
  



ɈɊȽАɇɂɁАɌɈɊЫ 

 

 
Ɋɨɫɫɢɣɫɤɚɹ ɚɤɚɞɟɦɢɹ ɧɚɭɤ 

 

 
Ⱥɤɚɞɟɦɢɹ ɧɚɭɤ Ɋɟɫɩɭɛɥɢɤɢ Ɍɚɬɚɪɫɬɚɧ 

 

 
 
Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ 

 

 
Ɇɢɧɢɫɬɟɪɫɬɜɨ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɌ 

 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɤɨɦɢɬɟɬ ɩɨ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɍɇ «Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ» 

 

 
Ɋɨɫɫɢɣɫɤɢɣ ɮɨɧɞ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɊɎɎɂ) 

 

Ɉɛɳɟɫɬɜɟɧɧɚɹ ɨɪɝɚɧɢɡɚɰɢɹ 
«Ɋɟɫɩɭɛɥɢɤɚɧɫɤɨɟ ɯɢɦɢɱɟɫɤɨɟ 
ɨɛɳɟɫɬɜɨ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 
Ɍɚɬɚɪɫɬɚɧɚ» 

 

Ɍɟɯɧɨɩɚɪɤ ɩɪɨɦɵɲɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
«ɂɧɧɨɜɚɰɢɨɧɧɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɰɟɧɬɪ «ɄɇɂȺɌ» 

 

 

ɎȽȺɈɍ ȼɉɈ «Ɇɨɫɤɨɜɫɤɢɣ ɮɢɡɢɤɨ-
ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
(ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ)» 

 

 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ 
ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

  
ɋɉɈɇɋɈɊ ɄɈɇɎȿɊȿɇɐɂɂ 

 



 

 

XIV ɊɈɋɋɂɃɋɄАə ɄɈɇɎȿɊȿɇɐɂə  
(ɋ ɆȿɀȾɍɇАɊɈȾɇЫɆ ɍɑАɋɌɂȿɆ)  

ɉɈ ɌȿɉɅɈɎɂɁɂɑȿɋɄɂɆ ɋВɈɃɋɌВАɆ ВȿЩȿɋɌВ 

(ɊɄɌɋ- 14) 
 
 
 
 
 
 
 
 
 

ɆАɌȿɊɂАɅЫ ɄɈɇɎȿɊȿɇɐɂɂ 
ɜ 2-х ɬоɦɚх 

 
 
 
 

ɌɈɆ 2 
ɋɬɟɧдоɜыɟ доɤɥɚды и доɤɥɚды ɡɚочɧых ɭчɚɫɬɧиɤоɜ 
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ɎȽȻɈɍ ВɉɈ «Ʉɚɡɚɧɫɤиɣ ɧɚɰиоɧɚɥɶɧыɣ иɫɫɥɟдоɜɚɬɟɥɶɫɤиɣ 
ɬɟхɧоɥоɝичɟɫɤиɣ ɭɧиɜɟɪɫиɬɟɬ» 

 
 
 

ɝ. Ʉɚɡɚɧɶ 
 



 
ɍȾɄ 544.33(06) 
ȻȻɄ 24.532ɹ431(2) 
        Ɋ 76 
 
 
Ɋɟɞɚɤɰɢɨɧɧɚɹ ɤɨɥɥɟɝɢɹ: 
Ⱦɶɹɤɨɧɨɜ Ƚ.ɋ. – ɪɟɤɬɨɪ ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ», ɩɪɟɞɫɟɞɚɬɟɥɶ 
Ⱥɥɹɟɜ ȼ.Ⱥ. – ɩɪɨɪɟɤɬɨɪ ɩɨ Эɂ ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ» 
Ʉɥɢɧɨɜ Ⱥ.ȼ. – ɡɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɉȺɏɌ ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ» 
Ƚɭɦɟɪɨɜ Ɏ.Ɇ. – ɡɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ ɌɈɌ ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ» 
Ɇɚɤɫɭɞɨɜ Ɋ.ɇ. – ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɌɈɌ ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ» 
Ƚɚɛɢɬɨɜ Ɏ.Ɋ. – ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɌɈɌ ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ» 
Ɂɚɪɢɩɨɜ Ɂ.ɂ. – ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɌɈɌ ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ» 
ɋɚɛɢɪɡɹɧɨɜ Ⱥ.ɇ. – ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɌɈɌ ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ» 
Ɇɢɧɢɛɚɟɜɚ Ʌ.Ɋ. – ɞɨɰɟɧɬ ɤɚɮɟɞɪɵ ɉȺɏɌ ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ» 
 
 
Ɋ 76  Ɇɚɬɟɪɢɚɥɵ XIV Ɋɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ (ɊɄɌɋ- 14): ɜ 2 ɬ. – Ʉɚɡɚɧɶ: ɂɡɞ-ɜɨ «Ɉɬɟɱɟɫɬɜɨ», 
2014. 

ISBN 978-5-9222-0895-6 
Ɍ.2: ɋɬɟɧɞɨɜɵɟ ɞɨɤɥɚɞɨɜ ɢ ɞɨɤɥɚɞɵ ɡɚɨɱɧɵɯ ɭɱɚɫɬɧɢɤɨɜ. – 2014. – 428 ɫ. 
ISBN 978-5-9222-0897-0 

 
 
 
 

ɋɨɞɟɪɠɢɬ ɦɚɬɟɪɢɚɥɵ ɫɬɟɧɞɨɜɵɯ ɞɨɤɥɚɞɨɜ ɢ ɞɨɤɥɚɞɨɜ ɡɚɨɱɧɵɯ ɭɱɚɫɬɧɢɤɨɜ XIV 
Ɋɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ 
ɜɟɳɟɫɬɜ (ɊɄɌɋ- 14). 

Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ (ɊɄɌɋ) ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɱɟɬɵɪɟɯ ɨɫɧɨɜɧɵɯ ɬɢɬɭɥɶɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɮɨɪɭɦɨɜ, ɩɪɨɜɨɞɢɦɵɯ ɜ ɦɢɪɟ, ɜ 
ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ: ȿɜɪɨɩɟɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ; Ⱥɡɢɚɬɫɤɚɹ 
ɤɨɧɮɟɪɟɧɰɢɹ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɢ ɋɢɦɩɨɡɢɭɦ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ, 
ɩɪɨɜɨɞɢɦɵɣ ɜ ɋШȺ. ɉɪɟɞɵɞɭɳɢɟ ɤɨɧɮɟɪɟɧɰɢɢ ɊɄɌɋ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɝɨɪɨɞɚɯ Ɋɨɫɫɢɢ ɢ 
ɫɬɪɚɧɚɯ ɋɇȽ. 

Ɇɟɪɨɩɪɢɹɬɢɟ ɩɪɨɜɨɞɢɬɫɹ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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ɋɌȿɇȾɈȼɕȿ ȾɈɄɅȺȾɕ 
 
 
 

ɋȿɄɐɂə 1 
 

ɍɊȺȼɇȿɇɂə ɋɈɋɌɈəɇɂə, ɎȺɁɈȼɕȿ ɉȿɊȿɏɈȾɕ  
ɂ ɄɊɂɌɂɑȿɋɄɂȿ əȼɅȿɇɂə 
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ɂɋɋɅȿȾɈȼȺɇɂȿ ɊȺɋɌȼɈɊɂɆɈɋɌɂ ɆɈɇɈɗɌɂɅȿɇȽɅɂɄɈɅə ȼ 
ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɈɆ ȾɂɈɄɋɂȾȿ ɍȽɅȿɊɈȾȺ 

Ⱥɯɦɟɬɥɚɬɵɣɩɨɜɚ Ⱦ.Ⱦ., Ƚɭɦɟɪɨɜ Ɏ.Ɇ., Ƚɚɛɢɬɨɜ Ɏ.Ɋ., Ɍɟɥɹɤɨɜ ɗ.ɒ. 
Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɊɎ, Ʉɚɡɚɧɶ, 

ɭɥ. Ʉ.Ɇɚɪɤɫɚ 68. E-mail: daminija@mail.ru 
 

ȼ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɢɧɬɟɪɟɫɚ ɤ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɬɟɯɧɨɥɨɝɢɹɦ ɜ ɨɛɥɚɫɬɢ 
ɧɟɮɬɟɯɢɦɢɱɟɫɤɢɯ ɩɪɨɢɡɜɨɞɫɬɜ, ɜɫɟ ɱɚɳɟ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ 
ɧɟɤɨɬɨɪɵɯ ɜɟɳɟɫɬɜ, ɫɜɹɡɚɧɧɨɟ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɢɥɢ ɦɚɥɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ. Ʉ ɬɚɤɢɦ ɜɟɳɟɫɬɜɚɦ ɨɬɧɨɫɢɬɫɹ ɦɨɧɨɷɬɢɥɟɧɝɥɢɤɨɥɶ. ȿɝɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɩɪɟɞɟɥɚɯ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ γ1γ,15 ɞɨ γ5γ,15 Ʉ ɢ ɞɚɜɥɟɧɢɣ ɨɬ 70 ɞɨ 190 ɛɚɪ ɛɵɥɚ ɢɡɭɱɟɧɚ ɚɜɬɨɪɚɦɢ ɫɬɚɬɶɢ 
Д1Ж. Ɉɞɧɚɤɨ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱɢ ɷɤɫɬɪɚɤɰɢɢ ɨɤɫɢɞɚ ɷɬɢɥɟɧ ɢɡ ɟɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ, ɝɞɟ ɦɨɧɨɷɬɢɥɟɧɝɥɢɤɨɥɶ ɹɜɥɹɟɬɫɹ ɩɨɛɨɱɧɵɦ 
ɩɪɨɞɭɤɬɨɦ, ɞɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɤɚɡɚɥɨɫɶ ɧɟɞɨɫɬɚɬɨɱɧɨ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɧɚ ɫɬɚɬɢɱɟɫɤɨɣ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. 1. 

 

 
Ɋɢɫ.1. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. 1 – ɛɚɥɥɨɧ ɫ 
ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ, β – ɮɢɥɶɬɪ, γ – ɯɥɚɞɨɚɝɪɟɝɚɬ, 4 – ɧɚɫɨɫ, 5 – ɫɨɫɭɞ ɪɚɜɧɨɜɟɫɢɹ, 6,7,8 – 
ɜɟɧɬɢɥɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 9 – ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ, 10 – ɦɚɧɨɦɟɬɪ, 11 – ɬɟɪɦɨɩɚɪɚ, 1β –
ɫɢɫɬɟɦɚ ɨɬɛɨɪɚ ɩɪɨɛɵ 

 
Ⱦɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢɡ ɛɚɥɥɨɧɚ 1 ɨɯɥɚɠɞɚɟɬɫɹ ɢ ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɜ ɯɥɚɞɨɚɝɪɟɝɚɬɟ γ. Ɂɚɬɟɦ 

ɨɧ ɧɚɝɧɟɬɚɟɬɫɹ ɧɚɫɨɫɨɦ 4 ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɹɱɟɣɤɭ ɪɚɜɧɨɜɟɫɢɹ 5, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɧɚɝɪɟɜɚɹɫɶ ɞɨ ɧɟɨɛɯɨɞɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, 
ɹɱɟɣɤɚ ɨɬɫɟɤɚɟɬɫɹ ɨɬ ɫɢɫɬɟɦɵ ɩɨɞɚɱɢ ɝɚɡɚ, ɢ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɨɟ ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɨɛɨɢɯ 
ɮɚɡ, ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɚɱɚɧɢɟɦ ɫɨɫɭɞɚ ɪɚɜɧɨɜɟɫɢɹ 5. ȼɪɟɦɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ, 
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ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ  ɞɨɫɬɢɠɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɧɚɫɵɳɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɢɡɦɟɧɟɧɢɸ ɞɚɜɥɟɧɢɹ ɜ 
ɫɨɫɭɞɟ ɪɚɜɧɨɜɟɫɢɹ 5.ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɨɫɭɞ ɪɚɜɧɨɜɟɫɢɹ 
ɡɚɤɪɟɩɥɹɟɬɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɢ ɝɚɡɨ-ɠɢɞɤɨɫɬɧɚɹ ɫɦɟɫɶ ɜ ɰɟɥɹɯ ɫɟɩɚɪɚɰɢɢ 
ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬɫɬɚɢɜɚɟɬɫɹ β ɱɚɫɚ. ɂ, ɧɚɤɨɧɟɰ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬɛɨɪ 
ɩɪɨɛɵ, ɩɪɨɢɡɜɨɞɢɦɵɣ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ 
ɩɨɞɚɱɢ ɜ ɫɨɫɭɞ ɪɚɜɧɨɜɟɫɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɩɨɪɰɢɢ ɝɚɡɚ ɱɟɪɟɡ ɧɚɫɨɫ. ȼ ɢɬɨɝɟ, ɩɪɨɛɚ 
ɨɬɛɢɪɚɟɬɫɹ ɜ, ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ, ɚɧɚɥɢɬɢɱɟɫɤɭɸ ɱɚɫɬɶ ɩɪɨɛɨɨɬɛɨɪɧɢɤɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɢɧɚɪɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɨɩɢɫɚɧɢɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ 
ɉɟɧɝɚ-Ɋɨɛɢɧɫɨɧɚ ɢ ɋɨɚɜɟ-ɊɢɞɥɢɯɄɜɨɧɝɚ, ɚ ɬɚɤ ɠɟ ɧɟɫɤɨɥɶɤɨ ɩɪɚɜɢɥ ɫɦɟɲɢɜɚɧɢɹ, ɞɥɹ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɨɩɢɫɚɧɢɹ ɫ ɧɚɢɦɟɧɶɲɟɣ ɩɨɝɪɟɲɧɨɫɬɶɸ. 

 
ɅɂɌȿɊȺɌɍɊȺ 

 
1. Chun-yue Jian, Zhi-juan Sun, Qin-min Pan, Jiao-biao Pi. J. Chem.Eng. data. 57 (2012) 1794. 
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ɌɊɂȺɆɂɇɈɌɊɂɇɂɌɊɈȻȿɇɁɈɅȺ 

Ȼɚɞɪɟɬɞɢɧɨɜɚ Ʌ.ɏ. 1, Ʉɨɫɬɢɰɵɧ Ɉ.ȼ. 2, ɋɦɢɪɧɨɜ ȿ.Ȼ. 2, ɋɬɚɧɤɟɜɢɱ Ⱥ.ȼ. 2,1, 
Ɍɟɧ Ʉ.Ⱥ. 3, Ɍɨɥɨɱɤɨ Ȼ.ɉ. 4, ɒɚɤɢɪɨɜ ɂ.Ɋ.2 

1 ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ», Ɋɨɫɫɢɹ, 420015, Ʉɚɡɚɧɶ, ɭɥ. Ʉ.Ɇɚɪɤɫɚ, 68. 

2 ɊɎəɐ-ȼɇɂɂɌɎ ɢɦ. ɚɤɚɞɟɦ. ȿ.ɂ. Ɂɚɛɚɛɚɯɢɧɚ, Ɋɨɫɫɢɹ, ɋɧɟɠɢɧɫɤ. 
3ɂȽɢɅ ɋɈ ɊȺɇ, Ɋɨɫɫɢɹ, ɇɨɜɨɫɢɛɢɪɫɤ 

4ɂɏɌɌɆ ɋɈ ɊȺɇ, Ɋɨɫɫɢɹ, ɇɨɜɨɫɢɛɢɪɫɤ 
 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɪɟɚɥɢɫɬɢɱɧɨ ɨɩɢɫɵɜɚɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɟɳɟɫɬɜ ɜ 
ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɹɜɥɹɸɬɫɹ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɪɟɞɵ. ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɩɨɞɨɛɧɵɯ ɮɭɧɤɰɢɹɯ ɫɨɫɬɨɹɧɢɹ 
ɜɟɳɟɫɬɜɚ ɜɫɟɝɞɚ ɛɵɥɚ ɚɤɬɭɚɥɶɧɨɣ ɢ ɩɨɫɬɨɹɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɫɜɹɡɢ ɫ ɜɨɡɪɚɫɬɚɸɳɢɦɢ 
ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɪɚɫɱɟɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɦɚɥɨɢɡɭɱɟɧɧɨɣ ɨɫɬɚɟɬɫɹ 
ɨɛɥɚɫɬɶ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɨɫɨɛɟɧɧɨ ɦɟɬɚɭɫɬɨɣɱɢɜɵɯ 
ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɚɤɨɜɵɦɢ ɹɜɥɹɸɬɫɹ ɜɡɪɵɜɱɚɬɵɟ ɜɟɳɟɫɬɜɚ (ȼȼ).  

ɉɪɟɞɥɨɠɟɧɚ ɩɪɨɫɬɚɹ ɤɚɥɨɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɜ ɮɨɪɦɟ Ɇɢ-Ƚɪɸɧɚɣɡɟɧɚ 
ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɡɪɵɜɱɚɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɛɟɡ ɭɱɟɬɚ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɨɜ. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɢɫɯɨɞɢɥɢ ɢɡ ɨɩɪɟɞɟɥɟɧɢɹ ɫɜɨɛɨɞɧɨɣ 
ɷɧɟɪɝɢɢ Ƚɟɥɶɦɝɨɥɶɰɚ F(V,T), ɤɨɬɨɪɚɹ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɨɛɪɚɡɨɦ ɫɜɹɡɚɧɚ ɫ ɦɨɞɟɥɶɸ ɫɬɪɨɟɧɢɹ 
ɜɟɳɟɫɬɜɚ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɢ ɷɧɟɪɝɢɹ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ 
ɬɟɩɥɨɜɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ (ɭɩɪɭɝɨɣ) ɫɨɫɬɚɜɥɹɸɳɢɯ. ȼɢɞ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɬɜɟɪɞɨɝɨ ɬɟɥɚ. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɡɪɵɜɱɚɬɵɟ ɜɟɳɟɫɬɜɚ ɩɨ ɯɚɪɚɤɬɟɪɭ 
ɦɟɠɚɬɨɦɧɵɯ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɦɨɥɟɤɭɥɹɪɧɵɯ ɤɪɢɫɬɚɥɥɨɜ. ɋɢɥɚɦɢ 
ɩɪɢɬɹɠɟɧɢɹ ɜ ɤɪɢɫɬɚɥɥɚɯ ɞɚɧɧɨɝɨ ɬɢɩɚ ɹɜɥɹɸɬɫɹ ɫɢɥɵ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ, ɚ ɫɢɥɵ 
ɨɬɬɚɥɤɢɜɚɧɢɹ, ɤɚɤ ɢ ɜ ɢɨɧɧɵɯ ɤɪɢɫɬɚɥɥɚɯ, ɨɛɭɫɥɨɜɥɟɧɵ ɩɟɪɟɤɪɵɜɚɧɢɟɦ ɷɥɟɤɬɪɨɧɧɵɯ 
ɨɛɨɥɨɱɟɤ. Ɍɚɤɨɣ ɯɚɪɚɤɬɟɪ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɬɟɧɰɢɚɥɨɦ Ȼɨɪɧɚ-Ɇɚɣɟɪɚ. 
Ɍɟɩɥɨɜɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɟɛɚɬɟɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ ɦɨɥɟɤɭɥ, ɜɯɨɞɹɳɢɯ ɜ 
ɫɨɫɬɚɜ ɤɪɢɫɬɚɥɥɚ, ɢ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɢɛɥɢɠɟɧɢɟɦ Ⱦɟɛɚɹ. ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɨɛɥɚɫɬɶ ɫɬɚɬɢɱɟɫɤɢɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɟ ɜɵɯɨɞɢɬ ɡɚ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɢ ɭɦɟɪɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ (ɞɨ 1000 Ʉ), ɜ ɞɚɧɧɨɣ 
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ɪɚɛɨɬɟ ɨɝɪɚɧɢɱɢɜɚɥɢɫɶ ɪɚɫɫɦɨɬɪɟɧɢɟɦ ɮɨɧɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ 
ɞɚɜɥɟɧɢɹ. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ Ƚɪɸɧɚɣɡɟɧɚ Ƚ(V) ɨɬ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ, ɹɜɥɹɸɳɚɹɫɹ 
ɫɜɹɡɭɸɳɟɣ ɦɟɠɞɭ ɬɟɩɥɨɜɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ, 
ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɩɪɢɛɥɢɠɟɧɢɢ Ʌɚɧɞɚɭ-ɋɥɟɣɬɟɪɚ. 

ɉɨɥɭɱɟɧɨ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɜɡɪɵɜɱɚɬɨɝɨ ɜɟɳɟɫɬɜɚ 
ɬɪɢɚɦɢɧɨɬɪɢɧɢɬɪɨɛɟɧɡɨɥ (ɌȺɌȻ), ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɢɧɬɟɪɟɫ ɢɡ-ɡɚ ɭɧɢɤɚɥɶɧɨ ɧɢɡɤɨɣ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɜɧɟɲɧɢɦ ɬɟɩɥɨɜɵɦ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ. ȼɵɫɨɤɚɹ ɫɬɨɣɤɨɫɬɶ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɶɲɢɧɫɬɜɨɦ ɢɡɜɟɫɬɧɵɯ ɜɡɪɵɜɱɚɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ 
ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɞɚɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɬ.ɞ.) ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɭɪɚɜɧɟɧɢɹ 
ɫɨɫɬɨɹɧɢɹ. ȼɦɟɫɬɟ ɫ ɬɟɦ ȼȼ ɌȺɌȻ ɱɪɟɡɜɵɱɚɣɧɨ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨ ɞɥɹ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɫɥɨɠɧɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ. Ɉɛɥɚɞɚɹ ɬɪɢɤɥɢɧɧɨɣ ɫɢɧɝɨɧɢɟɣ, 
ɤɪɢɫɬɚɥɥɵ ɌȺɌȻ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɚɧɢɡɨɬɪɨɩɢɟɣ ɢ ɧɢɡɤɨɣ ɫɢɦɦɟɬɪɢɟɣ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɪɭɞɧɨɫɬɢ ɞɥɹ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ.  

ɉɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɨɩɪɟɞɟɥɹɥɢɫɶ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɌȺɌȻ ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɢ ɢɡɨɛɚɪɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. Ʉɪɢɜɚɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 
ɫɠɚɬɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T0=β9γ Ʉ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɧɚ ɭɫɤɨɪɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ ɂəɎ ɋɈ ɊȺɇ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɩɨɪɨɲɤɨɜɨɣ ɞɢɮɪɚɤɰɢɢ ɩɪɢ ɫɠɚɬɢɢ ɌȺɌȻ ɜ ɚɥɦɚɡɧɵɯ ɧɚɤɨɜɚɥɶɧɹɯ 
ɞɨ ɞɚɜɥɟɧɢɣ 6 Ƚɉɚ. Ʉɪɢɜɚɹ ɢɡɨɛɚɪɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 0.1 Ɇɉɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ 
ɞɢɮɪɚɤɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɜ ɜɨ ɊɎəɐ-ȼɇɂɂɌɎ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ β00 ɞɨ 500 Ʉ. 

Ʉɨɪɪɟɤɬɧɨɫɬɶ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɨɞɬɜɟɪɠɞɟɧɚ ɯɨɪɨɲɢɦ ɨɩɢɫɚɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ 
ɭɞɚɪɧɨɦɭ ɫɠɚɬɢɸ, ɬɟɪɦɢɱɟɫɤɨɦɭ ɪɚɫɲɢɪɟɧɢɸ ɢ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɦ ɞɥɹ 
ɦɚɤɪɨɫɬɪɭɤɬɭɪɧɵɯ ɩɪɟɫɫɨɜɚɧɧɵɯ ɞɟɬɚɥɟɣ ɢɡ ȼȼ ɌȺɌȻ. Ɇɨɠɧɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɨɡɜɨɥɢɬ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɨɩɢɫɚɧɢɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɟɝɨ ȼȼ ɌȺɌȻ ɩɪɢ ɱɢɫɥɟɧɧɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɭɞɚɪɧɨ-ɜɨɥɧɨɜɵɯ ɢ ɞɟɬɨɧɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. 
 
 
 
ɂɁɈɏɈɊɇȺə ɌȿɉɅɈȿɆɄɈɋɌɖ ɋɂɋɌȿɆɕ ɇ-ȽȿɄɋȺɇ+ȼɈȾȺ ȼ ɈɄɊȿɋɌɇɈɋɌɂ 

ȼȿɊɏɇȿɃ ɄɈɇȿɑɇɈɃ ɄɊɂɌɂɑȿɋɄɈɃ ɌɈɑɄɂ 
Ȼɟɡɝɨɦɨɧɨɜɚ ȿ.ɂ., ɋɚɢɞɨɜ ɋ.Ɇ., ɋɬɟɩɚɧɨɜ Ƚ.ȼ. 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ 
ɢɦ. ɏ.ɂ. Ⱥɦɢɪɯɚɧɨɜɚ Ⱦɇɐ ɊȺɇ, Ɋɨɫɫɢɹ, Ɇɚɯɚɱɤɚɥɚ, əɪɚɝɫɤɨɝɨ, 94. 
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ɂɡɨɯɨɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɋv ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɟɳɟɫɬɜɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɟɨɛɯɨɞɢɦɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɪɹɞɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɚ ɬɚɤɠɟ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɬɟɨɪɢɢ – ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ, ɫɨɫɬɚɜɥɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ. 

ȼ ɧɚɲɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɫɮɟɪɢɱɟɫɤɢɣ 
ɤɚɥɨɪɢɦɟɬɪ ɏ.ɂ. Ⱥɦɢɪɯɚɧɨɜɚ, ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɦɚɪɤɢ 1ɏ18ɇ9Ɍ, 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɬɨɪɨɝɨ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɵ ɜ Д1Ж. Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɤɚɥɨɪɢɦɟɬɪɚ 
ɫɨɫɬɨɢɬ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɠɞɭ ɜɧɟɲɧɟɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɨɛɨɥɨɱɤɚɦɢ ɤɚɥɨɪɢɦɟɬɪɚ ɫɥɨɹ ɡɚɤɢɫɢ 
ɦɟɞɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɚɞɢɚɛɚɬɢɱɧɨɫɬɶ ɜ ɫɢɫɬɟɦɟ. 

ɂɫɫɥɟɞɭɟɦɵɟ ɢɡɨɯɨɪɵ ɩɪɢɝɨɬɚɜɥɢɜɚɥɢ ɧɚ ɨɫɧɨɜɟ ɛɢɞɢɫɬɢɥɥɹɬɚ ɜɨɞɵ ɢ ɧ-ɝɟɤɫɚɧɚ ɦɚɪɤɢ 
«ɯɱ» ɜɡɜɟɲɢɜɚɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ ɫ ɬɨɱɧɨɫɬɶɸ 0,005%. ɉɨɝɪɟɲɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɥɚ 0,15 %.  

Ɍɟɦɩɟɪɚɬɭɪɭ ɢɡɦɟɪɹɥɢ ɩɥɚɬɢɧɨɜɵɦ ɬɟɪɦɨɦɟɬɪɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 0,01 Ʉ. 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

7 
 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫ ɭɱɟɬɨɦ ɨɲɢɛɨɤ ɨɬɧɟɫɟɧɢɹ ɢ ɩɨɩɪɚɜɨɤ ɧɚ 
ɧɟɫɬɪɨɝɭɸ ɢɡɨɯɨɪɢɱɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 0,5 - 2%. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɚɥɨɪɢɦɟɬɪ ɨɛɴɟɦɨɦ 4γβ,61 ± 0,0β ɫɦ3 ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɛɴɟɦ ɤɚɥɨɪɢɦɟɬɪɚ ɨɩɪɟɞɟɥɟɧ ɢɡ ɢɡɜɟɫɬɧɵɯ P, V, T ɞɚɧɧɵɯ ɜɨɞɵ ɫ 
ɩɨɝɪɟɲɧɨɫɬɶɸ 0,01γ%.  

ɇɚ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɚɞɢɚɛɚɬɧɨɦ ɤɚɥɨɪɢɦɟɬɪɟ ɏ.ɂ. Ⱥɦɢɪɯɚɧɨɜɚ ɩɪɨɜɟɞɟɧɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɨɫɬɚɜɨɜ 0,1β1; 0,166; 0,β00; 0,βγ4; 0,β56; 0,γ01; 0,γ45 
ɦɨɥɶɧɵɯ ɞɨɥɟɣ H2O ɩɨ ɪɚɡɥɢɱɧɵɦ ɢɡɨɯɨɪɚɦ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɢɧɬɟɪɜɚɥɟ 
ɩɥɨɬɧɨɫɬɟɣ β45 – 500 ɤɝ/ɦ3.  

ɂɡɦɟɪɟɧɢɹ ɧɚɱɢɧɚɥɢ ɢɡ ɨɛɥɚɫɬɢ ɬɪɟɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɶ-ɠɢɞɤɨɫɬɶ-ɩɚɪ ɢ 
ɩɪɨɞɨɥɠɚɥɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɢɡɨɯɨɪɚɦ. Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫɨɫɬɚɜɥɹɟɬ 0,1 Ʉ. 

ɗɤɫɩɟɪɢɦɟɧɬ Дβ-4Ж ɢ ɜɢɡɭɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɨɩɬɢɱɟɫɤɨɣ ɹɱɟɣɤɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ 
Д5Ж ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɦɟɫɢ ɩɨ ɢɡɨɯɨɪɚɦ ɢ ɩɨɫɬɨɹɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ Cv ɢɦɟɸɬ ɦɟɫɬɨ ɞɜɚ ɫɤɚɱɤɚ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ 
ɮɚɡɨɜɵɦɢ ɩɟɪɟɯɨɞɚɦɢ ɠɢɞɤɨɫɬɶ – ɩɚɪ ɢ ɠɢɞɤɨɫɬɶ – ɠɢɞɤɨɫɬɶ (ɪɚɫɬɜɨɪɟɧɢɟ). ɇɚ ɪɢɫ. 1 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ Cv ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɢɡɨɯɨɪɟ v=4,00γ5 ɫɦ3/ɝ ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 
4,0 % (ɜɟɫ) ɇ2Ɉ. 
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Ɋɢɫ.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɢɢ 4,0 % (ɜɟɫ) 
ɇ2Ɉɩɨ ɢɡɨɯɨɪɟv=4,00γ5 ɫɦ3/ɝ 
 

ɉɟɪɜɵɣ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ ɩɟɪɟɯɨɞɭ ɠɢɞɤɨɫɬɶ – ɠɢɞɤɨɫɬɶ, ɤɨɬɨɪɵɣ ɢɦɟɥ 
ɩɨɥɨɝɭɸ ɮɨɪɦɭ ɢ ɩɪɨɢɫɯɨɞɢɥ ɜ ɧɟɤɨɬɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ (ɪɢɫ.1). ȼɬɨɪɨɣ 
ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɪɟɡɤɢɣ, ɩɪɨɢɫɯɨɞɢɥ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ 
ɩɟɪɟɯɨɞɭ ɠɢɞɤɨɫɬɶ – ɝɚɡ (ɛɨɥɟɟ ɥɟɬɭɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ).  
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Ɋɢɫ.β.ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɚɫɵɳɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚɫɦɟɫɢ ɧ-
ɝɟɤɫɚɧ+ɜɨɞɚ ɢ ɱɢɫɬɨɝɨɧ-ɝɟɤɫɚɧɚ Д6Ж ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ: ●- x=0.1195 ɦ. ɞ. ɇ2Ɉ; ○- 
x=0.166β ɦ. ɞ. ɇ2Ɉ; -x=0.1998 ɦ. ɞ. ɇ2Ɉ;-x=0.β566 ɦ. ɞ. ɇ2Ɉ; □ – ɤɪɢɬɢɱɟɫɤɢɟ ɬɨɱɤɢ 
ɫɦɟɫɢ; ɄȽ - ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɱɢɫɬɨɝɨ ɧ-ɝɟɤɫɚɧɚ; ȼɄɄɌ-ɜɟɪɯɧɹɹ ɤɨɧɟɱɧɚɹ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ 
 

ɉɨ ɫɤɚɱɤɚɦ ɬɟɩɥɨɟɦɤɨɫɬɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɤɪɢɜɵɟ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɶ-ɝɚɡ 
ɞɥɹ ɫɨɫɬɚɜɨɜ 0,1β0; 0,166; 0,β00ɢ 0,β56 ɦɨɥɶɧɵɯ ɞɨɥɟɣ ɇ2Ɉ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. β. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
(ɝɪɚɧɬ № 1γ-08-00114ɚ). 
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ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ȼɅɂəɇɂə ȼȿɅɂɑɂɇɕ ɍȾȿɅɖɇɈɃ 
ɉɈȼȿɊɏɇɈɋɌɂ ɄȼȺɊɐȿȼɈȽɈ ɉɈɊɈɒɄȺ ɇȺ ɎȺɁɈȼɈȿ ɉɈȼȿȾȿɇɂȿ 

ɌɊЁɏɄɈɆɉɈɇȿɇɌɇɕɏ ɍȽɅȿȼɈȾɈɊɈȾɇɕɏ ɋɆȿɋȿɃ 
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ɈɈɈ «ȽɚɡɩɪɨɦȼɇɂɂȽȺɁ», Ɋɨɫɫɢɹ, 142717, Ɋɚɡɜɢɥɤɚ, Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ. 
E-mail: V_Buleiko@ vniigaz.gazprom. ru 

 
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɟɥɢɱɢɧɵ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɜɚɪɰɟɜɨɝɨ ɩɨɪɨɲɤɚ ɧɚ 

ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɩɪɟɰɢɡɢɨɧɧɨɣ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ 
ɤɚɥɨɪɢɦɟɬɪɢɢ [1]. ɗɬɨɬ ɦɟɬɨɞ ɪɟɚɥɢɡɨɜɚɧ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ, ɫɨɫɬɨɹɳɟɦ ɢɡ 
ɞɜɭɯ ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ ɤɚɥɨɪɢɦɟɬɪɨɜ. ɉɟɪɜɵɣ ɤɚɥɨɪɢɦɟɬɪ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɴёɦɟ. ȼɬɨɪɨɣ - ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɩɨɪɢɫɬɵɯ ɫɪɟɞɚɯ. ɂɡɦɟɪɟɧɵ 
ɬɟɪɦɢɱɟɫɤɢɟ ɢ ɤɚɥɨɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɨɫɬɨɹɧɢɹ ɬɪёɯɤɨɦɩɨɧɟɧɬɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ 
ɫɦɟɫɟɣ ɜ ɤɜɚɪɰɟɜɵɯ ɩɨɪɨɲɤɚɯ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡёɪɟɧ β.γ ɢ γ1.5ɦɤɦ ɢ ɫ ɭɞɟɥɶɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ 6

10160.1  ɦ2/ɦ3 ɢ 6
10104.0  ɦ2/ɦ3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 

200 – 4γ0 Ʉ ɢ ɞɚɜɥɟɧɢɢ ɞɨ 40 Ɇɉɚ. ɋɨɫɬɚɜɵ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɟɫɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ. 
 

Ʉɨɦɩɨ-
ɧɟɧɬɵ 

№ ɫɦɟɫɢ (ɦɨɥɹɪɧɚɹ ɞɨɥɹ/ɦɚɫɫɨɜɚɹ ɞɨɥɹ) 

1 2 3 4 5 6 7 

ɋɇ4 
7 9 .7 9

5 4 .6 5
 

7 5 .9 9

3 8 .6 4
 

7 7 .4 1

4 4 .4 9
 

7 8 .2 1

4 8 .5 5
 

7 9 .8 3

5 9 .0 1
 

9 1 .2 3

7 9 .1 0
 

9 3 .6 1

8 4 .2 0
 

ɋ3ɇ8 
1 7 .1 6

3 2 .3 0
 

1 9 .2 0

2 6 .8 4
 

1 9 .5 6

3 0 .9 0
 

1 9 .7 6

3 3 .7 1
 

2 0 .1 7

4 0 .9 9
 

8 .7 7

2 0 .9 0
 

6 .3 9

1 5 .8 0
 

ɋ7ɇ16 
3 .0 5

1 3 .0 5
 

- - - - - - 

ɋ16ɇ34 
- 4 .8 1

3 4 .5 2
 

3 .0 3

2 4 .6 1
 

2 .0 3

1 7 .7 4
 

- - - 

Ɇ.ɜ.ɷɮ. 23 .777 31.550 27 .905 27 .274 21.701 18 .503 17 .836 
 

ɇɚ ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɚɜɥɟɧɢɹ, ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɩɪɨɢɡɜɨɞɧɨɣ 
V

Tp )/(   ɢ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɫɬɪɨɟɧɵ ɮɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɷɬɢɯ 
ɫɦɟɫɟɣ ɜ ɨɛɴёɦɟ ɢ ɜ ɤɜɚɪɰɟɜɵɯ ɩɨɪɨɲɤɚɯ. ɉɚɪɚɦɟɬɪɵ ɤɪɢɜɵɯ ɪɚɜɧɨɜɟɫɢɹ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ 
ɷɤɫɬɪɟɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɢ ɬɟɩɥɨёɦɤɨɫɬɢ ɜ ɨɛɥɚɫɬɢ 
ɚɧɨɦɚɥɶɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ[1].  

ɇɚ ɪɢɫ.1 ɩɪɢɜɟɞɟɧɵ ɮɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɬɪёɯɤɨɦɩɨɧɟɧɬɧɨɣ 
ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ (1) ɜ ɨɛɴёɦɟ ɢ ɜ ɤɜɚɪɰɟɜɵɯ ɩɨɪɨɲɤɚɯ.  
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Ɋɢɫ.1. Ɏɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɬɪёɯɤɨɦɩɨɧɟɧɬɧɨɣ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ ɜ ɨɛɴёɦɟ ɢ ɜ ɤɜɚɪɰɟɜɵɯ 
ɩɨɪɨɲɤɚɯ: ABC – ɨɛɴёɦ, A’B’C’ –γ1.5 ɦɤɦ ɤɜɚɪɰɟɜɵɣ ɩɨɪɨɲɨɤ (ɜɜɨɞ ɍȼ ɫɦɟɫɢ);A’G’ –31.5 
ɦɤɦ ɤɜɚɪɰɟɜɵɣ ɩɨɪɨɲɨɤ(ɨɬɛɨɪ ɍȼ ɫɦɟɫɢ); A”B”C”D”E” – β.γ ɦɤɦ ɤɜɚɪɰɟɜɵɣ ɩɨɪɨɲɨɤ(ɜɜɨɞ 
ɍȼ ɫɦɟɫɢ). ɐɢɮɪɚɦɢ ɨɛɨɡɧɚɱɟɧɵ ɧɨɦɟɪɚ ɫɦɟɫɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 
 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ ɜ ɤɜɚɪɰɟɜɨɦ ɩɨɪɨɲɤɟ ɫɨ 
ɫɪɟɞɧɢɦɢ ɪɚɡɦɟɪɚɦɢ ɡёɪɟɧ γ1,5 ɦɤɦ ɡɚɦɟɬɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɮɚɡɨɜɨɝɨ ɩɨɜɟɞɟɧɢɹ ɷɬɨɣ ɫɦɟɫɢ ɜ 
ɨɛɴёɦɟ. ȼɫɥɟɞɫɬɜɢɟ ɚɞɫɨɪɛɰɢɨɧɧɨ-ɞɟɫɨɪɛɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɢɦɟɟɬ ɦɟɫɬɨ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ 
ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɞɫɨɪɛɰɢɢ 1β – 1γ% ɝɟɩɬɚɧɚ, ɩɪɢ ɞɚɜɥɟɧɢɢ 
6.1 Ɇɉɚ, ɩɪɨɢɫɯɨɞɢɬ ɫɦɟɳɟɧɢɟ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɜ ɫɬɨɪɨɧɭ ɩɨɧɢɠɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɜɟɥɢɱɢɧɭ 5-6 ɝɪɚɞ.  

ȼɵɩɨɥɧɟɧɧɵɟ ɪɚɧɟɟ ɧɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɚɞɫɨɪɛɰɢɢ ɦɟɬɚɧɚ, ɬɚɤɠɟ ɤɚɤ ɢ ɩɪɨɩɚɧɚ, ɤɜɚɪɰɟɜɵɦ 
ɩɨɪɨɲɤɨɦ ɨɱɟɧɶ ɦɚɥɚ. Ɉɞɧɚɤɨ, ɟɫɥɢ ɷɬɢ ɤɨɦɩɨɧɟɧɬɵ ɧɚɯɨɞɹɬɫɹ ɜ ɫɦɟɫɢ ɫ ɛɨɥɟɟ 
ɜɵɫɨɤɨɤɢɩɹɳɢɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ, ɧɚɩɪɢɦɟɪ, ɝɟɩɬɚɧɨɦ, ɬɨ, ɛɥɚɝɨɞɚɪɹ ɚɞɫɨɪɛɰɢɢ ɩɨɫɥɟɞɧɟɝɨ, 
ɫɨɪɛɰɢɹ ɦɟɬɚɧɚ ɢ ɨɫɨɛɟɧɧɨ ɩɪɨɩɚɧɚ ɜɨɡɪɚɫɬɚɟɬ (ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɬɜɨɪɟɧɢɟ - ɚɛɫɨɪɛɰɢɹ ɷɬɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɨɪɛɢɪɨɜɚɧɧɨɣ ɩɥёɧɤɟ ɝɟɩɬɚɧɚ). ɂɦɟɧɧɨ ɫɨɪɛɰɢɟɣ ɩɪɨɩɚɧɚ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ 
ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɨɝɪɚɧɢɱɧɚɹ ɤɪɢɜɚɹ ɜ ɤɜɚɪɰɟɜɨɦ ɩɨɪɨɲɤɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ γ47,5 Ʉ 
ɩɪɨɯɨɞɢɬ ɜɵɲɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ ɜ ɨɛɴёɦɟ.  

ɇɚɢɛɨɥɟɟ ɨɬɱёɬɥɢɜɨ ɜɥɢɹɧɢɟ ɤɜɚɪɰɟɜɨɝɨ ɩɨɪɨɲɤɚ ɧɚ ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ 
ɬɪёɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɦɟɫɢ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ ɜɜɨɞɨɦ ɢ ɨɬɛɨɪɨɦ ɜɟɳɟɫɬɜɚ (ɪɢɫ. 1). 
ȼɜɨɞ ɜɟɳɟɫɬɜɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɩɥɨɬɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ ɜ ɬɨɱɤɟ 'C , ɢ 
ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɢ ɩɥɨɬɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ ɜ ɬɨɱɤɟ 'A . Ɉɬɛɨɪ 
ɜɟɳɟɫɬɜɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɩɥɨɬɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ ɜ ɬɨɱɤɟ 'A , ɢ 
ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɢ ɩɥɨɬɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ ɜ ɬɨɱɤɟ 'G . Ɍɚɤ ɤɚɤ 
ɨɬɛɢɪɚɟɦɚɹ ɫɦɟɫɶ ɨɛɨɝɚɳɟɧɚ ɦɟɬɚɧɨɦ ɢ ɩɪɨɩɚɧɨɦ (ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɨɛɥɚɞɚɸɳɟɣ ɚɞɫɨɪɛɰɢɢ 
ɝɟɩɬɚɧɚ), ɬɨ, ɩɨ ɦɟɪɟ ɫɧɢɠɟɧɢɹ ɞɚɜɥɟɧɢɹ ɢ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɫɨɪɛɰɢɢ 
ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɝɟɩɬɚɧɚ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɫɥɟɞɧɟɝɨ ɜ ɩɚɪɨɜɨɣ ɮɚɡɟ ɜɨɡɪɚɫɬɚɟɬ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜ ɤɜɚɪɰɟɜɨɦ ɩɨɪɨɲɤɟ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡёɪɟɧ β,γ ɦɤɦ, ɢɦɟɸɳɟɝɨ 
ɛɨɥɶɲɭɸ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɛɨɥɶɲɭɸ ɫɨɪɛɰɢɨɧɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɩɨɪɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɨɫɥɟɞɧɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɫɨɫɬɚɜɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ 
ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɮɚɡɨɜɨɣ 
ɞɢɚɝɪɚɦɦɨɣ ɜ ɨɛɴёɦɟ (ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ: ɜɟɬɜɶ ABC  ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ 
ɜ ɜɟɬɜɶ ''' CBA ), ɧɨ ɬɚɤɠɟ ɢ ɤɚɱɟɫɬɜɟɧɧɚɹ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ. ɍɱɚɫɬɨɤ 

"""" DCBA , ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɦ ɩɥɨɬɧɨɫɬɹɦ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɫɦɟɫɢ 
(ɦɟɧɟɟ βγ0 ɤɝ/ɦ3). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ёɦɤɨɫɬɢ ɤɜɚɪɰɟɜɨɝɨ ɩɨɪɨɲɤɚ ɞɨɫɬɚɬɨɱɧɨ, 
ɱɬɨɛɵ ɫɨɪɛɢɪɨɜɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢ ɜɟɫɶ ɝɟɩɬɚɧ ɢ, ɱɚɫɬɢɱɧɨ, ɩɪɨɩɚɧ. ȼ ɩɚɪɨɜɨɣ ɮɚɡɟ ɨɫɬɚɸɬɫɹ 
ɬɨɥɶɤɨ ɦɟɬɚɧ ɢ ɩɪɨɩɚɧ. Ʉɚɠɞɨɣ ɬɨɱɤɟ ( "A , "B , "C ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɝɪɚɧɢɱɧɚɹ ɤɪɢɜɚɹ 
ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɦɟɬɚɧ – ɩɪɨɩɚɧ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɬɚɛɥɢɰɟ (ɫɦɟɫɢ 5, 6 ɢ 7 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

ɍɱɚɫɬɨɤ "" ED  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɛɨɥɶɲɟɣ ɩɥɨɬɧɨɫɬɢ (ɛɨɥɟɟ γ00 ɤɝ/ɦ3). ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɫɨɪɛɰɢɨɧɧɨɣ ёɦɤɨɫɬɢ ɤɜɚɪɰɟɜɨɝɨ ɩɨɪɨɲɤɚ ɧɟ ɯɜɚɬɚɟɬ, ɞɥɹ ɫɨɪɛɢɪɨɜɚɧɢɹ ɜɫɟɝɨ ɝɟɩɬɚɧɚ. ȼ 
ɩɚɪɨɜɨɣ ɮɚɡɟ ɨɫɬɚёɬɫɹ ɬɪёɯɤɨɦɩɨɧɟɧɬɧɚɹ ɫɦɟɫɶ ɦɟɬɚɧ – ɩɪɨɩɚɧ - ɝɟɩɬɚɧ, ɨɛɟɞɧёɧɧɚɹ 
ɝɟɩɬɚɧɨɦ ɢ ɩɪɨɩɚɧɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɨɣ ɫɦɟɫɶɸ.  

ȼɥɢɹɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ ɧɚɫɵɳɚɸɳɢɯ 
ɤɜɚɪɰɟɜɵɣ ɩɨɪɨɲɨɤ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɟɫɟɣ ɢɫɫɥɟɞɨɜɚɧɨ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɩɨɫɥɟɞɧɢɯ ɤɚɤ ɩɫɟɜɞɨɛɢɧɚɪɧɵɟ ДβЖ. ɉɪɢ ɫɨɯɪɚɧɟɧɢɢ ɧɟɢɡɦɟɧɧɵɦ ɦɨɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ 
ɦɟɬɚɧ/ɩɪɨɩɚɧ, ɜ ɢɫɯɨɞɧɨɣ ɬɪёɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɦɟɫɢ 1 ɝɟɩɬɚɧ ɡɚɦɟɧёɧ ɝɟɤɫɚɞɟɤɚɧɨɦ. 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɜ ɤɜɚɪɰɟɜɨɦ ɩɨɪɨɲɤɟ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɡёɪɟɧ γ1,5 ɦɤɦ. 
ɋɨɫɬɚɜɵ ɭɬɹɠɟɥёɧɧɵɯ ɩɫɟɜɞɨɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ (ɫɦɟɫɢ β,γ,4). ɇɚ ɪɢɫ.β 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɷɬɢɯ ɫɦɟɫɟɣ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɫɦɟɫɢ β, ɬɚɤɠɟ ɤɚɤ 
ɢ ɞɥɹ ɫɦɟɫɢ 1, ɜ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɴёɦɨɦ ɢɦɟɟɬ ɦɟɫɬɨ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ 
ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ. ȼ ɩɨɪɨɜɨɦ ɨɛɴёɦɟ ɤɜɚɪɰɟɜɨɝɨ ɩɨɪɨɲɤɚ ɩɪɨɢɫɯɨɞɢɬ 
ɫɦɟɳɟɧɢɟ ɩɨɝɪɚɧɢɱɧɨɣ ɤɪɢɜɨɣ ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɣ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɢ ɫɨɫɬɚɜɚ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɧɚ 
ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɢɹ ɤɚɥɨɪɢɱɟɫɤɢɯ ɢ ɬɟɪɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɪёɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɦɟɫɟɣ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɜɢɞɟ ɩɫɟɜɞɨɛɢɧɚɪɧɵɯ, ɩɨ ɦɟɬɨɞɢɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ДβЖ. 
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Ɋɢɫ. β. Ɏɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɬɪёɯɤɨɦɩɨɧɟɧɬɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɟɫɟɣ β, γ ɢ 4 ɜ ɫɜɨɛɨɞɧɨɦ 
ɨɛɴёɦɟ ɢ ɜ ɤɜɚɪɰɟɜɨɦ ɩɨɪɨɲɤɟ: AB - ɨɛɴёɦ, ɫɦɟɫɶ β; CD - γ1.5 ɦɤɦ ɤɜɚɪɰɟɜɵɣ ɩɨɪɨɲɨɤ, 
ɫɦɟɫɶ β (ɜɜɨɞ ɍȼ ɫɦɟɫɢ); CD’ -γ1.5 ɦɤɦ ɤɜɚɪɰɟɜɵɣ ɩɨɪɨɲɨɤ, ɫɦɟɫɶ β (ɨɬɛɨɪ ɍȼ ɫɦɟɫɢ); EF ɢ 
KL - ɨɛɴёɦ, ɫɦɟɫɢ γ ɢ 4). ɐɢɮɪɚɦɢ ɨɛɨɡɧɚɱɟɧɵ ɧɨɦɟɪɚ ɫɦɟɫɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 
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ɅɂɌȿɊȺɌɍɊȺ 

 
1. ȼ.ɉ. ȼɨɪɨɧɨɜ, ɉ.ȼ. ɉɨɩɨɜ, ȼ.Ɇ. Ȼɭɥɟɣɤɨ. Ɇɟɬɨɞɢɤɚ ȽɋɋɋȾ ɆЭ 118 - 05. Ɇɟɬɨɞɢɤɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɝɪɚɧɢɱɧɵɯ ɤɪɢɜɵɯ ɢ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɟɫɟɣ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 110…4β0 Ʉ ɢ ɞɚɜɥɟɧɢɣ ɞɨ 60 Ɇɉɚ. 
Ɋɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɰɟɧɬɪ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ, ɦɟɬɪɨɥɨɝɢɢ ɢ 
ɨɰɟɧɤɟ ɫɨɨɬɜɟɬɫɬɜɢɹ. Ɇ., β005. 
β. ȼ.Ɇ. Ȼɭɥɟɣɤɨ, ȼ.ȼ. Ȼɭɥɟɣɤɨ. ɂɡɜɟɫɬɢɹ ȼɍɁ. 5 (2011) 40. 
 
 
 

ɎɈɊɆɂɊɈȼȺɇɂȿ ɋɌɊɍɄɌɍɊɕ ɄɈɇȾȿɇɋɂɊɈȼȺɇɇɈɃ ɎȺɁɕ ɉɊɂ ɊɈɋɌȿ 
ȺɌɈɆɇɕɏ ɄɈɆɉɅȿɄɋɈȼ ȼ ȽȺɁɈȼɈɃ ɋɊȿȾȿ 

ȼɨɪɨɧɰɨɜ Ⱥ.Ƚ. 
ɎȽȻɈɍ ȼɉɈ ɘɠɧɨ-ɍɪɚɥɶɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ (ɇɂɍ), Ɋɨɫɫɢɹ, 454080, 

ɑɟɥɹɛɢɧɫɤ, ɩɪ. Ʌɟɧɢɧɚ 76. E-mail: sas@physics.susu.ac.ru 
 

Ɉɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɚ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ ɜ ɪɚɦɤɚɯ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɨɫɧɨɜɚɧɨ ɧɚ 
ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɨ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɠɢɞɤɨɫɬɢ ɜ ɜɢɞɟ ɤɚɩɟɥɶ ɫ ɧɟɩɪɟɪɵɜɧɨɣ ɥɢɧɟɣɤɨɣ ɪɚɡɦɟɪɨɜ, 
ɧɚɱɢɧɚɸɳɟɣɫɹ ɨɬ 0 Д1Ж. ɉɪɢ ɷɬɨɦ ɤɚɩɥɢ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ ɨɛɥɚɞɚɸɬ ɨɞɢɧɚɤɨɜɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ ɨɛɴɟɦɧɨɣ ɮɚɡɵ. ɗɬɨ ɩɨɥɨɠɟɧɢɟ ɩɪɨɬɢɜɨɪɟɱɢɬ ɚɬɨɦɚɪɧɨɣ 
ɩɪɢɪɨɞɟ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɭɱɢɬɵɜɚɬɶɫɹ ɧɚ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɹ ɤɨɧɞɟɧɫɚɰɢɢ. 
ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɤɨɪɪɟɤɰɢɢ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ (ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɪɚɞɢɭɫɚ ɤɚɩɟɥɶ, ɤɨɪɪɟɤɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɬ.ɞ. ДβЖ) ɧɟ ɜɩɨɥɧɟ 
ɪɟɲɚɸɬ ɩɪɨɛɥɟɦɭ ɬ.ɤ. ɜ ɧɢɯ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɞɢɫɤɪɟɬɧɨɫɬɶ ɫɬɪɨɟɧɢɹ ɚɬɨɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ – 
ɦɟɥɶɱɚɣɲɢɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ. Ɉɫɧɨɜɚɧɧɵɣ ɧɚ ɞɢɫɤɪɟɬɧɨɣ ɦɨɞɟɥɢ 
ɫɬɪɨɟɧɢɹ ɜɟɳɟɫɬɜɚ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ДγЖ ɤɚɠɟɬɫɹ ɛɨɥɟɟ ɨɩɪɚɜɞɚɧɧɵɦ ɧɚ ɧɚɱɚɥɶɧɵɯ 
ɫɬɚɞɢɹɯ ɤɨɧɞɟɧɫɚɰɢɢ. Ɉɞɧɚɤɨ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɞɢɧɚɦɢɤɭ ɩɪɨɰɟɫɫɚ, 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɨɞɞɚɸɬɫɹ ɩɪɹɦɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ. Ɉɧɢ ɡɚɜɢɫɹɬ ɨɬ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɮɚɤɬɨɪɨɜ 
(ɪɚɡɦɟɪɚ ɢ ɮɨɪɦɵ ɚɬɨɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɨɬ ɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɬ.ɞ.), ɱɬɨ ɞɟɥɚɟɬ 
ɥɸɛɵɟ ɫɩɟɤɭɥɹɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɯ ɡɧɚɱɟɧɢɣ ɫɨɦɧɢɬɟɥɶɧɵɦɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɟɞɭɬɫɹ 
ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɪɚɛɨɬɵ ɩɨ ɚɬɨɦɢɫɬɢɱɟɫɤɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ 
ɤɨɧɞɟɧɫɚɰɢɢ ɢ ɜɵɹɜɥɟɧɢɸ ɤɥɸɱɟɜɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɟɣ. ɉɪɢ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ 
ɦɟɬɚɥɥɚ ɜ ɫɪɟɞɟ ɛɭɮɟɪɧɨɝɨ ɝɚɡɚ ɧɚɣɞɟɧɨ Д4Ж, ɱɬɨ ɬɟɩɥɨ ɢ ɦɚɫɫɨɩɟɪɟɧɨɫ ɜ ɩɚɪɨɝɚɡɨɜɨɣ ɫɢɫɬɟɦɟ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɪɚɦɤɚɯ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ, ɚ 
ɩɪɨɰɟɫɫ ɩɟɪɟɯɨɞɚ ɚɬɨɦɨɜ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɭɸ ɮɚɡɭ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɫɰɟɧɚɪɢɸ ɨɬɥɢɱɧɨɦɭ ɨɬ 
ɬɪɚɞɢɰɢɨɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ. Ɇɚɥɵɟ ɤɨɦɩɥɟɤɫɵ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɩɪɢ 
ɩɪɢɫɨɟɞɢɧɟɧɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɚɬɨɦɨɜ ɢɫɩɵɬɵɜɚɸɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɟɪɟɝɪɟɜ, ɤɨɬɨɪɵɣ 
ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢ ɢɯ ɪɨɫɬɟ. Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ ɦɟɯɚɧɢɡɦɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɜɟɪɨɹɬɧɨɫɬɢ ɪɨɫɬɚ 
ɚɬɨɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɹɯ, ɧɟɨɛɯɨɞɢɦɨ ɭɬɨɱɧɟɧɢɟ ɢɯ ɫɬɪɭɤɬɭɪɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɉɫɧɨɜɧɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɤɨɦɩɥɟɤɫɵ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɧɟɥɶɡɹ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɛɴɟɦɧɭɸ ɮɚɡɭ, ɢ ɤɨɦɩɥɟɤɫɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɩɟɪɟɝɪɟɬɨɦ (ɫɢɥɶɧɨ 
ɜɨɡɛɭɠɞɟɧɧɨɦ) ɫɨɫɬɨɹɧɢɢ, ɬ.ɤ. ɷɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɨɫɬɭ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɩɪɢ 
ɤɨɧɞɟɧɫɚɰɢɢ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɵ ɫɟɪɢɢ ɦɨɞɟɥɟɣ ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ 
ɤɥɚɫɬɟɪ Cu, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɫɪɟɞɟ ɛɭɮɟɪɧɨɝɨ ɝɚɡɚ Ar ɫ ɧɟɤɨɬɨɪɨɣ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɜ 
ɢɧɬɟɪɜɚɥɟ 1000 ... β700 Ʉ. Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɤɥɚɫɬɟɪɨɜ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ, 
ɢɦɟɸɳɢɯ ɪɚɡɧɵɟ ɡɧɚɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ (ɪɚɡɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ). ɉɚɪɚɦɟɬɪɵ 
ɩɨɬɟɧɰɢɚɥɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɬɨɦɨɜ ɢ ɞɟɬɚɥɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɟ Д4Ж. 
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Ⱥɧɚɥɢɡ ɫɬɪɭɤɬɭɪɵ ɜɨɡɛɭɠɞɟɧɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɡɚɬɪɭɞɧɟɧ ɬɟɦ, ɱɬɨ ɜɡɚɢɦɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɚɬɨɦɨɜ ɩɨɫɬɨɹɧɧɨ ɦɟɧɹɟɬɫɹ, ɬ.ɟ. ɬɟɪɦɢɧ «ɫɬɪɭɤɬɭɪɚ» ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɫɬɚɬɢɫɬɢɱɟɫɤɨɟ 
ɡɧɚɱɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɪɚɡɦɟɪ ɤɨɦɩɥɟɤɫɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥ, ɬ.ɟ. ɦɟɬɨɞɢɤɚ ɨɩɢɫɚɧɢɹ ɫɬɪɭɤɬɭɪɵ 
ɞɨɥɠɧɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɨɤɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɚɬɨɦɨɜ. ɉɪɢ ɡɚɞɚɧɧɵɯ 
ɨɝɪɚɧɢɱɟɧɢɹɯ ɬɪɚɞɢɰɢɨɧɧɵɟ ɦɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɬɨɦɧɨɣ ɩɥɨɬɧɨɫɬɢ ɨɤɚɡɵɜɚɸɬɫɹ 
ɦɚɥɨɢɧɮɨɪɦɚɬɢɜɧɵɦɢ, ɚ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɩɨɞɯɨɞɨɦ ɞɥɹ ɚɧɚɥɢɡɚ ɫɬɪɭɤɬɭɪɵ ɹɜɥɹɟɬɫɹ 
ɪɚɡɛɢɟɧɢɟ Ⱦɟɥɨɧɟ Д5Ж. ȿɫɥɢ ɮɨɪɦɭ ɤɚɠɞɨɝɨ ɫɢɦɩɥɟɤɫɚ Ⱦɟɥɨɧɟ ɫɨɨɬɧɟɫɬɢ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ 
ɬɢɩɨɦ ɫɬɪɭɤɬɭɪɵ, ɬɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɧɚɞɟɠɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɫɚɦɵɯ ɦɚɥɵɯ 
ɤɨɦɩɥɟɤɫɨɜ.  

 

 
 

(ɚ) (ɛ) 

 
(ɜ) 

Ɋɢɫ.1. Ⱦɨɥɹ ɫɢɦɩɥɟɤɫɨɜ ɪɚɡɧɨɝɨ ɬɢɩɚ ɜ ɤɥɚɫɬɟɪɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɰɟɧɬɪɚ 
ɦɚɫɫ. ɚ - ɤɥɚɫɬɟɪ β1 ɚɬɨɦɨɜ, ɛ - ɤɥɚɫɬɟɪ β90 ɚɬɨɦɨɜ, ɜ - ɤɥɚɫɬɟɪ γβ00 ɚɬɨɦɨɜ. Ɍɟɦɩɟɪɚɬɭɪɚ 
1150 – 1540 Ʉ 
 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɤɥɚɫɬɟɪɨɜ ɚɧɚɥɢɡɢɪɨɜɚɥɚɫɶ ɫɬɚɬɢɫɬɢɤɨ- ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ Д6Ж, ɨɫɧɨɜɚɧɧɵɦ ɧɚ ɪɚɡɛɢɟɧɢɢ Ⱦɟɥɨɧɟ. ȼ ɢɫɩɨɥɶɡɨɜɚɧɧɨɦ ɦɟɬɨɞɟ ɫɬɪɭɤɬɭɪɚ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɨɥɟɣ ɫɢɦɩɥɟɤɫɨɜ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɬɢɩɚ. Ɍɢɩ ɫɢɦɩɥɟɤɫɚ – ɷɬɨ ɱɢɫɥɨ ɨɬ 0 ɞɨ 4, 
ɤɨɬɨɪɨɟ ɩɨɤɚɡɵɜɚɟɬ ɧɚ ɫɤɨɥɶɤɨ ɩɥɨɬɧɨ ɜɵɛɪɚɧɧɚɹ ɱɟɬɜɟɪɤɚ ɚɬɨɦɨɜ ɩɪɢɦɵɤɚɸɬ ɞɪɭɝ ɤ ɞɪɭɝɭ. 
ɋɢɦɩɥɟɤɫɵ ɬɢɩɚ 0 ɢ 1 – ɬɟɬɪɚɷɞɪɵ ɛɥɢɡɤɢɟ ɤ ɩɪɚɜɢɥɶɧɵɦ, ɫɢɦɩɥɟɤɫɵ ɬɢɩɚ β – ɮɪɚɝɦɟɧɬ 
ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɤɪɢɫɬɚɥɥɨɜ (ɱɚɫɬɢ ɨɤɬɚɷɞɪɨɜ), γ ɢ 4 – ɮɪɚɝɦɟɧɬɵ ɪɵɯɥɵɯ 
ɫɬɪɭɤɬɭɪ Д6Ж. Ɍ.ɤ. ɫɢɦɩɥɟɤɫ Ⱦɟɥɨɧɟ ɹɜɥɹɟɬɫɹ ɧɚɢɦɟɧɶɲɢɦ ɷɥɟɦɟɧɬɨɦ ɫɬɪɭɤɬɭɪɵ, ɨɤɚɡɵɜɚɟɬɫɹ 
ɜɨɡɦɨɠɧɵɦ ɢɡɭɱɚɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɰɟɧɬɪɚ ɤɥɚɫɬɟɪɚ. Ɉɛɪɚɛɨɬɤɚ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɫɨɞɟɪɠɚɳɢɯ ɛɨɥɟɟ 105 ɫɨɫɬɨɹɧɢɣ ɤɥɚɫɬɟɪɚ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ ɟɝɨ 
ɩɨɫɥɨɣɧɭɸ ɫɬɪɭɤɬɭɪɭ. ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɞɨɥɢ ɫɢɦɩɥɟɤɫɨɜ ɪɚɡɧɨɝɨ ɬɢɩɚ 0...4 
ɞɥɹ ɫɮɟɪɢɱɟɫɤɢɯ ɫɥɨɟɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɪɚɡɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɟɝɨ ɰɟɧɬɪɚ ɦɚɫɫ. ɉɨɤɚɡɚɧɵ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɨɥɶɤɨ ɜɧɭɬɪɟɧɧɢɯ ɫɢɦɩɥɟɤɫɨɜ (ɢɦɟɸɳɢɯ ɩɨɥɧɨɟ ɱɢɫɥɨ ɫɨɫɟɞɟɣ).  

ɂɡ ɪɢɫ.1ɛ, 1ɜ ɜɢɞɧɨ, ɱɬɨ ɜ ɫɬɪɭɤɬɭɪɟ ɫɮɨɪɦɢɪɨɜɚɜɲɟɝɨɫɹ ɤɥɚɫɬɟɪɚ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ γ-ɢ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

14 
 

ɫɥɨɹ: ɹɞɪɨ ɤɥɚɫɬɟɪɚ, ɧɚɪɭɠɧɚɹ ɩɫɟɜɞɨɝɚɡɨɜɚɹ ɨɛɨɥɨɱɤɚ ɫ ɭɦɟɧɶɲɚɸɳɟɣɫɹ ɩɥɨɬɧɨɫɬɶɸ ɢ 
ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ ɫɥɨɣ, ɨɬɞɟɥɹɸɳɢɣ ɰɟɧɬɪɚɥɶɧɭɸ ɱɚɫɬɶ ɤɥɚɫɬɟɪɚ ɨɬ ɟɝɨ ɩɫɟɜɞɨɝɚɡɨɜɨɣ 
ɨɛɨɥɨɱɤɢ. əɞɪɨ ɤɥɚɫɬɟɪɚ ɢɦɟɟɬ ɨɞɢɧɚɤɨɜɭɸ ɫɬɪɭɤɬɭɪɭ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ. ȿɝɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɨɛɴɟɦɧɨɣ ɮɚɡɨɣ ɜɟɳɟɫɬɜɚ. ɉɪɨɦɟɠɭɬɨɱɧɵɣ ɫɥɨɣ ɢɦɟɟɬ ɬɨɥɳɢɧɭ γ-4 й, ɢ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɹɞɪɚ 
ɤɥɚɫɬɟɪɚ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɪɚɜɢɥɶɧɵɯ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. ɗɬɨɬ ɫɥɨɣ 
ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɨɠɟɧɢɟ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɵ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɪɚɡɦɟɪɚ ɤɥɚɫɬɟɪɚ ɭɩɥɨɬɧёɧɧɵɣ 
ɫɥɨɣ ɫɨɯɪɚɧɹɟɬ ɫɜɨɸ ɬɨɥɳɢɧɭ ɞɚɠɟ ɞɥɹ ɤɥɚɫɬɟɪɨɜ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɚɬɨɦɨɜ. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɨɧ ɡɚɦɟɧɹɟɬ ɹɞɪɨ ɤɥɚɫɬɟɪɚ (ɪɢɫ. 1ɚ). ɉɪɢ ɷɬɨɦ ɩɪɨɰɟɧɬ ɩɪɚɜɢɥɶɧɵɯ ɬɟɬɪɚɷɞɪɨɜ (ɬɢɩɚ 0 
ɢ 1 ɜ ɫɭɦɦɟ) ɫɬɚɧɨɜɢɬɫɹ ɧɚɫɬɨɥɶɤɨ ɜɵɫɨɤ, ɱɬɨ ɩɨɥɭɱɚɸɳɚɹɫɹ ɫɬɪɭɤɬɭɪɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɢɤɨɫɚɷɞɪɢɱɟɫɤɨɦɭ ɬɢɩɭ ɭɩɨɪɹɞɨɱɟɧɢɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɬɚɤɨɜɨɣ ɞɥɹ ɛɨɥɶɲɨɝɨ ɤɥɚɫɬɟɪɚ (ɪɢɫ. 1 ɜ) 
ɞɥɹ ɤɨɬɨɪɨɝɨ ɞɨɦɢɧɢɪɭɸɬ ɫɢɦɩɥɟɤɫɵ ɬɢɩɚ β, ɹɜɥɹɸɳɢɟɫɹ ɷɥɟɦɟɧɬɚɦɢ ȽɐɄ ɫɬɪɭɤɬɭɪɵ ɢ 
ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɦɧɨɣ ɠɢɞɤɨɫɬɢ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɧɟ ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ 
ɫɬɪɭɤɬɭɪɚ ɤɥɚɫɬɟɪɨɜ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɬ.ɤ. ɨɧɢ ɛɵɫɬɪɨ ɬɟɪɹɸɬ ɫɬɚɛɢɥɶɧɨɫɬɶ 
ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. Ⱦɥɹ ɤɥɚɫɬɟɪɨɜ ɢɦɟɸɳɢɯ ɫɮɨɪɦɢɪɨɜɚɧɧɨɟ ɹɞɪɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɨɬɧɨɲɟɧɢɟ ɬɢɩɨɜ ɫɢɦɩɥɟɤɫɨɜ ɜ ɹɞɪɟ ɤɥɚɫɬɟɪɚ ɢ ɪɚɡɞɟɥɢɬɟɥɶɧɨɦ ɫɥɨɟ 
ɦɟɧɹɟɬɫɹ. ɂɧɬɟɧɫɢɜɧɨɟ ɢɫɩɚɪɟɧɢɟ ɤɥɚɫɬɟɪɚ ɧɚɛɥɸɞɚɟɬɫɹ, ɤɨɝɞɚ ɫɬɪɭɤɬɭɪɚ ɪɚɡɞɟɥɢɬɟɥɶɧɨɝɨ 
ɫɥɨɹ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɫɬɪɭɤɬɭɪɟ ɟɝɨ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɮɨɪɦɢɪɨɜɚɧɢɟ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɧɚɱɢɧɚɟɬɫɹ ɫ 
ɨɛɪɚɡɨɜɚɧɢɹ ɚɬɨɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɭ ɤɨɬɨɪɨɝɨ ɜ ɰɟɧɬɪɟ ɩɫɟɜɞɨɝɚɡɨɜɨɝɨ ɨɛɥɚɤɚ ɧɚɯɨɞɢɬɫɹ 
ɭɩɥɨɬɧɟɧɢɟ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɤɚɡɚɧɧɨɟ ɭɩɥɨɬɧɟɧɢɟ ɪɚɡɞɜɢɝɚɟɬɫɹ, ɮɨɪɦɢɪɭɹ 
ɨɛɨɥɨɱɤɭ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɜɟɳɟɫɬɜɨ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɛɥɢɡɤɨɣ ɤ ɫɬɪɭɤɬɭɪɟ ɨɛɴɟɦɧɨɣ 
ɮɚɡɵ. ɐɟɧɬɪɚɥɶɧɚɹ ɱɚɫɬɶ ɤɥɚɫɬɟɪɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɱɚɫɬɢɰ ɫ ɪɚɡɦɟɪɨɦ ɛɨɥɟɟ 4-5 й, ɚ ɟɟ 
ɫɬɪɭɤɬɭɪɚ ɦɚɥɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɦɧɨɣ ɠɢɞɤɨɫɬɢ ɞɥɹ ɤɥɚɫɬɟɪɨɜ ɛɨɥɟɟ 10 й. 
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ȼɅɂəɇɂȿ ɂɈɇɇɕɏ ɀɂȾɄɈɋɌȿɃ ɇȺ ɊȺȼɇɈȼȿɋɂȿ ɉȺɊ-ɀɂȾɄɈɋɌɖ 
ȺɁȿɈɌɊɈɉɇɕɏ ȼɈȾɇɈ-ɋɉɂɊɌɈȼɕɏ ɋɆȿɋȿɃ 
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ȼ ɪɚɦɤɚɯ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɩɚɪ-ɠɢɞɤɨɫɬɶ ɧɚ ɨɫɧɨɜɟ 
ɩɪɨɰɟɫɫɚ ɨɬɤɪɵɬɨɝɨ ɢɫɩɚɪɟɧɢɹ ɠɢɞɤɨɣ ɫɦɟɫɢ ɜ ɢɡɨɛɚɪɧɵɯ ɭɫɥɨɜɢɹɯ Д1Ж, ɩɪɨɜɟɞɟɧɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɧɚ ɭɫɥɨɜɢɹ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɚɪ- ɠɢɞɤɨɫɬɶ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɫɬɭɩɚɥɢ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɟ ɫɢɫɬɟɦɵ, ɫɤɥɨɧɧɵɟ ɤ 
ɚɡɟɨɬɪɨɩɢɢ. ɇɚ ɪɢɫɭɧɤɟ 1, ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɥɢɹɧɢɟ ɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ 1-ɷɬɢɥ-3-ɦɟɬɢɥɢɦɢɞɚɡɨɥ ɯɥɨɪɢɞ ДEMIM][ClЖ ɧɚ ɭɫɥɨɜɢɢ ɮɚɡɨɜɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ ɩɚɪ-ɠɢɞɤɨɫɬɶ ɷɬɚɧɨɥ-ɜɨɞɚ.   

 

mailto:alklin@kstu.ru


XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

15 
 

0 0.2 0.4 0.6 0.8 1
x (ɦасс. доɥ)

0

0.2

0.4

0.6

0.8

1

y
 (
ɦа
сс

. 
до
ɥ)

15 %[EMIM][Cl]

20 %[EMIM][Cl]

40 %[EMIM][Cl]

 
Ɋɢɫ. 1. Ɋɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɚɜɵ ɩɚɪɚ ɢ ɠɢɞɤɨɫɬɢ ɜ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɷɬɚɧɨɥ-ɜɨɞɚ-[EMIM][Cl]. 
ɇɟɩɪɟɪɵɜɧɚɹ ɥɢɧɢɹ – ɞɚɧɧɵɟ ɜ ɨɬɫɭɬɫɬɜɢɢ ДEεIεЖДCХЖ. 

 
ɂɡ ɝɪɚɮɢɤɚ ɜɢɞɧɨ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ДEMIM][ClЖ ɫɦɟɳɚɟɬ ɚɡɟɨɬɪɨɩɧɭɸ ɬɨɱɤɭ ɜ ɨɛɥɚɫɬɶ 
ɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɬɚɧɨɥɚ. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ДEMIM][ClЖ ɜ ɫɦɟɫɢ ɜ ɤɨɥɢɱɟɫɬɜɟ 15% 
ɦɚɫɫɨɜɵɯ ɢ ɛɨɥɟɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢɫɱɟɡɧɨɜɟɧɢɟ ɚɡɟɨɬɪɨɩɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ 
№ 14-03-00β51 ɚ. 

 
ɅɂɌȿɊȺɌɍɊȺ 

 
1. Ⱥ.ȼ. Ʉɥɢɧɨɜ, Ʌ.Ɋ. Ɇɢɧɢɛɚɟɜɚ, Ⱥ.ȼ. Ɇɚɥɵɝɢɧ, Ⱥ.Ɋ. Ƚɚɛɞɪɚɯɦɚɧɨɜɚ. ȼɟɫɬɧɢɤ Ʉɚɡɚɧɫɤɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 13 (2014) 165. 
 
 
 

ȺɇȺɅɂɌɂɑȿɋɄɂȿ ɁȺȼɂɋɂɆɈɋɌɂ ɄɊɂɌɂɑȿɋɄɂɏ ɌȿɆɉȿɊȺɌɍɊ ɈɌ 
ɋɈɋɌȺȼȺ ɋɆȿɋȿɃ ɇ-ȺɅɄȺɇɈȼ ɂ ɉɊɈȽɇɈɁɂɊɈȼȺɇɂȿ ɄɊɂɌɂɑȿɋɄɂɏ 

ɌȿɆɉȿɊȺɌɍɊ ɇȿɂɁɍɑȿɇɇɕɏ ɋɂɋɌȿɆ 
Ɍɪɭɧɨɜɚ Ⱥ.ɇ., Ƚɚɪɤɭɲɢɧ ɂ.Ʉ., ɇɚɡɦɭɬɞɢɧɨɜ Ⱥ.Ƚ., Ƚɚɪɤɭɲɢɧ Ⱥ.ɂ. 

ɎȽȻɈɍ ȼɉɈ «ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ», Ɋɨɫɫɢɹ, 443100, 
ɋɚɦɚɪɚ, ɭɥ. Ɇɨɥɨɞɨɝɜɚɪɞɟɣɫɤɚɹ, β44, Ƚɥɚɜɧɵɣ ɤɨɪɩɭɫ. E-mail: Chemsstu@mail.ru 

 
ȼɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɢɡɭɱɟɧɢɢ ɧ-ɚɥɤɚɧɨɜ ɜ ɧɟɮɬɹɧɵɯ ɮɥɸɢɞɚɯ ɢɦɟɸɬ ɞɚɧɧɵɟ ɩɨ 

ɤɪɢɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɟɧ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪ ɷɜɬɟɤɬɢɤ ɜ 
ɪɹɞɚɯ ɫɢɫɬɟɦ CCl–CnH2n+2 ɢ C2Cl4–CnH2n+2, ɝɞɟ n = 9…β4 ɜ ɮɨɪɦɭɥɟ ɧ-ɚɥɤɚɧɚД1Ж, ɰɟɥɶɸ 
ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɷɜɬɟɤɬɢɤ ɞɥɹ ɧɟɢɡɜɟɫɬɧɵɯ ɫɢɫɬɟɦ. ɋɭɳɧɨɫɬɶ 
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ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ ɫɢɫɬɟɦ ɫ ɩɨɫɬɨɹɧɧɵɦ ɪɹɞɨɨɛɪɚɡɭɸɳɢɦ ɤɨɦɩɨɧɟɧɬɨɦ. ɐɟɥɶɸ 
ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
ɧɟɢɡɭɱɟɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɫɨɫɬɚɜɚɯ (ɢɡɨɤɨɧɰɟɧɬɪɚɬɚɯ) ɜ ɪɹɞɭ ɫɢɫɬɟɦ ɋ3H8 – 
CnH2n+2, ɝɞɟ n = 4…10. ȼ ɯɨɞɟ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɛɡɨɪɚ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵД2-3Ж ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɚɤɢɦ ɪɹɞɨɦ ɦɨɠɟɬ ɛɵɬɶ ɪɹɞ ɫɦɟɫɟɣ ɋ3H8 – CnH2n+2, ɝɞɟ n = 4…8,10, ɜ 
ɤɨɬɨɪɨɦ ɧɟɢɡɭɱɟɧɧɨɣ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ ɋ3H8 – C9H20, ɚ ɩɨɫɬɨɹɧɧɵɦ (ɪɹɞɨɨɛɪɚɡɭɸɳɢɦ) 
ɜɟɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɩɪɨɩɚɧ. 

ȼ ɯɨɞɟ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɫɨɝɥɚɫɧɨ 
ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɦɟɬɨɞɭ. ɂɫɩɨɥɶɡɭɹ ɫɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ Д2-3Ж, ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɱɟɫɤɢɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦɚɯ ɤɨɨɪɞɢɧɚɬ. Ⱥɧɚɥɢɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɫ ɩɨɫɬɪɨɟɧɢɟɦ 
ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɪɨɜɨɞɢɥɢ ɧɚ ɉɗȼɆ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ 
TКЛХОCЮrЯО βD; ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɦɟɬɨɞɭ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ Д4-6Ж. ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɧɟɞɨɫɬɚɸɳɢɟ ɡɧɚɱɟɧɢɹ 
ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

 
Ɋɚɫɫɱɢɬɚɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɩɪɨɩɚɧɚ, 

ɦɨɥɶɧɚɹ ɞɨɥɹ 

ɋɢɫɬɟɦɚ 
ɋ3H8 –  
C4H10 

ɋ3H8 –  
C5H12 

ɋ3H8 –  
C6H14 

ɋ3H8 –  
C7H16 

ɋ3H8 –  
C8H18 

ɋ3H8 –  
C9H20 

ɋ3H8 –  
C10H22 

0,20 416,7 455,7 492,3 523,1 551,8 584,4 613,4 
0,40 407,3 439,0 472,5 499,2 532,5 562,5 592,7 
0,60 396,3 419,4 447,1 468,5 498,8 522,7 548,6 
0,80 383,7 396,7 414,0 427,9 447,2 460,7 475,8 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ, ɤɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɛɵɥɢ 

ɞɨɩɨɥɧɟɧɵ ɫɜɟɞɟɧɢɹ ɩɨ ɤɪɢɬɢɱɟɫɤɢɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɞɥɹ ɢɡɭɱɟɧɧɵɯ ɪɚɧɟɟ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ 
ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ Tc ɞɥɹ ɫɢɫɬɟɦɵ ɫ ɧɨɧɚɧɨɦ. Ɉɞɧɚɤɨ ɩɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ 
ɬɟɨɪɟɬɢɱɟɫɤɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɢɦɚ ɢ ɞɥɹ ɫɢɫɬɟɦ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɜ 
ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɬɨɪɵɯ ɜ ɨɛɥɚɫɬɢ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
ɧɚɛɥɸɞɚɟɬɫɹ ɤɪɟɤɢɧɝ. 

 
ɅɂɌȿɊȺɌɍɊȺ 

 
1. ɂ.Ʉ. Ƚɚɪɤɭɲɢɧ, Ⱥ.ȼ. Ʉɨɥɹɞɨ, ȿ.ȼ. Ⱦɨɪɨɯɢɧɚ. Ɋɚɫɱɟɬ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɜ 
ɞɜɨɣɧɵɯ ɫɢɫɬɟɦɚɯ ɢɡ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. ɍɪɈ ɊȺɇ, ȿɤɚɬɟɪɢɧɛɭɪɝ, 2011. 
2. D. Ambrose, C. Tsonopoulos. J. Chem. Eng. 40 (1995) 531. 
3. C.P. Hicks, C.L. Young. Chem. Rev. 2, 75 (1975) 119. 
4. ɑ. Ʌɨɭɫɨɧ, Ɋ. ɏɟɧɫɨɧ. ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. 
ɋɬɚɬɢɫɬɢɤɚ, Ɇ., 1979.  
5. ȿ.ɋ. ȼɟɧɬɰɟɥɶ. Ɍɟɨɪɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ. ɇɚɭɤɚ, Ɇ., 1969. 
6. Ⱥ.Ʉ. ɑɚɪɵɤɨɜ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɏɢɦɢɹ, Ʌ., 
1984. 
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ȼɅɂəɇɂȿ ɂɇȾɂɎɎȿɊȿɇɌɇɈȽɈ ɊȺɋɌȼɈɊɂɌȿɅə ɇȺ ȾɂɆȿɊɂɁȺɐɂɈɇɇɈȿ 
ɊȺȼɇɈȼȿɋɂȿ ȼ ɆɈȾȿɅɂ ɌȼȿɊȾɕɏ ɋɎȿɊ 

Ⱦɚɜɵɞɨɜ Ⱥ.Ƚ.1, ɉɟɲɤɢɧɚ Ʉ.Ƚ.2, Ɍɤɚɱɟɜ ɇ.Ʉ. 2 

1ɍɪɎɍ ɢɦɟɧɢ ɩɟɪɜɨɝɨ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɢ Ȼ.ɇ.ȿɥɶɰɢɧɚ, Ɋɨɫɫɢɹ, 620002,  
ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɇɢɪɚ, 19,  

2ɂɧɫɬɢɬɭɬ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɷɥɟɤɬɪɨɯɢɦɢɢ ɍɪɈ ɊȺɇ, Ɋɨɫɫɢɹ, 620219,  
ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. ɋ.Ʉɨɜɚɥɟɜɫɤɨɣ, ββ. E-mail: a1ex_davydov@mail.ru 

 

ɉɪɨɛɥɟɦɚ ɪɚɫɱɟɬɚ ɯɢɦɢɱɟɫɤɢɯ ɪɚɜɧɨɜɟɫɢɣ ɜ ɧɟɢɞɟɚɥɶɧɵɯ ɫɢɫɬɟɦɚɯ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 
ɧɚɢɛɨɥɟɟ ɫɥɨɠɧɵɯ ɜ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɬɚɤ ɤɚɤ ɚɤɬɢɜɧɨɫɬɢ ɭɱɚɫɬɧɢɤɨɜ ɪɟɚɤɰɢɢ ɡɚɜɢɫɹɬ ɨɬ 
ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɧɚ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɦ ɭɪɨɜɧɟ. Ɂɚɞɚɱɭ ɨ ɞɢɦɟɪɢɡɚɰɢɢ ɜ 
ɫɢɫɬɟɦɟ ɬɜɟɪɞɵɯ ɫɮɟɪ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ, ɟɫɥɢ ɢɦɟɬɶ ɜɜɢɞɭ ɩɚɪɧɵɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ. Ɉɞɧɚɤɨ ɫɥɟɞɫɬɜɢɹ ɦɨɞɟɥɢ ɞɨ ɫɢɯ ɩɨɪ ɧɟɞɨɫɬɚɬɨɱɧɨ 
ɢɡɭɱɟɧɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɢɥɨɠɟɧɢɣ ɫɬɚɬɢɫɬɢɤɨ-ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɤ ɯɢɦɢɱɟɫɤɢɦ 
ɪɟɚɤɰɢɹɦ. ȼ Д1Ж ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɞɢɦɟɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ 
ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ ɬɜɟɪɞɵɯ ɫɮɟɪ ɩɪɢ ɡɚɞɚɧɧɨɣ ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɢ ɪɚɡɥɢɱɧɵɯ 
ɞɥɢɧɚɯ ɫɜɹɡɢ ɜ ɞɢɦɟɪɟ ɜ ɪɚɦɤɚɯ ɭɩɪɨɳɟɧɧɨɣ ɫɮɟɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ȼ ДβЖ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ 
ɭɱɟɬɚ ɝɚɧɬɟɥɟɨɛɪɚɡɧɨɣ ɮɨɪɦɵ ɞɢɦɟɪɚ ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɚɹ ɦɨɞɟɥɶ, ɜ ɰɟɥɨɦ, ɧɟ ɦɟɧɹɟɬ 
ɤɚɱɟɫɬɜɟɧɧɭɸ ɤɚɪɬɢɧɭ, ɨɩɢɫɚɧɧɭɸ ɜ Д1Ж, ɚ ɭɬɨɱɧɹɟɬ ɪɚɫɱɟɬ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɨɛɥɚɫɬɢ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ.  

ȿɫɥɢ ɝɨɜɨɪɢɬɶ ɨ ɡɚɞɚɱɟ ɞɢɦɟɪɢɡɚɰɢɢ ɜ ɢɧɞɢɮɮɟɪɟɧɬɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ, ɬɨ ɡɞɟɫɶ ɧɚɢɛɨɥɟɟ 
ɢɧɬɟɪɟɫɧɵɦɢ ɜɨɩɪɨɫɚɦɢ, ɤɨɧɟɱɧɨ, ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ: ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɢɡɦɟɧɟɧɢɟ ɞɢɚɦɟɬɪɚ 
ɱɚɫɬɢɰ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜɥɢɹɟɬ ɧɚ ɩɨɥɨɠɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɤɚɤɨɜɵ ɨɬɤɥɨɧɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɦɟɪɨɜ ɨɬ ɢɞɟɚɥɶɧɨɝɨ ɫɥɭɱɚɹ ɜɞɨɥɶ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɢɥɢ ɤɚɤɢɯ ɬɢɩɨɜ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɪɟɞɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɤɬɢɜɧɨɫɬɢ ɦɨɠɧɨ ɨɠɢɞɚɬɶ?  

ɐɟɥɶ ɧɚɫɬɨɹɳɟɝɨ ɫɨɨɛɳɟɧɢɹ – ɩɪɟɞɫɬɚɜɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɞɢɦɟɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɱɚɫɬɢɰɵ 
ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ ɩɨɥɚɝɚɸɬɫɹ ɬɜɟɪɞɵɦɢ ɫɮɟɪɚɦɢ ɫɨ ɫɜɨɢɦ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɞɢɚɦɟɬɪɚ, 
ɧɨ ɧɟ ɜɫɬɭɩɚɸɬ ɜ ɤɚɤɢɟ-ɥɢɛɨ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ. 

ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɫɬɟɣɲɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɢɦɟɪɧɨɣ ɦɨɥɟɤɭɥɵ ɜ 
ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɟ ɫɫ ȼȺ 1 , ɝɞɟ ɱɚɫɬɢɰɵ ɤɨɦɩɨɧɟɧɬɚ Ⱥ ɦɨɝɭɬ ɞɢɦɟɪɢɡɨɜɚɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɨɬɟɤɚɧɢɹ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɣ ɪɟɚɤɰɢɢ 

21
2 ȺȺ  . Ɍɚɤɚɹ ɛɢɧɚɪɧɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ N 

ɚɬɨɦɨɜ, ɜ ɤɨɬɨɪɨɣ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ ɫɨɫɭɳɟɫɬɜɭɸɬ N1 ɚɬɨɦɨɜ A1, N2  

ɞɢɦɟɪɨɜ A2 ɢ Nȼ ɚɬɨɦɨɜ ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ȼ. Ʉɨɦɩɨɧɟɧɬɵ Ⱥ  
ɢ ȼ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɬɜɟɪɞɵɦɢ ɫɮɟɪɚɦɢ ɪɚɡɥɢɱɧɵɯ ɞɢɚɦɟɬɪɨɜ ( ,

A B
d d d d  ).Ɉɱɟɜɢɞɧɨ, 

ɱɬɨ ɱɢɫɥɚ ɱɚɫɬɢɰ ɞɨɥɠɧɵ ɛɵɬɶ ɫɜɹɡɚɧɵ ɭɫɥɨɜɢɟɦ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ:
1 2

2
B

N N N N   . 
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Ɋɢɫ.1. ɉɪɨɫɬɟɣɲɚɹ ɦɨɞɟɥɶ ɞɥɹ ɭɱɟɬɚ ɷɮɮɟɤɬɨɜ ɢɫɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟɦɚ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ 
ɞɢɦɟɪɧɨɣ ɦɨɥɟɤɭɥɵ ɫ ɩɟɪɟɤɪɵɬɢɟɦ ɢɥɢ ɱɚɫɬɢɱɧɵɦ ɫɥɢɹɧɢɟɦ ɱɚɫɬɢɰ 

 
ɇɚ ɪɢɫ.1 ɩɨɤɚɡɚɧɨ ɩɪɢɛɥɢɠɟɧɢɟ, ɭɱɢɬɵɜɚɸɳɟɟ ɫɥɢɹɧɢɟ (ПЮsТШЧ) ɢɥɢ ɩɟɪɟɤɪɵɬɢɟ 

ɷɥɟɤɬɪɨɧɧɵɯ ɨɛɨɥɨɱɟɤ ɚɬɨɦɨɜ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɜ ɞɢɦɟɪɟ. ȼɟɥɢɱɢɧɚ 
ɩɚɪɚɦɟɬɪɚ   ɨɩɢɫɵɜɚɟɬ ɫɥɢɹɧɢɟ ɚɬɨɦɨɜ ɜ ɞɢɦɟɪɧɨɣ ɦɨɥɟɤɭɥɟ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ 
ɨɛɴɟɦɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɚɤɬɚ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɛɭɞɟɬ ɪɚɜɧɨ 

3
3

( 2 )
6

d  
.
 

Ⱦɥɹ ɜɵɜɨɞɚ ɭɫɥɨɜɢɣ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɡɚɩɢɲɟɦ 
ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ Ƚɢɛɛɫɚ ɜ ɜɢɞɟ ɫɭɦɦɵ ɬɪɟɯ ɜɤɥɚɞɨɜ: ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ (id), ɬɜɟɪɞɨɫɮɟɪɧɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ (hs) ɢ ɪɚɛɨɬɵ ɩɪɨɬɢɜ ɜɧɟɲɧɢɯ ɫɢɥ: 

0 0id h s
G F P V F F P V      

ɉɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɫɢɫɬɟɦɵ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɥɢ ɦɢɧɢɦɭɦ 
ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɞɨɥɠɟɧ ɛɵɬɶ ɧɚɣɞɟɧ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɦɟɪɨɜ 
ɢ ɩɨ ɚɬɨɦɧɨɣ ɩɥɨɬɧɨɫɬɢ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜɫɹɤɨɟ ɫɦɟɳɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢɜɨɞɢɬ 
ɤ ɢɡɦɟɧɟɧɢɹɦ ɦɨɥɶɧɨɝɨ ɨɛɴɟɦɚ ɢ ɧɚɨɛɨɪɨɬ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɫɢɫɬɟɦɟ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ, 
ɫɨɫɬɨɹɳɟɣ ɢɡ ɡɚɤɨɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ (ɁȾɆ) ɢ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ (ɍɋ). 

Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɪɚɫɫɦɨɬɪɢɦ ɩɪɨɫɬɟɣɲɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɞɥɹ ɜɤɥɚɞɚ ɬɜɟɪɞɨɫɮɟɪɧɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɜɚɧ-ɞɟɪ-ɜɚɚɥɶɫɨɜɫɤɨɝɨ ɬɢɩɚ, ɩɪɟɧɟɛɪɟɝɚɹ ɫɥɚɛɵɦ 
ɩɪɢɬɹɠɟɧɢɟɦ (ɥɨɧɞɨɧɨɜɫɤɢɟ ɫɢɥɵ) ɱɚɫɬɢɰ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ ɛɨɥɶɲɢɯ ɬɜɟɪɞɨɫɮɟɪɧɵɯ 
ɞɢɚɦɟɬɪɨɜ. 

ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ, ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɡɚɩɢɲɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  
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Ɂɞɟɫɶ 
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dN
V

   – ɛɟɡɪɚɡɦɟɪɧɚɹ ɩɥɨɬɧɨɫɬɶ ɚɬɨɦɨɜ, h ɢ k – ɩɨɫɬɨɹɧɧɵɟ ɉɥɚɧɤɚ ɢ Ȼɨɥɶɰɦɚɧɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, VdV
P

0  – ɜɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ, ɫ – ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɚ Ⱥ, ɯ – ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɞɢɦɟɪɚ, Ɍ – ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 

ɍɪɚɜɧɟɧɢɟ ɁȾɆ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:  2
.

(1 ) 2

x
K

ɫ ɯ ɯ
    

Ɉɩɪɟɞɟɥɢɦ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ ɢ ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ: 
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2  – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ. 

Ɂɞɟɫɶ 
vib

Z ɢ rot
Z –ɤɨɥɟɛɚɬɟɥɶɧɚɹ ɢ ɜɪɚɳɚɬɟɥɶɧɚɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɫɭɦɦɵ ɞɢɦɟɪɚ, 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, mȺ– ɦɚɫɫɚ ɚɬɨɦɨɜ Ⱥ. 
ɇɟɬɪɭɞɧɨ ɪɟɲɢɬɶ ɜɵɩɢɫɚɧɧɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɚɧɚɥɢɬɢɱɟɫɤɢ, ɡɚɦɟɱɚɹ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ 

ɫɨɫɬɨɹɧɢɹ ɹɜɥɹɟɬɫɹ ɥɢɧɟɣɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɬɧɨɫɬɢ, ɚ ɭɪɚɜɧɟɧɢɟ ɁȾɆ – ɤɜɚɞɪɚɬɧɵɦ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɦɟɪɨɜ.  

 

 
Ɋɢɫ.β. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɞɢɦɟɪɨɜ ɜ ɫɦɟɫɢ )1( ɫɫ ȼȺ  . Ʉɪɢɜɵɟ 1 ɢ γ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɧɚɱɟɧɢɸ 1.1 , ɚ ɤɪɢɜɵɟ β ɢ 4 ɩɪɢ 8.1 . Ɋɚɡɦɟɪ ɱɚɫɬɢɰ ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɫɨɫɬɚɜɥɹɥ 1.1  

 
ɇɚ ɪɢɫ.β ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɦɟɪɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɫɨɞɟɪɠɚɧɢɹ ɤɨɦɩɨɧɟɧɬɚ Ⱥ (ɫɩɥɨɲɧɵɟ ɤɪɢɜɵɟ 1 ɢ β) ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɢɞɟɚɥɶɧɵɦ ɫɥɭɱɚɟɦ 
(ɩɭɧɤɬɢɪɧɵɟ ɤɪɢɜɵɟ γ ɢ 4) ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɞɥɢɧɵ ɫɜɹɡɢ ɜ ɞɢɦɟɪɟ. ɉɪɢ ɛɨɥɶɲɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɤɨɦɩɨɧɟɧɬɚ Ⱥ ( 1ɫ ) ɞɨɥɹ ɞɢɦɟɪɨɜ ɫɬɪɟɦɢɬɫɹ ɤ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ 
ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ȼɢɞɧɨ, ɱɬɨ ɢɦɟɸɬ ɦɟɫɬɨ ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 
ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɢɞɟɚɥɶɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɩɪɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɢ ɩɨɥɨɠɢɬɟɥɶɧɨɦ 
ɢɡɦɟɧɟɧɢɢ ɨɛɴɟɦɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɚɤɬɚ ɞɢɦɟɪɢɡɚɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɫɬɚɹ 
ɦɨɞɟɥɶ ɞɢɦɟɪɢɡɚɰɢɢ ɜ ɢɧɞɢɮɮɟɪɟɧɬɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ ɩɪɢ ɭɱɟɬɟ ɬɨɥɶɤɨ ɬɜɟɪɞɨɫɮɟɪɧɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɜɚɧ-ɞɟɪ-ɜɚɚɥɶɫɨɜɫɤɨɝɨ ɬɢɩɚ ɞɚɟɬ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɫɩɨɫɨɛ 
ɨɰɟɧɤɢ ɨɬɤɥɨɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɨɬ ɢɞɟɚɥɶɧɨɫɬɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦɦɵ ɍɪɈ ɊȺɇ (№ 1β-ɍ-3-1011). 
 

ɅɂɌȿɊȺɌɍɊȺ 
 

1. ɇ.Ʉ. Ɍɤɚɱɟɜ, Ⱥ.Ɋ. Ɂɢɧɚɬɭɥɢɧɚ. ɀɎɏ. 9 (2013) 1471. 
2. ɇ.Ʉ. Ɍɤɚɱɟɜ. Ɋɚɫɩɥɚɜɵ. 2 (2014) 87. 
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ɎȺɁɈȼɕȿ ɉȿɊȿɏɈȾɕ ɂ ɈɉɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ 
ɅȺɇɌȺɇɈɂȾɋɈȾȿɊɀȺɓɂɏ ɀɂȾɄɂɏ ɄɊɂɋɌȺɅɅɈȼ 
Ʉɪɭɩɢɧ Ⱥ.ɋ., Ʉɚɪɹɤɢɧ Ɇ.ȿ., Ʉɧɹɡɟɜ Ⱥ.Ⱥ., Ƚɚɥɹɦɟɬɞɢɧɨɜ ɘ.Ƚ. 

ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ», 
Ɋɨɫɫɢɹ, 420015, Ʉɚɡɚɧɶ, ɭɥ. Ʉ.Ɇɚɪɤɫɚ, 68. E-mail: krupin_91@mail.ru 

 
ȼɜɟɞɟɧɢɟ ɜ ɦɨɥɟɤɭɥɭ ɠɢɞɤɨɝɨ ɤɪɢɫɬɚɥɥɚ (ɀɄ) ɢɨɧɚ ɥɚɧɬɚɧɨɢɞɚ ɩɨɡɜɨɥɹɟɬ ɨɛɴɟɞɢɧɢɬɶ 

ɨɪɢɟɧɬɚɰɢɨɧɧɨɟ ɩɨɜɟɞɟɧɢɟ ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɟɡɨɮɚɡ ɫ ɜɵɫɨɤɨɣ ɦɚɝɧɢɬɧɨɣ 
ɚɧɢɡɨɬɪɨɩɢɟɣ ɢ ɥɸɦɢɧɟɫɰɟɧɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɪɹɞɚ ɢɨɧɨɜ ɥɚɧɬɚɧɨɢɞɨɜ ɢ ɩɨɞɨɣɬɢ ɤ 
ɫɨɡɞɚɧɢɸ ɦɭɥɶɬɢɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɟɨɛɵɱɧɵɦɢ ɦɚɝɧɢɬɧɵɦɢ ɢ ɨɩɬɢɱɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ. Ɉɪɢɟɧɬɢɪɨɜɚɧɢɟ ɥɚɧɚɬɧɨɢɞɫɨɞɟɪɠɚɳɢɯ ɀɄ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɫɪɟɞɵ, 
ɨɛɥɚɞɚɸɳɢɟ ɥɢɧɟɣɧɨ ɩɨɥɹɪɢɡɨɜɚɧɧɨɣ ɥɸɦɢɧɟɫɰɟɧɰɢɢ. Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɧɨɜɵɯ ɬɢɩɚɯ ɫɜɟɬɨɢɡɥɭɱɚɸɳɢɯ ɞɢɨɞɨɜ ɢ ɝɢɛɤɢɯ ɞɢɫɩɥɟɟɜ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɥɚɧɬɚɧɨɢɞɫɨɞɟɪɠɚɳɢɯ 
ɀɄ. ɂɡɭɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɧɚ ɢɯ ɨɫɧɨɜɟ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɫɪɟɞ ɫ ɩɨɦɨɳɶɸ 
ɨɪɢɟɧɬɢɪɭɸɳɟɣ ɩɨɞɥɨɠɤɢ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɚɞɞɭɤɬɵ ɥɚɧɬɚɧɨɢɞɨɜ Ln(CPDK3-5)3bpy17 (ɪɢɫ. 1), ɝɞɟ Ln – Eu(III ) ɢ Tb(III ), ɩɪɨɹɜɥɹɸɳɢɟ 
ɠɢɞɤɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

 

 
 

Ɋɢɫ.1. ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ Ln(CPDK3-5)3bpy17 
 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɥɚɧɬɚɧɨɢɞ ɫɨɞɟɪɠɚɳɢɯ ɀɄ 
ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɞɚɧɧɵɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ. Ɍɟɦɩɟɪɚɬɭɪɵ 
ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢ ɬɢɩɵ ɦɟɡɨɮɚɡ ɛɵɥɢ ɧɚɣɞɟɧɵ ɩɨ ɞɚɧɧɵɦ ɩɨɥɹɪɢɡɚɰɢɨɧɧɨɣ ɨɩɬɢɱɟɫɤɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫɵ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɢɡ ɢɡɨɬɪɨɩɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɫɬɟɤɥɭɸɬɫɹ ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɭɩɚɤɨɜɤɢ ɦɟɡɨɮɚɡɵ ɢ ɡɚɞɚɧɧɨɣ ɜ ɦɟɡɨɮɚɡɟ ɨɪɢɟɧɬɚɰɢɢ ɦɨɥɟɤɭɥ. 

Ɉɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɩɥɟɧɤɢ ɤɨɦɩɥɟɤɫɨɜ Ln(III ) ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɧɚɧɟɫɟɧɧɨɝɨ ɧɚ 
ɤɜɚɪɰɟɜɭɸ ɩɨɞɥɨɠɤɭ ɨɪɢɟɧɬɚɧɬɚ – ɩɨɥɢɦɟɪɚ ɧɟɣɥɨɧɚ-6 ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ ɩɟɪɟɯɨɞɚ ɜ 
ɢɡɨɬɪɨɩɧɭɸ ɠɢɞɤɨɫɬɶ ɢ ɞɚɥɶɧɟɣɲɟɦ ɦɟɞɥɟɧɧɨɦ ɨɯɥɚɠɞɟɧɢɢ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
Ⱦɚɧɧɵɟ ɫɪɟɞɵ ɛɵɥɢ ɢɡɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɥɸɦɢɧɟɫɰɟɧɬɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ȼɵɥɨ ɨɛɧɚɪɭɠɟɧɨ 
1,5 ɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡ ɥɭɱɟɧɢɹ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɥɟɧɤɢ ɤɨɦɩɥɟɤɫɚ Eu 
(III ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɥɟɧɤɨɣ (ɪɢɫ.β). 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ 14-03-00136-ɚ. 
 

mailto:krupin_91@mail.ru
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 ɞɥɢɧа вɨɥɧɵ, ɧɦ  
Ɋɢɫ.β – ɋɪɚɜɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɢ ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɥɟɧɤɢ 
ɤɨɦɩɥɟɤɫɚ Eu(III ) 
 
 
 
ɄɈɇɐȿɇɌɊȺɌɈɊɕ ɌȿɊɆɂɑȿɋɄɂɏ ɇȺɉɊəɀȿɇɂɃ ȼ ɆȺɌɊɂɑɇɕɏ ɋɂɋɌȿɆȺɏ 

ɋ ɄɊɍȽɅɕɆɂ ȼɄɅɘɑȿɇɂəɆɂ 
Ʉɭɚɧɵɲɟɜ ȼ.Ɍ.1, ɋɚɱɤɨɜ ɂ.ɇ.2, Ⱥɥɬɚɪɟɜ ȼ.Ⱥ.2, Ʉɨɪɨɛɨɜ ɂ.ɋ.2 

1ɍɪɚɥɶɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɫɜɹɡɢ ɢ ɢɧɮɨɪɦɚɬɢɤɢ, Ɋɨɫɫɢɹ, ȿɤɚɬɟɪɢɧɛɭɪɝ, 6β0109, 
ɭɥ. Ɋɟɩɢɧɚ, 15. E-mail: kuan06@mail.ru 

2ɍɪɚɥɶɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢɹ, ȿɤɚɬɟɪɢɧɛɭɪɝ 
 

Ʉ ɱɢɫɥɭ ɜɚɠɧɟɣɲɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɬɟɪɦɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ. ȼ ɫɥɭɱɚɟ ɨɞɧɨɪɨɞɧɵɯ ɫɢɫɬɟɦ ɨɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɚɬɟɪɢɚɥɚ. Ɉɞɧɚɤɨ ɞɥɹ ɧɟɨɞɧɨɪɨɞɧɵɯ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɦɧɨɝɨɮɚɡɧɵɯ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɯɚɪɚɤɬɟɪ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ.  

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɨɢɫɬɵɟ ɫɬɪɭɤɬɭɪ, ɢɡɨɛɪɚɠɟɧɧɵɟ ɧɚ ɪɢɫ.1, ┴. ɉɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɫɥɨɹɦ ɜɨɡɧɢɤɚɟɬ ɫɭɳɟɫɬɜɟɧɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ g = |gradTе. ɉɪɢ ɷɬɨɦ ɨɬɧɨɲɟɧɢɟ ɡɧɚɱɟɧɢɣ ɝɪɚɞɢɟɧɬɨɜ, 
ɮɢɤɫɢɪɭɟɦɵɯ ɜ ɤɨɦɩɨɧɟɧɬɚɯ, (g1/g2)┴ = ı2/ı1, ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɜɟɥɢɱɢɧ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ık ɦɚɬɟɪɢɚɥɨɜ ɫɥɨɟɜ.  

ȼ ɫɢɬɭɚɰɢɢ ɠɟ, ɤɨɝɞɚ ɩɨɬɨɤ ɨɪɢɟɧɬɢɪɨɜɚɧ ɩɚɪɚɥɥɟɥɶɧɨ ɫɥɨɹɦ (ɪɢɫ.1, ║), ɝɪɚɞɢɟɧɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɞɢɧɚɤɨɜ ɩɨ ɜɫɟɦɭ ɦɢɤɪɨɨɛɴɟɦɭ, ɬɨ ɟɫɬɶ (g1/g2)║ = 1. Ɇɨɠɧɨ ɨɠɢɞɚɬɶ, ɱɬɨ 
ɨɛɫɭɠɞɚɟɦɵɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɲɟɧɢɣ ɝɪɚɞɢɟɧɬɨɜ ɨɛɪɚɡɭɸɬ ɫɜɨɟɨɛɪɚɡɧɭɸ ɜɢɥɤɭ ɞɥɹ 
ɩɪɨɢɡɜɨɥɶɧɵɯ ɪɟɝɭɥɹɪɧɵɯ ɦɚɬɪɢɱɧɵɯ ɞɜɭɯɮɚɡɧɵɯ ɫɬɪɭɤɬɭɪ. Ⱦɥɹ ɫɥɨɢɫɬɵɯ ɞɜɭɯɮɚɡɧɵɯ 
ɫɢɫɬɟɦ ɫɩɟɤɬɪ ɡɧɚɱɟɧɢɣ ɝɪɚɞɢɟɧɬɨɜ ɬɟɦɩɟɪɚɬɭɪɵ, ɪɟɚɥɢɡɭɸɳɢɯɫɹ ɜ ɨɛɪɚɡɰɟ, ɢɦɟɟɬ ɜɢɞ 
ɞɟɥɶɬ-ɨɛɪɚɡɧɵɯ ɮɭɧɤɰɢɣ. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ Д1, βЖ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɦɚɬɪɢɱɧɵɯ ɞɜɭɯɮɚɡɧɵɯ 
ɪɟɝɭɥɹɪɧɵɯ ɫɬɪɭɤɬɭɪ ɩɨɞɨɛɧɵɟ ɫɩɟɤɬɪɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɥɨɠɧɨɣ ɮɨɪɦɨɣ.  

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ – ɨɰɟɧɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 
ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɚɬɪɢɱɧɵɯ ɫɢɫɬɟɦɚɯ ɤɪɭɝɥɵɯ ɜɤɥɸɱɟɧɢɣ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɪɚɡɥɢɱɧɵɦ ɜɡɚɢɦɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ. ɋɯɟɦɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɫɬɪɭɤɬɭɪ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.1. ɋɬɪɭɤɬɭɪɵ ɫɥɟɜɚ ɢ ɫɩɪɚɜɚ – ɞɭɚɥɶɧɵ ɞɪɭɝ ɞɪɭɝɭ, ɬɨ ɟɫɬɶ 
ɩɨɥɭɱɚɸɬɫɹ ɩɟɪɟɫɬɚɧɨɜɤɨɣ ɦɚɬɟɪɢɚɥɨɜ ɮɚɡ ɢ ɜɤɥɸɱɟɧɢɣ ɢ ɩɨɜɨɪɨɬɨɦ ɧɚ 90o. ɋɬɪɟɥɤɚ – 
ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɬɨɤɚ. Ɋɚɫɫɦɚɬɪɢɜɚɟɦ ɫɬɚɰɢɨɧɚɪɧɵɟ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɋɱɢɬɚɟɦ, 
ɱɬɨ ɭɩɪɭɝɢɟ ɦɨɞɭɥɢ ɜɤɥɸɱɟɧɢɹ ɢ ɦɚɬɪɢɰɵ ɦɚɥɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ȼ ɩɨɞɨɛɧɵɯ 
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ɭɫɥɨɜɢɹɯ ɥɨɤɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɜɟɥɢɱɢɧɟ 
ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɚɧɧɨɣ ɬɨɱɤɟ.  

Ⱦɥɹ ɪɚɫɱɟɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ 
ɧɟɨɞɧɨɪɨɞɧɵɯ ɫɢɫɬɟɦɚɯ ɩɪɢɦɟɧɹɥɫɹ ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɢɫɩɨɥɶɡɨɜɚɜɲɢɣɫɹ ɜ 
ɪɚɛɨɬɚɯ Д1, βЖ. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɝɪɚɦɦɵ, ɫɨɫɬɚɜɥɟɧɧɵɟ ɚɜɬɨɪɚɦɢ ɧɚ ɹɡɵɤɟ Ɏɨɪɬɪɚɧ. ȼ 
ɪɚɫɱɟɬɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɞɜɭɦɟɪɧɵɣ ɩɥɨɫɤɢɣ ɩɪɨɰɟɫɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɚ ɜ 
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɟ, ɫɨɞɟɪɠɚɳɟɣ ɱɟɬɜɟɪɬɢ ɜɤɥɸɱɟɧɢɣ Д1Ж. ɇɚ ɝɪɚɧɢɰɚɯ 
ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɪɚɫɱɟɬɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢɧɢɦɚɟɦ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɢ ɚɞɢɚɛɚɬɢɱɟɫɤɢɟ ɝɪɚɧɢɱɧɵɟ 
ɭɫɥɨɜɢɹ.  

 
 

Ɋɢɫ.1. ɋɯɟɦɵ ɫɬɪɭɤɬɭɪ, ɬɟɦɧɵɦ ɰɜɟɬɨɦ ɜɵɞɟɥɟɧɵ ɮɚɡɵ ɫ ɛɨɥɶɲɟɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɨɜ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɝɪɚɞɢɟɧɬɚ 
ɬɟɦɩɟɪɚɬɭɪɵ γ = g/go, ɝɞɟ go – ɡɧɚɱɟɧɢɟ ɝɪɚɞɢɟɧɬɚ, ɮɢɤɫɢɪɭɟɦɨɟ ɜ ɨɞɧɨɪɨɞɧɨɣ ɫɢɫɬɟɦɟ. 
Ɋɚɫɫɦɨɬɪɟɧɵ ɫɢɫɬɟɦɵ, ɫɯɟɦɵ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.1, ɩɪɢ ɜɚɪɶɢɪɭɟɦɵɯ ɡɧɚɱɟɧɢɹɯ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɤɥɸɱɟɧɢɣ ɢ ɫɨɨɬɧɨɲɟɧɢɹɯ ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɦɚɬɪɢɰɵ ɢ ɜɤɥɸɱɟɧɢɹ ı2/ı1.  

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɢɫɬɟɦ ɨɛɧɚɪɭɠɟɧɚ ɫɭɳɟɫɬɜɟɧɧɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
γ(x, y).  ȼ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɦɚɬɟɪɢɚɥɚ ɪɟɚɥɢɡɨɜɵɜɚɥɢɫɶ ɨɛɥɚɫɬɢ ɫ ɩɨɧɢɠɟɧɧɵɦ γ < 1 ɢ 
ɩɨɜɵɲɟɧɧɵɦ γ > 1, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɨɞɧɨɪɨɞɧɵɦ ɫɥɭɱɚɟɦ, ɡɧɚɱɟɧɢɹɦɢ ɬɟɪɦɢɱɟɫɤɢɯ 
ɧɚɩɪɹɠɟɧɢɣ. Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɤɚɪɬɢɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ 
ɧɚɩɪɹɠɟɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɬɢɩɚ ɫɬɪɭɤɬɭɪɵ ɢ ɪɚɡɥɢɱɚɟɬɫɹ ɞɥɹ ɜɡɚɢɦɧɨ-ɞɭɚɥɶɧɵɯ 
ɫɬɪɭɤɬɭɪ. ɇɚɛɥɸɞɚɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɬɨɱɤɢ ɥɨɤɚɥɢɡɚɰɢɢ ɧɚɩɪɹɠɟɧɢɣ ɢɯ ɜɟɥɢɱɢɧɵ. ɇɚ ɪɢɫ.β 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɢɩɢɱɧɵɟ ɤɚɪɬɢɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ γ(x, y) ɫɢɫɬɟɦ ɋ ɢ Cd. 
Ʌɢɧɢɢ ɨɤɨɥɨ ɜɤɥɸɱɟɧɢɣ ɨɝɪɚɧɢɱɢɜɚɸɬ ɨɛɥɚɫɬɢ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɡɧɚɱɟɧɢɹɦɢ γ ɜ ɞɜɚ ɪɚɡɚ.  

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɥɹ ɫɢɫɬɟɦɵ ɋ («ɩɪɨɜɨɞɹɳɢɟ ɜɤɥɸɱɟɧɢɹ») 
ɥɢɧɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɫɬɹɝɢɜɚɸɬɫɹ ɜ ɩɪɨɜɨɞɹɳɢɟ ɱɚɫɬɢɰɵ, ɩɪɢ ɷɬɨɦ ɬɟɪɦɢɱɟɫɤɢɟ 
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ɧɚɩɪɹɠɟɧɢɹ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɜ ɩɪɨɦɟɠɭɬɤɟ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɢ ɧɚɩɪɚɜɥɟɧɵ «ɩɚɪɚɥɥɟɥɶɧɨ» 
ɨɛɳɟɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɬɨɤɚ (ɪɢɫ.β). Ⱦɥɹ ɞɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ Cd ɥɢɧɢɢ ɬɨɤɚ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɜ ɩɪɨɜɨɞɹɳɟɣ ɦɚɬɪɢɰɟ, ɨɝɢɛɚɹ ɜɤɥɸɱɟɧɢɹ, ɚ ɬɟɪɦɢɱɟɫɤɢɟ 
ɧɚɩɪɹɠɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵ ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ȼ ɫɥɭɱɚɟ ɩɪɨɜɨɞɹɳɢɯ ɜɤɥɸɱɟɧɢɣ, 
ɫɢɫɬɟɦɚ ɋ, ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɝɪɚɞɢɟɧɬɚ γmax ɞɨɫɬɢɝɚɥɢ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɜɟɥɢɱɢɧɵ 
(ɩɪɢ ı2 / ı1 = 100). ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɥɹ ɫɢɫɬɟɦɵ Cd ɷɬɢ ɡɧɚɱɟɧɢɹ ɫɨɫɬɚɜɥɹɥɢ ɧɟɫɤɨɥɶɤɨ ɟɞɢɧɢɰ.  
 

 
Ɋɢɫ.β. Ʉɨɧɮɢɝɭɪɚɰɢɢ ɨɛɥɚɫɬɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɢɫɬɟɦɟ ɋ, ɬɟɦɧɵɣ 
ɰɜɟɬ – ɜɵɫɨɤɨɩɪɨɜɨɞɹɳɚɹ ɮɚɡɚ 

 
ȼ ɫɥɭɱɚɟ ɲɚɯɦɚɬɧɨɝɨ ɩɨɪɹɞɤɚ ɱɚɫɬɢɰ H ɧɚɩɪɹɠɟɧɢɹ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜ ɩɪɨɦɟɠɭɬɤɚɯ 

ɦɟɠɞɭ ɜɤɥɸɱɟɧɢɹɦɢ, ɚ ɜ HН – ɪɚɫɩɨɥɨɠɟɧɵ ɜɧɭɬɪɢ ɫɥɚɛɨɩɪɨɜɨɞɹɳɢɯ ɱɚɫɬɢɰ. 
Ⱦɥɹ ɚɧɢɡɨɬɪɨɩɧɨɣ ɫɢɫɬɟɦɵ L ɯɚɪɚɤɬɟɪɧɨ ɭɫɢɥɟɧɢɟ ɷɮɮɟɤɬɨɜ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɜ ɫɪɚɜɧɟɧɢɢ 

ɫ ɢɡɨɬɪɨɩɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɋ. ȼ ɫɥɭɱɚɟ ɠɟ ɞɭɚɥɶɧɨɣ ɟɣ ɫɬɪɭɤɬɭɪɵ LН – ɢɦɟɟɬ ɦɟɫɬɨ 
ɨɛɪɚɬɧɨɟ ɹɜɥɟɧɢɟ, ɷɮɮɟɤɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɫɥɚɛɟɜɚɟɬ. Ⱥɧɢɡɨɬɪɨɩɧɵɟ ɠɟ ɫɢɫɬɟɦɵ T ɢ TН 
ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɹɜɥɟɧɢɹ ɨɫɥɚɛɥɟɧɢɹ ɢ ɭɫɢɥɟɧɢɹ. 

Ⱦɥɹ ɨɛɫɭɠɞɚɟɦɵɯ ɫɢɫɬɟɦ ɯɚɪɚɤɬɟɪɧɨ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɜɟɥɢɱɢɧ ɝɪɚɞɢɟɧɬɨɜ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɋɢɫɬɟɦɚɬɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɥɨɠɢɬɶ ɫɥɟɞɭɸɳɭɸ 
ɢɟɪɚɪɯɢɸ ɜɟɥɢɱɢɧ ɧɚɩɪɹɠɟɧɢɣ: 

L>C>H>Td>Cd>Hd>T>Ld. 
ȼɟɥɢɱɢɧɚ ɝɪɚɞɢɟɧɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɪɨɫɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɱɚɫɬɢɰ, ɞɨɫɬɢɝɚɹ ɦɚɤɫɢɦɭɦɚ, 

ɤɨɝɞɚ ɜɤɥɸɱɟɧɢɹ ɧɚɱɢɧɚɸɬ ɤɚɫɚɬɶɫɹ ɞɪɭɝ ɞɪɭɝɚ.  
ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɧɟɨɞɧɨɪɨɞɧɵɯ 

ɦɚɬɟɪɢɚɥɚɯ ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɵ. ɋɢɫɬɟɦɚɬɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ 
ɞɚɧɧɵɟ, ɦɨɠɧɨ ɩɪɢɣɬɢ ɤ ɫɥɟɞɭɸɳɢɦ ɜɵɜɨɞɚɦ. 

1) ȼ ɨɛɫɭɠɞɚɟɦɵɯ ɫɢɬɭɚɰɢɹɯ ɜɟɥɢɱɢɧɵ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɡɚɜɢɫɹɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ 
ɩɪɨɜɨɞɢɦɨɫɬɟɣ ɮɚɡ, ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ. Ɂɧɚɱɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɞɟɫɹɬɤɨɜ ɜɟɥɢɱɢɧ.  

β) ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɚ 
ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɫɥɚɛɨɩɪɨɜɨɞɹɳɚɹ ɮɚɡɚ ɨɛɪɚɡɭɟɬ ɦɚɬɪɢɰɭ, ɚ ɜɵɫɨɤɨɩɪɨɜɨɞɹɳɚɹ ɤɨɦɩɨɧɟɧɬɚ 
ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɜɨ ɜɤɥɸɱɟɧɢɹɯ. 

γ) ɉɪɢ ɚɧɚɥɢɡɟ ɬɟɪɦɨɩɪɨɱɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɦɩɥɟɤɫɨɜ 
ɜɤɥɸɱɟɧɢɣ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɜɡɚɢɦɧɨ ɭɫɢɥɢɜɚɬɶ ɫɜɨɟ ɜɥɢɹɧɢɢ. 

4) ɗɮɮɟɤɬɵ ɜɥɢɹɧɢɹ ɝɟɨɦɟɬɪɢɢ ɦɨɝɭɬ ɢɦɟɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɦɟɯɚɧɢɡɦɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɪɟɳɢɧ ɢ ɫɰɟɧɚɪɢɟɜ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɞɜɭɯɮɚɡɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. 
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ɅɂɌȿɊȺɌɍɊȺ 
 
1. ɂ.ɇ. ɋɚɱɤɨɜ. ɀɭɪɧɚɥ ɬɟɯɧɢɱɟɫɤɨɣ ɮɢɡɢɤɢ. 66 (12) (1996) 48.  
β. ȼ.Ɍ. Ʉɭɚɧɵɲɟɜ, ɂ.ɇ. ɋɚɱɤɨɜ. ɇɚɭɤɚ ɢ ɬɟɯɧɨɥɨɝɢɢ. ɋɟɤɰɢɹ 1: ɇɟɨɞɧɨɪɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ 
ɤɨɧɫɬɪɭɤɰɢɢ. Ʉɪɚɬɤɢɟ ɫɨɨɛɳɟɧɢɹ ББVIII Ɋɨɫɫɢɣɫɤɨɣ ɲɤɨɥɵ ɩɨ ɩɪɨɛɥɟɦɚɦ ɧɚɭɤɢ ɢ 
ɬɟɯɧɨɥɨɝɢɣ. Ɇɢɚɫɫ (β008) 100.  
 
 
 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɄȼȺɁɂɌɊɈɃɇɈȽɈ ɌɊȿɍȽɈɅɖɇɂɄȺ ɂɁ ɆȿɌȺȼȺɇȺȾȺɌɈȼ 
ɅɂɌɂə, ɄȺɅɂə ɂ ȻɊɈɆɂȾȺ ɇȺɌɊɂə ɑȿɌɕɊȿɏɄɈɆɉɈɇȿɇɌɇɈɃ ȼɁȺɂɆɇɈɃ 

ɋɂɋɌȿɆɕ LТ,NК,K||BЫ,VO3 
Ɇɚɦɟɞɨɜɚ ɇ. Ⱥ., Ƚɭɛɚɧɨɜɚ Ɍ.ȼ., ɋɚɦɫɨɧɨɜɚ ɂ.ɇ., Ƚɚɪɤɭɲɢɧ ɂ.Ʉ. 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢɹ, 443100, ɋɚɦɚɪɚ, 
ɭɥ. Ɇɨɥɨɞɨɝɜɚɪɞɟɣɫɤɚɹ, β44. E-mail: nurlana2007@gmail.com 

 
ɂɡɭɱɟɧɢɟ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɢɡ ɫɨɥɟɣ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ 

ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɯɢɦɢɱɟɫɤɨɣ ɢ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɝɞɟ ɩɪɢɦɟɧɹɸɬɫɹ 
ɫɨɥɟɜɵɟ ɫɦɟɫɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ. ɇɚɢɛɨɥɶɲɟɟ 
ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢɦɟɸɬ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɫɨɫɬɚɜɵ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɸɬ 
ɞɨɫɬɢɱɶ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ, ɨɛɥɚɞɚɹ ɩɪɢ ɷɬɨɦ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɷɧɬɚɥɶɩɢɟɣ 
ɩɥɚɜɥɟɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɪɚɛɨɬɟ ɜɵɛɪɚɧɚ ɜɡɚɢɦɧɚɹ ɫɢɫɬɟɦɚ ɧɚ ɨɫɧɨɜɟ 
ɝɚɥɨɝɟɧɢɞɨɜ ɢ ɜɚɧɚɞɚɬɨɜ s1-ɷɥɟɦɟɧɬɨɜ. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɚ ɪɚɧɟɟ 
ɧɟ ɢɡɭɱɟɧɧɚɹ ɤɜɚɡɢɬɪɨɣɧɚɹ ɫɢɫɬɟɦɚ LiVO3-NaBr-KVO3, ɬɪɟɭɝɨɥɶɧɢɤ ɫɨɫɬɚɜɚ ɤɨɬɨɪɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.1. 

 

 
Ɋɢɫ. 1. Ʉɜɚɡɢɬɪɨɣɧɚɹ ɫɢɫɬɟɦɚ LiVO3-NaBr-KVO3 

 
Ʉɜɚɡɢɬɪɨɣɧɚɹ ɫɢɫɬɟɦɚ LiVO3-NaBr-KVO3 ɢɫɫɥɟɞɨɜɚɧɚ ɦɟɬɨɞɨɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 

ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ȾɌȺ) ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ γ50…800 ɨɋ. Ɍɟɦɩɟɪɚɬɭɪɚ ɢɡɦɟɪɹɥɚɫɶ 
ɩɪɢ ɩɨɦɨɳɢ ɩɥɚɬɢɧɚ - ɩɥɚɬɢɧɨɪɨɞɢɟɜɵɯ  ɬɟɪɦɨɩɚɪ, ɫɢɝɧɚɥ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɬɟɪɦɨɩɚɪɵ 
ɭɫɢɥɢɜɚɥɫɹ ɮɨɬɨɭɫɢɥɢɬɟɥɟɦ Ɏ-116. Ʉɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɨɦɟɬɪɚ Ʉɋɉ-4. ɋɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɫɨɫɬɚɜɥɹɥɚ 1β…15 oC/ɦɢɧ, 
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ɦɚɫɫɚ ɧɚɜɟɫɨɤ - 0,β ɝ. ɋɨɫɬɚɜɵ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɜɵɪɚɠɟɧɵ ɜ ɦɨɥɶɧɵɯ ɩɪɨɰɟɧɬɚɯ. 
ɂɫɯɨɞɧɵɟ ɪɟɚɤɬɢɜɵ ɛɵɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɤɚɥɟɧɵ. Ɇɟɬɚɜɚɧɚɞɚɬ ɥɢɬɢɹ ɛɵɥ ɫɢɧɬɟɡɢɪɨɜɚɧ 
ɚɜɬɨɪɚɦɢ ɩɨ ɪɟɚɤɰɢɢ: 

Li 2CO3 + V2O5 = 2LiVO3 + CO2. 
ɂɫɯɨɞɧɵɟ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɟ ɪɟɚɝɟɧɬɵ, ɝɨɦɨɝɟɧɢɡɢɪɨɜɚɧɧɵɟ ɜ ɚɝɚɬɨɜɨɣ ɫɬɭɩɤɟ, ɜɡɹɬɵɟ ɜ 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɦ ɫɨɨɬɧɨɲɟɧɢɢ, ɧɚɝɪɟɜɚɥɢɫɶ ɜ ɩɥɚɬɢɧɨɜɨɦ ɬɢɝɥɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 580 oC ɢ 
ɜɵɞɟɪɠɢɜɚɥɢɫɶ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɟɱɟɧɢɟ 6 ɱɚɫɨɜ. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɢɧɬɟɡɚ ɨɩɪɟɞɟɥɟɧɚ 
ɢɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ Д1Ж ɩɨ ɫɢɫɬɟɦɟ Li 2O–V2O5 ɢ ɤɪɢɜɨɣ ȾɌȺ ɧɚɝɪɟɜɚɧɢɹ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɣ 
ɫɦɟɫɢ ɩɨɪɨɲɤɨɜ Li 2CO3 ɢ V2O5. Ʉɨɧɬɪɨɥɶ ɱɢɫɬɨɬɵ ɪɟɚɤɬɢɜɨɜ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɦɟɬɨɞɨɦ 
ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ (ɊɎȺ) ɧɚ ɭɫɬɚɧɨɜɤɟ ȾɊɈɇ-γ.0, ɢɡɥɭɱɟɧɢɟ CuK . 

Ⱦɚɧɧɵɟ ɩɨ ɮɚɡɨɜɵɦ ɩɪɟɜɪɚɳɟɧɢɹɦ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɜɡɹɬɵ ɢɡ Дβ, γЖ, ɜɫɟ 
ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɟ ɫɢɫɬɟɦɵ, ɜɯɨɞɹɳɢɟ ɜ ɤɜɚɡɢɬɪɨɣɧɭɸ, ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɪɚɧɟɟ ɜ 
ɪɚɡɥɢɱɧɵɯ ɪɚɛɨɬɚɯ [4-6Ж ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɷɜɬɟɤɬɢɱɟɫɤɢɦ ɬɢɩɨɦ ɩɥɚɜɥɟɧɢɹ.  

ɉɥɚɧɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɢɡɭɱɟɧɧɨɣ ɫɢɫɬɟɦɟ ɩɪɨɜɟɞɟɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɚɦɢ 
ɩɪɨɟɤɰɢɨɧɧɨ-ɬɟɪɦɨɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ (ɉɌȽɆ) Д7Ж. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ 
ɦɟɬɨɞɨɦ ȾɌȺ ɜ ɫɢɫɬɟɦɟ LiVO3-NaBr-KVO3ɜɵɛɪɚɧ ɢ ɢɫɫɥɟɞɨɜɚɧ ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɣ ɪɚɡɪɟɡ 
AB(Ⱥ – 15% LiVO3 + 85% KVO3; ȼ – 15% NaBr + 85% KVO3, ɪɢɫ. 1, β) ɜ ɩɨɥɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɦɟɬɚɜɚɧɚɞɚɬɚɤɚɥɢɹ. 
 

 

 

Ɋɢɫ.β. Ɍ-ɯ ɞɢɚɝɪɚɦɦɚ ɩɨɥɢɬɟɪɦɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ Ⱥȼ ɤɜɚɡɢɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ LiVO3-NaBr-
KVO3 

 
ɂɡ ɞɢɚɝɪɚɦɦ ɫɨɫɬɨɹɧɢɹ ɩɨɥɢɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ ɨɩɪɟɞɟɥɟɧɚ ɩɪɨɟɤɰɢɹ ɤɜɚɡɢɬɪɨɣɧɨɣ 

ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ E  ɧɚ ɩɥɨɫɤɨɫɬɢ ɪɚɡɪɟɡɚ ɢ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ 
NaBr ɢ LiVO3 ɜ ɬɪɨɣɧɨɣ ɷɜɬɟɤɬɢɤɟ. ɂɫɫɥɟɞɨɜɚɧɢɟɦ ɧɨɧɜɚɪɢɚɧɬɧɨɝɨ ɪɚɡɪɟɡɚ (ɪɢɫ. γ), 
ɫɨɟɞɢɧɹɸɳɟɝɨ ɜɟɪɲɢɧɭ ɤɨɦɩɨɧɟɧɬɚ ɄVO3 ɫ ɩɪɨɟɤɰɢɟɣ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɷɜɬɟɤɬɢɤɢ E , 
ɨɩɪɟɞɟɥɟɧɵ ɫɨɫɬɚɜ ɢ ɬɟɦɩɟɪɚɬɭɪɚ (γ84 oɋ) ɤɜɚɡɢɬɪɨɣɧɨɣ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. 

ȼɵɹɜɥɟɧɧɵɣ ɫɨɫɬɚɜ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɥɢɬɚ ɞɥɹ ɯɢɦɢɱɟɫɤɨɝɨ 
ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ. 
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Ɋɢɫ.γ. T-x ɞɢɚɝɪɚɦɦɚ ɧɨɧɜɚɪɢɚɧɬɧɨɝɨ ɪɚɡɪɟɡɚ KVO3- E -E 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɋɚɦȽɌɍ ɧɚ β014 ɝɨɞ, ɤɨɞ ɩɪɨɟɤɬɚ 

1285. 
 

ɅɂɌȿɊȺɌɍɊȺ 
 

1. Ⱥ.Ⱥ. Ɏɨɬɢɟɜ, Ȼ.ȼ. ɋɥɨɛɨɞɢɧ, Ɇ.ə. ɏɨɞɨɫ. ȼɚɧɚɞɚɬɵ. ɋɨɫɬɚɜ, ɫɢɧɬɟɡ, ɫɬɪɭɤɬɭɪɚ, 
ɫɜɨɣɫɬɜɚ. ɇɚɭɤɚ, Ɇ., 1988.  
2. ȼ.ɉ. Ƚɥɭɲɤɨ. Ɍɟɪɦɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ ɜɟɳɟɫɬɜ ȼɵɩ. Б. ɑ. 1. ȼɂɇɂɌɂ, Ɇ., 1981.  
3. ȼ.ɉ. Ƚɥɭɲɤɨ. Ɍɟɪɦɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ ɜɟɳɟɫɬɜ ȼɵɩ. Б, ɑ. β. ȼɂɇɂɌɂ, Ɇ., 1981.  
4. ȿ.ȼ. Ɂɨɥɨɬɭɯɢɧɚ, Ɍ.ȼ. Ƚɭɛɚɧɨɜɚ, ɂ.Ʉ. Ƚɚɪɤɭɲɢɧ. ɀɭɪɧ. ɧɟɨɪɝɚɧ. ɯɢɦ. 7, 58 (2013) 965. 
5. ɂ.Ʉ. Ƚɚɪɤɭɲɢɧ, Ɍ.ȼ. Ƚɭɛɚɧɨɜɚ, Ⱥ.ɋ. ɉɟɬɪɨɜ, Ȼ.ȼ. Ⱥɧɢɩɱɟɧɤɨ. Ɏɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɜ 
ɫɢɫɬɟɦɚɯ ɫ ɭɱɚɫɬɢɟɦ ɦɟɬɚɜɚɧɚɞɚɬɨɜ ɧɟɤɨɬɨɪɵɯ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ-1, 
Ɇ., 2005. 
6. ȼ.ɂ. ɉɨɫɵɩɚɣɤɨ, ȿ.Ⱥ. Ⱥɥɟɤɫɟɟɜɚ ɢ ɞɪ. Ⱦɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ ɫɨɥɟɜɵɯ ɫɢɫɬɟɦ. ɑ. III  
Ⱦɜɨɣɧɵɟ ɫɢɫɬɟɦɵ ɫ ɨɛɳɢɦ ɤɚɬɢɨɧɨɦ. ɋɩɪɚɜɨɱɧɢɤ. Ɇɟɬɚɥɥɭɪɝɢɹ, Ɇ., 1979. 
7. Ⱥ.ɋ. Ɍɪɭɧɢɧ, Ⱦ.Ƚ. ɉɟɬɪɨɜɚ. ȼɢɡɭɚɥɶɧɨ-ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɣ ɦɟɬɨɞ. Ʉɭɣɛɵɲɟɜ, 1977. 9γ ɫ.  
Ⱦɟɩ. ɜ ȼɂɇɂɌɂ β0.0β.78, № 584-78. 

 
 

 
ABOUT MELTING CURVE AND NONCONGRUENCE OF COLLOIDAL AND DUSTY 

PLASMAS MODELS 
Martynova I.A., Iosilevskiy I.L. 

MIPT(SU), Russia, 141701, Moscow, Institutskiy, 9 
JIHT RAS, Russia, 125412, Moscow, Izhorskaya Street, 13/2. 

E-mail: martina1204@yandex.ru 
 

The base for a consideration is a well-known and widely used dusty plasmas phase diagram [1] 
for an equilibrium charged system with the Yukawa potential in its standard representation in the 
coordinates: Γ-ț (Γ is the Coulomb non-ideality parameter, ț is the dimensionless Debye screening 
parameter). The phase regions for the three states of the system (fluid vs. bcc and fcc crystals) from 
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the Hamaguchi diagram are reconstructed in the density-temperature coordinates. Two simplified 
variants of dusty plasmas models are considered as a thermodynamically equilibrium combination 
of classical Coulomb particles: (i) a two -component electroneutral system of macro- and microions 
(+Z,-1), and (ii) a 3- component electroneutral mixture of macroions and two kinds of 
microions(+Z,-1,+1). The resulting phase diagram in the logarithmic coordinates lnT-lnN has the 
form of a linear combination of crystalline and fluid zones separated by the boundaries Ƚ=const. 
Parameters and locations of these zones are analyzed in dependence on the intrinsic parameter of 
the model - macroion charge number Z. Parameters of a splitting the one-dimentional melting 
boundaries of the Hamaguchi diagram (i.e. hypothetical melting density gap between separate 
freezing liquid line (liquidus) and melting crystal line (solidus)) are discussed. Additional splitting 
of all phase boundaries in the three-component model (+Z,-1,+1) because of so-called non-
congruency of all phase transitions are also under consideration. 
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ɉɨɥɢɰɢɤɥɢɱɟɫɤɢɟ ɚɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ (ɉȺɍ) – ɷɬɨ ɫɨɟɞɢɧɟɧɢɹ, ɦɨɥɟɤɭɥɵ 
ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɬ ɧɟ ɦɟɧɟɟ ɞɜɭɯ ɛɟɧɡɨɥɶɧɵɯ ɤɨɥɟɰ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɪɚɡɧɨɨɛɪɚɡɧɵɯ 
ɤɨɧɮɢɝɭɪɚɰɢɹɯ. ɉȺɍ ɫɨɞɟɪɠɚɬɫɹ ɜ ɧɟɮɬɢ ɢ ɭɝɥɟ; ɫɜɟɞɟɧɢɹ ɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ 
ɉȺɍ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɞɥɹ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɟɪɟɪɚɛɨɬɤɨɣ ɧɟɮɬɢ 
ɢ ɭɝɥɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɉȺɍ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɨɩɥɢɜ. 
ɉȺɍ ɹɜɥɹɸɬɫɹ ɫɢɥɶɧɵɦɢ ɡɚɝɪɹɡɧɢɬɟɥɹɦɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɬ.ɤ. ɨɛɥɚɞɚɸɬ ɦɭɬɚɝɟɧɧɵɦɢ, 
ɤɚɧɰɟɪɨɝɟɧɧɵɦɢ ɢ ɬɟɪɚɬɨɝɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ Д1,βЖ. Ʉɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ – ɜɚɠɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ. Ɉɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɤɨɪɪɟɥɹɰɢɹɯ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɚɡɨɜ ɢ ɠɢɞɤɨɫɬɟɣ. 

ȼ ɞɨɤɥɚɞɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɪɢɬɢɱɟɫɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɩɹɬɢ ɉȺɍ: ɚɰɟɧɚɮɬɟɧɚ, ɮɥɭɨɪɟɧɚ, ɚɧɬɪɚɰɟɧɚ, ɮɟɧɚɧɬɪɟɧɚ ɢ ɩɢɪɟɧɚ. ɂɫɫɥɟɞɨɜɚɧɧɵɟ 
ɫɨɟɞɢɧɟɧɢɹ ɧɚɱɢɧɚɸɬ ɪɚɡɥɚɝɚɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɩɨɷɬɨɦɭ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɟɞɟɧɵ ɦɟɬɨɞɨɦ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɝɪɟɜɚ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ 
ɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɬɟɪɦɨɧɟɫɬɚɛɢɥɶɧɵɯ ɜɟɳɟɫɬɜ [3,4]. Ɇɟɬɨɞ ɫɨɫɬɨɢɬ ɜ 
ɢɡɦɟɪɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨɫɬɢɠɢɦɨɝɨ ɩɟɪɟɝɪɟɜɚ ɠɢɞɤɨɫɬɢ ɨɬ ɞɚɜɥɟɧɢɹ (ɥɢɧɢɢ 
ɞɨɫɬɢɠɢɦɨɝɨ ɩɟɪɟɝɪɟɜɚ) ɫ ɩɨɦɨɳɶɸ ɩɪɨɜɨɥɨɱɧɨɝɨ ɡɨɧɞɚ, ɩɨɦɟɳɟɧɧɨɝɨ ɜ ɠɢɞɤɨɫɬɶ ɢ 
ɪɚɡɨɝɪɟɜɚɟɦɨɝɨ ɢɦɩɭɥɶɫɚɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ. ɋ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ ɥɢɧɢɹ ɞɨɫɬɢɠɢɦɨɝɨ 
ɩɟɪɟɝɪɟɜɚ ɩɪɢɯɨɞɢɬ ɜ ɤɪɢɬɢɱɟɫɤɭɸ ɬɨɱɤɭ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɝɪɟɸɳɢɯ ɢɦɩɭɥɶɫɨɜ ɫɨɫɬɚɜɥɹɥɚ ɜ 
ɪɚɡɧɵɯ ɨɩɵɬɚɯ ɨɬ (0.06 ɞɨ 0.85) ɦɫ. 

Ɉɛɪɚɡɰɵ ɉȺɍ ɛɵɥɢ ɤɭɩɥɟɧɵ ɭ ɤɨɦɩɚɧɢɢ AlfaAesar ɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɛɟɡ ɞɚɥɶɧɟɣɲɟɣ 
ɨɱɢɫɬɤɢ. ɋɨɞɟɪɠɚɧɢɟ ɨɫɧɨɜɧɨɝɨ ɜɟɳɟɫɬɜɚ ɫɨɝɥɚɫɧɨ ɫɟɪɬɢɮɢɤɚɬɭ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɫɨɫɬɚɜɥɹɥɨ 
ɨɬ (98.0 ɞɨ 99.5) ɦɨɥ.%. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ cp  ɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ cT  ɨɰɟɧɢɜɚɟɬɫɹ ɧɚɦɢ ɜ 0 0 3 c. p  ɢ 0 0 1 c. T , ɝɞɟ cT  - ɚɛɫɨɥɸɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɉȺɍ ɩɪɢɜɟɞɟɧɵ ɜ Ɍɚɛɥɢɰɟ. Ɍɚɛɥɢɰɚ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɡɨɦɟɪɨɜ – ɚɧɬɪɚɰɟɧɚ ɢ ɮɟɧɚɧɬɪɟɧɚ ɜɟɫɶɦɚ ɛɥɢɡɤɢ ɢ 
ɥɟɠɚɬ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɫɪɚɜɧɢɜɚɸɬɫɹ ɜ ɞɨɤɥɚɞɟ ɫ ɪɚɫɱɟɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. Ɍɪɢ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɚ ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɚɦɢ 
ɝɪɭɩɩɨɜɵɯ ɜɤɥɚɞɨɜ, ɩɪɟɞɥɨɠɟɧɧɵɯ ȼɢɥɫɨɧɨɦ ɢ Ⱦɠɚɫɩɟɪɫɨɧɨɦ Д5Ж, Ɇɚɪɪɟɨ ɢ Ƚɚɧɢ Д6Ж, Ⱥɜɨɥɟ 
ɢ ɫɨɚɜɬɨɪɚɦɢ Д7Ж. ɑɟɬɜɟɪɬɵɣ ɦɟɬɨɞ, ɪɚɡɜɢɬɵɣ ȼɚɤɟɯɚɦɨɦ ɢ ɫɨɚɜɬɨɪɚɦɢ, ɨɬɧɨɫɢɬɫɹ ɤ ɦɟɬɨɞɚɦ 
«ɫɬɪɭɤɬɭɪɚ-ɫɜɨɣɫɬɜɨ» (QSPR) [8]. 
 

Ɍɚɛɥɢɰɚ. Ʉɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨɥɢɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 
ɉȺɍ ɋɬɪɭɤɬɭɪɧɚɹ ɮɨɪɦɭɥɚ 

cT /K cp /Ɇɉɚ 

Ⱥɰɟɧɚɮɬɟɧ 

 

 
8β0 ± 8 

 
γ.70 ± 0.11 

Ɏɥɭɨɪɟɧ 

 

8γ6 ± 8 γ.18 ± 0.10 

Ⱥɧɬɪɚɰɟɧ 

 

894 ± 9 γ.17 ± 0.10 

Ɏɟɧɚɧɬɪɟɧ 

 

 
89γ ± 9 

 
γ.β5 ± 0.10 

ɉɢɪɟɧ 

 

 
974 ± 10 

 
γ.0γ ± 0.09 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɉɪɨɝɪɚɦɦɵ № β ɉɪɟɡɢɞɢɭɦɚ ɊȺɇ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɍɪɈ ɊȺɇ 

(ɉɪɨɟɤɬ 1β-ɉ-2-1008) ɢ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɉɪɨɟɤɬ 14-08-00242). 
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ɌȿɊɆɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ȼɈȾɇɈ-ɍȽɅȿȼɈȾɈɊɈȾɇɕɏ ɋɂɋɌȿɆ 
Ɋɚɫɭɥɨɜ ɋ.Ɇ., Ɉɪɚɤɨɜɚ ɋ.Ɇ., ɂɫɚɟɜ ɂ.Ⱥ. 

ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ Ⱦɚɝɟɫɬɚɧɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ ɊȺɇ, Ɋɨɫɫɢɹ, γ6700γ, ɊȾ, Ɇɚɯɚɱɤɚɥɚ, 
ɭɥ. Ɇ. əɪɚɝɫɤɨɝɨ, 94. E-mail:suleiman1@rambler.ru 

 
Ȼɢɧɚɪɧɵɟ ɪɚɫɫɥɚɢɜɚɸɳɢɟ ɫɦɟɫɢ ɧ-ɚɥɤɚɧɨɜ, ɫɨɞɟɪɠɚɳɢɟ ɩɨɥɹɪɧɵɣ ɤɨɦɩɨɧɟɧɬ - ɜɨɞɭ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟ ɬɨɥɶɤɨ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɜ ɪɚɡɪɚɛɨɬɤɟ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɞɥɹ 
ɧɟɮɬɹɧɨɣ ɢ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɷɧɟɪɝɟɬɢɤɢ, ɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɧɨ ɢ 
ɬɟɨɪɟɬɢɱɟɫɤɢɣ, ɬ.ɟ. ɜ ɢɡɭɱɟɧɢɢ ɮɚɡɨɜɨɝɨ ɩɨɜɟɞɟɧɢɹ ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ ɩɪɢ ɨɛɵɱɧɵɯ 
ɭɫɥɨɜɢɹɯ ɫɢɫɬɟɦɵ Д1-6Ж. Ɏɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɬɚɤɢɯ ɫɦɟɫɟɣ ɢɦɟɸɬ ɫɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ ɢ 
ɪɚɡɧɨɨɛɪɚɡɧɭɸ ɮɨɪɦɭ, ɱɬɨ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɫɬɢɦɭɥɨɦ ɞɥɹ ɢɧɬɟɧɫɢɜɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɛɢɧɚɪɧɵɯ 
ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɫɢɫɬɟɦ (ɧ.ɝɟɤɫɚɧ-ɜɨɞɚ, ɧ.ɩɟɧɬɚɧ-ɜɨɞɚ) ɧɚ 
ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɢɹ PVTx – ɫɜɨɣɫɬɜ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ γ00 – 680Ʉ, ɞɚɜɥɟɧɢɹɯ ɞɨ 
60Ɇɉɚ ɢ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɩɥɨɬɧɨɫɬɟɣ ɧɚ ɩɶɟɡɨɦɟɬɪɟ ɩɨɫɬɨɹɧɧɨɝɨ ɨɛɴɟɦɚ. ɉɨɞɪɨɛɧɨɟ 
ɨɩɢɫɚɧɢɟ ɭɫɬɚɧɨɜɤɢ ɩɪɢɜɟɞɟɧɨ ɜ Д7Ж. Ɍɟɪɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ ɧ.ɝɟɤɫɚɧ-ɜɨɞɚ ɩɨɥɭɱɟɧɵ 
ɞɥɹ ɞɟɫɹɬɢ ɡɧɚɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɵ (ɜ ɦɨɥɶɧɵɯ ɞɨɥɹɯ): 0,166; 0,201; 0,234; 0,257; 0,347; 
0,615; 0,827; 0,918; 0,935; 0,964, ɢ ɫɢɫɬɟɦɵ ɧ.ɩɟɧɬɚɧ-ɜɨɞɚ ɩɨɥɭɱɟɧɵ ɞɥɹ ɩɹɬɧɚɞɰɚɬɢ ɡɧɚɱɟɧɢɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɵ: 0,110; 0,14γ; 0,174; 0,β0γ; 0,β09; 0,β14; 0,5717; 0,800; 0,86β; 0,881; 0,90γ; 
0,9β5; 0,94β; 0,97γ ɢ 0,987. Ⱦɥɹ ɤɚɠɞɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɟɞɟɧɵ ɩɨ ɞɟɫɹɬɢ-
ɨɞɢɧɧɚɞɰɚɬɢ ɢɡɨɯɨɪɚɦ, ɨɯɜɚɬɵɜɚɸɳɢɟ ɲɢɪɨɤɢɣ ɢɧɬɟɪɜɚɥ ɩɚɪɨɜɵɯ ɢ ɠɢɞɤɨɫɬɧɵɯ 
ɢɡɨɯɨɪ.Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɢɡɦɟɪɟɧɧɵɯ ɢɡɨɯɨɪ ɧɚɛɥɸɞɚɸɬɫɹ ɞɜɚ ɩɟɪɟɝɢɛɚ ɢɥɢ ɢɡɥɨɦɚ. Ɍɨɱɤɢ 
ɩɟɪɟɝɢɛɚ ɧɚ Ɋ-Ɍ ɞɢɚɝɪɚɦɦɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɚɦ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɷɬɢɯ 
ɛɢɧɚɪɧɨɣ ɫɦɟɫɹɯ(ɫɦ.ɪɢɫ.1). ɉɟɪɜɵɣ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ (ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ) 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɫɬɜɨɪɟɧɢɸ ɭɝɥɟɜɨɞɨɪɨɞɚ ɜ ɜɨɞɟ Д(ɠ1- ɝ) ɝЖ ɢɥɢ ɬɪɟɯɮɚɡɧɨɦɭ ɪɚɫɫɥɚɢɜɚɧɢɸ 
(ɝ-ɠ1-ɠ2) ɜ ɞɜɭɯɮɚɡɧɨɟ ɪɚɜɧɨɜɟɫɢɟ Дɠ1/ɝ - ɠ2Ж, ɚ ɜɬɨɪɨɣ - ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ ɠɢɞɤɨɫɬɶ-ɝɚɡ 
ɪɚɫɬɜɨɪɚ (ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɭɝɥɟɜɨɞɨɪɨɞɚ - ɠβ) ɜ ɩɚɪ Д(ɠ2- ɠ1)→ɝЖ ɢɥɢ ɞɜɭɯɮɚɡɧɨɦɭ 
ɪɚɜɧɨɜɟɫɢɸ (ɝ - ɠ2 ɢɥɢ ɝ1-ɝ2) ɜ ɝɨɦɨɝɟɧɧɵɣ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ (ɮɥ) Д(ɠ2- ɝ) ɢɥɢ (ɝ1-ɝ2) 
→ɮɥЖ. ɋɨɟɞɢɧɟɧɢɟ ɬɨɱɟɤ ɢɡɥɨɦɚ ɞɚɟɬ ɥɢɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɨɬɞɟɥɹɸɳɢɟ ɬɪɟɯɮɚɡɧɭɸ 
ɨɛɥɚɫɬɶ ɨɬ ɞɜɭɯɮɚɡɧɨɣ ɢ ɞɜɭɯɮɚɡɧɭɸ ɨɛɥɚɫɬɶ ɨɬ ɨɞɧɨɮɚɡɧɨɣ. Ʌɢɧɢɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɠ.-
ɠ. ɢ ɠ.-ɝ. ɢ ɢɯ ɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɜɨɞɵ ɜ ɫɦɟɫɢ 
ɩɪɢɛɥɢɠɚɸɬɫɹ ɞɪɭɝ ɞɪɭɝɭ. ɉɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɪɚɜɧɨɦ 0,β57 ɞɥɹ ɫɢɫɬɟɦɵ ɧ.ɝɟɤɫɚɧ-ɜɨɞɚ ɢ 
0,β09 ɞɥɹ ɫɢɫɬɟɦɵ ɧ.ɩɟɧɬɚɧ-ɜɨɞɚ, ɥɢɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɠ.-ɠ. ɢ ɠ.-ɝ. ɢɦɟɸɬ ɨɛɳɭɸ 
ɬɨɱɤɭ ɤɚɫɚɧɢɹ ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢɯ ɫɨɜɩɚɞɚɸɬ. 

ɗɬɚ ɬɨɱɤɚ ɧɚɡɵɜɚɟɬɫɹ ɜɟɪɯɧɟɣ ɤɨɧɟɱɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ (ȼɄɄɌ) ɢ ɹɜɥɹɟɬɫɹ ɬɨɱɤɨɣ 
ɚɡɟɨɬɪɨɩɚ ɬɚɤ ɤɚɤ ɜ ɷɬɨɣ ɬɨɱɤɟ ɫɨɫɭɳɟɫɬɜɭɸɬ ɜɫɟ ɬɪɢ ɮɚɡɵ: ɭɝɥɟɜɨɞɨɪɨɞɧɚɹ ɠɢɞɤɨɫɬɶ, ɜɨɞɧɚɹ 
ɠɢɞɤɨɫɬɶ ɢ ɝɚɡ. Ʉɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɷɬɨɣ ɬɨɱɤɢ ɞɥɹ ɫɢɫɬɟɦɵ ɧ.ɩɟɧɬɚɧ-ɜɨɞɚ ɢɦɟɸɬ 
ɡɧɚɱɟɧɢɹ Ɍɤ = 46γ,8 Ʉ ɢ Ɋɤ = 4,57 Ɇɉɚ, ɚ ɞɥɹ ɫɢɫɬɟɦɵ ɧ.ɝɟɤɫɚɧ-ɜɨɞɚ – Ɍɤ = 495,γ Ʉ ɢ Ɋɤ = 5,28 
Ɇɉɚ, ɤɨɬɨɪɵɟ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢД1-4]. ȼɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ȼɄɄɌ, ɩɨ ɢɡɨɯɨɪɟ ɜɧɚɱɚɥɟ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɯɨɞ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ 
ɜ ɩɚɪ, ɚ ɞɚɥɶɲɟ ɩɟɪɟɯɨɞ ɜɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɩɚɪ. Ʉɪɢɬɢɱɟɫɤɢɟ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɟɪɟɯɨɞɚ ɭɝɥɟɜɨɞɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɩɚɪ ɬɚɤɢɟ ɠɟ ɤɚɤ ɞɥɹ ȼɄɄɌ ɜɩɥɨɬɶ ɞɨ ɛɨɥɶɲɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɨɞɵ ɜ ɫɦɟɫɢ, ɯɨɬɹ ɤɪɢɬɢɱɟɫɤɢɟ ɩɥɨɬɧɨɫɬɢ ɨɬɥɢɱɚɸɬɫɹ. ȼɵɲɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ȼɄɄɌ, ɡɚɜɢɫɢɦɨɫɬɶ Ɋ(Ɍ) ɹɜɥɹɟɬɫɹ ɝɥɚɞɤɨɣ ɢ ɦɨɧɨɬɨɧɧɨɣ, ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ 
ɨɫɨɛɟɧɧɨɫɬɟɣ. Ⱦɥɹ ɷɬɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦɚɯ ɤɪɢɬɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɧɟ 
ɪɟɚɥɢɡɭɸɬɫɹ. ɋɧɨɜɚ ɤɪɢɬɢɱɟɫɤɢɟ ɬɨɱɤɢ ɩɨɹɜɥɹɸɬɫɹ ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɵɲɟ 0.88βɦ.ɞ.. ɇɚ 
ɢɡɨɩɥɟɬɚɯ ɩɪɨɹɜɥɹɸɬɫɹ ɥɨɤɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɦɚɤɫɢɦɭɦ ɢ ɥɨɤɚɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ 
ɦɢɧɢɦɭɦ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɷɤɫɬɪɟɦɭɦɚɦɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. ȼ 
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Ɋɢɫ.1. Ɋ-Ɍ ɤɪɢɬɢɱɟɫɤɚɹ ɞɢɚɝɪɚɦɦɚ ɧ.ɝɟɤɫɚɧ-ɜɨɞɚ ɢ ɧ.ɩɟɧɬɚɧ-ɜɨɞɚ. 1 ɢ β -ɜɟɪɯɧɢɟ ɨɛɥɚɫɬɢ 
ɤɪɢɬɢɱɟɫɤɨɣ ɥɢɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɩɟɧɬɚɧɚ ɢ ɝɟɤɫɚɧɚ 

 
ɨɛɥɚɫɬɢ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜɫɟ ɢɡɨɩɥɟɬɵ ɩɨɤɚɡɵɜɚɸɬ ɤɪɭɬɨɣ ɩɨɞɴɟɦ. ɇɚ ɜɟɪɯɧɟɦ ɥɨɤɭɫɟ 
ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ ɨɛɧɚɪɭɠɟɧ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɦɢɧɢɦɭɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 
0,9γ5 ɢ 0,9β5ɦ.ɞ. Ɍɨɱɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɢɧɢɦɭɦɭ ɬɟɦɩɟɪɚɬɭɪɵ, ɪɚɡɞɟɥɹɟɬ ɞɜɭɯɮɚɡɧɭɸ 
ɨɛɥɚɫɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ. ɉɪɚɜɚɹ ɱɚɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɜɧɨɜɟɫɢɸ ɝ-ɠ2 ɢ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɵɤɚɟɬɫɹ ɫ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ ɜɨɞɵ, ɚ ɥɟɜɚɹ ɱɚɫɬɶ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɜɧɨɜɟɫɢɸ ɝ1-ɝ2 ɜɬɨɪɨɝɨ ɬɢɩɚ ɢ ɩɪɨɞɨɥɠɚɟɬ ɜɵɲɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɨɞɵ. Ɍɨɱɤɚ, ɝɞɟ ɫɦɵɤɚɸɬɫɹ ɤɪɢɜɵɟ ɝ1-ɝβɢɝ-ɠ2 ɧɚɡɵɜɚɟɬɫɹ ɞɜɨɣɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ 
(ȾɄɌ). ɇɚ Ɋ-Ɍ ɞɢɚɝɪɚɦɦɟ ɨɛɥɚɫɬɶ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɝ1-ɝ2 ɨɝɪɚɧɢɱɟɧɚ ɤɪɢɜɨɣ, ɢɞɭɳɟɣ ɨɬ 
ȾɄɌ ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɜɵɫɨɤɢɯ Ɍ ɢ Ɋ, ɢ ɢɡɨɬɟɪɦɨɣ, ɢɞɭɳɟɣ ɨɬ ȾɄɌ ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɞɚɜɥɟɧɢɣ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɭɝɥɟɜɨɞɨɪɨɞɟ ɤɪɢɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ 
ɫɞɜɢɧɭɬɚ ɤ ɧɢɡɤɢɦ ɞɚɜɥɟɧɢɹɦ ɢ ɤ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɹɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɨɞɵ. Ⱦɥɹ ȾɄɌ ɫɢɫɬɟɦ 
ɧ.ɩɟɧɬɚɧ-ɜɨɞɚ ɢ ɧ.ɝɟɤɫɚɧ-ɜɨɞɚ ɩɨɥɭɱɟɧɵ ɩɚɪɚɦɟɬɪɵ Ɍɫ=6β5,5Ʉ, Ɋɫ=γγ,7Ɇɉɚ ɢ Ɍɫ=6β7,7Ʉ, 
Ɋɫ=γ0,9Ɇɉɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɇɚ ɪɢɫ.β. ɩɪɢɜɟɞɟɧɚ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ ɧ.ɩɟɧɬɚɧ-ɜɨɞɚ ɜ Ɍ-ɯ 
ɤɨɨɪɞɢɧɚɬɚɯ, ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɧɚɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɢ ɞɚɧɧɵɯ ɪɚɛɨɬ Дβ,γЖ. 
ɋɨɝɥɚɫɧɨ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ ɋɤɨɬɬɚ ɢ ȼɚɧ Ʉɨɧɢɧɟɧɛɭɪɝɚ Д8Ж ɢɫɫɥɟɞɭɟɦɵɟ 
ɫɢɫɬɟɦɵ ɨɬɧɨɫɢɬɫɹ ɤ III  ɬɢɩɭ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɧɟɩɪɟɪɵɜɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ 
ɤɪɢɜɨɣ, ɫɨɟɞɢɧɹɸɳɟɣ ɤɪɢɬɢɱɟɫɤɢɟ ɬɨɱɤɢ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ɏɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ III  ɬɢɩɚ 
ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ γ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɨɛɥɚɫɬɢ: ɨɛɥɚɫɬɶ ɧɢɠɧɟɣ ɜɟɬɜɢ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ (ɠ1-ɝ), 
ɨɛɥɚɫɬɶ ɨɬɫɭɬɫɬɜɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ ɢ ɨɛɥɚɫɬɶ ɜɟɪɯɧɟɣ ɜɟɬɜɢ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ (ɝ1-ɝβ,ɝ-
ɠβ). 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɛɟɫɤɨɧɟɱɧɨ ɪɚɡɛɚɜɥɟɧɧɵɯ ɫɦɟɫɟɣ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɨɱɤɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɦɨɠɧɨ ɰɟɥɢɤɨɦ ɨɩɢɫɚɬɶ ɩɚɪɚɦɟɬɪɨɦ Ʉɪɢɱɟɜɫɤɨɝɨ. ɇɚ ɨɫɧɨɜɟ ɩɪɹɦɵɯ 
ɢɡɦɟɪɟɧɢɣ PVTб ɫɜɨɣɫɬɜ ɞɥɹ ɫɢɫɬɟɦɵ ɧ.ɝɟɤɫɚɧ-ɜɨɞɚɢ ɢɫɩɨɥɶɡɭɹ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ 

ɨɩɪɟɞɟɥɟɧ ɩɚɪɚɦɟɬɪ Ʉɪɢɱɟɜɫɤɨɝɨ
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 ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɧ.ɝɟɤɫɚɧ) ɢ 

(ɜɨɞɚ) Д9,10Ж.  Ɉɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ Ʉɪɢɱɟɜɫɤɨɝɨ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ  
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Ɋɢɫ.β. Ɍ-ɯ ɤɪɢɬɢɱɟɫɤɚɹ ɞɢɚɝɪɚɦɦɚ ɫɢɫɬɟɦɵ ɧ.ɩɟɧɬɚɧ-ɜɨɞɚ. 1; γ ɢ 5-ɬɪɟɯɮɚɡɧɵɟ ɥɢɧɢɢ 
ɪɚɜɧɨɜɟɫɢɹ; β ɢ 4 - ɧɢɠɧɹɹ ɢ ɜɟɪɯɧɹɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɛɥɚɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɥɢɧɢɢ 

 
ɱɢɫɬɨɝɨ ɧ.ɝɟɤɫɚɧɚ (10.5  β εɉК ɧ.ɝɟɤɫɚɧ ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɶ)ɢ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ 
ɱɢɫɬɨɣ ɜɨɞɵ (161.5140 εɉК).ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ Ʉɪɢɱɟɜɫɤɨɝɨ ɯɨɪɨɲɨ 
ɫɨɝɥɚɫɭɟɬɫɹ ɫɨ ɡɧɚɱɟɧɢɹɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɢɡ ɧɚɱɚɥɶɧɵɯ ɧɚɤɥɨɧɨɜ ɜɟɪɯɧɢɯ ɢ ɧɢɠɧɢɯ 
ɤɪɢɬɢɱɟɫɤɢɯ ɥɢɧɢɣ 11.7β  βεɉК (ɧ.ɝɟɤɫɚɧ ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɶ) ɢ  159.γ640 εɉК (ɜɨɞɚ ɤɚɤ 
ɪɚɫɬɜɨɪɢɬɟɥɶ).Ɍɚɤɠɟ ɨɩɪɟɞɟɥɟɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ (

2 2 2
, ,

p
V H C

   ,
D

K , 12
B ) ɢ 

ɫɬɪɭɤɬɭɪɧɵɟ(
ij

C ,
ij

H , 
exc

N ) ɫɜɨɣɫɬɜɚ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ 
ɧ.ɝɟɤɫɚɧ-ɜɨɞɚ, ɤɨɬɨɪɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɵ ɫ ɩɚɪɚɦɟɬɪɨɦ Ʉɪɢɱɟɜɫɤɨɝɨ. ɉɚɪɰɢɚɥɶɧɵɣ 
ɦɨɥɹɪɧɵɣ ɨɛɴɟɦ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ, 

2
V , ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɫɜɨɣɫɬɜɨɦ ɪɚɫɬɜɨɪɚ 

Д11Ж ɢ ɪɚɫɯɨɞɢɬɫɹ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ  ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɧ.ɝɟɤɫɚɧɚ ɢɥɢ ɜɨɞɵ). Ɍɚɤɭɸ ɠɟ 
ɚɧɨɦɚɥɢɸ, ɱɬɨ ɢ 

2
V , ɢɦɟɟɬ ɩɚɪɰɢɚɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ.
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əɇȽ-əɇȽ ȺɇɈɆȺɅɂə ɂɁɈɏɈɊɇɈɃ ɌȿɉɅɈȿɆɄɈɋɌɂ ɂ ɋɂɇȽɍɅəɊɇɈȽɈ 
ȾɂȺɆȿɌɊȺ ɄɊɂȼɈɃ ɋɈɋɍɓȿɋɌȼɈȼȺɇɂə ɀɂȾɄɈɋɌɖ-ȽȺɁ ȻɍɌɂɅɈȼɕɏ 

ɋɉɂɊɌɈȼ ȼ ȻɅɂɁɂ ɄɊɂɌɂɑȿɋɄɈɃ ɌɈɑɄɂ 
Ɋɚɞɠɚɛɨɜɚ Ʌ.Ɇ.,1 Ⱥɛɞɭɥɚɝɚɬɨɜ ɂ.Ɇ.1,2 

1ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ Ⱦɚɝɇɐ ɊȺɇ, Ɇɚɯɚɱɤɚɥɚ, Ɋɨɫɫɢɹ 
E-mail: radzhabova.l@mail.ru 

2National Institute of Standards and Technology, 
325 Broadway, Boulder, Colorado 80305, U.S.A. E-mail: ilmutdin@boulder.nist.gov 

 
ɂɡɨɯɨɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ ɫɜɨɣɫɬɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɚɡɨɜɵɯ 

ɩɟɪɟɯɨɞɨɜ ɢ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɜ ɠɢɞɤɨɫɬɹɯ ɢ ɝɚɡɚɯ. ɗɬɨ ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɩɚɪɚɦɟɬɪ 
ɞɚɠɟ ɞɥɹ ɦɚɥɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜ ɫɢɫɬɟɦɟ. Ȼɥɚɝɨɞɚɪɹ ɢɡɦɟɪɟɧɢɹɦ ɢɡɨɯɨɪɧɨɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨɜɟɞɟɧɢɟ ɮɨɪɦɵ ɤɪɢɜɨɣ 
ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɮɚɡ ɜɛɥɢɡɢ ɄɌ, ɩɪɢɪɨɞɭ ɚɫɢɦɦɟɬɪɢɢ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ, ɨɩɪɟɞɟɥɢɬɶ 
ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɤɪɢɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɢ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɦɢ ɢ 
ɧɟɚɫɢɦɩɬɨɬɢɱɟɫɤɢɦɢ ɤɪɢɬɢɱɟɫɤɢɦɢ ɚɦɩɥɢɬɭɞɚɦɢ. ɇɚɞɟɠɧɵɟ ɢɡɦɟɪɟɧɢɹ ɞɜɭɯɮɚɡɧɨɣ 
ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɨɜɟɪɤɢ ɬɨɱɧɨɫɬɢ ɩɪɟɞɫɤɚɡɚɧɢɹ 
ɬɟɨɪɢɢ “ɡɚɜɟɪɲɟɧɧɨɝɨ” ɫɤɟɣɥɢɧɝɚ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɚ əɧɝ-əɧɝ ɚɧɨɦɚɥɢɢ, ɤɨɬɨɪɵɣ 
ɨɩɪɟɞɟɥɹɟɬ ɜɤɥɚɞ ɜɬɨɪɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɢ ɯɢɦɢɱɟɫɤɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ ɜ ɪɚɫɯɨɞɢɦɨɫɬɶ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɞɥɹ ɛɭɬɢɥɨɜɵɯ ɫɩɢɪɬɨɜ - ɧ-ɛɭɬɚɧɨɥɚ  ɢ ɟɝɨ ɢɡɨɦɟɪɨɜ (ɢɡɨ-, ɜɬɨɪ-
, ɢ ɬɪɟɬ-ɛɭɬɚɧɨɥ) ɫ ɯɢɦɢɱɟɫɤɨɣ ɮɨɪɦɭɥɨɣ (C4H9τH). ɑɢɫɬɨɬɚ ɨɛɪɚɡɰɨɜ ɫɨɝɥɚɫɧɨ ɢɯ 
ɫɟɪɬɢɮɢɤɚɬɚɦ ɫɨɫɬɚɜɥɹɥɚ 99.9β-99.95 ɦɚɫɫ %. Ȼɭɬɢɥɨɜɵɟ ɫɩɢɪɬɵ ɨɬɧɨɫɹɬɫɹ ɤ ɚɥɢɮɚɬɢɱɟɫɤɢɦ 
ɜɟɳɟɫɬɜɚɦ ɢ ɹɜɥɹɸɬɫɹ ɬɟɯɧɢɱɟɫɤɢ ɜɚɠɧɵɦɢ. Ɉɧɢ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 
ɧɟɮɬɟɯɢɦɢɢ, ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɤɨɫɨɥɶɜɟɧɬɵ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɧɚɩɪɢɦɟɪ, ɜ ɭɝɥɟɤɢɫɥɵɣ 
ɝɚɡ ɢɥɢ ɜɨɞɭ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɮɥɸɢɞɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. ȼ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɛɭɬɢɥɨɜɵɟ ɫɩɢɪɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɬɪɚɧɫɷɫɬɟɪɢɮɢɤɚɰɢɢ 
ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ ɜ ɛɢɨɬɨɩɥɢɜɨ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɞɧɨ- ɢ ɞɜɭɯɮɚɡɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ 
ɠɢɞɤɨɫɬɢ ɢ ɩɚɪɚ ɫɬɪɟɦɹɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ Д1Ж. Ⱦɥɹ 
ɨɩɢɫɚɧɢɹ ɧɟɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɋV ɛɭɬɢɥɨɜɵɯ ɫɩɢɪɬɨɜ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɫɤɟɣɥɢɧɝɨɜɵɟ ɭɪɚɜɧɟɧɢɹ: 

 
cr

C

CV BtAtAt
A

VP

TC  


2

21

0 1


 ɞɥɹ ρ=ρc, Ɍ ≥, (ɨɞɧɨɮɚɡɧɨɟ),  (1) 

 
Cr

C

CV
BtAtAt

A

VP

TC  


2

21

0 1


 ɞɥɹ ρ=ρc, TTc, (ɞɜɭɯɮɚɡɧɨɟ),  (2) 

ɝɞɟ t = (Tc-T)/Tc; α =0.11, ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɤɪɢɬɢɱɟɫɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɬɟɩɥɨɟɦɤɨɫɬɢ; 
0

A - 

ɫɢɫɬɟɦɧɨ-ɡɚɜɢɫɢɦɚɹ (ɧɟɭɧɢɜɟɪɫɚɥɶɧɚɹ) ɚɫɢɦɩɬɨɬɢɱɟɫɤɚɹ ɤɪɢɬɢɱɟɫɤɚɹ ɚɦɩɥɢɬɭɞɚ; cr
B  

“ɤɪɢɬɢɱɟɫɤɢɣ ɪɟɝɭɥɹɪɧɵɣ ɱɥɟɧ” ɢɧɞɭɰɢɪɨɜɚɧɧɵɣ ɤɪɢɬɢɱɟɫɤɢɦɢ ɮɥɭɤɬɭɚɰɢɹɦɢ, 

i

A  ( i = 1,2, 

 ) ɤɪɢɬɢɱɟɫɤɢɟ ɚɦɩɥɢɬɭɞɵ ɧɟɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ ɩɨɩɪɚɜɨɤ ȼɟɝɧɟɪɨɜɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ, =0.5β ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɤɪɢɬɢɱɟɫɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ȼɟɝɧɟɪɚ. 
ɇɚ ɪɢɫ.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɨɞɧɨ- ɢ ɞɜɭɯɮɚɡɧɵɯ ɢɡɨɯɨɪɧɵɯ 

ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɧ-ɛɭɬɚɧɨɥɚ ɤɚɤ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɞɨɥɶ ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɯɨɪɵ (ρc =270.00 
ɤɝ∙ɦ-3) ɜɦɟɫɬɟ ɫɨ ɡɧɚɱɟɧɢɹɦɢ, ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɢɡ ɫɤɟɣɥɢɧɝɨɜɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ (1) ɢ (β). 
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Pɢɫ.1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ V

C ɧ-ɛɭɬɚɧɨɥɚ ɤɚɤ ɮɭɧɤɰɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɞɨɥɶ 
ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɯɨɪɵ (ɞɚɧɧɵɟ ɚɜɬɨɪɨɜ): ● – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ; (-----), ɪɚɫɱɟɬ ɩɨ 
ɚɧɚɥɢɬɢɱɟɫɤɨɦɭ (ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɬɢɩɚ) ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ (HuberandEly [2]; (───), ɪɚɫɱɟɬ 
ɩɨ ɫɤɟɣɥɢɧɝɨɜɵɦ ɭɪɚɜɧɟɧɢɹɦ (1) ɢ (β) 
 

ɋ ɩɨɜɟɞɟɧɢɟɦ V
C  ɜɞɨɥɶ ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɯɨɪɵ ɫɜɹɡɚɧɵ ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɝɨ 

ɩɨɤɚɡɚɬɟɥɹ (α), ɡɧɚɱɟɧɢɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ ɤɪɢɬɢɱɟɫɤɢɯ ɚɦɩɥɢɬɭɞ ( 0
A

 ) ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɦɢ 

ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ (

0

A /

0

A , 2

000
BA

 ), ɩɪɟɞɫɤɚɡɵɜɚɟɦɵɟ ɬɟɨɪɢɟɣ ɫɤɟɣɥɢɧɝɚ. 
ɋɤɟɣɥɢɧɝɨɜɵɟ ɡɚɤɨɧɵ ɢɝɪɚɸɬ ɨɱɟɧɶ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɨɩɢɫɚɧɢɢ ɤɪɢɬɢɱɟɫɤɨɣ ɚɧɨɦɚɥɢɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɟɣ ɜ ɲɢɪɨɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ.  

ɇɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɞɜɭɯɮɚɡɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɹɯ ( '

2V
C ,

"

2V
C ) ɢ 

ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ( S
T ,

'

S
 ,

"

S
 ) ɪɚɫɫɱɢɬɚɧɵ ɜɬɨɪɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 

ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ( 22
/dTd  ) ɢ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ( 2

S

2
/dTPd ) ɧ-ɛɭɬɚɧɨɥɚ 

ɢ ɟɝɨ ɢɡɨɦɟɪɨɜ ɜɛɥɢɡɢ KT, ɢɫɩɨɥɶɡɭɹ ɫɨɨɬɧɨɲɟɧɢɹ Д3] 

 VVT

CC

T

P


 V2V2

2

S

2

d

d
  ɢ  VVT

CVCV

T

μ


 V2V2

2

2

d

d
,  (3) 

ɝɞɟ "
V  ɢ '

V - ɩɚɪɨɜɵɟ ɢ ɠɢɞɤɢɟ ɭɞɟɥɶɧɵɟ ɨɛɴɟɦɵ ɩɪɢ ɧɚɫɵɳɟɧɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ T.  

ɋɨɝɥɚɫɧɨ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɨɦɭ əɧɝ-əɧɝ ɫɨɨɬɧɨɲɟɧɢɸ Д4Ж 

2

S

2

2

2

V2
d

d

d

d

T

P
VT

T
TC  

     (4) 

ɞɜɭɯɮɚɡɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ V 2
C  ɟɫɬɶ ɥɢɧɟɣɧɚɹ ɮɭɧɤɰɢɹ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ V ɜɞɨɥɶ 

ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɢɡɨɬɟɪɦ, ɧɚɤɥɨɧ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬ ɡɧɚɱɟɧɢɟ ɩɪɨɢɡɜɨɞɧɨɣ T  2

S

2
d/d TP , ɜ 

ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɨɫɶɸ Y-ɨɜ ɩɪɢ V=0 ɫɜɹɡɚɧɚ ɫ ɩɪɨɢɡɜɨɞɧɨɣ ɯɢɦɢɱɟɫɤɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ, –T  22

d/d T . 
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ɋɨɝɥɚɫɧɨ ɫɨɨɬɧɨɲɟɧɢɸ(4) ɪɚɫɯɨɞɢɦɨɫɬɶ ɞɜɭɯɮɚɡɧɨɣ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 
V2

C ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨɞɢɦɨɫɬɶɸ ɜɬɨɪɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢ ɞɚɜɥɟɧɢɹ 

ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ, ɜɟɥɢɱɢɧɚ ɜɤɥɚɞɚ ɤɨɬɨɪɵɯ ɜ ɪɚɫɯɨɞɢɦɨɫɬɶ V2
C  ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɚ 

ɩɚɪɚɦɟɬɪɨɦ əɧɝ-əɧɝ ɤɪɢɬɢɱɟɫɤɨɣ ɚɧɨɦɚɥɢɢ R ɜɛɥɢɡɢ  ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ Д5,6Ж.  ȼɟɥɢɱɢɧɚ 
R ɛɵɥɚ ɜɩɟɪɜɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢ ɜɜɟɞɟɧɚ Ɏɢɲɟɪɨɦ Д5,6Ж ɤɚɤ R= A/(A+AP), ɝɞɟ A ɢ AP - 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɤɪɢɬɢɱɟɫɤɢɟ ɚɦɩɥɢɬɭɞɵ ɫɢɧɝɭɥɹɪɧɨɫɬɢ T 22

d/d T  At-ɢ 
T C

V  2

S

2
d/d TP APt-. Ⱦɥɹ ɧ-ɛɭɬɚɧɨɥɚ ɢ ɟɝɨ ɢɡɨɦɟɪɨɜ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ əɧɝ-əɧɝ 

ɚɧɨɦɚɥɢɢ: ɞɥɹ ɧ-ɛɭɬɚɧɨɥɚ R = 0.474; ɞɥɹ ɜɬɨɪ-ɛɭɬɚɧɨɥɚ R = -0.50β; ɞɥɹ ɢɡɨ-ɛɭɬɚɧɨɥɚ 
R=0.071; ɞɥɹ ɬɪɟɬ-ɛɭɬɚɧɨɥɚ R = -0.0γ6. Ɇɚɥɟɧɶɤɨɟ ɡɧɚɱɟɧɢɟ R ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɤɥɚɞ 
ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜ ɪɚɫɯɨɞɢɦɨɫɬɶ V2

C  ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɧɟɡɧɚɱɢɬɟɥɶɧɵɣ, ɚ 
ɡɧɚɱɟɧɢɟ R ɪɚɜɧɨɟ 0.5, ɤɚɤ ɜ ɫɥɭɱɚɟ ɜɬɨɪ-ɛɭɬɚɧɨɥɚ, ɨɡɧɚɱɚɟɬ ɨɞɢɧɚɤɨɜɵɣ ɜɤɥɚɞ ɜɬɨɪɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɜ  ɪɚɫɯɨɞɢɦɨɫɬɶ V2

C . 

ɋɨɜɪɟɦɟɧɧɚɹ ɬɟɨɪɢɹ “ɡɚɜɟɪɲɟɧɧɨɝɨ ɫɤɟɣɥɢɧɝɚ” Д5,6Ж ɩɪɟɞɫɤɚɡɵɜɚɟɬ “ 2 ” ɚɧɨɦɚɥɢɸ 

ɫɢɧɝɭɥɹɪɧɨɝɨ ɞɢɚɦɟɬɪɚ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɜ ɜɢɞɟ ( Td/d
d

 )
12  

t , ɬɨ ɟɫɬɶ, 

ɩɥɨɬɧɨɫɬɢ ɧɚ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ  
 2

43

1

210
tBtBtBtBtB   ,   (5) 

ɝɞɟ Δ=(ρ-ρɫ)/ρɫ, t=(Tc-T)/Tc, α=0.11, β=0.324, =0.52 ɢ i
B  (i=0,4) ɪɟɝɭɥɢɪɭɟɦɵɟ ɫɢɫɬɟɦɧɨ-

ɡɚɜɢɫɢɦɵɟ ɤɪɢɬɢɱɟɫɤɢɟ ɚɦɩɥɢɬɭɞɵ. ȼ ɫɨɨɬɧɨɲɟɧɢɢ (5), 
tB

0
 - ɷɬɨ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɣ 

(ɫɢɦɦɟɬɪɢɱɧɵɣ) ɱɥɟɧ,  
tB

1 - ɧɟɚɫɢɦɩɬɨɬɢɱɟɫɤɢɣ ɱɥɟɧ (ɫɢɦɦɟɬɪɢɱɧɚɹ ɩɨɩɪɚɜɤɚ 

ȼɟɝɧɟɪɚ), 1

2
tB  -“ɫɢɧɝɭɥɹɪɧɵɣ ɞɢɚɦɟɬɪ” (ɩɟɪɜɵɣ ɧɟɚɧɚɥɢɬɢɱɟɫɤɢɣ ɜɤɥɚɞ ɜ ɠɢɞɤɨɫɬɶ-ɝɚɡ 

ɚɫɢɦɦɟɬɪɢɸ, ɩɪɟɞɫɤɚɡɚɧɧɵɣ “ɧɟɡɚɜɟɪɲɟɧɧɵɦ ɫɤɟɣɥɢɧɝɨɦ”), 2

4
tB - ɧɨɜɵɣ 

ɧɟɚɧɚɥɢɬɢɱɟɫɤɢɣ ɜɤɥɚɞ ɠɢɞɤɨɫɬɶ-ɝɚɡ ɚɫɢɦɦɟɬɪɢɢ (“ɡɚɜɟɪɲɟɧɧɵɣ ɫɤɟɣɥɢɧɝ”), ɢ tB
3  - 

ɩɪɹɦɨɥɢɧɟɣɧɵɣ ɞɢɚɦɟɬɪ.  
ɉɪɟɞɫɤɚɡɚɧɧɨɟ ɢɡ ɦɟɬɨɞɚ “ɫɢɧɝɭɥɹɪɧɨɝɨ ɞɢɚɦɟɬɪɚ” ɡɧɚɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɡɧɚɱɟɧɢɹ, ɩɪɟɞɫɤɚɡɚɧɧɨɝɨ ɢɡ ɦɟɬɨɞɚ  “ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɞɢɚɦɟɬɪɚ”  ɧɚ γ % - 5 
%. ɉɨɷɬɨɦɭ ɨɱɟɧɶ ɜɚɠɧɨ ɩɪɚɜɢɥɶɧɨ ɨɰɟɧɢɬɶ ɜɤɥɚɞ ɤɚɠɞɨɝɨ ɢɡ ɫɢɧɝɭɥɹɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 
“ɡɚɜɟɪɲɟɧɧɨɝɨ” ɢ “ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ” ɫɤɟɣɥɢɧɝɨɜ ɜ ɞɢɚɦɟɬɪ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ. 

Ⱦɢɚɦɟɬɪ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɨɝɥɚɫɧɨ ɬɟɨɪɢɢ “ɡɚɜɟɪɲɟɧɧɨɝɨ ɫɤɟɣɥɢɧɝɚ” ɦɨɠɟɬ 
ɛɵɬɶ, ɩɪɟɞɫɬɚɜɥɟɧ ɤɚɤ Д7Ж  

  



  


t
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A
btB
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a

B

cr
 10

2

22

0

3

3

d
11

1 ,   (6) 

ɝɞɟ a3 ɢ b2 - ɫɢɫɬɟɦɧɨ-ɡɚɜɢɫɢɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɫɢɦɦɟɬɪɢɢ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ, 
ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɟɧɧɵ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ Д7Ж. ȼ ɭɪɚɜɧɟɧɢɢ 
(6) ɜ ɨɬɥɢɱɢɟ ɨɬ (5), ɚɦɩɥɢɬɭɞɵ “ɡɚɜɟɪɲɟɧɧɨɝɨ” ɢ “ɧɟɡɚɜɟɪɲɟɧɧɨɝɨ” ɫɤɟɣɥɢɧɝɨɜ, 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɚɦɢ, a3, b2, 

0

A ɢ 0
B , ɬɨ ɟɫɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɧɵ ɫ ɚɧɨɦɚɥɢɟɣ 

ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɩɚɪɚɦɟɬɪШɦ əɧɝ-əɧɝ ɚɧɨɦɚɥɢɢ. Ⱦɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɩɢɪɬɨɜ 
ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ “ɚɫɢɦɦɟɬɪɢɢ” a3 ɢ b2 ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɩɨ 
ɢɡɦɟɪɟɧɧɵɦ ɞɚɧɧɵɦ ɩɥɨɬɧɨɫɬɟɣ ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ 

0
A ɢ cr

B , ɤɨɬɨɪɵɟ 
ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɞɚɧɧɵɦ V2

C ɢɡɦɟɪɟɧɢɣ. 
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Ɋɚɫɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ ɜɡɚɢɦɨɫɨɝɥɚɫɨɜɚɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɤɚɱɟɫɬɜɟɧɧɨ ɜɟɪɧɨ, ɬ.ɟ. ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɫɨɜɪɟɦɟɧɧɨɣ ɮɢɡɢɤɢ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ, ɨɩɢɫɵɜɚɸɳɚɹ 
ɥɢɧɢɸ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɨɬ ɬɪɨɣɧɨɣ ɬɨɱɤɢ ɞɨ ɤɪɢɬɢɱɟɫɤɨɣ Д1Ж. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɚɪɨɜɨɣ ɜɟɬɜɢ ɥɢɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢɫɩɨɥɶɡɨɜɚɧɨ ɭɪɚɜɧɟɧɢɟ 
Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɭɡɢɭɫɚ: 
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ɜ ɤɨɬɨɪɨɦ ɞɚɜɥɟɧɢɟ ɧɚ ɥɢɧɢɢ ɭɩɪɭɝɨɫɬɢ ɨɬ ɬɪɨɣɧɨɣ ɬɨɱɤɢ 
t

T  ɞɨ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ 
c

T  

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ: 
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ɝɞɟ 
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a  – ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ; 
c

p  – ɤɪɢɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ;   – ɤɪɢɬɢɱɟɫɤɢɣ ɢɧɞɟɤɫ 
ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ;   – «ɧɟɚɫɢɦɩɬɨɬɢɱɟɫɤɢɣ» ɤɪɢɬɢɱɟɫɤɢɣ ɢɧɞɟɤɫ;  n i  – ɦɚɫɫɢɜ ɢɡ 

ɧɚɬɭɪɚɥɶɧɵɯ ɱɢɫɟɥ, ɚ ɮɭɧɤɰɢɹ  *
r t  ɢɦɟɟɬ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ «ɤɚɠɭɳɟɣɫɹ» ɬɟɩɥɨɬɵ 

ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ; /
c

t T T ; 1t   ; 
c

T  – ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 
Ɋɚɫɫɦɨɬɪɟɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ. 
ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ. 
Ɏɭɧɤɰɢɹ  *

r t ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
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             . (3) 

ɝɞɟ 
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d  – ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ; 
c

  – ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ;   – ɤɪɢɬɢɱɟɫɤɢɣ ɢɧɞɟɤɫ 

ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ;  m i  – ɦɚɫɫɢɜ ɢɡ ɧɚɬɭɪɚɥɶɧɵɯ ɱɢɫɟɥ. 
ɉɪɢ ɷɬɨɦ ɠɢɞɤɨɫɬɧɚɹ ɥɢɧɢɹ ɧɚɫɵɳɟɧɢɹ ɢɦɟɟɬ ɜɢɞ:  
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ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɬ.ɟ. (1)–(4), ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɫɩɪɚɜɟɞɥɢɜɵ ɫɨɨɬɧɨɲɟɧɢɹ: 
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Ɍɨ ɟɫɬɶ ɢɦɟɟɬ ɦɟɫɬɨ ɦɨɞɟɥɶ əɧɝɚ-əɧɝɚ ДβЖ. 
ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ. 
Ɏɭɧɤɰɢɹ  *

r t ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
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ɝɞɟ 
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d  – ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 
ȼ ɫɥɭɱɚɟ (7) ɠɢɞɤɨɫɬɧɚɹ ɥɢɧɢɹ ɧɚɫɵɳɟɧɢɹ ɢɦɟɟɬ ɜɢɞ: 
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             . (8) 

ɋɨɝɥɚɫɧɨ (1), (β) ɢ (7), (8) ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɫɩɪɚɜɟɞɥɢɜɵ ɫɨɨɬɧɨɲɟɧɢɹ: 
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                      (10) 

Ɍɨ ɟɫɬɶ ɢɦɟɟɬ ɦɟɫɬɨ ɦɨɞɟɥɶ ȼɟɝɧɟɪɚ. 
Ɉɛɟ ɫɢɫɬɟɦɵ ɜɡɚɢɦɨɫɨɝɥɚɫɨɜɚɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (1)–(4) ɢ (1), (β), (7), (8) 

ɚɩɪɨɛɢɪɨɜɚɧɵ ɧɚ ɩɪɢɦɟɪɟ ɨɩɢɫɚɧɢɹ ɥɢɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, ɚɪɝɨɧɚ, 
ɚɦɦɢɚɤɚ, ɯɥɚɞɚɝɟɧɬɨɜ R23, R1234yf, R134a, R218. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɚɤ ɜ ɩɟɪɜɨɦ, ɬɚɤ ɢ ɜɨ ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ ɭɞɚɟɬɫɹ ɨɩɢɫɚɬɶ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ 

s
p ,  ,  , *

r , 
s

p  , 
s

p   ɜ ɩɪɟɞɟɥɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɧɚ ɪɢɫ. 1–2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɬɤɥɨɧɟɧɢɹ ɨɩɢɫɚɧɢɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ Дγ–5Ж ɨ 

s
p ,  ,   ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. Ɂɚɦɟɬɢɦ, ɱɬɨ 

ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ (1)–(4). 
Ɉɛɫɭɠɞɚɟɬɫɹ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɢ 

ɦɨɞɟɥɢ ɥɢɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ: 
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ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɭɸ ɬɟɨɪɢɸ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ Д6Ж. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɝɨɜɨɪɹɬ ɜ 
ɩɨɥɶɡɭ ɦɨɞɟɥɢ əɧɝɚ-əɧɝɚ (5), (6). 
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(5) ɨɬɞɚɧɧɵɯ: 1 – Span R. at all [3]; 2 – Duschek W. at all [4]; 3 – Magee J.W. at all [5] 
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           ɩɥɨɬɧɨɫɬɢ ɩɚɪɚ 
r

  – 1, γ ɢ ɠɢɞɤɨɫɬɢ 
r

  – 2, 4 

ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɭɪɚɜɧɟɧɢɸ (3), (4), (7) ɨɬɞɚɧɧɵɯ
e

 : 1, 2 – Span R. at 

all [3]; 3, 4 – Duschek W. at all [4] 
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ɂɧɬɟɪɟɫ ɤ ɮɚɡɨɜɵɦ ɞɢɚɝɪɚɦɦɚɦ ɜɨ ɮɬɨɪɢɞɧɨ-ɮɨɫɮɚɬɧɵɯ ɫɢɫɬɟɦɚɯ ɨɛɭɫɥɨɜɥɟɧ ɫɨɡɞɚɧɢɟɦ 
ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ ɪɟɞɤɨɡɟɦɟɥɶɧɨɝɨ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɵɪɶɹ ɦɟɬɨɞɨɦ ɥɢɤɜɚɰɢɨɧɧɨɣ 
ɩɥɚɜɤɢ Д1Ж. ȼ ɫɨɫɬɚɜ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫɵɪɶɹ ɜɯɨɞɹɬ ɪɚɡɥɢɱɧɵɟ ɫɢɥɢɤɚɬɵ ɢ ɮɨɫɮɚɬɵ. ɋɪɟɞɢ 
ɮɨɫɮɚɬɨɜ ɨɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɦɨɧɚɰɢɬ, ɤɚɤ ɨɫɧɨɜɧɨɣ ɧɨɫɢɬɟɥɶ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ. ɋɨɞɟɪɠɚɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɦɨɧɚɰɢɬɟ ɤɨɥɟɛɥɟɬɫɹ ɨɬ 45 ɞɨ 60%; ɩɪɢ 
ɷɬɨɦ ɨɫɧɨɜɧɨɟ ɤɨɥɢɱɟɫɬɜɨ (ɞɨ 90%) ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɞɨɥɸ ɥɚɧɬɚɧɚ ɢ ɰɟɪɢɹ. Ʌɢɤɜɚɰɢɨɧɧɚɹ 
ɩɥɚɜɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɟɬɶɟɝɨ ɤɨɦɩɨɧɟɧɬɚ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɬɨɪɢɞ ɧɚɬɪɢɹ. Ɋɨɥɶ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ ɜɫɟɯ ɬɭɝɨɩɥɚɜɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ. Ɏɬɨɪɢɞ ɧɚɬɪɢɹ ɹɜɥɹɟɬɫɹ ɬɟɦ 
ɤɨɦɩɨɧɟɧɬɨɦ, ɤɨɬɨɪɵɣ ɜɵɡɵɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɞɜɭɯ ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ ɪɚɫɩɥɚɜɨɜ: 
ɫɢɥɢɤɚɬɧɨɝɨ ɢ ɮɨɫɮɚɬɧɨ-ɫɨɥɟɜɨɝɨ. Ɉɧ ɠɟ ɢɝɪɚɟɬ ɪɨɥɶ ɪɚɫɬɜɨɪɢɬɟɥɹ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ 
ɮɨɫɮɚɬɨɜ, ɷɤɫɬɪɚɝɢɪɭɹ ɢɯ ɢɡ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɨɝɨ ɫɵɪɶɹ ɜ ɫɨɥɟɜɨɣ ɪɚɫɩɥɚɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ NaF–LaPO4ɧɚɩɪɚɜɥɟɧɨ ɧɚ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɥɚɧɬɚɧɨɢɞɨɜ ɜ 
ɩɪɨɰɟɫɫɟ ɥɢɤɜɚɰɢɨɧɧɨɣ ɩɥɚɜɤɢ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɮɨɫɮɚɬɨɜ ɪɟɞɤɢɯ ɡɟɦɟɥɶ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɪɚɫɬɜɨɪɢɬɶɫɹ ɜ ɪɚɫɩɥɚɜɟ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ NaF–LaPO4 ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɟ SDTQ600, ɤɨɬɨɪɵɣ 
ɩɨɡɜɨɥɹɥ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɜɨɞɢɬɶ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ (ɌȽ) ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ 
ɫɤɚɧɢɪɭɸɳɢɣ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ (ȾɋɄ) ɚɧɚɥɢɡ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 
ɨɪɬɨɮɨɫɮɚɬ ɥɚɧɬɚɧɚ, ɩɨɥɭɱɟɧɧɵɣ ɪɚɡɥɨɠɟɧɢɟɦ ɤɚɪɛɨɧɚɬɚ ɥɚɧɬɚɧɚ β0%-ɦ ɪɚɫɬɜɨɪɨɦ 
ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ, ɢ ɮɬɨɪɢɞ ɧɚɬɪɢɹ ɦɚɪɤɢ ɱ.ɞ.ɚ. Ⱥɧɚɥɢɡɢɪɭɟɦɵɟ ɩɪɨɛɵ ɩɪɟɞɫɬɚɜɥɹɥɢ 
ɫɨɛɨɣ ɫɦɟɫɶ ɩɨɪɨɲɤɨɜ ɨɪɬɨɮɨɫɮɚɬɚ ɥɚɧɬɚɧɚ ɢ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ ɦɢɤɪɨɧɧɨɝɨ ɪɚɡɦɟɪɚ ɜ 
ɪɚɡɥɢɱɧɨɦ ɦɚɫɫɨɜɨɦ ɫɨɨɬɧɨɲɟɧɢɢ. ɋɥɨɠɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɛɨɥɶɲɨɦ 
ɪɚɡɥɢɱɢɢ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ ɪɚɜɧɚ 
996ºɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ – 1705ºɋ ДβЖ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɨɪɬɨɮɨɫɮɚɬɚ ɥɚɧɬɚɧɚ 
ɬɨɱɧɨ ɧɟɢɡɜɟɫɬɧɚ ɢ ɩɨ ɪɚɡɧɵɦ ɞɚɧɧɵɦ ɨɰɟɧɢɜɚɟɬɫɹ ɜ 1750ºɋ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɚ SDTQ600 ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɫɨɫɬɚɜɥɹɥɚ 
1400ºɋ. ɋɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ ɨɛɵɱɧɨ ɛɵɥɚ ɪɚɜɧɚ 10ºɋ/ɦɢɧ. ɇɚɝɪɟɜ ɢɫɫɥɟɞɭɟɦɵɯ ɩɪɨɛ 
ɩɪɨɜɨɞɢɥɫɹ ɜ ɫɪɟɞɟ ɚɡɨɬɚ ɨɫɨɛɨɣ ɱɢɫɬɨɬɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɢ ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ NaF, 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɫɨɫɬɚɜɢɥɢ 996ºɋ ɢ 41 ɤȾɠ/ɦɨɥɶ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɫɨɜɩɚɥɚ ɫ ɞɚɧɧɵɦɢ ДβЖ. Ɍɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ ɨɤɚɡɚɥɚɫɶ ɧɚ β0% 
ɜɵɲɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɟɥɢɱɢɧɵ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ДβЖ. 

ɇɚ ɪɢɫ.1 ɩɪɢɜɟɞɟɧɚ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɭɬɟɦ ɚɧɚɥɢɡɚ ȾɋɄ ɤɪɢɜɵɯ. ɂɡ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɢɫɬɟɦɚ NaF–LaPO4ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ 
ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɬɢɩɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɡɨɜɚɧɢɹ ɷɜɬɟɤɬɢɤɢ ɫɨɫɬɚɜɥɹɟɬ 757ºɋ 
(ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ γ,4ºɋ), ɚ ɦɚɫɫɨɜɨɟ ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ 
ɷɜɬɟɤɬɢɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 4γ%NaF+57%LaPO4. Ɍɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ ɷɜɬɟɤɬɢɤɢ, ɨɰɟɧɟɧɧɚɹ ɢɡ 
ɜɟɥɢɱɢɧɵ ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɯ ɩɢɤɨɜ ɧɚ ȾɋɄ ɤɪɢɜɵɯ, ɫɨɫɬɚɜɥɹɟɬ 50 ɤȾɠ/ɦɨɥɶ 
(ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 5,9 ɤȾɠ/ɦɨɥɶ). 
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Ɋɢɫ.1. Ɏɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɫɢɫɬɟɦɵ NaF - LaPO4 

 
ȼ ɫɢɫɬɟɦɟ ɧɚɛɥɸɞɚɸɬɫɹ ɞɜɟ ɜɟɬɜɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ: ɮɬɨɪɢɞɚ ɧɚɬɪɢɹ ɢ ɨɪɬɨɮɨɫɮɚɬɚ 

ɥɚɧɬɚɧɚ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ LaPO4, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɟɧɶɲɟ ɢ ɛɨɥɶɲɟ 57%. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ 
LaPO4ɦɟɧɶɲɟ 57% ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɧɚ ȾɋɄ ɤɪɢɜɨɣ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɞɭɛɥɟɬɚ. ɉɪɢ 
ɷɬɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɢɤɚ, ɫɞɜɢɧɭɬɨɝɨ ɜ ɨɛɥɚɫɬɶ ɛɨɥɶɲɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɬɪɟɭɝɨɥɶɧɢɤɢ ɧɚ 
ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ ɪɢɫ. 1) ɡɚɦɟɬɧɨ ɦɟɧɶɲɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɢɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɷɜɬɟɤɬɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɢ ɭɛɵɜɚɟɬ ɫ ɪɨɫɬɨɦ ɫɨɞɟɪɠɚɧɢɹ ɜ ɫɦɟɫɢ LaPO4. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ 
LaPO4ɛɨɥɶɲɟ 57% ɭɤɚɡɚɧɧɵɣ ɩɢɤ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɫɦɟɫɢ 4γ%NaF+57%LaPO4 ɤɨɦɩɨɧɟɧɬɵ 
ɫɢɫɬɟɦɵ ɩɨɥɧɨɫɬɶɸ ɜɡɚɢɦɧɨɪɚɫɬɜɨɪɢɦɵ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɨɪɬɨɮɨɫɮɚɬɚ ɥɚɧɬɚɧɚ 
ɫɧɢɠɚɟɬɫɹ ɩɨɱɬɢ ɧɚ 1000ºɋ.  
 

ɅɂɌȿɊȺɌɍɊȺ 
 
1. Ʌ.Ɇ. Ⱦɟɥɢɰɵɧ. Ʌɢɤɜɚɰɢɨɧɧɵɟ ɹɜɥɟɧɢɹ ɜ ɦɚɝɦɚɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ. ȽȿɈɋ, Ɇɨɫɤɜɚ, β010.  
β. Ⱥ.ɂ. ȼɨɥɤɨɜ, ɂ.Ɇ. ɀɚɪɫɤɢɣ. Ȼɨɥɶɲɨɣ ɯɢɦɢɱɟɫɤɢɣ ɫɩɪɚɜɨɱɧɢɤ. ɋɨɜɪɟɦɟɧɧɚɹ ɲɤɨɥɚ, 
Ɇɢɧɫɤ, β005.  
 
 
 

ɂɋɋɅȿȾɈȼȺɇɂȿ ɌɊɈɃɇɈɃ ɋɂɋɌȿɆɕ ɂɁ ȻɊɈɆɂȾȺ, ɆȿɌȺȼȺɇȺȾȺɌȺ ɂ 
ɏɊɈɆȺɌȺ ɄȺɅɂə 

ɋɢɧɢɰɵɧ Ƚ.Ⱦ., Ƚɚɪɤɭɲɢɧ ɂ.Ʉ., Ƚɭɛɚɧɨɜɚ Ɍ.ȼ. 
ɎȽȻɈɍ ȼɉ «ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ», Ɋɨɫɫɢɹ, 443100, 

ɋɚɦɚɪɚ, ɭɥ. Ɇɨɥɨɞɨɝɜɚɪɞɟɣɫɤɚɹ, 244. E-mail: prostozhora99@mail.ru, lecome@yandex.ru 
 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɧɟɩɪɟɪɵɜɧɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɚɤɬɢɱɟɫɤɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɫɨɥɟɜɵɯ ɫɦɟɫɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ, ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɫɢɫɬɟɦɵ. Ɉɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɢ 

mailto:lecome@yandex.ru
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ɩɥɚɜɥɟɧɢɢ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɨɜ, ɚ ɬɚɤ ɠɟ ɮɚɡ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɩɪɢ ɞɚɧɧɵɯ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɜɨɡɦɨɠɧɨ ɩɪɢ ɢɡɭɱɟɧɢɢ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ, ɨɩɪɟɞɟɥɹɸɳɢɯ 
ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɫɨɫɬɚɜɨɦ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɫɦɟɫɟɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɚ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɚɹ ɫɢɫɬɟɦɚ KееBr,VO3, CrO4 

ɬɪɟɭɝɨɥɶɧɢɤ ɫɨɫɬɚɜɨɜ ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1. Ⱦɚɧɧɵɟ ɩɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦ ɫɨɥɹɦ 
ɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɦ ɫɢɫɬɟɦɚɦ ɜɡɹɬɵ ɢɡ ɫɩɪɚɜɨɱɧɨɣ ɥɢɬɟɪɚɬɭɪɵД1-3]. Ɉɛɡɨɪ ɫɩɪɚɜɨɱɧɨɣ 
ɥɢɬɟɪɚɬɭɪɵ ɜɵɹɜɢɥ, ɱɬɨ ɞɜɟ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɟ ɫɢɫɬɟɦɵ KBr-K2CrO4 ɢ KBr-KVO3 
ɢɫɫɥɟɞɨɜɚɧɵ ɪɚɧɟɟ Дβ,γЖ ɢ ɨɬɧɨɫɹɬɫɹ ɤ ɫɢɫɬɟɦɚɦ ɫ ɷɜɬɟɤɬɢɱɟɫɤɢɦ ɬɢɩɨɦ ɩɥɚɜɥɟɧɢɹ. ȼ ɫɢɫɬɟɦɟ 
KBr-K2CrO4 ɨɬɦɟɱɟɧɨ ɩɨɥɢɦɨɪɮɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɜ ɩɨɥɟ ɯɪɨɦɚɬɚ ɤɚɥɢɹ. ɋɢɫɬɟɦɚ KVO3-
K2CrO4 ɢɫɫɥɟɞɨɜɚɧɚ ɚɜɬɨɪɚɦɢ. ȼ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ ɭɫɬɚɧɨɜɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 
ɫɨɫɬɚɜɵ ɷɜɬɟɤɬɢɤɢ ɢ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɯɪɨɦɚɬɚ ɤɚɥɢɹ (ɪɢɫ.1). 

 
Ɋɢɫ.1. Ɍɪɟɭɝɨɥɶɧɢɤ ɫɨɫɬɚɜɨɜ ɫɢɫɬɟɦɵ K║Br, VO3, CrO4 ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨɥɢɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɡɪɟɡɚ AB 
 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɜ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ KееBr,VO3, CrO4 
ɢɫɩɨɥɶɡɨɜɚɧ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ (ȾɌȺ). Ⱦɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɤɪɢɜɵɯ ȾɌȺ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɷɥɟɤɬɪɨɧɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɨɦɟɬɪ Ʉɋɉ-4. Ⱦɚɬɱɢɤɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɫɥɭɠɢɥɢ ɩɥɚɬɢɧɚ–ɩɥɚɬɢɧɨɪɨɞɢɟɜɵɟ ɬɟɪɦɨɩɚɪɵ. Ⱦɥɹ ɭɫɢɥɟɧɢɹ ɬɟɪɦɨ-ɷ.ɞ.ɫ. 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɬɟɪɦɨɩɚɪɵ ɢɫɩɨɥɶɡɨɜɚɧ ɮɨɬɨɭɫɢɥɢɬɟɥɶ Ɏ–116/1. Ɍɟɪɦɨɚɧɚɥɢɬɢɱɟɫɤɢɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɩɥɚɬɢɧɨɜɵɯ ɦɢɤɪɨɬɢɝɥɹɯ. ɋɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ 
(ɨɯɥɚɠɞɟɧɢɹ) ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɥɹɥɚ 10 – 15 Ʉ/ɦɢɧ. ɂɧɞɢɮɮɟɪɟɧɬɧɵɦ ɜɟɳɟɫɬɜɨɦ ɫɥɭɠɢɥ 
ɫɜɟɠɟɩɪɨɤɚɥɟɧɧɵɣ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɤɜɚɥɢɮɢɤɚɰɢɢ "ɱɞɚ". Ɍɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ 
ɫɨɫɬɚɜɥɹɥɚ ±β,5 ɨɋ, ɩɪɢ ɬɨɱɧɨɫɬɢ ɜɡɜɟɲɢɜɚɧɢɹ ɫɨɫɬɚɜɨɜ ±0.0001 ɝ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ 
VIBRAHT. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɚɦɢ ɩɪɨɟɤɰɢɨɧɧɨ-ɬɟɪɦɨɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ (ɉɌȽɆ)Д4Жɜ ɩɨɥɟ 
ɛɪɨɦɢɞɚ ɤɚɥɢɹ ɜɵɛɪɚɧ ɢ ɢɫɫɥɟɞɨɜɚɧ ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɣ ɪɚɡɪɟɡAB (A – 60.0% K2CrO4, 40.0% 

KBr; B - 60.0% KVO3, 40.0% KBr; ɪɢɫ.1, β), ɨɩɪɟɞɟɥɟɧɚ ɩɪɨɟɤɰɢɹ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ȿ .ɂɡ 
ɫɨɫɬɚɜɚ ɬɨɱɤɢ ɩɪɨɟɤɰɢɢ ȿ ,ɧɚ ɪɚɡɪɟɡɟ AB, ɪɚɫɫɱɢɬɚɧɨ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɤɨɦɩɨɧɟɧɬɨɜ KVO3 : KBr ɜ ɬɪɨɣɧɨɣ ɷɜɬɟɤɬɢɤɟ. 
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Ɋɢɫ.β. Ɏɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɩɨɥɢɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ AB ɫɢɫɬɟɦɵKBr- KVO3- K2CrO4 

 
Ⱦɚɥɶɧɟɣɲɟɟ ɢɡɭɱɟɧɢɟ ɫɢɫɬɟɦɵ ɡɚɤɥɸɱɚɥɨɫɶ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɨɧɜɚɪɢɚɧɬɧɨɝɨ 

ɪɚɡɪɟɡɚKBr→ ȿ →E (ɪɢɫ.γ.) ɗɜɬɟɤɬɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ KBr-K2CrO4–KVO3 ɨɩɪɟɞɟɥɢɥɢ 
ɩɨ ɧɚɥɢɱɢɸ ɧɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɫɨɫɬɚɜɚ ɧɨɧɜɚɪɢɚɧɬɧɨɝɨ ɪɚɡɪɟɡɚ ɨɞɧɨɝɨ ɫɢɦɦɟɬɪɢɱɧɨɝɨ 
ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ. 

 
Ɋɢɫ.γ.ɇɨɧɜɚɪɢɚɧɬɧɵɣ ɪɚɡɪɟɡ KBr→ ȿ →E 

 
ȼ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɟ KееBr,VO3, CrO4ɪɚɡɝɪɚɧɢɱɟɧɵ ɩɨɥɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɮɚɡ. 

ɉɨɥɟ ɬɭɝɨɩɥɚɜɤɨɝɨ ɯɪɨɦɚɬɚ ɤɚɥɢɹ ɩɪɟɞɫɬɚɜɥɟɧɨ ɞɜɭɦɹ ɩɨɥɢɦɨɪɮɧɵɦɢ 
ɦɨɞɢɮɢɤɚɰɢɹɦɢK2CrO4: β- (ɜɵɫɨɤɨ-) ɢ α-(ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ). 
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ɋɦɟɫɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɫɨɥɟɜɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ 

ɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ: ɪɚɫɩɥɚɜɥɹɟɦɵɟ ɷɥɟɤɬɪɨɥɢɬɵ ɞɥɹ ɯɢɦɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ (ɏɂɌ), 
ɬɟɩɥɨɚɤɤɭɦɭɥɢɪɭɸɳɢɟ ɦɚɬɟɪɢɚɥɵ, ɮɥɸɫɵ ɞɥɹ ɫɜɚɪɤɢ ɢ ɩɚɣɤɢ ɦɟɬɚɥɥɨɜ, ɫɪɟɞɵ ɞɥɹ ɫɢɧɬɟɡɚ 
ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ Д1, βЖ. ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɩɨɥɭɱɟɧɢɹ ɜɟɳɟɫɬɜ 
ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɢɡɭɱɟɧɢɹ ɞɢɚɝɪɚɦɦ ɫɨɫɬɨɹɧɢɹ ɫɨɥɟɜɵɯ ɫɢɫɬɟɦ ɢ ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɢɯ ɨɫɧɨɜɟ 
ɫɨɫɬɚɜɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɢɥɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɋ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɮɚɡɨɜɨɝɨ ɤɨɦɩɥɟɤɫɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɚ 
ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɚɹ ɫɢɫɬɟɦɚ KI-K2CrO4-K2MoO4.ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ȾɌȺ). ȼ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɚ ɬɟɪɦɨ-ɷ.ɞ.ɫ. 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɥɚɬɢɧɚ–ɩɥɚɬɢɧɨɪɨɞɢɟɜɵɟ ɬɟɪɦɨɩɚɪɵ. ɂɫɯɨɞɧɵɟ ɪɟɚɤɬɢɜɵ ɤɜɚɥɢɮɢɤɚɰɢɣ "ɯɱ" 
(KI, K2CrO4,K2MoO4), ɛɵɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɛɟɡɜɨɠɟɧɵ. Ɍɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɜɟɳɟɫɬɜ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ДγЖ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɫɬɚɧɞɚɪɬɧɵɯ 
ɩɥɚɬɢɧɨɜɵɯ ɦɢɤɪɨɬɢɝɥɹɯ. ɂɧɞɢɮɮɟɪɟɧɬɧɨɟ ɜɟɳɟɫɬɜɨ – ɫɜɟɠɟɩɪɨɤɚɥɟɧɧɵɣ AХ2O3. Ɇɚɫɫɚ 
ɧɚɜɟɫɨɤ ɫɨɫɬɚɜɥɹɥɚ 0,γ ɝ. ɋɨɫɬɚɜɵ ɜɵɪɚɠɟɧɵ ɜ ɷɤɜ. %. 

Ɍɪɟɭɝɨɥɶɧɢɤ ɫɨɫɬɚɜɨɜ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ KI- K2MoO4-K2CrO 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. Ⱦɜɨɣɧɵɟ ɫɢɫɬɟɦɵ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɬɪɟɭɝɨɥɶɧɢɤ ɫɨɫɬɚɜɨɜ 
ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ, ɢɫɫɥɟɞɨɜɚɧɵ ɪɚɧɟɟ ɪɚɡɥɢɱɧɵɦɢ ɚɜɬɨɪɚɦɢ [4, 5]. KI-K2MoO4 ɢ 
KI-K2CrO4 – ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ, K2CrO4-K2MoO4 – ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɟɩɪɟɪɵɜɧɵɦɢ ɪɹɞɚɦɢ 
ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɣ ɪɚɡɪɟɡ KL , ɧɚɯɨɞɹɳɢɣɫɹ ɜ 
ɩɨɥɟ ɢɨɞɢɞɚ ɤɚɥɢɹ: K[KI-70%, K2MoO4-30%]L[KI-70%, K2CrO4-γ0%Ж, Ɍ-ɯ ɞɢɚɝɪɚɦɦɚ 
ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. β. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɪɟɡɚ KL ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɬɫɭɬɫɬɜɭɸɬ ɬɟɪɦɨɷɮɮɟɤɬɵ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨɜɟɪɯɧɨɫɬɶ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ KI-K2CrO4-K2MoO4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɜɭɦɹ ɩɨɥɹɦɢ – ɣɨɞɢɞɨɦ ɤɚɥɢɹ ɢ 
ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ ɨɫɧɨɜɟ ɦɨɥɢɛɞɚɬɚ ɢ ɯɪɨɦɚɬɚ ɤɚɥɢɹ (ɪɢɫ. β). 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

43 
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Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ, ɩɨɬɟɧɰɢɚɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɬɪɨɣɧɚɹ ɬɨɱɤɚ, 

ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɬɜɟɪɞɵɯ ɫɮɟɪ, ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ȼɚɧ-ɞɟɪ-ɜɚɚɥɶɫɚ, ɪɚɜɧɨɜɟɫɢɟ, 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɨ ɫɬɟɧɤɨɣ, ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɧɰɢɚɥɚ ɨɬ ɨɛɴɟɦɚ ɢ/ɢɥɢ ɩɥɨɬɧɨɫɬɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɢɡ Nɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɱɚɫɬɢɰ ɫ ɦɚɫɫɚɦɢ ,
a

m Na ,..,1 , ɜ ɤɭɛɟ ɫ 
ɪɟɛɪɨɦ L, ɨɞɧɚ ɜɟɪɲɢɧɚ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɜ ɧɚɱɚɥɟ ɤɨɨɪɞɢɧɚɬ, ɚ ɪɟɛɪɚ, ɜɵɯɨɞɹɳɢɟ ɢɡ ɷɬɨɣ 
ɜɟɪɲɢɧɵ, ɧɚɯɨɞɹɬɫɹ ɜɞɨɥɶ ɨɫɟɣ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɵ  ɤɨɨɪɞɢɧɚɬ. Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ 
ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰ ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɚɦɢ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ, ɦɚɫɫɵ ɱɚɫɬɢɰ ɧɟ ɡɚɜɢɫɹɬ ɨɬ 
ɨɛɴɟɦɚ 3

LV   ɢ/ɢɥɢ NLv /
3 , ɱɚɫɬɢɰɵ ɩɪɢ ɫɨɭɞɚɪɟɧɢɢ ɫɨ ɫɬɟɧɤɚɦɢ ɤɭɛɚ ɡɟɪɤɚɥɶɧɨ 

ɨɬɪɚɠɚɸɬɫɹ ɨɬ ɧɢɯ ɤɚɤ ɦɚɬɟɪɢɚɥɶɧɵɟ ɛɟɡɪɚɡɦɟɪɧɵɟ ɬɨɱɤɢ. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 
ɫɭɦɦɵ ɫɢɫɬɟɦɵ ɨɬ ɱɢɫɥɚ ɱɚɫɬɢɰ, ɨɛɴɟɦɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ T ɩɨɫɥɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨ 
ɢɦɩɭɥɶɫɚɦ ɱɚɫɬɢɰ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ  
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Ɂɞɟɫɶ k – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ,   - ɩɨɫɬɨɹɧɧɚɹ ɉɥɚɧɤɚ, ɢ ),..,(
1 N

rrU


 - ɩɨɬɟɧɰɢɚɥɶɧɚɹ 
ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ ɦɟɠɞɭ ɫɨɛɨɣ,  ),,(

aaaa
zyxr   - ɪɚɞɢɭɫ-ɜɟɤɬɨɪ a - ɨɣ ɱɚɫɬɢɰɵ.  

Ⱦɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  
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VZkTNTVp

,
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 Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ),..,(
1 N

rrU


 ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɨɛɴɟɦɚ 3
LV   ɢ/ɢɥɢ 

NLv /
3 . Ɍɨɝɞɚ ɢɡ (1) ɢ (β) ɢɦɟɟɦ  
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ȼɜɨɞɹ ɜɦɟɫɬɨ ɩɟɪɟɦɟɧɧɵɯ 
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(3) 

ɂɫɩɨɥɶɡɭɹ ɩɪɚɜɢɥɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨ ɩɚɪɚɦɟɬɪɭ ɦɨɠɧɨ ɢɡ (γ) ɩɨɥɭɱɢɬɶ 
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(5) 

ȼɫɟ ɮɭɧɤɰɢɢ ɩɨɞ ɢɧɬɟɝɪɚɥɚɦɢ ɜ (5) ɧɟɨɬɪɢɰɚɬɟɥɶɧɵ, ɩɨɷɬɨɦɭ ɞɚɜɥɟɧɢɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɩɪɢ 
ɧɟɧɭɥɟɜɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ ɧɟɧɭɥɟɜɨɣ ɩɥɨɬɧɨɫɬɢ: 

0),,( NTVp .     (6) 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɟɪɚɜɟɧɫɬɜɨ (6) ɧɟ ɢɡɦɟɧɢɬɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɩɪɟɞɟɥɭ: 

V N  ɩɪɢ 0/  constNVv : 
0),( Tvp .      (6’) 

əɫɧɨ, ɱɬɨ ɧɟɪɚɜɟɧɫɬɜɚ (6) ɢɥɢ (6’) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɤɪɢɬɟɪɢɣ ɮɢɡɢɱɟɫɤɨɣ 
ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɢ   ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ. 

Ɍɨɱɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɬɪɟɯɦɟɪɧɨɣ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɨɣ ɩɨɬɟɧɰɢɚɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɨɩɢɫɵɜɚɟɬɫɹ ɫɭɦɦɨɣ ɩɨɬɟɧɰɢɚɥɨɜ, ɪɚɜɧɵɯ ɫɭɦɦɟ ɩɨɬɟɧɰɢɚɥɚ ɬɜɟɪɞɵɯ ɫɮɟɪ 
ɢ ɩɨɬɟɧɰɢɚɥɚ Ʉɚɰɚ (Penrose, Lebowitz, 1966)  ɢɦɟɟɬ ɜɢɞ 

3 2
( , ) [1 2 ( , ) / 3 ] / /

h s
p v T kT d g r d v v v v      ,   (*) 

ɝɞɟ d– ɞɢɚɦɟɬɪ ɬɜɟɪɞɨɣ ɫɮɟɪɵ, ),( vrg
hs  - ɩɚɪɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɞɥɹ ɬɜɟɪɞɵɯ ɫɮɟɪ, 

  - ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɩɚɪɚɦɟɬɪ. ɉɪɢ ɷɬɨɦ ɩɨɬɟɧɰɢɚɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɨɛɴɟɦɚ V 
ɢ/ɢɥɢ v. ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɩɚɪɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɜɫɟɝɞɚ ɧɟɨɬɪɢɰɚɬɟɥɶɧɚ, ɥɟɝɤɨ 
ɭɜɢɞɟɬɶ, ɱɬɨ ɜ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ ɮɭɧɤɰɢɹ vvvdrgdk

hs
/]3/),(21[

3   ɜɫɟɝɞɚ ɩɨɥɨɠɢɬɟɥɶɧɚ 
ɞɥɹ ɥɸɛɨɝɨ ɤɨɧɟɱɧɨɝɨ ɡɧɚɱɟɧɢɹ v. ɍɫɥɨɜɢɟ ɧɟ ɨɬɪɢɰɚɬɟɥɶɧɨɫɬɢ ɞɚɜɥɟɧɢɹ (6’) ɞɥɹ (*) ɦɨɠɧɨ 
ɩɟɪɟɩɢɫɚɬɶ ɜ ɜɢɞɟ   ]3/),(21[/)(

3
vvdrgdkvvT

hs
  . 

Ʌɟɝɤɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ 0)(max v , ɬɚɤ ɤɚɤ ɮɭɧɤɰɢɹ )(v  ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɷɬɨɝɨ ɧɟɪɚɜɟɧɫɬɜɚ 
ɜɫɟɝɞɚ ɧɟɨɬɪɢɰɚɬɟɥɶɧɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ )(max vT   ɫɭɳɟɫɬɜɭɟɬ ɢɧɬɟɪɜɚɥ ɡɧɚɱɟɧɢɣ v, 
ɝɞɟ ɞɚɜɥɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨ, ɢ ɭɪɚɜɧɟɧɢɟ (*) ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɜ ɪɚɦɤɚɯ ɤɥɚɫɫɢɱɟɫɤɨɣ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ. ɉɨɷɬɨɦɭ ɭɪɚɜɧɟɧɢɟ (*) ɧɟ ɹɜɥɹɟɬɫɹ ɬɨɱɧɵɦ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ, 
ɢ ɜɨɡɦɨɠɧɨ, ɩɪɢ ɟɝɨ ɜɵɜɨɞɟ ɞɨɩɭɳɟɧɚ ɫɤɪɵɬɚɹ ɨɲɢɛɤɚ ɢ/ɢɥɢ ɩɨɬɟɧɰɢɚɥ Ʉɚɰɚ ɧɟ ɢɦɟɟɬ 
ɧɢɤɚɤɨɝɨ ɨɬɧɨɲɟɧɢɹ ɤ ɮɢɡɢɤɟ ɢ ɩɪɢɪɨɞɟ. 

ȿɫɥɢ ɩɨɬɟɧɰɢɚɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɚɪɧɨ-ɚɞɞɢɬɢɜɧɚɹ ɫɨ ɫɮɟɪɢɱɟɫɤɢ ɫɢɦɦɟɬɪɢɱɧɵɦ 
ɩɨɬɟɧɰɢɚɥɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ )( r  ɦɟɠɞɭ ɥɸɛɵɦɢ ɞɜɭɦɹ   ɱɚɫɬɢɰɚɦɢ, ɡɚɜɢɫɹɳɢɦ ɬɨɥɶɤɨ ɨɬ 
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ r, ɬɨ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ ɜɢɞ  





0

32
/)(),,(3/2/),( drrdTvrdrgrvvkTTvp  ,  (7) 

ɝɞɟ ),,( Tvrg  - ɩɚɪɧɚɹ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ. ɂɡ (6’) ɢ (7) ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɟɟ ɭɫɥɨɜɢɟ ɧɚ 
ɩɚɪɧɭɸ ɤɨɪɪɟɥɹɰɢɨɧɧɭɸ ɮɭɧɤɰɢɸ  

kTvdrrdTvrdrgr 


0

3
/)(),,(3/2  .    (8) 
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ɇɟɪɚɜɟɧɫɬɜɨ (8) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɤɪɢɬɟɪɢɣ ɮɢɡɢɱɟɫɤɨɣ ɧɟɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɢ ɞɥɹ 
ɬɨɱɧɵɯ ɢ ɩɪɢɛɥɢɠɟɧɧɵɯ ɪɟɲɟɧɢɣ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɩɚɪɧɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ 

),,( Tvrg . 
ɂɡ (6’) ɫɥɟɞɭɟɬ, ɱɬɨ ɟɫɥɢ ɩɨɩɵɬɚɬɶɫɹ ɨɩɢɫɚɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɭɸ ɫɢɫɬɟɦɭ ɫ ɩɨɦɨɳɶɸ 

ɭɪɚɜɧɟɧɢɹ ȼɚɧ-ɞɟɪ-ɜɚɚɥɶɫɚ 
2

/)/(),( vabvkTTvp  ,     (9)  
ɬɨ ɦɵ ɨɛɹɡɚɧɵ ɩɪɢɧɹɬɶ, ɱɬɨ ɨɧɨ ɜɟɪɧɨ ɬɨɥɶɤɨ ɞɥɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ. ɂɡ (6’) 
ɢ (9) ɥɟɝɤɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɧɟɨɬɪɢɰɚɬɟɥɶɧɨ ɞɥɹ ɥɸɛɵɯ ɡɧɚɱɟɧɢɣ vɬɨɥɶɤɨ ɩɪɢ  

kbaT 4/ .      (10) 
ȼ ɱɚɫɬɧɨɫɬɢ, ɨɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɠɢɞɤɨɟ ɫɨɫɬɨɹɧɢɟ ɦɨɠɟɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɬɨɥɶɤɨ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɭɫɥɨɜɢɸ (10). ɉɨɷɬɨɦɭ ɧɢɠɧɸɸ ɝɪɚɧɢɰɭ ɬɟɦɩɟɪɚɬɭɪɵ ɜ (10) 
ɦɨɠɧɨ ɨɬɨɠɞɟɫɬɜɥɹɬɶ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɬɪɨɣɧɨɣ ɬɨɱɤɢ, ɧɢɠɟ ɤɨɬɨɪɨɣ ɠɢɞɤɨɫɬɶ ɧɟ ɦɨɠɟɬ  
ɫɭɳɟɫɬɜɨɜɚɬɶ. ɉɨɷɬɨɦɭ 

kbaT
triple

4/ .     (11) 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ Ȼɨɣɥɹ 
B

T ɞɥɹ ɭɪɚɜɧɟɧɢɹ (9) ɪɚɜɧɚ a/kb, ɢɡ (11) ɢɦɟɟɦ, 
25,04/1/ 

Btriple
TT .     (12) 

Ⱦɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɢɹ 
triple

p , ɨɛɴɟɦɵ 
tripleL

v
,

  ɢ tripleG
v

, , ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ ɨɞɧɭ ɱɚɫɬɢɰɭ ɜ 
ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɬɪɨɣɧɨɣ ɬɨɱɤɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɭɫɥɨɜɢɣ ɪɚɜɟɧɫɬɜɚ ɞɚɜɥɟɧɢɣ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ, ɜɵɱɢɫɥɟɧɧɵɯ ɩɨ ɭɪɚɜɧɟɧɢɸ 
ɫɨɫɬɨɹɧɢɹ, ɞɚɜɥɟɧɢɸ triple

p , ɢ ɩɪɚɜɢɥɚ ɩɥɨɳɚɞɟɣ Ɇɚɤɫɜɟɥɥɚ. ɗɬɢ ɭɫɥɨɜɢɹ ɞɥɹ ɭɪɚɜɧɟɧɢɹ 

ȼɚɧ-ɞɟɪ-ɜɚɚɥɶɫɚ ɞɚɸɬ 2
/018,0 bap

triple
 , bv

tripleL
645,1

,
 , bv

tripleG
723,9

,
 . Ⱦɥɹ ɚɪɝɨɧɚ 

21,0/ 
Btriple

TT . Ʉɚɤ ɜɢɞɧɨ, ɭɪɚɜɧɟɧɢɟ (1β) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɰɟɧɤɢ ɡɧɚɱɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɬɪɨɣɧɨɣ ɬɨɱɤɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭɱɟɬ ɭɫɥɨɜɢɹ ɩɨɥɨɠɢɬɟɥɶɧɨɫɬɢ ɞɚɜɥɟɧɢɹ (6’) ɩɪɢɜɟɥɨ ɤ 
ɫɭɳɟɫɬɜɨɜɚɧɢɸ ɬɪɨɣɧɨɣ ɬɨɱɤɢ ɜ ɝɚɡɟ ȼɚɧ-ɞɟɪ-ɜɚɚɥɶɫɚ. 

ɂɡ ɢɡɥɨɠɟɧɧɨɝɨ ɥɟɝɤɨ ɩɨɧɹɬɶ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ȼɚɧ-ɞɟɪ-ɜɚɚɥɶɫɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɭɱɟɧɨ ɬɨɱɧɨ ɜ ɪɚɦɤɚɯ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ ɞɥɹ ɫɢɫɬɟɦ ɫ ɧɟɡɚɜɢɫɹɳɟɣ 
ɨɬ ɨɛɴɟɦɚ ɢ/ɢɥɢ ɩɥɨɬɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ȼɨɥɟɟ ɬɨɝɨ, ɥɸɛɵɟ 
ɢɡɜɟɫɬɧɵɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɵɟ ɞɨɩɭɫɤɚɸɬ ɧɭɥɟɜɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɞɥɹ ɧɟɧɭɥɟɜɨɣ ɩɥɨɬɧɨɫɬɢ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɬɨɱɧɨ ɜ ɫɢɫɬɟɦɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɧɚɦɢ ɬɢɩɚ. ȿɫɥɢ ɥɸɛɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɫɱɢɬɚɬɶ ɩɨɥɭɱɟɧɧɵɦ 
ɩɪɢɛɥɢɠɟɧɧɨ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦ ɢ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɞɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɢ 
ɧɟɧɭɥɟɜɨɣ ɩɥɨɬɧɨɫɬɢ, ɬɨ ɧɚ ɧɟɝɨ ɞɨɥɠɧɨ ɛɵɬɶ ɧɚɥɨɠɟɧɨ ɭɫɥɨɜɢɟ ɧɟ ɨɬɪɢɰɚɬɟɥɶɧɨɫɬɢ (6) ɢɥɢ 
(6’). ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɭɸ ɬɟɦɩɟɪɚɬɭɪɭ, ɧɢɠɟ ɤɨɬɨɪɨɣ ɞɚɜɥɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɦ 
ɞɥɹ ɧɟɧɭɥɟɜɨɣ ɩɥɨɬɧɨɫɬɢ ɧɭɠɧɨ ɫɱɢɬɚɬɶ ɬɟɦɩɟɪɚɬɭɪɨɣ ɬɪɨɣɧɨɣ ɬɨɱɤɢ. ɉɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɢ 
ɢ ɝɚɡɚ, ɚ ɬɚɤɠɟ ɞɚɜɥɟɧɢɟ ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɭɫɥɨɜɢɣ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɱɚɫɬɢɰɵ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ ɫɨ ɫɬɟɧɤɚɦɢ ɤɭɛɚ ɡɟɪɤɚɥɶɧɨ 
ɨɬɪɚɠɚɸɬɫɹ ɨɬ ɧɢɯ ɤɚɤ ɫɮɟɪɵ ɫ ɞɢɚɦɟɬɪɨɦ d, ɬɨ ɜɨ ɜɫɟɯ ɮɨɪɦɭɥɚɯ ɧɚɞɨ ɩɪɨɢɡɜɟɫɬɢ ɡɚɦɟɧɭ L 
ɧɚ L-d/β ɢ ɧɢɠɧɢɟ ɩɪɟɞɟɥɵ ɜ ɢɧɬɟɝɪɚɥɚɯ 0 ɧɚ d/β, ɩɪɢ ɷɬɨɦ ɜɫɟ ɫɞɟɥɚɧɧɵɟ ɜɵɲɟ ɜɵɜɨɞɵ 
ɨɫɬɚɸɬɫɹ ɜ ɫɢɥɟ.  
ȼɵɲɟɩɪɢɜɟɞɟɧɧɵɟ ɜɵɜɨɞɵ ɧɟ ɢɡɦɟɧɹɬɶɫɹ ɢ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɱɚɫɬɢɰ ɫɨ 
ɫɬɟɧɤɚɦɢ ɨɩɢɫɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ),..,,,(
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, 

ɱɬɨ, ɨɱɟɜɢɞɧɨ, ɡɚɜɢɫɢɬ ɨɬ ɩɨɥɨɠɟɧɢɹ ɫɬɟɧɤɢ, ɬ.ɟ. ɨɬ L, ɩɨɫɤɨɥɶɤɭ ɞɟɣɫɬɜɭɹ ɬɚɤ ɠɟ, ɤɚɤ ɢ 
ɜɵɲɟ, ɩɨɥɭɱɚɟɦ: 
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  , ɢ ɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ ɩɪɟɞɟɥɟ, ɟɫɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɱɚɫɬɢɰ ɫɨ ɫɬɟɧɤɚɦɢ ɹɜɥɹɟɬɫɹ ɤɨɪɨɬɤɨɞɟɣɫɬɜɭɸɳɢɦ, ɢɦɟɟɦ 
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 ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ ɦɟɠɞɭ 
ɫɨɛɨɣ ɡɚɜɢɫɢɬ ɨɬ L  ɢ NLv /

3 . Ɍɨɝɞɚ ɞɟɣɫɬɜɭɹ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɜɵɲɟ, ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɟ 
ɫɨɫɬɨɹɧɢɹ ɜ ɜɢɞɟ 
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ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɟɪɜɵɣ ɱɥɟɧ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ ɜɫɟɝɞɚ ɩɨɥɨɠɢɬɟɥɟɧ, ɚ ɜɬɨɪɨɣ ɱɥɟɧ 
ɦɨɠɟɬ ɛɵɬɶ, ɤɚɤ ɩɨɥɨɠɢɬɟɥɶɧɵɦ, ɬɚɤ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɦ. ɗɬɨɬ ɠɟ ɜɵɜɨɞ ɨɫɬɚɟɬɫɹ ɜɟɪɧɵɦ ɢ 
ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɩɪɟɞɟɥɭ, ɩɪɢ ɷɬɨɦ ɜɤɥɚɞ ɨɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨ ɫɬɟɧɤɨɣ 
ɢɫɱɟɡɚɟɬ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɧɟɜɨɡɦɨɠɧɨ, ɟɫɥɢ ɧɟɬ ɩɪɢɬɹɠɟɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ. 
Ⱦɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɢ ɩɨɷɬɨɦɭ ɜɨɡɦɨɠɧɨ 
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɥɸɛɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɜɵɜɟɞɟɧɧɵɦ ɜ ɪɚɦɤɚɯ 
ɪɚɜɧɨɜɟɫɧɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ, ɟɫɥɢ ɩɨɬɟɧɰɢɚɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ ɡɚɜɢɫɢɬ ɨɬ ɢɯ 
ɩɥɨɬɧɨɫɬɢ. Ɉɬɫɸɞɚ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɨɬɟɧɰɢɚɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɟɚɥɶɧɵɯ 
ɫɢɫɬɟɦ ɞɨɥɠɟɧ ɡɚɜɢɫɟɬɶ ɨɬ ɩɥɨɬɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɦɧɨɝɢɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɨɩɢɫɵɜɚɸɬ ɫ 
ɯɨɪɨɲɟɣ ɬɨɱɧɨɫɬɶɸ ɪɟɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɢ ɩɚɪɚɦɟɬɪɵ ɬɪɨɣɧɨɣ ɬɨɱɤɢ ɷɬɢɯ ɫɢɫɬɟɦ ɬɚɤɨɜɵ, ɱɬɨ 
ɨɤɨɥɨ ɬɪɨɣɧɨɣ ɬɨɱɤɢ ɢ ɜɵɲɟ ɟɟ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɞɜɢɠɟɧɢɟ ɱɚɫɬɢɰ ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɪɚɦɤɚɯ 
ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ. 
 
 
 

ɋɍɓȿɋɌȼɈȼȺɇɂȿ Ʌɂɇɂɂ ГENO ȾɅə ɂɈɇɇɕɏ ɀɂȾɄɈɋɌȿɃ ɂ ȿȿ ɋȼəɁɖ ɋ 
ɆɈɅȿɄɍɅəɊɇɕɆ ɋɌɊɈȿɇɂȿɆ ɂ ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɂɆɂ ɋȼɈɃɋɌȼȺɆɂ 

Ʉɥɢɧɨɜ Ⱥ.ȼ., Ⱥɧɚɲɤɢɧ ɂ.ɉ., ɏɪɢɫɬɨɥɸɛɨɜ ɇ.Ɋ. 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ», 

Ɋɨɫɫɢɹ, 4β0015, Ʉɚɡɚɧɶ, ɭɥ.Ʉ.Ɇɚɪɤɫɚ 68. E-mail: alklin@kstu.ru 
 

Ȼɥɚɝɨɞɚɪɹ ɪɹɞɭ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɬɚɤɢɯ ɤɚɤ ɧɢɡɤɨɟ ɞɚɜɥɟɧɢɟ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ, ɜɵɫɨɤɚɹ ɪɚɫɬɜɨɪɹɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɞɪ., ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɢɯ 
ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ. ɂɨɧɧɵɟ ɠɢɞɤɨɫɬɢ 
ɨɛɥɚɞɚɸɬ ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɡɥɨɠɟɧɢɹ. Ɍɚɤ, 
ɢɨɧɧɵɟ ɠɢɞɤɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɢɦɢɞɚɡɨɥɚ ɪɚɡɥɚɝɚɸɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ β40-520 ºɋ. ɗɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɭɱɢɬɶ ɜɫɸ ɮɚɡɨɜɭɸ ɞɢɚɝɪɚɦɦɭ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ 

mailto:alklin@kstu.ru
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ɛɨɥɶɲɢɧɫɬɜɨ ɩɪɨɰɟɫɫɨɜ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɜɨɞɹɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɥɨɠɟɧɢɹ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɜɨɣɫɬɜɚɯ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ 
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɪɚɫɱɟɬɚ ɥɢɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢɥɢ ɧɚɯɨɠɞɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɨɩɪɟɞɟɥɟɧɨ ɩɨɥɨɠɟɧɢɟ ɥɢɧɢɢ ГОЧШ ɧɚ 
ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ ɢ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɫɜɨɣɫɬɜ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɨɥɨɠɟɧɢɹ ɥɢɧɢɢ ГОЧШ ɩɪɨɜɟɞɟɧɚ ɨɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ PVT ɞɚɧɧɵɯ ɪɚɡɥɢɱɧɵɯ 
ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ. ɉɨɤɚɡɚɧɨ ɱɬɨ ɜ ɨɛɥɚɫɬɢ, ɝɞɟ ɢɦɟɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɥɢɧɢɹ 
Zeno ɯɨɪɨɲɨ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɩɪɹɦɨɣ. ɗɤɫɬɪɚɩɨɥɹɰɢɟɣ ɩɨɥɭɱɟɧɧɵɯ ɩɪɹɦɵɯ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɩɥɨɬɧɨɫɬɶ Ȼɨɣɥɹ. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɢɧɢɢ ГОЧШ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɫɥɟɞɭɸɳɢɟ ɜɵɪɚɠɟɧɢɹ: 
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ɢɫɯɨɞɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɟɪɟɫɟɱɟɧɢɢ ɥɢɧɢɣ 
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. Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ S1=0,71 ɛɵɥɨ ɧɚɣɞɟɧɨ ɦɢɧɢɦɢɡɚɰɢɟɣ 

ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɹɞɚ ɜɟɳɟɫɬɜ ɪɚɡɥɢɱɧɨɝɨ 
ɤɥɚɫɫɚ ɢ ɫɬɪɨɟɧɢɹ. 

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ, ɫɢɥɚ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɛɨɥɶɲɟɣ 
ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɚɧɢɨɧɚ ɢɨɧɧɨɣ ɠɢɞɤɨɫɬɢ. Ɍɚɤ, ɢɨɧɧɵɟ ɠɢɞɤɨɫɬɢ, ɚɧɢɨɧɨɦ ɤɨɬɨɪɵɯ 
ɹɜɥɹɟɬɫɹ ɛɢɫ(ɬɪɢɮɬɨɪɦɟɬɢɥɫɭɥɶɮɨɧɢɥ)ɢɦɢɞ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɚɬɢɨɧɚ ɨɛɥɚɞɚɸɬ ɦɟɧɶɲɟɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ Ȼɨɣɥɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɨɧɧɵɦɢ ɠɢɞɤɨɫɬɹɦɢ ɧɚ ɨɫɧɨɜɟ ɞɪɭɝɢɯ ɚɧɢɨɧɨɜ. ɋ 
ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ ɤɚɬɢɨɧɚ ɢ ɚɧɢɨɧɚ ɜɨɡɪɚɫɬɚɟɬ ɩɥɨɬɧɨɫɬɶ Ȼɨɣɥɹ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ 
№ 14-03-00β51 ɚ. 
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ɋɜɨɣɫɬɜɚ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɢ ɢɯ 

ɫɦɟɫɟɣ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɩɪɢɪɨɞɨɣ ɢ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɦɟɫɢ, ɧɨ ɢ 
ɭɫɥɨɜɢɟɦ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ. ɉɨɥɭɱɟɧɢɟ ɧɚɞɟɠɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɝɢɞɪɚɡɢɧɚ ɢ ɢɯ ɤɨɥɥɨɢɞɧɵɯ ɪɚɫɬɜɨɪɨɜ (ɝɢɞɪɚɡɢɧ+ɮɭɥɥɟɪɟɧ ɋ60) 
ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɩɪɨɝɪɟɫɫɚ. 

Ⱦɚɧɧɵɟ ɩɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɦɢɦɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɧɚɭɱɧɨɣ ɢ ɩɪɚɤɬɢɱɟɫɤɨɣ 
ɰɟɧɧɨɫɬɢ, ɫɜɹɡɚɧɧɨɣ ɫ ɢɡɭɱɟɧɢɟɦ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ 
ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɹɜɥɹɸɬɫɹ ɤɪɢɬɟɪɢɟɦ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɢ ɩɨɤɚɡɚɬɟɥɟɦ ɜɧɭɬɪɟɧɧɟɣ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɞɚɧɧɵɯ ɨ ɪɚɡɥɢɱɧɵɯ 
ɤɚɥɨɪɢɱɟɫɤɢɯ ɢ ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɜɨ ɜɫɟɯ ɫɨɫɬɨɹɧɢɹɯ, ɪɟɚɥɢɡɭɟɦɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɦ-
ɝɨɦɨɝɟɧɧɨɦ, ɝɟɬɟɪɨɝɟɧɧɨɦ, ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ. 

ɐɟɥɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ - ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (λ,ȼɬ/(ɦ Ʉ)) ɱɢɫɬɨɝɨ ɠɢɞɤɨɝɨ 
ɝɢɞɪɚɡɢɧɚ ɢ ɫ ɞɨɛɚɜɤɨɣ ɮɭɥɥɟɪɟɧɚ ɋ60 ɨɬ 0,1 ɞɨ 1 ɝ ɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɤɪɢɬɢɱɟɫɤɨɣ 
ɨɛɥɚɫɬɢ. ȼ ɤɚɱɟɫɬɜɚ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɜɡɹɬ ɠɢɞɤɢɣ ɝɢɞɪɚɡɢɧ ɦɚɪɤɢ (ɯ.ɱ). 

Ɉɛɨɛɳɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɜ ɲɢɪɨɤɨɦ 
ɢɧɬɟɪɜɚɥɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɜɵɹɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɩɨɜɟɞɟɧɢɢ λɜ ɪɚɡɥɢɱɧɵɯ 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
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ɨɛɥɚɫɬɹɯ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ, ɧɚ ɤɪɢɜɨɣ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɨɱɤɢ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (λ) ɤɨɥɥɨɢɞɧɨɣ ɠɢɞɤɨɫɬɢ (ɝɢɞɪɚɡɢɧ +ɮɭɥɥɟɪɟɧ ɋ60) 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɞɚɜɥɟɧɢɹɯ ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɦɟɬɨɞ  ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ 
ɛɢɤɚɥɨɪɢɦɟɬɪɚ ɪɟɝɭɥɹɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɩɟɪɜɨɝɨ ɪɨɞɚ Д1Ж. Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɧɚɦɢ 
ɛɵɥɚɚɜɬɨ-ɦɚɬɢɡɢɪɨɜɚɧɚ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɰɟɧɢɜɚɟɬɫɹ ɜ ɠɢɞɤɨɣ ɮɚɡɟ 0,9-1,5%, ɜ 
ɩɚɪɨɜɨɣ ɮɚɡɟ-1,6-γ,β % ɢ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɜ ɨɛɥɚɫɬɢ ɫ ɪɟɡɤɢɦ ɢɡɦɟɧɟɧɢɟɦ λ- ɜ γ,5 - 
4,6 % [1]. 

Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɛɵɥɨ ɨɛɪɚɳɟɧɨ ɧɚ ɡɚɩɨɥɧɟɧɢɟ ɛɢɤɚɥɨɪɢɦɟɬɪɚ ɜɟɳɟɫɬɜɨɦ. ɉɨɫɥɟ ɬɨɝɨ, 
ɤɚɤ ɢɡ ɛɢɤɚɥɨɪɢɦɟɬɪɚ ɛɵɥ ɩɨɥɧɨɫɬɶɸ ɨɬɤɚɱɟɧ ɜɨɡɞɭɯ ɜɚɤɭɭɦɧɵɦ ɧɚɫɨɫɚɦ, ɜɟɧɬɢɥɶ ɬɪɨɣɧɢɤɚ 
ɩɟɪɟɤɪɵɜɚɥɫɹ ɢ ɛɢɤɚɥɨ-ɪɢɦɟɬɪ ɡɚɩɨɥɧɹɥɫɹ ɤɨɥɥɨɢɞɧɵɦ ɝɢɞɪɚɡɢɧɨɦ, ɢɝɨɥɶɱɚɬɵɦ ɜɟɧɬɢɥɟɦ 
ɩɟɪɟɤɪɵɜɚɥɫɹ ɤɚɩɢɥɥɹɪ ɡɚɩɨɥɧɟɧɢɹ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɥɨ ɩɨɥɧɭɸ ɝɟɪɦɟɬɢɱɧɨɫɬɶ. Ɇɚɫɫɚ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɛɢɤɚɥɨɪɢɦɟɬɪɟ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ɪɚɡɧɢɰɟ ɜɡɜɟɲɢɜɚɧɢɹ ɤɨɧɬɟɣɧɟɪɚ 
ɞɨ ɢ ɩɨɫɥɟ ɡɚɩɪɚɜɤɢ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ ȼɅȺ-β00 ȽɆ ɫ ɬɨɱɧɨɫɬɶ 0.01ɝ. 

Ⱦɚɧɧɵɟ ɩɨ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɠɢɞɤɨɝɨ ɤɨɥɥɨɢɞɧɨɝɨ ɝɢɞɪɚɡɢɧɚ ɛɵɥɢ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɫ ɭɱɟɬɨɦ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪɢɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɜɟɣɲɟɣ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ (ɤɨɦɩɶɸɬɟɪ, ɢ ɩɪɨɝɪɚɦɦɵ ɤ ɧɢɦ), ɬ.ɟ. ɤɨɦɩɶɸɬɟɪɧɵɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɫɧɨɜɧɵɦɢ ɡɚɞɚɱɚɦɢ ɹɜɥɹɸɬɫɹ ɩɪɨɜɟɪɤɚ 
ɚɞɟɤɜɚɬɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɦɨɞɟɥɢ ɢ ɢɯ ɞɨɜɟɪɢɬɟɥɶɧɵɯ ɢɧɬɟɪɜɚɥɨɜ Д1Ж. ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɤɨɥɥɨɢɞɧɨɝɨ ɠɢɞɤɨɝɨ ɝɢɞɪɚɡɢɧɚ (ɤɚɤ ɭ ɠɢɞɤɢɯ ɩɪɨɫɬɵɯ ɷɮɢɪɨɜ- ɧɚɲɢ ɢɫɫɥɟɞɨɜɚɧɢɹ Д1Ж) 
ɩɨɤɚɡɚɥ, ɱɬɨ ɨɧɚ ɢɦɟɟɬ λ-ɨɛɪɚɡɧɭɸ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɨɫɧɨɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ (ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɩɥɨɬɧɨɫɬɶ, 
ɬɟɩɥɨɟɦɤɨɫɬɶ) ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ (ɠɢɞɤɢɣ ɝɢɞɪɚɡɢɧ ɢ 
ɮɭɥɥɟɪɟɧ ɋ60). Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɫɢɫɬɟɦ ɧɚɦɢ 
ɢɫɩɨɥɶɡɨɜɚɧɨ ɭɪɚɜɧɟɧɢɟ ɬɢɩɚ Ɍɟɣɬɚ. Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɹ ɬɚɤɠɟ ɨɩɢɫɵɜɚɟɬ ɢɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ 
ɩɨ ɞɪɭɝɢɦ ɩɚɪɚɦɟɬɪɚɦ (ɤɚɤ ɩɥɨɬɧɨɫɬɢ, ɜɹɡɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ) ɠɢɞɤɨɫɬɟɣ ɢ 
ɪɚɫɬɜɨɪɨɜ. ɍɪɚɜɧɟɧɢɹ ɬɢɩɚ Ɍɟɣɬɚ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦ ɷɤɫɬɪɚɩɨɥɹɰɢɨɧɧɵɦ ɤɚɱɟɫɬɜɨɦ ɩɨ 
ɞɚɜɥɟɧɢɸ (ɞɨ 600Ɇɉɚ).  

