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ɋɩɨɫɨɛɧɨɫɬɶ ɧɟɣɬɪɚɥɶɧɵɯ («ɜɚɥɟɧɬɧɨ-ɧɚɫɵɳɟɧɧɵɯ») ɦɨɥɟɤɭɥ ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɨɨɪɞɢɧɚɰɢɨɧ-

ɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɯɢɨɦɟɬɪɢɢ, ɩɨɥɭɱɢɜɲɢɟ ɧɚɡɜɚɧɢɟ «ɦɨɥɟɤɭɥɹɪɧɵɟ ɤɨɦɩɥɟɤɫɵ», 

ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɟɳɟ ɜ ɩɟɪɜɨɣ ɩɨɥɨɜɢɧɟ ɧɚɲɟɝɨ ɜɟɤɚ. ȼ ɩɨɫɥɟɞɭɸɳɢɟ ɝɨɞɵ ɢɧɬɟɪɟɫ ɬɚɤɨɝɨ ɪɨɞɚ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɣ ɚɫɫɨɰɢɚɰɢɢ, ɢɝɪɚɸɳɟɣ ɜɚɠɧɭɸ ɪɨɥɶ ɜɨ ɦɧɨɝɢɯ ɮɢɡɢɱɟɫɤɢɯ, ɯɢɦɢɱɟɫɤɢɯ ɢ ɛɢɨɥɨ-
ɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɢ ɹɜɥɟɧɢɹɯ, ɩɨɫɬɨɹɧɧɨ ɜɨɡɪɚɫɬɚɥ ɢ ɧɟ ɢɫɫɹɤɚɟɬ ɞɨ ɫɢɯ ɩɨɪ. Ȼɨɥɶɲɭɸ ɩɨɥɨɠɢ-

ɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɩɪɢɪɨɞɟ ɫɢɥ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɯ ɫɬɚɛɢɥɢɡɚɰɢɸ ɢ ɮɨɪɦɢɪɨ-
ɜɚɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɫɵɝɪɚɥɚ ɩɨɥɭɱɢɜɲɚɹ 
ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɤɨɧɰɟɩɰɢɹ ɤɨɦɩɥɟɤɫɨɜ ɫ ɩɟɪɟɧɨɫɨɦ ɡɚɪɹɞɚ (ɄɉɁ) ɢɥɢ ɷɥɟɤɬɪɨɧɨɞɨɧɨɪɧɨ-
ɝɨ-ɚɤɰɟɩɬɨɪɧɨɝɨ (ɗȾȺ) ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ, ɩɪɟɞɥɨɠɟɧɧɚɹ Ɇɚɥɥɢɤɟɧɨɦ [1]. Ɇɟɠɦɨɥɟɤɭɥɹɪɧɨɟ 
ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɛɵɱɧɨ ɚɫɫɨɰɢɢɪɭɟɬɫɹ ɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɦɨɥɟɤɭɥɹɪɧɵɯ ɨɪ-
ɛɢɬɚɥɟɣ. ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɨɜɚɧɢɟ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɞɜɭɦɹ ɦɨɥɟɤɭɥɚɦɢ ɨɛɴɹɫɧɹɟɬɫɹ 
ɩɟɪɟɧɨɫɨɦ ɷɥɟɤɬɪɨɧɚ ɫ ɜɵɫɲɟɣ ɡɚɩɨɥɧɟɧɧɨɣ ɨɪɛɢɬɚɥɢ ɞɨɧɨɪɚ ɧɚ ɧɢɡɲɭɸ ɧɟɡɚɧɹɬɭɸ ɦɨɥɟɤɭɥɹɪɧɭɸ 

