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ɂɋɋɅȿȾɈȼȺɇɂȿ ɇȺȻɈɊȺ ɆɈȾ 
ȼ ɋɅȺȻɈɇȺɉɊȺȼɅəɘɓɂɏ ȼɈɅɈɄɇȺɏ 

 
Ⱥ.ȼ. Ⱥɥɟɤɫɚɧɞɪɨɜɚ  

 

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

 
ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɛɨɪɚ ɦɨɞ ɜ ɫɥɚɛɨɧɚɩɪɚɜɥɹɸщɢɯ ɜɨɥɨɤɧɚɯ. ȼɵɩɨɥɧɟɧ 
ɪɚɫɱɟɬ ɫɨɛɫɬɜɟɧɧɵɯ ɦɨɞ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ ɫɨ ɫɬɭɩɟɧɱɚɬɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟɥɨɦɥɟɧɢɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ. 
ɉɨ ɡɚɞɚɧɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɩɪɟɞɟɥɟɧɨ ɦɧɨɠɟɫɬɜɨ ɫɭɩɟɪɩɨɡɢɰɢɣ  ɦɨɞ, ɨɛɥɚɞɚɸщɢɯ 
ɪɚɡɥɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɚɦɨɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ. ɉɭɬɟɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ М ɩɨɦɨщɶɸ 
ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɩɚɤɟɬɚ ψОКЦPЫШЩ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɯɨɠɞɟɧɢɹ ɫɜɟɬɨɜɵɯ ɫɢɝɧɚɥɨɜ ɜ ɧɟɢɞɟɚɥɶɧɵɯ 
ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɧɨɜɨɞɚɯ.  

 

Ɉɩɬɢɱɟɫɤɨɟ ɜɨɥɨɤɧɨ ɜ ɧɚɫɬɨɹщɟɟ ɜɪɟɦɹ ɫɱɢɬɚɟɬɫɹ ɫɚɦɨɣ ɫɨɜɟɪɲɟɧɧɨɣ ɢ 
ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɮɢɡɢɱɟɫɤɨɣ ɫɪɟɞɨɣ ɞɥɹ ɩɟɪɟɞɚɱɢ ɛɨɥɶɲɢɯ ɩɨɬɨɤɨɜ ɢɧɮɨɪɦɚɰɢɢ ɧɚ 
ɡɧɚɱɢɬɟɥɶɧɵɟ ɪɚɫɫɬɨɹɧɢɹ. Ɉɩɬɢɱɟɫɤɢɟ ɜɨɥɨɤɧɚ ɢɦɟɸɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɟ ɢ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɹɯ, ɛɥɚɝɨɞɚɪɹ ɪɹɞɭ 
ɨɫɨɛɟɧɧɨɫɬɟɣ, ɩɪɢɫɭщɢɯ ɨɩɬɢɱɟɫɤɢɦ ɜɨɥɧɨɜɨɞɚɦ. 

ɍɫɩɟɯɢ, ɞɨɫɬɢɝɧɭɬɵɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ, ɩɨɡɜɨɥɹɸɬ ɩɟɪɟɞɚɜɚɬɶ 
ɢɧɮɨɪɦɚɰɢɸ ɫ ɛɨɥɶɲɢɦɢ ɫɤɨɪɨɫɬɹɦɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɜ ɫɨɬɧɢ ɤɢɥɨɦɟɬɪɨɜ ɛɟɡ ɪɟɝɟɧɟɪɚɰɢɢ 
ɫɢɝɧɚɥɚ. ȼɵɫɨɤɚɹ ɩɨɦɟɯɨɡɚщɢщɟɧɧɨɫɬɶ, ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɟɪɟɞɚɜɚɟɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɹɜɥɹɸɬɫɹ ɫɟɪɶɟɡɧɵɦɢ ɚɪɝɭɦɟɧɬɚɦɢ ɜ 
ɩɨɥɶɡɭ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 

