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Рисунок 2 – Сравнение экспериментальных дважды–дифференциальных сечений реакций 

 

103
Rh(p,хp) с расчетами в рамках

 
экситонной модели (точки – эксперимент, линии – 

теоретические расчеты) 
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 Введение 

 В свою очередь металлические наноструктурные покрытия обладают свойствами, 

которые делают их идеальными кандидатами в качестве основного строительного блока для 

многофункциональных материалов. Их высокая прочность, жесткость и малый вес делают их 

идеальными материалами для защитных покрытий. Их низкая молекулярная масса и 

способность образовывать легкие композиты с такими материалами, как полиэтилен, делают 

их идеальными для использования в качестве радиационных щитов. Низкая 

теплопроводность и устойчивость к высоким температурам, при защищенности от 

окислительных сред, делает их подходящими материалами для создания защитных покрытий 
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ɨɬ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ [1,2]. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɜɨɞɢɬɫɹ ɦɧɨɠɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɨ ɫɨɡɞɚɧɢɸ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɫɬɪɭɤɬɭɪ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ 
ɟɞɢɧɨɣ ɷɤɪɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: 
ɦɚɥɨɝɨ ɜɟɫɚ, ɩɨɜɵɲɟɧɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ, ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɞɨɫɬɭɩɧɨɫɬɢ ɞɥɹ ɤɨɫɦɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɢ 
ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɢɯ ɨɫɧɨɜɟ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ, ɤɨɬɨɪɵɣ 
ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɧɚɞ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɫɢɧɬɟɡɚ, ɬɚɤɢɦɢ ɤɚɤ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ 
ɤɨɧɬɪɨɥɹ ɬɨɥɳɢɧɵ ɩɨɤɪɵɬɢɣ, ɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɨɤɪɵɬɢɣ ɩɨ ɬɨɥɳɢɧɟ ɢ ɫɨɫɬɚɜɭ, 
ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɬ ɩɨɥɭɱɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɨɛɪɚɡɰɨɜ ɞɨ ɩɨɥɭɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɉɪɢ ɷɬɨɦ ɞɚɧɧɵɣ ɦɟɬɨɞ ɩɪɨɫɬ ɢ ɷɮɮɟɤɬɢɜɟɧ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɡɚɬɪɚɬ [3-5]. 

 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 
 ɋɨɫɬɚɜ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɟɞɧɨ-ɜɢɫɦɭɬɨɜɵɯ ɩɥɟɧɨɤ: CuSO4·5H2O 

(238ɝ/ɥ) Bi2(SO4)3 (10ɝ/ɥ), H2SO4 (21ɝ/ɥ). ȼɵɯɨɞ ɦɟɬɚɥɥɨɜ ɩɨ ɬɨɤɭ ɢɡ ɫɟɪɧɨɤɢɫɥɵɯ ɪɚɫɬɜɨɪɨɜ 
ɷɥɟɤɬɪɨɥɢɬɨɜ ɫɨɫɬɚɜɥɹɟɬ 100%. Ʉɨɧɬɪɨɥɶ ɡɚ ɩɪɨɰɟɫɫɨɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɥɟɧɨɤ ɨɫɭɳɟɫɬɜɥɹɥɫɹ 
ɦɟɬɨɞɨɦ ɯɪɨɧɨɚɦɩɟɪɨɦɟɬɪɢɢ ɦɭɥɶɬɢɦɟɬɪɨɦ «Agilent 34410A». ȼɵɛɨɪ ɞɚɧɧɵɯ ɦɟɬɚɥɥɨɜ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɨɛɭɫɥɨɜɥɟɧ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ, ɦɚɝɧɢɬɧɵɦɢ ɢ 
ɩɪɨɜɨɞɹɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɚ ɬɚɤɠɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɨɥɭɱɟɧɢɹ 
ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɡɚɦɟɳɟɧɢɹ ɢ ɜɧɟɞɪɟɧɢɹ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ. 

