
  



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 ɊɈɋɋɂɃɋɄАЯ ɄɈɇɎȿɊȿɇɐɂЯ  
(ɋ ɆȿɀȾɍɇАɊɈȾɇЫɆ ɍɑАɋɌɂȿɆ)  

ɉɈ ɌȿɉɅɈɎɂɁɂɑȿɋɄɂɆ ɋВɈɃɋɌВАɆ ВȿЩȿɋɌВ 

(ɊɄɌɋ- 14) 
 
 
 
 
 
 
 
 
 

ɆАɌȿɊɂАɅЫ ɄɈɇɎȿɊȿɇɐɂɂ 
ɜ 2-ɯ ɬɨмɚɯ 

 
 
 
 

ɌɈɆ 1 
ɉɥɟɧɚɪɧыɟ и ɭɫɬɧыɟ ɞɨɤɥɚɞы 

 
 
 
 

15 – 17 ɨɤɬяɛɪя 2014 ɝɨɞɚ 
 
 

ɎȽȻɈɍ ВɉɈ «Ʉɚɡɚɧɫɤиɣ ɧɚɰиɨɧɚɥɶɧыɣ иɫɫɥɟɞɨɜɚɬɟɥɶɫɤиɣ 
ɬɟɯɧɨɥɨɝиɱɟɫɤиɣ 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.1: ɉɥɟɧɚɪɧɵɟ ɢ ɭɫɬɧɵɟ ɞɨɤɥɚɞɵ. – 2014. – 448 ɫ. 
ISBN 978-5-9222-0896-3 

 
 
 
 

ɋɨɞɟɪɠɢɬ ɦɚɬɟɪɢɚɥɵ ɩɥɟɧɚɪɧɵɯ ɢ ɭɫɬɧɵɯ ɞɨɤɥɚɞɨɜ 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. 
 
 
 

ɍȾɄ 544.33(06) 
ȻȻɄ 24.532ɹ431(2) 

 
 
 
 
 
 
 
 
 
ISBN 978-5-9222-0896-3 (ɬ.1)      © ɈɈɈ ɉɄ «Ⱥɫɬɨɪ ɢ ə», 2014 
ISBN 978-5-9222-0895-6      © ɂɡɞ-ɜɨ «Ɉɬɟɱɟɫɬɜɨ», 2014 
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ɉɊȿȾɋȿȾАɌȿɅЬ ɄɈɇɎȿɊȿɇɐɂɂ 
 

ɋɨɧ Э.ȿ.   ɱɥ.-ɤɨɪɪ. ɊȺɇ, ɈɂȼɌ ɊȺɇ 
 
 ɈɊȽɄɈɆɂɌȿɌ  
ɉɪɟɞɫɟɞɚɬɟɥɶ: 
Ⱦɶɹɤɨɧɨɜ Ƚ.ɋ.  ɞ.ɯ.ɧ., ɄɇɂɌɍ 
 
Ɂɚмɟɫɬиɬɟɥи ɩɪɟɞɫɟɞɚɬɟɥя: 
Ʉɥɢɧɨɜ Ⱥ.ȼ. ɞ.ɬ.ɧ., ɄɇɂɌɍ 
Ʉɨɛɡɟɜ Ƚ.Ⱥ.   ɞ.ɮ.-ɦ.ɧ., ɈɂȼɌ ɊȺɇ 
 
ɍɱɟɧыɣ ɫɟɤɪɟɬɚɪɶ: 
Ɇɭɯɚɦɟɬɡɹɧɨɜɚ Ⱥ.Ƚ.  ɞ.ɬ.ɧ., ɄɇɂɌɍ 
 
ɑɥɟɧы ɨɪɝɤɨмиɬɟɬɚ: 
Ⱥɛɞɭɥɥɢɧ Ⱥ.Ʌ.  ɞ.ɬ.ɧ., Ⱥɇ ɊɌ  
Ⱥɪɧɨɥɶɞɨɜ Ɇ.ɇ.  ɞ.ɬ.ɧ., Ƚɇɐ ɊɎ – ɎЭɂ 
Ⱥɫɦɨɥɨɜ ȼ.Ƚ.   ɞ.ɬ.ɧ., Ɋɨɫɷɧɟɪɝɨɚɬɨɦ 
Ȼɚɣɞɚɤɨɜ ȼ.Ƚ.   ɞ.ɮ.-ɦ.ɧ., ɂɌ ɍɪɈ ɊȺɇ  
Ȼɚɫɤɟɜɢɱ ɉ.ɉ.   ɪɭɤɨɜɨɞɢɬɟɥɶ ɂɌɐ ɄɇɂȺɌ 
Ȼɨɝɚɬɵɪɟɜ Ⱥ.Ɏ. ɞ.ɮ.-ɦ.ɧ., ɇɂɍ ɆЭɂ (ɝ. ɋɦɨɥɟɧɫɤ) 
Ƚɚɛɢɬɨɜ Ɏ.Ɋ.   ɞ.ɬ.ɧ., ɄɇɂɌɍ 
Ƚɟɥɶɱɢɧɫɤɢɣ Ȼ.Ɋ.  ɞ.ɮ.-ɦ.ɧ., ɂɆȿɌ ɍɪɈ ɊȺɇ 
Ƚɪɢɝɨɪɶɟɜ Ȼ.A.  ɱɥ.-ɤɨɪɪ. ɊȺɇ, ɈЭɆɆɉɍ ɊȺɇ 
Ƚɭɦɟɪɨɜ Ɏ.Ɇ. ɞ.ɬ.ɧ., ɄɇɂɌɍ 
Ʉɚɧɟɥɶ Ƚ.ɂ.   ɱɥ.-ɤɨɪɪ. ɊȺɇ, ɈɂȼɌ ɊȺɇ 
Ʉɢɪɢɥɥɢɧ Ⱥ.ȼ.  ɞ.ɮ.-ɦ.ɧ., ɈɂȼɌ ɊȺɇ  
Ʌɨɦɨɧɨɫɨɜ ɂ.ȼ.  ɞ.ɮ.-ɦ.ɧ., ɂɉɏɎ ɊȺɇ 
ɋɚɥɚɯɨɜ Ɇ.ɏ.   ɞ.ɮ.-ɦ.ɧ., Ⱥɇ ɊɌ 
Ɇɚɬɢɡɟɧ Э.ȼ.   ɞ.ɮ.-ɦ.ɧ., ɂɇɏ ɋɈ ɊȺɇ 
Ɇɢɳɟɧɤɨ ɋ.ȼ.  ɞ.ɬ.ɧ., ɌȽɌɍ 
ɇɨɪɦɚɧ Ƚ.Э.   ɞ.ɮ.-ɦ.ɧ., ɈɂȼɌ ɊȺɇ 
Ɉɱɤɨɜ ȼ.Ɏ.   ɞ.ɬ.ɧ., ɇɂɍ ɆЭɂ 
ɉɨɯɨɞɭɧ Ⱥ.ɂ.  ɞ.ɬ.ɧ., ȼɇɂɂɆ  
ɋɬɚɧɤɭɫ ɋ.ȼ.   ɞ.ɮ.-ɦ.ɧ., ɂɌ ɋɈ ɊȺɇ 
ɋɵɱɟɜ ȼ.ȼ.   ɞ.ɬ.ɧ., ɇɂɍ ɆЭɂ 
ɏɨɤɨɧɨɜ ɏ.Ȼ.   ɞ.ɮ.-ɦ.ɧ., ȼɉɈ ɄȻȽɍ 
ɐɜɟɬɤɨɜ Ɉ.Ȼ.   ɞ.ɬ.ɧ., ɋɉɛɇɂɍ ɂɌɆɈ 
Шɟɣɧɞɥɢɧ Ɇ.Ⱥ.  ɞ.ɮ.-ɦ.ɧ., ɈɂȼɌ ɊȺɇ 

 
ɆȿɀȾɍɇАɊɈȾɇЫɃ ɈɊȽɄɈɆɂɌȿɌ  

 
Ashcroft N.W.  Professor Cornell University (New York) 
ɀɞɚɧɨɤ ɋ.Ⱥ.   ɚɤɚɞɟɦɢɤ ɇȺɇ Ȼɟɥɚɪɭɫɢ 
ɉɪɨɯɨɪɟɧɤɨ C.ȼ. ɞ.ɬ.ɧ., ɇɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬɚ «Ʌɶɜɨɜɫɤɚɹ ɩɨɥɢɬɟɯɧɢɤɚ»  

(ɍɤɪɚɢɧɚ) 
ɏɚɫɚɧɲɢɧ Ɍ.ɋ. ɞ.ɬ.ɧ., Ɇɨɝɢɥɟɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ɩɪɨɞɨɜɨɥɶɫɬɜɢɹ (Ȼɟɥɚɪɭɫɶ)  
əɤɭɛ ȿ.ɋ. ɞ.ɮ.-ɦ.ɧ., Ɉɞɟɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɷɤɨɧɨɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 

(ɍɤɪɚɢɧɚ)  
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ɉɊɈȽɊАɆɆɇЫɃ ɄɈɆɂɌȿɌ 
 

ɋɨɩɪɟɞɫɟɞɚɬɟɥи:  
ɋɨɧ Э.ȿ.   ɱɥ.-ɤɨɪɪ. ɊȺɇ, ɈɂȼɌ ɊȺɇ 
Ⱦɶɹɤɨɧɨɜ Ƚ.ɋ.  ɞ.ɯ.ɧ., ɄɇɂɌɍ 
 
ɍɱɟɧыɣ ɫɟɤɪɟɬɚɪɶ: 
Ɇɢɧɢɛɚɟɜɚ Ʌ.Ɋ.  ɤ.ɬ.ɧ., ɄɇɂɌɍ 
 
ɑɥɟɧы ɩɪɨɝɪɚммɧɨɝɨ ɤɨмиɬɟɬɚ: 
Ⱥɥɱɚɝɢɪɨɜ Ȼ.Ȼ.  ɞ.ɮ.-ɦ.ɧ., ɄȻȽɍ 
Ȼɚɣɞɚɤɨɜ ȼ.Ƚ.   ɞ.ɮ.-ɦ.ɧ., ɂɌ ɍɪɈ ɊȺɇ  
ȼɨɪɨɛɶɟɜ ȼ.ɋ.  ɞ.ɮ.-ɦ.ɧ., ɈɂȼɌ ɊȺɇ 
Ƚɟɥɶɱɢɧɫɤɢɣ Ȼ.Ɋ.  ɞ.ɮ.-ɦ.ɧ., ɂɆȿɌ ɍɪɈ ɊȺɇ 
Ⱦɶɹɤɨɧɨɜ ɋ.Ƚ.  ɞ.ɬ.ɧ., ɄɇɂɌɍ 
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PROPERTIES. TRC/NIST THERMOPHYSICAL DATABASE. CONTRIBUTION OF THE 

RUSSIAN PUBLICATIONS AND ESTIMATING THEIR QUALITY 
Abdulagatov I.M.1,2 
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Sciences, Makhachkala, Dagestan, Russia. 
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 E-mail: ilmutdin@boulder.nist.gov 

 
Production of research thermophysical data is growing about 7 % annually, doubling every 10 

years. Poor quality data are leading to mistakes in equipment selection, wrong or not efficient 
design of the technological equipment (technological application problems), new processes 
simulating and discovering problems (scientific application problems), and poor regulatory 
НОМТsТШЧs Д1Ж. TСО ЭrКНТЭТШЧКl УШЮrЧКl’s pООr-review process takes very limited time which is not 
enough to thorough evaluate all new experimental data and correctly estimate their quality. 
According to results of a 10- year collaboration between the National Institute of Standards and 
Technology (NIST) and five key thermophysical journals (Int. J. Thermophysics; Fluid Phase 
Equilibria; J. Chemical Thermodynamics; J. Chem. Eng. Data, and ThermochimcaActa), 
conventional УШЮrЧКl’s peer review process is not enough to ensure reported data quality. 
Approximately 10-15% of all published articles include typographical errors in the tables of 
experimental НКЭК. PrШЛlОЦs: ЧЮЦЛОr ЭrКЧspШsТЭТШЧ (“ЧШrЦКl” ЭвpШs); ЮЧТЭ ОrrШrs; МШЦpШЧОЧЭ sаТЭМС 
for mixtures; wrong compound; erroneous column duplication in tables; and hidden errors 
(calibration errors); poorly defined variables/constraints; failure to report experimental data; 
nonsensical uncertainty estimates relative to data scatter. About 30 % of manuscripts submitted to 
the key thermophysical journals contained erroneous according to a report by NIST and the 
collaborating journals [1]. Also 20% of all submitted articles have serious problems in the tables of 
experimental data. After we check and repair data with author cooperation, 30% of the articles are 
rejected. Rapid development of new chemical processes, compound types, and measurement 
efficiencies, plus greater globalization of scientific research, has overwhelmed the slow and labor-
intensive traditional methods of critical data evaluation, and has created the environment in which a 
dynamic and responsive approach is essential. 

Global Information- Expert- System (GIES) developed at NIST/TRC provides critically 
evaluated thermophysical property data to users worldwide. GIES includes collection of 
experimental data from the literature from 5 key International journals mentioned above and from 
Russian and Chines journals, validation, critical evaluation, and dissemination. A NIST/TRC 
GIESis the first full-scale software implementation of the concept of dynamic data evaluation for 
thermophysical properties [2-8]. The GIES includes: 

(1) Software tools for mass-scale data capture, Guided Data Capture (GDC) software (for 
collection of data from the literature); 

(2)Comprehensive Data Storage Facility SOURCE Data Archival System; 
(3) Data Entry Facility; 
(4) Software Expert Systems, Thermodynamic Data Engine (TDE) software (for critical 

evaluation of the data, quality assessments); 
(5) Data Communications Standard, Thermo ML (Store and Exchange Thermophysical Data); 
(6) Data Reader Software, Thermo ML Opener into Microsoft Excel; 
(7) Web Communication Portal, NIST Web-Oracle infrastructure. 
The Thermo Data Engine (TDE) software expert software is the core component in 

implementation of the concept of GIES in Science for the field of thermodynamics. The main goal 
of the GIES is providing critically evaluated thermophysical property data (boiling, melting, and 
critical points data; density; vapor-pressure; sublimation pressure; heat capacity; enthalpy; speed of 
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sound; solubility; VLE; LLE; SLE; surface tension; viscosity; thermal conductivity; chemical 
reaction data; etc.) of fluids and fluid mixtures (binary and ternary) for use by industry, academia, 
and other government agencies for: (1)chemical technology process development and optimization; 
(2) fundamental research into molecular properties; (3)estimation quality of published 
thermophyscal data; (4) regulatory decisions. Implementation requires the combination of large 
electronic thermophysical databases, storing essentially all relevant experimental information 
known to date with metadata and uncertainties, with expert-system software, designed to 
automatically generate recommended property values based on available experimental and 
predicted data. This combination of tools allows production of critically evaluated data on demand.  

Initially TDE was focused on thermodynamic property data evaluation for pure fluids. Later 
versions TDE has included on-demand generation equation of state (EOS), dynamic update of local 
data resources based on the TRC-SOURCE data storage system, support for binary mixtures, 
including VLE data, and chemical reaction properties. The most recent version [9] included 
experimental planning support features and a product design tool for identification of compounds 
with specific properties [2]. Also included were advanced consistency tests for automated quality 
assessment for vapor-liquid equilibrium data sets [2]. TDE is used in a broad variety of 
applications, including: (1) product and process design; (2) data product development; (3) data 
quality assurance; and (4) validation of new experimental data in advance of publication. Recent 
additions include a vapor−liquid equilibrium (VLE) data modeling test for assessment of mixtures, 
involving supercritical components, that complements consistency tests implemented previously for 
low-pressure/subcritical VLE data, as well as addition of the NIST-KT-UNIFAC group-
contribution prediction method for VLE data with automatic decomposition of molecular structures 
into KT-UNIFAC groups and subgroups. TDE was extended to critical evaluation of 
thermodynamic properties of ternary mixtures through on-demand dynamic evaluation of the 
properties of the binary subsystems. The methodological bases of the GIES developed at 
NIST/TRC, although initially was focused on the field of thermophysics, can be applied to other 
scientific areas and engineering.     

 
Contribution of the Russian Publications and Estimating Their Quality 
NIST/TRCDataBase includes collection of experimental thermophysical data from the Russian 

literature from 30 academic peer reviewing journals(High Temperature; Russian J. Phys. Chem.; 
Russian J. Appl. Chem.; Inzh. Fiz. Zhurnal; Izv. Vuzov, ser. Neft& Gas; Russian J. Nonorganic 
Chem.; Dok. Acad. Nauk; Geochemistry; J. Exp. Theor. Phys.; Ukr. Phys. J.; etc.). NIST/TRC data 
entry (GDC) and data quality (TDE) check facilities have been implemented for Russian 
publications covering the period from 1930 to 2013. 

 
Statistics of the Russian Articles in the NIST/TRC DataBase by Journals (Russian): 1. 

High temperature -272 articles; J. Phys. Chem. -1943; J. Appl. Chem.-1388; Inzh. Fiz. Zhurnal-251; 
Izv. Vuzov, ser. Neft& Gas-372; J. Nonorganic Chemistry-319; Dok. Acad. Nauk-430; 
Geochemistry-13; J.Exp. Theor. Phys.-67; Ukr. Phys. J.-94. In total 5249 Russian articles in the 
NIST/TRC DataBase. 

 
Statistics by data points for pure fluids, binary and ternary mixtures: Total compound-

2488; Total pure component data points – 116134; Total binary data points-115471; Total ternary 
data points-40918; and Reaction data points-941. In total Russian contribution to the NIST/TRC 
DataBase is 273464 data points. 

 
Statistics of the data points by year (from 1930 to 2013): (1930-1950)- 5831; (1951-1961)-

25357; (1962-1972)-69507; (1973-1983)-78844; (1984-1994)-61929; (1995-2005)-24364; and 
(2006-2013)-8640. 
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Total: 5250 articles (High Temperature-273, J. Phys. Chem.-1943, J. Appl. Chem.-1388, Inzh. 

Fiz. Zh.-251, Izv. Vuzov, ser. Neft& Gas-372, J. Nonorg. Chem.-319, Dok. AN-430, Uk. Fiz. Zh.-
94, J. Exp. Theor. Phys.-67, and Geochem.-13); 273 346 data points (116134 for pure fluids, 
115471 for binary mixtures, 272523 for ternary, and 941 for reaction data). 

TDE quality test found that about (35-40) % of all Russian published articles include 
typographical errors in the tables of experimental data and have serious problems in the presentation 
of experimental data. 
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First we give with a survey of the basic theory of ionization equilibria which is fundamental for 
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nearly all thermophysical properties of plasmas. Starting with the fundamental ideas of Eggert, 
Saha, Planck, Brillouin and Larkin we proceed to recent exact results of quantum statistics. We 
analyze the contributions of bound and scattering states, analyze divergencies and compensation 
effects and show how Saha-type equations and  partition functions can be derived. Further we 
discuss several analytical and numerical  methods to proceed to higher densities. Problems 
connected with numerical procedures for estimating ionization equilibria and thermodynamic 
functions as solving Saha equations or minimizing the free energy are discussed. Next we discuss 
the problem of thermodynamic stability for the simplest plasmas like hydrogen, alkali plasmas,  
helium and noble gas plasmas. Plasma phase transitions in dense plasmas at high pressures and 
mediate temperatures are analyzed  in comparison  to recent experimental findings. Further we 
discuss transitions to metal-like states in hydrogen etc. at low temperatures and very high pressures.  
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ABSTRACT 
The thermal conductivity of propane, pentane and hexane, in the supercritical domain, is 

measured in a coaxial cylinder cell operating in steady state conditions. A phenomenological 
equation was used to analyze the critical enhancement of the thermal conductivity of these 
hydrocarbons, from their critical temperature Tc to a temperature Tf where the density fluctuations 
are negligible, and in a large range of densities. For these hydrocarbons the estimated deviations 
ЛОЭаООЧ ОбpОrТЦОЧЭКl КЧН МКlМЮlКЭОН НКЭК КrО lОss ЭСКЧ ± 5 %. TСТs ОqЮКЭТШЧ аКs РОЧОrКlТzed to 
calculate the supercritical behavior of the thermal conductivity of other light hydrocarbons.  
 

INTRODUCTION 
Recently there was a renew interest for supercritical fluids in science and industry due to their 

versatile potential for application. The applications for supercritical fluids range from extraction, 
particle formation, reactions, cleaning to dyeing. Knowing the thermal conductivity of SCFs is 
essential in the design of process equipment such as heat exchangers for the recovery of thermal 
energy in SCF extraction or fractionation processes. Introduced in 1936, a process for the 
refinement of lubricating oils used propane as solvent of choice. This process was operated in the 
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vicinity of subcritical propane. In 1946, the Solexol process was introduced for the purification of 
vegetable oil (to produce triglycerides) and fish oil (to produce vitamin A). Supercritical propane 
was used as solvent. As refining technology in the petrochemical industry, supercritical pentane was 
used since 1976 in the ROSE process (Residuum Oil Supercritical Extraction) to extract low 
molecular weight components. The ROSE process is a very efficient solvent-extraction option for 
recovering higher value products from residuum. ROSE units yield de-asphalted oils that are 
excellent feed-stocks for fluid catalytic crackers and hydrocrackers, as well as recover resins and 
asphaltens that have a variety of uses. 

 
EXPERIMENTAL RESULTS 

Several measurements of the thermal conductivity of light hydrocarbons in the supercritical 
region have been carried out in various laboratories. Some of them are reported in Table 1. NIST 
Standard Database 23, REFPROP Version 7 was used to calculate the density (with accuracy of 
the order of  0.2 %) and other thermodynamic properties [11]. 

 
Table 1. Range of Measurements and Thermodynamic Constants of Hydrocarbons 

Fluids Temperature 
 range, K 

Pressure 
 range, MPa 

Tc, 

K 
Pc, 
MPa 

c, 
kg.m-3 

Authors 

Methane 110 - 310 0.3 -70 190,56 4,5992 x 106 162,66 [1] 
Ethylene 283 - 581 1 - 100 282,35 5,0418 x 106 214,20 [2] 
Ethane 308 - 365 1 - 28 305,33 4,8718 x 106 207,00 [3] 
Ethane 305 - 333 1.946 - 18.274    [4] 
Propane 85 - 600 0.1 - 70 369,83 4,2477 x 106 220,00 [5] 
Propane 370 - 381 0.1 - 15    [6] 
Butane 298 - 600 0.1 - 70 425,13 3,7960 x 106 228,00 [7] 
Isobutane 300 - 630 1 - 100 407,81 3,6290 x 106 225,50 [8] 
Pentane 470 -526 0.1 - 30 469,70 3,3700 x 106 232,00 [9] 
Hexane 508 - 595 0.1 30 507,82 3,0340 x 106 233,18 [10] 

 
CORRELATIONS 

We make an analysis of the data based on the residual concept, for which the thermal 
conductivity is represented as a sum of three contributions (T,) = 00(T) + () + c(T,),    (1) 

where 00(T )is the dilute-gas thermal conductivity for the zero density limit, which is dependent 
only on the temperature, () is the residual thermal conductivity, which is dependent only of the 
density, and c(T,) is the thermal conductivity critical enhancement approaching the liquid-gas 
critical point, which depends on both density and temperature. This representation allows the 
theoretically based analysis of each contribution to be considered separately. 

 
CRITICAL ENHANCEMENT 

The analysis of the thermal conductivity hydrocarbons in the critical region was carried out in 
terms of the effective values of the critical exponents, using a similar approach of the crossover 
modelling initially proposed by Luettmer-Strathmann and Sengers12 to describe the singular 

behaviour of the thermal diffusivity
p

T C
D 

 , where Cp is the isobaric specific heat The above 

separation of the thermal conductivity into critical and background contributions implies a 
corresponding separation of the thermal diffusivity DT into a background contribution and a critical 
contribution 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

11 
 

p

c

p

b
cbT CC

DDD 



  ,     (2) 

The mode coupling of critical dynamics theory predicts that Dc of a critical pure fluid in the 
hydrodynamic limit can be written asymptotically near its critical point as 

 

   6
Tk

RD B
Dc  ,      (3) 

where is the shear viscosity,  is the long range correlation length of the density fluctuations, 
and RD ≈ 1.05 Тs К ЮЧТЯОrsКl КЦplТЭЮНО МШЦЛТЧКЭТШЧ Д13Ж, Д14Ж

CRITICAL ENHANCEMENT ALONG THE CRITICAL ISOCHORE 
Along the critical isochore, c(T,c),can be also rewritten following the approximated form 

[15]. 

c
p

B
D

c
c ρC

πηξ
Tk

RΔλ
6

  ,      (4) 

where      T
ρ

vp
c
p T

p
ρ
T

CCC 2









      (5) 

On the other hand, it was found along the critical isochore over an extended temperature range 
of any pure fluid [16], that the rescaled isothermal compressibility ccZpTT    , lies on a single 

curve when it is plotted as a function of the rescaled temperature tYcτ , where 
c

c

T

TT
t

 ;

cc

c
c T

Mp
Z R

 ; 1
cT,ρ

c

cc





 









p

T

T
p

Y c ; and 
cc T,ρ







T
p

is the slope of the vapour pressure curve at 

the critical point. cTT p  is the usual reduced form of the isothermal compressibility. A similar 

analysis [16] has also shown that the rescaled correlation lengthξ/aξ  , where 
31/

c

cB

p

Tk
a 


  is a 

single function of . Consequently, he rescaled quantity    aZp
TP/Tk

ηΔλR
R cc

ρB

c
cTD

c

c

2*

*

6  


  

should be also a single function of  
The fit of the complete data set by an effective pure power law with adjustable exponent and 

adjustable amplitude gives for propane 61.001676686.0   cR ; for pentane 6336.0016221.0   cR  ; 

for hexane 608.00168456.0   cR  . 

An alternative empirical approach consists to explicit directly the effective pure power laws that 
are only valid in this restricted temperature range. We have thus rewritten eq.4 as follows   Vpc

B
effD CCρ

πη
Tk

R  6
Δλ ,

c
c      (6) 

In eq. 6 we have introduced an effective amplitude term RD,eff  to account for the effective values 
of the exponents that describe the observed temperature behaviour of and along the critical 
isochore. The quantities , Cp-CV, are calculated from NIST tables, and the correlation length by the 
leading Ising power law 63.0

0
 t . The prefactor term RD,eff  was represented by a power law,  and 

we calculate for propane 19155.0
, 560553.0  tR effD ; for pentane 236.0

, 51885.0  tR effD ; for hexane
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28.0
, 489219.0  tR effD  . Introducing all these previous singular behaviors in eq. 6, the 

phenomenological power law equation of the critical enhancement of the thermal conductivity can 
be recalculated along the critical isochore. 

 
CRITICAL ENHANCEMENT IN THE SUPERCRITICAL DOMAIN 

In order to calculate c outside the critical isochore, we have then generalized eq.6as              ,,
,,6

,,Δλ
*

*
,

*
c TCTCρ

tTπη
Tk

tRt Vp
B

effD    (7) 

where the temperature and density dependences of the correlation length and the amplitude term  *
, , tR effD , are accounted for introducing the reduced quantity t of eq. 6 and the reduced density 

cc /)(Δ   . The values of  ,TCp ,  ,TCV and  ,Tη are calculated from the NIST 

tabulated data. The value of the correlation length *,  t  is adjusted to the theoretical value  63.0
0

 tt  .The functional form of   *
, , tR effD  was written as the product of two main 

contributions,      *
,,

*
, ,   effDeffDeffD RtRtR  separating then the respective temperature and 

density contributions. 
 

ESTIMATION OF THE THERMAL CONDUCTIVITY 
We used the theoretical value 61.001676686.0   cR to estimate the thermal conductivity along 

the critical isochore, and in order to check the validity and the accuracy of the estimation, the 
calculated values are compared to the experimental data reported in the literature. In the whole 
supercritical domain the thermal conductivity is calculated using the prefactor *

, effDR as an 

empirical function in order to characterize the extend density range measured  ) 1/(1 2*
,  effDR  . The term  is assumed to be a constant. 
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ɍɊАВɇȿɇɂЯ ɋɈɋɌɈЯɇɂЯ ȾɅЯ ɈɉɊȿȾȿɅȿɇɂЯ ɏАɊАɄɌȿɊɋɌɂɄ 
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Ɋɨɫɫɢɹ, 420015, Кɚɡɚɧɶ, ɭɥ. К.Ɇɚɪɤɫɚ, 68. E-mail: rezdin29@gmail.com 

 
ɋɮɨɪɦɭɥɢɪɨɜɚɧɚ ɡɚɞɚɱɚ ɨ ɬɟɪɦɢɱɟɫɤɨɦ ɭɪɚɜɧɟɧɢɢ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɚɪɨɠɢɞɤɨɫɬɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɜɢɞɟ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɞɥɹ ɩɨɥɹ ɞɚɜɥɟɧɢɹ ɤɚɤ 
ɮɭɧɤɰɢɢ ɱɢɫɥɨɜɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ. Ⱦɥɹ ɟɟ ɡɚɦɵɤɚɧɢɹ, 
ɩɨɫɤɨɥɶɤɭ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɬɟɪɦɨɞɢɧɚɦɢɤɚ ɧɟɡɚɦɤɧɭɬɚ, ɢɫɩɨɥɶɡɨɜɚɧɵ ɜɢɪɢɚɥɵ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɯ ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ ɢ ɩɪɢɬɹɠɟɧɢɹ ɢ ɜɚɪɢɚɧɬɵ ɜɨɡɦɨɠɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ 
ɦɟɠɞɭ ɧɢɦɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɥɢɧɢɹ ɏɨɥɟɪɚɧɚ-Ȼɚɱɢɧɫɤɨɝɨ (ɫɠɢɦɚɟɦɨɫɬɶ ɪɚɜɧɚ ɟɞɢɧɢɰɟ) ɜ 
ɤɚɱɟɫɬɜɟ ɤɪɚɟɜɨɝɨ ɭɫɥɨɜɢɹ. Ɋɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɡɚɦɵɤɚɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 
ɧɚ ɨɫɧɨɜɟ ɬɪɟɯ ɩɨɞɯɨɞɨɜ: 

1. ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɢɞɚ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ; 

2. ɩɪɢɧɰɢɩɨɜ ɩɨɞɨɛɢɹ; 
3. ɤɢɧɟɬɢɤɢ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɪɚɜɧɨɜɟɫɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɧɚ ɦɨɞɟɥɹɯ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧɚɦɢɤɢ. 
ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɞɨɫɬɢɠɟɧɢɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɚɪɨɠɢɞɤɨɫɬɧɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɢ ɧɚ ɞɚɧɧɵɯ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɞɢɧɚɦɢɤɢ ɢ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ № 12-08-00465-ɚ. 
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ɂɨɧɧɵɟ ɠɢɞɤɨɫɬɢ (ɂɀ) – ɨɞɢɧ ɢɡ ɤɥɚɫɫɨɜ ɝɟɬɟɪɨɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɥɢ. ɋɨɫɬɨɹɬ ɢɡ ɤɚɬɢɨɧɚ ɢ ɚɧɢɨɧɚ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɹɜɥɹɸɬɫɹ ɠɢɞɤɢɦɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  

ɂɧɬɟɪɟɫ ɤ ɂɀ ɜɵɡɜɚɧ ɧɟ ɬɨɥɶɤɨ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɯ ɫɬɪɨɟɧɢɹ, ɧɨ ɢ ɧɚɛɨɪɨɦ ɫɜɨɟɨɛɪɚɡɧɵɯ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɦ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɲɢɪɨɤɨɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ. Эɬɢ ɫɨɟɞɢɧɟɧɢɹ ɢɦɟɸɬ ɧɢɡɤɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ, ɧɟɬɨɤɫɢɱɧɵ, ɨɛɥɚɞɚɸɬ 
ɤɚɬɚɥɢɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɢɦɟɸɬ ɲɢɪɨɤɢɣ ɠɢɞɤɨɫɬɧɨɣ ɞɢɚɩɚɡɨɧ. ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɂɀ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɸɬ ɪɨɥɶ ɤɚɤ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɬɚɤ ɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. ɉɨɦɢɦɨ ɷɬɨɝɨ, 
ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɱɟɬɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɚɪ ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɢɪɨɜɚɬɶ 
ɜɵɲɟɨɩɢɫɚɧɧɵɟ ɫɜɨɣɫɬɜɚ.  

Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɂɀ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɣ 
ɢɧɬɟɪɟɫ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɜɨɡɦɨɠɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ, 
ɩɪɨɬɟɤɚɸɳɢɯ ɫ ɢɯ ɭɱɚɫɬɢɟɦ ɢ ɹɜɥɹɟɬɫɹ ɫɪɟɞɫɬɜɨɦ, ɫɜɹɡɵɜɚɸɳɢɦ ɞɚɧɧɵɟ ɨ ɫɬɪɨɟɧɢɢ ɂɀ ɫ ɢɯ 
ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ.  

ȼɚɠɧɟɣɲɢɦɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɹɜɥɹɸɬɫɹ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ, 
ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢ ɚɛɫɨɥɸɬɧɚɹ ɷɧɬɪɨɩɢɹ. ɋ ɢɯ ɩɨɦɨɳɶɸ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɟɧɢɟ 
ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ. ɂɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɂɀ ɜɵɩɨɥɧɹɸɬ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɥɨɪɢɦɟɬɪɢɢ ɫɝɨɪɚɧɢɹ. ɇɚɥɢɱɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɫɨɟɞɢɧɟɧɢɣ ɝɟɬɟɪɨɚɬɨɦɨɜ, ɚ 
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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 
 

14 
 

ɬɚɤɠɟ «ɧɟɝɨɪɸɱɟɫɬɶ» ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɥɟɣ ɩɪɟɞɴɹɜɥɹɸɬ ɨɫɨɛɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɜɟɞɟɧɢɸ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ: ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɪɚɳɟɧɢɹ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɣ ɛɨɦɛɵ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɫɢɫɬɟɦɵ «ɬɢɝɟɥɶ ɜ ɬɢɝɥɟ» ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ 
ɩɨɥɧɨɬɵ ɫɝɨɪɚɧɢɹ ɂɀ. Ȼɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɨɜ ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɣ ɩɚɪɚ ɨɛɵɱɧɵɯ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɦɟɬɨɞ ɩɟɪɟɧɨɫɚ, ɫɬɚɬɢɱɟɫɤɢɣ ɦɟɬɨɞ) ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɩɪɢ ɢɡɭɱɟɧɢɢ ɂɀ, ɬɚɤ ɤɚɤ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɂɀ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɨɫɬɚɜɥɹɟɬ 10-
10÷10-14 ɉɚ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɣ ɷɧɬɚɥɶɩɢɣ ɢɫɩɚɪɟɧɢɹ ɂɀ ɩɪɢɦɟɧɹɸɬ ɦɟɬɨɞ Ʉɧɭɞɫɟɧɚ ɥɢɛɨ 
ɦɢɤɪɨɜɟɫɵ ɧɚ ɤɪɢɫɬɚɥɥɟ ɤɜɚɪɰɚ (qЮКrЭг МrвsЭКl ЦТМrШЛКlКЧМО). Ɉɫɧɨɜɧɵɦ ɦɟɬɨɞɨɦ ɢɡɦɟɪɟɧɢɹ 
ɷɧɬɪɨɩɢɢ ɹɜɥɹɟɬɫɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɚɞɢɚɛɚɬɢɱɟɫɤɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɤ ɫɬɟɩɟɧɢ ɱɢɫɬɨɬɵ ɜɟɳɟɫɬɜɚ. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɨɜ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢ ɤɜɚɧɬɨɜɨɣ ɯɢɦɢɢ 
ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɜɵɲɟɭɤɚɡɚɧɧɵɟ ɫɜɨɣɫɬɜɚ ɂɀ.   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɨɜ 
ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɧɚɞɟɠɧɭɸ ɢ ɜɡɚɢɦɨɫɨɝɥɚɫɨɜɚɧɧɭɸ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɟɥɢɱɢɧ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɂɀ, ɩɪɢɝɨɞɧɭɸ ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ.  
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Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ,  
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Ɉɛɫɭɠɞɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɧɟɤɨɧɝɪɭɷɧɬɧɵɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ (ɇɄɎɉ) ɤɚɤ ɧɚɢɛɨɥɟɟ 

ɨɛɳɟɣ ɮɨɪɦɵ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɚɯ ɢɡ ɞɜɭɯ ɢ ɛɨɥɟɟ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ. 
ɇɄɎɉ ɯɨɪɨɲɨ ɢɡɜɟɫɬɧɵ ɞɥɹ ɩɟɪɟɯɨɞɨɜ ɫ ɭɱɚɫɬɢɟɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ (ɧɟɤɨɧɝɪɭɷɧɬɧɨɟ 
ɩɥɚɜɥɟɧɢɟ, ɩɨɥɢɦɨɪɮɧɵɟ ɩɟɪɟɯɨɞɵ ɢ ɞɪ). ȼ ɧɚɫɬɨɹɳɟɦ ɫɨɨɛɳɟɧɢɢ ɚɤɰɟɧɬ ɞɟɥɚɟɬɫɹ ɧɚ 
ɩɟɪɟɯɨɞɚɯ ɬɢɩɚ ɮɥɸɢɞ-ɮɥɸɢɞ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɦɟɫɹɯ ɢ ɤɨɦɩɚɭɧɞɚɯ. 
Ȼɚɡɨɣ ɧɚɫɬɨɹɳɟɝɨ ɫɨɨɛɳɟɧɢɹ ɹɜɥɹɟɬɫɹ ɞɟɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɧɟɤɨɧɝɪɭɷɧɬɧɨɝɨ ɢɫɩɚɪɟɧɢɹ ɜ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɫɢɫɬɟɦɟ ɭɪɚɧ-ɤɢɫɥɨɪɨɞ – ɩɪɨɞɭɤɬɚɯ ɷɤɫɬɪɟɦɚɥɶɧɨɝɨ ɧɚɝɪɟɜɚ ɞɜɭɨɤɢɫɢ 
ɭɪɚɧɚ, ɲɬɚɬɧɨɝɨ ɬɨɩɥɢɜɚ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ. ɇɟɤɨɧɝɪɭɷɧɬɧɨɫɬɶ (ɢɧɤɨɧɝɭɷɧɬɧɨɫɬɶ) – ɷɬɨ 
ɜɨɡɦɨɠɧɨɫɬɶ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɮɚɡ ɫ ɪɚɡɥɢɱɚɸɳɢɦɫɹ ɯɢɦɢɱɟɫɤɢɦ ɫɨɫɬɚɜɨɦ 
(ɫɬɟɯɢɨɦɟɬɪɢɟɣ) ɫɨɫɭɳɟɫɬɜɭɸɳɢɯ ɮɚɡ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɫɬɟɯɢɨɦɟɬɪɢɢ 
ɞɜɭɯɮɚɡɧɨɣ ɫɦɟɫɢ. Ɉɛɫɭɠɞɚɸɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɟ ɨɬɥɢɱɢɹ ɜ ɞɢɧɚɦɢɤɟ ɧɟɤɨɧɝɪɭɷɧɬɧɵɯ 
ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɜɢɞɟ ɹɜɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɧɟɤɨɧɝɪɭɷɧɬɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ 
ɨɬ ɟɝɨ ɫɤɨɪɨɫɬɢ, ɢ ɜ ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɇɄɎɉ ɜ ɜɢɞɟ ɫɭɳɟɫɬɜɟɧɧɨɝɨ, ɚ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ 
ɩɪɢɧɰɢɩɢɚɥɶɧɨɝɨ ɪɚɡɥɢɱɢɹ ɜ ɫɬɪɭɤɬɭɪɟ (ɬɨɩɨɥɨɝɢɢ) ɮɚɡɨɜɵɯ ɝɪɚɧɢɰ ɇɄɎɉ, ɜ ɩɨɥɨɠɟɧɢɢ ɢ 
ɫɜɨɣɫɬɜɚɯ ɟɝɨ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ, ɜ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɧɨɦ ɩɨɜɟɞɟɧɢɢ ɢɡɨɬɟɪɦ ɢ ɢɡɨɛɚɪ ɜ 
ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɢ ɞɪ. 

 Ʉɚɤ ɨɛɳɟɟ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɟ ɹɜɥɟɧɢɟ, ɧɟɤɨɧɝɪɭɷɧɬɧɨɫɬɶ ɞɨɥɠɧɚ ɩɪɨɹɜɥɹɬɶɫɹ ɜ 
ɲɢɪɨɤɨɦ ɤɪɭɝɟ ɤɚɤ ɡɟɦɧɵɯ, ɬɚɤ ɢ ɚɫɬɪɨɮɢɡɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ. Эɬɨ ɩɪɟɠɞɟ ɜɫɟɝɨ ɨɬɧɨɫɢɬɫɹ 
ɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɢɫɩɚɪɟɧɢɸ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɨɤɫɢɞɨɜ, ɝɢɞɪɢɞɨɜ ɢ ɞɪ. 
ɇɟɤɨɧɝɪɭɷɧɬɧɨɫɬɶ ɞɨɥɠɧɚ ɩɪɨɹɜɥɹɬɶɫɹ ɬɚɤɠɟ ɜ ɩɟɪɟɯɨɞɚɯ ɮɥɸɢɞ-ɮɥɸɢɞ ɜ ɤɭɥɨɧɨɜɫɤɢɯ 
ɫɢɫɬɟɦɚɯ ɨɬ ɩɪɨɫɬɟɣɲɢɯ ɤɭɥɨɧɨɜɫɤɢɯ ɦɨɞɟɥɟɣ ɞɨ ɪɟɚɥɶɧɵɯ ɫɢɫɬɟɦ - ɢɨɧɧɵɯ ɠɢɞɤɨɫɬɟɣ ɢ 
ɪɚɫɩɥɚɜɨɜ ɫɨɥɟɣ, ɜ ɨɫɨɛɟɧɧɨɫɬɹɯ ɢɫɩɚɪɟɧɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɢ ɞɚɠɟ ɜ ɬ.ɧɚɡ. ɩɵɥɟɜɨɣ 
ɩɥɚɡɦɟ. ɇɟɤɨɧɝɪɭɷɧɬɧɨɫɬɶ ɨɛɹɡɚɧɚ ɩɪɨɹɜɥɹɬɶɫɹ ɢ ɜ ɛɨɥɟɟ ɷɤɡɨɬɢɱɟɫɤɢɯ ɫɢɬɭɚɰɢɹɯ, ɬɚɤɢɯ ɤɚɤ 
ɝɢɩɨɬɟɬɢɱɟɫɤɢɟ ɩɥɚɡɦɟɧɧɵɟ, ɞɢɫɫɨɰɢɚɬɢɜɧɵɟ ɢ ɞɪ. ɩɟɪɟɯɨɞɵ ɜ ɧɟɞɪɚɯ ɩɥɚɧɟɬ-ɝɢɝɚɧɬɨɜ, ɜ 
ɩɪɨɞɭɤɬɚɯ ɢɡɜɟɪɠɟɧɢɹ ɩɪɢ ɢɫɤɭɫɫɬɜɟɧɧɨɣ ɢ ɟɫɬɟɫɬɜɟɧɧɨɣ ɛɨɦɛɚɪɞɢɪɨɜɤɟ ɩɥɚɧɟɬ ɢ ɢɯ 
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ɫɩɭɬɧɢɤɨɜ, ɢ ɬɚɤ ɞɚɥɟɟ, ɜɩɥɨɬɶ ɞɨ ɩɟɪɟɯɨɞɨɜ ɜ ɫɜɟɪɯɩɥɨɬɧɨɣ ɹɞɟɪɧɨɣ ɦɚɬɟɪɢɢ ɜ ɧɟɞɪɚɯ 
ɤɨɦɩɚɤɬɧɵɯ ɡɜɟɡɞ ɢ ɜ ɩɪɨɞɭɤɬɚɯ ɫɨɭɞɚɪɟɧɢɣ ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɧɵɯ ɢɨɧɨɜ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 
ɫɭɩɟɪɤɨɥɥɚɣɞɟɪɚɯ. 
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ȼ ɞɨɤɥɚɞɟ ɨɫɜɟɳɟɧɵ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɫɨɜɪɟɦɟɧɧɵɟ ɬɟɧɞɟɧɰɢɢ ɩɭɛɥɢɤɚɰɢɢ ɛɚɡ 

ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ Д1Ж. 
1. Ɇɢɝɪɚɰɢɹ ɛɚɡ ɞɚɧɧɵɯ ɫ ɛɭɦɚɠɧɵɯ ɧɨɫɢɬɟɥɟɣ (ɫɩɪɚɜɨɱɧɢɤɢ, ɦɨɧɨɝɪɚɮɢɢ) ɜ 

ɷɥɟɤɬɪɨɧɧɭɸ ɮɨɪɦɭ. Эɬɭ ɬɟɧɞɟɧɰɢɸ ɭɠɟ ɧɟɥɶɡɹ ɧɚɡɵɜɚɬɶ ɫɨɜɪɟɦɟɧɧɨɣ – ɨɧɚ ɧɚɱɚɥɚɫɶ ɩɨɱɬɢ 
ɩɨɥɜɟɤɚ ɧɚɡɚɞ. ɇɨ ɞɨ ɫɢɯ ɩɨɪ ɧɟ ɩɪɟɤɪɚɳɚɟɬɫɹ. ȼɟɪɧɟɟ, ɧɟ ɫɚɦɚ ɬɟɧɞɟɧɰɢɹ, ɚ ɫɚɦ ɩɪɨɰɟɫɫ 
ɦɢɝɪɚɰɢɢ. Ȼɨɥɟɟ ɬɨɝɨ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɟɨɩɪɚɜɞɚɧɧɨ ɱɚɫɬɨ ɧɨɜɵɟ ɞɚɧɧɵɟ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɜɟɳɟɫɬɜ ɩɪɨɞɨɥɠɚɸɬ ɚɤɬɢɜɧɨ ɩɭɛɥɢɤɨɜɚɬɶɫɹ ɢ ɧɚ ɛɭɦɚɠɧɵɯ ɧɨɫɢɬɟɥɹɯ. Эɬɨ ɫɜɹɡɚɧɨ ɫ 
ɧɟɤɨɬɨɪɨɣ ɩɪɚɜɨɜɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶɸ ɫɬɚɬɭɫɚ «ɚɜɬɨɪ» ɩɪɢ ɩɭɛɥɢɤɚɰɢɹɯ ɜ ɷɥɟɤɬɪɨɧɧɨɣ 
ɮɨɪɦɟ ɢ ɧɟɤɨɬɨɪɨɣ ɸɪɢɞɢɱɟɫɤɨɣ ɩɪɢɧɢɠɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɚɧɢɣ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɛɭɦɚɠɧɵɦɢ ɚɧɚɥɨɝɚɦɢ. Ȼɭɦɚɠɧɵɟ ɩɭɛɥɢɤɚɰɢɢ ɫɨɜɫɟɦ ɧɚ ɧɟɬ ɧɟ ɫɨɣɞɭɬ, ɚ ɛɭɞɭɬ ɞɨɩɨɥɧɹɬɶ 
ɷɥɟɤɬɪɨɧɧɵɟ ɮɨɪɦɵ, ɨɫɨɛɟɧɧɨɫɬɢ ɤɨɬɨɪɵɯ ɨɛɪɢɫɨɜɚɧɵ ɧɢɠɟ.  

2. «ȿɫɥɢ ɜ ɧɚɱɚɥɟ ɩɶɟɫɵ ɧɚ ɫɬɟɧɟ ɜɢɫɢɬ ɪɭɠɶɟ, ɬɨ (ɤ ɤɨɧɰɭ ɩɶɟɫɵ) ɨɧɨ ɞɨɥɠɧɨ 
ɜɵɫɬɪɟɥɢɬɶ». Эɬɨ ɨɛɪɚɡɧɨɟ ɱɟɯɨɜɫɤɨɟ ɜɵɫɤɚɡɵɜɚɧɢɟ ɫ ɧɟɤɨɬɨɪɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɟɣ ɫɦɵɫɥɚ 
ɦɨɠɧɨ ɩɟɪɟɧɟɫɬɢ ɢ ɧɚ ɩɪɨɛɥɟɦɭ ɩɭɛɥɢɤɚɰɢɢ ɛɚɡ ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ ɜ ɷɩɨɯɭ 
ɂɧɬɟɪɧɟɬɚ. ȿɫɥɢ ɜ ɫɩɪɚɜɨɱɧɢɤɟ ɢɥɢ ɠɭɪɧɚɥɶɧɨɣ ɫɬɚɬɶɟ ɨɩɭɛɥɢɤɨɜɚɧɵ ɬɚɛɥɢɰɵ, ɝɪɚɮɢɤɢ ɢɥɢ 
ɮɨɪɦɭɥɵ, ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ ɤɨɬɨɪɵɦɢ ɦɨɠɧɨ ɜɟɫɬɢ ɪɚɫɱɟɬɵ, ɬɨ ɜ ɤɨɧɰɟ ɫɬɚɬɶɢ ɞɨɥɠɧɚ ɛɵɬɶ 
ɫɫɵɥɤɚ ɧɚ ɪɟɫɭɪɫɵ ɂɧɬɟɪɧɟɬɚ, ɝɞɟ ɷɬɢ ɪɚɫɱɟɬɵ ɦɨɠɧɨ ɜɟɫɬɢ ɪɚɫɱɟɬɵ ɜ ɢɧɬɟɪɚɤɬɢɜɧɨɦ 
ɪɟɠɢɦɟ. Ɍɚɤɢɟ ɪɚɫɱɟɬɵ ɞɨɥɠɧɵ ɛɵɬɶ «ɠɢɜɵɦɢ»: ɢɧɬɟɪɚɤɬɢɜɧɵɦɢ, ɨɬɤɪɵɬɵɦɢ ɢ 
ɫɟɬɟɜɵɦɢ. ȼ ɧɢɯ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ 
ɩɨɥɭɱɟɧɢɹ ɧɨɜɨɝɨ ɨɬɜɟɬɚ ɫ ɨɬɨɛɪɚɠɟɧɢɟɦ ɟɝɨ ɧɚ ɝɪɚɮɢɤɟ, ɨɛɪɢɫɨɜɵɜɚɸɳɟɦ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɢ ɞɚɠɟ ɚɧɢɦɚɰɢɟɣ (ɂɧɬɟɪɚɤɬиɜɧɨɫɬɶ). 
Ɋɟɡɭɥɶɬɚɬɵ ɜɫɟɯ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɪɚɫɱɟɬɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɫɬɭɩɧɵ (Ɉɬɤɪыɬɨɫɬɶ). ɂ ɜɫɟ ɷɬɨ 
ɞɨɥɠɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɜ ɂɧɬɟɪɧɟɬɟ ɛɟɡ ɭɫɬɚɧɨɜɤɢ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɤɚɤɢɯ-ɥɢɛɨ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ (ɋɟɬɶ). Ɍɢɩɢɱɧɵɦ ɩɪɢɦɟɪɨɦ ɬɚɤɨɝɨ «ɨɠɢɜɥɟɧɢɹ» ɛɚɡ ɞɚɧɧɵɯ ɩɨ 
ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ ɹɜɥɹɟɬɫɹ ɩɭɛɥɢɤɚɰɢɹ ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɨɞɵ ɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɧɚ ɫɚɣɬɟ 
Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɚɫɫɨɰɢɚɰɢɢ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɨɞɵ ɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ Д2Ж. ɇɚ ɫɚɣɬɟ ɷɬɨɣ 
ɨɪɝɚɧɢɡɚɰɢɢ ɧɚɪɹɞɭ ɫ ɬɪɚɞɢɰɢɨɧɧɨɣ ɮɨɪɦɨɣ ɩɭɛɥɢɤɚɰɢɢ ɫɩɪɚɜɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
(ɮɨɪɦɭɥɹɰɢɢ ɢ ɪɭɤɨɜɨɞɫɬɜɚ ɜ «ɦɟɪɬɜɨɦ» pdf-ɮɨɪɦɚɬɟ) ɫ ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɩɨ ɢɧɢɰɢɚɬɢɜɟ 
Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɤɨɦɢɬɟɬɚ ɫɬɚɥɢ ɩɨɦɟɳɚɬɶɫɹ «ɠɢɜɵɟ» ɪɚɫɱɟɬɵ ɩɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ, ɬɪɚɧɫɩɨɪɬɧɵɦ ɢ ɩɪɨɱɢɦ ɫɜɨɣɫɬɜɚɦ ɷɬɨɣ ɧɚɢɜɚɠɧɟɣɲɟɣ ɫɭɛɫɬɚɧɰɢɢ. 
Ɍɚɤɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɭɛɥɢɤɚɰɢɢ ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ ɩɨɡɜɨɥɹɟɬ (ɚ) ɜɵɹɜɢɬɶ ɢ 
ɢɫɤɥɸɱɢɬɶ ɨɩɟɱɚɬɤɢ ɜ ɮɨɪɦɭɥɚɯ, (ɛ) ɨɛɥɟɝɱɢɬɶ ɢ ɭɫɤɨɪɢɬɶ ɩɪɨɰɟɫɫ ɫɨɡɞɚɧɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɢ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ, ɩɨ ɤɨɬɨɪɵɦ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɜɨɞɵ ɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚ (ɚ 
ɢɦɟɧɧɨ ɞɥɹ ɷɬɨɝɨ ɮɨɪɦɭɥɹɰɢɢ ɢ ɩɭɛɥɢɤɭɸɬɫɹ) ɢ (ɜ) ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɂɧɬɟɪɧɟɬ-ɪɟɫɭɪɫ 
ɤɚɤ ɚɜɬɨɪɢɬɟɬɧɵɣ ɢɧɬɟɪɚɤɬɢɜɧɵɣ ɫɩɪɚɜɨɱɧɢɤ. 

3. ɂɧɬɟɪɧɟɬ-ɬɟɯɧɨɥɨɝɢɢ ɠɢɜɵɯ ɪɚɫɱɟɬɨɜ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɩɨɥɧɟɧɵ 
ɫɫɵɥɤɚɦɢ ɧɚ «ɨɛɥɚɱɧɵɟ» ɮɭɧɤɰɢɢ, ɩɨɡɜɨɥɹɸɳɢɦɢ ɞɟɥɚɬɶ ɜɢɞɢɦɵɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
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ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ ɜ ɩɪɨɝɪɚɦɦɧɵɯ ɨɛɨɥɨɱɤɚɯ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɚɩɩɚɪɚɬɨɜ, ɩɪɨɰɟɫɫɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɝɞɟ 
ɞɚɧɧɵɟ ɜɟɳɟɫɬɜɚ ɢɫɩɨɥɶɡɭɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢɥɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ. Эɬɨɣ 
ɬɟɧɞɟɧɰɢɢ ɛɭɞɟɬ ɩɨɫɜɹɳɟɧ ɨɬɞɟɥɶɧɵɣ ɞɨɤɥɚɞ ɧɚ ɷɬɨɣ ɤɨɧɮɟɪɟɧɰɢɢ: «ɈɇɅȺɃɇ ɊȺɋɑȿɌЫ, 
ɈȻɅȺɑɇЫȿ ɎɍɇɄɐɂɂ ɂ ШȺȻɅɈɇЫ ɉɈ ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɂɆ ɋȼɈɃɋɌȼȺɆ 
ȼȿɓȿɋɌȼ». 

4. Ɍɪɟɛɨɜɚɧɢɹ IT-ɛɟɡɨɩɚɫɧɨɫɬɢ ɦɨɝɭɬ ɜɫɬɭɩɚɬɶ ɜ ɩɪɨɬɢɜɨɪɟɱɢɟ ɫ ɩɪɟɞɵɞɭɳɟɣ 
ɬɟɧɞɟɧɰɢɟɣ. Ɇɧɨɝɢɟ ɨɪɝɚɧɢɡɚɰɢɢ ɨɝɪɚɧɢɱɢɜɚɸɬ ɢɥɢ ɞɚɠɟ ɫɨɜɫɟɦ ɛɥɨɤɢɪɭɸɬ ɜɵɯɨɞ ɜ 
ɂɧɬɟɪɧɟɬ ɫ ɤɨɦɩɶɸɬɟɪɨɜ ɫɜɨɢɯ ɫɨɬɪɭɞɧɢɤɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɨɩɭɫɤ ɤ ɫɨɜɪɟɦɟɧɧɵɦ 
ɢɧɬɟɪɚɤɬɢɜɧɵɦ, ɨɬɤɪɵɬɵɦ ɢ ɫɟɬɟɜɵɦ ɛɚɡɚɦ ɞɚɧɧɵɯ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɱɟɪɟɡ ɧɟɤɢɟ 
ɲɥɸɡɵ, ɱɟɪɟɡ ɫɤɚɱɢɜɚɧɢɟ ɢɡ ɂɧɬɟɪɧɟɬɚ ɩɪɨɝɪɚɦɦ-ɮɭɧɤɰɢɣ, ɩɪɨɝɪɚɦɦ-ɩɪɨɰɟɞɭɪ ɢ ɨɬɞɟɥɶɧɵɯ 
ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɭɥɟɣ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ, ɩɪɨɜɟɪɤɭ ɢɯ ɧɚ ɨɬɫɭɬɫɬɜɢɟ ɜɢɪɭɫɨɜ ɢ ɬɪɨɹɧɨɜ ɢ 
ɪɚɡɦɟɳɟɧɢɟ ɢɯ ɜ ɂɧɬɟɪɧɟɬɟ (ɧɚ ɫɟɪɜɟɪɟ ɨɪɝɚɧɢɡɚɰɢɢ) ɜ ɜɢɞɟ ɲɚɛɥɨɧɨɜ. Ɋɚɛɨɬɚ ɩɨ ɫɨɡɞɚɧɢɸ 
ɬɚɤɢɯ ɲɚɛɥɨɧɨɜ ɩɟɪɟɦɟɳɚɟɬɫɹ ɨɬ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɛɚɡ ɞɚɧɧɵɯ ɤ ɢɯ ɪɚɡɪɚɛɨɬɱɢɤɚɦ. 

5. Ɋɚɡɜɢɬɢɟ ɩɪɢɤɥɚɞɧɵɯ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɪɟɞɫɬɜ ɪɟɲɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɨɬɤɚɡɵɜɚɬɶɫɹ ɨɬ ɝɪɨɦɨɡɞɤɢɯ ɮɨɪɦɭɥɹɰɢɣ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɢ ɩɟɪɟɯɨɞɢɬɶ ɤ ɢɧɬɟɪɩɨɥɹɰɢɢ ɬɚɛɥɢɱɧɵɯ (ɫɤɟɥɟɬɧɵɯ ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ) ɢɥɢ 
ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɨɬɨɪɜɚɧɧɵɦ ɨɬ ɮɨɪɦɭɥ ɢɥɢ ɬɚɛɥɢɰ. Эɬɢ ɠɟ ɫɪɟɞɫɬɜɚ (ɱɢɫɥɟɧɧɵɟ 
ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱ) ɩɨɡɜɨɥɹɸɬ ɥɟɝɤɨ ɢ ɛɵɫɬɪɨ ɫɨɡɞɚɜɚɬɶ ɨɛɪɚɬɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ ɛɟɡ ɝɪɨɦɨɡɞɤɢɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɚ ɬɚɤɠɟ 
ɨɛɥɟɝɱɟɧɧɵɟ ɮɨɪɦɭɥɹɰɢɢ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɨɝɪɚɧɢɱɟɧɧɵɯ ɨɛɥɚɫɬɟɣ ɩɚɪɚɦɟɬɪɨɜ ɜɟɳɟɫɬɜ, 
ɝɪɚɧɢɰɵ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɟɦɢ ɢɥɢ ɢɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ, 
ɢɫɩɨɥɶɡɭɸɳɢɦɢ ɞɚɧɧɵɟ ɜɟɳɟɫɬɜɚ. 

6. ɉɪɢ ɢɧɬɟɪɧɟɬɨɜɫɤɨɣ ɩɭɛɥɢɤɚɰɢɢ ɛɚɡ ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ ɧɚɱɢɧɚɸɬ ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɪɟɞɫɬɜɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɞɥɹ ɤɨɥɥɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɧɚɞ ɛɚɡɚɦɢ ɞɚɧɧɵɯ ɢ ɢɯ 
ɫɟɪɬɢɮɢɤɚɰɢɢ. ȼ ɪɚɦɤɚɯ, ɧɚɩɪɢɦɟɪ, ɷɥɟɤɬɪɨɧɧɨɝɨ ɢɡɞɚɬɟɥɶɫɬɜɚ Elsevier (www.elsevier.com) 
ɫɨɡɞɚɟɬɫɹ ɩɪɨɟɤɬ Equations Library ɞɥɹ ɤɨɥɥɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɂɧɬɟɪɧɟɬ-ɫɨɨɛɳɟɫɬɜɚ ɩɨ 
ɫɨɡɞɚɧɢɸ ɢ ɫɟɪɬɢɮɢɤɚɰɢɢ ɪɚɫɱɟɬɧɵɯ ɦɟɬɨɞɢɤ ɢ ɮɭɧɤɰɢɣ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ, 
ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɷɬɢ ɪɚɫɱɟɬɵ Д3Ж. ɉɨɫɟɬɢɬɟɥɶ ɫɚɣɬɚ ɦɨɠɟɬ ɨɫɬɚɜɢɬɶ ɧɚ ɧɟɦ ɧɚɛɨɪ ɮɨɪɦɭɥ ɫ 
ɨɩɢɫɚɧɢɹɦɢ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɠɢɜɨɝɨ ɩɟɪɟɫɱɟɬɚ. Ⱦɚɧɧɚɹ ɮɨɪɦɭɥɹɰɢɹ ɛɭɞɟɬ ɩɪɨɬɟɫɬɢɪɨɜɚɧɚ ɢ 
ɜ ɫɥɭɱɚɟ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɩɟɪɟɧɟɫɟɧɚ ɜ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɭɸ ɱɚɫɬɶ ɩɪɨɟɤɬɚ. 

7. ɇɟɩɪɟɪɵɜɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɫɚɣɬɨɜ ɂɧɬɟɪɧɟɬɚ, ɯɪɚɧɹɳɢɯ ɞɚɧɧɵɟ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɜɟɳɟɫɬɜ, ɬɪɟɛɭɟɬ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɪɟɞɫɬɜ ɩɨɢɫɤɚ ɢ ɤɚɬɚɥɨɝɢɡɚɰɢɢ ɜɨ ȼɫɟɦɢɪɧɨɣ ɩɚɭɬɢɧɟ, 
ɨɫɧɨɜɚɧɧɵɯ ɧɟ ɬɨɥɶɤɨ ɧɚ ɤɥɸɱɟɜɵɯ ɫɥɨɜɚɯ, ɧɨ ɢ ɧɚ ɧɟɤɢɯ ɤɚɬɟɝɨɪɢɹɯ ɩɨɢɫɤɚ ɩɨ ɜɟɳɟɫɬɜɭ, 
ɝɪɭɩɩɟ ɜɟɳɟɫɬɜ, ɤɨɧɤɪɟɬɧɨɦɭ ɫɜɨɣɫɬɜɭ, ɦɟɬɨɞɭ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 
ɭɫɬɚɧɨɜɤɚɦ, ɢɫɩɨɥɶɡɭɸɳɢɦ ɬɟ ɢɥɢ ɢɧɵɟ ɜɟɳɟɫɬɜɚ ɢ ɬ.ɞ. Эɬɨɣ ɬɟɧɞɟɧɰɢɢ ɪɚɛɨɬɵ ɫ ɛɚɡɚɦɢ 
ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ ɩɨɫɜɹɳɟɧ ɨɬɞɟɥɶɧɵɣ ɞɨɤɥɚɞ ɧɚ ɞɚɧɧɨɣ ɤɨɧɮɟɪɟɧɰɢɢ 
«ɂɇɌȿȽɊȺɐɂə ɌȿɉɅɈɎɂɁɂɑȿɋɄɂɏ ȾȺɇɇЫɏ ɆȿɌɈȾȺɆɂ SEMANTIC АEB». 
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Ɍɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɥɚɡɦɵ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɚɡɨɜ 
ɫɨɞɟɪɠɚɬ ɢɧɮɨɪɦɚɰɢɸ, ɬɪɟɛɭɸɳɭɸɫɹ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɝɢɞɪɨɞɢɧɚɦɢɤɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ – ɞɜɢɝɚɬɟɥɟɣ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ, 
ɝɟɧɟɪɢɪɭɸɳɢɯ ɢ ɩɨɬɪɟɛɥɹɸɳɢɯ ɷɧɟɪɝɢɸ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋɪɟɞɚ ɦɨɠɟɬ 
ɧɚɯɨɞɢɬɶɫɹ ɜ ɪɚɜɧɨɜɟɫɧɨɦ ɢɥɢ ɧɟɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɪɨɰɟɫɫɵ ɩɟɪɟɧɨɫɚ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ 
ɨɩɪɟɞɟɥɹɸɬ ɩɟɪɟɧɨɫ ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ, ɷɧɟɪɝɢɢ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɥɢ ɯɢɦɢɱɟɫɤɢɯ 
ɷɥɟɦɟɧɬɨɜ. ɇɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɩɪɨɰɟɫɫɵ ɩɟɪɟɧɨɫɚ ɢɥɢ ɬɪɚɧɫɩɨɪɬɧɵɟ ɩɪɨɰɟɫɫɵ 
ɜ ɫɪɟɞɚɯ ɛɥɢɡɤɢɯ ɤ ɫɨɫɬɨɹɧɢɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. ȼ ɩɨɥɧɨɫɬɶɸ ɪɚɜɧɨɜɟɫɧɨɦ 
ɫɥɭɱɚɟ ɩɚɪɚɦɟɬɪɵ ɫɪɟɞɵ, ɬɚɤɢɟ, ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɩɥɨɬɧɨɫɬɶ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɡɧɚɱɟɧɢɹɦɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɪɦɨɫɬɚɬɚ. ɉɪɢ ɫɥɚɛɨɦ ɨɬɤɥɨɧɟɧɢɢ ɨɬ 
ɪɚɜɧɨɜɟɫɢɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɫɤɨɪɨɫɬɹɦ ɹɜɥɹɟɬɫɹ ɥɨɤɚɥɶɧɨ ɪɚɜɧɨɜɟɫɧɨɣ – 
ɦɚɤɫɜɟɥɥɨɜɫɤɨɣ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ ɥɨɤɚɥɶɧɵɦɢ, ɬ.ɟ. ɬɚɤɢɦɢ, 
ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹɦɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ, ɚ ɫɚɦɢ 
ɩɚɪɚɦɟɬɪɵ ɢɡɦɟɧɹɸɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɜɨ ɜɪɟɦɟɧɢ. ɇɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɜɵɡɵɜɚɸɬ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ (ɝɪɚɞɢɟɧɬɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ) ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɩɨɬɨɤɢ. ɋɭɳɟɫɬɜɭɸɬ ɞɜɚ ɩɨɞɯɨɞɚ, ɜ ɩɟɪɜɨɦ ɢɡ ɤɨɬɨɪɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɩɨɬɨɤɢ 
ɜɵɡɵɜɚɸɬɫɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɢɥɚɦɢ (ɬɪɚɞɢɰɢɨɧɧɵɣ ɩɨɞɯɨɞ ɑɟɩɦɟɧɚ-Эɧɫɤɨɝɚ) ɢ 
ɜɬɨɪɨɣ (ɋɬɟɮɚɧɚ-Ȼɨɥɶɰɦɚɧɚ), ɜ ɤɨɬɨɪɨɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ ɜɵɡɵɜɚɸɬɫɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɨɬɨɤɚɦɢ. ȼ ɩɪɢɥɨɠɟɧɢɹɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɛɚ ɩɨɞɯɨɞɚ, ɧɨ ɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɩɟɪɜɵɣ. ɇɭɥɟɜɵɦ ɡɧɚɱɟɧɢɹɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɭɥɟɜɵɟ 
ɡɧɚɱɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ, ɩɪɢ ɦɚɥɵɯ ɨɬɤɥɨɧɟɧɢɹɯ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɬɨɤɨɜ ɨɬ ɫɢɥ ɦɨɝɭɬ 
ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɥɢɧɟɣɧɵɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ. Ʌɢɧɟɣɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɢɥɚɦɢ ɢ ɩɨɬɨɤɚɦɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɪɟɞɦɟɬ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 
ɧɟɨɛɪɚɬɢɦɵɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɭɫɥɨɜɢɹ ɩɪɢɦɟɧɢɦɨɫɬɢ ɫɨɜɩɚɞɚɸɬ ɫ ɭɫɥɨɜɢɹɦɢ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ, ɬ.ɟ. ɦɚɥɨɫɬɢ ɞɥɢɧ ɫɜɨɛɨɞɧɵɯ ɩɪɨɛɟɝɨɜ ɱɚɫɬɢɰ ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫ ɪɚɡɦɟɪɚɦɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɫɩɥɨɲɧɨɣ ɫɪɟɞɵ. ȼ ɩɥɚɡɦɟ ɭɫɥɨɜɢɹ ɩɪɢɦɟɧɢɦɨɫɬɢ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɦɨɝɭɬ ɧɚɪɭɲɚɬɶɫɹ ɩɨ ɪɚɡɧɵɦ ɩɪɢɱɢɧɚɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɧɟɤɥɚɫɫɢɱɟɫɤɨɦɭ ɨɩɢɫɚɧɢɸ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɩɥɚɡɦɵ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɩɥɚɡɦɵ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɸɬɫɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɨɩɢɫɚɧɢɟɦ, 
ɩɨɷɬɨɦɭ ɟɫɥɢ ɩɨ ɤɚɤɢɦ-ɬɨ ɩɪɢɱɢɧɚɦ ɢɡɦɟɧɹɟɬɫɹ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɩɪɢɛɥɢɠɟɧɢɟ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɡɦɟɧɹɸɬɫɹ ɢ ɩɨɧɹɬɢɹ, ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɧɚɛɨɪɵ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɫɪɟɞɵ. 
ɉɨɞ ɬɪɚɧɫɩɨɪɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɩɨɧɢɦɚɸɬɫɹ ɹɜɥɟɧɢɹ ɩɟɪɟɧɨɫɚ ɜɟɳɟɫɬɜɚ, ɢɦɩɭɥɶɫɚ, ɷɧɟɪɝɢɢ, 
ɤɨɦɩɨɧɟɧɬɨɜ, ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɨɬɞɟɥɶɧɵɯ ɮɚɡ ɢ ɜ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɟ ɩɨɥɶɡɨɜɚɬɟɥɶ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɱɚɫɬɨ ɧɟ ɢɧɬɟɪɟɫɭɟɬɫɹ ɦɟɯɚɧɢɡɦɚɦɢ ɬɪɚɧɫɩɨɪɬɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɟɫɥɢ 
ɫɭɳɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɦɟɯɚɧɢɡɦɨɜ ɬɪɚɧɫɩɨɪɬɚ, ɢ ɨɞɢɧ ɢɡ ɧɢɯ ɞɨɦɢɧɢɪɭɟɬ, ɟɫɬɟɫɬɜɟɧɧɨ, 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɷɬɨɬ ɦɟɯɚɧɢɡɦ. ɉɨɷɬɨɦɭ ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɫɪɟɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɪɟɠɟɧɧɵɣ 
ɝɚɡ ɢɥɢ ɬɭɪɛɭɥɟɧɬɧɨɟ ɞɜɢɠɟɧɢɟ, ɞɨɥɠɧɵ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ 
ɫɪɟɞ, ɤɨɬɨɪɵɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɹɜɥɹɸɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦɢ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɜ ɧɚɫɬɨɹɳɢɣ ɨɛɡɨɪ 
ɜɤɥɸɱɟɧɵ ɪɚɡɞɟɥɵ ɩɨ ɬɪɚɧɫɩɨɪɬɭ ɜ ɪɚɡɪɟɠɟɧɧɵɯ ɫɪɟɞɚɯ, ɬɭɪɛɭɥɟɧɬɧɨɦ ɞɜɢɠɟɧɢɢ ɢ ɜ 
ɨɝɪɚɧɢɱɟɧɧɵɯ ɫɪɟɞɚɯ, ɤɨɝɞɚ ɤɨɧɟɱɧɵɟ ɪɚɡɦɟɪɵ ɢɡɭɱɚɟɦɵɯ ɨɛɴɟɤɬɨɜ ɩɪɢɜɨɞɹɬ ɤ ɪɚɡɦɟɪɧɵɦ 
ɷɮɮɟɤɬɚɦ ɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɹɜɥɟɧɢɹɯ. 
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ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ - ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ ɫɨɫɬɨɹɧɢɟ ɜɟɳɟɫɬɜɚ, - ɹɜɥɹɟɬɫɹ ɟɝɨ ɨɫɧɨɜɧɨɣ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ, ɞɚɸɳɟɣ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɨɛɳɟɝɨ ɮɨɪɦɚɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢ ɞɢɧɚɦɢɤɢ ɫɩɥɨɲɧɵɯ ɫɪɟɞ (ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ) ɤ ɮɢɡɢɱɟɫɤɢɦ 
ɨɛɴɟɤɬɚɦ ɢ ɩɪɨɰɟɫɫɚɦ ɱɪɟɡɜɵɱɚɣɧɨ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɩɪɢɪɨɞɵ - ɨɬ ɬɟɩɥɨɜɵɯ ɦɚɲɢɧ ɢ 
ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɞɨ ɭɥɶɬɪɚɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ Ȼɨɥɶɲɨɝɨ ɜɡɪɵɜɚ ɢ 
ɪɟɥɹɬɢɜɢɫɬɫɤɢɯ ɚɞɪɨɧɧɵɯ ɫɬɨɥɤɧɨɜɟɧɢɣ. 

Ɂɚɤɨɧɵ ɫɨɯɪɚɧɟɧɢɹ ɹɜɥɹɸɬɫɹ ɨɬɪɚɠɟɧɢɟɦ ɧɚɢɛɨɥɟɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɫɜɨɣɫɬɜ ɫɢɦɦɟɬɪɢɢ 
ɩɪɨɫɬɪɚɧɫɬɜɚ-ɜɪɟɦɟɧɢ (ɬɟɨɪɟɦɚ ɇёɬɟɪ); ɡɚɤɨɧɵ ɫɨɯɪɚɧɟɧɢɹ (ɦɚɫɫɵ, ɢɦɩɭɥɶɫɚ ɢ ɷɧɟɪɝɢɢ) ɜ 
ɦɚɤɫɢɦɚɥɶɧɨ ɨɛɳɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɜɢɞɟ ɨɬɪɚɠɚɸɬ ɜɫɸ ɫɨɜɨɤɭɩɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɜ 
ɨɤɪɭɠɚɸɳɟɣ ɧɚɫ ɩɪɢɪɨɞɟ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ (ɍɊɋ) ɜɜɨɞɢɬ ɜ ɷɬɨɬ ɨɛɳɢɣ 
ɮɨɪɦɚɥɢɡɦ ɢ ɤɨɧɤɪɟɬɧɭɸ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɫɩɟɰɢɮɢɤɭ ɢɦɟɧɧɨ ɞɚɧɧɨɝɨ (ɤɨɧɤɪɟɬɧɨɝɨ) 
ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ - ɝɚɡɚ, ɠɢɞɤɨɫɬɢ, ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɥɢ ɤɜɚɪɤ-ɝɥɸɨɧɧɨɣ 
ɩɥɚɡɦɵ, ɢɡɥɭɱɟɧɢɹ ɹɞɟɪɧɨɣ ɦɚɬɟɪɢɢ - ɬɨ ɟɫɬɶ ɜɫɟɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ ɩɪɨɰɟɫɫɨɜ ɢ ɹɜɥɟɧɢɣ 
ɨɤɪɭɠɚɸɳɟɣ ɧɚɫ ɩɪɢɪɨɞɵ. ɉɨɷɬɨɦɭ ɢɧɬɟɪɟɫ ɤ ɍɊɋ ɜɟɳɟɫɬɜɚ ɜɫɟɝɞɚ ɛɵɥ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤ 
ɧɟ ɬɨɥɶɤɨ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɪɚɝɦɚɬɢɱɟɫɤɢɯ (ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ) 
ɩɪɢɥɨɠɟɧɢɣ, ɧɨ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɧɢɦɚɧɢɹ ɢ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɢ ɹɜɥɟɧɢɣ ɩɪɢ 
ɷɤɫɬɪɟɦɚɥɶɧɨ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɧɟɪɝɢɢ - ɫɬɚɞɢɹɯ ɛɨɥɶɲɨɝɨ ɜɡɪɵɜɚ, ɚ ɬɚɤɠɟ ɜ 
ɚɫɬɪɨɮɢɡɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ (ɧɟɣɬɪɨɧɧɵɯ ɡɜɟɡɞɚɯ, ɱɟɪɧɵɯ ɞɵɪɚɯ) ɧɚ ɤɨɧɟɱɧɵɯ ɫɬɚɞɢɹɯ ɢɯ 
ɷɜɨɥɸɰɢɢ, ɤɨɝɞɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ ɫɠɚɬɢɹ ɢ ɬɟɪɦɨɹɞɟɪɧɨɝɨ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɹ 
ɪɟɚɥɢɡɭɸɬɫɹ ɭɥɶɬɪɚɜɵɫɨɤɢɟ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɹɞɟɪɧɨɝɨ ɜɟɳɟɫɬɜɚ. 

ɉɟɪɟɞɧɢɦ ɤɪɚɟɦ ɧɚɭɤɢ ɜ ɍɊɋ ɜɫɟɝɞɚ ɛɵɥɢ ɨɩɢɫɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ 
ɭɫɥɨɜɢɹɯ, ɬɚɤ ɤɚɤ ɢɦɟɧɧɨ ɫ ɩɪɨɞɜɢɠɟɧɢɟɦ ɜɜɟɪɯ ɩɨ ɲɤɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ ɪɚɛɨɱɢɯ 
ɬɟɥ ɫɜɹɡɚɧɨ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɩɥɨɜɵɯ ɦɚɲɢɧ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɟɫɹ НТЯU, ɝɞɟ U - 
ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ ɷɧɟɪɝɢɢ ɍɦɨɜɚ-ɉɨɣɬɢɧɝɚ. ɉɨɷɬɨɦɭ ɍɊɋ ɪɚɛɨɱɢɯ ɬɟɥ ɬɟɩɥɨɜɵɯ ɦɚɲɢɧ 
ɹɜɥɹɟɬɫɹ ɧɚɭɱɧɨɣ ɨɫɧɨɜɨɣ ɬɟɩɥɨɮɢɡɢɤɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɢɞɟɣɧɨɣ ɨɫɧɨɜɨɣ ɫɨɜɪɟɦɟɧɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ. Ɉɛɴɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɤɨɥɢɱɟɫɬɜɨ ɩɭɛɥɢɤɚɰɢɢ ɡɞɟɫɶ ɨɝɪɨɦɧɨ, ɜ ɢɧɬɟɪɧɟɬɟ 
ɦɨɠɧɨ ɧɚɣɬɢ ɞɟɫɹɬɤɢ ɬɵɫɹɱ ɫɫɵɥɨɤ ɧɚ ɫɬɚɬɶɢ, ɦɨɧɨɝɪɚɮɢɢ, ɛɚɡɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ 
ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɢ ɬɵɫɹɱɚɦ ɫɨɟɞɢɧɟɧɢɣ, 
ɨɫɨɛɟɧɧɨ ɜ ɨɛɥɚɫɬɢ ɷɤɫɬɪɟɦɚɥɶɧɨ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ. 

ɉɨɪɚɡɢɬɟɥɶɧɵɟ ɭɫɩɟɯɢ ɫɨɜɪɟɦɟɧɧɨɣ ɚɫɬɪɨɧɨɦɢɢ ɩɪɢɜɟɥɢ ɤ ɝɪɨɦɚɞɧɨɦɭ ɤɨɥɢɱɟɫɬɜɭ 
ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɨɣ ɢ ɝɥɚɜɧɨɟ ɧɚɞɟɠɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɩɨɥɭɱɟɧɧɨɣ ɧɚɡɟɦɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ 
ɧɚɛɥɸɞɟɧɢɹ ɢ ɤɨɫɦɢɱɟɫɤɢɦɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɫɬɚɧɰɢɹɦɢ. Эɬɨ ɤɚɱɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɥɨ ɧɚɲɢ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɫɬɪɭɤɬɭɪɟ ɢ ɷɜɨɥɸɰɢɢ ɲɢɪɨɤɨɝɨ ɤɥɚɫɫɚ ɚɫɬɪɨɮɢɡɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ, ɬɢɩɚ 
ɧɟɣɬɪɨɧɧɵɯ, ɫɬɪɚɧɧɵɯ (ɤɜɚɪɤ-ɝɥɸɨɧɧɵɯ) ɡɜɟɡɞ, ɱɟɪɧɵɯ ɞɵɪ, ɝɞɟ ɪɟɥɹɬɢɜɢɫɬɫɤɚɹ 
ɷɥɟɬɪɨɦɚɝɧɢɬɧɚɹ ɢ ɤɜɚɪɤ-ɝɥɸɨɧɧɚɹ ɩɥɚɡɦɚ ɜɟɳɟɫɬɜɚ ɫɠɚɬɚ ɞɨ ɭɥɶɬɪɚɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɣ 
ɝɪɚɜɢɬɚɰɢɨɧɧɵɦɢ ɫɢɥɚɦɢ ɢ ɪɚɡɨɝɪɟɬɚ ɬɟɪɦɨɹɞɟɪɧɵɦ ɷɧɟɪɝɨɜɵɞɟɥɟɧɢɟɦ ɞɨ ɬɟɦɩɟɪɚɬɭɪ ɜ 
ɫɨɬɟɧ ɦɢɥɥɢɚɪɞɨɜ ɝɪɚɞɭɫɨɜ. 

Ɉɩɢɫɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɞɢɧɚɦɢɤɢ ɢ ɷɜɨɥɸɰɢɢ ɷɬɢɯ ɚɫɬɪɨɮɢɡɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ ɢ ȼɫɟɥɟɧɧɨɣ 
ɜ ɰɟɥɨɦ ɬɪɟɛɭɟɬ ɩɨɫɬɪɨɟɧɢɹ ɧɨɜɵɯ ɜɟɫɶɦɚ ɢɡɨɳɪɟɧɧɵɯ ɍɊɋ ɭɥɶɬɪɚ ɷɤɫɬɪɟɦɚɥɶɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ – ɚɫɬɪɨɮɢɡɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɹɜɥɹɸɬɫɹ ɛɟɫɩɥɚɬɧɵɦ 
«ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ» ɢɫɬɨɱɧɢɤɨɦ ɮɢɡɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɟɣ ɍɊɋ ɜ 
ɭɫɥɨɜɢɹɯ ɞɚɥɟɤɨ ɜɵɯɨɞɹɳɢɯ ɡɚ ɩɪɟɞɟɥɵ ɜɨɡɦɨɠɧɨɫɬɟɣ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɉɨ 
ɨɛɪɚɡɧɨɦɭ ɜɵɪɚɠɟɧɢɸ ɚɤɚɞɟɦɢɤɚ ə. Ȼ. Ɂɟɥɶɞɨɜɢɱɚ «ɤɨɫɦɨɫ - ɷɬɨ ɥɚɛɨɪɚɬɨɪɢɹ ɞɥɹ ɛɟɞɧɵɯ». 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

19 
 

ȼɟɞɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɥɭɱɟɧɢɟ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɥɢ ɤɜɚɡɢɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ 
ɷɤɫɬɪɟɦɚɥɶɧɵɯ «ɤɨɫɦɢɱɟɫɤɢɯ» ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɪɟɛɨɜɚɥɨ ɛɵ ɫɨɜɟɪɲɟɧɧɨ ɧɟɪɟɚɥɶɧɵɯ 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɭɫɢɥɢɣ. 

Ɉɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɪɚɡɪɚɛɨɬɤɚ ɦɨɞɟɥɟɣ ɍɊɋ ɪɚɧɧɟɣ ȼɫɟɥɟɧɧɨɣ ɩɨɫɥɟ Ȼɨɥɶɲɨɝɨ 
ɜɡɪɵɜɚ, ɝɞɟ ɞɥɹ ɨɩɢɫɚɧɢɹ ɧɚɱɚɥɶɧɵɯ ɫɬɚɞɢɣ ɪɟɚɥɢɡɭɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɫɬɪɟɦɚɥɶɧɵɟ - 
«ɩɥɚɧɤɨɜɫɤɢɟ» ɭɫɥɨɜɢɹ. 

ɉɨɹɜɥɟɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɦɨɳɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɥɨɤɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɧɟɪɝɢɢ (ɥɚɡɟɪɵ, 
ɷɥɟɤɬɪɨɧɧɵɟ, ɢɨɧɧɵɟ ɩɨɬɨɤɢ, ɭɞɚɪɧɵɟ ɢ ɫɜɟɪɯɢɧɬɟɧɫɢɜɧɵɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɜɨɥɧɵ ɢ ɬ. ɩ.) 
ɫɞɟɥɚɥɨ ɨɛɴɟɤɬɨɦ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ ɫ ɧɟɞɨɫɬɭɩɧɵɦɢ ɪɚɧɟɟ 
ɷɤɫɬɪɟɦɚɥɶɧɨ ɜɵɫɨɤɢɦɢ ɞɚɜɥɟɧɢɹɦɢ ɢ ɬɟɦɩɟɪɚɬɭɪɚɦɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɧɨɜɵɦ ɨɛɥɚɫɬɹɦ 
ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ. Эɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɢɥɨ ɤɪɭɝ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɢɧɬɟɪɟɫɭɸɳɢɯɫɹ 
ɮɢɡɢɤɨɣ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɧɟɪɝɢɢ. 
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ȼ ɧɚɫɬɨɹɳɟɦ ɨɛɡɨɪɧɨɦ ɞɨɤɥɚɞɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɦɧɨɝɢɟ ɫɥɟɞɫɬɜɢɹ ɡɧɚɦɟɧɢɬɨɝɨ ɭɪɚɜɧɟɧɢɹ 

ȼɚɧ ɞɟɪ ȼɚɚɥɶɫɚ, ɡɚɩɢɫɚɧɧɵɟ ɜ ɩɟɪɟɦɟɧɧɵɯ ɩɪɢɜɟɞɟɧɧɵɦ ɤ ɛɨɣɥɟɜɫɤɢɦ ɡɧɚɱɟɧɢɹɦ ɞɥɹ 
ɩɥɨɬɧɨɫɬɢ 1/B b  ɢ ɬɟɦɩɟɪɚɬɭɪɵ /BT a b (ɝɞɟ a ɢ b - ɩɨɫɬɨɹɧɧɵɟ ȼɚɧ ɞɟɪ ȼɚɚɥɶɫɚ), 
ɫɩɪɚɜɟɞɥɢɜɵ ɞɥɹ ɪɹɞɚ ɪɟɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɢ ɦɨɞɟɥɶɧɵɯ ɫɢɫɬɟɦ, ɨɩɢɫɵɜɚɟɦɵɯ ɫɨɜɟɪɲɟɧɧɨ 
ɞɪɭɝɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɫɨɫɬɨɹɧɢɣ. Эɬɢ ɫɥɟɞɫɬɜɢɹ ɨɛɪɚɡɭɸɬ ɤɥɚɫɫ ɫɨɨɬɧɨɲɟɧɢɣ ɩɨɞɨɛɢɹ, 
ɤɨɬɨɪɵɣ ɝɨɪɚɡɞɨ ɲɢɪɟ ɱɟɦ, ɧɚɩɪɢɦɟɪ, ɝɪɭɩɩɚ ɜɟɳɟɫɬɜ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɡɚɤɨɧɭ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ. ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɥɢɧɢɢ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɮɚɡ ɠɢɞɤɨɫɬɶ-ɩɚɪ 
ɪɹɞɚ ɜɟɳɟɫɬɜ ɢ ɞɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ ɜɞɨɥɶ ɷɬɢɯ ɥɢɧɢɣ, ɨɩɢɫɚɧɧɵɟ ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɤ 
ɤɪɢɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɹɦ ɤɨɨɪɞɢɧɚɬɚɯ, ɫɬɚɧɨɜɹɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɢɞɟɧɬɢɱɧɵɦɢ. ɉɨɢɫɤ ɩɨɞɨɛɢɹ 
ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɡɚɤɨɧɨɜ ɜ ɨɩɢɫɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɟɚɥɶɧɵɯ 
ɜɟɳɟɫɬɜ ɹɜɥɹɟɬɫɹ ɤɥɸɱɟɜɵɦ ɦɨɦɟɧɬɨɦ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ. ȼ 
ɤɨɨɪɞɢɧɚɬɚɯ ɩɥɨɬɧɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢɜɟɞɟɧɧɵɯ ɤ ɛɨɣɥɟɜɫɤɢɦ ɡɧɚɱɟɧɢɹɦ, 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ: 1) ɥɢɧɢɹ ɞɥɹ ɟɞɢɧɢɱɧɨɝɨ ɮɚɤɬɨɪɚ ɫɠɢɦɚɟɦɨɫɬɢ (ZL), ɤɨɬɨɪɚɹ ɜɥɹɟɬɫɹ 
ɩɪɹɦɨɣ ɢ  ɤɚɫɚɟɬɫɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɱɚɫɬɢ ɛɢɧɨɞɚɥɢ;  2) ɥɢɧɢɹ ɢɞɟɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 
ɷɧɬɚɥɶɩɢɢ; 3) ɥɢɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɬɨɱɟɤ, ɩɚɪɚɥɥɟɥɶɧɚɹ ZL ɢ ɫɦɟɳɟɧɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɟ ɧɚ 
ɜɟɥɢɱɢɧɭ 2/3, 4) ɥɢɧɢ ɦɢɧɢɦɭɦɚ ɷɧɬɚɥɶɩɢɢ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɹɜɥɹɸɳɚɹɫɹ ɥɢɧɢɟɣ ɞɥɹ 
ɢɧɜɟɪɫɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɷɮɮɟɤɬɟ Ⱦɠɨɭɥɹ-Ɍɨɦɫɨɧɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɭɤɚɡɚɧɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ 
ɷɬɢ ɥɢɧɢ ɫɬɚɧɨɜɹɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɞɥɹ ɦɧɨɝɢɯ ɜɟɳɟɫɬɜ (Ar, CO2, NH3, N2,Hg, Cs, H2 ɢ ɞɪ.) 
ɢ ɦɨɞɟɥɶɧɵɯ ɫɢɫɬɟɦ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ ɬɚɤɠɟ ɩɨɜɟɞɟɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɢɹ ɜɞɨɥɶ ɥɢɧɢɣ 
ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɮɚɡ ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ZL ɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. ȼ 
ɩɪɢɜɟɞɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ɩɨɫɬɪɨɟɧɚ ɝɥɨɛɚɥɶɧɚɹ ɤɚɪɬɢɧɚ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɧɵɯ ɩɚɪɨɜ 
ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɢ ɦɨɞɟɥɶɧɵɯ ɫɢɫɬɟɦ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɥɨɬɧɨɫɬɢ. ɂɡɜɟɫɬɧɨɟ 
ɷɦɩɢɪɢɱɟɫɤɪɟ ɫɨɨɬɧɨɲɟɧɢɟ Ɍɢɦɦɟɪɦɚɧɫɚ ɢ ɨɬɱɚɫɬɢ ɭɪɚɜɧɟɧɢɟ Ɋɢɞɟɥɹ ɹɜɥɹɸɬɫɹ ɬɚɤɠɟ 
ɫɥɟɞɫɬɜɢɹɦɢ ɭɪɚɜɧɟɧɢɹ ȼɚɧ ɞɟɪ ȼɚɚɥɶɫɚ. ɉɪɟɞɥɨɠɟɧɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɩɨɞɨɛɢɹ ɩɨɡɜɨɥɢɥɢ 
ɧɚɣɬɢ ɤɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɨɜ. Ɍɚɤ ɤɪɢɬɢɱɟɫɤɢɟ ɞɚɜɥɟɧɢɹ ɞɥɹ Al , Cu, W, 
U, Zr ɢ Fe ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 2174, 4262, 6978, 1972, 3432, 4620 ɚɬɦ, ɚ ɮɚɤɬɨɪɵ 
ɫɠɢɦɚɟɦɨɫɬɢ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ ɫɨɫɬɚɜɥɹɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 0.206, 0.231, 0.25, 0.203, 0.196, 
0.245.  
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ɊАɋɑȿɌ ɄɈɗɎɎɂɐɂȿɇɌА АɄɌɂВɇɈɋɌɂȻɂɇАɊɇЫɏ ɂ ɌȿɊɇАɊɇЫɏ 
ɀɂȾɄɈɋɌȿɃ 

ɋɚɮɚɪɨɜ Ɇ.Ɇ., Ɍɢɥɥɨɟɜɚ Ɍ.Ɋ., Ɂɚɪɢɩɨɜɚ Ɇ.Ⱥ., ɇɚɡɪɭɥɥɨɟɜ Ⱥ.ɋ. 
Ɏɢɥɢɚɥ ɇИɍ «ɆЭИ» ɜ ɝ. Ⱦɭɲɚɧɛɟ, Ɍɚɞɠɢɤɢɫɬɚɧ 

Ɍɚɞɠɢɤɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ Ɇ.ɋ. Ɉɫɢɦɢ,  
Ɍɚɞɠɢɤɢɫɬɚɧ 

Ɍɚɞɠɢɤɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ.ɋ.Ⱥɣɧɢ, Ɍɚɞɠɢɤɢɫɬɚɧ. 
E-mail: mahmad1@List.ru 

 
ɉɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ 

ɪɚɫɬɜɨɪɚɯ, ɤɨɥɥɨɢɞɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɫɩɥɚɜɨɜ, ɪɚɫɩɥɚɜɨɜ ɦɟɬɚɥɥɨɜ ɢ ɞɪ. ɞɥɹ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ 
ɤɚɠɞɵɣ ɤɨɦɩɨɧɟɧɬ ɫɜɨɢɦ ɩɪɢɫɭɬɫɬɜɢɟɦ ɢɝɪɚɟɬ ɛɨɥɶɲɭɸ ɪɨɥɶ ɬ.ɟ., ɬɟɩɥɨɨɛɦɟɧ (ɞɢɮɮɭɡɢɹ, 
ɫɚɦɨɞɢɮɮɭɡɢɹ, ɬɟɪɦɨɞɢɮɮɭɡɢɹ), ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɪ. 
ɡɚɜɢɫɹɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɛɴɟɦɚ, ɩɥɨɬɧɨɫɬɢ, ɜɹɡɤɨɫɬɢ, ɬɟɩɥɨɟɦɤɨɫɬɢ, 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ. ȼɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬ.ɟ., 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ, ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɤɚɥɨɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɟɣ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ. 

ȿɫɬɟɫɬɜɟɧɧɨ, ɧɚ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜɤɥɚɞ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢɦɟɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ 
ɡɧɚɱɟɧɢɟ, ɬɚɤɠɟ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɸɬ ɜɧɟɲɧɢɟ ɩɚɪɚɦɟɬɪɵ (ɩɨɥɟ ɬɹɝɨɬɟɧɢɹ, 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ, ɦɚɝɧɢɬɧɵɟ ɩɨɥɹ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɨɥɹ, ɬɟɦɩɟɪɚɬɭɪɚ, ɜɧɟɲɧɟɟ 
ɞɚɜɥɟɧɢɟ ɢ ɞɪ. ɮɚɤɬɨɪɵ). 

ȼɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɮɚɤɬɨɪɵ ɛɭɞɭɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɢɡɦɟɧɟɧɢɸ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ, 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɢɥɢ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɨɥɶ ɢ ɜɤɥɚɞ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɹɦɨ ɧɟɥɶɡɹ 
ɢɡɦɟɪɹɬɶ, ɧɨ ɤɨɫɜɟɧɧɨ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ, 
ɤɚɤ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɩɥɨɬɧɨɫɬɶ ɢ ɭɞɟɥɶɧɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 
ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ. Кℇ = �భ�మ √�మ�భ,                    (1) 

ɝɞɟ �1,�ଶ;�1 , �ଶ-ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚɩɪɨɜɨɞɧɨɫɬɶ ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ (ɞɥɹ 
ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ). Ɍɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɮɨɪɦɭɥɚɦɢ Д1-6]: {ɑ1   = �భ

ɋɊభ�భ
ɑଶ  = �మ

ɋɊమ�మ ,                     (2) 

ɝɞɟ,   ɋɊభ , �1, ɋɊమ , �ଶ-ɭɞɟɥɶɧɚɹ ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɩɥɨɬɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ. Эɬɢ 
ɜɟɥɢɱɢɧɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ ɢ ɢɯ ɦɨɠɧɨ ɜɡɹɬɶ ɢɡ ɫɩɪɚɜɨɱɧɵɯ 
ɞɚɧɧɵɯ. 

ɂɡ ɭɪɚɜɧɟɧɢɹ (1) ɢ ɫɢɫɬɟɦɵ (2) ɩɪɨɜɟɞɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɚɞɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɫɥɟɞɭɸɳɢɟ ɜɵɪɚɠɟɧɢɹ: Кℇ = √�భʠʟభ�భ�మʠʟమ�మ = ℇభℇమ,                            (3) 

ɝɞɟ, λ1,ɋɊభ,ρ1-ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ,ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɩɥɨɬɧɨɫɬɶ ɝɢɞɪɚɡɢɧɚ λ2,ɋɊమ,�ଶ-ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɶ, ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɩɥɨɬɧɨɫɬɶ ɧɚɧɨɱɚɫɬɢɰ (ɧɚɧɨɮɟɪɭɦ, ɧɚɧɨɦɟɞɶ, ɧɚɧɨɧɢɤɟɥɶ, 
ɧɚɧɨɨɤɫɢɞɵ ɢ ɞɪ.). 

ȼ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ ɞɥɹ ɫɦɟɫɟɣ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɝɢɞɪɚɡɢɧɚ, ɤɨɥɥɨɢɞɧɨɝɨ ɝɢɞɪɚɡɢɧɚ 
(ɝɢɞɪɚɡɢɧ+ɧɚɧɨɱɚɫɬɢɰ) ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɵɪɚɠɟɧɢɟ (3). 

Ʉɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ: ℇ = √�ɋɊ�, Ⱦɠ
ɦమ √ɫ                              (4) 
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ɂɫɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɟ (3) ɧɚɦɢ ɪɚɫɫɱɢɬɚɧ ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨɫɬɢ ɤɨɥɥɨɢɞɧɨɝɨ 
ɝɢɞɪɚɡɢɧɚ. 
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ɉɪɨɛɥɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɮɢɡɢɤɢ ɢ ɯɢɦɢɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ 

ɜɚɠɧɚ ɢ ɚɤɬɭɚɥɶɧɚ. Ɉɧɚ ɨɯɜɚɬɵɜɚɟɬ ɜɨɩɪɨɫɵ ɫɬɪɨɟɧɢɹ, ɫɜɨɣɫɬɜɚ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɚɡ ɧɚ ɢɯ 
ɝɪɚɧɢɰɚɯ ɪɚɡɞɟɥɚ. ɇɚɭɤɚ ɨ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɹɜɥɟɧɢɹɯ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞɚɯ ɨɯɜɚɬɵɜɚɟɬ ɬɚɤɢɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɜɚɠɧɟɣɲɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜɚ, ɤɚɤ ɩɥɨɬɧɨɫɬɶ, ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɷɧɟɪɝɢɹ ɢ 
ɧɚɬɹɠɟɧɢɟ, ɪɚɛɨɬɚ ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɚ ɢ ɚɞɫɨɪɛɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ, ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɚɞɝɟɡɢɹ, ɫɬɪɭɤɬɭɪɚ ɢ ɫɨɫɬɚɜ ɩɟɪɟɯɨɞɧɨɝɨ ɫɥɨɹ ɦɟɠɞɭ ɮɚɡɚɦɢ ɢ ɞɪ. Ɉɧɢ ɹɜɥɹɸɬɫɹ 
ɢɧɬɟɝɪɚɥɶɧɵɦɢ ɫɬɪɭɤɬɭɪɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ, ɢɝɪɚɸɬ 
ɨɫɨɛɭɸ ɪɨɥɶ ɜ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ, ɨɩɪɟɞɟɥɹɹ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɫɜɨɣɫɬɜɚ. Ʌɟɝɤɨɩɥɚɜɤɢɟ ɢ ɳɟɥɨɱɧɵɟ ɦɟɬɚɥɥɵ, ɢɯ ɞɜɭɯ- ɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɫɩɥɚɜɵ 
ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɟɯɧɢɤɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɫ ɡɚɞɚɧɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɜ ɩɪɨɰɟɫɫɚɯ ɩɚɣɤɢ ɢ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɫɩɥɚɜɨɜ ɢ ɞɪ. ȼ 
ɷɬɨɣ ɨɛɥɚɫɬɢ ɚɤɬɢɜɧɨ ɢ ɪɟɡɭɥɶɬɚɬɢɜɧɨ ɪɚɛɨɬɚɸɬ ɭɱɟɧɵɟ ɢ ɫɩɟɰɢɚɥɢɫɬɵ ɦɧɨɝɢɯ ɧɚɭɱɧɵɯ 
ɰɟɧɬɪɨɜ Ɋɨɫɫɢɢ. Ȼɨɥɶɲɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɤɚɤ ɜɨɩɪɨɫɚɦ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɬɚɤ ɢ ɡɚɞɚɱɚɦ ɩɪɟɞɫɤɚɡɚɧɢɹ ɧɨɜɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɪɚɡɜɢɬɢɸ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɣ 
ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ƚɥɚɜɧɵɦɢ ɨɫɬɚɸɬɫɹ ɡɚɞɚɱɢ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ ɦɟɬɨɞɨɜ, ɫɩɨɫɨɛɨɜ ɢ 
ɦɟɬɨɞɢɤ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ 
ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɮɚɡɚɦɢ.  

Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɸɬ ɳɟɥɨɱɧɵɟ ɦɟɬɚɥɥɵ ɢ ɢɯ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɫɩɥɚɜɵ. 
ɀɢɞɤɢɟ ɳɟɥɨɱɧɵɟ ɦɟɬɚɥɥɵ, ɢɯ ɫɩɥɚɜɵ ɢ ɫɨɟɞɢɧɟɧɢɹ ɨɛɥɚɞɚɸɬ ɭɧɢɤɚɥɶɧɵɦɢ ɞɥɹ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ: ɫɚɦɨɣ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɜɹɡɤɨɫɬɶɸ, ɜɵɫɨɤɨɣ ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɧɢɡɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ɢ ɪɚɛɨɬɵ ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɚ, ɪɟɤɨɪɞɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɢ ɲɢɪɨɤɨɣ 
ɨɛɥɚɫɬɶɸ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɜɵɫɨɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɢ ɛɨɥɶɲɨɣ ɭɩɪɭɝɨɫɬɶɸ 
ɫɨɛɫɬɜɟɧɧɵɯ ɩɚɪɨɜ. Эɬɢ ɭɧɢɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɢɯ 
ɲɢɪɨɤɨɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. ɓɟɥɨɱɧɵɟ ɦɟɬɚɥɥɵ, ɫɩɥɚɜɵ ɢ ɫɨɟɞɢɧɟɧɢɹ ɫ ɢɯ 
ɭɱɚɫɬɢɟɦ ɧɚɯɨɞɹɬ ɩɪɢɦɟɧɟɧɢɹ ɜ ɹɞɟɪɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɷɧɟɪɝɟɬɢɤɟ ɤɚɤ ɥɟɝɤɢɟ ɷɮɮɟɤɬɢɜɧɵɟ 
ɬɟɩɥɨɧɨɫɢɬɟɥɢ ɫ ɜɵɫɨɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ ɩɪɢ ɫɥɚɛɨɦ ɡɚɝɪɹɡɧɟɧɢɢ 
ɚɬɦɨɫɮɟɪɵ; ɜ ɨɛɥɚɫɬɢ ɯɢɦɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ – ɤɚɤ ɚɤɤɭɦɭɥɹɬɨɪɵ ɢ ɬɨɩɥɢɜɧɵɟ 
ɷɥɟɦɟɧɬɵ ɫ ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɷɧɟɪɝɨɟɦɤɨɫɬɶɸ, ɞɨɥɝɨɜɟɱɧɨɫɬɶɸ ɢ ɦɢɧɢɚɬɸɪɧɨɫɬɶɸ; ɜ 
ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɦ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ ɤɚɤ ɞɨɛɚɜɤɢ ɜ ɫɜɟɪɯɥɟɝɤɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɜɵɫɨɤɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɪɨɱɧɨɫɬɶ, ɬɟɩɥɨɜɭɸ ɢ ɯɢɦɢɱɟɫɤɭɸ ɫɬɨɣɤɨɫɬɶ ɢ 
ɩɨɜɵɲɟɧɧɭɸ ɩɥɚɫɬɢɱɧɨɫɬɶ; ɜ ɪɚɞɢɚɰɢɨɧɧɨɣ ɮɢɡɢɤɟ ɤɚɤ ɷɮɮɟɤɬɢɜɧɚɹ ɡɚɳɢɬɚ ɨɬ ɬɟɩɥɨɜɵɯ 
ɧɟɣɬɪɨɧɨɜ ɢ -ɢɡɥɭɱɟɧɢɣ; ɤɚɤ ɜɵɫɨɤɨɤɚɥɨɪɢɣɧɚɹ ɞɨɛɚɜɤɚ ɤ ɬɜɟɪɞɵɦ ɢ ɠɢɞɤɢɦ ɬɨɩɥɢɜɚɦ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ ɢɯ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɢ ɬ.ɞ. 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜɵɫɨɤɚɹ ɯɢɦɢɱɟɫɤɚɹ ɚɤɬɢɜɧɨɫɬɶ ɢ ɛɨɥɶɲɚɹ ɭɩɪɭɝɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ 
ɩɚɪɨɜ ɨɫɥɨɠɧɹɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ɍɟɦ ɧɟ 
ɦɟɧɟɟ ɫ 50-ɯ ɝɨɞɨɜ 20-ɝɨ ɜɟɤɚ ɢɡɭɱɟɧɢɸ ɫɜɨɣɫɬɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɞɜɨɣɧɵɯ ɫɩɥɚɜɨɜ ɢ 
ɫɨɟɞɢɧɟɧɢɣ ɩɨɫɜɹɳɟɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɪɚɛɨɬ ɫɨɬɪɭɞɧɢɤɨɜ ɧɚɭɱɧɵɯ ɢ ɭɱɟɛɧɵɯ ɡɚɜɟɞɟɧɢɣ 
ɫɬɪɚɧɵ. ɋɬɚɥɢ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɩɪɨɜɨɞɢɬɶ ȼɫɟɫɨɸɡɧɵɟ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 
ɹɜɥɟɧɢɹɦ ɜ ɪɚɫɩɥɚɜɚɯ ɢ ɩɪɨɰɟɫɫɚɯ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ, ɜ ɪɚɛɨɬɟ ɤɨɬɨɪɵɯ ɩɪɢɧɢɦɚɥɢ 
ɭɱɚɫɬɢɹ ɫɨɬɧɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɫ ɞɨɤɥɚɞɚɦɢ. 

Ɂɚ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɪɚɫɲɢɪɢɥɢɫɶ ɬɟɦɚɬɢɤɚ ɢ ɨɛɴɟɤɬɵ (ɦɚɬɟɪɢɚɥɵ) ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 
ɨɛɥɚɫɬɢ ɮɢɡɢɤɢ ɢ ɯɢɦɢɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɹɜɥɟɧɢɣ, ɩɨɞɪɨɛɧɨ ɢɡɭɱɟɧɵ ɫɜɨɣɫɬɜɚ ɳɟɥɨɱɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɢɯ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ. Ɉɫɨɛɨɟ ɡɧɚɱɟɧɢɟ ɫɬɚɥɢ ɩɪɢɞɚɜɚɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹɦ 
ɫɜɨɣɫɬɜ ɥɢɬɢɹ ɢ ɫɩɥɚɜɨɜ ɫ ɟɝɨ ɭɱɚɫɬɢɟɦ. ɑɬɨ ɤɚɫɚɟɬɫɹ ɢɡɭɱɟɧɢɹ ɫɜɨɣɫɬɜ ɫɩɥɚɜɨɜ ɬɪɨɣɧɵɯ 
ɫɢɫɬɟɦ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɬɨ ɞɨ ɧɚɲɢɯ ɪɚɛɨɬ ɜ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɥɢɫɶ ɪɟɡɭɥɶɬɚɬɵ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɜɫɟɝɨ ɞɥɹ ɬɪɟɯ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Na-K-
Cs. Ɉɬɦɟɬɢɦ ɬɚɤɠɟ, ɱɬɨ ɢɦɟɟɬɫɹ ɞɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ ɞɥɹ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ 
ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɬɨɥɶɤɨ ɞɥɹ ɨɞɧɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ ɧɚɬɪɢɣ-ɤɚɥɢɣ-ɰɟɡɢɣ. Ɉɧɚ 
ɷɜɬɟɤɬɢɱɟɫɤɚɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ 195,2Ʉ (-78ɋ).  

ɂɡɭɱɟɧɵ ɩɨɞɪɨɛɧɨ ɩɥɨɬɧɨɫɬɶ, ɜɹɡɤɨɫɬɶ, ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ, ɪɚɛɨɬɚ ɜɵɯɨɞɚ 
ɷɥɟɤɬɪɨɧɚ ɢ ɞɪɭɝɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ Na, K, Rb, Cs, Li  ɢ 
ɫɩɥɚɜɨɜ ɲɟɫɬɢ ɢɯ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ, ɩɨɫɬɪɨɟɧɵ ɢɯ ɞɢɚɝɪɚɦɦɵ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɦɚɥɨ 
ɫɜɟɞɟɧɢɣ ɨ ɞɢɚɝɪɚɦɦɚɯ ɫɨɫɬɨɹɧɢɣ ɢ ɫɜɨɣɫɬɜɚɯ ɛɢɧɚɪɧɵɯ ɢ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ ɫ ɭɱɚɫɬɢɟɦ ɥɢɬɢɹ. 
Ʉɚɤ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɩɨɫɬɪɨɟɧɚ ɞɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ ɫɢɫɬɟɦɵ Na-K-Cs. Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɥɚɜɥɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ ɷɬɨɣ ɫɢɫɬɟɦɵ, ɪɚɜɧɚɹ -78ɋ, ɹɜɥɹɟɬɫɹ ɫɚɦɨɣ ɦɢɧɢɦɚɥɶɧɨɣ 
ɞɥɹ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɫɟɯ ɢɡɜɟɫɬɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ, ɩɪɢ ɷɬɨɦ ɷɜɬɟɤɬɢɱɟɫɤɢɣ 
ɫɩɥɚɜ Na-K-Cs ɨɫɬɚɟɬɫɹ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɥɸɛɵɯ ɡɟɦɧɵɯ ɭɫɥɨɜɢɹɯ. Ⱦɥɹ ɬɪɨɣɧɵɯ ɫɢɫɬɟɦ 
Na-K-Rb, Na-Rb-Cs ɢ K-Rb-Cs ɭɞɚɥɨɫɶ ɧɚ ɛɚɡɟ ɞɢɚɝɪɚɦɦ ɫɨɫɬɨɹɧɢɹ ɝɪɚɧɢɱɧɵɯ ɞɜɨɣɧɵɯ 
ɫɢɫɬɟɦ ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɫɨɫɬɚɜɨɜ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɢɬɶ ɦɢɧɢɦɚɥɶɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɨɜ ɷɬɢɯ ɫɢɫɬɟɦ, ɪɚɜɧɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 248, 236 ɢ 235 Ʉ. 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɢɧɬɟɧɫɢɜɧɨ ɩɪɨɜɨɞɹɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɢɯ ɞɜɨɣɧɵɯ ɫɢɫɬɟɦ, ɚ ɬɚɤɠɟ ɪɹɞɚ ɬɪɨɣɧɵɯ 
ɫɩɥɚɜɨɜ ɫɢɫɬɟɦ, ɫɨɞɟɪɠɚɳɢɯ ɤɨɦɩɨɧɟɧɬɵ NК, K, RЛ ɢ Csɜ ɧɚɭɱɧɵɯ ɰɟɧɬɪɚɯ ɫɬɪɚɧɵ , ɤɚɤ 
ɈɂȼɌ ɊȺɇ, ɂɆɆ ɢɦ. Ⱥ.Ⱥ. Ȼɚɣɤɨɜɚ, ɂɧɫɬɢɬɭɬ ɦɟɬɚɥɥɭɪɝɢɢ ɍɪɈɊȺɇ, ɂɧɫɬɢɬɭɬ 
ɬɟɩɥɨɮɢɡɢɤɢ ɢɦ. ɋ.ɋ. Ʉɭɬɚɬɟɥɚɞɡɟ ɋɈ ɊȺɇ, Ƚɇɐ ɊɎ«Ɏɢɡɢɤɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦ. 
Ⱥ.ɂ. Ʌɟɩɭɧɫɤɨɝɨ», Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ʉɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɫɤɢɣ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɏ.Ɇ. Ȼɟɪɛɟɤɨɜɚ, Ⱥɤɚɞɟɦɢɹ ɧɚɭɤ ɑɟɱɟɧɫɤɨɣ ɪɟɫɩɭɛɥɢɤɢ ɢ 
ɪɹɞ ɞɪɭɝɢɯ ɭɱɪɟɠɞɟɧɢɣ ɢ ɩɪɟɞɩɪɢɹɬɢɣ Ɋɨɫɫɢɢ. 
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ȼ ɄȻȽɍ ɢɦ. ɏ.Ɇ. Ȼɟɪɛɟɤɨɜɚ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɩɪɨɜɨɞɹɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɮɢɡɢɤɟ 
ɦɟɠɮɚɡɧɵɯ ɹɜɥɟɧɢɣ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɢɯ ɞɜɨɣɧɵɯ ɢ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦ Na-K-Cs ɢ 
Na-K-Rb. ȼɫɟɝɨ ɢɡɭɱɟɧɨ ɛɨɥɟɟ 120 ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ 1-ɨɣ ɫɢɫɬɟɦɵ ɢ 26 ɫɩɥɚɜɨɜ 2-ɨɣ ɫɢɫɬɟɦɵ. 
ɋɨɫɬɚɜɵ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Na-K-Csɜɵɛɢɪɚɥɢɫɶ ɜɞɨɥɶ 27ɫɟɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ 
ɬɪɟɭɝɨɥɶɧɢɤɚ, ɢɞɭɳɢɯ ɩɨ 9 ɫɟɱɟɧɢɣ ɤ ɤɚɠɞɨɣ ɜɟɪɲɢɧɟ ɤɚɥɢɹ, ɰɟɡɢɹ ɢ ɧɚɬɪɢɹ. ɉɨɫɬɪɨɟɧɵ 
ɢɡɨɬɟɪɦɵ ɉɇ ɢ ɩɥɨɬɧɨɫɬɢ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɜɫɟɯ 27 ɫɟɱɟɧɢɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɞɟɥɶɧɨ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɣ K, Csɢ Na, ɜɵɱɢɫɥɟɧɵ ɚɞɫɨɪɛɰɢɢ ɜɫɟɯ ɬɪɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɢɯ ɩɨɜɟɪɯɧɨɫɬɧɵɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɞɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ. 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ ɩɥɨɬɧɨɫɬɢ ɞɜɨɣɧɵɯ ɢ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Na-K-Cs 
ɜ ɈɂȼɌ ɊȺɇ ɢ ɂɆɆ ɢɦ. Ⱥ.Ⱥ. Ȼɚɣɤɨɜɚ ɊȺɇ. Ɉɩɪɟɞɟɥɟɧɵ ɩɥɨɬɧɨɫɬɢ ɨɤɨɥɨ  20 ɞɜɨɣɧɵɯ 
ɫɩɥɚɜɨɜ Na-K, Na-Cs  ɢ K-Cs , ɚ ɬɚɤɠɟ ɩɥɨɬɧɨɫɬɢ ɞɜɭɯ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ  (ɜ   ɚɬ. %.) ɫɢɫɬɟɦɵ  
Na-K-Cs : ɷɜɬɟɤɬɢɱɟɫɤɢɣ ɫɩɥɚɜ  ɫɨɫɬɚɜɚ13,9 Na + 43,4 K + 42,7 Cs ɢ 2-ɨɣ ɫɩɥɚɜ  56,2 Na + 42,1 
K + 1,7 Csɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɤɨɦɧɚɬɧɨɣ ɞɨ 1300 Ʉ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ 
ɛɨɥɟɟ 0,1%. 