ɨɪɛɢɬɚɥɶ ɚɤɰɟɩɬɨɪɚ [2]. ȿɫɥɢ ɬɚɤɨɣ ɩɟɪɟɯɨɞ ɷɥɟɤɬɪɨɧɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɧɢɠɟɧɢɟɦ ɷɧɟɪɝɢɢ ɫɢɫɬɟ-
ɦɵ, ɬɨ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɨɣ ɫɜɹɡɢ. ɋɜɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɨɜ ɜ ɡɧɚ-
ɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɡɚɜɢɫɹɬ ɨɬ ɬɨɝɨ, ɤɚɤɢɟ ɢɡ ɨɪɛɢɬɚɥɟɣ ɭɱɚɫɬɜɭɸɬ ɜ ɩɟɪɟɧɨɫɟ ɷɥɟɤɬɪɨɧɚ. ȼ ɨɫɧɨɜɟ ɫɭɳɟ-
ɫɬɜɭɸɳɟɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɥɟɠɢɬ ɬɢɩ ɨɪɛɢɬɚɥɟɣ, ɩɪɢɧɢɦɚɸɳɢɯ 
ɭɱɚɫɬɢɟ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɫɜɹɡɟɣ. ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɤɨɦɩɥɟɤɫɨɜ 
ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɸɬ ɜɟɥɢɱɢɧɵ ɷɮɮɟɤɬɢɜɧɵɯ ɡɚɪɹɞɨɜ ɚɬɨɦɨɜ ɞɨɧɨɪɨɜ ɢ ɚɤɰɟɩɬɨɪɨɜ, ɷɧɟɪɝɢɢ ɢ 

ɥɨɤɚɥɢɡɚɰɢɢ ɝɪɚɧɢɱɧɵɯ ɨɪɛɢɬɚɥɟɣ. Ɉɛ ɷɬɨɦ ɝɨɜɨɪɢɬ ɩɪɢɦɟɧɟɧɢɟ ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɣ ɤ ɲɢɪɨɤɨ ɢɡ-
ɜɟɫɬɧɨɦɭ ɩɪɢɧɰɢɩɭ ɠɟɫɬɤɢɯ ɢ ɦɹɝɤɢɯ ɤɢɫɥɨɬ ɢ ɨɫɧɨɜɚɧɢɣ [3]. Ⱦɨɧɨɪɧɵɟ ɫɜɨɣɫɬɜɚ ɦɨɥɟɤɭɥ ɫɜɹɡɚɧɵ ɫ 
ɧɟɩɨɞɟɥɟɧɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɚɪɨɣ ɚɬɨɦɚ, ɭɱɚɫɬɜɭɸɳɟɝɨ ɜ ɤɨɨɪɞɢɧɚɰɢɢ ɫ ɚɤɰɟɩɬɨɪɨɦ. Ƚɚɥɨɝɟɧɢɞɵ 

ɦɟɬɚɥɥɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɞɨɧɨɪɨɦ ɡɚ ɫɱɟɬ ɫɜɨɛɨɞɧɨɣ ɪɚɡɪɵɯɥɹɸɳɟɣ ɨɪɛɢɬɚɥɢ.  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɢɥɫɹ ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ  ɧɟɤɨɬɨɪɵɯ ɤɨɦɩɥɟɤɫɨɜ 
ɯɥɨɪɢɞɚ ɤɪɟɦɧɢɹ ɢ ɨɥɨɜɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬɵ ɧɟɤɨɬɨɪɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɫɨɟɞɢ-

ɧɟɧɢɣ ɬɟɬɪɚɯɥɨɪɢɞɚ ɤɪɟɦɧɢɹ ɢ ɨɥɨɜɚ ɧɟɷɦɩɢɪɢɱɟɫɤɢɦ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɮɭɧɤɰɢɨɧɚɥɚ 
ɩɥɨɬɧɨɫɬɢ, ɫɪɚɜɧɢɬɶ ɝɢɛɪɢɞɧɵɟ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɵɟ ɫɜɹɡɢ ɤɨɦɩɥɟɤɫɨɜ ɬɟɬɪɚɯɥɨɪɢɞɨɜ ɤɪɟɦɧɢɹ ɢ 

ɨɥɨɜɚ, ɨɩɪɟɞɟɥɢɬɶ ɡɚɫɟɥɟɧɧɨɫɬɶ d-ɨɪɛɢɬɚɥɟɣ ɰɟɧɬɪɚɥɶɧɵɯ ɚɬɨɦɨɜ, ɨɰɟɧɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɷɧɟɪ-
ɝɢɟɣ ɨɛɪɚɡɨɜɚɧɢɹ ɤɨɦɩɥɟɤɫɨɜ ɢ ɡɚɪɹɞɨɜɵɦɢ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɨɧɨɪɨɜ.  

ɉɨɥɧɚɹ ɨɩɬɢɦɢɡɚɰɢɹ ɝɟɨɦɟɬɪɢɢ ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɦɟɬɨɞɨɦ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ ɫ ɨɛɦɟɧ-

ɧɵɦ ɮɭɧɤɰɢɨɧɚɥɨɦ Ȼɟɤɤɟ (ȼ3) [4] ɢ ɤɨɪɪɟɥɹɰɢɨɧɧɵɦ ɮɭɧɤɰɢɨɧɚɥɨɦ Ʌɢ, əɧɝɚ ɢ ɉɚɪɪɚ (LYP) [5], 

ɨɛɨɡɧɚɱɚɟɦɵɣ B3LYP  ɩɨ ɩɪɨɝɪɚɦɦɟ GAUSSIAN’98W [6]. ɇɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧ ɤɚɤ ɫɬɚɧɞɚɪɬɧɵɣ ɩɨɥ-
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ɧɨɷɥɟɤɬɪɨɧɧɵɣ ɛɚɡɢɫɧɵɣ ɧɚɛɨɪ 6-31G(d) ɞɥɹ ɜɫɟɯ ɚɬɨɦɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɹɜɥɹɸɬɫɹ ɦɢɧɢ-

ɦɭɦɚɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ (ɉɉɗ). ɗɬɨ ɫɥɟɞɭɟɬ ɢɡ ɩɪɨɜɟɞɟɧɧɵɯ ɧɚɦɢ ɪɚɫɱɟɬɨɜ 
ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɣ ɜɨ ɜɫɟɯ ɤɨɦɩɥɟɤɫɚɯ, ɩɨɤɚɡɵɜɚɸɳɢɯ ɨɬɫɭɬɫɬɜɢɟ ɦɧɢɦɵɯ ɡɧɚɱɟɧɢɣ. Ɉɩɬɢɦɢɡɢɪɨ-
ɜɚɧɧɵɟ ɫɬɪɭɤɬɭɪɵ ɛɵɥɢ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɚɦɢ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɦɩɥɟɤɫɨɜ ɦɟɬɨɞɨɦ ɮɭɧɤɰɢɨɧɚɥɚ 
ɩɥɨɬɧɨɫɬɢ ɜ ɩɪɨɝɪɚɦɦɟ Ⱥɦɫɬɟɪɞɚɦɫɤɢɣ ɮɭɧɤɰɢɨɧɚɥ ɩɥɨɬɧɨɫɬɢ (ȺɎɉ) [7]. ɗɬɚ ɩɪɨɝɪɚɦɦɚ ɜ ɨɬɥɢɱɢɟ 
ɨɬ ɩɪɨɝɪɚɦɦɵ Ƚɚɭɫɫɢɚɧ ɢɫɩɨɥɶɡɭɟɬ ɧɟ Ƚɚɭɫɫɨɜɵ, ɚ ɋɥɟɬɟɪɨɜɫɤɢɟ ɜɨɥɧɨɜɵɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɜ 
ɩɪɢɧɰɢɩɟ ɥɭɱɲɟ ɨɩɢɫɵɜɚɸɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜɛɥɢɡɢ ɹɞɪɚ. Ⱦɥɹ ɨɰɟɧɤɢ ɝɢɛɪɢ-

ɞɢɡɚɰɢɢ ɚɬɨɦɨɜ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɧɚɬɭɪɚɥɶɧɵɯ ɨɪɛɢɬɚɥɟɣ ɫɜɹɡɢ [8]. 

ɉɪɢ ɚɧɚɥɢɡɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɫɬɪɨɟɧɢɹ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɨɱɧɨɫɬɶ ɤɨɦɩɥɟɤɫɨɜ. 
Ʉɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɷɧɟɪɝɢɢ ɫɜɹɡɢ ɜ ɦɨɥɟɤɭɥɚɯ ɞɨɧɨɪɨɜ ɢ ɚɤɰɟɩɬɨ-
ɪɨɜ. ɉɨ ɜɟɥɢɱɢɧɟ ɷɧɟɪɝɢɢ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɨɣ ɫɜɹɡɢ ɦɨɠɧɨ ɫɭɞɢɬɶ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɨɦɩɥɟɤɫɨɜ 
ɪɚɡɥɢɱɧɵɯ ɚɤɰɟɩɬɨɪɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ.   

