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ɊȺɁɊȺȻɈɌɄȺ ɆɇɈȽɈɉɈɊəȾɄɈȼɈɃ ɁɈɇɇɈɃ 
ɉɅȺɋɌɂɇɄɂ ȾɅə ɎɈɊɆɂɊɈȼȺɇɂə 
ɂɁɈȻɊȺɀȿɇɂə ȼ ɊȿɇɌȽȿɇɈȼɋɄɈɆ 

ɂɁɅɍɑȿɇɂɂ 

 
Ⱥ.Ƚ. ɇɚɥɢɦɨɜ, ȼ.ȼ. Ʉɨɬɥɹɪ  

ɂɧɫɬɢɬɭɬ ɫɢɫɬɟɦ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɊȺɇ 

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

 

ɋ ɩɨɦɨɳɶɸ ɢɧɬɟɝɪɚɥɚ Ɋɷɥɟɹ-Ɂɨɦɦɟɪɮɟɥɶɞɚ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɠёɫɬɤɨɦ 
ɤɨɝɟɪɟɧɬɧɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɢɡɥɭɱɟɧɢɢ (ɞɥɢɧɚ ɜɨɥɧɵ 0,229 ɧɦ) ɫ ɩɨɦɨɳɶɸ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɡɨɧɧɨɣ 
ɩɥɚɫɬɢɧɤɢ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɪɟɲɟɧɢɹ ɥɢɧɢɣ ɩɟɪɢɨɞɨɦ 20 ɧɦ ɫ ɩɨɦɨɳɶɸ ɡɨɧɧɨɣ 
ɩɥɚɫɬɢɧɤɢ ɫ ɤɪɚɣɧɟɣ ɡɨɧɨɣ ɢɦɟɸɳɟɣ ɲɢɪɢɧɭ ɥɢɧɢɣ 20η ɧɦ ɢ ɪɚɛɨɬɚɸɳɭɸ ɜ 11 ɩɨɪɹɞɤɟ ɞɢɮɪɚɤɰɢɢ. 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɢ ɷɬɨɦ ɫɨɫɬɚɜɢɥɚ 3,7%. 
 