ɋɥɟɞɭɟɬ ɟɳɟ ɪɚɡ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɨɛɭɸ ɫɥɨɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ, 
ɩɪɢɛɨɪɨɜ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɜɨɣɫɬɜ ɳɟɥɨɱɧɵɯ 
ɦɟɬɚɥɥɨɜ, ɭɱɢɬɵɜɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɟ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɫ ɧɢɦɢ, ɨɛɟɫɩɟɱɢɜɚɹ ɭɫɬɪɚɧɟɧɢɟ 
ɜɨɡɦɨɠɧɵɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɜɥɢɹɧɢɣ ɜɧɟɲɧɢɯ ɢ ɜɧɭɬɪɟɧɧɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɦɚɬɟɪɢɚɥ. ȼ 
ɄȻȽɍ ɧɚ ɮɢɡɢɱɟɫɤɨɦ ɮɚɤɭɥɶɬɟɬɟ ɪɚɡɪɚɛɨɬɚɧɵ ɢ ɪɟɚɥɢɡɨɜɚɧɵ ɜ ɩɪɢɛɨɪɚɯ ɛɨɥɟɟ 25-ɬɢ 
ɦɟɬɨɞɨɜ, ɩɨɥɭɱɢɜɲɢɯ  ɚɜɬɨɪɫɤɢɟ  ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɧɚ ɢɡɨɛɪɟɬɟɧɢɹ ɢ ɩɚɬɟɧɬɵ. Ɉɫɧɨɜɧɵɟ 
ɦɟɬɨɞɵ, ɩɪɢɛɨɪɵ ɢ ɫɯɟɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɥɢɬɟɪɚɬɭɪɟ. 
Ɋɚɡɪɚɛɨɬɚɧ ɬɚɤɠɟ ɪɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɣ ɫɩɨɫɨɛ, ɩɨɡɜɨɥɹɸɳɢɣ ɜɵɱɢɫɥɢɬɶ ɫɜɨɣɫɬɜɚ ɥɸɛɨɝɨ 
ɬɪɨɣɧɨɝɨ ɫɩɥɚɜɚ ɞɚɧɧɨɣ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ, ɟɫɥɢ ɢɦɟɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɷɬɨɝɨ 
ɫɜɨɣɫɬɜɚ ɞɥɹ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɞɜɭɯ- ɬɪɟɯ ɫɟɱɟɧɢɣ, ɢɞɭɳɢɯ ɤ ɨɞɧɨɣ ɢɡ ɜɟɪɲɢɧ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɝɨ ɬɪɟɭɝɨɥɶɧɢɤɚ. ɋɩɨɫɨɛ ɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɳɚɬɶ ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɜ 
ɞɟɫɹɬɤɢ ɪɚɡ, ɭɦɟɧɶɲɚɟɬ ɡɚɬɪɚɬɵ ɦɚɬɟɪɢɚɥɨɜ ɜ 5-6 ɪɚɡ, ɚ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɧɧɨɝɨ 
ɫɜɨɣɫɬɜɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ  ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

ȼ ɫɥɭɱɚɟ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ Na-K-Cs ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɚɞɫɨɪɛɰɢɢ ɨɞɧɨɝɨ ɢɡ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɧɚɩɪɢɦɟɪ, 2-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ( )

2
N , ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɵɪɚɠɟɧɢɟ N-ɜɚɪɢɚɧɬɚ 

Ƚɭɝɝɟɧɝɟɣɦɚ-Ⱥɞɚɦɚ  2( ) 2 2
2

2 : ,1 3

(1 )N

X X Ɍ

XX X
RT X

       .                                        (1) 

ɉɨ ɡɧɚɱɟɧɢɹɦ ( )
2
N  ɜɵɱɢɫɥɟɧɵ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 2X : 

 
2 2 2

NX X    ,                                                  (2) 

ɝɞɟ i iX  - ɦɨɥɹɪɧɚɹ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ X2-ɨɛɴɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ. 
Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ σ(ɏК) ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ 10 

ɫɟɱɟɧɢɣ ɫɢɫɬɟɦɵ Na-K-Cs ɩɪɢ 373Ʉ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɵ, ɉɇ ɫɩɥɚɜɨɜ ɞɥɹ ɫɟɱɟɧɢɣ, 
ɢɞɭɳɢɯ ɤ ɜɟɪɲɢɧɚɦ Csɢ Na ɬɪɟɭɝɨɥɶɧɢɤɚ ɫɢɫɬɟɦɵ Na-K-Cs ɨɩɪɟɞɟɥɟɧɵ ɪɚɫɱɟɬɧɨ-
ɝɪɚɮɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ, ɩɪɟɞɥɨɠɟɧɧɵɦ Ɍɚɨɜɨɣ Ɍ.Ɇ. ȼɵɱɢɫɥɟɧɵ ɚɞɫɨɪɛɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ Cs, 
Na ɢ K ɢ ɩɨɫɬɪɨɟɧɵ ɢɯ ɢɡɨɬɟɪɦɵ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɞɫɨɪɛɰɢɹ Cs ( ) 0N
CsȽ   ɞɥɹ ɜɫɟɯ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵNa-K-Cs. 

Ⱥɞɫɨɪɛɰɢɹ Na ( ) 0N
NaȽ   ɞɥɹ ɜɫɟɯ ɫɩɥɚɜɨɜ ɫɟɱɟɧɢɣ, ɢɞɭɳɢɯ ɤ ɜɟɪɲɢɧɟ Na ɬɪɟɭɝɨɥɶɧɢɤɚ 

ɫɨɫɬɚɜɨɜ. Ⱥɞɫɨɪɛɰɢɹ ɤɚɥɢɹ ɢɫɩɵɬɵɜɚɟɬ ɢɧɜɟɪɫɢɸ – ɩɟɪɟɯɨɞ ɨɬ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɚɞɫɨɪɛɰɢɢ 
( ) 0N
KȽ   ɤ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ( ) 0N

KȽ  , ɟɫɥɢ ɜ ɢɫɯɨɞɧɵɯ ɞɜɨɣɧɵɯ ɫɩɥɚɜɚɯ 6,5CsX  ɚɬ. %. ȿɫɥɢ 
ɠɟ ɜ ɢɫɯɨɞɧɨɦ ɞɜɨɣɧɨɦ ɫɩɥɚɜɟ Na-Csɫɟɱɟɧɢɹ 6,5CsX  ɚɬ.%), ɬɨ ɚɞɫɨɪɛɰɢɹ ɤɚɥɢɹ ( ) 0N

K  ɜɨ 
ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɚɥɢɹ 0 100KX   ɚɬ.%. ɉɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
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ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ iX  ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ ɩɨ ɮɨɪɦɭɥɟ (2) ɩɪɢ ɪɚɜɧɨɜɟɫɧɵɯ 
ɭɫɥɨɜɢɹɯ ɜɵɩɨɥɧɟɧɢɹ ɫɢɦɛɚɬɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɤɨɦɩɨɧɟɧɬɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ 
ɫɥɨɟ 2X

 ɢ ɜ ɨɛɴɟɦɟ ɪɚɫɬɜɨɪɚ 2X , ɬ.ɟ. ɤɨɝɞɚ ɢɦɟɟɬ ɦɟɫɬɨ 2 2/ 0 dX dX   .ɍɫɥɨɜɢɟ 0   
ɨɩɪɟɞɟɥɹɟɬ ɱɢɫɥɨ n ɦɨɧɨɚɬɨɦɧɵɯ ɫɥɨɟɜ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɮɚɡ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɚɞɫɨɪɛɰɢɣ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɩɟɪɜɵɟ ɜ ɥɢɬɟɪɚɬɭɪɟ 
ɩɨɞɬɜɟɪɞɢɥɢ ɜɵɩɨɥɧɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɣ ( ) 0N

i   ɢ 1iX   ɞɥɹ ɬɪɨɣɧɵɯ ɫɩɥɚɜɨɜ (ɜ 
ɨɛɳɟɦ ɞɥɹ ɥɸɛɨɝɨ ɱɢɫɥɚ ɤɨɦɩɨɧɟɧɬɨɜ).  

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɪɢɜɥɟɤɚɟɬ ɢɡɭɱɟɧɢɟ 
ɫɜɨɣɫɬɜɚ ɥɢɬɢɹ ɢ ɜɥɢɹɧɢɹ ɟɝɨ ɧɚ ɪɚɡɥɢɱɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ. Ʌɢɬɢɣ ɜɵɞɟɥɹɟɬɫɹ ɫɪɟɞɢ 
ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɩɨ ɫɜɨɢɦ ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ ɫ ɛɚɡɨɜɵɦɢ 
ɦɟɬɚɥɥɚɦɢ,ɥɟɝɤɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɚɥɸɦɢɧɢɟɦ, ɦɟɞɶɸ ɢ ɞɪɭɝɢɦɢ ɦɟɬɚɥɥɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɹ 
ɢɦ ɩɪɚɤɬɢɱɟɫɤɢɟ ɩɪɢɦɟɧɟɧɢɹ. 

Ʌɢɬɢɣ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɹɞɟɪɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ɜ ɤɚɱɟɫɬɜɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɜɵɞɟɪɠɢɜɚɸɳɟɝɨ ɛɨɥɶɲɢɟ ɬɟɩɥɨɜɵɟ ɧɚɝɪɭɡɤɢ, ɜ ɤɚɱɟɫɬɜɟ 
ɩɨɤɪɵɬɢɣ ɞɥɹ ɛɥɚɧɤɟɬɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɟɪɦɨɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɟɠɢɦ 
ɫɚɦɨɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. Ʌɢɬɢɣ ɨɞɢɧ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɪɚɫɲɢɪɟɧɧɨɟ ɜɨɫɩɪɨɢɡɜɨɞɫɬɜɨ ɬɪɢɬɢɹ ɩɪɢ ɪɚɛɨɬɟ ɬɟɪɦɨɹɞɟɪɧɨɝɨ 
ɪɟɚɤɬɨɪɚ ɢ ɮɭɧɤɰɢɢ ɡɚɳɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɟɪɜɨɣ ɫɬɟɧɤɢ ɪɟɚɤɬɨɪɚ. 

ɋɱɢɬɚɸ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɫɩɥɚɜɨɜ ɞɨɥɠɧɵ 
ɩɪɨɞɨɥɠɚɬɶɫɹ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɭɫɥɨɜɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɢɯ ɧɚ ɩɪɚɤɬɢɤɟ ɜ 
ɷɧɟɪɝɟɬɢɤɟ, ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɦ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ ɢ ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ, ɨɩɢɪɚɹɫɶ ɧɚ ɢɯ 
ɭɧɢɤɚɥɶɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 
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ɈɉɂɋАɇɂȿ ɉɊɈɐȿɋɋɈВ ɁАɊɈɀȾȿɇɂЯ ɂ ɊɈɋɌА ɆȿɌАɅɅɂɑȿɋɄɂɏ 
ɇАɇɈɄɅАɋɌȿɊɈВ ɆȿɌɈȾɈɆ ɆɇɈȽɈɆАɋɒɌАȻɇɈȽɈ ɆɈȾȿɅɂɊɈВАɇɂЯ 

Ƚɟɥɶɱɢɧɫɤɢɣ Ȼ.Ɋ.1, ȼɨɪɨɧɰɨɜ Ⱥ.Ƚ.2, Ʉɨɪɟɧɱɟɧɤɨ Ⱥ.ȿ.1,2 
1Иɧɫɬɢɬɭɬ ɦɟɬɚɥɥɭɪɝɢɢ ɍɪɈ ɊȺɇ, Ɋɨɫɫɢɹ, ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ⱥɦɭɧɞɫɟɧɚ,101.  

E-mail: brg47@list.ru. 
2ɘɠɧɨ-ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢɹ, ɑɟɥɹɛɢɧɫɤ, Ʌɟɧɢɧɫɤɢɣ ɩɪ., 76ɚ 

 
ɋɪɟɞɢ ɪɚɡɥɢɱɧɵɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ ɧɚɫ ɢɧɬɟɪɟɫɭɟɬ ɩɨɥɭɱɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɧɚɧɨɱɚɫɬɢɰ ɦɟɬɨɞɨɦ ɢɫɩɚɪɟɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɚɪɟɧɢɢ 
ɦɟɬɚɥɥɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜ ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ. ɉɚɪɵ ɦɟɬɚɥɥɚ 
ɩɟɪɟɦɟɳɚɸɬɫɹ ɨɬ ɝɨɪɹɱɟɝɨ ɢɫɬɨɱɧɢɤɚ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɯɨɥɨɞɧɨɝɨ ɝɚɡɚ ɩɭɬɟɦ ɤɨɦɛɢɧɚɰɢɢ 
ɤɨɧɜɟɤɬɢɜɧɵɯ ɩɨɬɨɤɨɜ ɢ ɞɢɮɮɭɡɢɢ. ɉɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɞɟɬ ɤ ɛɵɫɬɪɨɦɭ ɫɧɢɠɟɧɢɸ 
ɪɚɜɧɨɜɟɫɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɢ ɜɵɫɨɤɨɦɭ ɩɟɪɟɫɵɳɟɧɢɸ, ɤɨɬɨɪɨɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɜɵɡɵɜɚɟɬ 
ɛɵɫɬɪɨɟ ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɡɚɪɨɞɵɲɟɣ. Ɂɚɬɟɦ ɩɪɨɢɫɯɨɞɢɬ Ȼɪɨɭɧɨɜɫɤɚɹ ɤɨɚɝɭɥɹɰɢɹ ɢ 
ɬɟɪɦɨɮɨɪɟɬɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ ɱɚɫɬɢɰ. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɧɹɬɶ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɧɚɧɨɩɨɪɨɲɨɤ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ (ɪɚɡɦɟɪ, ɮɨɪɦɚ, ɞɢɫɩɟɪɫɧɨɫɬɶ), 
ɧɭɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɡɚɪɨɠɞɟɧɢɹ ɢ ɪɨɫɬɚ ɱɚɫɬɢɰ ɜ ɝɚɡɨɜɨɣ 
ɮɚɡɟ. Ɇɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɩɪɢ ɤɨɧɞɟɧɫɚɰɢɢ ɜ ɚɬɦɨɫɮɟɪɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ 
ɜɤɥɸɱɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɡɚɪɨɞɵɲɟɜɵɯ ɰɟɧɬɪɨɜ, ɪɨɫɬ ɱɚɫɬɢɰ, ɤɨɚɝɭɥɹɰɢɸ ɢ ɤɨɚɥɟɫɰɟɧɰɢɸ. Ⱦɥɹ 
ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɚɪɨɮɚɡɧɨɝɨ ɫɢɧɬɟɡɚ ɧɚɧɨɱɚɫɬɢɰ ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɛɨɥɟɟ ɩɪɢɟɦɥɟɦɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɱɟɬɚɧɢɟ ɦɟɬɨɞɨɜ ɤɥɚɫɫɢɱɟɫɤɨɣ ɆȾ ɞɥɹ ɨɩɢɫɚɧɢɹ ɛɵɫɬɪɵɯ 
ɩɪɨɰɟɫɫɨɜ (ɬɢɩɚ ɫɬɨɥɤɧɨɜɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ), ɤɨɬɨɪɵɟ ɩɪɨɬɟɤɚɸɬ ɧɚ 
ɚɬɨɦɧɨɦ ɦɚɫɲɬɚɛɟ ɜɪɟɦɟɧɢ ɢ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɢ ɦɟɬɨɞɨɜ ɬɟɨɪɢɢ ɧɟɩɪɟɪɵɜɧɨɣ ɫɪɟɞɵ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɨɜ ɱɚɫɬɢɰ ɜ ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɝɪɚɞɢɟɧɬɨɜ, 
ɫɨɡɞɚɜɚɟɦɵɯ ɜ ɪɟɚɤɬɨɪɟ ɞɥɹ ɢɯ ɫɢɧɬɟɡɚ. Ɇɧɨɝɨɦɚɫɲɬɚɛɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɟɞɩɨɥɚɝɚɟɬ ɧɟ 
ɬɨɥɶɤɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɪɚɡɧɵɯ ɦɚɫɲɬɚɛɚɯ ɪɚɡɦɟɪɚ ɨɬ ɚɬɨɦɧɨɝɨ, ɞɨ ɦɚɤɪɨɭɪɨɜɧɹ, ɧɨ ɢ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɞɧɨɦ ɭɪɨɜɧɟ ɜ 
ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɧɚ ɫɥɟɞɭɸɳɟɦ ɭɪɨɜɧɟ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ.  

ɉɪɢɦɟɧɹɟɦɵɟ ɦɟɬɨɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
1. Ɇɚɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ - ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɬɟɨɪɢɢ ɧɟɩɪɟɪɵɜɧɨɣ ɫɪɟɞɵ. 
2. Ⱥɬɨɦɧɨɟ ɢ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɚɧɨɤɥɚɫɬɟɪɨɜ – ɦɟɬɨɞ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ,  
Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɩɪɨɟɤɬɨɦ ɩɨ ɉɪɨɝɪɚɦɦɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
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ɇɚɧɨɠɢɞɤɨɫɬɹɦɢ (nanofluids) ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɮɥɸɢɞɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɧɟɫɭɳɟɣ 

ɠɢɞɤɨɫɬɢ (ɝɚɡɚ) ɢ ɞɢɫɩɟɪɫɧɵɯ ɧɚɧɨɱɚɫɬɢɰ, ɬɨ ɟɫɬɶ ɱɚɫɬɢɰ ɫ ɯɚɪɚɤɬɟɪɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɨɬ 1 ɞɨ 
100 ɧɦ. Ɍɢɩɢɱɧɵɦɢ ɧɟɫɭɳɢɦɢ ɠɢɞɤɨɫɬɹɦɢ ɹɜɥɹɟɬɫɹ ɜɨɞɚ, ɨɪɝɚɧɢɱɟɫɤɢɟ ɠɢɞɤɨɫɬɢ 
(ɷɬɢɥɟɧɝɥɢɤɨɥɶ, ɦɚɫɥɨ, ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɠɢɞɤɨɫɬɢ), ɩɨɥɢɦɟɪɧɵɟ ɪɚɫɬɜɨɪɵ. ȼ ɤɚɱɟɫɬɜɟ ɬɜɟɪɞɵɯ 
ɧɚɧɨɱɚɫɬɢɰ ɨɛɵɱɧɨ ɜɵɫɬɭɩɚɸɬ ɱɚɫɬɢɰɵ ɯɢɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɯ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɨɤɫɢɞɨɜ, 
ɩɨɥɢɦɟɪɨɜ. ɋɚɦɨɣ ɦɚɥɟɧɶɤɨɣ ɧɚɧɨɱɚɫɬɢɰɟɣ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɮɭɥɥɟɪɟɧ, ɞɢɚɦɟɬɪ ɤɨɬɨɪɨɝɨ 
ɨɤɨɥɨ 1 ɧɦ. ɉɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɡɚɧɢɦɚɸɬ ɜɢɪɭɫɵ, ɢɯ ɪɚɡɦɟɪɵ ɩɨɪɹɞɤɚ ɞɟɫɹɬɤɨɜ 
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ɧɚɧɨɦɟɬɪɨɜ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɲɢɪɨɤɨ ɢɫɫɥɟɞɭɸɬɫɹ ɢ ɧɚɧɨɠɢɞɤɨɫɬɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ 
ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɬɪɭɛɨɤ. Ɉɫɨɛɟɧɧɨɫɬɶ ɩɨɫɥɟɞɧɢɯ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɢɯ ɞɢɚɦɟɬɪ 
ɤɨɥɟɛɥɟɬɫɹ ɨɬ ɨɞɧɨɝɨ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɧɚɧɨɦɟɬɪɨɜ, ɡɚɬɨ ɞɥɢɧɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ ɞɟɫɹɬɤɨɜ, ɫɨɬɟɧ 
ɢ ɞɚɠɟ ɬɵɫɹɱ ɦɢɤɪɨɧ. 

ɂɧɬɟɪɟɫ ɤ ɧɚɧɨɠɢɞɤɨɫɬɹɦ, ɪɨɞɢɜɲɢɣɫɹ ɞɜɚ ɞɟɫɹɬɢɥɟɬɢɹ ɬɨɦɭ ɧɚɡɚɞ, ɧɟɩɪɟɪɵɜɧɨ 
ɩɪɨɞɨɥɠɚɟɬ ɪɚɫɬɢ. Эɬɨ, ɜɨ-ɩɟɪɜɵɯ, ɫɜɹɡɚɧɨ ɫ ɪɹɞɨɦ ɢɯ ɧɟɨɛɵɱɧɵɯ ɫɜɨɣɫɬɜ, ɢɡ-ɡɚ ɱɟɝɨ ɨɧɢ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɨɩɢɫɵɜɚɸɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɬɟɨɪɢɹɦɢ. ɇɟɨɛɵɱɧɨɫɬɶ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɜɩɨɥɧɟ ɦɨɠɧɨ ɛɵɥɨ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɩɨɫɤɨɥɶɤɭ ɧɚɧɨɱɚɫɬɢɰɵ ɩɨ ɪɚɡɦɟɪɚɦ 
ɡɚɧɢɦɚɸɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɦɟɠɞɭ ɦɨɥɟɤɭɥɚɦɢ ɢ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɦɢ ɱɚɫɬɢɰɚɦɢ 
(ɧɚɩɪɢɦɟɪ, ɛɪɨɭɧɨɜɫɤɢɦɢ). Ɋɚɡɦɟɪɵ ɧɚɧɨɱɚɫɬɢɰ ɪɚɡɧɹɬɫɹ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ. ɉɨɷɬɨɦɭ, ɩɨ 
ɤɪɚɣɧɟɣ ɦɟɪɟ, ɧɚɧɨɠɢɞɤɨɫɬɢ ɫ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɦɢ ɞɢɫɩɟɪɫɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɞɨɥɠɧɵ 
ɩɪɨɹɜɥɹɬɶ ɫɜɨɣɫɬɜɚ ɫɤɨɪɟɟ ɛɥɢɡɤɢɟ ɦɨɥɟɤɭɥɹɪɧɵɦ ɪɚɫɬɜɨɪɚɦ, ɧɟɠɟɥɢ ɞɢɫɩɟɪɫɧɵɦ 
ɠɢɞɤɨɫɬɹɦ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɜɨɣɫɬɜɚ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɫ ɤɪɭɩɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɞɨɥɠɧɵ ɛɵɬɶ 
ɛɥɢɡɤɢ ɫɜɨɣɫɬɜɚɦ ɨɛɵɱɧɵɯ ɞɢɫɩɟɪɫɧɵɯ ɠɢɞɤɨɫɬɟɣ.   

ȼɬɨɪɨɟ, ɱɬɨ ɢɧɢɰɢɢɪɨɜɚɥɨ ɛɭɪɧɵɣ ɢɧɬɟɪɟɫ ɤ ɧɚɧɨɠɢɞɤɨɫɬɹɦ, ɷɬɨ ɜɨɡɦɨɠɧɨɟ ɢɯ  
ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. ɇɚɧɨɠɢɞɤɨɫɬɢ ɭɠɟ ɫ ɭɫɩɟɯɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɥɢ ɩɥɚɧɢɪɭɟɬɫɹ ɢɯ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɛɢɨ-, ɆЭɆɋ- ɢ ɧɚɧɨɬɟɯɧɨɥɨɝɢɹɯ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ, ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ɫɢɫɬɟɦ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ, ɧɨɜɵɯ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɢ ɤɨɫɦɟɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ, ɫɢɫɬɟɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ 
ɡɚɝɪɹɡɧɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ, ɨɱɢɫɬɤɢ ɜɨɡɞɭɯɚ ɢ ɜɨɞɵ, ɧɨɜɵɯ ɫɦɚɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɞɥɹ 
ɞɨɫɬɚɜɤɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɩɪɟɩɚɪɚɬɨɜ ɢ ɬ.ɩ. Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɧɟ ɩɪɨɫɬɨ 
ɡɧɚɬɶ ɫɜɨɣɫɬɜɚ ɧɚɧɨɠɢɞɤɨɫɬɟɣ, ɧɨ ɭɦɟɬɶ ɢɯ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢ ɢɦɢ ɭɩɪɚɜɥɹɬɶ, ɩɪɢɱɟɦ ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɪɟɱɶ ɢɞɟɬ ɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɧɚɧɨɠɢɞɤɨɫɬɟɣ. ȼɨɡɦɨɠɧɨ ɥɢ ɷɬɨ? ɂ 
ɟɫɥɢ ɜɨɡɦɨɠɧɨ, ɬɨ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɬɚɤɨɝɨ ɩɪɨɟɤɬɚ? Ɉɬɜɟɬɭ ɧɚ ɷɬɢ 
ɜɨɩɪɨɫɵ ɢ ɩɨɫɜɹɳɟɧ ɧɚɫɬɨɹɳɢɣ ɞɨɤɥɚɞ.  

Ⱥɧɚɥɢɡɢɪɭɸɬɫɹ ɜɫɟ ɢɡɜɟɫɬɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɢɡɭɱɟɧɢɟɦ ɧɚɧɨɠɢɞɤɨɫɬɟɣ. Ɉɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɩɨɫɥɟɞɧɢɦ ɪɟɡɭɥɶɬɚɬɚɦ, 
ɩɨɥɭɱɟɧɧɵɦ ɚɜɬɨɪɨɦ ɢ ɟɝɨ ɝɪɭɩɩɚɦɢ (ɇȽȺɋɍ, ɂɌ ɋɈ ɊȺɇ, ɋɎɍ). Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɬɚɤ ɢ ɞɚɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɨɛɫɭɠɞɚɟɬɫɹ ɫɥɟɞɭɸɳɟɟ.  Ʉɢɧɟɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɜ ɪɚɡɪɟɠɟɧɧɵɯ ɧɚɧɨɝɚɡɨɜɡɜɟɫɹɯ Д1–8Ж ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɟɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ Д9–11Ж. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɢɮɮɭɡɢɹ ɧɚɧɨɱɚɫɬɢɰ ɜ ɝɚɡɚɯ ɧɟ 
ɨɩɢɫɵɜɚɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɤɨɪɪɟɥɹɰɢɹɦɢ (Ʉɚɧɧɢɧɝɟɦɚ–Ɇɢɥɥɢɤɟɧɚ–Ⱦɟɜɢɫɚ ɢ ɞɪɭɝɢɦɢ), 
ɤɪɨɦɟ ɬɨɝɨ, ɟɟ ɡɚɤɨɧɵ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɡɚɤɨɧɨɜ ɞɢɮɮɭɡɢɢ ɛɪɨɭɧɨɜɫɤɢɯ ɱɚɫɬɢɰ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɦɚɬɟɪɢɚɥɚ. 
ɇɚɩɪɚɜɥɟɧɢɟ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɝɞɚ ɫɜɹɡɚɧɨ ɫ ɞɜɢɠɟɧɢɟɦ 
ɧɚɧɨɱɚɫɬɢɰ ɩɪɨɬɢɜ ɧɚɩɪɚɜɥɟɧɢɹ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɧɚɧɨɝɚɡɨɜɡɜɟɫɹɯ ɨɬɫɭɬɫɬɜɭɟɬ 
ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɢɧɜɟɪɫɢɹ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɨɝɨ ɮɚɤɬɨɪɚ, ɡɧɚɱɟɧɢɹ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɨɝɨ 
ɮɚɤɬɨɪɚ ɭ ɧɚɧɨɝɚɡɨɜɡɜɟɫɟɣ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ ɜɵɲɟ, ɱɟɦ ɭ ɫɦɟɫɟɣ ɝɚɡɨɜ. ɇɚɤɨɧɟɰ, 
ɜɹɡɤɨɫɬɶ ɧɚɧɨɝɚɡɨɜɡɜɟɫɟɣ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɜɵɲɟ ɜɹɡɤɨɫɬɢ ɧɟɫɭɳɟɝɨ ɝɚɡɚ, ɬɚɤ ɢ ɧɢɠɟ.     Ⱦɚɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 
ɧɚɧɨɠɢɞɤɨɫɬɶ-ɬɜɟɪɞɨɟ ɬɟɥɨ Д12Ж, ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɢ ɢɯ ɫɬɪɭɤɬɭɪɵ Д13Ж. 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɥɢɱɢɟ ɞɢɫɩɟɪɫɧɨɣ ɱɚɫɬɢɰɵ ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɳɟɧɢɸ ɩɟɪɟɯɨɞɚ ɜ ɡɨɧɭ ɛɨɥɟɟ 
ɜɵɫɨɤɢɯ ɩɥɨɬɧɨɫɬɟɣ ɢ ɞɚɜɥɟɧɢɣ. Ʉɪɨɦɟ ɬШɝШ, ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɧɚɧɨɠɢɞɤɨɫɬɶ ɢɦɟɟɬ 
ɞɚɜɥɟɧɢɟ ɧɢɠɟ, ɚ ɜ ɬɜɟɪɞɨɦ – ɜɵɲɟ, ɱɟɦ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɫɬɨɹɧɢɹɯ ɛɚɡɨɜɨɣ ɫɪɟɞɵ.  Ⱦɚɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɜ 
ɠɢɞɤɨɫɬɹɯ Д14–17Ж. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɫɤɨɪɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰɵ ɢɦɟɟɬ 
ɞɜɟ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɟ ɜɟɬɜɢ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɡɥɢɱɧɵɦ ɦɟɯɚɧɢɡɦɚɦ ɪɟɥɚɤɫɚɰɢɢ: 
ɤɢɧɟɬɢɱɟɫɤɨɦɭ ɢ ɮɥɭɤɬɭɚɰɢɨɧɧɨɦɭ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ ɞɢɮɮɭɡɢɹ ɧɚɧɨɱɚɫɬɢɰ ɜ ɠɢɞɤɨɫɬɹɯ 
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ɪɚɞɢɤɚɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɞɢɮɮɭɡɢɢ ɛɪɨɭɧɨɜɫɤɢɯ ɱɚɫɬɢɰ ɢ ɬɚɤɠɟ, ɤɚɤ ɜ ɝɚɡɚɯ, ɡɚɜɢɫɢɬ ɨɬ 
ɦɚɬɟɪɢɚɥɚ ɱɚɫɬɢɰ.  Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɨ ɜɹɡɤɨɫɬɢ 
ɧɚɧɨɠɢɞɤɨɫɬɟɣ Д18–24Ж. Ɉɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɜɹɡɤɨɫɬɶ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ 
ɜɹɡɤɨɫɬɢ ɨɛɵɱɧɵɯ ɞɢɫɩɟɪɫɧɵɯ ɠɢɞɤɨɫɬɟɣ ɢ ɧɟ ɨɩɢɫɵɜɚɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɬɟɨɪɢɹɦɢ 
(Эɣɧɲɬɟɣɧɚ, Ȼɷɬɱɟɥɨɪɚ ɢ ɬ.ɩ.). ɉɨɦɢɦɨ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɨɬ ɨɛɴɟɦɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ, ɨɧ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ ɢɯ ɪɚɡɦɟɪɚ ɢ ɦɚɬɟɪɢɚɥɚ. ɋ ɪɨɫɬɨɦ ɪɚɡɦɟɪɚ 
ɧɚɧɨɱɚɫɬɢɰ ɜɹɡɤɨɫɬɶ ɧɚɧɨɠɢɞɤɨɫɬɢ ɫɧɢɠɚɟɬɫɹ. ɉɪɢɜɨɞɹɬɫɹ ɤɨɪɪɟɥɹɰɢɢ, ɚɞɟɤɜɚɬɧɨ 
ɨɩɢɫɵɜɚɸɳɢɟ ɬɚɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ.  Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɪɟɨɥɨɝɢɢ ɧɚɧɨɠɢɞɤɨɫɬɟɣ Д20, 25–31Ж. ɍɤɚɡɚɧɨ, ɱɬɨ 
ɧɚɧɨɠɢɞɤɨɫɬɢ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɦɨɝɭɬ ɢɦɟɬɶ ɤɚɤ ɧɶɸɬɨɧɨɜɫɤɭɸ, ɬɚɤ ɢ ɧɟɧɶɸɬɨɧɨɜɫɤɭɸ 
ɪɟɨɥɨɝɢɸ. ɉɪɢ ɧɶɸɬɨɧɨɜɫɤɨɣ ɪɟɨɥɨɝɢɢ ɛɚɡɨɜɨɣ ɠɢɞɤɨɫɬɢ ɧɚɧɨɠɢɞɤɨɫɬɶ ɦɨɠɟɬ ɦɟɧɹɬɶ ɫɜɨɸ 
ɪɟɨɥɨɝɢɸ ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ. ɑɚɳɟ ɜɫɟɝɨ ɪɟɨɥɨɝɢɹ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɦɨɠɟɬ 
ɛɵɬɶ ɨɩɢɫɚɧɚ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɞɥɹ ɫɬɟɩɟɧɧɵɯ ɠɢɞɤɨɫɬɟɣ, ɯɨɬɹ ɜɨɡɦɨɠɧɚ 
ɪɟɚɥɢɡɚɰɢɹ ɢ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɡɚɤɨɧɨɜ, ɧɚɩɪɢɦɟɪ, ɫ ɩɪɟɞɟɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ.   Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɧɚɧɨɠɢɞɤɨɫɬɟɣ Д18, 19, 32–40Ж. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɜ ɨɛɳɟɦ 
ɫɥɭɱɚɟ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɚɡɨɜɨɣ ɠɢɞɤɨɫɬɢ. ɉɨɦɢɦɨ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ ɨɧɚ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɪɚɡɦɟɪɚ, ɩɪɢɱɟɦ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ 
ɧɚɧɨɱɚɫɬɢɰ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ. ɋɭɳɟɫɬɜɭɟɬ ɬɚɤɠɟ ɧɟɤɨɬɨɪɨɟ ɩɪɟɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ, ɜɵɲɟ ɤɨɬɨɪɨɝɨ ɟɟ ɭɜɟɥɢɱɟɧɢɟ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɧɨɠɢɞɤɨɫɬɢ.     Ⱦɚɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɟɣ ɧɚ 
ɧɚɧɨɱɚɫɬɢɰɭ ɜ ɠɢɞɤɨɫɬɢ Д41Ж. Эɬɢ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɫɢɥɚ, ɞɟɣɫɬɜɭɸɳɚɹ ɧɚ 
ɧɚɧɨɱɚɫɬɢɰɭ, ɧɟɫɬɚɰɢɨɧɚɪɧɚɹ. ȿɟ ɧɚɱɚɥɶɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜ 2–3 ɪɚɡɚ ɛɨɥɶɲɟ ɫɢɥɵ 
ɋɬɨɤɫɚ. Эɬɚ ɫɢɥɚ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɪɚɞɢɭɫɭ ɱɚɫɬɢɰɵ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ 
ɪɟɥɚɤɫɚɰɢɢ ɟɟ ɜɵɯɨɞɚ ɧɚ ɫɬɚɰɢɨɧɚɪɧɨɟ ɩɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɤɚɡɵɜɚɟɬɫɹ ɧɚɩɪɨɬɢɜ 
ɦɟɧɶɲɟ ɫɢɥɵ ɋɬɨɤɫɚ.      Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɢɡɭɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɨɬɞɚɱɢ ɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɤɢɩɟɧɢɢ ɧɚɧɨɠɢɞɤɨɫɬɟɣ Д31, 42Ж. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɢɧɬɟɧɫɢɮɢɤɚɰɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɱɢɫɥɟ 
Ɋɟɣɧɨɥɶɞɫɚ ɨɤɚɡɵɜɚɟɬɫɹ ɜɟɫɶɦɚ ɡɧɚɱɢɬɟɥɶɧɨɣ. Ⱦɥɹ ɞɜɭɯɩɪɨɰɟɧɬɧɨɣ ɢɫɫɥɟɞɨɜɚɧɧɨɣ 
ɧɚɧɨɠɢɞɤɨɫɬɢ ɩɪɟɜɵɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ 
ɞɜɭɤɪɚɬɧɵɦ. Ʉɪɢɬɢɱɟɫɤɚɹ ɬɟɩɥɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚɧɨɠɢɞɤɨɫɬɢ ɫ ɱɚɫɬɢɰɚɦɢ ɨɤɫɢɞɚ ɠɟɥɟɡɚ ɩɨɱɬɢ 
ɜɞɜɨɟ ɜɵɲɟ, ɱɟɦ ɭ ɜɨɞɵ (ɛɚɡɨɜɚɹ ɠɢɞɤɨɫɬɶ), ɚ ɧɚɧɨɠɢɞɤɨɫɬɢ ɫ ɱɚɫɬɢɰɚɦɢ ɚɥɦɚɡɚ – ɩɪɢɦɟɪɧɨ 
ɜ 2.3 ɪɚɡɚ ɜɵɲɟ. 

ȼ ɡɚɤɥɸɱɟɧɢɟ ɨɛɫɭɠɞɚɸɬɫɹ ɦɟɯɚɧɢɡɦɵ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɢ 
ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɪɟɲɟɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɝɪɚɧɬ № 13-01-00052). 
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In this article, the monotone regime method has been used to investigate some density 
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(35,50,75,100nm) in dependence temperature and pressures. In recent years, nano structured   
magnetic materials or no magnetic materials, due to their interesting physical properties, are of 
special interest in nanophysics [1-3]. Physically stable magnetic metallic nanowires are of the most 
important nanostructures, and various techniques have been used to prepare and study them [4]. 
They have potential applications in electronics, optoelectronics and memory devices. Magnetic 
nanowires have several applications in magnetic and electrical nano devices. Arantesetal [5] 
investigated the electronic, structural and magnetic properties of Manganese doped Germanium 
nano wires using at initio total energy density functional theory calculations. A nano fluid is a dilute 
liquid suspension of particles with at least one critical dimension smaller than 35nm. Researches so 
far suggest that nano fluids offer excellent heat transfer enhancement over conventional base fluids. 
The enhancement depends on several factors such as particle shape, particle size distribution, 
volume fraction of nanoparticles, temperature and thermal conductivities, density of nanoparticles 
and base fluids. 

This paper presents an updated review on nano fluids with the emphasis on heat transfer 
enhancement of density, heat conduction, and numerical modeling of nano fluids. Based on the 
research findings, a number of challenges are emphasized in order to understand the underlying 
physics for future industrial take-up of the nano fluids technology. Further computational studies 
are also required in order to understand all of the factors affecting on the enhancement of thermal 
conductivity, density of nano fluids and nano metallic. A nano fluid is the promising heat and mass 
transfer medium in which nanoparticles are dispersed. It is known that the thermal conductivity of 
the nano fluids is considerably higher than that of the corresponding base fluids [6,7]. The 
experimental data  the Brownian motion of the nanopata on physical properties of nano fluids 
especially thermal conductivity are very scattered. Even though data provide insight into nano fluid 
properties and heat transfer benefits, a considerable amount of research remains to be done on this 
subject. Although the number of models for prediction of thermal conductivity of nano fluids is 
very high the mechanism of thermal conductivity enhancement is still unclear. It requires further 
computational studies to understand all of the factors that affect on this enhancement. Up to now, 
the thermal conductivity, density and surface tension of the nano fluids have been investigated. 
Among all be physical properties of nano fluids, the thermal conductivity is the most complex and 
for many applications the most important one [8]. By suspending some of the nanoparticles in 
heating or cooling fluids, the heat transfer performance of the fluid can be improved significantly. 
The main reasons of such enhancement may be listed as follows [9]. Bhattacharya et al. [10,11] 
used Brownian dynamics simulation to determine the effective thermal conductivity of nano fluids, 
by considering the Brownian motion of the nanoparticles. Effective thermal conductivity of the 
nano fluid was defined as: 

λeff = ψλp + (1- ψ) λf    ,                                          (1) 
аСОrО, λp- is not simply the bulk thermal conductivity of the nano particles but also includes the 
effect of the Brownian motion of the  nano particles  on the thermal conductivity (table). 
 
Table. Summary of Some Experimental studios on Thermal Conductivity of Nano fluids 

Objects Nanoparticle Base fluid Size of nanopartic-
les 

Particle 
concentration 

Ref. 

1 CNT Oil D=25 nm 
L=50ȝЦ 

0.3-1 % [12] 

2 Fe Ethylene glycol  10 nm 0.55% [13] 
3 Au Toluene 1,65 nm 0.003%  
4 ɋarbon Nano 

tube 
Ethylene glycol, 
water, hydraze 
hydrate 

 0.02- 1%  
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Seyf et.al.[14] presented numerical on the application of nano fluids in Micro-Pin-Fin heat sinks 
(MPFHSs). To investigate the flow and heat transfer behavior in MPFHSs, three- dimensional 
steady Naviere-Stokes and energy equations were solved iteratively. The  Nano fluids  were  CuO/ 
deinized water (the mean diameters of nanoparticles are (28,6 and 29 nm) and Al2O3 / deinized 
water (the mean diameters of nanoparticles are (38,4 and 47 nm).   

Dang et al [15] carreid out MD simulations to systematically study salvation and particle- 
particle interactions in n-hexan, water, and methanol fluids.    
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ɉɊɂɊɈȾА ɂɁɅɍɑȿɇɂЯ ɂ ɋВɈɃɋɌВА ɈɄɊɍɀАɘЩȿɃ ɇАɋ ɋɊȿȾЫ 
ɀɟɪɟɛɹɬɶɟɜ ȼ.ɂ. 

Ⱥɤɚɞɟɦɢɹ ɝɪɚɠɞɚɧɫɤɨɣ ɡɚɳɢɬɵ Ɇɑɋ Ɋɨɫɫɢɢ,  
Ɋɨɫɫɢɹ, 141435, Ɇ.Ɉ., ɝɨɪ. ɨɤɪɭɝ ɏɢɦɤɢ, ɦɤɪ. ɇɨɜɨɝɨɪɫɤ, ɭɥ. ɋɨɤɨɥɨɜɫɤɚɹ 

  
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɪɦɢɧ «ɢɡɥɭɱɟɧɢɟ» ɭɩɨɬɪɟɛɥɹɟɬɫɹ ɩɪɢ ɨɩɢɫɚɧɢɢ ɪɹɞɚ ɮɢɡɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ: ɢɡɥɭɱɟɧɢɟ ɡɜɭɤɚ, ɢɡɥɭɱɟɧɢɟ ɚɥɶɮɚ ɱɚɫɬɢɰ ɢ ɞɪ. Ⱦɚɥɟɟ ɛɭɞɟɬ ɢɞɬɢ ɪɚɡɝɨɜɨɪ ɬɨɥɶɤɨ 
ɨɛ ɢɡɥɭɱɟɧɢɢ ɫɜɟɬɚ, ɧɚɢɛɨɥɟɟ ɹɪɤɢɦɢ ɩɪɨɹɜɥɟɧɢɹɦɢ ɤɨɬɨɪɨɝɨ, ɹɜɥɹɸɬɫɹ ɫɤɨɪɨɫɬɶ ɟɝɨ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢ ɟɝɨ ɤɜɚɧɬɨɜɨɫɬɶ. ɉɨɤɚɠɟɦ, ɱɬɨ, ɩɪɢ ɜɩɨɥɧɟ ɨɛɴɹɫɧɢɦɵɯ ɞɨɩɭɳɟɧɢɹɯ ɨ 
ɫɬɪɨɟɧɢɢ ɨɤɪɭɠɚɸɳɟɝɨ ɧɚɫ ɦɢɪɚ, ɷɬɢ ɩɪɨɹɜɥɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ 
ɨɤɪɭɠɚɸɳɟɣ ɧɚɫ ɫɪɟɞɵ ɢ ɫɜɨɣɫɬɜɚɦɢ ɧɟɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɜɚɤɭɭɦɚ, ɩɨɥɭɱɚɸɳɟɝɨɫɹ ɩɪɢ 
ɩɟɪɟɦɟɧɟ ɦɟɫɬɚ ɷɥɟɤɬɪɨɧɨɦ.  

1. ɂɫɯɨɞɧыɟ ɩɨɥɨɠɟɧия ɨɛ ɨɛщиɯ ɫɜɨɣɫɬɜɚɯ ɩɪиɪɨɞы  
Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɫё ɜ ɧɚɲɟɦ ɦɢɪɟ ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɦɟɧɬɚɪɧɵɯ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɡɚɪɹɞɨɜ – ɷɥɟɤɬɪɨɧɨɜ, ɩɪɨɬɨɧɨɜ ɢ, ɦɨɠɟɬ ɛɵɬɶ, ɧɟɣɬɪɨɧɨɜ. Ʉ ɬɚɤɨɦɭ ɜɵɜɨɞɭ 
ɩɪɢɜɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɧɨɝɢɯ ɩɨɤɨɥɟɧɢɣ ɭɱɟɧɵɯ.   

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɚɪɬɢɧɵ, ɪɚɫɩɨɥɨɠɟɧɢɹ ɦɟɥɤɢɯ ɫɵɩɭɱɢɯ ɱɚɫɬɢɰ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɩɨɥɹɯ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜɧɟɲɧɟ ɷɥɟɦɟɧɬɚɪɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɡɚɪɹɞ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɤɨɬɨɪɨɟ ɨɛɴɟɦɧɨɟ ɭɩɪɭɝɨɟ ɬɟɥɨ, ɤɨɬɨɪɨɟ ɧɟ ɜɢɞɧɨ ɫ ɩɨɦɨɳɶɸ ɧɚɲɟɝɨ 
ɡɪɟɧɢɹ. Ɇɟɥɤɢɟ ɫɵɩɭɱɢɟ ɬɟɥɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɦɟɠɞɭ ɷɬɢɦɢ ɨɛɴɟɦɧɵɦɢ, ɭɩɪɭɝɢɦɢ ɬɟɥɚɦɢ.  

Кɚɠɞɵɣ ɷɥɟɦɟɧɬɚɪɧɵɣ ɡɚɪɹɞ ɢɦɟɟɬ ɬɚɤɭɸ ɮɨɪɦɭ ɢ ɡɚɧɢɦɚɟɬ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɬɨɥɶɤɨ 
ɦɟɫɬɚ, ɤɚɤɢɟ ɟɦɭ ɩɨɡɜɨɥɹɟɬ ɨɤɪɭɠɚɸɳɚɹ ɫɪɟɞɚ, ɬ.ɟ. ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɚɪɧɵɟ ɡɚɪɹɞɵ ɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢɡ ɧɢɯ. Ɂɚɧимɚɟмɨɟ ɷɥɟмɟɧɬɚɪɧым ɡɚɪяɞɨм мɟɫɬɨ ɧɚɡыɜɚɟɬɫя ɨɛɥɚɫɬɶɸ ɟɝɨ 
ɪɟɚɥиɡɚɰии. ȼɫɟ ɜ ɧɚɲɟɦ ɦɢɪɟ ɮɨɪɦɢɪɭɟɬɫɹ ɩɭɬɟɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɛɥɚɫɬɟɣ ɪɟɚɥɢɡɚɰɢɢ 
ɡɚɪɹɞɨɜ.  

Эɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɡɚɪɹɞɚ ɮɨɪɦɢɪɭɸɬɫɹ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɟɤɨɬɨɪɵɦɢ ɞɢɫɤɪɟɬɧɵɦɢ ɨɛɪɚɡɨɜɚɧɢɹɦɢ, ɫɜɨɛɨɞɧɨ ɩɟɪɟɦɟɳɚɸɳɢɦɢɫɹ ɩɨ ɧɟɣ. 
ȼɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɷɥɟɦɟɧɬɚɪɧɵɟ ɡɚɪɹɞɵ ɬɨɥɶɤɨ ɩɪɢ ɤɚɫɚɧɢɢ ɢɯ ɨɛɥɚɫɬɟɣ ɪɟɚɥɢɡɚɰɢɢ. Эɬɨ 
ɡɧɚɱɢɬ, ɱɬɨ ɩɪɢ ɤɚɫɚɧɢɢ ɨɛɥɚɫɬɟɣ ɪɟɚɥɢɡɚɰɢɢ ɨɞɧɨɢɦɟɧɧɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɚɪɹɞɨɜ 
ɨɛɪɚɡɨɜɚɧɢɹ, ɮɨɪɦɢɪɭɸɳɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɩɟɪɟɦɟɳɚɸɬɫɹ ɧɚ ɫɜɨɛɨɞɧɵɟ ɨɬ 
ɤɚɫɚɧɢɹ ɱɚɫɬɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɥɚɫɬɟɣ ɪɟɚɥɢɡɚɰɢɢ. Ⱦɥɹ ɨɞɧɨɢɦɟɧɧɵɯ ɡɚɪɹɞɨɜ ɷɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɡɵɜɚɸɬɫɹ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ⱦɥɹ ɪɚɡɧɨɢɦɟɧɧɵɯ ɡɚɪɹɞɨɜ 
ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɹɜɥɹɸɬɫɹ ɨɛɥɚɫɬɢ ɤɚɫɚɧɢɹ ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɚɪɹɞɨɜ. Ɉɩɵɬ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɫɪɟɞɟ ɨɬɫɭɬɫɬɜɭɟɬ ɜɧɭɬɪɟɧɧɟɟ ɬɪɟɧɢɟ.  

ɉɨɧɭɠɞɚɟɬ ɷɥɟмɟɧɬɚɪɧыɟ ɡɚɪяɞы ɤ ɜɡɚимɨɞɟɣɫɬɜиɸ ɬɨɥɶɤɨ ɜɧɟɲɧиɟ ɭɫɥɨɜия, 
ɤɨɬɨɪыɟ иɯ ɩɪиɠимɚɸɬ ɞɪɭɝ ɤ ɞɪɭɝɭ. ɉɨɞɪɨɛɧɟɟ ɫɦ. ɜ ɪɚɛɨɬɚɯ Д1,2Ж.   

2. Ɉ ɧɟɡɚɜиɫимɨɫɬи ɫɤɨɪɨɫɬи ɪɚɫɩɪɨɫɬɪɚɧɟɧия ɫɜɟɬɚ и ɟɟ ɡɧɚɱɟɧии 
ȿɫɥɢ ɫɥɟɞɨɜɚɬɶ ɩɨɥɨɠɟɧɢɹɦ ɩ.1 ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ, ɬɨ ɧɚɲɭ ȼɫɟɥɟɧɧɭɸ ɦɨɠɧɨ 

ɩɪɟɞɫɬɚɜɢɬɶ, ɜ ɜɢɞɟ ɧɟɤɨɬɨɪɨɝɨ ɨɛɴёɦɚ, ɪɚɜɧɨɦɟɪɧɨ ɡɚɩɨɥɧɟɧɧɨɝɨ ɚɬɨɦɚɦɢ ɜɨɞɨɪɨɞɚ. Ȼɨɥɟɟ 
ɬɨɝɨ, ɩɨɫɤɨɥɶɤɭ ɨɛɴёɦ, ɡɚɧɢɦɚɟɦɵɣ ɹɞɪɨɦ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɜ з 1033 ɪɚɡɚ ɦɟɧɶɲɟ ɨɛɴёɦɚ, 
ɡɚɧɢɦɚɟɦɨɝɨ ɷɥɟɤɬɪɨɧɨɦ, ɧɚɲɭ ȼɫɟɥɟɧɧɭɸ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɧɟɤɨɬɨɪɨɝɨ ɨɛɴёɦɚ, 
ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɪɚɜɧɨɦɟɪɧɨ ɡɚɩɨɥɧɹɸɳɢɯ ɟɝɨ ɷɥɟɤɬɪɨɧɨɜ. Ⱦɚɥɟɟ, ɷɬɨɬ ɨɛɴёɦ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ 
ɩɪɢɜɵɱɧɵɦ ɬɟɪɦɢɧɨɦ – ɫɪɟɞɚ, ɢ ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɟё, ɩɨ ɨɱɟɜɢɞɧɵɦ ɩɪɢɱɢɧɚɦ, ɨɞɧɨɪɨɞɧɨɣ ɢ 
ɢɡɨɬɪɨɩɧɨɣ Д2Ж. ɇɟɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ ɜɨ ȼɫɟɥɟɧɧɨɣ ɨɬ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɜɨɡɦɭɳɟɧɢɣ ɫɥɟɞɭɟɬ ɢɡ ɬɨɝɨ, ɱɬɨ ɟɫɥɢ ɜ ɤɚɤɨɣ-ɬɨ ɬɨɱɤɟ 
ȼɫɟɥɟɧɧɨɣ, ɚ ɷɬɨ, ɤɚɤ ɫɤɚɡɚɧɨ, ɨɞɧɨɪɨɞɧɚɹ ɢ ɢɡɨɬɪɨɩɧɚɹ ɫɪɟɞɚ, ɫɮɨɪɦɢɪɨɜɚɥɨɫɶ ɧɟɤɨɬɨɪɨɟ 
ɜɨɡɦɭɳɟɧɢɟ, ɬɨ ɧɟ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ, ɤɚɤ ɞɜɢɝɚɥɨɫɶ ɭɫɬɪɨɣɫɬɜɨ, ɜɵɡɜɚɜɲɟɟ ɷɬɨ ɜɨɡɦɭɳɟɧɢɟ, 
ɜɚɠɧɨ, ɥɢɲɶ ɬɨ, ɝɞɟ ɩɪɨɢɡɨɲɥɨ ɜɨɡɦɭɳɟɧɢɟ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨɩɟɪɟɱɧɵɯ ɭɩɪɭɝɢɯ ɜɨɥɧ ɜ ɫɪɟɞɟ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɨɨɬɧɨɲɟɧɢɟɦ ɫ2 = ȿ/ρ, ɝɞɟ ȿ – ɦɨɞɭɥɶ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɫɠɚɬɢɹ, ɚ ρ – ɟё ɩɥɨɬɧɨɫɬɶ. Ⱦɥɹ 
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ɩɨɧɢɦɚɧɢɹ ɬɨɝɨ, ɫɤɨɥɶ ɜɟɥɢɤ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɫɠɚɬɢɹ ɷɥɟɤɬɪɨɧɧɨɣ ɫɪɟɞɵ, 
ɨɰɟɧɢɦ ɟɝɨ ɜɟɥɢɱɢɧɭ ɢ ɫɪɚɜɧɢɦ ɟɝɨ ɫ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ ɚɥɦɚɡɚ. Ɍɚɤ ɜ ɜɨɡɞɭɯɟ ɜ 1 ɦ3 
ɧɚɯɨɞɢɬɫɹ 2.6868ɯ1025 ɦɨɥɟɤɭɥ ɝɚɡɚ (ɱɢɫɥɨ Ʌɨɲɦɢɞɬɚ). Ʉɚɠɞɚɹ ɦɨɥɟɤɭɥɚ ɜɨɡɞɭɯɚ ɫɨɞɟɪɠɢɬ з 
28 ɷɥɟɤɬɪɨɧɨɜ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɨɧɧɨɣ ɫɪɟɞɵ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ρ з 
2.6868ɯ1025ɯ28ɯ9.11ɯ10-31 = 6.85ɯ10-4 ɤɝ ɦ-3, ɢ ɦɨɞɭɥɶ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɫɠɚɬɢɹ ɷɥɟɤɬɪɨɧɧɨɣ 
ɫɪɟɞɵ, ɩɨɬɪɟɛɧɵɣ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ ɜ ɧɟɣ ɛɵɥɚ ɪɚɜɧɚ 
ɫɤɨɪɨɫɬɢ ɫɜɟɬɚ, ɪɚɜɟɧ  ȿ = 9ɯ1016ɯ6.85ɯ10-4 = 6.165ɯ1013 ɇɦ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɞɭɥɹ 
ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɫɠɚɬɢɹ ɜɫɟɝɨ ɧɚ ɩɨɪɹɞɨɤ ɛɨɥɶɲɟ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɚɥɦɚɡɚ. ɂɡɥɨɠɟɧɧɨɟ 
ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ – ɫɤɨɪɨɫɬɶ ɫɜɟɬɚ ɷɬɨ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɦɭɳɟɧɢɣ ɜ 
ɷɥɟɤɬɪɨɧɧɨɣ ɫɪɟɞɟ. ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɛɥɚɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟɫɠɢɦɚɟɦɵ. ɋɠɢɦɚɟɦɨɫɬɶ ɨɤɪɭɠɚɸɳɢɯ ɧɚɫ ɫɪɟɞ ɫɜɹɡɚɧɚ ɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɨɧɨɜ ɫ 
ɩɪɨɬɨɧɚɦɢ. Эɥɟɤɬɪɨɧ ɢ ɩɪɨɬɨɧ ɤɚɤ ɛɵ ɜɯɨɞɹɬ ɞɪɭɝ ɜ ɞɪɭɝɚ.  

3. Ɏиɡиɱɟɫɤɚя ɩɪиɪɨɞɚ ɤɜɚɧɬɨɜ ɫɜɟɬɚ и иɯ ɫɜɨɣɫɬɜɚ  
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɱɢɬɚɟɬɫɹ ɭɫɬɚɧɨɜɥɟɧɧɵɦ, ɱɬɨ ɫɜɟɬ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ 

ɜɨɥɧɨɣ, ɜɨɡɧɢɤɚɸɳɟɣ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɦɟɫɬɚ ɷɥɟɤɬɪɨɧɨɦ. Эɬɨ ɢɡɦɟɧɟɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɢɡɥɭɱɟɧɢɟɦ ɢɥɢ ɩɨɝɥɨɳɟɧɢɟɦ ɤɜɚɧɬɚ ɷɧɟɪɝɢɢ (ɞɪɭɝɨɟ ɧɚɡɜɚɧɢɟ – ɮɨɬɨɧɚ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɷɧɟɪɝɢɢ ɢɡɥɭɱɚɟɦɨɣ ɢɥɢ ɩɨɝɥɨɳɚɟɦɨɣ ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ. Ɇɟɯɚɧɢɡɦ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɬɨɣ 
ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ (ɤɜɚɧɬɚ ɷɧɟɪɝɢɢ, ɮɨɬɨɧɚ) ɢ ɟё ɮɢɡɢɱɟɫɤɚɹ ɫɭɬɶ ɧɟɢɡɜɟɫɬɧɵ.  

ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɚ ɧɚɫɬɨɹɳɟɝɨ ɢɡɥɨɠɟɧɢɹ, ɮɨɬɨɧ – ɨɱɟɧɶ ɦɚɥɟɧɶɤɢɣ ɨɛɴɟɦ ɜɚɤɭɭɦɚ. ɉɪɢ 
ɷɬɨɦ ɩɨɞ ɜɚɤɭɭɦɨɦ ɩɨɧɢɦɚɟɬɫɹ ɧɟ ɪɚɡɪɟɠɟɧɧɚɹ ɫɪɟɞɚ, ɢ ɧɟ ȼɚɤɭɭɦ, ɤɚɤ ɧɢɡɲɟɟ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɤɜɚɧɬɨɜɨɝɨ ɩɨɥɹ, ɤɚɤ ɷɬɨ ɬɪɚɤɬɭɟɬɫɹ ɜ ɮɢɡɢɱɟɫɤɨɣ ɷɧɰɢɤɥɨɩɟɞɢɢ 
[3]. ɉɨɞ ɜɚɤɭɭɦɨɦ ɩɨɧɢɦɚɟɬɫɹ «ɚɛɫɨɥɸɬɧɚɹ ɩɭɫɬɨɬɚ», ɤɚɤ ɷɬɨ ɬɪɚɤɬɨɜɚɥɨɫɶ ɞɪɟɜɧɢɦɢ 
ɝɪɟɤɚɦɢ ɢ ɩɨɧɢɦɚɟɬɫɹ «ɡɞɪɚɜɵɦ ɫɦɵɫɥɨɦ». Ʉɨɫɦɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɷɬɨ ɧɟ ɜɚɤɭɭɦ, ɚ, ɜ 
ɨɫɧɨɜɧɨɦ, ɨɛɥɚɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɛɟɞɢɬɶɫɹ ɜ ɬɨɦ, ɱɬɨ ɬɚɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɭɬɢ ɤɜɚɧɬɚ 
ɷɧɟɪɝɢɢ ɢ ɨɛɴɹɫɧɹɟɬ ɩɪɢɱɢɧɭ ɩɨɹɜɥɟɧɢɹ ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ, ɪɚɫɫɦɨɬɪɢɦ, ɤɚɤ ɜɟɞɟɬ ɬɚɤɨɣ ɨɛɴɟɦ 
ɜɚɤɭɭɦɚ ɜ ɷɥɟɤɬɪɨɧɧɨɣ ɫɪɟɞɟ. ɉɭɫɬɶ ɢɦɟɸɬɫɹ ɞɜɟ ɫɬɟɧɤɢ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɧɚɯɨɞɢɬɫɹ 
ɷɥɟɤɬɪɨɧɧɚɹ ɫɪɟɞɚ, ɧɚ ɩɪɚɤɬɢɤɟ ɷɬɨ ɫ ɛɨɥɶɲɨɣ ɬɨɱɧɨɫɬɶɸ ɨɡɧɚɱɚɟɬ – ɧɚɯɨɞɢɬɫɹ ɜɨɡɞɭɯ. 
ɉɨɥɨɠɢɦ ɬɚɤɠɟ, ɱɬɨ ɫɬɟɧɤɢ ɷɬɨɝɨ ɫɨɫɭɞɚ ɜɡɚɢɦɧɨ ɩɚɪɚɥɥɟɥɶɧɵ ɢ ɧɢɤɚɤ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ 
ɫ ɜɚɤɭɭɦɨɦ. ɉɭɫɬɶ ɬɟɩɟɪɶ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɧɤɢ ɫɮɨɪɦɢɪɨɜɚɥɫɹ ɧɟɤɨɬɨɪɵɣ ɨɛɴɟɦ ɜɚɤɭɭɦɚ 
(ɞɚɥɟɟ ɮɨɬɨɧ) ɜ ɜɢɞɟ ɤɚɜɟɪɧɵ. ɉɨɹɜɥɟɧɢɟ ɮɨɬɨɧɚ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ ɡɚɩɨɥɧɟɧɢɸ ɷɥɟɤɬɪɨɧɧɨɣ 
ɫɪɟɞɨɣ ɩɪɨɰɟɫɫɨɦ, ɧɚɩɨɦɢɧɚɸɳɢɦ «ɨɛɪɚɬɧɵɣ» ɩɪɨɛɨɣ ɜ ɥɢɫɬɟ ɫɬɚɥɢ. ɂɡ-ɡɚ ɬɨɝɨ, ɱɬɨ 
ɷɥɟɤɬɪɨɧɧɚɹ ɫɪɟɞɚ ɛɨɥɟɟ ɠɟɫɬɤɚɹ, ɱɟɦ ɦɚɬɟɪɢɚɥ ɫɬɟɧɨɤ, ɞɟɮɨɪɦɚɰɢɹ ɛɭɞɟɬ ɢɦɟɬɶ 
ɧɚɩɪɚɜɥɟɧɢɟ ɨɬ ɬɨɣ ɫɬɨɪɨɧɵ, ɝɞɟ ɠɟɫɬɤɨɫɬɶ ɫɪɟɞɵ ɦɟɧɶɲɟ, ɬ.ɟ. ɨɬ ɞɪɭɝɨɣ ɫɬɟɧɤɢ. ɇɚ ɞɪɭɝɨɣ 
ɫɬɟɧɤɟ ɫɨɫɭɞɚ ɢɡ-ɡɚ ɫɦɟɳɟɧɢɹ ɫɥɨɹ ɫɪɟɞɵ, ɫɮɨɪɦɢɪɭɟɬɫɹ ɬɚɤɨɣ ɠɟ ɮɨɬɨɧ, ɩɨɫɥɟ ɱɟɝɨ ɜɫɟ 
ɩɨɜɬɨɪɢɬɫɹ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɞɢɫɫɢɩɚɰɢɢ ɧɚɱɧɟɬɫɹ ɛɟɫɤɨɧɟɱɧɨɟ 
ɤɨɥɟɛɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ ɫɜɟɬɨɜɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɨɬ ɨɞɧɨɣ ɫɬɟɧɤɢ ɤ ɞɪɭɝɨɣ.  

ɋɜɨɣɫɬɜɚ ɫɪɟɞɵ ɦɟɠɞɭ ɫɬɟɧɤɚɦɢ ɫɨɫɭɞɚ ɩɪɢ ɷɬɨɦ ɧɟ ɩɪɟɬɟɪɩɟɜɚɸɬ ɢɡɦɟɧɟɧɢɣ, ɢ ɩɨɷɬɨɦɭ 
ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɥɭɱɟɣ.  

ɉɪɟɞɩɨɥɨɠɢɦ ɬɟɩɟɪɶ, ɱɬɨ ɨɞɧɚ ɫɬɟɧɤɚ ɩɪɨɡɪɚɱɧɚɹ. ɉɪɨɡɪɚɱɧɚɹ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɜɟɬɚ, ɷɬɨ 
ɡɧɚɱɢɬ, ɱɬɨ ɨɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɤɨɬɨɪɭɸ ɨɱɟɧɶ ɪɟɞɤɭɸ ɫɟɬɤɭ, ɪɚɡɦɟɪɵ ɹɱɟɟɤ ɤɨɬɨɪɨɣ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɪɚɡɦɟɪɚɦɢ ɦɟɠɚɬɨɦɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɢ ɪɚɡɦɟɪɚɦɢ ɤɪɢɫɬɚɥɥɨɜ. ȼ ɭɡɥɚɯ ɹɱɟɟɤ 
ɧɚɯɨɞɹɬɫɹ ɹɞɪɚ ɚɬɨɦɨɜ, ɦɟɠɞɭ ɧɢɦɢ ɨɛɥɚɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɨɜ – ɷɥɟɤɬɪɨɧɧɚɹ ɫɪɟɞɚ. 
ȿɫɥɢ ɫɜɟɬɨɜɨɟ ɜɨɡɦɭɳɟɧɢɟ ɩɨɩɚɞɚɟɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɚ ɫɪɟɞ ɢ ɷɬɚ ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɛɨɥɟɟ 
ɩɥɨɬɧɨɣ ɫɪɟɞɨɣ, ɤɨɬɨɪɚɹ ɢɡ-ɡɚ ɛɥɢɡɨɫɬɢ ɷɥɟɤɬɪɨɧɨɜ ɤ ɹɞɪɚɦ ɢ ɫɜɹɡɢ ɫ ɧɢɦɢ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ 
«ɜɹɡɤɨɣ», ɬɨ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɨɹɜɥɹɟɬɫɹ ɪɚɡɪɵɜ ɦɟɠɞɭ ɫɪɟɞɚɦɢ, ɬ.ɟ. ɮɨɬɨɧ. 
(Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɷɬɨ ɨɬɦɟɱɚɟɬɫɹ ɩɨɬɟɪɟɣ ɩɨɥɨɜɢɧɵ ɜɨɥɧɵ). ɉɨɫɤɨɥɶɤɭ ɩɨɫɥɟ 
ɩɪɨɯɨɠɞɟɧɢɹ ɫɬɟɧɤɢ ɫɪɟɞɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ, ɫɜɟɬɨɜɨɟ ɜɨɡɦɭɳɟɧɢɟ ɧɚɱɢɧɚɟɬ 
ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɫ ɩɪɟɠɧɟɣ ɫɤɨɪɨɫɬɶɸ. ɉɪɟɞɩɨɥɨɠɢɦ ɬɟɩɟɪɶ, ɱɬɨ ɩɪɨɡɪɚɱɧɚɹ ɫɬɟɧɤɚ 
ɧɚɤɥɨɧɟɧɚ ɩɨɞ ɭɝɥɨɦ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɫɜɟɬɨɜɨɝɨ ɜɨɡɦɭɳɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

38 
 

ɧɟ ɛɭɞɟɬ ɦɟɫɬɚ ɨɬɪɚɠɟɧɢɹ, ɨɧɨ ɫɬɚɧɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɩɨ ɩɭɬɢ, ɧɚ ɤɨɬɨɪɨɦ ɢɦɟɟɬɫɹ 
ɧɚɢɦɟɧɶɲɟɟ ɜɥɢɹɧɢɟ ɹɞɟɪ ɚɬɨɦɨɜ. ɇɟɬɪɭɞɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɷɬɨɬ ɩɭɬɶ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɪɚɡɦɟɪɚ 
ɮɨɬɨɧɚ. Ʉɪɭɩɧɵɟ ɮɨɬɨɧɵ ɩɨ ɟɫɬɟɫɬɜɟɧɧɵɦ ɩɪɢɱɢɧɚɦ ɛɭɞɭɬ ɨɬɤɥɨɧɹɬɶɫɹ ɛɨɥɶɲɟ ɨɬ 
ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ, ɱɬɨ ɢ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ. ɇɚɩɪɚɜɥɟɧɢɟ 
ɷɬɨɝɨ ɩɭɬɢ ɩɪɢɧɹɬɨ ɨɩɢɫɵɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ.  

ɂɡɥɨɠɟɧɧɵɟ ɫɨɨɛɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɪɢɱɢɧɵ: ɩɨɥɧɨɝɨ ɨɬɪɚɠɟɧɢɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɭɝɥɚ 
ɩɚɞɟɧɢɹ ɩɪɢ ɜɯɨɞɟ ɜ ɞɪɭɝɭɸ ɫɪɟɞɭ; ɧɚɩɪɚɜɥɟɧɢɟ ɫɥɨёɜ (ɬɨ, ɱɬɨ ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɹɪɢɡɚɰɢɟɣ) ɜ 
ɨɬɪɚɠɟɧɧɵɯ ɢ ɩɪɟɥɨɦɥɟɧɧɵɯ ɩɭɱɤɚɯ ɮɨɬɨɧɨɜ.  

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɰɟɫɫ ɨɬɪɚɠɟɧɢɹ ɢ ɩɨɝɥɨɳɟɧɢɹ. Ɏɨɬɨɧ, ɞɨɫɬɢɝɲɢɣ ɝɪɚɧɢɰɵ ɫɪɟɞɵ (ɞɚɥɟɟ 
ɩɨɞ ɫɪɟɞɨɣ ɩɨɧɢɦɚɟɬɫɹ ɧɟɤɨɟ ɬɜɟɪɞɨɟ ɬɟɥɨ), ɫɮɨɪɦɢɪɭɟɬ ɧɚ ɧɟɣ ɮɨɬɨɧ, ɤɨɬɨɪɵɣ ɟɫɥɢ ɟɝɨ 
ɨɛɨɥɨɱɤɚ ɨɱɟɧɶ ɩɪɨɱɧɚ, ɛɭɞɟɬ ɨɬɪɚɠɟɧ ɜ ɢɡɥɨɠɟɧɧɨɦ ɪɚɧɟɟ ɫɦɵɫɥɟ. ɉɪɢ ɦɟɧɟɟ ɩɪɨɱɧɨɣ 
ɨɛɨɥɨɱɤɟ ɨɧ ɛɭɞɟɬ ɥɢɛɨ ɩɨɝɥɨɳɟɧ, ɥɢɛɨ ɱɚɫɬɢɱɧɨ ɨɬɪɚɠɟɧ ɢ ɱɚɫɬɢɱɧɨ ɩɨɝɥɨɳɟɧ. 

ɉɪɢ ɩɨɝɥɨɳɟɧɢɢ ɚɬɨɦ (ɢɥɢ ɚɬɨɦɵ), ɫ ɤɨɬɨɪɵɦ (ɤɨɬɨɪɵɦɢ) ɩɪɨɢɡɨɲɥɨ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɟ 
ɮɨɬɨɧɚ, ɧɚɱɢɧɚɟɬ ɡɚɧɢɦɚɬɶ ɛɨɥɶɲɢɣ ɨɛɴɟɦ. ɋɨɫɟɞɧɢɟ ɚɬɨɦɵ ɧɟɦɟɞɥɟɧɧɨ ɜɤɥɸɱɚɬɫɹ ɜ ɷɬɨɬ 
ɩɪɨɰɟɫɫ ɪɚɫɲɢɪɟɧɢɹ. ȼɫɟ ɬɟɥɨ ɪɚɫɲɢɪɢɬɫɹ ɧɚ ɨɛɴɟɦ ɮɨɬɨɧɚ, ɬ.ɟ. ɬɟɥɨ ɧɚɝɪɟɜɚɟɬɫɹ. ɇɨ ɧɚ 
ɬɜɟɪɞɨɦ ɬɟɥɟ ɢɦɟɟɬɫɹ ɨɛɨɥɨɱɤɚ, ɤɨɬɨɪɚɹ ɛɵɥɚ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. ɉɨɫɥɟ 
ɩɨɝɥɨɳɟɧɢɹ ɮɨɬɨɧɚ ɪɚɜɧɨɜɟɫɢɟ ɧɚɪɭɲɚɟɬɫɹ. Ⱦɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɷɬɨɬ ɮɨɬɨɧ 
ɞɨɥɠɟɧ ɛɵɬɶ ɢɡɥɭɱɟɧ, ɱɬɨ ɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɮɨɬɨɧɨɦ ɷɬɨɝɨ ɬɟɥɚ ɩɨ ɩɭɬɢ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɦɢɧɢɦɚɥɶɧɨɦɭ ɜɪɟɦɟɧɢ (ɩɪɢɧɰɢɩ Ɏɟɪɦɚ). Ɏɨɬɨɧ ɪɚɫɫɟɢɜɚɟɬɫɹ. ɉɨɤɚ 
ɮɨɬɨɧ ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ ɬɟɥɚ, ɷɬɨ ɬɟɥɨ ɢɦɟɟɬ ɩɨɜɵɲɟɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɫɪɟɞɟ. 

ɉɪɢ ɧɟɩɨɥɧɨɦ ɩɨɝɥɨɳɟɧɢɢ ɧɟ ɩɨɝɥɨɳɟɧɧɚɹ ɱɚɫɬɶ ɫɬɚɧɨɜɢɬɫɹ ɮɨɬɨɧɨɦ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ 
ɢ ɨɬɪɚɡɢɬɫɹ. Эɬɨɬ ɩɪɨɰɟɫɫ ɨɩɢɫɚɧ Ʉɨɦɩɬɨɧɨɦ Д3Ж.  

ȿɫɥɢ ɮɨɬɨɧ ɦɚɥ (ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɧɮɪɚɤɪɚɫɧɨɦɭ ɞɢɚɩɚɡɨɧɭ ɜɨɥɧ), ɨɧ 
ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɝɪɚɧɢɰɵ ɬɟɥɚ ɜɫɟɝɞɚ (ɢɥɢ ɩɨɱɬɢ ɜɫɟɝɞɚ) ɛɭɞɟɬ ɩɨɝɥɨɳɟɧ. ɉɨ ɦɟɪɟ 
ɭɜɟɥɢɱɟɧɢɹ ɮɨɬɨɧɚ ɝɥɭɛɢɧɚ ɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɪɟɞɭ  ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɋɭɳɟɫɬɜɭɟɬ ɬɚɤɨɣ 
ɪɚɡɦɟɪ ɮɨɬɨɧɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɨɬɪɵɜ ɷɥɟɤɬɪɨɧɚ ɨɬ ɚɬɨɦɚ (ɮɨɬɨɧ ɫɬɚɧɟɬ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬ.ɧ. ɪɚɛɨɬɟ ɜɵɯɨɞɚ ɢɥɢ ɤɪɚɫɧɨɣ ɝɪɚɧɢɰɟ ɮɨɬɨɷɮɮɟɤɬɚ).   

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɪɚɡɦɟɪɨɜ ɮɨɬɨɧɚ ɝɥɭɛɢɧɚ ɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɫɪɟɞɭ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ «ɩɪɨɥɨɦɭ» ɫɪɟɞɵ ɧɚ ɝɥɭɛɢɧɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɟɝɨ ɪɚɡɦɟɪɭ. 
ɉɪɢɦɟɪɚɦɢ ɬɚɤɢɯ ɮɨɬɨɧɨɜ ɹɜɥɹɸɬɫɹ ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ ɢ  ɝɚɦɦɚ ɢɡɥɭɱɟɧɢɟ. 

ȼɫɬɪɟɱɚ ɮɨɬɨɧɚ ɫɨ ɫɜɨɛɨɞɧɵɦ ɷɥɟɤɬɪɨɧɨɦ (ɬ.ɟ. ɷɥɟɤɬɪɨɧɨɦ ɫɥɚɛɨ ɫɜɹɡɚɧɧɵɦ ɫ ɬɟɥɨɦ, 
ɤɨɬɨɪɨɦɭ ɨɧ ɩɪɢɧɚɞɥɟɠɢɬ ɢɥɢ ɫɨɜɟɪɲɟɧɧɨ ɫɜɨɛɨɞɧɵɦ) ɩɪɢɜɨɞɢɬ ɤ ɩɨɝɥɨɳɟɧɢɸ ɮɨɬɨɧɚ, ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɢɡɥɭɱɟɧɢɟɦ ɮɨɬɨɧɚ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɧɚɢɛɨɥɟɟ ɫɜɨɛɨɞɧɨɦ ɜ ɞɚɧɧɨɦ ɦɟɫɬɟ 
ɩɪɨɫɬɪɚɧɫɬɜɚ.  

4. ɉɪиɱиɧɚ ɩɨяɜɥɟɧия ɮɨɬɨɧɨɜ  
ɉɪɟɞɫɬɚɜɥɹɟɬɫɹ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɧɚ, «ɨɛɧɚɪɭɠɢɜ ɛɨɥɟɟ ɭɞɨɛɧɨɟ» 

ɞɥɹ ɧɟɝɨ ɦɟɫɬɨ ɧɚ ɧɟɣɬɪɨɧɟ ɞɪɭɝɨɝɨ ɚɬɨɦɚ, ɜɧɟɞɪɹɟɬɫɹ ɜ ɧɟɝɨ, ɢ ɩɟɪɟɬɚɫɤɢɜɚɟɬ ɜɟɫɶ ɷɥɟɤɬɪɨɧ 
ɡɚ ɫɨɛɨɣ. Ɉɛɥɚɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɚ ɫɧɚɱɚɥɚ ɪɚɡɞɜɢɝɚɟɬ ɫɪɟɞɭ, ɚ ɡɚɬɟɦ ɛɵɫɬɪɨ 
«ɭɛɢɪɚɟɬɫɹ» ɡɚ ɫɱёɬ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɧɚ ɧɨɜɨɦ ɦɟɫɬɟ. Ɉɛɪɚɡɭɟɬɫɹ ɮɨɬɨɧ.  

ȼɨɥɧɨɜɵɟ ɫɜɨɣɫɬɜɚ ɫɜɟɬɚ ɫɥɟɞɭɸɬ ɢɡ ɮɢɡɢɱɟɫɤɨɣ ɫɭɬɢ ɮɨɬɨɧɨɜ. Ɏɨɬɨɧɵ ɩɨ ɫɜɨɢɦ 
ɫɜɨɣɫɬɜɚɦ ɧɚɩɨɦɢɧɚɸɬ ɩɭɡɵɪɶɤɢ ɜ ɜɨɞɟ. ȿɫɥɢ ɢɯ ɦɧɨɝɨ, ɬɨ ɨɧɢ ɫɤɚɩɥɢɜɚɸɬɫɹ ɩɟɪɟɞ 
ɩɪɟɩɹɬɫɬɜɢɟɦ ɢ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɧɟɦ ɨɬɜɟɪɫɬɢɹ «ɩɪɨɞɢɪɚɸɬɫɹ» ɫɤɜɨɡɶ ɧɟɝɨ ɜ ɜɢɞɟ ɩɭɱɤɚ 
ɜɵɬɹɧɭɬɵɯ ɧɢɬɟɣ. ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɨɬɜɟɪɫɬɢɹ ɧɚ ɫɜɨɛɨɞɧɨɣ ɫɬɨɪɨɧɟ ɨɬ ɩɪɟɩɹɬɫɬɜɢɹ ɨɧɢ 
ɪɚɫɩɪɚɜɥɹɸɬɫɹ ɢ ɢɯ ɩɟɪɟɞɧɢɟ ɮɪɨɧɬɵ ɮɨɪɦɢɪɭɸɬ ɧɚɛɥɸɞɚɟɦɵɟ «ɜɨɥɧɨɜɵɟ» ɤɚɪɬɢɧɵ.  

ȼɫɟ ɫɜɨɣɫɬɜɚ ɨɩɬɢɤɢ ɢ ɩɨɥɹɪɢɡɚɰɢɢ ɧɟɦɟɞɥɟɧɧɨ ɫɥɟɞɭɸɬ ɢɡ ɫɜɨɣɫɬɜ ɮɨɬɨɧɚ, ɤɚɤ 
ɦɚɥɟɧɶɤɨɝɨ ɨɛɴɟɦɚ ɜɚɤɭɭɦɚ.  

ɉɪɨɹɫɧɹɟɬɫɹ ɢ ɩɪɢɪɨɞɚ ɞɢɫɩɟɪɫɢɢ ɫɜɟɬɚ. Ɉɧɚ ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɟɟ ɛɵɫɬɪɵɦ ɞɜɢɠɟɧɢɟɦ 
ɤɪɭɩɧɵɯ ɮɨɬɨɧɨɜ ɜ ɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ ɤ ɝɪɚɧɢɰɟ ɢ ɞɜɢɠɟɧɢɟɦ ɜɞɨɥɶ ɧɟё. 
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ɧɢɠɟ, ɱɟɦ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɨɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɮɭɧɤɰɢɟɣ Ɍɷɮ, ɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ q ɝɪɟɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ CO2 ɥɚɡɟɪɚ. Эɬɨɬ ɜɵɜɨɞ 
ɩɨɥɨɠɢɥ ɧɚɱɚɥɭ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɪɦɨɪɚɞɢɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɤɫɢɞɨɜ ɩɪɢ ɧɚɝɪɟɜɟ 
ɩɨɬɨɤɚɦɢ ɢɡɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɨɣ ɩɥɨɬɧɨɫɬɢ. ɂɡɭɱɚɟɦɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɹɜɥɹɥɢɫɶ 
ɧɨɪɦɚɥɶɧɨ-ɩɨɥɭɫɮɟɪɢɱɟɫɤɚɹ ɨɬɪɚɠɚɬɟɥɶɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ R ɧɚ ɞɢɫɤɪɟɬɧɵɯ ɞɥɢɧɚɯ ɜɨɥɧ 
ɡɨɧɞɢɪɭɸɳɢɯ ɥɚɡɟɪɨɜ 0.488, 0.6328, 1.15, 3.39 ɢ 5.4 ɦɤɦ ɢ ɫɩɟɤɬɪɵ ɢɡɥɭɱɟɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 
0.4 ɞɨ 1.5 ɦɤɦ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɤɚɤ ɜ ɩɪɨɰɟɫɫɟ ɛɵɫɬɪɨɝɨ ɧɚɝɪɟɜɚ, ɬɚɤ ɢ ɜ 
ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɢ ɜ ɩɪɨɰɟɫɫɟ ɫɜɨɛɨɞɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ. Ɍɢɩɢɱɧɵɟ ɡɧɚɱɟɧɢɹ q 
ɫɨɫɬɚɜɥɹɥɢ (1…3)∙103 ȼɬ/ɫɦ2, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɥɨ ɧɚɝɪɟɜ ɨɛɪɚɡɰɨɜ ɜɩɥɨɬɶ ɞɨ 3500 Ʉ, ɢ ɜ ɬɨ ɠɟ 
ɜɪɟɦɹ ɛɵɥɨ ɧɟɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɪɨɛɨɹ ɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɥɚɡɦɵ ɜɨɡɞɭɯɚ ɢ ɩɚɪɨɜ ɨɤɫɢɞɚ. ɋɯɟɦɚ 
ɫɬɟɧɞɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1. 

ȼ ɞɨɤɥɚɞɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɜɫɟɯ ɭɩɨɦɹɧɭɬɵɯ ɜɵɲɟ ɬɭɝɨɩɥɚɜɤɢɯ 
ɨɤɫɢɞɨɜ. Ɉɬɦɟɱɟɧɵ ɧɟɤɨɬɨɪɵɟ ɨɛɳɢɟ ɱɟɪɬɵ ɢɡɦɟɧɟɧɢɹ R ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. ȼ ɱɚɫɬɧɨɫɬɢ, 
ɜ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɧɚɝɪɟɜɚ ɜɟɥɢɱɢɧɚ R ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɡɧɚɱɟɧɢɹɦ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨ ɦɟɪɟ ɧɚɝɪɟɜɚ ɜ ɜɢɞɢɦɨɣ ɢ ɧɚɱɚɥɟ ɂɄ-ɨɛɥɚɫɬɢ 
ɫɩɟɤɬɪɚ ɭɦɟɧɶɲɟɧɢɟ R ɧɚɱɢɧɚɟɬɫɹ ɬɟɦ ɪɚɧɶɲɟ, ɱɟɦ ɤɨɪɨɱɟ ɞɥɢɧɚ ɜɨɥɧɵ . ɍɦɟɧɶɲɟɧɢɟ R ɜɨ 
ɜɫɟɦ ɫɩɟɤɬɪɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ ɞɨ ɧɚɱɚɥɚ ɩɥɚɜɥɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɨɝɥɨɳɟɧɢɹ k, ɬɚɤ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɫɟɹɧɢɹ , ɡɚɜɢɫɹɳɢɣ ɜ ɨɫɧɨɜɧɨɦ ɨɬ ɩɨɪɢɫɬɨɫɬɢ ɢ 
ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ, ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ ɩɨɹɜɥɟɧɢɹ ɪɚɫɩɥɚɜɚ ɩɨɱɬɢ ɧɟ ɦɟɧɹɟɬɫɹ. 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɞɨ ɩɥɚɜɥɟɧɢɹ ɭ ɬɭɝɨɩɥɚɜɤɢɯ ɨɤɫɢɞɨɜ 
ɫɨɯɪɚɧɹɟɬɫɹ ɬɢɩɢɱɧɵɣ ɞɥɹ ɞɢɷɥɟɤɬɪɢɤɨɜ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ k ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɞɥɢɧɨɣ 
ɜɨɥɧɵ: ɜ ɜɢɞɢɦɨɣ ɢ ɧɚɱɚɥɟ ɂɄ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ ɤɪɚɣ ɩɨɥɨɫɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ ɫ 
ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɳɚɟɬɫɹ ɜ ɞɥɢɧɧɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ, ɚ ɜ ɫɪɟɞɧɟɣ ɂɄ ɨɛɥɚɫɬɢ ɤɪɚɣ 
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ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɩɨɥɨɫɵ ɤɨɥɟɛɚɧɢɣ ɚɬɨɦɨɜ ɜ ɪɟɲɟɬɤɟ, ɫɜɹɡɚɧɧɵɣ ɫ ɦɧɨɝɨɮɨɧɨɧɧɵɦ 
ɩɨɝɥɨɳɟɧɢɟɦ, ɫɦɟɳɚɟɬɫɹ ɜ ɤɨɪɨɬɤɨɜɨɥɧɨɜɭɸ ɨɛɥɚɫɬɶ. 

 

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɬɟɧɞɚ 

 
ɂɡɥɨɦ ɧɚ ɡɚɜɢɫɢɦɨɫɬɹɯ Ɍɷɮ(t), ɧɚɛɥɸɞɚɸɳɢɣɫɹ ɭ ɜɫɟɯ ɨɤɫɢɞɨɜ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ 

ɧɚɝɪɟɜɚ, ɫɜɹɡɚɧ ɫ ɩɥɚɜɥɟɧɢɟɦ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ 
ɝɥɭɛɢɧɟ, ɦɟɧɶɲɟɣ ɝɥɭɛɢɧɵ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɝɪɟɸɳɟɝɨ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. ɉɨɫɥɟ ɩɥɚɜɥɟɧɢɹ 
ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ  ɢ ɭɜɟɥɢɱɟɧɢɹ ɬɨɥɳɢɧɵ ɪɚɫɩɥɚɜɚ ɩɨ ɦɟɪɟ ɞɚɥɶɧɟɣɲɟɝɨ ɧɚɝɪɟɜɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɦɟɧɶɲɢɯ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɯ, ɡɧɚɱɟɧɢɹ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 
ɩɟɪɟɫɬɚɸɬ ɢɡɦɟɧɹɬɶɫɹ, ɩɨɫɤɨɥɶɤɭ ɪɚɫɩɥɚɜ ɫɬɚɧɨɜɢɬɫɹ ɨɩɬɢɱɟɫɤɢ ɛɟɫɤɨɧɟɱɧɵɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɨɬɪɚɠɟɧɢɟ ɨɞɢɧɚɤɨɜɨ ɩɪɢ ɜɫɟɯ q, ɬɚɤ ɤɚɤ ɨɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɨɥɶɤɨ ɩɨɤɚɡɚɬɟɥɟɦ ɩɪɟɥɨɦɥɟɧɢɹ 
ɪɚɫɩɥɚɜɚ. Ʌɢɲɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɨɝɞɚ ɧɚɱɢɧɚɟɬɫɹ ɡɚɦɟɬɧɨɟ ɢɫɩɚɪɟɧɢɟ, ɤɚɤ ɷɬɨ 
ɧɚɛɥɸɞɚɥɨɫɶ ɭ MgO, ɜɨɡɦɨɠɧɨ ɧɟɛɨɥɶɲɨɟ ɭɜɟɥɢɱɟɧɢɟ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, 
ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɪɚɫɫɟɹɧɢɟɦ ɧɚ ɱɚɫɬɢɰɚɯ ɤɨɧɞɟɧɫɚɬɚ. 

ɉɪɢ ɨɬɤɥɸɱɟɧɢɢ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɢ ɨɛɪɚɡɰɚ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɬɜɟɪɞɟɜɚɧɢɹ 
ɨɩɪɟɞɟɥɹɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ R ɨɤɚɡɵɜɚɟɬ ɬɨɥɳɢɧɚ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɪɚɫɩɥɚɜɚ, 
ɡɚɜɢɫɹɳɚɹ ɨɬ q ɢ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ t. ɉɪɢ ɦɟɧɶɲɟɣ q ɢ ɩɪɢ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɡɧɚɱɟɧɢɢ t ɦɟɧɶɲɟ 
ɬɨɥɳɢɧɚ ɪɚɫɩɥɚɜɚ, ɢ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɨɛɪɚɡɰɚ ɨɩɬɢɱɟɫɤɢ ɛɟɫɤɨɧɟɱɧɵɣ ɫɥɨɣ ɢɫɱɟɡɚɟɬ ɪɚɧɶɲɟ, 
ɡɨɧɞɢɪɭɸɳɟɟ ɢɡɥɭɱɟɧɢɟ ɜ ɡɚɬɜɟɪɞɟɜɲɟɦ ɪɚɫɩɥɚɜɟ ɨɫɥɚɛɥɹɟɬɫɹ ɦɟɧɶɲɟ ɢ ɞɨɫɬɢɝɚɟɬ ɫɢɥɶɧɨ 
ɪɚɫɫɟɢɜɚɸɳɟɣ ɤɟɪɚɦɢɤɢ ɫ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɨɬɪɚɠɟɧɢɟɦ. Эɬɨ ɜɟɞɟɬ ɤ ɛɨɥɟɟ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɹɦ 
R ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɟɟ ɬɨɥɫɬɵɦ ɫɥɨɟɦ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɪɚɫɩɥɚɜɚ ɩɪɢ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ 
ɡɧɚɱɟɧɢɹɯ Ɍɷɮ. 

Ⱦɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɟɪɚɦɢɤ ɧɚɛɥɸɞɚɥɨɫɶ ɩɟɪɟɨɯɥɚɠɞɟɧɢɟ ɪɚɫɩɥɚɜɚ, ɨɛɵɱɧɨ 
ɫɨɫɬɚɜɥɹɜɲɟɟ 60…100 Ʉ. Ɉɧɨ ɜɵɡɜɚɧɨ ɢɧɬɟɧɫɢɜɧɵɦ ɫɛɪɨɫɨɦ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɟɦ ɢ 
ɡɚɬɪɚɬɚɦɢ ɜɪɟɦɟɧɢ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ ɞɨɫɬɚɬɨɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɡɚɪɨɞɵɲɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɮɚɡɵ ɩɪɢ ɧɭɤɥɟɚɰɢɢ. 
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ɇɚɪɹɞɭ c ɨɛɳɢɦɢ ɱɟɪɬɚɦɢ, ɩɪɢɫɭɳɢɦɢ ɜɫɟɦ ɬɭɝɨɩɥɚɜɤɢɦ ɨɤɫɢɞɚɦ, ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ 
ɨɬɦɟɱɚɸɬɫɹ ɯɚɪɚɤɬɟɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, ɚɞɫɨɪɛɢɪɨɜɚɧɧɚɹ ɜɥɚɝɚ, Mg(OH)2 ɢ 
MgCO3, ɨɛɪɚɡɭɸɳɢɟɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ MgO ɩɨɞ ɜɥɢɹɧɢɟɦ ɜɵɞɟɪɠɤɢ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɞɚɸɬ ɲɢɪɨɤɭɸ ɩɨɥɨɫɭ ɩɨɝɥɨɳɟɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɹ ɨɬɪɚɠɚɬɟɥɶɧɨɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ 2.5…4 ɦɤɦ. ȼ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɧɚɝɪɟɜɚ ɚɞɫɨɪɛɢɪɨɜɚɧɧɚɹ ɜɥɚɝɚ 
ɭɞɚɥɹɟɬɫɹ, Mg(OH)2 ɢ MgCO3 ɪɚɡɥɚɝɚɸɬɫɹ ɢ ɜɧɨɜɶ ɨɛɪɚɡɭɟɬɫɹ MgO. 

Ⱦɥɹ ɤɟɪɚɦɢɤɢ ɢɡ Al2O3 k ɬɜɟɪɞɨɣ ɮɚɡɵ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɨɣ ɩɪɨɡɪɚɱɧɨɫɬɢ ɜɛɥɢɡɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɪɚɜɟɧ ɩɪɢɦɟɪɧɨ 0.16 ɫɦ-1, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɫɟɹɧɢɹ 250 ɫɦ-1. ȼ ɪɚɫɩɥɚɜɟ ɠɟ k300 ɫɦ-1, ɚ ɪɚɫɫɟɹɧɢɹ ɧɟɬ. Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɬɨɥɳɢɧɚ ɫɥɨɹ, 
ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɬɟɪɦɨɪɚɞɢɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ ɛɭɞɟɬ ɩɨɪɹɞɤɚ 1.2 ɦɦ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɪɚɫɩɥɚɜɟ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ 
ɩɨɪɹɞɤɚ 0.17 ɦɦ. ɉɪɨɜɟɞɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɫɨɡɞɚɧɧɨɣ ɦɨɞɟɥɢ ɪɚɫɱɟɬɵ ɪɚɞɢɚɰɢɨɧɧɨ-
ɤɨɧɞɭɤɬɢɜɧɨɝɨ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɞɥɹ ɤɟɪɚɦɢɤɢ ɢɡ Al 2O3 ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ q2∙103…6∙103 ȼɬ/ɫɦ2 
ɜɩɥɨɬɶ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɪɦɨɪɚɞɢɚɰɢɨɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɨɟɦ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɝɨ ɦɧɨɝɨ ɛɨɥɶɲɟ, ɱɟɦ ɬɨɥɳɢɧɚ 
ɩɪɨɝɪɟɬɨɝɨ ɫɥɨɹ. ɉɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɬɨɥɳɢɧɵ ɪɚɫɩɥɚɜɚ ɢɡ-ɡɚ ɫɤɚɱɤɚ k ɩɪɢ ɩɥɚɜɥɟɧɢɢ Al 2O3 
ɫɢɬɭɚɰɢɹ ɧɚɱɢɧɚɟɬ ɦɟɧɹɬɶɫɹ. 

ȼɵɩɨɥɧɟɧ ɛɨɥɶɲɨɣ ɨɛɴɟɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɪɦɨɪɚɞɢɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɟɪɚɦɢɤ ɢɡ 
ɤɭɛɢɱɟɫɤɨɝɨ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ, ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɝɨ 18 ɦɨɥ. % ɨɤɫɢɞɚ ɤɚɥɶɰɢɹ (ZrO2-CaO) 
ɢɥɢ 8 ɦɨɥ. % ɨɤɫɢɞɚ ɢɬɬɪɢɹ (ZrO2-Y2O3). Ɍɢɩɢɱɧɵɟ ɡɧɚɱɟɧɢɹ q ɫɨɫɬɚɜɥɹɥɢ ɩɪɢɦɟɪɧɨ 1000 
ȼɬ/ɫɦ2. ɉɪɢ ɧɚɝɪɟɜɟ ɜ ɜɨɡɞɭɯɟ ɪɚɫɩɥɚɜ (ZrO2-CaO) ɬɨɥɳɢɧɨɣ ɨɤɨɥɨ 0.15 ɦɦ ɹɜɥɹɥɫɹ 
ɨɩɬɢɱɟɫɤɢ ɛɟɫɤɨɧɟɱɧɵɦ ɧɚ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɞɥɢɧɚɯ ɜɨɥɧ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɢ 
ɜɵɲɟ. ɉɪɢ ɟɝɨ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɩɪɨɢɫɯɨɞɢɬ ɫɤɚɱɤɨɨɛɪɚɡɧɨɟ ɭɦɟɧɶɲɟɧɢɟ k ɢ ɨɩɬɢɱɟɫɤɚɹ 
ɛɟɫɤɨɧɟɱɧɨɫɬɶ ɫɥɨɹ ɢɫɱɟɡɚɟɬ. ɉɪɢ ɧɚɝɪɟɜɟ ɜ ɜɚɤɭɭɦɟ ɜɫɥɟɞɫɬɜɢɟ ɩɨɬɟɪɢ ɤɢɫɥɨɪɨɞɚ 
ɩɨɝɥɨɳɟɧɢɟ ɪɚɫɩɥɚɜɚ ɫɬɚɧɨɜɢɬɫɹ ɦɧɨɝɨ ɛɨɥɶɲɟ, ɱɟɦ ɩɪɢ ɧɚɝɪɟɜɟ ɜ ɜɨɡɞɭɯɟ, ɪɚɫɩɥɚɜ 
“ɱɟɪɧɟɟɬ”. “ɑɟɪɧɟɟɬ” ɬɚɤɠɟ ɩɪɢɥɟɝɚɸɳɢɣ ɤ ɪɚɫɩɥɚɜɭ ɫɥɨɣ ɤɟɪɚɦɢɤɢ. ȼɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ k 
ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɡɚɬɜɟɪɞɟɜɲɟɦ ɪɚɫɩɥɚɜɟ ɢ ɩɨɱɟɪɧɟɜɲɟɣ ɤɟɪɚɦɢɤɟ ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ, ɯɨɬɹ 
ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɥɢɱɢɧɚ k ɧɟɫɤɨɥɶɤɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɡɚɬɜɟɪɞɟɜɲɟɦ ɪɚɫɩɥɚɜɟ ɢɫɱɟɡɚɟɬ ɨɩɬɢɱɟɫɤɢ ɛɟɫɤɨɧɟɱɧɵɣ ɫɥɨɣ. 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɫ ɤɟɪɚɦɢɤɨɣ (ZrO2-Y2O3) ɩɪɢ ɬɨɣ ɠɟ q ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɥɚɜɥɟɧɧɵɟ ɢ ɡɚɬɜɟɪɞɟɜɲɢɟ ɫɥɨɢ ɪɚɫɩɥɚɜɚ ɬɨɥɳɢɧɨɣ ɨɤɨɥɨ 0.5 ɦɦ ɩɪɢ 
ɧɚɝɪɟɜɟ ɫɬɚɧɨɜɹɬɫɹ ɨɩɬɢɱɟɫɤɢ ɛɟɫɤɨɧɟɱɧɵɦɢ ɧɚ ɜɫɟɯ ɞɥɢɧɚɯ ɜɨɥɧ ɟɳɟ ɞɨ ɞɨɫɬɢɠɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ. ȼ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɜɩɟɪɜɵɟ ɛɵɥɨ ɩɪɢɦɟɧɟɧɨ ɫɬɭɩɟɧɱɚɬɨɟ 
ɭɜɟɥɢɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɝɪɟɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɨɛɳɟɝɨ ɜɪɟɦɟɧɢ 
ɧɚɝɪɟɜɚ. Эɬɨ ɩɨɡɜɨɥɢɥɨ ɭɦɟɧɶɲɢɬɶ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɜ ɨɬɪɚɠɚɸɳɟɦ ɫɥɨɟ, ɩɪɢɛɥɢɡɢɬɶ 
ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɧɚɝɪɟɜɟ ɡɧɚɱɟɧɢɹ ɨɬɪɚɠɟɧɢɹ ɤ ɡɧɚɱɟɧɢɹɦ ɞɥɹ ɬɟɯ ɠɟ ɷɮɮɟɤɬɢɜɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪ, ɩɨɥɭɱɚɟɦɵɦ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɨɛɪɚɡɰɚ, ɢ ɩɭɬɟɦ ɨɫɪɟɞɧɟɧɢɹ ɨɛɨɢɯ ɩɨɥɭɱɢɬɶ 
ɜɟɥɢɱɢɧɭ ɨɬɪɚɠɚɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɛɥɢɡɤɭɸ ɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɫɥɨɹ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɟɪɚɦɢɤɢ (ZrO2-Y2O3) ɩɨɥɭɱɟɧɨ, ɱɬɨ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0.5 ɞɨ 3.5 
ɦɤɦ ɫɥɨɣ ɪɚɫɩɥɚɜɚ ɬɨɥɳɢɧɨɣ 250…500 ɦɤɦ ɹɜɥɹɟɬɫɹ ɨɩɬɢɱɟɫɤɢ ɛɟɫɤɨɧɟɱɧɵɦ ɫɥɨɟɦ ɢ 
ɨɫɬɚɟɬɫɹ ɬɚɤɢɦ ɩɨɫɥɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ ɜɩɥɨɬɶ ɞɨ 2700 Ʉ. 

Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɢɣ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɜɧɭɬɪɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɫɥɨɹ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚ ɯɚɪɚɤɬɟɪ 
ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɟɫɭɳɟɫɬɜɟɧɧɵɦ. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɥɚɬɨ ɩɪɢ 
ɡɚɬɜɟɪɞɟɜɚɧɢɢ Al 2O3 ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɬɟɦɩɟɪɚɬɭɪɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɡɚɬɜɟɪɞɟɜɚɸɳɟɝɨ ɜ ɷɬɨɣ ɡɨɧɟ ɪɚɫɩɥɚɜɚ ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɢ ɪɚɜɧɵɦɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɜɪɟɦɟɧɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 
Эɤɫɩɟɪɢɦɟɧɬɵ ɫ Al 2O3 ɩɨɞɬɜɟɪɞɢɥɢ ɫɞɟɥɚɧɧɵɟ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɜɵɜɨɞɵ ɨ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɭɱɟɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ ɩɪɢ ɛɵɫɬɪɨɦ ɡɚɬɜɟɪɞɟɜɚɧɢɢ ɬɭɝɨɩɥɚɜɤɢɯ 
ɨɤɫɢɞɨɜ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɜɭɯɮɚɡɧɚɹ ɡɨɧɚ ɦɨɠɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɩɪɢ 
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ɛɵɫɬɪɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɤɚɤ ɬɨɧɤɨɝɨ (0.25…0.4 ɦɦ), ɬɚɤ ɢ ɬɨɥɫɬɨɝɨ (3…4 ɦɦ) ɪɚɫɩɥɚɜɨɜ. 
Ɉɞɧɚɤɨ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɬɨɧɤɢɯ ɫɥɨɟɜ Al 2O3 ɩɪɨɬɹɠɟɧɧɵɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɭɱɚɫɬɤɢ ɧɚ 
ɩɥɚɬɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɨɬɫɭɬɫɬɜɨɜɚɥɢ ɞɥɹ ɜɫɟɯ ɞɥɢɧ ɜɨɥɧ, ɚ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɬɨɥɫɬɵɯ ɫɥɨɟɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɭɱɚɫɬɤɢ ɧɚ ɩɥɚɬɨ ɧɟ ɨɛɧɚɪɭɠɢɜɚɥɢɫɶ ɬɨɥɶɤɨ ɜ ɨɛɥɚɫɬɢ ɧɚɢɛɨɥɶɲɟɣ 
ɩɪɨɡɪɚɱɧɨɫɬɢ ɨɬ 2 ɞɨ 3.5 ɦɤɦ. 

ɇɚɢɛɨɥɟɟ ɩɨɤɚɡɚɬɟɥɶɧɵɦ ɨɤɚɡɚɥɫɹ ɷɤɫɩɟɪɢɦɟɧɬ ɫ ɨɛɪɚɡɰɚɦɢ (ZrO2-CaO) ɜ ɜɨɡɞɭɯɟ ɢ 
ɜɚɤɭɭɦɟ. ɉɨɥɭɱɟɧɧɵɟ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɢ ɩɨɩɟɪɟɱɧɨɝɨ ɫɤɨɥɚ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɪɚɫɩɥɚɜɚ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɜ ɜɨɡɞɭɯɟ ɩɪɢɦɵɤɚɸɳɟɝɨ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɨɹ ɬɨɥɳɢɧɨɣ ɨɤɨɥɨ 
70 ɦɤɦ ɩɪɨɢɫɯɨɞɢɥɨ ɜ ɜɢɞɟ ɨɛɪɚɡɨɜɚɧɢɹ ɨɬɞɟɥɶɧɵɯ ɞɟɧɞɪɢɬɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɡɜɟɡɞɨɨɛɪɚɡɧɨɣ 
ɮɨɪɦɵ ɫ ɪɚɡɦɟɪɚɦɢ ɨɬ 10 ɞɨ 50 ɦɤɦ ɛɟɡ ɤɚɤɨɣ-ɥɢɛɨ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨɣ ɨɪɢɟɧɬɚɰɢɢ, ɫ 
ɩɭɫɬɨɬɚɦɢ ɦɟɠɞɭ ɧɢɦɢ. Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɞɚɧɧɵɣ ɫɥɨɣ ɤɪɢɫɬɚɥɥɢɡɨɜɚɥɫɹ ɩɪɢ ɨɛɴɟɦɧɨɦ 
ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɢ ɫ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɞɜɭɯɮɚɡɧɨɣ ɡɨɧɵ. ɂɡ-ɡɚ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ k ɩɪɢ 
ɧɚɝɪɟɜɟ ɜ ɜɚɤɭɭɦɟ ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɧɚɱɢɧɚɥɨɫɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɝɞɟ ɩɟɪɟɨɯɥɚɠɞɟɧɢɟ ɛɵɥɨ 
ɦɚɤɫɢɦɚɥɶɧɵɦ. Ɂɟɪɧɚ ɪɨɫɥɢ ɜɧɭɬɪɶ, ɜɧɟɲɧɢɣ, ɩɪɢɦɵɤɚɸɳɢɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫɥɨɣ, ɢ 
ɞɜɭɯɮɚɡɧɚɹ ɡɨɧɚ, ɧɚɛɥɸɞɚɜɲɢɟɫɹ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɜɨɡɞɭɯɟ, ɨɬɫɭɬɫɬɜɨɜɚɥɢ. 

Ɉɫɧɨɜɧɨɣ ɜɵɜɨɞ, ɫɞɟɥɚɧɧɵɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɟɪɚɦɢɤ ɢɡ 
ɱɟɬɵɪɟɯ ɬɭɝɨɩɥɚɜɤɢɯ ɨɤɫɢɞɨɜ ɢ ɪɟɡɭɥɶɬɚɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɥɹ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɬɪɚɠɚɬɟɥɶɧɵɟ ɢ ɢɡɥɭɱɚɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, 
ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɢɧɬɟɧɫɢɜɧɨɦ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɧɚɝɪɟɜɟ, ɜ ɨɛɥɚɫɬɢ ɩɨɥɭɩɪɨɡɪɚɱɧɨɫɬɢ ɧɟ 
ɹɜɥɹɸɬɫɹ ɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜɟɳɟɫɬɜɚ ɢɥɢ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ 
ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢɥɢ ɤɚɤɨɣ-ɥɢɛɨ ɞɪɭɝɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɡɚɜɢɫɹɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɩɨɥɹ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ, ɨɩɪɟɞɟɥɹɟɦɨɝɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɥɨɬɧɨɫɬɶɸ ɝɪɟɸɳɟɝɨ 
ɩɨɬɨɤɚ ɢ ɜɪɟɦɟɧɟɦ ɧɚɝɪɟɜɚ. 
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Ⱥɥɱɚɝɢɪɨɜ Ȼ.Ȼ., ɏɨɤɨɧɨɜ ɏ.Ȼ., Ⱥɪɯɟɫɬɨɜ Ɋ.ɏ., Ɍɚɨɜɚ Ɍ.Ɇ. 
ɎȽȻɈɍ ȼɉɈ «Кɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ɢɦ. ɏ.Ɇ. Ȼɟɪɛɟɤɨɜɚ», Ɋɨɫɫɢɹ, 360004, ɝ. ɇɚɥɶɱɢɤ, ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 173.  
E-mail: alch@kbsu.ru 

 
ȼɚɠɧɟɣɲɢɦ ɷɬɚɩɨɦ ɢ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɫɨɡɞɚɧɢɟ ɧɨɜɵɯ ɦɟɬɨɞɨɜ, ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ. Эɬɨ 
ɧɚɩɪɚɜɥɟɧɢɟ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɢ ɫɨɡɞɚɧɢɸ ɧɨɜɵɯ ɩɪɢɛɨɪɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɹɜɥɟɧɢɣ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɫɩɥɚɜɨɜ, 
ɡɚɥɨɠɟɧɧɨɟ ɉ.ɉ. ɉɭɝɚɱɟɜɢɱɟɦ ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɨɮɟɫɫɨɪɚɦɢ ɆȽɍ ȼ.Ʉ. ɋɟɦɟɧɱɟɧɤɨ ɢ ɇ.Ʌ. 
ɉɨɤɪɨɜɫɤɢɦ Д1,2Ж, ɩɨɥɭɱɢɥɨ ɜɫɟɨɛɳɟɟ ɩɪɢɡɧɚɧɢɟ ɜ ɧɚɭɱɧɨɦ ɦɢɪɟ. Ɉɧɨ ɛɵɥɨ ɡɚɬɟɦ 
ɩɪɨɞɨɥɠɟɧɨ ɢ ɪɚɡɜɢɬɨ ɜ ɄȻȽɍ, ɝ. ɇɚɥɶɱɢɤ, (ɩɪɨɮ. ɏ.Ȼ. ɏɨɤɨɧɨɜ ɢ Ȼ.Ȼ. Ⱥɥɱɚɝɢɪɨɜ ɫ ɫɨɬɪ.), ɜ 
ɑɂȽɍ ɢ ɑȽɍ, ɝ. Ƚɪɨɡɧɵɣ, (ɩɪɨɮ. ɏ.ɂ. ɂɛɪɚɝɢɦɨɜ ɢ Ɋ.ɏ. Ⱦɚɞɚɲɟɜ ɫ ɫɨɬɪ.), ɚ ɬɚɤɠɟ ɜ 
ȿɤɚɬɟɪɢɧɛɭɪɝɟ, ɇɨɜɨɫɢɛɢɪɫɤɟ, Ʉɢɟɜɟ ɢ ɞɪɭɝɢɯ ɧɚɭɱɧɵɯ ɰɟɧɬɪɚɯ ɋɋɋɊ ɢ Ɋɨɫɫɢɢ Д3Ж. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɢɡɭɱɟɧɢɹ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ 
ɱɚɳɟ ɞɪɭɝɢɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɪɚɜɢɬɚɰɢɨɧɧɵɟ ɩɪɢɛɨɪɵ ɤɨɧɫɬɪɭɤɰɢɢ ɉ.ɉ. ɉɭɝɚɱɟɜɢɱɚ Д2Ж, ɚ 
ɬɚɤɠɟ ɪɚɡɥɢɱɧɵɟ ɜɚɪɢɚɧɬɵ ɫɨɜɪɟɦɟɧɧɵɯ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɯ ɩɪɢɛɨɪɨɜ ɞɥɹ ɫɨɜɦɟɫɬɧɨɝɨ 
ɢɡɦɟɪɟɧɢɹ ɫɜɨɣɫɬɜ – ɩɥɨɬɧɨɫɬɢ, ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɪɚɛɨɬɵ ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɚ, 
ɫɦɚɱɢɜɚɟɦɨɫɬɢ, ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɞɪ.  

ɉɟɪɜɵɟ ɪɚɛɨɬɵ ɩɨ ɢɡɦɟɪɟɧɢɸ ɉɇ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ, ɜɵɩɨɥɧɟɧɧɵɟ ɜ ɋɋɋɊ  
Ȼ.ɉ. Ȼɟɪɢɧɝɨɦ ɢ ɇ. Ʌ. ɉɨɤɪɨɜɫɤɢɦ Д4Ж ɜ ɥɚɛɨɪɚɬɨɪɢɢ ȼ. Ʉ. ɋɟɦɟɧɱɟɧɤɨ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɟ ɜ 
1936ɝ., ɛɵɥɢ ɨɫɧɨɜɚɧɵ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɤɚɩɥɟ. 
 

  
Ɋɢɫ. 1. Эɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɩɪɢɛɨɪ  
Ⱥ.Ɇ. Ⱦɢɞɟɧɤɨ ɢ ɇ.Ʌ. ɉɨɤɪɨɜɫɤɨɝɨ 

Ɋɢɫ. 2. Ƚɪɚɜɢɬɚɰɢɨɧɧɵɣ ɩɪɢɛɨɪ  
ɉ.ɉ. ɉɭɝɚɱɟɜɢɱɚ 
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ȼ ɩɪɢɛɨɪɟ Ȼ. ɉ. Ȼɟɪɢɧɝɚ Д5Ж, ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɦ ɞɥɹ ɢɡɭɱɟɧɢɹ ɉɇ ɪɬɭɬɢ, ɞɚɜɥɟɧɢɟ ɜ 
ɤɚɩɥɟ ɪɬɭɬɢ ɫɨɡɞɚɜɚɥɨɫɶ ɧɟ ɝɚɡɨɦ, ɚ ɜɟɫɨɦ ɫɬɨɥɛɚ ɢɫɫɥɟɞɭɟɦɨɣ ɩɨɪɰɢɢ ɪɬɭɬɢ, ɢɡɦɟɧɟɧɢɟ 
ɜɵɫɨɬɵ ɤɨɬɨɪɨɣ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɞɚɜɥɟɧɢɹ ɜ ɤɚɩɥɟ, ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ 
ɠɟɥɟɡɧɵɯ ɩɨɩɥɚɜɤɨɜ ɢ ɫɨɥɟɧɨɢɞɨɜ, ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɩɨɥɭɱɢɜɲɢɯ ɧɚɡɜɚɧɢɟ 
«ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ» ɩɪɢɛɨɪɨɜ, ɪɢɫ. 1. 