ɋɭщɟɫɬɜɭɟɬ ɞɜɚ ɬɢɩɚ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧμ ɨɞɧɨɦɨɞɨɜɵɟ ɢ ɦɧɨɝɨɦɨɞɨɜɵɟ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɥɨɤɨɧ ɫ ɪɚɡɥɢɱɧɵɦ ɩɪɨɮɢɥɟɦ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɩɨ ɫɟɱɟɧɢɸ 
(ɫɬɭɩɟɧɱɚɬɵɦ ɢɥɢ ɝɪɚɞɢɟɧɬɧɵɦ) ɡɚɜɢɫɢɬ ɨɬ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ. ȼ ɫɬɭɩɟɧɱɚɬɵɯ ɜɨɥɨɤɧɚɯ 
ɩɨɤɚɡɚɬɟɥɶ ɩɪɨɮɢɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɨɬ ɨɛɨɥɨɱɤɢ ɤ ɫɟɪɞɰɟɜɢɧɟ ɢɡɦɟɧɹɟɬɫɹ ɫɤɚɱɤɨɨɛɪɚɡɧɨ. ȼ 
ɝɪɚɞɢɟɧɬɧɵɯ ɜɨɥɨɤɧɚɯ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɟɪɞɰɟɜɢɧɵ ɩɥɚɜɧɨ ɜɨɡɪɚɫɬɚɟɬ ɨɬ ɤɪɚɹ ɤ 
ɰɟɧɬɪɭ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɥɨɤɧɚ ɫɨ ɫɬɭɩɟɧɱɚɬɵɦ ɩɪɨɮɢɥɟɦ ɩɨɤɚɡɚɬɟɥɹ 
ɩɪɟɥɨɦɥɟɧɢɹ ɢɡ-ɡɚ ɢɯ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. 

Ⱦɥɹ ɦɧɨɝɨɦɨɞɨɜɵɯ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɫɭщɟɫɬɜɭɟɬ ɬɟɪɦɢɧ «ɦɨɞɨɜɨɟ ɭɩɥɨɬɧɟɧɢɟ 
ɤɚɧɚɥɨɜ» – mode division multiplexing (MDM), ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɦɟɬɨɞɨɜ 
ɭɩɥɨɬɧɟɧɢɹ ɤɚɧɚɥɨɜ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ. ȼ MDM ɤɚɠɞɚɹ ɪɚɫɩɪɨɫɬɪɚɧɹɸщɚɹɫɹ ɜ 
ɜɨɥɨɤɧɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɦɨɞɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɨɬɞɟɥɶɧɵɣ ɤɚɧɚɥ, ɧɟɫɭщɢɣ ɫɜɨɣ 
ɫɢɝɧɚɥ Д1,βЖ. ɋɭɬɶ ɦɨɞɨɜɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɤɚɧɚɥɨɜ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɫ ɩɨɦɨщɶɸ 
ɥɚɡɟɪɧɵɯ ɩɭɱɤɨɜ, ɹɜɥɹɸщɢɯɫɹ ɥɢɧɟɣɧɨɣ ɫɭɩɟɪɩɨɡɢɰɢɟɣ ɪɚɫɩɪɨɫɬɪɚɧɹɸщɢɯɫɹ ɜ 
ɜɨɥɧɨɜɨɞɟ ɦɨɞ ɦɨɠɧɨ ɮɨɪɦɢɪɨɜɚɬɶ ɫɢɝɧɚɥɵ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɷɮɮɟɤɬɢɜɧɨ ɩɟɪɟɞɚɜɚɬɶ 
ɢɧɮɨɪɦɚɰɢɸ ɜ ɨɞɧɨɦ ɮɢɡɢɱɟɫɤɨɦ ɧɨɫɢɬɟɥɟ – ɦɧɨɝɨɦɨɞɨɜɨɦ ɜɨɥɨɤɧɟ. ɉɟɪɟɞɚɜɚɟɦɚɹ 
ɢɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶɫɹ ɤɚɤ ɜ ɦɨɞɨɜɨɦ ɫɨɫɬɚɜɟ, ɬɚɤ ɢ ɜ ɞɨɥɟ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɭɸ 
ɧɟɫɟɬ ɤɚɠɞɚɹ ɦɨɞɚ ɥɚɡɟɪɧɨɝɨ ɩɭɱɤɚ Дγ-1γЖ. ɉɪɢɱɟɦ ɨɫɨɛɟɧɧɨ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɭɩɥɨɬɧɟɧɢɟ ɩɨ ɜɢɯɪɟɜɨɦɭ ɛɚɡɢɫɭ, ɫɜɹɡɚɧɧɨɦɭ ɫ ɨɪɛɢɬɚɥɶɧɵɦ ɭɝɥɨɜɵɦ 
ɦɨɦɟɧɬɨɦ Д7-13]. 

