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ɑɂɋɅȿɇɇɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ȾɂɎɊȺɄɐɂɂ 
ȽȺɍɋɋɈȼɕɏ ɉɍɑɄɈȼ ɇȺ ɅɂɇȿɃɇɈɃ ȽɊȺȾɂȿɇɌɇɈɃ 

ɅɂɇɁȿ ɋ ɊȺɁɅɂɑɇɈɃ ȾɅɂɇɈɃ*
 

 

Ⱦ.Ⱥ. ɋɚɜɟɥɶɟɜ1,2 

 
1ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ 

(ɧɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ), 
2ɂɧɫɬɢɬɭɬ ɫɢɫɬɟɦ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɊȺɇ  

 
ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɯɨɠɞɟɧɢɹ ɝɚɭɫɫɨɜɵɯ ɩɭɱɤɨɜ ɱɟɪɟɡ ɥɢɧɟɣɧɭɸ ɝɪɚɞɢɟɧɬɧɭɸ 
ɥɢɧɡɭ, ɪɚɫɫɦɨɬɪɟɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ ɥɢɧɡɵ – ɪɚɫɫɟɢɜɚɸщɚɹ ɢ ɫɨɛɢɪɚɸщɚɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɞɥɢɧɵ 
ɥɢɧɡɵ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɵɣ ɪɚɡɦɟɪ ɮɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. Ɋɚɡɦɟɪ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ ɩɨ ɩɨɥɭɲɢɪɢɧɟ ɩɨ ɩɨɥɭɫɩɚɞɭ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɥɹ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɨɫɬɚɜɢɥ 0,γγ ɞɥɢɧɵ ɜɨɥɧɵ. 
 

ȼɜɟɞɟɧɢɟ 

ɉɪɟɞɦɟɬɨɦ ɢɡɭɱɟɧɢɹ ɝɪɚɞɢɟɧɬɧɨɣ ɨɩɬɢɤɢ ɹɜɥɹɸɬɫɹ ɹɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɨɩɬɢɱɟɫɤɢɦɢ ɷɮɮɟɤɬɚɦɢ ɜ ɫɪɟɞɚɯ ɫ ɩɨɫɬɟɩɟɧɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ Д1Ж. 
ɋɪɟɞɵ, ɫɨɫɬɨɹщɢɟ ɢɡ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɨɬɧɨɫɹɬɫɹ ɤ ɬɢɩɭ GRIN (GRКНТОЧЭ INНОб), 
ɨɛɥɚɞɚɸɬ ɝɪɚɞɢɟɧɬɧɨ ɪɚɫɩɪɟɞɟɥёɧɧɵɦ ɩɨ ɦɚɬɟɪɢɚɥɭ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟɥɨɦɥɟɧɢɹ ДβЖ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɥɭɱɢ ɫɜɟɬɚ ɢɡɝɢɛɚɸɬɫɹ ɩɨ ɤɪɢɜɨɣ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɧɢɯ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ 
ɢɯ ɞɥɹ ɥɭɱɲɟɣ ɮɨɤɭɫɢɪɨɜɤɢ Дγ-6Ж. ȼ ДγЖ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɥɚɧɚɪɧɚɹ ɝɢɩɟɪɛɨɥɢɱɟɫɤɚɹ 
ɫɟɤɚɧɫɧɚɹ ɥɢɧɡɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɥɚ ɫɮɨɤɭɫɢɪɨɜɚɬɶ ɫɜɟɬ ɜ ɮɨɤɭɫɧɨɟ ɩɹɬɧɨ ɫ ɞɢɚɦɟɬɪɨɦ ɩɨ 
ɩɨɥɭɲɢɪɢɧɟ ɩɨ ɩɨɥɭɫɩɚɞɭ ɢɧɬɟɧɫɢɜɧɨɫɬɢ (FАHε) ɪɚɜɧɵɦ 0,1γ1Ȝ, ɜ ɪɚɛɨɬɟ Д4Ж 
ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ β-D ɝɪɚɞɢɟɧɬɧɵɟ ɦɢɤɪɨɥɢɧɡɵ Ɇɢɤɚɷɥɹɧɚ, ɜ Д5-6] – ɞɜɭɦɟɪɧɵɟ ɮɨɬɨɧɧɵɟ 
ɤɪɢɫɬɚɥɥɵ. Ɏɨɬɨɧɧɵɟ ɤɪɢɫɬɚɥɥɵ ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ 
ɪɹɞɚ ɩɪɢɥɨɠɟɧɢɣ Д7Ж, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɨɩɬɢɱɟɫɤɢɯ 
ɜɨɥɧɨɜɨɞɨɜ Д8-9].  