ɉ. ɉɭɝɚɱɟɜɢɱ Д2Ж ɪɚɡɪɚɛɨɬɚɥ ɤɨɧɫɬɪɭɤɰɢɸ ɩɪɢɛɨɪɚ (ɪɢɫ. 2), ɩɨɥɭɱɢɜɲɟɝɨ ɧɚɡɜɚɧɢɟ 
ɝɪɚɜɢɬɚɰɢɨɧɧɨɝɨ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɩɪɨɢɡɜɟɞɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɢɡɦɟɪɟɧɢɣ ɉɇ ɪɬɭɬɢ ɢ ɚɦɚɥɶɝɚɦ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɯɟɦɚɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɢɡ ɧɨɜɵɯ ɩɪɢɛɨɪɨɜ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ ɫ ɭɱɚɫɬɢɟɦ 
ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ - ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɬɵɫɹɱɟɥɟɬɢɹ Д6Ж, ɪɢɫ. 3-7. 

1. ɉɪɢɛɨɪɵ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ: ɩɢɤɧɨɦɟɬɪ ɞɥɹ 
ɩɪɟɰɢɡɢɨɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɟɣ 

 

 
ɚ). 

 
ɛ). 

Ɋɢɫ. 3. ȼɚɤɭɭɦɧɵɣ ɞɜɭɯɤɚɩɢɥɥɹɪɧɵɣ ɩɢɤɧɨɦɟɬɪ ɞɥɹ ɩɪɟɰɢɡɢɨɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɩɥɨɬɧɨɫɬɢ 
ɠɢɞɤɨɫɬɟɣ ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ Д7Ж: ɚ). 1–ɡɚɩɪɚɜɨɱɧɵɣ ɛɭɧɤɟɪ; 2 ɢ 3–ɜɟɪɯɧɢɣ ɢ 
ɧɢɠɧɢɣ ɨɬɫɟɤ; 4–ɫɨɟɞɢɧɢɬɟɥɶɧɵɣ ɤɚɩɢɥɥɹɪ; 5–ɫɮɟɪɢɱɟɫɤɚɹ ɟɦɤɨɫɬɶ; 6 ɢ 7 – ɦɟɪɧɵɟ 
ɤɚɩɢɥɥɹɪɧɵɟ ɬɪɭɛɤɢ; 8 ɢ 9–ɨɝɪɚɧɢɱɢɬɟɥɶɧɵɟ ɦɟɬɤɢ; 10–ɤɪɟɫɬɨɨɛɪɚɡɧɚɹ ɬɨɧɤɨɫɬɟɧɧɚɹ 
ɬɪɭɛɨɱɤɚ ɞɥɹ ɬɟɪɦɨɩɚɪ; 11–14–ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɢɯ ɫɩɚɟɜ ɱɟɬɵɪɟɯ ɬɟɪɦɨɩɚɪ ɜɧɭɬɪɢ 
ɨɛɪɚɡɰɚ; 15–ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ; 16–ɬɪɭɛɤɚ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɩɪɢɛɨɪɚ ɤ 
ɫɜɟɪɯɜɵɫɨɤɨɜɚɤɭɭɦɧɨɣ ɭɫɬɚɧɨɜɤɟ; 17– ɪɭɛɤɚ ɞɥɹ ɡɚɩɪɚɜɤɢ; ɛ). Ɍɟɪɦɨɫɬɚɬ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ 
ɩɢɤɧɨɦɟɬɪɚ: 18 – ɞɥɢɧɧɚɹ ɬɪɭɛɚ; 19–ɯɨɦɭɬ–ɞɟɪɠɚɬɟɥɶ; 20–ɬɪɭɛɚ; 21–ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɧɚɹ 
ɠɢɞɤɨɫɬɶ; 22 ɢ 23–ɩɚɬɪɭɛɤɢ; 24–ɦɟɞɧɚɹ ɬɪɭɛɚ ɞɥɹ «ɫɝɥɚɠɢɜɚɧɢɹ» ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ; 25 – 
ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɚɹ ɬɪɭɛɚ; 26 – ɩɟɱɶ; 27 – ɩɥɚɬɮɨɪɦɚ; 28 – ɲɬɨɤ 
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Ɋɢɫ. 4. ɉɪɢɛɨɪ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɠɢɞɤɢɯ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ ɫ 
ɩɨɜɵɲɟɧɧɨɣ ɭɩɪɭɝɨɫɬɶɸ 
ɫɨɛɫɬɜɟɧɧɵɯ ɩɚɪɨɜ Д8Ж 

Ɋɢɫ. 5. ɉɪɢɛɨɪ ɞɥɹ ɫɨɜɦɟɫɬɧɨɝɨ ɢɡɦɟɪɟɧɢɹ 
ɩɥɨɬɧɨɫɬɢ, ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɪɚɛɨɬɵ 
ɜɵɯɨɞɚ ɷɥɟɤɬɪɨɧɚ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ, ɚ ɬɚɤɠɟ 
ɫɦɚɱɢɜɚɟɦɨɫɬɢ ɢɦɢ ɬɜɟɪɞɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ Д9Ж 

 
Ɉɛɨɡɧɚɱɟɧɢɹ ɤ ɪɢɫ. 4: 1 - ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɨɬɫɟɤ; 2 - ɤɚɦɟɪɚ ɫɦɟɲɟɧɢɹ; 3 - ɭɡɟɥ ɩɨɞɚɱɢ 

ɞɨɛɚɜɥɹɟɦɨɝɨ ɤɨɦɩɨɧɟɧɬɚ; 4 - ɫɢɫɬɟɦɚ ɡɚɝɪɭɡɤɢ ɩɪɢɛɨɪɚ ɤɨɦɩɨɧɟɧɬɨɦ ɫ ɩɨɜɵɲɟɧɧɨɣ 
ɭɩɪɭɝɨɫɬɶɸ ɩɚɪɨɜ; 5-7 - ɨɩɬɢɱɟɫɤɢɟ ɨɤɧɚ; 8 - ɧɢɠɧɢɣ ɫɬɚɤɚɧ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɨɬɫɟɤɚ; 9 - 
ɬɪɭɛɤɚ ɞɥɹ ɩɨɞɚɱɢ ɪɚɫɩɥɚɜɚ ɜ ɱɚɲɟɱɤɭ 10; 11-13 - ɬɪɭɛɤɢ ɞɥɹ ɩɨɞɚɱɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɚɦɟɪɭ 
ɫɦɟɲɟɧɢɹ; 14 - ɞɨɛɚɜɥɹɟɦɵɣ ɤɨɦɩɨɧɟɧɬ; 15 - ɚɦɩɭɥɚ ɫ ɫɬɟɤɥɹɧɧɨɣ ɩɟɪɟɝɨɪɨɞɤɨɣ 19; 16 - 
ɤɚɦɟɪɚ; 17 - ɛɨɟɤ; 18  - ɬɪɭɛɤɢ; 20 - ɬɪɭɛɤɚ ɞɥɹ ɩɨɞɚɱɢ ɦɟɬɚɥɥɚ: 21 - ɫɬɚɤɚɧ; 22 - ɤɚɩɢɥɥɹɪ; 23-
26-ɞɟɬɚɥɢ ɡɚɬɜɨɪɚ ɞɧɹ ɭɞɟɪɠɚɧɢɹ ɠɢɞɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 27 ɜ ɫɢɫɬɟɦɟ ɡɚɝɪɭɡɤɢ; 28-30, 34 - 
ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɬɪɭɛɤɢ; 31 - ɜɟɧɬɢɥɶɧɚɹ ɤɚɦɟɪɚ ɞɥɹ ɩɨɞɚɱɢ ɪɚɫɬɜɨɪɨɜ ɜ ɢɡɦɟɪɢɬɟɥɶɧɭɸ 
ɤɚɦɟɪɭ, 32 - ɫɬɟɤɥɹɧɧɵɟ ɫɬɟɪɠɧɢ; 33 - "ɛɨɥɶɲɚɹ" ɤɚɩɥɹ; 35 - ɪɚɡɝɪɭɡɨɱɧɚɹ ɚɦɩɭɥɚ. 

Ɉɛɨɡɧɚɱɟɧɢɹ ɤ ɪɢɫ. 5: 1 – ɤɨɪɩɭɫ; 2–5 – ɨɩɬɢɱɟɫɤɢɟ ɨɤɧɚ; 6 – ɧɚɩɪɚɜɥɹɸɳɢɟ ɪɟɥɶɫɵ; 7, 8 – 
ɩɨɞɜɢɠɧɵɟ ɤɚɪɟɬɤɢ ɫ ɛɨɤɨɜɵɦɢ «ɡɚɯɜɚɬɚɦɢ» ɪɟɥɶɫɨɜ; 9, 10 – ɩɨɞɥɨɠɤɢ; 11 – ɤɨɥɶɰɟɜɨɣ 
ɷɥɟɤɬɪɨɦɚɝɧɢɬ; 12 – ɠɟɥɟɡɧɵɣ ɫɬɟɪɠɟɧɶ-ɬɨɥɤɚɬɟɥɶ; 13 – ɨɫɟɫɢɦɦɟɬɪɢɱɧɚɹ ɫ ɬɪɭɛɨɣ 1 
ɫɬɟɤɥɹɧɧɚɹ ɬɪɭɛɤɚ-ɧɚɩɪɚɜɥɹɸɳɚɹ; 14 – ɫɬɚɥɶɧɚɹ ɢɝɥɚ–ɫɰɟɩɤɚ; 15 – ɱɚɲɟɱɤɚ ɞɥɹ ɤɚɩɥɢ; 16, 17 
– ɡɚɝɪɭɡɨɱɧɵɟ ɛɭɧɤɟɪɵ; 18 – ɚɦɩɭɥɚ-ɢɫɩɚɪɢɬɟɥɶ; 19 – ɩɟɱɶ; 20, 21 – ɦɚɧɨɦɟɬɪɢɱɟɫɤɢɟ 
ɞɚɬɱɢɤɢ; 22 – ɷɥɟɤɬɪɨɞɵ ɞɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɥɚɡɦɵ; 23 – ɜɢɬɤɢ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɢɧɞɭɤɬɨɪɚ; 24 – ɨɫɜɟɬɢɬɟɥɶ; 25 – ɮɨɬɨɤɚɦɟɪɚ; 26 – ɚɦɩɭɥɚ; 27 – ɤɚɩɢɥɥɹɪ; 
28 – ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɣ ɨɛɪɚɡɟɰ; 29 – ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɫɬɟɪɠɟɧɶ-ɡɚɬɜɨɪ; 30 – ɬɨɧɤɨɫɬɟɧɧɵɟ 
ɤɚɩɢɥɥɹɪɵ-ɤɚɪɦɚɧɵ ɞɥɹ ɬɟɪɦɨɩɚɪ; 31 – ɚɧɨɞ; 32 – ɤɚɬɨɞ. 
3. ɉɪɢɛɨɪɵ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɪɚɛɨɬɵ ɜɵɯɨɞɚ 

ɷɥɟɤɬɪɨɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ ɜ ɩɨɥɧɨɦ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɫɨɫɬɚɜɨɜ 
Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɉɇ (ɯ) ɢ ɊȼЭ (ɯ) ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɫɢɫɬɟɦ ɫɨɡɞɚɧɵ ɩɪɢɛɨɪɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɨɩɪɟɞɟɥɹɬɶ (ɯ), (ɯ) ɢ (ɯ) ɜ ɩɨɥɧɨɦ ɢɧɬɟɪɜɚɥɟ 
ɫɨɫɬɚɜɨɜ ɩɪɢ ɨɞɧɨɣ ɡɚɩɪɚɜɤɟ ɢɯ ɱɢɫɬɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ Д10-16Ж. Ʉɨɧɫɬɪɭɤɰɢɢ ɩɪɢɛɨɪɨɜ 
ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 6 ɢ 7, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɢɬɶ ɧɟɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɧɢɯ. ȼ ɩɟɪɜɨɦ ɢɡ 
ɩɪɢɛɨɪɨɜ Д13Ж ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɤɚɩɥɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ (ɯ) ɢ 
ɚɪɟɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ – ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ (ɯ). 
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Ɋɢɫ. 6. ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ 

Ɋɢɫ. 7. ɉɪɢɛɨɪ ɞɥɹ ɢɡɭɱɟɧɢɹ ɉɇ ɢ ɊȼЭ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɪɚɫɬɜɨɪɨɜ 

 
Ɉɛɨɡɧɚɱɟɧɢɹ ɤ ɪɢɫ. 6: 1, 15 – ɡɚɩɪɚɜɨɱɧɵɟ ɛɭɧɤɟɪɵ; 3, 17 – ɧɚɩɨɪɧɵɟ ɟɦɤɨɫɬɢ; 6, 20 – 

ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɤɚɩɢɥɥɹɪɵ; 7, 21 – ɦɚɧɨɦɟɬɪɢɱɟɫɤɢɟ ɛɚɥɥɨɧɵ; 11, 25 – ɚɪɟɨɦɟɬɪɢɱɟɫɤɢɟ 
ɤɚɦɟɪɵ; 12, 26 – ɚɪɟɨɦɟɬɪɵ, 13, 27 – ɤɚɩɢɥɥɹɪɧɵɟ ɨɬɜɨɞɵ; 2, 4, 9, 10, 14, 16, 18, 23, 24, 28 – 
ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɬɪɭɛɤɢ; 29 – ɦɢɤɪɨɛɸɪɟɬɤɚ. 

Ɉɛɨɡɧɚɱɟɧɢɹ ɤ ɪɢɫ. 7: 1,2 - ɪɟɡɟɪɜɭɚɪɵ ɞɥɹ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ ɢ ȼ; 3,4 - ɡɚɬɜɨɪɵ; 5, 6 - 
ɤɚɩɟɥɶɧɢɰɵ; 7,8- ɤɚɥɢɛɪɨɜɚɧɧɵɟ ɤɚɩɢɥɥɹɪɵ; 9,10 - ɦɟɪɧɵɟ ɨɛɴɟɦɵ; 11,12- ɢɡɦɟɪɢɬɟɥɶɧɵɟ 
ɤɚɦɟɪɵ; 13 - ɤɜɚɪɰɟɜɵɟ ɨɤɧɚ; 14-16 - ɨɩɬɢɱɟɫɤɢɟ ɨɤɧɚ ɞɥɹ ɮɨɬɨɝɪɚɮɢɪɨɜɚɧɢɹ ɤɚɩɟɥɶ; 17,18- 
ɩɨɞɥɨɠɤɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɚɩɟɥɶ; 19,20- ɤɚɩɥɢ ɪɚɫɩɥɚɜɨɜ; 21-24- ɚɧɨɞɵ Ⱥɇ ɢ ɤɚɬɨɞɵ Ʉ; 
25,26 - ɚɦɩɭɥɵ ɫ ɨɬɪɚɛɨɬɚɧɧɵɦɢ ɦɟɬɚɥɥɚɦɢ; 27-30 - ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɬɪɭɛɤɢ; 31, 32 - 
ɨɬɤɚɥɢɛɪɨɜɚɧɧɵɟ ɤɚɩɢɥɥɹɪɵ ɞɥɹ ɨɰɟɧɤɢ ɭɝɥɨɜ ɫɦɚɱɢɜɚɧɢɹ (ɢɡ ɬɨɣ ɠɟ ɬɪɭɛɤɢ, ɱɬɨ ɢ 
ɤɚɩɢɥɥɹɪɵ 7,8); 33, 34 - ɬɨɧɤɨɫɬɟɧɧɵɟ ɫɮɟɪɢɱɟɫɤɢɟ ɩɟɪɟɝɨɪɨɞɤɢ. 

 
ȼɬɨɪɨɣ ɩɪɢɛɨɪ Д13Ж ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɉɇ ɦɟɬɨɞɨɦ ɛɨɥɶɲɨɣ ɤɚɩɥɢ, ɚ ɊȼЭ - 

ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ Ɏɚɭɥɟɪɚ ɜ ɩɨɥɧɨɦ ɢɧɬɟɪɜɚɥɟ ɫɨɫɬɚɜɨɜ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɵɯ 
ɩɪɢɛɨɪɨɜ ɩɨɡɜɨɥɢɥ ɜ 2-3 ɪɚɡɚ ɫɨɤɪɚɬɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɪɚɫɯɨɞɭɟɦɵɯ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢ 
ɜɪɟɦɹ ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɩɨɧɢɠɟɧɢɢ ɜ 1,5 ɪɚɡɚ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɉɇ ɢ ɊȼЭ. 

Иɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ 
№ 13–08–00121 ɚ. 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ: ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɥɟ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ ɢ ɫɢɥ Д1, 2Ж ɢ 
ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɪɚɫɱɟɬɟ ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɥɨɩɚɬɨɤ ɢ ɞɢɫɤɨɜ ɪɨɬɨɪɚ ɬɭɪɛɢɧɵ. ȼ Д3Ж ɩɪɢɜɨɞɹɬɫɹ ɫɜɟɞɟɧɢɹ ɩɨ ɷɥɟɤɬɪɨɧɧɨɦɭ ɹɜɥɟɧɢɸ ɜ 
ɦɟɬɚɥɥɚɯ, ɤɨɬɨɪɨɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɨɩɵɬɧɵɦ ɩɭɬɟɦ. ȼ ɞɚɧɧɵɯ ɨɩɵɬɚɯ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ, ɱɬɨ 
ɭɫɤɨɪɟɧɢɹ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɦɟɬɚɥɥɚɯ, ɜ 
ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ Д3Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧɵ ɨɪɢɝɢɧɚɥɶɧɵɟ ɦɟɬɨɞɢɤɢ ɢ 
ɭɫɬɪɨɣɫɬɜɚ ɫ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚɦɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɪɚɡɝɨɧɧɨɦ ɫɬɟɧɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɵ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ ɢ ɫɢɥ, ɧɚ ɭɫɬɚɧɨɜɤɟ ɫ 
ɨɫɟɜɵɦ ɧɚɝɪɭɠɟɧɢɟɦ ɜ ɭɫɥɨɜɢɹɯ ɜɥɢɹɧɢɹ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɫɢɥ ɢ ɜɢɛɪɨɫɬɟɧɞɟ ɜ ɭɫɥɨɜɢɹɯ 
ɜɨɡɞɟɣɫɬɜɢɹ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ. ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɧɚɝɪɟɜɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ ɜ ɩɨɥɟ ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ ɢ ɫɢɥ ɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ. ɂɡ ɚɧɚɥɢɡɚ 
ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ 
ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɢɥɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɩɨ 
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ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ ɫɨɫɬɨɹɧɢɟɦ. ȼ ɢɫɫɥɟɞɭɟɦɨɦ ɹɜɥɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ ɫɨɫɬɚɜɥɹɸɳɢɯ: ɞɟɣɫɬɜɢɟ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɢ ɰɟɧɬɪɨɛɟɠɧɨɣ 
ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɧɚɝɪɭɡɤɢ ɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɤɚɡɚɧɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ 
ɩɨɜɵɲɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɜɹɡɚɧɵ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨɣ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɟɬɚɥɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ ɢɥɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ. 
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ȼ ɪɚɛɨɬɟ ɢɡɭɱɟɧɨ ɜɥɢɹɧɢɟ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ сɜɟɪɯɤɪɢɬɢɱɟсɤɨɝɨ ɞɢɨɤсɢɞɚ 
ɭɝɥɟɪɨɞɚ ɧɚ ɩɪɨɰɟссɵ ɩɪɨɢɡɜɨɞсɬɜɚ ɢ ɪɟɝɟɧɟɪɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ɉɩɪɟɞɟɥɟɧɵ 
ɨɩɬɢмɚɥɶɧɵɟ ɩɚɪɚмɟɬɪɵ ɩɪɨɜɟɞɟɧɢɹ ɷɬɢɯ ɩɪɨɰɟссɨɜ ɢсɯɨɞɹ ɢɡ ɪɚсɬɜɨɪɹɸɳɟɣ сɩɨсɨɛɧɨсɬɢ 
сɜɟɪɯɤɪɢɬɢɱɟсɤɨɝɨ ɞɢɨɤсɢɞɚ ɭɝɥɟɪɨɞɚ. 

Ɍɟɯɧɨɥɨɝɢɱɟсɤɢɟ ɩɪɨɰɟссɵ, ɨсɧɨɜɚɧɧɵɟ ɧɚ ɢсɩɨɥɶɡɨɜɚɧɢɢ сɜɟɪɯɤɪɢɬɢɱɟсɤɢɯ ɮɥɸɢɞɨɜ 
(ɋɄɎ), ɹɜɥɹɸɬсɹ ɩɪɨɰɟссɚмɢ сɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɤɚɪɞɢɧɚɥɶɧɵм ɨɛɪɚɡɨм 
ɩɪɟɜɨсɯɨɞɹɬ ɬɪɚɞɢɰɢɨɧɧɵɟ ɩɪɨɰɟссɵ. ɍɧɢɤɚɥɶɧɵɟ сɜɨɣсɬɜɚ ɋɄɎ ɨɛɟсɩɟɱɢɜɚɸɬ ɪɟɡɤɨɟ 
ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨсɬɢ ɢ ɷɤɨɧɨмɢɱɧɨсɬɢ, ɚ ɬɚɤɠɟ ɷɤɨɥɨɝɢɱɟсɤɨɣ ɱɢсɬɨɬɵ ɬɟɯɧɨɥɨɝɢɢ. 
Ʉɪɨмɟ ɬɨɝɨ, ɭɠɟ сɟɣɱɚс ɜ ɋɄɎ-сɪɟɞɚɯ ɪɟɚɥɢɡɭɸɬсɹ ɬɟɯɧɨɥɨɝɢɢ, ɤɨɬɨɪɵɟ ɪɚɧɟɟ ɛɵɥɢ ɜɨɨɛɳɟ 
ɧɟɜɨɡмɨɠɧɵ ɜ ɩɪɨмɵɲɥɟɧɧɵɯ мɚсɲɬɚɛɚɯ ɢɥɢ ɹɜɥɹɥɢсɶ ɤɪɚɣɧɟ ɜɪɟɞɧɵмɢ ɞɥɹ ɷɤɨɥɨɝɢɢ. ɗɬɨ 
ɨɛɭсɥɨɜɥɟɧɨ ɧɚɥɢɱɢɟм ɚɧɨмɚɥɶɧɨɝɨ ɪɨсɬɚ ɜɨсɩɪɢɢмɱɢɜɨсɬɢ сɢсɬɟмɵ «ɠɢɞɤɨсɬɶ-ɩɚɪ» ɜ 
ɨɛɥɚсɬɢ, ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟсɧɨɣ с ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɢмɟɧɟɧɢɹ сɜɟɪɯɤɪɢɬɢɱɟсɤɢɯ ɮɥɸɢɞɨɜ, ɤɨɝɞɚ 
ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɢɡмɟɧɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜɟɳɟсɬɜɚ ɩɪɢɜɨɞɹɬ ɤ сɭɳɟсɬɜɟɧɧɵм ɢɡмɟɧɟɧɢɹм ɟɝɨ 
ɩɥɨɬɧɨсɬɢ ɢ ɪɚсɬɜɨɪɹɸɳɟɣ сɩɨсɨɛɧɨсɬɢ. ɗɬɨ, ɜ сɜɨɸ ɨɱɟɪɟɞɶ, сɨɡɞɚɟɬ ɭɧɢɤɚɥɶɧɭɸ 
ɜɨɡмɨɠɧɨсɬɶ ɢсɩɨɥɶɡɨɜɚɧɢɹ сɜɟɪɯɤɪɢɬɢɱɟсɤɢɯ ɮɥɸɢɞɨɜ ɜ ɤɚɬɚɥɢɬɢɱɟсɤɨɣ ɯɢмɢɢ, ɜ 
ɱɚсɬɧɨсɬɢ, ɜ ɬɚɤɢɯ ɧɟɛɟɡɨɩɚсɧɵɯ с ɷɤɨɥɨɝɢɱɟсɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɨɰɟссɚɯ ɤɚɤ ɩɪɨɢɡɜɨɞсɬɜɨ 
ɢ ɪɟɝɟɧɟɪɚɰɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 

Ɍɚɤ, сɭɳɟсɬɜɭɸɳɢм ɢ ɲɢɪɨɤɨ ɩɪɢмɟɧɹɟмɵм мɟɬɨɞɨм ɩɪɨɢɡɜɨɞсɬɜɚ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
ɹɜɥɹɟɬсɹ мɟɬɨɞ ɩɪɨɩɢɬɤɢ, ɤɨɬɨɪɵɣ ɢмɟɟɬ ɪɹɞ сɭɳɟсɬɜɟɧɧɵɯ ɧɟɞɨсɬɚɬɤɨɜ, ɬɚɤɢɯ ɤɚɤ ɩɨɬɟɪɢ 
ɚɤɬɢɜɧɨɝɨ мɟɬɚɥɥɚ с ɪɚсɬɜɨɪɨм, ɧɟɪɚɜɧɨмɟɪɧɨсɬɶ ɪɚсɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɵɯ ɰɟɧɬɪɨɜ мɟɬɚɥɥɚ 
ɩɨ ɧɨсɢɬɟɥɸ ɜ сɥɭɱɚɟ ɨɩɪɵсɤɢɜɚɧɢɹ ɧɨсɢɬɟɥɹ ɪɚсɬɜɨɪɨм ɢ ɨɛɳɟɟ сɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨсɬɢ 
ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ сɥɭɱɚɟ ɩɪɨɩɢɬɤɢ с ɭɩɚɪɢɜɚɧɢɟм ɪɚсɬɜɨɪɚ. Ɉсɧɨɜɧɵмɢ ɪɚсɬɜɨɪɢɬɟɥɹмɢ ɜ 
ɪɚмɤɚɯ ɷɬɨɝɨ мɟɬɨɞɚ ɹɜɥɹɸɬсɹ ɪɚɡɥɢɱɧɵɟ ɤɢсɥɨɬɵ, ɩɚɪɵ ɤɨɬɨɪɵɯ ɨɤɚɡɵɜɚɸɬ ɜɪɟɞɧɨɟ 
ɜɨɡɞɟɣсɬɜɢɟ ɧɚ ɨɤɪɭɠɚɸɳɭɸ сɪɟɞɭ. 

Ɉɞɧɢм ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɹ ɷɬɨɣ ɩɪɨɛɥɟмɵ ɹɜɥɹɟɬсɹ ɨсɭɳɟсɬɜɥɟɧɢɟ ɩɪɨɰɟссɚ ɩɪɨɩɢɬɤɢ 
ɩɨɪɢсɬɨɣ сɬɪɭɤɬɭɪɵ ɩɨɞɥɨɠɤɢ с ɢсɩɨɥɶɡɨɜɚɧɢɟм сɜɟɪɯɤɪɢɬɢɱɟсɤɢɯ ɮɥɸɢɞɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɩɨɥɭɱɚɬɶ ɪɚɜɧɨмɟɪɧɨɟ ɪɚсɩɪɟɞɟɥɟɧɢɟ ɰɟɥɟɜɨɝɨ ɜɟɳɟсɬɜɚ ɤɚɤ ɧɚ ɩɨɜɟɪɯɧɨсɬɢ ɧɨсɢɬɟɥɹ, ɬɚɤ ɢ 
ɜ ɨɛɴёмɟ ɟɝɨ ɩɨɪ с мɢɧɢмɚɥɶɧɵмɢ ɩɨɬɟɪɹмɢ ɰɟɥɟɜɨɣ ɤɨмɩɨɧɟɧɬɵ. 

Ɉɛɡɨɪ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɩɨ ɞɚɧɧɨɣ ɬɟмɚɬɢɤɟ ɪɚɛɨɬ сɜɢɞɟɬɟɥɶсɬɜɭɟɬ ɨ ɧɚɥɢɱɢɢ ɞɨɜɨɥɶɧɨ 
ɛɨɥɶɲɨɝɨ ɱɢсɥɚ мɟɬɚɥɥɨɨɪɝɚɧɢɱɟсɤɢɯ ɤɨмɩɥɟɤсɨɜ ɛɥɚɝɨɪɨɞɧɵɯ мɟɬɚɥɥɨɜ, ɞɨсɬɚɬɨɱɧɨ 
ɯɨɪɨɲɨ ɪɚсɬɜɨɪɹɸɳɢɯсɹ ɜ сɜɟɪɯɤɪɢɬɢɱɟсɤɨм ɞɢɨɤсɢɞɟ ɭɝɥɟɪɨɞɚ 

Ɉɞɧɚɤɨ ɩɪɚɤɬɢɱɟсɤɢ ɜсɟ ɷɬɢ ɤɨмɩɥɟɤсɵ сɨɞɟɪɠɚɬ ɚɬɨмɵ сɟɪɵ ɢ ɮɨсɮɨɪɚ, ɱɚсɬɨ ɧɟɝɚɬɢɜɧɨ 
ɜɥɢɹɸɳɢɟ ɧɚ ɪɚɛɨɬɭ ɤɚɬɚɥɢɡɚɬɨɪɚ. Пɨɷɬɨмɭ с ɧɚɲɟɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɛɵɥɨ ɛɵ ɛɨɥɟɟ 
ɰɟɥɟсɨɨɛɪɚɡɧɵм ɢсɩɨɥɶɡɨɜɚɬɶ ɤɨмɩɥɟɤс, ɧɟ сɨɞɟɪɠɚɳɢɣ ɞɚɧɧɵɯ ɷɥɟмɟɧɬɨɜ. ɋ ɞɪɭɝɨɣ 
сɬɨɪɨɧɵ, ɷɬɨɬ ɤɨмɩɥɟɤс ɞɨɥɠɟɧ ɛɵɬɶ ɞɨсɬɚɬɨɱɧɨ ɭсɬɨɣɱɢɜɵм, ɥɟɝɤɨ сɢɧɬɟɡɢɪɭɟмɵм ɢ 
ɨɛɥɚɞɚɬɶ ɧɟɜɵсɨɤɨɣ ɬɟмɩɟɪɚɬɭɪɨɣ ɪɚɡɥɨɠɟɧɢɹ. ȼсɟм ɜɵɲɟɩɟɪɟɱɢсɥɟɧɧɵм ɬɪɟɛɨɜɚɧɢɹм 
ɞɨɜɨɥɶɧɨ ɩɨɥɧɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɛɟɧɡɨɧɢɬɪɢɥɶɧɵɣ ɤɨмɩɥɟɤс ɯɥɨɪɢɞɚ ɩɚɥɥɚɞɢɹ PНCХ2 

(C6H5CN)2. ɋɢɧɬɟɡ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɨɜɨɞɢɥсɹ ɧɚ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨɣ ɭсɬɚɧɨɜɤɟ, ɩɨɡɜɨɥɹɸɳɟɣ 
ɩɪɨɜɨɞɢɬɶ ɩɪɨɰɟсс ɢмɩɪɟɝɧɚɰɢɢ ɜ сɬɚɬɢɱɟсɤɨм ɪɟɠɢмɟ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤсɩɟɪɢмɟɧɬɨɜ 
ɩɪɟɞсɬɚɜɥɟɧɵ ɧɚ ɪɢс. 1 
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Ɋɢс. 1. Ʉɢɧɟɬɢɤɚ ɩɪɨɩɢɬɤɢ ɧɨсɢɬɟɥɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɛɟɧɡɨɧɢɬɪɢɥɶɧɵм ɤɨмɩɥɟɤсɨм ɯɥɨɪɢɞɚ 
ɩɚɥɥɚɞɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟмɩɟɪɚɬɭɪ ɨɬ γ08,15 ɞɨ γγγ,15 Ʉ ɢ ɞɚɜɥɟɧɢɣ ɨɬ 150 ɞɨ β50 ɛɚɪ 

 
ɂɡ ɪɢсɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ с ɪɨсɬɨм ɬɟмɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɡɚɤɨɧɨмɟɪɧɨ сɬɟɩɟɧɶ ɩɪɨɩɢɬɤɢ 

ɭɜɟɥɢɱɢɜɚɟɬсɹ, ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ мɚɤсɢмɭм ɢ ɧɚɱɢɧɚɟɬ сɧɢɠɚɬɶсɹ. ɗɬɨ ɨɛɴɹсɧɹɟɬсɹ ɬɟм, ɱɬɨ 
ɩɪɢ ɛɨɥɟɟ ɜɵсɨɤɢɯ ɡɧɚɱɟɧɢɹɯ ɬɟмɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɮɥɸɢɞɚ ɩɥɨɬɧɨсɬɶ ɩɨсɥɟɞɧɟɝɨ 
ɞɨсɬɚɬɨɱɧɨ ɜɵсɨɤɚ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟсɬɢ сɛɪɨс ɞɚɜɥɟɧɢɹ ɢɡ ɹɱɟɣɤɢ с ɬɪɟɛɭɟмɨɣ 
ɢɧɬɟɧсɢɜɧɨсɬɶɸ. Пɪɢ ɷɬɨм ɜ ɢɧɬɟɪɜɚɥɟ ɬɟмɩɟɪɚɬɭɪ γ18,15 ɢ γβγ,15 Ʉ ɢ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɨɬ β00 
ɞɨ β10 ɛɚɪ ɧɚɛɥɸɞɚɟɬсɹ мɚɤсɢмɚɥɶɧɚɹ сɬɟɩɟɧɶ ɩɪɨɩɢɬɤɢ ɧɨсɢɬɟɥɹ. 

Ⱦɪɭɝɨɣ ɜɚɠɧɨɣ ɩɪɨɛɥɟмɨɣ ɤɚɬɚɥɢɬɢɱɟсɤɢɯ ɩɪɨɰɟссɨɜ ɹɜɥɹɟɬсɹ сɧɢɠɟɧɢɟ ɚɤɬɢɜɧɨсɬɢ ɢ 
сɟɥɟɤɬɢɜɧɨсɬɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɜсɥɟɞсɬɜɢɟ ɢɯ ɞɟɡɚɤɬɢɜɚɰɢɢ. Пɪɢɱɢɧɵ ɞɟɡɚɤɬɢɜɚɰɢɢ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɨɛɭсɥɨɜɥɟɧɧɵɟ ɭсɥɨɜɢɹмɢ ɢɯ ɷɤсɩɥɭɚɬɚɰɢɢ – ɨɬɪɚɜɥɟɧɢɟ ɤɚɬɚɥɢɬɢɱɟсɤɢмɢ 
ɹɞɚмɢ, ɚɝɪɟɝɚɰɢɹ ɱɚсɬɢɰ ɚɤɬɢɜɧɨɝɨ мɟɬɚɥɥɚ, ɧɚɤɨɩɥɟɧɢɟ мɟɯɚɧɢɱɟсɤɢɯ ɩɪɢмɟсɟɣ, ɹɜɥɹɸɬсɹ 
ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɵмɢ ɢ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɟɞɭɩɪɟɠɞɚɸɬсɹ ɬɳɚɬɟɥɶɧɨɣ ɨɱɢсɬɤɨɣ сɵɪɶɟɜɵɯ 
ɩɨɬɨɤɨɜ, ɩɪɢмɟɧɟɧɢɟм ɥɨɜɭɲɟɤ ɤɚɬɚɥɢɬɢɱɟсɤɢɯ ɹɞɨɜ, ɮɢɥɶɬɪɭɸɳɢɯ ɭсɬɪɨɣсɬɜ, 
сɨɛɥɸɞɟɧɢɟм ɨɩɬɢмɚɥɶɧɵɯ ɪɟɠɢмɨɜ ɪɟɚɤɰɢɢ ɢ ɪɟɝɟɧɟɪɚɰɢɢ. 

Ⱦɟɡɚɤɬɢɜɚɰɢɹ ɩɭɬём ɡɚɭɝɥɟɪɨɠɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨсɬɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɨɛɭсɥɨɜɥɟɧɚ ɩɨɛɨɱɧɵмɢ 
ɪɟɚɤɰɢɹмɢ, ɩɪɨɬɟɤɚɸɳɢмɢ ɩɚɪɚɥɥɟɥɶɧɨ ɰɟɥɟɜɨɣ, ɨɩɪɟɞɟɥɹɟɬ ɷɤɨɧɨмɢɤɭ ɩɪɨɰɟссɚ ɜ ɰɟɥɨм, 
ɬɚɤ ɤɚɤ ɨɬɜɟɱɚɟɬ ɡɚ мɟɠɪɟɝɟɧɟɪɚɰɢɨɧɧɵɣ ɩɟɪɢɨɞ ɪɚɛɨɬɵ ɤɚɬɚɥɢɡɚɬɨɪɚ, сɪɨɤ ɟɝɨ сɥɭɠɛɵ. 

ɂсɩɨɥɶɡɭɟмɵɣ сɟɝɨɞɧɹ мɟɬɨɞ ɩɚɪɨɜɨɡɞɭɲɧɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɢ 450ɨɋ ɢ 
ɛɨɥɟɟ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɱɢɳɚɬɶ ɜсɸ ɩɨɜɟɪɯɧɨсɬɶ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɭɯɭɞɲɚɟɬ ɟɝɨ сɜɨɣсɬɜɚ ɢ 
ɭмɟɧɶɲɚɟɬ мɟɠɪɟɝɟɧɟɪɚɰɢɨɧɧɵɟ ɰɢɤɥɵ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. Ʉɪɨмɟ ɬɨɝɨ, ɷɬɨɬ мɟɬɨɞ ɬɪɟɛɭɟɬ 
ɢсɩɨɥɶɡɨɜɚɧɢɹ ɚɞɢɚɛɚɬɢɱɟсɤɢɯ ɪɟɚɤɬɨɪɨɜ, ɬɚɤ ɤɚɤ ɪɟɝɟɧɟɪɚɰɢɹ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ сɬɨɥɶ 
ɜɵсɨɤɢɯ ɬɟмɩɟɪɚɬɭɪɚɯ мɨɠɟɬ ɩɪɨɜɨɞɢɬɶсɹ ɢмɟɧɧɨ ɜ ɧɢɯ. Ȼɟɡ ɪɟɝɟɧɟɪɚɰɢɢ сɟɥɟɤɬɢɜɧɵɟ 
ɤɚɬɚɥɢɡɚɬɨɪɵ ɪɚɛɨɬɚɸɬ ɧɟ ɛɨɥɟɟ 1 ɝɨɞɚ. Ɉɬɪɚɛɨɬɚɧɧɵɣ ɤɚɬɚɥɢɡɚɬɨɪ, ɪɟɝɟɧɟɪɚɰɢɹ ɤɨɬɨɪɨɝɨ 
ɷɤɨɧɨмɢɱɟсɤɢ ɧɟ ɨɩɪɚɜɞɚɧɚ, ɨɬɩɪɚɜɥɹɸɬ ɧɚ ɭɬɢɥɢɡɚɰɢɸ, ɩɪɨɰɟсс ɤɨɬɨɪɨɣ ɬɚɤɠɟ 
ɷɤɨɥɨɝɢɱɟсɤɢ ɜɪɟɞɟɧ. 

ȼ ɤɚɱɟсɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɵ ɩɪɨɰɟссɚ ɩɚɪɨɜɨɡɞɭɲɧɨɣ ɪɟɝɟɧɟɪɚɰɢɢ ɜɨɡмɨɠɧɨ ɩɪɢмɟɧɟɧɢɟ 
сɜɟɪɯɤɪɢɬɢɱɟсɤɢɯ ɮɥɸɢɞɧɵɯ ɪɚсɬɜɨɪɢɬɟɥɟɣ, сɩɨсɨɛɧɵɯ ɷɤсɬɪɚɝɢɪɨɜɚɬɶ ɡɚɝɪɹɡɧɢɬɟɥɶ ɢɡ ɩɨɪ 
ɤɚɬɚɥɢɬɢɱɟсɤɨɣ сɢсɬɟмɵ, ɧɟ ɧɚɧɨсɹ ɟɣ ɜɪɟɞɚ ɢ сɭɳɟсɬɜɟɧɧɨ ɩɪɨɞɥɟɜɚɹ сɪɨɤ сɥɭɠɛɵ 
ɤɚɬɚɥɢɡɚɬɨɪɚ, ɱɬɨ ɨɛɟсɩɟɱɢɜɚɟɬсɹ ɩɨɞɛɨɪɨм ɨɩɬɢмɚɥɶɧɨɝɨ ɮɥɸɢɞɧɨɝɨ ɷɤсɬɪɚɝɟɧɬɚ ɢ 
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ɩɨɥɹɪɧɨɝɨ сɨɪɚсɬɜɨɪɢɬɟɥɹ, ɤɨɬɨɪɵɟ ɜ ɤɨɧɟɱɧɨм ɢɬɨɝɟ ɩɨɡɜɨɥɹɬ ɩɪɨɜɨɞɢɬɶ ɩɪɨɰɟсс 
ɷɤсɬɪɚɤɰɢɢ ɡɚɝɪɹɡɧɢɬɟɥɹ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟмɩɟɪɚɬɭɪɚɯ. 

ɗɮɮɟɤɬɢɜɧɨсɬɶ ɩɪɨɰɟссɚ ɪɟɝɟɧɟɪɚɰɢɢ смɟсɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɝɢɞɪɨɨɱɢсɬɤɢ ɤɟɪɨсɢɧɚ DN-
γ5γ1 ɢ Criterion 514 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɚɯ сɜɟɪɯɤɪɢɬɢɱɟсɤɨɝɨ 
ɞɢɨɤсɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɟɞсɬɚɜɥɟɧɚ ɧɚ ɪɢс. β. 

ɂɡ ɪɢсɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɪɨɰɟсс ɪɟɝɟɧɟɪɚɰɢɢ ɩɪɨɯɨɞɢɬ ɩɪɢ 
ɬɟмɩɟɪɚɬɭɪɟ γ8γ Ʉ ɢ ɞɚɜɥɟɧɢɢ γ0 ɆПɚ, ɱɬɨ ɨɛɴɹсɧɹɟɬсɹ ɜɨɡɪɚсɬɚɧɢɟм ɪɚсɬɜɨɪɹɸɳɟɣ 
сɩɨсɨɛɧɨсɬɢ сɜɟɪɯɤɪɢɬɢɱɟсɤɨɝɨ ɞɢɨɤсɢɞɚ ɭɝɥɟɪɨɞɚ с ɪɨсɬɨм ɬɟмɩɟɪɚɬɭɪɵ. Пɪɢ ɷɬɨм 
ɞɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟмɩɟɪɚɬɭɪɵ ɩɪɨɰɟссɚ ɧɟ ɰɟɥɟсɨɨɛɪɚɡɧɨ, ɩɨсɤɨɥɶɤɭ, ɜɨ-ɩɟɪɜɵɯ, 
ɷɤɨɧɨмɢɱɟсɤɢ ɧɟ ɜɵɝɨɞɧɨ, ɚ ɜɨ-ɜɬɨɪɵɯ ɧɟ ɩɪɢɜɟɞɟɬ ɤ сɭɳɟсɬɜɟɧɧɨмɭ ɭɜɟɥɢɱɟɧɢɸ 
ɷɮɮɟɤɬɢɜɧɨсɬɢ, ɱɬɨ ɬɚɤɠɟ ɜɢɞɧɨ ɢɡ ɪɢсɭɧɤɚ. ȼ ɞɚɥɶɧɟɣɲɟм ɩɥɚɧɢɪɭɟɬсɹ ɢɡɭɱɢɬɶ ɜɥɢɹɧɢɟ 
ɪɚɡɥɢɱɧɵɯ сɨɪɚсɬɜɨɪɢɬɟɥɟɣ ɧɚ ɷɮɮɟɤɬɢɜɧɨсɬɶ ɷɬɨɝɨ ɩɪɨɰɟссɚ. 
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Ɉɞɧɨɣ ɢɡ ɨсɧɨɜɧɵɯ ɩɪɨɛɥɟм ɩɪɢмɟɧɟɧɢɹ мɟɬɨɞɨɜ мɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚмɢɤɢ ɢ Ɇɨɧɬɟ 

Ʉɚɪɥɨ ɩɪɢ ɜɵɱɢсɥɟɧɢɢ ɬɟɩɥɨɮɢɡɢɱɟсɤɢɯ сɜɨɣсɬɜ ɜɟɳɟсɬɜ ɹɜɥɹɟɬсɹ ɧɟɞɨсɬɚɬɨɱɧɚɹ ɬɨɱɧɨсɬɶ 
ɨɩɢсɚɧɢɹ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ. Ⱦɥɹ ɨɩɢсɚɧɢɹ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɧɚɯɨɞɹɬ ɩɪɢмɟɧɟɧɢɹ мɧɨɠɟсɬɜɨ мɨɞɟɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ, ɧɚɩɪɢмɟɪ, 
ɩɨɬɟɧɰɢɚɥ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧсɚ, ɩɨɬɟɧɰɢɚɥ Ȼɭɤɢɧɝɟмɚ. Пɪɢ ɷɬɨм ɧɟɬ ɟɞɢɧɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚмɟɬɪɨɜ ɞɚɧɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ. 

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɱɢсɥɟɧɧɵɟ ɷɤсɩɟɪɢмɟɧɬɵ, ɩɨɥɨɠɟɧɢɟ ɥɢɧɢɢ ГОЧШ ɨɤɚɡɵɜɚɟɬсɹ ɞɨсɬɚɬɨɱɧɨ 
ɱɭɜсɬɜɢɬɟɥɶɧɵм ɤ ɨсɨɛɟɧɧɨсɬɹм мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ. Пɨɷɬɨмɭ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬсɹ ɨɩɪɟɞɟɥɹɬɶ ɡɧɚɱɟɧɢɹ ɩɚɪɚмɟɬɪɨɜ ɩɨɬɟɧɰɢɚɥɨɜ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɧɚ ɨсɧɨɜɟ сɨɩɨсɬɚɜɥɟɧɢɹ ɪɚссɱɢɬɚɧɧɨɝɨ ɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 
ɥɢɧɢɢ ГОЧШ. Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɛɵɥ ɨɩɪɨɛɨɜɚɧ ɧɚ ɨɞɧɨɰɟɧɬɪɨɜɵɯ мɨɞɟɥɹɯ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ. ȼɚɠɧɨɣ ɨсɨɛɟɧɧɨсɬɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ мɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚмɟɬɪɨɜ 
ɩɨɬɟɧɰɢɚɥɨɜ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɹɜɥɹɟɬсɹ ɜɨɡмɨɠɧɨсɬɶ ɧɟɡɚɜɢсɢмɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɞɜɭɯ ɩɚɪɚмɟɬɪɨɜ ı (ɪɚɡмɟɪɚ мɨɥɟɤɭɥ) ɢ İ (сɢɥɵ ɜɡɚɢмɨɞɟɣсɬɜɢɹ) ɜɨ мɧɨɝɢɯ 
ɲɢɪɨɤɨ ɢсɩɨɥɶɡɭɟмɵɯ мɨɞɟɥɶɧɵɯ ɩɨɬɟɧɰɢɚɥɚɯ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ. 

Ⱦɥɹ ɩɨɬɟɧɰɢɚɥɚ Ʉɚɪɪɚ-Ʉɨɧɨɜɚɥɨɜɚ ɢ сɬɟɩɟɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɨɩɪɟɞɟɥɟɧɵ ɤɨɪɪɟɥɹɰɢɢ, 
сɜɹɡɵɜɚɸɳɢɟ ɩɚɪɚмɟɬɪɵ ɩɨɬɟɧɰɢɚɥɚ с ɬɟмɩɟɪɚɬɭɪɨɣ, ɩɥɨɬɧɨсɬɶɸ Ȼɨɣɥɹ ɢ сɜɨɣсɬɜɚмɢ ɜ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɟ. Ɉɩɢсɚɧɢɟ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɨɞɧɢм сɮɟɪɢɱɟсɤɢ-
сɢммɟɬɪɢɱɧɵм мɨɞɟɥɶɧɵм ɩɨɬɟɧɰɢɚɥɨм ɞɨсɬɚɬɨɱɧɨ ɝɪɭɛɨ, ɨɞɧɚɤɨ ɩɨɡɜɨɥɹɟɬ с ɞɨсɬɚɬɨɱɧɨɣ 
ɬɨɱɧɨсɬɶɸ ɨɩɢсɵɜɚɬɶ сɜɨɣсɬɜɚ ɛɥɚɝɨɪɨɞɧɵɯ ɢ ɞɜɭɯɚɬɨмɧɵɯ ɝɚɡɨɜ.  

ɂсɩɨɥɶɡɨɜɚɧɢɟ мɧɨɝɨɰɟɧɬɪɨɜɨɣ сɯɟмɵ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɩɨɡɜɨɥɢɥɨ ɞɨɛɢɬɶсɹ ɛɨɥɶɲɟɣ 
ɬɨɱɧɨсɬɢ ɨɩɢсɚɧɢɹ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ мɟɬɨɞ ɭсɩɟɲɧɨ ɩɪɢмɟɧɹɥсɹ 
ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚмɟɬɪɨɜ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 
ɂсɩɨɥɶɡɨɜɚɥɨсɶ ɩɪɢɛɥɢɠɟɧɢɟ ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɢ сɜɨɣсɬɜɨ ɩɟɪɟɧɨсɢмɨсɬɶ 
ɩɚɪɚмɟɬɪɨɜ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɜ ɪɚмɤɚɯ ɨɞɧɨɝɨ ɝɨмɨɥɨɝɢɱɟсɤɨɝɨ ɪɹɞɚ. 
Ɋɟɡɭɥɶɬɚɬɵ мɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɣɞɟɧɧɵɟ ɩɨ ɪɚɡɪɚɛɨɬɚɧɧɨмɭ мɟɬɨɞɭ ɩɚɪɚмɟɬɪɵ 
ɩɨɬɟɧɰɢɚɥɚ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɩɨɡɜɨɥɹɸɬ с ɜɵсɨɤɨɣ ɬɨɱɧɨсɬɶɸ 
ɪɚссɱɢɬɵɜɚɬɶ PVT сɜɨɣсɬɜɚ ɜ ɲɢɪɨɤɨɣ ɨɛɥɚсɬɢ сɨсɬɨɹɧɢɹ, ɜ ɬɨм ɱɢсɥɟ ɢ ɧɚ ɥɢɧɢɢ ɮɚɡɨɜɨɝɨ 
ɪɚɜɧɨɜɟсɢɹ. 
 
 

 
ɎȺɁɈȼɕȿ ɉɊȿȼɊȺɓȿɇɂə ɂ ɄɊɂɌɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ 

ɋɆȿɋɂ ɇ-ɉɊɈɉȺɇɈɅ–ɇ-ɉȿɇɌȺɇ 
Ȼɚɡɚɟɜ ɗ.Ⱥ., Ȼɚɡɚɟɜ Ⱥ.Ɋ., Ʉɚɪɚɛɟɤɨɜɚ Ȼ.Ʉ. 

ɎȽȻɍɇ ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɝɟɨɬɟɪɦɢɢ Ⱦɚɝɟɫɬɚɧɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ ɊȺɇ, Ɋɨɫɫɢɹ, 
γ670γ0, ɝ. Ɇɚɯɚɱɤɚɥɚ, ɩɪ. ɂ. ɒɚɦɢɥɹ, 39-ɚ.  

E-mail: emilbazaev@gmail.com 
 

ɂссɥɟɞɨɜɚɧɢɹ ɜɡɚɢмɨɩɪɟɜɪɚɳɟɧɢɣ ɚɝɪɟɝɚɬɧɵɯ сɨсɬɨɹɧɢɣ ɠɢɞɤɨсɬɶ  ɩɚɪ ɢ сɜɹɡɚɧɧɵɯ с 
ɧɢмɢ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ ɬɟɯɧɢɱɟсɤɢ ɜɚɠɧɵɯ ɛɢɧɚɪɧɵɯ смɟсɟɣ, сɨсɬɨɹɳɢɯ ɢɡ ɩɨɥɹɪɧɵɯ ɢ 
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ɧɟɩɨɥɹɪɧɵɯ ɤɨмɩɨɧɟɧɬɨɜ, ɢ ɨɬɥɢɱɚɸɳɢɯсɹ ɬɟмɩɟɪɚɬɭɪɚмɢ ɤɢɩɟɧɢɹ, ɜ ɲɢɪɨɤɨм ɞɢɚɩɚɡɨɧɟ 
ɬɟмɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ, ɩɪɟɞсɬɚɜɥɹɸɬ ɢɧɬɟɪɟс ɞɥɹ ɪɚɡɜɢɬɢɹ ɬɟɨɪɢɢ ɪɚсɬɜɨɪɨɜ ɢ ɧɟɨɛɯɨɞɢмɵ 
ɞɥɹ ɭсɨɜɟɪɲɟɧсɬɜɨɜɚɧɢɹ ɬɟɯɧɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ Д1-7Ж. Ɍɚɤ, ɧɚɩɪɢмɟɪ, ɷɮɮɟɤɬɢɜɧɨсɬɶ 
ɩɚɪɨсɢɥɨɜɵɯ ɷɧɟɪɝɟɬɢɱɟсɤɢɯ ɭсɬɚɧɨɜɨɤ ɡɚɜɢсɢɬ, ɤɪɨмɟ ɩɪɨɱɢɯ ɮɚɤɬɨɪɨɜ, ɨɬ ɩɨɥɧɨɬɵ ɡɧɚɧɢɹ 
ɢ ɭɱɟɬɚ сɜɨɣсɬɜ ɪɚɛɨɱɟɝɨ ɜɟɳɟсɬɜɚ ɜ ɪɚɛɨɱɢɯ ɰɢɤɥɚɯ ɢ ɤɨɧсɬɪɭɤɰɢɢ Д7Ж. ɂсɩɨɥɶɡɨɜɚɧɢɟ 
ɝɨмɨɝɟɧɧɵɯ смɟсɟɣ, сɨсɬɨɹɳɢɯ ɢɡ ɧɢɡɤɨɤɢɩɹɳɢɯ ɢ ɜɵсɨɤɨɤɢɩɹɳɢɯ ɬɟɩɥɨɧɨсɢɬɟɥɟɣ, ɜ 
ɤɚɱɟсɬɜɟ ɪɚɛɨɱɢɯ ɜɟɳɟсɬɜ сɭɳɟсɬɜɟɧɧɨ ɪɚсɲɢɪɹɟɬ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɩɚɪɚмɟɬɪɨɜ 
ɷɧɟɪɝɨɭсɬɚɧɨɜɨɤ ɢ сɩɨсɨɛсɬɜɭɟɬ ɭɧɢɮɢɤɚɰɢɢ ɢɯ ɬɟɩɥɨмɟɯɚɧɢɱɟсɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ 
ɷɤɨɧɨмɢɱɟсɤɢ ɰɟɥɟсɨɨɛɪɚɡɧɨ Д8Ж. ɗɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɮɚɡɨɜɵɯ ɩɪɟɜɪɚɳɟɧɢɹɯ (ɎП) 
ɢ ɤɪɢɬɢɱɟсɤɨм сɨсɬɨɹɧɢɢ (Ʉɋ) ɩɨɞɨɛɧɵɯ смɟсɟɣ ɧɟсɭɬ ɮɭɧɞɚмɟɧɬɚɥɶɧɭɸ ɢɧɮɨɪмɚɰɢɸ ɨ 
ɯɚɪɚɤɬɟɪɟ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɢ ɜɚɠɧɵ ɞɥɹ сɨɡɞɚɧɢɹ ɟɞɢɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 
сɨсɬɨɹɧɢɹ сɢсɬɟмɵ ɠɢɞɤɨсɬɶ–ɩɚɪ. 

Ⱥɜɬɨɪɵ ɧɟ ɪɚсɩɨɥɚɝɚɸɬ ɧɟɨɛɯɨɞɢмɵмɢ ɞɥɹ сɪɚɜɧɟɧɢɹ ɥɢɬɟɪɚɬɭɪɧɵмɢ ɞɚɧɧɵмɢ ɨ ɎП ɢ 
ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜɚɯ смɟсɢ ɧ-ɩɪɨɩɚɧɨɥ–ɧ-ɩɟɧɬɚɧ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ –ɨɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɩɚɪɚмɟɬɪɨɜ ɬɨɱɟɤ ɎП ɠɢɞɤɨсɬɶ  ɩɚɪ ɩɨ 
ɢɡɥɨмɚм ɢ ɢɡɝɢɛɚ мɢɡɨɯɨɪ ɡɚɜɢсɢмɨсɬɢ ɞɚɜɥɟɧɢɹ ɨɬ ɬɟмɩɟɪɚɬɭɪɵ ɞɥɹ смɟсɢ ɧ-ɩɪɨɩɚɧɨɥ–ɧ-
ɩɟɧɬɚɧ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ сɨсɬɚɜɚ мɟɬɨɞɨм ɛɟɡɛɚɥɥɚсɬɧɨɝɨ ɩɶɟɡɨмɟɬɪɚ ɩɨсɬɨɹɧɧɨɝɨ ɨɛɴɟмɚ 
[9]. 

Пɨɥɭɱɟɧɧɵɟ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚмɟɬɪɨɜ ɬɨɱɟɤ ɎП ɠɢɞɤɨсɬɶɩɚɪ ɢ 
ɤɪɢɬɢɱɟсɤɢɯ ɬɨɱɟɤ (ɜɵɞɟɥɟɧɵ ɠɢɪɧɵм ɲɪɢɮɬɨм) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

Ɂɚɜɢсɢмɨсɬɶ ɞɚɜɥɟɧɢɹ ɨɬ ɬɟмɩɟɪɚɬɭɪɵ, ɩɥɨɬɧɨсɬɢ ɢ сɨсɬɚɜɚ смɟсɢ ɜɞɨɥɶ ɤɪɢɜɨɣ 
сɨсɭɳɟсɬɜɨɜɚɧɢɹ ɨɩɢсɚɧɚ ɬɪɟɯɩɚɪɚмɟɬɪɢɱɟсɤɢм ɩɨɥɢɧɨмɢɚɥɶɧɵм ɭɪɚɜɧɟɧɢɟм сɨсɬɨɹɧɢɹ –
ɪɚɡɥɨɠɟɧɢɟм ɮɚɤɬɨɪɚ сɠɢмɚɟмɨсɬɢ ɩɨ сɬɟɩɟɧɹм ɩɥɨɬɧɨсɬɢ, ɬɟмɩɟɪɚɬɭɪɵ ɢ сɨсɬɚɜɚμ 
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a  – ɤɨɷɮɮɢɰɢɟɧɬɵ; m – мɨɥɹɪɧɚɹ ɩɥɨɬɧɨсɬɶ (мɨɥɶ/м3); ɤ, =T/Tɤ – ɩɪɢɜɟɞɟɧɧɚɹ 
ɩɥɨɬɧɨсɬɶ ɢ ɩɪɢɜɟɞɟɧɧɚɹ ɬɟмɩɟɪɚɬɭɪɚ сɨɨɬɜɟɬсɬɜɟɧɧɨ;x – ɤɨɧɰɟɧɬɪɚɰɢɹ ɧ-ɩɟɧɬɚɧɚ (мɨɥɶɧɵɟ 
ɞɨɥɢ); R=8,314 – ɭɧɢɜɟɪсɚɥɶɧɚɹ (мɨɥɹɪɧɚɹ) ɝɚɡɨɜɚɹ ɩɨсɬɨɹɧɧɚɹ (Ⱦɠ/мɨɥɶ⋅Ʉ).  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ 
ijka  ɨɩɪɟɞɟɥɟɧɵ мɟɬɨɞɨм ɧɚɢмɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. ɋɪɟɞɧɹɹ 

ɨɬɧɨсɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨсɬɶ ɨɬɤɥɨɧɟɧɢɣ ɪɚссɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ ɨɬ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,5%. 

Ɂɚɜɢсɢмɨсɬɶ ɞɚɜɥɟɧɢɹ ɨɬ ɬɟмɩɟɪɚɬɭɪɵ ɢ сɨсɬɚɜɚ ɧɚ ɥɢɧɢɢ ɧɚсɵɳɟɧɢɹ ɜɞɨɥɶ ɤɪɢɬɢɱɟсɤɢɯ 
ɢɡɨɯɨɪ ɢ ɤɪɢɬɢɱɟсɤɭɸ ɥɢɧɢɸ смɟсɢ ɢɥɥɸсɬɪɢɪɭɟɬ ɪɢс.1. ɇɚ ɪɢс.β ɩɨɤɚɡɚɧ ɯɚɪɚɤɬɟɪ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɡɚɜɢсɢмɨсɬɢ ɤɪɢɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ. 
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Ɍɚɛɥɢɰɚ 1. Пɚɪɚмɟɬɪɵ ɬɨɱɟɤ ɎП ɢ Ʉɋ смɟсɢ ɧ-ɩɪɨɩɚɧɨɥ–ɧ-ɩɟɧɬɚɧ. 
Ɍ, Ʉ ɪ, ɆПɚ ρ , ɤɝ/м3 Ɍ, Ʉ ɪ, ɆПɚ ρ, ɤɝ/м3 Ɍ, Ʉ ɪ, ɆПɚ ρ, ɤɝ/м3 

x=0,0 x=0,0 x=0,5 
434,45 0,70 658,12 471,15 1,58 33,88 318,15 0,16 663,62 
438,00 0,76 652,80 458,95 1,23 25,81 351,15 0,36 631,50 
447,00 0,94 638,59 447,85 0,96 19,81 368,15 0,52 612,81 
462,65 1,33 611,92 ɯ=0,β 384,15 0,73 592,01 
478,65 1,84 580,93 452,15 1,25 25,01 393,15 0,86 579,06 
485,15 2,09 567,01 479,15 2,32 53,11 395,15 0,89 576,66 
492,15 2,38 550,99 499,65 3,41 91,51 400,15 0,98 570,83 
494,45 2,48 545,28 507,15 3,92 114,44 408,15 1,12 560,46 
501,00 2,79 528,55 513,15 4,43 146,39 410,15 1,18 558,11 
507,15 3,11 511,22 515,05 4,64 175,69 431,15 1,72 520,36 
509,45 3,24 504,01 515,25 4,66 179,62 437,15 1,90 509,16 
510,65 3,30 500,38 515,65 4,71 189,71 454,80 2,53 469,98 
517,00 3,68 478,17 516,05 4,78 213,22 459,75 2,75 457,49 
520,95 3,92 462,63 516,15 4,79 220,17 461,85 2,84 452,82 
524,55 4,16 446,23 516,15 4,82 245,56 466,15 3,02 442,34 
529,85 4,53 416,20 516,15 4,82 259,29 473,15 3,34 417,11 
532,35 4,72 396,75 516,15 4,83 262,99 477,15 3,54 399,11 
533,75 4,82 383,56 516,15 4,83 265,00 483,15 3,86 370,56 
535,65 4,97 358,72 516,15 4,83 272,46 486,15 4,05 345,21 
536,22 5,01 345,13 516,15 4,82 290,64 488,65 4,20 325,86 
536,68 5,04 318,14 515,55 4,82 306,95 489,55 4,25 319,31 
536,78 5,05 294,90 514,85 4,81 318,92 491,15 4,34 299,20 
536,81 5,05 282,21 513,65 4,76 341,44 492,55 4,39 282,83 
536,83 5,05 276,01 513,45 4,74 344,23 493,15 4,40 270,99 
536,85 5,06 273,23 512,85 4,71 350,76 493,15 4,40 260,15 
536,84 5,05 266,83 510,25 4,53 378,89 493,15 4,40 252,50 
536,82 5,05 251,90 509,65 4,49 383,72 493,15 4,40 251,09 
536,70 5,04 228,56 508,65 4,42 391,58 493,15 4,39 241,88 
536,00 4,99 197,66 503,65 4,12 419,17 493,15 4,38 224,40 
534,55 4,85 170,88 490,15 3,39 471,26 493,15 4,37 210,54 
531,45 4,64 150,20 478,15 2,85 504,78 493,15 4,36 200,70 
530,15 4,54 144,20 458,15 2,11 549,17 493,15 4,32 183,14 
520,95 3,91 111,40 438,95 1,54 584,46 492,65 4,25 165,39 
508,15 3,17 80,01 429,15 1,31 598,54 492,15 4,18 154,73 
497,75 2,63 61,70 415,75 1,03 618,68 491,15 4,08 144,34 
485,90 2,12 46,83 400,15 0,77 640,00 486,15 3,75 122,11 
478,70 1,84 39,92 381,85 0,56 663,76 477,15 3,22 96,07 
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Пɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 
Ɍ, Ʉ ɪ, ɆПɚ ρ , ɤɝ/м3 Ɍ, Ʉ ɪ, ɆПɚ ρ, ɤɝ/м3 Ɍ, Ʉ ɪ, ɆПɚ ρ, ɤɝ/м3 

x=0,5 ɯ=0,8 x=1,0 
474,15 3,07 89,12 475,65 3,82 247,56 433,15 1,89 439,49 
467,15 2,69 72,80 476,15 3,82 240,00 438,15 2,05 428,00 
464,85 2,60 67,70 475,65 3,82 235,27 443,15 2,23 415,44 
453,15 2,05 51,26 475,65 3,82 220,15 448,15 2,41 401,47 
444,15 1,68 40,63 475,45 3,81 214,37 453,15 2,61 385,55 
433,15 1,29 30,11 474,85 3,77 193,62 458,15 2,82 366,61 
413,15 0,71 15,60 474,15 3,72 181,26 463,15 3,05 342,06 

ɯ=0,8 473,75 3,70 176,45 468,15 3,29 299,26 
305,05 0,13 631,08 473,15 3,67 170,20 469,70 3,37 232,00 
312,65 0,15 623,57 471,65 3,59 156,43 468,15 3,29 170,56 
324,20 0,20 611,05 469,15 3,46 140,67 463,15 3,05 130,82 
334,25 0,25 601,01 460,55 3,02 106,72 458,15 2,82 109,96 
353,55 0,40 575,90 445,45 2,38 74,06 453,15 2,61 95,07 
372,15 0,63 553,38 436,15 2,03 58,66 448,15 2,41 83,40 
394,65 1,01 524,70 415,15 1,37 36,88 443,15 2,23 73,83 
410,15 1,34 499,43 393,85 0,87 22,66 438,15 2,05 65,75 
425,45 1,74 469,31 x=1,0 433,15 1,89 58,79 
447,25 2,51 419,94 373,15 0,59 537,42 428,15 1,73 52,73 
463,15 3,19 363,07 378,15 0,66 530,88 423,15 1,59 47,38 
467,15 3,39 346,37 383,15 0,74 524,14 418,15 1,46 42,62 
469,65 3,52 333,35 388,15 0,82 517,18 413,15 1,33 38,37 
472,15 3,65 316,19 393,15 0,91 510,00 408,15 1,21 34,56 
474,15 3,74 299,95 398,15 1,00 502,55 403,15 1,10 31,11 
475,25 3,79 279,78 403,15 1,10 494,82 398,15 1,00 28,00 
475,55 3,80 273,34 408,15 1,21 486,75 393,15 0,91 25,18 
475,65 3,80 271,05 413,15 1,33 478,31 388,15 0,82 22,62 
475,65 3,80 270,09 418,15 1,46 469,44 383,15 0,74 20,29 
475,65 3,82 270,85 423,15 1,59 460,08 378,15 0,66 18,17 
475,65 3,82 259,20 428,15 1,73 450,14    



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

58 
 

 

 
 

Ɋɢс.1. Ɂɚɜɢсɢмɨсɬɶ ɞɚɜɥɟɧɢɹ ɨɬ ɬɟмɩɟɪɚɬɭɪɵ ɢ сɨсɬɚɜɚ ɧɚ ɥɢɧɢɢ ɧɚсɵɳɟɧɢɹ ɜɞɨɥɶ 
ɤɪɢɬɢɱɟсɤɢɯ ɢɡɨɯɨɪ ɱɢсɬɵɯ ɤɨмɩɨɧɟɧɬɨɜ ɢ ɢɯ смɟсɟɣ. 0

1K , 0

2K  – ɄɌ ɧ-ɩɪɨɩɚɧɨɥɚ ɢ ɧ-

ɩɟɧɬɚɧɚ; Ʉ3-Ʉ5– ɄɌ смɟсɢ сɨсɬɚɜɚ ɯμ 0.β, 0.5 ɢ 0.8 мɨɥ.ɞɨɥɢ ɧ-ɩɟɧɬɚɧɚ сɨɨɬɜɟɬсɬɜɟɧɧɨ; 0

1K -
0

2K – ɤɪɢɬɢɱɟсɤɚɹ ɥɢɧɢɹ смɟсɢ 

 

 
Ɋɢс.β. Ɂɚɜɢсɢмɨсɬɶ ɤɪɢɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ смɟсɢ ɪɤ, ɤ, Ɍɤ ɨɬ сɨсɬɚɜɚ 
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ɄɈɗɎɎɂɐɂȿɇɌɕ ɉȿɊȿɇɈɋȺ ȼ ɋɌȺȻɂɅɖɇɈɆ ɂ ɆȿɌȺɋɌȺȻɂɅɖɇɕɏ 
ɋɈɋɌɈəɇɂəɏ ɉɊɈɋɌɈɃ ɀɂȾɄɈɋɌɂ  

(ɉɈ ȾȺɇɇɕɆ ɄɈɆɉɖɘɌȿɊɇɕɏ ɗɄɋɉȿɊɂɆȿɇɌɈȼ) 
Ȼɚɣɞɚɤɨɜ ȼ.Ƚ. 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ ɂɧɫɬɢɬɭɬ ɬɟɩɥɨɮɢɡɢɤɢ  
ɍɪɈ ɊȺɇ, Ɋɨɫɫɢɹ, ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ⱥɦɭɧɞɫɟɧɚ, 107ɚ.  
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Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɧɨсɚ (сɚмɨɞɢɮɮɭɡɢɢ D, сɞɜɢɝɨɜɨɣ ɜɹɡɤɨсɬɢ ηs, ɬɟɩɥɨɩɪɨɜɨɞɧɨсɬɢ Ȝ) 
сɜɹɡɵɜɚɸɬ ɩɨɬɨɤɢ мɚссɵ, ɢмɩɭɥɶсɚ ɷɧɟɪɝɢɢ ɜ ɧɟɨɛɪɚɬɢмɵɯ ɩɪɨɰɟссɚɯ с ɝɪɚɞɢɟɧɬɚмɢ 
ɩɥɨɬɧɨсɬɢ, сɤɨɪɨсɬɢ, ɬɟмɩɟɪɚɬɭɪɵ. Ɉсɨɛɨɟ мɟсɬɨ ɜ ɪɹɞɭ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɧɨсɚ ɡɚɧɢмɚɟɬ 
ɨɛɴɟмɧɚɹ ɜɹɡɤɨсɬɶ ηb, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɞɢссɢɩɚɰɢɸ ɷɧɟɪɝɢɢ ɩɪɢ ɨɛɴɟмɧɵɯ 
ɞɟɮɨɪмɚɰɢɹɯ. ȼ сɥɭɱɚɟ ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɧɨсɚ ɹɜɧɨ ɜɵɪɚɠɚɸɬсɹ ɱɟɪɟɡ 
мɨɥɟɤɭɥɹɪɧɵɟ ɯɚɪɚɤɬɟɪɢсɬɢɤɢ сɪɟɞɵ. ȼ сɪɟɞɟ с ɩɪɨɢɡɜɨɥɶɧɨɣ ɩɥɨɬɧɨсɬɶɸ ɨɧɢ мɨɝɭɬ ɛɵɬɶ 
ɪɚссɱɢɬɚɧɵ ɩɨ ɮɨɪмɭɥɚм Ƚɪɢɧɚ-Ʉɭɛɨ ɱɟɪɟɡ ɢɧɬɟɝɪɚɥɵ ɨɬ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ 
сɨɨɬɜɟɬсɬɜɭɸɳɢɯ ɩɨɬɨɤɨɜ Д1Ж. 

ȼ ɧɚсɬɨɹɳɟɟ ɜɪɟмɹ ɧɚɤɨɩɥɟɧ ɨɛɲɢɪɧɵɣ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɣ мɚɬɟɪɢɚɥ ɨ ɤɨɷɮɮɢɰɢɟɧɬɚɯ 
ɩɟɪɟɧɨсɚ ɬɟɯɧɢɱɟсɤɢ ɜɚɠɧɵɯ ɜɟɳɟсɬɜ. ɂмɟɸɳɢɟсɹ ɞɚɧɧɵɟ ɨɯɜɚɬɵɜɚɸɬ ɨɛɥɚсɬɶ ɭсɬɨɣɱɢɜɵɯ 
(сɬɚɛɢɥɶɧɵɯ) ɮɚɡɨɜɵɯ сɨсɬɨɹɧɢɣ. ɂɡɜɟсɬɧɨ, ɨɞɧɚɤɨ, ɱɬɨ ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ɩɟɪɜɨɝɨ 
ɪɨɞɚ ɪɟɚɥɢɡɭɸɬсɹ мɟɬɚсɬɚɛɢɥɶɧɵɟ сɨсɬɨɹɧɢɹ. Пɪɢɧɰɢɩɢɚɥɶɧɨɟ ɨɬɥɢɱɢɟ мɟɬɚсɬɚɛɢɥɶɧɵɯ 
ɮɚɡɨɜɵɯ сɨсɬɨɹɧɢɣ ɨɬ сɬɚɛɢɥɶɧɵɯ – ɤɨɧɟɱɧɨɟ ɜɪɟмɹ ɢɯ сɭɳɟсɬɜɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ сɨɤɪɚɳɚɟɬсɹ 
с ɭɜɟɥɢɱɟɧɢɟм ɩɟɪɟсɵɳɟɧɢɹ ɮɚɡɵ. Ɍɟɪɹɹ ɭсɬɨɣɱɢɜɨсɬɶ ɨɬɧɨсɢɬɟɥɶɧɨ ɩɪɨɰɟссɚ 
ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ, мɟɬɚсɬɚɛɢɥɶɧɚɹ сɢсɬɟмɚ сɨɯɪɚɧɹɟɬ ɜɨссɬɚɧɨɜɢɬɟɥɶɧɭɸ ɪɟɚɤɰɢɸ ɧɚ 
ɛɟсɤɨɧɟɱɧɨ мɚɥɵɟ ɜɨɡмɭɳɟɧɢɹ ɞɨ сɩɢɧɨɞɚɥɢ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬсɹ ɭсɥɨɜɢɹмɢ 

   0, 0
pT p

p V T s T c       ,    (1) 

ɝɞɟ p – ɞɚɜɥɟɧɢɟ, V – ɨɛɴɟм, T – ɬɟмɩɟɪɚɬɭɪɚ, s – ɷɧɬɪɨɩɢɹ, cp – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟмɤɨсɬɶ. 
ɍсɥɨɜɢɹ (1) – сɥɟɞсɬɜɢɟ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨɣ ɬɟɨɪɢɢ ɭсɬɨɣɱɢɜɨсɬɢ. Ɉɩɪɟɞɟɥɹɹ сɩɢɧɨɞɚɥɶ, 

ɬɟɪмɨɞɢɧɚмɢɤɚ ɩɨɡɜɨɥɹɟɬ сɭɞɢɬɶ ɢ ɨ ɩɨɜɟɞɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɜɟɥɢɱɢɧ 
(ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭсɬɨɣɱɢɜɨсɬɢ) ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ сɩɢɧɨɞɚɥɢ. Ȼɨɥɟɟ сɥɨɠɟɧ ɜɨɩɪɨс ɨ 
ɩɨɜɟɞɟɧɢɢ ɜɛɥɢɡɢ сɩɢɧɨɞɚɥɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɧɨсɚ. ȼ сɨɨɬɜɟɬсɬɜɢɢ сɨ ɜɬɨɪɵм ɧɚɱɚɥɨм 
ɬɟɪмɨɞɢɧɚмɢɤɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɧɨсɚ ɞɨɥɠɧɵ ɛɵɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵмɢ ɜɟɥɢɱɢɧɚмɢ ɜ 
ɥɸɛɨм ɭсɬɨɣɱɢɜɨм (сɬɚɛɢɥɶɧɨм ɢ мɟɬɚсɬɚɛɢɥɶɧɨм) сɨсɬɨɹɧɢɢ. Ɉɞɧɚɤɨ ɨ ɬɨм, ɤɚɤ ɜɟɞɭɬ сɟɛɹ 
D, ηs, ηb, Ȝ ɩɨ мɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɝɪɚɧɢɰɟ ɭсɬɨɣɱɢɜɨсɬɢ, ɬɟɪмɨɞɢɧɚмɢɤɚ ɧɟɨɛɪɚɬɢмɵɯ 
ɩɪɨɰɟссɨɜ ɢɧɮɨɪмɚɰɢɢ ɧɟ ɧɟсɟɬ. 

ȼɜɢɞɭ ɤɪɚɣɧɟɣ ɡɚɬɪɭɞɧɟɧɧɨсɬɢ ɩɪɨɜɟɞɟɧɢɹ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɢссɥɟɞɨɜɚɧɢɣ сɜɨɣсɬɜ 
ɜɟɳɟсɬɜ с ɝɥɭɛɨɤɢм ɡɚɯɨɞɨм ɜ ɨɛɥɚсɬɶ мɟɬɚсɬɚɛɢɥɶɧɵɯ сɨсɬɨɹɧɢɣ ɞɥɹ ɭсɬɚɧɨɜɥɟɧɢɹ ɡɞɟсɶ 
ɯɚɪɚɤɬɟɪɚ ɡɚɜɢсɢмɨсɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɧɨсɚ ɨɬ ɬɟмɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ ɢ ɩɥɨɬɧɨсɬɢ 
ɢсɩɨɥɶɡɨɜɚɥсɹ мɟɬɨɞ мɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚмɢɤɢ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɜ ɪɚмɤɚɯ ɮɨɪмɚɥɢɡмɚ 
Ƚɪɢɧɚ-Ʉɭɛɨ ɪɚссɱɢɬɚɬɶ ɡɧɚɱɟɧɢɹ D, ηs, ηb, Ȝ. 

ɂссɥɟɞɭɟмɚ сɢсɬɟмɚ сɨɞɟɪɠɚɥɚ 4000 ɥɟɧɧɚɪɞ-ɞɠɨɧсɨɜсɤɢɯ ɱɚсɬɢɰ. Ɋɚɞɢɭс ɨɛɪɟɡɚɧɢɹ 
ɩɨɬɟɧɰɢɚɥɚ сɨсɬɚɜɥɹɥ rc = 6.78ı. Ɂɞɟсɶ ı ɢ ɞɚɥɟɟ İ – ɩɚɪɚмɟɬɪɵ ɩɨɬɟɧɰɢɚɥɚ ɜɡɚɢмɨɞɟɣсɬɜɢɹ, 
ɤɨɬɨɪɵɟ сɨɜмɟсɬɧɨ с ɩɨсɬɨɹɧɧɨɣ Ȼɨɥɶɰмɚɧɚ kBɢ мɚссɨɣ ɱɚсɬɢɰɵ m ɹɜɥɹɸɬсɹ ɩɚɪɚмɟɬɪɚмɢ 
ɩɪɢɜɟɞɟɧɢɟ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɢ ɤɢɧɟɬɢɱɟсɤɢɯ ɜɟɥɢɱɢɧ ɤ ɛɟɡɪɚɡмɟɪɧɨмɭ ɜɢɞɭ. Ɋɚсɱɟɬɵ 
ɩɪɨɜɟɞɟɧɵ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟмɩɟɪɚɬɭɪ ɨɬ T* = kBT / İ =0.4 ɞɨ β.0 ɢ ɩɥɨɬɧɨсɬɟɣ ɨɬ ρ* = ρı3= 0.01 
ɞɨ 1.1. Ɇɚɤсɢмɚɥɶɧɵɟ ɩɟɪɟсɵɳɟɧɢɹ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ ɛɵɥɢ ɨɝɪɚɧɢɱɟɧɵ сɩɨɧɬɚɧɧɵм 
ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɟм. 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

60 
 

ȼ ɪɚмɤɚɯ ɭɤɚɡɚɧɧɨɣ мɨɞɟɥɢ 
ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ сɜɨɣсɬɜɚ ɥɟɧɧɚɪɞ-
ɞɠɨɧсɨɜсɤɨɝɨ ɮɥɸɢɞɚ ɪɚссɱɢɬɚɧɵ ɪɚɧɟɟ ɜ 
ɪɚɛɨɬɚɯ Дβ, γЖ. Ɍɚм ɠɟ ɩɪɟɞсɬɚɜɥɟɧɵ ɞɚɧɧɵɟ 
ɩɨ сɩɢɧɨɞɚɥɢ ɢ ɛɢɧɨɞɚɥɢ. Пɚɪɚмɟɬɪɵ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢμ *

1.330
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c
  , 

*
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c
p  . 

ɇɚ ɪɢс. 1 ɩɨɤɚɡɚɧɨ ɞɚɜɥɟɧɢɟ ɤɚɤ ɮɭɧɤɰɢɹ 
ɢɡɛɵɬɨɱɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨсɬɢ 
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ɬɟмɩɟɪɚɬɭɪɚɯ ɜɵɲɟ ɢ ɧɢɠɟ ɬɟмɩɟɪɚɬɭɪɵ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ. Ⱥɧɚɥɨɝɢɱɧɵɣ ɜɢɞ ɢмɟɟɬ 
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  – ɬɟɩɥɨɩɪɨɜɨɞɧɨсɬɶ ɢ ɜɹɡɤɨсɬɶ 
ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ. 
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Ɋɢс. 1. Ʌɢɧɢɢ ɩɨсɬɨɹɧɧɨɣ ɢɡɛɵɬɨɱɧɨɣ 
сɞɜɢɝɨɜɨɣ ɜɹɡɤɨсɬɢμ (1) *

lg 0 .8
S

  , (2) 0.4, 

(3) 0.2, (4) 0.1, (5) 0, (6) –0.1, (7) –0.4, (8) –0.6, 
(9) –0.78. ɒɬɪɢɯɨɜɚɹ ɥɢɧɹɹ – сɩɢɧɨɞɚɥɶ 
ɩɟɪɟɝɪɟɬɨɣ ɠɢɞɤɨсɬɢ, ɲɬɪɢɯ-ɩɭɧɤɬɢɪɧɚɹ – 
ɛɢɧɨɞɚɥɶ, ɋ – ɤɪɢɬɢɱɟсɤɚɹ ɬɨɱɤɚ 

 

ɏɚɪɚɤɬɟɪ ɡɚɜɢсɢмɨсɬɢ p* ɨɬȜ*, D*, *

S
  ɩɨɞɨɛɟɧ ɡɚɜɢсɢмɨсɬɢ ɞɚɜɥɟɧɢɹ ɨɬ ɨɛɴɟмɚ 

(ɩɥɨɬɧɨсɬɢ) ɜ ɜɚɧ-ɞɟɪ-ɜɚɚɥɶсɨɜсɤɨм ɮɥɸɢɞɟ. ɇɚ ɢɡɨɬɟɪмɚɯ мɨɠɧɨ ɞɨɩɭсɬɢɬɶ ɧɚɥɢɱɢɟ ɬɨɱɟɤ, 
ɝɞɟ ɩɪɨɢɡɜɨɞɧɵɟ 
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ɢ ɬɨɱɤɢ, ɝɞɟ ɧɭɥɟɜɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɧɢмɚɸɬ ɜɬɨɪɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 2 2
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T
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2 2
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T
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S T

p    . ɋɨɨɬɜɟɬсɬɜɭɟɬ ɥɢ ɥɢɧɢɹ, ɨɩɪɟɞɟɥɹɟмɚɹ ɭсɥɨɜɢɹмɢ (β) ɢ 
ɥɢɧɢɹ ɜɨɡмɨɠɧɵɯ ɬɨɱɟɤ ɪɚсɯɨɞɢмɨсɬɢ ηb сɩɢɧɨɞɚɥɢ? 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ Д4Ж, ɜ ɩɟɪɟмɟɧɧɵɯ p, T сɩɢɧɨɞɚɥɶ ɹɜɥɹɟɬсɹ ɨɝɢɛɚɸɳɟɣ сɟмɟɣсɬɜɚ ɢɡɨɯɨɪ, 
ɩɪɨɞɨɥɠɟɧɧɵɯ ɜ ɨɛɥɚсɬɶ мɟɬɚсɬɚɛɢɥɶɧɵɯ сɨсɬɨɹɧɢɣ. ɇɚɢɛɨɥɟɟ ɧɚɝɥɹɞɧɨ сɜɨɣсɬɜɨ 
ɨɝɢɛɚɸɳɟɣ ɜɵɪɚɠɚɟɬсɹ ɭсɥɨɜɢɟм ɤɚсɚɧɢɹ 

sp V

d p p

d T T

    
.      (3) 

Ɂɞɟсɶ ɩɪɨɢɡɜɨɞɧɚɹ ɜ ɥɟɜɨɣ ɱɚсɬɢ ɨɬɧɨсɢɬсɹ ɤ ɨɝɢɛɚɸɳɟɣ, ɜ ɩɪɚɜɨɣ – ɤ ɤɪɢɜɨɣ сɟмɟɣсɬɜɚ 
ɢɡɨɯɨɪ.  

ɇɚ ɪɢс. β ɩɨ ɪɟɡɭɥɶɬɚɬɚм мɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚмɢɱɟсɤɢɯ ɪɚсɱɟɬɨɜ p, ρ, T – сɜɨɣсɬɜ Д4Ж ɜ 
ɩɟɪɟмɟɧɧɵɯ p, T ɩɨсɬɪɨɟɧɚ сɩɢɧɨɞɚɥɶ ɩɟɪɟɝɪɟɬɨɣ (ɪɚсɬɹɧɭɬɨɣ) ɥɟɧɧɚɪɞ-ɞɠɨɧсɨɜсɤɨɣ 
ɠɢɞɤɨсɬɢ. Ɍɚм ɠɟ ɩɨɤɚɡɚɧɵ ɥɢɧɢɢ ɩɨсɬɨɹɧɧɨɣ ɢɡɛɵɬɨɱɧɨɣ сɞɜɢɝɨɜɨɣ ɜɹɡɤɨсɬɢ. 
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Ɋɢс. β. Ʌɢɧɢɢ ɩɨсɬɨɹɧɧɨɣ ɢɡɛɵɬɨɱɧɨɣ сɞɜɢɝɨɜɨɣ ɜɹɡɤɨсɬɢμ (1) *
lg 0 .8

S
  , (2) 0.4, (3) 0.2, 

(4) 0.1, (5) 0, (6) –0.1, (7) –0.4, (8) –0.6, (9) –0.78. ɒɬɪɢɯɨɜɚɹ ɥɢɧɹɹ – сɩɢɧɨɞɚɥɶ ɩɟɪɟɝɪɟɬɨɣ 
ɠɢɞɤɨсɬɢ, ɲɬɪɢɯ-ɩɭɧɤɬɢɪɧɚɹ – ɛɢɧɨɞɚɥɶ, ɋ – ɤɪɢɬɢɱɟсɤɚɹ ɬɨɱɤɚ 
 

Ⱦɥɹ ɠɢɞɤɨɣ ɮɚɡɵ ɷɬɢ ɥɢɧɢɢ ɛɥɢɡɤɢ ɤ ɩɪɹмɵм ɤɚɤ ɜ сɬɚɛɢɥɶɧɨɣ, ɬɚɤ ɢ ɜ мɟɬɚсɬɚɛɢɥɶɧɨɣ 
ɨɛɥɚсɬɢ. 

ɗɤсɬɪɚɩɨɥɢɪɭɹ ɢɯ ɤ сɩɢɧɨɞɚɥɢ, ɩɨɥɭɱɚɟм ɨɝɢɛɚɸɳɭɸ, ɤɨɬɨɪɚɹ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨсɬɢ 
ɬɚɤɨɣ ɩɪɨɰɟɞɭɪɵ сɨɜɩɚɞɚɟɬ сɨ сɩɢɧɨɞɚɥɶɸ ɪɚсɬɹɧɭɬɨɣ ɠɢɞɤɨсɬɢ. ɋɩɢɧɨɞɚɥɶ ɪɚсɬɹɧɭɬɨɣ 
ɠɢɞɤɨсɬɢ ɨɝɢɛɚɸɬ ɬɨɥɶɤɨ ɬɟ ɢɡɨɥɢɧɢɢ Δη* = const, ɞɥɹ ɤɨɬɨɪɵɯ * *

0 .1 6 5
c

     . ɂɡɨɥɢɧɢɢ с 
* *

c
     ɨɛɪɚɡɭɸɬ ɞɪɭɝɭɸ ɨɝɢɛɚɸɳɭɸ, ɤɨɬɨɪɚɹ сɨɜɩɚɞɚɟɬ сɨ сɩɢɧɨɞɚɥɶɸ ɩɟɪɟсɵɳɟɧɧɨɝɨ 

ɩɚɪɚ. Ɉɛɟ ɜɟɬɜɢ сɩɢɧɨɞɚɥɢ смɵɤɚɸɬсɹ ɜ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɟ. 
Ɂɚɜɢсɢмɨсɬɶ ɨɛɴɟмɧɨɣ ɜɹɡɤɨсɬɢ * 2 1 / 2

( )
b b

m      ɨɬ ɩɥɨɬɧɨсɬɢ ɢɥɥɸсɬɪɢɪɭɟɬ ɪɢс. γ. 
Ɂɚɯɨɞ ɜ мɟɬɚсɬɚɛɢɥɶɧɵɟ ɨɛɥɚсɬɢ ɠɢɞɤɨсɬɢ ɢ ɝɚɡɚ сɜɹɡɚɧ с ɚɧɨмɚɥɶɧɵм ɜɨɡɪɚсɬɚɧɢɟм ηb. 

Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɨɛɴɟмɧɨɣ ɜɹɡɤɨсɬɢ ɜ мɟɬɚсɬɚɛɢɥɶɧɨɣ ɨɛɥɚсɬɢ сɨɝɥɚсɭɟɬсɹ с ɜɨɡмɨɠɧɨɣ 
ɟɟ ɪɚсɯɨɞɢмɨсɬɶɸ ɧɚ ɝɪɚɧɢɰɟ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨɣ ɭсɬɨɣɱɢɜɨсɬɢ. 

Ɍɚɤɢм ɨɛɪɚɡɨм, мɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚмɢɱɟсɤɢɟ ɪɚсɱɟɬɵ сɜɢɞɟɬɟɥɶсɬɜɭɸɬ, ɱɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɨɛɴɟмɧɨɣ ɜɹɡɤɨсɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ сɚмɨɞɢɮɮɭɡɢɢ, сɞɜɢɝɨɜɨɣ ɜɹɡɤɨсɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨсɬɢ ɜ 
ɨɞɧɨɤɨмɩɨɧɟɧɬɧɨɣ сɢсɬɟмɟ ɢмɟɸɬ ɤɨɧɟɱɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚ сɩɢɧɨɞɚɥɢ. 

ɇɚ ɢɡɨɬɟɪмɚɯ (ɢɡɨɛɚɪɚɯ) ɞɚɜɥɟɧɢɟ (ɬɟмɩɟɪɚɬɭɪɚ) ɤɚɤ ɮɭɧɤɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
сɚмɨɞɢɮɮɭɡɢɢ, ɢɡɛɵɬɨɱɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨсɬɢ ɢ сɞɜɢɝɨɜɨɣ ɜɹɡɤɨсɬɢ ɢмɟɟɬ ɬɨɱɤɭ 
ɷɤсɬɪɟмɭмɚ. ȼ ɩɟɪɟмɟɧɧɵɯ p, T ɷɬɢ ɬɨɱɤɢ ɨɛɪɚɡɭɸɬ ɥɢɧɢɢ, ɤɨɬɨɪɵɟ сɨɜɩɚɞɚɸɬ с ɠɢɞɤɨсɬɧɨɣ 
ɢ ɝɚɡɨɜɨɣ ɜɟɬɜɹмɢ сɩɢɧɨɞɚɥɢ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɷɬɢɯ ɩɟɪɟмɟɧɧɵɯ сɩɢɧɨɞɚɥɶ ɹɜɥɹɟɬсɹ ɧɟ 
ɬɨɥɶɤɨ ɨɝɢɛɚɸɳɟɣ сɟмɟɣсɬɜɚ ɢɡɨɯɨɪ ɢ ɢɡɨɷɬɪɨɩ ДβЖ, ɩɪɨɞɨɥɠɟɧɧɵɯ ɜ ɨɛɥɚсɬɶ 
мɟɬɚсɬɚɛɢɥɶɧɵɯ сɨсɬɨɹɧɢɣ, ɧɨ ɢ ɨɝɢɛɚɸɳɟɣ ɥɢɧɢɣ ɩɨсɬɨɹɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ 
сɚмɨ-ɞɢɮɮɭɡɢɢ, ɢɡɛɵɬɨɱɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨсɬɢ ɢ сɞɜɢɝɨɜɨɣ ɜɹɡɤɨсɬɢ. 

ɍсɬɚɧɨɜɥɟɧɧɨɟ сɜɨɣсɬɜɨ сɩɢɧɨɞɚɥɢ ɩɪɟɞсɬɚɜɥɹɟɬ ɟɳɟ ɨɞɧɭ ɜɨɡмɨɠɧɨсɬɶ ɟɟ 
ɚɩɩɪɨɤсɢмɚɰɢɢ (ɤɚɤ ɨɝɢɛɚɸɳɟɣ) ɩɨ ɪɟɡɭɥɶɬɚɬɚм ɢɡмɟɪɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɧɨсɚ. 
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Ɋɢс. γ. ɂɡɨɬɟɪмɵ ɨɛɴɟмɧɨɣ ɜɹɡɤɨсɬɢ δJ ɮɥɸɢɞɚ  ɜ ɤɨɨɪɞɢɧɚɬɚɯ 
b

 , ρμ 1 – *
0 .4T ; 2 – 

0.45; 3 = 0.5; 4 – 0.55; 5 – 0.6; 6 – 0.7; 7 – 0.85; 8 – 1.0; 9 – 1.15; 10 – 1.2; 11 – 1.25; 12 – 1.3; 13 
– 1.35; 14 – 1.5; 15 – β.0. ɒɬɪɢɯ-ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ – ɥɢɧɢɹ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɠɢɞɤɨсɬɶ–
ɝɚɡ, ɲɬɪɢɯɨɜɚɹ ɥɢɧɢɹ – ɥɢɧɢɹ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɤɪɢсɬɚɥɥ–ɠɢɞɤɨсɬɶ 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɩɪɨɟɤɬ № 1β-08-00467) ɢ 

ɩɪɨɝɪɚɦɦɵ ɍɪɚɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ ɊȺɇ № 1 (ɩɪɨɟɤɬ № 1β-ɉβ-1008). 
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ɎɈɊɆɂɊɈȼȺɇɂȿ ɋɌɊɍɄɌɍɊɕ ɄɈɇȾȿɇɋɂɊɈȼȺɇɇɈȽɈ ȼȿɓȿɋɌȼȺ ɉɊɂ 
ɉȿɊȿɏɈȾȿ ɑȿɊȿɁ ɈȾɇɈɎȺɁɇɕȿ ɋɈɋɌɈəɇɂə ȼ ɋȼȿɊɏɄɊɂɌɂɑȿɋɄɈɃ 

ɈȻɅȺɋɌɂ 
ȼɨɪɨɧɰɨɜ Ⱥ.Ƚ., Ʉɭɰ Ⱦ.Ⱥ. 

ɎȽȻɈɍ ȼɉɈ ɘɠɧɨ-ɍɪɚɥɶɫɤɢɣ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ (ɇɂɍ), Ɋɨɫɫɢɹ, 454080, 
ɑɟɥɹɛɢɧɫɤ, ɩɪ. Ʌɟɧɢɧɚ 76. E-mail: sas@physics.susu.ac.ru 

 
ȼɨɡмɨɠɧɨсɬɶ ɩɟɪɟɯɨɞɚ мɟɠɞɭ ɝɚɡɨм ɢ ɠɢɞɤɨсɬɶɸ ɱɟɪɟɡ ɨɞɧɨɮɚɡɧɵɟ сɨсɬɨɹɧɢɹ ɜ 

сɜɟɪɯɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ ɩɨɡɜɨɥɢɥɨ сɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɨɬсɭɬсɬɜɢɢ ɤɚɱɟсɬɜɟɧɧɨɝɨ ɪɚɡɥɢɱɢɹ 
мɟɠɞɭ ɧɢмɢ Д1Ж. Ⱦɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɹɜɥɹɟɬсɹ ɨɛɳɟɩɪɢɧɹɬɵм, ɧɟсмɨɬɪɹ ɧɚ ɪɚɡɢɬɟɥɶɧɵɟ 
ɨɬɥɢɱɢɹ ɜ мɟɯɚɧɢɱɟсɤɢɯ, ɷɥɟɤɬɪɢɱɟсɤɢɯ, мɚɝɧɢɬɧɵɯ сɜɨɣсɬɜɚɯ ɠɢɞɤɨɣ ɮɚɡɵ ɜɵсɨɤɨɣ 
ɩɥɨɬɧɨсɬɢ ɢ сɨсɬɨɹɧɢɹɯ с мɚɥɨɣ ɩɥɨɬɧɨсɬɶɸ. Пɨсɬɟɩɟɧɧɨсɬɶ ɩɪɨɢсɯɨɞɹɳɢɯ ɢɡмɟɧɟɧɢɣ ɧɟ 
ɢсɤɥɸɱɚɟɬ сɤɪɵɬɵɯ ɮɚɤɬɨɪɨɜ, ɡɚɬɪɭɞɧɹɸɳɢɯ ɩɨсɬɪɨɟɧɢɟ ɟɞɢɧɨɣ ɬɟɨɪɢɢ ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ 
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сɨсɬɨɹɧɢɣ ɞɚɠɟ ɞɥɹ ɩɪɨсɬɵɯ мɨɞɟɥɟɣ ɠɢɞɤɨсɬɢ, ɧɚɩɪɢмɟɪ, ɠɢɞɤɨсɬɢ с ɩɨɬɟɧɰɢɚɥɨм 
Ʌɟɧɧɚɪɞ-Ⱦɠɨɧсɚ. Ʌɢɲɶ ɧɟɞɚɜɧɨ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɣ ɤɪɢɬɟɪɢɣ ɪɚɡɞɟɥɹɸɳɢɣ 
ɩɥɨɬɧɵɟ сɨсɬɨɹɧɢɹ ɠɢɞɤɨсɬɢ, ɚ ɬɚɤɠɟ ɜɟɳɟсɬɜɚ сɨ сɜɟɪɯɤɪɢɬɢɱɟсɤɢмɢ ɬɟмɩɟɪɚɬɭɪɚмɢ 
(сɜɟɪɤɪɢɬɢɱɟсɤɨɝɨ ɮɥɸɢɞɚ) ɢ ɢɯ сɨсɬɨɹɧɢɹ с мɚɥɨɣ ɩɥɨɬɧɨсɬɶɸ Дβ, γЖ. Пɥɨɬɧɵɟ сɨсɬɨɹɧɢɹ 
ɨɤɚɡɵɜɚɟɬсɹ ɜɨɡмɨɠɧɵм ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɚɧɨмɚɥɶɧɨɣ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɞɢсɩɟɪсɢɹ ɡɜɭɤɚ ɜ ɧɢɯ. 
Пɟɪɜɨɧɚɱɚɥɶɧɵɟ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɬɨм, ɱɬɨ ɷɬɢ ɢɡмɟɧɟɧɢɹ сɜɹɡɚɧɵ с ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɨɣ ɢ 
ɧɚɛɥɸɞɚɸɬсɹ ɬɨɥɶɤɨ ɜ сɜɟɪɯɤɪɢɬɢɱɟсɤɢɯ сɨсɬɨɹɧɢɹɯ ДγЖ, ɧɟ ɧɚɲɥɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ. 
ɇɚɩɪɨɬɢɜ, ɤɨмɩɶɸɬɟɪɧɨɟ мɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɩɥɨɬɧɵɟ сɨсɬɨɹɧɢɹ ɨɬɞɟɥɟɧɵ ɨɬ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ, ɚ ɢɯ ɝɪɚɧɢɰɚ ɥɟɠɢɬ ɧɚ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚммɟ ɜ ɨɛɥɚсɬɢ ɠɢɞɤɨсɬɢ ɢ 
сɜɟɪɯɤɪɢɬɢɱɟсɤɨɝɨ ɮɥɸɢɞɚ Д4, 5Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ сɨɛɪɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢссɥɟɞɨɜɚɧɢɹ 
мɨɞɟɥɟɣ ɚɬɨмɚɪɧɵɯ сɢсɬɟм (мɨɞɟɥɶ ɬɜɟɪɞɵɯ сɮɟɪ, мɨɞɟɥɶ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧсɚ, мɨɞɟɥɢ 
мɟɬɚɥɥɨɜ), ɩɨɤɚɡɵɜɚɸɳɢɟ ɨсɨɛɟɧɧɨсɬɢ ɩɟɪɟɯɨɞɚ мɟɠɞɭ ɩɥɨɬɧɵмɢ ɢ ɪɚɡɪɟɠɟɧɧɵмɢ 
сɨсɬɨɹɧɢɹмɢ ɜ ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ ɜɟɳɟсɬɜɚɯ.  

Ⱦɥɹ мɨɞɟɥɢ ɬɜɟɪɞɵɯ сɮɟɪ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ сɬɚɬɢсɬɢɱɟсɤɨɟ ɢссɥɟɞɨɜɚɧɢɟ ɷɥɟмɟɧɬɨɜ 
сɬɪɭɤɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɯ ɩɨ мɟɬɨɞɭ ȼɨɪɨɧɨɝɨ – Ⱦɟɥɨɧɟ. Ɉɧɨ ɩɨɤɚɡɚɥɨ ɧɚɥɢɱɢɟ ɩɟɪɟɯɨɞɚ ɨɬ 
ɝɚɡɨɩɨɞɨɛɧɨɝɨ ɬɢɩɚ сɬɪɭɤɬɭɪɵ ɤ ɩɥɨɬɧɨмɭ – ɠɢɞɤɨɩɨɞɨɛɧɨмɭ. Ⱦɚɧɧɵɣ ɩɟɪɟɯɨɞ ɩɪɨɢсɯɨɞɢɬ 
ɩɪɢ ɩɥɨɬɧɨсɬɢ ɭɩɚɤɨɜɤɢ ɩɨɪɹɞɤɚ 0,γ ± 0,5, ɱɬɨ сɨɜɩɚɞɚɟɬ с ɬɨɱɤɨɣ ɩɟɪɤɨɥɹɰɢɢ сɜɨɛɨɞɧɨɝɨ 
ɨɛɴɟмɚ Д6Ж, ɤɨɬɨɪɵɣ ɧɟɩɨсɪɟɞсɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɟɬ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ сɜɨɣсɬɜɚ ɞɚɧɧɨɣ 
сɢсɬɟмɵ. Пɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨсɬɢ ɭɩɚɤɨɜɤɢ ɜɵɲɟ 0,γ ± 0,5 ɬɚɤɠɟ мɟɧɹɟɬсɹ ɞɢɧɚмɢɤɚ 
ɞɜɢɠɟɧɢɹ ɚɬɨмɨɜ, ɨсɭɳɟсɬɜɥɹɟɬсɹ ɩɟɪɟɯɨɞ ɨɬ ɛɚɥɥɢсɬɢɱɟсɤɨɝɨ ɪɟɠɢмɚ ɞɜɢɠɟɧɢɹ ɚɬɨмɨɜ ɤ 
ɤɨɥɥɟɤɬɢɜɧɵм ɬɟɱɟɧɢɹм Д7Ж.  

Ⱦɥɹ мɨɞɟɥɟɣ с ɩɨɬɟɧɰɢɚɥɨм Ʌɟɧɧɚɪɞ-Ⱦɠɨɧсɚ ɨɤɚɡɚɥɨсɶ ɜɨɡмɨɠɧɵм ɩɪɢмɟɧɢɬɶ 
ɧɚɡɜɚɧɧɵɟ ɜɵɲɟ ɤɪɢɬɟɪɢɢ ɞɥɹ ɚɧɚɥɢɡɚ ɚɬɨмɧɨɣ сɬɪɭɤɬɭɪɵ ɢ ɞɢɧɚмɢɤɢ ɞɜɢɠɟɧɢɹ ɚɬɨмɨɜ Д4, 
7Ж. Ɋɟɡɭɥɶɬɚɬɵ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɨɛɥɚсɬɢ ɩɟɪɟɯɨɞɚ ɨɬ ɩɥɨɬɧɵɯ сɨсɬɨɹɧɢɣ ɤ ɪɚɡɪɟɠɟɧɧɵм 
ɩɨɤɚɡɚɧɵ ɧɚ ɪɢсɭɧɤɟ 1. Ɇɨɠɧɨ ɡɚмɟɬɢɬɶ, ɱɬɨ ɤɚɱɟсɬɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ сɨсɬɨɹɧɢɣ ɜɵсɨɤɨɣ ɢ 
ɧɢɡɤɨɣ ɩɥɨɬɧɨсɬɢ ɧɟ сɜɹɡɚɧɨ с ɤɪɢɬɢɱɟсɤɢмɢ ɹɜɥɟɧɢɹмɢ. ɗɬɨ ɭɧɢɜɟɪсɚɥɶɧɨɟ сɜɨɣсɬɜɨ ɞɥɹ 
сɢсɬɟм ɱɚсɬɢɰ с ɬɜɟɪɞɵм ɨсɬɨɜɨм ɨɛɭсɥɨɜɥɟɧɨ ɝɟɨмɟɬɪɢɱɟсɤɢмɢ ɨɝɪɚɧɢɱɟɧɢɹмɢ, 
ɢɡмɟɧɹɸɳɢмɢ ɞɢɧɚмɢɤɭ ɞɜɢɠɟɧɢɹ ɚɬɨмɨɜ ɩɪɢ ɜɵсɨɤɢɯ ɩɥɨɬɧɨсɬɹɯ.  

 

 

Ɋɢс. 1. Ʉɪɢɜɚɹ сɨсɭɳɟсɬɜɨɜɚɧɢɹ ɠɢɞɤɨсɬɶ-
ɩɚɪ ɞɥɹ сɢсɬɟм ɬɢɩɚ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧсɚ, Ɂɧɚɤɢ 
– ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɞɢсɩɟɪсɢɢ 
ɡɜɭɤɚ ɢɡ ɪɚɛɨɬ ДβЖ, ДγЖ ɢ ссɵɥɨɤ ɜ ɧɢɯ. 
Ɂɚɤɪɚɲɟɧɧɵɟ ɡɧɚɤɢ - сɨсɬɨɹɧɢɹ с ɚɧɨмɚɥɶɧɨɣ 
ɞɢсɩɟɪсɢɟɣ ɡɜɭɤɚ, ɧɟɡɚɤɪɚɲɟɧɧɵɟ ɡɧɚɤɢ – 
сɨсɬɨɹɧɢɹ ɧɨɪмɚɥɶɧɨɣ ɞɢсɩɟɪсɢɟɣ ɡɜɭɤɚ. 
Ɋɢмсɤɢмɢ ɰɢɮɪɚмɢ ɨɛɨɡɧɚɱɟɧɵ ɨɛɥɚсɬɢ 
ɩɥɨɬɧɵɯ сɨсɬɨɹɧɢɣ (I), ɪɵɯɥɵɯ сɨсɬɨɹɧɢɣ 
(III ) ɢ ɩɪɨмɟɠɭɬɨɱɧɚɹ ɨɛɥɚсɬɶ (II), ɤɪɟсɬɵ – 
ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰ ɩɨ ɪɟɡɭɥɶɬɚɬɚм 
мɨɞɟɥɢɪɨɜɚɧɢɹ. ɋɩɥɨɲɧɚɹ ɥɢɧɢɹ с 
ɢɧɬɟɪɜɚɥɚмɢ ɨɲɢɛɨɤ – ɥɢɧɢɹ ɢɡмɟɧɟɧɢɹ 
ɯɚɪɚɤɬɟɪɚ ɞɜɢɠɟɧɢɹ ɚɬɨмɨɜ 

 
ȼɥɢɹɧɢɟ ɢɡмɟɧɟɧɢɹ ɩɥɨɬɧɨсɬɢ ɧɚ сɜɨɣсɬɜɚ мɟɬɚɥɥɢɱɟсɤɢɯ ɪɚсɩɥɚɜɨɜ ɨɛсɭɠɞɚɟɬсɹ ɜ сɜɹɡɢ 

с ɜɨɡмɨɠɧɨсɬɶɸ ɜ ɧɢɯ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ мɟɬɚɥɥ – ɧɟмɟɬɚɥɥ Д8Ж. ɗɤсɩɟɪɢмɟɧɬɚɥɶɧɨɟ 
ɢɡɭɱɟɧɢɟ ɞɚɧɧɨɝɨ ɹɜɥɟɧɢɹ ɡɚɬɪɭɞɧɟɧɨ ɧɟɨɛɯɨɞɢмɨсɬɶɸ ɜɵɩɨɥɧɟɧɢɹ ɷɤсɩɟɪɢмɟɧɬɨɜ с 
ɛɨɥɶɲɢмɢ ɬɟмɩɟɪɚɬɭɪɚмɢ ɢ ɞɚɜɥɟɧɢɹмɢ (ɜɵɲɟ β000Ʉ ɢ 100 Ȼɚɪ), ɧɟɨɛɯɨɞɢмɵмɢ ɞɥɹ 
ɩɟɪɟɯɨɞɚ мɟɬɚɥɥɨɜ ɜ ɪɚɡɪɟɠɟɧɧɨɟ сɨсɬɨɹɧɢɟ. Ɍɨɥɶɤɨ ɞɥɹ Cs, Rb, Hg ɭɞɚɟɬсɹ ɩɨɥɭɱɢɬɶ 
ɧɚɞɟɠɧɵɟ ɞɚɧɧɵɟ, ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɜ ɧɢɯ ДλЖ. ȼ ɪɬɭɬɢ ɨɬмɟɱɚɸɬ 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
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ɨɛɪɚɡɨɜɚɧɢɟ ɳɟɥɢ ɜ ɩɥɨɬɧɨсɬɢ сɨсɬɨɹɧɢɣ, ɩɪɢɜɨɞɹɳɟɣ ɤ ɭмɟɧɶɲɟɧɢɸ ɱɢсɥɚ 
ɤɨɥɥɟɤɬɢɜɢɡɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ Д10Ж. ȼ ɳɟɥɨɱɧɵɯ мɟɬɚɥɥɚɯ, ɧɚɩɪɨɬɢɜ, ɷɥɟɤɬɪɨɧɵ 
ɥɨɤɚɥɢɡɭɸɬсɹ ɜɛɥɢɡɢ ɚɬɨмɧɵɯ ɰɟɧɬɪɨɜ, ɚ ɩɥɨɬɧɨсɬɶ сɨсɬɨɹɧɢɣ мɟɧɹɟɬсɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ Д11Ж. 
ɂɡ-ɡɚ ɪɚɡɧɵɯ мɟɯɚɧɢɡмɨɜ ɢɡмɟɧɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɣ сɬɪɭɤɬɭɪɵ ɭ ɪɬɭɬɢ ɢ ɳɟɥɨɱɧɵɯ мɟɬɚɥɥɨɜ 
ɢссɥɟɞɨɜɚɬɟɥɹм ɧɟ ɭɞɚɟɬсɹ ɧɚɣɬɢ ɨɛɳɢɟ ɨсɧɨɜɵ ɞɥɹ ɪɚссмɨɬɪɟɧɢɹ ɩɟɪɟɯɨɞɚ мɟɬɚɥɥ – 
ɧɟмɟɬɚɥɥ ɜ ɪɚсɩɥɚɜɚɯ ɧɢɡɤɨɣ ɩɥɨɬɧɨсɬɢ. Ɉɞɧɚɤɨ ɢɡɭɱɟɧɢɟ ɚɬɨмɧɨɣ сɬɪɭɤɬɭɪɵ мɨɞɟɥɟɣ 
ɪɚсɩɥɚɜɨɜ, ɩɨсɬɪɨɟɧɧɵɯ ɩɨ ɞɚɧɧɵм ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɷɤсɩɟɪɢмɟɧɬɨɜ ɞɥɹ сɨсɬɨɹɧɢɣ ɜɛɥɢɡɢ 
ɤɪɢɜɨɣ ɪɚɜɧɨɜɟсɢɹ ɠɢɞɤɨсɬɶ - ɩɚɪ, ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɨɛɳɢɯ мɟɯɚɧɢɡмɨɜ ɩɟɪɟɯɨɞɚ мɟɬɚɥɥ 
– ɧɟмɟɬɚɥɥ ɜ ɧɢɯ Д1βЖ. Пɟɪɟɯɨɞ мɟɬɚɥɥ – ɧɟмɟɬɚɥɥ ɩɪɨɢсɯɨɞɢɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɠɢɞɤɨсɬɢ ɜ 
ɪɚɡɪɟɠɟɧɧɨɟ сɨсɬɨɹɧɢɟ, сɨɝɥɚсɧɨ сɬɪɭɤɬɭɪɧɵм ɤɪɢɬɟɪɢɹм, ɢсɩɨɥɶɡɨɜɚɧɧɵм ɞɥɹ мɨɞɟɥɢ 
ɬɜɟɪɞɵɯ сɮɟɪ ɢ мɨɞɟɥɢ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧсɚ. ɇɚ ɪɢсɭɧɤɟ β ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɩɨ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨсɬɢ ɰɟɡɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɭ ɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɧɵɯ ɜɨɥɧɨɜɵɯ ɮɭɧɤɰɢɣ ɜ 
ɧɟм (ɚ), ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨсɬɶ ɪɬɭɬɢ ɢ ɩɥɨɬɧɨсɬɶ ɷɥɟɤɬɪɨɧɧɵɯ сɨсɬɨɹɧɢɣ ɧɚ ɭɪɨɜɧɟ Ɏɟɪмɢ ɞɥɹ 
ɧɟɟ (ɛ). ɇɚ ɷɬɨм ɠɟ ɪɢсɭɧɤɟ ɩɪɢɜɟɞɟɧɵ ɨɛɥɚсɬɢ ɩɥɨɬɧɨɣ ɠɢɞɤɨсɬɢ (I), ɪɚɡɪɟɠɟɧɧɨɣ 
ɠɢɞɤɨсɬɢ (III ) ɢ ɩɟɪɟɯɨɞɧɚɹ ɨɛɥɚсɬɶ (II). Ɇɨɠɧɨ ɡɚмɟɬɢɬɶ, ɱɬɨ ɨɛɥɚсɬɶ ɩɥɨɬɧɨɣ ɠɢɞɤɨсɬɢ ɢ 
ɞɥɹ ɪɬɭɬɢ, ɢ ɞɥɹ ɳɟɥɨɱɧɵɯ мɟɬɚɥɥɨɜ сɨɨɬɜɟɬсɬɜɭɟɬ мɟɬɚɥɥɢɱɟсɤɨмɭ ɬɢɩɭ ɚɬɨмɧɨɣ сɜɹɡɢ 
(ɥɢɧɟɣɧɚɹ ɡɚɜɢсɢмɨсɬɶ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨсɬɢ ɨɬ ɬɟмɩɟɪɚɬɭɪɵ, ɞɟɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɷɥɟɤɬɪɨɧɵ, 
ɜɵсɨɤɚɹ ɩɥɨɬɧɨсɬɶ ɷɥɟɤɬɪɨɧɧɵɯ сɨсɬɨɹɧɢɣ ɧɚ ɭɪɨɜɧɟ Ɏɟɪмɢ). ȼ ɨɛɥɚсɬɶ ɪɚɡɪɟɠɟɧɧɨɣ 
ɠɢɞɤɨсɬɢ (III ) ɪɚсɩɥɚɜɵ ɩɪɨɹɜɥɹɸɬ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɯɢмɢɱɟсɤɢɟ сɜɨɣсɬɜɚ, ɨɛɭсɥɨɜɥɟɧɧɵɟ 
ɪɚɡɧɵм ɷɥɟɤɬɪɨɧɧɵм сɬɪɨɟɧɢɟм ɷɥɟмɟɧɬɨɜ (ɨɛɪɚɡɨɜɚɧɢɟ ɳɟɥɢ ɜ ɩɥɨɬɧɨсɬɢ сɨсɬɨɹɧɢɣ ɭ 
ɪɬɭɬɢ, ɩɨɹɜɥɟɧɢɟ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɭ ɳɟɥɨɱɧɵɯ мɟɬɚɥɥɨɜ).  