Ɂɨɧɧɵɟ ɩɥɚɫɬɢɧɤɢ (Ɂɉ) Ɏɪɟɧɟɥɹ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɟɧɬɝɟɧɨɜɫɤɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ Д1,2]. ɂɫɩɨɥɶɡɨɜɚɧɢɟ Ɂɉ Ɏɪɟɧɟɥɹ ɜ ɢɡɨɛɪɚɠɚɸɳɟɣ ɨɩɬɢɤɟ ɨɛɭɫɥɨɜɥɟɧɨ 
ɩɪɨɫɬɨɬɨɣ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɚ ɬɚɤ ɠɟ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɩɪɢɦɟɧɹɬɶ ɬɨɧɤɢɟ ɨɩɬɢɱɟɫɤɢɟ 
ɷɥɟɦɟɧɬɵ ɜ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɚɩɚɡɨɧɟ. Ɍɨɥɳɢɧɚ Ɂɉ ɨɝɪɚɧɢɱɟɧɚ ɥɢɲɶ ɧɟɨɛɯɨɞɢɦɨɣ 
ɬɨɥɳɢɧɨɣ ɦɚɬɟɪɢɚɥɚ, ɫɨɡɞɚɸɳɟɝɨ ɪɚɡɧɢɰɭ ɜ ɧɚɛɟɝɟ ɮɚɡɵ ɧɚ π ɦɟɠɞɭ ɡɨɧɚɦɢ, ɚ ɬɚɤ ɠɟ 
ɬɨɥɳɢɧɨɣ ɩɨɞɥɨɠɤɢ, ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɩɪɨɱɧɨɫɬɢ Ɂɉ. Ɋɚɡɪɟɲɟɧɢɟ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɡɨɧɧɨɣ ɩɥɚɫɬɢɧɤɨɣ, ɪɚɛɨɬɚɸɳɟɣ ɜ 
ɩɟɪɜɨɦ ɩɪɨɲɟɞɲɟɦ ɩɨɪɹɞɤɟ ɞɢɮɪɚɤɰɢɢ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɲɢɪɢɧɨɣ ɟё ɤɪɚɣɧɟɣ ɡɨɧɵ. 
ɇɚɩɪɢɦɟɪ, ɚɜɬɨɪɵ ɜ Д2] ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɫɦɨɝɥɢ ɪɚɡɪɟɲɢɬɶ ɥɢɧɢɢ ɜɩɥɨɬɶ ɞɨ 38 ɧɦ 
ɲɢɪɢɧɨɣ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ ɡɨɧɧɵɯ ɩɥɚɫɬɢɧɨɤ. ɒɢɪɢɧɚ 
ɤɪɚɣɧɟɣ ɡɨɧɵ Ɂɉ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɢɜɚ, ɛɵɥɚ ɪɚɜɧɚ η0 ɧɦ. Ⱥ ɡɨɧɧɚɹ 
ɩɥɚɫɬɢɧɤɚ, ɢɦɟɸɳɚɹ ɲɢɪɢɧɭ ɤɪɚɣɧɟɣ ɡɨɧɵ 12 ɧɦ ɩɨɦɨɝɥɚ ɞɨɫɬɢɱɶ ɪɚɡɪɟɲɟɧɢɹ 12 ɧɦ. ɂɡ 
ɩɪɢɜɟɞɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɩɨɦɟɯɨɣ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɡɪɟɲɟɧɢɹ ɜ 
ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɢɡɨɛɪɚɠɚɸɳɟɦ ɦɢɤɪɨɫɤɨɩɟ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɨɡɞɚɬɶ ɡɨɧɧɭɸ ɩɥɚɫɬɢɧɤɭ ɫ ɧɚɢɦɟɧɶɲɟɣ ɲɢɪɢɧɨɣ ɤɪɚɣɧɟɣ ɡɨɧɵ. Ⱦɥɢɧɚ ɜɨɥɧɵ ɢɡɥɭɱɟɧɢɹ 
ɜ ɠёɫɬɤɨɦ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɚɩɚɡɨɧɟ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟɣ ɜɟɥɢɱɢɧɨɣ (ɞɟɫɹɬɵɟ 
ɞɨɥɢ ɧɚɧɨɦɟɬɪɚ) ɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɪɚɡɪɟɲɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ Ɂɉ. ɉɨɫɤɨɥɶɤɭ Ɂɉ Ɏɪɟɧɟɥɹ 
ɹɜɥɹɟɬɫɹ ɛɢɧɚɪɧɵɦ ɞɢɮɪɚɤɰɢɨɧɧɵɦ ɨɩɬɢɱɟɫɤɢɦ ɷɥɟɦɟɧɬɨɦ, ɧɚɪɹɞɭ ɫ ɮɨɤɭɫɨɦ ɜ ɩɟɪɜɨɦ 
ɩɨɪɹɞɤɟ ɞɢɮɪɚɤɰɢɢ ɨɧɚ ɮɨɪɦɢɪɭɟɬ ɬɚɤ ɠɟ ɩɚɪɚɡɢɬɧɵɟ ɮɨɤɭɫɵ ɜ 3-ɦ ɩɨɪɹɞɤɟ ɞɢɮɪɚɤɰɢɢ, 
5-ɦ, 7-ɦ ɢ ɬ.ɞ. Д3, 4]. Ɍɚɤɢɟ ɮɨɤɭɫɧɵɟ ɩɹɬɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɠɟ ɮɨɤɭɫɧɨɝɨ ɩɹɬɧɚ, 
ɩɨɥɭɱɟɧɧɨɝɨ ɜ ɩɟɪɜɨɦ ɩɨɪɹɞɤɟ ɞɢɮɪɚɤɰɢɢ Д3, 5], ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɞɥɹ ɫɨɡɞɚɧɢɹ Ɂɉ ɫ ɛɨɥɶɲɢɦ ɪɚɡɪɟɲɟɧɢɟɦ Д6]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ 
ɢɡɨɛɪɚɠɚɸɳɟɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɨɩɬɢɤɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɡɨɧɧɨɣ ɩɥɚɫɬɢɧɤɢ, ɪɚɛɨɬɚɸɳɟɣ ɜ 
ɧɟɫɤɨɥɶɤɢɯ ɩɨɪɹɞɤɚɯ ɞɢɮɪɚɤɰɢɢ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɪɚɡɪɟɲɟɧɢɟɦ, 
ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɳɢɦ ɜɨɡɦɨɠɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɞɥɹ ɢɫɩɨɥɶɡɭɟɦɨɣ ɲɢɪɢɧɵ ɤɪɚɣɧɟɣ 
ɡɨɧɵ ɜ ɩɟɪɜɨɦ ɩɨɪɹɞɤɟ ɞɢɮɪɚɤɰɢɢ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɢɧɬɟɝɪɚɥɚ Ɋɷɥɟɹ-Ɂɨɦɦɟɪɮɟɥɶɞɚ Д4]. 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ. 
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Ɋɢɫɭɧɨɤ 1. ɋɯɟɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ 

ȼ ɤɚɱɟɫɬɜɟ ɩɚɞɚɸɳɟɣ ɜɨɥɧɵ ɧɚ ɢɡɨɛɪɚɠɚɟɦɵɣ ɨɛɴɟɤɬ ɜɵɛɪɚɧɨ ɫɯɨɞɹɳɟɟɫɹ 
ɢɡɥɭɱɟɧɢɟ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɧɨ ɭɫɩɟɜɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɪɚɡɨɣɬɢɫɶ ɞɨ ɩɥɨɫɤɨɫɬɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɧɚɢɦɟɧɶɲɢɦ ɨɛɪɚɡɨɦ ɜɥɢɹɟɬ ɧɚ ɤɨɧɬɪɚɫɬɧɨɫɬɶ ɩɨɥɭɱɚɟɦɨɣ ɤɚɪɬɢɧɤɢ Д7]. 

ɒɢɪɢɧɚ ɤɪɚɣɧɟɣ ɡɨɧɵ (ɩɨɥɨɜɢɧɚ ɩɟɪɢɨɞɚ) ɛɵɥɚ ɩɪɢɧɹɬɚ r =20η ɧɦ. Ɍɚɤ ɤɚɤ 
ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ ɞɚɧɧɨɣ ɞɥɢɧɵ ɜɨɥɧɵ ɡɚɬɭɯɚɟɬ ɜɞɜɨɟ ɜ ɜɨɡɞɭɯɟ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 
ɩɪɢɦɟɪɧɨ 30 ɫɦ, ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɚ ɧɚɢɦɟɧɶɲɚɹ ɞɥɢɧɚ ɨɩɬɢɱɟɫɤɨɣ ɫɯɟɦɵ, ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɦɢɧɢɦɚɥɶɧɨɟ ɮɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ Ɂɉ. Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ Ɂɉ ɛɵɥɢ ɜɵɛɪɚɧɵ 
ɫɥɟɞɭɸɳɢɟ: D=200 ɦɤɦ, ɮɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ П=18 ɫɦ, ɜɵɫɨɬɚ ɪɟɥɶɟɮɚ С=1,7 ɦɤɦ 
(ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɫɟɪɟɛɪɚ ɧɚ ɞɚɧɧɨɣ ɞɥɢɧɟ ɜɨɥɧɵ ɪɚɜɟɧ in

65 108.6108.61   ), 

a=0,21θ ɦ, b=1,08 ɦ (ɭɜɟɥɢɱɟɧɢɟ ɜ ɩɹɬɶ ɪɚɡ), ɪɚɡɦɟɪ ɩɢɤɫɟɥɹ Ɂɉ 0,13 ɦɤɦ, М=θ,θ ɦɦ, ɞɥɢɧɚ 
ɜɨɥɧɵ λ=0,229 ɧɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɜ ɩɥɨɫɤɨɫɬɢ Z=0 ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɚɦɩɥɢɬɭɞɧɵɣ ɷɥɟɦɟɧɬ, 
ɫɨɫɬɨɹɳɢɣ ɢɡ ɞɜɭɯ ɳɟɥɟɣ ɜ ɧɟɩɪɨɡɪɚɱɧɨɦ ɦɚɬɟɪɢɚɥɟ ɪɚɜɧɨɣ ɲɢɪɢɧɵ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɤɨɬɨɪɵɦɢ w ɪɚɜɧɨ ɲɢɪɢɧɟ ɤɚɠɞɨɣ ɳɟɥɢ. ɗɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɤɚɱɟɫɬɜɟ 
ɨɛɴɟɤɬɚ ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɹ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɢ, ɱɬɨ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɞɪɭɝɢɯ 
ɪɚɛɨɬɚɯ Д6]. Ⱦɥɢɧɚ ɳɟɥɟɣ ɛɵɥɚ ɜɡɹɬɚ ηw. Ɋɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɦ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɩɭɱɨɤ 
ɫɯɨɞɢɥɫɹ ɩɨɫɥɟ ɩɥɨɫɤɨɫɬɢ ɨɛɴɟɤɬɚ ɛɵɥɨ ɩɪɢɧɹɬɨ c=θ,θ ɦɦ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɹ 
ɪɚɡɪɟɲɟɧɢɹ Ɂɉ ɩɪɢɦɟɦ ɤɪɢɬɟɪɢɣ Ɋɷɥɟɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɨɝɨ ɨɬɧɨɲɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢ ɦɢɧɢɦɭɦɚ ɩɨ ɰɟɧɬɪɭ ɞɨɥɠɧɨ ɭɞɨɜɥɟɬɜɨɪɹɬɶ min

max

0,74
I

I
 . 

Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɪɚɡɥɢɱɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɨɪɹɞɤɨɜ ɞɢɮɪɚɤɰɢɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ Ɂɉ ɩɪɢɜɟɞɟɧɵ ɜ Ɍɚɛɥɢɰɟ 1. 

Ɍɚɛɥɢɰɚ 1. Ɋɚɡɪɟɲɟɧɢɟ ɡɨɧɧɨɣ ɩɥɚɫɬɢɧɤɢ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɨɪɹɞɤɨɜ 
ɞɢɮɪɚɤɰɢɢ. 

Ʉɨɥɢɱɟɫɬɜɨ 

ɩɨɪɹɞɤɨɜ 

Ɇɢɧɢɦɚɥɶɧɚɹ 
ɪɚɡɪɟɲɟɧɧɚɹ 

ɲɢɪɢɧɚ ɥɢɧɢɣ, 
w, ɧɦ 

ɉɨɪɹɞɨɤ 
ɞɢɮɪɚɤɰɢɢ 

ɤɪɚɣɧɟɣ 
ɨɛɥɚɫɬɢ 

1 190 1 

2 70 3 

3 45 5 

4 31 7 

5 25 9 

6 20 11 

ɂɡ Ɍɚɛɥɢɰɵ 1 ɜɢɞɧɨ, ɱɬɨ ɪɚɡɪɟɲɟɧɢɟ ɡɨɧɧɨɣ ɩɥɚɫɬɢɧɤɢ ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɚɟɬɫɹ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɨɛɥɚɫɬɟɣ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɜɵɫɲɢɯ ɩɨɪɹɞɤɚɯ ɞɢɮɪɚɤɰɢɢ. 
ɍɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɛɥɚɫɬɟɣ ɞɨ θ ɩɪɢɜɨɞɢɬ ɤ ɭɥɭɱɲɟɧɢɸ ɪɚɡɪɟɲɟɧɢɹ ɩɨɱɬɢ ɜ 10 ɪɚɡ. 

ȼ Ɍɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ 
ɦɧɨɝɨɩɨɪɹɞɤɨɜɵɯ Ɂɉ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɨɞɧɨɩɨɪɹɞɤɨɜɨɣ Ɂɉ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɜ ɬɨɦ ɠɟ ɩɨɪɹɞɤɟ 
ɞɢɮɪɚɤɰɢɢ, ɜ ɤɨɬɨɪɨɦ ɪɚɛɨɬɚɟɬ ɤɪɚɣɧɹɹ ɡɨɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ Ɂɉ. 
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Ɍɚɛɥɢɰɚ 2. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ Ɂɉ. 
Ʉɨɥɢɱɟɫɬɜɨ 

ɩɨɪɹɞɤɨɜ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɩɨɫɬɪɨɟɧɢɹ 

ɢɡɨɛɪɚɠɟɧɢɹ 

Ș, % 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɨɞɧɨɩɨɪɹɞɤɨɜɨɣ 
Ɂɉ, ɪɚɛɨɬɚɸɳɟɣ 

ɜ ɜɵɫɲɟɦ 
ɩɨɪɹɞɤɟ 

ɞɢɮɪɚɤɰɢɢ 

ɉɨɪɹɞɨɤ 
ɞɢɮɪɚɤɰɢɢ 

ɤɪɚɣɧɟɣ ɨɛɥɚɫɬɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ 

Ɂɉ 

1 23 23 1 

2 15 2,6 3 

3 8,5 1 5 

4 6,2 0,51 7 

5 4,7 0,32 9 

6 3,7 0,18 11 

 

ɂɡ Ɍɚɛɥɢɰɵ 2 ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɨɛɥɚɫɬɟɣ ɫ ɜɵɫɲɢɦɢ 
ɩɨɪɹɞɤɚɦɢ ɞɢɮɪɚɤɰɢɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ Ɂɉ ɜɵɢɝɪɵɜɚɹ ɜ ɪɚɡɪɟɲɟɧɢɢ ɩɪɨɢɝɪɵɜɚɸɬ ɜ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ. ɇɨ ɞɚɠɟ ɢɦɟɹ θ ɩɨɪɹɞɤɨɜ ɞɢɮɪɚɤɰɢɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɡɨɧɧɚɹ ɩɥɚɫɬɢɧɤɚ 
ɫɩɨɫɨɛɧɚ ɩɨɫɬɪɨɢɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɜɵɲɟ, ɱɟɦ ɚɧɚɥɨɝɢɱɧɚɹ 
ɨɞɧɨɩɨɪɹɞɤɨɜɚɹ Ɂɉ, ɪɚɛɨɬɚɸɳɚɹ ɜ ɜɵɫɲɟɦ ɩɨɪɹɞɤɟ ɞɢɮɪɚɤɰɢɢ ɚɧɚɥɨɝɢɱɧɨɦ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ Ɂɉ. ɉɪɢ ɷɬɨɦ ɲɢɪɢɧɚ ɤɪɚɣɧɟɣ ɡɨɧɵ ɬɚɤɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ Ɂɉ 
ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ, ɢ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɧɚ ɪɚɜɧɚ 20η ɧɦ. Ɉɞɧɚɤɨ ɨɬɦɟɬɢɦ, ɱɬɨ ɩɪɢ 
ɪɟɚɥɶɧɨɦ ɢɡɝɨɬɨɜɥɟɧɢɢ ɬɚɤɨɣ Ɂɉ ɫɪɟɞɧɹɹ ɬɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ 
ɦɢɤɪɨɪɟɥɶɟɮɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɨɞɧɨɩɨɪɹɞɤɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɫ ɬɨɣ ɠɟ ɲɢɪɢɧɨɣ 
ɤɪɚɣɧɟɣ ɡɨɧɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ Ɂɉ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɧɚ ɤɪɚɸ 11 ɩɨɪɹɞɨɤ ɞɢɮɪɚɤɰɢɢ, 
ɢɡɦɟɧɟɧɢɟ ɜɫɟɝɨ ɪɚɞɢɭɫɚ Ɂɉ ɧɚ 19 ɧɦ ɩɪɢɜɟɞɟɬ ɤ ɬɨɦɭ, ɱɬɨ ɤɪɚɣɧɹɹ ɨɛɥɚɫɬɶ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ 
ɜ ɩɪɨɬɢɜɨɮɚɡɟ ɫ ɰɟɧɬɪɚɥɶɧɨɣ, ɢ ɫɬɚɧɟɬ ɛɟɫɩɨɥɟɡɧɚ, ɬɚɤ ɤɚɤ ɟɫɥɢ ɛɵ Ɂɉ ɢɦɟɥɚ ɨɞɧɭ 
ɨɛɥɚɫɬɶ, ɪɚɛɨɬɚɸɳɭɸ ɜ 1-ɦ ɩɨɪɹɞɤɟ ɞɢɮɪɚɤɰɢɢ, ɬɨ ɩɪɢ ɬɨɦ ɠɟ ɮɨɤɭɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ, ɤɚɤ 
ɞɥɹ Ɂɉ ɫ k=θ, ɲɢɪɢɧɚ ɤɪɚɣɧɟɣ ɡɨɧɵ ɞɨɥɠɧɚ ɛɵɬɶ ɪɚɜɧɚ 19 ɧɦ. ɉɪɢ ɷɬɨɦ ɥɨɤɚɥɶɧɵɟ 
ɨɲɢɛɤɢ ɧɟ ɬɚɤ ɜɚɠɧɵ, ɢ ɪɚɡɦɟɪ ɨɬɫɱɟɬɚ ɜ 30 ɧɦ, ɢɡ ɤɨɬɨɪɵɯ ɫɮɨɪɦɢɪɨɜɚɧ ɦɢɤɪɨɪɟɥɶɟɮ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ Ɂɉ, ɜɩɨɥɧɟ ɞɨɩɭɫɬɢɦ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ, ɝɪɚɧɬɚ 
ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɩɨɞɞɟɪɠɤɢ ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ ɲɤɨɥ (ɇɒ-3970.2014.9), ɚ ɬɚɤɠɟ ɝɪɚɧɬɨɜ 
ɊɎɎɂ 14-07-31092, 15-07-01174, 13-07-97008, 14-29-07133 ɢ 1η-37-20723. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. Attwood, D. Soft x-rays and extreme ultraviolet radiation: principles and applications / D. Attwood. – 

Cambridge University Press, 1999. 

2. Vaschenko, G. Sub-38 nm resolution tabletop microscopy with 13 nm wavelength laser light / G. Vaschenko, 

C. Brewer, F. Brizuela, Y. Wang [and oth.] // Opt. Lett. – 2006. – Vol. 31. – PP. 1214–1216. 

3. Chao, W. Demonstration of 12 nm resolution Fresnel zone plate lens based soft X-ray microscopy / W. Chao, 

J. Kim, S. Rekawa, P. Fischer, E.H. Anderson // Optics Express. – 2009. – Vol. 17 (20). – P. 17669. 

4. Chen, X. Single-focus x-ray zone plate by stagger arrangement of zones / X. Chen, X. Wang // Optics Express. 

– 2013. – Vol. 21 (17). – P. 20005-20014. 

5. ɇɚɥɢɦɨɜ, Ⱥ.Ƚ. ɋɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ ȾɈɗ ɜ 
ɩɚɪɚɤɫɢɚɥɶɧɨɣ ɨɛɥɚɫɬɢ / ɇɚɥɢɦɨɜ Ⱥ.Ƚ., ɏɨɧɢɧɚ ɋ.ɇ. // ɂɡɜɟɫɬɢɹ ɋɇɐ ɊȺɇ. – 2010. – Ɍ. 12 (4). – ɋ. 26-31. 

6. Hofsten, O. Sub-25-nm laboratory X-ray microscopy using a compound Fresnel zone plate / O. Hofsten, M. 

Bertilson, J. Reinspach, A. Holmberg [and oth.] // Optics Letters. – 2009. – Vol. 34 (17). – P. 2631-2633. 

7. Ʉɨɬɥɹɪ, ȼ.ȼ. Ɂɨɧɧɚɹ ɩɥɚɫɬɢɧɤɚ ɧɚ ɦɟɦɛɪɚɧɟ ɞɥɹ ɠёɫɬɤɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ / ȼ.ȼ. Ʉɨɬɥɹɪ, Ⱥ.Ƚ. 
ɇɚɥɢɦɨɜ, Ɇ.ɂ. ɒɚɧɢɧɚ, ȼ.Ⱥ. ɋɨɣɮɟɪ, Ʌ.Ɉ’Ɏɚɨɥɚɣɧ // Ʉɨɦɩɶɸɬɟɪɧɚɹ ɨɩɬɢɤɚ. – 2011. – Ɍ.3η (1). – ɋ. 3θ-41. 

  


