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ȾɂɎɊȺɄɐɂɈɇɇȺə ɅɂɇɁȺ ȼ ɂɁɈȻɊȺɀȺɘɓȿɆ 
ɋɉȿɄɌɊɈɆȿɌɊȿ 

 
Ɋ.ȼ. ɋɤɢɞɚɧɨɜ1,2, ȼ.Ⱥ. Ȼɥɚɧɤ1,2  

 

1ɂɧɫɬɢɬɭɬ ɫɢɫɬɟɦ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɊȺɇ 
2ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ 

(ɧɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) 
 

Ɋɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɤɚɤ ɩɪɨɫɬɟɣɲɟɝɨ ɢɡɨɛɪɚɠɚɸщɟɝɨ 
ɫɩɟɤɬɪɨɦɟɬɪɚ. ɉɪɨɜɟɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɫɬɪɨɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɛɟɥɨɝɨ, ɤɪɚɫɧɨɝɨ 
ɢ ɡɟɥɟɧɨɝɨ ɫɜɟɬɨɞɢɨɞɨɜ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɣ ɭɱɢɬɵɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɪɚɫɫɟɹɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɢɫɯɨɞɧɨɣ 
ɬɨɱɤɢ ɢ ɫɨɫɟɞɧɢɯ ɬɨɱɟɤ ɢɡɨɛɪɚɠɟɧɢɹ. Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ 
ɫɨ ɫɩɟɤɬɪɚɦɢ ɷɬɢɯ ɫɜɟɬɨɞɢɨɞɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɨɦɨщɢ ɫɩɟɤɬɪɨɦɟɬɪɚ. ɉɨɥɭɱɟɧɵ ɋɄɈ ɨɬ 8 ɞɨ 1γ%. 
 

ȼɜɟɞɟɧɢɟ 

ȼ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɜ ɩɪɢɤɥɚɞɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɸɬɫɹ 
ɧɨɜɵɟ ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɸщɢɟ ɩɨɥɭɱɚɬɶ ɢ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɭɸ ɢɧɮɨɪɦɚɰɢɸ 
ɨɛ ɨɛɴɟɤɬɟ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ, ɨɛɟɫɩɟɱɢɜɚɸщɢɟ ɩɨɥɭɱɟɧɢɟ ɞɥɹ ɤɚɠɞɨɣ 
ɦɚɥɨɣ ɨɛɥɚɫɬɢ (ɬɨɱɤɢ) ɞɜɭɦɟɪɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɨɛɴɟɤɬɚ ɧɚ ɜɯɨɞɧɨɣ ɚɩɟɪɬɭɪɟ ɩɪɢɛɨɪɚ 
ɨɩɬɢɱɟɫɤɨɝɨ ɫɩɟɤɬɪɚ. Ɍɚɤɢɟ ɦɟɬɨɞɵ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɧɚɡɵɜɚɸɬɫɹ ɢɡɨɛɪɚɠɚɸщɟɣ 
ɫɩɟɤɬɪɨɫɤɨɩɢɟɣ, ɬɪɟɯɦɟɪɧɵɟ ɦɚɬɪɢɰɵ, ɫɨɞɟɪɠɚщɢɟ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɬɚ ɨɬ 
ɞɜɭɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɢ ɫɩɟɤɬɪɚɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬ, – ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɢɡɨɛɪɚɠɟɧɢɹɦɢ Д1Ж.  

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɢɡɨɛɪɚɠɚɸщɢɯ ɫɩɟɤɬɪɨɦɟɬɪɨɜ ɨɩɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 
ɮɨɪɦɢɪɭɸщɚɹ ɢɡɨɛɪɚɠɟɧɢɟ ɢ ɞɢɫɩɟɪɫɢɨɧɧɵɣ ɷɥɟɦɟɧɬ ɱёɬɤɨ ɪɚɡɞɟɥɟɧɵ. ȼ ɤɚɱɟɫɬɜɟ 
ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɢɡɨɛɪɚɠɚɸщɟɦ ɫɩɟɤɬɪɨɦɟɬɪɟ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ 
ɩɪɢɡɦɚ, ɬɚɤ ɢ ɞɢɮɪɚɤɰɢɨɧɧɚɹ ɪɟɲёɬɤɚ. Ɉɞɧɚɤɨ ɫɭщɟɫɬɜɭɟɬ ɞɢɮɪɚɤɰɢɨɧɧɵɣ ɨɩɬɢɱɟɫɤɢɣ 
ɷɥɟɦɟɧɬ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɨɛɴɟɞɢɧɢɬɶ ɷɬɢ ɞɜɟ ɮɭɧɤɰɢɢ. Ⱦɨɜɨɥɶɧɨ ɞɚɜɧɨ ɩɪɟɞɩɪɢɧɢɦɚɸɬɫɹ 
ɩɨɩɵɬɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɪɢɥɨɠɟɧɢɣ Дβ-7Ж. ȼ ɬɨɦ 
ɱɢɫɥɟ ɟɫɬɶ ɪɚɛɨɬɵ, ɩɨɫɜɹщёɧɧɵɟ ɫɩɟɤɬɪɚɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ  ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ Д7Ж. 
Ɉɞɧɚɤɨ ɜɵɫɨɤɚɹ ɯɪɨɦɚɬɢɱɟɫɤɚɹ ɚɛɟɪɪɚɰɢɹ ɧɟ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɢɮɪɚɤɰɢɨɧɧɭɸ 
ɥɢɧɡɭ ɜ ɢɡɨɛɪɚɠɚɸщɢɯ ɫɢɫɬɟɦɚɯ Д4Ж. Ⱦɢɮɪɚɤɰɢɨɧɧɚɹ ɥɢɧɡɚ ɫɬɪɨɢɬ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ 
ɪɚɡɧɵɯ ɞɥɢɧ ɜɨɥɧ ɧɚ ɪɚɡɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ. Ɉɞɧɚɤɨ ɷɬɨɬ ɧɟɞɨɫɬɚɬɨɤ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ 
ɹɜɥɹɟɬɫɹ ɫɤɨɪɟɟ ɞɨɫɬɨɢɧɫɬɜɨɦ, ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɢɮɪɚɤɰɢɨɧɧɭɸ ɥɢɧɡɭ ɜ ɤɚɱɟɫɬɜɟ 
ɨɫɧɨɜɵ ɞɥɹ ɫɩɟɤɬɪɨɦɟɬɪɚ Д8-10Ж. ȼ ɪɚɛɨɬɟ Д8,λЖ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɩɟɤɬɪɨɦɟɬɪ, 
ɢɫɩɨɥɶɡɭɸщɢɣ ɜ ɤɚɱɟɫɬɜɟ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɞɢɮɪɚɤɰɢɨɧɧɭɸ ɥɢɧɡɭ. ɉɪɢ ɷɬɨɦ 
ɮɨɤɭɫɢɪɭɟɦɵɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɨɣ ɫɜɟɬ ɩɪɨɩɭɫɤɚɟɬɫɹ ɱɟɪɟɡ ɞɢɚɮɪɚɝɦɭ ɢ ɩɨɩɚɞɚɟɬ ɧɚ 
ɮɨɬɨɞɢɨɞ, ɬ.ɟ. ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɣ ɜ ɪɚɛɨɬɚɯ Д8,λЖ ɫɩɟɤɬɪɨɦɟɬɪ ɧɟ ɹɜɥɹɟɬɫɹ ɢɡɨɛɪɚɠɚɸщɢɦ. 
ȼ ɪɚɛɨɬɚɯ Д10,11Ж ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɩɟɤɬɪɨɦɟɬɪ ɧɚ ɨɫɧɨɜɟ ɫɨɱɟɬɚɧɢɹ ɞɢɮɪɚɤɰɢɨɧɧɨɣ 
ɥɢɧɡɵ ɢ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲёɬɤɢ, ɡɚ ɫɱёɬ ɱɟɝɨ, ɩɨɥɭɱɚɟɬɫɹ, ɩɨ ɧɚɫɬɨɹщɟɦɭ, ɤɨɦɩɚɤɬɧɚɹ 
ɤɨɧɫɬɪɭɤɰɢɹ. Ɉɞɧɚɤɨ ɷɬɨɬ ɫɩɟɤɬɪɨɦɟɬɪ ɬɚɤɠɟ ɧɟ ɹɜɥɹɟɬɫɹ ɢɡɨɛɪɚɠɚɸщɢɦ. ȼ ɪɚɛɨɬɟ Д1βЖ 
ɩɪɨɫɬɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɜ 
ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɢɡɨɛɪɚɠɚɸщɟɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ. Ɉɞɧɚɤɨ ɜ ɪɚɛɨɬɟ Д1βЖ ɚɜɬɨɪɵ 
ɪɚɫɫɦɨɬɪɟɥɢ ɞɨɜɨɥɶɧɨ ɩɪɨɫɬɭɸ ɫɢɬɭɚɰɢɸ ɪɚɛɨɬɵ ɬɚɤɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ, ɤɨɝɞɚ ɢɫɯɨɞɧɵɣ 
ɨɛɴɟɤɬ – ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɨɰɜɟɬɧɵɯ ɫɢɦɜɨɥɨɜ ɧɚ ɦɨɧɢɬɨɪɟ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɢɡɥɭɱɚɟɬ ɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɡɤɨɦ ɫɩɟɤɬɪɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɤɪɨɦɟ ɬɨɝɨ ɞɥɹ ɭɞɨɛɫɬɜɚ ɫɢɦɜɨɥɵ 
ɪɚɡɞɟɥɟɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ, ɱɬɨ ɟщё ɫɢɥɶɧɟɟ ɭɩɪɨщɚɟɬ ɡɚɞɚɱɭ. ɉɪɢ ɷɬɨɦ Д1βЖ, ɧɟ ɛɵɥɨ 
ɩɪɢɜɟɞɟɧɨ ɧɢ ɨɞɧɨɝɨ ɫɩɟɤɬɪɚ. ȼ ɪɚɛɨɬɟ Д1γЖ ɛɵɥɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɚɫɲɢɪɟɧɧɨɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɩɪɢɜɨɞɹɬɫɹ ɢɡɦɟɪɟɧɧɵɟ ɫɩɟɤɬɪɵ, ɞɥɹ ɥɚɡɟɪɧɵɯ ɩɭɱɤɨɜ (ɥɚɡɟɪɵ HО-NО ɢ 
Cr-NО). ɇɚ ɢɡɨɛɪɚɠɚɸщɟɦ ɫɩɟɤɬɪɨɦɟɬɪɟ ɢɡɦɟɪɹɥɫɹ ɫɩɟɤɬɪ ɬɨɱɟɱɧɨɝɨ ɨɛɴɟɤɬɚ, ɫɨɫɬɨɹщɢɣ 
ɢɡ ɨɞɧɨɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ. Ɍ.ɟ. ɢɡ ɪɚɛɨɬ Д1β,1γЖ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 
ɞɢɮɪɚɤɰɢɨɧɧɚɹ ɥɢɧɡɚ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɩɟɤɬɪɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ. Ⱦɥɹ 
ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɚɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨ 
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ɜɟɥɢɱɢɧɟ ɩɨɝɪɟɲɧɨɫɬɢ, ɫ ɤɨɬɨɪɨɣ ɫɬɪɨɢɬɫɹ ɫɩɟɤɬɪɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɫɩɟɤɬɪɨɦɟɬɪɟ ɧɚ 
ɨɫɧɨɜɟ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɢɫɫɥɟɞɭɸɬɫɹ ɩɨɝɪɟɲɧɨɫɬɢ ɩɨɫɬɪɨɟɧɢɹ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɛɟɥɨɝɨ ɫɜɟɬɨɞɢɨɞɚ ɩɪɢ ɩɨɦɨщɢ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ. Ɍɚɤɠɟ 
ɫɬɪɨɢɬɫɹ ɫɩɟɤɬɪɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɞɥɹ ɫɬɪɭɤɬɭɪɵ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɜɟɬɨɞɢɨɞɨɜ, ɫ ɪɚɡɧɵɦɢ 
ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