Ɋɟɧɬɝɟɧɨɞɢɮɪɚɤɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ D8 
ADVANCE ECO ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɥɭɱɟɧɢɹ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɬɪɭɛɤɢ ɫ ɋu – ɚɧɨɞɨɦ ɢ 
ɝɪɚɮɢɬɨɜɨɝɨ ɦɨɧɨɯɪɨɦɚɬɨɪɚ ɧɚ ɞɢɮɪɚɝɢɪɨɜɚɧɧɨɦ ɩɭɱɤɟ. Ɋɟɠɢɦ ɪɚɛɨɬɵ ɬɪɭɛɤɢ: 40 ɤȼ, 25 
ɦȺ. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɵ ɡɚɩɢɫɵɜɚɥɢɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɭɝɥɨɜ  40 – 90˚ 2ș, ɲɚɝ 0,02˚ 2ș.  

Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ  
 Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɜ ɤɚɱɟɫɬɜɟ ɬɹɠɟɥɨɝɨ 
ɷɥɟɦɟɧɬɚ ɛɵɥ ɜɵɛɪɚɧ ɜɢɫɦɭɬ, ɤɨɬɨɪɵɣ ɩɪɟɜɵɲɚɟɬ ɩɨ ɚɬɨɦɧɨɣ ɦɚɫɫɟ ɦɟɞɶ ɛɨɥɟɟ ɱɟɦ ɜ 3 ɪɚɡɚ. 
Ɋɚɡɧɢɰɚ ɜ ɦɚɫɫɚɯ ɚɬɨɦɨɜ ɢ ɪɚɡɦɟɪɚɯ ɚɬɨɦɧɵɯ ɪɚɞɢɭɫɨɜ ɦɨɠɟɬ ɨɤɚɡɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 
ɧɚ ɩɨɝɥɨɳɚɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɩɨɤɪɵɬɢɣ. ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɫɢɧɬɟɡ Cu-Bi 

ɩɥɟɧɨɤ ɧɚ ɩɨɥɢɦɟɪɧɵɟ ɩɨɞɥɨɠɤɢ ɩɪɨɜɨɞɢɥɫɹ ɜ ɩɨɬɟɧɰɢɨɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɩɪɢ ɪɚɡɧɨɫɬɢ 
ɧɚɩɪɹɠɟɧɢɣ ɨɬ 1.5 ɞɨ 2.0 ȼ ɫ ɲɚɝɨɦ 0.25 ɜ ɬɟɱɟɧɢɟ ɩɹɬɧɚɞɰɚɬɢ ɦɢɧɭɬ. ɍɜɟɥɢɱɟɧɢɟ ɞɢɚɩɚɡɨɧɚ 
ɪɚɡɧɨɫɬɢ ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɫɢɧɬɟɡɚ ɨɛɭɫɥɨɜɥɟɧ ɛɨɥɶɲɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɥɭɩɨɬɟɧɰɢɚɥɚ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɜɢɫɦɭɬɚ ɢɡ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɊɗɆ 
– ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɩɪɢ ɪɚɡɧɵɯ ɧɚɩɪɹɠɟɧɢɹɯ ɫɢɧɬɟɡɚ.  
 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɊɗɆ – ɢɡɨɛɪɚɠɟɧɢɣ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ 
ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɦɨɪɮɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɩɪɢɦɟɫɧɵɯ ɜɤɥɸɱɟɧɢɣ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɨɧɤɢɯ ɩɥɟɧɨɤ. ɍɜɟɥɢɱɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɟɧ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɧɨɫɬɢ 
ɩɨɬɟɧɰɢɚɥɨɜ ɩɪɢ ɫɢɧɬɟɡɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɢɨɧɨɜ ɩɪɢ ɛɨɥɶɲɢɯ ɩɨɬɟɧɰɢɚɥɚɯ. ɉɪɢ ɷɬɨɦ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɩɪɢɜɨɞɢɬ ɤ 
ɢɡɦɟɧɟɧɢɸ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɷɥɟɤɬɪɨɞɚɯ ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ 
ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɫɥɨɟɜ ɧɚɛɥɸɞɚɟɬɫɹ ɚɞɫɨɪɛɰɢɹ ɩɪɢɦɟɫɟɣ ɜɨɞɨɪɨɞɚ, ɚɧɢɨɧɨɜ ɫɨɥɟɣ, ɚ ɬɚɤɠɟ 
ɝɢɞɪɨɤɫɢɞɨɜ, ɱɚɫɬɶ ɤɨɬɨɪɵɯ ɜɵɩɚɞɚɟɬ ɜ ɨɫɚɞɨɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɲɚɛɥɨɧɧɨɣ ɦɚɬɪɢɰɵ, ɧɨ ɱɚɫɬɶ 
ɢɡ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɨɫɚɞɤɚ ɜɤɥɸɱɚɟɬɫɹ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɪɚɫɬɭɳɢɯ ɩɥɟɧɨɤ. 
ɉɪɢɦɟɫɢ, ɩɨɩɚɜɲɢɟ ɜ ɫɬɪɭɤɬɭɪɭ ɫɩɨɫɨɛɧɵ ɞɟɮɨɪɦɢɪɨɜɚɬɶ ɪɟɲɟɬɤɭ ɤɪɢɫɬɚɥɥɢɬɨɜ.  
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ɚ) ɛ) ɜ) 
ɚ) 1.5 ȼ; ɛ) 1.75 ȼ; ɜ) 2.0 ȼ 

