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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɯɢɧɨɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɧɚɯɨɞɹɬ ɜɫɟ ɧɨɜɵɟ ɨɛɥɚɫɬɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ: 
ɦɟɞɢɰɢɧɫɤɢɟ ɩɪɟɩɚɪɚɬɵ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɪɟɚɝɟɧɬɵ, ɤɨɦɩɨɧɟɧɬɵ ɞɥɹ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɤɨɦɩɨ-
ɡɢɰɢɣ, ɥɸɦɢɧɨɮɨɪɵ, ɮɥɭɨɪɟɫɰɟɧɬɧɵɟ ɦɟɬɤɢ ɞɥɹ ɛɢɨɯɢɦɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ, ɯɢɦɢɤɚɬɵ ɞɥɹ ɫɟɥɶɫɤɨɝɨ 
ɯɨɡɹɣɫɬɜɚ [1-3]. ɉɚɪɚɥɥɟɥɶɧɨ ɩɪɨɜɨɞɹɬ ɪɚɛɨɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɞɟɥɟɧɢɟɦ, ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ, ɨɩɪɟɞɟ-
ɥɟɧɢɟɦ ɪɨɥɢ  ɯɢɧɨɧɨɜ ɜ ɠɢɜɵɯ ɫɢɫɬɟɦɚɯ [4]. Ȼɟɡɭɫɥɨɜɧɨ, ɤɪɨɦɟ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɧɚɱɢɦɨɫɬɢ ɯɢɧɨɧɵ 

ɜɵɡɵɜɚɸɬ ɢɧɬɟɪɟɫ ɟɳɟ ɢ ɩɨɬɨɦɭ, ɱɬɨ ɢɯ ɮɢɡɢɱɟɫɤɢɟ ɢ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɚɱɚɫɬɭɸ ɨɪɢɝɢɧɚɥɶɧɵ, 

ɚ ɢɧɨɝɞɚ ɧɟ ɢɦɟɸɬ ɚɧɚɥɨɝɢɢ ɜ ɞɪɭɝɢɯ ɤɥɚɫɫɚɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 
Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɵɡɵɜɚɸɬ ɯɢɧɨɧɵ ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ, ɨɛɥɚɞɚɸɳɢɟ ɥɟɤɚɪɫɬ-

ɜɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ɋɪɟɞɢ ɯɢɧɨɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡɜɟɫɬɧɵ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ, ɩɪɨɬɢɜɨɜɢɪɭɫɧɵɟ, 
ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɵɟ ɩɪɟɩɚɪɚɬɵ, ɜɢɬɚɦɢɧɵ [5, 6]. ɇɟɪɟɞɤɨ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɯɢɧɨɧɨɜ ɭɫɢ-
ɥɢɜɚɟɬɫɹ, ɟɫɥɢ ɜ ɢɯ ɦɨɥɟɤɭɥɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɟ ɮɪɚɝɦɟɧɬɵ, ɩɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹ-
ɟɬɫɹ ɩɨɢɫɤ ɩɭɬɟɣ ɫɢɧɬɟɡɚ ɯɢɧɨɧɨɜ, ɜ ɦɨɥɟɤɭɥɚɯ ɤɨɬɨɪɵɯ ɢɦɟɟɬɫɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɣ ɝɟɬɟɪɨɰɢɤɥ. 

ȼ ɪɹɞɟ ɪɚɛɨɬ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɯɢɧɨɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ  ɬɪɢɚɡɨɥɶɧɵɣ, 
ɬɪɢɚɡɨɥɨɤɫɢɞɧɵɣ ɮɪɚɝɦɟɧɬɵ ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɵɦɢ ɜɢɞɚɦɢ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ [7].  

ɐɟɥɶɸ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ ɫ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɮɭɧɤɰɢɨɧɚɥɨɜ ɢ ɛɚɡɢɫɧɵɯ ɫɨɫɬɨɹɧɢɣ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɚɯ GAUSSIAN ɢ 
ADF ɤ ɚɧɚɥɢɡɭ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟɤɨɬɨɪɵɯ ɯɢɧɨɢɞɧɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ ɫ ɪɚɡɥɢɱɧɵɦ ɱɢɫɥɨɦ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɤɨɥɟɰ. 