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɣ ɚɤɰɟɩɬɨɪɧɨɣ ɦɨɥɟɤɭɥɵ (Eɚɤɰ), ɞɨɧɨɪɨɜ 
(Eɥɢɝ) ɢ ɤɨɦɩɥɟɤɫɨɜ (Eɤɨɦɩ) ɆCl4L2 , ɚ ɬɚɤɠɟ ɜɵɱɢɫɥɟɧɧɵɟ  ɜɟɥɢɱɢɧɵ ɷɧɟɪɝɢɣ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɵɯ ɫɜɹɡɟɣ: 

EDA = Eɤɨɦɩ - (Eɚɤɰ + ȈEɞɨɧ.) 

Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɬɚɛɥɢɰɟ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ȾȺ-ɫɜɹɡɢ, ɪɚɫɫɱɢɬɚɧɧɨɣ ɚɧɚɥɨɝɢɱ-
ɧɵɦ ɦɟɬɨɞɨɦ ɜ ɩɪɨɝɪɚɦɦɟ ADF. 

ɂɡ ɬɚɛɥɢɰɵ 2 ɜɢɞɧɨ, ɱɬɨ ɟɫɥɢ ɜ ɫɚɦɨɦ ɚɤɰɟɩɬɨɪɟ ɝɢɛɪɢɞɢɡɚɰɢɹ ɚɬɨɦɚ ɤɪɟɦɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ sp3 

ɫ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɦ ɫɬɪɨɟɧɢɟɦ, ɬɨ ɜ ɢɯ ɤɨɦɩɥɟɤɫɚɯ ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɝɢɛɪɢɞɢɡɚ-
ɰɢɢ, ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ sp3d2 ɞɥɹ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɵɯ ɫɜɹɡɟɣ. ɗɬɨ ɞɨɫɬɚɬɨɱɧɨ ɧɟɨɛɵɱɧɨ, ɬɚɤ ɤɚɤ ɞɥɹ 
ɤɨɦɩɥɟɤɫɨɜ ɬɟɬɪɚɯɥɨɪɢɞɚ ɨɥɨɜɚ ɬɚɤɢɟ ɫɜɹɡɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɤɥɸɱɚɸɬ ɜɚɤɚɧɬɧɵɟ d-ɨɪɛɢɬɚɥɢ ɚɬɨɦɚ 
ɨɥɨɜɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɵ ɜɢɞɢɦ, ɱɬɨ ɢ ɩɪɨɱɧɨɫɬɶ ɤɨɦɩɥɟɤɫɨɜ ɤɪɟɦɧɢɹ ɢ ɨɥɨɜɚ ɪɚɡɥɢɱɚɟɬɫɹ. Ʉɪɨɦɟ ɬɨ-
ɝɨ, ɢ ɩɨɥɹɪɧɨɫɬɶ ɫɜɹɡɟɣ ɦɟɬɚɥɥ-ɥɢɝɚɧɞ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɢ. ɉɨ-
ɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɣ ȾȺ-ɫɜɹɡɟɣ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɨɛɨɢɦɢ ɦɟɬɨɞɚɦɢ, ɯɨɪɨɲɨ ɤɨɪɪɟɥɢɪɭɸɬ ɦɟɠɞɭ 
ɫɨɛɨɣ (ɪɢɫ. 1), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɚɜɢɥɶɧɨɣ ɨɰɟɧɤɟ ɷɧɟɪɝɢɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ ɨɛɨɢɯ 
ɚɤɰɟɩɬɨɪɨɜ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɷɧɬɚɥɶɩɢɹɦ ɨɛɪɚɡɨɜɚɧɢɹ ɷɬɢɯ ɤɨɦɩɥɟɤɫɨɜ ɢɡɜɟɫɬɧɵ ɞɥɹ 
ɤɨɦɩɥɟɤɫɨɜ ɬɟɬɪɚɯɥɨɪɢɞɚ ɨɥɨɜɚ ɫ ɚɰɟɬɨɧɢɬɪɢɥɨɦ (12 ɤɤɚɥ/ɦɨɥɶ) ɢ ɞɢɦɟɬɢɫɭɥɶɮɢɞɨɦ (13 ɤɤɚɥ/ɦɨɥɶ) 
[2]. ȼɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ ɫ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɧɚɦɢ ɨɛɨɢɦɢ ɦɟɬɨɞɚɦɢ. 
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ɗɧɟɪɝɢɹ ȾȺ-ɫɜɹɡɢ (Ƚɚɭɫɫɢɚɧ),ɤɤɚɥ/ɦɨɥɶ  
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɷɧɟɪɝɢɟɣ ɞɨɧɨɪɧɨ-ɚɤɰɩɬɨɪɧɨɣ ɫɜɹɡɢ, 