 
ɅɂɌȿɊȺɌɍɊȺ 

 
1. Ɇ.Ɇ. ɋɚɮɚɪɨɜ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɪɨɫɬɵɯ ɷɮɢɪɨɜ ɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɝɢɞɪɚɡɢɧɚ 
ɢ ɮɟɧɢɥɝɢɞɪɚɡɢɧɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ. Ⱦɢɫɫɟɪ.. ɧɚ ɫɨɢɫɤ. ɭɱ. cɬ. ɞ-ɪɚ 
ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, Ⱦɭɲɚɧɛɟ, 1993. 
 
 

 
ɂɋɋɅȿȾɈȼȺɇɂȿ ȻɂɇɈȾȺɅɂ ɇȺ ɈɋɇɈȼȿ 

 ɋɄȿɃɅɂɇȽɈȼɕɏ ɆɈȾȿɅȿɃ 
Ⱥɩɮɟɥɶɛɚɭɦ ȿ.Ɇ.1, ȼɨɪɨɛɶɟɜ ȼ.ɋ.1, ɍɫɬɸɠɚɧɢɧ ȿ.ȿ.2 

1ɈɂȼɌ ɊȺɇ, Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ 
2ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆЭɂ», Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, 111β50, 

Ʉɪɚɫɧɨɤɚɡɚɪɦɟɧɧɚɹ 14, e-mail: evgust@gmail.com. 
 

ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɪɹɞ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɜɟɳɟɫɬɜ ɧɚ ɛɢɧɨɞɚɥɢ (coexistencecurve, CC). ɗɬɢ ɭɪɚɜɧɟɧɢɹ ɢɦɟɸɬ ɮɨɪɦɭ Y=F(τ,D,C), ɡɞɟɫɶ 
Y ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɚɛɨɪ ɫɜɨɣɫɬɜ: 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

50 
 

1) ɩɥɨɬɧɨɫɬɟɣ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ (l, g ); 
β) ɩɚɪɚɦɟɬɪ ɩɨɪɹɞɤɚ- fs, ɫɪɟɞɧɟɝɨ ɞɢɚɦɟɬɪ - fd. 
ȼ ɤɚɱɟɫɬɜɟ ɚɪɝɭɦɟɧɬɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ: ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, τ = (Tc - T)/Tc, 

ɤɪɢɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ D = (,β,Tc …) ɢ ɪɟɝɭɥɢɪɭɟɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ C. Ɇɨɞɟɥɢ 
Y=F(τ,D,C) ɫɥɟɞɭɸɬ ɬɟɨɪɢɢ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ (ST) ɢ ɜɤɥɸɱɚɸɬ ɭɪɚɜɧɟɧɢɹ Wegner (1985 
ɝ.), Anisimovetal. (1990 ɝ.), Rabinovich ɢ Sheludiak (1995 ɝ.), Shimanskaya et al. (1996 ɝ.), 
Abdulagatov et al. (β007 ɝ.) ɢ ɞɪɭɝɢɟ. ɋɪɟɞɢ ɧɢɯ ɜ Д1Ж ɪɚɫɫɦɨɬɪɟɧɵ ɞɚɧɧɵɟ ɨ ɩɥɨɬɧɨɫɬɢ ɪɹɞɚ 
ɜɟɳɟɫɬɜ ɢ ɩɪɟɞɥɨɠɟɧɚ ɫɥɟɞɭɸɳɚɹ ɮɨɪɦɚF(τ,D,C): 

 
ρl,g = ρc + 0.5(ρc-ρB+3ρB(Tc/TB)) τ ±1.5(ρc - ρB - ρB(Tc/TB))τβ,          (1) 

 
ɝɞɟ ρB ɢ TB – ɩɥɨɬɧɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɬɨɱɤɢ Ȼɨɣɥɹ, ɩɥɸɫ ɨɬɧɨɫɢɬɫɹ ɤ ɠɢɞɤɨɫɬɢ, ɦɢɧɭɫ 
ɨɬɧɨɫɢɬɫɹ ɤ ɝɚɡɭ, β =0.333. 

Ɇɨɞɟɥɶ (1) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɚ ɛɢɧɨɞɚɥɢ ɜ ɢɧɬɟɪɜɚɥɟ τlow…τhigh = 
0.0001…0.5 ɞɥɹ ɜɟɳɟɫɬɜ, ɩɨ ɤɨɬɨɪɵɦ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɹɜɥɹɸɬɫɹ ɨɱɟɧɶ ɦɚɥɨɱɢɫɥɟɧɧɵɦɢ. 

ȿɳɟ ɨɞɢɧ ɜɚɪɢɚɧɬ F(τ,D,C), ɢɡɜɟɫɬɧɵɣ ɤɚɤ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ (CM) ДβЖ ɢ 
ɨɩɢɫɵɜɚɸɳɢɣ ɫɜɨɣɫɬɜɚY = (l,g), ɨɛɫɭɠɞɚɟɬɫɹ ɜ ɞɨɤɥɚɞɟ. Ɇɨɞɟɥɶ CM ɜɤɥɸɱɚɟɬ 
ɫɤɟɣɥɢɧɝɨɜɵɣ ɤɨɦɩɨɧɟɧɬ Fscale ɢ ɪɟɝɭɥɹɪɧɵɣ ɤɨɦɩɨɧɟɧɬ Freg. ɋɬɪɭɤɬɭɪɚ Fscale ɜɵɛɪɚɧɚ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ST. Fscale ɩɟɪɟɞɚɟɬ ɨɩɵɬɧɵɟ (l,g,T)exp– ɞɚɧɧɵɟ ɜ ɢɧɬɟɪɜɚɥɟ 0 < Ĳscale< 0.1 ɜ 
ɪɚɦɤɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɉɨɞɝɨɧɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵDɢC, ɜɯɨɞɹɳɢɟ ɜ ɦɨɞɟɥɶ CM, ɛɵɥɢ ɧɚɣɞɟɧɵ ɩɭɬɟɦ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɫɯɨɞɧɵɯ (l,g,T) ɞɚɧɧɵɯ ɪɹɞɚ ɜɟɳɟɫɬɜ. Ɉɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ 
Dopt ɜɤɥɸɱɚɟɬ ɡɧɚɱɟɧɢɹ, β,Tc ɢ c. Ɇɨɞɟɥɶ CMɩɨɡɜɨɥɹɟɬ ɨɩɢɫɵɜɚɬɶ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ ɜ 
ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɢɧɬɟɪɜɚɥɟ τlow…τhigh = 0.0001…0.5, ɚ ɩɥɨɬɧɨɫɬɶ ɝɚɡɚ ɜ 
ɢɧɬɟɪɜɚɥɟ τ = τlow…0.1β.  

ȼ ɞɨɤɥɚɞɟ ɨɛɫɭɠɞɚɸɬɫɹ ɩɪɢɤɥɚɞɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɪɹɞɚ ɜɟɳɟɫɬɜ ɧɚ ɛɢɧɨɞɚɥɢ. 
 

ɅɂɌȿɊȺɌɍɊȺ 
 
β. ȿ.ȿ. ɍɫɬɸɠɚɧɢɧ, ȼ.ȼ. ɒɢɲɚɤɨɜ, ɉ.ȼ. ɉɨɩɨɜ, ȼ.Ⱥ. Ɋɵɤɨɜ, Ɇ.Ʌ. Ɏɪɟɧɤɟɥɶ. ȼɟɫɬɧɢɤ ɆЭɂ.6 
(2011) 167. 
 
 

 
ɋɄȿɃɅɂɇȽɈȼɕȿ ɆɈȾȿɅɂ ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɂɏ ɋȼɈɃɋɌȼ HFO-1234yf ɇȺ 

Ʌɂɇɂɂ ɇȺɋɕɓȿɇɂə 
ɍɫɬɸɠɚɧɢɧ ȿ.ȿ., Ɋɵɤɨɜ ȼ.Ⱥ., Ɋɵɤɨɜ ɋ.ȼ., Ʉɭɞɪɹɜɰɟɜ Ⱦ.Ⱥ.. 

ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆЭɂ», Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, 111β50, 
Ʉɪɚɫɧɨɤɚɡɚɪɦɟɧɧɚɹ, 14. E-mail:evgust@gmail.com. 

ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ ɨɩɬɢɤɢ, Ɋɨɫɫɢɹ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 197101, Ʉɪɨɧɜɟɪɤɫɤɢɣ ɩɪ., ɞ. 49 

 
Ɋɹɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɫɜɨɣɫɬɜɚɯ, F = (l, g, Ps), ɞɥɹ ɷɮɢɪɚ β,γ,γ,γ-

Tetrafluoroprop – 1-ene(HFO-1234yf) ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɚɜɬɨɪɚɦɢ, ɜ ɬɨɦ 
ɱɢɫɥɟ (Ps,T) – ɞɚɧɧɵɟ Fedele et al. Д1Ж. ɇɚɦɢ ɪɚɫɫɦɨɬɪɟɧɵ ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɬɧɨɫɹɬɫɹ ɤ 
ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɢɹ Ps ɢ ɩɪɟɞɥɨɠɟɧɵ Wagner, 197γ ɝ., Xiang ɢ Tan, 1994 ɝ., Wu et al., β005 ɝ. 
ɂ Abdulagatovetal., β011 ɝ. 

ɇɚɦɢ ɩɪɟɞɥɨɠɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɮɨɪɦɚ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ Psɜ ɜɢɞɟ ɫɭɦɦɵ ɫɤɟɣɥɢɧɝɨɜɨɣ 
ɢ ɪɟɝɭɥɹɪɧɨɣ ɱɚɫɬɟɣ 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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F(τ,D,B) = Fscale(τ,D,Bp
’) + Freg(τ,D,Bp

”),     (1) 
ɝɞɟ τ = (Tc - T)/Tc – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, D = (,Pc,Tc …) – ɤɪɢɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, B = (Bp

’,Bp
”) - ɪɟɝɭɥɢɪɭɟɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ.  

ɋɤɟɣɥɢɧɝɨɜɵɣ ɤɨɦɩɨɧɟɧɬ Fscale(τ,D,Bp
’) ɨɩɢɪɚɟɬɫɹ ɧɚ ɬɟɨɪɢɸ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ [2] 
Fscale(τ,D,Bp

’) = ln(Ps/Pc) = Bp0τ2-α+Bp1τ2-α+Δ+Bp2τ2-α+2Δ+ Bp3τ,  (2) 
ɝɞɟ Δ – ɧɟɚɫɢɦɩɬɨɬɢɱɟɫɤɚɹ ɷɤɫɩɨɧɟɧɬɚ (aWegner - ɩɨɩɪɚɜɤɚ). 

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ (1)ɡɚɩɢɫɚɧɚ ɜ ɮɨɪɦɟДγЖ 
F(τ,D,B) = ln(Ps/Pc) = Fscale(τ,D,Bp

’) +Bp4τ5+Bp5τ7+Bp6τ9,   (3) 
ɝɞɟ Bp

” = (Bp4, Bp5, Bp6). 
Ɋɟɝɭɥɢɪɭɟɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ B= (Bp

’,Bp
”) ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ D = Pc  ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɩɭɬɟɦ ɧɟɥɢɧɟɣɧɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɫɯɨɞɧɵɯ (Ps,T) – ɞɚɧɧɵɯ ɢ ɦɨɞɟɥɢ ɋɆɊ.  
ɋɤɟɣɥɢɧɝɨɜɚɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ (1), ɤɨɬɨɪɚɹ ɩɪɢɦɟɧɟɧɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɢɫɯɨɞɧɵɯ  

(l,g,T)exp – ɞɚɧɧɵɯ HFO-1234yf , ɛɵɥɚ ɜɵɛɪɚɧɚ ɜ ɜɢɞɟ, ɩɪɟɞɥɨɠɟɧɧɨɦ ɜ [2]. 
ȼ ɞɨɤɥɚɞɟ ɨɛɫɭɠɞɚɸɬɫɹ ɩɪɢɤɥɚɞɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ HFO-1234yf ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ. 
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ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɂȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ ɋɆȿɋȿɃ ɇȺ ɈɋɇɈȼȿ 
ɌɂɈɋɍɅɖɎȺɌȺ ɇȺɌɊɂə 

Ⱥɦɟɪɯɚɧɨɜɚ ɒ.Ʉ.1, Ⱥɥɟɤɫɚɧɞɪɨɜ ȼ.Ⱦ.2, ɒɥɹɩɨɜ Ɋ.Ɇ.1, ɍɚɥɢ Ⱥ.ɋ.1 
1 Ʉɚɪɚɝɚɧɞɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ȿ. Ⱥ. Ȼɭɤɟɬɨɜɚ, Ʉɚɡɚɯɫɬɚɧ, 100028, 

Ʉɚɪɚɝɚɧɞɚ, ɭɥ. ɍɧɢɜɟɪɫɢɬɟɬɫɤɚɹ, β8 
2 Ⱦɨɧɛɚɫɫɤɚɹ ɧɚɰɢɨɧɚɥɶɧɚɹ ɚɤɚɞɟɦɢɹ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ ɚɪɯɢɬɟɤɬɭɪɵ, ɍɤɪɚɢɧɚ, 861βγ, 

Ɇɚɤɟɟɜɤɚ, ɭɥ. Ⱦɟɪɠɚɜɢɧɚ, β. E-mail: amerkhanova_sh@mail.ru 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɫɜɹɡɢ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɤɨɧɫɬɪɭɤɰɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤ ɪɟɡɤɨɣ ɫɦɟɧɟ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɦɚɥɵɯ ɦɚɫɲɬɚɛɚɯ 
ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɚ, ɬɚɤ ɜ ɥɢɬɟɪɚɬɭɪɟ ɪɚɫɫɦɨɬɪɟɧɚ ɤɨɧɫɬɪɭɤɰɢɹ ɬɟɩɥɨɜɨɝɨ ɚɤɤɭɦɭɥɹɬɨɪɚ, 
ɜɤɥɸɱɚɸɳɟɝɨ ɨɬɞɟɥɶɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɟɦɤɨɫɬɢ, ɡɚɩɨɥɧɟɧɧɵɟ ɬɟɩɥɨɚɤɤɭɦɭɥɢɪɭɸɳɢɦ 
ɦɚɬɟɪɢɚɥɨɦ. ɉɪɢɱɟɦ ɨɫɧɨɜɧɨɣ ɩɪɢɧɰɢɩ, ɡɚɥɨɠɟɧɧɵɣ ɜ ɢɯ ɪɚɛɨɬɟ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɤɨɩɥɟɧɢɢ 
ɬɟɩɥɨɚɤɤɭɦɭɥɢɪɭɸɳɢɦ ɦɚɬɟɪɢɚɥɨɦ (ɚɰɟɬɚɬ ɧɚɬɪɢɹ ɬɪɟɯɜɨɞɧɵɣ ɫ ɞɨɛɚɜɤɚɦɢ ɫɨɥɟɣ ɢ 
ɫɬɚɛɢɥɢɡɚɬɨɪɚ) ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɫɬɪɨɢɬɟɥɶɧɨɣ ɦɚɲɢɧɵ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɢ ɞɚɥɶɧɟɣɲɟɣ ɟɟ 
ɩɟɪɟɞɚɱɢ ɜ ɩɪɨɰɟɫɫɟ ɦɟɠɫɦɟɧɧɨɣ ɫɬɨɹɧɤɢ Д1Ж. ɉɨɷɬɨɦɭ ɜ ɪɚɛɨɬɟ ɛɵɥɢ ɢɡɭɱɟɧɵ 
ɬɟɩɥɨɚɤɤɭɦɭɥɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ. Ɉɛɪɚɡɰɵ ɌȺɆ ɜ 
ɤɨɥɢɱɟɫɬɜɟ 5,5 ɝ ɝɨɬɨɜɢɥɢ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɦɟɲɟɧɢɟɦ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɜ ɮɚɪɮɨɪɨɜɨɣ ɫɬɭɩɤɟ 
ɩɪɢ ɫɨɨɬɧɨɲɟɧɢɢ   ɨɫɧɨɜɧɚɹ ɫɨɥɶ: ɞɨɛɚɜɤɚ (10:1). ȼ ɤɚɱɟɫɬɜɟ ɜɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɛɵɥɢ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɟɥɥɭɪɚɬ ɧɚɬɪɢɹ ɢ ɫɟɥɟɧɚɬ ɧɚɬɪɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɜɢɡɭɚɥɶɧɨ-
ɬɟɪɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɫ ɮɢɤɫɚɰɢɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɨɣ ɬɟɪɦɨɩɚɪɨɣ. 
Ɏɭɧɤɰɢɟɣ ɨɬɤɥɢɤɚ ɫɥɭɠɢɥɚ ɜɟɥɢɱɢɧɚ ɬɟɪɦɨ-ɷ.ɞ.ɫ. Ɋɚɫɱɟɬ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ ɩɥɚɜɥɟɧɢɹ 
ɩɪɨɜɨɞɢɥɢ ɩɨ ɦɟɬɨɞɢɤɟ ДβЖ.   

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɟɧɬɚɝɢɞɪɚɬ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɹɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɞɨɛɚɜɤɟ, ɩɨɫɤɨɥɶɤɭ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɜɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ. ȼ ɫɜɹɡɢ 
ɫ ɷɬɢɦ ɪɚɫɩɥɚɜ ɫɦɟɫɢ ɹɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪɨɦ, ɬɟɩɥɨɟɦɤɨɫɬɶ ɤɨɬɨɪɨɝɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɨɫɧɨɜɧɨɣ ɫɨɥɢ) ДγЖ. Ɍɚɤɠɟ ɜɩɟɪɜɵɟ ɦɟɬɨɞɨɦ Ʌɚɧɞɢɹ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɞɥɹ ɫɟɥɟɧɚɬɚ ɢ 
ɬɟɥɥɭɪɚɬɚ ɧɚɬɪɢɹ ɜ ɢɧɬɟɪɜɚɥɟ β98 Ʉ – Ɍɩɥ [4].  
 
Ɍɚɛɥɢɰɚ 1. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɟɥɟɧɚɬɚ ɢ ɬɟɥɥɭɪɚɬɚ 
ɧɚɬɪɢɹ 

ɋɨɟɞɢɧɟɧɢɟ Cp, ɤɚɥ/ɦɨɥɶ·Ʉ 298 - Ɍɩɥ 
a Л·103 М·105 

Na2SeO4 35.60 5,33 0,35 298 – 100γ Ʉ 
Na2TeO4 36.04 4,84 0,37 298 – 1009 Ʉ 

 
Ⱦɚɥɟɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɬɟɦɩɟɪɚɬɭɪɵ 

ɩɥɚɜɥɟɧɢɹ ɫɦɟɫɢ ɢ ɭɞɟɥɶɧɵɟ ɬɟɩɥɨɬɵ ɩɥɚɜɥɟɧɢɹ ɫɦɟɫɟɣ ɩɟɧɬɚɝɢɞɪɚɬɚ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɫ 
ɫɟɥɟɧɚɬɨɦ ɢ ɬɟɥɥɭɪɚɬɨɦ ɧɚɬɪɢɹ.  

ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ β ɫɥɟɞɭɟɬ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɫɟɥɟɧɚɬɚ ɧɚɬɪɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ 
ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ ɩɥɚɜɥɟɧɢɹ. Ȼɨɥɟɟ ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɫɦɟɫɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɫɧɨɜɧɨɣ ɫɨɥɶɸɩɟɧɬɚɝɢɞɪɚɬɚ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɫɜɹɡɚɧɚ ɫ ɤɨɨɪɞɢɧɚɰɢɟɣ ɫɟɥɟɧɚɬ- 
ɢɨɧɨɜɫɬɢɨɫɭɥɶɮɚɬ-ɢɨɧɚɦɢ ɢ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɨɛɚɜɥɟɧɢɟ ɬɟɥɥɭɪɚɬɚ 
ɧɚɬɪɢɹ ɩɨɜɵɲɚɟɬ ɧɟ ɬɨɥɶɤɨ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ, ɧɨ ɢ ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɬɭ ɩɥɚɜɥɟɧɢɹ, ɡɚ 
ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɦɟɫɢ ɩɪɢ ɭɞɚɥɟɧɢɢ ɜɨɞɵД5Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɦɟɫɶ ɫɨɫɬɚɜɚ 
90,9% ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ, 9,1% ɬɟɥɥɭɪɚɬɚ ɧɚɬɪɢɹ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ 
ɬɟɩɥɨɚɤɤɭɦɭɥɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ. 
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ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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Ɍɚɛɥɢɰɚ β. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɩɥɚɜɥɟɧɢɹ ɫɦɟɫɟɣ ɩɟɧɬɚɝɢɞɪɚɬɚ 
ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɫ ɫɟɥɟɧɚɬɨɦ ɢ ɬɟɥɥɭɪɚɬɨɦ ɧɚɬɪɢɹ 

ɋɦɟɫɶ Ɍɩɥ,  Ʉ Cp(ɬɜ), Ⱦɠ/ɤɝ·Ʉ Cp(ɪɚɫɩɥɚɜ), Ⱦɠ/ɤɝ· Ʉ λ, ɤȾɠ/ɤɝ 

Na2S2O3·5H2O-Na2TeO4 326 669,45 72,63 238,47 
Na2S2O3·5H2O-Na2SeO4 313 832,98 87,42 44,15 

Na2S2O3·5H2O 321 1451,61 12,94 94,00 
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ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɦɟɬɨɞɵ ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ (Computationalfluiddynamics) ɜɫɟ ɲɢɪɟ 

ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɬɟɱɟɧɢɹ ɝɚɡɨɜ ɢ ɠɢɞɤɨɫɬɟɣ. ɉɪɢ ɷɬɨɦ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɱɢɫɥɟɧɢɣ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɢɬ ɨɬ ɤɚɱɟɫɬɜɚ ɦɨɞɟɥɢ. 
Ⱦɨ ɫɢɯ ɩɨɪ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɞɥɹ ɨɩɢɫɚɧɢɹ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɢɦɟɧɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ 
ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. Ɉɞɧɚɤɨ ɜɨɡɦɨɠɧɵ ɫɢɬɭɚɰɢɢ, ɤɨɝɞɚ ɬɚɤɨɟ ɞɨɩɭɳɟɧɢɟ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 
ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɲɢɛɤɚɦ. ȼ ɱɚɫɬɧɨɫɬɢ, ɛɨɥɶɲɨɣ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɚɞɚɱɚ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɩɪɵɫɤɚ ɬɨɩɥɢɜɚ ɜ ɤɚɦɟɪɭ ɫɝɨɪɚɧɢɹ ɀɊȾ ɢ ɜ ɰɢɥɢɧɞɪ ɞɢɡɟɥɶɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɩɪɵɫɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɨɛɥɚɫɬɢ 
ɩɚɪɚɦɟɬɪɨɜ, ɨɬɜɟɱɚɸɳɟɣ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ ɬɨɩɥɢɜɚ. ɉɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɚ 
ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɮɥɸɢɞɚ ɭɦɟɧɶɲɚɸɬɫɹ ɢ ɬɟɱɟɧɢɟ ɠɢɞɤɨɫɬɢ 
ɫɬɚɧɨɜɢɬɫɹ ɚɧɨɦɚɥɶɧɵɦ Д1Ж. Ⱦɥɹ ɨɩɢɫɚɧɢɹ p-V-T ɫɜɨɣɫɬɜ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɩɪɢɦɟɧɹɸɬ ɨɛɵɱɧɨ 
ɥɢɛɨ ɤɭɛɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɬɢɩɚ Ɋɟɞɥɢɯɚ-Ʉɜɨɧɝɚ, ɉɟɧɝɚ-Ɋɨɛɢɧɫɨɧɚ ɢɥɢ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɭɪɚɜɧɟɧɢɟ Ȼɟɧɟɞɢɤɬɚ-ȼɟɛɛɚ-Ɋɭɛɢɧɚ (ɦȻȼɊ) ДβЖ. ȼ ɤɚɱɟɫɬɜɟ ɭɪɚɜɧɟɧɢɹ 
ɫɨɫɬɨɹɧɢɹ ɦȻȼɊ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ ɞɚɧɧɨɣ ɬɟɦɚɬɢɤɟ, ɜɵɛɢɪɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟ 
ɫɨɫɬɨɹɧɢɹ ɚɡɨɬɚ, ɩɪɟɞɥɨɠɟɧɧɨɟ ɜ ДγЖ. ɉɪɢ ɷɬɨɦ, ɚɡɨɬ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɜɟɳɟɫɬɜɚ 
ɫɪɚɜɧɟɧɢɹ, ɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɜɨɣɫɬɜ ɮɥɸɢɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɫɲɢɪɟɧɧɵɣ ɩɪɢɧɰɢɩ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ Д4Ж. ȿɫɥɢ ɪɚɛɨɱɟɟ ɬɟɥɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɦɟɫɶ ɜɟɳɟɫɬɜ, ɬɨ ɞɥɹ ɪɚɫɱɟɬɚ ɟɟ ɫɜɨɣɫɬɜ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɚɜɢɥɚ ɫɦɟɲɟɧɢɹ, 
ɨɩɢɫɚɧɧɵɟ ɜ Д5Ж. 

ɋɪɚɜɧɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɜɨɣɫɬɜ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɥɥɟɤɰɢɸ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɜɢɪɢɚɥɶɧɨɝɨ ɬɢɩɚ Д6,7Ж. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɟɭɞɨɛɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɭɠɧɨ ɡɧɚɬɶ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɦɟɫɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɟɞɥɚɝɚɟɦɵɣ ɚɜɬɨɪɚɦɢ ɫɬɚɬɶɢ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɫɦɟɫɢ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɭɳɟɫɬɜɟɧɧɵɦ ɩɨɝɪɟɲɧɨɫɬɹɦ ɩɪɢ 
ɪɚɫɱɟɬɟ ɟɟ ɫɜɨɣɫɬɜ. 

ȼ ɪɚɛɨɬɟ Д8Ж ɩɪɢɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɭɪɚɜɧɟɧɢɣ 
ɫɨɫɬɨɹɧɢɹ ɤɭɛɢɱɟɫɤɨɝɨ ɬɢɩɚ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ ɜ ɀɊȾ. Ⱥɜɬɨɪɵ ɫɪɚɜɧɢɥɢ 
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ, ɩɨɥɭɱɚɟɦɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɣ ɋɨɚɜɟ-Ɋɟɞɥɢɯɚ-Ʉɜɨɧɝɚ, 
ɉɟɧɝɚ-Ɋɨɛɢɧɫɨɧɚ ɢ ɭɪɚɜɧɟɧɢɹ RK-PR, ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ Д9Ж. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ Д8Ж 
ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ RK-PRɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɨɩɢɫɵɜɚɟɬ ɢɦɟɸɳɢɟɫɹ ɞɚɧɧɵɟ ɨ ɫɜɨɣɫɬɜɚɯ 
ɤɢɫɥɨɪɨɞɚ ɢ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɝɨ ɫɭɪɪɨɝɚɬɧɨɝɨ ɬɨɩɥɢɜɚ, ɤɨɬɨɪɨɟ ɦɨɞɟɥɢɪɭɟɬ ɩɨɜɟɞɟɧɢɟ 
ɤɟɪɨɫɢɧɚ. 

ȼ ɪɚɦɤɚɯ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɨɩɢɫɚɧɢɹ 
ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ RK-PR ɢ ɦȻȼɊ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɜɨɣɫɬɜ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɤɭɛɢɱɟɫɤɨɟ 
ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɫ ɩɪɢɟɦɥɟɦɨɣ ɬɨɱɧɨɫɬɶɸ (ɧɟ ɯɭɠɟ 5%) ɨɩɢɫɵɜɚɟɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
p-V-Tɞɚɧɧɵɟ. Ɉɞɧɚɤɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ, ɜɢɞɢɦɨ, ɱɚɫɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɥɟɟ ɬɨɱɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɬɢɩɚ ɦȻȼɊ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɩɨ ɉɪɨɝɪɚɦɦɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɉɊȺɇ ɩɨ ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ №1 
"Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ" (ɤɨɨɪɞ. ɚɤ. Ȼɟɬɟɥɢɧ ȼ.Ȼ.). 

 
ɅɂɌȿɊȺɌɍɊȺ 

 
1. Rainer N. Dahms, Julien Manin, Lyle M. Pickett, Joseph C. Oefelein. Proceedings of the 
Combustion Institute. 34 (2013) 1667. 
2. J. C. Oefelein, T. G. Drozda and V. Sankaran. Journal of Physics: Conference Series. 46 (2006) 
16. 
3. R. T. Jacobsen, and R. B. J. Stewart.Journal Phys. Chem. Ref. Data. 2 (1973) 757. 
4. J. S. Rowlinson and I. D. Watson. Chem. Eng. Sci. 24 (1969) 1565. 
5. Ɋ. Ɋɢɞ, Ⱦɠ. ɉɪɚɭɫɧɢɰ, Ɍ. ɒɟɪɜɭɞ. ɋɜɨɣɫɬɜɚ ɝɚɡɨɜ ɢ ɠɢɞɤɨɫɬɟɣ. ɏɢɦɢɹ, Ʌ., 1982.  
6. ɋ.Ɇ. Ɏɪɨɥɨɜ, ɇ.Ɇ. Ʉɭɡɧɟɰɨɜ, ɋ. Ʉɪɸɝɟɪ. ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ: Ɍɟɨɪɢɹ ɢ ɩɪɚɤɬɢɤɚ. 
3 (2009) 56.  
7. ɋ.Ɇ. Ɏɪɨɥɨɜ, ɇ.Ɇ. Ʉɭɡɧɟɰɨɜ, ɋ. Ʉɪɸɝɟɪ. ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ: Ɍɟɨɪɢɹ ɢ ɩɪɚɤɬɢɤɚ. 
4 (2009) 3. 
8. Seong-Ku Kim, Hwan-Seok Choi, Yongmo Kim. Combustion and Flame. 159 (2012) 1351. 
9. M. Cismondi, J. Mollerup. Fluid Phase Equilibria. 232 (2005) 74. 
 

 
 
ɆɈɅȿɄɍɅəɊɇɈ-ȾɂɇȺɆɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ ȺɌɈɆɇɈɃ ɋɌɊɍɄɌɍɊɕ 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɩɪɨɜɟɞɟɧɨ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɪɚɫɩɥɚɜɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɟɜɹɬɢ ɢɨɧɨɜ (SТ, CК, AХ, εР, K, σК, FО, F, τ), ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɨɫɟɦɶ 
ɤɨɦɩɨɧɟɧɬɨɜ (SТτ2–CaO–Al 2O3–MgO–CaF2–Na2O–K2O–FeO). 

ɉɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɟɣ 8 ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɪɚɫɩɥɚɜɚ ɒɈɋ ɪɚɡɦɟɪɨɦ β001 ɚɬɨɦ ɜ ɨɫɧɨɜɧɨɦ 
ɤɭɛɟ ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɜɟɥɢ ɞɥɹ ɱɟɬɵɪɟɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢ 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

55 
 

ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɨɛɴɟɦɟ. ɒɚɝ ɩɨ ɜɪɟɦɟɧɢ ɪɚɜɧɹɥɫɹ 0.05Э0, ɝɞɟ Э0 – ɜɧɭɬɪɟɧɧɹɹ ɟɞɢɧɢɰɚ 
ɜɪɟɦɟɧɢ, ɪɚɜɧɚɹ 7.6 10–14 ɫ. Ⱦɥɢɧɚ ɨɞɧɨɝɨ ɩɪɨɝɨɧɚ – 1000 ɲɚɝɨɜ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɪɟɞɧɢɯ ɤɜɚɞɪɚɬɨɜ ɫɦɟɳɟɧɢɹ ɱɚɫɬɢɰ ɨɬ ɜɪɟɦɟɧɢ ɩɪɨɫɱɢɬɵɜɚɥɢ ɞɨ 50000–60000 
ɲɚɝɨɜ. ɉɥɨɬɧɨɫɬɶ ɫɢɫɬɟɦɵ ɛɪɚɥɢ ɢɡ ɫɨɛɫɬɜɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Д1Ж. 
Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɪɚɫɱɟɬɧɵɟ ɞɥɢɧɵ ɪɟɛɪɚ ɨɫɧɨɜɧɨɝɨ ɤɭɛɚ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 
 
Ɍɚɛɥɢɰɚ1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɢ ɞɥɢɧɵ ɪɟɛɪɚ ɨɫɧɨɜɧɨɝɨ ɤɭɛɚ 

№ Ɍɟɦɩɟɪɚɬɭɪɚ, Ʉ ɉɥɨɬɧɨɫɬɶ, 
ɝ/ɫɦ3 

Ⱦɥɢɧɚ ɪɟɛɪɚ 
L, A 

1 1523 2,600 31,345 
2 1573 2,568 31,424 
3 1673 2,550 31,491 
4 1773 2,515 31,620 

 
ɉɨɬɟɧɰɢɚɥɵ ɦɟɠɱɚɫɬɢɱɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɨɤɫɢɞɚɯ.  

ɉɨɬɟɧɰɢɚɥɵ ɦɟɠɱɚɫɬɢɱɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɜ ɮɨɪɦɟ Ȼɨɪɧɚ–Ɇɚɣɟɪɚ:  
uij(r) = ZiZje2/r + Bijexp(–r/ρij) + Cij/r6, 

ɡɞɟɫɶ r – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɢɨɧɨɜ; Гi – ɡɚɪɹɞ Т-ɝɨ ɢɨɧɚ ɜ ɟɞɢɧɢɰɚɯ ɷɥɟɦɟɧɬɚɪɧɨɝɨ 
ɡɚɪɹɞɚ О; Bij ɢ ρij – ɩɚɪɚɦɟɬɪɵ ɨɬɬɚɥɤɢɜɚɧɢɹ ɢɨɧɧɵɯ ɨɛɨɥɨɱɟɤ ɱɚɫɬɢɰ Т ɢ У; Cij – ɩɚɪɚɦɟɬɪɵ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɞɢɩɨɥɶ-ɞɢɩɨɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ.  

ɉɚɪɚɦɟɬɪɵ Bij ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪ ɢɨɧɨɜ ɨɞɢɧɚɤɨɜɨɝɨ ɡɧɚɤɚ, ɤɪɨɦɟ ɩɚɪ τ–τ, ɩɪɢɧɹɥɢ 
ɪɚɜɧɵɦɢ ɧɭɥɸ, ɩɨɫɤɨɥɶɤɭ ɷɬɢ ɩɚɪɵ ɢɡ-ɡɚ ɤɭɥɨɧɨɜɫɤɨɝɨ ɨɬɬɚɥɤɢɜɚɧɢɹ ɧɚɯɨɞɹɬɫɹ ɧɚ ɛɨɥɶɲɨɦ 
ɪɚɫɫɬɨɹɧɢɢ. Ⱦɥɹ ɩɚɪ Ɉ–Ɉ ɡɧɚɱɟɧɢɟ Bij ɜɡɹɥɢ ɢɡ ɪɚɛɨɬ Дβ,γЖ. Ɉɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ Bij 
ɩɪɢɜɟɞɟɧɵ ɜ ɨɛɡɨɪɟ Д4Ж. ȼɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ρij = 0.β9 Д4Ж. Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ 
ɚɥɝɨɪɢɬɦɚ ȼɟɪɥɟ. Ʉɭɥɨɧɨɜɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɭɱɢɬɵɜɚɥɢ ɦɟɬɨɞɨɦ ɗɜɚɥɶɞɚ–ɏɚɧɫɟɧɚ Д4Ж.  
Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɉɫɧɨɜɧɵɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɧɟɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ 
ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ ɩɚɪɰɢɚɥɶɧɵɟ ɩɚɪɧɵɟ ɤɨɪɪɟɥɹɰɢɨɧɧɧɵɟ ɮɭɧɤɰɢɢ (ɉɉɄɎ) Рij(r). Ɉɧɢ 
ɧɨɪɦɢɪɨɜɚɧɵ ɬɚɤ, ɱɬɨ ɩɪɢ r → ∞ ɜɫɟ Рij(r) → 1. ɗɬɢ ɮɭɧɤɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɜ ɦɟɬɨɞɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ (ɆȾ). ȼɜɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ: R1(ij), g1(ij) – 
ɤɨɨɪɞɢɧɚɬɚ ɢ ɜɵɫɨɬɚ ɩɟɪɜɨɝɨ ɩɢɤɚ ɉɉɄɎ ɞɥɹ ɩɚɪ ТУ. Ⱦɥɹ ɜɫɟɯ ɬɢɩɨɜ ɱɚɫɬɢɰ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɨɫɬɚɜɚ ɩɨɥɭɱɟɧɵ ɩɚɪɰɢɚɥɶɧɵɟ ɩɚɪɧɵɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ (ɉɉɄɎ)), ɚ ɬɚɤɠɟ 
ɢɧɬɟɝɪɚɥɶɧɚɹ ɉɄɎ ɨɬ ɜɫɟɝɨ ɪɚɫɩɥɚɜɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɢɡɭɱɟɧɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 15βγ–
177γ Ʉ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɉɄɎ ɤɪɚɣɧɟ ɧɟɡɧɚɱɢɬɟɥɶɧɚ. ɉɨɥɨɠɟɧɢɹ ɩɢɤɨɜ ɩɪɢ ɜɫɟɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ, ɚ ɪɚɡɥɢɱɢɹ ɩɨ ɢɯ ɜɵɫɨɬɟ ɧɟɜɟɥɢɤɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ 
ɚɧɚɥɢɡɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɧɨ ɨɫɬɚɧɨɜɢɬɶɫɹ ɧɚ ɤɚɤɨɣ-ɥɢɛɨ 
ɨɞɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɚɩɪɢɦɟɪ Ɍ = 177γ Ʉ. 

Ɋɚɫɫɦɨɬɪɢɦ ɤɨɪɪɟɥɹɰɢɸ ɢɧɬɟɝɪɚɥɶɧɨɣ ɉɄɎ ɢ ɉɉɄɎ ɨɤɫɢɞɨɜ, ɢɦɟɸɳɢɯ ɧɚɢɛɨɥɶɲɢɣ 
ɦɚɫɫɨɜɵɣ ɩɪɨɰɟɧɬ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɟ, ɚ ɢɦɟɧɧɨ εО–τ, ɝɞɟ Ɇɟ = SТ, CК, AХ, εР (ɫɦ. 
ɪɢɫɭɧɨɤ). ɏɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɩɚɪɰɢɚɥɶɧɵɟ ɉɄɎ ɞɨɫɬɚɬɨɱɧɨ ɱɟɬɤɨ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɵ ɩɨ ɬɪɟɦ 
ɝɪɭɩɩɚɦ ɢ ɩɨɥɨɠɟɧɢɹ ɩɢɤɨɜ ɜ ɷɬɢɯ ɝɪɭɩɩɚɯ ɤɨɪɪɟɥɢɪɭɸɬ ɫ ɭɤɚɡɚɧɧɵɦɢ ɧɚ ɪɢɫɭɧɤɟ 
ɩɨɥɨɠɟɧɢɹɦɢ ɩɢɤɨɜ R1, R2 ɢ R3, ɜɵɹɜɥɟɧɧɵɯ ɧɚ ɢɧɬɟɝɪɚɥɶɧɨɣ ɉɄɎ. ȼɫɟ ɩɚɪɰɢɚɥɶɧɵɟ ɉɄɎ 
ɢɦɟɸɬ ɱɟɬɤɨ ɜɵɪɚɠɟɧɧɵɟ ɩɟɪɜɵɟ ɩɢɤɢ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɵɫɨɬɚ ɩɢɤɨɜ ɩɚɪɰɢɚɥɶɧɵɯ ɉɄɎ 
ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɩɚɪ SТ–τ (з14), ɚ ɬɚɤɠɟ AХ–τ ɢ εР–τ; ɩɨɥɨɠɟɧɢɟ ɷɬɢɯ ɩɢɤɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɪɚɫɫɬɨɹɧɢɸ R1. ɋ ɪɚɫɫɬɨɹɧɢɟɦ Rβ ɤɨɪɪɟɥɢɪɭɸɬ ɩɢɤɢ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɫɜɹɡɟɣ CК–τ ɢ τ–O, 
ɢɦɟɸɳɢɟ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɭɸ ɜɵɫɨɬɭ – ɩɨɪɹɞɤɚ β.5–γ.0. Ⱦɥɹ ɨɫɬɚɥɶɧɵɯ ɩɚɪ Ɇɟ–τ ɢ Ɇɟ–
Ɇɟ ɩɟɪɜɵɟ ɩɢɤɢ ɬɚɤɠɟ ɹɜɧɨ ɜɵɪɚɠɟɧɵ, ɧɨ ɢɦɟɸɬ ɛɨɥɶɲɨɣ ɪɚɡɛɪɨɫ ɩɨ ɜɵɫɨɬɟ (ɨɬ 1.5 ɞɨ 5.0). 
Ɉɧɢ ɮɨɪɦɢɪɭɸɬ ɚɬɨɦɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɞɚɸɳɭɸ ɜɤɥɚɞ ɜ ɬɪɟɬɢɣ ɩɢɤ ɢɧɬɟɝɪɚɥɶɧɨɣ ɉɄɎ, 
ɯɚɪɚɤɬɟɪɢɡɭɟɦɵɣ ɪɚɫɫɬɨɹɧɢɟɦ R3. ɉɢɤɢ ɷɬɢɯ ɩɚɪɰɢɚɥɶɧɵɯ ɉɄɎ ɛɨɥɟɟ ɲɢɪɨɤɢɟ, ɱɟɦ ɩɟɪɜɵɟ, 
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ɢɯ ɩɨɥɭɲɢɪɢɧɚ ɫɨɫɬɚɜɥɹɟɬ 0.5. ȼɫɟ ɷɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɥɚɛɨɣ ɤɨɪɪɟɥɹɰɢɢ ɪɚɫɩɨɥɨɠɟɧɢɹ 
ɢɨɧɨɜ ɷɬɨɣ ɝɪɭɩɩɵ. Ɇɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɢɨɧɵ ɦɟɬɚɥɥɚ ɯɚɨɬɢɱɟɫɤɢ ɞɜɢɠɭɬɫɹ ɜɧɭɬɪɢ 
ɪɚɫɩɥɚɜɚ, ɧɚɯɨɞɹɫɶ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɤɢɫɥɨɪɨɞɧɨɦ ɨɤɪɭɠɟɧɢɢ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɥɨɠɟɧɢɟ ɢ ɜɵɫɨɬɚ ɩɢɤɨɜ ɉɉɄɎ ɞɥɹ ɪɹɞɚ ɨɤɫɢɞɨɜ, ɞɚɸɳɢɯ 
ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɢɧɬɟɝɪɚɥɶɧɭɸ ɉɄɎ, ɧɚɩɪɢɦɟɪ, SТτ2, FeO, MgO, CaO, Al2O3 ɢ σК2O, 
ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɪɚɫɩɥɚɜɨɜ Д5Ж.  

 
Ɋɢɫɭɧɨɤ. ɉɚɪɰɢɚɥɶɧɵɟ ɉɄɎ, ɞɥɹ ɨɤɫɢɞɨɜ Ɇɟ-Ɉ, ɝɞɟɆɟ = SТ, CК, AХ, εР 

 
ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɞɪɭɝɢɯ ɜɚɠɧɵɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɱɚɫɬɨ ɢɫɫɥɟɞɭɸɬɫɹ ɧɚ ɦɨɞɟɥɹɯ. ɋɸɞɚ 

ɨɬɧɨɫɢɬɫɹ, ɧɚɩɪɢɦɟɪ, ɪɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɚɦɨɞɢɮɮɭɡɢɢ ɱɚɫɬɢɰ, ɜɹɡɤɨɫɬɢ, 
ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɫɤɨɪɨɫɬɟɣ, ɩɨɬɨɤɨɜ ɢ ɬ. ɞ., ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ 
ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɫɩɟɤɬɪɵ ɫɢɫɬɟɦɵ ɢ ɩɪɨɜɟɫɬɢ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 
ɩɨ ɭɩɪɭɝɨɦɭ ɢ ɧɟɭɩɪɭɝɨɦɭ ɪɚɫɫɟɹɧɢɸ ɢɡɥɭɱɟɧɢɹ. ɇɚɦɢ ɨɩɪɟɞɟɥɟɧɚ ɞɢɮɮɭɡɢɨɧɧɚɹ 
ɩɨɞɜɢɠɧɨɫɬɶ ɱɚɫɬɢɰ ɜ ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ ɨɤɚɡɚɥɚɫɶ ɨɱɟɧɶ ɦɚɥɨɣ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɢɯ 
ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɰɟɧɤɭ. ɇɚɞɟɠɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɚɦɨɞɢɮɮɭɡɢɢ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɬɨɥɶɤɨ ɞɥɹ ɢɨɧɨɜ ɧɚɬɪɢɹ ɢ ɮɬɨɪɚ, ɜ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ, ɞɥɹ ɢɨɧɨɜ ɤɚɥɢɹ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɸɬɫɹ ɡɚɦɟɬɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɱɚɫɬɢɰ ɜ ɆȾ ɩɪɨɝɨɧɟ.  

ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɯɨɬɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɮɬɨɪɢɞɚ CКF2 ɫɨɩɨɫɬɚɜɢɦɚ ɫ ɬɚɤɨɜɨɣ ɞɥɹ 
ɨɤɫɢɞɨɜ ɠɟɥɟɡɚ, ɢɯ ɉɉɄɎ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɤɚɤ ɩɨ ɜɵɫɨɬɟ, ɬɚɤ ɢ ɩɨ ɩɨɥɨɠɟɧɢɸ 
ɩɢɤɨɜ ɢ ɢɯ ɩɨɥɭɲɢɪɢɧɟ. ɉɨ ɜɢɞɭ ɉɉɄɎ ɞɥɹ ɫɢɫɬɟɦɵ ɋК–F ɢ ɨɤɫɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 
ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɜ ɷɬɢɯ ɫɢɫɬɟɦɚɯ ɞɨɜɨɥɶɧɨ ɫɥɚɛɚɹ ɤɨɪɪɟɥɹɰɢɹ ɜ ɪɚɫɩɨɥɨɠɟɧɢɢ ɢɨɧɨɜ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ ɛɨɥɟɟ ɫɥɚɛɨɝɨ ɦɟɠɱɚɫɬɢɱɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɤɫɢɞɚɦɢ, 
ɞɚɸɳɢɦɢ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɢɧɬɟɝɪɚɥɶɧɭɸ ɉɄɎ. ɗɬɨ ɜɩɨɥɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɱɢɧɨɣ 
ɩɨɜɵɲɟɧɧɨɣ 
ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ ɮɬɨɪɚ, ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ. 
Ɂɚɤɥɸɱɟɧɢɟ. 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɩɥɨɬɧɨɫɬɢ, ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɞɟɥɢ ɢɨɧɧɨɣ 
ɫɜɹɡɢ ɩɪɨɜɟɞɟɧɨ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɫɩɥɚɜɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɨɣ 
ɨɤɫɢɞɧɨ-ɮɬɨɪɢɞɧɨɣ ɫɦɟɫɢ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɉɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ 
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ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɥɚɛɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɪɚɫɩɥɚɜɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ 
ɤɨɦɩɶɸɬɟɪɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɪɟɚɥɢɫɬɢɱɧɭɸ ɤɚɪɬɢɧɭ ɚɬɨɦɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɫɥɨɠɧɨɝɨ ɪɚɫɩɥɚɜɚ, ɤɨɬɨɪɚɹ ɩɨ ɨɫɧɨɜɧɵɦ ɩɚɪɚɦɟɬɪɚɦ (ɩɨɥɨɠɟɧɢɟ ɢ ɜɵɫɨɬɚ ɩɢɤɨɜ 
ɩɚɪɰɢɚɥɶɧɵɯ ɉɄɎ) ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
Ɉɛɧɚɪɭɠɟɧɚ ɩɨɜɵɲɟɧɧɚɹ ɞɢɮɮɭɡɢɨɧɧɚɹ ɩɨɞɜɢɠɧɨɫɬɶ ɢɨɧɨɜ ɮɬɨɪɚ ɢ ɧɚɬɪɢɹ (ɧɟɫɤɨɥɶɤɨ 
ɦɟɧɶɲɟ ɢɨɧɨɜ ɤɚɥɢɹ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɷɥɟɦɟɧɬɚɦɢ, ɤɨɬɨɪɚɹ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɜɢɞɨɦ 
ɉɉɄɎ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɤɫɢɞɨɜ ɢ ɮɬɨɪɢɞɨɜ.  
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ɉɪɨɰɟɫɫ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɞɟɝɢɞɪɚɬɚɰɢɢ ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥɚ ɜ ɫɬɢɪɨɥ ɩɪɨɜɨɞɢɬɫɹ ɜ 
ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ ɪɟɚɤɬɨɪɚɯ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɚɤɬɢɜɧɵɣ. ɉɨ ɦɟɪɟ 
ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪ ɡɚɝɪɹɡɧɹɟɬɫɹ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɫɯɨɞɢɬ 
ɫɧɢɠɟɧɢɟ ɟɝɨ ɚɤɬɢɜɧɨɫɬɢ Д1Ж.  

ɏɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɷɤɫɬɪɚɤɬɚ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ ɚɤɬɢɜɧɵɣ ɩɨɤɚɡɚɥ 
ɫɨɫɬɚɜ ɞɟɡɚɤɬɢɜɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ (ɬɚɛɥ. 1). 

 
Ɍɚɛɥɢɰɚ 1. ɋɨɫɬɚɜ ɜɟɳɟɫɬɜ, ɞɟɡɚɤɬɢɜɢɪɭɸɳɢɯ ɤɚɬɚɥɢɡɚɬɨɪ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɨɞɟɪɠɚɧɢɟ, % ɦɚɫɫ 
ɫɬɢɪɨɥ 19,63 

ɦɟɬɢɥɫɬɢɪɨɥ 16,44 
ɚɰɟɬɨɮɟɧɨɧ 6,54 

ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥ 28,22 
ɮɟɧɨɥ 16,89 
ɩɪɨɱɟɟ 12,28 

 
Ⱥɜɬɨɪɚɦɢ ɪɚɧɟɟ ɭɠɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɬɢɪɨɥɚ ɜ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ (CɄ ɋɈ2) ДβЖ. ɉɪɟɞɦɟɬɨɦ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɚɰɟɬɨɮɟɧɨɧɚ ɢ ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥɚ ɩɪɢ ɢɡɨɬɟɪɦɚɯ 
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320 Ʉ, γβ5 Ʉ, γγ0 Ʉ ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ 1β ÷ β6 Ɇɉɚ, ɚ ɬɚɤɠɟ ɨɩɢɫɚɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɉɟɧɝɚ – Ɋɨɛɢɧɫɨɧɚ ɢ ɬɪɟɯ ɩɨɞɝɨɧɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ. 1, ɤɨɬɨɪɚɹ ɡɚɳɢɳɟɧɚ ɩɚɬɟɧɬɨɦ ɊɎ ɧɚ ɩɨɥɟɡɧɭɸ ɦɨɞɟɥɶ ДγЖ.  

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɋɈ2: 1 – ɛɚɥɥɨɧ ɫ ɭɝɥɟɤɢɫɥɨɬɨɣ; 2 – ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ; 
3 – ɠɢɞɤɨɫɬɧɨɣ ɧɚɫɨɫ; 4 – ɬɟɪɦɨɫɬɚɬɢɱɟɫɤɚɹ ɜɚɧɧɚ; 5 – ɧɚɝɪɟɜɚɬɟɥɶ; 6 – ɷɤɫɬɪɚɤɰɢɨɧɧɚɹ 
ɹɱɟɣɤɚ;7 – ɞɪɨɫɫɟɥɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ; 8 – ɫɛɨɪɧɢɤ ɷɤɬɪɚɤɬɚ; 9 – ɝɚɡɨɜɵɣ ɪɚɫɯɨɞɨɦɟɪ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɚɰɟɬɨɮɟɧɨɧɚ ɢ 

ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. β. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɚɰɟɬɨɮɟɧɨɧɚ ɢ ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥɚ 

ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɉɟɧɝɚ – Ɋɨɛɢɧɫɨɧɚ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɪɚɛɨɬɟ Д4Ж.  
ȼ ɬɚɛɥ. γ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɛɢɧɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (i,j, βi,j, Ȗi,j) ɢ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ (Δ)  ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɇɚ ɪɢɫ. β – γ ɩɪɢɜɟɞɟɧɵ 
ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɚɰɟɬɨɮɟɧɨɧɚ ɢ ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥɚ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ 
ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɨɬ ɞɚɜɥɟɧɢɹ ɩɪɢ ɢɡɨɬɟɪɦɚɯ γβ0 Ʉ, γβ5 Ʉ, γγ0 Ʉ. 

ɉɨɥɭɱɟɧɵ ɧɨɜɵɟ ɞɚɧɧɵɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɚɰɟɬɨɮɟɧɨɧɚ ɢ ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥɚ ɜ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɞɢɨɤɫɢɞɟ ɭɝɥɟɪɨɞɚ ɩɪɢ ɢɡɨɬɟɪɦɚɯ γβ0 Ʉ, γβ5 Ʉ, γγ0 Ʉ ɜ ɞɢɚɩɚɡɨɧɟ 
ɞɚɜɥɟɧɢɣ 1β ÷ β6 Ɇɉɚ. Ɉɩɪɟɞɟɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɛɢɧɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɉɪɨɜɟɞɟɧɨ 
ɨɩɢɫɚɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ ɉɟɧɝɚ – Ɋɨɛɢɧɫɨɧɚ ɢ ɬɪɟɯ 
ɩɨɞɝɨɧɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ.  
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Ɍɚɛɥɢɰɚ β. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɚɰɟɬɨɮɟɧɨɧɚ ɢ ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥɚ 
Ⱥɰɟɬɨɮɟɧɨɧ 

Ɋ, Ɇɉɚ 
Ɍ = γβ0 Ʉ Ɍ = γβ5 Ʉ Ɍ = γγ0 Ʉ 

ɭ, ɦɨɥ. ɞɨɥɢ ɭ, ɦɨɥ. ɞɨɥɢ ɭ, ɦɨɥ. ɞɨɥɢ 
12 0,0814 0,0842 0,0871 
15 0,0851 0,0884 0,0900 
18 0,0893 0,0941 0,1004 
20 0,0950 0,1043 0,1161 
22 0,1011 0,1174 0,1236 
24 0,1093 0,1200 0,1263 
26 0,1151 0,1271 0,1302 

Ɇɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥ 

Ɋ, Ɇɉɚ 
Ɍ = γβ0 Ʉ Ɍ = γβ5 Ʉ Ɍ = γγ0 Ʉ 

ɭ, ɦɨɥ. ɞɨɥɢ ɭ, ɦɨɥ. ɞɨɥɢ ɭ, ɦɨɥ. ɞɨɥɢ 
12 0,0172 0,0072 0,0014 
15 0,0205 0,0125 0,0079 
18 0,0293 0,0265 0,0225 
20 0,0386 0,0433 0,0531 
22 0,0497 0,0652 0,0803 
24 0,0600 0,0803 0,0943 
26 0,0684 0,0979 0,1205 

 

Ɍɚɛɥɢɰɚ γ. ɉɚɪɚɦɟɬɪɵ ɛɢɧɚɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
Ⱥɰɟɬɨɮɟɧɨɧ 

Ɍ = γβ0 Ʉ Ɍ = γβ5 Ʉ Ɍ = γγ0 Ʉ i,j 1,1874 i,j 1,7499 i,j 1,4999 
βi,j 1,0585 βi,j 1,2512 βi,j 1,2547 
Ȗi,j 1,0809 Ȗi,j 1,6542 Ȗi,j 1,7030 
 0,0131  0,0062  0,0256 

Ɇɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥ 
Ɍ = γβ0 Ʉ Ɍ = γβ5 Ʉ Ɍ = γγ0 Ʉ i,j 0,4126 i,j 1,0386 i,j 1,3622 

βi,j 0,6670 βi,j 1,8831 βi,j 0,8675 
Ȗi,j 0,0000 Ȗi,j 0,0027 Ȗi,j 0,0039 
 0,0073  0,1091  0,0428 

 

 

Ɋɢɫ. β. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɚɰɟɬɨɮɟɧɨɧɚ ɜ ɋɄ ɋɈ2 ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
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Ɋɢɫ. γ. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɦɟɬɢɥɮɟɧɢɥɤɚɪɛɢɧɨɥɚ ɜ ɋɄ ɋɈ2 ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɨɩɢɫɚɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɉɟɧɝɚ – Ɋɨɛɢɧɫɨɧɚ 
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ɌȿɆɉȿɊȺɌɍɊɈɉɊɈȼɈȾɇɈɋɌɖ ɋɉɅȺȼɈȼ Ni-V ȼȻɅɂɁɂ ɌȿɆɉȿɊȺɌɍɊ 
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ɋɩɥɚɜɵ ɫɢɫɬɟɦɵ ɧɢɤɟɥɶ – ɜɚɧɚɞɢɣ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, 
ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ, ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɨɫɬɶɸ ɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɩɪɢ 
ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɚɧɚɞɢɹ, ɱɬɨ ɞɟɥɚɟɬ ɢɯ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɤɚɤ ɪɟɚɤɬɨɪɧɵɟ ɦɚɬɟɪɢɚɥɵ Д1Ж. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɜ ɷɬɨɦ ɩɥɚɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɨɛɥɚɫɬɢ ɭɩɨɪɹɞɨɱɢɜɚɸɳɟɝɨɫɹ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ ɧɢɤɟɥɹ, ɜ 
ɤɨɬɨɪɵɯ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɨɢɫɯɨɞɹɬ ɫɥɨɠɧɵɟ, ɢɧɨɝɞɚ ɬɪɭɞɧɨɨɛɴɹɫɧɢɦɵɟ 
ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ, ɧɚɛɥɸɞɚɟɦɵɟ ɩɨɫɥɟ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɚɠɟ ɧɟɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɧɨ-ɮɚɡɨɜɨɦ ɫɨɫɬɚɜɟ ɦɚɬɟɪɢɚɥɨɜ 
ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɪɟɡɤɨɦɭ ɢɡɦɟɧɟɧɢɸ ɢɯ ɫɜɨɣɫɬɜ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɬɢɯ ɫɩɥɚɜɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɪɟɠɢɦɚɯ ɜɚɠɧɨ 
ɡɧɚɬɶ ɩɨɜɟɞɟɧɢɟ ɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɇɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɤ ɮɚɡɨɜɵɦ 
ɩɟɪɟɯɨɞɚɦ ɩɨɪɹɞɨɤ-ɛɟɫɩɨɪɹɞɨɤ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ. ɗɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ 

0

0,02

0,04

0,06

0,08

0,1

0,12

0,14

11 13 15 17 19 21 23 25 27

Давɥɟɧɢɟ, Мɉа

Ɋа
ɫɬ

вɨ
ɪɢ

ɦ
ɨɫ

ɬɶ
, ɦ

ɨɥ
.ɞ

ɨɥ
ɢ

T = 320 K

T = 325 K

T = 330 K

mailto:gorbatov@ursmu.ru
mailto:igk@cnct.ursmu.ru


XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

61 
 

ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɧɚ ɟɟ ɩɨɜɟɞɟɧɢɟ ɜɥɢɹɸɬ ɢɡɦɟɧɟɧɢɹ, ɤɚɤ ɜ ɷɥɟɤɬɪɨɧɧɨɣ, ɬɚɤ ɢ ɮɨɧɨɧɧɨɣ 
ɩɨɞɫɢɫɬɟɦɚɯ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɛɧɚɪɭɠɢɬɶ ɞɚɠɟ ɫɥɚɛɵɟ ɢɡɦɟɧɟɧɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɩɨɪɹɞɨɱɟɧɢɟɦ 
[2]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Ni-Vɨɬ 800 ɞɨ 1400 K, ɤɨɬɨɪɵɟ ɩɨɞɜɟɪɝɚɥɢɫɶ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɡɚɤɚɥɤɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 1400 K.  

ɂɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɨɦ ɩɥɨɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ 
ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɪɟɚɥɢɡɭɸɳɢɯ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɣ [3] ɢ ɞɢɧɚɦɢɱɟɫɤɢɣ 
ɪɟɠɢɦɵ [4]ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ γ%. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨɥɧɵ ɫɨɡɞɚɜɚɥɢɫɶ 
ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɥɚɡɟɪɧɵɦ ɢɡɥɭɱɟɧɢɟɦ, ɚ ɜɨ ɜɬɨɪɨɦ – ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɩɭɱɤɨɦ ɷɥɟɤɬɪɨɧɨɜ. 
ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɟ ɞɢɫɤɢ ɞɢɚɦɟɬɪɨɦ 10 ɦɦ ɢ 
ɬɨɥɳɢɧɨɣ ɨɬ 0,5 ɞɨ 1 ɦɦ, ɤɨɬɨɪɵɟ ɜɵɪɟɡɚɥɢɫɶ ɢɡ ɡɚɝɨɬɨɜɨɤ ɷɥɟɤɬɪɨɢɫɤɪɨɜɵɦ ɫɩɨɫɨɛɨɦ ɢ 
ɡɚɬɟɦ ɞɨɜɨɞɢɥɢɫɶ ɲɥɢɮɨɜɤɨɣ ɞɨ ɧɭɠɧɨɝɨ ɪɚɡɦɟɪɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɬɧɟɫɟɧɢɹ ɢɡɦɟɪɹɥɚɫɶ ɫ 
ɩɨɦɨɳɶɸ ɜɨɥɶɮɪɚɦ-ɪɟɧɢɟɜɨɣ ɬɟɪɦɨɩɚɪɵ ȼɊ5/ȼɊβ0, ɤɨɬɨɪɚɹ ɛɟɡ ɫɩɚɹ ɩɪɢɜɚɪɢɜɚɥɚɫɶ ɜ 
ɰɟɧɬɪɟ ɨɛɪɚɡɰɚ.  

ɉɨɥɭɱɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɱɟɬɵɪɟɯ ɨɛɪɚɡɰɨɜ 
ɫɩɥɚɜɚ Ni-V ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɜɚɧɚɞɢɹ 15,58ɚɬ.%, γγɚɬ.%, 40ɚɬ.% ɢ 49ɚɬ.%.   

ɇɚ ɪɢɫɭɧɤɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɫɩɥɚɜɚ Ni-40%V, ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ 
ɧɚɦɢ ɜ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ. 

Ⱦɚɧɧɵɣ ɫɩɥɚɜ, ɫɨɝɥɚɫɧɨ ɪɚɜɧɨɜɟɫɧɨɣ  ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ, ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɤɚɤ ɜ 
ɭɩɨɪɹɞɨɱɟɧɧɨɦ ɞɜɭɯɮɚɡɧɨɦ (Ni2V+ı) ɫɨɫɬɨɹɧɢɢ ɬɚɤ ɢ ɜ ɫɨɫɬɨɹɧɢɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɦ ɫɨɛɨɣ 
ɪɚɜɧɨɜɟɫɧɭɸ ɫɦɟɫɶ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ Ni ɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɢɝɦɚ-ɮɚɡɵ ı'. Ɍɟɦɩɟɪɚɬɭɪɚ ɭɩɨɪɹɞɨɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ з1160 K. ȼɢɞɧɨ, 
ɱɬɨ ɩɨɜɟɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɧɟɨɛɪɚɬɢɦɨɝɨ ɩɟɪɟɯɨɞɚ ɢɡ 
ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɜ ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɪɚɜɧɨɜɟɫɧɨɟ  ɫɨɫɬɨɹɧɢɟ (1160 K) ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɟɦ ɩɪɢ Ɍ>1190K (ɤɪɢɜɚɹ 1) ɢ ɞɥɹ ɪɚɜɧɨɜɟɫɧɨɝɨ ɨɛɪɚɬɢɦɨɝɨ 
ɩɟɪɟɯɨɞɚ ɩɨɪɹɞɨɤ-ɛɟɫɩɨɪɹɞɨɤ (ɤɪɢɜɵɟ β,γ). ɇɟɛɨɥɶɲɨɣ ɩɪɨɝɢɛ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɪɢ ɧɚɝɪɟɜɟ ɜɛɥɢɡɢ 1060 K ɫɜɹɡɵɜɚɟɬɫɹ ɧɚɦɢ ɫ ɩɨɥɢɦɨɪɮɧɵɦ ɩɪɟɜɪɚɳɟɧɢɟɦ ɜ 
ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ı-ɮɚɡɟ. ɉɨɯɨɠɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɛɥɸɞɚɸɬɫɹ ɢ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ γγɚɬ.% ɢ 
49 ɚɬ.%.  
 

 
Ɋɢɫ. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɩɥɚɜɚ Ni-40%V ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ: 1 – ɩɟɪɜɵɣ 
ɧɚɝɪɟɜ; β – ɨɯɥɚɠɞɟɧɢɟ; γ – ɩɨɜɬɨɪɧɵɣ ɧɚɝɪɟɜ; 4 – ɨɯɥɚɠɞɟɧɢɟ 
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Ɉɛɧɚɪɭɠɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɨɰɟɫɫ ɭɩɨɪɹɞɨɱɟɧɢɹ ɜ 
ɞɚɧɧɨɦ ɫɩɥɚɜɟ ɧɟ ɞɨɯɨɞɢɬ ɞɨ ɤɨɧɰɚ (ɤɪɢɜɚɹ 4). ɂɡɦɟɪɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ 
ɪɟɠɢɦɟ ɩɥɨɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ, ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɛɵɫɬɪɨɦ ɨɯɥɚɠɞɟɧɢɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪ ɜɵɲɟ 1β00 K ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɧɟɭɩɨɪɹɞɨɱɟɧɧɚɹ ɮɚɡɚ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 
ɡɚɤɚɥɹɟɬɫɹ. ɉɪɢ ɛɵɫɬɪɨɦ ɧɚɝɪɟɜɟ ɯɨɞ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɮɚɡɨɜɨɝɨ 
ɩɟɪɟɯɨɞɚ ɢɦɟɟɬ ɜɨɥɧɨɨɛɪɚɡɧɵɣ ɜɢɞ c ɧɟɛɨɥɶɲɢɦ ɦɚɤɫɢɦɭɦɨɦ ɩɪɢ 1000 K  ɢ ɦɢɧɢɦɭɦɨɦ 
ɜɛɥɢɡɢ 1β00 K. 

ɇɚɛɥɸɞɚɟɦɵɣ ɝɢɫɬɟɪɟɡɢɫ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɢɡɦɟɧɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɟɪɟɯɨɞ ɩɨɪɹɞɨɤ-ɛɟɫɩɨɪɹɞɨɤ ɹɜɥɹɟɬɫɹ 
ɪɚɡɦɵɬɵɦ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ 1-ɪɨɞɚ. 

Ɉɛɧɚɪɭɠɟɧɨ ɬɚɤɠɟ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɚɧɚɞɢɹ ɜ ɢɡɦɟɪɹɟɦɨɦ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ, ɭɦɟɧɶɲɚɟɬɫɹ ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ.  

Ⱦɥɹ ɫɩɥɚɜɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɜɚɧɚɞɢɹ 15,58ɚɬ.%, ɤɨɬɨɪɵɣ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɣ ɮɚɡɟ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, ɬɟɦɩɟɪɚɬɭɪɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɬɚɤɠɟ ɧɨɫɢɬ ɜɨɥɧɨɨɛɪɚɡɧɵɣ ɯɚɪɚɤɬɟɪ, ɧɟɡɚɜɢɫɹɳɢɣ (ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ 
ɢɡɦɟɪɟɧɢɣ) ɨɬ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɢ ɧɚɝɪɟɜɚ.  
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ɂɧɬɟɪɟɫ ɤ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɪɚɛɨɱɢɯ ɬɟɥ ɮɬɨɪɭɝɥɟɪɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɜɨɡɧɢɤ ɜ 
ɫɜɹɡɢ ɫ ɩɨɢɫɤɨɦ ɩɭɬɟɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɚɬɨɦɧɵɯ ɢ ɩɚɪɨɝɚɡɨɜɵɯ ɭɫɬɚɧɨɜɨɤ. Ɉɞɧɢɦ ɢɡ 
ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɪɚɛɨɱɢɯ ɬɟɥ ɹɜɥɹɟɬɫɹ ɨɤɬɚɮɬɨɪɩɪɨɩɚɧ. Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɟɝɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɨɠɧɨ ɛɵɥɨ ɪɚɫɫɱɢɬɚɬɶ ɬɨɥɶɤɨ ɞɨ β00ºɋ Д1Ж, ɩɨɷɬɨɦɭ ɜɨɡɧɢɤɥɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ PVT – ɡɚɜɢɫɢɦɨɫɬɢ ɨɤɬɚɮɬɨɪɩɪɨɩɚɧɚ ɞɨ 
500ºɋ ɢ ɩɨɫɬɪɨɟɧɢɹ ɧɨɜɨɝɨ ɟɞɢɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɨɩɪɟɞɟɥɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɨɤɬɚɮɬɨɪɩɪɨɩɚɧɚ ɩɨɫɜɹɳɟɧɵ ɬɪɢ 
ɩɭɛɥɢɤɚɰɢɢ Д1,β,γЖ. ȼ ɪɚɛɨɬɟ Ɇɗɂ ДγЖ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɨɤɬɚɮɬɨɪɩɪɨɩɚɧɚ ɩɪɨɜɨɞɢɥɢɫɶ 
ɦɟɬɨɞɨɦ ɩɶɟɡɨɦɟɬɪɚ ɩɨɫɬɨɹɧɧɨɝɨ ɨɛɴɟɦɚ. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɨɰɟɧɟɧɚ 
ɚɜɬɨɪɚɦɢ 0,1-0,β5 % ɜ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ 4-10 Ɇɉɚ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ (100-500 ɋ) ɢ 0,β5-0,γ % ɩɪɢ ɞɚɜɥɟɧɢɹɯ 1…γ Ɇɉɚ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɦɟɸɳɢɟɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ ɩɥɨɬɧɨɫɬɢ Д1,β,γЖ 
ɩɨɡɜɨɥɹɸɬ ɩɨɫɬɪɨɢɬɶ ɟɞɢɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ C3F8 ɧɚ ɨɫɧɨɜɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɫɨɝɥɚɫɭɸɳɢɯɫɹ ɢɡɦɟɪɟɧɢɣ, ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɩɬɢɦɢɡɚɰɢɢ ɱɢɫɥɚ ɷɦɩɢɪɢɱɟɫɤɢɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɮɨɪɦɟ (1). 
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ɝɞɟ z рυ / RT ; ω ρ /ρ ɤɪ- ɩɪɢɜɟɞɟɧɧɚɹ  ɩɥɨɬɧɨɫɬɶ;   = Ɍ/ Tɤɪ – ɩɪɢɜɟɞɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 
Ɂɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɫɬɚɧɬ (��) ɟɞɢɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 
ɬɟɪɦɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɫɜɨɞɢɬɫɹ ɤ ɩɪɢɦɟɧɟɧɢɸ ɨɛɨɛɳɟɧɧɨɝɨ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. ɋ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɡɚɞɚɱɚ ɫɨɫɬɨɢɬ ɜ ɦɢɧɢɦɢɡɚɰɢɢ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ: 

� = ∑ � ቌ� − 1 − ∑ ∑ �� ���
௦�

=
�

�=ଵ ቍଶ ,�
=ଵ  (2) 

ɝɞɟ � - ɜɟɫɨɜɚɹ ɮɭɧɤɰɢɹ; n  - ɱɢɫɥɨ ɨɩɵɬɧɵɯ ɬɨɱɟɤ. 
ȼɜɟɞɟɧɢɟ ɜɟɫɨɜ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɬɨɱɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. 

ɉɨɫɤɨɥɶɤɭ ɞɥɹ ɪɚɫɱɟɬɚ ɜɟɫɨɜ ɨɩɵɬɧɵɯ ɡɧɚɱɟɧɢɣ ɫɠɢɦɚɟɦɨɫɬɢ z, ɧɟɨɛɯɨɞɢɦɵ ɩɪɨɢɡɜɨɞɧɵɟ 
(∂z/∂ρ)Tɢ (∂z/∂T)ρ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɢɡ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ, ɩɪɨɰɟɞɭɪɚ ɟɝɨ ɫɨɫɬɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ 
ɢɡ ɬɪɟɯ ɷɬɚɩɨɜ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜɟɫɚ ɜɫɟɯ ɨɩɵɬɧɵɯ ɬɨɱɟɤ ɩɪɢɧɢɦɚɥɢɫɶ ɪɚɜɧɵɦɢ WF(K) 
=1.0D0 . ɉɪɢ ɷɬɨɦ ɭɫɥɨɜɢɢ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɪɨɢɡɜɨɞɧɵɟ (∂z/∂ρ)Tɢ (∂z/∂T)ρ, WF, ɚ ɬɚɤɠɟ 
ɨɬɤɥɨɧɟɧɢɹ  įρ, įZ  ɞɥɹ ɤɚɠɞɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɨɱɤɢ. ɋɬɟɩɟɧɢ ɭɪɚɜɧɟɧɢɹ (1) ɩɨ 
ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɚɪɶɢɪɨɜɚɥɢɫɶ ɨɬ 4 ɞɨ 7. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɤɚɱɟɫɬɜɟ 
ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɜɵɛɪɚɧɨ ɭɪɚɜɧɟɧɢɟ ɫ ɦɚɬɪɢɰɟɣ ɢɧɞɟɤɫɨɜ ɫɭɦɦɢɪɨɜɚɧɢɹ 5 4  4  4  4 
ɫɨ ɫɪɟɞɧɟɣ ɤɜɚɞɪɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɥɨɬɧɨɫɬɢ  sk= 2,72 % .  

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɨɫɬɪɨɟɧɢɹ ɟɞɢɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɨɤɬɚɮɬɨɪɩɪɨɩɚɧɚ ɜ ɦɚɫɫɢɜ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɨɛɚɜɥɹɥɢɫɶ ɜɟɫɚ ɤɚɠɞɨɣ ɬɨɱɤɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɩɟɪɜɨɦ ɲɚɝɟ. ɂɡɦɟɧɹɹ 
ɫɬɟɩɟɧɢ ɩɨ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɥɭɱɚɟɦ ɭɪɚɜɧɟɧɢɹ ɫ ɪɚɡɧɵɦɢ sk-ɨɬɤɥɨɧɟɧɢɹɦɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɩɥɨɬɧɨɫɬɟɣ ɨɬ ɪɚɫɱɟɬɧɵɯ. ɇɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɭɪɚɜɧɟɧɢɹ 
ɫɨɫɬɨɹɧɢɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɢɧɢɦɚɥɶɧɨɝɨ sk-ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɩɥɨɬɧɨɫɬɢ ɹɜɢɥɨɫɶ ɭɪɚɜɧɟɧɢɟ ɫ 
ɦɚɬɪɢɰɟɣ ɢɧɞɟɤɫɨɜ ɫɭɦɦɢɪɨɜɚɧɢɹ  6  6  6  6  6  5 ɢ sk=0.β5β %. ɂɡɦɟɧɹɹ ɜɟɫɨɜɭɸ ɮɭɧɤɰɢɸ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ 11 ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɫ  sk-ɨɬɤɥɨɧɟɧɢɟɦ ɩɨ ɩɥɨɬɧɨɫɬɢ 
0.β5β%. ɋɥɨɠɢɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢ ɩɨɞɟɥɢɜ ɧɚ 11 ɩɨɥɭɱɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɭɫɪɟɞɧɟɧɧɨɝɨ ɟɞɢɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ (1), ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥ. β. 
 
Ɍɚɛɥɢɰɚ β. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɫɪɟɞɧɟɧɧɨɝɨ ɟɞɢɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ (1) ɨɤɬɚɮɬɨɩɪɨɩɚɧɚ 
b10 = .1217522541D+01 b30 = -.3002339991D+02  
b11 = -.1972602219D+02 b31 =.1688701105D+03 b50 = -.3742562559D+01 
b12 =  .9814302115D+02 b32 = -.3386147251D+03 b51  = .2270602691D+02 
b13 = -.2168183235D+03 b33 = . .3050271258D+03   b52  = -.4001611443D+02 
b14 =.2344561721D+03 b34 = -.1333194187D+03 b53  =  .1959877374D+02 
b15 = -.1237110121D+03  b35 = .4165753067D+02 b54 = .8053091997D+01 
b16 = .2531620723D+02    b36 = -.1238269508D+02 b55  = -.5372285912D+01 
b20 = .2385793659D+02 b40  = .1356670301D+02 b56  = -.9076106923D+00   
b21 = -.1252551467D+03 b41  = -.7749966512D+02 b 60 = .3258215810D+00 
b22 = .4486387939D+02 b42  = .1414909594D+03   b 61 = -.2611985545D+01 
b23 = .2311095185D+03      b43 = -.9327302229D+02 b 62 = .5279457715D+01 
b24 = -.1611746761D+03 b44 = .1175018793D+02 b 63 = -.3159532435D+01 
b25 = -.3427530309D+00    b 45 = -.4271193309D+01 b 64 = -.7094392582D+00 
b26 = -.1314097615D+02 b 46 = .7203840250D+01    b 65 = .8564695238D+00 
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ȼ ɪɚɛɨɬɟ ДβЖ ɩɪɟɞɫɬɚɜɥɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ρ,T- ɡɚɜɢɫɢɦɨɫɬɶ ɨɤɬɚɮɬɨɪɩɪɨɩɚɧɚ ɧɚ 
ɤɪɢɜɨɣ ɧɚɫɵɳɟɧɢɹ , ɤɨɬɨɪɚɹ ɛɵɥɚ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɚ ɭɪɚɜɧɟɧɢɟɦ ɩɨ ɨɛɪɚɬɧɵɦ ɫɬɟɩɟɧɹɦ 
ɬɟɦɩɟɪɚɬɭɪɵ: 
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ɝɞɟ Дp] = Ɇɉɚ; Ĳ = T/To, To =345,05 K, ɚ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (γ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. γ. 
 

Ɍɚɛɥɢɰɚ γ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (γ) 
j aj 

0 60,85252850 
1 -213,13589817 
2 313,03019463 
3 -235,83844255 
4 88,22270470 
5 -13,13013776 

 
ȼ ɬɚɛɥ. 4 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɢɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɨɬɤɥɨɧɟɧɢɹ ɜ ɩɪɨɰɟɧɬɚɯ. 
 

Ɍɚɛɥɢɰɚ 4. Ɋɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɢɹ 

Ɍ, Ʉ pɷɤɫ, Ɇɉɚ pɊɷɤɫ, Ɇɉɚ ɨɬɤɥ,% 

213.00 0,031 0,031 -0,0549 
221.12 0,048 0,048 0,048 
229.23 0,073 0,073 0,328 
243.74 0,139 0,139 -0,398 
258.88 0,254 0,253 0,334 
270.04 0,375 0,376 -0,346 
272.74 0,411 0,412 -0,071 
287.73 0,659 0,656 0,406 
302.32 0,982 0,983 -0,135 
316.81 1,415 1,415 -0,0484 
332.91 2,053 2,052 0,0181 
340.90 2,445 2,445 -0,0011 

 
ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɣ ɧɚɫɵɳɟɧɢɹ ɨɬ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɟɬ 0,γ4 %.  
Ⱦɥɹ ɪɚɫɱɟɬɚ ɤɚɥɨɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢɞɟɚɥɶɧɨɝɚɡɨɜɵɟ ɮɭɧɤɰɢɢ 

ɨɤɬɚɮɬɨɪɩɪɨɩɚɧɚ Cp
0, (h°- h°0), S0, ɪɚɫɫɱɢɬɚɧɧɵɟ ɜ Ɍɟɯɚɫɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ (ɋɒȺ) Д4Ж, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɬɚɛɥɢɰɚɦɢ. Ɍɚɛɥɢɱɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɭɪɚɜɧɟɧɢɹɦɢ (4), 
ɩɪɢɜɟɞɟɧɧɵɦɢ ɤ ɟɞɢɧɨɦɭ ɜɢɞɭ: 
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ɝɞɟ Ĳ = T/To (To= 100,0 K). ɂɫɤɨɦɵɟ ɮɭɧɤɰɢɢ f(t) - ɷɬɨ ɛɟɡɪɚɡɦɟɪɧɚɹ ɢɞɟɚɥɶɧɨɝɚɡɨɜɚɹ 
ɷɧɬɚɥɶɩɢɹ, ɷɧɬɪɨɩɢɹ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ (4) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 5. 
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Ɍɚɛɥɢɰɚ 5. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɵɯ ɮɭɧɤɰɢɣ 
Ɉɤɬɚɮɬɨɪɩɪɨɩɚɧ (C3F8) 

0

0

0
hh   0

S  0

P
C  

aj aj aj 
30,3141533 117,236608 30,1063625 
-125,667275 -577,076596 2,96800308 
323,431755 2075,67277 -335,693885 
-439,939524 -3787,35213 891,059402 
245,536282 2684,53836 -724,047808 

 
Ⱦɥɹ ɨɰɟɧɤɢ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɪɨɜɟɞɟɧɵ ɫɪɚɜɧɟɧɢɹ ɪɚɫɱɟɬɧɵɯ 

ɡɧɚɱɟɧɢɣ ɤɚɥɨɪɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ. ɋɪɚɜɧɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫ ɞɚɧɧɵɦɢ ɩɪɹɦɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ Д5Ж ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥ. 6.  

 
Ɍɚɛɥɢɰɚ 6. ɋɪɚɜɧɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫ ɞɚɧɧɵɦɢ ɩɪɹɦɨɝɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚ 

T, K ɤɝ/ɦ3 Cv ,ɷɤɫ Cv,ɪɚɫ ∆ Cv, % 
347,57 377,074 0,968 0,968 -2,68 
352,52 376,79 0,955 0,955 -2,12 
357,76 376,36 0,944 0,944 -1,48 
371,58 376,22 0,925 0,925 -0,49 
382,09 376,08 0,918 0,918 -0,54 

 
ɉɪɢɜɟɞɟɧɧɵɟ ɜɵɲɟ ɫɪɚɜɧɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɞɚɧɧɵɟ ɨ 

ɤɚɥɨɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɨɤɬɚɮɬɨɪɩɪɨɩɚɧɚ ɞɨɫɬɚɬɨɱɧɨ ɧɚɞɟɠɧɵ ɜɨ ɜɫɟɣ ɨɛɥɚɫɬɢ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɪɚɫɱɟɬɚɯ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɭɫɬɚɧɨɜɨɤ. 
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ɋɜɢɧɰɨɜɨ-ɰɢɧɤɨɜɵɟ ɪɭɞɵ ɫɨɞɟɪɠɚɬ ɦɧɨɝɨ ɰɟɧɧɵɯ ɦɟɬɚɥɥɨɜ, ɜɤɥɸɱɚɹ Cu, Ag, Au, Bi, Ge, 
In. Ⱦɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜɵɞɟɥɟɧɢɹ ɢ ɨɱɢɫɬɤɢ ɷɬɢɯ ɦɟɬɚɥɥɨɜ 
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ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ. Ⱦɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɬɚɤɢɯ ɞɢɚɝɪɚɦɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɯɨɠɞɟɧɢɢ ɧɚ ɛɚɡɟ ɜɫɟɣ 
ɢɦɟɸɳɟɣɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ (ɩɨ ɮɚɡɨɜɵɦ ɪɚɜɧɨɜɟɫɢɹɦ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɮɚɡ) ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ ɞɥɹ ɷɧɟɪɝɢɣ Ƚɢɛɛɫɚ ɜɫɟɯ ɮɚɡ, 
ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɡɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɟɟ 
ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ. ɐɟɥɶ ɧɚɲɟɣ ɪɚɛɨɬɵ –ɪɚɫɱɟɬ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɜ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ Cu-In-
Pb, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɩɨɞɫɢɫɬɟɦɨɣ ɱɟɬɜɟɪɧɨɣ ɫɢɫɬɟɦɵ Cu-In-Pb-Zn.  

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɹɯ ɜ ɫɢɫɬɟɦɟ Cu-In-Pb ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ 
ɪɚɛɨɬɨɣ Д1Ж, ɜ ɤɨɬɨɪɨɣ ɦɟɬɨɞɚɦɢ ȾɋɄ ɢ ȾɌȺ ɨɩɪɟɞɟɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ 
ɞɥɹ ɫɨɫɬɚɜɨɜ ɩɨɥɢɬɟɪɦɢɱɟɫɤɨɝɨ ɫɟɱɟɧɢɹ xIn=0.75, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɨ ɨɬɫɭɬɫɬɜɢɟ ɜ ɷɬɨɣ 
ɫɢɫɬɟɦɟ ɬɪɨɣɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɋɜɟɞɟɧɢɹ ɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ Cu-
In-Pb ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɬɫɭɬɫɬɜɭɸɬ. Ɉɩɬɢɦɢɡɚɰɢɢ ɛɢɧɚɪɧɵɯ ɩɨɞɫɢɫɬɟɦ Cu-In-Pb ɩɪɨɜɟɞɟɧɵ 
ɪɚɧɟɟ ɜ ɪɚɛɨɬɚɯ ДβЖ (Cu-In), [3] (Cu-Pb) ɢ Д4Ж (In-Pb).  

ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɧɚ ɨɫɧɨɜɟ ɧɚɣɞɟɧɧɵɯ ɜ Дβ-4Ж ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɠɢɞɤɨɫɬɢ ɜ 
ɛɢɧɚɪɧɵɯ ɩɨɞɫɢɫɬɟɦɚɯ Cu-In-Pb, ɚ ɬɚɤɠɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Д1Ж ɨ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɚɯ ɜ ɷɬɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɩɨɫɬɪɨɟɧɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɪɨɣɧɨɣ ɠɢɞɤɨɫɬɢ 
ɢ ɪɚɫɫɱɢɬɚɧɵ ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ Cu-In-Pb ɩɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɟɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ. 
ɉɪɢ ɷɬɨɦ ɞɥɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɬɨɱɟɱɧɵɯ ɮɚɡ  (Cu0.7In0.3),  (Cu0.64In0.36),  
(Cu11In9), ɚ ɬɚɤɠɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ (Cu), , , ' ɜ ɫɢɫɬɟɦɟ Cu-In ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɞɟɥɢ, 
ɩɪɟɞɥɨɠɟɧɧɵɟ ɜ ДβЖ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ , (In), (Pb) ɜ ɫɢɫɬɟɦɟ In-Pb 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɦɨɞɟɥɢ, ɩɨɥɭɱɟɧɧɵɟ ɜ Д4Ж.  

Ɉɩɪɟɞɟɥɟɧɵ ɤɨɨɪɞɢɧɚɬɵ ɧɨɧɜɚɪɢɚɧɬɧɵɯ ɪɚɜɧɨɜɟɫɢɣ ɢ ɩɪɨɟɤɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɤɜɢɞɭɫɚ 
ɫɢɫɬɟɦɵ Cu-In-Pb . Ɋɚɫɫɱɢɬɚɧɵ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɫɟɱɟɧɢɹ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɷɬɨɣ ɫɢɫɬɟɦɵ 
ɩɪɢ γ7γ ɢ 57γ Ʉ, ɚ ɬɚɤɠɟ ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɟ ɪɚɡɪɟɡɵ Cu0.5In0.5–Pb, Cu0.5Pb0.5–In, In0.5Pb0.5–Cu.  

Ɋɚɫɫɱɢɬɚɧɧɚɹ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɩɨɥɢɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɪɟɡɚ Cu0.5Pb0.5–In ɩɨɤɚɡɚɧɚ ɧɚ 
ɪɢɫɭɧɤɟ.  
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Ɋɚɫɫɱɢɬɚɧɧɵɣ ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɣ ɪɚɡɪɟɡ ɫɢɫɬɟɦɵ Cu-In-Pb ɩɪɢ xCu/xPb=1 
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɩɪɨɟɤɬɵ 14-08-00942 ɢ 14-08-00963)  
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ȼɜɟɞɟɧɢɟ. Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɩɪɨɛɥɟɦɨɣ ɬɟɩɥɨɮɢɡɢɤɢ ɩɨ-ɩɪɟɠɧɟɦɭ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ 

ɮɢɡɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɪɟɚɥɢɫɬɢɱɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ (ɍɋ). ɉɪɨɛɥɟɦɚ ɧɟ ɪɟɲɟɧɚ 
ɜɫɥɟɞɫɬɜɢɟ ɫɥɨɠɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɬɚɤ ɜɚɠɟɧ ɫɢɫɬɟɦɧɵɣ ɩɨɞɯɨɞ. Ⱦɪɭɝɨɣ ɚɫɩɟɤɬ ɩɪɨɛɥɟɦɵ – 
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ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɪɟɞɢ ɢɡɜɟɫɬɧɵɯ. Ɂɚɞɚɱɢ ɫɜɹɡɚɧɵ ɫ ɩɪɨɛɥɟɦɚɦɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɭɯ ɭɪɨɜɧɟɣ: ɦɨɥɟɤɭɥɹɪɧɨɝɨ (ɦɨɞɟɥɶɧɵɟ ɨɛɴɟɤɬɵ ɢ ɩɨɬɟɧɰɢɚɥɵ) ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ (ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ). ȼ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɮɨɪɦɭɥɵ, ɫɜɹɡɵɜɚɸɳɢɟ 
ɭɩɪɚɜɥɹɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ: ɩɚɪɚɦɟɬɪɵ θ ɢ χ ɭɪɚɜɧɟɧɢɹ 
ɫɨɫɬɨɹɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɬɨɱɟɱɧɵɯ ɰɟɧɬɪɨɜ, ɤɪɢɬɢɱɟɫɤɢɣ ɮɚɤɬɨɪ ɫɠɢɦɚɟɦɨɫɬɢ ZC, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɤɪɢɬɟɪɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ Ⱥ Ɏɢɥɢɩɩɨɜɚ, «ɠɟɫɬɤɨɫɬɶ» gS 
ɫɮɟɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ, ɫɬɟɩɟɧɶ ɩɟɪɟɤɪɵɜɚɧɢɹ ȕ ɚɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɟ:

( ) , ( , )
m

C S a
Z A g n        . 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. Ɇɵ ɪɚɛɨɬɚɟɦ ɜ ɪɚɦɤɚɯ ɞɜɭɯ ɦɨɞɟɥɟɣ – ɬɨɱɟɱɧɵɯ ɰɟɧɬɪɨɜ ɢ 
ɫɮɟɪɢɱɟɫɤɢɯ ɨɛɨɥɨɱɟɤ. ɋɚɦɚɹ ɩɪɨɫɬɚɹ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ (ɚɬɨɦɚ, ɦɨɥɟɤɭɥɵ) – ɬɨɱɟɱɧɵɣ ɰɟɧɬɪ 
(Ɍɐ), ɧɟ ɢɦɟɸɳɢɣ ɫɨɛɫɬɜɟɧɧɵɯ ɪɚɡɦɟɪɨɜ. ɗɧɟɪɝɢɹ ɩɪɢɬɹɠɟɧɢɹ ɢ ɨɬɬɚɥɤɢɜɚɧɢɹ Ɍɐ ɡɚɜɢɫɢɬ 
ɬɨɥɶɤɨ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɢɦɢ ɢ ɨɩɢɫɵɜɚɟɬɫɹ ɰɟɧɬɪɚɥɶɧɵɦɢ ɩɨɬɟɧɰɢɚɥɚɦɢ. ɇɚɢɛɨɥɟɟ 
ɢɡɜɟɫɬɧɵ ɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵ ɩɨɬɟɧɰɢɚɥɵ Ɇɢ (n-m): ( ) / /

n m

n m
U r a r b r   .Ʉɚɡɚɥɨɫɶ ɛɵ, 

ɲɢɪɨɱɚɣɲɟɦɭ ɩɪɢɦɟɧɟɧɢɸ ɰɟɧɬɪɚɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɞɨɥɠɧɨ ɨɬɜɟɱɚɬɶ ɧɚ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɦɧɨɠɟɫɬɜɨ ɍɋ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɦɨɞɟɥɢ ɫɜɨɣɫɬɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ. Ɉɞɧɚɤɨ ɜ ɥɢɬɟɪɚɬɭɪɟ ɢɡɜɟɫɬɧɨ ɬɨɥɶɤɨ ɨɞɧɨ - ɍɋ Ɇɟɧɞɟɥɟɟɜɚ - 
Ʉɥɚɩɟɣɪɨɧɚ, ɢɧɚɱɟ - ɍɋ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. ɉɪɢ ɷɬɨɦ ɜ ɫɢɫɬɟɦɟ ɨɬɫɭɬɫɬɜɭɟɬ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ 
«ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɟ» ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɫɜɹɡɚɧɧɨɟ ɫ ɧɚɥɢɱɢɟɦ ɭ ɱɚɫɬɢɰ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 
ɷɧɟɪɝɢɢ (ɫɦ.  ɩɨɬɟɧɰɢɚɥ Ɇɢ(n-m)). 

Ȼɨɥɟɟ ɪɟɚɥɢɫɬɢɱɧɚɹ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ – ɷɬɨ ɫɮɟɪɢɱɟɫɤɚɹ ɨɛɨɥɨɱɤɚ (ɢɥɢ ɫɮɟɪɚ), ɤɨɬɨɪɭɸ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɮɨɪɦɚ ɢ ɫɨɛɫɬɜɟɧɧɵɣ ɨɛɴɟɦ.  ɇɚɦ ɭɞɚɥɨɫɶ ɜ ɷɬɨɣ ɦɨɞɟɥɢ ɩɨɥɭɱɢɬɶ ɧɨɜɵɟ 
ɜɚɠɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. Ȼɵɥɚ ɜɵɹɜɥɟɧɚ ɧɚɢɛɨɥɟɟ ɨɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɨɥɨɱɤɢ gS ɢ ɩɨɤɚɡɚɧɨ, 
ɱɬɨ ɢɦɟɧɧɨ ɨɧɚ ɮɨɪɦɢɪɭɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɉɄ, ɨɩɪɟɞɟɥɹɟɬ (ɩɨɥɭɱɟɧɵ ɪɚɫɱɟɬɧɵɟ 
ɮɨɪɦɭɥɵ) ɩɪɢɜɟɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɉɄ ɫɟɦɟɣɫɬɜɚ ɉɋɈ. Ɂɚɞɚɱɚ ɩɨɥɭɱɟɧɢɹ ɍɋ ɧɚ ɨɫɧɨɜɟ 
ɦɨɞɟɥɢ ɨɛɨɥɨɱɟɤ ɧɚɦɢ ɧɟ ɫɬɚɜɢɥɚɫɶ ɢ ɧɚɦ ɧɟɢɡɜɟɫɬɧɨ, ɫɬɚɜɢɥɚɫɶ ɥɢ ɨɧɚ ɜɨɨɛɳɟ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɢɡɜɟɫɬɧɨ ɦɧɨɠɟɫɬɜɨ ɍɋ ɜɚɧ-ɞɟɪ-ɜɚɚɥɶɫɨɜɨɝɨ (ɜɞɜ) ɬɢɩɚ, 
ɫɱɢɬɚɸɳɢɯɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ ɷɦɩɢɪɢɱɟɫɤɢɦɢ ɦɨɞɢɮɢɤɚɰɢɹɦɢ ɡɧɚɦɟɧɢɬɨɝɨ ɍɋ ȼɚɧ-ɞɟɪ-
ȼɚɚɥɶɫɚ (ȼɞȼ).  ɉɪɢɧɹɬɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɜ ɟɝɨ ɨɫɧɨɜɟ ɥɟɠɢɬ ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɨɞɟɥɶ ɠɟɫɬɤɢɯ 
ɫɮɟɪ. Ɉɞɧɚɤɨ ɦɨɞɟɥɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɦ (ɨɛɴɟɤɬɵ - ɠɟɫɬɤɢɟ ɫɮɟɪɵ, ɦɟɠɞɭ 
ɤɨɬɨɪɵɦɢ ɞɟɣɫɬɜɭɟɬ ɧɚɫɬɨɥɶɤɨ ɫɥɚɛɨɟ ɩɪɢɬɹɠɟɧɢɟ, ɱɬɨ ɨɧɨ ɧɟ ɢɡɦɟɧɹɟɬ ɪɚɫɫɬɨɹɧɢɣ ɦɟɠɞɭ 
ɢɯ ɰɟɧɬɪɚɦɢ, ɨɛ ɨɬɬɚɥɤɢɜɚɧɢɢ ɪɟɱɶ ɧɟ ɲɥɚ), ɨɬɪɚɠɚɟɬ ɥɢɲɶ ɱɚɫɬɧɵɣ ɜɚɪɢɚɧɬ ɫɨɨɬɧɨɲɟɧɢɹ 
ɦɟɠɞɭ ɞɟɣɫɬɜɭɸɳɢɦɢ ɫɢɥɚɦɢ. ɉɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɩɨɫɬɪɨɢɬɶ ɩɪɨɫɬɨɟ ɍɋ ɧɚ 
ɨɫɧɨɜɟ ɛɨɥɟɟ ɨɛɳɟɣ ɦɨɞɟɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɝɞɟ ɛɭɞɭɬ ɚɞɟɤɜɚɬɧɨ ɨɬɪɚɠɟɧɵ ɪɟɚɥɢɫɬɢɱɧɵɟ 
ɯɚɪɚɤɬɟɪɵ ɨɬɬɚɥɤɢɜɚɧɢɹ ɢ ɩɪɢɬɹɠɟɧɢɹ. 

Ɂɚ ɩɪɨɲɟɞɲɟɟ ɜɪɟɦɹ ɩɪɟɞɥɨɠɟɧɵ ɫɨɬɧɢ ɦɚɥɨ-ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ. Ɉɞɧɚɤɨ 
ɷɮɮɟɤɬɢɜɧɚɹ ɦɟɬɨɞɢɤɚ ɜɵɛɨɪɚ ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɨɝɨ ɍɋ ɨɬɫɭɬɫɬɜɭɟɬ. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ 
ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɨɬɤɚɡɚ ɨɬ ɦɚɥɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɍɋ ɜ ɩɨɥɶɡɭ ɫɥɨɠɧɵɯ ɦɧɨɝɨ-
ɤɨɧɫɬɚɧɬɧɵɯ (ɞɨ 100 ɢ ɛɨɥɟɟ ɩɚɪɚɦɟɬɪɨɜ) ɭɪɚɜɧɟɧɢɣ. ɉɪɢ ɷɬɨɦ «ɦɚɥɨ» ɬɟɩɟɪɶ ɦɨɠɟɬ 
ɨɡɧɚɱɚɬɶ ɢ 10 ɢ 15 ɩɚɪɚɦɟɬɪɨɜ. Ʉ ɬɨɦɭ ɠɟ ɩɪɨɫɬɨɟ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɩɨɞɝɨɧɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɭɪɚɜɧɟɧɢɣ ɫɚɦɨ ɩɨ ɫɟɛɟ ɧɟ ɜɟɞɟɬ ɤ ɩɪɨɹɫɧɟɧɢɸ ɜɨɩɪɨɫɨɜ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɚɧɚɥɢɡɟ ɞɚɠɟ 
ɫɚɦɵɯ ɩɪɨɫɬɵɯ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɍɋ, ɧɟ ɜɟɞɟɬ ɤ ɧɨɜɨɦɭ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɦɭ ɡɧɚɧɢɸ. 

I . Ɉɛ ɢɡɜɟɫɬɧɵɯ ɭɩɪɚɜɥɹɸщɢɯ ɩɚɪɚɦɟɬɪɚɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ. ɉɟɪɜɵɦ 
ɭɩɪɚɜɥɹɸɳɢɦ ɩɚɪɚɦɟɬɪɨɦ (ɢɧɚɱɟ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɤɪɢɬɟɪɢɟɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ 
(ɈɄɌɉ, ɩɨ Д1Ж)) ɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɢɣ ɮɚɤɬɨɪ ɫɠɢɦɚɟɦɨɫɬɢ (ɄɎɋ) /
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Z  . ɇɚ ɩɪɚɤɬɢɤɟ ZC ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɷɬɨɝɨ ɱɢɫɥɚ. Ȼɨɥɶɲɚɹ 
ɱɚɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɥɟɠɢɬ ɜ ɢɧɬɟɪɜɚɥɟ 0.β5-0.γ0. Ɉɛɴɹɫɧɟɧɢɣ ɷɬɨɦɭ ɮɚɤɬɭ ɜ 
ɥɢɬɟɪɚɬɭɪɟ ɧɟɬ. Ⱦɚɥɟɟ ɫɩɢɫɨɤ ɈɄɌɉ ɞɨɩɨɥɧɢɥɢ ɬɪɢ ɜɟɥɢɱɢɧɵ: ɚɰɟɧɬɪɢɱɟɫɤɢɣ ɮɚɤɬɨɪ ωɊ 
ɉɢɬɰɟɪɚ, ɤɪɢɬɟɪɢɢ αRɊɢɞɟɥɹ ɢ A Ɏɢɥɢɩɩɨɜɚ.  

A=100 (ɩɪɢ =0.625).      (1) 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

69 
 

Ɏɢɥɢɩɩɨɜɵɦ ɩɨɥɭɱɟɧɵ Д1Жɮɨɪɦɭɥɵ, ɤɨɬɨɪɵɟ ɫɜɹɡɵɜɚɸɬ ɜɫɟ ɲɤɚɥɵ ɧɚɡɜɚɧɧɵɯ ɜɵɲɟ 
ɈɄɌɉ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɄɎɋ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɄɎɋ ɢȺ ɩɨɥɭɱɟɧɨ: 

0 .2 5 6 3 0 .0 5 3 5 lg
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Z A  .     (2) 

«Ɇɨɥɟɤɭɥɹɪɧɵɣ» ɫɦɵɫɥ ɷɬɢɯ ɈɄɌɉ, ɤɨɬɨɪɵɣ ɛɵ ɨɛɴɹɫɧɢɥ ɧɚɛɥɸɞɚɟɦɵɣ ɢɧɬɟɪɜɚɥ 
ɡɧɚɱɟɧɢɣ ɄɎɋ, ɚɜɬɨɪɚɦ ɧɚɣɬɢ ɧɟ ɭɞɚɥɨɫɶ. ɇɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɧɚ ɨɫɧɨɜɟ 
ɫɢɫɬɟɦɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɦɨɞɟɥɢɪɨɜɚɧɢɸ. 

II . ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ȼɌɐ. ɍɩɪɚɜɥɹɸщɢɟ ɩɚɪɚɦɟɬɪɵ. ɍɋ ɞɥɹ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɦɨɞɟɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɬɨɱɟɱɧɵɯ ɰɟɧɬɪɨɜ (ȼɌɐ) ɩɨɥɭɱɟɧɨ ɧɚ ɨɫɧɨɜɟ «ɞɨɜɚɚɥɶɫɨɜɨɣ» 
ɢɧɮɨɪɦɚɰɢɢ ɢ ɢɫɫɥɟɞɨɜɚɧɨ ɜ ɰɢɤɥɟ ɪɚɛɨɬ Дβ-9Ж. Ɍɨɬ ɮɚɤɬ, ɱɬɨ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɍɋ ɢɦɟɸɬ 
ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ, ɩɨɡɜɨɥɢɥ ɜɵɹɜɢɬɶ ɭɩɪɚɜɥɹɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ, ɨɩɪɟɞɟɥɹɟɦɵɟ 
ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɟɠɞɭ ɩɪɨɹɜɥɟɧɢɟɦ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ. (ȼɚɠɧɨ, ɱɬɨ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɩɟɪɟɮɨɪɦɭɥɢɪɨɜɚɧɢɹ ɦɧɨɝɢɟ ɍɋ ɜɞɜ-ɬɢɩɚ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɜɤɥɸɱɟɧɵ ɜ ɪɚɦɤɢ ɦɨɞɟɥɢ ȼɌɐ, 
ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɯ ɧɟ ɩɪɨɫɬɨ ɤɚɤ ɧɟɡɚɜɢɫɢɦɵɟ ɷɦɩɢɪɢɱɟɫɤɢɟ ɦɨɞɢɮɢɤɚɰɢɢ 
ɢɡɜɟɫɬɧɵɯ ɍɋ ȼɞȼ ɢɥɢ Ɋɟɞɥɢɯɚ - Ʉɜɨɧɝɚ, ɧɨ ɤɚɤ ɫɜɹɡɚɧɧɵɟ ɮɢɡɢɱɟɫɤɢ ɨɛɨɫɧɨɜɚɧɧɵɟ 
ɦɨɞɟɥɢ). ɍɋ ȼɌɐ ɩɨɥɭɱɟɧɨ ɜ ɜɢɞɟ ɫɭɦɦɵ ɬɪɟɯ ɜɤɥɚɞɨɜ ɜ ɞɚɜɥɟɧɢɟ P (ɞɥɹ ɨɞɧɨɝɨ ɦɨɥɹ, 
ɨɛɨɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ - ɫɬɚɧɞɚɪɬɧɵɟ): ɬɟɪɦɢɱɟɫɤɨɝɨ (ɍɋ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, ɬ.ɟ. ɫɢɫɬɟɦɵ 
ɧɟɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ «ɩɨɬɟɧɰɢɚɥɶɧɨ» Ɍɐ), ɢ ɞɜɭɯ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɱɟɬɨɦ 
ɨɬɬɚɥɤɢɜɚɧɢɹ ɢ ɩɪɢɬɹɠɟɧɢɹ Ɍɐ Д10,11Ж:  
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V – ɨɛɴɟɦ ɫɢɫɬɟɦɵ, ɩɨɥɧɨɫɬɶɸ ɞɨɫɬɭɩɧɵɣ ɞɥɹ Ɍɐ, ɤɨɝɞɚ ɦɟɠɞɭ ɧɢɦɢ ɧɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ: 
V=Vf(no/int). ȼɫɟ 4 ɩɚɪɚɦɟɬɪɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɨɹɜɥɟɧɢɟɦ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɉɨɹɫɧɢɦ ɢɯ 
ɫɦɵɫɥ, ɩɪɢɜɥɟɤɚɹ ɹɡɵɤ ɢɧɞɟɤɫɨɜ ɰɟɧɬɪɚɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ Ɇɢ(n-m), ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɚɪɵ ɬɨɱɟɱɧɵɯ ɰɟɧɬɪɨɜ. ɉɚɪɚɦɟɬɪɵb=ΔVrep ɢ c=ΔVattr ɮɢɤɫɢɪɭɸɬ ɫɚɦ ɮɚɤɬ 
ɩɪɨɹɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ ɢ ɩɪɢɬɹɠɟɧɢɹ, ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ ɢɯ 
ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ, ɚ ɬɚɤɠɟ ɧɟɪɚɜɟɧɫɬɜɨ ɜɟɥɢɱɢɧ (ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ), b≠c, b>0, c>0; ɩɚɪɚɦɟɬɪ d 
ɮɢɤɫɢɪɭɟɬ ɨɬɥɢɱɢɹ ɜ ɯɚɪɚɤɬɟɪɟ ɫɢɥ ɪɟɚɥɢɫɬɢɱɧɨɝɨ ɨɬɬɚɥɤɢɜɚɧɢɹ: (n≠∞), d≥b ɨɬ 
«ɠɟɫɬɤɨɫɮɟɪɧɨɝɨ» (n=∞), d=b; ɩɚɪɚɦɟɬɪ a ɮɢɤɫɢɪɭɟɬ ɨɬɥɢɱɢɟ ɯɚɪɚɤɬɟɪɚ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ 
(m≠n) ɨɬ «ɪɟɚɥɢɫɬɢɱɧɨɝɨ» ɯɚɪɚɤɬɟɪɚ ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ.  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɚɪɚɦɟɬɪɚ ɩɨɥɭɱɟɧɵ ɞɜɚ «ɝɪɚɧɢɱɧɵɯ» 
ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɯ ɫɟɦɟɣɫɬɜɚ ɭɪɚɜɧɟɧɢɣ. Ɍ.ɤ. ɢɦɟɧɧɨ ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ 
ɨɬɞɟɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɍɋ ɜɞɜ-ɬɢɩɚ, ɦɵ ɢɫɫɥɟɞɭɟɦ ɢɯ ɜɨɡɦɨɠɧɨɫɬɢ. ɉɨɞɪɨɛɧɨɫɬɢ ɦɨɠɧɨ 
ɧɚɣɬɢ ɜ Дβ-1βЖ. Ɂɞɟɫɶ ɠɟ ɦɵ ɤɪɚɬɤɨ ɤɨɫɧɟɦɫɹ ɬɨɥɶɤɨ ɜɨɩɪɨɫɚ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɭɩɪɚɜɥɹɸɳɢɦɢ 
ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɨɛɥɚɫɬɶɸ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ.ɍɋ ɩɟɪɜɨɝɨ ɫɟɦɟɣɫɬɜɚ ɨɬɪɚɠɚɸɬ ɠɟɫɬɤɢɣ ɯɚɪɚɤɬɟɪ 
ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ, ɧɨ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɣ - ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ (ɫɦ. ɜɵɲɟ). ȼɬɨɪɨɟ ɜɤɥɸɱɚɟɬ 
ɭɪɚɜɧɟɧɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ ɫɢɥɵ ɩɪɢɬɹɠɟɧɢɹ ɫɥɚɛɵ, ɤɚɤ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ ɜ ɍɋ ȼɞȼ (c=0), ɧɨ 
ɫɢɥɵ ɨɬɬɚɥɤɢɜɚɧɢɹ ɫɦɹɝɱɟɧɵ (ɩɨɞɨɛɧɨ ɍɋ Ʉɚɪɧɚɯɚɧɚ ɢ ɋɬɚɪɥɢɧɝɚ) (d>b).  

Ɉɞɧɨɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɫɟɦɟɣɫɬɜɨ 1. ɍɩɪɚɜɥɹɸщɢɟ ɩɚɪɚɦɟɬɪɵ χ ɢ θ. ȼ ɍɋ ɬɪɢ 
ɩɚɪɚɦɟɬɪɚ: b,c,a.ɉɚɪɚɦɟɬɪ χ=c/b ɨɩɪɟɞɟɥɟɧ ɱɟɪɟɡ ɢɡɦɟɧɟɧɢɹ ɞɨɫɬɭɩɧɨɝɨ ɨɛɴɟɦɚ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɫɢɥɚɦɢ ɩɪɢɬɹɠɟɧɢɹ ɢ ɨɬɬɚɥɤɢɜɚɧɢɹ: )(/)( repVattrV

ff
 . Ⱦɥɹ ɫɥɭɱɚɹ const  (χ≠0) 

ɩɨɥɭɱɟɧɵ Д11Ж ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɜɫɟɯ ɩɪɢɜɟɞɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɍɋ (ȕ=b/VC, ı=c/VC, α=a/RTCVC), 
ɜɤɥɸɱɚɹ ɄɎɋ:  

3 ( 1) ( 1) 2 1
C

Z


       .      (4) 

ɋɥɭɱɚɣ χ=0 (ɍɋ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ) ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɨɬɞɟɥɶɧɨ. 
ɉɪɢ ɷɬɨɦ ɬɪɟɯɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɍɋ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɫɟɦɟɣɫɬɜɨ ɍɋ 

ȼɌɐ ɫ ɭɩɪɚɜɥɹɸɳɢɦ ɩɚɪɚɦɟɬɪɨɦ χ. ȼ ɫɟɦɟɣɫɬɜɟ ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɍɋ ɫ «ɪɟɚɥɢɫɬɢɱɧɵɦɢ» 
ɡɧɚɱɟɧɢɹɦɢ ɄɎɋ, ɤɨɬɨɪɵɟ ɨɬɜɟɱɚɸɬ ɢɧɬɟɪɜɚɥɭ ɡɧɚɱɟɧɢɣ χ (β.5 – 7). ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɫɬɚɥ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɩɟɪɟɯɨɞ ɤ ɧɨɜɨɦɭ ɩɚɪɚɦɟɬɪɭ  ɢ ɭɫɬɚɧɨɜɥɟɧɢɟ ɟɝɨ ɫɦɵɫɥɚ:  3 1 .ɉɚɪɚɦɟɬɪɵ ɍɋ 
ɫɟɦɟɣɫɬɜɚ 1 ɜ ɜɢɞɟ ɮɭɧɤɰɢɣ ɨɬ   ɢɦɟɸɬ ɟɳɟ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɵɣ ɜɢɞ. ɇɚɩɪɢɦɟɪ, ɄɎɋ: 

2

3

1

(1 )
C

Z
 


   .        (5)  

ɍɩɪɚɜɥɹɸɳɢɣ ɩɚɪɚɦɟɬɪ θ ɦɨɞɟɥɢ ȼɌɐ ɪɚɜɟɧ ɨɬɧɨɲɟɧɢɸ ɞɜɭɯ ɯɚɪɚɤɬɟɪɧɵɯ ɪɚɡɦɟɪɨɜД1βЖ 
- ɞɢɚɦɟɬɪɨɜ ɞɜɭɯ ɫɮɟɪɢɱɟɫɤɢɯ ɷɮɮɟɤɬɢɜɧɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɨɛɴɟɦɨɜ – ɨɞɢɧ ɢɡ ɧɢɯ (det) 
ɩɪɨɹɜɥɹɟɬ Ɍɐ, ɤɨɝɞɚ ɜ ɫɢɫɬɟɦɟ ɞɟɣɫɬɜɭɟɬ ɬɨɥɶɤɨ ɨɬɬɚɥɤɢɜɚɧɢɟ ɢ ɜɬɨɪɨɣ (deff) – 
ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɨɛɴɟɦ, ɤɨɬɨɪɵɣ ɩɪɨɹɜɥɹɟɬɫɹ ɭ Ɍɐ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɨɛɟɢɯ ɫɢɥ – ɢ 
ɨɬɬɚɥɤɢɜɚɧɢɹ ɢ ɩɪɢɬɹɠɟɧɢɹ 

/
et eff

d d  .        (6)  
Ɂɧɚɱɟɧɢɹ ɄɎɋ (0.β5 - 0.γ) ɨɩɪɟɞɟɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹɦɢ θ ɢɡ ɢɧɬɟɪɜɚɥɚ (β - 1.5). ɍɞɚɫɬɫɹ ɥɢ 

ɧɚɦ ɨɛɴɹɫɧɢɬɶ ɷɬɨ, ɩɪɢɜɥɟɤɚɹ ɩɪɨɫɬɵɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ? Ʉɚɤ ɨɞɧɨɡɧɚɱɧɨ ɧɚɣɬɢ 
ɤɨɧɤɪɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ θ, ɬ.ɟ. ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɟ ɍɋ ȼɌɐ ɜ ɫɟɦɟɣɫɬɜɟ 
ɭɪɚɜɧɟɧɢɣ?  

Ɉɞɧɨɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɫɟɦɟɣɫɬɜɨ 2. ɍɩɪɚɜɥɹɸщɢɣ ɩɚɪɚɦɟɬɪ γ. ȼ ɍɋ ɬɪɢ ɩɚɪɚɦɟɬɪɚ: 
b,d,a.Ȼɵɥ ɜɜɟɞɟɧ ɩɚɪɚɦɟɬɪ γ=d/b. ɉɨɥɭɱɟɧɨ, ɱɬɨ ɨɩɪɟɞɟɥɹɸɳɟɣ ɹɜɥɹɟɬɫɹ ɪɚɡɧɨɫɬɶ (γ-1). Ȼɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ Д11Ж, ɱɬɨ ɨɧɚ ɢɦɟɟɬ ɫɦɵɫɥ ɩɪɢɜɟɞɟɧɧɨɣ ɬɨɥɳɢɧɵ ɫɮɟɪɢɱɟɫɤɨɝɨ ɫɥɨɹ, 
ɨɛɪɚɡɨɜɚɧɧɨɝɨ «ɛɨɥɶɲɨɣ» ɢ «ɦɚɥɨɣ» ɷɮɮɟɤɬɢɜɧɨɣ ɫɮɟɪɨɣ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɢɥɚɦɢ ɦɹɝɤɨɝɨ ɢ 
ɠɟɫɬɤɨɝɨ ɨɬɬɚɥɤɢɜɚɧɢɹ Ɍɐ. Ɋɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɷɬɨɝɨ ɫɟɦɟɣɫɬɜɚ ɍɋ ɫ 
ɪɟɚɥɢɫɬɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɄɎɋ ɧɟ ɫɭɳɟɫɬɜɭɟɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɩɬɢɦɢɡɚɰɢɹ ɨɬɬɚɥɤɢɜɚɧɢɹ 
ɧɟ ɜɟɞɟɬ ɤ ɭɪɚɜɧɟɧɢɹɦ ɫ ɪɟɚɥɢɫɬɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ГC. ɇɚ ɷɬɨɦ ɨɫɧɨɜɚɧɢɢ ɞɚɥɟɟ ɦɵ 
ɡɚɣɦɟɦɫɹ ɚɧɚɥɢɡɨɦ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɚɪɚɦɟɬɪɚ θ.  

ȿɳɟ ɪɚɡ ɩɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɞɨ ɫɢɯ ɩɨɪ ɦɨɞɟɥɶɸ ɦɨɥɟɤɭɥɵ ɛɵɥ ɬɨɱɟɱɧɵɣ ɰɟɧɬɪ ɢ, ɝɨɜɨɪɹ ɨ 
ɪɚɡɦɟɪɚɯ ɦɨɞɟɥɢ, ɦɵ ɩɨɞɪɚɡɭɦɟɜɚɥɢ ɟɟ ɷɮɮɟɤɬɢɜɧɵɟ ɪɚɡɦɟɪɵ, ɩɪɨɹɜɥɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ.  

III . Ɇɨɞɟɥɶ ɨɛɨɥɨɱɟɤ. ɍɩɪɚɜɥɹɸщɢɣ ɩɚɪɚɦɟɬɪ. Ȼɨɥɟɟ ɪɟɚɥɢɫɬɢɱɧɚɹ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ – 
ɷɬɨ ɫɮɟɪɚ, ɨɛɥɚɞɚɸɳɚɹ ɮɨɪɦɨɣ ɢ ɫɨɛɫɬɜɟɧɧɵɦɢ ɪɚɡɦɟɪɚɦɢ. Ⱦɥɹ ɦɨɞɟɥɢ ɫɮɟɪɢɱɟɫɤɢɯ 
ɨɛɨɥɨɱɟɤ ɧɚɦ ɭɞɚɥɨɫɶ ɧɚɣɬɢ ɧɚɢɛɨɥɟɟ ɨɛɳɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ S

g ɨɛɴɟɤɬɚ - ɠɟɫɬɤɨɫɬɶ 
ɨɛɨɥɨɱɤɢ. Ɉɧɚ ɨɤɚɡɚɥɚɫɶ ɭɩɪɚɜɥɹɸɳɢɦ ɩɚɪɚɦɟɬɪɨɦ ɦɨɞɟɥɢД1γ-16Ж. Ɏɚɤɬɨɪ S

g  ɛɵɥ ɜɜɟɞɟɧ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɧɨɝɨɚɬɨɦɧɨɣ ɦɨɥɟɤɭɥɵ ɜ ɜɢɞɟ ɫɜɨɛɨɞɧɨ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɵ, 
ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɣ ɤɚɤ ɦɢɧɢɦɭɦ ɞɜɭɦɹ ɪɚɡɦɟɪɚɦɢ: g

d  (ɪɚɡɦɟɪ ɹɞɟɪɧɨɝɨ ɨɫɬɨɜɚ, ɮɨɪɦɢɪɭɟɦɨɝɨ 
ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɬɨɱɟɱɧɵɯ ɹɞɟɪ) ɢ EH

d  (ɪɚɡɦɟɪ ɨɛɴɟɤɬɚ ɜ ɰɟɥɨɦ, ɜɤɥɸɱɚɸɳɢɣ ɷɥɟɤɬɪɨɧɧɵɟ 
ɨɛɨɥɨɱɤɢ): ggEHS

dddg /)(  . ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ ɦɨɞɟɥɢ ɦɨɥɟɤɭɥɵ ɤɚɤ 
ɨɪɝɚɧɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɚɬɨɦɨɜ, ɤɨɧɤɪɟɬɢɡɢɪɨɜɚɥɢ ɷɬɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ: 

( )
S

d d
g

d d

    ,       (8) 

ɝɞɟ ı – ɷɮɮɟɤɬɢɜɧɵɣ ɪɚɡɦɟɪ ɫɜɨɛɨɞɧɨɝɨ ɚɬɨɦɚ (ɩɚɪɚɦɟɬɪ ɩɨɬɟɧɰɢɚɥɚ (1β-6), u(ı)=0), d – 
ɭɞɜɨɟɧɧɚɹ ɞɥɢɧɚ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɚɬɨɦɚ, ɜɯɨɞɹɳɟɝɨ ɜ ɦɨɥɟɤɭɥɭ (ɞɢɚɦɟɬɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɷɬɨɦɭ ɚɬɨɦɭ ɫɮɟɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ). 

Ɍɟɨɪɟɬɢɱɟɫɤɢ ɢɧɬɟɪɜɚɥ ɡɧɚɱɟɧɢɣ ɠɟɫɬɤɨɫɬɢ РS ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɨɬ 0 ɞɨ  . Ɉɞɧɚɤɨ ɧɚ 
ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɢɡ Д17Жɨɧ ɛɵɥ ɧɚɦɢ ɫɭɳɟɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɟɧ: 0.γ - γ.5. ɉɨɞɪɨɛɧɨɫɬɢ ɦɨɠɧɨ 
ɧɚɣɬɢ ɜ Д1γ-16].  

IV . Ɉ ɫɜɹɡɢ ɭɩɪɚɜɥɹɸщɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ (A) ɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 
(gS) ɭɪɨɜɧɟɣ. Ʉɪɢɬɟɪɢɣ ɩɨɞɨɛɢɹ А Ɏɢɥɢɩɩɨɜɚ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɜ ɜɢɞɟ (1) (ɞɥɹ Ⱥ>1). ɇɚ ɨɫɧɨɜɟ 
ɚɧɚɥɢɡɚ ɦɚɫɫɢɜɚ ɞɨɫɬɭɩɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɞɚɧɧɵɯ ɨ ɪɚɡɦɟɪɚɯ ɦɨɥɟɤɭɥ ɢ ɚɬɨɦɨɜ ɢɦ ɠɟ ɛɵɥɨ 
ɷɦɩɢɪɢɱɟɫɤɢ ɧɚɣɞɟɧɨД1Ж ɧɨɜɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɈɄɌɉ Ⱥ(  4) ɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɟ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ, ɫɨɜɩɚɞɚɸɬ, ɟɫɥɢ ɦɨɥɟɤɭɥɚ ɧɟ ɫɨɞɟɪɠɢɬ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɉɨɫɥɟ ɩɟɪɟɯɨɞɚ ɤ ɧɚɲɟɣ ɦɨɞɟɥɢ, ɝɞɟ ɨɛɴɟɤɬ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɪɚɡɦɟɪɨɦ, ɧɨ ɢ 
ɠɟɫɬɤɨɫɬɶɸ gS ɢ ɭɱɟɬɚ, ɱɬɨ Ɏɢɥɢɩɩɨɜ ɩɪɢɦɟɧɹɟɬ ɧɟɫɬɚɧɞɚɪɬɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ (  )(U ), 
ɩɨɥɭɱɢɥɢ ɜɵɪɚɠɟɧɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɞɜɚ ɮɚɤɬɨɪɚ: 

2

8
4

(1 1 .1 2 )
S

A
g

   .       (9)  

V. Ʉɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɨɥɟɤɭɥɵ ɢɡ ɚɬɨɦɨɜ. ɍɩɪɚɜɥɹɸщɢɣ ɩɚɪɚɦɟɬɪ. 
ɂɡɜɟɫɬɧɵɦ ɩɪɢɛɥɢɠɟɧɧɵɦ ɤɜɚɧɬɨɜɨ-ɦɟɯɚɧɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɪɚɫɱɟɬɚ ɦɨɥɟɤɭɥɹɪɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ (ɪɚɡɦɟɪɨɜ ɦɨɥɟɤɭɥ) ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɋɋɉ (ɫɚɦɨɫɨɝɥɚɫɨɜɚɧɧɨɝɨ ɩɨɥɹ) ɏ-α 
ɪɚɫɫɟɹɧɧɵɯ ɜɨɥɧ ɋɥɷɬɟɪɚ. Ɉɧ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɢ ɪɚɫɱɟɬɚɯ ɦɨɥɟɤɭɥ ɢɡ n ɚɬɨɦɨɜ. Ɇɨɥɟɤɭɥɚ ɩɪɢ 
ɷɬɨɦ ɦɨɞɟɥɢɪɭɟɬɫɹ ɛɨɥɶɲɨɣ ɫɮɟɪɨɣ, ɤɚɠɞɵɣ ɚɬɨɦ – ɦɚɥɨɣ ɫɮɟɪɨɣ  . ȼ ɤɚɱɟɫɬɜɟ 
ɩɨɞɝɨɧɨɱɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɬɟɩɟɧɶ ɩɟɪɟɤɪɵɜɚɧɢɹ   ɚɬɨɦɧɵɯ ɨɛɨɥɨɱɟɤ.  

Ɇɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɭɩɪɚɜɥɹɸɳɢɣ ɩɚɪɚɦɟɬɪgS – ɮɚɤɬɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ 
«ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɟ» ɩɚɪɚɦɟɬɪɵ, ɫɜɹɡɚɧ ɫ ɮɚɤɬɨɪɨɦ  . ɉɨɥɭɱɟɧɚ ɨɛɨɛɳɟɧɧɚɹ ɮɨɪɦɭɥɚ, ɜ 
ɤɨɬɨɪɨɣ n ɱɢɫɥɨ ɚɬɨɦɨɜ ɦɨɥɟɤɭɥɵ ɜ ɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɜ ɤɨɬɨɪɨɦ ɦɨɥɟɤɭɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɧɚɢɛɨɥɶɲɟɣ ɞɥɢɧɨɣ. Ɍ.ɟ. ɩɪɢ ɜɪɚɳɟɧɢɢ ɨɛɴɟɤɬɚ ɢɦɟɧɧɨ ɷɬɨɬ ɪɚɡɦɟɪ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɨɛɴɟɦ. 
Ɉɛɥɚɫɬɢ ɩɟɪɟɤɪɵɜɚɧɢɹ ɫɱɢɬɚɸɬɫɹ ɨɞɢɧɚɤɨɜɵɦɢ, ɚɬɨɦɧɵɟ ɨɛɨɥɨɱɤɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɟ 
ɪɚɡɦɟɪɵ: 

1

( 1)(1 )
S

g
n    . 

VI . Ɉ ɫɜɹɡɢ ɭɩɪɚɜɥɹɸщɟɝɨ ɩɚɪɚɦɟɬɪɚ ɍɋ ȼɌɐ θ ɢ ɮɚɤɬɨɪɚ Рs. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ 
ɫɬɟɩɟɧɶ ɩɟɪɟɤɪɵɜɚɧɢɹ ɚɬɨɦɧɵɯ ɨɛɨɥɨɱɟɤ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɨɬ 0 ɞɨ 50%. Ɂɚɞɚɞɢɦ ɩɪɟɞɟɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ ɚ

ɦ=(0 - 1/β) ɢ ɨɰɟɧɢɦ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ n, ɚɬɨɦɨɜ, «ɮɨɪɦɢɪɭɸɳɢɯ ɞɥɢɧɭ», 
ɢɧɬɟɪɜɚɥɵ, ɜ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ ɮɚɤɬɨɪɵ gS Ɇ/Ɉ ɢ ɈɄɌɉ ɜɟɳɟɫɬɜɚ Ⱥ (ɩɨ (9)). ɍɱɬɟɦ 
ɩɪɢ ɷɬɨɦ, ɱɬɨ ɚɬɨɦ, ɜɯɨɞɹ ɜ ɦɨɥɟɤɭɥɭ, ɦɟɧɹɟɬ ɫɜɨɢ ɫɜɨɣɫɬɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɪɚɡɦɟɪ  ɢ 
ɠɟɫɬɤɨɫɬɶ gS , ɤɨɬɨɪɵɟ ɦɵ ɦɨɠɟɦ ɨɰɟɧɢɬɶ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɧɚɦɢ ɮɨɪɦɭɥɚɦ [18]: 
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 ,
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( 1)(1 )
S ɦ

ɚ

g
n    .  (10) 

ɉɪɢɦɟɧɢɦ ɬɚɤɠɟ ɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ (β) Ɏɢɥɢɩɩɨɜɚ ɞɥɹ ɨɰɟɧɤɢ ɢɧɬɟɪɜɚɥɨɜ ɄɎɋ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1 

n gS* ((0) –(1/2) gS A(0) –A (1/2) ZC(0)- ZC(1/2) 
2 1-2 1.3– 2.5 2.67 -3.45 0.270- 0.285 
3 0.5 -1 0.7 -1.3 1.5 – 2.67 0.265-0.279 
4 1/3 -2/3 0.5 -0.9 0.7 – 2.02 0.248-0.275 

 

ȼɵɜɨɞ: ȼ ɝɪɚɧɢɰɚɯ ɜɟɫɶɦɚ ɩɪɨɫɬɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɵɣ ɞɥɹ 
ɛɨɥɶɲɢɧɫɬɜɚ ɜɟɳɟɫɬɜ ɢɧɬɟɪɜɚɥ ɡɧɚɱɟɧɢɣ ɄɎɋ ZC (0.3-0.β5) ɨɩɪɟɞɟɥɟɧ ɬɟɦ, ɧɚɫɤɨɥɶɤɨ 
ɩɟɪɟɤɪɵɬɵ ɜ ɢɯ ɦɨɥɟɤɭɥɚɯ ɚɬɨɦɧɵɟ ɨɛɨɥɨɱɤɢ. 

ȿɫɥɢ ɨɛɪɚɬɢɬɶɫɹ ɤ ɨɛɲɢɪɧɨɣ ɫɩɪɚɜɨɱɧɨɣ ɬɚɛɥɢɰɟ, ɩɪɢɜɨɞɢɦɨɣ ɜ ɦɨɧɨɝɪɚɮɢɢ Д1Ж, ɢ 
ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɩɨ ɈɄɌɉ А, ɬɨ ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɬɚɤɨɟ ɞɟɥɟɧɢɟ ɜɟɳɟɫɬɜ ɧɚ 
ɝɪɭɩɩɵ ɢɦɟɟɬ ɦɟɫɬɨ ɧɚ ɫɚɦɨɦ ɞɟɥɟ. ɇɚɩɪɢɦɟɪ, ɪɹɞ ɦɨɥɟɤɭɥ ɫ Ч=γ (CO2, GeCl4, SiCl4, SnCl4, 
MoF6, WF6, CF2Cl2, CF4, C2F4) ɢɦɟɸɬ ɡɧɚɱɟɧɢɹ Ⱥ ɨɬ 1.6β ɞɨ β.β6 (ɫɦ.ɬɚɛɥ.1). ȿɫɥɢ ɩɪɨɜɟɪɢɬɶ 
ɢɦɟɸɳɢɟɫɹ ɡɧɚɱɟɧɢɹ ɄɎɋ, ɬɨ ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɨɧɢ ɩɪɢɧɚɞɥɟɠɚɬ ɢɦɟɧɧɨ ɩɪɨɝɧɨɡɢɪɭɟɦɨɦɭ 
ɢɧɬɟɪɜɚɥɭ 0.β65-0.β79. Ɍɨɬ ɠɟ ɪɟɡɭɥɶɬɚɬ ɩɨɥɭɱɟɧ ɞɥɹ ɦɨɥɟɤɭɥ ɫ Ч=4 (C2F6):A=1.7; ɫ Ч=5 
(C3F8):A=1.4γ,ɱɬɨ ɨɬɪɚɠɚɟɬ ɯɚɪɚɤɬɟɪ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɬɨɦɨɜ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɭɩɪɚɜɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɟɣ ɞɜɭɯ ɭɪɨɜɧɟɣ - ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ – ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ β.  

 
Ɍɚɛɥɢɰɚ β 

θ χ Zc lgA A gS 
*

S
g  

1 0 0.375     
1.26 1 0.3333     
1.3 1.197 0.328     
1.47 2.1765 0.3073     
1.5 2.375 0.304     
1.6 3.096 0.294     
1.65 3.49 0.2887 0.605 4.032   
1.67 3.66 0.2867 0.568 3.715 3.82 3.06 
1.7 3.912 0.284 0.5177 3.294 2.1059 1.654 

1.792 4.754 0.276 0.3682 2.334 1.0603 0.7931 
1.8 4.834 0.275 0.3495 2.236 1.0053 0.7479 
1.9 5.86 0.267 0.200 1.585 0.7298 0.521 
2.0 7.00 0.259 0.0505 1.123 0.5941 0.4092 
2.2 9.65 0.245 -0.2112 0.615 0.4782 0.3138 
2.3 11.17 0.239 -0.3228 0.475 0.4507 0.2911 
2.4 12.82 0.233 -0.4533 0.367 0.4307 0.2747 
2.5 14.625 0.227 -0.5476 0.2833 0.4157 0.2623 

 
ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ β ɫɥɟɞɭɟɬ, ɱɬɨ ɦɟɠɞɭ ɭɩɪɚɜɥɹɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ θ ɢ gS* ɢɦɟɟɬɫɹ 

ɨɞɧɨɡɧɚɱɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɜɢɞ ɤɨɬɨɪɨɣ ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧ (ɢɦɟɸɬɫɹ ɞɜɚ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 
ɄɎɋ). Ɉɞɧɚɤɨ ɟɫɥɢ ɨɛɪɚɬɢɬɶɫɹ ɤ ɫɦɵɫɥɭ ɩɚɪɚɦɟɬɪɨɜ, ɬɨ ɨɤɚɠɟɬɫɹ, ɱɬɨ ɫɪɚɜɧɢɜɚɬɶ ɧɚɞɨ 
ɜɟɥɢɱɢɧɵ gS* ɢ (θ -1).  ȼɟɫɶɦɚ ɢɧɬɟɪɟɫɧɨ, ɱɬɨ ɢɯ ɡɧɚɱɟɧɢɹ ɫɨɜɩɚɞɚɸɬ ɞɥɹ ZC=0.276 – «ɫɚɦɨɝɨ 
ɫɪɟɞɧɟɝɨ» ɡɧɚɱɟɧɢɹ ɄɎɋ. Ɋɚɫɫɦɨɬɪɢɦ ɤɨɧɤɪɟɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ (ɨɧɨ ɜɵɞɟɥɟɧɨ ɜ ɬɚɛɥɢɰɟ β) 
ɦɟɠɞɭ θ ɢ gS*, ɢɡ ɤɨɬɨɪɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ *

1
S

g ,  (1.79 - 1=0.79). Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɞɥɹ 

ɷɬɨɝɨ ɫɥɭɱɚɹ: *( )
1

e t e ff e f

Se ff

d d d d
g

d d

       . Ɉɛɟ ɜɟɥɢɱɢɧɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɩɪɢɜɟɞɟɧɧɨɟ 

ɨɬɥɢɱɢɟ ɞɢɚɦɟɬɪɨɜ ɞɜɭɯ ɫɮɟɪɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ. Ɍɨɥɶɤɨ ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɞɢɚɦɟɬɪɵ ɨɬɧɨɫɹɬɫɹ 
ɤ ɦɨɥɟɤɭɥɟ-ɨɛɨɥɨɱɤɟ ɢ ɟɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɚ ɜ ɞɪɭɝɨɦ – ɤ ɦɨɥɟɤɭɥɟ–Ɍɐ ɢ ɟɟ ɷɮɮɟɤɬɢɜɧɵɦ 
ɪɚɡɦɟɪɚɦ, ɤɨɬɨɪɵɟ ɨɧɚ ɩɪɢɨɛɪɟɬɚɟɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ.  

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɜɟɞɟɬ ɤ ɜɵɜɨɞɭ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɞɧɨɡɧɚɱɧɨ ɜɵɛɪɚɬɶ ɍɋ ɜ 
ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɫɟɦɟɣɫɬɜɟ (ɬ.ɟ. ɧɚɣɬɢ ɡɧɚɱɟɧɢɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɚɪɚɦɟɬɪɚ θ, 
ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɜɫɟ ɩɪɢɜɟɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɍɋ), ɟɫɥɢ ɛɭɞɟɬ ɢɡɜɟɫɬɧɨ ɡɧɚɱɟɧɢɟ ɫɬɟɩɟɧɢ 
ɩɟɪɟɤɪɵɜɚɧɢɹ ɚ

ɦ ɚɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɟ. (ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɦɵ ɡɚɞɚɟɦ ɢɧɬɟɪɜɚɥ ɡɧɚɱɟɧɢɣ ɚ
ɦ=(0 

- 1/β) ɢ ɩɨɥɭɱɚɟɦ ɢɧɬɟɪɜɚɥ – ɯɨɬɹ ɭɠɟ ɢ ɞɨɫɬɚɬɨɱɧɨ ɭɡɤɢɣ - ɞɥɹ ɡɧɚɱɟɧɢɣ ɄɎɋ ɢ θ). 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɫɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɜ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɦɨɞɟɥɢ ɞɨɥɠɧɨ ɫɬɚɬɶ ɜɤɥɸɱɟɧɢɟ ɜ ɧɟɟ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɭɫɬɪɨɣɫɬɜɟ ɚɬɨɦɨɜ. 

 
ɅɂɌȿɊȺɌɍɊȺ 
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Ⱦɜɟ ɫɜɹɡɚɧɧɵɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɨɬɪɚɠɟɧɵ ɜ ɧɚɡɜɚɧɢɢ ɧɚɲɟɣ ɪɚɛɨɬɵ. Ɇɨɠɧɨ 
ɥɢ ɜɵɛɪɚɬɶ ɦɨɞɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ (Ɇɉ), ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɵɜɚɸɳɢɣ ɷɧɟɪɝɢɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɦɨɥɟɤɭɥ, ɧɚ ɨɫɧɨɜɟ ɬɨɥɶɤɨ ɦɨɥɟɤɭɥɹɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ? Ɇɨɠɧɨ ɥɢ ɧɚ ɨɫɧɨɜɟ ɜɵɛɪɚɧɧɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ ɚɞɟɤɜɚɬɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɟɳɟɫɬɜɚ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ – 
ɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ? Ɇɵ ɩɨɥɚɝɚɟɦ, ɱɬɨ ɞɨɥɹ ɬɪɭɞɧɨɫɬɟɣ ɩɪɢ ɪɟɲɟɧɢɢ ɷɬɢɯ ɡɚɞɚɱ ɫɜɹɡɚɧɚ 
ɧɟ ɬɨɥɶɤɨ ɫ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɧɟɩɨɥɧɨɬɨɣ ɧɚɲɢɯ ɡɧɚɧɢɣ ɨ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 
(ɆɆȼ), ɧɨ ɱɚɫɬɢɱɧɨ ɢ ɧɚɲɢɦ ɧɟɭɦɟɧɢɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɠɟ ɢɡɜɟɫɬɧɭɸ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ 
ɢɧɮɨɪɦɚɰɢɸ. ȼ ɩɪɟɞɫɬɚɜɥɹɟɦɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɧɟɤɨɬɨɪɵɟ ɧɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ, 
ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɩɨɩɵɬɤɟ ɪɟɚɥɢɡɨɜɚɬɶ ɬɚɤɭɸ ɜɨɡɦɨɠɧɨɫɬɶ. ɉɟɪɜɵɟ ɜɚɠɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɵ 
ɭɠɟ ɩɪɟɞɫɬɚɜɥɹɥɢ Д1Ж ɡɞɟɫɶ ɠɟ, ɜ Ʉɚɡɚɧɢ, ɧɚ Б Ɋɨɫɫɢɣɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɌɎɋȼ. 

ɇɚɲɟ ɨɫɧɨɜɧɨɟ ɞɨɩɭɳɟɧɢɟ: Ɇɉ ɞɨɥɠɟɧ ɫɨɯɪɚɧɢɬɶ ɮɭɧɞɚɦɟɧɬɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ 
ɆɆȼ. ȼ ɬɨɦ ɱɢɫɥɟ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɤɪɢɜɚɹ (ɉɄ) - ɨɛ ɨɫɨɛɟɧɧɨɫɬɹɯ ɢɫɬɢɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɧɨɝɨɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ. ȿɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɬɚɤɚɹ ɉɄ 
– ɷɬɨ ɚɞɟɤɜɚɬɧɚɹ ɦɨɞɟɥɶ ɆɆȼ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɨɩɢɫɚɧɢɸ ɮɨɪɦɵ ɉɄ ɞɨɥɠɧɨ 
ɭɞɟɥɹɬɶɫɹ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟ ɜɧɢɦɚɧɢɹ, ɱɟɦ ɷɬɨ ɢɦɟɟɬ ɦɟɫɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ.  

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɱɚɫɬɶ ɧɚɲɢɯ ɪɟɡɭɥɶɬɚɬɨɜДβ-6Ж, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɪɟɲɟɧɢɸ 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɯ ɩɪɨɛɥɟɦ ɜ ɪɚɦɤɚɯ ɞɜɭɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɦɨɞɟɥɟɣ: ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ 
ɬɨɱɟɱɧɵɯ ɰɟɧɬɪɨɜ (ɫɟɦɟɣɫɬɜɨ ɰɟɧɬɪɚɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ Ɇɢ(n-m)) ɢ ɫɮɟɪɢɱɟɫɤɢɯ ɨɛɨɥɨɱɟɤ 
(ɩɨɬɟɧɰɢɚɥ ɋɈ, ɉɋɈ). 

ȼɵɛɨɪ (ɩɪɨɝɧɨɡ) ɚɞɟɤɜɚɬɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɆɆȼ. ɉɚɪɧɵɣ ɩɨɬɟɧɰɢɚɥ, ɤɨɬɨɪɵɣ ɛɵɥ 
ɩɪɟɞɥɨɠɟɧ 111 ɥɟɬ ɧɚɡɚɞ Ƚɟɨɪɝɨɦ Ɇɢ ɜ ɜɢɞɟ mn

rbrarU //)(  , ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ 
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ɩɨɩɭɥɹɪɧɵɦ ɰɟɧɬɪɚɥɶɧɵɦ Ɇɉ. Ʉɨɷɮɮɢɰɢɟɧɬɵ a, bɨɛɵɱɧɨ ɫɜɹɡɵɜɚɸɬ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ 
ɦɢɧɢɦɭɦɚ ɩɨɬɟɧɰɢɚɥɚ, ɧɚɯɨɞɹ ɢɯ ɢɡ ɭɫɥɨɜɢɣ: mm

rU )( , 0)(,0)( 
mm

rUrU . Ɉɱɟɜɢɞɧɨ, 
ɱɬɨ ɜ ɮɨɪɦɟ ɤɨɧɤɪɟɬɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ),,,,( mnrrUU

mm
  ɫ ɧɚɛɨɪɨɦ ɩɚɪɚɦɟɬɪɨɜ - ɤɨɨɪɞɢɧɚɬ 

mm
r ,  ɢ ɢɧɞɟɤɫɨɜ mn,  - ɞɨɥɠɟɧ ɨɞɧɨɡɧɚɱɧɨ ɩɪɨɹɜɥɹɬɶɫɹ ɯɚɪɚɤɬɟɪ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɛɴɟɤɬɨɜ, 
ɦɨɞɟɥɢɪɭɸɳɢɯ ɦɨɥɟɤɭɥɵ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜ ɷɬɨɦ ɯɚɪɚɤɬɟɪɟ ɞɨɥɠɧɚ ɩɪɨɹɜɥɹɬɶɫɹ ɧɚɢɛɨɥɟɟ 
ɨɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɨɞɟɥɶɧɨɝɨ ɨɛɴɟɤɬɚ. Ɉɞɧɚɤɨ ɜ ɫɥɭɱɚɟ ɰɟɧɬɪɚɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ 
ɨɛɴɟɤɬ – ɷɬɨ ɬɨɱɟɱɧɵɣ ɰɟɧɬɪ, ɢ ɨɧ ɧɟ ɢɦɟɟɬ ɫɨɛɫɬɜɟɧɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ (ɢ ɬɨɥɶɤɨ) ɨɩɪɚɜɞɚɧ ɫɬɚɧɞɚɪɬɧɵɣ ɩɨɞɯɨɞ ɤ ɪɚɫɫɦɨɬɪɟɧɢɸ 
ɩɚɪɚɦɟɬɪɨɜ Ɇɉ ɤɚɤ ɩɨɞɝɨɧɨɱɧɵɯ. Ɂɚ ɧɚɯɨɠɞɟɧɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨ 4-ɯ ɩɚɪɚɦɟɬɪɨɜ ɛɟɪɭɬɫɹ 
ɥɢɲɶ ɨɱɟɧɶ ɧɟɦɧɨɝɢɟ. Ȼɨɥɶɲɢɧɫɬɜɨ ɫɱɢɬɚɟɬ ɢɧɞɟɤɫɵ ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ (ɩɨɱɬɢ ɜɫɟɝɞɚ ɷɬɨ - 
(12-6)) ɢ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ mm

r ,  ɨɩɪɟɞɟɥɹɟɬ ɩɨ ɞɚɧɧɵɦ ɨ ɫɜɨɣɫɬɜɚɯ ɜɟɳɟɫɬɜ (ɜɬɨɪɨɣ 
ɜɢɪɢɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɜɹɡɤɨɫɬɶ ɝɚɡɚ, ɫɜɨɣɫɬɜɚ ɤɪɢɫɬɚɥɥɨɜ).  

Ɇɵ ɩɨɤɚɡɵɜɚɟɦ, ɱɬɨ ɚɞɟɤɜɚɬɧɭɸ ɉɄ ɜ ɷɬɨɦ ɫɟɦɟɣɫɬɜɟ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɢɧɚɱɟ ɢ ɩɪɟɞɥɚɝɚɟɦ 
ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɨɞɧɨɡɧɚɱɧɨɦɭ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ, ɫɨɯɪɚɧɹɸɳɟɣ  ɚɤɬɭɚɥɶɧɨɫɬɶ ɤɚɤ ɜ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɦ, ɬɚɤ ɢ ɩɪɢɤɥɚɞɧɨɦ ɚɫɩɟɤɬɚɯ. ȼɨɡɦɨɠɧɨɫɬɶ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ ɨɫɧɨɜɚɧɚ ɧɚ 
ɜɜɟɞɟɧɢɢ ɜ ɹɜɧɨɟ ɨɩɢɫɚɧɢɟ Ɇɉ ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ ɢ ɪɟɚɥɢɡɚɰɢɢ ɚɧɚɥɢɬɢɤɨ-ɪɚɫɱɟɬɧɵɯ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɨɞɟɥɢ ɫɮɟɪɢɱɟɫɤɢɯ ɨɛɨɥɨɱɟɤ. 

Ɍɨɱɤɚ ɩɟɪɟɝɢɛɚ ɢ ɮɚɤɬɨɪɵ ɮɨɪɦɵ ɉɄ 
ɋɟɦɟɣɫɬɜɨ ɰɟɧɬɪɚɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ Ɇɢ(n-m). ɉɨɤɚɡɚɧɨ Д7Ж, ɱɬɨ ɉɄ ɞɜɭɯ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɟɦɟɣɫɬɜ, ɤɪɨɦɟ ɬɨɱɟɤ, ɮɢɤɫɢɪɭɸɳɢɯ ɧɭɥɶ ɢ ɦɢɧɢɦɭɦ, ɢɦɟɸɬ ɬɪɟɬɶɸ 
ɨɫɨɛɭɸ ɬɨɱɤɭ P(rp, İp), ɮɢɤɫɢɪɭɸɳɭɸ ɩɟɪɟɝɢɛ ɮɭɧɤɰɢɢ: pp

rU )( , 0)(,0)( 
pp

rUrU . 

ɉɹɬɶ ɤɨɨɪɞɢɧɚɬ ppmm
rrr  ,,,,

0  ɬɪɟɯ ɨɫɨɛɵɯ ɬɨɱɟɤ ɩɨɡɜɨɥɹɸɬ ɜɜɟɫɬɢ ɪɹɞ ɧɨɜɵɯ 
(ɨɬɧɨɫɢɬɟɥɶɧɵɯ) ɩɚɪɚɦɟɬɪɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɮɨɪɦɭ ɉɄ. Ɉɧɢ ɛɵɥɢ ɧɚɡɜɚɧɵ ɧɚɦɢ 
ɮɚɤɬɨɪɚɦɢ ɮɨɪɦɵ (ɎɎ) ɉɄ ДβЖ: ɤɪɭɬɢɡɧɚ, ɤɪɢɜɢɡɧɚ, ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɝɥɭɛɢɧɚ ɢ ɲɢɪɢɧɚ 
ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɵ, ɫɬɟɩɟɧɶ ɚɫɢɦɦɟɬɪɢɢ. ɗɬɨɬ ɧɚɛɨɪ ɞɨɜɨɥɶɧɨ ɩɨɞɪɨɛɧɨ ɨɩɢɫɵɜɚɟɬ ɮɨɪɦɭ 
ɥɸɛɨɣ ɉɄ. Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɎɎ ɜ ɜɢɞɟ ɮɭɧɤɰɢɣ ɨɬ ɢɧɞɟɤɫɨɜ n, m ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɥɟɝɤɨ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɤɪɭɬɢɡɧɵ ɢ ɤɪɢɜɢɡɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɦɟɟɦ 
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ɇɨɜɵɣ ɩɨɞɯɨɞ ɤ ɩɪɨɝɧɨɡɭ ɚɞɟɤɜɚɬɧɨɣ ɉɄ. ɂɦɟɧɧɨ ɧɚ ɩɭɬɢ ɩɨɞɪɨɛɧɨɝɨ ɨɩɢɫɚɧɢɹ 
ɮɨɪɦɵ ɉɄ ɨɬɤɪɵɜɚɟɬɫɹ ɫɩɨɫɨɛ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɧɚ ɨɫɧɨɜɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɧɟ 
ɨɛɪɚɳɚɹɫɶ ɤ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜɚ. ȿɫɥɢ ɡɧɚɱɟɧɢɹ ɎɎ ɞɥɹ ɮɢɡɢɱɟɫɤɢ 
ɨɛɨɫɧɨɜɚɧɧɨɣ ɦɨɞɟɥɢ ɛɭɞɭɬ ɢɡɜɟɫɬɧɵ, ɷɬɨ ɨɛɟɫɩɟɱɢɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɣɬɢ ɉɄ-ɚɧɚɥɨɝ 
ɨɩɬɢɦɚɥɶɧɨɣ, ɜɵɛɪɚɜ ɟɟ ɜ ɫɟɦɟɣɫɬɜɟ Ɇɢ(n-m) ɩɨ ɧɚɢɥɭɱɲɟɦɭ ɫɨɜɩɚɞɟɧɢɸ ɡɧɚɱɟɧɢɣ ɎɎ. 
ɋɚɦɨɟ ɜɚɠɧɨɟ - ɧɚɣɬɢ ɬɚɤɭɸ ɪɟɚɥɢɫɬɢɱɧɭɸ ɦɨɞɟɥɶ, ɜɵɹɜɢɬɶ ɭɩɪɚɜɥɹɸɳɢɣ ɩɚɪɚɦɟɬɪ, 
ɤɨɬɨɪɵɦ ɛɭɞɭɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɩɚɪɚɦɟɬɪɵ Ɇɉ ɢ ɎɎ ɢ ɩɨɥɭɱɢɬɶ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɎɎ. 

Ɇɨɞɟɥɶ ɫɮɟɪɢɱɟɫɤɢɯ ɨɛɨɥɨɱɟɤ. ɗɬɨɬ ɪɹɞ ɡɚɞɚɱ ɭɞɚɟɬɫɹ ɪɟɲɢɬɶ ɜ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɨɞɟɥɢ 
ɫɮɟɪɢɱɟɫɤɢɯ ɨɛɨɥɨɱɟɤ (ɫɜɨɛɨɞɧɨ ɜɪɚɳɚɸɳɢɯɫɹ ɨɛɴɟɤɬɨɜ: ɨɬɞɟɥɶɧɵɯ ɨɛɨɥɨɱɟɤ – ɞɥɹ 
ɫɜɹɡɚɧɧɵɯ ɜ ɦɨɥɟɤɭɥɟ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ-ɨɛɨɥɨɱɟɤ) [7-10,β,5Ж. ɍɞɚɥɨɫɶ ɜɵɹɜɢɬɶ ɧɚɢɛɨɥɟɟ 
ɨɛɳɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ S

g , ɧɚɡɜɚɧɧɭɸ ɠɟɫɬɤɨɫɬɶɸ ɨɛɨɥɨɱɤɢ, ɢ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɜɫɟ 
ɩɪɢɜɟɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɉɋɈ (ɤɨɨɪɞɢɧɚɬɵ ɨɫɨɛɵɯ ɬɨɱɟɤ ɉɄ), ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɎɎ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɟɞɢɧɫɬɜɟɧɧɨ ɡɧɚɱɟɧɢɟɦ ɷɬɨɝɨ ɧɨɜɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɮɚɤɬɨɪɚ. ɉɨɥɭɱɟɧɵ ɨɛɳɢɟ 
ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɨɬɧɨɲɟɧɢɹ, ɩɨ ɧɢɦ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ, ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɚɧɵ ɦɟɬɨɞɨɦ 
ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɜ ɜɢɞɟ ɩɨɥɢɧɨɦɨɜ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ 
ɤɨɨɪɞɢɧɚɬ ɢ ɎɎ ɧɨɜɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. (Ⱥɧɚɥɢɡ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ ɨ ɪɚɡɥɢɱɧɵɯ ɦɨɥɟɤɭɥɚɯ 
ɜɵɹɜɢɥ, ɱɬɨ ɡɧɚɱɟɧɢɹ gs ɫɮɟɪɢɱɟɫɤɢ-ɫɢɦɦɟɬɪɢɱɧɵɯ (ɝɥɨɛɭɥɹɪɧɵɯ, ɬɢɩɚ CF4, UF6) ɦɨɥɟɤɭɥ 
ɛɥɢɡɤɢ ɤ 1.Ƚɥɨɛɭɥɹɪɧɵɟɦɨɥɟɤɭɥɵ ɥɭɱɲɟ ɜɫɟɝɨ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɫɧɨɜɧɨɦɭ ɞɨɩɭɳɟɧɢɸ ɨ 
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ɫɜɨɛɨɞɧɨɦ ɜɪɚɳɟɧɢɢ ɦɨɥɟɤɭɥ. ɉɨɷɬɨɦɭ ɢɧɬɟɪɜɚɥ ɢɡɦɟɧɟɧɢɹ gs ɛɵɥ ɜɵɛɪɚɧ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0.8 
ɞɨ 1.β. ɂɦɟɧɧɨ ɜ ɧɟɦ ɪɚɛɨɬɚɸɬ ɩɨɥɭɱɟɧɧɵɟ ɮɨɪɦɭɥɵ).  

Ɏɚɤɬɨɪɵ ɮɨɪɦɵ ɉɄ ɫɟɦɟɣɫɬɜɚ ɉɋɈ(g) [2]: 
ɤɪɭɬɢɡɧɚ:r0/rm=0.9654 - 0.0339gs,ɤɪɢɜɢɡɧɚ:rp/rm=1.0341+0.0343gs. 
ɉɟɪɟɯɨɞɵ ɦɟɠɞɭ ɉɄ-ɚɧɚɥɨɝɚɦɢ ɞɜɭɯ ɫɟɦɟɣɫɬɜ. Ɏɨɪɦɭɥɵ, ɩɪɢɜɨɞɢɦɵɟ ɧɢɠɟ, 

ɩɨɡɜɨɥɹɸɬ ɥɟɝɤɨ ɫɨɜɟɪɲɚɬɶ ɩɟɪɟɯɨɞɵ ɦɟɠɞɭ ɉɄ-ɚɧɚɥɨɝɚɦɢ. 
ɋɜɹɡɶ ɢɧɞɟɤɫɚ n ɉɄ Ɇɢ ɫ ɮɚɤɬɨɪɨɦ gs ɉɋɈ: 
ɱɟɪɟɡ ɤɪɭɬɢɡɧɭ r0/rm ɞɥɹ m=6:     n=51.87158 - 24.41306gs; 
ɱɟɪɟɡ ɤɪɢɜɢɡɧɭ rp/rm  ɞɥɹ m=6:    n=50.8262 - 23.91401gs. 
ɋɜɹɡɶ ɮɚɤɬɨɪɨɜ ɮɨɪɦɵ ɫ ɢɧɞɟɤɫɨɦ n: 
ɞɥɹ m=6:   r0/rm=0.89336+0.00139n; rp/rm=1.10709-0.00143n. 
Ⱥɩɪɨɛɚɰɢɹ ɦɟɬɨɞɢɤɢ. ɉɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɜɵɛɨɪɚ Ɇɉ ɢ ɩɟɪɟɯɨɞɚ ɦɟɠɞɭ ɉɄ-

ɚɧɚɥɨɝɚɦɢ ɛɵɥɚ ɚɩɪɨɛɢɪɨɜɚɧɚДγ-5Ж. ɇɚ ɩɪɢɦɟɪɟ ɚɬɨɦɨɜ ɮɬɨɪɚ, ɜɯɨɞɹɳɢɯ ɜ ɪɚɡɥɢɱɧɵɟ 
ɮɬɨɪɫɨɞɟɪɠɚɳɢɟ ɦɨɥɟɤɭɥɵ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɮɨɪɦɟ ɢ 
ɨɩɢɫɵɜɚɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ ɉɄ ɫɟɦɟɣɫɬɜɚ Ɇɢ(n-m). (ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɚɪɵ ɫɜɨɛɨɞɧɵɯ ɚɬɨɦɨɜ 
ɮɬɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ, ɤɚɤ ɨɛɵɱɧɨ, ɩɨɬɟɧɰɢɚɥɨɦ (1β-6)).  Ⱦɚɧ ɩɪɨɝɧɨɡ ɢɧɞɟɤɫɚ n(ɫɦ. ɬɚɛɥɢɰɭ); 
ɡɧɚɱɟɧɢɹ n, ɧɚɣɞɟɧɧɵɟ ɩɨ ɨɞɧɨɦɭ ɮɚɤɬɨɪɭ ɮɨɪɦɵ (ɤɪɭɬɢɡɧɟ) ɢɡɦɟɧɹɸɬɫɹ ɨɬ β6.5 ɞɥɹ ɚɬɨɦɚ 
ɮɬɨɪɚ ɜ ɦɨɥɟɤɭɥɟ CF4 ɞɨ γγ.γ ɞɥɹ ɚɬɨɦɚ ɮɬɨɪɚ ɜ ɦɨɥɟɤɭɥɟC2F6 (ɩɪɢ m=6). 

 
Ɍɚɛɥɢɰɚ 

Ɇɨɥɟɤɭɥɚ CF4 SiF4 SF6     UF6    C2F6 

gs 1.043 0.92 0.88 0.788 0.76 
(n-6)r0/rm 26.4585 29.4117 30.3882 32.6342 33.3177 
(n-6)rp/rm 25.8839 28.8253 29.7819 31.982 32.6516 

 
Ʉɪɨɦɟ ɬɨɝɨ, ɤ ɚɧɚɥɢɡɭ ɛɵɥɢ ɩɪɢɜɥɟɱɟɧɵ ɦɨɥɟɤɭɥɵ ɮɭɥɥɟɪɟɧɚ C60 (ɤɚɤ ɦɨɥɟɤɭɥɵ-

ɨɛɨɥɨɱɤɢ). ȼД10Жɪɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɧɚɦɢ ɦɟɬɨɞɢɤɟ.  ɉɨɥɭɱɢɥɢ ɞɥɹ 
ɤɨɨɪɞɢɧɚɬ ɦɢɧɢɦɭɦɚ: rm=10.05*10-10ɦ, İm/kȻ=γββ8.γ4Ʉ (İɦ=γ600*0.89676Ʉ, γ600=60*60 – 
ɱɢɫɥɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɩɚɪ ɨɛɨɥɨɱɟɤ, 0.89676Ʉ – ɪɚɫɫɱɢɬɚɧɧɚɹ ɝɥɭɛɢɧɚ ɹɦɵ ɉɋɈ, 
ɨɩɢɫɵɜɚɸɳɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɚɪɵ ɚɬɨɦɨɜ ɋ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧ ɜ ɫɜɨɟɣ ɦɨɥɟɤɭɥɟ). 
Ⱦɚɞɢɦ ɩɪɨɝɧɨɡ ɉɄ ɫɟɦɟɣɫɬɜɚ Ɇɢ ɞɥɹ ɷɬɢɯ ɦɨɥɟɤɭɥ, ɞɥɹ ɧɢɯ gs=0.49. (Ɏɨɪɦɭɥɵ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɵ ɞɥɹ ɞɪɭɝɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɧɨ ɞɥɹ ɨɰɟɧɨɱɧɵɯ ɪɚɫɱɟɬɨɜ ɨɧɢ 
ɩɪɢɝɨɞɧɵ). ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɚɦɢ, ɫɜɹɡɵɜɚɸɳɢɦɢ n ɢ gs, ɱɬɨ ɞɚɟɬ (ɞɥɹ m=6) n=γ9.9 (ɩɨ 
ɤɪɭɬɢɡɧɟ) ɢ n=γ9.10 (ɩɨ ɤɪɢɜɢɡɧɟ). Ɉɛɪɚɳɚɹɫɶ ɤ ɬɚɛɥɢɰɟ, ɜɢɞɢɦ, ɱɬɨ ɷɬɨɬ ɪɟɡɭɥɶɬɚɬ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɦɟɸɳɟɦɭɫɹ ɬɪɟɧɞɭ – ɱɟɦ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɟ ɮɚɤɬɨɪɚ gs, ɬɟɦ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɟ 
n ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɬɟɧɰɢɚɥɚ. 

ȼ ɪɚɛɨɬɟ Д11Ж ɩɨɬɟɧɰɢɚɥ, ɩɨɥɭɱɟɧɧɵɣ ɞɥɹ ɦɨɥɟɤɭɥ ɮɭɥɥɟɪɟɧɚ ɜ ɪɚɛɨɬɟ Д1βЖ (ɫɨɛɫɬɜɟɧɧɨ 
ɷɬɨ ɉɋɈ, ɛɟɡ ɫɫɵɥɨɤ ɧɚ ɩɢɨɧɟɪɫɤɢɟ ɪɚɛɨɬɵ Д1γЖ), ɛɵɥ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧ ɉɄ ɢɡ ɫɟɦɟɣɫɬɜɚ Ɇɢ 
ɫ ɩɚɪɚɦɟɬɪɚɦɢ rm=10.04*10-10 ɦ, İm/kȻ=γβ18.4 Ʉ, Ч=4γ, Ц=9. ɋɪɚɜɧɟɧɢɟ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ 
ɢɧɞɟɤɫɨɜ ɉɄ ɢ ɩɨɥɭɱɟɧɧɵɯ ɧɚɦɢ, ɞɟɦɨɧɫɬɪɢɪɭɟɬ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ 
ɜɵɛɨɪɚ ɮɨɪɦɵ ɉɄ (ɬ.ɟ. ɜɵɛɨɪ ɢɧɞɟɤɫɚ n), ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɩɪɨɫɬɨɣ ɪɚɫɱɟɬɧɨɣ 
ɮɨɪɦɭɥɵ ɢ ɡɧɚɧɢɢ ɨɞɧɨɝɨ ɱɢɫɥɚ – ɦɨɥɟɤɭɥɹɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɴɟɤɬɚ (ɠɟɫɬɤɨɫɬɢ 
ɨɛɨɥɨɱɤɢ gs), ɫɟɛɹ ɜɩɨɥɧɟ ɨɩɪɚɜɞɵɜɚɟɬ.  

ɋɬɚɧɞɚɪɬɧɚɹ ɩɪɨɜɟɪɤɚ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɩɨɬɟɧɰɢɚɥɨɜ (ɪɚɫɱɟɬɵ ɜɬɨɪɨɝɨ ɜɢɪɢɚɥɶɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ) ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɧɚɦɢ Д8Ж ɭɠɟ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ. 

Ɉɞɧɚɤɨ ɧɟɫɬɚɧɞɚɪɬɧɚɹ ɦɟɬɨɞɢɤɚ ɜɵɛɨɪɚ Ɇɉ ɞɨɥɠɧɚ ɛɵɬɶ ɢ ɩɪɨɜɟɪɟɧɚ ɧɟɫɬɚɧɞɚɪɬɧɨ. 
ɉɨɞɨɛɧɭɸ ɚɩɪɨɛɚɰɢɸ ɦɵ ɧɚɩɪɹɦɭɸ ɫɜɹɡɵɜɚɟɦ ɢɦɟɧɧɨ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɦɨɥɟɤɭɥɹɪɧɨ-
ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɩɪɨɝɧɨɡɚ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɪɨɝɧɨɡ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɟщɟɫɬɜɚ. ɍɠɟ ɩɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 
ɪɚɛɨɬɵ ɪɟɡɭɥɶɬɚɬɵ Д7-9,1Ж ɹɜɧɨ ɜɵɞɟɥɢɥɢ ɦɨɞɟɥɶ ɨɛɨɥɨɱɟɤ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ: ɜɵɹɜɥɟɧɧɚɹ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
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ɧɚɢɛɨɥɟɟ ɨɛɳɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɨɥɨɱɤɢ - ɠɟɫɬɤɨɫɬɶ S
g -ɨɬɪɚɠɚɟɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɮɚɤɬ 

ɷɥɟɤɬɪɨɧɧɨ-ɹɞɟɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɨɥɟɤɭɥ. əɜɥɹɹɫɶ ɭɩɪɚɜɥɹɸɳɢɦ ɩɚɪɚɦɟɬɪɨɦ ɦɨɞɟɥɢ, 
ɢɦɟɧɧɨ ɷɬɨɬ ɮɚɤɬɨɪ ɨɩɪɟɞɟɥɹɟɬ ɜɫɟ ɩɚɪɚɦɟɬɪɵ ɩɨɬɟɧɰɢɚɥɚ, ɬ.ɟ. ɤɨɨɪɞɢɧɚɬɵ ɬɪɟɯ ɨɫɨɛɵɯ 
ɬɨɱɟɤ, ɞɥɹ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ. ɂɦɟɧɧɨ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɟɧɰɢɚɥɨɜ 
ɆɆȼ (ɢɫɯɨɞɹ ɢɡ ɦɢɧɢɦɭɦɚ ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɬɨɦɨɜ ɢ ɪɚɡɦɟɪɨɜ ɦɨɥɟɤɭɥ) 
ɩɨɥɨɠɟɧ ɜ ɨɫɧɨɜɭ ɩɪɨɝɧɨɡɚ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɪɟɞɥɨɠɟɧɵДβ,4Ж ɞɜɚ ɩɪɹɦɵɯ ɫɩɨɫɨɛɚ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ İ–ɤɨɨɪɞɢɧɚɬ (İm, İp) 
ɞɜɭɯ ɨɫɨɛɵɯ ɬɨɱɟɤ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɉɄ: ɪɚɫɱɟɬ ɜ ɚɬɨɦ-ɚɬɨɦɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫ ɭɱɟɬɨɦ 
ɮɚɤɬɚ ɫɜɹɡɚɧɧɨɫɬɢ ɚɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɚɯ ɩɨ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɉɄ ɢ ɩɪɨɝɧɨɡ ɩɨ ɦɟɬɨɞɢɤɟ, 
ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɩɨɞɨɛɢɢ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ ɆɆȼ ɢ ɨɫɧɨɜɧɨɝɨ ɜɤɥɚɞɚ, ɜɧɨɫɢɦɨɝɨ 
ɷɧɟɪɝɢɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɨɛɨɥɨɱɟɤ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɝɧɨɡɚ ɫɬɚɥɚ ɭɫɬɚɧɨɜɥɟɧɧɚɹ ɢ ɮɢɡɢɱɟɫɤɢ 
ɨɛɨɫɧɨɜɚɧɧɚɹ ɧɚɦɢ ɨɞɧɨɡɧɚɱɧɚɹ ɫɜɹɡɶ ɤɨɨɪɞɢɧɚɬ ɨɫɨɛɵɯ ɬɨɱɟɤ ɦɨɞɟɥɟɣ ɞɜɭɯ ɭɪɨɜɧɟɣ: ɬɨɱɤɢ 

),(
u

p

u

p

U
rP   ɩɟɪɟɝɢɛɚ ɉɄ ɆɆȼ, ɜɜɟɞɟɧɧɨɣ ɧɚɦɢ ɜ ɹɜɧɨɟ ɨɩɢɫɚɧɢɟ, ɢ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ K 

ɩɟɪɟɝɢɛɚ ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɵ – ɤɪɢɬɢɱɟɫɤɨɝɨ ɦɨɥɹɪɧɨɝɨ ɨɛɴɟɦɚ Vc ɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ Ɍɫ. 

Ɋɚɫɱɟɬɵ ɨɛɧɚɪɭɠɢɜɚɸɬ ɫɥɟɞɭɸɳɟɟ ɫɨɜɩɚɞɟɧɢɟ ɡɧɚɱɟɧɢɣ ɤɨɨɪɞɢɧɚɬɵ İp ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ 
ɉɄ ɫɮɟɪɢɱɟɫɤɢɯ ɨɛɨɥɨɱɟɤ ɫ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ: ɞɥɹ CF4 –Ɍɫ=1.9%;7.6%, ɞɥɹ SF6 - Ɍɫ=0.1%; 1.8%; ɩɟɪɜɵɟ ɱɢɫɥɚ - ɪɚɫɱɟɬ ɩɨ ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɉɄ; ɜɬɨɪɵɟ - ɩɨ ɪɚɫɱɟɬɧɵɦ 
ɮɨɪɦɭɥɚɦ. 

ɉɨɥɭɱɟɧɵ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɨɪɞɢɧɚɬɵ u

p
r  ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ ɉɄ ɜ ɜɢɞɟ ɩɨɥɢɧɨɦɨɜ ɨɬ 

ɮɚɤɬɨɪɚ gS. Ʉɨɪɪɟɥɹɰɢɹ, ɜɵɹɜɥɟɧɧɚɹ ɦɟɠɞɭ ɤɪɢɬɢɱɟɫɤɢɦ ɦɨɥɹɪɧɵɦ ɨɛɴɟɦɨɦ VC ɢ 
ɷɥɟɦɟɧɬɚɪɧɵɦ ɤɪɢɬɢɱɟɫɤɢɦ ɦɨɥɟɤɭɥɹɪɧɵɦ ɨɛɴɟɦɨɦ 3

)(
u

p
r ɜ ɜɢɞɟ ɢɯ ɪɚɜɟɧɫɬɜɚ, ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɹ VC [1,6]. 
ȼ ɡɚɤɥɸɱɟɧɢɟ ɞɨɛɚɜɢɦ ɟɳɟ ɨɞɧɨ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ, 

ɫɜɹɡɚɧɧɨɟ ɫ ɩɨɞɤɥɸɱɟɧɢɟɦ ɤ ɚɧɚɥɢɡɭ ɫɢɥɨɜɨɣ ɤɪɢɜɨɣ drdUrF /)(   ɢ ɟɟ ɨɫɨɛɵɯ ɬɨɱɟɤ. 
ɉɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ, ɤɨɨɪɞɢɧɚɬɵ ɢɯ ɬɚɤɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 
ɜɟɳɟɫɬɜɚ. Ʌɟɝɤɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɢɦɟɟɬɫɹ ɜɫɟɝɨ ɨɞɧɚ ɧɨɜɚɹ ɨɫɨɛɚɹ ɬɨɱɤɚ F

P ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ f

p
r , 

f

p
 , ɮɢɤɫɢɪɭɸɳɚɹ ɩɟɪɟɝɢɛ  ɫɢɥɨɜɨɣ ɤɪɢɜɨɣ. Ɇɵ ɨɰɟɧɢɥɢ ɨɬɧɨɲɟɧɢɟ ɷɧɟɪɝɢɣ u

p

f

p
 /  ɞɥɹ 

ɞɜɭɯ ɬɨɱɟɤ ɩɟɪɟɝɢɛɚ PUɢ PF (ɞɥɹ ɨɰɟɧɤɢ ɛɵɥɨ ɩɪɢɜɥɟɱɟɧɨ ɫɟɦɟɣɫɬɜɨ ɩɨɬɟɧɰɢɚɥɨɜ Ɇɢ(n-m), ɫ 
ɭɱɟɬɨɦ ɜɡɚɢɦɧɵɯ ɩɟɪɟɯɨɞɨɜ ɩɨ ɩɪɟɞɥɨɠɟɧɧɵɦ ɧɚɦɢ ɦɟɬɨɞɢɤɚɦ ɢ ɫɜɹɡɢ ɫ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɨɨɪɞɢɧɚɬɵ f

p
 ). ȼɟɫɶɦɚ ɢɧɬɟɪɟɫɧɨ, ɱɬɨ ɨɧɨ ɨɱɟɧɶ ɛɥɢɡɤɨ ɷɦɩɢɪɢɱɟɫɤɢ 

ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɩɪɚɜɢɥɭ Ƚɭɥɶɞɛɟɪɝɚ, ɫɜɹɡɵɜɚɸɳɟɦɭ ɬɟɦɩɟɪɚɬɭɪɭ ɤɢɩɟɧɢɹ ɢ ɤɪɢɬɢɱɟɫɤɭɸ 
ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ 3/2/ 

cb
TT . 

Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɣɞɟɧɨ Д6Ж, ɱɬɨ ɷɮɮɟɤɬɢɜɧɵɟ ɨɛɴɟɦɵ ɨɛɴɟɤɬɨɜ, ɪɚɡɞɟɥɟɧɧɵɯ ɪɚɫɫɬɨɹɧɢɟɦ 
f

p
r , ɫɜɹɡɚɧɵ ɫ ɤɪɢɬɢɱɟɫɤɢɦ ɦɨɥɹɪɧɵɦ ɨɛɴɟɦɨɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 1.51 ( )

f

C p
V b r . Ɍɚɤɭɸ ɮɨɪɦɭ 

ɩɪɢɧɢɦɚɟɬ ɞɚɜɧɨ ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɜ ɪɚɦɤɚɯ ɬɟɨɪɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɞɨɛɢɹ Ʌ.ɉ. 
Ɏɢɥɢɩɩɨɜɵɦ ɷɦɩɢɪɢɱɟɫɤɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɜɢɞɚ 3

*)(793.0 rdV
c

 (ɜ ɫɤɨɛɤɚɯ - ɩɨɩɟɪɟɱɧɢɤ 
ɦɨɞɟɥɶɧɨɣ ɦɨɥɟɤɭɥɵ, ɜ й) Д14Ж. ȼɟɫɶɦɚ ɢɧɬɟɪɟɫɧɨ, ɱɬɨ ɧɚɣɞɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɜɫɬɪɚɢɜɚɟɬɫɹ 
ɜ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɢɟɪɚɪɯɢɸ ɫɜɹɡɟɣ ɦɟɠɞɭ VC ɢ ɷɮɮɟɤɬɢɜɧɵɦɢ ɫɨɛɫɬɜɟɧɧɵɦɢ ɨɛɴɟɦɚɦɢ b 
ɦɨɞɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɫɨɛɵɦ ɬɨɱɤɚɦ ɉɄ (ɧɭɥɶ, ɦɢɧɢɦɭɦ, ɩɟɪɟɝɢɛ): 
Vc=3b(r0)=2.5b(rm)=2b(rpu). (Ɉɛɪɚɳɚɟɦ ɜɧɢɦɚɧɢɟ ɧɚ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ – ɩɟɪɜɵɣ ɢ 
ɩɨɫɥɟɞɧɢɣ ɮɢɤɫɢɪɭɸɬ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ ɢ Ⱦɢɬɟɪɢɱɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 
ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɪɢɜɨɞɢɬ Ȼ.Ɇ. ɋɦɢɪɧɨɜ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɫɤɟɣɥɢɧɝɚ ɞɥɹ ɝɥɨɛɭɥ).(ɉɪɢ 
ɤɨɧɤɪɟɬɧɨɦ ɩɪɨɝɧɨɡɟ ɷɬɢ ɡɧɚɱɟɧɢɹ ɜɚɪɶɢɪɭɸɬɫɹ – ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɚ gS).  
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ɇɚɩɨɦɧɢɦ, ɱɬɨ ɩɨɞɝɨɧɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɦɨɞɟɥɢ ɧɟɬ. Ɇɵ ɫɱɢɬɚɟɦ, ɱɬɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ, ɞɟɦɨɧɫɬɪɢɪɭɹ ɫɜɹɡɶ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜɚ ɫ ɨɫɨɛɵɦɢ ɬɨɱɤɚɦɢ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɤɪɢɜɵɯ, ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɤɨɬɨɪɵɯ ɩɪɨɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, 
ɞɚɸɬ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɨɬɜɟɬɵ ɧɚ ɜɨɩɪɨɫɵ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɟ ɜ ɧɚɱɚɥɟ ɪɚɛɨɬɵ. 
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     (1) 

ɝɞɟ ɋi, Cj –ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɩɥɚɜɟ ɜ ɚɬ. %. 
Ⱦɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɧɚɦɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɫɬɚɜɚ 

ɷɜɬɟɤɬɢɤɢ. 
Ɋɚɫɫɦɨɬɪɢɦ ɩɪɟɞɥɨɠɟɧɧɭɸ ɦɨɞɟɥɶ ɩɨɫɬɪɨɟɧɢɹ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ «ɫɨɫɬɚɜ-ɬɟɦɩɟɪɚɬɭɪɚ» 

ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɝɨ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɫɩɥɚɜɚ ɧɚ ɩɪɢɦɟɪɟ ɫɢɫɬɟɦɵ Zr-Dy. Ⱦɥɹ ɤɚɠɞɨɣ ɜɟɬɜɢ 
ɥɢɤɜɢɞɭɫɚ ɭɪɚɜɧɟɧɢɟ (1) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
ɞɥɹ Zr: 

mailto:lmos@rambler.ru
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ɢ ɞɥɹ Dy:   
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    (3) 

ɉɟɪɟɫɟɱɟɧɢɟ ɷɬɢɯ ɥɢɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɫɨɫɬɚɜɭ ɷɜɬɟɤɬɢɤɢ. Ɋɟɲɚɹ ɫɢɫɬɟɦɭ 
ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ (β)-(γ) ɢ ɧɚɥɨɠɢɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɫɥɨɜɢɟ: 

2,1,;,100  jijiCC
ji ɆɟɆɟ (ɫɭɦɦɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɫɩɥɚɜɟ ɜɫɟɝɞɚ ɪɚɜɧɚ 100%), 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɨɫɬɚɜ ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɷɜɬɟɤɬɢɤɢ. 
ɉɚɪɚɦɟɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ a ɢ b ɧɚɣɞɟɧɵ ɦɟɬɨɞɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɋɚɡɪɚɛɨɬɚɧ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɚɥɝɨɪɢɬɦ ɞɥɹ ɢɯ ɨɩɪɟɞɟɥɟɧɢɹ. 
Ⱥɥɝɨɪɢɬɦ ɦɟɬɨɞɚ. 

ɒɚɝ 1. ȼɜɨɞ ɞɚɧɧɵɯ: ti, 
iɆɟt ,

iɆɟC . 

{ Ɍi– ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ; (
iɆɟC ,

iɆɟt ) – ɤɨɨɪɞɢɧɚɬɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ: ɫɨɫɬɚɜ ɜ ɚɬ. % ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ºC} 

ɒɚɝ β. ȼɵɱɢɫɥɟɧɢɟ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ 2,1,  i
t
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ɒɚɝ γ. ȼɵɱɢɫɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɫɟɢɜɚɧɢɹ  
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ɒɚɝ 4. ɇɚɯɨɠɞɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɩɪɹɦɨɣ ɪɟɝɪɟɫɫɢɢ d: Ax+By+C=0, ɫɭɦɦɚ ɪɚɫɫɬɨɹɧɢɣ ɨɬ 
ɤɨɬɨɪɨɣ ɞɨ ɬɨɱɟɤ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ Mi (Ci, Ki) – ɦɢɧɢɦɚɥɶɧɚ:  
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ɒɚɝ 5. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ a ɢ b: 

B

C
b

B

A
a  ; . 

ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɪɚɦɟɬɪɵ aɢ b, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɩɪɢɜɟɞɟɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɨɪɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɞɟɫɶ ɠɟ ɩɪɢɜɟɞɟɧɚ 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɬɚɤɠɟ ɫɪɟɞɧɹɹ ɨɲɢɛɤɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ

100
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A , ɱɬɨɛɵ ɢɦɟɬɶ ɨɛɳɟɟ ɫɭɠɞɟɧɢɟ ɨ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ. ɉɪɢA ɞɨ 5%, ɦɨɠɧɨ 

ɝɨɜɨɪɢɬɶ ɨ ɯɨɪɨɲɟɦ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɢ. Ⱦɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɞɚɥɶɧɟɣɲɢɯ 
ɪɚɫɱɟɬɚɯ. 

ȼ ɬɚɛɥ. β ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɨɫɬɚɜ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɷɜɬɟɤɬɢɤɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɩɥɚɜɨɜZr-Dy, ɤɨɬɨɪɵɟ ɛɵɥɢ ɧɚɣɞɟɧɵ ɩɨ ɭɪɚɜɧɟɧɢɹɦ ɒɪɟɞɟɪɚ–Ʌɟ-
ɒɚɬɟɥɶɟ Д1Ж (ɞɚɧɧɵɟ ɨɛ ɷɧɬɚɥɶɩɢɹɯ ɩɥɚɜɥɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɨɜ ɛɵɥɢ ɜɡɹɬɵ ɜ ɫɩɪɚɜɨɱɧɢɤɟ ДβЖ), 
ɩɨ ɭɪɚɜɧɟɧɢɸ Ʉɨɪɞɟɫɚ Д1Ж, ɚ ɬɚɤɠɟ ɩɨ ɩɪɟɞɥɨɠɟɧɧɵɦ ɭɪɚɜɧɟɧɢɹɦ (β)-(3). 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɜɡɹɬɵ ɜ ɫɩɪɚɜɨɱɧɢɤɟ ДγЖ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɵɣ 
ɧɚɦɢ ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ ɞɚɟɬ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ. 
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Ɍɚɛɥɢɰɚ 1. ɉɚɪɚɦɟɬɪɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ aɢ b ɜ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɦ ɫɩɥɚɜɟZr-Dy ɞɥɹ ɜɟɬɜɟɣ 
ɥɢɤɜɢɞɭɫɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ Zr ɢ Dy, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ ɞɥɹ 
ɪɚɫɱɟɬɚ 

Zr 

x1 x2 x3 x4 a b ∆Ɍ, % A 
50 80 90 – -0,0012 0,4088 1,23 0,73 
50 60 80 – -0,0003 0,3653 0,83 0,48 
50 60 70 – 0,0011 0,2887 0,61 0,41 
70 80 90 – -0,0041 0,6564 10,93 3,06 
60 70 80 – -0,0010 0,4233 3,23 0,96 
60 70 80 90 -0,0025 0,5234 6,12 1,71 
50 60 70 80 -0,0001 0,3568 0,84 0,48 

Dy 

60 70 80 – -0,0015 0,0023 0,36 0,14 
70 80 90 – -0,0024 0,2963 1,71 0,48 
60 80 90 – -0,0019 0,2538 0,76 0,22 
60 70 90 – -0,0020 0,2633 1,02 0,28 
60 70 80 90 -0,0020 0,2592 0,74 0,23 

 
Ɍɚɛɥɢɰɚ β. ɋɨɫɬɚɜ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɷɜɬɟɤɬɢɤɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 
ɫɩɥɚɜɨɜ Zr-Dy( 0011,0 DyZr

Zra ; 2887,0 DyZr

Zrb ; 0150,0 DyZr

Dya ; 2253,0 DyZr

Dyb ) 

ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ Zr, ɚɬ. %  te, ºC 

Ɋɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ ɒɪɟɞɟɪɚ–Ʌɟ-ɒɚɬɟɥɶɟ 33,62 836,17 
ɉɨɝɪɟɲɧɨɫɬɶ, ɚɛɫ.ɩɨ ɫɨɫɬɚɜɭ, ɨɬɧɨɫɢɬ.ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 9,68 34,67 

Ɋɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸɄɨɪɞɟɫɚ 85,0 838,9 
ɉɨɝɪɟɲɧɨɫɬɶ, ɚɛɫ.ɩɨ ɫɨɫɬɚɜɭ, ɨɬɧɨɫɢɬ.ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 41,7 34,46 

Ɋɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɹɦ (β)-(3) 42,71 1279,1 
ɉɨɝɪɟɲɧɨɫɬɶ, ɚɛɫ.ɩɨ ɫɨɫɬɚɜɭ, ɨɬɧɨɫɢɬ.ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ 0,59 0,07 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ[3] 43,3 1280 
 
Ɍɚɛɥɢɰɚ γ. Ɋɚɫɱɟɬ ɬɨɱɟɤ ɤɪɢɜɨɣ ɥɢɤɜɢɞɭɫɚ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 
ɫɩɥɚɜɨɜ Zr-Dy( 0011,0 DyZr

Zra ; 2887,0 DyZr

Zrb ; 0150,0 DyZr

Dya ; 2253,0 DyZr

Dyb ) 

Zr,  
ɚɬ. %  

Ɍɟɦɩɟɪɚɬɭɪɚ ɥɢɤɜɢɞɭɫɚ,tl, ºC 
Ⱦɚɧɧɵɟ 

ɫɩɪɚɜɨɱɧɢɤɚ 
[3] 

Ɋɚɫɱɟɬ ɩɨ ɭɪ-ɸ 
ɒɪɟɞɟɪɚ–Ʌɟ-

ɒɚɬɟɥɶɟ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ, 

% 

Ɋɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɹɦ 
(2)-(3) 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ, 

% 
0 1412 1412 0 1412 – 0 
10 1400 1213,57 13,32 1397,97 – 0,14 
20 1375 1040,63 24,32 1375,78 – 0,06 
30 1340 887,57 33,76 1342,77 – 0,21 
40 1294 927,83 28,3 1295,18 – 0,09 

43,3 1280 974,87 23,84 1275,4 1287,82 0,36/0,61 
50 1380 1070,37 22,44  1380,52 0,04 
60 1497 1214,66 18,86  1500,24 0,22 
70 1603 1363,24 14,96 – 1603,66 0,04 
80 1710 1518,21 11,22 – 1695,34 0,86 
90 1798 1681,49 6,48 – 1778,39 1,09 
100 1855 1855 0 – 1855 0 

ɋɪɟɞɧɹɹ ɨɲɢɛɤɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ, A 16,46 – – 0,14/0,41 
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ɉɨɫɬɪɨɟɧɢɟ ɤɪɢɜɨɣ ɥɢɤɜɢɞɭɫɚ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɢɬɶ ɩɨ ɭɪɚɜɧɟɧɢɹɦ (β) - (3) – ɪɢɫ.1, ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ.γ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɜɫɸ 
ɮɚɡɨɜɭɸ ɞɢɚɝɪɚɦɦɭ «ɫɨɫɬɚɜ-ɬɟɦɩɟɪɚɬɭɪɚ» - ɪɢɫ.1. 

ɁȺɄɅɘɑȿɇɂȿ 
1. ɉɨɥɭɱɟɧɵ ɧɨɜɵɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɷɜɬɟɤɬɢɤɢ, ɭɪɚɜɧɟɧɢɹ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɤɪɢɜɨɣ ɥɢɤɜɢɞɭɫɚ ɫɢɫɬɟɦɵ ɫɩɥɚɜɨɜ. 
2. Ɋɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɮɚɡɨɜɨɣ 
ɞɢɚɝɪɚɦɦɵ. 

 

 
Ɋɢɫ.1. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ (─) ɢ ɪɚɫɱɟɬɧɚɹ (●) ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ ɞɥɹ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ 
ɫɢɫɬɟɦɵ Zr-Dy, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɭɪɚɜɧɟɧɢɹɦ (β)-(3) 

 
ɅɂɌȿɊȺɌɍɊȺ 

 
1. ȼ.ə. Ⱥɧɨɫɨɜ, Ɇ.ɂ. Ɉɡɟɪɨɜɚ, ɘ.ə. Ɏɢɚɥɤɨɜ. Ɉɫɧɨɜɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɇɚɭɤɚ, 
Ɇɨɫɤɜɚ, 1976.  
2. John A. Dean Lange's Handbook Of Chemistry. Fifteenth Edition. McGRAW-HILL, INC.1999 
ISBN 0-07-016384-7. 
3. Ɇ. ɏɚɧɫɟɧ, Ʉ. Ⱥɧɞɟɪɤɨ. ɋɬɪɭɤɬɭɪɵ ɞɜɨɣɧɵɯ ɫɩɥɚɜɨɜ. Ɇɟɬɚɥɥɭɪɝɢɡɞɚɬ, Ɇɨɫɤɜɚ, 1961.  
 
 

 
ȼɈɁɆɈɀɇɈɋɌɖ ɂɋɉɈɅɖɁɈȼȺɇɂə ɗɇȿɊȽȿɌɂɑȿɋɄɈȽɈ ȼɈɁȾȿɃɋɌȼɂə ɇȺ 
ɋɌɊɍɄɌɍɊɍ ɈɄɈɅɈɗȼɌȿɄɌɂɑȿɋɄɈȽɈ ɊȺɋɉɅȺȼȺȾɅə ɂɋɉɈɅɖɁɈȼȺɇɂə 

ȿȽɈ ȼ ɄȺɑȿɋɌȼȿ ɊȿɉȿɊɇɈɃ ɌɈɑɄɂ ɌȿɆɉȿɊȺɌɍɊɕ 
ɉɪɨɯɨɪɟɧɤɨ ɋ.ȼ.1, ɋɬɚɞɧɵɤ Ȼ.1, Ɇɭɞɪɵɣ ɋ.2 

1 ɇɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «Ʌɶɜɨɜɫɤɚɹ ɉɨɥɢɬɟɯɧɢɤɚ», ɍɤɪɚɢɧɚ, 79013, Ʌɶɜɨɜ, 
ɭɥ. ɋɬɟɩɚɧɚ Ȼɚɧɞɟɪɵ, 1β. E-mail: siergiej.prokhorenko@gmail.com 

2 Ʌɶɜɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɂɜɚɧɚ Ɏɪɚɧɤɨ, ɍɤɪɚɢɧɚ, 79000, Ʌɶɜɨɜ, 
ɭɥ. ɍɧɢɜɟɪɫɢɬɟɬɫɤɚɹ, 1. 

 
Ɋɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɜɢɬɢɸ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ ɢ ɩɪɢɧɰɢɩɨɜ ɩɨɫɬɪɨɟɧɢɹ ɧɨɜɨɝɨ ɤɥɚɫɫɚ 

ɪɟɩɟɪɧɵɯ ɬɨɱɟɤ ɬɟɦɩɟɪɚɬɭɪɵ, - ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɷɜɬɟɤɬɢɱɟɫɤɨɣ 
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ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ. Ʉɨɧɰɟɩɰɢɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɪɟɩɟɪɧɵɯ ɬɨɱɟɤ ɜ 
ɷɜɬɟɤɬɢɤɟ ɨɫɧɨɜɚɧɚ ɧɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɞɜɭɯɷɬɚɩɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɪɟɩɟɪɧɨɝɨ ɮɚɡɨɜɨɝɨ 
ɩɟɪɟɯɨɞɚ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɦɢɤɪɨɝɟɬɟɪɨɝɟɧɧɨɝɨ 
ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɫɬɪɭɤɬɭɪɵ ɜ 
ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɇɚ ɜɬɨɪɨɦ, ɪɚɛɨɱɟɦ ɷɬɚɩɟ ɩɥɚɜɥɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɫɮɨɪɦɢɪɨɜɚɧɧɚɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɚɹ, ɪɚɜɧɨɡɟɪɧɢɫɬɚɹ, ɷɧɟɪɝɨɧɚɫɵɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɪɚɛɨɱɟɝɨ 
ɜɟɳɟɫɬɜɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ, ɱёɬɤɨ ɨɱɟɪɱɟɧɧɨɟ ɩɥɚɬɨ ɩɥɚɜɥɟɧɢɹ. 

ɇɚɦɢ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɪɢɱɢɧɵ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɥɚɜɥɟɧɢɟ-ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɛɚɡɨɜɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ 
ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɧɟɟɞɢɧɫɬɜɟɧɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɪɟɩɟɪɧɵɯ ɬɨɱɟɤ ITS-90 ɹɜɥɹɸɬɫɹ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɩɪɢɪɨɞɵ 
ɩɪɢɦɟɫɟɣ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ ɧɚɞɥɟɠɚɳɢɯ ɭɧɢɮɢɰɢɪɨɜɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɪɟɚɥɢɡɚɰɢɢ 
ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ɉɪɨɜɟɞɟɧɧɵɣ ɫɬɪɭɤɬɭɪɧɨ-ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɫɬɪɨɟɧɢɟ ɤɚɠɞɨɝɨ ɪɚɫɩɥɚɜɚ, ɤɚɤ ɢ ɫɩɨɫɨɛ ɟɝɨ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 
ɜɩɥɨɬɶ ɞɨ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, - ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ. ɂɡ 
ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɞɧɨɡɧɚɱɧɨ ɫɥɟɞɭɟɬ ɜɚɠɧɵɣ ɩɪɚɤɬɢɱɟɫɤɢɣ ɜɵɜɨɞ: ɞɥɹ ɤɚɠɞɨɝɨ 
ɦɟɬɚɥɥɚ – ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ ɪɟɩɟɪɚ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɭɸ ɦɟɬɨɞɢɤɭ 
ɪɟɚɥɢɡɚɰɢɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ (ɤɚɤ ɜ ɫɦɵɫɥɟ ɫɬɚɪɬɨɜɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɳɟɫɬɜɚ, ɬɚɤ ɢ 
ɫɤɨɪɨɫɬɢ ɟё ɢɡɦɟɧɟɧɢɹ), ɱɬɨ ɛɭɞɟɬ ɡɚɥɨɝɨɦ ɩɨɜɵɲɟɧɢɹ ɟɞɢɧɫɬɜɟɧɧɨɫɬɢ ɪɟɩɟɪɧɵɯ ɬɨɱɟɤ 
ɬɟɦɩɟɪɚɬɭɪɵ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɧɬɪɨɩɢɣɧɨ-ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɚ ɬɚɤɠɟ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɯ ɢ 
ɜɢɫɤɨɡɢɦɟɬɪɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɪɚɫɩɥɚɜɵ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɩɨɫɥɟ ɩɥɚɜɥɟɧɢɹ ɫɨɯɪɚɧɹɸɬ ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɭɸ ɫɬɪɭɤɬɭɪɭ. 
Ɍɟɨɪɟɬɢɱɟɫɤɢ ɞɨɤɚɡɚɧɨ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɛɥɚɝɨɞɚɪɹ ɤɥɚɫɬɟɪɧɨɦɭ 
ɫɬɪɨɟɧɢɸ ɫɬɪɭɤɬɭɪɚ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ ɨɫɨɛɨ ɱɭɜɫɬɜɢɬɟɥɶɧɚ ɤ ɧɚɥɨɠɟɧɢɸ ɮɢɡɢɱɟɫɤɢɯ 
ɩɨɥɟɣ.  Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɨɥɨɝɢɹ ɨɰɟɧɤɢ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɪɚɫɩɥɚɜ 
ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ ɫ ɰɟɥɶɸ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɣ, ɪɚɜɧɨɡɟɪɧɢɫɬɨɣ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢ-ɧɚɫɵɳɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɛɨɥɟɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɟ 
ɩɥɚɬɨ ɩɥɚɜɥɟɧɢɹ. Ʉɨɧɬɪɨɥɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɪɨɜɧɹ ɨɞɧɨɪɨɞɧɨɫɬɢ ɢ 
ɞɢɫɩɟɪɫɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢ ɟё ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɞɚɩɬɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ (Aɗ). ɉɪɢ 
ɩɥɚɜɥɟɧɢɢ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɱɚɥɚ ɢ ɡɚɜɟɪɲɟɧɢɹ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɨɝɨ, ɜɢɫɤɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ, 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ, ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɝɨ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɢ Aɗ ɦɟɬɨɞɨɜ 
ɚɧɚɥɢɡɚ ɢɫɫɥɟɞɨɜɚɧ ɩɪɟɰɢɡɢɨɧɧɵɣ ɫɨɫɬɚɜ ɷɜɬɟɤɬɢɤɢ ɫɢɫɬɟɦɵ IЧ-Ga-SЧ, ɧɟɨɛɯɨɞɢɦɵɣ 
ɭɪɨɜɟɧɶ ɩɟɪɟɝɪɟɜɚ ɪɚɫɩɥɚɜɚ, ɩɚɪɚɦɟɬɪɵ ɟɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢ ɭɫɥɨɜɢɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɨɩɬɢɦɚɥɶɧɵɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɦɚɤɫɢɦɚɥɶɧɨ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 
ɩɥɚɬɨ ɩɥɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɭɪɨɜɧɹ ɟɝɨ ɞɥɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ. ɒɢɪɢɧɚ ɨɛɟɫɩɟɱɢɜɚɟɦɨɝɨ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɩɥɚɬɨ ɩɥɚɜɥɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,008°C. 

Ɋɚɡɪɚɛɨɬɚɧɵ ɢ ɢɫɫɥɟɞɨɜɚɧɵ ɦɨɛɢɥɶɧɵɟ ɪɟɩɟɪɧɵɟ ɬɨɱɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ 
ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ ɷɜɬɟɤɬɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦ IЧ-Ga-SЧ ɢ IЧ-BТ. Ɉɛɟɫɩɟɱɟɧɚ ɪɟɚɥɢɡɚɰɢɹ 
ɩɥɚɬɨ ɩɥɚɜɥɟɧɢɹ ɫ ɩɚɪɚɦɟɬɪɚɦɢ (ɞɨɫɬɢɝɧɭɬɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ × 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɟɝɢɫɬɪɢɪɨɜɚɧɢɹ ɩɥɚɬɨ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ): (0,0β°C ×5 
ɱɚɫ. 10,58°C); (0,0γ°C ×1 ɱɚɫ 7β,7γ°C). Ɋɚɡɪɚɛɨɬɚɧ, ɢɡɝɨɬɨɜɥɟɧ ɢ ɢɫɫɥɟɞɨɜɚɧ ɦɨɛɢɥɶɧɵɣ 
ɪɟɩɟɪ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɬɚɛɢɥɢɡɚɬɨɪɚ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɱɢ 
ɢ Aɗ-ɤɨɦɩɥɟɤɫɚ ɤɨɧɬɪɨɥɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɪɨɜɧɹ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ. 
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ɉɪɨɛɥɟɦɚ ɩɨɫɬɪɨɟɧɢɹ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ ɤɚɥɨɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɞɧɨɪɨɞɧɨɝɨ ɢ 
ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɹɜɥɹɟɬɫɹ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜɚɠɧɨɣ, ɧɨ ɢ ɞɨɫɬɚɬɨɱɧɨ 
ɞɢɫɤɭɫɫɢɨɧɧɨɣ. Ɋɚɧɟɟ ɜ Д1,2Ж ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɤɚɤ 
ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɜɨɝɨ ɝɚɡɚ ɮɥɭɤɬɭɚɰɢɣ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ, ɡɧɚɱɟɧɢɣ ɤɪɢɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, 
ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ ДγЖ, ɜ ɪɚɦɤɚɯ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɫɤɟɣɥɢɧɝɚ Д4], ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ ɩɨɯɨɞ [5,6] ɤ ɧɚɯɨɠɞɟɧɢɸ ɬɪɟɯɦɟɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɪɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɞɥɹ ɨɞɧɨɪɨɞɧɵɯ ɢ ɧɟɨɞɧɨɪɨɞɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɠɢɞɤɨɫɬɟɣ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɞɥɹ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ ɤɚɤ ɬɟɪɦɢɱɟɫɤɢɯ 
(ɦɟɯɚɧɢɱɟɫɤɢɯ), ɬɚɤ ɢ ɤɚɥɨɪɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ, ɜɨ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɨɱɤɢ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɦɟɬɨɞ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɫɤɟɣɥɢɧɝɚ (comprehensivescaling) ɧɚ 
ɨɫɧɨɜɟ ɭɪɚɜɧɟɧɢɣ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɫɤɟɣɥɢɧɝɚ Д4Ж ɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɟɬɨɞɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ. ɉɪɢ ɷɬɨɦ ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɩɨɜɟɞɟɧɢɟ 
ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɨɞɧɨɪɨɞɧɵɯ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɧɟɨɞɧɨɪɨɞɧɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ, 
ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɤɥɚɫɫɭ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɂɡɢɧɝɚ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɢɱɟɫɤɢɯ 
ɩɨɥɟɣ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɢ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɟ ɩɨɥɹ.  

ɉɨɫɬɪɨɟɧɵ ɬɪɟɯɦɟɪɧɵɟ ɮɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɪɚɡɥɢɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɨɬɤɥɢɤɨɜ ɧɚ 
ɬɟɩɥɨɜɵɟ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɜɨɡɞɟɣɫɬɜɢɹ, ɫɜɹɡɚɧɧɵɟ ɫ ɚɤɬɢɜɧɨɫɬɶɸ ɫɢɫɬɟɦɵ 
ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. ɉɪɨɜɟɞɟɧ ɢɯ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. 
Ɋɚɫɫɦɨɬɪɟɧɵ ɫɜɨɣɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɨɱɤɢ.  

ɋɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ ɜɫɟ ɩɥɨɬɧɨɫɬɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɹɜɥɹɸɬɫɹ 
ɫɢɥɶɧɨ ɮɥɭɤɬɭɢɪɭɸɳɢɦɢ ɜɟɥɢɱɢɧɚɦɢ.   

ɋɪɚɜɧɢɬɟɥɶɧɵɯ ɚɧɚɥɢɡ ɫɜɨɣɫɬɜ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɮɥɭɤɬɭɚɰɢɣ Д7-9Ж ɩɚɪɚɦɟɬɪɨɜ ɩɨɪɹɞɤɚ 
ɢ ɩɚɪɚɦɟɬɪɨɜ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ [10] ɩɪɨɜɟɞɟɧ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɧɨɜɨɝɨ 
ɜɚɪɢɚɧɬɚ ɚɥɝɟɛɪɵ ɮɥɭɤɬɭɢɪɭɸɳɢɯ ɜɟɥɢɱɢɧ – ɫɢɦɦɟɬɪɢɱɧɨɣ ɚɥɝɟɛɪɵ ɮɥɭɤɬɭɢɪɭɸɳɢɯ 
ɜɟɥɢɱɢɧ ɜɨ ɜɫɟɦ ɛɥɢɡɤɨɦ ɨɤɪɭɠɟɧɢɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. ɉɨɥɭɱɟɧɵ ɫɨɨɬɧɨɲɟɧɢɹ 
ɫɢɦɦɟɬɪɢɱɧɨɣ ɚɥɝɟɛɪɵ ɮɥɭɤɬɭɢɪɭɸɳɢɯ ɜɟɥɢɱɢɧ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɩɪɨɜɟɞɟɧ ɢɯ ɚɧɚɥɢɡ ɞɥɹ ɪɹɞɚ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɧɚɩɪɚɜɥɟɧɢɣ.   

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ ɩɨɤɚɡɚɥ ɨɬɥɢɱɢɟ ɫɜɨɣɫɬɜ ɫɢɦɦɟɬɪɢɱɧɨɣ ɫɢɫɬɟɦɵ 
ɂɡɢɧɝɚ ɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ. Ⱦɥɹ ɷɬɢɯ ɫɢɫɬɟɦ ɩɨɜɟɞɟɧɢɟ ɬɟɪɦɢɱɟɫɤɢɯ (ɦɟɯɚɧɢɱɟɫɤɢɯ) 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɱɟɫɬɜɟɧɧɨ ɩɨɞɨɛɧɨ, ɫɭɳɟɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ ɢɦɟɟɬ ɦɟɫɬɨ ɞɥɹ ɤɚɥɨɪɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɬɚɤɢɯ ɤɚɤ ɷɧɬɪɨɩɢɹ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ.  

ɉɨɫɬɪɨɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɬɪɟɯɦɟɪɧɵɟ ɮɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɜɨ ɜɫɟɦ 
ɛɥɢɡɤɨɦ ɨɤɪɭɠɟɧɢɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɞɥɹ ɷɧɬɪɨɩɢɢ ɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɚɯɨɞɹɬɫɹ ɜ 
ɤɚɱɟɫɬɜɟɧɧɨɦ ɫɨɝɥɚɫɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɩɪɹɦɵɦɢ 
ɪɚɫɱɟɬɚɦɢ ɷɧɬɪɨɩɢɢ ɧɚ ɨɫɧɨɜɟ P-V-T ɞɚɧɧɵɯ.  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɨɫ ɢɧɬɟɪɟɫ ɤ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɪɚɡɥɢɱɧɵɯ ɪɚɜɧɨɜɟɫɧɵɯ 

ɢ ɤɢɧɟɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ ɚ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ [1]. Ɇɧɨɝɢɟ ɚɜɬɨɪɵ ɷɬɨ 
ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ ɧɚɡɵɜɚɸɬ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ (ɋɄɎ) ɢɥɢ ɤɪɢɬɢɱɟɫɤɢɦ ɮɥɸɢɞɨɦ (ɄɎ). 
ȼɨɡɪɨɫɲɢɣ ɢɧɬɟɪɟɫ ɤ ɷɬɨɦɭ ɫɨɫɬɨɹɧɢɸ ɜɟɳɟɫɬɜɚ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɜɹɡɚɧ ɫ ɲɢɪɨɤɢɦ 
ɩɪɚɤɬɢɱɟɫɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɟɝɨ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ Д2Ж. Ⱦɥɹ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɢɯ ɫɜɨɣɫɬɜ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ (ɄɎ) 
ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɟɝɨ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɤɪɢɬɢɱɟɫɤɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɢ ɧɟɭɧɢɜɟɪɫɚɥɶɧɵɟ ɤɪɢɬɢɱɟɫɤɢɟ ɚɦɩɥɢɬɭɞɵ.  

Ɍɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɶɫɹ ɜɟɥɢɱɢɧɵɚɦɩɥɢɬɭɞ Ƚ0, D0, ȼ0 ɜɞɨɥɶ ɝɪɚɧɢɱɧɢɯ 
ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɯɨɪɵ, 
ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɵ, ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ: 
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Ⱥ ɬɚɤɠɟ ɚɦɩɥɢɬɭɞɵ ɚ ɢ k, ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ ɜ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɦ ɜɢɞɟ, ɤɨɬɨɪɨɟ 
ɨɩɢɫɵɜɚɟɬ ɜɫɟ ɛɥɢɡɤɨɟ ɨɤɪɭɠɟɧɢɟ ɄɌ [3]:  ;1
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Ɂɞɟɫɶ        211/)3(21/2
2 b  - ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɫɜɹɡɚɧɧɚɹ ɫ 

ɤɪɢɬɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɎɌɎɉ Д1Ж.  
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯɊVT- ɢɡɦɟɪɟɧɢɣ ɲɢɪɨɤɨɝɨ 

ɤɥɚɫɫɚ ɠɢɞɤɨɫɬɟɣ Д4, 5Ж, ɢɫɩɨɥɶɡɭɹ ɜɟɥɢɱɢɧɵ ɤɪɢɬɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ Д6Ж, ɨɩɪɟɞɟɥɟɧɵ 
ɜɟɥɢɱɢɧɵ ɚɦɩɥɢɬɭɞ B0, Ƚ0, D0  ɢɚ, k ɭɪɚɜɧɟɧɢɣ (1) ɢ (β).  
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ɂɫɯɨɞɹ ɢɡ ɷɬɢɯ ɞɚɧɧɵɯ ɧɚɣɞɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɚɦɩɥɢɬɭɞ B0, Ƚ0, D0  ɢɚ, k ɫ ɮɚɤɬɨɪɚɦɢ 

ɫɠɢɦɚɟɦɨɫɬɢ ɜɟɳɟɫɬɜɚ Zɫ=PɫVɫ/RTɫ.  ɢ * c
c
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     ɜ ɜɢɞɟ: 
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, 

   (4) 

ɉɨɥɭɱɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ (γ), (4) ɩɨɥɧɨɫɬɶɸ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɦɭ 
ɫɨɨɬɧɨɲɟɧɢɸ ɎɌɎɉ [1] 
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Ƚ B b
1, 6 3

D (b 1)

   

     (5) 

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɚ, k ɢ b, ɧɚ ɨɫɧɨɜɟ (β) ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɬɪɟɯɦɟɪɧɵɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ (, t) (ɪɢɫ.1), r(, t) (ɪɢɫ.β) ɜɨ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɤɪɢɬɢɱɟɫɤɨɣ 

ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ 
2 2 1

ô ô ô
10 , t 10 , 10

       . 

ɇɚ ɫɥɟɞɭɸɳɟɦ ɷɬɚɩɟ ɢɫɩɨɥɶɡɭɹ ɜɢɞ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɬɪɟɯɦɟɪɧɵɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɞɢɭɫɚ ɤɨɪɪɟɥɹɰɢɢ c

R ( , t )   ɢ ɜɢɞɚ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɱɚɫɬɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ  

f
F ( , t ) . 

ȼɢɞ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɜɵɫɨɬɧɨɣ ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɞɢɭɫɚ ɤɨɪɪɟɥɹɰɢɢ Rc(h, t) ɢ  3

,
f ñ

F R h t
 , ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɩɨ 

ɞɚɧɧɵɦ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ ɜ ɧ-ɩɟɧɬɚɧɟ ɜ ɩɨɥɟ ɝɪɚɜɢɬɚɰɢɢ Ɂɟɦɥɢ (h=cgz/Pc) 
[7].   

ɂɫɩɨɥɶɡɭɹ ɜɢɞ  3

0
,

f ñ
F Ñ R t

   (ɪɢɫ.4) ɜɨ ɜɫɟɣ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ 

ɜɛɥɢɡɢ ɄɌ ɦɨɠɧɚ ɪɚɫɱɢɬɚɬɶ ɬɟɪɦɢɱɟɫɤɢɟ: ( ;
d

dF Ɏ )
2

2




d

Fd

d

d Ɏ , ɤɚɥɥɨɪɢɱɟɫɤɢɟ ( ;
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2

Ɏ
V 2

d F
C

d t
 ) ɢ ɤɢɧɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɄɎ: ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ 1

c
D R ,

  

ɞɢɧɚɦɢɱɟɫɤɭɸ ɜɹɡɤɨɫɬɶ Z

c
R   ɢ ɜɪɟɦɹ ɠɢɡɧɢ ɮɥɭɤɬɭɚɰɢɣ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ 3

c
R   

ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ. ɂɦɟɧɧɨ ɷɬɢ ɭɧɢɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɤɪɢɬɢɱɟɫɤɨɝɨ 
ɮɥɸɢɞɚ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ [2]. 
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ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɦɟɯɚɧɢɡɦ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɥɟɠɚɳɢɯ ɜ ɨɫɧɨɜɟ ɲɢɪɨɤɨɝɨ 
ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜɚ ɜ ɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ: 
ɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ (ɄɎ) ɜ ɧɨɜɟɣɲɢɯ ɬɟɯɧɨɥɨɝɢɹɯ [1, 2]. 

Ʉ ɧɢɦ ɨɬɧɨɫɢɬɫɹ:   ȼɨɡɨɛɧɨɜɥɟɧɢɟ ɢ ɫɨɯɪɚɧɟɧɢɟ ɧɚɰɢɨɧɚɥɶɧɵɯ ɪɟɫɭɪɫɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɄɎ ɫ 
ɰɟɥɶɸ ɨɱɢɫɬɤɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ ɪɚɞɢɚɰɢɨɧɧɵɯ, ɯɢɦɢɱɟɫɤɢɯ, ɛɢɨɥɨɝɢɱɟɫɤɢɯ 
ɡɚɝɪɹɡɧɟɧɢɣ.  ɉɪɨɢɡɜɨɞɫɬɜɨ ɷɤɫɬɪɚɤɬɨɜ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɫɵɪɶɹ ɞɥɹ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ, ɩɢɳɟɜɨɣ, 
ɤɨɫɦɟɬɢɱɟɫɤɨɣ, ɩɚɪɮɸɦɟɪɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
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 ɄɎ –ɢɫɬɨɱɧɢɤ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɨɣ ɷɧɟɪɝɢɢ, ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ ɞɥɹ 
ɞɜɢɝɚɬɟɥɟɣ ɛɭɞɭɳɟɝɨ.  ɗɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɞɨɛɵɱɢ ɧɟɮɬɢ ɢ ɭɝɥɹ, ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ.  ɇɚɞɟɠɧɵɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɋɨɝɥɚɫɧɨ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɬɟɨɪɢɢ ɮɚɡɨɜɢɯ ɩɟɪɟɯɨɞɨɜ (ɎɌɎɉ) [3], ɷɬɨɬ ɦɟɯɚɧɢɡɦ ɫɜɹɡɚɧ 
ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɟɝɨ ɪɚɜɧɨɜɟɫɧɵɟ 
ɢ ɤɢɧɟɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. Ɏɥɭɤɬɭɚɰɢɨɧɧɚɹ ɱɚɫɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɬɚɤɨɣ 
ɫɢɫɬɟɦɵ ɜɛɥɢɡɢ ɄɌ (TTɤ, PPɤ, ɤ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ, ɩɨɞɨɛɧɵɦ ɭɪɚɜɧɟɧɢɸ 
ɷɧɟɪɝɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ.  
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   (1) 

ȼ ɷɬɨɣ ɮɨɪɦɭɥɟ NɮRc
-3– ɧɟ ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɜɟɳɟɫɬɜɚ, ɚ ɤɨɥɢɱɟɫɬɜɨ ɮɥɭɤɬɭɚɰɢɣ 

ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ ɜ ɨɞɧɨɦ ɦɨɥɟ ɫɢɫɬɟɦɵ, NȺ – ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ, Zk=PkVk/RTk – ɤɪɢɬɢɱɟɫɤɢɣ 
ɮɚɤɬɨɪ ɫɠɢɦɚɟɦɨɫɬɢ ɜɟɳɟɫɬɜɚ, ɮ – ɩɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ ɜɧɭɬɪɢ ɮɥɭɤɬɭɚɰɢɢ ɩɚɪɚɦɟɬɪɚ 
ɩɨɪɹɞɤɚ; Pk, Vk, Tk, k, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɪɢɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ, ɨɛɴɟɦɚ, ɬɟɦɩɟɪɚɬɭɪɵ 
ɢ ɩɥɨɬɧɨɫɬɢ ɜɟɳɟɫɬɜɚ.  

ɂɫɯɨɞɹ ɢɡ (1) ɤ ɫɬɪɭɤɬɭɪɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɄɎ ɧɟɨɛɯɨɞɢɦɨ ɨɬɧɟɫɬɢ ɩɨɥɟɜɵɟ ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɞɢɭɫɚ ɤɨɪɪɟɥɹɰɢɢ ɄɎ Rc(,t), ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ 
ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ ɮɥɭɤɬɭɚɰɢɣ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ; ɤɨɥɢɱɟɫɬɜɨ ɷɬɢɯ ɮɥɭɤɬɭɚɰɢɣ ɜ ɨɞɧɨɦ 
ɦɨɥɟ ɜɟɳɟɫɬɜɚ σɮ~Rc

; ɩɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ ɮ ɜɧɭɬɪɢ ɮɥɭɤɬɭɚɰɢɨɧɧɨɝɨ ɨɛɴɟɦɚ Яɮ=4/3Rc
, 

ɪɚɛɨɬɭ ɨɛɪɚɡɨɜɚɧɢɹ ɮɥɭɤɬɭɚɰɢɣ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ, ɫɜɹɡɚɧɧɭɸ ɫ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɱɚɫɬɶɸ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ Ⱥɮ=Fɮ=NɮkȻT=ɋ0Rc

. 
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɭɤɚɡɚɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɄɎ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ, ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɚɧɚɥɢɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ. 
ɉɪɢ ɷɬɨɦ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɹɜɥɟɧɢɟ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɷɮɮɟɤɬɚ.  

Ɍɚɤ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɯ ɜɵɫɨɬɧɵɯ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɫɜɟɬɚ I(г,Э) ɜɟɥɢɱɢɧɚ ɪɚɞɢɭɫɚ ɤɨɪɪɟɥɹɰɢɢ Rc(г,Э) ɜɟɳɟɫɬɜɚ 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ c ɩɨɦɨɳɶɸ ɢɡɜɟɫɬɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ДγЖ:  

1

21
2

K

c

I1
R (z ,t)= 1

q I(z ,t)

 
        

    (2) 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.1. 
ȼ ɨɛɥɚɫɬɢ ɜɵɫɨɬ г=(010) ɫɦ, c c

h gz P   (0104) ɢ ɬɟɦɩɟɪɚɬɭɪ  c c
t T T / T  =(10

2104), Rc=1100 ɧɦ.  
ɂɫɩɨɥɶɡɭɹ ɷɬɢ ɞɚɧɧɵɟ Rc(С,Э) (ɪɢɫ. 1.) ɧɚɣɞɟɧɚ ɜɟɥɢɱɢɧɚ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɱɚɫɬɢ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ Fɮ*(t,h)=
3

0 c
C R ( t , h )


 [4].  

ɂɫɯɨɞɹ ɢɡ ɜɢɞɚ ɩɨɜɟɪɯɧɨɫɬɢ F*
ɮ(t,h), ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɪɚɡɥɢɱɧɵɟ ɬɟɪɦɢɱɟɫɤɢɟ ɢ 

ɤɚɥɨɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɄɎ: ɩɥɨɬɧɨɫɬɶ =dF*
ɮ/d; ɫɠɢɦɚɟɦɨɫɬɶ T=dF*

ɮ/d; ɷɧɬɪɨɩɢɸ s=dF*
ɮ/НЭ; ɬɟɩɥɨɟɦɤɨɫɬɶ  Cv=dF*

ɮ/dt.  
ɂɫɩɨɥɶɡɭɹ ɜɢɞ ɩɨɜɟɪɯɧɨɫɬɢ ɮ Ȼ ɤ* 3

Ɏ 0 М

ɤ ɤ

N k T
F ɋ R

P V

  , ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɱɢɫɥɨ ɮɥɭɤɬɭɚɰɢɣ 

ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ ɜ ɨɞɧɨɦ ɦɨɥɟ ɜɟɳɟɫɬɜɚ Nɮ=NAZɤɋ0Rc
=NAZɤFɮ

*. ɉɨɥɭɱɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ.β. 
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Ɋɢɫ. 1. ȼɢɞ ɬɪɟɯɦɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɞɢɭɫɚ ɤɨɪɪɟɥɹɰɢɢ Rc(z,Э) ɧɟɨɞɧɨɪɨɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧ-
ɩɟɧɬɚɧɚ ɤɚɤ ɮɭɧɤɰɢɹ ɜɵɫɨɬɵ zɢ ɬɟɦɩɟɪɚɬɭɪɵ T=T-Tk 

 

 

Ɋɢɫ. β. ȼɢɞ ɬɪɟɯɦɟɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɥɢɱɟɫɬɜɚ ɮɥɭɤɬɭɚɰɢɣ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ σɮ ɜ ɨɞɧɨɦ 
ɦɨɥɟ ɜɟɳɟɫɬɜɚ ɧ-ɩɟɧɬɚɧɚ ɤɚɤ ɮɭɧɤɰɢɹ ɜɵɫɨɬɵ z ɢ ɬɟɦɩɟɪɚɬɭɪɵ T=T-Tk 

Ⱦɚɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɄɎ ɧ-ɩɟɧɬɚɧɚ ɜɞɨɥɶ ɩɪɟɞɟɥɶɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɧɚɩɪɚɜɥɟɧɢɣ ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɯɨɪɵ, ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ, ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɵ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɜɢɞɟ: 

23 3

ɮN 2, 9 10 t   
; 

24 3

ɮN 2 10 | t |   
; 

25 3

ɮN 2 10 h   
  (3) 
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ɂɫɯɨɞɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ (1) ɢ ɜɢɞɚ ɩɨɫɬɨɹɧɧɨɣ 1

0 ɤ F М ɤ AC V (4 / 3 Z N )
      ɩɥɨɬɧɨɫɬɶ 

ɜɟɳɟɫɬɜɚ ɜ ɨɛɴɟɦɟ ɮɥɭɤɬɭɚɰɢɣ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ 3

ɮ Мv 4 / 3 R   ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɨɨɬɧɨɲɟɧɢɟɦ 

0
4

ɤ ɤ ɤ
ɮ ɤ ɤ

ɮ ɤ ɮ ɮ A ɤ

V V V

V v N N Z ɋ
          (4) 

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɚɡɥɢɱɧɵɯ ɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ: ɇ2Ɉ, 
ɋɈ2, ɮɪɟɨɧ-11γ ɪɚɫɫɱɢɬɚɧɵ ɜɟɥɢɱɢɧɵ ɩɥɨɬɧɨɫɬɟɣ ɷɬɢɯ ɜɟɳɟɫɬɜ ɜɧɭɬɪɢ ɮɥɭɤɬɭɚɰɢɨɧɧɨɝɨ 

ɨɛɴɟɦɚ ɮv :ɮ3ɤД5Ж. Ʉɚɤ ɜɢɞɢɦ, ɬɚɤɚɹ ɩɥɨɬɧɨɫɬɶ ɮ ɛɥɢɡɤɚ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɣ ɮɚɡɵ 

æ ê
3    ɜɞɚɥɢ ɨɬ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɧɟɣɬɪɨɧɧɨɣ ɢ ɨɩɬɢɱɟɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɜ ɤɪɢɬɢɱɟɫɤɨɦ 
ɫɨɫɬɨɹɧɢɢ ɜɟɳɟɫɬɜɚ Д6, 7Ж.   

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɬɚɤɢɯ ɡɧɚɱɟɧɢɹɯ 
ɩɥɨɬɧɨɫɬɟɣ ɮɤ ɜɧɭɬɪɢ ɮɥɭɤɬɭɚɰɢɨɧɧɨɝɨ ɨɛɴɟɦɚ 3

F c
v 4 / 3 R   ɷɧɟɪɝɢɹ 

ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɟɫɶɦɚ ɜɟɥɢɤɚ (>> kȻTɤ) Д5Ж. ɉɨɫɥɟ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɮ~Rc

ɮɥɭɤɬɭɚɰɢɹ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ ɪɚɡɪɭɲɚɟɬɫɹ Д5Ж. ɉɪɢ 
ɷɬɨɦ ɦɨɥɟɤɭɥɵ ɜɟɳɟɫɬɜɚ ɞɨɥɠɧɵ ɪɚɡɥɟɬɚɬɶɫɹ ɫɨ ɫɤɨɪɨɫɬɹɦɢ ɮ, ɡɧɚɱɢɬɟɥɶɧɨ 
ɩɪɟɜɵɲɚɸɳɢɦɢ ɫɤɨɪɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɮ>>ɬ=(3kȻTɤ/2m)=10 ɫɦ/ɫ. Ⱦɥɹ 
ɨɰɟɧɨɤ ɤɨɧɤɪɟɬɧɵɯ ɜɟɥɢɱɢɧ ɬɚɤɢɯ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɄɎ-H2τ ɜ ɪɚɛɨɬɟ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɚɧɧɵɟ Д8Ж, ɜ ɤɨɬɨɪɵɯ ɢɡɭɱɚɸɬɫɹ ɩɪɨɰɟɫɫɵ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ AХ2O3 ɫ 
ɩɨɦɨɳɶɸ ɄɎ-H2τ. ɗɬɢ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɬɚɤɢɯ ɩɪɨɰɟɫɫɚɯ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ 
ɦɨɥɟɤɭɥɵ ɜɨɞɵ А=ЦЯ2/β ɩɪɢ ɪɚɫɩɚɞɟ ɮɥɭɤɬɭɚɰɢɢ ɩɚɪɚɦɟɬɪɚ ɩɨɪɹɞɤɚ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ, 
ɱɟɦ ɷɧɟɪɝɢɹ ɫɭɛɥɢɦɚɰɢɢ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ AХ. ɂɫɯɨɞɹ ɢɡ ɷɧɟɪɝɢɢ ɫɭɛɥɢɦɚɰɢɢ ɨɞɧɨɝɨ ɦɨɥɹ AХ 
Eɫ=γ01,7 ɤȾɠ/ɦɨɥɶ Д8Ж, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɄɎ-H2τ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɜɟɥɢɱɢɧɭ ɮ106  ɫɦ/ɫ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɳɭɸ ɫɤɨɪɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɬ=105 ɫɦ/c.  

ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɢɦɟɧɧɨ ɬɚɤɢɟ ɛɨɥɶɲɢɟ 
ɷɧɟɪɝɢɢ ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɦɨɥɟɤɭɥ ɜɟɳɟɫɬɜɚ  106 ɫɦ/ɫ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ 
ɩɪɨɹɜɥɟɧɢɹ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɄɎ ɩɪɢ ɟɝɨ ɩɪɚɤɬɢɱɟɫɤɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ Д1, βЖ.  
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ɋȾȼɂȽɈȼȺə ȼəɁɄɈɋɌɖ ȾȼɈɃɇɕɏ ɊȺɋɌȼɈɊɈȼ 
 ȼȾɈɅɖ ɄɊɂɌɂɑȿɋɄɈɃ ɂɁɈɄɈɇɐȿɇɌɊȺɌɕ, ȽɊȺɇɂɐɕ ɊȺɁȾȿɅȺ ɎȺɁ, 

ɄɊɂɌɂɑȿɋɄɈɃ ɂɁɈɌȿɊɆɕ 
Ⱥɥɟɯɢɧ Ⱥ.Ⱦ., ȼɨɣɬɟɲɟɧɤɨ Ⱥ.ȼ., Ɋɭɞɧɢɤɨɜ ȿ.Ƚ.,  

Ɉɫɬɚɩɱɭɤ ɘ.Ʌ., Ⱥɛɞɢɤɚɪɢɦɨɜ Ȼ.ɀ. 
Ʉɢɟɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɨ,  

ɍɤɪɚɢɧɚ, 0γ6β7, Ʉɢɟɜ, ɩɪɨɫɩ. Ƚɥɭɲɤɨɜɚ 6.  
E-mail:alekhin@univ.kiev.ua, rudnikof@yahoo.com,  
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ 

ɤɢɧɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɟɳɟɫɬɜɚ - ɜɹɡɤɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ, 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ ɡɚɞɚɱɚɦɢ ɮɢɡɢɤɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɜɟɳɟɫɬɜɚ Д1-3].  

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ 
ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ (ɄɌ) ɷɬɭ ɤɢɧɟɬɢɱɟɫɤɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɫɢɫɬɟɦɵ ɧɟɨɛɯɨɞɢɦɨ 
ɩɪɟɞɫɬɚɜɥɹɬɶ ɜ ɜɢɞɟ ɞɜɭɯ ɫɥɚɝɚɟɦɵɯ: 

 1 1 0
( ) ( ) ( ) ( ) ( )

ZZ Z

r f r c r
t t t q R q r t

             (1) 

Ɂɞɟɫɶ    r
 ex pt Ⱥ B T   – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɟɝɭɥɹɪɧɚɹ ɢ 

f
 [2, 3] – ɮɥɭɤɬɭɚɰɢɨɧɧɚɹ 

ɱɚɫɬɢ ɜɹɡɤɨɫɬɢ;  ɢ г – ɤɪɢɬɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɞɢɭɫɚ ɤɨɪɪɟɥɹɰɢɢ ɫɢɫɬɟɦɵ 0c
R r t

  [1] 

ɢ ɜɹɡɤɨɫɬɢ Дβ, 3]; ( ) /ɫ ɫt T T T  , 1
q  – ɩɚɪɚɦɟɬɪ, ɢɦɟɸɳɢɣ ɪɚɡɦɟɪɧɨɫɬɶ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪɚ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ (1), ɩɪɢ ɩɨɞɯɨɞɟ ɤ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ  0t   ɨɬɧɨɲɟɧɢɟ r
 

ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɜɨɡɪɚɫɬɚɟɬ. Ɉɞɧɚɤɨ ɚɧɚɥɢɡ ɛɨɥɶɲɢɧɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ  t  

Д4Ж ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɤɨɧɟɱɧɨɣ ɜɟɥɢɱɢɧɟ ɜɹɡɤɨɫɬɢ ɜ ɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɜɟɳɟɫɬɜɚ. 
Ʉɨɧɟɱɧɨɟ ɡɧɚɱɟɧɢɟ ɫɞɜɢɝɨɜɨɣ ɜɹɡɤɨɫɬɢ ɬɚɤɠɟ ɫɥɟɞɭɟɬ ɢɡ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɪɚɛɨɬɵ Ɇ. Ɏɢɤɫɦɚɧɚ 
[5]. 

ȼ ɪɚɦɤɚɯ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ Д6Ж ɜ ɪɚɛɨɬɟ Д5Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɥɢɲɶ ɜ 

ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ  0
c

q R   ɜɹɡɤɨɫɬɶ ɫɢɫɬɟɦɵ  t , ɨɛɭɫɥɨɜɥɟɧɧɚɹ 

ɫɠɢɦɚɟɦɨɫɬɶɸ  t  ɢ ɪɚɞɢɭɫɨɦ ɤɨɪɪɟɥɹɰɢɢ ɜɟɳɟɫɬɜɚ   1 2 1 2
~ ~ ~

f c
t R t     , 

ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɩɨɞɯɨɞɟ ɤ ɄɌ  0t  . 

ȼ ɪɚɛɨɬɟ Д7Ж, ɩɨ ɚɧɚɥɨɝɢɢ ɫ Д5Ж, ɧɚ ɨɫɧɨɜɟ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɬɟɨɪɢɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ 
(ɎɌɎɉ) Д1Ж ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɜɹɡɤɨɫɬɢ  f

t , ɤɨɬɨɪɨɟ ɬɚɤɠɟ 
ɭɱɢɬɵɜɚɟɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɞɢɫɩɟɪɫɢɸ ɫɢɫɬɟɦɵ: 

  1
2 2

2
1

f c c
Ⱥ R q R          (2)  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢ ɚɧɚɥɢɡɟ ɪɟɡɭɥɶɬɚɬɨɜ ɨɞɧɨɜɪɟɦɟɧɧɨ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɚ 
ɤɚɱɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɯ ɭɪɚɜɧɟɧɢɹ (1) ɢ (β). ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɹɡɤɨɫɬɢ 
ɞɜɨɣɧɨɝɨ ɪɚɫɬɜɨɪɚ ɜɨɞɚ - ɢɡɨɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɩɪɨɜɟɞɟɧɵ ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 

4 1
10 10t

    ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɜɤɥɸɱɚɹ ɤɪɢɬɢɱɟɫɤɭɸ. 
ɂɡɦɟɪɟɧɢɹ ɜɹɡɤɨɫɬɢ ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɨɦ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɢɫɤɨɡɢɦɟɬɪɚ ɜɞɨɥɶ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ: ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɤɨɧɰɟɧɬɪɚɬɵ, ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ, 
ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɵ. 
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Ɋɢɫ. 1. ȼɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɚ ɢɡɨɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ-ɜɨɞɚ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɜɛɥɢɡɢ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɥɨɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɫɬɜɨɪɚ 

 
ɂɡ ɷɬɢɯ ɞɚɧɧɵɯ (ɪɢɫ. 1.) ɫɥɟɞɭɟɬ, ɱɬɨ ɜɞɨɥɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ 

ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɵ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ  0
k

c c c    ɜɟɥɢɱɢɧɚ 1

f ɤ   ɩɪɢɧɢɦɚɟɬ 

ɤɨɧɟɱɧɨɟ ɡɧɚɱɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ 1 1 1

f f ɤ        ɨɩɢɫɵɜɚɟɬɫɹ, ɫɨɝɥɚɫɧɨ (β) ɢ ɎɌɎɉ 
Д1Ж, ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ: 2ξδ1

c

1

fɤ

1

f

1
c)(~c)(~R~ηηη    (=0,405; =4,63) [1]. 

ȼɞɨɥɶ ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɤɨɧɰɟɧɬɪɚɬɵ ɢ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 
  11 1 1

~
n

f fk
t t        ɢ  1 1

0 , 0 /
f f ɤc t q C       . 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (T,c) ɪɢɫ. 1., ɩɪɢ ɩɨɦɨɳɢ 
ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɮɨɪɦɭɥɵ  ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɪɟɝɭɥɹɪɧɚɹ 

ɱɚɫɬɶ ɜɹɡɤɨɫɬɢ ( , ) ( , ) e x p ( , )
r

T c A T c B T c T . Ⱦɥɹ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɨɛɥɚɫɬɶ ɬɟɦɩɟɪɚɬɭɪ T=T–Tɤ10 Ʉ, ɞɚɥɟɤɢɯ ɨɬ ɤɪɢɬɢɱɟɫɤɨɣ. ȼ ɷɬɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 
ɢɫɫɥɟɞɨɜɚɧɵ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧ ɩɚɪɚɦɟɬɪɨɜ Ⱥ ɢ ȼ ɪɟɝɭɥɹɪɧɨɣ ɱɚɫɬɢ 
ɜɹɡɤɨɫɬɢ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɩɪɨɜɟɞɟɧɧɵɟ ɪɚɫɱɟɬɵ (ɪɢɫ. β.), ɜɞɨɥɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɧɚɩɪɚɜɥɟɧɢɹ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪ Ⱥ(c) ɥɢɧɟɣɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ c; ɩɚɪɚɦɟɬɪ ȼ(c) ɧɚɨɛɨɪɨɬ, ɥɢɧɟɣɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ c.  

ɇɚɥɢɱɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɪɟɝɭɥɹɪɧɵɯ 
ɱɚɫɬɟɣ ɜɹɡɤɨɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɤɨɬɨɪɵɟ ɨɤɚɧɱɢɜɚɸɬɫɹ ɧɚ ɤɪɢɜɨɣ 
ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ (ɪɢɫ. 1.), ɩɨɡɜɨɥɢɥɨ ɜ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɢɬɶ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɹɡɤɨɫɬɢ ɧɚ ɨɬɞɟɥɶɧɵɯ ɜɟɬɜɹɯ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ.  

ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɪɟɝɭɥɹɪɧɨɣ ɱɚɫɬɢ ɜɹɡɤɨɫɬɢ 
r

η  ɧɚɣɞɟɧɚ ɮɥɭɤɬɭɚɰɢɨɧɧɚɹ ɱɚɫɬɶ 
ɜɹɡɤɨɫɬɢ . 

Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɱɚɫɬɢ ɜɹɡɤɨɫɬɢ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ ɢ ɧɚ ɤɪɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɟ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɩɨɥɭɱɟɧɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɱɚɫɬɢ ɜɹɡɤɨɫɬɢ ɧɚ ɝɪɚɧɢɰɟ 
ɪɚɡɞɟɥɚ ɮɚɡ ɢ ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɟ ɨɩɢɫɵɜɚɟɬɫɹ ɫɬɟɩɟɧɧɵɦɢ ɡɚɤɨɧɚɦɢ ɫ ɨɞɢɧɚɤɨɜɵɦɢ 
ɤɪɢɬɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ, ɧɨ ɫ ɪɚɡɧɵɦɢ ɚɦɩɥɢɬɭɞɚɦɢ. ɉɨɥɭɱɟɧɨ, ɱɬɨ ɚɦɩɥɢɬɭɞɚ 
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ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɪɚɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɞɜɢɝɨɜɨɣ ɜɹɡɤɨɫɬɢ ɞɥɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ 
ɮɚɡ ɦɟɧɶɲɟ ɚɦɩɥɢɬɭɞɵ ɧɚ ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɬɟɪɦɟ. 
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Ȼɨɥɶɲɢɧɫɬɜɨ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɬɟɤɚɟɬ ɱɟɪɟɡ ɫɬɚɞɢɸ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɜɟɳɟɫɬɜ ɫ ɤɨɪɨɬɤɢɦ ɜɪɟɦɟɧɟɦ ɠɢɡɧɢ, ɪɟɚɝɢɪɭɸɳɢɯ ɡɚɬɟɦ ɞɨ ɤɨɧɟɱɧɵɯ 
ɩɪɨɞɭɤɬɨɜ. ȼɵɫɨɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɢɯ ɞɨɥɹ ɜ ɪɟɚɝɢɪɭɸɳɟɣ 
ɫɦɟɫɢ ɧɟɡɧɚɱɢɬɟɥɶɧɚ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɢɦɟɧɧɨ ɫɜɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɚ ɬɚɤɢɯ ɤɨɪɨɬɤɨ ɠɢɜɭɳɢɯ 
ɫɨɟɞɢɧɟɧɢɣ ɨɩɪɟɞɟɥɹɸɬ ɜɟɫɶ ɯɨɞ ɫɥɨɠɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢ ɪɚɫɩɚɞ 
ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ. Ɉɛɪɚɡɨɜɚɧɢɟ ɢɧɬɟɪɦɟɞɢɚɬɨɜ ɥɢɛɨ ɨɛɧɚɪɭɠɢɜɚɸɬ ɩɪɢ 
ɩɨɦɨɳɢ ɫɨɜɪɟɦɟɧɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ, ɥɢɛɨ ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɨɫɬɭɥɢɪɭɸɬ, 
ɢɫɯɨɞɹ ɢɡ ɦɟɯɚɧɢɡɦɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. 

ɉɪɨɜɟɞёɧɧɵɣ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɣ ɩɨɢɫɤ ɯɢɦɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ, ɨɬɜɟɱɚɸɳɢɯ ɮɨɪɦɭɥɟ 
CSOɇ2, ɩɨɤɚɡɚɥ ɞɥɹ ɧɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ 8 ɢɡɨɦɟɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɩɨɥɢɜɚɥɟɧɬɧɭɸ 
ɫɟɪɭ Д1Ж. ɉɪɢ ɷɬɨɦ, ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɇC≡SIV-OH ɢ ɇC≡SVIH=O ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ ɧɟ ɭɫɬɚɧɨɜɥɟɧɨ ɢ ɩɨɞɬɜɟɪɠɞɟɧɨ ɬɨɥɶɤɨ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ.  

ɋɪɚɜɧɟɧɢɟ ɝɟɨɦɟɬɪɢɣ ɢ ɩɨɥɧɵɯ ɷɧɟɪɝɢɣ (Etotal) ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɭɥɶɮɢɧɨɜ ɋH3-CH=SIV=O, 
ɋH3-C≡SIV-OH ɢ ɋH3-C≡SVIH=O Дɪɢɫ. 1 ɚ)-ɫ)Ж ɩɨɡɜɨɥɢɥɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɯɨɞɚ 
ɚɬɨɦɚ ɇ (ɫ ɧɢɡɤɢɦ ɚɤɬɢɜɚɰɢɨɧɧɵɦ ɛɚɪɶɟɪɨɦ ɩɪɟɜɪɚɳɟɧɢɣ) ɜɧɭɬɪɢ ɝɪɭɩɩɢɪɨɜɤɢ CSOɇ ɨɬ S ɜ 
ɋH3-C≡SVIH=O ɤ ɋ ɜ ɋH3-CH=SIV=O, ɨɬ S ɜ ɋH3-C≡SVIH=O ɤ Ɉ ɜ ɋH3-C≡SIV-OH ɢ ɨɬ Ɉ ɜ 
ɋH3-C≡SIV-OH ɤ ɋ ɜ ɋH3-CH=SIV=O. ɑɬɨ ɬɪɟɛɭɟɬ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɢɧɬɟɪɦɟɞɢɚɬɨɜ Дɪɢɫ. 1Ж. 

ɇɚɦɢ ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ ɪɚɜɧɨɜɟɫɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ 
ɋH3-CH=SIV=O, ɋH3-C≡SIV-OH ɢ ɋH3-C≡SVIH=O ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ GAUSSIAN 
0γ ДβЖ ɦɟɬɨɞɨɦ B3LYP/6-311++G(3df,3pd). Ɋɚɧɟɟ ɷɬɢ ɫɨɟɞɢɧɟɧɢɹ ɢ ɢɯ ɝɨɦɨɥɨɝɢ ɭɠɟ 
ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɜ ɪɚɛɨɬɚɯ Дγ-5Ж, ɨɞɧɚɤɨ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɧɟ ɩɪɨɜɨɞɢɥɫɹ. 

mailto:d002186@tversu.ru
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Ʉɨɧɮɨɪɦɚɰɢɨɧɧɵɣ ɩɟɪɟɯɨɞ ɨɬ ɋH3-C≡SIV-OH Дɪɢɫ. 1 - ɚ)Ж ɤ ɋH3-C≡SVIH=O Дɪɢɫ. 1 - b)] 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɩɟɪɟɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɌS-1 Дɪɢɫ. 1 - d), ɪɢɫ. βЖ; ɨɬ ɋH3-C≡SVIH=O Дɪɢɫ. 
1 - b)Ж ɤ ɋH3-CH=SIV=O Дɪɢɫ. 1 - c)Ж ɱɟɪɟɡ ɫɨɫɬɨɹɧɢɟ TS-γ Дɪɢɫ. 1 - e), ɪɢɫ. βЖ, ɚ ɬɚɤ ɠɟ ɨɬ ɋH3-
C≡SIV-OH Дɪɢɫ. 1 - ɚ)Ж ɤ ɋH3-CH=SIV=O Дɪɢɫ. 1 - c)Ж ɱɟɪɟɡ ɫɨɫɬɨɹɧɢɟ TS-β Дɪɢɫ. 1 - f), ɪɢɫ. βЖ. 

 

  

a) b) 

  

  

c) d) 

  

 
 

e) f) 

Ɋɢɫ. 1. Ɋɚɜɧɨɜɟɫɧɵɟ ɫɨɫɬɨɹɧɢɹ: ɚ) ɋH3-C≡SIV-OH, b) ɋH3-C≡SVIH=O, c) ɋH3-CH=SIV=O, ɢ 
ɩɟɪɟɯɨɞɧɵɟ ɫɨɫɬɨɹɧɢɹ: d) TS-1 e) TS-γ ɢ f) TS-2 
 

ɉɨɥɧɚɹ ɷɧɟɪɝɢɹ ɋH3-CH=SIV=O ɛɵɥɚ ɩɪɢɧɹɬɚ ɡɚ ɧɭɥɶ. ɉɟɪɟɫɱёɬEtotalɜɫɟɯ ɤɨɧɮɨɪɦɟɪɨɜ ɢ 
ɩɟɪɟɯɨɞɧɵɯ ɫɨɫɬɨɹɧɢɣ ɛɵɥ ɩɪɨɜɟɞёɧ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɷɬɨɣ ɜɟɥɢɱɢɧɟ. 
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ɊɚɡɧɢɰɚEtotal ɨɫɧɨɜɧɵɯ ɢ ɩɟɪɟɯɨɞɧɵɯ ɫɨɫɬɨɹɧɢɣ (Ea - ɚɤɬɢɜɚɰɢɨɧɧɵɟ ɛɚɪɶɟɪɵ 
ɩɪɟɜɪɚɳɟɧɢɣ Дɪɢɫ. βЖ) ɫɨɫɬɚɜɥɹɟɬ: 

 
Ea1 = 1β4.γ ɄȾɠ/ɦɨɥɶ, ɝɞɟ ȿɚ1= Etotal(TS-1) -Etotal(ɋH3-C≡SVIH=O) 
Ea2 = β89.4 ɄȾɠ/ɦɨɥɶ, ɝɞɟ ȿɚβ= Etotal(TS-1) - Etotal(ɋH3-C≡SIV-OH) 
Ea3 = 87.8 ɄȾɠ/ɦɨɥɶ, ɝɞɟ Ea3 = Etotal(TS-2) -Etotal(ɋH3-C≡SIV-OH) 
Ea4= 224.8 ɄȾɠ/ɦɨɥɶ, ɝɞɟEa4 = Etotal(TS-2) - Etotal(ɋH3-CH=SIV=O) 
Ea5= 39.1 ɄȾɠ/ɦɨɥɶ, ɝɞɟEa5 = Etotal(TS-3)- Etotal(ɋH3-C≡SVIH=O) 

Ea6 = 341.1 ɄȾɠ/ɦɨɥɶ, ɝɞɟEa6 = Etotal(TS-3) - Etotal(ɋH3-CH=SIV=O) 
 

 
Ɋɢɫ. β: ɗɧɟɪɝɢɹ ɩɟɪɟɯɨɞɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢ ɜɵɫɨɬɵ ɚɤɬɢɜɚɰɢɨɧɧɵɯ ɛɚɪɶɟɪɨɜ ɩɪɟɜɪɚɳɟɧɢɣ 
ɦɨɥɟɤɭɥ ɋH3-C≡SIV-OH, ɋH3-C≡SVIH=O ɢ ɋH3-CH=SIV=O 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞёɧ ɚɧɚɥɢɡ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɟɪɟɯɨɞɨɜ ɦɟɠɞɭ ɢɡɨɦɟɪɚɦɢ 

CSOɇ2, ɪɚɫɫɦɨɬɪɟɧɵ ɩɟɪɟɯɨɞɧɵɟ ɫɨɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɬɪɭɤɬɭɪɚɦɢ ɋH3-C≡SIV-OH, ɋH3-
C≡SVIH=O ɢ ɋH3-CH=SIV=O ɢ ɩɨɥɭɱɟɧɵ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɨɧɧɵɯ ɛɚɪɶɟɪɨɜ. ȼɟɥɢɱɢɧɵ 
ɛɚɪɶɟɪɨɜ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɪɚɜɧɨɜɟɫɧɵɯ ɫɬɪɭɤɬɭɪ ɜ ɜɢɞɟ ɨɬɞɟɥɶɧɵɯ ɮɚɡ 
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Ɋɨɫɫɢɹ, γ60004, ɇɚɥɶɱɢɤ, ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ 17γ. E-mail: yu-pakhunova@mail.ru 

 
Ⱥɧɚɥɢɡ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɫɥɭɱɚɟ ɨɛɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ 

ɭɥɶɬɪɚɤɨɪɨɬɤɢɦɢ ɥɚɡɟɪɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ, ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɧɚ ɨɫɧɨɜɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ. Ɍɚɤ ɪɚɫɫɦɨɬɪɟɧɵ, ɧɚɩɪɢɦɟɪ, ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ, ɢɧɞɭɰɢɪɨɜɚɧɧɵɟ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɮɟɦɬɨɫɟɤɭɧɞɧɵɯ ɥɚɡɟɪɧɵɯ ɢɦɩɭɥɶɫɨɜ ɧɚ ɚɥɸɦɢɧɢɣ [1] ɢ ɡɨɥɨɬɨ [2]. 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɩɨɫɬɪɨɟɧɢɟ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɢɡɭɱɟɧɢɟ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɧɟɨɛɯɨɞɢɦɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɤɪɢɬɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɚɯ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ: pɤ–ɤɪɢɬɢɱɟɫɤɨɦ ɞɚɜɥɟɧɢɢ, Tɤ– ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɤ– ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɢ Vɤ–ɤɪɢɬɢɱɟɫɤɨɦ ɦɨɥɶɧɨɦ ɨɛɴɟɦɟ. ɉɪɢ 
ɷɬɨɦ:ɤ=  /Vɤ, ɝɞɟ  – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ. 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɜɨɞɹɬɫɹ ɨɛɲɢɪɧɵɟ ɞɚɧɧɵɟ ɩɨ ɤɪɢɬɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɪɹɞɚ ɦɟɬɚɥɥɨɜ 
[3] ɢ ɫɨɟɞɢɧɟɧɢɣ Д4Ж, ɧɨ ɧɟɦɧɨɝɨ ɧɚɞɟɠɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ 
ɯɥɨɪɢɫɬɨɝɨ ɧɚɬɪɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɫɜɟɞɟɧɢɹ ɢɡ [5]. 

ɇɚɦɢ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɧɚ ɛɚɡɟ ɧɚɛɨɪɚ 
ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ [6]: 

Tɤ= 4700 Ʉ,   pɤ=136 Mɉɚ,  Vɤ= 0.108ɦ3/ɤɦɨɥɶ,ɤ  = 540 ɤɝ/ɦ3.  (1) 
Ɂɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (1) ɧɚɯɨɞɹɬɫɹ ɜ ɬɨɣ ɠɟ ɨɛɥɚɫɬɢ, ɱɬɨ ɢ ɤɪɢɬɢɱɟɫɤɢɟ  

ɩɚɪɚɦɟɬɪɵ ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ДγЖ. 
ɉɨɫɬɪɨɟɧɢɟ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ ɫ ɮɢɡɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢ 

ɬɟɩɥɨɜɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɚɡɥɢɱɧɵɯ ɮɚɡ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɥɢɫɶ ɫɨɝɥɚɫɧɨ 
ɞɚɧɧɵɦ, ɭɤɚɡɚɧɧɵɦ ɜ [4, 7-10].  

ȼ ɤɚɱɟɫɬɜɟ ɨɩɨɪɧɵɯ ɬɨɱɟɤ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɥɨɬɧɨɫɬɶ ɤɪɢɫɬɚɥɥɨɜ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ 
ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ  β165 ɤɝ/ɦ3 Д4Ж ɢ ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɝɨ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɥɚɜɥɟɧɢɹ ɞɥɹ ɧɨɪɦɚɥɶɧɨɝɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ 1516 ɤɝ/ɦ3 [10]. ɗɬɢ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ 
ɜɵɱɟɪɬɢɬɶ ɧɚ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ ɤɪɢɜɭɸ ɩɥɚɜɥɟɧɢɹ ɢ ɢɡɦɟɧɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɤɪɢɫɬɚɥɥɚ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɢɧɨɞɚɥɢ ɢ ɫɩɢɧɨɞɚɥɢ ɧɚ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ ɩɪɨɜɨɞɢɥɫɹ ɚɧɚɥɢɡ ɪɟɲɟɧɢɣ 
ɭɪɚɜɧɟɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ Д11Ж (ɨɩɪɟɞɟɥɹɥɨɫɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɛɢɧ – ɩɨɥɨɠɟɧɢɟ ɛɢɧɨɞɚɥɢ ɢ ɫɩ – 
ɩɨɥɨɠɟɧɢɟ ɫɩɢɧɨɞɚɥɢ) ɞɥɹ ɪɹɞɚ ɜɵɛɪɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ.  