 

  
(ɚ) (ɛ) 

Ɋɢс. β. (ɚ) -ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨсɬɶ Д1γЖ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɥɨɤɚɥɢɡɚɰɢɢ ɷɥɟɤɬɪɨɧɧɵɯ ɜɨɥɧɨɜɵɯ 
ɮɭɧɤɰɢɣ Д11Ж ɞɥɹ ɰɟɡɢɹ, (ɛ) - ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨсɬɶ Д14Ж ɢ ɩɥɨɬɧɨсɬɶ ɷɥɟɤɬɪɨɧɧɵɯ сɨсɬɨɹɧɢɣ 
ɧɚ ɭɪɨɜɧɟ Ɏɟɪмɢ Д10Ж ɞɥɹ ɪɬɭɬɢ (ɛ). ȼɟɪɬɢɤɚɥɶɧɵɟ ɥɢɧɢɢ – ɝɪɚɧɢɰɵ ɨɛɥɚсɬɟɣ с ɪɚɡɧɨɣ 
сɬɪɭɤɬɭɪɨɣ ɩɥɨɬɧɚɹ ɠɢɞɤɨсɬɶ (I), ɪɚɡɪɟɠɟɧɧɨɣ ɠɢɞɤɨсɬɶ (III ) ɢ ɩɟɪɟɯɨɞɧɚɹ ɨɛɥɚсɬɶ (II ) 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢссɥɟɞɨɜɚɧɢɣ ɧɚɣɞɟɧɨ, ɱɬɨ ɬɪɚɞɢɰɢɨɧɧɵɟ ɩɪɟɞсɬɚɜɥɟɧɢɹ 

ɠɢɞɤɨсɬɢ, ɤɚɤ ɨɛ ɨɛɴɟɤɬɟ с ɩɥɚɜɧɨ мɟɧɹɸɳɢмɢсɹ сɜɨɣсɬɜɚмɢ, ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɩɨɥɧɟɧɵ. 
Ⱦɚɠɟ сɨсɬɨɹɧɢɹ ɩɪɨсɬɟɣɲɢɯ ɠɢɞɤɨсɬɟɣ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɡɞɟɥɟɧɵ ɧɚ ɩɥɨɬɧɵɟ ɢ ɪɚɡɪɟɠɟɧɧɵɟ. 
Пɪɢ ɩɟɪɟɯɨɞɟ мɟɠɞɭ ɷɬɢмɢ сɨсɬɨɹɧɢɹмɢ мɟɧɹɟɬсɹ ɞɢɧɚмɢɤɚ ɞɜɢɠɟɧɢɹ ɚɬɨмɨɜ, ɚ ɜ сɥɭɱɚɟ 
мɟɬɚɥɥɢɱɟсɤɢɯ сɢсɬɟм ɢɡмɟɧɟɧɢɟ сɬɪɭɤɬɭɪɵ ɹɜɥɹɟɬсɹ ɩɪɟɞɩɨсɵɥɤɨɣ ɤ ɢɡмɟɧɟɧɢɸ ɬɢɩɚ 
ɯɢмɢɱɟсɤɨɣ сɜɹɡɢ ɢ ɩɟɪɟɯɨɞɭ мɟɬɚɥɥ – ɧɟмɟɬɚɥɥ.  
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ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɐɂɄɅɈȽȿɄɋȺɇȺ ȼȾɂȺɉȺɁɈɇȿ 
ɌȿɆɉȿɊȺɌɍɊɕ 190 – 700 Ʉ ɉɊɂ ȾȺȼɅȿɇɂəɏ ȾɈ 300 ɆɉȺ, ȼɄɅɘɑȺə 
ɌȼȿɊȾɍɘ, ɀɂȾɄɍɘ ɂ ȽȺɁɈɈȻɊȺɁɇɍɘ ɎȺɁɕ, ɄɊɂɌɂɑȿɋɄɍɘ ɂ 
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ɐɢɤɥɨɝɟɤсɚɧ ɨɬɧɨсɢɬсɹ ɤ ɜɟɳɟсɬɜɚм ɬɟɯɧɢɱɟсɤɢ ɜɚɠɧɵм. Ɍɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ сɜɨɣсɬɜɚ 
ɰɢɤɥɨɝɟɤсɚɧɚ ɢссɥɟɞɨɜɚɧɵ ɜɟсɶмɚ ɩɨɞɪɨɛɧɨ ɨɬ ɥɢɧɢɢ ɩɥɚɜɥɟɧɢɹ ɞɨ ɬɟмɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ 
ɩɪɨɰɟссɨɜ ɬɟɪмɢɱɟсɤɨɣ ɞɢссɨɰɢɚɰɢɢ (з 700 Ʉ), ɢмɟɸɬсɹ ɞɚɧɧɵɟ ɢ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ. Ⱦɥɹ 
ɰɢɤɥɨɝɟɤсɚɧɚ ɜ ɥɢɬɟɪɚɬɭɪɟ ɨɩɭɛɥɢɤɨɜɚɧ ɪɹɞ ɭɪɚɜɧɟɧɢɣ сɨсɬɨɹɧɢɹ ɮɭɧɞɚмɟɧɬɚɥɶɧɨɝɨ 
ɯɚɪɚɤɬɟɪɚ (Ɏɍɋ). Ɉɞɧɚɤɨ ɩɨɹɜɥɟɧɢɟ ɧɨɜɵɯ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɚɧɚɥɢɡ сɭɳɟсɬɜɭɸɳɢɯ 
ɭɪɚɜɧɟɧɢɣ сɨсɬɨɹɧɢɹ ɩɨɤɚɡɚɥ ɜɨɡмɨɠɧɨсɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɭɬɨɱɧɟɧɢɹ Ɏɍɋ.ȼ ɞɚɧɧɨм ɞɨɤɥɚɞɟ 
ɩɪɟɞсɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɨɩɬɢмɢɡɢɪɨɜɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 
сɨсɬɨɹɧɢɹ с ɜɤɥɸɱɟɧɢɟм Ƚɚɭссɨɜɵɯ ɱɥɟɧɨɜ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨсɬɢ ɨɩɢсɚɧɢɹ ɜ 
ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ. 

ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɜ ɧɚсɬɨɹɳɟɟ ɜɪɟмɹ ɩɪɢ ɩɨсɬɪɨɟɧɢɢ ɮɭɧɞɚмɟɧɬɚɥɶɧɵɯ ɍɋ ɢсɩɨɥɶɡɭɸɬ 
ɡɚɜɢсɢмɨсɬɶ сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɟɥɶмɝɨɥɶɰɚ a(ρ,T) ɨɬ ɩɥɨɬɧɨсɬɢ ρ ɢ ɬɟмɩɟɪɚɬɭɪɵ Ɍ. 
ɍɪɚɜɧɟɧɢɟ ɩɪɟɞсɬɚɜɥɹɸɬ ɜ ɜɢɞɟ 
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, , ,
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ɝɞɟ a(ρ,T) – мɨɥɹɪɧɚɹ сɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ Ƚɟɥɶмɝɨɥɶɰɚ; a0(ρ,T)  – ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɱɚсɬɶ 
сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɟɥɶмɝɨɥɶɰɚ; ar(ρ,T)  – ɢɡɛɵɬɨɱɧɚɹ ɱɚсɬɶ сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ 
Ƚɟɥɶмɝɨɥɶɰɚ. Пɪɢ ɩɨсɬɪɨɟɧɢɢ ɭɪɚɜɧɟɧɢɣ ɢ ɩɪɨɜɟɞɟɧɢɢ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɪɚсɱɟɬɨɜ 
ɩɪɢɧɹɬɨ ɢсɩɨɥɶɡɨɜɚɬɶ ɛɟɡɪɚɡмɟɪɧɭɸ ɮɨɪмɭ ɭɪɚɜɧɟɧɢɹ (1), ɤɨɬɨɪɚɹ ɛɭɞɟɬ ɢмɟɬɶ сɥɟɞɭɸɳɢɣ 
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XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
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ɝɞɟ į = ρ/ρс; τ = Ɍс/Ɍ; ρс ,Ɍс  – ɩɚɪɚмɟɬɪɵ ɩɪɢɜɟɞɟɧɢɹ, ɜ ɤɚɱɟсɬɜɟ ɤɨɬɨɪɵɯ, ɤɚɤ ɩɪɚɜɢɥɨ 
ɩɪɢɧɢмɚɸɬ ɤɪɢɬɢɱɟсɤɢɟ ɡɧɚɱɟɧɢɹ (ɞɥɹ ɰɢɤɥɨɝɟɤсɚɧɚ ρc=γ,β44 ɤмɨɥɶ/м3 ɢ Ɍc= 553,64K).  

Ȼɟɡɪɚɡмɟɪɧɚɹ ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɱɚсɬɶ сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɟɥɶмɝɨɥɶɰɚ ɨɩɪɟɞɟɥɹɟɬсɹ ɩɨ 
сɨɨɬɧɨɲɟɧɢɸ 
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   (3) 
ɝɞɟ į0 = ρ0/ρс; τ0 = Tc/T0; ρ0 – ɩɥɨɬɧɨсɬɶ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɩɪɢ ɬɟмɩɟɪɚɬɭɪɟ Ɍ0 ɢ ɞɚɜɥɟɧɢɢ ɪ0; Ɍ0, 
ɪ0 – ɜсɩɨмɨɝɚɬɟɥɶɧɚɹ ɨɩɨɪɧɚɹ ɬɨɱɤɚ (Ɍ0 = βλ8,15 Ʉ; ɪ0 = 101γβ5 Пɚ); ; 

– сɨɨɬɜɟɬсɬɜɟɧɧɨ ɷɧɬɚɥɶɩɢɹ ɢ ɷɧɬɪɨɩɢɹ ɜ ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɨм сɨсɬɨɹɧɢɢ 
ɩɪɢ ɬɟмɩɟɪɚɬɭɪɟ Ɍ0. Ɂɚ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨɟ ɧɚɱɚɥɨ ɨɬсɱɟɬɚ ɩɪɢɧɹɬɨ сɨсɬɨɹɧɢɟ ɪɚɜɧɨɜɟсɧɨɝɨ 
мɨɥɟɤɭɥɹɪɧɨɝɨ ɤɪɢсɬɚɥɥɚ ɩɪɢ ɬɟмɩɟɪɚɬɭɪɟ Ɍ = 0 Ʉ. 

ɂɡɛɵɬɨɱɧɚɹ ɱɚсɬɶ сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɟɥɶмɝɨɥɶɰɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɩɢсɵɜɚɟɬсɹ ɪɹɞɨм ɩɨ 
ɩɥɨɬɧɨсɬɢ ɢ ɬɟмɩɟɪɚɬɭɪɟ ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɩɨɥɢɧɨмɢɚɥɶɧɵɟ ɱɥɟɧɵ, ɷɤсɩɨɧɟɧɰɢɚɥɶɧɵɟ 
ɱɥɟɧɵ ɢ ɱɥɟɧɵ Ƚɚɭссɚ. 
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(4) 

Ɉɩɬɢмɢɡɢɪɨɜɚɧɧɨɟ Ɏɍɋ ɩɨɥɭɱɟɧɨ ɨɛɪɚɛɨɬɤɨɣ ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɯ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ ɨ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜɚɯ (ɌȾɋ) ɰɢɤɥɨɝɟɤсɚɧɚ – p,v,T-ɞɚɧɧɵɟ, ɩɥɨɬɧɨсɬɶ 
ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɵ ɧɚ ɥɢɧɢɢ ɧɚсɵɳɟɧɢɹ, ɞɚɜɥɟɧɢɟ ɧɚсɵɳɟɧɧɵɯ ɩɚɪɨɜ, ɬɟɩɥɨɟмɤɨсɬɶ 
ɩɪɢ ɩɨсɬɨɹɧɧɨм ɞɚɜɥɟɧɢɢ, ɩɪɢ ɩɨсɬɨɹɧɧɨɣ ɩɥɨɬɧɨсɬɢ ɢ ɜ сɨсɬɨɹɧɢɢ ɧɚсɵɳɟɧɢɹ, сɤɨɪɨсɬɶ 
ɪɚсɩɪɨсɬɪɚɧɟɧɢɹ ɡɜɭɤɚ, ɷɧɬɚɥɶɩɢɹ ɢсɩɚɪɟɧɢɹ ɢ ɞɪ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ ɢ ɩɨɤɚɡɚɬɟɥɢ 
сɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɥɢсɶ мɟɬɨɞɨм сɥɭɱɚɣɧɨɝɨ ɩɨɢсɤɚ с ɜɨɡɜɪɚɬɨм ɩɪɢ ɧɟɭɞɚɱɧɨм ɲɚɝɟ. Ȼɨɥɟɟ 
ɩɨɞɪɨɛɧɨ мɟɬɨɞɢɤɚ ɪɚɡɪɚɛɨɬɤɢ ɭɪɚɜɧɟɧɢɹ ɨɛсɭɠɞɚɟɬсɹ ɜ ɞɨɤɥɚɞɟ. Пɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɩɨɤɚɡɚɬɟɥɟɣ сɬɟɩɟɧɢ ɭɪɚɜɧɟɧɢɹ (4) ɩɪɟɞсɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1.Ʉɨɷɮɮɢɰɢɟɧɬɵɢ ɩɨɤɚɡɚɬɟɥɢ сɬɟɩɟɧɢ ɭɪɚɜɧɟɧɢɹ(1)  

k Nk tk dk lk 
1 1,229290123629 0,1413 1 - 
2 -1,991542439357 0,9172 1 - 
3 -0,5615656840229 0,9682 2 - 
4 0,1977286565591 0,4652 3 - 
5 0,04800973933423 1,2206 4 - 
6 0,7724704183952 1,0286 2 1 
7 -0,0269604896339 1,3539 7 1 
8 -0,9218674629976 2,4285 1 2 
9 -0,5492054470449 3,4609 2 2 
10 -0,3087964746125 1,6372 3 2 
11 1,017552223055 2,0533 1 - 
12 -0,4457351669347 3,6315 1 - 
13 -0,1070684008853 3,6885 3 - 
K ηk ȕk Ȗk İk 
11 -1,02300405 -1,3121787 1,111090162 0,712999741 
12 -1,37837568 -1,5560815 0,639962394 0,917025043 
13 -1,00320841 -1,0593644 0,506414397 0,690239634 
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Ⱦɥɹ ɪɚсɱɟɬɚ ɮɭɧɤɰɢɢ α0 (į,τ) ɧɟɨɛɯɨɞɢмɵ ɞɚɧɧɵɟ ɨɛ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ ɜ сɨсɬɨɹɧɢɢ 

ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ cp
0, ɤɨɬɨɪɵɟ ɛɵɥɢ ɚɩɩɪɨɤсɢмɢɪɨɜɚɧɵ ɭɪɚɜɧɟɧɢɟм 
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ɂɡ (γ) с ɭɱɟɬɨм (5) ɩɨɥɭɱɚɟм ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɪɚсɱɟɬɚ α0 (į,τ) 
3

0

4 5
ln ln ln

i

i
                (6) 

ɝɞɟ R = 8,γ1447β Ⱦɠ/(мɨɥɶ∙Ʉ) – ɭɧɢɜɟɪсɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨсɬɨɹɧɧɚɹ. Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɢ αi ɩɪɟɞсɬɚɜɥɟɧɵ ɜ ɬɚɛɥ.β. 
 

Ɍɚɛɥɢɰɚ β. Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɪɚɜɧɟɧɢɣ (5) ɢ (6). 
i ci αi 

-3 8,067571∙109 2,22967∙10-4 
-1 -0,5005467∙102 -16,49566 
0 -4,711619 -117,1696 
1 5,λ58λ8γ∙10-2 93,93466 
3 -1,576665∙10-11  -7,923354 
4 - -5,711619 
5 - 9,041014∙10-2 

 
ȼ ɞɨɤɥɚɞɟ ɩɪɟɞсɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ сɪɚɜɧɟɧɢɹ ɪɚссɱɢɬɚɧɧɵɯ ɩɨ Ɏɍɋ ɡɧɚɱɟɧɢɣ ɌȾɋ 

ɰɢɤɥɨɝɟɤсɚɧɚ сɨ ɜсɟмɢ ɢмɟɸɳɢмɢсɹ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ ɞɚɧɧɵмɢ, ɚ ɬɚɤɠɟ ɪɟɡɭɥɶɬɚɬɵ 
сɪɚɜɧɟɧɢɹ с ɞɪɭɝɢмɢ Ɏɍɋ. Пɨɤɚɡɚɧɨ, ɱɬɨ ɧɨɜɨɟ ɭɪɚɜɧɟɧɢɟ ɨɬɥɢɱɚɬсɹ ɨɬ сɭɳɟсɬɜɭɸɳɢɯ 
ɛɨɥɟɟ ɜɵсɨɤɨɣ ɬɨɱɧɨсɬɶɸ ɢ ɧɚɢмɟɧɶɲɢм ɱɢсɥɨм ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

Ⱦɥɹ ɨɩɟɪɚɬɢɜɧɵɯ ɪɚсɱɟɬɨɜ ɪɚɡɪɚɛɨɬɚɧɵ ɥɨɤɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɩɢсɵɜɚɸɳɢɟ с ɜɵсɨɤɨɣ 
ɬɨɱɧɨсɬɶɸ ɌȾɋ ɧɚ ɥɢɧɢ ɪɚɜɧɨɜɟсɢɹ «ɝɚɡ – ɠɢɞɤɨсɬɶ» ɜ ɞɢɚɩɚɡɨɧɟ ɬɟмɩɟɪɚɬɭɪɵ ɨɬ ɬɪɨɣɧɨɣ 
ɬɨɱɤɢ (Ttr = 279.82 K) ɞɨ ɤɪɢɬɢɱɟсɤɨɣμ 

- ɞɚɜɥɟɧɢɟ ɧɚсɵɳɟɧɧɵɯ ɩɚɪɨɜ pv(ɋɈɈ = 0,0γ0%, ɋɄɈ = 0,04β%) 

 
- ɩɥɨɬɧɨсɬɶ ɠɢɞɤɨɣ ɮɚɡɵ ρl (ɋɈɈ = 0,067%, ɋɄɈ = 0,1γλ%) 

 
- ɩɥɨɬɧɨсɬɶ ɝɚɡɨɜɨɣ ɮɚɡɵ ρv(ɋɈɈ = 0,18γ%, ɋɄɈ = 0,β8λ%) 

 
ɝɞɟ t = 1 – T/Tc; Tr = T/Tc; pr=pv/pc; Z = pV/RT – ɮɚɤɬɨɪ сɠɢмɚɟмɨсɬɢ; ȕ = 0,325; Δ = 0,50 – 
ɤɪɢɬɢɱɟсɤɢɟ  ɩɨɤɚɡɚɬɟɥɢ; ɪɫ= 4,077β ɆПɚ – ɤɪɢɬɢɱɟсɤɨɟ ɞɚɜɥɟɧɢɟ; ɋɈɈ – сɪɟɞɧɟɟ 
ɨɬɧɨсɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ; ɋɄɈ – сɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ; 

a1= -7,0089926; a2 = 1,5681573; a3 = -1,942193; a4 = -3,4094118; 
b1 = 1,799986; b2 = 1,920025; b3 = -0,540099; b4=0,8948644; b5=0,390101; 

c1= -0,28144818; c2=16,774349; c3=-7,7491024; c4=-9,8036436. 
Ⱦɥɹ ɨɩɢсɚɧɢɹ ɩɥɨɬɧɨсɬɢ ɬɜɟɪɞɨɣ ɮɚɡɵ ɩɪɟɞɥɚɝɚɟɬсɹ ɢсɩɨɥɶɡɨɜɚɬɶ ɭɪɚɜɧɟɧɢɟ Ɍɟɣɬɚ 
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ɝɞɟ ρ - ɩɥɨɬɧɨсɬɶ, ɤмɨɥɶ/м3, ɩɪɢ ɬɟмɩɟɪɚɬɭɪɟ Ɍ, Ʉ, ɢ ɞɚɜɥɟɧɢɢ ɪ, ɆПɚ; ρ0 - ɩɥɨɬɧɨсɬɶ ɩɪɢ 
ɞɚɜɥɟɧɢɢ; Ⱥ, ȼ – ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ Ɍɟɣɬɚ. Пɪɢ ɷɬɨм ɤɨɷɮɮɢɰɢɟɧɬ Ⱥ ɩɪɢɧɹɬ 
ɩɨсɬɨɹɧɧɵм, ɚ ȼ – ɬɟмɩɟɪɚɬɭɪɧɚɹ ɮɭɧɤɰɢɹ, ɢмɟɸɳɚɹ сɥɟɞɭɸɳɢɣ ɜɢɞ 

 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (10) ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵм ɞɚɧɧɵм ɨ 

ɩɥɨɬɧɨсɬɢ. Ɍɟмɩɟɪɚɬɭɪɧɚɹ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨсɬɢ ρ0 ɧɚ ɨɩɨɪɧɨɣ ɢɡɨɛɚɪɟ p0 ɨɩɢсɚɧɚ ɩɨɥɢɧɨмɨм 

 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ (10) – (1β) ɢмɟɸɬ сɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹμ 

- ɤɪɢсɬɚɥɥɢɱɟсɤɚɹ ɮɚɡɚ 
A=0,02667;b0=-819,0571; b1=200,5154; b2=32,43195;  
a0=9,96645; a1=β,06561∙10-2 ; a2=-0,556β∙10-4 ; p0=300 ɆПɚ;  

- ɝɚɡɨɤɪɢсɬɚɥɥɢɱɟсɤɚɹ ɮɚɡɚ 
A=0,08411; b0=-23,10388; b1=79,98963; b2=3,302866;  
a0=11,7406; a1=-0,7β0γ∙10-2 ; a2=1,5β57∙10-6 ; p0=0,0. 
ɍɪɚɜɧɟɧɢɹ сɩɪɚɜɟɞɥɢɜɵ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟмɩɟɪɚɬɭɪɵ 1λγ – γγ8 Ʉ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɞɨ γ00 

ɆПɚ. ȼɟɥɢɱɢɧɚ ɋɈɈ ɨɩɢсɚɧɢɹ ɩɥɨɬɧɨсɬɢ ɤɪɢсɬɚɥɥɢɱɟсɤɨɣ ɮɚɡɵ сɨсɬɚɜɢɥɚ 0,1λ4 %, ɚ ɋɄɈ – 
0,β61%. Ⱦɥɹ ɝɚɡɨɤɪɢсɬɚɥɥɢɱɟсɤɨɣ ɮɚɡɵ ɷɬɢ ɩɨɤɚɡɚɬɟɥɢ ɢмɟɸɬ сɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ – 0,060% 
ɢ 0,0λλ%. Ʌɢɧɢɹ ɩɥɚɜɥɟɧɢɹ ɰɢɤɥɨɝɟɤсɚɧɚ ɢссɥɟɞɨɜɚɧɚ ɞɨ 100 ɆПɚ. Пɟɪɟɱɟɧɶ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɩɪɟɞсɬɚɜɥɟɧ ɜ ɞɨɤɥɚɞɟ. 

Ʌɢɧɢɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ ɢ ɥɢɧɢɹ ɩɥɚɜɥɟɧɢɹ ɨɩɢсɚɧɵ ɭɪɚɜɧɟɧɢɟм ɜ 
ɮɨɪмɟ ɭɪɚɜɧɟɧɢɹ ɋɢмɨɧɚ – Ƚɥɚɬɰɟɥɹ  

 
Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (1γ) ɞɥɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ ɪɚссɱɢɬɵɜɚɥɢсɶ ɩɨ 

p,V,T- ɞɚɧɧɵм, ɩɨ ɤɨɬɨɪɵм ɞɚɜɥɟɧɢɟ ɩɟɪɟɯɨɞɚ ɨɩɪɟɞɟɥɹɥɨсɶ ɩɨ сɤɚɱɤɭ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟмɚ ɧɚ 
ɢɡɨɬɟɪмɟ. Пɪɢ ɷɬɨм ɲɚɝ ɩɨ ɞɚɜɥɟɧɢɸ ɧɚ ɢɡɨɬɟɪмɟ сɨсɬɚɜɥɹɥ 10 ɆПɚ. Пɨɷɬɨмɭ ɩɨɥɭɱɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɧɨсɹɬ ɨɰɟɧɨɱɧɵɣ ɯɚɪɚɤɬɟɪ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ 
(1γ) ɞɥɹ ɥɢɧɢɣ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢмɟɸɬ сɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹμ 

- ɥɢɧɢɹ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ 
 ɪ* = γλ8,46 ɆПɚ; ɫ = 1,876; Ɍ0 = 186,10 Ʉ; 
- ɥɢɧɢɹ ɩɥɚɜɥɟɧɢɹ 
 ɪ* = β64,γ5 ɆПɚ; ɫ = 1,929; Ɍ0 = β7λ,70 Ʉ. 
Пɨ ɩɨɥɭɱɟɧɧɵм ɭɪɚɜɧɟɧɢɹм ɪɚссɱɢɬɚɧɚ ɩɥɨɬɧɨсɬɶ ɧɚ ɥɢɧɢɹɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ 

«ɤɪɢсɬɚɥɥ – ɝɚɡɨɤɪɢсɬɚɥɥ» ɢ «ɝɚɡɨɤɪɢсɬɚɥɥ – ɠɢɞɤɨсɬɶ» ɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɢ 
ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɞɨ 100 ɆПɚ. ȼ ɞɨɤɥɚɞɟ ɩɪɨɜɨɞɢɬсɹ ɚɧɚɥɢɡ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ.  
 

 
 

ɈɉɊȿȾȿɅȿɇɂȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɉȺɊɈɀɂȾɄɈɋɌɇɈȽɈ ɊȺȼɇɈȼȿɋɂə ɋ 
ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɉɊɂɇɐɂɉɈȼ ɂ ɆɈȾȿɅȿɃ ɇȿɅɂɇȿɃɇɈɃ ȾɂɇȺɆɂɄɂ 

Ⱦɢɧмɭɯɚмɟɬɨɜɚ Ɋ.Ⱥ., Ʉɚɡɚɧɰɟɜ ɋ.Ⱥ., Ⱦɶɹɤɨɧɨɜ Ƚ.ɋ., Ⱦɶɹɤɨɧɨɜ ɋ.Ƚ. 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 

ɭɧɢɜɟɪɫɢɬɟɬ», Ɋɨɫɫɢɹ, 420015, Ʉɚɡɚɧɶ, ɭɥ. Ʉ.Ɇɚɪɤɫɚ, 68. E-mail: rezdin29@gmail.com 
 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɜɚɪɢɚɧɬɨɜ ɡɚɜɢсɢмɨсɬɢ ɮɭɧɤɰɢɨɧɚɥɨɜ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɨɬɬɚɥɤɢɜɚɧɢɹ 

ɢ ɩɪɢɬɹɠɟɧɢɹ ɞɥɹ ɨɞɧɨɮɥɸɢɞɧɨɣ мɨɞɟɥɢ смɟсɟɣ ɪɚɡɪɚɛɨɬɚɧɵ сɩɨсɨɛɵ ɜɵɜɨɞɚ сɜɹɡɟɣ мɟɠɞɭ 
ɧɢмɢ ɜ ɱɢсɬɨм ɜɟɳɟсɬɜɟ ɧɚ ɛɚɡɟ ɩɪɢɧɰɢɩɨɜ ɩɨɞɨɛɢɹ ɢ мɨɞɟɥɟɣ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧɚмɢɤɢ. 
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Ɋɚссмɨɬɪɟɧɚ сɠɢмɚɟмɨсɬɶ ɧɚ ɥɢɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟсɢɹ (ɜɤɥɸɱɚɹ ɤɪɢɬɢɱɟсɤɭɸ ɬɨɱɤɭ) ɧɚ 
ɛɚɡɟ ɭɪɚɜɧɟɧɢɹ ɒɬɪɭɛɟ, ɜɵɪɚɠɚɸɳɚɹ ɩɪɢɧɰɢɩ ɩɨɞɨɛɢɹ ɢ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɮɪɚɤɬɚɥɶɧɨɣ ɪɚɡмɟɪɧɨсɬɢ ɩɪɢ ɭсɬɚɧɨɜɥɟɧɢɢ ɪɚɜɧɨɜɟсɧɨɝɨ сɨсɬɨɹɧɢɹ. ȼɵɜɟɞɟɧɵ 
сɨɨɬɧɨɲɟɧɢɹ мɟɠɞɭ ɧɨɪмɢɪɨɜɚɧɧɵмɢ ɮɭɧɤɰɢɨɧɚɥɚмɢ ɨɬɬɚɥɤɢɜɚɧɢɹ ɢ ɩɪɢɬɹɠɟɧɢɹ ɧɚ ɨсɧɨɜɟ 
мɨɞɟɥɢ ɤɢɧɟɬɢɤɢ ɧɟɥɢɧɟɣɧɨɣ ɞɢɧɚмɢɤɢ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɪɚɜɧɨɜɟсɢɸ ɢ ɩɨɥɭɱɟɧɨ ɡɚмɤɧɭɬɨɟ 
ɭɪɚɜɧɟɧɢɟ ɜ ɱɚсɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, сɜɹɡɵɜɚɸɳɟɟ ɢɯ мɟɠɞɭ сɨɛɨɣ. 
Пɪɨɜɟɞɟɧɨ сɪɚɜɧɟɧɢɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟсɬɜɚ мɨɞɟɥɟɣ, сɮɨɪмɭɥɢɪɨɜɚɧɧɵɯ ɧɚ ɨсɧɨɜɟ 
ɤɚɱɟсɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɜɟɞɟɧɢɹ мɨɥɟɤɭɥɹɪɧɨɣ сɢсɬɟмɵ ɜ ɡɚɜɢсɢмɨсɬɢ ɨɬ ɯɚɪɚɤɬɟɪɧɵɯ 
ɨсɨɛɟɧɧɨсɬɟɣ ɩɨɬɟɧɰɢɚɥɚ мɟɠмɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ 
№ 1β-08-00465 ɚ. 

 
 

 
ɂɁɈɏɈɊɇȺə ɌȿɉɅɈȿɆɄɈɋɌɖ ɂ ɎȺɁɈȼɕȿ ɊȺȼɇɈȼȿɋɂə ȻɂɇȺɊɇɈɃ 

ɋɂɋɌȿɆɕ ɇ-ȺɅɄȺɇ-ȼɈȾȺ 
Ɇɢɪсɤɚɹ ȼ.Ⱥ., ɂɛɚɜɨɜ ɇ.ȼ., ɇɚɡɚɪɟɜɢɱ Ⱦ.Ⱥ. 

ɎȽȻɍɇ ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɢɦ. ɏ.ɂ. Ⱥɦɢɪɯɚɧɨɜɚ Ⱦɚɝɟɫɬɚɧɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ 
ɊȺɇ, Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, γ6700γ, Ɇɚɯɚɱɤɚɥɚ, ɭɥ. Ɇ. əɪɚɝɫɤɨɝɨ, λ4. 

 
ɇɨɪмɚɥɶɧɵɟ ɚɥɤɚɧɵ ɹɜɥɹɸɬсɹ ɨсɧɨɜɧɵмɢ ɤɨмɩɨɧɟɧɬɚмɢ сɨсɬɚɜɨɜ ɧɟɮɬɟɣ ɢ 

ɝɚɡɨɤɨɧɞɟɧсɚɬɧɵɯ ɮɥɸɢɞɨɜ, ɤɨɬɨɪɵɟ ɜ ɟсɬɟсɬɜɟɧɧɵɯ ɩɥɚсɬɨɜɵɯ ɭсɥɨɜɢɹɯ ɧɟɢɡɛɟɠɧɨ 
ɤɨɧɬɚɤɬɢɪɭɸɬ с ɜɨɞɨɣ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɡɚɤɨɧɨмɟɪɧɨсɬɢ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚмм, 
ɩɪɢсɭɳɢɟ сɢсɬɟмɚм ɭɝɥɟɜɨɞɨɪɨɞ-ɜɨɞɚ мɨɝɭɬ ɛɵɬɶ ɪɚсɩɪɨсɬɪɚɧɟɧɵ ɢ ɧɚ мɧɨɝɨɤɨмɩɨɧɟɧɬɧɵɟ 
ɜɨɞɨɭɝɥɟɜɨɞɨɪɨɞɧɵɟ сɢсɬɟмɵ. 

ȼ ɭсɥɨɜɢɹɯ ɚɬмɨсɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜɨɞɚ ɢ ɭɝɥɟɜɨɞɨɪɨɞɵ (ɜ ɱɚсɬɧɨсɬɢ ɚɥɤɚɧɵ) ɧɟ 
ɪɚсɬɜɨɪɹɸɬсɹ ɞɪɭɝ ɜ ɞɪɭɝɟ. Ɉɛɥɚсɬɶ ɨɝɪɚɧɢɱɟɧɧɨɣ ɜɡɚɢмɧɨɣ ɪɚсɬɜɨɪɢмɨсɬɢ ɤɨмɩɨɧɟɧɬɨɜ ɜ 
ɷɬɢɯ сɢсɬɟмɚɯ сɭɳɟсɬɜɭɟɬ ɜ ɲɢɪɨɤɨм ɢɧɬɟɪɜɚɥɟ ɬɟмɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ. 

Ɋɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɨɣ ɢ ɨɝɪɚɧɢɱɟɧɧɨɣ ɜɡɚɢмɧɨɣ ɪɚсɬɜɨɪɢмɨсɬɶɸ ɷɬɢɯ ɠɢɞɤɨсɬɟɣ 
ɨɛɭсɥɨɜɥɟɧɨ ɩɨɹɜɥɟɧɢɟ ɜ сɢсɬɟмɚɯ ɭɝɥɟɜɨɞɨɪɨɞ-ɜɨɞɚ ɪɚɡɧɨɨɛɪɚɡɢɹ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟсɢɣμ 
ɬɪɟɯɮɚɡɧɵɯ (ɠɢɞɤɨсɬɶ-ɠɢɞɤɨсɬɶ-ɩɚɪ), ɞɜɭɯɮɚɡɧɵɯ (ɠɢɞɤɨсɬɶ-ɩɚɪ, ɠɢɞɤɨсɬɶ-ɠɢɞɤɨсɬɶ), 
ɝɨмɨɝɟɧɧɵɯ (ɠɢɞɤɨсɬɶ, ɩɚɪ). 

ɂссɥɟɞɨɜɚɧɢɟ ɬɟмɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢсɢмɨсɬɢ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ ɢ ɨсɨɛɟɧɧɨсɬɢ 
ɩɨɜɟɞɟɧɢɹ ɮɭɧɤɰɢɢ ɋv=f(T) ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ɠɢɞɤɨсɬɶ-ɠɢɞɤɨсɬɶ ɢ ɠɢɞɤɨсɬɶ-ɩɚɪ 
ɩɨɡɜɨɥɹɸɬ с ɜɵсɨɤɨɣ ɬɨɱɧɨсɬɶɸ ɨɞɧɨɜɪɟмɟɧɧɨ ɮɢɤсɢɪɨɜɚɬɶ ɧɚ ɤɪɢɜɵɯ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟсɢɹ 
ɡɧɚɱɟɧɢɹ ɬɟмɩɟɪɚɬɭɪɵ, ɩɥɨɬɧɨсɬɢ, ɨɩɪɟɞɟɥɹɬɶ ɝɪɚɧɢɰɵ ɨɛɥɚсɬɟɣ сɨсɭɳɟсɬɜɭɸɳɢɯ ɮɚɡ, 
ɨɛɥɚсɬɢ ɜɡɚɢмɧɨɣ ɪɚсɬɜɨɪɢмɨсɬɢ ɢ ɪɚссɥɚɢɜɚɧɢɹ ɤɨмɩɨɧɟɧɬɨɜ. 

Ɇɟɬɨɞɨм ɜɵсɨɤɨɬɟмɩɟɪɚɬɭɪɧɨɝɨ ɚɞɢɚɛɚɬɧɨɝɨ ɤɚɥɨɪɢмɟɬɪɚ-ɩɶɟɡɨмɟɬɪɚ ɢссɥɟɞɨɜɚɧɚ 
сɢсɬɟмɚ Д(1-ɯ) ɋ7 H16 + ɯ ɇ2ɈЖ ɩɨсɬɨɹɧɧɨɝɨ сɨсɬɚɜɚ ɯ = const. Ʉɨɧсɬɪɭɤɰɢɹ ɤɚɥɨɪɢмɟɬɪɚ-
ɩɶɟɡɨмɟɬɪɚ ɢ мɟɬɨɞɢɤɚ ɢссɥɟɞɨɜɚɧɢɣ ɯɨɪɨɲɨ ɢɡɜɟсɬɧɵ ɢ ɩɨɞɪɨɛɧɨ ɨɩɢсɚɧɵ ɪɚɧɟɟ. 
ɂɡмɟɪɟɧɢɹ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ ɢ PVT сɜɨɣсɬɜ сɢсɬɟмɵ ɧ-ɝɟɩɬɚɧ-ɜɨɞɚ ɩɪɨɜɟɞɟɧɵ ɧɚ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨɣ ɭсɬɚɧɨɜɤɟ, ɩɨɥɧɨсɬɶɸ ɚɜɬɨмɚɬɢɡɢɪɨɜɚɧɧɨɣ ɧɚ ɛɚɡɟ ɰɢɮɪɨɜɵɯ 
мɭɥɶɬɢмɟɬɪɨɜ KОЭСХОв, ɬɟмɩɟɪɚɬɭɪɧɵɯ ɤɨɧɬɪɨɥɥɟɪɨɜ δКФО Shore ɢ ɩɟɪсɨɧɚɥɶɧɨɝɨ 
ɤɨмɩɶɸɬɟɪɚ. ɗɤсɩɟɪɢмɟɧɬɚɥɶɧɚɹ ɭсɬɚɧɨɜɤɚ ɹɜɥɹɟɬсɹ ɢɡмɟɪɢɬɟɥɶɧɨ-ɜɵɱɢсɥɢɬɟɥɶɧɵм 
ɤɨмɩɥɟɤсɨм ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢ ɯɪɚɧɟɧɢɹ ɬɚɛɥɢɱɧɨɣ ɢ ɝɪɚɮɢɱɟсɤɨɣ ɢɧɮɨɪмɚɰɢɢ ɨ 
ɬɟɩɥɨɮɢɡɢɱɟсɤɢɯ сɜɨɣсɬɜɚɯ ɢссɥɟɞɭɟмɨɣ сɢсɬɟмɵ. 

ɋɥɟɞсɬɜɢɟм ɨɝɪɚɧɢɱɟɧɧɨɣ ɜɡɚɢмɧɨɣ ɪɚсɬɜɨɪɢмɨсɬɢ ɧ-ɝɟɩɬɚɧɚ ɢ ɜɨɞɵ ɹɜɥɹɟɬсɹ ɬɨ, ɱɬɨ 
смɟсɶ ɢɡ ɷɬɢɯ ɤɨмɩɨɧɟɧɬɨɜ ɨɛɥɚɞɚɟɬ ɨɛɥɚсɬɶɸ ɬɪɟɯɮɚɡɧɨɝɨ ɪɚссɥɨɟɧɢɹ ɠɢɞɤɨсɬɶ-ɠɢɞɤɨсɬɶ-
ɩɚɪ. ɂссɥɟɞɨɜɚɧɢɹ ɬɟмɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢсɢмɨсɬɢ ɬɟɩɥɨɟмɤɨсɬɢ смɟсɢ ДxH2 O + (1-x) C7 H16] 
ɜɞɨɥɶ ɢɡɨɯɨɪ ɧɚɱɢɧɚɥɢ ɢɡ ɨɛɥɚсɬɢ ɬɪɟɯɮɚɡɧɨɝɨ сɨсɬɨɹɧɢɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɜɵɲɟɧɢɹ 
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ɬɟмɩɟɪɚɬɭɪɵ. ȼ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨм ɩɪɨɰɟссɟ ɩɟɪɟɯɨɞ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨсɬɶ ɮɚɡ 
сɨɩɪɨɜɨɠɞɚɟɬсɹ сɤɚɱɤɨɨɛɪɚɡɧɵм ɢɡмɟɧɟɧɢɟм ɧɟɤɨɬɨɪɵɯ сɜɨɣсɬɜ, ɜ ɱɚсɬɧɨсɬɢ, ɢɡɨɯɨɪɧɨɣ 
ɬɟɩɥɨɟмɤɨсɬɢ.  

ɇɚ ɨсɧɨɜɟ ɢссɥɟɞɨɜɚɧɢɹ ɬɟмɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢсɢмɨсɬɢ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɝɨ ɜɩɟɪɜɵɟ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɨсɨɛɟɧɧɨсɬɢ ɩɨɜɟɞɟɧɢɹ ɋv ɜ сɢсɬɟмɚɯ ɚɥɤɚɧ-
ɜɨɞɚ ɜ ɨɛɥɚсɬɹɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɨɩɪɟɞɟɥɟɧɵ Ɍ, ρ ɩɚɪɚмɟɬɪɵ ɨɛɥɚсɬɟɣ ɮɚɡɨɜɵɯ 
ɪɚɜɧɨɜɟсɢɣμ ɬɪɟɯɮɚɡɧɨɝɨ ɠɢɞɤɨсɬɶ-ɠɢɞɤɨсɬɶ-ɩɚɪ, ɞɜɭɯɮɚɡɧɵɯ, ɝɨмɨɝɟɧɧɨɝɨ. ɍсɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɩɪɢсɭɬсɬɜɢɟ ɩɨɥɹɪɧɨɝɨ ɤɨмɩɨɧɟɧɬɚ – ɜɨɞɵ - ɜ ɧ-ɝɟɩɬɚɧɟ ɨɤɚɡɵɜɚɟɬ сɭɳɟсɬɜɟɧɧɨɟ 
ɜɥɢɹɧɢɟ ɧɚ ɮɚɡɨɜɭɸ ɞɢɚɝɪɚммɭ ɧ-ɚɥɤɚɧɚ. 

Пɨɤɚɡɚɧɚ ɜɨɡмɨɠɧɨсɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɝɪɚɧɢɰ ɨɛɥɚсɬɟɣ ɪɚссɥɚɢɜɚɧɢɹ ɢ ɜɡɚɢмɧɨɝɨ 
ɪɚсɬɜɨɪɟɧɢɹ ɤɨмɩɨɧɟɧɬɨɜ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɤɚɥɨɪɢмɟɬɪɢɱɟсɤɨɝɨ ɷɤсɩɟɪɢмɟɧɬɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɹɬɫɹ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬɵ № 10-08-00γββ, № 14-08-00230). 
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Ɋɚссмɚɬɪɢɜɚɟɬсɹ мɟɬɨɞɢɤɚ ɪɚсɱɟɬɚ ɩɚɪɚмɟɬɪɨɜ ɩɚɪɨɠɢɞɤɨсɬɧɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɜ смɟсɹɯ ɧɚ 

ɨсɧɨɜɟ ɬɚɤ ɧɚɡɵɜɚɟмɨɣ ɨɞɧɨɮɥɸɢɞɧɨɣ мɨɞɟɥɢ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶсɚ. ȼ ɤɚɱɟсɬɜɟ сɬɚɧɞɚɪɬɧɨɝɨ 
ɮɥɸɢɞɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ ɢсɩɨɥɶɡɭɟɬсɹ сɢсɬɟмɚ ɱɚсɬɢɰ с ɩɨɬɟɧɰɢɚɥɨм 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧсɚ, ɩɚɪɚмɟɬɪɵ ɤɨɬɨɪɨɝɨ ɪɚссɱɢɬɵɜɚɸɬсɹ ɩɨ ɤɪɢɬɢɱɟсɤɨɣ 
ɬɨɱɤɟ ɤɨɧɤɪɟɬɧɨɝɨ ɜɟɳɟсɬɜɚ. Ⱦɥɹ ɪɚсɱɟɬɚ ɪɚɜɧɨɜɟсɢɹ ɢсɩɨɥɶɡɭɸɬсɹ ɬɨɱɧɵɟ 
ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ сɨɨɬɧɨɲɟɧɢɹμ ɪɚɜɟɧсɬɜɨ ɯɢмɢɱɟсɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɢ ɞɚɜɥɟɧɢɣ ɜ ɞɜɭɯ 
ɮɚɡɚɯ. Ⱦɚɸɬсɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚсɱɟɬɨɜ ɞɥɹ ɛɢɧɚɪɧɵɯ смɟсɟɣμ мɟɬɚɧ-ɷɬɚɧ, мɟɬɚɧ-ɩɪɨɩɚɧ, ɷɬɚɧ-
ɩɪɨɩɚɧ ɢ ɢɯ сɪɚɜɧɟɧɢɟ с ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ ɞɚɧɧɵмɢ. Пɪɢ ɷɬɨм ɜ ɨɞɧɨɮɥɸɢɞɧɨɣ мɨɞɟɥɢ 
смɟсɢ ɢсɩɨɥɶɡɭɟɬсɹ ɩɪɟɞсɬɚɜɥɟɧɢɟ ɨɛ ɢɧɜɚɪɢɚɧɬɧɨсɬɢ ɡɚɜɢсɢмɨсɬɢ ɮɭɧɤɰɢɨɧɚɥɨɜ 
ɨɬɬɚɥɤɢɜɚɧɢɹ ɢ ɩɪɢɬɹɠɟɧɢɹ ɨɬ ɱɢсɥɨɜɨɣ ɩɥɨɬɧɨсɬɢ ɢ ɬɟмɩɟɪɚɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɧɟɟ ɞɥɹ 
ɱɢсɬɨɝɨ ɜɟɳɟсɬɜɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ ɜ ɪɚɦɤɚɯ ɧɚɭɱɧɨɝɨ ɩɪɨɟɤɬɚ 
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ɞɚɠɟ сɨɬɧɢ ɷмɩɢɪɢɱɟсɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. ɋ ɬɚɤɢм мɧɟɧɢɟм ɬɪɭɞɧɨ сɨɝɥɚсɢɬɶсɹ, ɩɨсɤɨɥɶɤɭ 
ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɢмɟɟɬ ɰɟɥɵɣ ɪɹɞ ɢɡɜɟсɬɧɵɯ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɧɟɞɨсɬɚɬɤɨɜ.  

ȼ сɜɹɡɢ с ɷɬɢм ɩɪɨɛɥɟмɚ ɪɚɡɪɚɛɨɬɤɢ ɞɨсɬɚɬɨɱɧɨ ɩɪɨсɬɵɯ ɮɢɡɢɱɟсɤɢ ɨɛɨсɧɨɜɚɧɧɵɯ 
ɟɞɢɧɵɯ мɚɥɨɩɚɪɚмɟɬɪɢɱɟсɤɢɯ ɭɪɚɜɧɟɧɢɣ сɨсɬɨɹɧɢɹ ɩɨ-ɩɪɟɠɧɟмɭ ɩɪɟɞсɬɚɜɥɹɟɬсɹ ɜɩɨɥɧɟ 
ɚɤɬɭɚɥɶɧɨɣ.  

ȼ ɥɢɬɟɪɚɬɭɪɟ ɨɩɭɛɥɢɤɨɜɚɧɨ мɧɨɠɟсɬɜɨ (сɜɵɲɟ β00) мɚɥɨɩɚɪɚмɟɬɪɢɱɟсɤɢɯ ɍɋ 
ɨɞɧɨɤɨмɩɨɧɟɧɬɧɵɯ ɜɟɳɟсɬɜ. ɇɚɢɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɬɚɤɢɟ ɭɪɚɜɧɟɧɢɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɜ ɨɛɡɨɪɟ 
[1].  

ȼ ɩɪɟɞɵɞɭɳɢɯ ɪɚɛɨɬɚɯ Дβ – 4Ж ɧɚмɢ ɩɨɥɭɱɟɧɵ ɩɨɥɭɷмɩɢɪɢɱɟсɤɢɟ ɍɋ, ɤɨɬɨɪɵɟ ɩɨ 
ɬɨɱɧɨсɬɢ ɨɩɢсɚɧɢɹ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɟɧɚмɧɨɝɨ ɭсɬɭɩɚɸɬ мɧɨɝɨɩɚɪɚмɟɬɪɢɱɟсɤɢм 
ɭɪɚɜɧɟɧɢɹм, ɧɨ ɢмɟɸɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɮɢɡɢɱɟсɤɨɟ ɨɛɨсɧɨɜɚɧɢɟ. Пɪɢ ɷɬɨм ɭɱɬɟɧɵ ɤɚɤ 
ɢɡɜɟсɬɧɵɟ, ɬɚɤ ɢ ɧɚɣɞɟɧɧɵɟ ɚɜɬɨɪɚмɢ ɭсɥɨɜɢɹ ɢ ɨɝɪɚɧɢɱɟɧɢɹ, ɤɨɬɨɪɵм ɞɨɥɠɧɨ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ "ɩɪɚɜɢɥɶɧɨɟ" ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ (см. Дβ – 4Ж). Ɋɚɧɟɟ Д4Ж ɜ ɪɚɡɜɢɬɢɟ 
ɢɡɥɨɠɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɟɞɢɧɨɟ ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ ɠɢɞɤɨсɬɢ, ɝɚɡɚ ɢ 
ɮɥɸɢɞɚ ɞɥɹ ɪɚсɱɟɬɚ ɬɟɪмɢɱɟсɤɢɯ ɢ ɤɚɥɨɪɢɱɟсɤɢɯ сɜɨɣсɬɜ ɜɟɳɟсɬɜ, ɤɨɬɨɪɨɟ ɨɩɢсɵɜɚɟɬ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɜ ɨсɧɨɜɧɨм ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨсɬɢ ɷɤсɩɟɪɢмɟɧɬɚ. ɗɬɨ 
ɭɪɚɜɧɟɧɢɟ ɢмɟɟɬ ɜɢɞμ  
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   (1) 

Ɂɞɟсɶ Z = P/RT – ɮɚɤɬɨɪ сɠɢмɚɟмɨсɬɢ, Ɋ – ɞɚɜɥɟɧɢɟ,  = 1/V – ɩɥɨɬɧɨсɬɶ, V – ɭɞɟɥɶɧɵɣ 
ɨɛɴɟм, Ɍ – ɚɛсɨɥɸɬɧɚɹ ɬɟмɩɟɪɚɬɭɪɚ, R – ɝɚɡɨɜɚɹ ɩɨсɬɨɹɧɧɚɹ ɜɟɳɟсɬɜɚ, Ɍɋ – ɤɪɢɬɢɱɟсɤɚɹ 
ɬɟмɩɟɪɚɬɭɪɚ, C – ɩɥɨɬɧɨсɬɶ ɜɟɳɟсɬɜɚ ɜ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɟ, tr - ɩɥɨɬɧɨсɬɶ ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ, 

TTc  - ɩɪɢɜɟɞɟɧɧɚɹ ɨɛɪɚɬɧɚɹ ɬɟмɩɟɪɚɬɭɪɚ, c  - ɩɪɢɜɟɞɟɧɧɚɹ ɩɥɨɬɧɨсɬɶ, tr= 

trc – ɩɪɢɜɟɞɟɧɧɚɹ ɩɥɨɬɧɨсɬɶ ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ, ɚ0…ɚ10– ɩɨɞɝɨɧɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 
ɍɪɚɜɧɟɧɢɟ (1) сɨɞɟɪɠɢɬ 10 ɷмɩɢɪɢɱɟсɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɜ (1) ɧɚɯɨɞɹɬсɹ 
мɟɬɨɞɨм ɧɚɢмɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɨ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵм P-V-T ɞɚɧɧɵм. ȼ (1) ɩɪɢ ɨɩɢсɚɧɢɢ 
ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ ɞɢɨɤсɢɞɚ ɭɝɥɟɪɨɞɚ (см. ɪɢс. 1) ɭɞɚɥɨсɶ сɬɪɨɝɨ ɜɵɩɨɥɧɢɬɶ ɬɪɢ 
ɢɡɜɟсɬɧɵɯ ɤɥɚссɢɱɟсɤɢɯ ɤɪɢɬɢɱɟсɤɢɯ ɭсɥɨɜɢɹ, ɤɨɬɨɪɵм ɞɨɥɠɧɨ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɪɟɝɭɥɹɪɧɨɟ 
ɍɋ, ɩɪɚɤɬɢɱɟсɤɢ ɛɟɡ ɩɨɬɟɪɢ ɬɨɱɧɨсɬɢ ɨɩɢсɚɧɢɹ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɯɚɪɚɤɬɟɪɢсɬɢɤ.  
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Ɋɢс. 1. Ʉɪɢɬɢɱɟсɤɚɹ ɢɡɨɬɟɪмɚ ɞɥɹ ɋɈ2: 1 – ɪɚсɱɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ (1). 2 – ɪɚсɱɟɬ ɩɨ 1β 
ɩɚɪɚмɟɬɪɢɱɟсɤɨмɭ ɍɋ ȼɚɝɧɟɪɚ Д5Ж. 3 – ɤɪɢɬɢɱɟсɤɚɹ ɬɨɱɤɚ 
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Ɉɞɧɚɤɨ ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɤɪɢɬɢɱɟсɤɢɯ ɭсɥɨɜɢɣ ɧɚ ɍɋ ɪɹɞɚ ɞɪɭɝɢɯ ɜɟɳɟсɬɜ ɨɩɢсɚɧɢɟ ɌȾ 
ɯɚɪɚɤɬɟɪɢсɬɢɤ ɭɪɚɜɧɟɧɢɟм (1) ɭɯɭɞɲɚɥɨсɶ ɜ β – γ ɪɚɡɚ ɩɨ ɩɥɨɬɧɨсɬɢ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ 
ɤɚɱɟсɬɜɚ ɨɩɢсɚɧɢɹ ɢсɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɪɢ ɧɚɥɨɠɟɧɢɢ ɤɪɢɬɢɱɟсɤɢɯ ɭсɥɨɜɢɣ, ɪɚсɲɢɪɟɧɢɹ 
ɱɢсɥɚ ɨɛɴɟɤɬɨɜ ɨɩɢсɚɧɢɹ ɢ ɨɛɥɚсɬɢ ɩɪɢмɟɧɢмɨсɬɢ (1) ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɛɵɥɨ мɨɞɢɮɢɰɢɪɨɜɚɧɨ, 
ɬɨм ɱɢсɥɟ ɢ с ɩɨмɨɳɶɸ ɮɨɪмɚɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɱɢсɥɚ сɥɚɝɚɟмɵɯ ɜ (1). ɇɨɜɨɟ ɟɞɢɧɨɟ 
ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ ɞɥɹ ɩɪɢɜɟɞɟɧɧɨɣ ɮɭɧɤɰɢɢ ȽɟɥɶмɝɨɥɶɰК F(,T) ɢмɟɟɬ ɜɢɞμ 
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  (2) 

Ɍɚɤɢм ɨɛɪɚɡɨм, ɨɛɳɟɟ ɱɢсɥɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɍɋ (β) ɞɨсɬɢɝɥɨ 1γ. ɇɨ с ɭɱɟɬɨм 4 
ɭɪɚɜɧɟɧɢɣ сɜɹɡɢ (ɬɪɢ ɤɪɢɬɢɱɟсɤɢɯ ɭсɥɨɜɢɹ ɢ ɭсɥɨɜɢɟ tr

calc. = tr
exp) ɱɢсɥɨ ɜɚɪɶɢɪɭɟмɵɯ 

ɷмɩɢɪɢɱɟсɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɍɋ (β) ɭмɟɧɶɲɚɟɬсɹ ɞɨ λ. 
Ɉɬмɟɬɢм, ɱɬɨ сɬɪɨɝɨ ɜɵɩɨɥɧɢɬɶ ɜ мɚɥɨɩɚɪɚмɟɬɪɢɱɟсɤɢɯ ɭɪɚɜɧɟɧɢɹɯ сɨсɬɨɹɧɢɹ ɤɪɢɬɢɱɟсɤɢɟ 
ɭсɥɨɜɢɹ ɠɢɞɤɨсɬɶ – ɩɚɪ ɭɞɚɥɨсɶ ɜɩɟɪɜɵɟ. 

Пɪɢмɟɧɢмɨсɬɶ ɩɨɥɭɱɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɤ ɨɩɢсɚɧɢɸ ɌȾ ɯɚɪɚɤɬɟɪɢсɬɢɤ ɠɢɞɤɨсɬɢ, ɝɚɡɚ ɢ 
ɮɥɸɢɞɚ ɛɵɥɚ ɩɪɨɜɟɪɟɧɚ ɧɚ ɪɹɞɟ "ɧɨɪмɚɥɶɧɵɯ" ɜɟɳɟсɬɜ, ɬɚɤɢɯ ɤɚɤ ɚɪɝɨɧ, ɚɡɨɬ, ɞɢɨɤсɢɞ 
ɭɝɥɟɪɨɞɚ ɢ ɝɟɤсɚɮɬɨɪɢɞ сɟɪɵ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɪɚсɱɟɬɵ, ɍɋ (β) ɩɨ ɬɨɱɧɨсɬɢ ɨɩɢсɚɧɢɹ ɢсɯɨɞɧɵɯ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɟ ɬɨɥɶɤɨ ɧɟ ɭсɬɭɩɚɟɬ ɜсɟм ɢɡɜɟсɬɧɵм мɚɥɨɩɚɪɚмɟɬɪɢɱɟсɤɢм 
ɭɪɚɜɧɟɧɢɹм, ɧɨ ɢ ɛɨɥɶɲɢɧсɬɜɭ мɧɨɝɨɩɚɪɚмɟɬɪɢɱɟсɤɢɯ ɭɪɚɜɧɟɧɢɣ сɨсɬɨɹɧɢɹ. Пɪɟɞɥɨɠɟɧɧɨɟ 
ɭɪɚɜɧɟɧɢɟ, ɟсɬɟсɬɜɟɧɧɨ, ɧɟ ɨɩɢсɵɜɚɟɬ ɛɥɢɠɚɣɲɭɸ ɨɤɪɟсɬɧɨсɬɶ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ ɠɢɞɤɨсɬɶ 
– ɝɚɡ, ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ ɨɩɢсɵɜɚɬɶсɹ ɮɥɭɤɬɭɚɰɢɨɧɧɨɣ ɬɟɨɪɢɟɣ (сɤɟɣɥɢɧɝ). 
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Ɋɢс. β. Ɉɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ ɜ SF6, ɪɚссɱɢɬɚɧɧɵɯ ɩɨ ɜсɟмɭ мɚссɢɜɭ ɞɚɧɧɵɯ, ɨɬ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Ⱦ.ɘ. ɂɜɚɧɨɜɚ Д6Ж.  C1 – ɪɚсɱɟɬ ɩɨ Guder., WagnerW. (2009); 2 – 
ɪɚсɱɟɬ ɩɨ (β) 
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ɢс. γ. Ɉɬɤɥɨɧɟɧɢɟ ɪɚссɱɢɬɚɧɧɵɯ ɩɨ (β) ɡɧɚɱɟɧɢɣ ɩɪɢɜɟɞɟɧɧɨɣ ɩɥɨɬɧɨсɬɢ SF6 ɨɬ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Д7Ж 

 
Ʉɚɤ ɩɨɤɚɡɚɥɢ ɪɚсɱɟɬɵ, ɭɪɚɜɧɟɧɢɟ (β) ɩɨɡɜɨɥɹɟɬ ɩɪɚɜɢɥɶɧɨ ɨɩɢсɚɬɶ  ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ 

сɜɨɣсɬɜɚ ɜɟɳɟсɬɜɚ ɢ ɜ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ, ɟсɥɢ (β) ɞɨɩɨɥɧɢɬɶ сɢɧɝɭɥɹɪɧɵмɢ ɭɪɚɜɧɟɧɢɹмɢ. 
Пɨɞɱɟɪɤɧɟм, ɱɬɨ с ɩɪɢɜɥɟɱɟɧɢɟм ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɬɟɪмɨɞɢɧɚмɢɤɢ ɩɨ P – 

V– T  ɞɚɧɧɵм c ɩɨмɨɳɶɸ ɭɪɚɜɧɟɧɢɹ (β) мɨɠɧɨ ɪɚссɱɢɬɚɬɶ ɤɚɥɨɪɢɱɟсɤɢɟ сɜɨɣсɬɜɚ ɜɟɳɟсɬɜ – 
ɷɧɬɚɥɶɩɢɸ, ɷɧɬɪɨɩɢɸ, ɬɟɩɥɨɟмɤɨсɬɢ ɢ ɞɪ. ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨсɬɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ 
(ɧɚɞɟɠɧɵɯ ɬɚɛɥɢɱɧɵɯ) ɞɚɧɧɵɯ ɛɟɡ ɩɪɢɜɥɟɱɟɧɢɹ ɞɚɧɧɵɯ ɩɨ ɷɬɢм сɜɨɣсɬɜɚм (ɡɚ ɢсɤɥɸɱɟɧɢɟм 
ɷɧɬɚɥɶɩɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ. ɇɚ ɪɢс. β – ɪɢс. 4 ɜ ɤɚɱɟсɬɜɟ ɩɪɢмɟɪɚ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
сɪɚɜɧɟɧɢɹ ɪɚссɱɢɬɚɧɧɵɯ ɩɨ (β) ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɯɚɪɚɤɬɟɪɢсɬɢɤ ɞɢɨɤсɢɞɚ ɭɝɥɟɪɨɞɚ ɢ 
ɝɟɤсɚɮɬɨɪɢɞɚ сɟɪɵ SF6   с ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ ɢ ɧɚɞɟɠɧɵмɢ ɬɚɛɥɢɱɧɵмɢ ɞɚɧɧɵмɢ. 
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Ɋɢс. 4. ɋɨɩɨсɬɚɜɥɟɧɢɟ ɪɚссɱɢɬɚɧɧɵɯ ɩɨ (1), (β) ɡɧɚɱɟɧɢɣ сɤɨɪɨсɬɢ ɡɜɭɤɚ ɜ ɋɈ2  с 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ ɞɚɧɧɵмɢ. 1 – Ƚɪɭɡɞɟɜ ȼ.Ⱥ., ɋɥɚɛɧɹɤ (1λ70); 2 – ɇɨɜɢɤɨɜ ɂ.ɂ., Ɍɪɟɥɢɧ 
ɘ.ɋ. (1λ6β);  γ – Пɢɬɚɟɜсɤɚɹ Ʌ.Ʌ, Ȼɢɥɥɟɜɢɱ Ⱥ.ȼ (1λ7γ); 4 – ɷɬɚ ɪɚɛɨɬɚ; 5 – ɪɚсɱɟɬ ɩɨ SpanR., 
WagnerW. (1λλ6, 185 ɤɨɷɮɮɢɰɢɟɧɬɨɜ). ɋɜɵɲɟ 50 ɆПɚ - ɷɤсɬɪɚɩɨɥɹɰɢɹ ɩɨ (1), (β) 
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ɍɪɚɧ ɹɜɥɹɟɬсɹ ɤɥɸɱɟɜɵм ɤɨмɩɨɧɟɧɬɨм ɹɞɟɪɧɨɝɨ ɬɨɩɥɢɜɚ ɞɥɹ ɪɟɚɤɬɨɪɨɜ ɧɨɜɨɝɨ 
ɩɨɤɨɥɟɧɢɹ ɧɚ ɛɵсɬɪɵɯ ɧɟɣɬɪɨɧɚɯ. ɇɟсмɨɬɪɹ ɧɚ ɛɨɥɶɲɨɣ ɨɛɴɟм ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɢ 
ɬɟɨɪɟɬɢɱɟсɤɢɯ ɢссɥɟɞɨɜɚɧɢɣ ɩɨ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚммɟ, сɬɪɭɤɬɭɪɟ ɢ ɤɢɧɟɬɢɤɟ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɨɜ ɜ сɢсɬɟмɟ ɭɪɚɧ-мɨɥɢɛɞɟɧ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ 50ɯ – 70ɯ ɝɨɞɚɯ ɢɧɬɟɪɟс ɤ ɢссɥɟɞɨɜɚɧɢɸ 
сɜɨɣсɬɜ мɟɬɚɥɥɢɱɟсɤɢɯ ɬɨɩɥɢɜ ɢ ɨɩɬɢмɢɡɚɰɢɢ ɞɢɡɚɣɧɚ ɬɨɩɥɢɜɧɵɯ сɬɪɭɤɬɭɪ (ɧɚɩɪɢмɟɪ, 
ɞɢсɩɟɪсɧɨɟ ɬɨɩɥɢɜɨ) сɨɯɪɚɧɹɟɬсɹ. ȼɨ мɧɨɝɨм ɨɧ ɩɨɞɞɟɪɠɢɜɚɟɬсɹ сɬɪɟмɥɟɧɢɟм ɤ ɩɟɪɟɯɨɞɭ ɧɚ 
ɧɢɡɤɨɨɛɨɝɚɳɟɧɧɨɟ ɩɥɨɬɧɨɟ ɬɨɩɥɢɜɨ ɞɥɹ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɯ ɪɟɚɤɬɨɪɨɜ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɚ ɢссɥɟɞɨɜɚɧɚ ɤɜɚɡɢɪɚɜɧɨɜɟсɧɚɹ сɬɪɭɤɬɭɪɚ ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ ɮɚɡɚ U-
εШ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɩɪɢ ɤɪɢсɬɚɥɥɢɡɚɰɢɢ ɪɚсɩɥɚɜɚ ɩɪɢ ɩɨсɬɨɹɧɧɨм ɨɛɴɟмɟ. Ⱦɥɹ ɚɧɚɥɢɡɚ сɩɥɚɜɚ 
ɭɪɚɧ-мɨɥɢɛɞɟɧ ɪɚссɱɢɬɵɜɚɥɢсɶ ɩɚɪɧɨ-ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ ɢ ɭɝɥɨɜɚɹ ɮɭɧɤɰɢɹ 
ɪɚсɩɪɟɞɟɥɟɧɢɹ. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɩɚɪɚмɟɬɪɨɜ ɪɟɲɟɬɤɢ сɩɥɚɜɚ ɭɪɚɧ-мɨɥɢɛɞɟɧ (К=Л ɢ 
М) ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ мɨɥɢɛɞɟɧɚ. Ɉɧɢ ɯɨɪɨɲɨ сɨɝɥɚсɭɸɬсɹ с ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ 
ɞɚɧɧɵмɢ ɢ ɩɨɞɬɜɟɪɠɞɚɸɬ ɚɧɢɡɨɬɪɨɩɢɸ ɪɟɲɟɬɤɢ ɩɪɢ мɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ мɨɥɢɛɞɟɧɚ ɢ ɟɟ 
ɨɬсɭɬсɬɜɢɟ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ мɨɥɢɛɞɟɧɚ ɛɨɥɶɲɟ β0-β5 ɚɬɨмɧɵɯ ɩɪɨɰɟɧɬɨɜ. 

Ɋɟɡɭɥɶɬɚɬɵ ɬɚɤɠɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɡɞɟɥɟɧɢɟ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɮɚɡɵ ɧɚ ɚɧɢɡɚɬɪɨɩɧɭɸ ɢ 
ɢɡɨɬɪɨɩɧɭɸ (ɤɭɛɢɱɟсɤɭɸ) ɧɟ ɜɩɨɥɧɟ ɩɪɚɜɨмɟɪɧɨ. Ⱥɧɢɡɨɬɪɨɩɢɹ ɹɜɥɹɟɬсɹ сɥɟɞсɬɜɢɟм 
ɥɨɤɚɥɶɧɨɝɨ ɪɚсɩɨɥɨɠɟɧɢɹ ɚɬɨмɨɜ ɭɪɚɧɚ ɜ сɬɪɭɤɬɭɪɟ сɩɥɚɜɚ U-εШ. Пɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ мɨɥɢɛɞɟɧɚ ɚɧɢɡɨɬɪɨɩɢɹ ɢсɱɟɡɚɟɬ ɧɟ ɡɚ сɱɟɬ ɢɡмɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɣ ɚɬɨмɨɜ 
ɭɪɚɧɚ, ɚ ɡɚ сɱɟɬ ɧɚɤɨɩɥɟɧɢɹ "ɰɟɧɬɪɨɜ сɬɚɛɢɥɢɡɚɰɢɢ ɢɡɨɬɪɨɩɢɢ" - ɚɬɨмɨɜ мɨɥɢɛɞɟɧɚ. 
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XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

75 
 

ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɂȿ ɂ ɋɌɊɍɄɌɍɊɇɕȿ ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ 
ȾȼɍɆȿɊɇɕɏ ɋɂɋɌȿɆ ɋ ɗɄɊȺɇɂɊɈȼȺɇɇɕɆ ɄɍɅɈɇɈȼɋɄɂɆ 

ɉɈɌȿɇɐɂȺɅɈɆ ȼɁȺɂɆɈȾȿɃɋɌȼɂə 
ȼɚɭɥɢɧɚ Ɉ.ɋ.1, Ʉɨсс Ʉ.Ƚ.2 

1Ɉɛɴɟɞɢɧɟɧɧɵɣ ɂɧɫɬɢɬɭɬ ȼɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ, Ɋɨɫɫɢɹ, 1β541β,  
Ɇɨɫɤɜɚ, ɭɥ. ɂɠɨɪɫɤɚɹ, ɞ. 1γ, ɫɬɪ. β.  

2Ɇɨɫɤɨɜɫɤɢɣ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ (ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ), 
Ɋɨɫɫɢɹ,141700, Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, Ⱦɨɥɝɨɩɪɭɞɧɵɣ, ɂɧɫɬɢɬɭɬɫɤɢɣ ɩɟɪ., ɞ. 9.  
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Ɂɧɚɧɢɟ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ сɢсɬɟм ɜɡɚɢмɨɞɟɣсɬɜɭɸɳɢɯ ɱɚсɬɢɰ ɧɟɨɛɯɨɞɢмɨ ɜɨ 
мɧɨɝɢɯ ɨɛɥɚсɬɹɯ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ – ɮɢɡɢɤɟ ɩɥɚɡмɵ, мɟɞɢɰɢɧɟ, ɮɢɡɢɤɟ ɩɨɥɢмɟɪɨɜ ɢ ɞɪɭɝɢɯ 
Д1, βЖ. Ɉсɨɛɨɟ ɜɧɢмɚɧɢɟ ɭɞɟɥɹɟɬсɹ ɞɜɭмɟɪɧɵм сɢсɬɟмɚм. Пɨмɢмɨ ɮɭɧɞɚмɟɧɬɚɥɶɧɵɯ 
ɚсɩɟɤɬɨɜ, ɢссɥɟɞɨɜɚɧɢɹ ɮɢɡɢɱɟсɤɢɯ сɜɨɣсɬɜ ɬɚɤɢɯ сɢсɬɟм ɩɪɟɞсɬɚɜɥɹɸɬ ɩɪɢɤɥɚɞɧɨɣ ɢɧɬɟɪɟс 
ɜ ɨɛɥɚсɬɢ ɧɚɧɨ- ɢ мɢɤɪɨ-ɬɟɯɧɨɥɨɝɢɣ, ɚ ɬɚɤɠɟ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɨɤɪɵɬɢɣ ɢ мɚɬɟɪɢɚɥɨɜ с 
ɡɚɞɚɧɧɵмɢ сɜɨɣсɬɜɚмɢ ДβЖ. 

ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟс ɜɵɡɵɜɚɟɬ ɩɥɚɜɥɟɧɢɟ ɞɜɭмɟɪɧɵɯ сɢсɬɟм. ɇɚ ɧɚсɬɨɹɳɢɣ мɨмɟɧɬ 
сɭɳɟсɬɜɭɸɬ ɞɜɟ ɨсɧɨɜɧɵɟ мɨɞɟɥɢ ɷɬɨɝɨ ɩɪɨɰɟссɚ, ɨɛɟ ɢɡ ɤɨɬɨɪɵɯ ɛɚɡɢɪɭɸɬсɹ ɧɚ ɚɧɚɥɢɡɟ 
ɮɨɪмɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɨɩɨɥɨɝɢɱɟсɤɢɯ ɞɟɮɟɤɬɨɜ. Пɟɪɜɚɹ - KTHNY (Kosterlitz-Thouless-
Halperin-Nelson-Young) ɬɟɨɪɢɹ, ɤɨɬɨɪɚɹ ɩɪɨɝɧɨɡɢɪɭɟɬ ɞɜɭɯсɬɚɞɢɣɧɵɣ ɩɪɨɰɟсс ɩɟɪɟɯɨɞɚ ɨɬ 
ɤɪɢсɬɚɥɥɢɱɟсɤɨɣ ɮɚɡɵ ɤ ɠɢɞɤɨсɬɧɨмɭ сɨсɬɨɹɧɢɸ сɢсɬɟмɵ ɱɟɪɟɡ ɮɨɪмɢɪɨɜɚɧɢɟ 
ɩɪɨмɟɠɭɬɨɱɧɨɣ, ɬɚɤ ɧɚɡɵɜɚɟмɨɣ ɝɟɤсɚɬɢɱɟсɤɨɣ ɮɚɡɵ Дγ-5Ж. ȼɬɨɪɚɹ - ɷɬɨ GBI (Grain-
Boundary-Inducedmelting) ɬɟɨɪɢɹ, ɤɨɬɨɪɚɹ ɨɩɢсɵɜɚɟɬ ɩɥɚɜɥɟɧɢɟ ɞɜɭмɟɪɧɵɯ сɢсɬɟм, ɜ ɨɛɳɟм 
сɥɭɱɚɟ, ɤɚɤ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɩɟɪɜɨɝɨ ɪɨɞɚ ɨɬ ɤɪɢсɬɚɥɥɚ ɤ ɠɢɞɤɨсɬɢ ɛɟɡ ɮɨɪмɢɪɨɜɚɧɢɹ 
ɩɪɨмɟɠɭɬɨɱɧɨɣ ɮɚɡɵ Д6, 7Ж. 

Ⱦɨɤɚɡɚɬɟɥɶсɬɜɚ сɩɪɚɜɟɞɥɢɜɨсɬɢ KTHNY- ɬɟɨɪɢɢ ɞɥɹ ɞɜɭмɟɪɧɵɯ сɢсɬɟм с ɪɚɡɥɢɱɧɵмɢ 
ɩɨɬɟɧɰɢɚɥɚмɢ мɟɠɱɚсɬɢɱɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɛɵɥɢ ɩɪɟɞсɬɚɜɥɟɧɵ ɜ ɪɹɞɟ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɢ ɱɢсɥɟɧɧɵɯ ɪɚɛɨɬ Д8-1βЖ. Ɍɚɤ, ɧɚɩɪɢмɟɪ, ɞɟɬɚɥɶɧɨɟ ɱɢсɥɟɧɧɨɟ 
ɢссɥɟɞɨɜɚɧɢɟ ɞɢɧɚмɢɤɢ ɱɚсɬɢɰ, ɜɡɚɢмɨɞɟɣсɬɜɭɸɳɢɯ с ɷɤɪɚɧɢɪɨɜɚɧɧɵм ɤɭɥɨɧɨɜсɤɢм 
ɩɨɬɟɧɰɢɚɥɨм (ɬɢɩɚ ɘɤɚɜɵ)μ  (r) = (eZ)2exp(-r/)/r,     (1) 
ɝɞɟ- ɞɥɢɧɚ ɷɤɪɚɧɢɪɨɜɚɧɢɹ, ɚ eZ - ɡɚɪɹɞ ɱɚсɬɢɰ, ɩɪɟɞсɬɚɜɥɟɧɨ ɜ ɪɚɛɨɬɚɯД11-1βЖ. Ɍɚɤɚɹ мɨɞɟɥɶ 
ɩɪɟɞсɬɚɜɥɹɟɬ ɨсɨɛɵɣ ɢɧɬɟɪɟс с ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɨɪɟɬɢɱɟсɤɢɯ ɢссɥɟɞɨɜɚɧɢɣ сɜɨɣсɬɜ ɩɵɥɟɜɨɣ 
ɩɥɚɡмɵ ДβЖ, ɚ ɬɚɤɠɟ ɲɢɪɨɤɨ ɢсɩɨɥɶɡɭɟɬсɹ ɞɥɹ ɱɢсɥɟɧɧɨɝɨ мɨɞɟɥɢɪɨɜɚɧɢɹ ɨɬɬɚɥɤɢɜɚɧɢɹ ɜ 
ɤɢɧɟɬɢɤɟ ɜɡɚɢмɨɞɟɣсɬɜɭɸɳɢɯ ɱɚсɬɢɰ Д1, βЖ. 

ɑɢсɥɟɧɧɨɟ мɨɞɟɥɢɪɨɜɚɧɢɟ Д11-1βЖ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɮɢɡɢɱɟсɤɢɟ сɜɨɣсɬɜɚ ɬɚɤɢɯ сɢсɬɟм 
ɢмɟɸɬ ɞɜɟ ɨсɨɛɵɟ ɬɨɱɤɢ. Пɟɪɜɚɹ ɢɡ ɧɢɯ ɨɬɧɨсɢɬсɹ ɤ ɮɚɡɨɜɨмɭ ɩɟɪɟɯɨɞɭ «ɠɢɞɤɨсɬɶ – 
ɝɟɤсɚɬɢɱɟсɤɚɹ ɮɚɡɚ» ɢ ɧɚɛɥɸɞɚɟɬсɹ, ɤɨɝɞɚ ɷɮɮɟɤɬɢɜɧɵɣ ɩɚɪɚмɟɬɪ ɧɟɢɞɟɚɥɶɧɨсɬɢ сɢсɬɟмɵ 
Ƚ* = Ƚ*

hg≈ 98 ± γ; ɜɬɨɪɚɹ ɨсɨɛɚɹ ɬɨɱɤɚ (ɩɪɢ Ƚ* = Ƚ*
с ≈ 154 ± 4) сɨɨɬɜɟɬсɬɜɭɟɬ ɩɟɪɟɯɨɞɭ ɨɬ 

ɝɟɤсɚɬɢɱɟсɤɨɣ ɮɚɡɵ ɤ "ɢɞɟɚɥɶɧɨмɭ" ɤɪɢсɬɚɥɥɭ, ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɱɚсɬɢɰ D 0. 
(Ɂɞɟсɶ *= 1.5 (eZ)2(1++2/2)exp(-)/(Trp), ɝɞɟ  =rp/, T -ɬɟмɩɟɪɚɬɭɪɚ ɱɚсɬɢɰ ɜ 
ɷɧɟɪɝɟɬɢɱɟсɤɢɯ ɟɞɢɧɢɰɚɯ, ɚ rp - сɪɟɞɧɟɟ мɟɠɱɚсɬɢɱɧɨɟ ɪɚссɬɨɹɧɢɟ.) ɋɥɟɞɭɟɬ ɨɬмɟɬɢɬɶ, ɱɬɨ, ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɷɤсɩɟɪɢмɟɧɬɨɜ с ɤɨɥɥɨɢɞɧɵмɢ сɢсɬɟмɚмɢ (ɩɨɤɚɡɵɜɚɸɳɢмɢ ɯɨɪɨɲɟɟ сɨɝɥɚсɢɟ с 
ɜɵɜɨɞɚмɢ KTHσВ- ɬɟɨɪɢɢ Д8-10]), сɪɚɜɧɟɧɢɟ ɬɟɨɪɟɬɢɱɟсɤɢɯ ɩɪɟɞсɤɚɡɚɧɢɣ с ɪɟɡɭɥɶɬɚɬɚмɢ 
ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɢссɥɟɞɨɜɚɧɢɹ мɨɧɨсɥɨɣɧɵɯ ɩɵɥɟɜɵɯ сɬɪɭɤɬɭɪ ɜ ɩɥɚɡмɟ ɟмɤɨсɬɧɨɝɨ 
ɜɵсɨɤɨɱɚсɬɨɬɧɨɝɨ (ɜɱ-) ɪɚɡɪɹɞɚ ɧɟ ɜɵɹɜɢɥɨ ɭɛɟɞɢɬɟɥɶɧɨɝɨ сɨɨɬɜɟɬсɬɜɢɹ сɨ сɰɟɧɚɪɢɹмɢ 
ɩɥɚɜɥɟɧɢɹ, ɨɩɢсɚɧɧɵмɢ ɤɚɤ ɜ KTHσВ- ɬɟɨɪɢɢ, ɬɚɤ ɢ ɜ GBI- ɬɟɨɪɢɢ Д1γ, 14Ж. 

Ɉɛɵɱɧɨ ɩɪɟɞɩɨɥɚɝɚɟɬсɹ, ɱɬɨ ɜ сɥɭɱɚɟ ɨсɭɳɟсɬɜɥɟɧɢɹ KTHNY сɰɟɧɚɪɢɹ ɨɛɚ ɮɚɡɨɜɵɯ 
ɩɟɪɟɯɨɞɚ ɜ сɢсɬɟмɟ ɹɜɥɹɸɬсɹ ɩɟɪɟɯɨɞɚмɢ ɜɬɨɪɨɝɨ ɪɨɞɚ Д7, 15Ж. Ɉɞɧɚɤɨ ɪɟɡɭɥɶɬɚɬɵ ɪɹɞɚ 
ɱɢсɥɟɧɧɵɯ ɢ ɬɟɨɪɟɬɢɱɟсɤɢɯ ɢссɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ ɡɚɜɢсɢмɨсɬɢ ɨɬ ɬɢɩɚ 
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ɩɨɬɟɧɰɢɚɥɚ ɩɚɪɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɱɚсɬɢɰ ɜ ɞɜɭмɟɪɧɵɯ сɢсɬɟмɚɯ ɨɛɚ ɩɟɪɟɯɨɞɚ мɨɝɭɬ ɛɵɬɶ 
ɩɟɪɜɨɝɨ ɪɨɞɚ, ɚ ɬɚɤɠɟ ɨɞɢɧ ɢɡ ɧɢɯ мɨɠɟɬ ɛɵɬɶ ɩɟɪɟɯɨɞɨм ɩɟɪɜɨɝɨ ɪɨɞɚ, ɚ ɞɪɭɝɨɣ - ɜɬɨɪɨɝɨ 
ɪɨɞɚ Д16-18]. 

ȼ ɧɚсɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞсɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɱɢсɥɟɧɧɨɝɨ ɢссɥɟɞɨɜɚɧɢɹ 
ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ сɢɥɶɧɨ ɧɟɢɞɟɚɥɶɧɵɯ (ɠɢɞɤɨсɬɧɵɯ ɢ ɤɪɢсɬɚɥɥɢɱɟсɤɢɯ) 
ɞɜɭмɟɪɧɵɯ сɢсɬɟм ɱɚсɬɢɰ, ɜɡɚɢмɨɞɟɣсɬɜɭɸɳɢɯ с ɷɤɪɚɧɢɪɨɜɚɧɧɵм ɤɭɥɨɧɨɜсɤɢм 
ɩɨɬɟɧɰɢɚɥɨм ɬɢɩɚ ɘɤɚɜɵ, ɜ ɲɢɪɨɤɨм ɞɢɚɩɚɡɨɧɟ ɢɯ ɩɚɪɚмɟɬɪɨɜ ɧɟɢɞɟɚɥɶɧɨсɬɢ с ɲɚɝɨм 
ɢɡмɟɧɟɧɢɹ ɜɟɥɢɱɢɧɵ *, ɞɨсɬɚɬɨɱɧɵм ɞɥɹ ɭсɬɪɚɧɟɧɢɹ ɧɟɨɞɧɨɡɧɚɱɧɨсɬɢ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 
ɩɨɜɟɞɟɧɢɹ сɢсɬɟм ɜɛɥɢɡɢ ɬɨɱɟɤ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ.  

ɑɢсɥɟɧɧɨɟ мɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨсɶ мɟɬɨɞɨм мɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚмɢɤɢ Ʌɚɧɠɟɜɟɧɚ, 
ɨсɧɨɜɚɧɧɵм ɧɚ ɪɟɲɟɧɢɢ сɢсɬɟмɵ ɢɡ Np ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɞɜɢɠɟɧɢɹ, (ɝɞɟ Np- ɱɢсɥɨ ɱɚсɬɢɰ ɜ ɪɚсɱɟɬɧɨɣ ɹɱɟɣɤɟ) с ɭɱɟɬɨм сɢɥɵ Ʌɚɧɠɟɜɟɧɚ Frɚn, 
ɨɬɜɟɱɚɸɳɟɣ ɡɚ сɬɨɯɚсɬɢɱɟсɤɢɣ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɱɚсɬɢɰ с ɡɚɞɚɧɧɨɣ ɤɢɧɟɬɢɱɟсɤɨɣ 
ɬɟмɩɟɪɚɬɭɪɨɣ Ɍ. Ɍɟɯɧɢɤɚ мɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɞɪɨɛɧɨ ɨɩɢсɚɧɚ ɜ ɪɚɛɨɬɟ ДβЖ. Ɋɚсɱɟɬɵ ɛɵɥɢ 
ɜɵɩɨɥɧɟɧɵ ɞɥɹ ɨɞɧɨɪɨɞɧɵɯ ɞɜɭмɟɪɧɵɯ сɢсɬɟм ɘɤɚɜɵ с ɩɚɪɚмɟɬɪɚмɢ ɷɤɪɚɧɢɪɨɜɚɧɢɹ rp/ 
=1, 1.5, β, γ, 4 (ɝɞɟ rp = (Np/S)1/2, ɚS – ɩɥɨɳɚɞɶ мɨɞɟɥɢɪɭɟмɨɣ ɹɱɟɣɤɢ). Ⱦɥɹ мɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɬɹɠɟɧɧɨɝɨ ɨɞɧɨɪɨɞɧɨɝɨ сɥɨɹ ɡɚɞɚɜɚɥɢсɶ ɩɟɪɢɨɞɢɱɟсɤɢɟ ɝɪɚɧɢɱɧɵɟ ɭсɥɨɜɢɹ ɜ ɞɜɭɯ 
ɜɵɛɪɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ (x ɢy). ɑɢсɥɨ ɧɟɡɚɜɢсɢмɵɯ ɱɚсɬɢɰ ɜ ɰɟɧɬɪɚɥɶɧɨɣ сɱɟɬɧɨɣ ɹɱɟɣɤɟ 
Np ɜɚɪɶɢɪɨɜɚɥɨсɶ ɨɬ β56 ɞɨ 40λ6. ȼ ɡɚɜɢсɢмɨсɬɢ ɨɬ ɱɢсɥɚ ɱɚсɬɢɰ ɞɥɢɧɚ ɨɛɪɟɡɚɧɢɹ 
ɩɨɬɟɧɰɢɚɥɚ rcut мɟɧɹɥɚсɶ ɨɬ 5rp ɞɨ β5rp. Ɉсɧɨɜɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɥɹ Np = 1024 
ɧɟɡɚɜɢсɢмɵɯ ɱɚсɬɢɰ ɩɪɢ ɞɥɢɧɟ ɨɛɪɟɡɚɧɢɹ ɩɨɬɟɧɰɢɚɥɚ rcut = 12rp. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ мɨɞɟɥɢɪɭɟмɵɯ сɢсɬɟм ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ 
ɪɟɲɚɥɢсɶ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɩɚɪɚмɟɬɪɨɜμ ɩɚɪɚмɟɬɪɚ ɧɟɢɞɟɚɥɶɧɨсɬɢ, *ɢ ɩɚɪɚмɟɬɪɚ 
мɚсɲɬɚɛɢɪɨɜɚɧɢɹ,  =*/fr , ɝɞɟ *={2(eZ)2(1++2/2)exp(-)/(rp

3M)} 1/2, M – мɚссɚ ɱɚсɬɢɰɵ. 
ȼɟɥɢɱɢɧɚ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɚɪɚмɟɬɪɚ ɧɟɢɞɟɚɥɶɧɨсɬɢ *мɟɧɹɥɚсɶ ɜ ɩɪɟɞɟɥɚɯ ɨɬ з 5 ɞɨ β75, ɚ 
ɜɟɥɢɱɢɧɚ ɩɚɪɚмɟɬɪɚ мɚсɲɬɚɛɢɪɨɜɚɧɢɹ ɜɚɪɶɢɪɨɜɚɥɚсɶ ɨɬ  0.β5ɞɨ 4 ( 0.25; 0.5; 1; 2; 4) , 
ɜ ɞɢɚɩɚɡɨɧɟ, ɬɢɩɢɱɧɨм ɞɥɹ ɭсɥɨɜɢɣ ɷɤсɩɟɪɢмɟɧɬɨɜ ɜ ɩɥɚɡмɟ ɝɚɡɨɜɵɯ ɪɚɡɪɹɞɨɜ ДβЖ. 

 

 
Ɋɢс. 1. Ɂɚɜɢсɢмɨсɬɶ (ɋV -1) ɨɬ * ɞɥɹ ɞɜɭмɟɪɧɵɯ сɢсɬɟм с ɷɤɪɚɧɢɪɨɜɚɧɧɵм ɤɭɥɨɧɨɜсɤɢм 
ɩɨɬɟɧɰɢɚɥɨм ɜɡɚɢмɨɞɟɣсɬɜɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɧɚ ɨсɧɨɜɟ ɭсɪɟɞɧɟɧɧɵɯ ɞɚɧɧɵɯ U(Ƚ*) 
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Ɂɧɚɱɟɧɢɹ ɬɟɩɥɨɟмɤɨсɬɢ, ɋV=(U/T)V, ɩɨɥɭɱɟɧɧɵɟ ɩɭɬɟм ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ 
ɭсɪɟɞɧɟɧɧɵɯ ɞɚɧɧɵɯ U (Ƚ*), ɩɨɤɚɡɚɧɵ ɧɚ ɪɢс. 1. Ʌɟɝɤɨ ɡɚмɟɬɢɬɶ ɞɜɟ ɨсɨɛɟɧɧɨсɬɢ ɤɪɢɜɨɣ 
ɋV(Ƚ*) ɜɛɥɢɡɢ Ƚ*= λ8 (сɤɚɱɨɤ) ɢ Ƚ* = 154 (ɪɟɡɤɢɣ ɪɨсɬ), сɨɨɬɜɟɬсɬɜɟɧɧɨ. 

ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɧɚɛɥɸɞɟɧɢɟ ɤɨɧɟɱɧɨɝɨ ɩɢɤɚ ɬɟɩɥɨɟмɤɨсɬɢ ɋV ɜɛɥɢɡɢ ɩɟɪɟɯɨɞɚ 
”ɤɪɢсɬɚɥɥ-ɝɟɤсɚɬɢɱɟсɤɚɹ ɮɚɡɚ” ɢ ɨɬɥɢɱɢɟ ɧɚɛɥɸɞɚɟмɨɝɨ сɤɚɱɤɚ ɋV ɜɛɥɢɡɢ ɩɟɪɟɯɨɞɚ 
”ɝɟɤсɚɬɢɱɟсɤɚɹ ɮɚɡɚ-ɠɢɞɤɨсɬɶ” ɨɬ ɤɥɚссɢɱɟсɤɨɣ ɮɭɧɤɰɢɢ ɏɟɜɢсɚɣɞɚ, ɨɱɟɜɢɞɧɨ, сɜɹɡɚɧɵ с 
мɚɬɟмɚɬɢɱɟсɤɢмɢ ɨсɨɛɟɧɧɨсɬɹмɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ/ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɞɢсɤɪɟɬɧɵɯ ɞɚɧɧɵɯ. 
Пɨсɤɨɥɶɤɭ, ɱɟм ɝɪɭɛɟɟ ɪɚɡɛɢɟɧɢɟ ɬɚɤɢɯ ɞɚɧɧɵɯ, ɬɟм, ɟсɬɟсɬɜɟɧɧɨ, ɛɨɥɟɟ "ɲɢɪɨɤ" 
ɧɚɛɥɸɞɚɟмɵɣ ɩɢɤ ɢ мɟɧɶɲɟ ɟɝɨ ɚмɩɥɢɬɭɞɚ ɩɪɢ ɢɯ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɢ ɜ ɪɚɣɨɧɟ сɤɚɱɤɚ, ɢ 
ɬɟм ɛɨɥɟɟ ɧɟɜɵɪɚɡɢɬɟɥɶɧɵмɢ сɬɚɧɨɜɹɬсɹ ɬɨɱɤɢ, ɧɚɣɞɟɧɧɵɟ ɩɭɬɟм ɢɯ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ ɱɢсɥɟɧɧɨɝɨ ɢссɥɟɞɨɜɚɧɢɹ 
ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɮɭɧɤɰɢɣ ɢ ɯɚɪɚɤɬɟɪɢсɬɢɤ ɬɚɤɢɯ, ɤɚɤ ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ, ɷɧɬɪɨɩɢɹ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɟмɤɨсɬɢ, ɞɥɹ сɢɥɶɧɨ ɧɟɢɞɟɚɥɶɧɵɯ (ɠɢɞɤɨсɬɧɵɯ ɢ ɤɪɢсɬɚɥɥɢɱɟсɤɢɯ) 
сɢсɬɟм ɱɚсɬɢɰ, ɜɡɚɢмɨɞɟɣсɬɜɭɸɳɢɯ с ɷɤɪɚɧɢɪɨɜɚɧɧɵм ɤɭɥɨɧɨɜсɤɢм ɩɨɬɟɧɰɢɚɥɨм ɬɢɩɚ 
ɘɤɚɜɵ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨсɶ ɞɥɹ ɞɜɭмɟɪɧɵɯ сɬɪɭɤɬɭɪ ɜ ɲɢɪɨɤɨм ɞɢɚɩɚɡɨɧɟ 
ɩɚɪɚмɟɬɪɨɜ, сɨɨɬɜɟɬсɬɜɭɸɳɢɯ ɭсɥɨɜɢɹм ɷɤсɩɟɪɢмɟɧɬɨɜ ɜ ɥɚɛɨɪɚɬɨɪɧɨɣ ɩɵɥɟɜɨɣ ɩɥɚɡмɟ, ɞɥɹ 
сɢсɬɟм с ɷɮɮɟɤɬɢɜɧɵм ɩɚɪɚмɟɬɪɨм ɧɟɢɞɟɚɥɶɧɨсɬɢ *> 5.  

Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɜɵɲɟɭɤɚɡɚɧɧɵɟ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ ɯɚɪɚɤɬɟɪɢсɬɢɤɢ ɢмɟɸɬ ɞɜɟ ɨсɨɛɵɟ 
ɬɨɱɤɢ ɧɚ ɥɢɧɢɢ ɩɥɚɜɥɟɧɢɹ ɢссɥɟɞɭɟмɵɯ сɢсɬɟм ɜɛɥɢɡɢ ɡɧɚɱɟɧɢɣ ɩɚɪɚмɟɬɪɨɜ ɧɟɢɞɟɚɥɶɧɨсɬɢ 
Ƚ*= λ8 ɢȽ* = 154. Пɨɜɟɞɟɧɢɟ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɯɚɪɚɤɬɟɪɢсɬɢɤ ɜɛɥɢɡɢ ɷɬɢɯ ɬɨɱɟɤ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɛɥɸɞɚɟмɵɟ ɜɛɥɢɡɢ ɧɢɯ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɹɜɥɹɸɬсɹ ɩɟɪɟɯɨɞɚмɢ ɜɬɨɪɨɝɨ ɢ 
ɩɟɪɜɨɝɨ ɪɨɞɚ, сɨɨɬɜɟɬсɬɜɟɧɧɨ. Пɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ мɨɝɭɬ ɪɚссмɚɬɪɢɜɚɬɶсɹ ɜ ɤɚɱɟсɬɜɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɞɬɜɟɪɠɞɟɧɢɹ сɰɟɧɚɪɢɹ ɞɜɭɯсɬɚɞɢɣɧɨɝɨ ɩɥɚɜɥɟɧɢɹ ɞɜɭмɟɪɧɵɯ сɢсɬɟм 
ɘɤɚɜɵ. Пɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ сɪɚɜɧɢɜɚɸɬсɹ с сɭɳɟсɬɜɭɸɳɢмɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ, 
ɱɢсɥɟɧɧɵмɢ ɢ ɚɧɚɥɢɬɢɱɟсɤɢмɢ ɞɚɧɧɵмɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɧɚсɬɨɹɳɟɣ ɪɚɛɨɬɵ мɨɝɭɬ ɛɵɬɶ ɥɟɝɤɨ ɨɛɨɛɳɟɧɵ ɞɥɹ сɢсɬɟм с ɲɢɪɨɤɢм ɤɪɭɝɨм 
ɢɡɨɬɪɨɩɧɵɯ ɩɚɪɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞсɬɚɜɥɹɸɬ ɢɧɬɟɪɟс ɜ ɮɢɡɢɤɟ ɩɥɚɡмɵ, 
мɟɞɢɰɢɧɟ, ɛɢɨɥɨɝɢɢ, ɚ ɬɚɤɠɟ ɜ ɮɢɡɢɤɟ ɩɨɥɢмɟɪɨɜ ɢ ɞɪɭɝɢɯ ɤɨɥɥɨɢɞɧɵɯ сɢсɬɟм. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɛɵɥɚ ɱɚɫɬɢɱɧɨ ɩɨɞɞɟɪɠɚɧɚ Ɋɨɫɫɢɣɫɤɢɦ ɮɨɧɞɨɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬ №1γ-08-00263-К), Ɇɢɧɢɫɬɟɪɫɬɜɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ, ɚ ɬɚɤɠɟ ɉɪɨɝɪɚɦɦɨɣ ɉɪɟɡɢɞɢɭɦɚ ɊȺɇ. 
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ȼ ɞɨɤɥɚɞɟ ɩɪɟɞсɬɚɜɥɟɧ ɨɛɡɨɪ ɨсɧɨɜɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ Ƚɥɨɛɚɥɶɧɨɝɨ ɂɡɨмɨɪɮɢɡмɚ ɥɟɧɧɚɪɞ-

ɞɠɨɧсɨɜсɤɢɯ ɮɥɸɢɞɨɜ ɢ ɪɟɲɟɬɨɱɧɨɝɨ ɝɚɡɚ (мɨɞɟɥɢ ɂɡɢɧɝɚ). ɇɚ ɮɟɧɨмɟɧɨɥɨɝɢɱɟсɤɨм ɭɪɨɜɧɟ 
ɬɟɨɪɢɹ ɹɜɥɹɟɬсɹ ɝɟɨмɟɬɪɢɱɟсɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɟɣ ɢɡɜɟсɬɧɵɯ ɷмɩɢɪɢɱɟсɤɢɯ ɡɚɤɨɧɨмɟɪɧɨсɬɟɣ 
ɬɟɨɪɢɢ ɠɢɞɤɨсɬɟɣμ ɡɚɤɨɧɚ ɩɪɹмɨɥɢɧɟɣɧɨɝɨ ɞɢɚмɟɬɪɚ ɩɥɨɬɧɨсɬɢ ɤɪɢɜɨɣ сɨсɭɳɟсɬɜɨɜɚɧɢɹ [1]: 
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B  - ɜɢɪɢɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 

Пɪɟɨɛɪɚɡɨɜɚɧɢɟ (1) ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ сɨɨɬɧɨɲɟɧɢɟ мɟɠɞɭ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢмɢ 
ɩɨɬɟɧɰɢɚɥɚмɢ Ƚɢɛɛсɚ ɭɤɚɡɚɧɧɵɯ сɢсɬɟм [9]: 

( , ) ( ( ), ( , ))P T V N g t T h T       (5) 
ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɜ ɱɚсɬɧɨсɬɢ сɜɹɡɚɬɶ ɤɨɨɪɞɢɧɚɬɵ ɤɪɢɬɢɱɟсɤɢɯ ɬɨɱɟɤ ɮɥɸɢɞɚ ɢ ɪɟɲɟɬɨɱɧɨɣ 

мɨɞɟɥɢ, ɤɪɢɬɢɱɟсɤɢɟ ɮɚɤɬɨɪɵ сɠɢмɚɟмɨсɬɢ [10] (см. Ɍɚɛɥɢɰɚ 1) ɚ ɬɚɤɠɟ ɭсɬɚɧɨɜɢɬɶ 
ɜɡɚɢмɨсɜɹɡɶ мɟɠɞɭ ɩɨɜɟɪɯɧɨсɬɧɵм ɧɚɬɹɠɟɧɢɟм ɮɥɸɢɞɚ ɢ ɪɟɲɟɬɨɱɧɨɝɨ ɝɚɡɚ. 
 
Ɍɚɛɥɢɰɚ 1. Ʉɪɢɬɢɱɟсɤɢɟ ɮɚɤɬɨɪɵ сɠɢмɚɟмɨсɬɢ ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨсɧɨɜɟ ɝɥɨɛɚɥɶɧɨɝɨ 
ɢɡɨмɨɪɮɢɡмɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɟɲɟɬɨɱɧɵɯ мɨɞɟɥɟɣ (ɩɪɨсɬɚɹ ɤɭɛɢɱɟсɤɚɹ (sc), 
ɨɛɴɟмɧɨɰɟɧɬɪɢɪɨɜɚɧɧɚɹ (bcc) ɝɪɚɧɟɰɟɧɬɪɢɪɨɜɚɧɧɚɹ (fcc)) ɢ сɪɚɜɧɟɧɢɟ с c

Z  ɞɥɹ ɪɟɚɥɶɧɵɯ 
ɮɥɸɢɞɨɜ 

 

 
 

ɅɂɌȿɊȺɌɍɊȺ  
 
1. L. Cailletet and E.C. Mathias, Comptes rendus hebdomadaires des Seiances de l'Academie des 
Sciences. 102 (1886) 1202. 
2. D. Ben-Amotz and D.R. Herschbach.Israel Journal of Chemistry. 30 (1990) 59. 
3. ȿ.Ɇ. Ⱥɩɮɟɥɶɛɚɭм, ȼ.ɋ. ȼɨɪɨɛɶɟɜ, Ƚ.Ⱥ. Ɇɚɪɬɵɧɨɜ. ɀɭɪɧɚɥ ɫɬɪɭɤɬɭɪɧɨɣ ɯɢɦɢɢ. 47 (2006) 
113. 
4. E.M. Apfel'baum and V.S. Vorob'ev. Ukrainian Journal of Physics. 56 (2011) 838. 
5. E.M. Apfel'baum,V.S. Vorob'ev, G.A. Martynov. Journal of Physical Chemistry A. 112 (2008) 
6042. 
6. E.M. Apfel'baum,V.S. Vorob'ev, G.A. Martynov. Journal of Physical Chemistry B. 110 (2006) 
8474. 
7. V.L. Kulinskii. J Chem Phys. 133, 3 (2010) 034121. 
8. V.L. Kulinskii. J Phys Chem B. 114, 8 (2010) 2852-5. 
9. L.A. Bulavin, V.L. Kulinskii. J Phys Chem B. 115, 19 (2011) 6061. 
10. V.L. Kulinskii. J. Chem. Phys. 139 (2013) 184119. 
 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

80 
 

 
 

ɋɌȺɌɂɋɌɂɑȿɋɄȺə ɌȿɊɆɈȾɂɇȺɆɂɄȺ ɆɈȾȿɅɖɇɕɏ ɀɂȾɄɈɋɌȿɃ ɋ 
ȺɇɂɁɈɌɊɈɉɇɕɆɂ ɉɈɌȿɇɐɂȺɅȺɆɂ ɆɆȼ 

Ʌɢɬɢɧсɤɢɣ Ƚ.Ȼ., Ɍɚɪɚɯɧɟɨ ȿ.ȼ. 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɝɪɚɠɞɚɧɫɤɨɣ ɡɚɳɢɬɵ ɍɤɪɚɢɧɵ, 

ɍɤɪɚɢɧɚ, 61023, ɏɚɪɶɤɨɜ, ɭɥ. ɑɟɪɧɵɲɟɜɫɤɚɹ, λ4.  
E-mail: litinskii@yandex.ru 

 
Ⱦɥɹ ɨɩɢсɚɧɢɹ ɞɢɷɥɟɤɬɪɢɱɟсɤɢɯ ɢ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ ɩɨɥɹɪɧɵɯ ɠɢɞɤɨсɬɟɣ, ɜ 
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ȼ ɩɨсɥɟɞɭɸɳɢɯ ɪɚɛɨɬɚɯ Дγ,4Ж ɷɬɚ мɨɞɟɥɶ ɛɵɥɚ ɨɛɨɛɳɟɧɚ ɧɚ сɥɭɱɚɣ ɜɡɚɢмɨɞɟɣсɬɜɢɹ 
ɜɬɨɪɵɯ сɨсɟɞɟɣ ɜ ɰɟɩɨɱɤɟ, ɚ ɬɚɤɠɟ ɧɚ ɠɢɞɤɨсɬɶ ɤɜɚɞɪɭɩɨɥɶɧɵɯ (ɄɌɋ) ɢ ɞɢɩɨɥɶ-
ɤɜɚɞɪɭɩɨɥɶɧɵɯ (ȾɄɌɋ) ɬɜёɪɞɵɯ сɮɟɪ Д5,6Ж. 

ȼ ɩɥɨɬɧɨɣ ɠɢɞɤɨсɬɢ ȾɌɋ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɛɥɢɠɚɣɲɢɯ сɨсɟɞɟɣ, ɷɧɟɪɝɢɹ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɤɨɬɨɪɵɯ ɨɩɢсɵɜɚɟɬсɹ ɞɢɩɨɥɶɧɵм ɩɨɬɟɧɰɢɚɥɨм udd() =  ɚcos,     (1) 
ɜɤɥɚɞ ɜ сɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ ɠɢɞɤɨсɬɢ ɜɵɪɚɠɚɟɬсɹ ɱɟɪɟɡ сɬɚɬ сɭммɭ ɩɚɪɵ ɛɥɢɠɚɣɲɢɯ ɱɚсɬɢɰ 
ɢ ɢмɟɟɬ ɜɢɞμ  

 Fd/N = 
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ɝɞɟ ɚ = 2d2  ɩɚɪɚмɟɬɪ ɞɢɩɨɥɶ-ɞɢɩɨɥɶɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ; d  ɞɢɩɨɥɶɧɵɣ мɨмɟɧɬ;   = 
N3/V ɩɥɨɬɧɨсɬɶ, ɚ   = (kT)1. 

ȼ ɠɢɞɤɨсɬɢ ɄɌɋ Д5Ж ɷɧɟɪɝɢɹ ɜɡɚɢмɨɞɟɣсɬɜɢɹμ  uQQ() = b(1 cos2),    (3) 
ɚ ɜɵɪɚɠɟɧɢɟ ɞɥɹ сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ  
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ɡɚɜɢсɢɬ ɨɬ ɩɚɪɚмɟɬɪɚ ɤɜɚɞɪɭɩɨɥɶ-ɤɜɚɞɪɭɩɨɥɶɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ b = 35/3Q2. 
ɗɬɨ ɜɵɪɚɠɟɧɢɟ ɩɥɨɯɨ сɨɝɥɚсɭɟɬсɹ с ɞɚɧɧɵмɢ мɚɲɢɧɧɵɯ ɷɤсɩɟɪɢмɟɧɬɨɜ, ɩɨсɤɨɥɶɤɭ ɜ 

ɤɜɚɞɪɭɩɨɥɶɧɵɯ сɢсɬɟмɚɯ «ɨɞɧɨмɟɪɧɚɹ» (ɰɟɩɨɱɟɱɧɚɹ) мɨɞɟɥɶ сɬɪɭɤɬɭɪɵ ɠɢɞɤɨсɬɢ 
ɧɟɞɨсɬɚɬɨɱɧɚ ɜɜɢɞɭ ɜɨɡмɨɠɧɨсɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɡɜɟɬɜɥёɧɧɵɯ (ɬɪёɯмɟɪɧɵɯ) сɬɪɭɤɬɭɪД6Ж.  

Ⱥɧɚɥɨɝɢɱɧɵм ɨɛɪɚɡɨм мɨɠɧɨ ɩɨɥɭɱɢɬɶ сɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨсɬɵɟ ɢ ɬɨɱɧɵɟ ɚɧɚɥɢɬɢɱɟсɤɢɟ 
ɜɵɪɚɠɟɧɢɹ ɢ ɞɥɹ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɢ ɞɢɷɥɟɤɬɪɢɱɟсɤɢɯ ɮɭɧɤɰɢɣ ɠɢɞɤɨсɬɢ ȾɄɌɋ, ɤɨɬɨɪɵɟ 
сɭɳɟсɬɜɟɧɧɵм ɨɛɪɚɡɨм ɛɭɞɭɬ ɡɚɜɢсɟɬɶ ɨɬ ɨɬɧɨсɢɬɟɥɶɧɨɝɨ ɜɤɥɚɞɚ ɤɜɚɞɪɭɩɨɥɶɧɵɯ сɢɥ  
ɩɚɪɚмɟɬɪɚ  = b/ɚ.  Ɍɚɤ, ɧɚɩɪɢмɟɪ, ɭɜɟɥɢɱɟɧɢɟ  ɜɟɞёɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɤɜɚɡɢɨɞɧɨмɟɪɧɨɣ 
ɞɢɩɨɥɶɧɨɣ ɰɟɩɨɱɤɢ ɢ, сɨɨɬɜɟɬсɬɜɟɧɧɨ, ɤ ɭмɟɧɶɲɟɧɢɸ ɜɟɥɢɱɢɧɵ ɮɚɤɬɨɪɚ Ʉɢɪɤɜɭɞɚ ɜ 
ɠɢɞɤɨсɬɢ ȾɄɌɋ.  

ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɪɚссмɨɬɪɟɧɚ ɬɚɤɠɟ ɩɪɨсɬɟɣɲɚɹ мɨɞɟɥɶ «ɪɟɚɥɶɧɨɣ» ɩɨɥɹɪɧɨɣ ɠɢɞɤɨсɬɢ  с 
ɚɧɢɡɨɬɪɨɩɧɵм ɩɨɬɟɧɰɢɚɥɨм ɨɬɬɚɥɤɢɜɚɬɟɥɶɧɵɯ (ɨɛмɟɧɧɵɯ) сɢɥ, мɨɞɟɥɢɪɭɸɳɢм 
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ɚɧɢɡɨɬɪɨɩɢɸ ɮɨɪмɵ мɨɥɟɤɭɥɵ  ɠɢɞɤɨсɬɶ ɞɢɩɨɥɶɧɵɯ ɬɜёɪɞɵɯ ɷɥɥɢɩɫɨɢɞɨɜ ɜɪɚɳɟɧɢɹ 
(Ɍɗȼ). 

Пɪɨсɬɟɣɲɢɣ ɩɨɬɟɧɰɢɚɥ, ɨɩɢсɵɜɚɸɳɢɣ ɮɨɪмɭ мɨɥɟɤɭɥɵ ɢмɟɟɬ ɜɢɞμ u() =u0 [1 + ( 3cos21 + 3cos22 2)],    (5) 
ɝɞɟ ɩɚɪɚмɟɬɪ ɚɧɢɡɨɬɪɨɩɢɢ  = (ɚ2b2)/(ɚ2 + b2)          (6) 
ɡɚɜɢсɢɬ ɨɬ сɨɨɬɧɨɲɟɧɢɹ ɞɥɢɧ ɛɨɥɶɲɨɣ (ɚ) ɢ мɚɥɵɯ (b) ɩɨɥɭɨсɟɣ Ɍɗȼ.  

ɋɥɭɱɚɣ   = 0 ɨɬɜɟɱɚɟɬ Ɍɋ, ɚb (  0)  ɭɞɥɢɧёɧɧɵм мɨɥɟɤɭɥɚм, ɚ ɚb( 0)  ɩɥɨсɤɢм. 
Ⱦɟɮɨɪмɚɰɢɹ мɨɥɟɤɭɥɵ (Ɍɋ) ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɹ ɞɢɩɨɥɶɧɨɝɨ мɨмɟɧɬɚ сɭɳɟсɬɜɟɧɧɨ мɟɧɹɟɬ 

ɞɢɩɨɥɶɧɭɸ сɬɪɭɤɬɭɪɭ ɠɢɞɤɨсɬɢμ ɭɩɥɨɳɟɧɢɟ мɨɥɟɤɭɥɵ (  0) ɩɪɢɜɨɞɢɬ ɤ сɬɚɛɢɥɢɡɚɰɢɢ 
ɞɢɩɨɥɶɧɨɣ ɰɟɩɨɱɟɱɧɨɣ сɬɪɭɤɬɭɪɵ, ɜ ɬɨ ɜɪɟмɹ ɤɚɤ ɟё ɭɞɥɢɧɟɧɢɟ ( 0) сɬɚɛɢɥɢɡɢɪɭɟɬ 
ɚɧɬɢɮɟɪɪɨмɚɝɧɢɬɧɭɸ ɰɟɩɨɱɟɱɧɭɸ сɬɪɭɤɬɭɪɭ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɢɡмɟɧɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɢ ɜ сɥɭɱɚɟ 
мɨɥɟɤɭɥ с ɞɢɩɨɥɶɧɵм мɨмɟɧɬɨм, ɥɟɠɚɳɢм ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɝɥɚɜɧɨɣ ɨсɢ Ɍɗȼ. 

Ɋɚссɱɢɬɚɧɵ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ ɢ ɞɢɷɥɟɤɬɪɢɱɟсɤɢɟ ɮɭɧɤɰɢɢ ɠɢɞɤɨсɬɢ ɞɢɩɨɥɶɧɵɯ Ɍɗȼ, 
ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬсɹ ɜ сɨɝɥɚсɢɢ с ɞɚɧɧɵмɢ мɚɲɢɧɧɵɯ ɷɤсɩɟɪɢмɟɧɬɨɜ Д8,λЖ ɢ ɩɨɜɟɞɟɧɢɟм 
ɪɟɚɥɶɧɵɯ ɠɢɞɤɨсɬɟɣ Д10Ж 
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ɋɭɳɟсɬɜɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ (ɍɋ) ɠɢɞɤɨсɬɟɣ ɢ ɝɚɡɨɜ ɨɛɵɱɧɨ сɨɞɟɪɠɚɬ мɧɨɝɨ 

ɱɥɟɧɨɜ с ɞɪɨɛɧɵмɢ ɩɨɤɚɡɚɬɟɥɹмɢ сɬɟɩɟɧɢ ɢ ɱɥɟɧɵ ɷɤсɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɬɢɩɚ с ɧɟсɤɨɥɶɤɢмɢ 
ɪɟɝɭɥɢɪɭɟмɵмɢ ɤɨɧсɬɚɧɬɚмɢ (ɨɬ 50 ɞɨ 100). ɂ ɯɨɬɹ ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɢсɩɨɥɶɡɭɸɬсɹ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ сɩɪɚɜɨɱɧɵɯ ɬɚɛɥɢɰ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ Д1Ж, ɢɯ ɜɢɞ ɩɪɢɜɨɞɢɬ ɤ 
ɡɧɚɱɢɬɟɥɶɧɵм ɬɪɭɞɧɨсɬɹм ɩɪɢ ɩɪɚɤɬɢɱɟсɤɢɯ ɪɚсɱɟɬɚɯ. Ʉɪɨмɟ ɬɨɝɨ, ɷɬɢ ɭɪɚɜɧɟɧɢɹ 
ɨɩɢсɵɜɚɸɬ, ɜ ɨсɧɨɜɧɨм, ɪɟɝɭɥɹɪɧɨɟ ɩɨɜɟɞɟɧɢɟ сɢсɬɟм, ɧɟ ɩɪɟɬɟɧɞɭɹ ɧɚ ɨɩɢсɚɧɢɟ 
ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ. ɋ ɞɪɭɝɨɣ сɬɨɪɨɧɵ, ɛɨɥɶɲɢɧсɬɜɨ сɭɳɟсɬɜɭɸɳɢɯ мɚсɲɬɚɛɧɵɯ 
ɭɪɚɜɧɟɧɢɣ сɨсɬɨɹɧɢɹ ɞɥɹ ɨɩɢсɚɧɢɹ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ сɥɨɠɧɵ ɢ мɚɥɨ ɩɪɢɝɨɞɧɵ ɞɥɹ 
ɩɪɚɤɬɢɱɟсɤɢɯ ɩɪɢмɟɧɟɧɢɣ (см., ɧɚɩɪɢмɟɪ, ДβЖ). ȿсɥɢ ɠɟ ɜ ɬɪɟɛɭɟмɵɯ ɢɧɬɟɪɜɚɥɚɯ ɢɡмɟɧɟɧɢɹ 
ɩɚɪɚмɟɬɪɨɜ ɨɬсɭɬсɬɜɭɸɬ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɢɥɢ ɬɚɛɥɢɱɧɵɟ ɞɚɧɧɵɟ, ɬɨ ɜɚɠɧɨ ɢмɟɬɶ 
ɤɨмɛɢɧɢɪɨɜɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ, ɩɨɡɜɨɥɹɸɳɟɟ ɪɚссɱɢɬɵɜɚɬɶ, ɤɚɤ ɪɟɝɭɥɹɪɧɨɟ, ɬɚɤ ɢ 
ɤɪɢɬɢɱɟсɤɨɟ ɩɨɜɟɞɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɜɟɥɢɱɢɧ. ɂмɟɹ ɬɚɤɨɟ ɭɪɚɜɧɟɧɢɟ, 
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мɨɠɧɨ, ɪɚсɩɨɥɚɝɚɹ ɥɢɲɶ P, ρ, T ɞɚɧɧɵмɢ, ɪɚссɱɢɬɚɬɶ с ɩɨмɨɳɶɸ ɢɡɜɟсɬɧɵɯ 
ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɨɨɬɧɨɲɟɧɢɣ ɢ ɞɪɭɝɢɟ сɜɨɣсɬɜɚ сɢсɬɟмɵ, ɜ ɬɨм ɱɢсɥɟ ɢ ɤɚɥɨɪɢɱɟсɤɢɟ.  