ɪɚɫɫɱɢɬɚɧɧɨɣ ɜ ɩɪɨɝɪɚɦɦɟ Ƚɚɭɫɫɢɚɧ ɢ ɩɪɨɝɪɚɦɦɟ ȺɎɉ 

 

ɉɨɦɢɦɨ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɨɣ ɫɜɹɡɢ ɩɪɨɱɧɨɫɬɶ ɤɨɦɩɥɟɤɫɨɜ ɦɨɠɟɬ ɯɚɪɚɤɬɟ-
ɪɢɡɨɜɚɬɶɫɹ ɡɧɚɱɟɧɢɹɦɢ ɩɟɪɟɧɟɫɟɧɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ. Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɜɨɩɪɨɫɚ ɨ ɬɨɦ, ɱɬɨ ɠɟ 
ɩɪɨɢɫɯɨɞɢɬ ɫ  ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɧɚ ɚɬɨɦɚɯ ɚɤɰɟɩɬɨɪɨɜ ɩɪɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɢ, ɦɵ ɩɪɨɜɟ-
ɥɢ ɫɪɚɜɧɟɧɢɟ ɤɨɦɩɥɟɤɫɨɜ ɤɪɟɦɧɢɹ ɢ ɤɨɦɩɥɟɤɫɨɜ ɨɥɨɜɚ.  
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ɂɡ ɬɚɛɥɢɰɵ 3 ɜɢɞɧɨ, ɱɬɨ ɜ ɢɡɭɱɟɧɧɵɯ ɤɨɦɩɥɟɤɫɚɯ ɧɚ ɚɬɨɦɚɯ ɤɪɟɦɧɢɹ ɢ ɨɥɨɜɚ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟ-
ɥɢɱɟɧɢɟ ɢɥɢ ɧɟɢɡɦɟɧɧɨɫɬɶ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɩɪɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɢ. Ʉɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚ-
ɬɟɥɶɧɵɟ ɰɟɧɬɪɵ Si ɢ ɞɨɧɨɪ ɹɜɥɹɸɬɫɹ ɥɢɲɶ ɢɧɢɰɢɚɬɨɪɚɦɢ ɩɟɪɟɧɨɫɚ ɡɚɪɹɞɚ ɢ ɟɝɨ ɩɪɨɜɨɞɧɢɤɚɦɢ. ɉɟ-
ɪɟɧɟɫɟɧɧɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫ ɞɨɧɨɪɚ ɥɨɤɚɥɢɡɭɟɬɫɹ ɧɟ ɧɚ ɚɬɨɦɟ ɤɪɟɦɧɢɹ, ɚ ɩɟɪɟɧɨɫɢɬɫɹ ɧɚ 
ɚɬɨɦɵ ɯɥɨɪɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɜɟɥɢɱɢɜɚɸɳɟɣɫɹ ɩɨɥɹɪɢɡɚɰɢɢ ɦɨɥɟɤɭɥɵ ɧɚ ɚɬɨɦɚɯ ɯɥɨɪɚ ɥɨɤɚɥɢɡɭɟɬɫɹ 
ɧɟ ɬɨɥɶɤɨ ɷɥɟɤɬɪɨɧɧɚɹ ɩɥɨɬɧɨɫɬɶ, ɩɟɪɟɧɟɫɟɧɧɚɹ ɫ ɞɨɧɨɪɚ, ɧɨ ɢ ɱɚɫɬɶ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɚɬɨɦɚ 
ɤɪɟɦɧɢɹ. Ɍɚɤɨɟ ɠɟ ɢɡɦɟɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɡɚɪɹɞɚ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɧɚ ɚɬɨɦɟ ɨɥɨɜɚ ɜ ɤɨɦɩɥɟɤɫɚɯ ɨɥɨɜɚ. 

Ɇɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɩɨɥɭɱɟɧɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɥɟɤɫɨɜ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɬɟɨɪɢɢ ɠɟɫɬɤɢɯ ɢ ɦɹɝɤɢɯ ɤɢɫɥɨɬ ɢ ɨɫɧɨɜɚɧɢɣ, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɣ ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (EȾȺ) ɞɨɧɨ-
ɪɚ ɢ ɚɤɰɟɩɬɨɪɚ ɡɚɜɢɫɢɬ ɨɬ ɡɚɪɹɞɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɚɬɨɦɨɜ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 

ɪɚɡɧɢɰɵ ɮɪɨɧɬɚɥɶɧɵɯ ɨɪɛɢɬɚɥɟɣ ɞɨɧɨɪɚ ɢ ɚɤɰɟɩɬɨɪɚ [9].  

ȿȾȺ = −24 – 10qL + 124İi   (r=0.982; s=1.7; n=5) 

ȼ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ qL − ɡɚɪɹɞɵ ɧɚ ɤɨɨɪɞɢɧɢɪɭɸɳɟɦ ɚɬɨɦɟ ɞɨɧɨɪɚ ɜ ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, 

ȿȾȺ−ɷɧɟɪɝɢɹ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ, İi − ɷɧɟɪɝɢɹ ɜɵɫɲɟɣ ɡɚɧɹɬɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɨɪɛɢɬɚɥɢ ɞɨɧɨɪɚ 
(ɮɪɨɧɬɚɥɶɧɚɹ ɨɪɛɢɬɚɥɶ). Ɇɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɤɨɦɩɥɟɤɫɨɜ ɬɟɬɪɚɯɥɨɪɢɞɚ ɤɪɟɦɧɢɹ ɢɯ ɩɪɨɱ-
ɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɤɨɜɚɥɟɧɬɧɵɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ ɦɟɠɞɭ ɞɨɧɨɪɨɦ ɢ ɚɤɰɟɩɬɨɪɨɦ. ɇɚ 
ɷɬɨ ɭɤɚɡɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɡɚɪɹɞɟ ɧɚ ɤɨɨɪɞɢɧɢɪɭɸɳɟɦ ɚɬɨɦɟ ɞɨɧɨɪɚ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɪɢ ɷɧɟɪɝɢɢ ɨɪɛɢɬɚɥɟɣ. 

ɂɡ ɬɚɛɥɢɰ 1 ɢ 3 ɜɢɞɧɨ, ɱɬɨ ɨɬɫɭɬɫɬɜɭɟɬ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɩɟɪɟɧɨɫɨɦ ɡɚɪɹɞɚ ɢ ɷɧɟɪɝɢɟɣ ɤɨɦ-

ɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ. Ɍɚɤɨɟ ɩɨɥɨɠɟɧɢɟ ɧɟ ɭɞɢɜɢɬɟɥɶɧɨ, ɟɳɟ Ɏɪɟɧɤɢɧɝ [10] ɢ Ɍɢɦɨɲɤɢɧ [11] ɫ ɫɨɚɜɬɨ-
ɪɚɦɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɥɢɧɟɣɧɚɹ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɩɟɪɟɧɨɫɨɦ ɡɚɪɹɞɚ ɢ ɷɧɟɪɝɢɟɣ ɫɜɹɡɢ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ 
ɩɪɢɛɥɢɠɟɧɢɢ Ɇɚɥɥɢɤɟɧɚ, ɧɟ ɞɟɣɫɬɜɢɬɟɥɶɧɚ ɞɥɹ ɤɨɦɩɥɟɤɫɨɜ ɝɚɥɨɝɟɧɢɞɨɜ ɦɟɬɚɥɥɨɜ III ɢ V ɝɪɭɩɩ ɷɥɟ-
ɦɟɧɬɨɜ. ɂɫɩɨɥɶɡɭɹ ɚɧɚɥɢɡ ɪɚɡɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ, ɜɤɥɸɱɟɧɧɵɣ ɜ ɩɪɨɝɪɚɦɦɭ ADF, ɧɚɦɢ ɛɵɥɚ ɩɪɨɚɧɚɥɢ-