ȼ ɧɚɫɬɨɹщɟɟ ɜɪɟɦɹ ɜ ɢɧɬɟɝɪɚɥɶɧɨɣ ɢ ɜɨɥɨɤɨɧɧɨɣ ɨɩɬɢɤɟ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɨɟ 
ɪɚɡɧɨɨɛɪɚɡɢɟ ɨɩɬɢɱɟɫɤɢɯ ɜɨɥɧɨɜɨɞɨɜ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɉɥɚɧɚɪɧɵɟ ɜɨɥɧɨɜɨɞɵ ɢ 
ɜɨɥɨɤɧɚ ɩɨ ɩɪɨɮɢɥɸ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɦɨɠɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵμ ɫɨ ɫɬɭɩɟɧɱɚɬɵɦ ɩɪɨɮɢɥɟɦ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɢ ɫ 
ɝɪɚɞɢɟɧɬɧɵɦ ɩɪɨɮɢɥɟɦ Д10-11Ж. ȼ ɫɥɭɱɚɟ ɝɪɚɞɢɟɧɬɧɨɝɨ ɩɪɨɮɢɥɹ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ 
ɩɥɚɜɧɨ ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɰɟɧɬɪɚ ɜɨɥɧɨɜɨɞɚ ɤ ɟɝɨ ɝɪɚɧɢɰɟ ɩɨ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɡɚɤɨɧɭ Д11Ж.  

Ɉɞɧɨ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɪɟɢɦɭщɟɫɬɜ ɥɢɧɡ, ɨɬɧɨɫɹщɢɯɫɹ ɤ ɝɪɚɞɢɟɧɬɧɨɣ ɨɩɬɢɤɟ, 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɩɬɢɱɟɫɤɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɚɞɢɟɧɬɧɵɯ ɥɢɧɡ ɦɨɝɭɬ ɛɵɬɶ ɩɥɨɫɤɢɦɢ, 
ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɩɪɢ ɜɜɨɞɟ-ɜɵɜɨɞɟ ɢɡɥɭɱɟɧɢɹ ɢɡ ɨɩɬɨɜɨɥɨɤɧɚ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɨɞɵ ɜɵɫɨɤɨɝɨ ɩɨɪɹɞɤɚ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ ɪɚɫɯɨɞɢɦɨɫɬɶɸ, ɨɞɧɚɤɨ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɧɨɝɨɦɨɞɨɜɨɝɨ ɪɟɠɢɦɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɟɪɨɹɬɧɵɯ ɫɩɨɫɨɛɨɜ ɭɜɟɥɢɱɢɬɶ 
ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦ ɤɨɦɦɭɧɢɤɚɰɢɢ Д1βЖ. ɉɪɢɱɟɦ  ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɭɩɥɨɬɧɟɧɢɟ ɤɚɧɚɥɨɜ ɩɨ ɦɨɞɚɦ ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɨɪɹɞɤɚɦɢ ɜɢɯɪɟɜɨɣ 
ɮɚɡɨɜɨɣ ɫɢɧɝɭɥɹɪɧɨɫɬɢ Д1γ-14].   

Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢ ɝɟɧɟɪɚɰɢɹ ɜ ɫɜɨɛɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɥɚɡɟɪɧɵɯ ɜɢɯɪɟɣ ɢɡɭɱɟɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ, ɨɞɧɚɤɨ, ɩɨɥɭɱɟɧɢɟ ɜ ɨɩɬɢɱɟɫɤɨɦ ɜɨɥɨɤɧɟ ɨɬɞɟɥɶɧɵɯ ɜɢɯɪɟɜɵɯ ɦɨɞ ɢ 
ɢɯ ɫɭɩɟɪɩɨɡɢɰɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɶɲɭɸ ɩɪɨɛɥɟɦɭ Д14-1λЖ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɤɥɚɫɫɢɱɟɫɤɢɯ δP-

ɦɨɞ (ɦɨɞ ɜɨɥɨɤɨɧɧɵɯ ɫɜɟɬɨɜɨɞɨɜ), ɭɝɥɨɜɵɟ ɝɚɪɦɨɧɢɤɢ ɹɜɥɹɸɬɫɹ ɢɧɜɚɪɢɚɧɬɧɵɦɢ ɤ 
ɦɚɫɲɬɚɛɭ ɩɪɢ ɜɜɨɞɟ ɜ ɜɨɥɨɤɧɨ ɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɜɨɥɨɤɧɚ ɩɪɢ ɩɨɦɨщɢ ɞɢɮɪɚɤɰɢɨɧɧɨɣ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. ɗɬɨ ɞɚɟɬ ɛɨɥɶɲɭɸ ɫɜɨɛɨɞɭ ɩɪɢ ɜɵɛɨɪɟ ɩɚɪɚɦɟɬɪɨɜ ɨɩɬɢɱɟɫɤɨɣ ɫɯɟɦɵ. ȼ 
ɪɚɛɨɬɟ Дβ0Ж ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɨɫɬɪɨɣ ɮɨɤɭɫɢɪɨɜɤɢ ɞɥɹ ɜɜɟɞɟɧɢɹ 
ɥɚɡɟɪɧɵɯ ɦɨɞ ɜ ɜɨɥɨɤɧɨ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ ɫ ɩɨɦɨщɶɸ ɛɢɧɚɪɧɨɝɨ ɦɢɤɪɨɪɟɥɶɟɮɚ, 
ɧɚɧɟɫɟɧɧɨɝɨ ɧɚ ɜɵɯɨɞɧɨɦ ɬɨɪɰɟ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ. ɇɚɤɥɚɞɵɜɚɹ ɨɩɪɟɞɟɥɟɧɧɵɟ ɭɫɥɨɜɢɹ 
ɦɨɠɧɨ ɫɮɨɪɦɢɪɨɜɚɬɶ ɥɚɡɟɪɧɨɟ ɢɡɥɭɱɟɧɢɟ, ɨɛɥɚɞɚɸщɟɟ ɫɜɨɣɫɬɜɨɦ 
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ɫɚɦɨɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ Дβ1Ж, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɮɚɡɨɜɵɣ ɫɞɜɢɝ ɦɟɠɞɭ ɦɨɞɚɦɢ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɢɛɥɢɠɟɧɢɟ ɬɪɟɛɭɟɦɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ ДββЖ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɱɢɫɥɟɧɧɨ ɢɫɫɥɟɞɭɟɬɫɹ ɞɢɮɪɚɤɰɢɹ ɝɚɭɫɫɨɜɵɯ ɩɭɱɤɨɜ ɧɚ ɥɢɧɟɣɧɨɣ 
ɝɪɚɞɢɟɧɬɧɨɣ ɥɢɧɡɟ ɫ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɨɣ. Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɮɪɚɤɰɢɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɥɚɡɟɪɧɵɯ ɩɭɱɤɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɟɣ ɜɨ ɜɪɟɦɟɧɧɨɣ 
ɨɛɥɚɫɬɢ (FDTD), ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɩɚɤɟɬɟ εООЩ ДβγЖ. ɑɢɫɥɟɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɤɥɚɫɬɟɪɚ ɦɨщɧɨɫɬɶɸ 
775 GFХШЩЬ. Хɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɥɚɫɬɟɪɚμ ɤɨɥɢɱɟɫɬɜɨ ɹɞɟɪ – 116, ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɭɡɥɵμ 7 
ɫɞɜɨɟɧɧɵɯ ɫɟɪɜɟɪɨɜ HP PЫШδТКЧЭ βбψδββ0М, ɨɛɴɟɦ RAε 11β Ƚɛ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɢɮɪɚɤɰɢɢ Ƚɚɭɫɫɨɜɵɯ ɩɭɱɤɨɜ  
ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɞɜɚ ɬɢɩɚ ɥɚɡɟɪɧɵɯ ɩɭɱɤɨɜ, ɫɨɯɪɚɧɹɸщɢɯ ɫɜɨɸ ɫɬɪɭɤɬɭɪɭ 

ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɜ ɫɜɨɛɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢ ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɢμ  
ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ Ƚɚɭɫɫɨɜɚ ɦɨɞɚ, ɦɨɞɚ Ƚɚɭɫɫɚ-Ʌɚɝɟɪɪɚ (0,1). 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧ ɜɧɟɲɧɢɣ ɜɢɞ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɥɚɡɟɪɧɵɯ ɩɭɱɤɨɜ ɢ ɫɯɟɦɚ 
ɩɨɩɟɪɟɱɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɷɥɟɦɟɧɬɚ. ɉɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɝɪɚɞɢɟɧɬɧɨɣ 
ɥɢɧɡɵ ɦɟɧɹɥɫɹ ɥɢɧɟɣɧɵɦ ɨɛɪɚɡɨɦμ ɜɫɟɝɨ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ 10 ɤɨɥɟɰ ɲɢɪɢɧɨɣ , ɭ ɤɚɠɞɨɝɨ 
ɢɡ ɤɨɬɨɪɵɯ ɛɵɥ ɫɜɨɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ (ɨɬ n = γ,47 ɜ ɰɟɧɬɪɟ, ɞɨ n = 1,5 ɧɚ ɤɪɚɸ 
ɥɢɧɡɵ). ȼ ɞɚɥɶɧɟɣɲɟɦ ɜ ɪɚɛɨɬɟ ɥɢɧɟɣɧɚɹ ɝɪɚɞɢɟɧɬɧɚɹ ɥɢɧɡɚ, ɭ ɤɨɬɨɪɨɣ ɩɨɤɚɡɚɬɟɥɶ 
ɩɪɟɥɨɦɥɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɨɬ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɤ ɤɪɚɹɦ ɥɢɧɡɵ, ɛɭɞɟɬ ɧɚɡɵɜɚɬɶɫɹ 
ɫɨɛɢɪɚɸщɟɣ.  

 

  ɚ)  ɛ)  ɜ)  
Ɋɢɫɭɧɨɤ 1 – ȼɯɨɞɧɵɟ ɩɭɱɤɢμ ɚ) ɮɭɧɞɚɦɟɧɬɚɥɶɧɚɹ Ƚɚɭɫɫɨɜɚ ɦɨɞɚ, ɛ) ɦɨɞɚ Ƚɚɭɫɫɚ – Ʌɚɝɟɪɪɚ (0,1), ɜ) 

ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɷɥɟɦɟɧɬɚ 

ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹμ ɞɥɢɧɚ ɜɨɥɧɵ ɢɡɥɭɱɟɧɢɹ  
=

 
1,55 ɦɤɦ, ɪɚɡɦɟɪ ɪɚɫɱёɬɧɨɣ 

ɨɛɥɚɫɬɢ x,
 
y,z[–4,5;

 
4,5Ж. Ɍɨɥщɢɧɚ ɩɨɝɥɨщɚɸщɟɝɨ ɫɥɨɹ Pεδ ~ 0,65 (1 ɦɤɦ.), ɲɚɝ 

ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ – /γ1, ɲɚɝ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɩɨ ɜɪɟɦɟɧɢ – /(62c), ɝɞɟ c –
ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ. ȼɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ – 40 ɬɚɤɬɨɜ (ɩɨɞ ɨɞɧɢɦ ɬɚɤɬɨɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ 
ɜɪɟɦɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɧɚ ɨɞɧɭ ɞɥɢɧɭ ɜɨɥɧɵ), ɢ ɛɵɥɨ ɩɨɞɨɛɪɚɧɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ 
ɜɢɞ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɟ ɦɟɧɹɥɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ β).  

