɬɤɭ ɞɜɭɯ ɮɭɧɤɰɢɣ, ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɪɚɠɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ 

 ,  

ɝɞɟ . ɉɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɩɨɞɯɨɞɚ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ 

ɫɧɢɡɢɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɮɪɚɤɰɢɢ, ɢɫɩɨɥɶɡɭɹ 
ɛɵɫɬɪɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ. 

0

f

k
 

щ

21
( )

2 2

kr
l n

R
   

l

2

l
r ln



 

1l   2l  

 2 2( , ) ( , )exp ( ) (
2

d d)
ikz

S

e ik
E x y E x y

i z z
     


      

( , ) 2 [ ( , )] [ ( , )]{ }
ikz

e
E x y E x y w x y

i z


    F F F

2 2( , ) exp ( )
2

ik
w x y x y

z

    



 

415 

Ⱦɥɹ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɣɬɢ ɨɬ ɧɟɩɪɟɪɵɜɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ɏɭɪɶɟ ɤ ɞɢɫɤɪɟɬɧɨɦɭ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ Ɏɭɪɶɟ (DFT). ɉɟɪɟɯɨɞ ɦɨɠɟɬ ɛɵɬɶ ɨɫɭщɟɫɬɜɥɟɧ ɩɨ 
ɮɨɪɦɭɥɚɦμ 

 
, . 

Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɮɪɚɤɰɢɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ Huygens, 

ɧɚɩɢɫɚɧɧɚɹ ɧɚ ɹɡɵɤɟ ω++ ɞɥɹ Ɉɋ АТЧНШаЬ ɧɚ ɚɪɯɢɬɟɤɬɭɪɟ б86-64. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɛɢɛɥɢɨɬɟɤɚ FFTА. ɋ ɟɟ ɩɨɦɨщɶɸ ɛɵɥ 
ɩɪɨɢɡɜɟɞɟɧ ɱɢɫɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɩɨ ɫɯɟɦɟ, ɜ ɬɨɱɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. β. ɂɫɬɨɱɧɢɤɨɦ ɢɡɥɭɱɟɧɢɹ ɜ 

ɷɤɫɩɟɪɢɦɟɧɬɟ ɫɥɭɠɢɥ ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɥɚɡɟɪ ɧɚ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɚɯ Д5Ж, ɜ ɞɚɧɧɨɦ 
ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɚɫɬɪɨɟɧɧɵɣ ɧɚ ɞɥɢɧɭ ɜɨɥɧɵ 141 ɦɤɦ, ɧɚ ɤɨɬɨɪɭɸ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɵ 
ɮɚɡɨɜɵɟ ɪɟɲɟɬɤɢ, ɩɨɡɜɨɥɹɜɲɢɟ ɝɟɧɟɪɢɪɨɜɚɬɶ ɩɭɱɤɢ ɫ ɬɨɩɨɥɨɝɢɱɟɫɤɢɦ ɡɚɪɹɞɨɦ . 

Ȼɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ȼ ɩɟɪɜɨɦ ɱɢɫɥɟɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɛɵɥɚ 
ɢɫɫɥɟɞɨɜɚɧɚ ɞɢɮɪɚɤɰɢɹ ɩɥɨɫɤɨɣ ɜɨɥɧɵ ɧɚ ɫɩɢɪɚɥɶɧɨɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɟ, ɚ ɬɚɤɠɟ 
ɞɢɮɪɚɤɰɢɹ ɢɞɟɚɥɶɧɨɝɨ ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ ɧɚ ɤɪɭɝɥɨɦ ɨɬɜɟɪɫɬɢɢ, ɪɚɞɢɭɫ ɤɨɬɨɪɨɝɨ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ ɚɩɟɪɬɭɪɟ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ 
ɧɚɣɞɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɩɚɪɚɦɟɬɪɵ ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ, ɧɚɩɪɢɦɟɪ, ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ 
ɪɟɲɟɬɤɟ ɫ ɢɧɞɟɤɫɨɦ  ɦɚɤɫɢɦɚɥɶɧɨ ɛɥɢɡɤɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɟɫɫɟɥɟɜ ɩɭɱɨɤ ɫ 
ɪɚɞɢɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɨɦ  ɦɦ−1. ɋɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 
γ. Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɹɪɤɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɚɡɵ ɨɛɨɡɧɚɱɟɧɨ 
ɰɜɟɬɨɦ 

ȼɨ ɜɬɨɪɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɢɞɟɚɥɶɧɨɝɨ 
ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ ɤɨɧɟɱɧɨɝɨ ɪɚɞɢɭɫɚ, ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ ɞɢɮɪɚɝɢɪɨɜɚɜɲɟɝɨ ɧɚ ɤɪɭɝɥɨɦ 
ɨɬɜɟɪɫɬɢɢ, ɢ ɩɥɨɫɤɨɣ ɜɨɥɧɵ, ɞɢɮɪɚɝɢɪɨɜɚɜɲɟɣ ɧɚ ɫɩɢɪɚɥɶɧɨɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɟ, ɜ 
ɮɭɪɶɟ-ɩɥɨɫɤɨɫɬɢ ɫɨɛɢɪɚɸщɟɣ ɥɢɧɡɵ ɫ ɮɨɤɭɫɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ f = 50 ɦɦ. ɂɡɨɛɪɚɠɟɧɢɹ ɜ 
ɮɭɪɶɟ-ɩɥɨɫɤɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 4. ɋɪɚɜɧɟɧɢɟ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɞɚɧɧɵɦɢ ɩɨɤɚɡɵɜɚɟɬ, 
ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɮɭɪɶɟ-ɩɥɨɫɤɨɫɬɢ ɤɚɱɟɫɬɜɟɧɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɨɪɟɬɢɱɟɫɤɢɦ 
ɩɪɟɞɫɤɚɡɚɧɢɹɦ, ɚ ɢɦɟɧɧɨ – ɧɚɥɢɱɢɟ ɤɨɥɶɰɟɜɨɝɨ ɩɹɬɧɚ, ɧɨ ɫ ɨɞɧɢɦ ɡɚɦɟɬɧɵɦ ɨɬɥɢɱɢɟɦ – 

ɨɬɥɢɱɢɟɦ ɪɟɡɭɥɶɬɚɬɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɩɢɪɚɥɶɧɨɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɢ ɨɬ ɪɚɫɱɟɬɧɨɝɨ 
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Ɋɢɫɭɧɨɤ γ – ɋɪɚɜɧɟɧɢɟ ɞɢɮɪɚɤɰɢɢ ɩɥɨɫɤɨɣ ɜɨɥɧɵ 
ɧɚ ɋȾɊ (ɫɥɟɜɚ) ɢ ɞɢɮɪɚɤɰɢɢ ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ ɧɚ 

ɨɬɜɟɪɫɬɢɢ (ɫɩɪɚɜɚ) 

 

Ɋɢɫɭɧɨɤ 4 – ɂɡɨɛɪɚɠɟɧɢɟ ɜ ɮɭɪɶɟ-ɩɥɨɫɤɨɫɬɢ 
ɢɞɟɚɥɶɧɨɝɨ ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ (ɜɜɟɪɯɭ ɫɥɟɜɚ), 

ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ, ɞɢɮɪɚɝɢɪɨɜɚɜɲɟɝɨ ɧɚ ɤɪɭɝɥɨɦ 
ɨɬɜɟɪɫɬɢɢ ɪɚɞɢɭɫɨɦ 1λ ɦɦ (ɫɩɪɚɜɚ), ɢ ɩɥɨɫɤɨɣ 

ɜɨɥɧɵ ɞɢɮɪɚɝɢɪɨɜɚɜɲɟɣ ɧɚ ɋȾɊ ɫ . 
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ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɫɟɱɟɧɢɢ ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ, ɩɪɟɞɫɬɚɜɥɹɸщɟɝɨ ɫɨɛɨɣ ɢɫɤɚɠɟɧɢɟ ɤɨɥɶɰɟɜɨɣ 
ɮɨɪɦɵ ɩɹɬɧɚ, ɚ ɢɦɟɧɧɨ ɧɚɥɢɱɢɟ ɜɦɟɫɬɨ ɤɨɥɶɰɚ ɮɪɚɝɦɟɧɬɚ ɫɩɢɪɚɥɢ. Ⱥɧɚɥɢɡ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɮɨɪɦɢɪɭɟɦɨɝɨ ɫɩɢɪɚɥɶɧɨɣ ɮɚɡɨɜɨɣ ɩɥɚɫɬɢɧɤɨɣ, ɩɪɢɜɟɞɟɧ ɜ Д6Ж. 

 

 
 

 
 

Ɋɢɫɭɧɨɤ 5 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɜ ɮɨɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɥɢɧɡɵ, ɫɥɟɜɚ – ɢɡɨɛɪɚɠɟɧɢɹ, 
ɡɚɩɢɫɚɧɧɵɟ ɆȻɆ, ɫɩɪɚɜɚ – ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɞɥɹ ɋȾɊ ɫ l = 1 (ɜɜɟɪɯɭ) ɢ l = β (ɜɧɢɡɭ) ɫ 

ɥɢɧɡɨɣ ɫ f = 50 ɦɦ. 
 

ȼ ɪɟɚɥɶɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɞɢɮɪɚɤɰɢɨɧɧɵɟ ɪɟɲɟɬɤɢ ɨɫɜɟщɚɥɢɫɶ ɝɚɭɫɫɨɜɵɦ ɩɭɱɤɨɦ 