ɡɢɪɨɜɚɧɚ ɦɟɠɦɨɥɟɤɭɥɹɪɧɚɹ ɫɜɹɡɶ ɜ ɪɚɫɫɱɢɬɚɧɧɵɯ ɤɨɦɩɥɟɤɫɚɯ. ɗɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɦɨɝɭɬ 
ɛɵɬɶ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɫ ɬɪɟɦɹ ɝɥɚɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ, ɬɨ ɟɫɬɶ ɫ ɨɬɬɚɥɤɢɜɚɧɢ-

ɟɦ ɉɚɭɥɢ, ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦ ɩɪɢɬɹɠɟɧɢɟɦ ɢ ɤɨɜɚɥɟɧɬɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ. Ɏɪɟɧɤɢɧɝ ɢ ɫɨɚɜɬɨɪɵ 

[12] ɩɪɟɞɥɨɠɢɥɢ, ɱɬɨɛɵ ɱɥɟɧ ∆ȿɷɥɫɬɚɬ. ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɨɰɟɧɤɢ ɫɢɥɵ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɫɜɹɡɵɜɚ-
ɧɢɹ, ɚ ∆ȿɨɪɛ. – ɞɥɹ  ɤɨɜɚɥɟɧɬɧɨɝɨ ɫɜɹɡɵɜɚɧɢɹ. ɂɡ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɜɢɞɧɨ, ɱɬɨ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɟ ɦɟɠɞɭ ɞɨɧɨɪɨɦ ɢ ɚɤɰɟɩɬɨɪɨɦ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɨɪɛɢɬɚɥɶɧɵɦɢ ɜɡɚɢ-

ɦɨɞɟɣɫɬɜɢɹɦɢ, ɬ. ɟ. ɤɨɜɚɥɟɧɬɧɵɦɢ, ɤɚɤ ɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ Ʉɥɨɩɦɚɧɚ [9], ɜ ɤɨɬɨɪɵɟ ɜɯɨɞɹɬ 
ɤɚɤ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ, ɬɚɤ ɢ ɩɨɥɹɪɢɡɚɰɢɹ ɫɜɹɡɟɣ. Ⱥɧɚɥɢɡ ɪɚɡɥɨɠɟɧɢɹ ɷɧɟɪɝɢɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɷɮɮɟɤɬɵ 

ɩɨɥɹɪɢɡɚɰɢɢ ɞɚɸɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɜɤɥɚɞɵ ɜ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɜ 
ɩɨɥɧɭɸ ɷɧɟɪɝɢɸ ɫɜɹɡɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɨɪɟɬɢɱɟɫɤɢ ɧɟɬ ɧɢɤɚɤɨɣ ɩɪɢɱɢɧɵ ɨɠɢɞɚɬɶ, ɱɬɨ ɜ ɤɨɦɩɥɟɤ-
ɫɚɯ ɞɨɥɠɧɵ ɫɭɳɟɫɬɜɨɜɚɬɶ ɥɢɧɟɣɧɵɟ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɷɧɟɪɝɢɟɣ ɫɜɹɡɢ ɢ ɤɨɥɢɱɟɫɬɜɨɦ ɩɟɪɟɧɨɫɢɦɨɝɨ 
ɡɚɪɹɞɚ, ɱɬɨ ɢ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɚɯ.  