ȼɢɯɪɟɜɵɟ ɥɚɡɟɪɧɵɟ ɩɭɱɤɢ ɜ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɧɚɫɬɨɥɶɤɨ ɭɫɩɟɲɧɨ 
ɩɪɢɦɟɧɹɥɢɫɶ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ, ɱɬɨ ɞɚɠɟ ɩɨɹɜɢɥɫɹ ɧɨɜɵɣ ɪɚɡɞɟɥ ɜ ɨɩɬɢɤɟ – 

ɫɢɧɝɭɥɹɪɧɚɹ ɨɩɬɢɤɚ Д14, 15Ж. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɜɚɧɬɨɜɨɝɨ ɩɨɞɯɨɞɚ ɜɢɯɪɟɜɵɟ ɦɨɞɵ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦ ɫɩɢɧ-ɨɪɛɢɬɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɛɟɡ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɝɨ ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɹ ɦɧɨɝɨɤɪɚɬɧɨ ɭɜɟɥɢɱɢɬɶ 
ɬɟɤɭщɚɹ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɩɨ ɨɞɧɨɦɭ ɜɨɥɨɤɧɭ. 

ȼ ɤɚɱɟɫɬɜɟ ɭɫɬɪɨɣɫɬɜ ɝɟɧɟɪɚɰɢɢ ɢ ɫɟɥɟɤɰɢɢ ɜɢɯɪɟɜɵɯ ɦɨɞ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ 
ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ (ȾɈɗ) Д8, 10, 16, 17Ж. 
ɋɪɟɞɫɬɜɚ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɨɩɬɢɤɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɧɚɫɬɨɹщɟɟ ɜɪɟɦɹ 
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ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɢɫɩɨɥɶɡɭɸщɢɯ ɚɫɢɦɦɟɬɪɢɸ ɜɨɥɨɤɧɚ ɢɥɢ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɟ 
ɪɚɡɞɟɥɟɧɢɟ, ɪɟɚɥɢɡɨɜɚɬɶ ɨɛщɢɣ ɫɥɭɱɚɣ ɦɨɞɨɜɨɝɨ ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɹ ɫ ɡɚɞɚɧɧɵɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɦɨɞɨɜɵɯ ɤɚɧɚɥɨɜ. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɤɨɦɦɟɪɱɟɫɤɢɟ ɜɨɥɨɤɧɚ ɢɦɟɸɬ ɪɚɡɧɨɫɬɶ ɩɨɤɚɡɚɬɟɥɟɣ 
ɩɪɟɥɨɦɥɟɧɢɹ ɫɟɪɞɰɟɜɢɧɵ ɢ ɨɛɨɥɨɱɤɢ ∆n=n1–n2 ɦɟɧɶɲɟ 1%. Ɍɚɤɢɟ ɜɨɥɨɤɧɚ ɧɚɡɵɜɚɸɬɫɹ 
ɫɥɚɛɨɧɚɩɪɚɜɥɹɸщɢɦɢ ɢ ɞɥɹ ɧɢɯ, ɦɨɠɧɨ ɫɭщɟɫɬɜɟɧɧɨ ɭɩɪɨɫɬɢɬɶ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 
ɪɚɫɩɪɨɫɬɪɚɧɹɸщɟɝɨɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɨɥɚɝɚɹ n1n2. Ɍɨɝɞɚ, ɛɨɥɟɟ ɱɟɦ ɨɞɧɚ ɦɨɞɚ 