ɇɚмɢ ɩɪɨɜɟɞɟɧɚ ɚɩɩɪɨɤсɢмɚɰɢɹ ɢмɟɸɳɢɯсɹ P, ρ, T ɞɚɧɧɵɯ ɋɈ2 ɜ ɢɧɬɟɪɜɚɥɚɯ 0<ρ/ρɫ<2, 
217 K<Ɍ<430 K, 0<P<β5 ɆПɚ. Ⱥɩɩɪɨɤсɢмɚɰɢɹ ɩɪɨɜɨɞɢɥɚсɶ с ɩɨмɨɳɶɸ ɧɨɜɨɝɨ 
ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ (Ɉɍɋ) ДγЖ, ɢмɟɸɳɟɝɨ ɜɢɞ P/Pc= (1 – Y) Preg/Pc + 
YPscal/Pc. Ɉɧɨ ɜɤɥɸɱɚɟɬ ɧɨɜɭɸ ɪɟɝɭɥɹɪɧɭɸ ɱɚсɬɶ Preg, ɨɩɢсɵɜɚɸɳɭɸ P,ρ,T ɞɚɧɧɵɟ ɠɢɞɤɨсɬɢ 
ɢ ɝɚɡɚ ɜɞɚɥɢ ɨɬ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ, сɢɧɝɭɥɹɪɧɭɸ ɱɚсɬɶ Pscal – мɚсɲɬɚɛɧɨɟ ɭɪɚɜɧɟɧɢɟ 
сɨсɬɨɹɧɢɹ, ɨɩɢсɵɜɚɸɳɟɟ ɩɨɜɟɞɟɧɢɟ сɢсɬɟмɵ ɜ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ, ɢ ɨɛɴɟɞɢɧɹɸɳɭɸ ɷɬɢ 
ɭɪɚɜɧɟɧɢɹ ɤɪɨссɨɜɟɪɧɭɸ ɮɭɧɤɰɢɸ Y = ωerfc(  ٠|τ|)exp (– ȝ(Δρ)2). Ɂɞɟсɶτ = (T-Tc)/Tc, ω = 
ρ/ρɫ,Δρ = ω – 1, Ȝɢ ȝ – ɩɨɞɝɨɧɨɱɧɵɟ ɤɨɧсɬɚɧɬɵ, erfc(  ٠|τ|) – ɮɭɧɤɰɢɹ ɨɲɢɛɨɤ Ʌɚɩɥɚсɚ. 
Ɋɟɝɭɥɹɪɧɚɹ ɱɚсɬɶ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ ɢмɟɟɬ ɜɢɞμ 

 

(1) 

Ɉɧɚ сɨɞɟɪɠɢɬ 8 ɩɨɞɝɨɧɨɱɧɵɯ ɤɨɧсɬɚɧɬ Ⱥ1–Ⱥ8 ДγЖ ɬɪɢ ɢɯ ɤɨɬɨɪɵɯ (A3, A5, A7) ɜɵɪɚɠɚɸɬсɹ 
ɱɟɪɟɡ ɨсɬɚɜɲɢɟсɹ 5 ɩɨɞɝɨɧɨɱɧɵɯ ɤɨɧсɬɚɧɬ ɩɪɢ ɢсɩɨɥɶɡɨɜɚɧɢɢ ɭсɥɨɜɢɣ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ 
(preg(ρc, Tc) = pc, 0)/(   ,0)/(

22 
cTcT regreg

pp  ). Ɂɞɟсɶ ωt= ρtr/ρc, ρtr – ɩɥɨɬɧɨсɬɶ ɠɢɞɤɨсɬɢ 
ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ, t= T/Tc, f(t) = exp(-1/t) - 1, f1(t) = exp(1/t) – 1, zɫ= pɫ/ρɫRTɫ – ɮɚɤɬɨɪ 

сɠɢмɚɟмɨсɬɢ ɜ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɟ, )4()()(
2

tt   . Ɇɚсɲɬɚɛɧɨɟ (сɤɟɣɥɢɧɝɨɜсɤɨɟ) 
ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ ДγЖ сɨɞɟɪɠɢɬ ɤɪɢɬɢɱɟсɤɢɟ ɡɧɚɱɟɧɢɹ pc, ρc,Tc ɢ ɩɨɞɝɨɧɨɱɧɵɟ ɤɨɧсɬɚɧɬɵ q, 
k, M-ap, C1, 
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ɡɞɟсɶ k – ɤɨɷɮɮɢɰɢɟɧɬ сɠɢмɚɟмɨсɬɢ ɜ ɚсɢмɩɬɨɬɢɱɟсɤɨɣ ɡɚɜɢсɢмɨсɬɢ pcKT = - /k ɧɚ 
ɤɪɢɬɢɱɟсɤɨɣ ɢɡɨɯɨɪɟ. ȼɟɥɢɱɢɧɚ q – ɤɨɷɮɮɢɰɢɟɧɬ ɜ ɜɵɪɚɠɟɧɢɢ ɞɥɹ ɛɢɧɨɞɚɥɢ Δρ = ± (-τ/q) 
+B(-τ)1-α,qp = 4.0015q,,, į, α – ɤɪɢɬɢɱɟсɤɢɟ ɢɧɞɟɤсɵ, M-ap = scTc/pc-ap, sc – ɤɪɢɬɢɱɟсɤɚɹ 
ɷɧɬɪɨɩɢɹ ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɟмɚ, ap – ɤɨɧсɬɚɧɬɚ ɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɯ Пɨɤɪɨɜсɤɨɝɨ Д4Ж. Ɂɧɚɱɟɧɢɹ = 0.3255, Ȗ = 1.239, α =0.11 ɜɡɹɬɵ ɜ сɨɝɥɚсɢɢ с γ-ɯ мɟɪɧɨɣ мɨɞɟɥɶɸ ɂɡɢɧɝɚ Д5Ж. Ʉɪɢɬɢɱɟсɤɢɟ 
ɩɚɪɚмɟɬɪɵ ɋɈ2 ɜɡɹɬɵ ɢɡ Д1Жμ Tс = 304.1282 K, ρɫ= 467.6 ɤɝ/м3, pc = 7.3773 MPa, ωt= 2.520381. 
ȼсɟɝɨ Ɉɍɋ сɨɞɟɪɠɢɬ 14 сɢсɬɟмɧɨ-ɡɚɜɢсɢмɵɯ ɤɨɧсɬɚɧɬ. Ⱦɥɹ ɚɩɩɪɨɤсɢмɚɰɢɢ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ P, ρ, T ɞɚɧɧɵɯ ɢсɩɨɥɶɡɨɜɚɥɚсɶ мɢɧɢмɢɡɚɰɢɹ ɤɜɚɞɪɚɬɢɱɧɨɝɨ 
ɮɭɧɤɰɢɨɧɚɥɚ ɨɬɧɨсɢɬɟɥɶɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɞɚɜɥɟɧɢɹ (pi,exp- pi,calc)/pi,exp. Ɇɚссɢɜ 
ɨɛɪɚɛɚɬɵɜɚɟмɵɯ ɞɚɧɧɵɯ (7γ1 ɬɨɱɤɚ) ɛɵɥ сɮɨɪмɢɪɨɜɚɧ ɢɡ ɬɚɛɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɞɨ β5 ɆПɚ 
Д1Ж, ɧɟ ɜɤɥɸɱɚɸɳɢɯ ɤɪɢɬɢɱɟсɤɭɸ ɨɛɥɚсɬɶ, ɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ P,ρ,TɞɚɧɧɵɯД6,7Ж ɜ ɲɢɪɨɤɨɣ 
ɨɤɪɟсɬɧɨсɬɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ. ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɨɲɢɛɤɚ ɨɩɢсɚɧɢɹ ɞɚɧɧɵɯ ɜɨ ɜсɟɣ 
ɨɛɥɚсɬɢ ɠɢɞɤɨɝɨ, ɝɚɡɨɜɨɝɨ ɢ ɤɪɢɬɢɱɟсɤɨɝɨ сɨсɬɨɹɧɢɣ сɨсɬɚɜɢɥɚ ± 0.6γ% (AAD = 0.42%). 
Ɂɚɬɟм, ɢсɩɨɥɶɡɭɹ ɧɚɣɞɟɧɧɵɟ ɤɨɧсɬɚɧɬɵ Ɉɍɋ, ɛɵɥɚ ɪɚссɱɢɬɚɧɚ ɬɟɩɥɨɟмɤɨсɬɶ Cv ɧɚ ɢɡɨɯɨɪɚɯ 
ɢ ɢɡɨɬɟɪмɚɯ (ɜɤɥɸɱɚɹ ɤɪɢɬɢɱɟсɤɭɸ ɨɛɥɚсɬɶ) ɢ ɧɚ ɛɢɧɨɞɚɥɢ. Ⱦɥɹ ɪɚсɱɟɬɚ ɬɟɩɥɨɟмɤɨсɬɢ 
ɢсɩɨɥɶɡɨɜɚɧɨ ɯɨɪɨɲɨ ɢɡɜɟсɬɧɨɟ ɜɵɪɚɠɟɧɢɟμ 
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  (3)

 

ɂɧɬɟɝɪɚɥɵ ɜ(γ), ɧɟ ɜɵɪɚɠɚɟмɵɟ ɜ ɷɥɟмɟɧɬɚɪɧɵɯ ɮɭɧɤɰɢɹɯ, ɜɵɱɢсɥɹɥɢсɶ с ɩɨмɨɳɶɸ 
ɩɪɨсɬɨɣ ɩɪɨɝɪɚммɵ. Cv,reg ɢмɟɥɨ ɜɢɞ: 

Cv,reg= Cv,id–Rt{ A1e(1/t)/t3·I1–A2e(-1/t)/t3ω+A7e(-3t)3t2(4–8t+3t2)I2+25 A8e(5/t)/t3·I3},   (4) 
ɝɞɟ I1=ω(ω– ωt)3, I2=

( 5 ) 4 3 2 3 4 5
[ 2 4 / 5 2 4 / 5 1 2 / 2 5 4 / 5 ] / 5 2 4 / 5e

          , I3= –ω2(ωt-ω)4/2.  
Ɋɟɡɭɥɶɬɚɬɵ 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚсɱɟɬɚ Cv ɜɞɨɥɶ ɢɡɨɯɨɪ ɢ ɢɯ сɪɚɜɧɟɧɢɟ с ɷɤсɩɟɪɢмɟɧɬɨм Д8-10], 
ɩɪɟɞсɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢс. 1 ɢ β, ɩɨɤɚɡɵɜɚɸɬ ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ сɨɝɥɚсɢɟ. ɇɚ ɪɢс.γ 
ɩɨɤɚɡɚɧɨ сɪɚɜɧɟɧɢɟ ɜɵɱɢсɥɟɧɧɵɯ ɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ Д11, 1βЖ ɡɧɚɱɟɧɢɣ Cv ɜɞɨɥɶ ɢɡɨɬɟɪм. 
ɇɚ ɪɢс. 4 ɩɪɢɜɟɞɟɧɨ ɬɚɤɠɟ сɪɚɜɧɟɧɢɟ ɜɵɱɢсɥɟɧɧɵɯ с ɩɨмɨɳɶɸ ɤɨɧсɬɚɧɬ Ɉɍɋ ɡɧɚɱɟɧɢɣ 
сɤɨɪɨсɬɢ ɡɜɭɤɚ wс ɬɚɛɭɥɢɪɨɜɚɧɧɵмɢ ɞɚɧɧɵмɢ Д1Ж ɜɞɨɥɶ ɛɢɧɨɞɚɥɢ. 
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Ɋɢс.1. Ɍɟɩɥɨɟмɤɨсɬɶ ɋɈ2 ɧɚ ɨɤɨɥɨɤɪɢɬɢɱɟс-
ɤɢɯ ɢɡɨɯɨɪɚɯ. 1 – 468.57ɤɝ/м3 [8], 2 – 467.5 
ɤɝ/м3, 3 - 470.1 ɤɝ/м3, 4 – 461.2 ɤɝ/м3 [9]. 
ɋɩɥɨɲɧɚɹ ɥɢɧɢɹ – ɪɚсɱɟɬ с ɢсɩɨɥɶɡɨɜɚɧɢɟм 
ɤɨɧсɬɚɧɬ Ɉɍɋ ɩɪɢ ρ =ρɫ, ɩɭɧɤɬɢɪ –Cv,reg . 
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Ɋɢс.β. Ɍɟɩɥɨɟмɤɨсɬɶ ɋɈ2 ɩɪɢ ρ<ρc 1 – ρ = 
412.13 ɤɝ/м3 [8]; 2 – ρ = 368.4 ɤɝ/м3, [10]. 
ɋɩɥɨɲɧɚɹ (41β ɤɝ/м3) ɢ ɩɭɧɤɬɢɪɧɚɹ (γ68.4 
ɤɝ/м3) ɥɢɧɢɢ – ɪɚсɱɟɬ с ɢсɩɨɥɶɡɨɜɚɧɢɟм 
ɤɨɧсɬɚɧɬ Ɉɍɋ 
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Ɋɢс.γ. Cv ɜɞɨɥɶ ɢɡɨɬɟɪм T>Tc. ɗɤсɩɟɪɢмɟɧɬμ 
● – γβγ.087 Ʉ Д8Ж, □– 308.09 K Д11Ж, ○ – 305.09 
K Д1βЖ; ɋɩɥɨɲɧɵɟ ɤɪɢɜɵɟ – ɪɚсɱɟɬ с ɢсɩɨɥɶ-
ɡɨɜɚɧɢɟм ɤɨɧсɬɚɧɬ Ɉɍɋ (1 – 304.14 K, 2 – 
305.09 K, 3 – 308.1 K, 4 – 323.09 K), ɩɭɧɤɬɢɪ 
–Cv,reg 
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Ɋɢс.4. ɋɪɚɜɧɟɧɢɟ ɜɵɱɢсɥɟɧɧɵɯ с ɩɨмɨɳɶɸ 
ɤɨɧсɬɚɧɬ Ɉɍɋ ɡɧɚɱɟɧɢɣ сɤɨɪɨсɬɢ ɡɜɭɤɚ w 
(сɩɥɨɲɧɵɟ ɥɢɧɢɢ) с ɬɚɛɭɥɢɪɨɜɚɧɧɵмɢ 
ɞɚɧɧɵмɢД1Ж (ɩɭɧɤɬɢɪ) ɜɞɨɥɶ ɛɢɧɨɞɚɥɢ 
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Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɟɞɢɧɨɟ ɨɩɢсɚɧɢɟ ɬɟɪмɢɱɟсɤɢɯ ɢ ɤɚɥɨɪɢɱɟсɤɢɯ сɜɨɣсɬɜ ɋɈ2. Пɨ 

P,ρ,Tɞɚɧɧɵм (ɛɟɡ ɩɪɢɜɥɟɱɟɧɢɹ Cv-ɞɚɧɧɵɯ)ɧɚɣɞɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɛɴɟɞɢɧɟɧɧɨɝɨ 
ɬɟɪмɢɱɟсɤɨɝɨ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ (14 ɤɨɷɮɮɢɰɢɟɧɬɨɜ) ɢ ɩɨ ɢɡɜɟсɬɧɵм ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢм 
сɨɨɬɧɨɲɟɧɢɹм с ɩɨмɨɳɶɸ ɷɬɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚссɱɢɬɚɧɨ ɩɨɜɟɞɟɧɢɟ ɢɡɨɯɨɪɧɨɣ ɢ 
ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɟɣ, ɚ ɬɚɤɠɟ сɤɨɪɨсɬɢ ɡɜɭɤɚ ɧɚ ɛɢɧɨɞɚɥɢ. ȼɵɱɢсɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɧɚɯɨɞɹɬсɹ ɜ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨм сɨɝɥɚсɢɢ с ɷɤсɩɟɪɢмɟɧɬɨм. Ɍɨɱɧɨсɬɶ ɨɩɢсɚɧɢɹ Cv 

сɨсɬɚɜɥɹɟɬ ɨɤɨɥɨ ± 8%. 
Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɨɦ ɊɎɎɂ 1β-08-00βλγ ɢ ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɦ 

ɢɧɬɟɝɪɚɰɢɨɧɵɦ ɩɪɨɟɤɬɨɦ ɋɈ ɊȺɇ № β5. 
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Ɂɧɚɧɢɟ ɨ ɮɚɡɨɜɨм ɪɚɜɧɨɜɟсɢɢ ɠɢɞɤɨсɬɶ-ɩɚɪ ɹɜɥɹɟɬсɹ ɨɞɧɢм ɢɡ ɧɟɨɛɯɨɞɢмɵɯ ɭсɥɨɜɢɣ 
ɪɚɡɜɢɬɢɹ ɭɪɚɜɧɟɧɢɣ сɨсɬɨɹɧɢɹ. ɋɜɟɞɟɧɢɹ ɨ ɞɚɜɥɟɧɢɢ ɧɚсɵɳɟɧɧɵɯ ɩɚɪɨɜ ɨɪɝɚɧɢɱɟсɤɢɯ 
ɜɟɳɟсɬɜ ɧɟɨɛɯɨɞɢмɵ ɞɥɹ мɧɨɝɢɯ ɩɪɢɤɥɚɞɧɵɯ ɡɚɞɚɱ ɯɢмɢɱɟсɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ 
ɩɪɨмɵɲɥɟɧɧɨɣ ɷɤɨɥɨɝɢɢ. 

Ⱦɥɹ ɢссɥɟɞɨɜɚɧɢɹ ɩɚɪɨ-ɠɢɞɤɨсɬɧɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟсɬɜ ɢсɩɨɥɶɡɭɸɬ 
ɪɚɡɥɢɱɧɵɟ мɟɬɨɞɵ, ɨɞɧɚɤɨ ɧɢ ɨɞɢɧ ɢɡ ɧɢɯ ɧɟ ɩɪɢмɟɧɢм ɞɥɹ ɜсɟɝɨ ɬɟмɩɟɪɚɬɭɪɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 
сɨсɭɳɟсɬɜɨɜɚɧɢɹ ɪɚɜɧɨɜɟсɧɵɯ ɮɚɡ. Ʉɚɠɞɵɣ ɢɡ мɟɬɨɞɨɜ ɢмɟɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɞɢɚɩɚɡɨɧɭ ɢ 
ɬɨɱɧɨсɬɢ ɢɡмɟɪɟɧɢɹ. Ⱦɥɹ ɞɢɚɩɚɡɨɧɚ сɪɟɞɧɢɯ («ɚɬмɨсɮɟɪɧɵɣ») ɢ ɩɨɜɵɲɟɧɧɵɯ ɞɚɜɥɟɧɢɣ 
ɢсɩɨɥɶɡɭɸɬсɹ ɩɪɹмɵɟ мɟɬɨɞɵ (сɬɚɬɢɱɟсɤɢɣ ɢ ɷɛɭɥɢɨмɟɬɪɢɱɟсɤɢɣ), ɚ ɞɥɹ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɣ - 
ɤɨсɜɟɧɧɵɟ мɟɬɨɞɵ (ɬɪɚɧсɩɢɪɚɰɢɢ, ɷɮɮɭɡɢɨɧɧɵɣ, ɯɪɨмɚɬɨɝɪɚɮɢɱɟсɤɢɣ). ɇɢ ɨɞɢɧ ɢɡ мɟɬɨɞɨɜ 
ɜ ɨɬɞɟɥɶɧɨсɬɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɞɨсɬɚɬɨɱɧɨ ɧɚɞɟɠɧɨ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɡɚ ɩɪɟɞɟɥɚмɢ 
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ɞɢɚɩɚɡɨɧɚ ɷɤсɩɟɪɢмɟɧɬɚ. ɋɨɜмɟсɬɧɚɹ ɨɛɪɚɛɨɬɤɚ ɜсɟɯ ɢмɟɸɳɢɯсɹ сɟɪɢɣ ɢɡмɟɪɟɧɢɣ мɨɠɟɬ 
ɩɨɜɵсɢɬɶ ɞɨсɬɨɜɟɪɧɨсɬɶ ɤɨɪɪɟɥɹɰɢɨɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ. Пɪɢ ɷɬɨм ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨс ɩɪɨɜɟɪɤɢ 
сɨɝɥɚсɭɟмɨсɬɢ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵмɢ сɩɨсɨɛɚмɢ ɢ ɪɚɡɧɵмɢ ɢссɥɟɞɨɜɚɬɟɥɹмɢ. 
ɋɪɚɜɧɟɧɢɟ ɜ мɚсɲɬɚɛɟ ɚɛсɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɣ ɢɥɢ ɜ ɥɨɝɚɪɢɮмɢɱɟсɤɨɣ ɲɤɚɥɟ ɨɬ 
ɨɛɪɚɬɧɨɣ ɬɟмɩɟɪɚɬɭɪɵ мɨɠɟɬ ɭɤɚɡɚɬɶ ɧɚ ɧɟсɨɨɬɜɟɬсɬɜɢɟ сɟɪɢɣ ɷɤсɩɟɪɢмɟɧɬɨɜ ɥɢɲɶ ɩɪɢ 
ɝɪɭɛɵɯ ɢɡмɟɪɟɧɢɹɯ. Ȼɨɥɟɟ ɱɭɜсɬɜɢɬɟɥɶɧɵм сɩɨсɨɛɨм ɹɜɥɹɟɬсɹ ɪɚссмɨɬɪɟɧɢɟ ɡɚɜɢсɢмɨсɬɢ 
ɨɬɤɥɨɧɟɧɢɣ ɥɨɝɚɪɢɮмɚ ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɨɬ ɩɪɹмɨɣ, ɩɪɨɜɟɞɟɧɧɨɣ ɱɟɪɟɡ мɢɧɢмɚɥɶɧɵɟ ɢ 
мɚɤсɢмɚɥɶɧɵɟ ɬɨɱɤɢ ɞɢɚɩɚɡɨɧɚ ɢссɥɟɞɨɜɚɧɢɹ. Ɍɚɤɨɣ ɝɪɚɮɢɱɟсɤɢɣ мɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɭɜɢɞɟɬɶ 
ɧɚɪɭɲɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨсɬɢ ɡɚɜɢсɢмɨсɬɢ, ɜɵɡɵɜɚɟмɵɣ сɢсɬɟмɚɬɢɱɟсɤɢмɢ ɩɨɝɪɟɲɧɨсɬɹмɢ. 
Ɇɟɬɨɞ ɪɚɧɟɟ ɩɪɢмɟɧɹɥсɹ ɤ ɩɪɨɰɟссɭ ɩɥɚɜɥɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɝɚɥɨɝɟɧɛɟɧɡɨɥɨɜ ɜ ɪɚɛɨɬɟ Д1Ж ɢ 
ɛɵɥ ɧɚɡɜɚɧ мɟɬɨɞɨм «ɚɪɤɢ» (arcmetododolody) [2]. 

ȼ ɤɚɱɟсɬɜɟ ɩɪɢмɟɪɚ ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ Ɋ-Ɍ ɡɚɜɢсɢмɨсɬɢ ɧ-ɧɨɧɚɧɚ. 
ɂɡ ɩɪɟɞсɬɚɜɥɟɧɧɵɯ ɧɢɠɟ ɪɢсɭɧɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɬɨɥɶɤɨ ɧɚ ɪɢс. γ ɬɨɱɤɢ, ɩɨɥɭɱɟɧɧɵɟ 

сɬɚɬɢɱɟсɤɢм мɟɬɨɞɨм, ɧɟ сɨɝɥɚсɭɸɬсɹ с ɡɚɜɢсɢмɨсɬɶɸ, ɩɨɥɭɱɟɧɧɨɣ ɷɛɭɥɢɨмɟɬɪɢɱɟсɤɢм 
мɟɬɨɞɨм. ɗɬɢ ɨɬɤɥɨɧɟɧɢɹ ɜɵɡɜɚɧɵ ɧɟ сɥɭɱɚɣɧɵмɢ ɩɨɝɪɟɲɧɨсɬɹмɢ ɢ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɥɢɧɢɹ 
ɩɪɢ ɷɬɨм ɛɭɞɟɬ смɟɲɟɧɚ ɨɬ ɢсɬɢɧɧɨɣ ɡɚɜɢсɢмɨсɬɢ.  

ȿсɥɢ ɨɬɤɥɨɧɟɧɢɹ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵмɢ мɟɬɨɞɚмɢ ɜ ɩɪɟɞɟɥɚɯ ɨɰɟɧɨɤ 
ɩɨɝɪɟɲɧɨсɬɟɣ ɷɤсɩɟɪɢмɟɧɬɚ, ɬɨ ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɢсɩɨɥɶɡɨɜɚɧɵ ɜ сɨɜмɟсɬɧɨɣ ɨɛɪɚɛɨɬɤɟ. 

   ln 1 ,p A          (1) 

ɝɞɟ Ⱥ ɢ B - ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ lnP = A + 104/T. 
Ɇɟɬɨɞɢɤɚ ɩɪɢмɟɧɟɧɚ ɧɚмɢ ɤ мɚссɢɜɭ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɧɨɪмɚɥɶɧɵɯ ɚɥɤɚɧɨɜ 

(ɨɬ мɟɬɚɧɚ ɞɨ ɷɣɤɨɡɚɧɚ) ɢ ɥɢɧɟɣɧɵɯ ɚɥɢɮɚɬɢɱɟсɤɢɯ сɩɢɪɬɨɜ (мɟɬɚɧɨɥ-ɨɤɬɚɞɟɤɚɧɨɥ).  
ȼɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɲɢɪɨɤɨ ɢсɩɨɥɶɡɭɟмɵɯ ɚɩɩɪɨɤсɢмɢɪɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ, ɱɚсɬɶ ɢɡ 

ɤɨɬɨɪɵɯ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ «ɷмɩɢɪɢɱɟсɤɢɟ», ɚ ɞɪɭɝɢɟ - «ɩɨɥɭɬɟɨɪɟɬɢɱɟсɤɢɟ». Пɨɤɚɡɚɧɨ, ɱɬɨ 
ɤɚɱɟсɬɜɨ ɩɪɢɛɥɢɠɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɤ мɚссɢɜɭ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɡɚɜɢсɢɬ ɧɟ сɬɨɥɶɤɨ 
ɨɬ ɬɟɨɪɟɬɢɱɟсɤɨɣ ɨɛɨсɧɨɜɚɧɧɨсɬɢ, сɤɨɥɶɤɨ ɨɬ ɝɢɛɤɨсɬɢ ɭɪɚɜɧɟɧɢɹ. Ʉɪɢɬɟɪɢɟм ɚɞɟɤɜɚɬɧɨсɬɢ 
ɢсɩɨɥɶɡɭɟмɨɝɨ ɭɪɚɜɧɟɧɢɹ ɹɜɥɹɸɬсɹ ɨɬɤɥɨɧɟɧɢɹ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɮɭɧɤɰɢɢ ɨɬ 
ɚɩɩɪɨɤсɢмɢɪɨɜɚɧɧɨɣ ɥɢɧɢɢ, ɷɬɨ ɨɬɤɥɨɧɟɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ сɨɪɚɡмɟɪɧɨ с ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨɣ 
ɩɨɝɪɟɲɧɨсɬɶɸ.   
 

  
Ɋɢс.1. ɗɤсɩɟɪɢмɟɧɬɚɥɶɧɚɹ Ɋ-Ɍ ɡɚɜɢсɢмɨсɬɶ 
ɧ-ɧɨɧɚɧɚμ 1,β - ɷɛɭɥɢɨмɟɬɪɢɱɟсɤɢɣ мɟɬɨɞ 
[3,4], 3- сɬɚɬɢɱɟсɤɢɣ мɟɬɨɞ Д5Ж 

Ɋɢс.β. lnP = f (1/T) ɧ-ɧɨɧɚɧɚμ 1,2 - 
ɷɛɭɥɢɨмɟɬɪɢɱɟсɤɢɣ мɟɬɨɞ Дγ,4Ж, γ- сɬɚɬɢ-
ɱɟсɤɢɣ мɟɬɨɞ Д5Ж 

 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

86 
 

 
Ɋɢс.γ Пɪɟɞсɬɚɜɥɟɧɢɟ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ мɟɬɨɞɨм «Ⱥɪɤɚ» ɞɥɹ ɧ-ɧɨɧɚɧɚμ 1,β - 
ɷɛɭɥɢɨмɟɬɪɢɱɟсɤɢɟ мɟɬɨɞɵ Дγ,4Ж, γ- сɬɚɬɢɱɟсɤɢɣ мɟɬɨɞ [5] 

 
ɏɨɪɨɲɢмɢ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵмɢ ɢ ɷɤсɬɪɚɩɨɥɹɰɢɨɧɧɵмɢ сɜɨɣсɬɜɚмɢ ɨɛɥɚɞɚɟɬ 

ɭɪɚɜɧɟɧɢɟ ɜɚɧ-Ʌɚɚɪɚ (β). ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɢсɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɚɩɩɪɨɤсɢмɚɰɢɢ Ɋ-Ɍ 
ɡɚɜɢсɢмɨсɬɟɣ мɧɨɝɢɯ ɤɥɚссɨɜ сɨɟɞɢɧɟɧɢɣ ɜ ɪɚɛɨɬɟ Д6Ж. 

ХЧ Ɋ = Ⱥ + ȼ/Ɍ +ɋ ХЧ T + DT     (2) 
Ⱦɥɹ ɪɚсɱɟɬɨɜ ɞɚɜɥɟɧɢɣ ɧɚсɵɳɟɧɧɵɯ ɩɚɪɨɜ ɜɨ ɜсɟм ɞɢɚɩɚɡɨɧɟ ɪɚɜɧɨɜɟсɢɹ ɨɬ ɬɪɨɣɧɨɣ 

ɬɨɱɤɢ ɞɨ ɤɪɢɬɢɱɟсɤɨɣ ɚɜɬɨɪɵ ɪɚɛɨɬɵ Д7Ж ɪɟɤɨмɟɧɞɨɜɚɥɢ 5-ɬɢ ɩɚɪɚмɟɬɪɢɱɟсɤɨɟ ɭɪɚɜɧɟɧɢɟμ 
lШР Ɋ = Ⱥ + ȼ/Ɍ +ɋ Хog T + DT + ET2    (3) 

ɇɢɠɟ ɧɚ ɩɪɢмɟɪɟ ɧɨɧɚɧɚ ɢ ɞɟɤɚɧ ɩɪɢɜɟɞɟɧɵ ɭɪɨɜɧɢ ɩɪɢɛɥɢɠɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (β) ɤ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵм ɞɚɧɧɵм ɜ сɪɚɜɧɟɧɢɢ с ɥɢɬɟɪɚɬɭɪɧɵмɢ. 

ɍɪɚɜɧɟɧɢɟ (β) ɞɚɠɟ ɩɪɢ ɞɚɥɶɧɟɣ ɷɤсɬɪɚɩɨɥɹɰɢɢ ɩɨɡɜɨɥɹɟɬ ɯɨɪɨɲɨ ɨɰɟɧɢɜɚɬɶ ɤɪɢɬɢɱɟсɤɨɟ 
ɞɚɜɥɟɧɢɟ. 

 
Ɍɚɛɥɢɰɚ 1 

ȼɟɳɟсɬɜɨ ɋɪɟɞ. 
ɨɬɤɥ., 

Пɚ 

Ɇɚɤс. 
ɨɬɤɥ., 

Пɚ 

ɋɪɟɞ.ɨɬɧ. 
ɨɬɤɥ., % , 

ɛɚɪ Д8Ж 

, 

ɛɚɪ 

 
ɭɪɚɜɧ 

 

ɂсɬɨɱɧɢɤ 

ɇ-ɇɨɧɚɧ 10,7 65,5 0,05  
ββ,λ±0,5 

22,8 2 [6] 
204,5 493 0,60 22,5 3 [7] 

2 6,1 0,01 22,7 2 ɇɚɲ ɪɚсɱɟɬ 
ɇ-Ⱦɟɤɚɧ 417 12581 0,46  

β1,1±0,5 
20,4 2 [6] 

2811 32345 2,11 20,6 3 [7] 
141 1429 0,13 20,8 2 ɇɚɲ ɪɚсɱɟɬ 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ ɜ 

ɪɚɦɤɚɯ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɎȽȻɈɍ ȼɉɈ «ɋɚɦȽɌɍ» (ɤɨɞ ɩɪɨɟɤɬɚ 
1708). 
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ɋɩɟɰɢɮɢɱɟсɤɢɟ ɨсɨɛɟɧɧɨсɬɢ ɠɢɞɤɨɝɨ сɨсɬɨɹɧɢɹ – ɢɧɬɟɧсɢɜɧɨсɬɶ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɱɚсɬɢɰ 
ɢ ɢɯ ɛɨɥɶɲɚɹ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨсɬɶ ɩɪɢɜɟɥɢ ɤ ɡɚмɟɬɧɨмɭ ɨɬсɬɚɜɚɧɢɸ ɬɟɨɪɢɢ ɠɢɞɤɨсɬɢ ɨɬ 
ɬɟɨɪɢɣ ɝɚɡɨɜɨɝɨ ɢ ɤɪɢсɬɚɥɥɢɱɟсɤɨɝɨ сɨсɬɨɹɧɢɣ. ɗɬɨ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ сɜɹɡɚɧɨ с ɨɬсɭɬсɬɜɢɟм 
ɩɨɧɢмɚɧɢɹ ɜсɟɝɨ сɩɟɤɬɪɚ ɬɪɭɞɧɨсɬɟɣ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢмɨ ɩɪɟɨɞɨɥɟɬɶ, ɱɬɨɛɵ сɬɪɨɝɢмɢ 
сɬɚɬɢсɬɢɱɟсɤɢмɢ мɟɬɨɞɚмɢ ɩɨсɬɪɨɢɬɶ ɬɟɨɪɢɸ ɠɢɞɤɨсɬɢ. Пɪɹмɵɟ мɟɬɨɞɵ ɪɟɲɟɧɢɹ ɷɬɨɣ 
сɥɨɠɧɟɣɲɟɣ ɡɚɞɚɱɢ ɩɨɤɚ ɧɟ ɩɪɢɜɟɥɢ ɤ ɠɟɥɚɟмɵм ɪɟɡɭɥɶɬɚɬɚм. Пɪɟɞɥɚɝɚɟмɵɣ ɚɜɬɨɪɚмɢ 
ɧɟɬɪɚɞɢɰɢɨɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɧɹɬɶ сɭɬɶ ɪɟɚɥɶɧɵɯ ɩɪɟɩɹɬсɬɜɢɣ, мɟɲɚɸɳɢɯ 
ɩɨɧɢмɚɧɢɸ ɩɪɢɱɢɧ, ɬɨɪмɨɡɹɳɢɯ ɪɚɡɜɢɬɢɟ ɬɟɨɪɢɢ ɠɢɞɤɨɝɨ сɨсɬɨɹɧɢɹ. 

ȼ ɪɚмɤɚɯ ɩɪɟɞсɬɚɜɥɟɧɢɣ ɞɢсɤɪɟɬɧɨ-ɤɨɧɬɢɧɭɚɥɶɧɨɣ мɨɞɟɥɢ ɚɜɬɨɪɚмɢ ɩɨɥɭɱɟɧɨД1, βЖ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ сɨɨɬɧɨɲɟɧɢɟμ 

P

V

EP N kT
T

T V V

      ,      (1) 

ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɢɡɭɱɚɬɶ ɨсɨɛɟɧɧɨсɬɢ ɭɩɪɭɝɢɯ ɢ ɤɚɥɨɪɢɱɟсɤɢɯ сɜɨɣсɬɜ ɤɨɧɞɟɧсɢɪɨɜɚɧɧɵɯ 
сɢсɬɟм. ɋɭɳɟсɬɜɟɧɧɨɣ ɨсɨɛɟɧɧɨсɬɶɸ ɷɬɨɝɨ сɨɨɬɧɨɲɟɧɢɹ ɹɜɥɹɟɬсɹ ɨɬсɭɬсɬɜɢɟ ɜ ɧɟм 
ɷмɩɢɪɢɱɟсɤɢɯ ɤɨɧсɬɚɧɬ ɢ ɩɨɥɧɚɹ ɟɝɨ сɨɝɥɚсɨɜɚɧɧɨсɬɶ с ɮɭɧɞɚмɟɧɬɚɥɶɧɵмɢ ɩɪɢɧɰɢɩɚмɢ 
ɬɟɪмɨɞɢɧɚмɢɤɢ ɢ сɬɚɬɢсɬɢɱɟсɤɨɣ мɟɯɚɧɢɤɢ. ɂɡ ɧɟɝɨ сɥɟɞɭɟɬ, ɱɬɨ ɪɚɜɧɨɜɟсɧɵɟ сɜɨɣсɬɜɚ 
сɢсɬɟмɵ ɜɡɚɢмɨɞɟɣсɬɜɭɸɳɢɯ ɚɬɨмɧɵɯ ɰɟɧɬɪɨɜ ɨɩɪɟɞɟɥɹɸɬсɹ ɞɜɭмɹ ɜɤɥɚɞɚмɢμ ɷɧɟɪɝɢɟɣ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ ȿɪɱɚсɬɢɰɢ ɜɟɥɢɱɢɧɨɣ NkT, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɢɧɬɟɧсɢɜɧɨсɬɶ ɬɟɩɥɨɜɵɯ 
ɤɨɥɟɛɚɧɢɣ ɢɯ ɰɟɧɬɪɨɜ мɚсс. 

Ⱥɬɨм-ɚɬɨмɧɵɣ мɟɯɚɧɢɡм, ɧɚɛɥɸɞɚɟмɵɣ ɜɨ ɜɡɚɢмɨɞɟɣсɬɜɢɢ ɨɪɝɚɧɢɱɟсɤɢɯ мɨɥɟɤɭɥДγЖ, 
ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɛɭɞɟɬ сɩɪɚɜɟɞɥɢɜɨ ɢ ɞɥɹ ɲɢɪɨɤɨɝɨ ɤɥɚссɚ 
ɨɪɝɚɧɢɱɟсɤɢɯ сɢсɬɟм. Пɨɞɬɜɟɪɠɞɟɧɢɟм ɷɬɨмɭ сɥɭɠɢɬ ɜɨɡмɨɠɧɨсɬɶ ɩɨɥɭɱɢɬɶ с ɩɨмɨɳɶɸ 
ɭɪɚɜɧɟɧɢɹ (1) ɢɡɜɟсɬɧɭɸ ɷмɩɢɪɢɱɟсɤɭɸ ɮɨɪмɭɥɭ Ʌɶɸɢсɚ Д4Ж 

T

V

T

E

   ,      (2) 

ɤɨɬɨɪɚɹ ɯɨɪɨɲɨ сɨɝɥɚсɭɟɬсɹ с ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ ɞɚɧɧɵмɢ ɩɪɢ ɧɨɪмɚɥɶɧɨɣ ɬɟмɩɟɪɚɬɭɪɟ 
ɤɢɩɟɧɢɹ ɞɥɹ ɨɪɝɚɧɢɱɟсɤɢɯ ɠɢɞɤɨсɬɟɣ с ɪɚɡɧɨɣ сɬɪɭɤɬɭɪɨɣ мɨɥɟɤɭɥ. 

ɂɡɭɱɟɧɢɟ ɜɡɚɢмɨсɜɹɡɢ ɷɧɟɪɝɢɢ мɟɠмɨɥɟɤɭɥɹɪɧɵɯ сɢɥ P
E ɢ ɩɥɨɬɧɨсɬɢ ɠɢɞɤɨсɬɢ  [5-7] 

ɩɪɢɜɨɞɢɬ ɤ ɜɵɜɨɞɭ ɨ ɬɨм, ɱɬɨ ɜ ɩɪɟɞɟɥɶɧɵɯ ɢ ɚɪɨмɚɬɢɱɟсɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɚɯ, ɷɮɢɪɚɯ ɢ 
ɞɪɭɝɢɯ ɠɢɞɤɨсɬɹɯ ɷɧɟɪɝɢɹ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɱɚсɬɢɰ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɩɥɨɬɧɨсɬɢ ɢ 
ɞɨсɬɚɬɨɱɧɨ ɬɨɱɧɨ ɨɩɢсɵɜɚɟɬсɹ сɨɨɬɧɨɲɟɧɢɟмμ 

2

P
E B  .      (3) 

ȼɟɥɢɱɢɧɚ B  ɩɪɟɞсɬɚɜɥɹɟɬ сɨɛɨɣ ɢɧɞɢɜɢɞɭɚɥɶɧɭɸ ɤɨɧсɬɚɧɬɭ ɜɟɳɟсɬɜɚ. Пɪɢ ɭсɥɨɜɢɢ (γ) 
ɭɪɚɜɧɟɧɢɟ (1) мɨɠɧɨ ɩɪɟɞсɬɚɜɢɬɶ ɜ ɜɢɞɟ 
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Ʉɨɷɮɮɢɰɢɟɧɬ 
0

N

N
, ɜɜɟɞɟɧ ɜ ɭɪɚɜɧɟɧɢɟ (4), ɞɥɹ ɭɱɟɬɚ ɚссɨɰɢɚɰɢɢ ɱɚсɬɢɰ.  

Ⱥɧɚɥɢɡ сɨɨɬɧɨɲɟɧɢɹ (4), ɩɪɨɜɟɞɟɧɧɵɣ ɞɥɹ ɤɪɢɜɨɣ ɪɚɜɧɨɜɟсɢɹ, ɜ ɬɨм ɱɢсɥɟ ɢ ɞɥɹ 
ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ, ɛɟɧɡɨɥɚ ɢ ɞɪɭɝɢɯ ɨɪɝɚɧɢɱɟсɤɢɯ ɜɟɳɟсɬɜ, ɩɪɢɜɨɞɢɬ ɤ ɜɵɜɨɞɭ ɨ ɬɨм, ɱɬɨ 
ɨɧɢ ɜɟɞɭɬ сɟɛɹ ɤɚɤ ɚссɨɰɢɢɪɨɜɚɧɧɵɟ ɠɢɞɤɨсɬɢ.  

Пɪɢɱɢɧɭ мɟɠмɨɥɟɤɭɥɹɪɧɨɣ ɚссɨɰɢɚɰɢɢ ɜ ɠɢɞɤɢɯ сɪɟɞɚɯ Ɇ. ɒɚɯɩɚɪɨɧɨɜ ɢ ȼ. ɋɩɟɪɤɚɱ Д8, 
λЖɨɛɴɹсɧɹɥɢ сɭɳɟсɬɜɨɜɚɧɢɟм «сɥɚɛɵɯ» «ɯɢмɢɱɟсɤɢɯ» сɢɥ сɜɹɡɢ, ɧɚɡɜɚɧɧɵɯ ɢмɢ сɢɥɚмɢ 
Ɇɟɧɞɟɥɟɟɜɚ. Ɇɵ ɩɪɢɧɢмɚɟм ɷɬɭ ɝɢɩɨɬɟɡɭ ɢ сɱɢɬɚɟм, ɱɬɨ ɧɚɛɥɸɞɚɟмɚɹ ɜ ɤɪɢɬɢɱɟсɤɨɣ 
ɨɛɥɚсɬɢ ɞɢмɟɪɧɚɹ ɚссɨɰɢɚɰɢɹ (см. ɬɚɛɥ.) сɜɢɞɟɬɟɥɶсɬɜɭɟɬ ɨ сɭɳɟсɬɜɨɜɚɧɢɢ ɷɬɢɯ сɢɥ. 
 

Tk-T,K N/No 

24,9 0,519 
22,9 0,518 
20,9 0,518 
18,9 0,519 
16,9 0,506 
14,9 0,506 
12,9 0,510 
10,9 0,513 
8,9 0,526 
6,9 0,546 

 
ȼɨɩɪɨс ɨ сɭɳɟсɬɜɨɜɚɧɢɢ ɢ ɩɪɢɪɨɞɟ ɞɚɥɶɧɨɞɟɣсɬɜɭɸɳɢɯ сɢɥ сɜɹɡɢ ɞɨɥɝɨɟ ɜɪɟмɹ 

ɨсɬɚɜɚɥсɹ ɨɬɤɪɵɬɵм, ɩɨɤɚ ɚɜɬɨɪɵ Д10Ж ɧɟ ɨɛɪɚɬɢɥɢ ɜɧɢмɚɧɢɟ ɧɚ сɭɳɟсɬɜɨɜɚɧɢɟ ɨсɨɛɨɝɨ ɜɢɞɚ 
мɟɠмɨɥɟɤɭɥɹɪɧɵɯ «ɧɟсɨɛсɬɜɟɧɧɵɯ ɜɨɞɨɪɨɞɧɵɯ» сɢɥ сɜɹɡɢ, ɩɪɨɹɜɥɹɸɳɢɯ сɟɛɹ ɜ сɢсɬɟмɚɯ с 
ɤɨɜɚɥɟɧɬɧɵмɢ ɋ-ɇ сɜɹɡɹмɢ. ɗɬɢ «ɜɨɞɨɪɨɞɧɵɟ» ɋ-ɇ …ɋ-ɇсɜɹɡɢ, ɨɛɭсɥɨɜɥɟɧɧɵɟ 
ɤɜɚɧɬɨɜɨмɟɯɚɧɢɱɟсɤɢм «ɩɟɪɟɧɨсɨм ɡɚɪɹɞɚ», ɨɛɟсɩɟɱɢɜɚɸɬ ɞɢмɟɪɧɭɸ сɬɪɭɤɬɭɪɭ ɛɟɧɡɨɥɚ ɢ, 
ɩɨ-ɜɢɞɢмɨмɭ, ɞɢмɟɪɧɭɸ сɬɪɭɤɬɭɪɭ ɞɪɭɝɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. 

ȼ ɠɢɞɤɨɣ ɮɚɡɟ ɞɨмɢɧɢɪɭɸɳɢɣ ɜɤɥɚɞ ɜ ɷɧɟɪɝɢɸ мɟɠмɨɥɟɤɭɥɹɪɧɵɯ сɢɥ ɜɧɨсɹɬ 
ɞɢсɩɟɪсɢɨɧɧɵɟ сɢɥɵ ɩɪɢɬɹɠɟɧɢɹ, ɷɧɟɪɝɢɹ ɤɨɬɨɪɵɯ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɤɜɚɞɪɚɬɭ ɩɥɨɬɧɨсɬɢ. 
ɗɧɟɪɝɢɹ ɠɟ ɞɚɥɶɧɨɞɟɣсɬɜɭɸɳɢɯ сɢɥ сɜɹɡɢ ɤɨмɩɟɧсɢɪɭɟɬсɹ ɷɧɟɪɝɢɟɣ сɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ. Пɨ 
ɧɚɲɟмɭ мɧɟɧɢɸ, ɢɯ сɭɳɟсɬɜɨɜɚɧɢɟ ɩɪɢɜɨɞɹɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ «ɨсɰɢɥɥɢɪɭɸɳɢɯ» ɤɨмɩɥɟɤсɨɜ, 
сɨɜɟɪɲɚɸɳɢɯ ɤɨɥɟɛɚɧɢɹ ɨɬɧɨсɢɬɟɥɶɧɨ ɥɢɧɢɢ сɜɹɡɢ ɜ ɩɨɥɟ ɞɢсɩɟɪсɢɨɧɧɵɯ сɢɥ. ȼ ɩɚɪɨɜɨɣ 
ɮɚɡɟ, ɝɞɟ ɪɚссɬɨɹɧɢɹ мɟɠɞɭ ɱɚсɬɢɰɚмɢ ɡɧɚɱɢɬɟɥɶɧɵ, ɱɚсɬɢ «ɪɚсɩɚɜɲɢɯсɹ» ɞɢмɟɪɨɜ 
ɩɪɨɞɨɥɠɚɸɬ ɩɨɩɚɪɧɨ ɜɡɚɢмɨɞɟɣсɬɜɨɜɚɬɶ мɟɠɞɭ сɨɛɨɣ.  

ɂмɟɧɧɨ ɬɚɤɨɣ ɯɚɪɚɤɬɟɪ мɟɠмɨɥɟɤɭɥɹɪɧɵɯ сɢɥ, ɩɨ мɧɟɧɢɸ ɚɜɬɨɪɨɜ Д10Ж, ɩɪɨɹɜɥɹɟɬсɹ ɢ ɜ 
ɛɢɨɥɨɝɢɱɟсɤɢɯ сɢсɬɟмɚɯ, ɨɛɟсɩɟɱɢɜɚɸɳɢɯ ɭсɥɨɜɢɹ ɢɯ сɬɚɛɢɥɶɧɨсɬɢ ɢ ɪɚɡɜɢɬɢɹ.  

ɍɱɟɬ ɭɤɚɡɚɧɧɵɯ сɨсɬɚɜɥɹɸɳɢɯ мɟɠмɨɥɟɤɭɥɹɪɧɵɯ сɢɥ ɞɚɟɬ ɜɨɡмɨɠɧɨсɬɶ ɩɪɟɞɥɨɠɢɬɶ 
сɨɨɬɧɨɲɟɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɤɨɥɢɱɟсɬɜɟɧɧɨ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɭ ɷɧɟɪɝɢɢ ɜɡɚɢмɨɞɟɣсɬɜɢɹ 
ɱɚсɬɢɰ ɤɚɤ ɠɢɞɤɨɣ, ɬɚɤ ɢ ɩɚɪɨɜɨɣ ɮɚɡ ɨɪɝɚɧɢɱɟсɤɢɯ ɜɟɳɟсɬɜ. Ⱦɥɹ ɠɢɞɤɨɣ ɮɚɡɵ сɨɨɬɧɨɲɟɧɢɟ 
ɢмɟɟɬ ɜɢɞ 

2 1 3
1 ( )

p b
E B b

         .    (5) 

ȼɟɥɢɱɢɧɚ сɬɟɩɟɧɢ   ɨɩɪɟɞɟɥɹɟɬсɹ сɬɟɩɟɧɶɸ n  ɜ ɩɨɬɟɧɰɢɚɥɟ сɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ 
( 1) 3n   . Ɉɧɚ ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 4. ȼɟɥɢɱɢɧɚ b

  ɩɪɟɞсɬɚɜɥɹɟɬ сɨɛɨɣ ɩɥɨɬɧɨсɬɶ, 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

89 
 

ɩɪɟɜɵɲɟɧɢɟ ɤɨɬɨɪɨɣ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢмɨсɬɢ ɭɱɟɬɚ ɷɧɟɪɝɢɢ сɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ. Ʉɚɤ 
ɩɨɤɚɡɵɜɚɸɬ ɪɚсɱɟɬɵ, ɜ ɤɚɱɟсɬɜɟ b

 мɨɠɧɨ ɩɪɢɧɢмɚɬɶ ɩɥɨɬɧɨсɬɶ ɠɢɞɤɨсɬɢ ɩɪɢ ɧɨɪмɚɥɶɧɨɣ 
ɬɟмɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ. 

ȼɵсɨɤɭɸ сɬɟɩɟɧɶ ɪɟɚɥɢсɬɢɱɧɨсɬɢ ɩɪɢɧɹɬɵɯ ɩɪɟɞсɬɚɜɥɟɧɢɣ ɞɟмɨɧсɬɪɢɪɭɟɬ ɩɪɢɜɟɞɟɧɧɨɟ 
ɧɢɠɟ сɨɨɬɧɨɲɟɧɢɟ (6), ɩɨɡɜɨɥɹɸɳɟɟ ɨɰɟɧɢɬɶ ɜɟɥɢɱɢɧɭ ɪɚɡɧɨсɬɢ ɜɧɭɬɪɟɧɧɢɯ ɷɧɟɪɝɢɣ E  
ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ ɩɨ ɞɚɧɧɵм ɨɛ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɤɨɧсɬɚɧɬɚɯ ɭɝɥɟɜɨɞɨɪɨɞɚ 
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           (6) 

ɇɚ ɪɢсɭɧɤɟ ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ ɡɚɜɢсɢмɨсɬɢ ɜɟɥɢɱɢɧɵ )(TE , ɩɪɟɞсɬɚɜɥɹɸɳɟɣ ɪɚɡɧɨсɬɶ 
ɜɧɭɬɪɟɧɧɢɯ ɷɧɟɪɝɢɣ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ, ɩɨсɬɪɨɟɧɧɵɣ ɞɥɹ ɛɟɧɡɨɥɚ ɩɨ ɞɚɧɧɵм Д11Ж ɢ ɩɨ 
сɨɨɬɧɨɲɟɧɢɸ (6). 0, 533,B   5045b  . ȼ ɨɛɥɚсɬɢ, ɩɪɢмɵɤɚɸɳɟɣ ɤ ɬɨɱɤɟ ɤɪɢсɬɚɥɥɢɡɚɰɢɢ 
ɛɟɧɡɨɥɚ, ɩɪɢɧɢмɚɥɚсɶ ɜɨ ɜɧɢмɚɧɢɟ ɷɧɟɪɝɢɹ сɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ. 
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ɄɊɂɌɂɑȿɋɄɂȿ (ɀɂȾɄɈɋɌɖ-ɉȺɊ) ɌȿɆɉȿɊȺɌɍɊɕ ɂ ȾȺȼɅȿɇɂə 
ɈɊȽȺɇɂɑȿɋɄɂɏ ɋɈȿȾɂɇȿɇɂɃ. ɋɈɋɌɈəɇɂȿ ȻȺɁɕ ȾȺɇɇɕɏ ɂ ɊȺɁȼɂɌɂȿ 

ɆȿɌɈȾɈȼ ɉɊɈȽɇɈɁɂɊɈȼȺɇɂə 
ɇɟсɬɟɪɨɜɚ Ɍ.ɇ., ɇɟсɬɟɪɨɜ ɂ.Ⱥ., ȼɨсɬɪɢɤɨɜ ɋ.ȼ., Ɍɚɪɚɡɚɧɨɜ ɋ.ȼ. 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɋɚɦȽɌɍ), 44γ010, ɝ. ɋɚɦɚɪɚ, 
ɭɥ. Ʉɭɣɛɵɲɟɜɚ 15γ, ɨɮ. 1. 

 
2009 ɝ. - ɧɚмɢ сɢсɬɟмɚɬɢɡɢɪɨɜɚɧ ɷмɩɢɪɢɱɟсɤɢɣ мɚɬɟɪɢɚɥ, ɧɚɤɨɩɥɟɧɧɵɣ ɤ ɷɬɨмɭ ɜɪɟмɟɧɢ 

ɩɨ ɤɪɢɬɢɱɟсɤɢм ɬɟмɩɟɪɚɬɭɪɚм ɢ ɞɚɜɥɟɧɢɹм ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɪɝɚɧɢɱɟсɤɢɯ сɨɟɞɢɧɟɧɢɣ 
сɥɟɞɭɸɳɢɯ ɤɥɚссɨɜμ ɚɥɤɚɧɵ, ɚɥɤɢɥɛɟɧɡɨɥɵ, ɝɚɥɨɝɟɧ (ɮɬɨɪ, ɯɥɨɪ, ɛɪɨм) ɛɟɧɡɨɥɵ, 
ɚɥɤɢɥɝɚɥɨɝɟɧ (ɮɬɨɪ, ɯɥɨɪ, ɛɪɨм) ɛɟɧɡɨɥɵ, ɮɟɧɨɥɵ, ɚɥɤɢɥɮɟɧɨɥɵ, ɩɪɨсɬɵɟ ɢ сɥɨɠɧɵɟ ɷɮɢɪɵ, 
ɚɥɶɞɟɝɢɞɵ, ɤɟɬɨɧɵ, сɩɢɪɬɵ, ɤɚɪɛɨɧɨɜɵɟ ɤɢсɥɨɬɵ, ɚɥɢɮɚɬɢɱɟсɤɢɟ ɢ ɚɪɨмɚɬɢɱɟсɤɢɟ ɚмɢɧɵ. 
Пɨɤɚɡɚɧɚ ɞɢɧɚмɢɤɚ ɧɚɤɨɩɥɟɧɢɹ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. ȼɵɩɨɥɧɟɧ ɢɯ ɚɧɚɥɢɡ. 
ɋɮɨɪмɢɪɨɜɚɧɚ ɛɚɡɚ ɞɚɧɧɵɯ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɪɢɬɢɱɟсɤɢɯ ɬɟмɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ. 
ȼɵɩɨɥɧɟɧ ɤɪɢɬɢɱɟсɤɢɣ ɚɧɚɥɢɡ ɨсɧɨɜɧɵɯ мɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɷɬɢɯ сɜɨɣсɬɜ. Пɪɟɞɥɨɠɟɧ 
ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ мɟɬɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, ɨсɧɨɜɚɧɧɵɣ ɧɚ ɢɧɞɟɤсɚɯ мɨɥɟɤɭɥɹɪɧɨɣ сɜɹɡɧɨсɬɢ 
Ɋɚɧɞɢɱɚ ɢ ɚɜɬɨɪсɤɨм ɩɨɞɯɨɞɟ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɩɚɪɰɢɚɥɶɧɵɯ ɜɤɥɚɞɨɜ ɢ ɜɢɞɚ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ 
сɨсɬɚɜɥɹɸɳɟɣ мɟɬɨɞɚ. ɋɨɩɨсɬɚɜɥɟɧɵ ɩɪɨɝɧɨсɬɢɱɟсɤɢɟ ɜɨɡмɨɠɧɨсɬɢ мɟɬɨɞɨɜ, ɩɨɤɚɡɚɧɵ 
ɞɨсɬɨɢɧсɬɜɚ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɚɜɬɨɪсɤɨɝɨ мɟɬɨɞɚ Д1Ж. 

2009-β014 ɝ. – мɟɞɥɟɧɧɨ, ɧɨ ɜɟɪɧɨ ɩɪɨɢсɯɨɞɢɬ ɩɨɩɨɥɧɟɧɢɟ ɛɚɡɵ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ ɩɨ ɤɪɢɬɢɱɟсɤɢм ɬɟмɩɟɪɚɬɭɪɚм (Ɍс) ɢ ɞɚɜɥɟɧɢɹм (Ɋс) ɨɪɝɚɧɢɱɟсɤɢɯ сɨɟɞɢɧɟɧɢɣμ γ 
ɞɢɚɥɤɢɥɨɜɵɯ (ɝɟɤсɢɥ, ɨɤɬɢɥ, ɞɟɰɢɥ) ɷɮɢɪɚ ДβЖ, λ ɬɟɬɪɚɚɥɤɨɤсɢɬɢɬɚɧɨɜ, TТДτ(CH2)nH]4 с n ɨɬ β 
ɞɨ 10 ДγЖ, 15 сɨɟɞɢɧɟɧɢɣ ɪɚɡɧɵɯ ɤɥɚссɨɜ (ɛɟɧɡɨɣɧɚɹ ɤɢсɥɨɬɚ, β-, 3- ɢ 4-ɬɨɥɭɢɥɨɜɵɟ ɤɢсɥɨɬɵ, 
ɛɟɧɡɚɥɶɞɟɝɢɞ, 4-мɟɬɢɥɛɟɧɡɚɥɶɞɟɝɢɞ ɢ β-ɤɚɪɛɨɤсɢɛɟɧɡɚɥɶɞɟɝɢɞ,  ɮɟɧɢɥмɟɬɚɧɨɥ ɢ 4-
мɟɬɢɥɮɟɧɢɥмɟɬɚɧɨɥ, 1,γ-ɩɪɨɩɚɧɞɢɨɥ ɢ β,β-ɞɢмɟɬɢɥ-1,3-ɩɪɨɩɚɧɞɢɨɥ, (Z)-9-
мɟɬɢɥɨɤɬɚɞɟɰɟɧɨɚɬ, мɟɬɢɥ- ɬɟɬɪɚ-, ɝɟɤсɚ- ɢ ɨɤɬɚ-ɞɟɤɚɧɨɚɬɵ) Д4Ж,  ɋ40, ɋ44, ɋ60 ɧ-ɚɥɤɚɧɵ Д5Ж. ɂ 
ɷɬɨ ɜсё ɪɚɛɨɬɵ ɨɞɧɨɣ ɲɤɨɥɵ, ɜ ɤɨɬɨɪɨɣ ɪɚɡɪɚɛɨɬɚɧ ɢ ɢсɩɨɥɶɡɭɟɬсɹ мɟɬɨɞ ɷɤсɩɪɟссɧɨɝɨ 
ɢɡмɟɪɟɧɢɹ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ ɬɟɪмɢɱɟсɤɢ ɧɟсɬɚɛɢɥɶɧɵɯ ɜɟɳɟсɬɜ ɩɭɬɟм ɢмɩɭɥɶсɧɨɝɨ 
ɧɚɝɪɟɜɚ. Ⱥ ɱɬɨ ɞɪɭɝɢɟ ɢссɥɟɞɨɜɚɬɟɥɢ? ȼсɟ ɤɥɸɱɟɜɵɟ ɜɨɩɪɨсɵ ɪɟɲɟɧɵ? ɇɟɬ 
ɡɚɩɪɨсɚɩɪɚɤɬɢɤɢ? ɂсɱɟɪɩɚɧ ɪɟсɭɪс мɟɬɨɞɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟсɤɢɯ 
сɜɨɣсɬɜ? 

Ⱦɟɣсɬɜɢɬɟɥɶɧɨ, ɱɟɬɤɨ ɨɛɨɡɧɚɱɢɥɢсɶ ɨсɧɨɜɧɵɟ ɩɪɨɛɥɟмɵ ɩɨɥɭɱɟɧɢɹ ɷмɩɢɪɢɱɟсɤɨɣ 
ɢɧɮɨɪмɚɰɢɢ ɩɨ ɤɪɢɬɢɱɟсɤɢм (ɠɢɞɤɨсɬɶ-ɩɚɪ) сɜɨɣсɬɜɚмμ   ɞɥɹ ɩɟɪɜɵɯ ɩɪɟɞсɬɚɜɢɬɟɥɟɣ мɧɨɝɢɯ ɝɨмɨɥɨɝɢɱɟсɤɢɯ ɪɹɞɨɜ ɤɪɢɬɢɱɟсɤɢɟ сɜɨɣсɬɜɚ 
ɨɩɪɟɞɟɥɟɧɵ, ɢ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ мɨɝɭɬ ɬɨɥɶɤɨ ɭɬɨɱɧɹɬɶсɹ;   ɩɟɪɟɯɨɞ ɤ ɜɵсɲɢм ɩɪɟɞсɬɚɜɢɬɟɥɹм ɪɹɞɨɜ ɢɥɢ ɤ ɩɨɥɢɮɭɧɤɰɢɨɧɚɥɶɧɵм сɨɟɞɢɧɟɧɢɹм 
ɨсɥɨɠɧɹɟɬсɹ ɨɝɪɚɧɢɱɟɧɧɨɣ ɬɟɪмɢɱɟсɤɨɣ сɬɚɛɢɥɶɧɨсɬɶɸ ɜɟɳɟсɬɜ ɜ ɢɯ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ. 
ɇɢɤɢɬɢɧ ȿ.Ⱦ. ɢ ɞɪ. ɭɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚсɩɚɞ ɜсɟɯ! сɨɟɞɢɧɟɧɢɣ Дβ-5Ж ɧɚɱɢɧɚɥсɹ ɜɛɥɢɡɢ ɢɯ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ ɞɚɠɟ ɩɪɢ ɜɪɟмɟɧɢ ɷɤсɩɨɡɢɰɢɢ 0,06-0,46 мс. ɑɢɪɢɤɨ ɢ ɞɪ. сɨɨɛɳɚɸɬ Д6Ж, 
ɱɬɨ ɬɪɟɯɱɥɟɧɧɵɟ ɚɡɚ-ɚɪɨмɚɬɢɱɟсɤɢɟ сɨɟɞɢɧɟɧɢɹ (ɮɟɧɚɡɢɧ ɢ ɚɤɪɢɞɢɧ), ɨɤɚɡɚɥɢсɶ ɬɟɪмɢɱɟсɤɢ 
ɧɟсɬɚɛɢɥɶɧɵмɢ (ɚ ɷɬɨ сɬɪɭɤɬɭɪɵ, ɨɬɧɨсɹɳɢɟсɹ ɤ ɞɨсɬɚɬɨɱɧɨ ɭсɬɨɣɱɢɜɵм) ɩɪɢ ɬɟмɩɟɪɚɬɭɪɟ 
ɧɚ γ00 Ʉ ɧɢɠɟ ɢɯ ɨɰɟɧɟɧɧɵɯ ɤɪɢɬɢɱɟсɤɢɯ ɬɟмɩɟɪɚɬɭɪ. ɇɚмɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨ ɭсɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ β-, 3- ɢ 4-мɟɬɢɥɛɢɮɟɧɢɥɵ ɢ ɢɯ смɟсɢ с ɬɨɥɭɨɥɨм ɬɟɪмɢɱɟсɤɢ ɧɟсɬɚɛɢɥɶɧɵ ɜɨ ɜсɟм 
ɞɢɚɩɚɡɨɧɟ сɨсɬɚɜɨɜ ɩɪɢ ɤɪɢɬɢɱɟсɤɢɯ ɬɟмɩɟɪɚɬɭɪɚɯ (600-780Ʉ) Д7Ж, ɚ ɞɥɹ 4,4`-
ɞɢɬɪɟɬɛɭɬɢɥɛɢɮɟɧɢɥɚ ɜɪɟмɹ ɷɤсɩɨɡɢɰɢɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɟмɩɟɪɚɬɭɪɵ (Ɍс>825 
Ʉ) ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 0,5 с [8]; 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
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 мɟɬɨɞɵ ɷɤсɩɪɟссɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ ɩɨɤɚ мɨɝɭɬ ɨɛɟсɩɟɱɢɬɶ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɭɸ ɩɨɝɪɟɲɧɨсɬɶ ɧɟ ɧɢɠɟ 6-λ Ʉ ɞɥɹ Ɍс сɨɟɞɢɧɟɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ Дβ-4Ж, ɢ 15 
Ʉ – ɞɥɹ ɩɪɢɜɟɞɟɧɧɵɯ ɜ Д5Ж;   ɜɨɡмɨɠɧɨсɬɢ ɜɵɱɢсɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɜсɟɥɢɥɢ ɧɚɞɟɠɞɭ ɧɚ ɬɨ, ɱɬɨ ɬɟɩɟɪɶ мɨɠɧɨ 
смɟсɬɢɬɶ ɚɤɰɟɧɬ ɨɬ ɷɤсɩɟɪɢмɟɧɬɚ ɤ ɪɚсɱɟɬɭ. 

ɂɬɚɤ, ɩɟɪсɩɟɤɬɢɜɵ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ ɩɪɨɛɥɟмɧɵɯ 
сɨɟɞɢɧɟɧɢɣ ɨɱɟɜɢɞɧɵ. ȼɨɡɧɢɤɚɟɬ ɜɨɩɪɨс – ɤɚɤɨɜɚ ɰɟɧɧɨсɬɶ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɚɟмɵɯ, 
ɧɚɩɪɢмɟɪ, ɞɥɹ ɤɪɢɬɢɱɟсɤɨɣ ɬɟмɩɟɪɚɬɭɪɵ с ɩɨɝɪɟɲɧɨсɬɶɸ ɜ 10-15 Ʉ? ȼɟɞɶ ɞɥɹ (ɋ20-ɋ24) ɧ-
ɚɥɤɚɧɨɜ ɝɨмɨɥɨɝɢɱɟсɤɚɹ ɪɚɡɧɨсɬɶ сɨсɬɚɜɥɹɟɬ 8 Ʉ, ɚ ɞɥɹ (ɋ40-ɋ44) ɧ-ɚɥɤɚɧɨɜ ɢ ɬɨɝɨ мɟɧɶɲɟ – 
ɜсɟɝɨ 4 Ʉ Д5Ж. Ɍɨ ɟсɬɶ, ɩɨɝɪɟɲɧɨсɬɶ сɬɚɧɨɜɢɬсɹ ɜ γ-4 ɪɚɡɚ ɜɵɲɟ ɝɨмɨɥɨɝɢɱɟсɤɨɣ ɪɚɡɧɨсɬɢ. 
Ɍɟм ɧɟ мɟɧɟɟ, ɬɚɤɢɟ сɜɟɞɟɧɢɹ ɜɚɠɧɵ, ɢɛɨ ɛɟɡ ɧɢɯ ɧɟ мɨɠɟɬ ɛɵɬɶ ɭсɬɚɧɨɜɥɟɧɚ ɜɡɚɢмɨсɜɹɡɶ 
ɤɪɢɬɢɱɟсɤɢɯ ɬɟмɩɟɪɚɬɭɪ ɧ-ɚɥɤɚɧɨɜ сɨ сɬɪɨɟɧɢɟм ɢɯ мɨɥɟɤɭɥ ɢ/ɢɥɢ ɞɪɭɝɢмɢ ɮɢɡɢɤɨ-
ɯɢмɢɱɟсɤɢмɢ сɜɨɣсɬɜɚмɢ, ɤɨɬɨɪɚɹ сɨсɬɚɜɥɹɟɬ ɨсɧɨɜɭ мɧɨɝɢɯ мɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ Ɍс 
ɨɪɝɚɧɢɱɟсɤɢɯ сɨɟɞɢɧɟɧɢɣ.  

ɋ ɩɨɝɪɟɲɧɨсɬɶɸ ɜ 10-15 Ʉ ɞɥɹ Ɍс мɨɠɧɨ смɢɪɢɬɶсɹ, ɟсɥɢ ɪɟɱɶ ɢɞɟɬ ɨɛ ɢɯ ɞɚɥɶɧɟɣɲɟм 
ɢсɩɨɥɶɡɨɜɚɧɢɢ, ɧɚɩɪɢмɟɪ, ɩɪɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɞɚɜɥɟɧɢɣ ɧɚсɵɳɟɧɧɨɝɨ ɩɚɪɚ (Pvp) 
сɨɟɞɢɧɟɧɢɣ ɢ ɨɲɢɛɤɚ ɜ β-γ ɪɚɡɚ ɩɪɢ ɷɬɨм ɜɨɡмɨɠɧɚ ɬɨɥɶɤɨ ɜ ɨɛɥɚсɬɢ Pvp≤10 Пɚ. Ɉɞɧɚɤɨ 
сɨɜɟɪɲɟɧɧɨ ɧɟɩɨɡɜɨɥɢɬɟɥɶɧɨɣ ɨɤɚɡɵɜɚɟɬсɹ ɨɲɢɛɤɚ ɜ β-γ ɪɚɡɚ ɩɪɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɤɨɧсɬɚɧɬ 
ɪɚɜɧɨɜɟсɢɹ ɢ, ɤɚɤ сɥɟɞсɬɜɢɟ, сɨсɬɚɜɨɜ ɪɚɜɧɨɜɟсɧɵɯ смɟсɟɣ ɢɥɢ ɤɢɧɟɬɢɱɟсɤɢɯ ɯɚɪɚɤɬɟɪɢсɬɢɤ 
ɯɢмɢɱɟсɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ. Ⱥ ɢмɟɧɧɨ ɤ ɬɚɤɢм ɢ ɛόɥɶɲɢм ɨɲɢɛɤɚм ɩɪɢɜɟɞɟɬ ɩɨɝɪɟɲɧɨсɬɶ ɜ 
10-15 Ʉ ɞɥɹ Ɍс ɤɚɤɨɝɨ-ɬɨ ɨɞɧɨɝɨ ɤɨмɩɨɧɟɧɬɚ ɪɚɜɧɨɜɟсɧɨɣ смɟсɢ, ɟсɥɢ ɨсɭɳɟсɬɜɥɹɟɬсɹ 
ɩɪɨɝɧɨɡ ɠɢɞɤɨɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɜ сɢсɬɟмɟ с ɧɢɡɤɨɥɟɬɭɱɢмɢ ɜɟɳɟсɬɜɚмɢ. ɇɨ ɬɨɥɶɤɨ ɨ 
ɬɚɤɢɯ ɜɟɳɟсɬɜɚɯ ɢ ɢɞɟɬ ɡɞɟсɶ ɪɟɱɶ, ɩɨсɤɨɥɶɤɭ ɨɪɝɚɧɢɱɟсɤɢɟ сɨɟɞɢɧɟɧɢɹ, ɨɛɥɚɞɚɸɳɢɟ 
ɜɵсɨɤɨɣ ɥɟɬɭɱɟсɬɶɸ, ɢмɟɸɬ ɨɬɧɨсɢɬɟɥɶɧɨ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɤɪɢɬɢɱɟсɤɢɯ ɬɟмɩɟɪɚɬɭɪ, ɢɯ 
ɤɪɢɬɢɱɟсɤɢɟ сɜɨɣсɬɜɚ ɨɩɪɟɞɟɥɟɧɵ ɧɚɞɟɠɧɨ, ɚ мɟɬɨɞɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɪɨɱɢɯ ɮɢɡɢɤɨ-
ɯɢмɢɱɟсɤɢɯ сɜɨɣсɬɜ ɨɛсɬɨɹɬɟɥɶɧɨ ɬɟсɬɢɪɨɜɚɧɵ. 

ɂɡ сɤɚɡɚɧɧɨɝɨ сɥɟɞɭɟɬ, ɱɬɨ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟсɬɜɭ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ сɨɟɞɢɧɟɧɢɣ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ сɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɸɬсɹ ɢɯ ɞɚɥɶɧɟɣɲɢм ɩɪɢɥɨɠɟɧɢɟм ɤ ɤɨɧɤɪɟɬɧɵм ɪɟɲɚɟмɵм 
ɡɚɞɚɱɚм, ɢ ɞɥɹ ɜɟɳɟсɬɜ с ɨɝɪɚɧɢɱɟɧɧɨɣ ɬɟɪмɢɱɟсɤɨɣ сɬɚɛɢɥɶɧɨсɬɶɸ ɨсɨɛɚɹ ɧɚɝɪɭɡɤɚ ɥɨɠɢɬсɹ 
ɧɚ мɟɬɨɞɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɷɬɢɯ сɜɨɣсɬɜ. ɗɬɨмɭ ɜɨɩɪɨсɭ ɭɞɟɥɹɟɬсɹ ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɧɢмɚɧɢɟ 
ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜсɟɣ ɢсɬɨɪɢɢ ɪɚɡɜɢɬɢɹ ɤɪɢɬɢɱɟсɤɨɝɨ сɨсɬɨɹɧɢɹ ɜɟɳɟсɬɜɚ. Ɉсɧɨɜɧɵɟ мɟɬɨɞɵ 
мɚссɨɜɨɝɨ ɪɚсɱɟɬɚ сɜɨɣсɬɜ, ɩɪɟɞɜɚɪɹɸɳɢɟ сɨɡɞɚɧɢɟ ɤɚɠɞɨɝɨ ɧɨɜɨɝɨ мɟɬɨɞɚ, ɞɟɬɚɥɶɧɨ 
ɚɧɚɥɢɡɢɪɭɸɬсɹ ɪɚɡɪɚɛɨɬɱɢɤɚмɢ. Ɉɧɢ ɪɚссмɨɬɪɟɧɵ ɢ ɧɚмɢ ɜ мɨɧɨɝɪɚɮɢɢ Д1Ж, ɞɚɧɨ 
сɨɩɨсɬɚɜɥɟɧɢɟ ɢɯ ɩɪɨɝɧɨсɬɢɱɟсɤɢɯ ɜɨɡмɨɠɧɨсɬɟɣ ɜ ɩɪɢɥɨɠɟɧɢɢ ɤ ɤɪɢɬɢɱɟсɤɢм 
ɬɟмɩɟɪɚɬɭɪɚм ɢ ɞɚɜɥɟɧɢɹм сɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɵɯ ɤɥɚссɨɜ.  

Пɟɪɢɨɞ β00λ-β014 ɝ. ɬɚɤɠɟ ɧɚсɵɳɟɧ ɧɨɜɵмɢ ɩɪɟɞɥɨɠɟɧɢɹмɢ ɩɨ ɪɚсɱɟɬɭ сɜɨɣсɬɜ. 
Ɉɛɪɚɳɚɟɬ ɧɚ сɟɛɹ ɜɧɢмɚɧɢɟ ɛɨɥɶɲɨɟ сɬɪɟмɥɟɧɢɟ ɤ ɪɟɲɟɧɢɸ ɜсɟɯ ɩɪɨɛɥɟм ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
сɪɚɡɭ. Ȼɥɚɝɨ, ɱɬɨ ɷɬɨмɭ сɩɨсɨɛсɬɜɭɟɬ сɨɜɪɟмɟɧɧɵɣ ɭɪɨɜɟɧɶ ɜɵɱɢсɥɢɬɟɥɶɧɵɯ ɜɨɡмɨɠɧɨсɬɟɣ. 
Ʉɚɤɨɜ ɛɭɞɟɬ ɪɟɡɭɥɶɬɚɬ ɬɚɤɨɝɨ ɩɨɞɯɨɞɚ, ɩɨɤɚɠɟɬ ɜɪɟмɹ. ɋɟɣɱɚс ɠɟ ɜɚɠɧɨ ɤɨɧсɬɚɬɢɪɨɜɚɬɶ ɮɚɤɬ 
сɨɡɞɚɧɢɹ Ɇ. Ɏɪɟɧɤɟɥɟм ɢ ɞɪ. мɚсɲɬɚɛɧɨɣ ɪɚɛɨɬɵ ДλЖ, ɜ ɤɨɬɨɪɭɸ ɜɨɜɥɟɱɟɧɵ ɜсɟ ɧɚɤɨɩɥɟɧɧɵɟ 
ɤ ɧɚсɬɨɹɳɟмɭ ɜɪɟмɟɧɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ (ɩɨ Ɍс - ɞɥɹ 865 сɨɟɞɢɧɟɧɢɣ ɢ ɩɨ Ɋс  - ɞɥɹ 
677сɨɟɞɢɧɟɧɢɣ) ɢ  ɞɟсɤɪɢɩɬɨɪɵ 171 ɬɢɩɚ. Ⱥɜɬɨɪɵ сɨɨɛɳɚɸɬ, ɱɬɨ мɟɬɨɞ ɩɨɤɚɡɚɥ ɯɨɪɨɲɭɸ 
ɪɚɛɨɬɨсɩɨсɨɛɧɨсɬɶ ɩɪɢ сɨɩɨсɬɚɜɥɟɧɢɢ ɪɚсɱɟɬɧɵɯ ɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. Ɉɧ ɞɚɟɬ 
ɥɭɱɲɢɣ ɩɪɨɝɧɨɡ, ɱɟм ɧɟɤɨɬɨɪɵɟ ɩɨɩɭɥɹɪɧɵɟ мɟɬɨɞɵ, ɨсɧɨɜɚɧɧɵɟ ɧɚ ɝɪɭɩɩɨɜɵɯ ɜɤɥɚɞɚɯ (ɛɟɡ 
ɩɪɢɜɥɟɱɟɧɢɹ ɧɨɪмɚɥɶɧɵɯ ɬɟмɩɟɪɚɬɭɪ ɤɢɩɟɧɢɹ ɜɟɳɟсɬɜ). Ⱥɜɬɨɪɚмɢ ɩɪɟɞсɤɚɡɚɧɵ ɤɪɢɬɢɱɟсɤɢɟ 
сɜɨɣсɬɜɚ ɩɪɢмɟɪɧɨ ɞɥɹ 8000 сɨɟɞɢɧɟɧɢɣ (ɜ ɛɚɡɟ NIST ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ 
ɬɨɥɶɤɨ ɞɥɹ 7000 сɨɟɞɢɧɟɧɢɣ!), ɧɟ ɢмɟɸɳɢɯ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. Ɉсɬɚɟɬсɹ ɥɢɲɶ 
сɨɠɚɥɟɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɚɹ ɢɧɮɨɪмɚɰɢɹ ɧɟ ɧɚɯɨɞɢɬсɹ ɜ сɜɨɛɨɞɧɨм ɞɨсɬɭɩɟ ɞɥɹ ɧɚɭɱɧɨɣ 
ɨɛɳɟсɬɜɟɧɧɨсɬɢ. 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 
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Ɉɛɥɚсɬɶ ɧɚɲɢɯ ɧɚɭɱɧɵɯ ɢɧɬɟɪɟсɨɜ ɬɪɟɛɭɟɬ ɜɥɚɞɟɧɢɹ сɜɟɞɟɧɢɹмɢ ɨ Ɍс ɢ Ɋс, ɧɟ 
ɞɨɩɭсɤɚɸɳɢмɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɩɪɨɝɧɨɡɢɪɭɟмɵɯ ɞɚɜɥɟɧɢɣ ɩɚɪɨɜ ɜɟɳɟсɬɜ ɨɬ 
ɷɤсɩɟɪɢмɟɧɬɚ. Пɪɢ ɷɬɨм ɪɟɱɶ ɢɞɟɬ, ɜ ɨсɧɨɜɧɨм, ɨ сɨɟɞɢɧɟɧɢɹɯ, ɨɛɥɚɞɚɸɳɢɯ ɧɢɡɤɨɣ 
ɥɟɬɭɱɟсɬɶɸ ɢ ɨɝɪɚɧɢɱɟɧɧɨɣ ɬɟɪмɢɱɟсɤɨɣ сɬɚɛɢɥɶɧɨсɬɶɸ ɜ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ. Ⱦɥɹ 
ɪɟɲɟɧɢɹ ɬɚɤɨɣ ɡɚɞɚɱɢ ɧɚмɢ ɪɚɡɪɚɛɨɬɚɧ Д1Ж ɢ ɪɚɡɜɢɜɚɟɬсɹ мɟɬɨɞ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ.  

ɇɚ ɞɚɧɧɵɣ мɨмɟɧɬ ɡɚɜɟɪɲɟɧɵ ɜсɟ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɢ ɪɚсɱɟɬɧɵɟ ɪɚɛɨɬɵ, ɩɨɡɜɨɥɢɜɲɢɟ 
ɚɞɚɩɬɢɪɨɜɚɬɶ мɟɬɨɞ, ɢɡɥɨɠɟɧɧɵɣ ɜ Д1Ж, ɤ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ ɤɪɢɬɢɱɟсɤɢɯ ɬɟмɩɟɪɚɬɭɪ ɢ 
ɞɚɜɥɟɧɢɣ сɨɟɞɢɧɟɧɢɣ ɟɳɟ ɞɜɭɯ ɤɥɚссɨɜ – ɚɥɤɢɥɛɢɮɟɧɢɥɨɜ ɢ ɚɥɤɢɥɞɢɮɟɧɢɥɨɤсɢɞɨɜ. Пɪɢ 
ɷɬɨм ɤɨɪɪɟɥɹɰɢɢ ɞɥɹ Ɍс ɢ Ɋс сɨɯɪɚɧɢɥɢ сɜɨɣ ɜɢɞ ɢ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɩɪɢɧɹɬɵɯ ɜ Д1Ж. 
ɇɚɛɨɪ ɤɨɞɨɜɵɯ ɱɢсɟɥ, ɪɟɤɨмɟɧɞɨɜɚɧɧɵɯ ɞɥɹ ɪɚсɱɟɬɚ сɭммɚɪɧɵɯ ɢɧɞɟɤсɨɜ мɨɥɟɤɭɥɹɪɧɨɣ 
сɜɹɡɧɨсɬɢ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ1-2χ, ɛɵɥ ɞɨɩɨɥɧɟɧ ɜсɟɝɨ ɞɜɭмɹ ɡɧɚɱɟɧɢɹмɢ ɞɥɹ ɤɚɠɞɨɝɨ сɜɨɣсɬɜɚ 
– ɞɥɹ ɭɝɥɟɪɨɞɧɨɝɨ ɚɬɨмɚ ɬɢɩɚ Car-(Car) ɜ ɛɢɮɟɧɢɥɶɧɨм ɮɪɚɝмɟɧɬɟ ɢ ɞɥɹ ɭɝɥɟɪɨɞɧɨɝɨ ɚɬɨмɚ 
ɬɢɩɚ Car-(Ɉ) ɜ ɞɢɮɟɧɢɥɨɤсɢɞɧɨм ɮɪɚɝмɟɧɬɟ. Ɍɚɤɢм ɨɛɪɚɡɨм, сɭммɚɪɧɨɟ ɤɨɥɢɱɟсɬɜɨ ɤɨɞɨɜɵɯ 
ɱɢсɟɥ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢмɨ ɞɥɹ ɪɚсɱɟɬɚ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ сɨɟɞɢɧɟɧɢɣ ɱɟɬɵɪɟɯ ɤɥɚссɨɜ - 
ɚɥɤɚɧɨɜ, ɚɥɤɢɥɛɟɧɡɨɥɨɜ, ɚɥɤɢɥɛɢɮɟɧɢɥɨɜ ɢ ɚɥɤɢɥɞɢɮɟɧɢɥɨɤсɢɞɨɜ, ɪɚɜɧɨ ɜсɟɝɨ 1β. Пɪɢɱɟм 
ɡɧɚɱɟɧɢɹ ɞɜɭɯ ɢɡ ɧɢɯ ɡɚɞɚɸɬсɹ (1,00 –ɞɥɹ ɩɟɪɜɢɱɧɨɝɨ ɢ β,00 – ɞɥɹ ɜɬɨɪɢɱɧɨɝɨ ɭɝɥɟɪɨɞɧɨɝɨ 
ɚɬɨмɚ), ɚ 10 ɧɚсɬɪɚɢɜɚɸɬсɹ ɩɨ ɧɚɞɟɠɧɵм ɡɧɚɱɟɧɢɹм ɞɥɹ ɥɸɛɨɝɨ сɨɟɞɢɧɟɧɢɹ (ɢɥɢ ɧɟсɤɨɥɶɤɢɯ 
сɨɟɞɢɧɟɧɢɣ), ɢмɟɸɳɟɝɨ ɜ мɨɥɟɤɭɥɟ сɨɨɬɜɟɬсɬɜɭɸɳɢɣ сɬɪɭɤɬɭɪɧɵɣ ɮɪɚɝмɟɧɬ. ȼсɹ ɩɪɨɱɚɹ 
ɢɧɮɨɪмɚɰɢɹ, сɨɞɟɪɠɚɳɚɹсɹ ɜ ɛɚɡɟ ɞɚɧɧɵɯ, мɨɠɟɬ ɢсɩɨɥɶɡɨɜɚɬɶсɹ ɞɥɹ ɩɪɨɜɟɪɤɢ 
ɪɚɛɨɬɨсɩɨсɨɛɧɨсɬɢ мɟɬɨɞɚ ɢ ɞɚɥɟɟ – ɞɥɹ ɭɬɨɱɧɟɧɢɹ (ɜ ɛɨɥɶɲɢɧсɬɜɟ сɥɭɱɚɟɜ ɱɢсɬɨ 
«ɤɨсмɟɬɢɱɟсɤɨɝɨ») ɡɧɚɱɟɧɢɣ ɤɨɞɨɜɵɯ ɱɢсɟɥ ɢ/ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨсɧɨɜɧɨɣ ɤɨɪɪɟɥɹɰɢɢ. 
Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ ɚɥɤɢɥɛɢɮɟɧɢɥɨɜ (β-мɟɬɢɥ-ȻɎ, γ-мɟɬɢɥ-
ȻɎ, 4,4`-ɞɢмɟɬɢɥ-ȻɎ, 3-ɢɡɨɩɪɨɩɢɥ-ȻɎ, γ-ɬɪɟɬ-ɛɭɬɢɥ-ȻɎ, 4,4`-ɞɢ-ɬɪɟɬ-ɛɭɬɢɥ-ȻɎ) 
ɬɟсɬɢɪɨɜɚɧɵ ɧɚмɢ Д10Ж ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ ɞɚɧɧɵмɢ ɩɨ ɞɚɜɥɟɧɢɹм ɢɯ ɧɚсɵɳɟɧɧɨɝɨ ɩɚɪɚ 
(ɜɩɥɨɬɶ ɞɨ ɧɟсɤɨɥɶɤɢɯ Пɚ) ɢ ɹɜɥɹɸɬсɹ ɜɩɨɥɧɟ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵмɢ – сɪɟɞɧɟɟ ɚɛсɨɥɸɬɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɷɤсɩɟɪɢмɟɧɬɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 5 % ɨɬɧ. Ɍɚɤɨɜɵ ɩɪɨɝɧɨсɬɢɱɟсɤɢɟ ɜɨɡмɨɠɧɨсɬɢ 
мɟɬɨɞɚ. 

Ɂɧɚɧɢɟ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ ɩɨɡɜɨɥɢɥɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɢссɥɟɞɨɜɚɧɢɹ 
ɠɢɞɤɨɮɚɡɧɨɝɨ ɯɢмɢɱɟсɤɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɜ сɥɨɠɧɵɯ мɧɨɝɨɤɨмɩɨɧɟɧɬɧɵɯ сɢсɬɟмɚɯ, ɪɟɲɢɬɶ 
ɡɚɞɚɱɭ ɜɡɚɢмɨсɜɹɡɢ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ ɚɥɤɢɥɛɢɮɟɧɢɥɨɜ ɢ ɚɥɤɢɥɞɢɮɟɧɢɨɤсɢɞɨɜ сɨ 
сɬɪɨɟɧɢɟм ɢɯ мɨɥɟɤɭɥ ɢ ɪɟɤɨмɟɧɞɨɜɚɬɶ ɨɩɬɢмɚɥɶɧɵɟ ɭсɥɨɜɢɹ сɢɧɬɟɡɚ ɨɬɞɟɥɶɧɵɯ 
ɩɪɟɞсɬɚɜɢɬɟɥɟɣ ɷɬɢɯ ɝɨмɨɥɨɝɢɱɟсɤɢɯ ɪɹɞɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ ɜ 
ɪɚɦɤɚɯ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɎȽȻɈɍ ȼɉɈ "ɋɚɦȽɌɍ" (ɤɨɞ ɩɪɨɟɤɬɚμ 
1708). 
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ɇɨɪмɚɥɶɧɵɟ ɚɥɤɚɧɵ CnH2n+2, ɧɚɱɢɧɚɹ с ɭɧɞɟɤɚɧɚ ( 11n  ), ɬɟɪмɨɧɟсɬɚɛɢɥɶɧɵ ɜ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɟ. ɂɡмɟɪɟɧɢɹ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ ɬɟɪмɨɧɟсɬɚɛɢɥɶɧɵɯ сɨɟɞɢɧɟɧɢɣ мɨɝɭɬ 
ɛɵɬɶ ɩɪɨɜɟɞɟɧɵ мɟɬɨɞɚмɢ, ɨɛɟсɩɟɱɢɜɚɸɳɢмɢ ɞɨсɬɚɬɨɱɧɨ ɛɵсɬɪɵɣ ɧɚɝɪɟɜ ɨɛɪɚɡɰɚ ɞɨ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɟмɩɟɪɚɬɭɪɵ. Ɉɞɧɢм ɢɡ ɬɚɤɢɯ мɟɬɨɞɨɜ ɹɜɥɹɟɬсɹ мɟɬɨɞ ɢмɩɭɥɶсɧɨɝɨ ɧɚɝɪɟɜɚ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɧɚмɢ ɪɚɧɟɟ Д1,βЖ. Ɇɟɬɨɞ ɨсɧɨɜɚɧ ɧɚ ɹɜɥɟɧɢɢ ɩɟɪɟɝɪɟɜɚ ɠɢɞɤɨсɬɢ. ȼ 
ɢссɥɟɞɭɟмɭɸ ɠɢɞɤɨсɬɶ ɩɨмɟɳɚɟɬсɹ ɩɪɨɜɨɥɨɱɧɵɣ ɡɨɧɞ – ɩɥɚɬɢɧɨɜɚɹ ɩɪɨɜɨɥɨɤɚ ɞɢɚмɟɬɪɨм 
β0 мɤм ɢ ɞɥɢɧɨɣ 1-γ см. Ɂɨɧɞ ɪɚɡɨɝɪɟɜɚɟɬсɹ ɢмɩɭɥɶсɚмɢ ɷɥɟɤɬɪɢɱɟсɤɨɝɨ ɬɨɤɚ ɞɥɢɬɟɥɶɧɨсɬɶɸ 
10-1000 мɤс ɞɨ ɬɟмɩɟɪɚɬɭɪɵ сɩɨɧɬɚɧɧɨɝɨ ɜсɤɢɩɚɧɢɹ ɠɢɞɤɨсɬɢ. ɂɡмɟɪɹɟɬсɹ ɡɚɜɢсɢмɨсɬɶ 
ɬɟмɩɟɪɚɬɭɪɵ сɩɨɧɬɚɧɧɨɝɨ ɜсɤɢɩɚɧɢɹ (ɞɨсɬɢɠɢмɨɝɨ ɩɟɪɟɝɪɟɜɚ) ɨɬ ɞɚɜɥɟɧɢɹ. Ʌɢɧɢɹ 
ɞɨсɬɢɠɢмɨɝɨ ɩɟɪɟɝɪɟɜɚ ɠɢɞɤɨсɬɢ, ɬɚɤ ɠɟ ɤɚɤ ɛɢɧɨɞɚɥɶ ɢ сɩɢɧɨɞɚɥɶ, ɡɚɤɚɧɱɢɜɚɟɬсɹ ɜ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɟ. Ɍɚɤɢм ɨɛɪɚɡɨм, мɟɬɨɞ ɢмɩɭɥɶсɧɨɝɨ ɧɚɝɪɟɜɚ ɩɨɡɜɨɥɹɟɬ ɢɡмɟɪɢɬɶ 
ɤɪɢɬɢɱɟсɤɭɸ ɬɟмɩɟɪɚɬɭɪɭ ɢ ɤɪɢɬɢɱɟсɤɨɟ ɞɚɜɥɟɧɢɟ ɜɟɳɟсɬɜɚ. 

ɂɡмɟɪɟɧɢɹ ɤɪɢɬɢɱɟсɤɨɣ ɬɟмɩɟɪɚɬɭɪɵ ɢ ɤɪɢɬɢɱɟсɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧ-ɚɥɤɚɧɨɜ с ɱɢсɥɨм 
ɚɬɨмɨɜ ɭɝɥɟɪɨɞɚ ɜ мɨɥɟɤɭɥɟ 40n  , 44 ɢ 60 ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɪɢ сɩɨɧсɨɪсɤɨɣ ɩɨɞɞɟɪɠɤɟ 
Ⱥмɟɪɢɤɚɧсɤɨɝɨ ɢɧсɬɢɬɭɬɚ ɢɧɠɟɧɟɪɨɜ-ɯɢмɢɤɨɜ (AIChE). Ɉɛɪɚɡɰɵ ɧ-ɚɥɤɚɧɨɜ ɛɵɥɢ 
ɩɪɢɨɛɪɟɬɟɧɵ ɭ ɤɨмɩɚɧɢɣ FХЮФК ɢ AХНrТМС. Пɟɪɟɞ ɢɡмɟɪɟɧɢɹмɢ ɤɪɢɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ ɢ 
ɩɨсɥɟ ɢɡмɟɪɟɧɢɣ ɱɢсɬɨɬɚ ɨɛɪɚɡɰɨɜ ɨɩɪɟɞɟɥɹɥɚсɶ мɟɬɨɞɨм ɩɪɨɬɨɧɧɨɣ мɚɝɧɢɬɧɨɣ 
сɩɟɤɬɪɨсɤɨɩɢɢ (BRUKERAVANCEDRX 400). ɋɨɞɟɪɠɚɧɢɟ ɨсɧɨɜɧɨɝɨ ɜɟɳɟсɬɜɚ ɧɟ 
ɢɡмɟɧɹɥɨсɶ ɜ ɩɪɨɰɟссɟ ɢɡмɟɪɟɧɢɣ ɤɪɢɬɢɱɟсɤɢɯ сɜɨɣсɬɜ ɢ сɨсɬɚɜɥɹɥɨ ɧɟ мɟɧɟɟ λλ.8%. 

Ȼɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɧɨɜɚɹ сɯɟмɚ ɪɚсɱɟɬɚ ɩɨɩɪɚɜɨɤ ɤ ɡɧɚɱɟɧɢɹм ɤɪɢɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ, 
ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɬсɹ ɜ ɯɨɞɟ ɢɡмɟɪɟɧɢɣ мɟɬɨɞɨм ɢмɩɭɥɶсɧɨɝɨ ɧɚɝɪɟɜɚ. Ɋɚɧɟɟ ɧɚмɢ ɛɵɥɢ 
ɢɡмɟɪɟɧɵ ɤɪɢɬɢɱɟсɤɢɟ сɜɨɣсɬɜɚ ɧ-ɚɥɤɚɧɨɜ с ɱɢсɥɨм ɚɬɨмɨɜ ɭɝɥɟɪɨɞɚ ɨɬ 1λ ɞɨ γ6 ДγЖ. ɗɬɢ 
ɞɚɧɧɵɟ ɛɵɥɢ ɩɟɪɟсɱɢɬɚɧɵ с ɢсɩɨɥɶɡɨɜɚɧɢɟм ɧɨɜɨɣ сɯɟмɵ ɪɚсɱɟɬɚ ɩɨɩɪɚɜɨɤ, ɱɬɨɛɵ 
сɨɝɥɚсɨɜɚɬɶ мɟɠɞɭ сɨɛɨɣ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɚɡɧɵɟ ɝɨɞɵ. Пɨɝɪɟɲɧɨсɬɶ ɢɡмɟɪɟɧɢɹ 
ɤɪɢɬɢɱɟсɤɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɧ-ɚɥɤɚɧɨɜ C19H40-C60H122 ɨɰɟɧɢɜɚɟɬсɹ ɧɚмɢ ɜ 0 05.  ɆПɚ; 
ɩɨɝɪɟɲɧɨсɬɶ ɢɡмɟɪɟɧɢɹ ɤɪɢɬɢɱɟсɤɨɣ ɬɟмɩɟɪɚɬɭɪɵ ɪɚɜɧɚ 1 0  Ʉ ɞɥɹ ɧ-ɚɥɤɚɧɨɜ C19H40-C30H62 
ɢ 1 5  Ʉ ɞɥɹ ɚɥɤɚɧɨɜ C36H74-C60H122. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡмɟɪɟɧɢɣ ɤɪɢɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ ɧ-ɚɥɤɚɧɨɜ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢс.1. Ⱦɚɧɧɵɟ 
ɞɥɹ ɚɥɤɚɧɨɜ с ɱɢсɥɨм ɚɬɨмɨɜ ɭɝɥɟɪɨɞɵ 1n  -18 ɜɡɹɬɵ ɢɡ ɨɛɡɨɪɚ Д4Ж. Ʉɪɢɬɢɱɟсɤɢɟ сɜɨɣсɬɜɚ ɧ-
ɚɥɤɚɧɨɜ мɵ ɪɟɤɨмɟɧɞɭɟм ɪɚссɱɢɬɵɜɚɬɶ ɩɨ сɥɟɞɭɸɳɢм ɭɪɚɜɧɟɧɢɹмμ  1 2 1
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Ɏɨɪмɚ ɭɪ.(1) ɢ (β) ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɧɚмɢ ɩɪɢ ɪɚссмɨɬɪɟɧɢɢ сɜɨɣсɬɜ ɮɥɸɢɞɚ, сɨсɬɨɹɳɟɝɨ 
ɢɡ ɰɟɩɧɵɯ мɨɥɟɤɭɥ Д5Ж. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɣ ɩɨɥɭɱɟɧɵ ɨɛɪɚɛɨɬɤɨɣ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ ɩɪɢ 5 60n   . ɍɪɚɜɧɟɧɢɹ (1) ɢ (β) ɨɩɢсɵɜɚɸɬ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ 

5n   с ɩɨɝɪɟɲɧɨсɬɶɸ 0.βλ% ɢ γ.65% ɞɥɹ ɤɪɢɬɢɱɟсɤɨɣ ɬɟмɩɟɪɚɬɭɪɵ ɢ ɤɪɢɬɢɱɟсɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, сɨɨɬɜɟɬсɬɜɟɧɧɨ. 
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Ɋɢс.1. Ʉɪɢɬɢɱɟсɤɚɹ ɬɟмɩɟɪɚɬɭɪɚ ɢ ɤɪɢɬɢɱɟсɤɨɟ ɞɚɜɥɟɧɢɟ ɧɨɪмɚɥɶɧɵɯ ɚɥɤɚɧɨɜ CnH2n+2 ɜ 
ɡɚɜɢсɢмɨсɬɢ ɨɬ ɱɢсɥɚ ɚɬɨмɨɜ ɭɝɥɟɪɨɞɚ ɜ мɨɥɟɤɭɥɟ n. ■ – ɞɚɧɧɵɟ Ⱥɛɪɨɭɡɚ ɢ 
ɐɨɧɨɩɭɥɨсɚ Д4Ж, ○ – ɧɚсɬɨɹɳɚɹ ɪɚɛɨɬɚ, сɩɥɨɲɧɵɟ ɥɢɧɢɢ – ɪɚсɱɟɬ ɩɨ ɭɪ.(1) ɢ (β) 
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ɇɟсмɨɬɪɹ ɧɚ ɚɤɬɢɜɧɨɟ ɢɡɭɱɟɧɢɟ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚммɵ ɭɝɥɟɪɨɞɚ, сɭɳɟсɬɜɭɸɳɢɟ ɧɚ ɞɚɧɧɵɣ 
мɨмɟɧɬ ɡɧɚɧɢɹ ɨ ɩɨɜɟɞɟɧɢɢ ɤɪɢɜɨɣ ɩɥɚɜɥɟɧɢɹ ɝɪɚɮɢɬɚ ɞɨсɬɚɬɨɱɧɨ ɩɪɨɬɢɜɨɪɟɱɢɜɵ (см, 
ɧɚɩɪɢмɟɪ, [1]). ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɷɬɨ ɹɜɥɹɟɬсɹ сɥɟɞсɬɜɢɟм ɜɵсɨɤɨɣ ɬɭɝɨɩɥɚɜɤɨсɬɢ ɝɪɚɮɢɬɚ ɢ 
сɜɹɡɚɧɧɨɣ с ɷɬɢм ɧɟɨɛɯɨɞɢмɨсɬɶɸ ɨсɭɳɟсɬɜɥɟɧɢɹ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɢɡмɟɪɟɧɢɣ ɩɪɢ 
ɬɟмɩɟɪɚɬɭɪɚɯ, ɩɪɟɜɵɲɚɸɳɢɯ 4000 Ʉ, ɢ ɞɚɜɥɟɧɢɹɯ, ɨɪɢɟɧɬɢɪɨɜɨɱɧɨ, ɞɨ β0 ȽПɚ. 
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ɗɤсɩɟɪɢмɟɧɬɵ ɩɨ ɩɥɚɜɥɟɧɢɸ ɝɪɚɮɢɬɚ, ɤɚɤ ɩɪɚɜɢɥɨ, сɜɹɡɚɧɵ с ɛɵсɬɪɵм ɢ сɜɟɪɯɛɵсɬɪɵм 
ɧɚɝɪɟɜɨм ɨɛɪɚɡɰɨɜ. Пɪɢ ɷɬɨм ɜɪɟмɟɧɧɵɟ мɚсɲɬɚɛɵ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɚ, ɚ, сɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ 
ɩɪɨɢсɯɨɞɹɳɢɯ ɜ ɧɟм ɩɪɨɰɟссɨɜ, ɩɪɢɛɥɢɠɚɸɬсɹ ɩɨ сɬɟɩɟɧɢ мɚɥɨсɬɢ ɤ ɝɪɚɧɢɰɚм, ɞɨсɬɭɩɧɵм 
ɧɟɩɨсɪɟɞсɬɜɟɧɧɵм ɪɚсɱɟɬɚм мɟɬɨɞɨм мɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚмɢɤɢ (ɆȾ), ɞɟɥɚɹ ɟɝɨ ɭɞɨɛɧɵм 
ɢɧсɬɪɭмɟɧɬɨм ɞɥɹ ɬɟɨɪɟɬɢɱɟсɤɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ, ɞɨɩɨɥɧɟɧɢɹ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ 
ɢɡɭɱɟɧɢɹ сɨɩɭɬсɬɜɭɸɳɢɯ ɹɜɥɟɧɢɣ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ с ɩɨмɨɳɶɸ мɟɬɨɞɚ ɤɥɚссɢɱɟсɤɨɣ мɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚмɢɤɢ (ɆȾ) 
ɢссɥɟɞɨɜɚɧɚ ɤɢɧɟɬɢɤɚ ɞɜɭɯ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɩɪɨɰɟссɨɜ ɜ ɩɟɪɟɝɪɟɬɨм ɤɪɢсɬɚɥɥɟ ɝɪɚɮɢɬɚμ 
ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɩɥɚɜɥɟɧɢɹ ɧɚ ɝɪɚɧɢɰɟ ɤɪɢсɬɚɥɥ-ɪɚсɩɥɚɜ ɢ ɝɨмɨɝɟɧɧɨɝɨ ɩɥɚɜɥɟɧɢɹ ɡɚ сɱɟɬ 
сɩɨɧɬɚɧɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɡɚɪɨɞɵɲɟɣ ɠɢɞɤɨɣ ɮɚɡɵ. ȼ ɪɚɛɨɬɟ ɛɵɥ ɡɚɞɟɣсɬɜɨɜɚɧ мɟɬɨɞ 
ɞɜɭɯɮɚɡɧɨɝɨ мɨɞɟɥɢɪɨɜɚɧɢɹ [2]. ȼ ɷɬɨм мɟɬɨɞɟ ɢсɩɨɥɶɡɭɟɬсɹ ɬɟɯɧɢɤɚ мɨɞɟɥɢɪɨɜɚɧɢɹ 
сɨɜмɟсɬɧɨɝɨ сɭɳɟсɬɜɨɜɚɧɢɹ ɞɜɭɯ ɮɚɡ, ɤɨɬɨɪɚɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɨɞɧɨɜɪɟмɟɧɧɨɟ ɧɚɥɢɱɢɟ ɜ 
ɪɚссмɚɬɪɢɜɚɟмɨɣ сɢсɬɟмɟ ɤɚɤ ɠɢɞɤɨɣ, ɬɚɤ ɢ ɬɜɟɪɞɨɣ ɮɚɡɵ. Пɪɢ ɬɟмɩɟɪɚɬɭɪɟ, ɛɥɢɡɤɨɣ ɤ 
ɨɠɢɞɚɟмɨɣ ɬɟмɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ, ɱɚсɬɶ ɬɜɟɪɞɨɝɨ ɜɟɳɟсɬɜɚ ɩɟɪɟɜɨɞɢɬсɹ ɜ ɠɢɞɤɭɸ ɮɚɡɭ, ɚ 
ɩɨсɥɟɞɭɸɳɟɟ смɟɳɟɧɢɟ ɪɚɜɧɨɜɟсɢɹ мɟɠɞɭ ɮɚɡɚмɢ ɩɨɡɜɨɥɹɟɬ ɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɜɟɥɢɱɢɧɟ 
ɬɟмɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɨɬɧɨсɢɬɟɥɶɧɨ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɬɟмɩɟɪɚɬɭɪɵ ɜɟɳɟсɬɜɚ. ȿсɥɢ 
мɟɠɮɚɡɧɚɹ ɝɪɚɧɢɰɚ смɟɳɚɟɬсɹ ɜ сɬɨɪɨɧɭ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɣ ɮɚɡɵ, ɬɨ ɢсɯɨɞɧɚɹ ɬɟмɩɟɪɚɬɭɪɚ 
ɛɵɥɚ ɜɵɲɟ ɬɟмɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ, ɟсɥɢ ɠɟ ɪɚɜɧɨɜɟсɢɟ смɟсɬɢɥɨсɶ ɜ сɬɨɪɨɧɭ ɬɜɟɪɞɨɣ ɮɚɡɵ, 
ɢ ɧɚɱɚɥсɹ ɩɪɨɰɟсс ɤɪɢсɬɚɥɥɢɡɚɰɢɢ, ɬɨ . 

ȼ мɨɞɟɥɢɪɨɜɚɧɢɢ ɢсɩɨɥɶɡɨɜɚɥɨсɶ ɨɤɨɥɨ 10000 ɚɬɨмɨɜ ɭɝɥɟɪɨɞɚ, ɩɨɜɟɞɟɧɢɟ ɤɨɬɨɪɵɯ 
ɨɩɢсɵɜɚɥɨсɶ ɷмɩɢɪɢɱɟсɤɢм мɧɨɝɨɚɬɨмɧɵм ɩɨɬɟɧɰɢɚɥɨм AIREBO[3]. Пɨɥɨɜɢɧɭ ɪɚсɱɟɬɧɨɣ 
ɹɱɟɣɤɢ ɡɚɧɢмɚɥ ɤɪɢсɬɚɥɥ ɝɪɚɮɢɬɚ, ɞɪɭɝɭɸ ɩɨɥɨɜɢɧɭ ɡɚɩɨɥɧɹɥɢ ɚɬɨмɵ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɣ 
ɮɚɡɵ (ɪɢс. 1). ȼ ɧɚɲɢɯ ɪɚсɱɟɬɚɯ ɢмɟɧɧɨ ȼɈПȽ (ȼɵɫɨɤɨɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɩɢɪɨɥɢɬɢɱɟɫɤɢɣ 
ɝɪɚɮɢɬ) ɛɵɥ ɜɵɛɪɚɧ ɜ ɤɚɱɟсɬɜɟ мɨɞɟɥɢ ɞɥɹ ɨɩɢсɚɧɢɹ ɬɜɟɪɞɨɣ ɮɚɡɵ. 

 

 
Ɋɢс. 1. ɍɱɚсɬɨɤ ɪɚсɱɟɬɧɨɣ ɹɱɟɣɤɢ, сɨɞɟɪɠɚɳɢɣ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ ɮɚɡ. Ⱥɬɨмɵ ɝɪɚɮɢɬɚ 
ɩɪɟɞсɬɚɜɥɟɧɵ сɟɪɵмɢ сɮɟɪɚмɢ, ɨɛɪɚɡɭɸɳɢмɢ сɥɨɢсɬɭɸ сɬɪɭɤɬɭɪɭ (ɥɟɜɚɹ ɩɨɥɨɜɢɧɚ ɹɱɟɣɤɢ). 
ɀɢɞɤɨсɬɶ ɢ ɞɟɮɟɤɬɵ ɩɪɟɞсɬɚɜɥɟɧɵ ɱɟɪɧɵм 

 
Ɋɚсɱɟɬɵ ɩɨɤɚɡɚɥɢ ɧɟɨɠɢɞɚɧɧɨ мɟɞɥɟɧɧɭɸ ɪɚɡɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɳɭɸсɹ ɨɬ мɟɬɚɥɥɨɜ [4] 

ɤɢɧɟɬɢɤɭ ɪɚсɩɪɨсɬɪɚɧɟɧɢɹ ɮɪɨɧɬɚ ɩɥɚɜɥɟɧɢɹ ɜ ɝɪɚɮɢɬɟμ ~ 10-4 ɩɪɢ ~ 0.1. 

Пɪɢ ɷɬɨм ɡɚɜɢсɢмɨсɬɶ ɢмɟɟɬ ɜɵɪɚɠɟɧɧɵɣ ɷɤсɩɨɧɟɧɰɢɚɥɶɧɵɣ ɜɢɞ (ɪɢс. β). ɋɨɝɥɚсɧɨ 
ɤɜɚɡɢɪɚɜɧɨɜɟсɧɨɣ мɨɞɟɥɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɡɚɜɢсɢмɨсɬɶ  мɨɠɟɬ ɛɵɬɶ ɨɩɢсɚɧɚ 
ɤɚɤ 

,  (1) 
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ɝɞɟ k – ɩɨсɬɨɹɧɧɚɹ Ȼɨɥɶɰмɚɧɚ, h – ɩɨсɬɨɹɧɧɚɹ Пɥɚɧɤɚ,  – ɱɚсɬɨɬɚ Ⱦɟɛɚɹ,  – ɯɚɪɚɤɬɟɪɧɨɟ 

мɟɠɚɬɨмɧɨɟ ɪɚссɬɨɹɧɢɟ,  – ɪɚɡɧɢɰɚ сɜɨɛɨɞɧɵɯ ɷɧɟɪɝɢɣ ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ 

ɮɚɡɵ, L=120 ɤȾɠ/мɨɥɶ – ɷɧɬɚɥɶɩɢɹ ɩɥɚɜɥɟɧɢɹ, ɜɡɹɬɚɹ ɢɡ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 
Ⱦɥɹ ɨɩɢсɚɧɢɹ ɩɪɨɰɟссɚ ɝɨмɨɝɟɧɧɨɝɨ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚсɱɟɬɵ 

ɜɪɟмɟɧɢ ɠɢɡɧɢ мɟɬɚсɬɚɛɢɥɶɧɨɝɨ ɩɟɪɟɝɪɟɬɨɝɨ ɝɪɚɮɢɬɚ, ɧɨ ɭɠɟ ɞɥɹ ɛɟɡɞɟɮɟɤɬɧɨɝɨ ɤɪɢсɬɚɥɥɚ 
(ɢ ɜ ɨɬсɭɬсɬɜɢɟ ɤɨɧɬɚɤɬɚ ɤɪɢсɬɚɥɥɚ с ɠɢɞɤɨɣ ɮɚɡɨɣ). Ɉɛɴɟм ɹɱɟɣɤɢ сɨсɬɚɜɥɹɥ  303й3. 
Ɋɚсɱɟɬɵ ɩɪɨɢɡɜɨɞɢɥɢсɶ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟмɩɟɪɚɬɭɪ 4λ00-5400 Ʉ. Пɨсɥɟ ɜɵɜɨɞɚ сɢсɬɟмɵ ɤ 
ɧɚɱɚɥɶɧɵм ɞɚɜɥɟɧɢɸ ɢ ɬɟмɩɟɪɚɬɭɪɟ ɪɚссɱɢɬɵɜɚɥɨсɶ ɜɪɟмɹ , ɬɪɟɛɭɟмɨɟ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ 
ɡɚɪɨɞɵɲɚ ɠɢɞɤɨɣ ɮɚɡɵ. ɋɤɨɪɨсɬɶ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɪɚмɤɚɯ ɤɥɚссɢɱɟсɤɨɣ ɬɟɨɪɢɢ 
ɧɭɤɥɟɚɰɢɢ ɢмɟɟɬ ɜɢɞμ 

    (2) 

ɝɞɟ  – ɷɧɟɪɝɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢɬɢɱɟсɤɨɝɨ ɡɚɪɨɞɵɲɚ. Ɂɞɟсɶ  - ɩɨɜɟɪɯɧɨсɬɧɚɹ 

ɷɧɟɪɝɢɹ ɪɚɡɞɟɥɚ ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ ɮɚɡ. Ɋɚссɱɢɬɚɧɧɚɹ ɡɚɜɢсɢмɨсɬɶ  ɢ ɚɩɩɪɨɤсɢмɚɰɢɹ 
ɩɨɥɭɱɟɧɧɵɯ ɬɨɱɟɤ ɜɵɪɚɠɟɧɢɟм (β) ɩɪɟɞсɬɚɜɥɟɧɵ ɧɚ ɪɢс. 2. 
 