 

Ɍɚɛɥɢɰɚ 1 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɥɟɤɫɨɜ ɤɪɟɦɧɢɹ ɢ ɨɥɨɜɚ 
ɋɨɟɞɢɧɟɧɢɟ Eɨɛɳ., [ɚ.ɟ.] Eɞɨɧɨɪɚ, [ɚ.ɟ.] EȾȺ., [ɤɤɚɥ/ɦɨɥɶ], 

Ƚɚɭɫɫɢɚɧ
EȾȺ., [ɤɤɚɥ/ɦɨɥɶ], 

ȺɎɉ 
SiCl4((CH3)3PO)2 -3203.20 -536.353 -13.2 -11.5 

SiCl4 ((CH3)2SO)2 -3236.864 -553.187 -10.7 -9.1 

SiCl4(CH3CN)2 -2395.952 -132.755 -6.4 -5.2 

SiCl4 ((CH3)2S)2 -3086.467 -478.014 -8.3 -6.8 

SiCl4(Py)2 -2627.042 -248.285 -12.7 -11.0 

SiCl4(NH3)2 -2243.590 -56.548 -13.2 -11.6 

SnCl4((CH3)3PO)2 -2917.142 -536.469 -37.6 -29.5 

SnCl4 ((CH3)2SO)2 -2951.073 -553.279 -29.3 -25.6 

SnCl4(CH3CN)2 -2110.071 -132.796 -12.9 -10.1 

SnCl4 ((CH3)2S)2 -2800.628 -478.070 -14.7 -12.6 

SnCl4(Py)2 -2340.965 -248.603 -28.7 -23.6 
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Ɍɚɛɥɢɰɚ 2 

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɜ ɤɨɦɩɥɟɤɫɚɯ ɤɪɟɦɧɢɹ 
Ƚɢɛɪɢɞɢɡɚɰɢɹ ɫɜɹɡɟɣ Ʉɨɦɩɥɟɤɫ ɯ, % 

S, % P, % D, % 

SiCl4((CH3)3PO)2 92.3 16.4 53.3 30.3 

SiCl4 ((CH3)2SO)2 92.2 15.6 53.4 31.1 

SiCl4(Py)2 91.8 13.2 52.8 34.0 

SiCl4 ((CH3)2S)2 84.0 14.7 50.1 35.2 

SiCl4(NH3)2 91.6 13.6 50.2 36.2 

SiCl4 74.0 25.0 72.5 2.5 

SnCl4 76.7 25 73.6 1.4 

SnCl4((CH3)3PO)2 93.24 18.75 81.25 0.13 

SnCl4 ((CH3)2SO)2 92.77 22.79 77.21 0.12 

SnCl4(CH3CN)2 93.36 12.86 87.14 0.07 

SnCl4 ((CH3)2S)2 87.76 15.19 84.67 0.13 

SnCl4(Py)2 92.46 28.27 71.73 0.01 

 

Ɍɚɛɥɢɰɚ 3 

ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɢ 

Ʉɨɦɩɥɟɤɫ ǻq 

(DĺA) 
ǻqM ǻqCl 

SiCl4[NCCH3]2 0.28 -0.01 0.29 

SiCl4[S(CH3)2]2 0.72 0.30 0.42 

SiCl4[OS(CH3)2]2 0.34 -0.18 0.52 

SiCl4[NH3]2 0.38 -0.07 0.45 

SiCl4Py2 0.36 -0.04 0.40 

SiCl4[OP(CH3)3]2 0.29 -0.12 0.41 

SnCl4((CH3)3PO)2 0.28 -0.12 0.40 

SnCl4 ((CH3)2SO)2 0.33 -0.09 0.42 

SnCl4(CH3CN)2 0.23 0.01 0.22 

SnCl4 ((CH3)2S)2 0.68 0.32 0.36 

SnCl4(Py)2 0.32 0.02 0.30 

 

Ɂɚɪɹɞɨɜɨɟ ɞɨɧɢɪɨɜɚɧɢɟ ǻq(DĺA); ɢɡɦɟɧɟɧɢɟ ɷɮɮɟɤɬɢɜɧɵɯ ɡɚɪɹɞɨɜ ɰɟɧɬɪɚɥɶɧɵɯ ɚɬɨɦɨɜ 
(ǻqM) ɢ ɚɬɨɦɨɜ ɯɥɨɪɚ (ǻqCl) ɚɤɰɟɩɬɨɪɨɜ. Ɉɬɪɢɰɚɬɟɥɶɧɵɣ ɡɧɚɤ ǻq  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɷɥɟɤ-
ɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɚ ɚɬɨɦɚɯ ɩɪɢ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɢ. 
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