ɉɨɥɧɚɹ ɨɩɬɢɦɢɡɚɰɢɹ ɝɟɨɦɟɬɪɢɢ ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ  ɦɟɬɨɞɨɦ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ  B3LYP 
[8]   ɩɨ ɩɪɨɝɪɚɦɦɟ GAUSSIAN’98W [9]. ɇɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧ ɫɬɚɧɞɚɪɬɧɵɣ ɩɨɥɧɨɷɥɟɤɬɪɨɧɧɵɣ ɛɚɡɢɫ-
ɧɵɣ ɧɚɛɨɪ 6-31G(d) ɞɥɹ ɜɫɟɯ ɚɬɨɦɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɹɜɥɹɸɬɫɹ ɦɢɧɢɦɭɦɚɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ (ɉɉɗ). ɗɬɨ ɫɥɟɞɭɟɬ ɢɡ ɩɪɨɜɟɞɟɧɧɵɯ ɧɚɦɢ ɪɚɫɱɟɬɨɜ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ ɜɨ ɜɫɟɯ 
ɤɨɦɩɥɟɤɫɚɯ, ɩɨɤɚɡɵɜɚɸɳɢɯ ɨɬɫɭɬɫɬɜɢɟ ɦɧɢɦɵɯ ɡɧɚɱɟɧɢɣ.  

Ⱦɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɥɸɛɵɯ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɫɨɨɬɜɟɬɫɬɜɢɟɦ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨ-
ɥɟɤɭɥ. Ɋɚɫɫɱɢɬɚɧɧɵɟ ɧɚɦɢ ɞɥɢɧɵ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɜɦɟɫɬɟ ɫ ɞɨɫɬɭɩ-
ɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

ɋɪɚɜɧɟɧɢɟ ɜɵɱɢɫɥɟɧɧɵɯ ɧɚɦɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɪɚɫɫɱɢɬɚɧɧɵɟ ɞɥɢɧɵ ɫɜɹɡɟɣ ɜ ɨɫɧɨɜɧɨɦ ɡɚɧɢɠɟɧɵ, ɚ ɜɚɥɟɧɬɧɵɟ ɭɝɥɵ ɡɚɜɵɲɟɧɵ. Ɉɞ-
ɧɚɤɨ ɩɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɪɢɜɨɞɢɬ ɤ ɯɨɪɨɲɟɝɨ ɤɚɱɟɫɬɜɚ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɹɦ ɦɟɠɞɭ ɪɚɫ-
ɫɱɢɬɚɧɧɵɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɥɢɧɚɦɢ ɫɜɹɡɟɣ ɢ ɜɚɥɟɧɬɧɵɦɢ ɭɝɥɚɦɢ [10-13] ɞɥɹ ɧɟɤɨɬɨɪɵɯ 
ɢɡɭɱɟɧɧɵɯ ɦɨɥɟɤɭɥ (Ɋɢɫ.1, 2): 

Rɷɤɫɩ. = -0.04 + 1.03 Rɪɚɫɱ.             (r = 0.996; s = 0.02; n = 22)                  (1) 
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Ɍɚɛɥɢɰɚ 1 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɦɨɥɟɤɭɥ ɸɝɥɨɧɚ  ɢ ɧɚɮɬɚɡɚɪɢɧɚ 

Ɇɨɥɟɤɭɥɚ ɋɜɹɡɶ R (ɷɤɫɩ.), Å R (ɪɚɫɱ.), Å 
ȼɚɥɟɧɬɧɵɣ 

ɭɝɨɥ 
Ȧ (ɷɤɫɩ), 
ɝɪɚɞ. 

Ȧ (ɪɚɫɱ), 
ɝɪɚɞ. 