Ɋɚɫɱɟɬ ɞɥɹ ɧɚɛɨɪɚ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (1), ɫ ɩɨɦɨɳɶɸ ɩɨɥɭɱɟɧɧɵɯ ɧɚɦɢ ɩɚɪɚɦɟɬɪɨɜ 
ɭɪɚɜɧɟɧɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ (ɚ = 4.92·106 ɉɚ·ɦ3/ɤɦɨɥɶ2,  
b= 36.6 10-3 ɦ3/ɤɦɨɥɶ), ɩɨɡɜɨɥɹɟɬ ɭɜɟɪɟɧɧɨ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɹ ɛɢɧ. Ɉɞɧɚɤɨ ɨɩɪɟɞɟɥɟɧɢɟ ɫɩ ɬɪɟɛɭɟɬ ɞɥɢɬɟɥɶɧɵɯ ɪɚɫɱɟɬɨɜ ɩɨ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɫɯɟɦɟ ɫ ɭɱɟɬɨɦ ɩɪɚɜɢɥɚ Ɇɚɤɫɜɟɥɥɚ 
[11].  

ɋɨɝɥɚɫɧɨ ɩɪɚɜɢɥɭ Ɇɚɤɫɜɟɥɥɚ, ɟɫɥɢ ɬɨɱɤɚ, ɨɬɪɚɠɚɸɳɚɹ ɤɪɢɜɭɸ ɫɩ (ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ 
ɩɥɨɬɧɨɫɬɟɣ), ɞɥɹ ɧɟɤɨɬɨɪɨɣ Tɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɧɚɩɪɹɦɭɸ, ɬɨ ɫɩ, ɫɢɦɦɟɬɪɢɱɧɚɹ ɟɣ, ɧɚ 
ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ ɠɢɞɤɨɫɬɶ-ɝɚɡ (ɜ ɨɛɥɚɫɬɢ ɛɨɥɶɲɢɯ ɩɥɨɬɧɨɫɬɟɣ), ɩɨɫɬɪɨɢɬɶ ɧɟ ɬɚɤ ɩɪɨɫɬɨ, 
ɩɨɫɤɨɥɶɤɭ ɷɬɨ ɡɧɚɱɟɧɢɟ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ.  

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɨɬɪɟɬɶ 
ɛɵɫɬɪɨɩɪɨɬɟɤɚɸɳɢɟ ɩɪɨɰɟɫɫɵ, ɢɧɞɭɰɢɪɨɜɚɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɢɨɧɧɵɣ ɤɪɢɫɬɚɥɥ 
ɭɥɶɬɪɚɤɨɪɨɬɤɢɯ ɥɚɡɟɪɧɵɯ ɢɦɩɭɥɶɫɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ: ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ, ɢɧɬɟɧɫɢɜɧɨɟ 
ɩɨɝɥɨɳɟɧɢɢ ɩɚɞɚɸɳɟɝɨ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɩɪɨɝɪɟɜ ɪɟɲɟɬɤɢ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɢ ɞɪ.  
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Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɜ ɪɚɦɤɚɯ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ɝɨɫɡɚɞɚɧɢɹ Ɇɢɧɨɛɪɧɚɭɤɢ Ɋɨɫɫɢɢ ɄȻȽɍ ɧɚ 
2014-β016 ɝɨɞɵ (ɩɪɨɟɤɬ β014/54-2228). 
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ɂɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɩɪɢɪɨɞɵ ɫɨɥɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɪɚɜɧɨɜɟɫɢɟ ɠɢɞɤɨɫɬɶ–ɠɢɞɤɨɫɬɶ ɜ 

ɬɪɨɣɧɵɯ ɫɢɫɬɟɦɚɯ ɫɨɥɶ–ɛɢɧɚɪɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɪɚɡɜɢɬɢɢ ɬɟɨɪɢɢ 
ɜɫɚɥɢɜɚɧɢɹ–ɜɵɫɚɥɢɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɨɜ 
ɫɟɥɟɤɬɢɜɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɢ ɪɟɤɬɢɮɢɤɚɰɢɢ. Ɍɚɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɜɵɹɜɢɬɶ ɤɚɪɬɢɧɭ 
ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɫɢɫɬɟɦɵ, ɭɫɬɚɧɨɜɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 
ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɪɚɫɫɥɚɢɜɚɧɢɹ) 
ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɚ ɜɫɚɥɢɜɚɧɢɹ ɢɥɢ ɜɵɫɚɥɢɜɚɧɢɹ ɨɬ ɩɪɢɪɨɞɵ ɫɨɥɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ Д1Ж.  

Ɋɚɧɟɟ ДβЖ ɩɨɞɪɨɛɧɨ ɢɫɫɥɟɞɨɜɚɧɵ ɪɚɫɬɜɨɪɢɦɨɫɬɶ, ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɢ ɤɪɢɬɢɱɟɫɤɢɟ 
ɹɜɥɟɧɢɹ ɜ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦɚɯ ɯɥɨɪɢɞ (ɛɪɨɦɢɞ) ɤɚɥɢɹ – ɜɨɞɚ – ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ ɜ 
ɲɢɪɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ. Ɉɛɟ ɫɨɥɢ ɨɤɚɡɵɜɚɸɬ ɜɵɫɚɥɢɜɚɸɳɟɟ ɞɟɣɫɬɜɢɟ ɧɚ 
ɞɜɨɣɧɭɸ ɫɢɫɬɟɦɭ ɜɨɞɚ–ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ, ɩɪɢɱɟɦ ɷɮɮɟɤɬ ɜɵɫɚɥɢɜɚɧɢɹ ɫɩɢɪɬɚ ɢɡ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɯɥɨɪɢɞɨɦ ɤɚɥɢɹ ɜɵɲɟ, ɱɟɦ ɛɪɨɦɢɞɨɦ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɨɛɟɢɯ ɫɢɫɬɟɦɚɯ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɬ.ɟ. 
ɭɫɢɥɢɜɚɟɬɫɹ ɷɮɮɟɤɬ ɜɵɫɚɥɢɜɚɧɢɹ. 

ȼ ɪɚɛɨɬɟ ДγЖ ɨɩɪɟɞɟɥɟɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɢɨɞɢɞɚ ɤɚɥɢɹ ɜ ɫɦɟɫɹɯ ɜɨɞɵ ɢ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ 
ɫɩɢɪɬɚ ɩɪɢ β5ɨɋ; ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɫɨɥɢ ɦɨɧɨɬɨɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɫɩɢɪɬɚ ɜ ɛɢɧɚɪɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ, ɚ ɪɚɫɫɥɚɢɜɚɧɢɹ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 
ɉɨɷɬɨɦɭ ɩɪɟɞɫɬɚɜɥɹɥɨɫɶ ɢɧɬɟɪɟɫɧɵɦ ɢɡɭɱɢɬɶ ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ ɜ 
ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɢɨɞɢɞ ɤɚɥɢɹ – ɜɨɞɚ – ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɬɟɦɩɟɪɚɬɭɪ ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ ɦɨɧɨɬɟɤɬɢɤɢ 
ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɩɢɪɬɚ ɦɟɠɞɭ ɪɚɜɧɨɜɟɫɧɵɦɢ ɠɢɞɤɢɦɢ ɮɚɡɚɦɢ 
ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

ȼ ɫɢɫɬɟɦɟ ɢɨɞɢɞ ɤɚɥɢɹ – ɜɨɞɚ – ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ ɜɢɡɭɚɥɶɧɨ-ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɦ 
ɦɟɬɨɞɨɦ ɜ ɢɧɬɟɪɜɚɥɟ 10-120ɨɋ ɢɡɭɱɟɧɵ ɫɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɫɨɫɬɚɜɵ ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɥɢɫɶ ɩɨ 
ɜɨɫɶɦɢ ɫɟɱɟɧɢɹɦ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ. ɋɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɫɟɱɟɧɢɹɦ I-VII 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɟɪɟɦɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɢɨɞɢɞɚ ɤɚɥɢɹ ɢ ɩɨɫɬɨɹɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 
ɦɚɫɫ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ ɜɨɞɵ: 15:85 (I), 30:70 (II ), 38:62 (III ), 50:50 (IV), 62:38 (V), 
74:26 (VI), 86:14 (VII). ɋɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɫɟɱɟɧɢɸ VIII ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɨɫɬɨɹɧɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɫɨɥɢ (70 ɦɚɫ.%) ɢ ɩɟɪɟɦɟɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ 
ɜɨɞɵ. ɉɨɥɢɬɟɪɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɩɨ ɫɟɱɟɧɢɹɦ I-VII ɧɟ ɩɪɢɜɨɞɹɬɫɹ. 

ɉɨɥɢɬɟɪɦɚ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɩɨ ɫɟɱɟɧɢɸ VIII (ɪɢɫ.1) ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɤɪɢɜɵɯ, ɪɚɡɞɟɥɹɸɳɢɯ 
ɩɨɥɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ℓ1+S, ℓ2+S ɢ ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ℓ1+ℓ2+S (ℓ1 – ɨɪɝɚɧɢɱɟɫɤɚɹ ɮɚɡɚ, ℓ2 

– ɜɨɞɧɚɹ ɮɚɡɚ, S – ɢɨɞɢɞ ɤɚɥɢɹ). Ʉɪɢɜɵɟ ɫɨɟɞɢɧɹɸɬɫɹ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ KS, ɨɬɜɟɱɚɸɳɟɣ ɫɦɟɫɢ 
ɫ ɪɚɜɧɵɦɢ ɨɛɴɟɦɚɦɢ ɞɜɭɯ ɠɢɞɤɢɯ ɮɚɡ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɤɪɢɫɬɚɥɥɚɦɢ ɢɨɞɢɞɚ ɤɚɥɢɹ 
ɩɪɢ 97.0ɨɋ. Ɉɱɟɜɢɞɧɨ, ɬɨɱɤɚ KS ɩɪɢɧɚɞɥɟɠɢɬ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɟ ɦɨɧɨɬɟɤɬɢɤɢ.  

ɋɨɫɬɚɜɵ ɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɨɬɧɨɲɟɧɢɹ ɨɛɴɟɦɨɜ ɠɢɞɤɢɯ ɮɚɡ ɞɥɹ 
ɫɦɟɫɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɱɟɬɵɪɟɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɟɱɟɧɢɣ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɟɪɟɦɟɧɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɫɨɥɢ ɢ ɩɨɫɬɨɹɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ ɜɨɞɵ: 4β.51:57.49, 
4γ.96:56.04, 45.08:54.9β, 45.γγ:54.67. Ʉɪɢɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɫɨɞɟɪɠɚɧɢɹ ɢɨɞɢɞɚ ɤɚɥɢɹ ɢ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɱɢɧɚɸɬɫɹ ɩɪɢ 1β0ɨɋ ɢ 
ɡɚɤɚɧɱɢɜɚɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ ɦɨɧɨɬɟɤɬɢɤɢ (97.0ɨɋ) ɜ 
ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɟɱɧɨɣ ɬɨɱɤɟ.   

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɝɚɥɨɝɟɧɢɞɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɦɟɫɹɯ 
ɩɨɞɜɟɪɝɚɸɬɫɹ ɝɨɦɨɫɟɥɟɤɬɢɜɧɨɣ ɫɨɥɶɜɚɬɚɰɢɢ, ɬ.ɟ. ɤɚɬɢɨɧ ɢ ɚɧɢɨɧ ɫɨɥɢ ɝɢɞɪɚɬɢɪɭɸɬɫɹ Д4Ж. 
Ɍɚɤɢɟ ɫɨɥɢ ɨɛɥɚɞɚɸɬ ɜɵɫɚɥɢɜɚɸɳɢɦ ɞɟɣɫɬɜɢɟɦ, ɩɨɜɵɲɚɸɬ ȼɄɌɊ ɢɥɢ ɩɨɧɢɠɚɸɬ ɇɄɌɊ 
ɞɜɨɣɧɵɯ ɠɢɞɤɨɫɬɧɵɯ ɫɢɫɬɟɦ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ 
ɫɢɫɬɟɦɚ ɜɨɞɚ–ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ ɫɢɫɬɟɦɚ ɫ ɜɵɫɨɤɨ ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɇɄɌɊ, 
ɩɨɫɤɨɥɶɤɭ ɜɜɟɞɟɧɢɟ ɜ ɧɟɟ ɢɨɞɢɞɚ ɤɚɥɢɹ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɫɬɜɨɪɟɧɢɹ ɞɨ 97.0ɨɋ.  

ɉɨɥɢɬɟɪɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ (ɪɢɫ. β). ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ ɤɚɪɬɢɧɭ 
ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɫ ɢɡɦɟɧɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɢɧɬɟɪɜɚɥɟ 10.0-97.0ɨɋ ɞɢɚɝɪɚɦɦɚ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɥɢɧɢɢ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɪɚɡɞɟɥɹɸɳɟɣ ɩɨɥɹ ɝɨɦɨɝɟɧɧɨ-ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ℓ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ℓ+S 
(ɧɚɩɪɢɦɟɪ, ɥɢɧɢɢ 1, β, γ ɩɪɢ 10.0, β5.0 ɢ 50.0ɨɋ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). ɉɪɢ 97.0ɨɋ ɧɚ ɥɢɧɢɢ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɨɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ Ʉ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɦɟɫɢ ɫ ɢɞɟɧɬɢɱɧɵɦɢ ɩɨ 
ɫɨɫɬɚɜɭ ɢ ɫɜɨɣɫɬɜɚɦ ɠɢɞɤɢɦɢ ɮɚɡɚɦɢ ℓ1 ɢ ℓ2, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɬɜɟɪɞɨɣ ɮɚɡɨɣ S 
(KI). ȼɨɡɧɢɤɚɟɬ ɤɪɢɬɢɱɟɫɤɚɹ ɧɨɞɚ KS ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɋɨɫɬɚɜ ɤɪɢɬɢɱɟɫɤɨɣ 
ɠɢɞɤɨɣ ɮɚɡɵ Ʉ (51.6 ɦɚɫ.% KI, β8.4 ɦɚɫ.% H2τ, β0.0 ɦɚɫ.% Т-C3H7τH) ɨɩɪɟɞɟɥɢɥɢ ɝɪɚɮɢɱɟɫɤɢ 
ɩɨ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ ɫ ɥɢɧɢɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɪɢ 97.0ɨɋ. 

ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɚɤ ɜɢɞɧɨ ɢɡ ɢɡɨɬɟɪɦɵ ɩɪɢ 100.0ɨɋ (ɪɢɫ.β), ɤɪɢɬɢɱɟɫɤɚɹ ɧɨɞɚ 
KS ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɦɨɧɨɬɟɤɬɢɱɟɫɤɢɣ ɬɪɟɭɝɨɥɶɧɢɤ ℓ1+ℓ2+S ɫ ɩɪɢɦɵɤɚɸɳɢɦɢ ɤ ɧɟɦɭ 
ɩɨɥɹɦɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ℓ1+S, ℓ2+S ɢ ɧɟɛɨɥɶɲɢɦ ɩɨɥɟɦ ɪɚɫɫɥɨɟɧɢɹ ℓ1+ℓ2 ɫ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ 
K. ɋ ɞɚɥɶɧɟɣɲɢɦ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɱɟɫɬɜɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɧɚ ɢɡɨɬɟɪɦɚɯ ɮɚɡɨɜɵɯ 
ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɧɟ ɩɪɨɢɫɯɨɞɢɬ (ɢɡɨɬɟɪɦɚ ɩɪɢ 1β0.0ɨɋ), ɧɨ ɪɚɡɦɟɪɵ ɩɨɥɟɣ ɪɚɫɫɥɨɟɧɢɹ ɢ 
ɦɨɧɨɬɟɤɬɢɤɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ, ɚ ɩɨɥɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɨɥɢ ɭɦɟɧɶɲɚɸɬɫɹ. 

 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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Ɋɢɫ. 1. ɉɨɥɢɬɟɪɦɚ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɢɨɞɢɞ ɤɚɥɢɹ–ɜɨɞɚ–ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ ɩɨ 
ɫɟɱɟɧɢɸ VIII ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɨɫɬɚɜɚ 
 

 
Ɋɢɫ. β. ɂɡɨɬɟɪɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ (ɦɚɫ.%) ɫɢɫɬɟɦɵ ɢɨɞɢɞ ɤɚɥɢɹ–ɜɨɞɚ–ɢɡɨɩɪɨɩɢɥɨɜɵɣ 
ɫɩɢɪɬ ɩɪɢ 10.0, β5.0, 50.0, 97.0, 100.0 ɢ 1β0.0ɨɋ 
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Ɋɚɫɫɱɢɬɚɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Kp ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɦɟɠɞɭ ɨɪɝɚɧɢɱɟɫɤɨɣ 
ɢ ɜɨɞɧɨɣ ɮɚɡɚɦɢ ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ 100.0, 110.0ɢ 1β0.0ɨɋ. ɉɪɢ ɤɚɠɞɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ Kp ɢɦɟɟɬ ɧɟɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ (1.8, β.9, γ.4, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 
ɨ ɫɥɚɛɨɦ ɜɵɫɚɥɢɜɚɸɳɟɦ ɞɟɣɫɬɜɢɢ ɷɬɨɣ ɫɨɥɢ. ɇɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɨɡɪɚɫɬɚɧɢɟ Kp ɫ ɩɨɜɵɲɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɭɫɢɥɟɧɢɢ ɷɮɮɟɤɬɚ ɜɵɫɚɥɢɜɚɧɢɹ ɫɩɢɪɬɚ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɢɨɞɢɞɨɦ ɤɚɥɢɹ, ɱɬɨ, ɨɱɟɜɢɞɧɨ, ɫɜɹɡɚɧɨ ɫ ɪɚɡɪɭɲɟɧɢɟɦ ɝɢɞɪɚɬɨɜ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ 
ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ ɜ ɜɨɞɧɨɣ ɮɚɡɟ ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɢɨɞɢɞ ɤɚɥɢɹ, ɧɟɫɦɨɬɪɹ ɧɚ 
ɛɨɥɶɲɢɟ ɪɚɡɦɟɪɵ ɪɚɞɢɭɫɨɜ ɤɚɬɢɨɧɚ ɢ ɚɧɢɨɧɚ, ɨɤɚɡɵɜɚɟɬ ɜɵɫɚɥɢɜɚɸɳɟɟ ɞɟɣɫɬɜɢɟ ɧɚ ɪɚɫɬɜɨɪɵ 
ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɜɨɞɟ ɢ, ɧɚɱɢɧɚɹ ɫ 97.0ɨɋ, ɜ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ KI–H2O–i-C3H7OH 
ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɫɫɥɚɢɜɚɧɢɟ. Ⱥɧɚɥɢɡ ɢɡɨɬɟɪɦ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɷɬɨɣ ɫɢɫɬɟɦɵ (ɪɢɫ.β) 
ɩɨɞɬɜɟɪɞɢɥ ɮɪɚɝɦɟɧɬ ɜɚɪɢɚɧɬɚ ɫɯɟɦɵ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ 
ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ ɫɨɥɶ–ɛɢɧɚɪɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ ɫ ɜɫɚɥɢɜɚɧɢɟɦ–ɜɵɫɚɥɢɜɚɧɢɟɦ Д1Ж. 
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ɉɈɅɂɌȿɊɆɂɑȿɋɄɈȿ ɂɋɋɅȿȾɈȼȺɇɂȿ ɎȺɁɈȼɕɏ ɊȺȼɇɈȼȿɋɂɃ ɂ 
ɄɊɂɌɂɑȿɋɄɂɏ əȼɅȿɇɂɃ ȼ ɑȿɌȼȿɊɇɈɃ ɋɂɋɌȿɆȿ ɇɂɌɊȺɌ ɄȺɅɂə – ȼɈȾȺ – 

ɉɂɊɂȾɂɇ – ɆȺɋɅəɇȺə ɄɂɋɅɈɌȺ 
ɑɟɩɭɪɢɧɚ Ɂ.ȼ., ɑɟɪɤɚɫɨɜ Ⱦ.Ƚ. 

ɋɚɪɚɬɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.Ƚ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ, 
Ɋɨɫɫɢɹ, 41001β, ɋɚɪɚɬɨɜ, ɭɥ. Ⱥɫɬɪɚɯɚɧɫɤɚɹ, 8γ. E-mail: zina-chepurina@rambler.ru 

 
ɗɤɫɬɪɚɤɰɢɨɧɧɵɟ ɦɟɬɨɞɵ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɹ, ɪɚɡɞɟɥɟɧɢɹ ɢ ɢɡɜɥɟɱɟɧɢɹ ɲɢɪɨɤɨ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ. ȼɜɟɞɟɧɢɟ ɫɨɥɟɣ ɱɚɫɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɨɥɟɟ 
ɩɨɥɧɨɦɭ ɪɚɡɞɟɥɟɧɢɸ ɠɢɞɤɢɯ ɮɚɡ. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ ɨɛ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɜɨɞɢɦɨɣ 
ɫɨɥɢ, ɝɪɚɧɢɰɚɯ ɨɛɥɚɫɬɢ ɪɚɫɫɥɨɟɧɢɹ ɢ ɯɚɪɚɤɬɟɪɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɠɧɨ ɩɭɬɟɦ 
ɩɨɫɬɪɨɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ. Ɉɞɧɚɤɨ ɜɨɩɪɨɫ ɨ ɜɥɢɹɧɢɢ ɪɚɡɥɢɱɧɵɯ ɫɨɥɟɣ ɧɚ 
ɬɨɩɨɥɨɝɢɱɟɫɤɭɸ ɬɪɚɧɫɮɨɪɦɚɰɢɸ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ ɨɫɬɚɟɬɫɹ ɩɨɤɚ ɦɚɥɨɢɡɭɱɟɧɧɵɦ.  

ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɩɨɥɢɬɟɪɦɢɱɟɫɤɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɢ 
ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ ɜ ɪɚɡɪɟɡɟ ɬɟɬɪɚɷɞɪɚ ɱɟɬɜɟɪɧɨɣ ɫɢɫɬɟɦɵ  ɧɢɬɪɚɬ ɤɚɥɢɹ– ɜɨɞɚ – ɩɢɪɢɞɢɧ 
– ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɜ ɢɧɬɟɪɜɚɥɟ 5-900ɋ ɫ ɰɟɥɶɸ ɜɵɹɜɥɟɧɢɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ 
ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ ɱɟɬɜɟɪɧɵɯ ɫɢɫɬɟɦ, ɜɤɥɸɱɚɸɳɟɣ ɬɪɨɣɧɭɸ ɠɢɞɤɨɫɬɧɭɸ 
ɫɢɫɬɟɦɭ ɫ ɡɚɦɤɧɭɬɨɣ ɨɛɥɚɫɬɶɸ ɪɚɫɫɥɨɟɧɢɹ. 

ɂɡɭɱɟɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɜɢɡɭɚɥɶɧɨ-ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɜ ɫɦɟɫɹɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɨɞɧɨɝɨ ɪɚɡɪɟɡɚ ɬɟɬɪɚɷɞɪɚ ɫɨɫɬɚɜɚ ɭɤɚɡɚɧɧɨɣ ɫɢɫɬɟɦɵ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 5 ɞɨ 900ɋ. 
Ɋɚɡɪɟɡ ɛɵɥ ɩɪɨɜɟɞɟɧ ɱɟɪɟɡ ɪɟɛɪɨ ɬɟɬɪɚɷɞɪɚ ɫɨɫɬɚɜɚ ɧɢɬɪɚɬ ɤɚɥɢɹ – ɜɨɞɚ ɢ ɬɨɱɤɭ ɪɟɛɪɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɫɢɫɬɟɦɟ ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ, ɨɬɜɟɱɚɸɳɭɸ 4γ ɦɚɫ.% ɩɢɪɢɞɢɧɚ. 
ȼɵɛɨɪ ɩɨɥɨɠɟɧɢɹ ɪɚɡɪɟɡɚ ɨɩɪɟɞɟɥɹɥɫɹ ɬɟɦ, ɱɬɨɛɵ ɨɧ ɩɟɪɟɫɟɤɚɥ ɨɛɴɟɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɜ 
ɨɛɥɚɫɬɢ ɠɢɞɤɨɮɚɡɧɵɯ ɪɚɜɧɨɜɟɫɢɣ, ɚ ɬɚɤɠɟ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫ ɧɚɥɢɱɢɟɦ ɬɜɟɪɞɨɣ ɮɚɡɵ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɪɚɡɪɟɡ ɛɵɥ ɩɪɨɜɟɞɟɧ ɱɟɪɟɡ ɬɨɱɤɭ  ɧɚ ɬɪɟɭɝɨɥɶɧɢɤɟ ɫɨɫɬɚɜɚ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɜɨɞɚ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

100 
 

– ɩɢɪɢɞɢɧ –ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ, ɨɬɜɟɱɚɸɳɭɸ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 
ɞɜɭɯɠɢɞɤɨɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟД1Ж ɢ ɩɟɪɟɫɟɤɚɥ ɥɢɧɢɸ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ 
ɭɤɚɡɚɧɧɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ (ɪɢɫ. 1). 

 
Ɋɢɫ.1. ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɡɪɟɡɚ ɢ ɫɟɱɟɧɢɣ ɧɚ ɩɥɨɫɤɨɫɬɢ ɪɚɡɪɟɡɚ ɬɟɬɪɚɷɞɪɚ ɫɨɫɬɚɜɚ ɜ 
ɫɢɫɬɟɦɟ ɧɢɬɪɚɬ ɤɚɥɢɹ – ɜɨɞɚ – ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ 

 
Ɏɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɹɜɥɟɧɢɹ ɜ ɫɦɟɫɹɯ ɤɨɦɩɨɧɟɧɬɨɜ ɛɵɥɢ ɢɡɭɱɟɧɵ ɩɨ 

ɨɞɢɧɧɚɞɰɚɬɢ ɫɟɱɟɧɢɹɦ ɬɪɟɭɝɨɥɶɧɢɤɚ ɪɚɡɪɟɡɚ. ɋɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɟɱɟɧɢɣ I - VII 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɟɪɟɦɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɬɪɚɬɚ ɤɚɥɢɹ ɢ ɩɨɫɬɨɹɧɧɵɦ ɞɥɹ ɤɚɠɞɨɝɨ 
ɫɟɱɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɜɨɞɵ ɢ ɫɦɟɫɢ ɩɢɪɢɞɢɧɚ ɫ ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɨɣ: 8.00:9β.00(I), 
18.00:82.00(II ), 30.00:70.00(III ), 43.00:57.00(IV), 58.00:42.00(V), 73.00:27.00(VI), 
86.00:14.00(VII). ɋɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɫɟɱɟɧɢɹɦ VIII - XI ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɟɪɟɦɟɧɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɫɦɟɫɢ ɩɢɪɢɞɢɧɚ ɫ ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɢ ɩɨɫɬɨɹɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɜɨɞɵ 
ɢ ɧɢɬɪɚɬɚ ɤɚɥɢɹ: 1.00:99.00(VIII), 5.00:95.00(IX),45.00:55.00(X), 68.00:32.00(XI).  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɫɬɚɜɚ ɤɪɢɬɢɱɟɫɤɨɝɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɪɢɫ.β), ɛɵɥɢ 
ɢɫɫɥɟɞɨɜɚɧɵ ɫɦɟɫɢ ɱɟɬɵɪɟɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɟɱɟɧɢɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɩɟɪɟɦɟɧɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɬɪɚɬɚ ɤɚɥɢɹ ɢ ɩɨɫɬɨɹɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɜɨɞɵ ɢ ɫɦɟɫɢ ɩɢɪɢɞɢɧɚ ɫ 
ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɨɣ: 49.00:51.00, 49.β9:50.71, 49.49:50.51, 49.55:50.45. ɋ ɩɨɜɵɲɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɞɟɪɠɚɧɢɟ ɧɢɬɪɚɬɚ ɤɚɥɢɹ ɢ ɫɦɟɫɢ (C5H5N + C4H8O2) ɜ ɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɚɯ 
ɦɨɧɨɬɨɧɧɨ ɜɨɡɪɚɫɬɚɟɬ. Ʉɪɢɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɧɚɱɢɧɚɸɬɫɹ ɩɪɢ 90.4°ɋ ɢ ɡɚɤɚɧɱɢɜɚɸɬɫɹ ɩɪɢ 
5γ.5°ɋ  ɜ ɬɨɱɤɟ K', ɨɬɜɟɱɚɸɳɟɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ 
ɪɚɫɬɜɨɪɨɜ ɜ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɜɨɞɚ – ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ Д1Ж. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɬɟɪɦ 
ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɧɚ ɬɪɟɭɝɨɥɶɧɢɤɟ ɪɚɡɪɟɡɚ ɩɪɢ ɲɟɫɬɢ ɬɟɦɩɟɪɚɬɭɪɚɯ: 5.0, γ9.0, 5γ.5, 
54.0, 54.5, 90.0 (ɪɢɫ. γ).  

ɇɚ ɢɡɨɬɟɪɦɟ ɩɪɢ 5.0°ɋ ɫɭɳɟɫɬɜɭɟɬ ɩɨɥɟ ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ℓ1+ℓ2+Sɫ  
ɩɪɢɦɵɤɚɸɳɢɦɢ ɤ ɧɟɦɭ ɩɨɥɹɦɢ ɧɚɫɵɳɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ℓ1+S, ℓ2+S ɢ ɩɨɥɟɦ ɪɚɫɫɥɨɟɧɢɹ ℓ1+ℓ2. 
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 5.0°ɋ ɜ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɜɨɞɚ – ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɫɭɳɟɫɬɜɭɟɬ 
ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɚɹ ɩɨ ɪɚɡɦɟɪɭ ɨɛɥɚɫɬɶ ɪɚɫɫɥɨɟɧɢɹ Д1Ж, ɩɨɷɬɨɦɭ ɞɢɚɝɪɚɦɦɚ ɪɚɡɪɟɡɚ ɩɪɢ ɷɬɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ  ɜɵɫɚɥɢɜɚɧɢɟɦ ɩɫɟɜɞɨɞɜɨɣɧɨɣ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɵ ɜɨɞɚ – 
ɫɦɟɫɶ (C5H5N + C4H8O2). Ȼɢɧɨɞɚɥɶɧɚɹ ɤɪɢɜɚɹ ɧɚ ɢɡɨɬɟɪɦɟ ɪɚɡɪɟɡɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɬɞɟɥɶɧɵɯ 
ɜɟɬɜɟɣ. 

ɂɡɨɬɟɪɦɢɱɟɫɤɚɹ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɩɪɢ γ9.0°ɋ ɚɧɚɥɨɝɢɱɧɚ ɢɡɨɬɟɪɦɟ ɩɪɢ 5.0°ɋ. 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɢɚɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɷɤɫɬɪɟɦɭɦɨɜ ɧɚ ɥɢɧɢɹɯ, ɪɚɡɞɟɥɹɸɳɢɯ ɩɨɥɹ 
ɪɚɫɫɥɨɟɧɢɹ ℓ1+ℓ2 ɢ ɝɨɦɨɝɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ℓ1 ɢ ℓ2. Ɍɚɤɨɣ ɯɨɞ ɥɢɧɢɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɧɢɬɪɚɬ ɤɚɥɢɹ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɨɤɚɡɵɜɚɟɬ 
ɜɫɚɥɢɜɚɸɳɟɟ ɞɟɣɫɬɜɢɟ ɧɚ ɝɟɬɟɪɨɝɟɧɧɵɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɟ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɢɟ ɪɚɫɬɜɨɪɵ. 
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ɇɚɩɪɢɦɟɪ, ɜɜɟɞɟɧɢɟ ɧɢɬɪɚɬɚ ɤɚɥɢɹ ɜ ɝɟɬɟɪɨɝɟɧɧɵɟ ɫɦɟɫɢ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɜɨɞɚ – ɩɢɪɢɞɢɧ – 
ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɩɨ ɫɟɱɟɧɢɸ III (ɢɡɨɬɟɪɦɚ ɩɪɢ γ9.0°ɋ) ɩɪɢɜɨɞɢɬ ɜ ɧɚɱɚɥɟ ɤ ɢɯ 
ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɫɨɥɢ ɨɤɨɥɨ 1 ɦɚɫ.%, ɚ ɩɪɢ ɟɟ ɫɨɞɟɪɠɚɧɢɢ ɜɵɲɟ 5 ɦɚɫ.% 
ɫɧɨɜɚ ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɫɫɥɚɢɜɚɧɢɟ ɜ ɫɢɫɬɟɦɟ.  

 

 
Ɋɢɫ. β. Ɂɚɜɢɫɢɦɨɫɬɢ ɫɨɫɬɚɜɚ ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɡɪɟɡɟ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɬɟɬɪɚɷɞɪɚ ɱɟɬɜɟɪɧɨɣ ɫɢɫɬɟɦɵ ɧɢɬɪɚɬ ɤɚɥɢɹ – ɜɨɞɚ – ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ 
ɤɢɫɥɨɬɚ 

 
ɇɚ ɢɡɨɬɟɪɦɟ ɪɚɡɪɟɡɚ ɩɪɢ 5γ.5°ɋ ɧɚ ɫɬɨɪɨɧɟ ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɨɫɬɚɜɚ,  ɨɬɜɟɱɚɸɳɟɣ 

ɩɫɟɜɞɨɞɜɨɣɧɨɣ ɪɚɫɫɥɚɢɜɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ ɜɨɞɚ – ɫɦɟɫɶ (C5H5N + C4H8O2), ɩɨɹɜɥɹɟɬɫɹ 
ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɪɚɫɬɜɨɪɢɦɨɫɬɢ K'. ɉɪɢ ɭɤɚɡɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɜɨɞɚ – 
ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ Д1Ж ɩɪɨɢɫɯɨɞɢɬ ɨɛɴɟɞɢɧɟɧɢɟ ɞɜɭɯ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ ɧɚ 
ɡɚɦɤɧɭɬɨɣ ɛɢɧɨɞɚɥɶɧɨɣ ɤɪɢɜɨɣ  ɜ ɟɞɢɧɫɬɜɟɧɧɭɸ ɬɨɱɤɭ K '. Ɉɱɟɜɢɞɧɨ, ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ 
ɬɟɬɪɚɷɞɪɟ ɫɨɫɬɚɜɚ ɩɪɨɢɫɯɨɞɢɬ ɨɛɴɟɞɢɧɟɧɢɟ ɞɜɭɯ ɥɢɧɢɣ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɟɞɢɧɨɣ ɥɢɧɢɢ, ɩɟɪɟɫɟɱɟɧɢɟ ɤɨɬɨɪɨɣ ɩɥɨɫɤɨɫɬɶɸ ɪɚɡɪɟɡɚ ɞɚɟɬ ɤɪɢɬɢɱɟɫɤɭɸ 
ɬɨɱɤɭ K'. 

ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɧɚɩɪɢɦɟɪ, ɧɚ ɢɡɨɬɟɪɦɟ ɩɪɢ 54.0°ɋ (ɪɢɫ. γ), ɤɪɢɬɢɱɟɫɤɚɹ 
ɬɨɱɤɚ ɭɠɟ ɧɟ ɤɚɫɚɟɬɫɹ ɫɬɨɪɨɧɵ ɩɫɟɜɞɨɞɜɨɣɧɨɣ ɪɚɫɫɥɚɢɜɚɸɳɟɣɫɹ ɫɢɫɬɟɦɵ ɜɨɞɚ – ɫɦɟɫɶ 
(C5H5N + C4H8O2). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɢɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ, ɩɪɨɯɨɞɹɳɚɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɴɟɦɚ ɞɜɭɯ ɠɢɞɤɢɯ ɮɚɡ, ɧɟ ɫɨɩɪɢɤɚɫɚɟɬɫɹ ɫɬɨɪɨɧɵ ɬɟɬɪɚɷɞɪɚ ɫɨɫɬɚɜɚ, ɨɬɜɟɱɚɸɳɟɣ ɬɪɨɣɧɨɣ 
ɫɢɫɬɟɦɟ ɜɨɞɚ – ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ. 

Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ 
ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɜɨɞɚ – ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
54.5°ɋ ɩɨɥɟ ɞɜɭɯ ɠɢɞɤɢɯ ɮɚɡ ɫɠɢɦɚɟɬɫɹ ɜ ɬɨɱɤɭ (ɨɛɨɡɧɚɱɟɧɚ max ɧɚ ɞɢɚɝɪɚɦɦɟ ɫɢɫɬɟɦɵ). 
ɗɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɞɜɭɯɠɢɞɤɨɮɚɡɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜ ɞɚɧɧɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ. ɉɨɫɤɨɥɶɤɭ ɪɚɡɪɟɡ ɩɪɨɜɟɞɟɧ ɱɟɪɟɡ ɷɬɭ ɬɨɱɤɭ, ɧɚ ɟɝɨ 
ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ ɩɪɢ ɭɤɚɡɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɥɟ ɞɜɭɯɠɢɞɤɨɮɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɤɚɫɚɟɬɫɹ 
ɫɬɨɪɨɧɵ ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɨɫɬɚɜɚ ɪɚɡɪɟɡɚ, ɨɬɜɟɱɚɸɳɟɣ ɩɫɟɜɞɨɞɜɨɣɧɨɣ ɫɢɫɬɟɦɟ ɜɨɞɚ – ɫɦɟɫɶ 
(C5H5N + C4H8O2) ɜ ɨɞɧɨɣ ɬɨɱɤɟ (ɧɚ ɢɡɨɬɟɪɦɟ ɨɛɨɡɧɚɱɟɧɚ max).  
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Ɋɢɫ. γ. ɂɡɨɬɟɪɦɢɱɟɫɤɢɟ ɮɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ (ɦɚɫ.%) ɪɚɡɪɟɡɚ ɬɟɬɪɚɷɞɪɚ ɫɨɫɬɚɜɚ ɱɟɬɜɟɪɧɨɣ 
ɫɢɫɬɟɦɵ ɧɢɬɪɚɬ ɤɚɥɢɹ – ɜɨɞɚ – ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɩɪɢ 5.0, γ9.0, 5γ.0, 54.0, 54.5 ɢ 
90.0 °ɋ 

 
ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ 54.5°ɋ ɬɪɨɣɧɚɹ ɫɢɫɬɟɦɚ ɜɨɞɚ – ɩɢɪɢɞɢɧ –ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ 

ɹɜɥɹɟɬɫɹ ɝɨɦɨɝɟɧɧɨɣ. ɇɚ ɢɡɨɬɟɪɦɟ ɪɚɡɪɟɡɚ ɩɪɢ 90°ɋ ɫɭɳɟɫɬɜɭɟɬ ɟɞɢɧɚɹ ɤɪɢɜɚɹ ɮɚɡɨɜɨɝɨ 
ɩɟɪɟɯɨɞɚ ɫ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ Ʉ. ɂɡɨɬɟɪɦɚ ɪɚɡɪɟɡɚ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬɜɟɱɚɟɬ 
ɜɵɫɚɥɢɜɚɧɢɸ ɝɨɦɨɝɟɧɧɨɣ ɩɫɟɜɞɨɞɜɨɣɧɨɣ ɫɢɫɬɟɦɵ ɜɨɞɚ – ɫɦɟɫɶ (C5H5N + C4H8O2). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɬɪɨɟɧɢɟ ɢ ɚɧɚɥɢɡ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ ɪɚɡɪɟɡɚ 
ɬɟɬɪɚɷɞɪɚ ɫɨɫɬɚɜɚ ɫɢɫɬɟɦɵ ɧɢɬɪɚɬ ɤɚɥɢɹ – ɜɨɞɚ – ɩɢɪɢɞɢɧ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɩɨɡɜɨɥɢɥɢ 
ɜɵɹɜɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɬɨɩɨɥɨɝɢɱɟɫɤɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɨɛɴɟɦɨɜ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫ 
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ɧɚɥɢɱɢɟɦ ɬɜɟɪɞɨɣ ɮɚɡɵ ɢ ɱɚɫɬɢɱɧɨ ɩɪɨɹɫɧɢɬɶ ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ ɨɛɴɟɦɚ ɞɜɭɯɠɢɞɤɨɮɚɡɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɢ ɥɢɧɢɣ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ ɫ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ 
ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɢɬɪɚɬɚ ɤɚɥɢɹ ɜ ɫɦɟɫɹɯ ɤɨɦɩɨɧɟɧɬɨɜ 
ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɯɨɞɭ ɜɫɚɥɢɜɚɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɫɨɥɢ ɤ ɜɵɫɚɥɢɜɚɸɳɟɦɭ. 

 
ɅɂɌȿɊȺɌɍɊȺ 

1. Ⱦ.Ƚ. ɑɟɪɤɚɫɨɜ, Ɇ.ɉ. ɋɦɨɬɪɨɜ, Ʉ.Ʉ. ɂɥɶɢɧ. ɀɭɪɧ. ɩɪɢɤɥ. ɯɢɦɢɢ. 81 (2008) 229. 
 

 
 

ɂɁɍɑȿɇɂȿ ȼɕɋȺɅɂȼȺɇɂə ɆȺɋɅəɇɈɃ ɄɂɋɅɈɌɕ ɂɁ ȼɈȾɇɕɏ ɊȺɋɌȼɈɊɈȼ 
ɇɂɌɊȺɌɈɆ ɐȿɁɂə 

ɑɟɪɤɚɫɨɜ Ⱦ.Ƚ., ɑɟɩɭɪɢɧɚ Ɂ.ȼ., Ⱦɶɹɱɟɧɤɨ ȿ.Ɉ. 
ɋɚɪɚɬɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.Ƚ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, ɂɧɫɬɢɬɭɬ ɯɢɦɢɢ, 

Ɋɨɫɫɢɹ, 410012, ɋɚɪɚɬɨɜ, ɭɥ. Ⱥɫɬɪɚɯɚɧɫɤɚɹ, 8γ. E-mail: dgcherkasov@mail.ru 
 

Ɇɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɢ ɟɟ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ 
ɷɤɫɬɪɚɝɟɧɬɚ ɢɨɧɨɜ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɜ ɫɢɧɬɟɡɟ ɞɭɲɢɫɬɵɯ ɜɟɳɟɫɬɜ ɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɞɨɛɚɜɨɤ, ɩɥɚɫɬɢɮɢɤɚɬɨɪɨɜ ɞɥɹ ɥɚɤɨɜ, ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜ. ȼɥɢɹɧɢɟ ɫɨɥɟɣ 
ɧɚ ɮɚɡɨɜɨɟ ɩɨɜɟɞɟɧɢɟ ɞɜɨɣɧɨɣ ɫɢɫɬɟɦɵ ɜɨɞɚ-ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɢɡɭɱɟɧɨ ɥɢɲɶ ɧɚ ɩɪɢɦɟɪɟ 
ɯɥɨɪɢɞɨɜ ɧɟɤɨɬɨɪɵɯ ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨ-ɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ Д1-γЖ. ȼ ɬɨɠɟ ɜɪɟɦɹ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɩɪɚɤɬɢɤɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɨɜ ɫɟɥɟɤɬɢɜɧɨɣ ɷɤɫɬɪɚɤɰɢɢ ɢ ɜɵɫɚɥɢɜɚɧɢɹ 
ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɢɫɩɨɥɶɡɭɸɬ ɞɨɛɚɜɤɢ ɪɚɡɥɢɱɧɵɯ ɫɨɥɟɣ-ɜɵɫɚɥɢɜɚɬɟɥɟɣ. ɉɪɟɞɫɬɚɜɥɹɟɬ 
ɢɧɬɟɪɟɫ ɜɵɹɜɢɬɶ ɜɥɢɹɧɢɟ ɞɪɭɝɢɯ ɫɨɥɟɣ, ɧɚɩɪɢɦɟɪ, ɧɢɬɪɚɬɨɜ ɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ 
ɫɢɫɬɟɦɵ ɜɨɞɚ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ. 

ȼ ɪɚɧɟɟ ɧɟɢɫɫɥɟɞɨɜɚɧɧɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɧɢɬɪɚɬ ɰɟɡɢɹ – ɜɨɞɚ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ 
ɜɢɡɭɚɥɶɧɨ-ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚɦɢ ɢɡɭɱɟɧɵ ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɦɟɫɹɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɫɟɦɢ ɫɟɱɟɧɢɹɦ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɜ ɢɧɬɟɪɜɚɥɟ 5-100ɨɋ. 
ɋɨɫɬɚɜɵ ɫɦɟɫɟɣ ɢɡɦɟɧɹɥɢɫɶ ɩɨ ɫɟɦɢ ɫɟɱɟɧɢɹɦ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ (ɪɢɫ. 1). 
ɋɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ I – VI ɫɟɱɟɧɢɣ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɟɪɟɦɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɬɪɚɬɚ 
ɰɟɡɢɹ ɢ ɩɨɫɬɨɹɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɜɨɞɵ: 1γ.00:87.00 (I), 27.00:73.00 
(II), 41.00:59.00 (III ), 53.00:47.00 (IV), 68.00:32.00 (V), 83.00:17.00 (VI) (ɪɢɫɭɧɤɢ ɧɟ ɩɪɢɜɨɞɹɬɫɹ). 
ɋɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɫɟɱɟɧɢɸ VII ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɟɪɟɦɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɦɚɫɥɹɧɨɣ 
ɤɢɫɥɨɬɵ ɢ ɩɨɫɬɨɹɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɧɢɬɪɚɬɚ ɰɟɡɢɹ ɢ ɜɨɞɵ – 67.00:33.00 (VII). 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɦɟɫɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɫɟɱɟɧɢɸ VII (ɪɢɫ. β) ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ 
ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ KS ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ (ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɚɱɚɥɚ ɪɚɫɫɥɚɢɜɚɧɢɹ) ɞɥɹ ɢɡɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ ɪɚɜɧɚ 96.β°ɋ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɫɬɚɜɚ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɨɛɥɚɫɬɢ 
ɪɚɫɫɥɨɟɧɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ ɞɜɭɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɫɟɱɟɧɢɣ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɟɪɟɦɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɬɪɚɬɚ ɰɟɡɢɹ ɢ ɩɨɫɬɨɹɧɧɵɦ 
ɞɥɹ ɤɚɠɞɨɝɨ ɫɟɱɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɜɨɞɵ: 40.50:59.50, 41.00:59.00. 
Ʉɪɢɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɧɚɱɢɧɚɸɬɫɹ ɩɪɢ 104.1ºɋ ɢ ɡɚɤɚɧɱɢɜɚɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɪɚɡɨɜɚɧɢɹ 
ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ (96.β°ɋ) ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɟɱɧɨɣ ɬɨɱɤɟ, 
ɨɬɜɟɱɚɸɳɟɣ ɫɨɫɬɚɜɭ ɠɢɞɤɨɣ ɮɚɡɵ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ KS. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɫɨɞɟɪɠɚɧɢɟ ɧɢɬɪɚɬɚ ɰɟɡɢɹ ɢ ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɜ ɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɚɯ 
ɜɨɡɪɚɫɬɚɟɬɧɟɡɧɚɱɢɬɟɥɶɧɨ. 

ɉɨɥɢɬɟɪɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ 
ɝɪɚɮɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɨɜ ɫɦɟɫɟɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɨɱɤɚɦ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɪɢ 
ɜɵɛɪɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ. ɇɚ ɪɢɫ. 1 
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ɢɡɨɛɪɚɠɟɧɵ ɢɡɨɬɟɪɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ, ɩɨɡɜɨɥɢɜɲɢɟ ɜɵɹɜɢɬɶ ɬɨɩɨɥɨɝɢɱɟɫɤɭɸ 
ɬɪɚɧɫɮɨɪɦɚɰɢɸ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ.  

ȼ ɢɧɬɟɪɜɚɥɟ 5.0 – 96.2°ɋ ɞɢɚɝɪɚɦɦɚ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɥɢɧɢɢ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɪɚɡɞɟɥɹɸɳɟɣ ɩɨɥɹ ɝɨɦɨɝɟɧɧɨ-ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ℓ ɢ ɧɚɫɵɳɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ℓ+S. ɉɪɢ 96.β°ɋ ɧɚ ɥɢɧɢɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɨɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ K, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ 
ɫɦɟɫɢ, ɜ ɤɨɬɨɪɨɣ ɞɜɟ ɠɢɞɤɢɟ ɮɚɡɵ (ɨɪɝɚɧɢɱɟɫɤɚɹ ℓ1 ɢ ɜɨɞɧɚɹ ℓ2) ɢɞɟɧɬɢɱɧɵ ɩɨ ɫɨɫɬɚɜɭ ɢ 
ɫɜɨɣɫɬɜɚɦ. Ɍɚɤ ɤɚɤ ɤɪɢɬɢɱɟɫɤɚɹ ɠɢɞɤɚɹ ɮɚɡɚ K ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɬɜɟɪɞɨɣ ɮɚɡɨɣ S 
(CsNO3), ɜɨɡɧɢɤɚɟɬ ɤɪɢɬɢɱɟɫɤɚɹ ɧɨɞɚ KS ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. ɋɨɫɬɚɜ ɤɪɢɬɢɱɟɫɤɨɣ 
ɠɢɞɤɨɣ ɮɚɡɵ K (47.5 ɦɚɫ.%CsNO3, γβ.0 ɦɚɫ.% H2O, β0.5ɦɚɫ.% C4H8Ɉ2) ɨɩɪɟɞɟɥɢɥɢ ɝɪɚɮɢɱɟɫɤɢ 
ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɦ ɬɪɟɭɝɨɥɶɧɢɤɟ ɩɨ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ ɫ ɥɢɧɢɟɣ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɪɢ 96.β°ɋ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ(ɢɡɨɬɟɪɦɚ ɩɪɢ 100.0°ɋ, ɪɢɫ.1), 
ɤɪɢɬɢɱɟɫɤɚɹ ɧɨɞɚ KS ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ ɦɨɧɨɬɟɤɬɢɱɟɫɤɢɣ ɬɪɟɭɝɨɥɶɧɢɤ ℓ1+ℓ2+S ɫ 
ɩɪɢɦɵɤɚɸɳɢɦɢ ɤ ɧɟɦɭ ɩɨɥɹɦɢ ɧɚɫɵɳɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ℓ1+S, ℓ2+S ɢ ɧɟɛɨɥɶɲɢɦ ɩɨɥɟɦ 
ɪɚɫɫɥɨɟɧɢɹ ℓ1+ℓ2 ɫ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ K.  

 

 
Ɋɢɫ. 1. ɂɡɨɬɟɪɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ (ɦɚɫ. %) ɫɢɫɬɟɦɵ ɧɢɬɪɚɬ ɰɟɡɢɹ – ɜɨɞɚ – ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ 
ɩɪɢ 5.0, β5.0, 50.0, 70.0, 96.β ɢ 100.0ºɋ 

 
ɇɚɦɢ ɨɩɪɟɞɟɥɟɧ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɦɟɠɞɭ ɠɢɞɤɢɦɢ ɮɚɡɚɦɢ 

ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɷɮɮɟɤɬ ɟɟ ɜɵɫɚɥɢɜɚɧɢɹ ɢɡ ɜɨɞɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ɧɢɬɪɚɬɨɦ ɰɟɡɢɹ. ȿɝɨ ɡɧɚɱɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɥɢ ɤɚɤ ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ 
ɤɢɫɥɨɬɵ ɜ ɨɪɝɚɧɢɱɟɫɤɨɣ ɢ ɜɨɞɧɨɣ ɮɚɡɚɯ ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɢ 100°ɋ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɦɟɟɬ ɧɟɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ (γ.9). 
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Ɋɢɫ. β. ɉɨɥɢɬɟɪɦɚ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ 
ɫɢɫɬɟɦɵ ɧɢɬɪɚɬ ɰɟɡɢɹ – ɜɨɞɚ – 
ɦɚɫɥɹɧɚɹ ɤɢɫɥɨɬɚ ɩɨ ɫɟɱɟɧɢɸ VII 
ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɨɫɬɚɜɚ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɭɱɟɧɢɟ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɢ 

ɩɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɫɬɪɨɟɧɧɵɯ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ ɢɡɭɱɟɧɧɵɯ ɫɢɫɬɟɦ 
ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɵɹɜɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɚ 
ɜɵɫɚɥɢɜɚɧɢɹ ɦɚɫɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɢɬɪɚɬɚ ɰɟɡɢɹ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɩɨɥɭɱɟɧɵ ɜ ɪɚɦɤɚɯ ɜɵɩɨɥɧɟɧɢɹ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ 
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ɉɨɜɟɞɟɧɢɟ ɫɨɥɟɣ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɟɷɥɟɤɬɪɨɥɢɬɨɜ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ, ɩɨɫɤɨɥɶɤɭ ɜ 

ɫɢɫɬɟɦɟ ɜɨɞɚ–ɷɥɟɤɬɪɨɥɢɬ–ɧɟɷɥɟɤɬɪɨɥɢɬ ɢɦɟɸɬ ɦɟɫɬɨ ɪɚɡɥɢɱɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ȼɫɥɟɞɫɬɜɢɟ 
ɷɬɨɝɨ, ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɬɟɨɪɢɹ ɜɫɚɥɢɜɚɧɢɹ–ɜɵɫɚɥɢɜɚɧɢɹ ɧɟɷɥɟɤɬɪɨɥɢɬɨɜ ɩɨɤɚ ɧɟ 
ɪɚɡɪɚɛɨɬɚɧɚ.Ʉɪɨɦɟ ɬɨɝɨ, ɛɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ ɫɨɥɶ–ɛɢɧɚɪɧɵɣ 
ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɪɨɜɟɞɟɧɨ ɩɪɢ ɨɞɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɥɢ ɠɟ ɜ ɭɡɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ. ȼ 
ɪɟɞɤɢɯ ɫɥɭɱɚɹɯ ɚɜɬɨɪɵ ɢɡɭɱɚɥɢ ɜɫɟ ɮɚɡɨɜɵɟ ɫɨɫɬɨɹɧɢɹ ɜ ɫɢɫɬɟɦɟ, ɨɩɪɟɞɟɥɹɥɢ ɬɟɦɩɟɪɚɬɭɪɭ 
ɧɚɱɚɥɚ ɪɚɫɫɥɚɢɜɚɧɢɹ. ɉɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɭɱɟɧɨ ɢɡɦɟɧɟɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
ɪɚɫɬɜɨɪɟɧɢɹ ɞɜɨɣɧɵɯ ɠɢɞɤɨɫɬɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɜɜɟɞɟɧɢɢ ɫɨɥɟɣ, ɨɛɥɚɞɚɸɳɢɯ ɢ ɜɫɚɥɢɜɚɸɳɢɦ, 
ɢ ɜɵɫɚɥɢɜɚɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ.  

ȼ ɪɚɧɟɟ ɧɟɢɫɫɥɟɞɨɜɚɧɧɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɧɢɬɪɚɬ ɥɢɬɢɹ–ɜɨɞɚ–ɚɰɟɬɨɧɢɬɪɢɥ ɜɢɡɭɚɥɶɧɨ-
ɩɨɥɢɬɟɪɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɧɚɦɢ ɢɡɭɱɟɧɵ ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɦɟɫɹɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ 19-ɬɢ 
ɫɟɱɟɧɢɹɦ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɜ ɢɧɬɟɪɜɚɥɟ –19-1°ɋ. ɋɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ 
ɫɟɱɟɧɹɦI–XVI ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɟɪɟɦɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɬɪɚɬɚ ɥɢɬɢɹ ɢ ɩɨɫɬɨɹɧɧɵɦ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
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ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɚɰɟɬɨɧɢɬɪɢɥɚ ɢ ɜɨɞɵ: 10:90 (I), 20:80 (II ), 29:71 (III ), 35:65 (IV), 47:53 
(V), 51:49 (VI), 55:45 (VII), 59.67:40.33 (VIII), 60.5:39.5 (Iɏ), 65:γ5 (ɏ), 68:γβ (ɏI), 75:β5 (ɏII ), 
79:21 (XIII), 82:18 (XIV), 88:1β (ɏV), 95:5 (ɏVI). ɋɦɟɫɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɫɟɱɟɧɢɹɦ ɏVII-XIX 
ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɩɟɪɟɦɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ CH3CN ɢ ɩɨɫɬɨɹɧɧɵɦ ɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ ɫɨɥɢ ɢ 
ɜɨɞɵ: 7.7:9β.γ (XVII), 13:87 (XVIII), 32:68 (XIX). ɉɨɥɢɬɟɪɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɩɨ 
ɫɟɱɟɧɢɹɦ ɧɟ ɩɪɢɜɨɞɹɬɫɹ. 

ɋɨɫɬɚɜɵ ɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɨɬɧɨɲɟɧɢɹ ɨɛɴɟɦɨɜ ɠɢɞɤɢɯ ɮɚɡ ɞɥɹ 
ɫɦɟɫɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɨɞɢɧɧɚɞɰɚɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɫɟɱɟɧɢɹɦ, ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ 
ɩɟɪɟɦɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɬɪɚɬɚ ɥɢɬɢɹ ɢ ɩɨɫɬɨɹɧɧɵɦ ɞɥɹ ɤɚɠɞɨɝɨ ɫɟɱɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 
ɦɚɫɫ ɚɰɟɬɨɧɢɬɪɢɥɚ ɢ ɜɨɞɵ. Ʉɪɢɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ (ɪɢɫ. 1) ɧɚɱɢɧɚɸɬɫɹ ɩɪɢ –1.1ºɋ ɜ ɜɟɪɯɧɟɣ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ (ȼɄɌ), ɨɬɜɟɱɚɸɳɟɣ ɤɪɢɬɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɠɢɞɤɨɫɬɧɨɣ ɫɢɫɬɟɦɵ ɜɨɞɚ–
ɚɰɟɬɨɧɢɬɪɢɥ, ɢ ɡɚɤɚɧɱɢɜɚɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ 
ɦɨɧɨɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ (–18.7°ɋ) ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɟɱɧɨɣ ɬɨɱɤɟ, ɫɨɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɫɨɫɬɚɜɭ ɠɢɞɤɨɣ ɮɚɡɵ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ KS1 (S1 – ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬ ɫɨɫɬɚɜɚ LiNO3·γH2O). ɋ 
ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɧɢɬɪɚɬɚ ɥɢɬɢɹ ɢ ɚɰɟɬɨɧɢɬɪɢɥɚ ɜ ɫɦɟɫɹɯ, ɨɬɜɟɱɚɸɳɢɯ ɩɨ ɫɨɫɬɚɜɭ 
ɤɪɢɬɢɱɟɫɤɢɦ ɬɨɱɤɚɦ, ɬɟɦɩɟɪɚɬɭɪɚ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ Х1+l2l (l1 – ɨɪɝɚɧɢɱɟɫɤɚɹ ɮɚɡɚ, l2 – 
ɜɨɞɧɚɹ ɮɚɡɚ) ɩɨɜɵɲɚɟɬɫɹ ɞɨ 0.7ºɋ. ɗɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɤɫɢɦɭɦɭ ɧɚ 
ɤɪɢɬɢɱɟɫɤɢɯ ɥɢɧɢɹɯ (Kmaxɧɚ ɪɢɫ. 1), ɤɨɬɨɪɨɦɭ ɨɬɜɟɱɚɟɬ ɫɦɟɫɶ ɫɨɫɬɚɜɚ: γ.7 ɦɚɫ.%LiNO3,37.2 
ɦɚɫ.% H2O ɢ 59.1 ɦɚɫ.% CH3CN. Ɍɟɦɩɟɪɚɬɭɪɚ 0.7ºɋ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɛɪɚɡɨɜɚɧɢɹ ɞɜɭɯ 
ɠɢɞɤɢɯ ɮɚɡ ɜ ɢɡɭɱɚɟɦɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɟ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ 
ɫɨɞɟɪɠɚɧɢɹ ɧɢɬɪɚɬɚ ɥɢɬɢɹ ɢ ɚɰɟɬɨɧɢɬɪɢɥɚɜ ɪɚɫɬɜɨɪɚɯ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵɨɬ0.7ºɋɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɬɢɱɟɫɤɨɣ ɧɨɞɵ ɦɨɧɨɬɟɤɬɢɤɢХ1+l2+S1 (–
18.7ºɋ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɜɟɞɟɧɢɟ ɧɢɬɪɚɬɚ ɥɢɬɢɹ ɜ ɫɦɟɫɶ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɞɜɨɣɧɨɣ 
ɫɢɫɬɟɦɵ ɜɨɞɚ–ɚɰɟɬɨɧɢɬɪɢɥ ɫɧɚɱɚɥɚ ɩɪɢɜɨɞɢɬ ɤ ɧɟɛɨɥɶɲɨɦɭ ɩɨɜɵɲɟɧɢɸ ȼɄɌɊ ɷɬɨɣ ɫɢɫɬɟɦɵ 
(ɜɵɫɚɥɢɜɚɧɢɟ), ɚ ɡɚɬɟɦ – ɤ ɟё ɩɨɧɢɠɟɧɢɸ (ɜɫɚɥɢɜɚɧɢɟ). 

ɉɨɥɢɬɟɪɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ ɫɢɫɬɟɦɵ ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɤɪɢɜɵɟ (ɪɢɫ. 1) ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ. ȼɢɞɧɨ, ɱɬɨ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ 
ɧɢɬɪɚɬ ɥɢɬɢɹ ɞɟɣɫɬɜɭɟɬ ɞɜɨɹɤɨ: ɩɪɢ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɤɚɤ ɜɵɫɚɥɢɜɚɬɟɥɶ, ɚ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɤ ɜɫɚɥɢɜɚɬɟɥɶ (ɪɢɫ. β). ȼɜɟɞɟɧɢɟ ɫɨɥɢ ɜ ɝɨɦɨɝɟɧɧɵɟ ɫɦɟɫɢ ɜɨɞɵ ɢ 
ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɨ ɫɟɱɟɧɢɹɦ VII –XI (ɢɡɨɬɟɪɦɚ ɩɪɢ 0.0°C) ɢ V–XII (ɢɡɨɬɟɪɦɚ ɩɪɢ –1.1°C, ɪɢɫ. β) 
ɫɧɚɱɚɥɚ ɩɪɢɜɨɞɢɬ ɤ ɢɯ ɪɚɫɫɥɨɟɧɢɸ, ɚ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ – ɤ 
ɝɨɦɨɝɟɧɢɡɚɰɢɢ. ɉɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɞɜɨɣɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ 
ɫɨɥɢ. ȼɜɟɞɟɧɢɟ ɧɢɬɪɚɬɚ ɥɢɬɢɹ ɜ ɝɟɬɟɪɨɝɟɧɧɵɟ ɜɨɞɧɨ-ɚɰɟɬɨɧɢɬɪɢɥɶɧɵɟ ɫɦɟɫɢ ɩɨ ɫɟɱɟɧɢɹɦ V–
XII (ɢɡɨɬɟɪɦɚ ɩɪɢ –5.0°C) ɢ IV–XIII (ɢɡɨɬɟɪɦɚ ɩɪɢ –9.8°C) ɩɪɢɜɨɞɢɬ ɤ ɢɯ ɝɨɦɨɝɟɧɢɡɚɰɢɢ. 
ɇɚɪɹɞɭ ɫ ɷɬɢɦ, ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɢɬɪɚɬɚ ɥɢɬɢɹ ɜ ɪɹɞ ɝɨɦɨɝɟɧɧɵɯ ɜɨɞɧɨ-ɚɰɟɬɨɧɢɬɪɢɥɶɧɵɯ 
ɫɦɟɫɟɣ (ɫɟɱɟɧɢɟ XIII ɧɚ ɢɡɨɬɟɪɦɟ ɩɪɢ –5.0°C ɢ ɫɟɱɟɧɢɟ XIV ɧɚ ɢɡɨɬɟɪɦɟ ɩɪɢ –9.8°C), ɫɧɚɱɚɥɚ 
ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɢɯ ɪɚɫɫɥɨɟɧɢɟ, ɚ ɡɚɬɟɦ ɝɨɦɨɝɟɧɢɡɚɰɢɹ. Ɍɨ ɠɟ ɫɚɦɨɟ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɩɪɢ 
ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɢɡɨɬɟɪɦɚ ɩɪɢ–18.7°C). Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ 
ɧɚ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɟ ɢɡɭɱɚɟɦɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɡɚɦɤɧɭɬɨɣ ɛɢɧɨɞɚɥɶɧɨɣ ɤɪɢɜɨɣ ɜ 
ɢɧɬɟɪɜɚɥɟ –1.1-0.7°ɋ (ɪɢɫ. β) ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ ɞɜɨɣɫɬɜɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɢɬɪɚɬɚ ɥɢɬɢɹ ɧɚ 
ɜɨɞɧɨ-ɚɰɟɬɨɧɢɬɪɢɥɶɧɵɟ ɫɦɟɫɢ.  

əɜɥɟɧɢɟ ɜɫɚɥɢɜɚɧɢɹ ɧɢɬɪɚɬɨɦ ɥɢɬɢɹ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɱɢɫɬɨ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɦɢ 
ɬɟɨɪɢɹɦɢ ɛɟɡ ɩɪɢɜɥɟɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ Д1Ж. Ʉɚɬɢɨɧ Li+ 
ɢɦɟɟɬ ɫɜɨɛɨɞɧɵɟ ɨɪɛɢɬɚɥɢ, ɩɨɷɬɨɦɭ ɨɧ ɦɨɠɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɫɜɹɡɢ ɫ ɞɨɧɨɪɚɦɢ ɷɥɟɤɬɪɨɧɧɨɣ 
ɩɚɪɵ, ɧɚɩɪɢɦɟɪ, ɫ ɚɬɨɦɨɦ ɚɡɨɬɚ ɜ ɧɟɤɨɬɨɪɵɯ ɫɨɟɞɢɧɟɧɢɹɯ. ȼɜɟɞɟɧɢɟ ɫɨɥɟɣ ɥɢɬɢɹ ɜ 
ɝɟɬɟɪɨɝɟɧɧɵɟ ɫɦɟɫɢ ɜɨɞɵ ɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɦɨɥɟɤɭɥɵ ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɚɬ ɞɨɧɨɪ 
ɷɥɟɤɬɪɨɧɧɨɣ ɩɚɪɵ, ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ. Ɍɚɤɢɦ ɩɪɢɦɟɪɨɦ 
ɫɥɭɠɢɬ ɫɢɫɬɟɦɚ ɢɨɞɢɞ ɥɢɬɢɹ–ɜɨɞɚ–ɚɧɢɥɢɧ, ɜ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɝɨɦɨɝɟɧɢɡɚɰɢɹ ɫɦɟɫɟɣ ɜɨɞɵ 
ɢ ɚɧɢɥɢɧɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ Д1Ж. Ɉɱɟɜɢɞɧɨ, ɢɨɧ ɥɢɬɢɹ ɜ ɫɦɟɫɹɯ ɜɨɞɵ ɢ 
ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɨɞɜɟɪɝɚɟɬɫɹ ɫɦɟɲɚɧɧɨɣ ɫɨɥɶɜɚɬɚɰɢɢ, ɬ.ɟ. ɧɟ ɬɨɥɶɤɨ ɝɢɞɪɚɬɢɪɭɟɬɫɹ, ɧɨ ɢ 
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ɫɨɥɶɜɚɬɢɪɭɟɬɫɹ ɦɨɥɟɤɭɥɚɦɢ ɚɰɟɬɨɧɢɬɪɢɥɚ ДβЖ. ȼɟɪɨɹɬɧɨ,ɩɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ ɞɨɫɬɚɬɨɱɧɨ 
ɩɪɨɱɧɵɣ ɚɫɫɨɰɢɚɬ, ɤɨɬɨɪɵɣ ɩɥɨɯɨ ɪɚɫɬɜɨɪɢɦ ɜ ɚɰɟɬɨɧɢɬɪɢɥɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ 
ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦɚɯ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɧɢɬɪɚɬ ɥɢɬɢɹ–ɜɨɞɚ–ɚɰɟɬɨɧɢɬɪɢɥ ɩɪɢ 0.0 ɢ –1.1°ɋ (ɪɢɫ. 
2) ɩɨɹɜɥɹɟɬɫɹ ɡɚɦɤɧɭɬɚɹ ɨɛɥɚɫɬɶ ɪɚɫɫɥɨɟɧɢɹ ДγЖ. 

 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɢ ɫɨɞɟɪɠɚɧɢɹ ɧɢɬɪɚɬɚ ɥɢɬɢɹ ɢ ɚɰɟɬɨɧɢɬɪɢɥɚ ɜ ɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɚɯ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɢɫɬɟɦɟ ɧɢɬɪɚɬ ɥɢɬɢɹ–ɜɨɞɚ–ɚɰɟɬɨɧɢɬɪɢɥ 

 
Ʉɨɫɜɟɧɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɹɜɥɟɧɢɹ ɩɟɪɟɫɨɥɶɜɚɬɚɰɢɢ ɤɚɬɢɨɧɚ ɥɢɬɢɹ ɜ ɜɨɞɧɨ-

ɚɰɟɬɨɧɢɬɪɢɥɶɧɵɯ ɫɦɟɫɹɯ ɧɚɦɢ ɧɚɣɞɟɧɨ ɢɡ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. Ȼɵɥɢ ɫɧɹɬɵ 
ɷɥɟɤɬɪɨɧɧɵɟ ɫɩɟɤɬɪɵ ɜ ɛɥɢɠɧɟɣ ɍɎ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ ɨɞɢɧɧɚɞɰɚɬɢ ɬɪɨɣɧɵɯ ɫɦɟɫɟɣ ɫ 
ɩɨɫɬɨɹɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɢɬɪɚɬɚ ɥɢɬɢɹ (1 ɦɚɫ.%LiNO3) ɢ ɩɟɪɟɦɟɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɦɚɫɫ 
ɚɰɟɬɨɧɢɬɪɢɥɚ ɢ ɜɨɞɵ: 0:100 (1), 10:90 (2), 20:80 (3), 30:70 (4), 40:60 (5), 50:50 (6), 60:40 (7), 70:30 
(8), 80:20 (9), 90:10 (10), 99:1 (11).ɉɪɨɜɟɞɟɧ ɯɟɦɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡД4Ж ɫɩɟɤɬɪɨɜ ɞɚɧɧɨɣ 
ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ. Ⱦɟɤɨɦɩɨɡɢɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɫɩɟɤɬɪɨɜ ɩɨɤɚɡɚɥɚ ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɞɜɭɯ 
ɧɟɡɚɜɢɫɢɦɵɯ “ɤɨɦɩɨɧɟɧɬɨɜ” (ɪɢɫ. γ ɢ 4). ɉɪɢ ɷɬɨɦ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ ɢ ɢɯ ɫɦɟɫɢ 
ɹɜɥɹɸɬɫɹ ɨɩɬɢɱɟɫɤɢ ɩɪɨɡɪɚɱɧɵɦɢ ɜ ɛɥɢɠɧɟɣ ɍɎ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɢɦɢ 
“ɤɨɦɩɨɧɟɧɬɚɦɢ” ɦɨɝɭɬ ɛɵɬɶ ɬɨɥɶɤɨ ɚɫɫɨɰɢɚɬɵ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɢɨɧɨɦ ɥɢɬɢɹ ɢ ɦɨɥɟɤɭɥɚɦɢ 
ɪɚɫɬɜɨɪɢɬɟɥɟɣ. 

ɉɨ ɞɚɧɧɵɦ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɞɢɚɝɪɚɦɦɵ (ɪɢɫ. 4) ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 
ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɪɢɦɟɪɧɨ ɞɨ 50 ɦɚɫ.% ɜ ɫɢɫɬɟɦɟ ɧɚɯɨɞɢɬɫɹ ɬɨɥɶɤɨ ɨɞɢɧ ɚɫɫɨɰɢɚɬ, ɨɱɟɜɢɞɧɨ, ɷɬɨ 
ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ ɢɨɧ ɥɢɬɢɹ ДLi(H2O)n]+. ɋɨɝɥɚɫɧɨ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ ДβЖ ɜɟɪɨɹɬɧɟɟ ɜɫɟɝɨ 
n=4. ɉɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɵɲɟ 50 ɦɚɫ.% ɚɰɟɬɨɧɢɬɪɢɥɚ ɩɨɹɜɥɹɟɬɫɹ ɟɳɟ ɨɞɢɧ ɚɫɫɨɰɢɚɬ, ɩɪɢɱɟɦ 
ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ CH3CN ɜ ɫɦɟɫɹɯ ɤɨɦɩɨɧɟɧɬɨɜ. 
ȼɢɞɢɦɨ, ɩɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ CH3CN, ɟɝɨ ɦɨɥɟɤɭɥɵ ɧɚɱɢɧɚɸɬ ɫɨɥɶɜɚɬɢɪɨɜɚɬɶ ɢɨɧ 
ɥɢɬɢɹ, ɡɚɦɟɳɚɹ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɜ ɟɝɨ ɝɢɞɪɚɬɧɨɣ ɨɛɨɥɨɱɤɟ (ɹɜɥɟɧɢɟ ɩɟɪɟɫɨɥɶɜɚɬɚɰɢɢ). Ɍɨɝɞɚ 
ɜɬɨɪɨɣ “ɤɨɦɩɨɧɟɧɬ” ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɨɦɩɥɟɤɫɭДLi (CH3CN)m(H2O)k]+, ɝɞɟ m+k=4. Ɍɨɱɧɵɣ ɫɨɫɬɚɜ 
ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɤɨɦɩɥɟɤɫɚ ɧɟɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɫɯɨɞɹ ɢɡ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ. 
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Ɋɢɫ. β.ɂɡɨɬɟɪɦɵ ɮɚɡɨɜɵɯ ɫɨɫɬɨɹɧɢɣ (ɦɚɫ. %) ɫɢɫɬɟɦɵ ɧɢɬɪɚɬ ɥɢɬɢɹ–ɜɨɞɚ–ɚɰɟɬɨɧɢɬɪɢɥ ɩɪɢ 
0.7, 0.0, –1.1, –5.0, –9.8 ɢ –18.7ºɋ 
 

  
Ɋɢɫ. γ. ȼɵɞɟɥɟɧɧɵɟ ɫɩɟɤɬɪɵ ɨɛɪɚɡɭɸɳɢɯɫɹ 
ɚɫɫɨɰɢɚɬɨɜ (ɚɥɝɨɪɢɬɦ MILCA) 

Ɋɢɫ. 4. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɤɨɧɬɭɪɵ 
ɚɫɫɨɰɢɚɬɨɜ (ɚɥɝɨɪɢɬɦ MILCA) 
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ɉȺɊȺɆȿɌɊɕ ȺȾɋɈɊȻɐɂɈɇɇɈȽɈ ɋɅɈə ȼ ɈɄɊȿɋɌɇɈɋɌɂ ɄɊɂɌɂɑȿɋɄɈɃ 
ɌȿɆɉȿɊȺɌɍɊɕ ɋɆȿɒȿɇɂə ȻɂɇȺɊɇɈɃ ɀɂȾɄɈɃ ɋɆȿɋɂ 

ɂɥɶɢɧɚ ɋ.Ƚ. 
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ɂɡɜɟɫɬɧɨ Д1Ж, ɱɬɨ ɧɚ ɝɪɚɧɢɰɟ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɛɢɧɚɪɧɨɣ ɠɢɞɤɨɣ ɫɦɟɫɢ ɫ ɧɟɩɨɥɹɪɧɵɦɢ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɲɟɧɢɹ ɨɛɪɚɡɭɟɬɫɹ ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɫɥɨɣ, 
ɨɛɨɝɚɳёɧɧɵɣ ɦɨɥɟɤɭɥɚɦɢ ɤɨɦɩɨɧɟɧɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨɫɹ ɛɨɥɟɟ ɧɢɡɤɢɦ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 
ɧɚɬɹɠɟɧɢɟɦ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɡɭɱɚɟɬɫɹ ɜɨɩɪɨɫ ɨ ɤɢɧɟɬɢɤɟ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɫɥɨɹ. Ɉɛɵɱɧɨ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨёɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 
ɷɥɥɢɩɫɨɦɟɬɪɢɢ, ɨɞɧɚɤɨ ɢɡɦɟɪɟɧɢɟ ɬɨɥɶɤɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɥɥɢɩɬɢɱɧɨɫɬɢ ɞɟɥɚɟɬ ɷɬɨɞ ɦɟɬɨɞ 
ɨɩɢɫɚɬɟɥɶɧɵɦ. 
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Нɨɦɨɝɪɚɦɦɚ ɞɥя ɫɢɫɬɟɦɵ ɫ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟɥɨɦɥɟɧɢя
                     ɜɟɳɟɫɬɜɚ ɜ ɨɛɴɟɦɟ n3=1,5.
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Ɋɢɫ.1 ɇɨɦɨɝɪɚɦɦɚ ( )  ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɉɉ 2
n  ɢ ɬɨɥɳɢɧɵ ɫɥɨɹ d/λ ( =6γβ8 й) 

Ɋɚɞɢɚɥɶɧɵɟ ɥɢɧɢɢ –ɥɢɧɢɢ ɪɚɜɧɵɯ nβ. Ɉɝɢɛɚɸɳɢɟ  -  ɥɢɧɢɢ ɪɚɜɧɵɯ ɬɨɥɳɢɧ /d  
 

ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ДβЖ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɥɨɹ, ɬ.ɟ. ɬɨɥɳɢɧɵ d/λ ɢ ɩɨɤɚɡɚɬɟɥɹ 
ɩɪɟɥɨɦɥɟɧɢɹ ɫɥɨɹ 2

n ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɢɡɨɬɪɨɩɧɨɫɬɢ ɢ ɨɞɧɨɪɨɞɧɨɫɬɢ ɫɥɨɹ ɢɡ ɞɚɧɧɵɯ 
ɷɥɥɢɩɫɨɦɟɬɪɢɢ ɨɬɪɚɠёɧɧɨɝɨ ɫɜɟɬɚ. Ɇɟɬɨɞ ɢɫɩɨɥɶɡɭɟɬ ɞɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɡɦɟɪɟɧɧɵɟ 
ɜɟɥɢɱɢɧɵ: -ɡɧɚɱɟɧɢɟ ɷɥɥɢɩɬɢɱɧɨɫɬɢ 

sp
rr /  ɩɪɢ ɝɥɚɜɧɨɦ ɭɝɥɟ ɩɚɞɟɧɢɹ ɝɥ   ɢ 

mailto:ilinasg@mail.ru
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ɨɬɤɥɨɧɟɧɢɟ ɝɥ 
3 ɝɥɚɜɧɨɝɨ ɭɝɥɚ ɩɚɞɟɧɢɹ ɨɬ ɭɝɥɚ Ȼɪɸɫɬɟɪɚ ɞɥɹ ɩɨɞɥɨɠɤɢ 3

n

))((
33

narctg . ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɚɧɧɵɟ ДγЖ ɷɥɥɢɩɫɨɦɟɬɪɢɢ ɨɬɪɚɠɟɧɧɨɝɨ ɫɜɟɬɚ ɨɬ 
ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ 147147

FCHɋ   (ɦɟɬɢɥɰɢɤɥɨɝɟɤɫɚɧ-

ɩɟɪɮɬɨɪɦɟɬɢɥɰɢɤɥɨɝɟɤɫɚɧ (Ɇɐ-ɉɎɆɐ) ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
.60,318 ɄɌ ɫ  Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɛɨɱɚɹ ɧɨɦɨɝɪɚɦɦɚ, ɞɚɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚ (ɪɢɫ.β) ɢ 

ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ (ɪɢɫ. γ,4). 

 

Ɋɢɫ. β. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ДβЖ. (Ⱥ) Ƚɥɚɜɧɵɣ ɭɝɨɥ ɩɚɞɟɧɢɹ ɞɥɹ ɨɬɪɚɠɟɧɧɨɝɨ ɫɜɟɬɚ ɨɬ 
ɨɛɪɚɡɰɨɜ ɫ ɤɪɢɬɢɱɟɫɤɨɣ (No.β) ɢ ɧɟɤɪɢɬɢɱɟɫɤɨɣ (No.1) ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɢɫɬɟɦɵ Ɇɐ-ɉɎɆɐ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɲɟɧɢɹ Ɍɫ. (Ȼ) ɗɥɥɢɩɬɢɱɧɨɫɬɶ 
ɨɬɪɚɠɟɧɧɨɝɨ ɫɜɟɬɚ  ɨɬ ɭɤɚɡɚɧɧɵɯ ɨɛɪɚɡɰɨɜ. ɋɩɥɨɲɧɵɟ ɬɨɱɤɢ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ )(, ȻɪB

  ɞɥɹ ɫɢɫɬɟɦɵ ɤɪɢɬɢɱɟɫɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɩɨɥɵɟ ɬɨɱɤɢ - ɞɥɹ 
ɧɟɤɪɢɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
 

 

Ɋɢɫ. γ. Ɉɛɳɢɣ ɜɢɞ ɢɡɦɟɧɟɧɢɹ ɉɉ ɜ ɫɦɟɫɢ Ɇɐ-ɉɎɆɐ. ɉɪɢ Ɍ< γ18.6 K –ɤɪɢɜɚɹ 
ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ. ɉɪɢ Ɍ >Ɍɫ - ɤɪɢɬɢɱɟɫɤɚɹ ɚɞɫɨɪɛɰɢɹ 

ɉɉ ɫɨɫɭщɟɫɬɭющɢɯ ɮаɡ, ɨɞɧɨɪɨɞɧɨɣ ɮаɡɵ ɢ ɢɧɬɟɪɮɟɣɫа ɀ-ɉ
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Ɋɢɫ.4 Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɨɥɳɢɧɵ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɫɥɨɹ 

 
ɅɂɌȿɊȺɌɍɊȺ 

 
1. Ⱦɠ. Ɋɨɭɥɢɧɫɨɧ, Ȼ. ɍɢɞɨɦ. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɬɟɨɪɢɹ ɤɚɩɢɥɥɹɪɧɨɫɬɢ. Ɇɢɪ, Ɇɨɫɤɜɚ. 1986 
2. ɋ.Ƚ. ɂɥɶɢɧɚ, ɂ.ȼ. Ɍɪɟɬɶɹɤɨɜɚ, ȼ.Ⱥ. ɉɟɬɪɨɜɚ. ȼɟɫɬɧ. Ɇɨɫɤ. ɭɧɢɜ. ɋɟɪɢɹγ. ɎɂɁɂɄȺ. 
ȺɋɌɊɈɇɈɆɂə. 2 (2011) 72. 
3. J.W. Schmidt. Phys. Rev. Ⱥ. 41 (1990) 885. 
 
 

Ɂавɢɫɢɦɨɫɬɶ d/L ɨɬ ɬɟɦɩɟɪаɬɭɪɵ.
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ɌȿɉɅɈВɈȿ ɊАɋɒɂɊȿɇɂȿ ɋɈȿȾɂɇȿɇɂɃ ɋ ɄАɊɄАɋАɆɂ ДE2(TO4)3]3∞ (E2 = Zr 2, 
MgZr, MgTi ; T = P, As, V) 

Шɢɩɢɥɨɜ Ⱥ.ɋ., Ⱥɥɟɤɫɟɟɜ Ⱥ.Ⱥ., ɉɟɬɶɤɨɜ ȼ.ɂ.  
ɇɢɠɟɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.И. Ʌɨɛɚɱɟɜɫɤɨɝɨ,  

Ɋɨɫɫɢя, 603950, ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, ɩɪ-ɬ Ƚɚɝɚɪɢɧɚ 23.  
E-mail: as-shipilov@yandex.ru 

 
ɋɨɟɞɢɧɟɧɢɹ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɤɚɪɤɚɫɚɦɢ [E2(TO4)3]3∞ (E2 – ɨɤɬɚɷɞɪɢɱɟɫɤɢ 

ɤɨɨɪɞɢɧɢɪɨɜɚɧɧɵɟ ɤɚɬɢɨɧɵ ɜ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɨɬ 5+ ɞɨ 1+, TO4 – ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɣ 
ɨɤɫɨɚɧɢɨɧ) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɲɢɪɨɤɢɦ ɢɡɨɦɨɪɮɢɡɦɨɦ ɤɚɬɢɨɧɨɜ ɜɨ ɜɫɟɯ 
ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɯ ɩɨɡɢɰɢɹɯ, ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɡɪɭɲɚɸɳɢɦ 
ɮɚɤɬɨɪɚɦ ɩɪɢɪɨɞɧɨɝɨ ɢ ɬɟɯɧɨɝɟɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ Д1Ж. Ʉɪɢɫɬɚɥɥɨɯɢɦɢɹ ɬɚɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɜ 
ɱɚɫɬɧɨɫɬɢ ɫɨ ɫɬɪɭɤɬɭɪɚɦɢ ɬɢɩɚ NГP(NКГr2(PO4)3 ɢ ɥɚɧɝɛɟɣɧɢɬɚ (K2Mg2(SO4)3), ɪɚɡɪɚɛɨɬɚɧɚ 
ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨ Д2Ж. Ʉɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɣ ɬɚɤɨɝɨ ɫɬɪɨɟɧɢɹ ɭɫɬɨɣɱɢɜɵ ɤ 
ɬɟɩɥɨɜɵɦ ɫɬɪɟɫɫɚɦ Д3Ж, ɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɛɥɚɝɨɞɚɪɹ 
ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɤɚɬɢɨɧɧɵɯ ɢ ɚɧɢɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɟɞɢɧɟɧɢɣ ɫ 
ɫɨɯɪɚɧɟɧɢɟɦ ɫɬɚɛɢɥɶɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɚɧɫɚɦɛɥɹ, ɩɨɡɜɨɥɹɟɬ 
ɮɨɪɦɢɪɨɜɚɬɶ ɩɪɨɞɭɤɬɵ ɫ ɬɪɟɛɭɟɦɵɦɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ Д4Ж. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ − ɢɫɫɥɟɞɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ NZP- ɦɚɬɟɪɢɚɥɨɜ ɫɨɫɬɚɜɚ 
MZr2(TO4)x(PO4)3 –x(M =Li , Na, K, Rb, Cs; T = As, V) ɢ ɮɨɫɮɚɬɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɥɚɧɝɛɟɣɧɢɬɚ: 
KPbMgTi(PO4)3, K5/3MgTi4/3(PO4)3 ɢ K5/3MgZr4/3(PO4)3. 

Ɉɛɪɚɡɰɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɨɦ ɢɡ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ, 
ɯɥɨɪɢɞɚ ɦɚɝɧɢɹ, ɧɢɬɪɚɬɚ ɫɜɢɧɰɚ, ɨɤɫɢɯɥɨɪɢɞɨɜ ɰɢɪɤɨɧɢɹ ɢɥɢ ɬɢɬɚɧɚ, ɮɨɫɮɨɪɧɨɣ ɢ 
ɦɵɲɶɹɤɨɜɨɣ ɤɢɫɥɨɬ, ɦɟɬɚɜɚɧɚɞɚɬɚ ɚɦɦɨɧɢɹ. Ɋɟɚɤɰɢɨɧɧɵɟ ɫɦɟɫɢ ɜɵɫɭɲɢɜɚɥɢ ɩɪɢ 90ɨɋ ɢ 
ɩɨɞɜɟɪɝɚɥɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɩɪɢ 600−950ɨɋ. Ɏɚɡɨɨɛɪɚɡɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɚɯMZr2(TO4)x(PO4)3 –x 
ɢɡɭɱɟɧɨ ɜ Д5−7Ж. 

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ 25–800ɨɋ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ 
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɞɢɮɪɚɤɬɨɦɟɬɪɚ XRD-6000 ɮɢɪɦɵ Shimadzu, ɨɫɧɚɳɟɧɧɨɝɨ ɬɟɩɥɨɜɨɣ 
ɩɪɢɫɬɚɜɤɨɣ ɇȺ-1001 Shimadzu. 

 ȼ ɢɡɭɱɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɫɨ ɫɬɪɭɤɬɭɪɨɣ NZPɧɚɛɥɸɞɚɟɬɫɹ ɯɚɪɚɤɬɟɪɧɚɹ ɤɚɪɬɢɧɚ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ: ɪɚɫɲɢɪɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɜɞɨɥɶ ɨɫɢ ɫ (ɜɫɥɟɞɫɬɜɢɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯɫɹ ɨɤɬɚɷɞɪɨɜ ɆɈ6 ɜ 
ɤɨɥɨɧɤɚɯ, ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɫɢ ɫ)ɢɫɠɚɬɢɟ ɫɬɪɭɤɬɭɪɵ ɜɞɨɥɶ ɨɫɢ ɚ (ɜɫɥɟɞɫɬɜɢɟ 
ɫɤɨɪɪɟɥɢɪɨɜɚɧɧɨɝɨ ɩɨɜɨɪɨɬɚ ɬɟɬɪɚɷɞɪɨɜ (Ɍ,P)Ɉ4, ɫɨɟɞɢɧɟɧɧɵɯ ɜɟɪɲɢɧɚɦɢ ɫ 
ɨɤɬɚɷɞɪɚɦɢɆɈ6ɢ ZrO6, ɜɧɭɬɪɟɧɧɢɣ ɭɝɨɥ O−(T,P)−O ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɞɨɥɶɨɫɢ c, ɱɬɨ ɫɨɤɪɚɳɚɟɬ 
ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɤɨɥɨɧɤɚɦɢ ɢ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɩɚɪɚɦɟɬɪɚ a). ȼɜɢɞɭ 
ɬɨɝɨ, ɱɬɨ ɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɚɯ MZr2(TO4)x(PO4)3 –xɫɜɹɡɶ Ɇ−Ɉ ɫɥɚɛɟɣɲɚɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 
ɫɜɹɡɹɦɢZr−O ɢ (T,P)−O, ɪɚɡɦɟɪ ɤɚɬɢɨɧɚ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ M+(ɩɪɢ T ɢ x = const) ɫɢɥɶɧɨ 
ɜɥɢɹɟɬ ɧɚ ɩɚɪɚɦɟɬɪɵ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. ɍɜɟɥɢɱɟɧɢɟ ɪɚɡɦɟɪɚ M+ ɩɪɢɜɨɞɢɬ ɤ 
ɭɦɟɧɶɲɟɧɢɸ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. Эɬɨ ɫɜɹɡɚɧɨ ɫ 
ɬɟɦ, ɱɬɨ ɡɚɫɟɥɟɧɧɵɣ ɤɪɭɩɧɵɦ ɤɚɬɢɨɧɨɦ ɨɤɬɚɷɞɪ ɆɈ6 ɭɠɟ ɪɚɫɬɹɧɭɬ ɜɞɨɥɶ ɨɫɢ ɫɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɥɶɧɟɣɲɟɟ ɪɚɫɬɹɠɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɜɞɨɥɶ ɷɬɨɣ ɨɫɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ 
ɛɭɞɟɬ ɩɨɞɚɜɥɟɧɨ ɦɨɫɬɢɤɨɜɵɦɢ (Ɍ,P)Ɉ4-ɬɟɬɪɚɷɞɪɚɦɢ, ɫɜɹɡɵɜɚɸɳɢɦɢ ɤɨɥɨɧɤɢ ɤɚɪɤɚɫɧɨɣ 
ɫɬɪɭɤɬɭɪɵ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1, ɞɥɹ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦɵ ɋsZr2(TO4)x(PO4)3 –x ɫ ɫɚɦɵɦ ɤɪɭɩɧɵɦ 
ɤɚɬɢɨɧɨɦ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ  − ɰɟɡɢɟɦɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɜɨɝɨ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ αa 
ɢαc ɢ ɚɧɢɡɨɬɪɨɩɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ еαa–αcе ɛɥɢɡɤɢ ɤ ɧɭɥɸ. Ȼɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ 
αɫɞɥɹ ɫɢɫɬɟɦɆZr2(TO4)x(PO4)3 –xɫ Ɇ = Li , Na ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɢɫɬɟɦɚɦɢ ɫ ɛɨɥɟɟ ɤɪɭɩɧɵɦɢ 
ɤɚɬɢɨɧɚɦɢ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɜɨɡɦɨɠɧɨɣ ɦɢɝɪɚɰɢɟɣ ɤɚɬɢɨɧɨɜ Li+ ɢNa+ ɢɡ 
ɩɨɥɧɨɫɬɶɸ ɡɚɫɟɥɟɧɧɵɯ ɜɧɟɤɚɪɤɚɫɧɵɯ ɩɨɡɢɰɢɣ ɬɢɩɚ Ɇ1(ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɧɭɬɪɢ ɤɨɥɨɧɨɤ, 
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ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɫɢ ɫ) ɧɚ ɫɜɨɛɨɞɧɵɟ Ɇ2 ɩɨɡɢɰɢɢ (ɪɚɫɩɨɥɨɠɟɧɵ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ 
ɤɨɥɨɧɤɚɦɢ)Д8Ж. Эɬɨɬ ɩɪɨɰɟɫɫ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɫɢɥɟɧɢɟɦ ɨɬɬɚɥɤɢɜɚɧɢɹ ɦɟɠɞɭ ɰɟɩɨɱɤɚɦɢ 
ɢɨɧɨɜ ɤɢɫɥɨɪɨɞɚ ɜɨɤɪɭɝ ɜɚɤɚɧɬɧɵɯ Ɇ1 ɩɨɡɢɰɢɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸαɫ.  

 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ MZr2(AsO4)3 (x = 3) ɨɬ 
ɪɚɡɦɟɪɚ ɤɚɬɢɨɧɚ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ 

 
ɉɨɦɢɦɨ ɜɥɢɹɧɢɹ ɪɚɡɦɟɪɚ ɤɚɬɢɨɧɚ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɜɨɝɨ 

ɪɚɫɲɢɪɟɧɢɹ, ɛɵɥɨ ɢɡɭɱɟɧɨ ɢ ɜɥɢɹɧɢɟ ɡɚɦɟɳɟɧɢɹ ɮɨɫɮɨɪɚ ɧɚ ɦɵɲɶɹɤ ɢɥɢ ɜɚɧɚɞɢɣ ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɬɢɩɚ ɤɚɬɢɨɧɚ M+. 

ȼ ɫɢɫɬɟɦɟ ɚɪɫɟɧɚɬɨɜMZr2(AsO4)3ɢ ɚɪɫɟɧɚɬ-ɮɨɫɮɚɬɨɜ MZr2(AsO4)x(PO4)3–xɧɚɛɥɸɞɚɥɨɫɶ 
ɭɜɟɥɢɱɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɚɧɚɥɨɝɢɱɧɵɦɢɮɨɫɮɚɬɚɦɢMZr2(PO4)3, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɥɢɧ ɫɜɹɡɟɣ 
ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɚɬɨɦɨɜ ɫ ɤɢɫɥɨɪɨɞɨɦ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɢɯ ɦɟɧɶɲɟɣ ɩɪɨɱɧɨɫɬɶɸ ɩɪɢ 
ɬɟɪɦɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɹɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ.  

ȼ ɫɢɫɬɟɦɟ ɜɚɧɚɞɚɬ–ɮɨɫɮɚɬɨɜ KZr2(VO4)ɯ(PO4)3 – ɯ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜɚɧɚɞɢɹ 
ɩɪɢɜɨɞɢɥɨ ɤ ɧɟɛɨɥɶɲɨɦɭ ɭɜɟɥɢɱɟɧɢɸ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ ɩɚɪɚɦɟɬɪɚ αɚ, ɡɧɚɱɢɬɟɥɶɧɨɦɭ 
ɭɜɟɥɢɱɟɧɢɸ ɩɚɪɚɦɟɬɪɚ αɫ ɢ ɭɜɟɥɢɱɟɧɢɸ ɚɧɢɡɨɬɪɨɩɢɢ. Ȼɥɢɡɤɢɣ ɤ ɧɭɥɸ ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɩɥɨɜɨɝɨ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɩɪɢ ɯ = 0.4) ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɣ ɚɧɢɡɨɬɪɨɩɢɢ 
ɪɚɫɲɢɪɟɧɢɹ (ɪɢɫ. 2). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɚɥɢɣ−, ɪɭɛɢɞɢɣ− ɢ ɰɟɡɢɣ−ɰɢɪɤɨɧɢɣ ɚɪɫɟɧɚɬɵ, ɚɪɫɟɧɚɬ−ɮɨɫɮɚɬɵ ɢ 
ɜɚɧɚɞɚɬ−ɮɨɫɮɚɬɵ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɤɥɚɫɫɭ ɧɢɡɤɨɪɚɫɲɢɪɹɸɳɢɯɫɹ ɜɟɳɟɫɬɜ, ɧɚɬɪɢɣ− ɢ 
ɥɢɬɢɣ−ɰɢɪɤɨɧɢɣ ɜɚɧɚɞɚɬ−ɮɨɫɮɚɬɵ ɤ ɫɪɟɞɧɟɪɚɫɲɢɪɹɸɳɢɦɫɹ, ɚ ɥɢɬɢɣ−ɰɢɪɤɨɧɢɣ ɚɪɫɟɧɚɬ ɤ 
ɤɥɚɫɫɭ ɜɵɫɨɤɨɪɚɫɲɢɪɹɸɳɢɯɫɹ ɫɨɟɞɢɧɟɧɢɣ. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜɚɧɚɞɚɬ-ɮɨɫɮɚɬɨɜ ɨɬ ɫɨɫɬɚɜɚ 
 
Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɣ NГP-ɫɬɪɭɤɬɭɪɵ ɢɦɟɟɬ ɦɟɫɬɨ ɚɧɢɡɨɬɪɨɩɢɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, 

ɤɨɬɨɪɭɸ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɜɫɟɝɞɚ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ ɢɡɦɟɧɹɹ ɫɨɫɬɚɜ xɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ, 
ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɫɨɩɨɫɬɚɜɢɬɶ ɞɨɫɬɢɝɚɟɦɵɣ ɷɮɮɟɤɬ ɭɦɟɧɶɲɟɧɢɹ ɚɧɢɡɨɬɪɨɩɢɢ ɫ 
ɜɨɡɦɨɠɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɜɟɳɟɫɬɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ NГP, ɮɨɫɮɚɬɵ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɥɚɧɝɛɟɣɧɢɬɚ 
ɪɚɫɲɢɪɹɸɬɫɹ ɢɡɨɬɪɨɩɧɨ. ɉɚɪɚɦɟɬɪ a ɢ ɨɛɴɟɦ V ɷɥɟɦɟɧɬɚɪɧɵɯ ɹɱɟɟɤ ɨɛɪɚɡɰɨɜ 
KPbMgTi(PO4)3, K5/3MgTi4/3(PO4)3 ɢ K5/3MgZr4/3(PO4)3 ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɥɚɧɝɛɟɣɧɢɬɚ 
ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɢɯ ɬɟɩɥɨɜɨɝɨ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 
ɫɨɫɬɚɜɥɹɸɬ 8.1·10−6, 11.1·10−6 ɢ 4.9·10−6 °C−1, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ ɩɨɡɜɨɥɹɸɬ ɨɬɧɟɫɬɢ ɮɨɫɮɚɬɵ 
ɤ ɫɪɟɞɧɟ- ɢ ɜɵɫɨɤɨ-ɪɚɫɲɢɪɹɸɳɢɦɫɹ ɜɟɳɟɫɬɜɚɦ. ɉɪɢɪɨɞɚ ɤɚɬɢɨɧɨɜ, ɡɚɫɟɥɹɸɳɢɯ ɩɨɥɨɫɬɢ 
ɤɚɪɤɚɫɚ ɥɚɧɝɛɟɣɧɢɬɨɜɨɣ ɫɬɪɭɤɬɭɪɵ, ɨɤɚɡɵɜɚɟɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɟɟ 
ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɦɛɢɧɢɪɭɹ ɫɨɟɞɢɧɟɧɢɹ ɫ  ɤɚɪɤɚɫɚɦɢ ɫɨɫɬɚɜɚ E2(TO4)3, ɯɚɪɚɤɬɟɪɧɵɦɢ ɞɥɹ 
ɫɬɪɭɤɬɭɪɧɵɯ ɬɢɩɨɜ NГP ɢ ɥɚɧɝɛɟɣɧɢɬɚ, ɫ ɪɚɡɥɢɱɧɵɦɢɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɬɟɩɥɨɜɨɝɨ ɥɢɧɟɣɧɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ, ɫɩɨɫɨɛɧɵɟ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɛɪɚɡɨɜɵɜɚɬɶ ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ, ɦɨɠɧɨ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɨɫɬɚɜɵ ɤɟɪɚɦɢɤ ɫ ɪɟɝɭɥɢɪɭɟɦɵɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɦɚɥɵɦ, ɬɟɩɥɨɜɵɦ 
ɪɚɫɲɢɪɟɧɢɟɦ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɣ ɚɧɢɡɨɬɪɨɩɢɢ ɢɥɢ ɨɬɫɭɬɫɬɜɢɟɦ ɟɟ. 
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ɉɨɫɬɨɹɧɧɵɣ ɪɨɫɬ ɩɨɬɪɟɛɥɟɧɢɹ ɱɟɥɨɜɟɱɟɫɬɜɨɦ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɧɟɩɪɟɪɵɜɧɨɟ 

ɢɫɬɨɳɟɧɢɟ ɢɯ ɡɚɩɚɫɨɜ ɡɚɫɬɚɜɥɹɟɬ ɭɱɟɧɵɯ ɢɫɤɚɬɶ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɟ ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɢɫɬɨɱɧɢɤɢ. Oɞɧɚɤɨ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɧɵɧɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɧɢɡɤɚɹ 
ɩɪɨɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɫɵɪɶɹ, ɢɡ ɤɨɬɨɪɨɝɨ ɩɨɥɭɱɚɸɬ ɬɨɩɥɢɜɨ, ɧɟ ɩɨɡɜɨɥɹɸɬ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɬɪɟɛɧɨɫɬɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɢɪɚ ɜɨɡɨɛɧɨɜɥɹɟɦɵɦ ɛɢɨɬɨɩɥɢɜɨɦ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɢ ɜɵɛɪɚɧɵ ɦɢɤɪɨɜɨɞɨɪɨɫɥɢ ɜ ɫɢɥɭ ɢɯ ɜɵɫɨɤɨɣ 
ɭɪɨɠɚɣɧɨɫɬɢ ɢ ɧɟɩɪɢɯɨɬɥɢɜɨɫɬɢ. Ⱦɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɦɢɤɪɨɜɨɞɨɪɨɫɥɟɣ ɧɟ ɬɪɟɛɭɸɬɫɹ 
ɩɥɨɞɨɪɨɞɧɵɟ ɡɟɦɥɢ, ɚ ɧɟɨɛɯɨɞɢɦɵ ɬɨɥɶɤɨ ɜɨɞɚ, ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ ɢ ɫɨɥɧɟɱɧɵɣ ɫɜɟɬ ɢ ɩɪɢ ɷɬɨɦ 
ɜɵɞɟɥɹɟɬɫɹ ɜ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɤɢɫɥɨɪɨɞ. Эɬɨ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɩɥɚɧɬɚɰɢɢ ɩɨ 
ɪɚɡɦɧɨɠɟɧɢɸ ɦɢɤɪɨɜɨɞɨɪɨɫɥɟɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɦɨɪɟɣ ɢ ɨɤɟɚɧɨɜ. Ɉɧɢ ɩɪɟɜɨɫɯɨɞɹɬ ɜɫɟ 
ɢɡɜɟɫɬɧɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɤɭɥɶɬɭɪɵ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɟɦɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
(ɪɢɫɭɧɨɤ 1). ȼɵɪɚɳɢɜɚɧɢɟ ɦɢɤɪɨɜɨɞɨɪɨɫɥɟɣ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɢɨɬɨɩɥɢɜɚ ɦɨɠɟɬ ɪɟɲɢɬɶ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɟ ɬɚɤɢɟ ɜɚɠɧɵɟ ɩɪɨɛɥɟɦɵ ɱɟɥɨɜɟɱɟɫɬɜɚ, ɤɚɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢ 
ɷɤɨɥɨɝɢɱɟɫɤɢɟ. 

Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɨɝɨ, ɧɚɦɢ ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɢɡɭɱɢɬɶ 
ɝɟɧɧɨɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɟ ɦɢɤɪɨɜɨɞɨɪɨɫɥɢ Nannochloropsissalina, ɤɨɬɨɪɵɟ ɛɵɥɢ ɜɵɪɚɳɟɧɵ ɜ 
ɮɨɬɨ-ɛɢɨɪɟɚɤɬɨɪɟ (marine) ɜ ɫɨɥɟɧɨɣ ɜɨɞɟ. 

ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ ɢɡ ɦɢɤɪɨɜɨɞɨɪɨɫɥɟɣ ɩɨɥɭɱɚɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɟɣ, ɤɨɬɨɪɚɹ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɟɞɨɜɨɣ ɢ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɡɚ ɫɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɚɬɶ ɢɡ 
ɨɞɧɨɝɨ ɫɵɪɶɹ ɪɚɡɥɢɱɧɵɟ ɩɨ ɫɨɫɬɚɜɭ ɢ ɫɜɨɣɫɬɜɚɦ ɩɪɨɞɭɤɬɵ ɩɪɨɫɬɵɦ ɢɡɦɟɧɟɧɢɟɦ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ Д1Ж. Ⱦɨ ɷɤɫɬɪɚɤɰɢɢ ɦɢɤɪɨɜɨɞɨɪɨɫɥɢ ɜɵɫɭɲɢɜɚɥɢ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Эɤɫɬɪɚɤɰɢɸ ɩɪɨɜɨɞɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ (ɋɄ) ɋɈ2 (ɜɵɯɨɞ 
ɫɨɫɬɚɜɢɥ 6,25%), ɋɄ ɋɈ2 ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 96,8:3,2 
ɦɚɫɫɨɜɵɯ ɩɪɨɰɟɧɬɚ (ɜɵɯɨɞ ɫɨɫɬɚɜɢɥ 3,23%) ɢ ɋɄ ɋɈ2 ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɚɰɟɬɨɧɨɦ ɜ 
ɫɨɨɬɧɨɲɟɧɢɢ 96,9:3,1 ɦɚɫɫɨɜɵɯ ɩɪɨɰɟɧɬɚ (ɜɵɯɨɞ ɫɨɫɬɚɜɢɥ 6,38) ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
40ɨɋ ɢ ɞɚɜɥɟɧɢɢ 32 Ɇɉɚ ɞɥɹ ɜɫɟɯ ɩɪɨɰɟɫɫɨɜ ɷɤɫɬɪɚɤɰɢɢ.  

ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɬɪɚɤɬɵ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɧɚ ɝɚɡɨ-ɠɢɞɤɨɫɬɧɨɦ ɯɪɨɦɚɬɨɝɪɚɮɟ 
Agilent 6890N ɫ ɦɚɫɫ-ɫɩɟɤɬɪɚɥɶɧɵɦ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟɦ ɧɚ ɩɪɢɛɨɪɟ JMSGCmateII ɧɚ ɤɨɥɨɧɤɟ 
DB5-MS, 30ɦ * 0.32ɦɦ * 0.25ɦɤɦ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɦɢɤɪɨɜɨɞɨɪɨɫɥɢ ɩɨɞɯɨɞɹɬ ɤɚɤ ɫɵɪɶɟ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɛɢɨɬɨɩɥɢɜɚ. ɉɨɥɭɱɟɧɧɵɟ ɥɢɩɢɞɵ ɥɟɝɤɨ ɬɪɚɧɫɮɨɪɦɢɪɭɸɬɫɹ ɜ ɛɢɨɬɨɩɥɢɜɨ ɭɠɟ 
ɢɦɟɸɳɟɣɫɹ ɢɡɜɟɫɬɧɨɣ ɬɟɯɧɨɥɨɝɢɟɣ ɩɟɪɟɷɬɟɪɢɮɢɤɚɰɢɹ Д2Ж. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɦɢɤɪɨɜɨɞɨɪɨɫɥɢ 
ɹɜɥɹɸɬɫɹ ɟɳɟ ɢ ɫɵɪɶɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɮɢɡɢɨɥɨɝɢɟɫɤɢ ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɱɟɥɨɜɟɤɚ ɜɟɳɟɫɬɜ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɩɚɥɶɦɢɬɨɥɟɢɧɨɜɚɹ, ɚɪɚɯɢɞɨɧɨɜɚɹ, ɬɢɦɧɨɞɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɥɟɱɟɧɢɹ ɬɚɤɢɯ ɡɚɛɨɥɟɜɚɧɢɣ ɤɚɤ ɫɟɪɞɟɱɧɨɫɨɫɭɞɢɫɬɵɟ, ɞɢɚɛɟɬ, ɝɥɚɡɧɵɟ ɛɨɥɟɡɧɢ, ɚɪɬɪɢɬ, 
ɫɩɨɫɨɛɫɬɜɭɸɬ ɡɚɦɟɞɥɟɧɢɸ ɛɨɥɟɡɧɢ Ⱥɥɶɰɝɟɣɦɟɪɚ,  ɩɨɡɜɨɥɹɸɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɯɨɥɟɫɬɟɪɢɧ ɢ 
ɤɪɨɜɹɧɨɟ ɞɚɜɥɟɧɢɟ, ɛɨɥɟɡɧɢ ɫɭɫɬɚɜɨɜ ɢ ɞɪ. ɉɨɥɢɧɟɧɚɫɵɳɟɧɧɵɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɬɚɤɠɟ 
ɩɨɞɞɟɪɠɢɜɚɸɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɦɨɡɝɚ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɪɚɫɧɵɯ ɤɪɨɜɹɧɵɯ ɤɥɟɬɨɤ, 
ɢɦɦɭɧɧɭɸ ɫɢɫɬɟɦɭ Д3-7]. 

 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
 ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ»  

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

117 
 

 
Ɋɢɫɭɧɨɤ 1. Ɇɢɪɨɜɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɦɚɫɥɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɛɢɨɬɨɩɥɢɜɚ (ɞɥɹ ɦɢɤɪɨɜɨɞɨɪɨɫɥɟɣ 
ɩɪɢɜɟɞɟɧ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ) 

 
Ɍɚɛɥɢɰɚ 1. ɀɢɪɧɨɤɢɫɥɨɬɧɵɣ ɫɨɫɬɚɜ ɷɤɫɬɪɚɤɬɨɜ ɦɢɤɪɨɜɨɞɨɪɨɫɥɟɣ Nannochloropsissalina 

                         Ɋɚɫɬɜɨɪɢɬɟɥɶ 
 
 
ȼɟɳɟɫɬɜɨ 

ɋɄ ɋɈ2 
ɋɄ ɋɈ2+ 
ɋ2H5OH 

ɋɄ ɋɈ2+ 
C3H6O 

Ʉɚɩɪɨɧɨɜɚɹ ɤɢɫɥɨɬɚ ɫɥɟɞɵ 0.01 0.01 
Ʉɚɩɪɢɥɨɜɚɹ ɤɢɫɥɨɬɚ 0.03 0.03 0.03 
Ʉɚɩɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 0.01 0.03 0.02 
Ʌɚɭɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 0.42 0.4 0.4 
Tridecanoic acid 0.03 0.02 0.02 
Ɇɢɪɢɫɬɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 2.71 2.87 2.7 
cis-10-Pentadecenoic acid, 
methyl ester  0.05 0.04 0.05 
Pentadecanoic acid, methyl  0.50 0.5 0.05 
ɉɚɥɶɦɢɬɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 25.12 25.78 27.5 
ɉɚɥɶɦɢɬɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 17.89 17.45 17.5 
cis-10-Heptadecenoic acid 
methyl ester 0.06 0.03 0.04 
Ɇɚɪɝɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 0.56 0.66 0.5 
Ƚɚɦɦɚ-Ʌɢɧɨɥɟɧɨɜɚɹ ɤɢɫɥɨɬɚ 5.32 5.26 5.3 
Ɉɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 19.47 20.29 19.4 
ɋɬɟɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 1.22 1.11 1.1 
Ⱥɪɚɯɢɞɨɧɨɜɚɹ ɤɢɫɥɨɬɚ 5.88 5.69 5.7 
Ɍɢɦɧɨɞɨɧɨɜɚɹ ɤɢɫɥɨɬɚ 13.09 12.34 12.5 
Ⱦɢɝɨɦɨ-ɝɚɦɦɚ-Ʌɢɧɨɥɟɧɨɜɚɹ 
ɤɢɫɥɨɬɚ 1.78 1.65 1.64 
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cis-11,14-Eicosadienoic acid 
methyl ester  0.06 0.07 0.05 
ɇɟɪɜɨɧɨɜɚɹ ɤɢɫɥɨɬɚ 0.65 0.88 0.7 
Ʌɢɝɧɨɰɟɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 3.12 3 3 
ɐɟɪɨɬɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 2.05 1.89 1.95 

 
ɋɨɞɟɪɠɚɧɢɟ ɜ ɦɢɤɪɨɜɨɞɨɪɨɫɥɹɯ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ 

ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɦɟɞɢɰɢɧɫɤɨɣ ɢ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɹɯ, ɚ ɫɚɦ 
ɩɪɨɰɟɫɫ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 
ɫɩɨɫɨɛɚɦɢ ɷɤɫɬɪɚɤɰɢɢ: ɛɵɫɬɪɨɬɚ ɩɪɨɰɟɫɫɚ, ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɷɤɫɬɪɚɤɰɢɢ, ɩɪɨɰɟɫɫ 
ɷɤɫɬɪɚɤɰɢɢ ɩɪɨɬɟɤɚɟɬ ɛɟɡ ɤɨɧɬɚɤɬɚ ɫ ɤɢɫɥɨɪɨɞɨɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɷɤɫɬɪɚɝɢɪɨɜɚɬɶ 
ɨɤɫɢɥɚɛɢɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɚɹ ɷɤɨɥɨɝɢɱɧɨɫɬɶ.  

Аɜɬɨɪɵ ɛɥɚɝɨɞɚɪɧɵ ɤɨɦɩɚɧɢɢ SolixBioSystems (USA, Colorado) ɡɚ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ 
ɨɛɪɚɡɰɚ ɦɢɤɪɨɜɨɞɨɪɨɫɥɟɣ (Nannochloropsissalina) ɞɥя ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɞɚɧɧɵɟ ɩɨ ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ ɧɚɬɹɠɟɧɢɸ (ɉɇ) ɢ ɪɚɛɨɬɟ ɜɵɯɨɞɚ 
ɷɥɟɤɬɪɨɧɚ (ɊȼЭ) ɨɞɧɨɝɨ ɪɚɡɪɟɡɚ ɫɢɫɬɟɦɵ Na-ɋs-Rb ɫ ɩɨɫɬɨɹɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɏNa:ɏCs=0,155:1 ɢ ɢɫɯɨɞɧɵɦ ɞɜɨɣɧɵɦ ɫɩɥɚɜɨɦ Na13,4ɋs86,4. Д1,2Ж. ȼ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɉɇ ɢ ɊȼЭ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Na-ɋs-Rb, ɫɨɫɬɚɜɵ 
ɤɨɬɨɪɵɯ ɦɟɧɹɥɢɫɶ ɜɞɨɥɶ ɥɭɱɟɜɨɝɨ ɪɚɡɪɟɡɚ, ɫɯɨɞɹɳɟɝɨɫɹ ɤ ɜɟɪɲɢɧɟ ɪɭɛɢɞɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ ɫ ɩɨɫɬɨɹɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɣ ɏNa:ɏCs=5,78:1 
ɢ ɢɫɯɨɞɧɵɦ ɞɜɨɣɧɵɦ ɫɩɥɚɜɨɦ Na85,25ɋs14,75. Ɂɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɉɇ, ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɜ ɚɞɞɢɬɢɜɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɞɚɧɧɵɯ ɩɨ ɩɥɨɬɧɨɫɬɢ ɛɨɤɨɜɵɯ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ Д3Ж. 
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 ɂɡɦɟɪɟɧɢɹ ɉɇ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɬ ɥɢɤɜɢɞɭɫɧɵɯ ɞɨ 420 Ʉ, ɚ ɊȼЭ 
- ɨɬ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 373 Ʉ ɧɚ ɨɛɪɚɡɰɚɯ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɧɟ ɦɟɧɟɟ 
99,995 % ɨɫɧɨɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɢ ɜ ɭɫɥɨɜɢɹɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢɫɫɥɟɞɭɟɦɵɯ 
ɫɩɥɚɜɨɜ ɫ ɫɨɛɫɬɜɟɧɧɵɦ ɧɚɫɵɳɟɧɧɵɦ ɩɚɪɨɦ.  

Ɉɩɵɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɉɇ ɩɪɨɜɨɞɢɥɢɫɶ ɦɟɬɨɞɨɦ «ɛɨɥɶɲɨɣ» ɤɚɩɥɢ Д4Ж, ɚ ɊȼЭ - ɦɟɬɨɞɨɦ 
ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɤɪɢɜɵɯ Ɏɚɭɥɟɪɚ Д5Ж ɜ ɰɟɥɶɧɨɩɚɹɧɨɦ ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɩɪɢɛɨɪɟ Д6Ж, ɤɨɬɨɪɵɣ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨɟ, ɧɨ ɪɚɡɞɟɥɶɧɨɟ ɢ ɧɚ ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ ɮɨɪɦɢɪɨɜɚɧɢɟ ɥɟɠɚɳɟɣ 
ɤɚɩɥɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɉɇ ɢ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨɫɬɚɬɨɱɧɨɣ ɩɥɨɳɚɞɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɊȼЭ. ɉɟɪɟɞ ɡɚɩɪɚɜɤɨɣ ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɩɥɚɜɨɜ ɢ ɨɬɩɚɣɤɨɣ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɹɱɟɟɤ ɜ ɧɢɯ 
ɫɨɡɞɚɜɚɥɫɹ ɢ ɨɛɟɫɩɟɱɢɜɚɥɫɹ ɜɚɤɭɭɦ з 10-7 ɉɚ. ȼɵɞɟɪɠɤɚ ɫɩɥɚɜɨɜ ɫ ɰɟɥɶɸ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɩɪɢ 
ɤɚɠɞɨɦ ɢɡɦɟɪɟɧɢɢ ɉɇ ɢ ɊȼЭ ɫɨɫɬɚɜɥɹɥɚ ɧɟ ɦɟɧɟɟ 30 ɦɢɧ. ɂɡɦɟɪɟɧɢɹ ɉɇ ɫɜɨɞɢɥɢɫɶ ɤ 
ɮɨɬɨɝɪɚɮɢɪɨɜɚɧɢɸ ɢɡɨɛɪɚɠɟɧɢɹ ɤɚɩɥɢ ɰɢɮɪɨɜɨɣ USB-ɤɚɦɟɪɨɣ «Ɍɋ-5». ȼɢɞɟɨɤɚɦɟɪɚ ɫ 
ɩɪɢɟɦɧɨɣ CMOS-ɦɚɬɪɢɰɟɣ ɮɨɪɦɚɬɚ 2592×1944 ɩɢɤɫɟɥɟɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 8- ɢ 14-ɬɢ 
ɦɟɝɚɩɢɤɫɟɥɶɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɩɪɨɮɢɥɹ ɤɚɩɥɢ (ɪɢɫ.1) ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɟ ɦɟɧɟɟ 5 ɤɚɞɪɨɜ ɜ 
ɫɟɤɭɧɞɭ. Ɉɪɢɝɢɧɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ 
ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɢ ɚɪɯɢɜɢɪɨɜɚɬɶ ɩɨɥɭɱɚɟɦɵɟ ɫ ɜɢɞɟɨɤɚɦɟɪɵ ɢɡɨɛɪɚɠɟɧɢɹ, ɩɪɨɜɨɞɢɬɶ ɢɯ 
ɰɢɮɪɨɜɭɸ ɨɛɪɚɛɨɬɤɭ, ɚ ɬɚɤɠɟ ɨɛɦɟɪ ɩɪɨɮɢɥɹ ɤɚɩɥɢ ɢ ɪɚɫɱɟɬɵ ɜɟɥɢɱɢɧ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ Д4Ж. 

 

 
Ɋɢɫ. 1. ɂɡɨɛɪɚɠɟɧɢɟ ɩɪɨɮɢɥɹ «ɛɨɥɶɲɨɣ» ɤɚɩɥɢ 

 
ɂɡɦɟɪɟɧɢɟ ɊȼЭ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɩɪɨɢɡɜɨɞɢɥɫɹ ɩɭɬɟɦ ɨɫɜɟɳɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɱɟɪɟɡ ɤɜɚɪɰɟɜɨɟ ɨɩɬɢɱɟɫɤɨɟ ɨɤɨɲɤɨ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɢɦ ɫɜɟɬɨɦ 
ɪɚɡɥɢɱɧɵɯ ɞɥɢɧ ɜɨɥɧ.  

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɫɩɥɚɜɨɜ 
ɫɨɫɬɚɜɢɥɚɨɤɨɥɨ 1%, ɚ ɞɥɹ ɪɚɛɨɬɵ ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɚ (ɩɪɢ 95 % ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ) 
ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ ɩɪɟɜɵɫɢɥɚ 1,5%. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɉɇ ɢɡɭɱɟɧɧɵɯ 18 ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Na-Cs-Rb ɨɩɢɫɵɜɚɸɬɫɹ 
ɥɢɧɟɣɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɢ ɢɦɟɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ: �ሺܶሻ = � − (���ܶ)�� ∙ ܶ, 

ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ ɜ oɋ, ɏi - ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ. ɇɚ ɪɢɫ.2 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɩɨɥɢɬɟɪɦɵɉɇ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 
ɜɥɢɹɧɢɟ ɦɚɥɵɯ ɞɨɛɚɜɨɤ ɪɭɛɢɞɢɹ ɤ ɞɜɨɣɧɵɦ ɫɩɥɚɜɚɦ Na-ɋs.  

Ʉɚɤ ɜɢɞɧɨ ɧɚ ɪɢɫ.2, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɫɨɫɬɚɜɨɜ ɫɩɥɚɜɨɜ ɩɨɥɢɬɟɪɦɵɉɇ ɢɡɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ 
ɢɦɟɸɬ ɬɨɥɶɤɨ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɉɇ. ɂɡ ɪɢɫɭɧɤɚ ɬɚɤɠɟ ɫɥɟɞɭɟɬ, 
ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɪɭɛɢɞɢɹ ɢ ɭɦɟɧɶɲɟɧɢɟ ɰɟɡɢɹ ɜ ɬɪɨɣɧɵɯ ɫɩɥɚɜɚɯ ɩɪɢɜɨɞɢɬ ɤ 
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ɭɦɟɧɶɲɟɧɢɸ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ ɉɇ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ, ɬ.ɟ. ɩɪɢ ɛɨɥɶɲɢɯ ɫɨɞɟɪɠɚɧɢɹɯ 
ɧɚɬɪɢɹ ɜ ɬɪɨɣɧɵɯ ɫɩɥɚɜɚɯ ɪɭɛɢɞɢɣ ɜɵɫɬɭɩɚɟɬ ɤɚɤ ɩɨɜɟɪɯɧɨɫɬɧɨ – ɚɤɬɢɜɧɚɹ ɞɨɛɚɜɤɚ. 

 

 
Ɋɢɫ. 2. ɉɨɥɢɬɟɪɦɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Na-Cs-Rb (ɥɭɱɟɜɨɣ ɪɚɡɪɟɡ 
XNa:XCs=5,78:1): 1-Na85,25Cs14,75 (ɢɫɯɨɞɧɵɣ ɫɩɥɚɜ); 2- Na84,6Cs14,38Rb1,02; 3-Na83,49Cs14,19Rb2,32;4-
Na82,11Cs13,95Rb3,93; 5-Na80,61Cs13,7Rb5,68 

 
ɇɚ ɪɢɫ.3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɮɨɬɨɷɦɢɫɫɢɨɧɧɵɯ ɬɨɤɨɜ ɫ 

ɩɨɜɟɪɯɧɨɫɬɢ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Na-Cs-Rb. ɂɡ ɪɢɫ. 3 ɜɢɞɧɨ, ɱɬɨ ɩɨɥɢɬɟɪɦɵ ɮɨɬɨɷɦɢɫɫɢɨɧɧɵɯ 
ɬɨɤɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɥɟɝɤɚ ɢɡɨɝɧɭɬɵɟ ɤɪɢɜɵɟ, ɜɨɡɪɚɫɬɚɸɳɢɟ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɂɡ ɪɢɫ.3 ɬɚɤɠɟ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɫɦɟɳɟɧɢɢ ɤ ɞɥɢɧɧɨɜɨɥɧɨɜɨɣ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ 
ɮɨɬɨɬɨɤɢ ɭɦɟɧɶɲɚɸɬɫɹ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ. 

 
Ɋɢɫ. 3. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɮɨɬɨɬɨɤɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɫɩɥɚɜɨɜ Na-Cs-Rb ɫɨɫɬɚɜɚ 
Na82,11Cs13,95Rb3,94 ɞɥɹ ɞɥɢɧ ɜɨɥɧ: 1- 533 ɧɦ, 2 - 565 ɧɦ, 3- 604ɧɦ 

 
ɅɂɌȿɊАɌɍɊА 

 
1. Ȼ.Ȼ.Ⱥɥɱɚɝɢɪɨɜ, Ɋ.ɏ.Ⱥɪɯɟɫɬɨɜ, Ɍ.Ɇ. Ɍɚɨɜɚ, Ɇ.Ɇ. Ɍɥɭɩɨɜɚ.ɋɛ. ɧɚɭɱɧɵɯ ɬɪɭɞɨɜ ɧɚɭɱɧɨ-ɬɟɯɧ. 
ɤɨɧɮ. ɇɚɭɱɧɨ-ɢɧɧɨɜɚɰɢɨɧɧɨɟ ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɩɨ ɦɟɠɨɬɪɚɫɥɟɜɨɣ ɩɪɨɝɪɚɦɦɟ 
ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɦɟɠɞɭ Ɇɢɧɨɛɪɚɡɨɜɚɧɢя ɢ Ɇɢɧɚɬɨɦɨɦ Ɋɨɫɫɢɢ. ɑ.1. ɆɂɎɂ, Ɇ., 2002.  
2. Ɍ.Ɇ.Ɍɚɨɜɚ, Ɍ.Ⱥ.ɋɢɠɚɠɟɜ, Ȼ.Ȼ. Ⱥɥɱɚɝɢɪɨɜ.Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ (ɠɢɞɤɢɟ 
ɦɟɬɚɥɥɵ, ɫɩɥɚɜɵ ɢ ɧɚɧɨɫɢɫɬɟɦɵ). Ɍɪɭɞɵ II  Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ ɫɟɦɢɧɚɪɚ,25-30 ɫɟɧɬяɛɪя. 
ɄȻȽɍ, ɇɚɥɶɱɢɤ, 2006.  
3. Ⱥ.Ƚ. Ɇɨɡɝɨɜɨɣ, ȼ.ȼ. Ɋɨɳɭɩɤɢɧ, Ɉ.ɇ. ɋɤɨɜɨɪɨɞɶɤɨ, Ⱥ.ɂ. ɑɟɪɧɨɜ, 
Э.Э. Шɩɢɥɶɪɚɣɧ. Ɉɛɡɨɪɵ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ. ɌɎɐ, Ɇ., 1989.  
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4. Ȼ.Ȼ.Ⱥɥɱɚɝɢɪɨɜ, Ɋ.ɏ. Ⱦɚɞɚɲɟɜ. Ɇɟɬɨɞ ɛɨɥɶɲɨɣ ɤɚɩɥɢ ɞɥя ɨɩɪɟɞɟɥɟɧɢя ɩɥɨɬɧɨɫɬɢ ɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬяɠɟɧɢя ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. ɄȻȽɍ, ɇɚɥɶɱɢɤ, 2000.  
5. Ȼ.Ȼ.Ⱥɥɱɚɝɢɪɨɜ, Ȼ.ɋ.Ʉɚɪɚɦɭɪɡɨɜ, ɏ.Ȼ. ɏɨɤɨɧɨɜ. ɋɨɜɪɟɦɟɧɧɵɟ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢя 
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ɓɟɥɨɱɧɵɟ ɦɟɬɚɥɥɵ, ɢɯ ɫɩɥɚɜɵ ɢ ɢɯ ɫɨɟɞɢɧɟɧɢɹ ɫ ɞɪɭɝɢɦɢ ɯɢɦɢɱɟɫɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ 

ɨɛɥɚɞɚɸɬ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɚɤ ɜɟɫɶɦɚ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢ ɜɹɡɤɨɫɬɶɸ, ɦɚɥɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɪɚɛɨɬɵ ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɚ, ɧɢɡɤɢɦɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 
ɩɥɚɜɥɟɧɢɹ ɢ ɬ. ɞ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɬɟɦɩɟɪɚɬɭɪɚ ɬɪɨɣɧɨɣ ɷɜɬɟɤɬɢɤɢ ɫɪɟɞɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɫɚɦɚɹ ɧɢɡɤɚɹ (-780ɋ). Ɉɞɧɚɤɨ ɨɧɢ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɭɩɪɭɝɨɫɬɶɸɫɨɛɫɬɜɟɧɧɵɯ ɩɚɪɨɜ ɢ 
ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ, ɱɬɨ ɨɫɥɨɠɧɹɟɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ 
ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɫɩɥɚɜɨɜ. ɉɨɷɬɨɦɭ ɜ ɥɢɬɟɪɚɬɭɪɟ ɦɚɥɨ ɫɜɟɞɟɧɢɣ ɨ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɫɩɥɚɜɨɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. Ɉɬɦɟɬɢɦ, 
ɱɬɨ ɬɨɥɶɤɨ ɞɥɹ ɫɢɫɬɟɦɵ Na-K-Cs ɢɦɟɸɬɫɹ ɤɚɤ ɞɢɚɝɪɚɦɦɵ ɩɥɚɜɤɨɫɬɢ, ɬɚɤ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɩɥɨɬɧɨɫɬɢ, ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɧɚɬɹɠɟɧɢɢ ɢ ɪɚɛɨɬɟ ɜɵɯɨɞɚ 
ɷɥɟɤɬɪɨɧɚ ɜ ɲɢɪɨɤɢɯ ɨɛɥɚɫɬɹɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪ Д1-7Ж. ɂɫɫɥɟɞɨɜɚɧɢɹ 
ɠɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɫɩɥɚɜɨɜ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ Na-K-Rb ɢ Na-Cs-Rb ɧɚɱɚɥɢɫɶ ɬɨɥɶɤɨ ɜ 
ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɪɚɛɨɬɚɯ Д8,9Ж ɢ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ (ɫɟɱɟɧɢɟ 2).  

ɂɡɦɟɪɟɧɨ ɉɇ ɫɩɥɚɜɨɜ Na-K-Rb ɜɞɨɥɶ ɱɟɬɵɪɟɯ ɥɭɱɟɜɵɯ ɪɚɡɪɟɡɨɜ (ɪɢɫ.1), ɢɞɭɳɢɯ ɤ 
ɜɟɪɲɢɧɟ Rb ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɨɫɬɚɜɨɜ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɤɨɧɰɟɧɬɪɚɰɢɣɧɚɬɪɢɹɢ 
ɤɚɥɢɹXNa:ɏK= constɜ ɢɫɯɨɞɧɵɯ ɞɜɨɣɧɵɯ ɫɩɥɚɜɚɯ. 

 
Ɋɢɫ.1.Ɍɪɟɭɝɨɥɶɧɢɤ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ Na-K-Rb 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɂɫɯɨɞɧɵɟ ɫɨɫɬɚɜɵ ɞɜɨɣɧɵɯ ɫɩɥɚɜɨɜ Na-K (ɜ ɚɬ.%)ɥɭɱɟɜɵɯ ɪɚɡɪɟɡɨɜ: 
1-XNa:ɏK= 92,3:7,7;  2- XNa:ɏK= 78,1:21,9; 
3-XNa:ɏK=44,8:55,2; 4-XNa:ɏK=25,0:75,0 

Na-K (ɜ ɚɬ.%). ȼ ɫɥɭɱɚɟ ɫɢɫɬɟɦɵ Na-Cs-Rb ɢɡɦɟɪɟɧɨ ɉɇ ɫɩɥɚɜɨɜ ɬɨɥɶɤɨ ɜɞɨɥɶ ɨɞɧɨɝɨ 
ɥɭɱɟɜɨɝɨ ɪɚɡɪɟɡɚ, ɢɞɭɳɟɝɨ ɤ ɜɟɪɲɢɧɟ ɪɭɛɢɞɢɹ ɫ ɩɨɫɬɨɹɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɣ 
Na ɢ Cs ɜ ɢɫɯɨɞɧɨɦ ɞɜɨɣɧɨɦ ɫɩɥɚɜɟ XNa:XCs=13.4:86.6. 

ɇɚ ɪɢɫ.1 ɩɪɢɜɨɞɢɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ ɫɢɫɬɟɦɵ Na-K-Rb, ɧɚ ɤɨɬɨɪɨɦ 
ɭɤɚɡɚɧɵ ɱɟɬɵɪɟ ɫɟɱɟɧɢɹ, ɢɞɭɳɢɯ ɨɬ ɫɬɨɪɨɧɵ Na-Kɤ ɜɟɪɲɢɧɟ ɪɭɛɢɞɢɹ ɢ ɫɨɞɟɪɠɚɳɢɯ 
ɢɡɭɱɟɧɧɵɟ ɬɪɨɣɧɵɟ ɫɩɥɚɜɵ. 

ɉɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɫɟɱɟɧɢɣ ɫɢɫɬɟɦɵ Na-K-Rb, ɡɚɞɚɧɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
Rb ɨɩɪɟɞɟɥɹɥɢɫɶ ɞɨɛɚɜɤɚɦɢ ɜ ɢɫɯɨɞɧɵɟ ɫɩɥɚɜɵ ɫɟɱɟɧɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɵ Nɚ-K ɫ 
ɩɨɫɬɨɹɧɧɵɦɢ ɨɬɧɨɲɟɧɢɹɦɢ XNa:ɏK= b. ɉɪɢ ɷɬɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɭɱɚɥɢɫɶ ɬɪɨɣɧɵɟ 
ɫɩɥɚɜɵ ɜ ɨɝɪɚɧɢɱɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɤɨɧɰɟɧɬɪɚɰɢɣ (ɪɢɫ.2). ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɢ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ Rb, ɭɞɚɥɨɫɶ ɩɨɫɬɪɨɢɬɶ ɢɡɨɬɟɪɦɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 
ɫɩɥɚɜɨɜ ɭɤɚɡɚɧɧɵɯ ɫɟɱɟɧɢɣ ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɭɫɬɚɧɨɜɢɬɶ ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ Rbɧɚ 
ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɧɚɬɹɠɟɧɢɹ ɫɩɥɚɜɨɜ ɷɬɢɯ ɫɟɱɟɧɢɣ ɫɢɫɬɟɦɵ Na-K-Rb. 

Ʉɨɧɰɟɧɬɪɚɰɢɢ Rb ɜ ɬɪɨɣɧɵɯ ɫɩɥɚɜɚɯ ɫɟɱɟɧɢɣ ɫɢɫɬɟɦɵ  Na-K-Rb ɫɨɫɬɚɜɥɹɥɢ 
ɨɝɪɚɧɢɱɟɧɧɵɟ ɢɧɬɟɪɜɚɥɵ. ɂɫɩɨɥɶɡɭɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɢ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɟ 
ɭɪɚɜɧɟɧɢɹ, ɭɞɚɥɨɫɶ ɩɨɫɬɪɨɢɬɶ ɢɡɨɬɟɪɦɵ ɉɇ ɫɩɥɚɜɨɜ ɭɤɚɡɚɧɧɵɯ ɬɪɟɯ ɫɟɱɟɧɢɣ ɢ ɭɫɬɚɧɨɜɢɬɶ 
ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɭɛɢɞɢɹ ɧɚ ɉɇ ɫɩɥɚɜɨɜ ɷɬɢɯ ɫɟɱɟɧɢɣ.  

ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧɵ ɢɡɨɬɟɪɦɵ ɉɇ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɫɟɱɟɧɢɣ, ɢɞɭɳɢɯ ɤ ɜɟɪɲɢɧɟ ɪɭɛɢɞɢɹ 
ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɨɫɬɚɜɨɜ. Ɉɧɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 
(ɱɟɪɧɵɟ ɬɨɱɤɢ ɪɢɫ.2), ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɫɨɜɩɚɞɚɸɬ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 
ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ. Ɉɬɤɥɨɧɟɧɢɟ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɪɚɫɱɟɬɨɜ 
ɨɬ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 1.5%. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɢɦɟɸɳɢɦɫɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɉɇ ɥɸɛɨɝɨ ɫɩɥɚɜɚ ɫɟɱɟɧɢɣ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɥɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫ ɩɨɦɨɳɶɸ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɯ 
ɭɪɚɜɧɟɧɢɣ. ɉɨɫɬɪɨɟɧɧɵɟ ɢɡɨɬɟɪɦɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɉɇ 
ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɥɸɛɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɥɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 2, ɤɨɦɩɨɧɟɧɬ ɪɭɛɢɞɢɣ ɩɪɨɹɜɥɹɟɬ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜ ɬɪɨɣɧɵɯ 
ɫɩɥɚɜɚɯ ɫɟɱɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɩɪɢɦɟɪɧɨ ɞɨ 30 ɚɬ.%. ɉɪɢ ɛɨɥɶɲɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɪɭɛɢɞɢɹ ɜ ɫɩɥɚɜɚɯ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɦɚɥɨ ɢɡɦɟɧɹɟɬɫɹ, ɱɬɨ ɦɨɠɧɨ 
ɨɛɴɹɫɧɢɬɶ ɤɨɦɩɟɧɫɚɰɢɟɣ ɧɢɡɤɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɤɚɥɢɹ ɜ ɫɩɥɚɜɚɯ ɜɵɫɨɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɪɭɛɢɞɢɹ. ɉɨɷɬɨɦɭ, ɜ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɭɛɢɞɢɹ ɛɨɥɟɟ 50 
ɚɬ.% ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɧɚɬɹɠɟɧɢɹ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɨɫɬɚɸɬɫɹ ɩɨɱɬɢ ɩɨɫɬɨɹɧɧɵɦɢ, ɪɚɜɧɵɦɢ 
93,5 ɦɇ/ɦ.  
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Ɋɢɫ. 2. ɂɡɨɬɟɪɦɵ ɉɇ ɫɩɥɚɜɨɜ ɫɟɱɟɧɢɣ 1, 2, 3 ɢ 4 - ɫɢɫɬɟɦɵ Na-K-Rb ɩɪɢ 353Ʉ, ɢɞɭɳɢɯ ɤ 
ɜɟɪɲɢɧɟ ɪɭɛɢɞɢɹ, ● - ɪɚɫɱɟɬɧɵɟ  ɡɧɚɱɟɧɢɹ ɉɇ, 

 – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɉɇ 
 

ɅɂɌȿɊАɌɍɊА  
 

1. Ȼ.Ȼ. Ⱥɥɱɚɝɢɪɨɜ, Ȼ.ɋ. Ʉɚɪɚɦɭɪɡɨɜ, Ɍ.Ɇ. Ɍɚɨɜɚ, ɏ.Ȼ. ɏɨɤɨɧɨɜ. ɉɥɨɬɧɨɫɬɶ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ 
ɫɜɨɣɫɬɜɚ ɠɢɞɤɢɯ ɳɟɥɨɱɧɵɯ ɢ ɥɟɝɤɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ. Ʉɚɛ-Ȼɚɥɤ. ɭɧ-ɬ, ɇɚɥɶɱɢɤ, 
2011. 
2. Ɉ.Ⱦ. Ʉɚɡɚɱɤɨɜɫɤɢɣ, Ɉ.ȼ. ɋɬɚɪɤɨɜ, ȿ.Ⱥ. Ʉɨɱɟɬɤɨɜɚ ɢ ɞɪ. Аɬɨɦɧɚя ɷɧɟɪɝɢя. 73, 6 (1992) 500.  
3. Ɍ.Ɇ. Ɍɚɨɜɚ, Ȼ.Ȼ. Ⱥɥɱɚɝɢɪɨɜ, Ɋ.ɏ. Ⱥɪɯɟɫɬɨɜ, ɏ.Ȼ. ɏɨɤɨɧɨɜ. ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ. 6 
(2006) 53.  
4. B.B. Alchagirov, T.M. Taova. High Temperature Cappillarity. Proc. ɨf Inter. Conf. Bratislavs. 
(1995) 184. 
5. ɂ.ɂ. ɇɨɜɢɤɨɜ, Э.Э. Шɩɢɥɶɪɚɣɧ, Ʉ.Ⱥ. əɤɢɦɨɜɢɱ, ȼ.ȼ. Ɋɨɳɭɩɤɢɧɢɞɪ.Ɍɪ. Ɇɟɠɞɭɧɚɪɨɞɧɨɝɨ 
ɫɟɦɢɧɚɪɚ «Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ (ɠɢɞɤɢɟ ɦɟɬɚɥɥɵ ɢ ɫɩɥɚɜɵ)». ɄȻȽɍ, 
ɇɚɥɶɱɢɤ, 2001. 
6. Ɍ.Ɇ. Ɍɚɨɜɚ, Ȼ.Ȼ. Ⱥɥɱɚɝɢɪɨɜ, Ȼ.ɋ. Ʉɚɪɚɦɭɪɡɨɜ, Ɋ.ɏ. Ⱥɪɯɟɫɬɨɜ, ɏ.Ȼ. ɏɨɤɨɧɨɜ. 
ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ. 2 (2009) 25. 
7. ɏ.Ȼ. ɏɨɤɨɧɨɜ, Ȼ.ɋ. Ʉɚɪɚɦɭɪɡɨɜ, Ȼ.Ȼ. Ⱥɥɱɚɝɢɪɨɜ, Ɍ.Ɇ. Ɍɚɨɜɚ, Ɏ.Ɇ. Ɇɚɥɶɫɭɪɝɟɧɨɜɚ. 
Иɡɜɟɫɬɢя Кɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦ. ɏ. Ɇ. Ȼɟɪɛɟɤɨɜɚ. 1 
(2010) 3. 
8. Ȼ.Ȼ. Ⱥɥɱɚɝɢɪɨɜ, Ɋ.ɏ. Ⱥɪɯɟɫɬɨɜ, Ɍ.Ɇ. Ɍɚɨɜɚ, Ɍ.Ⱥ. ɋɢɠɚɠɟɜ, ɏ.Ȼ. ɏɨɤɨɧɨɜ. В ɫɛ. ɧɚɭɱɧɵɯ 
ɬɪɭɞɨɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɧɮɟɪɟɧɰɢɢ «ɇɚɭɱɧɨ-ɢɧɧɨɜɚɰɢɨɧɧɨɟ ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ» ɩɨ 
ɦɟɠɨɬɪɚɫɥɟɜɨɣ ɩɪɨɝɪɚɦɦɟ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɦɟɠɞɭ Ɇɢɧɨɛɪɚɡɨɜɚɧɢɟɦ ɢ Ɇɢɧɚɬɨɦɨɦ 
Ɋɨɫɫɢɢ.ɑ. 1, ɂɡɞ. ɆɂɎɂ, Ɇ, 2002. 
9. Ɍ.Ɇ. Ɍɚɨɜɚ, Ɍ.Ⱥ. ɋɢɠɚɠɟɜ, Ȼ.Ȼ. Ⱥɥɱɚɝɢɪɨɜ, ɏ.Ȼ. ɏɨɤɨɧɨɜ. ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ. 6 
(2007) 35. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
 ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ»  

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

124 
 

ɌȿɊɆɈȾɂɇАɆɂɄА ɌɊɈɃɇɈȽɈ ɋɈɉɈɅɂɆȿɊА ɆɈɇɈɈɄɋɂȾА ɍȽɅȿɊɈȾА 
ɋ ɗɌɂɅȿɇɈɆ ɂ ȻɍɌȿɇɈɆ-1 В ɌȿɆɉȿɊАɌɍɊɇɈɆ ɂɇɌȿɊВАɅȿ ɈɌ  

T → 0 ȾɈ 500 Ʉ 
Ⱥɮɨɧɢɧ ɉ.Ⱦ.1, ɋɦɢɪɧɨɜɚ ɇ.ɇ.1, Ƚɨɥɨɞɤɨɜ Ɉ.ɇ.2 

1ɇɢɠɟɝɨɪɨɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.И. Ʌɨɛɚɱɟɜɫɤɨɝɨ,  
Ɋɨɫɫɢя, 603950, ɝ. ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, ɩɪ. Ƚɚɝɚɪɢɧɚ 23/5. 
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2Иɧɫɬɢɬɭɬ ɯɢɦɢɱɟɫɤɨɣ ɮɢɡɢɤɢ ɜ ɑɟɪɧɨɝɨɥɨɜɤɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ,  

Ɋɨɫɫɢя, 142432, ɝ. ɑɟɪɧɨɝɨɥɨɜɤɚ, Ɇɨɫɤɨɜɫɤɚя ɨɛɥɚɫɬɶ. 
E-mail: gbelov@cat.icp.ac.ru 

 
ɉɨɥɢɤɟɬɨɧɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɨɜɵɣ ɤɥɚɫɫ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɫ ɩɨɬɟɧɰɢɚɥɶɧɨ ɰɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɬɚɤɢɦɢ, ɤɚɤ ɬɟɪɦɨɩɥɚɫɬɢɱɧɨɫɬɶ, 
ɭɞɚɪɨɩɪɨɱɧɨɫɬɶ, ɜɵɫɨɤɚɹ ɫɬɨɣɤɨɫɬɶ ɤ ɚɝɪɟɫɫɢɜɧɵɦ ɫɪɟɞɚɦ, ɪɚɫɬɜɨɪɢɬɟɥɹɦ, ɫɦɚɡɤɚɦ, ɬɨɩɥɢɜɭ, 
ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ, ɯɨɪɨɲɢɟ ɚɞɝɟɡɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɥɟɝɤɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɥɟɧɨɤ ɢ 
ɜɵɫɨɤɨɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɜɨɥɨɤɨɧ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɢɤɟɬɨɧɵ ɜ 
ɷɥɟɤɬɪɨɬɟɯɧɢɤɟ, ɚɜɬɨɦɨɛɢɥɟ- ɢ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɢ. ɇɢɡɤɚɹ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɜɵɫɨɤɚɹ 
ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ ɢ ɩɪɢ ɷɬɨɦ ɫɬɨɣɤɨɫɬɶ ɤ ɍɎ- ɢ -ɢɡɥɭɱɟɧɢɹɦ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɢɤɟɬɨɧɵ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɢɧɚɞɥɟɠɧɨɫɬɟɣ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɬɪɨɣɧɨɣ ɱɟɪɟɞɭɸɳɢɣɫɹ ɫɨɩɨɥɢɦɟɪ 
ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɫ ɷɬɢɥɟɧɨɦ ɢ ɛɭɬɟɧɨɦ-1 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞɚɦɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɜɚɤɭɭɦɧɨɣ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɢɡɭɱɟɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨёɦɤɨɫɬɢ 0

pC  = f(T) 

ɬɪɨɣɧɨɝɨ ɱɟɪɟɞɭɸɳɟɝɨɫɹ ɫɨɩɨɥɢɦɟɪɚ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɫ ɷɬɢɥɟɧɨɦ ɢ ɛɭɬɟɧɨɦ-1 ɜ ɨɛɥɚɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ T→ 0 ɞɨ 500 Ʉ. Ɉɛɪɚɡɟɰ ɫɨɩɨɥɢɦɟɪɚ ɫɨɞɟɪɠɚɥ 14.6 ɦɨɥ.% ɛɭɬɚɧɨɜɵɯ 
ɮɪɚɝɦɟɧɬɨɜ. ɋɬɪɭɤɬɭɪɚ ɢ ɫɨɫɬɚɜ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɡɜɟɧɶɟɜ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɦɟɬɨɞɚɦɢ əɆɊ ɢ 
ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ, ɚ ɬɚɤɠɟ ɩɨ ɞɚɧɧɵɦ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. ɉɨ ɧɚɲɢɦ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦ 
ɞɚɧɧɵɦ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɪɚɡɟɰ ɛɵɥ ɱɚɫɬɢɱɧɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ. ɇɚ ɨɫɧɨɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɬɟɩɥɨёɦɤɨɫɬɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɟɤɥɨɜɚɧɢɹ ɢ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ (ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ 0

gT , 

ɫɤɚɱɨɤ ɬɟɩɥɨёɦɤɨɫɬɢ ɩɪɢ ɪɚɫɫɬɟɤɥɨɜɚɧɢɢ 0 0
p gΔC (T ) , ɧɭɥɟɜɚɹ 0S (0) ɢ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɚɹ 0

confS  

ɷɧɬɪɨɩɢɢ), ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɜɥɟɧɢɹ (ɬɟɦɩɟɪɚɬɭɪɚ 0
fusT , ɷɧɬɚɥɶɩɢɹ 

0
fusΔ H  ɢ ɷɧɬɪɨɩɢɹ 0

fusΔ S  ɩɥɚɜɥɟɧɢɹ), ɪɚɫɫɱɢɬɚɧɵ ɫɬɚɧɞɚɪɬɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɮɭɧɤɰɢɢ (ɷɧɬɚɥɶɩɢɹ 0 0H (T) - H (0), ɷɧɬɪɨɩɢɹ 0 0S (T) - S (0), ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ 0 0-[G (T) - H (0)] 
ɧɚɝɪɟɜɚɧɢɹ) ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɨɬ T→ 0 ɞɨ 500 Ʉ. 

 ȼ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɦ ɤɚɥɨɪɢɦɟɬɪɟ ɫɝɨɪɚɧɢɹ ɫɨ ɫɬɚɬɢɱɟɫɤɨɣ ɛɨɦɛɨɣ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɨɥɨɱɤɨɣ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɷɧɟɪɝɢɹ ɫɝɨɪɚɧɢɹ ɫɨɩɨɥɢɦɟɪɚ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ±0.02%, 
ɪɚɫɫɱɢɬɚɧɵ ɫɬɚɧɞɚɪɬɧɵɟ ɷɧɬɚɥɶɩɢɹ ɫɝɨɪɚɧɢɹ 0

cΔ H  ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 
ɨɛɪɚɡɨɜɚɧɢɹ (ɷɧɬɚɥɶɩɢɹ 0

fΔ H , ɷɧɬɪɨɩɢɹ 0
fΔ S , ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ 0

fΔ G ) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
298.15 Ʉ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɪɚɫɫɱɢɬɚɬɶ ɫɬɚɧɞɚɪɬɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɧɬɟɡɚ 
ɫɨɩɨɥɢɦɟɪɚ (ɷɧɬɚɥɶɩɢɹ 0

copΔ H , ɷɧɬɪɨɩɢɹ 0
copΔ S , ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ 0

copΔ G ) ɜ ɢɡɭɱɟɧɧɨɣ 
ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ. 

 ɉɨɥɭɱɟɧɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɜ ɤɚɱɟɫɬɜɟ ɬɟɨɪɟɬɢɱɟɫɤɨɣ 
ɛɚɡɵ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɷɬɢɯ ɫɨɩɨɥɢɦɟɪɨɜ, ɚ ɬɚɤɠɟ ɩɪɢ 
ɩɥɚɧɢɪɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɪɚɡɪɚɛɨɬɨɤ 

mailto:pavel_aphonin@live.ru
mailto:gbelov@cat.icp.ac.ru


XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
 ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ»  

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

125 
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢя ɢ ɧɚɭɤɢ ɊɎ 
(ɡɚɞɚɧɢɟ № 4.1275.2014/К). 
 
 

 
ɂɋɋɅȿȾɈВАɇɂȿ ɊАɋɌВɈɊɂɆɈɋɌɂ ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɏ ɉɊɂɆȿɋȿɃ В 

ɂɇȿɊɌɇЫɏ ȽАɁАɏ 
Ȼɨɧɞɚɪɟɧɤɨ ȼ.Ʌ.1, Ʉɢɫɥɵɣ Ⱥ.ɇ.2, ȼɚɥɹɤɢɧ ȼ.ɇ.2, ɋɬɟɮɚɧɨɜɫɤɢɣ Ⱥ.ɇ.2, 

Ⱦɶɹɱɟɧɤɨ Ɉ.ȼ.2, ȼɚɥɹɤɢɧɚ Ⱥ.ȼ.3 
1 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɇ.Э. Ȼɚɭɦɚɧɚ, ɮɚɤɭɥɶɬɟɬ 

«Эɧɟɪɝɨɦɚɲɢɧɨɫɬɪɨɟɧɢɟ»,  
Ɋɨɫɫɢя, 105005, Ɇɨɫɤɜɚ, Ʌɟɮɨɪɬɨɜɫɤɚя ɧɚɛ., ɞ.1. 

E-mail: nadia@iceblick.com, 
2 ɈɈɈ «Аɣɫɛɥɢɤ», ɍɤɪɚɢɧɚ, 65026, Ɉɞɟɫɫɚ, ɭɥ. ɉɚɫɬɟɪɚ, 29. 

E-mail:stefa@iceblick.com, 
3 Ɉɞɟɫɫɤɚя ɧɚɰɢɨɧɚɥɶɧɚя ɚɤɚɞɟɦɢя ɩɢɳɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, Иɧɫɬɢɬɭɬ ɯɨɥɨɞɚ, 

ɤɪɢɨɬɟɯɧɨɥɨɝɢɣɢɷɤɨɷɧɟɪɝɟɬɢɤɢ, ɍɤɪɚɢɧɚ, 65082, Ɉɞɟɫɫɚ, ɭɥ. Ⱦɜɨɪяɧɫɤɚя, 1/3. 
E-mail: avaliakyna@rambler.ru 

 
Ɉɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɢɡɜɥɟɱɟɧɢɹ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɹɜɥɹɟɬɫɹ ɚɬɦɨɫɮɟɪɚ. ɂɯ ɫɦɟɫɢ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɢɥɢ ɠɢɞɤɨɦ ɜɢɞɟ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɭɡɥɚɯ 
ɜɨɡɞɭɯɨɪɚɡɞɟɥɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. Ⱦɚɥɶɧɟɣɲɚɹ ɩɟɪɟɪɚɛɨɬɤɚ ɤɨɧɰɟɧɬɪɚɬɨɜ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɚɦɢ ɮɚɡɨɜɨɣ ɫɟɩɚɪɚɰɢɢ ɢɥɢ ɫɨɪɛɰɢɢ ɜ ɨɬɞɟɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ. 

ȼ ɜɨɡɞɭɯɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɚɣɨɧɨɜ ɫɬɪɚɧɵ ɩɪɢɫɭɬɫɬɜɭɸɬ ɦɢɤɪɨɩɪɢɦɟɫɢ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 
ɝɚɡɨɜ (CO2, N2O, CF4, C2F6 ɢ ɞɪ.), ɤɨɬɨɪɵɟ ɤɨɧɰɟɧɬɪɢɪɭɸɬɫɹ ɜɦɟɫɬɟ ɫ ɛɥɢɡɤɢɦɢ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɬɹɠɟɥɵɦɢ ɢɧɟɪɬɧɵɦɢ ɝɚɡɚɦɢ. ȼ ɫɥɭɱɚɟ ɨɛɪɚɡɨɜɚɧɢɹ ɧɟɪɟɝɭɥɹɪɧɵɯ ɪɚɫɬɜɨɪɨɜ ɭɤɚɡɚɧɧɵɟ 
ɩɪɢɦɟɫɢ, ɹɜɥɹɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɮɚɤɬɨɪɨɦ, ɫɞɟɪɠɢɜɚɸɳɢɦ ɫɤɨɪɨɫɬɶ ɪɟɤɬɢɮɢɤɚɰɢɨɧɧɨɣ 
ɨɱɢɫɬɤɢ, ɨɫɨɛɟɧɧɨ, ɟɫɥɢ ɨɧɢ ɨɛɪɚɡɭɸɬ ɬɚɧɝɟɧɰɢɚɥɶɧɵɟ ɚɡɟɨɬɪɨɩɵ ɫ ɰɟɥɟɜɵɦɢ ɩɪɨɞɭɤɬɚɦɢ. 
ɉɪɟɞɫɤɚɡɚɬɶ ɢɯ ɩɨɜɟɞɟɧɢɟ ɧɟ ɜɫɟɝɞɚ ɭɞɚɟɬɫɹ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɞɨɫɬɭɩɧɵɯ ɨɛɳɟɢɡɜɟɫɬɧɵɯ 
ɦɟɬɨɞɢɤ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɚɯ Д1Ж. ɂɦɟɸɳɢɟɫɹ ɩɪɨɝɧɨɡɵ ɡɚɱɚɫɬɭɸ ɬɪɟɛɭɸɬ 
ɨɩɵɬɧɨɣ ɩɪɨɜɟɪɤɢ ɢ ɭɬɨɱɧɟɧɢɣ.  

ɇɚ ɤɚɮɟɞɪɟ ɤɪɢɨɝɟɧɧɨɣ ɬɟɯɧɢɤɢ ɈɇȺɉɌ ɛɵɥɚ ɫɨɡɞɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ Д2Ж, 
ɩɨɡɜɨɥɹɸɳɚɹ ɢɡɭɱɚɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 78÷380 Ʉ ɢ ɞɚɜɥɟɧɢɣ ɞɨ 2,5 
Ɇɉɚ ɫɬɚɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. ɂɡɦɟɪɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɩɪɨɜɨɞɹɬɫɹ 
ɫ ɡɚɞɚɧɢɟɦ ɨɛɳɟɝɨ ɫɨɫɬɚɜɚ ɫɦɟɫɢ ɜ ɤɚɦɟɪɟ ɪɚɜɧɨɜɟɫɢɹ (5, ɪɢɫ. 1) ɨɛɴɟɦɧɵɦ ɢ ɜɟɫɨɜɵɦ 
ɫɩɨɫɨɛɨɦ ɩɨɫɥɟ ɩɨɨɱɟɪɟɞɧɨɣ ɡɚɩɪɚɜɤɢ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡ ɦɟɪɧɵɯ ɛɚɥɥɨɧɨɜ (6, ɪɢɫ. 1). 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɚɪɨɜɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɨɛɴɟɦɧɵɦ 
ɦɟɬɨɞɨɦ.Ⱦɨɜɟɪɢɬɟɥɶɧɵɟ ɝɪɚɧɢɰɵ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɨɜ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 

ɦɨɥɶ/ɦɨɥɶ0200010950 ,,xΔ ,  , ɦɨɥɶ/ɦɨɥɶ050020950 ,,yΔ ,  , ɬɟɦɩɟɪɚɬɭɪ –

K,,TΔ , 050020950  ,  ɞɚɜɥɟɧɢɹ – %,,p~
, 5010950  . 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɭɱɟɧɚ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɝɟɤɫɚɮɬɨɪɷɬɚɧɚ ɜ ɤɫɟɧɨɧɟ ɧɚ ɤɪɢɜɵɯ ɤɢɩɟɧɢɹ 
170, 173, 180, 190, 200 Ʉ ɜ ɞɢɚɩɚɡɨɧɟ ɫɨɫɬɚɜɨɜ 0,01÷0,7 ɦɨɥɶ/ɦɨɥɶ C2F6. Ɉɩɪɟɞɟɥɟɧɵ 
ɚɡɟɨɬɪɨɩɧɵɟ ɫɨɫɬɚɜɵ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ, ɤɨɬɨɪɵɟɢɡɦɟɧɹɸɬɫɹ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɭɤɚɡɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ (170÷200 Ʉ) ɜ ɩɪɟɞɟɥɚɯ 90÷95 % ɤɫɟɧɨɧɚ. Ⱦɚɧɧɵɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
173,15 Ʉ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɚɫɱɟɬɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬɵ Д3Ж (ɪɢɫ. 2) ɢ ɭɬɨɱɧɹɸɬ 
ɩɨɜɟɞɟɧɢɟ ɫɦɟɫɢ ɜ ɚɡɟɨɬɪɨɩɧɨɣ ɨɛɥɚɫɬɢ. ɉɨɥɭɱɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɬɟɯɧɨɥɨɝɢɢ ɝɥɭɛɨɤɨɣ ɨɱɢɫɬɤɢ ɤɫɟɧɨɧɚ ɨɬ ɩɪɢɦɟɫɟɣ Д4Ж. 
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ɋɦɟɫɢ ɨɡɨɧɨɛɟɡɨɩɚɫɧɵɯ ɢ ɩɪɢɪɨɞɧɵɯ ɯɥɚɞɚɝɟɧɬɨɜ –– ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɪɚɛɨɱɢɟ ɜɟɳɟɫɬɜɚ 

ɯɨɥɨɞɢɥɶɧɵɯ ɦɚɲɢɧ. ɉɨɷɬɨɦɭ ɧɚɦɢ ɫɨɫɬɚɜɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɢ ɪɚɫɫɱɢɬɚɧɵ ɬɚɛɥɢɰɵ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɲɟɫɬɢ ɬɚɤɢɯ ɫɦɟɫɟɣ: R32/R125, R41/R744, R50/R744, R170/R744, 
R170/R290 ɢ R290/R744. 

ɆȻ

ȼɇ ɉД

КɊ

ɈɆ

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ: ȼɇ − ɜɚɤɭɭɦɧɵɣ 
ɧɚɫɨɫ; ɉȾ – ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɞɚɜɥɟɧɢɹ; ɈɆ – ɨɩɪɟɞɟɥɟɧɢɟ 
ɫɨɫɬɚɜɚ ɨɛɴɟɦɧɵɦ ɦɟɬɨɞɨɦ; ɆȻ − 
ɦɟɪɧɵɣ ɛɚɥɥɨɧ; ɄɊ − ɤɚɦɟɪɚ 
ɪɚɜɧɨɜɟɫɢɹ 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɨɫɬɚɜɚ ɨɬ ɞɚɜɥɟɧɢɹ ɞɥɹ 
ɫɢɫɬɟɦɵ ɝɟɤɫɚɮɬɨɪɷɬɚɧ-ɤɫɟɧɨɧ ɧɚ ɢɡɨɬɟɪɦɟ 
173,15 Ʉ: 
1 – ɞɚɧɧɵɟ ɪɚɛɨɬɵ Ʌɸɞɦɢɪɫɤɨɣ Ƚ.ɋ., 
Ȼɚɪɫɭɤɨɜɨɣ Ɍ.Ⱥ. Д2Ж, 
2 – ɜɟɥɢɱɢɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɧɚɦɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ  
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ɍɪɚɜɧɟɧɢɹ ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ p,ρ,T,x- ɢ 
p,T,x-ɞɚɧɧɵɯ.ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɨɛɳɚɸɳɢɟ ɫɜɟɞɟɧɢɹ ɨ ɝɨɞɚɯ ɢ ɱɢɫɥɟ ɩɭɛɥɢɤɚɰɢɣ, 
ɤɨɥɢɱɟɫɬɜɟ ɞɚɧɧɵɯ ɢ ɢɧɬɟɪɜɚɥɚɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɨɫɬɚɜɚ. ɋɢɦɜɨɥɨɦ x1 ɨɛɨɡɧɚɱɟɧɚ ɦɨɥɶɧɚɹ 
ɞɨɥɹ ɩɟɪɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. 

 
Ɍɚɛɥɢɰɚ 1. ɋɜɟɞɟɧɢɹ ɨɛ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ 
ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɫɦɟɫɟɣ 

ɋɦɟɫɶ Ƚɨɞɵ 
ɩɭɛɥɢɤɚɰɢɣ 

Ʉɨɥɢɱɟɫɬɜɨ ɂɧɬɟɪɜɚɥɵ ɩɚɪɚɦɟɬɪɨɜ 
ɫɬɚɬɟɣ ɞɚɧɧɵɯ ΔɌ, Ʉ Δɪ, Ɇɉɚ Δx1 

R32/R125 1993–2003 17 3282 200...400 0,02...39 0,05…0,95 
R41/R744 1997–2006 3 559 192...400 0,12...35 0,01…0,85 
R50/R744 1978–2012 10 1101 153...573 0,87..100 0,01…0,90 
R170/R744 1945–2001 15 2617 207...478 0,03...69 0,02…0,99 
R170/R290 1961–1997 14 1706 195...400 0,03...35 0,01…0,99 
R290/R744 1951–2007 12 1935 211...511 0,06...70 0,01…0,98 

 
Ⱦɥɹ ɫɦɟɫɟɣ R32/R125 ɢ R170/R744 ɢɦɟɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 388 ɢ 243 ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɡɧɚɱɟɧɢɹ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ ɜ ɨɛɥɚɫɬɹɯ ɩɚɪɚɦɟɬɪɨɜ 208...397 Ʉ, 4...33 Ɇɉɚ ɢ 218...341 
Ʉ, 3...34 Ɇɉɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɉɧɢ ɬɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɭɪɚɜɧɟɧɢɣ 
ɫɨɫɬɨɹɧɢɹ ɷɬɢɯ ɫɦɟɫɟɣ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɨ ɩɥɨɬɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɩɵɬɧɵɦ p,T,x-ɞɚɧɧɵɦ, ɛɵɥɢ 
ɫɨɫɬɚɜɥɟɧɵ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɨ ɢɦɟɸɳɢɦɫɹ p,ρ,T,x-ɞɚɧɧɵɦ. ɉɨ ɷɬɢɦ 
ɭɪɚɜɧɟɧɢɹɦ ɪɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, ɞɨɩɨɥɧɢɜɲɢɟ p,T,x-ɞɚɧɧɵɟ, ɩɨɫɥɟ ɱɟɝɨ ɛɵɥɢ 
ɫɨɫɬɚɜɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɩɨ ɜɫɟɦɭ ɦɚɫɫɢɜɭ ɞɚɧɧɵɯ. 

ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɩɵɬɧɵɯ ɢ ɨɩɨɪɧɵɯ ɞɚɧɧɵɯ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɲɟɫɬɢ 
ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɨɩɢɫɵɜɚɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɢ ɧɚ 
ɤɪɢɜɨɣ ɧɚɫɵɳɟɧɢɹ.ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɭɪɚɜɧɟɧɢɣ ɭɱɢɬɵɜɚɥɫɹ ɜɟɫ ɚɩɩɪɨɤɫɢɦɢɪɭɟɦɵɯ ɡɧɚɱɟɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɠɢɦɚɟɦɨɫɬɢ ɢ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ. Ⱦɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɨɩɢɫɚɧɢɹ ɬɟɩɥɨɬɵ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɭɱɢɬɵɜɚɥɨɫɶ ɭɫɥɨɜɢɟ ɪɚɜɟɧɫɬɜɚ ɩɥɨɳɚɞɟɣ ɩɨɞ ɪɟɚɥɶɧɨɣ ɢ ɪɚɫɱёɬɧɨɣ 
ɢɡɨɬɟɪɦɚɦɢ ɫɦɟɫɢ ɩɨɫɬɨɹɧɧɨɝɨ ɫɨɫɬɚɜɚ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ v' ɞɨ v''. ɉɨɫɥɟ ɫɨɫɬɚɜɥɟɧɢɹ ɭɪɚɜɧɟɧɢɣ 
ɨɩɵɬɧɵɟ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɣ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɚ ɢ ɠɢɞɤɨɫɬɢ ɛɵɥɢ ɫɨɩɨɫɬɚɜɥɟɧɵ ɫ 
ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɬɪɨɝɨɝɨ ɭɫɥɨɜɢɹ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ –– ɪɚɜɟɧɫɬɜɚ 
ɩɚɪɰɢɚɥɶɧɵɯ ɥɟɬɭɱɟɫɬɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ ɜ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡɚɯ. 

ɍɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɫɦɟɫɟɣ R41/R744, R170/R744, R290/R744 ɢ R170/R290 
ɫɨɫɬɚɜɥɟɧɵ ɜ ɮɨɪɦɟ, ɩɪɟɞɥɨɠɟɧɧɨɣ Ʌɟɦɦɨɧɨɦ ɢ Ⱦɠɟɤɨɛɫɟɧɨɦ Д1Ж. Ⱦɥɹ ɫɦɟɫɟɣ R32/R125 ɢ 
R50/R744 ɭɪɚɜɧɟɧɢɹ ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɜ ɮɨɪɦɟ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣȼ.ɂ. ɇɟɞɨɫɬɭɩɨɦ ɢ Ɉ.ȼ. 
ɇɟɞɨɫɬɭɩɨɦ Д2Ж, ɤɨɬɨɪɚɹ ɧɟ ɭɫɬɭɩɚɟɬ ɩɨ ɬɨɱɧɨɫɬɢ ɮɨɪɦɟ Д1Ж, ɱɬɨ ɪɚɧɟɟ ɩɪɨɜɟɪɹɥɨɫɶ ɧɚ ɫɦɟɫɹɯ 
R170/R744 ɢ R290/R744. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɲɟɫɬɢ ɫɦɟɫɟɣ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 2. ȼ ɤɚɱɟɫɬɜɟ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢ ɜɫɟɯ ɪɚɫɱёɬɚɯ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɟ ɢɡ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɭɪɚɜɧɟɧɢɣ. 

ɍɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ, ɫɨɫɬɚɜɥɟɧɧɵɟ ɜ ɮɨɪɦɟ Д1Ж, ɢɦɟɸɬ ɜɢɞ: 
A = Aid+ AE, (1) 

ɝɞɟ A ɢ Aid – ɫɜɨɛɨɞɧɵɟ ɷɧɟɪɝɢɢ Ƚɟɥɶɦɝɨɥɶɰɚ ɪɟɚɥɶɧɨɣ ɢ ɢɞɟɚɥɶɧɨɣ ɫɦɟɫɢ, AE – ɞɨɛɚɜɤɚ ɤ 
ɷɧɟɪɝɢɢ Ƚɟɥɶɦɝɨɥɶɰɚ ɨɬ ɫɦɟɲɟɧɢɹ. ȼɟɥɢɱɢɧɵ Aid ɢ AE ɞɥɹ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɦɨɝɭɬ ɛɵɬɶ 
ɪɚɫɫɱɢɬɚɧɵ ɩɨ ɜɵɪɚɠɟɧɢɹɦ: 
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ɝɞɟ xk –– ɦɨɥɶɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ,  =vɤɪ/v–– ɩɪɢɜɟɞɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɢ  = Tɤɪ/T –– 
ɨɛɪɚɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢ.  

ȼ ɜɵɪɚɠɟɧɢɢ (2) αɤ
0 ɢ αɤ

r –– ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɢ ɪɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɱɚɫɬɢ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ 
Ƚɟɥɶɦɝɨɥɶɰɚ ɤɨɦɩɨɧɟɧɬɚ k; ɜ ɜɵɪɚɠɟɧɢɢ (3) aijɢ bij –– ɤɨɷɮɮɢɰɢɟɧɬɵ ɮɭɧɤɰɢɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɫɦɟɫɢ.Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɮɭɧɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɭɬёɦ ɩɨɲɚɝɨɜɨɝɨ ɪɟɝɪɟɫɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ 
ɫɨɫɬɚɜɥɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ, ɩɪɟɞɥɨɠɟɧɧɨɝɨ Ɋɟɭɤ ɢ Ⱥɪɦɫɬɪɨɧɝɨɦ [3]. 

ɍɪɚɜɧɟɧɢɹ, ɫɨɫɬɚɜɥɟɧɧɵɟ ɜ ɮɨɪɦɟ Д2Ж, ɬɚɤɠɟ ɢɦɟɸɬ ɜɢɞ (1). Ɉɬɥɢɱɢɹ ɨɬ ɮɨɪɦɵ Д1Ж 
ɫɨɫɬɨɹɬ ɜ ɬɨɦ, ɱɬɨ ɜ ɜɵɪɚɠɟɧɢɢ (2) ɦɨɥɶɧɵɟ ɞɨɥɢxk ɜɨɡɜɨɞɹɬɫɹ ɜɨ ɜɬɨɪɭɸ ɫɬɟɩɟɧɶ, ɚ ɜ 
ɜɵɪɚɠɟɧɢɢ (3) ɩɟɪɟɞ ɩɪɨɢɡɜɟɞɟɧɢɟɦ ɷɬɢɯ ɞɨɥɟɣ x1x2 ɫɬɨɢɬ ɦɧɨɠɢɬɟɥɶ 2. 

Ʉɪɢɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢvɤɪ ɢ Tɤɪ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɜɵɪɚɠɟɧɢɣ: 

vɤɪ=x1vɤɪ1+ x2vɤɪ2, (4) 

Ɍɤɪ=x1Ɍɤɪ1+ x2Ɍɤɪ2, (5) 

Ⱦɥɹ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɜɵɩɨɥɧɟɧɨ ɩɨɞɪɨɛɧɨɟ 
ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢ 
ɨɩɨɪɧɵɦɢ ɞɚɧɧɵɦɢ. Ɉɧɨ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɭɪɚɜɧɟɧɢɹ ɨɩɢɫɵɜɚɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɚɫɫɢɜɵ 
ɞɚɧɧɵɯ ɞɥɹ ɱɟɬɵɪёɯ ɫɦɟɫɟɣ ɫɨ ɫɪɟɞɧɢɦɢ ɤɜɚɞɪɚɬɢɱɟɫɤɢɦɢ ɨɬɤɥɨɧɟɧɢɹɦɢ ɩɨ ɩɥɨɬɧɨɫɬɢ:0,25 
% – ɞɥɹ ɫɦɟɫɢ R32/R125, 0,15 % – ɞɥɹ ɫɦɟɫɢ R41/R744, 0,23 % – ɞɥɹ ɫɦɟɫɢ R170/R744 ɢ 0,22 
% – ɞɥɹ ɫɦɟɫɢ R170/R290. Ⱦɥɹ ɫɦɟɫɟɣ R50/R744 ɢ R290/R744, ɞɥɹ ɤɨɬɨɪɨɣ ɱɚɫɬɶ ɞɚɧɧɵɯ 
ɩɨɥɭɱɟɧɚ ɜ 1945–1951 ɝɨɞɚɯ, ɨɬɤɥɨɧɟɧɢɹ δρɫɪ ɪɚɜɧɵ 0,35 ɢ 0,39%. ɍɪɚɜɧɟɧɢɹ ɞɥɹ ɫɦɟɫɟɣ 
R32/R125 ɢ R170/R744 ɨɩɢɫɵɜɚɸɬ ɞɚɧɧɵɟ ɨɛ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ ɫɨ ɫɪɟɞɧɢɦɢ 
ɤɜɚɞɪɚɬɢɱɟɫɤɢɦɢ ɨɬɤɥɨɧɟɧɢɹɦɢ 1,32 % ɢ 1,25%. 

 
 

Ɍɚɛɥɢɰɚ 2 Ʉɨɷɮɮɢɰɢɟɧɬɵ aij ɢ bij ɮɭɧɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɥɹ ɫɦɟɫɟɣ 
i j aij  i j aij i j bij 

R32/R125 
1 0 4,6731642·10–1 10 1 1,7691769·10–5 5 2 –1,8620876·100 
1 1 –3,1981371·10–1   bij 5 4 2,1611290·100 
1 2 –1,3492889·100 1 1 –4,4740867·100 5 5 –1,0776408·100 
1 6 –7,9390186·10–3 1 2 1,5384715·101 7 1 –9,7821017·10–3 
2 3 1,0116214·10–1 1 3 –1,9991532·101 9 1 1,2680964·10–2 
4 0 1,9803164·10–2 1 4 1,1760475·101 10 3 –1,6539102·10–2 
5 6 7,5862805·10–5 1 5 –2,7819001·100 10 4 1,5273994·10–2 
9 3 –1,1782353·10–5 2 2 1,7203953·10–1    
10 0 –1,5821753·10–5 5 1 9,1190042·10–1    

R41/R744 
1 0 –2,5896180·10–1 6 5 –6,3065694·10–4 1 4 6,5546006·101 
1 1 6,5054585·10–1 7 6 6,3453311·10–5 1 5 –1,8436662·101 
2 3 –4,0625435·10–1   bij 2 2 –3,4274059·10–1 
2 4 2,0300243·10–1 1 1 –1,1196027·101 2 3 3,6935151·10–1 
5 2 5,7558472·10–3 1 2 5,1452056·101 4 5 –1,4525378·10–1 
6 0 –6,2664020·10–4 1 3 –8,7671466·101    
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R50/R744 
1 0 3,1067907·10–1 1 5 4,1848184·10–1 1 2 –1,4173131·10–1 
1 1 5,8770710·10–1 2 4 9,4341391·10–2 2 2 1,5928000·10–1 
1 2 –3,9774972·100 3 0 4,9579196·10–2 3 1 –5,1850972·10–2 
1 3 3,7059630·100 4 5 –3,8890967·10–3 5 2 3,0556404·10–2 
1 4 –2,0560357·100 9 1 3,4165959·10–5    

R170/R744 
1 0 3,7513010·10–1 8 6 1,7317570·10–4 1 5 2,5223560·10–1 
1 1 –6,2318370·10–1 10 1 1,8418240·10–5 2 3 1,0756850·10–1 
1 4 9,2779100·10–2 10 5 –3,5355650·10–5 6 3 2,2274290·10–1 
2 6 –2,2611400·10–2   bij 7 2 –2,0104620·10–1 
5 1 8,0489360·10–3 1 4 –3,0212310·10–1 8 1 6,7155440·10–2 

R290/R744 
1 0 1,0794214·10–1 8 0 –4,4609617·10–4 1 1 –3,1329800·10–1 
4 0 4,9891144·10–2 8 1 6,8003905·10–4 5 3 –4,3338196·10–1 
5 2 –9,7331038·10–3 8 5 –6,8316075·10–3 7 5 1,0647154·10–1 
5 5 5,5099654·10–2 10 5 5,9288508·10–4 9 5 –9,7751743·10–2 

 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2 

i j aij  i j aij  i j bij 
R170/R290 

1 1 3,7405180·100 1 2 1,4774160·102 4 3 6,9474480·100 
1 2 –2,3720420·100 1 3 –1,8227310·102 4 5 –4,6111100·100 
1 6 1,9130940·10–1 1 4 7,2348640·101 5 4 –8,6159580·100 
2 0 –7,1867430·10–1 2 2 1,0340890·102 5 5 7,4479450·100 
3 1 6,0170130·10–2 2 3 –3,5530250·102 10 4 –2,3363710·10–2 
3 6 –4,8776900·10–3 2 4 4,0517870·102 10 5 6,1954480·10–3 
  bij 2 5 –1,5068260·102    
1 1 –4,013553·101 3 2 –4,2001900·100    

 
ɍɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɜɜɟɞɟɧɵ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɭɸ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ ɩɨ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɬɟɯɧɢɱɟɫɤɢ ɜɚɠɧɵɯ ɜɟɳɟɫɬɜ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɧɚɦɢ Д4Ж. ɋ 
ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɵ ɫɜɨɣɫɬɜɚ 21-ɝɨ ɜɟɳɟɫɬɜɚ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɢ ɠɢɞɤɨɦ 
ɫɨɫɬɨɹɧɢɹɯ: ɨɞɧɨɚɬɨɦɧɵɯ ɝɚɡɨɜ, ɜɨɡɞɭɯɚ ɢ ɟɝɨ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ, 
ɚɦɦɢɚɤɚ, ɩɹɬɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɲɟɫɬɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɯɥɚɞɚɝɟɧɬɨɜ. Ɍɚɤɠɟ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 
ɫɜɨɣɫɬɜɚ 11-ɬɢ ɫɦɟɫɟɣ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɬɟɯɧɢɤɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

Ⱦɥɹ ɲɟɫɬɢ ɫɦɟɫɟɣ ɜɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɜ ɫɨɫɬɨɹɧɢɢ 
ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ, ɩɪɢ ɷɬɨɦ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɪ, Ɍ, ɯ-ɞɢɚɝɪɚɦɦɵ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ 
ɫɦɟɫɟɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɫɬɚɜɚ. Ɉɰɟɧɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɷɬɢɯ ɫɦɟɫɟɣ ɤɚɤ ɯɥɚɞɚɝɟɧɬɨɜ, ɞɥɹ 
ɱɟɝɨ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ, ɨɩɢɫɚɧɧɨɣ ɜ Д5Ж, ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɰɢɤɥɚ ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɦɟɫɟɣ ɜ ɤɚɱɟɫɬɜɟ 
ɪɚɛɨɱɢɯ ɬɟɥ. 

ɉɨ ɭɪɚɜɧɟɧɢɹɦ ɫɨɫɬɨɹɧɢɢ ɪɚɫɫɱɢɬɚɧɵ ɬɚɛɥɢɰɵ ɡɧɚɱɟɧɢɣ ɩɥɨɬɧɨɫɬɢ, ɷɧɬɚɥɶɩɢɢ ɢ 
ɷɧɬɪɨɩɢɢ ɲɟɫɬɢ ɫɦɟɫɟɣ ɞɥɹ ɢɧɬɟɪɜɚɥɨɜ ɬɟɦɩɟɪɚɬɭɪ 240–400 Ʉ ɢ ɞɚɜɥɟɧɢɣ ɨɬ 0,1 Ɇɉɚ ɞɨ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɨɯɜɚɱɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɨɦ. ɍɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɢ ɬɚɛɥɢɰɵ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɦɟɫɟɣ ɦɨɝɭɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɞɥɹ ɪɚɫɱёɬɚ ɯɨɥɨɞɢɥɶɧɵɯ 
ɭɫɬɚɧɨɜɨɤ. 
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Ɉɛɪɚɡɨɜɚɧɢɟ ɧɢɬɪɨɡɨɩɪɨɢɡɜɨɞɧɵɯ ɛɭɬɚɧɚ ɢɥɢ ɛɭɬɟɧɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɚɤɰɢɹɯ 

ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ ɜɨɞɵ ɨɬ ɚɰɢ-ɮɨɪɦɵ ɧɢɬɪɨɛɭɬɚɧɨɜ. ɧ-ɇɢɬɪɨɡɨɛɭɬɚɧ (ɫɬɪɭɤɬɭɪɚ 1, ɬɚɛɥ. 1) 
ɛɵɥ ɩɨɥɭɱɟɧɩɪɢ ɷɥɢɦɢɧɢɪɨɜɚɧɢɢ ɜɨɞɵ ɨɬ α-ɚɰɢ-ɮɨɪɦɵ 1-ɧɢɬɪɨɛɭɬɚɧɚ. Эɧɬɚɥɶɩɢɹ 
ɚɤɬɢɜɚɰɢɢ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 213.9 ɤȾɠ/ɦɨɥɶ. Ɋɟɚɤɰɢɹ ɹɜɥɹɟɬɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɣ, 
ɷɧɬɚɥɶɩɢɹ ɪɟɚɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ -43.9 ɤȾɠ/ɦɨɥɶ. ɉɪɨɰɟɫɫ ɨɬɪɵɜɚ ɜɨɞɵ ɨɬ α-ɚɰɢ-ɮɨɪɦɵ 2-
ɧɢɬɪɨɛɭɬɚɧɚ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 2-ɧɢɬɪɨɡɨɛɭɬɟɧ-1 (ɫɬɪɭɤɬɭɪɚ 2, ɬɚɛɥ. 1). Эɧɬɚɥɶɩɢɹ 
ɚɤɬɢɜɚɰɢɢ ɷɬɨɣ ɪɟɚɤɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 219.4 ɤȾɠ/ɦɨɥɶ. ɇɚ 17 ɤȾɠ/ɦɨɥɶ ɦɟɧɶɲɟ ɫɨɫɬɚɜɥɹɟɬ 
ɷɧɬɚɥɶɩɢɹ ɚɤɬɢɜɚɰɢɢ ɞɥɹ ɪɟɚɤɰɢɢ ɨɬɪɵɜɚ ɜɨɞɵ ɨɬα-ɚɰɢ-ɮɨɪɦɵ 2-ɦɟɬɢɥ-1-ɧɢɬɪɨɩɪɨɩɚɧɚ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ 2-ɧɢɬɪɨɡɨ-2-ɦɟɬɢɥɩɪɨɩɚɧɚ (ɫɬɪɭɤɬɭɪɚ 3, ɬɚɛɥ. 1). Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɜɨɡɦɨɠɧɨ ɨɛɪɚɡɨɜɚɧɢɟ 1-ɧɢɬɪɨɡɨ-ɛɭɬɟɧ-1 (ɫɬɪɭɤɬɭɪɚ 4, ɬɚɛɥ. 1) ɩɪɢ ɨɬɪɵɜɟ ɜɨɞɵ 
ɢɡ  ɝɨɲ-ɤɨɧɮɨɪɦɚɰɢɢ α-ɚɰɢ-ɮɨɪɦɵ 1-ɧɢɬɪɨɛɭɬɚɧɚ. Ȼɚɪɶɟɪ ɚɤɬɢɜɚɰɢɢ ɷɬɨɣ ɪɟɚɤɰɢɢ 
ɫɨɫɬɚɜɥɹɟɬ 185.7 ɤȾɠ/ɦɨɥɶ, ɱɬɨ ɧɢɠɟ ɧɚ 28,2 ɤȾɠ/ɦɨɥɶ ɛɚɪɶɟɪɚ ɚɤɬɢɜɚɰɢɢ ɞɥɹ ɪɟɚɤɰɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɧ-ɧɢɬɪɨɡɨɛɭɬɚɧɚ. 

Ɂɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ ɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɧɢɬɪɨɡɨɫɨɟɞɢɧɟɧɢɣ.Ɍɚɤɢɟ ɞɚɧɧɵɟ ɛɵɥɢɩɨɥɭɱɟɧɵ ɧɚɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɞɜɭɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ G3B3 ɢ B3δВP ɫ ɛɚɡɢɫɨɦ 6-31G(Н,p), ɤɨɬɨɪɵɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɤɥɚɫɫɨɜ ɚɡɨɬɫɨɞɟɪɠɚɳɢɯ ɫɨɟɞɢɧɟɧɢɣ ɞɚɸɬ ɨɰɟɧɤɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɯɨɪɨɲɨ 
ɫɨɝɥɚɫɭɸɳɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ Д1Ж. ɉɨɥɭɱɟɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. Ȼɨɥɟɟ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɟɦ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɨ ɞɚɧɧɵɦ ɞɜɭɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɛɥɚɞɚɟɬ ɫɬɪɭɤɬɭɪɚ 3. 

 
Ɍɚɛɥɢɰɚ 1. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟɤɨɬɨɪɵɯ ɧɢɬɪɨɡɨɛɭɬɚɧɨɜ ɢ 
ɧɢɬɪɨɡɨɛɭɬɟɧɨɜ 

№ ɋɬɪɭɤɬɭɪɚ 
ɧɢɬɪɨɡɨɫɨɟɞɢɧɟɧɢɣ 

 

Ɇɟɬɨɞ ɪɚɫɱɟɬɚ Эɧɬɚɥɶɩɢɹ 
ɨɛɪɚɡɨɜɚɧɢɹ, 

ΔfH0
298ɤȾɠ/ɦɨɥɶ 

Эɧɟɪɝɢɹ Ƚɢɛɛɫɚ 
ɨɛɪɚɡɨɜɚɧɢɹ,  

ΔfG0
298 

ɤȾɠ/ɦɨɥɶ 

1 B3LYP/ 
6-31G(d,p) 

72.5 149.9 
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G3B3 82.4 159.1 

2 

 

B3LYP/ 
6-31G(d,p) 

100.9 182.3 

G3B3 105.9 186.5 

3 B3LYP/ 
6-31G(d,p) 

70.9 149.2 

G3B3 76.5 153.9 

4 

 

B3LYP/ 
6-31G(d,p) 

102.5 182.8 

G3B3 114.4 193.9 

 
ɉɨ ɪɚɫɱɟɬɧɵɦ ɞɚɧɧɵɦ ɞɥɹ ɜɫɟɯ ɱɟɬɵɪɟɯ ɫɬɪɭɤɬɭɪ ɦɟɬɨɞ G3B3 ɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɢɟ 

ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 298 Ʉ, ɱɟɦ 
ɦɟɬɨɞ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ B3δВP/6-31G(d,p). 
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Ƚɟɪɚɫɢɦɨɜ Ⱥ.Ⱥ. 1, Ƚɪɢɝɨɪɶɟɜ Ȼ.Ⱥ. 2, Ⱥɥɟɤɫɚɧɞɪɨɜ ɂ.ɋ. 1 
1Кɚɥɢɧɢɧɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Кɚɥɢɧɢɧɝɪɚɞ, 

ɋɨɜɟɬɫɤɢɣ ɩɪɨɫɩɟɤɬ 1 
2ɈɈɈ «Ƚɚɡɩɪɨɦ ВɇИИȽАɁ», Ɇɨɫɤɨɜɫɤɚя ɨɛɥɚɫɬɶ, Ʌɟɧɢɧɫɤɢɣ ɪɚɣɨɧ, ɩɨɫ. Ɋɚɡɜɢɥɤɚ,  
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ɇɚɞɟɠɧɵɟ ɞɚɧɧɵɟ ɨ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ (ɌȾɋ) 

ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɢɫɬɟɦ ɧɟɨɛɯɨɞɢɦɵ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɞɨɛɵɱɢ, ɬɪɚɧɫɩɨɪɬɚ ɢ 
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ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɧɟ ɩɨɡɜɨɥɹɸɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɬɪɟɛɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɢ 
ɜ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɬɨɥɶɤɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɨ ɌȾɋ. 
ɉɨɷɬɨɦɭ ɞɟɮɢɰɢɬ ɢɧɮɨɪɦɚɰɢɢ ɦɨɠɟɬ ɛɵɬɶ ɜɨɫɩɨɥɧɟɧ ɬɨɥɶɤɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢ ɧɚɭɱɧɨ 
ɨɛɨɫɧɨɜɚɧɧɵɦɢ ɪɚɫɱɟɬɧɵɦɢ ɦɟɬɨɞɚɦɢ.  

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɌȾɋ ɢ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɧɟɮɬɹɧɵɯ ɢ ɝɚɡɨɤɨɧɞɟɧɫɚɬɧɵɯ ɫɢɫɬɟɦ 
ɩɪɨɢɡɜɨɞɹɬ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚ ɨɫɧɨɜɟ ɤɭɛɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ 
(ɍɋ). Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɫɭɳɟɫɬɜɟɧɧɵɟ ɭɫɩɟɯɢ, ɞɨɫɬɢɝɧɭɬɵɟ ɧɚ ɩɭɬɢ ɪɚɡɪɚɛɨɬɤɢ ɢ 
ɩɪɢɦɟɧɟɧɢɹ ɜ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɢ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɤɭɛɢɱɟɫɤɢɯ ɍɋ, ɨɫɧɨɜɧɨɣ 
ɢɯ ɧɟɞɨɫɬɚɬɨɤ – ɧɢɡɤɚɹ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ ɌȾɋ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ – 
ɧɟ ɩɪɟɨɞɨɥɟɧ ɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɨɞɨɥɟɧ ɜ ɪɚɦɤɚɯ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɭɪɚɜɧɟɧɢɣ.  Эɬɨɬ 
ɧɟɞɨɫɬɚɬɨɤ ɹɜɥɹɟɬɫɹ «ɝɟɧɟɬɢɱɟɫɤɢɦ», ɩɪɢɫɭɳɢɦ ɩɪɨɫɬɨɣ ɫɬɪɭɤɬɭɪɟ ɭɪɚɜɧɟɧɢɹ.  

Ⱥɥɶɬɟɪɧɚɬɢɜɨɣ ɤɭɛɢɱɟɫɤɢɦ ɍɋ ɹɜɥɹɸɬɫɹ ɟɞɢɧɵɟ ɞɥɹ ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɵ 
ɦɧɨɝɨɤɨɧɫɬɚɧɬɧɵɟ ɍɋ, ɨɩɢɫɵɜɚɸɳɢɟ ɤɚɤɨɣ-ɥɢɛɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɜ ɟɝɨ 
ɫɨɛɫɬɜɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ. Ɍɚɤɢɟ ɭɪɚɜɧɟɧɢɹ ɟɳё ɧɚɡɵɜɚɸɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦɢ. ɍɫɩɟɯɢ, 
ɞɨɫɬɢɝɧɭɬɵɟ ɡɚ ɩɨɫɥɟɞɧɢɟ 40 ɥɟɬ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɍɋ ɞɥɹ ɬɟɯɧɢɱɟɫɤɢ 
ɜɚɠɧɵɯ ɜɟɳɟɫɬɜ, ɩɨɡɜɨɥɹɸɬ ɩɪɢɦɟɧɢɬɶ ɷɬɢ ɦɟɬɨɞɵ ɞɥɹ ɪɟɲɟɧɢɹ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɡɚɞɚɱɢ – 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɌȾɋ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɢɫɬɟɦ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɧɨɜɵɣ 
ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɜɭɯ ɨɛɨɛɳɟɧɧɵɯ ɦɧɨɝɨɤɨɧɫɬɚɧɬɧɵɯ (14 ɤɨɧɫɬɚɧɬ) 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɯ ɫ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɜɫɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧ-ɚɥɤɚɧɨɜ ɢ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɰɢɤɥɢɱɟɫɤɨɝɨ 
ɫɬɪɨɟɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɬɪɨɣɧɨɣ ɬɨɱɤɢ ɞɨ 700 Ʉ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɞɨ 100 Ɇɉɚ.  

Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɨɛɨɛɳɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɨɩɢɫɵɜɚɸɬɛɟɡɪɚɡɦɟɪɧɭɸ 
ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ Ƚɟɥɶɦɝɨɥɶɰɚ 
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ɝɞɟ a(T,ρ) – ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ Ƚɟɥɶɦɝɨɥɶɰɚ; α0(τ,δ) – ɢɞɟɚɥɶɧɚɹ ɱɚɫɬɶ; αr(τ,δ) – ɢɡɛɵɬɨɱɧɚɹ 
ɱɚɫɬɶ; δ = ρ/ρr ; τ = Tr/T; ρr, Tr – ɨɩɨɪɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɭɪɚɜɧɟɧɢɹɯ ɜ 
ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɜɟɞɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɪɢɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ, ɬɨ ɟɫɬɶ Tr =Ɍɫ ɢ ρr = ρɫ, 
ɚ ɜ ɤɚɱɟɫɬɜɟ  ɤɪɢɬɟɪɢɹ ɩɨɞɨɛɢɹ – ɮɚɤɬɨɪ ɚɰɟɧɬɪɢɱɧɨɫɬɢɉɢɬɰɟɪɚ ω. 

ɂɞɟɚɥɶɧɚɹ ɱɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ 
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ɝɞɟ δ0 = ρ0/ρɫ – ɩɪɢɜɟɞɟɧɧɚɹ ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɪ0 = 101325 ɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ0 
= 298,15 Ʉ; τ0 = Tc/T0; H0

o – ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɷɧɬɚɥɶɩɢɹ ɜ ɨɩɨɪɧɨɣ ɬɨɱɤɟ;  S0
o – ɢɞɟɚɥɶɧɨ-

ɝɚɡɨɜɚɹ ɷɧɬɪɨɩɢɹ ɜ ɨɩɨɪɧɨɣ ɬɨɱɤɟ; �� – ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨёɦɤɨɫɬɶ.  
 Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɢɡɛɵɬɨɱɧɨɣ (ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɣ) ɱɚɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɚ 

ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɮɨɪɦɚ ɭɪɚɜɧɟɧɢɹ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɋɨɧɨɦ ɢ Эɥɢ Д1Ж, ɩɪɢɦɟɧɢɦɚɹ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɥɹɪɧɵɯ ɢ ɧɟɩɨɥɹɪɧɵɯ ɜɟɳɟɫɬɜ:  
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 Ʉɨɷɮɮɢɰɢɟɧɬɵ niɨɛɨɛɳɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 
ɫɨɨɬɧɨɲɟɧɢɸ: 

iɋ
iiii cccn ,4

,3,2,1         (4) 

ɝɞɟ:  ω – ɮɚɤɬɨɪ ɚɰɟɧɬɪɢɱɧɨɫɬɢɉɢɬɰɟɪɚ. 
ɉɨɢɫɤ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫj,i ɢ ɫɬɟɩɟɧɟɣ ɩɪɢ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ τi ɨɫɭɳɟɫɬɜɥɹɥɫɹ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɫɪɟɞɫɬɜɨɦ ɧɟɥɢɧɟɣɧɨɣ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ.  ȼ ɤɚɱɟɫɬɜɟ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɧɟɥɢɧɟɣɧɨɣ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɦɨɞɢɮɢɤɚɰɢɹ ɦɟɬɨɞɚ ɫɥɭɱɚɣɧɨɝɨ 
ɩɨɢɫɤɚ ɫ ɜɨɡɜɪɚɬɨɦ ɩɪɢ ɧɟɭɞɚɱɧɨɦ ɲɚɝɟ. Ⱥɥɝɨɪɢɬɦ ɦɨɞɢɮɢɰɢɪɨɜɚɧ ɜɜɟɞɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɩɨɢɫɤɚ ɧɚ ɲɚɝɟ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɜɟɥɢɱɢɧɵ ɲɚɝɚ ɩɨɢɫɤɚ ɢ ɜɵɛɨɪɚ 
ɧɚɩɪɚɜɥɟɧɢɹ Д2Ж.  

 Ⱦɥɹ ɪɚɫɱɟɬɚ ɌȾɋ ɫɥɨɠɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɦɟɫɟɣ ɫɨɞɟɪɠɚɳɢɯ ɭɝɥɟɜɨɞɨɪɨɞɵ ɫ ɱɢɫɥɨɦ 
ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɨɬ ɩɹɬɢ ɢ ɜɵɲɟ (ɋ5+), ɪɚɡɪɚɛɨɬɚɧɵ ɞɜɚ Ɏɍɋ. ɉɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɨɩɢɫɵɜɚɟɬ 
ɫɜɨɣɫɬɜɚ ɩɚɪɚɮɢɧɨɜɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɨɬ ɋ5 ɞɨ ɋ50). Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɷɬɨɝɨ 
ɭɪɚɜɧɟɧɢɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɧ-ɚɥɤɚɧɚɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Д3Ж. ȼɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɨɩɢɫɵɜɚɟɬ 
ɫɜɨɣɫɬɜɚ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɰɢɤɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ (ɧɚɮɬɟɧɵ ɢ ɚɪɟɧɵ) ɩɨɥɭɱɟɧɨ ɜɩɟɪɜɵɟ ɢ 
ɪɟɡɭɥɶɬɚɬɵ ɟɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɭɝɥɟɜɨɞɨɪɨɞɚɦ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɨɬɞɟɥɶɧɨɣ ɩɭɛɥɢɤɚɰɢɢ.ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɪɚɛɨɬɚɯ Д4,5Ж ɦɵ ɭɠɟ ɩɪɟɞɫɬɚɜɥɹɥɢ 
ɪɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɨɩɢɫɵɜɚɟɦɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ. Ȼɵɥ ɜɵɹɜɥɟɧ ɪɨɫɬ ɨɬɤɥɨɧɟɧɢɣ, 
ɨɫɨɛɟɧɧɨ ɩɪɢ ɪɚɫɱɟɬɟ ɤɚɥɨɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɮɚɤɬɨɪɚ ɚɰɟɧɬɪɢɱɧɨɫɬɢ ω > 0,7. 
Ⱦɚɥɶɧɟɣɲɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɜɨɡɦɨɠɧɨɣ ɩɪɢɱɢɧɨɣ ɹɜɥɹɟɬɫɹ ɢɫɤɚɠɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɫɬɨɹɧɢɹ ɜ ɧɟɤɨɬɨɪɵɯ ɨɛɥɚɫɬɹɯ ɩɪɢ ω > 0,7 Ɏɍɋ ɰɢɤɥɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɉɨɷɬɨɦɭ 
ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɧɨɜɨɟ Ɏɍɋ ɞɥɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɰɢɤɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɢ ɜ ɞɨɤɥɚɞɟ ɛɭɞɭɬ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɧɨɜɨɝɨ Ɏɍɋ. 

ɍɪɚɜɧɟɧɢɹ ɩɪɢɦɟɧɢɦɵ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɬɪɨɣɧɨɣ ɬɨɱɤɢ ɞɨ 700 Ʉ ɩɪɢ 
ɞɚɜɥɟɧɢɢ ɞɨ 100 Ɇɉɚ. 

ɉɥɨɬɧɨɫɬɶ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɱɢɫɥɟɧɧɵɦ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ (5), ɚ ɢɡɨɛɚɪɧɚɹ 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɩɨ ɭɪɚɜɧɟɧɢɸ (6). ���� =  1 +  ���� ,        (5) 

 ��� =  �� − �ଶ���� + ሺଵ+ ����−������ ሻ2ଵ+ଶ����+ �2���� ,      (6) 

ɝɞɟ  ��= �� − ܴ; ɧɢɠɧɢɣ ɢɧɞɟɤɫ ɩɪɢ α ɭɤɚɡɵɜɚɟɬ ɩɟɪɟɦɟɧɧɭɸ, ɩɨ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ. Ɏɨɪɦɭɥɵ ɩɪɨɢɡɜɨɞɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ, 
ɧɚɩɪɢɦɟɪ, ɜ Д6Ж. 

Ɋɚɫɱɟɬ ɌȾɋ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɪɚɦɤɚɯ «ɤɜɚɡɢɨɞɧɨɠɢɞɤɨɫɬɧɨɣ» ɦɨɞɟɥɢ – ɭɝɥɟɜɨɞɨɪɨɞɧɚɹ 
ɮɪɚɤɰɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɜɟɳɟɫɬɜɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬɨɜ – ɧ-ɚɥɤɚɧ ɢ 
ɭɝɥɟɜɨɞɨɪɨɞ ɰɢɤɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɨɞɢɧɚɤɨɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵɌɫ ɢ ɩɥɨɬɧɨɫɬɢ ρɫ (ɞɥɹ ɫɦɟɫɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɫɟɜɞɨɤɪɢɬɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ) ɢ ɮɚɤɬɨɪɨɦ ɚɰɟɧɬɪɢɱɧɨɫɬɢɉɢɬɰɟɪɚ ω. Ɍɚɤɨɣ ɩɨɞɯɨɞ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɨɛɵɱɧɨɣ 
ɨɞɧɨɠɢɞɤɨɫɬɧɨɣ ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɨ ɭɱɢɬɵɜɚɬɶ ɦɧɨɝɨɨɛɪɚɡɢɟ 
ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɨɫɬɚɜɚ ɮɪɚɤɰɢɢ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɜɨɣɫɬɜɨ Y ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 
ɚɞɞɢɬɢɜɧɨɣ ɮɨɪɦɭɥɟ ɢɞɟɚɥɶɧɨɝɨ ɪɚɫɬɜɨɪɚ � =  ���� + ����,              (7) 
ɝɞɟ Ya, Yc – ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɜɨɣɫɬɜɨ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ Ɏɍɋ (3) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɥɹ 
ɚɥɤɚɧɨɜ ɢ ɞɥɹ ɰɢɤɥɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ; xa, xc – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɨɥɹ ɚɥɤɚɧɨɜɵɯ ɢ 
ɰɢɤɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɜ ɫɨɫɬɚɜɟ ɫɦɟɫɢ.  

 Ɂɧɚɱɟɧɢɹ xa ɢ xcɪɚɫɫɱɢɬɵɜɚɥɢɫɶ �� − � − � − ɦɟɬɨɞɨɦ ɫɬɪɭɤɬɭɪɧɨ-ɝɪɭɩɩɨɜɨɝɨ ɚɧɚɥɢɡɚ 
Д7Ж ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɨ ɩɨɤɚɡɚɬɟɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 ɨɋ��ଶ, ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɬɨ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ �4ଶ ɢ ɫɪɟɞɧɟɣ ɦɨɥɹɪɧɨɣ ɦɚɫɫɟ M. ɇɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɪɚɫɱɟɬɚ ɩɫɟɜɞɨɤɪɢɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɮɚɤɬɨɪ ɚɰɟɧɬɪɢɱɧɨɫɬɢ ω ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ 
ɷɦɩɢɪɢɱɟɫɤɢɦ ɫɨɨɬɧɨɲɟɧɢɹɦ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɫɟɜɞɨɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, 
ɩɫɟɜɞɨɤɪɢɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɢ ɮɚɤɬɨɪ ɚɰɟɧɬɪɢɱɧɨɫɬɢ ω ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɮɨɪɦɭɥɚɦ Ʉɟɫɥɟɪɚ 
ɢ Ʌɢ Д8Ж, ɚ ɩɫɟɜɞɨɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ – ɩɨ ɮɨɪɦɭɥɟ Ɋɢɚɡɢ ɢ Ⱦɨɭɛɟɪɬɚ Д9Ж. ɉɪɢ ɪɚɫɱɟɬɟ 
ɌȾɋ ɩɨ Ɏɍɋ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɤɨɪɪɟɤɰɢɹ ɩɫɟɜɞɨɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨ ɡɧɚɱɟɧɢɸ 
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ɜɟɥɢɱɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ �4ଶ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɫ 
ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ( з 0,02 %). ɂɞɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɋɪ

ɨɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɩɨ 
ɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ Ʉɟɫɥɟɪɚ ɢ Ʌɢ Д8Ж. 

Ɍɟɫɬɢɪɨɜɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɧ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɩɪɨɝɧɨɡɧɨɝɨ ɪɚɫɱɟɬɚ ɌȾɋ (ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɣ ɮɚɡɵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ з ɜ 
ɱɟɬɵɪɟ ɪɚɡɚ ɬɨɱɧɟɟ ɤɭɛɢɱɟɫɤɢɯ ɍɋ, ɚ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ – ɧɚ ɩɨɪɹɞɨɤ ɢ ɛɨɥɟɟ) ɢ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɪɚɫɱɟɬɚ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɬɚɤɠɟ ɫ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. 
ȼ ɞɨɤɥɚɞɟ ɢɡɥɚɝɚɟɬɫɹ ɦɟɬɨɞ ɪɚɫɱɟɬɚ ɢ ɞɚɧɚ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɫ ɞɪɭɝɢɦɢ 
ɦɟɬɨɞɚɦɢ ɧɚ ɩɪɢɦɟɪɟ ɛɨɥɟɟ ɱɟɦ 200 ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɫɢɫɬɟɦ ɪɚɡɥɢɱɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. 
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ɉɚɪɵ ɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ ɫɨɫɬɨɹɬ ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɦɨɧɨɦɟɪɧɵɯ ɦɨɥɟɤɭɥ ScX3. ɇɚɪɹɞɭ ɫ 

ɷɬɢɦ, ɫɨɝɥɚɫɧɨ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɜ ɩɚɪɚɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɜ ɦɟɧɶɲɢɯ 
ɤɨɥɢɱɟɫɬɜɚɯ ɢ ɛɨɥɟɟ ɫɥɨɠɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɞɢɦɟɪɧɵɟ ɦɨɥɟɤɭɥɵ Sc2X6. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫ 
ɭɱɚɫɬɢɟɦ ɩɚɪɨɜ ɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ ɧɟɨɛɯɨɞɢɦɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɧɟ ɬɨɥɶɤɨ 
ɦɨɧɨɦɟɪɧɵɯ, ɧɨ ɬɚɤɠɟ ɢ ɞɢɦɟɪɧɵɯ ɦɨɥɟɤɭɥ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɝɚɥɨɝɟɧɢɞɨɜ 
ɫɤɚɧɞɢɹ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɪɚɧɟɟ ɜ ɪɚɛɨɬɟ Д1Ж. ȼ ɫɢɥɭ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɢɧɮɨɪɦɚɰɢɢ, 
ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɜ ɥɢɬɟɪɚɬɭɪɟ ɤ 1999 ɝɨɞɭ, ɛɨɥɶɲɢɧɫɬɜɨ ɡɧɚɱɟɧɢɣ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɨɫɬɨɹɧɧɵɯ 
ɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ ɜ Д1Ж ɛɵɥɨ ɨɰɟɧɟɧɨ. Эɬɨ ɩɪɢɜɟɥɨ ɤ ɛɨɥɶɲɢɦ ɩɨɝɪɟɲɧɨɫɬɹɦ ɜ ɜɟɥɢɱɢɧɚɯ 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ. ɉɪɨɜɟɞɟɧɧɵɟ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ 
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ɷɥɟɤɬɪɨɧɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɢɥɢ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɪɭɤɬɭɪɟ ɢ ɱɚɫɬɨɬɚɯ ɤɨɥɟɛɚɧɢɣ ɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ ɢ ɞɚɥɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɬɨɱɧɢɬɶ ɜɟɥɢɱɢɧɵ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɨɫɬɨɹɧɧɵɯ ɢ ɪɚɫɫɱɢɬɚɬɶ ɛɨɥɟɟɟ ɧɚɞɟɠɧɵɟ ɡɧɚɱɟɧɢɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ.  

ɋɬɪɭɤɬɭɪɚ ɜɫɟɯ ɦɨɥɟɤɭɥ ScX3 ɢ Sc2X6 ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɧɚ ɦɟɬɨɞɨɦ ɝɚɡɨɜɨɣ 
ɷɥɟɤɬɪɨɧɨɝɪɚɮɢɢ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɨɫɧɨɜɧɨɦ ɷɥɟɤɬɪɨɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ ɏ1А1 ɱɟɬɵɪɟ ɬɪɢɝɚɥɨɝɟɧɢɞɚ ɫɤɚɧɞɢɹ ɢɦɟɸɬ ɩɥɨɫɤɭɸ ɪɚɜɧɨɜɟɫɧɭɸ ɫɬɪɭɤɬɭɪɭ 
ɫɢɦɦɟɬɪɢɢ D3h, ɚ ɦɨɥɟɤɭɥɵ Sc2X6 - ɫɬɪɭɤɬɭɪɭ ɫɢɦɦɟɬɪɢɢ D2h ɫ ɱɟɬɵɪɶɦɹ ɦɨɫɬɢɤɨɜɵɦɢ 
ɫɜɹɡɹɦɢ Sc-Xb. 

ɂɄ ɫɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ ɦɨɥɟɤɭɥ ScCl3, ScBr3 ɢ ScI3 ɢɡɭɱɟɧɵ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. ȼɨ ɜɫɟɯ 
ɫɥɭɱɚɹɯ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɨ ɩɨ ɨɞɧɨɣ ɩɨɥɨɫɟ ɩɨɝɥɨɳɟɧɢɹ. Эɬɢ ɩɨɥɨɫɵ ɨɬɧɟɫɟɧɵ ɚɜɬɨɪɚɦɢ ɤ 
ɱɚɫɬɨɬɟ ɚɫɢɦɦɟɬɪɢɱɧɨɝɨ ɜɚɥɟɧɬɧɨɝɨ ɤɨɥɟɛɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɨɥɟɤɭɥ. ȼ ɂɄ ɫɩɟɤɬɪɚɯ 
ɩɨɝɥɨɳɟɧɢɹ ScF3 ɢ ScBr3 ɜ ɦɚɬɪɢɰɚɯ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɨɛɧɚɪɭɠɟɧɵ ɬɪɢ ɩɨɥɨɫɵ, ɨɬɧɟɫɟɧɧɵɟ ɤ 
ɱɚɫɬɨɬɚɦ ɤɨɥɟɛɚɧɢɣ 2, 3 ɢ 4. Ɉɬɧɟɫɟɧɢɟ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ScF3 ɩɨɞɬɜɟɪɠɞɟɧɨ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɧɟɞɚɜɧɢɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɢ ɨɩɪɟɞɟɥɟɧɨ, ɤɚɤ ɧɟɤɨɪɪɟɤɬɧɨɟ, ɜ ɫɥɭɱɚɟ 
ScBr3. ɂɡɭɱɟɧɵ ɂɄ ɫɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ Sc2F6 ɜ ɦɚɬɪɢɰɚɯ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ ɢ Sc2I6 ɜ ɛɟɧɡɨɥɟ. 
Ɉɬɧɟɫɟɧɢɟ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɜ Sc2I6 ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɡɧɚɧɨ ɧɟɤɨɪɪɟɤɬɧɵɦ. Ⱥɜɬɨɪɵ 
Д2Жɧɚɲɥɢ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɦɟɪɚ Sc2I6 ɜ ɩɚɪɟ ɧɚɞ ScI3 ɫɨɫɬɚɜɥɹɟɬ 79%. ɋɨɝɥɚɫɧɨ ɦɚɫɫ-
ɫɩɟɤɬɪɚɥɶɧɵɦ ɞɚɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟ SМ2I6 ɜ ɩɚɪɟ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 4% Д3, 4Ж. ɂɦɟɸɳɢɟɫɹ ɜ 
ɥɢɬɟɪɚɬɭɪɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɪɢɧɹɬɵ ɧɚɦɢ ɩɪɢ ɪɚɫɱɟɬɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ ɢ ɢɯ ɞɢɦɟɪɨɜ. ɉɪɢ ɢɯ ɨɬɫɭɬɫɬɜɢɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. ɋɥɟɞɭɟɬ ɭɤɚɡɚɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ ɧɟɩɥɨɫɤɨɝɨ ɤɨɥɟɛɚɧɢɹ ɰɢɤɥɚ 
ɜ ɦɨɥɟɤɭɥɚɯ Sc2X6 ɜ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɯɨ. ɉɨɥɭɱɟɧɨ ɧɟɪɟɚɥɶɧɨ ɧɢɡɤɨɟ 
ɡɧɚɱɟɧɢɟ ɱɚɫɬɨɬɵ. Ⱦɥɹ ɟɟ ɧɚɞɟɠɧɨɝɨ ɪɚɫɱɟɬɚ ɧɟɨɛɯɨɞɢɦ ɭɱɟɬ ɮɨɪɦɵ ɩɨɬɟɧɰɢɚɥɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɨɥɟɛɚɧɢɹ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɟɥɢɱɢɧɵ ɷɬɨɣ ɱɚɫɬɨɬɵ ɨɰɟɧɟɧɵ. 

ȼ ɩɪɢɛɥɢɠɟɧɢɢ "ɠɟɫɬɤɢɣ ɪɨɬɚɬɨɪ - ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɨɫɰɢɥɥɹɬɨɪ" ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɜɵɛɪɚɧɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɨɫɬɨɹɧɧɵɯ ɪɚɫɫɱɢɬɚɧɵ ɬɚɛɥɢɰɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 
ɞɥɹ ɜɫɟɯ ɦɨɥɟɤɭɥ ScX3 ɢ Sc2X6 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298.15 – 6000 Ʉ. Ɋɚɫɱɟɬ ɩɪɨɜɟɞɟɧ ɛɟɡ 
ɭɱɟɬɚ ɜɤɥɚɞɚ ɜɨɡɛɭɠɞɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ 
ɩɨɝɪɟɲɧɨɫɬɟɣ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ. Ɋɚɫɫɱɢɬɚɧɧɵɟ ɞɚɧɧɵɟ ɡɚɧɟɫɟɧɵ 
ɜ ɛɚɡɭ ɞɚɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɫɩɪɚɜɨɱɧɨɣ ɫɢɫɬɟɦɵ ɂȼɌȺɇɌȿɊɆɈ. 

Ɋɚɡɥɢɱɢɹ ɜ ɜɟɥɢɱɢɧɚɯ Φ(T), ɪɚɫɫɱɢɬɚɧɧɵɯ ɜ ɪɚɛɨɬɟ Д1Ж ɢ ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1, 
ɧɟɜɟɥɢɤɢ ɞɥɹ ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ (2- 7 ȾɠɄ-1ɦɨɥɶ-1) ɢ ɜɟɥɢɤɢ ɞɥɹ ɢɯ ɞɢɦɟɪɨɜ (35- 55 
ȾɠɄ-1ɦɨɥɶ-1). Ɉɧɢ ɨɛɭɫɥɨɜɥɟɧɵ ɜ ɨɫɧɨɜɧɨɦ ɪɚɡɥɢɱɢɟɦ ɜ ɩɪɢɧɹɬɵɯ ɡɧɚɱɟɧɢɹɯ ɱɚɫɬɨɬ 
ɤɨɥɟɛɚɧɢɣ. 

 
Ɍɚɛɥɢɰɚ 1. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɝɚɡɨɜɵɯ ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ ɢ ɢɯ ɞɢɦɟɪɨɜ 

Ɍ, Ʉ Cp(T) Φ(T) So(Ɍ) Cp(T) Φ(T) So(Ɍ) 
  Ⱦɠ/Ʉɦɨɥɶ   Ⱦɠ/Ʉɦɨɥɶ  
  ScF3   ScBr3  
298.15 67.72 244.52 297.93 78.32 301.96 366.88 
1000 81.12 319.74 389.96 82.72 388.58 465.111 
  ScCl3   ScI3  
298.15 75.62 276.05 337.17 79.13 321.88 388.610 
1000 82.33 359.17 434.010 82.73 409.911 487.313 
  Sc2F6   Sc2Br6  
298.15 149.77 333.110 439.215 171.68 442.613 579.219 
1000 178.87 491.217 642.823 181.88 628.521 795.128 
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  Sc2Cl6   Sc2I6  
298.15 166.97 395.412 522.718 174.78 476.815 620.021 
1000 181.37 573.520 736.227 182.18 668.223 837.530 
 
ɉɨɥɭɱɟɧɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɢɦɟɸɳɢɯɫɹ ɜ 

ɥɢɬɟɪɚɬɭɪɟ ɞɚɧɧɵɯ ɩɨ ɞɚɜɥɟɧɢɹɦ ɩɚɪɚ ɜ ɜɢɞɟ SМБ3 ɢ Sc2X6 ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɧɬɚɥɶɩɢɢ 
ɫɭɛɥɢɦɚɰɢɢ ɢ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɚɡɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ ɫɤɭɞɨɫɬɶ 
ɫɜɟɞɟɧɢɣ, ɢɦɟɸɳɢɯɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ, ɩɨ ɫɢɫɬɟɦɟ SМ - Br ɢ ɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ ɫɜɟɞɟɧɢɣ ɩɨ 
ɫɢɫɬɟɦɟ SМ – Cl. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɩɨ ɉɪɨɝɪɚɦɦɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɉɊАɇ ɩɨ ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɧɚɩɪɚɜɥɟɧɢяɦ ɪɚɡɜɢɬɢя ɧɚɭɤɢ №1 
"Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢя" (ɤɨɨɪɞɢɧɚɬɨɪ ɚɤɚɞ. 
В.Ȼ.Ȼɟɬɟɥɢɧ). 
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Вɜɟдɟɧиɟ 

ȼ Д1,2Ж ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɞɜɭɯɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɢɡɨɬɟɪɦɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ (ɉɇ) ɛɢɧɚɪɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 

       1 1
1 1 1

1

1 1
1

1 1 A A

F x x
ɯ ɯ ɯ

F x
         ,    (1) 

ɝɞɟ А ɢ В – ɉɇ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ А ɢ B,  ɢ F – ɧɟɡɚɜɢɫɹɳɢɟ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɩɚɪɚɦɟɬɪɵ, x – ɦɨɥɶɧɵɟ ɞɨɥɢ ɞɨɛɚɜɥɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ B, Ⱥ – ɪɚɫɬɜɨɪɢɬɟɥɶ. 

Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɩɚɪɚɦɟɬɪɨɜ  ɢ F ɢɫɩɨɥɶɡɭɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ (x1) ɢ (x2) 
ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ, ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɛɵɬɶ ɞɨɩɭɳɟɧɵ ɫɥɭɱɚɣɧɵɟ ɨɲɢɛɤɢ. ɉɨɫɥɟɞɧɢɟ ɦɨɝɭɬ 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɥɢɹɬɶ ɧɚ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ  ɢ F, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɧɚ 
ɜɵɱɢɫɥɹɟɦɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ 
ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɩɚɪɚɦɟɬɪɨɜ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɧɚɫɬɨɹɳɟɦ ɫɨɨɛɳɟɧɢɢ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ  ɢ F, ɤɨɬɨɪɚɹ ɢɡɥɨɠɟɧɚ ɧɢɠɟ. 

Ɍɟоɪия ɩɪɟдɥɚɝɚɟɦоɣ ɦɟɬодиɤи 

mailto:z-kalazh@yandex.ru
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Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɛɭɞɟɦ 
ɢɦɟɬɶ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ ɡɧɚɱɟɧɢɣ ɉɇ (n3) ɫɩɥɚɜɨɜ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɨɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ. 

ȼɨɡɶɦɟɦ ɭɪɚɜɧɟɧɢɟ (1) ɢ ɩɪɟɨɛɪɚɡɭɟɦ ɟɝɨ ɤ ɜɢɞɭ      1

1 1 1

ɯ F
x ɯ F б
     ,         (2) 

ɝɞɟ       1A Bɯ ɯ ɯ ɯ        .        (3) 

 ɉɟɪɟɩɢɲɟɦ (2) ɜ ɜɢɞɟ     1 1 1
1

ɯ б
x

ɯ F  
    .        (4) 

ȼɵɪɚɠɟɧɢɟ (4) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɪɚɜɧɟɧɢɟ ɩɪɹɦɨɣ ɬɢɩɚ 
y a bx  ,           (5) 

ɝɞɟ             (1 ) 1 1( ) ,    ,    
1( )

x x
y x a b

Fx 
   .       (6) 

Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɦɟɟɦ ɡɧɚɱɟɧɢɹ ɉɇ ɢɥɢ (xi), ɢɡɦɟɪɟɧɧɵɟ ɞɥɹ 
ɧɟɫɤɨɥɶɤɢɯ ɫɨɫɬɚɜɨɜ xi( i=1, 2, 3,…). Ɍɨɝɞɚ, ɫɱɢɬɚɹ, ɱɬɨ (x)=(xi) ɩɪɢ ɯ=ɯi, ɦɨɠɟɦ ɜɵɱɢɫɥɢɬɶ (xi) ɩɨ (3) ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɫɬɚɜɚ xi. 

ɂɫɩɨɥɶɡɭɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ (xi), y(xi) ɢ xi, ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɮɭɧɤɰɢɢ (4). Ɉɧ 
ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ (ɪɢɫ.1) 

 
Ɋɢɫ. 1. Ʉ ɦɟɬɨɞɢɤɟ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ  ɢ F ɭɪɚɜɧɟɧɢɹ ɢɡɨɬɟɪɦɵ ɉɇ: 
o - ɜɵɱɢɫɥɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɉɇ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɡɧɚɱɟɧɢɹ 
ɮɭɧɤɰɢɢ y(x), — - ɩɪɹɦɚɹ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɉɇ 
ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ 

 
ɂɡ ɝɪɚɮɢɤɚ ɨɩɪɟɞɟɥɢɦ ɚ ɤɚɤ ɨɬɪɟɡɨɤ, ɤɨɬɨɪɵɣ ɨɬɫɟɤɚɟɬɫɹ ɨɬ ɨɫɢ Ɉɍ ɩɪɹɦɨɣ (5) 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɭɥɹ, ɚ b– ɤɚɤ ɬɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ ɩɪɹɦɨɣ (5) ɤ ɨɫɢ ɤɨɧɰɟɧɬɪɚɰɢɢ. ɂɡ ɪɢɫ.1 
ɜɢɞɧɨ, ɱɬɨ 

1

02 01

02 01

,

.

a y

y y
b tg

x x


      
.        (7) 

Ɍɨɝɞɚ, ɢɡ (4), (6) ɢ (7) ɫɥɟɞɭɟɬ 

 1
,

1

1
.

a
F

b




   
.         (8) 
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Ɋɚɡɪɟɲɢɜ (8)  ɨɬɧɨɫɢɬɟɥɶɧɨ  ɢ F, ɩɨɥɭɱɢɦ: 
1

,

1 ,

b
b

F
a

    
,         (9) 

ɝɞɟɚ ɢ b ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɢɡ ɝɪɚɮɢɤɚ (ɫɦ. ɮɨɪɦɭɥɵ (7)). 
ɉɪиɦɟɪы ɜычиɫɥɟɧия ɩɚɪɚɦɟɬɪоɜ  и F ɩо ɩɪɟдɥɚɝɚɟɦоɣ ɦɟɬодиɤɟ 
ɑɬɨɛɵ ɩɨɤɚɡɚɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɮɨɪɦɭɥɵ (1) ɢ  ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɢ, 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵД3Ж ɩɨ ɢɡɭɱɟɧɢɸ ɢɡɨɬɟɪɦ ɉɇ ɛɢɧɚɪɧɵɯ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ Sn-PЛ ɢ SЧ-Bi, ɤɨɬɨɪɚɹ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɪɚɛɨɬ 
ɬɳɚɬɟɥɶɧɨɫɬɶɸ ɫɨɛɥɸɞɟɧɢɹ ɜɫɟɯ ɧɟɨɛɯɨɞɢɦɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɇɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɪɚɫɱɟɬɨɜ ɢ F ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɢɡɨɬɟɪɦɚɦ ɫɢɫɬɟɦ Sn-Pb ɢ Sn-Bi, ɡɚɢɦɫɬɜɨɜɚɧɧɵɟ ɢɡ 
ɰɢɬɢɪɭɟɦɨɣ ɪɚɛɨɬɵ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 1 ɢ 2 

 

Ɍɚɛɥɢɰɚ 1. ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɉɇ Д3Ж ɞɥɹ ɪɚɫɱɟɬɨɜ  ɢ F ɫɢɫɬɟɦɵ SЧ-Bi ɩɪɢ T=250ɋ 
ɯ 
ɚɬ.% 

0,0 1,39 2,53 6,6 9,44 24,3 40,3 41,9 44,8 45,9 57 80,8 1,0 

 (ɯ) 545 517 504 476 464 429 412 411 404 407 399 385 373 
 

Ɍɚɛɥɢɰɚ 2. ȼɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɨ ɉɇ Д3Ж ɞɥɹ ɪɚɫɱɟɬɨɜ  ɢ F ɫɢɫɬɟɦɵ  Sn-Pb ɩɪɢ T=250ɋ 
ɯ 
ɚɬ.% 

0,0 2,54 7,57 14,6 21,5 23,77 24,97 26,33 27,64 29,5 32,4 53,7 1,0 

 (ɯ) 541 528,3 511,7 494,3 484 481,9 480,5 479,5 479,5 478,6 480 465,6 447,9 
 

C ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɩɨ А, В, (ɯi),ɯi ɢ ɮɨɪɦɭɥ (7) ɢ (9) ɧɚɦɢ ɩɨɫɬɪɨɟɧɵ ɝɪɚɮɢɤɢ 
(4) ɞɥɹ ɫɢɫɬɟɦ  Na-Cs ɢ Sn-Pb (ɪɢɫ.2 ɢ 3). 

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɪɹɦɨɣ (4), ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ (ɯi) 
ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɫɜɨɛɨɞɧɵɣ ɱɥɟɧ a ɢ b- 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɩɟɪɟɦɟɧɧɨɣ x (ɫɦ. ɫɩɥɨɲɧɭɸ ɥɢɧɢɸ). ɂɡ ɪɢɫ. 2 ɢ 3 ɜɢɞɧɨ, ɱɬɨ 
ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ ɞɚɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚД3Ж ɢ ɮɨɪɦɭɥɚɦ (3) ɢ (6) ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ y(x) 
ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɭɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɩɪɹɦɨɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɭɪɚɜɧɟɧɢɹ (1). 

ɂɡ ɝɪɚɮɢɤɨɜ ɪɢɫ. 2 ɢ 3 ɧɚɦɢ ɛɵɥɢ ɧɚɣɞɟɧɵ a ɢ b. Ɂɧɚɱɟɧɢɹ  ɢ F, ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ 
ɮɨɪɦɭɥɚɦ (7) ɢ(9), ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.3. Ɂɞɟɫɶ ɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟɧɢɹ 0 ɢ F0, ɧɚɣɞɟɧɧɵɟ 
ɩɨ ɦɟɬɨɞɢɤɟ Д2Ж. 

ɂɡ ɫɪɚɜɧɟɧɢɹ ɞɚɧɧɵɯ  ɢ Fc0 ɢ F0ɜɢɞɢɦ, ɱɬɨ ɨɧɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɞɪɭɝ ɨɬ 
ɞɪɭɝɚ. 

 
 

Ɋɢɫ.2. ɍɪɚɜɧɟɧɢɟ ɩɪɹɦɨɣ (4) ɫɢɫɬɟɦɵ Sn-Bi Ɋɢɫ.3. ɍɪɚɜɧɟɧɢɟ ɩɪɹɦɨɣ (4) ɫɢɫɬɟɦɵ Sn-Pb 
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Ɍɚɛɥɢɰɚ 3. ɋɪɚɜɧɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ  ɢ F c0 ɢ F0, ɩɨɥɭɱɟɧɧɵɦɢ ɩɨ 
ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɟ ɢ ɩɨ ɦɟɬɨɞɢɤɟД2Ж 

ɋɢɫɬɟɦɚ  0  F F0 , % 
Sn-Bi -127,7 -118,6 14,2 21,3 0,16 
Sn-Pb -68,4 -64,9 9,6 11,2 0,1 

 -ɫɪɟɞɧɟɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɉɇ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɟ, ɨɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɑɬɨɛɵ ɭɫɬɚɧɨɜɢɬɶ ɤɚɤɚɹ ɢɡ ɷɬɢɯ ɦɟɬɨɞɢɤ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɭɪɚɜɧɟɧɢɹ (1) ɞɚɟɬ 
ɛɨɥɟɟ ɬɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɉɇ, ɧɚɦɢ ɜɵɱɢɫɥɟɧɵ ɡɧɚɱɟɧɢɹ ɉɇ ɞɥɹ ɫɢɫɬɟɦ Sn-Pb ɢ Sn-Bi ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ , F ɢ 0, F0,ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɛɟɢɦɢ ɦɟɬɨɞɚɦɢ. Ɋɟɡɭɥɶɬɚɬɵ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ. 

ɋɪɚɜɧɟɧиɟ ɡɧɚчɟɧиɣ ɉɇ, ɜычиɫɥɟɧɧых ɩо ɩɪɟдɥɚɝɚɟɦоɣ ɦɟɬодиɤɟ ɫ дɚɧɧыɦи, 
ɩоɥɭчɟɧɧыɦи ɩо ɦɟɬодиɤɟ Д2Ж и ɫ эɤɫɩɟɪиɦɟɧɬоɦ Д3Ж 

ȼ ɬɚɛɥɢɰɚɯ 4 ɢ 5 ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɉɇ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɣ 
ɦɟɬɨɞɢɤɟ n(ɯ) ɩɨ (1), ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɉɇ ɷ(ɯ) ɩɨ Д3Ж, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɉɇ, 
ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ ɦɟɬɨɞɢɤɟ Д2Ж 2(ɯ). Ɂɞɟɫɶ ɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɬɤɥɨɧɟɧɢɹ n (n-ɤɨɥɢɱɟɫɬɜɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ) ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɉɇ, ɜɵɱɢɫɥɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɜɨɣ 
ɦɟɬɨɞɢɤɢ ɩɨ (1), ɢ 2, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɦɟɬɨɞɢɤɟ Д2Ж ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɉɇ ɞɥɹ 
ɞɜɭɯ ɩɪɨɢɡɜɨɥɶɧɵɯ ɫɨɫɬɚɜɨɜ, ɨɬ ɞɚɧɧɵɯ ɩɨ ɉɇ ɷɤɫɩɟɪɢɦɟɧɬɚД2Ж ɷ(x). 

ɂɡ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɬɚɛɥɢɰ (4) ɢ (5) ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɪɭɝɢɯ ɫɢɫɬɟɦ ɜɢɞɧɨ, ɱɬɨ 
ɩɪɟɞɥɚɝɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢ F ɞɚɟɬ ɡɧɚɱɟɧɢɹ ɉɇ ɛɨɥɟɟ ɛɥɢɡɤɢɟ ɤ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ, ɱɟɦ ɡɧɚɱɟɧɢɹ ɉɇ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɦɟɬɨɞɢɤɟ Д2Ж. 

 
Ɍɚɛɥɢɰɚ 3. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɉɇ ɢ ɢɯ ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɞɚɧɧɵɯ Д2Ж ɞɥɹ ɫɢɫɬɟɦɵ Sn-Pb 
ɯ,ɦɨɥɶ 
ɞ.Pb 

0.02
5 

0.07
6 

0.14
6 

0.21
5 

0.23
7 

0.25 0.26
3 

0.27 0.29 0.32 0.54 

Э(ɯ),[4] 528.
3 

511.
7 

494.
3 

484 481.
9 

480.
5 
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n(ɯ) ɩɨ 
(1) 

526.
7 

509.
1 

494.
9 

486.
2 

483.
9 

482.
8 

481.
6 

480.
5 

479.
0 

476.
8 

464.
9 

2(ɯ) 525.
7 

507.
8 

494.
3 

486.
0 

483.
9 

482.
8 

481.
7 

480.
6 

479.
2 

477.
2 

465.
6 

n 1,52 2,58 1,52 -2,2 -
2,05 

-
2,33 

-
1,82 

-
1,01 

-
0,44 

3,12 0,6 

2 2,60 2,58 -
0,01 

-
2,23 

-
2,00 

-
2,50 

-
1,92 

-
1,16 

-
0,66 

2,79 -
0,01 

 
Ɍɚɛɥɢɰɚ 4. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɉɇ ɢ ɢɯ ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɞɚɧɧɵɯ Д2Ж ɞɥɹ ɫɢɫɬɟɦɵ Sn-Bi 
ɯ,ɦɨɥɶ 
ɞ.Bi 

0.014 0.025 0.066 0.094 0.243 0.403 0.419 0.448 0.459 0.57 0.807 

Э(ɯ),[4] 517.3 504 475.9 463.6 429.2 411.9 411.1 404.3 406.8 398.5 385.5 
n(ɯ) ɩɨ 
(1) 

516.9 501.4 470.2 458.2 428.5 412.6 411.3 408.9 408.1 400.0 384.6 

2(ɯ) 528.7 517.9 490.6 477.7 440.6 419.7 418.0 415.1 414.0 404.1 386.0 
n 0,41 2,55 5,56 5,35 0,66 -0,67 -0,17 -4,62 -1,31 -1,52 0,93 
2 -11,4 -13,9 -14,7 -14,1 -11,4 -6,17 -6,97 -10,8 -7,28 -1,52 -0,52 
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Ɍɚɤɠɟ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɉɇ ɞɜɭɯ ɫɩɥɚɜɨɜ ɩɨ 

ɦɟɬɨɞɢɤɟ Д2Ж ɢ ɭɞɚɱɧɵɣ ɜɵɛɨɪ ɫɨɫɬɚɜɨɜ ɷɬɢɯ ɫɩɥɚɜɨɜ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɚɬɶ ɉɇ ɫɩɥɚɜɨɜ ɫ 
ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. 

Выɜоды 
1. ɉɨɤɚɡɚɧɚ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɜɬɨɪɚɦɢ ɭɪɚɜɧɟɧɢɹ ɢɡɨɬɟɪɦɵ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɞɥɹ ɫɢɫɬɟɦ s- ɢp-ɦɟɬɚɥɥɨɜ. 
2. ɉɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ  ɢ F ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ ɧɚɬɹɠɟɧɢɸ ɛɢɧɚɪɧɵɯ ɫɩɥɚɜɨɜ. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ , F ɢ ɪɚɫɫɱɢɬɚɬɶ 
ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɫɩɥɚɜɚ ɛɨɥɟɟ ɬɨɱɧɨ. 

3. Ɂɧɚɱɟɧɢɹ  ɢ F, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɟ, ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ 
ɡɧɚɱɢɬɟɥɶɧɨ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɨ ɦɟɬɨɞɢɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɩɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ ɧɚɬɹɠɟɧɢɸ ɞɜɭɯ ɫɩɥɚɜɨɜ ɩɪɨɢɡɜɨɥɶɧɵɯ ɫɨɫɬɚɜɨɜ. Ɉɞɧɚɤɨ ɷɬɨ ɧɟ ɬɚɤ ɫɢɥɶɧɨ 
ɜɥɢɹɟɬ ɧɚ ɨɩɪɟɞɟɥɹɟɦɨɟ ɡɧɚɱɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɫɩɥɚɜɨɜ. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. Ɂ.ɏ. Ʉɚɥɚɠɨɤɨɜ, Ʉ.ȼ. Ȼɚɪɫɨɤɨɜɚ, Ɂɚɭɪ ɏ. Ʉɚɥɚɠɨɤɨɜ, ɏ.ɏ. Ʉɚɥɚɠɨɤɨɜ, Ɍ.Ɇ. Ɍɚɨɜɚ. Ɍɪɭɞɵ 2-
ɝɨ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɨɝɨ ɫɢɦɩɨɡɢɭɦɚ. «Ɏɢɡɢɤɚ ɧɢɡɤɨɪɚɡɦɟɪɧɵɯ ɫɢɫɬɟɦ ɢ 
ɩɨɜɟɪɯɧɨɫɬɟɣ». Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, 2010. 
2. Z. Kh. Kalazhokov, K. V. Zikhova, Z. Kh. Kalazhokov, Kh. Kh. Kalazhokov, and Ɍ. Ɇ. Taova. 
High Temperature. 50, 3, (2012) 440. 
3. ɏ.ɂ. ɂɛɪɚɝɢɦɨɜ, ɇ.Ʌ. ɉɨɤɪɨɜɫɤɢɣ, ɉ.ɉ.ɉɭɝɚɱɟɜɢɱ, ȼ.Ʉ.ɋɟɦɟɧɱɟɧɤɨ.ɉɨɜɟɪɯɧɨɫɬɧɵɟ 
ɹɜɥɟɧɢɹ ɜ ɪɚɫɩɥɚɜɚɯ ɢ ɜɨɡɧɢɤɚɸɳɢɯ ɢɡ ɧɢɯ ɬɜɟɪɞɵɯ ɮɚɡɚɯ.ɇɚɥɶɱɢɤ, 1965.  
 
 
 

ɌȿɉɅɈȿɆɄɈɋɌЬ ɂ ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂȿ ɋВɈɃɋɌВА 
ɇɈВɈȽɈ ɄɈȻАɅЬɌɈ-ɆАɇȽАɇɂɌА 

NdMg2CoMnO6В ɂɇɌȿɊВАɅȿ 298,15 – 673 Ʉ 
Ʉɚɫɟɧɨɜ Ȼ.Ʉ.1, Ɍɭɪɬɭɛɚɟɜɚ Ɇ.Ɉ.2, Ʉɚɫɟɧɨɜɚ Ш.Ȼ.1, ɋɚɝɢɧɬɚɟɜɚ ɀ.ɂ.1 

1ɏɢɦɢɤɨ-ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦɟɧɢ ɀ.ɇ. Аɛɢɲɟɜɚ,  
Ɋɟɫɩɭɛɥɢɤɚ Кɚɡɚɯɫɬɚɧ, ɝ. Кɚɪɚɝɚɧɞɚ, ɭɥ. ȿɪɦɟɤɨɜɚ 63, 100009. 
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ȿ.А. Ȼɭɤɟɬɨɜɚ, Ɋɟɫɩɭɛɥɢɤɚ Кɚɡɚɯɫɬɚɧ, ɝ. Кɚɪɚɝɚɧɞɚ, 
ɭɥ. ɍɧɢɜɟɪɫɢɬɟɬɫɤɚя 28, 100028. 

 
Ʉɨɛɚɥɶɬɢɬɵ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɢ 

ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɯ ɬɜɟɪɞɨɬɟɥɶɧɵɯ ɨɤɫɢɞɧɵɯ  ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ, ɞɟɲɟɜɵɯ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɛɥɚɝɨɪɨɞɧɵɦɢ ɦɟɬɚɥɥɚɦɢ, ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɤɢɫɥɨɪɨɞɧɵɯ ɦɟɦɛɪɚɧ, ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ ɡɚɩɨɦɢɧɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. ɉɨɢɫɤ ɧɨɜɵɯ ɤɨɛɚɥɶɬɨɫɨɞɟɪɠɚɳɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɭɱɟɧɢɟ ɢɯ ɫɜɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɤɚɤ ɞɥɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɚɤ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ Д1Ж. ȼ ɯɨɞɟ 
ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɶɸ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɢɫɬɟɦɵ, ɜ 
ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɦɟɫɬɨ ɡɚɦɟɳɟɧɢɟ ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɷɮɟɟɤɬɢɜɧɨɬɶɸ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ Д2Ж. ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɬɚɤɠɟ ɧɚ 
ɧɚɲ ɜɡɝɥɹɞ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡɢɪɨɜɚɧɢɟ ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
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ɫɜɨɣɫɬɜ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɤɚɤ ɤɨɛɚɥɶɬɢɬɵ, ɬɚɤ ɢ ɦɚɧɝɚɧɢɬɵɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɢ 
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜД3Ж.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɨɜɨɝɨ ɤɨɛɚɥɶɬɢɬɨ-ɦɚɧɝɚɧɢɬɚ NdMg2CoMnO6, ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɧɚɦɢ ɩɨ 
ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡ Nd2O3, MgCO3, CoO ɢ Mn2O3. 

ɇɚ ɤɚɥɨɪɢɦɟɬɪɟ ɂɌ-ɋ-400 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298,15-673 Ʉ ɛɵɥɢ ɢɡɦɟɪɟɧɵ 
ɭɞɟɥɶɧɵɟ, ɚ ɡɚɬɟɦ ɢɡ ɧɢɯ ɪɚɫɫɱɢɬɚɧɵ ɦɨɥɶɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ NdMg2CoMnO6. 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɜɨ ɜɫɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɫ ɨɛɪɚɛɨɬɤɨɣ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫɨɫɬɚɜɥɹɥɚ ɧɟ ɛɨɥɟɟ 2,5 ɱɚɫɨɜ. ɉɪɟɞɟɥ ɞɨɩɭɫɤɚɟɦɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 
±10% Д4, 5Ж. 

ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɨɜɨɞɢɥɚɫɶ ɝɪɚɞɭɢɪɨɜɤɚ ɩɪɢɛɨɪɚ, ɤɨɬɨɪɚɹ 
ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɬɟɩɥɨɜɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɬɟɩɥɨɦɟɪɚ ɄɌ. Ⱦɥɹ 
ɷɬɨɝɨ ɩɪɨɜɨɞɢɥɢɫɶ ɩɹɬɶ ɩɚɪɚɥɥɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɦɟɞɧɵɦ ɨɛɪɚɡɰɨɦ ɢ ɫɬɨɥɶɤɨ ɠɟ ɫ 
ɩɭɫɬɨɣ ɚɦɩɭɥɨɣ. Ɋɚɛɨɬɚ ɩɪɢɛɨɪɚ ɩɪɨɜɟɪɟɧɚ ɨɩɪɟɞɟɥɟɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ α-
Al 2O3, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ Д76,0 Ⱦɠ/(ɦɨɥɶ Ʉ)Ж ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɟɝɨ 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɜɟɥɢɱɢɧɨɣ Д79,0 Ⱦɠ/(ɦɨɥɶ Ʉ)Ж Д6Ж. ɉɪɢ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɱɟɪɟɡ 25 Ʉ) 
ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɩɹɬɶ ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɩɵɬɨɜ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɭɫɪɟɞɧɹɥɢɫɶ ɢ 
ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɦɟɬɨɞɚɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɫɬɚɬɢɫɬɢɤɢ Д5, 7Ж (ɬɚɛɥ.1.). Ⱦɥɹ ɭɫɪɟɞɧɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɭɞɟɥɶɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɪɚɫɫɱɢɬɚɧɵ ɢɯ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɟ ɨɬɧɨɲɟɧɢɹ ( ), ɚ 
ɞɥɹ ɦɨɥɶɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ – ɫɥɭɱɚɣɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɢ. 

 
Ɍɚɛɥɢɰɚ 1. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɤɨɛɚɥɶɬɨ-ɦɚɧɝɚɧɢɬɚ NdMg2CoMnO6 

[Cp± , Ⱦɠ/ɤɝ; ɋɨ
ɪ±
 , Ⱦɠ/(ɦɨɥɶɄ)Ж 

Ɍ, Ʉ ɋɊ  ɋɊ ɨ  Ɍ, Ʉ ɋɊ  ɋɊ ɨ  
298.15 0,5719±0,0144 230±16 498 0,6188±0,0086 249±10 

323 0,5924±0,0105 239±12 523 0,7225±0,0030 291±13 
348 0,6376±0,0090 257±10 548 0,6754±0,0106 272±12 
373 0,7238±0,0103 292±12 573 0,6026±0,0120 243±14 
398 0,5139±0,0074 207±8 598 0,4673±0,0102 188±11 
423 0,4751±0,0092 191±10 623 0,5967±0,0090 240±10 
448 0,4530±0,0130 182±15 648 0,7626±0,0069 307±8 
473 0,4273±0,0084 172±9 673 0,8562±0,0139 345±16 

 
ȼ ɪɚɛɨɬɟ ɧɚɦɢ Д8Ж ɧɚ ɷɬɨɦ ɠɟ ɤɚɥɨɪɢɦɟɬɪɟ ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɩɥɨɟɦɤɨɫɬɢ 

ɚɧɚɥɨɝɢɱɧɵɯɦɚɧɝɚɧɢɬɨ-ɮɟɪɪɢɬɨɜ.  
ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 1 ɢ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ NdMg2CoMnO6 ɩɪɢ 373 Ʉ ɢ 523 K 

ɩɪɟɬɟɪɩɟɜɚɟɬ -ɨɛɪɚɡɧɵɟ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵII-ɪɨɞɚ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ 
ɷɮɮɟɤɬɚɦɢ Шɨɬɬɤɢ, ɬɨɱɤɚɦɢ Ʉɸɪɢ, ɇɟɟɥɹ, ɢɡɦɟɧɟɧɢɹɦɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ, 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɞɪɭɝɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ. 
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Ɋɢɫɭɧɨɤ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ NdMg2CoMnO6 

 
Ⱦɚɥɟɟ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜɵɜɟɞɟɧɵ 

ɭɪɚɜɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɤɨɛɚɥɶɬɨ-ɦɚɧɝɚɧɢɬɚ ДȾɠ/(ɦɨɥɶɄ)Ж: 
 

ɋɪ
ɨ= -(1378,6±67,1)+(3518,4±172,1)10-3 Ɍ+(497,7±24,2) 105 Ɍ-2(298–373 Ʉ), (1) 

 
ɋɪ

ɨ=-(2184±106,3)+(3387±165,0)10-3 Ɍ+(1685,9±82,1)105 Ɍ-2(373–473 Ʉ), (2) 
 

ɋɪ
ɨ=-(952,6±46,4)+(2377,7±115,6)10-3 Ɍ (373–523 Ʉ),    (3) 

 
ɋɪ

ɨ=(6257±304,7)-(7604,7±370,3)10-3 Ɍ-(5439,9±264,9)105 Ɍ-2 (523–598 Ʉ), (4) 
 

ɋɪ
ɨ= -(1060,7±51,6)+(2088,4±101,7)10-3 Ɍ (598–673Ʉ).   (5) 

 
Ɂɧɚɱɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɪɨɩɢɢ ɫɨɟɞɢɧɟɧɢɹ ɛɵɥɨ ɨɰɟɧɟɧɨ ɦɟɬɨɞɨɦ ɢɨɧɧɵɯ ɷɧɬɪɨɩɢɣɧɵɯ 

ɢɧɤɪɟɦɟɧɬɨɜ Д9Ж. 
ɂɡ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɟɩɥɨɟɦɤɨɫɬɹɦ ɤɨɛɚɥɶɬɨ-ɦɚɧɝɚɧɢɬɚ ɢ ɟɝɨ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɪɨɩɢɢ 

ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ     ɇ(Ɍ) – ɇ(298,15), S(Ɍ) ɢ Ɏɯɯ(Ɍ). 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 2.Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɧɨɜɨɝɨ ɤɨɛɚɥɶɬɨ-ɦɚɧɝɚɧɢɬɚ NdMg2CoMnO6[Cp± , 

Ⱦɠ/ɤɝ; ɋɨ
ɪ±
 , Ⱦɠ/(ɦɨɥɶɄ)Ж 

T, K 
ɋɨ

ɪ(Ɍ) ± 
 , 

Ⱦɠ/(ɦɨɥɶ·Ʉ) 
S(T)  , 

Ⱦɠ/(ɦɨɥɶ·Ʉ) 
H(T)-H(298,15)  , 

Ⱦɠ/(ɦɨɥɶ) 
Ɏxx(T)  , 

Ⱦɠ/(ɦɨɥɶ·Ʉ) 
298,15 229±11 238±7 - 238±7 

300 230±11 225±11 460±20 224±11 
325 236±12 244±12 6240±300 225±11 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
 ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ»  

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

143 
 

350 259±13 262±13 12400±600 227±11 
375 295±14 281±14 19300±940 230±11 
400 225±11 297±15 25620±1250 233±11 
425 189±9 310±15 30750±1480 238±12 
450 173±8 320±16 35250±1720 242±12 
475 173±8 329±16 39540±1930 246±12 
500 236±12 340±17 44700±2180 251±12 
525 296±14 353±17 51350±2500 255±12 
550 276±13 366±18 58490±2850 260±13 
575 239±12 378±18 64970±3160 265±13 
600 183±9 387±19 70290±3420 270±13 
625 245±12 396±19 75750±3690 275±13 
650 297±15 406±20 82510±4020 279±14 
675 349±17 419±20 90590±4410 284±14 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298,15-673 Ʉ ɧɚ ɩɪɢɛɨɪɟ ɂɌ-ɋ-400 ɛɵɥɢ 

ɢɡɦɟɪɟɧɵ ɬɟɩɥɨɟɦɤɨɫɬɢ NdMg2CoMnO6. ɇɚ ɤɪɢɜɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɋɨ
ɪ(Ɍ)ɤɨɛɚɥɶɬɨ-ɦɚɧɝɚɧɢɬɚ 

ɩɪɢ 373 Ʉɢ 523 Ʉ ɢ ɜɵɹɜɥɟɧɵ-ɨɛɪɚɡɧɵɟ ɷɮɮɟɤɬɵ, ɜɟɪɨɹɬɧɨ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɮɚɡɨɜɵɦ 
ɩɟɪɟɯɨɞɚɦII-ɪɨɞɚ. 

ɂɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜɵɜɟɞɟɧɵ 
ɭɪɚɜɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɛɚɥɶɬɨ-ɦɚɧɝɚɧɢɬɚ NdMg2CoMnO6, ɛɵɥɚ ɨɰɟɧɟɧɚ 
ɟɝɨ ɫɬɚɧɞɚɪɬɧɚɹ ɷɧɬɪɨɩɢɹ. Ɋɚɫɫɱɢɬɚɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɇ(Ɍ) – ɇ(298,15), 
S(Ɍ) ɢ Ɏɯɯ(Ɍ). 
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ɊАɋɑȿɌ ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂɏ ɋВɈɃɋɌВ ɊəȾА  
ɎɅАВɈɇɈɂȾɈВ ɂ ɂɏ ɉɊɈɂɁВɈȾɇЫɏ 
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ɀɚɧɵɦɯɚɧɨɜɚ ɉ.ɀ. 2, Ɍɨɣɝɚɦɛɟɤɨɜɚ ɇ. 2 
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 ɝ. Кɚɪɚɝɚɧɞɚ, ɭɥ. ȿɪɦɟɤɨɜɚ 63,100009. E-mail: kasenov1946@mail.ru 
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Ɋɟɫɩɭɛɥɢɤɚ Кɚɡɚɯɫɬɚɧ, ɝ. Кɚɪɚɝɚɧɞɚ, ɭɥ. Ƚɚɡɚɥɢɟɜɚ 4, 100009.  

E-mail: phyto_pio@mail.ru 
 

Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɤɥɚɫɫɨɜ ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɹɜɥɹɸɬɫɹ ɮɥɚɜɨɧɨɢɞɵ 
ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɟ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɚɭɱɧɵɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɞɥɹ ɦɟɞɢɰɢɧɵ, 
ɩɢɳɟɜɨɣ ɢ ɥɟɝɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɍ ɪɹɞɚ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɢ ɩɪɢɪɨɞɧɵɯ ɮɥɚɜɨɧɨɢɞɨɜ 
ɜɵɹɜɥɟɧɵ ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɵɟ ɚɤɬɢɜɧɨɫɬɢ Д1Ж. Шɢɪɨɤɚɹ ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ 
ɮɥɚɜɨɧɨɢɞɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɢɯ ɫɬɪɭɤɬɭɪɟ ɪɟɚɤɬɢɜɧɵɯ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɢ 
ɤɚɪɛɨɧɢɥɶɧɵɯ ɝɪɭɩɩ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɪɨɞɧɵɯ ɩɨɥɢɮɟɧɨɥɨɜ ɩɨɫɥɭɠɢɥɢ ɨɫɧɨɜɨɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɰɟɥɨɣ ɨɛɥɚɫɬɢ 
ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɥɹ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɫɢɧɬɟɡɚ, ɞɥɹ 
ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ ɢ ɫɟɪɬɢɮɢɤɚɰɢɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜ ɧɚ ɢɯ ɨɫɧɨɜɟ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɹɜɥɟɧɢɹ 
ɜɡɚɢɦɨɫɜɹɡɢ ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɢɯ 
ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ȼ ɫɜɹɡɢ ɫ ɜɵɲɟ ɢɡɥɨɠɟɧɧɵɦɢ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɹɞɚ ɮɥɚɜɨɧɨɢɞɨɜ ɢ ɢɯ 
ɩɪɨɢɡɜɨɞɧɵɯ: ɩɟɭɰɟɞɚɧɢɧɚ ɋ15ɇ14Ɉ4 (I), ɨɤɫɢɦɚ ɬɟɯɬɨɯɪɢɡɢɧɚ ɋ16H13O4N (II), ɨɤɫɢɦɚ 
ɩɢɧɨɰɟɦɛɪɢɧɚ ɋ15H13O4N (III ), ɝɢɞɪɚɡɨɧɚ ɩɢɧɨɫɬɪɨɛɢɧɚ C16H16N2O3 (IV).  

 

O O

H3CO

O

 
I 
 

OH3CO

OH NOH  
 

II  

OH

OH

O

NOH  
 

III  
 

O

OH N

H3CO

NH2  
 

IV 

ɉɪɢɛɥɢɠɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ Д2Ж ɪɚɫɫɱɢɬɚɧɵ ɷɧɬɚɥɶɩɢɢ ɫɝɨɪɚɧɢɹ, ɭɫɪɟɞɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɤɨɬɨɪɵɯ ɪɚɜɧɵ ɞɥɹ (I) -7759, ɞɥɹ (II) -8113, ɞɥɹ (III ) -7644 ɢ ɞɥɹ (IV) -8413 ɤȾɠ/ɦɨɥɶ. ɂɫɯɨɞɹ 
ɢɡ ɪɟɚɤɰɢɣ: 

 
ɋ15ɇ14Ɉ4(ɠ.) + 16,5Ɉ2(ɝ.) = 15ɋɈ2(ɝ.) + 7ɇ2Ɉ(ɠ.)ɇ0

ɫɝɨɪ., 
 

mailto:kasenov1946@mail.ru
mailto:phyto_pio@mail.ru


XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɋ16ɇ13Ɉ4N(ɠ.) + 17,25Ɉ2(ɝ.) = 16ɋɈ29(ɝ.) + 6,5ɇ2Ɉ(ɠ.) + 1/2N2(ɝ.)ɇ0
ɫɝɨɪ., 

 
ɋ15H13O4N(ɠ.) + 16,25Ɉ2(ɝ.) = 15ɋɈ2(ɝ.) + 6,5ɇ2Ɉ(ɠ.) + 1/2N2(ɝ.)ɇ0

ɫɝɨɪ., 
 

C16H16N2O3(ɠ.) + 18,5Ɉ2(ɝ.) = 16ɋɈ2(ɝ.) + 8ɇ2Ɉ(ɠ.) + N2(ɝ.)ɇ0
ɫɝɨɪ.. 

 
ɜɵɱɢɫɥɢɥɢ fH0(298,15) ɠɢɞɤɢɯ (I), (II), (III ) ɢ (IV ), ɪɚɜɧɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ -149,36; -46,0; -
121,6 ɢ -175,2 ɤȾɠ/ɦɨɥɶ. Ⱦɚɥɟɟ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ Д3Ж, ɜɵɱɢɫɥɢɥɢ ɇ0

ɩɥ. (I), (II), 
(III ) ɢ (IV ), ɪɚɜɧɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 51,1; 75,6; 75,6 ɢ 73,0 ɤȾɠ/ɦɨɥɶ. Ⱦɚɥɟɟ ɩɨ ɭɪɚɜɧɟɧɢɹɦ: 

 fH0(298,15)ɋ15ɇ14Ɉ4(ɬɜ.) = fH0(298,15)ɋ15ɇ14Ɉ4(ɠ.)ɇ0
ɩɥ., 

 fH0(298,15)ɋ16ɇ13Ɉ4N(ɬɜ.) = fH0(298,15)ɋ16ɇ13Ɉ4N(ɠ.)ɇ0
ɩɥ., 

 fH0(298,15)ɋ15H13O4N(ɬɜ.) = fH0(298,15)ɋ15H13O4N(ɠ.)ɇ0
ɩɥ., 

 fH0(298,15)C16H16N2O3(ɬɜ.) = fH0(298,15)C16H16N2O3(ɠ.)ɇ0
ɩɥ. 

 
ɜɵɱɢɫɥɟɧɵ fH0(298,15) ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɣ (I), (II), (III ) ɢ (IV ), ɪɚɜɧɵɟ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ -200,4; -121,6; -197,2 ɢ -248,2 ɤȾɠ/ɦɨɥɶ. 
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Ʉɚɫɟɧɨɜ Ȼ.Ʉ.1, Ʉɚɫɟɧɨɜɚ Ш.Ȼ.1, ɋɚɝɢɧɬɚɟɜɚ ɀ.ɂ.1, Ʉɭɚɧɵɲɛɟɤɨɜ ȿ.ȿ.1, ɋɟɣɫɟɧɨɜɚ Ⱥ.Ⱥ.1, 
ɋɦɚɝɭɥɨɜɚ Ⱦ.ɂ.1, Ɍɭɪɬɭɛɚɟɜɚ Ɇ.Ɉ.2, Ȼɟɤɬɭɪɝɚɧɨɜɚ Ⱥ.ɀ.1 

1ɏɢɦɢɤɨ-ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦɟɧɢ ɀ.ɇ. Аɛɢɲɟɜɚ,  
Ɋɟɫɩɭɛɥɢɤɚ Кɚɡɚɯɫɬɚɧ, ɝ. Кɚɪɚɝɚɧɞɚ, ɭɥ. ȿɪɦɟɤɨɜɚ 63, 100009. 
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2Кɚɪɚɝɚɧɞɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ 

ȿ.А. Ȼɭɤɟɬɨɜɚ, Ɋɟɫɩɭɛɥɢɤɚ Кɚɡɚɯɫɬɚɧ, ɝ. Кɚɪɚɝɚɧɞɚ, ɭɥ. ɍɧɢɜɟɪɫɢɬɟɬɫɤɚя 28, 100028. 
 
ɇɚɧɨɦɚɬɟɪɢɚɥɵ ɫɬɚɥɢ ɨɫɧɨɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɜɢɬɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɩɨɫɥɟɞɧɟɝɨ ɞɟɫɹɬɢɥɟɬɢɹ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɩɪɢ ɷɬɨɦ ɭɞɟɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɨɫɭɳɟɫɬɜɥɹɬɶ ɫɢɧɬɟɡ ɢ ɫɛɨɪɤɭ ɧɚɧɨɫɬɪɭɤɬɭɪ. Ⱦɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɢɦɟɸɬ ɨɫɨɛɨɟ 
ɡɧɚɱɟɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɨɬ ɧɢɯ ɡɚɜɢɫɢɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ 
ɦɚɬɟɪɢɚɥɨɜ. ɋɨɡɞɚɧɢɟ ɧɚɧɨɭɪɨɜɧɟɜɵɯ ɦɚɬɟɪɢɚɥɨɜ –ɧɟɫɨɦɧɟɧɧɵɣ ɩɪɢɨɪɢɬɟɬ ɞɥɹ ɦɢɪɨɜɨɝɨ 
ɫɨɨɛɳɟɫɬɜɚ, ɬɚɤ ɤɚɤ ɪɚɛɨɬɵ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜɫɟɝɞɚ ɢɦɟɸɬ ɛɨɥɶɲɨɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ, 
ɩɨɥɢɬɢɱɟɫɤɢɣ ɢ ɫɨɰɢɚɥɶɧɵɣ ɪɟɡɨɧɚɧɫ, ɩɪɢɧɨɫɹ ɨɝɪɨɦɧɵɟ ɞɢɜɢɞɟɧɞɵ ɝɥɨɛɚɥɶɧɨɦɭ ɧɚɭɱɧɨ - 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɬɟɯɧɢɱɟɫɤɨɦɭ ɩɪɨɝɪɟɫɫɭ. 
ɇɚɧɨɤɪɢɫɬɚɥɥɵ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢɦɟɸɬ ɜɟɫɶɦɚ ɲɢɪɨɤɨɟɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɤɚɤ ɜ 

ɩɪɢɪɨɞɟ, ɬɚɤ ɢ ɜ ɬɟɯɧɢɤɟ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ 
ɧɚɧɨɤɪɢɫɬɚɥɥɵ ɫɚɦɨɝɨ ɪɚɡɧɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ Д1-3]. 

ɋɥɨɠɧɵɟ ɨɤɫɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɯɪɨɦɚ (III ) ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɢɛɨɥɶɲɟɣ 
ɭɫɬɨɣɱɢɜɨɫɬɶɸ, ɬ.ɤ. ɞɥɹ ɧɟɝɨ ɯɚɪɚɤɬɟɪɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɤɢɧɟɬɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɯ 
ɤɨɦɩɥɟɤɫɨɜ. Ɉɞɧɚ ɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɯɪɨɦɢɬɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɊɁЭ) ɩɪɢ 
ɧɨɪɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ – ɢɯ ɡɧɚɱɢɬɟɥɶɧɚɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɫɥɚɛɨɩɨɥɨɠɢɬɟɥɶɧɵɣ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɪɢ ɜɜɟɞɟɧɢɢ ɞɨɛɚɜɨɤ 
ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɢɯ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Эɬɢɦ ɩɨɥɶɡɭɸɬɫɹ ɜ 
ɬɟɯɧɢɤɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɨɤɨɩɪɨɜɨɞɹɳɢɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ. 

Эɥɟɤɬɪɨɧɧɚɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɢɨɧɨɜ ɤɨɧɬɪɨɥɢɪɭɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɯɪɨɦɢɬɨɜ ɊɁЭ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɦɢ ɪ-ɬɢɩɚ ɜ ɲɢɪɨɤɨɦ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ. ɂɫɯɨɞɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɥɨɤɚɥɢɡɨɜɚɧɧɨɫɬɢ ɫɨɫɬɨɹɧɢɹ 3d–
ɷɥɟɤɬɪɨɧɨɜ, ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɟɪɟɧɨɫɚ ɜ ɷɬɢɯ ɦɚɬɟɪɢɚɥɚɯ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 
ɩɟɪɟɫɤɨɤ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɢɨɧɚ ɤ ɢɨɧɭ Д4, 5Ж. 

ɏɪɨɦɢɬɵ ɊɁЭ ɨɛɥɚɞɚɸɬ ɫɬɪɭɤɬɭɪɨɣ ɢɫɤɚɠɟɧɧɨɝɨ ɪɨɦɛɢɱɟɫɤɨɝɨ ɢ ɬɟɬɪɚɝɨɧɚɥɶɧɨɝɨ 
ɩɟɪɨɜɫɤɢɬɚ (CeCrO3) 6. ȼɟɥɢɱɢɧɚ ɩɚɪɚɦɟɬɪɚ b ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɚɚ ɢ ɫ 
ɭɦɟɧɶɲɚɸɬɫɹ ɨɬ La ɤ Lu. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨɢɫɫɥɟɞɨɜɚɧɢɹɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ ɧɚɦɢ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ 
ɯɪɨɦɢɬɚYbMgCr2O5,5[7]. 

Ʉɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɯɪɨɦɢɬɚ 
YbMgCr2O5,5 ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɚɥɨɪɢɦɟɬɪɟ ɂɌ-ɋ-400 ɜ ɢɧɬɟɪɜɚɥɟ 298,15-673 Ʉ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɩɪɢɛɨɪɚ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɪɚɜɧɢɬɟɥɶɧɨɦ ɦɟɬɨɞɟ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɤɚɥɨɪɢɦɟɬɪɚ ɫ ɬɟɩɥɨɦɟɪɨɦ. ɉɨ ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɱɟɪɟɡ 
25 Ʉ, ɩɪɢ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɩɹɬɶ ɩɚɪɚɥɥɟɥɶɧɵɯ ɨɩɵɬɨɜ, ɪɟɡɭɥɶɬɚɬɵ 
ɤɨɬɨɪɵɯ ɭɫɪɟɞɧɹɥɢɫɶ. Ⱦɥɹ ɭɞɟɥɶɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɨɩɪɟɞɟɥɹɥɢɫɶ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɟ 
ɨɬɤɥɨɧɟɧɢɹ ( ), ɚ ɞɥɹ ɦɨɥɶɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ – ɫɥɭɱɚɣɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɢ 

(
ɨ ). ɉɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɧɚ ɩɪɢɛɨɪɟ ɂɌ-ɋ-400 ɩɨ ɩɚɫɩɨɪɬɧɵɦ ɞɚɧɧɵɦ ɧɟ ɩɪɟɜɵɲɚɸɬ 

10% [8, 9]. 
 

Ɍɚɛɥɢɰɚ 1. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ  ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɯɪɨɦɢɬɚ YbMgCr2O5,5 

[Cp± , Ⱦɠ/ɝ·Ʉ; ɋɨ
ɪ±
 , Ⱦɠ/(ɦɨɥɶɄ)Ж 

Ɍ, Ʉ ɋɊ  ɋɊ ɨ  Ɍ, Ʉ ɋɊ  ɋɊ ɨ  
298,15 0,700±0,046 273±18 498 0,678±0,067 264±23 

323 0,896±0,074 349±29 523 0,770±0,072 300±28 
348 0,970±0,080 378±31 548 0,886±0,056 345±22 
373 1,047±0,056 408±22 573 0,952±0,059 371±23 
398 0,931±0,067 363±26 598 1,075±0,059 419±23 
423 0,772±0,051 301±21 623 1,102±0,054 429±21 
448 0,633±0,057 246±22 648 1,176±0,074 458±29 
473 0,461±0,044 179±17 673 1,227±0,085 478±33 
 
ɂɡ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ 1 ɢ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ YbMgCr2O5,5 ɩɪɢ 373 Ʉ ɩɪɟɬɟɪɩɟɜɚɟɬ -

ɨɛɪɚɡɧɵɟ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ II-ɪɨɞɚ. ȼɵɹɜɥɟɧɧɵɟ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ II-ɪɨɞɚ ɭɤɚɡɵɜɚɟɬ ɧɚ 
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ɧɚɥɢɱɢɟ ɨɫɨɛɵɯ ɫɜɨɣɫɬɜ ɢ, ɜɟɪɨɹɬɧɨ, ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ ɷɮɮɟɤɬɚɦɢ Шɨɬɬɤɢ, ɬɨɱɤɚɦɢ 
Ʉɸɪɢ, ɇɟɟɥɹ ɢ ɞɪɭɝɢɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ, ɯɚɪɚɤɬɟɪɧɵɦɢ ɬɚɤɢɦ ɩɪɟɜɪɚɳɟɧɢɹɦ. 

ɋ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ 
ɬɚɛɥɢɰɟ 1, ɜɵɜɟɞɟɧɵ ɭɪɚɜɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɯɪɨɦɢɬɚ ДȾɠ/(ɦɨɥɶɄ)Ж: 

 
ɋɪ

ɨ=(1192,0±86,9) – (1081,2±78,8)·10-3 Ɍ – (530,3±38,7)·105 Ɍ-2,(298-373 Ʉ) (1) 
 

ɋɪ
ɨ=(1258,8±91,8) – ( 2282,4±166,4)·10-3 Ɍ,(373-423 Ʉ)     (2) 

 
ɋɪ

ɨ=(1288,7±98,0) – ( 598,9±43,7)·10-3 Ɍ – (1848,2±134,8)·105 Ɍ-2.(423-673 Ʉ)  (3) 
 

Ɂɧɚɱɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɪɨɩɢɢ ɫɨɟɞɢɧɟɧɢɹ ɛɵɥɨ ɨɰɟɧɟɧɨ ɦɟɬɨɞɨɦ ɢɨɧɧɵɯ ɷɧɬɪɨɩɢɣɧɵɯ 
ɢɧɤɪɟɦɟɧɬɨɜ Д10Ж. 

 
Ɋɢɫɭɧɨɤ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢВЛMgCr2O5,5 

 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɋɨ

ɪ~f(T) ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ S0(T), H0(T)-
H0(298,15), Ɏxx(T) ɢɫɫɥɟɞɭɟɦɨɝɨ ɯɪɨɦɢɬɚ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɢɡ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɩɨ ɋɨ

ɪ(T) ɢ 
ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ S0(298,15). ɉɪɢ ɨɰɟɧɤɟ ɩɨɝɪɟɲɧɨɫɬɟɣ ɮɭɧɤɰɢɣ S0(T) ɢ Ɏɯɯ(T) ɭɱɢɬɵɜɚɥɢ 
ɩɨɝɪɟɲɧɨɫɬɢ ɨɰɟɧɤɢ S°(298,15) (з3.0) (ɬɚɛɥɢɰɚ 2). 

 
Ɍɚɛɥɢɰɚ 2 – Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɯɪɨɦɢɬɚ YbMgCr2O5,5 

T, K ɋɨ
ɪ(Ɍ) ± 

 , 
Ⱦɠ/(ɦɨɥɶ·Ʉ) 

S(T)  , 
Ⱦɠ/(ɦɨɥɶ·Ʉ) 

H(T)-H(298,15)  , 
Ⱦɠ/(ɦɨɥɶ) 

Ɏxx(T)  , 
Ⱦɠ/(ɦɨɥɶ·Ʉ) 

298,15 273±20 185±6 - 185±6 
300 278±20 178±18 550±40 185±19 
350 381±28 239±25 17330±1260 189±19 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2 
400 346±25 290±30 36590±2670 199±20 
450 231±17 324±33 51030±3720 211±22 
500 250±18 347±36 61570±4490 224±23 
550 348±25 375±39 76680±5590 236±24 
600 416±30 409±42 95890±6990 249±26 
650 462±34 444±46 117910±8600 263±27 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɩɟɪɜɵɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298,15–673Ʉ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɨɩɪɟɞɟɥɟɧɵ ɢɡɨɛɚɪɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɯɪɨɦɢɬɚ YbMgCr2O5,5.  
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ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɪɟɞɧɟɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɌɄɅɊ) ɢɡɨɬɪɨɩɧɵɯ ɢɡɨɫɬɚɬɢɱɟɫɤɢɯ ɝɪɚɮɢɬɨɜ ɦɚɪɨɤ 
DE-24  ɢ Ƚɂɉ-4 ɞɥɹ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ 1200-2300 Ʉ. ɉɪɢɧɰɢɩ  ɢɡɦɟɪɟɧɢɹ ɌɄɅɊ  ɨɫɧɨɜɚɧ 
ɧɚ ɢɡɦɟɪɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ - ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɞɜɭɦɹ ɦɟɬɤɚɦɢ. 
ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɟɬɤɢ  ɜ ɜɢɞɟ ɫɤɜɨɡɧɵɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɬɜɟɪɫɬɢɣ, ɜɵɩɨɥɧɟɧɧɵɟ ɧɚ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɭɱɚɫɬɤɟ ɨɛɪɚɡɰɚ. Ɉɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɫɬɟɪɠɧɢ 
ɞɥɢɧɨɣ 25 ɦɦ ɢ ɞɢɚɦɟɬɪɨɦ ≈ 6ɦɦ. ɇɚɝɪɟɜ ɨɛɪɚɡɰɚ ɨɫɭɳɟɫɬɜɥɹɥɢ ɪɚɞɢɚɰɢɨɧɧɵɦ ɬɟɩɥɨɜɵɦ 
ɩɨɬɨɤɨɦ, ɤɨɬɨɪɵɣ ɫɨɡɞɚɜɚɥɫɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦ ɧɚɝɪɟɜɚɬɟɥɟɦ, ɢɡɝɨɬɨɜɥɟɧɧɵɦ ɬɚɤɠɟ ɢɡ 
ɝɪɚɮɢɬɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɨɬɧɟɫɟɧɢɹ ɨɩɪɟɞɟɥɹɥɚɫɶ ɧɚ ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ 

mailto:Kostanovsky@gmail.com
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ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɨɛɪɚɡɰɚ, ɢɡɦɟɪɹɟɦɨɣ ɞɜɭɦɹ ɦɨɞɟɥɹɦɢ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ, ɤɨɬɨɪɵɟ 
ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜɧɟ ɨɛɥɚɫɬɢ ɢɡɦɟɪɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɪɚɫɫɬɨɹɧɢɟ 
ɦɟɠɞɭ ɦɟɬɤɚɦɢ ɢ ɦɨɞɟɥɹɦɢ ȺɑɌ ɜɵɛɢɪɚɥɨɫɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɢɯ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ ɞɪɭɝ ɧɚ ɞɪɭɝɚ. Ɍɟɦɩɟɪɚɬɭɪɚ ɦɨɞɟɥɟɣ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ 
ɢɡɦɟɪɹɥɚɫɶ ɹɪɤɨɫɬɧɵɦ ɦɢɤɪɨɩɢɪɨɦɟɬɪɨɦ, ɤɨɬɨɪɵɣ ɪɚɛɨɬɚɟɬ ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 0,65 ɦɤ. 
Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɦɟɬɤɚɦɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɢ ɩɨɫɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚ 
l0=l300K, ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ∆Х/Х0ɨɛɪɚɡɰɚɜ ɧɚɝɪɟɬɨɦ ɫɨɫɬɨɹɧɢɢ ɨɩɪɟɞɟɥɹɥɢ ɩɪɢ 
ɨɛɪɚɛɨɬɤɟ ɮɨɬɨɝɪɚɮɢɣ. Ɉɬɫɱɟɬ ɜɟɥɢɱɢɧ l0 ɢ ∆Х=lTɦɚɤɫ-l0 ɩɪɨɜɨɞɢɥɫɹɜ ɩɢɤɫɟɥɹɯ. ɂɫɩɨɥɶɡɨɜɚɥɫɹ 
ɜɚɪɢɚɧɬ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ∆Х ɢ l0ɩɨ ɰɟɧɬɪɚɦ ɦɟɬɨɤ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɢɥɢ ɩɨ ɬɪɟɦ ɬɨɱɤɚɦ 
ɜɩɢɫɚɧɧɨɣ ɜ ɦɟɬɤɭ ɨɤɪɭɠɧɨɫɬɢ. ȼɚɠɧɨ, ɱɬɨ ɜɫɟ ɮɨɬɨɝɪɚɮɢɢ ɞɟɥɚɥɢ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 
ɮɨɤɭɫɧɨɦ ɪɚɫɫɬɨɹɧɢɢ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɰɟɧɬɪɚ ɤɚɠɞɨɣ ɨɤɪɭɠɧɨɫɬɢ 
ɨɛɪɚɛɨɬɤɭ ɮɨɬɨɝɪɚɮɢɣ ɩɪɨɜɨɞɢɥɢ ɧɟ ɦɟɧɟɟ ɩɹɬɢ ɪɚɡ.  

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɩɪɢ ɰɢɤɥɢɱɟɫɤɢɯ ɬɟɪɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɤɚɯ.  
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Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɮɚɡɨɜɵɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɪɚɜɧɨɜɟɫɢɣ ɫ ɭɱɚɫɬɢɟɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ 

ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɯ ɷɧɬɪɨɩɢɢ ɩɪɢ 298.15 Ʉ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɩɪɚɜɨɱɧɢɤɚɯ ɢɥɢ ɨɪɢɝɢɧɚɥɶɧɵɯ ɪɚɛɨɬɚɯ. ɉɪɢ ɧɚɥɢɱɢɢ ɞɚɧɧɵɯ ɨ ɬɟɩɥɨɟɦɤɨɫɬɹɯ ɷɬɢ 
ɷɧɬɪɨɩɢɢ ɦɨɠɧɨ ɩɟɪɟɫɱɢɬɚɬɶ ɧɚ ɞɪɭɝɢɟ ɢɧɬɟɪɟɫɭɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɵ. Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ 
ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɷɧɬɪɨɩɢɢ ɩɪɢ 298.15 Ʉ ɹɜɥɹɟɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0 Ʉ ɞɨ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. Ɉɞɧɚɤɨ ɨɱɟɧɶ 
ɱɚɫɬɨ ɢɦɟɸɳɢɟɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɚɧɧɵɟ ɨ ɋɪ(Ɍ) ɧɚɱɢɧɚɸɬɫɹ ɫ ɬɟɦɩɟɪɚɬɭɪ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɤɢɩɟɧɢɹ ɠɢɞɤɨɝɨ ɚɡɨɬɚ (77 Ʉ). Ɉɫɧɨɜɧɚɹ ɩɪɢɱɢɧɚ ɷɬɨɝɨ - ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ 
ɢɡɦɟɪɟɧɢɣɦɟɬɨɞɨɦ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɠɢɞɤɨɝɨ ɝɟɥɢɹɜ 
ɤɚɱɟɫɬɜɟ ɯɥɚɞɨɚɝɟɧɬɚ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ, «ɚɡɨɬɧɵɯ» ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɞɥɹ ɨɰɟɧɤɢ ɫɬɚɧɞɚɪɬɧɵɯ ɷɧɬɪɨɩɢɣ ɩɪɢ 
298.15 Ʉ, ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɧɟɞɚɜɧɨ ɨɩɢɫɚɧɧɨɦ ɦɟɬɨɞɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɮɭɧɤɰɢɣ 
ɋɪ(Ɍ)ɥɢɧɟɣɧɨɣɤɨɦɛɢɧɚɰɢɟɣ ɮɭɧɤɰɢɣ Эɣɧɲɬɟɣɧɚ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪД1Ж: 

  �Pሺܶሻ = ∑ �Т�Eሺ�Тሻ��=ଵ = 3ܴ ∑ �Т
ሺ�Т �⁄ ሻ2��Т �⁄ሺ��Т �⁄ −ଵሻ2��=ଵ .    (1)  

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɵ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ ɜɟɳɟɫɬɜ:  
1. ɭɪɚɧɚɬɵ ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, 
2. ɯɚɥɶɤɨɝɟɧɢɞɵ ɦɟɬɚɥɥɨɜ VIb – ɝɪɭɩɩɵ, 
3. ɰɢɪɤɨɧɚɬɵ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, 
4. ɰɢɪɤɨɧɚɬɵ ɢ ɮɨɫɮɚɬɵ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, 
5. ɮɨɫɮɚɬɵ ɠɟɥɟɡɚ, 
6. ɚɥɸɦɢɧɚɬɵ 3d-ɷɥɟɦɟɧɬɨɜ. 
ɉɪɢ ɜɵɛɨɪɟ ɨɛɴɟɤɬɨɜ ɭɱɢɬɵɜɚɥɢ ɧɚɥɢɱɢɟ ɧɚɞɟɠɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ 

ɧɟɫɤɨɥɶɤɢɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɫɨɟɞɢɧɟɧɢɣ, ɨɬɫɭɬɫɬɜɢɟ ɚɧɨɦɚɥɢɣ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢɡɭɱɚɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɢɧɬɟɪɜɚɥɟ 
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ɬɟɦɩɟɪɚɬɭɪ ɥɢɛɨ ɧɚɥɢɱɢɟ ɧɚ ɤɪɢɜɨɣ CP(T) ɚɧɨɦɚɥɢɣ ɢɡɜɟɫɬɧɨɣ ɩɪɢɪɨɞɵ, ɜɤɥɚɞ ɤɨɬɨɪɵɯ ɜ 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧ ɧɟɡɚɜɢɫɢɦɵɦɢ ɦɟɬɨɞɚɦɢ.  

Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ai, iɭɪɚɜɧɟɧɢɹ (1) ɧɚɯɨɞɢɥɢ, ɪɟɲɚɹ ɫɢɫɬɟɦɵ ɧɟɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ TrЮsЭ-region-rОПХОМЭТЯО ɢ 
Ʌɟɜɟɧɫɛɟɪɝɚ-Ɇɚɪɤɭɚɪɬɚ ɢɡ ɩɚɤɟɬɚ MATδAB. ɐɟɥɟɜɚɹ ɮɭɧɤɰɢɹɩɪɟɞɫɬɚɜɥɹɥɚ 
ɫɨɛɨɣɚɛɫɨɥɸɬɧɭɸ ɪɚɡɧɨɫɬɶ ɤɜɚɞɪɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɬɟɩɥɨёɦɤɨɫɬɢ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɣ ɫɱɢɬɚɥɢɫɶ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦɢ, ɟɫɥɢɧɚɛɨɪ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɩɢɫɵɜɚɥ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɜ ɩɪɟɞɟɥɚɯ 
ɩɨɝɪɟɲɧɨɫɬɢ ɢɯ ɢɡɦɟɪɟɧɢɣ. Ⱦɥɹ ɚɞɟɤɜɚɬɧɨɝɨ ɨɩɢɫɚɧɢɹ ɤɪɢɜɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɬ ɝɟɥɢɟɜɵɯ 
ɬɟɦɩɟɪɚɬɭɪ ɞɨ ɤɨɦɧɚɬɧɨɣ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɤɚɡɵɜɚɥɨɫɶ ɞɨɫɬɚɬɨɱɧɨ 6-8 ɩɚɪɚɦɟɬɪɨɜ; ɩɪɢ 
ɫɨɤɪɚɳɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ ɭɦɟɧɶɲɚɥɨɫɶ ɞɨ 4-6.  

ȼ ɤɚɱɟɫɬɜɟ ɢɥɥɸɫɬɪɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɢɠɟ ɩɪɢɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɭɪɚɧɚɬɨɜ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɪɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɜɫɟɝɨ 
ɢɧɬɟɪɜɚɥɚ ɢɡɦɟɪɟɧɢɣ CɊ(Ɍ)(ɬɚɛɥ.1) ɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɠɢɞɤɨɝɨ ɚɡɨɬɚ(ɬɚɛɥ.2). 
ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɞɚɧɵ ɫ ɡɚɩɚɫɧɵɦɢ (ɧɟɡɧɚɱɚɳɢɦɢ) ɰɢɮɪɚɦɢ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ 
ɨɲɢɛɤɢ ɜ ɡɧɚɱɟɧɢɢ ɮɭɧɤɰɢɢCɊ(Ɍ). ɋɬɚɧɞɚɪɬɧɵɟ ɷɧɬɪɨɩɢɢ ɩɪɢ 298.15 Ʉ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ 
ɮɨɪɦɭɥɟ: 

  �ሺܶሻ = ∑ �Т�Eሺ�Тሻ��=ଵ = 3ܴ ∑ �Т [ �Т �⁄��Т �⁄ −ଵ − ln ሺ1 − �−�Т �⁄ ሻ]��=ଵ ,  (2) 

ɫ ɞɜɭɦɹ ɧɚɛɨɪɚɦɢ ɩɚɪɚɦɟɬɪɨɜ ɢɡ ɬɚɛɥ.1 ɢ 2, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ.3. ȼɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ 
So

298.15, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɣ Эɣɧɲɬɟɣɧɚ ɩɟɪɜɢɱɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɬ «ɝɟɥɢɟɜɵɯ» ɬɟɦɩɟɪɚɬɭɪ (S0

I), ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ 
ɫɨɜɩɚɞɚɸɬɫ ɜɟɥɢɱɢɧɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɨɪɢɝɢɧɚɥɶɧɵɯ ɪɚɛɨɬɚɯ. Ȼɨɥɟɟ ɬɨɝɨ, ɫɭɦɦɚ 
ɩɚɪɚɦɟɬɪɨɜ i ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɛɥɢɡɤɚ ɤ ɫɭɦɦɟ ɱɢɫɥɚ ɚɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɟ ɜɟɳɟɫɬɜɚ, ɧɚ 
ɱɬɨ ɭɤɚɡɵɜɚɥɨɫɶ ɜ ɪɚɛɨɬɟ Д1Ж. Эɧɬɪɨɩɢɹ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ «ɚɡɨɬɧɨɣ» ɨɛɥɚɫɬɢ ɢɡɦɟɪɟɧɢɣ (S0

II), 
ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ ɦɟɧɶɲɟ «ɝɟɥɢɟɜɨɣ» ɢɡ-ɡɚ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɤɨɪɪɟɤɬɧɨɝɨ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɚɤɭɫɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɫɩɟɤɬɪɚ ɤɪɢɫɬɚɥɥɚ 
ɩɪɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɞɚɧɧɵɯ ɜɵɲɟ 77 Ʉ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɞɥɹ ɭɪɚɧɚɬɨɜ ɫɨɫɬɚɜɢɥɚ, 
ɜ ɫɪɟɞɧɟɦ, 4.6 %. Ⱦɥɹ ɞɪɭɝɢɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɬɟɩɥɨёɦɤɨɫɬɶ 
ɤɨɬɨɪɵɯ ɞɚɟɬ ɪɟɲɟɬɨɱɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɩɨɥɭɱɟɧɵ ɚɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ (3-5 %). 

ȼɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɪɨɩɢɢ ɩɪɢ 298.15 Ʉ ɩɨ ɨɝɪɚɧɢɱɟɧɧɨɦɭ ɭɱɚɫɬɤɭ 
ɤɪɢɜɨɣ ɋɊ(Ɍ) ɩɪɢ ɧɚɥɢɱɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɜɤɥɚɞɨɜ ɜ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɩɨɦɢɦɨ ɪɟɲɟɬɨɱɧɨɣ, 
ɩɪɨɜɟɪɹɥɚɫɶ ɧɚ ɩɪɢɦɟɪɟ ɫɨɟɞɢɧɟɧɢɣ ɠɟɥɟɡɚ ɢ ɊɁЭ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɜɟɥɢɱɢɧɚ ΔS/S0

I ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 10%, ɨɞɧɚɤɨ ɚɩɪɢɨɪɧɵɣ ɭɱɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɜɤɥɚɞɚ ɜ 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɫɬɚɧɞɚɪɬɧɭɸ ɷɧɬɪɨɩɢɸ ɭɦɟɧɶɲɚɟɬ ɟɟ ɞɨ 2-3 %. 

  
Ɍɚɛɥ. 1. ɉɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ (1), ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɭɪɚɧɚɬɨɜ ɨɬ «ɝɟɥɢɟɜɵɯ» ɬɟɦɩɟɪɚɬɭɪ  
ȼɟɳɟɫɬɜɨ ɂɫɬ. α1 θ1102 α2 θ2102 α3 θ3 
CaUO4 [2] 3.20±0.2 3.86±0.1 1.9±0.1 8.71±0.6 0.88±0.06 137.9±5 
SrUO4 [2] 2.16±0.1 2.10±0.09 2.65±0.08 5.30±0.1 0.65±0.08 85.4±4 
BaUO4 [3] 2.29±0.1 2.47±0.08 2.35±0.07 6.08±0.2 1.04±0.06 96.4±2 
Na2UO4 [4] 3.73±0.1 2.94±0.07 2.49±0.09 7.28±0.2 0.89±0.05 97.4±3 
Cs2UO4 [5] 2.7±0.1 2.52±0.1 2.1±0.2 6.52±0.4 2.2±0.1 91.8±2 
Na2U2O7 [6] 5.3±0.2 2.78±0.1 4.0±0.2 7.62±0.4 1.9±0.2 94.5±4 
Cs2U2O7 [7] 4.1±0.2 2.34±0.1 4.1±0.2 6.72±0.3 2.7±0.2 74.1±3 
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Ɍɚɛɥ. 2. ɉɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɹ (1), ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɭɪɚɧɚɬɨɜ ɨɬ «ɚɡɨɬɧɵɯ» ɬɟɦɩɟɪɚɬɭɪ 

ȼɟɳɟɫɬɜɨ α1 θ1*102 α2 θ2*102 α3 θ3*102 
CaUO4 3.0±0.4 2.70±0.2 2.8±0.3 6.99±0.6 — — 
SrUO4 3.0±0.2 1.91±0.1 2.5±0.2 5.51±0.3 — — 
BaUO4 3.5±0.1 2.11±0.07 2.25±0.09 6.61±0.3 — — 
Na2UO4 3.3±0.2 2.06±0.08 1.01±0.06 12.98±1 3.1±0.1 5.27±0.2 
Cs2UO4 3.9±0.2 1.44±0.1 0.88±0.06 12.97±1 2.6±0.1 4.77±0.3 
Na2U2O7 5.3±2 1.85±0.5 2.2±0.6 12.78±4 4.3±1 5.20±2 
Cs2U2O7 5.6±0.7 1.42±0.2 1.8±0.3 12.94±2 4.2±0.3 5.04±0.7 
 

Ɍɚɛɥ. 3. ɋɬɚɧɞɚɪɬɧɵɟ ɷɧɬɪɨɩɢɢ ɭɪɚɧɚɬɨɜ ɩɪɢ 298.15 Ʉ 

ȼɟɳɟɫɬɜɨ ɂɫɬ. 
So

298.15 
ΔSɨ =  

Sɨ
I – Sɨ

II ΔS/Sɨ
I, % ȾɠɄ-1ɦɨɥɶ-1 

Ɉɪɢɝ. ɪɚɛɨɬɚ I II   
CaUO4 [2] 114.7±1.6 114.2±0.6 109.4±1.3 4.7 4.2 
SrUO4 [2] 147.2±1.8 147.1±0.4 140.8±0.6 6.2 4.2 
BaUO4 [3] 153.97±0.3 151.6±0.5 142.0±0.5 9.6 6.3 
Na2UO4 [4] 166.02±0.3 165.6±0.6 160.0±0.1 5.7 3.4 
Cs2UO4 [5] 219.66±0.4 219.0±0.9 210.0±0.1 9.0 4.1 
Na2U2O7 [6] 275.86±0.8 275.0±1.5 263.5±0.6 11.5 4.2 
Cs2U2O7 [7] 327.75±0.66 326.6±1.7 307.6±0.4 19.0 5.8 

 
ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɟɫɥɢ ɧɚ ɤɪɢɜɵɯ CP(T) ɜɟɳɟɫɬɜɚ 

ɨɬɫɭɬɫɬɜɭɸɬ ɚɧɨɦɚɥɢɢ ɢɥɢ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɟɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɤɥɚɞɵ ɜ ɬɟɩɥɨɟɦɤɨɫɬɶ, 
ɬɨ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɜɵɲɟ77 Ʉɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɨɦɛɢɧɚɰɢɢ ɮɭɧɤɰɢɣ Эɣɧɲɬɟɣɧɚɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɪɨɩɢɢ, 
ɨɬɥɢɱɚɸɳɟɟɫɹ ɨɬ ɢɫɬɢɧɧɨɝɨ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 5 %. ɉɨ ɫɭɳɟɫɬɜɭ, ɪɟɱɶ ɢɞɟɬ ɨ ɜɜɟɞɟɧɢɢ 
ɦɚɫɲɬɚɛɢɪɭɸɳɟɝɨ ɦɧɨɠɢɬɟɥɹ ɞɥɹ ɨɰɟɧɤɢ So

298.15 ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɠɢɞɤɨɝɨ ɚɡɨɬɚ. Ɂɧɚɱɟɧɢɟ ɦɚɫɲɬɚɛɢɪɭɸɳɟɝɨ ɦɧɨɠɢɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ 
ɭɬɨɱɧɟɧɨ (ɬɟɦ ɫɚɦɵɦ, ɭɦɟɧɶɲɟɧɚ ɨɲɢɛɤɚ ɨɰɟɧɤɢ), ɟɫɥɢ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬɵ, ɚɧɚɥɨɝɢɱɧɵɟ 
ɨɩɢɫɚɧɧɵɦ ɜɵɲɟ, ɞɥɹ ɭɡɤɨɣ ɝɪɭɩɩɵ ɪɨɞɫɬɜɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɝɪɚɧɬ 13-03-00328). 
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Ɋɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ, ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɦ ɢ 

ɞɪɭɝɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ, ɡɚɜɢɫɢɬ ɨɬ ɧɚɞɟɠɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɩɨɞ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɝɪɭɡɨɤ ɢ ɜɥɢɹɧɢɟɦ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɷɧɟɪɝɨɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ  ɧɨɜɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɫɟɫɬɨɪɨɧɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɟɬɨɞɚɦɢ ɨɰɟɧɤɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɬɪɭɤɬɭɪɵ 
ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɸɬɫɹ ɚɤɭɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ.  

ɋɨɜɪɟɦɟɧɧɵɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɟ ɦɟɬɨɞɵ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɨɣ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ. ɋ ɢɯ 
ɩɨɦɨɳɶɸ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɭɩɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ Д1Ж, ɧɨ ɢ ɷɥɟɤɬɪɨɧɧɭɸ 
ɫɬɪɭɤɬɭɪɭ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ, ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɶ, ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ, ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ 
ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɪɨɞɚ, ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɞɟɮɟɤɬɨɜ Д2Ж. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɹɞɚ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɚ ɬɚɤɠɟ 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚ ɢɯ ɨɫɧɨɜɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɫɩɥɚɜɨɜ ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɞɢɚɩɚɡɨɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɭɸ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɩɥɚɧɟ ɡɚɞɚɱɭ, ɬ.ɤ. 
ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɞɚɬɱɢɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɥɢɡɤɢɯ ɤ ɤɨɦɧɚɬɧɨɣ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɚɬɱɢɤ ɞɨɥɠɟɧ ɧɚɯɨɞɢɬɶɫɹ ɡɚ ɩɪɟɞɟɥɚɦɢ ɨɛɥɚɫɬɢ ɧɚɝɪɟɜɚ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ Д3Ж ɫɩɨɫɨɛ ɢɡɦɟɪɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɢɫɵɜɚɟɦɨɣ ɦɟɬɨɞɢɤɨɣ 
ɢɡɦɟɪɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɜɨɞɹɬɫɹ ɧɚ ɩɪɨɜɨɥɨɱɧɵɯ ɨɛɪɚɡɰɚɯ 
ɞɢɚɦɟɬɪɨɦ ɞɨ 3 ɦɦ ɢ ɫɨɨɬɧɨɲɟɧɢɟɦ ɞɥɢɧɵ ɨɛɪɚɡɰɚ ɤ ɢɯ ɞɢɚɦɟɬɪɭ ɧɟ ɦɟɧɟɟ 25-30. Ɉɞɧɚɤɨ ɜ 
ɦɟɬɨɞɢɤɭ ɢɡɦɟɪɟɧɢɣ ɛɵɥ ɜɧɟɫɟɧ ɪɹɞ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɢ ɦɟɬɨɞɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ, 
ɩɨɡɜɨɥɢɜɲɢɯ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ. Ɍɟɯɧɨɥɨɝɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɧɚɹ 
ɚɜɬɨɪɚɦɢ, ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɚ ɜ ɪɚɛɨɬɟ Д4Ж. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɤɨɪɨɫɬɶ ɭɥɶɬɪɚɡɜɭɤɚ 
ɩɪɨɞɨɥɶɧɨɣ ɜɨɥɧɵ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɭɸ ɭɫɥɨɜɢɸ: λ>>D, ɝɞɟ λ – ɞɥɢɧɚ ɡɜɭɤɨɜɨɣ ɜɨɥɧɵ,  D – 
ɞɢɚɦɟɬɪ ɫɬɟɪɠɧɹ. ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɜ ɛɟɫɤɨɧɟɱɧɨɣ ɫɪɟɞɟ ɦɨɠɟɬ ɧɚ 15-20 % ɨɬɥɢɱɚɬɶɫɹ ɨɬ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɩɪɨɜɨɥɨɱɧɵɯ ɨɛɪɚɡɰɨɜ Д1Ж. 

ɉɨɫɤɨɥɶɤɭ ɜ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ 
ɭɥɶɬɪɚɡɜɭɤɚ ɜɯɨɞɢɬ ɞɥɢɧɚ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɨɛɪɚɡɰɚ, ɬɨ ɞɥɹ ɭɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɥɢɧɟɣɧɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɪɢ ɪɚɫɱɟɬɟ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ 
ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ ɬɟɪɦɢɱɟɫɤɨɦ 
ɞɢɥɚɬɨɦɟɬɪɟ Dδ-1500-RH (ULVAC SINKU-RIKO, Japan) ɜ ɬɨɦ ɠɟ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 
ɩɪɢ ɬɚɤɨɣ ɠɟ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɚ ɫɨɫɬɚɜɥɹɟɬ 0,2 %, ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ 
– 3 %, ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɛɪɚɡɰɚ – 0,1 %. 

Ⱥɜɬɨɪɚɦɢ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɚɤɭɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɚɪɦɤɨ-ɠɟɥɟɡɚ, ɬɟɯɧɢɱɟɫɤɢ ɱɢɫɬɨɝɨ 
ɬɢɬɚɧɚ ȼɌ1-00, ɧɢɤɟɥɹ, ɰɢɪɤɨɧɢɹ, ɤɨɛɚɥɶɬɚ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 20–1000 0ɋ.ɉɨɥɭɱɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚ ɢɯ ɨɫɧɨɜɟ ɞɚɧɧɵɟ ɨ ɫɜɨɣɫɬɜɚɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɯ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜ ɜɢɞɟ  Y = A + Bt + Ct2 + … , ɝɞɟ Y – ɫɜɨɣɫɬɜɨ, t – ɬɟɦɩɟɪɚɬɭɪɚ ɜ 
0ɋ. Ʉɨɷɮɮɢɰɢɟɧɬɵ А, В, ɋ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. ȼ ɬɚɛɥɢɰɟ ɭɤɚɡɚɧ ɬɟɦɩɟɪɚɬɭɪɧɵɣ 
ɞɢɚɩɚɡɨɧ ɚɩɩɪɨɤɫɢɦɚɰɢɢ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ ɪɹɞɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. 

 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ 

Ɇɟɬɚɥɥ ɋɜɨɣɫɬɜɨ A B C 
 
Ɍɢɬɚɧ 
ȼɌ1-00 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ c, ɦ/ɫ 
Ʉɨɷɮ. ɡɚɬɭɯɚɧɢɹ ɡɜɭɤɚ, ɚ, ɦ-1 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 

Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

4535.5 
4.24 

 
–0.084 
4511.4 
92.10 

–1.39 
0.004 

 
0.001 
–0.14 
–0.06 

– 
1.0∙10-6 

 
– 
– 
– 

 
 
Ⱥɪɦɤɨ-ɠɟɥɟɡɨ 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ c, ɦ/ɫ 
ɞɢɚɩɚɡɨɧ 20-900 0ɋ. 
Ʉɨɷɮ. ɡɚɬɭɯɚɧɢɹ ɡɜɭɤɚ, ɚ, ɦ-1 
ɞɢɚɩɚɡɨɧ 20-900 0ɋ. 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 

Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

 
4963,0 

 
1.924 

 
–0.047 
7860.6 
192.69 

 
–7.0.10-4 

 
0.006 

 
0.001 
–0.035 
–0.06 

 
– 
 

–1.5.10-8 

 
1.2.10-7 

–4.8.10-7 

–3.3.10-5 

 
 
 
 
ɇɢɤɟɥɶ 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ c, ɦ/ɫ 
ɞɢɚɩɚɡɨɧ 20 – 360 0ɋ, 
ɞɢɚɩɚɡɨɧ 360 – 1050 0ɋ 
Ʉɨɷɮ. ɡɚɬɭɯɚɧɢɹ ɡɜɭɤɚ, ɚ, ɦ-1, 
ɞɢɚɩɚɡɨɧ 20 – 360 0ɋ, 
ɞɢɚɩɚɡɨɧ 360 – 1050 0ɋ 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 

Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɩɚ   
ɞɢɚɩɚɡɨɧ 20 – 360 0ɋ, 
ɞɢɚɩɚɡɨɧ 360 – 1050 0ɋ 

 
4761.6 
4657.5 

 
3.103 
12.56 

 
–0.039 
8910.4 

 
190.5 
195.1 

 
–6.22 
–0.38 

 
0.114 
–0.045 

 
0.001 
–0.37 

 
–0.407 
–0.05 

 
0.01 

–4.5.10-4 
 

–1.7.10-4 
8.53.10-5 

 

3.1.10-7 

–7.1.10-5 

 
0.001 

–2.0.10-5 

 
 
ɐɢɪɤɨɧɢɣ 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ c, ɦ/ɫ 
Ʉɨɷɮ. ɡɚɬɭɯɚɧɢɹ ɡɜɭɤɚ, ɚ, ɦ-1 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 

Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

3829.6 
1.943 

 
–0.53 
6478.1 
88.52 

–1.27 
–0.001 

 
8.2.10-4 

–0.16 
–0.10 

–1.4.10-4 

5.7.10-4 

 

–1.9.10-7 

5.3∙10-5 

–1.1.10-4 
 
 
Ʉɨɛɚɥɶɬ 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ c, ɦ/ɫ 
Ʉɨɷɮ. ɡɚɬɭɯɚɧɢɹ ɡɜɭɤɚ, ɚ, ɦ-1 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 

Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

4885.5 
11.02 

 
0.03 

8977.3 
205.5 

–1.12 
5.5.10-5 

 
0.002 
–0.47 
–0.07 

– 
2.76∙10-8 

 

– 
2.1∙10-5 

–1.5∙10-5 
 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬ№ 14-08-00073ɚ). 
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ɋɨɥɢ ɚɧɢɨɧɨɜ ɫ ɚɡɨɬɫɨɞɟɪɠɚɳɢɦɢ ɝɟɬɟɪɨɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɤɚɬɢɨɧɚɦɢ ɩɪɢɜɥɟɤɚɸɬ 

ɩɨɜɵɲɟɧɧɨɟ ɜɧɢɦɚɧɢɟ ɛɥɚɝɨɞɚɪɹ ɜɵɫɨɤɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɩɪɢɟɦɥɟɦɨɣ 
ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɩɨɧɢɠɟɧɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɦɟɯɚɧɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ Д1Ж. 

ɋɨɟɞɢɧɟɧɢɹ 1-5 (ɬɚɛɥ.1) ɞɥɹ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɚɥɢ ɧɟɣɬɪɚɥɢɡɚɰɢɟɣ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 10-15 ɨɋ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 5Ɇ ɪɚɫɬɜɨɪɚ NH3 ɜ ɦɟɬɚɧɨɥɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ NH-ɚɡɨɥɨɜ. Ⱦɢɚɡɨɥɵ ɫɢɧɬɟɡɢɪɨɜɚɥɢ  ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɢɤɚɦ: 3,4-
ɞɢɧɢɬɪɨɩɢɪɚɡɨɥ ɢ 3,5-ɞɢɧɢɬɪɨɩɢɪɚɡɨɥ Д1Ж; 2,4-ɞɢɧɢɬɪɨɢɦɢɞɚɡɨɥ ɢ   4,5-ɞɢɧɢɬɪɨɢɦɢɞɚɡɨɥ 
[2]; 3,4,5-ɬɪɢɧɢɬɪɨɩɢɪɚɡɨɥ Д3Ж.  ɉɨɫɥɟ ɭɞɚɥɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɬɜɟɪɞɵɟ ɨɛɪɚɡɰɵ ɫɨɥɟɣ 1-5 
ɦɧɨɝɨɤɪɚɬɧɨ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɧɢɬɪɨɦɟɬɚɧɚ ɢ ɜɵɫɭɲɢɜɚɥɢ ɜ ɜɚɤɭɭɦ-ɷɤɫɢɤɚɬɨɪɟ ɩɪɢ 
100ɨɋ ɞɨ ɩɨɫɬɨɹɧɧɨɝɨ ɜɟɫɚ ɜ ɬɟɱɟɧɢɟ 6 ɱ. ɑɢɫɬɨɬɭ ɜɟɳɟɫɬɜ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ əɆɊ 
1ɇ, 13ɋ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɢ ɞɚɧɧɵɯ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. ɋɨɟɞɢɧɟɧɢɟ 7 ɩɨɥɭɱɟɧɨ ɩɨ Д3Ж ɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɱɢɳɟɧɨ ɞɥɹ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɭɛɥɢɦɢɪɨɜɚɧɢɟɦ ɩɪɢ 
ɩɨɧɢɠɟɧɧɨɦ ɞɚɜɥɟɧɢɢ. 

Ʉɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɷɧɟɪɝɢɣ ɫɝɨɪɚɧɢɹ ɜɟɳɟɫɬɜ ɜɵɩɨɥɧɹɥɢ ɧɚ ɩɪɟɰɢɡɢɨɧɧɨɦ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɤɚɥɨɪɢɦɟɬɪɟ ɫɠɢɝɚɧɢɹ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ, ɪɚɡɪɚɛɨɬɚɧɧɨɦ ɜ ɂɏɎ 
ɊȺɇ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɫɠɢɝɚɧɢɹ ɷɧɟɪɝɨɟɦɤɢɯ ɫɨɟɞɢɧɟɧɢɣ Д4Ж. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ  
ɤɨɧɫɬɪɭɤɰɢɢ  ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɪɚɛɨɬɟ ɤɚɥɨɪɢɦɟɬɪɚ: 1) ɦɚɥɵɣ ɬɟɩɥɨɜɨɣ ɷɤɜɢɜɚɥɟɧɬ ( 500 
ɤɚɥ·ɝɪɚɞɭɫ-1) ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɦ ɨɛɴɟɦɟ ɛɨɦɛɵ (200 ɫɦ3); 2) ɩɪɨɫɬɚɹ ɭɫɬɚɧɨɜɤɚ 
ɛɨɦɛɵ ɜ ɤɚɥɨɪɢɦɟɬɪɟ (ɞɨɫɬɚɬɨɱɧɨ ɫɧɹɬɶ ɤɪɵɲɤɢ ɨɛɨɥɨɱɤɢ ɢ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ, 
ɨɩɭɫɬɢɬɶ ɛɨɦɛɭ ɢ ɡɚɤɪɵɬɶ ɤɪɵɲɤɢ); 3) ɧɟɩɪɟɪɵɜɧɨ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɚɹ ɨɛɨɥɨɱɤɚ; 4) 
ɩɨɫɬɨɹɧɧɨ ɡɚɤɪɟɩɥɟɧɧɵɣ ɜ ɨɛɨɥɨɱɤɟ ɠɢɞɤɨɫɬɧɨɣ ɝɟɪɦɟɬɢɱɧɵɣ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɭɞ 
ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɫɬɚɤɚɧɚ ɫ ɞɜɨɣɧɵɦɢ ɫɬɟɧɤɚɦɢ (ɩɨɫɬɨɹɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ 
ɠɢɞɤɨɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɫɬɨɹɧɫɬɜɨ ɬɟɩɥɨɜɨɝɨ ɷɤɜɢɜɚɥɟɧɬɚ); 5) ɜɵɫɨɤɚɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ 
ɢɡɦɟɪɟɧɢɣ - ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɟ ɨɬɤɥɨɧɟɧɢɹ (3÷5)·10–3%.  Ɇɟɬɨɞɢɤɚ ɜɵɩɨɥɧɟɧɢɹ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɩɨɞɪɨɛɧɨ ɢɡɥɨɠɟɧɚ ɜ ɪɚɛɨɬɟ Д5Ж.  

ȼ ɬɚɛɥ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ  ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ  ɫɨɟɞɢɧɟɧɢɣ. ȼɟɥɢɱɢɧɵ 
ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ 3,4,5 - ɬɪɢɧɢɬɪɨɩɢɪɚɡɨɥɚ ɢ 1-ɦɟɬɢɥ-3,4,5-ɬɪɢɧɢɬɪɨɬɟɬɪɚɡɨɥɚ 
ɫɨɝɥɚɫɭɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ (ɫ ɭɱɟɬɨɦ ɷɧɬɚɥɶɩɢɢ ɡɚɦɟɧɵ H ɧɚ ɝɪɭɩɩɭ CH3), ɱɬɨ ɤɨɫɜɟɧɧɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ. 
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Эɧɟɪɝɢɢ ɫɨɥɟɨɛɪɚɡɨɜɚɧɢɹ ΔHsalt ɩɪɟɞɥɨɠɟɧɨ ɨɰɟɧɢɜɚɬɶ ɩɨ ɭɪɚɜɧɟɧɢɸ (1)  
ΔHo

f(CaHbNcOd)cr+ ΔHo
f(NH3)g+ ΔHsalt = ΔHo

f(CaHb-1NcOd
– • NH4 

+)cr   (1)  
Эɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ΔHo

f(NH3)g= - 10.98  0.02 ɤɤɚɥ·ɦɨɥɶ−1 [6]. 
ȼɟɥɢɱɢɧɵ ɷɧɬɚɥɶɩɢɣ ɫɨɥɟɨɛɪɚɡɨɜɚɧɢɹ   ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2.  
ɂɡ ɬɚɛɥ.2 ɜɢɞɧɨ, ɱɬɨ ɷɧɬɚɥɶɩɢɢ ɫɨɥɟɨɛɪɚɡɨɜɚɧɢɹ ɛɨɥɟɟ ɫɢɥɶɧɵɯ ɩɢɪɚɡɨɥɶɧɵɯ ɤɢɫɥɨɬ 

ɢɦɟɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ  ɫɨɥɟɨɛɪɚɡɨɜɚɧɢɹ, ɱɟɦ ɷɧɬɚɥɶɩɢɢ 
ɫɨɥɟɨɛɪɚɡɨɜɚɧɢɹ ɞɢɧɢɬɪɨɢɦɢɞɚɡɨɥɨɜ (ɢɡ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɬɚɤɠɟ ɫɥɟɞɭɟɬ, ɱɬɨ 
ɬɪɢɧɢɬɪɨɩɢɪɚɡɨɥ ɛɨɥɟɟ ɫɢɥɶɧɚɹ ɤɢɫɥɨɬɚ,  ɱɟɦ ɞɢɧɢɬɪɨɩɢɪɚɡɨɥ).  

 
Ɍɚɛɥɢɰɚ 1. Ɍɟɪɦɨɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɢɬɪɨɞɢɚɡɨɥɨɜ ɢ ɢɯ ɫɨɥɟɣ 

ɋɨɟɞɢɧɟɧɢɟ –U’B 
(ɤɚɥ·ɝ-1) 

–Ho
ɫ 

(ɤɤɚɥ·ɦɨɥɶ−1) 
Ho

f 

(ɤɤɚɥ·ɦɨɥɶ−1) 

 

 
 
2575.33.2 

 
 
448.4 0.6 

 
 
  –4.5 0.6 

 
 

 
 
2534.8 4.8 

 
 
441.3  0.8 

 
 
–11.6 0.8 

 

 
 
 2463.44.8 

 
 
428.8 0.8 

 
 
–24.1 0.8 

 

 
 
2480.94.5 

 
 
431.9 0.8 

 
 
–21.0 0.8 

 
 5 

 
 
1836.2  1.9 

 
 
400.4 0.4 

 
 
–18.4 0.4 

 
                      6 

 
 
1667.1 2.6 

 
 
338.5 0.5 

 
 
22.2 0.5 

 

 
                       7 

 
 
2313.53.3 

 
 
498.6  0.7 

 
 
19.9  0.7 
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Ɍɚɛɥɢɰɚ 2. Эɧɬɚɥɶɩɢɢ  ɫɨɥɟɨɛɪɚɡɨɜɚɧɢɹ  ɚɦɦɨɧɢɟɜɵɯ ɫɨɥɟɣ, ɤɤɚɥ·ɦɨɥɶ−1 

ɋɨɟɞɢɧɟɧɢɟ Ho
f Ho

f* Hsalt 

 

 
 
–4.5  

 
 
28.4[7] 

 
 
–21.9 

 

 
 
–11.6  

 
 
22.4[7] 

 
 
–23.0 

 

 
 
–24.1  

 
 
1.9[7] 

 
 
–15.0 

 

 
 
–21.0  

 
 
    8.7[7] 

 
 
–18.7 

 
 

 
 
–18.4 

 
 
22.2 

 
 
–29.6 

* Эɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɧɢɬɪɨɞɢɚɡɨɥɨɜ ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
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ɌȿɉɅɈȿɆɄɈɋɌЬ ɂ ɉɅɈɌɇɈɋɌЬɌɊȿɏɄɈɆɉɈɇȿɇɌɇЫɏ  
ɊАɋɌВɈɊɈВ ɇА ɈɋɇɈВȿ N-ɆȿɌɂɅɉɂɊɊɈɅɂȾɈɇА, ɋɈȾȿɊɀАЩɂɏ 

ɗɅȿɄɌɊɈɅɂɌЫ ɊАɁɅɂɑɇɈɃ ɏɂɆɂɑȿɋɄɈɃ ɉɊɂɊɈȾЫ  
ɇɨɜɢɤɨɜ Ⱥ.ɇ., Ɋɚɫɫɨɯɢɧɚ Ʌ.ɘ., ȼɚɫɢɥɟɜ ȼ.Ⱥ. 

ɇɨɜɨɦɨɫɤɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ Ɋɨɫɫɢɣɫɤɨɝɨ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
 ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ Ⱦ.И.Ɇɟɧɞɟɥɟɟɜɚ, 

 Ɋɨɫɫɢя, 301665, ɇɨɜɨɦɨɫɤɨɜɫɤ, ɭɥ. Ⱦɪɭɠɛɵ, 8. E-mail: anngic@yandex.ru 
 

ɂɡɭɱɟɧɢɟ ɚɞɞɢɬɢɜɧɨɫɬɢ ɫɜɨɣɫɬɜ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɩɨɡɜɨɥɹɟɬ ɩɨɧɹɬɶ ɩɪɢɪɨɞɭ 
ɷɬɢɯ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ, ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ 
ɫɦɟɲɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɧɚ ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɫɢɫɬɟɦ, ɚ ɬɚɤ ɠɟ ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɚɞɞɢɬɢɜɧɨɝɨ 
ɪɚɫɱɟɬɚ ɫɜɨɣɫɬɜ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ ɫɜɨɣɫɬɜ ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɨɜ.Ⱥɧɚɥɢɡ 
ɜɟɥɢɱɢɧ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɨɛɴɟɦɚ ɩɪɢ ɫɦɟɲɟɧɢɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ 1-5, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɷɬɢɯ ɫɜɨɣɫɬɜ ɤ ɬɚɤɢɦ ɩɪɨɰɟɫɫɚɦ ɜ ɪɚɫɬɜɨɪɚɯ, ɤɚɤ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɦɟɠɞɭ ɢɨɧɚɦɢ ɫ ɪɚɡɥɢɱɧɨɣ ɫɨɥɶɜɚɬɢɪɭɸɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ, ɦɟɠɢɨɧɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɜɤɥɸɱɚɹ ɢɨɧɧɭɸ ɚɫɫɨɰɢɚɰɢɸ ɢ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ, ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ. ɉɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɧɬɟɪɟɫ 
ɢɡɭɱɢɬɶ ɯɚɪɚɤɬɟɪ ɩɨɞɨɛɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɧɟɜɨɞɧɵɯ ɫɪɟɞɚɯ, ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɚɩɪɨɬɨɧɧɨɦ 
ɞɢɩɨɥɹɪɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ N-ɦɟɬɢɥɩɢɪɪɨɥɢɞɨɧɟ (Ɇɉ), ɞɥɹ ɤɨɬɨɪɨɝɨ ɢɦɟɟɬɫɹ ɨɛɲɢɪɧɚɹ ɛɚɡɚ 
ɧɚɞɟɠɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɡɥɟɤɬɪɨɥɢɬɧɵɯ ɪɚɫɬɜɨɪɨɜ 6-10. 
ɉɨɷɬɨɦɭ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɨɛɴɟɦɧɵɟ 
ɫɜɨɣɫɬɜɚ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɜ Ɇɉ, ɫɨɞɟɪɠɚɳɢɯ ɷɥɟɤɬɪɨɥɢɬɵ ɪɚɡɥɢɱɧɨɣ 
ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ. NaI–KI–Ɇɉ, RbI –KI–Ɇɉ, ɄI–CdI2–Ɇɉ, NaI–CdI2–Ɇɉ, RbI–CdI2–Ɇɉ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɚɫɬɜɨɪɨɜ (ɋɪ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɟɪɦɟɬɢɱɧɵɣ ɤɚɥɨɪɢɦɟɬɪ ɫ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ ɢ ɩɥɚɬɢɧɨɜɵɦ ɬɟɪɦɨɦɟɬɪɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɚ 
ɬɟɦɩɟɪɚɬɭɪɵ 5. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɋɪ ɫɨɫɬɚɜɥɹɥɚ ɧɟ ɛɨɥɟɟ 110

-3Ⱦɠ(ɝ  Ʉ)-1.Ⱦɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɥɨɬɧɨɫɬɢ () ɪɚɫɬɜɨɪɨɜ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɟɰɢɡɢɨɧɧɚɹ ɩɢɤɧɨɦɟɬɪɢɱɟɫɤɚɹ 
ɭɫɬɚɧɨɜɤɚ 11.ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ ɫɨɫɬɚɜɥɹɥɚ 110

-5ɝɫɦ-3. 
Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɟɥɢɱɢɧ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɨɛɴɟɦɚ ɩɪɢ ɫɦɟɲɟɧɢɢ ɛɢɧɚɪɧɵɯ 

ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜ Ɇɉ ɩɨ ɭɪɚɜɧɟɧɢɹɦ ɜɢɞɚ (1) ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɚɞɞɢɬɢɜɧɨɫɬɢ

C
  ɢ

V
 : 

%100.

ɚɞɞ

ɚɞɞɷɤɫɩ
Y

YY
Y

 , (1) 

ɝɞɟ .ɷɤɫɩY  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢɋɪ ɢɥɢ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ V 

ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɚɞɞY  ɚɞɞɢɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɋɪ ɢɥɢ V ɪɚɫɬɜɨɪɨɜ, ɤɨɬɨɪɵɟ 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ (2): 

21

2211

gg

gYgY
Yɚɞɞ 

 , (2) 

ɝɞɟ 1Y , 2Y  ɢ 21 , gg  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɋɪ ɢɥɢ V ɢ ɦɚɫɫɵ ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɨɜ. 
ɇɚ ɪɢɫ. 1ɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧ 

C
 ɢ

V
  ɨɬ ɨɛɳɟɣ ɦɨɥɹɥɶɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ ( ɨɛɳm  = (m1+m2)/2) ɞɥɹ ɫɢɫɬɟɦ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɛɥɢɡɤɢɦɢ ɩɨ 
ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɟ ɷɥɟɤɬɪɨɥɢɬɚɦɢ ɨɞɢɧɚɤɨɜɨɝɨ ɜɚɥɟɧɬɧɨɝɨ ɬɢɩɚ NaI, KI, RbI. Ɉɛɪɚɳɚɟɬ ɧɚ 
ɫɟɛɹ ɜɧɢɦɚɧɢɟ ɪɚɡɥɢɱɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ: ɩɨɱɬɢ 
ɩɨɥɧɨɟ ɩɨɞɱɢɧɟɧɢɟ ɩɪɚɜɢɥɭ ɚɞɞɢɬɢɜɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦɵ KI–RbI–Ɇɉ ɢ ɡɧɚɱɢɬɟɥɶɧɵɟ 
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ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɚɞɞɢɬɢɜɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦɵ NaI–KI–Ɇɉ, ɝɞɟ ɜɟɥɢɱɢɧɵ 
C

  0 ɢ 
V
  0, ɱɬɨ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɦɟɧɶɲɟɧɢɸ ɋɪ ɢ ɭɜɟɥɢɱɟɧɢɸ V ɩɪɢ ɫɦɟɲɟɧɢɢ. 
Ɍɚɤɨɣ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɩɪɨɰɟɫɫɨɜ 

ɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɉɪɨɬɟɤɚɧɢɸ ɬɚɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫɩɨɫɨɛɫɬɜɭɸɬ ɤɚɤ ɛɨɥɟɟ ɧɢɡɤɨɟ, ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɜɨɞɨɣ, ɡɧɚɱɟɧɢɟ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɚɩɪɨɬɨɧɧɵɯ ɞɢɩɨɥɹɪɧɵɯ 
ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɬɚɤ ɢ ɦɟɧɶɲɚɹ ɫɨɥɶɜɚɬɚɰɢɹ ɚɧɢɨɧɨɜ ɜ ɬɚɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɩɪɢɜɨɞɹɳɢɟ ɤ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɚɫɫɨɰɢɚɰɢɢ ɢɨɧɨɜ ɭɠɟ ɩɪɢ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ Д12-14Ж. ȼɥɢɬɟɪɚɬɭɪɟ Д6-
10,12-15Ж ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɜɟɥɢɱɢɧɵ ɤɚɠɭɳɢɯɫɹ ɦɨɥɶɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 
ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɚɫɬɜɨɪɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɩɥɨɟɦɤɨɫɬɶɸ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɞɥɹ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜ ɧɟɜɨɞɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɢ ɜ ɱɚɫɬɧɨɫɬɢ ɜ Ɇɉ ɥɟɠɚɬ ɜ 
ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɡɧɚɱɟɧɢɣ. Эɬɨ ɹɜɥɹɟɬɫɹ ɫɜɢɞɟɬɟɥɶɫɬɜɨɦ ɬɨɝɨ, ɱɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɪɚɫɬɜɨɪɨɜ ɜ Ɇɉ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɫɢɫɬɟɦɵ. ɉɨɷɬɨɦɭ ɩɪɨɰɟɫɫɵ ɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɪɚɡɪɭɲɟɧɢɸ 
ɫɨɥɶɜɚɬɧɵɯ ɨɛɨɥɨɱɟɤ ɢɨɧɨɜ, ɱɚɫɬɢɱɧɨɣ ɢɥɢ ɩɨɥɧɨɣ ɞɟɫɨɥɶɜɚɬɚɰɢɢ, ɜɵɡɵɜɚɸɬ  ɭɦɟɧɶɲɟɧɢɟ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɢɫɬɟɦɵ. Ɉɫɜɨɛɨɠɞɟɧɢɟ ɦɨɥɟɤɭɥ Ɇɉ ɢɡ ɫɨɥɶɜɚɬɨɜ, ɬɚɤɠɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɭɦɟɧɶɲɟɧɢɟɦ ɷɮɮɟɤɬɚ ɷɥɟɤɬɪɨɫɬɪɢɤɰɢɢ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɚ. 

Ɂɧɚɱɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɚɞɞɢɬɢɜɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦɵ NaI–KI–Ɇɉ ɨɛɴɹɫɧɹɸɬɫɹ 
ɛɨɥɶɲɟɣ ɫɤɥɨɧɧɨɫɬɶɸ ɢɨɧɚ NК+ ɤ ɩɪɨɰɟɫɫɚɦ ɢɨɧɧɨɣ ɚɫɫɨɰɢɚɰɢɢ, ɱɟɦ ɢɨɧɨɜ ɤɚɥɢɹ ɢ ɪɭɛɢɞɢɹ. 
ȼ ɪɚɫɬɜɨɪɚɯ KI–RbI–Ɇɉ ɷɮɮɟɤɬ ɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚɱɢɧɚɟɬ ɩɪɨɹɜɥɹɬɶɫɹ ɬɨɥɶɤɨ ɩɪɢ 
ɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɱɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɭɦɟɧɶɲɟɧɢɢ ɜɟɥɢɱɢɧ C . 

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɢɫɬɟɦ, ɨɛɪɚɡɨɜɚɧɧɵɯ ɛɥɢɡɤɢɦɢ ɩɨ ɩɪɢɪɨɞɟ ɷɥɟɤɬɪɨɥɢɬɚɦɢ 
ɨɞɢɧɚɤɨɜɨɝɨ ɜɚɥɟɧɬɧɨɝɨ ɬɢɩɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɩɨɥɶɡɭ ɛɨɥɟɟ 
ɫɨɥɶɜɚɬɢɪɭɸɳɟɝɨɫɹ ɤɚɬɢɨɧɚ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɭɜɟɥɢɱɟɧɢɸ ɋɪ ɢ ɭɦɟɧɶɲɟɧɢɸ V, ɧɟ ɨɤɚɡɵɜɚɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨɝɨ  ɜɨɡɞɟɣɫɬɜɢɹ, ɬ.ɤ. ɪɚɡɥɢɱɢɹ ɜ ɷɧɬɚɥɶɩɢɹɯ ɫɨɥɶɜɚɬɚɰɢɢ ( oɇɫɨɥɶɜ ) ɢɨɧɨɜ NК+ ɢ 
ɨɫɨɛɟɧɧɨ Ʉ+ ɢ Rb+ɜ Ɇɉ ɧɟɡɧɚɱɢɬɟɥɶɧɵ. 

ɇɚ ɬɟɩɥɨɟɦɤɨɫɬɧɵɯ ɢ ɨɛɴɟɦɧɵɯ ɫɜɨɣɫɬɜɚɯɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶ ɨɬɪɚɠɟɧɢɟ ɢ ɷɮɮɟɤɬɵ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ. Ɂɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɞɞɢɬɢɜɧɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɷɥɟɤɬɪɨɥɢɬɨɜ ɫɨɥɶ s-
ɷɥɟɦɟɧɬɚ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɜɬɨɪɨɝɨ – ɫɨɥɶ ɤɚɞɦɢɹ – d-ɷɥɟɦɟɧɬɚ, ɫɤɥɨɧɧɨɝɨ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ 
ɤɨɦɩɥɟɤɫɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1ɛ.  

ɂɡ ɞɚɧɧɵɯ ɪɢɫ.1ɛ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɚɞɞɢɬɢɜɧɨɫɬɢ 
ɡɧɚɱɢɬɟɥɶɧɵ, ɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ C ɢ V  ɢɦɟɸɬ ɛɨɥɟɟ ɫɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ. ɇɚ 
ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɨɛɴɟɦɚ ɜ ɫɢɫɬɟɦɚɯ ɫ ɜɨɡɦɨɠɧɵɦ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟɦ ɜɢɞɢɦɨ 
ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɤɨɧɤɭɪɟɧɰɢɹ ɞɜɭɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ 
ɫɦɟɲɟɧɢɢ ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɨɜ - ɨɛɪɚɡɨɜɚɧɢɟ ɚɰɢɞɨɤɨɦɩɥɟɤɫɨɜ ɩɨ ɫɯɟɦɟ: Cd(Ɇɉ)m2+ + nI(Ɇɉ)kCd(Ɇɉ)m-n In2−Ч+ (n + n k)Ɇɉ,    
ɜɵɡɵɜɚɸɳɟɟ ɭɦɟɧɶɲɟɧɢɟ ɋɪ ɢ ɭɜɟɥɢɱɟɧɢɟ Vɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɥɢɹɧɢɹ ɢɨɧɨɜ ɧɚ 
ɪɚɫɬɜɨɪɢɬɟɥɶ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɧɟɨɞɢɧɚɤɨɜɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤ ɫɨɥɶɜɚɬɚɰɢɢ ɩɪɢɜɨɞɹɳɟɟ ɤ 
ɭɜɟɥɢɱɟɧɢɸ  ɋɪ ɢ ɭɦɟɧɶɲɟɧɢɸ V.  

ȼ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɩɪɟɨɛɥɚɞɚɟɬ ɩɟɪɜɵɣ ɩɪɨɰɟɫɫ, ɩɨɷɬɨɦɭ ɜɟɥɢɱɢɧɵ 
C

  0 ɢ V  0. 

Ɍ.ɟ. ɩɪɨɰɟɫɫɵ ɚɰɢɞɨɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɪɚɡɪɭɲɟɧɢɸ ɫɨɥɶɜɚɬɧɵɯ ɨɛɨɥɨɱɟɤ 
ɢɨɧɨɜ, ɱɚɫɬɢɱɧɨɣ ɢɥɢ ɩɨɥɧɨɣ ɞɟɫɨɥɶɜɚɬɚɰɢɢ, ɜɵɡɵɜɚɸɬ  ɭɦɟɧɶɲɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɢɫɬɟɦɵ. 
Ɉɫɜɨɛɨɠɞɟɧɢɟ ɦɨɥɟɤɭɥ Ɇɉ ɢɡ ɫɨɥɶɜɚɬɨɜ, ɬɚɤɠɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɷɮɮɟɤɬɚ 
ɷɥɟɤɬɪɨɫɬɪɢɤɰɢɢ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɚ.Ɉɞɧɚɤɨ, ɧɟɨɛɯɨɞɢɦɨ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɷɮɮɟɤɬ ɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɯɨɬɹ ɢ ɹɜɥɹɟɬɫɹ 
ɩɪɟɨɛɥɚɞɚɸɳɢɦ, ɧɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɷɮɮɟɤɬɨɦ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɦɨɥɟɤɭɥ Ɇɉ ɜ ɩɨɥɶɡɭ ɛɨɥɟɟ ɫɨɥɶɜɚɬɢɪɭɸɳɟɝɨɫɹ ɤɚɬɢɨɧɚ ɤɚɞɦɢɹ, ɷɧɬɚɥɶɩɢɹ ɫɨɥɶɜɚɬɚɰɢɢ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

159 
 

ɤɨɬɨɪɨɝɨ ɜ Ɇɉ ( 2
0

ɫɨɥɶɜ Cd
ɇ  = –1895 ɤȾɠ/ɦɨɥɶ) ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɷɧɬɚɥɶɩɢɸ 

ɫɨɥɶɜɚɬɚɰɢɢ ɢɨɧɨɜɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ( 0
ɫɨɥɶɜ Na

ɇ  = –468, 0
ɫɨɥɶɜ K

ɇ  = –389, 0
ɫɨɥɶɜ Rb

ɇ  = –
363ɤȾɠ/ɦɨɥɶ).ɇɚɛɥɸɞɚɟɦɨɟ ɞɥɹ ɫɢɫɬɟɦɵ NaI–CdI2–Ɇɉ (ɪɢɫ.1ɛ) ɭɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧ V  

ɩɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɪɚɫɬɜɨɪɨɜ, ɦɨɠɟɬ ɛɵɬɶ ɫɥɟɞɫɬɜɢɟɦ ɷɮɮɟɤɬɚ ɭɩɚɤɨɜɤɢ, 
ɩɪɢɜɨɞɹɳɟɝɨ ɤ ɭɦɟɧɶɲɟɧɢɸ ɨɛɴɟɦɚ ɩɪɢ ɫɦɟɲɟɧɢɢ ɪɚɡɧɨɪɨɞɧɵɯ ɱɚɫɬɢɰ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ 
ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. 
 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɞɞɢɬɢɜɧɨɫɬɢ C  ɢ V  ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɨɜ ɩɪɢ 
298,15 Ʉ; ɚ  - 1 - NaI–KI–Ɇɉ, 2 - KI–RbI–Ɇɉ; ɛ - 1 - NaI–CdI2–Ɇɉ, 2 - KI–CdI2–Ɇɉ, 3 - RbI–
CdI2–Ɇɉ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɫɦɟɲɟɧɢɢ ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜ Ɇɉ 

ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɩɪɨɰɟɫɫɵ ɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (ɨɛɪɚɡɨɜɚɧɢɟ ɢɨɧɧɵɯ ɩɚɪ, 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɟ), ɩɪɢɜɨɞɹɳɢɟ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɨɬɤɥɨɧɟɧɢɹɦ ɫɜɨɣɫɬɜ ɨɬ ɚɞɞɢɬɢɜɧɨɫɬɢ, 
ɩɪɟɜɵɲɚɸɳɢɦ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɚɞɞɢɬɢɜɧɨɫɬɢ ɞɥɹ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ Д1-5Ж. ɉɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɭɤɚɡɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɚɞɞɢɬɢɜɧɨɝɨ ɪɚɫɱɟɬɚ 
ɫɜɨɣɫɬɜ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɫɜɨɣɫɬɜ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ. 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɬɜɨɪɨɜ ɜ ɫɦɟɲɚɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢɣ 
ɢɧɬɟɪɟɫ, ɬ.ɤ. ɛɨɥɶɲɢɧɫɬɜɨ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɨɬɟɤɚɟɬ ɢɦɟɧɧɨ ɜ 
ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ. 

Ɍɟɨɪɟɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɤ ɫɢɫɬɟɦɚɦ ɷɥɟɤɬɪɨɥɢɬ-ɧɟɷɥɟɤɬɪɨɥɢɬ-ɇ2Ɉ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɜ 
ɧɢɯ ɩɪɨɹɜɥɹɸɬɫɹ ɤɚɤ ɩɪɨɰɟɫɫɵ ɩɟɪɟɫɨɥɶɜɚɬɚɰɢɢ, ɬɚɤ ɢ  ɤɨɧɤɭɪɢɪɭɸɳɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɦɨɥɟɤɭɥ ɧɟɜɨɞɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫ ɢɨɧɚɦɢ ɢ ɦɨɥɟɤɭɥɚɦɢ ɇ2Ɉ. Ɍɪɚɤɬɨɜɤɚ ɯɚɪɚɤɬɟɪɚ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜ ɫɦɟɲɚɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɨɬ ɢɯ 
ɫɨɫɬɚɜɚ, ɨɩɢɪɚɟɬɫɹ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɜɨɡɦɨɠɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯ 
ɫɨɥɶɜɚɬɚɰɢɸ ɢɨɧɨɜ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɛɵɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ: 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ, ɜɤɥɸɱɚɹ ɢɨɧ-ɞɢɩɨɥɶɧɵɟ, ɢɨɧ-ɦɭɥɶɬɢɩɨɥɶɧɵɟ, ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ, 
ɞɢɫɩɟɪɫɢɨɧɧɵɟ; ɯɢɦɢɱɟɫɤɢɟ, ɜɤɥɸɱɚɹ ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɥɹ ɤɚɬɢɨɧɨɜ, 
ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɞɥɹ ɚɧɢɨɧɨɜ; ɪɟɨɪɝɚɧɢɡɚɰɢɹ ɫɬɪɭɤɬɭɪɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɢ 
ɜɜɟɞɟɧɢɢ ɢɨɧɚ; ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɧɚ ɫ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɡɚ ɩɪɟɞɟɥɚɦɢ ɫɨɥɶɜɚɬɧɨɣ 
ɨɛɨɥɨɱɤɢД1,2Ж.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨɫɜɨɣɫɬɜɚ ɫɦɟɲɚɧɧɨɝɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚɯɨɞɹɬ ɨɬɪɚɠɟɧɢɟ ɢ ɧɚ ɫɜɨɣɫɬɜɚɯ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɷɥɟɤɬɪɨɥɢɬ – 
ɜɨɞɚ – ɧɟɜɨɞɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶД3-5Ж, ɩɪɢ ɷɬɨɦ ɞɨɛɚɜɥɟɧɢɟ ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɫɦɟɫɢ ȾɆɋɈ-ɜɨɞɚ, 
ȾɆɎȺ-ɜɨɞɚ, ȾɆȺȺ-ɜɨɞɚ ɩɪɢɜɨɞɢɬ ɤ ɱɚɫɬɢɱɧɨɦɭ ɪɚɡɪɭɲɟɧɢɸ ɚɫɫɨɰɢɚɬɨɜ ɧɟɜɨɞɧɵɣ 
ɪɚɫɬɜɨɪɢɬɟɥɶ-ɜɨɞɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɥɶɧɨɣ ɞɨɥɢ ɧɟɜɨɞɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɨɢɫɯɨɞɢɬ 
ɨɛɨɝɚɳɟɧɢɟ ɫɨɥɶɜɚɬɧɵɯ ɨɛɨɥɨɱɟɤ ɢɨɧɨɜ ɜɨɞɨɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɫɬɚɜɨɦ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɚ 
ɡɚɬɟɦ – ɧɟɜɨɞɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ. ɉɪɢ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɧɟɜɨɞɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨɥɶɜɚɬɢɪɨɜɚɧɵ ɚɧɢɨɧɵ, ɚ ɤɚɬɢɨɧɵ ɫɨɥɶɜɚɬɢɪɨɜɚɧɵ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɱɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɚɧɢɨɧɨɦ ɢ ɦɨɥɟɤɭɥɚɦɢ 
ɩɪɨɬɨɧɨɞɨɧɨɪɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹД6-8]. 

Ⱦɥɹ ɨɛɴɹɫɧɟɧɢɹ ɯɚɪɚɤɬɟɪɚ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɨɜ ɢɨɞɢɞɨɜ 
ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ (ɆɟI) ɜ ɫɦɟɲɚɧɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ N-ɦɟɬɢɥɩɢɪɪɨɥɢɞɨɧ (Ɇɉ)-ɜɨɞɚ ɛɵɥɢ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɨɛɫɬɜɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɞɜɭɯ- ɢ 
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ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɧɚ ɨɫɧɨɜɟ Ɇɉ Д9-12Жɢ ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɨ ɫɜɨɣɫɬɜɚɯ 
ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜД13Ж. ɉɨ ɭɪɚɜɧɟɧɢɹɦ ɜɢɞɚ (1) ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɞɞɢɬɢɜɧɨɫɬɢ
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ɝɞɟ .ɷɤɫɩY  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢɋɪ ɢɥɢ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ V 

ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɚɞɞY  ɚɞɞɢɬɢɜɧɵɟ ɡɧɚɱɟɧɢɹ ɋɪ ɢɥɢ V ɪɚɫɬɜɨɪɨɜ, ɤɨɬɨɪɵɟ 
ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ (2): 
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 , (2) 

ɝɞɟ 1Y , 2Y  ɢ 21 , gg  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɋɪ ɢɥɢ V ɢ ɦɚɫɫɵ ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɨɜ. 
Ɂɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧ 
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 ɫɢɫɬɟɦɵ KI–Ɇɉ–H2O ɨɬ ɫɨɫɬɚɜɚ ɫɦɟɲɚɧɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ 

Ɇɉ–H2O ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 
 

 
 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɞɞɢɬɢɜɧɨɫɬɢ C  ɢ V  ɫɢɫɬɟɦɵ KI–Ɇɉ–H2O ɨɬ ɫɨɫɬɚɜɚ 
ɫɦɟɲɚɧɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɢ 298,15 Ʉ;  
ɤɨɧɰɟɧɬɪɚɰɢɹ KI: 1 – 0, 2 – 0,05, 3 – 0,30,  4 – 0,75 ɦɨɥɶ/ɤɝ ɪ-ɥɹ. 

 
Ɉɛɪɚɳɚɸɬ ɧɚ ɫɟɛɹ ɜɧɢɦɚɧɢɟ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɜɟɥɢɱɢɧ ɋɪɢ V ɨɬ ɚɞɞɢɬɢɜɧɨɫɬɢ, 

ɡɚɜɢɫɢɦɨɫɬɢ ɢɦɟɸɬ ɷɤɫɬɪɟɦɭɦɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɨɜ 0,3 ɦɨɥɶɧɨɣ ɞɨɥɢ Ɇɉ. 
Ɍɚɤɨɣ ɯɚɪɚɤɬɟɪ ɤɪɢɜɵɯ  =f(ɏɆɉ) ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɢɦɟɸɳɟɟ ɦɟɫɬɨ ɜ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɟ 
Ɇɉ–H2O ɫɩɟɰɢɮɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚɢɛɨɥɟɟ 
ɭɫɬɨɣɱɢɜɨɝɨ ɢɡ ɜɨɡɦɨɠɧɵɯ ɚɫɫɨɰɢɚɬɨɜ ɫɨɫɬɚɜɚ Ɇɉ2ɇ2ɈД14Ж, ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɢ ɩɪɢ 
ɮɨɪɦɢɪɨɜɚɧɢɢ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɆɟI–Ɇɉ–H2O. ɂɫɫɥɟɞɨɜɚɧɢɹɦɢ ɫɢɫɬɟɦɵ Ɇɉ–
H2O ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɚɫɫɨɰɢɚɬɨɜ Ɇɉ2ɇ2Ɉ ɜ ɪɚɫɬɜɨɪɚɯ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɬɟɩɥɨɟɦɤɨɫɬɢ, ɭɦɟɧɶɲɟɧɢɸ ɨɛɴɟɦɚ ɫɢɫɬɟɦɵ ɢ ɩɨɹɜɥɟɧɢɸ ɷɤɫɬɪɟɦɭɦɨɜ ɧɚ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɢɡɛɵɬɨɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣД15Ж. Ⱦɚɧɧɵɟ 
ɪɢɫ.1 ɞɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɷɥɟɤɬɪɨɥɢɬɚ ɧɟ ɦɟɧɹɟɬ ɡɧɚɤ ɨɬɤɥɨɧɟɧɢɣ ɋɪɢ V ɨɬ 
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ɚɞɞɢɬɢɜɧɨɫɬɢ, ɧɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ ɷɬɢɯ ɨɬɤɥɨɧɟɧɢɣ, ɩɪɢɱɟɦ, ɤɚɤ ɫɥɟɞɭɟɬ  
ɢɡ ɪɢɫ. 2, ɧɚɢɛɨɥɟɟ ɪɟɡɤɨɟ ɜ ɫɦɟɫɹɯ ɫ ɫɨɞɟɪɠɚɧɢɟɦ. ɏɆɉ = 0,3-0,5. ȼɨɡɦɨɠɧɨ, ɜɜɟɞɟɧɢɟ ɢɨɧɚ ɜ 
ɪɚɫɬɜɨɪɢɬɟɥɶ ɬɚɤɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɜ ɚɫɫɨɰɢɚɬɚɯ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ 
ɭɜɟɥɢɱɟɧɢɸ ɨɛɴɟɦɚ. 

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɞɞɢɬɢɜɧɨɫɬɢ

C
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V
  ɫɢɫɬɟɦɵ KI–Ɇɉ–H2O ɨɬ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ; ɏɆɉ: 1 – 0,1, 2 – 0,33, 3 – 0,50, 4 – 0,75, 5 – 0,90 
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ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂȿ ɋВɈɃɋɌВА ɂɈȾɂȾɈВ ɆȿɌАɅɅɈВ В АɉɊɈɌɈɇɇЫɏ 

ȾɂɉɈɅəɊɇЫɏ ɊАɋɌВɈɊɂɌȿɅəɏ ɉɊɂ 298,15 Ʉ  
ɇɨɜɢɤɨɜ Ⱥ.ɇ.1, Ⱦɨɪɨɧɢɧ ə.ɂ.1, ɋɨɥɨɜɶɟɜ ɋ.ɇ.2 

1ɇɨɜɨɦɨɫɤɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ Ɋɨɫɫɢɣɫɤɨɝɨ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ 
Ⱦ.И.Ɇɟɧɞɟɥɟɟɜɚ, 

Ɋɨɫɫɢя, 301665, ɇɨɜɨɦɨɫɤɨɜɫɤ, ɭɥ. Ⱦɪɭɠɛɵ, 8. E-mail: anngic@yandex.ru 
2 Ɋɨɫɫɢɣɫɤɢɣ ɯɢɦɢɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ⱦ.И.Ɇɟɧɞɟɥɟɟɜɚ, Ɋɨɫɫɢя, 

125190, Ɇɨɫɤɜɚ, Ɇɢɭɫɫɤɚя ɩɥ., 9 
 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɨɛɴɟɦɧɵɯ ɫɜɨɣɫɬɜ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜ ɧɟɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ, ɤɚɤ ɞɥɹ ɪɚɡɜɢɬɢɹ ɬɟɨɪɢɢ ɪɚɫɬɜɨɪɨɜ, ɬɚɤ ɢ ɞɥɹ ɪɟɲɟɧɢɹ 
ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ ɢ ɧɚɭɱɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹɯɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɚɩɪɨɬɨɧɧɵɟ ɞɢɩɨɥɹɪɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ, ɢɯ 
ɷɥɟɤɬɪɨɥɢɬɧɵɟ ɢ ɧɟɷɥɟɤɬɪɨɥɢɬɧɵɟ ɪɚɫɬɜɨɪɵ, ɨɞɧɚɤɨ ɞɚɧɧɵɟ ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɷɬɢɯ ɫɢɫɬɟɦɨɝɪɚɧɢɱɟɧɵ ɢ ɢɯ ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɬɚɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ 
ɡɚɞɚɱ ɯɢɦɢɢ ɪɚɫɬɜɨɪɨɜ.Ɍɟɩɥɨɟɦɤɨɫɬɶ ɢ ɩɥɨɬɧɨɫɬɶ ɨɬɪɚɠɚɸɬ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢ ɫɬɪɭɤɬɭɪɧɵɟ 
ɢɡɦɟɧɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɪɚɫɬɜɨɪɨɜ ɢ ɩɨɡɜɨɥɹɸɬ ɜɵɹɜɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ 
ɫɨɥɶɜɚɬɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɞɚɧɧɵɟ ɨ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɨɛɨɣ ɜɚɠɧɵɟ ɫɩɪɚɜɨɱɧɵɟ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. 

 ȼ ɪɚɛɨɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɩɥɨɟɦɤɨɫɬɢɢ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɬɜɨɪɨɜ ɢɨɞɢɞɨɜ ɛɚɪɢɹ ɢ ɤɚɞɦɢɹ ɜ ɚɩɪɨɬɨɧɧɵɯ ɞɢɩɨɥɹɪɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ: 
ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɟ (ȾɆɋɈ), ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞɟ (ȾɆɎȺ), N-ɦɟɬɢɥɩɢɪɪɨɥɢɞɨɧɟ (Ɇɉ), 
ɚɰɟɬɨɧɢɬɪɢɥɟ (Ⱥɇ) ɩɪɢ 298,15 Ʉ.  

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɚɫɬɜɨɪɨɜ (ɋɪ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɝɟɪɦɟɬɢɱɧɵɣ ɤɚɥɨɪɢɦɟɬɪ ɫ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ ɢ ɩɥɚɬɢɧɨɜɵɦ ɬɟɪɦɨɦɟɬɪɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɚ 
ɬɟɦɩɟɪɚɬɭɪɵ Д1Ж, ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɋɪ ɫɨɫɬɚɜɥɹɥɚ ɧɟ ɛɨɥɟɟ ±1·10-3 Ⱦɠ/(ɝ·Ʉ). Ⱦɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɥɨɬɧɨɫɬɢ () ɪɚɫɬɜɨɪɨɜ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɟɰɢɡɢɨɧɧɚɹ ɩɢɤɧɨɦɟɬɪɢɱɟɫɤɚɹ 
ɭɫɬɚɧɨɜɤɚ 2.ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ ɫɨɫɬɚɜɥɹɥɚ 110

-5ɝɫɦ-3. 
Ɋɚɫɬɜɨɪɢɬɟɥɢ ɤɜɚɥɢɮɢɤɚɰɢɢ ɧɟ ɧɢɠɟ ,,ɱ’’ ɜɵɫɭɲɢɜɚɥɢ ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɫɢɬɚɦɢ ɦɚɪɤɢ 4Ⱥ 

ɢ ɩɨɞɜɟɪɝɚɥɢ ɞɜɭɤɪɚɬɧɨɣ ɩɟɪɟɝɨɧɤɟ ɩɨɞ ɜɚɤɭɭɦɨɦ. ɋɨɞɟɪɠɚɧɢɟ ɜɨɞɵ ɜ ɨɛɪɚɡɰɚɯ 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɨɩɪɟɞɟɥɟɧɧɨɟ ɬɢɬɪɨɜɚɧɢɟɦ ɩɨ ɦɟɬɨɞɭ Ɏɢɲɟɪɚ, ɧɟ ɩɪɟɜɵɲɚɥɨ 
0,02 ɦɚɫɫ.%. Ȼɟɡɜɨɞɧɵɣ ȼɚI2 ɛɵɥ ɩɨɥɭɱɟɧ ɢɡ ɞɢɝɢɞɪɚɬɚ ɢɨɞɢɞɚ ɛɚɪɢɹ ɤɜɚɥɢɮɢɤɚɰɢɢ ,,ɯ.ɱ.’’, 
ɤɨɬɨɪɵɣ ɩɨɫɥɟ ɞɜɭɤɪɚɬɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɛɢɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɩɨɞɜɟɪɝɚɥɢ 
ɨɫɭɲɤɟɩɪɢ 383-413 Ʉ ɜ ɬɟɱɟɧɢɟ 24 ɱɚɫɨɜ,ɂɨɞɢɞ ɤɚɞɦɢɹ ɤɜɚɥɢɮɢɤɚɰɢɢ ,,ɱ.ɞ.ɚ.’’ ɞɜɚɠɞɵ 
ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɛɢɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɢ ɫɭɲɢɥɢ 3 ɱɚɫɚ ɧɚ ɜɨɡɞɭɯɟ ɩɪɢ 343 Ʉ, ɡɚɬɟɦ 
12 ɱɚɫɨɜ ɩɨɞ ɜɚɤɭɭɦɨɦ ɩɪɢ 333 Ʉ.ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɫɭɯɨɣ ɤɚɦɟɪɟ, 
ɩɨɥɧɨɫɬɶɸ ɢɫɤɥɸɱɚɸɳɟɣ ɤɨɧɬɚɤɬ ɜɟɳɟɫɬɜɚ ɫ ɜɥɚɝɨɣ ɜɨɡɞɭɯɚ. 

Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɋɪɢɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɨɧɨɬɨɧɧɵɟ 
ɤɪɢɜɵɟ;ɧɚɛɥɸɞɚɟɬɫɹ ɫɜɨɣɫɬɜɟɧɧɨɟ ɛɨɥɶɲɢɧɫɬɜɭ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɥɟɣ ɭɦɟɧɶɲɟɧɢɟ ɋɪ ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɪɚɫɬɜɨɪɨɜ ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ.Эɬɨ ɹɜɥɹɟɬɫɹ ɪɟɡɭɥɶɬɚɬɨɦ ɞɜɭɯ ɷɮɮɟɤɬɨɜ, 
ɜɥɢɹɸɳɢɯ ɧɚ ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ:ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɩɨɥɹ 
ɢɨɧɨɜ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɩɟɪɜɢɱɧɨɣ ɫɬɪɭɤɬɭɪɵɪɚɫɬɜɨɪɢɬɟɥɹ, ɩɪɢɜɨɞɹɳɟɟ ɤ ɭɜɟɥɢɱɟɧɢɸ 
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ɭɞɟɥɶɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɨɛɴɟɦɚ (V) ɪɚɫɬɜɨɪɚ, ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ,ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɨɥɶɜɚɬɧɵɯ 
ɨɛɨɥɨɱɟɤ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɋɪ ɢ V. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɋɪ ɢ   ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɤɚɠɭɳɢɟɫɹ ɦɨɥɶɧɵɟ 
ɬɟɩɥɨɟɦɤɨɫɬɢ Ɏc ɢ ɨɛɴɟɦɵ Ɏv ɢɨɞɢɞɨɜ ɛɚɪɢɹ ɢ ɤɚɞɦɢɹ ɜ ȾɆɋɈ, ȾɆɎȺ, Ɇɉ, Ⱥɇ ɩɪɢ 
298,15Ʉ.  

Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɩɚɪɰɢɚɥɶɧɵɯ ɦɨɥɶɧɵɯ ɜɟɥɢɱɢɧ 0 0
ɋp 2

C Ɏ  ɢ 0 0
2 VV Ɏ , 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɫɬɨɹɧɢɸ ɛɟɫɤɨɧɟɱɧɨ ɪɚɡɛɚɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ Ɏc ɢ Ɏv ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɭɪɚɜɧɟɧɢɟɦ ɜɢɞɚ (1) ɫ ɭɱɟɬɨɦ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɜɟɫɚ 
ɬɨɱɟɤ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɩɨɝɪɟɲɧɨɫɬɢ Ɏ :  

bmam  2/1 0ɎɎ ,       (1) 

ɝɞɟ a ,b – ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ.  
Ɂɧɚɱɟɧɢɹ o

p,C 2  ɢ oV2  ɢɨɞɢɞɨɜ ɛɚɪɢɹ ɢ ɤɚɞɦɢɹɜ ȾɆɋɈ, ȾɆɎȺ, Ɇɉ, Ⱥɇ ɩɪɢ 298,15 Ʉ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

Ɍɚɛɥɢɰɚɋɬɚɧɞɚɪɬɧɵɟ ɩɚɪɰɢɚɥɶɧɵɟ ɦɨɥɶɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ o
p,C 2 (Ⱦɠ(ɦɨɥɶ·Ʉ)-1) ɢ ɨɛɴɟɦɵ 

oV2  (ɫɦ3·ɦɨɥɶ-1) ɢɨɞɢɞɨɜ ɛɚɪɢɹ ɢ ɤɚɞɦɢɹ ɜ ȾɆɋɈ, ȾɆɎȺ, Ɇɉ, Ⱥɇ ɩɪɢ 298,15 Ʉ 

Ɋɚɫɬɜɨɪɢɬɟɥɶ ȼɟɥɢɱɢɧɚ ȼɚI2 CdI2 

ȾɆɋɈ 

o
p,C 2  87±20 317±20 

oV2  68,2±0,3 70,2±0,3 

ȾɆɎȺ 

o
p,C 2  159±20 300±20 

oV2  44,9±0,3 31,4±0,3 

Ɇɉ 

o
p,C 2  214±20 317±20 

oV2  57,0±0,3 69,3±0,3 

Ⱥɇ 

o
p,C 2  - 259±20 

oV2  - 60,7±0,3 

 
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɚɯ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɧɚɢɛɨɥɟɟ ɫɬɪɨɝɭɸ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɫɨɫɬɨɹɧɢɹ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟД3-9Ж, ɩɨɷɬɨɦɭ 
ɧɚɯɨɠɞɟɧɢɟ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 0

,ipC ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɚɯ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɛɨɥɶɲɨɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɢ ɨɩɪɟɞɟɥɟɧɧɵɣ ɩɪɢɤɥɚɞɧɨɣ ɢɧɬɟɪɟɫ. ɇɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɣ 
ɩɪɨɝɪɟɫɫ ɜ ɪɚɡɜɢɬɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɟɯɧɢɤɢ ɨɩɪɟɞɟɥɢɬɶ ɷɬɢ ɜɟɥɢɱɢɧɵ ɩɪɹɦɵɦɢ 
ɦɟɬɨɞɚɦɢ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɧɟ ɭɞɚɥɨɫɶ Д9Ж. ɉɨɷɬɨɦɭ ɬɪɚɞɢɰɢɨɧɧɵɦ ɨɫɬɚɟɬɫɹ 
ɨɩɢɪɚɸɳɟɟɫɹ ɧɚ ɪɚɡɥɢɱɧɵɟ ɞɨɩɭɳɟɧɢɹ Д3-9Жɪɚɡɞɟɥɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɫɜɨɣɫɬɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɧɚ ɢɨɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɪɚɡɞɟɥɟɧɢɟ ɜɟɥɢɱɢɧ o

p,C 2  ɢ oV2 ȼɚI2 ɢ CНI2 ɜ ȾɆɋɈ, ȾɆɎȺ ɢ Ⱥɇ ɧɚ ɢɨɧɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɩɪɨɜɨɞɢɥɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɧɟɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɦɟɬɨɞɨɜ 
ɬɟɬɪɚɮɟɧɢɥɚɪɫɨɧɢɟɜɨɝɨ–ɬɟɬɪɚɮɟɧɢɥɛɨɪɚɬɧɨɝɨ (ɌȺɌȻ) ɢ ɬɟɬɪɚɮɟɧɢɥɮɨɫɮɨɧɢɟɜɨɝɨ-

ɬɟɬɪɚɮɟɧɢɥɛɨɪɚɬɧɨɝɨ ɞɨɩɭɳɟɧɢɣ (ɌɎɌȻ) Д3-9Ж. Ⱦɥɹ ɪɚɡɞɟɥɟɧɢɹ o
p,C 2  ɢ oV2 ȼɚI2 ɢ CНI2ɜ Ɇɉ 

ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɟɞɥɨɠɟɧɧɭɸ ɜ [10-12Ж ɫɢɫɬɟɦɭ ɫɬɚɧɞɚɪɬɧɵɯ ɡɧɚɱɟɧɢɣ ɢɨɧɨɜ ɜ Ɇɉ, 
ɨɫɧɨɜɚɧɧɭɸ ɧɚ ɦɟɬɨɞɚɯ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɪɚɫɱɟɬɚ. ɉɪɢ ɷɬɨɦ ɨɩɢɪɚɥɢɫɶ ɧɚ ɭɫɥɨɜɢɟ 
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ɚɞɞɢɬɢɜɧɨɫɬɢ ɩɚɪɰɢɚɥɶɧɵɯ ɦɨɥɶɧɵɯ ɜɟɥɢɱɢɧ  ɢ ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɨ o
p,iC  ɢ o

iV  ɢɨɞɢɞ-

ɢɨɧɚ ɜ ȾɆɋɈ, ȾɆɎȺ, Ɇɉ, Ⱥɇ Д4,7-8,10-12].  
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Ɉɤɫɢɞ-ɬɪɢɝɚɥɨɝɟɧɢɞɵ ɜɚɧɚɞɢɹ ɹɜɥɹɸɬɫɹ ɥɟɝɤɨɥɟɬɭɱɢɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ, ɩɨɷɬɨɦɭ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɷɧɟɪɝɟɬɢɤɢ ɢɯ ɝɚɡɨɨɛɪɚɡɧɵɯ ɦɨɥɟɤɭɥ VOX3(X = F, Cl, Br, I) 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ. ȼ ɞɨɤɥɚɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɢ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɦɨɥɟɤɭɥ. 
ɇɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɨɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ 
ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɜɵɛɪɚɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɞɚɧɧɵɯ (ɫɦ. ɧɚɩɪ.Д1Ж). Эɬɢ 
ɜɟɥɢɱɢɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɞɥɹ ɦɨɥɟɤɭɥ VOF3 ɢ VOCХ3; ɫɬɪɭɤɬɭɪɚ ɦɨɥɟɤɭɥ 
VOBr3 ɢ VOI3 ɢɫɫɥɟɞɨɜɚɧɚ ɬɟɨɪɟɬɢɱɟɫɤɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɨɥɟɤɭɥɵ ɨɤɫɢɞ-ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ 
ɜɚɧɚɞɢɹ ɜ ɨɫɧɨɜɧɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɏ1А1 ɢɦɟɸɬ ɫɬɪɭɤɬɭɪɭ ɫɢɦɦɟɬɪɢɢ C3v. 
Эɥɟɤɬɪɨɧɧɵɟ ɫɩɟɤɬɪɵ ɦɨɥɟɤɭɥ ɨɤɫɢɞ-ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɜɚɧɚɞɢɹ ɧɟ ɢɫɫɥɟɞɨɜɚɧɵ, ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ VOCХ3, ɞɥɹ ɤɨɬɨɪɨɝɨ ɧɚɛɥɸɞɟɧɚ ɩɨɥɨɫɚ ɜ ɨɛɥɚɫɬɢ 29000 ɫɦ-1, ɨɬɧɟɫɟɧɧɚɹ ɤ 
ɩɟɪɟɯɨɞɭ ɢɡ ɨɫɧɨɜɧɨɝɨ ɜ ɩɟɪɜɨɟ ɜɨɡɛɭɠɞɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɋɥɟɞɭɟɬ ɨɠɢɞɚɬɶ, ɱɬɨ ɢ ɭ 
ɨɫɬɚɥɶɧɵɯ ɦɨɥɟɤɭɥ ɨɤɫɢɞ-ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɜɚɧɚɞɢɹ, ɬɚɤɠɟ ɢɦɟɸɳɢɯ ɡɚɦɤɧɭɬɭɸ ɷɥɟɤɬɪɨɧɧɭɸ 
ɨɛɨɥɨɱɤɭ, ɷɧɟɪɝɢɢ ɜɨɡɛɭɠɞɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɬ 
20000 ɫɦ-1.ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɪɚɫɱɟɬɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚɦɢ ɛɟɡ 
ɭɱɟɬɚ ɜɤɥɚɞɚ ɜɨɡɛɭɠɞɟɧɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ.Ɍɚɛɥɢɰɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 
ɞɥɹ ɜɫɟɯ ɦɨɥɟɤɭɥɨɤɫɢɞ-ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɜɚɧɚɞɢɹ ɪɚɫɫɱɢɬɚɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɛɪɚɧɧɵɯ 
ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɨɫɬɨɹɧɧɵɯ ɜ ɩɪɢɛɥɢɠɟɧɢɢ "ɠɟɫɬɤɢɣ ɪɨɬɚɬɨɪ - ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɨɫɰɢɥɥɹɬɨɪ" ɜ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298.15 – 3000 Ʉ.  



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɂɦɟɸɳɢɟɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɷɧɬɚɥɶɩɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɦɨɥɟɤɭɥVOX3, ɨɬɧɨɫɹɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɤ VOCХ3(ɝ). Ɋɚɧɧɢɟ ɪɚɛɨɬɵ ɩɨ 
ɨɩɪɟɞɟɥɟɧɢɸ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ VOCХ3(ɝ), ɨɛɨɛɳɟɧɧɵɟ ɜ ɫɩɪɚɜɨɱɧɢɤɟ «Ɍɟɪɦɢɱɟɫɤɢɟ 
ɤɨɧɫɬɚɧɬɵ ɜɟɳɟɫɬɜ» (ɌɄȼ) Д2Ж, ɩɪɢɜɟɥɢ ɤ ɡɧɚɱɟɧɢɸ ΔfHº(VOCХ3, ɝ, 298.15 K) = -696.2 ± 5.4 
ɤȾɠ·ɦɨɥɶ-1. ɇɟɞɚɜɧɨ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɟɧɵ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɳɢɟɫɹ ɞɚɧɧɵɟ 
ɩɨ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɨɝɨ ɨɤɫɢɞ-ɬɪɢɯɥɨɪɢɞɚ ɜɚɧɚɞɢɹ Д3Ж. ȼ ɫɨɱɟɬɚɧɢɢ ɫ 
ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɫɩɪɚɜɨɱɧɢɤɟ ɌɄȼ ɷɧɬɚɥɶɩɢɟɣ ɢɫɩɚɪɟɧɢɹ VOCХ3(ɠ), 39.3 ± 0.8 ɤȾɠ·ɦɨɥɶ-1 
ɡɧɚɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɠɢɞɤɨɝɨ ɨɤɫɢɞ-ɬɪɢɯɥɨɪɢɞɚ, ɩɪɢɧɹɬɨɟ ɜ ɪɚɛɨɬɟ Д3Ж, ɤɨɬɨɪɨɟ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɦ, ɞɚɟɬ ɨɫɧɨɜɚɧɢɟ ɩɪɢɧɹɬɶ ɜɟɥɢɱɢɧɵ ΔfHº(VOCХ3, ɝ, 298.15 K) = 
-662.4 ±5 ɤȾɠ·ɦɨɥɶ-1 ɢ ΔfHº( VOCХ3, ɝ, 0 K) = -659.498 ± 5 ɤȾɠ·ɦɨɥɶ-1. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɬɚɥɶɩɢɣɨɛɪɚɡɨɜɚɧɢɹ ɨɫɬɚɥɶɧɵɯ ɨɤɫɢɞ-ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɛɵɥɢ 
ɩɪɨɜɟɞɟɧɵ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɷɧɟɪɝɢɣ ɜɫɟɯ ɦɨɥɟɤɭɥ VOX3ɢ ɚɬɨɦɨɜ ɝɚɥɨɝɟɧɨɜ. 
ɂɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ DFT ɫ ɮɭɧɤɰɢɨɧɚɥɚɦɢB3LYPɢ BPА91 ɫ ɛɚɡɢɫɚɦɢ 6-311+G(Н,p) ɢ 
DGDZVP. Ɋɚɫɫɱɢɬɚɧɧɵɟ ɜɟɥɢɱɢɧɵ ɷɥɟɤɬɪɨɧɧɵɯ ɷɧɟɪɝɢɣɫ ɩɨɩɪɚɜɤɨɣ ɧɚ ɷɧɟɪɝɢɢ ɧɭɥɟɜɵɯ 
ɤɨɥɟɛɚɧɢɣ ɦɨɥɟɤɭɥ (гОrШ-point energy) ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɣɬɢ ɷɧɬɚɥɶɩɢɢ ɨɛɦɟɧɧɵɯ ɝɚɡɨɜɵɯ 
ɪɟɚɤɰɢɣ ɜɢɞɚ 

VOCl3 + 3X = VOX3 + 3Cl.  
ɇɚɣɞɟɧɧɚɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɷɧɬɚɥɶɩɢɹ ɨɛɦɟɧɧɨɣ ɪɟɚɤɰɢɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɪɢɧɹɬɵɦ 

ɧɚɦɢɡɧɚɱɟɧɢɟɦ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ VOCХ3(ɝ) ɢ ɬɚɛɥɢɱɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɚɬɨɦɨɜ X 
ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɟɧɢɹɦ ΔfHº(VOX3, ɝ, 0 K), ɤȾɠ·ɦɨɥɶ-1: 

VOF3,–1230(20); VOBr3, –542(25); VOI3,-433(40). 
ɉɨɝɪɟɲɧɨɫɬɶ (ɜ ɫɤɨɛɤɚɯ) ɨɰɟɧɟɧɚ ɫ ɭɱɟɬɨɦ ɜɨɡɦɨɠɧɨɣ ɧɟɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɣ ɜ 

ɢɫɩɨɥɶɡɨɜɚɧɧɨɦ ɜɚɪɢɚɧɬɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ. 
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ȼ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɧɚɤɨɩɥɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

ɩɨ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɦɟɬɚɥɥɨɜ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɨɩɢɫɵɜɚɸɬɫɹ ɷɦɩɢɪɢɱɟɫɤɢɦɢ ɢ 
ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ ɫ ɞɜɭɦɹ ɢ ɛɨɥɟɟ ɩɨɞɝɨɧɨɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 
Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɸɬ 
ɩɨɬɪɟɛɧɨɫɬɹɦ ɩɪɚɤɬɢɤɢ. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɨ ɦɧɨɝɨɦ 
ɫɞɟɪɠɢɜɚɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɧɚɞɟɠɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɬɪɭɤɬɭɪɟ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ. 
ɇɟɨɛɯɨɞɢɦɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɉɞɧɚɤɨ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɟ ɜɫɟɝɞɚ 
ɩɪɢɜɨɞɢɬɫɹ ɱɢɫɬɨɬɚ ɢɫɫɥɟɞɭɟɦɵɯ ɦɟɬɚɥɥɨɜ, ɫɨɞɟɪɠɚɧɢɟ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɧɢɯ ɝɚɡɨɜ. Ʉɪɨɦɟ 
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ɬɨɝɨ, ɪɚɫɩɥɚɜɵ ɦɟɬɚɥɥɨɜ ɦɨɝɭɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɦɚɬɟɪɢɚɥɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɹɱɟɟɤ, 
ɱɬɨ ɬɚɤɠɟ ɜɟɞɟɬ ɤ ɢɫɤɚɠɟɧɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ. Ɋɚɫɯɨɠɞɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɞɥɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɦɟɬɚɥɥɚ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɨɠɟɬ 
ɩɨ ɞɚɧɧɵɦ ɪɚɡɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɨɫɬɢɝɚɬɶ 40% ɢ ɛɨɥɟɟ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧ ɚɧɚɥɢɡ ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ 
ɪɚɡɦɟɪɧɨɫɬɟɣ Д1Ж. Ⱥɧɚɥɨɝɢɱɧɵɣ ɩɨɞɯɨɞ ɛɵɥ ɪɚɧɟɟ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɟɩɥɨɜɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ, ɛɢɧɚɪɧɵɯ ɫɩɥɚɜɨɜ, ɬɜɟɪɞɵɯ ɨɤɫɢɞɨɜ, ɧɢɬɪɢɞɨɜ, ɤɚɪɛɢɞɨɜ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ  Д2-4]. 

ɉɨɥɭɱɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ 
ɦɟɬɚɥɥɨɜ ɢɦɟɟɬ ɜɢɞ: 

2 3

0 21
/

m

S
K exp ,

R
 

          , (1) 

ɝɞɟ η (ɉɚ·ɫɟɤ) – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ; ρ ɢ ρm (ɤɝ/ɦ3) – ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɢɯ 
ɦɟɬɚɥɥɨɜ ɩɪɢ ɬɟɤɭɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; Kη(ɉɚ·ɫɟɤ) – 
ɦɚɫɲɬɚɛɧɵɣ ɤɨɦɩɥɟɤɫ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɞɥɹ ɤɚɠɞɨɝɨ ɦɟɬɚɥɥɚ ɢɧɞɢɜɢɞɭɚɥɶɧɨ ɢ ɡɚɜɢɫɹɳɢɣ ɨɬ 
ɩɨɫɬɨɹɧɧɵɯ Ȼɨɥɶɰɦɚɧɚ k ɢ ɉɥɚɧɤɚ h, ɦɚɫɫɵ ɱɚɫɬɢ mɢ ɬɟɦɩɟɪɚɬɭɪɵ Ⱦɟɛɚɹ θ; S(Ⱦɠ/(ɦɨɥɶ Ʉ)) – 
ɷɧɬɪɨɩɢɹ;R(Ⱦɠ/(ɦɨɥɶ Ʉ)) – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ.  

Ɇɚɫɲɬɚɛɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ Kη ɧɚɣɞɟɧɵ ɞɥɹ ɫɨɪɨɤɚ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɩɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɜɹɡɤɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ [5-9Ж. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ.  

 
 

Ɋɢɫ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ. Ɍɨɱɤɢ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɞɚɧɧɵɟ Д5-9Ж, ɥɢɧɢɢ – ɪɚɫɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ (1) 

Ⱦɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ. 
ɂɫɤɥɸɱɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɭɱɚɫɬɨɤ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ, ɝɞɟ ɧɚɛɥɸɞɚɸɬɫɹ 
ɨɬɤɥɨɧɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ɉɨ ɞɚɧɧɵɦ ɪɹɞɚ 
ɚɜɬɨɪɨɜ Д10-11Ж ɠɢɞɤɢɟ ɪɚɫɩɥɚɜɵ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɩɪɟɬɟɪɩɟɜɚɸɬ ɫɬɪɭɤɬɭɪɧɵɟ 
ɩɪɟɜɪɚɳɟɧɢɹ ɢ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ, ɤɨɬɨɪɵɟ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɜ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɷɧɬɪɨɩɢɢ Д12Ж. ȼ ɫɥɟɞɭɸɳɢɯ ɪɚɛɨɬɚɯ ɷɧɬɪɨɩɢɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
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ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɜ ɨɛɥɚɫɬɢ, ɛɥɢɡɤɨɣ ɤ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɥɚɜɥɟɧɢɹ, ɛɭɞɟɬ ɭɬɨɱɧɟɧɚ.  
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Ʉɨɛɚɥɶɬ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɢ ɪɚɡɧɨɨɛɪɚɡɧɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɫɟɥɶɫɤɨɦ ɯɨɡɹɣɫɬɜɟ ɢ ɦɟɞɢɰɢɧɟ, ɱɬɨ ɫɜɹɡɚɧɨ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɷɬɨɝɨ ɦɟɬɚɥɥɚ 
ɢ ɟɝɨ ɫɩɥɚɜɨɜ. Ɉɞɧɚɤɨ, ɜ ɱɢɫɬɨɦ ɜɢɞɟ ɤɨɛɚɥɶɬ ɩɪɢɦɟɧɹɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɨ ɢ ɬɨɥɶɤɨ ɜ 
ɜɢɞɟ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɢɡɨɬɨɩɚ 60ɋɨ ɜ γ-ɞɟɮɟɤɬɨɫɤɨɩɢɢ, γ-ɬɟɪɚɩɢɢ ɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ. ȼ ɨɫɧɨɜɧɨɦ, ɤɨɛɚɥɶɬ ɧɚɲɟɥ ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɤ 
ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɜɟɪɯɬɜɟɪɞɵɯ, ɠɚɪɨɩɪɨɱɧɵɯ, ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɯ ɢ ɢɡɧɨɫɨɫɬɨɣɤɢɯ ɫɩɥɚɜɨɜ, 
ɚ ɬɚɤɠɟ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɛɚɥɶɬɚ (ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɝɧɢɬɧɨɝɨ ɩɟɪɟɯɨɞɚ 
1121 0ɋ Д1Ж) ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɲɢɪɢɬɶ 
ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɨɛɥɚɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɛɟɡ ɩɨɬɟɪɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ. 

Ʉ ɫɨɠɚɥɟɧɢɸ, ɞɨɫɬɚɬɨɱɧɨ ɧɚɞɟɠɧɵɯ ɞɚɧɧɵɯ ɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜɚɯ ɤɨɛɚɥɶɬɚ ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɟɞɨɫɬɚɬɨɱɧɨ. ȼ ɫɩɪɚɜɨɱɧɵɯ ɪɚɛɨɬɚɯ Д2–3Ж ɩɪɢɜɟɞɟɧɵ 
ɨɬɪɵɜɨɱɧɵɟ ɞɚɧɧɵɟ ɨ ɪɹɞɟ ɫɜɨɣɫɬɜ ɤɨɛɚɥɶɬɚ. ȼ ɪɹɞɟ ɪɚɛɨɬ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ Д4, 5Ж, ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ Д6, 
7Ж ɢ  ɬɟɩɥɨɟɦɤɨɫɬɢ Д8Ж. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɪɚɛɨɬɚɯ Д7, 8Ж ɭɞɟɥɹɥɨɫɶ ɢɡɭɱɟɧɢɸ 
ɩɨɜɟɞɟɧɢɹ ɫɜɨɣɫɬɜ ɜ ɨɛɥɚɫɬɢ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ Д9Ж. Ɉɞɧɚɤɨ, ɜ ɪɚɛɨɬɚɯ Д4–
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6Ж ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɜ ɨɰɟɧɤɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɧɢɰ ɨɛɥɚɫɬɟɣ 
ɚɧɨɦɚɥɶɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɜɨɣɫɬɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɜɨɣɫɬɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɚɤɭɫɬɢɱɟɫɤɢɯ, ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɵɯ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɤɨɛɚɥɶɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɤɚɤ ɧɚɭɱɧɵɣ, ɬɚɤ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɨɜɨɞɢɥɢ ɧɚ ɤɨɪɨɬɤɢɯ ɫɬɟɪɠɧɟɜɵɯ ɨɛɪɚɡɰɚɯ ɩɨ 
ɦɟɬɨɞɢɤɟ Д10Ж, ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬɵ Д11Ж. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ Д12Ж ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɚɤɭɫɬɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢ ɞɪɭɝɢɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɪɚɛɨɱɟɝɨ 
ɭɱɚɫɬɤɚ ɨɛɪɚɡɰɚ, ɱɬɨ ɫɜɹɡɚɧɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɬɪɭɞɧɨɫɬɹɦɢ ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɥɢɧɧɨɦɟɪɧɵɯ ɩɪɨɜɨɥɨɱɧɵɯ ɨɛɪɚɡɰɨɜ. ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɩɪɟɞɟɥɹɥɢɫɶ «ɷɯɨ-
ɦɟɬɨɞɨɦ» Д13Ж ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɥɭɠɢɥɢ ɜ ɤɚɱɟɫɬɜɟ «ɪɟɩɟɪɧɵɯ» ɡɧɚɱɟɧɢɣ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. Ⱦɥɹ ɭɱɟɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ 
ɪɚɫɱɟɬɟ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɢ ɪɚɫɱɟɬɟ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ 
ɭɥɶɬɪɚɡɜɭɤɚ, ɬ.ɤ. ɜ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɜɯɨɞɢɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɥɢɧɚ ɨɛɪɚɡɰɚ, ɚ ɬɚɤɠɟ ɩɪɢ 
ɪɚɫɱɟɬɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɤɨɛɚɥɶɬɚ. ɉɪɢ ɷɬɨɦ ɩɥɨɬɧɨɫɬɶ ɤɨɛɚɥɶɬɚ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɩɪɟɞɟɥɹɥɚɫɶ ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ. 

Ɉɩɵɬɧɵɟ ɞɚɧɧɵɟ ɨ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɢ ɩɥɨɬɧɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɢɡɜɟɫɬɧɨɦɭ 
ɫɨɨɬɧɨɲɟɧɢɸ ɦɨɞɭɥɶ ɘɧɝɚ E = ρc2, ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ, ɫ – ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 20–1100 0ɋ. Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ 
ɝɪɚɧɢɰ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɵɣ ɦɟɬɨɞ Д12, 14Ж. 
Ɉɩɵɬɧɵɟ ɞɚɧɧɵɟ ɨɛ ɚɤɭɫɬɢɱɟɫɤɢɯ ɢ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɵɯ ɫɜɨɣɫɬɜɚɯ ɤɨɛɚɥɶɬɚ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɢɠɟ. 

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ Д15, 16Ж, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 427 0ɋ ɜ ɤɨɛɚɥɶɬɟ ɩɪɨɢɫɯɨɞɢɬ α→ȕ ɮɚɡɨɜɨɟ 
ɩɪɟɜɪɚɳɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɝɟɤɫɚɝɨɧɚɥɶɧɚɹ ɫɬɪɭɤɬɭɪɚ ɩɟɪɟɯɨɞɢɬ ɜ ɤɭɛɢɱɟɫɤɭɸ 
ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɭɸ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1121 0ɋ – ɦɚɝɧɢɬɧɵɣ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ (ɬɨɱɤɚ 
Ʉɸɪɢ). ɋ ɷɬɢɦ ɫɜɹɡɚɧ ɜɵɛɨɪ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɇɚ ɪɢɫɭɧɤɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ, ɚɤɭɫɬɢɤɨ-
ɷɦɢɫɫɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɤɨɛɚɥɶɬɚ. ɂɡ 
ɩɪɢɜɟɞɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨ ɫɤɨɪɨɫɬɢ (ɚ) ɢ ɤɨɷɮɮɢɰɢɟɧɬɟ ɡɚɬɭɯɚɧɢɹ (ɛ) ɭɥɶɬɪɚɡɜɭɤɚ ɜɢɞɧɨ, 
ɱɬɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ з 1050 0ɋ ɩɪɨɢɫɯɨɞɢɬ ɨɬɠɢɝ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ 
ɢɡ ɩɨɜɟɞɟɧɢɹ ɫɤɨɪɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɚ (ɚ). ɉɨɫɥɟ ɨɬɠɢɝɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ɢ ɩɨɜɬɨɪɧɨɦ ɧɚɝɪɟɜɟ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ. ɉɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɜ) ɢ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɵɯ ɫɜɨɣɫɬɜ (ɝ) 
ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɨɬɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɚɯ. 

ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɜ ɞɚɧɧɵɯ ɨ ɫɤɨɪɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɚ ɨɬɨɠɠɟɧɧɵɯ ɨɛɪɚɡɰɨɜ (ɚ) 
ɧɚɛɥɸɞɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɜ ɩɨɜɟɞɟɧɢɢ. Эɬɨ ɨɬɧɨɫɢɬɫɹ ɤ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ 210–310 ɢ 
400–500 0ɋ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬ 
Д4, 5Ж. Ɉɞɧɚɤɨ, ɜ ɪɚɛɨɬɟ Д6Ж ɧɚ ɨɫɧɨɜɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɜ ɤɨɛɚɥɶɬɟ ɷɬɢ 
ɨɛɥɚɫɬɢ ɨɩɪɟɞɟɥɟɧɵ ɤɚɤ  з 400–500 Ʉ ɢ 500–600 Ʉ (α→ȕ ɩɪɟɜɪɚɳɟɧɢɟ), ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 
ɨɬɥɢɱɚɟɬɫɹ  ɨɬ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ Д1, 15, 16Ж, ȼɨɡɦɨɠɧɨ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɜɵɛɨɪɨɦ ɱɚɫɬɨɬɵ 
ɫɢɝɧɚɥɚ, ɬ.ɤ. ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ ɢ ɡɚɬɭɯɚɧɢɟ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ ɱɚɫɬɨɬɵ Д9Ж. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɤɨɷɮɮɢɰɢɟɧɬɟ ɡɚɬɭɯɚɧɢɹ 
ɭɥɶɬɪɚɡɜɭɤɚ (ɛ)  ɬɚɤ ɠɟ ɭɤɚɡɵɜɚɸɬ ɧɚ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ɜ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɜɟɞɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɭ 
ɦɚɝɧɢɬɧɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɤɨɛɚɥɶɬɟ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ 
ɭɥɶɬɪɚɡɜɭɤɚ ɩɨɞɬɜɟɪɞɢɥɢ ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɦɚɬɟɪɢɚɥɟ ɩɪɟɜɪɚɳɟɧɢɹ ɢ ɭɬɨɱɧɢɥɢ ɝɪɚɧɢɰɵ 
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ɧɚɱɚɥɚ ɦɚɝɧɢɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɤɨɛɚɥɶɬɟ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɨɜɩɚɥɢ ɫ 
ɞɚɧɧɵɦɢ Д7, 8Ж ɨ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɧɢɰɚɯ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɞɚɧɧɵɦɢ Д4, 
5] – α→ȕ ɩɟɪɟɯɨɞɚ ɢ Д15, 16Ж – ɦɚɝɧɢɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ. ɉɪɨɜɟɞɟɧɧɵɟ ɚɤɭɫɬɢɤɨ-
ɷɦɢɫɫɢɨɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ ɪɟɡɭɥɶɬɚɬɵ ɚɤɭɫɬɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ. Ɉɞɧɚɤɨ, ɤɚɤ 
ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ (ɝ) ɜ ɫɥɭɱɚɟ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ ɢ α→ȕ ɩɟɪɟɯɨɞɚ ȺЭ ɫɢɝɧɚɥɵ ɩɨɹɜɥɹɸɬɫɹ ɩɪɢ 
ɡɚɜɟɪɲɟɧɢɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɚ ɜ ɫɥɭɱɚɟ ɦɚɝɧɢɬɧɨɝɨ – ɩɪɢ ɟɝɨ ɧɚɱɚɥɟ.  

 
Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ (ɚ), ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ (ɛ) 

ɭɥɶɬɪɚɡɜɭɤɚ, ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɜ) ɢ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɵɯ 
ɫɜɨɣɫɬɜ (ɝ) ɤɨɛɚɥɶɬɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬɵ №№ 14-08-00073ɚ, 13-08-90429 ɍɤɪИɚ ɢ ɇАɇ ɍɤɪɚɢɧɵ Ɏ53.7/051). 
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367005, Makhachkala, Yaragskogo Str., 94. 
E-mail: polikhronidi@rambler.ru 

 
At conditions for one-phase liquid and for two-phase liquid + vapor equilibrium, isochoric heat 

capacities ( VC ) and densities ( S ) were measured for ionic liquid (IL) 1-hexyl-3-

methylimidazolium bis[(trifluoromethyl)sulfonyl] imide, often abbreviated[C6mim][NTf2]. 
Measurement were intensified near the liquid-gas phase transition curve in order to closely observe 
the changes. The measurements have been made over the temperature range from (330 to 480) K 
and pressures up to 20 MPa using a high-temperature, high-pressure, nearly constant-volume 
adiabatic calorimeter. Measurements were performed along 9 liquid isochores in the range between 
1218 kgm-3 and 1279 kgm-3. The values of temperature at the liquid-gas phase transition curve for 
each measured isochore (phase transition parameters, SS,T ) were obtained by analysis of the 

quasistatic thermograms (reading of PRT, T- plot) and barograms (readings of the pressure 
transducer, P - plot). The combined expanded uncertainty of the density, , and isochoric heat 

capacity, VC , measurements at the 95 % confidence level with a coverage factor of k = 2 is 

estimated to be 0.06 % and 2.0 %, respectively. The combined expanded uncertainty of the phase-
transition temperature is 0.02 K.One- (' 1VC ) and two-phase ( '

2VC ) liquid isochoric heat capacities at 

saturation and saturation liquid densities ('
S ) of IL ([C6mim][NTf2]) have been measured.  

The measured values of saturated caloric ( '
2V

'
1V ,CC ) and saturated thermal ( SS,T ) properties 

were used to calculate derived thermodynamic properties such as (PC , SC ,W, TK , vapH ) of 

[C6mim][NTf2] at saturated liquid conditions. The second temperature derivatives of the vapor 
pressure  2

S
2 d/d TP  and the chemical potential  22 d/d T  at liquid + vapor conditions, and the 
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second temperature derivative of pressure  ρ22 / TP   at compressed liquid conditions were also 

calculated directly from the measured one- and two-phase isochoric heat capacity data. Values of  2
S

2 d/d TP  and  ρ22 / TP   derived from calorimetric measurements were compared with the 

values calculated from vapor-pressure equations and from an IUPAC reference equation of state. 
This work was supported by the Grant of RFBR NHK 13-08-00114/13.          
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Ɋɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ (ɨɛɵɱɧɨɦ ɢ ɹɞɟɪɧɨɦ), 
ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɦ ɢ ɞɪɭɝɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ, ɡɚɜɢɫɢɬ ɨɬ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɧɚɞɟɠɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɧɚɝɪɭɡɨɤ, ɜɥɢɹɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɢ ɚɝɪɟɫɫɢɜɧɵɯ ɫɪɟɞ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɷɧɟɪɝɨɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɢ  ɧɨɜɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɦɚɬɟɪɢɚɥɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɜ ɭɫɥɨɜɢɹɯ ɚɤɬɢɜɧɵɯ ɡɨɧ ɪɟɚɤɬɨɪɨɜ ɧɚ ɛɵɫɬɪɵɯ 
ɧɟɣɬɪɨɧɚɯ, ɩɪɟɞɩɨɥɚɝɚɟɬ ɜɫɟɫɬɨɪɨɧɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ 
ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɸɬɫɹ ɚɤɭɫɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ. ȼ ɫɜɹɡɢ ɫ ɪɚɡɜɢɬɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɫɪɟɞɫɬɜ ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɩɨɥɭɱɟɧɢɟ ɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɚɤɭɫɬɢɱɟɫɤɨɣ 
ɢɧɮɨɪɦɚɰɢɢ, ɩɪɹɦɨ ɢɥɢ ɤɨɫɜɟɧɧɨ ɫɜɹɡɚɧɧɨɣ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɟɪɢɚɥɨɜ. 

Ɉɛɴɟɤɬɚɦɢ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɢɫɶ ɫɬɚɥɢ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ.  

ɂɡɦɟɪɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɫɤɨɪɨɫɬɶ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ) 
ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɤɨɪɨɬɤɢɯ (50–70 ɦɦ) ɩɪɨɜɨɥɨɱɧɵɯ (ɞɢɚɦɟɬɪɨɦ 1,5 – 2,5ɦɦ) ɨɛɪɚɡɰɚɯ ɜ 
ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ 300–320 ɤȽɰ  ɧɚ ɨɪɢɝɢɧɚɥɶɧɨɦ ɚɤɭɫɬɢɱɟɫɤɨɦ ɤɨɦɩɥɟɤɫɟ. Ʉɨɦɩɥɟɤɫ ɢ 
ɦɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɣ ɨɩɢɫɚɧɵ ɜ ɪɚɛɨɬɟ Д1Ж. 

ȼ ɤɚɱɟɫɬɜɟ ɚɤɭɫɬɢɱɟɫɤɨɣ ɦɟɬɤɢ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɭɱɚɫɬɨɤ ɨɛɪɚɡɰɨɜ, 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɩɟɪɟɱɧɵɣ ɩɪɨɩɢɥ ɝɥɭɛɢɧɨɣ з0,4 ɞɢɚɦɟɬɪɚ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɷɯɨ-ɢɦɩɭɥɶɫɧɵɦ ɦɟɬɨɞɨɦ Д2Ж ɧɚ ɩɪɨɜɨɥɨɱɧɵɯ ɨɛɪɚɡɰɚɯ ɨɩɪɟɞɟɥɹɥɢɫɶ ɡɧɚɱɟɧɢɹ 
ɚɤɭɫɬɢɱɟɫɤɢɯ (ɫɤɨɪɨɫɬɶ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ) ɩɚɪɚɦɟɬɪɨɜ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɟɪɧɵɯ ɡɧɚɱɟɧɢɣ 
ɞɥɹ ɩɪɢɜɹɡɤɢ ɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɤɨɪɨɫɬɶ ɭɥɶɬɪɚɡɜɭɤɚ ɩɪɨɞɨɥɶɧɨɣ ɜɨɥɧɵ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɭɸ ɭɫɥɨɜɢɸ: 
λ>>d, ɝɞɟ λ – ɞɥɢɧɚ ɡɜɭɤɨɜɨɣ ɜɨɥɧɵ,  d – ɞɢɚɦɟɬɪ ɫɬɟɪɠɧɹ. ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɜ ɛɟɫɤɨɧɟɱɧɨɣ 
ɫɪɟɞɟ ɦɨɠɟɬ ɧɚ 15–20 % ɨɬɥɢɱɚɬɶɫɹ  ɨɬ ɩɨɥɭɱɟɧɧɵɯ  ɪɟɡɭɥɶɬɚɬɨɜ  ɞɥɹ  ɩɪɨɜɨɥɨɱɧɵɯ ɨɛɪɚɡɰɨɜ 
[3].  

Ⱦɥɹ ɭɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɪɢ ɪɚɫɱɟɬɟ ɡɧɚɱɟɧɢɣ 
ɫɤɨɪɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɦ ɬɟɪɦɢɱɟɫɤɨɦ ɞɢɥɚɬɨɦɟɬɪɟ Dδ-1500-RH ɜ ɬɨɦ ɠɟ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɩɪɢ ɬɚɤɨɣ ɠɟ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨɥɭɱɟɧɧɵɟ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɢɥɢ ɪɚɫɫɱɢɬɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɭɸ 
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ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɩɪɟɞɟɥɹɥɚɫɶ ɦɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ. 

Ɉɩɵɬɧɵɟ ɞɚɧɧɵɟ ɨ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɢ ɩɥɨɬɧɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɢɡɜɟɫɬɧɨɦɭ 
ɫɨɨɬɧɨɲɟɧɢɸ ɦɨɞɭɥɶ ɘɧɝɚ E = ρc2, ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ, ɫ – ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ.  

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɚ ɫɨɫɬɚɜɥɹɟɬ 1 %, ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚɬɭɯɚɧɢɹ – 
5 %, ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɛɪɚɡɰɚ – 0,1 %.  

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɫ 
ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɜ ɜɢɞɟ Y= A + Bt + Ct2 + ..., ɝɞɟ Y – ɫɜɨɣɫɬɜɨ, 
t – ɬɟɦɩɟɪɚɬɭɪɚ ɜ 0ɋ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ 

Ɇɚɪɤɚ ɫɬɚɥɢ ɉɚɪɚɦɟɬɪ A B C 
 
 
 
ɋɬɚɥɶ 20 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɫ, ɦ/ɫ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ  
ɡɜɭɤɚɚ, ɦ-1 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 

Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

5067.0 
 

1.92 
 

4.2∙10-2 

7845.5 
202.2 

–0.27 
 

0.004 
 

1.6∙10-3 

–0.4 
–0.04 

–1.0∙10-3 

 

– 
 

1.4∙10-6 

–2.9∙10-4 

–6.2∙10-5 

 
 
 
ЭɄ-173 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɫ, ɦ/ɫ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ  
ɡɜɭɤɚɚ, ɦ-1 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 
Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

4340.6 
 

2.35 
 

–0.03 
8005.2 
152.0 

-0.22 
 

0.02 
 

0.001 
–0.33 
–0.27 

–5.5∙10-4 

 

–3.9∙10-5 

 

9.8∙10-7 

–0.3∙10-4 

–2.9∙10-5 
 
 
 
ЭɄ-173-ɂȾ 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɫ, ɦ/ɫ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ  
ɡɜɭɤɚɚ, ɦ-1 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 
Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

4485.3 
 

4.46 
 

–0.03 
7986.2 
161.1 

–0.34 
 

0.01 
 

0.001 
–0.46 

–3.5∙10-2 

–4.2∙10-4 
 

–3.1∙10-5 
 

–3.9∙10-5 

1.7∙10-5 

–2.2∙10-5 
 
 
 
ЭɄ-181 
 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɫ, ɦ/ɫ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ  
ɡɜɭɤɚɚ, ɦ-1 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 
Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

4824.0 
 

1.1 
 

–0.05 
7702.1 
179.7 

–0.39 
 

0.007 
 

1.9∙10-3 

–0.36 
–0.04 

–8.7∙10-4 

 

2.0∙10-5 

 

–5.6∙10-7 
1.1∙10-4 

–4.5∙10-5 
Ⱦɢ-82ɲ ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɫ, ɦ/ɫ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ  
ɡɜɭɤɚɚ, ɦ-1 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 
Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

4841.8 
 

8.44 
 

–0.05 
7750.6 
179.5 

–1.46 
 

0.012 
 

1.6∙10-3 

-0.38 
-0.1 

– 
 

–3.2∙10-5 
 

–3.3∙10-7 

9.8∙10-5 

– 
 
 
 
ɑɋ-139 
ɜ ɞɢɚɩɚɡɨɧɟ  

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɫ, ɦ/ɫ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ  
ɡɜɭɤɚɚ, ɦ-1 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, %,  

4878.7 
 

0.8 
 

–0.05 

–1.19 
 

0.004 
 

0.002 

4.7∙10-5 

 

–1.2∙10-5 

 

–3.6∙10-7 
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20 – 800 0ɋ * 
 

ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 
Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

7719.5 
178.0 

–0.45 
–0.08 

1.2∙10-4 

– 
 
 
 
Эɉ-912 

ɋɤɨɪɨɫɬɶ ɡɜɭɤɚ ɫ, ɦ/ɫ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɬɭɯɚɧɢɹ  
ɡɜɭɤɚɚ, ɦ-1 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɬɟɪɦɢɱɟɫɤɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ΔL/L0, % 
ɉɥɨɬɧɨɫɬɶ ρ, ɤɝ/ɦ3 
Ɇɨɞɭɥɶ ɘɧɝɚ ȿ, Ƚɉɚ 

4817.8 
 

8.02 
 

–0.05 
8639.6 
182.1 

–0.86 
 

4.5∙10-4 

 

1.75∙10-3 

–0.43 
–6.7∙10-2 

– 
 

2.2∙10-6 

 

– 
– 
– 

* Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɫɩɪɚɜɟɞɥɢɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ. 
 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ Ɏɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

(ɩɪɨɟɤɬ № 14-08-00073ɚ). 
 

ɅɂɌȿɊАɌɍɊА 
 

1. ɂ.ɂ. ɇɨɜɢɤɨɜ, ȼ.ȼ. Ɋɨɳɭɩɤɢɧ, Ɇ.Ⱥ. ɉɨɤɪɚɫɢɧ, Ɇ.Ɇ. Ʌɹɯɨɜɢɰɤɢɣ, Ⱥ.ɂ. ɑɟɪɧɨɜ, Ⱥ.Ƚ. 
ɉɟɧɤɢɧ, ɇ.Ʌ. ɋɨɛɨɥɶ, Ⱥ.Ƚ. Ʉɨɥɶɰɨɜ.  ɉɪɢɛɨɪɵ. 3 (2012) 51. 
2. Ʉɨɥɟɫɧɢɤɨɜ Ⱥ.ȿ. ɍɥɶɬɪɚɡɜɭɤɨɜɵɟ ɢɡɦɟɪɟɧɢя. ɂɡɞ-ɜɨ ɫɬɚɧɞɚɪɬɨɜ, Ɇ., 1970.  
3. Ɏɢɡɢɱɟɫɤɚя ɷɧɰɢɤɥɨɩɟɞɢя. ɇɚɭɱɧɨɟ ɢɡɞɚɬɟɥɶɫɬɜɨ «Ȼɨɥɶɲɚɹ Ɋɨɫɫɢɣɫɤɚɹ ɷɧɰɢɤɥɨɩɟɞɢɹ», Ɇ., 
4, 1994. 

 
 

 
ɆɈȾɂɎɂɐɂɊɈВАɇɇɈȿ ɍɊАВɇȿɇɂȿ ɋɈɋɌɈəɇɂə ɋɆȿɋȿɃ ɆɈɇɈ, Ⱦɂ- ɂ 

ɌɊɂɗɌɂɅȿɇȽɅɂɄɈɅȿɃ ɋ ɍɑȿɌɈɆ ɂɏ ɋɈɋɌАВА 
ɋɚɝɞɟɟɜ Ⱦ.ɂ., Ɏɨɦɢɧɚ Ɇ.Ƚ., ȼɨɪɨɛɶɟɜ ȿ.ɋ., Ɇɭɯɚɦɟɞɡɹɧɨɜ Ƚ.ɏ., 

Ⱥɛɞɭɥɚɝɚɬɨɜ ɂ.Ɇ. 
ɎȽȻɈɍ ВɉɈ «Кɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ», 

Ɋɨɫɫɢя, ɝ. Кɚɡɚɧɶ, 420015, ɭɥ. К. Ɇɚɪɤɫɚ, 68.  
E-mail: sagdeev@mail.ru 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɪɚɡɪɚɛɨɬɤɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ 

ɫɦɟɫɟɣ ɦɨɧɨ-, ɞɢ- ɢ ɬɪɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɫɢɦɩɥɟɤɫɧɵɯ ɪɟɲɟɬɨɤ ɜ 
ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ, ɞɚɜɥɟɧɢɣ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ. 

ɋɜɨɣɫɬɜɚ ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɢ ɢɯ 
ɫɦɟɫɟɣ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɟ ɬɨɥɶɤɨ ɩɪɢɪɨɞɨɣ ɢ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɦɟɫɢ, ɧɨ ɢ 
ɭɫɥɨɜɢɟɦ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ. Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɟɚɥɶɧɵɯ ɫɦɟɫɟɣ 
ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢɡɦɟɧɟɧɢɹ ɢɯ ɫɜɨɣɫɬɜ ɨɬ ɫɨɫɬɚɜɚ ɢ ɩɚɪɚɦɟɬɪɨɜ 
ɫɨɫɬɨɹɧɢɹ. ɉɨɥɭɱɟɧɢɟ ɦɨɧɨɷɬɢɥɟɧɝɥɢɤɨɥɹ (ɆЭȽ) ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜɤɥɸɱɚɟɬ 
ɫɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢ: ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɢɫɯɨɞɧɨɝɨ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɤɢɫɢ ɷɬɢɥɟɧɚ ɜ ɜɨɞɟ, 
ɝɢɞɪɚɬɚɰɢɹ ɨɤɢɫɢ ɷɬɢɥɟɧɚ, ɜɵɩɚɪɢɜɚɧɢɟ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɆЭȽ ɢ ɪɟɤɬɢɮɢɤɚɰɢɹ ɪɚɫɬɜɨɪɚ 
ɝɥɢɤɨɥɟɣ ɫ ɜɵɞɟɥɟɧɢɟɦ ɬɨɜɚɪɧɵɯ ɩɪɨɞɭɤɬɨɜ (ɆЭȽ ɢ ɩɨɛɨɱɧɨ ɩɨɥɭɱɚɟɦɵɯ ɞɢɷɬɢɥɟɧɝɥɢɤɨɥɹ 
(ȾЭȽ) ɢ ɬɪɢɷɬɢɥɟɧɝɥɢɤɨɥɹ (ɌЭȽ)) Д1Ж. Ⱦɥɹ ɬɨɱɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɧɟɨɛɯɨɞɢɦɨ 
ɡɧɚɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɟ ɬɨɥɶɤɨ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ, ɧɨ ɢ 
ɫɦɟɫɟɣ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ. Ɋɚɫɩɨɥɚɝɚɹ ɬɚɤɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ, 
ɩɨɥɭɱɟɧɧɵɦɢ ɦɟɬɨɞɨɦ ɫɢɦɩɥɟɤɫɧɵɯ ɪɟɲɟɬɨɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɢɡɦɟɧɹɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɞɚɜɥɟɧɢɟ, ɦɨɠɧɨ 
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ɧɚɯɨɞɢɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ 
ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɜɵɯɨɞɧɵɦ ɩɚɪɚɦɟɬɪɚɦ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɪɚɛɨɬɚɯ Д2,3Ж, ɛɵɥɚ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ 
ɨɩɢɫɚɧɢɹ ɧɚɣɞɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɟɞɥɚɝɚɟɦɵɯ ɭɪɚɜɧɟɧɢɣ ɱɟɪɟɡ ɦɨɞɟɥɢ ɫɨɫɬɚɜ-ɫɜɨɣɫɬɜɨ 
ɢ ɩɨɥɭɱɟɧɢɟ ɟɞɢɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɞɥɹ 
ɩɪɨɢɡɜɨɥɶɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɢ 
ɞɚɜɥɟɧɢɣ. 

ɉɪɢ ɜɵɛɨɪɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ 
ɢ ɢɯ ɫɦɟɫɟɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɜ ɪɚɛɨɬɟ Д2Ж ɩɪɢɧɹɬɨ ɭɪɚɜɧɟɧɢɟ ɜ 
ɜɢɞɟ ɩɨɥɢɧɨɦɚ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ   2

0 1 2T a a T a T      , (1) 

ɝɞɟ 0a , 1a , 2a  - ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɜ ɞɚɥɶɧɟɣɲɟɦ ɚɧɚɥɢɡɟ. 
Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɢ ɢɯ ɫɦɟɫɟɣ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ 

ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Д3Ж, ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ 
ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ Ɍɷɣɬɚ 
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      ,    (2) 

ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬɵ  c T  ɢ  B T  ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ 0  - ɩɥɨɬɧɨɫɬɶ 
ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 0p 0,098 Ɇɉɚ, ɤɨɬɨɪɚɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ 
ɜɵɪɚɠɟɧɢɸ (1). 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɟɣ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ ɢ ɫɨɫɬɚɜɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɩɥɚɧɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɜɢɞɟ 
ɫɢɦɩɥɟɤɫ-ɪɟɲɟɬɱɚɬɨɝɨ ɩɥɚɧɚ. 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɫɢɦɩɥɟɤɫ-ɪɟɲɟɬɱɚɬɵɯ ɩɥɚɧɨɜ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɪɚɫɩɨɥɚɝɚɹ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ, ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ ɢ ɨɞɧɨɣ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ, 
ɤɚɤ ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ, ɦɨɠɧɨ ɩɪɟɞɫɤɚɡɚɬɶ ɡɧɚɱɟɧɢɟ ɫɜɨɣɫɬɜɚ ɞɥɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɦɟɫɢ 
ɥɸɛɨɝɨ ɫɨɫɬɚɜɚ. Ⱦɥɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɦɟɫɟɣ ɞɢɚɝɪɚɦɦɵ «ɫɨɫɬɚɜ-ɫɜɨɣɫɬɜɨ» ɩɨ 
ɢɧɬɟɪɟɫɭɸɳɟɣ ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɩɟɪɟɦɟɧɧɨɣ (ɫɜɨɣɫɬɜɨ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɟɬɶ ɢɡɨɥɢɧɢɣ ɧɚ 
ɬɪɟɭɝɨɥɶɧɢɤɟ ɤɨɧɰɟɧɬɪɚɰɢɣ Д4,5,6Ж. 

ɉɨɥɶɡɭɹɫɶ ɦɨɞɟɥɹɦɢ «ɫɨɫɬɚɜ-ɫɜɨɣɫɬɜɨ», ɛɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɫ ɰɟɥɶɸ ɩɨɫɬɪɨɟɧɢɹ 
ɨɩɬɢɦɚɥɶɧɨɣ ɦɨɞɟɥɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɦɟɸɳɢɯɫɹ ɞɚɧɧɵɯ. ɂɡ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ ɦɨɞɟɥɟɣ 
ɛɵɥɢ ɨɬɨɛɪɚɧɵ: ɥɢɧɟɣɧɚɹ ɦɨɞɟɥɶ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɰɟɧɬɪɚɥɶɧɨɣ ɬɨɱɤɨɣ ɜɧɭɬɪɢ ɪɟɲɟɬɤɢ 
(ɦɨɞɟɥɶ 2), ɦɨɞɟɥɶ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ (ɦɨɞɟɥɶ 4) ɢ ɦɨɞɟɥɶ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɫ ɰɟɧɬɪɚɥɶɧɨɣ 
ɬɨɱɤɨɣ ɜɧɭɬɪɢ ɪɟɲɟɬɤɢ (ɦɨɞɟɥɶ 5). Ɋɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, 
ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɩɨ ɦɨɞɟɥɹɦ 4 ɢ 5, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɦɨɞɟɥɢ 5 
ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ. ɂɡ-ɡɚ ɛɨɥɶɲɢɯ ɪɚɫɯɨɠɞɟɧɢɣ ɛɵɥɚ ɭɞɚɥɟɧɚ ɢɡ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ 
ɦɨɞɟɥɶ 2. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɩɨ ɦɨɞɟɥɢ 5, ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ 
ɆЭȽ-ȾЭȽ-ɌЭȽ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

Ⱦɚɥɟɟ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɩɥɨɬɧɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ 
ɫɬɚɬɶɢ Д2Ж ɱɟɪɟɡ ɩɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬ ɫɨɫɬɚɜɚ (ɷɬɢ ɞɚɧɧɵɟ 
ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ) ɢ ɱɟɪɟɡ ɧɚɣɞɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɬ ɫɨɫɬɚɜɚ 
ɫɦɟɫɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ ɢɦɟɸɳɢɦɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɫ ɩɨɢɫɤɨɦ ɧɟɢɡɜɟɫɬɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨ ɨɛɳɟɣ ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɚɧɚ ɧɢɠɟ: 

         2
0 1 2 3 1 1 2 3 2 1 2 3, , , , , ,T f x x x f x x x T f x x x T      , (6) 

ɝɞɟ  
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  1 2 3 1 1 2 2 3 3 12 1 2 13 1 3 23 2 3 123 1 2 3, ,if x x x x x x x x x x x x x x x             ,  

ɩɪɢ 0,2i  , 1 2 3 12 13 23 123, , , , , ,        - ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɢɦɩɥɟɤɫ-ɪɟɲɟɬɱɚɬɨɝɨ ɩɥɚɧɚ ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɚɯ. 

 
Ɋɢɫ.1. Ɉɬɤɥɨɧɟɧɢɹ ɦɟɠɞɭ ɪɚɫɱɟɬɧɵɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɨɛɨɛɳɟɧɧɨɣ 
ɦɨɞɟɥɢ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ ɢ ɟё ɫɨɫɬɚɜɚ 

 
ɂɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ Д2Ж ɢ ɬɟ ɠɟ ɦɟɬɨɞɢɤɢ ɩɨɞɛɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɫɦɟɫɢ, ɪɟɲɚɟɦ ɡɚɞɚɱɭ ɩɨɫɬɪɨɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ 
ɆЭȽ-ȾЭȽ-ɌЭȽ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ. ȼ ɪɚɛɨɬɟ Д3Ж ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɨɩɢɫɚɧɢɹ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɜ ɜɢɞɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ Ɍɷɣɬɚ (2), ɝɞɟ c  ɢ B  
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– ɤɨɷɮɮɢɰɢɟɧɬɵ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢ ɩɨ ɥɢɧɟɣɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ 0 1c c c T    

ɢ 0 1B b b T   , ɜ ɤɨɬɨɪɵɯ ɤɨɷɮɮɢɰɢɟɧɬɵ 0c , 1c , 0b , ɢ 1b  ɡɚɜɢɫɹɬ ɬɚɤɠɟ ɢ ɨɬ ɫɨɫɬɚɜɚ ɫɦɟɫɢ. 
ɉɪɢ ɪɟɲɟɧɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɩɨɫɥɟɞɧɢɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɩɨɥɭɱɟɧɚ ɦɨɞɟɥɶ ɫ ɞɨɫɬɨɜɟɪɧɨɫɬɶɸ ɨɩɢɫɚɧɢɹ ɞɚɧɧɵɯ ɩɨ ɤɪɢɬɟɪɢɸ 
ɉɢɪɫɨɧɚ 2 0,999  . ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɜɵɱɢɫɥɟɧɢɣ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɨɛɨɛɳɟɧɧɚɹ ɦɨɞɟɥɶ, 
ɝɞɟ ɜɫɟ ɟɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ( 0a , 1a , 2a , 0c , 1c , 0b , 1b ) ɩɨɞɛɢɪɚɥɢɫɶ ɫɪɚɡɭ ɩɪɢ ɫɪɚɜɧɟɧɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ ɞɚɧɧɵɯ ɩɨ ɩɥɨɬɧɨɫɬɢ ɨɬ T  ɢ p . ɉɨɥɭɱɟɧɧɚɹ ɦɨɞɟɥɶ 
ɩɨɡɜɨɥɢɥɚ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. Ɉɬɤɥɨɧɟɧɢɹ ɦɟɠɞɭ ɪɚɫɱɟɬɧɵɦɢ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɨɛɨɛɳɟɧɧɨɣ ɦɨɞɟɥɢ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ ɢ ɟё ɫɨɫɬɚɜɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.1. 

ɉɨ ɩɪɨɞɟɥɚɧɧɨɣ ɪɚɛɨɬɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɜɵɜɨɞɵ: 
ɉɪɟɞɥɨɠɟɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ Ɍɷɣɬɚ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɥɨɬɧɨɫɬɢ 

ɫɦɟɫɟɣ ɦɨɧɨ-, ɞɢ- ɢ ɬɪɢɷɬɢɥɟɧɝɥɢɤɨɥɟɣ ɫ ɭɱɟɬɨɦ ɢɯ ɫɨɫɬɚɜɚ. 
Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ ɆЭȽ-ȾЭȽ-ɌЭȽ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɟё ɫɨɫɬɚɜɚ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤɢ «ɫɨɫɬɚɜ-
ɫɜɨɣɫɬɜɨ» ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ T  ɢ p . 
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ɫɨɛɨɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɝɢɩɟɪɪɚɡɜɟɬɜɥɟɧɧɵɟ ɦɚɤɪɨɦɨɥɟɤɭɥɵ ɫ ɜɵɫɨɤɨɭɩɨɪɹɞɨɱɟɧɧɨɣ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɪɟɝɭɥɹɪɧɵɦ ɫɬɪɨɟɧɢɟɦ.Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤ ɞɚɧɧɵɦ ɨɛɴɟɤɬɚɦ 
ɨɛɭɫɥɨɜɥɟɧ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɨɝɪɨɦɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɩɨɫɬɪɨɟɧɢɹ ɞɟɧɞɪɢɬɧɵɯ ɦɨɥɟɤɭɥ 
ɫɚɦɨɣ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ, ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɜɧɟɲɧɟɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɫɮɟɪ, ɚ ɫ 
ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ – ɨɛɨɫɧɨɜɚɧɧɵɦɢ ɨɠɢɞɚɧɢɹɦɢ ɲɢɪɨɤɢɯ ɩɟɪɫɩɟɤɬɢɜ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɧɚɩɪɢɦɟɪ, ɜ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ, ɷɥɟɤɬɪɨɧɢɤɟ, ɦɟɞɢɰɢɧɟ,ɞɥɹ ɤɚɩɫɭɥɢɪɨɜɚɧɢɹ 
ɢ ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɝɨɫɬɟɜɵɯ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɦɨɥɟɤɭɥ, ɜ ɬɨɦ ɱɢɫɥɟ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ 
ɚɤɬɢɜɧɵɯ ɢ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ ɢ ɬ.ɞ. 

ɉɨ ɫɭɳɟɫɬɜɭ ɞɟɧɞɪɢɦɟɪɵ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɦɟɠɞɭ 
ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɦɢ ɢ ɩɨɥɢɦɟɪɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɫɨɱɟɬɚɸɬ 
ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ɨɛɨɢɯ, ɚ ɫ ɞɪɭɝɨɣ, ɩɪɨɹɜɥɹɸɬ ɨɫɨɛɵɟ ɫɜɨɣɫɬɜɚ, ɩɪɢɜɥɟɤɚɸɳɢɟ 
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɪɚɡɥɢɱɧɨɝɨ ɩɪɨɮɢɥɹ. Ʉ ɨɫɨɛɟɧɧɨɫɬɹɦ ɞɟɧɞɪɢɦɟɪɨɜ ɨɬɧɨɫɹɬ ɢɯ 
ɫɜɟɪɯɪɚɡɜɟɬɜɥɟɧɧɭɸ ɬɨɩɨɥɨɝɢɸ, ɧɢɡɤɭɸ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶ, ɨɬɫɭɬɫɬɜɢɟ ɡɚɰɟɩɥɟɧɢɣ, ɤɨɬɨɪɵɟ 
ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɞɥɢɧɧɵɯ ɦɚɤɪɨɦɨɥɟɤɭɥ, ɢ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɰɟɜɵɯ ɝɪɭɩɩ. 

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɸɬɫɹ ɠɟɫɬɤɢɟ ɩɨɥɢɩɢɪɢɞɢɥɮɟɧɢɥɟɧɨɜɵɟ 
ɞɟɧɞɪɢɦɟɪɵ, ɫɨɱɟɬɚɸɳɢɟ ɜɵɫɨɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢɸ ɤɨɧɮɨɪɦɚɰɢɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ, ɧɢɡɤɭɸ ɩɥɨɬɧɨɫɬɶ ɫɨ ɫɩɨɫɨɛɧɨɫɬɶɸ ɭɜɥɟɤɚɬɶ ɩɪɢ ɫɜɨɟɦ ɞɜɢɠɟɧɢɢ 
ɩɨɩɚɜɲɢɟ ɜɧɭɬɪɶ ɱɚɫɬɢɰɵ, ɢ ɧɟɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɞɟɧɞɪɨɧɵ. Ⱦɟɧɞɪɢɦɟɪɵ 
ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ, ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɠɟɫɬɤɨɣ ɫɬɪɭɤɬɭɪɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɧɨɜɵɯ ɝɢɛɪɢɞɧɵɯ (ɞɟɧɞɪɢɦɟɪ-ɦɟɬɚɥɥ) ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɫɢɫɬɟɦ, ɨɛɥɚɞɚɸɳɢɯ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ; ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɨɧɧɵɯ 
ɭɫɬɪɨɣɫɬɜ 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞɚɦɢ ɩɪɟɰɢɡɢɨɧɧɨɣ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɜɚɤɭɭɦɧɨɣ ɢ 
ɜɵɫɨɤɨɬɨɱɧɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɢɡɭɱɟɧɵ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɮɢɡɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɠɟɫɬɤɢɯ ɩɢɪɢɞɢɥɫɨɞɟɪɠɚɳɢɯ ɩɨɥɢɮɟɧɢɥɟɧɨɜɵɯ 
ɞɟɧɞɪɢɦɟɪɨɜ ɩɟɪɜɨɣ – ɱɟɬɜɟɪɬɨɣ ɝɟɧɟɪɚɰɢɣ, ɪɚɡɥɢɱɧɨɝɨ ɫɬɪɨɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɯ ɩɢɪɢɞɢɧɨɜɵɟ 
ɢ ɮɟɧɢɥɟɧɨɜɵɟ ɤɨɥɶɰɚ, ɚ ɬɚɤɠɟ ɪɹɞ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ ɞɟɧɞɪɨɧɨɜ ɜ ɨɛɥɚɫɬɢ ɨɬ 6 ɞɨ 550 Ʉ 
(ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɢɯ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ). Ɍɟɪɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢɡɭɱɟɧɧɵɯ 
ɨɛɴɟɤɬɨɜ ɨɩɪɟɞɟɥɟɧɚ ɦɟɬɨɞɨɦ ɌȽ-ɚɧɚɥɢɡɚ. 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɪɚɫɫɱɢɬɚɧɵ ɫɬɚɧɞɚɪɬɧɵɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ: ɷɧɬɚɥɶɩɢɹ ɧɚɝɪɟɜɚɧɢɹ, ɷɧɬɪɨɩɢɹ, ɢɡɦɟɧɟɧɢɟ ɮɭɧɤɰɢɢ Ƚɢɛɛɫɚ 
ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɟɧɞɪɢɦɟɪɨɜ ɢ ɞɟɧɞɪɨɧɨɜ ɞɥɹ ɨɛɥɚɫɬɢ ɨɬ Ɍ  0 ɞɨ 550 Ʉ, ɫɬɚɧɞɚɪɬɧɵɟ 
ɷɧɬɪɨɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ T = 298.15 K.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɷɧɬɚɥɶɩɢɢ, ɷɧɬɪɨɩɢɢ ɢ ɮɭɧɤɰɢɢ Ƚɢɛɛɫɚ 
ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɟɧɞɪɢɦɟɪɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɯ ɢɡɦɟɧɟɧɢɸ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɦ 
ɞɟɧɞɪɨɧɨɜ. 

ȼɵɹɜɥɟɧɵ ɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɤɚɱɟɫɬɜɟɧɧɵɟ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɢ ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɢɡɦɟɧɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɤɚɤ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ 
ɞɟɧɞɪɢɦɟɪɨɜ, ɬɚɤ ɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɮɟɧɢɥɟɧɨɜɵɯ ɢ ɩɢɪɢɞɢɧɨɜɵɯ ɮɪɚɝɦɟɧɬɨɜ. ɍɫɬɚɧɨɜɥɟɧ 
ɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ ɭɤɚɡɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. ɍɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɷɬɢ ɡɚɜɢɫɢɦɨɫɬɢ, 
ɩɨɡɜɨɥɹɸɬ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɪɟɞɟɥɚɯ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɟɳɟ ɧɟ ɢɡɭɱɟɧɧɵɯ ɠɟɫɬɤɢɯ ɩɨɥɢɩɢɪɢɞɢɥɮɟɧɢɥɟɧɨɜɵɯ ɞɟɧɞɪɢɦɟɪɨɜ ɞɚɧɧɨɝɨ ɪɹɞɚ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢя ɢ ɧɚɭɤɢ ɊɎ 
(ɡɚɞɚɧɢɟ № 4.1275.2014/К). 
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ɌȿɊɆɈɏɂɆɂɑȿɋɄɂȿ ɋВɈɃɋɌВА ɌВȿɊȾЫɏ ɊАɋɌВɈɊɈВ NH4FexMn 1xPO4H2O 
Ɍɢɮɥɨɜɚ Ʌ.Ⱥ., Ɇɨɧɚɟɧɤɨɜɚ Ⱥ.ɋ., Ⱥɥɟɲɢɧ ȼ.Ⱥ., əɤɨɜɥɟɜ ɉ.ɉ. 

Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.В. Ʌɨɦɨɧɨɫɨɜɚ, ɏɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ, 
Ɋɨɫɫɢя, 119991, Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɟ ɝɨɪɵ, ɞ.1, ɫɬɪ.3. 

E-mail: tiphlova@phys.chem.msu.ru 
 
ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ  ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɨɜɵɯ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɢɣ ɩɟɪɟɯɨɞɧɵɯ 
ɷɥɟɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɩɪɨɜɨɞɹɬɫɹ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɬɟɪɦɨɯɢɦɢɢ ɢɦ. ȼ.Ɏ. Ʌɭɝɢɧɢɧɚ. Ɉɧɚ 
ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ NH4FexMn1xPO4H2O. 
ȼɵɛɨɪ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɭɫɥɨɜɥɟɧ ɢɯ ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɤɭɪɫɨɪɨɜ ɜ ɫɢɧɬɟɡɟ 
ɤɚɬɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ LiFexMn1xPO4ɞɥɹ ɥɢɬɢɣ-ɢɨɧɧɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ, ɩɨɥɭɱɚɸɳɢɯɫɹ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɡɚɦɟɳɟɧɢɹ ɜ NH4FexMn1xPO4H2O ɚɦɦɨɧɢɣɧɨɣ ɝɪɭɩɩɵ ɧɚ ɥɢɬɢɣ. ɋɥɨɠɧɵɟ 
ɮɨɫɮɚɬɵ LiFexMn1xPO4ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɟɦɤɨɫɬɶɸ ɢ ɪɚɛɨɱɢɦ ɩɨɬɟɧɰɢɚɥɨɦ, 
ɩɪɢ ɷɬɨɦ ɨɧɢ ɹɜɥɹɸɬɫɹ ɞɟɲɟɜɵɦɢ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɛɟɡɨɩɚɫɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ. 
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ NH4FexMn1xPO4H2O ɪɚɧɟɟ ɧɟ ɢɡɭɱɚɥɢɫɶ. ȼ 
ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɚɹ ɪɚɛɨɬɚ, ɜ ɤɨɬɨɪɨɣ ɦɟɬɨɞɨɦ ɤɚɥɨɪɢɦɟɬɪɢɢ ɪɚɫɬɜɨɪɟɧɢɹ ɩɪɢ 
298.15 Ʉ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɬɨɥɶɤɨ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ NH4FePO4H2O[1]. 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɛɪɚɡɰɵ NH4FexMn1xPO4H2O ɛɵɥɢ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ, ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɢ 
ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. Эɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ 
NH4FexMn1xPO4H2O ɨɩɪɟɞɟɥɹɥɢɫɶ ɦɟɬɨɞɨɦ ɤɚɥɨɪɢɦɟɬɪɢɢ ɪɚɫɬɜɨɪɟɧɢɹ. ȼ ɝɟɪɦɟɬɢɱɧɨɦ 
ɤɚɱɚɸɳɟɦɫɹ ɤɚɥɨɪɢɦɟɬɪɟ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ ɩɪɢ 298.15  Ʉ ɢɡɦɟɪɟɧɵ ɷɧɬɚɥɶɩɢɢ 
ɪɟɚɤɰɢɣ NH4FexMn1xPO4H2O (ɯ=0, 0.25, 0.5, 0.75, 1.0) ɫ 1 Ɇ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ. ɉɨɞɴɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɩɵɬɚɯ ɢɡɦɟɪɹɥɫɹ ɩɥɚɬɢɧɨɜɵɦ ɬɟɪɦɨɦɟɬɪɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, 
ɬɟɪɦɨɦɟɬɪɢɱɟɫɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤɚɥɨɪɢɦɟɬɪɚ – 3105 Ʉ. Ɍɟɩɥɨɜɨɟ ɡɧɚɱɟɧɢɟ ɤɚɥɨɪɢɦɟɬɪɚ 
ɨɩɪɟɞɟɥɹɥɨɫɶ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɞɟɠɧɵɯ 
ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɪɚɫɬɜɨɪɨɜ ɯɥɨɪɢɞɨɜ ɚɦɦɨɧɢɹ, ɠɟɥɟɡɚ 
ɢ ɦɚɪɝɚɧɰɚ, ɚ ɬɚɤɠɟ ɪɚɫɬɜɨɪɨɜ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ,  ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɢ ɜɨɞɵ ɛɵɥɢ 
ɪɚɫɫɱɢɬɚɧɵ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ NH4FexMn1xPO4H2O. ɍɫɬɚɧɨɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 
ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ NH4FexMn1xPO4H2O ɨɬ ɫɬɟɩɟɧɢ ɡɚɦɟɳɟɧɢɹ 
ɠɟɥɟɡɚ ɧɚ ɦɚɪɝɚɧɟɰ.  

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɊɎɎИ (ɤɨɞ ɩɪɨɟɤɬɚ 12-08-01258ɚ). 
 

ɅɂɌȿɊАɌɍɊА 
 

1. A.Q. Yuan, J. Wu, Z.Y. Huang, K. Wu, S. Liao, Z.F. Tong. Material Reseach Bulletin. 43 (2008) 
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АɄɍɋɌɂɑȿɋɄɂȿ ɂ ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂȿ ɋВɈɃɋɌВА 
ɀɂȾɄɈȽɈ ɐɂɄɅɈȽȿɄɋАɇА 

ɏɚɫɚɧɲɢɧ Ɍ.ɋ., Ƚɨɥɭɛɟɜɚ ɇ.ȼ., ɉɨɞɞɭɛɫɤɢɣ Ɉ.Ƚ., 
ɋɚɦɭɣɥɨɜ ȼ.ɋ., ɓɟɦɟɥёɜ Ⱥ.ɉ. 

Ɇɨɝɢɥɟɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɪɨɞɨɜɨɥɶɫɬɜɢя, 
Ȼɟɥɚɪɭɫɶ, ɝ. Ɇɨɝɢɥɟɜ, ɩɪ. Шɦɢɞɬɚ 3, e-mail: Khasanshin@tut.by 

 
ȼ ɫɜɹɡɢ ɫ ɲɢɪɨɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɰɢɤɥɨɝɟɤɫɚɧɚ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫ 30-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ 

ɜɟɤɚ ɩɪɨɹɜɥɹɟɬɫɹ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɤ ɟɝɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɧɚɤɨɩɥɟɧ ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ 
ɰɢɤɥɨɝɟɫɚɧɚ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɢɦɟɸɬɫɹ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɩɥɨɬɧɨɫɬɢ, 
ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ, ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɫɠɢɦɚɟɦɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ 
ɞɚɜɥɟɧɢɣ. Ɉɞɧɚɤɨ ɟɫɥɢ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢɫɶ ɧɟ ɨɞɧɨɤɪɚɬɧɨ, ɬɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɢ 
ɞɚɜɥɟɧɢɣ ɜɵɩɨɥɧɟɧɚ ɬɨɥɶɤɨ ɜ ɨɞɧɨɣ ɪɚɛɨɬɟ Д1Ж. ɂɦɟɟɬɫɹ ɪɹɞ ɪɚɛɨɬ Д2–4Ж ɜ ɤɨɬɨɪɵɯ 
ɢɫɫɥɟɞɨɜɚɧɚ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɩɪɟɜɵɲɚɸɳɢɯ ɞɚɜɥɟɧɢɟ 
ɧɚɫɵɳɟɧɢɹɨɯɜɚɬɵɜɚɸɳɢɟ ɞɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ 293–569 Ʉ ɢ ɞɚɜɥɟɧɢɣ ɞɨ 25 Ɇɉɚ. 
ɂɡɨɬɟɪɦɢɱɟɫɤɚɹ ɫɠɢɦɚɟɦɨɫɬɶ ɠɢɞɤɨɝɨ ɰɢɤɥɨɝɟɤɫɚɧɚ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ 
ɩɚɪɚɦɟɬɪɨɜ 298–313 Ʉ ɢ 0.1–46.1 Ɇɉɚ ɬɚɤɠɟ ɜɵɩɨɥɧɟɧɚ ɜ ɟɞɢɧɫɬɜɟɧɧɨɣ ɪɚɛɨɬɟ Д5Ж. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɝɨ ɰɢɤɥɨɝɟɤɫɚɧɚ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ 
ɞɚɜɥɟɧɢɹɯ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɢɡɭɱɟɧɵ ɧɟ ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɨ.  

ɐɟɥɵɣ ɪɹɞ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɫ 
ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɨ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ 
ɡɜɭɤɚ ɜ ɠɢɞɤɨɦ ɰɢɤɥɨɝɟɤɫɚɧɟ ɢ ɪɚɫɱɟɬɚ ɟɝɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
298–348 Ʉ ɢ ɞɚɜɥɟɧɢɹɯ ɞɨ 100 Ɇɉɚ, ɧɚ ɨɫɧɨɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜ 
ɭɤɚɡɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɢ ɞɚɧɧɵɯ ɩɨ ɩɥɨɬɧɨɫɬɢ ɢ ɢɡɨɛɚɪɧɨɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜɵɩɨɥɧɟɧɵ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɪɟɚɥɢɡɭɸɳɢɣ 
ɦɟɬɨɞ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɨɯɨɠɞɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɦ ɢɦɩɭɥɶɫɨɦ 
ɢɡɜɟɫɬɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨɫɬɢ. ɉɨɞɪɨɛɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɢ 
ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩɢɫɚɧɚ ɜ Д6Ж. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɰɢɤɥɨɝɟɤɫɚɧ ɮɢɪɦɵ 
“SigmaAldrich” ɫ ɱɢɫɬɨɬɨɣ ɩɨ ɦɚɫɫɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ ɛɨɥɟɟ 99%. ɉɨ ɧɚɲɢɦ ɨɰɟɧɤɚɦ 
ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɫɨɫɬɚɜɥɹɟɬ 0.1%. ɋɪɚɜɧɟɧɢɟ ɫ ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɦɢ 
ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɹ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɫɭɦɦɚɪɧɨɣ 
ɩɨɝɪɟɲɧɨɫɬɢ ɫɪɚɜɧɢɜɚɟɦɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

ɉɨɥɭɱɟɧɧɵɣ ɦɚɫɫɢɜ ɞɚɧɧɵɯ ɩɨ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɛɵɥ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧ ɡɚɜɢɫɢɦɨɫɬɶɸ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ: 
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ɝɞɟW – ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ, ɦ/ɫ; p – ɞɚɜɥɟɧɢɟ, Ɇɉɚ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɩɪɟɞɟɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ 

ɭɪɚɜɧɟɧɢɹ (1): 
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ɌE 42
3 10442.51038.8   ,   88.15

4 10564.1 ɌɌE К   , 

ɝɞɟ T – ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ;TK – ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, TK=553.4 Ʉ Д7Ж. 
ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɨ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ (1), ɨɬ 

ɢɫɯɨɞɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫɨɫɬɚɜɥɹɟɬ 0.02%. 
Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ρ0 ɢ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɪ0 ɩɪɢ 

ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 283–353 Ʉ ɢ ɩɨ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 281–
353 Ʉ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 

    20 001147.05124.1013.462 ɌɌɌɌ КК  , (2) 

 2
0 00795.0124.02.1104 ɌɌɫɪ  . (3) 

ɉɨ ɧɚɲɢɦ ɨɰɟɧɤɚɦ, ɩɨɝɪɟɲɧɨɫɬɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɩɪɢɜɥɟɤɚɟɦɵɯ ɞɥɹ ɪɚɫɱɟɬɚ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɩɨ ɩɥɨɬɧɨɫɬɢ ɢ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 0.1%, ɩɨ 
ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ – 1.5%. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɰɢɤɥɨɝɟɤɫɚɧɚ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɛɵɥ 
ɢɫɩɨɥɶɡɨɜɚɧ ɩɨɲɚɝɨɜɵɣ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ. ɉɥɨɬɧɨɫɬɶ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɞɚɜɥɟɧɢɹɯ ɜɵɱɢɫɥɹɥɢɫɶ ɧɚ ɨɫɧɨɜɟ ɫɥɟɞɭɸɳɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɨɨɬɧɨɲɟɧɢɣ:  
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ɜ ɤɨɬɨɪɵɯ 
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 1 – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɨɛɚɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ. 

Ⱦɚɥɟɟ ɧɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ρ, ɫɪ, α ɢ W ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɢɡɨɯɨɪɧɚɹ 
ɬɟɩɥɨɟɦɤɨɫɬɶ c ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɫɠɢɦɚɟɦɨɫɬɶ T ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɨɬɧɨɲɟɧɢɣ 
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ɉɨɞɪɨɛɧɨ ɦɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɨɩɢɫɚɧɚ ɜ Д8Ж.  
ɉɨ ɧɚɲɢɦ ɨɰɟɧɤɚɦ, ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɞɨɫɬɢɝɚɸɬ ɧɚɢɛɨɥɶɲɢɯ ɜɟɥɢɱɢɧ ɩɪɢ ɞɚɜɥɟɧɢɢ 100 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 348.15 Ʉ. ɉɪɢ ɷɬɢɯ 
ɩɚɪɚɦɟɬɪɚɯ ɨɧɢ ɧɟ ɩɪɟɜɵɲɚɸɬ ɞɥɹ ρ – 0.2%, ɫɪ – 1.5%, ɫv– 2.5%, αp – 2% ɢ ȕɌ – 1.2%. 

ȼ ɪɚɧɟɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɭɱɟɧɧɵɯ ɨɛɥɚɫɬɹɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɜɵɩɨɥɧɟɧɨ 
ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɚ ɫ ɢɦɟɸɳɢɦɢɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 
Ɉɬɤɥɨɧɟɧɢɟ ɜɵɱɢɫɥɟɧɧɵɯ ɜɟɥɢɱɢɧ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɣ ɜ ɨɫɧɨɜɧɨɦ ɧɟ 
ɩɪɟɜɵɲɚɟɬ ɨɰɟɧɟɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɪɚɫɱɟɬɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɪɚɫɱɟɬɵ ɢ ɨɰɟɧɤɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɧɚɞɟɠɧɨɫɬɢ ɦɟɬɨɞɢɤɢ 
ɪɚɫɱɟɬɚ ɢ ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɟɟ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɚ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɛɵɥɢ ɨɛɨɛɳɟɧɵ ɭɪɚɜɧɟɧɢɟɦ Ɍɷɣɬɚ 
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Ɂɞɟɫɶ А=0.08898. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ В ɢɦɟɟɬ ɜɢɞ 
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ɍɪɚɜɧɟɧɢɟ (8) ɨɩɢɫɵɜɚɟɬ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ Ɍ=298–348 Ʉ ɢ 
ɪ=0.1-100 Ɇɉɚ ɫ ɨɬɤɥɨɧɟɧɢɟɦ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɦ 0.08%, ɢ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɢɦɢ 
ɷɤɫɬɪɚɩɨɥɹɰɢɨɧɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɩɨ ɞɚɜɥɟɧɢɸ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɫɜɟɞɟɧɢɹ ɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɠɢɞɤɨɝɨ ɰɢɤɥɨɝɟɤɫɚɧɚ. ȼ ɬɨɦ ɱɢɫɥɟ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ 
ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ, ɢɡɨɛɚɪɧɨɣ ɢ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɢɡɨɛɚɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɪɚɫɲɢɪɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɫɠɢɦɚɟɦɨɫɬɢ ɜ ɪɚɧɟɟ ɧɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɨɛɥɚɫɬɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ. 

 
ɅɂɌȿɊАɌɍɊА 
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Ɂɧɚɱɢɬɟɥɶɧɚɹ ɞɨɥɹ ɪɟɚɥɶɧɵɯ ɠɢɞɤɨɫɬɟɣ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɨɛɨɣ ɫɦɟɫɢ ɪɚɡɥɢɱɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ɐɢɤɥɨɝɟɤɫɚɧ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 
ɩɪɨɞɭɤɬɨɦ ɜ ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɟ ɟɝɨ ɫɜɨɣɫɬɜ ɢ 
ɫɜɨɣɫɬɜ ɫɦɟɫɟɣ ɰɢɤɥɨɝɟɤɫɚɧɚ ɫ ɞɪɭɝɢɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɛɨɥɶɲɨɣ ɧɚɭɱɧɵɣ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ. ȼ ɱɚɫɬɧɨɫɬɢ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɦɚɥɨ ɢɡɭɱɟɧɨ 
ɩɨɜɟɞɟɧɢɟ ɫɜɨɣɫɬɜ ɫɦɟɫɟɣ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɨɬɧɨɫɹɳɢɯɫɹ ɤ ɪɚɡɥɢɱɧɵɦ ɝɨɦɨɥɨɝɢɱɟɫɤɢɦ ɪɹɞɚɦ 
ɢ ɢɦɟɸɳɢɦ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɨɟ ɦɨɥɟɤɭɥɹɪɧɨɟ ɫɬɪɨɟɧɢɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɨ ɫɜɨɣɫɬɜɚɯ ɫɦɟɫɟɣ 
ɰɢɤɥɢɱɟɫɤɢɯ ɢ ɧɨɪɦɚɥɶɧɵɯ ɚɥɤɚɧɨɜ. Ɉɫɨɛɟɧɧɨ ɦɚɥɨ ɞɚɧɧɵɯ ɨ ɫɜɨɣɫɬɜɚɯ ɬɚɤɢɯ ɫɦɟɫɟɣ ɜ 
ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ. 

Ʉɨɦɩɥɟɤɫɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɪɹɞɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɢ ɜ ɲɢɪɨɤɨɦ 
ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɨ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɫ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɤɚɤ ɬɟɦ, ɱɬɨ ɛɥɚɝɨɞɚɪɹ ɫɨɜɪɟɦɟɧɧɵɦ 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɦɟɬɨɞɚɦ ɢɡɦɟɪɟɧɢɹ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ, ɚ 
ɫɨɜɦɟɫɬɧɨ ɫ ɧɚɞɟɠɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɩɥɨɬɧɨɫɬɢ ɢ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɚ ɤɚɤɨɣ-ɥɢɛɨ 
ɨɩɨɪɧɨɣ ɥɢɧɢɢ ɪɚɫɫɱɢɬɚɬɶ ɡɧɚɱɟɧɢɹɰɟɥɨɝɨ ɪɹɞɚ ɞɪɭɝɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ, ɧɚɪɹɞɭ ɫ ɩɥɨɬɧɨɫɬɶɸ ɢ ɢɡɨɛɚɪɧɨɣ 
ɬɟɩɥɨɟɦɤɨɫɬɶɸ, ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ 
ɡɜɭɤɚ ɞɥɹ ɫɦɟɫɢ ɰɢɤɥɨɝɟɤɫɚɧ + ɧ-ɝɟɤɫɚɞɟɤɚɧ ɬɪɟɯ ɫɨɫɬɚɜɨɜ  
(x = 0.25, 0.50, 0.75) ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298.15–433.15 Ʉ ɢ ɞɚɜɥɟɧɢɣ  
0.1–100.1 Ɇɉɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜɵɩɨɥɧɟɧɵ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɪɟɚɥɢɡɭɸɳɢɣ 
ɦɟɬɨɞ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɨɯɨɠɞɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɦ ɢɦɩɭɥɶɫɨɦ 
ɢɡɜɟɫɬɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨɫɬɢ. ɉɨɞɪɨɛɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɢ 
ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩɢɫɚɧɚ ɜ Д1Ж.  ɉɨ ɧɚɲɢɦ ɨɰɟɧɤɚɦ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɫɨɫɬɚɜɥɹɟɬ 0.1%. ȼ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ 
ɰɢɤɥɨɝɟɤɫɚɧ ɢ ɧ-ɝɟɤɫɚɞɟɤɚɧ ɮɢɪɦɵ “SigmaAldrich” ɫ ɱɢɫɬɨɬɨɣ ɩɨ ɦɚɫɫɟ ɨɫɧɨɜɧɨɝɨ ɩɪɨɞɭɤɬɚ 
ɛɨɥɟɟ 99%. ɋɦɟɫɢ ɫɨɫɬɚɜɥɹɥɢɫɶ ɜɟɫɨɜɵɦ ɫɩɨɫɨɛɨɦ. ɋ ɰɟɥɶɸ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɨɬɫɭɬɫɬɜɢɹ 
ɡɚɝɪɹɡɧɟɧɢɣ ɢ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɨɜ ɢɫɫɥɟɞɨɜɚɧɧɨɣ ɫɦɟɫɢ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, 
ɩɪɨɜɨɞɢɥɢɫɶ ɩɨɜɬɨɪɧɵɟ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɩɚɪɚɦɟɬɪɚɯ ɫɨɫɬɨɹɧɢɹ ɜ 
ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɦɟɫɢ ɨɞɧɨɝɨ ɫɨɫɬɚɜɚ. Ɋɚɡɥɢɱɢɹ ɜ 
ɪɟɡɭɥɶɬɚɬɚɯ ɷɬɢɯ ɩɨɜɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɧɟ ɩɪɟɜɵɲɚɥɢ 0.01%, ɬɨ ɟɫɬɶ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɟ 
ɨɰɟɧɤɢ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ.  

Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɦɟɫɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɞɚɜɥɟɧɢɹɯ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɞɥɹ ɧɢɯ ɩɪɚɜɢɥɨ ɚɞɞɢɬɢɜɧɨɫɬɢ ɧɟ 
ɫɨɛɥɸɞɚɟɬɫɹ. Ɉɰɟɧɤɚ ɜɟɥɢɱɢɧɵ ɨɬɤɥɨɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ∆Wɜ ɫɦɟɫɢ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨ 
ɭɪɚɜɧɟɧɢɸ: 

  2211 WxWxWW  , (1) 

ɝɞɟ x1 ɢ x2 – ɦɨɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɰɢɤɥɨɝɟɤɫɚɧɚ ɢ ɝɟɤɫɚɞɟɤɚɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; W1, W2ɢ W– 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜ ɱɢɫɬɨɦ ɰɢɤɥɨɝɟɤɫɚɧɟ, ɝɟɤɫɚɞɟɤɚɧɟ ɢ ɜ ɢɯ ɫɦɟɫɢ. 

Ɉɬɤɥɨɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɦɟɫɢ ɨɬ ɩɪɚɜɢɥɚ ɚɞɞɢɬɢɜɧɨɫɬɢ ɞɥɹ ɧɟɤɨɬɨɪɵɯ 
ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. 

ɉɪɨɜɟɞɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜ ɫɦɟɫɢ ɨɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɞɞɢɬɢɜɧɵɯ ɜɟɥɢɱɢɧ ɫɨɫɬɚɜɥɹɟɬ 37.2 ɦ/ɫ ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
433.15 Ʉ, ɞɚɜɥɟɧɢɢ 20.1 Ɇɉɚ ɢ ɦɨɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɰɢɤɥɨɝɟɤɫɚɧɚ, ɪɚɜɧɨɣ 0.5. ɋ ɪɨɫɬɨɦ 
ɞɚɜɥɟɧɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɟɥɢɱɢɧɚ ɨɬɤɥɨɧɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɫ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɞɚɜɥɟɧɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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■ – 333.15 Ʉ, 20.1 Ɇɉɚ; □ – 333.15 Ʉ, 80.1 Ɇɉɚ; ●– 393.15 Ʉ, 20.1 Ɇɉɚ; 
○ – 393.15 Ʉ, 80.1 Ɇɉɚ; ▲– 433.15 Ʉ, 20.1 Ɇɉɚ; ∆ – 433.15 Ʉ, 80.1 Ɇɉɚ. 

ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ – ɡɧɚɱɟɧɢɹ ɩɨɥɭɱɟɧɧɵɟ ɩɨ (2) 
Ɋɢɫɭɧɨɤ 1. Ɉɬɤɥɨɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɨɬ ɩɪɚɜɢɥɚ ɚɞɞɢɬɢɜɧɨɫɬɢ 

 
Ɋɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ΔW ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɣ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɛɵɥɢ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ 

ɭɪɚɜɧɟɧɢɟɦ Ɋɟɞɥɢɯɚ-Ʉɢɫɬɟɪɚ 
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ɝɞɟ ɯ – ɦɨɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɰɢɤɥɨɝɟɤɫɚɧɚ. 
Ɏɭɧɤɰɢɢ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ, ɢɫɤɚɥɢɫɶ ɜ ɜɢɞɟ 
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Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɮɭɧɤɰɢɢ, ɢɦɟɸɬ ɜɢɞ.  
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100010 , (4) 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 0ijw ɢ 1ijw ɜ (4) ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ 
ɤɜɚɞɪɚɬɨɜ ɢ ɢɯ ɡɧɚɱɟɧɢɹ ɞɚɧɵ ɜ ɬɚɛɥ.1. ɍɪɚɜɧɟɧɢɟ (2) ɜɨɫɩɪɨɢɡɜɨɞɢɬ, ɢɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ ΔW 
ɞɥɹ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɰɢɤɥɨɝɟɤɫɚɧ + ɝɟɤɫɚɞɟɤɚɧ ɜ ɩɪɟɞɟɥɚɯ ɢɯ ɨɰɟɧɟɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ. 

 
Ɍɚɛɥɢɰɚ 1. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (2) 

ij  00 01 02 10 11 12 20 21 22 

0ijw  115.08 36.15 1.45 58.08 14.76 1.29 -35.71 -1024.60 3.36 

1ijw  -2.31 – -2.69 -1.3 – -2.34 – 3612.16 604.97 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜ 
ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɰɢɤɥɨɝɟɤɫɚɧ + ɧ-ɝɟɤɫɚɞɟɤɚɧ ɬɪɟɯ ɫɨɫɬɚɜɨɜ (x = 0.25, 0.50, 0.75)ɜ ɲɢɪɨɤɨɦ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298.15–433.15 Ʉ ɢ ɞɚɜɥɟɧɢɣ 0.1–100.1 Ɇɉɚ. Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɩɪɚɜɢɥɨ 
ɚɞɞɢɬɢɜɧɨɫɬɢ ɞɥɹ ɞɚɧɧɨɣ ɫɦɟɫɢ ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɢ ɭɫɬɚɧɨɜɥɟɧɵ ɜɟɥɢɱɢɧɵ ɨɬɤɥɨɧɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɨɬ ɩɪɚɜɢɥɚ ɚɞɞɢɬɢɜɧɨɫɬɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɫɨɫɬɨɹɧɢɹ. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. Ɍ.ɋ. ɏɚɫɚɧɲɢɧ, ȼ.ɋ. ɋɚɦɭɣɥɨɜ, Ⱥ.ɉ. ɓɟɦɟɥɟɜ. ИɎɀ. 81 (2008) 732. 

 
 

 
ɈȻɈɋɇɈВАɇɂȿ ɇɍɄɅȿАɐɂɈɇɇɈ – ɎɅɍɄɌɍАɐɂɈɇɇɈȽɈ ɆȿɌɈȾА ɈɐȿɇɄɂ 

ɉɈВȿɊɏɇɈɋɌɇɈȽɈ ɇАɌəɀȿɇɂə ɉɊɈɋɌЫɏ ɀɂȾɄɈɋɌȿɃ В ɒɂɊɈɄɈɆ 
ɌȿɆɉȿɊАɌɍɊɇɈɆ ɂɇɌȿɊВАɅȿ 

ɑɟɪɟɜɤɨ Ⱥ.Ƚ. 
ɋɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɢ ɢɧɮɨɪɦɚɬɢɤɢ, Ɋɨɫɫɢя, 

630102, ɭɥ. Кɢɪɨɜɚ, 86.E-mail:cherevko@mail.ru 
 

ȼ ɪɚɛɨɬɚɯ Д1, 2Ж ɧɚɣɞɟɧ ɛɟɡɪɚɡɦɟɪɧɵɣ ɩɚɪɚɦɟɬɪ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɫɨɱɟɬɚɧɢɟ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɤɚɩɢɥɥɹɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɟɳɟɫɬɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T0 ɩɟɪɟɯɨɞɚ ɩɚɪ-
ɠɢɞɤɨɫɬɶ. Эɬɨɬ ɩɚɪɚɦɟɬɪ ɢɦɟɟɬ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɪɚɡɦɟɪɚ ɤɪɢɬɢɱɟɫɤɨɝɨ ɤɥɚɫɬɟɪɚ 
ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɤ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɮɥɭɤɬɭɚɰɢɹɦ (ɄɂɌɎ). Ⱦɥɹ ɤɪɢɬɢɱɟɫɤɨɝɨ ɤɥɚɫɬɟɪɚ 
ɛɨɥɶɲɟɝɨ, ɱɟɦ ɪɚɡɦɟɪ ɄɂɌɎ, ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ (ɋɄɈ) ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɮɥɭɤɬɭɚɰɢɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɷɧɟɪɝɢɢ ɢ ɷɧɬɪɨɩɢɢ ɦɟɧɶɲɟ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ Д3Ж, ɢɡɦɟɧɟɧɢɹ 
ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɢ ɷɧɬɪɨɩɢɢ ɩɪɢ ɩɟɪɟɨɯɥɚɠɞɟɧɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɚɡɦɟɪ ɄɂɌɎ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪ ɤɢɩɟɧɢɹ ɢ ɩɥɚɜɥɟɧɢɹ. Ʉɚɤ ɩɨɤɚɡɚɥɨ ɫɪɚɜɧɟɧɢɟ ɫ 
ɷɤɫɩɟɪɢɦɟɧɬɨɦ, ɫɨɨɬɧɨɲɟɧɢɟ ɧɨɫɢɬ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ,  ɞɥɹɦɟɬɚɥɥɨɜ 
[4] ɢ ɝɚɥɨɝɟɧɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ Д5Ж,  ɢ ɢɦɟɟɬ ɜɢɞ  
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Kn **ln                                                       (1) 

ɡɞɟɫɶ ɌM – ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɜɟɳɟɫɬɜɚ, K – ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, 
ɨɩɪɟɞɟɥɹɟɦɵɣ ɬɢɩɨɦ ɜɟɳɟɫɬɜɚ. Ⱦɥɹ ɦɟɬɚɥɥɨɜ Ʉ=2,34, ɞɥɹ ɝɚɥɨɝɟɧɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ 
Ʉ=6,1. 

ɋɨɨɬɧɨɲɟɧɢɟ (1) ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɣ ɧɭɤɥɟɚɰɢɨɧɧɨ-ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɮɨɪɦɭɥɵ ɞɥɹ 
ɲɢɪɨɤɨɞɢɚɩɚɡɨɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɫɩɪɚɜɟɞɥɢɜɨɣ 
ɨɬ ɬɨɱɤɢ ɤɢɩɟɧɢɹ ɞɨ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɪɹɞɚ ɜɟɳɟɫɬɜ Д4, 5Ж. 
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ɡɞɟɫɶ 0  – ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɧɚ ɤɪɢɜɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ,  1/2
0

0 1/3 2/3 1/2
0

0,5 exp
6

S M

P M

TR K
N V C T

        , ɡɞɟɫɶ ɩɪɨɩɢɫɧɵɟ ɛɭɤɜɵ ɨɬɧɨɫɹɬɫɹ ɤ ɦɨɥɹɪɧɵɦ 

ɜɟɥɢɱɢɧɚɦ, 0, , , ,S M PV C R   – ɦɨɥɹɪɧɵɟ ɬɟɩɥɨɬɚ ɫɭɛɥɢɦɚɰɢɢ ɢ ɩɥɚɜɥɟɧɢɹ, ɦɨɥɹɪɧɵɟ ɨɛɴɟɦ, 
ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, N – ɱɢɫɥɨ Ⱥɜɚɝɚɞɪɨ.  
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ɉɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɜɵɹɫɧɢɬɶ ɢɡ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɩɪɢɪɨɞɭ 
ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɫɨɨɬɧɨɲɟɧɢɣ (1, 2) ɞɥɹ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ. Ɂɚɞɚɱɟɣ ɷɬɨɝɨ ɫɨɨɛɳɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ K ɜ ɫɨɨɬɧɨɲɟɧɢɹɯ (1, 2). ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ 
ɜɟɳɟɫɬɜ, ɢɫɯɨɞɹ ɢɡ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɵɯ ɦɨɞɟɥɟɣ ɢɫɩɚɪɟɧɢɹ.  

ȼ ɭɪɚɜɧɟɧɢɢ (1) ɥɟɜɚɹ ɱɚɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɡɦɟɧɟɧɢɟ ɛɟɡɪɚɡɦɟɪɧɨɣ 
ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɣ ɷɧɬɪɨɩɢɢ  1/s k  ɤɥɚɫɬɟɪɚ ɩɪɢ ɭɞɚɥɟɧɢɢ ɢɡ ɟɝɨ ɫɨɫɬɚɜɚ ɨɞɧɨɣ ɦɨɥɟɤɭɥɵ, 
k – ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ. ɉɨɷɬɨɦɭ ɪɚɫɫɦɨɬɪɟɧɨ ɢɡɦɟɧɟɧɢɟ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɣ ɷɧɬɪɨɩɢɢ 
ɤɥɚɫɬɟɪɚ ɩɪɢ ɢɫɩɚɪɟɧɢɢ ɟɝɨ ɦɨɥɟɤɭɥ (ɚɬɨɦɨɜ).  

ȼ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɦɨɞɟɥɹɯ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ:  
– ɩɪɢ ɢɫɩɚɪɟɧɢɢ ɦɨɥɟɤɭɥɵ ɢɡ ɤɥɚɫɬɟɪɚ ɢɡɦɟɧɹɟɬɫɹ ɬɨɥɶɤɨ ɟɝɨ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɚɹ 

ɷɧɬɪɨɩɢɹ (ɄЭ,  
– ɫɮɟɪɢɱɟɫɤɢɣ ɤɥɚɫɬɟɪ ɦɨɠɟɬ ɫɨɞɟɪɠɢɬ q – ɫɮɟɪɢɱɟɫɤɢɯ ɦɨɥɟɤɭɥ ɢɥɢ ɚɬɨɦɨɜ, ɞɚɥɟɟ 

ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɪɦɢɧ ɦɨɥɟɤɭɥɵ, 
– ɢɫɩɚɪɟɧɢɟɦ ɤɨɦɩɥɟɤɫɚ ɦɨɥɟɤɭɥ ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ɏɚɤɬ ɨɞɧɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɢɫɩɚɪɟɧɢɹ 

ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɦɭɥɹɰɢɟɣ ɩɪɨɰɟɫɫɚ ɢɫɩɚɪɟɧɢɹ Д6Ж,  
– ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɦɟɯɚɧɢɡɦɚ ɢɫɩɚɪɟɧɢɹ ɦɨɥɟɤɭɥɵ: ɢɫɩɚɪɟɧɢɟ ɢɡ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɢ 

ɢɫɩɚɪɟɧɢɟ ɢɡ ɧɚɞɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, ɤɨɝɞɚ ɦɨɥɟɤɭɥɚ ɫɧɚɱɚɥɚ ɩɟɪɟɯɨɞɢɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ, 
ɬ.ɟ. ɜ ɧɚɞɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɧɚɯɨɞɢɬɫɹ ɨɞɧɚ ɦɨɥɟɤɭɥɚ, ɤɨɬɨɪɚɹ ɢ ɢɫɩɚɪɹɟɬɫɹ, 

– ɜ ɨɛɴɟɦɟ ɤɥɚɫɬɟɪɚ ɢ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɸɬɫɹ ɜɚɤɚɧɫɢɢ (ɩɭɫɬɨɬɵ), ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɜ 
ɪɚɡɧɵɯ ɦɨɞɟɥɹɯ ɱɢɫɥɨ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɭ ɢɫɩɚɪɹɟɦɵɯ ɚɬɨɦɨɜ ɪɚɡɥɢɱɧɨ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɪɚɡɦɟɪɚ ɄɂɌɎ ɫɩɪɚɜɟɞɥɢɜɨ ɫɨɨɬɧɨɲɟɧɢɟ 
**ln( ) S M B

B M

T
n

RT T
   ,                                              (3) 

ɝɞɟ ω – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɢɡ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ 
ɧɚɡɜɚɧ ɷɧɬɪɨɩɢɣɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ (ЭɄ). Эɬɨɬ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧ 
ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ ɧɚɬɹɠɟɧɢɸ, ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɵɯ 
ɫɨɨɬɧɨɲɟɧɢɟɦ (2).  

ɋɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɄЭ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ 
ɧɚɬɹɠɟɧɢɸ (ωE) ɢ ɟɝɨ ɦɨɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ (ωM) ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɚɯ: 

 

 
Ɋɢɫ. 1. Эɧɬɪɨɩɢɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɝɚɡɨɜ ɢ ɜɨɞɵ, ɏ – ωM, ɤɜɚɞɪɚɬ – ωE 
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Ɋɢɫ. 2. Эɧɬɪɨɩɢɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɬɚɥɥɨɜ, ɪɨɦɛ – ωM, ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɥɨɠɟɧ № ɩ/ɩ 

 
ɋɨɜɩɚɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɦɨɞɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɷɧɬɪɨɩɢɣɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɟɥɢ ɢɫɩɚɪɟɧɢɹ ɨɛɴɹɫɧɹɸɬ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɮɨɪɦɭɥ 
(1) ɢ (2). 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭ ɞɢɷɥɟɤɬɪɢɤɨɜ ɢɫɩɚɪɟɧɢɟ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɩɪɨɯɨɞɢɬ ɢɡ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭ ɦɟɬɚɥɥɨɜ ɢɡ ɧɚɞɩɨɜɟɪɯɧɨɫɬɧɨɝɨ. 

 

 
Ɋɢɫ. 2. Эɧɬɪɨɩɢɣɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ȽɓɆ, ɪɨɦɛ – ωM, ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɥɨɠɟɧ № ɩ/ɩ 

 
ɅɂɌȿɊАɌɍɊА 

 
1. A.G. Cherevko. High Temperature 47 (2009) 920. 
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2. A.G. Cherevko. High Temperature 48 (2010) 315. 
3. A.G. Maryasov, A.G. Cherevko. Phys. Chem. Chem. Phys.12 (2010) 13304. 
4. A.G. Cherevko. Colloid. Journ. 71 (2009) 869. 
5. A.G. Cherevko. Colloid Journal. 73 (2011) 128. 
6. C. Caleman, D. Van der Spoe. J. Chem. Phys. 125 (2006) 154508 (9).  
 
 
 

ɂɁɍɑȿɇɂȿ ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂɏ ɄɈɇɋɌАɇɌ ȾɂɋɋɈɐɂАɐɂɂ 
ɂɆɂɇɈȾɂəɇɌАɊɇɈɃ ɄɂɋɅɈɌЫ ɂ ɂɏ ВɅɂəɇɂə ɇА ɂɁɆȿɇȿɇɂȿ ɎɂɁɂɄɈ-
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əɤɨɜɥɟɜ Ⱥ.Ⱥ., ɇɢɤɨɥɶɫɤɢɣ ȼ.Ɇ., Ɍɨɥɤɚɱɟɜɚ Ʌ.ɇ., Ʉɨɩɢɱ ɇ.ɂ. 
Ɍɜɟɪɫɤɨɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ,  
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Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɤɨɦɩɥɟɤɫɨɧɵ, ɫɨɞɟɪɠɚɳɢɟ ɜ ɤɚɱɟɫɬɜɟ 
ɤɢɫɥɨɬɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ ɩɪɢ ɞɨɧɨɪɧɵɯ ɚɬɨɦɚɯ ɚɡɨɬɚ ɮɪɚɝɦɟɧɬɵ ɹɧɬɚɪɧɨɣ ɤɢɫɥɨɬɵ. 
ɉɪɨɫɬɟɣɲɢɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ ɷɬɨɝɨ ɬɢɩɚ ɤɨɦɩɥɟɤɫɨɧɨɜ, ɩɪɨɢɡɜɨɞɧɵɯ ɹɧɬɚɪɧɨɣ ɤɢɫɥɨɬɵ 
(ɄɉəɄ), ɹɜɥɹɟɬɫɹ ɢɦɢɧɨɞɢɹɧɬɚɪɧɚɹ ɤɢɫɥɨɬɚ (ɂȾəɄ). ɉɨɩɚɞɚɹ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɨɧɢ 
ɦɨɝɭɬ ɭɫɜɚɢɜɚɬɶɫɹ ɢ ɩɟɪɟɪɚɛɚɬɵɜɚɬɶɫɹ ɟɸ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɦɢɧɨɤɢɫɥɨɬ, ɧɟ ɧɚɤɚɩɥɢɜɚɹɫɶ ɢ ɧɟ 
ɡɚɝɪɹɡɧɹɹ ɟɟ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɄɉəɄ ɢɡɭɱɟɧɵ ɫɨɜɟɪɲɟɧɧɨ ɧɟɞɨɫɬɚɬɨɱɧɨ. 

ɋɬɭɩɟɧɱɚɬɵɟ ɤɨɧɫɬɚɧɬɵ ɞɢɫɫɨɰɢɚɰɢɢ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɨɧɚɂȾəɄ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɬɞɟɥɶɧɵɯ ɬɢɬɪɨɜɚɧɢɣ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɢɨɧɧɨɣ 
ɫɢɥɵ.Ʌɨɝɚɪɢɮɦɵ ɤɨɧɫɬɚɧɬ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ AUTOEQUIL. Ɂɚ 
ɛɚɡɢɫɧɵɟ ɱɚɫɬɢɰɵ ɛɵɥɢ ɩɪɢɧɹɬɵ ɩɪɨɬɨɧ ɢɞɟɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣɥɢɝɚɧɞ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ ɞɢɫɫɨɰɢɚɰɢɢ ɂȾəɄ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥ. 1. 

 
Ɍɚɛɥɢɰɚ 1.Ɉɬɪɢɰɚɬɟɥɶɧɵɟ ɥɨɝɚɪɢɮɦɵ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɬɭɩɟɧɱɚɬɵɯ ɤɨɧɫɬɚɧɬ ɤɢɫɥɨɬɧɨɣ ɞɢɫɫɨɰɢɚɰɢɢ ɂȾəɄ, 298Ʉ 

pki I=0 I=0.1 I=0.4 I=0.6 I=0.8 
ɪФ1 2.67 ± 0.19 

2.17 [132] 
2.66 ± 0.09 2.68 ± 0.07 2.68 ± 0.20 3.16 ± 0.20 

ɪФ2 3,74 ± 0.04 
3.61[132] 

3.29 ± 0.15 3.09 ± 0.13 2.92 ± 0.16 2.89 ± 0.12 

ɪФ3 5.27 ± 0.07 
5.10[132] 

4.71 ± 0.07 4.40 ± 0.20 4.48 ± 0.07 4.49 ± 0.10 

ɪФ4 11.5 ± 0.2 
11.32[132] 

10.87 ± 0.06 10.25 ± 0.06 10.48 ± 0.06 11.42 ± 0.08 

 
ɍɧɢɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɥɟɤɫɨɧɨɜ ɨɛɪɚɡɨɜɵɜɚɬɶ ɩɪɨɱɧɵɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ ɤɨɦɩɥɟɤɫɵ 

ɫ ɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ, ɩɪɨɫɬɨɬɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɢɯ ɦɨɥɟɤɭɥɵ ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɥɢɝɚɧɞɨɜ ɫ 
ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɨɛɭɫɥɨɜɢɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɥɟɤɫɨɧɨɜ ɜ ɫɚɦɵɯ 
ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ.  

ɉɪɨɫɬɨɬɚ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɥɟɤɫɨɧɨɜ, ɞɨɫɬɭɩɧɨɫɬɶ ɢ ɧɟɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ 
ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ ɞɥɹ ɫɢɧɬɟɡɚ ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɸɬ ɩɨɞɨɛɧɵɣ ɤɥɚɫɫ ɫɨɟɞɢɧɟɧɢɣ ɨɬ ɞɪɭɝɢɯ. 
Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɷɬɢɯ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɧɚ ɡɧɚɱɟɧɢɢ ɥɨɝɚɪɢɮɦɚ ɤɨɧɫɬɚɧɬɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɥɹ 
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ɤɨɦɩɥɟɤɫɨɜ ɤɚɥɶɰɢɹ ɫ ɜɵɛɪɚɧɧɵɦ ɤɨɦɩɥɟɤɫɨɧɨɦ (4,42±0,07 ɩɪɢ I = 0,1 (ɄNɈɡ), Ɍ = 298,15Ʉ) 
ɦɵ ɢɡɭɱɢɥɢ ɜɥɢɹɧɢɟ ɦɢɤɪɨɞɨɛɚɜɨɤ ɢɦɢɧɨɞɢɹɧɬɚɪɧɨɣ ɤɢɫɥɨɬɵ ɧɚ ɩɪɨɱɧɨɫɬɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɜɟɫɬɤɨɜɨ-ɩɟɫɱɚɧɨ-ɰɟɦɟɧɬɧɵɯ ɜɹɠɭɳɢɯ ɪɚɡɥɢɱɧɵɯ ɪɟɰɟɩɬɭɪ.  

 
Ɍɚɛɥɢɰɚ 2. ɋɪɚɜɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɨɛɪɚɡɰɨɜ ɂɉɐȼ ɫ 
ɞɨɛɚɜɤɨɣ ɂȾəɄ 

ɋɨɫɬɚɜ 
Ʉɨɥ-ɜɨ 

ɰɟɦɟɧɬɚ, % 
Ⱦɨɛɚɜɤɚ 

ɤɨɦɩɥɟɤɫɨɧɚ, % 
ɉɟɪɢɨɞ 

ɬɨɪɦɨɠɟɧɢɹ, ɫ 

ȼɪɟɦɹ 
ɞɨɫɬɢɠɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ 

80 °ɋ, ɫ 

ɉɨɤɚɡɚɬɟɥɶ 
ɩɪɨɱɧɨɫɬɢ 

ɩɪɢ ɫɠɚɬɢɢ, 
R, ɤɝ/ɫɦ2 

ɂɉɐȼ 6,7 ɇɟɬ ɇɟɬ 300 - 

ɂɉɐȼ 6,7 
0,6 ɨɬ ɦɚɫɫɵ 
ɫɭɯɨɣ ɫɦɟɫɢ 

Ⱦɨ 345 675 - 

ɂɉɐȼ 7,15 ɇɟɬ ɧɟɬ 
ɇɚ 7 ɦɢɧ 

60°ɋ 
61,9 

ɂɉɐȼ 7,15 
0,6 ɨɬ ɦɚɫɫɵ 
ɫɭɯɨɣ ɫɦɟɫɢ 

780 
ɇɚ 16 ɦɢɧ 

35 °ɋ 
70,5 

 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɢɹɧɢɹ ɤɨɦɩɥɟɤɫɨɧɚ ɂȾəɄ ɧɚ ɫɜɨɣɫɬɜɚ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ 

ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɤɨɧɬɪɨɥɶ ɢɡɦɟɧɟɧɢɹ ɩɥɚɫɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ ɦɚɫɫɢɜɨɜ ɩɨɫɥɟ ɡɚɥɢɜɤɢ ɜɩɥɨɬɶ 
ɞɨ ɪɟɡɤɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɪɟɰɟɩɬɭɪɵ ɹɱɟɢɫɬɨ-ɛɟɬɨɧɧɨɣ ɫɦɟɫɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɤɨɦɩɥɟɤɫɨɧɚ ɢ ɛɟɡ ɧɟɝɨ. ɉɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ ɩɨɫɥɟ 
ɚɜɬɨɤɥɚɜɢɪɨɜɚɧɢɹ ɫɥɭɠɢɥɢ ɨɫɧɨɜɧɵɦɢ ɨɰɟɧɨɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɤɚɱɟɫɬɜɚ ɝɨɬɨɜɨɝɨ 
ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɰɟɩɬɭɪɵ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɜɜɟɞɟɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɨɧɚ). ȼɵɜɨɞɵ ɨ ɜɥɢɹɧɢɢ ɂȾəɄ ɧɚ ɤɚɱɟɫɬɜɨ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ ɛɵɥɢ ɫɞɟɥɚɧɵ ɩɭɬɟɦ 
ɫɪɚɜɧɟɧɢɹ ɞɚɧɧɵɯ (ɩɥɚɫɬɢɱɟɫɤɚɹ ɩɪɨɱɧɨɫɬɶ, ɩɪɨɱɧɨɫɬɶ ɛɟɬɨɧɚ ɧɚ ɫɠɚɬɢɟ), ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɪɟɰɟɩɬɭɪ. 

ɋɭɯɨɣ ɤɨɦɩɥɟɤɫɨɧ ɞɨɛɚɜɥɹɥɫɹ ɜ ɦɢɤɪɨɤɨɥɢɱɟɫɬɜɚɯ - ɢɡ ɪɚɫɱɟɬɚ 50 ɝ/ɦ3 ɛɟɬɨɧɚ. Ⱦɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɜɚɪɶɢɪɨɜɚɧɢɟɦ 4 ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɚɜɥɟɧɨ 16 ɪɟɰɟɩɬɭɪ. Ⱦɥɹ 
ɤɚɠɞɨɣ ɪɟɰɟɩɬɭɪɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɹɬɢɤɪɚɬɧɵɟ ɡɚɥɢɜɤɢ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ. 

 
Ɍɚɛɥɢɰɚ 3. ɋɨɫɬɚɜ ɪɟɰɟɩɬɭɪ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ 

№ ɪɟɰɟɩɬɭɪɵ 
Ⱥɤɬɢɜɧɨɫɬɶ 
ɜɹɠɭɳɟɝɨ, % 

ȼɨɞɨɬɜɟɪɞɨɟ 
ɨɬɧɨɲɟɧɢɟ 

ɋɨɞɟɪɠɚɧɢɟ 
ɰɟɦɟɧɬɚ, ɞɨɥɹ 

Ⱦɨɛɚɜɤɚ 
ɤɨɦɩɥɟɤɫɨɧɚ 

1 18 0,42 0,5 + 
2 21 0,42 0,5 + 
3 18 0,44 0,5 + 
4 21 0,44 0,5 + 
5 18 0,42 0,5 - 
6 21 0,42 0,5 - 
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7 18 0,44 0,5 - 
8 21 0,44 0,5 - 
9 18 0,42 1 + 
10 21 0,42 1 + 
11 18 0,44 1 + 
12 21 0,44 1 + 
13 18 0,42 1 - 
14 21 0,42 1 - 
15 18 0,44 1 - 
16 21 0,44 1 - 

 
ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɢɨɪɢɬɟɬɧɨɣ ɡɚɞɚɱɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɹ ɜɹɠɭɳɟɝɨ, 

ɩɪɢ ɫɨɤɪɚɳɟɧɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɢɫɬɚɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɛɵɥɨ ɭɞɟɥɟɧɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɩɵɬɚɧɢɣ ɨɛɪɚɡɰɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɦɢɧɢɦɚɥɶɧɭɸ (ɩɨɥɨɜɢɧɧɭɸ) ɞɨɥɸ ɰɟɦɟɧɬɚ. 

 
Ɍɚɛɥɢɰɚ 4. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɩɨɥɨɜɢɧɧɨɣ ɧɨɪɦɨɣ 
ɰɟɦɟɧɬɚ 

 

Ⱥɤɬɢɜɧɨɫɬɶ 
ɜɹɠɭɳɟɝɨ 

ȼɨɞɨɬɜɟɪɞɨɟ 
ɨɬɧɨɲɟɧɢɟ 

ɋɨɞɟɪɠɚɧɢɟ 
ɰɟɦɟɧɬɚ 

Ⱦɨɛɚɜɤɚ 
ɤɨɦɩɥɟɤɫɨɧɚ 

ɋɪɟɞɧɢɣ 
ɩɨɤɚɡɚɬɟɥɶ 

ɩɪɨɱɧɨɫɬɢ ɩɪɢ 
ɫɠɚɬɢɢ, R ɫɪɟɞɧ., 

ɤɝɫ/ɫɦ2 

ɉɨɡ. 1 
ɉɨɡ. 5 

18 
18 

0,42 
0,42 

0,5 
0,5 

+ 
- 

53,1 
43,1 

ɉɨɡ. 2 
ɉɨɡ. 6 

21 
21 

0,42 
0,42 

0,5 
0,5 

+ 
- 

57,3 
40,8 

ɉɨɡ. 3 
ɉɨɡ. 7 

18 
18 

0,44 
0,44 

0,5 
0,5 

+ 
- 

46,3 
43,9 

ɉɨɡ. 4 
ɉɨɡ. 8 

21 
21 

0,44 
0,44 

0,5 
0,5 

+ 
- 

39,8 
39,6 

 
Ɍɚɛɥɢɰɚ 5. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɩɵɬɚɧɢɣ ɹɱɟɢɫɬɨɝɨ ɛɟɬɨɧɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɤɨɦɩɥɟɤɫɨɧɚ ɢ ɡɚɫɟɧɨɣ 0,5 ɧɨɪɦɵ ɰɟɦɟɧɬɚ 

 
Ⱥɤɬɢɜɧɨ

ɫɬɶ 
ɜɹɠɭɳɟɝ

ɨ, % 

ȼɨɞɨɬɜɟɪ
ɞɨɟ 

ɨɬɧɨɲɟɧɢ
ɟ 

ɋɨɞɟɪɠɚɧɢ
ɟ ɰɟɦɟɧɬɚ, 

ɞɨɥɹ 

Ⱦɨɛɚɜɤɚ 
ɤɨɦɩɥɟɤ

ɫɨɧɚ 

ɋɪɟɞɧɢɣ ɩɨɤɚɡɚɬɟɥɶ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢ 

ɫɠɚɬɢɢ, R ɫɪɟɞɧ., 
ɤɝɫ/ɫɦ2 

ɉɨɡ. 1 
ɉɨɡ. 13 

18 
18 

0,42 
0,42 

0,5 
1 

+ 
- 

53,1 
61,9 

ɉɨɡ. 2 
ɉɨɡ. 14 

21 
21 

0,42 
0,42 

0,5 
1 

+ 
- 

57,3 
44,0 

ɉɨɡ. 3 
ɉɨɡ. 15 

18 
18 

0,44 
0,44 

0,5 
1 

+ 
- 

46,3 
36,4 

ɉɨɡ. 4 
ɉɨɡ. 16 

21 
21 

0,44 
0,44 

0,5 
1 

+ 
- 

39,8 
44,8 
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ȼ ɞɜɭɯ ɫɥɭɱɚɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɡɚɦɟɧɟ 0,5 ɧɨɪɦɵ ɰɟɦɟɧɬɚ ɧɚ 
ɞɨɛɚɜɤɭ ɤɨɦɩɥɟɤɫɨɧɚ, ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɧɚɛɥɸɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɤɨɦɩɥɟɤɫɨɧɚ. ɋɪɟɞɧɟɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɩɪɢ ɡɚɦɟɧɟ ɰɟɦɟɧɬɚ ɧɚ ɡɚɦɟɞɥɢɬɟɥɶ 
ɝɢɞɪɚɬɚɰɢɢɫɨɫɬɚɜɥɹɟɬ 3,6 ɤɝ/ɫɦ2. 

ɂɡɭɱɚɹ ɞɢɧɚɦɢɤɭ ɪɨɫɬɚ ɩɥɚɫɬɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ(ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɪɟɦɹ 
ɜɵɞɟɪɠɤɢ ɦɚɫɫɢɜɚ ɞɨ ɪɟɡɤɢ, ɬɨ ɟɫɬɶ ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɥɨɳɚɞɟɣ ɢɥɢ ɪɟɝɭɥɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ ɩɨɬɨɱɧɨɣ ɥɢɧɢɢ) 
ɦɚɫɫɢɜɨɜ ɨɛɪɚɡɰɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɞɨɛɚɜɤɢ ɤɨɦɩɥɟɤɫɨɧɚ ɩɨɫɥɟ ɡɚɥɢɜɤɢ ɜ ɮɨɪɦɵ ɜɩɥɨɬɶ ɞɨ 
ɪɟɡɤɢ "ɫɵɪɨɝɨ" ɦɚɫɫɢɜɚ ɢ, ɫɪɚɜɧɢɜɚɹ ɩɨɩɚɪɧɨ ɫ ɤɨɧɬɪɨɥɶɧɵɦɢ ɨɛɪɚɡɰɚɦɢ, ɦɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɞɨɛɚɜɤɚ ɤɨɦɩɥɟɤɫɨɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɩɥɚɫɬɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɫɤɨɪɨɫɬɶ ɧɚɛɨɪɚ 
ɷɬɨɣ ɩɪɨɱɧɨɫɬɢ. 
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ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂȿ ɋВɈɃɋɌВА ɌɊɂȽАɅɈȽȿɇɂȾɈВ ɋɄАɇȾɂə В 
ɄɈɇȾȿɇɋɂɊɈВАɇɇɈɆ ɋɈɋɌɈəɇɂɂ 

Ⱥɪɢɫɬɨɜɚ ɇ.Ɇ.1, Ȼɟɥɨɜ Ƚ.ȼ.1,2 
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Ƚɚɥɨɝɟɧɢɞɵ ɫɤɚɧɞɢɹ ɧɚɲɥɢ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɛɟɡɪɬɭɬɧɨɣ 
ɦɟɬɚɥɥɨɝɚɥɨɝɟɧɧɨɣ ɥɚɦɩɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɢɝɚɥɨɝɟɧɢɞɵ ɫɤɚɧɞɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ScBr3 ɢ ScI3. 
Ɍɟɯɧɢɱɟɫɤɢɦ ɪɟɡɭɥɶɬɚɬɨɦ ɷɬɨɝɨ ɢɡɨɛɪɟɬɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɯɪɚɧɟɧɢɹ ɥɚɦɩ. Ȼɟɡɜɨɞɧɵɟ ɨɱɢɳɟɧɧɵɟ ɨɬ 
ɤɢɫɥɨɪɨɞɚ ScF3 ɢ ScCl3 ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɪɟɚɝɟɧɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɭɱɟɧɢɹ 
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɤɚɧɞɢɹ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɪɹɞɚ ɧɚɭɱɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ ɧɟɨɛɯɨɞɢɦɵ ɡɧɚɧɢɹ ɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ. ɍɪɚɜɧɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ 
ɢɧɬɟɪɜɚɥɚɯ ɬɟɦɩɟɪɚɬɭɪ 298.15 - Ɍɩɥ (Ʉ) ɩɨɥɭɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɢ ɨɛɪɚɛɨɬɤɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨ ɷɧɬɚɥɶɩɢɢ, ɢɦɟɸɳɢɯɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ Д1-3Ж. ȼ ɫɥɭɱɚɟ 
ɨɬɫɭɬɫɬɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɵɥɢ ɨɰɟɧɟɧɵ 
ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ. 

ɍɪɚɜɧɟɧɢɹ ɞɥɹ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɧɬɟɪɜɚɥɚɯ298.15-Ɍɩɥ ( Ʉ ): 

ScF3 (298.15-1825 Ʉ)ɋɪ
o(T) = 98.923 + 2.930·10-3·T - 14.487·105·T -2 

ScCl3 (298.15-1240 Ʉ)    ɋɪ
o(T) = 95.904 + 15.143·10-3·T - 7.484·105·T -2 

ScBr3 (298.15-1242 Ʉ)    ɋɪ
o(T) = 95.220 + 16.752·10-3·T - 4.635·105·T -2 

ScI3 (298.15-1225 Ʉ)  ɋɪ
o(T) = 83.115 + 74.193·10-3·T – 81.446·10-6·T 2 + 

+36.019·10-9·T 3( ɜ ȾɠK-1ɦɨɥɶ-1 ) 
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɠɢɞɤɨɝɨ ScCl3 ɩɪɢɧɹɬɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Д1Ж, ɜ ɬɨ 

ɜɪɟɦɹ ɤɚɤ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɬɪɢɝɚɥɨɝɟɧɢɞɨɜ ɫɤɚɧɞɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɠɢɞɤɨɣ ɮɚɡɵ ɨɰɟɧɟɧɵ. 
Эɧɬɚɥɶɩɢɢ ɩɥɚɜɥɟɧɢɹ ScF3, ScCl3 ɢ ScI3 ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜ ɪɚɛɨɬɚɯ Д2Ж, Д1Ж ɢ Д3Ж 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɋ ɭɱɟɬɨɦ ɷɬɢɯ ɞɚɧɧɵɯ ɨɰɟɧɟɧɚ ɷɧɬɚɥɶɩɢɹ ɩɥɚɜɥɟɧɢɹ ScBr3. 

ɋ ɩɨɦɨɳɶɸ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɋɪ
o(T) ɞɥɹ ɬɜɟɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɞɚɧɧɵɯ ɞɥɹ ɠɢɞɤɨɣ 

ɮɚɡɵ ɪɚɫɫɱɢɬɚɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ: ɷɧɬɪɨɩɢɢ, ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ, ɢɡɦɟɧɟɧɢɹ 
ɷɧɬɚɥɶɩɢɢ - ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298.15-2500 Ʉ ɞɥɹ ScF3ɢ ɞɨ 2000 Ʉ ɞɥɹ ScCl3, ScBr3 ɢ 
ScI3. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɜɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɟɣ ɪɟɤɨɦɟɧɞɭɟɦɵɯ ɜɟɥɢɱɢɧ. 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɡɚɧɟɫɟɧɵ ɜ ɛɚɡɭ ɞɚɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɫɩɪɚɜɨɱɧɨɣ ɫɢɫɬɟɦɵ 
ɂȼɌȺɇɌȿɊɆɈ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɩɨ ɉɪɨɝɪɚɦɦɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɉɊАɇ ɩɨ ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɧɚɩɪɚɜɥɟɧɢяɦ ɪɚɡɜɢɬɢя ɧɚɭɤɢ  №1 
"Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢя" (ɤɨɨɪɞ. ɚɤ. Ȼɟɬɟɥɢɧ В.Ȼ.). 
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MEASUREMENTS OF THE DENSITY, SPEED OF SOUND AND VISCOSITY OF 
GEOTHERMAL FLUIDS FROM SOUTH RUSSIA (DAGESTAN) 

Abdulagatov I.M.1, Akhmedova-Azizova L.A.2,Aliyev R.M.3, Badavov G.B.4 
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3Geothermal Research Institute of the Russian Academy of Sciences. Russia.  
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One of the key factors when planning the exploitation of geothermal resources is the availability 
of reliable data on thermodynamic and transport properties of geothermal brines. Accurate thermal 
properties of geothermal brinesare a prerequisite for modeling geothermal reservoirs and 
fundamental to understanding the various physical and chemical processes occurring in the natural 
environment. The geothermal fluids are the largest reservoir of aqueous electrolyte solutions - 
NaCl, KCl, CaCl2, MgCl2, etc. To understand and control those processes which used geothermal 
fluids, it is necessary to know their thermodynamic and transport properties, particularly density 
and viscosity as a function of temperature. If the PVTx properties of the geothermal fluid are 
known, the energy properties may be readily calculated. The available PVTx properties of 
geothermal fluids are not sufficient to meet the needs of the geothermal industry for complex 
solutions such as those found in geothermal reservoirs. Prediction flow parameters for a production 
well is of central interest for the use of geothermal energy. 

Density, speed of sound, and viscosity of natural geothermal fluids have been measured over the 
temperature range from (278 to 333) K and at atmospheric pressure. The measurements were made 
using the Anton Paar DMA4500 densimeter, Stabinger SVM3000 viscometer, and DSA 5000 M. 
The measurements were made for two geothermal fluid samples from the hot-wells (No.4 and No.5) 
of south Russia (Dagestan, Caspian seashore). The combined expanded uncertainty of the density, 
viscosity, speed of sound, and temperature measurements at the 95 % confidence level with a 
coverage factor of k = 2 is estimated to be 0.0005 % (for DMA4500) and 0.02 % (for SVM3000), 
0.10 %, КЧН 0.01 K (DMA4500) КЧН 0.005 K (SVM3000), КЧН 0.1 Ц·s-1, respectively. Measured 
values of viscosity were used to develop theoretically based Arrhenius-Andrade type viscosity 
model, which reproduced the measured values of viscosity within 0.9 % to 1.7 %. The measured 
densities and viscosities were compared with the values for geothermal brine models (binary and 
ternary aqueous salt solutions, synthetic brines). These data needed to properly estimate the 
likelihood of scaling and/or corrosion developing within the wells and surface installations, and to 
predict the commercial lifetime of the exploitation project. 

 
Density measurements 

The geothermal brine samples were collected at about 59 0C, filtered to remove suspended 
solids. Density of the geothermal fluid samples was measured with the Anton Paar DMA4500 
commercial vibrating-tube densimeter (VTD). 

The working principle of an oscillation-type densimeter is based on the law of harmonic 
oscillation, in which a U-tube is completely filled with the sample under study and subjected to an 
electromagnetic force. The measurement of the frequency and duration of vibration of the tube 
filled with the sample, allows the determination of the density of the sample. This measuring 
principle is based on the Mass-Spring Model. The measuring cell consists of an oscillator formed by 
hallow U-shaped tube made from glass or metal (see Figure). This type VTD has been successfully 
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used previously in our earlier publications to accurate measure of the density of various fluids (ionic 
liquids, hydrocarbons, and their mixtures with alcohols [1, 2]. 

 

 
Measuring cell of the oscillation-type densimeter. 1- tube; 2-frequency 

oscillator; 3-magnet; 4-coil; 5-amplifier; 6-evaluation; 7-display. 
 

Viscosity measurements 
The dynamic viscosity of the geothermal brines at atmospheric pressure were measured with an 

automated SVM 3000 Anton Paar rotational Stabinger viscometer-densimeter with a coaxial 
cylinder geometry. Viscometer simultaneously measures the dynamic viscosity and density of 
liquids according to ASTM D7042. According to the manufacturer, the technique allows 
simultaneously density, dynamic and kinematic viscosity measurements over the range (217 to 378) 
K, and in the viscosity range of 0.2 mPas to 20 Pas. The viscometer is based on a modified 
Couette principle with a rapidly rotating outer cylinder (tube) and an inner measuring bob which 
rotates more slowly. The outer cylinder (tube) is driven by a motor at a constant and known 
rotational speed. The low density hollow inner cylinder (rotor) is held in the axis of rotation by the 
centrifugal forces of the higher density sample and its longitudinal position by the magnet and the 
soft iron ring. Consequently the system works free of bearing friction as found in rotational 
viscometers. A rotating permanent magnetin the inner cylinderinduces an eddy current field in the 
surrounding copper casing with an exact peed-dependent brake torque. The eddy current torque is 
measured with extremely high resolution. Combined with the integrated thermoelectric 
thermostatting, this ensures unparalleled precision The rotating fluid's shear forces drive the rotor, 
while a magnet inside the rotor forms an eddy current brake with the surrounding copper housing. 

 
Speed of sound measurements 

The speed of sound of the geothermal brines at atmospheric pressure was measured with DSA 
5000 M Anton Paar instrument. DSA 5000 M simultaneously determines the density of the sample. 
The density and speed of sound measuring ranges are from (0 to 3000) kgm-3 and from (1000 to 
2000) ms-1, respectively. The uncertainties of the density and speed of sound measurements are 
0.001 kgm-3 and 0.1 ms-1, respectively. The two-in-one instrument is equipped with a density cell 
and a sound velocity cell thus combining the proven Anton Paar oscillating U-tube method (see 
above) with a highly accurate measurement of sound velocity. Both cells are temperature-controlled 
by a built-in Peltier thermostat. A receiver on the other side introduces the sample into the sound 
velocity-measuring cell that is bordered by an ultrasonic transmitter on the one side. The transmitter 
sends sound waves of a known period through the sample. The speed of sound can be calculated by 
determining of the period of received sound waves and by considering the distance between the 
transmitter and receiver  
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where L is the original path length of the sound waves;  T  is the temperature deviation to 293 K; 
P is the oscillation period of the received sound waves;  is the apparatus constant for sound 
velocity; 3f is the correction term for temperature. 

 
Results and Discussion 

The experimental density and viscosity results are presented in Table as a projection in the-T 
and η-T planes together with pure water values calculated from IAPWS formulations for the density 
[3] and viscosity [4]. The temperature behavior of measured density, -T curves, shows some 
curvature, just as observed for pure water behavior [3]. The difference between the present 
measured geothermal fluids densities and pure water values are within 0.2 %, which is considerable 
higher than their experimental uncertainty (see above). We have compared the present density and 
viscosity data with the values reported by other researchers for aqueous salt solutions and synthetic 
brines consisting of salt solutions. In general, the qualitative behavior of the present density and 
viscosity data for the geothermal brines and reported data for the binary aqueous salt solutions is the 
same and very close each other. The present density and speed of sound measurements were used to 
calculate other thermodynamic properties of the geothermal fluid samples. 

Experimental values of density, viscosity, and temperature of geothermal fluids at atmospheric 
pressurec. Kayakent (No.4) and (No. 5)(South Russia) 

 
(No. 4) Dagestan 

T (K)  (kgm-3) T (K)  (kgm-3)  (mPas) T (K) W (ms-1) 
278.17 1001.2 278.15 1001.8 1.5025 278.15 1428.88 
283.15 1000.9 283.15 1001.1 1.2955 283.15 1449.45 
293.14 999.41 293.15 999.20 0.9929 293.15 1484.03 
303.13 996.82 303.15 996.00 0.8124 303.15 1510.57 
313.15 993.37 313.15 992.40 0.6719 313.15 1530.24 
323.16 987.91 323.15 988.30 0.5653 323.15 1543.97 
     333.15 1552.50 
     343.15 1556.44 

(No. 5) Dagestan 
T (K)  (kgm-3) T (K)  (kgm-3)  (mPas) T (K) W (ms-1) 
278.15 1001.64 278.15 1002.60 1.5652 278.14 1429.65 
283.16 1001.34 283.15 1002.00 1.3659 283.11 1450.70 
293.16 999.80 293.15 999.90 1.1113 293.09 1485.35 
303.12 997.23 303.15 996.70 0.8739 303.15 1511.19 
313.13 993.77 313.15 993.73 0.7182 313.15 1530.85 
323.14 989.53 323.15 989.54 0.5934 323.15 1544.55 
  333.15 984.81 0.4959 328.15 1549.43 
     333.15 1553.06 
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Accurate volumetric (density, excess, apparent, and partial molar volumes) data of aqueous 

solutions is crucial for understanding many industrial and natural processes. In many applications 
these processes occur at high temperatures and high pressures. Most previous high-pressure density 
measurements were performed using VTD technique [1, 2, 3] with typical uncertainty of 10-4 gcm-3 
and cover very limited concentration range (basically dilute mixtures) and pressures up to 40 MPa. 
Constant –volume piezometer was used in the works [4,5] for high temperature (up to 673 K) and 
high pressure (up to 60 MPa) density measurements, including supercritical region. The uncertainty 
of these measurements is within 0.03 % to 0.15 % depending on temperature and pressure ranges. 
In our previous work [5] we have measured PVTx relationship of the water+ethanol mixtures in the 
wide temperature (from 423 to 673 K) and pressure (up to 51 MPa) ranges using constant-volume 
piezometer immersed in air thermostat with an uncertainty of 0.15 %. The derived values of density 
were used to calculate derived volumetric properties such as excess, partial and apparent molar 

volumes. In these works the values of V  and 
2V were obtained using the measured mixtures 

densities at infinite dilutions. The values of V for most water+alcohol solutions decrease with 
concentration which is related to the degree of hydrophobicity of the alcohol molecular.  

The excess ( E
mV ), apparent (V ) and partial ( 

2V ) molar volumes are very useful tools for 

understanding the interactions between the solute and solvent molecules occurring in the mixtures. 
Alcohol is the standard example of associated fluids. Alcohol molecules strongly affect water 
structure which leads to anomaly of the thermodynamic properties of the water+alcohol mixtures. 
Alcohol molecules re-ЛЮТХНТЧР аКЭОr’s sЭrЮМЭЮrО аСТМС Тs ХОКНТЧР МШЧsiderable changing 
thermodynamic properties of aqueous alcohol mixture. Studies of the apparent and partial molar 
volumes of aqueous mixtures are used to examine solute-solvent, solute - solute, and solvent-
solvent (structural) interactions, i.e., provide useful information on the nature of interaction between 
solute  and solvent molecules. The excess properties, likeE

mV , reflect of the origin of the non-

ideality in the mixture, especially in the mixtures that show strong interactions between the unlike 
(solute and solvent) molecules. The volumetric properties (density, excess and partial molar 
volumes) are providing very useful information on the structural and intermolecular interaction 
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between the solvent and solute molecules with different sizes, shapes, and chemical nature. For 
deeply understanding of the nature and physical and chemical mechanism of aqueous alcohol 
mixture properties anomalies the accurate experimental study of the volumetric properties are 
needed. 

This work is a part of our studies on the thermodynamic properties of aqueous electrolyte 
systems under high temperatures and high pressures. The present work presents experimental 
densities of binary water+ethanol and ternary water+ethanol+lithium nitrate mixtures as a function 
of the molality of the electrolyte (LiNO3) and the electrolyte-free mass fraction of the ethanol at 
temperature from (298 to 448) K and at pressures up to 40 MPa. As part of our study of aqueous 
mixtures of electrolyte, in the present work we measured volumetric properties of the ternary 
mixtures water+ethanol+lithium nitrate. 

Densities of binary water+ethanol and ternary water+ethanol+LiNO3 mixtures have been 
measured over the temperature range from 298 K to 448 K and at pressures up to 40 MPa using the 
constant-volume piezometer immersed in a precision liquid thermostat. The experimental details 
(apparatus, procedure of the measurements, and detailed uncertainty assessment procedure) of the 
density measurements have been described fully in our previous publications. 

New density data for liquid water+ethanol mixtures have been measured over the temperature 
range from 298 K to 448) K and at pressures up to 40 MPa using the constant-volume piezometer 
technique for dilute mixtures (for four compositions of 0.0163, 0.0343, 0.0730, and 0.0946 mole 
fraction of ethanol). The measurements for ternary water+ethanol+LiNO3 mixtures were performed 
in the same temperature and pressure ranges for twelve concentrations of LiNO3 (0.520, 0.940, 
0.0457, 0.4757, 0.8599, 1.0931, 0.0422, 0.4387, 0.7930, 1.1870, 0.5200, and 0.9400 molkg-1). 
Good agreement (within 0.02 % to 0.05 %) is found between the present density measurements for 
the mixture and the data sets reported by other authors in the literature. The derived volumetric 

properties such as excess (EmV ), apparent (V ), and partial ( 
2V ) molar volumes at infinite dilution 

were calculated using the measured density data for the water+ethanol mixture and pure water 
(IAPWS) and pure ethanol as a function of temperature, pressure, and concentration. The values of 
excess molar volume for water+ethanolmixtures are small (maximal value is about -1.12 cm3mol-1) 
and negative at all measured temperatures, pressures, and over the entire concentration range. The 
excess molar volume minimum is found at concentration about 0.4 mole fraction of ethanol 

(slightly skewed towards low concentrations). Derived values of apparent molar volume V of 
water+ethanolmixtures at low concentration range (dilute mixture) decreases with concentration, 
passes through a minimum around  5  molkg-1,  and then rapidly increases at higher concentrations. 

The locus of the V concentration minimum shifted to the low concentration range with temperature 

increasing and finally at 348 K is vanished. The location of the concentration minimum of V is 
almost independent on pressure. 

Density measurements were made at constant temperatures as a function of pressure. The 
experimental density results for water+ethanol and water+ethanol+LiNO3 mixtures are shown in 
Figs.1 
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Fig. 1.Measured densities of aqueous ethanol mixtures as a function of pressure along the various 
isotherms for two selected concentrations.  

δОПЭ: ●,297.05 K;○, 323.15 K;  ■, 348.15 K; □, 373.15 K; ▲, 398.15 K; , 423.15 K; , 
448.15 K.  

RТРСЭ: ●,298.15 K;○, 323.15 K;  ■, 348.15 K; □, 373.15 K; ▲, 398.15 K; , 423.15 K; , 
448.15 K. Dashed lines are interpolated data. 

 
The temperature dependences of the present measured densities for aqueous ethanol mixtures 

along the two selected isobars (10 and 40 MPa) and for various concentrations are shown in Fig. 2 
together with the pure water values calculated from IAPWS for the same isobars. 

 
Fig. 2.Measured densities of aqueous ethanol mixtures as a function of temperature along the two 
sОХОМЭОН ТsШЛКrs ПШr ЯКrТШЮs МШЧМОЧЭrКЭТШЧs. ○, 10 MPК;●,40 MPК;SШХТН ХТЧОs КrО pЮrО аКЭОr ЯКХЮОs 
calculated from IAPWS. Dashed lines are interpolated data 
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Densities of ternary water+1-propanol+KNO3 mixtures have been measured over the 
temperature range from (303 to 448) K and at pressures up to 35 MPa using the constant-volume 
piezometer immersed in a precision liquid thermostat. The effect of salt and alcohol concentrations 
on the ternary mixture density and partial molar volumes were studied. The derived volumetric 

property such as partial molar volumes of salt (KNO3, 2V ) and alcohol (1-propanol, 1V ) were 
calculated using the measured values of the ternary mixture densities. The volumetric behavior of 
the ternary mixture was interpreted in term of changes in the water structure caused by the added 
alcohol (1-propanol) and salt (KNO3). It was shown that changes in the volumetric behavior of the 
complex solutions are results of the structural changes in water structure caused by solutes (alcohol 
and salt). In several previous publications we have studied the density and derived volumetric 
properties of binary water+1-propanol [1], water+ethanol, and ternary water+ethanol+LiNO3 
mixtures [2]. The same apparatus we used previously to measure of the volumetric properties 
(PVTx) of binary aqueous 1-propanol [1] and KNO3[3] mixtures at high temperatures from (298 to 
573) K and high pressures (up to 40 MPa). the primary objective of this work was to provide new 
reliable experimental volumetric (density) and derived (partial molar volumes) properties for 
ternary water+1-propanol+KNO3 mixtures at high temperatures (up to 448 K) and high pressures 
(up to 40 MPa). This work is a part of continuing program on the study of thermodynamic and 
transport properties of binary and ternary aqueous electrolyte solutions at high temperatures and 
high pressures. The details of the uncertainty analysis for the density and derived volumetric 

properties ( E
mV , V , 

2V ) for the method is given in our recent publication [1,2].  

New density data for ternary water+1-propanol+KNO3 mixtures have been measured over the 
temperature range from (303 to 448) K and at pressures up to 35 MPa using a constant-volume 
piezometer technique for six concentrations, namely: (1) KNO3(0.0077 mole %)–ɋ3ɇ7Ɉɇ (1.55 
mole %); (2) KNO3(0.0077 mole %) – ɋ3ɇ7Ɉɇ (5.02 mole %); (3) KNO3 (0.0077 mole %)–
ɋ3ɇ7Ɉɇ (6.97 mole %); (4) KNO3 (0.0126 mole %) – ɋ3ɇ7Ɉɇ (5.02 mole %); (5) KNO3 (0.0308 
mole %)–ɋ3ɇ7Ɉɇ (5.02 mole %); and (6) KNO3 (0.0077 mole %)–ɋ3ɇ7Ɉɇ (9.08 mole %).The 
partial molar volumes of salt (KNO3) , 2V , and alcohol (1-propanol) , 1V ,were calculated using the 
measured density data for the ternary water+1-propanol+ KNO3 mixture as a function of 
temperature, pressure, and concentrations. The partial molar volume 2V maximum was found at 
temperatures around 323 K at low (dilute concentrations of salt) and considerable shift to high 
temperatures (up to 373 K) at high concentrations of 0.0308 mole %. The pressure slightly changes 
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the location of the temperature maximum of 2V . The concentration dependences of the derived 
partial molar volumes of salt were extrapolated to zero concentration (2x =0) to yield the partial 

molar volumes at infinite salt dilution (02V ). The temperature, pressure, and concentration 
dependence of density and derived partial molar volumes of the ternary mixture were studied. As 
one can see from Fig. 1, all measured isobar-isopleths for the mixture in -T projection shows the 
behavior close to the quadratic functions of temperature, just like for pure water (solid line). 
Therefore, the temperature behavior of density of the ternary water+1-propanol+KNO3mixture 
basically govОrЧs Лв аКЭОr’s prШpОrЭТОs. TСО НОЧsТЭв ШП ЛТЧКrв аКЭОr+1-propanol mixture is lower 
than pure water and ternary mixture densities (see Fig. 1). It is apparent that when alcohol (1-
propanol) is added to water, density of the mixture decreases because the density of alcohol is less 
than that of water. Instead, by adding salt to an aqueous solution, the density increases because salt 
density is greater than that of water. Organic (alcohol) and inorganic (salt) solutes have the opposite 
effect on the density behavior mixture and water structure changes (structure forming and breaking 
effects) in the mixture. These two opposite competition effects are determined the solution density 
and other thermodynamic properties behavior. It is apparent that the density of the ternary mixture 
depends on the relation between the salt and alcohol concentrations. As one can see from Fig. 1, the 
addition of salt to binary water+1-propanol (1x =5.02 mole %) mixture increases the density of the 
ternary solution and at salt concentrations above 2x =0.0077 mole % becomes higher than the pure 
water density. The pressure dependence of the present density measurements for ternary water+1-
propanol+KNO3 mixtures along the two selected experimental isotherms (303.15 and 448.15 K) 
and various concentrations of alcohol (1-propanol) at fixed concentration of salt (2x =0.0077 mole 
%) is shown in Fig. 2 together with pure water values. As this figure demonstrates, all experimental 
density isotherms for various concentrations of salt (KNO3) and alcohol (1-propanol) are lie on 
straight lines with the same slopes (linear function of pressure). As we can note from Fig. 2, pure 
water density higher than the ternary solution with salt concentration of 2x =0.0077 mole %at 
alcohol concentrations below 6.97 mole %  at temperature of 303.15 K, while for the isotherm of 
448.15 K the density of pure water higher than for solution at alcohol concentrations below 5.02 
mole %. This figure demonstrates the effect of temperature on the character of water structure 
changes in the solution with given concentrations of alcohol and salt (simultaneous effect of 
temperature and concentrations of solutes at fixed pressure).  

The partial molar volumes of the salt at infinite-dilution 0
2V  are small affected by temperature in 

the low temperature range (below 350 K) and rapid decreasing at high temperatures (above 350 K). 

The pressure dependence of 0
2V is very small at low temperatures 350 K, while at high temperatures 

the slope of the 0
2V -P isotherms sharply changes. In the presence of the alcohol in the binary 

water+KNO3 solution at the same T and P conditions the partial molar volume of salt (KNO3) is 
increasing in compare with the values alcohol –free binary water+KNO3 solutions. For example, the 
addition of 5.02 mole % alcohol (1-propanol) into binary mixture of water+KNO3the partial molar 
volume of the salt is slightly (by 7.5 %) increasing. The structure related properties such as partial 
molar expansibilities of alcohol (1-propanol)  PxTV  /1  and salt (KNO3)  PxTV  /2  and their 

curvatures,  Pxi TV 22 / , which are sensitive measure of the effect of solutes on the structure of 

water, were calculated using the experimental density data. The partial molar expansibilities of 
alcohol, PxTV  /1 >0, and salt, PxTV  /2 <0, have the opposite signs and opposite temperature 

dependences. The same signs and temperature dependences were observed for second temperature 
derivatives (curvature),  PxTV 2

1
2 / >0 (structure maker solute) and  PxTV 2

2
2 / <0 (structure 

breaking solute), of partial molar volumes of alcohol and salt, respectively. The molar 
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expansibilities of pure water, PW TV  / , and pure 1-propanol,  Pm TV  / , and their curvatures,  PW TV 22 /  and 1-propanol, Pm TV 22 / , at the same T and P conditions are positive. 

 
Fig. 1.Measured densities of  pure water, binary water+1-propanol, and ternary water+1-
propanol+KNO3 mixtures as a function of temperature for two selected isobars and various 
concentrations of electrolyte (KNO3) at fixed concentration of alcohol (1-propanol, 1x =5.02 mole 
%).  ○, 2x =0.0 (binary water+1-propanol mixture 1x =5.02 mole % Д5Ж); ●, 2x = 0.0077 mole %; , 

2x  = 0.0126 mole %; ▲, 2x  = 0.0308 mole %; Solid lines are pure water values (IAPWS). Dashed 
lines are interpolated values 

 
Fig. 2.Measured densities of ternary water+1-propanol+KNO3 mixtures as a function of pressure for 
two selected isotherms (303.15 K, left and 448.15 K, right) and fixed concentration of salt 
( 2x =0.0077 mole %) for various concentration of alcohol (1-prШpКЧШХ). ○, 1x =9.08 mole %; , 

1x =6.97mole %;●, 1x =5.02 mole %;▲, 1x =1.55 mole %; □, 1x =0 mole % (binary water+KNO3 
mixture). Solid lines are pure water values (IAPWS). Dashed lines are interpolated values 
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VOLUMES OF COMPLEX TERNARY WATER+1-PROPANOL+ LI 2SO4 MIXTURES AT 
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Densities of complex ternary water+1-propanol+Li 2SO4mixtures have been measured over the 
temperature range from (303 to 448) K and at pressures up to 40 MPa using the constant-volume 
piezometer immersed in a precision liquid thermostat. The measurements were performed for nine 
samples with concentrations of Li 2SO4 from (0.00623 to 0.0274) mole fraction and concentrations 
of 1-propanol from (0.01553 to 0.05024) mole fraction.  

This work is a part of our long term project on the study of thermodynamic and transport 
properties of binary and ternary aqueous electrolyte systems at high temperatures and high 
pressures. In our recent publication [1]we have measured volumetric properties (density, excess, 
apparent, and partial molar volumes) for binary water+1-propanol mixture. Also previously, we 
have published [2] PVTx and vapor-presure [3] and derived volumetric property data for binary 
aqueous Li2SO4 solutions.  

The experimental details (apparatus, procedure of the measurements, and detailed uncertainty 
assessment procedure) of the TP   measurements have been described fully in our previous 
publications [4-8] (see also review [9]). The total combined expanded uncertainty of the density 
measurements at a 95 % confidence level with a coverage factor of k = 2 are estimated to be 0.05 % 
to 0.06 %, depending on temperature and pressure ranges. The average uncertainty in pressure 
measurements is 0.015 %, and the maximum uncertainty is 0.05 %, depending on pressure range. 
The uncertainty in temperature measurements was 0.02 K. The experimental uncertainty in the 
concentration is estimated to be 0.015 %. 

In this work the mole fraction of 1-propanol is given in the electrolyte (Li2SO4)-free solution. 
The combined expanded uncertainty of the density, pressure, temperature, and concentration 
measurements at the 95 % confidence level with a coverage factor of k = 2 is estimated to be 0.06 
%, 0.05 %, 20 mK, and 0.015 %, respectively. Measured values of density for ternary mixtures 

were used to calculate partial molar volumes of alcohol (1-propanol), (1V ), and salt (Li2SO4), ( 2V ). 
The temperature and pressure dependences of the partial molar volumes were studied. The 
concentration dependences of the partial molar volumes were extrapolated to zero concentration 
( 01 x  in alcohol dilute mixture and 02 x  salt dilute mixture) to yield the partial molar volumes 

at infinite salt dilution (
0

1V and 
0

2V ). 
 The partial molar volumes of salt (Li2SO4), 2V , and alcohol (1-propanol), 1V ,were calculated 

using the measured density data for the ternary water+1-propanol+ Li2SO4 mixture as a function of 
temperature, pressure, and concentrations of both solutes. The maximum of the partial molar 
volume 2V was found in the low temperature range (around room temperature). The pressure 
slightly changes the location of the temperature maximum of 2V . The concentration dependences 
of the derived partial molar volumes of salt and alcohol were extrapolated to zero concentrations 

( 1x =0 and 2x =0) to yield the partial molar volumes at infinite salt dilution (0
1V and 0

2V ). The 
temperature, pressure, and concentration dependences of density and derived partial molar volumes 

of the ternary mixture were studied. The partial molar volumes of the salt at infinite-dilution 0
2V  are 
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small affected by temperature in the low temperature range (below 350 K) and rapid decreasing at 

high temperatures (above 350 K). The pressure dependence of 0
2V is very small at low temperatures 

350 K, while at high temperatures the slope of the 0
2V -P isotherms considerable changes. In the 

presence of the alcohol in the binary water+ Li2SO4 solution at the same T and P conditions the 
partial molar volume of salt (Li2SO4) is increasing in compare with the values for alcohol–free 
binary water+ Li2SO4 solutions. We have calculated the values of partial molar volumes of alcohol 
and salt in ternary mixture when both solutes (salt and alcohol simultaneously) at infinite dilution 

( 1x = 2x =0), 00
1V and 00

2V . We found very clearly pronounced temperature maximum of 
00

2V (especially at high pressures) around the 325 K, while 00
1V  monotonically increases with 

temperature. Also we observed that 1V - 2x dependence for all measured isotherms exhibit 
concentration minimum around 2x =0.017 mole fraction of salt. The location of the concentration 

minimum of 1V  slightly shifts to high concentration range with temperature increasing. Apparent 
molar volume of salt 2V  is a linear function of 2x with almost the same slopes for all measured 
isotherms. 

The structure related properties such as partial molar expansibilities of salt, PxTV  /
0
2 , and (1-

propanol),  PxTV  /
0
1 , (at infinite dilution ( 2x =0) of salt (Li2SO4) and alcohol ( 1x =0) in the ternary 

water+1-propanol+ Li2SO4 mixture and their curvatures,  Pxi TV 202 / , which are sensitive 

measure of the effect of solutes on the structure of water, were calculated using the experimental 
density data. The partial molar expansibilities of salt is negative,  PxTV  /

0
2 <0, and decreases with 

temperature increases, while  PxTV  /
0
1 >0 is positive and increases with temperature, i.e., partial 

molar expansibilities of both solutes shows opposite sign and opposite temperature dependences. 
The second temperature dependences (curvature),  PxTV 20

2
2 / <0 is negative (structure breaker 

solute) and  PxTV 20
1

2 / >0 (structure maker solute) is positive. Salt (Li2SO4) disrupt (tend to 

reduce the water structure) the structure of water adjacent to them, while alcohol (1-propanol) 
molecules in contrast of salt are structuring of water (becomes surrounded with a layer of increased 
structure). Two opposite competition effects are defines the volumetric properties of the ternary 
water+1-propanol+ Li2SO4 mixtures. 
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Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢɦɟɟɬ ɢɨɧɧɨ-ɤɨɜɚɥɟɧɬɧɭɸ ɢɥɢ ɩɨɥɧɨɫɬɶɸ 
ɤɨɜɚɥɟɧɬɧɭɸ ɫɜɹɡɶ. ɇɚɥɢɱɢɟ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɢ ɜ ɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɦɨɠɧɨ ɤɚɱɟɫɬɜɟɧɧɨ 
ɨɰɟɧɢɬɶ ɩɨ ɚɧɨɦɚɥɶɧɨ ɛɨɥɶɲɨɣ ɜɟɥɢɱɢɧɟ ɷɧɟɪɝɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɩɨɥɭɱɚɟɦɨɣ ɩɨ 
ɭɪɚɜɧɟɧɢɹɦ Ȼɨɪɧɚ-Ɇɚɣɟɪɚ ɢ Ʉɚɩɭɫɬɢɧɫɤɨɝɨ, ɞɨɩɭɫɤɚɸɳɟɣ ɱɢɫɬɨ ɢɨɧɧɭɸ ɦɨɞɟɥɶ ɫɜɹɡɢ. 
ȼɤɥɚɞ ɤɨɜɚɥɟɧɬɧɨɣ ɫɜɹɡɢ ɜ ɨɛɳɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ 
ɫɢɥɶɧɨɦɭ ɪɚɫɯɨɠɞɟɧɢɸ ɜɟɥɢɱɢɧ Uɤ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɷɬɢɦ ɭɪɚɜɧɟɧɢɹɦ ɢ ɩɨ ɰɢɤɥɭ Ȼɨɪɧɚ-
Ƚɚɛɟɪɚ. 

ȼ ɪɚɛɨɬɚɯ Д1, 2Ж ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɜ ɤɨɦɩɥɟɤɫɧɵɯ 
ɚɥɸɦɨɝɢɞɪɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ IȺ ɢ IIȺ ɩɨɞɝɪɭɩɩɵ. ȼ ɪɚɛɨɬɚɯ Д3-5Ж ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ 
Uɤ, ɛɨɪɨɝɢɞɪɢɞɨɜ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ( 4MBH ) ɢɦɟɸɬ ɩɨɱɬɢ ɞɜɭɤɪɚɬɧɨɟ ɩɪɟɜɵɲɟɧɢɟ, ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɚɥɸɦɨɝɢɞɪɢɞɨɦ ( 4NAlH ), ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɭɫɢɥɟɧɢɟ ɤɨɜɚɥɟɧɬɧɨɣ ɩɪɢɪɨɞɵ 
ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɜ ɛɨɪɨɝɢɞɪɢɞɚɯ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ ɷɬɢɯ ɪɚɛɨɬ ɢ ɩɨɫɜɹɳɟɧɚ ɨɩɪɟɞɟɥɟɧɢɸ 
ɞɨɫɬɨɜɟɪɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɦɩɨɧɟɧɬɨɜ ɰɢɤɥɚ Ȼɨɪɧɚ-Ƚɚɛɟɪɚ, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɪɚɫɱɟɬɚ Uɤ ɢ 
ɞɪɭɝɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦɩɥɟɤɫɧɵɯ ɛɨɪɨɝɢɞɪɢɞɨɜ ɥɚɧɬɚɧɨɢɞɨɜ.  

ɐɢɤɥ Ȼɨɪɧɚ-Ƚɚɛɟɪɚ ɞɥɹ ɛɨɪɨɝɢɞɪɢɞɨɜ ɥɚɧɬɚɧɨɢɞɨɜ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

 
ɝɞɟ: Ln - ɥɚɧɬɚɧɨɢɞɵ, ( ) – ɝɚɡ, Д Ж - ɬɜɟɪɞɨɟ ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ, S - ɷɧɬɪɨɩɢɹ ɫɭɛɥɢɦɚɰɢɢ, D 
- ɷɧɟɪɝɢɹ ɞɢɫɫɨɰɢɚɰɢɢ, δ - ɨɛɪɚɡɨɜɚɧɢɟ ][ 3BH , ȿ - ɢɨɧɢɡɚɰɢɹ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ kU  ɛɨɪɨɝɢɞɪɢɞɨɜ ɥɚɧɬɚɧɨɢɞɨɜ ɩɨ ɰɢɤɥɭ ɧɭɠɧɵ ɫɜɟɞɟɧɢɹ ɩɨ ɷɧɬɚɥɶɩɢɢ 

ɨɛɪɚɡɨɜɚɧɢɹ ( 0fH ) ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɨɧɨɜ 3Ln ɢ ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɨɧɚ ][ 4BH . ȼ ɪɚɛɨɬɟ Д6Ж 
ɨɩɪɟɞɟɥɟɧɨ ɡɧɚɱɟɧɢɟ 0fH  ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɢɨɧɚ ][ 4BH , ɪɚɜɧɨɟ – 96.2±20 ɤȾɠ∙ɦɨɥɶ-1. 

Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɫɜɟɞɟɧɢɣ ɩɨ 0fH  ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɨɧɨɜ 3Ln  Д7Ж ɩɨɤɚɡɚɥ ɹɜɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɞɥɹ Pr3+ ɨɬ ɨɛɳɟɣ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ. Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ ɢ ɪɚɫɱɟɬɚ 
ɡɧɚɱɟɧɢɹ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɉɨɥɭɷɬɤɨɜɚ Д8Ж. Эɬɨɬ 
ɦɟɬɨɞ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɟɧ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɤɫɢɞɨɜ ɢ 
ɝɚɥɨɝɟɧɢɞɨɜ ɥɚɧɬɚɧɨɢɞɨɜ Д9Ж. 

Ɋɚɫɱɟɬ ɩɪɨɢɡɜɟɞɟɧ ɩɨ ɤɨɪɪɟɥɹɰɢɨɧɧɨɦɭ ɭɪɚɜɧɟɧɢɸ 
)''(' )()(

00
33 YbTbEuCefLaLn
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ɝɞɟ: Nf– ɱɢɫɥɨ f-ɷɥɟɤɬɪɨɧɨɜ, S - ɫɩɢɧɨɜɵɟ ɢ L - ɨɪɛɢɬɚɥɶɧɵɟ ɦɨɦɟɧɬɵ ɞɜɢɠɟɧɢɹ ɢɨɧɨɜ 
ɥɚɧɬɚɧɨɢɞɨɜ, ɜɥɢɹɸɳɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɨɧɨɜ. 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (α, ȕ ɢ γ) ɩɨɤɚɡɵɜɚɸɬ ɞɨɥɟɜɨɟ ɭɱɚɫɬɢɟ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 
ɫɢɫɬɟɦɵ ɢ ɪɚɜɧɵ: α = 32.36; ȕ = - 9.00; γ' = 9.83 ɢ γ'' = 4.04. Ɋɚɫɫɱɢɬɚɧɧɵɟ ɢ ɥɢɬɟɪɚɬɭɪɧɵɟ 
ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɨɧɨɜ 3Ln  ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ ɢ ɧɚ 
ɪɢɫɭɧɤɟ. 
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ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɯɨɠɞɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɰɟɪɢɟɜɨɣ 

ɩɨɞɝɪɭɩɩɟ, ɨɫɨɛɟɧɧɨ ɞɥɹ Pr3+. 

ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 0fH  ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɨɧɨɜ  ɨɬ ɩɨɪɹɞɤɨɜɨɝɨ 
ɧɨɦɟɪɚ ɷɬɢɯ ɦɟɬɚɥɥɨɜ ɢɦɟɟɬ ɫɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ ɫ ɱɟɬɤɢɦ ɪɚɡɞɟɥɟɧɢɟɦ ɩɨ ɩɨɞɝɪɭɩɩɚɦ. ȼ 
ɰɟɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚɪɚɫɬɚɧɢɟ ɜɟɥɢɱɢɧɵ 0fH  ɫ ɦɚɤɫɢɦɭɦɨɦ ɜ ɫɟɪɟɞɢɧɟ 
ɩɨɞɝɪɭɩɩɵ ɭ ɢɨɧɚ 3Pm . ȼ ɢɬɬɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɱɬɢ ɥɢɧɟɣɧɨɟ ɫɢɦɛɚɬɧɨɟ 
ɩɨɜɵɲɟɧɢɟ ɡɧɚɱɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ 0fH  ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɪɹɞɤɨɜɨɝɨ ɧɨɦɟɪɚ ɥɚɧɬɚɧɨɢɞɚ. 
Ɉɬɤɥɨɧɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ ɢɨɧɨɜ 3Eu  ɢ 3Yb  ɨɛɭɫɥɨɜɥɟɧɨ ɢɯ ɨɫɨɛɵɦ 
ɫɬɪɨɟɧɢɟɦ ɫ ɱɚɫɬɢɱɧɵɦ ɢɥɢ ɩɨɥɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ ɨɪɛɢɬɚɥɟɣ f- ɷɥɟɤɬɪɨɧɚɦɢ. Ɉ 
ɞɨɦɢɧɢɪɭɸɳɟɣ ɪɨɥɢ f-ɷɥɟɤɬɪɨɧɨɜ ɜ ɡɧɚɱɟɧɢɹɯ 0fH  ɢɨɧɨɜ ɥɚɧɬɚɧɨɢɞɨɜ ɭɤɚɡɵɜɚɟɬ ɛɨɥɶɲɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ α ɜ ɤɨɪɪɟɥɹɰɢɨɧɧɨɦ ɭɪɚɜɧɟɧɢɢ. ȼ ɡɧɚɱɟɧɢɹɯ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɨɧɨɜ 3Ln , ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚɦɢ ɢ ɥɢɬɟɪɚɬɭɪɧɵɯ, ɡɚɦɟɬɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ 
ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɥɚɧɬɚɧɨɢɞɨɜ ɰɟɪɢɟɜɨɣ ɩɨɞɝɪɭɩɩɵ. 

 

 
Ɋɢɫ. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɨɧɨɜ ( 3Ln ) ɨɬ ɩɪɢɪɨɞɵ 
ɥɚɧɬɚɧɨɢɞɨɜ (  - ɪɚɫɱёɬɧɵɟ,  - ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ). 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

206 
 

1. Ʉ. Ɇɚɤɤɟɣ. Вɨɞɨɪɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɟ ɦɟɬɚɥɥɨɜ. Ɇ.: Ɇɢɪ, 1968, 244 ɫ. 
2. ɍ. Ɇɢɪɫɚɢɞɨɜ, Ɍ.ɇ. Ⱦɵɦɨɜ. Ȼɨɪɨɝɢɞɪɢɞɵ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. Ⱦɭɲɚɧɛɟ, Ⱦɨɧɢɲ, 1985, 
124 ɫ. 
3. Ɍ.ɇ.Ⱦɵɦɨɜɚ. Иɡɜ. Аɇ ɋɋɋɊ, ɫɟɪ. ɏɢɦɢя. 12 (1973) 2661. 
4. Ⱥ. Ȼɚɞɚɥɨɜ, Ⱦ.ɏ. ɇɚɫɪɭɥɥɨɟɜɚ, ɏ. ɇɚɫɪɭɥɥɨɟɜ.ɋɛ. ɧɚɭɱɧɵɯ ɬɪɭɞɨɜ «Ɋɚɞɢɨɷɤɨɥɨɝɢɱɟɫɤɢɣ 
ɦɨɧɢɬɨɪɢɧɝ ɛɢɨɫɪɟɞɵ ɢ ɪɚɞɢɚɰɢɨɧɧɚя ɛɟɡɨɩɚɫɧɨɫɬɶ Ɍɚɞɠɢɤɢɫɬɚɧɚ». Ⱦɭɲɚɧɛɟ,  2010. 
5. Ȼ.Ⱥ. Ƚɚɮɭɪɨɜ, ɂ.ɍ. Ɇɢɪɫɚɢɞɨɜ, Ⱥ. Ȼɚɞɚɥɨɜ ɢ ɞɪ. Ɇɚɬɟɪ. ɪɟɫɩ. ɤɨɧɮ. «ɋɨɜɪɟɦɟɧɧɵɟ 
ɩɪɨɛɥɟɦɵ ɯɢɦɢɢ, ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɦɟɬɚɥɥɭɪɝɢɢ».  Ⱦɭɲɚɧɛɟ, ɌɌɍ, 2011. 
6.  Ⱦ.ɉ. ɂɫɨɟɜ.Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɦɩɥɟɤɫɧɵɯ ɛɨɪɨ- ɢ 
ɚɥɸɦɨɝɢɞɪɢɞɨɜ ɷɥɟɦɟɧɬɨɜ IА ɢ II  А ɝɪɭɩɩ: Аɜɬɨɪɟɮ. ɞɢɫɫ. ɤ.ɯ.ɧ. Ⱦɭɲɚɧɛɟ, 2000. 
7. Ɍɟɪɦɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ ɜɟɳɟɫɬɜ. ɋɩɪɚɜɨɱɧɢɤ. ɜɵɩ. 8, ɱ.1. Ⱥɇ ɋɋɋɊ, ȼɂɇɌɂ, ɂȼɌ, Ɇ., 
1978. 
8. ɂ.ɂ. Ɉɤɫɢɧɟɧɤɨ, ɇ.ɋ. ɉɨɥɭɷɤɬɨɜ ɢ ɞɪ. Ⱦɨɤɥ. Аɇ ɋɋɋɊ, 266, 5 (1982) 1157. 
9.  Ⱥ. Ȼɚɞɚɥɨɜ, ɍ.Ɇ. Ɇɢɪɫɚɢɞɨɜ, ȼ.Ⱥ. Ƚɚɮɭɪɨɜ ɢ ɞɪ. Ɇɚɬɟɪɢɚɥɵ 4-ɨɣ Ɇɟɠɞɭɧɚɪ. ɤɨɧɮ. 
«Ȼɥɚɝɨɪɨɞɧɵɟ ɢ ɪɟɞɤɢɟ ɦɟɬɚɥɥɵ». ɍɤɪɚɢɧɚ, ȾɨɧȽɌɍ (2003) 549 
 
 
 

ɊАɋɑȿɌ ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂɏ ɋВɈɃɋɌВ ɋɂɋɌȿɆЫ 
ɊАȾɂɈАɄɌɂВɇЫɃ ȽɊАɎɂɌ – АɁɈɌ ɉɊɂ ɇАȽɊȿВАɇɂɂ 

Шɚɜɚɥɟɟɜ Ɇ.Ɋ., Ȼɚɪɛɢɧ ɇ.Ɇ., Ɍɟɪɟɧɬɶɟɜ Ⱦ.ɂ., Ⱥɥɟɤɫɟɟɜ ɋ.Ƚ. 
ɍɪɚɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ Ƚɉɋ Ɇɑɋ Ɋɨɫɫɢɢ, Ɋɨɫɫɢя, 620062, ȿɤɚɬɟɪɢɧɛɭɪɝ,  

ɭɥ. Ɇɢɪɚ 22.E-mail: marat-shavaleev@mail.ru; 
ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɝɪɚɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, 620075, Ɋɨɫɫɢя, ȿɤɚɬɟɪɢɧɛɭɪɝ, 

ɭɥ. К. Ʌɢɛɤɧɟɯɬɚ 42.E-mail: NMBarbin@mail.ru 
 

Ɋɟɚɤɬɨɪɧɵɣ ɝɪɚɮɢɬ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɚ ɬɚɤ ɠɟ ɤɚɤ 
ɡɚɦɟɞɥɢɬɟɥɶ ɜ ɭɪɚɧ-ɝɪɚɮɢɬɨɜɵɯ ɪɟɚɤɬɨɪɚɯ ɤɚɧɚɥɶɧɨɝɨ ɬɢɩɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɪɟɚɤɬɨɪɧɵɣ ɝɪɚɮɢɬ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɛɥɨɤɨɜ ɨɬɪɚɠɚɬɟɥɹ ɨɛɨɥɨɱɟɤ ɌȼЭɅɨɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɝɚɡɨɨɯɥɚɠɞɚɟɦɵɯ ɚɬɨɦɧɵɯ ɪɟɚɤɬɨɪɨɜ Д1Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɨɛɪɚɳɟɧɢɹ ɫ ɪɚɞɢɨɚɤɬɢɜɧɵɦ 
ɝɪɚɮɢɬɨɦ ɹɜɥɹɟɬɫɹ ɫɠɢɝɚɧɢɟ. ɉɨ ɨɰɟɧɤɚɦ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɭɬɢɥɢɡɚɰɢɹ ɦɟɬɨɞɨɦ ɫɠɢɝɚɧɢɹ 
ɨɬɪɚɛɨɬɚɧɧɨɝɨ ɝɪɚɮɢɬɚ ɞɚɫɬ ɜ ɢɬɨɝɟ ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɨɬɯɨɞɵ ɝɨɬɨɜɵɟ ɞɥɹ ɞɥɢɬɟɥɶɧɨɝɨ 
ɡɚɯɨɪɨɧɟɧɢɹ ɨɛɴёɦɨɦ 1-2% ɨɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɨɛɴёɦɚ ɝɪɚɮɢɬɚ Д2Ж. 

ȼ ɪɚɛɨɬɟ Д3Ж ɢɡɭɱɟɧɨ ɩɨɜɟɞɟɧɢɟ ɚɦɟɪɢɰɢɹ, ɰɟɡɢɹ ɢ ɫɬɪɨɧɰɢɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɝɪɚɮɢɬɚ ɜ ɚɬɦɨɫɮɟɪɟ ɚɡɨɬɚ. 

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ TERRA ɪɚɫɫɱɢɬɚɧɵ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɪɚɞɢɨɚɤɬɢɜɧɵɣ ɝɪɚɮɢɬ-ɚɡɨɬ. 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ TERRA ɹɜɥɹɟɬɫɹ ɞɚɥɶɧɟɣɲɢɦ ɪɚɡɜɢɬɢɟɦ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ 
ASTRA[4,5]. 

Ɋɚɫɱɟɬɧɵɟ ɦɟɬɨɞɵ ɪɚɡɜɢɬɵ ɧɚ ɨɫɧɨɜɟ ɜɚɪɢɚɰɢɨɧɧɵɯ ɩɪɢɧɰɢɩɨɜ ɬɟɪɦɨɞɢɧɚɦɢɤɢ. 
Эɤɫɬɟɧɫɢɜɧɵɦɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɢɫɬɟɦɵ, ɬ.ɟ. ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦɢ 

ɤɨɥɢɱɟɫɬɜɭ ɢɥɢ ɦɚɫɫɟ ɜɟɳɟɫɬɜɚ ɜ ɫɢɫɬɟɦɟ, ɹɜɥɹɸɬɫɹ ɨɛɴёɦ V, ɷɧɬɪɨɩɢɹ S, ɷɧɬɚɥɶɩɢɹ I, 
ɷɧɟɪɝɢɹ Ƚɟɥɶɦɝɨɥɶɰɚ F (F = U - TS), ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ G (G = I - TS),ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ U. 
ɂɧɬɟɧɫɢɜɧɵɦɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɬ.ɟ. ɧɟ ɡɚɜɢɫɹɳɢɦɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢɥɢ 
ɦɚɫɫɵ ɫɢɫɬɟɦɵ, ɹɜɥɹɸɬɫɹ ɞɚɜɥɟɧɢɟP,ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ T, ɤɨɧɰɟɧɬɪɚɰɢɹ, 
ɦɨɥɶɧɵɟ ɢ ɭɞɟɥɶɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ. 

Ʉɪɢɬɟɪɢɟɦ ɞɨɫɬɢɠɟɧɢɹ ɫɢɫɬɟɦɨɣ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɹɜɥɹɟɬɫɹ ɷɤɫɬɪɟɦɭɦ ɟё 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ. ɉɪɢ ɩɚɪɚɦɟɬɪɚɯ U ɢ V ɞɥɹ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 
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ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ ɹɜɥɹɟɬɫɹ ɷɧɬɪɨɩɢɹ S, ɚ ɦɚɤɫɢɦɭɦ ɷɧɬɪɨɩɢɢ ɫɢɫɬɟɦɵ 
Smaxɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɟɦ ɞɨɫɬɢɠɟɧɢɹ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ.  

ɂɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɝɨ ɨɛɴёɦɚ ɪɚɜɧɨɜɟɫɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɭɫɥɨɜɢɹɯ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɬɧɨɲɟɧɢɟ ɟɞɢɧɢɰɵ ɨɛɴёɦɚ ɤ ɨɞɧɨɦɭ ɦɨɥɸ 
ɜɟɳɟɫɬɜɚ ɫɢɫɬɟɦɵ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɪɚɫɬɚɟɬ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜ ɜɢɞɟ ɩɪɹɦɨɣ ɫ 
ɭɝɥɨɦ ɧɚɤɥɨɧɚɤ ɨɫɢ ɚɛɫɰɢɫɫ ɦɟɧɟɟ 0,01 ɝɪɚɞɭɫɚ ɢ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0,025 ɞɨ 0,228 ɦ3/ɦɨɥɶ. 

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɭɞɟɥɶɧɚɹ ɷɧɬɪɨɩɢɹ ɬɚɤ ɠɟ ɜɨɡɪɚɫɬɚɟɬ ɜ ɜɢɞɟ ɤɪɢɜɨɣ, ɧɚ 
ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ ɞɜɟ ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ (ɩɪɢ Ɍ ≈ 1000 Kɢ Ɍ ≈ 2850 Ʉ). ɉɟɪɜɚɹ ɬɨɱɤɚ ɫɜɹɡɚɧɚ ɫ 
ɬɟɦ, ɱɬɨ ɜ ɢɧɬɟɪɜɚɥɟ 900 – 1050 Ʉ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ CaC2, 
Ca3N2, CaCl2. ȼɬɨɪɚɹ ɬɨɱɤɚ ɩɟɪɟɝɢɛɚ ɫɜɹɡɚɧɚ ɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɭɝɥɟɪɨɞɚ ɫ ɚɡɨɬɨɦ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɣ ɪɟɚɤɰɢɢ ɨɛɪɚɡɭɸɬɫɹ ɝɚɡɨɨɛɪɚɡɧɵɟ ɫɨɟɞɢɧɟɧɢɹ C2N2ɢ CN. 

ɉɨɥɧɚɹ ɭɞɟɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɫɢɫɬɟɦɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɜɢɞɟ ɩɪɹɦɨɣ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 2900 Ʉ ɜɨɡɪɚɫɬɚɧɢɟ ɭɞɟɥɶɧɨɣ 
ɷɧɬɚɥɶɩɢɢ ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɟɟ, ɜ ɫɜɹɡɢ ɫ ɜɫɬɭɩɥɟɧɢɟɦ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ 
ɭɝɥɟɪɨɞɚ ɢ ɚɡɨɬɚ ɜ ɪɟɚɤɰɢɸ. ɉɨɥɧɚɹ ɷɧɬɚɥɶɩɢɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 
ɨɬ 373 ɞɨ 3273 Ʉ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 55,8 ɪɚɡ. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɝɪɚɮɢɬɚ ɜ ɚɬɦɨɫɮɟɪɟ ɚɡɨɬɚ ɞɨ 2300 Ʉ ɭɞɟɥɶɧɨɟ ɱɢɫɥɨ 
ɦɨɥɟɣ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɭɦɟɧɶɲɟɧɢɸ 
ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɧɚ ɨɞɢɧ ɤɢɥɨɝɪɚɦɦ ɦɚɫɫɵ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɩɪɢ ɷɬɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɫɟɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ ɢ ɜɨɡɪɚɫɬɚɧɢɟ 
ɝɚɡɨɨɛɪɚɡɧɵɯ. 

ɂɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɝɪɟɜɚɧɢɟ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɝɪɚɮɢɬɚ ɜ ɚɬɦɨɫɮɟɪɟ ɚɡɨɬɚ ɩɪɢɜɨɞɢɬ ɤ ɟё ɥɢɧɟɣɧɨɦɭ ɜɨɡɪɚɫɬɚɧɢɸ. ɉɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 2900 Ʉ ɢ ɜɵɲɟ ɢɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ 
ɢɧɬɟɧɫɢɜɧɟɟ ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟ ɛɚɥɚɧɫɚ ɭɝɥɟɪɨɞɚ, ɚ ɢɦɟɧɧɨ ɭɦɟɧɶɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɟɝɨ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ. ȼɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɨɬ 373 ɞɨ 3273 Ʉ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɛɨɥɟɟ ɱɟɦ 60 ɪɚɡ. 

ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɟɦɤɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɤɪɢɜɨɣ, ɧɚ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ 
ɞɜɟ ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ. ɉɟɪɜɚɹ ɬɨɱɤɚ (ɩɪɢ Ɍ ≈ 1200Ʉ) ɫɜɹɡɚɧɚ ɫ ɢɡɦɟɧɟɧɢɟɦ ɛɚɥɚɧɫɨɜ ɜɟɳɟɫɬɜ 
Ca, Cs, Ni, Am, Cl. ȼɬɨɪɚɹ ɬɨɱɤɚ ɩɟɪɟɝɢɛɚ ɢɡɦɟɧɟɧɢɹ ɭɞɟɥɶɧɨɣ ɪɚɜɧɨɜɟɫɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɫɢɫɬɟɦɵ ɫɜɹɡɚɧɚ ɫ ɢɡɦɟɧɟɧɢɟɦ ɛɚɥɚɧɫɨɜ ɋɢ N.  

ɍɞɟɥɶɧɚɹ ɪɚɜɧɨɜɟɫɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɝɚɡɨɜɨɣ ɮɚɡɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɇɚɢɛɨɥɟɟ ɫɢɥɶɧɵɣ ɪɨɫɬ ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɬɟɪɜɚɥɟ ɨɬ 2850 ɞɨ 3273 Ʉ, ɱɬɨ 
ɨɛɴɹɫɧɹɟɬɫɹ ɱɚɫɬɢɱɧɵɦ ɩɟɪɟɯɨɞɨɦ ɭɝɥɟɪɨɞɚ ɜ ɝɚɡɨɨɛɪɚɡɧɨɟ ɫɨɫɬɨɹɧɢɟ. Ɉɛɳɟɟ ɟё ɜɨɡɪɚɫɬɚɧɢɟ 
ɧɚ ɜɫɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 1,3 ɪɚɡɚ. 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɣ ɝɚɡɨɜɨɣ ɩɨɫɬɨɹɧɧɨɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɚɧɧɚɹ 
ɜɟɥɢɱɢɧɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 2373 Kɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɞɚɥɶɧɟɣɲɟɟ ɧɚɪɚɫɬɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɪɚɫɬɚɧɢɸ ɝɚɡɨɜɨɣ ɩɨɫɬɨɹɧɧɨɣ ɫ 7,42 ɞɨ 7,55 ɄȾɠ·ɦɨɥɶ/Ʉ. Ɋɟɡɤɢɣ ɪɨɫɬ ɞɚɧɧɨɝɨ 
ɩɚɪɚɦɟɬɪɚ ɬɚɤɠɟ ɫɜɹɡɚɧ ɫ ɢɡɦɟɧɟɧɢɟɦ ɛɚɥɚɧɫɚ ɭɝɥɟɪɨɞɚ ɢ ɚɡɨɬɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɟ. 

 Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɭɞɟɥɶɧɨɣ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ ɝɚɡɨɜɨɣ ɮɚɡɵ ɫɯɨɠɚ ɫ ɡɚɜɢɫɢɦɨɫɬɶɸ 
ɭɞɟɥɶɧɨɣ ɝɚɡɨɜɨɣ ɩɨɫɬɨɹɧɧɨɣ. Ɍɚɤ ɠɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 2373 Ʉ ɭɞɟɥɶɧɚɹ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ 
ɝɚɡɨɜɨɣ ɮɚɡɵɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɩɪɢ ɛɨɥɶɲɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɝɚɡɨɜɨɣ 
ɮɚɡɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 0,72 ɄȾɠ·ɦɨɥɶ/Ʉ ɜɫɥɟɞɫɬɜɢɟ ɨɛɪɚɡɨɜɚɧɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
C2N2ɢ CN. 
 Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɫɢɫɬɟɦɟ ɜɟɳɟɫɬɜ 
ɜɨɡɪɚɫɬɚɸɳɚɹ, ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜɨɡɪɚɫɬɚɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɜɢɞɟ ɩɪɹɦɨɣ. Ɂɚ 
ɜɟɫɶ ɩɟɪɢɨɞ ɧɚɝɪɟɜɚɧɢɹ 373-3273 Ʉ ɜɟɥɢɱɢɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 5,3 ɪɚɡɚ. 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 
ɧɚɝɪɟɜɚɧɢɢ ɫɢɫɬɟɦɵ ɞɨ 2500 Ʉ ɧɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ ɨɫɧɨɜɧɭɸ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɫɨɫɬɚɜɥɹɸɬ 
ɜɟɳɟɫɬɜɚ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ⱦɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ 
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ɪɟɡɤɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɢ ɭɜɟɥɢɱɟɧɢɸ ɝɚɡɨɜɨɣ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɜɵɲɟ 2500 Ʉ ɩɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɭɝɥɟɪɨɞɚ ɫ ɚɡɨɬɨɦ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɚɡɨɨɛɪɚɡɧɵɯ ɫɨɟɞɢɧɟɧɢɣ CN, C2N2 ɢ ɢɫɩɚɪɟɧɢɟ ɭɝɥɟɪɨɞɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɤɥɚɫɬɟɪɚ C3. 
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ɉɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɤɚɦɟɪɚɯ ɫɝɨɪɚɧɢɹ ɷɧɟɪɝɨɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɧɨɫɹɬ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɯɚɪɚɤɬɟɪ. ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɩɪɢ ɪɚɫɱɟɬɚɯ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ ɭɱɟɬ ɩɪɨɰɟɫɫɨɜ ɞɢɫɫɨɰɢɚɰɢɢ ɢ ɪɟɤɨɦɛɢɧɚɰɢɢ. 

ɉɪɢɧɹɬɨ, ɪɚɫɫɱɢɬɵɜɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɩɨɬɨɤɨɜ 
ɦɨɥɟɤɭɥɹɪɧɵɯ ɢ ɚɬɨɦɚɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, ɚ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢɡ ɭɫɥɨɜɢɹ ɫɨɯɪɚɧɟɧɢɹ ɜɟɳɟɫɬɜɚ. 
Ɉɛɚ ɭɫɥɨɜɢɹ ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɪɚɜɧɨɡɧɚɱɧɵ. Ɉɞɧɚɤɨ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɨɞɧɨɝɨ ɢɡ ɩɨɞɯɨɞɨɜ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɪɭɝɨɦɭ, ɞɚɸɬ ɪɚɡɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

 

 
Ɋɢɫ.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɪɢɬɟɪɢɹ ɉɪɚɧɞɬɥɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
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ɇɚ ɩɪɢɦɟɪɟ ɪɚɫɫɦɨɬɪɢɦ ɜɥɢɹɧɢɟ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɚ ,, pc  ɧɚ ɤɪɢɬɟɪɢɣ ɩɨɞɨɛɢɹ – 

ɤɪɢɬɟɪɢɣ ɉɪɚɧɞɬɥɹɪɢɫ. 1, ɩɨɫɤɨɥɶɤɭ ɜ ɧɟɝɨ ɜɯɨɞɹɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ( ,,pc ), ɧɚ ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɭɱɟɬ ɩɪɨɰɟɫɫɨɜ 
ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɡɚ ɫɱɟɬ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ: 

  pcPr . (1) 

ɇɚ ɪɢɫ. 1 ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɱɢɫɥɚ ɉɪɚɧɞɬɥɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 
ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɨɤɢɫɥɢɬɟɥɹ ɢ ɝɨɪɸɱɟɝɨ.  

ɋɩɥɨɲɧɨɣ ɥɢɧɢɟɣ ɩɨɤɚɡɚɧ Pr, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ   )(WTxf  (ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 

ɜɵɱɢɫɥɟɧɵ ɱɟɪɟɡ ɭɫɥɨɜɢɟ ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɩɨɬɨɤɨɜ) ɢ   )(R
p Txfc   (ɱɚɫɬɧɵɟ 

ɩɪɨɢɡɜɨɞɧɵɟ ɜɵɱɢɫɥɟɧɵ ɢɡ ɭɫɥɨɜɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɨɬɨɤɨɜ). 
Ʉɪɭɩɧɨɣ ɲɬɪɢɯɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɨɛɨɡɧɚɱɟɧ Pr, ɧɚɣɞɟɧɧɵɣ ɩɪɢ   )(RTxf   ɢ   )(R

p Txfc  . Ɇɟɥɤɨɣ ɲɬɪɢɯɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɨɛɨɡɧɚɱɟɧ Pr, ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɡ 

ɡɚɜɢɫɢɦɨɫɬɟɣ   )(WTxf   ɢ   )(W
p Txfc  . 

ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɢɣ ɪɚɡɛɪɨɫ ɜ ɡɧɚɱɟɧɢɹɯ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ ɛɨɥɟɟ з2000K – ɞɥɹ ɤɢɫɥɨɪɨɞɜɨɞɨɪɨɞɧɨɝɨ ɬɨɩɥɢɜɚ. ɉɨɷɬɨɦɭ 
ɜɵɛɨɪ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɹɸɳɢɦ. 

ȼ ɨɫɧɨɜɭ ɦɟɬɨɞɚ, ɩɨɥɨɠɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ R  ɢ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ pRɋ , ɩɪɟɞɥɨɠɟɧɧɵɟ Ȼɚɬɥɟɪɨɦ, 
Ȼɪɨɤɚɭ ɢ ɋɜɟɥɚ Д1, 2Ж: 
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ɝɞɟ ɷɥɟɦɟɧɬɵ ɨɩɪɟɞɟɥɢɬɟɥɹ ɧɚɯɨɞɹɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ ɜɢɞɚ: 
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ɝɞɟ ɷɥɟɦɟɧɬɵ ɨɩɪɟɞɟɥɢɬɟɥɹ ɧɚɯɨɞɹɬɫɹ ɩɨ ɡɚɜɢɫɢɦɨɫɬɢ ɜɢɞɚ: 
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ɂɡ ɡɚɜɢɫɢɦɨɫɬɟɣ (3) ɢ (5) ɜɢɞɧɨ, ɱɬɨ ɷɥɟɦɟɧɬɵ ɨɩɪɟɞɟɥɢɬɟɥɟɣ ɨɬɥɢɱɚɸɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɭɸ 
(ɩɪɢ constTp , ) ɜɟɥɢɱɢɧɭ pTR0  ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɛɢɧɚɪɧɨɣ ɞɢɮɮɭɡɢɢ ɜɟɳɟɫɬɜ ɜ ɫɬɟɩɟɧɢ 
-1, ɧɚɯɨɞɹɳɢɣɫɹ ɩɨɞ ɡɧɚɤɚɦɢ ɫɭɦɦɢɪɨɜɚɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɜɵɪɚɠɟɧɢɹ (2) ɢ (4) ɜɨ ɦɧɨɝɨɦ 
ɚɧɚɥɨɝɢɱɧɵ, ɜɵɜɟɞɟɦ ɡɚɜɢɫɢɦɨɫɬɶ, ɨɛɴɟɞɢɧɹɸɳɭɸ ɜ ɫɟɛɟ ɜɟɥɢɱɢɧɵ pRC  ɢ R . Ⱦɥɹ ɷɬɨɝɨ 
ɜɵɧɟɫɟɦ ɢɡ ɮɨɪɦɭɥ ɞɥɹ ɨɩɪɟɞɟɥɢɬɟɥɟɣ ɭɤɚɡɚɧɧɭɸ ɜɵɲɟ ɩɨɫɬɨɹɧɧɭɸ ɜɟɥɢɱɢɧɭ, ɚ ɪɟɡɭɥɶɬɚɬ 
ɞɟɥɟɧɢɹ (2) ɧɚ (4) ɨɛɨɡɧɚɱɢɦ D – ɤɨɷɮɮɢɰɢɟɧɬɨɦ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɢɮɮɭɡɢɢ, ɬ.ɟ. ɫɦ2 . Ɉɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ ɮɨɪɦɭɥɭ:  
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ɩɨɡɜɨɥɹɸɳɭɸ ɩɪɢɛɥɢɠɟɧɧɨ ɜɵɱɢɫɥɹɬɶ ɫɨɫɬɚɜɥɹɸɳɭɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɪɟɚɝɢɪɭɸɳɟɣ ɫɦɟɫɢ. ȼ ɮɨɪɦɭɥɟ (6) ɨɛɨɡɧɚɱɟɧɨ: 

 
ij

i j

D
D

k
 ,  (7) 

ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɭɱɟɧɧɵɣ ɨɛɪɚɛɨɬɤɨɣ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɬɨɱɧɵɯ ɪɚɫɱɟɬɨɜ 
ɫɨɫɬɚɜɥɹɸɳɟɣ R : 

   8028,00028,01556,041667,0 2
ɨɤ

3  SSSSk  , (8) 

ɝɞɟ S – ɱɢɫɥɨ ɭɱɢɬɵɜɚɟɦɵɯ ɜ ɪɚɫɱɟɬɟ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ. 

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

 
Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɜɫɟ ɬɨɩɥɢɜɧɵɟ ɤɨɦɩɨɡɢɰɢɢ, ɜ 

ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɜɯɨɞɹɬ ɚɬɨɦɚɪɧɵɟ ɜɟɳɟɫɬɜɚ NCOH ,,, . 

ɉɪɨɜɟɞɟɧɧɨɟ ɱɢɫɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ Д3, 4Ж ɪɢɫ. 2 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ з0,5% ɢ ɧɟ ɛɨɥɟɟ 2,5…3% (ɞɥɹ ɞɚɜɥɟɧɢɣ ɫɜɵɲɟ 
1Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪ ɨɬ з1000Ʉ ɞɨ з3000K ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ).  
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ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɨɫɬɨɹɧɧɵɯ ɢ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɪɟɚɤɰɢɣ. ȼ ɫɨɫɬɚɜ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɜɯɨɞɹɬ ɪɚɫɱёɬɧɵɟ ɦɨɞɭɥɢ, ɛɚɡɚ ɞɚɧɧɵɯ ɢ ɦɨɞɭɥɶ ɞɥɹ ɪɚɛɨɬɵ ɫ 
ɞɚɧɧɵɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɩɨɢɫɤ, ɩɪɨɫɦɨɬɪ, ɜɜɨɞ, ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ, ɭɞɚɥɟɧɢɟ ɢ ɬ.ɞ. 
Ʉɨɦɩɥɟɤɫ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ Windows. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɦɨɞɭɥɟɣ ɛɵɥɢ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬɦɵ, ɫɨɡɞɚɧɧɵɟ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɧɚɞ ɫɩɪɚɜɨɱɧɵɦ ɢɡɞɚɧɢɟɦ 
[1].  

Ɇɨɞɭɥɶ ȺɌɈɆ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɫɱёɬɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɚɬɨɦɨɜ ɢ 
ɚɬɨɦɚɪɧɵɯ ɢɨɧɨɜ, ɦɨɞɭɥɶ ȾɂȺɌɈɆ – ɞɥɹ ɪɚɫɱёɬɚ ɮɭɧɤɰɢɣ ɞɜɭɯɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ ɢ ɢɯ 
ɢɨɧɨɜ, ɦɨɞɭɥɶ ɉɈɅɂȺɌɈɆ - ɞɥɹ ɪɚɫɱёɬɚ ɮɭɧɤɰɢɣ ɦɧɨɝɨɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ ɢ ɢɯ ɢɨɧɨɜ. 
Ɇɨɞɭɥɶ COND – ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ 
ɜɟɳɟɫɬɜ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɤɚɠɞɨɝɨ ɢɡ ɱɟɬɵɪёɯ ɦɨɞɭɥɟɣ ɹɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɮɭɧɤɰɢɣ (ɬɟɩɥɨёɦɤɨɫɬɢ, ɷɧɬɪɨɩɢɢ, ɩɪɢɜɟɞёɧɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ, ɢɡɦɟɧɟɧɢɹ ɷɧɬɚɥɶɩɢɢ, 
ɥɨɝɚɪɢɮɦɚ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ), ɪɚɫɫɱɢɬɚɧɧɚɹ ɜ ɡɚɞɚɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɫ 
ɜɵɛɪɚɧɧɵɦ ɲɚɝɨɦ. 

Ɇɨɞɭɥɶ ɨɛɪɚɛɨɬɤɢ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɚ, 
ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨёɦɤɨɫɬɢ. ɋɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɣ 
ɚɥɝɨɪɢɬɦ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɫɩɨɫɨɛ ɪɚɡɛɢɟɧɢɹ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ ɧɚ 
ɨɬɞɟɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɧɬɟɪɜɚɥɵ, ɨɛɟɫɩɟɱɢɜɚɹ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɣ ɝɥɚɞɤɨɫɬɢ ɢ 
ɧɟɩɪɟɪɵɜɧɨɫɬɢ ɮɭɧɤɰɢɣ ɜ ɭɡɥɚɯ ɫɬɵɤɨɜɤɢ ɢɧɬɟɪɜɚɥɨɜ. 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɫɧɚɛɠёɧ ɫɪɟɞɫɬɜɚɦɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɞɨɛɫɬɜɨ ɪɚɛɨɬɵ ɫ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɢ 
ɨɤɨɧɱɚɬɟɥɶɧɵɯ ɪɚɫɱёɬɨɜ. 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɪɚɫɱёɬɨɜ ɢ ɩɨɥɭɱɚɟɦɨɣ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɵɱɢɫɥɟɧɢɣ, ɪɚɡɪɚɛɨɬɚɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɩɪɢ ɫɨɡɞɚɧɢɢ ɛɚɡɵ ɞɚɧɧɵɯ. ȼ ɛɚɡɟ ɞɚɧɧɵɯ ɫɨɞɟɪɠɚɬɫɹ ɫɜɟɞɟɧɢɹ ɨ ɦɨɥɟɤɭɥɹɪɧɵɯ ɩɨɫɬɨɹɧɧɵɯ 
– ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢ ɫɬɪɭɤɬɭɪɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɱɚɫɬɢɰ (ɦɨɥɟɤɭɥ, ɨɬɞɟɥɶɧɵɯ 
ɚɬɨɦɨɜ, ɚɬɨɦɚɪɧɵɯ ɢ ɦɨɥɟɤɭɥɹɪɧɵɯ ɢɨɧɨɜ, ɷɥɟɤɬɪɨɧɧɨɝɨ ɝɚɡɚ), ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ – ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ, ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɪɟɚɤɰɢɢ ɞɢɫɫɨɰɢɚɰɢɢ 
(ɚɬɨɦɢɡɚɰɢɢ, ɢɨɧɢɡɚɰɢɢ), ɜɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ, ɚ ɬɚɤɠɟ 
ɢɧɮɨɪɦɚɰɢɹ ɨ ɩɨɝɪɟɲɧɨɫɬɹɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ȼɚɡɚ ɞɚɧɧɵɯ ɫɨɞɟɪɠɢɬ ɨɤɨɥɨ 30 
ɬɚɛɥɢɰ, ɜ ɤɨɬɨɪɵɯ ɯɪɚɧɹɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɦɟɪɧɨ 300 ɩɚɪɚɦɟɬɪɨɜ ɱɚɫɬɢɰ (ɚɬɨɦɨɜ ɢ 
ɦɨɥɟɤɭɥ). ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɛɚɡɵ ɞɚɧɧɵɯ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɤɥɢɟɧɬ-ɫɟɪɜɟɪɧɚɹ ɋɍȻȾ Firebird 
(www.ibphoenix.com), ɤɨɬɨɪɚɹ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ open-source ɢ ɹɜɥɹɟɬɫɹ ɫɜɨɛɨɞɧɨ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɨɣ. 

Ɇɟɬɨɞɵ ɪɚɜɧɨɜɟɫɧɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɯɢɦɢɱɟɫɤɢɦɢ ɩɪɟɜɪɚɳɟɧɢɹɦɢ, ɢ ɫɨɡɞɚɧɢɹ 
ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɤɨɦɩɶɸɬɟɪɟ 
ɪɚɡɥɢɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɫɩɟɰɢɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɪɟɞɟ АТЧНШаs, Д2-4Ж. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɩɪɢ 
ɪɚɡɪɚɛɨɬɤɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɛɵɥɨ ɭɞɟɥɟɧɨ ɫɨɡɞɚɧɢɸ ɢɧɬɟɪɮɟɣɫɚ ɩɨɥɶɡɨɜɚɬɟɥɹ, 
ɤɨɬɨɪɵɣ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɧɹɬɧɵɦ ɢ ɭɞɨɛɧɵɦ ɜ ɪɚɛɨɬɟ. 

ȼɚɠɧɟɣɲɟɣ ɢ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɥɸɛɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ 
ɞɥɹ ɬɚɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɛɚɡɚ ɞɚɧɧɵɯ ɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜɚɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɚɡɚ ɞɚɧɧɵɯ ɂȼɌȺɇɌȿɊɆɈ 
ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜɨɣɫɬɜɚɯ ɩɪɢɦɟɪɧɨ 3400 ɜɟɳɟɫɬɜ, ɨɛɪɚɡɨɜɚɧɧɵɯ 96 ɯɢɦɢɱɟɫɤɢɦɢ 
ɷɥɟɦɟɧɬɚɦɢ. 

ɉɨɦɢɦɨ ɛɚɡɵ ɞɚɧɧɵɯ ɜ ɫɨɫɬɚɜ ɂȼɌȺɇɌȿɊɆɈ ɜɯɨɞɹɬ 6 ɩɪɨɝɪɚɦɦ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ  
 ɩɪɨɫɦɨɬɪ, ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɢ ɚɧɚɥɢɡ ɢɧɮɨɪɦɚɰɢɢ, ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɛɚɡɟ ɞɚɧɧɵɯ; 
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 ɪɚɫɱɟɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɩɚɪɚɦɟɬɪɨɜ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɥɨɠɧɵɯ 
ɯɢɦɢɱɟɫɤɢ ɪɟɚɝɢɪɭɸɳɢɯ ɫɢɫɬɟɦ; 

 ɪɚɫɱɟɬ ɬɟɩɥɨɜɨɝɨ ɢ ɦɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧɫɚ ɦɟɠɞɭ ɝɪɭɩɩɨɣ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɢ 
ɝɪɭɩɩɨɣ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɢɯ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɤɨɥɢɱɟɫɬɜɨ; 

 ɪɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɝɨ ɩɨɥɢɧɨɦɚ; 
 ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɜɢɞɟ, ɭɞɨɛɧɨɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɹ. 

Ɉɛɲɢɪɧɚɹ ɛɚɡɚ ɞɚɧɧɵɯ ɩɨ ɝɚɡɨɨɛɪɚɡɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɪɚɫɱɟɬɵ 
ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ ɝɚɡɨɜɨɣ ɮɚɡɵ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɝɨ ɫɤɨɥɶ ɭɝɨɞɧɨ ɫɥɨɠɧɨɝɨ ɫɨɫɬɚɜɚ, 
ɜɤɥɸɱɚɹ ɜɪɟɞɧɵɟ ɜɵɛɪɨɫɵ ɫɨɟɞɢɧɟɧɢɣ ɚɡɨɬɚ, ɫɟɪɵ, ɦɵɲɶɹɤɚ, ɫɟɥɟɧɚ ɢ ɞɪ. 

ȼ ɫɨɱɟɬɚɧɢɢ ɫ ɛɚɡɨɣ ɞɚɧɧɵɯ ɩɨ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɦ ɜɟɳɟɫɬɜɚɦ, ɜɤɥɸɱɚɸɳɟɣ ɨɤɫɢɞɵ, 
ɫɭɥɶɮɢɞɵ, ɝɚɥɨɝɟɧɢɞɵ ɢ ɞɪ. ɫɨɟɞɢɧɟɧɢɹ, ɷɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ 
ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 

ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɟɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɧɟ 
ɬɨɥɶɤɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɮɚɡ, ɧɨ ɢ ɢɯ ɪɚɫɬɜɨɪɨɜ. Ʉɨɦɩɥɟɤɫ ɩɨɡɜɨɥɹɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɪɚɫɱɟɬɵ ɩɪɢ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɢ ɞɨ 400 ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɮɚɡ, ɞɜɟ ɢɡ ɤɨɬɨɪɵɯ 
ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɬɜɨɪɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɦɨɠɧɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɨɜ ɜ ɫɢɫɬɟɦɚɯ ɦɟɬɚɥɥ-ɲɥɚɤ, ɲɬɟɣɧ-ɲɥɚɤ ɢ ɞɪ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ, ɩɨɲɚɝɨɜɨɝɨ ɢɡɦɟɧɟɧɢɹ ɥɸɛɨɣ ɢɡ ɩɟɪɟɦɟɧɧɵɯ, 
ɨɩɪɟɞɟɥɹɸɳɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ (ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɢ ɞɪ.), ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɩɪɨɰɟɞɭɪɭ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɚ ɫɩɟɰɢɚɥɶɧɚɹ 
ɩɨɞɩɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɹɟɬ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɜ ɧɚɢɛɨɥɟɟ ɭɞɨɛɧɨɣ ɞɥɹ 
ɚɧɚɥɢɡɚ ɝɪɚɮɢɱɟɫɤɨɣ ɮɨɪɦɟ. 

Шɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɞɟɥɚɸɬ ɤɨɦɩɥɟɤɫ ɂȼɌȺɇɌȿɊɆɈ ɞɥɹ АТЧНШаs ɩɨɥɟɡɧɵɦ 
ɪɚɛɨɱɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɢɧɠɟɧɟɪɚ-ɬɟɯɧɨɥɨɝɚ, ɢɧɠɟɧɟɪɚ-ɢɫɫɥɟɞɨɜɚɬɟɥɹ, ɢɧɠɟɧɟɪɚ-ɷɤɨɥɨɝɚ ɢ 
ɞɪ. ɩɪɢ ɪɟɲɟɧɢɢ ɦɧɨɝɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɢ ɦɟɬɚɥɥɭɪɝɢɢ, 
ɜ ɱɚɫɬɧɨɫɬɢ ɩɪɢ ɫɨɡɞɚɧɢɢ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢ ɪɟɫɭɪɫɨɫɛɟɪɟɝɚɸɳɢɯ 
ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɪɨɰɟɫɫɨɜ. 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ ɧɚɭɱɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ, ɚ ɬɚɤɠɟ 
ɜ ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ ɜ ɞɟɫɹɬɤɚɯ ɨɪɝɚɧɢɡɚɰɢɣ Ɋɨɫɫɢɢ ɢ ɡɚ ɟɟ ɩɪɟɞɟɥɚɦɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ Ɋɇɐ 
«Ʉɭɪɱɚɬɨɜɫɤɢɣ ɢɧɫɬɢɬɭɬ», ɆȽɍ ɢɦ. Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɇɂɋɢɋ, ɂɆȿɌ ɊȺɇ, ɢ ɬ.ɞ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɩɨ ɉɪɨɝɪɚɦɦɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɉɊАɇ ɩɨ ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɧɚɩɪɚɜɥɟɧɢяɦ ɪɚɡɜɢɬɢя ɧɚɭɤɢ  №1 
"Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢя" (ɤɨɨɪɞ. ɚɤ. Ȼɟɬɟɥɢɧ В.Ȼ.). 
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ɉɪɟɞɟɥɶɧɵɟ ɨɞɧɨɚɬɨɦɧɵɟ ɫɩɢɪɬɵ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɢ ɜ 

ɥɚɛɨɪɚɬɨɪɧɨɣ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɪɚɤɬɢɤɟ. ɀɢɞɤɢɟ ɫɩɢɪɬɵ ɹɜɥɹɸɬɫɹ ɫɥɨɠɧɵɦɢ ɫɢɫɬɟɦɚɦɢ, 
ɫɨɫɬɨɹɳɢɦɢ ɢɡ ɦɨɧɨɦɟɪɧɵɯ, ɥɢɧɟɣɧɵɯ ɢ ɰɢɤɥɢɱɟɫɤɢɯ ɚɝɪɟɝɚɬɨɜ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ 
ɫɨɫɬɨɹɧɢɢ ɩɨɞɜɢɠɧɵɯ ɪɚɜɧɨɜɟɫɢɣ, ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɭɱɟɬ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ 
ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɡɚɞɚɱɟɣ ɜɜɢɞɭ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɨɬɤɨɣ ɠɢɡɧɢ ɚɫɫɨɰɢɚɬɨɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɟɥɶɧɵɯ 
ɨɞɧɨɚɬɨɦɧɵɯ ɧ-ɫɩɢɪɬɨɜ ɨɬ ɦɟɬɚɧɨɥɚ ɞɨ ɧ-ɨɤɬɚɧɨɥɚ ɩɪɢ 278,15 – 328,15 Ʉ, ɧɚɢɛɨɥɟɟ 
ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɤ ɢɡɦɟɧɟɧɢɸ ɫɬɪɭɤɬɭɪɵ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɯɚɪɚɤɬɟɪɭ ɆɆȼ. 

ȼ ɨɛɡɨɪɟ Д1Ж ɩɪɟɞɥɨɠɟɧɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɪɚɜɧɨɜɟɫɢɣ ɦɟɠɞɭ ɩɨɥɢɦɟɪɚɦɢ ɦɨɥɟɤɭɥ ɫɩɢɪɬɨɜ 
ɡɚɦɟɧɢɬɶ ɟɞɢɧɫɬɜɟɧɧɵɦ ɪɚɜɧɨɜɟɫɢɟɦ ɦɟɠɞɭ ɝɪɭɩɩɨɣ Ɉɇ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɫɜɹɡɚɧɧɨɦ ɢ 
ɧɟɫɜɹɡɚɧɧɨɦ ɫɨɫɬɨɹɧɢɹɯ ɢ ɫɨɟɞɢɧɟɧɚ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɵɦ ɩɨ ɤɨɥɢɱɟɫɬɜɭ 
ɚɧɫɚɦɛɥɟɦ ɦɨɥɟɤɭɥ. Ɋɚɫɱɟɬ ɤɨɧɫɬɚɧɬɵ ɚɫɫɨɰɢɚɰɢɢ (Ка)ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ , ɱɬɨ ɜ ɠɢɞɤɢɯ ɫɩɢɪɬɚɯ 
ɞɥɹ ɜɫɟɯ Ɉɇ-ɝɪɭɩɩ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɡɪɵɜɚ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ ɨɞɢɧɚɤɨɜɚ. Ⱦɨɥɸ ɫɜɨɛɨɞɧɵɯ Ɉɇ-
ɝɪɭɩɩ () ɜɵɱɢɫɥɹɥɢ ɩɨ ɭɪɚɜɧɟɧɢɸ (1), ɚ ɜɟɥɢɱɢɧɵ Ка   – ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ (2)Д1Ж: 
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Ɂɞɟɫɶ 0
AP  ɢ 0

hP – ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɚɥɤɚɧɨɥɚ ɢ ɝɨɦɨɦɨɪɮɧɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Д2-3]. Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɜɟɥɢɱɢɧ  ɢ Каɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 1. Ⱥɧɚɥɢɡ 
ɞɚɧɧɵɯ ɬɚɛɥ.1ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɦɟɬɚɧɨɥɚ ɤ ɧ-
ɨɤɬɚɧɨɥɭ ɞɨɥɹ ɫɜɨɛɨɞɧɵɯ Ɉɇ-ɝɪɭɩɩ ɜɨɡɪɚɫɬɚɟɬ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɭɦɟɧɶɲɟɧɢɟ ɫɬɟɩɟɧɢ 
ɚɫɫɨɰɢɚɰɢɢ. ȼɟɥɢɱɢɧɵ ɠɟ Ка ɢɡɦɟɧɹɸɬɫɹ ɚɧɬɢɛɚɬɧɨ ɡɧɚɱɟɧɢɹɦ .  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɷɧɟɪɝɢɢ ɆɆȼ (Uint) ɢ ɟё ɫɨɫɬɚɜɥɹɸɳɢɯ ɜ ɪɹɞɭ 
ɢɡɭɱɟɧɧɵɯ ɧ-ɫɩɢɪɬɨɜ. ȼɟɥɢɱɢɧɵ Uint ɠɢɞɤɨɫɬɟɣ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ Д4Ж:  
 
Ɍɚɛɥɢɰɚ 1. Ⱦɨɥɹ ɫɜɨɛɨɞɧɵɯ Ɉɇ-ɝɪɭɩɩ () ɢ ɤɨɧɫɬɚɧɬɵ ɚɫɫɨɰɢɚɰɢɢ (Ка) ɧ-ɫɩɢɪɬɨɜ 

T, K ɦɟɬɚɧɨɥ ɷɬɚɧɨɥ ɧ-ɩɪɨɩɚɧɨɥ ɧ-ɛɭɬɚɧɨɥ 
Ка γ·102 Ка  γ·102 Ка γ·102 Ка γ·102 

278,15 471 0,212 254 0,393 197 0,506 195 0,510 
288,15 325 0,307 174 0,571 128 0,773 125 0,792 
298,15 231 0,431 123 0,805 88,0 1,12 82,3 1,20 
308,15 168 0,591 89,5 1,10 62,6 1,57 56,7 1,73 
318,15 125 0,793 66,7 1,48 46,0 2,13 40,6 2,40 
328,15 95,1 1,04 50,7 1,94 34,8 2,80 30,1 3,22 
T, K ɧ-ɩɟɧɬɚɧɨɥ ɧ-ɝɟɤɫɚɧɨɥ ɧ-ɝɟɩɬɚɧɨɥ ɧ-ɨɤɬɚɧɨɥ 

Ка γ·102 Ка γ·102 Ка γ·102 Ка γ·102 
278,15 130 0,763 117 0,846 100 0,993 89,8 1,10 
288,15 86,5 1,14 74,4 1,33 63,3 1,56 51,5 1,90 
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298,15 60,2 1,63 49,7 1,97 41,3 2,37 37,2 2,62 
308,15 43,2 2,26 35,0 2,78 29,4 3,28 24,5 3,92 
318,15 31,9 3,04 25,4 3,79 21,3 4,48 18,9 5,03 
328,15 24,2 3,97 19,0 5,00 15,9 5,91 13,9 6,72 

 
Ɍɚɛɥɢɰɚ 2. Эɧɟɪɝɢɹ ɆɆȼ (Uint) ɢ ɟё ɫɨɫɬɚɜɥɹɸɳɢɟ (ɤȾɠ/ɦɨɥɶ):ɷɧɬɚɥɶɩɢɹ ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ 
(ΔНb), ɷɧɟɪɝɢɹ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ (Udisp) ɢ ɨɪɢɟɧɬɚɰɢɨɧɧɨ-ɢɧɞɭɤɰɢɨɧɧɨɝɨ  (Uor_ind) 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɧ-ɫɩɢɪɬɨɜ 

T, K ɦɟɬɚɧɨɥ ɷɬɚɧɨɥ 
–Uint –ΔНb –Udisp Uor_ind –Uint –ΔНb –Udisp Uor_ind 

278,15 35,3 20,6 11,7±0,1 3,0 40,3 20,1 16,6±0,2 3,6 
288,15 35,1 20,5 11,6±0,1 3,0 40,0 19,9 16,5±0,2 3,6 
298,15 34,9 20,5 11,5±0,2 2,9 39,8 19,7 16,5±0,2 3,6 
308,15 34,8 20,4 11,4±0,2 3,0 39,6 19,6 16,5±0,2 3,5 
318,15 34,6 20,2 11,4±0,2 3,0 39,3 19,4 16,5±0,3 3,4 
328,15 34,4 20,1 11,4±0,2 2,9 39,1 19,3 16,6±0,3 3,2 
T, K ɧ-ɩɪɨɩɚɧɨɥ ɧ-ɛɭɬɚɧɨɥ 

–Uint –ΔНb –Udisp Uor_ind –Uint –ΔНb –Udisp Uor_ind 
278,15 45,6 20,0 21,9±0,3 3,7 50,5 19,8 27,3±0,3 3,3 
288,15 45,3 19,8 22,0±0,3 3,5 50,2 19,6 27,4±0,3 3,2 
298,15 45,0 19,6 22,1±0,3 3,3 49,9 19,4 27,5±0,4 3,0 
308,15 44,7 19,4 22,2±0,3 3,1 49,5 19,1 27,6±0,4 2,8 
318,15 44,5 19,1 22,3±0,3 3,1 49,2 18,7 27,8±0,4 2,7 
328,15 44,2 18,8 22,6±0,3 2,8 48,9 18,4 28,1±0,4 2,4 

 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 2 

T, K ɧ-ɩɟɧɬɚɧɨɥ ɧ-ɝɟɤɫɚɧɨɥ 
–Uint –ΔНb –Udisp Uor_ind –Uint –ΔНb –Udisp Uor_ind 

278,15 55,6 19,6 32,9±0,4 3,1 61,3 19,3 38,6±0,4 -3,5 
288,15 55,1 19,3 33,0±0,4 2,8 60,2 18,8 38,6±0,4 -2,8 
298,15 54,5 19,1 33,1±0,4 2,3 59,2 18,5 38,7±0,5 -2,0 
308,15 53,9 18,8 33,3±0,4 1,6 58,7 18,2 38,9±0,5 -1,6 
318,15 53,4 18,4 33,6±0,5 0,7 58,3 17,9 39,1±0,5 -1,3 
328,15 52,8 18,2 33,8±0,5 0,1 57,7 17,5 39,4±0,5 -0,8 
T, K ɧ-ɝɟɩɬɚɧɨɥ ɧ-ɨɤɬɚɧɨɥ 

–Uint –ΔНb –Udisp Uor_ind –Uint –ΔНb –Udisp Uor_ind 
278,15 65,2 19,2 44,6±0,5 1,4 69,9 18,8 50,4±0,5 0,7 
288,15 64,8 18,7 44,7±0,5 1,3 69,3 18,3 50,5±0,6 0,5 
298,15 64,3 18,6 45,2±0,5 0,5 68,5 17,7 50,7±0,6 0,1 
308,15 63,9 18,1 45,4±0,6 0,4 68,0 16,9 51,1±0,6  0 
318,15 63,5 17,6 45,5±0,6 0,4 67,7 16,2 51,5±0,7  0 
328,15 62,9 17,1 45,7±0,6 0,1 67,2 15,3 51,9±0,7  0 

 
Uint =ɇvap –RT     (3) 

Ɂɞɟɫɶ Нvap– ɷɧɬɚɥɶɩɢɹ ɢɫɩɚɪɟɧɢɹ Д5Ж , R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ; T – 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. Эɧɟɪɝɢɸ (ɷɧɬɚɥɶɩɢɸ) ɜɨɞɨɪɨɞɧɨɣ ɫɜɹɡɢ (ΔНb) ɨɩɪɟɞɟɥɹɥɢ 
ɢɡ ɞɚɧɧɵɯ 6, ɚ ɷɧɟɪɝɢɸ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (Udisp) ɪɚɫɫɱɢɬɵɜɚɥɢ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɤɥɚɫɬɟɪɧɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 7: 
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ɝɞɟ p  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ; T  – ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɫɠɢɦɚɟɦɨɫɬɶ; Vm– 

ɦɨɥɹɪɧɵɣ ɨɛɴɟɦ. Ɂɧɚɱɟɧɢɹ p , T  ɢ ɩɥɨɬɧɨɫɬɢ (ρ), ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɪɚɫɱɟɬɚ Vm, ɜɡɹɬɵ ɢɡ 
8. 

ɋɭɦɦɚɪɧɵɟ ɜɟɥɢɱɢɧɵ ɷɧɟɪɝɢɣ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ (Uor) ɢ ɢɧɞɭɤɰɢɨɧɧɨɝɨ(Uind) 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɨɰɟɧɟɧɵ ɧɚɦɢ ɩɨ ɪɚɡɧɨɫɬɢ ɦɟɠɞɭ Uint ɢ (Udisp+ΔHb) (ɬɚɛɥ.2). ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ 
ɦɟɬɚɧɨɥɚ ɤ ɧ-ɨɤɬɚɧɨɥɭ ɷɧɟɪɝɢɹ ɆɆȼ ɜɨɡɪɚɫɬɚɟɬ ɡɚ ɫɱɟɬ ɭɫɢɥɟɧɢɹ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɚ ɜɟɥɢɱɢɧɵ ΔНb, ɧɚɨɛɨɪɨɬ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɪɚɞɢɤɚɥɚ ɫɩɢɪɬɚ, ɬɚɤɠɟ ɤɚɤ ɢ ɷɧɟɪɝɢɢ Uorɢ Uint.  

ȼɧɭɬɪɟɧɧɟɟ ɞɚɜɥɟɧɢɟ (Pi) ɬɚɤɠɟ ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɨɹɜɥɟɧɢɟɦ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɥ, 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɞɥɹ ɤɚɠɞɨɣ ɠɢɞɤɨɮɚɡɧɨɣ ɫɢɫɬɟɦɵД9Ж.Ɂɧɚɱɟɧɢɹ Рi ɞɥɹ ɢɡɭɱɟɧɧɵɯ ɧ-ɫɩɢɪɬɨɜ 
ɪɚɫɫɱɢɬɵɜɚɥɢɩɨ ɮɨɪɦɭɥɟ Д9Ж: 

      
p
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       (5) 

Ɂɞɟɫɶ Р – ɜɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ. Ɍɚɤ ɤɚɤ Рi>>Р,ɬɨ ɜɵɪɚɠɟɧɢɟ (4) ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ   
p

i
T

P T

      (6) 

Ⱥɧɚɥɢɡ ɩɨɥɢɬɟɪɦ Pi– Ɍ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɫɩɢɪɬɨɜ ɡɧɚɱɟɧɢɹ Pi ɦɨɧɨɬɨɧɧɨ 
ɭɛɵɜɚɸɬ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ. ɏɨɞ ɡɚɜɢɫɢɦɨɫɬɟɣ Pi –γ ɢ  
Pi –1/ρ ɪɚɡɥɢɱɟɧ ɞɥɹ ɧɢɡɲɢɯ (ɦɟɬɚɧɨɥ – ɷɬɚɧɨɥ) ɢ ɧ-ɫɩɢɪɬɨɜ, ɧɚɱɢɧɚɹ ɫ ɩɪɨɩɢɥɨɜɨɝɨ.  Ɍɚɤɨɟ 
ɪɚɡɥɢɱɢɟ ɜ ɯɚɪɚɤɬɟɪɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ Ɋi - 1/ɭɤɚɡɵɜɚɟɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɚ 
ɧɟɨɞɢɧɚɤɨɜɵɣ ɦɟɯɚɧɢɡɦ ɩɟɪɟɫɬɪɨɣɤɢ ɫɬɪɭɤɬɭɪɵ ɧ-ɫɩɢɪɬɨɜ ɩɨɞ ɜɥɢɹɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɪɚɜɧɨɜɟɫɧɵɟ ɢ 
ɤɢɧɟɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɟɣ, ɹɜɥɹɟɬɫɹ ɫɜɨɛɨɞɧɵɣ ɨɛɴёɦ (Vf), ɤɨɬɨɪɵɣ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɨɛɴёɦ, ɞɨɫɬɭɩɧɵɣ ɞɥɹ ɞɜɢɠɟɧɢɹ ɦɢɤɪɨɱɚɫɬɢɰ Д10Ж. Ⱦɥɹ ɪɚɫɱёɬɚ Vf 
ɧɚɢɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɨɣ ɹɜɥɹɟɬɫɹ ɮɨɪɦɭɥɚ ɉɪɢɝɨɠɢɧɚ Д10Ж: 
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 .      (7) 

ɂɡ ɭɪɚɜɧɟɧɢɣ (6) ɢ (7) ɫɥɟɞɭɟɬ, ɱɬɨ  
i fPV RT .      (8) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɧɚɱɟɧɢɹ ɫɜɨɛɨɞɧɨɝɨ ɨɛɴɟɦɚ ɧ-ɫɩɢɪɬɨɜ ɢɡɦɟɧɹɸɬɫɹ ɨɛɪɚɬɧɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɢɡɦɟɧɟɧɢɹɦ ɜɟɥɢɱɢɧ ɜɧɭɬɪɟɧɧɟɝɨ ɞɚɜɥɟɧɢɹ, ɚ ɜɵɪɚɠɟɧɢɟ (8) ɦɨɠɧɨ 
ɫɱɢɬɚɬɶ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɧ-ɫɩɢɪɬɨɜ ɜ ɠɢɞɤɨɣ ɮɚɡɟ.  

ɇɚɦɢ ɬɚɤɠɟ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ ɚɫɫɨɰɢɚɰɢɢ, ɮɚɤɬɨɪɚ 
ɤɨɪɪɟɥɹɰɢɢ Ʉɢɪɤɜɭɞɚ, ɷɧɟɪɝɢɢ ɤɨɝɟɡɢɢ, ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɞɪɭɝɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɨɛɭɫɥɨɜɥɟɧɵ ɩɪɨɹɜɥɟɧɢɟɦ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɥ, ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɞɥɹ 
ɤɚɠɞɨɣ ɠɢɞɤɨɮɚɡɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞ ɜɥɢɹɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɥɢɧɵ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ 
ɪɚɞɢɤɚɥɚ ɜ ɦɨɥɟɤɭɥɟ ɧ-ɫɩɢɪɬɚ. 
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Ɉɛɪɚɡɰɵ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɨɜ 10, 50, 66.67, 75 %ɦɨɥ. GaO1.5 ɛɵɥɢ ɩɨɥɭɱɟɧɵ 

ɦɟɬɨɞɨɦ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɢɧɬɟɡɚ ɢɡ ɨɤɫɢɞɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1050°C ɜ ɬɟɱɟɧɢɟ 40 ɱɚɫɨɜ. ɉɨ 
ɞɚɧɧɵɦ ɊɎȺ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɡɨɜɚɥɢɫɶ ɢɧɞɢɜɢɞɭɚɥɶɧɚɹ ɮɚɡɚ ZnGa2O4 ɫɨ ɫɬɪɭɤɬɭɪɨɣ 
ɲɩɢɧɟɥɢ ɢ ɝɟɬɟɪɨɝɟɧɧɵɟ ɫɦɟɫɢ ZnGa2O4 ɫ ɨɤɫɢɞɚɦɢ ɰɢɧɤɚ ɢ ɝɚɥɥɢɹ. 

ɉɚɪɨɨɛɪɚɡɨɜɚɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɛɵɥɨ ɢɡɭɱɟɧɨ ɷɮɮɭɡɢɨɧɧɵɦ ɦɟɬɨɞɨɦ Ʉɧɭɞɫɟɧɚ ɜ 
ɫɨɱɟɬɚɧɢɢ ɫ ɦɚɫɫ-ɫɩɟɤɬɪɚɥɶɧɵɦ ɚɧɚɥɢɡɨɦ ɝɚɡɨɜɨɣ ɮɚɡɵ ɧɚ ɩɪɢɛɨɪɟ Ɇɋ-1301 ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 1360—1470 Kɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɜɚɪɰɟɜɵɯ ɷɮɮɭɡɢɨɧɧɵɯ ɤɚɦɟɪ. ɉɚɪ ɧɚɞ 
ɫɢɫɬɟɦɨɣ ɫɨɫɬɨɢɬ ɩɪɚɤɬɢɱɟɫɤɢ ɬɨɥɶɤɨ ɢɡ ɚɬɨɦɨɜ Znɢ ɦɨɥɟɤɭɥ O2. Ʉɨɧɞɟɧɫɢɪɨɜɚɧɧɚɹ ɮɚɡɚ ɜ 
ɬɟɱɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɛɨɝɚɳɚɟɬɫɹ ɨɤɫɢɞɨɦ ɝɚɥɥɢɹ. ɉɨ ɞɚɧɧɵɦ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, 
ɩɪɨɜɟɞɟɧɧɨɝɨ ɧɚ ɩɪɢɛɨɪɟ ЭɆȺɅ-2, ɧɟɥɟɬɭɱɢɣ ɨɫɬɚɬɨɤ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɩɨɥɧɨɣ 
ɫɭɛɥɢɦɚɰɢɢ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɥ ɫɨɛɨɣGa2O3. ɂɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɨɩɪɟɞɟɥɟɧɵ ɩɚɪɰɢɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɨɜɨɣ ɮɚɡɵ ɧɚɞ ɫɢɫɬɟɦɨɣ (ɬɚɛɥ.). 

 
Ɍɚɛɥɢɰɚ. ɉɚɪɰɢɚɥɶɧɵɟ ɢ ɨɛɳɟɟ ɞɚɜɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɨɜɨɣ ɮɚɡɵp ɧɚɞ ɫɢɫɬɟɦɨɣ GaO1.5—
ZnO ɩɪɢ 1410 Ʉ 
Ʉɨɧɞɟɧɫɢɪɨɜɚɧɧɚɹ ɮɚɡɚ p(ɚ)/ɉɚ 

Zn O2 Ga2O(ɛ) Ɉɛɳɟɟ 
ZnO 6.24 2.19 - 8.43 
ZnO+ZnGa2O4 (I ) 6.24 2.19 4.16×10-7 8.43 
ZnGa2O4+GaO1.5 (II ) 7.65×10-1 2.68×10-1 3.39×10-6 1.03 
GaO1.5 - 6.44×10-4 (ɛ) 1.42×10-3 2.06×10-3 

(ɚ) ɞɚɜɥɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɫ ɬɨɱɧɨɫɬɶɸ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɪɚɫɱɟɬɚ ɤɨɧɫɬɚɧɬ 
ɪɚɜɧɨɜɟɫɢɹ 

(ɛ) ɜɟɥɢɱɢɧɵ ɪɚɫɫɱɢɬɚɧɵ ɷɤɫɬɪɚɩɨɥɹɰɢɟɣ ɞɚɧɧɵɯ Д1Ж ɤ ɬɟɦɩɟɪɚɬɭɪɟ 1410 Ʉ 
 
Ƚɚɡɨɜɚɹ ɮɚɡɚ ɧɚɞ ɝɟɬɟɪɨɝɟɧɧɨɣ ɨɛɥɚɫɬɶɸ ZnGa2O4+GaO1.5 (II ) ɫɨɞɟɪɠɢɬ 0.001% Ga(ɨɬ 

ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɟɬɚɥɥɨɜ ɜ ɩɚɪɟ), ɚ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜ ɩɚɪɟ ɧɚɞ ɨɛɥɚɫɬɶɸ ZnO+ZnGa2O4 
(I ) ɫɨɫɬɚɜɥɹɟɬ 1×10-5 %. 

ɉɨɫɬɪɨɟɧɚ p—x-ɩɪɨɟɤɰɢɹ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɤɜɚɡɢɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ GaO1.5—ZnO 
(ɪɢɫ.).ɉɨ ɬɪɟɬɶɟɦɭ ɡɚɤɨɧɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɪɚɫɫɱɢɬɚɧɚ ɜɟɥɢɱɢɧɚ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɚɥɶɩɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɫɦɟɲɚɧɧɨɝɨ ɨɤɫɢɞɚ ɰɢɧɤɚ ɢ ɝɚɥɥɢɹ ΔfH°(ZnGa2O4, ɤɪ., 298/K) = –1457±6 
ɤȾɠ/ɦɨɥɶ. 
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ɄАɊȻɈɇɈВɈɃ ɄɂɋɅɈɌЫ 
Ⱦɢɛɪɢɜɧɵɣ ȼ.ɇ.1, Ʉɨɱɭɛɟɣ ȼ.ȼ. 1, ɉɪɨɤɨɩ Ɋ.Ɍ. 1, ɉɭɧɹɤ Ɇ.ə. 1,  

Ɉɛɭɲɚɤ ɇ.Ⱦ.2, Ƚɨɪɚɤ ɘ.ɂ.2 
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ɉɪɨɢɡɜɨɞɧɵɟ ɚɪɢɥɮɭɪɚɧɨɜ ɫɨɞɟɪɠɚɬ ɜ ɫɜɨɟɦ ɫɬɪɨɟɧɢɢ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɮɚɪɦɚɤɨɮɨɪɵ 

(ɫɬɪɭɤɬɭɪɧɵɟ ɷɥɟɦɟɧɬɵ), ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɵɦ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɸɬɫɹ 
ɥɟɤɚɪɫɬɜɟɧɧɵɦɢ ɩɪɟɩɚɪɚɬɚɦɢ. ɇɚ ɢɯ ɨɫɧɨɜɟ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɚɧɬɢɨɤɫɢɞɚɧɬɵ, 
ɫɟɪɞɟɱɧɨɫɨɫɭɞɢɫɬɵɟ, ɩɪɨɬɢɜɨɝɪɢɛɤɨɜɵɟ ɢ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɟ ɩɪɟɩɚɪɚɬɵ. ɍɱɢɬɵɜɚɹ 
ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɪɢɥɮɭɪɚɧɨɜ, ɜɚɠɧɨ ɩɨɞɪɨɛɧɨ ɢɡɭɱɢɬɶ ɢɯ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ. 

Ɉɛɪɚɡɰɵ 5-(2-ɧɢɬɪɨ-ɮɟɧɢɥ)ɮɭɪɚɧ-2 ɤɚɪɛɚɥɶɞɟɝɢɞɚ (I) ɢ 5-(2-ɧɢɬɪɨɮɟɧɢɥ)ɮɭɪɚɧ-2 
ɤɚɪɛɨɧɨɜɨɣ ɤɢɫɥɨɬɵ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɮɭɪɮɭɪɨɥɚ ɢɥɢ ɮɭɪɚɧ-2-ɤɚɪɛɨɧɨɜɨɣ 
ɤɢɫɥɨɬɵ ɫ ɪɚɫɬɜɨɪɨɦ ɚɪɟɧɞɢɚɡɨɧɢɣ ɯɥɨɪɢɞɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɞɢɚɡɨɬɢɪɨɜɚɧɢɟɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɚɦɢɧɚ. ɉɪɨɞɭɤɬɵ ɨɬɮɢɥɶɬɪɨɜɵɜɚɥɢ ɢ ɨɱɢɳɚɥɢ ɦɧɨɝɨɤɪɚɬɧɨɣ 
ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɫɦɟɫɢ ɷɬɚɧɨɥ – ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞ. 
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ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ - ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ, 
ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɤɨɬɨɪɵɯ ɩɨɞɬɜɟɪɠɞɚɥɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ, ɂɄ–
ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ɋɩɟɤɬɪɵ ɧɟ ɩɨɤɚɡɚɥɢ ɫɜɹɡɟɣ, ɧɟ ɩɪɢɫɭɳɢɯ ɢɫɫɥɟɞɨɜɚɧɧɵɦ ɜɟɳɟɫɬɜɚɦ. 
ɑɢɫɬɨɬɭ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɬɜɟɪɠɞɚɥɢ ɦɟɬɨɞɨɦ ɬɨɧɤɨɫɥɨɣɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ. 

Эɧɬɚɥɶɩɢɢ ɫɝɨɪɚɧɢɹ ɜɟɳɟɫɬɜ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɦ ɤɚɥɨɪɢɦɟɬɪɟ ȼ-08-ɆȺ, 
ɨɫɧɚɳɟɧɧɨɦ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ (±0,003Ʉ) ɨɛɨɥɨɱɤɨɣ. Эɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ W ɨɩɪɟɞɟɥɟɧ ɫ ɬɨɱɧɨɫɬɶɸ ± 0,06 % ɫɠɢɝɚɧɢɟɦ ɷɬɚɥɨɧɧɨɣ 
ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ ɦɚɪɤɢ Ʉ-1. ɇɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɤɢɫɥɨɪɨɞɚ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɱɢɳɟɧɧɨɝɨ 
ɨɬ ɝɨɪɸɱɢɯ ɩɪɢɦɟɫɟɣ, ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ ɜɨɞɵ, ɫɨɫɬɚɜɥɹɥɨ 29,4105 ɉɚ. ɇɚɱɚɥɶɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɝɥɚɜɧɨɝɨ ɩɟɪɢɨɞɚ ɜɨ ɜɫɟɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫɨɫɬɚɜɥɹɥɚ 298,15 Ʉ. 

ɉɨɞɠɢɝɚɧɢɟ ɨɛɪɚɡɰɨɜ ɢɧɢɰɢɢɪɨɜɚɥɢ ɯɥɨɩɱɚɬɨɛɭɦɚɠɧɨɣ ɧɢɬɶɸ, ɩɪɢɜɹɡɚɧɧɨɣ ɤ 
ɩɥɚɬɢɧɨɜɨɣ ɩɪɨɜɨɥɨɱɤɟ (Н=0,1ɦɦ). Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ ɩɟɪɟɞ ɫɠɢɝɚɧɢɟɦ 
ɨɛɪɚɡɟɰ ɚɥɶɞɟɝɢɞɚ ɝɟɪɦɟɬɢɡɢɪɨɜɚɥɢ ɜ ɬɟɪɢɥɟɧɨɜɵɯ ɚɦɩɭɥɚɯ. ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɫɠɢɝɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɦɨɧɨ- ɢ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ, ɫɚɠɢ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ. Ʉɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 
ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɦɟɬɨɞɭ Ɋɨɫɫɢɧɢ Д1Ж ɫ ɬɨɱɧɨɫɬɶɸ ± 110-4 ɝ. ɋɨɞɟɪɠɚɧɢɟ ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɩɪɢ ɩɨɦɨɳɢ ɢɧɞɢɤɚɬɨɪɧɵɯ ɬɪɭɛɨɤ ɫ ɬɨɱɧɨɫɬɶɸ ± 110-6 ɝ. Ʉɨɥɢɱɟɫɬɜɨ ɫɚɠɢ, 
ɤɨɬɨɪɚɹ ɨɛɪɚɡɨɜɚɥɚɫɶ ɧɚ ɫɬɟɧɤɚɯ ɩɥɚɬɢɧɨɜɨɝɨ ɬɢɝɥɹ, ɨɩɪɟɞɟɥɹɥɢ ɜɡɜɟɲɢɜɚɧɢɟɦ ɫ ɬɨɱɧɨɫɬɶɸ 
± 510-6 ɝ. Ɂɧɚɱɟɧɢɹ ɷɧɟɪɝɢɣ ɫɝɨɪɚɧɢɹ ∆Uȼ ɫɨɟɞɢɧɟɧɢɣ ɨɬɧɟɫɟɧɵ ɤ ɪɟɚɤɰɢɢ: 

CaHbOcNd(ɪ)+(a+b/4-c/2) O2(ɝ) = aCO2(ɝ) +(b/2) H2O +(d/2) N2 (1) 

ɉɪɢ ɪɚɫɱɟɬɟ ɭɱɢɬɵɜɚɥɢ ɩɨɩɪɚɜɤɢ ɧɚ ɫɝɨɪɚɧɢɟ ɬɟɪɢɥɟɧɨɜɨɣ ɚɦɩɭɥɵ qɚɦ, 
ɯɥɨɩɱɚɬɨɛɭɦɚɠɧɨɣ ɧɢɬɢ qɧ, ɨɛɪɚɡɨɜɚɧɢɟ ɫɚɠɢ qc ɢ ɪɚɫɬɜɨɪɚ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬɵ 

3HNOq . 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɣ ɫɝɨɪɚɧɢɹ ∆Ub ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɟɪɨɤɫɢɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 1. Ⱦɪɭɝɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: Ц − ɦɚɫɫɚ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ, ∆Τ − ɢɫɬɢɧɧɵɣ ɩɨɞɴɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɨɩɵɬɟ. 

 
Ɍɚɛɥɢɰɚ 1.Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɢ ɫɝɨɪɚɧɢɹ 

Ц,ɝ ΔT,ȼ qɚɦ, Ⱦɠ qɧ, Ⱦɠ 
3HNOq ,Ⱦɠ qɫ, Ⱦɠ 

-ΔUb, Ⱦɠ·ɝ-

1 
mɷɤɫɩ/mɪɚɫɱ 

5-(2-ɧɢɬɪɨɮɟɧɢɥ)ɮɭɪɚɧ-2ɤɚɪɛɚɥɶɞɟɝɢɞ (I) 
0.32424 0.5592 795.4 100.4 8.3 17.6 23701 0.9964 
0.30861 0.5368 834.7 87.8 9.4 23.3 23639 0.9996 
0.35576 0.6065 800.2 94.1 10.6 40.8 23683 0.9972 
0.27531 0.4826 802.6 110.4 11.8 49.6 23677 0.9968 
0.30758 0.5366 834.0 108.1 11.8 21.5 23635 0.9994 
0.35026 0.5968 698.5 112.3 11.8 5.0 23710 0.9994 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ-∆Ub ɫɪ = 23674±31 Ⱦɠ/ɝ 

5-(2-ɧɢɬɪɨɮɟɧɢɥ)ɮɭɪɚɧ-2ɤɚɪɛɨɧɨɜɚɹ ɤɢɫɥɨɬɚ (II ) 
0.18198 0.2529 - 81.6 4.1 21.0 21204 0.9845 
0.22174 0.3097 - 90.5 3.5 20.0 21200 0.9908 
0.24311 0.3395 - 113.8 5.3 34.1 21198 0.9899 
0.22172 0.3010 - 86.4 5.3 53.0 21194 0.9703 
0.17887 0.2469 - 98.7 2.4 25.8 21190 0.9753 
0.24223 0.3322 - 86.5 5.3 39.4 21197 0.9782 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ-∆Ub ɫɪ = 21197±5 Ⱦɠ/ɝ 
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ɋɬɚɧɞɚɪɬɧɵɟ ɷɧɬɚɥɶɩɢɢ ɫɝɨɪɚɧɢɹ ∆CH0
298,15 ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ ɜɵɱɢɫɥɟɧɵ ɫ ɭɱɟɬɨɦ 

ɩɨɩɪɚɜɤɢ ɍɨɲɛɟɪɧɚ , ɪɚɫɫɱɢɬɚɧɧɨɣ ɫɨɝɥɚɫɧɨ Д2,3Ж, ɢ ɩɨɩɪɚɜɤɢ ɧɚ ɪɚɛɨɬɭ ɪɚɫɲɢɪɟɧɢɹ ∆nRT. n – ɢɡɦɟɧɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɣ ɝɚɡɨɨɛɪɚɡɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɭɪɚɜɧɟɧɢɢ (1). 
∆CH0

298,15= ∆Ub ɫɪ ++nRT    (2) 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɬɚɧɞɚɪɬɧɵɯ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɤɥɸɱɟɜɵɟ ɜɟɥɢɱɢɧɵ ∆fH0

298,15 
ɤȾɠ/ɦɨɥɶ: (-285,830±0,042) (ɇ2Ɉ, ɠ.); (-393,514±0,046) (ɋɈ2, ɝ.) Д4Ж.  

Ɋɟɡɭɥɶɬɚɬɵ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɷɧɟɪɝɢɣ ɢ ɷɧɬɚɥɶɩɢɣ ɫɝɨɪɚɧɢɹ 
ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɨɤɫɢɞɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. ɋɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɪɟɞɧɟɝɨ 
ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ ɜɵɱɢɫɥɟɧɨ ɫ ɭɱɟɬɨɦ ɤɪɢɬɟɪɢɹ ɋɬɶɸɞɟɧɬɚ ɞɥɹ 5 %-ɝɨ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ. 

 
Ɍɚɛɥɢɰɚ 2.Эɧɟɪɝɢɢ ɢ ɫɬɚɧɞɚɪɬɧɵɟ ɷɧɬɚɥɶɩɢɢ ɫɝɨɪɚɧɢɹ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɜɟɳɟɫɬɜ (ɤȾɠ/ɦɨɥɶ) 
ɋɨɟɞ. -U - nRT -ɫɇ0

298.15, -fH0
(298.15K),(ɬɜ) -fH0

(298.15K),(ɝ) 
I 5141.56.8 4.5 1.9 5137.0±6.8 193.9±6.8 86,1±9,7 

II  4942.71.1 5.0 3.1 4937.7±1.1 394,4±1.1 247±12 

 
ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɦɚɥɭɸ ɥɟɬɭɱɟɫɬɶ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢɯ 

ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɢɧɬɟɝɪɚɥɶɧɵɣ 
ɷɮɮɭɡɢɨɧɧɵɣ ɦɟɬɨɞɨɦ Ʉɧɭɞɫɟɧɚ. Ʉɨɧɫɬɪɭɤɰɢɹ ɭɫɬɚɧɨɜɤɢ Ʉɧɭɞɫɟɧɚ ɨɩɢɫɚɧɚ ɜ [5]. ȼɚɤɭɭɦɧɚɹ 
ɫɢɫɬɟɦɚ ɭɫɬɚɧɨɜɤɢ ɨɛɟɫɩɟɱɢɜɚɥɚ ɞɨɫɬɢɠɟɧɢɟ ɨɫɬɚɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ 0,1ɉɚ ɡɚ 355ɫ. Ɍɨɱɧɨɫɬɶ 
ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ, ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ ɷɮɮɭɡɢɢ ɫɨɫɬɚɜɢɥɢ: 0,1Ʉ, 0,05Ʉ ɢ 5ɫ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɚɫɫɭ ɷɮɮɭɧɞɢɪɨɜɚɜɲɟɝɨ ɜ ɨɩɵɬɟ ɜɟɳɟɫɬɜɚ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɪɚɡɧɢɰɟ 
ɦɚɫɫɵ ɷɮɮɭɡɢɨɧɧɨɣ ɤɚɦɟɪɵ ɞɨ ɢ ɩɨɫɥɟ ɨɩɵɬɚ ɫ ɬɨɱɧɨɫɬɶɸ 510-5ɝ. Эɮɮɟɤɬɢɜɧɨɟ ɜɪɟɦɹ 
ɷɮɮɭɡɢɢ (ɪɚɫɱɟɬɧɨɟ ɜɪɟɦɹ ɷɮɮɭɡɢɢ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɦɚɫɫɚ 
ɷɮɮɭɧɞɢɪɨɜɚɜɲɟɝɨ ɜɟɳɟɫɬɜɚ ɪɚɜɧɚ ɬɚɤɨɜɨɣ ɜ ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ) ɫɨɫɬɚɜɥɹɥɨ 75ɫ. 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɢ ɫɬɚɧɞɚɪɬɧɵɟ ɷɧɬɚɥɶɩɢɢ ɢɫɩɚɪɟɧɢɹ ɢ ɫɭɛɥɢɦɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢɧɬɟɪɜɚɥɚ ɢ ɩɟɪɟɫɱɢɬɚɧɧɚɹ ɩɪɢ 298Ʉ ɩɪɢɜɟɞɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 3.  

 
Ɍɚɛɥɢɰɚ 3. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ 
ɩɚɪɚ, ɫɬɚɧɞɚɪɬɧɵɟ ɷɧɬɚɥɶɩɢɢ ɢ ɷɧɬɪɨɩɢɢ ɢɫɩɚɪɟɧɢɹ ɢ ɫɭɛɥɢɦɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ 

ɋɨɟɞɢ- 
ɧɟɧɢɟ 

T1–Ɍ2, 
Ʉ 

А -В.10-2, 
 Ʉ 

Δsub(vap)H°(Tm) 
ɤȾɠ/ɦɨɥɶ 

Δsub(vap)H°298 

ɤȾɠ/ɦɨɥɶ 
I (ɬɜ) 346,6–368,0 34,3±1,9 126,6±6,9 105,2±5,7 107,8±6,7 
I (ɠ) 378,0–393,3 23,2±1,0 84,2±4,0 70,0±3,3 78.5±4.3 

II  (ɬɜ) 378,0–393,3 38,9±2,8 167±11 139,2±9,9 147±11 
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ɇɂɁɄɈɌȿɆɉȿɊАɌɍɊɇАəɌȿɉɅɈȿɆɄɈɋɌЬ, ȾАВɅȿɇɂȿɇАɋЫЩȿɇɇɈȽɈɉАɊА, 

ɗɇɌАɅЬɉɂəɋȽɈɊАɇɂə, ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂȿɎɍɇɄɐɂɂɈȻɊАɁɈВАɇɂə 
4-трет-ȻɍɌɂɅȾɂɎȿɇɂɅɈВɈȽɈ ɗɎɂɊА 

Ⱦɪɭɠɢɧɢɧɚ Ⱥ.ɂ.1, Ɍɚɪɚɡɚɧɨɜ ɋ.ȼ.2, ɉɢɦɟɧɨɜɚ ɋ.Ɇ.1, ɇɟɫɬɟɪɨɜɚ Ɍ.ɇ.2, 
Ʌɭɤɶɹɧɨɜɚ ȼ.Ⱥ.1 

1 Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.В. Ʌɨɦɨɧɨɫɨɜɚ, Ɋɨɫɫɢя, 119991 
Ɇɨɫɤɜɚ, E-mail:druzhinina@thermo.chem.msu.ru 

2 ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
 Ɋɨɫɫɢя, 443011 ɋɚɦɚɪɚ, E-mail:nesterovatn@yandex.ru 

 
ɂɧɬɟɪɟɫ ɤ ɢɡɭɱɟɧɢɸ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɨɢɡɜɨɞɧɵɯ 

ɞɢɮɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ (ɉȾЭ) ɨɛɭɫɥɨɜɥɟɧ ɢɯ ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ ɦɚɬɟɪɢɢ ɢ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ. ɉȾЭ ɹɜɥɹɸɬɫɹ ɬɚɤɠɟ ɛɢɨɥɨɝɢɱɟɫɤɢ 
ɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ - ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɤɨɦɩɨɧɟɧɬɵ ɯɢɦɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ 
ɪɚɫɬɟɧɢɣ ɢ ɥɟɤɚɪɫɬɜɟɧɧɵɟ ɩɪɟɩɚɪɚɬɵ. Ʌɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ 
ɉȾЭ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ, ɱɬɨ ɡɚɞɟɪɠɢɜɚɟɬ ɪɚɡɪɚɛɨɬɤɭ ɨɫɧɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ 
ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɇɚɫɬɨɹɳɟɟ ɫɨɨɛɳɟɧɢɟ ɩɨɫɜɹɳɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɸ 4-ɬɪɟɬ-ɛɭɬɢɥ-
ɞɢɮɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ (4-ɌȻȾɎЭ), C16H18O.  

Ɉɛɪɚɡɟɰ 4-ɌȻȾɎЭ ɩɨɥɭɱɟɧ ɚɥɤɢɥɢɪɨɜɚɧɢɟɦ ɞɢɮɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ  ɠɢɞɤɢɦ 2-ɯɥɨɪ-2-
ɦɟɬɢɥɩɪɨɩɚɧɨɦ. ɋɢɧɬɟɡ ɩɪɨɜɨɞɢɥɫɹ ɜ ɧ-ɝɟɤɫɚɧɟ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ AХCХ3 ɜ ɤɚɱɟɫɬɜɟ 
ɤɚɬɚɥɢɡɚɬɨɪɚ. Ɋɟɚɤɰɢɨɧɧɚɹ ɫɦɟɫɶ ɫɨɞɟɪɠɚɥɚ ɞɜɚ ɢɡɨɦɟɪɚ 2-ɌȻȾɎЭ ɢ 4-ɌȻȾɎЭ, ɨɬɧɨɲɟɧɢɟ 
ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɥɨ ɩɪɢɦɟɪɧɨ 1:25. ɑɬɨɛɵ ɭɞɚɥɢɬɶ ɤɚɬɚɥɢɡɚɬɨɪ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ 
ɨɛɪɚɛɚɬɵɜɚɥɢ 15 % ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ. 4-ɌȻȾɎЭ ɜɵɞɟɥɹɥɢ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɞɪɨɛɧɨɣ 
ɩɟɪɟɝɨɧɤɨɣ ɩɪɢ ɩɨɧɢɠɟɧɧɨɦ ɞɚɜɥɟɧɢɢ p = 0.8 ɤɉɚ. ɉɨɥɭɱɚɥɢ ɮɪɚɤɰɢɸ, ɫɨɞɟɪɠɚɳɭɸ 98-99 % 
4-ɌȻȾɎЭ, ɤɨɬɨɪɭɸ ɡɚɬɟɦ ɩɹɬɢɤɪɚɬɧɨ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɥɢ ɢɡ ɷɬɚɧɨɥɚ. ɑɢɫɬɨɬɚ 
ɩɨɥɭɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɥɹɥɚ: 99.93 ɦɚɫɫ. % ɩɨ ɞɚɧɧɵɦ Ƚɀɏ-ɚɧɚɥɢɡɚ ɢ 99.70±0.03 ɦɨɥ. %  
ɩɨ ɤɪɢɜɵɦ ɩɥɚɜɥɟɧɢɹ. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɬɟɩɥɨɮɢɡɢɤɢ 4-ɌȻȾɎЭ ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɥɟɞɭɸɳɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ:  
(1) ɜɚɤɭɭɦɧɚɹ ɚɞɢɚɛɚɬɢɱɟɫɤɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɢɡɭɱɟɧɢɹ 
ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ;  
(2) ɛɨɦɛɨɜɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ ɫɝɨɪɚɧɢɹ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ 298.15 K;  
(3) ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɟɬɨɞ ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ ɜ ɬɨɤɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɷɧɬɚɥɶɩɢɢ ɢ ɷɧɬɪɨɩɢɢ ɫɭɛɥɢɦɚɰɢɢ. 

Ɇɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɣ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɧɚ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
ɭɫɬɚɧɨɜɤɟ Д1Ж ɢɡɦɟɪɟɧɚ ɬɟɩɥɨɟɦɤɨɫɬɶ, Cp,m, 4-ɬɪɟɬ-ɛɭɬɢɥ- ɞɢɮɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜ ɨɛɥɚɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ (7–372) K. 

Ɋɚɛɨɬɚ ɜɚɤɭɭɦɧɨɝɨ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɤɚɥɨɪɢɦɟɬɪɚ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɜɟɪɟɧɚ ɧɚ ɷɬɚɥɨɧɧɵɯ ɨɛɪɚɡɰɚɯ: ɦɟɞɢ (ɦɚɪɤɢ Ɉɋɑ 11-4, 
ɱɢɫɬɨɬɚ 99.995 ɦɨɥ. %) ɢ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɧ-ɝɟɩɬɚɧɚ. ɉɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɨɫɬɚɜɥɹɸɬ: ≤2 % ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɚɦɢ 6-30 K, ɨɬ 0.4 ɞɨ 1 % ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 30-80 K ɢ 0.2-0.3 % ɜɵɲɟ 80 K. 

ɇɚ ɤɪɢɜɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ 4-ɌȻȾɎЭ (Ɋɢɫɭɧɨɤ) ɨɛɧɚɪɭɠɟɧ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ – ɩɥɚɜɥɟɧɢɟ.  
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Ɋɢɫɭɧɨɤ. Ɇɨɥɹɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, Cp,m, ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ (I) ɢ ɠɢɞɤɨɝɨ (II ) 4-ɬɪɟɬ-
ɛɭɬɢɥɞɢɮɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 

 
Ɉɩɪɟɞɟɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɚ, Ttp, ɷɧɬɚɥɶɩɢɹ,fusHm, ɢ ɷɧɬɪɨɩɢɹ, fusSm, ɩɥɚɜɥɟɧɢɹ ɢ ɱɢɫɬɨɬɚ 

ɨɛɪɚɡɰɚ ɩɨ ɞɟɩɪɟɫɫɢɢ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ (Ɍɚɛɥɢɰɚ 1).  
ɉɨ ɞɚɧɧɵɦ ɨ ɬɟɩɥɨɟɦɤɨɫɬɹɯ ɪɚɫɫɱɢɬɚɧɵ ɨɫɧɨɜɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ 

(ɷɧɬɚɥɶɩɢɹ, )0()( 00
mm HTH  ,ɚɛɫɨɥɸɬɧɚɹ ɷɧɬɪɨɩɢɹ, )0()( 00

mm STS  , ɢ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ 

Ƚɢɛɛɫɚ, Д )}0()({ 00
mm HTG  Ж) ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

 
Ɍɚɛɥɢɰɚ 1. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɚɜɥɟɧɢɹ 4-ɬɪɟɬ-ɛɭɬɢɥɞɢɮɟɧɢɥɨɜɨɝɨ 
ɷɮɢɪɚ 

ɑɢɫɬɨɬɚ, 
ɦɨɥ. % 

Ttp, 
K 

fusHm, 
ɤȾɠ∙ɦɨɥɶ-1 

fusSm, 
Ⱦɠ∙K-1∙ɦɨɥɶ-1 

99.70±0.03 327.84±0.02 21.99±0.04 67.08±0.12 
 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɚɛɫɨɥɸɬɧɨɣ ɷɧɬɪɨɩɢɢ 4-ɌȻȾɎЭ ɢ ɥɢɬɟɪɚɬɭɪɧɵɯ ɡɧɚɱɟɧɢɣ ɫɬɚɧɞɚɪɬɧɵɯ 
ɷɧɬɪɨɩɢɣ ɭɝɥɟɪɨɞɚ ɋ(ɤɪ, ɝɪɚɮɢɬ),  ɜɨɞɨɪɨɞɚ ɇ2(ɝɚɡ) ɢ ɤɢɫɥɨɪɨɞɚ Ɉ2(ɝɚɡ) Д2Ж ɧɚɣɞɟɧɚ ɷɧɬɪɨɩɢɹ 
ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ 298.15 K, fSm(ɤɪ) (Ɍɚɛɥɢɰɚ 2). 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɷɧɟɪɝɢɢ ɫɝɨɪɚɧɢɹ 4-ɌȻȾɎЭ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɪɟɰɢɡɢɨɧɧɵɣ ɠɢɞɤɨɫɬɧɨɣ 
ɤɚɥɨɪɢɦɟɬɪ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ ɢ ɫɬɚɰɢɨɧɚɪɧɨɣ ɫɚɦɨɭɩɥɨɬɧɹɸɳɟɣɫɹ ɛɨɦɛɨɣ. 
Ɇɟɬɨɞɢɤɚ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ ɩɪɨɜɟɪɟɧɚ ɧɚ ɜɵɫɨɤɨɱɢɫɬɵɯ ɨɛɪɚɡɰɚɯ ɰɢɤɥɨɝɟɩɬɚɧɚ ɢ ɹɧɬɚɪɧɨɣ 
ɤɢɫɥɨɬɵ. ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɫɝɨɪɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 0.02 %.  

ɉɨɞɴɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɦɟɪɹɥɢ ɦɟɞɧɵɦ ɬɟɪɦɨɦɟɬɪɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɜɤɥɸɱɟɧɧɵɦ ɜ 
ɦɨɫɬɨɜɭɸ ɫɯɟɦɭ (ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ з 4·10-5 K). Эɧɟɪɝɟɬɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɤɚɥɨɪɢɦɟɬɪɚ 
ɨɩɪɟɞɟɥɹɥɢ ɫ ɩɨɦɨɳɶɸ ɷɬɚɥɨɧɧɨɣ ɛɟɧɡɨɣɧɨɣ ɤɢɫɥɨɬɵ (ɦɚɪɤɢ Ʉ-1, ɱɢɫɬɨɬɚ 99.997 ɦɨɥ %). 
ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɫɨɠɠɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɨɛɪɚɡɟɰ 4-ɌȻȾɎЭ (ɦɚɫɫɨɣ ɨɤɨɥɨ 0.30 ɝ) 
ɩɪɟɫɫɨɜɚɥɢ ɜ ɜɢɞɟ ɬɚɛɥɟɬɨɤ, ɜɡɜɟɲɢɜɚɥɢ ɧɚ ɜɟɫɚɯ ɮɢɪɦɵ “Mettler” ɫ ɬɨɱɧɨɫɬɶɸ 2·10-6 ɝ, 
ɩɨɦɟɳɚɥɢ ɜ ɩɥɚɬɢɧɨɜɵɣ ɬɢɝɟɥɶ ɢ ɫɠɢɝɚɥɢ ɜ  ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɛɨɦɛɟ, ɧɚɩɨɥɧɟɧɧɨɣ 
ɨɱɢɳɟɧɧɵɦ ɨɬ ɝɨɪɸɱɢɯ ɩɪɢɦɟɫɟɣ ɤɢɫɥɨɪɨɞɨɦ ɞɨ 3.0 Ɇɉɚ. ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɫɨɠɠɟɧɢɹ ɜ 
ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɥɢ ɋɈ2(ɝɚɡ) ɩɨ ɦɟɬɨɞɭ Ɋɨɫɫɢɧɢ Д3Ж 
ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɨɬɫɭɬɫɬɜɢɟ ɋɈ(ɝɚɡ) ɫ ɩɨɦɨɳɶɸ ɢɧɞɢɤɚɬɨɪɧɵɯ ɬɪɭɛɨɤ (ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
~610-6 ɝ ɋɈ). ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɚɧɚɥɢɡɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɋɈ2 ɫɨɫɬɚɜɢɥɨ 
99.990.03 %, ɱɬɨ ɩɨɞɬɜɟɪɞɢɥɨ ɜɵɫɨɤɭɸ ɱɢɫɬɨɬɭ ɢɫɫɥɟɞɨɜɚɧɧɨɝɨ ɨɛɪɚɡɰɚ 4-ɌȻȾɎЭ ɢ 
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ɩɨɥɧɨɬɭ ɟɝɨ ɫɝɨɪɚɧɢɹ. ɂɡ ɞɚɧɧɵɯ ɩɹɬɢ ɨɩɪɟɞɟɥɟɧɢɣ ɜɵɱɢɫɥɢɥɢ ɫɬɚɧɞɚɪɬɧɭɸ ɷɧɟɪɝɢɸ 
ɫɝɨɪɚɧɢɹ 4-ɌȻȾɎЭ, ɫUm (ɤɪ) = 8695.52.0 ɤȾɠ/ɦɨɥɶ.  

ɋɬɚɧɞɚɪɬɧɭɸ ɷɧɬɚɥɶɩɢɸ ɨɛɪɚɡɨɜɚɧɢɹ 4-ɌȻȾɎЭ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ, fHm 

(ɤɪ), (Ɍɚɛɥɢɰɚ 2) ɪɚɫɫɱɢɬɚɥɢ ɞɥɹ ɪɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɟɣ ɩɨ ɭɪɚɜɧɟɧɢɸ:  
C16H18O(ɤɪ) + 20 Ɉ2(ɝɚɡ) = 16 ɋɈ2(ɝɚɡ) + 9 ɇ2Ɉ(ɠ)     (1),  

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɣɞɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɫɝɨɪɚɧɢɹ, ɫɇm (ɤɪ) = -8705.42.3 
ɤȾɠ/ɦɨɥɶ, ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɋɈ2(ɝɚɡ) ɢ ɇ2Ɉ(ɠ) ɢɡ ɪɚɛɨɬɵ Д2Ж. 
Cɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ Ƚɢɛɛɫɚ ɨɛɪɚɡɨɜɚɧɢɹ 4-ɌȻȾɎЭ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ, f Gm 

(ɤɪ), ɪɚɫɫɱɢɬɚɥɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɷɧɬɚɥɶɩɢɢ, fHm (ɤɪ),  ɢ ɷɧɬɪɨɩɢɢ, fSm (ɤɪ), 
ɨɛɪɚɡɨɜɚɧɢɹ (Ɍɚɛɥɢɰɚ 2). 
 
Ɍɚɛɥɢɰɚ 2. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 4-ɬɪɟɬ-ɛɭɬɢɥɞɢɮɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ Ɍ= 298.15 K 

fHm (ɤɪ), ɤȾɠ·ɦɨɥɶ-1 fSm (ɤɪ), Ⱦɠ·K-1·ɦɨɥɶ-1 f Gm (ɤɪ), ɤȾɠ·ɦɨɥɶ-1 

-163.2±2.4 -1042.5±5.0 147.6±2.8 
 

Ⱦɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ 4-ɌȻȾɎЭ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ (298.5 – 325.5) K ɢ ɞɚɜɥɟɧɢɣ 
(0.05 – 1.24) ɉɚ ɨɩɪɟɞɟɥɟɧɵ ɞɢɧɚɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ ɜ ɬɨɤɟ ɢɧɟɪɬɧɨɝɨ 
ɝɚɡɚ. Ɇɟɬɨɞɢɤɚ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ Д4Ж ɩɪɨɜɟɪɟɧɚ ɧɚ ɜɵɫɨɤɨɱɢɫɬɵɯ ɨɛɪɚɡɰɚɯ ɞɟɜɹɬɢ 
ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɫɩɢɪɬɨɜ. Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɷɬɢɦ ɦɟɬɨɞɨɦ ɜ 
ɨɛɥɚɫɬɢ ɞɚɜɥɟɧɢɣ 0.5 – 40 ɉɚ ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ 2 %.   

Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɥɢ ɭɪɚɜɧɟɧɢɟɦ: 
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apR lnln (2),ɝɞɟ aɢb – ɤɨɷɮɮɢɰɢɟɧɬɵ, p
g
crC -ɪɚɡɧɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɟɣ 

ɝɚɡɚ ɢ ɤɪɢɫɬɚɥɥɚ, T0 = 298.15 K. 
Эɧɬɚɥɶɩɢɸ ɫɭɛɥɢɦɚɰɢɢ ɪɚɫɫɱɢɬɵɜɚɥɢ ɩɨ ɮɨɪɦɭɥɟ, ɩɨɥɭɱɟɧɧɨɣ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟɦ 

ɭɪɚɜɧɟɧɢɹ (2) ɩɨ 1/Ɍ:   TCbTH p
g
crm

g
cr   (3). Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ p-T ɞɚɧɧɵɯ 

ɩɪɢɜɟɞɟɧɵ ɜ Ɍɚɛɥɢɰɟ 3. 
 

Ɍɚɛɥɢɰɚ 3. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ (2) ɢ (3), ɪɚɡɧɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɟɣ, p
g
crC (298.15K), 

ɷɧɬɚɥɶɩɢɹ, m
g
cr H (298.15K), ɢ ɷɧɬɪɨɩɢɹ, m

g
crS (298.15K), ɫɭɛɥɢɦɚɰɢɢ4-ɬɪɟɬ-

ɛɭɬɢɥɞɢɮɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ 
a b 

p
g
crC (298.15 K), 

Ⱦɠ·K-1·ɦɨɥɶ-1 
m

g
cr H (298.15 K), 

ɤȾɠ·ɦɨɥɶ-1 
m

g
crS (298.15 K), 

Ⱦɠ·K-1·ɦɨɥɶ-1 
341.34 -109259.5 -35.13 98.8±0.9 331.4±3.3 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ p-T ɞɚɧɧɵɯ, ɷɧɬɚɥɶɩɢɢ, m

g
cr H ,ɢ ɷɧɬɪɨɩɢɢ,  m

g
crS , 

ɫɭɛɥɢɦɚɰɢɢ 4-ɌȻȾɎЭ ɪɚɫɫɱɢɬɚɥɢ ɷɧɬɚɥɶɩɢɸ, ɷɧɬɪɨɩɢɸ ɢ ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ Ƚɢɛɛɫɚ 
ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɢɞɟɚɥɶɧɨɦ ɝɚɡɨɜɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ 298.15 K (Ɍɚɛɥɢɰɚ 4). 

 
Ɍɚɛɥɢɰɚ 4. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 4-ɬɪɟɬ-ɛɭɬɢɥɞɢɮɟɧɢɥɨɜɨɝɨ ɷɮɢɪɚ ɜ 
ɢɞɟɚɥɶɧɨɦ ɝɚɡɨɜɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ Ɍ= 298.15 K 

fHm (ɝɚɡ), ɤȾɠ·ɦɨɥɶ-1 fSm (ɝɚɡ), Ⱦɠ·K-1·ɦɨɥɶ-1 f Gm (ɝɚɡ), ɤȾɠ·ɦɨɥɶ-1 

-64.4±2.3 -832.0±8.3 183.7±3.4 
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ɇɟɫɦɨɬɪɹ ɧɚ ɦɚɫɲɬɚɛɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ, ɞɨ ɫɢɯ ɩɨɪ 

ɨɬɫɭɬɫɬɜɭɸɬ ɫɨɝɥɚɫɨɜɚɧɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨ ɩɥɚɜɥɟɧɢɢ ɷɥɟɦɟɧɬɨɜ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɟɪɟɯɨɞɚɫɜɵɲɟ 23 ɬɵɫɹɱ Ʉ. Ⱦɨɫɬɚɬɨɱɧɨ ɭɧɢɤɚɥɶɧɚ ɫɢɬɭɚɰɢɹ ɞɥɹ ɩɥɚɬɢɧɨɜɨɣ 
ɝɪɭɩɩɵ: ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɜɵɫɨɤɨɬɨɱɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɂȼɌȺɇɟ ɞɥɹ ɤɚɥɨɪɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ Д1-3Ж ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɨɝɪɚɧɢɱɟɧɧɵɯ ɬɟɪɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɨɫɨɛɟɧɧɨ, ɩɨ ɫɤɚɱɤɭ 
ɨɛɴɟɦɚ, ɨɩɪɟɞɟɥɹɸɳɟɦɭ ɧɚɤɥɨɧ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ, 
ɩɨɡɜɨɥɹɸɳɢɣ ɩɨɥɭɱɢɬɶ ɜɟɫɶ ɧɟɨɛɯɨɞɢɦɵɣ ɨɛɴɟɦ ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɟɬɚɥɥɨɜ ɫ 
ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ (Os, Ru), ɢɫɯɨɞɹ ɢɡ ɩɨɞɨɛɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ 
ɩɪɟɞɟɥɚɯ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ. 

ɉɪɨɰɟɞɭɪɚ ɜɤɥɸɱɚɟɬ ɫɨɝɥɚɫɨɜɚɧɢɟ ɜɛɥɢɡɢ ɨɬ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɞɥɹ ɬɜɟɪɞɨɣ ɢ 
ɠɢɞɤɨɣ ɮɚɡ: (1) ɩɨ ɷɧɬɚɥɶɩɢɢ ɢ ɬɟɩɥɨɟɦɤɨɫɬɢ; (2) ɩɨ ɨɛɴɟɦɭ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ (ɄɌɊ); (3) ɩɨ ɧɚɤɥɨɧɭ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɦɭ ɫɨɨɬɧɨɲɟɧɢɟɦ 
Ʉɥɚɩɟɣɪɨɧɚ-Ʉɥɚɭɡɢɭɫɚ 

1

m m

mp

dT V
dp S

        (1) 

ɝɞɟ ,m mV S   ɡɧɚɱɟɧɢɹ ɫɤɚɱɤɚ ɨɛɴɟɦɚ ɢ ɷɧɬɪɨɩɢɢ ɜ ɬɨɱɤɟ ɩɥɚɜɥɟɧɢɹ. Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɢɦɟɧɟɧɢɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɞɥɹ Os: ɨɧ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 4 ɷɥɟɦɟɧɬɨɜ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (Ta, W, Re, Os) ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɫɜɵɲɟ 3000 Ʉ, ɚ ɬɚɤɠɟ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɢɜɵɫɲɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɥɨɬɧɨɫɬɢ ɢ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɹ (1) ɧɚɢɛɨɥɶɲɭɸ ɩɪɨɛɥɟɦɭ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɬɵɫɤɚɧɢɟ ɫɤɚɱɤɚ 
ɨɛɴɟɦɚ, ɩɨɫɤɨɥɶɤɭ ɨɛɴɟɦɵ ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡ ɜ ɬɨɱɤɟ ɩɥɚɜɥɟɧɢɹ ɪɚɡɥɢɱɚɸɬɫɹ ɧɚ 
ɧɟɫɤɨɥɶɤɨ ɩɪɨɰɟɧɬɨɜ, ɱɬɨ ɩɪɢɦɟɪɧɨ ɫɨɜɩɚɞɚɟɬ ɫ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɫɚɦɢɯ ɨɛɴɟɦɨɜ. 
ɉɨɷɬɨɦɭ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɚɱɤɚ m l sV V V   , ɞɚɠɟ ɩɪɢ ɧɚɥɢɱɢɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ 
ɨɛɟɢɯ ɮɚɡ, ɧɟ ɩɪɟɜɵɲɚɟɬ 50-70%, ɧɟ ɝɨɜɨɪɹ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ 3000 KmT   ɞɚɧɧɵɟ ɞɥɹ 
ɩɥɨɬɧɨɫɬɢ (ɨɛɴɟɦɚ) ɦɨɝɭɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ. ɉɨɷɬɨɦɭ ɡɞɟɫɶ ɩɪɢɧɹɬɚ ɤɨɪɪɟɥɹɰɢɹ mV  ɫ ɪɹɞɨɦ 
ɞɪɭɝɢɯ ɜɟɥɢɱɢɧ ɜ ɬɨɱɤɟ ɩɥɚɜɥɟɧɢɹ Д4Ж 

   0.6m m s m m

p m m

T V T S

C T V

         (2) 

ɫɥɟɞɭɸɳɚɹ ɢɡ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɡɚɤɨɧɭ Ʌɢɧɞɟɦɚɧɚ, ɨɩɪɟɞɟɥɹɸɳɟɦɭ ɜɚɪɢɚɰɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
Ⱦɟɛɚɹ ɜɞɨɥɶ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ. Ʉɨɪɪɟɥɹɰɢɹ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢɛɥɢɠɟɧɧɨ, ɩɨɫɤɨɥɶɤɭ ɞɥɹ 
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ɪɚɡɧɵɯ ɦɟɬɚɥɥɨɜ ɩɚɪɚɦɟɬɪ 0.5 0.7   .ɑɬɨɛɵ ɫɭɡɢɬɶ ɷɬɨɬ ɪɚɡɛɪɨɫ, ɢɫɩɨɥɶɡɭɟɦ ɧɟɞɚɜɧɢɟ 
ɢɡɦɟɪɟɧɢɹ ɧɚɤɥɨɧɚ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ: 47 Ʉ/Ƚɉɚ ɞɥɹ Pt ɢ 46 Ʉ/Ƚɉɚ ɞɥɹ PdД5Ж. Ⱦɨɩɨɥɧɹɹ ɷɬɢ 
ɞɚɧɧɵɟ ɞɨɫɬɚɬɨɱɧɨ ɧɚɞɟɠɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɬɟɩɥɨɟɦɤɨɫɬɢ Д6, 7Ж, ɄɌɊ ɢ ɨɛɴɟɦɚ ɞɥɹ ɬɨɱɤɢ 
ɩɥɚɜɥɟɧɢɹ Д8, 9Ж, ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɞɥɹ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ ɩɚɪɚɦɟɬɪ 0.6   (0.59 ɞɥɹ 
Ptɢ 0.62 ɞɥɹ Pd). Эɬɨ ɨɩɪɚɜɞɵɜɚɟɬ ɩɪɢɦɟɧɟɧɢɟ ɤɨɪɪɟɥɹɰɢɢ (2) ɞɥɹ Osɢ Ru. 

Ⱦɥɹ Os ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɞɚɥɟɤɭɸ ɷɤɫɬɪɚɩɨɥɹɰɢɸ ɞɚɧɧɵɯ ɩɨ ɄɌɊ, ɩɨɫɤɨɥɶɤɭ 
ɢɡɦɟɪɟɧɢɹ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɨɝɪɚɧɢɱɟɧɵ ɬɟɦɩɟɪɚɬɭɪɨɣ 1300 Ʉ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɦɵ ɢɫɩɨɥɶɡɭɟɦ 
ɮɢɡɢɱɟɫɤɭɸ ɦɨɞɟɥɶ Ⱦɟɛɚɹ-Ƚɪɸɧɚɣɡɟɧɚ (ȾȽ) Д4Ж, ɩɨɡɜɨɥɹɸɳɭɸ ɫɜɹɡɚɬɶ ɄɌɊ ɫ ɤɚɥɨɪɢɱɟɫɤɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ (ɬɟɩɥɨɟɦɤɨɫɬɶɸ pC , ɢɡɦɟɧɟɧɢɟɦ ɷɧɬɚɥɶɩɢɢ 0 0

0TH H  ɢ ɷɧɬɚɥɶɩɢɟɣ ɫɭɛɥɢɦɚɰɢɢ 

ɦɟɬɚɥɥɚ 0
sublH ) 

 p

0 0 0
0 01 2 T subl

C

Q H H H
      

     (3) 

ɇɚɥɢɱɢɟ ɤɚɥɨɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɜɨɫɫɬɚɧɨɜɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ  T    ɩɨ ɡɧɚɱɟɧɢɸ 
ɷɬɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜ ɨɞɧɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɨɱɤɟ. Ɋɚɡɭɦɧɚɹ ɨɰɟɧɤɚ ɩɚɪɚɦɟɬɪɚ 

0 1606ɤȾɠ/ɦɨɥɶQ   ɮɚɤɬɢɱɟɫɤɢ ɨɡɧɚɱɚɟɬ ɫɨɝɥɚɫɨɜɚɧɢɟ ɬɟɪɦɢɱɟɫɤɢɯ ɢ ɤɚɥɨɪɢɱɟɫɤɢɯ 
ɞɚɧɧɵɯ. 

ɇɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɞɚɧɧɵɟ, ɤɚɤ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ, ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
Ʉɚɥɨɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ (ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɷɧɬɚɥɶɩɢɹ) ɩɪɢɧɹɬɵ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɑɟɯɨɜɫɤɨɝɨ ɢ Ɋɚɦɚɧɚɭɫɤɚɫɚ Д1Ж, ɷɧɬɚɥɶɩɢɹ ɫɭɛɥɢɦɚɰɢɢ ɩɨ ɢɡɦɟɪɟɧɢɹɦ ɭɩɪɭɝɨɫɬɢ ɩɚɪɚ Д10Ж, 
ɫɤɚɱɨɤ ɷɧɬɪɨɩɢɢ ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɪɪɟɥɹɰɢɢ Ʉɚɰɚ ɢ ɑɟɯɨɜɫɤɨɝɨ Д3Ж, ɭɫɬɚɧɨɜɢɜɲɢɯ ɞɥɹ 
ɦɟɬɚɥɥɨɜ ɱɟɬɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɷɬɨɣ ɜɟɥɢɱɢɧɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ, ɷɥɟɤɬɪɨɧɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. Ⱦɥɹ ɪɚɫɱɟɬɨɜ   ɢ sV  ɜ ɬɨɱɤɟ ɩɥɚɜɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ Д11Ж ɡɧɚɱɟɧɢɹ ɥɢɧɟɣɧɨɝɨ ɄɌɊ ɜ ɢɧɬɟɪɜɚɥɟ 800-1300 K, 
ɩɟɪɟɫɱɢɬɚɧɧɵɟ ɤ ɨɛɴɟɦɧɨɦɭ ɄɌɊ 2 a c    . 

 
Ɍɚɛɥɢɰɚ 1. ɂɫɯɨɞɧɵɟ ɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɞɥɹ Os 

, KmT  
  ,

Ⱦɠ/(ɦɨɥɶ Ʉ)
mpC T

  
   0 0 0 ,

ɤȾɠ/ɦɨɥɶ
H T H

 

0 ,

ɤȾɠ ɦɨɥɶ
sublH

 
,

Ⱦɠ/(ɦɨɥɶ Ʉ)
mS

  

3320 [1] 42.25 [1] 103.040 [1] 789.2 [10] 19.14 [3] 

6 -110 , K   
6 310 ,ɦ /ɦɨɥɶsV 

 
6 310 ,ɦ /ɦɨɥɶlV   

1

, Ʉ Ƚɉɚm

p

dT
dp 

 

6 310 ,ɦ /ɦɨɥɶmV   

34.23 9.022 9.95 [12] 40.4 0.774 
Ⱦɜɚ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɪɟɡɭɥɶɬɚɬɚ – ɧɚɤɥɨɧ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ ɢ ɫɤɚɱɨɤ ɨɛɴɟɦɚ. ɉɪɚɜɢɥɶɧɨɫɬɶ 
ɧɟɡɚɜɢɫɢɦɨɣ ɨɰɟɧɤɢ (2) ɫɤɚɱɤɚ ɨɛɴɟɦɚ ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ ɩɭɬɟɦ ɟɟ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɞɚɧɧɵɦɢ 
ɩɨ ɨɛɴɟɦɭ ɨɛɟɢɯ ɮɚɡ ɜ ɬɨɱɤɟ ɩɥɚɜɥɟɧɢɹ. Ɉɰɟɧɤɚ ɞɥɹ ɠɢɞɤɨɣ ɮɚɡɵ     6 39.8 10 ɦ ɦɨɥɶest

l m s m mV T V T V     , ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɜɟɥɢɱɢɧɵ, ɩɨɥɭɱɟɧɧɨɣ ɜ 
ɥɟɜɢɬɚɰɢɨɧɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ Д12Ж (ɬɚɛɥ. 1), ɧɚ 1.6%, ɱɬɨ ɭɤɥɚɞɵɜɚɟɬɫɹ ɜ ɨɛɴɹɜɥɟɧɧɭɸ ɟɝɨ 
ɚɜɬɨɪɚɦɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɜ 2%, ɩɨɞɬɜɟɪɠɞɚɹ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɚɧɧɵɯ ɩɨ 
ɬɟɪɦɢɱɟɫɤɢɦ ɢ ɤɚɥɨɪɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ Os. Ʉɨɫɜɟɧɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɞɚɸɬ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɨɜ ɩɨ ɦɟɬɨɞɭ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ Д13Ж, ɤɨɬɨɪɵɣ ɜ ɤɨɦɛɢɧɚɰɢɢ ɫ ɦɨɞɟɥɶɸ ȾȽ 
ɩɨɡɜɨɥɢɥ ɪɚɫɫɱɢɬɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɢ ɛɚɪɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɛɴɟɦɚ Os, ɜɤɥɸɱɚɹ 
ɬɟɩɥɨɜɨɟ ɪɚɫɲɢɪɟɧɢɟ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ 3000 Ʉ ɢ ɧɭɥɟɜɨɦ ɞɚɜɥɟɧɢɢ, ɡɧɚɱɟɧɢɟ 
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6 -111.5 10 K   , ɱɬɨ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɰɟɧɤɟ 6 -131.5 10 K    ɜ ɬɚɛɥɢɰɟ. ɇɚɤɨɧɟɰ, 
ɩɪɢ ɫɪɚɜɧɟɧɢɢ ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɨɛɴɟɦɚ ɜ ɬɨɱɤɟ ɩɥɚɜɥɟɧɢɹ ɫ ɟɝɨ ɜɟɥɢɱɢɧɨɣ ɩɪɢ 0 Ʉ (8.39510-6 
ɦ3/ɦɨɥɶ) ɦɨɠɧɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɩɪɢɪɚɳɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 7.47% ɜ ɫɨɝɥɚɫɢɢ ɫ ɩɪɚɜɢɥɨɦ 
Ƚɪɸɧɚɣɡɟɧɚ: 0 1.07mV V   [4]. 

Ⱦɥɹ Ru ɡɚ ɫɱɟɬ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ, ɨɛɴɟɦ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɛɨɥɶɲɟ, ɱɟɦ 
ɞɥɹ Os. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɚɧɧɵɟ ɞɥɹ ɄɌɊ ɞɨɫɬɭɩɧɵ ɩɨɱɬɢ ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ Д14Ж, 
ɱɬɨ ɢɡɛɚɜɥɹɟɬ ɨɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɪɪɟɥɹɰɢɸ (3). Ⱦɪɭɝɚɹ ɨɫɨɛɟɧɧɨɫɬɶ – 
ɧɚɥɢɱɢɟ ɞɜɭɯ ɧɚɛɨɪɨɜ ɞɚɧɧɵɯ ɩɨ ɤɚɥɨɪɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɛɥɢɡɢ ɨɬ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɫ 
ɡɚɦɟɬɧɵɦ ɪɚɫɯɨɠɞɟɧɢɟɦ ɡɧɚɱɟɧɢɣ ɬɟɩɥɨɟɦɤɨɫɬɢ (ɞɨ 10%). ɂɫɯɨɞɧɵɟ ɢ ɩɨɥɭɱɟɧɧɵɟ ɨɰɟɧɤɨɣ 
ɩɨ ɮɨɪɦɭɥɟ (2) ɜɟɥɢɱɢɧɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɜɭɦ ɡɧɚɱɟɧɢɹɦ pC , ɜ 
ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɨ ɩɨ ɞɜɟ ɨɰɟɧɤɢ ɞɥɹ ɫɤɚɱɤɚ ɨɛɴɟɦɚ ɢ ɧɚɤɥɨɧɚ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ, ɫ 
ɪɚɫɯɨɠɞɟɧɢɟɦ ɬɚɤɠɟ ɩɪɢɦɟɪɧɨ ɜ 10%. 

 
Ɍɚɛɥɢɰɚ 2. ɂɫɯɨɞɧɵɟ ɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɞɥɹ Ru 
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ɦ3/ɦɨɥɶ 

2606 [1] 
47.48 [1] 
52.85 [2] 

14.686 [2] 52.86[14] 8.869 [14] 
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p

dT
dp 

 6 310 ,ɦ /ɦɨɥɶmV     

9.4 [12] 
42.9 
38.5 

0.63 
0.57 

  

 
Ɍɚɤ ɠɟ, ɤɚɤ ɢ ɞɥɹ Os, ɦɨɠɧɨ ɩɪɨɜɟɪɢɬɶ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɨɰɟɧɨɤ ɩɨ ɫɨɝɥɚɫɨɜɚɧɢɸ ɫ 

ɞɚɧɧɵɦɢ ɞɥɹ ɠɢɞɤɨɣ ɮɚɡɵ. Ɉɩɵɬɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɥɶɧɨɝɨ ɨɛɴɟɦɚ ɩɨ ɞɚɧɧɵɦ ɥɟɜɢɬɚɰɢɨɧɧɨɝɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚ   69.4 10l mV T   ɦ3/ɦɨɥɶД12Ж, ɚ ɨɰɟɧɤɚ    est

l m s m mV T V T V   ɞɚɟɬ ɜɟɥɢɱɢɧɵ 
69.499 10  ɢɥɢ 69.435 10 ɦ3/ɦɨɥɶ. Ɉɬɤɥɨɧɟɧɢɟ ɨɰɟɧɨɤ, ɨɬ ɨɩɵɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 1 

ɢ 0.5%, ɬɨ ɟɫɬɶ, ɭɤɥɚɞɵɜɚɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧ ɩɨɝɪɟɲɧɨɫɬɟɣ ɥɟɜɢɬɚɰɢɨɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ (2%) ɢ 
ɧɟ ɞɚɟɬ ɨɫɧɨɜɚɧɢɣ ɞɥɹ ɩɪɟɞɩɨɱɬɟɧɢɹ. 

ȼ ɢɬɨɝɟ, ɫ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜɟɥɢɱɢɧ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɪɚɫɱɟɬ ɤɨɦɩɥɟɤɫɚ (2), ɦɨɠɧɨ 
ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɨɰɟɧɤɟ ɫɤɚɱɤɚ ɨɛɴɟɦɚ ɢ ɧɚɤɥɨɧɚ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ ɟɞɜɚ ɥɢ 
ɩɪɟɜɵɲɚɟɬ 15%. ɏɨɬɹ ɞɚɧɧɵɟ ɩɨ ɤɚɥɨɪɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɨɫɦɢɹ ɩɨɞɜɟɪɠɟɧɵ ɦɟɧɶɲɟɣ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɱɟɦ ɞɥɹ ɪɭɬɟɧɢɹ, ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɫɧɢɠɚɟɬɫɹ ɡɚ ɫɱɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɞɚɥɟɤɨɣ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɞɚɧɧɵɯ ɩɨ ɬɟɩɥɨɜɨɦɭ ɪɚɫɲɢɪɟɧɢɸ. 
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Ɇɚɝɦɚɬɢɱɟɫɤɢɟ ɪɚɫɩɥɚɜɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɨɫɬɨɹɬ ɢɡ ɫɢɥɢɤɚɬɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ, 

ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɪɟɦɧɟɤɢɫɥɨɪɨɞɧɵɟ ɬɟɬɪɚɷɞɪɵ (Qn), ɫɨɟɞɢɧɟɧɧɵɟ ɜɟɪɲɢɧɚɦɢ ɜ 
ɤɪɟɦɧɟɤɢɫɥɨɪɨɞɧɵɟ ɦɨɬɢɜɵ. Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ 
ɩɪɢ ɢɡɭɱɟɧɢɢ ɫɬɪɭɤɬɭɪɵ ɪɚɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ 
ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫɜɟɬɚ. Ɋɟɡɭɥɶɬɚɬɚɦɢ ɬɚɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ ɨ 
ɬɢɩɚɯ ɢ ɤɨɥɢɱɟɫɬɜɟ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ (Qn), ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɨɫɬɚɜɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɩɥɚɜɚ. Ɉɞɧɚɤɨ, ɬɟɯɧɢɱɟɫɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ ɧɟ ɩɨɡɜɨɥɹɸɬ ɢɫɫɥɟɞɨɜɚɬɶ 
ɫɥɨɠɧɵɟ ɪɚɫɩɥɚɜɵ ɢ ɩɪɟɞɩɨɥɚɝɚɸɬ ɪɚɛɨɬɭ ɜ ɭɡɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɬɪɭɤɬɭɪɟ ɫɢɥɢɤɚɬɧɵɯ ɪɚɫɩɥɚɜɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. 
Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɚɫɩɥɚɜɨɜ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɫɨɡɞɚɧɢɟ ɛɚɡɵ ɞɚɧɧɵɯ 
ɫɢɥɢɤɚɬɨɜ, ɫɨɝɥɚɫɨɜɚɧɢɟ ɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ ɨɫɧɨɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɢ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɪɚɫɩɥɚɜɨɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɫɨɫɬɚɜɨɜ ɢ 
ɬɟɦɩɟɪɚɬɭɪ. Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɧɚ ɩɪɢɦɟɪɟ ɥɢɬɢɟɜɨ- ɢ ɧɚɬɪɢɟɜɨɫɢɥɢɤɚɬɧɵɯ ɪɚɫɩɥɚɜɨɜ [1, 2], 
ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɄɊ ɫɩɟɤɬɪɨɜ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɫɪɚɡɭ ɞɥɹ ɪɟɲɟɧɢɹ ɞɜɭɯ 
ɡɚɞɚɱ: ɞɥɹ ɤɚɥɢɛɪɨɜɤɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɥɹ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɫɨɡɞɚɧɧɨɣ ɪɚɧɟɟ ɛɚɡɵ ɞɚɧɧɵɯ ɫɢɥɢɤɚɬɨɜ ɳɟɥɨɱɧɵɯ 
ɦɟɬɚɥɥɨɜ.  

ȼɫɥɟɞɫɬɜɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɩɨɫɨɛɨɜ ɨɛɪɚɛɨɬɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɤɚɥɨɪɢɦɟɬɪɢɢ ɢ ɦɟɬɨɞɨɜ 
ɨɰɟɧɤɢ ɧɟɢɡɜɟɫɬɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɜ ɫɩɪɚɜɨɱɧɢɤɚɯ ɢ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɧɚɭɱɧɨɣ 
ɥɢɬɟɪɚɬɭɪɟ ɜɫɬɪɟɱɚɸɬɫɹ ɪɟɡɤɨ ɨɬɥɢɱɚɸɳɢɟɫɹ ɜɟɥɢɱɢɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ 
ɫɢɥɢɤɚɬɨɜ ɧɚɬɪɢɹ, ɤɚɥɢɹ ɢ ɥɢɬɢɹ. ɉɨɫɤɨɥɶɤɭ ɫɨɝɥɚɫɨɜɚɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ 
ɫɥɟɞɭɟɬ ɜɵɩɨɥɧɹɬɶ ɧɚ ɨɫɧɨɜɟ ɩɪɟɞɫɬɚɜɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɡɨɫɬɪɭɤɬɭɪɧɵɯ ɜɟɳɟɫɬɜ, 
ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɥɹ ɫɢɥɢɤɚɬɨɜ ɤɚɥɢɹ, ɥɢɬɢɢ ɢ ɧɚɬɪɢɹ. ɉɨɥɭɱɟɧɵ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɬ ɬɢɩɚ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ, ɩɨɡɜɨɥɢɜɲɢɟ 
ɫɨɝɥɚɫɨɜɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɜɟɥɢɱɢɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ, ɚ 
ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɨɰɟɧɢɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ 
ɧɟɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɚɧɟɟ ɫɢɥɢɤɚɬɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɦɟɬɨɞɚɦɢ, ɨɩɢɫɚɧɧɵɦɢ ɜ ɪɚɛɨɬɟ Д3Ж. 

Ɋɟɡɭɥɶɬɚɬ ɨɛɪɚɛɨɬɤɢ ɫɩɟɤɬɪɨɜ ɤɨɦɛɢɧɚɰɢɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ Qn ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɨɫɬɚɜɚ. ɂɫɯɨɞɹ ɢɡ 
ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ, ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɤɪɟɦɧɟɤɢɫɥɨɪɨɞɧɵɯ 
ɬɟɬɪɚɷɞɪɨɜ Q0-Q3 ɩɪɢɧɹɬɵ ɪɚɜɧɵɦɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɮɭɧɤɰɢɹɦ M2SiO3, 0,5M2Si2O5, 
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M4SiO4 ɢ 0,5M6Si2O7 (ɝɞɟ Ɇ – Li , Na, K), ɬɨɝɞɚ ɤɚɤ ɫɬɪɭɤɬɭɪɧɚɹ ɟɞɢɧɢɰɚ Q4 ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɮɭɧɤɰɢɹɦɢ ɱɢɫɬɨɝɨ SТO2. 

Ȼɚɡɚ ɞɚɧɧɵɯ ɞɥɹ ɫɢɥɢɤɚɬɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɛɵɥɚ ɫɨɡɞɚɧɚ ɧɚ ɨɫɧɨɜɟ ɜɵɲɟɨɩɢɫɚɧɧɵɯ 
ɦɟɬɨɞɨɜ Д3Ж ɢ ɜɫɬɪɨɟɧɚ ɜ ɋɟɥɟɤɬɨɪ-ɋ. Ȼɚɡɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɥɢɤɚɬɨɜ ɥɢɬɢɹ, ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 298,15 ɞɨ 6000 
K. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɨɞɟɥɟɣ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɢɫɯɨɞɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
(ɫɨɨɬɧɨɲɟɧɢɹ SiO2/M2O) ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɫɢɥɢɤɚɬɧɨɝɨ ɪɚɫɩɥɚɜɚ. 
ɋɨɫɬɚɜ ɪɚɫɩɥɚɜɚ ɦɟɧɹɥɫɹ ɨɬ ɱɢɫɬɨɝɨ ɤɪɟɦɧɟɡɟɦɚ ɞɨ ɨɪɬɨɫɢɥɢɤɚɬɚ (67 ɦɨɥ. % M2O), 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɡɚɞɚɜɚɥɫɹ ɨɬ 298,15 ɞɨ 1473 K. ȼ ɫɢɫɬɟɦɟ M – Si – O ɡɚɞɚɜɚɥɫɹ 
ɫɩɢɫɨɤ ɩɨɬɟɧɰɢɚɥɶɧɨ ɜɨɡɦɨɠɧɵɯ ɜɟɳɟɫɬɜ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫɨɫɬɨɹɥ ɢɡ 25 ɡɚɜɢɫɢɦɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ.  

Ȼɵɥɨ ɜɵɩɨɥɧɟɧɨ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɫɢɫɬɟɦɵ x% Na2O (1–x)% SiO2, ɩɪɢ ɯ = 33, 50, 60, 67, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɄɊ ɞɥɹ ɪɚɫɩɥɚɜɨɜ ɢ ɫɬɟɤɨɥ Д4Ж ɢ əɆɊ Д5Ж ɞɥɹ ɫɬɟɤɨɥ. ɉɨɤɚɡɚɧɨ, 
ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɟɪɟɯɨɞɟ ɫɬɟɤɥɨ-ɪɚɫɩɥɚɜ ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɞɥɹ ɫɨɫɬɚɜɚ 33 ɦɨɥ %, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɞɜɢɝɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɜɧɨɜɟɫɢɹ 
ɜɩɪɚɜɨ ɜ ɫɬɨɪɨɧɭ ɨɛɪɚɡɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ Q2 ɢ Q4. Ⱦɥɹ ɫɨɫɬɚɜɚ 50 ɦɨɥ. %  
ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚɯɨɞɹɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɟɬɨɞɚ. 
Ⱦɥɹ ɫɨɫɬɚɜɚ 60 ɦɨɥ. % ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɭɡɤɨɦ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɤɚɱɟɫɬɜɟɧɧɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɦɨɞɟɥɢ. Ⱦɥɹ ɫɨɫɬɚɜɚ 
67 ɦɨɥ. % Na2O ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɨɞɧɨɣ ɬɨɱɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
1143 Ʉ, ɨɞɧɚɤɨ ɜ ɰɟɥɨɦ ɪɟɡɭɥɶɬɚɬɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɤɚɱɟɫɬɜɟɧɧɨ ɫɨɜɩɚɞɚɸɬ. 

Ɋɟɡɭɥɶɬɚɬɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɥɢɬɢɟɜɨ-ɫɢɥɢɤɚɬɧɨɝɨ ɪɚɫɩɥɚɜɚ ɛɟɡ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɨɩɪɚɜɨɤ ɩɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦɢ, ɬɚɤɠɟ 
ɩɨɤɚɡɵɜɚɸɬ ɤɚɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ. Ɉɞɧɚɤɨ, ɜɟɥɢɱɢɧɵ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ 
ɫɭɳɟɫɬɜɟɧɧɵ. Эɬɢ ɨɬɤɥɨɧɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɵ ɬɟɦ, ɱɬɨ ɜ ɦɨɞɟɥɢ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɩɥɚɜɚ. ɉɨɥɭɱɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ 
ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɩɨɩɪɚɜɨɤ ɧɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɦɨɞɟɥɶɧɵɯ ɫɨɫɬɚɜɨɜ ɫɨ ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɦɢ 
ɞɚɧɧɵɦɢ ɞɥɹ ɪɚɫɩɥɚɜɨɜ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɚɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ ɤɚɤ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɭɸ, 
ɬɚɤ ɤɚɤ ɫɨɛɥɸɞɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɪɚɫɩɥɚɜɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ Li 2O/SiO2.  

Ⱦɥɹ ɤɚɥɢɟɜɨɫɢɥɢɤɚɬɧɨɣ ɫɢɫɬɟɦɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɥɢɬɢɟɜɨ- ɢ ɧɚɬɪɢɟɜɨɫɢɥɢɤɚɬɧɨɣ, 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɝɪɚɧɢɱɢɜɚɸɬɫɹ ɦɚɥɨɳɟɥɨɱɧɵɦɢ ɫɨɫɬɚɜɚɦɢ, ɩɨɷɬɨɦɭ 
ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɨɜ, ɫɩɨɫɨɛɧɵɯ ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɟɞɢɧɢɰ ɧɚ ɛɨɥɟɟ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɫɨɫɬɚɜɨɜ, ɩɪɟɞɭɝɚɞɚɜ, ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɫɜɨɣɫɬɜɚ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɫɬɪɭɤɬɭɪɵ ɜɵɫɨɤɨɳɟɥɨɱɧɨɣ ɫɢɫɬɟɦɵ. Ȼɚɡɚ ɞɚɧɧɵɯ ɞɥɹ 
ɫɢɥɢɤɚɬɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɛɵɥɚ ɫɨɡɞɚɧɚ ɧɚ ɨɫɧɨɜɟ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɦɟɬɨɞɨɜ Д3, 4Ж ɢ 
ɜɫɬɪɨɟɧɚ ɜ ɋɟɥɟɤɬɨɪ-ɋ. ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ, ɧɟ ɩɪɟɞɩɨɥɚɝɚɸɳɟɦ ɜɜɟɞɟɧɢɟ ɩɨɩɪɚɜɨɤ, ɛɵɥɨ 
ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɞɢɚɩɚɡɨɧɟ ɫɨɫɬɚɜɚ ɨɬ 0 ɞɨ 50 ɦɨɥ. % K2O. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɦɨɞɟɥɢ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɢɫɯɨɞɧɨɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ (ɫɨɨɬɧɨɲɟɧɢɹ SТO2/K2O) ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɫɢɥɢɤɚɬɧɨɝɨ ɪɚɫɩɥɚɜɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɫɨɫɬɚɜɚ ɪɚɫɩɥɚɜɚ ɩɪɢ 1400 °ɋ. 
ɉɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɬɤɥɨɧɟɧɢɹ, ɱɬɨ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɪɚɜɢɬɶ 
ɩɭɬɟɦ ɜɜɟɞɟɧɢɹ ɩɨɩɪɚɜɨɤ ɢ ɤɚɥɢɛɪɨɜɤɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɚ ɨɫɧɨɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɨɦ ɊɎɎИ 12-05-00294-ɚ ɢ ɝɪɚɧɬɨɦ ɉɪɟɡɢɞɟɧɬɚ 
Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥя ɩɨɞɞɟɪɠɤɢ ɦɨɥɨɞɵɯ ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ (ɆК-14.122.13.6284). 
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Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɟɣ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɩɨɥɭɱɟɧɢɹ 

ɤɨɦɩɥɟɤɫɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɫɬɪɭɤɬɭɪɧɵɦɢ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɧɟɨɛɯɨɞɢɦɨ 
ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɢ ɩɪɢɪɨɞɵ ɜɨɞɧɨ-ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɧɚ ɪɟɚɤɰɢɢ 
ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɪɚɫɬɜɨɪɚɯ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ 
H2O–ȾɆɋɈ ɧɚ ɪɟɚɤɰɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɨɥɢɝɨɩɟɩɬɢɞɚ ɬɪɢɝɥɢɰɢɧɚ 
(3GХв) ɫ ɤɪɚɭɧ-ɷɮɢɪɨɦ 18-ɤɪɚɭɧ-6 (18Ʉ6) ɩɪɢ Ɍ=298.15Ʉ. Ɉɩɪɟɞɟɥɟɧɵ ɫɬɪɭɤɬɭɪɚ ɢ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Д3GХв18K6Ж, ɷɧɬɚɥɶɩɢɢ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 
Д3GХв18K6Ж ɢ ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɫɨɥɶɜɚɬɚɰɢɢ Д3GХв18K6Ж ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɇ2Ɉ ɤ ɟɟ 
ɫɦɟɫɹɦ ɫ ȾɆɋɈ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɪɨɜɟɞɟɧɵ 1ɇ əɆɊ-ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɟ ɢ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ Д3GХв18K6Ж ɜ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɇ2Ɉ-
ȾɆɋɈ, ɚ ɬɚɤɠɟ ɢɡɭɱɟɧɵ ɮɚɡɨɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 3Gly ɜ ɫɪɟɞɟ ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ 
ɪɚɫɬɜɨɪɢɬɟɥɟɣ д(ɇ2Ɉ-ȾɆɋɈ) –ɝɟɤɫɚɧж. 

ɋɨɝɥɚɫɧɨ 1ɇ əɆɊ ɞɚɧɧɵɦ, ɜ ɜɨɞɟ ɧɚɢɛɨɥɶɲɟɟ ɢɡɦɟɧɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɞɜɢɝɚ (ɫ) 
ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɩɪɨɬɨɧɨɜ ɩɪɢ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ, ɫɜɹɡɚɧɧɨɦ ɫ ɚɦɢɧɨɝɪɭɩɩɨɣ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ 
ɭɱɚɫɬɢɟ NH3

+-ɝɪɭɩɩɵ ɜ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɢ ɫ 18-ɤɪɚɭɧ-6.  ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɫɨɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚɛɥɸɞɚɟɬɫɹ ɪɨɫɬ ɫ ɞɥɹ ɩɪɨɬɨɧɨɜ ɩɪɢ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ, ɫɜɹɡɚɧɧɨɦ ɫ 
ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ, ɩɪɢɱɟɦ ɜɟɥɢɱɢɧɚ ɫ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ 
ȾɆɋɈ. ȼɟɪɨɹɬɧɨ, ɷɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɦɨɥɟɤɭɥɵ 3GХв 
ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ 18Ʉ6.  
ɂɡ ɞɚɧɧɵɯ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɯ ɬɢɬɪɨɜɚɧɢɣ ɪɚɫɫɱɢɬɚɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 
ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ Д3GХв18K6Ж. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɟɪɟɯɨɞ ɨɬ ɜɨɞɵ ɤ ɟɟ ɫɦɟɫɢ ɫ ȾɆɋɈ 
ɫɨɫɬɚɜɚ XȾɆɋɈ = 0.30 ɦɨɥ. ɞ. ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɦɨɧɨɬɨɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɭɫɬɨɣɱɢɜɨɫɬɢ 
Д3GХв18Ʉ6Ж ɨɬ ХРK0 = 1.10 ɞɨ ХРK0 = 2.44 ɢ ɪɨɫɬɨɦ ɷɤɡɨɬɟɪɦɢɱɧɨɫɬɢ ɪɟɚɤɰɢɢ ɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
ɨɬ –5.9 ɤȾɠ/ɦɨɥɶ ɞɨ -16.9 ɤȾɠ/ɦɨɥɶ. ɉɨɥɭɱɟɧɧɵɟ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ 
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ɪɚɫɫɱɢɬɚɧɧɵɟ ɢɡ ɞɚɧɧɵɯ əɆɊ ɡɧɚɱɟɧɢɹ ХРK0Д3GХв18Ʉ6Ж ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɨɝɥɚɫɭɸɬɫɹ 
ɦɟɠɞɭ ɫɨɛɨɣ.  

ȼɥɢɹɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɇ2Ɉ-ȾɆɋɈ ɧɚ ɢɡɦɟɧɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ Д3GХв18K6Ж ɩɪɨɜɟɞɟɧɨ ɫ 
ɩɨɡɢɰɢɢ ɫɨɥɶɜɚɬɚɰɢɨɧɧɨɝɨ ɩɨɞɯɨɞɚ. Ⱦɥɹ ɷɬɨɝɨ ɦɟɬɨɞɨɦ ɦɟɠɮɚɡɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɨɩɪɟɞɟɥɟɧɵ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɩɟɪɟɧɨɫɚ 3GХв ɢɡ ɜɨɞɵ ɜ ɪɚɫɬɜɨɪɢɬɟɥɢ ɇ2Ɉ-ȾɆɋɈ ɢ ɪɚɫɫɱɢɬɚɧɵ 
ɢɡɦɟɧɟɧɢɹ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɩɟɪɟɫɨɥɶɜɚɬɚɰɢɢ Д3GХв18Ʉ6Ж. ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ȾɆɋɈ 
ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ trG0(3GХв), ɤɨɬɨɪɵɟ ɩɨɥɧɨɫɬɶɸ ɢɥɢ ɱɚɫɬɢɱɧɨ 
ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɫɨɥɶɜɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ Д3GХв18Ʉ6Ж ɜ ɢɧɬɟɪɜɚɥɟ ɏȾɆɋɈ =0 - 
0.10 ɦɨɥ.ɞ. Ⱦɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɫɨɞɟɪɠɚɧɢɹ ȾɆɋɈ ɜ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ 
ɭɜɟɥɢɱɟɧɢɸ ХРK0Д3GХв18Ʉ6Ж, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ ɨɩɪɟɞɟɥɹɸɳɟɣ ɪɨɥɶɸ 
ɫɨɥɶɜɚɬɚɰɢɨɧɧɨɝɨ ɜɤɥɚɞɚ 3GХв ɜ ɢɡɦɟɧɟɧɢɢ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ Д3GХв18Ʉ6Ж 
ɩɪɢ ɫɦɟɧɟ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɢɬɟɥɹ ɇ2Ɉ ȾɆɋɈ. 
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Ɏɥɸɨɪɢɬɧɵɟ ɫɬɪɭɤɬɭɪɵ ɧɚ ɨɫɧɨɜɟ -Bi2O3ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɤɢɫɥɨɪɨɞɧɨɣ 

ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɢ ɹɜɥɹɸɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ 200-700 ɋ Д1-3Ж. ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɞɟɥɶɬɚ-ɦɨɞɢɮɢɤɚɰɢɹ ɨɤɫɢɞɚ ɜɢɫɦɭɬ ɭɫɬɨɣɱɢɜɚ 
ɜ ɭɡɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɥɚɝɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɟ ɭɫɢɥɢɹ ɩɨ 
ɫɬɚɛɢɥɢɡɚɰɢɢ ɞɚɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɩɭɬɟɦ ɢɡɨɜɚɥɟɧɬɧɨɝɨ ɢ ɧɟɢɡɨɜɚɥɟɧɬɧɨɝɨ ɡɚɦɟɳɟɧɢɹ 
ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɚɥɥɚɦɢ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɭɸɬɫɹ ɫɨɟɞɢɧɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɜɢɫɦɭɬɚ, ɡɚɦɟɳɟɧɧɨɝɨ 
Re2O7ɢ ɨɤɫɢɞɚɦɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ (Er2O3, Eu2O3, Yb2O3).  ɋɨɫɬɚɜ ɢɫɫɥɟɞɭɟɦɵɯ 
ɮɚɡ: Bi14ReO24.5, Bi12.5Er1.5ReO24.5, Bi12.5Eu1.5ReO24.5, Bi12.5Yb1.5ReO24.5.ɋɨɟɞɢɧɟɧɢɹɛɵɥɢ 
ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɦɟɬɨɞɨɦ ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɢɧɬɟɡɚ ɢɡ Bi2O3, NH4ReO4ɢ R2O3 (R = Er, Eu, Yb). 
ɂɞɟɧɬɢɮɢɤɚɰɢɹ, ɩɪɨɜɟɞɟɧɧɚɹ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɦ ɚɧɚɥɢɡɨɦ, ɩɨɤɚɡɚɥɚ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɨɞɧɨɮɚɡɧɵɦɢ. ɎɚɡɵBi12.5Er1.5ReO24.5, Bi12.5Eu1.5ReO24.5, Bi12.5Yb1.5ReO24.5 ɢɦɟɸɬ 
ɤɭɛɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Fm3m), ɮɚɡɚBi14ReO24.5 ɢɦɟɟɬ 
ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚI 4/m).  

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ 
ɤɚɥɨɪɢɦɟɬɪɢɢ ɪɚɫɬɜɨɪɟɧɢɹ. ɋɯɟɦɚ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɛɵɥɚ ɫɨɡɞɚɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɱɬɨ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ (Bi14ReO24.5, Bi12.5Er1.5ReO24.5, 
Bi12.5Eu1.5ReO24.5, Bi12.5Yb1.5ReO24.5) ɫɪɚɜɧɢɜɚɥɢɫɶ ɫ ɷɧɬɚɥɶɩɢɹɦɢ ɪɚɫɬɜɨɪɟɧɢɹ ɨɤɫɢɞɚ ɜɢɫɦɭɬɚ 
(Bi2O3), ɨɤɫɢɞɚ ɪɟɧɢɹ (Re2O7) ɢ ɨɤɫɢɞɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ(Er2O3, Eu2O3, Yb2O3). ȼ 
ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɛɵɥɚ ɜɵɛɪɚɧɚ 2 Ɇ ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ. Эɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 298.15Ʉ ɜ ɩɪɟɡɢɰɢɨɧɧɨɦ ɤɚɥɨɪɢɦɟɬɪɟ ɪɚɫɬɜɨɪɟɧɢɹ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ 
[4, 5]. 

ɉɨɥɭɱɟɧɧɵɟ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɪɚɫɱɟɬɚ ɷɧɬɚɥɶɩɢɣ 
ɨɛɪɚɡɨɜɚɧɢɹ ɢɡ ɨɤɫɢɞɨɜ, ɚ ɞɚɥɟɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɨɪɧɵɯ ɜɟɥɢɱɢɧ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ 
ɫɬɚɧɞɚɪɬɧɵɟ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ Bi14ReO24.5, Bi12.5Er1.5ReO24.5, Bi12.5Eu1.5ReO24.5, 
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Bi12.5Yb1.5ReO24.5. Ɋɚɫɫɦɨɬɪɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɛɢɧɚɪɧɵɦ ɨɤɫɢɞɚɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɪɹɞɭ Bi12.5Eu1.5ReO24.5, 
Bi12.5Er1.5ReO24.5, Bi12.5Yb1.5ReO24.5, ɬɨ ɟɫɬɶ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɮɚɤɬɨɪɚ ɬɨɥɟɪɚɧɬɧɨɫɬɢ.  

ɋɨɟɞɢɧɟɧɢɹ Bi12.5Eu1.5ReO24.5, Bi12.5Er1.5ReO24.5, Bi12.5Yb1.5ReO24.5 ɹɜɥɹɸɬɫɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɵɦɢ ɤɚɤ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɛɢɧɚɪɧɵɦ ɨɤɫɢɞɚɦ, ɬɚɤ ɢ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɫɦɟɫɢ, ɫɨɞɟɪɠɚɳɟɣ Bi14ReO24.5. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɦɟɳɟɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ 
ɷɥɟɦɟɧɬɚɦɢ ɮɚɡɵ Bi14ReO24.5 ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ.  

Эɧɟɪɝɢɢ ɪɟɲɟɬɤɢ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ Bi12.5Eu1.5ReO24.5, Bi12.5Er1.5ReO24.5, Bi12.5Yb1.5ReO24.5 
ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɰɢɤɥɚ Ȼɨɪɧɚ-Ƚɚɛɟɪɚ. Ɋɚɫɫɦɨɬɪɟɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɷɧɟɪɝɢɹ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ ɪɹɞɭ Bi12.5Eu1.5ReO24.5, Bi12.5Er1.5ReO24.5, Bi12.5Yb1.5ReO24.5. ɉɨɷɬɨɦɭ ɢɡ ɜɫɟɯ 
ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɹɜɥɹɟɬɫɹ ɮɚɡɚ Bi12.5Yb1.5ReO24.5.  

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫя Кɚɪɥɫɪɭɷ Иɧɫɬɢɬɭɬɨɦ Ɍɟɯɧɨɥɨɝɢɢ (Ƚɟɪɦɚɧɢя), ɊɎɎИ 
(ɩɪɨɟɤɬ № 13-08-00169) ɢ ɩɪɨɝɪɚɦɦɨɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɋɈ ɊАɇ. 
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Ɉɤɫɢɞ ɪɟɧɢɹ (VII ) ɹɜɥɹɟɬɫɹ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɧɟɞɚɜɧɨ ɨɬɤɪɵɬɵɯ ɜɢɫɦɭɬ-ɪɟɧɢɟɜɵɯ 

ɨɤɫɢɞɨɜ Д1-2Ж, ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɨɣ ɤɢɫɥɨɪɨɞɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɶɸ. ɉɨɫɤɨɥɶɤɭ ɪɟɧɢɣ ɢɦɟɟɬ 
ɪɚɡɥɢɱɧɵɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ, ɬɨ ɩɪɢ ɯɚɪɚɤɬɟɪɢɡɚɰɢɢ ɫɨɟɞɢɧɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 
ɜɚɥɟɧɬɧɨɫɬɶ ɪɟɧɢɹ. Ʉɪɨɦɟ ɩɪɹɦɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɤ ɩɪɢɦɟɪɭ, 
ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɯ, ɫɭɳɟɫɬɜɭɸɬ ɤɨɫɜɟɧɧɵɟ ɦɟɬɨɞɵ. Ʉɨɫɜɟɧɧɵɦ ɦɟɬɨɞɨɦ ɦɨɠɟɬ ɛɵɬɶ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɜɵɹɫɧɢɬɶ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɪɟɧɢɹ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɜɫɟɯ ɜɯɨɞɹɳɢɯ ɜ ɫɢɫɬɟɦɭ ɫɨɟɞɢɧɟɧɢɣ (ɷɧɬɚɥɶɩɢɢ, ɷɧɬɪɨɩɢɢ, ɬɟɩɥɨɟɦɤɨɫɬɢ). Ɋɚɫɫɦɨɬɪɟɧɢɟ 
ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɬɟɩɥɨɟɦɤɨɫɬɶ Re2O7ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ ɤɨɦɧɚɬɧɨɣ 
ɨɬɫɭɬɫɬɜɭɟɬ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɡɭɱɚɥɫɹ ɜɨɩɪɨɫ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɢɫɚɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ (ɷɧɬɪɨɩɢɢ ɢ ɷɧɬɚɥɶɩɢɢ) ɞɥɹ Re2O7 ɜ ɨɛɥɚɫɬɶ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ ɢɫɯɨɞɹ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɨɩɢɫɚɧɢɹ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɚɩɩɪɨɤɫɢɦɚɰɢɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɚɡɥɨɠɟɧɢɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨ ɱɟɬɧɵɦ ɦɨɦɟɧɬɚɦ ɫɩɟɤɬɪɚɥɶɧɨɣ 
ɮɨɧɨɧɧɨɣ ɮɭɧɤɰɢɢД3Ж. ɇɨɜɵɦ ɷɥɟɦɟɧɬɨɦ ɨɩɢɫɚɧɢɹ ɹɜɥɹɟɬɫɹ ɭɱɟɬ ɜɫɟɯ ɱɥɟɧɨɜ ɪɚɡɥɨɠɟɧɢɹ ɫ 
ɩɨɦɨɳɶɸ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɝɪɚɧɢɱɧɭɸ ɱɚɫɬɨɬɭ 
ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɫɩɟɤɬɪɚ ɪɟɲɟɬɤɢ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥɚ ɫɞɟɥɚɧɚ ɜɫɟɫɬɨɪɨɧɧɹɹ ɩɪɨɜɟɪɤɚ 
ɦɟɬɨɞɚ ɧɚ ɦɨɞɟɥɶɧɵɯ ɢ ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɵɯ ɨɛɴɟɤɬɚɯ. Ɇɟɬɨɞ ɛɵɥ ɩɪɨɜɟɪɟɧ ɧɚ ɤɭɩɪɚɬɟ ɛɚɪɢɹ, 
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ɤɭɩɪɚɬɟ ɢɬɬɪɢɹ, Y123 ɮɚɡɟ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɡɜɟɫɬɧɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɩɨ 
ɬɟɩɥɨɟɦɤɨɫɬɢ. ɉɪɨɜɟɪɤɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ, ɟɫɥɢ 
ɢɡɜɟɫɬɧɵ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Д4Жɢ 
ɩɪɨɜɟɞɟɧɧɨɝɨ ɪɚɫɱɟɬɚ, ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɬɟɩɥɨɟɦɤɨɫɬɶ Re2O7 ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 560 Ʉ. ɉɪɢ ɷɬɨɦ 
ɛɵɥɢ ɩɪɚɜɢɥɶɧɨ ɭɱɬɟɧɵ ɫɥɟɞɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵ ɬɟɩɥɨɟɦɤɨɫɬɢ: ɪɟɲɟɬɨɱɧɚɹ, ɷɥɟɤɬɪɨɧɧɚɹ, 
ɚɧɝɚɪɦɨɧɢɱɧɚɹ.  

ȼɵɛɨɪɨɱɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ Re2O7ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
 

Ɍɚɛɥɢɰɚ 1. Ɍɟɩɥɨɟɦɤɨɫɬɶ Re2O7ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 300-560 Ʉ 
Ɍ, Ʉ ɋ, Ⱦɠ/Ʉ ɦɨɥɶ Ɍ, Ʉ ɋ, Ⱦɠ/Ʉ ɦɨɥɶ Ɍ, Ʉ ɋ, Ⱦɠ/Ʉ ɦɨɥɶ 
300 166.5 390 184.0 480 195.2 
310 168.9 400 185.5 490 196.1 
320 171.1 410 186.9 500 197.1 
330 173.2 420 188.2 510 198.0 
340 175.2 430 189.5 520 198.8 
350 177.1 440 190.8 530 199.6 
360 179.0 450 192.0 540 200.4 
370 180.7 460 193.1 550 201.1 
380 182.4 470 194.1 560 201.8 

 
Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫя ɊɎɎИ (ɩɪɨɟɤɬ № 13-08-00169) ɢ ɩɪɨɝɪɚɦɦɨɣ 
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ɉɟɪɨɜɫɤɢɬɵ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ ɢɡɭɱɚɟɦɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɢɩɨɜ ɫɨɟɞɢɧɟɧɢɣ, 

ɩɨɫɤɨɥɶɤɭ ɨɛɪɚɡɭɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɩɟɪɨɜɫɤɢɬɨɜɵɟ ɫɬɪɭɤɬɭɪɵ ɧɚ ɨɫɧɨɜɟ ɰɟɪɚɬɨɜ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɬɜɟɪɞɨɨɤɫɢɞɧɵɯ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ. 

ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɡɭɱɟɧɢɸ ɷɧɟɪɝɟɬɢɤɢ ɰɟɪɚɬɚ ɫɬɪɨɧɰɢɹ, ɡɚɦɟɳɟɧɧɨɝɨ 
ɨɤɫɢɞɨɦ ɞɢɫɩɪɨɡɢɹ ɫɨɫɬɚɜɚ SrCe0.9Dy0.1O2.95. ɋɨɟɞɢɧɟɧɢɟ ɛɵɥɨ ɫɢɧɬɟɡɢɪɨɜɚɧɨ ɦɟɬɨɞɨɦ 
ɬɜɟɪɞɨɮɚɡɧɨɝɨ ɫɢɧɬɟɡɚ ɢɡ SrCeO3, CeO2, Dy2O3. ɂɞɟɧɬɢɮɢɤɚɰɢɹ, ɩɪɨɜɟɞɟɧɧɚɹ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɦ ɚɧɚɥɢɡɨɦ, ɩɨɤɚɡɚɥɚ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɞɧɨɮɚɡɧɵɦ c 
ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Pnma).  

mailto:%20nata.matskevich@yandex.ru
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Ɍɟɪɦɨɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ 
ɤɚɥɨɪɢɦɟɬɪɢɢ ɪɚɫɬɜɨɪɟɧɢɹ. Эɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɩɪɟɰɢɡɢɨɧɧɨɦ ɤɚɥɨɪɢɦɟɬɪɟ ɫ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ. Ɍɟɪɦɨɯɢɦɢɱɟɫɤɢɣ ɰɢɤɥ ɛɵɥ ɩɨɫɬɪɨɟɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ 
ɷɧɬɚɥɶɩɢɹ ɪɚɫɬɜɨɪɟɧɢɹ SrCe0.9Dy0.1O2.95 ɫɪɚɜɧɢɜɚɥɚɫɶ ɫ ɷɧɬɚɥɶɩɢɟɣ ɪɚɫɬɜɨɪɟɧɢɹ ɫɦɟɫɢ 
ɯɥɨɪɢɞɨɜ ɫɬɪɨɧɰɢɹ, ɰɟɪɢɹ ɢ ɞɢɫɩɪɨɡɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɛɵɥɚ ɜɵɛɪɚɧɚ 1 Ɇ ɫɨɥɹɧɚɹ 
ɤɢɫɥɨɬɚ ɫ ɞɨɛɚɜɥɟɧɢɟ 0.1 Ɇ KI . ɂɨɞɢɞ ɤɚɥɢɹ ɞɨɛɚɜɥɹɥɫɹ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɟɪɟɜɟɫɬɢ Ce+4 ɜ 
Ce+3. 

ɉɨɥɭɱɟɧɧɵɟ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɚɧɞɚɪɬɧɨɣ 
ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɡɚɦɟɳɟɧɧɨɝɨɞɢɫɩɪɨɡɢɟɦ ɰɟɪɚɬɚ ɫɬɪɨɧɰɢɹ (SrCe0.9Dy0.1O2.95). Ⱦɚɥɟɟ 
ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ SrCe0.9Dy0.1O2.95 ɢɡ ɛɢɧɚɪɧɵɯ ɨɤɫɢɞɨɜ. ɇɚ ɨɫɧɨɜɟ 
ɩɨɥɭɱɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɨɟ ɫɨɟɞɢɧɟɧɢɟ ɹɜɥɹɟɬɫɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɫɩɚɞɭ ɧɚ ɛɢɧɚɪɧɵɟ ɨɤɫɢɞɵ. 
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɞɨɛɚɜɥɟɧɢɟ ɨɤɫɢɞɚ ɞɢɫɩɪɨɡɢɹ ɞɟɥɚɟɬ ɦɚɬɟɪɢɚɥ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɦ.  

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɰɢɤɥɚ Ȼɨɪɧɚ-Ƚɚɛɟɪɚ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɷɧɟɪɝɢɹ ɪɟɲɟɬɤɢ  
SrCe0.9Dy0.1O2.95. ɋɪɚɜɧɟɧɢɹ ɷɧɟɪɝɢɢ ɪɟɲɟɬɤɢ ɞɚɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫ ɷɧɟɪɝɢɟɣ ɪɟɲɟɬɤɢ 
ɧɟɡɚɦɟɳɟɧɧɨɝɨ ɰɟɪɚɬɚ ɫɬɪɨɧɰɢɹ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ SrCe0.9Dy0.1O2.95ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɷɧɟɪɝɢɟɣ ɪɟɲɟɬɤɢ ɢ ɩɨɬɨɦɭ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦ, ɱɟɦ SrCeO3.  

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫя Кɚɪɥɫɪɭɷ Иɧɫɬɢɬɭɬɨɦ Ɍɟɯɧɨɥɨɝɢɢ (Ƚɟɪɦɚɧɢя) ɢ ɩɪɨɝɪɚɦɦɨɣ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɋɈ ɊАɇ. 
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The certain thermodynamic functions of the such organic acids as acetic (I, C2H4O2), n-

propanoic(II, ɋ3ɇ6Ɉ2), n-butanoic (III, C4H8O2), n-decanoic (IV, C10H20O2), n-tetradecanoic(V, 
C14H28O2) and n-eicosanoic (VI, C20H40O2) are known in literature [1-4]. Moreover 
weshowedearlier that their thermodynamic functions (c,f,s,cpΨo) ЭСО СОКЭs ШП МШЦЛЮsЭТШЧ (∆cHo) and 
ПШrЦКЭТШЧ (∆fHo), entropy(So) and heat capacity (Cp), dependent from the number (N) of valence 
electrons except for a number (h) of a lone electron pairs (g) of heteroatoms in alkanes and amino 
acids (Eq. 1) [5, 6].  

Such circumstance allow us to calculate the equations (2-7) after analysis of thermodynamic 
functions of acids (I-VI)and interrelations between the some of them (Eq. 8). 
 vap,c,f,sΨo = i ± f *(N - hg)       (1) 

∆cGo= (-212.3±64.1) – (10274±4.3) (N-hg);  r 0.999, So 37.7,n 3  (2) 
∆fGo= (-485.7±1.8) – (5.8±0.1) (N-hg); r 0.999, So 1.0, n 3   (3) 
∆cHo= (-12.3±2.3) – (108.3±0.04) (N-hg); r 0.999, So 3.5, n 6  (4) 
∆fHo= (-440.7±2.4) – (4.6±0.04) (N-hg); r 0.999, So 3.7, n 7  (5) 
So = (112.9±0.3) + (5.6±0.06) (N-hg);        r 0.999, So 0.5,   n 3  (6) 
Cp = (117.9±46.9) + (4.1±0.7) (N-hg);r 0.939, So 71.9, n6   (7) 
So = (5.6±11.6) + (1.2±0.1) Cpr 0.998, So2.9,   n 3    (8) 

 
EКrХТОr ТЭ аКs ТЧПШrЦОН Лв Юs, ЭСКЭ ЭСО rОqЮТrОН ПЮЧМЭТШЧs ∆cGoКЧН ∆fGocould be successfully 

calculated via equations (9, 10) [5-9]. 
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∆cGo = ∆cHo – 298.15•So     (9) 
∆fGo = ∆fHo – 298.15 • So     (10) 

 
АО МКrrТОН ШЮЭ ЭСТs МШЧНТЭТШЧ КЧН МКХМЮХКЭОН ЭСО ЮЧФЧШаЧ ПЮЧМЭТШЧs ∆cGo КЧН ∆fGo(Table 1). 
It is necessary to specify the important feature of the equations (2-7): all thermodynamic 

functions and heat capacity are in good dependence on size valence electrons presented carbon 
acids. Moreover, entropy and heat capacity rather well correlate among themselves. 
 
Table 1.Thermodynamic functions (kJ mol-1and J mol-1 K-1) of organic acids in condensed phase at 
298.15 K 

No of 
compounds, (N – 

hg) 

 
-∆cGo 

 
-∆fGo 

 
-∆cHo 

 
-∆fHo 

 
So 

 
Cp 

1 2 3 4 5 6 7 
I, 8 1018.6  

±5.1 
531.6 
±2.6 

874.2 
±0.2 

484.5 ± 0.2 
 

158.0 123.1 

II, 14 1679.6 
±8.4 

567.7  
±2.8 

1527.3 ± 
0.1 

510.8 ±0.1 
 

191.0 152.8 

III, 20 2250.7 
±11.2 

601.1  
±3.0 

2183.5 ± 
0.59 

533.92 ± 
0.59 

 

225.3 177.7 

IV, 56   6079.3 
±0.9 

 

714.1±3.5  475.59 

V, 80   8676.7 
±1.4 

 

834.1±4.2  432.01 

VI, 116   12574.2 
±1.5 

1012.6±5.1  545.14 
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ANALYSIS OF THERMODYNAMIC FUNCTIONS OF GASEOUS ATOMS OF I-IV 
GROUPS OF MENDELEEV’S PERIODIC TABLE 

Ovchinnikov V.V. 
A.N. Tupolev Kazan national researching technical university, 

Russia, Kazan 420111, K.Marx str.10. E-mail: chem_vvo@mail.ru 
 

The bond energies of organic and bioorganic compounds define not only a direction of organic 
reactions,but also an activity of alive organisms. Their values and the importance draw attention of 
the researchers in chemistry and biochemistry during very big period of time. 

The quantitative definition of bond energy is connected both with labour-consuming physical 
experiment, and with the different theoretical calculations. One of the such calculations is based on 
the data acquisition about the heat of atomization an organic molecule in a gas phase. In turn,the 
heat ofatomization depends on the sum of the heats of its atoms forming and from the heat 
(enthalpy) of molecule formation in a gas phase (Eq. 1) 

∆aHo = Σ∆atomHo
gas - ∆fHo

gas     (1) 
Earlier we conducted the analysis of thermodynamic functions of organic compounds I-VII of 

РrШЮps ШП MОЧНОХООЯ’s PОrТШНТМ sвsЭОЦ ШП ОХОЦОЧЭs КЧН СКЯО ПШЮЧН ЭСОТr НОpОЧНОЧМО ШЧ ЭСО 
number of valenceelectrons of the considered molecules [1-5].We have become interested not only 
the heat of formation of gaseous atoms, but and their other thermodynamic functions, which are 
known in the literature (Table 1) [6, 7]. 

 
Table 1.Thermodynamic functions (kJ mol-1and J mol-1 K-1) of gaseous atoms 

I Period, main group 
1 2 3 4 5 6 7 
 Atoms Li  Na K Rb Cs 

Number  
electrons 

N 3 11 19 37 55 

 
Functions 

∆fGo 128.0 77.8 61.2 54.0 50.9 
∆fHo 160.8 108.4 91.0 83.3 78.1 

fSo 138.7 153.6 160.2 170.0 175.5 
II Period, main group 

 Atoms Be Mg Ca Sr Ba 
Number 
electrons 

N 4 12 20 38 56 

 
Table 1 (continued) 

1 2 3 4 5 6 7 
 

Functions 
∆fGo 288.1 114.4 142.8 130.1 143.2 
∆fHo 327.4 149.0 176.6 163.5 174.6 

fSo 136.1 148.5 154.8 164.5 170.1 
III Period, main group 

 Atoms B Al  Ga In Tl 
Number 
electrons 

N 5 13 31 39 81 

 
Functions 

∆fGo 545.2 285.8 233.8 208.1 145.1 
∆fHo 556.5 326.3 272.0 238.5 179.9 

 
III Period, side group 

 Atoms  Sc Y La  
Number 
electrons 

N  21 39 57  

 ∆fGo  302.2 387.0 381.8  

mailto:chem_vvo@mail.ru
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Functions ∆fHo  381.6 426.8 430.9  
IV Period, main group 

 Atoms C Si Ge Sn Pb 
Number 
electrons 

N 6 14 32 50 82 

 
Functions 

∆fGo 669.5 399.1 335.8 267.3 162.9 
∆fHo 715.0 468.7 376.6 302.1 195.8 

fSo 157.9 167.9 167.8  175.3 
IV Period, side group 

 Atoms  Ti  Zr  Hf   
Number 
electrons 

N  22 40 72  

 
Functions 

∆fGo  429.9 568.4 660.8  
∆fHo  474.5 610.9 702.9  

 
It has appeared that values of all thermodynamic functions of gaseous atoms and the heat of 

capacities depend on the general number of electron atoms I-IV of groups in I-III the periods (Eqs. 
2-16). 
 

I Period, main group 
∆fGo = (104.2±16.8) – (1.2±0.5) N; r 0.787,So22.5, n5   (2) 
∆fHo = (136.3±17.5) – (1.2±0.6) N; r 0.791,So23.4, n5   (3) 
So = (143.3±4.1) + (0.6±0.1) N; r 0.942,So5.6, n5    (4) 

 
II Period, main group 

∆fGo = (106.2±1.3) + (0.6±0.02) N; r  0.999,  So  1.1,  n 3   (5) 
∆fHo = (317.6±59.7) – (4.6±2.4) N;  r   0.999,  So  57.7, n 3   (6) 

fSo=(138.9+3.4) + (0.6+0.1)N; r 0.956, So 4.5, n 5    (7) 
 

III Period, main group 
∆fGo = (299.8±13.6) - (2.0±0.3) N; r  0.970,  So  18.4,  n 4   (8) 
∆fHo = (338.8±17.7) – (2.1±0.4) N;  r  0.975,   So 16.7,  n 4   (9) 

 
III Period, side group 

∆fGo = (270.8±60.1) + (2.2±1.4) N; r  0.837,  So  36.7,  n3   (10) 
∆fHo = (359.2±30.1) + (1.2±0.7) N;  r  0.901,   So 16.8,  n3   (11) 

 
IV Period, main group 

∆fGo = (569.7±78.1) - (5.5±1.7) N; r  0.881,  So  104.0,  n 4   (12) 
∆fHo = (626.7±73.1) – (5.8±1.6) N;    r 0.904, So 97.3, n 4   (13) 

fSo=(17.3±1.2) + (0.4±0.05)N;        r 0.956, So 4.5, n 3    (14) 
 

IV Period, side group 
∆fGo = (355.8±61.3) + (4.4±1.2) N; r  0962,  So  44.6,  n 3   (15) 
∆fHo = (400.9±60.0) + (4.3±1.2) N;    r 0.963, So 43.7,  n 3   (16) 
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It isknown, that the formation new and destruction of old bonds in organic and biochemical 

molecules is very important way of synthesis not only as a new industrial and the vital objects. The 
important attention to this process is shown not only at practical, but also at theoretical biochemical 
chemists. 

It is necessary to note, that theoretical researchers, as a rule to use a some approaches for the 
definition of bond energies a gas phase (ȿb). One of them is based on the equation (1) which 
incluНОs ЭСО СОКЭ ШП КЭШЦТгКЭТШЧ (∆aHo) КЧН ПШrЦКЭТШЧ(∆fHo) molecules, and also heats of formation 
ТЧ К РКs pСКsО (∆fHo

atom) all atoms making a molecule [1].  
∆aHo = Σ ∆fHo

atom – ∆fHo зΣEb                        (1) 
The heat of atomization of a gas molecule corresponds in a first approximation to the sum of all 
bonds energies (ΣEb). 

However it is important to note such circumstance, that the calculated or found by physical 
methods the separate gaseous bond energies are not always similar to the same bonds in a real 
molecule as in substance, because there are any interactions (electro negativity of atoms and groups, 
chemical interface, hydrogen bonds etc). 

We believed that it is useful to calculate and mutually to optimize the ȿb in organic molecules. 
We choose a class linear (1-5), branched out (6-13) alkanes[2] and various nitroalkanes (14-20) [3] 
for joint calculation of bond energies in them (Table 1). 

The determination of the heat of atomization values was conducted by the summation of all 
bond energies in a molecule with the subsequent optimization on all selected molecules, which was 
conducted on the equation (2) (the parametergi was accepted for 1) [4] 

R = Σде ∆aHo
1- ∆aHo

2| gi } 2     (2), 
аСОrО ∆aHo

1is enthalpy of atomization for alkanes and nitro alkanes, which have been taken from 
rОПОrОЧМОs Д2, 3Ж,КЧН∆aHo

2 isenthalpy of atomization calculated on the sum of the bond energies in 
researching molecules. 
 
 
 
 

http://webbook.nist.gov/cgi/cbook.cgi?Author=Pilcher%2C+G.&Units=CAL&Mask=7
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Table 1. The results of calculation of the atomization (∆aHo
1) and (∆aHo

2) alkanes and nitro alkanes 
(kJ mol-1)and the treatment of its on Eq. (2) 

No Compound ∆aHo
1 ∆aHo

2 R 

 Linear alkanes    

1 Pentane 6364.6 6359.7 24.01 

2 Hexane 7540.8 7540.0 0.64 

3 Heptane 8717.5 8717.3 0.04 

4 Oktane 9894.1 9894.7 0.36 

5 Nonane 11069.8 11072.1 5.29 

 Branched alkanes    

6 2-Methylpropane 5174.2 5183.0 77.4 

7 2-Methylbutane 6369.3 6364.3 25.0 

8 2-Methylpentane 7546.4 7541.7 22.1 

9 3-Methylpentane 7544.2 7545.6 0.94 

10 2-Methylhexane 8722.9 8719.0 14.8 

11 2-Methylheptane 9899.3 9896.4 13.8 

12 3- Methylheptane 9896.6 9900.3 13.7 

13 3-Methylhexane 8720.5 8722.9 6.0 

 Nitro alkanes    

14 1,2-Dinitroethane 4423.4 4423.4 0.0 

15 1,1-Dinitroethane 4392.4 4392.4 0.0 

16 1,3-Dinitropropane 5602.4 5602.4 0.0 

17 1,1-Dinitropropane 5558.4 5557.1 1.6 

18 1,1- Dinitropentane 7914.4 7915.7 1.8 

19 2,3-Dimethyl-2,3-Dinitrobutane 9159.5 9159.5 0.0 

20 2,2-Dinitropropane 5587.4 5587.4 0.0 

ΣR = 207.48 

 
An optimization was conducted by means of program Excel (Microsoft)with the use of function 

«SОКrМС ШП ЭСО НОМТsТШЧ». Thus was minimized parameter R, which gave an optimal changes of 
bond energies in researching molecules.  

We took all same bond values for all types of alkanes and nitro gomologues as identical: the 
value of C-H bond energy was accepted as 423.7 kJ mol-1 and C-C bond energy was accepted as 
368.2 kJ mol-1Д1Ж. TСО ɋ-N bond was accepted as 405.8 kJ mol-1 for nitro alkanes [5].We suggested 
the form of nitro alkane molecules as R-N(=O)2 and two N-O bonds were calculated as equal.  

Thus, in all types of researching molecules the same bonds are practically equivalent on the 
energies. In this cases there are greater opportunities for reduction of parameter R (the sum of the 
difference of little squares), describing the most correct reception of calculation of bond energies 
[4]. We conducted the much calculation and received the minimum value of the R-parameter.   

The initial unified bond energies were the same(all the same bonds have the identical energy 
values).  

The calculated unified bond energies values (kJ mol-1, ±2%) ТЧ Кlkanes and nitro alkanes are 
presented were: C-H Тs 410.6±8.2, C-C Тs 358.3±7.2, C-N Тs 397.4±7.9 КЧН N-O Тs 402.6±8.0 ФJ 
mol-1 
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It is necessary to note that the last value of the bond energy value no bad corresponds to the 
presented magnitude 393-397±3-7 kJ mol-1 in the work [6]. 
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The reactions of complex formation of an arbitrary composition nmLM in aqueous solutions are 

represented here by the following scheme: 

,nmLMnLmM  T
mn

T
mn H,     (1) 

Near the reaction equation the related thermodynamic characteristics are written, namely, the 
equilibrium constant T

mn and the enthalpy of the complex formation reaction T
mnH at the 

temperature T (below this index is omitted). 

There are generally two experimental methods for determining the enthalpiesmnH : a) direct 

calorimetric measurements of the variation of the total caloric effect of reactions and b) the 

mnH calculation from the temperature dependences )(ln Tfmn  or variation of the Gibbs energy 

)(TGmn of the reactions for different temperatures. 

The most general and accurate method is the calorimetric determination of mnH , but this 

method in a number of cases, especially for elevated temperatures, involves high technical 
difficulties [1]. 

Within the second method the mnH calculation is performed according to the equation of 

reaction-isobar or Gibbs-Helmholtz equation: 

dT
d

RTH mn
mn

ln2      (2) 

 

dT
TGd

TH mn
mn

)/(2       (3) 
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Therefore, for the mnH determination it is necessary to know the dependency on temperature of 

the equilibrium constant or Gibbs energy change. 
The equations, which determined the dependence of temperature coefficients of the degree of 

complexation  on the variation of enthalpies of complex formation reactions, were derived in [2, 
3]. In this context, it is of interest to estimate the possibility of determining mnH  from the 

dTd /ln values and equilibrium constants at one temperature T. 
Authors [3] deduced the equation that takes into account the relationship between the 

temperature coefficient dTd /ln and the sum of variations of enthalpies mnH of separate 

reactions: 

 


1 1

2 ln

m n
mnmn H

dT
d

RT 
    (4) 

where mn are the weighting coefficients, determined by the relationship: 
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Here LC  and MC  symbolize the total concentrations of ligand and metal ion in solution, andmnf  

denotes the molar fraction of the nmLM complex: 

 

M

nm
mn

M

nm
mn C

LMm
C

LMm
f

][][][       (6) 

 
The functions  


1 1m n

mnm mfF  and  


1 1m n
mnn nfF , for a number of real systems, were examined 

in [4]. In the case of stepwise reactions in solution ( inm  ,1 )the equations (4) and (5) simplify 
and take the form [3, 4]: 
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2 ln
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ii H

dT
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RT 
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Weighting coefficients arecalculated using the equations (5) and (6) for certain values T, 

CLand MC . The temperature coefficients dTd /ln are determined by differentiating the tabulated 
experimental data )(ln T or through differentiating by temperature the equation of temperature 
dependence )(ln Tf .  
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For a number of real systems the best approximation equation of the dependence )(ln Tf is 
found to be:  

TETDCTBTA ln/ln 2       (9) 

whereA – E are the constants for valuesLC  and MC , obtainedby computerized treatment of data by 
the method of least squares. By differentiating the equation (9) in respect to T, the requested value 

of the temperature coefficient dTd /ln is obtained. One can state that for constCM  : 

dT
d

RT
dT

ad
RT

dT
Md

RT
dT

d
RT

MC

 lnln]ln[ln 2222 


 ,  (10) 

where ][M  is the equilibrium concentration,a  and  symbolize the activity andactivity coefficient 
of the metal ion,respectively. 

The processing of experimental data can be practically carried out by numerical methods, if for 

data LC  and MC there are not less than five experimental values ln  (or ]ln[M ) for different 
temperatures [5, 6]. Also, for convenience, it is necessary to keep constant the area of the 

temperature variation ( constT  , where T is the step of differentiation). Consequently, in the 
case of formation of N complexes for determining N values of the variation of reaction enthalpies 

mnH  (1) it is necessary to solve a system of N linear equations, written on the basis of the 

equation (4) and the respective N values of LC , while maintaining invariant the total concentration 

of the metal ion MC .  

If under certain parameter values LC and MC just a single complex nmLM is formed in 

observable quantity, then equation (7) takes the form: 

mn
C

H
mdT

d
RT

dT
Md

RT
M




 1ln]ln[ 22 
  (11) 

Comparing equations (2) and (11) one can conclude that if the accuracy of the mnln  and ln (or 

ln[M])measurements is similar, then the error of thedetermined mnH values is a quantity of the 

same order. Equation (11) allows the approximate estimation of the actual error of the 

mnH determination. Thus, the error in the mnH   0.5 kJ/mol in the range of 300 K and the 

temperature variation intervalof 10 degree corresponds to the ]ln[M or ln value variation of 0.007 
log units. 
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COMPUTATION OF ENTHALPIES OF THE INDIUM FLUORIDE COMPLEXES FROM 
TEMPERATURE COEFFICIENTS OF THE DEGREE OF COMPLEXATION 

Povar I.G., Spinu O.O. 
Institute of Chemistry, Academy of Sciences of Moldova, 3 Academiei str., Chisinau, MD 2028, 

Republic of Moldova. E-mail: ipovar@yahoo.ca 
 

In the previous paper [1] we have derived a series of equations that describe the relationship 
between the temperature coefficient of the degree of complexation  dTd /ln and the variation of 

the summary enthalpy mnH of the reaction of forming complexes with the composition nmLM , 

multiplied by the weighting coefficients mn . To determine 
mnH at temperature T it is necessary 

to know the set of equilibrium constants at this temperature and the dTd /ln  values, which are 
calculated using numerical methods from experimental dataln α = f(T) or ln[M] = f(T), where [M] is 
the equilibrium concentration of metal ion.  

The proposed method for determining caloric effects of the reactions of complex formation 
comprises the following steps. At the beginning, from the equilibrium constants at one temperature 
the predominance diagramsfmn  =  f(- log CL) of N formed complexesare calculated. Then, for a given 

value ofCM, the weight coefficients mn  are computed for the N values of CL, for which the 

individual complexes MmLn are formed in significant amounts. Next, for each of the N values of CL, 
not less than five experimental data for different temperatures are measured and using numerical 
methods dTd /ln is determined. Finally, the values of enthalpy changes mnH for N complexes 

are determined by solving the system of N equations of type [1]: 

 


1 1

2 ln

m n
mnmn H

dT
d

RT 
    (1) 

For further elucidation of the possibility to use the proposed method [1] for determining 

the mnH ЯКХЮОs, аО аТХХ ОбКЦТЧО К “МШЦpЮЭТЧР ОбpОrТЦОЧЭ” ПШr ЭСО sвsЭОЦIn3+ - F-  (N = 4). 

The quintessence of the "computing experiment" consists of the following stages. From the 
stability data of formed complexes mnln , known for different temperatures T, the 

dependenciesln (T) КrО МКХМЮХКЭОН (ТЧ ШЮr МКsО ∆T=10). Subsequently, from the values ln , 
obtained by a suitable numerical method, dTd /ln  is computed. In order to predict the error of 
the mnH  determination, it is given a certain deviation from the calculatedln value, comparable 

to the experimental accuracy for determining the studied quantity. The equilibrium constants of 
stepwise reactions, which occur in the analyzed system at T = 298.15 K, are shown in Table 1. 
Table 1. Composition, stability and variations of the enthalpies for the complex formation reactions 
in the system In3+ - F-at T = 298 K 

Reactions logβi ∆Hexp, kJ/mol ∆Hcalc, kJ/mol 
In3+ + F- = InF2+ 4.66 10.8 9.6±0.6 
In3+ + 2F- = InF2

+ 8.13 23.3 23.3±0.5 
In3+ + 3F- = InF3 10.28 29.5 29.5±0.5 
In3+ +4F- = InF4

- 11.55 38.1 38.1±0.5 
 

Table 2 illustrates the weight coefficients mn , calculated by the equation (8) [1], for the various 

total concentration of fluoride ions in solution ( 31013
In

C  mol/L).The values of the 

coefficients of equation (9) for different F
C values are gathered in Table 2. 

 

i
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Table2. The values of weighting coefficientsi for the system 3
3 3, 1 10

In
In F C 

     mol/L for 

different values of F
C , T = 298 K 

LmolCF /,  K1 × 105 K2× 105 K3× 105 K4× 105 

0.1 9.9 2669 35550 61771 
0.05 64 8114 50679 41142 
0.01 3135 52790 40583 3480 
0.005 14730 73981 11479 348 

 

To determine the enthalpies for the reactions of formation of complexes nnInF 3 a system of 

equations is formed [1]: 
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Indices in brackets refer to the different F
C values. Values of dTd i /ln )( were obtained by 

differentiating the equation (10) [1]. Definitely, in Table 3 there are compared theexp
mnH values 

measured by the calorimetric method with the calc
mnH  ЯКХЮОs ШЛЭКТЧОН Лв ЭСО “МШЦpЮЭТЧР 

ОбpОrТЦОЧЭ”. TСО ЯКХЮО ШП НОЯТКЭТШЧ ТЧ calc
mnH КММШrНТЧР ЭШ ЭСО sТРЧ“ ” МСКrКМЭОrТгОs ЭСО ЭШЭКХ 

error, introduced by the given error 007.0ln    and the error, obtained within the 
differentiation of )(ln T . One can see a satisfactory concordance between the compared values 

of mnH . The difference in the 1H value is explained by the fact that the coefficients1  

and dTd /ln  are determined within the CL range, where the complex 2InF in the whole range of 
the LC measurements is formed in non-significant amounts (Fig. 1). 

Therefore, it is necessary to perform experimental measurements  within the CL range, 
where the respective complexes significantly contribute to the total caloric effect of the complex 
formation reactions. As one can see from Fig. 2, for the same CL value, the increase of CM leads to 
decreasing the temperature coefficient . Moreover, it is necessary to take into account 
that the chosen concentrations CL  and CMmust match the actual range of measured  values. We 

will note that the  determination from the temperature coefficients of the formation 

function is accompanied by large errors(  kJ/mol), because this quantity is about one 
order lower than  (Fig. 2). 
 
Table 3.The values of coefficients of the equation (9) [1] in the system   FIn3 for different values 
of the total concentration of fluoride and 31013

In
C  mol/L; the range of studied temperatures is 

278.15 ÷ 318.15 K 
LmolCF /,1

 A B × 103 C × 105 D E 

0.1 -12.163 7.9499 -4.8663 2301.9 -1.2712 
0.05 -9.4862 6.1713 -3.1288 1833.7 -0.9985 
0.01 -3.4824 2.3556 0.2424 762.7 -0.3678 
0.005 -2802.2 -180.57 103.2 53780 539.11 

 

)(ln T

dTd /ln ln

mnH
dTnd / 5

dTd /ln
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Fig. 1.The predominance diagram for the system   FIn3 , T = 298.15 K, 

31013
In

C  mol/L 

 
Fig. 2.The dependency of temperature coefficients of the complexation degree dTd /ln  (1) 
and dTnd /  (2) on the total concentration of ligand for the system   FIn3  at T = 298.15 K for 

different 3In
C values, mol/L: a – 0.001; b– 0.01 
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Ɍɟɪɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɢɡɲɢɯ ɝɢɞɪɚɬɨɜ ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɢɧɬɟɡɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɛɟɡɜɨɞɧɵɯ ɫɨɥɟɣ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ 
ɨɫɭɲɤɢ ɝɚɡɨɜ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɡɲɢɯ ɝɢɞɪɚɬɨɜ ɦɨɝɭɬ ɛɵɬɶ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɥɟɝɤɨ ɩɨɥɭɱɟɧɵ ɜ ɫɨɫɬɨɹɧɢɢ ɜɵɫɨɤɨɣ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɣ ɱɢɫɬɨɬɵ, ɨɧɢ ɦɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɬɚɧɞɚɪɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫ ɬɨɱɧɨ 
ɢɡɜɟɫɬɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɦɟɬɚɥɥɚ. Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɪɚɜɧɨɜɟɫɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɨɰɟɫɫɨɜ 
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ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɩɚɪɨɜ ɜɨɞɵ ɧɚɞ ɷɬɢɦɢ ɝɢɞɪɚɬɚɦɢ ɢ 
ɢɯ ɫɬɚɧɞɚɪɬɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɬɨɱɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɡɥɨɠɟɧɢɹ ɝɢɞɪɚɬɨɜ ɫɨɥɟɣ ɦɟɬɚɥɥɨɜ ɱɚɫɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɦɚɥɨɣ ɫɤɨɪɨɫɬɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɹ, ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɛɪɚɡɨɜɚɧɢɹ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ, ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɢ ɚɦɨɪɮɧɵɯ 
ɮɚɡ, ɝɢɞɪɨɥɢɡɨɦ ɫɨɥɟɣ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɞɟɠɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɵɱɧɨ ɬɪɟɛɭɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɬɟɧɡɢɦɟɬɪɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ Д1–3Ж. Ɉɞɧɚɤɨ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɩɪɢɥɨɠɟɧɢɣ ɬɚɤɢɯ ɬɟɧɡɢɦɟɬɪɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɱɚɫɬɨ ɧɟ ɬɪɟɛɭɟɬɫɹ 
ɢɯ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ, ɦɨɠɧɨ ɨɝɪɚɧɢɱɢɬɶɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦɢ ɞɚɧɧɵɦɢ – ɡɧɚɱɟɧɢɹɦɢ 
ɫɬɚɧɞɚɪɬɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɭɪɚɜɧɟɧɢɹɦɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɞɚɜɥɟɧɢɹ ɪɚɡɥɨɠɟɧɢɹ ɝɢɞɪɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɦɢ ɞɟɪɢɜɚɬɨɝɪɚɮɢɱɟɫɤɢɦ ɜɚɪɢɚɧɬɨɦ ɦɟɬɨɞɚ 
«ɬɨɱɟɤ ɤɢɩɟɧɢɹ». Эɬɨɬ ɦɟɬɨɞ ɪɟɚɥɢɡɨɜɚɧ ɧɚɦɢ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɩɚɪɨɜ ɜɨɞɵ Д4, 5Ж, 
ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɪɚɡɥɨɠɟɧɢɹ ɝɢɞɪɚɬɨɜ ɨɛɵɱɧɨ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɚ; ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɷɬɨɬ ɦɟɬɨɞ 
ɦɚɥɨ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɩɨɛɨɱɧɵɦ ɩɪɨɰɟɫɫɚɦ ɬɢɩɚ ɪɟɚɤɰɢɣ ɝɢɞɪɨɥɢɡɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɪɚɧɟɟ Д6Ж ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ (S°298 ɩɪɨɰɟɫɫɨɜ ɞɟɝɢɞɪɚɬɚɰɢɢ 
ɪɚɜɧɨ 146,8 ± 4 Ⱦɠ/ɦɨɥɶ.Ʉ, Cp° = – 7,3 ± 3 Ⱦɠ/ɦɨɥɶ.Ʉ) ɦɵ ɢɦɟɥɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɩɨ 
ɨɞɧɨɣ ɧɚɣɞɟɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɬɨɱɤɟ P(T) ɬɪɟɛɭɟɦɵɟ ɬɟɧɡɢɦɟɬɪɢɱɟɫɤɢɟ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɞɟɪɢɜɚɬɨɝɪɚɮɟ ɫɢɫɬɟɦɵ ɉɚɭɥɢɤ-
ɉɚɭɥɢɤ-Эɪɞɟɣ ɜ ɫɬɟɤɥɹɧɧɵɯ ɚɦɩɭɥɚɯ ɫ ɬɨɧɤɢɦ ɤɚɩɢɥɥɹɪɨɦ Д2Ж. 

ȼɵɫɲɢɣ ɝɢɞɪɚɬ ɯɥɨɪɢɞɚ ɥɚɧɬɚɧɚ (LaCl3∙7H2O) ɢ ɟɝɨ ɫɭɥɶɮɚɬ (La2(SO4)3∙5H2O) ɛɵɥɢ 
ɩɨɥɭɱɟɧɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. Ƚɟɩɬɚɝɢɞɪɚɬ ɯɥɨɪɢɞɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ 
ɩɥɚɜɢɬɫɹ ɢɧɤɨɧɝɪɭɟɧɬɧɨ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 90 °ɋ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɨɫɥɟ ɢɫɩɚɪɟɧɢɹ 
ɪɚɫɬɜɨɪɚ ɫɩɟɤɲɢɣɫɹ ɩɪɨɞɭɤɬ ɞɚɟɬ ɡɚɜɵɲɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɬɟɦɩɟɪɚɬɭɪ ɪɚɡɥɨɠɟɧɢɹ ɧɢɡɲɢɯ 
ɝɢɞɪɚɬɨɜ – ɬɪɢ- ɢ ɦɨɧɨɝɢɞɪɚɬɚ. ɉɨɷɬɨɦɭ ɧɚɜɟɫɤɢ ɪɚɫɬɟɪɬɨɝɨ LaCl3∙7H2O ɜɵɫɭɲɢɜɚɥɢɫɶ ɜ 
ɫɭɲɢɥɶɧɨɦ ɲɤɚɮɭ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 80 °ɋ ɜ ɛɸɤɫɚɯ ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɤɨɧɬɪɨɥɟɦ ɢɯ ɦɚɫɫɵ ɢ 
ɫɨɫɬɚɜɚ ɞɨ ɩɨɥɭɱɟɧɢɹ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢ ɱɢɫɬɨɝɨ ɬɪɢɝɢɞɪɚɬɚ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɧɚɜɟɫɨɤ 
LaCl3∙3H2O ɢ La2(SO4)3∙5H2O ɜ ɞɟɪɢɜɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɚɦɩɭɥɟ ɩɪɢ ɞɚɜɥɟɧɢɢ ɩɚɪɨɜ ɜɨɞɵ ɞɨ 1 
ɚɬɦ ɢɯ ɩɥɚɜɥɟɧɢɟ ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ, ɩɪɨɞɭɤɬɵ ɪɚɡɥɨɠɟɧɢɹ ɫɨɯɪɚɧɹɥɢ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɣ 
ɯɚɪɚɤɬɟɪ. Эɬɨ ɩɨɡɜɨɥɢɥɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɫɧɹɬɶ ɤɢɧɟɬɢɱɟɫɤɨɟ ɬɨɪɦɨɠɟɧɢɟ ɩɪɨɰɟɫɫɨɜ 
ɪɚɡɥɨɠɟɧɢɹ. 

ɇɚɣɞɟɧɧɵɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɤɨɪɨɫɬɹɯ ɧɚɝɪɟɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɥɨɠɟɧɢɹ ɝɢɞɪɚɬɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. Ⱦɥɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɩɨɥɭɱɟɧɧɵɟ ɥɢɧɟɣɧɨɣ ɷɤɫɬɪɚɩɨɥɹɰɢɟɣ ɧɚ ɧɭɥɟɜɭɸ ɫɤɨɪɨɫɬɶ (V = 0), ɛɨɥɟɟ ɛɥɢɡɤɢɟ ɤ 
ɪɚɜɧɨɜɟɫɧɵɦ ɜɟɥɢɱɢɧɚɦ. 

Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɢɡɭɱɟɧɧɵɯ 
ɝɢɞɪɚɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2, ɚ ɩɨɥɭɱɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɞɚɜɥɟɧɢɹ ɩɚɪɨɜ ɜɨɞɵ ɧɚɞ ɝɢɞɪɚɬɚɦɢ – ɜ ɬɚɛɥɢɰɟ 3. 

 
 

Ɍɚɛɥɢɰɚ 1. Ɍɟɦɩɟɪɚɬɭɪɚ (° ɋ) ɪɚɡɥɨɠɟɧɢɹ ɝɢɞɪɚɬɨɜ ɩɪɢ Ɋ(H2O) = 1 ɚɬɦ 
№ Ɋɟɚɤɰɢɹ 4,5 °/ɦɢɧ 2,3 °/ɦɢɧ V = 0 
1 1/2[LaCl3∙3H2OЖ↔1/2ДLaCl3∙H2O]+(H2O) 168,6 168,6 168,6 
2 [LaCl3∙H2O]↔[LaCl3]+(H2O)  [7] 205,6 200,7 195,6 
3 1/4[La2(SO4)3∙5H2OЖ↔1/4ДδК2(SO4)3∙H2O]+(H2O) 230,1 227,9 225,6 
4 [La2(SO4)3∙H2OЖ↔ДδК2(SO4)3]+(H2O) 296,4 294,1 291,7 

 
ɏɨɞ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɨɹɫɧɹɟɬɫɹ ɧɢɠɟ ɧɚ ɩɪɢɦɟɪɟ LaCl3∙H2O: rSº469 = 146,8 (± 4) – 7,3 (± 3) ln(469/298) = 143,5 ± 5 (Ⱦɠ/Ʉ), G º469 = 0 = rH°469 – TrSº469, rH°469 = 469·143,5 = 67,3 ± 2 (ɤȾɠ), rH°298 = 67300 – 7,3 (298 – 469) = 68,5 ± 3 (ɤȾɠ), 
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rSº298 = Sº298[LaCl3] + Sº298(H2O) –  Sº298[LaCl3H2OЖ = 146,8 ± 4 (Ⱦɠ/Ʉ),  
Sº298[LaCl3H2O] = 137,6 + 188,7 – 146,8 = 179,5 ± 5 (Ⱦɠ/Ʉ), rH°298 = ∆fH°298 [LaCl3Ж + ∆fH°298 (H2O) – fH°298 [LaCl3H2OЖ = 68,5 ± 3 (ɤȾɠ), fH°298 [LaCl3H2O] =  – 1071,1  –241,8 – 68,5 = – 1381,4 ± 4 (ɤȾɠ/ɦɨɥɶ). 

 
Ɍɚɛɥɢɰɚ 2. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɝɢɞɪɚɬɨɜ 

№ ɪɟɚɤɰɢɢ 
(ɬɚɛɥɢɰɚ 1) 

rH° (T), ɤȾɠ/ɦɨɥɶ rS° (T), 
Ⱦɠ/ɦɨɥɶɄ 

rH° (298), 
ɤȾɠ/ɦɨɥɶ 

rS° (298), 
Ⱦɠ/ɦɨɥɶɄ 

1 63,6 ± 2 (442) 143,9 ± 5 (442) 64,7 ± 3 146,8 ± 4 
2 67,3 ± 2 (469) 143,5 ± 5 (469) 68,5 ± 3 146,8 ± 4 
3 71,4 ± 3 (499) 143,0 ± 6 (499) 72,8 ± 4 146,8 ± 4 
4 80,3 ± 3 (565) 142,1 ± 6 (565) 82,2 ± 4 146,8 ± 4 

 
 

Ɍɚɛɥɢɰɚ 3.Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ Ɋ(H2O) 
№ ɪɟɚɤɰɢɢ 
(ɬɚɛɥɢɰɚ 1) 

ɉɪɢɛɥɢɠɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 

1 lnP/P° = 23,536 – 8043/T– 0,878∙lnT 
2 lnP/P° = 23,536 – 8500/T – 0,878∙ХЧT 
3 lnP/P° = 23,536 – 9018/T– 0,878∙ХЧT 
4 lnP/P° = 23,536 – 10148/T– 0,878∙ХЧT 

ɇɚɣɞɟɧɧɵɟ ɫɬɚɧɞɚɪɬɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɭɱɟɧɧɵɯ ɝɢɞɪɚɬɨɜ ɢ 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɩɪɢ ɪɚɫɱɟɬɚɯ ɞɚɧɧɵɟ ɞɥɹ ɛɟɡɜɨɞɧɵɯ ɫɨɥɟɣ Д8Ж ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4. 

 
Ɍɚɛɥɢɰɚ 4. ɋɬɚɧɞɚɪɬɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɚɬɨɜ 

Ƚɢɞɪɚɬ fH°298, ɤȾɠ/ɦɨɥɶ Sº298, Ⱦɠ/ɦɨɥɶɄ 
LaCl3∙3H2O – 1994,4 ± 10 263,3 ± 13 

LaCl3∙H2O[7] – 1381,4 ± 4 179,5 ± 5 
La2(SO4)3∙5H2O – 6269,0 – 
La2(SO4)3∙H2O – 5010,6 – 

LaCl3 [8] (– 1071,1 ± 0,8) (137,6 ± 0,3) 
La2(SO4)3 [8] (–3946,8) (–) 

 
ȼ ɫɩɪɚɜɨɱɧɢɤɟ Д8Ж ɢɦɟɟɬɫɹ ɫɬɚɧɞɚɪɬɧɚɹ ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ LaCl3∙H2O    (–1296,6 ± 8 

ɤȾɠ/ɦɨɥɶ) ɢ LaCl3∙3H2O (– 1979 ± 8 ɤȾɠ/ɦɨɥɶ), ɚ ɞɚɧɧɵɟ ɩɨ ɷɧɬɪɨɩɢɢ ɨɬɫɭɬɫɬɜɭɸɬ. 
ȼɟɥɢɱɢɧɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɜ Д8Ж ɞɥɹ ɦɨɧɨɝɢɞɪɚɬɚ ɯɥɨɪɢɞɚ ɥɚɧɬɚɧɚ, ɹɜɧɨ ɨɲɢɛɨɱɧɚ, ɬ.ɤ. ɩɪɢ ɟɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɥɭɱɚɟɬɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɪɟɚɤɰɢɢ 2, ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ. 
Ⱦɥɹ ɬɪɢɝɢɞɪɚɬɚ ɪɚɡɥɢɱɢɟ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɨ ɢ ɭɤɥɚɞɵɜɚɟɬɫɹ ɜ ɫɭɦɦɚɪɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ 
ɨɛɨɢɯ ɡɧɚɱɟɧɢɣ. 
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Ɍɟɪɦɨɯɢɦɢɱɟɫɤɢɟ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɧɚɩɪɚɜɥɟɧɧɨɝɨ 
ɫɢɧɬɟɡɚ ɜɟɳɟɫɬɜ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ Д1Ж. ȼ ɷɬɨɦ ɩɥɚɧɟ ɢɡɭɱɟɧɢɟ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɟɣ ɢɡ 
ɨɤɫɢɞɨɜ s-f-ɦɟɬɚɥɥɨɜ ɢ ɬɟɥɥɭɪɚ, ɢɦɟɸɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɨɛɪɚɡɭɸɳɢɟɫɹ ɜ ɧɢɯ ɧɨɜɵɟ ɬɟɥɥɭɪɢɬɵ ɦɨɝɭɬ ɨɛɥɚɞɚɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɨɪɢɝɢɧɚɥɶɧɵɦɢ ɢ ɭɧɢɤɚɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ - ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɬɟɥɥɭɪɢɬɚ ɦɚɝɧɢɹ-ɰɟɪɢɹ. 

ɂɫɯɨɞɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɞɥɹ ɫɢɧɬɟɡɚ ɫɥɭɠɢɥɢ ɨɤɫɢɞɵ ɰɟɪɢɹ (IV ), ɬɟɥɥɭɪɚ (IV ) ɢ 
ɤɚɪɛɨɧɚɬ ɦɚɝɧɢɹ («ɯɱ») ɜ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɦ ɫɨɨɬɧɨɲɟɧɢɢ. Ɇɟɬɨɞɨɦ ɤɟɪɚɦɢɱɟɫɤɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɫɢɧɬɟɡɢɪɨɜɚɧ ɬɟɥɥɭɪɢɬ ɦɚɝɧɢɹ-ɰɟɪɢɹ - MgCeTe3O9. Ɇɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ 
ɚɧɚɥɨɝɢɱɧɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚɦɢ ɪɚɧɟɟ ɜ ɪɚɛɨɬɟ Д2Ж. Ɉɛɪɚɡɨɜɚɧɢɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ 
ɫɨɟɞɢɧɟɧɢɹ ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ. ɂɧɞɢɰɢɪɨɜɚɧɢɟ 
ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɩɨɪɨɲɤɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɦɟɬɨɞɨɦ ɝɨɦɨɥɨɝɢɢ Д3Ж. 
Ʉɨɪɪɟɤɬɧɨɫɬɶ ɢɧɞɢɰɢɪɨɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɟɧɚ ɯɨɪɨɲɢɦ ɫɨɜɩɚɞɟɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɡɧɚɱɟɧɢɣ 104/d2 ɢ ɫɨɝɥɚɫɨɜɚɧɧɨɫɬɶɸ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɢ ɩɢɤɧɨɦɟɬɪɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɟɣ. 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɬɟɥɥɭɪɢɬɚ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɧɚ ɫɟɪɢɣɧɨɦ 
ɩɪɢɛɨɪɟ ɂɌ-ɋ-400 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298.15 - 673 Ʉ. Ⱦɥɹ ɭɫɪɟɞɧɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɭɞɟɥɶɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɩɪɢ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɩɪɟɞɟɥɹɥɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɟ 

ɨɬɤɥɨɧɟɧɢɹ (δ ), ɚ ɞɥɹ ɦɨɥɶɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ – ɫɥɭɱɚɣɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɢ (
0 ). 

ɋɥɭɱɚɣɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɵɬɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɧɟ ɩɪɟɜɵɲɚɥɢ 
ɩɪɟɞɟɥɨɜ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɢɛɨɪɚ (±10%). ɉɪɨɜɟɪɤɭ ɪɚɛɨɬɵ ɤɚɥɨɪɢɦɟɬɪɚ ɩɪɨɜɨɞɢɥɢ 
ɢɡɦɟɪɟɧɢɟɦ ɬɟɩɥɨɟɦɤɨɫɬɢ α-Al 2O3. ɇɚɣɞɟɧɧɨɟ ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɡɧɚɱɟɧɢɟ Cºp(298.15)ɞɥɹ α-
Al 2O3 ɫɨɫɬɚɜɢɥɨ 76.0 Ⱦɠ/(ɦɨɥɶ·Ʉ), ɱɬɨ ɜɩɨɥɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɩɪɚɜɨɱɧɨɦɭ (79.0 Ⱦɠ/(ɦɨɥɶ·Ʉ)) 
[4]. 

ɂɫɫɥɟɞɨɜɚɧɵ ɭɞɟɥɶɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɬɟɥɥɭɪɢɬɚ, ɡɚɬɟɦ ɢɡ ɩɨɥɭɱɟɧɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɟɝɨ ɦɨɥɶɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ (ɬɚɛɥɢɰɚ 1). 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ MgCeTe3O9 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 373 ɢ 498 
Ʉ ɨɛɧɚɪɭɠɟɧɵ ɪɟɡɤɢɟ ɚɧɨɦɚɥɶɧɵɟ ɫɤɚɱɤɢ, ɫɜɹɡɚɧɧɵɟ, ɜɟɪɨɹɬɧɨ, ɫ ɮɚɡɨɜɵɦɢ 
ɩɟɪɟɯɨɞɚɦɢIIɪɨɞɚ (ɪɢɫɭɧɨɤ). Эɬɢ ɩɟɪɟɯɨɞɵ ɦɨɝɭɬ ɛɵɬɶ ɫɜɹɡɚɧɵ ɫ ɤɚɬɢɨɧɧɵɦ 
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ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɫ ɢɡɦɟɧɟɧɢɟɦ ɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɢ ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɬɟɥɥɭɪɢɬɚ. 

 
Ɍɚɛɥɢɰɚ 1. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɭɞɟɥɶɧɨɣ ɢ ɦɨɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɹɦ MgCeTe3O9 

 

Ɍ, Ʉ 
pC δ , 

Ⱦɠ/(ɝ·Ʉ) 

0
pC  , 

Ⱦɠ/(ɦɨɥɶ·Ʉ) 

 

Ɍ, Ʉ 
pC δ , 

Ⱦɠ/(ɝ·Ʉ) 

0
pC  , 

Ⱦɠ/(ɦɨɥɶ·Ʉ) 

298.15 0.3429±0.0103 237±10 498 0.7471±0.0383 509±22 
323 0.7109±0.0425 491±25 523 0.7311±0.0399 505±22 
348 0.7855±0.0431 536±25 548 0.7048±0.0321 480±21 
373 0.8132±0.0400 555±27 573 0.6435±0.0337 438±20 
398 0.7499±0.0438 511±26 598 0.5508±0.0325 381±20 
423 0.6165±0.0327 419±23 623 0.4502±0.0228 311±17 
448 0.6769±0.0375 461±21 648 0.3451±0.0234 232±12 
473 0.7161±0.0343 488±24 647 0.2154±0.0112 232±10 
 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ (ɬɚɛɥ. 1), ɫ ɭɱɟɬɨɦ ɬɟɦɩɟɪɚɬɭɪ ɮɚɡɨɜɵɯ 

ɩɟɪɟɯɨɞɨɜ IIɪɨɞɚ ɜɵɜɟɞɟɧɨ ɭɪɚɜɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɨɟɞɢɧɟɧɢɹ  
ɋ°ɪ, Ⱦɠ/(ɦɨɥɶɄ) = ɚ + ЛT + ɫɌ-2,                                    (1) 

ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɨɝɨ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɭɪɚɜɧɟɧɢɹɯ ɡɚɜɢɫɢɦɨɫɬɟɣ CºpзП(T) ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɟɥɢɱɢɧɵ ɫɪɟɞɧɢɯ 
ɫɥɭɱɚɣɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɢɧɬɟɪɜɚɥɨɜ ɬɟɦɩɟɪɚɬɭɪ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ 
ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɛɨɪɚ ɧɟ ɩɨɡɜɨɥɹɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɵɱɢɫɥɢɬɶ 
ɫɬɚɧɞɚɪɬɧɭɸ ɷɧɬɪɨɩɢɸ S°(298.15) ɬɟɥɥɭɪɢɬɚ ɢɡ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɩɨ Cºp(T), ɟɟ ɨɰɟɧɢɥɢ, 
ɩɪɢɦɟɧɹɹ ɦɟɬɨɞ ɢɨɧɧɵɯ ɢɧɤɪɟɦɟɧɬɨɜ. 

 

 
Ɋɢɫ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɬɟɥɥɭɪɢɬɚ ɦɚɝɧɢɹ-ɰɟɪɢɹ 

 
 
 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

248 
 

Ɍɚɛɥɢɰɚ 2. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (1) ɜ ɢɧɬɟɪɜɚɥɟ 298.15 - 673 Ʉ 
T, Ʉ a Л·10-3 М·105 

298–348    16204.7  1188 -30.6  2.7 -6092.2  435 
348–423   7722.3 339.6 13.0 0.6 -3219.4 148 
423-473     2200.5 80 -2.1 0.3 -1569.8 54 
473-673     5396.1 132 -6.4 0.2 -4168.0 77 

 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɡɜɟɫɬɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɩɨ Cºp~f(T)ɢ 

ɪɚɫɱɟɬɧɨɝɨ ɡɧɚɱɟɧɢɹ S°(298.15)ɜɵɱɢɫɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɮɭɧɤɰɢɣ Cºp(T), 
Sº(T), Hº(T) - Hº(298.15), Φxx(T). ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

 
Ɍɚɛɥɢɰɚ 3. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɬɟɥɥɭɪɢɬɚ MgCeTe3O9 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
298.15 - 673 Ʉ 

Ɍ, Ʉ 
0

0
pC (Ɍ)±Δ , 

Ⱦɠ/(ɦɨɥɶ·Ʉ) 

0
0S (T)±Δ , 

Ⱦɠ/(ɦɨɥɶ·Ʉ) 

0
0 0H (T)-H (298,15)±Δ , 

Ⱦɠ/ɦɨɥɶ 

0
xxɎ (Ɍ)±Δ , 

Ⱦɠ/(ɦɨɥɶ·Ʉ) 
298.15 237 ± 10 336 ± 34 - 336 ± 34 

300 491 ± 25 366 ± 37 9552 ± 601 337 ± 34 
325 536 ± 25 406 ± 41 22767 ± 1432 340 ± 34 
350 555 ± 27 443 ± 44 36552 ± 2299 345 ± 35 
375 511 ± 26 478 ± 48 49993 ± 3145 353 ± 35 
400 419 ± 23 507 ± 51 61711 ± 3882 361 ± 36 
425 461 ± 21 532 ± 53 72744 ± 4576 370 ± 37 
450 488 ± 24 558 ± 56 84631 ± 5323 379 ± 38 
475 509 ± 22 584 ± 58 97154 ± 6111 389 ± 39 
500 505 ± 22 609 ± 61 109883 ± 6912 399 ± 40 
525 480 ± 21 632 ± 63 122238 ± 7689 409 ± 41 
550 438 ± 20 652 ± 65 133742 ± 8412 419 ± 42 
575 381 ± 20 670 ± 67 143996 ± 9057 429 ± 43 
600 311 ± 17 684 ± 68 152667 ± 9603 439 ± 44 
625 232 ± 12 695 ± 69 159473 ± 10031 449 ± 45 
650 232 ± 10 722± 70 164172 ± 10326 458 ± 46 

 
Ⱦɥɹ ɜɫɟɯ ɡɧɚɱɟɧɢɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɷɧɬɚɥɶɩɢɢ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɰɟɧɢɥɢ 

ɫɪɟɞɧɢɟ ɫɥɭɱɚɣɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɢ ɩɨɝɪɟɲɧɨɫɬɢ, ɚ ɞɥɹ ɡɚɱɟɧɢɣ ɷɧɬɪɨɩɢɢ ɢ ɩɪɢɜɟɞɟɧɧɨɝɨ 
ɬɟɪɦɨɞɢɧɚɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜ ɨɰɟɧɤɭ ɩɨɝɪɟɲɧɨɫɬɢ ɜɤɥɸɱɢɥɢ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ 
ɷɧɬɩɪɨɩɢɢ (±3%). Ɂɧɚɱɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɪɨɩɢɢ ɛɵɥɨ ɨɰɟɧɟɧɨ ɦɟɬɨɞɨɦ ɢɨɧɧɵɯ 
ɷɧɬɪɨɩɢɣɧɵɯ ɢɧɤɪɟɦɟɧɬɨɜ Ʉɭɦɨɤɚ [5]. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɩɟɪɜɵɟ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
298.15 - 673 Ʉ ɨɩɪɟɞɟɥɟɧɵ ɢɡɨɛɚɪɧɵɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɬɟɥɥɭɪɢɬɚ ɦɚɝɧɢɹ-ɰɟɪɢɹ. ȼɵɜɟɞɟɧɵ 
ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɢɯ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɚ ɝɪɚɮɢɤɟ ɡɚɜɢɫɢɦɨɫɬɢ Cºp~f(T) 
ɞɥɹ ɞɜɨɣɧɨɝɨ ɬɟɥɥɭɪɢɬɚ ɰɟɪɢɹ ɨɛɧɚɪɭɠɟɧɵ ɪɟɡɤɢɟ ɚɧɨɦɚɥɶɧɵɟ ɫɤɚɱɤɢ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ 
ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ IIɪɨɞɚ. Ɋɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ Cºp(T), Sº(T), 
Hº(T) - Hº(298.15), Φxx(T). ɇɚɥɢɱɢɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ IIɪɨɞɚ ɧɚ ɝɪɚɮɢɤɟ ɡɚɜɢɫɢɦɨɫɬɢ 
CºpзП(T) ɞɥɹ ɬɟɥɥɭɪɢɬɚ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɚɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɦɨɠɟɬ ɨɛɥɚɞɚɬɶ 
ɭɧɢɤɚɥɶɧɵɦɢ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ.  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɚɧɨɦɚɥɶɧɵɟ ɷɮɮɟɤɬɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ IIɪɨɞɚ ɪɚɧɟɟ ɛɵɥɢ 
ɨɛɧɚɪɭɠɟɧɵ ɭ ɞɜɨɣɧɵɯ ɫɟɥɟɧɚɬɨɜ ɢ ɬɟɥɥɭɪɢɬɨɜ s-d-ɷɥɟɦɟɧɬɨɜ Д6, 7Ж. Ʉɥɚɫɫɵ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ 
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ɜ ɢɧɬɟɪɜɚɥɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ IIɪɨɞɚ ɩɪɨɹɜɥɹɸɬ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɢ 
ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɝɭɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɢɧɬɟɪɟɫ ɞɥɹ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɫɢɧɬɟɡɚ ɯɚɥɶɤɨɝɟɧɢɬɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɢ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫ ɭɱɚɫɬɢɟɦ 
ɫɨɟɞɢɧɟɧɢɣ ɬɟɥɥɭɪɚ, ɚ ɬɚɤɠɟ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɫɩɪɚɜɨɱɧɢɤɨɜ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɛɚɧɤɨɜ ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɤɨɧɫɬɚɧɬɚɦ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. 
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Шɢɪɨɤɨ ɢɡɜɟɫɬɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɥɟɝɤɨɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɪɨɤ ɫɬɚɥɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 
ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɦɩɥɟɤɫɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɨɛɭɫɥɨɜɥɢɜɚɸɬ ɩɪɨɞɨɥɠɟɧɢɟ 
ɩɨɢɫɤɚ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɭɥɭɱɲɟɧɢɹ ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ ɪɟɡɚɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɢ ɡɚ ɫɱɟɬ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɜ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɤɨɬɨɪɵɯ 
ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɜɢɫɦɭɬ. 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɟɬɫɹ ɦɚɬɟɪɢɚɥ ɩɨ ɜɥɢɹɧɢɸ ɜɢɫɦɭɬɚ ɢ ɫɜɢɧɰɚ ɧɚ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ ɢ ɟɟ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɶ ɪɟɡɚɧɢɟɦ, ɧɨ ɩɨɱɬɢ ɧɟ ɢɡɭɱɟɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ ɪɚɫɬɜɨɪɟɧɢɹ 
ɫɜɢɧɰɚ ɢ ɜɢɫɦɭɬɚ ɜ ɬɜɟɪɞɨɦ, ɠɢɞɤɨɦ ɠɟɥɟɡɟ ɢ ɟɝɨ ɫɩɥɚɜɚɯ. 

ɋɥɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɜɹɡɚɧɚ ɫ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɫɜɢɧɰɚ (ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ - 271°ɋ, ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ – 11,35 ɤɝ/ɦ3) ɢ ɜɢɫɦɭɬɚ 
(ɧɢɡɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ - 271°ɋ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɵɩɥɚɜɥɹɟɦɨɣ ɫɬɚɥɢ – 1560°ɋ, ɜɵɫɨɤɚɹ ɭɩɪɭɝɨɫɬɶ ɩɚɪɚ, ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ – 9,750 ɤɝ/ɦ3). 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɭɫɥɨɜɢɹ: ɝɟɪɦɟɬɢɡɚɰɢɹ 
ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɫɨɡɞɚɧɢɟ ɢ ɩɨɞɞɟɪɠɚɧɢɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (1500…1700 ºɋ) ɜ 
ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ, ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɟ, 
ɩɨɥɭɱɟɧɢɟ ɡɚɤɚɥɟɧɧɨɝɨ ɫɥɢɬɤɚ ɩɨɫɥɟ ɨɩɵɬɚ, ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ ɛɵɥɚ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɚ ɢ 
ɜɨɫɫɨɡɞɚɧɚ ɩɟɱɶ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɘɍɪȽɍ, ɧɚ ɤɚɮɟɞɪɟ ɨɛɳɟɣ ɦɟɬɚɥɥɭɪɝɢɢ. 

ɇɚɫɵɳɟɧɢɟ ɠɢɞɤɨɝɨ ɠɟɥɟɡɚ ɜɢɫɦɭɬɨɦ ɢ ɫɜɢɧɰɨɦ ɩɪɨɜɨɞɢɥɢ ɱɟɪɟɡ ɝɚɡɨɜɭɸ ɮɚɡɭ ɜ 
ɡɚɤɪɵɬɨɦ ɦɨɥɢɛɞɟɧɨɜɨɦ ɤɨɧɬɟɣɧɟɪɟ ɫ ɩɪɢɬɟɪɬɨɣ ɤɪɵɲɤɨɣ, ɩɨɦɟɳɟɧɧɨɦ ɜ ɝɪɚɮɢɬɨɜɵɣ 
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ɬɢɝɟɥɶ ɫ ɡɚɜɢɧɱɢɜɚɸɳɟɣɫɹ ɤɪɵɲɤɨɣ. Ɉɩɵɬɵ ɩɪɨɜɨɞɢɥɢ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 1550…1620ºɋ ɫ ɲɚɝɨɦ 10ºɋ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨɫɬɚɜɥɹɥɨ 1 ɱɚɫ. 

ɂɡɭɱɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɢɫɦɭɬɚ ɢ ɫɜɢɧɰɚ ɜ ɫɩɥɚɜɚɯ ɠɟɥɟɡɚ ɫ ɯɪɨɦɨɦ, ɦɚɪɝɚɧɰɟɦ, 
ɤɪɟɦɧɢɟɦ, ɧɢɤɟɥɟɦ, ɜɨɥɶɮɪɚɦɨɦ, ɜɚɧɚɞɢɟɦ, ɨɥɨɜɨɦ, ɤɨɛɚɥɶɬɨɦ, ɮɨɫɮɨɪɨɦ, ɫɟɪɨɣ, 
ɚɥɸɦɢɧɢɟɦ, ɭɝɥɟɪɨɞɨɦ ɢ ɪɹɞɨɦ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ ɩɪɨɜɨɞɢɥɨɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1550…1650 
ºɋ ɫ ɲɚɝɨɦ 25ºCɩɨ ɦɟɬɨɞɢɤɟ ɚɧɚɥɨɝɢɱɧɨɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɢɫɦɭɬɚ ɢ ɫɜɢɧɰɚ 
ɜ ɠɢɞɤɨɦ ɠɟɥɟɡɟ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɩɵɬɨɜ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ, ɩɨɫɬɪɨɟɧɵ ɬɪɨɣɧɵɟ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ Fe-Bi-X ɢ Fe-Pb-X (ɏ – 
Cr, Ni, Si, Mn, W, V, Sn, Co, P, S, Al  ɢ ɪɹɞ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ), ɩɟɪɟɫɬɪɨɟɧɵ ɞɢɚɝɪɚɦɦɵ 
ɫɨɫɬɨɹɧɢɹ Fe-Bi ɢ Fe-Pb, ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɨ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɢɫɦɭɬɚ ɜ ɠɟɥɟɡɟ ɢ ɟɝɨ ɫɩɥɚɜɚɯ 
ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ (2 ɚɬɦ.) ɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɩɨɥɭɱɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɢɫɦɭɬɚ ɢ ɫɜɢɧɰɚ ɜ ɠɢɞɤɨɦ ɠɟɥɟɡɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1550…1620 ºɋ. 

Иɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ 
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ɉɪɨɢɡɜɨɞɧɵɟ ɮɭɪɚɧɚ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɩɪɢ ɫɢɧɬɟɡɟ 

ɛɢɨɥɨɝɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɫɢɧɬɟɡ ɢ ɞɚɥɶɧɟɣɲɭɸ ɨɱɢɫɬɤɭ 
ɩɨɥɭɱɟɧɧɵɯ ɜɟɳɟɫɬɜ ɩɪɨɜɨɞɹɬ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɩɪɢɪɨɞɚ ɤɨɬɨɪɵɯ ɩɪɢ ɷɬɨɦ 
ɢɝɪɚɟɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ. Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɫɬɜɨɪɟ 
ɢɫɩɨɥɶɡɭɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɚ ɢɦɟɧɧɨ, ɩɨ ɜɟɥɢɱɢɧɟ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ 
(ΔsolH) ɫɭɞɹɬ ɨ ɫɬɟɩɟɧɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ, ɚ ɩɨ ɢɡɦɟɧɟɧɢɸ ɷɧɬɪɨɩɢɢ 
(ΔsolS) – ɨ ɫɬɟɩɟɧɢ ɪɚɡɭɩɨɪɹɞɨɱɟɧɢɹ ɫɢɫɬɟɦɵ.  
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Эɧɬɚɥɶɩɢɸ ɢ ɷɧɬɪɨɩɢɸ ɪɚɫɬɜɨɪɟɧɢɹ 3-(2-ɮɭɪɢɥ)-2-ɩɪɨɩɟɧɨɜɨɣ ɤɢɫɥɨɬɵ (I),2-ɮɭɪɢɥ-2-

ɰɢɚɧɨ-2-ɩɪɨɩɟɧɚɦɢɞɚ (II) ɢ ɷɬɢɥ-2-ɰɢɚɧɨ-3-(2-ɮɭɪɢɥ)-2-ɩɪɨɩɟɧɨɚɬɚ (III ) ɜ ɧɚɫɵɳɟɧɧɵɯ 
ɪɚɫɬɜɨɪɚɯ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢɯ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɫ ɪɚɡɥɢɱɧɨɣ ɩɨɥɹɪɧɨɫɬɶɸ.  

ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɜɟɳɟɫɬɜɚ ɩɨɥɭɱɚɥɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɮɭɪɮɭɪɨɥɚ ɫ ɦɚɥɨɧɨɜɨɣ ɤɢɫɥɨɬɨɣ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɩɢɪɢɞɢɧɚ (I); ɫ ɰɢɚɧɨɚɰɟɬɚɦɢɞɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɬɪɢɷɬɢɥɚɦɢɧɚ (II); ɫ 
ɰɢɚɧɨɭɤɫɭɫɧɵɦ ɷɮɢɪɨɦ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɢɩɟɪɢɞɢɧɚ (III ). ɉɨɥɭɱɟɧɧɵɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 
ɜɟɳɟɫɬɜɚ ɨɱɢɳɚɥɢ ɬɪɟɯɤɪɚɬɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɡ ɫɦɟɫɢ ɷɬɚɧɨɥ –ɞɢɦɟɬɢɥɮɨɪɦɚɦɢɞ.  



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

251 
 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɛɟɧɡɨɥ (ȻɁ), ɚɰɟɬɨɧɢɬɪɢɥ (Ⱥɇ), ɞɢɦɟɬɢɥɤɟɬɨɧ 
(ȾɄ) ɢ ɢɡɨ-ɩɪɨɩɚɧɨɥ (ɢ-ɉɊ). ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɨɩɵɬɨɜ ɪɚɫɬɜɨɪɢɬɟɥɢ ɨɱɢɳɚɥɢ 
ɮɪɚɤɰɢɨɧɧɨɣ ɩɟɪɟɝɨɧɤɨɣ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɢɞɟɧɬɢɮɢɤɚɰɢɟɣ ɩɨ ɩɨɤɚɡɚɬɟɥɸ ɩɪɟɥɨɦɥɟɧɢɹ; 
ɦɟɬɨɞɨɦ ɝɚɡɨɠɢɞɤɨɫɬɧɨɣ ɯɪɨɦɚɬɨɝɪɚɮɢɢ ɭɫɬɚɧɨɜɥɟɧɨ ɧɚɥɢɱɢɟ ɜ ɧɢɯ ɧɟ ɛɨɥɟɟ 0,1%, ɦɚɫɫ 
ɩɪɢɦɟɫɟɣ.  

Ɋɚɫɬɜɨɪɟɧɢɟ ɜɟɳɟɫɬɜ ɩɪɨɜɨɞɢɥɢ ɜ ɝɟɪɦɟɬɢɱɧɨɦ ɫɬɟɤɥɹɧɧɨɦ ɫɨɫɭɞɟ ɫ ɬɟɮɥɨɧɨɜɨɣ 
ɦɟɲɚɥɤɨɣ ɢ ɬɟɪɦɨɦɟɬɪɨɦ. Ɍɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɜ ɬɟɪɦɨɫɬɚɬɟ ɩɨɞɞɟɪɠɢɜɚɥɢ ɫ ɬɨɱɧɨɫɬɶɸ ±0,1 
ɝɪɚɞ. ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɦɟɲɚɥɤɢ ɫɨɫɬɚɜɥɹɥɚ 50 ɨɛ/ɦɢɧ., ɩɪɢ ɷɬɨɦ ɜɫɹ ɬɜɟɪɞɚɹ ɮɚɡɚ 
ɧɚɯɨɞɢɥɚɫɶ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. ȼ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɨɩɵɬɚɯ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ 
ɜɵɛɪɚɧɧɨɦ ɪɟɠɢɦɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɜɨ ɜɫɟɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɨɳɭɬɢɦɵɟ ɢɡɦɟɧɟɧɢɹ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢɫɱɟɡɚɸɬ ɱɟɪɟɡ 40-45 ɦɢɧ. ȼɨ ɜɫɟɯ ɩɨɫɥɟɞɭɸɳɢɯ ɨɩɵɬɚɯ ɧɚɫɵɳɟɧɢɟ 
ɪɚɫɬɜɨɪɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɬɟɱɟɧɢɢ 60 ɦɢɧɭɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ.  

ɉɪɢ ɩɨɦɨɳɢ ɩɢɩɟɬɤɢ ɫ ɩɨɪɲɧɟɦ ɨɬɛɢɪɚɥɢ ɩɪɨɛɵ (ɫɟɪɢɹɦɢ ɢɡ 2-3 ɨɛɪɚɡɰɨɜ) ɢ ɩɟɪɟɧɨɫɢɥɢ 
ɜ ɛɸɤɫɵ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɡɜɟɲɟɧɧɵɟ ɫ ɬɨɱɧɨɫɬɶɸ ±0,0002ɝ. Ȼɸɤɫɵ ɛɵɫɬɪɨ ɡɚɤɪɵɜɚɥɢ ɢ 
ɜɡɜɟɲɢɜɚɥɢ, ɨɩɪɟɞɟɥɹɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɫɫɭ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ. ɉɨɫɥɟ ɜɡɜɟɲɢɜɚɧɢɹ 
ɛɸɤɫɵ ɩɪɢɨɬɤɪɵɜɚɥɢ ɢ ɫɬɚɜɢɥɢ ɫɭɲɢɬɶɫɹ ɞɨ ɩɨɫɬɨɹɧɧɨɣ ɦɚɫɫɵ ɜ ɬɟɪɦɨɲɤɚɮ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ 
333-343Ʉ. ɉɨɫɥɟ ɫɭɲɤɢ ɜɡɜɟɲɢɜɚɥɢ ɦɚɫɫɭ ɫɭɯɨɝɨ ɨɫɬɚɬɤɚ ɤɢɫɥɨɬɵ ɢ ɪɚɫɫɱɢɬɵɜɚɥɢ ɟɟ 
ɦɨɥɶɧɭɸ ɞɨɥɸ. Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɨɩɵɬɵ ɩɪɨɜɨɞɢɥɢ ɤɚɤ ɜ 
ɪɟɠɢɦɟ ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɬɚɤ ɢ ɜ ɪɟɠɢɦɟ ɟɟ ɩɨɧɢɠɟɧɢɹ; ɨɬɫɭɬɫɬɜɢɟ ɩɟɬɥɢ 
ɝɢɫɬɟɪɟɡɢɫɚ ɧɚ ɤɪɢɜɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɭɛɟɠɞɚɟɬ ɜ ɞɨɫɬɢɠɟɧɢɢ 
ɪɚɜɧɨɜɟɫɢɹ.  

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨɛɪɚɛɚɬɵɜɚɥɢ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɨ ɥɢɧɟɣɧɨɣ 
ɮɨɪɦɟ ɭɪɚɜɧɟɧɢɹ Шɪɟɞɟɪɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 

 
lnN2= - ΔsolH/RT + ΔsolS/R, 

 
ɝɞɟ Ⱥ = ΔsolS/R,  ȼ = ΔsolH/R. ȼɫɟ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚɜɟɞɟɧɵ ɞɥɹ ɭɪɨɜɧɹ ɡɧɚɱɢɦɨɫɬɢ 0,95.  

 
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ 

ɪɚɫɬɜɨɪɢɬɟɥɹɯ 

Ɋɚɫɬɜ. 
ɂɧɬɟɪɜɚɥ 

A - B n 
ΔsolH 

ɤȾɠ/ɦɨɥɶ 
ΔsolS 

Ⱦɠ/ɦɨɥɶK Ɍɟɦɩɟɪ., 
Ʉ 

Ʉɨɧɰ., 
ɯ·102 

3-(2-ɮɭɪɢɥ)-2-ɩɪɨɩɟɧɨɜɚɹ ɤɢɫɥɨɬɚ (I) 
Ⱥɇ 277,4-

323,2 
0,60-
4,40 

3567±36 8,00±0,12 51 29.66±0.30 66.5±1.0 

ȻɁ 288,5-
325,1 

0,43-
3,50 

4866±58 11,59±0,19 33 40.46±0.48 96.4±1.6 

ȾɄ 275,6-
322,5 

5,58-
15,71 

2012±32 4,27±0,11 39 16.73±0.27 35.50±0.87 

ɢ-ɉɊ 275,6-
322,4 

3,60-
12,93 

2635±54 6,15±0,18 36 21.91±0.45 51.1±1.5 

2-ɮɭɪɢɥ-2-ɰɢɚɧɨ-2-ɩɪɨɩɟɧɚɦɢɞ (II ) 
Ⱥɇ 297,4-

323,5 
2,84-
6,84 

3247±97 5,02±0,31 39 26.99±0.81 41,7±2,6 

ȻɁ 307,5-
335,0 

0,20-
0,39 

2519±237 2,04±0,74 33 20,9±2,0 17,0±6,1 

ȾɄ 279,5-
312,7 

1,13-
4,06 

2556±82 4,69±0,27 48 21,25±0,68 39,0±2,2 

ɢ-ɉɊ 293,0- 0,20- 5490±163 12,57±0,53 38 45,6±1,4 104,5±4,4 
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327,5 1,57 
ɷɬɢɥ-2-ɰɢɚɧɨ-3-(2-ɮɭɪɢɥ)-2-ɩɪɨɩɟɧɨɚɬ (III ) 

Ⱥɇ 265,0-
304,5 

2,01-
11,95 

3726±118 10,05±0,72 37 30,97±0,98 83,6±3,4 

ȻɁ 277,0-
309,5 

3,17-
14,75 

4534±217 11,57±0,72 32 37,7±1,8 96,2±6,0 

ȾɄ 252,0-
305,6 

2,47-
11,05 

2369±132 5,67±0,49 50 19,7±1,1 47,1±4,1 

ɢ-ɉɊ 278,2-
329,6 

0,19-
5,73 

6001±217 15,30±0,73 39 49,9±1,8 127,2±6,1 

n-ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ 
 
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɧɟ ɬɨɥɶɤɨ ɩɪɨɰɟɫɫ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɫɬɜɨɪɚ (ɫɦɟɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ), ɧɨ ɢ 
ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɜɟɳɟɫɬɜ ɜ ɠɢɞɤɭɸ ɮɚɡɭ ɪɚɫɬɜɨɪɚ. 
Ⱦɨɜɨɥɶɧɨ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɬɜɨɪɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɜɟɳɟɫɬɜ ɜ ɩɨɥɹɪɧɵɯ 
ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɫɜɹɡɚɧɨ ɫ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶɸ ɨɛɪɚɡɨɜɵɜɚɬɶ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ. 
 

 
 

ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂȿ ɋВɈɃɋɌВА ɋɌȿɄɈɅ ɋɂɋɌȿɆЫ Bi2O3-GeO2-SiO2 

ɋɬɨɥɹɪɨɜɚ ȼ.Ʌ., Ʌɨɩɚɬɢɧ ɋ.ɂ.,Шɭɝɭɪɨɜ ɋ.Ɇ., Шɢɥɨɜ Ⱥ.Ʌ. 
ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

ɍɧɢɜɟɪɫɢɬɟɬɫɤɢɣ ɩɪ., ɞɨɦ 26, 198504, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ 
 

ɂɧɮɨɪɦɚɰɢɹ ɨ ɩɪɨɰɟɫɫɚɯ ɢɫɩɚɪɟɧɢɹ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɫɬɟɤɨɥ ɢ ɪɚɫɩɥɚɜɨɜ 
ɫɢɫɬɟɦɵ Bi2O3-GeO2-SiO2 ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɥɨɤɨɧɧɵɯ 
ɫɜɟɬɨɜɨɞɨɜ ɫ ɡɚɞɚɧɧɵɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

 ɋɬɟɤɥɚ ɜ ɫɢɫɬɟɦɟ Bi2O3-GeO2-SiO2 ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɜ ɬɢɝɥɹɯ ɢɡ Al 2O3 ɜ ɫɢɥɢɬɨɜɨɣ 
ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 1373-1773Ʉ. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɢɧɬɟɡɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɫɨɞɟɪɠɚɧɢɟɦ 
ɥɟɝɤɨɥɟɬɭɱɟɝɨ ɨɤɫɢɞɚ ɜɢɫɦɭɬɚ. ɏɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɟ 
ɩɨɬɟɪɢ ɩɪɢ ɫɢɧɬɟɡɟ ɧɟ ɩɪɟɜɵɲɚɥɢ 1 ɦɨɥ. % Bi2O3. 

ɉɪɨɰɟɫɫɵ ɢɫɩɚɪɟɧɢɹ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɟɤɨɥ ɢ ɪɚɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Bi2O3-
GeO2-SiO2 ɛɵɥɢ ɢɡɭɱɟɧɵ ɦɟɬɨɞɨɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɩɪɢ ɢɨɧɢɡɢɪɭɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 30 ȼ ɧɚ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ Ɇɋ-1301, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɦ ɞɥɹ ɢɡɭɱɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɪɭɞɧɨɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ. 
ɂɫɩɚɪɟɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɢɡ ɦɨɥɢɛɞɟɧɨɜɵɯ ɷɮɮɭɡɢɨɧɧɵɯ ɤɚɦɟɪ Ʉɧɭɞɫɟɧɚ, ɩɨɤɪɵɬɵɯ ɢɡɧɭɬɪɢ 
ɬɨɧɤɨɣ ɩɥɟɧɤɨɣ ɢɪɢɞɢɹ.  ɋɨɨɬɧɨɲɟɧɢɟ ɩɥɨɳɚɞɟɣ ɷɮɮɭɡɢɢ ɢ ɢɫɩɚɪɟɧɢɹ ɷɮɮɭɡɢɨɧɧɵɯ ɤɚɦɟɪ 
ɫɨɫɬɚɜɥɹɥɨ 1:100. ɇɚɝɪɟɜ ɤɚɦɟɪ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɟɱɶɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɬɟɦɩɟɪɚɬɭɪɚ 
ɢɡɦɟɪɹɥɚɫɶ ɩɥɚɬɢɧɚ-ɩɥɚɬɢɧɨɪɨɞɢɟɜɨɣ ɬɟɪɦɨɩɚɪɨɣ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 1Ʉ. Ʉɚɥɢɛɪɨɜɤɚ 
ɚɩɩɚɪɚɬɭɪɵ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ ɞɚɜɥɟɧɢɸ ɩɚɪɚ CsCl, ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɚ 
ɞɚɜɥɟɧɢɹ.  

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɦɚɫɫ-ɫɩɟɤɬɪɨɜ ɩɚɪɚ ɧɚɞ ɫɬɟɤɥɚɦɢ ɢ ɪɚɫɩɥɚɜɚɦɢ ɫɢɫɬɟɦɵ Bi2O3-GeO2-
SiO2 ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 1273-1473Ʉ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɦɨɥɟɤɭɥɹɪɧɵɟ ɮɨɪɦɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɨɞɭɤɬɚɦ ɢɫɩɚɪɟɧɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɨɤɫɢɞɚ 
ɜɢɫɦɭɬɚ, ɚ ɨɤɫɢɞɵ ɝɟɪɦɚɧɢɹ ɢ ɤɪɟɦɧɢɹ ɩɪɢ ɷɬɨɦ ɨɫɬɚɸɬɫɹ ɜ ɫɨɫɬɚɜɟ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ. 
Ɉɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɟɣ ɨɤɫɢɞɚ ɜɢɫɦɭɬɚ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɦɟɬɨɞɨɦ ɫɪɚɜɧɟɧɢɹ ɢɨɧɧɵɯ ɬɨɤɨɜ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɚ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ Bi2O3.  



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɫɬɟɤɥɚɯ ɢ ɪɚɫɩɥɚɜɚɯ ɫɢɫɬɟɦɵ Bi2O3-GeO2-SiO2 ɜ ɢɡɭɱɟɧɧɨɦ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɧɚɛɥɸɞɚɸɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɢɞɟɚɥɶɧɨɝɨ 
ɩɨɜɟɞɟɧɢɹ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɨɟɤɬɨɦ № 13-03-00718. 
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ɂɡɜɟɫɬɧɨ Д1Ж, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ȾɋɄ ɜ ɪɟɠɢɦɟ ɦɨɞɭɥɹɰɢɢ ɩɨɡɜɨɥɹɟɬ ɪɚɡɞɟɥɹɬɶ 

ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɡɚɬɪɚɱɢɜɚɟɦɵɣ ɧɚ ɧɚɝɪɟɜ ɨɛɪɚɡɰɚ(ɬ.ɟ ɬɟɩɥɨёɦɤɨɫɬɶ ɋɪ) ɧɚ ɞɜɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ: ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ (ɨɛɪɚɬɢɦɭɸ ɋ ɨɛɪ ),ɢɞɭɳɭɸ ɧɚ ɧɚɝɪɟɜɬɨɣ ɱɚɫɬɢ 
ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ, ɛɥɢɡɤɨɦ ɤ ɪɚɜɧɨɜɟɫɧɨɦɭ, ɢ ɤɢɧɟɬɢɱɟɫɤɭɸ 
(ɧɟɨɛɪɚɬɢɦɭɸ- ɋɧɟɨɛɪ), ɢɞɭɳɭɸ ɧɚ ɧɚɝɪɟɜ ɬɨɣ ɱɚɫɬɢ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɜ 
ɫɨɫɬɨɹɧɢɢ ɨɬɥɢɱɧɨɦ ɨɬ ɪɚɜɧɨɜɟɫɧɨɝɨ ɢ ɫɩɨɫɨɛɧɚ ɤ ɤɢɧɟɬɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɚɦ ɩɪɢ ɧɚɝɪɟɜɟ. 
ɉɨɷɬɨɦɭ ɢɡɦɟɪɹɟɦɚɹ ɦɟɬɨɞɨɦ ɆȾɋɄ ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ 
ɫɭɦɦɚ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬ 

Cp= Cɨɛɪɚɬ+ Cɧɟɨɛɪ.. 
ȼ ɫɥɭɱɚɟ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɚɪɭɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɤɢɧɟɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɡɚɬɪɚɬɨɣ ɷɧɟɪɝɢɢ ɧɚ ɨɬɠɢɝ ɞɟɮɟɤɬɨɜ ɫɬɪɭɤɬɭɪɵ. 
ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɬɚɤɠɟ ɢɡɜɟɫɬɧɨ Д2Ж, ɱɬɨ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɦɟɯɚɧɨɯɢɦɢɢ 

ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɹ ɦɚɬɟɪɢɚɥɨɜ, ɢɡɦɟɧɹɸɳɚɹ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɨɛɭɫɥɨɜɥɟɧɚ 
ɫɨɡɞɚɧɢɟɦ ɜ ɨɛɴɟɦɟ ɚɤɬɢɜɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɪɚɡɧɨɝɨ ɪɨɞɚ ɞɟɮɟɤɬɨɜ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɵɯ 
ɨɩɪɟɞɟɥɹɟɬ ɫɬɟɩɟɧɶ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ. 

ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɦɟɬɨɞ ɆȾɋɄ, ɩɨɡɜɨɥɹɸɳɢɣ ɮɢɤɫɢɪɨɜɚɬɶ ɫɬɟɩɟɧɶ ɢɡɦɟɧɟɧɢɹ 
ɞɟɮɟɤɬɧɨɫɬɢ ɩɨ ɢɡɦɟɧɟɧɢɸ ɫɨɨɬɧɨɲɟɧɢɹ Cɧɟɨɛɪ/Cɨɛɪɚɬɜ ɦɚɬɟɪɢɚɥɟ ɩɨɫɥɟ ɚɤɬɢɜɚɰɢɢ, ɦɨɠɟɬ 
ɨɤɚɡɚɬɶɫɹ ɜɟɫɶɦɚ ɩɨɥɟɡɧɵɦ ɦɟɬɨɞɨɦ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ 
ɦɚɬɟɪɢɚɥɨɜ. 

Ⱥɜɬɨɪɚɦɢ ɦɟɬɨɞ ɆȾɋɄ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ ɞɥɹ ɩɨɞɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɚɤɬɢɜɚɰɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɞɟɮɟɤɬɧɨɫɬɶ ɚɤɬɢɜɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɫɤɚɧɢɪɭɸɳɟɦ ɤɚɥɨɪɢɦɟɬɪɟ DSC Q-100 ɮɢɪɦɵ IЧЭОrЭОМС Corporation, 
ɩɨɡɜɨɥɹɜɲɟɦ ɩɪɨɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɹ ɜ ɦɨɞɭɥɹɰɢɨɧɧɨɦ ɪɟɠɢɦɟ. ɂɫɫɥɟɞɭɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ 
ɹɜɥɹɥɢɫɶ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɩɨɪɨɲɤɢ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɩɨɞɜɟɪɝɚɥɢɫɶ 
ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ ɜ ɚɤɬɢɜɚɬɨɪɟ ɦɚɪɤɢ ȺȽɈ-2ɍ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɦ ɫɨɛɨɣ ɲɚɪɨɜɭɸ 
ɩɥɚɧɟɬɚɪɧɭɸ ɦɟɥɶɧɢɰɭ ɫ ɨɯɥɚɠɞɚɟɦɵɦɢ ɜɨɞɨɣ ɜɟɪɬɢɤɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɛɚɪɚɛɚɧɚɦɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɢɥɥɸɫɬɪɚɰɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɟɬɨɞɚ ɆȾɋɄ ɜ ɦɟɯɚɧɨɯɢɦɢɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ 
ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɵ 
ɫɧɹɬɵɟ ɜ ɦɨɞɭɥɹɰɢɨɧɧɨɦ ɪɟɠɢɦɟ ɤɪɢɜɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɭɞɟɥɶɧɨɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢCpɢ ɟё ɫɨɫɬɚɜɥɹɸɳɢɯ CɨɛɪɚɬɢCɧɟɨɛɪ ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɝɨ ɜɨɥɶɮɪɚɦɚ(ɦɚɪɤɢ ɉȼɇ-
1), ɩɨɫɥɟ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 15 ɦɢɧ. ɋ ɷɬɨɣ ɠɟ ɰɟɥɶɸ ɜ ɬɚɛɥɢɰɟ 1 
ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ (ɩɪɢ 100 ɋ) ɫɨɨɬɧɨɲɟɧɢɹ, Cɧɟɨɛɪ/Cpɬɨɝɨ ɠɟ ɩɨɪɨɲɤɚ, ɩɨɞɜɟɪɝɧɭɬɨɝɨ 
ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ ɪɚɡɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ, ɨɬɤɭɞɚ ɜɢɞɧɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɟɮɟɤɬɧɨɫɬɶ 
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ɦɚɬɟɪɢɚɥɚ, ɧɚɛɥɸɞɚɥɚɫɶ ɧɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ, ɚ ɩɪɢ 20 ɦɢɧɭɬɧɨɣ 
ɨɛɪɚɛɨɬɤɟ. 

 

 
Ɋɢɫɭɧɨɤ 1. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɦɟɯɚɧɨɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɩɨɪɨɲɤɚ 
ɜɨɥɶɮɪɚɦɚ: Cp(1), Cɨɛɪɚɬ(2) ɢCɧɟɨɛɪ(3) 

 
Ɍɚɛɥɢɰɚ 1. ȼɥɢɹɧɢɟ ɜɪɟɦɟɧɢ ɚɤɬɢɜɚɰɢɢ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ Cɧɟɨɛɪ/Cp 

ȼɪɟɦɹ ɚɤɬɢɜɚɰɢɢ, ɦɢɧ 5 10 15 20 50 ɉɨɫɥɟ 
ɨɬɠɢɝɚ 

Cɧɟɨɛɪ/Cp 0,50 0,63 0,66 0,99 0,96 0,26 
 

ɅɂɌȿɊАɌɍɊА 
 
1. M. Reading. TRIP. 1, 8(1993). 
2. ȼ.ȼ. Ȼɨɥɞɵɪɟɜ ɢ ɞɪ. Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɨɫɧɨɜɵ ɦɟɯɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ, ɦɟɯɚɧɨɫɢɧɬɟɡɚ ɢ 
ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ. ɂɡɞɚɬɟɥɶɫɬɜɨ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ, 2009. 
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620990 ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Аɤɚɞɟɦɢɱɟɫɤɚя, 20. 
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ɂɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɤ ɫɥɨɠɧɵɦ ɨɤɫɢɞɚɦ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɞɜɨɣɧɨɝɨ ɩɟɪɨɜɫɤɢɬɚ ɫ ɨɛɳɟɣ 

ɮɨɪɦɭɥɨɣ MM ’MoO6-δ ɜɵɡɜɚɧ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɬɟɦ, ɱɬɨ ɞɚɧɧɵɟ ɨɤɫɢɞɵ ɦɨɝɭɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɚɧɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɪɟɞɧɟɬɟɦɩɟɪɚɬɭɪɧɵɯ ɌɈɌЭ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɨɫɬɚɜɥɟɧɚ ɰɟɥɶ ɩɨ ɤɨɦɩɥɟɤɫɧɨɦɭ ɢɡɭɱɟɧɢɸ ɫɜɨɣɫɬɜ ɨɤɫɢɞɨɜ ɪɹɞɚ 
Ba2Ni1-xɆgxMoO6. 
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Ɉɛɪɚɡɰɵ ɫɨɫɬɚɜɚ Ba2Ni1-xMgxMoO6 (x = 0.0; 0.25; 0.5; 1.0) ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ 
ɩɢɪɨɥɢɡɚ ɩɨɥɢɦɟɪɧɨ-ɫɨɥɟɜɵɯ ɤɨɦɩɨɡɢɰɢɣ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ Ba2Ni1-ɯMgɯMoO6 

(x = 0.0; 0.25; 0.5) ɫɮɨɪɦɢɪɨɜɚɧɵ ɩɥɟɧɤɢ ɦɟɬɨɞɨɦ ɩɪɨɤɚɬɤɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɨɣ 
ɫɜɹɡɤɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɫɩɟɤɚɧɢɟɦ. ɉɥɨɬɧɨɫɬɶ ɢ ɩɨɪɢɫɬɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɟɧɚ ɦɟɬɨɞɨɦ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ. Ɏɚɡɨɜɵɣ ɚɧɚɥɢɡ ɨɤɫɢɞɨɜ ɩɪɨɜɟɞёɧ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 
ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɩɨɪɨɲɤɨɜɨɣ ɞɢɮɪɚɤɰɢɢ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ IЧОХ EqЮТЧШб 3000 ɜ CuKα-
ɢɡɥɭɱɟɧɢɢ. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɮɚɡ ɜɵɩɨɥɧɟɧɚ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɚɯ fpeak.exe ɢ Main Menu. 
ɍɬɨɱɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɩɪɨɜɟɞɟɧɨ ɦɟɬɨɞɨɦ 
ɩɨɥɧɨɩɪɨɮɢɥɶɧɨɝɨ ɚɧɚɥɢɡɚ Ɋɢɬɜɟɥɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ Fullprof. 
ɇɟɣɬɪɨɧɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɚ Ba2NiMoO6 ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ 
Ⱦ-7Ⱥ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɤɚɧɚɥɟ ɪɟɚɤɬɨɪɚ IVV 2M ɜ ɂɎɆ ɍɪɈ ɊȺɇ. ɋ 
ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ Ba2Ni1 xMgxMoO6 ɩɨɥɭɱɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɜ ɷɥɟɤɬɪɨɧɧɨɦ 
ɦɢɤɪɨɫɤɨɩɟ SEM JSM-5900 LV. 

ɂɡɦɟɪɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɱёɧɧɵɯ ɨɤɫɢɞɨɜ Ba2Ni1-xMgxMoO6 ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɨɡɞɭɯɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚ ɞɢɥɚɬɨɦɟɬɪɚɯ DIL 402 C ɢ 
TESATRONICT-80 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298-1373 Ʉ. ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ Ba2NiMoO6 ɜ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɫɪɟɞɟ ɛɵɥ ɩɪɨɜɟɞёɧ 
ɨɬɠɢɝ ɨɛɪɚɡɰɚ ɜ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɟ ɜ ɫɦɟɫɢ 50% H2/N2. ɏɢɦɢɱɟɫɤɚɹ 
ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫɥɨɠɧɨɝɨ ɨɤɫɢɞɚ Ba2NiMoO6ɫ ɷɥɟɤɬɪɨɥɢɬɚɦɢ La0.88Sr0.12Ga0.82Mg0.18O2.85, 
Ce0.8Sm0.2O2-δ, Zr0.85Y0.15O2-δ, BaCe0.8Sm0.2O3, Ba2In2O5 ɢ BК2In1.67W0.33O5.5 ɛɵɥɚ ɢɡɭɱɟɧɚ 
ɦɟɬɨɞɨɦ ɤɨɧɬɚɤɬɧɵɯ ɨɬɠɢɝɨɜ.  

ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɞɢɧɚɦɢɤɢ ɫɢɧɬɟɡɚ ɫɥɨɠɧɨɝɨ ɨɤɫɢɞɚ Ba2NiMoO6 ɪɟɚɤɰɢɨɧɧɚɹ ɲɢɯɬɚ 
ɛɵɥɚ ɩɨɞɜɟɪɝɧɭɬɚ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɦɭ ɚɧɚɥɢɡɭ ɩɨɫɥɟ ɩɢɪɨɥɢɡɚ ɢ ɩɨɫɥɟ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɨɬɠɢɝɚ 
ɩɪɢ 1073, 1173, 1273 ɢ 1373 Ʉ. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɰɟɥɟɜɚɹ ɮɚɡɚ ɨɛɪɚɡɭɟɬɫɹ ɭɠɟ ɩɪɢ 1073 Ʉ.  

ɉɨ ɞɚɧɧɵɦ ɊɎȺ ɫɥɨɠɧɵɟ ɨɤɫɢɞɵ Ba2Ni1-xMgxMoO6 (x = 0.0; 0.25) ɩɪɢ 300 Ʉ ɧɚ ɜɨɡɞɭɯɟ 
ɢɦɟɸɬ ɤɭɛɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ Fm3m), ɚ ɫɥɨɠɧɵɟ ɨɤɫɢɞɵ Ba2Ni1-

xMgxMoO6 (x = 0.5; 1.0) ɢɦɟɸɬ ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɝɪɭɩɩɚ I4/m). 
ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɅɄɌɊ ɞɥɹ Ba2NiMoO6 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298-523 Ʉ 

ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ 11.5∙10-6 Ʉ-1 (ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɪɟɧɬɝɟɧɨɝɪɚɮɢɹ, ɞɢɥɚɬɨɦɟɬɪɢɹ) ɢ 13∙10-

6 Ʉ-1 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 523-1173 Ʉ (ɞɢɥɚɬɨɦɟɬɪɢɹ). Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɞɨɩɢɪɨɜɚɧɢɟ 
ɦɚɝɧɢɟɦ ɩɨ ɩɨɞɪɟɲёɬɤɟ ɧɢɤɟɥɹ ɩɨɜɵɲɚɟɬ ɡɧɚɱɟɧɢɹ ɄɌɊ. 

ɉɨ ɞɚɧɧɵɦ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ Ba2NiMoO6ɜ 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ ɪɚɡɥɚɝɚɟɬɫɹ ɩɪɢ Ɍ = 1165 Ʉ. 

Ɇɟɬɨɞɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɜɡɜɟɲɢɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɪɚɡɟɰ Ba2Ni0.75Mg0.25MoO6 

ɨɛɥɚɞɚɟɬɥɭɱɲɟɣ ɫɩɟɤɚɟɦɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɫɬɚɜɚɦɢ Ba2NiMoO6 ɢ Ba2Ni0.5Mg05MoO6. 
ɉɨɞɬɜɟɪɠɞɟɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɫɜɟɞɟɧɢɣ ɫɥɭɠɢɬ ɬɚɤɠɟ ɚɧɚɥɢɡ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɫɩɟɱɟɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɩɨɦɨɳɢ ɋЭɆ. 

ɉɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɤɢɫɥɨɪɨɞɚ ɞɥɹ Ba2Ni1-xMgxMoO6 (x = 0.0; 0.25). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɥɨɠɧɵɟ ɨɤɫɢɞɵ 
Ba2Ni1-xMgxMoO6 ɨɛɥɚɞɚɸɬ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦ ɬɢɩɨɦ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɚ ɩɨɧɢɠɟɧɢɟ 
ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ 2 
ɩɨɪɹɞɤɚ ɜɟɥɢɱɢɧɵ. 

Ⱥɧɚɥɢɡ ɪɟɧɬɝɟɧɨɝɪɚɦɦ ɫɦɟɫɟɣ Ba2NiMoO6 ɢ ɢɡɭɱɚɟɦɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1373 Ʉ ɨɤɫɢɞ Ba2NiMoO6 ɧɟ ɪɟɚɝɢɪɭɟɬ ɬɨɥɶɤɨ ɫ ɷɥɟɤɬɪɨɥɢɬɚɦɢ BК2In2O5 ɢ 
Ba2In1.67W0.33O5.5. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ 13-03-00065. 
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ɊАɋɒɂɊȿɇɂȿ ȻАɁЫ ȾАɇɇЫɏ ɉɈ ɗɇɌАɅЬɉɂəɆ ɈȻɊАɁɈВАɇɂə 
ɇАɋЫЩȿɇɇЫɏ ɍȽɅȿВɈȾɈɊɈȾɇЫɏ ɊАȾɂɄАɅɈВ 

ɑɟɪɧɨɜɚ ȿ.Ɇ., Ɉɪɥɨɜ ɘ.Ⱦ., Ɍɭɪɨɜɰɟɜ ȼ.ȼ. 
Ɍɜɟɪɫɤɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

Ɋɨɫɫɢɣɫɤɚя Ɏɟɞɟɪɚɰɢя, ɝ. Ɍɜɟɪɶ, ɭɥ. ɀɟɥяɛɨɜɚ, 33. 
E-mail: Chernova_elena_m@mail.ru 

 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɤɚɥɨɜ (R) 

ɨɝɪɚɧɢɱɟɧɨ ɢɯ ɜɵɫɨɤɨɣ ɪɟɚɤɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ɉɨɷɬɨɦɭ, ɡɚɱɚɫɬɭɸ, ɩɨɥɭɱɢɬɶ ɞɥɹ 
ɧɢɯɡɧɚɱɟɧɢɟ ɧɭɠɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɦɨɠɧɨ ɬɨɥɶɤɨ ɪɚɫɱɟɬɧɵɦɢ ɦɟɬɨɞɚɦɢ. Ɂɞɟɫɶ ɧɚɢɛɨɥɟɟ 
ɩɪɨɞɭɤɬɢɜɧɵɦ ɩɨɞɯɨɞɨɦ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɤɨɪɪɟɥɹɰɢɣ «ɫɬɪɨɟɧɢɟ-
ɫɜɨɣɫɬɜɨ» (QSPR). ɉɨɢɫɤ QSPR ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɧɚɥɢɱɢɟ ɛɚɡɵ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 
ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɯ ɬɪɟɛɭɟɦɨɣ ɜɟɥɢɱɢɧɨɣ. ɇɚɣɞɟɧɧɵɟ ɤɨɪɪɟɥɹɰɢɢ ɱɚɳɟ ɜɫɟɝɨ ɬɟɫɬɢɪɭɸɬɫɹ 
ɧɚ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵɯ ɫɜɨɣɫɬɜɚɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

Ⱥɥɤɢɥɶɧɵɟ ɪɚɞɢɤɚɥɵ, ɹɜɥɹɸɬɫɹ ɩɟɪɜɵɦɢ ɨɪɝɚɧɢɱɟɫɤɢɦɢ R, ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɧɵɦɢ 
ɷɧɬɚɥɶɩɢɹɦɢ ɨɛɪɚɡɨɜɚɧɢɹ (fH0). ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹfH0ɹɜɥɹɸɬɫɹ ɤɥɸɱɟɜɵɦɢ ɜ 
ɬɟɪɦɨɯɢɦɢɢ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɹɜɥɹɸɬɫɹ ɪɟɩɟɪɚɦɢ ɩɪɢ ɫɨɡɞɚɧɢɢ ɦɟɬɨɞɨɜ ɪɚɫɱɟɬɧɨɝɨ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. Ɉɞɧɚɤɨ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɲɢɪɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɛɚɡɵ ɫɜɨɣɫɬɜ R ɦɧɨɝɢɟ 
ɡɧɚɱɟɧɢɹ fH0(R) ɧɟɨɞɧɨɤɪɚɬɧɨ ɩɟɪɟɫɦɚɬɪɢɜɚɥɢɫɶ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɪɹɞɚ ɚɥɤɢɥɶɧɵɯ 
ɪɚɞɢɤɚɥɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɧɚ ɨɫɧɨɜɟ ɧɨɜɨɣ ɛɚɡɵ ɞɚɧɧɵɯ Д1Ж ɩɨ ɷɧɬɚɥɶɩɢɹɦ ɨɛɪɚɡɨɜɚɧɢɹ 
ɚɥɤɢɥɶɧɵɯ ɪɚɞɢɤɚɥɨɜ ɩɪɨɢɡɜɟɞɟɧɨ ɫɨɝɥɚɫɨɜɚɧɢɟ ɢɡɜɟɫɬɧɵɯ ɢ ɪɚɫɱɟɬ ɧɨɜɵɯ ɡɧɚɱɟɧɢɣ fH0(R) 
ɩɨ ɷɧɬɚɥɶɩɢɹɦ ɪɚɡɪɵɜɚ ɫɜɹɡɟɣ(D(R-ɏ)), ɝɞɟ R – ɚɥɤɢɥɶɧɵɣ ɪɚɞɢɤɚɥ, ɚX=H, Cl,Br. ɉɪɢ ɷɬɨɦ 
ɢɫɩɨɥɶɡɨɜɚɧɨ ɫɨɨɬɧɨɲɟɧɢɟ (1), ɫɜɹɡɵɜɚɸɳɟɟ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ R ɢ ɏ ɫ fH0 ɢɫɯɨɞɧɨɣ 
ɦɨɥɟɤɭɥɵ Rɏ. 
 

D(R-ɏ) = ΔfH0(R) + ΔfH0(ɏ) - ΔfH0(Rɏ). (1) 
 

ȼɟɥɢɱɢɧɵΔfH0(Rɏ) ɢ ΔfH0(ɏ) ɛɵɥɢ ɜɵɛɪɚɧɵ ɢɡ Д2Ж. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɦɢ ɜɩɟɪɜɵɟ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɞɥɹ 13-ɬɢ ɚɥɤɢɥɶɧɵɯ ɪɚɞɢɤɚɥɨɜ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ 
ɭɜɟɥɢɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɮɨɧɞ ɞɚɧɧɵɯ ɛɨɥɟɟ ɱɟɦ ɧɚ 30%. Ɍɚɤɠɟ ɛɵɥɢ ɩɟɪɟɫɦɨɬɪɟɧɵ 
ɧɟɤɨɬɨɪɵɟ ɭɠɟ ɢɡɜɟɫɬɧɵɟ ɜɟɥɢɱɢɧɵ. ɇɨɜɵɣ ɪɚɫɲɢɪɟɧɧɵɣ ɮɨɧɞ ɫɨɞɟɪɠɢɬ ɡɧɚɱɟɧɢɹ ΔfH0 ɞɥɹ 
46-ɬɢ ɚɥɤɢɥɶɧɵɯ ɪɚɞɢɤɚɥɨɜ. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. Y.-R.Luo,Comprehensive handbook of chemical bond energies, L., N.-Y.: CRC Press, Boca 
Raton, 2007. 
2. NIST Scientific and Technical Databases version 2011. http://webbook.nist.gov/chemistry/ 
 
 

 
ɄАɅɈɊɂɑȿɋɄɂȿ ɋВɈɃɋɌВА ɊɈȾɂə 

ɑɟɯɨɜɫɤɨɣ ȼ.ə. 
Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊАɇ, Ɋɨɫɫɢя 

125412, Ɇɨɫɤɜɚ, ɭɥ. Иɠɨɪɫɤɚя, ɞ.13/19. E-mail: madge@proc.ru 
 

Ʉɚɥɨɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɨɜ ɩɥɚɬɢɧɨɜɨɣ ɝɪɭɩɩɵ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
ɢɡɭɱɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. ɍɱɢɬɵɜɚɹ ɷɬɨ, ɜ Ɉɛɴɟɞɢɧɟɧɧɨɦ ɢɧɫɬɢɬɭɬɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ 
ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɧɬɚɥɶɩɢɢ ɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɷɬɢɯ ɦɟɬɚɥɥɨɜ 

mailto:madge@proc.ru
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(ɜ ɬɨɦ ɱɢɫɥɟ ɪɨɞɢɹ Д1Ж) ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ, ɛɥɢɡɤɢɯ ɤ ɬɟɦɩɟɪɚɬɭɪɚɦ ɢɯ ɩɥɚɜɥɟɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɧɬɚɥɶɩɢɢ ɢ ɫɪɟɞɧɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɨɞɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
1080–2180 Ʉ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɫɦɟɲɟɧɢɹ ɜ ɞɜɭɯ ɫɟɪɢɹɯ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɜɨɥɶɮɪɚɦɨɜɵɯ ɧɚɝɪɟɜɚɬɟɥɟɣ ɜ ɩɟɱɢ, ɢ ɩɪɢɜɟɞɟɧɵ ɜ Ɍɚɛɥɢɰɟ 1. 
 
Ɍɚɛɥɢɰɚ 1. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ ɢ ɫɪɟɞɧɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɨɞɢɹ 
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25-1 1082 22845 -0,1 29,145 10-1 1841 49909 -0,2 32,348 
7-2 1139 24769 0,1 29,457 9-2 1847 50290 0,1 32,489 
15-1 1240 28042 -0,3 29,773 11-2 1853 50506 0,0 32,483 
14-2 1251 28484 0,0 29,893 20-1 1936 53758 -0,2 32,822 
19-1 1312 30501 -0,2 30,084 18-1 1960 54653 -0,3 33,881 
13-1 1322 31057 0,4 30,334 4-2 1972 55343 0,0 33,063 
2-2 1372 32539 -0,4 30,301 21-1 2014 57010 -0,1 33,225 
3-2 1424 34515 0,1 30,657 22-1 2045 58430 0,0 33,449 
1-2 1491 36912 0,1 30,944 5-2 2081 59932 -0,1 33,616 
16-1 1575 40195 0,7 31,480 23-1 2118 61754 0,2 33,933 
12-2 1630 42088 0,3 31,601 24-1 2161 63678 -0,2 34,183 
8-2 1725 45556 0,1 31,928 6-2 2181 64439 -0,1 34,224 
17-1 1788 47748 -0,4 32,049      

 
ɏɪɨɧɨɥɨɝɢɹ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɨɦɟɪɚɦ ɨɩɵɬɨɜ ɜ Ɍɚɛɥɢɰɟ 1, ɚ 

ɫɟɪɢɢ ɨɛɨɡɧɚɱɟɧɵ ɰɢɮɪɚɦɢ 1 ɢ 2. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɪɨɞɢɹ ɪɚɜɧɚ 2237 Ʉ. Ɉɛɪɚɡɟɰ ɪɨɞɢɹ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɢɡɝɨɬɨɜɥɟɧ ɦɟɬɨɞɨɦ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ. Ɉɧ ɢɦɟɥ ɜɢɞ 
ɭɫɟɱɟɧɧɨɝɨ ɤɨɧɭɫɚ ɜɵɫɨɬɨɣ 35 ɦɦ ɫ ɞɢɚɦɟɬɪɚɦɢ 21/19 ɦɦ. ɉɨ ɨɫɢ ɨɛɪɚɡɰɚ ɧɚɯɨɞɢɥɚɫɶ 
ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɩɨɥɨɫɬɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɶɮɪɚɦɨɜɨɣ ɩɟɱɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ 
ɨɩɬɢɱɟɫɤɨɝɨ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɝɨ ɩɢɪɨɦɟɬɪɚ. 

ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɷɧɬɚɥɶɩɢɢ ɪɨɞɢɹ ɢ ɧɚɢɛɨɥɟɟ 
ɬɨɱɧɵɟ ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɩɨ ɢɫɬɢɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 233–267 Ʉ, 
ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɢɯ 
ɭɪɚɜɧɟɧɢɣ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298 ÷ Ɍɩɥ = 2237 Ʉ ɞɥɹ ɢɫɬɢɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ (1), 
ɷɧɬɚɥɶɩɢɢ (2) ɢ ɫɪɟɞɧɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ (3): 
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ɝɞɟ Ɍ0=298,15 Ʉ; ȿ=202500 Ⱦɠɦɨɥɶ-1 – ɷɧɟɪɝɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɜɚɤɚɧɫɢɣ; R= 
=8,314 Ⱦɠ (ɦɨɥɶɄ)-1 – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ. ȼ Ɍɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ 
ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɩɵɬɧɵɯ ɜɟɥɢɱɢɧ ɷɧɬɚɥɶɩɢɢ ɪɨɞɢɹ ɨɬ ɪɚɫɱɟɬɧɵɯ ɩɨ ɭɪɚɜɧɟɧɢɸ 
(2) –%. Эɬɢ ɨɬɤɥɨɧɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ 0,7%. 

Ɉɛɳɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɷɧɬɚɥɶɩɢɢ ɩɨ ɭɪɚɜɧɟɧɢɸ (2) ɩɪɢ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ 
0,95 ɪɚɜɧɚ: 0,43% ɩɪɢ 1200 Ʉ; 0,41% ɩɪɢ 1600 Ʉ ɢ 0,44% ɩɪɢ 2100 Ʉ. ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɹ 
(1)–(3) ɢ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɟ ɥɢɬɟɪɚɬɭɪɧɵɟ ɤɚɥɨɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 
0÷298,15 Ʉ Д4Ж, ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ Ɍɚɛɥɢɰɚ 2 ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɪɨɞɢɹ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 0÷Ɍɩɥ: ɬɟɩɥɨɟɦɤɨɫɬɶ, ɷɧɬɚɥɶɩɢɹ, ɷɧɬɪɨɩɢɹ ɢ ɩɪɢɜɟɞɟɧɧɚɹ ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ. 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɷɧɬɚɥɶɩɢɢ ɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɨɞɢɹ ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɢɦɟɸɳɢɦɢɫɹ 
ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. 

 
Ɍɚɛɥɢɰɚ 2. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɪɨɞɢɹ 
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5 0,0251 0,0118 0,0239 0,06 240 23,84 11,70 26,26 3494 
10 0,0629 0,0245 0,0516 0,27 250 24,09 12,30 27,24 3734 
15 0,1360 0,0394 0,0892 0,75 260 24,32 12,90 28,19 3976 
20 0,2840 0,0585 0,146 1,75 270 24,53 13,48 29,11 4220 
25 0,5770 0,0844 0,237 3,82 280 24,73 14,05 30,00 4466 
30 1,090 0,121 0,384 7,90 290 24,92 14,62 30,88 4714 
40 2,740 0,245 0,905 26,38 300 25,10 15,18 31,72 4965 
45 3,842 0,339 1,290 42,78 400 26,50 20,28 39,15 7548 
50 5,040 0,457 1,756 64,96 500 27,57 24,67 45,18 10253 
60 7,466 0,765 2,891 127,6 600 28,51 28,53 50,29 13058 
70 9,731 1,161 4,214 213,7 700 29,39 31,96 54,75 15953 
80 11,77 1,632 5,650 321,4 800 30,24 35,06 58,73 18934 
90 13,56 2,161 7,142 448,3 900 31,07 37,90 62,34 22000 
100 15,11 2,734 8,653 591,8 1000 31,88 40,51 65,66 25147 
110 16,40 3,341 10,16 749,8 1100 32,69 42,94 68,73 28376 
120 17,58 3,971 11,64 920,0 1200 33,50 45,21 71,61 31686 
130 18,55 4,616 13,08 1101 1300 34,31 47,34 74,32 35076 
140 19,39 5,272 14,49 1291 1400 35,12 49,36 76,90 38548 
150 20,12 5,932 15,85 1488 1500 35,96 51,28 79,35 42102 
160 20,75 6,594 17,17 1693 1600 36,86 53,11 81,70 45742 
170 21,31 7,254 18,45 1903 1700 37,84 54,86 83,96 49476 
180 21,80 7,910 19,68 2119 1800 38,99 56,54 86,16 53316 
190 22,23 8,561 20,87 2339 1900 40,38 58,15 88,30 57282 
200 22,62 9,206 22,02 2563 2000 42,10 59,71 90,41 61403 
210 22,97 9,842 23,13 2791 2100 44,29 61,22 92,52 65718 
220 23,29 10,47 24,21 3023 2200 47,05 62,69 94,64 70280 
230 23,58 11,09 25,25 3257 2237 48,25 63,23 95,43 72043 
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ɉɪɢɜɨɞɹɬɫɹ ɩɚɪɚɦɟɬɪɵ ɬɟɪɦɢɱɟɫɤɢɯ ɜɚɤɚɧɫɢɣ ɪɨɞɢɹ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɩɨɥɭɱɟɧɧɵɯ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ: ɷɧɟɪɝɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ ɜɚɤɚɧɫɢɣ ɪɨɞɢɹ ȿ= 202500 
Ⱦɠ/ɦɨɥɶ = 2,1ɷȼ; ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɚɤɚɧɫɢɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɋ=0,66%; ɷɧɬɪɨɩɢɹ 
ɨɛɪɚɡɨɜɚɧɢɹ ɜɚɤɚɧɫɢɣ S = 48,8 Ⱦɠ/(ɦɨɥɶɄ). Ⱦɥɹ ɦɟɬɚɥɥɨɜ ɢɦɟɟɬɫɹ ɤɪɢɬɟɪɢɣ ɷɧɟɪɝɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɜɚɤɚɧɫɢɣ Д2Ж, ɪɚɜɧɵɣȿ/(RɌɩɥ) =9 ± 2, ɤɨɬɨɪɵɣ ɞɥɹ 18 ɦɟɬɚɥɥɨɜ ɢɦɟɟɬ ɪɚɡɛɪɨɫ ɧɟ 
ɩɪɟɜɵɲɚɸɳɢɣ ± 22%. ɉɨ ɷɬɨɦɭ ɤɪɢɬɟɪɢɸ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ 
ɞɚɧɧɵɯ ɩɨ ɷɧɟɪɝɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜɚɤɚɧɫɢɣ. Ⱦɥɹ ɪɨɞɢɹ ɷɬɨɬ ɤɪɢɬɟɪɢɣ ɪɚɜɟɧ, 
202500/(8,3142237)=10,9 ɩɪɢ ɷɬɨɦ ɨɬɤɥɨɧɟɧɢɟ ɨɬ 9 ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɬɢɦɨɣ ɜɟɥɢɱɢɧɵ 
22%. 
ɂɦɟɟɬɫɹ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɞɨɩɭɫɬɢɦɨɝɨ ɩɟɪɟɝɪɟɜɚ ɧɚɱɚɥɚ ɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɨɜ Ɍɩɟɪ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɜɧɨɜɟɫɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ Ɍɩɥ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɫɤɨɪɨɫɬɶ ɨɛɴɟɦɧɨɝɨ 
ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɝɪɟɜɚɧɢɹ ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ ɜɚɤɚɧɫɢɣ: Ɍɩɟɪ /Ɍɩɥ = 
1,3. Эɬɭ ɨɰɟɧɤɭ ɦɨɠɧɨ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɭɱɢɬɶ, ɟɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ Д3Ж ɬɚɤ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ.Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɜɨɞɢɬɫɹ 
ɷɤɫɬɪɚɩɨɥɹɰɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɜɢɞɟ ɩɪɹɦɨɣ 2, ɜ ɤɨɬɨɪɨɣ 
ɨɬɫɭɬɫɬɜɭɸɬ ɞɟɮɟɤɬɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɜ ɦɟɬɚɥɥɟ (ɬɟɩɥɨɜɵɟ ɜɚɤɚɧɫɢɢ), ɢ ɜɟɥɢɱɢɧɚ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɋɪɌɩɥ = 48,25 Ⱦɠ(ɦɨɥɶɄ)-1 ɜɜɢɞɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɩɪɹɦɨɣ 3.ɉɟɪɟɫɟɱɟɧɢɟ ɩɪɹɦɵɯ 2 ɢ 3 ɞɚɟɬ ɨɰɟɧɤɭ ɩɟɪɟɝɪɟɜɚ ɧɚɱɚɥɚ ɩɥɚɜɥɟɧɢɹ ɛɟɡɞɟɮɟɤɬɧɨɝɨ 
ɪɨɞɢɹ –Ɍɩɟɪ = 3061 Ʉ, ɩɪɢ ɷɬɨɦ ɩɨɥɭɱɚɟɦ ɨɬɧɨɲɟɧɢɟ Ɍɩɟɪ/Ɍɩɥ =3061/2237==1,37. ɉɨɦɢɦɨ 
ɝɪɚɮɢɱɟɫɤɨɣ ɨɰɟɧɤɢ Ɍɩɟɪ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ, ɦɨɠɧɨ ɞɥɹ ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɭɪɚɜɧɟɧɢɟ (1) ɢ ɜɟɥɢɱɢɧɭ ɋɪ= 48,25 Ⱦɠ(ɦɨɥɶɄ)-1 

3

48,25 24,13
3061

7,88 10ɩɟɪT К
   

Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɚɫɱɟɬɵ ɞɥɹ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ ɞɚɥɢ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ: ɞɥɹ ɨɫɦɢɹ Ɍɩɟɪ / 
Ɍɩɥ=1,30; ɜɨɥɶɮɪɚɦɚ – 1,24; ɦɨɥɢɛɞɟɧɚ – 1,22; ɧɢɨɛɢɹ – 1,26; ɜɚɧɚɞɢɹ – 1,35; ɯɪɨɦɚ – 1,44. 

Ɍɚɤ ɤɚɤ Ɍɩɟɪ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɫɥɨɜɢɸ, ɤɨɝɞɚ ɜɪɟɦɹ ɧɚɝɪɟɜɚɧɢɹ ɦɟɬɚɥɥɚ ɦɟɧɶɲɟ ɜɪɟɦɟɧɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɩɥɨɜɵɯ ɜɚɤɚɧɫɢɣ, ɬɨ Ɍɩɟɪ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɟɫɥɢ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɡɦɟɪɹɬɶ ɜɪɟɦɹ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɝɪɟɜɚɧɢɹ ɦɟɬɚɥɥɚ ɢ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɭ 
ɩɥɚɜɥɟɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɟɪɟɫɬɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɤɨɝɞɚ ɜɪɟɦɹ ɧɚɝɪɟɜɚɧɢɹ ɛɭɞɟɬ 
ɪɚɜɧɨ ɜɪɟɦɟɧɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜɚɤɚɧɫɢɣ. ȼ ɬɚɤɨɦ ɨɩɵɬɟ ɦɨɠɧɨ ɢɡɦɟɪɢɬɶ ɜɪɟɦɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɨɛɪɚɡɨɜɚɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ ɜɚɤɚɧɫɢɣ. 

 

Ɋɢɫ. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɫɬɢɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɪɨɞɢɹ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ – 1; ɷɤɫɬɪɚɩɨɥɹɰɢɹ 
ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɋɪ– 2; ɬɟɩɥɨɟɦɤɨɫɬɶ ɪɨɞɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɋɪ=48,25 
Ⱦɠ (ɦɨɥɶɄ)-1– 3; ɩɪɟɞɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɩɥɚɜɥɟɧɢɹ ɪɨɞɢɹ –
Ɍɩɟɪ=3061 Ʉ 
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ɋɢɥɢɤɚɬɵ ɹɜɥɹɸɬɫɹ ɜɚɠɧɟɣɲɢɦ ɤɥɚɫɫɨɦ ɫɨɟɞɢɧɟɧɢɣ ɢ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ ɡɟɦɧɨɣ 

ɤɨɪɟ, ɚ ɬɚɤɠɟ ɫɥɭɠɚɬ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɜ ɦɚɝɦɚɬɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɚɯ. Ɉɞɧɨɣ ɢɡ ɡɚɞɚɱ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɢɧɟɪɚɥɨɝɢɢ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɫɬɪɭɤɬɭɪɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ ɜ ɪɚɫɩɥɚɜɚɯ, ɤɨɬɨɪɵɟ ɜɩɨɫɥɟɞɫɬɜɢɢ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɟɪɟɯɨɞɹɬ 
ɜ ɦɢɧɟɪɚɥɵ. ɋɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɝɟɪɦɚɧɚɬɨɜ ɹɜɥɹɸɬɫɹ ɫɯɨɞɧɵɦɢ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɢ 
ɫɜɨɣɫɬɜɚɦɢ ɫɢɥɢɤɚɬɨɜ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɜɵɫɨɤɨɛɚɪɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ Д1Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 
ɫɢɥɢɤɚɬɧɵɯ ɪɚɫɩɥɚɜɨɜ, ɜ ɤɨɬɨɪɵɯ ɜ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɤɫɢɞɵ (ɦɨɞɟɥɶ 
ɨɞɧɨɤɚɬɢɨɧɧɵɯ ɨɤɫɢɞɨɜ ɢ ɞɜɭɯɪɟɲɟɬɨɱɧɚɹ ɦɨɞɟɥɶ), ɧɚɛɨɪ ɢɨɧɨɜ ɤɢɫɥɨɪɨɞɚ ɪɚɡɧɵɯ ɜɢɞɨɜ: 
ɫɜɨɛɨɞɧɵɣ ɤɢɫɥɨɪɨɞ, ɧɟɦɨɫɬɢɤɨɜɵɣ ɢ ɦɨɫɬɢɤɨɜɵɣ ɚɬɨɦɵ ɤɢɫɥɨɪɨɞɚ, ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɮɨɪɦɟ 
ɭɱɢɬɵɜɚɟɬɫɹ ɫɬɟɩɟɧɶ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɚɧɢɨɧɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ. Ȼɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɨɞɯɨɞ (ɦɨɞɟɥɶ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ), ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɞɥɹ 
ɨɤɫɢɞɧɵɯ ɫɬɟɤɨɥ Д2Ж, ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɨɤМɢɞɧɵɟ ɪɚɫɩɥɚɜɵ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ ɪɚɫɬɜɨɪɵ, 
ɨɛɪɚɡɨɜɚɧɧɵɟ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɦɢ ɢɫɯɨɞɧɵɦɢ ɨɤɫɢɞɚɦɢ ɢ ɫɨɥɟɨɛɪɚɡɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɢɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ʉɪɨɦɟ ɦɨɞɟɥɢ, ɢɫɩɨɥɶɡɭɸɳɟɣ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 
ɦɟɠɞɭ ɫɬɪɭɤɬɭɪɧɵɦɢ ɟɞɢɧɢɰɚɦɢ, ɫɭɳɟɫɬɜɭɟɬ ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɢɧɢɦɢɡɚɰɢɢ 
ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ, ɤɨɬɨɪɵɣ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɩɪɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɪɢɪɨɞɧɵɯ ɫɢɫɬɟɦ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɨɟɧɢɹ ɦɨɞɟɥɶɧɵɯ 
ɪɚɫɩɥɚɜɨɜ ɢ ɫɬɟɤɨɥ ɞɚɟɬ ɨɫɧɨɜɭ ɞɥɹ ɨɩɢɫɚɧɢɹ ɫɬɪɭɤɬɭɪɵ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɦɚɝɦɚɬɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ ɢ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɫ ɢɯ ɭɱɚɫɬɢɟɦ Д3Ж.  

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɤɨɪɪɟɤɬɧɨɝɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ 
ɦɚɝɦɚɬɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ, ɧɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ ɩɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 
ɫɢɥɢɤɚɬɨɜ, ɛɨɪɚɬɨɜ, ɝɟɪɦɚɧɚɬɨɜ, ɤɨɬɨɪɵɟ ɛɨɥɶɲɟɣ ɱɚɫɬɶɸ ɬɚɛɭɥɢɪɨɜɚɧɵ ɜ ɫɩɪɚɜɨɱɧɢɤɚɯ ɢ 
ɛɚɡɚɯ ɞɚɧɧɵɯ. ɇɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɩɪɚɜɨɱɧɵɯ ɢɡɞɚɧɢɣ ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ (ɌɄȼ, Ɍɋɂȼ, JANAF, ВOKOKAАA ɢ ɬ.ɞ.) ɢ ɛɚɡ ɞɚɧɧɵɯ (NIST, FACT) 
ɜɟɳɟɫɬɜ, ɟɞɢɧɨɣ ɫɨɝɥɚɫɨɜɚɧɧɨɣ ɛɚɡɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɩɪɢɦɟɧɢɦɨɣ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɪɚɫɩɥɚɜɨɜ, ɤɨɬɨɪɚɹ ɛɵ ɩɨɡɜɨɥɢɥɚ ɫɨɡɞɚɬɶ ɤɨɪɪɟɤɬɧɭɸ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ. Эɬɨɬ ɪɹɞ ɡɚɱɚɫɬɭɸ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɦɟɬɚ ɢ ɞɢɫɢɥɢɤɚɬɚɦɢ, ɦɟɬɚɛɨɪɚɬɚɦɢ, 
ɦɟɬɚɝɟɪɦɚɧɚɬɚɦɢ ɳɟɥɨɱɧɵɯ ɢ ɳɟɥɨɱɧɨ-ɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɬɨɝɞɚ ɤɚɤ ɞɥɹ ɩɨɥɧɨɬɵ ɦɨɞɟɥɢ 
ɧɟɨɛɯɨɞɢɦɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɞɚɠɟ ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɤɪɢɬɢɱɟɫɤɨɝɨ ɜɵɛɨɪɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɫɩɪɚɜɨɱɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɥɢɤɚɬɨɜ, ɛɨɪɚɬɨɜ, ɝɟɪɦɚɧɚɬɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ. Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ 
ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɩɥɚɜɨɜ, 
ɤɨɬɨɪɵɟ ɧɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ.  
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Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨɰɟɧɤɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɨɟɞɢɧɟɧɢɣ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɪɚɫɱɟɬɚ Д4Ж: 
- ɦɟɬɨɞɵ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɦɟɠɞɭ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɜɟɥɢɱɢɧɚɦɢ; 
- ɚɞɞɢɬɢɜɧɵɟ ɦɟɬɨɞɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɤɥɚɞ ɨɬɞɟɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɜ ɨɛɳɟɟ ɱɢɫɥɟɧɧɨɟ 
ɡɧɚɱɟɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ; 
- ɤɨɦɩɥɟɤɫɧɵɟ ɦɟɬɨɞɵ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɤɨɦɛɢɧɚɰɢɸ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɢ ɚɞɞɢɬɢɜɧɵɯ ɦɟɬɨɞɨɜ; 
- «ɦɨɞɟɥɶɧɵɟ», ɩɨɡɜɨɥɹɸɳɢɟ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɢɡɜɟɫɬɧɵɟ ɢ ɪɚɫɫɱɢɬɵɜɚɬɶ ɧɟɢɡɜɟɫɬɧɵɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɨɜ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦ.  

Ɇɟɬɨɞɵ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɡɚɱɚɫɬɭɸ ɢɦɟɸɬ ɧɟɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɢ ɬɪɟɛɭɸɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɧɟɢɡɜɟɫɬɧɵ ɞɥɹ ɦɧɨɝɢɯ ɜɟɳɟɫɬɜ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɷɬɢ 
ɦɟɬɨɞɵ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ.  

Ⱥɞɞɢɬɢɜɧɵɟ ɦɟɬɨɞɵ ɯɨɪɨɲɨ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɢ ɫɟɛɹ ɩɪɢ ɪɚɫɱɟɬɚɯ ɫɜɨɣɫɬɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. ȼ ɚɞɞɢɬɢɜɧɵɯ ɦɟɬɨɞɚɯ ɢɫɩɨɥɶɡɭɸɬ ɛɨɥɟɟ ɞɨɫɬɭɩɧɵɟ, ɱɟɦ ɩɪɢ 
ɫɪɚɜɧɢɬɟɥɶɧɨɦ ɚɧɚɥɢɡɟ, ɩɚɪɚɦɟɬɪɵ ɜɟɳɟɫɬɜ, ɱɬɨ ɞɚɟɬ ɷɬɢɦ ɦɟɬɨɞɚɦ ɛɨɥɟɟ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɪɚɫɱɟɬɚɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɟɢɡɜɟɫɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.  

ȼ «ɦɨɞɟɥɶɧɵɯ» ɦɟɬɨɞɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɢ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɦɢɧɢɦɢɡɚɰɢɹ 
ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɨɡɜɨɥɹɸɳɢɟ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɪɚɫɱɟɬɚɯ ɤɨɫɜɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ.  

Ʉɥɚɫɫɢɱɟɫɤɢɦ ɚɞɞɢɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɇɟɣɦɚɧɚ-Ʉɨɩɩɚ: 
F(AnBm) = nF(A) + mF(B), 

ɝɞɟ, F – ɥɸɛɚɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ.  
ȼ ɤɚɱɟɫɬɜɟ ɤɨɦɩɨɧɟɧɬɨɜ A ɢ B ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɷɥɟɦɟɧɬɵ, ɨɤɫɢɞɵ, ɥɢɛɨ ɛɨɥɟɟ ɫɥɨɠɧɵɟ 

ɫɨɟɞɢɧɟɧɢɹ.   
Ɋɟɝɪɟɫɫɢɨɧɧɵɣ ɚɧɚɥɢɡ ɤɚɤ ɪɚɡɧɨɜɢɞɧɨɫɬɶ ɚɞɞɢɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ 

ɪɚɫɱɟɬɚɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɢɧɟɪɚɥɨɜ, ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ ɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ 
[5]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɮɭɧɤɰɢɣ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ, 
ɷɧɬɪɨɩɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɫɨɟɞɢɧɟɧɢɹ. ɂ ɜɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɡɧɚɱɟɧɢɣ ɷɬɢɯ ɮɭɧɤɰɢɣ 
ɞɥɹ ɧɟɢɡɜɟɫɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɋɨɫɬɚɜ ɫɢɥɢɤɚɬɨɜ, ɛɨɪɚɬɨɜ ɢ ɝɟɪɦɚɧɚɬɨɜ ɩɪɟɞɫɬɚɜɥɹɥɫɹ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜ ɜɢɞɟ mMe2O∙nSiO2, mMe2O∙nB2O3, mMe2O∙nGeO2, ɝɞɟ Me2O (K2O, Na2O, 
Li 2O). 

ȼɵɩɨɥɧɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɡɜɨɥɢɥɢ ɭɫɬɚɧɨɜɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬ 
ɫɨɫɬɚɜɚ. Ⱦɥɹ ɫɢɥɢɤɚɬɨɜ ɥɢɬɢɹ, ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ ɩɨɞɨɛɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɦɟɟɬ ɜɢɞ: 
ΔfH° (mMe2O∙nSiO2) = -919,788∙x(SiO2) - 650,962∙x(K2O) - 625,385∙x(Na2O) - 720,705∙x(Li 2O) 
ɤȾɠ∙ɦɨɥɶ-1. 

Ⱦɥɹ ɛɨɪɚɬɨɜ ɡɚɜɢɫɢɦɨɫɬɶ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜɵɪɚɠɚɟɬɫɹ ɜ ɜɢɞɟ ɭɪɚɜɧɟɧɢɹ: 
Δf H° (ЦMО2O∙ЧB2O3) = -1302,931∙x(B2O3) - 733,409∙x(K2O) - 687,196∙x(Na2O) - 

752,634∙x(Li 2O) ɤȾɠ∙ɦɨɥɶ-1. 
ȼ ɫɩɪɚɜɨɱɧɢɤɚɯ ɨɬɫɭɬɫɬɜɭɟɬ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɷɧɬɚɥɶɩɢɹɦ ɨɛɪɚɡɨɜɚɧɢɹ  ɝɟɪɦɚɧɚɬɨɜ, ɜ ɜɢɞɭ 

ɱɟɝɨ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɹ ɬɪɟɛɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɚɧɚɥɨɝɢɢ ɢ 
ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ.  

Ʉɚɤ ɜɢɞɧɨ, ɜɤɥɚɞ ɨɤɫɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ɞɥɹ ɫɢɥɢɤɚɬɨɜ ɢ 
ɛɨɪɚɬɨɜ ɫɨɩɨɫɬɚɜɢɦɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɤɨɪɪɟɤɬɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɨɝɨ ɩɨɞɯɨɞɚ.  

ɍɪɚɜɧɟɧɢɹ ɷɧɬɪɨɩɢɢ ɞɥɹ ɫɢɥɢɤɚɬɨɜ ɢ ɛɨɪɚɬɨɜ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
S° (mMe2O∙nSiO2) = 44,4∙x(SiO2) + 101,8∙x(K2O) + 76,0∙x(Na2O) + 35,0∙x(Li 2O) Ⱦɠ∙K-1∙ɦɨɥɶ-1. 

S° (ЦMО2O∙ЧB2O3) = 43,3∙x(B2O3) + 117,1∙x(K2O) + 103,0∙x(Na2O) + 60,7∙x(Li 2O) Ⱦɠ∙K-1∙ɦɨɥɶ-1. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɞɞɢɬɢɜɧɵɦɢ ɦɟɬɨɞɚɦɢ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɫɢɥɢɤɚɬɨɜ ɢ ɛɨɪɚɬɨɜ ɧɟɢɡɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɭɬ 
ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɩɨ ɫɜɨɣɫɬɜɚɦ ɝɟɪɦɚɧɚɬɨɜ ɫ ɩɨɦɨɳɶɸ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎИ № 14-35-50376 ɦɨɥИɧɪ ɢ 
ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥя ɩɨɞɞɟɪɠɤɢ ɦɨɥɨɞɵɯ ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ (ɆК-
14.122.13.6284). 
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ɉɪɨɜɟɞɟɧɢɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ ɩɨɪɨɲɤɨɜ 

ɢɞɟɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɟ ɩɨɡɜɨɥɹɟɬ ɜɵɛɪɚɬɶ 
ɜɚɪɢɚɧɬɵ ɧɚɩɵɥɟɧɢɹ, ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ, 
ɨɰɟɧɢɬɶ ɮɨɪɦɢɪɭɟɦɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɫɜɨɣɫɬɜɚ ɜ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ. 
Ʉɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɥɚɡɦɟɧɧɨɝɨ ɩɨɬɨɤɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɢ 
ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɭɫɤɨɪɟɧɢɟ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ, ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ 
ɱɚɫɬɢɰ ɞɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ ɨɫɧɨɜɚɧɢɟɦ, ɬɟɦɩɟɪɚɬɭɪɭ ɢɯ ɧɚɝɪɟɜɚ, ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɜ 
ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɟ, ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɱɚɫɬɢɰ, ɚ ɬɚɤ ɠɟ ɧɚɱɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɜɜɨɞɚ ɱɚɫɬɢɰ ɜ 
ɩɥɚɡɦɟɧɧɭɸ ɫɬɪɭɟ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɥɚɡɦɟɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ (ɞɜɢɠɟɧɢɟ 
ɢ ɧɚɝɪɟɜ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ɜ ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɟ) ɩɨɤɪɵɬɢɣ ɢɡ ɫɥɟɞɭɸɳɢɯ ГЧ-ɫɨɞɟɪɠɚɳɢɯ 
ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ:  

1. Zn – 100%. 
2. Al  – 50% + Zn – 50%. 
ɑɚɫɬɢɰɵ ɩɨɪɨɲɤɚ ɜɜɨɞɹɬɫɹ ɜ ɩɥɚɡɦɟɧɧɭɸ ɫɬɪɭɸ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɨɫɥɟ ɱɟɝɨ 

ɧɚɱɢɧɚɟɬɫɹ ɢɯ ɢɧɬɟɧɫɢɜɧɵɣ ɧɚɝɪɟɜ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɩɥɚɜɥɟɧɵ 
ɱɚɫɬɢɱɧɨ ɢɥɢ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ. ɍɫɥɨɜɢɟ ɩɨɥɧɨɝɨ ɩɪɨɩɥɚɜɥɟɧɢɹ ɱɚɫɬɢɰɵ ɹɜɥɹɟɬɫɹ 
ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɨɫɥɟ ɩɨɥɧɨɝɨ 
ɩɪɨɩɥɚɜɥɟɧɢɹ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɢɫɩɚɪɟɧɢɟ ɱɚɫɬɢɰ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɧɚɩɵɥɹɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɰɟɧɬɪɟ ɧɚɩɵɥɹɟɦɵɯ ɱɚɫɬɢɰ Zn-
ɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɛɵɥɚ ɚɞɚɩɬɢɪɨɜɚɧɚ ɦɨɞɟɥɶ «HeatTransfer» 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ Plasma 2002 [1-2Ж. Ⱦɥɹ ɪɚɫɱёɬɚ ɧɨɜɚɹ ɦɨɞɟɥɶ «CШКЭТЧРЭШpШХШРв» 
ɢɫɩɨɥɶɡɭɟɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ, ɫɜɨɣɫɬɜɚ ɢɯ ɦɚɬɟɪɢɚɥɚ, ɩɚɪɚɦɟɬɪɵ 
ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɟɝɨ ɝɚɡɚ, ɬɢɩ ɩɥɚɡɦɚɬɪɨɧɚ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ 
ɧɚɩɵɥɟɧɢɹ, ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɥɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɱɢɫɥɚ ɱɚɫɬɢɰ. ɉɪɢ ɷɬɨɦ 
ɦɨɠɧɨ ɡɚɞɚɬɶ ɩɪɟɞɟɥɵ ɢ ɫɬɟɩɟɧɶ ɪɚɡɛɪɨɫɚ ɩɚɪɚɦɟɬɪɨɜ ɱɚɫɬɢɰ. ȼɵɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 
ɹɜɥɹɸɬɫɹ ɫɟɦɟɣɫɬɜɨ ɬɪɚɟɤɬɨɪɢɣ ɱɚɫɬɢɰ ɜ ɩɥɨɫɤɨɫɬɹɯ XY ɢ YZ, ɚ ɬɚɤɠɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ 
ɜ ɩɥɨɫɤɨɫɬɢ ɨɫɧɨɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɫɤɨɪɨɫɬɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɨɤɪɵɬɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɨɞɟɥɢ ɞɜɢɠɟɧɢɹ ɢ ɧɚɝɪɟɜɚ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɷɬɚɩɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɟɡɚɝɪɭɠɟɧɧɨɣ ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɢ 
(ɚɪɝɨɧɨɜɨɣ) ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɥɟɣ ɫɤɨɪɨɫɬɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɛɵɥɢ 
ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɩɪɨɝɪɚɦɦɧɵɟ ɭɫɬɚɧɨɜɤɢ: 

1. Ⱦɢɫɬɚɧɰɢɹ ɧɚɩɵɥɟɧɢɹ 120 ɦɦ. 
2. Ʉɨɥɢɱɟɫɬɜɨ ɦɨɞɟɥɢɪɭɟɦɵɯ ɱɚɫɬɢɰ 100, ɩɪɢ ɷɬɨɦ ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɱɚɫɬɢɰ ɫɨɫɬɚɜɥɹɥ 

40–100 ɦɤɦ ɩɪɢ ɞɢɫɩɟɪɫɢɢ 4 ɦɤɦ. 
Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɢɫɬɟɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1. 
Ɋɟɡɭɥɶɬɚɬɵ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɨɪɨɲɤɨɜ ɞɥɹ ɱɟɬɵɪɟɯ ɞɢɚɦɟɬɪɨɜ ɱɚɫɬɢɰ (40, 60, 80 ɢ 

100 ɦɤɦ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 1 ɢ 2. ɉɨɥɭɱɟɧɨ ɬɚɤɠɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ ɩɨ 
ɞɢɚɦɟɬɪɭ, ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɫɤɨɪɨɫɬɢ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɩɵɥɹɟɦɨɝɨ ɨɫɧɨɜɚɧɢɹ. 
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Ɍɚɛɥɢɰɚ 1 – Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɋɜɨɣɫɬɜɨ Zn – 100% Al – 50% + Zn – 50% 

ɉɥɨɬɧɨɫɬɶ ɧɚɩɵɥɹɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ 

7 133 ɤɝ/ɦ3 4 915 ɤɝ/ɦ3 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɧɚɩɵɥɹɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ 

116 ȼɬ/ɦ*Ʉ 176,5 ȼɬ/ɦ*Ʉ 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɧɚɩɵɥɹɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ 

383 Ⱦɠ/ɤɝ*Ʉ 642 Ⱦɠ/ɤɝ*Ʉ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɱɚɫɬɢɰ 692,73 Ʉ 813,11 Ʉ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɤɢɩɟɧɢɹ ɱɚɫɬɢɰ 1180 Ʉ 1986 Ʉ 

Ɍɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ 1,1*105 Ⱦɠ/ɤɝ 9,015*105 Ⱦɠ/ɤɝ 
Ɍɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ 17,3*105 Ⱦɠ/ɤɝ 19,45*105 Ⱦɠ/ɤɝ 

Ɇɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ 3,93*10-25 ɤɝ 2,78*10-25 ɤɝ 
 

  
Ɋɢɫɭɧɨɤ 1. ɂɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ (ɚ) ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɰɟɧɬɪɟ ɱɚɫɬɢɰ (ɛ) (Zn) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɞɢɫɬɚɧɰɢɢ ɧɚɩɵɥɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɢɯ ɞɢɚɦɟɬɪɨɜ (40, 60, 80 ɢ 100 ɦɤɦ). 

 

  
Ɋɢɫɭɧɨɤ 2. ɂɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ (ɚ) ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɰɟɧɬɪɟ ɱɚɫɬɢɰ (ɛ) (Al  – 50% + Zn – 50%) 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɫɬɚɧɰɢɢ ɧɚɩɵɥɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɢɯ ɞɢɚɦɟɬɪɨɜ (40, 60, 80 ɢ 100 ɦɤɦ) 

 
Cɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɨɪɨɲɤɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ AlZn ɜ ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɟ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ Zn, ɧɨ 
ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɰɟɧɬɪɟ ɱɚɫɬɢɰ ɩɨɪɨɲɤɚ AlZn, ɧɚɨɛɨɪɨɬ, ɧɢɠɟ. Эɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɱɚɫɬɢɰɵ 
ɩɨɪɨɲɤɚ AlZn ɧɚɯɨɞɹɬɫɹ ɜ ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɟ ɦɟɧɶɲɟɟ ɜɪɟɦɹ. Ⱥɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ ɬɚɤɠɟ, ɱɬɨ 
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ɫɤɨɪɨɫɬɶ ɱɚɫɬɢɰ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɢɯ ɧɚɝɪɟɜɚ ɜ ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɹɬ ɨɬ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 
ɱɚɫɬɢɰɵ, ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɦɚɫɫɵ ɟё, ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ ɜ ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɟ. 
ɇɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɜɨɞɚ ɱɚɫɬɢɰɵ ɜ ɩɥɚɡɦɟɧɧɭɸ ɫɬɪɭɸ ɬɚɤɠɟ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɭ, ɫɤɨɪɨɫɬɶ ɢ ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɜ ɫɬɪɭɟ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɧɚɦɢɤɢ ɧɚɝɪɟɜɚ ɢ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ Zn-
ɫɨɞɟɪɠɚɳɢɯ ɩɨɪɨɲɤɨɜ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɛɨɪ ɢ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ: ɞɢɚɦɟɬɪ ɢ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɱɚɫɬɢɰ 
ɩɨɪɨɲɤɚ, ɪɚɫɯɨɞ ɩɨɪɨɲɤɚ, ɞɢɫɬɚɧɰɢɸ ɢ ɜɪɟɦɹ ɧɚɩɵɥɟɧɢɹ, ɱɢɫɥɨ ɩɪɨɯɨɞɨɜ ɩɥɚɡɦɟɧɧɨɣ ɫɬɪɭɢ 
ɧɚɞ ɨɫɧɨɜɚɧɢɟɦ, ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰ ɜ ɦɨɦɟɧɬ ɫɨɭɞɚɪɟɧɢɹ ɫ ɩɨɞɥɨɠɤɨɣ ɧɚ ɫɬɪɭɤɬɭɪɭ 
(ɩɨɪɢɫɬɨɫɬɶ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɤɪɵɬɢɣ), ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɨɞɥɨɠɤɢ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɢɫɬɟɦɟ ɩɨɤɪɵɬɢɟ-
ɩɨɞɥɨɠɤɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɍɪɈ ɊАɇ (ɉɪɨɝɪɚɦɦɚ ɈɏɇɆ ɊАɇ, ɝɪɚɧɬ 
N 12-Ɍ-3-1028) ɢ ɊɎɎИ (ɝɪɚɧɬ № 13-08-12111 ɨɮɢ-ɦ). 
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ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɟɥɶ ɞɥɹ ɚɬɨɦɢɫɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɞɜɭɯɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɪɟɥɚɤɫɚɰɢɢ ɜ ɬɪɟɤɚɯ ɬɹɠёɥɵɯ ɢɨɧɨɜ ɜ ɞɢɨɤɫɢɞɟ ɭɪɚɧɚ. ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɨɞɟɥɢ ɢɨɧɧɚɹ 
ɩɨɞɫɢɫɬɟɦɚ ɨɩɢɫɵɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ, ɚ ɷɥɟɤɬɪɨɧɧɵɟ 
ɜɨɡɛɭɠɞɟɧɢɹ ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɨɬɨɪɨɟ ɱɢɫɥɟɧɧɨ ɪɟɲɚɟɬɫɹ ɧɚ 
ɫɟɬɤɟ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɹɱɟɣɤɨɣ ɚɬɨɦɢɫɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɹɱɟɣɤɨɣ ɞɥɹ 
ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɟɚɥɢɡɨɜɚɧɨ ɜ ɪɚɦɤɚɯ ɩɨɞɯɨɞɚ Ⱦɚɮɮɢ-Ɋɟɡɟɪɮɨɪɞɚ Д1Ж. 
ɉɟɪɟɞɚɱɚ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɷɥɟɤɬɪɨɧɧɨɣ ɢ ɢɨɧɧɨɣ ɩɨɞɫɢɫɬɟɦɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɧɟɨɞɧɨɪɨɞɧɵɣ ɬɟɪɦɨɫɬɚɬ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɹɬ ɨɬ ɥɨɤɚɥɶɧɨɣ 
ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɦɨɞɟɥɢ Ⱦɚɮɮɢ-Ɋɟɡɟɪɮɨɪɞɚ ɜɜɟɞɟɧɵ ɷɮɮɟɤɬɵ, 
ɜɵɡɵɜɚɟɦɵɟ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɷɥɟɤɬɪɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ Д2Ж. 

Ⱦɥɹ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɝɨ (ɆȾ) ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 
ɩɨɬɟɧɰɢɚɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ MOБ-07 Д3Ж. Ɋɚɫɫɦɚɬɪɢɜɚɥɫɹ ɪɟɠɢɦ ɷɥɟɤɬɪɨɧɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ 
ɢɨɧɚ, ɤɨɝɞɚ ɢɨɧ ɩɟɪɟɞɚɟɬ ɷɧɟɪɝɢɸ ɩɪɟɦɭɳɟɫɬɜɟɧɧɨ ɜ ɷɥɟɤɬɪɨɧɧɭɸ ɩɨɞɫɢɫɬɟɦɭ ɦɚɬɟɪɢɚɥɚ. 
ȼɨɡɞɟɣɫɬɜɢɟ ɛɵɫɬɪɨɝɨ ɬɹɠёɥɨɝɨ ɢɨɧɚ ɢɦɢɬɢɪɨɜɚɥɨɫɶ ɡɚɞɚɧɢɟɦ ɧɚɱɚɥɶɧɨɝɨ ɩɪɨɮɢɥɹ 
ɷɥɟɤɪɨɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɡɚɬɟɦ ɜ ɆȾ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɪɟɥɚɤɫɚɰɢɹ ɷɬɨɝɨ 
ɩɪɨɮɢɥɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɨɛɴёɦɟ ɞɢɨɤɫɢɞɚ ɭɪɚɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɬɪɟɤɨɜ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ 
ɩɥɚɜɥɟɧɢɹ ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɟɳɟɫɬɜɚ ɜ ɨɛɥɚɫɬɢ ɨɤɨɥɨ ɬɪɚɟɤɬɨɪɢɢ ɢɨɧɚ. Ɍɪɟɤ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɥɚɫɬɶ ɩɨɜɵɲɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɟɮɟɤɬɨɜ. ɉɥɨɳɚɞɶ ɡɨɧɵ ɪɚɫɩɥɚɜɚ 
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ɥɢɧɟɣɧɨ ɡɚɜɢɫɢɬ ɨɬ ɷɧɟɪɝɨɜɤɥɚɞɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɩɨɪɨɝɨɜɵɣ ɷɧɟɪɝɨɜɤɥɚɞ ɞɥɹ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɪɟɤɚ ɜɟɥɢɱɢɧɨɣ 20 ɤɷȼ/ɧɦ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ [4]. 

ɉɪɢ ɩɪɨɥёɬɟ ɢɨɧɚ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɤ ɦɨɠɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɡɚ ɫɱёɬ ɞɟɮɨɪɦɚɰɢɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɧɚɧɨɦɟɬɪɨɜɨɦ ɦɚɫɲɬɚɛɟ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ ɜ 
ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢɝɪɚɸɬ ɷɮɮɟɤɬɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɬɪɟɤɚ ɫɯɨɠ ɫ ɥɚɡɟɪɧɨɣ 
ɚɛɥɹɰɢɟɣ. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. D.M. Duffy, A.M. Rutherford. J. Phys.: Condens. Matter.19 (2007) 016207. 
2. G.E. Norman, S.V. Starikov, V.V. Stegailov et al. Contrib. Plasma Phys.53 (2013) 129. 
3. ɋ. ɉɨɬɚɲɧɢɤɨɜ, Ⱥ. Ȼɨɹɪɱɟɧɤɨɜ, Ʉ. ɇɟɤɪɚɫɨɜ, Ⱥ. Ʉɭɩɪɹɠɤɢɧ. Аɥɶɬɟɪɧɚɬɢɜɧɚя ɷɧɟɪɝɟɬɢɤɚ 
ɢ ɷɤɨɥɨɝɢя.8 (2007) 43. 
4. Hj. Matzke, P.G. Lucuta, T. Wiss. Nucl. Instr. Meth. Phys. Res. B.167 (2000) 920. 
 
 
 

ɗɄɋɉȿɊɂɆȿɇɌАɅЬɇАə ɍɋɌАɇɈВɄА ȾɅə ɂɋɋɅȿȾɈВАɇɂə ɉɈВȿȾȿɇɂə 
ɌɍȽɈɉɅАВɄɂɏ ɆАɌȿɊɂАɅɈВ В ɈȻɅАɋɌɂ ɉɊȿȾɉɅАВɅȿɇɂə ɉɊɂ ȻЫɋɌɊɈɆ 

ɇАȽɊȿВȿ 
ɋɟɧɱɟɧɤɨ ȼ.ɇ.1, Ȼɟɥɢɤɨɜ Ɋ.ɋ.1,2, ɉɨɩɨɜ ȼ.ɋ. 1,2 

1 Ɉɛɴɟɞɢɧёɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊАɇ, Ɋɨɫɫɢя, 125412, Ɇɨɫɤɜɚ, ɭɥ. 
Иɠɨɪɫɤɚя 13, ɤ.2.E-mail:pyrolab@ihed.ras.ru 

2Ɇɨɫɤɨɜɫɤɢɣ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ (ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ), Ɋɨɫɫɢя, 
141700, Ɇɨɫɤɨɜɫɤɚя ɨɛɥɚɫɬɶ, Ⱦɨɥɝɨɩɪɭɞɧɵɣ, Иɧɫɬɢɬɭɬɫɤɢɣ ɩɟɪ., 9. 

 
ɋɨɡɞɚɧɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɢ ɦɟɬɨɞ ɩɨɡɜɨɥɹɸɬ ɢɫɫɥɟɞɨɜɚɬɶ ɫ ɜɵɫɨɤɨɣ 

ɬɨɱɧɨɫɬɶɸ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɭɝɨɩɥɚɜɤɢɯ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɨɛɥɚɫɬɢ 
ɩɪɟɞɩɥɚɜɥɟɧɢɹ ɢ ɜ ɠɢɞɤɨɣ ɮɚɡɟ. ɉɪɨɛɥɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɨɣɫɬɜ ɚɤɬɭɚɥɶɧɚ ɞɥɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɯɧɢɤɢ ɢ ɷɧɟɪɝɟɬɢɤɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɜ ɫɜɹɡɢ ɫ ɫɨɡɞɚɧɢɟɦ ɹɞɟɪɧɵɯ 
ɪɟɚɤɬɨɪɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɷɤɫɬɪɟɦɚɥɶɧɨ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ȼ ɩɨɫɥɟɞɧɢɟ ɜɪɟɦɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɨɫ ɢɧɬɟɪɟɫ ɤ ɱɢɫɥɟɧɧɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɤ ɩɪɢɦɟɪɭ: 
ɢɫɯɨɞɹ ɢɡ ɩɟɪɜɵɯ ɩɪɢɧɰɢɩɨɜ Д1,2Ж, ɫ ɩɨɦɨɳɶɸ ɫɚɦɨɫɨɝɥɚɫɨɜɚɧɧɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ Д3Ж, ɦɟɬɨɞɚɦɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ ɢ ɞɪ. ȼ ɷɬɢɯ ɪɚɛɨɬɚɯ ɨɬɦɟɱɚɟɬɫɹ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɭɫɢɥɟɧɢɟ ɜɥɢɹɧɢɹ ɪɟɲɟɬɨɱɧɨɝɨ ɚɧɝɚɪɦɨɧɢɡɦɚ ɢ ɬɨɱɟɱɧɵɯ ɞɟɮɟɤɬɨɜ ɧɚ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɭɩɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɩɥɚɜɥɟɧɢɹ 
0.6Tɩɥ< T<Tɩɥ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ “ɬɪɭɞɧɨɣ” ɞɥɹ ɪɚɫɱɟɬɨɜ ɢ ɝɞɟ ɨɬɦɟɱɚɟɬɫɹ ɨɫɬɪɵɣ ɧɟɞɨɫɬɚɬɨɤ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɨɜɟɪɤɢ ɪɚɫɱɟɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 70-ɯ ɢ 80-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ, ɤɨɬɨɪɵɟ ɩɨɤɚɡɵɜɚɸɬ 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɚɡɛɪɨɫ. ȼ ɧɟɞɚɜɧɢɯ ɨɛɡɨɪɚɯ Д4,5Ж ɩɨɞɱɟɪɤɢɜɚɟɬɫɹ ɦɚɥɨɱɢɫɥɟɧɧɨɫɬɶ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɢɧɟɬɢɤɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɜɧɨɜɟɫɧɵɯ ɜɚɤɚɧɫɢɣ, 
ɡɧɚɱɢɬɟɥɶɧɵɣ ɪɚɡɛɪɨɫ ɢɦɟɸɳɢɯɫɹ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɢ ɬɪɭɞɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. Ʉ ɩɪɢɦɟɪɭ, ɞɚɧɧɵɟ ɪɚɡɥɢɱɧɵɯ ɚɜɬɨɪɨɜ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɜɧɨɜɟɫɧɵɯ 
ɜɚɤɚɧɫɢɣ ɜ ɬɭɝɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɚɯ ɩɪɢ Ɍɩɥ ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0.01 ɞɨ 4.2 % (TК, А, V ɢ ɞɪ.). 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɫɥɟɞɭɹ ɩɨɜɟɞɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ (ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨ ɡɚɜɢɫɹɳɟɣ ɨɬ ɬɟɩɥɨɜɵɯ 
ɞɟɮɟɤɬɨɜ) ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɩɥɚɜɥɟɧɢɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ ɧɚɝɪɟɜɚ (105 – 108)Ʉɫ-1 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɢɡɭɱɢɬɶ ɤɢɧɟɬɢɤɭ ɨɛɪɚɡɨɜɚɧɢɹ ɜɚɤɚɧɫɢɣ ɦɟɬɚɥɥɨɜ. 

mailto:pyrolab@ihed.ras.ru


XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
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ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɚ ɛɥɨɤ-ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɨɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 
ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ: ɤɚɦɟɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɫɢɫɬɟɦɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɜɵɫɨɤɨɜɨɥɶɬɧɵɣ 
ɢɦɩɭɥɶɫɧɵɣ ɢɫɬɨɱɧɢɤ ɬɨɤɚ, ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɣ ɩɢɪɨɦɟɬɪ, ɫɢɫɬɟɦɚ ɪɟɝɢɫɬɪɚɰɢɢ 
ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ. ɋɨɡɞɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ 
ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬ 105 ɞɨ 108 Ʉɫ-1, ɚ ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɦɨɝɭɬ 
ɢɦɟɬɶ ɛɨɥɶɲɨɟ ɫɟɱɟɧɢɟ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɦɦ2 ɢ ɪɚɡɦɟɳɚɬɶɫɹ ɜ ɤɚɦɟɪɟ ɩɪɢ ɜɵɫɨɤɨɦ ɫɬɚɬɢɱɟɫɤɨɦ 
ɞɚɜɥɟɧɢɢ ɨɤɪɭɠɚɸɳɟɝɨ ɝɚɡɚ ɞɨ 7000 ɛɚɪ. ɇɚ ɭɫɬɚɧɨɜɤɟ ɬɚɤɠɟ ɪɟɚɥɢɡɨɜɚɧɚ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ 
ɜɵɤɥɸɱɟɧɢɹ ɢɦɩɭɥɶɫɚ ɝɪɟɸɳɟɝɨ ɬɨɤɚ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɨɛɪɚɡɰɨɦ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ 
ɫɢɝɧɚɥɭ ɨɬ ɩɢɪɨɦɟɬɪɚ, ɡɚɞɟɪɠɤɚ ɜɵɤɥɸɱɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 3 ɦɤɫ. 

ɋɭɬɶ ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɛɵɫɬɪɨɦ ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɚ ɞɨ Ɍɩɥ ɢ ɜɵɲɟ ɡɚ 
ɜɪɟɦɹ ɨɬ 25 ɦɤɫ ɞɨ 1000 ɦɤɫ ɡɚ ɫɱɟɬ ɨɛɴɟɦɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɬɟɩɥɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɩɨ 
ɨɛɪɚɡɰɭ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɛɨɥɶɲɨɣ ɩɥɨɬɧɨɫɬɢ. ɇɚɝɪɟɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɢɡɨɛɚɪɢɱɟɫɤɢɯ 
ɭɫɥɨɜɢɹɯ ɜ ɤɚɦɟɪɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɞɚɜɥɟɧɢɢ ɛɭɮɟɪɧɨɝɨ (ɢɧɟɪɬɧɨɝɨ) ɝɚɡɚ 
ɞɨ 7000 ɛɚɪ. ȼɜɟɞɟɧɧɚɹ ɷɧɟɪɝɢɹ ɢɥɢ ɷɧɬɚɥɶɩɢɹ H(t) ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɭɬɟɦ ɢɡɦɟɪɟɧɢɹ 
ɢɦɩɭɥɶɫɚ ɬɨɤɚ I(t) ɢ ɩɚɞɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ e(t) ɦɟɠɞɭ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɡɨɧɞɚɦɢ ɜ ɫɪɟɞɧɟɣ 
ɱɚɫɬɢ ɨɛɪɚɡɰɚ: 
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ɝɞɟ T  - ɢɧɬɟɝɪɚɥɶɧɚɹ ɢɡɥɭɱɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɨɛɪɚɡɰɚ,  - ɩɨɫɬɨɹɧɧɚɹ 
ɋɬɟɮɚɧɚ-Ȼɨɥɶɰɦɚɧɚ, S- ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɡɚɤɥɸɱɟɧɧɨɣ ɦɟɠɞɭ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ 
ɡɨɧɞɚɦɢ, m- ɦɚɫɫɚ ɱɚɫɬɢ ɨɛɪɚɡɰɚ, ɡɚɤɥɸɱɟɧɧɨɣ ɦɟɠɞɭ ɩɨɬɟɧɰɢɚɥɶɧɵɦɢ ɡɨɧɞɚɦɢ, ɇ0 - 
ɧɚɱɚɥɶɧɚɹ ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɡɰɚ, Ɍ0 - ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɨɛɪɚɡɟɰ ɫɪɟɞɵ, qΣ – ɦɨɳɧɨɫɬɶ 
ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɡɚ ɫɱɟɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɭɡɥɵ ɤɪɟɩɥɟɧɢɹ ɨɛɪɚɡɰɚ ɢ ɬɟɩɥɨɨɬɞɚɱɢ ɜ 
ɛɭɮɟɪɧɵɣ ɝɚɡ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɦɟɪɹɹ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜɨ ɜɪɟɦɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚ T(t), ɬɨɤI(t) ɢ ɧɚɩɪɹɠɟɧɢɟe(t), ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ HP(T) ɢ ɋP(T) 
ɩɭɬɟɦ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɜɵɲɟɨɡɧɚɱɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ. 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɨɪɢɝɢɧɚɥɶɧɵɣ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɣ 
ɩɢɪɨɦɟɬɪ. ɂɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɜ ɭɡɤɨɦ ɫɩɟɤɬɪɚɥɶɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɤɨɥɨ 
25 ɧɦ ɜ ɨɛɥɚɫɬɢ ɞɥɢɧ ɜɨɥɧ 1= 0,650 ɦɤɦ ɢ 2= 0,900 ɦɤɦ. ɍɡɤɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɨɥɨɫɚ 
ɦɨɧɨɯɪɨɦɚɬɨɪɚ ɫ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɫɬɨɹɧɫɬɜɨ ɷɮɮɟɤɬɢɜɧɨɣ ɞɥɢɧɵ 
ɜɨɥɧɵ ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ 1800 - 7000Ʉ. ȼ ɩɢɪɨɦɟɬɪɟ ɭɫɬɚɧɨɜɥɟɧɚ ɩɨɥɟɜɚɹ 
ɡɟɪɤɚɥɶɧɚɹ ɞɢɚɮɪɚɝɦɚ, ɤɨɬɨɪɚɹ ɜɦɟɫɬɟ ɫ ɜɯɨɞɧɵɦ ɨɛɴɟɤɬɢɜɨɦ ɮɨɪɦɢɪɭɟɬ ɩɥɨɳɚɞɤɭ 
ɜɢɡɢɪɨɜɚɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɞɢɚɦɟɬɪɨɦ 0.3 ɦɦ. 

Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɵ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ Ta ɢ Mo.Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ 
Ta ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɮɨɥɶɝɚ ɬɨɥɳɢɧɨɣ 0.05 ɦɦ ɢ ɩɨɥɨɫɚ ɬɨɥɳɢɧɨɣ 0.3 ɦɦ ɢɡ ɜɵɫɨɤɨɱɢɫɬɨɝɨ 
99.9% ɬɚɧɬɚɥɚ. Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢɡ Mo ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɮɨɥɶɝɚ ɬɨɥɳɢɧɨɣ 0.05 ɦɦ 
ɢ ɩɨɥɨɫɚ ɬɨɥɳɢɧɨɣ 0.3 ɦɦ ɢɡ ɜɵɫɨɤɨɱɢɫɬɨɝɨ 99.97% ɦɨɥɢɛɞɟɧɚ.  

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɦɟɬɨɞɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɬɢɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɛɵɥɢ 
ɢɡɝɨɬɨɜɥɟɧɵ ɨɛɪɚɡɰɵ ɢɡ ɮɨɥɶɝɢ, ɢɦɟɜɲɢɟ U ɨɛɪɚɡɧɭɸ ɮɨɪɦɭ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. 
ɂɡɥɭɱɟɧɢɟ ɩɨɥɨɫɬɢ, ɩɪɢ ɜɵɛɪɚɧɧɨɣ ɝɟɨɦɟɬɪɢɢ ɛɵɥɨ ɛɥɢɡɤɨ ɤ ɢɡɥɭɱɟɧɢɸ ɫɟɪɨɝɨ ɬɟɥɚ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɟɦɤɨɫɬɢ TК ɢ 
ɞɚɧɧɵɟ ɢɡ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɥɚ ±4% ɜ 
ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 2600-3250Ʉ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɧɚɲɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɩɨɤɚɡɵɜɚɸɬ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɢɟ ɫ Д3Ж ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 3200 Ʉ. 

Ⱦɚɧɧɵɟ Д3Ж ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɚɫɱɟɬɧɵɦ ɩɭɬɟɦ ɢ ɭɱɢɬɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɟɥɢɧɟɣɧɨɝɨ ɜɤɥɚɞɚ 
ɚɧɝɚɪɦɨɧɢɡɦɚ ɪɟɲɟɬɤɢ, ɷɥɟɤɬɪɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɜɤɥɚɞ ɪɚɜɧɨɜɟɫɧɵɯ 
ɜɚɤɚɧɫɢɣ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɞɢɚɩɚɡɨɧɟ Ɍɩɥ - 100Ʉ, ɩɨɥɭɱɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ ɭɫɤɨɪɟɧɧɵɣ ɪɨɫɬ ɬɟɩɥɨɟɦɤɨɫɬɢ.  
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Ɉɫɧɨɜɧɨɣ ɜɵɜɨɞ, ɫɞɟɥɚɧɧɵɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɬɨɦ, ɱɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɢɫɬɢɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɢɡɦɟɪɟɧɧɨɣ ɹɪɤɨɫɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫ 
ɩɪɢɜɥɟɱɟɧɢɟɦ ɫɬɚɰɢɨɧɚɪɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɩɟɤɬɪɚɥɶɧɨɣ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɞɚɟɬ 
ɛɨɥɶɲɭɸ ɦɟɬɨɞɢɱɟɫɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɭɳɟɫɬɜɟɧɧɵɦ ɩɨɝɪɟɲɧɨɫɬɹɦ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɩɥɚɜɥɟɧɢɹ. 
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ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɝɨ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɛɭɮɟɪɧɨɝɨ ɝɚɡɚ 

 

 
Ɋɢɫɭɧɨɤ 2. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɬɚɧɬɚɥɚ:1 – ɧɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ, 2 – [3], 3 
– [6], 4 – [7] 

 
Ɋɚɡɪɚɛɨɬɤɚ ɢ ɩɪɢɦɟɧɟɧɢɟ ɧɚ ɞɟɣɫɬɜɭɸɳɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɧɨɜɨɝɨ 

ɦɢɤɪɨɫɟɤɭɧɞɧɨɝɨ ɩɨɥɢɯɪɨɦɚɬɢɱɟɫɤɨɝɨ ɩɢɪɨɦɟɬɪɚ Д8Ж ɩɨɡɜɨɥɢɬ ɭɦɟɧɶɲɢɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɞɥɹ 
ɪɚɫɱɟɬɚ ɢɫɬɢɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ ɜ ɨɛɥɚɫɬɢ ɩɪɟɞɩɥɚɜɥɟɧɢɹ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎИ № 14-08-00925-(08-202) - ɚ. 
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Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɭɩɪɭɝɨɟ ɨɞɧɨɪɨɞɧɨɟ ɢɡɨɬɪɨɩɧɨɟ ɩɨɥɭɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 
ɦɚɫɫɨɜɵɯ ɫɢɥ ɢ ɫ ɭɱёɬɨɦ ɤɨɧɟɱɧɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɚ ɢ ɫɜɹɡɚɧɧɨɫɬɢ ɩɨɥɟɣ 
ɞɟɮɨɪɦɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɧɚ ɝɪɚɧɢɰɟ ɡɚɞɚɧɵ ɪɚɜɧɨɦɟɪɧɨ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɬɟɦɩɟɪɚɬɭɪɚ ɢɥɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, 
ɢɡɦɟɧɹɸɳɢɟɫɹ ɩɨ ɜɪɟɦɟɧɢ ɩɨ ɡɚɤɨɧɭ ɞɟɥɶɬɚ-ɮɭɧɤɰɢɢ Ⱦɢɪɚɤɚ, ɚ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɧɚɩɪɹɠɟɧɢɹ 
ɪɚɜɧɵ ɧɭɥɸ. ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɨɞɧɨɪɨɞɧɵɟ. ɇɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɜɨɡɦɭɳɟɧɢɹ ɨɬɫɭɬɫɬɜɭɸɬ. 

ȼ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɩɨɫɬɚɧɨɜɤɟ Д1,2Ж ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɧɚɱɚɥɶɧɨ-ɤɪɚɟɜɨɣ ɡɚɞɚɱɟ ɞɥɹ 
ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɧɟɫɬɚɰɢɨɧɚɪɧɨɣ ɫɜɹɡɚɧɧɨɣ ɡɚɞɚɱɢ ɨɛɨɛɳёɧɧɨɣ 
ɬɟɪɦɨɭɩɪɭɝɨɫɬɢ. Ⱦɥɹ ɟɟ ɪɟɲɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɩɨɞɯɨɞɚ: ɩɪɢɦɟɧɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ʌɚɩɥɚɫɚ ɩɨ ɜɪɟɦɟɧɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɟɲɟɧɢɟɦ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɞɥɹ ɨɛɵɤɧɨɜɟɧɧɨɝɨ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Ʌɚɩɥɚɫɚ, ɤɚɤ ɩɨ ɜɪɟɦɟɧɢ, 
ɬɚɤ ɢ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɤɨɨɪɞɢɧɚɬɟ. ȼɨ ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ ɜ ɢɡɨɛɪɚɠɟɧɢɹ ɜɯɨɞɹɬ ɞɜɟ 
ɩɨɫɬɨɹɧɧɵɟ, ɤɨɬɨɪɵɟ ɡɚɬɟɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɭɫɥɨɜɢɣ ɨɝɪɚɧɢɱɟɧɧɨɫɬɢ ɪɟɲɟɧɢɣ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɜɬɨɪɨɦ ɩɨɞɯɨɞɟ ɢɡɨɛɪɚɠɟɧɢɹ ɢɦɟɸɬ ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɜɢɞ. Ɉɞɧɚɤɨ ɜ 
ɨɛɨɢɯ ɜɚɪɢɚɧɬɚɯ ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɨɪɢɝɢɧɚɥɨɜ ɡɚɬɪɭɞɧɟɧɨ. ɉɨɷɬɨɦɭ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 
ɦɚɥɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɡɚ ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚɟɬɫɹ ɥɢɛɨ ɜɪɟɦɹ, ɥɢɛɨ ɤɨɷɮɮɢɰɢɟɧɬ ɫɜɹɡɚɧɧɨɫɬɢ 
ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɟɣ, ɥɢɛɨ ɨɛɪɚɬɧɚɹ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɚ 
ɜɟɥɢɱɢɧɚ, ɥɢɛɨ ɨɛɚ ɩɨɫɥɟɞɧɢɯ ɩɚɪɚɦɟɬɪɚ. ɉɨɫɬɪɨɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɬɟɩɟɧɧɵɟ ɪɹɞɵ, 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɬɨɪɵɯ ɧɚɣɞɟɧɵ ɜ ɹɜɧɨɦ ɜɢɞɟ. ɉɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɪɚɫɱɟɬɨɜ ɢ ɞɚɧɚ ɨɰɟɧɤɚ 
ɢɯ ɫɯɨɞɢɦɨɫɬɢ. 
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ɊАɋɑЁɌ ɍȾАɊɇЫɏ АȾɂАȻАɌ ȾɅə SIO2 ɉɈ ɆɈȾȿɅɂ ɏАɊɌɊɂ–ɎɈɄА–
ɋɅɗɌȿɊА 

Ʉɚɞɚɬɫɤɢɣ Ɇ.Ⱥ., ɏɢɳɟɧɤɨ Ʉ.ȼ.  
Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊАɇ,  

Ɋɨɫɫɢя, 125412, Ɇɨɫɤɜɚ, ɭɥ. Иɠɨɪɫɤɚя, ɞ.13, ɫɬɪ.2. E-mail: makkad@yandex.ru 
 
ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɜ ɬɨɦ 

ɱɢɫɥɟ ɭɞɚɪɧɵɯ ɚɞɢɚɛɚɬ) ɫɦɟɫɟɣ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ Si ɢ O ɩɨ ɦɨɞɟɥɢ ɏɚɪɬɪɢ–Ɏɨɤɚ–
ɋɥɷɬɟɪɚ (ɏɎɋ) Д1Ж ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ. ɂɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɬ ɜɵɛɨɪɚ ɦɟɬɨɞɢɤɢ ɩɨɫɬɪɨɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɫɦɟɫɢ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɩɪɢɦɟɧɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɚɦɨɫɨɝɥɚɫɨɜɚɧɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɞɥɹ ɫɦɟɫɢ 
ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɇ.ɘ. Ɉɪɥɨɜɵɦ Д2Ж. Ⱦɥɹ ɹɱɟɟɱɧɵɯ ɦɨɞɟɥɟɣ ɫɬɪɨɟɧɢɹ 
ɜɟɳɟɫɬɜɚ ɷɬɨɬ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɫɨɝɥɚɫɨɜɚɬɶ ɯɢɦɢɱɟɫɤɢɟ ɩɨɬɟɧɰɢɚɥɵ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɨɬɞɟɥɶɧɨ 
ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ. ȼ ɤɚɱɟɫɬɜɟ ɞɪɭɝɢɯ (ɛɨɥɟɟɩɪɨɫɬɵɯ) ɤɜɚɧɬɨɜɨ-
ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɜɵɛɪɚɧɵ ɦɨɞɟɥɶ ɩɨɫɬɨɹɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ, 
ɦɨɞɟɥɶ Ɍɨɦɚɫɚ–Ɏɟɪɦɢ (ɌɎ) ɢ ɦɨɞɟɥɶ ɏɎɋ ɛɟɡ ɭɱёɬɚ ɡɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ. Ɍɚɤɠɟ ɩɪɨɜɟɞɟɧɨ 
ɫɪɚɜɧɟɧɢɟ ɫ ɢɦɟɸɳɢɦɢɫɹ ɞɥɹ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɞɚɧɧɵɦɢ ɭɞɚɪɧɨ-ɜɨɥɧɨɜɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ.  
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ВОДОРАСТВОРИМЫЕ ПОЛИЭЛЕКТРОЛИТЫ КАК ОБЪЕКТЫ МЕТОДОВ 
ОГРАНИЧЕНИЯ ВОДОПРИТОКОВ СКВАЖИН 

Адебайо А.А., Барабанов В.П., Крупин С.В., Церажков П.И. 
ФГБОУ ВПО «Казанский национальный исследовательский технологический 

университет», Россия, 420015, Казань, ул. К.Маркса, 68.E-mail: membrana@kstu.ru 
 

В настоящее время наращивание объемов реализации нефти на внутреннем и внешнем 
рынках требует не только освоения новых месторождений, но и повышения выхода 
нефтедобычи. Это связано с тем, что большинство крупных месторождений мира находятся 
на поздней стадии разработки.Средняя конечная нефтеотдачи пластов по различным странам 
и регионам составляет от 25-40% [1]. Соответственно, растет актуальность научно-
технических разработок новых методов увеличения нефтеотдачи и поиска способов более 
эффективного использования ранее применяемых методов. 

Многие нефтяные компании, в том числе и российские, озадачены решением вопросов 
интенсификации нефтедобычи. В связи с этим, растет интерес к реагентам повышения 
нефтеотдачи пластов. Количество нефти, добываемой с помощью методов увеличения 
нефтеотдачи в России составляет 1,5 млн т/год. Из них, порядка 20% составляют 
потокотклоняющие технологии [2]. Это обусловлено тем, что при интенсивном режиме 
эксплуатации нефтяных месторождений, находящихся на поздней стадии разработки, резко 
возрастает обводненность скважин, что вынуждает решать задачу сокращения водопритоков 
из продуктивных пластов.В промышленности существует ряд методов снижения обводнения 
скважин. Эффективность этих методов зависит от условий месторождений и в среднем не 
достигает 60%. Для условий месторождений России разработан ряд тампонажных 
материалов и водоизолирующих реагентов, представленные в работах [3]. Полиэлектролиты 
предствляют собой полимеры в составах молекул которых входят группы, способны к 
ионизации в растворе. 

Известно, что полиэлектролиты в зависимости от природы функциональных групп 
диссоцируются по разным схемам. Полиэлектролиты подразделяются на поликатионы (при 
диссоциации которых основная макромолекула приобретает положительный заряд), 
полианионы (заряд ионизированной полимерной молекулы отрицательный) и полиамфолиты 
(макромолекулы содержит как положительные, так и отрицательные заряды). 
Полиэлектролитные комплекса образуются в результате реакции разного рода между 
противоположно заряженными полиэлектролитами, образовавшие макромолекулы 
удерживаются солевыми связями. Реакции взаймодействие происходят по следующим 
схемам: 

a) Реакция нейтрализации между растворами поликислоты и силного полиоснования: 

 

(1) 

Реакция протекает необратимо с большим тепловым выходом, вследствие образования 
слабодиссоцирующего продукта- воды. Другим продуктом реакции является осадок 
полиэлектролитного комплекса. 

b) Реакция обмена между полиэлектролитами, когда один или оба полиэлектролита 
находятся в солевой форме: 

 

(2) 

Поликислота   соль полиоснования     ПЭК   кислота 
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(3) 

Соль поликислоты  полиоснования  ПЭК  щелочь 

 

(4) 

Соль поликислоты  полиосоль  ПЭК       нейтральная соль 
В результате реакций обмена образуется нерастворимое соединение – 

полиэлектролитный комплекс и низкомолекулярный продукт реакции- минеральная кислота 
(схема (2), щелочь (схема (3) или нейтральная соль (схема (4). Реакции обмена обратимы. 
Увеличивая концентрацию низкомолекулярного продукта реакции (электролита) в растворе 
(т.е. в надосадочной жидкости- часть суспензии расположенная над осадком), можно 
смещать равновесие реакции (2)- (4) влево. Особенно просто это осуществить в реакциях (2) 
и (3), когда один из полимерных реагентов- слабый полиэлетролит и реакция 
сопровождается выделением протонов или гидроксил-ионов.  

Равновесия подобных реакций обмена между низкомолекулярными веществами 
полностью смещены влево, то есть реакция практически не осуществимо. Следовательно, 
прохождение реакций обмена между полиэлектролитами нельзя объснить опецифическим 
сродством реакционных групп. Движущей силой процесса являются не энергетические 
изменения, а выигриш в энтропии системы за счет высбождения низкомолекулярных ионов, 
ранее связанных с полиионом. Реакции подобного типа называются кооперативными 
реакциями и возможны лишь в химии высокомолекулярных соединений. Реакция 
образования полиэлектролитного комплекса протекает в узком интервале pH надосадочной 
жидкости. Положение области на шкале pH, в которой происходит реакция, определяется 
характеристическими константами диссоциации слабых поликислот и полиоснований. 
Крутизна зависимости степени связывания полиэлектролитов от pH различна для различных 
пар полиэлектролитова также для реакции одной и той же пары полиэлектролитов в кислой и 
щелочной средах. 

Действие водоограничительного материала (ВОМ) на основе интерполимерных 
комплексов (ИПК)в пресных и слабоминерализованных пластовых водах (плотность 1060 
кг/м3) основано на формировании прочного водонерастворимого материала в результате 
разбавления исходных реагентов водой. Эффективное действие ВОМ ИПК в 
высокоминерализованных пластовых водах может быть основано как на формировании 
прочного водонерастворимого материала, так и на продуктах взаимодействия компонентов 
ИПК с многозарядными катионами пластовых вод.  
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Данное исследование было направлено на изучениесвойствдвустенных (ДУНТ) и 

одностенных (ОУНТ) углеродных нанотрубок под воздействием высоких давлений, 
возникающих при ударно-волновом нагружении, а такжена определение давлений, выше 
которых происходят необратимыеповреждения структуры нанотрубок. Ранее были 
проведены эксперименты, показывающие высокую структурную стабильность ДУНТ при 
статическом сжатии. 

В экспериментах нагружались несколько образцов углеродных нанотрубок различной 
чистоты: ДУНТ с содержанием нанотрубок около 60% в исходном веществе, ДУНТ с 
содержанием нанотрубок 95%, и ОУНТ, содержащие более 95% нанотрубок в исходном 
веществе. Пиковые давления в образцах достигались за счет многократных переотражений 
ударнойволны между стенками ампулы сохранения и были равны 14 - 98 ГПа для ДУНТ и 19 
- 52 ГПа для ОУНТ. Анализ образцов после нагружения проводился методом электронной 
микроскопии высокого разрешения (HRTEM) и методом комбинационного (рамановского) 
рассеяния света (КРС). Результаты просвечивающей электронной микроскопии показали, что 
происходят значительные повреждения нанотрубок - они ломаются, сплющиваются и даже 
разворачиваются вдоль оси, образуя листы графена. Структурные повреждения нанотрубок, 
а также отношение интенсивностей D- и G-пиков увеличиваются с ростом давления в 
ударной волне.Пороговое давление структурной стабильности ДУНТ лежит между 
давлениями в 26 и 30 ГПа и около 19 ГПа для ОУНТ. Как ДУНТ, так и ОУНТ 
продемонстрировали более высокую устойчивость к структурным повреждениям при 
статическом сжатии, чем при ударно-волновом нагружении. 

 
 
 
УСТАНОВКА ДЛЯ ИССЛЕДОВАНИЯ ТЕМПЕРАТУРНОГО ПОЛЯ СВОБОДНОЙ 
СТРУИ РАСШИРЯЮЩЕГОСЯ СВЕРХКРИТИЧЕСКОГО ФЛЮИДА ЧЕРЕЗ 

КАНАЛЫ МИКРОННЫХ РАЗМЕРОВ 
Блинов Т.Х., Гильмутдинов И.И., Гильмутдинов И.М., Кузнецова И.В., Сабирзянов А.Н. 

ФГБОУ ВПО «Казанский национальный исследовательский технологический 
университет», Россия, 420015, Казань, ул. К.Маркса, 68. E-mail: blinov_timur@mail.ru 
 
Одной из актуальных задач современной медицины является получение микро- и 

наноразмерных фармацевтических субстанций. Размер частиц определяет размеры 
поверхности, что в свою очередь контролируют скорость растворения, усвояемость и 
действие лекарства. Одним из методов получения фармацевтических субстанций высокой 
чистоты является метод быстрого расширения сверхкритических растворов (метод RESS – 
RapidExpansionofSupercriticalSolution). В процессе быстрого расширения сверхкритических 
растворов в области свободной струи происходит три основныхмеханизма образования и 
роста частиц: образование критических зародышей, конденсацияи коагуляция.На механизм 
образования частиц влияют такие параметры, как плотность, давление, температура, 
скорость и явления в процессе истечения: турбулентность, ударные волны и смешение с 
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фоновым газом. Механизмы образования и роста частиц мало изучены диска Маха в связи со 
скачкообразным изменением термодинамических параметров и механическим 
взаимодействием растущих частиц с ударными волнами. Для экспериментального измерения 
температурного профиля потока после выхода из канала расширения возможно применение 
систему из хромель-копелевой термопары, а так же использовать тепловизор. 
Экспериментальный анализ поля температуры впотоке позволяет идентифицировать 
геометрию боковых ударных волн и диска Маха по скачкообразному изменению 
температуры.  

Экспериментальная часть 
Опыты в данной работе проводилисьна модернизированной установке RESS-100-2 Base 

(рис. 1) фирмы Thar Technologies Inc. Данная установка включает в себя: насос высокого 
давления, теплообменник охлаждения СО2, электронагреватель, насытитель со смотровым 
окном и мешалкой, устройство расширения, сборник частиц, систему контроля и защиты. 
Установка обладает следующими техническими характеристиками: рабочее давление 6 ÷ 60 
МПа (с мешалкой до 40 МПа); номинальный массовый расход сверхкритического 
растворителя8•10-4 кг/с (пиковое значение расхода может достигать 1,6•10-3 кг/с); рабочая 
температура от комнатной до 393 К. 

 

 
Рис. 1.Экспериментальная установка TharRESS-100-2 Base. 1 - насытитель; 2 - мешалка; 3 - 
термостат; 4,7,8 - вентиль; 5 - расходомер; 6 - насос высокого давления; 9 - устройство 
расширения; 10 - теплообменник на нагрев (электронагреватель); 11 - камера расширения; 12 
- теплообменник - охладитель;13 – баллон с СО2 
 

На первом этапе данной работы для исследования температурного поля в струе 
расширяющегося потока углекислого газа предлагается использовать систему из хромель-
копелевой термопары. Изменяя место положение термопары, измеряется температура в 
любой исследуемой точки расширяющегося потока (рис. 2). 

Устройство 4, которое передвигает рамку с термопарой 2, необходимо для точного 
расположения термопары на определенном расстоянии от сопла 1, которое измеряется с 
помощью линейки 3. Процесс измерения температуры потока происходит следующим 
образом. Сверхкритический диоксид углерода расширяетсяв атмосферу. Рамка с термопарой 
устанавливаетсяпо центру сопла и далее измерение температуры потока происходит с 
помощью прибора ТРМ 200. После чего рамка спускаетсяниже на 1 мм и процесс 
повторяется. 

Также для исследования температурного поля в струе расширяющегося потока 
углекислого газа предлагается использоватьинфракрасный тепловизор FlukeTi-25 (рис 3).  
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Рис. 2. 1-сопло; 2-термопара; 3-линейка; 4-устройство передвижения 

 
 

 
Рис.3. 1-сопло; 2-металлическая пластинка; 3-тепловизер 

 
Сверхкритический диоксид углерода, расширяясь в атмосферу через сопло 1, попадает на 

металлическую пластинку 2, у которой в свою очередь меняется температурное поле. Это 
изменениеотмечается с помощью тепловизера 3.Использование данных методик позволяют 
качественно исследовать профиль температурного поля в струе расширяющегося потока. 
Работа выполнена в рамках Соглашения№14-08-31319\14 от 14.02.2014 с федеральным 

государственным бюджетным учреждением «Российский фонд фундаментальны 
исследований». 
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ТЕОРЕТИЧЕСКИЙ РАСЧЕТ ГЕОМЕТРИЧЕСКИХ ПАРАМЕТРОВ И ПОЛНОЙ 
ЭЛЕКТРОННОЙ ЭНЕРГИИ БИМЕТАЛЛИЧЕСКИХ НАНОКЛАСТЕРОВ  

PtOs3 И Pt3Os3 
Гарифзянова Г.Г., Храпковский Г.М. 

ФГБОУ ВПО «Казанский национальный исследовательский технологический 
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Биметаллические нанокластеры, в которых атомы платины соединены с атомами осмия 

представляют интерес как экспериментальных, так и теоретических исследований, для 
использования в каталитических реакциях. Взаимодействием Pt(PBut3)2 c Os3(CO)12 были 
получены соединения PtOs3(CO)12(PBut

3) и Pt3Os3(CO)12(PBut
3)3, анализ которых был 

проведен методом рентгеновской дифракции [1]. 
Нами были оптимизированы биметаллические нанокластеры PtOs3 и Pt3Os3 (рис.1) с 

использованием DFT методов с различными базисными наборами. 
 

 
Рис. 1 Структура нанокластера Pt3Os3 (метод B3LYP/LanL2DZ) 

 
Расчетные геометрические параметры и полная электронная энергия основной структуры 
нанокластера PtOs3 в состоянии c мультиплетностью 3 приведены в таблице 1, а расчетные 
геометрические параметры и полная электронная энергия нанокластера Pt3Os3 - в таблице 2. 

 
Таблица 1. Геометрические параметры и полная электронная энергия (Е) нанокластера PtOs3 
c мультиплетностью 3 (длины связей в Å) 

Метод 
r(Pt1-
Os1) 

r(Pt1-
Os2) 

r(Os1-
Os2) 

r(Os2-
Os3) 

r(Os1-
Os3) 

Е, 
Хартри 

B3LYP/LanL2DZ 2.515 2.652 2.389 2.636 2.361 -392.1241 
B3LYP/CEP-121G 2.563 2.563 2.355 2.437 2.437 -393.3749 

Эксперимент [1] в соед. 
PtOs3(CO)12(PBut

3) 
2.793 2.860 2.959 2.911 2.863 - 

 
Как видно из таблицы 1, значения расчетных длин связей Pt-Os и Os-Os меньше, чем 

наблюдаемые в эксперименте. По методу B3LYP/CEP-121G нанокластер PtOs3 имеет 
симметричные стороны, в отличии от наблюдаемого в эксперименте.  

Как видно из таблицы 2, рассчитанное методом B3PW91/LanL2DZ значение длины связи 
Os1-Os2 больше, чем значения, рассчитанные методами B3LYP/LanL2DZ и B3LYP/CEP-
121G и наблюдаемые в эксперименте. 
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Tаблица 2. Геометрические параметры и полная электронная энергия (Е) нанокластера Pt3Os3 
c мультиплетностью 3 (длины связей в Å) 

Метод 
r(Pt1-
Os1) 

r(Pt2-
Os1) 

r(Pt1-
Os2) 

r(Pt2-
Os3) 

r(Os1-
Os2) 

r(Pt3-
Os2) 

Е, 
Хартри 

B3LYP/LanL2DZ 2.567 2.511 2.523 2.564 2.555 2.511 -630.5733 
B3LYP/CEP-121G 2.521 2.512 2.562 2.568 2.534 2.512 -633.0732 
B3PW91/LanL2DZ 2.506 2.456 2.497 2.655 3.350 2.518 -630.8419 

Эксперимент [1] в соед. 
Pt3Os3(CO)12(PBut

3)3 
2.779 2.818 2.818 2.788 2.972 2.803 - 
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ВЛИЯНИЕ ТЕРМОЦИКЛИРОВАНИЯ НА ТЕПЛОФИЗИЧЕСКИЕ СВОЙСТВА 

ТЕКСТОЛИТОВ, МОДИФИЦИРОВАННЫХ УГЛЕРОДНЫМИ 
НАНОМАТЕРИАЛАМИ 

Данилова-Третьяк C.М., Евсеева Л.Е., Танаева С.А.  
Институт тепло- и массообмена имени А.В.Лыкова НАН Беларуси,  

Белоруссия,220072, Минск, ул. П.Бровки, 15 
 
Широкое применение в технике получили композиционные материалы, армированные 

тканями. В частности, эффективными конструкционными материалами являются стекло- и 
асботекстолиты на фенолоформальдегидных и других термостабильных связующих. 
Теплофизические характеристики таких материалов зависят от плотности и химико-
минералогического состава, а также от структуры, пористости, влажности материалов и 
заданного температурного диапазона эксплуатации. 

Проведены сравнительные экспериментальные исследованиятеплофизических свойств 
традиционных и модифицированных асботекстолитов в диапазоне температур –150 + 150 °С 
в зависимости от типа углеродного нанонаполнителя. 

Показано, что наибольшее увеличение (почти в два раза) коэффициентов тепло- и 
температуропроводности наблюдается для текстолита, модифицированного 
мелкомасштабной фракцией нанонаполнителя, углеродными нанотрубками. Удельные 
теплоемкости модифицированных и традиционных асботекстолитов практически совпадают 
в пределах погрешности измерений. 

 Изучено влияние глубокого охлаждения и знакопеременных тепловых нагрузок 
(термоциклирования) на теплофизические свойства традиционных и модифицированных 
текстолитов. Показано, что термоциклирование понижает коэффициент теплопроводности и 
температуропроводности. Причем, наибольшее уменьшение происходит при первых 
термоударах. При дальнейшем увеличении числа термоциклов происходит залечивание 
дефектов и небольшое повышение теплопроводности. Модификация углеродными 
наноматериалами оказывает неоднозначное влияние на коэффициент теплопроводности 
исследуемых материалов при термоциклировании. Наибольшее уменьшение 
теплопроводности текстолитов после термоциклирования наблюдается при модификации 
крупной фракцией углеродных наноматериалов и наименьшее – при модификации 
углеродными нанотрубками. 
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ТЕМПЕРАТУРНАЯ ЗАВИСИМОСТЬ ТЕПЛОЕМКОСТИ 
НАНОСТРУКТУРИРУЕМЫХ МАТЕРИАЛОВ 

Загребин Л.Д. 1, Артанов А.М. 1, Перевозчиков С.М. 1, Мухаметшина И.Ю. 1, Ладьянов 
В.И. 2 

1ФГБОУ ВПО «Ижевский государственный технический университетимени 
М.Т.Калашникова», Удмуртская Республика, г. Ижевск, 426069, ул. Студенческая 7. 

2Физико-технический институт УрО РАН, 
Удмуртская Республика, г. Ижевск, 426000, ул. Кирова, 132 

 
Применение традиционных материалов в различных отраслях промышленности в 

настоящее время зачастую не удовлетворяют современным запросам, так как исчерпали 
ресурс эксплуатационных и других свойств. Решением проблем может стать переход к 
наноструктурным материалам, которые отличаются по своим свойствам от материалов в 
крупнокристаллическом состоянии, но схожим по химическому составу. Ранее [1, 2] мы 
рассматривали температурную зависимость теплопроводности исследуемых материалов.В 
данной статье мы рассмотрим влияние на температурную зависимость теплоемкости при 
введении примеси в 3d переходные металлы и эпоксидную смолу. 

В качестве объекта теплофизического исследования для 3d переходных металлов было 
выбрано механически сплавленное карбонильное железо с добавлением изоэлектронных sp-
элементов (sp = C, Ge, Sn). Целью настоящей работы является рассмотреть изменения 
теплоемкости железа с sp-элементами (sp = C, Ge, Sn) от температуры. Во втором случае в 
качестве объекта теплофизического исследования был выбран эпоксидный полимер, 
включающий в качестве основы эпоксидную диановую смолу марки ЭД-20 и отвердитель 
аминного типа – полиэтиленполиамин (ПЭПА), модифицированного медь/углеродным НК в 
соотношении 0,001, 0,003 и 0,005 % НК к 1 масс.ч., из которого подготовлены 
цилиндрические образцы для определения температурной зависимости теплоемкости. 
Отверждение ЭП осуществлялось при температуре 293-298 К. 

Для получения данных о температурной зависимости теплоемкости были проведены 
исследования теплоемкости динамическим методом, калориметрическим прибором ИТ-С-400 [3]. 

На рисунке 1 представлена температурная зависимость теплоемкости в интервале 
температур 298-448 К различных по составу смесей нанокомпозитов Fe(68)-M(32) (M = Ge, 
Sn). Рассмотрим температурную зависимость теплоемкости порошка чистого Fe и смеси 
порошка Fe(95) с sp-элементом С(5). Система Fe(95)-С(5) была выбран в связи с тем, что, 
образовавшийся в процессе механического измельчения цементит [4] полностью 
растворяется в железе. Большее атомное процентное содержание углерода замедляет в 
процессе механического измельчения процесс растворения цементита. При этом остаточный 
цементит не значительно влияет на теплофизические свойства образца. В системе Fe-C на 
первом этапе происходит уменьшение теплоемкости, связанное с тем что структура в 
процессе механического сплавления и отжига не завершила процесс полного перехода в 
нанокристаллическую фазу и присутствует остаточная аморфная фаза. При температуре 348 
К процесс перехода из аморфной фазы завершается, материал переходит в более стабильную 
нанокристаллическую фазу. 

Известно, что смеси порошка Fe(68) с sp-элементом Sn(32) при комнатной температуре 
представляет собой антиферромагнетик [5]. При температуре 378К теряет свой магнитные 
свойства, теплоемкость достигает максимального значения и превращается в 
парамагнетик.Теплоемкость смеси порошка Fe(68) с sp-элементом Ge(32) представленного 
на рис. 1 на всем температурном интервале практически не изменяется, подчиняясь закону 
Дюлонга-Пти. 

Определение температурной зависимости теплоемкости эпоксидных смол проведены на 
четырех видах образцов, различающихся по составу. В качестве эталона, сравниваемых с 
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материалами, модифицированными нанокомпозитами, взят эпоксидный полимер на основе 
смолы марки ЭД-20. 

 

 
Рис. 1. Температурная зависимость теплоемкости наноструктурируемого чистого Fe,Fe(68)-
M(32) (M = Ge, Sn) и Fe(95)-С(5) 
 

Введение НК способствует повышению теплоемкости эпоксидного полимера. По данным 
исследования теплоемкость немодифицированного эпоксидного полимера при 298 К 
составляет 1794 Дж/кг·К, тогда как у эпоксидных полимеров, содержащих 0,001, 0,003 и 
0,005 % медь/углеродного нанокомпозита 1855, 1912 и 2397 Дж/(кг·К) соответственно. 

 

 
Рис. 2. Температурная зависимость теплоемкости эпоксидного полимера модифицированной 
Cu/C нанокомпозитами и немодифицированного образца 
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Рост теплоемкости модифицированных эпоксидных полимеров связан с образованием 
дополнительных координационных связей между частицами медь/углеродного НК и 
макромолекулами полимера, увеличением степени конверсии эпоксидных групп и 
образованием фазы с более упорядоченной структурой. 

С увеличением температуры уменьшается число межмолекулярных водородных связей, 
уменьшается энергия вращательной и колебательной составляющей пика, что приводит к 
перераспределению электронной плотности и уменьшению длин связей аминных групп 
(рисунок 2) приводящее к уменьшению теплоемкости эпоксидных полимеров. До 
температуры 342 К теплоемкость уменьшается по экспоненциальному закону. Выше 
температуры 342 К происходит разрушение межмолекулярных водородных связей 
эпоксидных полимеров и теплоемкость немодифицированных и модифицированных 
медь/углеродными нанокомпозитами практически не различаются между собой (подчиняется 
закону Дюлонга-Пти и близка 3R). 

Исследованы температурные зависимости теплоемкости эпоксидных полимеров, 
модифицированных медь/углеродными наноструктурами и 
механоактивированныхнанокристаллических сплавов Fe с sp-элементами (sp = C, Ge, Sn). 
Определен характер изменения теплоемкости и от масс. % нанокомпозита в образце для 
эпоксидных материалов и установлено что введение металл/углеродных нанокомпозитов 
приводит к повышению термостабильности эпоксидных полимеров, способствуя смещению 
точки разложения. Также установлено что введение sp-элементов в нанокристаллическоеFe 
приводит к существенным изменения теплоемкости.Теплоемкость сильно зависит от 
вводимого sp-элемент, степени разупорядоченности полученного материала. 
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Ионные жидкости (ИЖ) - соли органических кислот с низкой температурой плавления - 

обладают набором уникальных свойств, обеспечивающих широкое применение таких 
жидкостей на практике, например, в качестве растворителей, экстрагентов, катализаторов 
или электролитов. Высокие растворяющая способность, электропроводность и электрическая 
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стабильность, негорючесть и нетоксичность, исключительно низкое давление пара и высокая 
вязкость различных ИЖ сохраняются в широком температурном диапазоне. Возможность 
комбинировать различные катионы и анионы при синтезе ИЖ позволяет получать жидкости 
с заданными специфическими свойствами. 

В докладе представлены результаты использования лазерно-индуцированных решеток 
(ЛИР) - пространственно-периодических модуляций показателя преломления среды, 
обусловленных генерацией в ней ультразвуковых волн и стационарных модуляций 
плотности импульсом лазерного излучения накачки наносекундной длительности, - для 
измерений физико-химических параметров ИЖ, имеющих один и тот же катион, 1-этил-3-
метилимидазолий, [EMIm], и различные анионы, такие как дицианамид, [N(CN)2], 
метилсульфит, [MeSO3], трицианометанид, [C(CN)3], бис(трифторметилсульфонил)имид, 
[NTf2], и этилсульфат, [EtSO4]. Измерения проводились при комнатной температуре (301 K). 
ЛИР генерировались в результате релаксации энергии квази-резонансного возбуждения 
обертонных и составных валентных колебаний CH-связей в катионах [EMIm] излучением 
Nd:YAG лазера с длиной волны 1064 нм [1]. Частота возникающего ультразвука составляла 
30-50 МГц. Регистрация временной эволюции интенсивности дифрагированного на ЛИР 
непрерывного пробного лазерного излучения позволила измерить не только скорость звука в 
исследуемых ИЖ и коэффициент их температуропроводности, но и коэффициент затухания 
ультразвуковых волн. Из этой величины, с использованием известных из литературы 
значений сдвиговой вязкости и теплопроводности ИЖ, удалось, насколько нам известно, 
впервые определить объемную вязкость трех из пяти исследуемых ИЖ. 

 
ЛИТЕРАТУРА 

 
1. D.N. Kozlov, J. Kiefer, T. Seeger, A.P. Fröba, A. Leipertz. J. Phys. Chem. B115 (2011) 8528. 
 

 
 
ТЕПЛОЕМКОСТЬ НАНОСТРУКТУРИРОВАННОГО ТИТАНАТА БАРИЯ В 

ОБЛАСТИ ФАЗОВЫХ ПЕРЕХОДОВ 
Каллаев С.Н.1,2, Омаров З.М.1, Ферзилаев Р.М.1, Садыков С.А. 2, Абдулвахидов К.3 

1Институт физики Дагестанского научного центра Российской академии наук,  
Россия, 367003, Махачкала, ул. М.Ярагского, 94. Е-mail:kallaev-s@rambler.ru 

2Дагестанский государственный университет, Россия,367000, Махачкала,  
ул.Гаджиева, д. 43-а.Е-mail:ssadyk@yandex.ru 

3Южный федеральный университет, Россия, 344006, Ростов-на-Дону, 
 ул.Большая Садовая, 105/42.Е-mail: phys.kam@mail.ru 

 
Нанокристаллическая сегнетокерамика достаточно широко исследовалась в последние 

годы, тем не менее, осталось много нерешенных проблем, связанных с природой фазовых 
переходов и особенностями поведения физических и структурных свойств в таких керамиках 
в широкой области температур.Более того, структура и свойства таких соединений и их 
изменения при внешних воздействиях в последнее время является предметом обсуждения. 
Все это стимулирует и делает актуальными дальнейшие подробные исследованияоксидных 
керамических материалов с наноразмерными структурами. В частности, исследование 
теплоемкости в широком температурном интервале позволяет получить важную 
информациюо природе физических явлений в наноматериалах: температуре фазового 
перехода, его размытия, (избыточной) энтропии и величине спонтанной поляризации. 

В настоящей работе представлены результаты исследований теплоемкости 
наноструктурированной керамики BaTiO3 в широкой области температур 150-600К.  
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Керамика BaTiO3 для исследований, получена твердофазным методом, спеканию которой 
предшествовала обработка при комнатной температуре синтезированной шихты 
внаковальнях Бриджмена силовым воздействием в сочетании со сдвиговой деформацией 
(СВСД) [1]. Спекание образцов осуществлялось в вакууме (10-3мм.рт.ст.) при температуре 
10000С в течение 1 часа. 

Измерение теплоемкости проводилось на дифференциальном сканирующем калориметре 
DSC - 204 F1 Phoenix фирмы NETZSCH (Германия). Скоростьизменения температуры 
образца составляла 5 К·мин-1. Точность измерения теплоемкостине превышала3%. 

На рис.1 приведены микрофотографии эталонного и одного из наноструктурированных 
образцов (120МРа), сделанныена электронном микроскопе Supra-25. Сравнительный анализ 
размеров и формы частиц до и после механического воздействия показал, что во втором 
случае все частицы имеют неправильную форму. Разброс их размеров в зависимости от 
приложенного давления составлял интервал 50-1200 нм. Некоторые большие размеры частиц 
- это следствие слипания более мелких частиц под воздействием приложенного давления. 

 

  

Рис.1. Микрофотографии эталонного (а)и наноструктурированного (при Р=120МРа) (б) 
образцовBaTiO3. 

 
На рис.2представлена температурная зависимость теплоемкости эталонного 

инаноструктурированных образцов керамикиBaTiO3 в интервале температур 290-600К, 
включающий область сегнетоэлектрического перехода из кубической в тетрагональную 
фазу. Видно, что в нанокристаллических образцах титаната бария наблюдаются размытые 
аномалии теплоемкости, причем, температура, соответствующая максимуму аномальной 
части теплоемкости и ее величина, уменьшается с увеличением сдвиговой нагрузки.  

Таким образом, проявляются две особенности фазовых переходов в 
наноструктуированной керамики BaTiO3: существенное размытие фазового перехода в 
широком интервале температур (как в релаксорах) и нелинейное убывание температуры 
фазового перехода с увеличением приложенного давления.  

Из температурной зависимости теплоемкости BaTiO3 можно найти изменение энтропии 
фазового перехода и температурную зависимость спонтанной поляризации РS(T), используя 
известные термодинамические соотношения [2]  
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где C0
P(Т) - фоновая теплоемкость образца, ε0-диэлектрическая проницаемость вакуума, α- 

коэффициент в температурной зависимости множителя при P2 в термодинамическом 

потенциале Ландау F=
2 4

2
0 0

1 1
( ) ..

2 4C

P P
T T B

α ε ε
− + + .. Длятитаната бария 1/α≈1.7⋅105K [2]. 

Фоновая теплоемкость C0
P(Т) определяется путем экстраполяции данных по температурной 

зависимости теплоемкости СР(Т) выше и ниже фазового перехода. 
 

 
Рис.2. Температурная зависимость 
теплоемкости эталонного (1) 
инаноструктурированных образцов 
керамикиBaTiO3 при различных давлениях 
обработки: 2-80, 3-120, 4-320 МРа. На вставке: 
зависимость температуры фазового перехода 
(температура максимума теплоемкости) от 
величины давления при обработки 

Рис.3. Температурная зависимость 
поляризации эталонного (1) 
инаноструктурированных образцов 
керамикиBaTiO3 при различных давлениях 
обработки: 2-80, 3-120, 4-320 МРа 

 

 
На рис.3 приведена температурная зависимость спонтанной поляризации, рассчитанная 

из выражения (2). Из рис.2 и 3 видно, что фазовый переход происходит в температурном 
интервале ~150К, что свидетельствует о существенном его размытии. Величина РS для 
эталонного образцасоставляет ~24µC/cm2, аРS наноструктурированных образцов в 
несколькораз больше.  

Рассмотрим результаты исследований с учетом особенностейструктуры керамики 
BaTiO3. На начальном этапе спекания сегнетоэлектрические кристаллиты, из которых 
состоит обработанный методом СВСД прессованный порошок-заготовка, в структурном 
отношении далеки от совершенства. Количество дефектов микроскопического (вакансии) и 
макроскопического (дислокации, трещины) характера, содержащихся в кристаллитах, 
зависит от значений давления, приложенного в процессе обработки. Рост давления 
обработки до 25 МРа приводит к уменьшению размеров кристаллитов и сужению интервалов 
их разброса [1]. При повышении давления одновременно с увеличением удельной 
поверхности (содержания более мелких зерен) происходит повышение плотности 
дислокаций в кристаллитах, что легко обнаруживается по уширению дифракционных пиков 
на рентгенограммах [3].  
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Высокая концентрация дефектов [4] и создаваемоедислокациями поле деформаций 
[5]может существенно повлиять на особенности термодинамических величин образца в 
области фазового перехода. Согласно [4], сильные дефекты (т.е. высокая их концентрация) 
приводят к увеличению величины теплоемкости и размытию скачка теплоемкости при 
приближении к точке фазового перехода, что и наблюдается в эксперименте (см. Рис.2).  

В [6] показано, что упорядоченные области вблизи дислокационных линий могут 
возникать значительно выше температуры перехода в идеальном кристалле. В нашем случае, 
упорядоченными областями могут являться нанообласти с неоднородной локальной 
поляризацией, которые возникают случайным образом в кристаллитах. Упорядоченные 
областиобразуют сложный случайный каркас, состоящий из упорядоченных доменов в 
различных кристаллитах и принизывающих весь кристалл, хотя и занимающих малую долю 
его объема. Корреляционная длина таких областей очень мала и макроскопическая 
поляризация не возникает. При определенной температуре Tf>Tc такая структура может 
перейти в состояние с преобладающим числом доменов с определенным знаком Р, т.е. имеет 
место фазовый переход в дислокационном каркасе. С понижением температуры толщина 
упорядоченных областей каркаса растет, и при Т=Тс должны возникать сравнительно 
большие упорядоченные кластеры, захватывающие многие дислокации. В результате в 
области Т≈Тс упорядочение распространяется на весь объем кристалла, и на эксперименте 
это должно проявиться как размытый фазовый переход второго рода.  

Сильное размытие фазового перехода Т-Тс ≈102К (на порядок больше, чем 
предсказывают теоретические оценки в [4,5]), которое наблюдается в эксперименте (Рис.2 и 
3), может быть обусловлено дополнительно с влиянием границ кристаллитов на поля 
дислокаций и с макроскопически неоднородной пластической деформацией. Смещение 
фазового перехода в область низких температур при повышении давления может быть 
связано с уменьшением размеров кристаллитов (размерный эффект).  

Таким образом, результаты работы показывают возможность получения 
наноструктурированнойкерамикиBaTiO3и управления его физическими свойствами методом 
СВСД.При этом дефектная структура играетосновную роль в формировании физических 
свойств керамики.  
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Задача разработкиметодов синтезаоксидных материалов на основе переходных металлов 

и РЗЭ составляет важное направление современного материаловедения. Методы получения 
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компактных сложнооксидных материалов можно разделить на собственно керамические и 
методы с использованием прекурсоров. В последнее время получение порошков сложных 
оксидов проводится с использованием прекурсоров - как в виде твердых растворов, так и в 
виде механических смесей различных соединений. Однако использование 
гетерометаллических полиядерных карбоксилатных комплексов, содержащих атомы 
различных металлов в разном соотношении, является более перспективным. 

Получение и исследование 3d-4f-гетерометаллических комплексов, в частности, 
карбоксилатов – обширная и интенсивно развивающаяся область. Основным типом 
известных гетерометаллических 3d-4f-комплексов являются соединения, в которых ионы 
различных металлов связаны посредством различных полидентатных органических 
лигандов. В то же время, гетерометаллические карбоксилаты, содержащие переходный 
металл в металлоорганическом фрагменте, сравнительно мало изучены; были исследованы, в 
основном, производные ферроцена [1]. Ранее нами были получены и исследованы 3d-4f-
карбоксилаты с различным соотношение Ln:Mn, содержащие фрагмент цимантрена. 
Большинство этих комплексов имеет биядерное строение [2-4] имогут быть использованы 
как предшественники смешанных оксидов. 

Целью настоящей работы являлось исследование возможности получения из остовных и 
полимерных цимантренкарбоксилатов РЗЭ (с соотношением Ln:Mn, равным 1:2) манганитов 
LnMn2O5 (Ln=Dy, Er) и исследование их магнитного поведения. 

В качестве прекурсоров манганитов были использованы биядерные комплексы 
[Ln2(OOCCym)4(NO3)2(DME)2] (Ln=Dy (1), Er (2) Cym = (C5H4)Mn(CO)3,DME = 
CH3OCH2CH2OCH3) и новые координационные полимеры [Ln(CymCOO)2(OAc)(MeOH)]n 
(Ln=Dy (3), Er (4)) (рис.1).  

Низкотемпературное поведение биядерных комплексов рассмотрено на примере 
комплекса [Dy2(OOCCym)4(NO3)2(DME)2] (1), а координационных полимеров - на примере 
[Dy(CymCOO)2(OAc)(MeOH)]n(3). Методом адиабатической калориметрии получены 
зависимости Cp

0(T). Отсутствие аномалий на Cp
0(T) позволяет считать, что экспериментально 

фиксируемые фазовые и структурные превращения до начала разложенияотсутствуют 
(подтверждено методом РСА).  

 

 
 

Рис. 1. Структура комплексов 1 и 2 (слева) и 3 и 4 (справа) 
 

Методами ДСК и ТГА выполнено исследование твердофазного термолиза комплексов в 
потоке аргона и воздуха. Термическое разложениеисследуемых комплексовносит стадийный 
характер.Первая стадия как на воздухе, так и в инертной атмосфере отвечает удалению 
нейтрального лиганда.В случае координационных полимеров отмечается образование 
термически стабильного интермедиата в температурном интервале шириной ≈100 ° С. 

На рис. 2 представлены результаты исследования термолиза комплексов Er в потоке 
воздуха. При термолизе в потоке воздуха выше 285 ºС наблюдается достаточно быстрая 
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убыль массы, сопровождающаяся значительными экзотермическими эффектами. Окончание 
процессов разложения по кривым ТГА и ДСК отвечает температуре 400-450 ºС.  
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Рис. 2. Кривые ТГА и ДСК в потоке воздуха комплексов: 2 (а) и 4 (б) 

 
В настоящей работе в препаративных количествах были получены продукты 

твердофазного термолизаэрбий- и диспрозийсодержащих комплексов - LnMn2O5 (2′ и 4′; 1′ и 
3′, номер образца манганита соответствует номеру исходного прекурсора). 

Былпроведен препаративный термолиз на воздухе (скорость нагрева 3°/мин до 900 °С, с 
последующим термостатированием при данной температуре в течение 12 часов) двух 
эрбийсодержащих комплексов 2 и 4. В результате термолизакомплексов2 и4 были получены 
образцы ErMn2O5. Параметры решетки основной фазы образцов ErMn2O5 (2′ и 4′) и размеры 
кристаллитов отличались незначительно, тогда какдля образцов DyMn2O5 (1′ и 3′) различия в 
объеме элементарной ячейки и размерах кристаллитов более значимы. 

Магнитные измерения проводились на PPMS-9, получены температурные зависимости 
намагниченности в постоянном поле (100 и 5000 Э), в динамическом режиме, а также 
полевая зависимость при температуре 4 К. 

Температурная зависимость статической магнитной восприимчивости образцов ErMn2O5 
в магнитных полях напряженностью Н = 5 кЭ и 100 Э имеет вид, характерный для 
парамагнитных систем (рис. 3). 

На первой производной магнитной восприимчивости по температуре обнаружен 
максимум при Т=8К, указывающий на возможное появление магнитного упорядочения в 
системе. Полевые зависимости намагниченности, измеренные при температуре Т=4K, имеют 
вид, характерный для метамагнетиков (рис. 4). Исследования в режиме динамической 
магнитной восприимчивости в нулевом внешнем магнитном поле (НDC= 0 Э) (на частотах 
0.1, 1, 2, 5, 10 кГц, амплитуда модуляции переменного магнитного поляHАС = 1 Э) 
подтверждают наличие магнитного перехода с появлением дальнего магнитного порядка в 
интервале температур Т = 6-12 К. При температуре Т = 30 К происходит переход в 
сегнетоэлектрическое состояние, приводящий к смещению ионов кислорода в цепочках 
Mn−О−Mn. 

Температурные зависимости статической магнитной восприимчивости обоих образцов 
DyMn2O5 вмагнитных полях напряженностью Н = 5 кЭ и 100 Э имеют вид, характерный для 
парамагнитных систем при температурах Т > 20 K. При более низких температурах 
наблюдается изменение хода зависимости χ(Т), свидетельствующее о наличии перехода в 
магнитоупорядоченное состояние (рис. 5). 
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Рис. 3. Зависимости χ(Т)и 1/χ(Т) ErMn2O5 в 
поле Н = 100 Э. На вставке производная χ(Т) по 
температуре (в условных единицах) 
 

Рис. 4. Полевая зависимость намагниченности 
при температуре Т=4К. На вставке: сверху-слева 
–область магнитных полей Н = ± 5 кЭ; снизу-
справа - область магнитных полей Н = ± 50 Э 

 

0 10 20 30 40

-0,2

-0,1

0,0

0 100 200 300
0,0

0,2

0,4

0,6

0,8

0

5

10

15

20

T, K

χ, cm3/mol 1/χ, mol/cm3

DyMn
2
O

5
  3`

H = 100Oe

T, K

dχ/dT, a.u.

0 10 20 30 40

-2

-1

0

0 100 200 300
0,0

0,2

0,4

0,6

0,8

0

5

10

15

20

T, K

χ, cm3/mol 1/χ, mol/cm3

DyMn
2
O

5
  1`

H = 100Oe

T, K

dχ/dT, a.u.

 
Рис. 5 – Зависимости χ(Т) и 1/χ(Т) образца DyMn2O5 (3′) (слева) и DyMn2O5 (1′) (справа) в 
магнитном поле Н = 100 Э. Линия – теоретическая кривая (аппроксимация з. Кюри-Вейса). 
На вставках производная χ(Т) по температуре (в условных единицах) 

 
Следует отметить, что на зависимостях χ(Т) в полях как Н = 5 кЭ, так Н = 100 Э спад 

производной магнитной восприимчивости по температуре в случае DyMn2O5 (3′) отмечается 
в более широком интервале температур относительно аналогичной зависимости для 
DyMn2O5 (1′). Такое «уширение» может быть связанно с большей размернойоднородностью 
образца 3′. Полевые зависимости намагниченности, измеренные при температуре Т = 4 K, 
также имеют вид, характерный для метамагнетиков. Отмечено различие в величине 
коэрцитивной силы образцов 3′ и 1′,которое может быть обусловлено различными размерами 
кристаллитов. Исследования в режиме динамической магнитной восприимчивости в нулевом 
внешнем магнитном поле (НDC= 0 Э) подтверждают наличие магнитного перехода с 
появлением дальнего магнитного порядка в интервале температур Т ~ 10 К. 
Работа выполнена при поддержке Российского научного фонда (проект № 14-13-00938). 
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ȼɨɩɪɨɫ ɫɬɚɛɢɥɢɡɚɰɢɢ ɢ ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯɧɚɧɨɱɚɫɬɢɰ (ɇɑ)ɫ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɵɦɢ 
ɮɨɪɦɚɦɢ ɢ ɫɜɨɣɫɬɜɚɦɢ ɨɫɬɚɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɵɦ, ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ 
ɤɚɤ ɞɥɢɬɟɥɶɧɨɟ ɯɪɚɧɟɧɢɟ, ɬɚɤ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɞɚɥɶɧɟɣɲɟɣ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢɯ ɞɢɫɩɟɪɫɢɣ. 
Ɉɧɢɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ 
[1]. 

Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ Д2Ж ɩɨɤɚɡɚɥ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɜɵɲɟɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ ɧɚɧɨɫɢɫɬɟɦ ɢ 
ɩɨɥɭɱɟɧɢɹ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɧɚɧɨɱɚɫɬɢɰ (Ʉɇɑ) ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɧɚɩɪɚɜɥɟɧɧɨɟ ɧɚ ɩɨɥɭɱɟɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɬɢɩɚ “ɹɞɪɨ ɢɡ 
ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ – ɫɟɪɟɛɪɹɧɚɹ ɨɛɨɥɨɱɤɚ”. ɋ ɩɨɦɨɳɶɸ ɤɚɤ ɫɭɳɟɫɬɜɭɸɳɢɯ, ɬɚɤ ɢ ɫɩɟɰɢɚɥɶɧɨ 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɨɞɢɤ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɫɮɟɪɢɱɟɫɤɢɟ Ʉɇɑ, ɞɢɚɦɟɬɪ ɤɨɬɨɪɵɯ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 100 ɧɦ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɫɫɟɢɜɚɧɢɹ 
ɫɜɟɬɚ ɛɵɥɢ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɤɨɥɥɨɢɞɧɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɢɫɩɟɪɫɢɣ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ 
ɧɚɧɨɱɚɫɬɢɰ. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɰɟɩɬɭɪɵ ɡɚɝɪɭɡɤɢ ɢ ɭɫɥɨɜɢɹ 
ɩɨɥɭɱɟɧɢɹ Ʉɇɑ. 

ȼ ɤɚɱɟɫɬɜɟ ɹɞɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɇɑ SТO2 ɜ ɜɢɞɟ ɜɨɞɧɨɝɨ ɡɨɥɹ, ɩɨɥɭɱɟɧɧɵɟ ɩɥɚɡɦɟɧɧɵɦ 
ɦɟɬɨɞɨɦ ɧɚ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɭɫɬɚɧɨɜɤɟ (ȼɑɂ) ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɜ 
«ɥɚɛɨɪɚɬɨɪɢɢ ɩɥɚɡɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ» ɩɪɢ ɰɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ 
ɩɨɥɶɡɨɜɚɧɢɹ «ɇɚɧɨɦɚɬɟɪɢɚɥɵ ɢ ɧɚɧɨɬɟɯɧɨɥɨɝɢɢ» ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ». ɉɪɟɤɭɪɫɨɪɨɦ 
ɫɟɪɟɛɪɹɧɨɣ ɨɛɨɥɨɱɤɢ ɫɥɭɠɢɥ ɧɢɬɪɚɬ ɧɚɬɪɢɹ ɢ ɨɤɫɢɞ ɫɟɪɟɛɪɚ, ɞɥɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɇɑ ɜ 
ɩɪɨɰɟɫɫɟ ɫɢɧɬɟɡɚ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɚɬɪɢɟɜɭɸ ɫɨɥɶ ɩɨɥɢɚɤɪɢɥɨɜɨɣ ɤɢɫɥɨɬɵ. ɉɪɨɰɟɫɫ 
ɨɛɪɚɡɨɜɚɧɢɹ Ʉɇɑ «ɹɞɪɨ-ɨɛɨɥɨɱɤɚ» ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɩɨ ɞɢɚɝɪɚɦɦɚɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɦ ɩɪɢ ɩɨɦɨɳɢ ɩɪɢɛɨɪɚ 90 PХЮs/MAS, ɢ ɩɨ ɩɨɥɨɠɟɧɢɸ ɩɢɤɚ ɩɨɜɟɪɯɧɨɫɬɧɨ 
ɩɥɚɡɦɨɧɧɨɝɨ ɪɟɡɨɧɚɧɫɚ(ɉɉɊ) ɧɚ ɫɩɟɤɬɪɚɯ ɷɤɫɬɢɧɤɰɢɢ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɚ PrШsМКЧ. ɉɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɩɪɨɜɟɞɟɧɧɵɯ ɧɚ ɤɚɮɟɞɪɟ 
“ɏɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɥɚɤɨɜ, ɤɪɚɫɨɤ ɢ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɩɨɤɪɵɬɢɣ”, ɚ ɬɚɤɠɟ ɧɚɭɱɧɨɣ 
ɝɪɭɩɩɨɣ ɢɡ Ɇɨɫɤɨɜɫɤɨɝɨ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ Д3Ж, ɩɨ ɩɨɢɫɤɭ ɷɤɫɩɪɟɫɫ-ɦɟɬɨɞɚ 
ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɚ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ, ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɩɨɥɨɠɟɧɢɟ ɩɢɤɚ ɉɉɊ ɢɦɟɟɬ 
ɩɪɹɦɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɪɚɡɦɟɪɚ ɫɮɟɪɢɱɟɫɤɢɯ ɇɑ ɫɟɪɟɛɪɚ. 

ɉɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɇɑ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɫ ɫɟɪɟɛɪɹɧɨɣ ɨɛɨɥɨɱɤɨɣ ɩɪɨɜɨɞɢɥɢ ɪɚɡɧɵɦɢ 
ɫɩɨɫɨɛɚɦɢ ɜ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ. ɉɟɪɜɵɣ ɫɩɨɫɨɛ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ 
ɩɪɨɜɟɞɟɧɢɟ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɜɨɞɟ ɦɟɠɞɭ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɜ ɨɛɴɟɦɟ 
ɇɑ ɢ ɝɢɞɪɨɤɫɢɞɨɦ ɚɦɦɨɧɢɹ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɨɥɨɱɤɢ ɜɨɤɪɭɝ ɱɚɫɬɢɰ 
ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɝɨ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɢɡ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ ɢɨɧɨɜ ɚɦɦɨɧɢɹ 
NH4

+. ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ ɡɨɥɹ ɢ ɭɯɨɞ ɟɝɨ ɜ ɩɨɥɨɠɢɬɟɥɶɧɭɸ 
ɨɛɥɚɫɬɶ.  

ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɨɤɫɢɞɚ ɫɟɪɟɛɪɚ ɨɛɪɚɡɭɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɣ 
ɤɨɦɩɥɟɤɫ ɫɨɫɬɚɜɚ ДAg(NH3)2]+, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɭɞɟɪɠɢɜɚɟɬɫɹ ɜɛɥɢɡɢ ɫ ɹɞɪɨɦ ɡɚ ɫɱɟɬ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

Ⱦɚɥɟɟ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜ ɤɚɱɟɫɬɜɟ ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɞɨɛɚɜɥɹɟɬɫɹ 
ɩɨɥɢɚɤɪɢɥɚɬ ɧɚɬɪɢɹ ɢ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ ɝɨɦɨɝɟɧɢɡɚɬɨɪɟ ɨɛɪɚɡɭɸɬɫɹ Ʉɇɑ 
ɩɨ ɬɢɩɭ «ɹɞɪɨ-ɨɛɨɥɨɱɤɚ». 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɨ ɩɟɪɜɨɦɭ ɦɟɬɨɞɭ Ʉɇɑ ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɟɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɨ ɱɟɦ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ζ-ɩɨɬɟɧɰɢɚɥɚ ɨɬ -40 ɞɨ -70 ɦȼ.ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ ɫɬɚɧɞɚɪɬɧɨɝɨ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ, ɤɨɬɨɪɵɣ ɛɵ ɧɟ ɡɚɜɢɫɟɥ ɨɬ 
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ɢɡɦɟɪɟɧɢɹ ɩɨɞɜɢɠɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶɧɵɣ ɪɚɫɱɟɬ. Ⱦɜɟ ɧɚɢɛɨɥɟɟ 
ɩɪɢɦɟɧɹɟɦɵɟ ɦɨɞɟɥɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɥɚɫɫɢɱɟɫɤɢɯ, ɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɩɪɟɞɟɥɶɧɵɯ 
ɫɢɬɭɚɰɢɹɯ: ɭɪɚɜɧɟɧɢɹ ɋɦɨɥɭɯɨɜɫɤɨɝɨ ɢ ɏɸɤɤɟɥɹ. 

ɉɪɢ ɫɢɧɬɟɡɟ ɇɑ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɫ ɫɟɪɟɛɪɹɧɨɣ ɨɛɨɥɨɱɤɨɣ ɩɨ ɜɬɨɪɨɦɭ ɫɩɨɫɨɛɭ ɧɚ 
ɩɟɪɜɨɣ ɫɬɚɞɢɢ ɧɚɧɨɱɚɫɬɢɰɵ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɜ ɜɨɞɟ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɫɢɥɚɧɚɦɢ 
(ɚɦɢɧɨɩɪɨɩɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧ, ɚɦɢɧɨɩɪɨɩɢɥɬɪɢɦɟɬɨɤɫɢɫɢɥɚɧɨɦ) ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɨɥɹ, ɩɪɢ ɷɬɨɦ ɩɪɨɬɟɤɚɟɬ ɪɟɚɤɰɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɝɪɭɩɩ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ SiO2 ɫ ɚɥɤɨɤɫɢɝɪɭɩɩɚɦɢɫɢɥɚɧɨɜ ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 
ɦɟɯɚɧɢɡɦɭ. 

ɇɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɜɜɨɞɢɬɫɹ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɥɢɦɨɧɧɵɣ ɤɢɫɥɨɬɵ, ɩɪɢ ɷɬɨɦ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɯɟɦɨɫɨɪɛɢɪɨɜɚɧɧɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɞɢɨɤɫɢɞɚ 
ɤɪɟɦɧɢɹ ɚɥɤɢɥɚɦɢɧɧɨɣ ɝɪɭɩɩɵ ɫ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɨɣ ɤɢɫɥɨɬɵ. 

ɇɚ ɫɥɟɞɭɸɳɟɣ ɫɬɚɞɢɢ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɦɟɫɶ ɜɜɨɞɢɬɫɹ ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ ɧɢɬɪɚɬɚ 
ɫɟɪɟɛɪɚ, ɩɪɢ ɷɬɨɦ ɧɚɱɢɧɚɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɟɪɟɛɪɚ ɞɨ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɨɪɦɵ ɢ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɟɝɨ ɬɨɧɤɨɝɨ ɫɥɨɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɇɑSiO2. 

ɋɩɟɤɬɪɵ ɷɤɫɬɢɧɤɰɢɢ ɞɥɹɄɇɑ «ɹɞɪɨ-ɨɛɨɥɨɱɤɚ» (ɧɚ ɪɢɫɭɧɤɟ 1 ɢɡɨɛɪɚɠɟɧ ɬɢɩɢɱɧɵɣ ɫɩɟɤɬɪ 
ɷɤɫɬɢɧɤɰɢɢ ɞɥɹ ɦɟɬɨɞɚ I, ɧɚ ɪɢɫɭɧɤɟ 2, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɦɟɬɨɞɚ II) ɩɨɥɭɱɟɧɵ ɩɪɢ ɩɨɦɨɳɢ 
ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɚ Ɇɋ 122 ɜ ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 1%-ɧɵɣ ɜɨɞɧɵɣ ɡɨɥɶ SiO2. 

ɂɡ ɪɢɫ. 1 ɜɢɞɧɨ ɧɚɥɢɱɢɟ ɩɢɤɚ ɉɉɊ ɧɚɧɨɫɭɫɩɟɧɡɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ I, ɯɚɪɚɤɬɟɪɧɨɝɨ 
ɞɥɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɚɧɨɱɚɫɬɢɰ ɫɟɪɟɛɪɚ, ɩɪɢ ɷɬɨɦ ɟɝɨ ɩɨɥɨɠɟɧɢɟ ɩɪɢɯɨɞɢɬɫɹ ɧɚ 430 ɧɦ. 

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɫɩɟɤɬɪɚ (ɪɢɫɭɧɨɤ 2) ɧɚɧɨɫɭɫɩɟɧɡɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ II , 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɢɤ ɉɉɊ (415 ɧɦ) ɧɟ ɬɚɤ ɹɜɧɨ, ɤɚɤ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ (ɪɢɫɭɧɨɤ 1), ɨɞɧɚɤɨ 
ɯɚɪɚɤɬɟɪɵ ɡɚɜɢɫɢɦɨɫɬɟɣ ɛɥɢɡɤɢ. 

 

Ɋɢɫɭɧɨɤ 1 - ɋɩɟɤɬɪ ɷɤɫɬɢɧɤɰɢɢ ɞɥɹ 
ɧɚɧɨɫɭɫɩɟɧɡɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ I, 
ɫɩɭɫɬɹ ɫɭɬɤɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɚ 

Ɋɢɫɭɧɨɤ 2 - ɋɩɟɤɬɪ ɷɤɫɬɢɧɤɰɢɢ ɞɥɹ 
ɧɚɧɨɫɭɫɩɟɧɡɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ II , 
ɫɩɭɫɬɹ ɫɭɬɤɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɚ 

 
ɉɪɢ ɩɨɦɨɳɢ ɚɧɚɥɢɡɚɬɨɪɚ ɱɚɫɬɢɰ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɢɫɩɟɪɫɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɡɦɟɪɨɜ 

ɱɚɫɬɢɰ. ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɨɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ ɦɟɬɨɞɚ I, ɩɪɢ ɪɇ ɪɚɜɧɨɦ 11.4, ɤɨɝɞɚ 
ɬɚɤɠɟ ɧɚɛɥɸɞɚɸɬɫɹ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ (- 62 ɢ -71 ɦȼ). Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ 
ɩɪɢɜɟɞɟɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɥɹ ɦɟɬɨɞɚ II , ɞɚɧɧɵɟ ɞɥɹ ɪɢɫɭɧɤɚ 4 ɜɡɹɬɵ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢɚɦɢɧɨɩɪɨɩɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧɚ (ɪɇ ɪɚɜɟɧ 4.13, ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥ 43 ɢ 55 ɦȼ). 

Ɍɚɤɠɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ЭɆɆȺ-4, ɤɨɬɨɪɵɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 5 ɢ 6. Ⱦɚɧɧɵɟ ɩɨ ɪɚɡɦɟɪɚɦ ɫ ɦɢɤɪɨɫɤɨɩɚ ɫɨɨɬɧɨɫɹɬɫɹ ɫ 
ɩɨɥɭɱɟɧɧɵɦɢ ɧɚ ɚɧɚɥɢɡɚɬɨɪɟ ɱɚɫɬɢɰ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚ ɮɨɬɨɝɪɚɮɢɹɯ ɜɢɞɧɨ, ɱɬɨ ɫɟɪɟɛɪɨ 
ɨɛɜɨɥɚɤɢɜɚɟɬ ɜɫɸ ɱɚɫɬɢɰɭ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ.  
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Ɋɢɫɭɧɨɤ 3 - ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ ɞɥɹ 
ɦɟɬɨɞɚ I 

Ɋɢɫɭɧɨɤ 4 – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ 
ɞɥɹ ɦɟɬɨɞɚ II  

  

  
Ɋɢɫɭɧɨɤ 5 – Ɏɨɬɨɝɪɚɮɢɹ ɞɢɫɩɟɪɫɢɢ, 
ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ I 

Ɋɢɫɭɧɨɤ 6 – Ɏɨɬɨɝɪɚɮɢɹ ɞɢɫɩɟɪɫɢɢ, 
ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ II  

 
ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɞɜɚ ɫɩɨɫɨɛɚ ɫɢɧɬɟɡɚ ɢ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɧɚɧɨɱɚɫɬɢɰ, ɩɪɢ ɷɬɨɦ ɨɩɪɟɞɟɥɟɧɵ ɨɩɬɢɦɚɥɶɧɵɟ ɭɫɥɨɜɢɹ, ɨɬɜɟɱɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɧɚɧɨɫɢɫɬɟɦ. Ⱦɥɹ ɩɟɪɜɨɝɨ ɦɟɬɨɞɚ -ɪɇ: 4,30-4,35, ɚ ɞɥɹ ɜɬɨɪɨɝɨ 
11,10-11,20. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. ɘ.Ⱥ. Ʉɪɭɬɹɤɨɜ, Ⱥ.Ⱥ. Ʉɭɞɪɢɧɫɤɢɣ, Ⱥ.ɘ. Ɉɥɟɧɢɧ, Ƚ.ȼ. Ʌɢɫɢɱɤɢɧ. ɍɫɩɟɯɢ ɯɢɦɢɢ.3(2008) 

241. 
2. Ɇ.Ⱥ. Ɏɢɥɢɩɩɟɧɤɨ. Кɨɦɩɨɡɢɬɧɵɟ ɧɚɧɨɱɚɫɬɢɰɵ ɫɨ ɫɬɪɭɤɬɭɪɨɣ «яɞɪɨ/ɨɛɨɥɨɱɤɚ»: ɫɢɧɬɟɡ, 

ɫɜɨɣɫɬɜɚ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢя ɜ ɥɟɱɟɧɢɢ ɡɥɨɤɚɱɟɫɬɜɟɧɧɵɯ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ. ɞɢɫ. 
… ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ. Ɇ. 2011. 

3. ɘ.Ⱥ. Ʉɪɭɬɹɤɨɜ.ɋɢɧɬɟɡ, ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɢ ɚɧɬɢɛɚɤɬɟɪɢɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɧɚɧɨɱɚɫɬɢɰ 
ɫɟɪɟɛɪɚ. ɚɜɬɨɪɟɮ. ɞɢɫ. … ɤɚɧɞ. ɯɢɦ. ɧɚɭɤ. Ɇ. 2008. 
 

 
 
 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

293 
 

SIMULATIONOFTHEARGONCLUSTERSBOMBARDMENTOFACOPPERFILMONG
RAPHENE 

GalashevA.Y., Rakhmanova O.R. 
Institute of Industrial Ecology, Ural Branch, Russian Academy of Sciences, Russia, 620990, 

Yekaterinburg,S. Kovalevskaya Str. 20. E-mail: galashev@ecko.uran.ru 
 

The bombardment with the cluster beam can be effective method of graphene cleaning. It is 
important here however to find the correct bombardment energy to avoid the damage of graphene 
membrane. Molecular dynamics (MD) simulation of plasma interaction on a graphite surface [1] 
has shown that the graphite surface absorbs the most part of hydrogen atoms when the energy of 
incident beam is 5 eV. At the same time almost all hydrogen atoms are reflected from the surface at 
the beam energy 15 eV. Vertical bombardment by 10Ar  clusters with kinetic energy kE < 30 eV 

executed in MD model [2] does not result in the break of graphene sheet during 100 runs. Graphene 
is broken at kE  = 40 eV.  

The aim of the present work is to investigate stability of the thin copper film on graphene under 

13Ar  clusters bombardment with kinetic energies 5, 10, 20 and 30 eV and incident angles of the 

МХЮsЭОr ЛОКЦ 90°, 75°, 60°, 45° КЧН 0°.  
There is no graphene surface cleaning after vertical bombardment at energy 5–20 eV. 

Bombardment with the 10 and 20 eV energies gives significant damage of graphene edges up to 
knocking out carbon atoms. Copper film becomes looser and Cuatoms form a column. The 
graphene sheet is partly cleaned of copper atoms after bombardment with energy 20 eV at incident 
angle   = 75º.GrКpСОЧО Тs КХЦШsЭ МХОКЧОН ШП Cuatoms at angles   = 45º КЧН   = 60º. IЧ ОЯОrв 
case after finishing of inclined bombardment the graphene sheet is removed in parallel or 
perpendicular (down) direction in relation to its initial position. It allowed removing copper from 
РrКpСОЧО ЭШЭКХХв ШЧХв КПЭОr ЛШЦЛКrНЦОЧЭ КЭ 45º. IЧ ЭСО МКsО ШП ЛШЦЛКrНЦОЧЭ Лв ЭСО ЦОЭСШН ШП ЭСО 
“ЧКp ШП ЭСО ОКrЭС” ПХТРСЭ (ТЧМТНОЧЭ КЧРХО 0°) К ЛТР КЦШЮnt of metal atoms is still on the graphene 
surface when the emitted cluster energy is 10 eV. But the number of copper atoms is reduced at 
energy 20 eV (Fig.1).  
 

 
FТР. 1. CШЧПТРЮrКЭТШЧ ШП К sвsЭОЦ “МШppОr ПТХЦ ШЧ ЭСО РrКpСОЧО sСООЭ” ЛШЦЛКrНОН Лв 13Ar  cluster 

with energy 20 eV during final impacts cycle at the incident angle  = 90°. Coordinates are in 
angstroms 
 

At any cluster incident angle the mobility of Cu atoms in horizontal plane exceeds 
considerably (in order) the mobility of ones in vertical direction. After the first cycles of cluster 
impacts there are high values of xyD  components, especially at the incident angle   = 60º (FТР. 
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2a). It seems reasonable because the copper film has not yet adapted to the bombardment. The more 
intensive fluctuations and significantly higher xyD values testify continuous fast destruction of 

МШppОr ПТХЦ НЮrТЧР МХЮsЭОrs ТЦpКМЭs КЭ ТЧМТНОЧЭ КЧРХО 45º. VОrЭТМal components zD  of copper film 

self-diffusion coefficient have mostly the same behavior as )(nDxy  function (Fig. 2b). 
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Fig. 2.(a) – horizontal xyD  and (b) – vertical zD  components of self-diffusion coefficient of Cu 

film forseriesof bombardments by 13Ar  clusters at different incident angles and kinetic energy 20 

eV; n  is the cycles of 5 impacts each. 
 
Stresses in xy plane of copper film at every bombardment have extensive fluctuations which 

become weaker during the last impact series. At all incident angles excluding   = 90º ЭСО zz  

stresses are considerably higher than zx  and zy  ones. At   = 90º КЧН ОЧОrРв ШП 10 ОV ЭСО zx , 

zy  and zz  stress components for metal film in horizontal plane have comparably low values 

during the whole run (Fig. 3a, zz is only shown). For the energy 20 eV at the initial target 

bombardment ( n  10) there are significant fluctuations of all stress components in horizontal 
plane. The zz  component has the most intensive fluctuations. Such fluctuations at energy of 

bombardment clusters 20 and 30 eV are connected with impacts of Ar  atoms compressing the film 
and knocking out Cu atoms. The fluctuation size of zz value is further decreased because of 

metal film loosening in vertical direction. 
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Fig. 3.(a) zz stress in xoy plane of metal film and (b) zz  stresses distribution in the graphene 

sheet by the rows of CКЭШЦs КХШЧР ЭСО “МСКТr” НТrОМЭТШЧ ПШr ЛШЦЛКrНЦОЧЭ sОrТОs Лв 13Ar  clusters 

at incident angle   = 90º.  
 
On the contrary, stress distribution in the graphene sheet does not almost depend on the 

direction of incident cluster beam. Cluster impacts are mainly weakened by the copper film. 
SЭrОssОs НТsЭrТЛЮЭТШЧ ТЧ РrКpСОЧО ЛОЭаООЧ ЭСО rШаs ТЧ ЭСО “МСКТr” НТrОМЭТШЧ КЭ 13Ar  cluster 

bombardment with energies 10 and 20 eV at   = 90º Тs sСШаЧ ТЧ FТРЮrО 3Л. BОМКЮsО ШП sЭrШЧР sСШЭ-
interacting bonds in graphene there are no essential differences between stresses values of zx , 

zy  and zz  for series of cluster bombardment with energies 10 and 20 eV. The zx  and zy  

stresses are uniformly distributed in the plane of graphene sheet. For both energies the maximum 

zz  stress in this area of graphene sheet exceeds by 4-7 times the maximum values ofzx  and zy  

stresses. It is connected with impulses transmitted to graphene from Cu atoms which they get as a 
result of interactions with Ar  atoms.  

The graphene roughness increases significantly by the end of bombardment. It does not depend 
on the incident angle and energy of 13Ar  МХЮsЭОrs’ ЛОКЦ. SТРЧТПТМКЧЭ РrШаЭС ШП rШЮРСЧОss Тs ХТЦТЭОН 
by rigid bonds in graphene. Roughness aR  of the graphene sheet rises nonmonotonically during 

bombardment (Fig.4). When the clusters energy is 10 eV the increase of aR  is slow with low 

amplitudes. There are considerable fluctuations of )(nRa  function especially in the values range of 

10  n  25 when energies are 20 and 30 eV. The decrease of initial growth of roughness in the 
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case of energy 20 eV is connected with the reduction of final aR  value because of the smoothing 

effect. At the final bombardment step the 13Ar  cluster flies rather low over graphene surface and 

“pШХТsСОs” ТЭ ЧШЭ ЦООЭТЧg Cuatoms. 
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FТР. 4. RШЮРСЧОss ШП ЭСО РrКpСОЧО sЮrПКМО КЭ ЛШЦЛКrНЦОЧЭ ШП “ЦОЭКХ ПТХЦ ШЧ К РrКpСОЧО sСООЭ” 
system by 13Ar  clusters at incident angle   = 90º.  

 
Instability of two-dimensional crystals with respect to the displacement of atoms in the third 

dimension is well known and experimentally expressed in a rippled graphene surface. Cluster 
bombardment of the target greatly enhances this instability and ultimately leads to the surface 
topography characterized by a large (relative to the value of aR  of non bombarded graphene) 

roughness. To use such cleaning method it is important to protect graphene edges because they can 
be strongly damaged. If it is possТЛХО ЭШ ОбОМЮЭО КММЮrКЭО ЛШЦЛКrНЦОЧЭ, ЭСО “ЧКp ШП ЭСО ОКrЭС” ПХТРСЭ 
method is the most effective one here. The total cleaning can be obtained with emitted clusters 
energy 20 eV and higher. The graphene edges at such cleaning method are less damaged. 

This work was supported by the Russian Foundation for Basic Research, project no. 13-08-
00273. 
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The interface between graphene and a metallic substrate is of great importance for the use of 
graphene in integrated electronics, as heat-insulating materials, and in electromechanical devices, 
including those for protecting their microscopic units from aggressive environmental factors. Most 
thin films are mechanically weaker comparing to corresponding bulk materials. Their substantial 
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strengthening can be achieved through application of graphene – a monolayer material with 
outstanding mechanical strength. 

The purpose of this work was to investigate the dynamical, mechanical, and transport properties 
of thin metal (Al  and Ni ) films brought into contact with single-layer graphene, as well as to 
analyze the influence of these films on the thermal stability of graphene. 

The initial packing of metal atoms was represented by a monolayer in the form of a loose (111) 
plane of the face-centered cubic (fcc) lattice (parallel to the graphene plane). The metal atoms were 
arranged directly against the centers of hexagonal cells formed by carbon atoms. The metal film 
was initially in a stretched state due to the lattice mismatch between graphene and metal. In addition 
to system I, where the metal film was located above the graphene sheet, we also considered system 
II with two identical symmetrically arranged metal films with respect to the grapheme sheet. 
Configuration of the system II with Al atoms in the initial (300 K) and final (3300 K) temperatures 
are shown in Fig. 1. The convergence of Al atoms on both sides of the graphene sheet is natural due 
to the fact that their initial loose packing is not consistent with the condensed state of the system 
under these conditions. A small portion of the lower Al  atoms bends around the sheet of graphene 
climbing to the 
 

 
Fig. 1.System configuration of "two aluminum films on a graphene sheet" corresponding to 
temperatures: (a) – 300K, (b) – 3300K at time 200 ps, the coordinates are in angstroms. 

 
top. One of such atoms joined the upper group of Al atoms. Fig. 1b represents the same amount of 
space as in Fig. 1a at 3300 K. It is apparent that there is not a single metal atom in the immediate 
vicinity of the graphene sheet. At this temperature there is a significant change in the structure of 
graphene sheet. The edges of the sheet break first. The central part of the sheet remains solid, but its 
hexagonal cell structure is not clearly shown.This structureindicatesthat thegraphene sheetatT 
=3300Kconsisting of406atomsCis inthe melting stage. Melting ofsmall clustersof graphenetakes 
place insometemperature region andbeginsbeforemelting of the "infinite"sizegraphene [1].The first 
nucleation of melting for graphene cluster C54 starts around 2300 K and modifies the edges [2]. The 
melting temperature of extended graphene was estimated to be about 4900 K [3]. 

The self-diffusion coefficient of the Ni films for both the horizontal (xyD ) and vertical ( zD ) 

directions varies very slightly to a temperature of 1800 K. This is associated with the conservation 
of the connectivity of atoms in the films, as well as with the densification of the structure at 
moderate temperature. However, the coefficients of mobility of the atoms in different directions 
significantly increase after the temperature of 1800 K (Fig. 2). It is worth noting that the most 
significant increase in the coefficient xyD is observed for the Ni film covering the graphene sheet on 

one side. This is associated with the weak influence exerted by graphene on the Ni  atoms of the 
single-sided coating at high temperatures. The metal atoms, which interact through the graphene 
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sheet, mutually inhibit their own horizontal displacements. The increase in the coefficient xyD of the 

Ni  atoms for system I, on the average over the entire temperatureinterval, exceeds the 
corresponding characteristic for the upper and lower metallic films in system II by a factor of 5.7. 
Amore similar behavior is observed for the self-diffusion coefficient zD of the vertical directions for 

the Ni  films in the single-sided and two-sided coatings of the graphene sheet. At the highest 
temperature (3300 K), the displacements of atoms in the vertical direction are still more preferred in 
the case of the single-sided coating. In each case, graphene offers resistance to the movement of the 
Ni  atoms from only one side, and the metal atoms that interact through the graphene sheet weakly 
hold each other from the removal from the sheet in the vertical direction. 
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Fig.2.Temperature dependences of the self-diffusion coefficient of nickel films on the graphene 
surface during the displacement of the Ni atoms in the (a) horizontal directions and (b) vertical 
direction for (1) Ni film on one side of the graphene sheet, (2) upper Ni film on the graphene sheet 
with the two-sided coverage, and (3) lower Ni film on the graphene sheet with the two-sided 
coverage. 

 
Fig. 3 reflects the temperature changes of stress in the Al  film plane. The Al film for the 

system I experiences the most extreme temperature fluctuations of stresses. As the temperature 
increases the stresses in the film reduce and eventually disappear completely. Extremely low 
stresses for the Al  film of the system I are achieved at the temperature 2300 K, and the film itself 
can exist at T = 3300 K. Al  films for the system II are stored on the graphene up to the temperature 
of 1300 K, and for T = 1800 K only their residues are observed. Therefore, nonzero stresses are 
observed in these films up to the temperature of 1800 K. The zz stress created by vertical forces in 

Al films significantly (ten or more times) exceeds zx and zy stresses created by horizontal forces 

due to greater convergence of C  and Al atoms. 
In the presence of a single metal film on graphene sheet the amplitude scale of the zx  stress 

(Fig. 4a) is considerably smaller than that of the zy  stress (Fig. 4b). Consequently, emerging 

interatomic forces acting in the direction of "chair" aresuperior to forces oriented in the direction of 
"zigzag". The middle part of graphene sheet in "zigzag" direction has higher stresses than the edges. 
With increase in temperature, the amplitude of stress oscillation decreases, moreover the amplitude 
of the zy  value changes more than similar characteristic of the zx  stress. Stress zz  acting in the 

plane of the graphene sheet due to vertical forces has a slightly different temperature behavior than 
that of zx  and zy  stresses created by horizontal forces (Fig. 4c), even at 3300 K the swing of the 
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zz  value fluctuations greatly exceeds the relevant characteristics zx  and zy  valuesat this 

temperature.  
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Fig. 3.Thermal relaxation of the stresses (a) zx , (b) zy , and (c) zz in the plane of aluminum 

films: (1) Al  film on one side of the graphene sheet, (2) upper Al  film on the graphene sheet with 
the two-sided coverage, and (3) lower Al  film on the graphene sheet with the two-sided coverage 
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Fig. 4.Stress distribution (a) – zx , (b) – zy , (c) – zz in theAl  coveredgraphene sheets by 

rowsofC atomsextendingalong the "chair" directionat different temperatures: 1 – 300 K, 2 – 1300 K, 
3 – 3300 K 

 
Metal atomsboundto the substrateandfar removedfrom each other move closerwhen the 

temperature risestoa certain value. At unilateral coating of graphene sheet metal atoms remain on 
the surface at higher temperatures than at bilateral coating. 
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ȼ ɩɨɥɢɦɟɪɧɨɣ ɢ ɥɚɤɨɤɪɚɫɨɱɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɫɧɢɠɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢɦɟɧɹɸɬ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɟ 
ɦɢɧɟɪɚɥɶɧɵɟɩɨɪɨɲɤɨɜɵɟ ɧɚɩɨɥɧɢɬɟɥɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɨɤɫɢɞɵ 
ɦɟɬɚɥɥɨɜ ɢ ɧɟɦɟɬɚɥɥɨɜ. ȼɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɢ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚɧɨɪɚɡɦɟɪɧɵɯ 
ɧɚɩɨɥɧɢɬɟɥɟɣ ɨɛɭɫɥɚɜɥɢɜɚɸɬ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ ɥɚɤɨɤɪɚɫɨɱɧɵɯ 
ɪɟɰɟɩɬɭɪ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɯ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɞɨɛɚɜɨɤ. ɉɪɢ ɷɬɨɦ 
ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɧɵɟ ɦɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɩɪɨɞɭɤɬɨɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɞɢɨɤɫɢɞɚ 
ɤɪɟɦɧɢɹ ɧɚ ɫɜɨɣɫɬɜɚ ɧɚɩɨɥɧɟɧɧɵɯ ɢɦ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɤɪɵɬɢɣ. ȼ ɤɚɱɟɫɬɜɟ 
ɩɥɟɧɤɨɨɛɪɚɡɭɸɳɢɯ ɫɢɫɬɟɦ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɜɨɞɧɵɟ ɚɤɪɢɥɚɬɧɵɟ ɢ ɭɪɟɬɚɧɨɜɵɟ ɞɢɫɩɟɪɫɢɢ. Ⱦɥɹ 
ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɯɢɦɢɱɟɫɤɢɣ (ɡɨɥɶ-ɝɟɥɶ Д1Ж) ɢ ɮɢɡɢɱɟɫɤɢɣ 
(ɩɥɚɡɦɟɧɧɵɣД2Ж) ɦɟɬɨɞɵ. Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɪɚɡɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ 
ɧɚɧɨɱɚɫɬɢɰ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɚɧɚɥɢɡɚɬɨɪ ɱɚɫɬɢɰ 90PХЮs/BI-MAS ɩɪɨɢɡɜɨɞɫɬɜɚ Brookhaven. 
Ɉɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚɧɚɧɨɫɭɫɩɟɧɡɢɣ ɢ ɩɨɤɪɵɬɢɣ ɨɩɪɟɞɟɥɹɥɢ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɚ 
ProscanMC122. Ʉɨɧɬɪɨɥɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɣ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɨ ɦɟɬɨɞɢɤɚɦ, 
ɭɬɜɟɪɠɞɟɧɧɵɦ ɜ ȽɈɋɌ.  

Ɋɚɡɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɧɨɱɚɫɬɢɰ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 1. 

ɉɥɚɡɦɟɧɧɵɣ ɫɢɧɬɟɡ ɧɚɧɨɱɚɫɬɢɰ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɩɪɨɜɨɞɢɥɫɹ ɧɚ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ 
ɢɧɞɭɤɰɢɨɧɧɨɣ (ȼɑɂ) ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɜ «ɥɚɛɨɪɚɬɨɪɢɢ 
ɩɥɚɡɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ» ɩɪɢ ɰɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ 
«ɇɚɧɨɦɚɬɟɪɢɚɥɵ ɢ ɧɚɧɨɬɟɯɧɨɥɨɝɢɢ» ɎȽȻɈɍ ȼɉɈ «ɄɇɂɌɍ». 

ɋɭɬɶ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɢɫɯɨɞɧɵɣ ɩɨɪɨɲɨɤ, ɩɨɩɚɞɚɹ ɜ ɩɨɬɨɤ ȼɑɂ-ɩɥɚɡɦɵ, 
ɫɭɛɥɢɦɢɪɭɟɬɫɹ, ɩɨɫɥɟ ɱɟɝɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɡɤɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜ ɡɨɧɟ ɜɵɯɨɞɚ ɩɨɬɨɤɚ ɢɡ 
ɤɜɚɪɰɟɜɨɝɨ ɩɥɚɡɦɨɬɪɨɧɚ, ɤɨɧɞɟɧɫɢɪɭɟɬɫɹ ɧɚ ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɧɤɚɯ ɪɟɚɤɰɢɨɧɧɨɣ ɤɚɦɟɪɵ, 
ɨɫɬɚɜɲɚɹɫɹ ɱɚɫɬɶ ɧɚɧɨɱɚɫɬɢɰ ɭɥɚɜɥɢɜɚɟɬɫɹ ɜ ɛɚɪɛɨɬɟɪɟ, ɡɚɩɨɥɧɟɧɧɨɦ ɜɨɞɧɵɦ ɪɚɫɬɜɨɪɨɦ 
ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɯ ɢ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ Д3-5].  

ɇɚ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶ ɢ ɪɚɡɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɭɱɚɟɦɨɝɨ ɧɚɧɨɩɨɪɨɲɤɚ ɫɢɥɶɧɨ 
ɜɥɢɹɸɬ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɚ ɢɦɟɧɧɨ, ɧɚɩɪɹɠɟɧɢɟ ɢ ɫɢɥɚ ɬɨɤɚ ɧɚ 
ɢɧɞɭɤɬɨɪɟ, ɪɚɫɯɨɞ ɩɨɪɨɲɤɚ ɢ ɩɥɚɡɦɨɨɛɪɚɡɭɸɳɟɝɨ ɝɚɡɚ, ɫɨɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɝɚɡɨɜɨɣ 
ɫɦɟɫɢ, ɫɩɨɫɨɛ ɩɨɞɚɱɢ ɩɨɪɨɲɤɚ ɢ ɭɥɚɜɥɢɜɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ 
ɨɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɜɵɫɨɤɨɣ 
ɞɨɥɢ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɡɚɝɪɭɡɤɟ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ. 

http://prb.aps.org/browse
http://prb.aps.org/vtoc/PRB/v89
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ɚ ɛ 
Ɋɢɫɭɧɨɤ 1. Ɋɚɡɦɟɪɧɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɞɧɵɯ ɡɨɥɟɣ, ɩɨɥɭɱɟɧɧɵɯ ɡɨɥɶ-ɝɟɥɶ (ɚ) ɢ ɩɥɚɡɦɟɧɧɵɦ 
(ɛ) ɦɟɬɨɞɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɫɭɫɩɟɧɡɢɣ ɢɡ ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɧɚɧɨɩɨɪɨɲɤɚ, 

ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɭɲɟɧɢɟ ɚɝɪɟɝɚɬɨɜ ɩɭɬɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɞɢɫɩɟɪɝɢɪɭɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢ 
ɫɟɩɚɪɢɪɨɜɚɧɢɹ ɞɥɹ ɢɡɛɚɜɥɟɧɢɹ ɨɬ ɤɪɭɩɧɨɞɢɫɩɟɪɫɧɵɯ ɮɪɚɤɰɢɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɢɡ-ɡɚ ɬɪɚɧɡɢɬɚ ɧɟɤɨɬɨɪɵɯ ɱɚɫɬɢɰ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɱɟɪɟɡ ɩɥɚɡɦɭ ɛɟɡ 
ɫɭɛɥɢɦɚɰɢɢ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ ɩɥɚɡɦɟɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɛɚɪɛɨɬɟɪɚ, 
ɞɚɧɧɵɟ ɫɬɚɞɢɢ ɦɨɠɧɨ ɢɫɤɥɸɱɢɬɶ, ɟɫɥɢ ɧɟ ɩɪɟɞɴɹɜɥɹɟɬɫɹ ɬɪɟɛɨɜɚɧɢɟ ɤ ɛɨɥɟɟ ɜɵɫɨɤɨɣ 
ɫɬɟɩɟɧɢ ɞɢɫɩɟɪɫɧɨɫɬɢ ɫɭɫɩɟɧɡɢɣ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɞɚɧɧɨɣ ɫɯɟɦɟ ɚɝɪɟɝɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ 
ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. 

ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɣ ɧɚɧɨɩɨɪɨɲɨɤSiO2 ɛɵɥ ɨɩɪɨɛɨɜɚɧ ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɫɨɫɬɚɜɟ 
ɩɪɨɡɪɚɱɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ ɜɨɞɧɵɯ ɚɤɪɢɥɚɬɧɵɯ ɢ ɭɪɟɬɚɧɨɜɵɯ 
ɞɢɫɩɟɪɫɢɣɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɬɟɪɢ ɦɚɫɫɵ ɩɪɢ 
ɚɛɪɚɡɢɜɧɨɦ ɢɫɬɢɪɚɧɢɢ (ɚ) ɢ ɩɪɨɡɪɚɱɧɨɫɬɢ (ɛ) ɩɨɥɢɭɪɟɬɚɧɨɜɵɯ ɩɨɤɪɵɬɢɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɜ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ.  

ȼ ɪɹɞɟ ɞɪɭɝɢɯ ɪɚɛɨɬ Д6-8Ж ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɱɚɫɬɢɰ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɧɚ ɫɜɨɣɫɬɜɚ ɧɚɩɨɥɧɹɟɦɵɯ ɢɦ ɦɚɬɟɪɢɚɥɨɜ. 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɨɛɥɚɫɬɢ ɨɩɬɢɦɚɥɶɧɵɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɧɚɧɨɱɚɫɬɢɰ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɩɪɢ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨɟ 
ɭɥɭɱɲɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɢɯ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɜɥɢɹɟɬ ɧɚ ɫɜɨɣɫɬɜɚ ɧɚɩɨɥɧɹɟɦɵɯ ɢɦ 
ɩɨɤɪɵɬɢɣ, ɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹɧɚɧɨɱɚɫɬɢɰɫɢɥɚɧɨɜɵɦɢ 
ɚɩɩɪɟɬɚɦɢ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɫɬɟɩɟɧɶ ɫɪɨɞɫɬɜɚ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɧɟɨɪɝɚɧɢɱɟɫɤɢɦɢ 
ɧɚɧɨɱɚɫɬɢɰɚɦɢ. 
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Ɋɢɫɭɧɨɤ 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɚɛɪɚɡɢɜɧɨɝɨɢɡɧɨɫɚ (ɚ) ɢ ɫɜɟɬɨɩɪɨɩɭɫɤɚɧɢɹ (ɛ) ɩɨɤɪɵɬɢɣ ɧɚ ɨɫɧɨɜɟ 
ɉɍ ȼȾ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɡɨɥɶ-ɝɟɥɶ (1) ɢ ɩɥɚɡɦɟɧɧɵɦ (2) 
ɦɟɬɨɞɚɦɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

 
ɅɂɌȿɊАɌɍɊА 

 
1. ȿ. ɋɭɫɥɨɜɚ, ɇ. Ɍɭɪɨɜɚ.ɀɭɪɧɚɥ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ. 12 (2006) 1963. 
2. ɉ.ȼ. Ƚɪɢɲɢɧ, ȼ.ȿ. Ʉɚɬɧɨɜ, Ɋ.Ɋ. Ʉɚɬɧɨɜɚ, ɋɛ.ɉɟɪɫɩɟɤɬɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɧɚɭɤɢ, ɬɟɯɧɢɤɢ ɢ 
ɬɟɯɧɨɥɨɝɢɣ. 1(2013) 342. 
3. ɋ. ɋɬɚɪɨɜɟɪɨɜ, ɉ. ɇɟɫɬɟɪɟɧɤɨ, Ƚ. Ʌɢɫɢɱɤɢɧ.Вɟɫɬɧɢɤ Ɇɨɫɤɨɜɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. ɋɟɪɢя 
2.4 (1980) 370. 
4. Ⱥ. Ʉɢɫɟɥɟɜ, Ȼ. Ʉɭɡɧɟɰɨɜ, ɋ. Ʌɚɧɢɧ.Кɨɥɥɨɢɞɧɵɣ ɠɭɪɧɚɥ.3(1982) 456. 
5. Ƚ. Ʌɢɫɢɱɤɢɧ.ɋɨɪɨɫɨɜɫɤɢɣ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɠɭɪɧɚɥ.4 (1996) 52. 
6. ȼ.ȿ. Ʉɚɬɧɨɜ, ɋ.ɇ. ɋɬɟɩɢɧ, Ʉɚɬɧɨɜɚ, ɢ ɞɪ.Вɟɫɬɧɢɤ Кɚɡɚɧɫɤɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ.7 (2012) 95. 
7. ȼ.ȿ. Ʉɚɬɧɨɜ, ɉ.ȼ. Ƚɪɢɲɢɧ, ȼ.ɋ. ɑɚɩɱɢɧɚ.Ɇɚɬ-ɥɵ ɇɚɭɱ. ɲɤɨɥɵ«Ɍɟɯɧɢɱɟɫɤɢɟ ɪɟɲɟɧɢя ɢ 
ɢɧɧɨɜɚɰɢɢ ɜ ɬɟɯɧɨɥɨɝɢяɯ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɨɜ ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ». Ʉɚɡɚɧɶ: 
ɂɯɥɚɫ, 2012. 
8. Ɇ.ɋ. ɉɟɬɪɨɜɧɢɧɚ, ɉ.ȼ. Ƚɪɢɲɢɧ, ȼ.ȿ. Ʉɚɬɧɨɜ.ɋɛ. ɉɟɪɫɩɟɤɬɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɧɚɭɤɢ, ɬɟɯɧɢɤɢ 
ɢ ɬɟɯɧɨɥɨɝɢɣ. 3(2013) 70. 

 
 
 

ɆɈȾɂɎɂɐɂɊɈВАɇɂȿ ɉɈВȿɊɏɇɈɋɌɂ ɇАɇɈɑАɋɌɂɐ, ɄАɄ ɎАɄɌɈɊ 
ɍВȿɅɂɑȿɇɂə ɆȿɀɎАɁɇɈȽɈ ВɁАɂɆɈȾȿɃɋɌВɂə ɉɈɅɂɆȿɊ – 

ɆɂɇȿɊАɅЬɇЫɃ ɇАɉɈɅɇɂɌȿɅЬ  
Ƚɪɢɲɢɧ ɉ.ȼ., Ȼɚɪɚɧɫɤɢɣ Ɇ.ȼ., Ʉɚɬɧɨɜɚ Ɋ.Ɋ. 

ɎȽȻɈɍ ВɉɈ «Кɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ», Ɋɨɫɫɢя, 420015, Кɚɡɚɧɶ, ɭɥ. К.Ɇɚɪɤɫɚ, 68. E-mail: PVGrishin@live.ru 

 
ɇɚɧɨɪɚɡɦɟɪɧɵɟ ɨɛɴɟɤɬɵ ɫ ɞɚɜɧɢɯ ɩɨɪ ɩɪɢɦɟɧɹɸɬ ɜ ɫɨɫɬɚɜɟ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Эɬɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɟ ɮɪɚɤɰɢɢ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɩɪɢɪɨɞɧɵɯ ɦɚɬɟɪɢɚɥɚɯ — 
ɬɚɥɶɤ, ɫɥɸɞɚ, ɚɫɛɟɫɬ, ɩɪɨɞɭɤɬɵ ɧɚ ɨɫɧɨɜɟ ɝɥɢɧɵ (ɛɟɧɬɨɧɢɬ), ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 
ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɟɣ. ȼ ɤɚɱɟɫɬɜɟɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɩɥɟɧɤɨɨɛɪɚɡɨɜɚɬɟɥɟɣ ɩɪɢɦɟɧɹɸɬ 
ɠɢɞɤɢɟ ɫɬɟɤɥɚ, ɱɚɫɬɢɱɧɨ ɝɢɞɪɨɥɢɡɨɜɚɧɧɵɣ ɬɟɬɪɚɷɬɨɫɢɫɢɥɚɧ (ɷɬɢɥɫɢɥɢɤɚɬ) ɢ ɦɢɤɪɨɝɟɥɟɜɵɟ 
ɩɥɟɧɤɨɨɛɪɚɡɨɜɚɬɟɥɢ. 

Ƚɥɚɜɧɚɹ ɢɞɟɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɢɯ ɩɪɢɦɟɧɹɥɢ ɜ 
ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɫɢɫɬɟɦɚɯ ɧɟ ɤɚɤ ɨɛɵɱɧɵɟ ɧɚɩɨɥɧɢɬɟɥɢ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɨɤ, ɫɩɨɫɨɛɧɵɯ 
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ɡɧɚɱɢɬɟɥɶɧɨ ɭɥɭɱɲɢɬɶ ɡɚɳɢɬɧɵɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɥɚɤɨɤɪɚɫɨɱɧɵɯ 
ɩɨɤɪɵɬɢɣ Д1Ж. 

ɇɚɧɨɞɢɫɩɟɪɫɧɵɟ ɨɛɴɟɤɬɵ ɩɨɥɭɱɚɸɬ ɜ ɜɢɞɟ ɡɨɥɹ, ɝɟɥɹ, ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɞɢɫɩɟɪɫɢɢ ɢɥɢ 
ɬɨɧɤɨɞɢɫɩɟɪɫɧɨɝɨ ɩɨɪɨɲɤɚ, ɧɚɧɨɩɨɪɢɫɬɨɝɨ ɬɟɥɚ [2]. Ⱦɢɚɩɚɡɨɧ ɦɟɬɨɞɨɜ ɢɯ ɩɨɥɭɱɟɧɢɹ 
ɱɪɟɡɜɵɱɚɣɧɨ ɲɢɪɨɤ. ȼɵɛɨɪ ɬɨɣ ɢɥɢ ɢɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɹɞɨɦ ɮɚɤɬɨɪɨɜ, ɤ ɱɢɫɥɭ 
ɤɨɬɨɪɵɯ ɨɬɧɨɫɹɬɫɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɱɚɫɬɢɰ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 
ɷɧɟɪɝɨɟɦɤɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɢ ɬ.ɞ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧɢɹ ɜɫɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɧɚɧɨɱɚɫɬɢɰ ɬɚɤɠɟ 
ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɛɨɥɶɲɢɟ ɝɪɭɩɩɵ. ɉɟɪɜɚɹ ɝɪɭɩɩɚ ɨɛɴɟɞɢɧɹɟɬ ɫɩɨɫɨɛɵ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɩɨɥɭɱɚɬɶ ɢ ɢɡɭɱɚɬɶ ɧɚɧɨɱɚɫɬɢɰɵ, ɧɨ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɦɟɬɨɞɨɜ ɬɪɭɞɧɨ ɫɨɡɞɚɜɚɬɶ ɧɨɜɵɟ 
ɦɚɬɟɪɢɚɥɵ. ɋɸɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤɨɧɞɟɧɫɚɰɢɸ ɩɪɢ ɫɜɟɪɯɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɥɚɡɟɪɧɨɟ 
ɢɫɩɚɪɟɧɢɟ ɢ ɞɪ. ȼɬɨɪɚɹ ɝɪɭɩɩɚ ɜɤɥɸɱɚɟɬ ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɱɚɫɬɢɰ 
ɩɨɥɭɱɚɬɶ ɧɚɧɨɦɚɬɟɪɢɚɥɵ ɢ ɧɚɧɨɤɨɦɩɨɡɢɬɵ. Эɬɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ 
ɦɟɯɚɧɨɯɢɦɢɱɟɫɤɨɝɨ ɞɪɨɛɥɟɧɢɹ, ɤɨɧɞɟɧɫɚɰɢɹ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ, ɩɥɚɡɦɟɧɧɵɟ ɦɟɬɨɞɵ ɢ 
ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ. 

ɇɚɩɨɥɧɟɧɢɟ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ 
ɭɩɪɨɱɧɟɧɢɟɦ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ ɜ ɫɜɹɡɢ ɫ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɚ ɧɟɟ ɞɢɫɩɟɪɫɧɨɣ ɮɚɡɵ ɫ 
ɜɵɫɨɤɨɪɚɡɜɢɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ Д3Ж, ɚ ɬɚɤɠɟ ɫɨɯɪɚɧɟɧɢɟɦ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɤɪɵɬɢɣ 
(ɛɥɟɫɤ ɢ ɨɩɬɢɱɟɫɤɚɹ ɩɪɨɡɪɚɱɧɨɫɬɶ), ɱɬɨ ɢɦɟɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɭɸ ɡɧɚɱɢɦɨɫɬɶ ɩɪɢ ɧɚɧɟɫɟɧɢɢ 
ɥɚɤɨɜɵɯ ɩɨɤɪɵɬɢɣ. Ɉɞɧɚɤɨ, ɜ ɫɜɹɡɢ ɫ ɪɚɡɥɢɱɢɟɦ ɯɢɦɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɚɩɨɥɧɢɬɟɥɹ ɢ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɵ, ɫɬɟɩɟɧɶ ɦɟɠɮɚɡɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ 
ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɚɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɰɟɥɟɫɨɨɛɪɚɡɧɚ ɢɯ ɦɨɞɢɮɢɤɚɰɢɹ ɜɟɳɟɫɬɜɚɦɢ, 
ɨɛɥɚɞɚɸɳɢɦɢ ɫɪɨɞɫɬɜɨɦ ɤɚɤ ɤ ɞɢɫɩɟɪɫɧɨɣ, ɬɚɤ ɢ ɤ ɩɨɥɢɦɟɪɧɨɣ ɮɚɡɟ. ȼ ɤɚɱɟɫɬɜɟ 
ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɚɝɟɧɬɨɜ ɞɢɫɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɥɚɧɵ, ɢɦɟɸɳɢɟ 
ɛɨɥɶɲɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɩɪɢɜɢɜɚɟɦɵɯ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɩɨɥɧɢɬɟɥɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ. 

 Ɉɞɧɢɦ ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ ɷɬɚɩɨɜ ɜ ɩɪɨɰɟɫɫɟ ɦɨɞɢɮɢɤɚɰɢɢ ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ. ɉɨɫɤɨɥɶɤɭ ɧɚɧɨɪɚɡɦɟɪɧɵɟ 
ɧɚɩɨɥɧɢɬɟɥɢ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɥɚɤɨɤɪɚɫɨɱɧɵɯ ɦɚɬɟɪɢɚɥɚɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɫɭɫɩɟɧɡɢɢ ɢɥɢ ɡɨɥɢ Д4Ж, ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɜɚɠɧɨ, ɱɬɨɛɵ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɜɫɟ 
ɦɨɥɟɤɭɥɵ ɦɨɞɢɮɢɤɚɬɨɪɚ ɯɟɦɨɫɨɪɛɢɪɨɜɚɥɢɫɶ ɧɚ ɱɚɫɬɢɰɚɯ ɧɚɩɨɥɧɢɬɟɥɹɢ ɧɟ ɨɫɬɚɜɚɥɢɫɶ ɜ 
ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɟ, ɚ ɫ ɞɪɭɝɨɣ, ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ, 
ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɦɨɞɢɮɢɤɚɬɨɪ ɛɵɥ ɜ ɢɡɛɵɬɤɟ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɤɚɬɨɪɚ ɧɚɧɨɱɚɫɬɢɰ ɢɫɩɨɥɶɡɨɜɚɧ 
ɚɦɢɧɨɩɪɨɩɢɥɬɪɢɷɬɨɤɫɢɫɢɥɚɧSТХqЮОsЭ VS 142 ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ Momentive, ɞɥɹ 
ɦɨɞɢɮɢɤɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɧɚɧɨɱɚɫɬɢɰɵSiO2, ɩɨɥɭɱɟɧɧɵɟ ɩɥɚɡɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ 
Д5Ж ɜ ɰɟɧɬɪɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ Ʉɚɡɚɧɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ (ɄɇɂɌɍ). ɇɚɧɨɫɭɫɩɟɧɡɢɢ ɩɨɥɭɱɚɥɢ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟɦ ɩɨɪɨɲɤɚ SiO2 ɩɭɬɟɦ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Д6, 7Ж ɧɚ ɝɨɦɨɝɟɧɢɡɚɬɨɪɟUP 400S ɜ ɫɪɟɞɟ ɚɰɟɬɨɧɚ. Ɉɩɬɢɦɚɥɶɧɨɟ 
ɫɨɞɟɪɠɚɧɢɟ ɫɢɥɚɧɚ ɨɩɪɟɞɟɥɹɥɢ ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɡɚɜɢɫɢɦɨɫɬɟɣ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ (ζ) ɢ 
ɪɚɡɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ (d) ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɧɚɧɨɫɭɫɩɟɧɡɢɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ 
ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ. 

ɂɡɦɟɪɟɧɢɟ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ ɢ ɪɚɡɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɪɨɜɨɞɢɥɢ ɧɚ 
ɤɨɦɩɥɟɤɫɟ ɞɥɹ ɚɧɚɥɢɡɚ ɫɜɨɣɫɬɜ ɧɚɧɨɱɚɫɬɢɰZetaPALS 90 Plus ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɢ 
BrookhavenInstruments. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɫɢɥɚɧɚ ɜɵɲɟ 2% ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɫɫɵ 
ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥ 
ɩɪɚɤɬɢɱɟɫɤɢ ɪɚɜɟɧ ɧɭɥɸ, ɱɬɨ ɝɨɜɨɪɢɬ ɨɛ ɚɝɪɟɝɚɬɢɜɧɨɣ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɫɭɫɩɟɧɡɢɢ. ɉɪɢ ɷɬɨɦ 
ɜɢɡɭɚɥɶɧɨ ɧɚɛɥɸɞɚɥɨɫɶ ɜɵɩɚɞɟɧɢɟ ɨɫɚɞɤɚ, ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɜɲɟɟ ɨ ɡɧɚɱɢɬɟɥɶɧɨɦ ɭɤɪɭɩɧɟɧɢɢ 
ɱɚɫɬɢɰ. 
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Ɋɢɫɭɧɨɤ 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɢ ɞɡɟɬɚ-ɩɨɬɟɧɰɢɚɥɚ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ (SiO2) ɜ 
ɚɰɟɬɨɧɨɜɨɣ ɧɚɧɨɫɭɫɩɟɧɡɢɢ ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɵɥɨ ɧɚɣɞɟɧɨ ɨɩɬɢɦɚɥɶɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɦɨɞɢɮɢɰɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɧɚɧɨɫɭɫɩɟɧɡɢɹ ɫɨɯɪɚɧɹɟɬ ɧɟɨɛɯɨɞɢɦɵɟ ɤɨɥɥɨɢɞɧɨ-ɯɢɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 
ɪɚɜɧɨɟ 1 % ɨɬ ɦɚɫɫɵ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ. 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɮɬɨɪɨɩɥɚɫɬɚ-4, ɩɨɥɭɱɟɧɧɵɯ 
ɦɨɥɟɤɭɥɹɪɧɵɦ ɫɦɟɲɟɧɢɟɦ Д1Ж. ɂɫɫɥɟɞɭɟɦɵɟ ɫɜɨɣɫɬɜɚ ɩɨɥɢɦɟɪɨɜ ɧɟɨɛɯɨɞɢɦɵ ɩɪɢ ɨɬɪɚɛɨɬɤɟ 
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ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɝɨɬɨɜɵɯ ɢɡɞɟɥɢɣ ɢ ɨɰɟɧɤɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨ–ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɟ 
ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɂɂɋ ɇɄ ɌɎɋɆ). Ɍɪɢɛɨɥɨɝɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɰɟɧɢɜɚɥɢɫɶ ɧɚ ɦɚɲɢɧɟ ɬɪɟɧɢɹ ɜ ɪɟɠɢɦɟ ɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɨɫɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɢɮɢɰɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɨɛɚɥɶɬɨ-ɮɬɨɪɨɪɝɚɧɱɟɫɤɢɣ ɩɨɪɨɲɨɤ 
(ɄɨɎɉ), ɤɪɟɦɧɢɣ-ɮɬɨɪɨɪɝɚɧɢɱɟɫɤɢɣ ɩɨɪɨɲɨɤ (ɄɎɉ) ɢ ɬɢɬɚɧɨ-ɮɬɨɪɨɪɝɚɧɢɱɟɫɤɢɣ ɩɨɪɨɲɨɤ 
(ɌɎɉ), ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɝɚɡɨɮɚɡɧɨɣ ɫɪɟɞɵ. 

ɇɚ ɪɢɫɭɧɤɟ 1 (ɚ, ɛ) ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨ- ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 
ɩɨɥɢɦɟɪɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧɚ ɫ ɦɨɞɢɮɢɰɢɪɭɸɳɢɦɢ ɞɨɛɚɜɤɚɦɢ – 
ɄɨɎɉ, ɄɎɉ ɢ ɌɎɉ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɞɢɮɢɤɚɬɨɪɨɜ (0,05; 0,1; 0,5; 1; 5 ɦɚɫɫɨɜɵɯ ɱɚɫɬɟɣ ɧɚ 
100 ɦɚɫɫɨɜɵɯ ɱɚɫɬɟɣ ɮɬɨɪɨɩɥɚɫɬɚ-4). 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɢɣ ɷɮɮɟɤɬ ɜɨ ɜɫɟɯ ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɚɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɚɥɵɟ ɞɨɥɢ ɜɧɨɫɢɦɵɯ 
ɦɨɞɢɮɢɤɚɬɨɪɨɜ, ɚ ɢɦɟɧɧɨ 0,05 ɢ 0,1 ɦɚɫɫ. ɱɚɫɬ. ɧɚ 100 ɦɚɫɫɨɜɵɯ ɱɚɫɬɟɣ ɉɌɎЭ. 

 
ɚ) 

 
ɛ) 

Ɋɢɫɭɧɨɤ 1. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨ- (ɚ) ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (ɛ) ɨɛɪɚɡɰɨɜ 
ɤɨɦɩɨɡɢɬɨɜ ɉɌɎЭ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɨɤ ɌɎɉ (1), ɄɨɎɉ (2), ɄɎɉ (3) 
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ɚ, ɦ2/ɫ (10-8) 

ɋ, ɦ. ɱ. 
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ɚ) 

 
ɛ) 

Ɋɢɫɭɧɨɤ 2. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨ- (ɚ) ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (ɛ) ɨɛɪɚɡɰɨɜ 
ɤɨɦɩɨɡɢɬɨɜ ɮɬɨɪɨɩɥɚɫɬɚ-3Ɇ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɤɢ ɌɎɉ 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɦɚɲɢɧɟ ɬɪɟɧɢɹ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɜɟɫɨɜɨɝɨ ɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ. Ɉɛɪɚɡɰɵ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɞɢɚɦɟɬɪɨɦ 
50ɦɦ, ɜɵɫɨɬɨɣ 14ɦɦ ɡɚɤɪɟɩɥɹɥɢɫɶ ɜɢɧɬɨɦ ɜ ɰɟɧɬɪɟ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɬɟɥɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɲɥɢɮɨɜɚɥɶɧɚɹ ɫɟɬɤɚ ɡɟɪɧɢɫɬɨɫɬɶɸ Ʉ150. ȼɟɫɨɜɨɣ ɢɡɧɨɫ ɨɩɪɟɞɟɥɹɥɫɹ ɢɡɦɟɧɟɧɢɟɦ ɦɚɫɫɵ 
ɨɛɪɚɡɰɚ ɞɨ ɢ ɩɨɫɥɟ ɢɫɩɵɬɚɧɢɹ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ. Ɋɚɡɦɟɪɧɵɣ ɢɡɧɨɫ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɤɚɤ 
ɪɚɡɧɢɰɚ ɜ ɜɵɫɨɬɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɦɢɤɪɨɦɟɬɪɨɦ ɩɨ ɬɪɟɦ ɬɨɱɤɚɦ ɩɨɞ ɭɝɥɨɦ 120º.  

ɇɚ ɪɢɫɭɧɤɟ 2 (ɚ, ɛ, ɜ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɡɦɟɪɧɨɝɨ ɢɡɧɨɫɚ 
ɩɨɥɢɦɟɪɧɨɝɨ ɤɨɦɩɨɡɢɬɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɄɨɎɉ, ɄɎɉ, ɌɎɉ.  

ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɦɚɲɢɧɟ ɬɪɟɧɢɹ ɛɵɥɢ ɜɵɹɜɥɟɧɵ ɦɟɬɨɞɢɱɟɫɤɢɟ 
ɨɫɨɛɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ:  

 - ɩɨɞɞɟɪɠɚɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɭɫɢɥɢɹ ɩɪɢɠɢɦɚ ɤɨɧɬɪɬɟɥɚ ɤ ɨɛɪɚɡɰɭ ɜɨ ɜɪɟɦɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚ; 

 - ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɨɜ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɧɬɪɬɟɥɚ ɩɨ ɢɫɫɥɟɞɭɟɦɨɦɭ ɨɛɪɚɡɰɭ ɢ ɟɝɨ 
ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɤɨɧɬɪɬɟɥɚ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɦɟɬɨɞɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɰɟɥɟɫɨɨɛɪɚɡɧɚ ɪɚɡɪɚɛɨɬɤɚ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɞɥɹ ɫɛɨɪɚ, ɨɛɪɚɛɨɬɤɢ ɢ ɯɪɚɧɟɧɢɹ ɩɨɥɭɱɚɟɦɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɭɫɢɥɢɟɦ ɩɪɢɠɢɦɚ. 
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Эɤɫɬɪɟɦɚɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɪɢɛɨɬɟɯɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɧɚɧɨɤɨɦɩɨɡɢɬɵ, 
ɩɨɥɭɱɟɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɵɦ ɫɦɟɲɟɧɢɟɦ ɢɦɟɸɬ ɤɚɤ ɨɞɧɨɮɚɡɧɨɟ, ɬɚɤ ɢ ɦɧɨɝɨɮɚɡɧɨɟ ɫɬɪɨɟɧɢɟ. 
Эɤɫɬɪɟɦɭɦɵ ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ ɞɨɛɚɜɨɤ (ɞɨ 1 ɦɚɫɫ. ɱɚɫɬ.), ɤɚɤ ɤɟɪɚɦɢɱɟɫɤɢɯ (ɄɎɉ), ɬɚɤ ɢ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ (ɄɨɎɉ, ɌɎɉ) ɩɨɞɬɜɟɪɠɞɚɸɬ ɩɟɪɟɯɨɞ ɫɢɫɬɟɦɵ ɢɡ ɨɞɧɨɮɚɡɧɨɣ ɫɬɪɭɤɬɭɪɵ ɜ 
ɦɧɨɝɨɮɚɡɧɭɸ, ɚ ɬɨɱɤɚ ɷɤɫɬɪɟɦɭɦɚ ɭɤɚɡɵɜɚɟɬ ɧɚ ɦɟɬɚɫɬɚɛɢɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ, ɝɞɟ 
ɨɬɦɟɱɚɟɬɫɹ ɧɚɢɜɵɫɲɚɹ ɝɨɦɨɝɟɧɧɨɫɬɶ ɫɢɫɬɟɦɵ Д2,3Ж. 

 

 
ɚ) 

 
ɛ) 

 
ɜ) 

Ɋɢɫɭɧɨɤ 3. Ƚɪɚɮɢɤɢ ɜɟɫɨɜɨɝɨ ɢɡɧɨɫɚ Iɪ (ɦɦ) ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɮɬɨɪɨɩɥɚɫɬɚ-
4 ɨɬ ɫɨɞɟɪɠɚɧɢɹ ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɄɨɎɉ (ɚ), ɄɎɉ (ɛ), ɌɎɉ (ɜ). ȼɪɟɦɹ ɚɛɪɚɡɢɜɧɨɝɨ ɢɡɧɨɫɚ 60 
ɦɢɧ (1), 40 ɦɢɧ (2), 20 ɦɢɧ (3); ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɧɬɪɬɟɥɚ 12 ɨɛ/ɦɢɧ; ɭɫɢɥɢɟ ɩɪɢɠɢɦɚ 0,5 
ɤɝɫ 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢя ɢ ɧɚɭɤɢ ɊɎ ɜ 
ɪɚɦɤɚɯ ɛɚɡɨɜɨɣ ɱɚɫɬɢ (ɤɨɞ ɩɪɨɟɤɬɚ 2079). 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɞɥя ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɨɞɞɟɪɠɤɢ 
ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ ɲɤɨɥ ɊɎ, ɤɨɞ ɩɪɨɟɤɬɚ ɇШ – 2411.2014.3 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɢɡɭɱɟɧɢɸ ɛɢɨɝɟɧɧɵɯ ɢ 
ɚɛɢɨɝɟɧɧɵɯ ɦɢɧɟɪɚɥɨɜ. Ⱥɧɚɥɢɡɩɪɨɰɟɫɫɨɜ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ, ɢɡɦɟɧɟɧɢɣ ɫɨɫɬɚɜɚ, ɫɬɪɭɤɬɭɪɵ ɢ 
ɫɜɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɩɪɢ ɪɟɲɟɧɢɢ ɪɹɞɚ ɷɤɨɥɨɝɢɱɟɫɤɢɯ.Ʉ ɬɚɤɢɦ ɛɢɨɦɢɧɟɪɚɥɚɦ 
ɨɬɧɨɫɢɬɫɹ ɤɨɫɬɧɚɹ ɬɤɚɧɶ. Ⱦɟɬɚɥɶɧɨɟ ɟɟ ɢɡɭɱɟɧɢɟ ɜ ɭɫɥɨɜɢɹɯ «ɧɨɪɦɚɥɶɧɨɣ» ɢ ɩɚɬɨɝɟɧɧɨɣ 
ɤɨɫɬɧɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɪɹɞɚɡɚɛɨɥɟɜɚɧɢɣ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɤɨɤɫɚɪɬɪɨɡɚ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɩɪɨɛɥɟɦɟ ɢɡɦɟɧɟɧɢɹ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɩɪɢ ɩɚɬɨɥɨɝɢɢ 
ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɜɡɚɢɦɨɞɨɩɨɥɧɹɸɳɢɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ 
ɦɟɬɨɞɚɦɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɫɨɫɬɚɜɚ ɤɨɫɬɧɵɯ ɬɤɚɧɟɣ ɱɟɥɨɜɟɤɚ ɢ ɟɝɨ 
ɩɚɬɨɝɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ.  

Ɉɛɴɟɤɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɫɬɭɩɚɟɬ «ɧɨɪɦɚɥɶɧɵɟ» ɤɨɧɬɪɨɥɶɧɵɟ (4 ɲɬ.) ɢ ɩɨɪɚɠɟɧɧɵɟ 
ɤɨɤɫɚɪɬɪɨɡɨɦ (108 ɲɬ.) ɝɨɥɨɜɤɢ ɛɟɞɪɟɧɧɵɯ ɤɨɫɬɟɣ ɠɢɬɟɥɟɣ Ɉɦɫɤɨɣ ɨɛɥɚɫɬɢ ɭɞɚɥɟɧɧɵɟ ɩɪɢ 
ɷɧɞɨɩɪɨɬɟɡɢɪɨɜɚɧɢɢ.ɋ ɭɱɟɬɨɦ ɩɪɨɰɟɫɫɨɜ ɫɬɚɪɟɧɢɹ ɤɨɫɬɢ ɜɵɞɟɥɟɧɵ ɱɟɬɵɪɟ ɜɨɡɪɚɫɬɧɵɟ 
ɝɪɭɩɩɵ ɩɚɰɢɟɧɬɨɜ (30-49, 50–59, 60-69, 70-90 ɥɟɬ), ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɪɚɡɞɟɥɟɧɢɟɦ ɩɨ 
ɩɨɥɨɜɨɦɭ ɩɪɢɡɧɚɤɭ. Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɟɞɟɧ ɧɚ ɞɟɪɢɜɚɬɨɝɪɚɮɟ SIIDiamond - TG-DTA, 
PerkinElmer. ɂɫɫɥɟɞɭɟɦɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ -25-1000 °C; ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɹ ɜɟɫɚ - 2.10-3%, ɩɨɝɪɟɲɧɨɫɬɶ з 0,1 %; ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɪɦɨɷɮɮɟɤɬɨɜ 
6.10-4 ȼ, ɩɨɝɪɟɲɧɨɫɬɶ з ± 6 °C, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɟɫɚ з 10-5%. ɉɨ ɩɨɥɭɱɟɧɧɵɦ 
ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ (ɌȽ), ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɬɟɪɦɢɱɟɫɤɨɣ (ȾɌȽ) ɤɪɢɜɵɦ ɨɩɪɟɞɟɥɹɥɢɫɶ 
ɦɚɫɫɨɜɵɟ ɢɡɦɟɧɟɧɢɹ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ.  

ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɬɟɪɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɧɚ ɜɫɟɯ ɞɟɪɢɜɚɬɨɝɪɚɦɦɚɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɨɫɬɧɵɯ 
ɬɤɚɧɟɣ - ɢɡɦɟɧёɧɧɵɯ ɢ ɤɨɧɬɪɨɥɶɧɵɯ ɜɵɞɟɥɟɧɨ ɱɟɬɵɪɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɢɚɩɚɡɨɧɚ (ɞɚɥɟɟ I-IV), 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɧɢɸ ɪɚɡɧɵɯ ɩɨ ɫɜɨɟɣ ɩɪɢɪɨɞɟ ɤɨɫɬɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ 
(ɬɚɛɥ. 1), (ɪɢɫ. 1). 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɛɵɥɶ ɦɚɫɫɵ ɥɟɬɭɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ (ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ IV, 
ɬɚɛɥ. 1) ɩɪɨɢɫɯɨɞɢɬ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɡɚ ɫɱɟɬ ɭɞɚɥɟɧɢɹ ɋɈ2 ɦɢɧɟɪɚɥɶɧɨɣ ɤɨɫɬɧɨɣ 
ɤɨɦɩɨɧɟɧɬɵ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɧɨɝɨ ɤɚɪɛɨɧɚɬɝɢɞɪɨɤɫɢɥɚɩɚɬɢɬɚ ɜ 
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ɫɬɟɯɢɨɦɟɬɪɢɱɧɵɣ ɢ -ɋɚ3(ɊɈ4)2. Ⱦɚɥɶɧɟɣɲɟɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɚɩɚɬɢɬɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 1300-1500 0ɋ, ɱɬɨ ɩɪɟɜɵɲɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɨɩɵɬɚ ɢ ɜ ɪɚɦɤɚɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ. 
 
Ɍɚɛɥɢɰɚ 1. Ɇɚɫɫɨɜɵɟ ɩɨɬɟɪɢ ɜɟɳɟɫɬɜ ɤɨɫɬɧɨɣ ɬɤɚɧɶɸ ɜ ɯɨɞɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

Ɍ, 0ɋ (ɭɫɥɨɜɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ) ɍɛɵɥɶ ɦɚɫɫɵ (m), ɦɚɫɫ.% 
25 – 200 (I) ɚɞɫɨɪɛɰɢɨɧɧɚɹ ɜɨɞɚ 

200-430 (II) 

ɫɬɪɭɤɬɭɪɧɚɹ ɜɨɞɚ ɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ 
ɜɟɳɟɫɬɜɚ (ɇɈȼ), ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɟɤɨɥɥɚɝɟɧɨɜɵɦɢ 
ɛɟɥɤɚɦɢ ɫ ɦɚɥɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ (ɚɥɶɛɭɦɢɧ ɢ 
ɞɪ.) 

430 – 600 (III) 
ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ (ȼɈȼ) 
(ɤɨɥɥɚɝɟɧ) 

600-1000 (IV) ɥɟɬɭɱɢɟ ɜɟɳɟɫɬɜɚ (ɋɈ2 ɢ ɬ.ɞ.) 

 

 
(1) 
 

 
(2) 

Ɋɢɫ. 1. Ⱦɟɪɢɜɚɬɨɝɪɚɦɦɵ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɜ «ɧɨɪɦɚɥɶɧɨɣ» (1) ɢ ɩɨɪɚɠɟɧɧɨɣ ɤɨɫɬɧɵɯ ɬɤɚɧɟɣ 
ɱɟɥɨɜɟɤɚ (2) 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɫɫɨɜɵɯ ɬɟɪɦɢɱɟɫɤɢɯ ɩɨɬɟɪɶ (ɤɪɢɜɵɟ ɌȽ ɢ ȾɌȽ) ɤɨɧɬɪɨɥɶɧɵɯ ɤɨɫɬɧɵɯ 
ɨɛɪɚɡɰɨɜ (ɪɢɫ. 2) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜɨ ɜɫɟɯ ɫɪɟɡɚɯ ɝɨɥɨɜɤɢ ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ (ɜɟɪɯɧɢɣ - ɫɪɟɞɧɢɣ - 
ɧɢɠɧɢɣ) ɧɚɛɥɸɞɚɸɬɫɹ ɨɞɢɧɚɤɨɜɨɟ ɭɦɟɧɶɲɟɧɢɟ ɦɚɫɫɵ ɜɟɳɟɫɬɜ ɜɨ ɜɫɟɦ ɩɪɨɦɟɠɭɬɤɟ 
ɢɫɫɥɟɞɭɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪ. Эɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɞɢɧɚɤɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɳɟɫɬɜ ɜɨ ɜɫɟɯ 
ɬɪɟɯɫɪɟɡɚɯ ɝɨɥɨɜɤɢ ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ. 

 

 
Ɋɢɫ. 2. Ɍɟɪɦɢɱɟɫɤɢɟ ɤɪɢɜɵɟ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɱɟɥɨɜɟɤɚ ɜ «ɧɨɪɦɟ»: ɜɟɪɯɧɢɣ (1), ɫɪɟɞɧɢɣ (2), 
ɧɢɠɧɢɣ (3) ɫɪɟɡɵ ɝɨɥɨɜɤɢ ɛɟɞɪɟɧɧɨɣ ɤɨɫɬɢ 

 
ɇɚɩɪɨɬɢɜ, ɜ ɩɚɬɨɝɟɧɧɵɯ ɩɪɨɛɚɯ ɫɨɝɥɚɫɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɞɟɪɢɜɚɬɨɝɪɚɦɦ ɢ 

ɚɧɚɥɢɡɭ ɤɪɢɜɵɯ ȾɌȺ ɩɚɬɨɝɟɧɧɨɣ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɜɟɥɢɱɢɧɚ ɦɚɫɫɨɜɵɯ ɩɨɬɟɪɶ ɜɟɳɟɫɬɜ ɢ 
ɧɚɛɥɸɞɚɟɦɵɟ ɩɪɢ ɷɬɨɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶɸ ɩɨɪɚɠɟɧɢɹ ɬɤɚɧɢ, 
ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɢɫɤɪɢɦɢɧɚɧɬɧɨɝɨ ɚɧɚɥɢɡɚ. Ɍɚɤ, ɧɚ ɞɢɚɝɪɚɦɦɟ 
ɤɚɧɨɧɢɱɟɫɤɢɯ ɪɚɫɫɟɢɜɚɧɢɣ (ɪɢɫ. 3) ɜɢɞɧɨ, ɱɬɨ ɫɨɫɬɚɜ ɜɟɪɯɧɟɝɨ (ɛɨɥɟɟ ɩɨɜɪɟɠɞɟɧɧɨɝɨ) ɫɪɟɡɚ 
ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɣ ɜɨɞɵ, ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɥɟɬɭɱɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɨɬ «ɧɨɪɦɵ» ɢ ɦɟɧɟɟ ɩɨɜɪɟɠɞɟɧɧɵɯ ɫɪɟɞɧɢɯ ɢ ɧɢɠɧɢɯ ɩɪɨɛ.ȼ ɫɜɹɡɢɫ ɷɬɢɦ 
ɨɰɟɧɤɚ ɝɥɭɛɢɧɵ ɩɨɪɚɠɟɧɢɹ ɨɛɪɚɡɰɨɜ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɠɟɧɳɢɧ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɭɬɟɦ 
ɫɪɚɜɧɟɧɢɹ ɜɟɫɨɜɵɯ ɩɨɬɟɪɶ ɜ ɜɟɪɯɧɟɦ ɢ ɫɪɟɞɧɟɦ ɫɪɟɡɚɯ ɫ ɫɨɫɬɚɜɨɦ ɧɢɠɧɟɣ ɩɪɨɛɵ.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɤɨɫɬɧɵɯ ɫɪɟɡɚɯ ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɦɭɠɱɢɧɚɦ ɢ ɠɟɧɳɢɧɚɦ ɜɨɡɪɚɫɬɧɵɯ 
ɝɪɭɩɩ 30-59 ɥɟɬ ɩɨ ɦɟɪɟ ɪɚɡɜɢɬɢɹ ɢɡɦɟɧɟɧɢɣ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɩɨɬɟɪɶ 
ɜɵɫɨɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɜɟɳɟɫɬɜ (ɪɢɫ. 4, 5). Эɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ, ɫ ɢɯ ɪɚɡɪɭɲɟɧɢɟɦ ɞɨ 
ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢ/ɢɥɢ ɫ ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɨɣ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ 
ɤɨɥɥɚɝɟɧɨɜɵɯ ɜɨɥɨɤɨɧ. ɉɨɫɥɟɞɧɟɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛɴɹɫɧɹɟɬ ɩɨɜɵɲɟɧɧɭɸ ɬɜɟɪɞɨɫɬɶ 
ɩɚɬɨɝɟɧɧɵɯ ɤɨɫɬɧɵɯ ɨɛɪɚɡɰɨɜ. ɉɪɢ ɷɬɨɦ ɜ ɩɨɜɪɟɠɞɟɧɧɨɣ ɤɨɫɬɧɨɣ ɬɤɚɧɢ 
ɦɭɠɱɢɧɭɜɟɥɢɱɢɜɚɸɬɫɹ ɦɚɫɫɨɜɵɟ ɩɨɬɟɪɢ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɣ ɨɪɝɚɧɢɤɢ, ɭɱɚɫɬɜɭɸɳɟɣ ɜ 
ɤɨɫɬɧɨɦ ɨɛɦɟɧɟ. ȼ ɤɨɫɬɧɵɯ ɨɛɪɚɡɰɚɯ ɛɟɞɪɟɧɧɵɯ ɝɨɥɨɜɨɤ ɠɟɧɳɢɧ ɩɚɬɨɝɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɢɯ 
ɫɨɞɟɪɠɚɧɢɹ ɧɟ ɭɫɬɚɧɨɜɥɟɧɨ. ɉɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɷɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɨɫɨɛɟɧɧɨɫɬɹɦɢ 
ɮɢɡɢɨɥɨɝɢɢ ɦɭɠɫɤɨɝɨ ɢ ɠɟɧɫɤɨɝɨ ɨɪɝɚɧɢɡɦɚ. 
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Ɋɢɫ. 3.Ⱦɢɚɝɪɚɦɦɚ ɪɚɡɞɟɥɟɧɢɹ ɤɨɫɬɧɨɣɬɤɚɧɢ«ɧɨɪɦɚɥɶɧɨɣ» ɤɨɫɬɧɨɣ ɬɤɚɧɢ (1) ɢ ɩɨɪɚɠɟɧɧɵɯ 
ɧɢɠɧɟɝɨ (2), ɫɪɟɞɧɟɝɨ (3), ɜɟɪɯɧɟɝɨ (4) ɤɨɫɬɧɵɯ ɫɪɟɡɨɜ ɩɨ ɫɨɞɟɪɠɚɧɢɸ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɜɨɞɵ, 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɥɟɬɭɱɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 

 

 
Ɋɢɫ. 4. Ʉɪɢɜɵɟ ɦɚɫɫɨɜɵɯ ɩɨɬɟɪɶ ɤɨɫɬɧɨɣ ɬɤɚɧɶɸ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɣ ɜɨɞɵ (I), ɇɈȼ (II), ȼɈȼ 
(III) ɜɟɳɟɫɬɜ, ɥɟɬɭɱɢɯ ɫɨɟɞɢɧɟɧɢɣ (IV): Ⱥ) «ɧɨɪɦɚ», Ȼ) ɠɟɧɫɤɢɟ ɨɛɪɚɡɰɵ; ȼ) ɦɭɠɫɤɢɟ 
ɨɛɪɚɡɰɵ 

 

 

 
(1) (2) 

Ɋɢɫ. 5. ɋɨɞɟɪɠɚɧɢɟ ɇɈȼ ɢ ȼɈȼ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɜ ɫɪɟɡɚɯ ɤɨɫɬɧɵɯ ɬɤɚɧɟɣ: ɦɭɠɱɢɧ (1) 
ɢ ɠɟɧɳɢɧ (2) 
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ȼɢɞ ɤɪɢɜɵɯ ȾɌȺ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɢɜɟɞɟɧɧɨɟ ɡɚɤɥɸɱɟɧɢɟ (ɪɢɫ. 6).  
 

 
Ɋɢɫ. 6.Ɏɨɪɦɵ ɤɪɢɜɵɯȾɌȺ ɜɟɪɯɧɢɯ ɫɪɟɡɨɜ «ɧɨɪɦɚɥɶɧɨɣ» (1) ɢ ɩɚɬɨɝɟɧɧɵɯ ɤɨɫɬɧɵɯ ɬɤɚɧɟɣ 
(2), (3) 

 
Ɍɚɤ, ɧɚ ɤɪɢɜɵɯ ɪɚɡɥɢɱɧɵɯ ɫɪɟɡɨɜ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɪɚɡɰɨɜ (ɪɢɫ. 6, ɤɪɢɜɚɹ 1) ɜ 

ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɪɚɡɥɨɠɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɣ ɤɨɦɩɨɧɟɧɬɵ ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɞɜɭɯ 
ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɯ ɩɢɤɨɜ (ɦɚɤɫɢɦɭɦɨɜ) 360 0ɋ ɢ 540 0ɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɡɥɨɠɟɧɢɸ ɇɈȼ ɢ 
ȼɈȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢ ɷɬɨɦ ɪɚɡɥɢɱɧɵɟ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɢ ɨɞɢɧɚɤɨɜɵɟ ɜɟɥɢɱɢɧɵ 
ɦɚɫɫɨɜɵɯ ɩɨɬɟɪɶ ɞɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜɭɤɚɡɵɜɚɸɬ ɧɚ ɪɚɡɥɢɱɧɭɸ ɫɬɪɭɤɬɭɪɧɭɸ ɨɪɝɚɧɢɡɚɰɢɸ 
ɦɨɥɟɤɭɥ.  

Ⱦɥɹ ɩɨɜɪɟɠɞɟɧɧɵɯ ɨɛɪɚɡɰɨɜɜ ɞɚɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬɦɟɱɚɸɬɫɹ ɞɜɚ ɜɢɞɚ 
ɤɪɢɜɵɯ ȾɌȺ ɫ ɪɚɡɥɢɱɧɨɣ ɜɚɪɢɚɰɢɟɣ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɯ ɦɚɤɫɢɦɭɦɨɜ: ɚɧɚɥɨɝɢɱɧɚɹ «ɧɨɪɦɟ» 
ɤɪɢɜɚɹ ɫ ɞɜɭɦɹɩɢɤɚɦɢ (ɪɢɫ. 3.16, ɤɪɢɜɚɹ 2) ɩɪɢ ɬɟɯ ɠɟ ɢɥɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (+10 
0C) ɫ ɦɟɧɶɲɢɦ ɬɟɩɥɨɜɵɦ ɷɮɮɟɤɬɨɦ ɞɥɹ ȼɈȼ, ɛɨɥɶɲɢɦ ɢɥɢ ɚɧɚɥɨɝɢɱɧɵɦ – ɞɥɹ ɇɈȼ, ɱɬɨ 
ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɨɣ ɤɨɥɥɚɝɟɧɨɜɵɯ ɜɨɥɨɤɨɧ ɜɫɥɟɞɫɬɜɢɟ 
ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɛɟɞɪɟɧɧɭɸ ɝɨɥɨɜɤɭ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ, ɱɬɨ 
ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɨɜɵɲɟɧɧɭɸ ɬɜɟɪɞɨɫɬɶ ɩɨɪɚɠɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɤɨɫɬɧɵɯ ɩɪɨɛ; ɤɪɢɜɚɹ ɫ ɬɪɟɦɹ 
ɷɤɫɬɪɟɦɭɦɚɦɢ (ɪɢɫ. 6, ɤɪɢɜɚɹ 3) ɫ ɛɨɥɶɲɢɦ ɬɟɩɥɨɜɵɦ ɷɮɮɟɤɬɨɦ, ɢɡ ɤɨɬɨɪɵɯ ɞɜɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬɬɟɪɦɨɞɢɫɫɨɰɢɚɰɢɢ ȼɈȼ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 460 0C ɢ ɚɧɚɥɨɝɢɱɧɨɝɨ 
«ɧɨɪɦɟ» ɷɤɫɬɪɟɦɭɦɭ 540 0ɋ, ɬɪɟɬɢɣ ɧɟɛɨɥɶɲɨɣ ɩɢɤ - ɪɚɫɩɚɞɭ ɇɈȼ ɩɪɢ ɛɨɥɟɟ 
ɜɵɫɨɤɢɯɬɟɦɩɟɪɚɬɭɪɚɯ 390-410 0C. Эɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɱɚɫɬɢɱɧɨɟ ɞɟɝɟɧɟɪɚɬɢɜɧɨɟ ɪɚɡɪɭɲɟɧɢɟ 
ɤɨɥɥɚɝɟɧɨɜɨɣ ɮɚɡɵ ɞɨ ɇɈȼ. Ȼɨɥɟɟ ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɥɨɠɟɧɢɹ ȼɈȼ, ɧɚɛɥɸɞɚɟɦɵɟ ɜ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ ɧɚɢɛɨɥɶɲɢɣ ɧɚɛɥɸɞɚɟɦɵɣ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɫ ɞɪɭɝɨɣ, 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɦɟɧɶɲɟɦ ɱɢɫɥɟ ɩɨɩɟɪɟɱɧɵɯ ɜɧɭɬɪɢ- ɢ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɫɜɹɡɟɣ ɦɟɠɞɭ 
ɤɨɥɥɚɝɟɧɨɜɵɦɢ ɜɨɥɨɤɧɚɦɢ,ɧɚɪɭɲɟɧɢɢ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ. 

Ⱦɚɧɧɵɟ ɩɪɢɱɢɧɵɨɛɴɹɫɧɹɸɬ ɭɦɟɧɶɲɟɧɢɟ ɩɨɬɟɪɶ ȼɈȼ ɜ ɤɨɫɬɧɵɯ ɫɪɟɡɚɯ ɩɪɢɧɚɞɥɟɠɚɳɢɯ 
ɦɭɠɱɢɧɚɦ, ɢ ɠɟɧɳɢɧɚɦ ɜɨɡɪɚɫɬɧɵɯ ɝɪɭɩɩ 30-59 ɥɟɬ, ɚ ɬɚɤɠɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ 
ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɨɣ ɨɪɝɚɧɢɤɢ ɜ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɦɭɠɱɢɧ ɩɨ ɦɟɪɟ ɪɚɡɜɢɬɢɹ ɡɚɛɨɥɟɜɚɧɢɹ.  

ɍɞɚɥɟɧɢɟ ɋɈ2 ɫɜɹɡɚɧɨ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɚɩɚɬɢɬɚ ɤɨɫɬɢ, ɧɚɢɛɨɥɶɲɢɟ ɟɝɨ 
ɜɟɫɨɜɵɟ ɩɨɬɟɪɢ ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɩɪɟɨɛɥɚɞɚɧɢɟ ɤɚɪɛɨɧɚɬ-ɢɨɧɨɜ ɜ 
ɫɬɪɭɤɬɭɪɟ ɩɚɬɨɝɟɧɧɨɝɨ ɛɢɨɦɢɧɟɪɚɥɚ. Ȼɨɥɶɲɟɟ ɫɨɞɟɪɠɚɧɢɟ ɜ ɩɨɪɚɠɟɧɧɨɣ ɤɨɫɬɧɨɣ ɬɤɚɧɢ ɜɨɞɵ 
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ɧɟɝɚɬɢɜɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɤɪɢɫɬɚɥɥɢɱɧɨɫɬɢ ɤɨɫɬɧɨɝɨ ɚɩɚɬɢɬɚ.Ɍɚɤɚɹ ɤɨɫɬɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɜ 
ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɚɞɫɨɪɛɢɪɭɟɬ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ, ɨɛɪɚɡɭɹ ɚɦɨɪɮɧɵɣ ɫɥɨɣ ɫɨɫɬɚɜɚ ДɋɈ2-nH2O], 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɧɢɠɟɧɢɸ ɨɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɫɬɢ ɢ ɛɨɥɶɲɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɞɚɧɧɨɝɨ 
ɦɢɧɟɪɚɥɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɦɟɱɟɧɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɨ ɬɟɪɦɢɱɟɫɤɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɤɨɫɬɧɵɯ 
ɬɤɚɧɟɣ ɭɤɚɡɵɜɚɸɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɢɯ ɫɬɪɭɤɬɭɪɵ ɢ ɫɨɫɬɚɜɚ (ɦɢɧɟɪɚɥɶɧɨɝɨ ɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ) ɩɪɢ 
ɩɨɜɪɟɠɞɟɧɢɢ.  

 
 
 

ɄɈɆɉɅȿɄɋɇɈȿ ɗɄɋɉȿɊɂɆȿɇɌАɅЬɇɈȿ ɂɋɋɅȿȾɈВАɇɂȿ 
ɌȿɉɅɈɎɂɁɂɑȿɋɄɂɏ ɋВɈɃɋɌВ ɇАɇɈɎɅɘɂȾɈВ ɂɁɈɉɊɈɉɂɅɈВЫɃ 

ɋɉɂɊɌ/Al 2O3ɇА Ʌɂɇɂɂ Ʉɂɉȿɇɂə 
ɀɟɥɟɡɧɵɣ ȼ.ɉ., Ƚɟɥɥɟɪ ȼ.Ɂ., Шɢɦɱɭɤ ɇ.Ⱥ., Ʌɭɤɶɹɧɨɜ ɇ.ɇ., ɇɢɤɭɥɢɧ. Ⱥ.Ƚ. 

Ɉɞɟɫɫɤɚя ɧɚɰɢɨɧɚɥɶɧɚя ɚɤɚɞɟɦɢя ɩɢɳɟɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɍɤɪɚɢɧɚ, 65039, Ɉɞɟɫɫɚ, 
ɭɥ. Кɚɧɚɬɧɚя, 112.E-mail:vzhelezny@mail.ru 

 
ȼɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɢ ɬɟɩɥɨɨɛɦɟɧɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɛɨɱɢɯ ɬɟɥ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɩɪɢɜɥɟɤɚɟɬ ɩɪɢɫɬɚɥɶɧɨɟ 
ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. ɇɟɫɦɨɬɪɹ ɧɚ ɨɛɢɥɢɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɚɛɨɬ, ɩɨɫɜɹɳɟɧɧɵɯ 
ɢɡɭɱɟɧɢɸ ɧɚɧɨɮɥɸɢɞɨɜ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨ ɝɨɜɨɪɢɬɶ ɨ ɪɟɲɟɧɢɢ ɬɚɤɢɯ 
ɜɚɠɧɵɯ ɜɨɩɪɨɫɨɜ ɤɚɤ ɤɨɪɪɟɤɬɧɚɹ ɮɢɡɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɨɛɦɟɧɚ. 

ɋ ɭɱɟɬɨɦ ɢɡɥɨɠɟɧɧɨɝɨ, ɜ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɪɚɫɫɦɨɬɪɟɧɵ ɦɨɞɟɥɶɧɵɟ 
ɫɢɫɬɟɦɵ: ɱɢɫɬɵɣ ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ (ɂɉɋ) ɢ ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɧɚ ɟɝɨ ɨɫɧɨɜɟ ɧɚɧɨɮɥɸɢɞɵ 
ɫ ɪɚɡɥɢɱɧɵɦɢ ɦɚɫɫɨɜɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɧɚɧɨɱɚɫɬɢɰ AХ2O3. Ɉɛɪɚɡɰɵ ɩɪɢɝɨɬɚɜɥɢɜɚɥɢɫɶ 
ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɱɢɫɬɨɝɨ (99,8%) ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ CAS 67-63-0 ɤ ɢɫɯɨɞɧɨɦɭ 
ɧɚɧɨɮɥɸɢɞɭ (CAS 1344-28-1 - 20% ɧɚɧɨɱɚɫɬɢɰ AХ2O3 ɜ ɢɡɨɩɪɨɩɢɥɨɜɨɦ ɫɩɢɪɬɟ). ɋɪɟɞɧɢɣ 
ɪɚɡɦɟɪ ɧɚɧɨɱɚɫɬɢɰ ɜ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɧɚɧɨɮɥɸɢɞɚɯ ɫɨɫɬɚɜɥɹɥ 50 ɧɦ.  

ȼ ɞɨɤɥɚɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ AХ2O3 ɧɚ ɞɚɜɥɟɧɢɟ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ, ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ, ɜɹɡɤɨɫɬɶ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ.  
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Ɋɢɫ. 1. Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɧɚɧɨɫɩɢɪɬɚ ɨɬ ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɱɢɫɬɨɝɨ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɧɚɧɨɮɥɸɢɞɨɜ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 
ɫɬɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ. ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɝɪɟɲɧɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɨɜɟɪɢɬɟɥɶɧɵɣ 
ɢɧɬɟɪɜɚɥ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,3%. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɦɨɧɫɬɪɢɪɭɟɬ 
ɪɢɫɭɧɨɤ 1, ɧɚ ɤɨɬɨɪɨɦ ɩɨɤɚɡɚɧɵ ɨɬɤɥɨɧɟɧɢɹ ɞɚɜɥɟɧɢɹɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɧɚɧɨɫɩɢɪɬɚ ɢ 
ɱɢɫɬɨɝɨ ɫɩɢɪɬɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ɂɡ ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1 ɢɧɮɨɪɦɚɰɢɢ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢɦɟɫɢ ɧɚɧɨɱɚɫɬɢɰ Al 2O3 ɜ 
ɢɡɨɩɪɨɩɢɥɨɜɨɦ ɫɩɢɪɬɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 80ɋ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɜɵɲɟɧɢɸ ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ. ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɷɮɮɟɤɬ ɩɪɢɫɭɬɫɬɜɢɹ 
ɧɚɧɨɱɚɫɬɢɰ Al 2O3 ɧɟɡɧɚɱɢɬɟɥɟɧ. 

ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɧɚɧɨɮɥɸɢɞɨɜ ɢɡɦɟɪɟɧɨ ɧɚ ɭɫɬɚɧɨɜɤɟ, ɪɟɚɥɢɡɭɸɳɟɣ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɤɚɩɢɥɥɹɪɧɵɣ ɦɟɬɨɞ. ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɝɪɟɲɧɨɫɬɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜ 
ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɧɟ ɩɪɟɜɵɲɚɟɬ 1%. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɪɢɫɭɧɤɢ 2, 3. 
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Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɧɚɧɨɮɥɸɢɞɨɜ 

Ɋɢɫ. 3. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɧɚɧɨɮɥɸɢɞɨɜ 

 
Ⱥɧɚɥɢɡɢɪɭɹ ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɪɢɫ.3 ɢɧɮɨɪɦɚɰɢɸ ɦɨɠɧɨ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɱɬɨ ɩɪɢɦɟɫɢ 

ɧɚɧɨɱɚɫɬɢɰ Al 2O ɜ ɢɡɨɩɪɨɩɚɧɨɥɟ ɩɪɢ ɦɚɫɫɨɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɞɨ 0.5% ɩɪɢɜɨɞɹɬ ɤ 
ɩɨɧɢɠɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɧɚɧɨɱɚɫɬɢɰ ɞɨ ɏ= 0.8% ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɧɚɧɨɫɩɢɪɬɨɜ ɧɚɱɢɧɚɟɬ ɜɨɡɪɚɫɬɚɬɶ. ɋɥɟɞɭɟɬ 
ɡɚɦɟɬɢɬɶ, ɱɬɨ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɨ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 
ɧɚɬɹɠɟɧɢɟɦ ɧɚɧɨɮɥɸɢɞɨɜ (ɫɦ. ɪɢɫ.4). 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɧɚɧɨɮɥɸɢɞɨɜ ɨɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɂɡɦɟɪɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜɵɩɨɥɧɟɧɨ ɫ ɩɨɦɨɳɶɸ ɫɬɟɤɥɹɧɧɵɯ ɜɢɫɤɨɡɢɦɟɬɪɨɜ 
ɬɢɩɚ ȼɉɀ–4 ɫ ɞɢɚɦɟɬɪɚɦɢ ɤɚɩɢɥɥɹɪɨɜ ɨɬ 0,62 ɞɨ 1,12 ɦɦ. ȼɢɫɤɨɡɢɦɟɬɪɵ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ 
ɜɧɭɬɪɢ ɫɬɟɤɥɹɧɧɨɝɨ ɫɨɫɭɞɚ Ⱦɶɸɚɪɚ, ɜ ɤɨɬɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɜ ɩɪɟɞɟɥɚɯ ±0.02 
K. ɉɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɜɹɡɤɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɥɚ ±1,2%.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɜɹɡɤɨɫɬɢ ɧɚɧɨɮɥɸɢɞɨɜ ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ/ ɧɚɧɨɱɚɫɬɢɰɵ AХ2O3 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 5 ɢ 6. 
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Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɢɜɟɞɟɧɧɨɣ ɜɹɡɤɨɫɬɢ 
ɧɚɧɨɫɩɢɪɬɨɜ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ AХ2O3 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ.ν0 – ɜɹɡɤɨɫɬɶ 
ɢɡɨɩɪɨɩɢ-ɥɨɜɨɝɨ ɫɩɢɪɬɚ, ν – ɜɹɡɤɨɫɬɶ ɢɡɨɩɪɨɩɢ-
ɥɨɜɨɝɨ ɫɩɢɪɬɚ ɫ ɞɨɛɚɜɤɚɦɢ ɧɚɧɨɱɚɫɬɢɰ 

Ɋɢɫ. 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ 
Al 2O3 

 
Ⱥɧɚɥɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 5 ɢ 6 ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɩɪɢɫɭɬɫɬɜɢɟ ɧɚɧɨɱɚɫɬɢɰ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɹɡɤɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ 
ɧɚɧɨɮɥɸɢɞɨɜ (ɩɪɢɦɟɪɧɨɧɚ 50% ɧɚ 1% ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ).  
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Ɋɢɫ.7. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɧɨɮɥɸɢɞɨɜ ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ/ 
Al 2O3. ɩɪɢ ɪɚɡɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɧɚɧɨɱɚɫɬɢɰ 

 
Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɢɫɬɟɦɵ ɢɡɨɩɪɨɩɢɥɨɜɵɣ 

ɫɩɢɪɬ/ɧɚɧɨɱɚɫɬɢɰɵ AХ2O3 ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɞɜɚ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ 
ɪɟɚɥɢɡɭɸɬ ɫɬɚɰɢɨɧɚɪɧɵɣ ɢ ɧɟ ɫɬɚɰɢɨɧɚɪɧɵɣ ɦɟɬɨɞ ɧɚɝɪɟɬɨɣ ɧɢɬɢ (ɞɢɚɦɟɬɪ ɧɢɬɢ-
ɧɚɝɪɟɜɚɬɟɥɹ ɫɨɫɬɚɜɢɥ 0,1 ɦɦ, ɬɨɥɳɢɧɚ ɫɥɨɹ ɫɪɟɞɵ – 0,55 ɦɦ). 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦɵ ɢɡɨɩɪɨɩɢɥɨɜɵɣ ɫɩɢɪɬ/AХ2O3, 
ɩɨɤɚɡɵɜɚɸɬ (ɫɦ. ɪɢɫɭɧɤɢ 7 ɢ 8), ɱɬɨ ɷɮɮɟɤɬ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ AХ2O3 ɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
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ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɞɨɫɬɢɝɚɟɬ ɩɪɢɦɟɪɧɨ 4% ɧɚ 1% ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ 
Al 2O3. 

ɂɡɦɟɪɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɚɧɨɮɥɸɢɞɨɜ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɬɜɟɪɞɚɹ ɮɚɡɚ - 
ɠɢɞɤɨɫɬɶ ɜɵɩɨɥɧɟɧɨ ɦɟɬɨɞɨɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɧɚɝɪɟɜɚ ɜ ɤɚɥɨɪɢɦɟɬɪɟ ɩɟɪɟɦɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ. ɂɡɦɟɪɟɧɢɟ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɨɜɟɞɟɧɨ 
ɞɥɹ ɧɚɧɨɮɥɸɢɞɚ, ɤɨɬɨɪɵɣ ɢɦɟɥ ɦɚɫɫɨɜɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸɧɚɧɨɱɚɫɬɢɰ 0.1%. ȼɵɩɨɥɧɟɧɧɵɣ 
ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 0,75%. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɪɢɫɭɧɨɤ 9. 
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Ɋɢɫ. 8. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λ/λ0 ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɝɞɟ λ0 - ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ Al 2O3 ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɜɵɩɨɥɧɟɧɨ ɦɟɬɨɞɨɦ 

ɬɟɪɦɨɝɪɚɦɦ ɧɚ ɤɚɥɨɪɢɦɟɬɪɟ ɩɟɪɟɦɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɧɚɧɨɱɚɫɬɢɰAХ2O3 ɜ 
ɢɡɨɩɪɨɩɚɧɨɥɟ: 0,024%; 0,05%; 0,1%; 0,24%; 0,48%; 0,75%. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɪɢɫɭɧɨɤ 10 
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Ɋɢɫ. 9. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢ-ɦɨɫɬɶ 
ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɦɚɫɫɨɜɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ Al2O3 0.1%. 

Ɋɢɫ. 10. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɧɚɧɨɫɩɢɪɬɨɜ 

 
Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɭɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɦɨɠɧɨ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ, ɱɬɨ 

ɩɪɢɦɟɫɢ ɧɚɧɨɱɚɫɬɢɰ Al 2O3 ɜɥɢɹɸɬ ɧɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɇɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰɵ ɨɤɚɡɵɜɚɸɬ ɧɚ ɜɹɡɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ. ɉɪɢɦɟɫɢ ɧɚɧɨɱɚɫɬɢɰ Al 2O3 ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɧɢɠɟɧɢɸ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɭɜɟɥɢɱɟɧɢɸ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ 
ɫɩɢɪɬɚ. ȼ ɪɚɛɨɬɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɢɡɭɱɟɧɧɵɯ 
ɧɚɧɨɮɥɸɢɞɨɜ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɫɜɹɡɚɧɨ ɫ ɢɡɦɟɧɟɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. 
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ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɟɪɫɩɟɤɬɢɜ ɩɪɢɦɟɧɟɧɢɹ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɜ ɯɨɥɨɞɢɥɶɧɨɣ ɬɟɯɧɢɤɟ ɜɚɠɧɨ 

ɜɵɞɟɥɢɬɶ ɷɮɮɟɤɬ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɚɫɬɜɨɪɨɜ 
ɯɥɚɞɚɝɟɧɬ/ɤɨɦɩɪɟɫɫɨɪɧɨɟ ɦɚɫɥɨ (ɊɏɆ). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɥɢɹɧɢɟ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɢ ɞɚɜɥɟɧɢɟ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɊɏɆ ɹɜɥɹɟɬɫɹ ɧɚɢɦɟɧɟɟ ɢɡɭɱɟɧɧɵɦ ɜɨɩɪɨɫɨɦ, ɚ ɜɨɩɪɨɫɵ ɢɡɦɟɧɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɠɢɞɤɨɣ ɮɚɡɵ ɜɨɨɛɳɟ ɧɟ ɹɜɥɹɥɢɫɶ 
ɩɪɟɞɦɟɬɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼɦɟɫɬɟ ɫ ɬɟɦ ɷɬɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɩɪɟɞɟɥɹɸɬ ɩɨɤɚɡɚɬɟɥɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɨɦɩɪɟɫɫɨɪɧɨɣ ɫɢɫɬɟɦɵ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɤɢɩɟɧɢɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ 
ɜ ɢɫɩɚɪɢɬɟɥɟ ɯɨɥɨɞɢɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ.  

ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɨɬɪɟɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɨɞɟɥɶɧɵɯ ɫɢɫɬɟɦ - R11/Ⱥɝɪɢɧɨɥ ɢ 
R11/Ⱥɝɪɢɧɨɥ/TiO2. Ɉɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɧɚɧɨ ɊɏɆ ɩɪɨɢɡɜɨɞɢɥɨɫɶ 
ɫɬɚɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɊɏɆ ɢ ɧɚɧɨɮɥɸɢɞɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.  

ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɹɱɟɣɤɚ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɬɟɪɦɨɫɬɚɬɟ 15. ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɥɚɬɢɧɨɜɵɦ ɬɟɪɦɨɦɟɬɪɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 13 (TR10A ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ 
ɜɵɲɟ ±0,05 Ʉ). Ɍɟɪɦɨɦɟɬɪ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɜɛɥɢɡɢ ɫɪɟɞɧɟɣ ɱɚɫɬɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ 1. 
Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɛɚɥɥɚɫɬɧɨɝɨ ɤɚɩɢɥɥɹɪɚ 
ɩɪɢɫɨɟɞɢɧёɧ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɞɚɜɥɟɧɢɹ 10, ɤɨɬɨɪɵɣ ɨɫɧɚɳёɧ 
ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ 8 ɢ ɩɨɞɤɥɸɱɟɧ ɤ ɦɭɥɶɬɢɦɟɬɪɭ 11. Ʉɨɧɬɪɨɥɶ ɡɚ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɚɩɢɥɥɹɪɚ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɬɟɪɦɨɩɚɪɨɣ 12, ɫɨɟɞɢɧёɧɧɨɣ ɫ ɦɭɥɶɬɢɦɟɬɪɨɦ 12. 
Ɍɟɪɦɨɫɬɚɬ ɨɫɧɚɳɟɧ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 6. Ʉɨɥɟɛɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɪɦɨɫɬɚɬɟ ɧɟ ɩɪɟɜɵɲɚɥɢ 0.02 Ʉ.  

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɧɚɧɨɱɚɫɬɢɰ ɜ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɧɚɧɨɮɥɸɢɞɚɯ ɫɨɫɬɚɜɥɹɥ 25 ɧɦ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɊɏɆ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɦɚɫɫɨɜɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɦɚɫɥɚ: 0%, 9%, 28%, 60%. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɞɚɜɥɟɧɢɟ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɊɏɆ ɜɵɩɨɥɧɟɧɨ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ TiO2 0,14%, ɢ ɦɚɫɥɚ 54%, 
25%, 3%. ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɨɝɪɟɲɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,05 Ʉ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɚɫɥɚ - 0,012%, ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɧɚɧɨɱɚɫɬɢɰ 1%, ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɊɏɆ ɨɬ 0,2 ɞɨ 0,3%. 
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Ɋɢɫɭɧɨɤ 1. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ 
ɩɚɪɨɜ. 1 – ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɹɱɟɣɤɚ; 2 – ɮɨɧɨɜɵɣ ɧɚɝɪɟɜɚɬɟɥɶ; 3 – ɪɚɡɝɨɧɧɵɣ ɧɚɝɪɟɜɚɬɟɥɶ; 4 – 
ɦɟɲɚɥɤɚ; 5 – ɤɨɧɬɚɤɬɧɵɣ ɬɟɪɦɨɦɟɬɪ, 6 – ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ; 7 – ɢɫɬɨɱɧɢɤ 
ɩɨɫɬɨɹɧɧɨɝɨ ɩɢɬɚɧɢɹ Ȼ5-44; 8 – ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɩɢɬɚɧɢɹ Ȼ5-49; 9 – ɧɚɝɪɟɜɚɬɟɥɶ ɧɚ 
ɛɚɥɥɚɫɬɧɨɦ ɤɚɩɢɥɥɹɪɟ; 10 – ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɞɚɜɥɟɧɢɹ АIKA S-10; 11 – ɦɭɥɶɬɢɦɟɬɪ 
Ɇ3510Ⱥ; 12 – ɬɟɪɦɨɩɚɪɚ (DT838); 13 – ɩɥɚɬɢɧɨɜɵɣ ɬɟɪɦɨɦɟɬɪ ɫɨɩɪɨɬɢɜɥɟɧɢɹ TR10A; 14 –
ɜɟɧɬɢɥɶ. 15 – ɬɟɪɦɨɫɬɚɬ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɊɏɆ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɸɬ ɩɪɢɣɬɢ ɤ ɡɚɤɥɸɱɟɧɢɸ ɨ ɬɨɦ, ɱɬɨ ɩɪɢɦɟɫɢ ɧɚɧɨɱɚɫɬɢɰ 
TiO2 ɩɪɢɜɨɞɹɬ ɤ ɜɟɫɶɦɚ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɜɨɡɪɚɫɬɚɧɢɸ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɪɚɫɬɜɨɪɨɜ 
ɯɥɚɞɚɝɟɧɬ/ɦɚɫɥɨ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ TiO2 ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɤɚɩɢɥɥɹɪɧɨɝɨ ɩɨɞɧɹɬɢɹ. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫɭɧɤɟ. 

Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ 1 ɹɜɥɹɟɬɫɹ ɤɚɫɫɟɬɚ ɫ ɫɟɦɶɸ ɤɚɩɢɥɥɹɪɚɦɢ 
ɪɚɡɥɢɱɧɨɝɨ ɞɢɚɦɟɬɪɚ 11, ɤɨɬɨɪɵɟ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɫɬɟɤɥɹɧɧɨɣ ɬɪɭɛɟ 12. ɍɩɥɨɬɧɟɧɢɟ ɹɱɟɣɤɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɮɥɚɧɰɚɦɢ 12. ɇɚ ɜɟɪɯɧɟɦ ɮɥɚɧɰɟ ɭɫɬɚɧɨɜɥɟɧ ɜɟɧɬɢɥɶ 14, ɱɟɪɟɡ ɤɨɬɨɪɵɣ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɚɤɭɭɦɢɪɨɜɚɧɢɟ ɢ ɡɚɩɪɚɜɤɚ ɹɱɟɣɤɢ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɨɦ. 
Ɍɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɠɢɞɤɨɫɬɧɨɦ ɬɟɪɦɨɫɬɚɬɟ, 
ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɫɦɨɬɪɨɜɵɟ ɨɤɧɚ. ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɥɚɬɢɧɨɜɵɦ 
ɬɟɪɦɨɦɟɬɪɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 7. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɭɪɨɜɧɟɣ ɠɢɞɤɨɫɬɢ ɜ ɤɚɩɢɥɥɹɪɚɯ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɤɚɬɟɬɨɦɟɬɪ 10. Ɍɟɪɦɨɫɬɚɬ ɨɫɧɚɳɟɧ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ 9.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɩɪɢɦɟɫɟɣ ɦɚɫɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɯɥɚɞɚɝɟɧɬɚ 
ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɪɢ ɦɚɫɫɨɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɦɚɫɥɚ ɜ ɪɚɫɬɜɨɪɚɯ 53%, 30%, 11%. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɪɚɫɬɜɨɪɨɜ ɯɥɚɞɚɝɟɧɬ/ɦɚɫɥɨ 
ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɧɚɧɨɱɚɫɬɢɰ 0,14%, ɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɦɚɫɥɚ 53%, 30%, 11%. 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɪɢɫ. 5,6. 
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Ɋɢɫɭɧɨɤ 2 Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ R11/Ⱥɝɪɢɧɨɥ ɢ 
R11/Ⱥɝɪɢɧɨɥ/TiO2 

Ɋɢɫɭɧɨɤ 3 Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɪɚɡɧɨɫɬɢ ɞɚɜɥɟɧɢɣ ɧɚɫɵɳɟɧɢɹ ɪɚɫɬɜɨɪɨɜ 
R11/Ⱥɝɪɢɧɨɥ ɢ R11/Ⱥɝɪɢɧɨɥ/TiO2 

 

 
 

Ɋɢɫɢɧɨɤ 4. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ɪɚɫɬɜɨɪɨɜ R11/Ⱥɝɪɢɧɨɥ ɢ R11/Ⱥɝɪɢɧɨɥ/TiO2. 1 – ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɹɱɟɣɤɚ; 2 – 
ɮɨɧɨɜɵɣ ɧɚɝɪɟɜɚɬɟɥɶ; 3 – ɪɟɝɭɥɢɪɭɸɳɢɣ ɧɚɝɪɟɜɚɬɟɥɶ; 4 – ɦɟɲɚɥɤɚ; 5 – ɬɟɪɦɨɫɬɚɬ; 6 – 
ɦɭɥɶɬɢɦɟɬɪ Ɇ3510ɚ; 7 – ɩɥɚɬɢɧɨɜɵɣ ɬɟɪɦɨɦɟɬɪ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 8 – ɤɨɧɬɚɤɬɧɵɣ ɬɟɪɦɨɦɟɬɪ; 
9 – ɫɢɫɬɟɦɚ ɬɟɪɦɨɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ; 10 – ɤɚɬɟɬɨɦɟɬɪ; 11 – ɤɚɩɢɥɥɹɪɵ; 12 – ɮɥɚɧɟɰ; 
13 – ɫɬɟɤɥɹɧɧɚɹ ɬɪɭɛɚ; 14 – ɜɟɧɬɢɥɶ; 15 – ɜɚɤɭɭɦɧɵɣ ɧɚɫɨɫ; 16 – ɛɚɥɥɨɧ ɫ ɢɫɫɥɟɞɭɟɦɵɦ 
ɜɟɳɟɫɬɜɨɦ 

 
ɂɡ ɢɧɮɨɪɦɚɰɢɢ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ. 5 ɢ 6 ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢɦɟɫɢ ɧɚɧɨɱɚɫɬɢɰ ɜ ɪɚɫɬɜɨɪɚɯ 

ɯɥɚɞɚɝɟɧɬ/ ɦɚɫɥɨ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɨɧɢɠɟɧɢɸ ɢɯ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ. Эɬɨɬ ɷɮɮɟɤɬ ɩɪɢ 
ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɟɬɫɹ. Ȼɨɥɟɟ ɬɨɝɨ ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɬɜɟɪɠɞɚɸɬ 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɣ ɜ ɪɚɛɨɬɟ Д1Ж ɜɵɜɨɞ ɨ ɧɚɥɢɱɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɨɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚɫɬɜɨɪɚ. ȼ ɞɨɤɥɚɞɟ ɩɪɢɜɟɞɟɧ ɚɧɚɥɢɡ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ. 
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Ɋɢɫɢɧɨɤ 5. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚɫɬɜɨɪɨɜ 
R11/Ⱥɝɪɢɧɨɥ ɢ R11/Ⱥɝɪɢɧɨɥ/TiO2 ɧɚ ɪɚɡɥɢɱɧɵɯ 
ɢɡɨɬɟɪɦɚɯ  

Ɋɢɫɭɧɨɤ 6. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɢɹ 
ɧɚɧɨ ɊɏɆ ɨɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 
R11/Ⱥɝɪɢɧɨɥ/TiO2 
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ɋɨɡɞɚɧɢɟ ɫɢɫɬɟɦ ɤɨɫɜɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɫɧɢɠɟɧɢɹ 

ɚɧɬɪɨɩɨɝɟɧɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɡɚ ɫɱɟɬ ɫɨɤɪɚɳɟɧɢɹ ɩɪɹɦɨɣ ɷɦɢɫɫɢɢ 
ɯɥɚɞɚɝɟɧɬɨɜ ɨɛɥɚɞɚɸɳɢɯ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɩɨɬɟɧɰɢɚɥɚ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɬɟɩɥɟɧɢɹ. ȼ ɷɬɨɦ 
ɬɢɩɟ ɯɨɥɨɞɢɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɟɪɟɧɨɫ ɬɟɩɥɚ ɨɬ ɨɯɥɚɠɞɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɤ ɯɥɚɞɚɝɟɧɬɭ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɦɟɠɭɬɨɱɧɨɣ ɫɪɟɞɵ – ɯɥɚɞɨɧɨɫɢɬɟɥɹ (ɏɇ). ɏɨɥɨɞɢɥɶɧɵɟ 
ɭɫɬɚɧɨɜɤɢ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɯɥɚɞɨɧɨɫɢɬɟɥɟɦ ɬɪɟɛɭɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɮɢɧɚɧɫɨɜɵɯ ɡɚɬɪɚɬ 
ɧɚ ɫɨɡɞɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɚɩɩɚɪɚɬɨɜ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɧɚ ɪɚɛɨɬɭ ɰɢɪɤɭɥɹɰɢɨɧɧɨɝɨ 
ɧɚɫɨɫɚ. Эɬɢ ɡɚɬɪɚɬɵ ɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɦɟɧɶɲɢɬɶ ɢɥɢ ɞɚɠɟ ɩɨɥɧɨɫɬɶɸ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɡɚ 
ɫɱɟɬ ɜɵɛɨɪɚ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɫ ɨɩɬɢɦɚɥɶɧɵɦɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ.  

ɉɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɨɛɵɱɧɨ ɪɟɲɚɟɬɫɹ ɩɭɬɟɦ ɩɨɞɛɨɪɚ ɪɟɰɟɩɬɭɪ, ɫɩɨɫɨɛɧɵɯ 
ɨɛɟɫɩɟɱɢɬɶ ɞɥɹ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɤɨɦɩɥɟɤɫ ɫɜɨɣɫɬɜ ɨɬɜɟɱɚɸɳɢɯ ɨɩɪɟɞɟɥɟɧɧɵɦ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ, ɬɨɤɫɢɤɨɥɨɝɢɱɟɫɤɢɦ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 
ɩɚɪɚɦɟɬɪɚɦ. ɉɨɦɢɦɨ ɷɬɨɝɨ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɫɟ ɛɨɥɶɲɟɟ 
ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɩɪɢɜɥɟɤɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɩɪɢ 
ɮɨɪɦɢɪɨɜɚɧɢɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

321 
 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɨɝɨ ɧɚ ɩɪɚɤɬɢɤɟ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɏɇɌ-40, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ 
ɥɢɬɟɪɚɬɭɪɟ ɞɚɧɧɵɟ ɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɞɥɹ ɤɨɬɨɪɨɝɨ ɜɟɫɶɦɚ ɩɪɨɬɢɜɨɪɟɱɢɜɵ.  

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɰɟɧɢɬɶ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɯɥɚɞɨɧɨɫɢɬɟɥɹ 
ɏɇɌ-40 ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɨɥɚɝɚɬɶ ɧɚɞɟɠɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɨ ɟɝɨ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ. ɋ ɷɬɨɣ ɰɟɥɶɸ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɥɨɬɧɨɫɬɢ, ɜɹɡɤɨɫɬɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɏɇɌ-
40. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɩɥɨɬɧɨɫɬɶ 
ɨɛɪɚɡɰɚ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɏɇɌ-40ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 233-353Ʉ. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ 
ɦɚɫɥɚ ɜɵɩɨɥɧɟɧɨ ɩɢɤɧɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. Ʉɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɪɦɨɫɬɚɬɟ ɧɟ 
ɩɪɟɜɵɲɚɥɢ ± 0,05 Ʉ. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɧɟɟ 0,2 Ʉ. ȼɫɟ ɢɡɦɟɪɟɧɢɹ 
ɩɪɨɜɨɞɢɥɢɫɶ ɦɧɨɝɨɤɪɚɬɧɨ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ ɫɥɭɱɚɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ. 
ɉɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɭɪɚɜɧɟɧɢɟɦ 

 1( )
1ln ' ln F

c B         (1) 
ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ (ɤɝ/ɦ3); B1– ɚɦɩɥɢɬɭɞɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 
ɜɟɳɟɫɬɜɚ;τ=ХЧ(Ɍɋ/Ɍ) – ɩɪɢɜɟɞɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ;  – ɤɪɢɬɢɱɟɫɤɢɣ ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ, 
ɪɚɜɧɵɣ 0.3245; F1(τ), – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɤɪɨɫɫɨɜɟɪɧɚɹ ɮɭɧɤɰɢɹ. ( 0.4

1( ) 1 1.113 / lnF      ). 

ɉɪɢ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ B1, Ɍɋ, ρɫ B1,ɞɥɹ 
ɏɇɌ-40 (B1 = 1.705; Ɍɋ = 1918 K; ρɫ = 0.284 ɝ/ɫɦ³); ɞɥɹ ɏɇɌ-40(ɦɨɞ), (B1 = 1.5806; Ɍɋ = 915.6 
K; ρɫ = 0.3572 ɝ/ɫɦ³). 

ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜ ɩɪɨɜɟɞɟɧɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɟ ɩɪɟɜɵɲɚɥɚ -0.05%. 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɹɡɤɨɫɬɢ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɏɇɌ-40ɩɪɨɜɟɞɟɧɵɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 233-362 Ʉ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɤɨɬɨɪɨɣ 
ɹɜɥɹɟɬɫɹ ɫɬɟɤɥɹɧɧɵɣ ɤɚɩɢɥɥɹɪɧɵɣ ɜɢɫɤɨɡɢɦɟɬɪ ɫ ɜɢɫɹɱɢɦ ɭɪɨɜɧɟɦ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɪɦɨɫɬɚɬɟ ɧɟ 
ɩɪɟɜɵɲɚɥɢ ± 0,05 Ʉ. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɧɟɟ 0,2 Ʉ. ȼɫɟ ɢɡɦɟɪɟɧɢɹ 
ɩɪɨɜɨɞɢɥɢɫɶ ɦɧɨɝɨɤɪɚɬɧɨ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ ɫɥɭɱɚɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ.  

Ⱦɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɭɪɚɜɧɟɧɢɟ ȼɚɥɶɬɟɪɚ 
 lg(lg(ν + A)) = B +C · ХР(T), (2) 

ɝɞɟ ν – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ (ɦɦ2/ɫ); Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ (Ʉ). ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (2) ɞɥɹ ɏɇɌ-40: А=3.609; В=1.575; 
ɋ=2.473; ɏɇɌ-40(ɦɨɞ)А=5.39; В=2.355; ɋ=1.636. 

ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɨɜɟɪɢɬɟɥɶɧɵɣ ɢɧɬɟɪɜɚɥ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ 
ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɧɟ ɩɪɟɜɵɲɚɥ 0.5ɦɦ2/ɫ. 

Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɏɇɌ-40ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 
ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ (ɞɢɚɦɟɬɪ ɧɢɬɢ-ɧɚɝɪɟɜɚɬɟɥɹ 0,05 ɦɦ) ɦɟɬɨɞ ɧɚɝɪɟɬɨɣ ɧɢɬɢ. ɉɨɥɭɱɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 273-373Ʉ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ 
ɭɪɚɜɧɟɧɢɟɦ ɤɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɟɪɦɨɫɬɚɬɟ ɧɟ ɩɪɟɜɵɲɚɥɢ ± 0,05 Ʉ. 

λ 2 = A + B / T2,      (3) 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (3): A 

=  0.2495; B = -10066. 
ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ 

ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɟ ɩɪɟɜɵɲɚɥɚ 0.2Ʉ. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɦɟɧɟɟ 1.8%. 

ɂɡɦɟɪɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɏɇɌ-40ɜɵɩɨɥɧɟɧɨ ɦɟɬɨɞɨɦ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ 
ɧɚɝɪɟɜɚ ɜ ɤɚɥɨɪɢɦɟɬɪɟ ɩɟɪɟɦɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ. ɉɨɥɭɱɟɧɧɵɟ 
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ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 233-383 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɭɪɚɜɧɟɧɢɟɦ 

 Cp = A + B · T + C · T2, (4) 
ɝɞɟ Cp – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ (ɤȾɠ/(ɤɝ·Ʉ));T – ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; A, B ɢ C ɩɨɥɭɱɟɧɧɵɟ 
ɩɪɢɚɩɩɪɨɤɫɢɦɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɵ: A = 1.5172; B = 0.007149; C = 
-2.267·10-6. 

ȼɵɩɨɥɧɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ 
ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɧɟ ɩɪɟɜɵɲɚɥɚ 0.7%. 

Ɉɰɟɧɤɚ ɜɥɢɹɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɏɇɌ-40 
ɩɪɨɜɟɞɟɧɚ ɞɥɹ ɨɛɪɚɡɰɨɜ ɏɇɌ-40/ɢɡɨɩɪɨɩɚɧɨɥ (ɫɭɪɮɚɤɬɚɧɬ)/ɧɚɧɨɱɚɫɬɢɰɵ TiO2 ɫɥɟɞɭɸɳɢɯ 
ɫɨɫɬɚɜɨɜ: ɞɥɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ –99.45/0.45/0.10 ɦɚɫɫ.%;ɬɟɩɥɨɟɦɤɨɫɬɢ- 99.45/0.45/0.10 
ɦɚɫɫ.%;ɜɹɡɤɨɫɬɢ- 99.5/0.5/0.0;99.41/0.48/0.11; 97.05/2.4/0.55 ɦɚɫɫ.%.Ɋɚɡɦɟɪ ɧɚɧɨɱɚɫɬɢɰ 
ɨɤɫɢɞɚ ɬɢɬɚɧɚ ɧɟ ɩɪɟɜɵɲɚɥ 25ɧɦ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɪɢɫɭɧɤɢ 1-3. 
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Ɋɢɫɭɧɨɤ 1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɟɦɤɨɫɬɢ ɏɇɌ-40 ɢ ɧɚɧɨɮɥɸɢɞɚ (99.45%ɏɇɌ-
40, 0.45% ɢɡɨɩɪɨɩɚɧɨɥ (ɫɭɪɮɚɤɬɚɧɬ),0.1% TТO2 

 
Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɜɹɡɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɧɨɮɥɸɢɞɚ ɢ ɏɇɌ-40 ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɩɪɢɜɟɞɟɧɧɨɣ ɮɨɪɦɟ ɧɚ ɪɢɫɭɧɤɚɯ 2 ɢ 3. 

 
Ɋɢɫɭɧɨɤ 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɲɟɧɢɹ ɜɹɡɤɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɧɚɧɨɮɥɸɢɞɨɜ ɤ ɜɹɡɤɨɫɬɢ 
ɱɢɫɬɨɝɨ ɏɇɌ-40: 1- ɏɇɌ-40/ɂɉɋ 0.50%; 2- ɏɇɌ-40/ɂɉɋ 0.48%/TiO2 0.11%; 3- ɏɇɌ-40/ɂɉɋ 
2.40%/TiO2 0.55% 
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Ɋɢɫɭɧɨɤ 3. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɏɇɌ-40 ɢ 
ɧɚɧɨɮɥɸɢɞɚɏɇɌ-40 + ɂɉɋ(0.45%) + TТO2(0.1%) 

 
ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɪɢɫɭɧɤɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢɦɟɫɢ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ (ɫɭɪɮɚɤɬɚɧɬɚ) 

ɜ ɏɇɌ-40 ɩɪɢɜɨɞɹɬ ɤ ɫɧɢɠɟɧɢɸ ɜɹɡɤɨɫɬɢ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɜ ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. ȼ 
ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɢɦɟɫɢ ɢɡɨɩɪɨɩɚɧɨɥɚ ɜ ɏɇɌ-40 ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɜɹɡɤɨɫɬɢ. ɉɪɢɦɟɫɢ ɧɚɧɨɱɚɫɬɢɰ TТO2 ɜ ɪɚɫɬɜɨɪɚɯ ɢɡɨɩɪɨɩɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɫ ɏɇɌ-40 ɜɫɟɝɞɚ 
ɩɪɢɜɨɞɹɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɹɡɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɯɥɚɞɨɧɨɫɢɬɟɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɜɚɪɶɢɪɭɹ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɭɪɮɚɤɬɚɧɬɚ ɢ ɧɚɧɨɱɚɫɬɢɰ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɟɧɢɟ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɨɛɥɚɞɚɸɳɢɯ ɭɤɚɡɚɧɧɨɣ ɜ ɫɟɪɬɢɮɢɤɚɬɟ ɜɹɡɤɨɫɬɶɸ. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. ASHRAE. Handbook Fundamentals.Atlanta: S-I Edition, 1993. 
2. M. Conde. Engineering. Thermophysical properties of brines. Zurich, 2011. 
3. ɘ.Ⱥ. ɀɟɥɢɛɚ, Ⱦ.Ⱥ. ȼɨɣɬɤɨ. ɉɪɨɦɟɠɭɬɨɱɧɵɟ ɬɟɩɥɨɧɨɫɢɬɟɥɢ ɢ ɯɥɚɞɨɧɨɫɢɬɟɥɢ. Ɉɞɟɫɫɚ, 
2012. 
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Ƚɪɚɞɢɟɧɬɧɚɹ ɬɟɨɪɢɹ Д1-4] ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɥɨɤɚɥɶɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɦɟɠɞɭ ɫɨɫɭɳɟɫɬɜɭɸɳɢɦɢ ɪɚɜɧɨɜɟɫɧɵɦɢ ɮɚɡɚɦɢ 
ɪɚɫɬɜɨɪɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɨɥɚɝɚɬɶ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɩɚɪɚɦɟɬɪɚɯ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɢ ɩɚɪɚɦɟɬɪɟ ɜɥɢɹɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɪɟɞɵ.  

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɛɢɧɚɪɧɵɣ ɪɚɫɬɜɨɪ ɤɪɢɨɝɟɧɧɵɯ ɠɢɞɤɨɫɬɟɣ 
– ɚɪɝɨɧɚ ɢ ɚɡɨɬɚ, ɚ ɬɚɤɠɟ ɛɢɧɚɪɧɵɣ ɪɚɫɬɜɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɫ ɫɭɳɟɫɬɜɟɧɧɨ 
ɨɬɥɢɱɚɸɳɢɦɢɫɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɝɨ ɹɜɥɹɸɬɫɹ 
ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ (DME) ɢ ɬɪɢɷɬɢɥɟɧɝɥɢɤɨɥɶ (TEG). ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɫɱɟɬɨɜ 
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ɢɫɩɨɥɶɡɨɜɚɥɢɫɶɞɚɧɧɵɟ ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɪɚɫɬɜɨɪɨɜ Ar/N2 ɢ ɱɢɫɬɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɛɚɡɟ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ [5]. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ 
ɮɚɡɨɜɨɦɭ ɪɚɜɧɨɜɟɫɢɸ ɠɢɞɤɨɫɬɶ-ɩɚɪ, ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɣ ɮɚɡɵ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ ɧɚɬɹɠɟɧɢɸ 
ɞɥɹ DME/TEG ɛɵɥɢ ɜɡɹɬɵ ɢɡ ɪɚɛɨɬɵ Д6Ж.  

ȼ ɪɚɦɤɚɯ ɝɪɚɞɢɟɧɬɧɨɣ ɬɟɨɪɢɢ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɸɛɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɚɜɬɨɪɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ 
(ɍɋ) ɉɟɧɝɚ-Ɋɨɛɢɧɫɨɧɚ ɫ ɪɚɧɟɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɨɣ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɍɋ 
[7]. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚɫɬɜɨɪɨɜ 
DME/TEG ɢ N2/Arɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɥɶ ɨɞɧɨɠɢɞɤɨɫɬɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɯɨɪɨɲɨ 
ɚɩɪɨɛɢɪɨɜɚɧɧɵɟ ɞɥɹ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɢ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɩɪɢɦɟɧɟɧɢɹ 
ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɮɢɡɢɱɟɫɤɢ ɚɪɝɭɦɟɧɬɢɪɨɜɚɧɧɵɯ ɩɪɚɜɢɥ ɫɦɟɲɢɜɚɧɢɹ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɷɬɢɯ ɩɪɨɛɥɟɦ ɚɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɤɭɛɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ (ɍɋ) ɉɟɧɝɚ-Ɋɨɛɢɧɫɨɧɚ Д7Ж  

2 2 ,
2

a TRT
P

v b bv bv
          

(1) 

ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ, Ʉ; Ɋ – ɞɚɜɥɟɧɢɟ, ɉɚ;v - ɦɨɥɶɧɵɣ ɨɛɴɟɦ, ɦ3/ɦɨɥɶ;R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ 
ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ, Ⱦɠ/(ɦɨɥɶ·Ʉ); ɚ(Ɍ) – ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɭɱɢɬɵɜɚɸɳɚɹ ɫɢɥɵ 
ɩɪɢɬɹɠɟɧɢɹ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ, b –ɤɨɷɮɮɢɰɢɟɧɬ ɍɋ, ɦ3/ɦɨɥɶ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɍɋ (1) ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɨ ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ Д7Ж: 

0.6426 ,nbb         (2) 

ɝɞɟ vnb – ɦɨɥɶɧɵɣ ɨɛɴɟɦ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ;     2
expa t A B t    

     (3) 

ɝɞɟ t=1-T/TC– ɩɪɢɜɟɞɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ.  
ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ ɩɨ ɦɟɬɨɞɢɤɟ 

ɢɡɥɨɠɟɧɧɨɣ ɜ ɫɬɚɬɶɟ Д7Ж ɜ ɢɧɬɟɪɜɚɥɟ ɩɪɢɜɟɞɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ t=(0.1 - 0.5) ɧɟ ɩɪɟɜɵɲɚɟɬ 2-
4%. 

ȼ ɪɚɦɤɚɯ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɟɬɨɞɢɤɢ ɤɨɷɮɮɢɰɢɟɧɬ b ɜ ɭɪɚɜɧɟɧɢɢ ɫɨɫɬɨɹɧɢɹ (1) ɞɥɹ 
ɪɚɫɬɜɨɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧ ɩɨ ɮɨɪɦɭɥɟ: 

1 1 2 1 ,1x xb b b             (4) 

ɝɞɟ b1, b2 – ɤɨɷɮɮɢɰɢɟɧɬɵ ɍɋ ɞɥɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɭɪɚɜɧɟɧɢɸ 
(2), 1x  - ɦɨɥɶɧɚɹ ɞɨɥɹ ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɚɫɬɜɨɪɟ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ ɪɚɫɬɜɨɪɨɜ DME/TEG ɢ N2/Arɤɨɷɮɮɢɰɢɟɧɬɵ А ɢ В ɜ 
ɭɪɚɜɧɟɧɢɢ (3) ɹɜɥɹɸɬɫɹ ɩɨɞɝɨɧɨɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɪɢ 
ɨɛɪɚɛɨɬɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɞɚɜɥɟɧɢɸ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ Д6Ж ɞɥɹ ɪɚɫɬɜɨɪɨɜ 
DME/TEG ɢ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ Д5Ж ɢ ɞɥɹ ɪɚɫɬɜɨɪɨɜ N2/Ar.  

ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɜ ɪɚɦɤɚɯ ɝɪɚɞɢɟɧɬɧɨɣ ɬɟɨɪɢɢ ɞɥɹ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ 
ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɩɨ ɮɨɪɦɭɥɟ Д2Ж: 

 2 ( ) ( )
L

V

S Sk P P d



                 ,   (5) 

ɝɞɟ ρV, ρL – ɪɚɜɧɨɜɟɫɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɚɪɨɜɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɪɚɫɬɜɨɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, – ɩɥɨɬɧɨɫɬɶ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ, S, PS – ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɢ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ 
ɩɚɪɨɜ ɨɛɴɟɦɧɨɣ ɮɚɡɵ, (), P() - ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɢ ɞɚɜɥɟɧɢɟ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ, k 
– ɩɚɪɚɦɟɬɪ ɜɥɢɹɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɪɟɞɵ. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɉɨɥɭɱɟɧɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɜɨɣɫɬɜɚɯ ɪɚɫɬɜɨɪɚ PS, , ρL , ρV ɩɨɡɜɨɥɹɟɬ ɩɪɢɫɬɭɩɢɬɶ ɤ 
ɢɡɭɱɟɧɢɸ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɪɚɫɬɜɨɪɚ N2/Arɢ DME/TEG. Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɢ 
ɪɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɥɢɹɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɪɚɫɬɜɨɪɚ ɩɨ ɮɨɪɦɭɥɟ Д2Ж: 

  2 ( ) ( )
L

V

2ρ
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k P P dρ
2
     

          
       .   (6) 

Ɋɚɫɩɨɥɚɝɚɹ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɩɚɪɚɦɟɬɪɟ ɜɥɢɹɧɢɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɪɟɞɵ ɜ ɨɞɧɨɠɢɞɤɨɫɬɧɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ ɝɪɚɞɢɟɧɬɧɨɣ ɬɟɨɪɢɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɥɨɤɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨ 
ɜɵɫɨɬɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ z ɠɢɞɤɨɣ ɮɚɡɵ ɪɚɫɬɜɨɪɚ ɫ ɩɨɦɨɳɶɸ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ Д2Ж: 

     
 

*

*

( )

2 ( , ) ( , )S S

z
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T P T Pz
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            .   (7) 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɬɟɨɪɢɹɦɢ, ɬɚɤɢɦɢ ɤɚɤ 
ɨɛɨɛɳɟɧɧɚɹ ɬɟɨɪɢɹ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ Д1Ж ɩɪɨɮɢɥɶ ɩɥɨɬɧɨɫɬɢ ɢɦɟɟɬ ɮɨɪɦɭ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ 
ɨɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟɦ ɞɥɹ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɚɧɝɟɧɫɚ. ȿɫɥɢ ɩɨɥɨɠɟɧɢɟ ɷɤɜɢɦɨɥɟɤɭɥɹɪɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɮɚɡ Ƚɢɛɛɫɚ ɛɵɥɨ ɜɵɛɪɚɧɨ ɩɪɢ ɡɧɚɱɟɧɢɢ ɬɨɥɳɢɧɵ z=0, ɬɨ ɩɪɨɮɢɥɶ 
ɩɥɨɬɧɨɫɬɢ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɟɦ: 

     1 1
tanh

2 2
2

v vl lz
z

d
             


,   (8) 

ɝɞɟ d – ɦɟɪɚ ɬɨɥɳɢɧɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɪɚɫɬɜɨɪɚ ɹɜɥɹɟɬɫɹ ɩɨɞɝɨɧɨɱɧɵɦ ɩɚɪɚɦɟɬɪɨɦ. ɇɚ 
ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɵ ɩɪɨɮɢɥɢ ɩɥɨɬɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɪɚɫɬɜɨɪɨɜ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ 
ɭɪɚɜɧɟɧɢɸ (8). 
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ɚ)      ɛ) 

Ɋɢɫɭɧɨɤ 1. ɂɡɦɟɧɟɧɢɟ ɦɨɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɚ: ɚ) DME/TEG (Ɍ=353 Ʉ) ɛ) N2/Ar(Ɍ=84 Ʉ) 
ɩɨ ɜɵɫɨɬɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ  

 
Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɪɚɫɬɜɨɪɚ ɩɪɢ 

ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɢɡ ɞɚɧɧɵɯ ɨ ɥɨɤɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ 
ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɚ ɜ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɢ ɞɚɧɧɵɯ ɨ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɹɯ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɣ ɮɚɡɵ ɪɚɫɬɜɨɪɨɜ.  

ȼ ɪɚɦɤɚɯ ɩɪɨɜɟɞɟɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɪɚɫɬɜɨɪɨɜ 
N2/Arɢ DME/TEG ɢɦɟɟɬ ɫɥɨɠɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɞɫɥɨɟɜ. ɉɟɪɜɵɣ ɩɨɞɫɥɨɣ 
(ɞɚɥɟɟ ɩɨɞɫɥɨɣ 1) ɫɨɫɬɨɢɬ ɢɡ ɪɚɫɬɜɨɪɚ ɫ ɦɨɧɨɬɨɧɧɨ ɭɜɟɥɢɱɢɜɚɸɳɟɣɫɹ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɥɟɬɭɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɨ ɬɨɥɳɢɧɟ ɫɥɨɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɨɛɴɟɦɧɨɣ ɮɚɡɟ ɞɨ ɯ=1, ɤɨɬɨɪɚɹ ɧɚ 
ɪɢɫɭɧɤɟ 1 ɨɛɨɡɧɚɱɟɧɚ (). ȼɬɨɪɨɣ ɩɨɞɫɥɨɣ (ɞɚɥɟɟ ɩɨɞɫɥɨɣ 2) ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɪɚɫɬɜɨɪɚ, 
ɤɨɬɨɪɵɣ ɝɪɚɧɢɱɢɬ ɫ ɩɚɪɨɜɨɣ ɮɚɡɨɣ ɫɨɫɬɨɢɬ ɢɡ ɱɢɫɬɨɝɨ ɧɚɢɛɨɥɟɟ ɥɟɬɭɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ. 
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Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɢɡɭɱɢɬɶ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ 
ɬɚɤɢɯ ɪɚɫɬɜɨɪɨɜ ɢ ɩɨɞɨɣɬɢ ɤ ɪɟɲɟɧɢɸ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ 
ɩɚɪɰɢɚɥɶɧɵɯ ɦɨɥɶɧɵɯ ɩɥɨɬɧɨɫɬɟɣ 

ˆi iX    ,     (9) 

ɝɞɟ ɏі – ɦɨɥɶɧɚɹ ɞɨɥɹ ɤɨɦɩɨɧɟɧɬɚ ɜ ɫɦɟɫɢ; - ɦɨɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɫɦɟɫɢ, ɦɨɥɶ/ɦ3. 
Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɨɮɢɥɢ ɩɚɪɰɢɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ 

DME ɢ N2 ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɨɜɵɲɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɧɟɥɟɬɭɱɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ 
ɫɦɟɫɢ ɢɦɟɸɬ ɷɤɫɬɪɟɦɭɦ. ȼ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɧɚ ɤɪɢɜɵɯ ɩɪɨɮɢɥɟɣ ɩɥɨɬɧɨɫɬɢ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ 
TEG ɢ Ar ɧɢɱɟɝɨ ɩɨɞɨɛɧɨɝɨ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɚɜɬɨɪɵ ɩɪɟɞɩɪɢɧɹɥɢ ɩɨɩɵɬɤɭ ɪɚɡɪɚɛɨɬɤɢ ɬɟɨɪɟɬɢɱɟɫɤɢ 
ɨɛɨɫɧɨɜɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɪɚɫɬɜɨɪɨɜ. 
Ɇɟɬɨɞɢɤɚ ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɧɹɬɢɹ «ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɣ» ɩɨɜɟɪɯɧɨɫɬɧɨɣ 
ɫɟɝɪɟɝɚɰɢɢ ɋ(z) [8]. 

Ⱥɜɬɨɪɵ ɩɪɟɞɥɚɝɚɸɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ ɷɤɫɬɪɟɦɭɦɨɜ «ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɣ» 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɫɟɝɪɟɝɚɰɢɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɫɥɨɹ ɪɚɫɬɜɨɪɨɜ. 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɦɟɬɨɞɢɤɢ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɞɚɧɧɵɟ ɩɨ 
ɷɮɮɟɤɬɢɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ ɪɚɫɬɜɨɪɨɜ DME ɜ DME/TEG ɢ N2 ɜ N2/Ar. ɇɚ 
ɪɢɫɭɧɤɚɯ 2ɚ ɢ 2ɛ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɪɚɫɱɟɬɨɜ ɜ ɜɢɞɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɛɵɬɨɱɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ DME ɢ N2 ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɨɛɴɟɦɧɨɣ ɮɚɡɟ ɪɚɫɬɜɨɪɚ. 
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Ɋɢɫɭɧɨɤ 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɛɵɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚ) DME ɢ ɛ) N2 ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ɨɛɴɟɦɧɨɣ ɠɢɞɤɨɣ ɮɚɡɟ ɪɚɫɬɜɨɪɚ  
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ȼ ɪɚɦɤɚɯ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 
ɭɱɟɬɨɦ ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɰɟɫɫɵ ɬɟɪɦɢɱɟɫɤɨɣ ɷɜɨɥɸɰɢɢ ɤɥɚɫɬɟɪɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ Ni, Pd, 
Cu ɫ ɪɚɡɧɨɣ ɭɩɚɤɨɜɤɨɣ (ȽɐɄ, Ih ɢ ɫɥɭɱɚɣɧɨɣ) ɩɪɢ ɡɚɤɪɟɩɥɟɧɢɢ ɢɯ ɧɚ ɝɪɚɮɟɧɨɜɨɣ ɩɨɞɥɨɠɤɟ 
[1-4Ж. ȼ ɫɥɭɱɚɟ ɢɧɬɟɪɮɟɣɫɚ ɧɢɤɟɥɶ-ɝɪɚɮɟɧ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦNi/G (ɤɚɤ ɩɪɢ ɞɜɭɯɫɬɨɪɨɧɧɟɦ 
Ni/G/Ni) ɪɚɡɦɟɳɟɧɢɢ ɧɚ ɥɢɫɬɟ ɝɪɚɮɟɧɚ ɩɥɨɫɤɨɫɬɟɣ(111) ɧɢɤɟɥɹ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ 
ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɧɟɪɝɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɢɤɟɥɶ-ɧɢɤɟɥɶ UNi-Ni, ɧɢɤɟɥɶ-ɭɝɥɟɪɨɞ UNi-C ɢ 
ɭɝɥɟɪɨɞ-ɭɝɥɟɪɨɞ UC-C (ɪɢɫ. 1) ɨɬɪɚɠɚɥɢ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɫɢɥɶɧɵɟ ɤɨɪɪɟɥɹɰɢɢ 
ɪɚɡɧɨɢɦɟɧɧɵɯ ɫɜɹɡɟɣNi-C ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɚɤɨɜɵɦɢ Cu-C. ɍɦɟɧɶɲɟɧɢɟ ɡɧɚɱɟɧɢɣUNi-Niɛɵɥɨ 
ɫɭɳɟɫɬɜɟɧɧɵɦɭɠɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 800 K ɜ ɫɢɫɬɟɦɟ Ni/G, ɚ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɜɬɨɪɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ – ɫɢɫɬɟɦɚNi/G/Niɫɧɢɠɟɧɢɟ UNi-Ni ɢɦɟɥɨ ɦɟɫɬɨ ɬɨɥɶɤɨ ɩɪɢ T=1300 K, ɜ ɫɜɹɡɢ ɫ 
ɤɨɧɤɭɪɟɧɰɢɟɣ ɡɚ ɪɟɝɢɛɪɢɞɢɡɚɰɢɸ ɫ ɚɬɨɦɚɦɢ ɝɪɚɮɟɧɚ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɦɟɬɚɥɥɚ ɜ ɨɛɟɢɯ 
ɩɨɜɟɪɯɧɨɫɬɹɯ. Ɉɛɴɟɦɧɚɹɷɧɟɪɝɢɹ ɦɟɬɚɥɥɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚɷɧɟɪɝɢɢ ɫɜɹɡɢɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɷɥɟɦɟɧɬɚ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɩɪɢT= 300 K ɞɥɹ ɧɢɤɟɥɹ ɨɩɪɟɞɟɥɟɧɨ ɤɚɤ -
4.44ɷȼ/ɚɬɨɦ Д3Ж.Ȼɥɢɡɤɨɟ ɡɧɚɱɟɧɢɟ UNi-Ni (-4.39ɷȼ/ɚɬɨɦ) ɞɥɹ ȽɐɄ ɤɪɢɫɬɚɥɥɚ ɧɢɤɟɥɹ ɞɚɥ ɆȾ 
ɪɚɫɱɟɬ ɞɥɹ NPT ɚɧɫɚɦɛɥɹ Д5Ж. Эɧɟɪɝɢɹ UNi-Niɞɥɹ ɤɥɚɫɬɟɪɚ 23Ni , ɪɚɫɫɱɢɬɚɧɧɚɹ ɦɟɬɨɞɨɦ ɆȾ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɬɟɧɰɢɚɥɚ ɋɚɬɬɨɧɚ–ɑɟɧɚ, ɫɨɫɬɚɜɢɥɚ - 3.70 ɷȼ/ɚɬɨɦ Д6]. ȼɟɥɢɱɢɧɚ UNi-Niɞɥɹ 
ɫɢɥɶɧɨ ɪɚɫɬɹɧɭɬɨɣ ɩɥɟɧɤɢ NТ ɩɪɢ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɵɥɚ ɜɵɲɟ. 

 

 
Ɋɢɫɭɧɨɤ 1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɚɪɰɢɚɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɷɧɟɪɝɢɣ: 1, 3 – UNi-Ni; 2, 
4 – UNi-Cɞɥɹ ɫɢɫɬɟɦ: 1, 2 – ɩɪɢ ɨɞɧɨɫɬɨɪɨɧɧɟɦ ɩɨɤɪɵɬɢɢ ɧɢɤɟɥɟɦ ɥɢɫɬɚ ɝɪɚɮɟɧɚ(Ni/G); 3, 4 – 
ɩɪɢ ɞɜɭɯɫɬɨɪɨɧɧɟɦ (Ni/G/Ni); (ɛ) ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ UC-C: 1 – ɫɜɨɛɨɞɧɵɣ ɥɢɫɬ ɝɪɚɮɟɧɚ, 2 
– ɥɢɫɬ ɝɪɚɮɟɧɚ, ɩɨɤɪɵɬɵɣ ɩɥɟɧɤɨɣ Ni ɫ ɨɞɧɨɣ ɢɥɢ ɞɜɭɯ ɫɬɨɪɨɧ 

 
ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɟ ɜɟɥɢɱɢɧɚ UNi-Niɞɥɹ ɨɛɟɢɯ ɫɢɫɬɟɦ ɜɨɡɪɚɫɬɚɥɚ, ɨɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ 

ɩɨɫɥɟ ɬɟɦɩɟɪɚɬɭɪɵ 2300K ɞɥɹ ɫɢɫɬɟɦɵ Ni/Gɢ ɬɟɦɩɟɪɚɬɭɪɵ1800K ɞɥɹ ɫɢɫɬɟɦɵ Ni/G/Ni. 
ɉɨɞɨɛɧɵɦ ɠɟ ɨɛɪɚɡɨɦ ɦɟɧɹɥɚɫɶ ɡɚɜɢɫɢɦɨɫɬɶ UNi-C(T) ɞɥɹ ɬɨɣ ɢ ɞɪɭɝɨɣ ɫɢɫɬɟɦɵ, ɡɚ 
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ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɝɨ, ɱɬɨ ɧɟ ɡɚɮɢɤɫɢɪɨɜɚɧɨ ɫɧɢɠɟɧɢɹ ɜɟɥɢɱɢɧɵ UNi-Cɫ ɧɚɱɚɥɶɧɵɦ ɧɚɝɪɟɜɨɦ 
ɫɢɫɬɟɦɵ Ni/G. Ʌɢɲɶ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 1800K ɢɦɟɥ ɦɟɫɬɨ ɪɨɫɬ ɷɧɟɪɝɢɢ UNi-C 
ɞɥɹ ɨɛɟɢɯ ɫɢɫɬɟɦ. ɉɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɞɥɹ ɱɢɫɬɨɝɨ ɥɢɫɬɚ ɝɪɚɮɟɧɚ (ɜ ɨɬɫɭɬɫɬɜɢɢ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɟɧɤɢ) ɢɦɟɥɚ ɦɢɧɢɦɭɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1800 K (ɤɪɢɜɚɹ 1, ɪɢɫ. 2ɛ). 
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Ɋɢɫɭɧɨɤ 2. Эɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɭɝɥɟɪɨɞ–ɩɚɥɥɚɞɢɣ ɞɥɹ ɫɢɫɬɟɦ: 1 – ȽɐɄ, 2 – Ih, 3 – Ƚɉɍ 

 
Ⱥɧɚɥɢɡ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ UC-C(T) ɞɥɹ ɝɪɚɮɟɧɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɞɧɨɣ ɢ ɞɜɭɯ 

ɩɥɟɧɨɤ ɢɡ ɚɬɨɦɨɜ Ni, ɩɨɤɚɡɚɥ ɩɨɱɬɢɩɨɥɧɭɸ ɢɯ ɢɞɟɧɬɢɱɧɨɫɬɶ (ɤɪɢɜɚɹ 2 ɪɢɫ. 1ɛ) Д7Ж. ȼ ɨɛɥɚɫɬɢ 
ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ( T 1300 K) ɩɪɢɫɭɬɫɬɜɢɟ ɩɟɪɟɯɨɞɧɨɝɨ ɦɟɬɚɥɥɚ ɫɬɚɛɢɥɢɡɢɪɨɜɚɥɨ 
ɫɬɪɭɤɬɭɪɭ ɝɪɚɮɟɧɨɜɨɝɨ ɥɢɫɬɚ, ɬɚɤ ɱɬɨ ɟɝɨ ɷɧɟɪɝɢɹ UC-Cɫɧɢɡɢɥɚɫɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɢɡɨɥɢɪɨɜɚɧɧɵɦ ɫɨɨɬɨɹɧɢɟɦ. Эɬɨɬ ɪɟɡɭɥɶɬɚɬ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ Д8Ж, ɝɞɟ ɩɨɤɚɡɚɧɨ 
ɭɦɟɧɶɲɟɧɢɟ ɧɚɩɪɹɠɟɧɢɣ ɜ ɝɪɚɮɟɧɟ, ɩɨɫɥɟ ɟɝɨ ɩɨɤɪɵɬɢɹ ɩɥɟɧɤɨɣ NТ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɭɦɟɧɶɲɟɧɢɟ ɷɧɟɪɝɢɣ UNi-Niɢ UC-Cɩɪɢ ɤɨɧɬɚɤɬɟ ɥɢɫɬɚ ɝɪɚɮɟɧɚ ɢ ɩɨɜɟɪɯɧɨɫɬɢ Ni (ɜ ɬɨɦ ɱɢɫɥɟ 
ɤɥɚɫɬɟɪɚ ɧɢɤɟɥɹ) ɫɜɹɡɚɧɨ ɫɨ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɪɢɬɹɝɢɜɚɸɳɢɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɦɟɠɞɭ ɧɢɦɢ 
Д9Ж. Ʌɢɲɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɝɪɟɜɚ ɫɜɵɲɟ 1300Ʉ ɨɬɦɟɱɟɧ ɪɨɫɬ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ. 
ɍɜɟɥɢɱɟɧɢɟ ɷɧɟɪɝɢɢ ɝɪɚɮɟɧɚ ɫ ɧɚɝɪɟɜɨɦ ɩɪɢ ɧɚɥɢɱɢɢ ɚɬɨɦɨɜ ɦɟɬɚɥɥɚ ɩɪɨɢɫɯɨɞɢɥɨ ɛɵɫɬɪɟɟ 
(ɩɨɫɥɟ 1300K), ɱɟɦ ɩɪɢ ɢɯ ɨɬɫɭɬɫɬɜɢɢ. Ɂɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ UC-C ɩɪɢ T = 3300 K ɞɥɹ ɫɢɫɬɟɦ 
Ni/G ɢ Ni/G/Ni ɧɚ 4 % ɜɵɲɟ, ɱɟɦ ɞɥɹ ɫɜɨɛɨɞɧɨɝɨ ɥɢɫɬɚ ɝɪɚɮɟɧɚ.  

ɉɨɫɤɨɥɶɤɭ ɜɥɢɹɧɢɟ ɪɟɝɢɛɪɢɞɢɡɚɰɢɢ ɜ ɫɢɫɬɟɦɚɯ Cu/G, Ni/G ɢ Pd/G ɛɵɥɨ ɪɚɡɥɢɱɧɵɦ, ɬɨ 
ɦɚɫɲɬɚɛɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɟɬɪɚɷɞɪɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɰɢɣ sp3 ɫ ɜɤɥɸɱɟɧɢɟɦ ɜ ɧɢɯ ɚɬɨɦɨɜ 
ɦɟɬɚɥɥɚ ɜ ɪɚɡɧɵɯ ɫɢɫɬɟɦɚɯ ɢɦɟɥɢ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ. ɋɪɟɞɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɨɛɪɚɡɭɟɦɵɯ 
ɥɨɤɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɰɢɣ ɜ ɢɧɬɟɪɮɟɣɫɚɯ ɬɚɤɢɯ ɫɬɪɭɤɬɭɪ ɦɨɝɭɬ ɢɦɟɬɶ ɦɟɫɬɨɪɚɡɧɨɜɢɞɧɨɫɬɢ 
ɪɢɧɝ-ɤɥɚɫɬɟɪɨɜ ɭɝɥɟɪɨɞɚ, ɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɧɚ Ƚɉɍ-ɭɡɥɚɯ ɢɥɢ ɬɪɢɚɧɝɭɥɹɪɧɵɯ ȽɐɄ-ɭɡɥɚɯ (ɫ 
ɬɪɨɣɤɚɦɢ ɚɬɨɦɨɜ C ɜɨɤɪɭɝ ɚɬɨɦɨɜ ɫɭɛɫɬɪɚɬɚ). ɇɚɢɛɨɥɟɟ ɡɚɦɟɬɧɨɟ ɢɡɦɟɧɟɧɢɟ ɜ ɩɪɢɥɟɝɚɸɳɢɯ 
ɤ ɩɨɞɥɨɠɤɟ ɤɨɨɪɞɢɧɚɰɢɣ ɚɬɨɦɨɜ Pd ɨɬɦɟɱɚɥɨɫɶ ɞɥɹ ȽɐɄ ɤɥɚɫɬɟɪɚ. Ɍɚɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ 
ɫɬɪɭɤɬɭɪɧɵɯ ɬɪɚɧɫɮɨɪɦɚɰɢɣ ɨɛɴɹɫɧɢɦɨ, ɟɫɥɢ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɪɚɡɥɢɱɢɟ ɜ ɷɧɟɪɝɢɹɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɬɨɦɨɜ ɦɟɬɚɥɥɚ ɢ ɭɝɥɟɪɨɞɚ. Ɍɚɤ ɧɚɢɛɨɥɟɟ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɬɨɦɨɜ Pd ɫ ɚɬɨɦɚɦɢ ɋ ɨɬɦɟɱɟɧɵ ɞɥɹ ɫɢɫɬɟɦɵ, ɨɛɪɚɡɭɸɳɟɣ ɢɧɬɟɪɮɟɣɫ 
ɝɪɚɮɟɧɚ ɫ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦɢ (ȽɐɄ) ɤɥɚɫɬɟɪɚɦɢ Pd13 (ɪɢɫ. 2). Ɇɢɧɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ ɫɜɹɡɢ 
ɚɬɨɦɨɜ Pd–Pd ɨɛɥɚɞɚɥɢ Ih-ɤɥɚɫɬɟɪɵ Pd13, ɩɨɷɬɨɦɭ ɩɪɟɬɟɪɩɟɥɢ ɧɚɢɦɟɧɶɲɢɟ ɢɡɦɟɧɟɧɢɹ ɜ 
ɤɨɧɮɢɝɭɪɚɰɢɢ, ɤɚɤ ɷɮɮɟɤɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɚɜɬɨɧɨɦɧɨɫɬɢ. ɂ ɬɨɥɶɤɨ ɞɥɹ 
ɢɤɨɫɚɷɞɪɢɱɟɫɤɢɯ ɤɥɚɫɬɟɪɨɜ Pd13 ɷɧɟɪɝɢɹ ɫɰɟɩɥɟɧɢɹ ɫ ɝɪɚɮɟɧɨɦ ɫɥɚɛɨ ɦɟɧɹɥɚɫɶ ɜɩɥɨɬɶ ɞɨ 
4000Ʉ.  

ɋɬɪɭɤɬɭɪɚ ɤɥɚɫɬɟɪɨɜ Pd13 ɫ ɞɪɭɝɢɦɢ ɬɢɩɚɦɢ ɭɩɚɤɨɜɨɤ ɜ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
ɧɚɝɪɟɜɚ ɭɠɟ ɪɚɡɪɭɲɚɥɚɫɶ, ɩɪɢ ɷɬɨɦ ɧɚɢɦɟɧɟɟ ɭɫɬɨɣɱɢɜɵɦɢ ɤ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɛɵɥɢ 
ɤɥɚɫɬɟɪɵ ɫɨ ɫɥɭɱɚɣɧɨɣ ɭɩɚɤɨɜɤɨɣ ɚɬɨɦɨɜ: ɢɯ ɧɚɱɚɥɶɧɵɟɤɨɨɪɞɢɧɚɰɢɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɚɬɨɦɨɜ 
ɭɝɥɟɪɨɞɚ ɩɨɥɧɨɫɬɶɸ ɪɚɫɩɚɥɢɫɶ, ɨɛɪɚɡɨɜɚɜ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɪɚɡɧɨɢɦɟɧɧɵɟ ɫɜɹɡɢ PН–C ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 3900K (ɪɢɫ. 2). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ ɤ ɪɚɡɨɝɪɟɜɭ ɨɤɚɡɚɥɢɫɶ 
ɤɥɚɫɬɟɪɵ ɫ ɝɪɚɧɹɦɢ (111) ɢɡ ɧɚɱɚɥɶɧɨɣ ɢɤɨɫɚɷɞɪɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢɥɢ ɩɨɹɜɢɜɲɟɣɫɹ ɩɨɫɥɟ 
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ɢɡɨɦɟɪɢɡɚɰɢɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɟɭɫɬɨɣɱɢɜɵɯ ɝɪɚɧɟɣ (100) ɢ (110). ɇɟɫɦɨɬɪɹ ɧɚ 
ɮɥɸɢɞɢɡɚɰɢɸ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɧɢɰɢɢɪɨɜɚɧɧɨɝɨ ɧɚɝɪɟɜɨɦ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɚɬɨɦɨɜ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɨɛɨɥɨɱɤɢ ɤɨɧɬɭɪɵ ɮɚɫɟɬɨɱɧɨɣ ɦɨɪɮɨɥɨɝɢɢ ɤɥɚɫɬɟɪɨɜ ɫɨɯɪɚɧɹɥɢɫɶ, 
ɩɨɫɬɟɩɟɧɧɨ ɪɚɡɦɵɜɚɹɫɶ, ɜɩɥɨɬɶ ɞɨ ɩɨɥɧɨɝɨ ɩɪɨɩɥɚɜɥɟɧɢɹ ɜɫɟɯ ɨɛɨɥɨɱɟɤ.ɉɨɞ ɜɥɢɹɧɢɟɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɝɪɚɮɟɧɨɜɨɣ ɩɨɞɥɨɠɤɨɣ ɫɭɳɟɫɬɜɟɧɧɨ ɛɭɞɭɬ ɦɟɧɹɬɶɫɹ ɢ ɬɟɪɦɨɞɢɧɚɦɢɤɚ 
ɧɚɝɪɟɜɚ, ɢ ɤɢɧɟɬɢɤɚ «ɩɥɚɜɥɟɧɢɹ» ɤɥɚɫɬɟɪɚ. ɉɪɢ ɧɚɝɪɟɜɟ ɢ «ɩɥɚɜɥɟɧɢɢ» ɤɥɚɫɬɟɪɚ ɧɚ ɩɨɞɥɨɠɟ 
Pd561/G ɢɡɦɟɧɟɧɢɹ ɩɪɟɬɟɪɩɟɜɚɥ ɢ ɯɚɪɚɤɬɟɪ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɮɨɧɨɧɧɨɝɨ ɜɤɥɚɞɚ ɜ 
ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɋV. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɦɨɧɨɬɨɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɥɨɪɢɱɟɫɤɨɣ ɤɪɢɜɨɣɜ 
ɛɨɥɶɲɟɣ ɦɟɪɟ ɨɬɪɚɠɚɟɬ ɫɥɨɠɧɵɟ ɩɪɨɰɟɫɫɵ ɫɬɪɭɤɬɭɪɧɵɯ ɬɪɚɧɫɮɨɪɦɚɰɢɣ ɢ ɦɨɞɢɮɢɤɚɰɢɸ 
ɫɨɫɬɨɹɧɢɣ ɤɥɚɫɬɟɪɨɜ, ɱɟɦ ɩɨɫɬɟɩɟɧɧɨɟ ɫɧɢɠɟɧɢɟ, ɤ ɩɪɢɦɟɪɭɦɨɞɭɥɟɣ ɫɞɜɢɝɚ. 
ɉɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɟɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɜɤɥɚɞɚ ∆Gs ɢ ɭɛɵɜɚɧɢɹ 
ɜɧɭɬɪɟɧɧɟɣ ∆G=∆Gin+∆Gs, ɩɪɢɜɨɞɢɬ ɤ ɧɟɚɞɞɢɬɢɜɧɨɫɬɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, 
ɤɚɤ ɩɪɨɹɜɥɟɧɢɟ ɬɟɪɦɨɪɚɡɦɟɪɧɨɝɨ ɷɮɮɟɤɬɚ ɨɫɨɛɟɧɧɨ ɪɟɡɤɨ ɩɪɨɹɜɥɹɸɳɟɝɨɫɹ ɧɚ ɯɚɪɚɤɬɟɪɟ 
ɬɟɪɦɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ CV, ɪɚɫɫɱɢɬɚɧɧɨɣ ɩɨ ɮɨɪɦɭɥɟ   222 / ɌNkUUɋ BV   ɜ ɦɟɬɨɞɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ ɞɥɹ ɢɡɨɥɢɪɨɜɚɧɧɨɝɨ 
ɧɚɧɨɤɥɚɬɟɪɚ Pd561 ɩɪɢ ɪɚɡɨɝɪɟɜɟ ɨɬ 300Ʉ ɞɨ 1500Ʉ. Ɉɬ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɧɚɝɪɟɜɚ ɢ ɞɨ 
ɡɚɜɟɪɲɟɧɢɹ ɫɬɚɞɢɢ «ɤɜɚɡɢɩɥɚɜɥɟɧɢɹ» ɢ ɧɚɱɚɥɚ ɢɧɬɟɧɫɢɜɧɨɝɨ ɩɪɨɩɥɚɜɥɟɧɢɹ ɜɫɟɯ ɨɛɨɥɨɱɟɤ 
ɤɪɚɣɧɟ ɧɟɪɚɜɧɨɦɟɪɧɨ ɜɩɥɨɬɶ ɞɨ ɚɧɨɦɚɥɶɧɨɝɨ ɩɪɟɬɟɪɩɟɜɚɸɬ ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɋv = 
T(dE/dT)vɋɪ = T(dE/dT)ɪ + (3R/2)δ(E) , ɨɩɪɟɞɟɥɹɟɦɵɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 
ɞɚɜɥɟɧɢɢ ɤɚɤ ɋ =Д‹E2› – ‹E›2]/(kȻT2), ɝɞɟ ȿ = К + U. ɉɨɞ ɜɥɢɹɧɢɟɦ ɞɚɠɟ ɧɟɛɨɥɶɲɨɝɨ ɧɚɝɪɟɜɚ 
ɢɥɢ ɩɪɢ ɫɥɚɛɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɚɬɨɦɨɜ ɦɟɬɚɥɥɚ ɢ ɝɪɚɮɟɧɚ ɜ ɤɨɧɬɚɤɬɧɨɣ ɡɨɧɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɟɝɢɛɪɢɞɢɡɚɰɢɢ ɫɜɹɡɟɣ sp2 ɜ sp3 ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜɡɚɢɦɧɚɹ ɩɟɪɟɫɬɪɨɣɤɚ ɤɨɨɪɞɢɧɚɰɢɣ 
ɚɬɨɦɨɜ ɦɟɬɚɥɥɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢɧɬɟɪɮɟɣɫɧɨɣ ɫɭɛɫɬɪɭɤɬɭɪɵ (ɦɭɚɪɟ) ɤɚɤ ɫɭɩɟɪɩɨɡɢɰɢɢ ɞɜɭɯ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɦɟɬɚɥɥɚ ɢ ɝɪɚɮɟɧɚ ɫ ɧɟɫɨɪɚɡɦɟɪɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ Д1,10,11Ж. Эɬɨ 
ɫɤɚɡɚɥɨɫɶ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɋV(T) ɞɥɹ ɤɥɚɫɬɟɪɚ ɧɚ 
ɝɪɚɮɟɧɟ ɜ ɫɜɹɡɢ ɫ ɩɪɨɹɜɥɟɧɢɟɦ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ (ɡɚ ɨɫɧɨɜɧɵɦ ɩɢɤɨɦ ɋV(T)), ɤɚɤ 
ɪɟɡɭɥɶɬɚɬɪɟɝɢɛɪɢɞɢɡɚɰɢɢ sp2→sp3 ɫɜɹɡɟɣ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɧɨɜɵɯ ɤɨɨɪɞɢɧɚɰɢɣ ɦɭɚɪɨɜɨɣ 
ɫɬɪɭɤɬɭɪɵ ɜ ɭɜɟɥɢɱɢɜɚɸɳɟɣɫɹ ɡɨɧɟ ɤɨɧɬɚɤɬɚ.ɉɨɫɤɨɥɶɤɭ ɩɨ ɫɬɟɩɟɧɢ ɪɟɝɢɛɪɢɞɢɡɚɰɢɢ 
ɫɢɫɬɟɦɵ CЮ/G ɢ Pd/G ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ, ɭɱɢɬɵɜɚɹ ɛɨɥɟɟ ɫɢɥɶɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɪɚɡɧɨɢɦɟɧɧɵɯ ɚɬɨɦɨɜ PН–C, ɬɨ ɟɫɬɟɫɬɜɟɧɧɨ ɷɬɨ ɨɬɪɚɡɢɥɨɫɶ ɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɹɯ ɢɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ CV (ɪɢɫ. 3), ɜ ɱɚɫɬɧɨɫɬɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɯɨɪɨɲɨ 
ɪɚɡɪɟɲɟɧɧɨɝɨɩɢɤɚ ɩɪɚɜɟɟ ɝɥɚɜɧɨɝɨ ɞɥɹ ɫɢɫɬɟɦɵ CЮ/G.  

Ɉɞɧɚɤɨ, ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɧɚ ɝɪɚɮɟɧɨɜɨɣ ɩɨɞɥɨɠɤɟ ɨɪɝɚɧɢɡɚɰɢɹ ɫɬɪɭɤɬɭɪɵ 
ɧɚɧɨɤɥɚɫɬɟɪɨɜ Pd561 ɢɡ ɩɹɬɢ ɨɛɨɥɨɱɟɤ ɧɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɬɚɤɨɜɨɣ ȽɐɄ ɤɚɤ ɢɡɨɥɢɪɨɜɚɧɧɵɯ 
ɧɚɧɨɤɥɚɫɬɟɪɨɜ, ɬɚɤ ɢ ɦɚɫɫɢɜɧɵɯ ɨɛɪɚɡɰɨɜ. ȼ ɧɚɧɨɞɢɚɩɚɡɨɧɟ ɧɚ ɪɚɡɧɨɣ ɫɬɚɞɢɢ ɧɚɝɪɟɜɚ ɢ 
ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɨɧɚ ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɤɨɫɚɷɞɪɢɱɟɫɤɨɣ ɢ Ƚɉɍ-ɤɨɨɪɞɢɧɚɰɢɹɦɢ Д12-14]. 
Ɉɤɚɡɚɥɨɫɶ, ɱɬɨɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɤɨɨɪɞɢɧɚɰɢɢ ɧɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɬɚɤɨɜɵɦ ɞɥɹ 
ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɤɥɚɫɬɟɪɨɜ ɫ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɫɜɹɡɟɣ. Ⱦɥɹ Ni561 ɧɚ 
ɩɨɞɥɨɠɤɟ ɧɚɢɛɨɥɟɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɫɬɚɛɢɥɶɧɚ ɨɤɚɡɚɥɚɫɶ ɧɟ ɢɤɨɫɚɷɞɪɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ, ɚ 
ȽɐɄ. ɉɪɢ ɞɚɠɟ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɫɬɭɩɧɨɦ ɜɪɟɦɟɧɢ ɦɟɞɥɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɢ ɤɚɩɟɥɶ FО55-561 
ɫɬɚɛɢɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɨɤɚɡɵɜɚɥɚɫɶ ɚɦɨɪɮɧɚɹ ɫɬɪɭɤɬɭɪɚ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɱɢɫɥɚ ɚɬɨɦɨɜ ɜ ɤɥɚɫɬɟɪɟ ɢ ɛɵɥɢ ɷɬɨ ɦɨɞɟɥɢ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɤɚɩɟɥɶ ɢɥɢ ɪɚɡɦɟɳɟɧɧɵɯ ɧɚ 
ɝɪɚɮɟɧɨɜɨɣ ɩɨɞɥɨɠɤɟ Д15Ж. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

330 
 

 
Ɋɢɫɭɧɨɤ 3. ɋɪɚɜɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ CV ɩɪɢ ɧɚɝɪɟɜɟ ɨɬ 300Ʉ ɞɨ 
1300Ʉ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɤɥɚɫɬɟɪɨɜ: ȽɐɄ-Cu50 (ɚ), Ih-Pd561(ɛ) ɢ ɪɚɡɦɟɳɟɧɧɵɯ ɧɚ ɝɪɚɮɟɧɨɜɨɣ 
ɩɨɞɥɨɠɤɟ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɦɟɞɢ (ɜ) ɢ ɩɚɥɥɚɞɢɹ (ɝ) 

 
ɅɂɌȿɊАɌɍɊА 

 
1. V.A. Polukhin, E.D. Kurbanova, A.E. Galashev. Russian Metallurgy (Metally).8 (2012) 696. 
2. V.A. Polukhin, Yu.Ya. Gafner, I.V. Chepkasov, E.D. Kurbanova. Russian Metallurgy (Metally). 
2 (2014) 3. 
3. S. Erkoc. Int. J. Mod.Phys. ɋ11 (2000) 1013. 
4. C.J.Gong, G. Lee, B. Shan, E.M. Vogel, R. M. Wallace. K. Cho.Appl. Phys.108 (2010) 123711. 
5. A.N. Simonov, P.A. Pyrjaev, B.L. Moroz , V.I. Bukhtiyarov, V.N. Parmon. Electrocatal. 3 
(2012) 119. 
6. J.K. NørsФШЯ, F. AЛТХН-Pedersen. Nature, 461 (2009) 1223. 
7. A.E. Galashev, V.A. Polukhin. Physics of the Solid State. 55 (2013) 2250. 
8. H.-Y. Song, X.-W. Zha. Commun Theor. Phys. (Beijing, China). 54 (2010) 143. 
9. Y. Shibuta, J.A. Elliott. Chem. Phys. Lett 472 (2009) 200. 
10. A.H. Castro Neto, F. Guinea, N.M.R. Peres, K.S. Novoselov, A.K. Geim. Rev.Mod. Phys. 81 
(2009) 109. 
11. K.S. Novoselov, A.K. Geim, S.V. Morozov et al. Nature. 438 (2005) 197. 
12. Y. H. Chui, G. Grochola, I.K. Snook, S.P. Russo. Phys. Rev., B75 (2007) 033404. 
13. F.R. Negreiros, E.A. Soares, V.E. De Carvalho. Phys. Rev., 76 (2007) 205429. 
14. J.V. Goloven'ko, Yu.Ya. Gafner, S.L. Gafner, L.V. Redel'. ɎɆɆ. 114 (2013) 1041. 
15. ȼ.Ⱥ. ɉɨɥɭɯɢɧ, ɇ.Ⱥ. ȼɚɬɨɥɢɧ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɪɚɡɭɩɨɪяɞɨɱɟɧɧɵɯ ɢ 
ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɮɚɡ. ȿɤɚɬɟɪɢɧɛɭɪɝ: ɂɡɞ-ɜɨ ɍɪɈ ɊȺɇ, 2011. 

 
 
 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

331 
 

COMPUTER DESIGN OF STABLE BIMETALLIC CORE-SHELL NANOALLOYS 
WITH CUBOCTAHEDRAL SHAPE  
Myasnichenko V.S.1, Sdobnyakov N.Yu.2 

1SМТОЧtТПТМ ProНuМtТoЧ CompКЧв «KКtrОЧ»,  
Russia, 656038, Novosibirsk, Timakova st., 4. E-mail: virtson@gmail.com 

2Tver State University, 170100, Russia, Tver, Zhelyabova st., 33. 
 

1. Introduction 
The modern intense researches of the structure and properties of bimetallic nanoalloys are 

motivated by fundamental questions regarding the role of system size and geometry on the 
properties of matter. 

Understanding and controlling the structural properties and mechanical behaviors of the metallic 
nanostructures are crucial for the practical application, in such areas as the rational design of novel 
materials with the given mechanical, electrical, magnetic and optical properties, low energy 
electronic devices and catalytic agents with controlled properties [1-3]. 

The work deals with the results of molecular-dynamic simulation of the atomistic structures 
stability in bimetallic copper-based clusters, using many-body tight-binding interatomic potential. 

2. Simulation methods 
The features of the melting process for 1NCu Me  ( , , , ,Me Au Pb Th Ca Sr ) nanoalloys and 

N x xCu Me  ( , ; 15Me Au Ag x  ) nanoalloys with the smooth heating up from 1K  was simulated in 

a series of computer experiments. Two magic numbers 55N   and 147 are considered. In this case 
cluster has the cubooctahedron (CO) form with the central atom. This form is one of the least stable 
for monometallic fcc clusters [4-5]. 

All simulations have been performed using the Cleri-Rosato tight-binding (TB) interatomic 
potentials with parameters reported in the work [6]. This potential has been used in several studies 
of transition- and noble-metal bulk and cluster systems [7-9Ж. IЭ Тs НОrТЯОН ПrШЦ GЮpЭК’s ОбprОssТШЧ 
for the cohesive energy of a bulk material [10] and is generated by fitting experimental data to a 
pair potential containing repulsive pair and attractive many-body terms. The Cleri-Rosato potential 
parameters for all Me Me  bonds are taken from [11]. The fixed radius of truncating on the fifth 
coordination sphere inclusively is applied. 

At least five equal experiments were done for the each cluster type. The initial cluster 
arrangement was defined as a CO block of fcc crystal, which shell consisted entirely of Cu atoms. 
The model system was then heated up to the temperature corresponding to structurally-phase 
transition. Speed of temperature's change 0.3 /u K ps . 

Such heating results in the transition of cluster from fcc solid to icosahedral state which was 
fixed on the sharp change of first coordination number and was confirmed based on the analysis of 
radial distribution function of atoms ( )g r . Symmetry in the immediate environment of atom was 

calculated by common neighbors analysis method [12]. 
 

Table 1. Tight-binding interatomic potential parameters used in this work. 

Nanoalloy ( )A eV  ( )eV  p  q 
0(A)r  

Cu Cu  0.078 1.236 11.183 2.320 2.556 
Cu Au  0.154 1.561 11.050 3.047 2.715 
Cu Ag  0.098 1.227 10.700 2.805 2.722 
Cu Ca  0.062 0.919 11.197 2.502 3.251 
Cu Sr  0.045 0.829 11.762 2.065 3.429 
Cu Pb  0.082 1.037 10.625 2.838 3.028 
Cu Th  0.097 1.608 10.509 2.058 3.075 
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The temperature in the course of simulation was defined by average of kinetic energy of atoms. 
The kinetic energy was calculated by high-speed Verlet algorithm [13] with the step time 2.0h fs . 

Simulation was carried out in microcanonical ensemble on the basis of the methods explained in 
[14].  

All obtained atomsconfigurations of the clusters were saved automatically in the database. It 
made it possible to combine the results obtained simultaneously by several computers and visually 
analyze the obtained structures. All simulations are executed in an authoring software [15]. 

3. Results 
During structurally–phase transition the average neighbours number on the first coordination 

sphere changes from 7.85 to 8.51 ( 55N  ), and from 8.98 to 9.47 ( 147N  ). The angular and 
radial distribution of atoms in the system also changes. The distances between central atom and its 
neighbors are shorter than that bonds lengths between the other atoms, in the relaxed monometallic 
Ih cluster. 

The substitution of the central atom of copper by metal atom with bigger lattice constant 
(atomic radius) increases the critical temperature crT  of structural-phase transition in the fcc copper-

based nanoalloy. The results of simulations for 54Cu Me and 146Cu Menanoalloys are given in Figure 

1. 
It is possible to make inference that exists the optimum atomic number for a substitution atom. 

The maximum crT  value among the considered compositions is reached when using of a certain 

metal for substitution of central Cu atom. In this case, the formation of the icosahedral core creates 
more internal stress, then stress in pure copper cluster. 

Above results were considered for a case of one atom of replacement metal Me. The number of 
Me atoms in the core of bimetallic cluster with a copper shell significantly influences the 
temperature of it's structural and phase transformation. The essential increase of crT  parameter 

requires using not less then 9x  atoms of gold (silver) in the nanoalloys with 55N   atoms.  
Results of the second series of our simulations are given in Figure 2. The optimal compositions 

for 55 x xCu Au  and 55 x xCu Ag are contain 13x  gold atoms and 12x silver atoms respectively. In 

the future we will show that these compounds have minimal mixing energies. 
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Fig 1. Dependence of the temperature of structural transition on the size of the one substitution 

atom, 
0(A)r  : ● – 55-КЭШЦТМ КЧН ▲ –147-atomic clusters respectively 
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Fig 2. Dependence of the temperature of structural transition on quantity and sort of replacement 
КЭШЦs: ● – Au-МШЧЭКТЧТЧР ЧКЧШpКrЭТМХОs, ▲ – Ag-containing nanoparticles. The minimum 
temperature for all considered isomers of a certain structure is specified 

 
Conclusions 
The possibility of essential increasing of the structural-phase transition temperature for 

bimetallic cuboctahedral cluster was shown in the molecular-dynamic research of copper-containing 
bimetallic clusters.  

This study was partially supported by RFBR, research projects No 13-03-00019, 14-32-50145.  
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ɋɩɨɫɨɛɧɨɫɬɶ ɩɪɟɞɫɤɚɡɵɜɚɬɶ ɢ ɭɩɪɚɜɥɹɬɶ ɪɚɡɦɟɪɨɦ ɢ ɫɬɪɭɤɬɭɪɨɣ ɱɚɫɬɢɰ, ɨɱɟɧɶ ɜɚɠɧɚ ɞɥɹ 

ɩɪɢɤɥɚɞɧɵɯ ɧɚɭɤ, ɩɨɫɤɨɥɶɤɭ ɪɚɫɩɨɥɨɠɟɧɢɟ ɚɬɨɦɨɜ – ɤɥɸɱɟɜɨɣ ɦɨɦɟɧɬ, ɨɩɪɟɞɟɥɹɸɳɢɣ 
ɨɩɬɢɱɟɫɤɢɟ, ɷɥɟɤɬɪɨɧɧɵɟ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɚɤɢɯ ɱɚɫɬɢɰ. Ȼɵɫɬɪɨɟ ɪɚɡɜɢɬɢɟ 
ɷɥɟɤɬɪɨɧɢɤɢ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɷɥɟɦɟɧɬɨɜ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦ, ɫɬɚɜɢɬ 
ɩɟɪɟɞ ɮɢɡɢɤɚɦɢ ɦɧɨɝɨ ɧɨɜɵɯ ɡɚɞɚɱ. ɉɨɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɡɞɚɧɢɹ ɫɬɪɭɤɬɭɪ ɢ 
ɩɪɨɜɨɞɧɢɤɨɜ ɫ ɧɟɨɛɵɱɧɵɦɢ ɦɚɝɧɢɬɧɵɦɢ ɢ ɷɥɟɤɬɪɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɍɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɨɛɥɚɞɚɸɬ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɧɚɧɨɫɬɪɭɤɬɭɪɵ, ɧɚɧɨɩɪɨɜɨɞɚ ɢɥɢ ɧɚɧɨɤɨɧɬɚɤɬɵ ɦɟɠɞɭ ɞɜɭɦɹ 
ɷɥɟɤɬɪɨɞɚɦɢ.  

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɞɨɫɬɢɝɧɭɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɫɫ, ɤɚɤ ɜ ɬɟɨɪɢɢ, ɬɚɤ ɢ ɜ ɪɚɡɜɢɬɢɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɱɢɫɥɟɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɜ ɮɢɡɢɤɟ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞ. Ɉɞɧɢɦ ɢɡ 
ɧɚɩɪɚɜɥɟɧɢɣ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɤɪɢɫɬɚɥɥ ↔ ɪɚɫɩɥɚɜ, ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ Ɇɨɧɬɟ-Ʉɚɪɥɨ (ɆɄ) ɫ 
ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɦɢ ɩɨɬɟɧɰɢɚɥɚɦɢ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɩɨɞɛɢɪɚɸɬɫɹ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 
ɞɚɧɧɵɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬɧɨɫɹɳɢɦɫɹ ɤ ɦɚɫɫɢɜɧɨɣ ɮɚɡɟ. ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɧɚɧɨɱɚɫɬɢɰɚɯ, ɜ ɱɚɫɬɧɨɫɬɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 
ɤɪɢɫɬɚɥɥ ↔ ɪɚɫɩɥɚɜ, ɫɜɹɡɚɧɚ ɫ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɪɚɡɪɚɛɨɬɤɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ ɩɨɥɭɱɟɧɢɹ 
ɧɚɧɨɤɪɢɫɬɚɥɥɨɜ ɢ ɜɨɡɦɨɠɧɨɝɨ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ ɧɚɧɨɷɥɟɤɬɪɨɧɢɤɟ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɰɟɫɫɚ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚɧɨɤɥɚɫɬɟɪɨɜ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ, ɨɩɬɢɦɚɥɶɧɵɣ ɞɥɹ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɚɛɨɱɢɯ 
ɷɥɟɦɟɧɬɨɜ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɤɨɚɥɟɫɰɟɧɰɢɢ ɧɚɧɨɤɥɚɫɬɟɪɨɜ ɦɟɬɚɥɥɨɜ, 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɤɨɬɨɪɵɯ ɨɩɢɫɵɜɚɟɬɫɹ ɦɧɨɝɨɱɚɫɬɢɱɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ Ƚɭɩɬɚ Д4Ж, ɛɵɥ 
ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ. Ⱦɥɹ ɚɬɨɦɨɜ ɡɨɥɨɬɚ ɩɚɪɚɦɟɬɪɵ ɩɨɬɟɧɰɢɚɥɚ Ƚɭɩɬɚ ɜɡɹɬɵ ɢɡ 
ɪɚɛɨɬɵ Д4Ж. Ɏɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɩɟɪɜɨɝɨ ɪɨɞɚ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɩɨ ɫɤɚɱɤɭ (ɢɡɥɨɦɭ) ɧɚ 
ɤɚɥɨɪɢɱɟɫɤɨɣ ɤɪɢɜɨɣ, ɬ.ɟ. ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɱɚɫɬɢ ɭɞɟɥɶɧɨɣ (ɜ ɪɚɫɱɟɬɟ ɧɚ ɨɞɢɧ 
ɚɬɨɦ) ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ( )U T  ɫɢɫɬɟɦɵ ɧɚɧɨɱɚɫɬɢɰɚ – ɩɚɪ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɢɫɬɟɦɵ ɫ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɨɣ ɧɚɧɨɱɚɫɬɢɰ: ɫɮɟɪɚ – 
ɫɮɟɪɚ, ɫɮɟɪɚ – ɤɨɧɭɫ, ɫɮɟɪɚ – ɩɥɨɫɤɨɫɬɶ, ɤɨɧɭɫ – ɩɥɨɫɤɨɫɬɶ. Ⱦɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɧɚɦɢ 
ɫɢɫɬɟɦ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɱɚɫɬɢ ɭɞɟɥɶɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, ɚ 
ɬɚɤɠɟ ɫɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɩɟɪɜɨɝɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ. Ⱦɥɹ ɫɢɫɬɟɦɵ ɫɮɟɪɚ – ɫɮɟɪɚ (ɪɢɫ. 
1) ɨɪɢɟɧɬɚɰɢɹ ɪɟɲɟɬɤɢ (010) ɛɵɥɚ ɜɵɛɪɚɧɚ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɥɨɳɚɞɢ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ 
ɧɚɧɨɱɚɫɬɢɰɚɦɢ. ȼɨ ɜɫɟɯ ɞɪɭɝɢɯ ɫɢɫɬɟɦɚɯ ɪɟɲɟɬɤɚ ɢɦɟɥɚ ɨɪɢɟɧɬɚɰɢɸ (001). Ⱥɧɚɥɢɡ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɧɚɧɨɤɥɚɫɬɟɪɵ ɜ ɧɚɱɚɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɨɩɪɢɤɚɫɚɸɬɫɹ, 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɧɠɟɬɵ ɩɪɢ ɤɨɚɥɟɫɰɟɧɰɢɢ ɧɚɱɢɧɚɟɬɫɹ ɫɪɚɡɭ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɩɚɞɟɧɢɟ 
(ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ) ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ, ɩɪɢ ɧɟɤɨɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɚɛɥɸɞɚɟɬɫɹ 
ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɤɪɢɫɬɚɥɥ – ɠɢɞɤɨɫɬɶ, ɩɪɢ ɷɬɨɦ ɟɫɥɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɧɚɧɨɤɥɚɫɬɟɪɚɦɢ ɫɨɫɬɚɜɥɹɟɬ 1,2 ɧɦ, ɬɨ ɤɨɚɥɟɫɰɟɧɰɢɹ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɚ ɧɚɛɥɸɞɚɟɬɫɹ ɬɨɥɶɤɨ 
ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɤɪɢɫɬɚɥɥ – ɠɢɞɤɨɫɬɶ, ɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɢɫɥɨɦ ɚɬɨɦɨɜ ɜ 
ɤɥɚɫɬɟɪɟ ɫ ɭɱɟɬɨɦ ɪɚɡɦɟɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ Д5, 8-12Ж. Ⱦɥɹ ɪɚɫɫɬɨɹɧɢɹ 
ɦɟɠɞɭ ɧɚɧɨɱɚɫɬɢɰɚɦɢ 0,6 ɢ 0,9 ɧɦ ɫɧɚɱɚɥɚ ɧɚɛɥɸɞɚɟɬɫɹ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɤɪɢɫɬɚɥɥ – 
ɠɢɞɤɨɫɬɶ, ɞɚɥɶɲɟ ɩɪɨɢɫɯɨɞɢɬ ɤɨɚɥɟɫɰɟɧɰɢɹ ɧɚɧɨɱɚɫɬɢɰ ɫ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɦɚɧɠɟɬɵ. ȼ 
ɨɬɥɢɱɢɟ ɨɬ ɫɢɫɬɟɦɵ ɫɮɟɪɚ – ɫɮɟɪɚ, ɜ ɫɢɫɬɟɦɟ ɫɮɟɪɚ – ɤɨɧɭɫ ɤɨɚɥɟɫɰɟɧɰɢɹ ɩɪɟɤɪɚɳɚɟɬɫɹ, ɭɠɟ 
ɧɚɱɢɧɚɹ ɫ ɪɚɫɫɬɨɹɧɢɹ 0,6 ɧɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɪɚɫɩɨɥɨɠɟɧɢɢ ɚɬɨɦɨɜ ɜ ɮɨɪɦɟ ɤɨɧɭɫɚ 
ɩɨɹɜɥɹɟɬɫɹ ɢɡɛɵɬɨɱɧɚɹ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ, ɫɜɹɡɚɧɧɚɹ ɫ ɥɢɧɟɣɧɵɦ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 
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ɧɚɬɹɠɟɧɢɟɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɚ ɤɨɧɭɫɚ, ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɧɟɭɫɬɨɣɱɢɜɨɣ ɮɨɪɦɨɣ ɜ ɩɪɨɰɟɫɫɟ 
ɩɥɚɜɥɟɧɢɹ, ɷɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɚɬɨɦɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɧɚ ɜɟɪɲɢɧɟ ɢ ɜ ɨɫɧɨɜɚɧɢɢ ɤɨɧɭɫɚ, 
ɫɥɚɛɟɟ ɫɜɹɡɚɧɵ ɫ ɧɚɧɨɱɚɫɬɢɰɟɣ. ɉɨɫɥɟ ɪɚɡɪɭɲɟɧɢɹ ɜɟɪɲɢɧɵ ɢ ɨɫɧɨɜɚɧɢɹ ɤɨɧɭɫɚ ɧɚɧɨɱɚɫɬɢɰɚ 
ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɰɢɥɢɧɞɪ, ɡɚɬɟɦ ɨɛɪɚɡɭɟɬɫɹ ɫɮɟɪɚ [13]. ȼ ɫɢɫɬɟɦɟ ɩɥɨɫɤɨɫɬɶ – ɤɨɧɭɫ ɩɪɨɰɟɫɫ 
ɤɨɚɥɟɫɰɟɧɰɢɢ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɤɪɢɫɬɚɥɥ – ɠɢɞɤɨɫɬɶ. 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɝɨ ɫɥɭɱɚɹ ɹɜɥɹɟɬɫɹ ɧɚɧɨɱɚɫɬɢɰɚ ɡɨɥɨɬɚ, ɢɦɟɸɳɚɹ ɮɨɪɦɭ ɩɥɨɫɤɨɫɬɢ ɢ 
ɫɨɞɟɪɠɚɳɚɹ 1237 ɚɬɨɦɨɜ. ɉɨɫɥɟ ɩɥɚɜɥɟɧɢɹ, ɨɧɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɛɨɥɶɲɭɸ ɫɮɟɪɭ, ɢ ɬɟɦ 
ɫɚɦɵɦ ɫɨɤɪɚɳɚɟɬ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɜɬɨɪɨɣ ɧɚɧɨɱɚɫɬɢɰɵ, ɩɨɷɬɨɦɭ ɤɨɚɥɟɫɰɟɧɰɢɹ ɩɪɨɢɫɯɨɞɢɥɚ ɢ 
ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ 0,9 ɧɦ. ɋɥɭɱɚɣ ɫ ɫɢɫɬɟɦɨɣ ɫɮɟɪɚ – ɩɥɨɫɤɨɫɬɶ ɢɦɟɟɬ ɫɯɨɠɢɟ ɱɟɪɬɵ ɫɨ ɫɥɭɱɚɟɦ 
ɩɥɨɫɤɨɫɬɶ – ɤɨɧɭɫ, ɧɨ ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɨɫɥɟɞɧɟɝɨ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɤɨɚɥɟɫɰɟɧɰɢɹ ɩɪɨɢɫɯɨɞɢɥɚ ɢ 
ɩɪɢ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɞɜɭɦɹ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɜ 1,2 ɧɦ. Ⱦɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɱɚɫɬɢɰɵ 
ɫɩɟɤɚɥɢɫɶ ɬɨɥɶɤɨ, ɤɨɝɞɚ ɧɚɱɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɫɨɫɬɚɜɥɹɥɨ 0,0 ɧɦ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɬɚɤɢɟ 
ɪɟɡɭɥɶɬɚɬɵ ɫɜɹɡɚɧɵ ɫ ɬɟɦ, ɱɬɨ ɜ ɡɨɧɭ ɤɨɧɬɚɤɬɚ ɜɯɨɞɹɬ ɬɟ ɧɚɧɨɱɚɫɬɢɰɵ, ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɤɨɬɨɪɵɦɢ ɧɟ ɩɪɟɜɵɲɚɟɬ ɪɚɞɢɭɫɚ ɧɚɫɵɳɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (<6й Д14Ж). 
Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɦɭ ɤɨɪɨɬɤɨɞɟɣɫɬɜɭɸɳɟɦɭ ɯɚɪɚɤɬɟɪɭ ɦɟɬɚɥɥɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɡɨɧɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɤɨɧɬɚɤɬɚ ɧɚɧɨɱɚɫɬɢɰ ɢ ɨɬɜɟɱɚɟɬ ɬɨɥɶɤɨ ɡɚ ɢɯ 
ɫɥɢɩɚɧɢɟ. ɉɨɫɥɟɞɧɟɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɢɞ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɧɟ ɜɥɢɹɟɬ ɧɚ ɨɫɨɛɟɧɧɨɫɬɢ 
ɜɡɚɢɦɧɨɝɨ ɭɩɨɪɹɞɨɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɞɚɧɧɵɟ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ ɢ ɤɨɚɥɟɫɰɟɧɰɢɢ ɫɢɫɬɟɦ ɫ ɪɚɡɥɢɱɧɵɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɱɚɫɬɢɰ ɢ ɪɚɫɫɬɨɹɧɢɹɦɢ ɦɟɠɞɭ ɧɢɦɢ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɪɢ ɧɚɱɚɥɶɧɵɯ 
ɪɚɫɫɬɨɹɧɢɹɯ ɦɟɠɞɭ ɧɚɧɨɤɥɚɫɬɟɪɚɦɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,0-0,3 ɧɦ ɩɪɨɰɟɫɫ ɤɨɚɥɟɫɰɟɧɰɢɢ 
ɩɪɨɢɫɯɨɞɢɬ ɞɨ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ ɩɥɚɜɥɟɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɞɟɮɟɤɬɚɦ. Эɬɨ 
ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɩɟɪɟɬɟɤɚɧɢɟɦ ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɯ ɚɬɨɦɨɜ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɨɞɧɨɣ ɧɚɧɨɱɚɫɬɢɰɵ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ ɞɪɭɝɨɣ (ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɞɢɮɮɭɡɢɹ). ȼ ɤɨɧɮɢɝɭɪɚɰɢɹɯ, ɤɨɝɞɚ ɨɪɢɟɧɬɚɰɢɹ ɪɟɲɟɬɤɢ 
ɛɵɥɚ ɨɬɥɢɱɧɚ ɨɬ (001), ɷɬɨɬ ɩɪɨɰɟɫɫ ɫɨɩɪɨɜɨɠɞɚɥɫɹ ɜɪɚɳɟɧɢɟɦ ɨɞɧɨɣ ɢɡ ɧɚɧɨɱɚɫɬɢɰ ɢɥɢ 
ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ (ɪɢɫ. 1). ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɨɛɪɚɡɨɜɚɧɢɟ ɦɚɧɠɟɬɵ ɩɪɨɢɫɯɨɞɢɬ ɧɚɦɧɨɝɨ 
ɛɵɫɬɪɟɟ, ɩɪɢ ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɧɚɧɨɱɚɫɬɢɰ ɢ ɞɜɭɯɝɪɚɧɧɵɣ 
ɭɝɨɥ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ, ɥɟɠɚɳɢɯ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0,6 ɞɨ 1,2 ɧɦ, 
ɩɪɨɰɟɫɫ ɤɨɚɥɟɫɰɟɧɰɢɢ ɱɚɫɬɢɰ ɩɪɨɢɫɯɨɞɢɬ ɭɠɟ ɩɨɫɥɟ ɩɪɨɰɟɫɫɚ ɩɥɚɜɥɟɧɢɹ. ɉɪɚɤɬɢɱɟɫɤɢ ɞɥɹ 
ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɧɚɦɢ ɫɢɫɬɟɦ, ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɦɟɠɞɭ ɧɚɧɨɱɚɫɬɢɰɚɦɢ 1,2 ɧɦ 
ɤɨɚɥɟɫɰɟɧɰɢɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ.  

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɚɦɨɣ ɧɟɭɫɬɨɣɱɢɜɨɣ ɮɨɪɦɨɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɨɯɪɚɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɪɢ 
ɤɨɚɥɟɫɰɟɧɰɢɢ ɹɜɥɹɟɬɫɹ ɤɨɧɭɫ, ɚ ɫɚɦɨɣ ɫɬɚɛɢɥɶɧɨɣ ɮɨɪɦɨɣ ɹɜɥɹɟɬɫɹ ɮɨɪɦɚ ɫɮɟɪɵ. Ɍɚɤɠɟ, 
ɩɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɨɪɢɟɧɬɚɰɢɹ ɪɟɲɟɬɤɢ ɢ ɮɨɪɦɚ 
ɧɚɧɨɱɚɫɬɢɰ ɜɥɢɹɸɬ ɧɚ ɩɪɨɰɟɫɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɨɚɥɟɫɰɟɧɰɢɢ ɫɢɫɬɟɦ ɢ ɩɪɨɱɧɨɫɬɶ ɨɛɪɚɡɭɟɦɨɣ 
ɦɚɧɠɟɬɵ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚɧɨɤɨɧɬɚɤɬɨɜ. ɏɚɪɚɤɬɟɪ 
ɤɨɚɥɟɫɰɟɧɰɢɢ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨ ɪɚɡɦɟɪɭ ɱɚɫɬɢɰ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɦɚɧɠɟɬɵ (ɞɜɭɯɝɪɚɧɧɵɣ ɭɝɨɥ, «ɷɮɮɟɤɬɢɜɧɚɹ ɞɥɢɧɚ») ɡɚɜɢɫɹɬ ɨɬ 
ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɜ ɧɚɱɚɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɬ ɪɚɫɫɬɨɹɧɢɹ 
ɦɟɠɞɭ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɜ ɧɚɱɚɥɶɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɡɚɜɢɫɢɬ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ 
ɮɨɪɦɢɪɭɟɬɫɹ ɦɚɧɠɟɬɚ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɟ ɫɩɟɤɚɧɢɟ 
ɧɚɧɨɱɚɫɬɢɰ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚ ɫɤɨɪɨɫɬɶ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɤɨɚɥɟɫɰɟɧɰɢɢ ɛɭɞɟɬ ɬɚɤɠɟ 
ɜɥɢɹɬɶ ɜɟɥɢɱɢɧɚ ɦɟɠɮɚɡɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɡɦɟɪɧɵɣ ɷɮɮɟɤɬ Д16Ж. ɉɪɢ 
ɷɬɨɦ ɫɥɟɞɭɟɬ ɩɨɦɧɢɬɶ, ɱɬɨ ɧɚɥɢɱɢɟ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɵ ɹɜɥɹɟɬɫɹ ɟɳɟ ɨɞɧɢɦ ɮɚɤɬɨɪɨɦ, 
ɫɩɨɫɨɛɫɬɜɭɸɳɢɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɚɤɨɝɨ ɪɨɞɚ ɧɚɧɨɫɢɫɬɟɦ ɜ ɪɚɦɤɚɯ ɩɨɞɯɨɞɚ, ɨɩɢɫɚɧɧɨɝɨ ɧɚɦɢ 
[17]. ɇɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɥɟɧɢɹ ɢ ɤɨɚɥɟɫɰɟɧɰɢɢ ɫɭɳɟɫɬɜɟɧɧɵɦ 
ɨɛɪɚɡɨɦ ɦɟɧɹɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɱɚɫɬɢɰɵ ɫ ɦɟɧɶɲɢɦ ɱɢɫɥɨɦ ɚɬɨɦɨɜ, ɩɪɢɬɨɦ, ɱɬɨ ɹɞɪɨ ɛɨɥɟɟ 
ɤɪɭɩɧɨɣ ɱɚɫɬɢɰɵ ɦɨɠɟɬ ɨɫɬɚɜɚɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨ ɭɩɨɪɹɞɨɱɟɧɧɵɦ ɜɩɥɨɬɶ ɞɨ ɨɤɨɧɱɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɩɪɟɞɩɥɚɜɥɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɱɟɜɢɞɧɵɦ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ, ɜ ɫɥɭɱɚɟ ɨɯɥɚɠɞɟɧɢɹ, ɛɭɞɟɬ ɢɦɟɬɶ ɢɧɵɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɧɟɠɟɥɢ ɬɟ, ɤɨɬɨɪɵɟ 
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ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ ɩɥɚɜɥɟɧɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɞɢɧɨɱɧɵɯ ɧɚɧɨɱɚɫɬɢɰ Д5, 10-
13].  

 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɱɚɫɬɢ ɭɞɟɥɶɧɨɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɞɥɹ ɞɜɭɯ ɧɚɧɨɱɚɫɬɢɰ 

627 627Cu Cu , ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ. 
Ɇɝɧɨɜɟɧɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɢɫɬɟɦɵ ɩɨɤɚɡɚɧɵ ɞɥɹ ɪɚɫɫɬɨɹɧɢɹ 0,0 ɧɦ 
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɝɪɚɧɬɵ №№ 13-03-00119-ɚ ɢ 14-32-50145-
ɦɨɥ-ɧɪ). 
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Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɢɯ 

ɦɟɯɚɧɢɱɟɫɤɚɹ ɚɤɬɢɜɚɰɢɹ, ɨɫɭɳɟɫɬɜɥɹɟɦɚɹ ɫ ɩɨɦɨɳɶɸ ɪɚɡɧɨɝɨ ɪɨɞɚ ɭɫɬɪɨɣɫɬɜ. Ɋɚɧɟɟ Д1Ж ɛɵɥɨ 
ɨɛɧɚɪɭɠɟɧɨ ɜɥɢɹɧɢɟ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ ɧɚ ɬɟɩɥɨɟɦɤɨɫɬɶ Cp ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɯ ɦɟɬɚɥɥɨɜ. 
Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɜ ɩɥɚɧɟɬɚɪɧɨɦ ɚɤɬɢɜɚɬɨɪɟ Cpɩɨɪɨɲɤɚ ɜɨɡɪɚɫɬɚɟɬ. 
Ⱥɧɚɥɨɝɢɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɧɚɛɥɸɞɚɥɫɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɟɬɚɥɥɨɜ ɩɨɫɥɟ ɢɧɬɟɧɫɢɜɧɨɣ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ Д2Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ ɧɚ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɚɤɨɝɨ ɯɢɦɢɱɟɫɤɢ ɫɬɨɣɤɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɚɤ 
ɩɨɥɢɬɟɬɪɚɮɬɨɪɷɬɢɥɟɧ (ɉɌɎЭ). 

ɂɫɫɥɟɞɨɜɚɥɫɹ ɩɨɥɢɦɟɪ ɬɨɪɝɨɜɨɣ ɦɚɪɤɢ «Ɏɥɭɪɚɥɢɬ» (ɩɪɨɢɡɜɨɞɫɬɜɚ ɈɈɈ «Ɏɥɭɪɚɥɢɬ 
ɋɢɧɬɟɡ», Ɇɨɫɤɜɚ) ɜ ɜɢɞɟ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɨɝɨ ɩɨɪɨɲɤɚ ɫ ɪɚɡɦɟɪɨɦ ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɨɤɨɥɨ 
1 ɦɤ. Ⱥɤɬɢɜɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ ɩɥɚɧɟɬɚɪɧɨɦ ɚɤɬɢɜɚɬɨɪɟ ɦɚɪɤɢ ȺȽɈ-2ɍ ɫ ɩɨɦɨɳɶɸ 
ɲɚɪɨɜ (ɫɬɚɥɶ Шɏ15, ɞɢɚɦɟɬɪ 6-8 ɦɦ) ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɛɚɪɚɛɚɧɨɜ ɩɪɨɬɨɱɧɨɣ ɜɨɞɨɣ. 
ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɂɄ-ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɪɟɠɢɦɚɯ ɨɛɪɚɛɨɬɤɚ ɜ ɩɥɚɧɟɬɚɪɧɨɦ ɚɤɬɢɜɚɬɨɪɟ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɞɟɫɬɪɭɤɰɢɢ 
ɩɨɥɢɦɟɪɧɵɯ ɦɨɥɟɤɭɥ, ɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɬɨɥɶɤɨ ɞɟɮɟɤɬɨɨɛɪɚɡɨɜɚɧɢɟɦ ɢ ɚɦɨɪɮɢɡɚɰɢɟɣ 
ɩɨɥɢɦɟɪɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɬɟɪɦɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɪɨɲɤɨɜ ɉɌɎЭ ɞɨ ɢ ɩɨɫɥɟ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ 
ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɧɚ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ ɤɨɦɩɥɟɤɫɟ DSɋ Q100 ɮɢɪɦɵ 
IntertechCorporation (USA), ɩɨɡɜɨɥɹɜɲɟɦ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ ɬɨɥɶɤɨ ɜ ɨɛɵɱɧɨɦ, ɧɨ ɢ 
ɦɨɞɭɥɹɰɢɨɧɧɨɦ ɪɟɠɢɦɟ. ɂɫɫɥɟɞɨɜɚɥɨɫɶ ɜɥɢɹɧɢɟ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ, ɨɫɭɳɟɫɬɜɥɹɜɲɟɣɫɹ ɜ 
ɪɚɡɧɵɯ ɫɪɟɞɚɯ, ɧɚ ɩɪɨɰɟɫɫ ɢ ɷɧɬɚɥɶɩɢɸ ɩɥɚɜɥɟɧɢɹ ɩɨɥɢɦɟɪɚ, ɧɚ ɜɟɥɢɱɢɧɭ ɭɞɟɥɶɧɨɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɟё ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1 ɜ ɜɢɞɟ ȾɋɄ-ɤɪɢɜɵɯ ɢ ɧɚ ɪɢɫ. 2 ɜ ɜɢɞɟ 
ɤɪɢɜɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɉɌɎЭ (ɧɚ ɨɛɨɢɯ 
ɪɢɫɭɧɤɚɯ ɤɪɢɜɵɟ 1) ɢ ɩɨɪɨɲɤɨɜ ɉɌɎЭ, ɦɟɯɚɧɨɚɤɬɢɜɢɪɨɜɚɧɧɵɯ ɜ ɬɟɱɟɧɢɟ 15 ɦɢɧ, ɜɫɭɯɭɸ ɧɚ 
ɜɨɡɞɭɯɟ (ɤɪɢɜɵɟ 2), ɜ ɝɟɤɫɚɧɟ (ɤɪɢɜɵɟ 3) ɢ ɪɚɫɬɜɨɪɟ ɷɩɢɥɚɦɚ ɜ ɯɥɚɞɨɧɟ(4). 

Ⱥɧɚɥɢɡ ȾɋɄ-ɤɪɢɜɵɯ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɹ ɧɟ ɩɪɢɜɨɞɢɬ ɤ 
ɡɚɦɟɬɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɩɨɥɢɦɟɪɚ (Tɩɥ. ɭ ɢɫɯɨɞɧɨɝɨ 277,2ºɋ ɢ ɭ 
ɦɟɯɚɧɨɚɤɬɢɜɢɪɨɜɚɧɧɵɯ 277±0,5 ºɋ). Ɉɞɧɚɤɨ ɷɧɬɚɥɶɩɢɹ ɩɪɨɰɟɫɫɚ ɩɥɚɜɥɟɧɢɹ ɩɨɥɢɦɟɪɚ ɩɨɫɥɟ 
ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ ɢɡɦɟɧɹɟɬɫɹ (ɭ ɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ΔH= 36,08 Ⱦɠ/ɝ, ɭ 
ɦɟɯɚɧɨɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɜ ɫɭɯɭɸ – 40,28 Ⱦɠ/ɝ, ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɜ ɝɟɤɫɚɧɟ – 23,92 Ⱦɠ/ɝ). 
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Ɋɢɫɭɧɨɤ 1. ȾɋɄ-ɤɪɢɜɵɟ ɩɨɪɨɲɤɨɜ ɉɌɎЭ: ɢɫɯɨɞɧɨɝɨ (1) ɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ (2-4), (5) –ȾɋɄ-
ɤɪɢɜɚɹ ɉɌɎЭ, ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɜ ɝɟɤɫɚɧɟ, ɩɨɫɥɟ 2,5-ɥɟɬɧɟɣ ɜɵɞɟɪɠɤɢ 

 

 
Ɋɢɫɭɧɨɤ 2. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨɪɨɲɤɨɜ ɉɌɎЭ. 

 
ɉɪɨɜɟɞɟɧɧɵɟ ɦɟɬɨɞɨɦ ɦɨɞɭɥɹɰɢɨɧɧɨɣ ȾɋɄ ɢɡɦɟɪɟɧɢɹ, ɪɟɡɭɥɶɬɚɬɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ 

ɧɚ ɪɢɫ.2, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɹ ɩɪɢɜɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɤ ɢɡɦɟɧɟɧɢɸ ɷɧɬɚɥɶɩɢɢ 
ɩɥɚɜɥɟɧɢɹ, ɧɨ ɢ ɤ ɢɡɦɟɧɟɧɢɸ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨɥɢɦɟɪɚ. ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ 
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Cpɩɨɥɢɦɟɪɚ ɩɨɫɥɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɩɪɢɱɟɦ ɫɬɟɩɟɧɶ ɢɡɦɟɧɟɧɢɹ 
Cpɡɚɜɢɫɢɬ ɨɬɫɪɟɞɵ, ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɚɤɬɢɜɚɰɢɢ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɚɤɬɢɜɚɰɢɢ ɜ ɫɭɯɭɸ ɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ. Ɍɚɤ, ɟɫɥɢ 
ɋpɢɫɯɨɞɧɨɝɨ ɩɨɪɨɲɤɚ ɉɌɎЭ ɩɪɢ 500 ɋ ɫɨɫɬɚɜɥɹɟɬ 0,5845 Ⱦɠ/ɝ ºC, ɬɨ ɭ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɜ 
ɫɭɯɭɸ - ɋp = 0,8478 Ⱦɠ/ɝ ºC, ɚ ɭ ɩɨɪɨɲɤɚ, ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɜ ɝɟɤɫɚɧɟ (ɢ ɜ ɪɚɫɬɜɨɪɟ 
ɮɬɨɪɫɨɞɟɪɠɚɳɝɨ ɉȺȼ ɜ ɯɥɚɞɨɧɟ) - ɋp= 0,6845 Ⱦɠ/ɝ ºC. Ɉɱɟɧɶ ɜɚɠɟɧ ɨɛɧɚɪɭɠɟɧɧɵɣ ɮɚɤɬ 
ɬɨɝɨ, ɱɬɨ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɜɵɞɟɪɠɤɟ ɩɨɪɨɲɤɨɜ ɧɚ ɜɨɡɞɭɯɟ ɷɮɮɟɤɬ ɜɥɢɹɧɢɹ 
ɚɤɬɢɜɚɰɢɢ ɧɚ ɋp ɩɪɚɤɬɢɱɟɫɤɢ ɢɫɱɟɡɚɟɬ (ȾɋɄ-ɤɪɢɜɵɟ ɢɫɯɨɞɧɨɝɨ ɉɌɎЭ ɢ ɉɌɎЭ, 
ɨɛɪɚɛɨɬɚɧɧɨɝɨ 2,5 ɝɨɞɚ ɧɚɡɚɞ ɜ ɝɟɤɫɚɧɟ, ɫɨɜɩɚɞɚɸɬ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɛɨɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɹ ɉɌɎЭ, 
ɞɚɠɟ ɧɟ ɩɪɢɜɨɞɹɳɚɹ ɤ ɞɟɫɬɪɭɤɰɢɢ ɦɚɤɪɨɦɨɥɟɤɭɥ ɩɨɥɢɦɟɪɚ, ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬ ɟɝɨ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɬɟɪɦɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
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In our previous investigation of interaction between aliphatic oligoamine and binary mixtures of 

epoxy oligomers (EO) of different reactivity by differential scanning calorimetry (DSC) we 
observed an increase in the width of the glass transition with increasing of conversion [1]. The fact 
testifies to the statement that curing process has a microheterogeneous behavior. For a more 
detailed study of this question, kinetics of initial stages was monitored by dynamic light scattering. 
The presence of nanometer dimensions dispersed phase both in the reagents (aliphatic EO, EO 
based on bisphenol A, and a hardener) and the reacting systems was found. In addition, it was 
shown that the particles of the disperse phase (which are considered as aggregates of EO molecules) 
take part in curing starting from early stages of the process. 

Today we present new results of the started work. Studies were conducted on the instrument 
Zetasizer Nano ZS (Malvern, UK; laser wavelength of 633 nm), in the temperature range 20–60°C. 
Presence/absence of crystalline phase was controlled by DSC Q100 (TA Instruments, USA) in 
dynamic mode at a heating rate of 10 K/min. 

Aggregates sizes vs. EO ratio both in binary mixtures and curing systems are discussed. In case 
of binary mixtures, temperature dependence of sizes is analyzed for every composition. By the 
method, proposed in [2], the relative numerical concentration of aggregates was evaluated and its 
evolution during epoxy-amine systems curing was traced as well. For systems with a high content 
of EO based on bisphenol A (aromatic EO), possible crystallization was taken into account.  
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Improvement of quality, reliability and durability is one of the fundamental problems in the 
Russian industry of mechanical engineering, Sealings are applied in the rotating equipment. Due to 
the influence of extreme conditions, for example corrosive medium, the unfavorable moments at 
start-up and turndown of compressors occur, they can easily collapse.Moreover,sealants are 
exposed to considerable wear and can break even during their exploitation in the equipment, 
especially because of a friction and therefore the replacement is often demanded. Sealants are made 
by a method of powder metallurgy industry the firm alloys executed on the basis of tungsten 
carbides, titan and tantalum. As a sheaf cobalt is used.There groups of firm alloys which are issued 
in Russia:carbide – tungsten, titan-tungsten and three-carbide – titan-tantalum-tungsten.  

One effective way of increase of service life of products used in mechanical engineering is 
modification of properties of the surfaces which are exposed to wear [1, 2]. 

Radio frequency is a perspective way of material treatment, it implies modification of the 
material surface by means of radio frequency (RF) low pressure plasma. The result of themethod is 
an implantation of the ionized-atoms from plasma to the material surface up to the depth of 100 nm 
[3]. 

Advantages of influence of radio-frequency plasma of the low pressure are the following: 
almost unlimited resource of work; simple instrumentation; small duration of processing; possibility 
of combination of several technological operations; high density of the coverings, which equals to 
density of an initial material, etc. Using of various plasma-forming gases as a working body allows 
to process details of a difficult configuration, including internal surfaces. Energy of ions is high 
enough for the elimination of micropores and microcracks, elimination of fractured and relief 
layers, formation of the squeezing residual tension in a near-surface layer of a sample, etc. The 
result of influence of RF plasma of the low pressure are saturation of blankets by atoms of plasma-
forming gases and the formation of nanoduffusive film. Since sealing rings surface is exposed to 
wear, their surface hardening is very useful way to increase their operational life. This effect is 
achieved due to the saturation of metal by carbon. In order to increase increase mechanical 
properties of compressors samples made of a firm alloy of tungsten-cobalt were processed. The 
sample entered into RF plasma discharge is exposed to bombing by ions of plasma-forming gas. 
That leads to reduction of a roughness of a surface, changing of the near-surface structure that in 
turn provides wear resistance increase. Pure argon was used as working gas during the research of 
processes of finishing cleaning and nanopolishing of surfaces. Mix of gases from argon propane-
butane in the following modes was used for impact on structure of a surface of a product: 

Before the plasma processing, in order to eliminate side effects samles were degreased and 
dehydrated, and only then put perpendicular to the stream. The magnitude of the sample 
temperature at the establishment of regularities of change of properties of a blanket from plasma 
parameters was chosen, on the one hand, to intensify plasma processes, and on the onother hand – 
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heat treatment wasn't a dominating factor at this temperature. It was experimentally foundthat 
equilibrium working temperature in all materials is achieved in 15 – 20 minutes. Therefore all 
products were processed in plasma of pure argon within 25 minutes, then 20 minutes in mix of 
argon with propane-butane. 

 
№ 
 

Gas Pressure, Pɚ 
Plate voltage, 

kV 
Plate 

current, Ⱥ 

1 
Ar 22 7 0,5 

Ar+C3H8 21 7 0,5 
2 Ar 26 7 0,5 

3 
Ar 26 5 0,5 

Ar+C3H8 26 5 0,35 
 
Microhardness and roughness measurement were conductedto determine mechanical properties. 

Topography of the surface at submicronic and nanometer scale was investigated by means of the 
sМКЧЧТЧР ЧКЧШСКrНЧОss ЭОsЭОr «NКЧШSМКЧ-3D». MОКsЮrement of the hardness is based on the 
analysis of force-distance curves according to nanoindentation procedure.  

Topography images were obtained by NanoScan in semi-contact oscillating mode. Three 
dimentional images were obtained as a result of the procedure. 

 

  
ɚ b 

Fig. 1 Relief of a sample before processing (a) and after processing (b) 
 

Experimental points were obtained with the help of a method of a measuring dynamic 
indentation. It is possible to describe a nature of change of properties due to such 
measurements.Diagrams of change of hardness depending on depth of penetration of 
plasmochemical gas for a firm alloy of tungsten-cobalt received as a result of carried-out tests. They 
are submitted in fig. 2.  

Color of a product changed from characteristic metal blaze to yellowish turquoise. It also 
testifies film formation on an alloy surface. 

 
Fig.2 Change of microhardness of a surface of an alloy: 1) a – sample before processing, b – 
processed sample Ar+C3H8, Q1=1500 cm3/min, Q2=1300 cm3/min, U=-20 V, 2)a – sample before 
processing, ɛ – processed sample Ar, Q=2000 cm3/min, U=-20 V, 3) a – sample before processing, 
ɛ – processed sample Ar+C3H8, Q1=2000 cm3/min, Q2=1400 cm3/min, U=-20 V 

http://slovari.yandex.ru/plate%20voltage/en-ru/LingvoScience/#lingvo/
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The analysis of characteristics of the sealants processed in RF plasma discharge showed that 

physical mechanical values of processed samples possess the improved technological, operational 
indicators in comparison with control. the best result was obtaines in mix of argon and propane-
butane gases in the ratio of 80% to 20%. 
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ɍɊАВɇȿɇɂə ȾɅə ɊАɋɑȿɌА ВəɁɄɈɋɌɂ ɂ ɌȿɉɅɈɉɊɈВɈȾɇɈɋɌɂ 
ɏɅАȾАȽȿɇɌɈВ R32, R125 ɂR134A 

ȼɚɫɫɟɪɦɚɧ Ⱥ.Ⱥ., Ȼɨɣɱɭɤ Ⱥ.ɋ. 
Ɉɞɟɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɦɨɪɫɤɨɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɍɤɪɚɢɧɚ,  
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ɏɥɚɞɚɝɟɧɬɵ R32, R125 ɢ R134К ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɯɨɥɨɞɢɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɤɚɤ ɜ ɱɢɫɬɨɦ 
ɜɢɞɟ, ɬɚɤ ɢ ɜ ɫɨɫɬɚɜɟ ɛɢɧɚɪɧɵɯ ɢ ɬɪɨɣɧɵɯ ɫɦɟɫɟɣ. Ɉɧɢ ɨɬɜɟɱɚɸɬ ɛɚɡɨɜɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɞɥɹ 
ɪɚɛɨɱɢɯ ɜɟɳɟɫɬɜ, ɢɯ ɨɡɨɧɨɪɚɡɪɭɲɚɸɳɢɣ ɩɨɬɟɧɰɢɚɥ ɪɚɜɟɧ ɧɭɥɸ. Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɯɨɥɨɞɢɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ ɨ ɜɹɡɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɯɥɚɞɚɝɟɧɬɨɜ. 
Эɬɢ ɫɜɨɣɫɬɜɚ ɭɞɨɛɧɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ, ɫɨɫɬɚɜɥɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɪɚɬɤɢɟ ɫɜɟɞɟɧɢɹ ɨ ɞɚɧɧɵɯ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɧɚɦɢ ɩɪɢ 
ɫɨɫɬɚɜɥɟɧɢɢ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɜɹɡɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ R32,R125 ɢ R134a.Ⱦɚɧɧɵɟ ɨ 
ɜɹɡɤɨɫɬɢ ɜɡɹɬɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢɡ 9, 11 ɢ 16 ɫɬɚɬɟɣ, ɚ ɞɚɧɧɵɟ ɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ––ɢɡ 8, 13 ɢ 
17 ɫɬɚɬɟɣ. 

 
Ɍɚɛɥɢɰɚ 1. ɋɜɟɞɟɧɢɹ ɨɛ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɩɪɢ ɫɨɫɬɚɜɥɟɧɢɢ 
ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɜɹɡɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ R32, R125 ɢ R134К 

ȼɟɳɟ-
ɫɬɜɨ 

Ⱦɚɧɧɵɟ ɨ ɜɹɡɤɨɫɬɢ Ⱦɚɧɧɵɟ ɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɑɢɫɥɨ 
ɬɨɱɟɤ 

ɂɧɬɟɪɜɚɥɵ ɩɚɪɚɦɟɬɪɨɜ ɑɢɫɥɨ 
ɬɨɱɟɤ 

ɂɧɬɟɪɜɚɥɵ ɩɚɪɚɦɟɬɪɨɜ 
Δɪ, Ɇɉɚ ΔɌ, Ʉ Δɪ, Ɇɉɚ ΔɌ, Ʉ 

R32 229 0,2…9,8 232…423 649 0,2…10 223…466 
R125 286 0,2…7,8 230…423 661 0,2…10 228…513 
R134a 368 0,2…6,0 248…439 640 0,2…10 248…533 

 
ɋɭɳɟɫɬɜɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱёɬɚ ɜɹɡɤɨɫɬɢ η ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λ ɝɚɡɨɜ ɢ 

ɠɢɞɤɨɫɬɟɣ ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɱɟɪɟɡ ɧɟɡɚɜɢɫɢɦɵɟ ɩɟɪɟɦɟɧɧɵɟ 
ɬɟɦɩɟɪɚɬɭɪɭ Ɍ ɢ ɩɥɨɬɧɨɫɬɶ ρ Д1,2Ж. ɉɨɷɬɨɦɭ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱёɬɚ ɫɜɨɣɫɬɜ ɩɟɪɟɧɨɫɚ ɬɪёɯ 
ɯɥɚɞɚɝɟɧɬɨɜ ɫɨɫɬɚɜɥɟɧɵ ɧɚɦɢ ɜ ɮɨɪɦɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɢɠɟ ɞɥɹ ɜɹɡɤɨɫɬɢ: 
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ɝɞɟ ɢɧɞɟɤɫɨɦ 0 ɨɛɨɡɧɚɱɟɧɵ ɫɜɨɣɫɬɜɚ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ. 
ȼ ɭɪɚɜɧɟɧɢɢ (1) ɪɚɡɦɟɪɧɨɫɬɶ ɜɹɡɤɨɫɬɢ –– ɦɤɉɚ·ɫ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ –– ɦȼɬ/(ɦ·Ʉ), ɩɥɨɬɧɨɫɬɢ 
––ɤɝ/ɦ3, ɬɟɦɩɟɪɚɬɭɪɵ –– Ʉ. 

ɍɪɚɜɧɟɧɢɟ (1) ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɪɟɞɟɥɶɧɨɦɭ ɭɫɥɨɜɢɸ, ɬɚɤ ɤɚɤ ɩɪɢ  ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 
ɨɛɟ ɟɝɨ ɱɚɫɬɢ ɫɬɚɧɨɜɹɬɫɹ ɪɚɜɧɵɦɢ ɧɭɥɸ. ȼ ɤɨɦɩɥɟɤɫɟ ɫ ɬɚɤɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚɞёɠɧɵɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɪɚɫɱёɬɚ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɢɡɜɟɫɬɧɵɯ 
ɡɧɚɱɟɧɢɹx ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɨɩɵɬɧɵɦ ɞɚɧɧɵɦ. Ɍɚɤ, ɞɥɹ ɪɚɫɱёɬɚ 
ɩɥɨɬɧɨɫɬɢ R32 ɢ R125 ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ Д3Ж, ɚ ɞɥɹ 
R134a –– ɭɪɚɜɧɟɧɢɟ, ɩɪɢɜɟɞɟɧɧɨɟ ɜ Д4Ж. 

ɉɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɨɩɪɟɞɟɥɟɧɵ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɜɹɡɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɜɟɫɚ ɞɚɧɧɵɯ. Эɬɢ 
ɤɨɷɮɮɢɰɢɟɧɬɵ, ɚ ɬɚɤɠɟ ɫɪɟɞɧɢɟ ɤɜɚɞɪɚɬɢɱɟɫɤɢɟ δηɫɪ (δλɫɪ) ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ δηɦɚɤɫ 
(δλɦɚɤɫ) ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɬ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɭɪɚɜɧɟɧɢɹɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɚɯ 2 ɢ 3.ɍɪɚɜɧɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɣ ɮɨɪɦɵ ɨɩɢɫɵɜɚɸɬ ɪɟɝɭɥɹɪɧɭɸ ɱɚɫɬɶ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɧɟ ɨɬɨɛɪɚɠɚɸɬ ɪɟɡɤɢɣ ɪɨɫɬ ɷɬɨɝɨ ɫɜɨɣɫɬɜɚ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ. 
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Ɍɚɛɥɢɰɚ 2. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (1) ɞɥɹ ɪɚɫɱёɬɚ ɜɹɡɤɨɫɬɢ ɮɪɟɨɧɨɜ ɢ ɨɬɤɥɨɧɟɧɢɹ 
ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɨɬ ɪɚɫɫɱɢɬɚɧɧɵɯ 

Ʉɨɷɮɮɢ- 
ɰɢɟɧɬɵ 

ȼɟɳɟɫɬɜɨ 
R32 R125 R134a 

a11 5,6115·101 8,7962·101 2,2000·102 
a12 –3,5116·10-1 –5,4176·10-1 –1,2891·100 
a13 5,2029·10-4 8,3366·10-4 1,8416·10-3 
a21 1,2237·10-1 5,1873·10-2 3,9239·10-2 
a22 1,7012·10-4 –8,1902·10-5 0 
a23 –7,9384·10-7 0 0 
a31 –7,0359·10-5 0 0 

δηɫɪ, % 1,3 1,6 1,4 
δηɦɚɤɫ, % 3,1 3,6 3,6 
 

Ɍɚɛɥɢɰɚ 3. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (1) ɞɥɹ ɪɚɫɱёɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɮɪɟɨɧɨɜ ɢ 
ɨɬɤɥɨɧɟɧɢɹ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɨɬ ɪɚɫɫɱɢɬɚɧɧɵɯ 

Ʉɨɷɮɮɢ- 
ɰɢɟɧɬɵ 

ȼɟɳɟɫɬɜɨ 
R32 R125 R134a 

a11 –1,2643·101 –9,3369·100 1,9555·101 
a12 1,2832·10-1 5,7785·10-2 –2,2361·10-2 
a13 –1,0986·10-4 –4,8028·10-5 3,9502·10-5 
a21 1,1076·10-2 7,6813·10-3 9,8609·10-4 
a22 3,6320·10-5 0 0 

δλɫɪ, % 1,5 1,5 1,8 
δλɦɚɤɫ, % –3,6 –3,7 3,3 
 

Ɍɚɤɠɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɜɹɡɤɨɫɬɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɪёɯ ɯɥɚɞɚɝɟɧɬɨɜ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 
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ɍɪɚɜɧɟɧɢɹ ɨɩɢɫɵɜɚɸɬ ɞɚɧɧɵɟ ɜ ɢɧɬɟɪɜɚɥɚɯ ɬɟɦɩɟɪɚɬɭɪ, ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1, ɫɨ ɫɪɟɞɧɢɦɢ 
ɤɜɚɞɪɚɬɢɱɟɫɤɢɦɢ ɩɨɝɪɟɲɧɨɫɬɹɦɢ ɨɬ 0,1 ɞɨ 0,9% ɢ ɦɚɤɫɢɦɚɥɶɧɵɦɢ ɨɬ 1,1 ɞɨ 2,4%. ɉɪɢ 
ɫɨɫɬɚɜɥɟɧɢɢ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ R32, R125 ɢ R134a ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 19, 6 ɢ 10 
ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ ɢ 42, 44 ɢ 58 ɡɧɚɱɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

Ⱦɥɹ ɪɚɫɱёɬɚ ɩɥɨɬɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɯɥɚɞɚɝɟɧɬɨɜ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɫɨɫɬɚɜɥɟɧɨ 
ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ: 

1 2
0 2

c c

T T
   . (3) 

ȼ ɬɚɛɥɢɰɟ4 ɩɪɢɜɟɞɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ (2) ɢ (3) ɞɥɹ ɪɚɫɱёɬɚ ɜɹɡɤɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ 
ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɬɪёɯ ɮɪɟɨɧɨɜ, ɚ ɜ ɬɚɛɥɢɰɟ 5 –– ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (2) ɞɥɹ 
ɪɚɫɱёɬɚ ɢɯ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

ɋɨɫɬɚɜɥɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɧɚɤɨɩɥɟɧɧɵɟ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɫ ɬɨɱɧɨɫɬɶɸ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɨɱɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɞɥɹ ɪɚɫɱёɬɚ ɜɹɡɤɨɫɬɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɪёɯ ɨɡɨɧɨɛɟɡɨɩɚɫɧɵɯ ɯɥɚɞɚɝɟɧɬɨɜ. 
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Ɍɚɛɥɢɰɚ 4. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɜɹɡɤɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ R32, R125 ɢ R134a 
ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 

ȼɟɳɟ-
ɫɬɜɨ 

Ʉɨɷɮɮɢɰɢɟɧɬɵ 
b0 b1 b2 c1 c2 

R32 5,7221·10-3 4,2000·10-2 0 6,1274·102 8,9754·103 

R125 –1,6662·10-4 4,5963·10-2 –8,7431·10-6 1,4265·103 1,7471·104 

R134a –5,8528·10-4 4,1477·10-2 –4,8686·10-6 1,1753·103 2,8049·104 
 
Ɍɚɛɥɢɰɚ 5. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ R32, R125 ɢ R134К ɩɪɢ 

ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 
ȼɟɳɟ-
ɫɬɜɨ 

Ʉɨɷɮɮɢɰɢɟɧɬɵ 
b1 b2 b3 b4 

R32 4,3939·10-2 –9,1784·10-5 2,8945·10-7 0 

R125 0 2,3743·10-4 –3,2840·10-7 2,0156·10-10 
R134a –4,9949·10-3 2,2339·10-4 –1,9038·10-7 0 

 
ɅɂɌȿɊАɌɍɊА 
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Ɍɟɥɥɭɪɢɬɧɵɟ ɫɬɟɤɥɚ TОO2 + R2O ɹɜɥɹɸɬɫɹ ɧɨɜɵɦ ɤɥɚɫɫɨɦ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɬɟɤɨɥ, 
ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ ɤɨɦɩɨɧɟɧɬɨɣ ɜ ɤɨɬɨɪɵɯ  ɜɵɫɬɭɩɚɟɬ  ɞɢɨɤɫɢɞ ɬɟɥɥɭɪɚ (ɩɚɪɚɬɟɥɥɭɪɢɬ 
TeO2). R2O – Шɤɢɫɥɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ: ɥɢɬɢɹ (δТ), ɤɚɥɢɹ (K), ɧɚɬɪɢɹ (NК), ɪɭɛɢɞɢɹ (RЛ) ɢ 
ɰɟɡɢɹ (Cг). Эɬɢ ɫɬɟɤɥɚ ɨɛɥɚɞɚɸɬ ɢɧɬɟɪɟɫɧɵɦɢ ɞɥɹ ɬɟɯɧɢɤɢ ɫɜɨɣɫɬɜɚɦɢ Д1-3], ɛɥɚɝɨɞɚɪɹ 
ɤɨɬɨɪɵɦ ɨɧɢ ɦɨɝɭɬ ɧɚɣɬɢ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɫɨɡɞɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ. 

Ɏɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɫɬɪɭɤɬɭɪɚ ɬɟɥɥɭɪɢɬɧɵɯ ɫɬɟɤɨɥ ɫɢɫɬɟɦɵ TeO2 + R2O 
ɢɫɫɥɟɞɨɜɚɧɵ ɱɚɫɬɢɱɧɨ Д1-3], ɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɞɚɧɧɵɟ ɩɨ ɤɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢɦɵ  ɢ ɞɥɹ 
ɭɥɭɱɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ  ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ  ɢ ɞɥɹ ɪɚɫɱɟɬɚ  ɪɚɛɨɱɟɝɨ 
ɪɟɠɢɦɚ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɧɚ ɢɯ ɨɫɧɨɜɟ, ɩɥɨɯɨ ɢɫɫɥɟɞɨɜɚɧɚ. Ɇɵ ɢɫɫɥɟɞɨɜɚɥɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɟɥɥɭɪɢɬɧɵɯ ɫɬɟɤɨɥ ɫɢɫɬɟɦɵ TeO2 + R2O ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 
(300 – 800Ʉ)ɜ ɬɜɟɪɞɨɦ ɢ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɤɨɥ ɫɢɫɬɟɦɵ TeO2+ Li 2O, ɫɨɞɟɪɠɚɳɢɯ 
20 ɢ 25 ɦɨɥɹɪɧɵɯ ɩɪɨɰɟɧɬɨɜ Li 2O. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɫɬɟɤɨɥ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɬɳɚɬɟɥɶɧɨ ɜɡɜɟɲɟɧɧɵɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɦɨɥɹɪɧɵɦ ɫɨɫɬɚɜɨɦ  ɫɦɟɫɢ ɨɤɢɫɥɨɜ ɩɚɪɚɬɟɥɥɭɪɢɬɚ ɢ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ ɡɚɤɥɚɞɵɜɚɥɢ ɜ 
ɤɜɚɪɰɟɜɵɟ ɬɢɝɥɢ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɦɵɬɵɟ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɨɣ, ɨɫɬɚɬɤɢ ɤɨɬɨɪɨɣ 
ɭɞɚɥɹɥɢɫɶ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. Ⱦɥɹ ɭɞɚɥɟɧɢɹ ɫɥɟɞɨɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɫ 
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ɩɨɜɟɪɯɧɨɫɬɢ ɤɜɚɪɰɚ ɤɜɚɪɰɟɜɵɟ ɬɢɝɥɢ  ɩɪɨɦɵɜɚɥɢ ɫɩɢɪɬɨɦ- ɪɟɤɬɢɮɢɤɚɬɨɦ ɢ ɟɳɟ ɪɚɡ 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ. Ʉɜɚɪɰɟɜɵɟ ɬɢɝɥɢ ɫɨ ɫɦɟɫɶɸ ɨɤɢɫɥɨɜ ɡɚɤɥɚɞɵɜɚɥɢ ɜ ɦɭɮɟɥɶɧɵɟ 
ɩɟɱɢ, ɧɚɝɪɟɜɚɥɢ ɞɨ 1000-1050Ʉ ɢ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɛɪɚɡɰɨɜ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɪɚɫɩɥɚɜ ɫɦɟɫɢ ɨɬɥɢɜɚɥɢ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚɝɪɟɬɭɸ ɞɨ 
650Ʉ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɬɳɚɬɟɥɶɧɨ ɩɪɨɦɵɬɭɸ ɨɬ ɨɪɝɚɧɢɱɟɫɤɢɯ ɡɚɝɪɹɡɧɟɧɢɣ. Ɂɚɤɚɥёɧɧɵɟ 
ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ ɫɬɟɤɥɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɨɬɠɢɝɚɥɢɫɶ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ. 
Ɋɟɡɭɥɶɬɚɬɵ ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɬɟɤɨɥ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɨɤɢɫɢ ɳɟɥɨɱɧɨɝɨ 
ɦɟɬɚɥɥɚ (25 ɦɨɥ. %) ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɬɤɥɨɧɟɧɢɟ ɫɢɧɬɟɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɬ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɧɟɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɧɬɟɡɚ ɷɬɢɯ ɫɬɟɤɨɥ. 

Ɉ ɫɬɟɤɥɨɨɛɪɚɡɧɨɣ ɫɬɪɭɤɬɭɪɟ ɢ ɨ ɮɚɡɨɜɨɦ ɢɯ ɫɨɫɬɚɜɟ ɫɭɞɢɥɢ ɜɢɡɭɚɥɶɧɨ (ɩɨ ɡɟɪɤɚɥɶɧɨɦɭ 
ɛɥɟɫɤɭ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨ ɯɚɪɚɤɬɟɪɧɨɦɭ ɯɪɭɩɤɨɦɭ ɢɡɥɨɦɭ) ɢ ɩɨ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɨɦɭ ɚɧɚɥɢɡɭ. 
Ɇɢɤɪɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɜ ɨɫɧɨɜɧɨɦ ɢɡɦɟɪɟɧɢɟɦ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ 
ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɦ ɦɢɤɪɨɫɤɨɩɨɦ ɆɂɆ-7 ɜ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ 
ɫɥɢɬɤɚ. Ɇɢɤɪɨɲɥɢɮɵ ɢ ɞɚɧɧɵɟ ɩɨ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɚɡɧɵɯ ɬɨɱɤɚɯ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɢɬɤɚ, ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɢ  ɨɛ ɨɞɧɨɪɨɞɧɨɣ ɢ ɨɞɧɨɮɚɡɧɨɣ ɫɬɪɭɤɬɭɪɟ ɨɛɪɚɡɰɨɜ  
ɢɫɫɥɟɞɭɟɦɵɯ ɫɬɟɤɨɥ. 

Ⱦɥя ɢɫɫɥɟɞɨɜɚɧɢя ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɟɥɥɭɪɢɬɧɵɯ ɫɬɟɤɨɥ ɢ 
ɯɢɦɢɱɟɫɤɢ ɚɝɪɟɫɫɢɜɧɵɯ, ɫɤɥɨɧɧɵɯ ɤ ɢɫɩɚɪɟɧɢɸ ɢ ɪɚɡɥɨɠɟɧɢɸ ɢɯ ɪɚɫɩɥɚɜɨɜ, ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧ 
ɚɛɫɨɥɸɬɧɵɣ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɩɥɨɫɤɨɝɨ ɫɥɨя ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɬɟɩɥɨɜɨɦ ɪɟɠɢɦɟ Д4Ж. 
ɉɨɝɪɟɲɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 6 % ɩɪɢ 800 К. 

ɇɚ ɪɢɫ.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɤɨɥ TeO2 + Li 2O. 
Ɍɚɤɚɹ ɠɟ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɬɢɢ ɦɨɞɢɮɢɤɚɬɨɪɚ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɞɥɹ 
ɞɪɭɝɢɯ ɫɬɟɤɨɥ, ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɚ ɢ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɚɧɨɦɚɥɶɧɨɝɨ ɩɢɤɚ ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɪɚɡɦɹɝɱɟɧɢɹ ɫɬɟɤɨɥ ɢ ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɜ ɪɚɫɩɥɚɜɟ ɫɬɟɤɨɥ 
ɡɚɜɢɫɢɬ ɨɬ ɫɨɫɬɚɜɚ ɢ  ɬɢɩɚ ɦɨɞɢɮɢɤɚɬɨɪɚ. 

 

 
Ɋɢɫ.1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɤɨɥ TeO2+ Li 2O, ( 1- TeO2+20 ɦɨɥ.% 
Li 2Ɉ, 2- TeO2+25 ɦɨɥ% Li 2Ɉ) 

 
Ⱦɥɹ ɫɬɟɤɨɥ TeO2 + Li 2O ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɬɜɟɪɞɨɦ ɢ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɬɟɬ. ȼ ɨɛɥɚɫɬɢ ɪɚɡɦɹɝɱɟɧɢɹ ɫɬɟɤɨɥ ɧɚɛɥɸɞɚɟɬɫɹ ɚɧɨɦɚɥɶɧɵɣ ɩɢɤ. 
Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɨɫɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɜɟɥɢɱɢɧɚ ɢ ɬɟɦɩɟɪɚɬɭɪɧɚɹ 
ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɚɧɨɦɚɥɶɧɨɝɨ ɩɢɤɚ  ɭɦɟɧɶɲɚɸɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɦɨɞɢɮɢɤɚɬɨɪɚ. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
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Ʉɚɱɟɫɬɜɟɧɧɨ ɬɚɤɚɹ ɠɟ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɞɥɹ 
ɞɪɭɝɢɯ ɫɬɟɤɨɥ, ɬɨɥɶɤɨ ɞɥɹ ɫɬɟɤɨɥ ɪɚɡɧɵɯ ɫɨɫɬɚɜɨɜ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɦɨɞɢɮɢɤɚɬɨɪɚ (20ɦɨɥ% R2O) ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɨɫɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɪɟɞɧɟɝɨ ɚɬɨɦɧɨɝɨ ɜɟɫɚ ɦɨɞɢɮɢɤɚɬɨɪɚ (ɢɥɢ ɫɪɟɞɧɟɝɨ ɦɨɥɹɪɧɨɝɨ 
ɨɛɴɟɦɚ). 

Ⱦɥɹ ɨɛɴɹɫɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɜɵɹɫɧɟɧɢɹ ɜɤɥɚɞɚ ɪɚɡɥɢɱɧɵɯ ɦɟɯɚɧɢɡɦɨɜ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫ ɬɟɩɥɨɩɟɪɟɧɨɫɚ  ɦɵ ɢɡɦɟɪɹɥɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɧɟɤɨɬɨɪɵɯ 
ɫɨɫɬɚɜɨɜ ɫɬɟɤɨɥ ɷɬɨɣ ɫɢɫɬɟɦɵ. ȼɟɥɢɱɢɧɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɤɚɤ ɜ ɬɜɟɪɞɨɦ, ɬɚɤ ɢ ɜ ɠɢɞɤɨɦ 
ɫɨɫɬɨɹɧɢɢ  ɧɟ ɩɪɟɜɵɲɚɟɬ 10-13-10-12 Ɉɦ-1ɦ-1, ɱɬɨ ɞɚɟɬ ɧɚɦ ɨɫɧɨɜɚɧɢɟ ɩɪɟɧɟɛɪɟɱɶ ɜɤɥɚɞɨɦ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɬɟɤɨɥ.  

ɋɥɚɛɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢ ɯɨɪɨɲɚɹ ɤɨɪɪɟɥɹɰɢɹ ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɞɪɭɝɢɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɩɥɨɬɧɨɫɬɶ, 
ɦɢɤɪɨɬɜɟɪɞɨɫɬɶ), ɤɨɬɨɪɵɟ  ɜ ɨɫɧɨɜɧɨɦ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɬɪɭɤɬɭɪɨɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ 
ɬɢɩɨɦ ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɫɬɪɭɤɬɭɪɧɵɦɢ ɟɞɢɧɢɰɚɦɢ, ɞɚɟɬ ɧɚɦ ɨɫɧɨɜɚɧɢɟ ɩɪɢɩɢɫɚɬɶ 
ɢɡɦɟɪɟɧɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɷɬɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɮɨɧɨɧɧɭɸ ɩɪɢɪɨɞɭ. 

ȿɫɥɢ ɢɫɯɨɞɢɬɶ ɢɡ ɤɨɧɰɟɩɰɢɢ, ɱɬɨ ɮɨɧɨɧɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɮɨɪɦɭɥɨɣ Ⱦɟɛɚɹ, ɬɨ ɦɚɥɚɹ ɜɟɥɢɱɢɧɚ ɢ ɫɥɚɛɚɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɤɨɦɧɚɬɧɵɦ, ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɧɟɡɚɜɢɫɹɳɟɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ ɞɥɢɧɵ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɧɨɧɨɜ ɜ ɫɬɟɤɥɚɯ, ɪɚɜɧɨɣ ɜ ɫɪɟɞɧɟɦ 
ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɫɬɪɭɤɬɭɪɧɵɦɢ ɟɞɢɧɢɰɚɦɢ ɫɬɟɤɥɨɜɢɞɧɨɣ ɫɟɬɤɢ. ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ 
ɦɨɞɢɮɢɤɚɬɨɪɚ ɢ ɢɡɦɟɧɟɧɢɢ ɫɨɫɬɚɜɚ ɫɬɟɤɥɚ ɦɟɧɹɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɩɥɨɬɧɨɫɬɶ ɢ ɬɢɩ ɫɜɹɡɟɣ 
ɦɟɠɞɭ ɫɬɪɭɤɬɭɪɧɵɦɢ ɟɞɢɧɢɰɚɦɢ, ɦɟɧɹɸɬɫɹ ɭɩɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ ɪɟɲɟɬɤɢ, ɬɟɩɥɨɟɦɤɨɫɬɶ  ɢ 
ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɵɯ  ɜɨɥɧ. 

ɍɦɟɧɶɲɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɦɨɞɢɮɢɤɚɬɨɪɚ ɦɨɠɧɨ 
ɨɛɴɹɫɧɢɬɶ ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɮɨɧɨɧɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɪɚɡɪɵɜɚ ɤɨɜɚɥɟɧɬɧɵɯ ɦɨɫɬɢɤɨɜɵɯ ɫɜɹɡɟɣ ɢ ɡɚɦɟɧɵ ɢɯ ɦɟɧɟɟ ɠёɫɬɤɢɦɢ ɨɛɴɟɦɧɵɦɢ ɢɨɧɧɵɦɢ 
ɫɜɹɡɹɦɢ. ɍɫɢɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɟɤɨɥ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɬɢɩɚ ɢ ɫɨɞɟɪɠɚɧɢɹ ɦɨɞɢɮɢɤɚɬɨɪɚ ɬɚɤɠɟ  ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɟɟ ɫɢɥɶɧɵɦ ɜɥɢɹɧɢɟɦ ɧɚ ɬɢɩ 
ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɢɨɧɧɨɝɨ ɪɚɞɢɭɫɚ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ ɦɨɞɢɮɢɤɚɬɨɪɚ: ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ 
ɫɨɞɟɪɠɚɧɢɢ ɦɨɞɢɮɢɤɚɬɨɪɚ, ɱɟɦ ɛɨɥɶɲɟ ɢɨɧɧɵɣ ɪɚɞɢɭɫ ɦɨɞɢɮɢɤɚɬɨɪɚ (ɦɨɥɹɪɧɵɣ ɨɛɴёɦ 
ɫɬɟɤɥɚ ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ), ɬɟɦ ɛɨɥɶɲɟɦɭ ɪɚɡɪɵɜɭ ɩɨɞɜɟɪɝɚɟɬɫɹ ɤɨɜɚɥɟɧɬɧɵɟ ɫɜɹɡɢ Te-O, 
ɤɨɬɨɪɵɟ ɡɚɦɟɧɹɸɬɫɹ ɢɨɧɧɵɦɢ ɰɟɩɹɦɢ Te - O - R+- (RO)- - Te+ ɢ ɬ. ɞ., ɬɟɦ ɛɨɥɶɲɟ ɛɭɞɟɬ 
ɬɟɩɥɨɜɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɟɤɥɨɜɢɞɧɨɣ ɫɟɬɤɢ. 

ȼɟɥɢɱɢɧɚ ɢ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɚɧɨɦɚɥɶɧɵɯ ɩɢɤɨɜ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɯɨɞɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɡɚɜɢɫɹɬ ɬɚɤɠɟ ɨɬ ɫɨɫɬɚɜɚ ɫɬɟɤɥɚ. Ⱦɥɹ ɫɬɟɤɨɥ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɜɟɥɢɱɢɧɚ 
ɩɢɤɚ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɯɨɞɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɩɪɨɬɹɠɟɧɧɨɫɬɶ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɦɨɞɢɮɢɤɚɬɨɪɚ. Ɍɚɤɨɟ ɠɟ ɢɡɦɟɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɢ 
ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɪɟɞɧɟɝɨ ɚɬɨɦɧɨɝɨ ɜɟɫɚ  ɞɥɹ  ɫɬɟɤɨɥ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɦɨɞɢɮɢɤɚɬɨɪɚ. 

Ɋɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɦɹɝɱɟɧɢɹ ɫɬɟɤɥɚ 
ɧɚɛɥɸɞɚɥɢ ɪɚɧɟɟ ɢ ɞɥɹ ɯɚɥɶɤɨɝɟɧɢɞɧɵɯ ɫɬɟɤɨɥ Д5,6Ж. Ɍɚɤɢɟ ɚɧɨɦɚɥɶɧɵɟ ɩɢɤɢ ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɷɬɢɯ ɫɬɟɤɨɥ ɩɪɢ ɬɟɯ ɠɟ ɬɟɦɩɟɪɚɬɭɪɚɯ Д7,8Ж. ɋɤɚɱɤɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɱɢɧɚɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɬɟɦɩɟɪɚɬɭɪɟ ɫɬɟɤɥɨɜɚɧɢɹ (Ɍɫ), 
ɤɨɝɞɚ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɤɥɸɱɟɧɢɹ (ɬɪɚɧɫɮɨɪɦɚɰɢɢ) ɜɚɥɟɧɬɧɵɯ ɫɜɹɡɟɣ. ȼ ɫɬɟɤɥɚɯ 
ɫ ɪɚɡɧɨɪɨɞɧɵɦ ɫɬɪɭɤɬɭɪɧɨ-ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɥɢɡɤɢɯ ɤ ɬɟɦɩɟɪɚɬɭɪɟ 
ɪɚɡɦɹɝɱɟɧɢɹ, ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɚɡɧɵɯ ɬɨɱɤɚɯ ɨɛɴɟɦɚ ɯɚɨɬɢɱɟɫɤɚɹ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚ ɚɬɨɦɨɜ, 
ɤɨɬɨɪɚɹ ɩɪɟɞɲɟɫɬɜɭɟɬ ɩɟɪɟɤɥɸɱɟɧɢɸ ɦɨɫɬɢɤɨɜɵɯ ɫɜɹɡɟɣ ɫ ɨɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɚɬɨɦɨɜ ɧɚ 
ɞɪɭɝɨɣ Д9Ж. ɇɚ ɷɬɭ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɭ ɢ ɩɟɪɟɤɥɸɱɟɧɢɹ ɫɜɹɡɟɣ ɪɚɫɯɨɞɭɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɚɹ 
ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɜɟɳɟɫɬɜɚ, ɱɬɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɮɨɧɨɧɧɨɣ 
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ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɪɨɹɬɧɨɫɬɶ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɫɜɹɡɟɣ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ  ɞɨ ɧɚɫɵɳɟɧɢɹ, ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɷɧɟɪɝɢɢ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ 
ɩɟɪɟɤɥɸɱɟɧɢɹ ɫɜɹɡɟɣ  ɢ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɚɬɨɦɨɜ  ɢ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɤɪɢɜɚɹ  ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɦɚɤɫɢɦɭɦ. ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɚɧɢɢ ɧɚ ɩɟɪɟɤɥɸɱɟɧɢɟ 
ɫɜɹɡɟɣ ɬɪɟɛɭɟɬɫɹ ɦɚɥɨ ɷɧɟɪɝɢɢ ɢ ɬɪɚɧɫɮɨɪɦɚɰɢɹ ɫɜɹɡɟɣ ɩɪɨɢɫɯɨɞɢɬ ɱɚɫɬɨ ɢ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɚ 
ɚɬɨɦɨɜ ɧɚ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɧɟ ɜɥɢɹɟɬ. 

Ɋɨɫɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɪɚɫɩɥɚɜɟ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɩɥɨɟɦɤɨɫɬɢ  ɡɚ ɫɱɟɬ 
ɪɨɫɬɚ  ɱɢɫɥɚ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɬɟɩɥɨɜɵɯ ɤɨɥɟɛɚɧɢɣ  ɚɬɨɦɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɚɥɶɧɟɣɲɟɝɨ 
ɪɚɡɪɵɜɚ ɠёɫɬɤɢɯ ɤɨɜɚɥɟɧɬɧɵɯ ɦɨɫɬɢɤɨɜɵɯ ɫɜɹɡɟɣ. ɑɟɦ ɛɨɥɶɲɟ ɢɨɧɧɵɣ ɪɚɞɢɭɫ (ɦɨɥɹɪɧɵɣ 
ɨɛɴɟɦ) ɦɨɞɢɮɢɤɚɬɨɪɚ,  ɬɟɦ ɫɥɚɛɟɟ ɫɜɹɡɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ  ɜ ɫɬɟɤɥɚɯ  ɢ ɛɨɥɶɲɟ ɜɟɪɨɹɬɧɨɫɬɶ ɢɯ 
ɪɚɡɪɵɜɚ, ɱɬɨ ɢ ɧɚɛɥɸɞɚɟɬɫɹ; ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ  ɪɨɫɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɪɚɫɩɥɚɜɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ  ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ  ɦɨɥɹɪɧɨɝɨ ɨɛɴɟɦɚ  ɦɨɞɢɮɢɤɚɬɨɪɚ ɢ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ  ɦɨɞɢɮɢɤɚɬɨɪɚ ɜ ɫɬɟɤɥɚɯ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ. Эɬɢɦ ɠɟ ɢ ɨɛɴɹɫɧɹɟɬɫɹ  
ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɪɨɬɹɠɟɧɧɨɫɬɢ ɚɧɨɦɚɥɶɧɨɝɨ ɩɢɤɚ  ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ  ɜ ɨɛɥɚɫɬɢ ɪɚɡɦɹɝɱɟɧɢɹ ɫɬɟɤɨɥ.  
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɪɚɬɟɝɢɟɣ ɪɚɡɜɢɬɢɹ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ Ɋɨɫɫɢɢ ɩɪɟɨɛɥɚɞɚɸɳɭɸ ɪɨɥɶ 

ɛɭɞɭɬ ɢɝɪɚɬɶ ɹɞɟɪɧɵɟ ɪɟɚɤɬɨɪɵ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ ɫ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɦɢ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹɦɢ, ɱɬɨ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɢɯ ɧɚɞɟɠɧɨɣ 
ɢ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ. Эɬɨ ɩɨɬɪɟɛɨɜɚɥɨ 
ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɪɟɚɤɬɨɪɨɜ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ, 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɡɨɧɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɪɚɞɢɨɰɢɨɧɧɵɯ ɞɨɡ. ȼ ȼɇɂɂɇɆ ɢɦ. Ⱥ.Ⱥ. Ȼɨɱɜɚɪɚ 
ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɩɨɞɨɛɧɵɟ ɫɬɚɥɢ ɚɭɫɬɟɧɢɬɧɨɝɨ ɢ ɮɟɪɪɢɬɧɨ-ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɨɜ ɢ 
ɜɵɫɨɤɨɧɢɤɟɥɢɟɜɵɟ ɫɩɥɚɜɵ ɞɥɹ ɨɛɨɥɨɱɟɤ ɌȼЭɥɨɜ ɢ ɱɟɯɥɨɜ ɬɟɩɥɨɜɵɞɟɥɹɸɳɢɯ ɫɛɨɪɨɤ 
ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ. 

ЭɄ-173 ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɭɠɢɧ ɮɢɤɫɚɰɢɢ 
ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɨɛɨɥɨɱɤɟ ɌȼЭɥɨɜ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ. ɑɋ-68 – 
ɫɬɚɥɶ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ ɞɥɹ ɨɛɨɥɨɱɟɤ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ, 

mailto:Gadjiev@mail.ru


XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

350 
 

ɫɩɨɫɨɛɧɵɯ ɪɚɛɨɬɚɬɶ ɜ ɡɨɧɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɪɚɞɢɚɰɢɢ. Эɉ-450 – ɫɬɚɥɶ ɮɟɪɪɢɬɧɨ-
ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɤɥɚɫɫɚ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɤɚɫɫɟɬ ɌȼЭɥɨɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɟɩɥɨɟɦɤɨɫɬɢ (ɋɪ) ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɥɢɧɟɣɧɝɨ ɪɚɫɲɢɪɟɧɢɹ – ɄɌɊ ɧɨɜɵɯ 
ɤɨɧɫɬɪɭɤɰɦɨɧɧɵɵɯ ɫɬɚɥɟɣ ЭɄ-173, Эɉ-450, ɑɋ-68 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 300-1000Ʉ. 

Ɉɩɵɬɧɵɟ ɞɚɧɧɵɟ ɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɬɚɥɟɣ ɢ ɫɩɥɚɜɨɜ 
ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɚɩɪɨɤɫɢɦɢɪɭɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɜ ɜɢɞɟ 
ɩɨɥɢɧɨɦɨɜ ɩɨ ɰɟɥɵɦ ɫɬɟɩɟɧɹɦ ɚɛɫɨɥɸɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɨ ɷɬɢɦ ɭɪɚɜɧɟɧɢɹɦ ɛɵɥɢ 
ɪɚɫɫɱɢɬɚɧɵ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɭɞɟɥɶɧɨɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 300-1100 Ʉ ɫ ɲɚɝɨɦ 
10Ʉ. 

Ɍɟɩɥɨɟɦɤɨɫɬɶ ɢɡɦɟɪɹɥɚɫɶ ɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɫɤɚɧɢɪɭɸɳɟɦ ɤɚɥɨɪɢɦɟɬɪɟ DSC404F1 
ɧɟɦɟɰɤɨɣ ɮɢɪɦɵ NETZSCH, ɄɌɊ – ɟɦɤɨɫɬɧɨ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ. ɉɨɝɪɟɲɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɹ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 3%, ɧɚ ɨɛɟɢɯ ɭɫɬɚɧɨɜɤɚɯ. 

Ɍɟɩɥɨɟɦɤɤɨɫɬɶ ɜɫɟɯ ɫɬɚɥɟɣ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɪɚɫɬɟɬ ɩɨɱɬɢ ɥɢɧɟɣɧɨ ɨɬ 320Ʉ ɞɨ 640Ʉ. 
ȼɵɲɟ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɣ ɪɨɫɬ ɬɟɩɥɨɟɦɤɨɫɬɢ (ɜ ɞɢɚɩɚɡɨɧɟ 20 

ɝɪɚɞɭɫɨɜ) ɫ ɟɟ ɦɚɤɫɢɦɭɦɨɦ ɢ ɞɚɥɶɧɟɣɲɢɦ ɟɟ ɭɦɟɧɶɲɟɧɢɟɦ. ȼ ɷɬɨɣ ɨɛɥɚɫɬɢ ɜɢɞɢɦɨ 
ɩɪɨɢɫɯɨɞɢɬ ɧɟɤɨɬɨɪɵɣ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ. Эɬɨ ɩɨɞɬɜɜɟɪɠɞɚɟɬɫɹ ɢ ɩɨɜɟɞɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɄɌɊ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɦɨɳɢ ɝɪɚɧɬɚ ɊɎɎИ №14-08-00156. 
 
 

 
ɇɈВЫȿ ɄɈɊɊȿɅəɐɂɂ ɄɈɗɎɎɂɐɂȿɇɌА ɌȿɉɅɈɉɊɈВɈȾɇɈɋɌɂ 

ɨ-м-ɩ-ɄɋɂɅɈɅɈВ В ȾɂАɉАɁɈɇȿ ɌȿɆɉȿɊАɌɍɊЫ ɈɌ ɌɊɈɃɇɈɃ ɌɈɑɄɂ ȾɈ 700Ʉ 
ɉɊɂ ȾАВɅȿɇɂəɏ ȾɈ 100 ɆɉА,  

ВɄɅɘɑАə ɄɊɂɌɂɑȿɄɍɘ ɈȻɅАɋɌЬ 
Ƚɪɢɝɨɪɶɟɜ Ȼ.Ⱥ. 1, Ƚɟɪɚɫɢɦɨɜ Ⱥ.Ⱥ. 2, Ⱥɥɟɤɫɚɧɞɪɨɜ ɂ.ɋ. 2 

1ɈɈɈ «Ƚɚɡɩɪɨɦ ВɇИИȽАɁ»,Ɇɨɫɤɨɜɫɤɚя ɨɛɥɚɫɬɶ, Ʌɟɧɢɧɫɤɢɣ ɪɚɣɨɧ, ɩɨɫ. Ɋɚɡɜɢɥɤɚ 
2Кɚɥɢɧɢɧɝɪɚɞɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 

 ɝ. Кɚɥɢɧɢɧɝɪɚɞ, ɋɨɜɟɬɫɤɢɣ ɩɪɨɫɩɟɤɬ 1, e-mail: alexandrov_kgrd@mail.ru 
 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɮɨɪɦɚ ɭɪɚɜɧɟɧɢɹ, ɩɪɟɞɥɨɠɟɧɧɚɹ 
Ʌɟɦɦɨɧɨɦ ɢ əɤɨɛɫɟɧɨɦ Д9Ж, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɜɢɞ 

0 0( , ) ( ) ( , ) ( , )cT T           ,                      (1) 
ɝɞɟ λo(T) – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ ɩɪɢ ɧɭɥɟɜɨɣ ɩɥɨɬɧɨɫɬɢ; λr(δ,τ) – ɢɡɛɵɬɨɱɧɚɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ; ( , )c    – ɮɥɭɤɬɭɚɰɢɨɧɧɚɹ ɞɨɛɚɜɤɚ ɤ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɤɪɢɬɢɱɟɫɤɨɣ 
ɨɛɥɚɫɬɢ; δ = ρ/ρr;t = Tr/T; ρr, Tr – ɨɩɨɪɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ (ɩɪɢɧɹɬɵ 
ɤɪɢɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ).  

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 
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ɝɞɟ ηo(T) – ɜɹɡɤɨɫɬɶ ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ ɩɪɢ ɧɭɥɟɜɨɣ ɩɥɨɬɧɨɫɬɢ, ɦɤɉɚ∙ɫ. 
ɂɡɛɵɬɨɱɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɚ ɭɪɚɜɧɟɧɢɟɦ 
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ȼɹɡɤɨɫɬɶ ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ ηo(T) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɹɦ (4) ɢ (5). 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɝɞɟ ɜɹɡɤɨɫɬɶ ηo, ɦɤɉɚ∙ɫ; Ɇ= 106,165 – ɦɚɫɫɚ ɤɢɥɨɦɨɥɹ, ɤɝ/ɤɦɨɥɶ; Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ, К; σ – 
ɥɢɧɟɣɧɵɣ ɦɚɫɲɬɚɛɧɵɣ ɩɚɪɚɦɟɬɪ ɩɨɬɟɧɰɢɚɥɚ Ʌɟɧɧɚɪɞɚ – Ⱦɠɨɧɫɚ, ɧɦ; İ/kB– ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ 
ɦɚɫɲɬɚɛɧɵɣ ɩɚɪɚɦɟɬɪ, К; S*

η– ɩɪɢɜɟɞɟɧɧɵɣ ɷɮɮɟɤɬɢɜɧɵɣ ɢɧɬɟɝɪɚɥ ɫɬɨɥɤɧɨɜɟɧɢɣ, 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɧɵɣ ɭɪɚɜɧɟɧɢɟɦ (5);  T* – ɩɪɢɜɟɞɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ T* =  kBɌ/İ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɫɬɟɩɟɧɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɥɨɬɧɨɫɬɢ 
ɭɪɚɜɧɟɧɢɣ (2) ɢ (3) ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɦɟɬɨɞɨɦ ɫɥɭɱɚɣɧɨɝɨ ɩɨɢɫɤɚ ɫ ɜɨɡɜɪɚɬɨɦ ɩɪɢ ɧɟɭɞɚɱɧɨɦ 
ɲɚɝɟ Д2Ж. Ɍɚɤɠɟ ɜɜɨɞɢɥɢɫɶ ɨɝɪɚɧɢɱɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ «ɩɪɚɜɢɥɶɧɵɣ» ɡɧɚɤ ɩɪɨɢɡɜɨɞɧɵɯ.  
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɢ ɩɨɤɚɡɚɬɟɥɢ ɫɬɟɩɟɧɢ ɭɪɚɜɧɟɧɢɣ (2) ɢ (3) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ.1, ɚ ɭɪɚɜɧɟɧɢɣ 
(4) ɢ (5) ɜ ɬɚɛɥ. 2. 

Ⱦɥɹ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɟ ɢ 
ɲɢɪɨɤɨɞɢɚɩɚɡɨɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨ-ɦ-ɩ-ɤɫɢɥɨɥɨɜ. 
ɉɨɞɪɨɛɧɵɣ ɚɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɞɨɤɥɚɞɟ. Ɂɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ, ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɹɦ ɫɨɫɬɨɹɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɦ ɚɜɬɨɪɚɦɢ ɜД3Ж. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɨɬɨɛɪɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ 
ɪɚɫɱɟɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 3. ɂɡ ɬɚɛɥ. 3 ɫɥɟɞɭɟɬ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ 
ɭɪɚɜɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɟɡ ɭɱɟɬɚ 
ɤɪɢɬɢɱɟɫɤɨɣ ɚɧɨɦɚɥɢɢ ɫɨ ɫɪɟɞɧɟɣ ɜɟɪɨɹɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ± 2,0%. 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨ-ɦ-ɩ-ɤɫɢɥɨɥɨɜ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɟ 
ɢɫɫɥɟɞɨɜɚɧɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɨɰɟɧɨɱɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɢɤɭ, 
ɪɚɡɪɚɛɨɬɚɧɧɭɸ Ɉɥɯɨɜɢ ɢ Ɂɟɧɝɟɪɫɨɦ Д4Ж. Ɋɚɫɱɟɬ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɞɨɛɚɜɤɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ 
ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ( , )c    ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (6). 
 
Ɍɚɛɥɢɰɚ 1. Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɣ (2) ɢ (3) 

i Ni ti di l i 
ɨ-ɤɫиɥоɥ (Ɍɫ = 630,26 Ʉ; ρɫ = 2,69860ɤɦɨɥɶ/ɦ3) 

1 0,58643671 - - - 
2 -904,61901750 -2,3938 - - 
3 948,68407389 -2,3437 - - 
4 -0,28796587∙101 0,2516 4 0 
5 0,26527608∙102 0,2705 3 0 
6 -0,28037206∙102 0,5433 5 1 
7 0,26755919∙102 4,8071 7 2 
8 -0,12833895∙102 3,6740 8 2 
9 -0,74500359∙102 7,6759 3 2 

м-ɤɫиɥоɥ (Ɍɫ = 617,00 Ʉ; ρɫ = 2,68348ɤɦɨɥɶ/ɦ3) 
1 367,31479727 - - - 
2 -324,66235457 -2,4812 - - 
3 0,04782051 -12,979 - - 
4 -0,17838333∙10-2 6,7192 4 0 
5 0.22440657∙102 1,2731 1 0 
6 0.16179966∙102 1,1538 3 1 
7 0.52989322∙103 7,8725 4 2 
8 -0.20129223∙103 7,5817 5 2 
9 -0.411581866∙103 6,8954 3 2 
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ɩ-ɤɫиɥоɥ(Ɍɫ = 616,17 Ʉ; ρɫ = 2,69392ɤɦɨɥɶ/ɦ3) 
1 0,08605997 - - - 
2 -479,42749508 -2,3537 - - 
3 522,64708491 -2,3063 - - 
4 -0,346458887∙101 0,6918 4 0 
5 0,284439006∙102 0,6573 3 0 
6 -0,290084513∙102 0,8955 5 1 
7 0,1116071∙102 4,9700 7 2 
8 -0,574384588∙101 3,5601 8 2 
9 -0,343804472∙102 7,8421 3 2 

 
Ɍɚɛɥɢɰɚ 2. ɉɚɪɚɦɟɬɪɵ ɭɪɚɜɧɟɧɢɣ (4) ɢ (5) ɞɥɹ ɪɚɫɱɟɬɚ ɜɹɡɤɨɫɬɢ ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ 

ȼɟɳɟɫɬɜɨ a0 a1 a2 σ (ɧɦ) İ/kB(K) 
ɨ-ɤɫиɥоɥ 0,242270 -0,515514 0,088238 0,6028 487,8 
м-ɤɫиɥоɥ 0,232896 -0,507041 0,179761 0,5951 514,9 
ɩ-ɤɫиɥоɥ 0,242442 -0,495081 0,036886 0,6153 457,8 

 
Ɍɚɛɥɢɰɚ 3. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨ-ɦ-ɩ-
ɤɫɢɥɨɥɨɜ ɫ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɩɨ ɭɪɚɜɧɟɧɢɹɦ (2) ɢ (3) ɡɧɚɱɟɧɢɹɦɢ 

Ƚɨɞ ɉɟɪɜɵɣ ɚɜɬɨɪ, ɑɢɫɥɨ Ⱦɢɚɩɚɡɨɧ ɩɚɪɚɦɟɬɪɨɜ Ɉɬɤɥɨɧɟɧɢɹ, % 
 ɂɫɬɨɱɧɢɤ Ɍɨɱɟɤ Ɍ, Ʉ Ɋ, Ɇɉɚ ρ, ɦɨɥɶ/ɥ ɋɈɈ ɋɄɈ 

ɨ-ɤɫиɥоɥ 
1971 ɉɭɝɚɱ [5] 54 300-450 40-150 7,7-8,35 1,256 1,441 
1974 Ⱥɯɭɧɞɨɜ [6] 117 304-680 0,1-30 0,02-8,2 0,786 1,188 
1978 ȼɚɪɝɚɮɬɢɤ[7] 166 180-680 0,1-30 0,02-8,2 0,586 0,799 
1980 Ɇɭɫɬɚɮɚɟɜ[8] 139 306-672 0,1-100 6,7-8,0 3,019 4,28 
1982 Ʉɚɲɢɜɚɝɢ [9] 6 298-358 ɧɚɫɵɳ. ɧɚɫɵɳ. 0,720 0,900 
1987 ɇɚɡɢɟɜ [15] 6 273-398 ɧɚɫɵɳ. ɧɚɫɵɳ. 0,626 0,756 
1988 Ⱥɫɫɚɷɥ[10] 12 295-356 ɧɚɫɵɳ. ɧɚɫɵɳ. 0,260 0,296 
1992 Ȼɨɝɚɬɨɜ [11] 122 315-477 0,1-59  0,609 0,726 
2002 Ɍɚɪɡɢɦɚɧɨɜ[12] 5 293-593 ɧɚɫɵɳ. ɧɚɫɵɳ. 1,850 2,238 
2004 ȼɚɬɚɧɚɛɟ[13] 15 295-330 0,1 7,8-8,3 0,839 0,857 

м-ɤɫиɥоɥ 
1971 ɉɭɝɚɱ [5] 54 300-450 40-150 7,7-8,35 1,383 1,889 
1974 Ⱥɯɭɧɞɨɜ [6] 107 304-680 0,1-30 0,02-8,2 0,966 1,241 
1978 ȼɚɪɝɚɮɬɢɤ[7] 161 180-680 0,1-30 0,02-8,2 0,809 1,032 
1980 Ɇɭɫɬɚɮɚɟɜ[8] 139 306-672 0,1-100 6,7-8,0 2,698 3,077 
1982 Ʉɚɲɢɜɚɝɢ [9] 6 298-358 ɧɚɫɵɳ. ɧɚɫɵɳ. 0,331 0,356 
1988 Ⱥɫɫɚɷɥ [10] 11 294-359 ɧɚɫɵɳ. ɧɚɫɵɳ. 0,360 0,425 
1992 Ȼɨɝɚɬɨɜ [11] 34 337-476 0,1-59 6,7-7,8 0,648 0,749 
2002 Ɍɚɪɡɢɦɚɧɨɜ[12] 5 293-593 ɧɚɫɵɳ. ɧɚɫɵɳ. 3,775 4,091 
2004 ȼɚɬɚɧɚɛɟ[13] 18 295-330 0,1 7,8-8,3 0,850 0,947 

ɩ-ɤɫиɥоɥ 
1971 ɉɭɝɚɱ [5] 49 300-450 40-150 7,7-8,35 1,301 1,496 
1974 Ⱥɯɭɧɞɨɜ [6] 144 304-680 0,1-30 0,02-8,2 1,199 2,207 
1978 ȼɚɪɝɚɮɬɢɤ[7] 166 180-680 0,1-30 0,02-8,2 0,616 0,869 
1980 Ɉɝɢɜɚɪɚ[14] 6 293-343 ɧɚɫɵɳ. ɧɚɫɵɳ. 3,026 3,112 
1980 Ɇɭɫɬɚɮɚɟɜ[8] 133 306-672 0,1-100 6,7-8,0 2,087 2,657 
1982 Ʉɚɲɢɜɚɝɢ [9] 6 298-358 ɧɚɫɵɳ. ɧɚɫɵɳ. 0,776 0,989 
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1988 Ⱥɫɫɚɷɥ[10] 11 295-357 ɧɚɫɵɳ. ɧɚɫɵɳ. 0,529 0,642 
1992 Ȼɨɝɚɬɨɜ [11] 57 313-476 0,1-59 6,6-7,9 0,609 0,723 
2002 Ɍɚɪɡɢɦɚɧɨɜ[12] 5 293-593 ɧɚɫɵɳ. ɧɚɫɵɳ. 2,063 2,935 
2004 ȼɚɬɚɧɚɛɟ[13] 12 295-330 0,1 7,8-8,3 0,603 0,713 

   0
0( , )

6 ,
p Bc C R k T

T
T

          (6) 

ɝɞɟ Cp(ρ,Ɍ) – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ; R0 =1,03 – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɤɨɧɫɬɚɧɬɚ; Bk  - ɩɨɫɬɨɹɧɧɚɹ 
Ȼɨɥɶɰɦɚɧɚ;  ,T   - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ;   - ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɞɥɢɧɚ;  

0,     - ɤɪɨɫɫɨɜɟɪɧɵɟ ɮɭɧɤɰɢɢ.  
Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨ ɦɟɬɨɞɢɤɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɢɡɥɨɠɟɧɵ ɜ ɞɨɤɥɚɞɟ. 
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ɮɥɸɢɞɧɵɯ ɭɫɥɨɜɢɹɯ Д1Ж, ɧɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɫɦɟɫɢ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ – ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ ɢ ɫɩɢɪɬɚ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɩɟɪɟɧɨɫɧɵɟ ɫɜɨɣɫɬɜɚ – ɜɹɡɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ.  

Ⱦɚɧɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɛɨɬ ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ 
ɬɟɩɥɨɟɦɤɨɫɬɢ Д2−4Ж ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Д5Ж ɤɚɤ ɱɢɫɬɵɯ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ, ɬɚɤ ɫɦɟɫɟɣ 
ɦɚɫɥɨ −ɫɩɢɪɬ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɵɥɨ ɩɪɨɜɟɞɟɧɵ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ (ɫɦ. 
ɪɢɫ.1), ɪɟɚɥɢɡɭɸɳɟɣ ɦɟɬɨɞ ɧɚɝɪɟɬɨɣ ɧɢɬɢ. Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɛɵɥɚ ɧɟɨɞɧɨɤɪɚɬɧɨ 
ɚɩɪɨɛɢɪɨɜɚɧɚ ɢ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɚ ɜ ɩɪɟɞɵɞɭɳɢɯ ɪɚɛɨɬɚɯ Д5−7Ж.  

ɂɡɦɟɪɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, 
ɪɟɚɥɢɡɭɸɳɟɣ ɦɟɬɨɞ ɩɚɞɚɸɳɟɝɨ ɝɪɭɡɚ Д8Ж. Ɉɩɢɫɚɧɢɸ ɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨɫɜɹɳɟɧɚ ɨɬɞɟɥɶɧɚɹ 
ɫɬɚɬɶɹ. 

Ȼɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ, 
ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɢ ɢɯ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ 273 Ʉ ɞɨ 373 Ʉ ɢ ɞɚɜɥɟɧɢɢ ɨɬ 0,098 ɞɨ 30 Ɇɉɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɫɦɟɫɟɣ ɢɞɟɧɬɢɱɟɧ 
ɚɧɚɥɨɝɢɱɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɞɥɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ: М ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɜɹɡɤɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ, ɫ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ ɪɚɫɬɟɬ. 
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Ɋɚɡɪɚɛɨɬɤɚ ɯɢɦɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɩɨɞɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɞɟɝɪɚɞɚɰɢɢ (ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 
ɨɤɢɫɥɟɧɢɹ ɢ ɝɢɞɪɨɥɢɡɚ) ɜ ɛɚɡɚɥɶɬɨɜɵɯ ɫɬɟɤɥɚɯ ɹɜɥɹɟɬɫɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ, ɜɵɡɜɚɧɧɨɣ ɲɢɪɨɤɢɦ ɩɪɢɦɟɧɟɧɢɟɦ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 
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ɚɪɦɢɪɨɜɚɧɢɹ ɫɬɟɤɥɨɮɢɛɪɨɰɟɦɟɧɬɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɢ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨ- ɢ ɡɜɭɤɨɢɡɨɥɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɩɨɜɵɲɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɜɨɥɨɤɧɚ ɜ 
ɜɵɫɨɤɨɨɫɧɨɜɧɨɣ ɫɪɟɞɟ ɬɜɟɪɞɟɸɳɟɝɨ ɰɟɦɟɧɬɚ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɩɨɜɵɲɟɧɢɟ ɨɫɧɨɜɧɨɫɬɢ 
ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɜɨɥɨɤɧɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɬɨɤɚ 
ɩɨɞɜɢɠɧɵɯ ɤɚɬɢɨɧɨɜ, ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɩɨɬɨɤ ɞɵɪɨɤ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ 
ɜɨɥɨɤɧɚ FО+2 Д1Ж (ɜ ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɢɹ ɫɧɢɠɚɸɳɢɯ ɩɪɨɱɧɨɫɬɶ ɜɨɥɨɤɧɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ). ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜɚɪɶɢɪɨɜɚɧɢɟ ɤɚɬɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɜɨɥɨɤɧɚ ɦɨɠɟɬ ɤɚɪɞɢɧɚɥɶɧɨ 
ɢɡɦɟɧɢɬɶ ɬɢɩ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨɬɨɤɨɜ ɜ ɜɨɥɨɤɧɟ ɩɪɢ ɨɤɢɫɥɟɧɢɢ Д2Ж. 

ȼ ɪɚɛɨɬɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɹɞɚ ɦёɫɫɛɚɭɷɪɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ, pH - ɦɟɬɪɢɢ 
ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɫ ɜɨɥɨɤɧɨɦ ɜɨɞɧɨɣ ɮɚɡɵ, ɊɋɆȺ, ɊЭɆ ɪɚɫɫɦɨɬɪɟɧɵ ɩɪɨɰɟɫɫɵ, 
ɩɪɨɬɟɤɚɸɳɢɟ ɩɪɢ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɛɚɡɚɥɶɬɨɜɵɯ ɫɬɟɤɥɨɜɨɥɨɤɨɧ ɪɚɡɥɢɱɧɨɝɨ 
ɤɚɬɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ (ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ ɡɧɚɱɟɧɢɹɦ ɦɨɞɭɥɹ ɤɢɫɥɨɬɧɨɫɬɢ): 
Na3.6K0.6Ca3.2Ti0.5Mn0.1Fe4.2Mg1.8Al6.4P0.2Si18.4Ox (ɜɨɥɨɤɧɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɅЭɆɁ ɢɡ ɛɚɡɚɥɶɬɚ 
Ʉɨɧɞɨɩɨɠɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ) 
Na3.4Mg1.87Al6.26Si17.4K0.53Ca5.0Ti0.53Fe4.25Ox (ɜɨɥɨɤɧɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɜɨɞɚ "Ȼɚɫɤ", Ʉɟɦɟɪɨɜɨ) 
Na1,7Mg2,4Al 7,0K0,8Ca3,5Ti0,3Fe2,8Si19,7Ox (ɜɨɥɨɤɧɚ. ɩɪɨɢɡɜɟɞɟɧɧɵɟ Ɇ.ɋ.Ɇɚɧɵɥɨɜɵɦ ɧɚ ɤɚɮɟɞɪɟ 
ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɯɢɦɢɱɟɫɤɨɝɨ ɮ-ɬɚ ɆȽɍ ɢɡ ɜɨɥɨɤɧɚ 
ɋɢɥɶɰɟɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ). 

Ɍɚɤɠɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɦɢɧɟɪɚɥɶɧɵɟ ɜɨɥɨɤɧɚ ɧɚ ɨɫɧɨɜɟ ɛɚɡɚɥɶɬɚ, ɩɨɞɲɢɯɬɨɜɚɧɧɵɟ ɤɚɤ 
ɩɨɜɵɲɚɸɳɢɦɢ (CКO, ɤɨɦɦɟɪɱɟɫɤɚɹ ɦɢɧɟɪɚɥɶɧɚɹ ɜɚɬɚ RШМФаШШХ)  

Na1.7K0.6Ca8.2Ti0.4Fe2.6Mg3.5Al 4.2S0.1Si18.2Ox ,  
ɬɚɤ ɢ ɩɨɧɢɠɚɸɳɢɦɢ (ɫɬɟɤɥɨ ɧɚ ɨɫɧɨɜɟ ɛɚɡɚɥɶɬɚ ɋɢɥɶɰɟɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ P2O5 ɢɥɢ ГrO2 ɜ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɜɨɥɨɤɧɚ ɫɢɧɬɟɡɢɪɨɜɚɧɵ Ɇ.ɋ. 
Ɇɚɧɵɥɨɜɵɦ ɧɚ ɤɚɮɟɞɪɟ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɯɢɦɢɱɟɫɤɨɝɨ ɮ-ɬɚ 
ɆȽɍ) ɨɫɧɨɜɧɨɫɬɶ ɜɨɥɨɤɧɚ ɤɨɦɩɨɧɟɧɬɚɦɢ.  

Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɜɵɫɨɤɨɨɫɧɨɜɧɵɯ ɜɨɥɨɤɨɧ ɧɚɝɪɟɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪ 
ɜɵɲɟ 250°ɋ ɜɵɡɵɜɚɟɬ ɨɤɢɫɥɟɧɢɟ FО2+, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 600°ɋ ɧɚɛɥɸɞɚɟɬɫɹ 
ɤɨɧɤɭɪɟɧɰɢɹ ɭɩɨɦɹɧɭɬɨɝɨ ɜɵɲɟ ɨɤɢɫɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɬɟɤɥɹɧɧɨɣ ɦɚɬɪɢɰɵ (ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɦɟɫɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɢɥɢɤɚɬɨɜ ɢ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ). ɇɚɱɚɥɶɧɚɹ 
(ɞɢɮɮɭɡɢɨɧɧɚɹ) ɫɬɚɞɢɹ ɨɤɢɫɥɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ (ɪɢɫ.1) ɭɜɟɥɢɱɟɧɢɟɦ ɭ ɩɨɜɟɪɯɧɨɫɬɢ 
ɜɨɥɨɤɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ CК ɜ ɫɥɭɱɚɟ ɦɚɬɟɪɢɚɥɚ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɚɬɪɢɹ (ɜɨɥɨɤɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɅЭɆɁ) ɢ NК ɜ ɫɥɭɱɚɟ ɫɬɟɤɥɚ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ CКO (ɜɨɥɨɤɧɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɜɨɞɚ Ȼɚɫɤ (Ʉɟɦɟɪɨɜɨ), ɦɢɧɟɪɚɥɶɧɚɹ ɜɚɬɚ RШМФаШШХ). 

ɇɚɛɥɸɞɚɟɦɵɟ ɪɚɡɥɢɱɢɹ, ɨɱɟɜɢɞɧɨ, ɫɜɹɡɚɧɵ ɫ ɪɚɡɧɢɰɟɣ ɜ ɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɢ 
ɤɚɬɢɨɧɨɜ, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟɦ ɢɯ ɜ ɩɨɥɨɫɬɹɯ ɢɥɢ ɤɚɧɚɥɚɯ 
ɚɥɸɦɨɫɢɥɢɤɚɬɧɨɝɨ ɤɚɪɤɚɫɚ. ɉɪɢ ɷɬɨɦ ɨɤɢɫɥɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ ɩɨɜɵɲɟɧɢɸ (ɩɪɢɱɟɦ, ɫ 
ɦɚɤɫɢɦɭɦɨɦ ɜ ɩɟɪɜɵɟ ɦɢɧɭɬɵ ɩɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɤɨɧɬɚɤɬɚ) pH ɜɨɞɧɨɣ ɮɚɡɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ 
ɤɨɧɬɚɤɬɟ ɜ ɜɨɥɨɤɧɨɦ.  

Ⱦɥɹ ɫɬɟɤɥɨɜɨɥɨɤɨɧ ɢɡ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɤɢɫɥɵɯ ɛɚɡɚɥɶɬɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɨɫɥɚɛɥɟɧɢɟ 
ɷɮɮɟɤɬɚ ɩɨɜɵɲɟɧɢɹ ɨɫɧɨɜɧɨɫɬɢ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɜɨɥɨɤɧɚ ɩɪɢ ɨɤɢɫɥɟɧɢɢ (ɩɪɢ ɷɬɨɦ 
ɨɤɢɫɥɟɧɢɟ FО+2 ɞɨ FО+3 ɞɟɬɟɤɬɢɪɭɟɬɫɹ ɦɟɬɨɞɨɦ ɦёɫɫɛɚɭɷɪɨɜɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ), ɩɨɞɲɢɯɬɨɜɤɚ 
ɠɟ ɫ ɜɜɟɞɟɧɢɟɦ P2O5 ɟɳɟ ɛɨɥɟɟ ɫɧɢɠɚɟɬ ɢɯ ɨɫɧɨɜɧɨɫɬɶ, ɚ ɩɨɞɲɢɯɬɨɜɤɚ ГrO2 ɡɚɦɟɬɧɨ ɫɧɢɠɚɟɬ 
ɞɢɮɮɭɡɢɨɧɧɭɸ ɩɨɞɜɢɠɧɨɫɬɶ ɤɚɬɢɨɧɨɜ ɜ ɫɬɟɤɥɟ.  

Эɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ ɫɦɟɧɚ ɩɪɟɨɛɥɚɞɚɸɳɟɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ 
ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ ɮɚɡ ɫ ɤɚɬɢɨɧɧɨɝɨ ɧɚ ɤɢɫɥɨɪɨɞɧɵɣ ɢ 
ɫɧɢɠɟɧɢɟ ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɤɚɬɢɨɧɧɵɯ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨɬɨɤɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɩɪɨɝɪɚɦɦɵ №8 ɈɏɇɆ ɊАɇ. 
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Ɋɢɫ. 1. ɉɪɨɮɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɩɨɞɜɢɠɧɵɯ ɤɚɬɢɨɧɨɜ (NК+, Ca2+, Mg2+) ɜ 
ɨɤɢɫɥɟɧɧɵɯ ɜɨɥɨɤɧɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ RШМФаШШХ (ɚ) ɢ ɅЭɆɁ (ɛ) 
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Ɍɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɨɤɚɡɵɜɚɸɬ ɫɢɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɩɪɨɰɟɫɫɨɜ 

ɩɟɪɟɧɨɫɚ ɦɚɫɫɵ, ɛɟɡ ɤɨɬɨɪɵɯ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɧɟ ɨɛɯɨɞɢɬɫɹ ɧɢ ɨɞɧɨ ɫɨɜɪɟɦɟɧɧɨɟ ɯɢɦɢɱɟɫɤɨɟ 
ɩɪɨɢɡɜɨɞɫɬɜɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɩɢɫɚɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɪɟɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɢɦɟɟɬ 
ɚɤɬɭɚɥɶɧɨɟ ɧɚɭɱɧɨɟ ɢ ɩɪɢɤɥɚɞɧɨɟ ɡɧɚɱɟɧɢɟ. 

Ɍɟɨɪɢɹ ɨɩɢɫɚɧɢɹ ɞɢɮɮɭɡɢɢ ɜ ɠɢɞɤɢɯ ɫɦɟɫɹɯ ɯɨɪɨɲɨ ɢɡɭɱɟɧɚ ɢ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɢɯ 
ɭɪɚɜɧɟɧɢɹɯ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɜ ɫɪɟɞɧɟɨɛɴɟɦɧɨɣ ɫɢɫɬɟɦɟ ɨɬɫɱɟɬɚ, ɨɩɪɟɞɟɥɹɸɬɫɹ Д1Ж 
ɩɨ ɭɪɚɜɧɟɧɢɸ: 
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i  – ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɚ i ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɨ ɦɨɞɟɥɢ NRTL. Эɣɧɲɬɟɣɧɨɜɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 
ɩɪɢɛɥɢɠɟɧɧɨɣ ɮɨɪɦɭɥɟ Д2, 3Ж: 
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ɝɞɟ 0
ijD  – ɤɨɷɮɮɢɰɢɟɧɬ ɛɢɧɚɪɧɨɣ ɞɢɮɮɭɡɢɢ ɩɪɢ ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ 1x j  , ɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɩɨɥɭɷɦɩɟɪɢɱɟɫɤɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɍɢɥɤɢ-ɑɟɧɝɚ Д4, 5Ж: 
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ɝɞɟ 
j  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɚɫɫɨɰɢɚɰɢɸ ɦɨɥɟɤɭɥ ɪɚɫɬɜɨɪɢɬɟɥɹ, i  – ɦɨɥɶɧɵɣ 

ɨɛɴɟɦ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ ɱɢɫɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. 
ȼ ɭɪɚɜɧɟɧɢɢ (3) ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɚɪɚɦɟɬɪ, ɭɱɢɬɵɜɚɸɳɢɣ ɚɫɫɨɰɢɚɰɢɸ ɦɨɥɟɤɭɥ 

ɪɚɫɬɜɨɪɢɬɟɥɹ, ɤɨɬɨɪɵɣ ɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ Д4, 5Ж, ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ 
ɪɚɜɟɧ: ɞɥɹ ɜɨɞɵ 2.6, ɞɥɹ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ 1.5, ɞɥɹ ɦɟɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ 1.9. ɉɪɨɜɟɞɟɧɧɵɟ 
ɪɚɫɱɟɬɵ, ɫ ɭɤɚɡɚɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɚ j  ɞɥɹ ɧɚɛɨɪɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Д6-

9Ж, ɩɨɤɚɡɚɥɢ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ: ɞɥɹ ɜɨɞɵ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 34%, ɫɪɟɞɧɹɹ 
23%; ɞɥɹ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 149%, ɫɪɟɞɧɹɹ 130%; ɞɥɹ ɦɟɬɢɥɨɜɨɝɨ 
ɫɩɢɪɬɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 281%, ɫɪɟɞɧɹɹ 148%.  

ɉɭɬɟɦ ɦɢɧɢɦɢɡɚɰɢɢ ɫɪɟɞɧɟɣ ɩɨɝɪɟɲɧɨɫɬɢ, ɞɥɹ ɤɚɠɞɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɩɚɪɚɦɟɬɪɵ j , ɤɨɬɨɪɵɟ ɪɚɜɧɵ: ɞɥɹ ɜɨɞɵ 1.817, ɞɥɹ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ 0.2559, ɞɥɹ ɦɟɬɢɥɨɜɨɝɨ 
ɫɩɢɪɬɚ 0.3212. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɝɪɟɲɧɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɢɧɚɪɧɨɣ ɞɢɮɮɭɡɢɢ ɩɪɢ 
ɛɟɫɤɨɧɟɱɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ: ɜ ɜɨɞɟ ɦɚɤɫɢɦɚɥɶɧɚɹ 37%, ɫɪɟɞɧɹɹ 8.7%; ɜ ɷɬɢɥɨɜɨɦ ɫɩɢɪɬɟ 
ɦɚɤɫɢɦɚɥɶɧɚɹ 29%, ɫɪɟɞɧɹɹ 7%; ɜ ɦɟɬɢɥɨɜɨɦ ɫɩɢɪɬɟ ɦɚɤɫɢɦɚɥɶɧɚɹ 77%, ɫɪɟɞɧɹɹ 29%. 

ɋ ɩɨɥɭɱɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɭɪɚɜɧɟɧɢɹ (3) ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɛɢɧɚɪɧɨɣ 
ɞɢɮɮɭɡɢɢ (1), ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɨ ɫɪɚɜɧɟɧɢɟ ɪɚɫɱɟɬɧɵɯ 
ɞɚɧɧɵɯ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɥɹ ɫɦɟɫɢ ɦɟɬɚɧɨɥ – ɜɨɞɚ. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɮɢɝɭɪɵ – 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɫɩɥɨɲɧɵɟ ɥɢɧɢɢ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɭɦɟɧɶɲɟɧɧɵɦɢ 
ɮɢɝɭɪɚɦɢ – ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ. ɇɚ ɪɢɫɭɧɤɟ 2, ɫɪɚɜɧɟɧɢɟ ɞɥɹ ɫɦɟɫɢ ɷɬɚɧɨɥ – ɜɨɞɚ. 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɢɥɥɸɫɬɪɚɰɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɡɜɨɥɹɸɬ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɬɶ ɞɢɮɮɭɡɢɸ 
ɠɢɞɤɢɯ ɫɦɟɫɟɣ ɦɟɬɚɧɨɥ – ɜɨɞɚ, ɷɬɚɧɨɥ – ɜɨɞɚ. ɉɪɢ ɷɬɨɦ ɬɚɤ ɠɟ ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɫɦɟɫɢ ɷɬɚɧɨɥ – 
ɜɨɞɚ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɧɟɢɞɟɚɥɶɧɨɣ (ɢɦɟɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɤɨɧɚ Ɋɚɭɥɹ), ɜ 
ɨɛɥɚɫɬɢ ɫɪɟɞɧɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɫɯɨɠɞɟɧɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɛɨɥɶɲɟ ɱɟɦ ɭ 
ɫɦɟɫɢ ɦɟɬɚɧɨɥ – ɜɨɞɚ, ɤɨɬɨɪɚɹ ɛɥɢɡɤɚ ɤ ɢɞɟɚɥɶɧɨɣ. 

 

 
Ɋɢɫ.1 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɛɢɧɚɪɧɨɣ ɞɢɮɮɭɡɢɢ ɫɦɟɫɢ ɦɟɬɚɧɨɥ – ɜɨɞɚ 
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Ɋɢɫ.2 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ɛɢɧɚɪɧɨɣ ɞɢɮɮɭɡɢɢ ɫɦɟɫɢ ɷɬɚɧɨɥ – ɜɨɞɚ 
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ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

1. ɋɦɟɫɢ ɧɟɣɬɪɚɥɶɧɵɯ ɝɚɡɨɜ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɲɢɪɨɤɨ  
ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ ɩɪɢɪɨɞɟ, ɹɜɥɹɸɬɫɹ ɪɚɛɨɱɢɦɢ ɜɟɳɟɫɬɜɚɦɢ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹɦɢ ɦɧɨɝɢɯ 
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ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ȼ ɪɚɦɤɚɯ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɢɡɢɤɢ ɫɜɨɣɫɬɜɚ ɬɚɤɢɯ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫ ɩɨɡɢɰɢɣ ɩɚɪɧɵɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɚɬɨɦɨɜ  
 ɢ ɦɨɥɟɤɭɥ. 
2. ɋɜɨɣɫɬɜɚ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɪɚɡɪɟɠɟɧɧɵɯ ɝɚɡɨɜ ɪɬɭɬɶ-ɚɪɝɨɧ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫɩɪɢ 
ɚɧɚɥɢɡɟ ɪɚɛɨɬɵ ɝɚɡɨɪɚɡɪɹɞɧɵɯ ɭɫɬɚɧɨɜɨɤ ɧɚ ɫɦɟɫɢ ɷɬɢɯ ɝɚɡɨɜ, ɩɪɢ ɬɚɪɢɪɨɜɤɟ ɩɪɢɛɨɪɨɜ, 
ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɝɚɡɨɪɬɭɬɧɨɦ ɦɟɬɨɞɟ ɩɨɢɫɤɚ ɡɚɥɟɠɟɣ ɦɟɬɚɥɥɨɜ ɜ ɡɟɦɧɨɣ ɤɨɪɟ, ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɞɢɮɮɭɡɢɢ ɩɪɢ ɚɬɨɦɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɨɦ ɦɟɬɨɞɟ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɥɵɯ 
ɩɪɢɦɟɫɟɣ ɜ ɜɟɳɟɫɬɜɟ ɩɪɢ ɟɝɨ ɢɫɩɚɪɟɧɢɢ ɜ ɝɪɚɮɢɬɨɜɨɣ ɩɟɱɢ. 
3. Ʉɚɤ ɢ ɞɥɹ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɩɚɪ ɷɥɟɦɟɧɬɨɜ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɦɨɥɟɤɭɥ  
ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɦɟɫɟɣ ɪɬɭɬɶ-ɚɪɝɨɧ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɦɚɥɨ ɢɡɭɱɟɧɵ ɢ ɧɟ 
ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɵ. ɉɪɢɜɨɞɢɦɵɟ ɜ ɞɨɤɥɚɞɟ ɪɟɡɭɥɶɬɚɬɵ ɹɜɥɹɸɬɫɹ ɱɚɫɬɶɸ ɨɛɳɟɣ ɩɪɨɝɪɚɦɦɵ 
ɪɚɛɨɬ ɩɨ ɚɧɚɥɢɡɭ ɢ ɫɢɫɬɟɦɚɬɢɡɚɰɢɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɪɬɭɬɶ - ɢɧɟɪɬɧɵɟ 
ɝɚɡɵ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
Ɉɩɵɬɧɵɟ ɞɚɧɧɵɟ ɨ ɪɚɫɫɟɹɧɢɢ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɩɭɱɤɨɜ ɚɬɨɦɨɜ, ɨɬɬɚɥɤɢɜɚɬɟɥɶɧɵɣ 

ɩɨɬɟɧɰɢɚɥ, R =2.8 -3.4 Å. ɋɩɟɤɬɪɨɫɤɨɩɢɹ ɦɨɥɟɤɭɥ HРAr, ɬɟɩɥɨɬɚ ɞɢɫɫɨɰɢɚɰɢɢ, ɪɚɜɧɨɜɟɫɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ ɜ ɦɨɥɟɤɭɥɟ, ɱɚɫɬɨɬɚ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ. Ɉɩɵɬɧɵɟ ɞɚɧɧɵɟ ɨ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ (ɦɟɬɨɞ ɋɬɟɮɚɧɚ 450-610 Ʉ, ɦɟɬɨɞ ɩɪɨɞɨɥɶɧɨɝɨ ɤɚɬɚɮɨɪɟɡɚ 300-910 Ʉ, 
ɚɬɨɦɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ ɩɪɨɰɟɫɫɚ ɞɢɮɮɭɡɢɢ ɩɪɢ ɢɫɩɚɪɟɧɢɢ ɜ ɝɪɚɮɢɬɨɜɨɣ ɩɟɱɢ 
ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ 500 – 2500 Ʉ), ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɩɨɬɟɧɰɢɚɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɚɬɨɦɨɜ ɩɪɢ ɦɟɠɚɬɨɦɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ 1.5-20 Å, ɜ  
ɱɚɫɬɧɨɫɬɢ, ɪɚɫɱɟɬɵ ɚɜɬɨɪɨɜ ɞɨɤɥɚɞɚ. 

Ɉɛɨɛɳɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɬɚɛɥɢɰɵ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ. 
Ɉɛɨɛɳɟɧɢɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɟɞɟɧɨ ɧɚ ɛɚɡɟ ɫɨɨɬɧɨɲɟɧɢɣ ɦɨɥɟɤɭɥɹɪɧɨ-ɤɢɧɟɬɢɱɟɫɤɨɣ 

ɬɟɨɪɢɢ ɝɚɡɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɜɢɞɚ U(R) = AОбp (-bR) – (f6(R)C6/R6 
+ f8(R) C8/R8 + f10(R) C10/R10), ɝɞɟ Пi(R) – ɞɟɦɩɮɢɪɭɸɳɢɟ ɦɧɨɠɢɬɟɥɢ ɱɥɟɧɨɜ ɞɢɫɩɟɪɫɢɨɧɧɨɣ 
ɷɧɟɪɝɢɢ. ɇɟɥɢɧɟɣɧɵɣ ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɫ ɜɟɫɚɦɢ. Ƚɥɭɛɢɧɚ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɵ 
ɩɨɬɟɧɰɢɚɥɚ HРAr DО =190.7 ± 1.5 K, ɪɚɜɧɨɜɟɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ Rɟ =4.00 ± 0.003 Å. Ⱥɧɚɥɢɡ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɞɭɪɵ ɜɵɛɨɪɚ ɜɢɞɚ ɩɨɬɟɧɰɢɚɥɚ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɫɨɞɟɪɠɚɬɫɹ ɜ ɫɬɚɬɶɟ Д1Ж. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɫɱɢɬɚɧɵ ɩɨɥɧɵɟ ɬɚɛɥɢɰɵ 
ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ ɨ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜɚɯ ɫɦɟɫɢ ɪɬɭɬɶ-ɚɪɝɨɧ ɜ ɢɧɬɟɪɜɚɥɟ ɤɨɧɰɟɧɬɪɚɰɢɣ 
x(Hg)=0.001- 0.999 ɢ ɬɟɦɩɟɪɚɬɭɪ 300 – 2000 Ʉ, ɝɞɟ Мp – ɭɞɟɥɶɧɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, µ - 
ɜɹɡɤɨɫɬɶ, λ – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ (ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɬɟɨɪɢɢ), ɤɨɷɮɮɢɰɢɟɧɬ ɜɡɚɢɦɧɨɣ 
ɞɢɮɮɭɡɢɢ D\(1ɚɬɦ) ɜɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɬɟɨɪɢɢ, ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɣ ɮɚɤɬɨɪ αT, ɱɢɫɥɨ 
ɉɪɚɧɞɬɥɹ Pr = µ Мp/ λ. 

 
Ɍɚɛɥɢɰɚ. ɋɜɨɣɫɬɜɚ ɫɦɟɫɢ ɪɚɡɪɟɠɟɧɧɵɯ ɝɚɡɨɜ ɪɬɭɬɶ-ɚɪɝɨɧ      
[]=Pa s, []= W m-1 K-1, [D12] =cm2 s-1,  [cp]=J kg-1 K-1 
T, K x(Hg) 0.001 0.1 0.3 0.5 0.7 0.9 0.999 

300 

 106 19.74 18.78 18.67 19.81 21.53 23.54 24.59 
 103 17.97 15.62 11.79 8.853 6.527 4.640 3.832 
D12 0.1181 0.1181 0.1182 0.1182 0.1182 0.1182 0.1182 
 T 0.1000 0.09261 0.08065 0.07145 0.06415 0.05822 0.05567 
cp 517.8 370.9 235.8 172.8 136.4 112.6 103.7 
Pr 0.5686 0.4460 0.3734 0.3867 0.4500 0.5715 0.6654 

500 

 106 28.13 26.87 27.55 30.68 35.25 40.78 43.80 
 103 26.30 23.10 17.85 13.79 10.56 7.944 6.823 
D12 0.3087 0.3091 0.3097 0.3102 0.3105 0.3108 0.3110 
 T 0.2299 0.2147 0.1895 0.1698 0.1540 0.1410 0.1354 
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cp 517.8 370.9 235.8 172.8 136.4 112.6 103.7 
Pr 0.5540 0.4315 0.3638 0.3844 0.4551 0.5783 0.6657 

1000 

 106 46.09 44.15 46.62 54.62 66.69 82.46 91.67 
 103 42.25 37.56 29.85 23.94 19.35 15.75 14.28 
D12 1.059 1.062 1.067 1.070 1.073 1.075 1.076 
 T 0.3116 0.2934 0.2630 0.2389 0.2195 0.2035 0.1966 
cp 517.8 370.9 235.8 172.8 136.4 112.6 103.7 
Pr 0.5649 0.4360 0.3682 0.3942 0.4702 0.5896 0.6658 

1500 

 106 62.02 59.42 63.28 75.30 93.76 118.6 133.39 
 103 55.32 49.44 39.77 32.38 26.73 22.46 20.77 

D12 2.142 2.148 2.158 2.166 2.173 2.178 2.181 

 T 0.3260 0.3082 0.2783 0.2545 0.2352 0.2194 0.2126 
cp 517.8 370.9 235.8 172.8 136.4 112.6 103.7 
Pr 0.5806 0.4458 0.3751 0.4018 0.4784 0.5946 0.6659 

2000 

 106 76.88 73.62 78.61 94.10 118.05 150.54 170.18 
 103 66.97 60.04 48.62 39.91 33.29 28.38 26.50 
D12 3.516 3.526 3.544 3.558 3.569 3.579 3.583 
 T 0.3257 0.3087 0.2800 0.2571 0.2385 0.2232 0.2167 
cp 517.8 370.9 235.8 172.8 136.4 112.6 103.7 
Pr 0.5945 0.4548 0.3812 0.4075 0.4836 0.5975 0.6659 

 
  

 
 

Ɍɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɣ ɮɚɤɬɨɪ: 1- Ɍ=300 Ʉ, 2- Ɍ=500 Ʉ, 3- Ɍ=1000 Ʉ, 4- Ɍ=1500 Ʉ, 5-Ɍ=2000 Ʉ 
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ɑɢɫɥɨ ɉɪɚɧɞɬɥɹ : 1- Ɍ=300 Ʉ, 2- Ɍ=500 Ʉ, 3- Ɍ=1000 Ʉ, 4- Ɍ=1500 Ʉ, 5- Ɍ=2000 Ʉ 
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɩɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɉɊАɇ 
№1 «Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢя». 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɴɟɦɨɚɦɨɪɮɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɨɛɲɢɪɧɵɯ ɢ ɛɭɪɧɨ ɪɚɡɜɢɜɚɸɳɢɯɫɹ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ. ɋɪɟɞɢ 
ɦɧɨɠɟɫɬɜɚ ɬɚɤɢɯ ɫɩɥɚɜɨɜ ɨɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ CЮ-Гr. ɍɤɚɡɚɧɧɚɹ 
ɫɢɫɬɟɦɚ ɨɛɥɚɞɚɟɬ ɭɧɢɤɚɥɶɧɨɣ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. Эɬɨ ɨɞɧɚ ɢɡ ɧɟɦɧɨɝɢɯ 
ɛɢɧɚɪɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ, ɞɥɹ ɤɨɬɨɪɨɣ ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ ɨɛɴɟɦɨɚɦɨɪɮɧɵɟ ɨɛɪɚɡɰɵ. 
Ɍɚɤɢɟ ɨɛɪɚɡɰɵ ɨɛɥɚɞɚɸɬ ɨɬɥɢɱɧɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ 
ɢ ɜɵɫɨɤɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ. ɇɟɡɧɚɱɢɬɟɥɶɧɵɟ ɞɨɛɚɜɤɢ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ (AХ, Ni, 
TТ, ɊɁɆ ɢ ɞɪ.) ɩɪɢɜɨɞɹɬ ɤ ɟɳɟ ɛɨɥɶɲɟɦɭ ɭɜɟɥɢɱɟɧɢɸ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɨɛɴɟɦɨɚɦɨɪɮɧɵɯ ɫɩɥɚɜɨɜ ɫ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɥɳɢɧɨɣ, ɞɨɫɬɚɬɨɱɧɨɣ 
ɞɥɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɋ ɦɨɦɟɧɬɚ ɩɨɥɭɱɟɧɢɹ ɩɟɪɜɵɯ ɨɛɴɟɦɨɚɦɨɪɮɧɵɯ 
ɨɛɪɚɡɰɨɜ (ɜ 2004 ɝɨɞɭ) Д1Ж ɧɚɱɚɥɫɹ ɧɚɫɬɨɹɳɢɣ ɛɭɦ ɜ ɢɡɭɱɟɧɢɢ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ CЮ-Zr.  

Ɉɫɧɨɜɧɨɣ ɡɚɝɚɞɤɨɣ ɹɜɥɹɟɬɫɹ ɩɪɢɪɨɞɚ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ CЮ-Гr, ɚ ɬɚɤɠɟ ɟɟ 
ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɫɨɫɬɚɜɚ ɫɢɫɬɟɦɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨɛɚɜɨɤ ɞɪɭɝɢɯ ɷɥɟɦɟɧɬɨɜ. 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɨɛɥɚɫɬɢ ɨɛɴɟɦɧɨɣ ɚɦɨɪɮɢɡɚɰɢɢ ɫɨɫɪɟɞɨɬɨɱɟɧɵ ɜ ɨɱɟɧɶ 
ɭɡɤɢɯ (ɦɟɧɟɟ 1 ɚɬ.%) ɢɧɬɟɪɜɚɥɚɯ. Ⱦɚɧɧɵɟ ɨɛɥɚɫɬɢ ɧɟ ɫɜɹɡɚɧɧɵ ɫ ɷɜɬɟɤɬɢɱɟɫɤɢɦɢ ɢɥɢ 
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ɞɪɭɝɢɦɢ ɯɚɪɚɤɬɟɪɧɵɦɢ ɬɨɱɤɚɦɢ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ. ȼɫɟ ɩɨɩɵɬɤɢ ɨɛɴɹɫɧɢɬɶ ɬɚɤɨɟ ɩɨɜɟɞɟɧɢɟ 
ɩɨɤɚ ɧɟ ɭɜɟɧɱɚɥɢɫɶ ɭɫɩɟɯɨɦ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɫɩɟɤɬɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ, ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ, ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧ. 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɢɧɬɟɪɟɫ ɤ ɫɩɥɚɜɚɦ ɧɚ ɨɫɧɨɜɟ CЮ-Гr, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, 
ɨɛɭɫɥɨɜɥɟɧ ɢɯ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɦɧɨɝɢɟ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ CЮ-Гr ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ 
ɫɨɫɬɨɹɧɢɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɫɬɚɸɬɫɹ ɦɚɥɨɢɡɭɱɟɧɧɵɦɢ. ɉɨɞɪɨɛɧɵɯ ɫɜɟɞɟɧɢɣ ɨ 
ɩɨɜɟɞɟɧɢɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, 
ɬɟɩɥɨɟɦɤɨɫɬɢ, ɩɥɨɬɧɨɫɬɢ, ɢ ɞɪ.) CЮ-Гr ɫɩɥɚɜɨɜ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɬ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɚ ɩɥɨɬɧɨɫɬɶ ɷɤɜɢɚɬɨɦɧɨɝɨ ɫɩɥɚɜɚ CuZr ɫ ɩɨɦɨɳɶɸ 
ɚɛɫɨɥɸɬɧɨɝɨ ɝɚɦɦɚ-ɦɟɬɨɞɚ ɧɚ ɭɫɬɚɧɨɜɤɟ, ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɛɨɬɟ Д2Ж, ɢ ɧɚ ɞɢɥɚɬɨɦɟɬɪɟ 
NETZSCHDIL402C ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɨɝɨ ɞɚɬɱɢɤɚ-ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 
ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ. Эɤɫɩɟɪɢɦɟɧɬɵ ɧɚ ɞɢɥɚɬɨɦɟɬɪɟ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ 
ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ 2K/ɦɢɧ ɜ ɚɬɦɨɫɮɟɪɟ ɜɵɫɨɤɨɱɢɫɬɨɝɨ ɝɟɥɢɹ.  

ɂɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɚ ɝɚɦɦɚ-ɩɥɨɬɧɨɦɟɪɟ ɩɪɨɜɨɞɢɥɢ ɜ ɡɚɳɢɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɱɢɫɬɨɝɨ 
ɝɟɥɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ 1-2K/ɦɢɧ ɜ ɬɢɝɥɟ ɢɡ ɝɪɚɮɢɬɚ 
ɞɢɚɦɟɬɪɨɦ 23 ɦɦ. ɉɨɫɥɟ ɩɥɚɜɥɟɧɢɹ ɨɛɪɚɡɟɰ ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɥɢ ɫɩɟɰɢɚɥɶɧɨɣ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɦɟɲɚɥɤɨɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ ɫɨɛɨɣ ɬɪɭɛɤɭ ɢɡ ɨɤɫɢɞɚ ɛɟɪɢɥɥɢɹ, ɜɫɬɚɜɥɟɧɧɭɸ ɜ 
ɝɪɚɮɢɬɨɜɵɣ ɡɚɳɢɬɧɵɣ ɱɟɯɨɥ, ɜ ɤɨɬɨɪɵɣ ɩɨɦɟɳɚɥɚɫɶ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɜɨɥɶɮɪɚɦ-ɪɟɧɢɟɜɚɹ 
ɬɟɪɦɨɩɚɪɚ. ɑɬɨɛɵ ɭɛɟɞɢɬɶɫɹ ɜ ɨɞɧɨɪɨɞɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢ ɜ ɨɬɫɭɬɫɬɜɢɢ ɝɚɡɨɜɵɯ ɩɨɪ ɧɚ ɫɬɟɧɤɚɯ 
ɬɢɝɥɹ ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɝɚɦɦɚ-ɤɜɚɧɬɨɜ ɜɞɨɥɶ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɤɨɨɪɞɢɧɚɬɵ ɧɚɱɢɧɚɹ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ (з 8 ɦɦ) ɞɨ ɞɧɚ ɬɢɝɥɹ. ɉɭɱɨɤ ɝɚɦɦɚ-ɤɜɚɧɬɨɜ 
ɩɪɨɯɨɞɢɥ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 2 ɦɦ ɨɬ ɞɧɚ ɬɢɝɥɹ, ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɬɟɪɦɨɩɚɪɚ ɜ ɡɚɳɢɬɧɨɦ ɱɟɯɥɟ ɛɵɥɚ 
ɩɨɝɪɭɠɟɧɚ ɜ ɪɚɫɩɥɚɜ ɢ ɧɚɯɨɞɢɥɚɫɶ ɧɟɦɧɨɝɨ ɜɵɲɟ ɩɪɨɫɜɟɱɢɜɚɟɦɨɣ ɡɨɧɵ. ɉɪɢ ɜɪɟɦɟɧɢ 
ɷɤɫɩɨɡɢɰɢɢ 1000ɫ ɫɤɨɪɨɫɬɶ ɫɱёɬɚ ɝɚɦɦɚ-ɤɜɚɧɬɨɜ, ɩɪɨɲɟɞɲɢɯ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ɫɨɫɬɚɜɥɹɥɚ 1700-
1800ɫ-1, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɣɧɨɣ ɨɲɢɛɤɟ 0,15 % ɩɪɢ ɞɨɫɬɨɜɟɪɧɨɫɬɢ 0,95. 

ɉɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɫɬɪɭɤɬɭɪɚ ɢɫɯɨɞɧɨɝɨ ɨɛɪɚɡɰɚ 
ɩɨɫɥɟ ɢɧɞɭɤɰɢɨɧɧɨɝɨ ɩɟɪɟɩɥɚɜɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɦɩɨɡɢɬ - ɦɟɯɚɧɢɱɟɫɤɭɸ ɫɦɟɫɶ ɞɜɭɯ 
ɮɚɡ: ɚɦɨɪɮɧɨɣ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ.  

ɇɚ ɪɢɫ.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ 
ɨɛɪɚɡɰɚ Cu50Zr50 ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɞɢɥɚɬɨɦɟɬɪɟ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɰɢɤɥɚɯ 
ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ.1, ɨɛɪɚɡɟɰ ɧɟ ɭɞɚɟɬɫɹ ɩɨɥɧɨɫɬɶɸ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɬɶ 
ɞɚɠɟ ɩɨɫɥɟ ɬɪɟɯɤɪɚɬɧɨɝɨ ɧɚɝɪɟɜɚ ɞɨ 850oɋ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɹ.  

ɇɚɛɥɸɞɚɟɦɚɹ ɰɢɤɥɢɱɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɚɦɨɪɮɢɡɚɰɢɢ ɜ ɯɨɞɟ ɧɚɝɪɟɜɚ ɢ 
ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɧɟɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɹɯ, ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɨɛɴɟɦɧɨ-ɚɦɨɪɮɧɵɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ 
ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Cu-Zr ɢ ɩɨɞɪɨɛɧɨ ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɪɚɛɨɬɚɯ Д3-4Ж. ɇɚ ɪɢɫ.1 ɬɟɦɩɟɪɚɬɭɪɵ T1-3 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɦ ɩɪɟɜɪɚɳɟɧɢɹ: T1 = 265oɋ – ɧɚɱɚɥɨ ɦɚɪɬɟɧɫɢɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɟ 
(As) ɩɪɢ ɩɟɪɜɨɦ ɧɚɝɪɟɜɟ. ɉɨɥɭɱɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ Д5Ж, ɝɞɟ As 
ɞɥɹ ɨɛɪɚɡɰɚ CЮ50Zr50 ɪɚɜɧɚ 255oɋ; T2 = 540oɋ – ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɚɦɨɪɮɧɨɣ ɮɚɡɵ; T3 = 726oɋ – 
ɷɜɬɟɤɬɨɢɞɧɚɹ ɪɟɚɤɰɢɹ CЮГr ↔ CЮ10Zr7 +CuZr2. 

ɇɚ ɪɢɫ.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ 
ɨɛɪɚɡɰɚ Cu50Zr50 ɜ ɬɜɟɪɞɨɦ ɢ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɹɯ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɝɚɦɦɚ-ɩɥɨɬɧɨɦɟɪɟ. 

ȼ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ (5 ɧɚɝɪɟɜ ɧɚ ɪɢɫ.1) ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ: 

dS(T) = 7.34 – 2.27·10-4·T –2.90·10-4·T2( Tɞɥɹ ɢɧɬɟɪɜɚɥɚ 25 - 726oɋ) (1) 
ȼ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɥɨɬɧɨɫɬɶ ɥɢɧɟɣɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ: 
dL(t) = 7.49 – 5.43·10-4·T     (2) 
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Ɋɢɫ.1. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ Cu50Zr50 ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɞɢɥɚɬɨɦɟɬɪɟ 

 
Ɋɚɡɥɢɱɢɹ ɩɥɨɬɧɨɫɬɢ ɦɟɠɞɭ ɤɨɦɩɨɡɢɬɨɦ (ɞɚɧɧɵɟ 1 ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɚ) ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ 

ɨɛɪɚɡɰɨɦ (ɞɚɧɧɵɟ 5 ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɚ) ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɫɬɚɜɢɥɢ 4%. 
Ɂɚɜɢɫɢɦɨɫɬɶ (ρɤɪ – ρɤɨɦ)/ρɤɨɦ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɪɢɫ.3) ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɪɚɡɥɢɱɢɹ ɜ ɩɥɨɬɧɨɫɬɢ 
ɤɨɦɩɨɡɢɬɚ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ. 

 

 
Ɋɢɫ.2. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ Cu50Zr50 ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɝɚɦɦɚ-ɩɥɨɬɧɨɦɟɪɟ 
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Ɋɢɫ.3. Ɋɚɡɥɢɱɢɹ ɩɥɨɬɧɨɫɬɢ ɦɟɠɞɭ ɤɨɦɩɨɡɢɬɨɦ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ ɨɛɪɚɡɰɨɦ 

 
ȼɵɜɨɞɵ 

Ɇɟɬɨɞɚɦɢ ɩɪɨɧɢɤɚɸɳɟɝɨ ɝɚɦɦɚ ɢɡɥɭɱɟɧɢɹ ɢ ɞɢɥɚɬɨɦɟɬɪɢɢ ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ 
ɩɥɨɬɧɨɫɬɢ ɷɤɜɢɚɬɨɦɧɨɝɨ ɫɩɥɚɜɚ CuZr, ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɦɟɠɞɭ ɤɨɦɧɚɬɧɨɣ ɢ 1200°ɋ, 
ɜɤɥɸɱɚɹ ɨɛɥɚɫɬɢ ɬɜɟɪɞɨɝɨ ɢ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɣ. ɉɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚɣɞɟɧɧɵɦ 
ɡɧɚɱɟɧɢɹɦ ɩɥɨɬɧɨɫɬɢ ɪɚɫɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɟɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɩɪɟɞɟɥɟɧɵ ɪɚɡɥɢɱɢɹ ɩɥɨɬɧɨɫɬɢ ɦɟɠɞɭ ɢɫɯɨɞɧɵɦ ɨɛɪɚɡɰɨɦ 
(ɤɨɦɩɨɡɢɬɨɦ) ɢ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɦ. Ɉɛɧɚɪɭɠɟɧɚ ɰɢɤɥɢɱɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɢ ɚɦɨɪɮɢɡɚɰɢɢ ɜ ɯɨɞɟ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɨɛɪɚɡɰɚ ɩɨɥɭɱɟɧɧɨɝɨ ɢɧɞɭɤɰɢɨɧɧɵɦ ɫɩɨɫɨɛɨɦ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ Ɏɨɧɞɚ (ɝɪɚɧɬ 
№14-13-00676). 
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The well – known contact-free flash method and DSC were used for measurement of the 

thermal diffusivity and heat capacity of natural sandstone sample from Australian. The 
experimental procedure has been conducted in micro-flash apparatus (model LFA 457 MicroFlash, 
NETZSCH) and DSC (model 204 F1 Phoenix). The thermal diffusivity measurements has been 
made over the temperature range from (302.9 to 774.25) K. Isobaric heat capacity of the same 
sample have been measured in the temperature range from (308 to 763) K. The expanded 
uncertainty of the thermal diffusivity and heat capacity measurements at the 95 % confidence level 
with a coverage factor of k = 2 are estimated to be 3 % and 1 %, respectively. A good agreement is 
found between the experimental results obtained and the thermal diffusivity predicted from various 
theoretical and empirical models. Theoretically based correlations were adopted to represent 
measured thermal diffusivities and heat capacities in the high and low temperature limits 
(asymptotic). The wide ranged correlation equations for thermal diffusivityand heat capacity of 
sandstone have been developed. The measured thermal diffusivities and heat capacities are well 
represented by theoretically based equations containing a few parameters. The correlations are 
applicable for the whole measured temperature range from room temperature to 775 K. The 
measured values of the thermal diffusivity and heat capacity together with density data were used to 
calculated thermal conductivity of the sandstone sample, PCa  . A rapid decrease of the 
measured thermal diffusivities in the low temperature range was observed, as expected by theory 
and in agreement with previous studies for rock materials and single crystals. At high temperatures 
the thermal diffusivity is trend to constant (small rate of temperature changes has been observed), 
i.e., the saturation state is reached. The flat trend (saturation) in  Ta  at high temperatures has been 

observed. The temperature coefficient of thermal diffusivity  Ta  /ln changes from -0.0044 K-1 

to -0.0013K-1, while T /lnT  changes from -0.00221 K-1 to -0.00073 K-1.  In the experimental 
temperature range from (303 to 774) K the thermal diffusivity of the sandstone decreases by 40 %. 
We examined the applicability various theoretically based models and their accuracy to represent 
and predict the thermal diffusivity and heat capacity of sandstone.  
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143. E-mail: sindbad43@mail.ru 

 
ɉɟɪɯɥɨɪɚɬɥɢɬɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɨɤɢɫɥɢɬɟɥɶ ɜ ɩɢɪɨɬɟɯɧɢɱɟɫɤɢɯ ɫɨɫɬɚɜɚɯ, ɤɚɤ ɢɫɬɨɱɧɢɤ 

ɤɢɫɥɨɪɨɞɚ, ɤɚɤ ɷɥɟɤɬɪɨɥɢɬ ɜ ɥɢɬɢɟɜɵɯ ɛɚɬɚɪɟɹɯ, ɤɚɤ ɤɨɦɩɨɧɟɧɬ ɬɜɟɪɞɨɝɨ ɪɚɤɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɢ 
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ɬ.ɞ. ɉɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ LiClO4, ɚɤɬɢɜɢɪɨɜɚɧɧɵɯ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ ɢɦɩɭɥɶɫɧɵɦɢ ɪɚɡɪɹɞɚɦɢ (ȼɂɊ).  

ȼ ɰɟɥɹɯ ɜɵɹɫɧɟɧɢɹ ɜɥɢɹɧɢɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɪɚɡɪɹɞɨɜ ɧɚ ɯɚɪɚɤɬɟɪ ɦɟɠɱɚɫɬɢɱɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɩɟɪɯɥɨɪɚɬɟ ɥɢɬɢɹ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɟɝɨ 
ɧɢɡɤɨɜɨɥɶɬɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɨ ɢ ɩɨɫɥɟ ɩɨɞɚɱɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɢɦɩɭɥɶɫɨɜ. Эɬɢ ɪɟɡɭɥɶɬɚɬɵ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ.1. ɉɪɨɜɨɞɢɦɨɫɬɶ ɪɚɫɩɥɚɜɚ ɢɡɦɟɪɹɥɚɫɶ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ 473 Ʉ ɫɨ 
ɫɤɨɪɨɫɬɶɸ 0,5 Ʉ/ɦɢɧ ɢɡɦɟɪɢɬɟɥɟɦ ɢɦɦɢɬɚɧɫɚ ȿ7-23 ɩɪɢ ɱɚɫɬɨɬɟ 10 ɤȽɰ.  

 

 
Ɋɢɫ.1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɥɨɝɚɪɢɮɦɚ ɩɪɨɜɨɞɢɦɨɫɬɢ LiClO4 ɨɬ ɨɛɪɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ: 1 – ɞɨ ɩɨɞɚɱɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɢɦɩɭɥɶɫɨɜ; 2, 3, 4 – ɩɨɫɥɟ ɩɨɞɚɱɢ ɨɞɢɧɨɱɧɵɯ 
ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɢɦɩɭɥɶɫɨɜ ɫ ɚɦɩɥɢɬɭɞɚɦɢ 3,6; 4,1; 5,4 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

 
ȼɢɞɧɨ, ɱɬɨ ɩɪɨɜɨɞɢɦɨɫɬɶ ɪɚɫɩɥɚɜɚ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɚɤɬɢɱɟɫɤɢ ɭɦɟɧɶɲɚɟɬɫɹ 

ɥɢɧɟɣɧɨ (ɜ ɩɪɟɞɟɥɚɯ Ɍ = Ɍɩɥ +100 Ʉ). ɉɪɢ Ɍ = 520 Ʉ (ɬɨɱɤɚ ɩɥɚɜɥɟɧɢɹ) ɩɪɨɜɨɞɢɦɨɫɬɶ ɪɟɡɤɨ 
ɩɚɞɚɟɬ, ɩɪɢɱɟɦ, ɜ ɧɟɚɤɬɢɜɢɪɨɜɚɧɧɨɦ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ ɪɚɫɩɥɚɜɟ, ɩɪɚɤɬɢɱɟɫɤɢ 
ɞɨ ɧɭɥɹ (ɤɪɢɜɚɹ 1). Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɜɨɞɢɦɨɫɬɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ 
ɬɚɤɠɟ ɩɨɞɱɢɧɹɟɬɫɹ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ, ɧɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɑɟɦ ɜɵɲɟ ɭɪɨɜɟɧɶ ɚɤɬɢɜɚɰɢɢ (ɚɦɩɥɢɬɭɞɚ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ), ɬɟɦ 
ɛɨɥɶɲɟ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɬ.ɟ. ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɭɝɨɥ ɧɚɤɥɨɧɚ ɧɚ 
ɤɪɢɜɵɯ ХЧ - 1/T, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɦɨɫɬɢ. ɇɚ ɪɢɫ.2 ɩɪɢɜɟɞɟɧɚ 
ɡɚɜɢɫɢɦɨɫɬɶ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɦɩɥɢɬɭɞɵ ɢɦɩɭɥɶɫɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ. Эɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɜɵɫɨɤɨɜɨɥɶɬɧɨɣ ɩɪɟɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ (0,123 ɷȼ) 
ɜ 1,5 ɪɚɡɚ ɛɨɥɶɲɟ ɧɢɡɤɨɜɨɥɶɬɧɨɣ (0,082 ɷȼ).  

ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ ɧɚɛɥɸɞɚɟɬɫɹ ɡɚɦɟɬɧɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɜ 
ɬɜɟɪɞɨɣ ɮɚɡɟ. Ɉɫɨɛɟɧɧɨ ɨɧɚ ɨɳɭɬɢɦɚ, ɤɨɝɞɚ ɚɦɩɥɢɬɭɞɚ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɩɨɞɚɧɧɨɝɨ 
ɧɚ ɪɚɫɩɥɚɜ, ɛɵɥɚ ɪɚɜɧɨ 5,4 ɤȼ (ɤɪɢɜɚɹ 4). Эɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɩɪɢ ɡɚɬɜɟɪɞɟɜɚɧɢɢ 
ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɪɚɫɩɥɚɜ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ ɫɨɯɪɚɧɹɟɬ ɡɚɦɟɬɧɭɸ ɞɟɮɟɤɬɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ 
(ɩɨɞɨɛɧɨ ɩɟɪɟɨɯɥɚɠɞɟɧɧɨɣ ɠɢɞɤɨɫɬɢ), ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜ ɷɬɨɣ ɮɚɡɟ ɩɪɨɜɨɞɢɦɨɫɬɶ ɧɟ ɩɚɞɚɟɬ 
ɪɟɡɤɨ ɞɨ ɧɭɥɹ, ɚ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɡɚɦɟɬɧɵɦ ɧɚɤɥɨɧɨɦ. 
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Ɋɢɫ.1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɥɨɝɚɪɢɮɦɚ ɩɪɨɜɨɞɢɦɨɫɬɢ δТCХO4 ɨɬ ɨɛ-ɪɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ: 1 - ɞɨ ɩɨɞɚɱɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɢɦɩɭɥɶɫɨɜ; 2, 3, 4 - ɩɨɫɥɟ ɩɨɞɚɱɢ ɨɞɢɧɨɱɧɵɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɢɦɩɭɥɶɫɨɜ ɫ ɚɦɩɥɢɬɭɞɚɦɢ 3,6; 4,1; 5,4 ɤȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.    
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Ɋɢɫ.2. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɩɟɪɯɥɨɪɚɬɚ ɥɢɬɢɹ ɨɬ 
ɚɦɩɥɢɬɭɞɵ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

 
Ⱥɜɬɨɤɨɦɩɥɟɤɫɧɚɹ ɦɨɞɟɥɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɞɥɹ ɝɚɥɨɝɟɧɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ Д1Ж, 

ɩɪɢɦɟɧɢɦɚ ɢ ɤ ɩɟɪɯɥɨɪɚɬɭ ɥɢɬɢɹ. ɋɬɪɭɤɬɭɪɭ ɪɚɫɩɥɚɜɚ LiClO4 ɫɢɦɜɨɥɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɮɨɪɦɭɥɨɣ 

1 0
4( 1) ([ ] ) ,n

nn Li LiClO V        (1) 
ɝɞɟ n – ɩɟɪɜɨɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ, ɛɥɢɡɤɨɟ ɤ 4, V0 - ɜɚɤɚɧɫɢɢ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞɤɚ. ȼ 
ɫɥɚɛɵɯ ɩɨɥɹɯ ɩɟɪɟɧɨɫ ɡɚɪɹɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɨɧɚɦɢ ɥɢɬɢɹ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜɨ ɜɬɨɪɨɣ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɟ. ȼɤɥɚɞ ɤɨɦɩɥɟɤɫɧɵɯ ɢɨɧɨɜ ɜ ɩɪɨɜɨɞɢɦɨɫɬɶ ɧɟɡɧɚɱɢɬɟɥɟɧ. ɋ 
ɭɜɟɥɢɱɟɧɢɟɦ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɞɪɟɣɮɨɜɚɹ ɫɤɨɪɨɫɬɶ ɢɨɧɨɜ Li+ ɜɨɡɪɚɫɬɚɟɬ 
ɬɚɤ, ɱɬɨ ɧɚ ɟɝɨ ɩɭɬɢ ɧɟ ɭɫɩɟɜɚɟɬ ɫɨɡɞɚɜɚɬɶɫɹ ɢɨɧɧɚɹ ɚɬɦɨɫɮɟɪɚ, ɬ.ɟ. ɫɧɢɦɚɟɬɫɹ 
ɪɟɥɚɤɫɚɰɢɨɧɧɨɟ ɬɨɪɦɨɠɟɧɢɟ, ɢ ɩɨɞɜɢɠɧɨɫɬɶ ɢɨɧɨɜ ɞɨɫɬɢɝɚɟɬ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. 
Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɩɨɥɹ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɤɨɦɩɥɟɤɫɧɵɯ ɢɨɧɨɜ, ɜɨɡɦɨɠɧɨ 
ɭɞɚɪɧɵɦ ɦɟɯɚɧɢɡɦɨɦ, ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɨɫɢɬɟɥɟɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ.  

ɋɥɟɞɭɟɬ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɚɜɬɨɤɨɦɩɥɟɤɫɧɵɯ ɢɨɧɨɜ (ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɨɛɴɟɦɟ) 
ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɢɨɧɚɦɢ Li+ ɢ ClO4

- ɭɦɟɧɶɲɚɟɬɫɹ. Эɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɭɜɟɥɢɱɟɧɢɸ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɜɨɞɢɦɨɫɬɢ.  

Ⱦɚɧɧɵɟ ɪɢɫ. ɪɢɫ.1 ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚɜɟɞɟɧɧɚɹ ɜɵɫɨɤɨɜɨɥɶɬɧɵɦɢ ɪɚɡɪɹɞɚɦɢ ɢɡɛɵɬɨɱɧɚɹ 
ɩɪɨɜɨɞɢɦɨɫɬɶ (ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ ɢ ɢɫɯɨɞɧɨɣ 
ɧɢɡɤɨɜɨɥɶɬɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ)  ɜ ɩɟɪɯɥɨɪɚɬɟ ɥɢɬɢɹ ɫɨɯɪɚɧɹɟɬɫɹ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ 
(ȼɂɊ – ɚɤɬɢɜɚɰɢɹ). Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɪɚɫɩɥɚɜ “ɡɚɩɨɦɢɧɚɟɬ” ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ (ɷɮɮɟɤɬ 
“ɩɚɦɹɬɢ”). ɇɚ ɪɢɫ. ɪɢɫ.3 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɧɵɟ ɪɟɥɚɤɫɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
553 ɢ 573 Ʉ. Ʉɚɤ ɜɢɞɧɨ, ɧɚɢɛɨɥɶɲɟɟ ɢɡɦɟɧɟɧɢɟ ɧɚɜɟɞɟɧɧɨɣ ɢɡɛɵɬɨɱɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ, 
ɧɚɜɟɞɟɧɧɨɣ ɫɢɥɶɧɵɦ ɩɨɥɟɦ, ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɩɨɫɥɟ ɢɦɩɭɥɶɫɧɨɝɨ 
ɪɚɡɪɹɞɚ.  ɑɟɪɟɡ 2 – 3 ɦɢɧɭɬ ɪɟɥɚɤɫɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ ɩɨɞɱɢɧɹɸɬɫɹ ɤɢɧɟɬɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ 
ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ  (ɥɢɧɟɣɧɵɣ ɭɱɚɫɬɨɤ ɧɚ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ln(t)) 

( ) (0)exp( / ),t t         (1) 

ɝɞɟ (t) – ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t ɩɨɫɥɟ ȼɂɊ, (0) 
– ɡɧɚɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɧɨɟ ɤ ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ t = 0 ɢɡ ɥɢɧɟɣɧɨɝɨ 
ɭɱɚɫɬɤɚ ɪɟɥɚɤɫɚɰɢɢ,  - ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɢɡɛɵɬɨɱɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɢɥɢ ɜɪɟɦɹ ɠɢɡɧɢ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ.  
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Ɋɢɫ.3. ɂɡɦɟɧɟɧɢɟ ln(0) ɩɟɪɯɥɨɪɚɬɚ ɥɢɬɢɹ ɜɨ ɜɪɟɦɟɧɢ ɩɨɫɥɟ ȼɂɊ: 1 – 2,62; 2 – 3,54; 3 – 5,5 
ɤȼ (553 Ʉ); 4 – 3,0; 5 – 3,4; 6 – 3,7 ɤȼ (573 Ʉ). 

ɇɚ ɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɚɯ ln(0) – t ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɨɰɟɧɟɧɨ ɜɪɟɦɹ 
ɪɟɥɚɤɫɚɰɢɢ. ɋ ɬɨɱɧɨɫɬɶɸ ɞɨ 2,5 % ɨɧɨ ɧɟ ɡɚɜɢɫɟɥɨ ɨɬ ɚɦɩɥɢɬɭɞɵ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɚ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɨɣ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. ɋ ɭɜɟɥɢɱɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɜɹɡɤɨɫɬɢ 
ɪɚɫɩɥɚɜɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ.  

ȼ ɪɚɛɨɬɟ Д2Ж ɩɪɢɜɟɞɟɧ ɩɨɞɪɨɛɧɵɣ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɩɪɢɱɢɧ ɪɨɫɬɚ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫɨɥɟɜɵɯ 
ɪɚɫɩɥɚɜɨɜ ɩɪɢ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɢɦɩɭɥɶɫɧɵɯ ɪɚɡɪɹɞɚɯ. Эɬɨ: 1) ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɪɨɜɨɞɢɦɨɫɬɢ, ɜɫɥɟɞɫɬɜɢɟ ɚɜɬɨ – ɢ ɬɟɪɦɨ - ɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ; 2) 
ɷɥɟɤɬɪɨɥɢɡ - ɜɵɞɟɥɟɧɢɟ ɳɟɥɨɱɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɤɚɬɨɞɟ; 3) ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ 
ȼɂɊ; 4) ɜɨɡɦɨɠɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɥɢɬɚ; 5) ɪɨɫɬ ɩɨɞɜɢɠɧɨɫɬɢ ɧɨɫɢɬɟɥɟɣ, ɜɫɥɟɞɫɬɜɢɟ 
ɫɧɹɬɢɹ ɪɟɥɚɤɫɚɰɢɨɧɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ; 6) ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. 
ɉɪɢɱɢɧɨɣ ȼɂɊ – ɚɤɬɢɜɚɰɢɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɩɟɪɯɥɨɪɚɬɚ ɥɢɬɢɹ ɜ ɨɛɥɚɫɬɢ ɛɟɫɩɪɨɛɨɣɧɵɯ 
ɪɚɡɪɹɞɨɜ ɹɜɥɹɟɬɫɹ ɪɨɫɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɩɨɞɜɢɠɧɨɫɬɢ ɧɨɫɢɬɟɥɟɣ ɬɨɤɚ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜɫɥɟɞɫɬɜɢɟ ɪɚɫɩɚɞɚ ɤɨɦɩɥɟɤɫɧɵɯ ɢɨɧɨɜ ɧɚ 
ɩɪɨɫɬɵɟ ɢ ɛɨɥɟɟ ɩɨɞɜɢɠɧɵɟ ɢɨɧɵ. ȼɤɥɚɞ ɨɫɬɚɥɶɧɵɯ ɩɪɢɱɢɧ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ ɫɭɳɟɫɬɜɟɧɧɵɦ. 
 
Ɍɚɛɥɢɰɚ 1. ȼɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɧɨɫɢɬɟɥɟɣ ɜ LiClO4 

Эɥɟɤɬɪɨɥɢɬ Ɍ, Ʉ ɫɪ10-4, ɫ , % 
 
LiClO4 

553 2,21 3,1 
573 2,55 3,4 
593 2,92 3,6 

 
ɍɪɨɜɟɧɶ ɚɤɬɢɜɚɰɢɢ ɪɚɫɩɥɚɜɚ ɨɤɚɡɵɜɚɟɬɫɹ ɬɟɦ ɜɵɲɟ, ɱɟɦ ɛɨɥɶɲɟ ɫɨɨɛɳɟɧɧɚɹ ɭɞɟɥɶɧɚɹ 

ɷɧɟɪɝɢɹ ɪɚɡɪɹɞɚ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɫ ɩɪɨɰɟɫɫɨɦ ɚɤɬɢɜɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɢ ɪɟɤɨɦɛɢɧɚɰɢɹ ɫɜɹɡɟɣ ɫ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɤɨɦɩɥɟɤɫɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ. ɑɟɦ ɛɥɢɠɟ ɫɢɫɬɟɦɚ ɩɨɯɨɞɢɬ ɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢ 
ɜɵɝɨɞɧɨɦɭ ɪɚɜɧɨɜɟɫɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɬɟɦ ɦɟɞɥɟɧɧɟɟ ɩɪɨɢɫɯɨɞɢɬ ɢ ɪɟɤɨɦɛɢɧɚɰɢɹ, 
ɩɨɞɱɢɧɹɸɳɚɹɫɹ ɭɪɚɜɧɟɧɢɸ ɪɟɚɤɰɢɢ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ (1).  

ɉɪɢ ɩɨɞɚɱɟ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɢɦɩɭɥɶɫɧɵɯ ɪɚɡɪɹɞɨɜ ɫɢɫɬɟɦɚ ɩɟɪɟɯɨɞɢɬ ɜ 
ɫɢɥɶɧɨɧɟɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɨɫɬɪɚɡɪɹɞɨɜɚɹ ɪɟɥɚɤɫɚɰɢɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ 
ɨɛɭɫɥɨɜɥɟɧɚ ɩɨɫɥɟɞɭɸɳɟɣ ɪɟɤɨɦɛɢɧɚɰɢɟɣ ɩɪɨɫɬɵɯ ɢɨɧɨɜ ɜ ɤɨɦɩɥɟɤɫɧɵɟ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ 
ɪɚɜɧɨɜɟɫɧɨɣ ɫɬɪɭɤɬɭɪɵ ɪɚɫɩɥɚɜɚ.  Ⱦɥɢɬɟɥɶɧɨɟ ɫɨɯɪɚɧɟɧɢɟ ɢɡɛɵɬɨɱɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢɥɢ 
ɦɟɞɥɟɧɧɚɹ ɟɟ ɪɟɥɚɤɫɚɰɢɹ ɨɡɧɚɱɚɟɬ ɦɟɞɥɟɧɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɫɯɨɞɧɨɣ, ɪɚɜɧɨɜɟɫɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɪɚɫɩɥɚɜɚ ɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɪɚɜɧɨɜɟɫɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ 
ɝɪɭɩɩɢɪɨɜɨɤ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɱɟɪɟɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɫɟ ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ ɭɫɬɨɣɱɢɜɵɯ 
ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɨ ɫɯɟɦɟ 
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ɝɞɟ Ɇ = Li , X = ClO4. 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ ɝɪɚɧɬ № 12-03-96500 ɪИɸɝИɚ  
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Ɍɟɩɥɨɨɛɦɟɧ ɢɡɥɭɱɟɧɢɟɦ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɪɚɞɢɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ Д1-3Ж, ɤɨɬɨɪɵɟ ɡɚɱɚɫɬɭɸ ɢɦɟɸɬ ɚɧɢɡɨɬɪɨɩɧɭɸ ɫɬɪɭɤɬɭɪɭ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ Д4-6Ж. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɬɟɨɪɢɢ ɢ ɩɪɚɤɬɢɤɢ ɬɟɩɥɨɨɛɦɟɧɚ ɡɧɚɱɢɬɟɥɶɧɵɣ 
ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɧɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɩɟɤɬɪɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ, 
ɨɬɪɚɠɟɧɧɨɝɨ ɨɬ ɨɞɧɨɦɟɪɧɨ ɲɟɪɨɯɨɜɚɬɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɢɦɟɸɳɢɯ ɪɚɡɥɢɱɧɭɸ ɨɪɢɟɧɬɚɰɢɸ 
ɤɚɧɚɜɨɤ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɩɚɞɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɣ 
ɪɚɛɨɬɟ ɬɟɨɪɟɬɢɱɟɫɤɢ ɨɰɟɧɢɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɨɪɢɟɧɬɚɰɢɢ ɤɚɧɚɜɨɤ ɨɞɧɨɦɟɪɧɨ ɲɟɪɨɯɨɜɚɬɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɨ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɢɦ ɨɬɤɥɨɧɟɧɢɟɦ ɲɟɪɨɯɨɜɚɬɨɫɬɢ 0.5 ɦɤɦ, 2.0 ɦɤɦ ɢ 4.0 
ɦɤɦ ɧɚ ɫɩɟɤɬɪɚɥɶɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ ɚɛɫɨɥɸɬɧɨ ɱɟɪɧɨɝɨ ɬɟɥɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ 500 - 3000K, ɨɬɪɚɠɟɧɧɨɝɨ ɜ ɡɟɪɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɢ ɭɝɥɚɯ ɩɚɞɟɧɢɹ 50 ɢ 
70. Эɬɨ ɜɥɢɹɧɢɟ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɨɬɧɨɲɟɧɢɸ Д7Ж ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ, ɨɬɪɚɠɟɧɧɨɝɨ 
ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɫ ɤɚɧɚɜɤɚɦɢ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ 
ɩɚɞɟɧɢɹ, ɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ, ɨɬɪɚɠɟɧɧɨɝɨ ɷɬɨɣ ɠɟ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɧɨ ɫ ɤɚɧɚɜɤɚɦɢ, 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɫɤɨɫɬɢ ɩɚɞɟɧɢɹ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɛɚɡɢɪɭɸɬɫɹ 
ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ ɩɪɨɜɟɞɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɬɪɚɠɚɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ 
ɨɞɧɨɦɟɪɧɨ ɲɟɪɨɯɨɜɚɬɵɯ ɫɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ =0.405 ɦɤɦ ɢ =0.635 ɦɤɦ. 
Ⱦɢɚɩɚɡɨɧ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɢɯ ɨɬɤɥɨɧɟɧɢɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɢɥ 0.01 - 4.3 ɦɤɦ. 
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Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɧɚɱɚɥɟ ɩɥɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɩɨɡɜɨɥɹɸɬ 
ɨɩɪɟɞɟɥɢɬɶ ɝɪɚɧɢɰɵ ɩɪɢɦɟɧɢɦɨɫɬɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɨɩɢɫɵɜɚɸɳɢɯ ɢɡɦɟɧɟɧɢɟ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɜ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɷɬɚɩɚɯ ɜɨɡɞɟɣɫɬɜɢɹ 
ɢɧɬɟɧɫɢɜɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɱɚɥɨ ɩɥɚɜɥɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɦɟɬɚɥɥɚ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɞɢɧɚɦɢɤɟ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨ ɜɪɟɦɹ ɜɨɡɞɟɣɫɬɜɢɹ. ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɱɚɥɚ 
ɩɥɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɫɬɢ ɫɟɪɟɛɪɚ ɩɨ ɢɡɦɟɧɟɧɢɸ ɧɨɪɦɚɥɶɧɨ ɧɚɩɪɚɜɥɟɧɧɨɣ ɨɬɪɚɠɚɬɟɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɧɚɝɪɟɜɟ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ 1000ɋ ɜ ɜɨɡɞɭɲɧɨɣ ɚɬɦɨɫɮɟɪɟ. ɂɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ ɫɨɞɟɪɠɚɥ 99.9% ɫɟɪɟɛɪɚ 
ɢ ɢɦɟɥ ɩɥɨɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɮɨɪɦɵ ɪɚɡɦɟɪɨɦ 7 ɦɦ10 ɦɦ. Ɍɨɥɳɢɧɚ ɨɛɪɚɡɰɚ 
ɫɨɫɬɚɜɥɹɥɚ 0.2 ɦɦ. ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɫɬɚɜɥɹɥɨ 8.6 ɧɦ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɫɬɪɭɤɬɭɪɵ 
ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɢɡɦɟɧɟɧɢɸ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɩɪɨɛɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ⱦɥɢɧɚ ɜɨɥɧɵ ɥɚɡɟɪɧɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɫɨɫɬɚɜɥɹɥɚ 660 ɧɦ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ, ɪɚɫɫɟɹɧɧɨɝɨ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɧɚɝɪɟɜɚɟɦɨɝɨ ɨɛɪɚɡɰɚ, ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɫ ɩɟɪɢɨɞɨɦ 1 ɫ. ɉɨɥɭɱɟɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɧɨɪɦɚɥɶɧɨ 
ɧɚɩɪɚɜɥɟɧɧɨɣ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɪɟɛɪɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ 
ɡɚɜɢɫɢɦɨɫɬɹɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ Д1-7Ж. ɇɚɱɚɥɨ ɩɥɚɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɨɰɟɧɢɜɚɥɨɫɶ 
ɩɨ ɤɨɪɪɟɥɹɰɢɢ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɧɨɝɨ ɩɪɨɛɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. 
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ɋɩɥɚɜɵ AХ-CЮ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɥɨɠɧɵɯ ɚɦɨɪɮɧɵɯ, ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ, 

ɤɜɚɡɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ, ɫɨɱɟɬɚɸɳɢɯ ɜɵɫɨɤɢɟ ɫɥɭɠɟɛɧɵɟ 
ɫɜɨɣɫɬɜɚ ɢ ɬɟɪɦɢɱɟɫɤɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ Д1Ж. Ɉɩɵɬ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɥɭɱɲɟɧɢɟ 
ɫɜɨɣɫɬɜ ɫɩɥɚɜɨɜ ɜɨɡɦɨɠɧɨ ɩɭɬёɦ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɢɯ ɜ ɠɢɞɤɨɦ ɢ ɬɜёɪɞɨɦ ɫɨɫɬɨɹɧɢɹɯ. Ⱦɥɹ 
ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɫɩɥɚɜɚ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ ɢ ɜɥɢɹɧɢɹ ɟɝɨ ɨɫɨɛɟɧɧɨɫɬɟɣ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɩɪɢ 
ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɫɩɥɚɜɨɜ. ɑɚɫɬɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɫɜɟɧɧɵɟ ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɡɭɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɫɬɪɭɤɬɭɪɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɜ ɱɚɫɬɧɨɫɬɢ, 
ɜɹɡɤɨɫɬɢ. Ⱦɥɹ ɫɢɫɬɟɦɵ AХ-CЮ ɜ ɨɛɥɚɫɬɢ ɛɨɝɚɬɨɣ ɚɥɸɦɢɧɢɟɦ ɜ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ 
ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɞɚɧɧɵɟ Д2, 3Ж.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɟɬɨɞɨɦ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ Д4, 5Ж ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ (ν) ɪɚɫɩɥɚɜɨɜ AХ100-ɯCuɯ (ɯ=1, 2.5, 5, 7, 10, 13, 15, 17.1, 
20, 23, 25, 27, 30, 35 ɚɬ.% CЮ) ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ ЭL ɞɨ 1200oC ɜ ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɨɯɥɚɠɞɟɧɢɹ. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɢɬɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɥɢɬɨɣ ɫɬɪɭɤɬɭɪɵ ɫɩɥɚɜɨɜ AХ70Cu30 ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɩɥɚɜɚ. ɋɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ з104 ɝɪɚɞ/ɫ 
ɞɨɫɬɢɝɚɥɚɫɶ ɜ ɭɫɬɚɧɨɜɤɟ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɥɢɬɶɹ ɜ ɦɚɫɫɢɜɧɵɣ ɳɟɥɟɜɨɣ ɦɟɞɧɵɣ ɤɨɤɢɥɶ, 
ɜɪɚɳɚɸɳɢɣɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ з 3000 ɨɛ/ɦɢɧ. Ɉɛɪɚɡɰɵ ɩɨɥɭɱɚɥɢ ɜ ɫɥɟɞɭɸɳɢɯ ɪɟɠɢɦɚɯ: 
ɩɟɪɟɝɪɟɜ ɞɨ 1200ɨɋ ɢ 800ɨɋ, ɜɵɞɟɪɠɤɚ 10 ɦɢɧ, ɪɚɡɥɢɜɤɚ. ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɢɦɟɥɢ ɮɨɪɦɭ 
ɞɢɫɤɨɜ ɞɢɚɦɟɬɪɨɦ з 80 ɦɦ, ɬɨɥɳɢɧɨɣ 0.4-0.5 ɦɦ. Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɬɪɚɜɥɟɧɵɯ (0.5% HF, ɪɟɚɤɬɢɜ Ʉɟɥɥɟɪɚ, 5-10% NКOH) ɢ ɧɟɬɪɚɜɥɟɧɵɯ ɲɥɢɮɚɯ 
ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ ’’NОШpСШЭ - 32’’. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɫɩɥɚɜɨɜ ɨɩɪɟɞɟɥɹɥɫɹ 
ɦɟɬɨɞɨɦ ɊɋȺ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ȾɊɈɇ-6 ɜ CЮ-Kα ɢɡɥɭɱɟɧɢɢ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ν ɪɚɫɩɥɚɜɚ AХ99Cu1 ɢɦɟɸɬ ɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢ 
ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ⱥɪɪɟɧɢɭɫɚ. Ⱦɥɹ ɫɨɫɬɚɜɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɦɟɞɢ ɨɬ 2.5 ɞɨ 27 ɚɬ.% ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɜɹɡɤɨɫɬɢ ɜ ɨɛɥɚɫɬɢ 800-870ɨɋ ɨɛɧɚɪɭɠɟɧɨ ɨɬɤɥɨɧɟɧɢɟ ɨɬ 
ɚɪɪɟɧɢɭɫɨɜɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. ɉɪɢ ɷɬɨɦ ɩɨɥɢɬɟɪɦɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ ɢ 
ɨɯɥɚɠɞɟɧɢɹ, ɫɨɜɩɚɞɚɸɬ. Ⱦɥɹ ɫɩɥɚɜɨɜ AХ70Cu30 ɢ AХ75Cu35 ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ, 
ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ, ɜ ɨɛɥɚɫɬɢ 800-870ɨɋ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɭɦɟɧɶɲɟɧɢɟ 
ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ ɢ ɝɢɫɬɟɪɟɡɢɫ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ, ɩɪɢ ɷɬɨɦ ɩɨɥɢɬɟɪɦɚ 
ɨɯɥɚɠɞɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ ɥɢɤɜɢɞɭɫɚ ɞɨ з 870ɨɋ ɧɢɠɟ ɩɨɥɢɬɟɪɦɵ ɧɚɝɪɟɜɚ. ȼ ɢɧɬɟɪɜɚɥɟ ɨɬ 
870 ɞɨ 1200ɨɋ ɩɨɥɢɬɟɪɦɵ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɫɨɜɩɚɞɚɸɬ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ, 
ɧɚɛɥɸɞɚɟɦɵɟ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ AХ70Cu30, ɨɛɧɚɪɭɠɟɧɵ ɜ ɪɚɛɨɬɟ Д3Ж ɞɥɹ 
ɛɥɢɡɤɨɝɨ ɫɨɫɬɚɜɚ, AХ67.8Cu32.2. 

Ⱦɥɹ ɪɚɫɩɥɚɜɚ AХ70Cu30 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɥɭɱɟɧɵ ɜɪɟɦɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɜ 
ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɵɯ ɜɵɞɟɪɠɟɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 680, 900, 1100, 900 ɢ 680ɨɋ. ɇɚ ɜɪɟɦɟɧɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ν ɩɪɢ 680ɨɋ, ɩɨɥɭɱɟɧɧɨɣ ɩɨɫɥɟ ɧɚɝɪɟɜɚ ɨɬ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ. ɍɫɬɚɧɨɜɢɜɲɢɟɫɹ ɜ ɯɨɞɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 
ɜɵɞɟɪɠɤɢ ɡɧɚɱɟɧɢɹ ν ɫɨɜɩɚɞɚɸɬ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚɝɪɟɜɚ ɩɪɢ 
ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɢ ɞɪɭɝɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɡɧɚɱɟɧɢɹ ν ɜ ɬɟɱɟɧɢɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ 
ɧɟ ɢɡɦɟɧɹɸɬɫɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɡɧɚɱɟɧɢɹɦ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɜɹɡɤɨɫɬɢ.  
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ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜɹɡɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɫɜɨɣɫɬɜɨɦ, ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, 
ɱɬɨ ɨɫɨɛɟɧɧɨɫɬɢ, ɧɚɛɥɸɞɚɟɦɵɟ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ AХ-CЮ, ɨɛɭɫɥɨɜɥɟɧɵ 
ɫɬɪɭɤɬɭɪɧɵɦɢ ɩɪɟɜɪɚɳɟɧɢɹɦɢ ɜ ɧɢɯ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɛɵɫɬɪɨ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɵɯ ɫɩɥɚɜɨɜ AХ70Cu30 ɩɨɤɚɡɚɥɨ, ɱɬɨ ɮɚɡɨɜɵɣ 
ɫɨɫɬɚɜ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɨɞɢɧɚɤɨɜɵɣ ɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɟɪɜɢɱɧɵɟ ɤɪɢɫɬɚɥɥɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ 
Al 2CЮ ɢ ɷɜɬɟɤɬɢɤɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɨɞɧɨɢɦёɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɢ ɬɜёɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɦɟɞɢ ɜ 
ɚɥɸɦɢɧɢɢ (AХ2Cu+Al-ɬɜёɪɞɵɣ ɪɚɫɬɜɨɪ). ɉɟɪɜɢɱɧɵɟ ɤɪɢɫɬɚɥɥɵ ɢɦɟɸɬ ɮɨɪɦɭ ɬɟɬɪɚɝɨɧɚɥɶɧɵɯ 
ɩɪɢɡɦ, ɦɟɠɞɭ ɤɪɢɫɬɚɥɥɚɦɢ ɧɟɛɨɥɶɲɢɦɢ ɭɱɚɫɬɤɚɦɢ ɪɚɫɩɨɥɨɠɟɧɚ ɩɥɚɫɬɢɧɱɚɬɚɹ ɷɜɬɟɤɬɢɤɚ. 
ɋɪɚɜɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɛɵɫɬɪɨɣ ɡɚɤɚɥɤɨɣ ɪɚɫɩɥɚɜɚ ɨɬ ɪɚɡɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪ, ɩɨɤɚɡɚɥɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɩɟɪɟɝɪɟɜɚ ɠɢɞɤɨɝɨ ɫɩɥɚɜɚ ɫ 800 ɞɨ 1200ɨɋ 
ɭɜɟɥɢɱɢɜɚɟɬ ɞɨɥɸ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢ ɩɨɹɜɥɹɸɬɫɹ ɨɛɥɚɫɬɢ ɫ ɛɨɥɟɟ ɞɢɫɩɟɪɫɧɨɣ 
ɩɟɪɜɢɱɧɨɣ ɮɚɡɨɣ.  

Ɇɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɤɢɧɟɬɢɤɚ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɮɚɡɨɜɨɦ ɩɟɪɟɯɨɞɟ ɢɡ ɠɢɞɤɨɝɨ ɜ 
ɬɜёɪɞɨɟ ɫɨɫɬɨɹɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɪɚɫɩɥɚɜɚ, ɤɨɬɨɪɚɹ 
ɪɟɝɭɥɢɪɭɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ȼɨɥɶɲɨɣ ɩɟɪɟɝɪɟɜ ɧɚɞ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɥɢɤɜɢɞɭɫɚ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɭɜɟɥɢɱɢɜɚɟɬ ɩɟɪɟɨɯɥɚɠɞɟɧɢɟ ɧɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ, 
ɜɵɡɵɜɚɟɬ ɧɟɪɚɜɧɨɜɟɫɧɭɸ ɤɪɢɫɬɚɥɥɢɡɚɰɢɸ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɧɟɛɨɥɶɲɨɦɭ ɫɦɟɳɟɧɢɸ 
ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɜ ɫɬɨɪɨɧɭ ɚɥɸɦɢɧɢɹ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɦɨɥɨɞёɠɧɨɝɨ ɩɪɨɟɤɬɚ ɍɪɈ ɊАɇ № 14-2-ɇɉ-98 ɢ 
ɩɪɨɝɪɚɦɦɵ ɢɧɬɟɝɪɚɰɢɨɧɧɵɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɍɪɈ ɊАɇ, ɩɪɨɟɤɬ № 12-И-2-
2031. 
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Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ ɬɟɪɦɨɦɟɬɪɢɢ ɢɡɥɭɱɟɧɢɹ ɹɜɥɹɸɬɫɹ ɨɬɫɭɬɫɬɜɢɟ 
ɤɨɧɬɚɤɬɚ ɫ ɢɡɦɟɪɹɟɦɵɦ ɨɛɴɟɤɬɨɦ ɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. Ɉɞɧɚɤɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ (ɢɫɬɢɧɧɭɸ) ɬɟɦɩɟɪɚɬɭɪɭ T ɧɟɩɪɨɡɪɚɱɧɨɝɨ ɨɛɴɟɤɬɚ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɟɝɨ 
ɫɩɟɤɬɪɚɥɶɧɭɸ ɢɡɥɭɱɚɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ   ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɜɢɡɢɪɨɜɚɧɢɹ ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɞɥɢɧɟ ɜɨɥɧɵ  . Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜɟɥɢɱɢɧɚ   ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ ɢ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ 
ɧɟɢɡɜɟɫɬɧɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɨɥɭɱɢɥɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɫɩɟɤɬɪɭ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ Д1-3Ж. ɉɪɢɱёɦ ɜ Д1Ж, ɜɵɫɤɚɡɚɧɚ, ɮɚɤɬɢɱɟɫɤɢ, 
ɬɨɥɶɤɨ ɢɞɟɹ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɥɨɝɚɪɢɮɦɚ ɢɡɥɭɱɚɬɟɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ (ɛɟɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ). ɋɨɝɥɚɫɧɨ ɞɚɧɧɨɦɭ ɩɨɞɯɨɞɭ 
ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɣ ɧɚɛɨɪ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

373 
 

 icI   ɫɨɛɫɬɜɟɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫɜɨɛɨɞɧɨ ɢɡɥɭɱɚɸɳɟɝɨ ɨɛɴɟɤɬɚ ɩɪɢ m ɞɥɢɧɚɯ ɜɨɥɧ. 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɢɫɬɟɦɚ ɢɡ m ɭɪɚɜɧɟɧɢɣ ɛɭɞɟɬ ɢɦɟɬɶ m+1 ɧɟɢɡɜɟɫɬɧɵɯ: ɬɟɦɩɟɪɚɬɭɪɚ T ɢ 
ɜɟɥɢɱɢɧɵ  i . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢɦɟɟɬ ɛɟɫɤɨɧɟɱɧɨɟ 
ɦɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ ɢ ɹɜɥɹɟɬɫɹ ɧɟɤɨɪɪɟɤɬɧɨ ɩɨɫɬɚɜɥɟɧɧɨɣ. Ɉɞɧɚɤɨ, ɟɫɥɢ ɢɫɤɨɦɭɸ 
ɢɡɥɭɱɚɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɧɟɤɨɬɨɪɵɦ ɱɢɫɥɨɦ ɩɚɪɚɦɟɬɪɨɜ n, ɩɪɢɱɟɦ 
n+1<m, ɬɨ ɬɨɝɞɚ ɡɚɞɚɱɚ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɡɚɜɢɫɢɦɨɫɬɢ 
ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɤɚɤ-ɥɢɛɨ ɱɢɫɥɟɧɧɵɦ 
ɦɟɬɨɞɨɦ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɩɪɢ ɡɧɚɱɟɧɢɹɯ nɛɨɥɶɲɟ 4-5 ɦɚɥɵɦ ɨɬɤɥɨɧɟɧɢɹɦ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ 
ɦɨɝɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɛɨɥɶɲɢɟ ɨɬɤɥɨɧɟɧɢɹ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɬ.ɟ. ɭɤɚɡɚɧɧɚɹ ɡɚɞɚɱɚ 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɤɨɪɪɟɤɬɧɨ ɩɨɫɬɚɜɥɟɧɧɨɣ. Ɉɫɧɨɜɧɵɟ ɬɪɭɞɧɨɫɬɢ ɷɬɨɝɨ ɩɨɞɯɨɞɚ: ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ 
ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɴɟɤɬɚ ɢ ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɶ ɨɰɟɧɤɢ ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɧɟɨɛɯɨɞɢɦɨ ɫɨɜɦɟɫɬɢɬɶ ɞɜɚ ɜɡɚɢɦɨɢɫɤɥɸɱɚɸɳɢɯ ɬɪɟɛɨɜɚɧɢɹ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ   ɩɪɢ ɦɚɥɨɦ ɱɢɫɥɟ ɩɚɪɚɦɟɬɪɨɜ. ɂɧɮɨɪɦɚɰɢɹ ɨ 
ɩɨɥɨɠɟɧɢɢ ɦɚɤɫɢɦɭɦɚ ɜ ɫɩɟɤɬɪɟ ɢɡɥɭɱɟɧɢɹ, ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɡɚɤɨɧɚ 
ɫɦɟɳɟɧɢɹ ȼɢɧɚ, ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ. 

ȼ ɞɚɧɧɨɦ ɫɨɨɛɳɟɧɢɢ ɨɩɪɟɞɟɥɟɧɢɟ ɢɫɬɢɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɥɭɱɚɬɟɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɨɛɴɟɤɬɚ ɨɫɧɨɜɚɧɨ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɩɟɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ - ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɨɛɨɞɧɨ ɢɡɥɭɱɚɸɳɟɝɨ ɧɚɝɪɟɬɨɝɨ ɬɟɥɚ, ɢ 
ɭɪɚɜɧɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɩɪɨɢɡɜɨɞɧɨɣ ɫɩɟɤɬɪɚɥɶɧɨɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜ ɬɨɱɤɟ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɚɤɫɢɦɭɦɚ ɢɡɥɭɱɟɧɢɹ. ɉɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɷɬɚ ɞɥɢɧɚ 
ɜɨɥɧɵ ɧɚɣɞɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɫɪɟɞɚ, ɪɚɡɞɟɥɹɸɳɚɹ ɨɛɴɟɤɬ ɢɡɦɟɪɟɧɢɹ ɢ ɩɪɢɛɨɪ, 
ɩɪɨɡɪɚɱɧɚ ɞɥɹ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ 
ɨɩɪɟɞɟɥɹɥɚɫɶ ɜ ɞɜɚ ɷɬɚɩɚ.  

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɚɫɫɢɜ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ 
ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ, ɩɪɢɧɚɞɥɟɠɚɳɢɯ ɡɚɞɚɧɧɨɦɭ ɫɩɟɤɬɪɚɥɶɧɨɦɭ ɭɱɚɫɬɤɭ. Эɬɨɬ 
ɧɚɛɨɪ ɩɪɟɨɛɪɚɡɨɜɵɜɚɥɫɹ ɜ ɦɚɫɫɢɜ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ ɢɡɥɭɱɚɬɟɥɶɧɵɯ 
ɫɩɨɫɨɛɧɨɫɬɟɣ ɩɪɢ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɨɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ Д4Ж. 

ȼɨ-ɩɟɪɜɵɯ, ɩɨɥɭɱɟɧɧɭɸ ɫɩɟɤɬɪɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɢɡɥɭɱɚɬɟɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɝɪɚɮɢɱɟɫɤɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɛɥɢɡɤɨɣ ɤ 
ɢɫɤɨɦɨɣ. 

ȼɨ-ɜɬɨɪɵɯ, ɩɨɡɜɨɥɹɬ ɜɵɛɪɚɬɶ ɫɧɚɱɚɥɚ ɜɢɡɭɚɥɶɧɨ, ɚ ɡɚɬɟɦ ɫ ɩɨɦɨɳɶɸ ɭɡɤɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɨɤɧɚ Д5Ж, ɫɩɟɤɬɪɚɥɶɧɵɣ ɢɧɬɟɪɜɚɥ, ɧɚ ɤɨɬɨɪɨɦ ɢɫɤɨɦɚɹ ɢɡɥɭɱɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɥɵɦ ɱɢɫɥɨɦ ɩɚɪɚɦɟɬɪɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɥɢɧɟɣɧɨ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ. 

Ⱦɥɹ ɥɢɧɟɣɧɨɝɨ ɫɥɭɱɚɹ ɢɫɤɨɦɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ɫɦɟɧɟ ɜɵɩɭɤɥɨɫɬɢ ɥɢɧɢɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɤɨɝɞɚ ɜɚɪɶɢɪɭɟɬɫɹ ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ. Ɂɚɬɟɦ, ɞɥɹ ɞɚɧɧɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɜɵɛɢɪɚɥɚɫɶ ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɢɫɤɨɦɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ.  

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɢɫɬɢɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɱɢɫɥɹɥɚɫɶ 
ɟɳё ɪɚɡ ɩɭɬёɦ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɧɟɟ. ȼ ɷɬɨɦ ɭɪɚɜɧɟɧɢɢ ɛɵɥ ɜɵɞɟɥɟɧ 
ɩɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɟё ɬɟɦɩɟɪɚɬɭɪɭ. 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɶ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɨɩɪɟɞɟɥɹɟɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ, ɤ 
ɤɨɬɨɪɨɦɭ ɩɪɢɧɚɞɥɟɠɢɬ ɢɫɬɢɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɚɣɞɟɧɚ ɜɟɥɢɱɢɧɚ ɩɚɪɚɦɟɬɪɚ, 
ɩɪɢ ɤɨɬɨɪɨɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɬɢɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ 
ɡɚɤɨɧ ɫɦɟɳɟɧɢɹ ȼɢɧɚ. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɂɬɚɤ, ɧɚ ɩɟɪɜɨɦ ɢ ɜɬɨɪɨɦ ɷɬɚɩɚɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɜɚ ɡɧɚɱɟɧɢɹ ɢɫɬɢɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɢɬɨɝɟ ɜɵɛɢɪɚɥɚɫɶ ɬɚ ɜɟɥɢɱɢɧɚ, ɤɨɬɨɪɚɹ ɢɦɟɥɚ ɧɚɢɦɟɧɶɲɭɸ 
ɧɟɨɩɪɟɞɟɥёɧɧɨɫɬɶ. 

ɉɪɨɜɟɞɟɧɨ ɨɛɨɛɳɟɧɢɟ ɧɚ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɨɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ ɧɟ ɢɡɥɭɱɚɟɬ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɥɧɨɫɬɶɸ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɚ ɟё ɩɪɨɩɭɫɤɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɶɸ. 

ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɬɢɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɩɪɨɡɪɚɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ. 
 

ɅɂɌȿɊАɌɍɊА 
 
1. G.D. Nutter. General considerations influencing the design of a high accuracy pyrometer. In.: 
Temperature. Its measurement and control in science and industry. N. Y.: Reynolds publishing 
corporation. Chapman&Hall, 3, 1 (1962) 537. 
2. Ⱦ.ə. ɋɜɟɬ. Ɉɩɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢя ɢɫɬɢɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. Ɇ.: ɇɚɭɤɚ, 1982. 
3. ȼ.ɇ. ɋɧɨɩɤɨ. Ɉɫɧɨɜɵ ɦɟɬɨɞɨɜ ɩɢɪɨɦɟɬɪɢɢ ɩɨ ɫɩɟɤɬɪɭ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢя. Ɇɢɧɫɤ: 
ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɢɦ. Ȼ.ɂ. ɋɬɟɩɚɧɨɜɚ ɇȺɇ Ȼɟɥɨɪɭɫɢ, 1999. 
4. ɋ.ɉ. Ɋɭɫɢɧ. Вɨɫɫɬɚɧɨɜɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɩɪɨɡɪɚɱɧɵɯ ɬɟɥ ɩɨ ɫɩɟɤɬɪɭ ɬɟɩɥɨɜɨɝɨ 
ɢɡɥɭɱɟɧɢя: ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɞɥя ɜɵɛɨɪɚ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ. Ɍɟɩɥɨɮɢɡɢɤɚ ɢ ɚɷɪɨɦɟɯɚɧɢɤɚ. 20, 5 (2013) 643. doi: 
10.1134/S0869864313050102. 
5. ɋ.ɉ. Ɋɭɫɢɧ. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɧɟɩɪɨɡɪɚɱɧɵɯ 
ɧɚɝɪɟɬɵɯ ɬɟɥ ɩɨ ɫɩɟɤɬɪɭ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢя: ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɡɦɟɪɟɧɢɣ ɜ ɫɩɟɤɬɪɚɥɶɧɨɦ 
ɨɤɧɟ. Ɍɟɩɥɨɮɢɡɢɤɚ ɢ ɚɷɪɨɦɟɯɚɧɢɤɚ. 18, 4 (2011) 629. doi: 10.1134/S0869864311040093. 
 
 

 
ɉɊɈɋɌɊАɇɋɌВȿɇɇАə ɎАɁɈВАə ɋАɆɈɆɈȾɍɅəɐɂə ɋВȿɌА В 

ɇАɇɈɀɂȾɄɈɋɌɂ  
Ʌɢɜɚɲɜɢɥɢ Ⱥ.ɂ., Ʉɨɫɬɢɧɚ Ƚ.ȼ., əɤɭɧɢɧɚ Ɇ.ɂ.  

Ⱦɚɥɶɧɟɜɨɫɬɨɱɧɵɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɩɭɬɟɣ ɫɨɨɛɳɟɧɢɣ, ɏɚɛɚɪɨɜɫɤ, Ɋɨɫɫɢя, ɭɥ 
ɋɟɪɵɲɟɜɚ 47. E-mail: livbru@mail.ru 

 
Ʉɨɥɥɨɢɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɢɥɢ, ɤɚɤ ɫɟɣɱɚɫ ɢɯ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ, ɧɚɧɨɠɢɞɤɨɫɬɢ, ɲɢɪɨɤɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɂɫɤɭɫɫɬɜɟɧɧɵɟ ɫɪɟɞɵ ɫ ɜɵɫɨɤɨɣ 
ɨɩɬɢɱɟɫɤɨɣ ɧɟɥɢɧɟɣɧɨɫɬɶɸ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɤɨɥɥɨɢɞɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɱɚɫɬɢɰɵ 
ɫɭɛɦɢɤɪɨɧɧɵɯ ɪɚɡɦɟɪɨɜ. В ɬɨ ɠɟ ɜɪɟɦя, ɮиɡиɱɟɫɤиɟ ɦɟɯɚɧиɡɦы, ɫɜяɡɚɧɧыɟ, ɜ ɱɚɫɬɧɨɫɬи, ɫ 
ɧɟɥиɧɟɣɧыɦи ɨɩɬиɱɟɫɤиɦи ɩɪɨɰɟɫɫɚɦи ɜ ɬɚɤиɯ ɫɪɟɞɚɯ, ɧɚ ɧɚɲ ɜɡɝɥяɞ, ɬɪɟɛɭɸɬ 
ɞɨɩɨɥɧиɬɟɥɶɧɨɝɨ иɫɫɥɟɞɨɜɚɧия.  

Пɪи ɜɡɚиɦɨɞɟɣɫɬɜии ɫɜɟɬɚ ɫ ɱɚɫɬиɰɚɦи ɧɚɧɨɠиɞɤɨɫɬи ɩɨɫɥɟɞɧиɟ, ɧɚɯɨɞяɫɶ ɩɨɞ ɞɟɣɫɬɜиɟɦ 
ɝɪɚɞиɟɧɬɚ ɷɥɟɤɬɪиɱɟɫɤɨɝɨ ɩɨɥя ɫɜɟɬɨɜɨɣ ɜɨɥɧы ɫɨɡɞɚɸɬ ɝɪɚɞиɟɧɬ ɤɨɧɰɟɧɬɪɚɰии. Эɬи 
ɩɪɨɰɟɫɫы ɩɪиɜɨɞяɬ ɤ иɡɦɟɧɟɧиɸ ɩɨɤɚɡɚɬɟɥя ɩɪɟɥɨɦɥɟɧия (ɤɨɧɰɟɧɬɪɚɰиɨɧɧɚя ɧɟɥиɧɟɣɧɨɫɬɶ), 
ɩɨɪɨɠɞɚя ɡɚɜиɫиɦɨɫɶ ɮɚɡы ɜɨɥɧы ɨɬ иɧɬɟɧɫиɜɧɨɫɬи - ɮɚɡɨɜɭɸ ɫɚɦɨɦɨɞɭɥяɰиɸ (ФСМ).  
Ɂɚɦɟɬиɦ, ɱɬɨ ɷɮɮɟɤɬы ФСМ, ɜыɡɜɚɧɧыɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧиɟɦ иɡɥɭɱɟɧия ɜ ɠиɞɤɨɫɬи и 
ɨɛɭɫɥɨɜɥɟɧɧыɟ ɬɟɩɥɨɜɨɣ ɧɟɥиɧɟɣɧɨɫɬɶɸ иɡɭɱɚɥиɫɶ ɬɟɨɪɟɬиɱɟɫɤи и ɷɤɫɩɟɪиɦɟɧɬɚɥɶɧɨ ɜ 
ɪɚɛɨɬɟ [1]. Иɡɭɱɟɧиɟ ɭɩɨɦяɧɭɬыɯ ɷɮɮɟɤɬɨɜ, ɩɪɨɬɟɤɚɸɳиɯ ɜ ɧɚɧɨɠиɞɤɨɫɬи и, ɨɛɭɫɥɨɜɥɟɧɧыɟ 
ɤɨɧɰɟɧɬɪɚɰиɨɧɧɨɣ ɧɟɥиɧɟɣɧɨɫɬɶɸ, ɜ ɞɨɫɬɭɩɧыɯ ɧɚɦ ɧɚɭɱɧыɯ ɩɭɛɥиɤɚɰияɯ ɧɟ ɧɚɲɥɨ 
ɨɬɪɚɠɟɧия. Иɫɤɥɸɱɟɧиɟ ɫɨɫɬɚɜɥяɟɬ ɪɚɛɨɬɚ [2], ɜ ɤɨɬɨɪɨɣ ɷɬɚ ɩɪɨɛɥɟɦɚ ɪɚɫɫɦɚɬɪиɜɚɥɚɫɶ 
ɤɚɱɟɫɬɜɟɧɧɨ и ɩɪи ɦɚɥыɯ ɜɨɡɦɭɳɟɧияɯ ɤɨɧɰɟɧɬɪɚɰии. 

ɍɱɢɬɵɜɚɹ ɜ ɩɨɤɚɡɚɬɟɥɟ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ n  ɟё ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ  
ɋ , ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ ɪɚɡɥɨɠɟɧɢɟ: 
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   ,    (1) 

ɝɞɟ 0ɋ - ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɧɚ ɨɫɢ  ɫɜɟɬɨɜɨɝɨ ɩɭɱɤɚ ɫ ɝɚɭɫɫɨɜɵɦ ɩɪɨɮɢɥɟɦ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ.  
    Эɜɨɥɸɰɢɨɧɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɨɩɢɫɵɜɚɸɳɟɟ ɞɢɧɚɦɢɤɭ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɫ ɭɱёɬɨɦ ɧɚɱɚɥɶɧɵɯ ɢ 
ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɦɨɠɧɨ  ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ  
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 Ɂɞɟɫɶ ɜɜɟɞɟɧɵ ɛɟɡɪɚɡɦɟɪɧɵɟ ɩɟɪɟɦɟɧɧɵɟ: 0/ rr ,
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    ɢ ɩɪɢɧɹɬɵ 

ɨɛɨɡɧɚɱɟɧɢɹ:  ɩɨɥɹɪɢɡɭɟɦɨɫɬɶ ɱɚɫɬɢɰ, 0I ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɜɟɬɚ, c ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ, 
Bk ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ, T ɬɟɦɩɟɪɚɬɭɪɚ ɫɪɟɞɵ. 

     ɋɩɟɤɬɪɚɥɶɧɚɹ ɡɚɞɚɱɚ (2) - (3) ɜɪɹɞ ɥɢ ɪɚɡɪɟɲɢɦɚ ɜ ɤɥɚɫɫɢɱɟɫɤɨɦ ɫɦɵɫɥɟ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ 
ɛɨɥɟɟ ɭɩɪɨɳёɧɧɨɣ ɩɨɫɬɚɧɨɜɤɟ (ɩɪɢɨɫɟɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɢ ɦɚɥɵɟ ɜɨɡɦɭɳɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ) 
ɭɩɨɦɹɧɭɬɚɹ ɡɚɞɚɱɚ ɪɟɲɚɥɚɫɶ ɜ ɧɚɲɢɯ ɪɚɛɨɬɚɯ Д3,4Ж. ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɪɟɲɟɧɢɟ  ɛɭɞɟɦ ɢɫɤɚɬɶ ɜ 
ɚɜɬɨɦɨɞɟɥɶɧɨɦ ɜɢɞɟ      ,C g F     ,     (4)  

ɝɞɟ    2expF     ɢ  / ( )R    .  

Ⱦɚɥɟɟ, ɩɨɞɫɬɚɧɨɜɤɚ ɷɬɢɯ ɮɭɧɤɰɢɣ ɢ ɧɨɜɨɣ ɩɟɪɟɦɟɧɧɨɣ ɩɪɢɜɨɞɢɬ ɤ ɭɪɚɜɧɟɧɢɸ, 
ɫɨɞɟɪɠɚɳɟɦɭ ɞɜɟ ɧɟɢɡɜɟɫɬɧɵɟ ɮɭɧɤɰɢɢ )(g ɢ )(R : 

2
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2
4 ( 1) 2 (1 )exp( ) 0

g g dR dg
R R g

R d dR
          .  (5) 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɢɧɬɟɪɟɫɨɜɚɬɶɫɹ ɩɪɨɰɟɫɫɚɦɢ ɜɛɥɢɡɢ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ, ɞɥɹ ɱɟɝɨ ɜ 
ɪɚɜɟɧɫɬɜɟ (5) ɩɪɨɢɡɜɟɞёɦ ɡɚɦɟɧɭ:  2 2 2 2exp( ) 1R R   . Ⱦɚɥɟɟ, ɨɝɪɚɧɢɱɢɜɚɹɫɶ ɫɥɚɝɚɟɦɵɦɢ ɧɟ 
ɜɵɲɟ 2  ɩɨɥɭɱɢɦ: 
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         .   (6) 

ɉɪɢɪɚɜɧɢɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɧɵɯ ɮɭɧɤɰɢɢ ɷɬɨɝɨ ɩɨɥɢɧɨɦɚ ɧɭɥɸ, ɩɪɢɜɨɞɢɬ ɤ ɫɢɫɬɟɦɟ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ: 
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Ɋɟɲɟɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
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ɋ Р

z R

         ,     (8) 
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ɉɨɫɬɨɹɧɧɵɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 0g ɢ 0z ɥɟɝɤɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɧɚɱɚɥɶɧɨɝɨ ɭɫɥɨɜɢɹ (3). ɂɡ (8) 
ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɣɞɟɧɧɚɹ ɮɭɧɤɰɢɹ )(g ɮɚɤɬɢɱɟɫɤɢ ɨɩɪɟɞɟɥɹɟɬ «ɚɦɩɥɢɬɭɞɭ» ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
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ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t , ɚ ɫɚɦɚ ɤɨɧɰɟɧɬɪɚɰɢɹ – ɨɛɥɚɞɚɟɬ ɨɞɧɨɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ.  ȼ 
ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ ɜɵɪɚɠɟɧɢɟ (8) ɫɢɥɶɧɨ ɭɩɪɨɳɚɟɬɫɹ: 

2
0

2
( , ) exp (1 2 2 ) / 2

2 1
ɋ t C               (10) 

Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɨ ɮɢɡɢɱɟɫɤɢ ɪɚɡɭɦɧɵɟ ɪɟɲɟɧɢɹ ɦɨɝɭɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ ɬɨɥɶɤɨ ɩɪɢ  
ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɨɤɚɡɚɬɟɥɹ ɷɤɫɩɨɧɟɧɬɵ ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɞɥɹ ɩɚɪɚɦɟɬɪɚ  . Ɍɨ 

ɟɫɬɶ, ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɧɟɪɚɜɟɧɫɬɜɨ: 12    ɂɫɩɨɥɶɡɭɹ ɹɜɧɵɣ ɜɢɞ ɜɟɥɢɱɢɧɵ  , ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ  ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɬɚ: ./10 211

0 ɦВɬI   Ɂɚɦɟɬɢɦ, ɱɬɨ 
ɩɨɥɹɪɢɡɭɟɦɨɫɬɶ ɱɚɫɬɢɰ ɜɵɱɢɫɥɹɥɚɫɶ ɩɨ ɮɨɪɦɭɥɟ Ɇɚɤɫɜɟɥɥɚ-Ƚɚɪɧɟɬɬɚ:  

3
02

p l
p

p l

a
       , 

ɝɞɟ lp  , ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɱɚɫɬɢɰ ɢ ɠɢɞɤɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ 

0a ɪɚɞɢɭɫ ɱɚɫɬɢɰɵ. ɉɪɢ ɨɰɟɧɤɟ ɦɵ ɩɨɥɚɝɚɥɢ .200 ɧɦa  , lp   ɢ 3
01,0 a . 

Ɉɛɪɚɳɚɹɫɶ ɤ ɪɚɜɟɧɫɬɜɭ (1), ɦɵ ɜɢɞɢɦ, ɱɬɨ ɜɨɡɧɢɤɲɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɧɟɥɢɧɟɣɧɨɝɨ ɨɬɤɥɢɤɚ 
ɞɨɛɚɜɤɚ ɤ  )(Cn ɫɥɨɠɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɢɬ ɨɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ (ɧɟ ɤɟɪɪɨɜɫɤɚɹ 
ɫɪɟɞɚ). Эɬɚ ɞɨɛɚɜɤɚ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɮɚɡɵ  /),(2),( 0 tLntt   ( L ɯɚɪɚɤɬɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɩɪɨɯɨɞɢɦɨɟ ɜɨɥɧɨɣ) ɢ,  
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤ  ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬɵ ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ ɩɪɢ ɟё ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɜ  
ɧɚɧɨɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɨɟ ɜ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɜɟɧɫɬɜɨ (11) ɜɵɪɚɠɚɟɬ ɮɚɤɬ ɭɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɚɡɨɜɨɣ 
ɫɚɦɨɦɨɞɭɥɹɰɢɢ, ɤɨɬɨɪɨɟ ɪɚɡɜɢɜɚɟɬɫɹ ɜɨ ɜɪɟɦɟɧɢ ɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ʉɚɤ ɜɢɞɢɦ, ɩɪɨɢɡɜɨɞɧɚɹ 

t / ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɬɥɢɱɧɚ ɨɬ ɧɭɥɹ ɢ, ɡɧɚɱɢɬ, ɭ ɜɨɥɧɨɜɨɝɨ ɜɟɤɬɨɪɚ k


 ɜɨɡɧɢɤɚɟɬ 
ɩɨɩɟɪɟɱɧɚɹ ɤɨɦɩɨɧɟɧɬɚ k , ɱɬɨ ɜɵɡɵɜɚɟɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɭɝɥɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɢɡɥɭɱɟɧɢɹ.   
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ɌȿɊɆɂɑȿɋɄɈȿ ɊАɋɒɂɊȿɇɂȿ ɂ ɗɅȿɄɌɊɈɉɊɈВɈȾɇɈɋɌЬ ɌВЁɊȾЫɏ 
ɊАɋɌВɈɊɈВ La1-xBaxMn 1-yFeyO6 

Ɏɢɥɨɧɨɜɚ ȿ.Ⱥ.1, ɉɢɤɚɥɨɜɚ ȿ.ɘ.2, Шɟɜɟɥёɜɚ ȼ.Э.1, Cɤɭɬɢɧɚ Ʌ.ɋ.1 
1 ɎȽАɈɍ ВɉɈ ɍɪɚɥɶɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɩɟɪɜɨɝɨ ɉɪɟɡɢɞɟɧɬɚ  
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2 Иɧɫɬɢɬɭɬ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɷɥɟɤɬɪɨɯɢɦɢɢ ɍɪɈ ɊАɇ, 620990 ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. 

Аɤɚɞɟɦɢɱɟɫɤɚя, 20, e-mail: Elena.Filonova@urfu.ru 
 

Ɉɛɴɟɤɬɨɦ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɞɨɩɢɪɨɜɚɧɧɵɣ ɩɨ А-ɩɨɞɪɟɲёɬɤɟ ɛɚɪɢɟɦ ɢ ɩɨ 
В-ɩɨɞɪɟɲёɬɤɟ ɠɟɥɟɡɨɦ ɦɚɧɝɚɧɢɬ ɥɚɧɬɚɧɚ LaMnO3+δ, ɲɢɪɨɤɨɟ ɢɡɭɱɟɧɢɟ ɤɨɬɨɪɨɝɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɬɟɧɰɢɚɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɚɦɟɳёɧɧɵɯ ɦɚɧɝɚɧɢɬɨɜ ɥɚɧɬɚɧɚ ɜ ɤɚɱɟɫɬɜɟ 
ɤɚɬɨɞɨɜ ɬɜɟɪɞɨɨɤɫɢɞɧɵɯ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ 
ɦɨɧɨɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ. 

ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɢɡɭɱɟɧɢɢ ɜɥɢɹɧɢɹ ɞɨɩɢɪɨɜɚɧɢɹ LaMnO3+δ ɧɚ ɟɝɨ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ.Ɉɛɪɚɡɰɵ ɨɛɳɟɝɨ ɫɨɫɬɚɜɚ La1-xBaxMn1-yFeyO3 
(x = 0.0, y =0.0; x = 0.2, y =0.1; x = 0.1, y =0.9; x = 0.0, y =1.0) ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɨ 
ɫɬɚɧɞɚɪɬɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 1123-1373 Ʉ. Ɏɚɡɨɜɵɣ 
ɚɧɚɥɢɡ ɨɛɪɚɡɰɨɜ, ɡɚɤɚɥёɧɧɵɯ ɫ 1373 Ʉ, ɜɵɩɨɥɧɟɧ ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɪɟɧɬɝɟɧɨɜɫɤɨɣ 
ɩɨɪɨɲɤɨɜɨɣ ɞɢɮɪɚɤɰɢɢ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ IЧОХ EqЮТЧШб 3000 ɜ CuKα-ɢɡɥɭɱɟɧɢɢ. 
ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɮɚɡ ɩɪɨɜɟɞɟɧɚ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɩɚɤɟɬɚɯ fpeak.exe ɢ Main Menu. ɍɬɨɱɧɟɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɜɵɩɨɥɧɟɧɨ ɦɟɬɨɞɨɦ ɩɨɥɧɨɩɪɨɮɢɥɶɧɨɝɨ 
ɚɧɚɥɢɡɚ Ɋɢɬɜɟɥɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ Fullprof. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɵ ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɜ ɜɢɞɟ ɩɥɟɧɨɤ ɦɟɬɨɞɨɦ 
ɩɪɨɤɚɬɤɢ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɨɪɝɚɧɢɱɟɫɤɨɣ ɫɜɹɡɤɢ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɫɩɟɤɚɧɢɟɦ ɩɪɢ 1623 Ʉ ɢ 
1723 Ʉ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɥɢɧɟɣɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɨɛɪɚɡɰɨɜ ɩɨɥɭɱɟɧɵ ɧɚ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɥɚɬɨɦɟɬɪɟ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 303–1173 Ʉ ɫɨ ɫɤɨɪɨɫɬɶɸ ɫɴɟɦɤɢ 
573Ʉ/ɱɚɫ. ɉɟɪɜɨɧɚɱɚɥɶɧɭɸ ɞɥɢɧɭ ɨɛɪɚɡɰɚ ɢɡɦɟɪɹɥɢ ɦɢɤɪɨɦɟɬɪɨɦ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 0.01 
ɦɦ. 

Эɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡɦɟɪɟɧɚ ɱɟɬɵɪɟɯɡɨɧɞɨɜɵɦ ɦɟɬɨɞɨɦ ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 673–1173Ʉ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɫɢɫɬɟɦɨɣ 
ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɟɦɩɟɪɚɬɭɪɭ ɜ ɩɟɱɢ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɬɟɪɦɨɩɚɪɨɣ ɬɢɩɚ ɉɉ–1. 

ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɬɜёɪɞɵɯ ɪɚɫɬɜɨɪɨɜ La1-xBaxMn1-

yFeyO3 ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɞɨɩɢɪɨɜɚɧɢɟ ɦɚɧɝɚɧɢɬɚ ɥɚɧɬɚɧɚ LaMnO3+ ɛɚɪɢɟɦ ɭɜɟɥɢɱɢɜɚɟɬ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɛɚɡɨɜɨɝɨ LaMnO3+, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɡɚ 
ɫɱёɬ ɨɛɪɚɡɨɜɚɧɢɹ ɢɨɧɨɜ Mn4+ ɢɡ ɢɨɧɨɜ Mn3+. Ⱦɥɹ ɨɛɪɚɡɰɨɜ LaMnO3+, La0.9Ba0.1Mn0.1Fe0.9O3, 
La0.8Ba0.2Mn0.9Fe0.1O3 ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɦ ɯɚɪɚɤɬɟɪɟ ɩɪɨɜɨɞɢɦɨɫɬɢ. ɉɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɫɢɞ LaFeO3 ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɜɨɞɢɬ, ɚ ɟɝɨ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɱɟɧɶ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ Ɍ, ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ 
ɞɚɧɧɵɦɢ. 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɥɢɧɟɚɪɢɡɚɰɢɢ ɞɚɧɧɵɯ ɩɨ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɝɪɚɮɢɤɚ La1-xBaxMn1-yFeyO3 ɜ ɤɨɨɪɞɢɧɚɬɚɯ lg(ıT) - 1000/Ɍ ɛɵɥɢ 
ɪɚɫɫɱɢɬɚɧɵ ɜɟɥɢɱɢɧɵ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ. ȼɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɥɟɠɚɬ ɜ 
ɩɪɟɞɟɥɟ, ɯɚɪɚɤɬɟɪɧɨɦ ɞɥɹ ɩɟɪɟɧɨɫɚ ɩɨ ɦɟɯɚɧɢɡɦɭ ɩɨɥɹɪɨɧɨɜ ɦɚɥɨɝɨ ɪɚɞɢɭɫɚ. 

ɉɨɥɭɱɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɨɛɪɚɡɰɨɜ 
LaMnO3+, La0.9Ba0.1Mn0.1Fe0.9O3, La0.8Ba0.2Mn0.9Fe0.1O3 ɜ ɢɧɬɟɪɜɚɥɟ 298–1173 Ʉ ɧɚ ɜɨɡɞɭɯɟ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɇɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɟɣ L/L = (T) ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ ɞɚɧɧɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ. 
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ɂɫɯɨɞɹ ɢɡ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɞɥɹ LaMnO3+, La0.9Ba0.1Mn0.1Fe0.9O3, La0.8Ba0.2Mn0.9Fe0.1O3 ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ 
ɨ ɬɨɦ, ɱɬɨ ɅɄɌɊ ɞɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298–1173 Ʉ ɛɥɢɡɤɢ ɩɨ 
ɡɧɚɱɟɧɢɹɦ ɅɄɌɊ ɤ ɡɧɚɱɟɧɢɹɦ ɦɚɬɟɪɢɚɥɨɜ ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ ɤɚɱɟɫɬɜɟ 
ɷɥɟɤɬɪɨɥɢɬɧɵɯ ɞɥɹ ɬɜёɪɞɨɨɤɫɢɞɧɵɯ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɛɨɬɵ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɫɥɨɠɧɵɣ ɨɤɫɢɞ La0.8Ba0.2Mn0.9Fe0.1O3 ɩɨ 
ɜɟɥɢɱɢɧɟ ɅɄɌɊ (11.4*106, Ʉ-1) ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ (110-120 ɋɦ/ɫɦ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
973 - 1173 Ʉ) ɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɭɱɟɧɢɹ ɯɢɦɢɱɟɫɤɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɫ ɦɚɬɟɪɢɚɥɚɦɢ 
ɷɥɟɤɬɪɨɥɢɬɨɜ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɤɚɬɨɞɨɜ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ 13-03-96098 ɪИɭɪɚɥИɚ). 
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ɌȿɏɇɂɄА ɌȿɉɅɈɎɂɁɂɑȿɋɄɂɏ ɂɁɆȿɊȿɇɂɃ 
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Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. Ɇ.ȼ.Ʌɨɦɨɧɨɫɨɜɚ 
Ɋɨɫɫɢɣɫɤɚɹ ɮɟɞɟɪɚɰɢɹ 

E-mail: blagonravovla@mail.ru 
  

ɂɡɭɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɚɜɥɟɧɢɹ (ɚ.ɬ.ɤ.ɞ.) ɧɚɪɹɞɭ ɫ ɢɡɭɱɟɧɢɟɦ ɚɧɚɥɨɝɢɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɦɨɠɟɬ ɞɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɹɯ, ɤɨɬɨɪɵɟ ɧɚɛɥɸɞɚɸɬɫɹ  ɜ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɚɯ. Ⱥ.ɬ.ɤ.ɞ. , ɫɨɝɥɚɫɧɨ ɨɩɪɟɞɟɥɟɧɢɸ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ   SpTT  1 ,  Ɋɚɧɟɟ ɜ ɪɚɛɨɬɟ Д1Ж ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɚ.ɬ.ɤ.ɞ. ɠɢɞɤɨɝɨ ɰɟɡɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɬɨɱɤɢ 
ɩɥɚɜɥɟɧɢɹ ɞɨ 620 Ʉ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɨɥɨ 600Ʉ ɧɚɛɥɸɞɚɥɫɹ ɚɧɨɦɚɥɶɧɵɣ ɯɨɞɚ.ɬ.ɤ.ɞ. ɰɟɡɢɹ ɜ 
ɜɢɞɟ ɧɟɛɨɥɶɲɨɝɨ ɫɤɚɱɤɚ,  ɫɨɫɬɚɜɢɜɲɟɝɨ ɩɪɢɦɟɪɧɨ 5%. ɋɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ 
ɫɨɫɬɚɜɢɥɚ 2%. ȼ ɬɨɣ ɪɚɛɨɬɟ ɛɵɥ ɩɪɢɦɟɧɟɧ ɦɨɞɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɥ ɫɨɡɞɚɜɚɬɶ 
ɤɨɥɟɛɚɧɢɹ ɞɚɜɥɟɧɢɹ ɫ ɚɦɩɥɢɬɭɞɨɣ ɜ ɧɟɫɤɨɥɶɤɨ ɚɬɦɨɫɮɟɪ. ɉɪɢ ɷɬɨɦ ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɣ 
ɞɚɜɥɟɧɢɹ ɡɚɦɟɬɧɨ ɨɬɥɢɱɚɥɚɫɶ ɨɬ ɝɚɪɦɨɧɢɱɟɫɤɨɣ. Ɍɚɤ ɚɦɩɥɢɬɭɞɚ ɜɬɨɪɨɣ ɝɚɪɦɨɧɢɤɢ 
ɫɨɫɬɚɜɥɹɥɚ 60 % ɨɬ ɚɦɩɥɢɬɭɞɵ ɨɫɧɨɜɧɨɝɨ ɬɨɧɚ. Эɬɨ ɦɟɲɚɥɨ ɭɜɟɥɢɱɢɬɶ   ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ. 
ɋ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɚ.ɬ.ɤ.ɞ.ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɧɨɜɚɹ ɪɚɡɪɚɛɨɬɤɚ ɝɟɧɟɪɚɬɨɪɚ ɞɚɜɥɟɧɢɹ, ɭ ɤɨɬɨɪɨɝɨ ɚɦɩɥɢɬɭɞɚ ɜɬɨɪɨɣ ɝɚɪɦɨɧɢɤɢ ɫɨɫɬɚɜɢɥɚ ɧɟ 
ɛɨɥɟɟ 10% ɨɬ ɚɦɩɥɢɬɭɞɵ ɨɫɧɨɜɧɨɝɨ ɬɨɧɚ; ɚɦɩɥɢɬɭɞɵ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɝɚɪɦɨɧɢɤ – ɨɤɨɥɨ 1%. 
Ɋɚɧɟɟ ɷɬɨɬ ɝɟɧɟɪɚɬɨɪ ɛɵɥ ɨɩɪɨɛɨɜɚɧ ɜ ɢɡɦɟɪɟɧɢɹɯ ɚ.ɬ.ɤ.ɞ. ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ  ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 20-800 ɋ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɚ.ɬ.ɤ.ɞ. ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜɨɞɵ, ɜɵɩɨɥɧɟɧɧɵɦ  ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɧɧɵɯ ɩɨ ɩɥɨɬɧɨɫɬɢ Д2Ж.ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɧɨɜɵɣ ɦɨɞɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ 
ɩɪɢɦɟɧёɧ ɜ ɢɡɦɟɪɟɧɢɹɯ ɚ.ɬ.ɤ.ɞ. ɰɟɡɢɹ. ɂɡɦɟɪɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɞɚɜɥɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ 
ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɞɚɜɥɟɧɢɹ Mediamate – 1000 ɮɢɪɦɵ Honeywell. ȼ ɤɚɱɟɫɬɜɟ ɭɫɢɥɢɬɟɥɹ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɥɟɛɚɧɢɣ ɨɛɪɚɡɰɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɧɚɧɨɜɨɥɶɬɦɟɬɪ.  Ɉɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɩɨ 
ɚ.ɬ.ɤ.ɞ. ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ LabVIEW. ɂɫɩɨɥɶɡɨɜɚɥɫɹ 
ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɫɨɛɫɬɜɟɧɧɨɣ ɪɚɡɪɚɛɨɬɤɢ ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɚ ɝɚɪɦɨɧɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ 
ɫɢɝɧɚɥɨɜ, ɨɞɢɧ ɢɡ ɤɨɬɨɪɵɯ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɞɚɜɥɟɧɢɸ, ɚ ɞɪɭɝɨɣ  - ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɪɚɡɰɚ. ɉɪɢ 
ɷɬɨɦ ɮɭɪɶɟ-ɚɧɚɥɢɡ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɢɡɦɟɪɟɧɢɣ. ɇɚ ɪɢɫ.1 ɩɨɤɚɡɚɧ 
ɫɩɟɤɬɪ ɫɢɝɧɚɥɚ ɨɬ ɞɚɬɱɢɤɚ ɞɚɜɥɟɧɢɹ.  
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ɋ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɜɢɪɬɭɚɥɶɧɵɯ ɩɪɢɛɨɪɨɜ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɵ 
LabVIEWɨɩɪɟɞɟɥɹɥɢɫɶ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ ɧɚ ɨɫɧɨɜɧɨɣ 
ɱɚɫɬɨɬɟ. Эɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɞɧɹɬɶ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɚ.ɬ.ɤ.ɞ. ɇɚ ɪɢɫ.2 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɢɡɦɟɪɟɧɢɹ ɚ.ɬ.ɤ.ɞ. ɠɢɞɤɨɝɨ ɰɟɡɢɹ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɬ 305 ɞɨ 370 Ʉ.  ɋɥɭɱɚɣɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ 0,5-0,6 %. ɉɥɚɧɢɪɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɢɡɦɟɪɟɧɢɣ ɚ.ɬ.ɤ.ɞ. ɰɟɡɢɹ ɜ 
ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɞɨ 700 Ʉɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɛɨɥɟɟ 
ɬɨɱɧɵɯ ɫɜɟɞɟɧɢɣ ɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɰɟɡɢɹ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɫɨɫɬɨɹɧɢɣ. 
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ɢɦɩɭɥɶɫɧɨɦ ɪɚɡɨɝɪɟɜɟ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɢɫɫɥɟɞɭɟɬɫɹ ɤɪɚɬɤɨɜɪɟɦɟɧɧɚɹ ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɶ 
ɨɛɪɚɡɰɚ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɢɦɩɭɥɶɫɧɨ ɩɟɪɟɝɪɟɬɨɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɡɚɞɚɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ. Ɇɟɬɨɞɢɤɚ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɛɥɚɝɨɞɚɪɹ ɡɚɯɨɞɭ ɜ ɨɛɥɚɫɬɶ 
ɩɟɪɟɝɪɟɬɵɯ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɫɬɨɣɱɢɜɵɯ) ɫɨɫɬɨɹɧɢɣ. ɉɟɪɟɝɪɟɜ ɩɪɨɢɫɯɨɞɢɬ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɜɧɨɜɟɫɢɹ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɢ/ɢɥɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ 
ɬɟɪɦɨɪɚɡɪɭɲɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ.  

ɇɚ ɛɚɡɟ ɦɟɬɨɞɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɟɪɢɹ ɤɨɦɩɚɤɬɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɢɦɟɸɳɢɯ ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ 
ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɷɧɟɪɝɟɬɢɤɟ, ɮɚɪɦɚɰɟɜɬɢɤɟ ɢ ɯɢɦɢɱɟɫɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ: 

- ɫɨɡɞɚɧɵ ɢ ɚɩɪɨɛɢɪɨɜɚɧɵ ɤɨɦɩɚɤɬɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɚɝɢ ɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɦɚɫɥɚɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɯ ɢ ɬɭɪɛɢɧɧɵɯ ɦɚɫɥɚɯ Д2Ж. 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɦɟɬɨɞɢɤɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɫɨɫɬɚɜɥɹɟɬ ɩɨɪɹɞɤɚ 10 ppm; 

- ɜ ɫɨɫɬɚɜɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɦɟɬɨɞɢɤɚ ɩɪɢɦɟɧɟɧɚ ɞɥɹ ɷɤɫɩɪɟɫɫ-ɤɨɧɬɪɨɥɹ 
ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ 
ɪɟɚɤɰɢɢ ɞɢɚɡɨɬɢɪɨɜɚɧɢɹ. Ⱦɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɩɪɢ ɩɨɥɭɱɟɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 
ɩɪɟɩɚɪɚɬɨɜ Д3Ж; 

- ɫɨɡɞɚɧ ɜɚɪɢɚɧɬ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɚɝɢ ɜ ɠɢɞɤɢɯ ɤɨɦɩɨɧɟɧɬɚɯ 
ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɥɚɫɬɦɚɫɫ. Ɉɩɪɟɞɟɥɹɸɬɫɹ ɫɜɟɪɯɦɚɥɵɟ ɤɨɥɢɱɟɫɬɜɚ ɜɥɚɝɢ ɧɚ ɭɪɨɜɧɟ 5 ppm ɜ 
ɧɟɮɪɚɫɟ ɢ ɝɟɤɫɟɧɟ. 

Ⱥɜɬɨɪɵ ɢɳɭɬ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɵɯ ɥɢɰ ɞɥɹ ɜɧɟɞɪɟɧɢɹ ɞɚɧɧɵɯ ɪɚɡɪɚɛɨɬɨɤ. 
Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɍɪɈ ɊАɇ № 12-2-1-011-АɊКɌИКА. 
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Ʉɚɥɨɪɢɦɟɬɪɵ ɩɟɪɟɦɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɜ 
ɩɪɚɤɬɢɤɟ ɧɚɭɱɧɵɯ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɬɨɩɥɢɜɧɨ–
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɪɨɮɢɥɹ. ȼ ɷɬɢɯ ɩɪɢɛɨɪɚɯ ɦɟɪɨɣ ɢɡɦɟɪɹɟɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɹɜɥɹɟɬɫɹ 
ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ. Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɜɵɞɟɥɢɜɲɟɟɫɹ ɜ 
ɨɩɵɬɟ, ɜɵɱɢɫɥɹɸɬ ɩɨ ɦɟɬɨɞɭ ɬɟɩɥɨɜɨɝɨ ɷɤɜɢɜɚɥɟɧɬɚ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɨɦɭ ɢɡɦɟɪɟɧɧɚɹ ɷɧɟɪɝɢɹ 
ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ ɫ ɩɨɩɪɚɜɤɨɣ ɧɚ 
ɬɟɩɥɨɨɛɦɟɧ ɫɨɫɭɞɚ ɢ ɨɛɨɥɨɱɤɢ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ – ɬɟɩɥɨɜɨɣ ɷɤɜɢɜɚɥɟɧɬ – 
ɨɩɪɟɞɟɥɹɸɬ ɝɪɚɞɭɢɪɨɜɤɨɣ ɤɚɥɨɪɢɦɟɬɪɚ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɩɪɚɜɤɢ ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɫɨɫɭɞɚ ɢ ɨɛɨɥɨɱɤɢ ɬɪɟɛɭɟɬɫɹ ɢɡɦɟɪɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɨɥɨɱɤɢ Ɍɚ. ɂɡɦɟɪɟɧɧɚɹ ɜɟɥɢɱɢɧɚ Ɍɚ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
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ɪɟɝɭɥɢɪɨɜɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɨɥɨɱɤɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɭɫɥɨɜɢɟ Ɍɚ=const. Эɬɨ 
ɤɚɥɨɪɢɦɟɬɪɵ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ (ɢɡɨɩɟɪɢɛɨɥɢɱɟɫɤɢɟ) ɜ ɤɨɬɨɪɵɯ, ɤɚɤ ɢɡɜɟɫɬɧɨ, 
ɫɚɦɚ ɜɟɥɢɱɢɧɚ Ɍɚ ɜ ɪɚɫɱɟɬ ɢɫɩɪɚɜɥɟɧɧɨɝɨ ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɜɯɨɞɢɬ. ȼ ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ 
ɤɚɥɨɪɢɦɟɬɪɚɯ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ ɫ ɨɛɨɥɨɱɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɭ Ɍɚ ɪɟɝɭɥɢɪɭɸɬ ɩɨ ɭɫɥɨɜɢɸ Ɍɚ=Ɍɫ ɝɞɟ Ɍɫ- ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ 
ɫɨɫɭɞɚ.  

Ʉɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɟ ɨɩɵɬɵ ɜ ɤɚɥɨɪɢɦɟɬɪɚɯ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ ɢ 
ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ ɩɨɞɨɛɧɵ: ɧɚɱɚɥɶɧɵɣ ɢ ɤɨɧɟɱɧɵɣ ɩɟɪɢɨɞɵ ɨɩɵɬɚ ɞɚɸɬ 
ɢɧɮɨɪɦɚɰɢɸ, ɩɨ ɤɨɬɨɪɨɣ ɜɵɱɢɫɥɹɸɬ ɩɨɩɪɚɜɤɢ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ ɜ ɝɥɚɜɧɨɦ ɩɟɪɢɨɞɟ ɨɩɵɬɚ, ɜɵɱɢɫɥɹɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ 
ɢɫɩɪɚɜɥɟɧɧɵɣ ɩɨɞɴɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ Д1,2Ж ɜɟɥɢɱɢɧɚ ɢɫɩɪɚɜɥɟɧɧɨɝɨ ɩɨɞɴɟɦɚ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɤɪɢɜɨɣ ɜ ɝɥɚɜɧɨɦ ɩɟɪɢɨɞɟ ɨɩɵɬɚ, ɧɨ 
ɡɚɜɢɫɢɬ ɨɬ ɭɫɥɨɜɢɣ ɬɟɩɥɨɨɛɦɟɧɚ ɢ ɨɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɬɟɩɥɚ, ɚ ɞɥɹ 
ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɤɚɥɨɪɢɦɟɬɪɚ ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ ɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɨɥɨɱɤɢ. Эɬɚ ɮɚɤɬɢɱɟɫɤɚɹ ɪɚɜɧɨɡɧɚɱɧɨɫɬɶ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɢ 
ɢɡɨɩɟɪɢɛɨɥɢɱɟɫɤɨɝɨ ɪɟɠɢɦɨɜ ɩɨɡɜɨɥɹɟɬ ɫɨɱɟɬɚɬɶ ɢɯ ɜ ɨɞɧɨɣ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ (ɧɚɩɪɢɦɟɪ ɤɚɥɨɪɢɦɟɬɪɵ ɮɢɪɦɵ IKAC5000. C6000), ɫɬɚɜɹ ɩɨɥɶɡɨɜɚɬɟɥɹɦ 
«ɬɪɭɞɧɭɸ ɡɚɞɚɱɭ ɜɵɛɨɪɚ». 

Ɉɛɵɱɧɨ ɩɨɥɚɝɚɸɬ, ɱɬɨ ɜɫɥɟɞɫɬɜɢɟ ɨɬɫɭɬɫɬɜɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ, 
ɪɚɫɱɟɬ ɨɩɵɬɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɟɞɟɧ ɩɨ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɤɨɧɰɚ ɢ ɧɚɱɚɥɚ ɝɥɚɜɧɨɝɨ 
ɩɟɪɢɨɞɚ. ȼ ɷɬɨɦ ɜɢɞɹɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɚɞɢɚɛɚɬɢɱɟɫɤɨɝɨ ɤɚɥɨɪɢɦɟɬɪɚ. Ɍɚɤɚɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɭɳɟɫɬɜɭɟɬ ɬɨɥɶɤɨ ɜ ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ ɤɚɥɨɪɢɦɟɬɪɚɯ ɫ ɞɜɭɦɹ ɫɥɟɞɹɳɢɦɢ ɨɛɨɥɨɱɤɚɦɢ Д2Ж, 
ɤɨɬɨɪɵɟ ɧɚ ɩɪɚɤɬɢɤɟ ɧɟ ɩɪɢɦɟɧɹɸɬ. Ɍɨɱɧɨ ɜɵɱɢɫɥɢɬɶ ɩɨɩɪɚɜɤɭ ɧɚ ɧɟɚɞɢɚɛɚɬɢɱɧɨɫɬɶ 
(ɬɟɩɥɨɨɛɦɟɧ) ɧɟɜɨɡɦɨɠɧɨ, ɬ.ɤ. ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɨɩɵɬ ɜ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɧɟ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɤɨɧɫɬɚɧɬɭ ɨɯɥɚɠɞɟɧɢɹ ɤɚɥɨɪɢɦɟɬɪɚ, ɚ ɩɨɩɪɚɜɤɚ ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɜ 
ɤɚɥɨɪɢɦɟɬɪɚɯ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ ɬɨɱɧɨ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ ɤɚɠɞɨɦ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɦ ɨɩɵɬɟ. 

ȼɨɡɦɨɠɧɚ ɟɳɟ ɨɞɧɚ ɪɟɚɥɢɡɚɰɢɹ ɩɪɢɧɰɢɩɚ ɤɚɥɨɪɢɦɟɬɪɚ ɩɟɪɟɦɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ - 
ɤɚɥɨɪɢɦɟɬɪ ɫ ɢɡɦɟɪɹɟɦɨɣ, ɧɨ ɧɟɭɩɪɚɜɥɹɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɛɨɥɨɱɤɢ Д3Ж. Ⱦɥɹ ɷɬɨɝɨ 
ɧɟɨɛɯɨɞɢɦɨ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɢɡɦɟɪɟɧɢɟ ɞɜɭɯ ɬɟɦɩɟɪɚɬɭɪ- ɨɛɨɥɨɱɤɢ ɢ ɫɨɫɭɞɚ, ɯɪɚɧɟɧɢɟ ɢ 
ɨɛɪɚɛɨɬɤɚ ɜ ɞɜɚ ɪɚɡɚ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɚɧɧɵɯ, ɱɟɦ ɜ ɬɪɚɞɢɰɢɨɧɧɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ, 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɝɨ ɨɛɴɟɦɚ ɜɵɱɢɫɥɟɧɢɣ, ɱɟɦ ɬɪɟɛɨɜɚɥɚ, ɧɚɩɪɢɦɟɪ, ɮɨɪɦɭɥɚ ɓɭɤɚɪɟɜɚ Д4Ж. 
Ɍɟɯɧɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ ɷɬɢɯ ɬɪɟɛɨɜɚɧɢɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ ɜɵɡɵɜɚɟɬ ɬɪɭɞɧɨɫɬɟɣ. 

Ʉɚɥɨɪɢɦɟɬɪ ɩɟɪɟɦɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɧɟɭɩɪɚɜɥɹɟɦɨɣ ɨɛɨɥɨɱɤɨɣ, ɧɚɩɪɢɦɟɪ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɬɨɩɥɢɜ, ɛɭɞɟɬ ɫɨɞɟɪɠɚɬɶ ɡɚɩɨɥɧɟɧɧɵɣ  ɠɢɞɤɨɫɬɶɸ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɭɞ ɫ ɦɟɲɚɥɤɨɣ ɢ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɛɨɦɛɨɣ, ɨɤɪɭɠɟɧɧɵɣ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɨɣ, ɞɚɬɱɢɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ Ɍɫ ɢ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ Ɍɚ, ɚ ɬɚɤɠɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɛɥɨɤ ɞɥɹ ɪɚɫɱɟɬɚ ɢɫɩɪɚɜɥɟɧɧɨɝɨ 
ɩɨɞɴɟɦɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɮɭɧɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɜɪɟɦɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɵɬɚ ɢ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɬɟɩɥɨɬɵ ɩɨ ɦɟɬɨɞɭ 
ɬɟɩɥɨɜɨɝɨ ɷɤɜɢɜɚɥɟɧɬɚ.  

Ɍɚɤɚɹ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɚɹ ɨɛɨɥɨɱɤɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ 
ɡɚɦɤɧɭɬɨɝɨ ɤɨɠɭɯɚ ɫ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɫ ɡɚɡɨɪɨɦ ɜɨɤɪɭɝ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ- ɧɚɩɪɢɦɟɪ ɜ ɜɢɞɟ ɚɥɸɦɢɧɢɟɜɨɝɨ ɰɢɥɢɧɞɪɚ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ 
ɜɧɟɲɧɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɚɹ ɨɛɨɥɨɱɤɚ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɬɚɤɠɟ 
ɨɤɪɭɠɟɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɡɚɦɤɧɭɬɵɦ ɤɨɠɭɯɨɦ ɢɡ ɦɚɬɟɪɢɚɥɚ ɫ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɫ ɡɚɡɨɪɨɦ ɜɨɤɪɭɝ ɨɛɨɥɨɱɤɢ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɢɦɟɸɳɢɦ ɬɟɩɥɨɢɡɨɥɹɰɢɸ ɩɨ 
ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
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Ʉɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɨɩɵɬ ɩɪɨɜɨɞɹɬ ɬɚɤ ɠɟ, ɤɚɤ ɧɚ ɤɚɥɨɪɢɦɟɬɪɟ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɨɥɨɱɤɨɣ, ɢɡɦɟɪɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ Q ɜɵɱɢɫɥɹɸɬ ɬɚɤ ɠɟ ɩɨ ɦɟɬɨɞɭ ɬɟɩɥɨɜɨɝɨ 
ɷɤɜɢɜɚɥɟɧɬɚ  

Q=W*(Tcn- Tco+ t) 
ɝɞɟ W –ɬɟɩɥɨɜɨɣ ɷɤɜɢɜɚɥɟɧɬ ɤɚɥɨɪɢɦɟɬɪɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɩɨ ɞɚɧɧɵɦ ɨ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ ɢ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ; 
Ɍɫn ɢ Ɍɫɨ – ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ ɜ ɤɨɧɰɟ ɢ ɧɚɱɚɥɟ, ɝɥɚɜɧɨɝɨ ɩɟɪɢɨɞɚ 

ɨɩɵɬɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 
 t- ɩɨɩɪɚɜɤɚ ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɫɨɫɭɞɚ ɢ ɨɛɨɥɨɱɤɢ. 
ɉɨ ɚɧɚɥɨɝɢɢ ɫ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɩɪɚɜɤɨɣ Ɋɟɧɶɨ –ɉɮɚɭɧɞɥɟɪɚ Д4Ж ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
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ɝɞɟ n=ΔT/Δτ - ɱɢɫɥɨ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪ ɜ ɝɥɚɜɧɨɦ ɩɟɪɢɨɞɟ ɨɩɵɬɚ, ΔT - ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ 
ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ ɨɬ Ɍɫɨ  ɞɨ Ɍ ɫn ( ɝɥɚɜɧɵɣ ɩɟɪɢɨɞ ɨɩɵɬɚ); 
Δτ – ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ  ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ; 
Bi=Tci–Tai - ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ Ɍɫi ɢ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ 
ɨɛɨɥɨɱɤɢ Ɍɚiɜ ɝɥɚɜɧɨɦ ɩɟɪɢɨɞɟ ɨɩɵɬɚ ɩɪɢ i-ɬɨɦ   ɢɡɦɟɪɟɧɢɢ; 
k = (go – gn) / (Bn– Bo) – ɤɨɧɫɬɚɧɬɚ ɨɯɥɚɠɞɟɧɢɹ ɤɚɥɨɪɢɦɟɬɪɚ, go ɢ gn -ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ ɜ ɧɚɱɚɥɶɧɨɦ ɢ ɤɨɧɟɱɧɨɦ ɩɟɪɢɨɞɚɯ ɨɩɵɬɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ( ɩɨ ɬɟɪɦɨɦɟɬɪɭ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ); Вɨ, Вn – ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɭɞɚ ɢ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɝɥɚɜɧɨɝɨ 
ɩɟɪɢɨɞɚ ɨɩɵɬɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɥɹ ɪɚɫɱɟɬɚ ɪɟɡɭɥɶɬɚɬɚ ɨɩɵɬɚ ɜ ɤɚɥɨɪɢɦɟɬɪɟ ɫ ɧɟɭɩɪɚɜɥɹɟɦɨɣ ɨɛɨɥɨɱɤɨɣ 
ɤɪɨɦɟ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɫɭɞɚ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɨɥɨɱɤɢ ɢ 
ɨɩɪɟɞɟɥɢɬɶ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɫɨɫɭɞɚ ɢ ɨɛɨɥɨɱɤɢ ɜ ɝɥɚɜɧɨɦ ɩɟɪɢɨɞɟ ɨɩɵɬɚ. 
Ʉɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɭɞ ɡɚɩɨɥɧɟɧ ɢɧɬɟɧɫɢɜɧɨ ɩɟɪɟɦɟɲɢɜɚɟɦɨɣ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ 
ɠɢɞɤɨɫɬɶɸ ɢ ɝɪɚɞɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɨɫɭɞɟ ɧɟɜɟɥɢɤɢ.  

ɉɨ ɢɧɨɦɭ ɨɛɫɬɨɢɬ ɞɟɥɨ ɜ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɟ, ɨɬɞɟɥɶɧɵɟ ɱɚɫɬɢ ɤɨɬɨɪɨɣ ɦɨɝɭɬ 
ɢɦɟɬɶ ɪɚɡɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɧɚ ɪɚɡɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ 
ɫɨɫɭɞɚ, ɬ.ɟ. ɢɦɟɬɶ ɪɚɡɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɛɦɟɧɚ. Ɉɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ ɜɥɢɹɧɢɟ ɷɬɢɯ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɤɪɵɲɤɢ ɨɛɨɥɨɱɤɢ, ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɨɫɬɭɩ ɜ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɣ ɫɨɫɭɞ. ɋɱɢɬɚɹ ɨɛɨɥɨɱɤɭ ɫɨɫɬɚɜɧɵɦ ɬɟɥɨɦ, ɞɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɨɛɦɟɧɚ 
ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ  
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ ɧɟ 
ɨɞɧɢɦ ɚ ɧɟɫɤɨɥɶɤɢɦɢ ɬɟɪɦɨɦɟɬɪɚɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ Siɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 
ɬɟɩɥɨɨɛɦɟɧɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɬɟɦɩɟɪɚɬɭɪɭ ɬɟɩɥɨɨɛɦɟɧɚ ɫɨɫɭɞɚ ɢ ɨɛɨɥɨɱɤɢ ɜɵɱɢɫɥɹɬɶ ɩɨ 
ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɮɨɪɦɭɥɟ Д5Ж. Ɇɨɠɧɨ ɪɚɫɩɪɟɞɟɥɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ ɬɟɪɦɨɦɟɬɪɚ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɛɵɥɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɟɥɢɱɢɧɟ i iS , ɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɬɟɪɦɨɦɟɬɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ 
Si ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɜɟɥɢɱɢɧɟ i iS . 

ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɨɥɨɱɤɢ ɧɟɫɤɨɥɶɤɢɦɢ ɬɟɪɦɨɦɟɬɪɚɦɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɨɛɦɟɧɚ Ɍɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɜ ɤɚɥɨɪɢɦɟɬɪɚɯ ɫ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 
ɨɛɨɥɨɱɤɨɣ ɢ ɜ ɚɞɢɚɛɚɬɢɱɟɫɤɢɯ ɤɚɥɨɪɢɦɟɬɪɚɯ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɬɟɪɦɨɪɟɝɭɥɹɬɨɪ ɨɛɨɥɨɱɤɢ 
ɞɨɥɠɟɧ ɢɦɟɬɶ ɮɭɧɤɰɢɸ ɭɩɪɚɜɥɟɧɢɹ Ɍɚ= const, ɜɨ ɜɬɨɪɨɦ Ɍɚ = Ɍɫ. 
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ɉɪɢɦɟɪɚɦɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɤɚɥɨɪɢɦɟɬɪɨɜ ɫ ɧɟɭɩɪɚɜɥɹɟɦɨɣ ɨɛɨɥɨɱɤɨɣ 
ɹɜɥɹɸɬɫɹ ɤɚɥɨɪɢɦɟɬɪɵ «Ɍɚɧɬɚɥ» Ɍɚ-5 ɢ ȺȼɄ-1ȼ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɬ 
ɫɝɨɪɚɧɢɹ ɬɜɟɪɞɵɯ, ɠɢɞɤɢɯ ɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɬɨɩɥɢɜ. Ʉɚɥɨɪɢɦɟɬɪɵ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɵ, 
ɜɤɥɸɱɟɧɵ ɜ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɪɟɟɫɬɪ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ ɊɎ. ɉɨ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɷɬɢ ɤɚɥɨɪɢɦɟɬɪɵ ɧɟ ɭɫɬɭɩɚɸɬ ɡɚɪɭɛɟɠɧɵɦ ɤɚɥɨɪɢɦɟɬɪɚɦ, ɩɨɫɬɪɨɟɧɧɵɦ ɩɨ 
ɬɪɚɞɢɰɢɨɧɧɵɦ ɫɯɟɦɚɦ Д6Ж. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. ə.ȼ. ȼɚɫɢɥɶɟɜ, ɇ.ɂ. Ɇɚɰɤɟɜɢɱ. Ɍɟɩɥɨɜɨɣ ɷɤɜɢɜɚɥɟɧɬ ɥɢɧɟɣɧɵɯ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɯ 
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2. ə.ȼ. ȼɚɫɢɥɶɟɜ, ɇ.ɂ. Ɇɚɰɤɟɜɢɱ. ɉɨɩɪɚɜɤɚ ɧɚ ɬɟɩɥɨɨɛɦɟɧ ɢ ɬɟɩɥɨɜɨɣ ɷɤɜɢɜɚɥɟɧɬ 
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5. ə.Ɉ. ɂɧɨɡɟɦɰɟɜ, Ⱥ.ȼ. ɂɧɨɡɟɦɰɟɜ, ɂ.Ⱥ. ɀɢɥɶɰɨɜ, ɘ.ɇ. Ɇɚɬɸɲɢɧ, Ⱥ.Ȼ. ȼɨɪɨɛɶɟɜ. 
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ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɨɦɛɨɜɵɯ ɤɚɥɨɪɢɦɟɬɪɨɜ, ɩɪɢɦɟɧяɟɦɵɯ ɜ Ɋɨɫɫɢɢ. 
ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ, 2 (2011) 51. 
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Ɇɟɲɚɥɤɢɧ Ⱥ.Ȼ., Ʉɚɩɥɭɧ Ⱥ.Ȼ., ɋɨɥɨɞɨɜɧɢɤɨɜ ɋ.Ɏ., Шɥɟɝɟɥɶ ȼ.ɇ. 
Иɧɫɬɢɬɭɬ ɬɟɩɥɨɮɢɡɢɤɢ ɋɈ ɊАɇ, Ɋɨɫɫɢя, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, 

 ɩɪ. ɚɤ. Ʌɚɜɪɟɧɬɶɟɜɚ, 1.  E-mail:kaplun@itp.nsc.ru 
Иɧɫɬɢɬɭɬ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɋɈ ɊАɇ, Ɋɨɫɫɢя, 630090, 

 ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. ɚɤ. Ʌɚɜɪɟɧɬɶɟɜɚ, 3 
 

Ɇɨɥɢɛɞɚɬɵ ɞɜɭɯɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ (ГЧ, PЛ ɢ ɞɪ.) ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɤɚɤ 
ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɧɚɭɱɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɧɭɠɞ. 

ɋɢɫɬɟɦɚ ɨɤɫɢɞ ɰɢɧɤɚ – ɨɤɫɢɞ ɦɨɥɢɛɞɟɧɚ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɦɧɨɝɨɤɪɚɬɧɨ ɪɚɡɥɢɱɧɵɦɢ 
ɦɟɬɨɞɚɦɢ Д1, 2Ж. ɂɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ ɨɛɡɨɪɚ ɥɢɬɟɪɚɬɭɪɵ, ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ 
ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ ɨ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɥɚɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ, ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ, ɢ 
ɷɜɬɟɤɬɢɤɚɯ ɦɟɠɞɭ ɧɢɦɢ, ɩɪɨɬɢɜɨɪɟɱɢɜɵ ɢ ɧɭɠɞɚɸɬɫɹ ɜ ɭɬɨɱɧɟɧɢɢ. 

ɂɡɦɟɪɟɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚɦɢ ɧɚ 19 ɨɛɪɚɡɰɚɯ ɜ ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɨɜ ɨɬ 48 ɞɨ 100 % ɦɨɥ. 
MoO3. ɂɫɫɥɟɞɨɜɚɧɢɹ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɫɢɫɬɟɦɵ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɟ, ɜ ɤɨɬɨɪɨɣ ɫɨɜɦɟɳɟɧɵ ɜɢɛɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ Д3Ж ɢ ɦɟɬɨɞ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. Ɉɛɪɚɡɰɵ ɦɚɫɫɨɣ 100…150 ɝɪɚɦɦɨɜ ɫɢɧɬɟɡɢɪɨɜɚɥɢɫɶ ɢɡ ɢɫɯɨɞɧɵɯ 
ɪɟɚɤɬɢɜɨɜ (ɨɤɫɢɞɚ ɰɢɧɤɚ ɢ ɨɤɫɢɞɚ ɦɨɥɢɛɞɟɧɚ ɦɚɪɤɢ ɏɑ), ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɫɭɲɟɧɧɵɯ ɜ 
ɬɟɱɟɧɢɟ ɫɭɬɨɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 150…200 ɋ. ȼ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 
ɩɥɚɬɢɧɨɜɵɣ ɬɢɝɟɥɶ ɞɢɚɦɟɬɪɨɦ 45 ɦɦ ɢ ɜɵɫɨɬɨɣ 50 ɦɦ. ȼɵɫɨɬɚ ɪɚɫɩɥɚɜɚ ɫɨɫɬɚɜɥɹɥɚ з 30 ɦɦ. 
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Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɥɢɤɜɚɰɢɨɧɧɵɯ ɷɮɮɟɤɬɨɜ ɨɛɪɚɡɟɰ ɩɨɫɥɟ ɩɥɚɜɥɟɧɢɹ ɩɟɪɟɦɟɲɢɜɚɥɫɹ 
ɩɭɬɟɦ ɛɚɪɛɨɬɚɠɚ ɜɨɡɞɭɯɨɦ.  

ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɥɚɬɢɧɨɪɨɞɢɣ - ɩɥɚɬɢɧɨɜɨɣ ɬɟɪɦɨɩɚɪɨɣ 
ɜ ɩɥɚɬɢɧɨɜɨɦ ɱɟɯɥɟ, ɩɨɝɪɭɠɟɧɧɨɣ ɜ ɪɚɫɩɥɚɜ ɧɚ ɝɥɭɛɢɧɭ з 20 ɦɦ. Ɍɟɪɦɨɝɪɚɦɦɵ ɧɚɝɪɟɜɚ 
ɫɧɢɦɚɥɢɫɶ ɩɪɢ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚɧɢɹ ɨɛɪɚɡɰɚ 5 ɋ ɜ ɦɢɧɭɬɭ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 
ɜɢɛɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɫɨɫɬɚɜɥɹɥɚ (2…3) ɋ Д3Ж. ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɩɥɚɬɢɧɨɪɨɞɢɣ–
ɩɥɚɬɢɧɨɜɵɟ ɬɟɪɦɨɩɚɪɵ ɛɵɥɢ ɩɪɨɝɪɚɞɭɢɪɨɜɚɧɵ ɜ ɇɨɜɨɫɢɛɢɪɫɤɨɦ ɂɧɫɬɢɬɭɬɟ ɦɟɬɪɨɥɨɝɢɢ. 
ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɢɡɜɥɟɱɟɧɢɟ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜ ɩɪɨɰɟɫɫɟ ɨɩɵɬɨɜ 
ɤɪɢɫɬɚɥɥɨɜ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 
Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ. 

 

 
Ɋɢɫ.1. Ɏɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɫɢɫɬɟɦɵ ɦɨɥɢɛɞɚɬ ɰɢɧɤɚ – ɨɤɫɢɞ ɦɨɥɢɛɞɟɧɚ. 
1- ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ȼɎȺ 
2 – ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɌȺ 
 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɞɚɧɧɵɟ ɨ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɢɬɟɤɬɢɱɟɫɤɨɝɨ ɩɥɚɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ 

ZnMoO4 (1008 ɋ), ɚ ɬɚɤɠɟ ɨɛɪɚɡɭɟɦɨɣ ɢɦ ɷɜɬɟɤɬɢɤɢ ɫ MoO3 ɫɨɫɬɚɜɨɦ 76,6 % ɦɨɥ. ɆɨɈ3 ɢ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ 712 ɋ, ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɫɨɜɩɚɞɚɸɬ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬ, 
ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ Д1Ж.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ, ɝɪɚɧɬ № 10-08-00253. 
 

ɅɂɌȿɊАɌɍɊА 
 

1. Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨяɧɢя ɫɢɫɬɟɦ ɬɭɝɨɩɥɚɜɤɢɯ ɨɤɫɢɞɨɜ. ɋɩɪɚɜɨɱɧɢɤ. ȼɵɩ. 5.Ⱦɜɨɣɧɵɟ 
ɫɢɫɬɟɦɵ. ɑ. 4.Ʌ.: ɇɚɭɤɚ, 1988. 
2. Ɇ.ȼ. Ɇɨɯɨɫɨɟɜ, ɀ.Ƚ. Ȼɚɡɚɪɨɜɚ. ɋɥɨɠɧɵɟ ɨɤɫɢɞɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɫ ɷɥɟɦɟɧɬɚɦɢ I-
IV ɝɪɭɩɩ. Ɉɬɜ. ɪɟɞ. Ɏ.ɉ.Ⱥɥɟɤɫɟɟɜ. Ɇ.: ɇɚɭɤɚ, 1990. 
3. Ⱥ.Ȼ. Ʉɚɩɥɭɧ, Ⱥ.Ȼ. Ɇɟɲɚɥɤɢɧ. ɌȼɌ 48 (2010) 553. 
 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɂɋɋɅȿȾɈВАɇɂȿ ɎАɁɈВЫɏ ɊАВɇɈВȿɋɂɃ   
В ɋɂɋɌȿɆȿ PbMoO4 - MoO3 

Ɇɟɲɚɥɤɢɧ Ⱥ.Ȼ., Ʉɚɩɥɭɧ Ⱥ.Ȼ., Ƚɪɢɝɨɪɶɟɜɚ ȼ.Ⱦ., Ƚɭɞɤɨɜɚ ɂ.Ⱥ., ɂɜɚɧɧɢɤɨɜɚ ɇ.ȼ., 
ɋɨɥɨɞɨɜɧɢɤɨɜ ɋ.Ɏ., Шɥɟɝɟɥɶ ȼ.ɇ., Ʉɢɞɹɪɨɜ Ȼ.ɂ. 

Иɧɫɬɢɬɭɬ ɬɟɩɥɨɮɢɡɢɤɢ ɋɈ ɊАɇ,  
Ɋɨɫɫɢя, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. ɚɤ. Ʌɚɜɪɟɧɬɶɟɜɚ, 1.  E-mail: kaplun@itp.nsc.ru 

Иɧɫɬɢɬɭɬ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɋɈ ɊАɇ, 
 Ɋɨɫɫɢя, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. ɚɤ. Ʌɚɜɪɟɧɬɶɟɜɚ, 3. 

Иɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɋɈ ɊАɇ,  
Ɋɨɫɫɢя, 630090, ɇɨɜɨɫɢɛɢɪɫɤ, ɩɪ. ɚɤ. Ʌɚɜɪɟɧɬɶɟɜɚ, 13 

 
Ɇɨɥɢɛɞɚɬɵ ɞɜɭɯɜɚɥɟɧɬɧɵɯ ɦɟɬɚɥɥɨɜ (ГЧ, PЛ ɢ ɞɪ.) ɩɪɢɜɥɟɤɚɸɬ ɜɧɢɦɚɧɢɟ ɤɚɤ 

ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɧɚɭɱɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɧɭɠɞ. 
ɋɢɫɬɟɦɚ ɨɤɫɢɞ ɫɜɢɧɰɚ – ɨɤɫɢɞ ɦɨɥɢɛɞɟɧɚ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɦɧɨɝɨɤɪɚɬɧɨ ɪɚɡɥɢɱɧɵɦɢ 

ɦɟɬɨɞɚɦɢ Д1, 2Ж. ɂɡ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ ɨɛɡɨɪɚ ɥɢɬɟɪɚɬɭɪɵ ɜɢɞɧɨ, ɱɬɨ ɞɚɧɧɵɟ 
ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ ɨ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɥɚɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ, ɫɭɳɟɫɬɜɭɸɳɢɯ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ, ɢ 
ɷɜɬɟɤɬɢɤɚɯ ɦɟɠɞɭ ɧɢɦɢ ɩɪɨɬɢɜɨɪɟɱɢɜɵ ɢ ɧɭɠɞɚɸɬɫɹ ɜ ɭɬɨɱɧɟɧɢɢ. 

ɂɡɦɟɪɟɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚɦɢ ɧɚ 12 ɨɛɪɚɡɰɚɯ ɜ ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɨɜ ɨɬ 50 ɞɨ 100 % ɦɨɥ. 
MoO3. ɂɫɫɥɟɞɨɜɚɧɢɹ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɫɢɫɬɟɦɵ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɟ, ɜ ɤɨɬɨɪɨɣ ɫɨɜɦɟɳɟɧɵ ɜɢɛɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ Д3Ж ɢ ɦɟɬɨɞ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. Ɉɛɪɚɡɰɵ ɦɚɫɫɨɣ 150…200 ɝɪɚɦɦɨɜ ɫɢɧɬɟɡɢɪɨɜɚɥɢɫɶ ɢɡ ɢɫɯɨɞɧɵɯ 
ɪɟɚɤɬɢɜɨɜ (ɨɤɫɢɞɚ ɫɜɢɧɰɚ ɢ ɨɤɫɢɞɚ ɦɨɥɢɛɞɟɧɚ ɦɚɪɤɢ ɏɑ), ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɫɭɲɟɧɧɵɯ ɜ 
ɬɟɱɟɧɢɢ ɫɭɬɨɤ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 150…200 ɋ. ȼ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 
ɩɥɚɬɢɧɨɜɵɣ ɬɢɝɟɥɶ ɞɢɚɦɟɬɪɨɦ 45 ɦɦ ɢ ɜɵɫɨɬɨɣ 50 ɦɦ. ȼɵɫɨɬɚ ɪɚɫɩɥɚɜɚ ɫɨɫɬɚɜɥɹɥɚ з 30 ɦɦ. 
Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɥɢɤɜɚɰɢɨɧɧɵɯ ɷɮɮɟɤɬɨɜ ɨɛɪɚɡɟɰ ɩɨɫɥɟ ɩɥɚɜɥɟɧɢɹ ɩɟɪɟɦɟɲɢɜɚɥɫɹ 
ɩɭɬɟɦ ɛɚɪɛɨɬɚɠɚ ɜɨɡɞɭɯɨɦ.  

ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɥɚɬɢɧɨɪɨɞɢɣ - ɩɥɚɬɢɧɨɜɨɣ ɬɟɪɦɨɩɚɪɨɣ 
ɜ ɩɥɚɬɢɧɨɜɨɦ ɱɟɯɥɟ, ɩɨɝɪɭɠɟɧɧɨɣ ɜ ɪɚɫɩɥɚɜ ɧɚ ɝɥɭɛɢɧɭ з 20 ɦɦ. Ɍɟɪɦɨɝɪɚɦɦɵ ɧɚɝɪɟɜɚ 
ɫɧɢɦɚɥɢɫɶ ɩɪɢ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚɧɢɹ ɨɛɪɚɡɰɚ 5 ɋ ɜ ɦɢɧɭɬɭ. 

 

50 60 70 80 90 100

700

800

900

1000

664

805

1069

 

 

t, 
o
C

PbO                                 % mole MoO
3

 1

 2

 
Ɋɢɫ.1. Ɏɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɫɢɫɬɟɦɵ ɦɨɥɢɛɞɚɬ ɫɜɢɧɰɚ – ɨɤɫɢɞ ɦɨɥɢɛɞɟɧɚ. 
1 –  ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ȼɎȺ 
2 – ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɌȺ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɣ 
ɜɢɛɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɫɨɫɬɚɜɥɹɥɚ (2…3) ɋ Д3Ж. ɂɡɦɟɪɢɬɟɥɶɧɵɟ ɩɥɚɬɢɧɨɪɨɞɢɣ–
ɩɥɚɬɢɧɨɜɵɟ ɬɟɪɦɨɩɚɪɵ ɛɵɥɢ ɩɪɨɝɪɚɞɭɢɪɨɜɚɧɵ ɜ ɇɨɜɨɫɢɛɢɪɫɤɨɦ ɂɧɫɬɢɬɭɬɟ ɦɟɬɪɨɥɨɝɢɢ. 
ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɢɡɜɥɟɱɟɧɢɟ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜ ɩɪɨɰɟɫɫɟ ɨɩɵɬɨɜ 
ɤɪɢɫɬɚɥɥɨɜ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɦɟɬɨɞɨɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. 
Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɞɚɧɧɵɟ ɨ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɥɚɜɥɟɧɢɹ ɫɨɟɞɢɧɟɧɢɹ PbMoO4 (1069 ɋ), ɚ 
ɬɚɤɠɟ ɨɛɪɚɡɭɟɦɨɣ ɢɦ ɷɜɬɟɤɬɢɤɢ ɫ MoO3 ɫɨɫɬɚɜɨɦ 78,9 % ɦɨɥ. ɆɨɈ3 ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɩɥɚɜɥɟɧɢɹ 664 ɋ, ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɫɨɜɩɚɞɚɟɬ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬ ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ Д1Ж.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ, ɝɪɚɧɬ № 14-08-00527. 
 

ɅɂɌȿɊАɌɍɊА 
 

1. Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨяɧɢя ɫɢɫɬɟɦ ɬɭɝɨɩɥɚɜɤɢɯ ɨɤɫɢɞɨɜ. ɋɩɪɚɜɨɱɧɢɤ. ȼɵɩ. 5. Ⱦɜɨɣɧɵɟ 
ɫɢɫɬɟɦɵ. ɑ. 4.Ʌ.: ɇɚɭɤɚ, 1988. 
2. Ɇ.ȼ. Ɇɨɯɨɫɨɟɜ, ɀ.Ƚ. Ȼɚɡɚɪɨɜɚ. ɋɥɨɠɧɵɟ ɨɤɫɢɞɵ ɦɨɥɢɛɞɟɧɚ ɢ ɜɨɥɶɮɪɚɦɚ ɫ ɷɥɟɦɟɧɬɚɦɢ I-
IV ɝɪɭɩɩ. Ɉɬɜ. ɪɟɞ. Ɏ.ɉ. Ⱥɥɟɤɫɟɟɜ. Ɇ.: ɇɚɭɤɚ, 1990. 
3. Ⱥ.Ȼ. Ʉɚɩɥɭɧ, Ⱥ.Ȼ. Ɇɟɲɚɥɤɢɧ. ɌВɌ. 48 (2010) 553. 

 
 

 
ɂɋɋɅȿȾɈВАɇɂȿ ɌȿɆɉȿɊАɌɍɊɈɉɊɈВɈȾɇɈɋɌɂ ɆАɌȿɊɂАɅɈВ ɉɊɂ 

ВɈɁȾȿɃɋɌВɂɂ ɊАɋɌəȽɂВАɘЩɂɏ ɋɂɅ 
Ʌɟɩɟɲɤɢɧ Ⱥ.Ɋ. 

ɎȽɍɉ «ɐɟɧɬɪɚɥɶɧɵɣ ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɨɝɨ ɦɨɬɨɪɨɫɬɪɨɟɧɢя ɢɦ. ɉ.И. Ȼɚɪɚɧɨɜɚ», 
Ɋɨɫɫɢя, 111116 ɝ. Ɇɨɫɤɜɚ, ɭɥ. Аɜɢɚɦɨɬɨɪɧɚя, 2. E-mail: lepeshkin.ar@gmail.com 

 
ȼɵɩɨɥɧɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɨɰɟɧɤɟ ɜɥɢɹɧɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɧɚ 

ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɢɡ ɤɨɩɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɩɨɤɚɡɚɥɢ ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɞɢɫɤɚ ɫ ɨɛɪɚɡɰɚɦɢ 
(ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚɦɢ) ɞɨ 10000 ɨɛ/ɦɢɧ Д1-3Ж. Ɋɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɟ 
ɞɨɫɬɢɝɚɥɢ 100-200 Ɇɉɚ, ɚ ɭɫɤɨɪɟɧɢɟ 100000 ɦ/ɫ2 (10000 g). ȼɨ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɟɣɫɬɜɨɜɚɥɢ ɞɜɚ ɮɚɤɬɨɪɚ – ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɫɢɥɚ ɢ ɭɫɤɨɪɟɧɢɟ. ɇɟɨɛɯɨɞɢɦɨ 
ɜɵɹɜɢɬɶ ɜɥɢɹɧɢɟ ɧɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ.  

ȼɥɢɹɧɢɟ ɫɠɢɦɚɸɳɢɯ ɫɢɥ ɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɨɟɞɢɧɟɧɢɹ GКSЛ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɥɨɫɶ 
ɫɨɬɪɭɞɧɢɤɚɦɢ ɢɧɫɬɢɬɭɬɚ ɮɢɡɢɤɢ Ⱦɚɝ. ɇɐ ɊȺɇ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɞɨ 250...350 Ɇɉɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɜɵɲɚɥɚɫɶ ɧɚ 15...20% ɧɚ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɹɯ Д4Ж. ɂɫɫɥɟɞɨɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ ɪɚɧɟɟ ɧɟ ɩɪɨɜɨɞɢɥɢɫɶ. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɦɚɬɟɪɢɚɥɨɜ ɫ ɭɱɟɬɨɦ ɞɟɣɫɬɜɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɫɢɥ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɞɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɧɢɤɟɥɟɜɨɝɨ 
ɫɩɥɚɜɚ. ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɨɜ ȽɌȾ ɩɪɢ ɢɯ ɧɚɝɪɭɠɟɧɢɢ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɢɥɨɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɫɟɜɨɟ 
ɧɚɝɪɭɠɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɫ ɡɚɯɜɚɬɚɦɢ, ɢɦɟɸɳɢɦɢ ɬɟɩɥɨɢɡɨɥɹɬɨɪɵ (ɪɢɫ. 1). Ɉɧɢ ɞɨɥɠɧɵ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɦɢɧɢɦɚɥɶɧɵɟ ɩɨɬɟɪɢ ɱɟɪɟɡ ɡɚɯɜɚɬɵ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɢɞɭɳɟɝɨ ɩɨ 
ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɭ. ɇɚ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤ ɢɡ ɯɪɨɦɟɥɟɜɨɝɨ ɩɪɨɜɨɞɚ ɞɢɚɦɟɬɪɨɦ 0.5 ɦɦ ɧɚ ɭɱɚɫɬɤɟ 
ɩɪɨɬɹɠɟɧɧɨɫɬɶɸ 10 ɦɦ ɧɚɦɚɬɵɜɚɥɫɹ ɧɚɝɪɟɜɚɬɟɥɶ ɢɡ ɢɡɨɥɢɪɨɜɚɧɧɨɣ ɯɪɨɦɨɧɢɤɟɥɟɜɨɣ 
ɩɪɨɜɨɥɨɤɢ. Ʉ ɜɟɪɯɧɟɦɭ ɢ ɧɢɠɧɟɦɭ ɤɨɧɰɚɦ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ ɩɪɢɜɚɪɢɜɚɥɢɫɶ ɞɜɟ ɬɟɪɦɨɩɚɪɵ 
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ɏȺ ɞɢɚɦɟɬɪɨɦ 0.2 ɦɦ. ɂɫɫɥɟɞɭɟɦɵɣ ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɵɣ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤ ɫ ɬɟɪɦɨɩɚɪɚɦɢ ɢ 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɦ ɡɚɤɪɟɩɥɹɥɫɹ ɦɟɠɞɭ ɜɟɪɯɧɢɦ ɢ ɧɢɠɧɢɦ ɡɚɯɜɚɬɚɦɢ. ɑɟɪɟɡ ɧɢɠɧɢɣ ɡɚɯɜɚɬ 
ɤ ɧɢɠɧɟɦɭ ɤɨɧɰɭ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ ɩɪɢɫɨɟɞɢɧɹɥɫɹ ɫɦɟɧɧɵɣ ɝɪɭɡ. Ⱦɥɹ ɩɢɬɚɧɢɹ 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ Ȼ5-47. Ʉɨɧɬɪɨɥɶ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɫ ɩɨɦɨɳɶɸ ɯɪɨɦɟɥɶ-
ɚɥɸɦɟɥɟɜɵɯ ɬɟɪɦɨɩɚɪ ɞɢɚɦɟɬɪɨɦ 0.2 ɦɦ, ɤɨɬɨɪɵɟ ɩɨɞɤɥɸɱɚɥɢɫɶ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɤ 
ɩɪɢɛɨɪɨɦ ɬɢɩɚ ɌɊɆ 101, ɢɦɟɸɳɢɦ ɜɵɯɨɞ ɧɚ ɤɨɦɩɶɸɬɟɪ ɫɨ ɡɧɚɱɟɧɢɟɦ ɟɞɢɧɢɰɵ ɦɥɚɞɲɟɝɨ 
ɪɚɡɪɹɞɚ 0.1 ɋ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɢɦɨɫɬɢ ɮɚɤɬɨɪɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɚɝɪɭɠɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɪɟɲёɬɤɢ 
ɦɟɬɚɥɥɚ (ɮɨɧɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ) ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɢɥɨɣ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɟ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ.  

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɨɫɥɟ ɜɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ ɪɟɝɢɫɬɪɢɪɨɜɚɥɚɫɶ ɫɤɨɪɨɫɬɶ 
ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɧɚɝɪɭɠɟɧɧɨɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ ɧɚ ɜɵɯɨɞɟ ɢɡ ɧɚɝɪɟɜɚɬɟɥɹ ɢ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ 55 ɦɦ ɨɬ ɧɟɝɨ. Ɂɚɬɟɦ ɧɚɝɪɟɜɚɬɟɥɶ ɜɵɤɥɸɱɚɥɫɹ, ɢ ɫɨɛɪɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɜ 
ɬɟɱɟɧɢɟ 3-ɯ ɱɚɫɨɜ ɨɫɬɵɜɚɥɚ ɞɨ ɧɨɪɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɧɚ ɫɢɥɨɜɭɸ 
ɩɥɨɳɚɞɤɭ ɩɨɦɟɳɚɥɫɹ ɝɪɭɡ 1 Ʉɝ (ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɧɚɝɪɭɡɤɚ 50 Ɇɉɚ), ɜɤɥɸɱɚɥɫɹ ɧɚɝɪɟɜɚɬɟɥɶ ɢ 
ɡɚɩɢɫɵɜɚɥɢɫɶ ɩɨɤɚɡɚɧɢɹ ɬɟɪɦɨɩɚɪ ɪɚɫɬɹɧɭɬɨɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ. Ɂɚɬɟɦ ɜ ɬɟɱɟɧɢɟ 3-ɯ ɱɚɫɨɜ 
ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɪɟɠɢɦ ɨɯɥɚɠɞɟɧɢɹ. ɐɢɤɥɵ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ 
ɩɨɜɬɨɪɹɥɢɫɶ ɞɥɹ ɪɚɡɧɵɯ ɝɪɭɡɨɜ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɝɪɭɡɨɤ ɨɬ 50 ɞɨ 200 Ɇɉɚ. Ɋɟɠɢɦ 
ɢɡɦɟɪɟɧɢɣ ɩɨɜɬɨɪɹɥɫɹ ɬɪɢɠɞɵ ɞɥɹ ɤɚɠɞɨɝɨ ɭɪɨɜɧɹ ɧɚɝɪɭɡɤɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɧɚ ɭɤɚɡɚɧɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɧɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɪɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵt2 ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɝɪɭɡɤɚɯ: 1 – 0 Ɇɉɚ, 2 – 10 Ɇɉɚ, 3 – 20 Ɇɉɚ, 4 – 30 Ɇɩɚ, 5 – 40 
Ɇɉɚ, 6 – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɬɟɥɹ tH. 

 

 
Ɋɢɫ. 1. ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɩɪɢ ɨɫɟɜɨɦ 
ɧɚɝɪɭɠɟɧɢɢ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɢɥɨɣ 
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Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ 

ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ (ɨɛɪɚɡɰɚ) ɢɡ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɩɪɢ ɫɨɡɞɚɧɢɢ ɜ ɧɟɦ ɪɚɫɬɹɝɢɜɚɸɳɢɯ 
ɧɚɩɪɹɠɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ, ɢɡɦɟɧɹɟɬɫɹ ɩɪɢɦɟɪɧɨ ɞɨ 10 %. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɢɡ ɞɜɭɯ ɮɚɤɬɨɪɨɜ (ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ ɢ ɭɫɤɨɪɟɧɢɟ), ɜɥɢɹɸɳɢɯ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɡɧɚɱɢɦɵɦ ɹɜɥɹɟɬɫɹ ɭɫɤɨɪɟɧɢɟ. 

 

 
Ɋɢɫ. 2. Ʉɪɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ t2 ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ 
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Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɚɜɢɚɞɜɢɝɚɬɟɥɟɣ (ȽɌȾ) 
ɩɪɢɯɨɞɢɬɫɹ ɩɨɜɵɲɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɚ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɫɜɵɲɟ 1700 Ʉ. ɋɨɯɪɚɧɢɬɶ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɞɟɬɚɥɟɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɝɚɡɨɜɨɝɨ ɬɪɚɤɬɚ ɩɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɨ ɥɢɲɶ 
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ɩɪɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɢɯ ɬɟɩɥɨɡɚɳɢɬɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɟɪɚɦɢɱɟɫɤɢɟ ɬɟɩɥɨɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ (ɌɁɉ) ɧɚ ɨɫɧɨɜɟ ГrɈ2 Д1, 2Ж. ȼɦɟɫɬɟ ɫ 
ɬɟɦ, ɫɜɟɞɟɧɢɹ ɨɛ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɩɥɨɡɚɳɢɬɵ ɞɟɬɚɥɟɣ ɫ ɩɨɦɨɳɶɸ ɤɟɪɚɦɢɱɟɫɤɢɯ ɌɁɉ ɩɪɢ 
ɪɚɡɨɝɪɟɜɟ ɢɯ ɜ ɝɚɡɨɜɨɦ ɩɨɬɨɤɟ ɜɟɫɶɦɚ ɨɝɪɚɧɢɱɟɧɵ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɌɁɉ, 
ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɢɡɜɟɫɬɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɦɟɬɨɞɨɜ, 
ɩɪɨɬɢɜɨɪɟɱɢɜɵ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢ ɜɩɟɪɜɵɟ 
ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɬɟɪɦɨɨɬɪɚɠɚɬɟɥɶɧɵɯ ɩɨɤɪɵɬɢɣ ɞɥɹ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ ɢ 
ɠɚɪɨɜɵɯ ɬɪɭɛ ȽɌȾ Д3, 4Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɩɥɨɜɢɡɢɨɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɩɪɢ 
ɧɚɝɪɟɜɟ ɜ ɷɥɟɤɬɪɨɩɟɱɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ ɨ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ ɦɨɞɟɥɢ ɥɨɩɚɬɤɢ ɫ 
ɤɟɪɚɦɢɱɟɫɤɢɦ ɌɁɉ ɢ ɛɟɡ ɧɟɝɨ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. 

 

 
Ɋɢɫ. 1. Ɂɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ ɱɟɪɧɨɬɵ ɞɟɬɚɥɢ ɫ ɌɁɉ ɢ ɛɟɡ ɧɟɝɨ: 1 – ɠɚɪɨɩɪɨɱɧɵɣ ɫɩɥɚɜ, 2 – 
ɩɨɤɪɵɬɢɟ 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɨɛɴɟɤɬɢɜɧɨɣ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɩɥɨɡɚɳɢɬɵ ɦɟɬɚɥɥɚ ɫ 
ɩɨɦɨɳɶɸ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɬɟɪɦɨɨɬɪɚɠɚɬɟɥɶɧɵɯ ɩɨɤɪɵɬɢɣ ɩɪɢ ɝɚɡɨɩɥɚɦɟɧɧɨɦ 
ɪɚɡɨɝɪɟɜɟ ɨɛɴɟɤɬɚ ɧɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ. ɋɭɬɶ ɨɪɢɝɢɧɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ, ɡɚɳɢɳɟɧɧɨɣ 
ɩɚɬɟɧɬɨɦ ɊɎ, ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɱɟɪɟɡ ɪɚɡɴɟɦɧɵɣ ɨɛɪɚɡɟɰ, ɫɨɛɢɪɚɟɦɵɣ ɢɡ ɞɜɭɯ ɩɨɥɨɜɢɧɨɤ 
ɩɪɨɩɭɫɤɚɟɬɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɝɚɡɨɜɵɣ ɩɨɬɨɤ. ɇɚ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɨɜɢɧɨɤ 
ɫɨɫɬɚɜɧɨɝɨ ɨɛɪɚɡɰɚ ɩɪɢɜɚɪɢɜɚɸɬ ɏȺ ɬɟɪɦɨɩɚɪɵ, ɤɨɬɨɪɵɟ ɩɨɞɤɥɸɱɚɸɬɫɹ ɤ ɪɟɝɢɫɬɪɢɪɭɸɳɟɣ 
ɫɢɫɬɟɦɟ ɧɚ ɛɚɡɟ ɤɨɦɩɶɸɬɟɪɚ. ɉɨɥɨɜɢɧɤɚ ɨɛɪɚɡɰɚ, ɡɚɳɢɳɟɧɧɚɹ ɨɬ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ 
ɩɨɤɪɵɬɢɟɦ, ɪɚɡɨɝɪɟɜɚɟɬɫɹ ɦɟɧɶɲɟ, ɱɟɦ ɧɟɡɚɳɢɳɟɧɧɚɹ. Ɋɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɫɬɟɧɨɤ 
ɡɚɳɢɳɟɧɧɨɣ ɢ ɧɟɡɚɳɢɳɟɧɧɨɣ ɌɁɉ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɌɁɉ. 

ɉɪɨɜɨɞɢɥɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɩɥɨɡɚɳɢɬɵ ɩɨ 
ɨɩɪɟɞɟɥɟɧɢɸ ɫɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɧɤɢ ɢɡ ɠɚɪɨɩɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ 
ɌɁɉ ɢɡ ГrO2 + 8%Y2O3 ɬɨɥɳɢɧɨɣ ɩɪɢɦɟɪɧɨ 120 ɦɤɦ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, 
ɱɬɨ ɩɪɢ ɝɚɡɨɩɥɚɦɟɧɧɨɦ ɧɚɝɪɟɜɟ ɦɨɞɟɥɟɣ ɢɫɩɵɬɚɧɧɨɟ ɩɨɤɪɵɬɢɟ ɫɬɨɥɛɱɚɬɨɣ ɫɬɪɭɤɬɭɪɵ 
(ɧɚɧɟɫɟɧɧɨɟ ɩɨ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɬɟɯɧɨɥɨɝɢɢ) ɥɭɱɲɟ ɡɚɳɢɳɚɟɬ ɦɟɬɚɥɥ, ɱɟɦ ɢɫɩɵɬɚɧɧɨɟ 
ɩɥɚɡɦɟɧɧɨɟ ɩɨɤɪɵɬɢɟ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɩɨɥɨɜɢɧɚɯ ɨɛɪɚɡɰɚ ɫ 
ɤɟɪɚɦɢɱɟɫɤɢɦ ɌɁɉ ɢ ɛɟɡ ɧɟɝɨ ɞɥɹ ɫɬɨɥɛɱɚɬɨɝɨ ɩɨɤɪɵɬɢɹ ɫɨɫɬɚɜɥɹɟɬ 100-110 ɋ (ɪɢɫ. 2), ɚ ɞɥɹ 
ɩɥɚɡɦɟɧɧɨɝɨ ɩɨɤɪɵɬɢɹ – 60-70 ɋ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2. 

Ⱦɪɭɝɢɦ ɩɭɬɟɦ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦɵ ɭɦɟɧɶɲɟɧɢɹ ɜɟɥɢɱɢɧɵ ɨɛɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɯɥɚɠɞɚɟɦɵɯ ɥɨɩɚɬɨɤ ɢ ɟɝɨ ɜɥɢɹɧɢɹ ɧɚ ɢɯ ɦɚɬɟɪɢɚɥ, ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɢɟ 
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɪɦɨɨɬɪɚɠɚɬɟɥɶɧɨɝɨ ɩɨɤɪɵɬɢɹ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɥɭɱɟɨɬɪɚɠɚɸɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɫɨ ɫɬɟɩɟɧɶɸ ɱɟɪɧɨɬɵ ɦɟɧɶɲɟ 0.1, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɪɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɥɨɩɚɬɤɟ. ɇɚ ɪɢɫ. 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɌɁɉ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɢɬ ɯɪɨɦ.  
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Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɧɚɪɭɠɧɨɣ (ɯɨɥɨɞɧɨɣ) ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɩɪɢ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɟɩɥɨɡɚɳɢɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɌɁɉ, ɧɚɧɟɫɟɧɧɨɝɨ ɩɨ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ 
ɬɟɯɧɨɥɨɝɢɢ: 1 –ɛɟɡ ɌɁɉ; 2 –  ɫ ɤɟɪɚɦɢɱɟɫɤɢɦ ɌɁɉ 

 
Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚ ɪɢɫ. 3 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɚɹ ɪɚɡɧɢɰɚ ɬɟɦɩɟɪɚɬɭɪ ɧɚ 

ɩɨɥɨɜɢɧɚɯ ɨɛɪɚɡɰɚ ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɌɁɉ ɢ ɛɟɡ ɧɟɝɨ ɫɨɫɬɚɜɥɹɟɬ 80 ɋ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɌɁɉ ɫɨɩɨɫɬɚɜɢɦɚ ɫ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɌɁɉ. 

 
Ɋɢɫ. 3. Ʉɪɢɜɵɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ t ɧɚ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɪɟɦɟɧɢ : 1 – ɛɟɡ ɩɨɤɪɵɬɢɹ, 2 – ɫ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɬɟɪɦɨɨɬɪɚɠɚɬɟɥɶɧɵɦ ɩɨɤɪɵɬɢɟɦ 

 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɨɪɢɝɢɧɚɥɶɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɬɨɱɧɵɟ ɞɚɧɧɵɟ ɨ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɫɜɨɣɫɬɜɚɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢ ɬɟɪɦɨɨɬɪɚɠɚɸɳɢɯ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɹɯ ɫ ɭɱɟɬɨɦ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɟɬɚɥɟɣ ɬɭɪɛɢɧ ɚɜɢɚɰɢɨɧɧɵɯ 
ȽɌȾ. 
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ɈɉɊȿȾȿɅȿɇɂȿ ɌȿɉɅɈɎɂɁɂɑȿɋɄɂɏ ɉАɊАɆȿɌɊɈВ ɉɊɈɐȿɋɋА 

 ɈɄɂɋɅȿɇɂə ɀȿɅȿɁɈɊɍȾɇЫɏ ɆАɌȿɊɂАɅɈВ 
ɉɟɲɤɢɧ Ⱦ.ɋ.1, Ⱦɦɢɬɪɢɟɜɚ ȿ.Ƚ.2 

1ɍɪɚɥɶɫɤɢɣ Ɏɟɞɟɪɚɥɶɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ȼ.ɇ. ȿɥɶɰɢɧɚ,  
Ɋɨɫɫɢя, 620002, ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɇɢɪɚ, 19. E-mail: Dmitrey04@mail.ru 

2ɈАɈ «ɍɪɚɥɦɟɯɚɧɨɛɪ», Ɋɨɫɫɢя, 620144, ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. ɏɨɯɪяɤɨɜɚ, 87. 
E-mail: v0043@yandex.ru 

 
ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɦɟɬɨɞɢɤɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɨɜ ɬɟɩɥɨɦɚɫɫɨɛɦɟɧɚ ɜ ɫɥɨɟ ɨɤɚɬɵɲɟɣ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ 
ɤɢɧɟɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɢɫɯɨɞɧɵɯ ɨɤɚɬɵɲɟɣ ɹɜɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ 
ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɫɢɞɧɨɝɨ ɫɥɨɹ, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɰɢɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɤɢɫɥɨɪɨɞɚ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪ.  
ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɮɮɟɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ ɩɨ ɮɨɪɦɭɥɟ: Dɷɮɮ = D0·İ·ζД1Ж (D0 – 
ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɮɮɭɡɢɢ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, İ – 
ɩɨɪɢɫɬɨɫɬɶ ɨɤɚɬɵɲɚ, ζ – ɥɚɛɢɪɢɧɬɧɵɣ ɮɚɤɬɨɪ) ɧɚɢɛɨɥɶɲɟɟ ɡɚɬɪɭɞɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɪɢɫɬɨɫɬɢ ɨɤɚɬɵɲɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɨɬɫɭɬɫɬɜɭɟɬ ɫɩɨɫɨɛ 
ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɬɚ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ 
ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɢ ɪɟɚɥɶɧɨɝɨ ɫɥɨɹ ɨɤɚɬɵɲɟɣ. 

ɂɡ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɧɹɬɢɹ ɩɨɪɢɫɬɨɫɬɢ ɫɥɟɞɭɟɬ ɬɨ, ɱɬɨ ɨɧɚ ɹɜɥɹɟɬɫɹ ɱɢɫɬɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɫɥɨɹ ɢ ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɫɩɨɫɨɛɚ ɭɤɥɚɞɤɢ ɱɚɫɬɢɰ ɤɨɧɰɟɧɬɪɚɬɚ ɩɪɢ 
ɨɤɨɦɤɨɜɚɧɢɢ ɢɥɢ ɫɜɨɛɨɞɧɨɣ ɡɚɫɵɩɤɟ. ɉɨɷɬɨɦɭ ɞɥɹ ɟɟ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ Ф, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɝɚɡɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɨɬɧɵɯ ɫɥɨɟɜ. ɉɨ ɟɝɨ ɢɡɦɟɪɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ɥɟɝɤɨ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨɪɢɫɬɨɫɬɶ, ɫɬɟɩɟɧɶ ɢɡɜɢɥɢɫɬɨɫɬɢ ɩɨɪ, ɚ ɬɚɤɠɟ ɬɢɩ ɭɤɥɚɞɤɢ ɱɚɫɬɢɰ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɪɢɫɬɨɫɬɢ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɨɤɚɬɵɲɟɣ ɢɥɢ 
ɫɥɨɹ ɤɨɧɰɟɧɬɪɚɬɚ, ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢɛɨɪ ɞɥɹ ɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ ɉɋɏ-12SɊ, 
ɩɨɡɜɨɥɹɸɳɢɣ ɨɩɪɟɞɟɥɹɬɶ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɫɪɟɞɧɟɦɚɫɫɨɜɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ. Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɨɤɚɬɵɲɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɛɪɢɤɟɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɦɚɝɧɟɬɢɬɨɜɨɝɨ ɤɨɧɰɟɧɬɪɚɬɚ ɆȽɈɄɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 1000 ɤɝ/ɫɦ2, ɬ.ɤ. 
ɩɥɨɬɧɨɫɬɶ ɢ ɫɢɥɚ ɫɰɟɩɥɟɧɢɹ ɱɚɫɬɢɰ ɜ ɧɢɯ ɷɤɜɢɜɚɥɟɧɬɧɵ ɨɤɚɬɵɲɚɦ Д2Ж. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɫɜɨɛɨɞɧɨɣ ɡɚɫɵɩɤɟ ɤɨɧɰɟɧɬɪɚɬɚ, ɯɚɪɚɤɬɟɪɧɨɣ 
ɞɥɹ ɭɤɥɚɞɤɢ ɜ ɤɸɜɟɬɟ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪɚ, ɤɨɷɮɮɢɰɢɟɧɬ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɫɨɫɬɚɜɢɥ 0,447·10-

12 ɦ2, ɪɚɫɱɟɬɧɚɹ ɜɟɥɢɱɢɧɚ ɩɨɪɢɫɬɨɫɬɢ 0,424, ɷɮɮɟɤɬɢɜɧɨɣ ɞɢɮɮɭɡɢɢ 2,83·10-5 ɦ2/ɫ. Ⱦɥɹ 
ɭɩɥɨɬɧɟɧɧɨɝɨ ɛɪɢɤɟɬɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɷɬɢ ɜɟɥɢɱɢɧɵ ɩɨɥɭɱɢɥɢɫɶ 0,373·10-12 ɦ2; 0,408 ɢ 
1,39·10-5 ɦ2/ɫ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ 
ɬɢɩ ɭɤɥɚɞɤɢ ɱɚɫɬɢɰ – ɈɐɄ, ɢ ɩɪɟɞɩɨɥɚɝɚɟɦɭɸ ɮɨɪɦɭ ɩɨɪɨɜɵɯ ɤɚɧɚɥɨɜ Д3Ж. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫɞɟɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɢɜɧɨ ɨɩɪɟɞɟɥɹɬɶ ɢ ɫɪɚɜɧɢɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ ɩɚɪɚɦɟɬɪɵ 
ɦɚɫɫɨɨɛɦɟɧɚɜ ɩɥɨɬɧɵɯ ɫɥɨɹɯ. 
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ȼ ɩɪɨɰɟɫɫɟ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɫɬɟɩɟɧɧɨɟ ɧɚɤɨɩɥɟɧɢɟ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɟɮɟɤɬɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ (ɜɚɤɚɧɫɢɣ, 
ɞɢɫɥɨɤɚɰɢɣ ɢ ɞɪ.). ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɫɬɟɩɟɧɢ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɧɚɪɹɞɭ ɫ 
ɩɪɨɰɟɫɫɚɦɢ ɭɩɪɨɱɧɟɧɢɹ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɚɞɢɢ ɞɟɮɨɪɦɚɰɢɢ ɦɨɝɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɮɚɡɨɜɵɟ 
ɩɪɟɜɪɚɳɟɧɢɹ Д1–10Ж, ɚ ɬɚɤɠɟ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɫɭɛɦɢɤɪɨɬɪɟɳɢɧɵ Д11Ж ɢ ɞɪɭɝɢɟ ɞɟɮɟɤɬɵ. ȼ 
ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɤɨɪɪɨɡɢɨɧɧɨ-ɫɬɨɣɤɢɯ ɬɪɢɩ-ɫɬɚɥɹɯ ɜɵɫɨɤɢɟ 
ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɩɥɚɫɬɢɱɧɨɫɬɢ 
ɨɛɭɫɥɨɜɥɢɜɚɸɬɫɹ ɩɨɜɵɲɟɧɢɟɦ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɥɨɤɚɥɢɡɨɜɚɧɧɨɦɭ ɬɟɱɟɧɢɸ ɢ 
ɪɟɥɚɤɫɚɰɢɟɣ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɦɚɪɬɟɧɫɢɬɚ ɞɟɮɨɪɦɚɰɢɢ, ɬ.ɟ. ɩɪɢ 
ɮɚɡɨɜɨɦ ɩɪɟɜɪɚɳɟɧɢɢ γ→α′ (ɬɪɢɩ-ɷɮɮɟɤɬ) Д12-14Ж. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ α′-
ɮɚɡɵ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬ ɭɪɨɜɟɧɶ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɪɢɩ-ɫɬɚɥɟɣ Д3, 5Ж. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɢɫɫɥɟɞɨɜɚɬɶ ɤɢɧɟɬɢɤɭ ɧɚɤɨɩɥɟɧɢɹ ɦɚɪɬɟɧɫɢɬɚ 
ɞɟɮɨɪɦɚɰɢɢ ɜ ɫɬɚɥɹɯ ɫ ɦɟɬɚɫɬɚɛɢɥɶɧɵɦ ɚɭɫɬɟɧɢɬɨɦ ɩɪɢ ɩɥɚɫɬɢɱɟɫɤɨɦ ɞɟɮɨɪɦɢɪɨɜɚɧɢɢ.  

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɬɪɢɩ-ɫɬɚɥɶ ɫɥɟɞɭɸɳɟɝɨ ɫɨɫɬɚɜɚ, % (ɦɚɫ.): 0,20 C; 0,65 Si; 
0,94 Mn; 5,75 Ni; 14,5 Cr; 2,91 Mo; 0,009 S; 0,023 Ti; 0,012 Al ; 0,126 N2; ɦɟɧɟɟ 0,009 P; 0,008 S. 
Ɉɛɪɚɡɰɵ ɨɬɠɢɝɚɥɢɫɶ ɜ ɜɚɤɭɭɦɧɨɣ ɫɪɟɞɟ ɩɪɢ 1100 °ɋ ɜ ɬɟɱɟɧɢɟ 1 ɱ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɡɚɤɚɥɤɨɣ ɜ 
ɜɨɞɟ (ɡɚɤɚɥɤɚ ɧɚ ɚɭɫɬɟɧɢɬ). 
ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɦɚɥɨɲɭɦɹɳɟɣ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɢɫɩɵɬɚɬɟɥɶɧɨɣ 10-
ɬɨɧɧɨɣ ɦɚɲɢɧɟ IЧsЭrШЧ 3382 ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɨɞɧɨɜɪɟɦɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɟɣ 
ɫɢɝɧɚɥɨɜ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ (ȺЭ). 

Ⱦɥɹ ȺЭ-ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɭɸ ɞɢɚɝɧɨɫɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ 
ɋȾɋ1008, ɫɨɫɬɨɹɳɭɸ ɢɡ ɫɢɫɬɟɦɧɨɝɨ ɛɥɨɤɚ ɪɟɝɢɫɬɪɚɰɢɢ ɢ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɫ 
ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ, ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɬɨɪɨɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɫɢɫɬɟɦɨɣ, ɚ 
ɬɚɤɠɟ, ɨɛɪɚɛɨɬɤɚ, ɚɧɚɥɢɡ ɩɚɪɚɦɟɬɪɨɜ ȺЭ-ɫɢɝɧɚɥɨɜ ɢ ɢɯ ɝɪɚɮɢɱɟɫɤɨɟ ɨɬɨɛɪɚɠɟɧɢɟ Д15–19].  

ȼ ɫɨɫɬɨɹɧɢɢ ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɫɬɪɭɤɬɭɪɚ ɬɪɢɩ-ɫɬɚɥɢ ɛɵɥɚ ɱɢɫɬɨ ɚɭɫɬɟɧɢɬɧɨɣ. ɇɚ ɤɪɢɜɨɣ 
ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɧɚ ɫɬɚɞɢɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɧɚɛɥɸɞɚɥɚɫɶ 
ɧɟɝɨɦɨɝɟɧɧɚɹ ɡɭɛɱɚɬɚɹ ɞɟɮɨɪɦɚɰɢɹ, ɱɬɨ ɫɨɝɥɚɫɧɨ Д3, 20Ж ɫɜɹɡɚɧɨ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɚɪɬɟɧɫɢɬɚ 
ɞɟɮɨɪɦɚɰɢɢ. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɤɢɧɟɬɢɤɟ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
ɦɟɬɨɞɨɦ ȺЭ. 

ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ȺЭ ɨɬɪɚɠɚɟɬ ɨɫɧɨɜɧɵɟ ɫɬɚɞɢɢ ɞɟɮɨɪɦɚɰɢɢ ɬɪɢɩ-ɫɬɚɥɢ ɨɬ ɫɬɚɞɢɢ 
ɦɢɤɪɨɬɟɤɭɱɟɫɬɢ ɞɨ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ. Ɉɛɳɢɣ ɭɪɨɜɟɧɶ ȺЭ ɧɚ ɜɫɟɯ ɫɬɚɞɢɹɯ 
ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɦɨɠɧɨ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɤɚɤ ɧɢɡɤɨ ɚɤɬɢɜɧɵɣ (ɷɬɨ ɱɚɫɬɢɱɧɨ ɫɜɹɡɚɧɨ ɫ 
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ɦɚɥɵɦ ɨɛɴɟɦɨɦ ɞɟɮɨɪɦɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ), ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɧɟɛɨɥɶɲɨɝɨ ɢɧɬɟɪɜɚɥɚ 
ɡɧɚɱɟɧɢɣ ɞɟɮɨɪɦɚɰɢɢ İ = 13–25% ɢ ɫɬɚɞɢɢ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ, ɤɨɝɞɚ 
ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɫɢɝɧɚɥɵ ȺЭ ɜɵɫɨɤɢɯ ɚɤɬɢɜɧɨɫɬɢ ɢ ɷɧɟɪɝɢɢ. 
ɇɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɬɪɢɩ-ɫɬɚɥɢ (ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ) 
ɨɬɦɟɱɟɧɵ ɟɞɢɧɢɱɧɵɟ ɩɢɤɢ ɚɤɬɢɜɧɨɫɬɢ ȺЭ ɩɨɜɵɲɟɧɧɨɣ ɷɧɟɪɝɢɢ. ɉɟɪɜɵɣ ɦɚɤɫɢɦɭɦ 
ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɧɚ ɫɬɚɞɢɢ ɦɢɤɪɨɬɟɤɭɱɟɫɬɢ, ɚ ɜɬɨɪɨɣ – ɜ ɪɚɣɨɧɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ. ɉɟɪɜɵɣ 
ɦɚɤɫɢɦɭɦ ɚɤɬɢɜɧɨɫɬɢ ȺЭ ɨɛɵɱɧɨ ɨɛɴɹɫɧɹɟɬɫɹ ɤɨɥɥɟɤɬɢɜɧɵɦ ɞɜɢɠɟɧɢɟɦ ɢ ɪɚɡɦɧɨɠɟɧɢɟɦ 
ɞɢɫɥɨɤɚɰɢɣ ɜ ɨɛɥɚɫɬɢ ɝɪɚɧɢɰ ɡɟɪɟɧ ɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɹɯ ɦɟɬɚɥɥɚ, ɚ 
ɬɚɤɠɟ ɜɵɯɨɞɨɦ ɢɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ Д15–17]. 
ȼ ɪɚɛɨɬɟ Д19Ж ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɟɞɢɧɢɱɧɵɣ ɢɦɩɭɥɶɫ ȺЭ ɜ ɨɛɥɚɫɬɢ ɦɢɤɪɨɬɟɤɭɱɟɫɬɢ ɦɨɠɟɬ 
ɩɪɨɢɡɨɣɬɢ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɪɨɪɵɜɟ 4∙105 ɞɢɫɥɨɤɚɰɢɣ. ȼɬɨɪɨɣ ɦɚɤɫɢɦɭɦ ɚɤɬɢɜɧɨɫɬɢ ȺЭ 
ɫɜɹɡɵɜɚɸɬ ɫ ɧɚɱɚɥɨɦ ɩɪɨɰɟɫɫɚ ɩɪɨɪɵɜɚ ɥɚɜɢɧɵ ɞɢɫɥɨɤɚɰɢɣ ɜɨ ɜɫɟɦ ɨɛɴɟɦɟ ɦɟɬɚɥɥɚ, ɚ ɬɚɤɠɟ 
ɫ ɜɵɯɨɞɨɦ ɞɢɫɥɨɤɚɰɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ 
ɞɢɫɥɨɤɚɰɢɣ ɭ ɝɪɚɧɢɰ ɡɟɪɟɧ Д15-17].  

ɇɚ ɫɬɚɞɢɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɩɪɢ ɧɢɡɤɨɦ ɨɛɳɟɦ ɭɪɨɜɧɟ ɚɤɬɢɜɧɨɫɬɢ ɢ ɷɧɟɪɝɢɢ 
ȺЭ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɨɞɢɧɨɱɧɵɟ ɢɦɩɭɥɶɫɵ ȺЭ ɛɨɥɶɲɨɣ ɚɦɩɥɢɬɭɞɵ ɢ ɡɧɚɱɢɬɟɥɶɧɨɣ ɷɧɟɪɝɢɢ.  

ɇɚ ɷɬɨɣ ɫɬɚɞɢɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɭɩɪɨɱɧɟɧɢɹ ɜɩɥɨɬɶ ɞɨ ɩɨɪɨɝɨɜɨɣ ɫɬɟɩɟɧɢ ɩɥɚɫɬɢɱɟɫɤɨɣ 
ɞɟɮɨɪɦɚɰɢɢ ≈13% ɧɚɛɥɸɞɚɟɬɫɹ ɦɨɧɨɬɨɧɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɭɦɦɚɪɧɨɣ ɷɧɟɪɝɢɢ ȺЭ, ɚ ɡɚɬɟɦ 
ɩɪɨɢɫɯɨɞɢɬ ɟɟ ɛɵɫɬɪɵɣ ɪɨɫɬ. ɉɪɢ ɷɬɨɦ ɬɚɤɠɟ ɪɟɡɤɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɪɟɞɧɹɹ ɷɧɟɪɝɢɹ 
ɢɦɩɭɥɶɫɨɜ. Ɍɚɤɨɟ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɭɦɦɚɪɧɨɣ ɷɧɟɪɝɢɢ ȺЭ ɢ ɩɨɹɜɥɟɧɢɟ ɪɟɡɤɢɯ 
ɩɢɤɨɜ ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ ɡɚ ɫɟɤɭɧɞɭ ɩɪɨɢɫɯɨɞɹɬ ɜɩɥɨɬɶ ɞɨ İ ≈ 25% ɢ ɩɨɜɬɨɪɹɸɬɫɹ ɜ ɦɨɦɟɧɬ 
ɲɟɣɤɨɨɛɪɚɡɨɜɚɧɢɹ. 

Ʌɨɤɚɥɢɡɚɰɢɹ ɞɟɮɨɪɦɚɰɢɢ (ɮɨɪɦɢɪɨɜɚɧɢɹ ɲɟɣɤɢ) ɢ ɧɚɱɚɥɨ ɩɪɨɰɟɫɫɚ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɚ 
(İ = 50%) ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɜɵɲɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ, ɷɧɟɪɝɢɢ ɢ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɨɜ ȺЭ. 
Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɩɪɢɪɨɞɵ ɢɫɬɨɱɧɢɤɨɜ ȺЭ ɜ ɦɚɬɟɪɢɚɥɟ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɮɨɪɦɵ 
ɨɫɰɢɥɥɨɝɪɚɦɦɵ ɫɢɝɧɚɥɨɜ ȺЭ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɬɨɱɟɱɧɚɹ ɞɢɚɝɪɚɦɦɵ 
ɚɦɩɥɢɬɭɞɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɦɩɭɥɶɫɨɜ ȺЭ ɜ ɤɨɨɪɞɢɧɚɬɚɯ «ɫɱёɬ ɢɦɩɭɥɶɫɨɜ – ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɚɦɩɥɢɬɭɞɚ» (ɫɦ. ɪɢɫɭɧɨɤ).  
 

 
 

Ɋɢɫ. Ⱥɦɩɥɢɬɭɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɦɩɭɥɶɫɨɜ ȺЭ «ɫɱёɬ ɢɦɩɭɥɶɫɨɜ – ɦɚɤɫɢɦɚɥɶɧɚɹ 
ɚɦɩɥɢɬɭɞɚ», ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɚ ɢɡ ɬɪɢɩ-
ɫɬɚɥɢ 
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ɇɚ ɪɢɫɭɧɤɟ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɯɚɪɚɤɬɟɪɧɵɟ ɨɛɥɚɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɝɧɚɥɨɜ ȺЭ. 
Ɉɛɥɚɫɬɶ Ⱥ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɫɢɝɧɚɥɚɦ ɪɟɝɭɥɹɪɧɨɣ ȺЭ, ɨɛɥɚɫɬɶ Ȼ – ɤ ɫɢɝɧɚɥɚɦ ɧɟɩɪɟɪɵɜɧɨɣ 
ȺЭ ɢ ɨɛɥɚɫɬɶ ȼ – ɤ ɫɢɝɧɚɥɚɦ ɜɡɪɵɜɧɨɣ ȺЭ. Ⱦɜɟ ɩɨɫɥɟɞɧɢɟ ɨɛɥɚɫɬɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɟɟ 
ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ ȺЭ. Ɍɚɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚ ɨɛɥɚɫɬɢ ɢɥɥɸɫɬɪɢɪɭɟɬ 
ɪɚɡɥɢɱɧɭɸ ɩɪɢɪɨɞɭ ȺЭ ɫɢɝɧɚɥɨɜ ɢ ɢɯ ɨɛɭɫɥɨɜɥɟɧɧɨɫɬɶ ɪɚɡɥɢɱɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ 
ɫɬɪɭɤɬɭɪɧɨɣ ɩɟɪɟɫɬɪɨɣɤɢ ɩɪɢ ɪɚɡɧɵɯ ɫɬɟɩɟɧɹɯ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ. 

ɋɢɝɧɚɥɵ ɪɟɝɭɥɹɪɧɨɣ ȺЭ – ɷɬɨ ɤɨɪɨɬɤɢɟ ɨɞɢɧɨɱɧɵɟ ɫɢɝɧɚɥɵ, ɚɦɩɥɢɬɭɞɚ ɢ ɷɧɟɪɝɢɹ 
ɤɨɬɨɪɵɯ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɭɪɨɜɟɧɶ ɲɭɦɨɜ ɚɩɩɚɪɚɬɭɪɵ. Ɍɚɤɢɟ ɫɢɝɧɚɥɵ ȺЭ ɨɛɥɚɞɚɸɬ 
ɨɱɟɧɶ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣ ɢ ɫɜɹɡɚɧɵ ɫ ɞɜɢɠɟɧɢɟɦ ɞɢɫɥɨɤɚɰɢɣ ɜ ɥɨɤɚɥɶɧɵɯ ɨɛɥɚɫɬɹɯ ɦɟɬɚɥɥɚ. 
ɋɢɝɧɚɥɵ ɧɟɩɪɟɪɵɜɧɨɣ ȺЭ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɟɩɪɟɪɵɜɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɯɨɞɧɵɯ 
ɩɨ ɮɨɪɦɟ ɫɢɝɧɚɥɨɜ ɦɚɥɨɣ ɚɦɩɥɢɬɭɞɵ, ɩɨɞɨɛɧɵɯ ɫɢɝɧɚɥɚɦ ɪɟɝɭɥɹɪɧɨɣ ȺЭ, ɧɨ ɛɨɥɶɲɟɣ 
ɚɦɩɥɢɬɭɞɵ. ɇɚɥɢɱɢɟ ɫɢɝɧɚɥɨɜ ɧɟɩɪɟɪɵɜɧɨɣ ȺЭ ɫɜɹɡɚɧɨ ɫ ɩɪɨɰɟɫɫɚɦɢ ɞɜɢɠɟɧɢɹ, 
ɪɚɡɦɧɨɠɟɧɢɹ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɢɫɥɨɤɚɰɢɣ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ 
ɭɩɪɨɱɧɟɧɢɹ, ɢ ɷɬɢ ɩɪɨɰɟɫɫɵ ɨɯɜɚɬɵɜɚɸɬ ɭɠɟ ɡɧɚɱɢɬɟɥɶɧɵɟ ɨɛɴɟɦɵ ɦɚɬɟɪɢɚɥɚ ɜ ɭɫɥɨɜɢɹɯ 
ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ. Ⱦɨ ɩɨɪɨɝɨɜɨɣ ɫɬɟɩɟɧɢ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ İ ≈ 
13% ɜ ɩɪɨɰɟɫɫɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɡɚɤɚɥɟɧɧɨɣ ɬɪɢɩ-ɫɬɚɥɢ ɩɪɟɨɛɥɚɞɚɸɬ ɫɢɝɧɚɥɵ ɪɟɝɭɥɹɪɧɨɣ ɢ 
ɧɟɩɪɟɪɵɜɧɨɣ ȺЭ. 
ɉɪɢ ɜɟɥɢɱɢɧɟ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɩɪɟɜɵɲɚɸɳɟɣ ɩɨɪɨɝɨɜɭɸ, ɩɨɹɜɥɹɸɬɫɹ ɫɢɝɧɚɥɵ 
ɜɡɪɵɜɧɨɣ ȺЭ – ɤɨɪɨɬɤɢɟ ɨɞɢɧɨɱɧɵɟ ɢɦɩɭɥɶɫɵ ɡɧɚɱɢɬɟɥɶɧɨɣ ɚɦɩɥɢɬɭɞɵ. Эɬɢ ɫɢɝɧɚɥɵ 
ɨɛɭɫɥɨɜɥɟɧɵ ɬɚɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɫɬɪɭɤɬɭɪɧɨɣ ɩɟɪɟɫɬɪɨɣɤɢ ɦɚɬɟɪɢɚɥɚ, ɤɚɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢ 
ɚɧɧɢɝɢɥɹɰɢɹ ɤɪɭɩɧɵɯ ɫɤɨɩɥɟɧɢɣ ɞɢɫɥɨɤɚɰɢɣ, ɢ ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ Ʌɸɞɟɪɫɚ–
ɑɟɪɧɨɜɚ, ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ, ɡɚɪɨɠɞɟɧɢɢ ɢ ɪɚɡɜɢɬɢɢ ɬɪɟɳɢɧ ɢ ɞɪ. 
ɋ ɭɱɟɬɨɦ ɢɡɜɟɫɬɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɵɫɨɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɬɪɢɩ-ɫɬɚɥɟɣ, ɫɤɥɨɧɧɵɯ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɦɚɪɬɟɧɫɢɬɚ ɞɟɮɨɪɦɚɰɢɢ Д3, 20Ж, ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɚɫɬɹɠɟɧɢɹ ɡɚɤɚɥɟɧɧɨɣ ɬɪɢɩ-ɫɬɚɥɢ ɞɨ 
ɩɨɪɨɝɨɜɨɣ ɞɟɮɨɪɦɚɰɢɢ≈13% ɩɪɨɢɫɯɨɞɢɬ ɥɢɲɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɦɚɪɬɟɧɫɢɬɚ 
ɞɟɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɨɟ ɧɟ ɮɢɤɫɢɪɭɟɬɫɹ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ. 

Ⱥɧɚɥɢɡ ɤɨɦɩɥɟɤɫɚ ɩɚɪɚɦɟɬɪɨɜ ȺЭ ɩɨɡɜɨɥɹɟɬ ɭɬɜɟɪɠɞɚɬɶ, ɱɬɨ ɩɪɢ ɛɨɥɶɲɢɯ ɫɬɟɩɟɧɹɯ 
ɞɟɮɨɪɦɚɰɢɢ (ɛɨɥɟɟ 13%), ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɢɧɬɟɧɫɢɜɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɦɚɪɬɟɧɫɢɬɚ 
ɞɟɮɨɪɦɚɰɢɢ. 

ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɨɛɪɚɡɨɜɚɧɢɟ α′-ɦɚɪɬɟɧɫɢɬɚ 
ɧɚɱɢɧɚɟɬɫɹ ɥɢɲɶ ɩɨɫɥɟ ɨɩɪɟɞɟɥɟɧɧɨɣ, ɤɪɢɬɢɱɟɫɤɨɣ, ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ 
ɜ ɢɧɬɟɪɜɚɥɟ 10–15%, ɱɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ.  

Ⱥɤɭɫɬɢɤɨ-ɷɦɢɫɫɢɨɧɧɚɹ ɞɢɚɝɧɨɫɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɋȾɋ1008 ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢ 
ɢɡɭɱɟɧɢɢ ɤɢɧɟɬɢɤɢ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɦɟɬɚɥɥɚɯ ɢ ɫɩɥɚɜɚɯ ɩɪɢ ɢɯ ɧɚɝɪɟɜɚɧɢɢ Д21Ж. 
 

ɅɂɌȿɊАɌɍɊА 
 

1. ȼ.Ɏ. Ɍɟɪɟɧɬɶɟɜ ɍɫɬɚɥɨɫɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ɇ.: ɇɚɭɤɚ, 2003.  
2. ȼ.Ɏ. Ɍɟɪɟɧɬɶɟɜ, Ⱥ.ɇ. ɉɟɬɭɯɨɜ. ɍɫɬɚɥɨɫɬɶ ɜɵɫɨɤɨɩɪɨɱɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ. Ɇ.: 
ɂɆȿɌ ɊȺɇ–ɐɂȺɆ, 2013.  
3. Ɇ.Ⱥ. Ɏɢɥɢɩɩɨɜ, ȼ.ɋ. Ʌɢɬɜɢɧɨɜ, ɘ.Ɋ. ɇɟɦɢɪɨɜɫɤɢɣ. ɋɬɚɥɢ ɫ ɦɟɬɚɫɬɚɛɢɥɶɧɵɦ 
ɚɭɫɬɟɧɢɬɨɦ. Ɇ: Ɇɟɬɚɥɥɭɪɝɢɹ, 1988.  
4. Olson G. B, M. Azrin M. Metal. Trans. 9А (1978) 713. 
5. ȼ.Ⱥ. Ʌɨɛɨɞɧɸɤ, Э.ɂ. Эɫɬɪɢɧ Ɇɚɪɬɟɧɫɢɬɧɵɟ ɩɪɟɜɪɚɳɟɧɢя. Ɇ.: Ɏɢɡɦɚɬɥɢɬ, 2009. 
6. C.J. Guntner, R.P. Reed. Trans. ASM. 55 (1962) 411. 
7. Ʌ.ɋ. Ɇɚɥɢɧɨɜ, ȼ.ɂ. Ʉɨɧɨɩ, Ʉ.ɇ. ɋɨɤɨɥɨɜ ɢ ɞɪ. Ɇɟɬɚɥɥɵ. 5 (1976) 143. 
8. Ʌ.ɋ. Ɇɚɥɢɧɨɜ, Ɍ.Ⱦ. Эɣɫɦɨɧɞ. Иɡɜ. Аɇ CCCɊ. Ɇɟɬɚɥɥɵ. 2 (1969) 113. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

397 

 

9. M. Smada, F. Walther, D. Eifler. Mat. Sci. Eng. А483 (2008) 394. 
10. A. Vinogradov, A. Lazarev. Scripta Materialia. 66 (2012) 745. 
11. ɂ.Ⱥ. Ɉɞɢɧɝ, ɘ.ɉ. Ʌɢɛɟɪɨɜ. Иɡɜ. Аɇ ɋɋɋɊ. Ɇɟɬɚɥɥɭɪɝɢя ɢ ɬɨɩɥɢɜɨ, ɝɨɪɧɨɟ ɞɟɥɨ. 1 (1964) 
113. 
12. Ʌ.ȿ. Ⱥɥɟɤɫɟɟɜɚ, Ⱥ.ɋ. Ȼɚɟɜ, Ⱥ.Ⱥ. Ȼɭɪɠɚɧɨɜ ɢ ɞɪ. Ⱦɟɮɨɪɦɚɰɢя ɢ ɪɚɡɪɭɲɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ. 
12 (2009) 25. 
13. ȼ.Ɏ. Ɍɟɪɟɧɬɶɟɜ, Ʌ.ȿ. Ⱥɥɟɤɫɟɟɜɚ, ɋ.Ⱥ. Ʉɨɪɚɛɥɟɜɚ ɢ ɞɪ. Ⱦɟɮɨɪɦɚɰɢя ɢ ɪɚɡɪɭɲɟɧɢɟ 
ɦɚɬɟɪɢɚɥɨɜ. 8 (2012) 21; 9 (2012) 13. 
14. ȼ.Ɏ. Ɍɟɪɟɧɬɶɟɜ, Ʌ.ȿ. Ⱥɥɟɤɫɟɟɜɚ, ɋ.Ⱥ. Ʉɨɪɚɛɥɟɜɚ ɢ ɞɪ. Ⱦɟɮɨɪɦɚɰɢя ɢ ɪɚɡɪɭɲɟɧɢɟ 
ɦɚɬɟɪɢɚɥɨɜ. 3 (2013) 24. 
15. Ⱥ.Ƚ. ɉɟɧɤɢɧ, ȼ.Ɏ. Ɍɟɪɟɧɬɶɟɜ, Ɇ.Ȼ. Ȼɚɤɢɪɨɜ. Ⱦɟɮɨɪɦɚɰɢя ɢ ɪɚɡɪɭɲɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ. 2 
(2005) 7. 
16. Ⱥ.Ƚ. ɉɟɧɤɢɧ, ȼ.Ɏ. Ɍɟɪɟɧɬɶɟɜ. Ɇɟɬɚɥɥɵ. 3 (2004) 78. 
17. Ⱥ.Ƚ. ɉɟɧɤɢɧ, ȼ.Ɏ. Ɍɟɪɟɧɬɶɟɜ, Ʌ.ɂ. Ɇɚɫɥɨɜ. Ɉɰɟɧɤɚ ɨɫɬɚɬɨɱɧɨɝɨ ɪɟɫɭɪɫɚ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɪɭɛɧɵɯ ɫɬɚɥɟɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɢ 
ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɜɟɪɞɨɫɬɢ. Ɇ.: ɂɧɬɟɪɤɨɧɬɚɤɬ ɇɚɭɤɚ, 2005.  
18. ȿ.Ⱦ. Ɇɟɪɫɨɧ, Ɇ.Ɇ. Ʉɪɢɲɬɚɥ, Ⱦ.Ʌ. Ɇɟɪɫɨɧ ɢ ɞɪ. Ⱦɟɮɨɪɦɚɰɢя ɢ ɪɚɡɪɭɲɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ. 9 
(2012) 41. 
19. Ⱥ.Ƚ. ɉɟɧɤɢɧ, ȼ.Ɏ. Ɍɟɪɟɧɬɶɟɜ, ȼ.ȼ Ɋɨɳɭɩɤɢɧ ɢ ɞɪ.Ɍɪɭɞɵ IV Вɫɟɪɨɫ. ɤɨɧɮ. «Ȼɟɡɨɩɚɫɧɨɫɬɶ 
ɢ ɠɢɜɭɱɟɫɬɶ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ». Ʉɪɚɫɧɨɹɪɫɤ: ɋɄɌȻ ɇɚɭɤɚ. 1 (2012) 187. 
20. Ȼ.Ⱥ. ɉɨɬɟɯɢɧ.ɎɆɆ. 48 (1979) 1058. 
21. ɂ.ɂ. ɇɨɜɢɤɨɜ, ȼ.ȼ. Ɋɨɳɭɩɤɢɧ, Ɇ.Ⱥ. ɉɨɤɪɚɫɢɧ, Ɇ.Ɇ. Ʌɹɯɨɜɢɰɤɢɣ, Ⱥ.ɂ. ɑɟɪɧɨɜ, Ⱥ.Ƚ. 
ɉɟɧɤɢɧ, ɇ.Ʌ. ɋɨɛɨɥɶ, Ⱥ.Ƚ. Ʉɨɥɶɰɨɜ. ɉɪɢɛɨɪɵ. 3 (2012) 51. 
 
 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

398 

 

ɂɋɋɅȿȾɈВАɇɂȿ ɉɊɈɐȿɋɋɈВ ȽɈɊȿɇɂə ɉɊɂ ɍɌɂɅɂɁАɐɂɂ ɌȻɈ 
Ȼɚɪɵɲɟɜɚ Ɉ.Ȼ., ɏɚɛɢɛɭɥɥɢɧ ɘ.ɏ. 

Кɚɡɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢя, Кɚɡɚɧɶ, 
420043, Ɂɟɥɟɧɚя, 1. 

E-mail: obbars@mail.ru 
 

ɉɪɨɦɵɲɥɟɧɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɬɟɪɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɪɢ ɭɬɢɥɢɡɚɰɢɢ ɢ 
ɨɛɟɡɜɪɟɠɢɜɚɧɢɸ ɬɜɟɪɞɵɯ ɛɵɬɨɜɵɯ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɨɬɯɨɞɨɜ, ɹɜɥɹɸɬɫɹ ɢɫɬɨɱɧɢɤɚɦɢ 
ɜɵɛɪɨɫɨɜ ɷɤɨɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ – ɩɨɥɢɯɥɨɪɢɪɨɜɚɧɧɵɯ ɞɢɛɟɧɡɨɮɭɪɚɧɨɜ ɢ 
ɩɨɥɢɯɥɨɪɢɪɨɜɚɧɧɵɯ ɞɢɛɟɧɡɨɞɢɨɤɫɢɧɨɜ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɦɢɧɢɦɚɥɶɧɵɣ ɜɵɯɨɞ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ, ɧɟɨɛɯɨɞɢɦɨ, ɧɚɞɟɠɧɨɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ 
ɩɪɨɞɭɤɬɨɜ ɬɟɪɦɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ ɬɜɟɪɞɵɯ ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ (ɌȻɈ). ɉɪɨɰɟɫɫ ɫɠɢɝɚɧɢɹ 
ɌȻɈ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ, ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɜ ɪɟɚɤɰɢɢ ɢ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ.  

ɋɨɫɬɚɜ ɢ ɨɛɴɟɦ ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ ɪɚɡɧɨɨɛɪɚɡɟɧ, ɚ ɫɪɟɞɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɫɜɨɣɫɬɜɚ 
ɷɬɢɯ ɨɬɯɨɞɨɜ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɬɶɫɹ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɝɢɨɧɨɜ ɨɬɞɟɥɶɧɨɣ 
ɫɬɪɚɧɵ, ɧɨ ɢ ɞɚɠɟ ɞɥɹ ɪɚɡɧɵɯ ɪɚɣɨɧɨɜ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɝɨɪɨɞɚ.  

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɚɧɧɵɟ Д1Ж ɩɨ ɷɥɟɦɟɧɬɧɨɦɭ ɫɨɫɬɚɜɭ ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɬɜɟɪɞɵɯ ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɚ ɫɥɟɞɭɸɳɚɹ ɯɢɦɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ 
ɭɫɥɨɜɧɨɣ ɦɨɥɟɤɭɥɵ ɬɨɩɥɢɜɚ: ɜɨɡɞɭɯ + ɌȻɈ ɩɪɢ 1ɜ  : 

155,02,025,03,004,0007,0258,0184,421,123,5 KAlSiCaClSArONHC . 

Ȼɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ ɝɨɪɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɬɨɩɥɢɜ ɫ ɡɚɞɚɧɧɨɣ 
ɧɟɩɨɥɧɨɬɨɣ ɫɝɨɪɚɧɢɹ ɦɟɬɚɥɥɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɝɨɪɸɱɟɝɨ, ɚ ɬɚɤɠɟ ɡɚɞɚɧɧɨɣ ɧɟɩɨɥɧɨɬɨɣ 
ɫɝɨɪɚɧɢɹ ɜɫɟɝɨ ɝɨɪɸɱɟɝɨ. ɉɨ ɪɚɫɱɟɬɚɦ ɛɵɥɨ ɜɵɹɜɥɟɧ ɫɥɟɞɭɸɳɟɟ: ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɧɟɞɨɝɨɪɚɧɢɹ 
ɦɟɬɚɥɥɚ ɜ ɌȻɈ ɪɚɫɬɟɬ ɦɨɥɶɧɚɹ ɞɨɥɹ ɨɤɫɢɞɚ ɚɡɨɬɚ NO, ɩɚɞɚɟɬ ɦɨɥɶɧɚɹ ɞɨɥɹ ɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚCO, ɭɦɟɧɶɲɚɟɬɫɹ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɨɤɢɫɥɚ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɵɣ ɫɝɨɪɚɟɬ ɧɟɩɨɥɧɨɫɬɶɸ. 
Эɬɢ ɢɡɦɟɧɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɵ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ ɫɜɨɛɨɞɧɨɝɨ ɤɢɫɥɨɪɨɞɚ ɩɪɢ 
ɭɦɟɧɶɲɟɧɢɢ ɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ Д2Ж. 

Ɉɛɪɚɡɨɜɚɧɢɟ ɩɨɥɢɯɥɨɪɢɪɨɜɚɧɧɵɯ ɞɢɛɟɧɡɨɮɭɪɚɧɨɜ ɢ ɩɨɥɢɯɥɨɪɢɪɨɜɚɧɧɵɯ 
ɞɢɛɟɧɡɨɞɢɨɤɫɢɧɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɧɚɥɢɱɢɟɦ ɞɢɨɤɫɢɧɨɜ ɜ ɬɜɟɪɞɵɯ ɨɬɯɨɞɚɯ, ɩɨɫɬɭɩɚɸɳɢɯ 
ɧɚ ɩɟɪɟɪɚɛɨɬɤɭ, ɬɚɤ ɢ ɫɢɧɬɟɡɨɦ ɞɢɨɤɫɢɧɨɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɟɪɦɢɱɟɫɤɨɦ ɪɟɚɤɬɨɪɟ ɡɚ ɫɱɟɬ 
ɪɟɚɤɰɢɣ ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɫ 2Cl , HClɢɥɢ ɯɥɨɪɚ, ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣ. ȼ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɨɧɚɯ ɬɪɚɤɬɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ (T=500-700 K) ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜ ɜɢɞɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɚɤɬɚ, ɩɨɜɟɪɯɧɨɫɬɟɣ ɱɚɫɬɢɰ 
ɥɟɬɭɱɟɣ ɡɨɥɵ ɜɨɡɦɨɠɟɧ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɫɢɧɬɟɡ ɞɢɨɤɫɢɧɨɜ. 

ɉɨɥɧɨɟ ɨɤɢɫɥɟɧɢɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɬɟɪɦɢɱɟɫɤɨɦ ɪɟɚɤɬɨɪɟ ɢ ɩɟɪɟɜɨɞ ɜɫɟɯ 
ɫɨɟɞɢɧɟɧɢɣ ɯɥɨɪɚ ɜ ɦɢɧɟɪɚɥɶɧɵɟ ɯɥɨɪɢɞɵ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɨɧɟ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɝɥɭɛɨɤɢɦ ɨɛɟɫɩɵɥɢɜɚɧɢɟɦ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɨɥɟɟ 700-800 Ʉ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɨɫɬɢɠɟɧɢɟ ɜɵɫɨɤɨɣ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɪɦɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ. ȼ 
ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɬɟɪɦɢɱɟɫɤɨɦ ɪɟɚɤɬɨɪɟ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɝɚɡɨɜ ɧɚ ɭɪɨɜɧɟ 

Ʉ1570Ɍ , ɜɪɟɦɹ ɩɪɟɛɵɜɚɧɢɹ ɝɚɡɨɜ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɟ ɩɪɢ ɭɤɚɡɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ 
ɦɟɧɟɟ 2-2,5 ɫɟɤɭɧɞ, ɚ ɫɨɫɬɚɜ ɝɚɡɨɜɨɣ ɮɚɡɵ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɭ ɢɡɛɵɬɤɚ 
ɜɨɡɞɭɯɚ ɜ ɞɵɦɨɜɵɯ ɝɚɡɚɯ, ɪɚɜɧɵɦ ɜ 1,08-1,2. 

ɉɪɨɜɟɞɟɧɧɵɣ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɝɨɪɟɧɢɹ ɌȻɈ ɜ ɜɨɡɞɭɯɟ, ɨɛɨɝɚɳɟɧɧɨɦ 
ɤɢɫɥɨɪɨɞɨɦ ɧɚ 40% ɩɨ ɨɛɴɟɦɭ, ɩɨɤɚɡɚɥ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɌȻɈ ɧɚɯɨɞɢɬɫɹ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɜ ɞɢɚɩɚɡɨɧɟ 1750-2570Ʉ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɹɬɵɯ ɡɧɚɱɟɧɢɣ ɧɢɡɲɟɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɧQ . 

Эɬɨ ɧɚ 27-34% ɛɨɥɶɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɨɪɟɧɢɹ ɌȻɈ ɜ ɧɟɨɛɨɝɚɳɟɧɧɨɦ ɜɨɡɞɭɯɟ.  
ɉɨɜɵɲɟɧɢɟ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɡɞɭɯɟ, ɤɪɨɦɟ ɭɜɟɥɢɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɫɨɫɬɚɜ ɝɚɡɨɜɨɣ ɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡ. ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɵɯɨɞ CO, NO, HCl ɢ ɞɪɭɝɢɯ ɬɨɤɫɢɱɧɵɯ ɜɟɳɟɫɬɜ, ɡɚɝɪɹɡɧɹɸɳɢɯ ɨɤɪɭɠɚɸɳɭɸ 
ɫɪɟɞɭ, ɚ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɱɚɫɬɹɯ ɬɪɚɤɬɚ ɞɵɦɨɜɵɯ ɝɚɡɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɩɪɢ ɧɚɥɢɱɢɢ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɫɭɩɟɪɷɤɨɬɨɤɫɢɤɚɧɬɨɜ –ɩɨɥɢɯɥɨɪɢɪɨɜɚɧɧɵɯ 
ɞɢɛɟɧɡɨɮɭɪɚɧɨɜ ɢ ɩɨɥɢɯɥɨɪɢɪɨɜɚɧɧɵɯ ɞɢɛɟɧɡɨɞɢɨɤɫɢɧɨɜ.  

ɋɭɦɦɚɪɧɚɹ ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɤɨɧɞɟɧɫɚɬɚ ɩɪɢ ɫɠɢɝɚɧɢɢ ɌȻɈ ɜ ɨɛɨɝɚɳɟɧɧɨɦ ɤɢɫɥɨɪɨɞɨɦ 
ɜɨɡɞɭɯɟ ɜɨɡɪɚɫɬɚɟɬ ɞɨ 7,5-8,5 % ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 4,4 % ɩɪɢ ɝɨɪɟɧɢɢ ɌȻɈ ɜ ɧɟɨɛɨɝɚɳɟɧɧɨɦ 
ɜɨɡɞɭɯɟ.  

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɚɪɚɦɟɬɪɨɜ ɝɨɪɟɧɢɹ ɬɜɟɪɞɵɯ ɛɵɬɨɜɵɯ ɨɬɯɨɞɨɜ ɜ 
ɭɫɥɨɜɢɹɯ ɪɚɜɧɨɜɟɫɢɹ ɭɤɚɡɵɜɚɸɬ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɢɬɵɜɚɬɶ ɧɟɩɨɥɧɨɬɭ ɫɝɨɪɚɧɢɹ, 
ɤɢɧɟɬɢɱɟɫɤɢɟ ɢ ɤɚɬɚɥɢɬɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɯɨɥɨɞɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɩɨɜɟɪɯɧɨɫɬɹɯ ɢ ɩɨɜɟɪɯɧɨɫɬɹɯ ɚɷɪɨɡɨɥɶɧɵɯ ɱɚɫɬɢɰ. 
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ɋɨɟɞɢɧɟɧɢɹ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɚɩɚɬɢɬɚ ɢɦɟɸɬ ɨɛɳɭɸ ɮɨɪɦɭɥɭ M5(AO4)3L (M – ɨɞɧɨ-, ɞɜɭɯ-, 
ɬɪɟɯ- ɢ ɱɟɬɵɪɟɯ-ɡɚɪɹɞɧɵɟ ɤɚɬɢɨɧɵ ɢ ɢɯ ɪɚɡɥɢɱɧɵɟ ɤɨɦɛɢɧɚɰɢɢ; Ⱥ – P, V, Cr, Mn, As; Si, Ge; 
S; L – ɝɚɥɨɝɟɧɵ, OH, O, CO3)Д1Ж. ɂɦɟɧɧɨ ɛɥɚɝɨɞɚɪɹ ɬɚɤɨɦɭ ɪɚɡɧɨɨɛɪɚɡɢɸ ɯɢɦɢɱɟɫɤɨɝɨ 
ɫɨɫɬɚɜɚ ɢ ɜɵɫɨɤɨɣ ɢɡɨɦɨɪɮɧɨɣ ɟɦɤɨɫɬɢ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɚɩɚɬɢɬɨɜ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɜɨ 
ɦɧɨɝɢɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ: ɨɬ ɩɨɥɭɱɟɧɢɹ «ɱɢɫɬɵɯ» ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ (ɫɜɢɧɟɰ, 
ɜɚɧɚɞɢɣ) ɢ ɮɨɫɮɚɬɧɵɯ ɭɞɨɛɪɟɧɢɣ ɞɨ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɢɨɚɤɬɢɜɧɵɯ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɦɩɥɚɧɬɚɬɨɜ 
ɢ ɬɜɟɪɞɨɬɟɥɶɧɵɯ ɬɨɩɥɢɜɧɵɯ ɹɱɟɟɤ. Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ ɚɩɚɬɢɬɨɜ 
ɤɥɸɱɟɜɵɦɢ ɹɜɥɹɸɬɫɹ ɞɚɧɧɵɟ ɨɛ ɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɬɟɪɦɢɱɟɫɤɨɣ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɬɟɩɥɨɜɨɦ ɪɚɫɲɢɪɟɧɢɢ. 

Ⱦɥɹ ɚɩɚɬɢɬɨɜ ɯɚɪɚɤɬɟɪɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɪɚɡɥɢɱɧɨɣ ɫɢɦɦɟɬɪɢɢ. Ⱦɚɧɧɵɟ ɨ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɫɨɟɞɢɧɟɧɢɹɯ, ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɯɫɹ ɜ ɦɨɧɨɤɥɢɧɧɨɣ ɢ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ 
ɫɢɧɝɨɧɢɢ, ɜɩɟɪɜɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɩɪɢɪɨɞɧɵɯ ɨɛɴɟɤɬɨɜ. Ɉɞɧɚɤɨ ɞɚɧɧɵɟ ɨ ɜɨɡɦɨɠɧɨɦ 
ɜɡɚɢɦɧɨɦ ɩɟɪɟɯɨɞɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɣ ɞɪɭɝ ɜ ɞɪɭɝɚ ɢ ɫɨɩɪɨɜɨɠɞɚɸɳɢɯ ɷɬɨɬ 
ɩɪɨɰɟɫɫ ɢɡɦɟɧɟɧɢɹɯ ɫɜɨɣɫɬɜ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɨɜɚɥɢ ɞɨ ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢД2Ж. 

ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɞɥɹ ɚɩɚɬɢɬɨɜ ɨɛɧɚɪɭɠɟɧɵ ɫɥɟɞɭɸɳɢɟ ɜɨɡɦɨɠɧɵɟ ɫɯɟɦɵ ɢɡɦɟɧɟɧɢɹ 
ɫɢɦɦɟɬɪɢɢ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ: 

1. ɝɟɤɫ. (ɩɪ.ɝɪ. P63/m) → ɝɟɤɫ. (ɩɪ.ɝɪ. P63)[3] 
2. ɝɟɤɫ. (ɩɪ.ɝɪ. P63/m) → ɦɨɧɨɤɥ. (ɩɪ.ɝɪ. P21/b)[4] 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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3. ɝɟɤɫ. (ɩɪ.ɝɪ. P63/m) → ɨɪɬɨɪɨɦɛ. (ɩɪ.ɝɪ. Pna21) («ɧɟɚɩɚɬɢɬɧɚɹ» ɫɬɪɭɤɬɭɪɚ)Д5Ж 
ȼ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɲɢɪɨɤɨɦ 

ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ (400 – 1100 Ʉ), ɨɧɢ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫɵ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɚɩɚɬɢɬɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, 
ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɬɚɤɨɝɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɝɨ ɫɜɨɣɫɬɜɚ ɤɚɤ ɬɟɩɥɨɜɨɟ 
ɪɚɫɲɢɪɟɧɢɟ ɩɪɢ ɭɤɚɡɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ, ɜ ɬɨɦ ɱɢɫɥɟ, ɜɥɢɹɧɢɟ ɧɚ ɧɟɝɨ ɩɨɥɢɦɨɪɮɧɵɯ 
ɩɪɟɜɪɚɳɟɧɢɣ Д6Ж. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ) 
ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɪɢɪɚɳɟɧɢɟ ɜɟɥɢɱɢɧɵ 
ɩɚɪɚɦɟɬɪɚɚ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ ɧɚ ɨɞɢɧ ɝɪɚɞɭɫ)Д7Ж: a (K-1) = (1/a)(da/dT) 

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɢɦɨɪɮɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɚɩɚɬɢɬɨɜ ɧɚɛɥɸɞɚɟɬɫɹ 
ɢɡɦɟɧɟɧɢɟ ɫɢɦɦɟɬɪɢɢ ɢɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɹɱɟɟɤ, ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɫɪɚɜɧɟɧɢɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɮɚɡ ɹɜɥɹɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɨɛɴɟɦɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɤɚɤ ɢɧɬɟɝɪɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ, ɨɬɪɚɠɚɸɳɚɹ ɬɟɪɦɢɱɟɫɤɢɟ 
ɞɟɮɨɪɦɚɰɢɢ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɜ ɰɟɥɨɦ.  

Ɉɫɧɨɜɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɦɟɬɨɞ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɦɟɬɨɞ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɩɨɪɨɲɤɨɜɨɣ ɞɢɮɪɚɤɬɨɦɟɬɪɢɢ. Эɤɫɩɟɪɢɦɟɧɬɵ 
ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɞɢɮɪɚɤɬɨɦɟɬɪɟ XRD-6000 Shimadzu (ɢɡɥɭɱɟɧɢɟ CuKα, 
ɝɟɨɦɟɬɪɢɹ θ-2θ) ɜ ɢɧɬɟɪɜɚɥɟ ɭɝɥɨɜ 2θ 10-60º ɫ ɲɚɝɨɦ ɫɤɚɧɢɪɨɜɚɧɢɹ 0,02º, ɨɛɨɪɭɞɨɜɚɧɧɨɦ 
ɧɚɝɪɟɜɚɸɳɟɣ ɩɪɢɫɬɚɜɤɨɣHA-1001 Shimadzu (ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ 10 Ʉ/ɦɢɧ, ɲɚɝ ɧɚɝɪɟɜɚ 100 Ʉ). 
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɞɢɮɪɚɤɰɢɨɧɧɵɦ ɤɚɪɬɢɧɚɦ ɦɟɬɨɞɨɦ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢɧɞɢɰɢɪɨɜɚɧɢɹ 
ɨɩɪɟɞɟɥɹɥɢ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɚɪɧɵɯ ɹɱɟɟɤ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɥɢɧɟɣɧɵɯ, ɭɝɥɨɜɵɯ 
ɢ ɨɛɴɟɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɥɢ ɥɢɧɟɣɧɵɦɢ ɢ ɤɜɚɞɪɚɬɢɱɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɜɢɞɚ 

a = piTi. 
ɉɨ ɤɨɷɮɮɢɰɢɟɧɬɚɦ picɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ DTCД8Жɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ 

ɥɢɧɟɣɧɵɟ, ɭɝɥɨɜɵɟ ɢ ɨɛɴɟɦɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 40 ɚɩɚɬɢɬɨɜ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɦɟɬɨɞɨɦ ȾɋɄ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ (ɷɤɫɩɟɪɢɦɟɧɬɵ 
ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɫɤɚɧɢɪɭɸɳɟɦ ɤɚɥɨɪɢɦɟɬɪɟ Labsys Setaram ɜ ɚɪɝɨɧɨɜɨɣ 
ɚɬɦɨɫɮɟɪɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɚɬɢɧɨɜɵɯ ɬɢɝɥɟɣ; ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ 298-1673 Ʉ, ɫɤɨɪɨɫɬɶ 
ɧɚɝɪɟɜɚ 10 Ʉ/ɦɢɧ).ȼ Ɍɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɭɪɚɜɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɨɛɴɟɦɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɞɥɹ 10 ɚɩɚɬɢɬɨɜ, ɩɪɟɬɟɪɩɟɜɚɸɳɢɯ 
ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɟ ɩɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜɵɲɟ ɫɯɟɦɚɦ. 

Ʉɚɤ ɜɢɞɧɨ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɟɪɟɯɨɞɚ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 
ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɫɢɥɶɧɨ ɡɚɦɟɬɧɨ ɜ 
ɫɥɭɱɚɟ ɩɨɧɢɠɟɧɢɹ ɫɢɦɦɟɬɪɢɢ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɨɬ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɞɨ ɦɨɧɨɤɥɢɧɧɨɣ. 
Ⱦɚɧɧɵɣ ɮɚɤɬ ɜɟɪɨɹɬɧɨ ɫɜɹɡɚɧ ɫ ɬɟɦ, ɱɬɨ ɦɨɧɨɤɥɢɧɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɚɩɚɬɢɬɨɜ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɶɲɢɦ ɢɫɤɚɠɟɧɢɟɦ ɫɬɪɭɤɬɭɪɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ Д9Ж, ɱɬɨ ɢ 
ɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɟɟ ɩɨɜɵɲɟɧɧɭɸ ɬɟɪɦɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ.  

ȼ ɫɜɹɡɢ ɫ ɩɨɥɭɱɟɧɧɵɦɢ ɞɚɧɧɵɦɢ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ 
ɜ ɬɚɛɥɢɰɟ ɚɩɚɬɢɬɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɢɯ ɩɨɥɢɦɨɪɮɧɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɯ ɞɚɥɶɧɟɣɲɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. Ɋɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɩɪɢ ɧɚɝɪɟɜɟ ɦɚɬɟɪɢɚɥɚ ɜɵɲɟ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɥɧɨɦɭ 
ɪɚɡɪɭɲɟɧɢɸ ɦɚɬɟɪɢɚɥɚ. 
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Ɍɚɛɥɢɰɚ 1. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɴɟɦɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɩɨɥɢɦɨɪɮɧɵɯ ɦɨɞɢɮɢɤɚɰɢɣ ɢɡɭɱɟɧɧɵɯ ɚɩɚɬɢɬɨɜ  

Ɏɨɪɦɭɥɚ V = V0 + V1T(·106 K-1) Ɍɟɦɩɟɪɚɬɭɪɧɵɣ 
ɢɧɬɟɪɜɚɥ (K) V0 V1 

ɝɟɤɫ. (ɩɪ.ɝɪ. P63/m) → ɝɟɤɫ. (ɩɪ.ɝɪ. P63) 
-Ca5(PO4)3Cl 10.8 0.039 298-973 

-Ca5(PO4)3Cl -139.8 0.154 1073-1173 

-Ca5(VO4)3Cl 15.5 0.0184 298-773 

-Ca5(VO4)3Cl 124.2 -0.0873 873-1173 

-Ca5(CrO4)3F 119.2 -0.1288 298-673 

-Ca5(CrO4)3F -194.8 0.2626 773-1173 

-Ca5(CrO4)3Cl 23.8 0.0336 298-873 

-Ca5(CrO4)3Cl 13.2 - 973-1073 
ɝɟɤɫ. (ɩɪ.ɝɪ. P63/m) → ɦɨɧɨɤɥ. (ɩɪ.ɝɪ. P21/b) 

-Sr5(CrO4)3Cl 34.4 0.0478 298-673 

-Sr5(CrO4)3Cl 10.4 0.0602 773-1173 

-Pb5(PO4)3F 7.7 0.0722 298-1073 

-Pb5(PO4)3F 165 - 1123-1173 

-Pb5(PO4)3Cl 28.6 0.0345 298-1073 

-Pb5(PO4)3Cl 87.2 - 1123-1173 

-Pb5(VO4)3Cl 22.0 0.0584 298-973 

-Pb5(VO4)3Cl 444.0 - 1073-1173 

-Na3Cd2(SO4)3Cl 61.7 0.0167 298-473 

-Na3Cd2(SO4)3Cl -54.7 0.2133 523-773 
ɝɟɤɫ. (ɩɪ.ɝɪ. P63/m) → ɨɪɬɨɪɨɦɛ. (ɩɪ.ɝɪ. Pna21) -Na3Ca2(SO4)3F 18.7 0.0863 298-873 

-Na3Ca2(SO4)3F 97.3 - 923-973 

 
Иɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɟɞɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎИ, ɩɪɨɟɤɬ No. 14-

03-31234 ɦɨɥИɚ. 
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Ƚɭɬɧɢɤɨɜ ɋ.ɂ.1,2, ɉɚɜɥɨɜ ɘ.ȼ.1 
1Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.В. Ʌɨɦɨɧɨɫɨɜɚ,  
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱ, ɩɨɫɬɚɜɥɟɧɧɵɯ ɜ ɪɚɦɤɚɯ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɩɪɨɝɪɚɦɦɵ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ «Эɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ ɢ ɩɨɜɵɲɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 
2020 ɝɨɞɚ» («ȽɉЭЭ-2020») ɩɪɢɧɹɬɨɣ ɜ 2010 ɝɨɞɵ ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɫɧɢɠɟɧɢɹ 
ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɩɨɬɟɪɶ ɬɟɩɥɚ ɱɟɪɟɡ ɢɧɠɟɧɟɪɧɵɟ ɤɨɦɦɭɧɢɤɚɰɢɢ, ɬɟɩɥɨɬɪɚɫɫɵ ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɄɉȾ ɪɚɛɨɬɵ ɬɟɩɥɨɜɵɯ ɚɝɪɟɝɚɬɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɩɥɨɢɡɨɥɹɰɢɹ ɬɚɤɢɯ ɷɥɟɦɟɧɬɨɜ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ ɤɚɤ ɩɚɪɨɝɚɡɨɜɵɟ 
ɬɭɪɛɢɧɵ, ɤɨɬɥɵ ɢ ɛɨɣɥɟɪɵ, ɩɚɪɨɩɪɨɜɨɞɵ ɤɨɬɥɨɜ, ɬɟɩɥɨɝɟɧɟɪɚɬɨɪɵ, ɞɜɟɪɢ ɜɨɞɨɝɪɟɣɧɵɯ ɢ 
ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ, ɤɨɬɥɵ ɭɬɢɥɢɡɚɬɨɪɵ, ɧɚɬɪɢɟɜɵɟ ɬɪɭɛɵ ɜɵɩɨɥɧɟɧɵ ɢɡ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɧɚ 
ɨɫɧɨɜɟ ɦɢɧɟɪɚɥɶɧɵɯ ɢ ɛɚɡɚɥɶɬɨɜɵɯ ɜɨɥɨɤɨɧ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɨɝɪɚɧɢɱɟɧɚ 600 °ɋ Д1Ж. ȼ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɱɬɨ 
ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɜɫɟ ɛɨɥɶɲɟɝɨ ɱɢɫɥɚ ɷɮɮɟɤɬɢɜɧɵɯ 
ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɭɫɬɚɧɨɜɨɤ) ɜ ɦɢɧɟɪɚɥɶɧɵɯ ɜɨɥɨɤɧɚɯ ɧɚɱɢɧɚɟɬɫɹ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 
ɩɪɨɢɫɯɨɞɢɬ ɭɫɚɞɤɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 3-4 ɪɚɡɚ. 

ɋɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɚɯ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɨɜɨɞɹɬɫɹ ɬɨɥɶɤɨ ɝɪɭɩɩɨɣ ɩɪɨɮ. Y. Yue (ɭɧɢɜɟɪɫɢɬɟɬ Ⱥɥɶɛɨɪɝɚ, 
Ⱦɚɧɢɹ) ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɤɨɪɩɨɪɚɰɢɢ Rockwool (Ⱦɚɧɢɹ). Ɉɞɧɚɤɨ ɨɩɭɛɥɢɤɨɜɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, 
ɜɫɥɟɞɫɬɜɢɟ ɤɨɦɦɟɪɱɟɫɤɨɣ ɬɚɣɧɵ, ɧɨɫɹɬ ɜɵɛɨɪɨɱɧɵɣ ɯɚɪɚɤɬɟɪ. ɏɚɪɚɤɬɟɪ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢ 
ɩɨɜɵɲɟɧɧɵɯ ɜɢɛɪɚɰɢɹɯ ɧɟ ɢɡɭɱɟɧ ɜɨɨɛɳɟ Д2-4]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɫɩɟɰɢɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɞɥɹ ɭɫɬɚɧɨɜɥɟɧɢɹ 
ɦɟɯɚɧɢɡɦɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɢɧɟɪɚɥɶɧɵɯ ɜɨɥɨɤɨɧ ɢ ɞɪɭɝɢɯ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɜɢɛɪɚɰɢɢ, ɪɚɡɪɚɛɨɬɤɚ ɩɨɞɯɨɞɨɜ ɢɧɝɢɛɢɪɨɜɚɧɢɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ ɢ 
ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɜɵɲɟɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ ɤ ɜɢɛɪɚɰɢɢ ɫ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɪɢɦɟɧɟɧɢɹ ɞɨ 900 °ɋ.  

Ȼɥɚɝɨɞɚɪɹ ɜɨɡɦɨɠɧɨɫɬɢ ɜɚɪɢɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɚɦɩɥɢɬɭɞɵ ɢ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ 
ɫɨɡɞɚɜɚɟɦɵɣ ɫɬɟɧɞ ɩɨɡɜɨɥɢɬ ɬɨɱɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ ɩɪɢɦɟɧɟɧɢɹ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɡɜɨɥɹɬ ɨɩɪɟɞɟɥɢɬɶ ɤɚɱɟɫɬɜɨ ɢ ɫɪɨɤ ɫɥɭɠɛɵ 
ɤɨɧɤɪɟɬɧɵɯ ɢɡɞɟɥɢɣ.  

ɋɬɟɧɞ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɧɚɝɪɟɜɚɟɦɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɧɚ ɤɨɬɨɪɭɸ ɡɚɤɪɟɩɥɹɟɬɫɹ 
ɬɟɫɬɢɪɭɟɦɚɹ ɬɟɩɥɨɜɚɹ ɢɡɨɥɹɰɢɹ. 

ȼ ɨɫɧɨɜɭ ɞɚɧɧɨɝɨ ɫɬɟɧɞɚ ɡɚɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ, ɨɩɢɫɚɧɧɚɹ ɜ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɫɬɚɧɞɚɪɬɚɯ 
ASTM C 447  ɢ EN 14706 ɢ ASTM C 411  ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ  
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɞɟɣɫɬɜɢɹ ɝɨɪɹɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ. ɋɭɬɶ ɷɬɢɯ 
ɦɟɬɨɞɨɜ ɫɜɨɞɢɬɫɹ ɤ ɨɞɧɨɫɬɨɪɨɧɧɟɦɭ ɧɚɝɪɟɜɭ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɬɟɱɟɧɢɟ 
ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ  ɢ ɨɩɪɟɞɟɥɟɧɢɢ ɟɝɨ ɫɜɨɣɫɬɜ ɞɨ ɢ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɝɨ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

403 

 

ɜɨɡɞɟɣɫɬɜɢɹ (ɞɟɮɨɪɦɚɰɢɹ, ɩɨɬɟɪɹ ɦɚɫɫɵ, ɢɡɦɟɧɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ).  Ⱦɚɧɧɚɹ 
ɦɟɬɨɞɢɤɚ ɛɵɥɚ ɞɨɩɨɥɧɟɧɚ ɧɟɨɛɯɨɞɢɦɵɦɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɦɢ ɪɟɲɟɧɢɹɦɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɜɨɡɦɨɠɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɜɢɛɪɚɰɢɸ ɨɛɪɚɡɰɚ.   

 
Ɍɚɛɥɢɰɚ 1. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɬɟɧɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɛɪɨɫɬɨɣɤɨɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ 

 ɂɫɩɵɬɚɬɟɥɶɧɵɣ ɫɬɟɧɞ «ȼɢɛɪɨɩɥɢɬɚ» 

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɉɪɨɜɟɞɟɧɢɟ ɢɫɩɵɬɚɧɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɜ ɭɫɥɨɜɢɹɯ ɜɢɛɪɚɰɢɢ ɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

ɂɫɩɵɬɵɜɚɟɦɵɟ ɦɚɬɟɪɢɚɥɵ ɀɟɫɬɤɢɟ ɩɥɢɬɵ, ɝɢɛɤɢɟ ɦɚɬɵ, ɡɚɫɵɩɧɚɹ ɬɟɩɥɨɢɡɨɥɹɰɢɹ, 
ɦɧɨɝɨɫɥɨɣɧɚɹ ɬɟɩɥɨɢɡɨɥɹɰɢɹ 

Ɉɩɪɟɞɟɥɹɟɦɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɉɪɟɞɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢɦɟɧɟɧɢɹ, ɬɟɪɦɨɜɢɛɪɨɭɫɬɨɣɱɢɜɨɫɬɶ 

ɋɬɚɧɞɚɪɬɵ ASTM ɋ 592, ASTM C411/ɋ447. 

Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 25-700 °ɋ 

Ɋɚɡɦɟɪ ɨɛɪɚɡɰɚ 460×460 ɦɦ 

ȼɢɛɪɚɰɢɨɧɧɵɟ ɧɚɝɪɭɡɤɢ Ɋɟɝɭɥɢɪɭɟɦɵɟ ɱɚɫɬɨɬɚ 10-100 Ƚɰ ɢ ɚɦɩɥɢɬɭɞɚ 0-0.5 ɦɦ 

ɉɨɝɪɟɲɧɨɫɬɶ ɇɟ ɛɨɥɟɟ 5% 

 
Ʉɨɧɫɬɪɭɤɰɢɹ ɫɬɟɧɞɚ ɛɵɥɚ ɪɟɲɟɧɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɧɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ 

ɬɪɟɛɨɜɚɧɢɹɦ ɫɬɚɧɞɚɪɬɨɜ  ASTM C 177  ɢ  ISO 8302  (ɪɚɡɞɟɥɚ ɤɨɧɫɬɪɭɤɰɢɹ ɩɪɢɛɨɪɨɜ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 1 ɨɛɪɚɡɰɚ).  

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ ɫɬɟɧɞɟ ɩɪɨɜɨɞɢɬɶ ɧɟ ɩɥɚɧɢɪɭɟɬɫɹ ɜɜɢɞɭ 
ɧɚɥɢɱɢɹ ɜ ɋɟɪɬɢɮɢɤɚɰɢɨɧɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ ɰɟɧɬɪɟ «Ɍɟɩɥɨɢɡɨɥɹɰɢɹ», ɩɪɢɛɨɪɚ GHP 456 
TТЭКЧ, ɤɨɬɨɪɵɣ ɜɵɩɨɥɧɹɟɬ ɷɬɭ ɮɭɧɤɰɢɸ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɛɥɚɝɨɞɚɪɹ ɫɨɛɥɸɞɟɧɢɸ ɬɪɟɛɨɜɚɧɢɣ 
ɫɬɚɧɞɚɪɬɨɜ  ASTM C 177  ɢ  ISO 8302  ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɟɧɞɚ ɜɨɡɧɢɤɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɤɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɜɢɛɪɚɰɢɢ ɨɛɪɚɡɰɚ. 

ȼɟɪɨɹɬɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɩɨɬɨɤɚ ɜ ɭɫɥɨɜɢɹɯ ɜɢɛɪɚɰɢɢ ɨɱɟɧɶ ɦɚɥɚ, 
ɩɨɷɬɨɦɭ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɧɟ ɦɨɠɟɬ  ɛɵɬɶ ɥɭɱɲɟ 
5%.  

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɧɚ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɷɬɚɩɟ ɩɥɚɧɢɪɭɟɬɫɹ ɫɨɡɞɚɧɢɟ 
ɦɟɬɨɞɢɤɢ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɜɵɩɨɥɧɢɬɶ ɝɪɚɞɭɢɪɨɜɤɭ ɫɬɟɧɞɚ ɩɨ ɞɚɧɧɵɦ, ɩɨɥɭɱɟɧɧɵɦ ɧɚ 
ɨɫɧɨɜɟ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ  ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɝɪɚɞɢɪɨɜɨɱɧɨɝɨ ɨɛɪɚɡɰɚ ɧɚ ɩɪɢɛɨɪɟ 
GHP 456 TТЭКЧ (ɜɵɩɨɥɧɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ 
25 ɞɨ 600 °ɋ (ɫ ɬɨɱɧɨɫɬɶɸ 2%) ɫ ɲɚɝɨɦ 50-100 °ɋ ɢ ɷɤɫɬɪɚɩɨɥɹɰɢɟɣ ɷɬɢɯ ɞɚɧɧɵɯ ɞɨ 700 °ɋ). 

ɇɚɝɪɟɜɚɬɟɥɢ ɤɚɤ ɡɨɧɵ ɢɡɦɟɪɟɧɢɹ, ɬɚɤ ɢ ɨɯɪɚɧɧɵɯ ɡɨɧ  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɟɪɚɦɢɱɟɫɤɭɸ 
ɨɫɧɨɜɭ ɫ ɮɟɯɪɚɥɟɜɨɣ ɩɪɨɜɨɥɨɤɨɣ ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɚɜɧɨɦɟɪɧɵɣ ɧɚɝɪɟɜ ɩɨ ɜɫɟɣ ɩɥɨɳɚɞɢ 
ɧɚɝɪɟɜɚɬɟɥɟɣ  ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ 25 ɞɨ 700 ɋ.  Ƚɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɥɢɬɵ ɧɚɝɪɟɜɚɬɟɥɹ ɡɨɧɵ ɢɡɦɟɪɟɧɢɹ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 2%. Ɋɚɡɦɟɪ ɩɥɢɬɵ 
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ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɞɨɥɠɟɧ ɫɨɫɬɚɜɥɹɟɬ 150ɯ150 ɦɦ. Ɋɚɡɦɟɪ ɢɫɩɵɬɭɟɦɨɝɨ ɨɛɪɚɡɰɚ 
ɫɨɫɬɚɜɥɹɟɬ 450ɯ450 ɦɦ. 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɫɬɟɧɞɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɜ ɭɫɥɨɜɢɹɯ ɜɢɛɪɚɰɢɢ ɢ ɩɨɜɵɲɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (A - ɧɚɝɪɟɜɚɬɟɥɶ ɡɨɧɵ 
ɢɡɦɟɪɟɧɢɹ; B - ɩɥɢɬɵ ɧɚɝɪɟɜɚɬɟɥɹ ɡɨɧɵ ɢɡɦɟɪɟɧɢɹ; C - ɧɚɝɪɟɜɚɬɟɥɶ ɨɯɪɚɧɧɨɣ ɡɨɧɵ; D - ɩɥɢɬɵ 
ɧɚɝɪɟɜɚɬɟɥɹ ɨɯɪɚɧɧɨɣ ɡɨɧɵ; E – ɯɨɥɨɞɢɥɶɧɢɤ (ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ); Es- ɩɥɢɬɵ ɯɨɥɨɞɢɥɶɧɢɤɚ 
(ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ); F - ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɬɟɪɦɨɩɚɪɵ; G - ɬɟɪɦɨɩɚɪɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɢɬ ɧɚɝɪɟɜɚɬɟɥɹ; H - ɬɟɪɦɨɩɚɪɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɢɬ 
ɯɨɥɨɞɢɥɶɧɢɤɚ; I - ɢɫɩɵɬɭɟɦɵɣ ɨɛɪɚɡɟɰ; δ - ɨɯɪɚɧɧɚɹ ɩɥɢɬɚ; M - ɬɟɩɥɨɢɡɨɥɹɰɢɹ ɨɯɪɚɧɧɨɣ 
ɩɥɢɬɵ; N - ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɬɟɪɦɨɩɚɪɵ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚ ɨɯɪɚɧɧɨɣ ɩɥɢɬɟ; 1 - ɨɯɪɚɧɧɚɹ 
ɡɨɧɚ; 2 - ɡɨɧɚ ɢɡɦɟɪɟɧɢɹ, V - ȼɢɛɪɨɫɬɨɥ 

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɚɝɪɟɜɚɬɟɥɟɣ ɜ ɫɬɟɧɞɟ 
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Ⱦɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɚɝɪɟɜɚɬɟɥɟɣ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɫɯɟɦɵ ɨɩɢɫɚɧɧɵɟ 
ɜ ɫɬɚɧɞɚɪɬɚɯ ASTM C 447, EN 14706 ɢ ASTM C 411  (ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɫɟ ɞɟɜɹɬɶ ɧɚɝɪɟɜɚɬɟɥɟɣ 
ɪɚɛɨɬɚɸɬ ɫ ɨɞɧɨɣ ɦɨɳɧɨɫɬɶɸ, ɩɪɢ ɢɫɩɵɬɚɧɢɹ ɌɂɆ ɩɨ ɫɬɚɧɞɚɪɬɚɦ ASTM C177, ISO 8302 
ɧɚɝɪɟɜɚɬɟɥɢ 1-8 ɪɚɛɨɬɚɸɬ ɜ ɤɚɱɟɫɬɜɟ ɨɯɪɚɧɧɵɯ, ɚ ɧɚɝɪɟɜɚɬɟɥɶ 9 ɹɜɥɹɟɬɫɹ ɧɚɝɪɟɜɚɬɟɥɟɦ ɡɨɧɵ 
ɢɡɦɟɪɟɧɢɹ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɢɫɯɨɞɹ ɢɡ ɚɪɯɢɬɟɤɬɭɪɵ ɫɬɟɧɞɚ ɢ 
ɨɛɳɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɬɟɩɥɨ-ɦɚɫɫɨɨɛɦɟɧɟ, ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ  ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ (q). ɉɪɢ 
ɢɡɜɟɫɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚ ɝɪɚɧɢɰɚɯ ɨɛɪɚɡɰɚ ɢ ɭɫɥɨɜɢɢ ɨɬɫɭɬɫɬɜɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɨ 
ɩɟɪɢɦɟɬɪɭ (ɨɯɪɚɧɧɵɟ ɩɥɚɫɬɢɧɵ) ɡɚɤɨɧ Ɏɭɪɶɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɨɞɧɨɦɟɪɧɨɣ ɮɨɪɦɟ ɢ 
ɜɵɱɢɫɥɢɬɶ ɢɫɤɨɦɨɟ ɡɧɚɱɟɧɢɟ λ =q×δ/(ЭG-tH). ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ q=Nɷ/F9-qM-L. ɑɚɫɬɶ ɩɨɬɨɤɚ qM-L, 
ɭɯɨɞɹɳɟɝɨ ɨɬ ɧɚɝɪɟɜɚɬɟɥɶɧɨɣ ɩɥɚɫɬɢɧɵ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɨɛɪɚɬɧɨɦ ɨɛɪɚɡɰɭ, ɡɚɜɢɫɢɬ ɨɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɥɨɹ M, ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧɚ ɫ ɬɨɱɧɨɫɬɶɸ 2-3 % ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ 25 ɞɨ 600 °ɋ ɧɚ  ɩɪɢɛɨɪɟ GHP 456 TТЭКЧ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɛɭɞɭɬ 
ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɵ (ɜ ɫɥɭɱɚɟ  ɧɟɨɛɯɨɞɢɦɨɫɬɢ) ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 700 °ɋ, ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɡɧɚɱɟɧɢɟ qM-L ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧɨ ɢ ɭɱɬɟɧɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɢɫɩɵɬɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ.  
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Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɚɯ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɤɨɧɬɪɨɥɹ ɝɢɞɪɨɝɟɧɢɡɚɰɢɢ ɠɢɪɨɜ, ɤɨɧɬɪɨɥɹ 
ɤɚɱɟɫɬɜɚ ɫɵɪɶɹ ɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɫɜɨɣɫɬɜ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ, ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ ɤ ɩɪɢɦɟɫɹɦ, ɩɨɷɬɨɦɭ ɩɨ ɡɧɚɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɠɢɪɚ ɢ ɨɩɪɟɞɟɥɢɬɶ ɫɬɟɩɟɧɶ ɟɝɨ ɱɢɫɬɨɬɵ Д1Ж.  
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɜ Ɍɚɦɛɨɜɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɬɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ ɦɨɛɢɥɶɧɵɣ 
ɜɚɪɢɚɧɬ ɩɨɪɬɚɬɢɜɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ (ɂɋ) ɫɨɫɬɨɢɬ ɢɡ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ 
(ɉɄ), ɢɡɦɟɪɢɬɟɥɶɧɨ-ɭɩɪɚɜɥɹɸɳɟɣ ɩɥɚɬɵ, ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɡɨɧɞɚ (ɂɁ), ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɢ 
ɩɢɬɚɧɢɹ (Ȼɍɉ). ɂɁ ɨɛɟɫɩɟɱɢɜɚɟɬ ɬɟɩɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɴɟɤɬ ɫ ɩɨɦɨɳɶɸ 
ɩɥɨɫɤɨɝɨ ɤɪɭɝɥɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ (ɇ) Д2, 3Ж.  
ɋɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ: ɉɈ – ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ; ɋɉɈ, ɉɉɈ, ȼɉɈ – 
ɫɢɫɬɟɦɧɨɟ, ɩɪɢɤɥɚɞɧɨɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; Ȼɏɋ – 
ɛɥɨɤ ɯɨɥɨɞɧɵɯ ɫɩɚɟɜ; ȾɌ – ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ; Ɍɉ –ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
 

Ɇɨɳɧɨɫɬɶ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜɫɬɪɨɟɧɧɨɝɨ ɜ ɩɨɞɥɨɠɤɭ ɂɁ 
ɧɚɝɪɟɜɚɬɟɥɹ ɡɚɞɚɸɬɫɹ ɩɪɨɝɪɚɦɦɧɨ. Ɋɟɝɭɥɢɪɭɸɳɢɣ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɫ ɰɢɮɪɨ-ɚɧɚɥɨɝɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (ɐȺɉ) ɢɡɦɟɪɢɬɟɥɶɧɨ-ɭɩɪɚɜɥɹɸɳɟɣ ɩɥɚɬɵɧɚ ɜɯɨɞ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɢ 
ɩɢɬɚɧɢɹ, ɝɞɟ ɭɫɢɥɢɜɚɟɬɫɹ ɢ ɩɨɞɚɟɬɫɹ ɧɚ ɩɨɥɟɜɨɣ ɬɪɚɧɡɢɫɬɨɪ, ɤɨɬɨɪɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɟɝɭɥɢɪɭɸɳɟɝɨ ɫɢɝɧɚɥɚ ɢɡɦɟɧɹɟɬ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ Ȼɍɉ ɬɚɤ, ɱɬɨɛɵ ɧɚɝɪɟɜɚɬɟɥɶ 
ɜɵɞɟɥɢɥ ɬɪɟɛɭɟɦɭɸ ɦɨɳɧɨɫɬɶ. 
ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɡɨɧɞ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɤɨɧɬɚɤɬɧɨɣ ɫɬɨɪɨɧɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɨɛɴɟɤɬɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɨɝɨ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ Ɍɉ. ɋɢɝɧɚɥ ɫ Ɍɉ ɩɨɫɬɭɩɚɟɬ 
ɱɟɪɟɡ ɤɨɦɦɭɬɚɬɨɪ (Ʉ) ɧɚ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (Ⱥɐɉ) ɢɡɦɟɪɢɬɟɥɶɧɨ-
ɭɩɪɚɜɥɹɸɳɟɣ ɩɥɚɬɵ. 
ɉɥɚɬɚ E14-140-MDɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɛɥɨɤɢ. 

ARM-ɤɨɧɬɪɨɥɥɟɪ ɨɫɭɳɟɫɬɜɥɹɟɬ ɭɩɪɚɜɥɟɧɢɟ ɩɥɚɬɨɣ, ɩɨɞɞɟɪɠɢɜɚɟɬ ɢɧɬɟɪɮɟɣɫɵ USB ɢ 
ɨɬɥɚɞɨɱɧɵɣ JTAG. 
Ʉɨɦɦɭɬɚɬɨɪ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɤɨɦɦɭɬɚɰɢɢ ɫɢɝɧɚɥɨɜ М ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ. 
Ȼɭɮɟɪ Ⱥɐɉ ɦɨɠɟɬ ɯɪɚɧɢɬɶ ɨɞɢɧ 14 ɛɢɬɧɵɣ ɨɬɫɱɟɬ Ⱥɐɉ ɜ ɮɨɪɦɚɬɟ 8 + 8 ɛɢɬ ɫ ɪɚɫɲɢɪɟɧɧɵɦ 
ɡɧɚɤɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɞɚ. 
Ⱦɜɭɯɤɚɧɚɥɶɧɵɣ ɐȺɉ (16 ɛɢɬ) ɪɚɛɨɬɚɟɬ ɧɟ ɬɨɥɶɤɨ ɜ ɚɫɢɧɯɪɨɧɧɨɦ, ɧɨ ɢ ɜ ɫɢɧɯɪɨɧɧɨɦ ɪɟɠɢɦɟ 
(ɞɨ 200 ɤȽɰ), ɢɦɟɟɬ ɛɨɥɶɲɨɣ ɪɚɛɨɱɢɣ ɜɵɯɨɞɧɨɣ ɬɨɤ ɢ ɧɨɪɦɢɪɨɜɚɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ 
ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɢ ɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ.  
ɂɋ ɪɟɚɥɢɡɭɟɬ ɚɥɝɨɪɢɬɦɵ ɭɩɪɚɜɥɟɧɢɹ ɪɟɠɢɦɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɢ ɡɚɫɬɵɜɚɧɢɹ. ɂɋ ɩɨɡɜɨɥɹɟɬ ɧɟɪɚɡɪɭɲɚɸɳɢɦ ɫɩɨɫɨɛɨɦ ɨɩɪɟɞɟɥɹɬɶ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɠɢɪɨɜ, ɱɬɨ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɩɪɢɡɧɚɤɨɦ, ɧɚɩɪɢɦɟɪ, ɞɥɹ 
ɪɟɲɟɧɢɹ ɜɨɩɪɨɫɚ ɨ ɬɢɩɟ ɦɹɫɚ, ɬɚɤ ɤɚɤ ɩɨ ɬɨɱɤɟ ɩɥɚɜɥɟɧɢɹ ɠɢɪɚ ɦɨɠɧɨ ɥɟɝɤɨ ɨɬɥɢɱɢɬɶ 
ɤɨɧɢɧɭ ɨɬ ɝɨɜɹɞɢɧɵ ɢɥɢ ɫɜɢɧɢɧɭ ɨɬ ɦɹɫɚ ɫɨɛɚɤɢ.  
ɇɚ ɪɢɫ. 2  ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɪɟɡɭɥɶɬɚɬɵ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ 
ɢɫɩɵɬɚɧɢɹ ɨɛɴɟɤɬɚ – ɝɨɜɹɞɢɧɵ. Ɋɟɠɢɦɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɧɚ ɧɚɝɪɟɜɚɬɟɥɟ ɞɢɚɦɟɬɪɨɦ 4 ɦɦ): 
ɬɨɤ I = 0,5 Ⱥ, ɧɚɩɪɹɠɟɧɢɟ U = 6 ȼ. ɇɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ V (ɜ ɩɥɨɫɤɨɫɬɢ ɤɨɧɬɚɤɬɚ ɂɁ ɫ ɨɛɴɟɤɬɨɦ ɤɨɧɬɪɨɥɹ ɜ ɰɟɧɬɪɟ ɧɚɝɪɟɜɚɬɟɥɹ), 
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ɨɬɧɟɫɟɧɧɵɟ ɤɨ ɜɪɟɦɟɧɢ τ (ɪɢɫ. 2, ɛ) ɢ ɡɧɚɱɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ Ts ɜ ɰɟɧɬɪɟ (ɪɢɫ. 2, ɜ) ɩɪɢ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɠɢɪɚ ɝɨɜɹɞɢɧɵ, ɩɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ ɠɢɪɚ ɡɚɮɢɤɫɢɪɨɜɚɧ ɩɪɢ 45 °C. 
ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ Д2 – 5Ж, ɮɢɤɫɢɪɨɜɚɬɶ ɩɥɚɜɥɟɧɢɟ ɢ ɡɚɫɬɵɜɚɧɢɟ ɠɢɪɚ ɩɨ ɚɧɨɦɚɥɢɹɦ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
ɂɡɜɟɫɬɧɵɟ ɦɟɬɨɞɵ ɧɟ ɩɨɡɜɨɥɹɸɬ ɷɤɫɩɪɟɫɫɧɨ ɧɟɪɚɡɪɭɲɚɸɳɢɦ ɫɩɨɫɨɛɨɦ ɨɩɪɟɞɟɥɹɬɶ ɡɧɚɱɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɠɢɪɨɜ. ɇɚ ɩɪɟɞɩɪɢɹɬɢɹɯ ɩɢɳɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɡɧɚɱɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɢ ɡɚɫɬɵɜɚɧɢɹ ɠɢɪɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɢ Ts = f(), V* = f(), V* = f(Ts) 

 
Ɍɚɤ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɫɬɵɜɚɧɢɹ ɠɢɪɚ ɡɚɩɢɫɵɜɚɸɬ ɩɨɤɚɡɚɧɢɹ ɬɟɪɦɨɦɟɬɪɚ, 

ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɨɫɭɞɟ ɀɭɤɨɜɚ, ɫ ɞɚɥɶɧɟɣɲɢɦ ɩɨɫɬɪɨɟɧɢɟɦ ɤɪɢɜɨɣ ɡɚɫɬɵɜɚɧɢɹ ɢ 
ɨɩɪɟɞɟɥɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɫɬɵɜɚɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɨɣ Д1Ж. 
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ɂɡɜɟɫɬɟɧ ɱɟɬɵɪɟɯɤɚɧɚɥɶɧɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɢɡɦɟɪɢɬɟɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɫɬɵɜɚɧɢɹ ɠɢɪɚ, 
ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɱɟɬɵɪɟ ɫɨɫɭɞɚ ɀɭɤɨɜɚ ɫɨ ɜɫɬɪɨɟɧɧɵɦɢ ɞɚɬɱɢɤɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵ. Ⱦɚɬɱɢɤɢ 
ɱɟɪɟɡ ɭɫɬɪɨɣɫɬɜɚ ɫɜɹɡɢ ɩɨɞɤɥɸɱɟɧɵ ɤ ɩɟɪɫɨɧɚɥɶɧɨɦɭ ɤɨɦɩɶɸɬɟɪɭ. 

ɂɡɜɟɫɬɟɧ ɥɚɛɨɪɚɬɨɪɧɵɣ ɩɪɢɛɨɪ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ – ɢɡɦɟɪɢɬɟɥɶ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ ɢ ɡɚɫɬɵɜɚɧɢɹ ɠɢɪɚ. ɉɪɢɛɨɪ ɫɧɚɛɠɟɧ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɫɬɟɤɥɹɧɧɨɣ ɤɸɜɟɬɨɣ, 
ɤɨɬɨɪɚɹ ɡɚɩɨɥɧɹɟɬɫɹ ɚɧɚɥɢɡɢɪɭɟɦɵɦ ɠɢɪɨɦ, ɨɯɥɚɠɞɚɟɬɫɹ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɧɚɝɪɟɜɚɬɟɥɶ. 
ɉɥɚɜɧɵɣ ɧɚɝɪɟɜ ɤɸɜɟɬɵ ɫ ɠɢɪɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɪɨɝɪɚɦɦɚɦ ɨɬ ɩɟɪɫɨɧɚɥɶɧɨɝɨ 
ɤɨɦɩɶɸɬɟɪɚ ɱɟɪɟɡ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɢ ɝɪɚɮɢɤ ɩɟɪɟɯɨɞɚ ɠɢɪɚ ɢɡ 
ɬɜɟɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɠɢɞɤɨɟ ɩɪɢ ɧɚɝɪɟɜɟ, ɚ ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɚ ɡɚɫɬɵɜɚɧɢɹ ɠɢɪɚ ɢ ɝɪɚɮɢɤ 
ɩɟɪɟɯɨɞɚ ɠɢɪɚ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɬɜɟɪɞɨɟ ɩɪɢ ɨɫɬɵɜɚɧɢɢ ɜɵɜɨɞɹɬɫɹ ɧɚ ɷɤɪɚɧ 
ɤɨɦɩɶɸɬɟɪɚ. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɚɜɬɨɪɚɦɢ  ɂɋ ɜɵɩɨɥɧɟɧɚ ɜ ɜɢɞɟ ɩɨɪɬɚɬɢɜɧɨɝɨ ɦɨɛɢɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ, ɱɬɨ 
ɪɚɡɪɟɲɚɟɬ ɩɪɨɜɨɞɢɬɶ ɧɟɪɚɡɪɭɲɚɸɳɢɟ ɢɫɩɵɬɚɧɢɹ ɦɹɫɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɫɵɪɨɜ, ɤɨɧɞɢɬɟɪɫɤɢɯ 
ɢɡɞɟɥɢɣ ɢ ɞɪɭɝɢɯ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ (ɰɟɯ ɩɪɟɞɩɪɢɹɬɢɹ, ɫɤɥɚɞ ɬɨɪɝɨɜɨɣ 
ɫɟɬɢ, ɬɚɦɨɠɧɹ). ɉɪɢɦɟɧɟɧɢɟ ɦɨɛɢɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ ɂɋ, ɪɟɚɥɢɡɭɸɳɟɝɨ ɧɟɪɚɡɪɭɲɚɸɳɢɣ 
ɫɩɨɫɨɛ, ɫɭɳɟɫɬɜɟɧɧɨ  ɭɞɟɲɟɜɥɹɟɬ ɢ ɭɩɪɨɳɚɟɬ ɚɧɚɥɢɡ ɩɪɨɞɭɤɬɨɜ, ɩɪɢ ɧɚɝɪɟɜɟ ɢ ɨɫɬɵɜɚɧɢɢ 
ɤɨɬɨɪɵɯ ɜɨɡɦɨɠɧɵ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ. 
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ɉɟɪɟɜɨɡɱɢɤɨɜ ɋ.Ɇ., Ɂɚɝɪɟɛɢɧ Ʌ.Ⱦ., Ⱥɪɬɚɧɨɜ Ⱥ.Ɇ. 
ɎȽȻɈɍ ВɉɈ «ИɠȽɌɍ ɢɦɟɧɢ Ɇ.Ɍ. Кɚɥɚɲɧɢɤɨɜɚ»,  

426069, ɍɞɦɭɪɬɫɤɚя Ɋɟɫɩɭɛɥɢɤɚ, ɝ. Иɠɟɜɫɤ, ɭɥ. ɋɬɭɞɟɧɱɟɫɤɚя, ɞ. 7. E-mail: psm@idz.ru 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɌɎɋ) ɲɢɪɨɤɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ ɦɟɬɨɞɵ, ɬɚɤɢɟ ɤɚɤ ɢɦɩɭɥɶɫɧɵɣ ɦɟɬɨɞ (ɦɟɬɨɞ ɉɚɪɤɟɪɚ) Д1,2Ж 
ɢ ɦɟɬɨɞ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ Д3Ж, ɪɚɡɥɢɱɚɸɳɢɟɫɹ  ɫɩɨɫɨɛɨɦ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɛɪɚɡɟɰ. ȼ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɢɦɩɭɥɶɫɧɨɝɨ ɦɟɬɨɞɚ ɉɚɪɤɟɪɚ ɬɟɩɥɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 
ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɢɦɩɭɥɶɫɚ ɫ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɣ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ( )t . ȼ ɫɩɟɤɬɪɚɥɶɧɨɦ 
ɜɢɞɟ ɟɝɨ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɤɚɤ  
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ɬ.ɟ. ɜ ɜɢɞɟ ɛɟɫɤɨɧɟɱɧɨɣ ɫɭɦɦɵ ɤɨɥɟɛɚɧɢɣ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɨɬ ɫ ɨɞɢɧɚɤɨɜɨɣ ɚɦɩɥɢɬɭɞɨɣ ɢ 
ɧɭɥɟɜɨɣ ɧɚɱɚɥɶɧɨɣ ɮɚɡɨɣ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ ɨɬ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɨ ɦɟɬɨɞɭ ɉɚɪɤɟɪɚ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɪɟɚɤɰɢɸ ɨɛɪɚɡɰɚ ɧɚ ɝɚɪɦɨɧɢɱɟɫɤɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ, ɜ ɦɟɬɨɞɟ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ  
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ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ φ(PН) ɞɥɹ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ Д3Ж ɢ ɮɨɪɦɭɥɵ (1) ɫ ɪɚɡɥɢɱɧɵɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɱɥɟɧɨɜ ɪɹɞɚ. 

ȼɢɞɧɨ, ɱɬɨ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɬɨɱɧɵɦ ɪɟɲɟɧɢɟɦ ɞɥɹ ɦɟɬɨɞɚ Д3Ж ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ 
ɞɚɧɧɵɟ ɮɨɪɦɭɥɵ ɭɩɪɨɳɚɸɬɫɹ. 

 

 
Ɋɢɫ.1. Ɂɚɜɢɫɢɦɨɫɬɶ φ(Pd). 1-ɤɨɥɢɱɟɫɬɜɨ ɱɥɟɧɨɜ ɪɹɞɚ 1, 2-2, 3-ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ Д3Ж 
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ɍɤɪɚɢɧɚ, 49600, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɩɪ. Ƚɚɝɚɪɢɧɚ, 4. E-mail: valeriya_pinchuk@mail.ru 

 
ɉɨ ɫɜɨɢɦ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ, ɬɟɩɥɨɬɟɯɧɢɱɟɫɤɢɦ, ɪɟɨɥɨɝɢɱɟɫɤɢɦ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 

ɫɜɨɣɫɬɜɚɦ ɜɨɞɨɭɝɨɥɶɧɨɟ ɬɨɩɥɢɜɨ - ɜɢɞ ɬɨɩɥɢɜɚ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɝɨ ɫɭɳɟɫɬɜɟɧɧɨ 
ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɨɫɬɚɜɥɹɸɳɢɯ ɟɝɨ ɜɟɳɟɫɬɜ Д1-3Ж. ɉɨɫɤɨɥɶɤɭ ɩɪɢ 
ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɜɨɞɨɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɭɝɥɟɣ ɢ ɨɬɯɨɞɨɜ 
ɭɝɥɟɨɛɨɝɚɳɟɧɢɹ, ɦɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɬɟɩɥɨɬɵ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ 
ɬɨɩɥɢɜ ɜɟɫɶɦɚ ɪɚɡɧɨɨɛɪɚɡɧɵ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɬɟɪɦɢɱɟɫɤɨɣ ɩɟɪɟɪɚɛɨɬɤɢ 
ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɞɚɧɧɵɟ ɨ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɬɟɩɥɨ- ɢ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɨɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɢ ɢɯ ɢɡɦɟɧɟɧɢɟ ɜ ɯɨɞɟ ɬɟɪɦɢɱɟɫɤɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ. ɉɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɪɨɫɬɨɬɭ ɪɟɚɥɢɡɚɰɢɢ, ɜɵɫɨɤɭɸ 
ɬɨɱɧɨɫɬɶ ɢ ɞɨɫɬɚɬɨɱɧɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ. Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɛɢɧɚɰɢɢ ɮɢɡɢɱɟɫɤɨɝɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɫɪɚɜɧɟɧɢɹ, 
ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɰɢɢ ɤɨɬɨɪɨɝɨ ɨɩɢɫɚɧɵ ɜ Д4Ж.  

ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɨ ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɭɬɟɦ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɪɢ 
ɷɬɨɦ ɧɟɞɨɫɬɚɸɳɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɝɪɚɧɢɱɧɵɦ ɭɫɥɨɜɢɹɦ, ɮɢɡɢɱɟɫɤɢɦ ɩɚɪɚɦɟɬɪɚɦ ɢ ɭɫɥɨɜɢɹɦ 
ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɷɬɚɥɨɧɧɨɦ ɜɟɳɟɫɬɜɟ ɢ ɜ ɩɨɫɥɟɞɭɸɳɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ.  

ȼ ɪɚɦɤɚɯ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ ɪɚɡɪɚɛɨɬɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ. 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫɨɫɬɨɢɬ ɢɡ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɹɸɳɢɯ ɢ 
ɪɟɝɢɫɬɪɢɪɭɸɳɢɯ ɩɪɢɛɨɪɨɜ. ɋɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɭɱɚɫɬɨɤ ɫɨɫɬɨɢɬ ɢɡ ɧɚɝɪɟɜɚɬɟɥɹ 1, ɜɟɪɯɧɟɣ 2 , ɧɢɠɧɟɣ 
3 ɱɚɫɬɟɣ ɤɨɪɩɭɫɚ, ɜɵɩɨɥɧɟɧɧɵɯ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɢ ɨɯɥɚɞɢɬɟɥɹ 4. ɇɚɝɪɟɜɚɬɟɥɶ 
ɜɵɩɨɥɧɟɧ ɢɡ ɧɢɯɪɨɦɨɜɨɣ ɩɪɨɜɨɥɨɤɢ, ɧɚɦɨɬɚɧɧɨɣ ɧɚ ɦɚɫɫɢɜɧɵɣ ɦɟɞɧɵɣ ɰɢɥɢɧɞɪ, ɤɨɬɨɪɵɣ 
ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ, ɤɪɨɦɟ ɧɢɠɧɟɣ ɱɚɫɬɢ, ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɫ ɜɟɪɯɧɟɣ ɱɚɫɬɶɸ 
ɤɨɪɩɭɫɚ (ɬɟɩɥɨɢɡɨɥɹɰɢɹ ɧɚ ɪɢɫ. 1 ɧɟ ɩɨɤɚɡɚɧɚ). ȼɟɪɯɧɹɹ ɱɚɫɬɶ ɤɨɪɩɭɫɚ 2 ɫɨɟɞɢɧɟɧɚ ɫ ɜɟɪɯɧɢɦ 
ɬɟɪɦɨɞɢɫɤɨɦ 5, ɢɡɝɨɬɨɜɥɟɧɧɵɦ ɢɡ ɦɟɞɢ, ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɪɚɡɛɢɪɚɟɦɭɸ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɧɫɬɪɭɤɰɢɸ. ɇɢɠɧɹɹ ɱɚɫɬɶ ɤɨɪɩɭɫɚ ɫɨɟɞɢɧɟɧɚ ɫ ɧɢɠɧɢɦ ɬɟɪɦɨɞɢɫɤɨɦ 6, 
ɬɚɤɠɟ ɜɵɩɨɥɧɟɧɧɵɦ ɢɡ ɦɟɞɢ. Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɩɨɬɟɪɶ ɬɟɩɥɨɬɵ ɱɟɪɟɡ ɤɨɪɩɭɫ ɨɬɫɟɤ ɞɥɹ 
ɜɨɞɨɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 7 ɢ ɩɪɢɥɟɝɚɸɳɢɟ ɤ ɧɟɦɭ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɨɥɢɪɨɜɚɧɵ ɮɬɨɪɨɩɥɚɫɬɨɜɨɣ 
ɜɫɬɚɜɤɨɣ 8. ȼ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɱɚɫɬɹɯ ɤɨɪɩɭɫɚ ɭɫɬɚɧɨɜɥɟɧɵ ɬɟɪɦɨɩɚɪɵ 9-16. ɉɨɤɚɡɚɧɢɹ 
ɬɟɪɦɨɩɚɪ ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɚɩɩɚɪɚɬɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ, ɨɛɪɚɛɚɬɵɜɚɬɶ ɢ ɜɵɜɨɞɢɬɶ ɧɚ ɷɤɪɚɧ ɤɨɦɩɶɸɬɟɪɚ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜ 
ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ȼ ɫɨɛɪɚɧɧɨɦ ɜɢɞɟ ɤɨɧɫɬɪɭɤɰɢɹ ɹɜɥɹɟɬɫɹ ɝɟɪɦɟɬɢɱɧɨɣ ɢ 
ɜɵɞɟɪɠɢɜɚɟɬ ɞɚɜɥɟɧɢɟ ɞɨ 3 Ɇɉɚ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

411 

 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Д5Ж ɫ ɨɩɬɢɦɢɡɚɰɢɟɣ ɢɬɟɪɚɰɢɣ ɦɟɬɨɞɨɦ ɡɨɥɨɬɨɝɨ ɫɟɱɟɧɢɹ Д6Ж.  

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɨɞɨɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ 
 

ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɩɢɫɵɜɚɸɳɟɟ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
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ɝɞɟ t – ɬɟɦɩɟɪɚɬɭɪɚ, ɨɋ;  - ɜɪɟɦɹ, ɫ; r -ɪɚɞɢɭɫ-ɜɟɤɬɨɪ, ɦ; z – ɚɩɩɥɢɤɚɬɚ, ɦ;  ɚ – ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ  r,z,tfa , ɦ2/ɫ. 

ɉɪɢɜɟɞɟɧɧɨɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (1) ɫ ɭɱɟɬɨɦ ɝɪɚɧɢɱɧɵɯ 
ɭɫɥɨɜɢɣ ɪɟɲɚɥɨɫɶ ɦɟɬɨɞɨɦ ɩɪɨɝɨɧɤɢ, ɤɨɬɨɪɵɣ ɯɨɪɨɲɨ ɢɡɜɟɫɬɟɧ ɢ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɷɮɮɟɤɬɢɜɧɵɦ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ Д7Ж. Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɞɨ 
ɞɨɫɬɢɠɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɚ. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɚɥɝɨɪɢɬɦɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɨɪɬɨɝɨɧɚɥɶɧɚɹ ɪɚɜɧɨɦɟɪɧɚɹ ɪɚɫɱɟɬɧɚɹ ɫɟɬɤɚ ɫ 
ɲɚɝɨɦ 0,5 ɦɦ ɩɨ ɨɛɟɢɦ ɤɨɨɪɞɢɧɚɬɚɦ. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɪɚɡɦɟɪɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. ɑɢɫɥɟɧɧɨɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɨ 
ɜɪɟɦɟɧɢ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ ɲɚɝɨɦ =3 ɫ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɟɧ ɜ ɩɪɨɰɟɫɫɟ ɬɟɫɬɨɜɵɯ ɪɚɫɱɟɬɨɜ. 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɷɬɚɥɨɧɧɨɦ ɜɟɳɟɫɬɜɟ (ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ 
ɜɨɞɚ) ɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, 
ɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɭɫɥɨɜɢɹ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɥɶɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɨɥɭɱɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɧɚ ɷɬɚɥɨɧɧɨɦ ɜɟɳɟɫɬɜɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɚɞɟɤɜɚɬɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Ɋɚɫɯɨɠɞɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫ ɢɡɜɟɫɬɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɨɫɬɚɜɢɥɨ 1-3 %. 

ȼ ɩɪɨɰɟɫɫɟ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɜɨɞɨɭɝɨɥɶɧɨɦ ɬɨɩɥɢɜɟ ɮɢɤɫɢɪɨɜɚɥɨɫɶ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ. ȼ ɩɪɨɰɟɫɫɟ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɜɨɫɩɪɨɢɡɜɨɞɢɥɢɫɶ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɜɨɞɨɭɝɨɥɶɧɨɦ ɬɨɩɥɢɜɟ, ɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɦɧɨɝɨɤɪɚɬɧɨ ɞɨ 
ɦɨɦɟɧɬɚ ɞɨɫɬɢɠɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɚ. ɂɡ ɩɨɥɭɱɟɧɧɨɝɨ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪ ɜɵɛɢɪɚɥɢɫɶ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɜ ɬɨɱɤɚɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɨɱɤɚɦ ɭɫɬɚɧɨɜɤɢ 
ɬɟɪɦɨɩɚɪ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ. Ɋɚɫɱɟɬɧɵɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 
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ɫɪɚɜɧɢɜɚɥɢɫɶ, ɟɫɥɢ ɨɬɥɢɱɢɟ ɦɟɠɞɭ ɧɢɦɢ ɩɪɟɜɵɲɚɥɨ ɡɚɞɚɧɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ, ɡɧɚɱɟɧɢɟ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡɦɟɧɹɥɨɫɶ, ɢ ɪɚɫɱɟɬ ɩɨɜɬɨɪɹɥɫɹ.  
Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɛɪɚɡɰɨɜ 
ɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ ɩɪɟɞɥɨɠɟɧɧɵɦ ɦɟɬɨɞɨɦ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 40-150 ɨɋ ɩɪɢɜɟɞɟɧɵ 
ɧɚ ɪɢɫ. 2. 

          
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɜɨɞɨɭɝɨɥɶɧɵɯ 
ɬɨɩɥɢɜ, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɭɝɥɟɣ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ: 1-  ɢɡ ɚɧɬɪɚɰɢɬɚ; 2 - ɢɡ ɞɥɢɧɧɨɩɥɚɦɟɧɧɨɝɨ 
ɭɝɥɹ; 3- ɢɡ ɛɭɪɨɝɨ ɭɝɥɹ; 4 - ɢɡ ɝɚɡɨɜɨɝɨ ɭɝɥɹ; 5 - ɢɡ ɠɢɪɧɨɝɨ ɭɝɥɹ; 6 - ɢɡ ɬɨɳɟɝɨ ɭɝɥɹ 
 

Ʉɚɤ ɜɢɞɧɨ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɨɭɝɨɥɶɧɨɝɨ ɬɨɩɥɢɜɚ ɫɭɳɟɫɬɜɟɧɧɨ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɝɥɟɦ ɢ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0,41 ɞɨ 0,81 ȼɬ/ɦɄ, ɡɚɤɨɧɨɦɟɪɧɨ 
ɭɜɟɥɢɱɢɜɚɹɫɶ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ. ɉɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ 
ɦɨɠɟɬ ɛɵɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɜɹɡɚɧɨ ɫ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɝɨɪɟɧɢɹ 
ɢ ɝɚɡɢɮɢɤɚɰɢɢ, ɚ ɬɚɤɠɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɬɟɪɦɢɱɟɫɤɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ ɜɨɞɨɭɝɨɥɶɧɵɯ ɬɨɩɥɢɜ.  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɜɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɦɟɞɢɰɢɧɟ. Ɂɚɞɚɱɢ, 
ɜɫɬɚɸɳɢɟ ɧɚ ɩɭɬɢ ɤɪɢɨɦɟɞɢɰɢɧɵ, ɹɜɥɹɸɬɫɹ ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɦɢ. Ɍɚɤ ɞɥɹ ɫɨɡɞɚɧɢɹ ɢ 
ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɨɛɦɟɧɚ, 
ɩɪɨɬɟɤɚɸɳɢɟ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɹɯ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɨɛɴɟɤɬɨɜ ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɢɯ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɚɦɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɜɫɟɦ ɧɟɨɛɯɨɞɢɦɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ, ɫ ɭɱɟɬɨɦ ɫɤɨɪɨɫɬɢ ɟё ɢɡɦɟɧɟɧɢɹ. Ɉɞɧɚɤɨ ɧɚ 
ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɫɭɳɟɫɬɜɭɟɬ ɧɟɞɨɫɬɚɬɨɤ ɬɚɤɨɣ ɢɧɮɨɪɦɚɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɤɚ 
ɛɢɨɮɢɡɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɬɤɚɧɟɣ ɢ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɹɜɥɹɟɬɫɹ 
ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ ɨ ɠɢɡɧɢ. 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ «ɯɨɥɨɞɚ» ɢ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɬɤɚɧɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬ: ɩɥɨɬɧɨɫɬɶ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɩɥɨɟɦɤɨɫɬɶ. ɂɫɬɨɱɧɢɤɨɦ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɧɟɡɚɜɢɫɢɦɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ, 
ɤɨɬɨɪɵɟ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɨɧɢ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜ ɭɫɥɨɜɢɹɯ, ɦɚɤɫɢɦɚɥɶɧɨ 
ɩɪɢɛɥɢɠɟɧɧɵɯ ɤ ɪɟɚɥɶɧɵɦ ɬɟɩɥɨɜɵɦ ɩɪɨɰɟɫɫɚɦ Д1Ж. 

Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɟɣ ɧɟ ɹɜɥɹɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ 
ɢ ɡɚɜɢɫɹɬ ɨɬ ɦɧɨɠɟɫɬɜɚ ɮɚɤɬɨɪɨɜ, ɱɬɨ ɭɫɥɨɠɧɹɟɬ ɢɯ ɢɡɦɟɪɟɧɢɟ. ɋɪɟɞɢ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɫɬɨɢɬ ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɬɦɟɬɢɬɶ ɪɚɡɧɢɰɭ ɦɟɠɞɭ ɬɤɚɧɶɸ in vivo ɢ in vitro, ɚ ɬɚɤɠɟ ɜɥɢɹɧɢɟ 
ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ ɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɢɨɬɤɚɧɟɣ.  

ȼ ɬɤɚɧɹɯ in vivo, ɯɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɧɫɢɜɧɨɝɨ 
ɤɪɨɜɨɬɨɤɚ ɢ ɦɟɬɚɛɨɥɢɡɦɚ. Ɉɞɧɨɣ ɢɡ ɦɨɞɟɥɟɣ ɭɱɟɬɚ ɨɫɨɛɟɧɧɨɫɬɟɣ ɬɤɚɧɢ in vivo ɹɜɥɹɟɬɫɹ ɬɚɤ 
ɧɚɡɵɜɚɟɦɚɹ ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ Д2Ж. ɍɞɨɛɫɬɜɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɪɚɫɱɟɬɚɯ 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɩɨɫɱɢɬɚɧɧɭɸ ɜɧɟ ɠɢɜɨɝɨ ɨɪɝɚɧɢɡɦɚ (in vitro), ɫ 
ɭɱɟɬɨɦ ɧɟɤɨɬɨɪɨɣ ɩɨɩɪɚɜɤɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧɬɵ in vitro ɹɜɥɹɸɬɫɹ ɦɟɧɟɟ 
ɞɨɫɬɨɜɟɪɧɵɦɢ, ɱɟɦ in vivo, ɢ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨɟɦ ɛɵɜɚɸɬ ɥɢɲɶ ɧɟɨɛɯɨɞɢɦɨɣ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɫɬɚɞɢɟɣ ɞɥɹ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɫɥɟɞɭɸɳɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ in vivo. 

ɋɥɟɞɭɸɳɟɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɟɣ ɹɜɥɹɟɬɫɹ ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟ. ɍ 
ɛɨɥɶɲɢɧɫɬɜɚ ɢɡ ɧɢɯ ɨɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɜɨɞɚ, ɱɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɨɩɪɟɞɟɥɹɟɬ ɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. Ɍɚɤ, ɞɥɹ ɛɢɨɬɤɚɧɟɣ ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɜɨɞɵ 
ɡɧɚɱɢɬɟɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɧɬɟɪɜɚɥɭ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ, ɧɟ ɧɚɛɥɸɞɚɥɨɫɶ. Ɉɞɧɚɤɨ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɹɯ ɫ ɜɵɫɨɤɢɦ 
ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɟɦ ɧɚɥɢɱɢɟ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɪɢɜɨɞɢɬ ɤ ɨɫɨɛɨɣ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɫɜɨɣɫɬɜ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɟɣ, ɩɨɷɬɨɦɭ ɬɨɥɶɤɨ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɢ ɜɫɟɫɬɨɪɨɧɧɟɦ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɨɛɪɚɡɰɚ ɭɞɚɟɬɫɹ ɭɥɚɜɥɢɜɚɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɦɟɠɞɭ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɟɝɨ ɬɟɩɥɨɜɥɚɠɧɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɢɡɦɟɪɹɬɶ ɤɚɤ 
ɪɚɜɧɨɜɟɫɧɵɟ ɬɟɩɥɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬ.ɟ. ɬɟɩɥɨɟɦɤɨɫɬɶ, ɬɚɤ ɢ ɩɟɪɟɧɨɫɧɵɟ, ɬ.ɟ. 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ. 

ɂɡ ɜɵɲɟ ɫɤɚɡɚɧɧɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɛɢɨɬɤɚɧɟɣ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɹɬɶ ɤɨɦɩɥɟɤɫɧɵɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɨɛɪɚɡɟɰ 
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ɜ ɩɪɨɰɟɫɫɟ ɨɩɵɬɚ ɦɨɧɨɬɨɧɧɨ ɢɡɦɟɧɹɟɬ ɫɜɨɸ ɬɟɦɩɟɪɚɬɭɪɭ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɜɫɟ ɬɪɢ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɛɪɚɡɰɚ ɦɨɝɭɬ ɚɤɬɢɜɧɨ ɩɪɨɹɜɥɹɬɶ ɫɟɛɹ ɬɨɥɶɤɨ ɜ 
ɧɟɫɬɚɰɢɨɧɚɪɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɹɯ Д3Ж. Ⱦɥɹ ɬɚɤɢɯ ɰɟɥɟɣ ɩɪɟɞɥɨɠɟɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ ɂɌɋ-λɫ-10, ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɜ ɥɚɛɨɪɚɬɨɪɢɢ 
ɤɚɮɟɞɪɵ ɮɢɡɢɤɢ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɇɂɍ ɂɌɆɈ. 

ɋɨɝɥɚɫɧɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɩɚɫɩɨɪɬɭ ɩɪɢɛɨɪɚ ɂɌɋ-λɫ-10 ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨ 
ɬɪɟɦ ɨɩɵɬɚɦ ɞɥɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ 7-8%, ɞɥɹ ɬɟɩɥɨɟɦɤɨɫɬɢ 5-7%. Ɉɯɥɚɠɞɟɧɢɟ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉɄɏɆ ɧɚ ɫɦɟɫɹɯ ɯɥɚɞɚɝɟɧɬɨɜ, ɫ ɦɢɧɢɦɚɥɶɧɨ 
ɞɨɫɬɢɠɢɦɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɤɨɥɨ ɦɢɧɭɫ 110 °ɋ. ɉɪɨɜɨɞɹɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɤɚɥɢɛɪɨɜɨɱɧɵɦ 
ɨɛɪɚɡɰɨɦ ɢɡ ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ, ɚɬɬɟɫɬɨɜɚɧɧɨɝɨ ɎȽɍɉ «ȼɇɂɂɆ ɢɦ. Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ».  
ɉɪɢ ɜɵɯɨɞɟ ɧɚ ɪɟɠɢɦ ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 10 %, ɨɞɧɚɤɨ ɩɪɨɹɜɥɹɟɬɫɹ 
ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ.  

ɉɪɨɜɨɞɹɬɫɹ ɪɚɛɨɬɵ ɩɨ ɨɩɬɢɦɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɩɪɢɛɨɪɚ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ 
ɰɟɥɟɣ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɪɨɞɨɥɠɢɬɶ 
ɜɧɟɞɪɟɧɢɟ ɞɚɧɧɨɝɨ ɩɪɢɛɨɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɡɥɢɱɧɵɯ ɨɛɪɚɡɰɨɜ 
ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɬɤɚɧɢ in vitro. 
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ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɭɸɬɫɹ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ ɩɨɤɪɵɬɢɹ ɧɚ ɨɫɧɨɜɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɨɜ. 

Ɉɞɧɢɦ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-ɩɪɨɱɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ 
ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɩɨɤɪɵɬɢɣ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɪɚɰɢɨɧɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɦɨɞɢɮɢɤɚɰɢɢ ɢɯ 
ɫɨɫɬɚɜɨɜ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɭɞɚɪɨɩɪɨɱɧɵɯ ɢ ɯɢɦɢɱɟɫɤɢ ɫɬɨɣɤɢɯ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɩɨɤɪɵɬɢɣ ɧɚ 
ɨɫɧɨɜɟ ɫɟɬɱɚɬɵɯ ɩɨɥɢɦɟɪɨɜ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ 
ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɯ ɧɢɡɤɨɦɨɥɟɤɭɥɹɪɧɵɯ ɢ ɨɥɢɝɨɦɟɪɧɵɯ ɞɨɛɚɜɨɤ, ɚ ɜ 
ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɟɣ – ɩɨɥɵɯ ɫɬɟɤɥɹɧɧɵɯ ɢɥɢ ɤɟɪɚɦɢɱɟɫɤɢɯ ɦɢɤɪɨɫɮɟɪД1Ж. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɨɬɫɭɬɫɬɜɢɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɫɨɫɬɚɜɨɜ (ɩɨɞɝɨɬɨɜɤɢ ɢ ɩɨɪɹɞɤɚ ɫɦɟɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ, 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɨɝɨ ɪɟɠɢɦɚ ɨɬɜɟɪɠɞɟɧɢɹ ɢ ɬ.ɞ.) ɧɚ ɫɜɨɣɫɬɜɚ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ 
ɩɨɤɪɵɬɢɣ ɫɧɢɠɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɨɝɪɚɧɢɱɢɜɚɟɬ ɨɛɥɚɫɬɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

415 

 

Ⱦɥɹ ɧɚɭɱɧɨ-ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɜɵɛɨɪɚ ɪɚɰɢɨɧɚɥɶɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɪɟɝɥɚɦɟɧɬɚ 
ɫɛɟɪɟɠɟɧɢɹ ɷɧɟɪɝɢɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɩɨɥɢɦɟɪɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɜɚɠɧɨɣ ɹɜɥɹɟɬɫɹ 
ɨɩɬɢɦɢɡɚɰɢɹ ɤɢɧɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɯ ɨɬɜɟɪɠɞɟɧɢɹ. 

ɉɪɢɦɟɧɟɧɢɟ ɞɥɹ ɷɬɢɯ ɰɟɥɟɣ ɦɟɬɨɞɨɜ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ȾɌȺ) ɢ 
ɤɚɥɨɪɢɦɟɬɪɢɢ ɩɨɡɜɨɥɢɥɨ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɤɪɢɬɟɪɢɟɦ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɚɜɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɦɨɞɢɮɢɤɚɰɢɢ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɜɟɥɢɱɢɧɵ ɷɮɮɟɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ 
ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɨɬɜɟɪɠɞɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɦɟɬɨɞɢɤɟ Ȼɨɪɯɚɪɞɚ-Ⱦɚɧɢɷɥɶɫɚ Д2Ж, ɤɚɤ 
ɬɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ ɡɚɜɢɫɢɦɨɫɬɟɣ ɥɨɝɚɪɢɮɦɚ ɤɨɧɫɬɚɧɬ ɫɤɨɪɨɫɬɟɣ ɪɟɚɤɰɢɢ ɩɨɥɢɦɟɪɢɡɚɰɢɢ ɢ 
ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɢ ɨɬ ɨɛɪɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ʉɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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0 ,      (1) 

ɝɞɟ x  - ɩɨɪɹɞɨɤ ɪɟɚɤɰɢɢ, A - ɨɛɳɚɹ ɩɥɨɳɚɞɶ, ɨɝɪɚɧɢɱɟɧɧɚɹ ɤɪɢɜɨɣ ȾɌȺ, 
,ɫɟɤ ɋ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɬɟɩɥɨɬɟ ɪɟɚɤɰɢɢ H , T  - ɜɵɫɨɬɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɢɤɚ, ɋ , a  - 

ɨɛɥɚɫɬɶ ɧɚɞ ɤɪɢɜɨɣ ɜ ɬɨɬ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɜ ɤɨɬɨɪɵɣ ɜɵɱɢɫɥɹɸɬ k , 0/nV  - ɜɟɥɢɱɢɧɚ, 
ɨɛɪɚɬɧɚɹ ɧɚɱɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. 

Ⱥɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɚɥ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɞɟɮɨɪɦɚɰɢɨɧɧɨ-
ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɷɩɨɤɫɢɞɧɵɯ ɢ 
ɩɨɥɢɷɮɢɪɧɵɯ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɩɨɤɪɵɬɢɣ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ 
ɷɮɮɟɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɨɬɜɟɪɠɞɟɧɢɹ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ. 

ȼ ɫɥɭɱɚɟ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɜ ɛɢɧɚɪɧɨɣ 
ɫɦɟɫɢ (ɢɫɯɨɞɧɵɣ ɨɥɢɝɨɦɟɪ – ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵɣ ɦɨɞɢɮɢɤɚɬɨɪ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɢɛɨɥɟɟ 
ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ) ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɩɨɤɪɵɬɢɣ. Эɬɨ ɨɛɭɫɥɨɜɥɟɧɨ 
ɫɧɢɠɟɧɢɟɦ ɷɮɮɟɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɚ ɢɯ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɹ. 

Ʉɨɝɞɚ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɞɨɛɚɜɨɤ ɫ ɫɢɧɬɟɬɢɱɟɫɤɢɦɢ ɫɦɨɥɚɦɢ ɜɵɲɟ ɨɩɬɢɦɚɥɶɧɨɣ, ɬɨ 
ɦɨɞɢɮɢɤɚɬɨɪɵ ɫɥɟɞɭɟɬ ɜɜɨɞɢɬɶ ɜ ɪɟɚɤɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ ɩɨɫɥɟ ɨɬɜɟɪɞɢɬɟɥɹ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɦɢ ɩɪɟɞɥɨɠɟɧɚ 
ɪɚɰɢɨɧɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɫɨɡɞɚɧɢɹ ɭɞɚɪɨɩɪɨɱɧɵɯ, ɯɢɦɢɱɟɫɤɢ ɫɬɨɣɤɢɯ ɷɩɨɤɫɢɞɧɵɯ ɢ 
ɩɨɥɢɷɮɢɪɧɵɯ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɩɨɡɜɨɥɹɸɳɚɹ ɧɚɢɛɨɥɟɟ ɬɨɱɧɨ ɪɟɚɥɢɡɨɜɵɜɚɬɶ 
ɰɟɧɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɟɬɱɚɬɵɯ ɩɨɥɢɦɟɪɨɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɯ ɞɥɹ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɩɨɤɪɵɬɢɣ. 
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ɍɱɚɫɬɢɜɲɢɟɫɹ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɤɚɬɚɫɬɪɨɮɵ ɢ ɚɜɚɪɢɢ ɩɪɢɪɨɞɧɨɝɨ ɢ ɬɟɯɧɨɝɟɧɧɨɝɨ 

ɯɚɪɚɤɬɟɪɚ ɡɚɫɬɚɜɥɹɸɬ ɩɨɜɵɫɢɬɶ ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɚɡɥɢɱɧɵɦ ɭɫɬɪɨɣɫɬɜɚɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɥɸɞɟɣ ɢ ɫɨɯɪɚɧɟɧɢɟ ɦɚɬɟɪɢɚɥɶɧɵɯ ɢ ɤɭɥɶɬɭɪɧɵɯ ɰɟɧɧɨɫɬɟɣ. 

ɇɚɦɢ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɥɚɦɟɧɢ ɱɟɪɟɡ 
ɫɢɫɬɟɦɵ ɜɟɧɬɢɥɹɰɢɢ ɢ ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɨɡɞɭɯɚ. 

ɂɡɜɟɫɬɟɧ ɤɥɚɩɚɧ ɨɝɧɟɡɚɞɟɪɠɢɜɚɸɳɢɣ ɬɢɩɚ ɄɈɆ-1 Д1Ж. Ɂɚɤɪɵɬɢɟ ɤɥɚɩɚɧɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɢɜɨɞɧɨɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. ɉɪɢ ɨɬɤɚɡɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɡɚɤɪɵɬɢɟ ɤɥɚɩɚɧɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɪɭɠɢɧɚɦɢ, ɤɨɬɨɪɵɟ ɨɫɜɨɛɨɠɞɚɸɬɫɹ 
ɩɨɫɥɟ ɪɚɫɩɥɚɜɥɟɧɢɹ ɥɟɝɤɨɩɥɚɜɤɨɝɨ ɡɚɦɤɚ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɚɡɨɜ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɛɟɡɜɨɡɜɪɚɬɧɚɹ ɩɨɬɟɪɹ ɥɟɝɤɨɩɥɚɜɤɨɝɨ ɡɚɦɤɚ 
ɞɚɠɟ ɩɨɫɥɟ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɚɡɨɜ. 

ɂɡɜɟɫɬɧɨ ɬɚɤɠɟ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɩɟɪɟɤɪɵɬɢɹ ɩɪɨɟɦɚ ɜɵɬɹɠɧɨɣ ɲɚɯɬɵ Д2Ж ɫɨɞɟɪɠɚɳɟɟ 
ɤɨɪɩɭɫ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɜ ɧɟɦ ɩɨɜɨɪɨɬɧɨɣ ɡɚɫɥɨɧɤɨɣ, ɫɧɚɛɠɟɧɧɨɣ ɡɚɦɤɨɦ ɫ ɥɟɝɤɨɩɥɚɜɤɨɣ 
ɜɫɬɚɜɤɨɣ. ɉɨɜɨɪɨɬɧɚɹ ɡɚɫɥɨɧɤɚ ɨɯɜɚɱɟɧɚ ɩɨɜɨɪɨɬɧɨɣ ɪɚɦɨɣ ɢ ɫɨɟɞɢɧɟɧɚ ɫ ɡɚɦɤɨɦ ɢ ɫ 
ɩɪɢɜɨɞɧɵɦ ɦɟɯɚɧɢɡɦɨɦ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɭɫɬɪɨɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, ɛɟɡɜɨɡɜɪɚɬɧɚɹ ɩɨɬɟɪɹ ɡɚɦɤɚ 
ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɚɡɨɜ, ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɩɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɡɚɫɥɨɧɤɢ. 

ɐɟɥɶɸ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɭɩɪɨɳɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ, 
ɫɨɯɪɚɧɟɧɢɟ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɡɚɦɤɚ ɩɨɫɥɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, 
ɫɨɡɞɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬ ɞɨɫɬɢɝɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ ɨɝɧɟɡɚɞɟɪɠɢɜɚɸɳɟɦ ɤɥɚɩɚɧɟ, ɜɤɥɸɱɚɸɳɟɦ ɩɨɜɨɪɨɬɧɭɸ 
ɡɚɫɥɨɧɤɭ, ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɜ ɤɨɪɩɭɫɟ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ, ɬɟɩɥɨɜɨɣ ɡɚɦɨɤ ɜɵɩɨɥɧɟɧ ɢɡ 
ɛɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɵ, ɤɨɬɨɪɚɹ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɝɢɛɚɟɬɫɹ, ɩɨɜɨɪɨɬɧɚɹ 
ɡɚɫɥɨɧɤɚ ɩɪɢ ɷɬɨɦ ɩɟɪɟɤɪɵɜɚɟɬ ɩɨɬɨɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɚɡɨɜ. 

Ɋɟɡɭɥɶɬɚɬ ɞɨɫɬɢɝɚɟɬɫɹ ɬɚɤɠɟ ɬɟɦ, ɱɬɨ ɫ ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ ɤɨɪɩɭɫɚ ɧɚ ɜɵɫɬɭɩɚɸɳɟɣ 
ɱɚɫɬɢ ɨɫɢ ɭɫɬɚɧɨɜɥɟɧ ɤɭɥɚɱɨɤ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɞɚɬɱɢɤɨɦ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 

ɇɚ ɪɢɫ.1 ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ (ɩɪɨɞɨɥɶɧɵɣ ɪɚɡɪɟɡ), ɧɚ ɪɢɫ.2 ɫɟɱɟɧɢɟ Ⱥ-Ⱥ. 
Ɉɝɧɟɡɚɞɟɪɠɢɜɚɸɳɢɣ ɤɥɚɩɚɧ ɜɤɥɸɱɚɟɬ ɤɨɪɩɭɫ 1, ɜ ɤɨɬɨɪɨɦ ɭɫɬɚɧɨɜɥɟɧɚ ɡɚɤɪɟɩɥɟɧɧɚɹ ɧɚ 

ɨɫɢ 2 ɡɚɫɥɨɧɤɚ 3, ɩɪɢɜɨɞɢɦɚɹ ɜɨ ɜɪɚɳɟɧɢɟ ɪɭɱɤɨɣ 4 ɫ ɩɪɭɠɢɧɨɣ ɤɪɭɱɟɧɢɹ 5. Ʉ 
ɮɢɤɫɢɪɭɸɳɟɦɭ ɷɥɟɦɟɧɬɭ 6 ɩɪɢɤɪɟɩɥɟɧ ɬɟɩɥɨɜɨɣ ɡɚɦɨɤ 7 ɢɡ ɛɢɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɥɚɫɬɢɧɵ. ɋ 
ɧɚɪɭɠɧɨɣ ɫɬɨɪɨɧɵ ɤɨɪɩɭɫɚ 1 ɧɚ ɜɵɫɬɭɩɚɸɳɟɣ ɱɚɫɬɢ ɨɫɢ 2 ɭɫɬɚɧɨɜɥɟɧ ɤɭɥɚɱɨɤ 8, 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɣ ɫ ɞɚɬɱɢɤɨɦ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ 9. 
ɍɩɥɨɬɧɢɬɟɥɶɧɵɟ ɨɝɪɚɧɢɱɢɬɟɥɢ 10 ɩɪɟɩɹɬɫɬɜɭɸɬ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɝɚɡɨɜ. 

ɍɫɬɪɨɣɫɬɜɨ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɧɭɬɪɢ ɤɨɪɩɭɫɚ 
1 ɬɟɩɥɨɜɨɣ ɡɚɦɨɤ 7 ɢɡɝɢɛɚɟɬɫɹ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɜɵɯɨɞɢɬ ɢɡ ɡɚɰɟɩɥɟɧɢɹ ɫ ɩɨɜɨɪɨɬɧɨɣ 
ɡɚɫɥɨɧɤɨɣ 3. ɉɨɜɨɪɨɬɧɚɹ ɡɚɫɥɨɧɤɚ 3 ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɪɭɠɢɧɵ 5 ɩɥɨɬɧɨ ɩɪɢɠɢɦɚɟɬɫɹ ɤ 
ɭɩɥɨɬɧɢɬɟɥɶɧɵɦ ɨɝɪɚɧɢɱɢɬɟɥɹɦ 10 ɢ ɩɟɪɟɤɪɵɜɚɟɬ ɤɨɪɩɭɫ 1. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɤɭɥɚɱɨɤ 8, 
ɡɚɤɪɟɩɥɟɧɧɵɣ ɧɚ ɜɵɫɬɭɩɚɸɳɟɣ ɱɚɫɬɢ ɨɫɢ 2 ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɞɚɬɱɢɤɨɦ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. ɉɨ ɨɤɨɧɱɚɧɢɸ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɬɟɩɥɨɜɨɣ ɡɚɦɨɤ 7 ɜɨɡɜɪɚɳɚɟɬɫɹ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ, ɚ ɩɨɜɨɪɨɬɧɭɸ ɡɚɫɥɨɧɤɭ 3 ɫ ɩɨɦɨɳɶɸ 
ɪɭɱɤɢ 4 ɜɧɨɜɶ ɜɜɨɞɹɬ ɜ ɡɚɰɟɩɥɟɧɢɟ ɫ ɬɟɩɥɨɜɵɦ ɡɚɦɤɨɦ 7. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɚɝɚɟɦɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɭɩɪɨɫɬɢɬɶ ɤɨɧɫɬɪɭɤɰɢɸ, ɩɨɜɵɫɢɬɶ 

ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ, ɫɨɯɪɚɧɹɬɶ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɡɚɦɤɚ ɩɨɫɥɟ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɤɥɸɱɟɧɢɟ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ. 

ɇɚ ɞɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɛɵɥ ɩɨɥɭɱɟɧ ɩɚɬɟɧɬ №130858. 
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ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɨɛɥɟɦɚ ɢɡɦɟɪɟɧɢɹ ɢɫɬɢɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟɱёɪɧɵɯ ɬɟɥ ɪɟɲɟɧɚ ɧɚ ɨɫɧɨɜɟ 

ɫɩɟɤɬɪɨɩɢɪɨɦɟɬɪɢɢ Д1Ж ɢ ɢɦɟɸɬɫɹ ɩɪɨɦɵɲɥɟɧɧɵɟ ɤɨɦɩɚɧɢɢ Д2Ж, ɤɨɬɨɪɵɟ ɜɵɩɭɫɤɚɸɬ 
ɫɩɟɤɬɪɨɩɢɪɨɦɟɬɪɵ ɞɥɹ ɲɢɪɨɤɨɝɨ ɞɢɚɩɚɡɨɧɚ ɬɟɦɩɟɪɚɬɭɪ ɫɟɪɢɣɧɨ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, 
ɫɩɟɤɬɪɨɩɢɪɨɦɟɬɪɢɹ ɜ ɬɟɱɟɧɢɟ ɩɨɫɥɟɞɧɢɯ 10 – 15 ɥɟɬ ɩɨɥɭɱɢɥɚ ɪɚɡɜɢɬɢɟ ɜ ɨɫɧɨɜɧɨɦ ɥɢɲɶ ɜ 
ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢ ɧɟ ɩɨɥɭɱɢɥɚ ɫɤɨɥɶɤɨ-ɧɢɛɭɞɶ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɷɧɟɪɝɟɬɢɤɟ, ɯɢɦɢɢ ɢ ɞɪ. 

Ⱦɨ ɫɢɯ ɩɨɪ ɜ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɨɛɥɚɫɬɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɦɟɬɚɥɥɭɪɝɢɢ, ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ, 
ɷɧɟɪɝɟɬɢɤɟ ɩɪɟɜɚɥɢɪɭɸɬ ɦɟɬɨɞɵ ɦɚɥɨɜɨɥɧɨɜɨɣ ɩɢɪɨɦɟɬɪɢɢ, ɹɪɤɨɫɬɧɨɣ, ɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɨɬɧɨɲɟɧɢɹ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨ ɜɫɟɯ ɷɬɢɯ 
ɨɛɥɚɫɬɹɯ ɩɨɜɵɲɚɸɬɫɹ, ɢ ɪɚɡɜɢɬɢɟ ɩɨɥɭɱɚɸɬ ɦɟɬɨɞɵ ɦɚɥɨɜɨɥɧɨɜɨɣ ɩɢɪɨɦɟɬɪɢɢ, 
ɢɡɦɟɪɹɸɳɢɯ ɢɫɬɢɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ. Ʉ ɬɚɤɢɦ ɦɟɬɨɞɚɦ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɞɨɥɠɧɵ ɛɵɥɢ ɛɵ 
ɩɪɢɧɚɞɥɟɠɚɬɶ ɦɟɬɨɞɵ ɞɜɨɣɧɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ. Ɇɟɬɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɢɫɤɥɸɱɢɬɶ ɜɥɢɹɧɢɟ ɫɩɟɤɬɪɚɥɶɧɨɣ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ.  

Ɉɞɧɚɤɨ, ɨɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɷɬɢɯ ɦɟɬɨɞɨɜ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜ ɩɪɢɪɨɞɟ 
ɥɢɧɟɣɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɥɨɝɚɪɢɮɦɚ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɧɚ ɤɨɬɨɪɨɣ ɨɫɧɨɜɚɧ ɷɬɨɬ 
ɦɟɬɨɞ, ɢɦɟɟɬ ɦɟɫɬɨ ɥɢɲɶ ɩɪɢ ɜɟɫɶɦɚ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɞɥɢɧɚɯ ɜɨɥɧ. 

ȼ ɧɚɫɬɨɹɳɟɦ ɞɨɤɥɚɞɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɟɬɨɞ ɞɜɨɣɧɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ, 
ɪɚɛɨɬɚɸɳɢɣ ɩɪɢ ɷɤɜɢɞɢɫɬɚɧɬɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɞɥɢɧ ɜɨɥɧ, ɧɨ ɨɛɥɚɞɚɸɳɢɣ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ 
ɦɟɧɶɲɟɣ ɦɟɬɨɞɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɱɟɦ «ɤɥɚɫɫɢɱɟɫɤɢɣ» ɷɤɜɢɞɢɫɬɚɧɬɧɵɣ ɦɟɬɨɞ ɞɜɨɣɧɨɝɨ 
ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ. 

ȼ «ɤɥɚɫɫɢɱɟɫɤɨɦ» ɦɟɬɨɞɟ ɞɜɨɣɧɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɫɢɝɧɚɥ, ɤɚɤ 
ɢɡɜɟɫɬɧɨ, ɛɭɞɟɬ: 

lnE = lnU1U3 / U2
2, 

ɝɞɟ:lnU1, lnU2  ɢ lnU3 - ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɩɟɤɬɪɚ ɬɟɩɥɨɜɨɝɨ ɢɡɥɭɱɟɧɢɹ: 
lnU1 = ХЧİ1 – C2 / λ1Ɍ ; 
lnU2 = ХЧİ2 – C2 / λ2Ɍ ; 
lnU3 = ХЧİ3 – C2 / λ3Ɍ ; 

ɝɞɟ: İ1, İ2ɢİ3 - ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɩɟɤɬɪɚɥɶɧɨɣ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ; λ1, λ2 ɢ λ3 - 
ɞɥɢɧɵ ɜɨɥɧ; Ɍ-  ɬɟɦɩɟɪɚɬɭɪɚ; ɋ2- ɜɬɨɪɚɹ ɩɢɪɨɦɟɬɪɢɱɟɫɤɚɹ ɤɨɧɫɬɚɧɬɚ ɋ2 = 14388ɦɤɦ.ɝɪɚɞ. 

ɉɪɢ ɷɬɨɦ ХЧİ2 = (ХЧİ1 + ХЧİ3) / 2. 
ɉɪɟɞɥɚɝɚɟɦɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɬɢɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɛɭɞɟɬ: 

lnE = lnU1/U3 – [(λ1lnU1+ λ3lnU3 –2 λ2lnU2) / (λ2 –λ1) = – C2 / ΛɌ 
lnE = lnU1/U3 – [(λ1ХЧİ1+ λ3ХЧİ3 –2 λ2ХЧİ2) / (λ2 –λ1) = – C2/ ΛɌ 
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ɝɞɟ:   Λ = λ1λ3 / (λ3 –λ1) 
Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɜ «ɤɥɚɫɫɢɱɟɫɤɨɦ» ɦɟɬɨɞɟ: 

Λ = λ1λ2λ3 / ( 2 λ1λ3 – λ2λ1 – λ2λ3 ) 
Ɋɚɫɫɦɨɬɪɢɦ ɪɚɛɨɬɭ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɢɫɬɢɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɱɢɫɬɨɣ 

ɫɬɚɥɢ (Fe+0,57%C).  Ⱦɚɧɧɵɟ ɩɨ ɡɧɚɱɟɧɢɸ ɢɡɥɭɱɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɡɹɬɵ ɢɡ Д3Ж. 
λ1= 0,6;λ2=0,75;λ3= 0,9;    Ɍ = 1600ɨɋ 

ХЧİ1= – 0,95;    ХЧİ2 = –1;       ХЧİ3 = –1,05 
lnU1= – 0,95 – 14388 /(0,6·1600) = – 15,9375; 

lnU2= –1 –14388 / (0,75·1600) = –12,99; 
lnU3= –1,05 –14388 / (0,9·1600) = –11,04166..6 

lnU1/U3=–15,9375+11,04166..6–[(–0,6·15,9375 –0,9·11,04166..6+2·0,75·12,99) /0,15= 
= – 14388 / 1,8·T – 0,1 = – 4,99583,    
ɝɞɟ:  Λ = 0,6·0,9 / 0,3 =1,8    ɢ   Ɍ=1600ɨɋ 

ȼ «ɤɥɚɫɫɢɱɟɫɤɨɦ» ɦɟɬɨɞɟ ɞɜɨɣɧɨɝɨ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɨɬɧɨɲɟɧɢɹ Λ = 9, ɬ.ɟ. ɜ 5 ɪɚɡ ɜɵɲɟ. 
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