 
Ɋɢс.β.Ɂɚɜɢсɢмɨсɬɶ сɤɨɪɨсɬɢ ɪɚсɩɪɨсɬɪɚɧɟɧɢɹ ɮɪɨɧɬɚ ɩɥɚɜɥɟɧɢɹ (1 – P=2 ȽПɚ, β – P=6ȽПɚ, γ 
– P=1β ȽПɚ) ɢ ɱɚсɬɨɬɵ ɝɨмɨɝɟɧɧɨɝɨ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ (ɞɥɹ P=2 ȽПɚ) ɨɬ ɨɛɪɚɬɧɨɣ 
ɬɟмɩɟɪɚɬɭɪɵ. ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ сɨɨɬɜɟɬсɬɜɭɸɬ ɜɵɪɚɠɟɧɢɹмɢ (1) ɢ (2) 
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ɇɚɝɪɟɜ ɨɛɪɚɡɰɚ ɜ ɪɟɚɥɶɧɨм ɷɤсɩɟɪɢмɟɧɬɟ мɨɠɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɨɩɪɟɞɟɥɟɧɧɨɣ сɤɨɪɨсɬɶ, 
ɤɨɬɨɪɭɸ ɜ ɞɚɥɶɧɟɣɲɟм ɚɧɚɥɢɡɟ ɩɪɢмɟм ɩɨсɬɨɹɧɧɨɣ . ȼ сɥɭɱɚɟ ɭɥɶɬɪɚɤɨɪɨɬɤɢɯ 
ɢмɩɭɥɶсɧɵɯ ɷɤсɩɟɪɢмɟɧɬɨɜ сɤɨɪɨсɬɶ ɧɚɝɪɟɜɚ мɨɠɟɬ сɨсɬɚɜɥɹɬɶ ɛɨɥɟɟ 109 Ʉ/c. Ɉɛɧɚɪɭɠɟɧɧɚɹ 
ɜ ɪɚсɱɟɬɚɯ ɱɪɟɡɜɵɱɚɣɧɨ мɟɞɥɟɧɧɚɹ ɤɢɧɟɬɢɤɚ ɩɥɚɜɥɟɧɢɹ ɝɪɚɮɢɬɚ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, 
ɱɬɨ ɩɪɢ ɞɨсɬɚɬɨɱɧɨ ɛɵсɬɪɨм ɧɚɝɪɟɜɟ, ɬɟмɩɟɪɚɬɭɪɵ, сɭɳɟсɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɳɢɟ , мɨɝɭɬ 
ɛɵɬɶ ɞɨсɬɢɝɧɭɬɵ ɞɨ мɨмɟɧɬɚ ɨɛɪɚɡɨɜɚɧɢɹ ɨɛɴɟмɚ ɠɢɞɤɨɣ ɮɚɡɵ, ɧɟɨɛɯɨɞɢмɨɝɨ ɞɥɹ 
ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɧɚɱɚɥɚ ɩɪɨɰɟссɚ ɩɥɚɜɥɟɧɢɹ. 

ɑɢсɥɟɧɧɵɣ ɚɧɚɥɢɡ ɩɪɟɞсɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢс. β ɡɚɜɢсɢмɨсɬɟɣ ɩɨɤɚɡɚɥ, ɱɬɨ мɟɯɚɧɢɡм 
ɝɨмɨɝɟɧɧɨɣ ɧɭɤɥɟɚɰɢɢ ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɨɡмɨɠɧɨсɬɶ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɚ ɜɵɲɟ 4λ00-5000 ɞɚɠɟ ɩɪɢ 

 Ʉ/c. ɗɬɚ ɜɟɪɯɧɹɹ ɨɰɟɧɤɚ сɨɜɩɚɞɚɟɬ сɨ ɡɧɚɱɟɧɢɹмɢ ɬɟмɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɝɪɚɮɟɧɚ 
[5] ɢ с ɧɚɢɛɨɥɟɟ ɜɵсɨɤɢмɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ ɬɟмɩɟɪɚɬɭɪɚмɢ ɩɥɚɜɥɟɧɢɹ ɝɪɚɮɢɬɚ. ȼ ɬɨ ɠɟ 
ɜɪɟмɹ, ɩɪɢ Ɍ<4500 сɤɨɪɨсɬɶ ɝɨмɨɝɟɧɧɨɣ ɧɭɤɥɟɚɰɢɢ ɭɠɟ ɧɟɡɧɚɱɢɬɟɥɶɧɚ, ɱɬɨ, с ɭɱɟɬɨм 
мɟɞɥɟɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɩɪɨɬɟɤɚɧɢɹ ɝɟɬɟɪɨɝɟɧɧɨɝɨ ɩɥɚɜɥɟɧɢɹ, ɞɟɥɚɟɬ ɜɨɡмɨɠɧɵм 
сɭɳɟсɬɜɟɧɧɵɣ ɩɟɪɟɝɪɟɜ ɤɪɢсɬɚɥɥɚ ɝɪɚɮɢɬɚ ɧɚ ɜɪɟмɟɧɚɯ ɩɨɪɹɞɤɚ мɢɥɥɢсɟɤɭɧɞɵ.  

Пɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɹɜɥɹɸɬсɹ сɭɳɟсɬɜɟɧɧɵм ɚɪɝɭмɟɧɬɨм ɜ ɩɨɥɶɡɭ ɬɨɝɨ, ɱɬɨ ɩɪɢ 
>105-106 Ʉ/с ɮɚɤɬɢɱɟсɤɢ ɞɟɬɟɤɬɢɪɭɟмɵɟ ɜ ɷɤсɩɟɪɢмɟɧɬɚɯ ɩɨ ɢмɩɭɥɶсɧɨмɭ ɧɚɝɪɟɜɭ 
«ɬɟмɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɝɪɚɮɢɬɚ» ɹɜɥɹɸɬсɹ, ɜ ɞɟɣсɬɜɢɬɟɥɶɧɨсɬɢ, ɬɟмɩɟɪɚɬɭɪɚмɢ, ɩɪɢ 
ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɟɬсɹ ɪɚсɩɚɞ ɩɟɪɟɝɪɟɬɨɝɨ мɟɬɚсɬɚɛɢɥɶɧɨɝɨ ɝɪɚɮɢɬɚ, ɢ, ɬɚɤɢм ɨɛɪɚɡɨм, ɧɟ 
ɹɜɥɹɸɬсɹ ɜ ɬɨɱɧɨм смɵсɥɟ сɥɨɜɚ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢмɢ ɬɟмɩɟɪɚɬɭɪɚмɢ ɩɥɚɜɥɟɧɢɹ. Пɪɢ 
ɜɵсɨɤɢɯ сɤɨɪɨсɬɹɯ ɧɚɝɪɟɜɚ ɞɟɬɟɤɬɢɪɭɟмɵɟ ɜ ɷɤсɩɟɪɢмɟɧɬɟ ɬɟмɩɟɪɚɬɭɪɵ  ɨɩɪɟɞɟɥɹɸɬсɹ 
ɬɟмɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɝɪɚɮɟɧɨɜɵɯ сɥɨɟɜ. 
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ȼɪɚɳɚɬɟɥɶɧɚɹ ɪɟɥɚɤсɚɰɢɹ ɜ ɝɚɡɚɯ ɢссɥɟɞɭɟɬсɹ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨ, ɪɚɡɪɚɛɚɬɵɜɚɸɬсɹ 
ɬɟɨɪɟɬɢɱɟсɤɢɟ мɨɞɟɥɢ. Ɋɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɡɧɵмɢ мɟɬɨɞɚмɢ, мɨɝɭɬ ɡɧɚɱɢɬɟɥɶɧɨ 
ɨɬɥɢɱɚɬɶсɹ. 

Пɨɥɭɲɢɪɢɧɚ ɞɢсɩɟɪсɢɨɧɧɨɣ сɩɟɤɬɪɚɥɶɧɨɣ ɥɢɧɢɢ, ɨɛɭсɥɨɜɥɟɧɧɚɹ ɧɟɭɩɪɭɝɢмɢ 
сɬɨɥɤɧɨɜɟɧɢɹмɢ мɨɥɟɤɭɥ ɜ смɟсɢ ɝɚɡɨɜ, ɩɨɥɭɱɟɧɚ ɪɚɜɧɨɣμ 
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     ,     (1) 
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ɝɞɟ ɯ–мɨɥɶɧɚɹ ɞɨɥɹ ɤɨмɩɨɧɟɧɬɚ, Ɋ-ɞɚɜɥɟɧɢɟ смɟсɢ ɝɚɡɨɜ, с-сɤɨɪɨсɬɶ сɜɟɬɚ. 
Ʉɨɷɮɮɢɰɢɟɧɬ ɭɲɢɪɟɧɢɹμ 

0 .5 0 .2 5 2i i

i

i i

ȝ δ1 η 1 ȝ
γ = Д1 + ( ) ( ) Ж (1 + )

4 η ȝ δ β ȝ
.    (2) 

ɝɞɟ δ1 -сɭммɚ ɜɟɪɨɹɬɧɨсɬɟɣ ɩɟɪɟɯɨɞɨɜ, ɪɚɡɪɟɲɟɧɧɵɯ ɩɪɚɜɢɥɚмɢ ɨɬɛɨɪɚ, ɞɥɹ сɬɨɥɤɧɨɜɟɧɢɣ 
мɨɥɟɤɭɥ ɢссɥɟɞɭɟмɨɝɨ ɝɚɡɚ; δi-ɬɨ ɠɟ, ɧɨ ɞɥɹ сɬɨɥɤɧɨɜɟɧɢɣ мɨɥɟɤɭɥ ɢссɥɟɞɭɟмɨɝɨ ɢ Т-ɝɨ 
ɭɲɢɪɹɸɳɟɝɨ ɥɢɧɢɸ ɝɚɡɚ, η -ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚмɢɱɟсɤɨɣ ɜɹɡɤɨсɬɢ, ȝ - мɨɥɟɤɭɥɹɪɧɚɹ мɚссɚ. 

Пɚɪɚмɟɬɪɵ δ1 ɢ δi ɪɚссɱɢɬɵɜɚɸɬсɹ ɩɨ ɮɨɪмɭɥɚмμ 
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ɝɞɟ 
j , j-1

ɋ -ɜɟɪɨɹɬɧɨсɬɢ ɩɟɪɟɯɨɞɚ ɧɚ ɨɞɧɨ сɬɨɥɤɧɨɜɟɧɢɟ с ɭɪɨɜɧɹ jɧɚ ɭɪɨɜɟɧɶ j-1,  

g-сɬɚɬɢсɬɢɱɟсɤɢɟ ɜɟсɚ ɭɪɨɜɧɟɣ. 
Ⱦɚɧ ɚɧɚɥɢɡ ɜɟɪɨɹɬɧɨсɬɟɣ ɨɛмɟɧɚ ɷɧɟɪɝɢɟɣ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɞɥɹ ɝɚɡɨɜ ɋɈ, ɇɋХ, 

NH3ɢ ɋɇ4 ɜ смɟсɹɯ с ɭɲɢɪɹɸɳɢмɢ ɥɢɧɢɸ ɝɚɡɚмɢ. 
Ɋɚсɱɟɬ ɩɨɥɭɲɢɪɢɧɵ β8 ɥɢɧɢɣ ɨсɧɨɜɧɨɣ ɩɨɥɨсɵ ɩɨɝɥɨɳɟɧɢɹ ɋɈ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟмɩɟɪɚɬɭɪ 

200-1500 Ʉ ɩɪɨɜɟɞɟɧ (ɪɢс. 1) ɩɪɢ ɜɟɪɨɹɬɧɨсɬɢ с ɨ ɚ ɡɨ ɬ
j , j-1

ɋ  = 0,1λλ, ɨɩɪɟɞɟɥɟɧɧɨɣ ɢɡ ɭсɥɨɜɢɹ 

ɥɭɱɲɟɝɨ сɨɨɬɜɟɬсɬɜɢɹ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵм ɞɚɧɧɵм Д1Ж. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢ Ɍ=γ00 Ʉ сɨɝɥɚсɭɸɬсɹ 
ɜ ɩɪɟɞɟɥɚɯ 3%. 
 
Ɍɚɛɥɢɰɚ 1.ȼɟɪɨɹɬɧɨсɬɢ С

j j, 


1
ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɲɢɪɟɧɢɹ γiɞɟсɹɬɨɣ ɥɢɧɢɢ ɨсɧɨɜɧɨɣ ɩɨɥɨсɵ 

ɩɨɝɥɨɳɟɧɢɹ ɋɈ 
ɍɲɢɪɹɸɳɢɣ ɝɚɡ Ɉ2 N2 ɇ2 ɋɈ2 ɇ2Ɉ 

С
j j, 


1
 0,236 0,40 0,388 0,41 0,556 

γi 0,80 0,91 1,10 1,14 1,82 
 

ȼɟɪɨɹɬɧɨсɬɢ С
j j, 


1
 ɞɥɹ ɇɋl ɜ смɟсɹɯ с ɭɲɢɪɹɸɳɢмɢ ɝɚɡɚмɢ (ɪɢс.β) ɪɚссɱɢɬɚɧɵ ɩɨ 

ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵм ɩɨɥɭɲɢɪɢɧɚм сɩɟɤɬɪɚɥɶɧɵɯ ɥɢɧɢɣ ɩɪɢ ɬɟмɩɟɪɚɬɭɪɟ βλγ Ʉ Д5, 6-8]. 
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Ɋɢс. 1. Пɨɥɭɲɢɪɢɧɚ ɥɢɧɢɣ ɨсɧɨɜɧɨɣ ɩɨɥɨсɵ 
ɩɨɝɥɨɳɟɧɢɹ ɋɈ, ɭɲɢɪɟɧɧɵɯ ɚɡɨɬɨмμ 1-2 – ɞɚɧɧɵɟ 
ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ ɩɨ ɪɚɛɨɬɟ ДβЖ, γ-6 – Дγ, ɬɚɛɥ.1Ж, 7 – 
[3], 8 – [4], 9 – [1], 10 – [2], 11 – ɧɚɲ ɪɚсɱɟɬ 

 

Ɋɢс.β. ȼɟɪɨɹɬɧɨсɬɢ 
+

j, j-1
ɋ

 ɞɥɹ ɇɋХ. 
ɋɬɨɥɤɧɨɜɟɧɢɹ с ɇɟ(1-3) Ne(4),Ar(5), 
Kr(6), Xe(7), Rn(8), H2(9), N2(10), O2 

(11), CO(12), N2O(13), CO2(14) ɢ 
SF6(15) 

 

Ɉɬɧɨсɢɬɟɥɶɧɵɟ ɜɟɪɨɹɬɧɨсɬɢ Ɍ
jj

ɋ 0

1,  (ɨɬɧɨɲɟɧɢɟ 
1, jj

ɋ ɤ 23

1,

NNH

jj
ɋ 

 ) ɨɛмɟɧɚ ɷɧɟɪɝɢɟɣ 
ɩɟɪɟɯɨɞɚ γ-γ мɢɤɪɨɜɨɥɧɨɜɨɝɨ сɩɟɤɬɪɚ ɚммɢɚɤɚ ɜ смɟсɹɯ с ɭɲɢɪɹɸɳɢмɢ ɥɢɧɢɸ ɝɚɡɚмɢ 
(Ɍ=βλγɄ) ɪɚссɱɢɬɚɧɵ ɩɨ ɨɩɬɢɱɟсɤɢм ɞɢɚмɟɬɪɚм сɬɨɥɤɧɨɜɟɧɢɣ Дβ,8-10Ж. Ɋɟɡɭɥɶɬɚɬɵ ɪɚсɱɟɬɚ 
ɞɚɧɵ ɧɚ ɪɢс.γ ɜ ɡɚɜɢсɢмɨсɬɢ ɨɬ ɩɪɢɜɟɞɟɧɧɨɣ мɨɥɟɤɭɥɹɪɧɨɣ мɚссɵ 111
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Ⱥɧɚɥɢɡɢɪɭɟɬсɹ ɜɥɢɹɧɢɟ ɧɚ ɜɟɪɨɹɬɧɨсɬɶ ɜɪɚɳɚɬɟɥɶɧɨ-ɩɨсɬɭɩɚɬɟɥɶɧɨɣ ɪɟɥɚɤсɚɰɢɢ ɜ ɝɚɡɚɯ 
ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɤɜɚɧɬɨɜɨɝɨ ɱɢсɥɚ, ɬɟмɩɟɪɚɬɭɪɵ, сɬɪɭɤɬɭɪɵ (сɢммɟɬɪɢɢ) ɢɞɢɩɨɥɶɧɨɝɨ 
мɨмɟɧɬɚ мɨɥɟɤɭɥ. 
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C  ɚммɢɚɤɚ. ɋɬɨɥɤɧɨɜɟɧɢɹ с He(1), Ar(2), H2(3), O2(4), N2(5), CO(6), 

NO(7), CO2(8), N2O(9). COS(10), CS2(11), HCN(12), SO2(13), CNCl(14), C2H2(15), CCl4(16), 
CHCl3(17), CH3Cl(18), CH2Cl2(19), C2H4(20), C2H6(21), C6H6(22) 
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Пɪɟɞсɬɚɜɥɟɧɢɹ ɨ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɚɜɬɨɤɨмɩɥɟɤсɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ ɜ сɨɥɟɜɵɯ ɪɚсɩɥɚɜɚɯ 

ɨсɧɨɜɚɧɧɵɟ, ɝɥɚɜɧɵм ɨɛɪɚɡɨм, ɧɚ ɚɧɚɥɢɡɟ ɨɩɬɢɱɟсɤɢɯ сɩɟɤɬɪɨɜ ɛɵɥɢ ɩɪɟɞɥɨɠɟɧɚ ɜ ɪɚɛɨɬɟ 
Д1Ж. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɚɜɬɨɤɨмɩɥɟɤɨɜ сɱɢɬɚɥɚсɶ мɚɤсɢмɚɥɶɧɨ ɜɨɡмɨɠɧɨɣ, ɚ ɜсɟ ɩɪɨсɬɵɟ ɚɧɢɨɧɵ 
ɝɚɥɨɝɟɧɨɜ ɩɪɚɤɬɢɱɟсɤɢ сɜɹɡɚɧɵ ɜ ɤɨмɩɥɟɤсɵ ДβЖ. ȼ ɩɨɞɨɛɧɨɣ мɨɞɟɥɢ ɜɵɩɚɞɚɟɬ ɢɡ 
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ɪɚссмɨɬɪɟɧɢɹ ɤɨɨɩɟɪɚɬɢɜɧɵɟ ɷɮɮɟɤɬɵ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɡɚɪɹɠɟɧɧɵɯ ɱɚсɬɢɰ, ɚ ɨсɧɨɜɧɨɟ 
ɜɧɢмɚɧɢɟ ɭɞɟɥɹɟɬсɹ сɜɹɡɹм ɜɧɭɬɪɢ ɤɨмɩɥɟɤсɚ. Ɍɨ ɟсɬɶ, ɧɟɹɜɧɨ ɩɪɟɞɩɨɥɚɝɚɥɨсɶ, ɱɬɨ 
сɩɪɚɜɟɞɥɢɜ ɢɞɟɚɥɶɧɵɣ ɡɚɤɨɧ ɞɟɣсɬɜɭɸɳɢɯ мɚсс. Ɍɚɤɨɣ ɩɨɞɯɨɞ, ɩɪɨɬɢɜɨɪɟɱɢɬ ɤɥɚссɢɱɟсɤɨɣ 
ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɥɢɬɨɜ Дγ,4Ж. Пɨɷɬɨмɭ, сɬɚɬɢсɬɢɤɨ-ɬɟɪмɨɞɢɧɚмɢɱɟсɤɚɹ ɬɟɨɪɢɹ 
ɤɨмɩɥɟɤсɨɨɛɪɚɡɨɜɚɧɢɹ ɜ сɨɥɟɜɵɯ ɪɚсɩɥɚɜɚɯ ɞɨɥɠɧɚ ɨɩɟɪɢɪɨɜɚɬɶ с ɚɤɬɢɜɧɨсɬɹмɢ ɢɨɧɨɜ ɩɪɢ 
ɡɚɩɢсɢ ɡɚɤɨɧɚ ɞɟɣсɬɜɭɸɳɢɯ мɚсс ɢ сɨɞɟɪɠɚɬɶ сɩɨсɨɛ ɢɯ ɜɵɱɢсɥɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɨм ɯɚɪɚɤɬɟɪɟ 
сɢɥ ɞɟɣсɬɜɭɸɳɢɯ мɟɠɞɭ ɱɚсɬɢɰɚмɢ ɪɚсɩɥɚɜɚ.  

Ⱦɥɹ ɤɚɱɟсɬɜɟɧɧɨɝɨ ɬɟɨɪɟɬɢɱɟсɤɨɝɨ ɚɧɚɥɢɡɚ ɞɢссɨɰɢɚɰɢɨɧɧɵɯ ɪɚɜɧɨɜɟсɢɣ ɜ сɨɥɟɜɵɯ 
ɪɚсɩɥɚɜɚɯ ɢсɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɛɥɢɠɟɧɢɹ Ⱦɟɛɚɹ-ɏɸɤɤɟɥɹ с мɨɞɢɮɢɤɚɰɢɟɣ ɜɚɧ-ɞɟɪ-
ɜɚɚɥɶсɨɜсɤɨɝɨ ɬɢɩɚ ɞɥɹ сɢɥ ɢсɤɥɸɱɟɧɧɨɝɨ ɨɛɴɟмɚ ɩɪɟɞсɬɚɜɥɹɟɬсɹ ɧɚм ɩɪɢɧɰɢɩɢɚɥɶɧɵм ɢ 
ɜɚɠɧɵм ɩɨɥɨɠɟɧɢɟм ɪɚɛɨɬɵ. ɗɬɨ ɢ ɟсɬɶ ɬɨɬ мɢɧɢмɚɥɶɧɨ ɜɨɡмɨɠɧɵɣ ɬɟɨɪɟɬɢɱɟсɤɢɣ 
ɢɧсɬɪɭмɟɧɬɚɪɢɣ, ɤɨɬɨɪɵɣ сɩɨсɨɛɟɧ ɩɪɨɥɢɬɶ сɜɟɬ ɧɚ мɟɯɚɧɢɡм сɚмɨɩɪɨɢɡɜɨɥɶɧɨɝɨ (ɜ 
ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨм смɵсɥɟ) ɜɨɡɧɢɤɧɨɜɟɧɢɹ сɜɹɡɚɧɧɵɯ сɨсɬɨɹɧɢɣ ɬɢɩɚ ɚɜɬɨɤɨмɩɥɟɤсɨɜ. Ⱦɥɹ 
ɚɧɚɥɢɡɚ сɞɜɢɝɚ ɯɢмɢɱɟсɤɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɩɪɢ ɭɱɟɬɟ ɷɥɟɤɬɪɨсɬɚɬɢɱɟсɤɢɯ ɜɡɚɢмɨɞɟɣсɬɜɢɣ 
ɩɪɢɛɥɢɠɟɧɢɟ сɪɟɞɧɟ-ɩɨɥɟɜɨɝɨ ɬɢɩɚ ɞɨɥɠɧɨ ɹɜɥɹɬɶсɹ ɨɬɩɪɚɜɧɨɣ ɬɨɱɤɨɣ с ɬɟɨɪɟɬɢɱɟсɤɨɣ 
ɬɨɱɤɢ ɡɪɟɧɢɹ. ȼɨсɩɨɥɶɡɭɟмсɹ мɨɞɟɥɶɸ ɡɚɪɹɠɟɧɧɵɯ ɬɜɟɪɞɵɯ сɮɟɪ с ɪɚɡɥɢɱɚɸɳɢмɢсɹ 
ɞɢɚмɟɬɪɚмɢ Д5,6Ж. 

Ⱦɥɹ ɰɟɥɟɣ ɤɚɱɟсɬɜɟɧɧɨɝɨ ɨɛсɭɠɞɟɧɢɹ ɜɥɢɹɧɢɹ ɜɡɚɢмɨɞɟɣсɬɜɢɣ ɧɚ ɩɨɥɨɠɟɧɢɟ 
ɯɢмɢɱɟсɤɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɡɚɞɚɱɚ мɨɠɟɬ ɛɵɬɶ сɜɟɞɟɧɚ ɤ ɩɪɨсɬɟɣɲɟмɭ ɭɱɟɬɭ ɢɡмɟɧɟɧɢɹ ɨɛɴɟмɚ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɥɟмɟɧɬɚɪɧɨɝɨ ɚɤɬɚ ɯɢмɢɱɟсɤɨɣ ɪɟɚɤɰɢɢ ɩɨсɪɟɞсɬɜɨм ɨɛɨɛɳɟɧɢɹ ɬɟɨɪɢɢ ȼɚɧ-
ɞɟɪ-ȼɚɚɥɶсɚ Д7Ж, ɜ ɤɨɬɨɪɨм ɩɪɟɧɟɛɪɟɝɚɟɬсɹ сɥɚɝɚɟмɵм, ɨɩɢсɵɜɚɸɳɢм ɩɪɢɬɹɠɟɧɢɟ ɱɚсɬɢɰ ɧɚ 
ɛɨɥɶɲɢɯ ɪɚссɬɨɹɧɢɹɯ. Ɏɨɪмɭɥɭ ɞɥɹ ɷɬɨɝɨ ɜɤɥɚɞɚ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟм 
сɨɨɬɜɟɬсɬɜɭɸɳɟɣ ɱɚсɬɢ ɨɛɳɟɢɡɜɟсɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ с ɩɨсɥɟɞɭɸɳɢм ɩɪɨсɬɟɣɲɢм 
ɨɛɨɛɳɟɧɢɟм ɧɚ сɥɭɱɚɣ смɟсɟɣ ɬɜɟɪɞɨсɮɟɪɧɵɯ ɱɚсɬɢɰ ɪɚɡɥɢɱɚɸɳɢɯсɹ ɞɢɚмɟɬɪɨɜ. ȼɤɥɚɞ 
ɷɥɟɤɬɪɨсɬɚɬɢɱɟсɤɢɯ ɜɡɚɢмɨɞɟɣсɬɜɢɣ ɜ сɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ Ƚɟɥɶмɝɨɥɶɰɚ ɪɚссмɚɬɪɢɜɚɥсɹ ɜ 
ɪɚмɤɚɯ ɩɪɢɛɥɢɠɟɧɢɹ Ⱦɟɛɚɹ-ɏɸɤɤɟɥɹ (с ɭɱɟɬɨм ɤɨɧɟɱɧɵɯ ɪɚɡмɟɪɨɜ ɢɨɧɨɜ). 

ɍɪɚɜɧɟɧɢɹ, ɨɩɢсɵɜɚɸɳɢɟ ɭсɥɨɜɢɹ ɪɚɜɧɨɜɟсɢɹ сɢсɬɟмɵ с ɜɨɡмɨɠɧɨсɬɶɸ ɩɪɨɬɟɤɚɧɢɹ 
ɪɟɚɤɰɢɢ ɤɨмɩɥɟɤсɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɩɨсɬɨɹɧɧɵɯ ɞɚɜɥɟɧɢɢ (P0) ɢ ɬɟмɩɟɪɚɬɭɪɟ, ɧɚɯɨɞɢɥɢсɶ 
ɩɨсɪɟɞсɬɜɨм мɢɧɢмɢɡɚɰɢɢ сɜɨɛɨɞɧɨɣ сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛсɚ.  

ȼ ɪɚссмɚɬɪɢɜɚɟмɨм сɥɭɱɚɟ ɡɚ ɩɨɥɨɠɟɧɢɟ ɷɬɨɝɨ мɢɧɢмɭмɚ ɨɬɜɟɱɚɸɬ ɞɜɟ ɧɟɡɚɜɢсɢмɵɟ 
ɩɟɪɟмɟɧɧɵɟμ сɪɟɞɧɹɹ ɚɬɨмɧɚɹ ɩɥɨɬɧɨсɬɶ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɜɬɨɤɨмɩɥɟɤсɨɜ. Пɪɢɪɚɜɧɹɜ 
ɩɪɨɢɡɜɨɞɧɵɟ сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɩɨ ɷɬɢм ɩɟɪɟмɟɧɧɵм ɧɭɥɸ, ɩɨɥɭɱɢм ɩɨɥɧɵɟ ɭсɥɨɜɢɹ 
ɪɚɜɧɨɜɟсɢɹ ɪɚссмɚɬɪɢɜɚɟмɨɣ сɢсɬɟмɵ с ɯɢмɢɱɟсɤɨɣ ɪɟɚɤɰɢɟɣ ɤɨмɩɥɟɤсɨɨɛɪɚɡɨɜɚɧɢɹμ 
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Пɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ сɢсɬɟмɵ ɩɪɟɞсɬɚɜɥɹɟɬ сɨɛɨɣ ɨɛɨɛɳɟɧɧɵɣ ɡɚɤɨɧ ɞɟɣсɬɜɭɸɳɢɯ мɚсс. 
ȼɬɨɪɨɟ ɜɵɪɚɠɟɧɢɟ ɨɩɢсɵɜɚɟɬ ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ, ɬ.ɟ., сɜɹɡɶ ɩɥɨɬɧɨсɬɢ с ɜɧɟɲɧɢм 
ɞɚɜɥɟɧɢɟм ɢ ɬɟмɩɟɪɚɬɭɪɨɣ. 

Ɉɬмɟɬɢм, ɱɬɨ сɬɨɥɶ сɥɨɠɧɵɣ мɟɬɨɞ ɪɚсɱɟɬɚ ɯɢмɢɱɟсɤɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɨɛɭсɥɨɜɥɟɧ ɜɟсɶмɚ 
ɩɪɨсɬɨɣ ɩɪɢɱɢɧɨɣ. ȼсɹɤɨɟ ɢɡмɟɧɟɧɢɟ ɨɛɴɟмɚ ɩɪɢ ɩɨсɬɨɹɧɧɵɯ ɞɚɜɥɟɧɢɢ ɢ ɬɟмɩɟɪɚɬɭɪɟ 
ɧɟɢɡɛɟɠɧɨ ɩɪɢɜɟɞɟɬ ɤ смɟɳɟɧɢɸ ɯɢмɢɱɟсɤɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɢ ɧɚɨɛɨɪɨɬ, ɢɡмɟɧɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨмɩɥɟɤсɨɜ ɩɨɜɥɢɹɟɬ ɧɚ ɨɛɴɟм. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɯɨɞɢɬсɹ ɪɚссмɚɬɪɢɜɚɬɶ 
сɪɟɞɧɸɸ ɚɬɨмɧɭɸ ɩɥɨɬɧɨсɬɶ ɤɚɤ сɭɳɟсɬɜɟɧɧɭɸ ɢ ɪɚɜɧɨɩɪɚɜɧɭɸ ɩɟɪɟмɟɧɧɭɸ ɞɥɹ ɡɚɞɚɱɢ ɨ 
ɯɢмɢɱɟсɤɨм ɪɚɜɧɨɜɟсɢɢ. 

ȼ ɞɨɤɥɚɞɟ ɛɭɞɟɬ ɩɪɟɞсɬɚɜɥɟɧ ɚɧɚɥɢɡ ɯɢмɢɱɟсɤɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɞɢссɨɰɢɚɰɢɢ ɡɚɪɹɠɟɧɧɵɯ ɤɨмɩɥɟɤсɧɵɯ ɚɧɢɨɧɨɜ ɧɚ ɩɪɢмɟɪɟ мɨɞɟɥɢ ɡɚɪɹɠɟɧɧɵɯ ɬɜɟɪɞɵɯ 
сɮɟɪ, ɭɱɢɬɵɜɚɸɳɟɣ ɪɚɡмɟɪɵ ɩɪɨсɬɵɯ ɢ ɤɨмɩɥɟɤсɧɵɯ ɢɨɧɨɜ ɜ сɨɥɟɜɵɯ ɪɚсɩɥɚɜɚɯ. Пɨɤɚɡɚɧɨ, 
ɱɬɨ ɯɢмɢɱɟсɤɨɟ ɪɚɜɧɨɜɟсɢɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɢɥɢ ɞɢссɨɰɢɚɰɢɢ ɤɨмɩɥɟɤсɧɵɯ 
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ɚɧɢɨɧɨɜ ɜ сɨɥɟɜɵɯ ɪɚсɩɥɚɜɚɯ ɨɩɪɟɞɟɥɹɟɬсɹ ɤɨɧɤɭɪɟɧɰɢɟɣ мɟɠɞɭ ɷɧɟɪɝɢɣ ɞɢссɨɰɢɚɰɢɢ 
ɤɨмɩɥɟɤсɚ с ɷɥɟɤɬɪɨсɬɚɬɢɱɟсɤɢмɢ ɜɡɚɢмɨɞɟɣсɬɜɢɹмɢ ɜсɟɯ ɢɨɧɨɜ (ɩɪɨсɬɵɯ ɢ ɤɨмɩɥɟɤсɧɵɯ) ɜ 
ɪɚсɩɥɚɜɟ. 

Ɋɚссɱɢɬɚɧɵ ɜɨɡмɨɠɧɵɟ ɬɢɩɵ ɬɟмɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢсɢмɨсɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨмɩɥɟɤсɨɜ ɧɚ 
ɩɪɢмɟɪɚɯ ɝɚɥɨɝɟɧɢɞɧɵɯ ɪɚсɩɥɚɜɨɜ ɞɜɭɯ- ɢ ɬɪɟɯ-ɜɚɥɟɧɬɧɵɯ мɟɬɚɥɥɨɜ.  

ɇɚ ɪɢс. 1 ɩɪɟɞсɬɚɜɥɟɧɵ ɪɚссɱɢɬɚɧɧɵɟ ɬɟмɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢсɢмɨсɬɢ ɚɬɨмɧɨɣ ɩɥɨɬɧɨсɬɢ 
ɝɚɥɨɝɟɧɢɞɧɨɝɨ ɪɚсɩɥɚɜɚ ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ мɟɬɚɥɥɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ 
ɞɢссɨɰɢɚɰɢɢ ɤɨмɩɥɟɤсɚ ɬɢɩɚ (MX6)3-. ɏɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ ɷɧɟɪɝɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɤɨмɩɥɟɤсɚ ɬɟмɩɟɪɚɬɭɪɧɚɹ ɤɪɢɜɚɹ ɩɥɨɬɧɨсɬɢ ɢмɟɟɬ мɚɤсɢмɭм, ɩɨɥɨɠɟɧɢɟ 
ɤɨɬɨɪɨɝɨ смɟɳɚɟɬсɹ ɜ ɨɛɥɚсɬɶ ɜɵсɨɤɢɯ ɬɟмɩɟɪɚɬɭɪ с ɪɨсɬɨм ɭɤɚɡɚɧɧɨɣ ɷɧɟɪɝɢɢ. ȼɵсɨɬɚ 
мɚɤсɢмɭмɚ ɩɚɞɚɟɬ с ɪɨсɬɨм ɷɧɟɪɝɢɢ ɞɢссɨɰɢɚɰɢɢ. Ɉɞɧɚɤɨ, ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɷɧɟɪɝɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɤɨмɩɥɟɤсɚ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɩɨɪɨɝɚ (7.βe²/İК) ɨɬмɟɱɟɧɧɵɣ мɚɤсɢмɭм ɢсɱɟɡɚɟɬ, ɢ 
ɤɪɢɜɚɹ ɩɪɢɨɛɪɟɬɚɟɬ сɬɚɧɞɚɪɬɧɵɣ мɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɭɛɵɜɚɧɢɹ ɩɥɨɬɧɨсɬɢ с ɬɟмɩɟɪɚɬɭɪɨɣ.  

ɇɚ ɪɢс. β ɩɪɟɞсɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚсɱɟɬɨɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɜɬɨɤɨмɩɥɟɤсɨɜ ɞɥɹ 
ɧɟсɤɨɥɶɤɢɯ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ ɞɢссɨɰɢɚɰɢɢ ɜ сɨɩɨсɬɚɜɥɟɧɢɢ с ɢɞɟɚɥɶɧɵм сɥɭɱɚɟм. ɂɡ 
ɪɢсɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɚɹ ɨɛɥɚсɬɶ ɡɧɚɱɟɧɢɣ, ɝɞɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨмɩɥɟɤсɨɜ ɡɚмɟɬɧɨ 
ɨɬɥɢɱɚɟɬсɹ ɨɬ ɧɭɥɹ, смɟɳɟɧɚ ɜ ɨɛɥɚсɬɶ сɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɬɟмɩɟɪɚɬɭɪ (ɩɨɪɹɞɤɚ 

310~ 
d

E
kT ). ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɯɢмɢɱɟсɤɨɟ ɪɚɜɧɨɜɟсɢɟ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɚɜɬɨɤɨмɩɥɟɤсɨɜ сɢɥɶɧɨ смɟɳɟɧɨ ɜɥɟɜɨ, ɬɨ ɟсɬɶ ɜ сɬɨɪɨɧɭ ɞɢссɨɰɢɚɰɢɢ. ɑɟм мɟɧɶɲɟ ɷɧɟɪɝɢɹ 
ɞɢссɨɰɢɚɰɢɢ, ɬɟм мɟɧɶɲɟ ɬɟмɩɟɪɚɬɭɪɧɚɹ ɨɛɥɚсɬɶ сɭɳɟсɬɜɨɜɚɧɢɹ ɚɜɬɨɤɨмɩɥɟɤсɧɵɯ 
ɝɪɭɩɩɢɪɨɜɨɤ. Пɪɢɱɟм, ɟсɥɢ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ ɞɢссɨɰɢɚɰɢɢ сɬɚɧɨɜɹɬсɹ сɥɢɲɤɨм мɚɥɵмɢ, ɬɨ 
ɟсɬɶ мɟɧɶɲɟ  7.2e²/İК, ɤɨɧɰɟɧɬɪɚɰɢɹ ɚɜɬɨɤɨмɩɥɟсɨɜ ɜɨɨɛɳɟ ɩɪɟɧɟɛɪɟɠɢмɨ мɚɥɚ ɜɨ ɜсɟɣ 
ɪɚɡɭмɧɨɣ ɨɛɥɚсɬɢ ɬɟмɩɟɪɚɬɭɪ.  
 

  
Ɋɢс. 1. Ɋɚссɱɢɬɚɧɧɵɟ ɬɟмɩɟɪɚɬɭɪɧɵɟ 
ɡɚɜɢсɢмɨсɬɢ ɩɥɨɬɧɨсɬɢ ɪɚсɩɥɚɜɚ ɬɢɩɚ MX3 
ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɣ 
ɞɢссɨɰɢɚɰɢɢμ 1 – 

2
0 9
d

eE
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09.0
dd

EE  ; 3 – 0
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E E ;  4 – 08.0

dd
EE   

Ɋɢс. β. Ɋɚссɱɢɬɚɧɧɵɟ ɬɟмɩɟɪɚɬɭɪɧɵɟ 
ɡɚɜɢсɢмɨсɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨмɩɥɟɤсɨɜ 
ɬɢɩɚ (MX6)3- (ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɣ 
ɞɢссɨɰɢɚɰɢɢ сɨɨɬɜɟɬсɬɜɭɸɬ ɪɢс.1). 
ɒɬɪɢɯɨɜɚɹ ɥɢɧɢɹ сɨɨɬɜɟɬсɬɜɭɟɬ ɪɚсɱɟɬɭ 
ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ сɥɭɱɚɹ 

 
ɂсɩɨɥɶɡɨɜɚɧɧɵɟ ɧɚмɢ ɱɢсɥɟɧɧɵɟ мɟɬɨɞɵ ɧɟ ɩɨɡɜɨɥɹɥɢ ɪɚссмɨɬɪɟɬɶ ɬɟмɩɟɪɚɬɭɪɧɭɸ 

ɨɛɥɚсɬɶ мɟɧɶɲɟ 310~ 
d

E
kT , ɬɚɤ ɤɚɤ ɷɤсɩɨɧɟɧɰɢɚɥɶɧɵɟ ɮɚɤɬɨɪɵ, ɜɯɨɞɹɳɢɟ ɜ ɭɪɚɜɧɟɧɢɹ 
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мɨɞɟɥɢ, ɩɪɟɜɵɲɚɥɢ ɡɧɚɱɟɧɢɹ Обp(γ00). Пɨɞɱɟɪɤɧɟм, ɱɬɨ ɪɚсɱɟɬ ɩɨ ɢɞɟɚɥɶɧɨмɭ ɡɚɤɨɧɭ 
ɞɟɣсɬɜɭɸɳɢɯ мɚсс ɞɚɟɬ сɭɳɟсɬɜɟɧɧɨɟ ɡɚɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨмɩɥɟɤсɨɜ, ɩɪɢɱɟм ɜ 
ɪɚссмɨɬɪɟɧɧɨɣ ɨɛɥɚсɬɢ ɬɟмɩɟɪɚɬɭɪ ɞɨɥɹ ɤɨмɩɥɟɤсɨɜ ɩɪɚɤɬɢɱɟсɤɢ ɧɟ ɨɬɥɢɱɚɟɬсɹ ɨɬ 
мɚɤсɢмɚɥɶɧɨ ɜɨɡмɨɠɧɨɣ (½).  

Пɨ-ɧɚɲɟмɭ мɧɟɧɢɸ, ɪɚссмɨɬɪɟɧɧɵɣ мɢɧɢмɚɥɶɧɨ ɜɨɡмɨɠɧɵɣ ɬɟɨɪɟɬɢɱɟсɤɢɣ 
«ɢɧсɬɪɭмɟɧɬɚɪɢɣ» ɩɨɡɜɨɥɹɟɬ ɩɪɨɥɢɬɶ сɜɟɬ ɧɚ мɟɯɚɧɢɡм сɚмɨɩɪɨɢɡɜɨɥɶɧɨɝɨ (ɜ 
ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨм смɵсɥɟ) ɜɨɡɧɢɤɧɨɜɟɧɢɹ сɜɹɡɚɧɧɵɯ сɨсɬɨɹɧɢɣ ɬɢɩɚ ɚɜɬɨɤɨмɩɥɟɤсɨɜ. 
Ʉɪɨмɟ ɬɨɝɨ, ɢ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɪɟɞсɬɚɜɥɹɸɬсɹ ɞɨɜɨɥɶɧɨ ɨɛɳɢмɢ, ɬɚɤ ɤɚɤ ɭɤɚɡɵɜɚɸɬ ɧɚ 
сɥɚɛɭɸ ɭсɬɨɣɱɢɜɨсɬɶ ɛɨɥɶɲɢɯ ɩɨ ɪɚɡмɟɪɭ ɤɨмɩɥɟɤсɧɵɯ ɢɨɧɨɜ ɜ ɨɤɪɭɠɟɧɢɢ ɨɬɧɨсɢɬɟɥɶɧɨ 
мɚɥɟɧɶɤɢɯ ɢ ɩɪɨсɬɵɯ ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ ɢмɟɧɧɨ ɢɡ-ɡɚ ɩɪɨɬɢɜɨɞɟɣсɬɜɢɹ ɷɤɪɚɧɢɪɨɜɚɧɧɵɯ 
ɷɥɟɤɬɪɨсɬɚɬɢɱɟсɤɢɯ ɜɡɚɢмɨɞɟɣсɬɜɢɣ ɜ ɢɨɧɧɨɣ сɢсɬɟмɟ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (ɝɪɚɧɬ № 1β-03-00346). 
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ȼ сɥɭɱɚɟ, ɤɨɝɞɚ ɨɞɢɧ ɢɡ ɤɨмɩɨɧɟɧɬɨɜ ɪɚсɬɜɨɪɚ сɨсɬɨɢɬ ɢɡ ɱɚсɬɢɰ мɟɧɶɲɟɣ мɚссɵ, ɩɨ 

сɪɚɜɧɟɧɢɸ с ɞɪɭɝɢм, ɢɥɢ ɟɝɨ ɚɬɨмɵ сɥɚɛɟɟ ɜɡɚɢмɨɞɟɣсɬɜɭɸɬ мɟɠɞɭ сɨɛɨɣ, ɨɧ ɛɭɞɟɬ 
ɜɵɩɨɥɧɹɬɶ ɪɨɥɶ ɥɟɬɭɱɟɣ ɩɪɢмɟсɢ. Ɋɚсɬɜɨɪɟɧɢɟ ɥɟɬɭɱɟɝɨ ɤɨмɩɨɧɟɧɬɚ ɜ ɠɢɞɤɨсɬɢ сɢɥɶɧɨ 
ɢɡмɟɧɹɟɬ ɟɟ ɬɟɩɥɨɮɢɡɢɱɟсɤɢɟ сɜɨɣсɬɜɚ ɢ мɨɠɟɬ сɨɩɪɨɜɨɠɞɚɬɶсɹ сɢɥɶɧɨɣ ɚɞсɨɪɛɰɢɟɣ ɧɚ 
ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɠɢɞɤɨсɬɶ–ɝɚɡ, ɱɬɨ ɜɟɞɟɬ ɤ сɭɳɟсɬɜɟɧɧɨмɭ ɢɡмɟɧɟɧɢɸ ɩɨɜɟɪɯɧɨсɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ. ɗɬɨ ɹɜɥɟɧɢɟ ɧɚɯɨɞɢɬ ɩɪɚɤɬɢɱɟсɤɨɟ ɩɪɢмɟɧɟɧɢɟ ɜ ɪɹɞɟ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɯ 
ɩɪɨɰɟссɨɜ.  

ɏɨɪɨɲɟɣ мɨɞɟɥɶɸ ɩɪɨсɬɨɝɨ ɜɟɳɟсɬɜɚ ɹɜɥɹɟɬсɹ сɢсɬɟмɚ, ɜ ɤɨɬɨɪɨɣ ɜɡɚɢмɨɞɟɣсɬɜɢɹ 
ɚɬɨмɨɜ ɨɩɢсɵɜɚɸɬсɹ ɩɨɬɟɧɰɢɚɥɨм Ʌɟɧɧɚɪɞ-Ⱦɠɨɧсɚ. ȼ ɬɚɤɨɣ мɨɞɟɥɢ сɜɨɣсɬɜɚ ɚɬɨмɨɜ 
ɨɩɪɟɞɟɥɹɸɬсɹ ɬɪɟмɹ ɩɚɪɚмɟɬɪɚмɢμ мɚссɨɣ ɚɬɨмɚ m, ɩɚɪɚмɟɬɪɨм , ɨɬɜɟɱɚɸɳɢм мɢɧɢмɚɥɶɧɨɣ 
ɷɧɟɪɝɢɢ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɩɚɪɵ ɱɚсɬɢɰ, ɢ ɪɚɡмɟɪɧɵм ɩɚɪɚмɟɬɪɨм  - ɷɮɮɟɤɬɢɜɧɵм ɞɢɚмɟɬɪɨм 
ɚɬɨмɚ. ɗɬɚ мɨɞɟɥɶ ɩɪɢɝɨɞɧɚ ɞɥɹ ɨɩɢсɚɧɢɹ ɤɚɤ ɨɞɧɨ-, ɬɚɤ ɢ мɧɨɝɨɤɨмɩɨɧɟɧɬɧɵɯ ɪɚсɬɜɨɪɨɜ ɜ 
ɨɞɧɨɮɚɡɧɨм ɢ ɞɜɭɯɮɚɡɧɨм сɨсɬɨɹɧɢɹɯ. ɂссɥɟɞɨɜɚɧɢɟ ɬɚɤɨɣ мɨɞɟɥɢ ɜɨɡмɨɠɧɨ мɟɬɨɞɨм 
мɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚмɢɱɟсɤɨɝɨ мɨɞɟɥɢɪɨɜɚɧɢɹ.  

Ɍɪɚɞɢɰɢɨɧɧɵɣ ɩɨɞɯɨɞ ɤ мɨɞɟɥɢɪɨɜɚɧɢɸ ɪɚсɬɜɨɪɨɜ сɜɹɡɚɧ с ɢсɩɨɥɶɡɨɜɚɧɢɟм ɩɚɪɚмɟɬɪɨɜ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɤɨмɩɨɧɟɧɬɨɜ с ɭɱɟɬɨм ɢɯ ɪɚɡɥɢɱɢɹ ɜ ,  ɢ m. Ɍɚɤɢɟ мɨɞɟɥɢ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɩɢсɵɜɚɸɬ сɜɨɣсɬɜɚ ɪɚсɬɜɨɪɨɜ, ɨɞɧɚɤɨ ɪɨɥɶ ɨɬɞɟɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢсɬɢɤ 
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ɚɬɨмɨɜ ɤɨмɩɨɧɟɧɬɨɜ смɟсɟɣ сɬɚɧɨɜɢɬсɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨсɜɹɳɟɧɚ 
мɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚмɢɱɟсɤɨмɭ ɢɡɭɱɟɧɢɸ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟсɢɣ, ɩɨɜɟɪɯɧɨсɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ 
ɚɞсɨɪɛɰɢɢ ɜ ɪɚсɬɜɨɪɚɯ, ɤɨмɩɨɧɟɧɬɵ ɤɨɬɨɪɵɯ ɨɬɥɢɱɚɸɬсɹ ɬɨɥɶɤɨ ɷɧɟɪɝɟɬɢɱɟсɤɢмɢ 
ɩɚɪɚмɟɬɪɚмɢ ɩɪɢ ɪɚɜɧɵɯ мɚссɚɯ ɢ ɪɚɡмɟɪɚɯ ɱɚсɬɢɰ.  

ɂссɥɟɞɨɜɚɧɨ ɱɟɬɵɪɟ сɢсɬɟмɵμ ɨɞɧɨɤɨмɩɨɧɟɧɬɧɚɹ - с ɩɚɪɚмɟɬɪɚмɢ ɩɨɬɟɧɰɢɚɥɚ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ 1, 1 ɢ мɚссɨɣ ɱɚсɬɢɰ m1; ɬɪɢ ɞɜɭɯɤɨмɩɨɧɟɧɬɧɵɯ сɢсɬɟмɵ с 
ɷɧɟɪɝɟɬɢɱɟсɤɢмɢ ɩɚɪɚмɟɬɪɚмɢ ɜɬɨɪɨɝɨ ɤɨмɩɨɧɟɧɬɚ 2 = 1/5, 2 = 1/7, 2 = 1/10 ɢ 
ɞɢɚмɟɬɪɚмɢ, ɢ мɚссɨɣ ɱɚсɬɢɰ ɜɬɨɪɨɝɨ ɤɨмɩɨɧɟɧɬɚ 2 = 1, m2 = m1. Пɟɪɟɤɪɟсɬɧɵɟ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɱɚсɬɢɰ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ сɨɪɬɚ ɪɚссɱɢɬɵɜɚɥɢсɶ ɩɨ ɩɪɚɜɢɥɭ Ȼɟɪɬɥɨ-Ʌɨɪɟɧɰɚ 12 = (12)1/2. Пɪɢ ɬɚɤɨм сɨɨɬɧɨɲɟɧɢɢ ɩɚɪɚмɟɬɪɨɜ ɜɬɨɪɨɣ ɤɨмɩɨɧɟɧɬ ɜɵсɬɭɩɚɟɬ ɤɚɤ 
ɝɚɡɨɧɚсɵɳɚɸɳɢɣ ɤɨмɩɨɧɟɧɬ ɪɚсɬɜɨɪɚ. 

Ȼɚɡɨɜɚɹ ɆȾ ɹɱɟɣɤɚ ɢмɟɥɚ ɮɨɪмɭ ɩɪɹмɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ. Ɋɚɡмɟɪ ɹɱɟɣɤɢ ɜɞɨɥɶ 
ɨсɢ z (Lz) ɛɵɥ ɜ ɧɟсɤɨɥɶɤɨ ɪɚɡ ɛɨɥɶɲɟ, ɱɟм ɜ ɧɚɩɪɚɜɥɟɧɢɹɯ x  ɢ y  (Lx= Ly). Ⱦɜɭɯɮɚɡɧɚɹ 
сɢсɬɟмɚ ɩɪɟɞсɬɚɜɥɹɥɚ сɨɛɨɣ ɩɥɟɧɤɭ ɠɢɞɤɨсɬɢ, ɪɚсɩɨɥɨɠɟɧɧɭɸ ɜ ɰɟɧɬɪɟ ɹɱɟɣɤɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨсɢ z  ɢ с ɞɜɭɯ сɬɨɪɨɧ ɨɤɪɭɠɟɧɧɭɸ ɩɚɪɨɜɨɣ ɮɚɡɨɣ. ɇɚ ɝɪɚɧɢɰɵ ɹɱɟɣɤɢ 
ɧɚɤɥɚɞɵɜɚɥɢсɶ ɩɟɪɢɨɞɢɱɟсɤɢɟ ɝɪɚɧɢɱɧɵɟ ɭсɥɨɜɢɹ. ɂссɥɟɞɭɟмɵɟ сɢсɬɟмɵ сɨɞɟɪɠɚɥɢ ɨɬ N = 
40λ6 ɞɨ 104400 ɱɚсɬɢɰ. ɋɜɨɣсɬɜɚ мɨɞɟɥɢ ɪɚссɱɢɬɵɜɚɥɢсɶ ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɟɞɢɧɢɰɚɯ. Ɂɚ 
ɟɞɢɧɢɰɭ ɞɥɢɧɵ ɩɪɢɧɹɬ ɩɚɪɚмɟɬɪ ɩɨɬɟɧɰɢɚɥɚ 
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r  . Ɋɚсɱɟɬɵ 
ɩɪɨɜɟɞɟɧɵ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟмɩɟɪɚɬɭɪ ɨɬ 0.6 ɞɨ 1.0 ɞɨ ɝɪɚɧɢɰ ɪɚɜɧɨɜɟсɧɨɝɨ ɞɜɭɯɮɚɡɧɨɝɨ 
сɨсɭɳɟсɬɜɨɜɚɧɢɹ ɪɚсɬɜɨɪɨɜ. 

ȼ ɪɚɜɧɨɜɟсɧɨм сɨсɬɨɹɧɢɢ ɜ ɞɜɭɯɮɚɡɧɨɣ сɢсɬɟмɟ ɭсɬɚɧɚɜɥɢɜɚɸɬсɹ ɩɨсɬɨɹɧɧɵɟ ɩɪɨɮɢɥɢ 
ɩɥɨɬɧɨсɬɢ, ɷɧɟɪɝɢɢ ɢ ɤɨмɩɨɧɟɧɬ ɬɟɧɡɨɪɚ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɪɚссɱɢɬɚɬɶ ɩɥɨɬɧɨсɬɢ 
ɤɨмɩɨɧɟɧɬɨɜ ɜ ɨɞɧɨɪɨɞɧɵɯ ɱɚсɬɹɯ ɞɜɭɯɮɚɡɧɨɣ сɢсɬɟмɵ, ɞɚɜɥɟɧɢɟ ɪɚɜɧɨɜɟсɢɹ, 
ɩɨɜɟɪɯɧɨсɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɢ ɨɬɧɨсɢɬɟɥɶɧɭɸ ɚɞсɨɪɛɰɢɸ. ɇɚ Ɋɢс. 1 ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚсɱɟɬɚ ɞɥɹ сɢсɬɟмɵ с ɨɬɧɨɲɟɧɢɟм 2/1 = 0.β, ɬɟмɩɟɪɚɬɭɪɨɣ T* = 0.λ ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɜɬɨɪɨɝɨ ɤɨмɩɨɧɟɧɬɚ ɜ ɠɢɞɤɨɣ ɮɚɡɟ Cl = 0.109. ȼɵсɨɤɚɹ ɩɥɨɬɧɨсɬɶ ɝɚɡɨɜɨɣ ɮɚɡɵ 
ɨɛɟсɩɟɱɢɜɚɟɬсɹ ɱɚсɬɢɰɚмɢ ɜɬɨɪɨɝɨ ɤɨмɩɨɧɟɧɬɚ сɨ сɥɚɛɵмɢ мɟɠɱɚсɬɢɱɧɵмɢ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹмɢ. ȼ ɠɢɞɤɨɣ ɮɚɡɟ ɩɪɟɨɛɥɚɞɚɸɬ ɱɚсɬɢɰɵ ɩɟɪɜɨɝɨ ɤɨмɩɨɧɟɧɬɚ с ɛɨɥɟɟ 
сɢɥɶɧɵмɢ ɜɡɚɢмɨɞɟɣсɬɜɢɹмɢ. Ɍɚɤɨɟ ɪɚсɩɪɟɞɟɥɟɧɢɟ ɤɨмɩɨɧɟɧɬɨɜ ɜ ɹɱɟɣɤɟ ɨɛɟсɩɟɱɢɜɚɟɬ 
ɧɚɢмɟɧɶɲɭɸ ɜɧɭɬɪɟɧɧɸɸ ɷɧɟɪɝɢɸ ɞɜɭɯɮɚɡɧɨɣ сɢсɬɟмɵ. 

ɇɚ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚммɚɯ ɞɜɭɯ ɪɚсɬɜɨɪɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ Ɋɢс. β ɜɢɞɧɨ, ɱɬɨ ɢɡмɟɧɟɧɢɟ 
сɨɨɬɧɨɲɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɩɪɢɜɨɞɢɬ ɧɟ ɬɨɥɶɤɨ ɤ 
ɤɨɥɢɱɟсɬɜɟɧɧɨмɭ, ɧɨ ɢ ɤɚɱɟсɬɜɟɧɧɨмɭ ɢɡмɟɧɟɧɢɸ ɩɨɜɟɞɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ 
ɡɚɜɢсɢмɨсɬɟɣ ɨɪɬɨɛɚɪɢɱɟсɤɢɯ ɩɥɨɬɧɨсɬɟɣ. ȼ ɪɚсɬɜɨɪɟ 2/1 = 0.1 ɩɥɨɬɧɨсɬɶ ɠɢɞɤɨɣ ɮɚɡɵ 
ɪɟɡɤɨ ɜɨɡɪɚсɬɚɟɬ с ɪɨсɬɨм ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɬɨɪɨɝɨ ɤɨмɩɨɧɟɧɬɚ ɜɨ ɜсɟ ɞɢɚɩɚɡɨɧɟ 
ɢссɥɟɞɨɜɚɧɧɵɯ ɬɟмɩɟɪɚɬɭɪ. ȼ сɥɭɱɚɟ ɪɚсɬɜɨɪɚ с 2/1 = 0.β сɤɨɪɨсɬɶ ɪɨсɬɚ ɩɥɨɬɧɨсɬɢ 
сɭɳɟсɬɜɟɧɧɨ мɟɧɶɲɟ, ɚ ɩɪɢ T* = 1 ɩɥɨɬɧɨсɬɶ ɠɢɞɤɨсɬɢ ɨсɬɚɟɬсɹ ɩɨсɬɨɹɧɧɨɣ, ɬ.ɟ. ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ сɨɞɟɪɠɚɧɢɹ ɜɬɨɪɨɝɨ ɤɨмɩɨɧɟɧɬɚ ɜɨɡмɨɠɧɨ ɜɵɬɟсɧɟɧɢɟ ɱɚсɬɢɰ ɩɟɪɜɨɝɨ ɜ ɝɚɡɨɜɭɸ 
ɮɚɡɭ. 
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Ɋɢс. 1. Пɪɨɮɢɥɢ (a) - ɩɥɨɬɧɨсɬɢ ɢ ɷɧɟɪɝɢɢ, (Л) - ɧɨɪмɚɥɶɧɨɣ ɢ ɬɚɧɝɟɧɰɢɚɥɶɧɨɣ ɤɨмɩɨɧɟɧɬ 
ɬɟɧɡɨɪɚ ɞɚɜɥɟɧɢɹ ɜ сɨсɬɨɹɧɢɢ ɞɜɭɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟсɢɹμ 2/1 = 0.2, T* = 0.9, Cl = 0.109, 

N=104400 
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Ɋɢс. β. Ɏɚɡɨɜɵɟ ɞɢɚɝɪɚммɵ ɪɚсɬɜɨɪɨɜ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɩɥɨɬɧɨсɬɶ-ɤɨɧɰɟɧɬɪɚɰɢɹ (К) - 2/1 = 0.1, 
(b) - 2/1 = 0.2 

 
ɋɭɳɟсɬɜɟɧɧɨ ɪɚɡɥɢɱɧɨɟ ɩɨɜɟɞɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢсɢмɨсɬɟɣ ɩɨɜɟɪɯɧɨсɬɧɨɝɨ 

ɧɚɬɹɠɟɧɢɹ ɜ ɞɜɭɯ мɨɞɟɥɹɯ ɩɪɟɞсɬɚɜɥɟɧɨ ɧɚ Ɋɢс. γ. ȼ мɨɞɟɥɢ ɪɚсɬɜɨɪɚ с сɨɨɬɧɨɲɟɧɢɟм 2/1 
= 0.β (Ɋɢс. γb) ɜɨ ɜсɟм ɞɢɚɩɚɡɨɧɟ ɢссɥɟɞɨɜɚɧɧɵɯ ɬɟмɩɟɪɚɬɭɪ ɡɚɜɢсɢмɨсɬɢ *(Cl) ɟсɬɶ 
мɨɧɨɬɨɧɧɨ ɭɛɵɜɚɸɳɢɟ ɮɭɧɤɰɢɢ. Пɪɢ сɨɨɬɧɨɲɟɧɢɢ 2/1 = 0.1 ɢ ɬɟмɩɟɪɚɬɭɪɚɯ T* > 0.6 ɧɚ 
ɚɧɚɥɨɝɢɱɧɵɯ ɡɚɜɢсɢмɨсɬɹɯ ɨɛɧɚɪɭɠɟɧɵ мɢɧɢмɭмɵ. 

ɇɚ Ɋɢс. 4 сɨɩɨсɬɚɜɥɟɧɨ ɩɨɜɟɞɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢсɢмɨсɬɟɣ ɩɨɜɟɪɯɧɨсɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ɢ ɨɬɧɨсɢɬɟɥɶɧɨɣ ɚɞсɨɪɛɰɢɢ ɥɟɬɭɱɟɝɨ ɤɨмɩɨɧɟɧɬɚ ɞɥɹ ɪɚсɬɜɨɪɨɜ с ɬɪɟмɹ 
сɨɨɬɧɨɲɟɧɢɹмɢ ɷɧɟɪɝɟɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ ɜɡɚɢмɨɞɟɣсɬɜɢɹ. ȼɨ ɜсɟɯ сɥɭɱɚɹɯ ɤɪɢɜɵɟ 
ɨɬɧɨсɢɬɟɥɶɧɨɣ ɚɞсɨɪɛɰɢɢ ɢмɟɸɬ мɚɤсɢмɭмɵ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɜɨɡɪɚсɬɚɟɬ с ɪɨсɬɨм 
сɨɨɬɧɨɲɟɧɢɹ 2/1. Ɋɚɧɟɟ, ɩɪɢ ɢссɥɟɞɨɜɚɧɢɢ мɨɞɟɥɢ Ar-Ne Д1Ж ɧɚɛɥɸɞɚɥɨсɶ ɥɢɲɶ ɨсɥɚɛɥɟɧɢɹ 
ɪɨсɬɚ ɡɚɜɢсɢмɨсɬɢ *

2 (1)
( )

l
C .  

Ȼɥɢɡɤɢм ɩɪɨɬɨɬɢɩɨм ɪɚсɬɜɨɪɚ с сɨɨɬɧɨɲɟɧɢɟм 2/1 = 0.β ɹɜɥɹɟɬсɹ ɪɚсɬɜɨɪ Ar-Ne. ȼ 
ɩɨсɥɟɞɧɟм ɜɟɥɢɱɢɧɚ 2/1 = 0.βλγ. ɇɚ Ɋɢс. 5 ɩɪɟɞсɬɚɜɥɟɧɵ ɡɚɜɢсɢмɨсɬɢ ɩɨɜɟɪɯɧɨсɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚм мɨɞɟɥɢɪɨɜɚɧɢɹ ɞɚɧɧɵɯ сɢсɬɟм. ɂɡ 
ɪɢсɭɧɤɚ сɥɟɞɭɟɬ, ɱɬɨ ɩɨ мɟɪɟ ɪɨсɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɥɢɱɟсɬɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ ɜ ɜɟɥɢɱɢɧɟ *  
ɭсɢɥɢɜɚɟɬсɹ. ɗɬɨ ɨɩɪɟɞɟɥɹɟɬсɹ ɬɟм, ɱɬɨ мɨɞɟɥɢ Ar-Ne ɢɝɪɚɟɬ ɪɨɥɶ ɪɚɡɥɢɱɢɟ ɜ мɚссɚɯ ɢ 
ɪɚɡмɟɪɚɯ ɱɚсɬɢ ɤɨмɩɨɧɟɧɬɨɜ. 
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ɂɡмɟɧɟɧɢɟ сɨɨɬɧɨɲɟɧɢɹ ɷɧɟɪɝɟɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ ɜɡɚɢмɨɞɟɣсɬɜɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0.1 
ɞɨ 0.β ɩɪɢ ɪɚɜɧɵɯ мɚссɚɯ ɢ ɪɚɡмɟɪɚɯ ɱɚсɬɢɰ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨмɭ ɪɚɡɥɢɱɢɸ ɩɚɪɚмɟɬɪɨɜ 
ɞɜɭɯɮɚɡɧɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɢ ɩɨɜɟɪɯɧɨсɬɧɵɯ сɜɨɣсɬɜ. Пɨ мɟɪɟ ɩɨɧɢɠɟɧɢɹ ɜɟɥɢɱɢɧɵ 2/1 
ɜɨɡɧɢɤɚɸɬ ɢ ɤɚɱɟсɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɜ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢсɢмɨсɬɹɯ ɨɪɬɨɛɚɪɢɱɟсɤɢɯ 
ɩɥɨɬɧɨсɬɟɣ, ɞɚɜɥɟɧɢɹ ɧɚсɵɳɟɧɢɹ ɢ ɩɨɜɟɪɯɧɨсɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ мɨɞɟɥɶɧɵɯ ɪɚсɬɜɨɪɨɜ. 
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Ɋɢс. γ. ɂɡɨɬɟɪмɵ ɩɨɜɟɪɯɧɨсɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɪɚсɬɜɨɪɨɜμ (К) - 2/1 = 0.1, (b) - 22/11 = 0.2, ɜ 
ɡɚɜɢсɢмɨсɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɬɨɪɨɝɨ ɤɨмɩɨɧɟɧɬɚ ɜ ɠɢɞɤɨɣ ɮɚɡɟ 
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Ɋɢс. 4. Пɨɜɟɪɯɧɨсɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɢ 
ɨɬɧɨсɢɬɟɥɶɧɚɹ ɚɞсɨɪɛɰɢɹ ɥɟɬɭɱɟɝɨ 
ɤɨмɩɨɧɟɧɬɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ сɨɨɬɧɨɲɟɧɢɹɯ 
ɷɧɟɪɝɟɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ ɜɡɚɢмɨɞɟɣсɬɜɢɹ 
ɩɪɢ ɬɟмɩɟɪɚɬɭɪɟ T* = 0.9 

Ɋɢс. 5. Ɂɚɜɢсɢмɨсɬɶ ɩɨɜɟɪɯɧɨсɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ мɨɞɟɥɢ 
Ar-Ne (2/1 = 0.293, 2/1 = 0.808, m2/m1 
= 0.4λ8) ɢ ɪɚсɬɜɨɪɟ 2/1 = 0.2 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɝɪɚɦɦɵ ɉɪɟɡɢɞɢɭɦɚ ɊȺɇ № 18 ɩɪɢ ɩɨɞɞɟɪɠɤɟ 

ɍɪɚɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ (ɩɪɨɟɤɬ 1β-ɉ-2-104λ), ɩɪɨɝɪɚɦɦɵ 
ɪɚɡɜɢɬɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ, ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɪɟɫɭɪɫɨɜ ɍɪɚɥɶɫɤɨɝɨ 
ɨɬɞɟɥɟɧɢɹ ɊȺɇ (ɩɪɨɟɤɬ Ɋɐɉ-14-ɉ5). 

 
ɅɂɌȿɊȺɌɍɊȺ 

 
1. V.G. Baidakov and S.P. Protsenko. J. Phys. Chem. C. 112 (2008) 17231. 
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ɆȺɋɒɌȺȻɇɈȿ ɍɊȺȼɇȿɇɂȿ ɋɈɋɌɈəɇɂə ȼ ɎɂɁɂɑȿɋɄɂɏ 

ɉȿɊȿɆȿɇɇɕɏ ɂ ȽɂɉɈɌȿɁȺ ȻȿɇȿȾȿɄȺ 
Ɋɵɤɨɜ ɋ.ȼ., Ʉɭɞɪɹɜɰɟɜɚ ɂ.ȼ.  

ɍɧɢɜɟɪɫɢɬɟɬ ɂɌɆɈ, Ɋɨɫɫɢɹ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 1λ7101, Ʉɪɨɧɜɟɪɤɫɤɢɣ ɩɪ., ɞ. 4λ.  
E-mail: rykov-vladimir@rambler.ru 

 
ȼ ɞɨɤɥɚɞɟ ɪɚссмɨɬɪɟɧɚ ɩɪɨɛɥɟмɚ ɪɚɡɪɚɛɨɬɤɢ мɟɬɨɞɚ ɩɨсɬɪɨɟɧɢɹ мɚсɲɬɚɛɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 

сɨсɬɨɹɧɢɹ ɜ ɩɟɪɟмɟɧɧɵɯ ɩɥɨɬɧɨсɬɶ-ɬɟмɩɟɪɚɬɭɪɚ ( T  ), ɜ ɨсɧɨɜɟ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ 
ɮɟɧɨмɟɧɨɥɨɝɢɱɟсɤɚɹ ɬɟɨɪɢɹ ɤɪɢɬɢɱɟсɤɢɯ ɹɜɥɟɧɢɣ ɢ ɝɢɩɨɬɟɡɚ Ȼɟɧɟɞɟɤɚ Д1Ж ɨɛ ɨɞɢɧɚɤɨɜɨм 
ɯɚɪɚɤɬɟɪɟ ɩɨɜɟɞɟɧɢɹ ɪɹɞɚ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɮɭɧɤɰɢɣ, ɢмɟɸɳɢɯ ɨсɨɛɟɧɧɨсɬɶ ɜ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɟ, ɧɚ ɤɪɢɬɢɱɟсɤɨɣ 

c
    ɢ ɨɤɨɥɨɤɪɢɬɢɱɟсɤɢɯ 

c
    ɢɡɨɯɨɪɚɯ.  

ɋɨɝɥɚсɧɨ ДβЖ мɚсɲɬɚɛɧɚɹ ɝɢɩɨɬɟɡɚ мɨɠɟɬ ɛɵɬɶ сɮɨɪмɭɥɢɪɨɜɚɧɚ ɜ сɥɟɞɭɸɳɟм ɜɢɞɟμ 
   / 3 5

1 3 5
...

T
K m m m

             ,  /

T
m K

    . (1) 

Пɨсɤɨɥɶɤɭ ɞɥɹ ɢɡɨɬɟɪмɢɱɟсɤɨɣ сɠɢмɚɟмɨсɬɢ 
T

K , ɜ сɨɨɬɜɟɬсɬɜɢɢ с ɝɢɩɨɬɟɡɨɣ Ȼɟɧɟɞɟɤɚ, 
сɩɪɚɜɟɞɥɢɜɨ сɨɨɬɧɨɲɟɧɢɟ ДγЖμ 
    1 1

,
T

K T A x x
        , (2) 

ɬɨ ɢɡ (1), (β) ɩɨɥɭɱɢм ɢсɤɨмɨɟ ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ ɜ ɩɟɪɟмɟɧɧɵɯ T  : 

       1 2 4

1 1 1 3 1 5 1
...A x x x x x x

                         . (3) 

Ɂɞɟсɶ 1 /
/x

    – мɚсɲɬɚɛɧɚɹ ɩɟɪɟмɟɧɧɚɹ; / 1
c

T T   ; / 1
c

     ;   ɢ   – 

ɤɪɢɬɢɱɟсɤɢɟ ɢɧɞɟɤсɵ ɤɪɢɜɨɣ сɨсɭɳɟсɬɜɨɜɚɧɢɹ ɢ ɢɡɨɬɟɪмɢɱɟсɤɨɣ сɠɢмɚɟмɨсɬɢ, 
сɨɨɬɜɟɬсɬɜɟɧɧɨ, сɜɹɡɚɧɧɵɟ с ɤɪɢɬɢɱɟсɤɢмɢ ɢɧɞɟɤсɚмɢ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ   ɢ 
ɤɪɢɬɢɱɟсɤɨɣ ɢɡɨɬɟɪмɵ   ɪɚɜɟɧсɬɜɚмɢ Ƚɪɢɮɮɢɬсɚμ 2        ɢ      . 

Пɪɨɜɟɞɟɧɧɵɣ ɧɚмɢ ɚɧɚɥɢɡ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ (γ) ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɪɚмɤɚɯ мɨɞɟɥɢ (γ) 
ɭɞɚɟɬсɹ с ɬɨɱɧɨсɬɶɸ ɞɨ 8% ɩɪɨɰɟɧɬɨɜ ɜɨсɩɪɨɢɡɜɟсɬɢ мɚсɲɬɚɛɧɵɟ ɮɭɧɤɰɢɢ ɯɢмɢɱɟсɤɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ  l

h x , ɢɡɨɬɟɪмɢɱɟсɤɨɣ сɠɢмɚɟмɨсɬɢ  zl
f x , ɩɪɨɢɡɜɨɞɧɨɣ  '

l
h x  ɥɢɧɟɣɧɨɣ 

мɨɞɟɥɢ ɋɤɨɮɢɥɞɚ-Ʌɢɬсɬɟɪɚ-ɏɨ Д4Ж. Пɪɢ ɷɬɨм, ɟсɥɢ ɜɨсɩɨɥɶɡɨɜɚɬɶсɹ ɡɚɜɢсɢмɨсɬɶɸ ɞɥɹ 
ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ 

p
C [3]: 

    2 2
,

p
C T A x x

        , (4) 

ɚ мɚсɲɬɚɛɧɭɸ ɝɢɩɨɬɟɡɭ сɮɨɪмɭɥɢɪɨɜɚɬɶ ɩɨ ɚɧɚɥɨɝɢɢ с (1) ɜ ɜɢɞɟμ 
   / 3 5

1 3 5
...

p
C m m m

             , /

p
m C

     (5) 

ɬɨ, ɭɱɢɬɵɜɚɹ (γ), ɩɨɥɭɱɢм сɥɟɞɭɸɳɟɟ мɚсɲɬɚɛɧɨɟ ɭɪɚɜɧɟɧɢɟμ 

       2
1 2 4

1 3 5

1

...
i i i i

i

A x x x x x x
            


             . (6) 

Пɨɤɚɡɚɧɨ, ɱɬɨ ɪɚссɱɢɬɚɧɧɨɟ ɜ ɪɚмɤɚɯ мɨɞɟɥɢ (6) мɚсɲɬɚɛɧɨɟ ɭɪɚɜɧɟɧɢɟ 

       1 2

1 1 1 2 1 2 1 3 3i
A x x A x x A x x

                   
 

 

ɜɨсɩɪɨɢɡɜɨɞɢɬ мɚсɲɬɚɛɧɵɟ ɮɭɧɤɰɢɢ  l
h x ,  zl

f x  ɢ  '

l
h x  с мɚɤсɢмɚɥɶɧɵм ɨɬɤɥɨɧɟɧɢɟм, 

ɧɟ ɩɪɟɜɨсɯɨɞɹɳɢм 0,7%. 
Ɉɞɧɚɤɨ, ɬɟɪмɢɱɟсɤɨɟ ɭɪɚɜɧɟɧɢɟ  ,p p T , ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɷɧɬɪɨɩɢɢ s , сɤɨɪɨсɬɢ ɡɜɭɤɚ 

w ,ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ p
C  ɢ v

C , ɪɚссɱɢɬɚɧɧɵɟ ɧɚ ɨсɧɨɜɟ ɭɪɚɜɧɟɧɢɣ (γ) ɢ (6), сɨɞɟɪɠɚɬ 
ɢɧɬɟɝɪɚɥɵ ɨɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɛɢɧɨмɨɜ. Пɨсɥɟɞɧɟɟ ɨɛсɬɨɹɬɟɥɶсɬɜɨ сɭɳɟсɬɜɟɧɧɨ 
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ɡɚɬɪɭɞɧɹɟɬ ɢсɩɨɥɶɡɨɜɚɧɢɟ ɪɚссмɨɬɪɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɞɥɹ ɪɚсɱɟɬɚ ɪɚɜɧɨɜɟсɧɵɯ сɜɨɣсɬɜ 
ɠɢɞɤɨсɬɢɜ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ. 

ɋ ɰɟɥɶɸ ɩɪɟɨɞɨɥɟɬɶ ɭɤɚɡɚɧɧɵɣ ɧɟɞɨсɬɚɬɨɤ ɪɚссмɨɬɪɟɧɧɨɣ ɜɵɲɟ мɨɞɟɥɢ (γ), (6), 
ɜɨсɩɨɥɶɡɭɟмсɹ сɥɟɞɭɸɳɢм ɩɪɟɞсɬɚɜɥɟɧɢɟм мɚсɲɬɚɛɧɨɣ ɝɢɩɨɬɟɡɵ Д5Жμ 

 
 1 /

2 4

0 2 4
...v

C
S m m

T

 
  

          
, /

v
m C

    . (7) 

Ɂɞɟсɶ     0
/ , ,

c c
S T p s T s T     ;  0

,s T  – ɪɟɝɭɥɹɪɧɚɹ ɮɭɧɤɰɢɹ ɬɟмɩɟɪɚɬɭɪɵ; 
c

p  – 

ɤɪɢɬɢɱɟсɤɨɟ ɞɚɜɥɟɧɢɟ;   – ɤɪɢɬɢɱɟсɤɢɣ ɢɧɞɟɤс ɤɪɢɜɨɣ сɨсɭɳɟсɬɜɨɜɚɧɢɹ; 
0

  ɢ 
2

  – 

ɩɨсɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 
ȼ ɚсɢмɩɬɨɬɢɱɟсɤɨɣ ɨɤɪɟсɬɧɨсɬɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ, ɤɚɤ ɷɬɨ сɥɟɞɭɟɬ ɢɡ ɝɢɩɨɬɟɡɵ 

Ȼɟɧɟɞɟɤɚ, ɢмɟɟмμ 
  /

1
( , )

v
C T T A x x

        . (8) 

Пɨɞсɬɚɜɢм (8) ɜ (7) ɢ ɩɨсɥɟ ɪɹɞɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɪɢɞɟм ɤ сɥɟɞɭɸɳɟмɭ ɜɵɪɚɠɟɧɢɸ ɞɥɹ 
сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɟɥɶмɝɨɥɶɰɚ F : 

      1

1 1 1
, ( )c

c c c

F T a x F T A T
p p p

        , (9) 

ɝɞɟ мɚсɲɬɚɛɧɚɹ ɮɭɧɤɰɢɹ  a x  ɢмɟɟɬ ɜɢɞμ 

         3

1 1 1 1 0
...a x A x x B x x C x x C

                  , (10) 

ɝɞɟ A, B, C ɢ C0 – ɩɨсɬɨɹɧɧɵɟ. 
Пɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɨɛɳɟɧɢɟм (7), сɨɝɥɚсɧɨ ɡɚɜɢсɢмɨсɬɹм (β) ɢ (4), ɹɜɥɹɸɬсɹ ɜɵɪɚɠɟɧɢɹ Д5Жμ 

           3 1 2
2

0 0 2

1

, , n
c

n n n n

nc

T
s T s T X X

p

 
      



       , (11) 

  /
( , )

n n

n n n
X T A x x

        , (12) 

ɝɞɟ 
1
( , )

v
X T C  ; 

2
( , )

T
X T K  ; 

3
( , )

p
X T C  . 

ɂɡ (11) ɢ (1β) сɥɟɞɭɟɬ мɚсɲɬɚɛɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜ ɮɢɡɢɱɟсɤɢɯ ɩɟɪɟмɟɧɧɵɯμ 

    1

0 0 0
, ( ) ( )c

c c c

F T a x F T A T
p p p

        , (13) 

ɝɞɟ 

      3 3
2

0 0

1 1

...
i i i i

i i

a x A x x B x x C
 

 
       . (14) 

Ɍɚɤɢм ɨɛɪɚɡɨм, ɩɨɥɭɱɟɧɨ ɮɢɡɢɱɟсɤɨɟ ɨɛɨсɧɨɜɚɧɢɟ мɚсɲɬɚɛɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (1γ), (14) ɜ 
ɩɟɪɟмɟɧɧɵɯ ɩɥɨɬɧɨсɬɶ-ɬɟмɩɟɪɚɬɭɪɚ, ɤɨɬɨɪɨɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜсɟм сɬɟɩɟɧɧɵм ɡɚɤɨɧɚм, 
сɥɟɞɭɸɳɢм ɢɡ мɚсɲɬɚɛɧɨɣ ɝɢɩɨɬɟɡɵ, ɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ (γ) ɢ (6), ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ 
ɢɧɬɟɝɪɚɥɨɜ ɨɬ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɛɢɧɨмɨɜ ɤɚɤ ɜ ɬɟɪмɢɱɟсɤɨм ɭɪɚɜɧɟɧɢɢ сɨсɬɨɹɧɢɹ, ɬɚɤ ɢ ɜ 
ɪɚсɱɟɬɧɵɯ ɮɨɪмɭɥɚɯ ɞɥɹ s , ,

v
C

p
C  ɢ ɞɪɭɝɢɯ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɮɭɧɤɰɢɣ. Ɉɛɪɚɬɢм 

ɜɧɢмɚɧɢɟ, ɱɬɨ ɥɢɧɢɹ 1
x x  ( c

  ) ɨɩɢсɵɜɚɟɬ ɧɟ сɩɢɧɨɞɚɥɶ, ɚ ɥɢɧɢɸ ɩсɟɜɞɨɤɪɢɬɢɱɟсɤɢɯ 
ɬɨɱɟɤ, ɩɨɥɨɠɟɧɢɟ ɤɨɬɨɪɵɯ ɧɚ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨɣ ɩɨɜɟɪɯɧɨсɬɢ ɨɩɪɟɞɟɥɹɟɬсɹ ɪɚɜɟɧсɬɜɚмɢ 
[6]: 
   0

v
T s      0

T
p   . (15) 

Пɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɞɚɟɬ ɮɢɡɢɱɟсɤɨɟ ɨɛɨсɧɨɜɚɧɢɟ мɟɬɨɞɭ ɩсɟɜɞɨɤɪɢɬɢɱɟсɤɢɯ ɬɨɱɟɤ 
Д7Ж, ɤɨɬɨɪɵɣ ɩɨɥɭɱɢɥ ɲɢɪɨɤɨɟ ɪɚсɩɪɨсɬɪɚɧɟɧɢɟ ɩɪɢ ɩɨсɬɪɨɟɧɢɢ ɤɚɤ мɚсɲɬɚɛɧɵɯ, ɬɚɤ ɢ 
ɲɢɪɨɤɨɞɢɚɩɚɡɨɧɧɵɯ ɭɪɚɜɧɟɧɢɣ сɨсɬɨɹɧɢɹ. ȼ ɱɚсɬɧɨсɬɢ, ɜ ɪɚмɤɚɯ мɟɬɨɞɚ ɧɟсɤɨɥɶɤɢɯ 
«ɩсɟɜɞɨсɩɢɧɨɞɚɥɶɧɵɯ» ɤɪɢɜɵɯ Д7Ж, сɤɨɧсɬɪɭɢɪɨɜɚɧɚ мɚсɲɬɚɛɧɚɹ ɮɭɧɤɰɢɹ сɜɨɛɨɞɧɨɣ 
ɷɧɟɪɝɢɢμ 
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      2 2

1 1 2 2 1 3
( )a x A x x A x x B x x C

          . (16) 

Ɋɚссмɨɬɪɟɧɨ ɧɟсɤɨɥɶɤɨ ɪɚсɱɟɬɧɵɯ сɯɟм ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɚɪɚмɟɬɪɨɜ 
мɚсɲɬɚɛɧɨɣ ɮɭɧɤɰɢɢ (1γ). ȼ ɨсɧɨɜɭ ɩɨɥɨɠɟɧɨ сɪɚɜɧɟɧɢɟ с ɥɢɧɟɣɧɨɣ мɨɞɟɥɶɸ Д4Жμ  
  2

1r
      , (17) 

ɝɞɟ  2 2
1r b   , k r

   . 

Ʉɨɷɮɮɢɰɢɟɧɬɵ 
1

A , 
2

A , 
1

B ɜɨ ɜсɟɯ сɯɟмɚɯ ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɨсɧɨɜɟ ɪɚɜɟɧсɬɜμ 

    
0lx

f x f     ɢ    
0lx

h x h    , (18) 

ɝɞɟ  f x ,  h x  ɢ  l
f x ,  l

h x  – мɚсɲɬɚɛɧɵɟ ɮɭɧɤɰɢɢ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ ɢ 
ɯɢмɢɱɟсɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢ ɧɚ ɨсɧɨɜɟ ɥɢɧɟɣɧɨɣ мɨɞɟɥɢ (14), 
сɨɨɬɜɟɬсɬɜɟɧɧɨ. 

Пɨсɬɨɹɧɧɭɸ ɋ ɧɚɯɨɞɢɥɢ ɢɡ ɭсɥɨɜɢɹ  0
0h x x    ɢ ɬɟм сɚмɵм ɨɛɟсɩɟɱɢɜɚɥɢ 

ɜɵɩɨɥɧɟɧɢɟ ɬɪɟɛɨɜɚɧɢɹ ɪɚɜɟɧсɬɜɚ ɯɢмɢɱɟсɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ      ɧɚ ɠɢɞɤɨсɬɧɨɣ ɢ 
ɩɚɪɨɜɨɣ ɜɟɬɜɹɯ ɥɢɧɢɢ ɧɚсɵɳɟɧɢɹ 

0
x x  . 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚмɟɬɪɨɜ
1

x , 
2

x , 
3

x ɢсɩɨɥɶɡɨɜɚɥɢ сɢсɬɟмɵ ɪɚɜɟɧсɬɜ ɬɢɩɚμ 
    0 1 /

l
h x h b   ,    0

1
l

s x x s     ,    0 1 /
l

s x s b   . (19) 

Ɂɞɟсɶ    s x a x  ,  l
s x  – мɚсɲɬɚɛɧɚɹ ɮɭɧɤɰɢɹ ɷɧɬɪɨɩɢɢ, ɪɚссɱɢɬɚɧɧɚɹ, ɧɚ ɨсɧɨɜɟ ɅɆ 

(14). Ɉɬмɟɬɢм, ɱɬɨ ɚɧɚɥɨɝɢɱɧɚɹ сɯɟмɚ ɢсɩɨɥɶɡɨɜɚɧɚ ɢ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɩɚɪɚмɟɬɪɨɜ 
мɚсɲɬɚɛɧɵɯ ɮɭɧɤɰɢɣ ɭɪɚɜɧɟɧɢɣ (γ) ɢ (6). 

Пɨɤɚɡɚɧɨ, ɱɬɨ ɩɨ сɜɨɢм ɪɚсɱɟɬɧɵм ɯɚɪɚɤɬɟɪɢсɬɢɤɚм мɚсɲɬɚɛɧɵɟ ɮɭɧɤɰɢɢ, ɪɚссɱɢɬɚɧɧɵɟ 
ɧɚ ɨсɧɨɜɟ (16) ɧɟ ɬɨɥɶɤɨ ɧɟ ɭсɬɭɩɚɸɬ сɨɨɬɜɟɬсɬɜɭɸɳɢм ɮɭɧɤɰɢɹм ɥɢɧɟɣɧɨɣ мɨɞɟɥɢ (17), ɧɨ 
ɢ ɢмɟɸɬ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɅɆ, ɤɚɱɟсɬɜɟɧɧɨ ɜɟɪɧɵɣ ɯɚɪɚɤɬɟɪ ɩɨɜɟɞɟɧɢɹ ɜ мɟɬɚсɬɚɛɢɥɶɧɨɣ 
ɨɛɥɚсɬɢ ɢ ɜɧɟ ɪɚɛɨɱɟɣ ɡɨɧɵ ɭɪɚɜɧɟɧɢɣ (1γ), (16). Ʉɚɤ ɢ ɭɪɚɜɧɟɧɢɟ ɅɆ, ɪɚссмɨɬɪɟɧɧɵɟ ɜ 
ɪɚɛɨɬɟ ɭɪɚɜɧɟɧɢɹ (γ), (6) ɢ (1γ), (16) ɢмɟɸɬ ɬɨɥɶɤɨ ɞɜɚ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɩɚɪɚмɟɬɪɚμ a  ɢ 0

x . 

Ɉсɬɚɥɶɧɵɟ ɩɚɪɚмɟɬɪɵ ɭɪɚɜɧɟɧɢɣ (γ), (6) ɢ (1γ), (16) ɹɜɥɹɸɬсɹ ɭɧɢɜɟɪсɚɥɶɧɵмɢ с ɬɨɱɧɨсɬɶɸ 
ɞɨ ɭɧɢɜɟɪсɚɥɶɧɨсɬɢ ɤɪɢɬɢɱɟсɤɢɯ ɢɧɞɟɤсɨɜ. 

Ɋɚссмɨɬɪɟɧɚ ɬɚɤɠɟ ɜɨɡмɨɠɧɨсɬɶ ɪɚсɲɢɪɟɧɢɹ ɪɚɛɨɱɟɝɨ ɞɢɚɩɚɡɨɧɚ мɚсɲɬɚɛɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 
(1γ), (14) ɩɭɬɟм ɜɜɟɞɟɧɢɹ ɜ сɬɪɭɤɬɭɪɭ ɭɪɚɜɧɟɧɢɹ ɜмɟсɬɨ мɚсɲɬɚɛɧɨɣ ɩɟɪɟмɟɧɧɨɣ x  
ɨɛɨɛɳɟɧɧɨɣ мɚсɲɬɚɛɧɨɣ ɩɟɪɟмɟɧɧɨɣ x  [8]. 
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ȼ ɞɨɤɥɚɞɟ ɪɚссмɨɬɪɟɧ мɟɬɨɞ ɩɨсɬɪɨɟɧɢɹ ɮɭɧɞɚмɟɧɬɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ ɧɚ 
ɨсɧɨɜɟ ɮɟɧɨмɟɧɨɥɨɝɢɱɟсɤɨɣ ɬɟɨɪɢɢ ɤɪɢɬɢɱɟсɤɢɯ ɹɜɥɟɧɢɣ Д1Ж ɢ ɝɢɩɨɬɟɡɵ ɨɛ ɨɞɢɧɚɤɨɜɨм 
ɩɨɜɟɞɟɧɢɢ ɢɡɨɯɨɪɧɨɣ ɢ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɟɣ, ɢɡɨɬɟɪмɢɱɟсɤɨɣ сɠɢмɚɟмɨсɬɢ ɧɚ 
ɤɪɢɬɢɱɟсɤɨɣ ɢ ɨɤɨɥɨɤɪɢɬɢɱɟсɤɢɯ ɢɡɨɯɨɪɚɯ ДβЖ. ɍɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ ɜɵɛɪɚɧɨ ɜ ɜɢɞɟμ 
      , , ,

r n
F T F T F T      . (1) 

ɋɥɚɝɚɟмɨɟ  ,
r

F T  ɹɜɥɹɟɬсɹ ɪɟɝɭɥɹɪɧɨɣ ɮɭɧɤɰɢɟɣ ɬɟмɩɟɪɚɬɭɪɵ T  ɢ ɩɥɨɬɧɨсɬɢ   ɢ 
ɜɵɛɪɚɧɨ ɜ ɜɢɞɟ ɜɵɪɚɠɟɧɢɹμ 
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ɝɞɟ R  – ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɩɨсɬɨɹɧɧɚɹ;  = /
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     ; 

c
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T  – 

ɤɪɢɬɢɱɟсɤɢɟ ɩɚɪɚмɟɬɪɵ; i j
C  – ɩɨсɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ.  

Ɏɭɧɤɰɢɹ   ɜɵɛɢɪɚɟɬсɹ ɢɡ ɭсɥɨɜɢɹ 
0

0   , ɢ ɨɛɟсɩɟɱɢɜɚɟɬ ɬɟм сɚмɵм ɨɩɢсɚɧɢɟ 
ɪɚɜɧɨɜɟсɧɵɯ сɜɨɣсɬɜ ɜɟɳɟсɬɜɚ ɜ ɨɛɥɚсɬɢ ɝɚɡɚ. 

ɋɥɚɝɚɟмɨɟ  ,
n

F T  ɞɨɥɠɧɨ ɨɛɟсɩɟɱɢɬɶ ɩɟɪɟɞɚɱɭ сɬɟɩɟɧɧɵɯ ɡɚɤɨɧɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 
ɩɨɜɟɞɟɧɢɟ ɪɚɜɧɨɜɟсɧɵɯ сɜɨɣсɬɜ ɠɢɞɤɨсɬɢ ɜ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ, сɥɟɞɭɸɳɢɯ ɢɡ ɬɟɨɪɢɢ 
ɤɪɢɬɢɱɟсɤɢɯ ɹɜɥɟɧɢɣμ 
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ɝɞɟ 1
1    ; 2 1

2   ;   / 1
s s c

T T   ;  s
T T   – ɭɪɚɜɧɟɧɢɟ ɥɢɧɢɢ ɧɚсɵɳɟɧɢɹ. 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬсɹ ɩɨɤɚɡɚɬɶ, ɱɬɨ сɬɪɭɤɬɭɪɚ ɧɟɪɟɝɭɥɹɪɧɨɣ ɮɭɧɤɰɢɢ  ,
n

F T  мɨɠɟɬ 
ɛɵɬɶ сɬɪɨɝɨ ɪɚссɱɢɬɚɧɚ ɜ ɪɚмɤɚɯ ɮɟɧɨмɟɧɨɥɨɝɢɱɟсɤɨɣ ɬɟɨɪɢɢ ɤɪɢɬɢɱɟсɤɢɯ ɹɜɥɟɧɢɣ Д1,βЖ. 

Пɭсɬɶ ɤɪɨссɨɜɟɪɧɚɹ ɮɭɧɤɰɢɹ   ɡɚɜɢсɢɬ ɬɨɥɶɤɨ ɨɬ ɩɪɢɜɟɞɟɧɧɨɣ ɩɥɨɬɧɨсɬɢ. Пɨɞсɬɚɜɢм (1) 
ɜ  S F T      ɢ ɧɚɣɞɟм ɧɟɪɟɝɭɥɹɪɧɭɸ сɨсɬɚɜɥɹɸɳɭɸ ɷɧɬɪɨɩɢɢ S : 

     1

r
S F T F T         . (12) 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

111 
 

Ɉсɧɨɜɵɜɚɹсɶ ɧɚ ɝɢɩɨɬɟɡɟ ɨɛ ɨɞɢɧɚɤɨɜɨм ɯɚɪɚɤɬɟɪɟ ɩɨɜɟɞɟɧɢɹ ɧɚ ɤɪɢɬɢɱɟсɤɨɣ ɢ 
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ɢмɟɟɬ ɜɢɞ ДβЖ: 
  1 1

( , ) /
v p

C T T x x
      . (13) 

Ɂɞɟсɶ /
p

x     – ɨɛɨɛɳɟɧɧɚɹ мɚсɲɬɚɛɧɚɹ ɩɟɪɟмɟɧɧɚɹ; 
0

/
p s

x    ; ɩɚɪɚмɟɬɪ 0
x  

ɨɩɪɟɞɟɥɹɟɬ ɩɨɥɨɠɟɧɢɟ ɥɢɧɢɢ ɧɚсɵɳɟɧɢɹ ɧɚ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨɣ ɩɨɜɟɪɯɧɨсɬɢ ɜ 
ɚсɢмɩɬɨɬɢɱɟсɤɨɣ ɨɤɪɟсɬɧɨсɬɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ. 

ɇɚ ɨсɧɨɜɟ ɮɟɧɨмɟɧɨɥɨɝɢɱɟсɤɨɣ ɬɟɨɪɢɢ ɤɪɢɬɢɱɟсɤɢɯ ɹɜɥɟɧɢɣ ɩɨɥɭɱɟɧɨ сɥɟɞɭɸɳɟɟ 
ɩɪɟɞсɬɚɜɥɟɧɢɟ мɚсɲɬɚɛɧɨɣ ɝɢɩɨɬɟɡɵ ДβЖμ 
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Пɨɞсɬɚɜɥɹɹ (1γ) ɜ (14) ɩɨɥɭɱɢм ɜɵɪɚɠɟɧɢɟμ 
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ɍɱɬɟм, ɱɬɨ ɜ ɨɤɪɟсɬɧɨсɬɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ ɩɨɜɟɞɟɧɢɟ ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ 
p

C  ɢ 

ɢɡɨɬɟɪмɢɱɟсɤɨɣ сɠɢмɚɟмɨсɬɢ 
T

K , ɜ сɨɨɬɜɟɬсɬɜɢɢ с ɝɢɩɨɬɟɡɨɣ Ȼɟɧɟɞɟɤɚ ДγЖ, ɨɩɢсɵɜɚɟɬсɹ 
сɬɟɩɟɧɧɵмɢ ɡɚɤɨɧɚмɢ, ɚɧɚɥɨɝɢɱɧɵмɢ (1γ)μ 
  2 2

( , )
p p

C T x x
      , (16) 

  3 3
( , )

T p
K T x x

      . (17) 

Ɂɚмɟɬɢм, ɱɬɨ ɭɪɚɜɧɟɧɢɹ 2
x x   ɢ 3

x x   ɨɩɢсɵɜɚɸɬ ɥɢɧɢɢ, ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ ɤɨɬɨɪɵɯ 
ɪɚсɯɨɞɹɬсɹ сɨɨɬɜɟɬсɬɜɟɧɧɨ p

C  ɢ 
T

K . 

ɂсɩɨɥɶɡɭɹ ɩɨɞɯɨɞ, ɚɧɚɥɨɝɢɱɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ, ɩɨɥɭɱɢм ɞɥɹ 
ɜɵɪɚɠɟɧɢɣ (16) ɢ (17) сɥɟɞɭɸɳɢɟ ɡɚɜɢсɢмɨсɬɢμ 
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Ɍɚɤ ɤɚɤ ɜɵɪɚɠɟɧɢɹ (15), (18) ɢ (1λ) ɢмɟɸɬ ɨɞɢɧɚɤɨɜɭɸ сɬɪɭɤɬɭɪɭ ɨɛɴɟɞɢɧɢм ɢɯ ɜ ɨɞɧɨ 
ɜɵɪɚɠɟɧɢɟμ 
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Пɨɞсɬɚɜɢм (β0) ɜ (1β), ɩɪɨɢɧɬɟɝɪɢɪɭɟм ɩɨɥɭɱɢɜɲɟɟсɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢм ɮɭɧɞɚмɟɧɬɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ, ɩɨɡɜɨɥɹɸɳɟɟ ɭɱɟсɬɶ, ɜ 
сɨɨɬɜɟɬсɬɜɢɢ с (γ)–(11), ɚсɢммɟɬɪɢɸ ɠɢɞɤɨсɬɢ ɨɬɧɨсɢɬɟɥɶɧɨ ɤɪɢɬɢɱɟсɤɨɣ ɢɡɨɯɨɪɵμ 
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ɝɞɟ мɚсɲɬɚɛɧɵɟ ɮɭɧɤɰɢɢ сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɢмɟɸɬ сɥɟɞɭɸɳɢɣ ɜɢɞμ 
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D  – ɩɨсɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɬɚɤ ɤɚɤ ɨɧɢ ɨɩɪɟɞɟɥɹɸɬсɹ ɱɟɪɟɡ 
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ɇɚ ɩɪɢмɟɪɟ ɨɩɢсɚɧɢɹ ɪɚɜɧɨɜɟсɧɵɯ сɜɨɣсɬɜ ɚɪɝɨɧɚ ɪɚссмɨɬɪɟɧɵ ɞɜɚ ɜɚɪɢɚɧɬɚ ɭɪɚɜɧɟɧɢɹ 
сɨсɬɨɹɧɢɹ (βγ)μ      ɢ  ,T   . 

Ɋɚɛɨɱɚɹ ɨɛɥɚсɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ сɨсɬɚɜɢɥɚμ ɩɨ ɩɥɨɬɧɨсɬɢ 
0 3, 3

c
   , ɩɨ ɬɟмɩɟɪɚɬɭɪɟ . .

6 , 9ɬ ɪ ɬ МT T T  . Пɪɢ ɷɬɨм с ɜɵсɨɤɨɣ ɬɨɱɧɨсɬɶ 
ɜɨсɩɪɨɢɡɜɨɞɢɬсɹ ɧɟ ɬɨɥɶɤɨ ɪɟɝɭɥɹɪɧɚɹ ɱɚсɬɶ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨɣ ɩɨɜɟɪɯɧɨсɬɢ ɢ ɟɟ 
ɨɤɨɥɨɤɪɢɬɢɱɟсɤɚɹ ɨɛɥɚсɬɶ, ɧɨ ɢ ɨɛɥɚсɬɶ мɟɬɚсɬɚɛɢɥɶɧɵɯ сɨсɬɨɹɧɢɣ. 

Ɉɬɤɥɨɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɩɥɨɬɧɨсɬɢ, ɪɚссɱɢɬɚɧɧɵɯ ɩɨ ɭɪɚɜɧɟɧɢɸ сɨсɬɨɹɧɢɹ (β1) ɨɬ 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɩɪɚɤɬɢɱɟсɤɢ ɜɨ ɜсɟм ɪɚссмɚɬɪɢɜɚɟмɨм ɞɢɚɩɚɡɨɧɟ ɥɟɠɚɬ ɜ 
ɩɪɟɞɟɥɚɯ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨсɬɢ. Ɇɚɤсɢмɚɥɶɧɵɟ ɨɬɧɨсɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ 
ɩɥɨɬɧɨсɬɢ ɜ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚсɬɢ сɨсɬɚɜɢɥɢμ δОМШсq A. – 0,6%, Streett W.B. – 0,25%, Blancett 
A.L. – 0,γ%, Ɋɨɝɨɜɚɹ ɂ.Ⱥ. ɢ Ʉɨɝɚɧɟɪ Ɇ.Ƚ. – 0,λ%, εТМСОХs Ⱥ. – 0,4% (ɜ ɪɟɝɭɥɹɪɧɨɣ ɨɛɥɚсɬɢ 
ɩɚɪɚмɟɬɪɨɜ сɨсɬɨɹɧɢɹ) ɢ 1,5% (ɜ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ), RШЛОrЭsШЧ S.δ. –0,3%. 

ɇɚ ɥɢɧɢɢ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɜɨ ɜсɟм ɞɢɚɩɚɡɨɧɟ ɨɬ ɬɪɨɣɧɨɣ ɬɨɱɤɢ ɞɨ ɤɪɢɬɢɱɟсɤɨɣ 
ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨсɬɢ, ɤɚɤ ɧɚсɵɳɟɧɧɨɝɨ ɩɚɪɚ, ɬɚɤ ɢ ɧɚсɵɳɟɧɧɨɣ ɠɢɞɤɨсɬɢ ɩɟɪɟɞɚɸɬсɹ с 
ɜɵсɨɤɨɣ ɬɨɱɧɨсɬɶɸ ɨɬɧɨсɢɬɟɥɶɧɨ ɞɚɧɧɵɯ Ⱥɧɢсɢмɨɜɚ Ɇ.Ⱥ., εТМСОХs A., SЭОаКrЭ R.B. 
ɂсɤɥɸɱɟɧɢɟ сɨсɬɚɜɥɹɸɬ ɥɢɲɶ ɞɚɧɧɵɟ ɒɚɜɚɧɞɪɢɧɚ Ⱥ.Ɇ. ȼмɟсɬɟ с ɬɟм, ɞɚɧɧɵɟ Ⱥɧɢсɢмɨɜɚ 
Ɇ.Ⱥ. ɜ ɩɪɟɞɟɥɚɯ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨсɬɢ ɨɩɢсɵɜɚɸɬсɹ ɢ ɜ ɨɤɪɟсɬɧɨсɬɢ ɤɪɢɬɢɱɟсɤɨɣ 
ɬɨɱɤɢ. Ɇɚɤсɢмɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ, ɪɚссɱɢɬɚɧɧɵɯ ɩɨ 
ɟɞɢɧɨмɭ ɭɪɚɜɧɟɧɢɸ сɨсɬɨɹɧɢɹ (β1) ɞɚɧɧɨɣ ɪɚɛɨɬɵ, ɨɬ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
Ⱥɧɢсɢмɨɜɚε.A., ȼɨɪɨɧɟɥɹ Ⱥ.ȼ., GХКНЮЧ ɋ. сɨсɬɚɜɢɥɨ 6%. ɂ ɟсɥɢ ɩɪɢ ɨɩɢсɚɧɢɢ ɞɚɧɧɵɯ ɨɛ 
ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ Ⱥɧɢсɢмɨɜɚ ε.A. ɟɞɢɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ сɨɩɨсɬɚɜɢмɨ с 
ɚсɢммɟɬɪɢɱɧɵм ɟɞɢɧɵм ɭɪɚɜɧɟɧɢɟм сɨсɬɨɹɧɢɹ Д4Ж, ɬɨ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ GХКНЮЧ ɋ. 
ɨɧɨ ɨɩɢсɵɜɚɟɬ с ɩɨɝɪɟɲɧɨсɬɶ ɜ ɞɜɚ ɪɚɡɚ мɟɧɶɲɟɣ, ɱɟм ɜ ɪɚɛɨɬɟ Д4Ж. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬмɟɬɢɬɶ, 
ɱɬɨ ɭɪɚɜɧɟɧɢɟ (β1) с ɜɵсɨɤɨɣ ɬɨɱɧɨсɬɶɸ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɸ ɪɚɜɟɧсɬɜɚ ɯɢмɢɱɟсɤɢɯ 
ɩɨɬɟɧɰɢɚɥɨɜ ɢ ɜɟɪɧɨ ɩɟɪɟɞɚɟɬ ɩɨɜɟɞɟɧɢɟ ɜɬɨɪɨɝɨ ɜɢɪɢɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ. Ɋɚсɱɟɬ 
сɤɨɪɨсɬɢ ɡɜɭɤɚ сɜɢɞɟɬɟɥɶсɬɜɭɟɬ ɨ ɬɨм, ɱɬɨ ɮɭɧɞɚмɟɧɬɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ 
ɬɨɱɧɟɟ ɨɩɢсɵɜɚɟɬ сɤɨɪɨсɬɶ ɡɜɭɤɚ ɩɪɢ ɧɢɡɤɢɯ ɬɟмɩɟɪɚɬɭɪɚɯ, ɱɟм ɟɞɢɧɨɟ ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ 
ɪɚɛɨɬɵ Д5Ж. Ɉɬɤɥɨɧɟɧɢɹ ɩɪɢ ɨɩɢсɚɧɢɢ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ ɨ сɤɨɪɨсɬɢ ɡɜɭɤɚ Д5Ж ɜ ɞɢɚɩɚɡɨɧɟ 
ɬɟмɩɟɪɚɬɭɪ ɨɬ 150 Ʉ ɞɨ 1050 Ʉ ɥɟɠɚɬ ɜ ɩɪɟɞɟɥɚɯ 1%. ɍɪɚɜɧɟɧɢɟ (β1) ɩɟɪɟɞɚɟɬ ɞɚɧɧɵɟ ɨ 
сɤɨɪɨсɬɢ ɡɜɭɤɚ ɧɟ ɬɨɥɶɤɨ ɜ ɨɛɥɚсɬɢ сɬɚɛɢɥɶɧɵɯ сɨсɬɨɹɧɢɣ ɠɢɞɤɨсɬɢ ɢ ɝɚɡɚ, ɧɨ ɢ ɜ 
мɟɬɚсɬɚɛɢɥɶɧɨɣ ɨɛɥɚсɬɢ. ɗɤсɩɟɪɢмɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɩɥɨɬɧɨсɬɢ ɜ мɟɬɚсɬɚɛɢɥɶɧɨɣ ɨɛɥɚсɬɢ 
Д6Ж ɭɪɚɜɧɟɧɢɟ (β1)ɨɩɢсɵɜɚɟɬ с ɩɨɝɪɟɲɧɨсɬɶɸ ɜ ɩɪɟɞɟɥɚɯ 0,β%. 

 
ɅɂɌȿɊȺɌɍɊȺ 

 
1. Ⱥ.Ⱥ. Ɇɢɝɞɚɥ. ɀɗɌɎ. 62, 4 (1972) 1559. 
2. ɋ.ȼ. Ɋɵɤɨɜ. ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣɜɟɫɬɧɢɤ ɉɨɜɨɥɠɶɹ. 1 (2014) 33. 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

113 
 

3. G.B. Benedek. Optical mixing spectroscopy, with applications to problem in physics, chemistry, 
biology and engineering. Paris: Presses Universitaires de France, 1969.  
4. ɂ.ȼ. Ʉɭɞɪɹɜɰɟɜɚ. Ⱥɫɢɦɦɟɬɪɢɱɧɨɟ ɟɞɢɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɚɪɝɨɧɚ ɢ ɯɥɚɞɚɝɟɧɬɚ 
R134a: Ⱦɢс. ɧɚ сɨɢсɤɚɧɢɟ ɭɱ. сɬ. ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ. ɋПɛȽɍɇɢПɌ, ɋПɛ., 2007. 
5. R.B. Stewart, R.T. Jacobsen. J. Phys. Chem. Ref. Data. 18, 2 (1989) 639. 
6. ȼ.П. ɋɤɪɢɩɨɜ, ȿ.ɇ. ɋɢɧɢɰɵɧ, П.Ⱥ. Пɚɜɥɨɜ ɢ ɞɪ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɟɣ ɜ 
ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɇ.μ Ⱥɬɨмɢɡɞɚɬ, 1980. 
 
 

 
ɋɌɊɍɄɌɍɊɇɕȿ ɉɊȿȼɊȺɓȿɇɂə ȼ ɀɂȾɄɂɏ ɋɉɅȺȼȺɏ AL -CO(NI)-ɊɁɆ 

ɋɢɞɨɪɨɜȼ.ȿ.1,3, ɍɩɨɪɨɜ ɋ.Ⱥ.2, ɍɩɨɪɨɜɚ ɇ.ɋ.1,  
Ɇɢɯɚɣɥɨɜȼ.Ⱥ.1, ɒɭɧɹɟɜ Ʉ.ɘ.2, Ȼɨɪɢсɟɧɤɨ Ⱥ.ȼ.3 

1ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢɹ, 6β0017, ȿɤɚɬɟɪɢɧɛɭɪɝ, 
ɩɪ. Ʉɨɫɦɨɧɚɜɬɨɜ, β6. E-mail: sidorov@uspu.ru 

2ɂɧɫɬɢɬɭɬ ɦɟɬɚɥɥɭɪɝɢɢ ɍɪɈ ɊȺɇ, Ɋɨɫɫɢɹ, 6β0016, ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ⱥɦɭɧɞɫɟɧɚ, 101 
3ɍɪɚɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ Ƚɉɋ Ɇɑɋ ɊɎ, Ɋɨɫɫɢɹ, 6β006β, ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɇɢɪɚ, ββ 

 
ȼ ɩɨсɥɟɞɧɟɟ ɜɪɟмɹ ɚɥɸмɢɧɢɟɜɵɟ сɩɥɚɜɵ ɧɚɯɨɞɹɬ ɜсɟ ɛɨɥɟɟ ɲɢɪɨɤɨɟ ɩɪɢмɟɧɟɧɢɟ ɜ 

ɩɪɨмɵɲɥɟɧɧɨсɬɢ, ɛɥɚɝɨɞɚɪɹ сɨɱɟɬɚɧɢɸ ɨɬɧɨсɢɬɟɥɶɧɨ ɧɢɡɤɨɣ сɬɨɢмɨсɬɢ ɢ ɜɵсɨɤɢɯ 
сɥɭɠɟɛɧɵɯ ɯɚɪɚɤɬɟɪɢсɬɢɤ. ɇɚɢɛɨɥɟɟ ɩɟɪсɩɟɤɬɢɜɧɵмɢ мɨɞɢɮɢɤɚɬɨɪɚмɢ ɞɥɹ ɷɬɢɯ сɩɥɚɜɨɜ 
сɱɢɬɚɸɬсɹ ɞɨɛɚɜɤɢ γН-ɩɟɪɟɯɨɞɧɵɯ (ПɆ) ɢ ɪɟɞɤɨɡɟмɟɥɶɧɵɯ мɟɬɚɥɥɨɜ(ɊɁɆ). Пɪɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɭɤɚɡɚɧɧɵɯ ɷɥɟмɟɧɬɨɜ ɜɨɡмɨɠɧɨ ɩɨɥɭɱɟɧɢɟ ɚɥɸмɢɧɢɟɜɵɯ 
сɩɥɚɜɨɜ ɜ ɚмɨɪɮɧɨм, ɧɚɧɨɤɪɢсɬɚɥɥɢɱɟсɤɨм ɢ ɤɜɚɡɢɤɪɢсɬɚɥɥɢɱɟсɤɨм сɨсɬɨɹɧɢɹɯ. ȼ 
ɧɟɤɪɢсɬɚɥɥɢɱɟсɤɨм сɨсɬɨɹɧɢɢ ɷɬɢ ɨɛɴɟɤɬɵ ɩɪɨɹɜɥɹɸɬ ɛɨɥɟɟ ɜɵсɨɤɢɟ мɟɯɚɧɢɱɟсɤɢɟ 
ɯɚɪɚɤɬɟɪɢсɬɢɤɢ, ɱɟм ɜ ɤɪɢсɬɚɥɥɢɱɟсɤɨɣ ɮɚɡɟ, ɢ ɩɪɢɨɛɪɟɬɚɸɬ ɭɧɢɤɚɥɶɧɭɸ ɤɨɪɪɨɡɢɨɧɧɭɸ 
сɬɨɣɤɨсɬɶ. Ɋɚссмɚɬɪɢɜɚɟмɵɟ ɨɛɴɟɤɬɵ ɧɚɯɨɞɹɬ ɩɪɢмɟɧɟɧɢɟ ɜ ɤɚɱɟсɬɜɟ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ, 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɚɝɪɟссɢɜɧɵɯ сɪɟɞɚɯ ɢ ɢсɩɵɬɵɜɚɸɳɢɯ ɜɵсɨɤɢɟ мɟɯɚɧɢɱɟсɤɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɚ 
ɬɚɤɠɟ ɪɚссмɚɬɪɢɜɚɸɬсɹ ɤɚɤ ɩɟɪсɩɟɤɬɢɜɧɵɟ мɚɬɟɪɢɚɥɵ ɞɥɹ ɚɧɨɞɨɜ ɜ ɥɢɬɢɟɜɨ-ɢɨɧɧɵɯ 
ɩɟɪɟɡɚɪɹɠɚɟмɵɯ ɛɚɬɚɪɟɹɯ. 

ȼ ɬɨɠɟ ɜɪɟмɹ, сɜɟɞɟɧɢɹ ɨɛ ɮɢɡɢɱɟсɤɢɯ сɜɨɣсɬɜɚɯ сɩɥɚɜɨɜ AХ-ПɆ-ɊɁɆ ɢ мɟɯɚɧɢɡмɟ 
мɟɠɚɬɨмɧɨɝɨ ɜɡɚɢмɨɞɟɣсɬɜɢɹ (AХ-ɊɁɆ, AХ-ПɆ, ПɆ-ɊɁɆ) ɜ ɨɛɥɚсɬɢ ɜɵсɨɤɢɯ ɬɟмɩɟɪɚɬɭɪ 
ɩɪɚɤɬɢɱɟсɤɢ ɨɬсɭɬсɬɜɭɸɬ. Ⱦɥɹ ɠɢɞɤɢɯ сɩɥɚɜɨɜ AХ-ПɆ-ɊɁɆ ɯɚɪɚɤɬɟɪɧɨ, ɤɚɤ сɥɟɞɭɟɬ ɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɧɬɝɟɧɨɜсɤɨɣ ɞɢɮɪɚɤɬɨмɟɬɪɢɢ ɢ ɜɢсɤɨɡɢмɟɬɪɢɢ, мɢɤɪɨɝɟɬɟɪɨɝɟɧɧɨɟ сɬɪɨɟɧɢɟ, 
сɨɯɪɚɧɹɸɳɟɟсɹ ɞɚɠɟ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɩɟɪɟɝɪɟɜɚɯ ɧɚɞ ɥɢɤɜɢɞɭсɨм – ɜ ɪɚсɩɥɚɜɚɯ 
ɩɪɢсɭɬсɬɜɭɸɬ мɢɤɪɨɨɛɥɚсɬɢ, ɨɛɨɝɚɳɟɧɧɵɟ ɬɭɝɨɩɥɚɜɤɢмɢ ɢɧɬɟɪмɟɬɚɥɥɢɞɚмɢ. 