C-C 1,35±0,02 1,34 O-C-C 120±1 119,4 

C-C 1,51±0,03 1,49 C-C-C 123±2 121,8 

C-C 1,44±0,02 1,48 C-C-C 120±2 122 

C-O 1,2±0,02 1,23 C-C-O 121±2 120,3 

O-H 1,51±0,02 1,49 C-C-C 119±1 117,5 

C-C 1,37±0,02 1,42 C-C-C 118±1 120 

C-C 1,51±0,02 1,47 C-C-C 122±1 120,7 

C-O 1,33±0,02 1,34 C-C-C 118±1 118,2 

C-C 1,44±0,02 1,41 C-C-C 122±1 120,1 

C-C 1,38±0,02 1,39 O-C-C 115±2 118,2 

C-C 1,42±0,03 1,41 C-C-C 122±1 119,4 

C-C 1,36±0,02 1,39 C-C-C 119±2 120,2 

C-C 1,4±0,02 1,42 C-C-C 120±2 121 

   C-C-C 119±2 119,5 

   C-C-C 118±1 120,6 

   C-C-C 116±1 119,3 

ɘɝɥɨɧ 

   C-C-C 117±1 119,4 

C-C 1,431±0,006 1,47612 C-C-H 120±2 122,4 

C-C 1,342±0,007 1,34598 C-C-O 118,5±0,4 119,8 

C-C 1,413±0,007 1,42717 C-C-H 120±2 115,8 

C-C 1,427±0,005 1,4062 C-C-O 122,2±0,4 122,4 

C-C 1,436±0,006 1,41946 C-O-H 104±2 106,5 

C-C 1,342±0,007 1,37442 O-H-O 152±4 147,3 

C-O 1,301±0,004 1,24774 H-O-C 99±2 101,1 

C-O 1,288±0,004 1,33758 O-C-C 121,4±0,4 122,4 

C-H 0,96±0,005 1,08626 C-C-C 119,7±0,4 119,7 

C-H 0,98±0,005 1,08533 C-C-H 117±3 117,9 

O-H 1,06±0,05 0,99638 C-C-H 122±3 121,3 

H-O 1,59±0,05 1,7001 C-C-C 120,6±0,4 121,8 

   C-C-C 119,2±0,3 117,8 

   C-C-C 120±0,4 120,3 

   C-C-C 119,5±0,4 119,9 

   C-C-C 121,9±0,4 120,8 

ɇɚɮɬɚɡɚɪɢɧ 

   C-C-C 119±0,4 119,3 

 



 
 
 
 
 

ȼɫɟɪɨɫɫɢɣɫɤɚɹ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ, ɚɫɩɢɪɚɧɬɨɜ ɢ ɫɬɭɞɟɧɬɨɜ 
«Ɇɚɬɟɦɚɬɢɤɚ ɜ ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ» 
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Ŀɷɤɫɩ. = -17,9 + 1,14  Ŀɪɚɫɱ.            (r = 0.982; s = 1.5; n = 32)                       (2) 
 
ȼ ɷɬɢɯ ɢ ɫɥɟɞɭɸɳɢɯ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɭɪɚɜɧɟɧɢɹɯ r – ɷɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ, s – ɫɬɚɧ-

ɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, ɢ n – ɱɢɫɥɨ ɫɨɟɞɢɧɟɧɢɣ, ɜɯɨɞɹɳɢɯ ɜ ɤɨɪɪɟɥɹɰɢɸ. 
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Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ
ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɦɟɬɨɞɨɦ B3LYP/6-31G*

ɞɥɢɧɚɦɢ ɫɜɹɡɟɣ ɯɢɧɨɧɨɜ 

 
Ɋɢɫ. 1. 
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Ɋɚɫɫɱɢɬɚɧɧɵɣ ɜɚɥɟɧɬɧɵɣ ɭɝɨɥ,ɝɪɚɞ.

Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ
ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɦɟɬɨɞɨɦ B3LYP/6-31G*

ɜɚɥɟɧɬɧɵɦɢ ɭɝɥɚɦɢ ɯɢɧɢɧɨɜ

 
Ɋɢɫ. 2. 