ɢɦɟɟɬ ɨɞɢɧɚɤɨɜɨɟ ɫɨɛɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ (ɢ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ). ɉɪɢɱɟɦ, ɜɨɡɦɨɠɧɨ 
ɫɨɫɬɚɜɢɬɶ ɥɢɧɟɣɧɭɸ ɤɨɦɛɢɧɚɰɢɸ ɝɢɛɪɢɞɧɵɯ ɦɨɞ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɥɢɧɟɣɧɭɸ ɩɨɥɹɪɢɡɚɰɢɸ 
(LP-ɦɨɞɵ) ɢ ɹɜɥɹɟɬɫɹ ɩɪɟɢɦɭщɟɫɬɜɟɧɧɨ ɩɨɩɟɪɟɱɧɨɣ. 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜ ɢɞɟɚɥɶɧɨɦ 
ɨɩɬɢɱɟɫɤɨɦ ɜɨɥɨɤɧɟ ɫɭɩɟɪɩɨɡɢɰɢɢ ɥɢɧɟɣɧɨ-ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɦɨɞ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨ 
ɡɚɞɚɧɧɵɦ ɮɢɡɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɬɭɩɟɧɱɚɬɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ ɜɟɫɶ 
ɜɨɡɦɨɠɧɵɣ ɧɚɛɨɪ ɦɨɞ ɢ ɦɧɨɠɟɫɬɜɨ ɫɭɩɟɪɩɨɡɢɰɢɣ ɷɬɢɯ ɦɨɞ, ɨɛɥɚɞɚɸщɢɯ ɬɟɦɢ ɢɥɢ ɢɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɫɚɦɨɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ. Ⱥ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɯɨɠɞɟɧɢɹ ɫɜɟɬɨɜɵɯ ɫɢɝɧɚɥɨɜ 
ɜ ɧɟɢɞɟɚɥɶɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɧɨɜɨɞɚɯ ɩɭɬɟɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ c ɩɨɦɨщɶɸ 
ɤɨɦɦɟɪɱɟɫɤɨɝɨ ɩɚɤɟɬɚ BeamProp ɨɬ ɤɨɦɩɚɧɢɢ RSoft DesignGroup, Inc., ɜ ɤɨɬɨɪɨɦ 
ɪɟɚɥɢɡɨɜɚɧ ɦɟɬɨɞ ɪɚɫɩɪɨɫɬɪɚɧɹɸщɢɯɫɹ ɩɭɱɤɨɜ (beam propagation method, BPM). 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɛɨɪɚ ɦɨɞ ɫɥɚɛɨɧɚɩɪɚɜɥɹɸщɢɯ ɜɨɥɨɤɨɧ ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɟ ɨɩɬɢɱɟɫɤɨɟ ɜɨɥɨɤɧɨ ɫɨ ɫɬɭɩɟɧɱɚɬɵɦ ɩɪɨɮɢɥɟɦ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ, 
ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɪɚɞɢɭɫ ɫɟɪɞɰɟɜɢɧɵ a, ɪɚɞɢɭɫ ɨɛɨɥɨɱɤɢ b ɢ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɥɨɦɥɟɧɢɹ n1 ɢ n2, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɪɢɫ. 1). ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɪɚɫɩɪɨɫɬɪɚɧɹɸщɟɟɫɹ ɜ ɬɚɤɨɦ ɜɨɥɧɨɜɨɞɟ 
ɭɞɨɛɧɨ ɨɩɢɫɵɜɚɬɶ ɫ ɩɨɦɨщɶɸ ɮɭɧɤɰɢɣ Ȼɟɫɫɟɥɹ Д18-20]. 
 