ȼ ɧɚɲɢɯ ɩɪɟɞɵɞɭɳɢɯ ɢссɥɟɞɨɜɚɧɢɹɯ ɛɵɥɚ ɜɵсɤɚɡɚɧɚ ɢɞɟɹ ɨ ɬɨм, ɱɬɨ ɪɚсɩɥɚɜɵ AХ-ɊɁɆ 
ɹɜɥɹɸɬсɹ сɭɳɟсɬɜɟɧɧɨ мɢɤɪɨɧɟɨɞɧɨɪɨɞɧɵмɢ сɢсɬɟмɚмɢ ɞɚɠɟ ɩɪɢ ɞɨсɬɚɬɨɱɧɨ ɜɵсɨɤɢɯ 
ɩɟɪɟɝɪɟɜɚɯ ɧɚɞ ɥɢɤɜɢɞɭсɨмД1,βЖ. ȼ ɧɢɯ ɩɪɢсɭɬсɬɜɭɸɬ мɢɤɪɨɨɛɥɚсɬɢ с ɧɚɩɪɚɜɥɟɧɧɵмɢ 
сɜɹɡɹмɢ ɢ сɨ сɬɪɭɤɬɭɪɨɣ ɩɨ ɬɢɩɭ AХ2ɊɁɆ. Ɋɚсɩɚɞ ɞɚɧɧɵɯ ɨɛɥɚсɬɟɣ ɧɚɱɢɧɚɟɬсɹ ɜɵɲɟ 14500 ɋ, 
ɧɨ ɧɟ ɡɚɤɚɧɱɢɜɚɟɬсɹ ɩɨɥɧɨсɬɶɸ ɢ ɩɪɢ 18000 ɋ. Пɪɢ ɛɵсɬɪɨɣ ɡɚɤɚɥɤɟ ɪɚсɩɥɚɜɨɜ ɷɬɢ ɨɛɥɚсɬɢ 
мɨɝɭɬ сɨɯɪɚɧɹɬɶсɹ ɜ ɬɜɟɪɞɨм сɨсɬɨɹɧɢɢ ɢ ɨɤɚɡɵɜɚɬɶ ɡɚмɟɬɧɨɟ ɜɥɢɹɧɢɟ ɤɚɤ ɧɚ ɮɨɪмɢɪɨɜɚɧɢɟ 
мɟɬɚсɬɚɛɢɥɶɧɵɯ ɮɚɡ, ɬɚɤ ɢ ɧɚ ɮɢɡɢɱɟсɤɢɟ сɜɨɣсɬɜɚ сɩɥɚɜɨɜ AХ-ПɆ-ɊɁɆ. ȿɳɟ ɨɞɧɚ ɢɞɟɹ 
ɡɚɤɥɸɱɚɟɬсɹ ɜ ɬɨм, ɱɬɨ ɜ ɨɛɪɚɡɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɧɵɯ сɜɹɡɟɣ ɜ ɭɤɚɡɚɧɧɵɯ мɢɤɪɨɝɪɭɩɩɢɪɨɜɤɚɯ 
мɨɝɭɬ ɛɵɬɶ ɜɨɜɥɟɱɟɧɵ 4П- ɢ γН-ɷɥɟɤɬɪɨɧɵ. Ʉɚɤ сɥɟɞсɬɜɢɟ, мɚɝɧɢɬɧɵɣ мɨмɟɧɬ, ɩɪɢɯɨɞɹɳɢɣсɹ 
ɧɚ ɚɬɨмɵ ɊɁɆ ɢ ПɆ, мɨɠɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡмɟɧɢɬɶсɹ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞсɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢссɥɟɞɨɜɚɧɢɹ ɬɟмɩɟɪɚɬɭɪɧɵɯ ɢ ɜɪɟмɟɧɧɵɯ 
ɡɚɜɢсɢмɨсɬɟɣ мɚɝɧɢɬɧɨɣ ɜɨсɩɪɢɢмɱɢɜɨсɬɢ, ɤɚɤ сɜɨɣсɬɜɚ ɧɚɢɛɨɥɟɟ ɱɭɜсɬɜɢɬɟɥɶɧɨɝɨ ɤ 
ɷɥɟɤɬɪɨɧɧɨɣ сɬɪɭɤɬɭɪɟ, ɧɟɤɨɬɨɪɵɯ сɬɟɤɥɨɨɛɪɚɡɭɸɳɢɯ сɩɥɚɜɨɜ сɢсɬɟм AХ–Ni–ɊɁɆ ɢ AХ–Co–
ɊɁɆ ɜ ɬɜɟɪɞɨм ɢ ɠɢɞɤɨм сɨсɬɨɹɧɢɹɯ. 
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Ɉɛɪɚɡɰɵ сɩɥɚɜɨɜ Al-Co-Ce ɢAl-Co-Dy ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡ ɱɢсɬɨɝɨ ɚɥɸмɢɧɢɹ (λλ,λλλ %) ɢ 
ɚɬɬɟсɬɨɜɚɧɧɵɯ ɢɧɬɟɪмɟɬɚɥɥɢɱɟсɤɢɯ сɨɟɞɢɧɟɧɢɣ Al11Ce3, Al3Dy ɢ AlCo ɩɭɬɟм ɩɟɪɟɩɥɚɜɚ ɜ 
ɩɟɱɢ сɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɬɟмɩɟɪɚɬɭɪɟ 17000 ɋ ɜ ɬɟɱɟɧɢɟ β0-β5 мɢɧ. ɜ ɬɢɝɥɹɯ ɢɡ ɨɤсɢɞɚ 
ɛɟɪɢɥɥɢɹ, ɜ ɢɧɟɪɬɧɨɣ ɚɬмɨсɮɟɪɟ ɜɵсɨɤɨɱɢсɬɨɝɨ ɝɟɥɢɹ. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɱɟɬɵɪɟ сɟɪɢɢ 
ɨɛɪɚɡɰɨɜμ AХ91-xCo9Cex (б=1; β…11 ɚɬ.%), AХ93-xCoxCe7 (б=0; 1…1γ ɚɬ.%), AХ95-xCo5Dyx (x=0; 
1…11 ɚɬ.%), AХ95-xCoxDy5 (б=0; 1…1β ɚɬ.%). ɏɢмɢɱɟсɤɢɣ сɨсɬɚɜ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɛɵɥ 
ɨɩɪɟɞɟɥɟɧ ɚɬɨмɧɨ-ɷмɢссɢɨɧɧɵм мɟɬɨɞɨм ɧɚ ɚɧɚɥɢɡɚɬɨɪɟ Spectrum Flame ModulaS. Ɉɛɪɚɡɰɵ 
Al 86Ni8Ce(La, Gd, Y, Tb)6ɛɵɥɢ ɩɪɢɝɨɬɨɜɥɟɧɵ ɢɡ ɱɢсɬɵɯ мɟɬɚɥɥɨɜ. 

Ɍɢɩɢɱɧɵɟ ɬɟмɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢсɢмɨсɬɢ мɚɝɧɢɬɧɨɣ ɜɨсɩɪɢɢмɱɢɜɨсɬɢ ɞɥɹ ɤɜɚɡɢɛɢɧɚɪɧɵɯ 
сɩɥɚɜɨɜ Al-Ce ɩɪɢ ɮɢɤсɢɪɨɜɚɧɧɨм сɨɞɟɪɠɚɧɢɢ ɤɨɛɚɥɶɬɚ (XCo=9 at.% ) ɩɪɟɞсɬɚɜɥɟɧɵ ɧɚ ɪɢс. 
1. ɍсɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟмɩɟɪɚɬɭɪ t = 20-6000C ɡɧɚɱɟɧɢɹ мɚɝɧɢɬɧɨɣ 
ɜɨсɩɪɢɢмɱɢɜɨсɬɢ ɭмɟɧɶɲɚɸɬсɹ, сɥɟɞɭɹ ɡɚɤɨɧɭ Ʉɸɪɢ – ȼɟɣссɚ, ɩɨсɥɟ ɱɟɝɨ ɩɪɚɤɬɢɱɟсɤɢ ɧɟ 
ɡɚɜɢсɹɬ ɨɬ ɬɟмɩɟɪɚɬɭɪɵ ɜɩɥɨɬɶ ɞɨ ɬɟмɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭс.  
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Ɋɢс. 1. Ɍɟмɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢсɢмɨсɬɢ мɚɝɧɢɬɧɨɣ ɜɨсɩɪɢɢмɱɢɜɨсɬɢ ɤɜɚɡɢɛɢɧɚɪɧɵɯ сɩɥɚɜɨɜ Al-
Ce(XCo= λ ɚɬ.%)μ 1 ɚɬ.% Ce (●, ○); β ɚɬ.% Ce (▲, ∆); γ ɚɬ.% Ce (♦, ◊). (+γ; +1.5 – сɞɜɢɝ ɤɪɢɜɵɯ 
ɨɬɧɨсɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨсɢ). (●,▲,♦) – ɧɚɝɪɟɜ, (○, ∆, ◊) – ɨɯɥɚɠɞɟɧɢɟ 

 
ȼ ɬɨɱɤɟ ɥɢɤɜɢɞɭс ɡɧɚɱɟɧɢɹ χ мɟɧɹɸɬсɹ ɤɪɚɣɧɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ, ɬ.ɟ. мɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɜ 

ɢɡɭɱɟɧɧɵɯ ɤɜɚɡɢɛɢɧɚɪɧɵɯ сɩɥɚɜɚɯ Al-Ce ɧɟ ɩɪɨɢсɯɨɞɢɬ ɪɚɞɢɤɚɥɶɧɵɯ ɢɡмɟɧɟɧɢɣ ɜ 
ɷɥɟɤɬɪɨɧɧɨɣ сɬɪɭɤɬɭɪɟ ɩɪɢ ɩɥɚɜɥɟɧɢɢ. Ɉɬ ɬɨɱɤɢ ɥɢɤɜɢɞɭсɚ ɢ ɞɨ 14000C мɚɝɧɢɬɧɚɹ 
ɜɨсɩɪɢɢмɱɢɜɨсɬɶ ɨсɬɚɟɬсɹ ɩɪɚɤɬɢɱɟсɤɢ ɩɨсɬɨɹɧɧɨɣ. ȼɵɲɟ 1400-14500C ɡɚɮɢɤсɢɪɨɜɚɧɨ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ χ с ɪɨсɬɨм ɬɟмɩɟɪɚɬɭɪɵ, ɨɞɧɚɤɨ ɜ сɩɥɚɜɚɯ с мɚɥɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 
ɪɟɞɤɨɡɟмɟɥɶɧɨɝɨ ɷɥɟмɟɧɬɚ ɞɚɧɧɚɹ ɚɧɨмɚɥɢɹ ɧɟсɤɨɥɶɤɨ «ɪɚɡмɚɡɚɧɚ» ɩɨ ɬɟмɩɟɪɚɬɭɪɟ. ɋ 
ɭɜɟɥɢɱɟɧɢɟм ɤɨɧɰɟɧɬɪɚɰɢɢ ɰɟɪɢɹ ɢɡɥɨм ɧɚ ɩɨɥɢɬɟɪмɟ χ(T) ɜ ɨɛɥɚсɬɢ ɬɟмɩɟɪɚɬɭɪ 1400-
14500C сɬɚɧɨɜɢɬсɹ ɛɨɥɟɟ ɹɪɤɢм. Ƚɢсɬɟɪɟɡɢсɚ сɜɨɣсɬɜɚ ɞɥɹ ɜсɟɯ ɢɡɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ 
ɨɛɧɚɪɭɠɟɧɨ ɧɟ ɛɵɥɨ. ɍсɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɚɬɨмɵ ɤɨɛɚɥɶɬɚ ɜ ɞɚɧɧɵɯ сɩɥɚɜɚɯ ɧɚɯɨɞɹɬсɹ ɜ 
ɧɟмɚɝɧɢɬɧɨм сɨсɬɨɹɧɢɢ. ȼ ɬɨɠɟ ɜɪɟмɹ ɬɟмɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢсɢмɨсɬɢ ɩɥɨɬɧɨсɬɢ ɪɚсɩɥɚɜɨɜ Al-
Co-Ce(Dy) ɢмɟɸɬ ɝɥɚɞɤɢɣ ɜɢɞ, ɧɢɤɚɤɢɯ ɚɧɨмɚɥɢɣ сɜɨɣсɬɜɚ ɜ ɪɚɣɨɧɟ 1400-14500C ɧɟ 
ɨɛɧɚɪɭɠɟɧɨ (ɪɢс. β). 
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Ɋɢс. β. Ɍɟмɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢсɢмɨсɬɶ ɩɥɨɬɧɨсɬɢ сɩɥɚɜɚ AХ89Co9Ce2; ● – ɧɚɝɪɟɜ; ○ – ɨɯɥɚɠɞɟɧɢɟ 

 
Ɉɬсɭɬсɬɜɢɟ ɚɧɨмɚɥɢɣ ɧɚ ɩɨɥɢɬɟɪмɟ ɩɥɨɬɧɨсɬɢ ɢ ȾɋɄ-ɤɪɢɜɨɣ ɜ ɨɛɥɚсɬɢ 1400 – 14500 ɋ 

сɜɢɞɟɬɟɥɶсɬɜɭɟɬ ɨ ɬɨм, ɱɬɨ ɚɧɨмɚɥɶɧɨɟ ɜɨɡɪɚсɬɚɧɢɟ мɚɝɧɢɬɧɨɣ ɜɨсɩɪɢɢмɱɢɜɨсɬɢ ɩɪɢ ɷɬɢɯ 
ɬɟмɩɟɪɚɬɭɪɚɯ сɜɹɡɚɧɨ с ɢɡмɟɧɟɧɢɹмɢ ɬɨɥɶɤɨ ɧɚ ɭɪɨɜɧɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɞсɢсɬɟмɵ сɩɥɚɜɨɜ. 
Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢ ɞɥɹ сɩɥɚɜɨɜ Al-Co-Dy. 

Ⱦɥɹ ɜсɟɯ ɢɡɭɱɟɧɧɵɯ сɩɥɚɜɨɜ AХ–Ni–ɊɁɆ ɬɚɤɠɟ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɭɜɟɥɢɱɟɧɢɟ ɜɨсɩɪɢɢмɱɢɜɨсɬɢ ɜɵɲɟ ɬɟмɩɟɪɚɬɭɪɵ ∼14000 ɋ. ȼɵɹɜɥɟɧɧɚɹ ɚɧɨмɚɥɢɹ ɧɟ 
ɢсɩɵɬɵɜɚɟɬ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ, ɢ ɧɟ ɮɢɤсɢɪɭɟɬсɹ ɝɢсɬɟɪɟɡɢс сɜɨɣсɬɜɚ ɞɥɹ ɜсɟɯ ɢссɥɟɞɨɜɚɧɧɵɯ 
сɨсɬɚɜɨɜ ДγЖ. 

Ɋɚсɱɟɬ ɷɥɟɤɬɪɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢсɬɢɤ ɩɨɤɚɡɚɥ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɵɣ мɚɝɧɢɬɧɵɣ мɨмɟɧɬ, 
ɩɪɢɯɨɞɹɳɢɣсɹ ɧɚ ɚɬɨм ɰɟɪɢɹ, сɨсɬɚɜɥɹɟɬ (1,0 – 1,1) µB, ɚ ɧɚ ɚɬɨм ɞɢсɩɪɨɡɢɹ – 5,6 µB. Ɇɚɥɵɟ 
ɡɧɚɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ мɚɝɧɢɬɧɨɝɨ мɨмɟɧɬɚ, ɩɪɢɯɨɞɹɳɟɝɨсɹ ɧɚ ɚɬɨм ɰɟɪɢɹ ɢ ɞɢсɩɪɨɡɢɹ, 
сɜɢɞɟɬɟɥɶсɬɜɭɟɬ ɨ ɬɨм, ɱɬɨ ɜ ɞɚɧɧɵɯ сɩɥɚɜɚɯ ɚɬɨмɵ ɪɟɞɤɨɡɟмɟɥɶɧɨɝɨ ɷɥɟмɟɧɬɚ ɧɚɯɨɞɹɬсɹ ɧɟ 
сɨсɬɨɹɧɢɢ R3+, ɚ ɨɛɪɚɡɭɸɬ ɧɚɩɪɚɜɥɟɧɧɵɟ сɜɹɡɢ с ɚɥɸмɢɧɢɟм. Пɪɢɱɟм ɷɬɚ сɢɬɭɚɰɢɹ 
ɪɟɚɥɢɡɭɟɬсɹ ɤɚɤ ɜ ɬɜɟɪɞɨм, ɬɚɤ ɢ ɜ ɠɢɞɤɨм сɨсɬɨɹɧɢɢ. ȼ ɮɨɪмɢɪɨɜɚɧɢɢ ɧɚɩɪɚɜɥɟɧɧɵɯ сɜɹɡɟɣ 
ɭɱɚсɬɜɭɸɬ ɷɥɟɤɬɪɨɧɵ 4f – ɩɨɥɨсɵ, ɬ.ɟ. ɩɪɨɢсɯɨɞɢɬ ɢɯ ɱɚсɬɢɱɧɚɹ ɞɟɥɨɤɚɥɢɡɚɰɢɹ с ɢɨɧɨɜ ɊɁɆ. 
ɂмɟɧɧɨ ɷɬɢм мɨɠɧɨ ɨɛɴɹсɧɢɬɶ мɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ мɚɝɧɢɬɧɨɝɨ мɨмɟɧɬɚ, 
ɩɪɢɯɨɞɹɳɟɝɨсɹ ɧɚ ɚɬɨм ɪɟɞɤɨɡɟмɟɥɶɧɨɝɨ ɷɥɟмɟɧɬɚ ɜ сɩɥɚɜɚɯ с ɚɥɸмɢɧɢɟм, ɱɟм ɧɚ ɢɨɧ R3+. 
ȼɵɲɟ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɢɧɬɟɪмɟɬɚɥɥɢɱɟсɤɨɝɨ сɨɟɞɢɧɟɧɢɹ Al2R ɧɚɱɢɧɚɟɬсɹ ɪɚсɩɚɞ ɭɤɚɡɚɧɧɵɯ 
ɧɚɩɪɚɜɥɟɧɧɵɯ сɜɹɡɟɣ; 4f – ɷɥɟɤɬɪɨɧɵ, ɪɚɧɟɟ ɭɱɚсɬɜɭɸɳɢɟ ɜ ɨɛɪɚɡɨɜɚɧɢɢ ɷɬɢɯ сɜɹɡɟɣ с 
ɚɬɨмɚмɢ ɚɥɸмɢɧɢɹ, ɜɧɨɜɶ ɥɨɤɚɥɢɡɭɸɬсɹ ɧɚ ɚɬɨмɚɯ ɪɟɞɤɨɡɟмɟɥɶɧɨɝɨ ɷɥɟмɟɧɬɚ; ɤɚɤ ɪɟɡɭɥɶɬɚɬ 
- ɜɨɡɪɚсɬɚɟɬ мɚɝɧɢɬɧɵɣ мɨмɟɧɬ ɧɚ ɚɬɨмɟ ɊɁɆ ɢ ɭɜɟɥɢɱɢɜɚɟɬсɹ мɚɝɧɢɬɧɚɹ ɜɨсɩɪɢɢмɱɢɜɨсɬɶ 
ɜсɟɝɨ сɩɥɚɜɚ, ɱɬɨ ɢ ɧɚɛɥɸɞɚɟɬсɹ ɜ ɷɤсɩɟɪɢмɟɧɬɟ. 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɬɨɝɨ ɮɚɤɬɚ, ɱɬɨ ɢмɟɧɧɨ 4f-ɷɥɟɤɬɪɨɧɵ ɭɱɚсɬɜɭɸɬ ɜ 
ɨɛɪɚɡɨɜɚɧɢɢ ɧɚɩɪɚɜɥɟɧɧɵɯ сɜɹɡɟɣ мɟɠɞɭ ɚɬɨмɚмɢ ɚɥɸмɢɧɢɹ ɢ ɊɁɆ, ɩɪɟɞсɬɚɜɥɟɧɨ ɜ ɪɚɛɨɬɟ 
[4]. 

Ɍɚɤɢм ɨɛɪɚɡɨм, ɪɚсɩɥɚɜɵ сɢсɬɟм Al-ПɆ-ɊɁɆ ɨсɬɚɸɬсɹ мɢɤɪɨɧɟɨɞɧɨɪɨɞɧɵмɢ ɨɛɴɟɤɬɚмɢ 
ɞɚɠɟ ɩɪɢ ɞɨсɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ ɩɟɪɟɝɪɟɜɚɯ ɧɚɞ ɥɢɤɜɢɞɭсɨмμ ɜ ɚɥɸмɢɧɢɟɜɨɣ мɚɬɪɢɰɟ 
сɭɳɟсɬɜɭɸɬ ɪɚɡɜɟɬɜɥɟɧɧɵɟ сɟɬɢ ɢ ɰɟɩɨɱɤɢ, сɨɞɟɪɠɚɳɢɟ ɚɬɨмɵ ɩɟɪɟɯɨɞɧɵɯ ɢ 
ɪɟɞɤɨɡɟмɟɥɶɧɵɯ мɟɬɚɥɥɨɜ. Ɉсɧɨɜɧɨɣ сɬɪɭɤɬɭɪɧɨɣ ɟɞɢɧɢɰɟɣ ɡɞɟсɶ ɹɜɥɹɸɬсɹ ɤɜɚɡɢмɨɥɟɤɭɥɵ 
Al 2R. ɋɬɟɤɥɨɨɛɪɚɡɭɸɳɚɹ сɩɨсɨɛɧɨсɬɶ ɞɚɧɧɵɯ сɩɥɚɜɨɜ ɨɩɪɟɞɟɥɹɟɬсɹ, ɜ ɨсɧɨɜɧɨм, 
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мɨɪɮɨɥɨɝɢɟɣ ɢ ɪɚɡмɟɪɧɨсɬɶɸ ɬɚɤɢɯ сɟɬɟɣ, ɩɨɷɬɨмɭ ɬɟɪмɨɨɛɪɚɛɨɬɤɚ ɪɚсɩɥɚɜɨɜ Al-ПɆ-ɊɁɆ 
ɩɟɪɟɞ ɡɚɤɚɥɤɨɣ мɨɠɟɬ ɨɤɚɡɚɬɶ ɪɟɲɚɸɳɟɟ ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟсɬɜɨ ɢ сɜɨɣсɬɜɚ ɩɨɥɭɱɚɟмɵɯ ɢɡ ɧɢɯ 
ɚмɨɪɮɧɵɯ ɥɟɧɬ. 

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɚɦɢ ɊɎɎɂ ɢ ɋɜɟɪɞɥɨɜɫɤɨɣ ɨɛɥɚɫɬɢ (№1γ-03-96055-ɭɪɚɥ) ɢ 
Ɇɢɧɨɛɪɚɡɨɜɚɧɢɹ ɊɎ. 
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Ƚɚɡɨɜɵɟ ɝɢɞɪɚɬɵ – ɤɪɢсɬɚɥɥɢɱɟсɤɢɟ сɨɟɞɢɧɟɧɢɹ ɜɤɥɸɱɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ мɨɥɟɤɭɥɵ ɝɚɡɚ 

ɡɚɤɥɸɱɟɧɵ ɜ ɩɨɥɨсɬɹɯ ɢɡ мɨɥɟɤɭɥ ɜɨɞɵ. ɋɭɳɟсɬɜɭɟɬ ɧɟсɤɨɥɶɤɨ ɤɥɚɬɪɚɬɧɵɯ ɢ ɥɶɞɨɩɨɞɨɛɧɵɯ 
сɬɪɭɤɬɭɪ, ɨɬɥɢɱɚɸɳɢɯсɹ сɬɪɭɤɬɭɪɨɣ ɪɟɲёɬɤɢ, мɟɯɚɧɢɱɟсɤɢмɢ ɢ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢмɢ 
сɜɨɣсɬɜɚмɢ. Ɍɢɩ сɬɪɭɤɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬсɹ мɨɥɟɤɭɥɚмɢ-ɝɨсɬɹмɢ, ɬɟмɩɟɪɚɬɭɪɨɣ ɢ ɞɚɜɥɟɧɢɟм.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢсɩɨɥɶɡɨɜɚɥɨсɶ мɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚмɢɱɟсɤɨɟ мɨɞɟɥɢɪɨɜɚɧɢɟ ɞɥɹ 
ɢɡɭɱɟɧɢɹ ɮɚɡɨɜɨɣ ɝɪɚɧɢɰɵ ɢ мɟɬɚсɬɚɛɢɥɶɧɵɯ сɨсɬɨɹɧɢɣ сɬɪɭɤɬɭɪ ɝɢɞɪɚɬɨɜ мɟɬɚɧɚ ɢ 
ɜɨɞɨɪɨɞɚ. ɂɡɜɟсɬɧɨ, ɱɬɨ ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ɩɟɪɜɨɝɨ ɪɨɞɚ мɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶсɹ 
мɟɬɚсɬɚɛɢɥɶɧɵɟ сɨсɬɨɹɧɢɹ, ɤɨɬɨɪɵɟ мɨɝɭɬ сɭɳɟсɬɜɨɜɚɬɶ ɜɩɥɨɬɶ ɞɨ ɝɪɚɧɢɰɵ ɭсɬɨɣɱɢɜɨсɬɢ. 
ȼɪɟмɹ ɠɢɡɧɢ ɬɚɤɢɯ сɨсɬɨɹɧɢɣ ɤɨɧɟɱɧɨ ɢ ɡɚɜɢсɢɬ ɨɬ сɬɟɩɟɧɢ ɩɟɪɟɝɪɟɜɚ сɢсɬɟмɵ. Пɥɚɜɥɟɧɢɟ ɢ 
ɪɚсɩɚɞ ɩɟɪɟɝɪɟɬɨɣ сɬɪɭɤɬɭɪɵ Ʉɋ-Iɝɢɞɪɚɬɚ мɟɬɚɧɚ ɜɵɱɢсɥɹɥсɹ ɜ ɩɪɹмɨм ɬɪɟɯɮɚɡɧɨм 
мɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚмɢɱɟсɤɨм мɨɞɟɥɢɪɨɜɚɧɢɢ ɞɥɹ SPC/E, TIP4P/2005, TIP4P/Iceмɨɞɟɥɟɣ ɜɨɞɵ 
ɢ ɩɨɬɟɧɰɢɚɥɚ ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɚɬɨмɚ ɞɥɹ мɟɬɚɧɚ Д1Ж.  

ȼ ɪɚɛɨɬɟ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɨ мɨɥɟɤɭɥɹɪɧɨɟ мɨɞɟɥɢɪɨɜɚɧɢɟ ɮɚɡ ɜ сɢсɬɟмɟ ɜɨɞɨɪɨɞ-ɜɨɞɚ ɩɪɢ 
ɜɵсɨɤɢɯ ɞɚɜɥɟɧɢɹɯ, ɩɨɞɬɜɟɪɠɞɟɧɨ ɮɨɪмɢɪɨɜɚɧɢɟ сɬɪɭɤɬɭɪɵ, ɪɚɧɟɟ ɧɚɛɥɸɞɚɜɲɟɣсɹ ɜ 
ɷɤсɩɟɪɢмɟɧɬɟ, мɟɬɨɞɚмɢ мɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚмɢɤɢ ДβЖ.  
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Ⱦɢɥɚɬɨмɟɬɪɢɱɟсɤɢм мɟɬɨɞɨм ɧɚ ɭсɬɚɧɨɜɤɟ DIL-402C ɢссɥɟɞɨɜɚɧɨ ɬɟɩɥɨɜɨɟ ɪɚсɲɢɪɟɧɢɟ 

ɧɢɤɟɥɹ (λλ,λλ мɚс. %) ɜ ɢɧɬɟɪɜɚɥɟ ɬɟмɩɟɪɚɬɭɪ 1401650 Ʉ ɢ ɝɚɞɨɥɢɧɢɹ (λλ,85 мɚс. %) ɜ 
ɢɧɬɟɪɜɚɥɟ ɬɟмɩɟɪɚɬɭɪ 100–590 Ʉ ɜ ɬɜɟɪɞɨм сɨсɬɨɹɧɢɢ, ɜɤɥɸɱɚɹ ɨɛɥɚсɬɢ мɚɝɧɢɬɧɵɯ ɮɚɡɨɜɵɯ 
ɩɪɟɜɪɚɳɟɧɢɣ. Ⱦɥɹ ɧɢɡɤɨɬɟмɩɟɪɚɬɭɪɧɵɯ ɢɡмɟɪɟɧɢɣ ɢсɩɨɥɶɡɨɜɚɥɢсɶ ɞɟɪɠɚɬɟɥɶ ɢ ɬɨɥɤɚɬɟɥɶ, 
ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɩɥɚɜɥɟɧɨɝɨ ɤɜɚɪɰɚ, ɚ ɞɥɹ ɜɵсɨɤɨɬɟмɩɟɪɚɬɭɪɧɵɯ ɢɡ сɩɟɱɟɧɧɨɣ ɨɤɢсɢ 
ɚɥɸмɢɧɢɹ. ȼ ɤɚɱɟсɬɜɟ сɬɚɬɢɱɟсɤɨɣ ɢɧɟɪɬɧɨɣ ɚɬмɨсɮɟɪɵ ɛɵɥɢ ɢсɩɨɥɶɡɨɜɚɧɵ ɝɟɥɢɣɱɢсɬɨɬɨɣ 
99,995 ɨɛ. % (ɧɢɡɤɢɟ ɬɟмɩɟɪɚɬɭɪɵ), ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɨɱɢɳɟɧɧɵɣ сɢсɬɟмɨɣ ɨɬɱɢсɬɤɢ ɝɚɡɨɜ 
ɗПɂɒɍɊ-Ⱥ 11 ɋɅ. ɢ ɚɪɝɨɧ ɱɢсɬɨɬɨɣ λλ,λλ8 ɨɛ. % (ɜɵсɨɤɢɟ ɬɟмɩɟɪɚɬɭɪɵ). ɍɞɥɢɧɟɧɢɟ 
ɢɡмɟɪɹɥɨсɶ ɢɧɞɭɤɬɢɜɧɵм ɞɚɬɱɢɤɨм ɩɟɪɟмɟɳɟɧɢɹ (δVDT) с ɪɚɡɪɟɲɟɧɢɟм ɥɭɱɲɟ 1 ɧм, ɚ 
ɬɟмɩɟɪɚɬɭɪɚ – ɬɟɪмɨɩɚɪɚмɢ (ɬɢɩ E – ɧɢɡɤɢɟ, ɬɢɩ S – ɜɵсɨɤɢɟ ɬɟмɩɟɪɚɬɭɪɵ). ɂɡмɟɪɟɧɢɹ 
ɩɪɨɜɨɞɢɥɢсɶ ɩɪɢ ɧɚɝɪɟɜɟ–ɨɯɥɚɠɞɟɧɢɢ ɩɟɱɢ сɨ сɤɨɪɨсɬɶɸ β Ʉ/мɢɧ ɢ γ0-мɢɧɭɬɧɨɣ 
ɢɡɨɬɟɪмɢɱɟсɤɨɣ ɜɵɞɟɪɠɤɟ ɩɪɢ мɚɤсɢмɚɥɶɧɵɯ ɢ мɢɧɢмɚɥɶɧɵɯ ɬɟмɩɟɪɚɬɭɪɚɯ. Ⱦɥɹ ɝɚɞɨɥɢɧɢɹ 
ɬɚɤɠɟ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ сɟɪɢɹ ɷɤсɩɟɪɢмɟɧɬɨɜ сɨ сɤɨɪɨсɬɶɸ 0,5 Ʉ/мɢɧ. 
Ɍɟмɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢсɢмɨсɬɶ ɧɭɥɟɜɨɝɨ ɯɨɞɚ ɞɢɥɚɬɨмɟɬɪɚ ɨɩɪɟɞɟɥɹɥɚсɶ ɧɚ сɬɚɧɞɚɪɬɧɵɯ 
ɨɛɪɚɡɰɚɯ ɩɥɚɜɥɟɧɨɝɨ ɤɜɚɪɰɚ (ɧɢɡɤɢɟ ɬɟмɩɟɪɚɬɭɪɵ) ɢ ɤɨɪɭɧɞɚ (ɜɵсɨɤɢɟ ɬɟмɩɟɪɚɬɭɪɵ), 
сɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɮɢɪмɨɣ NETZSCH, ɞɥɢɧɨɣ β5 мм ɢ ɞɢɚмɟɬɪɨм 6 мм ɜ ɭсɥɨɜɢɹɯ, 
ɢɞɟɧɬɢɱɧɵɯ ɭсɥɨɜɢɹм ɨсɧɨɜɧɵɯ ɷɤсɩɟɪɢмɟɧɬɨɜ.  

ɋɢсɬɟмɚɬɢɱɟсɤɚɹ ɩɨɝɪɟɲɧɨсɬɶ ɢɡмɟɪɟɧɢɣ ɨɩɪɟɞɟɥɹɥɚсɶ ɧɚ ɨɛɪɚɡɰɚɯ ɜɵсɨɤɨɱɢсɬɨɝɨ 
ɚɥɸмɢɧɢɹ (λλ,λλλ %) ɢ ɩɥɚɬɢɧɵ (λλ,λγ %) ɞɥɢɧɨɣ β5 мм. ɗɬɢ ɷɤсɩɟɪɢмɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɨɬɤɥɨɧɟɧɢɟ ɢɡмɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɪмɢɱɟсɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚсɲɢɪɟɧɢɹ 
(ɌɄɅɊ, ) ɨɬ сɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ Д1–γЖ ɩɪɟɜɵɲɚɟɬ (1,5–2,0)  10-7 Ʉ-1 ɢ ɜ сɪɟɞɧɟм сɨсɬɚɜɥɹɟɬ 
8  10-8 Ʉ-1. 

ɂссɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɜɨɝɨ ɪɚсɲɢɪɟɧɢɹ ɬɜɟɪɞɨɝɨ ɧɢɤɟɥɹ ɛɵɥɨ ɪɚɡɛɢɬɨ ɧɚ ɞɜɚ ɷɬɚɩɚ. ɇɚ 
ɩɟɪɜɨм ɷɬɚɩɟ ɩɪɨɜɨɞɢɥɢсɶ ɧɢɡɤɨɬɟмɩɟɪɚɬɭɪɧɵɟ ɢɡмɟɪɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ 140–593 Ʉ ɜ 
ɚɬмɨсɮɟɪɟ ɝɟɥɢɹ. ɇɚ ɜɬɨɪɨм ɷɬɚɩɟ – ɜɵсɨɤɨɬɟмɩɟɪɚɬɭɪɧɵɟ ɢɡмɟɪɟɧɢɹ ɜ ɢɧɬɟɪɜɚɥɟ βλγ–
1650 Ʉ ɜ ɚɬмɨсɮɟɪɟ ɚɪɝɨɧɚ. Пɨсɥɟ ɩɨɥɭɱɟɧɢɹ ɩɟɪɜɢɱɧɵɯ ɞɚɧɧɵɯ ɪɟɡɭɥɶɬɚɬɵ ɜсɟɯ ɢɡмɟɪɟɧɢɣ 
ɛɵɥɢ ɨɛɴɟɞɢɧɟɧɵ. ȼ ɩɪɟɞɟɥɚɯ сɥɭɱɚɣɧɵɯ ɩɨɝɪɟɲɧɨсɬɟɣ ɜсɟ ɤɪɢɜɵɟ сɨɜɩɚɥɢ мɟɠɞɭ сɨɛɨɣ. 
ɇɚ ɪɢс. 1 ɩɪɟɞсɬɚɜɥɟɧɵ ɨɛɴɟɞɢɧɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɌɄɅɊ ɧɢɤɟɥɹ. Ɋɟɡɤɢɣ мɚɤсɢмɭм (T) 
ɩɪɢTC = 628 Ʉ сɜɹɡɚɧ с ɩɟɪɟɯɨɞɨм ɮɟɪɪɨмɚɝɧɢɬɧɨɝɨ ɧɢɤɟɥɹ ɜ ɩɚɪɚмɚɝɧɢɬɧɨɟ сɨсɬɨɹɧɢɟ. 
Ɍɟмɩɟɪɚɬɭɪɚ Ʉɸɪɢ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɧɚɲɢɯ ɢɡмɟɪɟɧɢɹ, ɯɨɪɨɲɨ сɨɝɥɚсɭɟɬсɹ сɨ сɩɪɚɜɨɱɧɵмɢ 
ɞɚɧɧɵмɢ TC = 629,6 Ʉ Д4Ж. 

ɍɱɢɬɵɜɚɹ сɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡмɟɧɟɧɢɹ ɌɄɅɊ ɧɢɤɟɥɹ с ɬɟмɩɟɪɚɬɭɪɨɣ, ɜɟсɶ ɢɧɬɟɪɜɚɥ 
ɪɚɡɛɢɜɚɥсɹ ɧɚ 5 ɨɛɥɚсɬɟɣ, ɤɨɬɨɪɵɟ ɚɩɩɪɨɤсɢмɢɪɨɜɚɥɢсɶ мɟɬɨɞɨм ɧɚɢмɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ 
ɩɨɥɢɧɨмɚмɢ ɜɢɞɚμ 
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ɝɞɟ t = T – 273,15 Ʉ, T – ɬɟмɩɟɪɚɬɭɪɚ ɜ Ʉɟɥɶɜɢɧɚɯ. Пɨ ɩɨɥɭɱɟɧɧɵм ɚɩɩɪɨɤсɢмɚɰɢɨɧɧɵм 
ɭɪɚɜɧɟɧɢɹм ɪɚссɱɢɬɚɧɵ ɬɟмɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢсɢмɨсɬɢ ɨɬɧɨсɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ ɢ ɩɥɨɬɧɨсɬɢ. 
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Ɋɢс. 1. Пɟɪɜɢɱɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɜɨмɭ ɪɚсɲɢɪɟɧɢɸ ɧɢɤɟɥɹ 

 
Ɍɟɩɥɨɜɨɟ ɪɚсɲɢɪɟɧɢɟ ɬɜɟɪɞɨɝɨ ɝɚɞɨɥɢɧɢɹ ɛɵɥɨ ɢссɥɟɞɨɜɚɧɨ ɜ ɱɟɬɵɪɟɯ 

ɩɨсɥɟɞɨɜɚɬɟɥɶɧɵɯ ɷɤсɩɟɪɢмɟɧɬɚɯμ ɞɜɚ сɨ сɤɨɪɨсɬɶɸ β Ʉ/мɢɧ ɢ ɞɜɚ сɨ сɤɨɪɨсɬɶɸ 0,5 Ʉ/мɢɧ, 
ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ γ0000 ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ. ɗɬɨ, ɜ сɜɨɸ ɨɱɟɪɟɞɶ, 
ɩɪɟɞɨсɬɚɜɢɥɨ ɜɨɡмɨɠɧɨсɬɶ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɢɡɭɱɢɬɶ ɢɡмɟɧɟɧɢɟ ɌɄɅɊ ɜ ɨɤɪɟсɬɧɨсɬɢ ɬɨɱɤɢ 
Ʉɸɪɢ. ɇɚ ɪɢс. β ɩɪɢɜɟɞɟɧɵ ɬɢɩɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɡмɟɪɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ 
ɪɚсɲɢɪɟɧɢɹ ɝɚɞɨɥɢɧɢɹ. ɇɚ ɝɪɚɮɢɤɟ ɧɚɛɥɸɞɚɸɬсɹ ɞɜɟ ɚɧɨмɚɥɢɢ. Пɟɪɜɚɹ ɜɵɡɜɚɧɚ сɩɢɧ-
ɩɟɪɟɨɪɢɟɧɬɚɰɢɨɧɧɵм мɚɝɧɢɬɧɵм ɩɟɪɟɯɨɞɨм Д5Ж ɜ ɨɛɥɚсɬɢ ββ5 Ʉ. ȼɬɨɪɚɹ, с ɹɪɤɨ-
ɜɵɪɚɠɟɧɧɵм мɢɧɢмɭмɨм ɜ ɨɛɥɚсɬɢ βλγ Ʉ, сɜɹɡɚɧɚ с ɩɪɟɜɪɚɳɟɧɢɟм ɮɟɪɪɨмɚɝɧɢɬɧɨɝɨ 
ɝɚɞɨɥɢɧɢɹ ɜ ɩɚɪɚмɚɝɧɟɬɢɤ. Ɉɛɳɢɣ ɯɚɪɚɤɬɟɪ ɢɡмɟɧɟɧɢɹ ɌɄɅɊ ɜ ɨɛɥɚсɬɢ сɩɢɧ-
ɩɟɪɟɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ мɚɝɧɢɬɧɨɝɨ ɩɟɪɟɯɨɞɚ сɯɨɞɟɧ с ɬɚɤɨɜɵм ɜ ɬɨɱɤɟ Ʉɸɪɢ, ɨɞɧɚɤɨ 
ɚмɩɥɢɬɭɞɚ ɩɢɤɚ мɢɧɢмɭмɚ ɬɟɪмɢɱɟсɤɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɪɚсɲɢɪɟɧɢɹ ɛɨɥɟɟ ɱɟм ɜ 
γ0 ɪɚɡ мɟɧɶɲɟ, ɱɟм ɩɪɢ TC.  

ȼ ɨɛɥɚсɬɢ мɚɝɧɢɬɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɡɚɜɢсɢмɨсɬɶ ɌɄɅɊ ɝɚɞɨɥɢɧɢɹ, ɛɵɥɚ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. Ɉɛɪɚɛɨɬɤɚ ɜ ɷɬɨɣ ɨɛɥɚсɬɢ ɩɪɨɜɨɞɢɥɚсɶ с ɢсɩɨɥɶɡɨɜɚɧɢɟм 
сɤɟɣɥɢɧɝɨɜсɤɢɯ ɡɚɜɢсɢмɨсɬɟɣ, сɥɟɞɭɹ Д6, 7Ж. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɡɚɜɢсɢмɨсɬɶ 
ɥɨɝɚɪɢɮмɚ мɚɝɧɢɬɧɨɣ сɨсɬɚɜɥɹɸɳɟɣ ɌɄɅɊ ɨɬ ɥɨɝɚɪɢɮмɚ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟмɩɟɪɚɬɭɪɵ ɜ 
ɢɧɬɟɪɜɚɥɟ  = 10-4 – 0,1 ɨɩɢсɵɜɚɟɬсɹ ɞɜɭмɹ ɥɢɧɟɣɧɵмɢ ɡɚɜɢсɢмɨсɬɹмɢ, ɤɨɬɨɪɵɟ 
ɩɟɪɟсɟɤɚɸɬсɹ ɩɪɢ  = 4,1  10-3. ȼсɟ ɤɪɢɬɢɱɟсɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɌɄɅɊ ɹɜɥɹɸɬсɹ 
ɩɨɥɨɠɢɬɟɥɶɧɵмɢ ɢ ɜ ɛɨɥɶɲɢɧсɬɜɟ ɩɪɟɜɵɲɚɸɬ ɤɥɚссɢɱɟсɤɢɣ ɤɪɢɬɢɱɟсɤɢɣ ɢɧɞɟɤс 
ɬɟɩɥɨɟмɤɨсɬɢ ɪɚɜɧɵɣ -0,12. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎɂ № 1γ-08-00137. 
 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

119 
 

 
Ɋɢс. β. Пɟɪɜɢɱɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɪмɢɱɟсɤɨмɭ ɤɨɷɮɮɢɰɢɟɧɬɭ ɥɢɧɟɣɧɨɝɨ ɪɚсɲɢɪɟɧɢɹ 
ɝɚɞɨɥɢɧɢɹ 
 

ɅɂɌȿɊȺɌɍɊȺ 
 

1. ɋ.ɂ. ɇɨɜɢɤɨɜɚ. Ɍɟɩɥɨɜɨɟ ɪɚɫɲɢɪɟɧɢɟ ɬɜɟɪɞɵɯ ɬɟɥ. ɇɚɭɤɚ, Ɇ., 1974. 
2. F.R. Kroeger, C.A. Swenson. J. Appl. Phys. 48 (1977)853. 
3. R.K. Kirby. Int. J. Thermophys. 12 (1991) 679. 
4. ȼ.ȿ. Ɂɢɧɨɜɶɟɜ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɋɩɪɚɜ. 
ɢɡɞ. Ɇɟɬɚɥɥɭɪɝɢɹ, Ɇ., 1989.  
5. S.J. Savage , S.B. Palmer. Phys. Lett. 60 A (1977) 358. 
6. D.A. Dolejsi, C.A. Swenson. Phys. Rev. B: Condens. Matter. 24 (1981) 6326. 
7. P.C. Lanchester, K. Robinson, D.P. Baker, I.S. Williams, R. Street, E. Gopal. J. Magn. Magn. 
Mat. 15-18 (1980) 461. 
 
 

 
ɈɋɈȻȿɇɇɈɋɌɂ ȾɂɆȿɊɂɁȺɐɂɈɇɇɈȽɈ ɊȺȼɇɈȼȿɋɂə ȼ ɌȼȿɊȾɈɋɎȿɊɇɕɏ 

ɀɂȾɄɈɋɌəɏ 
Ɍɤɚɱɟɜ ɇ.Ʉ., Пɟɲɤɢɧɚ Ʉ.Ƚ. 

ɂɧɫɬɢɬɭɬ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɷɥɟɤɬɪɨɯɢɦɢɢ ɍɪɈ ɊȺɇ, Ɋɨɫɫɢɹ, 20219,  
ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. ɋ.Ʉɨɜɚɞɟɜɫɤɨɣ, ββ. E-mail: N.Tkachev@ihte.uran.ru 

 
Пɪɨɛɥɟмɚ ɪɚсɱɟɬɚ ɯɢмɢɱɟсɤɢɯ ɪɚɜɧɨɜɟсɢɣ ɜ ɧɟɢɞɟɚɥɶɧɵɯ сɢсɬɟмɚɯ ɹɜɥɹɟɬсɹ ɨɞɧɨɣ ɢɡ 

ɧɚɢɛɨɥɟɟ сɥɨɠɧɵɯ ɜ ɮɢɡɢɱɟсɤɨɣ ɯɢмɢɢ, ɬɚɤ ɤɚɤ ɚɤɬɢɜɧɨсɬɢ ɭɱɚсɬɧɢɤɨɜ ɪɟɚɤɰɢɢ ɡɚɜɢсɹɬ ɨɬ 
сɢɥ, ɞɟɣсɬɜɭɸɳɢɯ мɟɠɞɭ ɱɚсɬɢɰɚмɢ ɧɚ мɢɤɪɨсɤɨɩɢɱɟсɤɨм ɭɪɨɜɧɟ. Ɂɚɞɚɱɭ ɨ ɞɢмɟɪɢɡɚɰɢɢ ɜ 
сɢсɬɟмɟ ɬɜɟɪɞɵɯ сɮɟɪ мɨɠɧɨ ɨɬɧɟсɬɢ ɤ ɧɚɢɛɨɥɟɟ ɩɪɨсɬɨɣ, ɟсɥɢ ɢмɟɬɶ ɜɜɢɞɭ ɩɚɪɧɵɟ 
ɜɡɚɢмɨɞɟɣсɬɜɢɹ мɟɠɞɭ ɱɚсɬɢɰɚмɢ. Ɉɞɧɚɤɨ, сɥɟɞсɬɜɢɹ мɨɞɟɥɢ ɞɨ сɢɯ ɩɨɪ ɧɟɞɨсɬɚɬɨɱɧɨ 
ɢɡɭɱɟɧɵ с ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɪɢɥɨɠɟɧɢɣ сɬɚɬɢсɬɢɤɨ-ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨɣ ɬɟɨɪɢɢ ɤ ɯɢмɢɱɟсɤɢм 
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ɪɟɚɤɰɢɹм. ȼ Д1Ж ɛɵɥɢ ɪɚссмɨɬɪɟɧɵ ɨсɨɛɟɧɧɨсɬɢ ɞɢмɟɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɜ 
ɨɞɧɨɤɨмɩɨɧɟɧɬɧɨɣ сɢсɬɟмɟ ɬɜɟɪɞɵɯ сɮɟɪ ɩɪɢ ɡɚɞɚɧɧɨɣ ɷɧɟɪɝɢɢ ɞɢссɨɰɢɚɰɢɢ ɢ ɪɚɡɥɢɱɧɵɯ 
ɞɥɢɧɚɯ сɜɹɡɢ ɜ ɞɢмɟɪɟ ɜ ɪɚмɤɚɯ ɭɩɪɨɳɟɧɧɨɣ сɮɟɪɢɱɟсɤɨɣ мɨɞɟɥɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɪɚɛɨɬ 
Ʉɚммɢɧɝсɚ ɢ ɋɬɟɥɥɚ Дβ-γЖ, ɝɞɟ ɬɚɤɚɹ ɡɚɞɚɱɚ ɛɵɥɚ ɜɩɟɪɜɵɟ сɮɨɪмɭɥɢɪɨɜɚɧɚ, мɨɞɟɥɶ, 
ɨɩɢсɚɧɧɚɹ ɜ Д1Ж ɢсɯɨɞɢɬ ɢɡ ɩɪɢɧɰɢɩɚ мɢɧɢмɭмɚ сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛсɚ ɢ ɞɚɟɬ 
ɜɨɡмɨɠɧɨсɬɶ ɭɤɚɡɚɬɶ ɩɪɨсɬɭɸ ɩɪɢɱɢɧɭ ɨɬɤɥɨɧɟɧɢɣ ɨɬ ɡɚɤɨɧɚ ɞɟɣсɬɜɭɸɳɢɯ мɚсс ɜ ɮɨɪмɟ 
Ƚɭɥɶɞɛɟɪɝɚ-ȼɚɚɝɟ, ɚ ɢмɟɧɧɨ, ɢɡмɟɧɟɧɢɟ ɨɛɴɟмɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɷɥɟмɟɧɬɚɪɧɨɝɨ ɚɤɬɚ ɯɢмɢɱɟсɤɨɣ 
ɪɟɚɤɰɢɢ. ȼ Д4Ж ɩɪɟɞɥɨɠɟɧ мɟɬɨɞ ɭɱɟɬɚ ɝɚɧɬɟɥɟɨɛɪɚɡɧɨɣ ɮɨɪмɵ ɞɢмɟɪɚ ɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɚɤɚɹ 
мɨɞɟɥɶ, ɜ ɰɟɥɨм, ɧɟ мɟɧɹɟɬ ɤɚɱɟсɬɜɟɧɧɭɸ ɤɚɪɬɢɧɭ, ɨɩɢсɚɧɧɭɸ ɜ Д1Ж, ɚ ɭɬɨɱɧɹɟɬ ɪɚсɱɟɬ ɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɨɛɥɚсɬɢ ɧɢɡɤɢɯ ɬɟмɩɟɪɚɬɭɪ.  

Пɨɷɬɨмɭ, ɰɟɥɶ ɧɚсɬɨɹɳɟɝɨ сɨɨɛɳɟɧɢɹ – ɩɪɟɞсɬɚɜɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɪɚсɱɟɬɚ ɯɚɪɚɤɬɟɪɢсɬɢɤ 
ɞɢмɟɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɜ ɱɢсɬɨɣ ɞɢмɟɪɢɡɭɸɳɟсɹ ɠɢɞɤɨсɬɢ, ɚ ɬɚɤɠɟ ɜ ɩɪɢсɭɬсɬɜɢɢ 
ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɪɚсɬɜɨɪɢɬɟɥɹ, ɱɚсɬɢɰɵ ɤɨɬɨɪɨɝɨ ɬɚɤɠɟ ɩɨɥɚɝɚɸɬсɹ ɬɜɟɪɞɵмɢ сɮɟɪɚмɢ сɨ 
сɜɨɢм сɨɛсɬɜɟɧɧɵм ɡɧɚɱɟɧɢɟм ɞɢɚмɟɬɪɚ, ɧɨ ɧɟ ɜсɬɭɩɚɸɬ ɜ ɤɚɤɢɟ-ɥɢɛɨ ɯɢмɢɱɟсɤɢɟ ɪɟɚɤɰɢɢ. 

Ⱦɥɹ ɜɬɨɪɨɝɨ сɥɭɱɚɹ мɵ ɪɚссмɨɬɪɢɜɚɟм ɛɢɧɚɪɧɭɸ сɢсɬɟмɭ ɫɫ ȼȺ 1 сɨсɬɨɹɳɭɸ ɢɡ N1 ɱɚсɬɢɰ 
A1, N2 ɞɢмɟɪɨɜ A2 ɢ Nȼ ɱɚсɬɢɰ ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɪɚсɬɜɨɪɢɬɟɥɹ ȼ. Ʉɨмɩɨɧɟɧɬɵ Ⱥ ɢ 
ȼ ɩɪɟɞсɬɚɜɥɹɸɬсɹ ɬɜɟɪɞɵмɢ сɮɟɪɚмɢ ɪɚɡɥɢɱɧɵɯ ɞɢɚмɟɬɪɨɜ 
( dddd
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 , ).Пɪɟɞɩɨɥɚɝɚɟɬсɹ, ɱɬɨ ɜ ɬɚɤɨɣ сɢсɬɟмɟ ɜɨɡмɨɠɧɨ ɩɪɨɬɟɤɚɧɢɟ 

сɚмɨɩɪɨɢɡɜɨɥɶɧɨɣ ɪɟɚɤɰɢɢ ɞɢмɟɪɢɡɚɰɢɢ 
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сɜɹɡɚɧɵ ɭсɥɨɜɢɟм мɚɬɟɪɢɚɥɶɧɨɝɨ ɛɚɥɚɧсɚμ 
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Пɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟсɢɹ сɢсɬɟмɵ (ɢɥɢ мɢɧɢмɭм сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛсɚ) ɞɨɥɠɧɨ ɛɵɬɶ 
ɧɚɣɞɟɧɨ ɜ ɞɚɧɧɨм сɥɭɱɚɟ ɢ ɩɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢмɟɪɨɜ ɢ ɩɨ ɚɬɨмɧɨɣ ɩɥɨɬɧɨсɬɢ ɜɜɢɞɭ ɬɨɝɨ, 
ɱɬɨ ɜсɹɤɨɟ смɟɳɟɧɢɟ ɯɢмɢɱɟсɤɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɩɪɢɜɨɞɢɬ ɤ ɢɡмɟɧɟɧɢɹм мɨɥɶɧɨɝɨ ɨɛɴɟмɚ ɢ 
ɧɚɨɛɨɪɨɬ Д1Ж. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ сɢсɬɟмɟ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ, сɨсɬɨɹɳɟɣ ɢɡ ɡɚɤɨɧɚ ɞɟɣсɬɜɭɸɳɢɯ 
мɚсс (ɁȾɆ) ɢ ɭɪɚɜɧɟɧɢɹ сɨсɬɨɹɧɢɹ (ɍɋ). ɍɞɨɛɧɨ ɜɨсɩɨɥɶɡɨɜɚɬɶсɹ ɷɤɜɢɜɚɥɟɧɬɧɵм, ɧɨ ɛɨɥɟɟ 
ɤɨɪɨɬɤɢм сɩɨсɨɛɨм ɧɚɯɨɠɞɟɧɢɹ ɭɪɚɜɧɟɧɢɹ ɁȾɆ ɩɨсɪɟɞсɬɜɨм ɭсɥɨɜɢɹ ɯɢмɢɱɟсɤɨɝɨ 
ɪɚɜɧɨɜɟсɢɹμ 
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kT N          - ɯɢмɢɱɟсɤɢɣ ɩɨɬɟɧɰɢɚɥ Т-ɝɨ сɨɪɬɚ.  
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1 ɢ /v ib kT ro t
z e z IkT

     – ɤɨɥɟɛɚɬɟɥɶɧɚɹ ɢ ɜɪɚɳɚɬɟɥɶɧɚɹ сɬɚɬɢсɬɢɱɟсɤɢɟ сɭммɵ 
ɞɢмɟɪɚ, I – мɨмɟɧɬ ɢɧɟɪɰɢɢ, Ȟ–ɱɚсɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɜ ɞɢмɟɪɟ, mA – мɚссɚ ɚɬɨмɚ сɨɪɬɚ A,   ɢ k 
– ɩɨсɬɨɹɧɧɵɟ Пɥɚɧɤɚ ɢ Ȼɨɥɶɰмɚɧɚ сɨɨɬɜɟɬсɬɜɟɧɧɨ, Ɍ – ɚɛсɨɥɸɬɧɚɹ ɬɟмɩɟɪɚɬɭɪɚ. ɗɧɟɪɝɢɹ 
сɜɹɡɢ ɚɬɨмɨɜ ɜ ɞɢмɟɪɟ ɢɥɢ ɷɧɟɪɝɢɹ ɞɢссɨɰɢɚɰɢɢ (Ed = 2E1 – E2) ɞɚɥɶɲɟ ɛɭɞɟɬ 
ɪɚссмɚɬɪɢɜɚɬɶсɹ ɤɚɤ ɩɚɪɚмɟɬɪ ɬɟɨɪɢɢ ɞɥɹ ɰɟɥɟɣ ɚɧɚɥɢɡɚ ɨɛɳɢɯ ɡɚɤɨɧɨмɟɪɧɨсɬɟɣ смɟɳɟɧɢɹ 
ɯɢмɢɱɟсɤɨɝɨ ɪɚɜɧɨɜɟсɢɹ ɜ ɪɚссмɚɬɪɢɜɚɟмɨɣ мɨɞɟɥɢ. Пɪɢ ɷɬɨм  1 2

ex p 2 /
h s h s

kT       - 

сɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɚɤɬɢɜɧɨсɬɢ, ɤɨɬɨɪɵɣ ɢ ɨɩɢсɵɜɚɟɬ ɷɮɮɟɤɬ ɜɥɢɹɧɢɹ ɬɜɟɪɞɨсɮɟɪɧɵɯ 
ɜɡɚɢмɨɞɟɣсɬɜɢɣ ɧɚ ɩɨɥɨɠɟɧɢɟ ɞɢссɨɰɢɚɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟсɢɹ. hs

i
 - ɜɤɥɚɞ ɬɜɟɪɞɨсɮɟɪɧɨɝɨ 

ɨɬɬɚɥɤɢɜɚɧɢɹ ɜ ɯɢмɢɱɟсɤɢɣ ɩɨɬɟɧɰɢɚɥ Т-ɝɨ сɨɪɬɚ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɷɬɨɝɨ ɜɤɥɚɞɚ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɛɵɥɨ ɢсɩɨɥɶɡɨɜɚɧɨ ɩɪɢɛɥɢɠɟɧɢɟ Ɇɚɧсɭɪɢ-Ʉɚɪɧɚɝɚɧɚ-ɋɬɚɪɥɢɧɝɚ (MCS) ɞɥɹ 
сɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɬɜɟɪɞɨсɮɟɪɧɵɯ смɟсɟɣ Д6Ж. 

ɍɱɢɬɵɜɚɹ ɨɱɟɜɢɞɧɵɟ сɨɨɬɧɨɲɟɧɢɹ мɟɠɞɭ ɱɢсɥɚмɢ ɱɚсɬɢɰ, мɨɠɧɨ ɩɪɟɞсɬɚɜɢɬɶ мɨɥɶɧɵɟ 
ɞɨɥɢ ɤɨмɩɨɧɟɧɬɨɜ ɜ ɬɪɨɣɧɨɣ смɟсɢ сɥɟɞɭɸɳɢм ɨɛɪɚɡɨмμ ;

2
ɯɯ  ;2)1(

1
ɯɯɫɯ  .1 ɫɯ ȼ   

Пɨɥɭɱɢм ɁȾɆ ɜ сɥɟɞɭɸɳɟм ɜɢɞɟμ   

  2

(1 ) 2x ɫ ɯ ɯ K    
 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
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ȼɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ сɢсɬɟмɵ (ɍɋ) ɜ ɪɚссмɚɬɪɢɜɚɟмɨм сɥɭɱɚɟ ɜɵɝɥɹɞɢɬ сɥɟɞɭɸɳɢм 
ɨɛɪɚɡɨмμ  
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P0 – ɜɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ, ɚ ɤɨɷɮɮɢɰɢɟɧɬɵ yi ɩɪɢɜɨɞɹɬсɹ ɜ Д6Ж.  
ȼ ɢɥɥɸсɬɪɚɬɢɜɧɨм ɪɚсɱɟɬɟ ɛɵɥɢ ɢсɩɨɥɶɡɨɜɚɧɵ сɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚмɟɬɪɨɜ ɬɟɨɪɢɢμ 

ȿd = 10-21 Ⱦɠ, K
k

5002   . Ɇɚссɵ ɱɚсɬɢɰ сɨɨɬɜɟɬсɬɜɨɜɚɥɢ pA
mm 40 , pB

mm 20 ,ɝɞɟ 

p
m - мɚссɚ ɩɪɨɬɨɧɚ. Ⱦɢɚмɟɬɪ ɚɬɨмɨɜ сɨɪɬɚ Ⱥ сɨсɬɚɜɥɹɥ d = βẮ.  Ɋɚсɱɟɬɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɞɥɹ 
ɞɜɭɯ ɡɧɚɱɟɧɢɣ Ȝμ 1,1 ɢ 1,8. сɨɨɬɜɟɬсɬɜɟɧɧɨ. Ɉɬмɟɬɢм, ɱɬɨ ɩɪɢ ɢɡɭɱɟɧɢɢ ɜɥɢɹɧɢɹ 
ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɪɚсɬɜɨɪɢɬɟɥɹ (ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɞɚɱɚ) ɭɤɚɡɚɧɧɵɟ мɨɥɟɤɭɥɹɪɧɵɟ 
ɩɚɪɚмɟɬɪɵ ɩɪɚɤɬɢɱɟсɤɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɯɚɪɚɤɬɟɪɢсɬɢɤɢ ɞɢмɟɪɢɡɚɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟсɢɹ, ɬɚɤ ɤɚɤ 
ɜɯɨɞɹɬ ɬɨɥɶɤɨ ɜ ɩɪɟɞ ɷɤсɩɨɧɟɧɰɢɚɥɶɧɵɣ ɮɚɤɬɨɪ ɤɨɧсɬɚɧɬɵ ɪɚɜɧɨɜɟсɢɹ.  ȼɧɟɲɧɢɟ ɭсɥɨɜɢɹ 
сɨɨɬɜɟɬсɬɜɨɜɚɥɢ  ɬɟмɩɟɪɚɬɭɪɟ Ɍ= 500 Ʉ ɢ p=0.1β. Ɋɟɲɟɧɢɟ сɢсɬɟмɵ ɧɟɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɛɵɥɨ ɨсɭɳɟсɬɜɥɟɧɨ мɟɬɨɞɨм ɇɶɸɬɨɧɚ-Ɋɚɮсɨɧɚ.  

 

 
 

ɚ b 
Ɋɢс. β: a – Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢсɢмɨсɬɶ сɨɞɟɪɠɚɧɢɹ ɞɢмɟɪɨɜ ɜ смɟсɢ )1( ɫɫ ȼȺ  . Ʉɪɢɜɵɟ 1 ɢ 
γ сɨɨɬɜɟɬсɬɜɭɸɬ ɡɧɚɱɟɧɢɸ 1.1 , ɚ ɤɪɢɜɵɟ β ɢ 4 ɩɪɢ 8.1 . Ɋɚɡмɟɪ ɱɚсɬɢɰ 
ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɪɚсɬɜɨɪɢɬɟɥɹ сɨсɬɚɜɥɹɥ 8.0V ;b – Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢсɢмɨсɬɶ  
сɪɟɞɧɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɚɤɬɢɜɧɨсɬɢ, ɨɬсɱɢɬɚɧɧɨɝɨ ɨɬ ɟɝɨ ɡɧɚɱɟɧɢɹ ɜ ɨɬсɭɬсɬɜɢɢ 
ɪɚсɬɜɨɪɢɬɟɥɹ. Ʉɪɢɜɵɟ 1 ɢ β ɨɩɢсɵɜɚɸɬ сɨсɬɨɹɧɢɹ сɢсɬɟмɵ ɩɪɢ ɮɢɤсɢɪɨɜɚɧɧɨм 1.1V  
ɢ 1.1  ɢ 8.1 , сɨɨɬɜɟɬсɬɜɟɧɧɨ. Ʉɪɢɜɵɟ γ ɢ 4 ɪɚссɱɢɬɚɧɵ ɩɪɢ ɮɢɤсɢɪɨɜɚɧɧɨм 1.1  ɞɥɹ 
ɡɧɚɱɟɧɢɣ 8.0V ɢ 3.1V , сɨɨɬɜɟɬсɬɜɟɧɧɨ 
 

Ɍɚɤɢм ɨɛɪɚɡɨм, ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɢɞɟɚɥɶɧɨсɬɢ ɜ 
ɞɢмɟɪɢɡɭɸɳɟɣсɹ ɬɜɟɪɞɨсɮɟɪɧɨɣ сɢсɬɟмɟ ɜ ɩɪɢсɭɬсɬɜɢɢ ɢɧɞɢɮɮɟɪɟɧɬɧɨɝɨ ɪɚсɬɜɨɪɢɬɟɥɹ 
мɨɝɭɬ ɛɵɬɶ ɞɨсɬɚɬɨɱɧɨ ɩɪɨсɬɨ ɨɩɢсɚɧɵ с мɢɧɢмɚɥɶɧɵм ɧɚɛɨɪɨм ɩɚɪɚмɟɬɪɨɜ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢм сɨɨɬɧɨɲɟɧɢɟ ɪɚɡмɟɪɨɜ ɱɚсɬɢɰ ɤɨмɩɨɧɟɧɬɨɜ смɟсɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎɂ (0γ-00346-ɚ) ɢ ɰɟɥɟɜɨɣ ɩɪɨɝɪɚɦɦɵ ɍɪɈ ɊȺɇ 
( 12-ɍ-3-1011). 
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ɋɄȿɃɅɂɇȽɈȼɕȿ ɆɈȾȿɅɂ ɌȿɊɆɈȾɂɇȺɆɂɑȿɋɄɂɏ ɋȼɈɃɋɌȼ 
DEE ɇȺ Ʌɂɇɂɂ ɇȺɋɕɓȿɇɂə 

ɍсɬɸɠɚɧɢɧ ȿ.ȿ.1, Ɋɵɤɨɜ ȼ.Ⱥ. 2, Ɋɵɤɨɜ ɋ.ȼ. 2, Пɨɩɨɜ П.ȼ. 1 
1 ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ «Ɇɗɂ», Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, 111β50, 

Ʉɪɚɫɧɨɤɚɡɚɪɦɟɧɧɚɹ, 14. E-mail: evgust@gmail.com 
2 ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ ɨɩɬɢɤɢ, Ɋɨɫɫɢɹ, ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ, 1λ7101, Ʉɪɨɧɜɟɪɤɫɤɢɣ ɩɪ., ɞ. 4λ 
 

Ɋɹɞ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ сɜɨɣсɬɜɚɯ, F = (l, g, Ps), ɞɥɹ ɞɢɷɬɢɥɨɜɨɝɨ ɷɮɢɪɚ (DEE) 
ɧɚ ɥɢɧɢɢ ɧɚсɵɳɟɧɢɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɚɜɬɨɪɚмɢ, ɜ ɬɨм ɱɢсɥɟ (l,g,T) – ɞɚɧɧɵɟ Д1Ж. ɇɚмɢ 
ɪɚссмɨɬɪɟɧɵ ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɨɬɧɨсɹɬсɹ ɤ F = (l,g), fs and fd, ɡɞɟсɶ fs – ɩɚɪɚмɟɬɪ ɩɨɪɹɞɤɚ, 
fd – сɪɟɞɧɢɣ ɞɢɚмɟɬɪ; сɪɟɞɢ ɧɢɯ ɜɵɛɪɚɧɵ мɨɞɟɥɢ Wegner (1λ80 ɝ.), Anisimov et al. (1λλ0 ɝ.) ɢ 
Abdulagatov et al. (β010 ɝ.).  

ɇɚмɢ ɢɡɭɱɟɧɚ ɚɧɚɥɢɬɢɱɟсɤɚɹ ɮɨɪмɚ ɞɥɹ ɩɪɟɞсɬɚɜɥɟɧɢɹ ɮɭɧɤɰɢɣ fs ɢ fd. Ɉɧɚ ɢмɟɟɬ 
ɤɨмɛɢɧɢɪɨɜɚɧɧɵɣ ɜɢɞ 

F(τ,D,B) = F(τ,D,B1)scale+ F(τ,B2)reg ,     (1) 
ɝɞɟ τ = (Tc - T)/Tc – ɨɬɧɨсɢɬɟɥɶɧɚɹ ɬɟмɩɟɪɚɬɭɪɚ, D = (,ȕ, …) – ɤɪɢɬɢɱɟсɤɢɟ ɯɚɪɚɤɬɟɪɢсɬɢɤɢ, 
B= (B1,B2) – ɪɟɝɭɥɢɪɭɟмɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ.  

Ɇɨɞɟɥɶ F(τ,D,B) ДβЖ ɡɚɩɢсɚɧɚ ɜ ɜɢɞɟ 
fs = Bs0+ Bs1++ Bs2+2 + Bs32+ Bs43,     

fd= Bd01-+ Bd11-+ + Bd21-+2+ Bd32+ Bd43,    (2) 
ɝɞɟ Δ – ɧɟɚсɢмɩɬɨɬɢɱɟсɤɚɹ ɷɤсɩɨɧɟɧɬɚ (aWegner - ɩɨɩɪɚɜɤɚ). 

Ʉɨмɛɢɧɢɪɨɜɚɧɧɚɹ сɤɟɣɥɢɧɝɨɜɚɹ мɨɞɟɥɶ (ɋɆ) ɞɥɹ сɜɨɣсɬɜ F=(l,g) ɨɩɪɟɞɟɥɹɟɬсɹ 
ɮɭɧɤɰɢɹмɢ (β) ɢ ɜɵɪɚɠɟɧɢɹмɢ l = (fd + fs+1) c, g = (fd - fs+1)c.     (3) 

Ɋɟɝɭɥɢɪɭɟмɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ B= (B1,B2) ɢ ɯɚɪɚɤɬɟɪɢсɬɢɤɢ D = (,ȕ,Tc,…) ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɩɭɬɟм ɧɟɥɢɧɟɣɧɨɣ сɬɚɬɢсɬɢɱɟсɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢсɯɨɞɧɵɯ (l,g,T) – ɞɚɧɧɵɯ ɞɥɹ 
DEE ɢ мɨɞɟɥɢ ɋɆ (3)[3].  

Ʉɨмɛɢɧɢɪɨɜɚɧɧɚɹ сɤɟɣɥɢɧɝɨɜɚɹ мɨɞɟɥɶ ɞɥɹ ɞɚɜɥɟɧɢɹ ɧɚсɵɳɟɧɢɹ (ɋɆɊ) ɛɵɥɚ ɩɨсɬɪɨɟɧɚ 
ɜ ɮɨɪмɟ, ɪɚссмɨɬɪɟɧɧɨɣ ɜ ДβЖ, ɩɪɢ ɷɬɨм ɪɟɝɭɥɢɪɭɟмɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɋɆɊ ɛɵɥɢ ɧɚɣɞɟɧɵ 
ɩɭɬɟм ɧɟɥɢɧɟɣɧɨɣ сɬɚɬɢсɬɢɱɟсɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢсɯɨɞɧɵɯ (Ps,T) – ɞɚɧɧɵɯ ɞɥɹ DEE. 

ȼ ɞɨɤɥɚɞɟ ɨɛсɭɠɞɚɸɬсɹ ɩɪɢɤɥɚɞɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, сɜɹɡɚɧɧɵɟ с ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢмɢ 
сɜɨɣсɬɜɚмɢ DEE ɧɚ ɥɢɧɢɢ ɧɚсɵɳɟɧɢɹ. 
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Ɋɚссмɚɬɪɢɜɚɟɬсɹ ɤɨмɛɢɧɢɪɨɜɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ (ɍɋ), с ɩɨмɨɳɶɸ ɤɨɬɨɪɨɝɨ 
сɨсɬɚɜɥɟɧɵ ɬɚɛɥɢɰɵ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ SF6 (Ɇ=146.05 ɤɝ/ɤмɨɥɶ), ɩɪɟɞɥɚɝɚɟмɵɟ ɜ 
ɤɚɱɟсɬɜɟ сɬɚɧɞɚɪɬɧɵɯ сɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ. ɍɋ ɢмɟɟɬ ɜɢɞ ɹɜɧɨɣ ɡɚɜɢсɢмɨсɬɢ P = P(ρ, Ɍ), ɡɞɟсɶ 
P – ɞɚɜɥɟɧɢɟ, ρ ɢ Ɍ – ɩɥɨɬɧɨсɬɶ ɢ ɬɟмɩɟɪɚɬɭɪɚ, ɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭсɥɨɜɢɹмμ 1) ɍɋ ɩɟɪɟɞɚɟɬ 
ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ сɜɨɣсɬɜɚ SF6 ɜ ɪɟɝɭɥɹɪɧɨɣ ɱɚсɬɢ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɨɣ ɩɨɜɟɪɯɧɨсɬɢ с 
ɬɨɱɧɨсɬɶɸ ɷɤсɩɟɪɢмɟɧɬɚ; β) ɍɋ ɜɤɥɸɱɚɟɬ ɯɚɪɚɤɬɟɪɢсɬɢɤɢ, ɤɨɬɨɪɵɟ ɪɟɤɨмɟɧɞɭɟɬ мɚсɲɬɚɛɧɚɹ 
ɬɟɨɪɢɹ ɤɪɢɬɢɱɟсɤɢɯ ɹɜɥɟɧɢɣ (ɆɌ), ɜ ɢɯ ɱɢсɥɟ ɤɪɢɬɢɱɟсɤɢɟ ɩɨɤɚɡɚɬɟɥɢ  ,  , ɢ , ɚ ɬɚɤɠɟ 
ɨɬɧɨсɢɬɟɥɶɧɵɟ ɪɚссɬɨɹɧɢɹ ɨɬ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ (τ = (T-Tc)/Tc, ɢ Δρ = ρ/ρɫ–1), ρɫ ɢ Ɍɫ – 
ɤɪɢɬɢɱɟсɤɢɟ ɩɥɨɬɧɨсɬɶ ɢ ɬɟмɩɟɪɚɬɭɪɚ, 3) ɍɋ ɨɬɜɟɱɚɟɬ сɨɨɬɧɨɲɟɧɢɹм ɬɟɪмɨɞɢɧɚмɢɤɢ ɢ ɆɌ 
ɞɥɹ сɜɨɣсɬɜ ɜ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ. 

Ɋɟɤɨмɟɧɞɭɟмɨɟ ɍɋ ɢмɟɟɬ ɤɨмɛɢɧɢɪɨɜɚɧɧɵɣ ɜɢɞ Д1]: 
P/Pc = (1 – Y)∙Preg/Pc + В∙Pscal/Pc ,      (1) 

ɝɞɟ preg – ɧɨɜɨɟ ɪɟɝɭɥɹɪɧɨɟ ɍɋ ɞɥɹ ɚɩɩɪɨɤсɢмɚɰɢɢ p,,Ɍ-ɞɚɧɧɵɯ ɜ ɠɢɞɤɢɯ ɢ ɝɚɡɨɜɵɯ 
ɨɛɥɚсɬɹɯ сɨсɬɨɹɧɢɣ ɜɧɟ ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ, pscal– мɚсɲɬɚɛɧɨɟ ɭɪɚɜɧɟɧɢɟ сɨсɬɨɹɧɢɹ ɞɥɹ 
ɤɪɢɬɢɱɟсɤɨɣ ɨɛɥɚсɬɢ, Y = ωerfc(  ٠|τ|) exp (– ȝ(Δρ)2)– ɤɪɨссɨɜɟɪɧɚɹ ɮɭɧɤɰɢɹ ɞɥɹ 
ɨɛɴɟɞɢɧɟɧɢɹ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ (ω = ρ/ρɫ, Δρ = ω – 1, ɢ- ɪɟɝɭɥɢɪɭɟмɵɟ ɤɨɧсɬɚɧɬɵ). 

Ɋɟɝɭɥɹɪɧɨɟ ɍɋ, сɨɞɟɪɠɚɳɟɟ 1γ ɪɟɝɭɥɢɪɭɟмɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɢмɟɟɬ ɜɢɞμ 
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 (2) 

ɝɞɟ t = T/Tc, zɫ= Pɫ/ρɫRTɫ, )4()()(
2

tt   , ωt= ρtr(liq)/ρc – ɨɬɧɨɲɟɧɢɟ ɩɥɨɬɧɨсɬɟɣ 
ɠɢɞɤɨсɬɢ ɜ ɬɪɨɣɧɨɣ ɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɚɯ. ɋɢсɬɟмɧɨ – ɡɚɜɢсɢмɵɟ ɤɨɧсɬɚɧɬɵ Ai, ɜɯɨɞɹɳɢɟ ɜ 
(β), ɨɩɪɟɞɟɥɹɸɬсɹ мɟɬɨɞɨм ɧɚɢмɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɩɪɢ ɚɩɩɪɨɤсɢмɚɰɢɢ ɢсɯɨɞɧɵɯ P-ρ-Ɍ – 
ɞɚɧɧɵɯ. 
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Ɇɚсɲɬɚɛɧɨɟ ɍɋ, сɨɞɟɪɠɚɳɟɟ ɡɧɚɱɟɧɢɹ pc, ρc, Tc ɢ ɪɟɝɭɥɢɪɭɟмɵɟ ɤɨɧсɬɚɧɬɵ q, k, M-ap, C1, 
с ɭɱɟɬɨм ɪɚɡɥɨɠɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɱɥɟɧɚ, см. Д1Ж, ɢмɟɟɬ ɜɢɞμ  
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ɝɞɟ k – ɤɨɷɮɮɢɰɢɟɧɬ ɚсɢмɩɬɨɬɢɱɟсɤɨɣ ɡɚɜɢсɢмɨсɬɢ сɠɢмɚɟмɨсɬɢ pcKT = - /k ɧɚ ɤɪɢɬɢɱɟсɤɨɣ 
ɢɡɨɯɨɪɟ. 

ȼɟɥɢɱɢɧɚ q ɢɡ (γ) ɹɜɥɹɟɬсɹ ɤɨɷɮɮɢɰɢɟɧɬɨм ɜ ɡɚɜɢсɢмɨсɬɢ Δρ = ± (-τ/q) + B(-τ)1-α ɞɥɹ 
ɛɢɧɨɞɚɥɢ, qp = 4.0015q, ,, į – ɤɪɢɬɢɱɟсɤɢɟ ɢɧɞɟɤсɵ, α – ɢɧɞɟɤс ɬɟɩɥɨɟмɤɨсɬɢ Cv (Ɍ,ρ=ρс);M-
ap – ɪɟɝɭɥɢɪɭɟмɚɹ ɤɨɧсɬɚɧɬɚ. Ɂɧɚɱɟɧɢɹ  = 0.3255, Ȗ = 1.239, α =0.11 ɜɡɹɬɵ ɜ сɨɝɥɚсɢɢ с γ-
мɟɪɧɨɣ мɨɞɟɥɶɸ ɂɡɢɧɝɚ. 

ȼɵсɨɤɨɬɨɱɧɵɟ (P, ρ, Ɍ) – ɞɚɧɧɵɟ [2,3Ж, сɨɞɟɪɠɚɳɢɟ 555 ɬɨɱɟɤ ɜ ɝɚɡɟ ɢ ɠɢɞɤɨсɬɢ ɜ 
ɞɢɚɩɚɡɨɧɚɯ (225 <Ɍ< γ40) Ʉ, ɢ (5 <ρ < 1840) ɤɝ/м3, ɜɤɥɸɱɚɹ ɨɛɥɚсɬɢ ɬɪɨɣɧɨɣ ɢ ɤɪɢɬɢɱɟсɤɨɣ 
ɬɨɱɟɤ; P-ρ-Ɍɞɚɧɧɵɟ Д4], сɨɞɟɪɠɚɳɢɟ 44β ɬɨɱɤɢ ɩɪɢ Pɧɚ ɢɡɨɛɚɪɚɯ (5; 10; 15; β0; β5; γ0 ɆПɚ) ɜ 
ɨɛɥɚсɬɢ β7γ≤Ɍ ≤6βγ Ʉ, ɩɪɢмɟɧɟɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɍɋ (1). 

Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɍɋ (1) ɞɚɧɵ ɜ Ɍɚɛɥ. 1. Ⱦɪɭɝɢɟ ɩɚɪɚмɟɬɪɵ ɍɋ (1) ɢмɟɸɬ 
сɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹμ Tс = 318.709 K, ρɫ= 742.255 ɤɝ/м3, Pc = γ.755 εПК. zɫ= Pɫ/ρɫRTɫ= 
0.27883571, R=56.λβ645 ɤȾɠ/(ɤɝ Ʉ), Ttr = 223.555 K, ρtr(liq)= 1845.16 ɤɝ/м3, ρtr(vap)= 19.5006 ɤɝ/м3 
, Ptr = 0.23143 εПК, ωt= ρtr/ρc = 2.4858901. 

ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟсɤɨɟ ɨɬɤɥɨɧɟɧɢɟ (ɋɄɈ) ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ [2, 4Ж ɩɨ ɞɚɜɥɟɧɢɸ 
ɨɬ ɪɚссɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨ ɍɋ (1) ɜ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚсɬɢ ββ4K ≤ T ≤ 6βγK, 0.1 ɆПɚ ≤ Ɋ ≤ 
γ0 ɆПɚ ɢ 8 ɤɝ/м3 ≤ ρ ≤ 184β ɤɝ/м3, сɨсɬɚɜɢɥɨ ıɊ = 1.05% (сɪɟɞɧɟ-ɜɡɜɟɲɟɧɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 
AADɊ = 0.51%). Ⱥɧɚɥɨɝɢɱɧɚɹ ɨɰɟɧɤɚ ɋɄɈ ɞɥɹ ɩɥɨɬɧɨсɬɢ сɨсɬɚɜɢɥɚ ıρ = 0.52 % (AAD ρ = 
0.27%).  
 
Ɍɚɛɥɢɰɚ 1. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɍɋ (1) 
 

A1 0.0313842 
A2 2.4406090 
A3 0.8728726 
A4 0.3470516 
A5 1.804749910-5 
A6 0.5064024 
A7 0.3326962 
A8 2.098042010-3 
A9 1.4145170 
A10 -896.040 
A11 -0.0182603 
A12 -3.147058310-7 
A13 6.5786910 
M-ap 7.22567116 
q 0.15657 
k 8.66463858 
Ȝ 570.584 
ȝ 10.427557 
C1 -17.60 

 
Ɋɟɝɭɥɹɪɧɨɟ ɍɋ (β) ɯɨɪɨɲɨ ɨɩɢсɵɜɚɟɬ ɞɚɧɧɵɟ Д2Ж ɨ 
ɩɥɨɬɧɨсɬɢ ɜɨ ɜсɟɣ ɨɛɥɚсɬɢ ɷɤсɩɟɪɢмɟɧɬɚ, ɩɪɢ ɷɬɨм 
ɡɚмɟɬɧɵɟ сɢсɬɟмɚɬɢɱɟсɤɢɟ ɨɬɤɥɨɧɟɧɢɹ ɜɵɹɜɥɟɧɵ ɜ 
сɤɟɣɥɢɧɝɨɜɨɣ ɨɛɥɚсɬɢμ ∆τscal { τ = - 0.1… 0.1ж, ∆ρscal   { ∆ρ = 
- 0.4… 0.4ж. 

ɍɋ (1) ɨɬɧɨсɢɬсɹ ɤ мɚɥɨɤɨɧсɬɚɧɬɧɵм ɭɪɚɜɧɟɧɢɹм, ɬɚɤ 
ɤɚɤ сɨɞɟɪɠɢɬ 1γ ɪɟɝɭɥɢɪɭɟмɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (Ai) ɜ preg 
(β), ɢɡ ɤɨɬɨɪɵɯ ɬɪɢ (A3, A5, A11) ɪɚссɱɢɬɵɜɚɸɬсɹ с 
ɢсɩɨɥɶɡɨɜɚɧɢɟм ɬɪɟɯ ɭсɥɨɜɢɣ ɜ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɟ ɢ 
ɨсɬɚɥɶɧɵɯ 10-ɬɢ Ai, ɢ ɨɞɢɧ (Ⱥ12) ɧɚɯɨɞɢɬсɹ ɩɪɢ 
ɧɚɥɨɠɟɧɢɢ ɭсɥɨɜɢɹ ρtr

exp = ρtr
cal. Ɍɚɤɢм ɨɛɪɚɡɨм, ɜ 

ɪɟɝɭɥɹɪɧɨɣ ɱɚсɬɢ ɍɋ ɨсɬɚɟɬсɹ ɬɨɥɶɤɨ λ ɩɨɞɝɨɧɨɱɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ. Ʉɪɨмɟ ɬɨɝɨ, ɜ pscal (3) ɢмɟɟɬсɹ 4 
ɪɟɝɭɥɢɪɭɟмɵɯ ɤɨɷɮɮɢɰɢɟɧɬɚ (M-ap, q, k, C1) ɢ β () - ɜ 
ɮɭɧɤɰɢɢ Y.  

ɋ ɩɨмɨɳɶɸ ɍɋ (1) ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜɵɪɚɠɟɧɢɹ ɞɥɹ 
ɷɧɬɚɥɶɩɢɢ H, ɷɧɬɪɨɩɢɢ S, ɢɡɨɛɚɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ Cp, 
ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟмɤɨсɬɢ Cv ɢ сɤɨɪɨсɬɢ ɡɜɭɤɚ W, 
ɧɚɩɪɢмɟɪ, ɪɚсɱɟɬ Cv ɜɵɩɨɥɧɹɟɬсɹ ɩɨ ɮɨɪмɭɥɟμ 
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ɝɞɟ ),exp()exp(/2/
22   tY )exp(/4/  

2222   tY ,  
Cv,reg= Cv, ɢɞ –Rt{ A1e1/t/t3·ω (ω– ωt)3 – A3 e-1/t/t3·ω - A4∙(ωωt -ω2)e-1/t/t3 + 

+(A13)2 A5e(A13/t)/t3·Д–ω2 (ωt - ω)4 /2]∙+ 110A10 ω10e(-10/(10 t12)} . 

Ⱦɥɹ ɪɚсɱɟɬɚ ɩɪɨɢɡɜɨɞɧɵɯ ɞɚɜɥɟɧɢɹ ɩɨ ɬɟмɩɟɪɚɬɭɪɟ tɨɬ сɢɧɝɭɥɹɪɧɨɣ ɱɚсɬɢ ɍɋ 
ɩɪɢмɟɧɟɧɵ сɥɟɞɭɸɳɢɟ ɜɵɪɚɠɟɧɢɹ  

  1
1/121/1

)( )||()()||(/)/( CaMdqkqkptp ppcscal     

1
2/122/122

)||()1()()||)(1()/)/(( Cdqkqktpp ppcscal      ,    (5) 

ɜ ɤɨɬɨɪɵɯ ɢɧɬɟɝɪɚɥɵ ɡɚмɟɧɹɥɢсɶ сɯɨɞɹɳɢмɢсɹ ɪɹɞɚмɢ, ɢмɟɸɳɢмɢ ɪɚɡɥɢɱɧɵɣ ɜɢɞ ɞɥɹ Ĳ < 0 
ɢ ɞɥɹ Ĳ > 0.  

Ⱦɥɹ ɨɩɬɢмɢɡɚɰɢɢ ɪɚсɱɟɬɨɜ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ сɜɨɣсɬɜ SF6, ɨɩɢɪɚɸɳɢɯсɹ ɧɚ ɍɋ (1), 
ɛɵɥɢ ɩɨсɬɪɨɟɧɵ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ сɜɨɣсɬɜ ɧɚ ɛɢɧɨɞɚɥɢ ɜ сɤɟɣɥɢɧɝɨɜɨɣ ɮɨɪмɟ 
[5]: 

ρl = (fd+ fs+1) ρc,  ρg = (fd-fs+1) ρc, fs= Bs0+Bs1++Bs2+2 +Bs32+Bs43, 
fd= Bd01-+Bd11-+ +Bd21-+2 +Bd32+Bd43, 

ln(Ps/Pc)= Bp0τ2-α+Bp1τ2-α+Δ+Bp2τ2-α+βΔ+ Bp3τ +Bp4τ5+Bp5τ7+Bp6τ9, (6) 
ɝɞɟ fs– ɩɚɪɚмɟɬɪ ɩɨɪɹɞɤɚ, fd– сɪɟɞɧɢɣ ɞɢɚмɟɬɪ, (Bsi, Bdi, Bpi) – ɪɟɝɭɥɢɪɭɟмɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, 
ɨɩɪɟɞɟɥɹɟмɵɟ ɩɭɬɟм ɚɩɩɪɨɤсɢмɚɰɢɢ ɞɚɧɧɵɯ ɧɚ ɛɢɧɨɞɚɥɢ Д3]. 

Ɍɚɛɥɢɰɵ, сɨсɬɚɜɥɟɧɧɵɟ ɧɚ ɨсɧɨɜɟ ɍɋ (1) ɩɪɢ ɡɚɞɚɧɧɵɯ Ɋ ɢ Ɍ, ɜɤɥɸɱɚɸɬ сɜɨɣсɬɜɚ 
( ,H , S ,Cp, Cv,W) ɜ ɢɧɬɟɪɜɚɥɚɯ βγ0 ≤ Ɍ ≤ 650 Ʉ ɢ 0.01 ≤P ≤ 50 ɆПɚ, ɜɤɥɸɱɚɹ ɩɨɝɪɚɧɢɱɧɭɸ 
ɤɪɢɜɭɸ. Ⱦɥɹ сɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɨɰɟɧɤɢ ɩɨɝɪɟɲɧɨсɬɢ ɩɨɥɭɱɟɧɧɵɯ сɜɨɣсɬɜ 
ɢсɩɨɥɶɡɨɜɚɧɵ ɪɚсɱɟɬɧɵɟ ɢ ɨɩɵɬɧɵɟ ɞɚɧɧɵɟ Д6-9Ж. Ɉɬɤɥɨɧɟɧɢɹ ɞɚɧɵ ɧɚ ɪɢс. 1-4. 
 

  

Ɋɢс. 1. Ɉɬɤɥɨɧɟɧɢɹ y/y = (100∆VV, 100∆CpCp, 100∆CvCv, 100∆WW) сɜɨɣсɬɜ Д6Ж ɨɬ 
ɡɧɚɱɟɧɢɣ (Cp, Cv, W), ɧɚɣɞɟɧɧɵɯ ɩɨ ɍɋ (1) ɜ ɨɞɧɨɮɚɡɧɨɣ ɨɛɥɚсɬɢ 
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ɚ) ɜɟɬɜɶ ɠɢɞɤɨсɬɢ ɛ) ɜɟɬɜɶ ɝɚɡɚ 

Ɋɢс. β. ɋɪɚɜɧɟɧɢɟ ɪɚсɱɟɬɧɵɯ ɞɚɧɧɵɯ ɨ ɬɟɩɥɨɟмɤɨсɬɢ Cv (ɤȾɠ/ɤɝɄ) ɧɚ ɥɢɧɢɢ ɧɚсɵɳɟɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɟ μ 1 - ɩɨɍɋ (1);  β - ɩɨ ɍɋ Д6] 
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Ɋɢс. γ. ɋɪɚɜɧɟɧɢɟ ɪɚсɱɟɬɧɵɯ ɞɚɧɧɵɯ ɨ 
сɤɨɪɨсɬɢ ɡɜɭɤɚ W(м/с) ɧɚ ɛɢɧɨɞɚɥɢ (ɜɟɬɜɶ 
ɠɢɞɤɨсɬɢ)μ 1 -ɪɚсɱɟɬ ɩɨ ɍɋ (1);  β - ɪɚсɱɟɬ 
ɩɨ мɧɨɝɨɤɨɧсɬɚɧɬɧɨмɭ ɍɋ Д6] 

Ɋɢс. 4. Ɍɟɩɥɨɟмɤɨсɬɶ Cv ɧɚ ɢɡɨɯɨɪɚɯ ρз ρc. 
ɗɤсɩɟɪɢмɟɧɬμ 1 – 740.83ɤɝ/м3  [7], 2 –737.2 
ɤɝ/м3 [8Ж. ɋɩɥɨɲɧɚɹ ɤɪɢɜɚɹ - ɪɚсɱёɬ ɩɨ (4) 
ɩɪɢ ρ = 740.83 ɤɝ/м3, ɲɬɪɢɯɨɜɚɹ ɥɢɧɢɹ - 
ɜɤɥɚɞ Cv,reg 
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ɂɧɬɟɪɟс ɤ ɝɚɡɨɜɵм ɝɢɞɪɚɬɚм ɨɛɭсɥɨɜɥɟɧ сɭɳɟсɬɜɨɜɚɧɢɟм ɨɝɪɨмɧɵɯ ɡɚɩɚсɨɜ 

ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ сɵɪɶɹ ɧɚ Ɂɟмɥɟ ɜ ɝɚɡɨɝɢɞɪɚɬɧɨм ɜɢɞɟ ɢ ɩɟɪсɩɟɤɬɢɜɨɣ ɟɝɨ ɢсɩɨɥɶɡɨɜɚɧɢɹ 
ɤɚɤ ɢсɬɨɱɧɢɤɚ ɬɨɩɥɢɜɚ, ɜɨɡмɨɠɧɨсɬɶɸ ɯɪɚɧɟɧɢɹ ɢ ɬɪɚɧсɩɨɪɬɢɪɨɜɤɢ ɝɚɡɚ ɜ ɝɚɡɨɝɢɞɪɚɬɧɨм 
сɨсɬɨɹɧɢɢ, ɜɥɢɹɧɢɟм ɩɪɢɪɨɞɧɵɯ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ ɧɚ ɤɥɢмɚɬ ɩɥɚɧɟɬɵ. ȼ ɧɚсɬɨɹɳɟɟ ɜɪɟмɹ 
сɬɚɧɨɜɢɬсɹ ɨɱɟɜɢɞɧɵм, ɱɬɨ ɛɟɡ ɝɥɭɛɨɤɢɯ ɡɧɚɧɢɣ ɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢɯ сɜɨɣсɬɜɚɯ ɝɚɡɨɜɵɯ 
ɝɢɞɪɚɬɨɜ, ɝɪɚɧɢɰɚɯ ɢɯ ɭсɬɨɣɱɢɜɨсɬɢ, ɨ ɤɢɧɟɬɢɤɟ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɚɡɥɨɠɟɧɢɹ ɧɟɜɨɡмɨɠɧɨ 
ɪɟɲɢɬɶ ɜɟсɶ ɤɨмɩɥɟɤс ɡɚɞɚɱ, сɜɹɡɚɧɧɵɯ ɤɚɤ с ɢсɩɨɥɶɡɨɜɚɧɢɟм ɷɧɟɪɝɟɬɢɱɟсɤɨɝɨ ɪɟсɭɪсɚ 
ɩɪɢɪɨɞɧɵɯ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ ɢ ɜɨɡмɨɠɧɨсɬɶɸ ɢɯ ɢсɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟсɬɜɟ сɜɨɟɨɛɪɚɡɧɵɯ 
ɤɨɧɬɟɣɧɟɪɨɜ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɬɪɚɧсɩɨɪɬɚ ɝɚɡɚ, ɬɚɤ ɢ с ɜɥɢɹɧɢɟм ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ ɧɚ ɤɥɢмɚɬ 
Ɂɟмɥɢ. 

ȼ ɧɚсɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢссɥɟɞɭɟɬсɹ ɮɨɪмɢɪɨɜɚɧɢɹ ɝɢɞɪɚɬɨɜ ɩɪɢ сɢɥɶɧɨм ɨɬɤɥɨɧɟɧɢɢ ɨɬ 
ɪɚɜɧɨɜɟсɧɵɯ ɭсɥɨɜɢɣ ɜ ɧɢɡɤɨɬɟмɩɟɪɚɬɭɪɧɵɯ ɚмɨɪɮɧɵɯ ɜɨɞɧɨ-ɝɚɡɨɜɵɯ ɤɨɧɞɟɧсɚɬɚɯ. ɋɥɨɢ 
ɚмɨɪɮɧɨɝɨ ɥɶɞɚ, ɧɚсɵɳɟɧɧɨɝɨ мɟɬɚɧɨм, ɷɬɚɧɨм, ɩɪɨɩɚɧɨм, ɞɢɨɤсɢɞɨм ɭɝɥɟɪɨɞɚ ɩɨɥɭɱɚɥɢ 
ɨсɚɠɞɟɧɢɟм мɨɥɟɤɭɥɹɪɧɵɯ ɩɭɱɤɨɜ ɪɚɡɪɟɠɟɧɧɨɝɨ ɩɚɪɚ ɢ ɝɚɡɚ ɜ ɜɚɤɭɭмɟ ɧɚ ɨɯɥɚɠɞɟɧɧɭɸ 
ɠɢɞɤɢм ɚɡɨɬɨм ɩɨɞɥɨɠɤɭ. Ⱥмɨɪɮɧɨɟ сɨсɬɨɹɧɢɟ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ ɩɪɢ ɧɢɡɤɢɯ ɬɟмɩɟɪɚɬɭɪɚɯ 
сɬɚɛɢɥɢɡɢɪɭɟɬсɹ ɛɨɥɶɲɨɣ ɜɹɡɤɨсɬɶɸ ɢ мɚɥɨɣ ɜɟɥɢɱɢɧɨɣ сɬɚɰɢɨɧɚɪɧɨɣ ɱɚсɬɨɬɵ 
ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɤɪɢсɬɚɥɥɢɱɟсɤɨɣ ɮɚɡɵ. ɂɯ ɧɚɝɪɟɜɚɧɢɟ ɜ ɭсɥɨɜɢɹɯ сɢɥɶɧɨɣ 
мɟɬɚсɬɚɛɢɥɶɧɨсɬɢ сɨɩɪɨɜɨɠɞɚɟɬсɹ сɩɨɧɬɚɧɧɨɣ ɜɡɪɵɜɧɨɣ ɤɪɢсɬɚɥɥɢɡɚɰɢɟɣ, ɤɨɬɨɪɚɹ ɩɪɢɜɨɞɢɬ 
ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ. Ʌɚɜɢɧɨɨɛɪɚɡɧɨɟ ɡɚɪɨɠɞɟɧɢɟ ɰɟɧɬɪɨɜ ɤɪɢсɬɚɥɥɢɡɚɰɢɢ 
ɡɚɯɜɚɬɵɜɚɟɬ мɨɥɟɤɭɥɵ ɝɚɡɚ, ɩɨɷɬɨмɭ ɧɟ ɩɪɨɢсɯɨɞɢɬ ɢɯ ɜɵɬɟсɧɟɧɢɹ ɞɜɢɠɟɧɢɟм ɮɪɨɧɬɚ 
ɤɪɢсɬɚɥɥɢɡɚɰɢɢ. Ɍɟмɩɟɪɚɬɭɪɵ сɬɟɤɥɨɜɚɧɢɹ ɢ ɤɪɢсɬɚɥɥɢɡɚɰɢɢ ɧɟɪɚɜɧɨɜɟсɧɵɯ ɤɨɧɞɟɧсɚɬɨɜ 
ɨɩɪɟɞɟɥɹɥɢсɶ ɩɨ ɢɡмɟɧɟɧɢɸ ɢɯ ɞɢɷɥɟɤɬɪɢɱɟсɤɢɯ сɜɨɣсɬɜ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. ɍɜɟɥɢɱɟɧɢɟ 
сɨɞɟɪɠɚɧɢɹ ɝɚɡɚ ɜ сɥɨɹɯ ɚмɨɪɮɧɨɝɨ ɥɶɞɚ ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɬɟмɩɟɪɚɬɭɪɵ ɤɪɢсɬɚɥɥɢɡɚɰɢɢ 
ɛɟɡ сɭɳɟсɬɜɟɧɧɨɝɨ ɢɡмɟɧɟɧɢɹ ɬɟмɩɟɪɚɬɭɪɵ сɬɟɤɥɨɜɚɧɢɹ. Пɪɢ ɚɬмɨсɮɟɪɧɨм ɞɚɜɥɟɧɢɢ ɜ сɪɟɞɟ 
ɠɢɞɤɨɝɨ ɩɟɧɬɚɧɚ сɨɯɪɚɧɟɧɢɟ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ ɧɚɛɥɸɞɚɥɢ ɜɩɥɨɬɶ ɞɨ ɬɟмɩɟɪɚɬɭɪ, ɛɥɢɡɤɢɯ 
273 K. ɋɚмɨɤɨɧсɟɪɜɚɰɢɹ ɨɛɟсɩɟɱɢɜɚɥɚ сɨɯɪɚɧɟɧɢɟ ɝɢɞɪɚɬɨɜ ɜ мɟɬɚсɬɚɛɢɥɶɧɨм сɨсɬɨɹɧɢɢ 
ɩɪɢ ɬɟмɩɟɪɚɬɭɪɚɯ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɢɯ ɪɚɜɧɨɜɟсɧɵɯ ɬɟмɩɟɪɚɬɭɪ ɞɢссɨɰɢɚɰɢɢ. Ɉɛɪɚɡɰɵ 
ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ мɚɤсɢмɚɥɶɧɨм ɪɚсɯɨɞɟ ɝɚɡɚ ɩɪɢ ɨсɚɠɞɟɧɢɢ, сɨɞɟɪɠɚɥɢ ɞɨ 
15 мɚсс % мɟɬɚɧɚ, 1β мɚсс % ɷɬɚɧɚ, 1γ мɚсс % ɩɪɨɩɚɧɚ, βγ мɚсс % ɞɢɨɤсɢɞɚ ɭɝɥɟɪɨɞɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢссɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ ɭсɩɟɲɧɨсɬɶ ɩɪɢмɟɧɟɧɢɹ мɟɬɨɞɚ ɤɨɧɞɟɧсɚɰɢɢ 
мɨɥɟɤɭɥɹɪɧɵɯ ɩɭɱɤɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɝɚɡɨɜɵɯ ɝɢɞɪɚɬɨɜ. ȼ ɩɟɪсɩɟɤɬɢɜɟ мɟɬɨɞ мɨɠɟɬ ɛɵɬɶ 
ɢсɩɨɥɶɡɨɜɚɧ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɝɢɞɪɚɬɚ ɜɨɞɨɪɨɞɚ.  
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ɎȺɁɈȼɕȿ ɉȿɊȿɏɈȾɕ, ɌȿɉɅɈɎɂɁɂɑȿɋɄɂȿ ɋȼɈɃɋɌȼȺ ɂ 
ȾɂɗɅȿɄɌɊɂɑȿɋɄȺə ɋɉȿɄɌɊɈɋɄɈɉɂə ɎȿɊɊɂɌȺ ȼɂɋɆɍɌȺ 

ɋ ɆȺɅɈɊȺɁɆȿɊɇɕɆɂ ɊɁɗ 
ɏɚсɛɭɥɚɬɨɜ ɋ.ȼ.1, Ƚɚɞɠɢɟɜ Ƚ.Ƚ.2, Пɚɜɟɥɤɨ Ⱥ.Ⱥ.2, Ɉмɚɪɨɜ Ɂ.Ɇ.2,  

Ⱥɥɟɲɢɧ ȼ.Ⱥ.1, ɒɢɥɤɢɧɚ Ʌ.Ⱥ.1, Ɋɟɡɧɢɱɟɧɤɨ Ʌ.Ⱥ.1 
1ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɘɠɧɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, 

Ɋɨɫɫɢɹ, Ɋɨɫɬɨɜ-ɧɚ-Ⱦɨɧɭ, ɩɪ. ɋɬɚɱɤɢ, 1λ4. E-mail: aapavelko@sfedu.ru 
2ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɢɦ. ɏ.ɂ. Ⱥɦɢɪɯɚɧɨɜɚ Ⱦɇɐ ɊȺɇ, Ɋɨɫɫɢɹ, 367010,  

Ɇɚɯɚɱɤɚɥɚ, ɭɥ. Ɇ. əɪɚɝɫɤɨɝɨ, λ4. E-mail: Gadjiev@mail.ru 
 

Ɏɟɪɪɢɬ ɜɢсмɭɬɚ ɹɜɥɹɟɬсɹ ɨɞɧɢм ɢɡ ɧɚɢɛɨɥɟɟ ɢɡɜɟсɬɧɵɯ сɟɝɧɟɬɨмɚɝɧɟɬɢɤɨɜ – мɚɬɟɪɢɚɥɨɜ, 
ɨɞɧɨɜɪɟмɟɧɧɨ сɨɱɟɬɚɸɳɢɯ мɚɝɧɢɬɧɵɟ ɢ сɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟсɤɢɟ сɜɨɣсɬɜɚ Д1Ж. ɋɨɟɞɢɧɟɧɢɹ ɧɚ 
ɨсɧɨɜɟ ɮɟɪɪɢɬɚ ɜɢсмɭɬɚ ɩɪɢɜɥɟɤɚɬɟɥɶɧɵ ɧɟ ɬɨɥɶɤɨ ɜ ɩɪɢɤɥɚɞɧɨм ɩɥɚɧɟ ɛɥɚɝɨɞɚɪɹ ɜɵсɨɤɢм 
ɡɧɚɱɟɧɢɹм ɷɥɟɤɬɪɢɱɟсɤɨɝɨ (Ɍс ~ 1083 K) ɢ мɚɝɧɢɬɧɨɝɨ (TN ~ 643 K) ɭɩɨɪɹɞɨɱɟɧɢɣ, ɧɨ ɢ с 
ɮɭɧɞɚмɟɧɬɚɥɶɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ, ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜ ɧɢɯ ɧɚɛɥɸɞɚɟɬсɹ сɢɥɶɧɚɹ ɜɡɚɢмɨсɜɹɡɶ 
сɬɪɭɤɬɭɪɵ ɢ мɢɤɪɨсɬɪɭɤɬɭɪɵ с мɚɝɧɢɬɧɵмɢ ɢ ɷɥɟɤɬɪɢɱɟсɤɢмɢ сɜɨɣсɬɜɚмɢ ДβЖ. Ɉɞɧɚɤɨ, ɤɚɤ 
ɢɡɜɟсɬɧɨ, ɷɬɚ ɜɡɚɢмɨсɜɹɡɶ ɜɨɡмɨɠɧɚ ɥɢɲɶ ɩɪɢ ɭсɥɨɜɢɢ ɩɨɞɚɜɥɟɧɢɹ ɩɪɨсɬɪɚɧсɬɜɟɧɧɨ-
мɨɞɭɥɢɪɨɜɚɧɧɨɣ мɚɝɧɢɬɧɨɣ сɬɪɭɤɬɭɪɵ, ɱɟɝɨ, ɜ сɜɨɸ ɨɱɟɪɟɞɶ, мɨɠɧɨ ɞɨɛɢɬɶсɹ ɩɭɬɟм 
ɡɚмɟɳɟɧɢɹ Bi ɪɟɞɤɨɡɟмɟɥɶɧɵмɢ ɷɥɟмɟɧɬɚмɢ (ɊɁɗ). Ⱦɚɧɧɵɣ мɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɢɡɜɥɟɤɚɬɶ 
ɢɧɮɨɪмɚɰɢɸ ɨ мɚɝɧɢɬɨɷɥɟɤɬɪɢɱɟсɤɨм ɜɡɚɢмɨɞɟɣсɬɜɢɢ ɜ ɨɛɴɟɤɬɚɯ, ɨсɧɨɜɵɜɚɹсɶ ɧɚ ɢɡɭɱɟɧɢɢ 
ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ сɜɹɡɟɣ мɟɠɞɭ ɢɯ ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɮɢɡɢɱɟсɤɢмɢ сɜɨɣсɬɜɚмɢ ɜ ɨɛɥɚсɬɢ 
ɩɪɨɬɟɤɚɧɢɹ мɚɝɧɢɬɧɵɯ ɢ сɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟсɤɢɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ (ɎП). Ʉɪɨмɟ ɬɨɝɨ, 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟмɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨсɬɢ, ɨɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ ɮɭɧɞɚмɟɧɬɚɥɶɧɵɯ 
ɩɚɪɚмɟɬɪɨɜ, ɩɪɚɤɬɢɱɟсɤɢ ɧɟ ɢссɥɟɞɨɜɚɥсɹ ɜ ɨɛɴɟɤɬɚɯ, ɩɪɟɞсɬɚɜɥɟɧɧɵɯ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɜ 
сɜɹɡɢ с ɱɟм ɪɟɡɭɥɶɬɚɬɵ сɨɩɨсɬɚɜɥɟɧɢɹ ɞɢɷɥɟɤɬɪɢɱɟсɤɢɯ сɜɨɣсɬɜ ɢ ɬɟмɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨсɬɢ 
ɤɟɪɚмɢɱɟсɤɢɯ ɨɛɪɚɡɰɨɜ ɬɜɟɪɞɵɯ ɪɚсɬɜɨɪɨɜ (ɌɊ) ɮɟɪɪɢɬɚ ɜɢсмɭɬɚ, ɡɚмɟɳɟɧɧɨɝɨ 
мɚɥɨɪɚɡмɟɪɧɵмɢ ɊɁɗ (Tb, Dy, Ho, Er, Tm, Yb, Lu) ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, мɨɠɧɨ сɱɢɬɚɬɶ 
ɩɢɨɧɟɪсɤɢмɢ ɜ ɨɛɥɚсɬɢ ɢɡɭɱɟɧɢɹ ɩɪɢɪɨɞɵ ɧɚɛɥɸɞɚɟмɵɯ ɜ ɧɟм ɷɮɮɟɤɬɨɜ. 

Ɉɛɴɟɤɬɚмɢ ɢссɥɟɞɨɜɚɧɢɹ ɹɜɢɥɢсɶ ɌɊ ɛɢɧɚɪɧɵɯ сɢсɬɟм ɜɢɞɚ Bi1-xɊɁɗxFeO3, ɝɞɟ ɊɁɗ = Tb 
(0.89), Dy (0.88), Ho (0.86), Er (0.85), Tm (0.85), Yb (0.81), Lu (0.80) (ɜ сɤɨɛɤɚɯ ɞɚɧɵ ɡɧɚɱɟɧɢɹ 
ɢɨɧɧɵɯ ɪɚɞɢɭсɨɜ ɊɁɗ, Ri, ɜ й ɩɨ ДγЖ), x = 0.05–0.β0, Δɯ = 0.05. Ɉɛɪɚɡɰɵ ɩɨɥɭɱɟɧɵ ɩɨ ɨɛɵɱɧɨɣ 
ɤɟɪɚмɢɱɟсɤɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɜɤɥɸɱɚɸɳɟɣ ɞɜɭɯсɬɚɞɢɣɧɵɣ сɢɧɬɟɡ с ɩɨсɥɟɞɭɸɳɢм сɩɟɤɚɧɢɟм 
ɛɟɡ ɩɪɢɥɨɠɟɧɢɹ ɞɚɜɥɟɧɢɹ. 

Ɋɟɧɬɝɟɧɨɝɪɚɮɢɱɟсɤɢɟ ɢссɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢ мɟɬɨɞɨм ɩɨɪɨɲɤɨɜɨɣ ɞɢɮɪɚɤɰɢɢ с 
ɢсɩɨɥɶɡɨɜɚɧɢɟм ɞɢɮɪɚɤɬɨмɟɬɪɚ ȾɊɈɇ-3 (ɨɬɮɢɥɶɬɪɨɜɚɧɧɨɟ CoФα- ɢɡɥɭɱɟɧɢɟ, сɯɟмɚ 
ɮɨɤɭсɢɪɨɜɤɢ ɩɨ Ȼɪɷɝɝɭ - Ȼɪɟɧɬɚɧɨ). ɂссɥɟɞɨɜɚɧɢɟ ɩɨɥɢɤɪɢсɬɚɥɥɢɱɟсɤɨɝɨ (ɡёɪɟɧɧɨɝɨ) 
сɬɪɨɟɧɢɹ мɭɥɶɬɢɮɟɪɪɨɢɤɨɜ ɩɪɨɜɨɞɢɥɢ ɜ ɨɬɪɚɠɟɧɧɨм сɜɟɬɟ ɧɚ ɨɩɬɢɱɟсɤɨм мɢɤɪɨсɤɨɩɟ 
Neophot β1 ɢ ɢɧɜɟɪɬɢɪɨɜɚɧɧɨм ɜɵсɨɤɨɬɨɱɧɨм мɢɤɪɨсɤɨɩɟ LeicaDMI 5000M. 
Ɍɟмɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨсɬɶ (χ)ɢɡмɟɪɹɥɚсɶ ɧɚ ɭсɬɚɧɨɜɤɟ LFA-457 ”MicroFlash” ɧɟмɟɰɤɨɣ 
ɮɢɪмɵ NEZSCH. Ɉɬɧɨсɢɬɟɥɶɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟсɤɚɹ ɩɪɨɧɢɰɚɟмɨсɬɶ (İ/İ0) ɢссɥɟɞɨɜɚɥɚсɶ ɧɚ 
сɩɟɰɢɚɥɶɧɨм сɬɟɧɞɟ с ɢсɩɨɥɶɡɨɜɚɧɢɟм ɩɪɟɰɢɡɢɨɧɧɨɝɨ δCR-мɟɬɪɚ AgilentE4980A ɜ ɲɢɪɨɤɢɯ 
ɢɧɬɟɪɜɚɥɚɯ ɬɟмɩɟɪɚɬɭɪ (γ00–800 K) ɢ ɱɚсɬɨɬ (f) ɩɟɪɟмɟɧɧɨɝɨ ɢɡмɟɪɢɬɟɥɶɧɨɝɨ ɩɨɥɹ (20–β·106 
Ƚɰ). 