1 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɥɭɱɟɧɢɟ ɫɟɪɢɢ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɩɨɦɨɳɶɸ 
ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ 

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ 
ɤɚɠɞɨɣ ɬɨɱɤɢ ɢɡɨɛɪɚɠɟɧɢɹ, ɞɥɹ ɨɛɴɟɤɬɨɜ ɫ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ, ɛɵɥ ɩɪɨɜɟɞёɧ 
ɷɤɫɩɟɪɢɦɟɧɬ, ɜ ɤɨɬɨɪɨɦ ɫɬɪɨɢɥɚɫɶ ɫɟɪɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɛɟɥɨɝɨ ɫɜɟɬɨɞɢɨɞɚ ɫ ɩɨɦɨщɶɸ 
ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɫ ɮɨɤɭɫɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ 50ɦɦ ɞɥɹ ɞɥɢɧɵ ɜɨɥɧɵ ɪɚɜɧɨɣ 500ɧɦ. 
Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɱɟɬɵɪёɯɭɪɨɜɧɟɜɚɹ ɞɢɮɪɚɤɰɢɨɧɧɚɹ ɥɢɧɡɚ, ɨɩɢɫɚɧɧɚɹ ɜ 
Д4Ж. Ⱦɢɚɦɟɬɪ ɥɢɧɡɵ ɫɨɫɬɚɜɥɹɥ 8ɦɦ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɩɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ. 1 – ɞɢɨɞ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɪɚɫɫɬɨɹɧɢɢ К ɨɬ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ β, γ – ɉɁɋ ɤɚɦɟɪɚ, 
ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ Л=40ɦɦ ɨɬ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ. ɉɁɋ-ɤɚɦɟɪɚ ɭɫɬɚɧɨɜɥɟɧɚ ɧɚ ɩɟɪɟɦɟщɚɸщɟɦɫɹ ɫɬɨɥɢɤɟ 

ɫ ɲɚɝɨɦ ɩɟɪɟɦɟщɟɧɢɹ 0,5ɦɦ, ɫ=β0ɦɦ 

ɉɪɢ ɷɬɨɦ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɫɜɟɬɨɞɢɨɞɚ ɞɨ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ К=β000ɦɦ ɛɵɥɨ 
ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ, ɱɟɦ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɞɨ ɉɁɋ ɤɚɦɟɪɵ 
(ȼɂȾȿɈɋɄȺɇ-2-β05) ɫ ɪɚɡɪɟɲɟɧɢɟɦ 1γλ0*1040. ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ ɤɚɦɟɪɚ ɩɟɪɟɦɟщɚɥɚɫɶ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ ɨɬ 40ɦɦ ɞɨ 60ɦɦ ɫ ɲɚɝɨɦ 0,5ɦɦ. Ʉɚɠɞɨɦɭ ɢɡɨɛɪɚɠɟɧɢɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɹ 
ɞɥɢɧɚ ɜɨɥɧɵ. Ⱦɢɨɞ ɪɚɫɩɨɥɚɝɚɥɫɹ ɞɥɹ ɭɞɨɛɫɬɜɚ ɸɫɬɢɪɨɜɤɢ ɛɥɢɡɤɨ ɤ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ. 

ɇɚ ɪɢɫɭɧɤɟ β ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɢɡɨɛɪɚɠɟɧɢɣ ɫɜɟɬɨɞɢɨɞɚ ɧɚ ɧɟɫɤɨɥɶɤɢɯ 
ɪɚɫɫɬɨɹɧɢɹɯ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɥɢɧɚɦ ɜɨɥɧ 481ɧɦ, 505 ɧɦ ɢ 550ɧɦ. Ɋɚɡɦɟɪ ɢɡɨɛɪɚɠɟɧɢɹ 
ɫɜɟɬɨɞɢɨɞɚ ɧɚ ɪɢɫɭɧɤɟ β ɫɨɫɬɚɜɢɥ ɨɤɨɥɨ 100ɦɤɦ (ββ ɩɢɤɫɟɥɚ ɧɚ ɉɁɋ ɦɚɬɪɢɰɟ). 

ɚ)  ɛ)  ɜ)  
Ɋɢɫɭɧɨɤ β – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹμ 481ɧɦ (ɚ), 505ɧɦ (ɛ), 550ɧɦ (ɜ) 

 

2 Ɉɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɢɡɨɛɪɚɠɟɧɢɹ 

Ɉɞɧɚɤɨ ɧɚɩɪɹɦɭɸ ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɥɶɡɹ. Ⱦɟɥɨ ɜ ɬɨɦ, ɱɬɨ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɨɬ 
ɥɢɧɡɵ ɞɨ ɢɡɨɛɪɚɠɟɧɢɹ ɦɟɧɹɟɬɫɹ ɟɝɨ ɦɚɫɲɬɚɛ. Ɍ.ɟ. ɢɡɨɛɪɚɠɟɧɢɟ ɫɜɟɬɨɞɢɨɞɚ ɫɦɟщɚɟɬɫɹ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɪɚɫɬɪɚ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɷɬɨɦɭ ɦɟɧɹɟɬ ɫɜɨɣ ɪɚɡɦɟɪ. 
ɗɬɨɝɨ ɧɟ ɢɡɛɟɠɚɬɶ, ɞɚɠɟ ɟɫɥɢ ɪɚɫɩɨɥɨɠɢɬɶ ɢɡɨɛɪɚɠɟɧɢɟ ɫɜɟɬɨɞɢɨɞɚ ɬɨɱɧɨ ɜ ɰɟɧɬɪɟ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɨɫɬɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɦɚɫɲɬɚɛɚ ɢɡɨɛɪɚɠɟɧɢɹ. Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɷɬɨɝɨ ɷɮɮɟɤɬɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɞɜɟɪɝɚɥɢɫɶ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɪɚɫɬɹɠɟɧɢɹ/ɫɠɚɬɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɪɚɫɬɪɚ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɜɧɵɦ 

ɨɬɧɨɲɟɧɢɸ ɪɚɫɫɬɨɹɧɢɣ. ɉɨɫɥɟ ɷɬɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɟ ɥɸɛɨɝɨ ɪɚɡɦɟɪɚ 
ɫɨɯɪɚɧɹɟɬ ɪɚɡɦɟɪ ɢ ɩɨɥɨɠɟɧɢɟ ɞɥɹ ɥɸɛɨɣ ɞɥɢɧɵ ɜɨɥɧɵ.  
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Ⱦɥɹ ɧɟ ɢɡɨɛɪɚɠɚɸщɟɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ ɫ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɨɣ Д8Ж ɩɪɨɰɟɞɭɪɚ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɩɟɤɬɪɚ ɩɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɞɨɜɨɥɶɧɨ ɩɪɨɫɬɚɹ. ȼ ɫɚɦɨɣ 
ɪɚɛɨɬɟ Д8Ж ɚɜɬɨɪɵ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɪɚɫɫɟɹɧɧɵɯ ɤɨɦɩɨɧɟɧɬ ɧɟ 
ɨɫɭщɟɫɬɜɥɹɸɬ. ɇɨ ɩɪɚɜɢɥɶɧɨ ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɧɚ ɪɚɡɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ Ij(x,y) ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɢɫɬɟɦɭ ɥɢɧɟɣɧɵɯ 
ɭɪɚɜɧɟɧɢɣ. 

,  (1) 

ɝɞɟ - ɷɥɟɦɟɧɬɵ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ, bi, bj – ɪɚɫɫɬɨɹɧɢɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸщɢɟ ɞɥɢɧɚɦ ɜɨɥɧ, ki – ɞɢɚɮɪɚɝɦɟɧɧɨɟ ɱɢɫɥɨ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ, Ij(x,y) – 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɧɹɬɵɟ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ bj, A – ɩɥɨщɚɞɶ ɩɢɤɫɟɥɚ ɜ ɉɁɋ 
ɦɚɬɪɢɰɟ. Ⱦɢɚɮɪɚɝɦɟɧɧɨɟ ɱɢɫɥɨ ɞɥɹ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

, ɝɞɟ d – ɞɢɚɦɟɬɪ ɥɢɧɡɵ. Ɏɨɪɦɭɥɚ (1) ɛɵɥɚ ɜɵɜɟɞɟɧɚ ɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 

ɫɨɨɛɪɚɠɟɧɢɣ. Ⱦɥɹ ɬɨɱɧɨɝɨ ɮɨɤɭɫɚ, ɤɨɝɞɚ ɪɚɫɫɬɨɹɧɢɟ bj ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɥɢɧɟ ɜɨɥɧɵ, ɦɵ 
ɫɱɢɬɚɥɢ, ɱɬɨ ɪɚɡɦɟɪ ɩɹɬɧɚ ɪɚɫɫɟɹɧɢɹ ɦɟɧɶɲɟ ɪɚɡɦɟɪɚ ɩɢɤɫɟɥɚ ɉɁɋ ɦɚɬɪɢɰɵ 
(4,65ɦɤɦ*4.65ɦɤɦ). ɗɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɬɚɤ, ɞɢɚɦɟɬɪ ɥɢɧɡɵ 8ɦɦ ɩɪɢ ɮɨɤɭɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ 
50ɦɦ, ɬ.ɟ. ɪɚɡɦɟɪ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɩɹɬɧɚ ɪɚɫɫɟɹɧɢɹ ɛɭɞɟɬ ɨɤɨɥɨ 4ɦɤɦ. ɉɪɢ ɫɦɟщɟɧɢɢ ɧɚ 
ɨɩɪɟɞɟɥɟɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɵ ɫɱɢɬɚɥɢ ɪɚɡɦɟɪ ɩɹɬɧɚ ɢɫɯɨɞɹ ɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɫɨɨɛɪɚɠɟɧɢɣ. Ⱦɥɹ ɢɡɨɛɪɚɠɚɸщɟɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ ɷɬɚ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɭɫɥɨɠɧɹɟɬɫɹ, 
ɩɨɫɤɨɥɶɤɭ ɧɚɞɨ ɭɱɟɫɬɶ ɜɤɥɚɞ ɜ ɪɚɫɫɟɹɧɧɭɸ ɤɨɦɩɨɧɟɧɬɭ ɫɨɫɟɞɧɢɯ ɬɨɱɟɤ ɧɚ ɨɛɴɟɤɬɟ 

,    (2) 

ɝɞɟ - ɪɚɡɦɟɪ ɩɹɬɧɚ ɪɚɡɦɵɬɢɹ ɬɨɱɤɢ ɩɪɢ ɫɦɟщɟɧɢɢ ɢɡ ɮɨɤɭɫɚ, ɩɪɢ j=i, 

ɜ ɪɚɫɱɟɬɚɯ ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɹɬɧɨ ɪɚɫɫɟɹɧɢɹ ɩɨ ɩɥɨщɚɞɢ ɫɨɜɩɚɞɚɟɬ ɫ ɩɥɨщɚɞɶɸ 
ɩɢɤɫɟɥɚ. ȼ ɞɢɫɤɪɟɬɧɨɦ ɫɥɭɱɚɟ ɢɧɬɟɝɪɚɥ ɜ ɮɨɪɦɭɥɟ (β) ɜɵɪɨɠɞɚɟɬɫɹ ɜ ɫɭɦɦɭ ɩɨ ɩɹɬɧɭ 
ɪɚɫɫɟɹɧɢɹ ɬɨɱɤɢ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɞɥɢɧɵ ɜɨɥɧɵ. ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (β) ɞɥɹ ɲɢɪɨɤɨɝɨ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ. Ʉɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɜ 
ɞɢɫɤɪɟɬɧɨɦ ɜɚɪɢɚɧɬɟ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɜɨɞɢɬɫɹ ɫɭɦɦɢɪɨɜɚɧɢɟ, ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɧɟɫɤɨɥɶɤɢɯ 
ɬɵɫɹɱ. Ⱦɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɨɛɴɟɤɬ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɮɨɪɦɢɪɭɟɬɫɹ ɫɩɟɤɬɪɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɦɩɚɤɬɟɧ, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɧɟɫɤɨɥɶɤɨ ɫɧɢɠɚɟɬɫɹ. Ɍɚɤ ɞɥɹ 
ɫɜɟɬɨɞɢɨɞɚ (ɪɢɫɭɧɨɤ γ) ɧɭɠɧɨ ɭɱɟɫɬɶ ɜɫɟɝɨ ɧɟɫɤɨɥɶɤɨ ɞɟɫɹɬɤɨɜ ɬɨɱɟɤ. Ʉɪɨɦɟ ɷɬɨɝɨ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɩɪɨɰɟɞɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɩɟɤɬɪɚ ɭɱɢɬɵɜɚɥɚɫɶ ɪɚɡɧɚɹ ɞɢɮɪɚɤɰɢɨɧɧɚɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɞɥɹ ɪɚɡɧɵɯ ɞɥɢɧ ɜɨɥɧ, ɤɨɬɨɪɚɹ ɜɵɱɢɫɥɹɥɚɫɶ ɩɨ 
ɮɨɪɦɭɥɟ Д1γЖ 

, 

ɝɞɟ η – ɫɩɟɤɬɪɚɥɶɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, h – ɝɥɭɛɢɧɚ ɪɟɥɶɟɮɚ, Ч – ɩɨɤɚɡɚɬɟɥɶ 
ɩɪɟɥɨɦɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɥɢɧɡɵ. 

Ɍɚɤɠɟ ɛɵɥɚ ɭɱɬɟɧɚ ɫɩɟɤɬɪɚɥɶɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɉɁɋ ɦɚɬɪɢɰɵ Д14Ж. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɧɚ ɪɢɫɭɧɤɟ γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɪɚɛɨɬɚɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ. 

ɚ) ɛ) ɜ)  

Ɋɢɫɭɧɨɤ γ – Ɉɛɪɚɛɨɬɚɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹμ 481ɧɦ (ɚ), 505ɧɦ (ɛ), 550ɧɦ (ɜ) 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (β) ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɣ ɞɢɨɞɚ, ɞɥɹ ɨɞɧɨɣ ɢɡ 
ɟɝɨ ɬɨɱɟɤ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɫɥɟɞɭɸщɟɟ ɫɩɟɤɬɪɚɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ (ɪɢɫɭɧɨɤ 4ɚ). ȼ ɤɚɱɟɫɬɜɟ 
ɷɬɚɥɨɧɚ  ɜɵɫɬɭɩɚɟɬ ɭɱɚɫɬɨɤ ɫɩɟɤɬɪɚ ɛɟɥɨɝɨ ɫɜɟɬɨɞɢɨɞɚ, ɩɨɥɭɱɟɧɧɵɣ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ 
εS7501 (ɬɟɦɧɚɹ ɥɢɧɢɹ). Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɢɡɦɟɪɟɧɢɹ ɫɩɟɤɬɪɚ ɧɚ ɷɬɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ 
ɧɟ ɛɨɥɟɟ β%. 

ɚ)  ɛ)  
Ɋɢɫɭɧɨɤ 4 – ɋɩɟɤɬɪ ɞɢɨɞɚ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɦɨщɢ ɫɩɟɤɬɪɨɦɟɬɪɚ ɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɪɚɛɨɬɤɢ ɧɚɛɨɪɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɩɨ ɮɨɪɦɭɥɟ (β)(ɚ), ɫɩɟɤɬɪ ɞɢɨɞɚ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɩɨɦɨщɢ ɫɩɟɤɬɪɨɦɟɬɪɚ ɢ 
ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɪɚɛɨɬɤɢ ɧɚɛɨɪɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɩɨ ɭɩɪɨщɟɧɧɨɦɭ ɦɟɬɨɞɭ (ɛ) 

 

ɋɄɈ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɩɟɤɬɪɚ ɫɨɫɬɚɜɢɥɨ 11%. ȼɩɪɨɱɟɦ, ɞɥɹ ɬɚɤɢɯ ɤɨɦɩɚɤɬɧɵɯ 
ɨɛɴɟɤɬɨɜ ɤɚɤ ɫɜɟɬɨɞɢɨɞ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫ ɧɟɛɨɥɶɲɨɣ ɩɨɬɟɪɟɣ ɬɨɱɧɨɫɬɢ ɭɩɪɨщɟɧɧɵɣ 
ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. Ɇɨɠɧɨ ɩɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢ 
ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɭɛɪɚɬɶ ɪɚɫɫɟɹɧɧɭɸ ɤɨɦɩɨɧɟɧɬɭ ɧɚ ɜɫɟɯ ɢɡɨɛɪɚɠɟɧɢɹɯ 
(ɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɫɬɨɣ ɩɨɪɨɝɨɜɨɣ ɨɛɪɚɛɨɬɤɨɣ). Ⱦɥɹ ɷɬɨɝɨ ɨɩɪɟɞɟɥɹɥɨɫɶ ɫɪɟɞɧɟɟ 
ɡɧɚɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ ɡɚ ɩɪɟɞɟɥɚɦɢ ɢɡɨɛɪɚɠɟɧɢɹ ɫɜɟɬɨɞɢɨɞɚ ɞɥɹ 
ɤɚɠɞɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɨɬɞɟɥɶɧɨ, ɡɚɬɟɦ ɷɬɨ ɡɧɚɱɟɧɢɟ ɜɵɱɢɬɚɥɨɫɶ ɢɡ ɤɚɠɞɨɝɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ γ ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɨɛɪɚɛɨɬɚɧɧɵɯ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ ɢɡɨɛɪɚɠɟɧɢɣ ɞɥɹ ɞɥɢɧ ɜɨɥɧμ 481ɧɦ, 505ɧɦ, 550ɧɦ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɬɚɤɠɟ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɩɟɤɬɪɚɥɶɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ ɤɚɠɞɨɣ ɬɨɱɤɢ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫɭɧɨɤ 4). 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 4 ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɭɯɭɞɲɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫɩɟɤɬɪɚ, 
ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɟ (ɬёɦɧɚɹ ɥɢɧɢɹ) ɢ ɫɩɟɤɬɪɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɨɣ. ɋɄɈ ɜ ɷɬɨɦ 
ɫɥɭɱɚɟ ɫɨɫɬɚɜɢɥɨ 1γ%. ɑɬɨ ɧɚ β% ɛɨɥɶɲɟ ɱɟɦ ɋɄɈ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ. Ɉɞɧɚɤɨ ɜɪɟɦɹ 
ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ ɩɨɪɹɞɨɤ ɢ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɤɨɦɩɚɤɬɧɵɯ ɨɛɴɟɤɬɨɜ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɭɩɪɨщɟɧɧɵɣ ɚɥɝɨɪɢɬɦ. 

Ɋɚɫɫɦɨɬɪɢɦ ɬɚɤɠɟ ɫɩɟɤɬɪɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢɡ ɡɟɥɟɧɵɯ, ɤɪɚɫɧɵɯ ɢ 
ɛɟɥɨɝɨ ɫɜɟɬɨɞɢɨɞɨɜ ɜ ɮɨɪɦɟ ɤɪɟɫɬɚ, ɜ ɰɟɧɬɪɟ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɛɟɥɵɣ ɞɢɨɞ, ɩɨ ɜɟɪɬɢɤɚɥɢ 
ɡɟɥɟɧɵɟ ɞɢɨɞɵ, ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ ɤɪɚɫɧɵɟ ɞɢɨɞɵ (ɪɢɫɭɧɨɤ 5). ɋɩɟɤɬɪɵ ɬɚɤɢɯ ɞɢɨɞɨɜ 
ɞɨɜɨɥɶɧɨ ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɢ, ɩɨɥɭɱɚɹ ɫɩɟɤɬɪɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɬɚɤɨɝɨ 
ɨɛɴɟɤɬɚ, ɦɵ ɬɟɦ ɫɚɦɵɦ ɩɨɞɬɜɟɪɠɞɚɟɦ, ɱɬɨ ɫɩɟɤɬɪɨɦɟɬɪ ɧɚ ɨɫɧɨɜɟ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ 
ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɹɜɥɹɟɬɫɹ ɢɡɨɛɪɚɠɚɸщɢɦ. 

ɚ) ɛ) ɜ) ɝ)  
Ɋɢɫɭɧɨɤ 5 – ɂɡɨɛɪɚɠɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢɡ ɡɟɥɟɧɵɯ, ɤɪɚɫɧɵɯ ɢ ɛɟɥɨɝɨ ɞɢɨɞɚ (ɜ ɰɟɧɬɪɟ). (ɚ) – ɩɨɥɨɠɟɧɢɟ 

ɦɚɬɪɢɰɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɢɞɧɵ ɡɟɥɟɧɵɟ ɞɢɨɞɵ, (ɛ) – ɩɨɥɨɠɟɧɢɟ ɦɚɬɪɢɰɵ, ɩɪɢ ɤɨɬɨɪɨɦ ɜɢɞɧɵ ɤɪɚɫɧɵɟ ɞɢɨɞɵ, 
ɫɩɟɤɬɪ ɡɟɥɟɧɨɝɨ ɞɢɨɞɚ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɟɝɨ ɠɟ ɫɩɟɤɬɪɨɦ, ɢɡɦɟɪɟɧɧɵɯ ɧɚ εS7501 

(ɜ), ɫɩɟɤɬɪ ɤɪɚɫɧɨɝɨ ɞɢɨɞɚ, ɩɨɥɭɱɟɧɧɵɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɟɝɨ ɠɟ ɫɩɟɤɬɪɨɦ, ɢɡɦɟɪɟɧɧɵɯ ɧɚ 
εS7501 (ɝ) 
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ɂɡ ɪɢɫɭɧɤɚ 5 ɯɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɹ ɤɪɚɫɧɨɝɨ ɢ ɡɟɥɟɧɨɝɨ ɞɢɨɞɚ 
ɮɨɪɦɢɪɭɸɬɫɹ ɧɚ ɪɚɡɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɥɢɧɡɵ. ɇɚ ɪɢɫɭɧɤɟ 10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɤɬɪɵ, 
ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɡɟɥɟɧɨɝɨ ɢ ɤɪɚɫɧɨɝɨ ɞɢɨɞɨɜ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɯ ɠɟ ɫɩɟɤɬɪɚɦɢ, ɢɡɦɟɪɟɧɧɵɦɢ 
ɧɚ εS7501.  

Ɂɧɚɱɟɧɢɟ ɋɄɈ ɧɚ ɪɢɫɭɧɤɟ 5ɜ - 8%, ɧɚ ɪɢɫɭɧɤɟ 5ɝ – 11%. Ɂɧɚɱɟɧɢɟ ɋɄɈ ɩɨɥɭɱɟɧɧɨɟ 
ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɞɨɜɨɥɶɧɨ ɜɟɥɢɤɨ 8-1γ%, ɧɨ ɧɚɞɨ ɭɱɢɬɵɜɚɬɶ ɬɪɢ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚμ 

1. ɫɩɟɤɬɪ ɨɬɞɟɥɶɧɨ ɜɡɹɬɨɣ ɬɨɱɤɢ ɧɚ ɫɩɟɤɬɪɚɥɶɧɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɧɟ ɞɨɥɠɟɧ 
ɩɨɥɧɨɫɬɶɸ ɫɨɜɩɚɞɚɬɶ ɫɨ ɫɩɟɤɬɪɨɦ ɜɫɟɝɨ ɞɢɨɞɚ (ɫɩɟɤɬɪɨɦɟɬɪ ɢɡɦɟɪɹɟɬ ɢɧɬɟɝɪɚɥɶɧɭɸ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ); 

β. ɢɫɫɥɟɞɨɜɚɥɫɹ ɬɨɥɶɤɨ ɭɱɚɫɬɨɤ ɫɩɟɤɬɪɚ, ɧɨ ɉɁɋ ɦɚɬɪɢɰɚ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɬɚɤɠɟ ɤ 
ɤɨɦɩɨɧɟɧɬɚɦ ɡɚ ɩɪɟɞɟɥɚɦɢ ɢɡɦɟɪɹɟɦɨɝɨ ɞɢɚɩɚɡɨɧɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɧɢ ɬɚɤɠɟ ɜɧɨɫɹɬ 
ɢɫɤɚɠɟɧɢɹ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɫɩɟɤɬɪɚ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɷɬɨɝɨ ɦɨɠɧɨ ɢɡɛɟɠɚɬɶ ɭɫɬɚɧɨɜɤɨɣ 
ɨɬɫɟɤɚɸщɢɯ ɥɢɲɧɟɟ ɫɜɟɬɨɮɢɥɶɬɪɨɜ; 

γ. ɨɛɵɱɧɵɣ ɭɪɨɜɟɧɶ ɨɲɢɛɨɤ ɢɡɨɛɪɚɠɚɸщɢɯ ɫɩɟɤɬɪɨɦɟɬɪɨɜ ɞɨɜɨɥɶɧɨ ɜɟɥɢɤ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɨɲɢɛɤɚɦɢ ɧɟ ɢɡɨɛɪɚɠɚɸщɢɯ ɫɩɟɤɬɪɨɦɟɬɪɨɜ (1-β%). Ɉɛɵɱɧɨ ɩɪɨɢɡɜɨɞɢɬɟɥɢ 
ɝɢɩɟɪɫɩɟɤɬɪɚɥɶɧɵɯ ɤɚɦɟɪ ɭɤɚɡɵɜɚɸɬ ɨɲɢɛɤɭ ɜ ɢɡɦɟɪɟɧɢɢ ɫɩɟɤɬɪɚ ɜ ɩɪɟɞɟɥɚɯ 5-10% [15]. 

Ɍ.ɟ. ɜ ɧɚɲɟɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɨɥɭɱɟɧɵ ɫɨɩɨɫɬɚɜɢɦɵɟ ɩɨ ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɡɚɜɟɞɨɦɨ 
ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɤɨɧɫɬɪɭɤɰɢɢ. 

ɉɪɢ ɪɚɛɨɬɟ ɫ ɛɨɥɟɟ ɫɥɨɠɧɵɦɢ ɢɡɨɛɪɚɠɟɧɢɹɦɢ ɜ ɛɭɞɭщɟɦ ɫɬɨɢɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɬɨɱɧɵɣ ɦɟɬɨɞ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ (β). 

Ɂɚɤɥɸɱɟɧɢɟ 

ɂɫɫɥɟɞɨɜɚɧɚ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɛɨɬɵ ɩɪɨɫɬɟɣɲɟɝɨ ɢɡɨɛɪɚɠɚɸщɟɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ, ɜ 
ɤɨɬɨɪɨɦ ɢɡɨɛɪɚɠɚɸщɚɹ ɫɢɫɬɟɦɚ ɢ ɞɢɫɩɟɪɫɢɨɧɧɵɣ ɷɥɟɦɟɧɬ ɫɨɫɬɚɜɥɹɸɬ ɟɞɢɧɨɟ ɰɟɥɨɟ – 

ɫɩɟɤɬɪɨɦɟɬɪ ɧɚ ɨɫɧɨɜɟ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ. 
Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ ɫɟɪɢɢ ɢɡɨɛɪɚɠɟɧɢɣ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɨɣ, ɩɨɡɜɨɥɹɸɬ 
ɝɨɜɨɪɢɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɩɨɦɨщɶɸ 
ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɥɢɧɡɵ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 8-1γ%, ɱɬɨ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɝɪɟɲɧɨɫɬɢ 
ɫɭщɟɫɬɜɭɸщɢɯ ɨɛɪɚɡɰɨɜ ɝɢɩɟɪɫɩɟɤɬɪɚɥɶɧɵɯ ɤɚɦɟɪ. 

 

Ʌɢɬɟɪɚɬɭɪɚ 

1. ȼɨɪɨɩɚɣ ȿ.ɋ. Ⱦɢɫɩɟɪɫɢɨɧɧɵɣ ɝɢɩɟɪɫɩɟɤɬɪɨɦɟɬɪ ɫ ɪɟɤɨɧɮɢɝɭɪɢɪɭɟɦɨɣ ɜɯɨɞɧɨɣ ɚɩɟɪɬɭɪɨɣ ɧɚ ɨɫɧɨɜɟ 
ɦɢɤɪɨɡɟɪɤɚɥɶɧɨɣ ɦɚɬɪɢɰɵ // ȼɟɫɬɧɢɤ ȻȽɍ, β00λ. ɋɟɪ.1, №γ. ɋ. γ1-35. 

2. Хɨɧɢɧɚ ɋ.ɇ. Ȼɢɧɚɪɧɚɹ ɥɢɧɡɚμ ɢɫɫɥɟɞɨɜɚɧɢɟ ɥɨɤɚɥɶɧɵɯ ɮɨɤɭɫɨɜ // Ʉɨɦɩɶɸɬɟɪɧɚɹ ɨɩɬɢɤɚ, β011. Ɍ. γ5, №γ. C. 339-346.  

3. Buralli D. A. Design of diffractive singlets for monochromatic imaging // Applied optics, 1991.Vol. 30(16). P. 2151-2158. 

4. Ʉɚɡɚɧɫɤɢɣ ɇ.Ʌ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɦɧɨɝɨɭɪɨɜɧɟɜɨɣ ɥɢɧɡɨɣ.// Ʉɨɦɩɶɸɬɟɪɧɚɹ ɨɩɬɢɤɚ, β011.  
5. Ɍ. γ8, № γ. ɋ. γβ5-345.  

6. Motogaito A. Fabrication of Binary Diffractive Lenses and the Application to LED Lighting for Controlling Luminosity 

Distribution // Optical and Photonics Journal, 2013. Vol. 3(1). P. 67-73. 

7. Miyamoto K. The phase Fresnel lens // Journal of the Optical Society of America, 1961. Vol. 51(1). P. 17–20.  

8. Faklis D. Spectral properties of multiorder diffractive lenses // Applied Optics, 1995. Vol. 34(14). P. 2462-2468. 

9. Kitaura N. Spectrometer employing a micro-Fresnel lens // Optical Engineering, 1995. Vol. 34. P.584-588. 

10. Park Y. Miniaturization of a Fresnel spectrometer // Journal of Optics A: Pure and Applied Optics, 2008. Vol. 10. P. 095301. 

11. Yang C. Proposal and demonstration of a spectrometer using a diffractive optical element with dual dispersion and focusing 

functionality // Optical Letters, 2011. Vol. 36. P. 2023-2025. 

12. Yang C. Demonstration of a PDMS based hybrid grating and Fresnel lens (G-Fresnel) device // Optics Express, 2010. Vol. 18 

(23). P. 23529-23534. 

13. Lyons D. Image spectrometry with a diffractive optic // Proc. SPIE, 1995. Vol. 2480. P.123-131. 

14. δвШЧЬ D. TСО DOE ТЧ “DOIS” К НТППЫКМЭТЯО ШЩЭТМ ТЦКРО ЬЩОМЭЫШЦОЭОЫ // PЫШМ. SPIE, 1996. Vol. 2689. P. 274-283. 

15. ɉɟɬɪɨɩɚɜɥɨɜɫɤɢɣ ɘ. Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɉɁɋ-ɦɚɬɪɢɰ ɫ ɦɟɠɫɬɪɨɱɧɵɦ ɩɟɪɟɧɨɫɨɦ // Ʉɨɦɩɨɧɟɧɬɵ ɢ ɬɟɯɧɨɥɨɝɢɢ, 
β00λ. № 5. ɋ. 17-24. 

16. Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨɟ ɛɸɪɨ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ URL: http://www.kbsp.ru/projects/detail.php?ELEMENT_ID=12 

(ɞɚɬɚ ɨɛɪɚщɟɧɢɹμ λ.04.β015). 
  

http://www.kbsp.ru/projects/detail.php?ELEMENT_ID=12