 

 

Ɋɢɫɭɧɨɤ 1 – Ƚɟɨɦɟɬɪɢɹ ɤɪɭɝɥɨɝɨ ɫɬɭɩɟɧɱɚɬɨɝɨ ɜɨɥɨɤɧɚ 
 

Ⱦɥɹ ɫɥɚɛɨɧɚɩɪɚɜɥɹɸщɢɯ ɜɨɥɨɤɨɧ ɩɪɢɦɟɧɢɦɚ ɚɩɩɪɨɤɫɢɦɚɰɢɹ LP-ɦɨɞμ 

 

ɝɞɟ ɜ (r,φ) – ɩɨɥɹɪɧɵɟ ɩɨɩɟɪɟɱɧɵɟ ɤɨɨɪɞɢɧɚɬɵ, ܬ௣ሺݔሻ - ɮɭɧɤɰɢɹ Ȼɟɫɫɟɥɹ ɩɟɪɜɨɝɨ ɪɨɞɚ, ܭ௣ሺݔሻ – ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ ɮɭɧɤɰɢɹ Ȼɟɫɫɟɥɹ, ݑ௠௣ – ɤɨɪɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɝɨ 
ɭɪɚɜɧɟɧɢɹμ ܬݑ௠ሺݑሻܬ௠+ଵሺݑሻ + ሻݓ௠+ଵሺܭሻݓ௠ሺܭݓ = Ͳ, 
ɝɞɟ ݑଶ ଶݓ+ = ܸଶ, ܸ = ଶగఒ ܽ√݊ଵଶ + ݊ଶଶ - ɱɢɫɥɨ ɨɬɫɟɱɤɢ, Ȝ - ɞɥɢɧɚ ɜɨɥɧɵ ɜ ɜɨɡɞɭɯɟ. 

ɑɢɫɥɨ ɨɬɫɟɱɤɢ V, ɤɭɞɚ ɜɯɨɞɹɬ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɜɨɥɨɤɧɚ ɢ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, 
ɨɩɪɟɞɟɥɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɩɪɨɫɬɪɚɧɹɸщɢɯɫɹ ɜ ɜɨɥɨɤɧɟ ɦɨɞ. ȿɫɥɢ V≤β,4, ɬɨ ɜɨɥɨɤɧɨ ɛɭɞɟɬ 
ɨɞɧɨɦɨɞɨɜɵɦ. Ɍɚɤ, ɫɬɚɧɞɚɪɬɧɨɟ ɫɬɭɩɟɧɱɚɬɨɟ ɨɩɬɢɱɟɫɤɨɟ ɜɨɥɨɤɧɨ ɫ ɩɚɪɚɦɟɬɪɚɦɢ n1=1,451, 
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n2=1,446, a=4,λ ɦɤɦ, b=6β,5 ɦɤɦ ɛɭɞɟɬ ɨɞɧɨɦɨɞɨɜɵɦ, ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡɥɭɱɟɧɢɟ ɫ 
ɞɥɢɧɨɣ ɜɨɥɧɵ Ȝ=1,55 ɦɤɦ. Ⱦɥɹ ɦɟɧɶɲɢɯ ɞɥɢɧ ɜɨɥɧ ɜɨɥɨɤɧɨ ɫɬɚɧɨɜɢɬɫɹ ɦɧɨɝɨɦɨɞɨɜɵɦ. 
ɇɚɩɪɢɦɟɪ, ɩɪɢ Ȝ=0,6γγ ɦɤɦ ɢ V≈8,4398 ɜ ɜɨɥɨɤɧɟ ɫ ɩɪɢɜɟɞɟɧɧɵɦɢ ɜɵɲɟ ɩɚɪɚɦɟɬɪɚɦɢ 
ɤɪɨɦɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɨɞɵ LP01, ɛɭɞɭɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɬɚɤɠɟ LP02, LP03, LP11, 

LP12, LP21, LP41. ȼɢɞ ɧɟɤɨɬɨɪɵɯ ɢɡ ɧɢɯ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫ. β. 