 

Ɋɢɫɭɧɨɤ 1 – ɊɗɆ–ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɥɟɧɨɤ ɢ ɞɢɚɝɪɚɦɦɵ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ 

 

 Ɍɚɤ ɤɚɤ ɩɪɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦ ɨɫɚɠɞɟɧɢɢ ɢɨɧɵ ɦɟɬɚɥɥɨɜ ɩɨɞɜɨɞɹɬɫɹ ɩɨ ɧɨɪɦɚɥɢ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɬɨɞɚ, ɛɥɨɤɢɪɨɜɤɚ ɦɟɫɬ ɪɨɫɬɚ ɫɩɨɫɨɛɧɚ ɢɡɦɟɧɢɬɶ ɞɜɢɠɟɧɢɟ ɢɨɧɨɜ ɤ ɤɚɬɨɞɭ. 
ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ 2.0 ȼ, ɩɪɢ 
ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɢɛɨɥɶɲɟɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ, ɫɨɨɬɧɨɲɟɧɢɟ ɷɥɟɦɟɧɬɨɜ 
Cu, Bi, ɢ O ɜ ɞɚɧɧɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɯ ɫɨɫɬɚɜɥɹɟɬ 66, 13, 21 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 
ɫɪɟɞɧɟɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 69, 6, 25 %. Ȼɨɥɶɲɚɹ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɢɫɦɭɬɚ ɜɨ ɜɤɥɸɱɟɧɢɹɯ ɨɛɭɫɥɨɜɥɟɧɚ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹɦɢ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ, 
ɜɨɡɧɢɤɚɸɳɢɦɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɥɟɧɨɤ. ɉɪɢ ɷɬɨɦ 
ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɬɟɩɟɧɢ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɜ ɫɬɪɭɤɬɭɪɟ.  
 ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɞɢɮɪɚɤɬɨɝɪɚɦɦɵ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 
ɨɛɪɚɡɰɨɜ ɧɚ ɨɫɧɨɜɟ ɦɟɞɢ-ɜɢɫɦɭɬɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ. 

 
1) 1,5 B; 2) 1,75 B; 3) 2.0 B 

Ɋɢɫɭɧɨɤ 2 – Ɋɟɧɬɝɟɧɨɜɫɤɚɹ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ 
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Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɥɟɧɤɢ ɫ ɜɵɞɟɥɟɧɧɵɦ ɬɟɤɫɬɭɪɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɤɪɢɫɬɚɥɥɢɬɨɜ ɜ ɩɥɨɫɤɨɫɬɢ (111). ɉɪɢ ɷɬɨɦ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɞɨ 1.75 ȼ 
ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɜɬɨɪɨɝɨ ɜɵɞɟɥɟɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɬɟɤɫɬɭɪɵ (421) ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ 
ɮɚɡɵ CuBi2O4. ɉɪɢ ɷɬɨɦ ɮɨɪɦɚ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɩɢɤɨɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɚɥɢɱɢɟ ɜ 
ɫɬɪɭɤɬɭɪɟ ɛɨɥɟɟ 1 ɮɚɡɵ ɜ ɫɬɪɭɤɬɭɪɟ ɩɨɤɪɵɬɢɣ. Ⱦɟɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɪɚɡɧɨɫɬɢ 
ɩɪɢɤɥɚɞɵɜɚɟɦɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.  

ɋɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɞɚɧɧɵɦ ɧɚ ɪɢɫɭɧɤɟ 3ɚ, ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɪɚɡɧɨɫɬɢ 
ɩɨɬɟɧɰɢɚɥɨɜ 1.5 ȼ ɜ ɫɬɪɭɤɬɭɪɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɩɥɟɧɨɤ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɥɢɱɢɟ ɞɜɭɯ ɮɚɡ 
ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ. ɋɨɝɥɚɫɧɨ ɨɰɟɧɤɢ ɮɚɡɨɜɨɝɨ 
ɫɨɫɬɚɜɚ, ɪɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 3ɛ ɩɪɢ ɪɚɡɧɨɫɬɢ 1.5 ȼ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɩɪɟɨɛɥɚɞɚɟɬ ɮɚɡɚ ɯɚɪɚɤɬɟɪɧɚɹ ɞɥɹ ɤɭɛɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦɟɞɢ ɫ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɢɧɝɨɧɢɟɣ Fm-3m(225). ɉɪɢ ɷɬɨɦ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ 
ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɥɢɱɢɟ ɩɪɢɦɟɫɧɨɣ ɮɚɡɵ CuBi2O4 ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɝɨ ɬɢɩɚ ɪɟɲɟɬɤɢ, 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɢɧɝɨɧɢɢ P63/mmc(194). ɍɜɟɥɢɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɩɪɢɜɨɞɢɬ ɤ 
ɢɡɦɟɧɟɧɢɸ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ ɩɨɤɪɵɬɢɣ ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɜ ɫɬɪɭɤɬɭɪɟ ɮɚɡɵ 
CuBi2O4. ɋɧɢɠɟɧɢɟ ɜɤɥɚɞɚ ɤɭɛɢɱɟɫɤɨɣ ɮɚɡɵ ɦɟɞɢ ɜ ɫɬɪɭɤɬɭɪɭ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ 
ɭɜɟɥɢɱɟɧɢɟɦ ɜɤɥɚɞɚ ɩɨɥɭɩɨɬɟɧɰɢɚɥɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ ɜɢɫɦɭɬɚ ɜ ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɚ 
ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɜɢɫɦɭɬɚ ɜ ɫɬɪɭɤɬɭɪɟ 
ɩɥɟɧɨɤ ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ. ɉɪɢ ɷɬɨɦ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɧɨɫɬɢ 
ɩɨɬɟɧɰɢɚɥɨɜ ɩɪɢ ɫɢɧɬɟɡɟ ɢ ɫɧɢɠɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɭɛɢɱɟɫɤɨɣ ɮɚɡɵ ɜ ɫɬɪɭɤɬɭɪɟ ɩɪɢɜɨɞɢɬ ɤ 
ɩɨɹɜɥɟɧɢɸ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɬɟɤɫɬɭɪɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɢɬɨɜ ɜ ɫɬɪɭɤɬɭɪɟ, 
ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɩɪɢɦɟɫɧɵɦɢ ɜɤɥɸɱɟɧɢɹɦɢ, ɫɨɞɟɪɠɚɳɢɦɢ ɛɨɥɶɲɭɸ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɢɫɦɭɬɚ.  
 

  

a) ɛ) 
 

Ɋɢɫɭɧɨɤ 3 – ɚ) Ⱦɢɧɚɦɢɤɚ ɢɡɦɟɧɟɧɢɹ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɩɢɤɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɧɨɫɬɢ 
ɩɨɬɟɧɰɢɚɥɨɜ; ɛ) Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɩɪɢ ɫɢɧɬɟɡɟ 

 

 ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
(ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɩɥɨɬɧɨɫɬɢ, ɫɬɟɩɟɧɶ 
ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ), ɪɚɫɫɱɢɬɚɧɧɵɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɮɨɪɦɭɥ (1-7).  
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Ɍɚɛɥɢɰɚ 1 

Ʉɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

 

ɉɚɪɚɦɟɬɪɵ 
ɫɢɧɬɟɡɚ 

ɉɚɪɚɦɟɬɪ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 

ɪɟɲɟɬɤɢ, Å 

ɋɪɟɞɧɢɣ 
ɪɚɡɦɟɪ 

ɤɪɢɫɬɚɥɥɢɬɨɜ, 
ɧɦ 

ɉɥɨɬɧɨɫɬɶ, 
ɝ/ɫɦ3

 

ɋɬɟɩɟɧɶ 
ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ, 

% 

1.5 ȼ ɚ=3.58263 73.45±3.67 9.17 81.2 

1.75 ȼ ɚ=8.40620, 
ɫ=5.81244 

74.11±4.11 12.49 88.2 

2.0 ȼ ɚ=8.40804, 
ɫ=5.81012 

96.31±3.54 12.48 89.7 

 

ɍɜɟɥɢɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɫɬɪɨɣɤɟ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɢɡ ɤɭɛɢɱɟɫɤɨɣ ɜ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ, ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɮɚɡɵ 
CuBi2O4. ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ 
ɢɡɦɟɧɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɜɢɫɦɭɬɚ ɢ ɤɢɫɥɨɪɨɞɚ ɜ ɫɬɪɭɤɬɭɪɟ. ɉɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɜɟɞɟɬ ɤ ɢɡɦɟɧɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɬɨɧɤɢɯ ɩɥɟɧɨɤ ɢ 
ɭɜɟɥɢɱɟɧɢɸ ɫɬɟɩɟɧɢ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ. ɂɡɦɟɧɟɧɢɟ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɫ 1.5 ɞɨ 1.75 ȼ 
ɩɪɢɜɨɞɢɬ ɤ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɪɚɡɦɟɪɨɜ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭɜɟɥɢɱɟɧɢɟ 
ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɞɨ 2.0 ȼ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɤɪɢɫɬɚɥɥɢɬɨɜ ɧɚ 
20%. ɂɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɨɜ ɤɪɢɫɬɚɥɥɢɬɨɜ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɥɨɬɧɨɫɬɶ 
ɞɢɫɥɨɤɚɰɢɣ, ɚ ɬɚɤɠɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɞɟɮɟɤɬɨɜ ɜ ɫɬɪɭɤɬɭɪɟ. ɇɚ ɪɢɫɭɧɤɟ 4ɚ ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ 
ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɞɢɫɥɨɤɚɰɢɣ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ 
ɫɢɧɬɟɡɚ.  

ɍɜɟɥɢɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɢ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɤɪɢɫɬɚɥɥɢɬɨɜ 
ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɞɢɫɥɨɤɚɰɢɣ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɟɮɟɤɬɨɜ ɜ ɫɬɪɭɤɬɭɪɟ. 
ȼɟɥɢɱɢɧɚ ɞɢɫɥɨɤɚɰɢɣ ɩɨɪɹɞɤɚ ~ 1015

 ɦ2
 ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɫɢɥɶɧɨɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ, ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɞɢɫɥɨɤɚɰɢɣ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɪɟɲɟɬɤɟ ɩɪɢɜɨɞɢɬ ɤ ɡɚɬɪɭɞɧɟɧɢɸ ɢɯ ɞɜɢɠɟɧɢɹ ɩɨ ɫɬɪɭɤɬɭɪɟ, ɱɬɨ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ. 

 

 

ɚ) ɛ) 
Ɋɢɫɭɧɨɤ 4 – ɚ) Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɞɢɫɥɨɤɚɰɢɣ; ɛ) Ƚɪɚɮɢɤ 

ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɣ ɩɨɪɢɫɬɨɫɬɢ 

 

 ɉɪɢ ɷɬɨɦ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɞɢɫɥɨɤɚɰɢɣ ɜɵɲɟ 1016
 ɦ2 ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ 

ɭɯɭɞɲɟɧɢɸ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ 
ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɞɢɫɥɨɤɚɰɢɣ ɜɵɲɟ ɱɟɦ, 0.2∙1015

 ɦ2, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɦɚɥɨɦ ɜɤɥɚɞɟ 
ɞɢɫɥɨɤɚɰɢɣ ɜ ɢɡɦɟɧɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɩɥɟɧɨɤ. ɇɚ ɪɢɫɭɧɤɟ 4ɛ ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ 
ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɣ ɩɨɪɢɫɬɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɭɫɥɨɜɢɣ 
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ɫɢɧɬɟɡɚ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɢɡɦɟɧɟɧɢɟ ɮɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ ɢ ɩɟɪɟɫɬɪɨɣɤɟ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɫ ɤɭɛɢɱɟɫɤɨɣ ɜ ɝɟɤɫɚɝɨɧɚɥɶɧɭɸ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɫɧɢɠɟɧɢɸ 
ɩɨɪɢɫɬɨɫɬɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɨɞɟɪɠɚɧɢɸ ɚɦɨɪɮɧɵɯ ɜɤɥɸɱɟɧɢɣ ɜ ɫɬɪɭɤɬɭɪɟ, ɨ ɱɟɦ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɭɜɟɥɢɱɟɧɢɟ ɫɬɟɩɟɧɢ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ.  
 Ɂɚɤɥɸɱɟɧɢɟ 
 ȼ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɬɨɧɤɨɩɥɟɧɨɱɧɵɯ 
ɩɨɤɪɵɬɢɣ, ɚ ɬɚɤɠɟ ɪɚɡɦɟɪɨɜ ɡɟɪɟɧ ɨɬ ɭɫɥɨɜɢɣ ɫɢɧɬɟɡɚ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɧɢɰɵ 
ɩɪɢɤɥɚɞɵɜɚɟɦɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɡɟɪɟɧ, ɚ ɬɚɤɠɟ 
ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜ ɫɬɪɭɤɬɭɪɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɤɚɠɟɧɢɣ ɡɚ ɫɱɟɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ ɢ 
ɜɧɟɞɪɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ, ɱɬɨ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ, ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɩɪɨɱɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɥɟɧɨɤ. 
  

ɋɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ 
1. Popov V.N. Carbon nanotubes: properties and application. // Materials Science and 

Engineering. – 2014. – P. 61-102. 

2. Zhong W.H., Sui G., Jana S., Miller J. Cosmic radiation shielding tests for UHMWPE 

fiber/nano-epoxy composites. // Composites Science and Technology. – 2009. – V. 69. – P. 2093–
2097 

3. Krasheninnikov A.V., Banhart F. Engineering of nanostructured carbon materials with 

electron or ion beams// Nat. Mater. – 2007. - Vol. 6. – P.723–733. 

4. Brumlik C.J., Menon V.P. and Martin C.R. Template synthesis of metal microtubule 

ensembles utilizing chemical, electrochemical, and vacuum deposition techniques // J. Mater. Res. – 

1994. – Vol. 9. – P.1174. 

5. Lee J., Lee P., Lee H., Lee D., Lee S.S. and Ko S.H. Very long Ag nanowire synthesis 

and its application in a highly transparent, conductive and flexible metal electrode touch panel // 

Nanoscale. – 2012. – Vol. 4 – P.6408-6414. 
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Ɇɚɝɢɫɬɪɚɧɬ 2 ɤɭɪɫɚ ȿɇɍ ɢɦ. Ʌ.ɇ.Ƚɭɦɢɥɟɜɚ, ɇɭɪ-ɋɭɥɬɚɧ, Ʉɚɡɚɯɫɬɚɧ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – Ʉɚɞɵɪɠɚɧɨɜ Ʉ.Ʉ. 
 

 ȼɜɟɞɟɧɢɟ 
 Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɧɚɧɨɫɬɪɭɤɬɭɪɵ ɧɚ ɨɫɧɨɜɟ d - ɦɟɬɚɥɥɨɜ ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɦɧɨɝɢɯ 
ɭɱɟɧɵɯ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɞɨɥɝɢɯ ɥɟɬ. ɗɬɨ ɫɜɹɡɚɧɨ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫ ɢɯ ɭɧɢɤɚɥɶɧɵɦɢ 
ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɬɥɢɱɚɸɳɢɦɢɫɹ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɛɴɟɦɧɵɯ ɮɨɪɦ, ɜɫɥɟɞɫɬɜɢɟ 
ɪɚɡɦɟɪɧɨɝɨ ɷɮɮɟɤɬɚ. [1] ȼɬɨɪɨɣ ɮɚɤɬɨɪ, ɨɛɴɹɫɧɹɸɳɢɣ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɵɯ 
ɫɬɪɭɤɬɭɪ ɹɜɥɹɟɬɫɹ ɲɢɪɨɤɢɣ ɩɨɬɟɧɰɢɚɥ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜ ɧɚɧɨɷɥɟɤɬɪɨɧɢɤɟ [2], ɜ ɤɚɱɟɫɬɜɟ 
ɷɥɟɤɬɪɨɧɧɵɯ ɛɥɨɤɨɜ, ɞɚɬɱɢɤɨɜ [3] ɢ ɭɫɬɪɨɣɫɬɜ ɫ ɭɥɶɬɪɚ-ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɩɚɦɹɬɢ ɬ. ɞ. [4]. 
ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɧɨɫɬɪɭɤɬɭɪɵ ɧɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɫɩɥɚɜɨɜ ɬɚɤ ɠɟ ɧɚɲɥɢ ɫɜɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɨɪɝɚɧɢɱɟɫɤɨɦ ɤɚɬɚɥɢɡɟ. ɉɨɷɬɨɦɭ ɜɚɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɢɯ ɫɜɨɣɫɬɜɚ ɢ ɢɡɭɱɢɬɶ, ɤɚɤ 
ɪɚɡɥɢɱɧɵɟ ɮɚɤɬɨɪɵ ɜɥɢɹɸɬ ɧɚ ɮɢɡɢɤɨ – ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɧɬɟɡɢɪɭɟɦɵɯ 
ɫɬɪɭɤɬɭɪ.  

 CoZnɈ ɧɚɧɨɬɪɭɛɤɢ ɢɦɟɸɬ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɜ ɦɢɤɪɨ- ɢ 
ɨɩɬɨɷɥɟɤɬɪɨɧɢɤɟ, ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ, ɛɢɨɦɟɞɢɰɢɧɟ ɢ ɞɪ., ɱɬɨ ɞɟɥɚɟɬ ɚɤɬɭɚɥɶɧɵɦ ɡɚɞɚɱɭ 
ɢɫɫɥɟɞɨɜɚɬɶ ɞɚɧɧɭɸ ɫɢɫɬɟɦɭ ɫ ɪɚɡɥɢɱɧɵɦɢ ɚɬɨɦɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ. 
 Ɇɟɬɨɞ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ, ɩɪɢɦɟɧɢɦɵɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɫɢɧɬɟɡɚ 
ɫɢɫɬɟɦɵ CoZnɈ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɬɶ ɤɨɧɬɪɨɥɶ ɧɚɞ ɦɨɪɮɨɥɨɝɢɟɣ ɢ ɮɢɡɢɱɟɫɤɢɦɢ 
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