 

 
Ɋɢɫɭɧɨɤ β – Ƚɪɚɮɢɤ ɨɫɟɜɨɣ ɨɛщɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɨɞɵ Ƚɚɭɫɫɚ-Ʌɚɝɟɪɪɚ (0,1) ɧɚ ɫɨɛɢɪɚɸщɟɣ ɥɢɧɡɟ, ɱɟɪɧɚɹ 

ɬɨɥɫɬɚɹ ɥɢɧɢɹ – 40 ɬɚɤɬɨɜ, ɱɟɪɧɚɹ ɬɨɧɤɚɹ ɥɢɧɢɹ – 60 ɬɚɤɬɨɜ, ɫɟɪɚɹ ɥɢɧɢɹ – 80 ɬɚɤɬɨɜ 

Ɋɚɡɦɟɪ ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ ɩɨ FАHε ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɜ ɝɥɨɛɚɥɶɧɨɦ ɦɚɤɫɢɦɭɦɟ 
(ɦɚɤɫɢɦɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ). ȼ ɬɚɛɥɢɰɟ 1 ɩɨɤɚɡɚɧɚ ɞɢɮɪɚɤɰɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 
Ƚɚɭɫɫɨɜɨɣ ɦɨɞɵ ɧɚ ɫɨɛɢɪɚɸщɟɣ ɥɢɧɡɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɟɟ ɞɥɢɧɵ L. 
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Ɍɚɛɥɢɰɚ 1. Ⱦɢɮɪɚɤɰɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ Ƚɚɭɫɫɨɜɨɣ ɦɨɞɵ ɧɚ ɫɨɛɢɪɚɸщɟɣ ɥɢɧɟɣɧɨɣ ɝɪɚɞɢɟɧɬɧɨɣ ɥɢɧɡɟ  
 L = 0,β5Ȝ L = 0,5Ȝ L = Ȝ L = 1,55Ȝ L = βȜ 
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FWHMmax = 1,95Ȝ 

 
FWHMmax = 1,45Ȝ 

 
FWHMmax = Ȝ 

 
FWHMmax = 0,79Ȝ 

 
FWHMmax = 0,73Ȝ 
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ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ ɤɚɤ ɩɨ ɤɚɪɬɢɧɚɦ ɞɢɮɪɚɤɰɢɢ, ɬɚɤ ɢ ɩɨ ɪɚɡɦɟɪɭ ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ, 
ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɥɢɧɡɵ ɧɚɛɥɸɞɚɟɬɫɹ ɭɫɢɥɟɧɢɟ ɮɨɤɭɫɢɪɨɜɤɢ. ȿɫɥɢ ɞɥɹ L = 0,β5Ȝ 
ɧɚɥɢɱɢɟ ɥɢɧɡɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɹ, ɬɨ ɞɥɹ L = βȜ ɤɚɪɬɢɧɚ ɞɢɮɪɚɤɰɢɢ 
ɫɭщɟɫɬɜɟɧɧɨ ɩɨɦɟɧɹɥɚɫɶμ ɪɚɡɦɟɪ ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ ɩɨ ɩɨɥɭɲɢɪɢɧɟ ɩɨ ɩɨɥɭɫɩɚɞɭ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɭɦɟɧɶɲɢɥɫɹ ɜ β,67 ɪɚɡɚ (ɫ FWHMmax = 1,95Ȝ ɞɥɹ L = 0,β5Ȝ, ɞɨ FWHMmax = 

0,73Ȝ ɩɪɢ L = βȜ). ɋɪɚɜɧɢɜɚɹ 4 ɢ 5 ɫɬɨɥɛɰɵ ɬɚɛɥɢɰɵ 1, ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɝɥɭɛɢɧɚ 
ɮɨɤɭɫɚ ɫɭщɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɥɚɫɶ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɪɚɡɦɟɪɚ 
ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ. ɉɪɨɞɨɥɶɧɚɹ ɤɨɦɩɨɧɟɧɬɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ (ɤɨɦɩɨɧɟɧɬɚ z) ɬɚɤɠɟ 
ɫɬɚɧɨɜɢɬɫɹ ɤɨɦɩɚɤɬɧɟɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧɵ ɥɢɧɡɵ. 

Ⱥɧɚɥɨɝɢɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɞɥɢɧɵ L ɫɨɛɢɪɚɸщɟɣ ɥɢɧɟɣɧɨɣ 
ɝɪɚɞɢɟɧɬɧɨɣ ɥɢɧɡɵ  ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɞɥɹ ɦɨɞɵ Ƚɚɭɫɫɚ-Ʌɚɝɟɪɪɚ (0,1), ɪɟɡɭɥɶɬɚɬ ɤɨɬɨɪɵɯ 
ɩɨɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ β. Ʉɪɨɦɟ ɝɥɨɛɚɥɶɧɨɝɨ ɦɚɤɫɢɦɭɦɚ (max) ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɩɟɪɜɵɣ 
ɦɚɤɫɢɦɭɦ ɜɧɟ ɨɩɬɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ (fmx) ɢɥɢ ɧɚ ɤɪɚɸ ɨɩɬɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ (out). 
Ɍɚɛɥɢɰɚ β. Ⱦɢɮɪɚɤɰɢɹ ɦɨɞɵ Ƚɚɭɫɫɚ-Ʌɚɝɟɪɪɚ (0,1) ɧɚ ɫɨɛɢɪɚɸщɟɣ ɥɢɧɟɣɧɨɣ ɝɪɚɞɢɟɧɬɧɨɣ ɥɢɧɡɟ  

 L = 0,β5Ȝ L = 0,5Ȝ L = Ȝ L = 1,55Ȝ L = βȜ 
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FWHMout = γ,λβȜ 

FWHMmax = 1,41Ȝ 

 
FWHMout=0,48Ȝ 

FWHMmax = 0,76Ȝ 
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FWHMfmx = 1,22Ȝ 

FWHMmax = 1,16Ȝ 

 
FWHMfmx = 0,γγȜ 

FWHMmax = 0,9Ȝ 

 
FWHMfmx = 0,36Ȝ 

FWHMmax = 0,77Ȝ 

 
FWHMout = 0,44Ȝ 

FWHMmax = 0,58Ȝ 

 
FWHMout = 0,4Ȝ 

FWHMmax = 0,46Ȝ 

ɍɜɟɥɢɱɟɧɢɟ ɞɥɢɧɵ ɥɢɧɡɵ ɩɪɢɜɨɞɢɬ ɤ ɥɭɱɲɟɣ ɮɨɤɭɫɢɪɨɜɤɟ, ɱɬɨ ɯɨɪɨɲɨ ɡɚɦɟɬɧɨ 
ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɩɟɪɜɨɝɨ ɢ ɩɨɫɥɟɞɧɟɝɨ ɫɬɨɥɛɰɨɜ ɬɚɛɥɢɰɵ β. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
FWHMmax ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɧɵ ɥɢɧɡɵ.  ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɧɵ 
ɥɢɧɡɵ, ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɫɢɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬɵ z, ɢ ɪɚɡɦɟɪ ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ 
ɧɚɱɢɧɚɟɬɫɹ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɫɱɟɬ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɩɨɥɹ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɡɚɦɟɬɧɨ ɩɪɢ ɚɧɚɥɢɡɟ ɩɨɫɥɟɞɧɟɝɨ ɫɬɨɥɛɰɚ ɬɚɛɥɢɰɵ βμ ɪɚɡɦɟɪ 
ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ ɪɹɞɨɦ ɫ ɷɥɟɦɟɧɬɨɦ, ɰɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɶ ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɢɬ ɩɪɨɞɨɥɶɧɭɸ 
ɤɨɦɩɨɧɟɧɬɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɪɚɜɟɧ FАHεɤɪ = 0,4Ȝ, ɬɨɝɞɚ ɤɚɤ ɨɛщɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɫɜɟɬɨɜɨɝɨ ɩɹɬɧɚ ɫɨɞɟɪɠɢɬ ɩɨɩɟɪɟɱɧɨ-ɩɨɥɹɪɢɡɨɜɚɧɧɵɟ ɛɨɤɨɜɵɟ ɥɟɩɟɫɬɤɢ, ɱɬɨ ɭɲɢɪɹɟɬ 
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ɪɚɡɦɟɪ ɩɹɬɧɚ ɞɨ FАHε = 0,48Ȝ. ȼ ɩɥɨɫɤɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɜɥɢɹɧɢɟ 
ɩɨɩɟɪɟɱɧɨ-ɩɨɥɹɪɢɡɨɜɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɛɨɥɟɟ ɫɭщɟɫɬɜɟɧɧɨɟ 
(ɭɲɢɪɟɧɢɟ ɞɨ 0,76Ȝ). Ɉɬɞɟɥɶɧɨ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɫɥɭɱɚɣ L = 0,5Ȝ, ɤɨɝɞɚ ɞɥɹ ɩɪɨɞɨɥɶɧɨɣ 
ɤɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɪɹɞɨɦ ɫ ɷɥɟɦɟɧɬɨɦ ɜ ɩɥɨɫɤɨɫɬɢ ɩɟɪɜɨɝɨ ɦɚɤɫɢɦɭɦɚ ɛɵɥ 
ɩɨɥɭɱɟɧ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚμ FАHεfm = 0,γγȜ. 

ȼ ɬɚɛɥɢɰɟ γ ɞɟɦɨɧɫɬɪɢɪɭɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɞɢɮɪɚɤɰɢɢ Ƚɚɭɫɫɨɜɵɯ ɩɭɱɤɨɜ ɧɚ 
ɪɚɫɫɟɢɜɚɸщɟɣ ɥɢɧɟɣɧɨɣ ɝɪɚɞɢɟɧɬɧɨɣ ɥɢɧɡɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɥɢɧɵ δ, ɬɨ ɟɫɬɶ ɧɚ ɥɢɧɡɟ, ɭ 
ɤɨɬɨɪɨɣ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɪɚɫɬɟɬ ɨɬ ɰɟɧɬɪɚ ɤ ɤɪɚɹɦ. Ɍɚɤɚɹ ɥɢɧɡɚ ɦɨɠɟɬ 
ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ ɜɜɨɞɚ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɩɨɥɵɣ (ɤɨɥɶɰɟɜɨɣ) ɨɩɬɢɱɟɫɤɢɣ ɜɨɥɧɨɜɨɞ. 
ɉɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɟɧɹɥɫɹ ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɫɦɨɬɪɟɧɧɨɦɭ ɪɚɧɟɟ 
ɫɥɭɱɚɸμ ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ 10 ɤɨɥɟɰ ɲɢɪɢɧɨɣ , ɭ ɤɚɠɞɨɝɨ ɢɡ ɤɨɬɨɪɵɯ ɛɵɥ ɫɜɨɣ 
ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ. ɇɨ ɢɡɦɟɧɹɥɢɫɶ ɨɧɢ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟμ ɨɬ n = 1,5 ɜ ɰɟɧɬɪɟ, ɞɨ n 

= γ,47 ɧɚ ɤɪɚɸ ɥɢɧɡɵ. 
Ɍɚɛɥɢɰɚ γ. Ⱦɢɮɪɚɤɰɢɹ Ƚɚɭɫɫɨɜɵɯ ɩɭɱɤɨɜ ɧɚ ɪɚɫɫɟɢɜɚɸщɟɣ ɥɢɧɟɣɧɨɣ ɝɪɚɞɢɟɧɬɧɨɣ ɥɢɧɡɟ  

 h = Ȝ h = 1,55Ȝ 

 Ƚɚɭɫɫ Ɇɨɞɚ Ƚ-Ʌ (0,1) Ƚɚɭɫɫ Ɇɨɞɚ Ƚ-Ʌ (0,1) 
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ɂɡ ɬɚɛɥɢɰɵ γ ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɵ Ƚɚɭɫɫɚ-Ʌɚɝɟɪɪɚ (0,1) ɜ ɩɥɨɫɤɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɮɨɤɚɥɶɧɨɟ ɩɹɬɧɨ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ, ɱɟɦ ɞɥɹ ɫɨɛɢɪɚɸщɟɣ ɥɢɧɡɵ, ɚ ɞɥɹ 
ɫɥɭɱɚɹ  δ = 1,55Ȝ ɪɚɡɦɟɪ ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ ɪɚɜɟɧ ɮɨɤɚɥɶɧɨɦɭ ɩɹɬɧɭ ɞɥɹ ɫɥɭɱɚɹ δ = βȜ ɢɡ 
ɬɚɛɥɢɰɵ β. Ɉɞɧɚɤɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɚɤɨɝɨ ɩɹɬɧɚ ɫɭщɟɫɬɜɟɧɧɨ з ɜ 5 ɪɚɡ ɦɟɧɶɲɟ.  

Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɪɚɛɨɬɟ ɦɟɬɨɞɨɦ FDTD ɩɪɨɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɯɨɠɞɟɧɢɹ 
ɝɚɭɫɫɨɜɵɯ ɩɭɱɤɨɜ ɫ ɤɪɭɝɨɜɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ ɱɟɪɟɡ ɥɢɧɟɣɧɭɸ ɝɪɚɞɢɟɧɬɧɭɸ ɥɢɧɡɭ, 
ɪɚɫɫɦɨɬɪɟɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ ɥɢɧɡɵ – ɪɚɫɫɟɢɜɚɸщɚɹ ɢ ɫɨɛɢɪɚɸщɚɹ.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɞɥɢɧɵ ɥɢɧɡɵ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɵɣ 
ɪɚɡɦɟɪ ɮɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɜɨ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɤɚɤ ɞɥɹ ɨɛщɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɬɚɤ ɢ ɞɥɹ 
ɩɪɨɞɨɥɶɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ.  

Ɇɢɧɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ ɛɵɥ ɩɨɥɭɱɟɧ ɧɟ ɜ ɩɥɨɫɤɨɫɬɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɚ ɜ ɩɟɪɜɨɦ ɦɚɤɫɢɦɭɦɟ ɜɧɟ ɨɩɬɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ. Ⱦɥɹ ɦɨɞɵ Ƚɚɭɫɫɚ-

Ʌɚɝɟɪɪɚ (0,1) ɪɚɡɦɟɪ ɦɢɧɢɦɚɥɶɧɨɝɨ ɮɨɤɚɥɶɧɨɝɨ ɩɹɬɧɚ ɩɨ FWHM ɞɥɹ ɩɪɨɞɨɥɶɧɨɣ 
ɤɨɦɩɨɧɟɧɬɵ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɫɨɫɬɚɜɢɥ 0,γγ ɞɥɢɧɵ ɜɨɥɧɵ ɞɥɹ L = 0,5Ȝ; ɜ ɩɥɨɫɤɨɫɬɢ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɫɫɟɢɜɚɸщɟɣ ɥɢɧɡɵ ɞɥɹ ɤɨɦɩɨɧɟɧɬɵ z 

ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɮɨɤɚɥɶɧɨɟ ɩɹɬɧɨ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ, ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɫɨɛɢɪɚɸщɟɣ ɥɢɧɡɵ (ɩɪɢ ɩɚɞɟɧɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ з ɜ 5 ɪɚɡ). 
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