 

Ɋɢɫɭɧɨɤ β - Ɇɨɞɵ (p,q)μ (0,γ), (1,β), (β,1), (4,1)μ ɩɨɩɟɪɟɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ (ɧɟɝɚɬɢɜ) ɚɦɩɥɢɬɭɞɵ (ɚ), 
ɩɨɩɟɪɟɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ (ɧɟɝɚɬɢɜ) ɢɧɬɟɧɫɢɜɧɨɫɬɢ (ɛ); ɩɨɩɟɪɟɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɚɡɵ (ɛɟɥɵɣ ɰɜɟɬ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɟɧɢɸ ɮɚɡɵ 0, ɚ ɱɟɪɧɵɣ – 2) ɜ ɩɥɨɫɤɨɫɬɹɯ z=0 (ɜ) ɢ z=100 ɦɤɦ (ɝ). 
 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɧɟɤɨɬɨɪɨɣ ɥɢɧɟɣɧɨɣ ɫɭɩɟɪɩɨɡɢɰɢɢ LP-ɦɨɞ ɜ 
ɢɞɟɚɥɶɧɨɦ ɫɬɭɩɟɧɱɚɬɨɦ ɨɩɬɢɱɟɫɤɨɦ ɜɨɥɨɤɧɟ ɩɪɢɦɟɧɢɦɚ ɫɥɟɞɭɸщɚɹ ɮɨɪɦɭɥɚμ 

 ,   

ɝɞɟ Cpq – ɤɨɦɩɥɟɤɫɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, pq(r,) – ɦɨɞɵ ɩɪɢ z=0, ɭɝɥɨɜɚɹ ɱɚɫɬɶ ɤɨɬɨɪɵɯ ɛɟɡ 
ɩɨɬɟɪɢ ɨɛщɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɧɟɫɤɨɥɶɤɨ ɞɪɭɝɨɦ ɜɢɞɟμ 

. 

 
 

Ɋɢɫɭɧɨɤ γ - ɋɭɩɟɪɩɨɡɢɰɢɹ ɦɨɞ (p,q): (1,1)+(–1,1) ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɨɦɩɥɟɤɫɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢμ 
ɩɨɩɟɪɟɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɚɦɩɥɢɬɭɞɵ (ɚ), ɢɧɬɟɧɫɢɜɧɨɫɬɢ (ɛ) ɢ ɮɚɡɵ (ɜ) ɜ ɩɥɨɫɤɨɫɬɢ z=0, ɚ ɬɚɤɠɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɮɚɡɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ z=β00 ɦ (ɞ). 
 

ȼ ɯɨɞɟ ɪɚɛɨɬɟ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ ɨɫɧɨɜɧɚɹ ɬɟɨɪɢɹ ɦɧɨɝɨɦɨɞɨɜɵɯ ɨɩɬɢɱɟɫɤɢɯ 
ɜɨɥɨɤɨɧ, ɩɪɢɜɟɞɟɧɨ ɩɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɩɪɢɦɟɧɟɧɢɣ ɭɪɚɜɧɟɧɢɣ Ɇɚɤɫɜɟɥɥɚ ɤ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɪɟɞɟ ɫɨ ɫɬɭɩɟɧɱɚɬɵɦ ɩɪɨɮɢɥɟɦ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ. ɋ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ MATLAB ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɫɨɛɫɬɜɟɧɧɵɯ ɦɨɞ 
ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ ɫɨ ɫɬɭɩɟɧɱɚɬɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟɥɨɦɥɟɧɢɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ.  
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Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɛɵɥɨ ɭɞɟɥɟɧɨ ɫɜɨɣɫɬɜɚɦ ɥɢɧɟɣɧɨ-ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɦɨɞ 
ɫɬɭɩɟɧɱɚɬɨɝɨ ɜɨɥɨɤɧɚ. ɉɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜ ɨɩɬɢɱɟɫɤɨɦ ɜɨɥɨɤɧɟ 
ɫɭɩɟɪɩɨɡɢɰɢɢ ɥɢɧɟɣɧɨ-ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɦɨɞ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɨɧɫɬɚɧɬɚɦɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɢ ɜɢɯɪɟɜɵɦɢ ɮɚɡɨɜɵɦɢ ɫɨɫɬɚɜɥɹɸщɢɦɢ. ȼɵɩɨɥɧɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ 
ɫɚɦɨɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɫɭɩɟɪɩɨɡɢɰɢɣ ɥɢɧɟɣɧɨ-ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɦɨɞ ɢɞɟɚɥɶɧɨɝɨ 
ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ, ɬɚɤɢɯ ɤɚɤ ɫɬɪɭɤɬɭɪɧɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ, ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɩɨɜɬɨɪɟɧɢɟ ɢ 
ɜɪɚщɟɧɢɟ ɩɨɩɟɪɟɱɧɨɣ ɤɚɪɬɢɧɵ Дβ1Ж.  

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɫɫɥɟɞɨɜɚɬɶ ɧɟɢɞɟɚɥɶɧɵɟ ɨɩɬɢɱɟɫɤɢɟ ɜɨɥɧɨɜɨɞɵ, 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢ ɫɪɚɜɧɢɬɶ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɪɚɧɟɟ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɩɚɤɟɬɟ 
BeamProp ɛɵɥɢ ɫɨɡɞɚɧɵ ɦɨɞɟɥɢ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ (ɪɢɫ. 4), 
ɫɬɪɭɤɬɭɪɚɦɢ ɢ ɮɨɪɦɚɦɢ, ɢɡɭɱɟɧɵ ɢɯ ɫɜɨɣɫɬɜɚ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɉɫɧɨɜɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ ɹɜɥɹɟɬɫɹ ɧɚɛɨɪ ɪɚɫɩɪɨɫɬɪɚɧɹɸщɢɯɫɹ ɜ ɧɟɦ ɦɨɞ 
(ɪɢɫ. 5).  

 

 

 

 

 

 

 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 4 – Ɋɚɡɥɢɱɧɵɟ ɦɨɞɟɥɢ ɜɨɥɧɨɜɨɞɨɜ 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

Ɋɢɫɭɧɨɤ 5- Ɇɨɞɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɨɝɪɚɦɦɟ BeamProp 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɩɨɦɨщɶɸ ɩɪɨɝɪɚɦɦɵ BeamProp ɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ 
ɨɛɪɚɡɰɵ ɧɟɢɞɟɚɥɶɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɨɤɨɧ, ɤɚɤ ɫɨ ɫɬɭɩɟɧɱɚɬɵɦ ɩɪɨɮɢɥɟɦ ɩɨɤɚɡɚɬɟɥɹ 
ɩɪɟɥɨɦɥɟɧɢɹ, ɬɚɤ ɢ ɫ ɡɚɞɚɜɚɟɦɵɦ. Ɇɨɠɧɨ ɭɱɟɫɬɶ ɫɥɟɞɭɸщɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢμ 

– ɩɪɨɮɢɥɶ ɢ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɨɛɨɥɨɱɤɢ; 
– ɪɚɡɧɢɰɭ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɟɥɨɦɥɟɧɢɹ; 
– ɞɥɢɧɭ ɜɨɥɧɨɜɨɞɚ; 
– ɜɢɞ ɮɭɧɤɰɢɢ, ɩɨ ɤɨɬɨɪɨɣ ɢɡɦɟɧɹɟɬɫɹ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ; 
– ɢ ɞɪ. ɞɚɧɧɵɟ. 

Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡɭɱɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜɢɯɪɟɜɵɯ ɦɨɞ ɤ ɢɡɝɢɛɚɦ 
ɜɨɥɨɤɧɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɫɟɪɞɰɟɜɢɧɵ ɢ ɨɛɨɥɨɱɤɢ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ. 
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