 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ [14-17] ɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚɦɢ ɡɧɚɱɟɧɢɹ ɞɥɢɧ ɜɨɥɧ ɍɎ-ɫɩɟɤɬɪɨɜ (Ȝ), ɂɄ-

ɫɩɟɤɬɪɨɜ (Ȧ) ɢ ɫɩɟɤɬɪɨɜ əɆɊ 1ɇ ɢ 13ɋ (į) ɧɟɤɨɬɨɪɵɯ ɢɡɜɟɫɬɧɵɯ ɯɢɧɨɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɡɜɨɥɢɥɢ ɩɨɥɭ-
ɱɢɬɶ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ Ɋɢɫ. 3-6. 

600 800 1000 1200 1400 1600 1800

600

800

1000

1200

1400

1600

1800

ɗɤ
ɫɩ
ɟɪ
ɢɦ
ɟɧ
ɬɚ
ɥɶ
ɧɚ
ɹ 
ɱɚ
ɫɬ
ɨɬ
ɚ,
ɫɦ

-1

Ɋɚɫɫɱɢɬɚɧɧɚɹ ɱɚɫɬɨɬɚ,ɫɦ-1

Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ
ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɦɟɬɨɞɨɦ B3LYP/6-31G*

ɱɚɫɬɨɬɚɦɢ ɂɄ-ɫɩɟɤɬɪɨɜ ɯɢɧɨɧɨɜ

 Ɋɢɫ. 3. 
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Ɋɚɫɫɱɢɬɚɧɧɚɹ ɞɥɢɧɚ ɜɨɥɧɵ,ɧɦ

Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ
ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɦɟɬɨɞɨɦ B3LYP/6-31G*

ɞɥɢɧɚɦɢ ɜɨɥɧ ɍɎ-ɫɩɟɤɬɪɚ

 
Ɋɢɫ. 4. 

 
Ȧɷɤɫɩ. = 32 + 0,99  Ȧɪɚɫɱ.                           (r = 0.995; s = 30; n = 18)                          (3) 
Ȝ ɷɤɫɩ. = -16 + 1.06 Ȝ ɪɚɫɱ.                    (r=0.998; s=7; n=22)                                  (4) 
įɷɤɫɩ. 1ɇ = 0.16 + 1.01 įɪɚɫɱ. 1ɇ                (r = 0.983; s = 0,5; n = 50)                         (5) 
įɷɤɫɩ. 13ɋ = -1.8 + 1.05 įɪɚɫɱ. 13ɋ       (r = 0.985; s = 4; n = 50)                 (6) 

ɉɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɪɚɫɫɱɢɬɚɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɦɨɥɟɤɭɥ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɢ ɤ 
ɪɟɚɥɶɧɨ ɫɭɳɟɫɬɜɭɸɳɢɦ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɤ ɨɛɴɹɫɧɟɧɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɬɚɤɨɝɨ ɢɧɬɟɪɟɫɧɨɝɨ ɫɨ-
ɟɞɢɧɟɧɢɹ, ɤɚɤ ɯɢɧɝɢɞɪɨɧ. ɗɬɨ ɢɧɬɟɧɫɢɜɧɨ ɨɤɪɚɲɟɧɧɨɟ, ɩɪɚɤɬɢɱɟɫɤɢ ɱɟɪɧɨɟ ɦɨɥɟɤɭɥɹɪɧɨɟ ɫɨɟɞɢɧɟ-
ɧɢɟ ɯɢɧɨɧɚ ɢ ɝɢɞɪɨɯɢɧɨɧɚ (ɫɨɫɬɚɜ 1:1). ɏɢɧɝɢɞɪɨɧ ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ ɫɚɧɞɜɢɱɟɝɨ ɬɢɩɚ (Ɋɢɫ. 5). ɗɬɨ 
ɤɨɦɩɥɟɤɫ ɫ ɩɟɪɟɧɨɫɨɦ ɡɚɪɹɞɚ, ɜ ɤɨɬɨɪɨɦ ɢɦɟɟɬɫɹ ɨɛɳɚɹ ɫɜɹɡɵɜɚɸɳɚɹ ɦɨɥɟɤɭɥɹɪɧɚɹ ɨɪɛɢɬɚɥɶ ɫ ɞɜɭ-
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ɦɹ ɷɥɟɤɬɪɨɧɚɦɢ. ɉɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɯɢɧɝɢɞɪɨɧɚ ɩɨɥɧɨɝɨ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɚ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɢ ɦɨɥɟɤɭ-
ɥɚ ɯɢɧɝɢɞɪɨɧɚ ɧɟ ɨɛɥɚɞɚɟɬ ɪɚɞɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. ȼ ɯɢɧɝɢɞɪɨɧɟ ɨɛɚ ɮɪɚɝɦɟɧɬɚ ɫɜɹɡɚɧɵ ɜɨɞɨ-
ɪɨɞɧɵɦɢ ɫɜɹɡɹɦɢ. ɂɡ ɜɢɞɚ ɫɜɹɡɵɜɚɸɳɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɨɪɛɢɬɚɥɢ ɜɢɞɧɨ, ɱɬɨ ɢɦɟɟɬɫɹ ɷɥɟɤɬɪɨɧɧɚɹ 
ɩɥɨɬɧɨɫɬɶ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɤɢɫɥɨɪɨɞɚ ɢ ɩɪɨɬɨɧɚ (Ɋɢɫ. 6). ɇɚ ɪɚɡɪɵɯɥɹɸɳɟɣ ɨɪɛɢɬɚɥɢ ɬɚɤɨɣ ɫɦɟɲɚɧ-
ɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɟɬ. Ɍɚɤɠɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɬɨ-
ɦɚɦɢ ɤɢɫɥɨɪɨɞɚ ɤɚɪɛɨɧɢɥɶɧɨɣ ɝɪɭɩɩɵ ɢ ɩɪɨɬɨɧɨɦ ɝɢɞɪɨɤɫɨ-ɝɪɭɩɩɵ ɪɚɜɧɨ 1.68 Å, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɭɸ ɜɨɞɨɪɨɞɧɭɸ ɫɜɹɡɶ (Ɋɢɫ. 5). Ɋɚɫɫɱɢɬɚɧɧɚɹ ɷɧɟɪɝɢɹ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɜ ɯɢɧɝɢɞɪɨ-
ɧɟ ɪɚɜɧɚ 36 ɤȾɠ/ɦɨɥɶ, ɱɬɨ ɛɥɢɡɤɨ ɤ ɷɧɟɪɝɢɢ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɜ ɦɨɥɟɤɭɥɚɯ ɞɢɦɟɪɨɜ ɤɚɪɛɨɧɨɜɵɯ ɤɢ-
ɫɥɨɬ (28 ɤȾɠ/ɦɨɥɶ) [18]. Ɋɚɫɫɱɢɬɚɧɧɵɣ ɂɄ-ɫɩɟɤɬɪ ɩɨɤɚɡɵɜɚɟɬ ɢɧɬɟɧɫɢɜɧɵɟ ɩɨɥɨɫɵ 2930 ɢ 2980 ɫɦ-1, 
ɤɨɬɨɪɵɟ ɨɤɚɡɚɥɢɫɶ ɜɚɥɟɧɬɧɵɦɢ ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɢ ɚɧɬɢ-ɫɢɦɦɟɬɪɢɱɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ Ɉ…ɇ ɫɜɹɡɟɣ. 

 

 
 

  

Ɋɢɫ. 5. Ɉɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ 
ɫɬɪɭɤɬɭɪɚ ɯɢɧɝɢɞɪɨɧɚ   

Ɋɢɫ. 6  ɋɜɹɡɵɜɚɸɳɚɹ ɢ ɪɚɡɪɵɯɥɹɸɳɚɹ ɦɨɥɟɤɭɥɹɪɧɵɟ  
ɨɪɛɢɬɚɥɢ ɯɢɧɝɢɞɪɨɧɚ 
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