Ɋɟɧɬɝɟɧɨɮɚɡɨɜɵɣ ɚɧɚɥɢɡ, ɩɪɨɜɟɞɟɧɧɵɣ ɩɪɢ ɤɨмɧɚɬɧɨɣ ɬɟмɩɟɪɚɬɭɪɟ, ɩɨɤɚɡɚɥ, ɱɬɨ ɌɊ (Bi1-

xTbx)FeO3, ɢсɩɵɬɵɜɚɸɬ ɩɟɪɟɯɨɞ ɢɡ ɪɨмɛɨɷɞɪɢɱɟсɤɨɣ(Ɋɷ) ɮɚɡɵ ɜ мɨɪɮɨɬɪɨɩɧɭɸ ɨɛɥɚсɬɶ, 
сɨɞɟɪɠɚɳɭɸ смɟсɶ ɞɜɭɯ ɮɚɡ – Ɋɷ ɢ мɨɧɨɤɥɢɧɧɨɣ(Ɇ), ɬɨɝɞɚ ɤɚɤ ɨсɬɚɥɶɧɵɟ ɌɊ ɩɪɢɧɚɞɥɟɠɚɬ 
ɪɨмɛɨɷɞɪɢɱɟсɤɨɣ ɨɛɥɚсɬɢ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɮɟɪɪɢɬɚ ɜɢсмɭɬɚ. ȼсɟ ɢссɥɟɞɨɜɚɧɧɵɟ ɌɊ 
сɨɞɟɪɠɚɬ ɩɪɢмɟсɧɵɟ ɮɚɡɵ Bi2Fe4O9 ɢ Bi25FeO40., ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɵɯ ɜɚɪɶɢɪɭɟɬсɹ ɜ 
ɡɚɜɢсɢмɨсɬɢ ɨɬɜɢɞɚ ɊɁɗ ɢ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ. 
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Ɋɢс. 1. Ɇɢɤɪɨсɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɤɟɪɚмɢɤɢ Bi0.9ɊɁɗ0.1FeO3 (ɊɁɗ – Tb, Dy, Ho, Er, Yb, Tm) 
ɩɪɢ ɤɨмɧɚɬɧɨɣ ɬɟмɩɟɪɚɬɭɪɟ. ɊɁɗ ɭɤɚɡɚɧ ɜ ɥɟɜɨм ɧɢɠɧɟм ɭɝɥɭ ɮɨɬɨɝɪɚɮɢɣ 
 

ɇɚ ɪɢс. 1 ɩɨɤɚɡɚɧɵ ɮɨɬɨɝɪɚɮɢɢ мɢɤɪɨсɬɪɭɤɬɭɪɵ ɢɡɭɱɟɧɧɵɯ ɨɛɴɟɤɬɨɜ. ɑɟɪɧɵɟ ɨɛɥɚсɬɢ 
ɨɤɪɭɝɥɨɣ ɢ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪмɵ – ɩɨɪɵ. Ɉɧɢ ɪɚсɩɪɟɞɟɥɟɧɵ ɩɨ ɩɨɜɟɪɯɧɨсɬɢ ɧɟɨɞɧɨɪɨɞɧɨ. 
Ɍɪɚɜɥɟɧɢɟм ɜɵɹɜɥɟɧɵ ɝɪɚɧɢɰɵ ɤɪɢсɬɚɥɥɢɬɨɜμ ɡɚмɤɧɭɬɵɟ ɬɟмɧɵɟ ɥɢɧɢɢ ɜɨɤɪɭɝ ɛɨɥɟɟ 
сɜɟɬɥɵɯ ɨɛɥɚсɬɟɣ (ɡɟɪɟɧ ɤɟɪɚмɢɤɢ). Ȼɵɥɨ ɭсɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ сɨɜɟɪɲɟɧɧɵ 
мɢɤɪɨсɬɪɭɤɬɭɪɵ ɮɟɪɪɢɬɚ ɜɢсмɭɬɚ с ɛɨɥɟɟ ɤɪɭɩɧɵмɢ ɊɁɗ. Пɪɢ ɭмɟɧɶɲɟɧɢɢ Ri ɢ ɜɨɡɪɚсɬɚɧɢɢ 
xɭɜɟɥɢɱɢɜɚɟɬсɹ ɤɨɥɢɱɟсɬɜɨ ɩɪɢмɟсɧɨɣ ɮɚɡɵ («сɟɪɵɟ» ɡɟɪɧɚ), сɬɪɭɤɬɭɪɚ ɪɚɡɪɵɯɥɹɟɬсɹ, 
мɟɠɤɪɢсɬɚɥɥɢɬɧɵɟ ɩɪɨсɬɪɚɧсɬɜɚ ɡɚɩɨɥɧɹɸɬсɹ ɠɢɞɤɨɣ ɮɚɡɨɣ, ɭɬɨɥɳɚɸɬсɹ ɝɪɚɧɢɰɵ ɡɟɪɟɧ, 
ɬɪɚɧсɮɨɪмɢɪɭɟɬсɹ ɢɯ ɝɚɛɢɬɭс. 
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Ɋɢс. β. Ɂɚɜɢсɢмɨсɬɢ İ/İ0 ɨɛɪɚɡɰɨɜ ɤɟɪɚмɢɤɢ Bi1-xɊɁɗxFeO3 ɨɬ ɬɟмɩɟɪɚɬɭɪɵ ɢ f ɩɪɢ x = 0.05 ɢ 
0.β0, ɊɁɗ = Tb (ɚ, ɛ), Dy (ɜ, ɝ), Ho (ɞ, ɟ), Er (ɠ, ɡ), сɨɨɬɜɟɬсɬɜɟɧɧɨ. 
 



XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

131 
 

 

 

 
Ɋɢс. γ. Ɂɚɜɢсɢмɨсɬɢ İ/İ0 ɨɛɪɚɡɰɨɜ ɤɟɪɚмɢɤɢ 
Bi0.80ɊɁɗ0.20FeO3 ɨɬ ɬɟмɩɟɪɚɬɭɪɵ ɢ f, ɊɁɗ = 
Tm (ɚ), Yb (ɛ), Lu (ɜ) 

 Ɋɢс. 4. Ɂɚɜɢсɢмɨсɬɢ χ ɨɛɪɚɡɰɨɜ 
ɤɟɪɚмɢɤɢ Bi1-xɊɁɗxFeO3 ɨɬ 
ɬɟмɩɟɪɚɬɭɪɵ. ȼ сɤɨɛɤɚɯ ɭɤɚɡɚɧ Ri ɊɁɗ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢссɥɟɞɨɜɚɧɢɹ ɡɚɜɢсɢмɨсɬɟɣ İ/İ0ɨɛɪɚɡɰɨɜ ɤɟɪɚмɢɤ ɨɬ ɬɟмɩɟɪɚɬɭɪɵ ɩɪɢɜɟɞɟɧɵ 

ɧɚ ɪɢс. β, γ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢсɭɧɤɨɜ, ɜ ɨɛɥɚсɬɹɯ 400–500 Ʉ ɮɨɪмɢɪɭɸɬсɹ ɞɜɚ сɢɥɶɧɨ 
ɞɢсɩɟɪсɢɨɧɧɵɯ мɚɤсɢмɭмɚ İ/İ0, ɨсɨɛɟɧɧɨсɬɶɸ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬсɹ сɞɜɢɝ ɜ 
ɜɵсɨɤɨɬɟмɩɟɪɚɬɭɪɧɭɸ ɨɛɥɚсɬɶ, ɭмɟɧɶɲɟɧɢɟ ɢ ɪɚɡмɵɬɢɟ ɢɯ ɩɢɤɨɜɵɯ ɡɧɚɱɟɧɢɣ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɱɚсɬɨɬɵ. Пɨɞɨɛɧɵɟ ɹɜɥɟɧɢɹ, ɢɡɜɟсɬɧɵɟ ɩɨɞ ɧɚɡɜɚɧɢɟм мɚɤсɜɟɥɥ-ɜɚɝɧɟɪɨɜсɤɨɣ 
ɪɟɥɚɤсɚɰɢɢ, ɧɚɛɥɸɞɚɥɢсɶ ɪɚɧɟɟ ɜ Д4Ж ɢ ɛɵɥɢ сɜɹɡɚɧɵ с ɧɚɤɨɩɥɟɧɢɟм сɜɨɛɨɞɧɵɯ ɡɚɪɹɞɨɜ ɧɚ 
ɩɨɜɟɪɯɧɨсɬɹɯ ɪɚɡɞɟɥɚ ɤɨмɩɨɧɟɧɬɨɜ ɧɚ ɮɨɧɟ мɟɠсɥɨɟɜɵɯ, мɟɠɮɚɡɧɵɯ ɢ ɜɧɭɬɪɢɮɚɡɧɵɯ 
ɩɟɪɟсɬɪɨɟɤ. ɇɚ ɪɢс. 4 ɩɪɟɞсɬɚɜɥɟɧɵ ɬɟмɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢсɢмɨсɬɢ χ ɜсɟɯ ɢссɥɟɞɨɜɚɧɧɵɯ ɌɊ. 
ɏɨɪɨɲɨ ɜɢɞɧɨ, ɱɬɨ "ɩɨɜɟɞɟɧɢɟ" ɜсɟɯ ɯɚɪɚɤɬɟɪɢсɬɢɤ ɷɤсɬɪɟмɚɥɶɧɨ ɜ ɨɤɪɟсɬɧɨсɬɢ 
ɬɟмɩɟɪɚɬɭɪɵ ≈ 640 Ʉ, ɩɪɢɧɚɞɥɟɠɚɳɟɣ ɨɛɥɚсɬɢ ɚɧɬɢɮɟɪɪɨмɚɝɧɢɬɧɨɝɨ ɩɟɪɟɯɨɞɚ. Ⱥɧɚɥɢɡ ɪɢс. 
4 ɩɨɡɜɨɥɹɟɬ сɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨм, ɱɬɨ TN ɧɟ ɢсɩɵɬɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɝɨ смɟɳɟɧɢɹ ɜ 
ɧɟɡɚɜɢсɢмɨсɬɢ ɨɬ ɜɢɞɚ ɊɁɗ, ɡɚмɟɳɚɸɳɢɯ Bi, ɢ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ.  
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ȼ ɧɚсɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ мɟɬɨɞɢɤɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɪɚссɱɢɬɚɬɶ 
ɩɚɪɚмɟɬɪɵ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ ɢ ɛɢɧɨɞɚɥɶ ɩɟɪɟɯɨɞɚ ɩɚɪ-ɠɢɞɤɨсɬɶ ɜ ɩɚɪɚɯ мɟɬɚɥɥɨɜ. ȼ 
ɨсɧɨɜɭ мɨɞɟɥɢ ɩɨɥɨɠɟɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨм, ɱɬɨ ɩɪɢɱɢɧɨɣ ɩɟɪɟɯɨɞɚ ɹɜɥɹɟɬсɹ ɩɨɹɜɥɟɧɢɟ ɜ 
ɩɥɨɬɧɨм ɚɬɨмɚɪɧɨм ɝɚɡɟ (ɜ ɝɚɡɨɜɨɣ ɨɤɪɟсɬɧɨсɬɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ) ɨсɨɛɨɝɨ ɜɢɞɚ 
ɩɪɢɬɹɠɟɧɢɹ мɟɠɞɭ ɚɬɨмɚмɢ мɟɬɚɥɥɚ. ɗɬɨ ɩɪɢɬɹɠɟɧɢɟ ɨɛɭсɥɨɜɥɟɧɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟм ɡɨɧɵ 
ɩɪɨɜɨɞɢмɨсɬɢ ɢ ɩɨɹɜɥɟɧɢɟм ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢмɨсɬɢ. Пɪɢ ɠɢɞɤɨмɟɬɚɥɥɢɱɟсɤɢɯ 
ɩɥɨɬɧɨсɬɹɯ ɬɚɤɨɟ ɩɪɢɬɹɠɟɧɢɟ ɯɨɪɨɲɨ ɢɡɜɟсɬɧɨ – ɷɬɨ ɤɨɝɟɡɢɹ (cohesive energy). Ⱦɥɹ ɜɨɞɨɪɨɞɚ 
Д1Ж ɢ ɩɚɪɨɜ ɳɟɥɨɱɧɵɯ мɟɬɚɥɥɨɜ ДβЖ ɤɨɝɟɡɢɸ мɨɠɧɨ ɪɚссɱɢɬɚɬɶ ɚɧɚɥɢɬɢɱɟсɤɢ ɩɪɢ ɜсɟɯ 
ɩɥɨɬɧɨсɬɹɯ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ȼɢɝɧɟɪɚ-Ɂɟɣɬɰɚ-Ȼɚɪɞɢɧɚ ДγЖ. Ʉɨɝɟɡɢɹ ɩɨɹɜɥɹɟɬсɹ ɩɪɢ ɞɨсɬɚɬɨɱɧɨ 
ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɟ ɚɬɨмɨɜ мɟɬɚɥɥɨɜ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɨɤɪɟсɬɧɨсɬɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ. Пɪɢ 
ɭмɟɧɶɲɟɧɢɢ ɩɥɨɬɧɨсɬɢ ɤɨɝɟɡɢɹ ɛɵсɬɪɨ (ɷɤсɩɨɧɟɧɰɢɚɥɶɧɨ) ɢсɱɟɡɚɟɬ, ɭсɬɭɩɚɹ мɟсɬɨ ɨɛɵɱɧɵм 
мɟɠɚɬɨмɧɵм сɢɥɚм ȼɚɧ-ɞɟɪ-ȼɚɚɥɶсɚ. Ⱦɥɹ ɛɨɥɶɲɢɧсɬɜɚ ɷɥɟмɟɧɬɨɜ ɪɚсɱёɬ ɤɨɝɟɡɢɢ ɞɨɜɨɥɶɧɨ 
ɬɪɭɞɨёмɤɚɹ ɡɚɞɚɱɚ. Ɇɵ ɜɨсɩɨɥɶɡɨɜɚɥɢсɶ сɤɟɣɥɢɧɝɨɜɵмɢ ɡɚɜɢсɢмɨсɬɹмɢ ɞɥɹ ɷɧɟɪɝɢɢ 
сɰɟɩɥɟɧɢɹ Д4, 5Ж. ȼ ɷɬɢɯ ɪɚɛɨɬɚɯ ɩɪɟɞɥɨɠɟɧɨ ɩɪɨсɬɨɟ ɢ ɭɧɢɜɟɪсɚɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɷɧɟɪɝɢɢ сɜɹɡɢ (Universal Bind Energy Relation, UBER). ɗɬɨ сɨɨɬɧɨɲɟɧɢɟ 
ɨсɧɨɜɚɧɨ ɧɚ ɬɨɱɧɵɯ ɪɚсɱёɬɚɯ ɷɧɟɪɝɢɣ сɜɹɡɢ, ɚɞɝɟɡɢɢ, ɯɟмɢсɨɪɛɰɢɢ ɢ ɬ.ɞ. ȼ ɢɬɨɝɟ ɞɥɹ 
ɪɚсɱёɬɨɜ ɧɚм ɧɟɨɛɯɨɞɢмɵ ɬɨɥɶɤɨ ɬɪɢ ɜɟɥɢɱɢɧɵ ɞɥɹ мɟɬɚɥɥɚ ɜ ɬɜɟɪɞɨм сɨсɬɨɹɧɢɢμ 
ɧɨɪмɚɥɶɧɚɹ ɩɥɨɬɧɨсɬɶ, ɷɧɟɪɝɢɹ ɢсɩɚɪɟɧɢɹ ɢ ɢɡɨɬɟɪмɢɱɟсɤɢɣ мɨɞɭɥɶ ɭɩɪɭɝɨсɬɢ. ɗɬɢ 
ɜɟɥɢɱɢɧɵ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɨ ɢɡмɟɪɟɧɵ, ɯɨɪɨɲɨ ɢɡɜɟсɬɧɵ ɞɥɹ ɛɨɥɶɲɢɧсɬɜɚ мɟɬɚɥɥɨɜ ɢ 
ɩɪɢɜɟɞɟɧɵ ɜ Д5Ж. Ɍɚɤɢм ɨɛɪɚɡɨм, ɡɚɜɢсɢмɨсɬɶ ɤɨɝɟɡɢɨɧɧɨɣ ɷɧɟɪɝɢɢ сɜɹɡɢ ɢɡɜɟсɬɧɚ ɤɚɤ ɜ 
ɨɛɥɚсɬɢ с ɧɨɪмɚɥɶɧɨɣ ɩɥɨɬɧɨсɬɶɸ, ɬɚɤ ɢ ɜ ɨɛɥɚсɬɢ, ɝɞɟ ɨɧɚ ɨɛɪɚɳɚɟɬсɹ ɜ ɧɨɥɶ. ɂмɟɧɧɨ ɷɬɚ, 
ɩɨсɥɟɞɧɹɹ ɨɛɥɚсɬɶ ɜ сɨɨɬɜɟɬсɬɜɢɢ с ɧɚɲɟɣ мɨɞɟɥɶɸ ДβЖ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɤɭ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 
ɩɚɪ-ɠɢɞɤɨсɬɶ, ɤɨɬɨɪɵɣ сɨɜɩɚɞɚɟɬ с ɩɟɪɟɯɨɞɨм ɞɢɷɥɟɤɬɪɢɤ-мɟɬɚɥɥ.  

ɋɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ Ƚɟɥɶмɝɨɥɶɰɚ ɩɚɪɨɜ мɟɬɚɥɥɨɜ ɩɪɟɞɥɚɝɚɟмɨɣ мɨɞɟɥɢ, ɤɚɤ ɢ ɜ Д1,βЖ, 
ɢмɟɟɬ ɜɢɞμ  

  (1) 

ɂсɩɨɥɶɡɭɹ ɢɡɜɟсɬɧɵɟ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ сɨɨɬɧɨɲɟɧɢɹ ɢɡ (1) мɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɞɚɜɥɟɧɢɹ P, ɚ ɩɪɢ ɧɟɨɛɯɨɞɢмɨсɬɢ ɢ ɞɥɹ ɞɪɭɝɢɯ ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɯ ɮɭɧɤɰɢɣ.  

Ⱦɥɹ ɨɬɵсɤɚɧɢɹ ɤɪɢɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ сɬɪɨɢɥɚсɶ сɟɪɢɹ ɢɡɨɬɟɪм. Пɪɢ ɜɵсɨɤɢɯ 
ɬɟмɩɟɪɚɬɭɪɚɯ ɢɡɨɬɟɪмɵ ɜɟɞɭɬ сɟɛɹ мɨɧɨɬɨɧɧɨ, ɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɤɪɢɬɢɱɟсɤɨɣ (ɢсɤɨмɨɣ) 
ɢɡɨɬɟɪмɟ ɩɨɹɜɥɹɟɬсɹ ɬɨɱɤɚ ɩɟɪɟɝɢɛɚ. Ɂɚɬɟм ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟмɩɟɪɚɬɭɪɵ ɩɨɹɜɥɹɟɬсɹ ɩɟɬɥɹ 
ȼɚɧ-ɞɟɪ-ȼɚɚɥɶсɚ. Пɨɥɭɱɟɧɧɵɟ ɝɪɚɮɢɤɢ ɩɨɡɜɨɥɢɥɢ ɨɩɪɟɞɟɥɢɬɶ ɤɪɢɬɢɱɟсɤɭɸ ɬɟмɩɟɪɚɬɭɪɭ 

, ɩɥɨɬɧɨсɬɶ  ɢ ɞɚɜɥɟɧɢɟ . ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞсɬɚɜɥɟɧɵ ɧɚɣɞɟɧɧɵɟ ɧɚмɢ,ɬɚɤɢм 
ɨɛɪɚɡɨм, ɬɟɪмɨɞɢɧɚмɢɱɟсɤɢɟ ɩɚɪɚмɟɬɪɵ ɤɪɢɬɢɱɟсɤɢɯ ɬɨɱɟɤ ɧɟɤɨɬɨɪɵɯ мɟɬɚɥɥɨɜ. 
Пɪɨɜɟɞɟɧɧɵɟ ɧɚмɢ ɪɚсɱёɬɵ ɨɯɜɚɬɵɜɚɸɬ ɩɪɚɤɬɢɱɟсɤɢ ɜсɟ мɟɬɚɥɥɵ. ȼ ɬɚɛɥɢɰɟ ɩɪɢɜɟɞɟɧɵ 
ɢɡɜɟсɬɧɵɟ ɧɚм ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ. ɇɚɲɢ ɪɚсɱɟɬɵ ɩɪɟɞсɬɚɜɥɟɧɵ ɜ ɩɨсɥɟɞɧɢɯ сɬɪɨɤɚɯ ɢ 
ɜɵɞɟɥɟɧɵ ɠɢɪɧɵм ɲɪɢɮɬɨм.  

mailto:alhomkin@mail.ru,%20shum_ac@mail.ru


XIV Ɋɨссɢɣсɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (с мɟɠɞɭɧɚɪɨɞɧɵм ɭɱɚсɬɢɟм) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟсɤɢм сɜɨɣсɬɜɚм ɜɟɳɟсɬɜ 
ɎȽȻɈɍ ȼПɈ «Ʉɚɡɚɧсɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɭɧɢɜɟɪсɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ β014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

133 
 

Ɍɚɛɥɢɰɚ 1. Ʉɪɢɬɢɱɟсɤɢɟ ɩɥɨɬɧɨсɬɶ , ɬɟмɩɟɪɚɬɭɪɚ  ɢ ɞɚɜɥɟɧɢɟ  

Ɇɟɬɚɥɥ    ɂсɬɨɱɧɢɤ  

Cs 
0,38 
0,43 
0,43 

1924 
2057 
1950 

92,5 
144 
250 

[6]  
[7] 

 

Li  

0,053 
0,053 
0,1 

0,095 

2660 
3350 
3225  
4300  

335 
430 
690 
1900 

[8] 
[9] 
[10] 

 

Na 

0,15  
0,3  

0,206 
0,18 

2535  
2485  
2573 
2750 

282  
248  
275 
900 

[8] 
[6]  
[7] 

 

K 
0,16  
0,17  
0,18 

2140  
2178  
2300 

144  
150  
450 

[8] 
[6] 

 

Rb 
0,3  
0,29  
0,36 

2060  
2017  
2020 

123  
124,5  
350 

[8] 
[6]  

 

Mg 

0,46 
0,425 
0,56 
0,45 

3408 
7000 
3590 
3000 

1929 
3085 
1980  
3200 

[11] 
[9] 
[7] 

 

Ca 

0,4  
0,345 
0,49 
0,34 

3958 
5535 
4180 
4150 

1166 
1200 
1210  
1700 

[11] 
[9] 
[7] 

 

Ba 

0,97 
0,715 
1,15 
0,9 

4154 
4680 
4100 
4250 

869 
615 
810 
1100 

[11] 
[9] 
[7] 

 

Al  

0,28  
0,64  

 
0,69 
0,45 
0,65  

8860  
8000  
9300 
7150 
6378 
7400  

3120  
4470  
5700 
5458 
1045  
8500  

[9] 
[7]  
[12] 
[11] 
[13] 

 

Cu 

1,94 
2,39 
2,33 

 
1,95 
2,3 

8440  
8390  
7600 
7850 
7093 
7250 

6510  
7460  
8300 
9050 
450 

13500 

[9] 
[6]  
[11] 
[14] 
[13] 
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Пɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1 
Ɇɟɬɚɥɥ    ɂсɬɨɱɧɢɤ  

W 

4,5  
5,87  
4,95 
4,52 
4,92 

4,1 ± 0,8 
5,2  

12000  
21010 
18538  
12500 
12397 

15100 ± 1500 
16600 

15000  
15830 
14787 

 
7448 
5600 
26700  

[15] 
[6]  
[11] 
[16] 
[13] 
[17] 

 

Fe 
2,03  
2,04 
1,98 

9600 
9340 
9000 

8250  
10354 
16100 

[6] 
[11] 

 

Ni 

2,19 
 

2,3 
2,2 

10330 
11500 
9600 
9300 

9120 
15000 
11000 
18200 

[6] 
[12] 
[11] 

 

Hf 

3,88 
3  

β,7 ± 0,5  
3,1 

18270 
10500 

1β100 ± 1β00  
14150 

9380 
9000  
3100 
11800 

[6] 
[15] 
[17] 

 

Pb 
3,25  
3,1 
3,5 

4980  
4668 
3550 

1840  
2072 
3700 

[6] 
[11] 

 
 

Ɋɚссɱɢɬɚɧɧɵɟ ɧɚмɢ ɩɚɪɚмɟɬɪɵ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ ɧɟɩɥɨɯɨ сɨɝɥɚсɭɸɬсɹ с 
ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵмɢ ɞɚɧɧɵмɢ ɞɥɹ ɳɟɥɨɱɧɵɯ мɟɬɚɥɥɨɜ ɢ с ɨɰɟɧɤɚмɢ ɩɚɪɚмɟɬɪɨɜ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ мɟɬɚɥɥɨɜ ɞɪɭɝɢмɢ ɚɜɬɨɪɚмɢ. Ⱦɥɹ ɛɨɥɶɲɢɧсɬɜɚ мɟɬɚɥɥɨɜ ɢмɟɸɬсɹ ɬɨɥɶɤɨ 
ɨɰɟɧɤɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɚɛɨɬɚɯ Д11Ж ɢ Д7Ж. ɂмɟɟɬсɹ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɤɨɥɢɱɟсɬɜɨ ɪɚɛɨɬ, ɨсɧɨɜɚɧɧɵɯ ɧɚ ɪɚɡɥɢɱɧɵɯ ɡɚɤɨɧɚɯ ɩɨɞɨɛɢɹ (ɩɨɞɨɛɢɟ ɩɚɪɚмɟɬɪɨɜ ɤɪɢɜɨɣ 
ɧɚсɵɳɟɧɢɹ ɢ zeno-line, сɤɟɣɥɢɧɝɨɜɵɟ сɨɨɬɧɨɲɟɧɢɹ ɧɚ ɨсɧɨɜɟ ɬɨɱɧɵɯ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ ɞɥɹ ɳɟɥɨɱɧɵɯ мɟɬɚɥɥɨɜ ɢ ɬ.ɞ.). ɗɬɢ ɪɚɛɨɬɵ ɲɢɪɨɤɨ ɚɩɪɨɛɢɪɨɜɚɧɵ ɬɨɥɶɤɨ ɧɚ 
ɧɟɤɨɬɨɪɵɯ мɟɬɚɥɥɚɯμ Al , W, Ni, Cu. ȼ ɨсɧɨɜɧɨм ɨɰɟɧɤɢ ɩɚɪɚмɟɬɪɨɜ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ 
ɨɬɥɢɱɚɸɬсɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɪɢмɟɪɧɨ ɧɚ β0 %, ɧɨ ɞɥɹ ɧɟɤɨɬɨɪɵɯ мɟɬɚɥɥɨɜ ɪɚɡɛɪɨс ɞɚɧɧɵɯ 
ɞɨсɬɚɬɨɱɧɨ ɜɟɥɢɤ, ɧɚɩɪɢмɟɪ, ɞɥɹ Al , W, ɨсɨɛɟɧɧɨ ɩɨ ɞɚɜɥɟɧɢɸ. ɋɥɟɞɭɟɬ ɨɬмɟɬɢɬɶ, ɱɬɨ 
ɞɨсɬɚɬɨɱɧɨ сɢɥɶɧɨ ɨɬɥɢɱɚɸɬсɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɨɰɟɧɤɢ ɤɪɢɬɢɱɟсɤɨɣ ɩɥɨɬɧɨсɬɢ ɢ ɬɟмɩɟɪɚɬɭɪɵ. 
ȼ ɧɚɲɟɣ мɨɞɟɥɢ ɧɟсɤɨɥɶɤɨ ɡɚɜɵɲɟɧɵ ɨɰɟɧɤɢ ɤɪɢɬɢɱɟсɤɨɝɨ ɞɚɜɥɟɧɢɹ ɩɨ сɪɚɜɧɟɧɢɸ с 
ɢмɟɸɳɢмɢсɹ ɞɚɧɧɵмɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ, ɚ ɬɚɤɠɟ с ɷɤсɩɟɪɢмɟɧɬɨм ɞɥɹ ɳɟɥɨɱɧɵɯ мɟɬɚɥɥɨɜ. 
Ɇɵ мɨɠɟм ɭɤɚɡɚɬɶ ɞɜɟ ɩɪɢɱɢɧɵ ɷɬɨɝɨ ɪɚсɯɨɠɞɟɧɢɹ ɢ ɧɚмɟɬɢɬɶ сɩɨсɨɛɵ ɪɟɲɟɧɢɹ ɷɬɨɣ 
ɩɪɨɛɥɟмɵ. ȼɨ-ɩɟɪɜɵɯ, ɢсɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɛɥɢɠɟɧɢɹ ɬɜёɪɞɵɯ сɮɟɪ ɞɥɹ ɭɱёɬɚ ɜɥɢɹɧɢɹ ɤɨɪɚ. 
ɇɟɨɛɯɨɞɢм ɤɨɧɟɱɧɨ ɩɟɪɟɯɨɞ ɤ мɨɞɟɥɢ мɹɝɤɢɯ сɮɟɪ. ȼɬɨɪɚɹ ɩɪɢɱɢɧɚ – ɭɱёɬ ɜɤɥɚɞɚ ɜ ɞɚɜɥɟɧɢɟ 
ɤɢɧɟɬɢɱɟсɤɨɣ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢмɨсɬɢ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɡɜɟсɬɧɵ ɧɟсɤɨɥɶɤɨ сɩɨсɨɛɨɜ 
ɭɱёɬɚ ɷɬɨɝɨ ɜɤɥɚɞɚ ɜ ɞɚɜɥɟɧɢɟ. ɇɚ ɩɟɪɜɨм ɷɬɚɩɟ мɵ ɢсɩɨɥɶɡɨɜɚɥɢ ɩɪɨсɬɟɣɲɢɣ – ɜɡɹɜ 
ɩɪɨɢɡɜɨɞɧɭɸ ɤɨɝɟɡɢɨɧɧɨɝɨ ɜɤɥɚɞɚ ɜ сɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ ɩɨ ɨɛɴɟмɭ.  

ɇɚɲɚ мɨɞɟɥɶ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɬɢɱɟсɤɢ ɪɚссɱɢɬɚɬɶ ɛɢɧɨɞɚɥɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɚɪ-
ɠɢɞɤɨсɬɶ ɞɥɹ мɟɬɚɥɥɨɜ, ɬ.ɟ. ɩɨɥɭɱɢɬɶ ɩɥɨɬɧɨсɬɢ ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɵ ɜ ɨɤɪɟсɬɧɨсɬɢ 
ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ. Ⱦɥɹ ɛɨɥɶɲɢɧсɬɜɚ мɟɬɚɥɥɨɜ ɬɚɤɢɟ ɞɚɧɧɵɟ ɨɬсɭɬсɬɜɭɸɬ. Ⱦɥɹ ɪɚсɱɟɬɚ 
ɛɢɧɨɞɚɥɢ ɪɟɲɚɟɬсɹ сɢсɬɟмɚ ɭɪɚɜɧɟɧɢɣ ɛɚɥɚɧсɚ ɧɚ ɛɢɧɨɞɚɥɢμ ɪɚɜɟɧсɬɜɨ ɯɢмɢɱɟсɤɢɯ 
ɩɨɬɟɧɰɢɚɥɨɜ ɢ ɞɚɜɥɟɧɢɣ ɞɥɹ ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɵ. Ɂɚмɟɬɢм, ɱɬɨ ɜ ɪɚɛɨɬɚɯ, ɢсɩɨɥɶɡɭɸɳɢɯ 
ɞɥɹ ɨɰɟɧɨɤ ɤɪɢɬɢɱɟсɤɢɯ ɩɚɪɚмɟɬɪɨɜ ɡɚɤɨɧɵ ɩɨɞɨɛɢɹ Д1γЖ ɢ мɟɬɨɞ «ɩɨɥɨɜɢɧɧɨɝɨ ɞɢɚмɟɬɪɚ» 
Д7Ж ɛɢɧɨɞɚɥɶ ɧɟ ɜɨсɩɪɨɢɡɜɨɞɢɬсɹ.  
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Ɍɚɤɢм ɨɛɪɚɡɨм, ɜ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ мɟɬɨɞ ɪɚсɱɟɬɚ ɩɚɪɚмɟɬɪɨɜ ɤɪɢɬɢɱɟсɤɢɯ ɬɨɱɟɤ 
ɢ ɛɢɧɨɞɚɥɢ ɩɟɪɟɯɨɞɚ ɩɚɪ-ɠɢɞɤɨсɬɶ (ɞɢɷɥɟɤɬɪɢɤ-мɟɬɚɥɥ) ɜ ɩɚɪɚɯ мɟɬɚɥɥɨɜ. ȼ ɨсɧɨɜɟ мɟɬɨɞɚ 
ɥɟɠɢɬ ɝɢɩɨɬɟɡɚ ɨɛ ɨɩɪɟɞɟɥɹɸɳɟɣ ɪɨɥɢ ɤɜɚɧɬɨɜɨɣ ɤɨɥɥɟɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ сɜɹɡɢ – ɤɨɝɟɡɢɢ ɞɥɹ 
ɨɩɢсɚɧɢɹ мɟɠɚɬɨмɧɵɯ ɜɡɚɢмɨɞɟɣсɬɜɢɣ ɤɚɤ ɞɥɹ мɟɬɚɥɥɚ ɜ ɤɨɧɞɟɧсɢɪɨɜɚɧɧɨм сɨсɬɨɹɧɢɢ, ɬɚɤ 
ɢ ɜ ɝɚɡɨɜɨɣ ɨɤɪɟсɬɧɨсɬɢ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ. Пɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɧɟɩɥɨɯɨ ɤɨɪɪɟɥɢɪɭɸɬ с 
ɨɰɟɧɤɚмɢ ɩɚɪɚмɟɬɪɨɜ ɤɪɢɬɢɱɟсɤɨɣ ɬɨɱɤɢ, ɩɨɥɭɱɟɧɧɵмɢ ɞɪɭɝɢмɢ ɚɜɬɨɪɚмɢ. ȼɩɟɪɜɵɟ 
ɪɚссɱɢɬɚɧɵ ɤɪɢɜɵɟ сɨсɭɳɟсɬɜɨɜɚɧɢɹ ɮɚɡ ɞɥɹ ɪɹɞɚ мɟɬɚɥɥɨɜ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɉɪɨɝɪɚɦɦɵ ɊȺɇ «ȼɟɳɟɫɬɜɨ 
ɩɪɢ ɜɵɫɨɤɢɯ ɩɥɨɬɧɨɫɬɹɯ ɷɧɟɪɝɢɢ».  
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Ⱥɪɨɦɚɬɢɱɟɫɤɢɟ ɭɝɥɟɜɨɞɨɪɨɞɵ ɢ ɢɯ ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɟ ɹɜɥɹɸɬɫɹ ɜɚɠɧɵɦɢ ɪɟɚɝɟɧɬɚɦɢ ɜ 

ɧɟɮɬɟɯɢɦɢɱɟɫɤɨɦ ɫɢɧɬɟɡɟ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɢɯ 
ɪɚɡɞɟɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɢɯ ɩɨɜɟɞɟɧɢɟ ɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɟ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ 
ɞɚɧɧɵɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɦɨɥɟɤɭɥ. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɨɜ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɷɧɬɚɥɶɩɢɣ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɭɛɥɢɦɚɰɢɢ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɞɧɚɤɨ ɜɫɟ ɷɬɢ ɦɟɬɨɞɵ ɧɟɥɶɡɹ ɧɚɡɜɚɬɶ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ. Ɇɧɨɝɢɟ 
ɢɡ ɧɢɯ ɯɨɪɨɲɨ ɩɪɢɦɟɧɢɦɵ ɤ ɢɡɭɱɟɧɢɸ ɥɟɝɤɨɥɟɬɭɱɢɯ ɜɟɳɟɫɬɜ, ɧɨ ɥɢɲɶ ɬɨɥɶɤɨ ɧɟɤɨɬɨɪɵɟ 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɬɪɭɞɧɨɥɟɬɭɱɢɯ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɨɫɧɨɜɚɧɵ ɧɚ 
ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɟɪɟɯɨɞɚ ɜɟɳɟɫɬɜɚ ɢɡ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɩɚɪ, ɤɨɬɨɪɵɣ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɧɚɝɪɟɜɚɧɢɟɦ ɜɟɳɟɫɬɜɚ ɞɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. Эɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɪɟɜɨɞɚ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɤ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 298.15 Ʉ, ɱɬɨ 
ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɧɟ 
ɩɨɡɜɨɥɹɟɬ ɢɡɭɱɚɬɶ ɬɟɪɦɢɱɟɫɤɢ ɧɟɫɬɚɛɢɥɶɧɵɟ ɢ ɜɡɪɵɜɨɨɩɚɫɧɵɟ ɜɟɳɟɫɬɜɚ. Ʉ ɧɚɫɬɨɹɳɟɦɭ 
ɦɨɦɟɧɬɭ ɜ ɥɢɬɟɪɚɬɭɪɟ ɧɚɤɨɩɥɟɧ ɛɨɥɶɲɨɣ ɦɚɫɫɢɜ ɞɚɧɧɵɯ ɩɨ ɷɧɬɚɥɶɩɢɹɦ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ 
ɫɭɛɥɢɦɚɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ɉɞɧɚɤɨ, ɞɚɠɟ ɞɥɹ ɫɚɦɵɯ ɩɪɨɫɬɵɯ ɦɨɥɟɤɭɥ ɡɧɚɱɟɧɢɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɡɧɵɦɢ ɦɟɬɨɞɚɦɢ, 
ɨɬɥɢɱɚɸɬɫɹ ɨɱɟɧɶ ɫɭɳɟɫɬɜɟɧɧɨ. Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɥɢɬɟɪɚɬɭɪɟ ɷɬɢ ɞɚɧɧɵɟ 
ɨɬɫɭɬɫɬɜɭɸɬ ɢɥɢ ɢɦɟɟɬɫɹ ɜɫɟɝɨ ɥɢɲɶ ɨɞɧɨ ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɬɪɟɛɭɟɬ ɩɨɞɬɜɟɪɠɞɟɧɢɹ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɵ ɪɚɡɪɚɛɨɬɚɥɢ ɢ ɩɪɢɦɟɧɢɥɢ ɧɨɜɵɣ ɦɟɬɨɞ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɷɧɬɚɥɶɩɢɣ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɭɛɥɢɦɚɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɢɯ 
ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɯ Д1Ж. ȼ ɟɝɨ ɨɫɧɨɜɟ ɥɟɠɚɬ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɤɚɥɨɪɢɦɟɬɪɢɢ 
ɪɚɫɬɜɨɪɟɧɢɹ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɨɞɯɨɞɨɜ ɜ ɧɚɲɟɦ ɦɟɬɨɞɟ ɢɡɭɱɚɟɬɫɹ ɩɟɪɟɯɨɞ 
ɜɟɳɟɫɬɜɚ ɢɡ ɫɨɫɬɨɹɧɢɹ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ ɜ ɪɚɫɬɜɨɪ, ɬɨ ɟɫɬɶ ɫɨɥɶɜɚɬɚɰɢɹ.  

ɏɨɪɨɲɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ ɜɟɳɟɫɬɜɚ Ⱥ ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ S, ɷɧɬɚɥɶɩɢɢ 
ɫɨɥɶɜɚɬɚɰɢɢ ɷɬɨɝɨ ɠɟ ɜɟɳɟɫɬɜɚ ɜ ɬɨɦ ɠɟ ɪɚɫɬɜɨɪɢɬɟɥɟ ɢ ɟɝɨ ɷɧɬɚɥɶɩɢɢ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ 
ɫɭɛɥɢɦɚɰɢɢɫɜɹɡɚɧɵ ɨɛɳɢɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ: 

/ /A S A S A
ɫɨɥɶɜ p ɩɚɪH H H  

      
(1) 

/ /A S A S A
ɫɨɥɶɜ p ɫɭɛɥH H H         (2) 

ɍɪɚɜɧɟɧɢɟ (1) ɫɩɪɚɜɟɞɥɢɜɨ ɞɥɹ ɠɢɞɤɢɯ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 298.15 Ʉ ɜɟɳɟɫɬɜ. 
ɍɪɚɜɧɟɧɢɟ (2) ɩɪɢɦɟɧɢɦɨ ɤ ɬɜɟɪɞɵɦ ɜɟɳɟɫɬɜɚɦ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɹɦɢ (1) ɢ (2) ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɬɚɥɶɩɢɣ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɭɛɥɢɦɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɷɧɬɚɥɶɩɢɢ 
ɪɚɫɬɜɨɪɟɧɢɹ ɢ ɫɨɥɶɜɚɬɚɰɢɢ. Ɂɧɚɱɟɧɢɹ ( /A S

pH ) ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɪɟɧɵ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 
ɤɚɥɨɪɢɦɟɬɪɢɢ ɪɚɫɬɜɨɪɟɧɢɹ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɬɚɥɶɩɢɣ ɫɨɥɶɜɚɬɚɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɢɯ ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɯ ɧɚɦɢ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɫɨɨɬɧɨɲɟɧɢɟ (3) Д2Ж: 

6 6/ 6.86 1.088A C H A
ɫɨɥɶɜH MR          (3) 
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ɝɞɟ 6 6/A C H
ɫɨɥɶɜH   - ɷɧɬɚɥɶɩɢɹ ɫɨɥɶɜɚɬɚɰɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ ɭɝɥɟɜɨɞɨɪɨɞɚ ɢɥɢ 

ɟɝɨ ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɨɝɨ ɜ ɛɟɧɡɨɥɟ; AMR  - ɦɨɥɟɤɭɥɹɪɧɚɹ ɪɟɮɪɚɤɰɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ 
Ⱥ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɢɡɭɱɢɥɢ ɬɟɪɦɨɯɢɦɢɸ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɪɚɡɥɢɱɧɵɯ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɢ ɩɨɥɢɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ, ɢɦɟɸɳɢɯ ɪɚɡɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢ 
ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ, ɚ ɬɚɤ ɢɯ ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɯ, ɫɨɞɟɪɠɚɳɢɯ ɜ ɤɚɱɟɫɬɜɟ ɡɚɦɟɫɬɢɬɟɥɟɣ ɜ 
ɛɟɧɡɨɥɶɧɨɦ ɤɨɥɶɰɟ ɚɬɨɦɵ ɯɥɨɪɚ, ɛɪɨɦɚ ɢ ɣɨɞɚ. ɇɚɦɢ ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɷɧɬɚɥɶɩɢɢ ɪɚɫɬɜɨɪɟɧɢɹ 
ɢɫɫɥɟɞɭɟɦɵɯ ɜɟɳɟɫɬɜ ɜ ɛɟɧɡɨɥɟ ɩɪɢ 298.15 Ʉ ɢ ɩɪɟɞɟɥɶɧɨɦ ɪɚɡɛɚɜɥɟɧɢɢ. ɋ ɩɨɦɨɳɶɸ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɯ ɢ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨ ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɤɚɡɚɬɟɥɸ 
ɩɪɟɥɨɦɥɟɧɢɹ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɦɨɥɟɤɭɥɹɪɧɵɟ ɪɟɮɪɚɤɰɢɢ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢ ɢɯ 
ɝɚɥɨɝɟɧɩɪɨɢɡɜɨɞɧɵɯ. ɂɫɩɨɥɶɡɭɹ ɭɪɚɜɧɟɧɢɹ (1)-(3) ɧɚɦɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɷɧɬɚɥɶɩɢɢ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɭɛɥɢɦɚɰɢɢ ɢɫɫɥɟɞɭɟɦɵɯ ɜɟɳɟɫɬɜ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ 
ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɫɨɟɞɢɧɟɧɢɣ ɡɧɚɱɟɧɢɹ A

ɩɚɪH  ɢ A
ɫɭɛɥH  ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫ ɩɨɦɨɳɶɸ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟɬɨɞɨɜ ɬɪɚɧɫɩɢɪɚɰɢɢ, ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɢ ɢ ɤɜɚɪɰɟɜɵɯ ɦɢɤɪɨɜɟɫɨɜ. 
ɋɨɩɨɫɬɚɜɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧɧɵɯ ɩɪɟɞɥɨɠɟɧɧɵɦ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɨɞɯɨɞɨɦ ɢ 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɢɡɦɟɪɟɧɧɵɯ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɜ ɥɢɬɟɪɚɬɭɪɟ ɦɟɬɨɞɚɦɢ, ɩɨɤɚɡɚɥ 
ɢɯ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɢɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɚɥɨɪɢɦɟɬɪɢɹ ɪɚɫɬɜɨɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɨɜɵɦ ɫɩɨɫɨɛɨɦ 
ɞɥɹ ɛɵɫɬɪɨɣ ɨɰɟɧɤɢ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɞɥɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɨɬ ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ ɧɟ 
ɭɫɬɨɣɱɢɜɵɯ ɤ ɧɚɝɪɟɜɚɧɢɸ.  
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Ʉɥɚɫɫɢɱɟɫɤɚɹ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ Д1Ж ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ 
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ɨɩɪɟɞɟɥɹɸɳɟɟ ɞɚɜɥɟɧɢɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɫɢɫɬɟɦɨɣ ɨɞɧɨɚɬɨɦɧɵɯ ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɫ 
ɰɟɧɬɪɚɥɶɧɵɦɢ ɫɢɥɚɦɢ.ɂɦɟɟɬɫɹ ɞɜɚ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɪɚɜɧɟɧɢɹ (1) 
ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɟɣ: 

1)Ɉɰɟɧɤɚ ɛɥɢɡɤɢɯ ɩɨ ɜɟɥɢɱɢɧɟ ɨɛɨɢɯ ɱɥɟɧɨɜ ɭɪɚɜɧɟɧɢɹ (1) ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɬɨɱɧɨɫɬɶɸ 
ɧɟɜɨɡɦɨɠɧɚ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɤɚ ɢɧɮɨɪɦɚɰɢɢ ɨ ɪɚɞɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ( )g r , 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɩɚɪɧɨɦ ɩɨɬɟɧɰɢɚɥɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ( )r ɢ ɟɝɨ ɩɪɨɢɡɜɨɞɧɨɣ  ( )r  ɞɥɹ ɦɧɨɝɨɚɬɨɦɧɵɯ 
ɠɢɞɤɨɫɬɟɣ. 

2) Ɉɬɫɭɬɫɬɜɭɟɬ ɫɨɝɥɚɫɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɹ (1) ɫ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ 
[1] 
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           .         (2) 

ɋɜɹɡɶ ɦɟɠɞɭ ɭɪɚɜɧɟɧɢɹɦɢ (1) ɢ (2) ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ Ƚɢɛɛɫɚ Д2Ж. 
Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ Д3Ж ɩɨɥɭɱɢɥɢ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɜ ɜɢɞɟ 
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p N RT
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T N M
       ,         (3) 

ɝɞɟ ɦɧɨɠɢɬɟɥɶ 0N N ɜɜɟɞɟɧ ɞɥɹ ɭɱɟɬɚ ɜɨɡɦɨɠɧɨɣ ɚɫɫɨɰɢɚɰɢɢ ɱɚɫɬɢɰ ɫɪɟɞɵ.Ɂɞɟɫɶ N  – 

ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ (ɦɨɧɨɦɟɪɨɜ ɢ ɞɢɦɟɪɨɜ), 0N  – ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ. Ⱦɥɹ 
ɛɨɥɶɲɢɧɫɬɜɚ ɠɢɞɤɨɫɬɟɣ ɜ ɩɪɟɞɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ Д3Ж, ɡɧɚɱɟɧɢɟ 

0 1 2N N  , ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɥɢɱɢɟ ɚɫɫɨɰɢɚɬɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɞɢɦɟɪɧɵɟ 
ɤɨɦɩɥɟɤɫɵ («ɜɚɧɞɟɪɜɚɚɥɶɫɨɜɵ» ɦɨɥɟɤɭɥɵ). ɂ ɥɢɲɶ ɜɛɥɢɡɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ 0 1N N  . 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɥɭɱɟɧɢɟ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɨɫɬɟɣ 
ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɭɱɟɬɚ ɩɪɢɫɭɬɫɬɜɢɹ ɜ ɢɯ ɫɬɪɭɤɬɭɪɟ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɦɨɥɟɤɭɥɹɪɧɵɯ ɚɫɫɨɰɢɚɰɢɣ 
– ɤɥɚɫɬɟɪɨɜ Д4Ж. ȼ ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞɚɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɥɭɤɬɭɚɰɢɣ 
ɩɥɨɬɧɨɫɬɢ ɮɨɪɦɢɪɭɸɬɫɹ ɭɫɬɨɣɱɢɜɵɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ – ɤɥɚɫɬɟɪɵ, ɨɛɥɚɞɚɸɳɢɟ 
ɯɚɪɚɤɬɟɪɧɵɦɢ ɪɚɡɦɟɪɚɦɢ, ɫɬɪɭɤɬɭɪɨɣ, ɫɨɫɬɚɜɨɦ, ɜɧɭɬɪɟɧɧɟɣ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɟɣ, 
ɜɪɟɦɟɧɟɦ ɠɢɡɧɢ.ɋɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɤɥɚɫɬɟɪɨɜ ɨɬɪɚɠɚɟɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ 
ɫɜɨɣɫɬɜɨɜɟɳɟɫɬɜɚ – ɫɩɨɫɨɛɧɨɫɬɶ ɱɚɫɬɢɰ ɤ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢɜ ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞɚɯ ɢ ɹɜɥɹɟɬɫɹ ɨɬɪɚɠɟɧɢɟɦ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɛɥɢɠɧɟɝɨ ɩɨɪɹɞɤɚ ɜ 
ɧɟɭɩɨɪɹɞɨɱɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɢ, ɜ ɨɫɧɨɜɧɨɦ, ɫɜɹɡɚɧɨ ɫ ɩɪɨɰɟɫɫɚɦɢ ɫɬɪɭɤɬɭɪɧɨɣ ɩɟɪɟɫɬɪɨɣɤɢ ɜ 
ɩɟɪɜɨɣ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɟ. ɑɚɫɬɢɰɵ ɩɟɪɜɨɣ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ ɫɮɟɪɵ ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɨɣ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɥɚɫɬɟɪɨɜ ɜ ɠɢɞɤɨɫɬɹɯ, ɩɨɷɬɨɦɭ ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɤɥɚɫɬɟɪɚɯ ɢ ɡɚɜɢɫɢɦɨɫɬɶ ɢɯ ɨɬ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɞɨɥɠɧɵ ɤɨɪɪɟɥɢɪɨɜɚɬɶ ɫ ɩɟɪɜɵɦ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɦ ɱɢɫɥɨɦ ɜ 
ɜɟɳɟɫɬɜɟ. 

ɉɟɪɜɨɩɪɢɱɢɧɨɣ ɨɛɪɚɡɨɜɚɧɢɹ ɤɥɚɫɬɟɪɚ ɜ ɫɪɟɞɟ ɹɜɥɹɟɬɫɹ ɡɚɪɨɠɞɟɧɢɟ ɚɬɨɦɧɨɝɨ ɢɥɢ 
ɦɨɥɟɤɭɥɹɪɧɨɝɨɞɢɦɟɪɚ – ɭɫɬɨɣɱɢɜɨɝɨ ɫɜɹɡɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɜɭɯ ɨɞɢɧɚɤɨɜɵɯ ɢɥɢ ɪɚɡɥɢɱɧɵɯ 
ɱɚɫɬɢɰ ɜɟɳɟɫɬɜɚ. Ⱦɢɦɟɪ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɚɜɧɨɜɟɫɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɦɚɫɫ 
ɱɚɫɬɢɰ, ɦɨɦɟɧɬɨɦ ɢɧɟɪɰɢɢ ɤɨɧɮɢɝɭɪɚɰɢɣ ɞɢɦɟɪɚ ɢ ɷɧɟɪɝɢɟɣ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɡɦɨɠɧɵɯ 
ɤɨɧɮɢɝɭɪɚɰɢɣ. Ⱦɢɦɟɪ ɹɜɥɹɟɬɫɹ ɹɞɪɨɦ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɤɥɚɫɬɟɪɨɜ,ɢɦɟɸɳɢɯ ɫɬɪɭɤɬɭɪɭ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɨɛɨɥɨɱɟɤ. ȼ ɫɢɫɬɟɦɚɯ ɫɨ ɫɥɚɛɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɤɥɚɫɬɟɪɵ ɢɦɟɸɬ ɨɞɧɭ 
ɭɫɬɨɣɱɢɜɭɸ ɨɛɨɥɨɱɤɭ ɜɨɡɥɟ ɹɞɪɚ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɩɪɨɫɬɵɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ. 

ȼ ɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɪɟɞɵ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɥɚɫɬɟɪɨɜ ɩɨ ɱɢɫɥɭ 
ɱɚɫɬɢɰ, ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɧɢɯ. Ⱥɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧɚ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɩɨ ɮɨɪɦɟ 
ɫɨɜɩɚɞɚɸɳɚɹ ɫ ɝɚɦɦɚ-ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ, ɩɥɨɬɧɨɫɬɶ ɜɟɪɨɹɬɧɨɫɬɟɣ ɞɥɹ ɤɨɬɨɪɨɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɮɨɪɦɭɥɨɣ [5,6] 

    1
1 !

m
Zmf Z Z e

m
   ,         (4) 

ɝɞɟ Z  – ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɤɥɚɫɬɟɪɟ,   ( 0 ) – ɩɚɪɚɦɟɬɪ ɦɚɫɲɬɚɛɚ, m ( 0m ) – ɩɨɪɹɞɨɤ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɟ ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɤɥɚɫɬɟɪɟ Z  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ 
ɮɭɧɤɰɢɢ  f Z  ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɨɪɦɭɥɨɣ 
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( 1)

m
Z m 

   .         (5) 

ɋɪɟɞɧɟɟ ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɤɥɚɫɬɟɪɟ Z  ɧɚɯɨɞɢɬɫɹ ɩɨ ɨɛɳɢɦ ɩɪɚɜɢɥɚɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɫɬɚɬɢɫɬɢɤɢ 

   0

! 1
1 !

m m
Z Z f Z dZ m

m
 

     .     (6) 

ɋɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɱɢɫɥɚ ɱɚɫɬɢɰ ɜ ɤɥɚɫɬɟɪɟ Z  ɜɵɱɢɫɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ 
ɮɨɪɦɭɥɟ 

2 ( 1)
( 1)

m m
Z Z m m 

    .      (7) 

Ɂɧɚɧɢɟ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ  f Z  ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɭɸ ɱɚɫɬɶ 
ɷɧɬɪɨɩɢɢ ɤɥɚɫɬɟɪɚ, ɢɫɩɨɥɶɡɭɹ ɨɩɪɟɞɟɥɟɧɢɟ ɷɧɬɪɨɩɢɢ 

   
0

lnf Z f Z dZS
 .        (8) 

ɉɨɥɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɪɟɞɧɟɝɨ ɤɥɚɫɬɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ 
ɫɨɨɬɧɨɲɟɧɢɟɦ Д1Ж 

ɤɥɚɫɬ
TdS

C
dT

 .           (9) 

Ⱥɜɬɨɪɵ Д7Ж ɩɨɥɭɱɢɥɢ ɫɨɨɬɧɨɲɟɧɢɹɞɥɹ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɪɟɞɧɟɝɨ ɤɥɚɫɬɟɪɚ  
1
2ɤɥɚɫɬ pc RZ T  ,         (10) 

ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɥɟɞɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɤɥɚɫɬɟɪɧɨɣ ɬɟɩɥɨёɦɤɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ 
ɜɟɳɟɫɬɜɚ, ɧɟ ɫɨɞɟɪɠɢɬ ɷɦɩɢɪɢɱɟɫɤɢɯ ɩɨɫɬɨɹɧɧɵɯ, ɜɯɨɞɹɳɢɟ ɜ ɧɟɝɨ ɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ; ɢ ɭɬɨɱɧɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ Ɇɚɣɟɪɚ 

 15
1 2 1

4p V p ɨɫɬc c R T            ,     (11) 

ɝɞɟ   – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɭɩɚɤɨɜɤɢ, ɨɫɬ  – ɷɦɩɢɪɢɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ ɞɥɹ 
ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨɫɬɢ, ɫɜɹɡɚɧɧɚɹ ɫ ɧɚɥɢɱɢɟɦ ɨɫɬɚɬɨɱɧɨɣ ɷɧɬɪɨɩɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɵ. Ⱦɥɹ ɩɪɨɫɬɵɯ ɨɞɧɨɚɬɨɦɧɵɯ ɠɢɞɤɨɫɬɟɣ 0ɨɫɬ  . 

ȼ ɪɚɦɤɚɯ ɩɪɟɞɥɨɠɟɧɧɨɣ ɤɥɚɫɬɟɪɧɨɣ ɦɨɞɟɥɢ ɚɜɬɨɪɵ Д5Ж ɨɛɨɛɳɢɥɢ ɭɪɚɜɧɟɧɢɟ (3), ɜɜɟɞɹ 
ɜɦɟɫɬɨ 0N N  ɤɨɷɮɮɢɰɢɟɧɬ cZ Z   , ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɫɬɟɩɟɧɶ ɚɫɫɨɰɢɚɰɢɢ ɦɨɥɟɤɭɥ, ɝɞɟ Z  

– ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɤɥɚɫɬɟɪɟ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɫɨɫɬɨɹɧɢɹ,  cZ  – ɜ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ, ɩɨɥɭɱɢɜ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɫɠɢɦɚɟɦɨɫɬɢ 

1
3

T p
c

Z RT
T C

MZ
   

     ,       (12) 

ɤɨɬɨɪɨɟ ɞɨɩɭɫɤɚɟɬ ɩɪɹɦɭɸ ɩɪɨɜɟɪɤɭ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɚɤɭɫɬɢɱɟɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɂɞɟɫɶ C  – ɷɦɩɢɪɢɱɟɫɤɢɣ ɩɚɪɚɦɟɬɪ, p  – ɢɡɨɛɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ. 

Эɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɦɟɪɚ ɜ ɠɢɞɤɨɫɬɢ ɞɢɦH  ɜ ɪɚɦɤɚɯ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ Д8Ж 
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c
ɞɢɦ М

c

Z
H kT

Z
       .      (13) 

Ɂɞɟɫɶ   – ɩɨɫɬɨɹɧɧɚɹ ɩɨɬɟɧɰɢɚɥɚ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ, 2cZ   – ɱɢɫɥɨ ɱɚɫɬɢɰ ɜ ɤɥɚɫɬɟɪɟ ɜ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ, cT  – ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. 

ȼɟɥɢɱɢɧɚ   ɨɩɪɟɞɟɥɹɟɬɫɹ ɷɧɬɚɥɶɩɢɟɣ ɫɭɛɥɢɦɚɰɢɢ ɤɪɢɫɬɚɥɥɨɜ Д9Ж 

8.6
ɫɭɛɥH  .          (14) 

Эɧɬɚɥɶɩɢɹ ɫɭɛɥɢɦɚɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɭɦɦɨɣ ɞɜɭɯ ɬɟɩɥɨɬ, ɩɨɷɬɨɦɭ ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ 
ɫɪɟɞɧɟɣ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɞɢɦɟɪɚ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɚ ɜ ɜɢɞɟ 

 1 1
8.6 9ɞɢɦ ɩɥ ɢɫɩ МH H H kT     .    (15) 

ɝɞɟ ɩɥH  – ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ ɤɪɢɫɬɚɥɥɚ, ɢɫɩH  – ɬɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ ɠɢɞɤɨɫɬɢ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ. 

ɇɚ ɛɚɡɟ ɩɨɥɭɱɟɧɧɨɣ ɚɜɬɨɪɚɦɢ ɜ ɪɚɦɤɚɯ ɤɥɚɫɬɟɪɧɨɣ ɦɨɞɟɥɢ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 
ɪɚɫɫɱɢɬɚɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɰɢɤɥɢɱɟɫɤɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɨɫɬɵɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ ɜ 
ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ. 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (ɧɨɦɟɪ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ2014/349, ɧɨɦɟɪ ɩɪɨɟɤɬɚ 1437). 
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8. Ƚ.Ⱥ.Ɇɟɥɶɧɢɤɨɜ, ɘ.Ɏ.Ɇɟɥɢɯɨɜ, ȼ.ɇ.ȼɟɪɜɟɣɤɨ, Ɇ.ȼ. ȼɟɪɜɟɣɤɨ.ȼɟɫɬɧɢɤ ɆȽɌɍ, ɋɟɪɢɹ: 
ȿɫɬɟɫɬɜɟɧɧɵɟ ɧɚɭɤɢ. 2(2008) 16. 
9. Ƚ Ⱦɠ.ɢɪɲɮɟɥɶɞɟɪ, ɋ.Ʉɟɪɬɢɫ, Ɋ. Ȼɟɪɞ. Ɇɨɥɟɤɭɥɹɪɧɚɹ ɬɟɨɪɢɹ ɝɚɡɨɜ ɢ ɠɢɞɤɨɫɬɟɣ.ɂɥ., Ɇ., 
1961. 
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ɌȿɉɅɈ-ɌȿɆɉȿɊАɌɍɊɈɉɊɈВɈȾɇɈɋɌЬ, ɌȿɉɅɈȿɆɄɈɋɌЬ ɂ 
ɄɈɗɎɎɂɐɂȿɇɌ ɌȿɉɅɈВɈȽɈ ɊАɋɒɂɊȿɇɂЯ ɉЬȿɁɈɄȿɊАɆɂɄ ɇɂɈȻАɌɈВ 

ɇАɌɊɂЯ Na1-xNbO3-x/2 ɉɊɂ ВЫɋɈɄɂɏ ɌȿɆɉȿɊАɌɍɊАɏ. 
Ƚɚɞɠɢɟɜ Ƚ.Ƚ.1, ɈɦɚɪɨɜɁ.Ɇ. 1, Ⱥɛɞɭɥɥɚɟɜ ɏ.ɏ. 1, Ɇɚɝɨɦɟɞɨɜ Ɇ-Ɋ.Ɇ. 1, Ɋɟɡɧɢɱɟɧɤɨ Ʌ.Ⱥ 2. 

1ɍɱɪɟɠɞɟɧɢɟ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ Ⱦɇɐ ɊȺɇ, ɢɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɢɦ. 
ɏ.И.Ⱥɦɢɪɯɚɧɨɜɚ, Ɇɚɯɚɱɤɚɥɚ, Ɋɨɫɫɢɹ. 

E-mail: Gadjiev@mail.ru 
2ɇИИ Ɏɢɡɢɤɢ ɘɎɍ, Ɋɨɫɫɢɹ, Ɋɨɫɬɨɜ-ɧɚ-ɞɨɧɭ. 

 
Ȼɨɥɶɲɢɧɫɬɜɨ ɩɶɟɡɨɫɟɝɧɟɬɨɤɟɪɚɦɢɤ (ɫɟɝɧɟɬɨɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ-ɋɉɆ) ɫɟɪɢɣɧɨ 

ɜɵɩɭɫɤɚɟɦɵɯ ɜ ɦɢɪɟ ɫɨɫɬɚɜɥɹɸɬ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɫɢɫɬɟɦɵ ɫɜɢɧɰɨɜɨɫɨɞɟɪɠɚɳɢɯ 
ɫɥɨɠɧɵɯ ɨɤɫɢɞɨɜ ɧɚ ɨɫɧɨɜɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɰɢɪɤɨɧɚɬɚ-ɬɢɬɚɧɚɬɚ ɫɜɢɧɰɚ (ɐɌɋ), ɝɞɟ 
ɫɨɞɟɪɠɚɧɢɟ ɫɜɢɧɰɚ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 60%. Эɤɨɥɨɝɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɷɬɢɦ ɩɶɟɡɨɤɟɪɚɦɢɤɚɦ 
ɞɟɥɚɟɬ ɧɟɨɛɯɨɞɢɦɵɦ ɢɫɤɥɸɱɟɧɢɟ ɷɬɨɝɨ ɱɪɟɡɜɵɱɚɣɧɨ ɬɨɤɫɢɱɧɨɝɨ ɨɤɫɢɞɚ ɫɜɢɧɰɚ ɢɡ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɢɡɵɫɤɚɬɶ ɧɨɜɵɟ ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ ɩɨ ɫɜɨɢɦ 
ɫɜɨɣɫɬɜɚɦ ɧɟ ɭɫɬɭɩɚɸɳɢɦ ɐɌɋ ɤɟɪɚɦɢɤ.  

 Ɇɧɨɝɨɥɟɬɧɢɣ ɨɩɵɬ ɪɚɡɪɚɛɨɬɤɢ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɋɉɋ ɜ ɇɂɂ ɮɢɡɢɤɢ ɘɠɧɨɝɨ 
Ɏɟɞɟɪɚɥɶɧɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ (Ɋɨɫɬɨɜ ɧ/Ⱦ) ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɚɬɶ ɝɪɭɩɩɭ ɛɟɡɫɜɢɧɰɨɜɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɧɢɨɛɚɬɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ (ɇɓɆ), ɨɛɥɚɞɚɸɳɢɯ ɪɹɞɨɦ ɭɧɢɤɚɥɶɧɵɯ 
ɫɜɨɣɫɬɜ ɧɟ ɪɟɚɥɢɡɭɟɦɵɯ ɜ ɐɌɋ ɫɨɫɬɚɜɚɯ.  

ȼ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɢ ɦɢɪɨɜɨɣ ɥɢɬɟɪɚɬɭɪɟ ɜɨɨɛɳɟ ɨɬɫɭɬɫɬɜɭɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 
ɩɨ ɌɎɋ ɤɟɪɚɦɢɤ ɧɚ ɨɫɧɨɜɟ ɇɓɆ, ɞɚɠɟ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɧɟ ɝɨɜɨɪɹ ɭɠɟ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɨɯɜɚɬɨɦ ɨɛɥɚɫɬɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɨɱɤɟ(ɬɟɦɩɟɪɚɬɭɪɚ Ʉɸɪɢ). 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
(), ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (ɚ), ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ (ɋɊ), 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ () ɛɟɡɫɜɢɧɰɨɜɵɯɩɶɟɡɨ-ɫɟɝɧɟɬɨɤɟɪɚɦɢɤɚ  ɧɚ ɨɫɧɨɜɟ 
ɧɢɨɛɚɬɨɜ ɧɚɬɪɢɹ Na1-xNbO3-x/2   (ɯ=0; 0.04; 0.20) ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 300-800Ʉ. 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢɡɦɟɪɹɥɚɫɶ ɚɛɫɨɥɸɬɧɵɦ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ 
ɪɟɠɢɦɟ Д1Ж, ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶflashɦɟɬɨɞɨɦ ɧɚ ɧɟɦɟɰɤɨɣ ɭɫɬɚɧɨɜɤɟ NETZSCH, 
ɬɟɩɥɨɟɦɤɨɫɬɶ ɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɫɤɚɧɢɪɭɸɳɟɦ ɤɚɥɨɪɢɦɟɬɪɟDSC 404 (NETZSCH), 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɄɌɊ) ɟɦɤɨɫɬɧɨ-ɞɢɥɚɬɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ Д2Ж, 
ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɜ ɂɧɫɬɢɬɭɬɟ ɮɢɡɢɤɢ Ⱦɇɐ ɊȺɇ. 

Ɇɟɬɨɞɵ ɩɨɥɭɱɟɧɢɹ ɤɟɪɚɦɢɤ ɢ ɢɯ ɫɬɪɭɤɬɭɪɚ, ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɨɜɚɧɵ 
ɞɨɫɬɚɬɨɱɧɨД3-6].  

ɇɚɛɥɸɞɚɟɬɫɹ ɱɟɬɤɚɹ ɤɨɪɪɟɥɹɰɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɜ ɨɛɥɚɫɬɹɯ ɫɬɪɭɤɬɭɪɧɵɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ. 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ Ʉɸɪɢ ɪɚɫɬɟɬ, ɤɚɤ ɢ 
ɬɟɩɥɨɟɦɤɨɫɬɶ, ɚ ɄɌɊ ɢɦɟɟɬ ɦɢɧɢɦɭɦ.  

 
Tɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Na1-xNbO3-x/2 

T,K 
 

, ȼɬɦ-1Ʉ-

1 

NaNbO3,  

x=0 
 

ɚ106 ɦ2/c 
ɯ=0 
 

, ȼɬɦ-1Ʉ-1 

Na0.96NbO2.98 
x=0.04 
 

ɚ106 ɦ2/c 
ɯ=0.04 
 

, ȼɬɦ-1Ʉ-

1 

Na0.8Nb2.9,  
x=0.2 
 

ɚ106 ɦ2/c 
ɯ=0.2 
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300 2.41 8.3 2.26 6.4 2.05 6.553 

320 2.45 8.311 
 

2.29 6.473 2.08 6.529 

340 2.49 8.25 2.31 6.49 2.11 6.531 

360 2.52 8.184 2.34 6.699 2.14 6.524 

380 2.57 8.186 2.37 6.980 2.17 6.523 

400 2.62 8.204 2.41 7.029 2.21 6.59 

420 2.66 8.264 2.44 7.001 2.25 6.638 

440 2.71 8.24 2.48 7.040 2.30 6.747 

460 2.76 8.264 2.52 7.090 2.35 6.841 

480 2.82 8.326 2.56 7.103 2.40 6.925 

500 2.88 8.378 2.61 7.143 2.45 7.02 

520 2.93 8.415 2.68 7.237 2.51 7.145 

540 2.97 8.413 2.72 7.268 2.60 7.373 

560 3.03 8.507 2.80 7.4 2.67 7.663 

580 3.08 8.508 2.84 7.437 2.72 7.692 

600 3.16 8.699 2.91 7.589 2.82 7.969 

620 3.28 8.939 3.05 7.887 2.90 8.184 

630 3.35 9.080 3.26 8.4 2.94 8.305 

635 3.51 9.486 3.29 8.38 3.05 8.616 

640 3.53. 9.467 3.33 8.507 3.12 8.825 

650 3.55 9.266 3.35 8.386 3.15 8.908 

660 3.59 9.184 3.37 8.391 3.17 8.96 

680 3.65 9.846 3.44 8.757 3.21 9.118 

700 3.70 9.914 3.51 9.040 3.28 9.497 

720 3.73 9.862 3.57 9.115 3.30 9.604 

740 3.78 9.859 3.64 9.201 3.39 9.857 

760 3.83 9.922 3.71 9.324 3.43 10.0 

780 3.88 10.001 3.76 9.447 3.46 10.081 

800 3.92 10.077 3.79 9.5 3.50 11.04 

 
Ɍ, Ʉ 
 

ɋɊ, Ⱦɠ 
ɤɝ-1Ʉ-1 
ɯ=0 
 

ɋɊ, Ⱦɠ 
ɤɝ-1Ʉ-1 
ɯ=0.04ɯ=0.04 

ɋɊ, Ⱦɠ 
ɤɝ-1Ʉ-1 
ɯ=0.2 Ɍ, Ʉ 

 

 
106,Ʉ-1 

ɯ=0 
 

 
106, Ʉ-1 

ɯ=0.04 
 

 
106, Ʉ-1 

ɯ=0.20 
 

300 524.20 456.4 514.5 

320 539.64 513.4 523.8 300 10.35 10.22 9.75 

340 552.77 539.5 531.4 320 10.53 10.57 10.08 

360 563.91 554.5 539.5 340 10.92 10.90 10.44 

380 575.05 567.8 547.2 360 11.22 11.18 10.77 

400 584.87 577.2 551.6 380 11.49 11.42 11.00 
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420 594.39 586.1 557.5 400 11.66 11.67 11.24 

440 602.36 593.1 560.7 420 11.95 11.99 11.71 

460 611.7 599.8 565.1 440 12.20 12.37 11.98 

480 620.3 606.7 569.9 455 12.40 12.54 11.98 

500 629.6 615.1 574.0 470 12.49 12.76 12.42 

520 637.7 623.4 577.1 495 12.79 12.98 12.42 

540 646.6 630.0 580.3 510 13.21 13.41 12.66 

560 652.3 636.9 581.7 530 13.72 13.88 12.89 

580 658.1 642.9 581.6 550 13.98 14.15 12.94 

600 665.3 645.5 582.0 570 14.28 14.50 13.16 

620 672.0 649.6 582.8 590 14.67 14.67 13.49 

630 675.7 652.8 582.2 610 15.09 15.14 13.88 

640 682.9 658.9 581.5 620 15.22 15.42 13.90 

650 701.7 672.5 581.6 630 15.43 15.51 14.13 

654 721.6 684.5 582.1 640 15.45 15.35 14.27 

655 726.3 686 582.0 645 15.19 14.25 14.35 

657 727.8 683 582.4 650 14.47 12.35 17.70 

659 719.98 680 584.6 655 13.80 14.58 14.61 

660 715.9 679.0 583.8 665 13.59 16.20 13.17 

662 706.3 671 584.6 675 15.35 16.48 14.11 

664 697.9 656.3 596.8 685 15.83 17.08 15.16 

666 690.0 651 610.0 700 16.28 17.61 15.46 

668 684.4 649.6 588.9 720 16.83 18.14 15.62 

670 680.6 650 580.2 740 17.36 18.44 15.82 

680 679.0 661 574.6 750 17.58 18.42 15.94 

700 683.5 653.4 568.0 760 17.83 18.40 16.07 

710 686.2 666.0 566.3 770 18.05 18.21 16.26 

720 692.7 659.3 565.1 780 18.16  16.38 

740 702.2 666.0 562.0 790 18.48  16.52 

760 707.0 669.7 564.0 800 18.87  16.08 

780 710.5 669.0 564.5 

800 712.5 669.0 564.0 
 

ɅɂɌȿɊАɌɍɊА 
 

1. ə.Ȼ. Ɇɚɝɨɦɟɞɨɜ, Ƚ.Ƚ Ƚɚɞɠɢɟɜ. Ɍɟɩɥɨɮɢɡ. ȼɵɫ. Ɍɟɦɩ.28, 1 (1990) 185. 
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Иɧɫɬɢɬɭɬ ɯɨɥɨɞɚ ɢ ɛɢɨɬɟɯɧɨɥɨɝɢɣ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ ИɌɆɈ 
 
Ɉɫɧɨɜɧɵɦ ɪɟɲɟɧɢɟɦ ɧɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ, ɩɨɡɜɨɥɹɸɳɢɦ ɫɧɢɡɢɬɶ ɨɛɴɟɦɵ ɩɪɢɦɟɧɟɧɢɹ 

ɯɥɚɞɚɝɟɧɬɨɜ (Ɇɨɧɪɟɚɥɶɫɤɢɣɢ Ʉɢɨɬɫɤɢɣɩɪɨɬɨɤɨɥɵ) ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɢɫɬɟɦ 
ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ (ɋɏ) ɫ ɜɬɨɪɢɱɧɵɦ ɤɨɧɬɭɪɨɦ (ВɄ), ɜ ɤɨɬɨɪɵɯ ɬɟɩɥɨɬɚ ɨɬɜɨɞɢɬɫɹ ɨɬ 
ɨɯɥɚɠɞɚɟɦɨɝɨ ɨɛɴɟɤɬɚ ɤ ɢɫɩɚɪɢɬɟɥɸ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ ɩɨɫɪɟɞɫɬɜɨɦ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ –
ɯɥɚɞɨɧɨɫɢɬɟɥɹ.  

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɫɢɫɬɟɦ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ (ɬɪɭɛɧɨɝɨ) ɤɢɩɟɧɢɹ ɨɛɴɟɦ 
ɡɚɩɪɚɜɤɢ ɚɦɦɢɚɤɚ ɫɨɫɬɚɜɥɹɟɬ ɞɨ 2ɤɝ ɧɚ ɤȼɬ ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɚ ɞɥɹ ɋɏ ɫ 
ɯɥɚɞɨɧɨɫɢɬɟɥɟɦ ɚɧɚɥɨɝɢɱɧɨɣ ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɨɛɴɟɦ ɡɚɩɪɚɜɤɢ ɚɦɦɢɚɤɚ ɫɧɢɠɚɟɬɫɹ 
ɞɨ ɜɟɥɢɱɢɧɵ ɦɟɧɟɟ 200ɝ ɧɚ ɤȼɬ.  

Ⱥɧɚɥɢɡ ɜɥɢɹɧɢɹ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ, ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ȼɄɋɏ ɢ ɩɪɨɢɡɜɨɞɧɵɯ 
ɩɪɨɞɭɤɬɨɜ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ ɋɏ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɞɨɛɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɩɨ ɫɪɟɞɧɟɣ ɫɬɨɢɦɨɫɬɢ ɭɞɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɨɬɜɟɞɟɧɢɟ ɋɏ ɫ 
ȼɄ  ɬɟɩɥɨɬɵ (S) ɫ ɭɱɟɬɨɦ ɢɡɦɟɧɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɩɥɨɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɋɏ ɫ ȼɄ Д1Ж:  
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ɝɞɟ t – ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɏ ɫ ȼɄ,  Pk – ɡɚɬɪɚɬɵ ɧɚ ɩɨɬɪɟɛɥɟɧɧɭɸ 
ɤɨɦɩɪɟɫɫɨɪɚɦɢ ɋɏ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; Pn – ɡɚɬɪɚɬɵ ɧɚ ɩɨɬɪɟɛɥɟɧɧɭɸ ɰɢɪɤɭɥɹɰɢɨɧɧɵɦɢ 
ɧɚɫɨɫɚɦɢ ȼɄ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; Mr – ɬɟɤɭɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɜɨɣɫɬɜ 
ɯɥɚɞɨɧɨɫɢɬɟɥɹ, ɋɏ ɢ ȼɄ (ɧɚɩɪɢɦɟɪ, ɜ ɈɈɈ «ɋɩɟɤɬɪɨɩɥɚɫɬ» ɧɨɪɦɚ ɟɫɬɟɫɬɜɟɧɧɨɣ ɭɛɵɥɢ ɞɥɹ 
ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ ɜ ɡɚɤɪɵɬɨɦ ȼɄ ɭɫɬɚɧɨɜɥɟɧɚ 1 % ɜ ɝɨɞ); Mc – ɧɟɩɪɟɞɜɢɞɟɧɧɵɟ ɡɚɬɪɚɬɵ, 
ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɛɨɬɨɣ ɋɏ ɫ ȼɄ (ɡɚɬɪɚɬɵ ɧɚ ɭɫɬɪɚɧɟɧɢɟ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ ɜ ȼɄ, ɡɚɞɜɢɠɟɤ, 
ɤɥɚɩɚɧɨɜ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɫ ɭɱɟɬɨɦ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ, 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ȼɄ); Mɪ  - ɪɚɫɯɨɞɵ ɧɚ ɨɛɫɥɭɠɢɜɚɸɳɢɣ 
ɩɟɪɫɨɧɚɥ: ɫɬɨɢɦɨɫɬɶ ɫɨɞɟɪɠɚɧɢɹ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ, ɨɪɭɞɢɹ ɬɪɭɞɚ ɢ ɞɪɭɝɢɟ 
(ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɚɤɬɢɱɟɫɤɢɦ ɡɚɬɪɚɬɚɦ). 

ȼɟɥɢɱɢɧɚ Ɇɫ ɜ ɩɪɨɟɤɬɧɵɯ ɪɚɫɱɟɬɚɯ ɩɪɢɧɢɦɚɟɬɫɹ cM

  , ɝɞɟ   - ɩɪɨɟɤɬɧɚɹ ɫɬɨɢɦɨɫɬɶ 

ɋɏ ɫ ȼɄ, ɚ  - ɩɪɨɟɤɬɧɵɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɏ ɫ ȼɄ. Ʉɚɤ ɩɪɚɜɢɥɨ,  20 30    ɥɟɬ. 
ɂɡɦɟɧɟɧɢɟ ɪɚɫɱɟɬɧɨɣ (ɩɪɨɟɤɬɧɨɣ) Ɇɫɨɬɧɨɫɢɬɟɥɶɧɨ ɮɚɤɬɢɱɟɫɤɨɣ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɜ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɦɟɪɟ ɢ ɧɚɞɟɠɧɨɫɬɶ ɫɢɫɬɟɦɵ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ. 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɍɪɚɜɧɟɧɢɟ (1) ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶɯɥɚɞɨɧɨɫɢɬɟɥɹ ɞɥɹ ɩɪɨɟɤɬɧɵɯ 
ɢ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɤɚɤ ɮɭɧɤɰɢɸ ɢɡɦɟɧɟɧɢɹ ɮɚɤɬɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɧɚ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɟɤɬɧɵɯ. ɉɪɢ ɷɬɨɦ ɞɥɹɯɥɚɞɨɧɨɫɢɬɟɥɹ, ɢɦɟɸɳɟɝɨ ɫɜɨɣɫɬɜɚ ɛɥɢɡɤɢɟ ɤ 
ɢɞɟɚɥɶɧɵɦ, ɫɩɪɚɜɟɞɥɢɜɨ ɭɪɚɜɧɟɧɢɟ: 
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(2) 

ɂɡ ɚɧɚɥɢɡɚ (1) ɧɟɬɪɭɞɧɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɜ 
ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɏ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɤɨɪɪɨɡɢɢ, ɜ ɬ.ɱ. 
ɛɢɨɩɨɪɚɠɟɧɢɸ ɋɏ, ɱɬɨ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɋɏ, ɬ.ɟ. ɤ ɩɨɜɵɲɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵД1Ж. 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ 
ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɜɨ ɜɪɟɦɟɧɢ ɧɨɫɢɬ ɫɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ. ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜ ɧɨɜɨɣ 
ɋɏ ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɮɨɪɦɭɥɨɣ: 

ɏ0 = ɋȺVm + CBVm+ CZVm + CDVm,      (3) 
ɝɞɟ ɏ0 – ɢɫɯɨɞɧɵɣ ɫɨɫɬɚɜ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ, ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ t = 0; Vm – 
ɦɚɫɫɚ ɯɥɚɞɨɧɨɫɢɬɟɥɹ; C – ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɟɳɟɫɬɜ: Ⱥ – ɦɨɥɟɤɭɥɚ ɨɫɧɨɜɧɨɝɨ ɜɟɳɟɫɬɜɚ; ȼ – 
ɢɧɝɢɛɢɬɨɪ ɤɨɪɪɨɡɢɢ; Z – ɩɪɢɦɟɫɢ; D – ɩɪɢɫɚɞɤɢ (ɩɟɧɨɝɚɫɹɳɢɟ, ɫɧɢɠɚɸɳɢɟ ɜɹɡɤɨɫɬɶ, 
ɤɨɦɩɥɟɤɫɨɧɵ, ɫɬɚɛɢɥɢɡɚɬɨɪɵ). 

ɂɡ (1) ÷ (3) ɫɥɟɞɭɟɬ, ɱɬɨ ɜɟɪɨɹɬɧɵɣ ɫɨɫɬɚɜ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɜ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

ɏt = X0 ∙ Кɪɢɫɤɚ(t) ∙ ΔɊ :t, (4) 
ɝɞɟ ΔɊ – ɜɟɪɨɹɬɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɯɥɚɞɨɧɨɫɢɬɟɥɹ, ɹɜɥɹɟɬɫɹ ɪɟɚɥɢɡɚɰɢɹɦɢ 
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ, ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, t – ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɏ ɫ 
ɭɱɟɬɨɦ ɪɟɝɥɚɦɟɧɬɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ: 

t = kt (1 –tw/tr), (5) 
ɝɞɟ kt – ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, tw – ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɏ ɫ ȼɄ, tr– ɜɪɟɦɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɋɏ ɫ ɦɨɦɟɧɬɚ ɩɨɫɥɟɞɧɟɝɨ ɪɟɦɨɧɬɚ, Кɪɢɫɤɚ – ɮɭɧɤɰɢɹ ɥɨɤɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ (Кɷɮɮ), ɫɬɚɛɢɥɶɧɨɫɬɢ (Кɫɬɚɛ) ɢ ɨɩɚɫɧɨɫɬɢ (Кɨɩ):         , ,ɪɢɫɤɚ ɷɮɮ ɫɬɚɛ ɨɩK t f K t K t K t  (6) 

Ɋɢɫɤɢ ɤɚɠɞɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɰɟɧɢɜɚɸɬɫɹ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ 
ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɢ ɢɯ ɤɪɢɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɹɦ, ɨɤɚɡɵɜɚɸɳɢɦ ɜɥɢɹɧɢɟ ɧɚ ɤɨɧɤɪɟɬɧɨɦ ɩɨɥɟ 
ɛɟɡɨɩɚɫɧɨɫɬɢ. ȿɫɥɢ   Ʉɪɢɫɤɚ< 0,3, ɷɤɫɩɥɭɚɬɚɰɢɹ ȼɄɋɏ ɛɟɡɨɩɚɫɧɚ, 0,3 ≤ Ʉɪɢɫɤɚ ≤ 0,8 – 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ȼɄɋɏ ɢ ɪɟɝɟɧɟɪɚɰɢɢ 
ɯɥɚɞɨɧɨɫɢɬɟɥɹ, ɩɪɢ Ʉɪɢɫɤɚ> 0,8 – ɷɤɫɩɥɭɚɬɚɰɢɹ ɋɏ ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜ ɫɜɹɡɢ ɫ ɜɵɫɨɤɨɣ 
ɜɟɪɨɹɬɧɨɫɬɶɸ ɚɜɚɪɢɢ ɋɏ. 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɯɥɚɞɨɧɨɫɢɬɟɥɹ, ɬ.ɟ. ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɹ 0P  , ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ:  ɞɥɹ ɫɧɢɠɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ 
ɤɨɦɩɥɟɤɫ ɢɧɝɢɛɢɬɨɪɨɜ ɤɨɪɪɨɡɢɢ ɢ ɧɚɤɢɩɟɨɛɪɚɡɨɜɚɧɢɹ, ɜɵɩɭɫɤɚɟɦɵɯ ɈɈɈ «ɋɩɟɤɬɪɨɩɥɚɫɬ» 
ɩɨ Ɍɍ 2422-014-11490846-07 «Ʉɨɧɰɟɧɬɪɚɬɵ ɞɨɛɚɜɨɤ ɞɥɹ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɧɚ ɨɫɧɨɜɟ  ɜɨɞɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ» ɦɚɪɤɢ ɄɉȽ-ɉɄ;  ɞɥɹ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɫɜɨɣɫɬɜ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɞɨɛɚɜɤɢ, 
ɪɟɝɭɥɢɪɭɸɳɢɟ ɪɇ, ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɤɨɪɪɨɡɢɨɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɢ ɞɪɭɝɢɟ 
ɫɜɨɣɫɬɜɚ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ;  ɞɥɹ ɡɚɩɪɚɜɤɢ ɧɨɜɵɯ ɫɢɫɬɟɦ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ ɷɧɟɪɝɨɫɛɟɪɟɝɚɸɳɢɟ 
ɧɢɡɤɨɜɹɡɤɢɟ ɯɥɚɞɨɧɨɫɢɬɟɥɢ ɫɟɪɢɢ ɏɇɌ-ɇȼ (Ɍɍ 2422-011-11490846-07 «ɏɥɚɞɨɧɨɫɢɬɟɥɢɧɚ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɨɫɧɨɜɟ ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ ɫ ɧɢɡɤɨɣ ɜɹɡɤɨɫɬɶɸ»). ɏɇɌ-ɇȼ ɪɚɡɪɟɲɟɧɵ Ɋɨɫɩɨɬɪɟɛɧɚɞɡɨɪɨɦ ɊɎ 
ɤ ɩɪɢɦɟɧɟɧɢɸ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɇȽ ɜ ɫɢɫɬɟɦɚɯ ɨɯɥɚɠɞɟɧɢɹ, ɜ ɬ.ɱ. ɞɥɹ ɩɢɳɟɜɵɯ ɩɪɨɢɡɜɨɞɫɬɜ.  

ȼɹɡɤɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɵɯɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɏɇɌ-ɇȼ, ɤɚɤ ɩɨɤɚɡɚɥɢ 
ɢɡɦɟɪɟɧɢɹ, ɤɚɤ ɦɢɧɢɦɭɦ ɜ ɞɜɚ ɪɚɡɚ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɛɚɡɨɜɨɝɨ ɯɥɚɞɨɧɨɫɢɬɟɥɹ (ɜɨɞɧɨɝɨ 54 %-ɝɨ 
ɪɚɫɬɜɨɪɚ ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ) (ɬɚɛɥɢɰɚ).  

Ⱦɪɭɝɢɦ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨɜɵɲɟɧɢɹ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢɯɥɚɞɨɧɨɫɢɬɟɥɹ 
ɧɚ ɨɫɧɨɜɟ ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ ɹɜɥɹɸɬɫɹ ɷɥɟɤɬɪɨɥɢɬɧɵɟ ɜɨɞɧɨ-
ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɟɜɵɟɯɥɚɞɨɧɨɫɢɬɟɥɢ. ɉɪɟɢɦɭɳɟɫɬɜɚ ȼɉȽЭ  ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɨɞɧɵɦɢ 
ɪɚɫɬɜɨɪɚɦɢ ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɹ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɬɨɦ, ɱɬɨ ȼɉȽЭ ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ 
ɧɢɡɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɜɹɡɤɨɫɬɶ ȼɉȽЭ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɜ 2,6-5 ɪɚɡ ɦɟɧɶɲɟ 
ɜɹɡɤɨɫɬɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɪɨɩɢɥɟɧɝɥɢɤɨɥɟɜɹ ɜ ɨɬɫɭɬɫɬɜɢɟ ɷɥɟɤɬɪɨɥɢɬɚ (ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ 
ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ), ɯɨɥɨɞɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɚɪɨɤɨɦɩɪɟɫɫɨɪɧɨɣ ɯɨɥɨɞɢɥɶɧɨɣ ɦɚɲɢɧɵ ɜ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ -5...-15 ɝɪɚɞ. ɜɨɡɪɚɫɬɚɟɬ ɞɨ 20%, ɯɨɥɨɞɢɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɷɬɨɦ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ 13% Д2Ж. 

 
Ɍɚɛɥɢɰɚ. Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ  ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɚɱɚɥɚ 
ɤɪɢɫɬɚɥɥɨɨɛɪɚɡɨɜɚɧɢɹ ɦɢɧɭɫ 40 ɨɋ, ɦɉɚ•ɫ 

ɇɚɡɜɚɧɢɟ ɯɥɚɞɨɧɨɫɢɬɟɥɹ 
Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢ 

-40 ˚ɋ -20 ˚ɋ 0 ˚ɋ 
ɉɪɨɩɢɥɟɧɝɥɢɤɨɥɶ, 54 % 950 110 23 

ɏɇɌ-ɇȼ-40 190 43 10 
ȼɉȽЭ 130 18,3 4,0 

 
ɋɟɪɢɣɧɨ ɜɵɩɭɫɤɚɟɦɵɟ ɯɥɚɞɨɧɨɫɢɬɟɥɢ ɏɇɌ-ɇȼ ɢ  ɪɚɡɪɚɛɨɬɚɧɧɵɟ ȼɉȽЭ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɫɧɢɠɟɧɢɟ ɷɧɟɪɝɨɡɚɬɪɚɬ ɨɬ 15 ɞɨ 30%. Ⱦɥɹ ȼɉȽЭ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɬɨɢɬ ɜɨɩɪɨɫ ɩɪɨɜɟɞɟɧɢɹ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɢɫɩɵɬɚɧɢɣ. 

Ⱦɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɬɚɛɢɥɶɧɨɫɬɢ, ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɩɪɢ ɞɥɢɬɟɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɨɛɟɫɩɟɱɟɧɢɹ Ʉɪɢɫɤɚ → 0 (ɫɦ. ɭɪɚɜɧɟɧɢɟ (3)) 
ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɯɨɥɨɞɢɥɶɧɨɣ ɨɬɪɚɫɥɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɧɚɦɢ ɚɥɝɨɪɢɬɦ 
ɤɨɧɬɪɨɥɹ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ - ɦɨɧɢɬɨɪɢɧɝ [3]. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɦɨɧɢɬɨɪɢɧɝ 
ɭɠɟ ɩɨɡɜɨɥɢɥ ɧɚ ɪɚɧɧɢɯ ɫɬɚɞɢɹɯ ɜɵɹɜɢɬɶ ɢ ɭɫɬɪɚɧɢɬɶ ɩɪɢɱɢɧɭ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ 
ɯɥɚɞɨɧɨɫɢɬɟɥɹ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɥɢɹɸɳɭɸ ɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɶ ɋɏ.  

Ɇɢɧɢɦɚɥɶɧɚɹ ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɦɨɧɢɬɨɪɢɧɝɚ ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɨɩɪɟɞɟɥɟɧɚ ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɫ 
ɭɱɟɬɨɦ ɜɟɪɨɹɬɧɨɫɬɢ ɫɨɛɵɬɢɣ ɢ ɫɨɫɬɚɜɥɹɟɬ ɞɥɹ ɫɢɫɬɟɦ ɨɛɴɟɦɨɦ ɞɨ 50 ɦ3 ɧɟ ɪɟɠɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ 
ɝɨɞ ɢ ɫɜɵɲɟ 50 ɦ3 ɨɞɢɧ ɪɚɡ ɜ 6 ɦɟɫɹɰɟɜ. Ɇɨɧɢɬɨɪɢɧɝ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬ ɫɟɝɨɞɧɹ 
ɛɨɥɟɟ 100 ɩɪɟɞɩɪɢɹɬɢɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɊɎ, ɜ ɬɨɦ ɱɢɫɥɟ ɈȺɈ «Ʉɚɡɚɧɫɤɢɣ ɠɢɪɨɜɨɣ ɤɨɦɛɢɧɚɬ» 
(ɝ. Ʉɚɡɚɧɶ), ɈȺɈ «Ɇɨɫɤɨɜɫɤɢɣ ɤɨɦɛɢɧɚɬ ɲɚɦɩɚɧɫɤɢɯ ɜɢɧ» (ɝ. Ɇɨɫɤɜɚ), ɁȺɈ «ɆɉȻɄ 
«Ɉɱɚɤɨɜɨ» (ɝ. Ɇɨɫɤɜɚ, ɝ. Ʉɪɚɫɧɨɞɚɪ, ɝ. ɉɟɧɡɚ) ɢ ɞɪ. 

ȼɚɠɧɵɦ ɢ ɚɤɬɭɚɥɶɧɵɦ ɜɨɩɪɨɫɨɦ ɹɜɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɞɟɣɫɬɜɭɸɳɟɝɨ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɢ ɋɏ. Ɋɚɡɪɚɛɨɬɚɧɵ ɬɟɯɧɨɥɨɝɢɢ ɪɟɝɟɧɟɪɚɰɢɢ ɤɚɤ ɛɟɡ ɨɫɬɚɧɨɜɤɢ, 
ɬɚɤ ɢ ɩɨ ɦɟɬɨɞɭ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɨɫɬɚɧɨɜɤɢ ɫɢɫɬɟɦɵ ɯɨɥɨɞɨɫɧɚɛɠɟɧɢɹ, ɩɪɟɞɩɨɥɚɝɚɸɳɟɣ 
ɫɥɢɜ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɜ ɪɟɡɟɪɜɧɵɟ ɟɦɤɨɫɬɢ ɢ ɜɜɟɞɟɧɢɟ ɜ ɯɥɚɞɨɧɨɫɢɬɟɥɶ ɤɨɚɝɭɥɹɧɬɨɜ ɞɥɹ 
ɭɞɚɥɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡɢɢ ɢ ɞɪ. ɩɪɢɦɟɫɟɣ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɜɧɟɞɪɟɧɚ ɧɚ ɈɈɈ 
«Ɉɉɏ» ɮɢɥɢɚɥ «Шɢɯɚɧ» ɩɪɢ ɪɟɝɟɧɟɪɚɰɢɢ 200 ɦ3ɯɥɚɞɨɧɨɫɢɬɟɥɹ(ɪɢɫ.). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɦɟɧɟɧɢɟ ɬɪɟɯ ɢɧɫɬɪɭɦɟɧɬɨɜ: 1) ɜɵɛɨɪ ɬɨɥɟɪɚɧɬɧɵɯ ɞɪɭɝ ɤ ɞɪɭɝɭ 
ɯɥɚɞɨɧɨɫɢɬɟɥɟɣ ɢ ɦɚɬɟɪɢɚɥɨɜ ȼɄɋɏ; 2) ɤɨɪɪɟɤɬɢɪɨɜɤɚ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɛɢɨɦɨɧɢɬɨɪɢɧɝɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɤɨɧɰɟɧɬɪɚɬɨɜ; 3) 
ɪɟɝɟɧɟɪɚɰɢɹ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɢ ɨɱɢɫɬɤɚ ȼɄɋɏ, - ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɞɥɢɬɟɥɶɧɵɣ 
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ɩɪɨɝɧɨɡɢɪɭɟɦɵɣ ɫɪɨɤ ɷɮɮɟɤɬɢɜɧɨɣ ɢ ɛɟɡɨɩɚɫɧɨɣ ɪɚɛɨɬɵ ɋɏ ɫ ȼɄ ɢ ɯɥɚɞɨɧɨɫɢɬɟɥɹ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɹɯ.  

  
                                        ɚ   ɛ 

Ɋɢɫ. Ɏɨɬɨɝɪɚɮɢɹ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɞɨ ɪɟɝɟɧɟɪɚɰɢɢ (ɚ) 
ɢ ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ (ɛ) 

 
ɅɂɌȿɊАɌɍɊА 

 
1. Ʌ.ɋ.Ƚɟɧɟɥɶ, Ɇ.Ʌ. Ƚɚɥɤɢɧ.ɏɨɥɨɞɢɥɶɧɚɹ ɬɟɯɧɢɤɚ.2 (2009) 48. 
2. ȼ.ȼ.Ʉɢɪɢɥɥɨɜ, ȿ.Ⱦ. Ƚɟɪɚɫɢɦɨɜ.ɏɨɥɨɞɢɥɶɧɚɹ ɬɟɯɧɢɤɚ.12 (2008) 40. 
3. Ɇ.Ʌ. Ƚɚɥɤɢɧ.Эɧɟɪɝɨɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɟ.2 (2009) 14. 
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ɎȽȻɍɇ Иɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɝɟɨɬɟɪɦɢɢ Ⱦɇɐ ɊȺɇ, Ɇɚɯɚɱɤɚɥɚ, 367030, Ɋɨɫɫɢɹ,  
e-mail:Timur507@mail.ru 

 
Ⱥɥɢɮɚɬɢɱɟɫɤɢɟ ɫɩɢɪɬɵ (ɦɟɬɚɧɨɥ, ɷɬɚɧɨɥ ɢ ɞɪ.) ɢ ɢɯ ɫɦɟɫɢ ɫ ɜɨɞɨɣ ɜ ɪɚɡɥɢɱɧɵɯ 

ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɹɯ ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɬɟɩɥɨ - ɢ ɯɥɚɞɨɧɨɫɢɬɟɥɹɦɢ (ɪɚɛɨɱɢɦɢ 
ɜɟɳɟɫɬɜɚɦɢ) ɜ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɯɨɥɨɞɢɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɦɢ 
ɪɚɫɬɜɨɪɢɬɟɥɹɦɢ (ɷɤɫɬɪɚɝɟɧɬɚɦɢ) ɜ ɷɤɫɬɪɚɤɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ. Ɉɞɧɢɦ ɢɡ ɬɪɟɛɨɜɚɧɢɣ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɪɚɛɨɱɢɦ ɜɟɳɟɫɬɜɚɦ ɢ ɪɚɫɬɜɨɪɢɬɟɥɹɦ ɜ ɷɬɢɯ ɩɪɨɰɟɫɫɚɯ, ɹɜɥɹɟɬɫɹ ɢɯ 
ɬɟɪɦɢɱɟɫɤɚɹ ɫɬɚɛɢɥɶɧɨɫɬɶ – ɩɨɫɬɨɹɧɫɬɜɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɫɜɨɣɫɬɜ ɜ 
ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɜ ɞɢɚɩɚɡɨɧɟɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ.  

ȼɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɢɜɨɞɹɬɫɹ ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɦɨɥɟɤɭɥ ɱɢɫɬɵɯ ɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɜɨɞɟ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɫɩɢɪɬɨɜ 
ɪɚɡɧɵɦɢ ɚɜɬɨɪɚɦɢД1-6Ж ɢ ɩɨɷɬɨɦɭ ɨɧɢ ɧɭɠɞɚɸɬɫɹ ɜ ɭɬɨɱɧɟɧɢɢ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɪɨɫɬɚ ɞɚɜɥɟɧɢɹ ɜ ɡɚɤɪɵɬɨɣ 
ɫɢɫɬɟɦɟ (ɩɶɟɡɨɦɟɬɪɟ ɩɨɫɬɨɹɧɧɨɝɨ ɨɛɴɟɦɚ) Д7Ж ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ 
Ɍɧɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɫɩɢɪɬɨɜ (ɦɟɬɚɧɨɥ, ɷɬɚɧɨɥ, 1-ɩɪɨɩɚɧɨɥ ɢ 1-
ɛɭɬɚɧɨɥ) ɜ ɢɯ ɫɦɟɫɹɯ ɫ ɜɨɞɨɣ  ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ.  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɪɚɡɥɨɠɟɧɢɹ Ɍɧ ɦɨɥɟɤɭɥ 
ɫɩɢɪɬɨɜ  ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɫɬɪɭɤɬɭɪɵ, ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɬɟɦɩɟɪɚɬɭɪɵ τ. 
Ɂɧɚɱɟɧɢɟ Ɍɧ ɩɨɥɭɱɟɧɨ ɩɭɬɟɦ ɨɩɪɟɞɟɥɟɧɢɹ ɢɡɥɨɦɚ ɡɚɜɢɫɢɦɨɫɬɢ ɞɚɜɥɟɧɢɹ ɪ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ ɜ 

ɚ                            ɛ
Ɋиɫ. Ɏɨɬɨɝɪɚɮɢɹ ɯɥɚɞɨɧɨɫɢɬɟɥɹ ɞɨ ɪɟɝɟɧɟɪɚɰɢɢ 
(ɚ) ɢ ɩɨɫɥɟ ɪɟɝɟɧɟɪɚɰɢɢ (ɛ)
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ɞɢɚɩɚɡɨɧɟ Ɍ<Ɍɤ ɢ Ɍ>Ɍɤɩɪɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɨɞɞɟɪɠɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɵɬɚτ = 48 ɱɚɫɨɜ. 
ɉɟɪɜɵɟ ɬɪɢ ɱɥɟɧɚ ɝɨɦɨɥɨɝɢɱɟɫɤɨɝɨ ɪɹɞɚ ɚɥɢɮɚɬɢɱɟɫɤɢɯ ɫɩɢɪɬɨɜ (ɦɟɬɚɧɨɥ, ɷɬɚɧɨɥ, 1-
ɩɪɨɩɚɧɨɥ) ɫɬɚɛɢɥɶɧɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ ɢɯ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɚ ɦɨɥɟɤɭɥɵ 1-
ɛɭɬɚɧɨɥɚ ɧɚɱɢɧɚɸɬ ɪɚɡɥɚɝɚɬɶɫɹ ɩɪɢ ɞɨɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɬɚɛɥɢɰɚ 1, ɪɢɫ.1).  

 
Ɍɚɛɥɢɰɚ 1. Ɍɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɦɨɥɟɤɭɥ ɫɩɢɪɬɨɜ ɜ ɢɯ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɚɯ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɫɩɢɪɬɚɯ, ɦɨɥ. ɞɨɥɢ 

ȼɨɞɚ – ɦɟɬɚɧɨɥ ȼɨɞɚ – ɷɬɚɧɨɥ ȼɨɞɚ – 1-
ɩɪɨɩɚɧɨɥ 

ȼɨɞɚ – 1-
ɛɭɬɚɧɨɥ 

1 518.15 528.15 543.15 558.15 

0.8 523.15 533.15 548.15 563.15 

0.5 533.15 543.15 558.15 573.15 

0.2 548.15 558.15 573.15 588.15 
 
ɉɪɢ Ɍ>Ɍɧ ɨɰɟɧɟɧɚ ɫɤɨɪɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɩɨ ɜɟɥɢɱɢɧɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ 

ɪɨɫɬɚ ɞɚɜɥɟɧɢɹ Δɪ ɡɚ ɩɪɨɦɟɠɭɬɨɤ ɜɪɟɦɟɧɢ Δτ,ɬ.ɟ. (Δɪ/Δτ)Ɍ. ɉɨɤɚɡɚɧɨ, ɱɬɨ (Δɪ/Δτ)Ɍ ɭɛɵɜɚɟɬ ɜ 
ɝɨɦɨɥɨɝɢɱɟɫɤɨɦ ɪɹɞɭ ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɋ ɢ ɪɚɫɬɟɬ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɩɢɪɬɚ ɯ (ɪɢɫ.2). 
 

 

 
Ɋɢɫ.1. Ɂɚɜɢɫɢɦɨɫɬɶ Ɍɧ ɫɩɢɪɬɨɜ ɨɬ 
ɫɨɫɬɚɜɚ ɫɦɟɫɟɣ: ɜɨɞɚ–ɦɟɬɚɧɨɥ (1);  
ɜɨɞɚ–ɷɬɚɧɨɥ (2); ɜɨɞɚ–1-ɩɪɨɩɚɧɨɥ (3);  
ɜɨɞɚ–1-ɛɭɬɚɧɨɥ (4) 

Ɋɢɫ.2. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ ΔɊ/Δτɨɬ Ɍ ɢ 
ɯ: ɜɨɞɚ–ɦɟɬɚɧɨɥ (1);  
ɜɨɞɚ–1-ɩɪɨɩɚɧɨɥ (2) 

 
Ɉɰɟɧɟɧɵ ɢɡɨɬɟɪɦɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ ɬɟɪɦɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɫɠɢɦɚɟɦɨɫɬɢɤɌ, ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɴɟɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ α ɢ ɬɟɪɦɢɱɟɫɤɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɚɜɥɟɧɢɹ β) ɢ ɨɫɧɨɜɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (Cv, Cp, ɇ, S, U, F, G), ɚ 
ɬɚɤɠɟ ɜɟɥɢɱɢɧɵɤɢɧɟɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ (ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢk, ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ȿ, 
ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ Ⱥ) ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɦɟɫɟɣ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ 583.15-
663.15 Ʉ ɜ ɩɪɨɰɟɫɫɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɫɩɢɪɬɨɜ. 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

150 
 

ɍɦɟɧɶɲɟɧɢɟ ɜɟɥɢɱɢɧɵ ɤɌ  ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɵɬɚɌ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɟɟ ɩɨɞɞɟɪɠɚɧɢɹ 
τ (ɪɢɫ.3) ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɭɜɟɥɢɱɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɱɢɫɥɚ ɱɚɫɬɢɰ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɥɨɠɟɧɢɹ 
ɦɨɥɟɤɭɥ ɷɬɚɧɨɥɚ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ.4, ɜɟɥɢɱɢɧɚ β ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɢɬ ɨɬ Ɍ, ɧɨ ɡɚɦɟɬɧɨ 
ɪɚɫɬɟɬ ɜ ɩɪɨɰɟɫɫɟ ɪɚɡɥɨɠɟɧɢɹ. 

 

  
Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵɤɌɨɬ Ɍ  ɫɦɟɫɢ 
ɜɨɞɚ–ɷɬɚɧɨɥ ɫɨɫɬɚɜɚɯ=0,5 ɦɨɥ. ɦɨɥɢ ɡɚ 
ɜɪɟɦɹ τ: 1-ɜ ɧɚɱɚɥɟ ɨɬɱɟɬɚ; 2-6 - ɱɟɪɟɡ 1, 2, 3, 
4, 5  ɱɚɫɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

Ɋɢɫ.4. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ β ɨɬ Ɍ ɫɦɟɫɢ 
ɜɨɞɚ–ɷɬɚɧɨɥ ɫɨɫɬɚɜɚ ɯ=0.5 ɦɨɥ.ɦɨɥɢ ɞɥɹ 
ɩɪɨɦɟɠɭɬɤɨɜ ɜɪɟɦɟɧɢ τ: 1-ɜ ɧɚɱɚɥɟ ɨɬɱɟɬɚ; 
2-6 - ɱɟɪɟɡ 1, 2, 3, 4, 5 ɱɚɫɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
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ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɝɥɨɛɚɥɶɧɚɹ ɫɟɬɶ ɂɧɬɟɪɧɟɬ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɛɨɥɟɟ ɫɟɦɢɫɨɬ 
ɦɢɥɥɢɨɧɨɜ ɫɚɣɬɨɜ Д1Ж. ɂ ɩɪɚɤɬɢɱɟɫɤɢ ɤɚɠɞɵɣ ɫɚɣɬ ɢɦɟɟɬ ɫɜɨɸ ɫɢɫɬɟɦɭ ɚɜɬɨɪɢɡɨɜɚɧɧɨɝɨ 
ɞɨɫɬɭɩɚ. Ɂɚɱɚɫɬɭɸ, ɬɚɤɨɣ ɩɨɞɯɨɞ ɜɵɧɭɠɞɚɟɬ ɧɚɫ ɯɪɚɧɢɬɶ ɜ ɭɦɟ ɨɛɢɥɢɟ ɫɚɦɵɯ ɪɚɡɧɵɯ ɥɨɝɢɧɨɜ 
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ɢ ɩɚɪɨɥɟɣ. Ⱥ ɱɟɦ ɛɨɥɶɲɟ ɢɦɟɧ ɢ ɩɚɪɨɥɟɣ ɞɨɥɠɧɵ ɡɚɩɨɦɧɢɬɶ ɩɨɥɶɡɨɜɚɬɟɥɢ, ɬɟɦ ɜɵɲɟ ɲɚɧɫ 
ɭɬɟɪɢ ɢɥɢ ɤɪɚɠɢ ɞɚɧɧɵɯ. Ɋɟɲɟɧɢɟɦ ɩɪɨɛɥɟɦɵ ɯɚɨɫɚ ɭɱɟɬɧɵɯ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ 
SSO (SingleSing-On). SSO – ɬɟɯɧɨɥɨɝɢɹ ɞɨɫɬɭɩɚ ɤ ɪɚɡɥɢɱɧɵɦ ɂɧɬɟɪɧɟɬ-ɪɟɫɭɪɫɚɦ 
ɩɨɫɪɟɞɫɬɜɨɦ ɟɞɢɧɨɣ ɩɪɨɰɟɞɭɪɵ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ 
ɫɜɟɫɬɢ ɦɧɨɠɟɫɬɜɨ ɫɜɨɢɯ ɭɱɟɬɧɵɯ ɞɚɧɧɵɯ ɜ ɪɚɡɧɵɯ ɫɢɫɬɟɦɚɯ ɤ ɟɞɢɧɨɦɭ ɩɪɨɮɢɥɸ ɢ ɷɤɨɧɨɦɢɬ 
ɜɪɟɦɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɜɬɨɪɧɵɯ ɪɟɝɢɫɬɪɚɰɢɣ. ɂɡ 
ɧɟɞɨɫɬɚɬɤɨɜ SSO ɫɥɟɞɭɟɬ ɜɵɞɟɥɢɬɶ ɜɨɡɪɚɫɬɚɸɳɭɸ ɜɚɠɧɨɫɬɶ ɟɞɢɧɨɝɨ ɩɪɨɮɢɥɹ ɜ ɤɨɧɬɟɤɫɬɟ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɩɪɢ ɭɫɩɟɲɧɨɣ ɚɬɚɤɟ ɧɚ ɩɪɨɮɢɥɶ ɡɥɨɭɦɵɲɥɟɧɧɢɤ 
ɩɨɥɭɱɚɟɬ ɞɨɫɬɭɩ ɫɪɚɡɭ ɤɨ ɜɫɟɦ ɞɚɧɧɵɦ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɦ ɫ ɩɪɨɮɢɥɟɦ SSO ɢ ɜɫɟɦ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɪɟɫɭɪɫɚɦ, ɞɨɫɬɭɩ ɤ ɤɨɬɨɪɵɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɬɨɝɨ 
ɩɪɨɮɢɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɫɨɡɞɚɧɢɢ ɟɞɢɧɨɝɨ ɜɯɨɞɚ ɬɪɟɛɭɟɬɫɹ ɭɞɟɥɹɬɶ ɩɨɜɵɲɟɧɧɨɟ 
ɜɧɢɦɚɧɢɟ ɤ ɡɚɳɢɬɟ ɭɱɟɬɧɵɯ ɞɚɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɹ. 

Ɋɚɡɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (ɂɋ) “ɫ ɧɭɥɹ” ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶɫɹ ɨɩɪɚɜɞɚɧɧɨɣ 
ɥɢɲɶ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɢɦɟɟɬɫɹ ɹɪɤɨ ɜɵɪɚɠɟɧɧɚɹ ɫɩɟɰɢɮɢɤɚ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, 
ɡɚɬɪɭɞɧɹɸɳɚɹ ɢɥɢ ɞɟɥɚɸɳɚɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɚɧɞɚɪɬɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ 
ɩɨɞɫɢɫɬɟɦ. Ȼɨɥɶɲɢɧɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɫɬɪɨɹɬɫɹ ɧɚ ɛɚɡɟ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɥɚɬɮɨɪɦ. Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ: ɨɩɟɪɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ, ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɛɚɡɚɦɢ ɞɚɧɧɵɯ ɢ ɞɪɭɝɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. ɉɪɚɜɢɥɶɧɵɣ ɜɵɛɨɪ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɥɚɬɮɨɪɦɵ ɩɪɢɜɟɞɟɬ ɤ ɦɢɧɢɦɢɡɚɰɢɢ ɢɡɞɟɪɠɟɤ ɩɪɢ ɫɨɡɞɚɧɢɢ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɢ ɩɨɜɵɲɟɧɢɸ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ Д2Ж. 

ɇɚɦɢ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɩɪɢɦɟɧɢɬɶ ɬɟɯɧɨɥɨɝɢɸ ɟɞɢɧɨɝɨ ɜɯɨɞɚ ɜ Web-ɩɪɢɥɨɠɟɧɢɹ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɩɨ ɫɜɨɣɫɬɜɚɦ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ ɦɚɬɟɪɢɚɥɨɜ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɂɧɫɬɢɬɭɬɟ ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢɦ. Ⱥ.Ⱥ. Ȼɚɣɤɨɜɚ ɊȺɇ (ɂɆȿɌ 
ɊȺɇ). 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɟɞɢɧɨɝɨ ɩɪɨɮɢɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɞɥɹ ɞɨɫɬɭɩɚ ɤ ɦɚɬɟɪɢɚɥɨɜɟɞɱɟɫɤɢɦ ɂɋ ɧɚɦɢ 
ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɪɟɥɹɰɢɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɞɚɧɧɵɯ ɜ MicrosoftSQLServer (ɪɢɫ. 1). Ȼɚɡɚ ɞɚɧɧɵɯ 
ɫɨɞɟɪɠɢɬ ɩɨɞɪɨɛɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɥɶɡɨɜɚɬɟɥɟ ɢ ɟɝɨ ɪɨɞɟ ɞɟɹɬɟɥɶɧɨɫɬɢ. Эɬɚ ɢɧɮɨɪɦɚɰɢɹ 
ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɜɟɞɟɧɢɹ 
ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɜ ɪɚɡɪɟɡɟ ɪɚɡɥɢɱɧɵɯ ɮɨɤɭɫ-ɝɪɭɩɩ. 

ɇɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɪɟɥɹɰɢɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ ɫɨɡɞɚɧɚ ɂɋ ɟɞɢɧɨɣ 
ɚɜɬɨɪɢɡɚɰɢɢ, ɩɨɞɞɟɪɠɢɜɚɸɳɚɹ ɪɭɫɫɤɨɹɡɵɱɧɵɣ ɢ ɚɧɝɥɨɹɡɵɱɧɵɣ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɬɟɪɮɟɣɫ. ɂɋ ɞɨɫɬɭɩɧɚ ɩɨ ɚɞɪɟɫɭ http://sso.imet-db.ru/ ɢ ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɞɥɹ ɚɜɬɨɪɢɡɚɰɢɢ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɂɋ ɩɨ ɲɢɪɢɧɟ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ 
“BКЧНРКp”. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ, ɪɟɲɟɧɧɨɣ ɩɪɢ ɫɨɡɞɚɧɢɢ ɟɞɢɧɨɣ ɂɋ 
ɚɜɬɨɪɢɡɚɰɢɢ, ɹɜɥɹɥɚɫɶ ɨɪɝɚɧɢɡɚɰɢɹ AJAБ-ɡɚɩɪɨɫɨɜ ɤ ɫɟɪɜɟɪɭ ɂɋ ɚɜɬɨɪɢɡɚɰɢɢ, ɫɨɜɦɟɳɟɧɧɚɹ 
ɫ ɩɟɪɟɞɚɱɟɣ ɡɧɚɱɟɧɢɣ МШШФТО ɦɟɠɞɭ ɪɚɡɧɵɦɢ ɞɨɦɟɧɚɦɢ, ɤɨɬɨɪɚɹ ɜ ɫɢɥɭ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɡɚɩɪɟɳɟɧɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɛɵɥ ɜɵɛɪɚɧ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ ