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ɄɂɊɂɒ (ɮɚɥɫɚɮɚ ɞɨɤɬɨɪɢ (PhD) ɞɢɫɫɟɪɬɚɰɢɹɫɢɧɢɧɝ ɚɧɧɨɬɚɰɢɹɫɢ) 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɦɚɜɡɭɫɢɧɢɧɝ ɞɨɥɡɚɪɛɥɢɝɢ ɜɚ ɡɚɪɭɪɚɬɢ. ɀɚԟɨɧɞɚ 
ɤɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢ ɧɚɧɨɷɥɟɤɬɪɨɧɢɤɚɧɢɧɝ ɲɚɤɥɥɚɧɢɲɢɞɚ, ԕɭɺɲ 
ɷɥɟɦɟɧɬɥɚɪɢ ɫɢɮɚɬɢɞɚ, ɜɨɞɨɪɨɞ ɷɧɟɪɝɟɬɢɤɚɫɢɞɚ ɫɭɜɞɚɧ ɜɨɞɨɪɨɞ ɨɥɢɲ ɜɚ ɭɧɢ 
ɫɚԕɥɚɲ ɬɢɡɢɦɥɚɪɢ ԟɨɥɢɞɚ, ɥɢɬɢɣ-ɢɨɧɥɢ ɛɚɬɚɪɟɹɥɚɪɞɚ ɚɧɨɞ ɷɥɟɤɬɪɨɞɥɚɪɢ 
ɫɢɮɚɬɢɞɚ, ɚɬɨɦ ɤɭɱ ɦɢɤɪɨɫɤɨɩɥɚɪɢɞɚ ɤɚɧɬɢɥɟɜɟɪ ɫɢɮɚɬɢɞɚ, ɤɜɚɧɬ 
ɤɨɦɩɶɸɬɟɪɥɚɪɢɞɚ ɹɯɥɢɬ ɡɚɧɠɢɪɥɢ ɷɥɟɦɟɧɬ ԟɨɥɢɞɚ ɜɚ ɛɨɲԕɚ ɤўɩɥɚɛ 
ɫɨԟɚɥɚɪɞɚ ԕўɥɥɚɧɢɲɢ ɚɥɨԟɢɞɚ ɚɯɚɦɢɹɬɝɚ ɷɝɚ. 

Ⱦɭɧɺɞɚɝɢ ɟɬɚɤɱɢ ɢɥɦɢɣ ɦɚɪɤɚɡɥɚɪ ɬɨɦɨɧɢɞɚɧ ɤɪɟɦɧɢɣ 
ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ ɮɭɥɥɟɪɟɧɥɚɪɢɧɢ ɬɚɠɪɢɛɚɞɚ ɨɥɢɲ ɤɚɬɬɚ ɦɭɚɦɦɨɥɚɪ 
ɬɭғɞɢɪɚɺɬɝɚɧɢ ɬɭɮɚɣɥɢ, ɭɥɚɪɧɢɧɝ ɮɢɡɢɤ ɜɚ ɤɢɦɺɜɢɣ ɯɨɫɫɚɥɚɪɢɧɢ, ɠɭɦɥɚɞɚɧ 
ɮɚɡɨɜɢɣ ɤɨɧɮɢɝɭɪɚɰɢɹɫɢ, ɷɥɟɤɬɪɨɧ ɜɚ ɡɨɧɚ ɫɬɪɭɤɬɭɪɚɫɢ, ɭɥɚɪɞɚɝɢ 
ўɬɤɚɡɭɜɱɚɧɥɢɤ ɜɚ ɥɸɦɟɧɟɫɰɟɧɰɢɹ ԟɨɞɢɫɚɫɢɧɢ, ɚɞɫɨɪɛɰɢɹ ɜɚ ɤɚɬɚɥɢɬɢɤ 
ɯɭɫɭɫɢɹɬɥɚɪɢɧɢ ɬɚɠɪɢɛɚ ԕɢɥɦɚɫɞɚɧ ɤɨɦɩɶɸɬɟɪɞɚ ɦɨɞɟɥɥɚɲɬɢɪɢɲɧɢ  ɚɦɚɥɝɚ 
ɨɲɢɪɢɲ ɚɥɨԟɢɞɚ ɚɯɚɦɢɹɬ ɤɚɫɛ ɷɬɚɞɢ.  

Ɇɚɦɥɚɤɚɬɢɦɢɡɞɚ ɤɨɦɩɶɸɬɟɪɞɚ ɦɨɞɟɥɥɚɲɬɢɪɢɲ ɡɚɦɨɧɚɜɢɣ ɮɚɧɧɢɧɝ 
ɞɟɹɪɥɢ ɛɚɪɱɚ ɫɨԟɚɥɚɪɢɞɚ ɪɢɜɨɠɥɚɧɢɲɧɢɧɝ ɚɠɪɚɥɦɚɫ ԕɢɫɦɢɝɚ ɚɣɥɚɧɞɢ. 
Ʉɨɦɩɶɸɬɟɪ ɫɢɦɭɥɹɰɢɹɥɚɪɢ ɮɢɡɢɤɚ, ɚɫɬɪɨɧɨɦɢɹ, ɤɥɢɦɚɬɨɥɨɝɢɹ, ɤɢɦɺ, 
ɛɢɨɥɨɝɢɹ, ɦɚɬɟɪɢɚɥɲɭɧɨɫɥɢɤ, ɢԕɬɢɫɨɞɢɺɬ, ɢɠɬɢɦɨɢɣ ɮɚɧɥɚɪ ɜɚ ɦɭԟɚɧɞɢɫɥɢɤ 
ɫɨԟɚɫɢɞɚɝɢ ɫɢɫɬɟɦɚɥɚɪɧɢ ɦɨɞɟɥɥɚɲɬɢɪɢɲ ɭɱɭɧ ɡɚɪɭɪ ɜɨɫɢɬɚ ɛўɥɢɛ ԕɨɥɞɢ. 
Ўɡɛɟɤɢɫɬɨɧ Ɋɟɫɩɭɛɥɢɤɚɫɢɧɢ ɹɧɚɞɚ ɪɢɜɨɠɥɚɧɬɢɪɢɲ ɛўɣɢɱɚ Ԟɚɪɚɤɚɬɥɚɪ 
ɫɬɪɚɬɟɝɢɹɫɢɞɚ 1

 «ɩɪɢɧɰɢɩɢɚɥ ɠɢԟɚɬɞɚɧ ɹɧɝɢ ɦɚԟɫɭɥɨɬ ɜɚ ɬɟɯɧɨɥɨɝɢɹ 
ɬɭɪɥɚɪɢɧɢ ўɡɥɚɲɬɢɪɢɲ” ɯɚɦɞɚ “ɢԕɬɢɫɨɞɢɺɬɞɚ ɷɧɟɪɝɢɹ ɜɚ ɪɟɫɭɪɫɥɚɪ ɫɚɪɮɢɧɢ 
ɤɚɦɚɣɬɢɪɢɲ, ɢɲɥɚɛ ɱɢԕɚɪɢɲɝɚ ɷɧɟɪɝɢɹ ɬɟɠɚɣɞɢɝɚɧ ɬɟɯɧɨɥɨɝɢɹɥɚɪɧɢ ɤɟɧɝ 
ɠɨɪɢɣ ɷɬɢɲ, ԕɚɣɬɚ ɬɢɤɥɚɧɚɞɢɝɚɧ ɷɧɟɪɝɢɹ ɦɚɧɛɚɥɚɪɢɞɚɧ ɮɨɣɞɚɥɚɧɢɲɧɢ 
ɤɟɧɝɚɣɬɢɪɢɲ» ɝɚ ɣўɧɚɥɬɢɪɢɥɝɚɧ ɦɭԟɢɦ ɜɚɡɢɮɚɥɚɪ ɛɟɥɝɢɥɚɛ ɛɟɪɢɥɝɚɧ. Ȼɭ 
ɛɨɪɚɞɚ ɤɪɟɦɧɢɣ ɧɚɧɨɦɚɬɟɪɢɚɥɥɚɪɢɧɢ ɚɦɚɥɞɚ ɨɥɢɲ ɛɭɬɭɧ ɞɭɧɺɞɚ 
ԕɢɣɢɧɱɢɥɢɤɥɚɪɝɚ ɞɭɱ ɤɟɥɚɺɬɝɚɧɞɚ, ɭɥɚɪɧɢɧɝ ɯɨɫɫɚɥɚɪɢɧɢ ɧɚɡɚɪɢɣ ўɪɝɚɧɢɲ 
ɜɚ ɧɚɬɢɠɚɥɚɪɢɞɚɧ ɦɚԟɚɥɥɢɣ ɷɥɟɤɬɪɨɧɢɤɚ ɫɚɧɨɚɬɢ ɜɚ ɢɥɦɢɣ 
ɢɡɥɚɧɢɲɥɚɪɢɦɢɡɞɚ ɮɨɣɞɚɥɚɧɢɲ ɦɭԟɢɦ ɚԟɚɦɢɹɬ ɤɚɫɛ ɷɬɚɞɢ. 

Ўɡɛɟɤɢɫɬɨɧ Ɋɟɫɩɭɛɥɢɤɚɫɢ ɉɪɟɡɢɞɟɧɬɢɧɢɧɝ қ0қ0 ɣɢɥ қ ɦɚɪɬɞɚɝɢ №ɉɎ-

5953-ɫɨɧɥɢ «ɂɥɦ, ɦɚɴɪɢɮɚɬ ɜɚ ɪɚԕɚɦɥɢ ɢԕɬɢɫɨɞɢɺɬɧɢ ɪɢɜɨɠɥɚɧɬɢɪɢɲ 
ɣɢɥɢ»ɞɚ ɚɦɚɥɝɚ ɨɲɢɪɢɲɝɚ ɨɢɞ Ⱦɚɜɥɚɬ ɞɚɫɬɭɪɢ ɬўғɪɢɫɢɞɚ"ɝɢ Ɏɚɪɦɨɧɢ ԟɚɦɞɚ 

қ0Қ7 ɣɢɥ 7 ɮɟɜɪɚɥɞɚɝɢ №ɉɎ-4947-ɫɨɧɥɢ «Ўɡɛɟɤɢɫɬɨɧ Ɋɟɫɩɭɛɥɢɤɚɫɢɧɢ ɹɧɚɞɚ 
ɪɢɜɨɠɥɚɧɬɢɪɢɲɧɢ Ԟɚɪɚɤɚɬɥɚɪ ɫɬɪɚɬɟɝɢɹɫɢ» ԟɚԕɢɞɚɝɢ Ɏɚɪɦɨɧɢ ɜɚ қ0Қ9 ɣɢɥ 3 
ɚɩɪɟɥɞɚɝɢ ɉԔ-4265-ɫɨɧɥɢ «Ʉɢɦɺ ɫɚɧɨɚɬɢɧɢ ɹɧɚɞɚ ɢɫɥɨԟ ԕɢɥɢɲ ɜɚ ɭɧɢɧɝ 
ɢɧɜɟɫɬɢɰɢɹɜɢɣ ɠɨɡɢɛɚɞɨɪɥɢɝɢɧɢ ɨɲɢɪɢɲ ɱɨɪɚ-ɬɚɞɛɢɪɥɚɪɢ ɬўғɪɢɫɢɞɚ»ɝɢ 
Ԕɚɪɨɪɥɚɪɢ ԟɚɦɞɚ ɦɚɡɤɭɪ ɮɚɨɥɢɹɬɝɚ ɬɟɝɢɲɥɢ ɛɨɲԕɚ ɦɟɴɺɪɢɣ-ԟɭԕɭԕɢɣ 

                                                 
1
 2017-қ0қҚ ɣɢɥɥɚɪɞɚ Ўɡɛɟɤɢɫɬɨɧ Ɋɟɫɩɭɛɥɢɤɚɫɢɧɢ ɪɢɜɨɠɥɚɧɬɢɪɢɲɧɢɧɝ ɛɟɲɬɚ ɭɫɬɭɜɨɪ ɣўɧɚɥɢɲɢ ɛўɣɢɱɚ 

ԟɚɪɚɤɚɬɥɚɪ ɫɬɪɚɬɟɝɢɹɫɢ / Ўɡɛɟɤɢɫɬɨɧ Ɋɟɫɩɭɛɥɢɤɚɫɢ ɉɪɟɡɢɞɟɧɬɢɧɢɧɝ қ0Қ7 ɣɢɥ 7 ɮɟɜɪɚɥɞɚɝɢ ɉɎ-4947-ɫɨɧɥɢ 
Ɏɚɪɦɨɧɢ. 
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ԟɭɠɠɚɬɥɚɪɞɚ ɛɟɥɝɢɥɚɧɝɚɧ ɜɚɡɢɮɚɥɚɪɧɢ ɚɦɚɥɝɚ ɨɲɢɪɢɲɞɚ ɭɲɛɭ ɞɢɫɫɟɪɬɚɰɢɹ 
ɬɚɞԕɢԕɨɬɢ ɦɭɚɣɹɧ ɞɚɪɚɠɚɞɚ ɯɢɡɦɚɬ ԕɢɥɚɞɢ. 

Ɍɚɞԕɢԕɨɬɧɢɧɝ ɪɟɫɩɭɛɥɢɤɚ ɮɚɧ ɜɚ ɬɟɯɧɨɥɨɝɢɹɥɚɪɢ 
ɪɢɜɨɠɥɚɧɢɲɢɧɢɧɝ ɭɫɬɭɜɨɪ ɣўɧɚɥɢɲɥɚɪɢɝɚ ɦɨɫɥɢɝɢ. Ɇɚɡɤɭɪ ɬɚɞԕɢԕɨɬ 
ɪɟɫɩɭɛɥɢɤɚ ɮɚɧ ɜɚ ɬɟɯɧɨɥɨɝɢɹɥɚɪ ɪɢɜɨɠɥɚɧɢɲɢɧɢɧɝ VII. «Ʉɢɦɺɜɢɣ 
ɬɟɯɧɨɥɨɝɢɹɥɚɪ ɜɚ ɧɚɧɨɬɟɯɧɨɥɨɝɢɹɥɚɪ» ɭɫɬɭɜɨɪ ɣўɧɚɥɢɲɢɝɚ ɦɭɜɨɮɢԕ 
ɛɚɠɚɪɢɥɝɚɧ.  

Ɇɭɚɦɦɨɧɢɧɝ ўɪɝɚɧɢɥɝɚɧɥɢɤ ɞɚɪɚɠɚɫɢ. Қ99Қ ɣɢɥɞɚ ɭɝɥɟɪɨɞɥɢ 
ɧɚɧɨɧɚɣɱɚɥɚɪ ɜɚ ɮɭɥɥɟɪɟɧɥɚɪɧɢɧɝ ɤɚɲɮ ɷɬɢɥɢɲɢ ɛɨɲԕɚ ɧɨɨɪɝɚɧɢɤ 
ɧɚɧɨɧɚɣɱɚɥɚɪ ɜɚ ɮɭɥɥɟɪɟɧɥɚɪɧɢ, ɯɭɫɭɫɚɧ, ɤɪɟɦɧɢɣ ɚɫɨɫɢɞɚɝɢ ɛɭɧɞɚɣ 
ɦɨɞɞɚɥɚɪɧɢ ɢɡɥɚɧɢɲɥɚɪɢɝɚ ɨɥɢɛ ɤɟɥɞɢ. Ɂɢɮɨɪɬ, Ɏɚɝɚɧ, Ɂɚɧɝ, Ⱦɦɢɬɪɢɟɜ, Ƚɭɨ, 
Ȼɚɣɧɢɧɝ ɧɚɡɚɪɢɣ ɬɚɞԕɢԕɨɬɥɚɪɢ ɤɪɟɦɧɢɣɧɢɧɝ ғɨɜɚɤ ɧɚɧɨɬɭɡɢɥɦɚɥɚɪɢɧɢɧɝ 
ɷԟɬɢɦɨɥɢɣ ɤɨɧɮɢɝɭɪɚɰɢɹɥɚɪɢ ɜɚ ɬɭɡɢɥɢɲɢɧɢ ɤўɪɫɚɬɞɢ. Ȼɢɪɨԕ, ɛɭɧɞɚɣ 
ɧɚɧɨɫɬɪɭɤɬɭɪɚɥɚɪɧɢɧɝ ɦɚɜɠɭɞɥɢɝɢɧɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥ ɬɚɫɞɢԕɥɚɲ ɚɧɱɚ ɤɟɱɪɨԕ 
ɚɦɚɥɝɚ ɨɲɢɪɢɥɞɢ, ɱɭɧɤɢ ɛɭɧɞɚɣ ɤɪɟɦɧɢɣ ɧɚɧɨɠɚɦɥɚɧɦɚɥɚɪɢɞɚ ɛɨғɥɚɪɧɢ 

ԟɨɫɢɥ ɛўɥɢɲɢɧɢɧɝ ԕɢɣɢɧɥɢɝɢ ɜɚ ɛɨғɥɚɧɦɚɝɚɧ ɷɥɟɤɬɪɨɧɥɚɪ ɦɚɜɠɭɞɥɢɝɢ 
ɫɚɛɚɛɥɢ ɝɢɩɟɪɚɤɬɢɜ ɜɚ ɠɭɞɚ ɛɟԕɚɪɨɪɞɢɪɥɚɪ. Ȼɢɪɨԕ, ɲɭɧɝɚ ԕɚɪɚɦɚɣ, ɞɢɚɦɟɬɪɢ 
50 ɧɦ ɞɚɧ ɨɪɬɢԕ ɛўɥɝɚɧ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɛɢɪɢɧɱɢ ɦɚɪɬɚ қ00қ ɣɢɥɞɚ 
ɬɚɠɪɢɛɚɞɚ ɨɥɢɧɞɢ. қ005 ɣɢɥɞɚ ɞɢɚɦɟɬɪɢ қ ɧɦ ɛўɥɝɚɧ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ 
ɨɥɢɲɝɚ ɦɭɜɚɮɮɚԕ ɛўɥɢɧɞɢ. əɫɫɢ, ɬɟɤɢɫ ɫɢɪɬɝɚ ɷɝɚ ɛўɥɝɚɧ ɤɪɟɦɧɢɣ 
ɧɚɧɨɧɚɣɱɚɥɚɪ ɛɢɪɢɧɱɢ ɦɚɪɬɚ қ009 ɣɢɥɞɚ ɫɢɧɬɟɡ ԕɢɥɢɧɞɢ. 

Ɏɭɥɥɟɪɟɧɫɢɦɨɧ ɤɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɥɚɪɢ ɷɫɚ ɨɥɢɦɥɚɪ Ʉɭɦɚɪ, Ƚɚɨ, 
Ƚɚɥɚɲɟɜ ɜɚ ɛɨɲԕɚɥɚɪ ɬɨɦɨɧɢɞɚɧ ўɪɝɚɧɢɥɝɚɧ. Ʉɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢɝɚ 
ўɯɲɚɲ Si ɮɭɥɥɟɪɟɧɥɚɪɢ ԟɚɦ ɸԕɨɪɢ ɫɢɪɬ ɮɚɨɥɥɢɝɢɝɚ ɷɝɚ ɜɚ ɛɭ ɨɛɴɟɤɬɥɚɪɧɢ 
ԟɚɦ ɫɨɮ ԟɨɥɞɚ ɫɢɧɬɟɡ ԕɢɥɢɲ ԕɢɣɢɧ. Aɞɚɛɢɺɬɞɚ, ɤɪɟɦɧɢɣ ɮɭɥɥɟɪɟɧɥɚɪɢɧɢɧɝ 
ɢɱɤɢ ɛўɲɥɢԕ ԕɢɫɦɢ ɤɪɟɦɧɢɣ ɚɬɨɦɥɚɪɢ ɺɤɢ ɛɨɲԕɚ ɷɥɟɦɟɧɬɥɚɪ ɛɢɥɚɧ 
ɬўɥɞɢɪɢɥɝɚɧ ɺɤɢ ɭɥɚɪɝɚ ўɬɢɲ ɦɟɬɚɥɥɚɪɢ ɷɧɞɨɷɞɪɚɥ ɬɚɪɡɞɚ ɠɨɣɥɚɲɬɢɪɢɥɝɚɧ 
ɛɭɧɞɚɣ ɬɭɡɢɥɦɚɥɚɪɧɢ ɬɚɣɺɪɥɚɲ ɜɚ ɧɚɡɚɪɢɣ ўɪɝɚɧɢɲ ɦɢɫɨɥɥɚɪɢ ɤɟɥɬɢɪɢɥɝɚɧ. 

ɇɚɧɨɧɚɣɱɚɥɚɪ ɜɚ ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɤɪɟɦɧɢɣ ɡɚɪɪɚɥɚɪɢ ɬɭɡɢɥɢɲɢ ɛўɣɢɱɚ 
ɤўɩɥɚɛ ɧɚɡɚɪɢɣ ɬɚɞԕɢԕɨɬɥɚɪ ўɬɤɚɡɢɥɝɚɧɢɝɚ ԕɚɪɚɦɚɣ, ɛɭ ɫɨԟɚɞɚ ԟɚɧɭɡɝɚɱɚ 
ɭɦɭɦɢɣ ɧɚɬɢɠɚɝɚ ԟɚɥɢ ɷɪɢɲɢɥɦɚɝɚɧ. ɍɲɛɭ ɨɛɴɟɤɬɥɚɪɧɢɧɝ ɡɨɧɚɥɚɪɢ ɜɚ 
ɷɥɟɤɬɪɨɧ ɬɭɡɢɥɢɲɢ ɛўɣɢɱɚ ɬɚɞԕɢԕɨɬɥɚɪ ɧɚɬɢɠɚɥɚɪɢ ԟɚɦ ɢɡɱɢɥ ɷɦɚɫ. 
Ɋɟɥɹɬɢɜɢɫɬɢɤ ɷɮɮɟɤɬɥɚɪɫɢɡ ɤɜɚɧɬ ɤɢɦɺɜɢɣ ԟɢɫɨɛ-ɤɢɬɨɛɥɚɪ 
ɧɚɧɨɧɚɣɱɚɥɚɪɧɢɧɝ ɷɥɟɤɬɪ ўɬɤɚɡɭɜɱɚɧɥɢɝɢɧɢɧɝ ɦɟɬɚɥɥɚɪɝɚ ɯɨɫ ɯɭɫɭɫɢɹɬɢɧɢ, 
ɪɟɥɹɬɢɜɢɫɬɢɤ ɬɚɴɫɢɪɥɚɪ ԟɢɫɨɛɝɚ ɨɥɢɧɝɚɧɞɚ ɷɫɚ ɭɥɚɪ ɬɨɪ ɡɨɧɚɥɢɤ 
ɹɪɢɦўɬɤɚɡɝɢɱ ɯɭɫɭɫɢɹɬɥɚɪɢɧɢ ɧɚɦɨɺɧ ԕɢɥɦɨԕɞɚɥɚɪ. Ȼɭɧɞɚɧ ɬɚɲԕɚɪɢ, 
ɚɞɚɛɢɺɬɥɚɪɞɚ, ɤɢɦɺɜɢɣ ɛɨғɥɚɪɧɢɧɝ ɷɥɟɤɬɪɨɧɥɚɪɢɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ 
ɦɟɯɚɧɢɡɦɢ ɜɚ ɭɧɢɧɝ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɯɭɫɭɫɢɹɬɥɚɪɢ ɛɢɥɚɧ ўɡɚɪɨ 
ɛɨғɥɢԕɥɢɝɢ ԟɚԕɢɞɚ ɦɚɴɥɭɦɨɬɥɚɪ ɞɟɹɪɥɢ ɣўԕ. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɬɚɞԕɢԕɨɬɢɧɢɧɝ ɞɢɫɫɟɪɬɚɰɢɹ ɛɚɠɚɪɢɥɝɚɧ ɢɥɦɢɣ-

ɬɚɞԕɢԕɨɬ ɦɭɚɫɫɚɫɚɫɢ ɢɥɦɢɣ-ɬɚɞԕɢԕɨɬ ɢɲɥɚɪɢ ɪɟɠɚɥɚɪɢ ɛɢɥɚɧ 
ɛɨғɥɢԕɥɢɝɢ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɬɚɞԕɢԕɨɬɥɚɪɢ Ўɡɛɟɤɢɫɬɨɧ Ɇɢɥɥɢɣ 
ɍɧɢɜɟɪɫɢɬɟɬɢɧɢɧɝ ɢɥɦɢɣ-ɬɚɞԕɢԕɨɬ ɢɲɥɚɪɢ ɪɟɠɚɫɢɧɢɧɝ ɈɌ-Ɏ7-54-ɪɚԕɚɦɥɢ 
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«ɇɚɧɨɫɬɪɭɤɬɭɪɚɥɢ, ғɨɜɚɤɥɢ ɜɚ ɩɨɥɢɦɟɪ-ɤɪɟɦɧɟɡɟɦ ɝɢɛɪɢɞ ɧɚɧɨɤɨɦɩɨɡɢɰɢɨɧ 
ɦɚɬɟɪɢɚɥɥɚɪ ԟɨɫɢɥ ɛўɥɢɲɢɧɢɧɝ ɮɢɡɢɤ ɤɢɦɺɜɢɣ ԕɨɧɭɧɢɹɬɥɚɪɢ ɜɚ 
ɦɟɯɚɧɢɡɦɥɚɪɢɧɢ ɬɚɞԕɢԕ ɷɬɢɲ» ɦɚɜɡɭɫɢɞɚɝɢ ɮɭɧɞɚɦɟɧɬɚɥ ɥɨɣɢԟɚɫɢ 
ɞɨɢɪɚɫɢɞɚ ɛɚɠɚɪɢɥɝɚɧ. 

Ɍɚɞԕɢԕɨɬɧɢɧɝ ɦɚԕɫɚɞɢ ɤɨɦɩɶɸɬɟɪ ɦɨɞɟɥɥɚɲɬɢɪɢɲ ɨɪԕɚɥɢ ɤɪɟɦɧɢɣ 
ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɡɚɪɪɚɱɚɥɚɪɢɧɢɧɝ ɫɬɪɭɤɬɭɪɚɫɢ, ɛɚɪɤɚɪɨɪ 
ԟɨɥɚɬɥɚɪɢ ɜɚ ɷɥɟɤɬɪɨɧ ɬɭɡɢɥɢɲɢɧɢ, ɲɭɧɢɧɝɞɟɤ, ɷɥɟɤɬɪɨɧɥɚɪ 
ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢɝɚ ɬɚɴɫɢɪ ԕɢɥɭɜɱɢ ɨɦɢɥɥɚɪɧɢ ɚɧɢԕɥɚɲɞɚɧ ɢɛɨɪɚɬ.  

Ɍɚɞԕɢԕɨɬɧɢɧɝ ɜɚɡɢɮɚɥɚɪɢ:  
ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɡɚɪɪɚɱɚɥɚɪɢɧɢɧɝ ɫɢɪɬ 

ɬɭɡɢɥɢɲɢ ɜɚ ɮɚɡɨɜɢɣ ɫɬɪɭɤɬɭɪɚɫɢɧɢ  ɤɨɦɩɶɸɬɟɪɞɚ ɦɨɞɟɥɥɚɲɬɢɪɢɲҲ 
ɤɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɥɚɪɢ ɫɢɪɬɢ ɷɥɟɤɬɪɨɧ ɬɭɡɢɥɢɲɢɧɢ ɬɚɞԕɢԕ ɷɬɢɲҲ 
ɧɚɧɨɧɚɣɱɚɥɚɪɧɢɧɝ ўɥɱɚɦɢ, ɲɚɤɥɢ, ɬɭɪɢ ɜɚ ɫɬɪɭɤɬɭɪɚɫɢɧɢ ɭɥɚɪɧɢɧɝ 

ɷɥɟɤɬɪɨɧ ɬɭɡɢɥɢɲɢɝɚ ɜɚ ɛɚɪԕɚɪɨɪɥɢɝɢɝɚ ɬɚɴɫɢɪɢɧɢ ɚɧɢԕɥɚɲҲ 
ɤɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɥɚɪɢ ɫɢɪɬɢɞɚ ɷɥɟɤɬɪɨɧɥɚɪ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ 

ɬɚɛɢɚɬɢɧɢ ɚɧɢԕɥɚɲ. 
Ɍɚɞԕɢԕɨɬɧɢɧɝ ɨɛɴɟɤɬɢ ɫɢɮɚɬɢɞɚ ԟɚɪ ɯɢɥ ўɥɱɚɦɞɚɝɢ, ɲɚɤɥɞɚɝɢ, 

ɬɢɩɞɚɝɢ ɜɚ ɬɭɡɢɥɢɲɞɚɝɢ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɤɪɟɦɧɢɣ 
ɧɚɧɨɡɚɪɪɚɥɚɪɢ ɨɥɢɧɝɚɧ.  

Ɍɚɞԕɢԕɨɬɧɢɧɝ ɩɪɟɞɦɟɬɢ ɧɚɧɨɡɚɪɪɚɥɚɪɧɢɧɝ ɮɚɡɨɜɢɣ ɬɭɡɢɥɢɲɢɧɢɧɝ 
ɝɟɨɦɟɬɪɢɤ ɯɭɫɭɫɢɹɬɥɚɪɢ, ɫɢɪɬɢɞɚɝɢ ɷɥɟɤɬɪɨɧ ɬɭɡɢɥɢɲɢ ɬɚԕɫɢɦɨɬɢ ɜɚ 
ɤɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢɞɚ ɭɥɚɪɧɢɧɝ ɬɭɪɥɚɪɢɝɚ ɛɨғɥɢԕ ԟɨɥɞɚ 
ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ ɬɚɛɢɚɬɢɞɚɧ ɢɛɨɪɚɬ.  

Ɍɚɞԕɢԕɨɬɧɢɧɝ ɭɫɭɥɥɚɪɢ. Ʉɨɦɩɶɸɬɟɪ ɦɨɞɟɥɥɚɲɬɢɪɢɲ ɜɚ 
ɧɚɧɨɧɚɣɱɚɥɚɪɧɢɧɝ ɬɭɡɢɥɢɲ ɜɚ ɷɧɟɪɝɟɬɢɤ ɯɭɫɭɫɢɹɬɥɚɪɢɧɢ ɬɚɞԕɢԕ ԕɢɥɢɲ 
Becke-Perdew ɚɥɦɚɲɢɧɭɜ-ɤɨɪɪɟɥɹɰɢɹ ɩɨɬɟɧɰɢɚɥɢɞɚɧ ɮɨɣɞɚɥɚɧɝɚɧ ԟɨɥɞɚ 
ɭɦɭɦɥɚɲɝɚɧ ɝɪɚɞɢɟɧɬ ɹԕɢɧɥɚɲɭɜɢɞɚɝɢ ɮɭɧɤɰɢɨɧɚɥ ɡɢɱɥɢɤ ɭɫɭɥɢ ɺɪɞɚɦɢɞɚ 
ɚɦɚɥɝɚ ɨɲɢɪɢɥɝɚɧ ɜɚ ɧɚɬɭɪɚɥ ɜɚ ɯɨɫɫɚɥɚɪɢ ɛўɣɢɱɚ ɨɩɬɢɦɚɥɥɚɲɬɢɪɢɥɝɚɧ 
ɥɨɤɚɥɥɚɲɝɚɧ ɨɪɛɢɬɚɥɥɚɪɧɢ ԟɢɫɨɛɥɚɲ ɭɱɭɧ JANPA ɤɨɦɩɶɸɬɟɪ ɞɚɫɬɭɪɢɣ 
ɬɚɴɦɢɧɨɬɢ ԕўɥɥɚɧɢɥɝɚɧ. 

Ɍɚɞԕɢԕɨɬɧɢɧɝ ɢɥɦɢɣ ɹɧɝɢɥɢɝɢ ԕɭɣɢɞɚɝɢɥɚɪɞɚɧ ɢɛɨɪɚɬ: 
ɢɥɤ ɛɨɪ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɡɚɪɪɚɱɚɥɚɪɢɞɚɝɢ 

ɚɬɨɦɥɚɪɚɪɨ ɛɨғɥɚɪ ɭɡɭɧɥɢɤɥɚɪɢ, ɜɚɥɟɧɬ ɜɚ ɞɢɷɞɪɚɥ ɛɭɪɱɚɤɥɚɪ, ɛɨғɧɢɧɝ 
ɭɡɢɥɢɲ ɷɧɟɪɝɢɹɥɚɪɢ, ɥɨɤɚɥ ɡɢɱɥɢɤ ɮɭɧɤɰɢɨɧɚɥɢ ɭɫɥɭɛɢ ɞɨɢɪɚɫɢɞɚ Becke-

Perdew ɚɥɦɚɲɢɧɢɲ-ɤɨɪɪɟɥɹɰɢɨɧ ɩɨɬɟɧɰɢɚɥɢɞɚɧ ɮɨɣɞɚɥɚɧɝɚɧ ԟɨɥɞɚ 
ɩɨɥɹɪɢɡɚɰɢɹ ɮɭɧɤɰɢɹɥɚɪɢ ɛўɥɝɚɧ ɜɚɥɟɧɬ ɢɤɤɢ ɛɨɪ ɡɟɬɚ ɛɚɡɢɫɢ ɚɫɨɫɢɞɚ 
ԟɢɫɨɛɥɚɧɝɚɧҲ 

ɢɥɤ ɛɨɪɚ ɤɨɦɩɸɬɟɪɞɚ ɦɨɞɟɥɥɚɲɬɢɪɢɲ ɺɪɞɚɦɢɞɚ ɤɪɟɦɧɢɣ 
ɧɚɧɨɧɚɣɱɚɥɚɪɢɧɢɧɝ ɫɢɪɬ ɬɭɡɢɥɢɲɢ ɧɚɣɱɚ ɬɭɪɢɝɚ ɛɨғɥɢԕɥɢɝɢ, ɹɴɧɢ (n, 0) -

ɬɢɩɢ ɫɢɥɥɢԕ ɸɡɚɝɚ, (n, n) -ɬɢɩɢ ɞɚғɚɥ ɬɭɡɢɥɢɲɝɚ ɷɝɚ ɷɤɚɧɥɢɤɥɚɪɢ ɚɧɢԕɥɚɧɝɚɧҲ 
ɤɢɦɺɜɢɣ ɛɨғɥɚɧɢɲ ɯɭɫɭɫɢɹɬɥɚɪɢɧɢ ɬўғɪɢ ɚɤɫ ɷɬɬɢɪɚɞɢɝɚɧ ɜɚ ɛɚɪɱɚ ɤɜɚɧɬ 

ɤɢɦɺɜɢɣ ɞɚɫɬɭɪɢɣ ɬɚɴɦɢɧɨɬ ɩɚɤɟɬɥɚɪɢ ɬɨɦɨɧɢɞɚɧ ɫɬɚɧɞɚɪɬ ɬɚɪɡɞɚ ԟɢɫɨɛɥɚɛ 
ɱɢԕɢɥɚɞɢɝɚɧ, ɭɦɭɦɥɚɲɬɢɪɢɥɝɚɧ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɢɧɢ ɠɨɪɢɣ ԕɢɥɢɲ 
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ɨɪԕɚɥɢ ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɞɚɪɚɠɚɫɢɧɢ ɚɧɢԕɥɚɲɧɢɧɝ ɹɧɝɢ ɭɫɭɥɢ 
ɹɪɚɬɢɥɝɚɧҲ 

ɢɥɤ ɛɨɪ π-ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ ɫɬɪɭɤɬɭɪɚ 
ɛɚɪԕɚɪɨɪɥɢɝɢɧɢɧɝ ɤɚɦɚɣɢɲɢɝɚ ɨɥɢɛ ɤɟɥɢɲɢ ɧɚɬɢɠɚɫɢɞɚ ɧɚɧɨɧɚɣɱɚɥɚɪ ɜɚ 
ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɤɪɟɦɧɢɣ ɬɭɡɢɥɦɚɥɚɪɧɢɧɝ ɚɧɬɢɚɪɨɦɚɬɢɤ ɯɭɫɭɫɢɹɬɝɚ ɷɝɚ 
ɛўɥɢɲɢ ɢɫɛɨɬɥɚɧɝɚɧҲ 

ɢɥɤ ɛɨɪ ɬɭɪɥɢ ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɤɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɥɚɪɢ ԕɚɬɨɪɢɞɚ Si20 ɜɚ 
Si60 ɤɥɚɫɬɟɪɥɚɪɢ  ɷɧɟɪɝɟɬɢɤ ɠɢɯɚɬɞɚɧ ɷɧɝ ɛɚɪԕɚɪɨɪ ɷɤɚɧɥɢɤɥɚɪɢ ɚɧɢԕɥɚɧɝɚɧ. 

Ɍɚɞԕɢԕɨɬɧɢɧɝ ɚɦɚɥɢɣ ɧɚɬɢɠɚɥɚɪɢ ԕɭɣɢɞɚɝɢɥɚɪɞɚɧ ɢɛɨɪɚɬ: 
ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɡɚɪɪɚɱɚɥɚɪɢɞɚ ɷɥɟɤɬɪɨɧɥɚɪ 

ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ ɦɢԕɞɨɪɢɣ ԕɢɣɦɚɬɢ ɜɚ ɛɨғɥɚɧɦɚɝɚɧ ɷɥɟɤɬɪɨɧɥɚɪɢ ɫɨɧɢ 
ɨɥɢɧɝɚɧҲ 

ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢɧɢɧɝ ɲɚɤɥɢ, ɷɥɟɤɬɪɨɧɥɚɪ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢɧɢɧɝ 
ɦɢԕɞɨɪɢɣ ɢɮɨɞɚɥɚɲ ɭɫɥɭɛɢ, ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɚɧɬɢɚɪɨɦɚɬɢɤ 
ɯɭɫɭɫɢɹɬɢ ɤɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢɧɢɧɝ ɬɚɪɤɢɛɢɣ ɬɚԟɥɢɥɢ ɭɱɭɧ 
ԕўɥɥɚɧɢɥɝɚɧ;  

«Ɏɨɬɨɧ» ɚɤɰɢɹɞɨɪɥɢɤ ɠɚɦɢɹɬɢɞɚ, ԟɢɫɨɛɥɚɧɝɚɧ ɛɨғ ɭɡɭɧɥɢɤɥɚɪɢ ɜɚ 
ɤɨɝɟɡɢɹ ɷɧɟɪɝɢɹɥɚɪɢ, ɦɟɬɚɥɥ ɷɥɟɤɬɪ ўɬɤɚɡɭɜɱɚɧɥɢɤ ɷԟɬɢɦɨɥɥɢɝɢ, ɤɪɟɦɧɢɣ 
ɮɭɥɥɟɪɟɧɥɚɪɢɧɢɧɝ ԟɨɫɢɥ ɛўɥɢɲ ԟɨɥɚɬɥɚɪɢ ɛўɣɢɱɚ ɧɚɬɢɠɚɥɚɪ ɚɫɨɫɢɞɚ, n-

ɬɢɩɞɚɝɢ ɤɪɟɦɧɢɣ ɚɫɨɫɢɞɚ ɞɢɮɮɭɡɢɨɧ ɞɢɨɞɥɚɪɧɢɧɝ ɬɟɪɦɢɤ ɜɚ ɪɚɞɢɚɰɢɨɧ 
ɦɨɞɢɮɢɤɚɰɢɹɫɢ ɠɚɪɚɺɧɢɞɚ, ɞɚɫɬɥɚɛɤɢ ɷɥɟɦɟɧɬɥɚɪ ɯɭɫɭɫɢɹɬɥɚɪɢɧɢɧɝ 
ɧɨɪɦɚɥɞɚɧ ɨғɢɲɢɧɢɧɝ ɨɥɞɢɧɢ ɨɥɢɲ ɞɚɫɬɭɪɢ ɹɪɚɬɢɥɝɚɧ. 

Ɍɚɞԕɢԕɨɬ ɧɚɬɢɠɚɥɚɪɢɧɢɧɝ ɢɲɨɧɱɥɢɥɢɝɢ ɡɚɦɨɧɚɜɢɣ ɤɜɚɧɬɤɢɦɺɜɢɣ 
ԟɢɫɨɛɥɚɲ ɭɫɭɥɥɚɪɢɧɢɧɝ ԕўɥɥɚɧɝɚɧɢ, ɤɜɚɧɬ ɦɟɯɚɧɢɤɚɫɢɞɚ ɤɟɥɬɢɪɢɥɝɚɧ 
ɮɨɪɦɭɥɚɥɚɪɞɚɧ ɮɨɣɞɚɥɚɧɝɚɧɥɢɝɢ ɛɢɥɚɧ ԟɚɦɞɚ ԟɢɫɨɛɥɚɲ ɧɚɬɢɠɚɥɚɪɢɧɢɧɝ 
ɚɞɚɛɢɺɬɥɚɪɞɚ ɤɟɥɬɢɪɢɥɝɚɧ ɧɚɬɢɠɚɥɚɪɝɚ ɦɨɫ ɤɟɥɢɲɢ, ɦɭɫɬɚԕɢɥ ɭɫɭɥɥɚɪɧɢɧɝ 
ԕўɥɥɚɧɢɲɢ ɜɚ ɨɥɢɧɝɚɧ ɦɚɴɥɭɦɨɬɥɚɪɧɢɧɝ ɦɚɜɠɭɞ ɮɢɡɢɤɚɜɢɣ ɬɚɦɨɣɢɥɥɚɪ 
ԟɚɦɞɚ ɬɭɲɭɧɱɚɥɚɪɝɚ ɠɚɜɨɛ ɛɟɪɢɲɢ ɛɢɥɚɧ ɚɫɨɫɥɚɧɚɞɢ. 

Ɍɚɞԕɢԕɨɬ ɧɚɬɢɠɚɥɚɪɢɧɢɧɝ ɢɥɦɢɣ ɜɚ ɚɦɚɥɢɣ ɚԟɚɦɢɹɬɢ. Ɍɚɞԕɢԕɨɬ 
ɧɚɬɢɠɚɥɚɪɢɧɢɧɝ ɢɥɦɢɣ ɚԟɚɦɢɹɬɢ ɨɥɢɧɝɚɧ ɧɚɬɢɠɚɥɚɪ ɤɪɟɦɧɢɣ 
ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɡɚɪɪɚɱɚɥɚɪɢɧɢɧɝ ɝɟɨɦɟɬɪɢɤ 
ɤɨɧɮɢɝɭɪɚɰɢɹɫɢ, ɫɢɪɬɢɧɢɧɝ ɬɭɡɢɥɢɲɢ, ɛɚɪԕɚɪɨɪ ԟɨɥɚɬɥɚɪɢ, ɷɥɟɤɬɪɨɧ 
ɫɬɪɭɤɬɭɪɚɫɢ ɛўɣɢɱɚ ɛɢɥɢɦɥɚɪɢɦɢɡɧɢ ɹɧɝɢ ɦɚɴɥɭɦɨɬɥɚɪ ɛɢɥɚɧ ɛɨɣɢɬɢɛ, 
ɭɥɚɪɧɢɧɝ ɷɥɟɤɬɪ ўɬɤɚɡɭɜɱɚɧɥɢɝɢ, ɤўɪɢɧɚɞɢɝɚɧ ɜɚ ɭɥɶɬɪɚɛɢɧɚɮɲɚ ɫɨԟɚɞɚɝɢ 
ɥɸɦɢɧɟɫɰɟɧɰɢɹɫɢ, ɤɚɬɚɥɢɬɢɤ ɮɚɨɥɥɢɝɢ ɦɟɯɚɧɢɡɦɢɧɢ ɬɭɲɭɧɬɢɪɢɲ ɭɱɭɧ 
ɡɚɪɭɪ ɛўɥɢɛ, ɛɨɲԕɚɪɢɥɚɞɢɝɚɧ ɯɭɫɭɫɢɹɬɥɚɪɝɚ ɷɝɚ ɦɚɬɟɪɢɚɥɥɚɪɧɢ ɹɪɚɬɢɲɞɚ 
ɦɭԟɢɦ ɛўɥɝɚɧ ɭɲɛɭ ɠɚɪɚɺɧɞɚ ɬɭɪɥɢ ɯɢɥ ɨɦɢɥɥɚɪɧɢɧɝ ўɪɧɢ ԟɚԕɢɞɚɝɢ 
ғɨɹɥɚɪɧɢɧɝ ɪɢɜɨɠɥɚɧɢɲɢɝɚ ԟɢɫɫɚ ԕўɲɢɲɢ ɛɢɥɚɧ ɢɡɨԟɥɚɧɚɞɢ. 

Ɍɚɞԕɢԕɨɬ ɧɚɬɢɠɚɥɚɪɢɧɢɧɝ ɚɦɚɥɢɣ ɚԟɚɦɢɹɬɢ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ 
ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢ ɛɨғ ɭɡɭɧɥɢɤɥɚɪɢ ɜɚ ɤɨɝɟɡɢɹ ɷɧɟɪɝɢɹɥɚɪɢ, 
ɤɪɟɦɧɢɣ ɮɭɥɥɟɪɟɧɥɚɪɢɧɢɧɝ ԟɨɫɢɥ ɛўɥɢɲɢ ԟɨɥɚɬɥɚɪɢ, ɤɪɢɫɬɚɥɥ ɜɚ ɚɦɨɪɮ 
ɤɪɟɦɧɢɣ ɦɚɬɟɪɢɚɥɥɚɪɢɧɢ ɬɟɪɦɢɤ ɜɚ ɪɚɞɢɚɰɢɨɧ ɦɨɞɢɮɢɤɚɰɢɹɫɢ ɠɚɪɚɺɧɢ 
ɦɨɧɢɬɨɪɢɧɝɢɧɢ ɨɥɢɛ ɛɨɪɢɲ, ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢɧɢɧɝ ɬɭɪɥɢ ɷɥɟɤɬɪ 
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ўɬɤɚɡɭɜɱɚɧɥɢɤ ɯɭɫɭɫɢɹɬɢ ɤɟɥɚɠɚɤɞɚ ɧɚɧɨўɥɱɚɦɥɢ ɹɯɥɢɬ ɷɥɟɤɬɪɨɧ ɫɯɟɦɚɥɚɪ 
ɹɪɚɬɢɲ ɭɱɭɧ ɡɚɪɭɪ ɯɭɫɭɫɢɹɬɢ, ɷɥɟɤɬɪɨɧɥɚɪ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢɧɢɧɝ ɦɢԕɞɨɪɢɣ 
ɢɮɨɞɚɥɚɲ ɜɚ ɚɧɬɢɚɪɨɦɚɬɢɤ ɯɭɫɭɫɢɹɬɧɢ ԟɢɫɨɛɥɚɲ ɭɫɥɭɛɢ ɨɪɝɚɧɢɤ ɜɚ 
ɚɧɨɪɝɚɧɢɤ ɦɨɥɟɤɭɥɚɥɚɪ ɯɭɫɭɫɢɹɬɥɚɪɢɧɢ ɬɚɜɫɢɮɥɚɲ ɭɱɭɧ ɡɚɪɭɪɥɢɝɢ ɛɢɥɚɧ 
ɢɡɨԟɥɚɧɚɞɢ.  

Ɍɚɞԕɢԕɨɬ ɧɚɬɢɠɚɥɚɪɢɧɢɧɝ ɠɨɪɢɣ ԕɢɥɢɧɢɲɢ. Ʉɪɟɦɧɢɣ 
ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢ ɮɚɡɨɜɢɣ ɜɚ ɷɥɟɤɬɪɨɧ ɬɭɡɢɥɢɲɢɧɢ ɤɜɚɧɬɤɢɦɺɜɢɣ ɬɚɞԕɢԕ 
ԕɢɥɢɲ ɛўɣɢɱɚ ɨɥɢɧɝɚɧ ɧɚɬɢɠɚɥɚɪ ɚɫɨɫɢɞɚ: 

ɢɲɥɚɛ ɱɢԕɢɥɝɚɧ ɭɫɭɥ ɎȺ-Ⱥɬɟɯ-2018-176-ɪɚԕɚɦɥɢ «Ɉɥɬɢɧɝɭɝɭɪɬ 
ɤɢɪɢɲɦɚɫɢ ɛɢɥɚɧ ɥɟɝɢɪɥɚɧɝɚɧ ɤɪɟɦɧɢɣ ɦɨɧɨɤɪɢɫɬɚɥ ɩɥɟɧɤɚɥɚɪ ɨɥɢɲɧɢɧɝ 
ɪɚɞɢɚɰɢɨɧ ɬɟɯɧɨɥɨɝɢɤ ɭɫɭɥɢɧɢ ɹɪɚɬɢɲ» ɥɨɣɢԟɚɫɢɞɚ ɤɪɟɦɧɢɣ 
ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢɧɢɧɝ ɫɬɪɭɤɬɭɪɚɫɢ ɜɚ ɯɨɫɫɚɥɚɪɢɧɢɧɝ ɬɚԟɥɢɥɢ ԕɢɥɢɲɞɚ 
ɮɨɣɞɚɥɚɧɢɥɝɚɧ (Ўɡɛɟɤɢɫɬɨɧ Ɋɟɫɩɭɛɥɢɤɚɫɢ Ɏɚɧɥɚɪ ɚɤɚɞɟɦɢɹɫɢɧɢɧɝ қ0қ0 ɣɢɥ 
2-ɞɟɤɚɛɪɞɚɝɢ қ/Ққ55-2706-ɫɨɧ ɦɚɴɥɭɦɨɬɧɨɦɚɫɢ). ɇɚɬɢɠɚɞɚ, ԕўɲɢɦɱɚ 
ɠɚɪɚɺɧɥɚɪɧɢ ɤɟɬɢɲɢɧɢ ɨɥɞɢɧɢ ɨɥɢɲ ɢɦɤɨɧɢɧɢ ɛɟɪɝɚɧ;  

ɤɪɟɦɧɢɣ ɚɫɨɫɢɞɚɝɢ ɞɢɨɞɥɚɪ, ɬɨɤ ɜɚ ɤɭɱɥɚɧɢɲ ɱɟɤɥɨɜɱɢɥɚɪɢ, n-ɬɭɪ 
ўɬɤɚɡɭɜɱɚɧɥɢɤ ɚɫɨɫɢɞɚɝɢ ɝɢɛɪɢɞ ɦɢɤɪɨɫɯɟɦɚɥɚɪ ɫɬɚɛɢɥɢɬɪɨɧɥɚɪɢɧɢ ɬɟɪɦɢɤ 
ɜɚ ɪɚɞɢɚɰɢɨɧ ɦɨɞɢɮɢɤɚɰɢɹɥɚɲ ɭɱɭɧ «Ɏɨɬɨɧ» Ⱥɀɞɚ ɚɦɚɥɢɺɬɝɚ ɠɨɪɢɣ 
ɷɬɢɥɝɚɧ («UZELTEXSANOAT» ɭɸɲɦɚɫɢɧɢɧɝ қ0қ0 ɣɢɥ 30 ɧɨɹɛɪɞɚɝɢ 04-

1/2234-ɫɨɧ ɜɚ «Ɏɨɬɨɧ» Ⱥɀɧɢɧɝ қ0қ0 ɣɢɥ қ7 ɧɨɹɛɪɞɚɝɢ 485-ɫɨɧ 
ɦɚɴɥɭɦɨɬɧɨɦɚɥɚɪɢ). ɇɚɬɢɠɚɞɚ, ɠɚɪɚɺɧɥɚɪɧɢ ɞɚɫɬɥɚɛɤɢ ɷɥɟɦɟɧɬɥɚɪ 
ɯɭɫɭɫɢɹɬɥɚɪɢɧɢɧɝ ɦɟɴɺɪɞɚɧ ɨғɢɲɢɧɢ ɨɥɞɢɧɢ ɨɥɢɲ ɢɦɤɨɧɢɧɢ ɛɟɪɝɚɧ. 

Ɍɚɞԕɢԕɨɬ ɧɚɬɢɠɚɥɚɪɢɧɢɧɝ ɚɩɪɨɛɚɰɢɹɫɢ. Ɇɚɡɤɭɪ ɬɚɞԕɢԕɨɬ 
ɧɚɬɢɠɚɥɚɪɢ Ққ ɬɚ, ɠɭɦɥɚɞɚɧ, 3 ɬɚ ɯɚɥԕɚɪɨ ɜɚ 9 ɬɚ ɪɟɫɩɭɛɥɢɤɚ ɢɥɦɢɣ-ɚɦɚɥɢɣ 
ɚɧɠɭɦɚɧɥɚɪɢɞɚ ɦɚɴɪɭɡɚ ԕɢɥɢɧɝɚɧ ɜɚ ɦɭԟɨɤɚɦɚɞɚɧ ўɬɤɚɡɢɥɝɚɧ. 

Ɍɚɞԕɢԕɨɬ ɧɚɬɢɠɚɥɚɪɢɧɢɧɝ ɷɴɥɨɧ ԕɢɥɢɧɢɲɢ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɦɚɜɡɭɫɢ 
ɛўɣɢɱɚ ɠɚɦɢ Қ6 ɬɚ ɢɥɦɢɣ ɢɲ ɧɚɲɪ ɷɬɢɥɝɚɧ, ɲɭɥɚɪɞɚɧ Ўɡɛɟɤɢɫɬɨɧ 
Ɋɟɫɩɭɛɥɢɤɚɫɢ Ɉɥɢɣ ɚɬɬɟɫɬɚɰɢɹ ɤɨɦɢɫɫɢɹɫɢɧɢɧɝ ɮɚɥɫɚɮɚ ɞɨɤɬɨɪɢ (PСD) 
ɞɢɫɫɟɪɬɚɰɢɹɥɚɪɢ ɚɫɨɫɢɣ ɢɥɦɢɣ ɧɚɬɢɠɚɥɚɪɢɧɢ ɱɨɩ ɷɬɢɲ ɬɚɜɫɢɹ ɷɬɢɥɝɚɧ 
ɢɥɦɢɣ ɧɚɲɪɥɚɪɞɚ 3 ɬɚ ɦɚԕɨɥɚ ɪɟɫɩɭɛɥɢɤɚ, Қ ɬɚ ɦɚԕɨɥɚ ɯɨɪɢɠɢɣ ɠɭɪɧɚɥɥɚɪɞɚ 
ɧɚɲɪ ɷɬɢɥɝɚɧ. 

Ⱦɢɫɫɟɪɬɚɰɢɹɧɢɧɝ ɬɭɡɢɥɢɲɢ ɜɚ ԟɚɠɦɢ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɬɚɪɤɢɛɢ ɤɢɪɢɲ, 
ɬўɪɬɬɚ ɛɨɛ, ɯɭɥɨɫɚ, ɚɞɚɛɢɺɬɥɚɪ ɪўɣɯɚɬɢ, ɢɥɨɜɚɥɚɪɞɚɧ ɢɛɨɪɚɬ. 
Ⱦɢɫɫɟɪɬɚɰɢɹɧɢɧɝ ԟɚɠɦɢ Қ08 ɛɟɬɧɢ ɬɚɲɤɢɥ ɷɬɚɞɢ.  

 

ȾɂɋɋȿɊɌȺɐɂəɇɂɇȽ ȺɋɈɋɂɃ ɆȺɁɆɍɇɂ 

Ʉɢɪɢɲ ԕɢɫɦɢɞɚ ўɬɤɚɡɢɥɝɚɧ ɬɚɞԕɢԕɨɬɥɚɪɧɢɧɝ ɞɨɥɡɚɪɛɥɢɝɢ ɜɚ ɡɚɪɭɪɚɬɢ 
ɚɫɨɫɥɚɧɝɚɧ, ɬɚɞԕɢԕɨɬɧɢɧɝ ɦɚԕɫɚɞɢ ɜɚ ɜɚɡɢɮɚɥɚɪɢ, ɨɛɴɟɤɬɢ ɜɚ ɩɪɟɞɦɟɬɥɚɪɢ 
ɬɚɜɫɢɮɥɚɧɝɚɧ, Ɋɟɫɩɭɛɥɢɤɚ ɮɚɧ ɜɚ ɬɟɯɧɨɥɨɝɢɹɥɚɪɢ ɪɢɜɨɠɥɚɧɢɲɢɧɢɧɝ ɭɫɬɭɜɨɪ 
ɣўɧɚɥɢɲɥɚɪɢɝɚ ɦɨɫɥɢɝɢ ɤўɪɫɚɬɢɥɝɚɧ, ɬɚɞԕɢԕɨɬɧɢɧɝ ɢɥɦɢɣ ɹɧɝɢɥɢɝɢ ɜɚ 
ɚɦɚɥɢɣ ɧɚɬɢɠɚɥɚɪɢ ɛɚɺɧ ԕɢɥɢɧɝɚɧ, ɨɥɢɧɝɚɧ ɧɚɬɢɠɚɥɚɪɧɢɧɝ ɢɥɦɢɣ ɜɚ ɚɦɚɥɢɣ 
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ɚԟɚɦɢɹɬɢ ɺɪɢɬɢɥɝɚɧ, ɧɚɬɢɠɚɥɚɪɧɢ ɚɦɚɥɢɺɬɝɚ ɠɨɪɢɣ ԕɢɥɢɲ, ɧɚɲɪ ɷɬɢɥɝɚɧ 
ɢɥɦɢɣ ɢɲɥɚɪ ɜɚ ɞɢɫɫɟɪɬɚɰɢɹ ɬɭɡɢɥɢɲɢ ɛўɣɢɱɚ ɦɚɴɥɭɦɨɬɥɚɪ ɤɟɥɬɢɪɢɥɝɚɧ. 

Ⱦɢɫɫɟɪɬɚɰɢɹɧɢɧɝ “Ʉɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ ɮɭɥɥɟɪɟɧɫɢɦɨɧ 
ɡɚɪɪɚɱɚɥɚɪɢ ɬɚɞԕɢԕɨɬɥɚɪɢ ɲɚɪԟɢ” ɧɨɦɥɢ ɛɢɪɢɧɱɢ ɛɨɛɢɞɚ ɧɚɧɨɧɚɣɱɚ ɜɚ 
ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɤɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɥɚɪɢ, ɭɥɚɪɧɢɧɝ ɬɚɴɪɢɮɢ ɜɚ ўɡɢɝɚ ɯɨɫ 
ɯɭɫɭɫɢɹɬɥɚɪɢ ɬɚɜɫɢɮɥɚɧɝɚɧ ɚɞɚɛɢɺɬɥɚɪ ɲɚɪԟɥɚɧɝɚɧ ɜɚ ɚɫɨɫɢɣ ɦɚɡɦɭɧɢ 
ɚɬɪɨɮɥɢɱɚ ɬɚԟɥɢɥ ԕɢɥɢɧɝɚɧ. Ɍɭɪɥɢ ɦɭɚɥɥɢɮɥɚɪɧɢɧɝ ɨɥɝɚɧ ɧɚɬɢɠɚɥɚɪɢ ɛɢɪ-

ɛɢɪɢɞɚɧ ɮɚɪԕ ԕɢɥɢɲɢ ɚɧɢԕɥɚɧɝɚɧ ɜɚ ɛɭɝɭɧɝɢ ɤɭɧɞɚ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ 
(Si-ɇɇ) ɫɢɪɬ ɬɭɡɢɥɢɲɢ ɬўғɪɢɫɢɞɚ ɬўɥɢԕ ɬɭɲɭɧɱɚ ɦɚɜɠɭɞ ɷɦɚɫ. Ʉɚɬɬɚ 
ɷԟɬɢɦɨɥɥɢɤ ɛɢɥɚɧ ɚɣɬɢɲ ɦɭɦɤɢɧɤɢ, ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢɧɢɧɝ 
ɛɟԕɚɪɨɪɥɢɝɢ ɜɚ ɭɥɚɪ ɫɢɧɬɟɡɢ ɦɭɪɚɤɤɚɛɥɢɝɢɧɢɧɝ ɚɫɨɫɢɣ ɫɚɛɚɛɢ ɫɢɪɬ 
ɬɭɡɢɥɢɲɢɧɢɧɝ ɬɚɛɢɚɬɢ ɜɚ ɫɢɪɬɞɚ ɛɨғɥɚɧɦɚɝɚɧ ɜɚ ɪɚɞɢɤɚɥ ɷɥɟɤɬɪɨɧɥɚɪ 
ɦɚɜɠɭɞɥɢɝɢɞɚɞɢɪ. Ʉўɩɥɚɛ ɬɚɞԕɢԕɨɬɥɚɪ ўɬɤɚɡɢɥɢɲɢɝɚ ԕɚɪɚɦɚɣ, ɮɭɥɥɟɪɟɧ 
ɫɮɟɪɚɥɚɪ ɫɢɪɬɢɞɚ ɷɥɟɤɬɪɨɧɥɚɪ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ ɯɭɫɭɫɢɹɬɢ ɜɚ π-

ɛɨғɥɚɧɢɲɥɚɪɧɢɧɝ ɚɪɨɦɚɬɢɤɥɢɝɢ ɦɚɫɚɥɚɫɢ ԟɨɡɢɪɝɢ ɤɭɧɝɚɱɚ ɨɱɢԕ ԕɨɥɦɨԕɞɚ. 
Ⱦɢɫɫɟɪɬɚɰɢɹɧɢɧɝ “ɇɚɧɨɡɚɪɪɚɱɚɥɚɪɧɢ ɤɜɚɧɬ ɤɢɦɺɜɢɣ ɬɚɞԕɢԕ ԕɢɥɢɲ 

ɭɫɥɭɛɥɚɪɢ” ɧɨɦɥɢ ɢɤɤɢɧɱɢ ɛɨɛɢɞɚ ɤɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢɧɢɧɝ ɮɚɡɨɜɢɣ 
ɜɚ ɷɥɟɤɬɪɨɧ ɬɭɡɢɥɢɲɢ ɤɨɦɩɶɸɬɟɪ ɦɨɞɟɥɥɚɲɬɢɪɢɲ ɨɪԕɚɥɢ ўɪɝɚɧɢɲ ɭɫɭɥɥɚɪɢ 
ɬɚɜɫɢɮɥɚɧɝɚɧ ɜɚ ɤɜɚɧɬ ɤɢɦɺɫɢɧɢɧɝ ɦɢԕɞɨɪɢɣ ɭɫɭɥɥɚɪɢ ɛɢɥɚɧ ɷɥɟɤɬɪɨɧɥɚɪ 
ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢɧɢ ўɪɝɚɧɢɲ ɭɫɭɥɥɚɪɢ ɬɚԟɥɢɥ ԕɢɥɢɧɝɚɧ. 

Ʉɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢɧɢɧɝ ɬɭɡɢɥɢɲɢ ɜɚ ɯɭɫɭɫɢɹɬɥɚɪɢɧɢ 
ɦɨɞɟɥɥɚɲɬɢɪɢɲ ɭɱɭɧ BОМФО 88 ɚɥɦɚɲɢɧɢɲ ɢɧɬɟɝɪɚɥɢ ԕўɥɥɚɧɝɚɧ ɱɟɤɥɚɧɝɚɧ 
Ʉɨɧ-Шɷɦ ɭɫɭɥɢɞɚɧ ɮɨɣɞɚɥɚɧɢɥɝɚɧ ɜɚ Ʉɚɪɥɫɪɭɷ ɝɭɪɭԟɢɧɢɧɝ ԕɭɬɛɥɚɧɝɚɧ 
ɮɭɧɤɰɢɹɥɚɪɢ ԕɚɬɧɚɲɝɚɧ ɜɚɥɟɧɬ ɢɤɤɢ ɛɨɪɚ ɞɡɟɬɚ ɛɚɡɢɫɢ ɚɫɨɫɢɞɚ, ɷɥɟɤɬɪɨɧ 
ɤɨɪɪɟɥɹɰɢɹ PОrНОа 86 ɩɨɬɟɧɰɢɚɥɢ ɺɪɞɚɦɢɞɚ ԟɢɫɨɛɝɚ ɨɥɢɧɝɚɧ ORCA 4.0. 
ɤɜɚɧɬ-ɤɢɦɺɜɢɣ ԟɢɫɨɛɥɚɲ ɩɚɤɟɬɢɞɚ ɚɦɚɥɝɚ ɨɲɢɪɢɥɝɚɧ. Ʉўɪɢɥɚɺɬɝɚɧ 
ɨɛɴɟɤɬɥɚɪɞɚ BP88 ɚɥɦɚɲɢɧɢɲ-ɤɨɪɪɟɥɹɰɢɹ ɩɨɬɟɧɰɢɚɥɢɧɢ B3LВP 
ɩɨɬɟɧɰɢɚɥɢɞɚɧ ɚɧɢԕɥɢɝɢ ɠɢԟɚɬɢɞɚɧ ɤɚɦ ɷɦɚɫɥɢɝɢ ɜɚ ɲɭ ɛɢɥɚɧ ɛɢɪɝɚ ɠɭɞɚ 
ɤɚɦ ԟɢɫɨɛɥɚɲ ɪɟɫɭɪɫɥɚɪɢɧɢ ɬɚɥɚɛ ԕɢɥɢɲɢ ɤўɪɫɚɬɢɥɝɚɧ. Ɉɥɬɢɛɭɪɱɚɤ 
ɤўɪɢɧɢɲɢɞɚɝɢ ɞɚɜɪɢɣ ɹɱɟɣɤɚɝɚ ɷɝɚ ɛўɥɝɚɧ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ 
ɦɨɞɟɥɥɚɪɢ Ɇɢɱɢɝɚɧ ɭɧɢɜɟɪɫɢɬɟɬɢ ɧɚɧɨɧɚɣɱɚɥɚɪ ɨɧɥɚɣɧ-ɤɨɧɫɬɪɭɤɬɨɪɢ ɜɟɛ-

ɫɚɣɬɢ ɜɚ Ⱥɜɨɝɚɞɪɨ ɞɚɫɬɭɪɢɞɚɧ ɮɨɣɞɚɥɚɧɝɚɧ ԟɨɥɞɚ ɬɭɡɢɥɝɚɧ. Ƚɟɨɦɟɬɪɢɹɧɢ 
ɨɩɬɢɦɚɥɥɚɲɬɢɪɢɲ ɧɚɣɱɚɧɢɧɝ ɫɢɦɦɟɬɪɢɹɫɢɧɢ ɫɚԕɥɚɝɚɧ ԟɨɥɞɚ, ɚɬɨɦɥɚɪɚɪɨ 
ɛɨғ ɭɡɭɧɥɢɤɥɚɪɢ, ɜɚɥɟɧɬ ɜɚ ɞɢɷɞɪɚɥ ɛɭɪɱɚɤɥɚɪ ɭɱɭɧ ɚɦɚɥɝɚ ɨɲɢɪɢɥɞɢ. 

ɗɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɞɚɪɚɠɚɫɢɧɢ ɚɧɢԕɥɚɲ ɭɱɭɧ ɛɢɪɢɧɱɢ 
ɦɚɪɬɚ ɭɦɭɦɥɚɲɬɢɪɢɥɝɚɧ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ (ȼɆ) ɢɧɞɟɤɫɢ ɤɢɪɢɬɢɥɞɢ. ȼɆ 
ɢɧɞɟɤɫɢ ɧɚɬɭɪɚɥ ɜɚ ɯɨɫɫɚɥɚɪɢ ɛўɣɢɱɚ ɨɩɬɢɦɚɥɥɚɲɬɢɪɢɥɝɚɧ ɥɨɤɚɥ ɨɪɛɢɬɚɥɥɚɪ 
ɚɫɨɫɢɞɚ JANPA ɞɚɫɬɭɪɢ ɺɪɞɚɦɢɞɚ ԟɢɫɨɛɥɚɛ ɱɢԕɢɥɝɚɧ. 

Ⱦɢɫɫɟɪɬɚɰɢɹɧɢɧɝ “Ʉɪɟɦɧɢɣ ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢ ɮɚɡɨɜɢɣ ɬɭɡɢɥɢɲɢ” 

ɧɨɦɥɢ ɭɱɢɧɱɢ ɛɨɛɢɞɚ ɬɭɡɢɥɢɲɢ ɭɝɥɟɪɨɞ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɤɚɛɢ ɫɢɪɬɢ ɬɟɤɢɫ 
ɛўɥɝɚɧ ɚɧɴɚɧɚɜɢɣ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɜɚ ɫɢɪɬɢ ɛɨɲԕɚ ɲɚɤɥɞɚɝɢ ɤɪɟɦɧɢɣ 
ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɤўɪɢɛ ɱɢԕɢɥɝɚɧ.  
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1-ɪɚɫɦ. Ʉɪɟɫɥɨ ɤўɪɢɧɢɲɞɚɝɢ ɬɭɡɢɥɢɲ (5,5) Si ɇɇ: A. Ɏɪɨɧɬɚɥ 
ɤўɪɢɧɢɲҲ B. ɗɥɟɦɟɧɬɚɪ ԟɚɥԕɚɧɢɧɝ ɤɟɫɦɚ ԟɨɥɞɚɝɢ ɤўɪɢɧɢɲɢҲ C. 

Ƚɟɤɫɚɝɨɧɚɥ ɹɱɟɣɤɚҲ D. Ȼɢɬɬɚ ɚɬɨɦɝɚ ɬўғɪɢ ɤɟɥɚɞɢɝɚɧ ɷɧɟɪɝɢɹ (ɷȼ/ɚɬɨɦ)Ҳ 
a. ɍɇɇɝɚ ўɯɲɚɲ ɬɟɤɢɫ ɧɚɣɱɚҲ b. Ⱥɪɪɚɫɢɦɨɧ ɧɚɣɱɚ, c. Ɍɢɲɫɢɦɨɧ 
ɤɨɧɮɢɝɭɪɚɰɢɹҲ d. Ȼɭɪɚɥɝɚɧ ɲɚɤɥҲ e. Ȼɢɪɨɡ ɛɭɡɢɥɝɚɧ ɞɚғɚɥ ɲɚɤɥ. 

 

Ƚɚɪɱɢ ɤўɩɥɚɛ ɦɭɚɥɥɢɮɥɚɪɧɢɧɝ ɚɤɫɚɪɢɹɬɢ Si ɇɇ ɥɚɪ ɫɢɪɬɢɧɢɧɝ ԕɢɫɦɚɧ 
ɛɭɡɢɥɝɚɧɥɢɝɢɧɢ ɤўɪɫɚɬɚɞɢɝɚɧ ɧɚɬɢɠɚɥɚɪɝɚ ɷɪɢɲɝɚɧ ɛўɥɫɚɥɚɪ-ɞɚ, 
ɬɚɞԕɢԕɨɬɥɚɪ ɬɭɪɥɢ ɯɢɥ ɫɢɪɬ ɬɭɡɢɥɢɲɥɚɪɢɧɢ ɛɟɪɝɚɧɥɢɝɢ ɫɚɛɚɛɥɢ, ɫɢɪɬ 
ɬɭɡɢɥɢɲɢ ɛўɣɢɱɚ ɚɧɢԕ ɯɭɥɨɫɚɝɚ ɤɟɥɢɧɦɚɝɚɧ. 

Ȼɨɲԕɚ ɦɭɚɥɥɢɮɥɚɪ ɬɨɦɨɧɢɞɚɧ ɤўɪɢɛ ɱɢԕɢɥɝɚɧ ɚɪɪɚɫɢɦɨɧ ɧɚɣɱɚ, 
ɬɢɲɫɢɦɨɧ ɤɨɧɮɢɝɭɪɚɰɢɹ, ɛɭɪɚɥɝɚɧ ɲɚɤɥɢ ɜɚ ɬɟɤɢɫ ɫɢɪɬ ɛɢɥɚɧ ɛɢɪɝɚ ɛɢɪ ɨɡ 
ɧɨɬɟɤɢɫ, ɞɚғɚɥ ɫɢɪɬ ɤɚɛɢ ɛɭɡɢɥɝɚɧ ɧɚɧɨɧɚɣɱɚ ɡɚɪɪɚɥɚɪɢ ɬɟɤɲɢɪɢɥɝɚɧ (Қɚ-

ɪɚɫɦ). Ȼɭɡɢɥɝɚɧ ɲɚɤɥɥɚɪɧɢ ɬɭɡɢɲ ɭɱɭɧ ɲɚɪɬɥɢ ɪɚɜɢɲɞɚ ɧɚɣɱɚ ўԕɢɝɚ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪ ɛўɥɝɚɧ ɩɚɪɚɥɥɟɥ ɚɬɨɦɥɚɪɧɢɧɝ ԕɚɬɥɚɦɥɚɪɢ ɤўɪɢɛ ɱɢԕɢɥɝɚɧ. 
Шɭɧɞɚɧ ɤɟɣɢɧ ɚɬɨɦɥɚɪɧɢ ɚɣɥɚɧɚ ɦɚɪɤɚɡɢɝɚ ɺɤɢ ɦɚɪɤɚɡɢɞɚɧ ɧɚɜɛɚɬɦɚ-ɧɚɜɛɚɬ, 
FORTRAN 90 ɚɥɝɨɪɢɬɦɢɤ ɬɢɥɢɞɚ ɦɭɚɥɥɢɮ ɬɨɦɨɧɢɞɚɧ ɬɭɡɢɥɝɚɧ ɦɚɯɫɭɫ 
ɤɨɦɩɶɸɬɟɪ ɞɚɫɬɭɪɢ ɺɪɞɚɦɢɞɚ ɫɢɥɠɢɬɢɛ, ԕɭɣɢɞɚɝɢ ɲɚɤɥɥɚɪ ɹɫɚɥɞɢ: 

(1)  ɚɪɪɚɫɢɦɨɧ (Қb-ɪɚɫɦ): ԟɚɪ ɛɢɪ ԕɚɬɥɚɦ ɚɬɨɦɥɚɪɢɧɢ ɫɢɥɠɢɬɢɲ 
ɨɪԕɚɥɢҲ 

(2)  ɬɢɲɫɢɦɨɧ (Қɫ-ɪɚɫɦ): ԟɚɪ ɛɢɪ ԕɚɬɥɚɦɧɢɧɝ ԟɚɪ ɛɢɪ ɚɬɨɦɢɧɢ 
ɫɢɥɠɢɬɢɲ ɨɪԕɚɥɢҲ 

(3)  ɛɭɪɚɥɝɚɧ (Қd-ɪɚɫɦ): ԟɚɪ ɛɢɪ ԕɚɬɥɚɦ ɚɬɨɦɥɚɪɢɧɢ ɫɢɥɠɢɬɢɲ ɜɚ 
ɫɢɥɠɢɲ ɣўɧɚɥɢɲɢɧɢ ɛɢɬɬɚ ԕɚɬɥɚɦ ɨɪԕɚɥɢ ԕɚɣɬɚɪɢɲ ɨɪԕɚɥɢҲ  

(4)  ɛɢɪɨɡ ɧɨɬɟɤɢɫ, ɞɚғɚɥ ɫɢɪɬɥɢ (Қɟ-ɪɚɫɦ): ўɡɝɚɪɭɜɱɚɧ ԕɚɬɥɚɦɥɚɪ ɜɚ 
ԕɚɬɥɚɦɥɚɪɧɢ ɫɢɥɠɢɲ ɣўɧɚɥɢɲɢɧɢ ɛɢɬɬɚ ўɡɝɚɪɭɜɱɚɧ ԕɚɬɥɚɦ ɨɪԕɚɥɢ 
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ўɡɝɚɪɬɢɪɢɛ, ԟɚɥԕɚɧɢɧɝ ɦɚɪɤɚɡɢɝɚ ɜɚ ɨɪԕɚɫɢɝɚ ɫɢɥɠɢɲɢ ɨɪԕɚɥɢ ўɡɝɚɪɭɜɱɚɧ 
ɚɬɨɦɥɚɪɝɚ ɷɝɚ ԕɚɬɥɚɦɥɚɪ. 

Ԟɢɫɨɛɥɚɲ ɧɚɬɢɠɚɥɚɪɢɝɚ ɤўɪɚ, Si ɇɇ (5,5) ɬɭɪɢɞɚɝɢ ɧɚɣɱɚɥɚɪ ɭɱɭɧ 
ɛɢɪɨɡ ɞɚғɚɥ ɲɚɤɥ (Қd-ɪɚɫɦ) ɜɚ ɬɟɤɢɫ ɞɟɜɨɪɥɢ ɧɚɧɨɧɚɣɱɚɥɚɪ (Қɚ-ɪɚɫɦ) 
ɷɧɟɪɝɟɬɢɤ ɠɢԟɚɬɞɚɧ ɷɧɝ ԕɭɥɚɣ ɲɚɤɥɥɚɪ ԟɢɫɨɛɥɚɧɚɞɢ. 

Ȼɭɧɞɚɧ ɬɚɲԕɚɪɢ ԟɚɪ ɯɢɥ ɬɭɪɞɚɝɢ ɜɚ ɞɢɚɦɟɬɪɞɚɝɢ ɧɚɧɨɧɚɣɱɚɥɚɪɞɚ ɬɟɤɢɫ 
ɞɟɜɨɪɥɢ ɜɚ ɛɢɪɨɡ ɞɚғɚɥ Si ɇɇɥɚɪ ɬɚɞԕɢԕ ɷɬɢɥɞɢ. Ўɥɱɚɦɥɚɪɢ (3,0), (5,0), (7,0), 
(9,0) ɛўɥɝɚɧ «ɡɢɝɡɚɝ» (n, 0) ɬɭɪɢɞɚɝɢ Si ɇɇɥɚɪ, ўɥɱɚɦɥɚɪɢ (3,3), (5,5), (7,7), 
(9,9) ɛўɥɝɚɧ «ɤɪɟɫɥɨ» (n, n) ɬɭɪɢɞɚɝɢ Si ɇɇɥɚɪ ԕɚɪɚɥɝɚɧ. Ɉɥɢɧɝɚɧ ɧɚɬɢɠɚɥɚɪ 
(1,2 - ɠɚɞɜɚɥɥɚɪ) (n, n) -Si ɇɇ ɭɱɭɧ ɛɢɪɨɡ ɧɨɬɟɤɢɫ ɞɚғɚɥ ɲɚɤɥ ɬɟɤɢɫ ɞɟɜɨɪɥɢ 
ɇɌ ɝɚ ԕɚɪɚɝɚɧɞɚ ɚɮɡɚɥɪɨԕ ɷɤɚɧɥɢɝɢɧɢ ɤўɪɫɚɬɞɢ, ўɡ ɧɚɜɛɚɬɢɞɚ C ɇɇɝɚ ўɯɲɚɲ 
ɬɟɤɢɫ ɞɟɜɨɪɥɢ ɲɚɤɥ (n, 0) - Si ɇɇ ԟɨɥɚɬɢɞɚ ɛɚɪԕɚɪɨɪɞɢɪ. ɍɲɛɭ ɧɚɬɢɠɚɥɚɪ Si 

ɇɇ ɡɢɝɡɚɝ ɤўɪɢɧɢɲɞɚɝɢ ɬɭɪɢɞɚ ɦɟɬɚɥɥ ўɬɤɚɡɭɜɱɚɧɥɢɤɤɚ ɜɚ ɤɪɟɫɥɨ 
ɤўɪɢɧɢɲɢɞɚɝɢ ɬɭɪɢ ɷɫɚ ɹɪɢɦўɬɤɚɡɝɢɱ ɬɚɛɢɚɬɢɝɚ ɷɝɚ ɷɤɚɧɥɢɝɢɧɢ ɚɧɢԕɥɚɲɝɚ 
ɺɪɞɚɦ ɛɟɪɚɞɢ. 

Ɍɟɤɢɫ ɤɨɧɮɢɝɭɪɚɰɢɹɥɢ (n, 0) Si ɇɇ ɭɱɭɧ ɜɚ ɛɢɪɨɡ ɧɨɬɟɤɢɫ ɸɡɚɥɢ (n, n) – 

ɬɭɪɢ ɭɱɭɧ ɛɚɪԕɚɪɨɪɥɢɤɧɢ ɛɨɲԕɚ ɚɬɨɦɥɚɪ ɛɢɥɚɧ ɛɨғɥɚɧɢɲ ɬɟɤɢɫɥɢɝɢɝɚ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪ ɛўɥɝɚɧ ɤɪɟɦɧɢɣ ɚɬɨɦɥɚɪɢɧɢɧɝ ɠɭɮɬɥɚɲɦɚɝɚɧ ԟɚɦɞɚ 
ɝɢɛɪɢɞɥɚɧɦɚɝɚɧ p-ɨɪɛɢɬɚɥɥɚɪɢɧɢ ɠɨɣɥɚɲɢɲɢɧɢ ɬɚԟɥɢɥ ԕɢɥɢɲ ɛɢɥɚɧ 
ɢɡɨԟɥɚɲ ɦɭɦɤɢɧ. (n, 0) ɬɭɪɢɞɚɝɢ ɧɚɣɱɚ ɚɬɨɦɢɧɢɧɝ p-ɨɪɛɢɬɚɥɥɚɪɢ ɧɚɣɱɚ 
ɛўɣɥɚɛ π-ɛɨғɥɚɧɢɲɥɚɪ ԟɨɫɢɥ ԕɢɥɚɞɢ, (n, n) ɬɭɪɢɞɚ ɛɭ ɨɪɛɢɬɚɥɥɚɪ ɧɚɣɱɚ 
ɣўɧɚɥɢɲɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪ ɠɨɣɥɚɲɝɚɧ π-ɛɨғɥɚɧɢɲɥɚɪɝɚ ɷɝɚ. 

 

1-ɠɚɞɜɚɥ  
Ɍɟɤɢɫ ɞɟɜɨɪɥɢ (n, 0) Si ɇɇ ɭɱɭɧ ɤɨɝɟɡɢɹ ɷɧɟɪɝɢɹɥɚɪɢ (ȿ), ɧɚɣɱɚ 

ɞɢɚɦɟɬɪɢ (D), ɛɨғ ɭɡɭɧɥɢɝɢ (d), ɜɚɥɟɧɬ ɜɚ ɞɢɷɞɪɚɥ ɛɭɪɱɚɤɥɚɪɢ 

 

Ɍɟɤɢɫ ɞɟɜɨɪɥɢ ɲɚɤɥɞɚɝɢ ɛɚɪԕɚɪɨɪ (n, 0) Si ɇɇɥɚɪ ɛɨғ ɭɡɭɧɥɢɤɥɚɪɢ 2,30 

й ɞɨɢɦɢɣ ԕɢɣɦɚɬɞɚ ɫɚԕɥɚɧɢɛ ԕɨɥɚɞɢ (1-ɠɚɞɜɚɥ), ɛɭ ɷɤɫɩɟɪɢɦɟɧɬ ԕɢɣɦɚɬɢ 2,2 

й ɜɚ ɧɚɡɚɪɢɣ 2,2 - қ,4 й ԕɢɣɦɚɬɥɚɪ ɛɢɥɚɧ ɹɯɲɢ ɦɨɫ ɤɟɥɚɞɢ, ɚɦɦɨ 

ɨɥɬɢɛɭɪɱɚɤɥɚɪ ɢɤɤɢ ɯɢɥ ɛɨғɥɚɪɚɪɨ ɛɭɪɱɚɤɥɚɪ ԕɢɣɦɚɬɢɝɚ ɷɝɚ ɛўɥɢɛ, ɭɥɚɪɞɚɧ 

ɇɇ ɬɭɪɢ E,  эВ/атом D, Å d, Å 

ȼɚɥɟɧɬ 
ɛɭɪɱɚɤɥɚɪ, 

ɝɪɚɞ 

Ⱦɢɷɞɪɚɥ 
ɛɭɪɱɚɤɥɚɪ, ɝɪɚɞ 

(3,0) -4,65 2,73 2,30 

2,38 

91 54 

(5,0) -4,84 6,58 2,29 

2,32 

110 36 

 

(7,0) -4,90 8,95 2,29 

2,30 

115 49 

(9,0) -4,93 11,47 2,29 

2,30 

117 39 
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ɛɢɪɢ ɧɚɣɱɚ ɛўɣɥɚɛ Ққ0° ɝɚ, ɢɤɤɢɧɱɢɫɢ ɭɧɝɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪ ҚҚ0° ɞɚɧ Ққ0° ɝɚɱɚ 

ɛўɥɝɚɧ ԕɢɣɦɚɬɝɚ ɬɟɧɝɞɢɪ. ɂɤɤɢ ԕɢɪɪɚɥɢ ɛɭɪɱɚɤɧɢɧɝ ɧɨɥ ԕɢɣɦɚɬɝɚ ɢɧɬɢɥɢɲɢ 

ɬɟɤɢɫ ɸɡɚ ԟɨɫɢɥ ɛўɥɢɲɢɝɚ ɨɥɢɛ ɤɟɥɚɞɢ. 

 

2-ɠɚɞɜɚɥ 

Ɍɟɤɢɫ ɺɧɞɟɜɨɪɥɢ (Ч, Ч) SТ ɇɇ ɭɱɭɧ ɤɨɝɟɡɢɹ ɷɧɟɪɝɢɹɫɢ (ȿ), ɧɚɣɱɚ ɞɢɚɦɟɬɪɢ 
(D), ɛɨғ ɭɡɭɧɥɢɝɢ (Н), ɜɚɥɟɧɬ ɜɚ ɞɢɷɞɪɚɥ ɛɭɪɱɚɤɥɚɪ 

ɇɇ ɬɢɩɢ E, эВ/атом D, Å d, Å 

ȼɚɥɟɧɬ 
ɛɭɪɱɚɤɥɚɪ, 

ɝɪɚɞ 

Ⱦɢɷɞɪɚɥ 
ɛɭɪɱɚɤɥɚɪ, 

ɝɪɚɞ 

(3,3) -4,84 6.63 2,29 

2,34 

122 

113 

59,6 

(5,5) -4,90 10.68 2,30 120 

115 

36,9 

(7,7) -4,90 15,67 2,31 120 

116 

24,2 

(9,9) -4,90 21.62 2,33 120 

117 

22,6 

 

ɇɨɬɟɤɢɫ ɞɚғɚɥ ɞɟɜɨɪɥɢ (n,n) SТ ɇɇɞɚ ɧɚɣɱɚ ɞɢɚɦɟɬɪɢɧɢɧɝ ɤɚɬɬɚɥɚɲɢɲɢ 
ɚɬɨɦɥɚɪɚɪɨ ɛɨғɥɚɪ ɭɡɭɧɥɢɝɢɧɢ қ,3қ й ɝɚɱɚ ɨɪɬɢɲɢɝɚ ɨɥɢɛ ɤɟɥɚɞɢ (қ-ɠɚɞɜɚɥ). 
Ⱥɣɧɢ ɩɚɣɬɞɚ ɛɨғɥɚɪ ɨɪɚɫɢɞɚɝɢ ɜɚɥɟɧɬ ɜɚ ɢɤɤɢ ԕɢɪɪɚɥɢ ɛɭɪɱɚɤɥɚɪ ɬɨɪɚɹɞɢ.  

Ɋɚɫɦ қ. (n,n) ɜɚ (n,0) ɬɢɩɥɢ ɧɚɧɨɧɚɣɱɚɥɚɪ ɤɨɝɟɡɢɹ ɷɧɟɪɝɢɹɥɚɪɢɧɢɧɝ 
ɧɚɣɱɚ ɞɢɚɦɟɬɪɢɝɚ ɛɨғɥɢԕɥɢɝɢ ɝɪɚɮɢɝɢ 

 



14 

 

2-ɪɚɫɦɞɚɧ Si ɇɇ ɥɚɪɧɢɧɝ ԟɚɪ ɢɤɤɢ ɬɢɩɢɞɚ ɞɢɚɦɟɬɪɧɢɧɝ ɤɚɬɬɚɥɚɲɢɲɢ 
ɛɨғɥɚɧɢɲ ɷɧɟɪɝɢɹɫɢɧɢɧɝ ɨɪɬɢɲɢɝɚ ɜɚ ɛɢɬɬɚ ɭɦɭɦɢɣ ԕɢɣɦɚɬɝɚ ɚɫɢɦɩɬɨɬɢɤ 
ɢɧɬɢɥɢɲɝɚ ɨɥɢɛ ɤɟɥɢɲɢɧɢ ɤўɪɢɲɢɦɢɡ ɦɭɦɤɢɧ.  

3-ɠɚɞɜɚɥ 

Ʉɪɟɦɧɢɣ ɮɭɥɥɟɪɟɧɥɚɪɢɧɢɧɝ ɲɚɤɥɥɚɪɢ ɜɚ ɛɨғɥɚɧɢɲ ɷɧɟɪɝɢɹɥɚɪɢ 

 

№ 

Ⱥɬɨɦ- 

ɥɚɪ 
ɫɨɧɢ 

ɲɚɤɥɢ Eɛɨғ, 
ɷȼ/ɚɬɨɦ 

№ 

Ⱥɬɨɦ- 

ɥɚɪ 
ɫɨɧɢ 

ɲɚɤɥɢ Eɛɨғ, 
ɷȼ/ɚɬɨɦ 

1 20 

 

4,91 2 24 

 

4,88 

3 

 

26 

 
 

4,75 4 28 

 

4,74 

5 30 

 

4,77 6 32 

 

4,78 

7 34 

 

4,80 8 36 

 

4,83 

9 38 

 

4,81 10 40 

 

4,83 

11 50 

 

4,89 12 60 

 

4,93 

13 70 

 

4,91 14 80 

 

4,83 

15 90 

 

4,86 16 100 

 

4,88 

 

3-ɠɚɞɜɚɥɞɚ Ƀɨɲɢɞɚ ɤɭɬɭɛɯɨɧɚɫɢɞɚɝɢ Қ00 ɬɚɝɚɱɚ ɚɬɨɦ ɬɭɬɝɚɧ ɮɭɥɥɟɪɟɧ 
ɬɢɩɢɞɚɝɢ Қ6 ɬɚ ɤɪɟɦɧɢɣ ɤɥɚɫɬɟɪɥɚɪɢɧɢɧɝ, ўɪɝɚɧɢɛ ɱɢԕɢɥɝɚɧ ɲɚɤɥɥɚɪɢ ɜɚ 
ɛɨғɥɚɧɢɲ ɷɧɟɪɝɢɹɥɚɪɢ ɤɟɥɬɢɪɢɥɝɚɧ. ɗɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹ 
ɞɚɪɚɠɚɥɚɪɢɧɢ ɚɧɢԕɥɚɲ ɭɱɭɧ ɥɨɤɚɥɥɚɧɝɚɧ ɨɪɛɢɬɚɥɥɚɪɧɢɧɝ ɯɨɫɫɚɥɚɪɢ ɛўɣɢɱɚ  
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ɬɚɛɢɢɣ ɜɚ ɨɩɬɢɦɚɥɥɚɧɝɚɧ 
ɬўɩɥɚɦɢ ɛɚɡɚɫɢɞɚ JANPA 
ɞɚɫɬɭɪɢɞɚ ԟɢɫɨɛɥɚɧɝɚɧ 
ɭɦɭɦɥɚɲɝɚɧ ȼɚɣɛɟɪɝ-

Ɇɚɣɟɪ ɢɧɞɟɤɫɢ ԕўɥɥɚɧɞɢ.  
Ʉɪɟɦɧɢɣ ɮɭɥɥɟɪɟɧɥɚɪɢ 
ɭɱɭɧ ɨɥɢɧɝɚɧ 
ɧɚɬɢɠɚɥɚɪɧɢɧɝ 
ɤўɪɫɚɬɢɲɢɱɚ (3-ɪɚɫɦ), 
ɚɬɨɦɥɚɪ ɨɪɚɫɢɞɚɝɢ ɷɧɝ 
ɤɚɬɬɚ ɛɨғɥɚɧɢɲ 
ɷɧɟɪɝɢɹɥɚɪɢɝɚ SТ20 ɜɚ SТ60 

ɷɝɚ ɛўɥɚɞɢ. 
Ɋɚɫɦ 3. Ʉɪɟɦɧɢɣ ɮɭɥɥɟɪɟɧɥɚɪɢ ɯɨɫɢɥ ɛўɥɢɲ 

ɷɧɟɪɝɢɹɫɢɧɢɧɝ ўɥɱɚɦɝɚ ɛɨғɥɢԕɥɢɤ ɞɢɚɝɪɚɦɦɚɫɢ 
 

Ⱦɢɫɫɟɪɬɚɰɢɹɧɢɧɝ “ɇɚɧɨɤɪɟɦɧɢɣɧɢɧɝ ɷɥɟɤɬɪɨɧ ɬɭɡɢɥɢɲɢ ɜɚ 
ɷɥɟɤɬɪɨɧɥɚɪ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ” ɧɨɦɥɢ ɬўɪɬɢɧɱɢ ɛɨɛɢɞɚ ɤɪɟɦɧɢɣɧɢɧɝ 
ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɜɚ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɷɥɟɤɬɪɨɧ ɬɭɡɢɥɢɲɢ ɜɚ ɭɥɚɪɞɚɝɢ ɷɥɟɤɬɪɨɧ 
ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ ԟɨɞɢɫɚɫɢ ɤўɪɢɛ ɱɢԕɢɥɝɚɧ. 

ɇɚɧɨɧɚɣɱɚɥɚɪɧɢɧɝ ɯɨɫɫɚɥɚɪɢ, ɚɫɨɫɚɧ, ɡɚɪɪɚ ɫɢɪɬɢɧɢɧɝ ɯɨɫɫɚɥɚɪɢɝɚ, ɭɥɚɪ 
ɷɫɚ ўɡ ɧɚɜɛɚɬɢɞɚ ɫɢɪɬɞɚɝɢ ɚɬɨɦɥɚɪ ɷɥɟɤɬɪɨɧ ɬɚɝɬɢɡɢɦɢɧɢɧɝ ɯɨɫɫɚɥɚɪɢɝɚ 
ɛɨғɥɢԕ ɛўɥɚɞɢ. Ʉɪɟɦɧɢɣɧɢɧɝ ԟɚɪ ɛɢɪ ɚɬɨɦɢɞɚ ɭɱɬɚɞɚɧ σ-ɛɨғ ɛўɥɝɚɧɢ ɭɱɭɧ 
ɬўɪɬɢɧɱɢ ɜɚɥɟɧɬ ɷɥɟɤɬɪɨɧ ɝɢɛɪɢɞɥɚɧɦɚɣ ԕɨɥɚɞɢ ɜɚ ɤɟɣɢɧɱɚɥɢɤ ɺ ɛɨɲԕɚ 
ɚɬɨɦɥɚɪ ɛɢɥɚɧ π-ɛɨғ ԟɨɫɢɥ ԕɢɥɢɲɞɚ ԕɚɬɧɚɲɢɲɢ, ɺ ɫɢɪɬɞɚ «ɭɡɢɥɝɚɧ ɛɨғ» 
ɫɢɮɚɬɢɞɚ ɬўɥɞɢɪɢɥɦɚɣ ԕɨɥɢɲɢ ɦɭɦɤɢɧ.  

Ɍɟɤɢɫ ɺɧɫɢɪɬɥɢ ɧɚɧɨɧɚɣɱɚɥɚɪɞɚ π-ɛɨғɥɚɪ ԟɨɫɢɥ ɛўɥɚɞɢ, ɧɚɣɱɚɧɢɧɝ 
ɢɤɤɢ ɨғɡɢɞɚ ɛɢɪɠɢɧɫɥɢɥɢɤ ɛўɥɦɚɝɚɧɥɢɝɢ ɫɚɛɚɛɥɢ (Ɋɚɫɦ 4), ɸɤɨɪɢ ɛɚɧɞ 
ɦɨɥɟɤɭɥɹɪ ɨɪɛɢɬɚɥɝɚ (ɘȻɆɈ) ɜɚ ɤɭɣɢ ɛɭɲ ɦɨɥɟɤɭɥɹɪ ɨɪɛɢɬɚɥɝɚ (ɄȻɆɈ), 
ɚɫɨɫɚɧ, ɧɚɣɱɚ ўɪɬɚɪɨғɢɞɚɝɢ ɚɬɨɦɥɚɪ ԟɢɫɫɚ ɛɟɪɚɞɢ. Ȼɭɪɢɲɢԕɥɢ ɧɚɧɨɧɚɣɱɚɞɚ 
π-ɛɨғ ɣўԕ ɜɚ ԕўɲɧɢ ɚɬɨɦɥɚɪ ɛɢɥɚɧ σ-ɛɨғ ԟɨɫɢɥ ԕɢɥɢɲɞɚ ԕɚɬɧɚɲɦɚɺɬɝɚɧ ɪ-

ɷɥɟɤɬɪɨɧ ɨɪɛɢɬɚɥɥɚɪ ɝɢɛɪɢɞɥɚɧɦɚɣɞɢ ɜɚ ɧɚɣɱɚ ɺɧɞɟɜɨɪɢɝɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪ 
ɣўɧɚɥɝɚɧ ɛўɥɚɞɢ.  

Ʉɢɱɢɤ ɞɢɚɦɟɬɪɥɢ (n,0) ɬɢɩɥɢ ɧɚɧɨɧɚɣɱɚɥɚɪɞɚ ɸԕɨɪɢ ɛɚɧɞ ɜɚ ԕɭɣɢ ɛўɲ 
ɆɈ ɥɚɪ ɨɪɚɫɢɞɚɝɢ ɷɧɟɪɝɟɬɢɤ ɬɢɪԕɢɲ ɧɭɥɝɚ ɬɟɧɝ (Ɋɚɫɦ 5), ɤɟɣɢɧ ɧɚɣɱɚ 
ўɥɱɚɦɢ (5,0) ɝɚ ɟɬɝɭɧɱɚ ўɫɢɛ ɛɨɪɚɞɢ ɜɚ ɦɚɤɫɢɦɚɥ ԕɢɣɦɚɬɝɚ ɷɪɢɲɝɚɱ ɹɧɚ 
ɧɭɥɝɚɱɚ ɤɚɦɚɹɞɢ. Ʉɚɬɬɚ ɞɢɚɦɟɬɪɥɢ ɧɚɧɨɧɚɣɱɚɥɚɪɞɚ ɛɭ ɫɚɬԟɥɚɪ ɚɪɚɥɚɲɢɛ 
ɤɟɬɚɞɢ ɜɚ ԟɚɬɬɨ ɘȻɆɈ ԔȻɆɈ ɞɚɧ ɯɚɦ ɩɚɫɬɪɨԕ ɛўɥɢɲɢ ɦɭɦɤɢɧ, ɛɭ ɇɌ 
ɦɟɬɚɥɥ ɬɢɩɥɢ ўɬɤɚɡɭɜɱɚɧɥɢɤɤɚ ɷɪɢɲɝɚɧɢɧɢ ɛɢɥɞɢɪɚɞɢ. Ȼɭɧɞɚɣ ɬɟɧɞɟɧɰɢɹ 
ɮɚԕɚɬ (n,0) ɬɢɩɥɢ ɧɚɣɱɚɥɚɪɞɚ ɤɭɡɚɬɢɥɚɞɢ. (n,n)- ɧɚɧɨɧɚɣɱɚɥɚɪɞɚ ɷɧɟɪɝɟɬɢɤ 
ɬɢɪԕɢɲ ɧɭɥɝɚ ɬɟɧɝ ɜɚ ɭɥɚɪ ɦɟɬɚɥɥɚɪɝɚ ԟɨɫ ɷɥɟɤɬɪ ўɬɤɚɡɭɜɱɚɧɥɢɤ ɧɚɦɨɺɧ 
ԕɢɥɢɲɢ ɦɭɦɤɢɧ. 
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Ɋɚɫɦ.4. ɗɥɟɤɬɪɨɧɥɚɪ ɡɢɱɥɢɝɢɧɢɧɝ ɘȻɆɈ ɝɚ (ɱɚɩɞɚ) ɜɚ ԔȻɆɈ ɝɚ 
(ўɧɝɞɚ) ɬɚԕɫɢɦɥɚɧɢɲɢ a) ɧɨɬɟɤɢɫ (5,5)-ɜɚ b) ɬɟɤɢɫ ɺɧɫɢɪɬɥɢ (9,0)- SТ ɇɇ. 

 

Ȼɢɡɧɢɧɝ ԟɢɫɨɛɥɚɲɥɚɪɢɦɢɡ ɘȻɆɈ ɜɚ ԔȻɆɈ ɨɪɚɫɢɞɚɝɢ ɷɧɟɪɝɢɹɥɚɪ 

ɮɚɪԕɢ (n,n)-ɬɢɩɞɚɝɢ ɧɚɧɨɧɚɣɱɚɥɚɪ ɞɢɚɦɟɬɪɥɚɪɢ ɨɪɬɢɛ ɛɨɪɢɲɢ ɛɢɥɚɧ ɛɢɪɝɚ 

ўɫɢɲɢɧɢ ɤўɪɫɚɬɞɢ (ɀɚɞɜɚɥ 4). ԔȻɆɈ ɷɧɟɪɝɢɹɫɢɧɢɧɝ ԕɢɣɦɚɬɢ ɧɚɣɱɚ 

ўɥɱɚɦɢɝɚ ɛɨғɥɢԕ ɷɦɚɫ, ɚɦɦɨ ɘȻɆɈ ԕɢɣɦɚɬɢ ɧɚɣɱɚ ɞɢɚɦɟɬɪɢ ɤɚɬɬɚɥɚɲɢɲɢ 

ɛɢɥɚɧ ɛɢɪɝɚ ɤɚɦɚɣɢɛ ɛɨɪɚɞɢ, ɛɭ ԟɨɥɚɬ ɚɧɢԕ-ɪɚɜɲɚɧ ɧɚɣɱɚ ɩɟɪɢɦɟɬɪɢ ɛўɣɥɚɛ 

ɤɨɜɚɥɟɧɬ ɛɨғɥɚɪɧɢɧɝ ɛɭɪɱɚɤ ɤɭɱɥɚɧɢɲ (ɡўɪɢԕɢɲ)ɥɚɪɢ ɤɚɦɚɣɢɲɢɝɚ ɛɨғɥɢԕ. 

Ȼɭ, ўɡ ɧɚɜɛɚɬɢɞɚ, ɛɚɧɞ ɜɚ ɛўɲ ɦɨɥɟɤɭɥɹɪ ɨɪɛɢɬɚɥɥɚɪ ɨɪɚɫɢɞɚɝɢ ɬɢɪԕɢɲɧɢɧɝ 

ɤɟɧɝɚɣɢɲɢɝɚ ɨɥɢɛ ɤɟɥɚɞɢ. 

ɘԕɨɪɢɞɚɝɢɝɚ 
ɬɟɫɤɚɪɢ ɦɚɧɡɚɪɚ (n,0) - 

ɬɢɩɥɢ Si ɇɇ ɥɚɪɧɢ 
ўɪɝɚɧɢɲɞɚ ɸɡɚɝɚ 
ɤɟɥɚɞɢ (5-ɠɚɞɜɚɥ). Ȼɭ 
ɬɢɩɞɚɝɢ ɧɚɧɨɧɚɣɱɚɥɚɪ 
ɞɢɚɦɟɬɪɥɚɪɢ 
ɤɚɬɬɚɥɚɲɢɲɢ ɘȻɆɈ 
ɜɚ ԔȻɆɈ ɨɪɚɫɢɞɚɝɢ 
ɬɢɪԕɢɲɧɢ ɬɨɪɚɣɢɲɢɝɚ 
ɜɚ ɤɟɣɢɧɪɨԕ ɭɥɚɪɧɢɧɝ 
ɚɪɚɥɚɲɢɛ ɤɟɬɢɲɢɝɚ 
ɨɥɢɛ ɤɟɥɚɞɢ.  

 Ɋɚɫɦ 5. (n,0) ɬɢɩɥɢ ɧɚɧɨɧɚɣɱɚɥɚɪɞɚ ɘȻɆɈ ɜɚ ԔȻɆɈ 
ɨɪɚɫɢɞɚɝɢ ɬɢɪԕɢɲ ɤɟɧɝɥɢɝɢɧɢɧɝ ɧɚɣɱɚ ɞɢɚɦɟɬɪɢɝɚ 

ɛɨғɥɢɤɥɢɝɢ.  
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4-ɠɚɞɜɚɥ  
(n,n) Si ɇɌ ɥɚɪ ɭɱɭɧ ɘȻɆɈ ɜɚ ԔȻɆɈ ɷɧɟɪɝɢɹɥɚɪɢ 

ɇɨɬɟɤɢɫ 
ɺɧɫɢɪɬɥɢ 

ɧɚɧɨɧɚɣɱɚɥɚɪ 

ȿɘȻɆɈ, ɷȼ ȿԔȻɆɈ, ɷȼ 

ɘȻɆɈ-ԔȻɆɈ ɬɢɪԕɢɲ 
ўɥɱɚɦɢ, ɷȼ 

Ȼɢɡɧɢɧɝ 
ɧɚɬɢɠɚɥɚɪ 

ɚɞɚɛɢɺɬ 
ɦɚɴɥɭɦɨɬɢ 

(3,3) -4,9311 -4,2017 0,7294 0,22; 0,0 

(5,5) -4,7328 -4,2019 0,5309 2,938* 

(7,7) -4,6336 -4,2969 0,3367 3,238 

 

5-ɠɚɞɜɚɥ  
(n,0) Si ɇɌ ɥɚɪɧɢɧɝ ɘȻɆɈ ɜɚ ԔȻɆɈ ɷɧɟɪɝɢɹɥɚɪɢ 

Ɍɟɤɢɫ ɺɧɫɢɪɬɥɢ 

ɧɚɧɨɧɚɣɱɚɥɚɪ 
ȿɘȻɆɈ, ɷȼ ȿԔȻɆɈ, ɷȼ 

ɘȻɆɈ-ԔȻɆɈ ɬɢɪԕɢɲ 
ўɥɱɚɦɢ, ɷȼ 

Ȼɢɡɧɢɧɝ 
ɧɚɬɢɠɚɥɚɪ 

ɚɞɚɛɢɺɬ 
ɦɚɴɥɭɦɨɬɢ 

(3,0) -4,8243 -4,8237 0,0006 0,22 

(5,0) -4,5691 -4,4225 0,15 0,0 

(7,0) -4,6501 -4,6647 -0,0146 3,526* 

(9,0) -4,5305 -4,5693 -0,388 1,455 

 

3-ɛɨɛɞɚ ɬɚɜɫɢɮɥɚɧɝɚɧ (n,0) SТ ɇɇ ɥɚɪ ɭɱɭɧ ɬɟɤɢɫ ɤɨɧɮɢɝɭɪɚɰɢɹɧɢɧɝ ɜɚ 
(n,n)-ɬɢɩ ɧɚɧɨɧɚɣɱɚɥɚɪ ɭɱɭɧ ɛɢɪɨɡ ɧɨɬɟɤɢɫ ɞɚɝɚɥ ɺɧɫɢɪɬɧɢɧɝ 
ɛɚɪԕɚɪɨɪɥɢɝɢɧɢ ɤɪɟɦɧɢɣ ɚɬɨɦɥɚɪɢɧɢɧɝ ɠɭɮɬɥɚɧɦɚɝɚɧ, ɝɢɛɪɢɞɥɚɧɦɚɝɚɧ ɜɚ 
ɛɨɲԕɚ ɚɬɨɦɥɚɪ ɛɢɥɚɧ ɛɨғɥɚɧɢɲ ɬɟɤɢɫɥɢɤɥɚɪɢɝɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪ ɠɨɣɥɚɲɝɚɧ 
p-ɨɪɛɢɬɚɥɥɚɪ ɠɨɣɥɚɲɢɲɢɧɢ ɬɚԟɥɢɥ ԕɢɥɢɛ ɬɭɲɭɧɬɢɪɢɲ ɦɭɦɤɢɧ. (n, 0) 
ɬɢɩɞɚɝɢ ɧɚɣɱɚɧɢɧɝ p-ɨɪɛɢɬɚɥɥɚɪɢ ɧɚɣɱɚ ɛўɣɥɚɛ π-ɛɨғɥɚɪ ԟɨɫɢɥ ԕɢɥɚɞɢ, (n, n) 
ɬɢɩɞɚɝɢɥɚɪɞɚ ɷɫɚ ɛɭɧɞɚɣ ɨɪɛɢɬɚɥɥɚɪ ɧɚɣɱɚ ɣўɧɚɥɢɲɢɝɚ ɤўɧɞɚɥɚɧɝ 

ɠɨɣɥɚɲɝɚɧ π-ɛɨғɥɚɪɝɚ ɷɝɚ ɛўɥɚɞɢ. 
ɗɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɞɚɪɚɠɚɫɢɧɢ ɚɧɢԕɥɚɲ ɭɱɭɧ ȼɚɣɛɟɪɝ-

Ɇɚɣɟɪ ɢɧɞɟɤɫɢɞɚɧ ɮɨɣɞɚɥɚɧɢɥɝɚɧ. ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɢ ɤɢɦɺɜɢɣ 
ɛɨғɥɚɧɢɲ ɯɭɫɭɫɢɹɬɥɚɪɢɧɢ ɬўғɪɢ ɚɤɫ ɷɬɬɢɪɚɞɢ ɜɚ ɛɚɪɱɚ ɤɜɚɧɬ ɤɢɦɺɜɢɣ ɞɚɫɬɭɪ 
ɩɚɤɟɬɥɚɪɢ ɬɨɦɨɧɢɞɚɧ ɫɬɚɧɞɚɪɬ ɬɚɪɡɞɚ ԟɢɫɨɛɥɚɛ ɱɢԕɢɥɚɞɢ.  

ɍɝɥɟɪɨɞ ɮɭɥɥɟɪɟɧɥɚɪɢ ɛɟɧɡɨɥ ɦɨɥɟɤɭɥɚɫɢ ɭɱɭɧ ȼɆ ԕɢɣɦɚɬɥɚɪɢ ɛɢɥɚɧ 
ўɯɲɚɲ, ȼɆ ɢɧɞɟɤɫɢ зҚ.30 ɝɚ ɬɟɧɝ ɞɟɹɪɥɢ ɦɭɤɚɦɦɚɥ π-ɛɨғɥɚɧɢɲɥɚɪɧɢ ԟɨɫɢɥ 
ԕɢɥɚɞɢ. Ȼɨғɥɚɧɦɚɝɚɧ ɷɥɟɤɬɪɨɧɥɚɪ ɢɧɞɟɤɫɢ ɛɨғɥɚɧɦɚɝɚɧ Cn ɮɭɥɥɟɪɟɧɥɚɪɢ ɭɱɭɧ 
0.0Қ ɝɚ ɬɟɧɝ ɜɚ ɛɭ ԕɢɣɦɚɬ ɛɟɪɢɥɝɚɧ ɚɬɨɦɧɢɧɝ ɷɮɮɟɤɬɢɜ ɡɚɪɹɞɢ ɛɢɥɚɧ 
ɛɟɪɢɥɝɚɧ ɚɬɨɦɧɢɧɝ ɛɚɪɱɚ ȼɆ ɢɧɞɟɤɫɥɚɪɢ ɣɢғɢɧɞɢɫɢ ўɪɬɚɫɢɞɚɝɢ ɮɚɪԕɞɢɪ. 
Ɏɭɥɥɟɪɟɧɫɢɦɨɧ ɤɪɟɦɧɢɣ ɤɥɚɫɬɟɪɥɚɪɢɞɚ ɛɨғɥɚɧɦɚɝɚɧ Si60 ɭɱɭɧ 0.03 ɞɚɧ Si24 ɭɱɭɧ 
0.Қ6 ɝɚɱɚ ɬɚɲɤɢɥ ɷɬɚɞɢ, ɛɭ ɷɫɚ π-ɛɨғɥɚɧɢɲɧɢɧɝ ԕɢɫɦɚɧ ɲɚɤɥɥɚɧɢɲɢɧɢ 
ɤўɪɫɚɬɚɞɢ ɜɚ ɤɪɟɦɧɢɣɧɢɧɝ ɜɚɥɟɧɬ ɝɢɛɪɢɞɥɚɧɦɚɝɚɧ ɪ-ɨɪɛɢɬɚɥɥɚɪɧɢɧɝ 
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ɛɨғɥɚɧɦɚɝɚɧ ԟɨɥɚɬɢ ɮɪɚɤɰɢɹɫɢɧɢɧɝ ԕɢɣɦɚɬɢ ɛўɥɢɛ, ɛɭ ɤɥɚɫɬɟɪɝɚ ɪɚɞɢɤɚɥ ɬɭɫ 
ɛɟɪɚɞɢ. 6-ɠɚɞɜɚɥɞɚ ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɤɪɟɦɧɢɣ ɤɥɚɫɬɟɪɥɚɪɢ ɭɱɭɧ ɛɨғɥɚɧɦɚɝɚɧ 
ɜɚ ɞɟɥɨɤɚɥɢɡɚɰɢɹɥɚɲɝɚɧ ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ԕɢɣɦɚɬɥɚɪɢɧɢ ɢɮɨɞɚɥɚɲ ɭɱɭɧ 
ԕɚɛɭɥ ԕɢɥɢɧɝɚɧ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɥɚɪɢ ɤўɪɫɚɬɢɥɝɚɧ. Ȼɭ ɟɪɞɚ N – 

ɝɢɛɪɢɞɥɚɧɦɚɝɚɧ ɪ-ɷɥɟɤɬɪɨɧɥɚɪ ɫɨɧɢ, ɲɭɧɢɧɝɞɟɤ, ɤɥɚɫɬɟɪ ɚɬɨɦɥɚɪɢ ɫɨɧɢҲ Nɛɨғ 
– ɛɨɲԕɚ ɛɚɪɱɚ ɚɬɨɦɥɚɪ ɛɢɥɚɧ ɛɢɪɝɚɥɢɤɞɚ ɚɬɨɦɥɚɪɧɢɧɝ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ 
ɢɧɞɟɤɫɥɚɪɢ ɣɢғɢɧɞɢɫɢ ɜɚ ɭɧɢɧɝ ɬɚɲԕɢ ԕɨɛɢғɢ ɷɥɟɤɬɪɨɧɥɚɪɢɧɢɧɝ 
ɛɨғɥɚɧɢɲɥɚɪ ԟɨɫɢɥ ɛўɥɢɲɢɞɚɝɢ ɢɲɬɢɪɨɤɢ ɞɚɪɚɠɚɫɢɧɢ ɢɮɨɞɚɥɚɣɞɢҲ N1 – σ-

ɛɨғɥɚɧɢɲ ɛɢɥɚɧ ɛɨғɥɚɧɝɚɧ ԕўɲɧɢ ɚɬɨɦɥɚɪ ɛɢɥɚɧ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɥɚɪɢ 
ɣɢғɢɧɞɢɫɢҲ ɛɨғɥɚɧɦɚɝɚɧ – (N–Nɛɨғ) ɮɚɪԕɢɝɚ ɬɟɧɝ ɛўɥɝɚɧ ɛɨғɥɚɧɦɚɝɚɧ 
ɝɢɛɪɢɞɥɚɧɦɚɝɚɧ ɜɚɥɟɧɬ ɪ-ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɥɚɪɢɧɢɧɝ 
ɣɢғɢɧɞɢɫɢҲ ɞɟɥɨɤ – ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɥɚɪɢɧɢɧɝ ɣɢғɢɧɞɢɫɢ, ɛɭ 
ɷɥɟɤɬɪɨɧɥɚɪɧɢ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɞɚɪɚɠɚɫɢɧɢɧɝ ɤўɪɫɚɬɝɢɱɢ ɛўɥɢɛ, (Nɛɨғ-N1) 

ɚɣɢɪɦɚɞɚɧ ԟɢɫɨɛɥɚɧɚɞɢҲ ɞɟɥɨɤ – ԟɚɪ ɛɢɪ π-ɷɥɟɤɬɪɨɧ ɭɱɭɧ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ 
ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɢɧɞɟɤɫɢҲ ɛɨғɥɚɧɦɚɝɚɧ – ԟɚɪ ɛɢɪ ɝɢɛɪɢɞɥɚɧɦɚɝɚɧ ɜɚɥɟɧɬ ɪ-

ɷɥɟɤɬɪɨɧɢ ɭɱɭɧ ɛɨғɥɚɧɦɚɝɚɧ ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɢ. 
6-ɠɚɞɜɚɥ 

Ɍɭɪɥɢ ɯɢɥ ɢɱɢ ɛўɲ Si ɤɥɚɫɬɟɪɥɚɪ ɭɱɭɧ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɥɚɪɢ  
N Nɛɨғ N1 ɛɨғɥɚɧɦɚɝɚɧ ɞɟɥɨɤ ɞɟɥɨɤ ɛɨғɥɚɧɦɚɝɚɧ 

20 77,00 64,69 3,00 12,31 0,72 0,15 

24 92,13 75,81 3,87 16,31 0,81 0,16 

32 125,25 108,51 2,75 16,74 0,57 0,09 

40 157,63 139,17 2,37 18,45 0,49 0,06 

50 197,78 176,37 2,22 21,41 0,45 0,04 

60 238,17 215,69 1,83 22,47 0,39 0,03 

70 275,34 244,79 4,66 30,55 0,47 0,07 

 

6-ɪɚɫɦɞɚɧ ɤўɪɢɧɚɞɢɤɢ, ɤɥɚɫɬɟɪ ўɥɱɚɦɢɧɢɧɝ ɨɪɬɢɲɢ ɛɢɥɚɧ 
ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɜɚ ɜɚɥɟɧɬ ԕɨɛɢғɢ ɷɥɟɤɬɪɨɧɥɚɪɢɧɢɧɝ ɛɨғɥɚɧɦɚɝɚɧɥɢɤ ɞɚɪɚɠɚɫɢ 
ɤɥɚɫɬɟɪ ўɥɱɚɦɢ 60 ɚɬɨɦɝɚ ɟɬɝɭɧɢɱɚ ɤɚɦɚɹɞɢ ɜɚ ɹɧɚ ɛɢɪ ɯɢɥɞɚ ўɫɢɛ ɛɨɪɚɞɢ. 
ɍɲɛɭ ɚɧɴɚɧɚ Si24 ɮɭɥɥɟɪɟɧɢɞɚ ɛɭɡɢɥɚɞɢ. Ʉɥɚɫɬɟɪ ўɥɱɚɦɢ ɨɪɬɢɲɢ ɛɢɥɚɧ π-

ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɞɚɪɚɠɚɫɢɧɢɧɝ ɤɚɦɚɣɢɲɢ ɤɪɟɦɧɢɣ ɫɮɟɪɢɤ 
ɬɢɡɢɦɥɚɪɢɞɚ ɭɝɥɟɪɨɞɞɚɧ ɮɚɪԕɥɢ ўɥɚɪɨԕ, ɫɬɪɭɤɬɭɪɚɥɚɪɧɢɧɝ ɷɝɪɢɥɢɝɢ ɪ-

ɨɪɛɢɬɚɥɥɚɪɧɢɧɝ ɭɫɬɦɚ-ɭɫɬ ɬɭɲɢɲɢ ɨɪɬɢɲɢɝɚ ɜɚ ɤɟɣɢɧɱɚɥɢɤ 
ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ ўɫɢɲɢɝɚ ɨɥɢɛ ɤɟɥɢɲɢɧɢ ɤўɪɫɚɬɞɢ. 
Шɭ ɛɢɥɚɧ ɛɢɪɝɚ, ɷɥɟɤɬɪɨɧɥɚɪ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢɧɢɧɝ ўɫɢɲɢ ɷɝɪɢɥɢɤɤɚ ɷɝɚ 
ɫɬɪɭɤɬɭɪɚɥɚɪɧɢ ɛɟԕɚɪɨɪɥɚɲɢɲɢɝɚ ɨɥɢɛ ɤɟɥɚɞɢ. Ȼɭ ɲɭɧɞɚɣ ɫɬɪɭɤɬɭɪɚɥɚɪɧɢɧɝ 
ɚɧɬɢɚɪɨɦɚɬɢɤ ɬɚɛɢɚɬɢ ɜɚ ɛɭɧɞɚɣ ɦɨɥɟɤɭɥɚɥɚɪɞɚɝɢ ԟɚɪ ԕɚɧɞɚɣ ɞɟɥɨɤɚɥɢɡɚɰɢɹ 
ɚɬɨɦɥɚɪ ɨɪɚɫɢɞɚɝɢ ɛɨғɥɚɧɢɲ ɷɧɟɪɝɢɹɫɢɧɢɧɝ ɩɚɫɚɣɢɲɢɝɚ ɨɥɢɛ ɤɟɥɚɞɢ. 
Шɭɧɞɚɣ ԕɢɥɢɛ, Si20 ɢ Si60 ɤɪɟɦɧɢɣ ɮɭɥɥɟɪɟɧɥɚɪɢ ɚɬɨɦɥɚɪ ɨɪɚɫɢɞɚɝɢ 
ɛɨғɥɚɧɢɲɥɚɪ ԟɨɫɢɥ ɛўɥɢɲɢɞɚ ԕɚɬɧɚɲɦɚɣɞɢɝɚɧ ɷɪɤɢɧ ɪ-ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ 
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ɦɢɧɢɦɚɥ ɦɢԕɞɨɪɢ ɜɚ π- ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɞɚɪɚɠɚɫɢɧɢɧɝ ɷɧɝ 
ɩɚɫɬ ԕɢɣɦɚɬɢ ɬɭɮɚɣɥɢ ɛɨɲԕɚ ɲɚɤɥɥɚɪ ɨɪɚɫɢɞɚ ɷɧɝ ɛɚɪԕɚɪɨɪ ԟɢɫɨɛɥɚɧɚɞɢ. 
Шɭɧɢɧɝ ɭɱɭɧ ɷɥɟɤɬɪɨɧɥɚɪ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢɧɢɧɝ ɤɚɦɚɣɢɲɢ ɤɢɦɺɜɢɣ 
ɛɨғɥɚɧɢɲ ɷɧɟɪɝɢɹɫɢɧɢɧɝ ɨɪɬɢɲɢɝɚ ɨɥɢɛ ɤɟɥɚɞɢ. Ȼɭɧɞɚɣ ɬɢɩɞɚɝɢ 
ɧɚɧɨɧɚɣɱɚɥɚɪɞɚ ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɸԕɨɪɢ ɞɚɪɚɠɚɞɚɝɢ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ 
ɘȻɆɈ ɜɚ ԔȻɆɈ ɨɪɚɫɢɞɚɝɢ ɬɢɪԕɢɲɧɢɧɝ ɬɨɪɚɣɢɲɢɝɚ ɨɥɢɛ ɤɟɥɚɞɢ ɜɚ 
ɷɥɟɤɬɪɨɧ ўɬɤɚɡɭɜɱɚɧɥɢɤɧɢ ɨɫɨɧɥɚɲɬɢɪɚɞɢ. Шɭɧɞɚɣ ԕɢɥɢɛ, (n,0) ɬɢɩɥɢ  

 

ɧɚɧɨɧɚɣɱɚɥɚɪ ɷɥɟɤɬɪ 
ўɬɤɚɡɭɜɱɚɧɥɢɝɢɧɢɧɝ 
ɦɟɬɚɥɥɚɪɝɚ ɯɨɫɥɢɝɢ ɛɭɧɞɚɣ 
ɫɬɪɭɤɬɭɪɚɥɚɪɞɚɝɢ π-

ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ ɸԕɨɪɢ 
ɞɚɪɚɠɚɞɚɝɢ 
ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ ɛɢɥɚɧ 
ɹɯɲɢ ɬɭɲɭɧɬɢɪɢɥɚɞɢ. (n,n) 

ɬɢɩɥɢ ɧɚɧɨɧɚɣɱɚɥɚɪɞɚ 
ɚɬɨɦɥɚɪ ɢɤɤɢ ɬɢɩɝɚ 
ɚɠɪɚɬɢɥɚɞɢ, ɭɥɚɪ 
ɚɬɨɦɥɚɪɞɚɝɢ ɡɚɪɹɞɥɚɪɢ, 
ɞɟɥɨɤɚɥɢɡɚɰɢɹɥɚɧɢɲ 
ɤўɪɫɚɬɤɢɱɥɚɪɢ ɜɚ 
ɷɥɟɤɬɪɨɧɥɚɪɧɢɧɝ 
ɛɨғɥɚɧɦɚɫɥɢɤ ɞɚɪɚɠɚɥɚɪɢ 

6-ɪɚɫɦ. ɗɥɟɤɬɪɨɧɧɢɧɝ ɛɨғɥɚɧɦɚɝɚɧɥɢɤ ɜɚ 
ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɞɚɪɚɠɚɫɢɧɢ ɤɥɚɫɬɟɪɥɚɪ ўɥɱɚɦɢɝɚ 

ɛɨғɥɢԕɥɢɝɢ 

ɛɢɥɚɧ ўɡɚɪɨ ɮɚɪԕ ԕɢɥɚɞɢ (7,  8-ɠɚɞɜɚɥ). Ⱥɝɚɪ ɧɚɣɱɚɥɚɪɧɢɧɝ ɛɚɪɱɚ ўɥɱɚɦɥɚɪɢ 
ɭɱɭɧ ɛɨғɥɚɧɦɚɝɚɧ ɷɥɟɤɬɪɨɧɥɚɪ ɤўɪɫɚɬɤɢɱɢ ɧɢɫɛɚɬɚɧ ɞɨɢɦɢɣ ɤɚɬɬɚɥɢɤ ɛўɥɢɛ 
ɱɢԕԕɚɧ ɛўɥɫɚ, ɚɬɨɦɥɚɪɧɢɧɝ ɢɤɤɢɬɚ ɬɢɩɢ ɭɱɭɧ ɞɟɥɨɤɚɥɢɡɚɰɢɹɥɚɧɝɚɧ 
ɷɥɟɤɬɪɨɧɥɚɪ ɤўɪɫɚɬɤɢɱɥɚɪɢ ўɡɚɪɨ ɠɢɞɞɢɣ ɮɚɪԕ ԕɢɥɭɜɱɢ ԕɢɣɦɚɬɥɚɪɝɚ ɷɝɚ ɜɚ 
ɧɚɣɱɚ ɞɢɚɦɟɬɪɥɚɪɢ ɤɚɬɬɚɥɚɲɝɚɧ ɫɚɪɢ ɛɢɪ-ɛɢɪɢɝɚ ɹԕɢɧɥɚɲɢɛ ɛɨɪɚɞɢ. (n,n)-

ɧɚɧɨɧɚɣɱɚɧɢɧɝ ɤɟɧɝɥɢɝɢ ɨɪɬɝɚɧ ɫɚɪɢ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɤўɪɫɚɬɤɢɱɢ ξɞɟɥɨɤ 
ԕɢɣɦɚɬɥɚɪɢ ɜɚ ɷɥɟɤɬɪɨɧɥɚɪ ɛɨғɥɚɧɦɚɝɚɧɥɢɝɢ ξɛ-ɦɚɝɚɧ ԕɢɣɦɚɬɥɚɪɢɧɢɧɝ  
 

7-ɠɚɞɜɚɥ 

Ɍɭɪɥɢ (Ч,0) ɬɢɩɞɚɝɢ SТ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɭɱɭɧ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɥɚɪɢ 

ɇɇ ɬɭɪɢ N Nɛɨғ N1 ξɞɟɥɨɤ ξɛ-ɦɚɝɚɧ 

(3,0) 4,00 3,86 3,05 0,81 0,14 

(5,0) 4,00 3,97 3,51 0,46 0,03 

(7,0) 4,00 4,00 3,66 0,34 0 

 

ɧɨɦɭɬɚɧɨɫɢɛɥɢɝɢ ɫɢɥɥɢԕɥɚɲɚɞɢ, ɛɭ ɜɚɥɟɧɬ σ-ɛɨғɥɚɪ ɜɚ ɛɨғ ԟɨɫɢɥ ԕɢɥɦɚɝɚɧ 
ɪ-ɨɪɛɢɬɚɥɥɚɪ ɨɪɚɫɢɞɚɝɢ ɛɭɪɱɚɤ ԕɢɣɦɚɬɢɧɢɧɝ ɬўғɪɢ ɱɢɡɢԕԕɚ ɹԕɢɧɥɚɲɢɲɢ 
ɛɢɥɚɧ ɛɨғɥɚɧɚɞɢ. Ⱦɟɥɨɤɚɥɥɚɧɢɲɞɚɝɢ ɮɚɪԕɥɚɪɧɢɧɝ ɫɢɥɥɢԕɥɚɲɢɲɢ ɘȻɆɈ ɜɚ 
ԔȻɆɈ ɨɪɚɫɢɞɚɝɢ ɬɢɪԕɢɲɧɢɧɝ ɛɢɪɨɡ ɬɨɪɚɣɢɲɢɝɚ ɨɥɢɛ ɤɟɥɚɞɢ. 
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8-ɠɚɞɜɚɥ 

Ɍɭɪɥɢ (Ч,Ч) ɬɢɩɞɚɝɢ SТ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɭɱɭɧ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɥɚɪɢ 

ɇɇ ɬɭɪɢ N Nɛɨғ N1 ξɞɟɥɨɤ ξɛ-ɦɚɝɚɧ 

(3,3) 4,06 

3,89 

3,90 

3,77 

3,40 

3,40 

0,50 

0,23 

0,16 

0,12 

(5,5) 4,06 

3,89 

3,93 

3,87 

3,55 

3,56 

0,38 

0,31 

0,13 

0,02 

(7,7) 4,04 

3,96 

3,89 

3,83 

3,50 

3,47 

0,39 

0,36 

0,15 

0,13 

 

Ʉɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɭɱɭɧ ɨɥɢɧɝɚɧ ξɞɟɥɨɤ ɜɚ ξɛ-ɦɚɝɚɧ ɥɚɪɧɢɧɝ 
ԕɢɣɦɚɬɥɚɪɢɧɢ ɦɨɥɟɤɭɥɚɥɚɪ ɜɚ ɭɝɥɟɪɨɞ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɭɱɭɧ ɫɬɚɧɞɚɪɬ 
ԟɢɫɨɛɥɚɧɝɚɧ ɛɟɧɡɨɥ ɦɨɥɟɤɭɥɚɫɢ ɤўɪɫɚɬɤɢɱɥɚɪɢ ɛɢɥɚɧ ɫɨɥɢɲɬɢɪɚɦɢɡ. Ȼɟɧɡɨɥ 
ɦɨɥɟɤɭɥɚɫɢ ɭɱɭɧ ξɞɟɥɨɤ=0,қ0 ɜɚ ξɛ-ɦɚɝɚɧ =0,04, ɭɝɥɟɪɨɞɧɢɧɝ (3,0) ɧɚɧɨɧɚɣɱɚɫɢ 
ɭɱɭɧ ξɞɟɥɨɤ=0,60 ɜɚ ξɛ-ɦɚɝɚɧ =0,004. 

 

ɏɍɅɈɋȺ 

1. ɇɚɧɨɧɚɣɱɚ ɬɭɪɢɝɚ ɛɨғɥɢԕ ɪɚɜɢɲɞɚ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢ ɫɢɪɬɢ 
ɬɭɪɥɢ ɫɬɪɭɤɬɭɪɚɝɚ ɷɝɚ ɛўɥɢɲɢ ɬɨɩɢɥɝɚɧ. Ɍɚɪɤɢɛɢɞɚ Қ00 ɬɚɝɚɱɚ ɚɬɨɦ ɬɭɬɝɚɧ 
ɤɪɟɦɧɢɣ ɮɭɥɥɟɪɟɧɥɚɪɢ ԕɚɬɨɪɢɞɚ Si20 ɜɚ Si60 ɤɥɚɫɬɟɪɥɚɪɢ ɷɧɝ ɸԕɨɪɢ ɛɨғ 
ɷɧɟɪɝɢɹɫɢɝɚ ɷɝɚ ɷɤɚɧɥɢɝɢ ɤўɪɫɚɬɢɥɞɢ.  

2. Ʉɢɱɢɤ ɞɢɚɦɟɬɪɥɢ ɛɢɪ ԕɚɜɚɬɥɢ ɤɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪ ɜɚ 
ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɡɚɪɪɚɥɚɪɧɢɧɝ ɛɚɪԕɚɪɨɪ ɷɦɚɫɥɢɝɢ ɜɚ ɚɦɚɥɢɺɬɞɚ ɨɥɢɧɢɲɢ 
ԕɢɣɢɧɥɢɝɢ ɭɥɚɪɧɢɧɝ ԕɢɫɦɚɧ ɪɚɞɢɤɚɥ ɯɚɪɚɤɬɟɪɝɚ ɷɝɚ ɷɤɚɧɥɢɝɢ ɛɢɥɚɧ 
ɢɡɨԟɥɚɧɞɢ. 

3. ɗɥɟɤɬɪɨɧ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ ɜɚ ɛɨғɥɚɧɦɚɝɚɧɥɢɤ ɦɟɴɺɪɢ ɫɢɮɚɬɢɞɚ 

ɤɢɪɢɬɢɥɝɚɧ ɭɦɭɦɥɚɲɝɚɧ ȼɚɣɛɟɪɝ-Ɇɚɣɟɪ ɢɧɞɟɤɫɢ ɨɪɝɚɧɢɤ ɜɚ ɧɨɨɪɝɚɧɢɤ 
ɛɢɪɢɤɦɚɥɚɪɞɚɝɢ ɤɢɦɺɜɢɣ ɛɨғɥɚɪɧɢ ɬɚԟɥɢɥ ԕɢɥɢɲ ɭɱɭɧ ɬɚɜɫɢɹ ԕɢɥɢɧɞɢ.  

4. Ʉɪɟɦɧɢɣ ɧɚɧɨɧɚɣɱɚɥɚɪɢɧɢɧɝ ɧɚɣɱɚ ɬɭɪɢɝɚ ɛɨғɥɢԕ ɪɚɜɢɲɞɚ ɬɭɪɥɢ 
ɲɚɤɥɥɚɪɞɚ ɛўɥɢɲɢ, ɷɥɟɤɬɪɨɧɥɚɪ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢɧɢ ɦɢԕɞɨɪɢɣ ɠɢԟɚɬɞɚɧ 
ɢɮɨɞɚɥɚɲ ɭɫɥɭɛɢ, ɮɭɥɥɟɪɟɧɫɢɦɨɧ ɜɚ ɧɚɧɨɧɚɣɱɚ ɤўɪɢɧɢɲɢɞɚɝɢ ɤɪɟɦɧɢɣ 
ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢɧɢɧɝ ɚɧɬɢɚɪɨɦɚɬɢɤ ɯɭɫɭɫɢɹɬɝɚ ɷɝɚ ɛўɥɢɲɢ Ўɡɛɟɤɢɫɬɨɧ 
Ɏɚɧɥɚɪ ɚɤɚɞɟɦɢɹɫɢ əɞɪɨ ɮɢɡɢɤɚɫɢ ɢɧɫɬɢɬɭɬɢɞɚ ɨɥɢɧɝɚɧ ɤɪɟɦɧɢɣ 
ɧɚɧɨɡɚɪɪɚɱɚɥɚɪɢɧɢɧɝ ɬɚɪɤɢɛɢɣ ɬɚԟɥɢɥɢ ɜɚ ɭɧɢ ɦɨɞɢɮɢɤɚɰɢɹɥɚɲ ɠɚɪɚɺɧɢɞɚ 
ɦɚɜɠɭɞ ɱɟɬɥɚɧɢɲɥɚɪ ɦɟɯɚɧɢɡɦɢɧɢ ўɪɝɚɧɢɲ ɭɱɭɧ ɬɚɜɫɢɹ ԕɢɥɢɧɞɢ. 

5. Ʉɪɟɦɧɢɣɧɢɧɝ ɧɚɧɨўɥɱɚɦɥɢ ɡɚɪɪɚɱɚɥɚɪɢ ɭɱɭɧ ɨɥɢɧɝɚɧ ɛɨғɥɚɪ 
ɭɡɭɧɥɢɝɢ ɜɚ ԟɨɫɢɥ ɛўɥɢɲ ɷɧɟɪɝɢɹɥɚɪɢ, ɷɥɟɤɬɪɨɧɥɚɪ ɸԕɨɪɢ ɞɟɥɨɤɚɥɢɡɚɰɢɹɫɢ 
ɨԕɢɛɚɬɢɞɚ ɦɟɬɚɥɥ ɷɥɟɤɬɪ ўɬɤɚɡɭɜɱɚɧɥɢɤ ɩɚɣɞɨ ɛўɥɢɲɢ ɦɭɦɤɢɧɥɢɝɢ “Ɏɨɬɨɧ” 
ɚɤɰɢɹɞɨɪɥɢɤ ɠɚɦɢɹɬɢɞɚ n-ɬɢɩɞɚɝɢ ɤɪɟɦɧɢɣ ɚɫɨɫɢɞɚ ɞɢɮɮɭɡɢɨɧ ɞɢɨɞɥɚɪɧɢɧɝ 
ɬɟɪɦɢɤ ɜɚ ɪɚɞɢɚɰɢɨɧ ɦɨɞɢɮɢɤɚɰɢɹɫɢ ɩɚɣɬɢɞɚ ɯɭɫɭɫɢɹɬɥɚɪɢɧɢɧɝ ɨғɢɲɥɚɪɢɧɢ 
ɤɭɡɚɬɢɲ ɜɚ ɩɪɨɝɧɨɡ ԕɢɥɢɲ ɠɚɪɚɺɧɢɝɚ ɬɚɜɫɢɹ ɷɬɢɥɞɢ. 
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ɉɈ ɉɊɂɋɍɀȾȿɇɂɘ ɍɑȿɇɕɏ ɋɌȿɉȿɇȿɃ ɉɊɂ  
ɇȺɐɂɈɇȺɅɖɇɈɆ ɍɇɂȼȿɊɋɂɌȿɌȿ ɍɁȻȿɄɂɋɌȺɇȺ 
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ȼȼȿȾȿɇɂȿ (ɚɧɧɨɬɚɰɢɹ ɤ ɞɢɫɫɟɪɬɚɰɢɢ ɞɨɤɬɨɪɚ ɮɢɥɨɫɨɮɢɢ (PhD)) 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɢ ɜɨɫɬɪɟɛɨɜɚɧɧɨɫɬɶ ɬɟɦɵ ɞɢɫɫɟɪɬɚɰɢɢ. ȼ ɦɢɪɟ 
ɜɟɞɭɬɫɹ ɢɧɬɟɧɫɢɜɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɧɚɧɨɱɚɫɬɢɰ ɤɪɟɦɧɢɹ ɜ 
ɫɨɡɞɚɧɢɢ ɧɚɧɨɷɥɟɤɬɪɨɧɢɤɢ, ɜ ɪɨɥɢ ɫɨɥɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜ ɜɨɞɨɪɨɞɧɨɣ 
ɷɧɟɪɝɟɬɢɤɟ ɜ ɤɚɱɟɫɬɜɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢɡ ɜɨɞɵ ɢ 
ɟɦɤɨɫɬɢ ɞɥɹ ɟɝɨ ɯɪɚɧɟɧɢɹ, ɜ ɤɚɱɟɫɬɜɟ ɚɧɨɞɧɵɯ ɷɥɟɤɬɪɨɞɨɜ ɜ ɥɢɬɢɣ-ɢɨɧɧɵɯ 
ɚɤɤɭɦɭɥɹɬɨɪɚɯ, ɤɚɤ ɤɚɧɬɢɥɟɜɟɪ ɜ ɚɬɨɦɧɵɯ ɫɢɥɨɜɵɯ ɦɢɤɪɨɫɤɨɩɚɯ, ɰɟɥɶɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɜ ɤɜɚɧɬɨɜɵɯ ɤɨɦɩɶɸɬɟɪɚɯ ɢ ɜɨ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ. 
ȼɟɞɭɳɢɟ ɦɢɪɨɜɵɟ ɧɚɭɱɧɵɟ ɰɟɧɬɪɵ, ɢɡ-ɡɚ ɩɪɨɛɥɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 

ɩɨɥɭɱɟɧɢɹ ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɱɚɫɬɢɰ ɢ ɮɭɥɥɟɪɟɧɨɜ, ɭɞɟɥɹɸɬ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ 
ɤɨɦɩɶɸɬɟɪɧɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɛɟɡ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ ɢɯ ɮɢɡɢɱɟɫɤɢɯ ɢ 
ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜɤɥɸɱɚɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ, 
ɷɥɟɤɬɪɨɧɧɭɸ ɢ ɡɨɧɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɩɪɨɜɨɞɢɦɨɫɬɶ ɢ ɥɸɦɢɧɟɫɰɟɧɰɢɸ, 
ɚɞɫɨɪɛɰɢɨɧɧɵɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ.  

ȼ ɧɚɲɟɣ ɫɬɪɚɧɟ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɚɥɨ ɧɟɨɬɴɟɦɥɟɦɨɣ 
ɱɚɫɬɶɸ ɪɚɡɜɢɬɢɹ ɜɫɟɯ ɨɬɪɚɫɥɟɣ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɢ. Ʉɨɦɩɶɸɬɟɪɧɵɟ 

ɫɢɦɭɥɹɰɢɢ ɫɬɚɥɢ ɧɟɨɛɯɨɞɢɦɵɦ ɫɪɟɞɫɬɜɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɜ ɨɛɥɚɫɬɢ 
ɮɢɡɢɤɢ, ɚɫɬɪɨɧɨɦɢɢ, ɤɥɢɦɚɬɨɥɨɝɢɢ, ɯɢɦɢɢ, ɛɢɨɥɨɝɢɢ, ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ, 
ɷɤɨɧɨɦɢɤɢ, ɫɨɰɢɚɥɶɧɵɯ ɧɚɭɤ ɢ ɢɧɠɟɧɟɪɧɵɯ ɞɢɫɰɢɩɥɢɧ. ȼ ɋɬɪɚɬɟɝɢɢ 

ɞɟɣɫɬɜɢɣ ɩɨ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɡɜɢɬɢɸ Ɋɟɫɩɭɛɥɢɤɢ ɍɡɛɟɤɢɫɬɚɧ Дɋɬɪɚɬɟɝɢɹ 
ɞɟɣɫɬɜɢɣ ɩɨ ɩɹɬɢ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɪɚɡɜɢɬɢɹ Ɋɟɫɩɭɛɥɢɤɢ 
ɍɡɛɟɤɢɫɬɚɧ ɧɚ қ0Қ7-қ0қҚ ɝɨɞɵ / ɍɤɚɡ ɉɪɟɡɢɞɟɧɬɚ Ɋɟɫɩɭɛɥɢɤɢ ɍɡɛɟɤɢɫɬɚɧ № 
ɉɎ-4947 ɨɬ 7 ɮɟɜɪɚɥɹ қ0Қ7 ɝɨɞɚЖ ɧɚɦɟɱɟɧɵ ɜɚɠɧɵɟ ɡɚɞɚɱɢ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ 
ɪɟɚɥɢɡɚɰɢɸ «ɨɫɜɨɟɧɢɟ ɜɵɩɭɫɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɧɨɜɵɯ ɜɢɞɨɜ ɩɪɨɞɭɤɰɢɢ ɢ 
ɬɟɯɧɨɥɨɝɢɣ, ɨɛɟɫɩɟɱɟɧɢɟ ɧɚ ɷɬɨɣ ɨɫɧɨɜɟ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ 
ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɬɨɜɚɪɨɜ ɧɚ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ ɪɵɧɤɚɯ», ɢ «ɫɨɤɪɚɳɟɧɢɟ 
ɷɧɟɪɝɨɟɦɤɨɫɬɢ ɢ ɪɟɫɭɪɫɨɟɦɤɨɫɬɢ ɷɤɨɧɨɦɢɤɢ, ɲɢɪɨɤɨɟ ɜɧɟɞɪɟɧɢɟ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɪɚɫɲɢɪɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ 
ɜ ɨɬɪɚɫɥɹɯ ɷɤɨɧɨɦɢɤɢ». ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɤɨɝɞɚ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɜɨ ɜɫɟɦ ɦɢɪɟ ɫɬɚɥɤɢɜɚɟɬɫɹ ɫ ɬɪɭɞɧɨɫɬɹɦɢ, 
ɜɚɠɧɨ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɯ ɫɜɨɣɫɬɜ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɜ 
ɦɟɫɬɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. 

Ⱦɚɧɧɨɟ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɜɵɩɨɥɧɟɧɢɟ 
ɡɚɞɚɱ, ɩɨɫɬɚɜɥɟɧɧɵɯ ɜ ɍɤɚɡɟ ɉɪɟɡɢɞɟɧɬɚ Ɋɟɫɩɭɛɥɢɤɢ ɍɡɛɟɤɢɫɬɚɧ ɨɬ қ ɦɚɪɬɚ 
қ0қ0 ɝɨɞɚ №ɉɎ-5953 «Ɉ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɪɨɝɪɚɦɦɟ ɜ Ƚɨɞ ɧɚɭɤɢ, 
ɩɪɨɫɜɟɳɟɧɢɹ ɢ ɰɢɮɪɨɜɨɣ ɷɤɨɧɨɦɢɤɢ» ɢ ɍɤɚɡɟ ɉɪɟɡɢɞɟɧɬɚ Ɋɟɫɩɭɛɥɢɤɢ 
ɍɡɛɟɤɢɫɬɚɧ №ɉɎ-4947«Ⱦɟɣɫɬɜɢɹ ɩɨ ɞɚɥɶɧɟɣɲɟɦɭ ɪɚɡɜɢɬɢɸ Ɋɟɫɩɭɛɥɢɤɢ 
ɍɡɛɟɤɢɫɬɚɧ» ɨɬ 7 ɮɟɜɪɚɥɹ қ0Қ7 ɝɨɞɚ, ɚ ɬɚɤɠɟ ɜ ɍɤɚɡɟ ɉɪɟɡɢɞɟɧɬɚ Ɋɟɫɩɭɛɥɢɤɢ 
ɍɡɛɟɤɢɫɬɚɧ ɨɬ 3 ɚɩɪɟɥɹ қ0Қ9 ɝɨɞɚ № ɉɉ-4қ65 «Ɉ ɦɟɪɚɯ ɩɨ ɞɚɥɶɧɟɣɲɟɦɭ 
ɪɟɮɨɪɦɢɪɨɜɚɧɢɸ ɯɢɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ ɢ ɩɨɜɵɲɟɧɢɸ ɟɟ ɢɧɜɟɫɬɢɰɢɨɧɧɨɣ 
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ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɢ» ɢ ɞɪɭɝɢɯ ɧɨɪɦɚɬɢɜɧɵɯ ɩɪɚɜɨɜɵɯ ɚɤɬɚɯ, ɫɜɹɡɚɧɧɵɯ ɫ 
ɞɚɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɶɸ.  

ɋɨɨɬɜɟɬɫɬɜɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɪɚɡɜɢɬɢɹ 
ɧɚɭɤɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɜ ɪɟɫɩɭɛɥɢɤɢ. Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɨɪɢɬɟɬɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ 
Ɋɟɫɩɭɛɥɢɤɢ VII. «ɏɢɦɢɹ, ɯɢɦɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢ ɧɚɧɨ ɬɟɯɧɨɥɨɝɢɹ».  

ɋɬɟɩɟɧɶ ɢɡɭɱɟɧɧɨɫɬɢ ɩɪɨɛɥɟɦɵ. Ɉɬɤɪɵɬɢɟ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɢ 
ɮɭɥɥɟɪɟɧɨɜ ɜ Қ99Қ ɝɨɞɭ ɩɪɢɜɟɥɨ ɤ ɢɧɬɟɧɫɢɜɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɩɨɢɫɤɚ 
ɞɪɭɝɢɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɧɚɧɨɬɪɭɛɨɤ ɢ ɮɭɥɥɟɪɟɧɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ 
ɤɪɟɦɧɢɹ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ Ɂɢɮɨɪɬɚ, Ɏɚɝɚɧɚ, Ɂɚɧɝɚ, Ⱦɦɢɬɪɢɟɜɚ, 
Ƚɭɨ, Ȼɚɣ ɩɨɤɚɡɚɥɢ ɜɨɡɦɨɠɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɫɬɪɨɟɧɢɟ ɩɨɥɵɯ ɤɪɟɦɧɢɟɜɵɯ 
ɧɚɧɨɫɬɪɭɤɬɭɪ. Ɉɞɧɚɤɨ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 
ɬɚɤɢɯ ɧɚɧɨɫɬɪɭɤɬɭɪ ɛɵɥɨ ɫɞɟɥɚɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɡɠɟ, ɬɚɤ ɤɚɤ ɩɨɞɨɛɧɵɟ 
ɤɪɟɦɧɢɟɜɵɟ ɧɚɧɨɨɛɪɚɡɨɜɚɧɢɹ ɝɢɩɟɪɚɤɬɢɜɧɵ ɢ ɨɱɟɧɶ ɧɟɫɬɚɛɢɥɶɧɵ ɩɨ ɩɪɢɱɢɧɟ 
ɬɪɭɞɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɧɢɯ   π- ɫɜɹɡɢ ɢ ɧɚɥɢɱɢɹ ɧɟɫɜɹɡɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. 
Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɤɪɟɦɧɢɟɜɵɟ ɧɚɧɨɬɪɭɛɤɢ ɞɢɚɦɟɬɪɨɦ ɛɨɥɟɟ ɱɟɦ 50 ɧɦ ɜɩɟɪɜɵɟ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ қ00қ ɝɨɞɭ. ȼ қ005 ɝɨɞɭ ɩɨɥɭɱɟɧɵ ɧɚɧɨɬɪɭɛɤɢ ɤɪɟɦɧɢɹ 
ɞɢɚɦɟɬɪɨɦ ɜ қ ɧɦ. Ʉɪɟɦɧɢɟɜɵɟ ɧɚɧɨɬɪɭɛɤɢ ɫ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɜɩɟɪɜɵɟ 
ɩɨɥɭɱɟɧɵ ɜ қ009 ɝɨɞɭ.  

Ʉɪɟɦɧɢɟɜɵɟ ɮɭɥɥɟɪɟɧɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɭɱɟɧɵɦɢ Ʉɭɦɚɪ, Ƚɚɨ, 
Ƚɚɥɚɲɟɜ ɢ ɞɪɭɝɢɦɢ. Ⱥɧɚɥɨɝɢɱɧɨ ɤɪɟɦɧɢɟɜɵɦ ɧɚɧɨɬɪɭɛɤɚɦ, Si ɮɭɥɥɟɪɟɧɵ 
ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɷɬɢ ɨɛɴɟɤɬɵ ɬɚɤɠɟ ɬɪɭɞɧɨ 
ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɜ ɱɢɫɬɨɦ ɜɢɞɟ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɜɨɞɹɬɫɹ ɩɪɢɦɟɪɵ ɩɨɥɭɱɟɧɢɹ ɢ 
ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɨɛɧɵɯ ɫɬɪɭɤɬɭɪ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ 
ɥɢɛɨ ɡɚɩɨɥɧɟɧɧɵɟ ɚɬɨɦɚɦɢ ɤɪɟɦɧɢɹ ɢɥɢ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ, ɥɢɛɨ 
ɩɨɦɟɳɟɧɧɵɦɢ ɷɧɞɨɷɞɪɚɥɶɧɨ ɜ ɧɢɯ ɦɟɬɚɥɥɚɦɢ ɩɟɪɟɯɨɞɧɵɯ ɩɟɪɢɨɞɨɜ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɫɬɪɭɤɬɭɪɵ ɧɚɧɨɬɪɭɛɨɤ ɢ ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ ɱɚɫɬɢɰ ɤɪɟɦɧɢɹ, ɟɞɢɧɨɣ 
ɤɚɪɬɢɧɵ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɞɨɫɬɢɝɧɭɬɨ. Ɍɚɤɠɟ ɧɟɨɞɧɨɡɧɚɱɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬ ɩɨ 
ɢɡɭɱɟɧɢɸ ɷɥɟɤɬɪɨɧɧɨɣ ɢ ɡɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɷɬɢɯ ɨɛɴɟɤɬɨɜ. 
Ʉɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɛɟɡ ɭɱɟɬɚ ɪɟɥɹɬɢɜɢɫɬɫɤɢɯ ɷɮɮɟɤɬɨɜ 
ɩɨɤɚɡɵɜɚɸɬ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɷɥɟɤɬɪɨɩɪɨɜɨɞɢɦɨɫɬɢ ɧɚɧɨɬɪɭɛɨɤ, 
ɬɨɝɞɚ ɤɚɤ ɜɵɱɢɫɥɟɧɢɹ ɫ ɭɱɟɬɨɦ ɪɟɥɹɬɢɜɢɫɬɫɤɢɯ ɷɮɮɟɤɬɨɜ ɭɤɚɡɵɜɚɸɬ ɧɚ 
ɭɡɤɨɡɨɧɧɭɸ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɭɸ ɩɪɢɪɨɞɭ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɥɢɬɟɪɚɬɭɪɟ 
ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ, ɫɜɹɡɚɧɧɵɟ ɫ ɦɟɯɚɧɢɡɦɨɦ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ 
ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɢ ɢɯ ɫɜɹɡɢ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɧɚɧɨɬɪɭɛɨɤ ɤɪɟɦɧɢɹ.  

ɋɜɹɡɶ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɥɚɧɚɦɢ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɜɵɫɲɟɝɨ ɭɱɟɛɧɨɝɨ ɭɱɪɟɠɞɟɧɢɹ. 
Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɜ ɪɚɦɤɚɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɝɨ 
ɩɪɨɟɤɬɚ ɈɌ-Ɏ7-54 ɩɥɚɧɚ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɇɚɰɢɨɧɚɥɶɧɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ ɍɡɛɟɤɢɫɬɚɧɚ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɦɟɯɚɧɢɡɦɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɩɨɪɢɫɬɵɯ ɢ 
ɩɨɥɢɦɟɪ-ɤɪɟɦɧɟɡɟɦɧɵɯ ɝɢɛɪɢɞɧɵɯ ɧɚɧɨɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ». 
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ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ, 
ɫɬɚɛɢɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɬɪɭɛɨɤ ɢ 
ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ ɱɚɫɬɢɰ, ɚ ɬɚɤɠɟ ɮɚɤɬɨɪɨɜ, ɜɥɢɹɸɳɢɯ ɧɚ ɞɟɥɨɤɚɥɢɡɚɰɢɸ 
ɷɥɟɤɬɪɨɧɨɜ, ɩɭɬɟɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ:  
ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɫɬɪɨɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɬɪɭɛɨɤ ɢ ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ ɱɚɫɬɢɰ ɤɪɟɦɧɢɹҲ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɟɦɧɢɟɜɵɯ 

ɧɚɧɨɱɚɫɬɢɰҲ 
ɨɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɪɚɡɦɟɪɚ, ɮɨɪɦɵ, ɬɢɩɚ ɢ ɫɬɪɭɤɬɭɪɵ ɧɚɧɨɬɪɭɛɨɤ ɧɚ 

ɫɬɚɛɢɥɶɧɨɫɬɶ ɤɨɧɮɢɝɭɪɚɰɢɣ ɢ ɷɥɟɤɬɪɨɧɧɭɸ ɫɬɪɭɤɬɭɪɭ; 

ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɪɨɞɵ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɧɨɱɚɫɬɢɰ ɤɪɟɦɧɢɹҲ 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ ɧɚɧɨɬɪɭɛɤɢ ɢ ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɟ 
ɧɚɧɨɱɚɫɬɢɰɵ ɤɪɟɦɧɢɹ ɪɚɡɥɢɱɧɨɝɨ ɪɚɡɦɟɪɚ, ɮɨɪɦɵ, ɬɢɩɚ ɢ ɫɬɪɭɤɬɭɪɵ.  

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɢ ɯɚɪɚɤɬɟɪ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɜ ɧɚɧɨɱɚɫɬɢɰɚɯ ɤɪɟɦɧɢɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɬɢɩɚ.  

Ɇɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚɧɨɬɪɭɛɨɤ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɦɟɬɨɞɨɦ 
ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɨɛɨɛɳɟɧɧɨɣ ɝɪɚɞɢɟɧɬɧɨɣ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɦɟɧɧɨ-ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
Becke-Perdew.  

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɧɚɬɭɪɚɥɶɧɵɯ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɨɪɛɢɬɚɥɟɣ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɚ ɤɨɦɩɶɸɬɟɪɧɚɹ ɩɪɨɝɪɚɦɦɚ 
JANPA. 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ: 
ɜɩɟɪɜɵɟ ɪɚɫɫɱɢɬɚɧɵ ɞɥɢɧɵ ɦɟɠɚɬɨɦɧɵɯ ɫɜɹɡɟɣ, ɜɚɥɟɧɬɧɵɟ ɢ 

ɬɨɪɫɢɨɧɧɵɟ ɭɝɥɵ, ɷɧɟɪɝɢɢ ɪɚɡɪɵɜɚ ɫɜɹɡɟɣ ɧɚɧɨɬɪɭɛɨɤ ɢ ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ 
ɱɚɫɬɢɰ ɤɪɟɦɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɦɟɧɧɨ-ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
Becke-Perdew ɧɚ ɨɫɧɨɜɟ ɜɚɥɟɧɬɧɨɝɨ ɞɜɨɣɧɨɝɨ ɞɡɟɬɚ ɛɚɡɢɫɚ ɫ 
ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ ɮɭɧɤɰɢɨɧɚɥɚ ɥɨɤɚɥɶɧɨɣ 
ɩɥɨɬɧɨɫɬɢҲ 

ɜɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɟɦɧɢɟɜɵɯ 
ɧɚɧɨɬɪɭɛɨɤ ɨɬ ɬɢɩɚ ɬɪɭɛɤɢ ɩɭɬɟɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: (n,0) -ɬɢɩ 
ɧɚɧɨɬɪɭɛɤɢ ɢɦɟɟɬ ɝɥɚɞɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, (n,n) -ɬɢɩ ɲɟɪɨɯɨɜɚɬɭɸ ɫɬɪɭɤɬɭɪɭҲ 

ɫɨɡɞɚɧɚ ɧɨɜɚɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɞɟɥɨɤɚɥɢɡɚɰɢɢ 
ɷɥɟɤɬɪɨɧɨɜ ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɨɛɨɛɳɟɧɧɨɝɨ ɢɧɞɟɤɫɚ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ, ɤɨɬɨɪɵɣ 
ɤɨɪɪɟɤɬɧɨ ɨɬɪɚɠɚɟɬ ɫɜɨɣɫɬɜɚ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɢ ɫɬɚɧɞɚɪɬɧɵɦ ɨɛɪɚɡɨɦ 
ɜɵɱɢɫɥɹɟɬɫɹ ɜɫɟɦɢ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɦɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɩɚɤɟɬɚɦɢҲ 
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ɜɩɟɪɜɵɟ ɞɨɤɚɡɚɧɨ ɧɚɥɢɱɢɟ ɚɧɬɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭ 
ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ ɢ ɧɚɧɨɬɪɭɛɱɚɬɵɯ ɫɬɪɭɤɬɭɪ ɤɪɟɦɧɢɹ, ɜɵɡɜɚɧɧɨɟ 
ɞɟɫɬɚɛɢɥɢɡɚɰɢɟɣ ɫɬɪɭɤɬɭɪ ɩɪɢ ɞɟɥɨɤɚɥɢɡɚɰɢɢ π-ɷɥɟɤɬɪɨɧɨɜҲ 

ɜɩɟɪɜɵɟ ɜɵɹɜɥɟɧɨ ɧɚɢɛɨɥɶɲɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɤɪɟɦɧɢɟɜɵɯ ɮɭɥɥɟɪɟɧɨɜ 
Si20 ɢ Si60 ɜ ɪɹɞɭ ɪɚɡɥɢɱɧɵɯ ɤɪɟɦɧɢɟɜɵɯ ɮɭɥɥɟɪɟɧɨɜ. 

ɉɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɤɥɸɱɚɸɬɫɹ ɜ 
ɫɥɟɞɭɸɳɟɦ:  

ɩɨɥɭɱɟɧɵ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɢ 
ɤɨɥɢɱɟɫɬɜɚ ɧɟɫɜɹɡɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɬɪɭɛɤɚɯ ɢ 
ɮɭɥɥɟɪɟɧɨɜɵɯ ɱɚɫɬɢɰɚɯҲ 

ɮɨɪɦɵ ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɱɚɫɬɢɰ, ɦɟɬɨɞ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ 
ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ, ɚɧɬɢɚɪɨɦɚɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɪɟɦɧɢɟɜɵɯ 
ɧɚɧɨɱɚɫɬɢɰ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɱɚɫɬɢɰҲ  

ɫɨɡɞɚɧɚ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɬɤɥɨɧɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ 
ɬɟɩɥɨɜɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɞɢɮɮɭɡɢɨɧɧɵɯ ɞɢɨɞɨɜ ɧɚ ɨɫɧɨɜɟ 
ɤɪɟɦɧɢɹ n-ɬɢɩɚ ɜ ɚɤɰɢɨɧɟɪɧɨɦ ɨɛɴɟɞɢɧɟɧɢɢ «Ɏɨɬɨɧ» ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɞɥɢɧ ɫɜɹɡɟɣ ɢ ɷɧɟɪɝɢɢ ɤɨɝɟɡɢɢ, ɜɟɪɨɹɬɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɟɦɧɢɟɜɵɯ ɮɭɥɥɟɪɟɧɨɜ. 

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɨɫɧɨɜɚɧɵ ɩɪɢɦɟɧɟɧɢɟɦ 
ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɭɪɚɜɧɟɧɢɣ ɤɜɚɧɬɨɜɨɣ 
ɦɟɯɚɧɢɤɢ, ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɤ ɩɪɢɜɟɞɟɧɧɵɦ ɜ 
ɥɢɬɟɪɚɬɭɪɟ ɢ ɩɪɢɦɟɧɟɧɢɹ ɧɟɡɚɜɢɫɢɦɵɯ ɦɟɬɨɞɨɜ ɮɢɡɢɱɟɫɤɢɦ ɩɪɢɧɰɢɩɚɦ. 

ɇɚɭɱɧɚɹ ɢ ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

ɇɚɭɱɧɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ 

ɞɨɩɨɥɧɹɸɬ ɧɚɲɢ ɡɧɚɧɢɹ ɧɨɜɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, 
ɫɬɪɨɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɬɚɛɢɥɶɧɵɦ ɫɨɫɬɨɹɧɢɹɦ, ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɟ,  
ɢɦɟɸɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɩɨɧɢɦɚɧɢɢ ɩɪɢɪɨɞɵ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɜ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɧɚɧɨɱɚɫɬɢɰ ɤɪɟɦɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɜɵɹɫɧɟɧɢɹ 
ɦɟɯɚɧɢɡɦɚ ɩɪɨɰɟɫɫɨɜ ɷɥɟɤɬɪɨɩɪɨɜɨɞɢɦɨɫɬɢ ɧɚɧɨɬɪɭɛɨɤ, ɥɸɦɟɧɟɫɰɟɧɰɢɢ ɜ 
ɜɢɞɢɦɨɦ ɢ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɨɦ ɞɢɚɩɚɡɨɧɟ, ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢҲ 
ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɚɡɜɢɬɢɸ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɪɨɥɢ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɷɬɨɬ 
ɩɪɨɰɟɫɫ, ɱɬɨ ɨɱɟɧɶ ɜɚɠɧɨ ɞɥɹ ɫɨɡɞɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɭɩɪɚɜɥɹɟɦɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ 
ɜɚɠɧɨɫɬɢ ɞɥɢɧɵ ɫɜɹɡɟɣ, ɷɧɟɪɝɢɣ ɤɨɝɟɡɢɢ ɧɚɧɨɬɪɭɛɨɤ ɢ ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ 
ɧɚɧɨɱɚɫɬɢɰ ɤɪɟɦɧɢɹ, ɫɥɭɱɚɢ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɟɦɧɢɟɜɵɯ ɮɭɥɥɟɪɟɧɨɜ, 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɩɪɨɰɟɫɫɚ ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ ɚɦɨɪɮɧɵɯ ɤɪɟɦɧɢɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ,  
ɫɜɨɣɫɬɜɨ ɪɚɡɥɢɱɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɢɦɨɫɬɢ ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɬɪɭɛɨɤ, 
ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ ɜ ɛɭɞɭɳɟɦ, 
ɫɩɨɫɨɛ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɢ ɪɚɫɱɟɬɚ 
ɚɧɬɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɜɨɣɫɬɜ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ. 
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ȼɧɟɞɪɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ, 

ɩɨɥɭɱɟɧɧɵɯ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɢ 
ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚɧɨɱɚɫɬɢɰ ɤɪɟɦɧɢɹ: 

ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɫɩɨɫɨɛ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɚɧɚɥɢɡɚ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ 
ɩɨɥɭɱɟɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɤɪɟɦɧɢɹ ɜ ɂɧɫɬɢɬɭɬɟ ɹɞɟɪɧɨɣ ɮɢɡɢɤɢ ɜ ɩɪɨɟɤɬɟ ɎȺ-

Ⱥɬɟɯ-2018-Қ76 «Ɋɚɡɪɚɛɨɬɤɚ ɪɚɞɢɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚ 
ɥɟɝɢɪɨɜɚɧɢɹ ɤɪɟɦɧɢɟɜɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɥɟɧɨɤ ɩɪɢɦɟɫɶɸ ɫɟɪɵ» 
(ɫɩɪɚɜɤɚ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ Ɋɍɡ № қ/Ққ55-қ706 ɨɬ қ ɞɟɤɚɛɪɹ қ0қ0 ɝɨɞɚ). ȼ 
ɪɟɡɭɥɶɬɚɬɟ, ɷɬɨ ɩɨɡɜɨɥɢɥɨ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɨɰɟɫɫɵҲ 

ɜ ɇɉɈ «Ɏɨɬɨɧ» ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɬɪɨɥɹ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɜɨɡɦɨɠɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɫɜɨɣɫɬɜ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɢ ɪɚɞɢɚɰɢɨɧɧɨɦ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɢ ɞɢɨɞɨɜ, ɨɝɪɚɧɢɱɢɬɟɥɟɣ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɫɬɚɛɢɥɢɬɪɨɧɨɜ 
ɝɢɛɪɢɞɧɵɯ ɦɢɤɪɨɫɯɟɦ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ n-ɬɢɩɚ ɩɪɨɜɨɞɢɦɨɫɬɢ (ɫɩɪɚɜɤɚ 
ɚɫɫɨɰɢɚɰɢɢ «UZELTEXSANOAT» № 04-Қ/ққ34 ɨɬ 30 ɧɨɹɛɪɹ қ0қ0 ɝɨɞɚ ɢ  
ɇɉɈ «Ɏɨɬɨɧ» № 485 ɨɬ қ7 ɧɨɹɛɪɹ қ0қ0 ɝɨɞɚ). ȼ ɪɟɡɭɥɶɬɚɬɟ, ɷɬɨ ɩɨɡɜɨɥɢɥɨ 
ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɧɨɪɦɵ ɫɜɨɣɫɬɜ ɢɫɯɨɞɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɨɰɟɫɫɚ. 

Ⱥɩɪɨɛɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɞɨɥɨɠɟɧɵ ɢ ɨɛɫɭɠɞɟɧɵ ɧɚ Ққ, ɜ ɬɨɦ ɱɢɫɥɟ 3 ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɢ 9 
ɪɟɫɩɭɛɥɢɤɚɧɫɤɢɯ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯ.  

Ɉɩɭɛɥɢɤɨɜɚɧɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ 
ɨɩɭɛɥɢɤɨɜɚɧɵ Қ6 ɧɚɭɱɧɵɯ ɬɪɭɞɨɜ, ɢɡ ɧɢɯ 4 ɧɚɭɱɧɵɟ ɫɬɚɬɶɢ ɜ ɧɚɭɱɧɵɯ 
ɠɭɪɧɚɥɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ 3 ɜ Ɋɟɫɩɭɛɥɢɤɚɧɫɤɨɦ ɢ Қ ɜ ɡɚɪɭɛɟɠɧɵɯ ɠɭɪɧɚɥɚɯ, 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȼɵɫɲɟɣ Ⱥɬɬɟɫɬɚɰɢɨɧɧɨɣ Ʉɨɦɢɫɫɢɟɣ Ɋɟɫɩɭɛɥɢɤɢ 
ɍɡɛɟɤɢɫɬɚɧ ɞɥɹ ɩɭɛɥɢɤɚɰɢɢ ɨɫɧɨɜɧɵɯ ɧɚɭɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɢɫɫɟɪɬɚɰɢɣ. 

ɋɬɪɭɤɬɭɪɚ ɢ ɨɛɴɺɦ ɞɢɫɫɟɪɬɚɰɢɢ. Ⱦɢɫɫɟɪɬɚɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɜɜɟɞɟɧɢɹ, 4 
ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, ɫɩɢɫɤɚ ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ, ɩɪɢɥɨɠɟɧɢɹ. Ɉɛɴɺɦ 
ɞɢɫɫɟɪɬɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ Қ08 ɫɬɪɚɧɢɰ.  

 

ɈɋɇɈȼɇɈȿ ɋɈȾȿɊɀȺɇɂȿ ȾɂɋɋȿɊɌȺɐɂɂ 

ȼɨ ɜɜɟɞɟɧɢɢ ɨɛɨɫɧɨɜɚɧɵ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢ ɜɚɠɧɨɫɬɶ ɬɟɦɵ 
ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɰɟɥɶ ɢ ɡɚɞɚɱɢ, ɧɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɢ 
ɩɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɛɨɬɵ. ɉɟɪɟɱɢɫɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɨɥɨɠɟɧɢɹ, 
ɜɵɧɨɫɢɦɵɟ ɧɚ ɡɚɳɢɬɭ.  

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɨɞ ɧɚɡɜɚɧɢɟɦ “Ɉɛɡɨɪ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɧɨɬɪɭɛɨɤ ɢ 
ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ ɱɚɫɬɢɰ ɤɪɟɦɧɢɹ” ɩɪɢɜɟɞɟɧ ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɧɵɯ 
ɞɚɧɧɵɯ ɩɨ ɬɚɤɢɦ ɜɢɞɚɦ ɧɚɧɨɱɚɫɬɢɰ ɤɪɟɦɧɢɹ, ɤɚɤ ɧɚɧɨɬɪɭɛɤɢ ɢ 
ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɟ ɱɚɫɬɢɰɵ, ɢɯ ɨɩɪɟɞɟɥɟɧɢɸ, ɭɧɢɤɚɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ. 
Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɢ ɧɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɟɬ ɩɨɥɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɫɬɪɭɤɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ Si-

ɇɌ. ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɩɪɢɱɢɧɚ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɤɪɟɦɧɢɟɜɵɯ 
ɧɚɧɨɬɪɭɛɨɤ ɢ ɫɥɨɠɧɨɫɬɶ ɟɟ ɫɢɧɬɟɡɚ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɩɪɢɪɨɞɟ ɫɬɪɭɤɬɭɪɵ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɫɜɹɡɚɧɧɵɯ ɢ ɪɚɞɢɤɚɥɶɧɵɯ 
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ɷɥɟɤɬɪɨɧɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɯɚɪɚɤɬɟɪ 
ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɭɥɥɟɪɟɧɨɜɨɣ ɫɮɟɪɵ ɢ ɜɨɩɪɨɫ ɨɛ 
ɚɪɨɦɚɬɢɱɧɨɫɬɢ π-ɫɜɹɡɟɣ ɨɫɬɚɸɬɫɹ ɨɬɤɪɵɬɵɦɢ ɩɨ ɫɟɣ ɞɟɧɶ. 

ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɫ ɧɚɡɜɚɧɢɟɦ “Ʉɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚɧɨɬɪɭɛɨɤ ɢ ɮɭɥɥɟɪɟɧɨɜ” ɩɪɢɜɨɞɢɬɫɹ ɨɩɢɫɚɧɢɟ ɦɟɬɨɞɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚɧɨɱɚɫɬɢɰ 

ɤɪɟɦɧɢɹ ɩɭɬɟɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɩɨɫɨɛɨɜ 
ɢɡɭɱɟɧɢɹ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɤɜɚɧɬɨɜɨɣ 
ɯɢɦɢɢ. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɱɚɫɬɢɰ 
ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧ ɨɝɪɚɧɢɱɟɧɧɵɣ ɦɟɬɨɞ Ʉɨɧɚ-Шɷɦɚ ɫ ɨɛɦɟɧɧɵɦ Becke 88 ɢ 
ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ Perdew 86 ɩɨɬɟɧɰɢɚɥɨɦ ɧɚ ɨɫɧɨɜɟ ɜɚɥɟɧɬɧɨɝɨ ɞɜɨɣɧɨɝɨ 
ɞɡɟɬɚ-ɛɚɡɢɫɚ ɫ ɮɭɧɤɰɢɹɦɢ ɩɨɥɹɪɢɡɚɰɢɢ ɝɪɭɩɩɵ Ʉɚɪɥɫɪɭɷ, ɪɟɚɥɢɡɨɜɚɧɧɵɦɢ ɜ 
ɩɚɤɟɬɟ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ORCA 4.0. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɦɟɧɧɨ-

ɤɨɪɪɟɥɹɰɢɨɧɧɵɣ ɩɨɬɟɧɰɢɚɥ BP88 ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɴɟɤɬɚɯ ɧɟ ɭɫɬɭɩɚɟɬ 
ɩɨ ɬɨɱɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɭ B3LYP ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ. Ʉɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɬɪɭɛɨɤ ɞɥɢɧɨɣ 
ɜ ɲɟɫɬɶ ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɹɱɟɟɤ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɧɥɚɣɧ-

ɤɨɧɫɬɪɭɤɬɨɪɚ ɧɚɧɨɬɪɭɛɨɤ ɜɟɛ-ɫɚɣɬɚ Ɇɢɱɢɝɚɧɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Avogadro. Ɉɩɬɢɦɢɡɚɰɢɹ 
ɝɟɨɦɟɬɪɢɢ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɞɥɹ ɞɥɢɧ ɦɟɠɚɬɨɦɧɵɯ ɫɜɹɡɟɣ, ɜɚɥɟɧɬɧɵɯ ɭɝɥɨɜ ɢ 
ɞɜɭɝɪɚɧɧɵɯ ɭɝɥɨɜ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɫɢɦɦɟɬɪɢɢ ɬɪɭɛɤɢ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɜɩɟɪɜɵɟ ɛɵɥ 
ɩɪɟɞɥɨɠɟɧ ɨɛɨɛɳɟɧɧɵɣ ɢɧɞɟɤɫ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ (ȼɆ). ɂɧɞɟɤɫ ȼɆ ɛɵɥ 
ɜɵɱɢɫɥɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ JANPA ɧɚ ɛɚɡɟ ɧɚɛɨɪɚ ɧɚɬɭɪɚɥɶɧɵɯ 
ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɨɪɛɢɬɚɥɟɣ.  

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ, ɧɚɡɜɚɧɧɨɦ “ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɧɚɧɨɱɚɫɬɢɰ 
ɤɪɟɦɧɢɹ”, ɧɚɦɢ ɪɚɫɫɦɨɬɪɟɧɵ ɫɬɪɭɤɬɭɪɵ Si ɇɌ, ɤɚɤ ɬɪɚɞɢɰɢɨɧɧɵɟ 
ɧɚɧɨɬɪɭɛɤɢ ɫ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɤɚɤ ɜ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɤɚɯ, ɬɚɤ ɢ 
ɞɪɭɝɢɟ ɮɨɪɦɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɬɪɭɛɨɤ ɤɪɟɦɧɢɹ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɚɜɬɨɪɨɜ ɞɨɫɬɢɝɥɢ ɪɟɡɭɥɶɬɚɬɨɜ, 
ɩɨɤɚɡɵɜɚɸɳɢɯ ɫɦɨɪɳɟɧɧɵɣ ɯɚɪɚɤɬɟɪ ɩɨɜɟɪɯɧɨɫɬɢ Si NT, ɱɟɬɤɨɟ ɡɚɤɥɸɱɟɧɢɟ 
ɨ ɫɬɪɭɤɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɟɳɟ ɧɟ ɛɵɥɨ ɞɨɫɬɢɝɧɭɬɨ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ, ɩɨ ɬɨɣ 
ɩɪɢɱɢɧɟ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɥɢ ɪɚɡɥɢɱɧɵɟ ɫɬɪɭɤɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ.  

ɇɚɦɢ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɢɫɤɚɠɟɧɧɵɟ ɧɚɧɨɬɪɭɛɱɚɬɵɟ ɱɚɫɬɢɰɵ, ɬɚɤɢɟ ɤɚɤ 
ɩɢɥɨɨɛɪɚɡɧɚɹ ɬɪɭɛɤɚ, ɡɭɛɱɚɬɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ, ɫɦɨɪɳɟɧɧɚɹ ɮɨɪɦɚ, 
ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɞɪɭɝɢɦɢ ɚɜɬɨɪɚɦɢ ɢ ɫɥɟɝɤɚ ɲɟɪɨɯɨɜɚɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɪɹɞɭ 
ɫ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (ɪɢɫ.Қɚ). ɋɩɟɰɢɚɥɶɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɨɣ, 
ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɨɦ ɧɚ ɹɡɵɤɟ FORTRAN 90, ɩɨɩɟɪɟɦɟɧɧɨ ɩɟɪɟɦɟɳɚɹ 
ɚɬɨɦɵ ɤ ɰɟɧɬɪɭ ɤɪɭɝɚ ɢɥɢ ɨɬ ɧɟɝɨ, ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɵ: 
(Қ) ɩɢɥɨɨɛɪɚɡɧɚɹ (ɪɢɫ.1b): ɩɭɬɟɦ ɫɦɟɳɟɧɢɹ ɚɬɨɦɨɜ ɤɚɠɞɨɝɨ ɫɥɨɹҲ 
(қ) ɡɭɛɱɚɬɚɹ (ɪɢɫ.Қɫ): ɩɭɬɟɦ ɫɦɟɳɟɧɢɹ ɤɚɠɞɨɝɨ ɚɬɨɦɚ ɤɚɠɞɨɝɨ ɫɥɨɹҲ 
(3) ɫɦɨɪɳɟɧɧɚɹ (ɪɢɫ.1d): ɩɭɬɟɦ ɫɦɟɳɟɧɢɹ ɚɬɨɦɨɜ ɤɚɠɞɨɝɨ ɫɥɨɹ ɢ ɢɡɦɟɧɟɧɢɹ 
ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɟɳɟɧɢɹ ɧɚ ɨɛɪɚɬɧɨɟ ɱɟɪɟɡ ɨɞɢɧ ɫɥɨɣҲ ɢ ɧɚɤɨɧɟɰ 
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(4) ɫɥɟɝɤɚ ɲɟɪɨɯɨɜɚɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ (ɪɢɫ. Қe): ɫɨɫɬɨɹɳɚɹ ɢɡ ɱɟɪɟɞɭɸɳɢɯɫɹ 
ɫɥɨɟɜ ɫ ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɚɬɨɦɚɦɢ ɢ ɫɥɨɟɜ ɫ ɩɨɩɟɪɟɦɟɧɧɨ ɫɦɟɳɚɸɳɢɦɢɫɹ 

ɚɬɨɦɚɦɢ ɤ ɰɟɧɬɪɭ ɤɨɥɶɰɚ ɢ ɨɬ ɧɟɝɨ, ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɫɦɟɳɟɧɢɹ 
ɜ ɫɥɨɹɯ ɱɟɪɟɡ ɨɞɢɧ ɢɡɦɟɧɹɸɳɢɣɫɹ ɫɥɨɣ. 

Ɋɢɫ.Қ. ɋɬɪɭɤɬɭɪɚ ɤɪɟɫɥɨɜɢɞɧɨɣ (5,5) Si ɇɌ: A. Ɏɪɨɧɬɚɥɶɧɵɣ ɜɢɞҲ B. ȼɢɞ ɪɚɡɪɟɡɚ 
ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɤɨɥɶɰɚҲ C. Ƚɟɤɫɚɝɨɧɚɥɶɧɚɹ ɹɱɟɣɤɚҲ D. ɗɧɟɪɝɢɹ ɤɨɝɟɡɢɢ (эВ/атом); a. Ƚɥɚɞɤɚɹ 

ɬɪɭɛɤɚ, ɚɧɚɥɨɝɢɱɧɚɹ ɍɇɌҲ b. ɉɢɥɨɨɛɪɚɡɧɚɹ ɬɪɭɛɤɚ, c. Ɂɭɛɱɚɬɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹҲ d. 

ɋɦɨɪɳɟɧɧɚɹ ɮɨɪɦɚҲ e. ɋɥɟɝɤɚ ɲɟɪɨɯɨɜɚɬɚɹ ɮɨɪɦɚ. 
ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ, ɫɥɟɝɤɚ ɲɟɪɨɯɨɜɚɬɚɹ ɮɨɪɦɚ (ɪɢɫ.Қd) ɢ 

ɝɥɚɞɤɨɫɬɟɧɧɚɹ ɧɚɧɨɬɪɭɛɤɚ (ɪɢɫ.Қɚ) ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢ 
ɜɵɝɨɞɧɵɦɢ ɮɨɪɦɚɦɢ ɞɥɹ Si ɇɌ ɬɢɩɚ (5,5).  

Ⱦɚɥɟɟ, ɝɥɚɞɤɨɫɬɟɧɧɵɟ ɢ ɫɥɟɝɤɚ ɲɟɪɨɯɨɜɚɬɵɟ ɮɨɪɦɵ ɩɨɟɪɯɧɨɫɬɢ ɛɵɥɢ 
ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɧɚɧɨɬɪɭɛɤɚɯ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɢ ɞɢɚɦɟɬɪɚ. Ȼɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ 
«ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɣ» (n, 0) ɬɢɩ Si NT ɫ ɪɚɡɦɟɪɚɦɢ (3,0), (5,0), (7,0), (9,0), ɬɢɩ 
«ɤɪɟɫɥɨ» (n, n) Si NT ɫ ɪɚɡɦɟɪɚɦɢ (3,3), (5,5), (7,7), (9,9). Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ 
(Ɍɚɛɥ. Қ, қ), ɱɬɨ ɞɥɹ (n, n) -Si ɇɌ, ɫɥɟɝɤɚ ɲɟɪɨɯɨɜɚɬɚɹ ɮɨɪɦɚ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɣ, ɱɟɦ ɝɥɚɞɤɨɫɬɟɧɧɚɹ ɇɌ, ɬɨɝɞɚ ɤɚɤ CNT-ɩɨɞɨɛɧɚɹ 
ɝɥɚɞɤɨɫɬɟɧɧɚɹ ɮɨɪɦɚ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɣ ɜ ɫɥɭɱɚɟ (n 0) - Si ɇɌ. ɗɬɢ 
ɪɟɡɭɥɶɬɚɬɵ, ɜɟɪɨɹɬɧɨ, ɩɨɦɨɝɭɬ ɜɵɹɫɧɢɬɶ ɩɪɢɱɢɧɭ, ɩɨ ɤɨɬɨɪɨɣ 
ɡɢɝɡɚɝɨɨɛɪɚɡɧɵɣ ɬɢɩ Si NT ɢɦɟɟɬ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ, ɚ ɬɢɩ ɤɪɟɫɥɚ 
ɢɦɟɟɬ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɭɸ ɩɪɢɪɨɞɭ. 
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ɋɬɚɛɢɥɶɧɨɫɬɶ ɝɥɚɞɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɞɥɹ (n, 0) Si NT ɢ ɫɥɟɝɤɚ 
ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ (n, n) -ɬɢɩɚ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ, ɚɧɚɥɢɡɢɪɭɹ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɧɟɫɩɚɪɟɧɧɵɯ ɧɟɝɢɛɪɢɞɢɡɨɜɚɧɧɵɯ p-ɨɪɛɢɬɚɥɟɣ ɚɬɨɦɨɜ 
ɤɪɟɦɧɢɹ, ɤɨɬɨɪɵɟ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ ɩɥɨɫɤɨɫɬɢ ɫɜɹɡɟɣ ɫ ɞɪɭɝɢɦɢ ɚɬɨɦɚɦɢ. 
Ⱥɬɨɦɧɵɟ p-ɨɪɛɢɬɚɥɢ ɬɪɭɛɤɢ ɬɢɩɚ (n, 0) ɨɛɪɚɡɭɸɬ π-ɫɜɹɡɢ ɜɞɨɥɶ ɬɪɭɛɤɢ, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɷɬɢ ɨɪɛɢɬɚɥɢ ɜ (n, n) ɬɢɩɟ ɢɦɟɸɬ π-ɫɜɹɡɢ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɨɠɟɧɵ 
ɩɨɩɟɪɟɤ ɧɚɩɪɚɜɥɟɧɢɸ ɬɪɭɛɤɢ. 

 

Ɍɚɛɥɢɰɚ Қ.  

ɗɧɟɪɝɢɹ ɤɨɝɟɡɢɢ (E), ɞɢɚɦɟɬɪ ɬɪɭɛɤɢ (D), Ⱦɥɢɧɚ ɫɜɹɡɢ (d), ɜɚɥɟɧɬɧɵɟ ɢ 
ɞɢɷɞɪɚɥɶɧɵɟ ɭɝɥɵ ɞɥɹ ɝɥɚɞɤɨɫɬɟɧɧɨɣ (n, 0) Si ɇɌ. 

 

ȼ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɝɥɚɞɤɨɫɬɟɧɧɨɣ ɮɨɪɦɟ ɇɌ (n, 0) Si ɞɥɢɧɵ ɫɜɹɡɟɣ 
ɫɨɯɪɚɧɹɸɬ ɩɨɫɬɨɹɧɧɨɟ ɡɧɚɱɟɧɢɟ қ,30 й (ɬɚɛɥ. Қ), ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ қ,қ й ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦ, ɬ.ɟ. қ,қ - қ,4 й. 
Ɉɞɧɚɤɨ, ɲɟɫɬɢɭɝɨɥɶɧɢɤɢ ɢɦɟɸɬ ɞɜɚ ɡɧɚɱɟɧɢɹ ɭɝɥɨɜ ɫɜɹɡɢ, ɨɞɧɨ ɢɡ ɤɨɬɨɪɵɯ 
ɪɚɜɧɨ Ққ0° ɜɞɨɥɶ ɬɪɭɛɤɢ, ɞɪɭɝɚɹ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɟɣ, ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɹ ɨɬ 
ҚҚ0° ɞɨ Ққ0°. ɋɬɪɟɦɥɟɧɢɟ ɞɜɭɝɪɚɧɧɵɯ ɭɝɥɨɜ ɤ ɧɭɥɟɜɨɦɭ ɡɧɚɱɟɧɢɸ ɩɪɢɜɨɞɢɬ ɤ 
ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  

Ɍɚɛɥɢɰɚ қ.  
ɗɧɟɪɝɢɹ ɤɨɝɟɡɢɢ ɧɚ ɚɬɨɦ (E), ɞɢɚɦɟɬɪ ɬɪɭɛɤɢ (D), Ⱦɥɢɧɚ ɫɜɹɡɢ (d), ɜɚɥɟɧɬɧɵɟ ɢ 

ɞɢɷɞɪɚɥɶɧɵɟ ɭɝɥɵ ɞɥɹ ɝɥɚɞɤɨɫɬɟɧɧɨɣ (n, n) Si ɇɌ. 

Ɍɢɩ ɇɌ E, эВ/атом D, Å d, Å 
ȼɚɥɟɧɬɧɵɟ 
ɭɝɥɵ, ɝɪɚɞ 

Ⱦɢɷɞɪɚɥɶɧɵɟ 
ɭɝɥɵ, ɝɪɚɞ 

(3,3) -4,84 6.63 2,29 

2,34 

122 

113 

59,6 

(5,5) -4,90 10.68 2,30 120 

115 

36,9 

(7,7) -4,90 15,67 2,31 120 

116 

24,2 

(9,9) -4,90 21.62 2,33 120 

117 

22,6 

 

Ɍɢɩ ɇɌ E,  эВ/атом D, Å d, Å 
ȼɚɥɟɧɬɧɵɟ 
ɭɝɥɵ, ɝɪɚɞ 

Ⱦɢɷɞɪɚɥɶɧɵɟ 
ɭɝɥɵ, ɝɪɚɞ 

(3,0) -4,65 2,73 2,30 

2,38 

91 54 

(5,0) -4,84 6,58 2,29 

2,32 

110 36 

 

(7,0) -4,90 8,95 2,29 

2,30 

115 49 

(9,0) -4,93 11,47 2,29 

2,30 

117 39 
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ɍɜɟɥɢɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɬɪɭɛɤɢ ɜ ɫɥɭɱɚɟ ɲɟɪɨɯɨɜɚɬɨɣ (n, n) Si NT ɩɪɢɜɨɞɢɬ 
ɤ ɭɞɥɢɧɟɧɢɸ ɞɥɢɧɵ ɦɟɠɚɬɨɦɧɨɣ ɫɜɹɡɢ ɞɨ қ,3қ й (ɬɚɛɥ. қ). ɉɪɢ ɷɬɨɦ, 
ɜɚɥɟɧɬɧɵɟ ɢ ɞɜɭɝɪɚɧɧɵɟ ɭɝɥɵ ɫɜɹɡɟɣ ɫɭɠɚɸɬɫɹ. 

 
Ɋɢɫ.қ. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɟɪɝɢɢ ɤɨɝɟɡɢɢ ɧɚɧɨɬɪɭɛɨɤ (n,n) ɢ (n,0) ɬɢɩɨɜ ɨɬ 

ɞɢɚɦɟɬɪɚ ɬɪɭɛɤɢ. 
 

ɍɜɟɥɢɱɟɧɢɟ ɞɢɚɦɟɬɪɚ ɨɛɨɢɯ ɬɢɩɨɜ Si NT, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ қ, 
ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɷɧɟɪɝɢɢ ɫɜɹɡɢ ɢ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɦɭ ɫɬɪɟɦɥɟɧɢɸ ɤ 
ɨɞɧɨɦɭ ɨɛɳɟɦɭ ɡɧɚɱɟɧɢɸ. 

ȼ ɬɚɛɥɢɰɟ 3 ɩɪɢɜɟɞɟɧɵ ɮɨɪɦɵ ɢ ɷɧɟɪɝɢɢ ɫɜɹɡɟɣ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ Қ6 
ɤɥɚɫɬɟɪɨɜ ɤɪɟɦɧɢɹ ɮɭɥɥɟɪɟɧɨɜɨɝɨ ɬɢɩɚ ɢɡ ɛɢɛɥɢɨɬɟɤɢ Ƀɨɲɢɞɚ, ɫɨɫɬɨɹɳɢɯ ɨɬ 
қ0 ɞɨ Қ00 ɚɬɨɦɨɜ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ ɢɧɞɟɤɫ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ, ɜɵɱɢɫɥɟɧɧɵɣ ɩɪɨɝɪɚɦɦɨɣ JANPA ɧɚ 
ɛɚɡɟ ɧɚɛɨɪɚ ɧɚɬɭɪɚɥɶɧɵɯ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ 
ɨɪɛɢɬɚɥɟɣ.  

Ɍɚɛɥɢɰɚ 3.  
ɗɧɟɪɝɢɢ ɫɜɹɡɟɣ ɧɚ ɚɬɨɦ ɢ ɮɨɪɦɵ ɤɪɟɦɧɢɟɜɵɯ ɮɭɥɥɟɪɟɧɨɜ. 

№ 
Ʉɨɥ-ɜɨ 
ɚɬɨɦɨɜ 

Ɏɨɪɦɚ 
Eɫɜ, 

ɷȼ/ɚɬɨɦ 
№ 

Ʉɨɥ-ɜɨ 
ɚɬɨɦɨɜ 

Ɏɨɪɦɚ 
Eɫɜ, 

ɷȼ/ɚɬɨɦ 

1 20 

 

4,91 2 24 

 

4,88 

3 

 

26 

 
 

4,75 4 28 

 

4,74 

5 30 

 

4,77 6 32 

 

4,78 



32 

 

7 34 

 

4,80 8 36 

 

4,83 

9 38 

 

4,81 10 40 

 

4,83 

11 50 

 

4,89 12 60 

 

4,93 

13 70 

 

4,91 14 80 

 

4,83 

15 90 

 

4,86 16 100 

 

4,88 

 

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɞɥɹ ɤɪɟɦɧɢɟɜɵɯ 
ɮɭɥɥɟɪɟɧɨɜ (ɪɢɫ.3) 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɚɦɵɟ 
ɜɵɫɨɤɢɟ ɷɧɟɪɝɢɢ ɫɜɹɡɟɣ 
ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɩɪɨɹɜɥɹɸɬ 
Si20 ɢ Si60.  

ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɩɨ ɬɟɦɟ 

“ɗɥɟɤɬɪɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ 
ɢ ɞɟɥɨɤɚɥɢɡɚɰɢɹ 
ɷɥɟɤɬɪɨɧɨɜ ɜ 
ɧɚɧɨɤɪɟɦɧɢɢ” ɩɪɢɜɨɞɹɬɫɹ 
ɷɥɟɤɬɪɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɢ 
ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɧɚɧɨɬɪɭɛɨɤ 
ɢ ɮɭɥɥɟɪɟɧɨɜ ɤɪɟɦɧɢɹ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫɜɨɣɫɬɜɚ  

Ɋɢɫ.3. Ⱦɢɚɝɪɚɦɦɚ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɟɪɝɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɤɪɟɦɧɢɟɜɵɯ ɮɭɥɥɟɪɟɧɨɜ ɨɬ ɪɚɡɦɟɪɚ 

ɧɚɧɨɬɪɭɛɨɤ ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰɵ, ɚ 
ɨɧɢ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɛɭɫɥɨɜɥɟɧɵ ɫɜɨɣɫɬɜɚɦɢ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞɫɢɫɬɟɦɵ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɚɬɨɦɨɜ. ɂ ɩɨɫɤɨɥɶɤɭ ɤɚɠɞɵɣ ɚɬɨɦ ɤɪɟɦɧɢɹ ɢɦɟɟɬ ɩɨ ɬɪɢ  σ-

ɫɜɹɡɢ, ɱɟɬɜɟɪɬɵɣ ɜɚɥɟɧɬɧɵɣ ɷɥɟɤɬɪɨɧ ɨɫɬɚɟɬɫɹ ɧɟɝɢɛɪɢɞɢɡɨɜɚɧɧɵɦ ɢ ɜ 
ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ ɥɢɛɨ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɨɛɪɚɡɨɜɚɧɢɢ π-ɫɜɹɡɢ ɫ ɞɪɭɝɢɦɢ 
ɚɬɨɦɚɦɢ, ɥɢɛɨ ɨɫɬɚɜɚɬɶɫɹ ɧɟɫɜɹɡɚɧɧɵɦ ɜ ɜɢɞɟ «ɨɛɨɪɜɚɧɧɨɣ ɫɜɹɡɢ» ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ.  
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Ɋɢɫ.4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɚ ȼɁɆɈ (ɫɥɟɜɚ) ɢ ɇɋɆɈ (ɫɩɪɚɜɚ) a) 

ɲɟɪɨɯɨɜɚɬɨɝɨ (5,5)-ɢ b) ɩɥɨɫɤɨɫɬɟɧɧɨɝɨ (9,0)- Si ɇɌ. 
ȼ ɞɚɧɧɨɦ ɩɚɪɚɝɪɚɮɟ ɪɚɫɫɦɨɬɪɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɷɥɟɤɬɪɨɧɧɨɣ 

ɫɬɪɭɤɬɭɪɵ ɲɟɪɨɯɨɜɚɬɨɝɨ ɢ ɝɥɚɞɤɨɝɨ ɧɚɧɨɬɪɭɛɨɤ (5,5), ɢɦɟɸɳɢɯ ɧɚɢɛɨɥɶɲɢɟ 
ɷɧɟɪɝɢɢ ɫɜɹɡɢ. 

ȼ ɧɚɧɨɬɪɭɛɤɚɯ ɫ ɝɥɚɞɤɢɦɢ ɫɬɟɧɚɦɢ ɨɛɪɚɡɭɸɬɫɹ π-ɫɜɹɡɢ, ɧɚ ȼɁɆɈ ɞɚɸɬ 
ɜɤɥɚɞ ɜ ɨɫɧɨɜɧɨɦ ɚɬɨɦɵ ɩɨɫɟɪɟɞɢɧɟ ɬɪɭɛɤɢ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɧɚ 
ɤɨɧɰɚɯ ɬɪɭɛɤɢ (Ɋɢɫ.4). ɋɦɨɪɳɟɧɧɚɹ ɧɚɧɨɬɪɭɛɤɚ ɭɠɟ ɧɟ ɢɦɟɟɬ π-ɫɜɹɡɟɣ ɢ ɪ-

ɷɥɟɤɬɪɨɧɧɵɟ ɨɪɛɢɬɚɥɢ, ɤɨɬɨɪɵɟ ɧɟ ɭɱɚɫɬɜɭɸɬ ɜ ɨɛɪɚɡɨɜɚɧɢɢ σ-ɫɜɹɡɢ ɫ 
ɫɨɫɟɞɧɢɦɢ ɚɬɨɦɚɦɢ ɨɫɬɚɸɬɫɹ ɧɟɝɢɛɪɢɞɢɡɨɜɚɧɧɵɦɢ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦɢ ɤ 
ɩɥɨɫɤɨɫɬɢ ɫɬɟɧɤɢ ɬɪɭɛɤɢ. ɗɧɟɪɝɟɬɢɱɟɫɤɚɹ ɳɟɥɶ ɦɟɠɞɭ ɜɵɫɲɟɣ ɡɚɧɹɬɨɣ ɢ  
 

 

 

ɧɢɡɲɟɣ ɫɜɨɛɨɞɧɨɣ ɆɈ ɜ 
ɧɚɧɨɬɪɭɛɤɚɯ ɬɢɩɚ (n,0) ɪɚɜɧɚ 
ɧɭɥɸ ɜ ɬɪɭɛɤɚɯ ɦɚɥɨɝɨ 
ɞɢɚɦɟɬɪɚ (ɪɢɫ.5), ɚ ɡɚɬɟɦ 
ɪɚɫɬɟɬ ɞɨ ɪɚɡɦɟɪɚ ɬɪɭɛɤɢ 
(5,0) ɢ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ 
ɦɚɤɫɢɦɭɦɚ ɫɜɨɟɝɨ ɡɧɚɱɟɧɢɹ 
ɭɦɟɧɶɲɚɟɬɫɹ ɨɛɪɚɬɧɨ ɞɨ 
ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ. ȼ 
ɧɚɧɨɬɪɭɛɤɚɯ ɛɨɥɶɲɟɝɨ 
ɞɢɚɦɟɬɪɚ ɷɬɢ ɭɪɨɜɧɢ 
ɫɦɟɲɢɜɚɸɬɫɹ ɢ ɞɚɠɟ ȼɁɆɈ 
ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɱɟɦ ɇɋɆɈ, 
ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɬɢɩ 
ɩɪɨɜɨɞɢɦɨɫɬɢ. 
 

Ɋɢɫ.5. Ɂɚɜɢɫɢɦɨɫɬɶ ɳɟɥɢ ɦɟɠɞɭ ȼɁɆɈ ɢ ɇɋɆɈ ɨɬ 
ɞɢɚɦɟɬɪɚ ɧɚɧɨɬɪɭɛɤɢ ɬɢɩɚ (n,0). 

 

A 

  

 

B 
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Ɍɚɤɚɹ ɬɟɧɞɟɧɰɢɹ ɢɦɟɟɬ ɦɟɫɬɨ ɬɨɥɶɤɨ ɞɥɹ ɬɪɭɛɨɤ ɬɢɩɚ (n,0). (n,n)- 

ɧɚɧɨɬɪɭɛɤɢ ɨɛɥɚɞɚɸɬ ɧɭɥɟɜɵɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɡɚɡɨɪɨɦ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɢ 
ɜɨɡɦɨɠɧɨ ɛɭɞɭɬ ɩɪɨɹɜɥɹɬɶ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɢɦɨɫɬɶ. 

ɇɚɲɢ ɪɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɡɧɨɫɬɶ ɷɧɟɪɝɢɣ ɦɟɠɞɭ ȼɁɆɈ ɢ ɇɋɆɈ 
ɪɚɫɬɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɢɚɦɟɬɪɚ ɧɚɧɨɬɪɭɛɤɢ (n, n)–ɬɢɩɚ (ɬɚɛɥ. 4). Ɂɧɚɱɟɧɢɹ 
ɷɧɟɪɝɢɢ ɇɋɆɈ ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɪɚɡɦɟɪɚ ɬɪɭɛɤɢ, ɧɨ ɡɧɚɱɟɧɢɟ ȼɁɆɈ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɚɫɲɢɪɟɧɢɟɦ ɞɢɚɦɟɬɪɚ ɬɪɭɛɤɢ, ɱɬɨ ɨɞɧɨɡɧɚɱɧɨ ɫɜɹɡɚɧɨ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɭɝɥɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤɨɜɚɥɟɧɬɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɩɨ 
ɩɟɪɢɦɟɬɪɭ ɬɪɭɛɤɢ. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɲɢɪɟɧɢɸ ɳɟɥɢ ɦɟɠɞɭ 
ɡɚɧɹɬɵɦɢ ɢ ɫɜɨɛɨɞɧɵɦɢ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɨɪɛɢɬɚɥɹɦɢ. ɉɪɨɬɢɜɨɩɨɥɨɠɧɚɹ 
ɤɚɪɬɢɧɚ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɢɡɭɱɟɧɢɢ Si NT (n, 0) –ɬɢɩɚ (ɬɚɛɥ. 5).  

Ȼɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɲɢɪɢɧɵ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɦɟɠɞɭ ȼɁɆɈ-ɇɋɆɈ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚɧɨɬɪɭɛɤɢ ɤɪɟɦɧɢɹ ɫ ɤɜɚɞɪɚɬɧɵɦɢ ɹɱɟɣɤɚɦɢ, ɝɞɟ ɚɬɨɦɵ 
ɤɪɟɦɧɢɹ ɱɟɬɵɪɟɯɤɨɨɪɞɢɧɢɪɨɜɚɧɵ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɜɨɞɹɬɫɹ ɡɧɚɱɟɧɢɹ ɞɥɹ 
ɮɨɬɨɚɤɬɢɜɧɨɫɬɢ Si ɇɌ, ɷɦɢɫɫɢɨɧɧɵɣ ɩɢɤ ɤɨɬɨɪɨɝɨ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 450 ɧɦ, ɱɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ қ,75 ɷȼ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɡɧɚɱɟɧɢɟɦ ɩɪɹɦɨɝɨ, ɬɚɤ ɢ 
ɧɟɩɪɹɦɨɝɨ ɩɟɪɟɯɨɞɚ.  

ɋɬɚɛɢɥɶɧɨɫɬɶ ɝɥɚɞɤɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɞɥɹ (n,0) Si NT ɢ ɫɥɟɝɤɚ 
ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɧɚɧɨɬɪɭɛɨɤ (n,n)–ɬɢɩɚ, ɨɩɢɫɚɧɧɨɝɨ ɜ ɝɥɚɜɟ 3, 
ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ, ɚɧɚɥɢɡɢɪɭɹ ɪɚɫɩɨɥɨɠɟɧɢɟ ɧɟɫɩɚɪɟɧɧɵɯ 
ɧɟɝɢɛɪɢɞɢɡɨɜɚɧɧɵɯ p-ɨɪɛɢɬɚɥɟɣ ɚɬɨɦɨɜ ɤɪɟɦɧɢɹ, ɤɨɬɨɪɵɟ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵ 
ɩɥɨɫɤɨɫɬɢ ɫɜɹɡɟɣ ɫ ɞɪɭɝɢɦɢ ɚɬɨɦɚɦɢ. Ⱥɬɨɦɧɵɟ p-ɨɪɛɢɬɚɥɢ ɬɪɭɛɤɢ ɬɢɩɚ (n, 0) 

ɨɛɪɚɡɭɸɬ π-ɫɜɹɡɢ ɜɞɨɥɶ ɬɪɭɛɤɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɷɬɢ ɨɪɛɢɬɚɥɢ ɜ (n, n) ɬɢɩɟ 
ɢɦɟɸɬ π-ɫɜɹɡɢ, ɤɨɬɨɪɵɟ ɪɚɫɩɨɥɨɠɟɧɵ ɩɨɩɟɪɟɤ ɧɚɩɪɚɜɥɟɧɢɸ ɬɪɭɛɤɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 
ɢɧɞɟɤɫ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ. ɂɧɞɟɤɫɵ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɤɨɪɪɟɤɬɧɨ ɨɬɪɚɠɚɸɬ 
ɫɜɨɣɫɬɜɚ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɢ ɫɬɚɧɞɚɪɬɧɵɦ ɨɛɪɚɡɨɦ ɜɵɱɢɫɥɹɟɬɫɹ ɜɫɟɦɢ 
ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɦɢ ɩɪɨɝɪɚɦɦɧɵɦɢ ɩɚɤɟɬɚɦɢ. 

Ɍɚɛɥɢɰɚ 4. 
ɗɧɟɪɝɢɢ ȼɁɆɈ ɢ ɇɋɆɈ ɞɥɹ (n,n) Si ɇɌ. 

ɒɟɪɨɯɨɜɚɬɵɟ 
ɧɚɧɨɬɪɭɛɤɢ 

ȿȼɁɆɈ, ɷȼ ȿɇɋɆɈ, ɷȼ 

Ɋɚɡɦɟɪ ɳɟɥɢ ȼɁɆɈ-ɇɋɆɈ, 
ɷȼ 

ɇɚɲɢ 
ɪɟɡɭɥɶɬɚɬɵ 

Ⱦɚɧɧɵɟ ɥɢɬ. 

(3,3) -4,9311 -4,2017 0,7294 0,0  

(5,5) -4,7328 -4,2019 0,5309 2,938* 

(7,7) -4,6336 -4,2969 0,3367 3,238  

 

ɂɧɞɟɤɫ ȼɆ ɛɵɥ ɜɵɱɢɫɥɟɧ ɧɚɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ JANPA ɧɚ ɛɚɡɟ 
ɧɚɛɨɪɚ ɧɚɬɭɪɚɥɶɧɵɯ ɢ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ 
ɨɪɛɢɬɚɥɟɣ. ɍɝɥɟɪɨɞɧɵɟ ɮɭɥɥɟɪɟɧɵ ɨɛɪɚɡɭɸɬ ɩɨɱɬɢ ɫɨɜɟɪɲɟɧɧɵɟ  
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Ɍɚɛɥɢɰɚ 5.  
ɗɧɟɪɝɢɢ ȼɁɆɈ ɢ ɇɋɆɈ ɞɥɹ (n,0) Si ɇɌ. 

Ƚɥɚɞɤɢɟ 

ɧɚɧɨɬɪɭɛɤɢ 
ȿȼɁɆɈ, ɷȼ ȿɇɋɆɈ, ɷȼ 

Ɋɚɡɦɟɪ ɳɟɥɢ ȼɁɆɈ-ɇɋɆɈ, 
ɷȼ 

ɇɚɲɢ 
ɪɟɡɭɥɶɬɚɬɵ 

Ⱦɚɧɧɵɟ ɥɢɬ. 

(3,0) -4,8243 -4,8237 0,0006 0,22 

0,0 

(5,0) -4,5691 -4,4225 0,15 0,0 

(7,0) -4,6501 -4,6647 -0,0146 3,526* 

(9,0) -4,5305 -4,5693 -0,388 1,455 

 

π-ɫɜɹɡɢ ɫ ɢɧɞɟɤɫɨɦ ȼɆ ɪɚɜɧɵɦ зҚ.30, ɚɧɚɥɨɝɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ ȼɆ ɞɥɹ 
ɦɨɥɟɤɭɥɵ ɛɟɧɡɨɥɚ. ɂɧɞɟɤɫ ɧɟɫɜɹɡɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ξɧɟɫɜ ɫɨɫɬɚɜɥɹɟɬ ɞɥɹ Cn 

ɮɭɥɥɟɪɟɧɨɜ 0,0Қ ɢ ɷɬɨ ɡɧɚɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶɸ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɚɪɹɞɚ 
ɚɬɨɦɚ ɢ ɫɭɦɦɵ ɜɫɟɯ ɢɧɞɟɤɫɨɜ ȼɆ ɞɚɧɧɨɝɨ ɚɬɨɦɚ. ȼ ɫɥɭɱɚɟ 
ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ ɤɥɚɫɬɟɪɨɜ ɤɪɟɦɧɢɹ, ξɧɟɫɜ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 0,03 ɞɥɹ Si60 ɞɨ 
0,Қ6 ɞɥɹ Si24, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɱɚɫɬɢɱɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ π-ɫɜɹɡɢ ɢ ɹɜɥɹɟɬɫɹ 
ɡɧɚɱɟɧɢɟɦ ɞɨɥɢ ɧɟɫɜɹɡɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɚɥɟɧɬɧɵɯ ɧɟɝɢɛɪɢɞɢɡɨɜɚɧɧɵɯ ɪ-

ɨɪɛɢɬɚɥɟɣ ɤɪɟɦɧɢɹ, ɱɬɨ ɩɪɢɞɚɟɬ ɤɥɚɫɬɟɪɭ ɪɚɞɢɤɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ.  
Ɍɚɛɥɢɰɚ 6.  

ɂɧɞɟɤɫɵ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɨɥɵɯ ɤɥɚɫɬɟɪɨɜ Si. 

N Nɫɜ N1 ɧɟɫɜ ɞɟɥɨɤ ɞɟɥɨɤ ɧɟɫɜ 

20 77,00 64,69 3,00 12,31 0,72 0,15 

24 92,13 75,81 3,87 16,31 0,81 0,16 

32 125,25 108,51 2,75 16,74 0,57 0,09 

40 157,63 139,17 2,37 18,45 0,49 0,06 

50 197,78 176,37 2,22 21,41 0,45 0,04 

60 238,17 215,69 1,83 22,47 0,39 0,03 

70 275,34 244,79 4,66 30,55 0,47 0,07 

ȼ ɬɚɛɥɢɰɟ 6 ɩɪɢɜɟɞɟɧɵ ɢɧɞɟɤɫɵ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɩɪɢɧɹɬɵɟ ɞɥɹ 
ɜɵɪɚɠɟɧɢɹ ɧɟɫɜɹɡɚɧɧɵɯ ɢ ɞɟɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɞɥɹ 
ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ ɤɥɚɫɬɟɪɨɜ ɤɪɟɦɧɢɹ. Ɂɞɟɫɶ, N - ɤɨɥɢɱɟɫɬɜɨ 
ɧɟɝɢɛɪɢɞɢɡɨɜɚɧɧɵɯ ɪ-ɷɥɟɤɬɪɨɧɨɜ, ɚ ɬɚɤɠɟ ɤɨɥɢɱɟɫɬɜɨ ɚɬɨɦɨɜ ɤɥɚɫɬɟɪɚҲ Nɫɜ – 

ɫɭɦɦɚ ɢɧɞɟɤɫɨɜ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɚɬɨɦɨɜ ɫɨ ɜɫɟɦɢ ɞɪɭɝɢɦɢ ɚɬɨɦɚɦɢ ɢ 
ɜɵɪɚɠɚɟɬ ɫɬɟɩɟɧɶ ɭɱɚɫɬɢɹ ɷɥɟɤɬɪɨɧɨɜ ɟɝɨ ɜɧɟɲɧɟɣ ɨɛɨɥɨɱɤɢ ɜ ɨɛɪɚɡɨɜɚɧɢɢ 
ɫɜɹɡɟɣҲ N1 – ɫɭɦɦɚ ɢɧɞɟɤɫɨɜ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɚɬɨɦɨɜ ɫ ɫɨɫɟɞɧɢɦɢ ɚɬɨɦɚɦɢ, 
ɫɜɹɡɚɧɧɵɦɢ σ-ɫɜɹɡɶɸҲ ɧɟɫɜ - ɫɭɦɦɚ ɢɧɞɟɤɫɨɜ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɧɟɫɜɹɡɚɧɧɵɯ 
ɧɟɝɢɛɪɢɞɢɡɨɜɚɧɧɵɯ ɜɚɥɟɧɬɧɵɯ ɪ-ɷɥɟɤɬɪɨɧɨɜ, ɪɚɜɧɚɹ ɪɚɡɧɨɫɬɢ (N-Nɫɜ); ɞɟɥɨɤ - 

ɫɭɦɦɚ ɢɧɞɟɤɫɨɜ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ, ɹɜɥɹɸɳɢɣɫɹ ɩɨɤɚɡɚɬɟɥɟɦ ɫɬɟɩɟɧɢ 
ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɚ ɢ ɜɵɱɢɫɥɹɟɦɵɣ ɩɭɬɟɦ ɜɵɱɟɬɚ (Nɫɜ-N1); ɞɟɥɨɤ - 

ɢɧɞɟɤɫ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɞɟɥɨɤɚɥɢɡɚɰɢɢ, ɩɪɢɯɨɞɹɳɢɣɫɹ ɧɚ ɤɚɠɞɵɣ π-
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ɷɥɟɤɬɪɨɧҲ ɧɟɫɜ - ɢɧɞɟɤɫ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɧɟɫɜɹɡɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɤɚɠɞɵɣ 
ɧɟɝɢɛɪɢɞɢɡɨɜɚɧɧɵɣ ɜɚɥɟɧɬɧɵɣ ɪ-ɷɥɟɤɬɪɨɧ. 

ɂɡ ɪɢɫ.6 ɜɢɞɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɪɚɡɦɟɪɚ ɤɥɚɫɬɟɪɚ, ɫɬɟɩɟɧɶ ɞɟɥɨɤɚɥɢɡɚɰɢɢ 
ɢ ɧɟɫɜɹɡɚɧɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ ɜɚɥɟɧɬɧɵɯ ɨɛɨɥɨɱɟɤ ɭɦɟɧɶɲɚɸɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, 
ɩɨɤɚ ɪɚɡɦɟɪ ɧɟ ɞɨɫɬɢɝɧɟɬ 60 ɚɬɨɦɨɜ, ɡɚɬɟɦ ɫɧɨɜɚ ɩɥɚɜɧɨ ɪɚɫɬɟɬ. Ⱦɚɧɧɚɹ 
ɬɟɧɞɟɧɰɢɹ ɧɚɪɭɲɚɟɬɫɹ ɮɭɥɥɟɪɟɧɨɦ Si24. ɍɦɟɧɶɲɟɧɢɟ ɫɬɟɩɟɧɢ ɞɟɥɨɤɚɥɢɡɚɰɢɢ 
π-ɷɥɟɤɬɪɨɧɨɜ ɫ ɪɨɫɬɨɦ ɪɚɡɦɟɪɚ ɤɥɚɫɬɟɪɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɤɪɟɦɧɢɟɜɵɯ 
ɫɮɟɪɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɭɝɥɟɪɨɞɧɵɯ, ɤɪɢɜɢɡɧɚ ɫɬɪɭɤɬɭɪɵ ɜɟɞɟɬ ɤ 
ɩɨɜɵɲɟɧɢɸ ɩɟɪɟɤɪɵɜɚɧɢɹ ɪ-ɨɪɛɢɬɚɥɟɣ ɢ ɩɨɫɥɟɞɭɸɳɟɦɭ ɭɜɟɥɢɱɟɧɢɸ 
ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ. Ɉɞɧɚɤɨ ɪɨɫɬ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɜɟɞɟɬ ɤ 
ɞɟɫɬɚɛɢɥɢɡɚɰɢɢ ɫɬɪɭɤɬɭɪ ɫ ɧɟɧɭɥɟɜɨɣ ɤɪɢɜɢɡɧɨɣ. ȼ ɷɬɨɦ ɩɪɨɹɜɥɹɟɬɫɹ 
ɚɧɬɢɚɪɨɦɚɬɢɱɧɨɫɬɶ ɩɨɞɨɛɧɵɯ ɫɬɪɭɤɬɭɪ ɢ ɥɸɛɚɹ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɜ ɬɚɤɢɯ 
ɦɨɥɟɤɭɥɚɯ ɜɟɞɟɬ ɤ ɩɨɧɢɠɟɧɢɸ ɷɧɟɪɝɢɢ ɫɜɹɡɟɣ ɦɟɠɞɭ ɚɬɨɦɚɦɢ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɤɪɟɦɧɢɟɜɵɟ ɮɭɥɥɟɪɟɧɵ Si20ɢ Si60 ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɦɢ 
ɫɪɟɞɢ ɞɪɭɝɢɯ ɮɨɪɦ ɢɡ-ɡɚ ɦɢɧɢɦɚɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɫɜɨɛɨɞɧɵɯ ɪ-ɷɥɟɤɬɪɨɧɨɜ, 
ɧɟ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɫɜɹɡɟɣ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɢ ɧɚɢɦɟɧɶɲɟɝɨ 
ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ ɞɟɥɨɤɚɥɢɡɚɰɢɢ π-ɷɥɟɤɬɪɨɧɨɜ. 

 

             ȼ (n,0) ɧɚɧɨɬɪɭɛɤɚɯ 
ɩɨɤɚɡɚɬɟɥɶ ɧɟɫɜɹɡɚɧɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ ɞɥɹ ɬɪɭɛɤɢ 
ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ 
ɫɨɫɬɚɜɥɹɟɬ 0,Қ4 ɢ ɨɧ 
ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɧɭɥɹ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɲɢɪɢɧɵ 
ɬɪɭɛɤɢ (ɬɚɛɥ. 7). 

ɇɚɛɥɸɞɚɟɬɫɹ ɬɚɤɠɟ 
ɭɦɟɧɶɲɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ 
ɞɟɥɨɤɚɥɢɡɨɜɚɧɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ. ɋɥɟɞɭɟɬ 
ɡɚɦɟɬɢɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɟ 
ɷɧɟɪɝɢɢ ɤɨɝɟɡɢɢ ɚɬɨɦɨɜ ɜ 
(3,0)-ɧɚɧɨɬɪɭɛɤɟ 
ɩɨɤɚɡɚɬɟɥɹ ɧɟɫɜɹɡɚɧɧɵɯ 

ɪɟɡɤɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ  

Ɋɢɫ.6. Ⱦɢɚɝɪɚɦɦɚ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ 
ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɢ ɧɟɫɜɹɡɚɧɧɨɫɬɢ ɷɥɟɤɬɪɨɧɚ ɨɬ 

ɪɚɡɦɟɪɚ ɤɥɚɫɬɟɪɚ 

ɷɧɟɪɝɢɢ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɫɤɨɪɟɟ ɢɡ-ɡɚ ɜɵɫɨɤɨɝɨ ɡɧɚɱɟɧɢɹ ɷɥɟɤɬɪɨɧɨɜ. ȼ 
(5,0) ɢ (7,0) ɡɧɚɱɟɧɢɟ ɧɟɫɜ ≈ 0, ɧɟɨɛɪɚɡɭɸɳɢɯ ɯɢɦɢɱɟɫɤɢɟ ɫɜɹɡɢ ɷɥɟɤɬɪɨɧɨɜ 
ɩɨɱɬɢ ɧɟɬ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɧɟɪɝɢɹ ɫɜɹɡɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɪɚɫɬɟɬ. Ɉɞɧɚɤɨ, 
ɫɥɟɞɭɟɬ ɭɱɟɫɬɶ, ɱɬɨ ɷɧɟɪɝɢɹ ɤɨɝɟɡɢɢ ɫɨɫɬɨɢɬ ɢɡ ɜɤɥɚɞɨɜ ɷɧɟɪɝɢɢ ɤɨɜɚɥɟɧɬɧɵɯ 
σ-ɫɜɹɡɟɣ, ɷɧɟɪɝɢɢ ɭɝɥɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤɨɜɚɥɟɧɬɧɵɯ ɫɜɹɡɟɣ, ɨɫɬɨɜɧɨɣ 
ɷɧɟɪɝɢɢ, ɢ ɧɚɤɨɧɟɰ, ɷɧɟɪɝɢɢ π-ɫɜɹɡɟɣ ɢ ɢɯ ɞɟɥɨɤɚɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɜɤɥɚɞɚ 
ɤɭɥɨɧɨɜɫɤɨɣ ɤɨɪɪɟɥɹɰɢɢ ɫɜɨɛɨɞɧɵɯ, ɧɟɫɜɹɡɚɧɧɵɯ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. 
ɉɨɷɬɨɦɭ ɭɦɟɧɶɲɟɧɢɟ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 
ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ. ȼɵɫɨɤɚɹ ɞɟɥɨɤɚɥɢɡɚɰɢɹ ɷɥɟɤɬɪɨɧɨɜ ɜ 
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ɧɚɧɨɬɪɭɛɤɚɯ ɬɚɤɨɝɨ ɬɢɩɚ ɩɪɢɜɨɞɢɬ ɫɭɠɟɧɢɸ ɳɟɥɢ ɦɟɠɞɭ ȼɁɆɈ ɢ ɇɋɆɈ ɢ 
ɨɛɥɟɝɱɚɟɬ ɷɥɟɤɬɪɨɧɧɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɚɥɥɢɱɟɫɤɢɣ 
ɯɚɪɚɤɬɟɪ ɷɥɟɤɬɪɨɩɪɨɜɨɞɢɦɨɫɬɢ ɧɚɧɨɬɪɭɛɨɤ (n,0) ɬɢɩɚ ɯɨɪɨɲɨ ɨɛɴɹɫɧɹɟɬɫɹ 
ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɞɟɥɨɤɚɥɢɡɚɰɢɢ π-ɷɥɟɤɬɪɨɧɨɜ ɜ ɬɚɤɢɯ ɫɬɪɭɤɬɭɪɚɯ. 
 

Ɍɚɛɥɢɰɚ 7.  
ɂɧɞɟɤɫɵ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ SТ ɧɚɧɨɬɪɭɛɨɤ (Ч,0) ɬɢɩɚ 

Ɍɢɩ ɇɌ N Nɫɜ N1 ɞɟɥɨɤ ɧɟɫɜ 

(3,0) 4,00 3,86 3,05 0,81 0,14 

(5,0) 4,00 3,97 3,51 0,46 0,03 

(7,0) 4,00 4,00 3,66 0,34 0 

ȼ ɧɚɧɨɬɪɭɛɤɚɯ (n,n) ɬɢɩɚ ɚɬɨɦɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɬɢɩɚ, 
ɨɬɥɢɱɚɸɳɢɟɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɡɚɪɹɞɨɦ ɧɚ ɚɬɨɦɚɯ, ɩɨɤɚɡɚɬɟɥɹɦɢ ɞɟɥɨɤɚɥɢɡɚɰɢɢ 
ɢ ɧɟɫɜɹɡɚɧɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ (ɬɚɛɥ. 8). ȿɫɥɢ ɩɨɤɚɡɚɬɟɥɶ ɧɟɫɜɹɡɚɧɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ ɨɤɚɡɵɜɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɨɣ ɞɥɹ ɜɫɟɯ 
ɪɚɡɦɟɪɨɜ ɬɪɭɛɨɤ, ɬɨ, ɩɨɤɚɡɚɬɟɥɶ ɞɟɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɞɥɹ ɞɜɭɯ 
ɬɢɩɨɜ ɚɬɨɦɨɜ ɢɦɟɸɬ ɫɢɥɶɧɨ ɤɨɧɬɪɚɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɨɧɢ ɫɛɥɢɠɚɸɬɫɹ ɞɪɭɝ ɤ 
ɞɪɭɝɭ ɫ ɪɨɫɬɨɦ ɞɢɚɦɟɬɪɚ ɬɪɭɛɤɢ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɲɢɪɢɧɵ (n,n)-

ɧɚɧɨɬɪɭɛɤɢ, ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ ɜ ɩɨɤɚɡɚɬɟɥɟ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɞɟɥɨɤ ɢ 
ɧɟɫɜɹɡɚɧɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ ɧɟɫɜ ɫɝɥɚɠɢɜɚɟɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɩɪɢɛɥɢɠɟɧɢɟɦ 
ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɦɟɠɞɭ ɜɚɥɟɧɬɧɵɦɢ σ-ɫɜɹɡɹɦɢ ɢ ɧɟɫɜɹɡɚɧɧɨɣ ɪ-ɨɪɛɢɬɚɥɶɸ ɤ 
ɩɪɹɦɨɦɭ. ɋɝɥɚɠɢɜɚɧɢɟ ɪɚɡɧɨɫɬɢ ɜ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟɛɨɥɶɲɨɦɭ 
ɫɭɠɟɧɢɸ ɳɟɥɢ ɦɟɠɞɭ ȼɁɆɈ ɢ ɇɋɆɈ. 

Ɍɚɛɥɢɰɚ 8.  
ɂɧɞɟɤɫɵ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ SТ ɧɚɧɨɬɪɭɛɨɤ (Ч,Ч) ɬɢɩɚ 

Ɍɢɩ ɇɌ N Nɫɜ N1 ɞɟɥɨɤ ɧɟɫɜ 

(3,3) 4,06 

3,89 

3,90 

3,77 

3,40 

3,40 

0,50 

0,23 

0,16 

0,12 

(5,5) 4,06 

3,89 

3,93 

3,87 

3,55 

3,56 

0,38 

0,31 

0,13 

0,02 

(7,7) 4,04 

3,96 

3,89 

3,83 

3,50 

3,47 

0,39 

0,36 

0,15 

0,13 

 

ɋɪɚɜɧɢɦ ɡɧɚɱɟɧɢɹ ɞɟɥɨɤ ɢ ɧɟɫɜ ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɤɪɟɦɧɢɟɜɵɯ 
ɧɚɧɨɬɪɭɛɨɤ ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ ɞɥɹ ɦɨɥɟɤɭɥɵ ɛɟɧɡɨɥɚ, ɹɜɥɹɸɳɟɝɨɫɹ ɫɬɚɧɞɚɪɬɨɦ 
ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɜ ɦɨɥɟɤɭɥɚɯ, ɢ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ. Ⱦɥɹ ɦɨɥɟɤɭɥɵ 
ɛɟɧɡɨɥɚ ɞɟɥɨɤ = 0,қ0 ɢ ɧɟɫɜ = 0,04, ɞɥɹ ɭɝɥɟɪɨɞɧɨɣ (3,0) ɧɚɧɨɬɪɭɛɤɢ ɞɟɥɨɤ = 

0,60 ɢ ɧɟɫɜ = 0,004. 
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ɁȺɄɅɘɑȿɇɂȿ 

Қ. Ȼɵɥɨ ɧɚɣɞɟɧɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɤɪɟɦɧɢɟɜɵɯ ɧɚɧɨɬɪɭɛɨɤ ɢɦɟɟɬ 
ɪɚɡɥɢɱɧɭɸ ɫɬɪɭɤɬɭɪɭ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɧɚɧɨɱɚɫɬɢɰ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ 

ɪɹɞɭ ɤɪɟɦɧɢɟɜɵɯ ɮɭɥɥɟɪɟɧɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɞɨ Қ00 ɚɬɨɦɨɜ, ɧɚɢɛɨɥɶɲɟɣ 
ɷɧɟɪɝɢɟɣ ɫɜɹɡɢ ɨɛɥɚɞɚɸɬ ɤɥɚɫɬɟɪɵ Si20 ɢ Si60.  

қ. ɇɟɭɫɬɨɣɱɢɜɨɫɬɶ ɨɞɧɨɫɥɨɣɧɵɯ ɧɚɧɨɬɪɭɛɨɤ ɦɚɥɨɝɨ ɞɢɚɦɟɬɪɚ ɢ 
ɮɭɥɥɟɪɟɧɨɩɨɞɨɛɧɵɯ ɱɚɫɬɢɰ ɤɪɟɦɧɢɹ ɢ ɫɥɨɠɧɨɫɬɶ ɢɯ ɩɨɥɭɱɟɧɢɹ ɧɚ ɩɪɚɤɬɢɤɟ 
ɨɛɴɹɫɧɟɧɨ ɢɯ ɱɚɫɬɢɱɧɨ ɪɚɞɢɤɚɥɶɧɨɣ ɩɪɢɪɨɞɨɣ.  

3. Ɉɛɨɛɳɟɧɧɵɣ ɢɧɞɟɤɫ ȼɚɣɛɟɪɝɚ-Ɇɚɣɟɪɚ, ɜɜɟɞɟɧɧɵɣ ɜ ɤɚɱɟɫɬɜɟ 
ɤɪɢɬɟɪɢɹ ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɢ ɧɟɫɜɹɡɚɧɧɨɫɬɢ ɷɥɟɤɬɪɨɧɚ, ɛɵɥ ɪɟɤɨɦɟɧɞɨɜɚɧ ɞɥɹ 
ɚɧɚɥɢɡɚ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ.  

4. ɋɭɳɟɫɬɜɨɜɚɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɤɪɟɦɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦɚɯ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɬɪɭɛɤɢ, ɦɟɬɨɞ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ 
ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ, ɚɧɬɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚ ɮɭɥɥɟɪɟɧɨɜ ɢ 
ɧɚɧɨɬɪɭɛɨɤ ɤɪɟɦɧɢɹ ɛɵɥɨ ɪɟɤɨɦɟɧɞɨɜɚɧɨ ɤ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɂɧɫɬɢɬɭɬɟ 

ɹɞɟɪɧɨɣ ɮɢɡɢɤɢ Ⱥɤɚɞɟɦɢɢ ɧɚɭɤ ɍɡɛɟɤɢɫɬɚɧɚ ɜ ɫɬɪɭɤɬɭɪɧɨɦ ɚɧɚɥɢɡɟ ɢ 
ɢɡɭɱɟɧɢɢ ɦɟɯɚɧɢɡɦɚ ɨɬɤɥɨɧɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɦɨɞɢɮɢɤɚɰɢɢ ɤɪɟɦɧɢɟɜɵɯ 
ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ. 

5. Ⱦɥɢɧɵ ɢ ɷɧɟɪɝɢɢ ɫɜɹɡɟɣ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ 
ɤɪɟɦɧɢɹ, ɜɨɡɦɨɠɧɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ 
ɞɟɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɛɵɥɢ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɜ ɩɪɨɰɟɫɫɟ ɦɨɧɢɬɨɪɢɧɝɚ ɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɨɬɤɥɨɧɟɧɢɣ ɫɜɨɣɫɬɜ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɪɚɞɢɚɰɢɨɧɧɨɣ 
ɦɨɞɢɮɢɤɚɰɢɢ ɞɢɮɮɭɡɢɨɧɧɵɯ ɞɢɨɞɨɜ ɧɚ ɨɫɧɨɜɟ ɤɪɟɦɧɢɹ n-ɬɢɩɚ ɜ 
ɚɤɰɢɨɧɟɪɧɨɦ ɨɛɳɟɫɬɜɟ «Ɏɨɬɨɧ». 
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INTRODUCTION (abstract of PhD thesis) 

The aim of the dissertation is to determine the spatial and electronic 

structure, stable configurations of silicon nanotubes and fullerene-like particles, as 

well as factors effecting the delocalization of electrons, by means of computer 

simulation. 

The object of the research work are nanotubes and fullerene-like silicon 

nanoparticles of various sizes, shapes, types, and structures. 

The scientific novelty of the research is: for the first time, interatomic 

bond lengths, bond and torsion angles, cohesion energies, charges on atoms of 

nanotubes and fullerene-like silicon particles were computed by using the Becke-

Perdew exchange-correlation potential on the valence double zeta basis with 

polarization functions within the density functional method; 

the dependence of the surface structure of silicon nanotubes on the type of 

tubes has been revealed for the first time by means of computer simulation: the (n, 

0) -type of the nanotube has a smooth surface, (n, n) -type has a rough structure; 

the new method is created for determining the degree of electron 

delocalization by introducing a generalized Wiberg-Mayer index, which correctly 

describes the properties of chemical bonds and is calculated in a standard way by 

all quantum chemical software packages; 

the antiaromatic property of fullerene-like and nanotubular silicon particles, 

МКЮsОН bв ЭСО НОsЭКbТХТгКЭТon oП ЭСО sЭrЮМЭЮrО НЮrТnР π-ОХОМЭron’s НОХoМКХТгКЭТon, 

has been proved; 

the most stability of the silicon fullerenes Si20 and Si60 has been found for 

the first time in series of different silicon fullerenes. 

Implementation of research results. The implementation of the obtained 

results in the frame of research project at the Institute of Nuclear Physics within 

the framework of research project No. FA-Atech-2018-176 "Development of a 

radiation-technological method for doping silicon monocrystalline films with 

sulfur impurity" (2017-2020) has been provided for analysing properties and 

structure of the obtained nanoparticles (Letter from the Academy of Sciences of 

the Republic of Uzbekistan No.2/1255-2706 by December 02, 2020).  Additional 

processes were prevented  as a result. 

The obtained results have been implemented in the process of monitoring 

and predicting deviations in the properties of n-type silicon-based diffusion diodes, 

current and voltage limiters, stabilitrons based on hybrid chips with n-type 

conductivity during thermal and radiation modification at the "Foton" Joint-Stock 

МoЦpКnв  (“UгEХЭОСsКnoКЭ” AssoМТКЭТon ХОЭЭОr bв қ0қ0 NoЯОЦbОr 30 № 04-1/2234 

and JSC «Foton»  letter by 2020 NoЯОЦbОr қ7 № 485). As a result, it allowed to 

prevent side effects during processes of the modification. 

The structure and scope of the dissertation. The content of the 

dissertation consists of an introduction, four chapters, a conclusion, a list of 

references and an appendix. The volume of the dissertation is 108 pages.
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