ɇɨɜɨɫɢɛɢɪɫɤɨɝɨ ɥɚɡɟɪɚ ɧɚ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɚɯ  ɫ  ɦɦ. 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɜɞɨɥɶ ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ ɢ ɜ ɨɛɥɚɫɬɢ ɩɨɡɚɞɢ ɥɢɧɡɵ 
ɢɡ TPБ ɫ ɮɨɤɭɫɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ 50 ɢɥɢ 100 ɦɦ ɡɚɩɢɫɵɜɚɥɨɫɶ ɜ ɜɢɞɟ ɜɢɞɟɨɮɢɥɶɦɚ ɫ 
ɱɚɫɬɨɬɨɣ ɨɤɨɥɨ β0 ɤɚɞɪɨɜ ɜ ɫɟɤɭɧɞɭ ɦɚɬɪɢɱɧɵɦ ɦɢɤɪɨɛɨɥɨɦɟɬɪɢɱɟɫɤɢɦ ɩɪɢɟɦɧɢɤɨɦ 
(ɆȻɆ), ɩɟɪɟɦɟщɚɟɦɵɦ ɜɞɨɥɶ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɥɢɧɟɣɧɵɦ ɚɤɬɭɚɬɨɪɨɦ ɞɥɢɧɨɣ γ00 ɦɦ ɫ 
ɲɚɝɨɜɵɦ ɞɜɢɝɚɬɟɥɟɦ. Ɋɚɡɦɟɪ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɆȻɆ ɪɚɜɟɧ  ɦɤɦ, ɱɬɨ ɜ ɬɪɢ 
ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɢɧɚ ɜɨɥɧɵ ɢɫɩɨɥɶɡɨɜɚɜɲɟɝɨɫɹ ɢɡɥɭɱɟɧɢɹ. Ɏɢɡɢɱɟɫɤɢɣ ɪɚɡɦɟɪ 
ɦɚɬɪɢɰɵ –  ɦɦ.  

Ⱦɚɥɟɟ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɫɪɚɜɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ɋɚɫɱɟɬɧɵɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 5. ȼɢɞɧɨ, ɱɬɨ ɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢ ɱɢɫɥɟɧɧɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɥɢɱɢɟ ɨɬ ɤɨɥɶɰɟɜɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɜɢɞɟ ɮɪɚɝɦɟɧɬɚ 
ɫɩɢɪɚɥɢ. Ɂɚɦɟɬɧɨ ɫɭщɟɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ – ɹɪɤɨɟ ɩɹɬɧɨ ɜ ɰɟɧɬɪɟ ɢɡɨɛɪɚɠɟɧɢɹ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɟ, ɩɨɤɚɡɵɜɚɸщɟɟ, ɱɬɨ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɋȾɊ ɧɟɤɨɬɨɪɚɹ ɱɚɫɬɶ ɢɡɥɭɱɟɧɢɹ 
ɫɨɯɪɚɧɹɟɬ ɢɫɯɨɞɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪɚ. ȼ ɨɫɬɚɥɶɧɨɦ ɧɚɛɥɸɞɚɟɬɫɹ 
ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɝɥɚɫɢɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɜ ɬɨɦ ɱɢɫɥɟ – 

ɧɚɛɥɸɞɟɧɢɟ ɮɪɚɝɦɟɧɬɚ ɫɩɢɪɚɥɢ ɜɦɟɫɬɨ ɤɨɥɶɰɚ, ɩɪɟɞɫɤɚɡɚɧɧɨɝɨ ɬɟɨɪɢɟɣ ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ 
ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ. ɂ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɡɚɦɟɬɧɵ ɩɨɛɨɱɧɵɟ 
ɤɨɥɶɰɚ, ɜɵɡɜɚɧɧɵɟ ɤɨɧɟɱɧɵɦ ɪɚɞɢɭɫɨɦ ɩɭɱɤɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɜɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɨ ɭɝɥɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɛɟɫɫɟɥɟɜɚ ɩɭɱɤɚ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɩɢɪɚɥɶɧɨɣ ɮɚɡɨɜɨɣ ɪɟɲɟɬɤɨɣ, ɜ ɬɟɪɚɝɟɪɰɨɜɨɦ 
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ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ. Ɉɛɧɚɪɭɠɟɧɨ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɬɟɨɪɢɢ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɬɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɞɟɪɠɚɧɵ Ɇɢɧɨɛɪɧɚɭɤɢ ɊɎ ɢ ɝɪɚɧɬɨɦ ɊɎɎɂ 
15-02-06444. Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ȾɈɗ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɨɛɪɧɚɭɤɢ 
ɊɎ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ ɩɨɜɵɲɟɧɢɹ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɋȽȺɍ ɧɚ β01γ–
β0β0 ɝɝ., Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɜɭɡɚɦ ɢ ɧɚɭɱɧɵɦ ɨɪɝɚɧɢɡɚɰɢɹɦ ɜ ɫɮɟɪɟ ɧɚɭɱɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɩɪɨɟɤɬ № 187λ ɢ ɝɪɚɧɬɚ ɊɎɎɂ 1γ-02-λ7007. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȾɈɗ ɢɡɝɨɬɨɜɥɟɧɨ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ 
ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ 14-50-00080. ɗɤɫɩɟɪɢɦɟɧɬɵ ɜɵɩɨɥɧɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɐɟɧɬɪɚ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ «ɋɢɛɢɪɫɤɢɣ ɐɟɧɬɪ ɫɢɧɯɪɨɬɪɨɧɧɨɝɨ ɢ ɬɟɪɚɝɟɪɰɨɜɨɝɨ 
ɢɡɥɭɱɟɧɢɹ (ɐɄɉ ɋɐɋɌɂ)». 
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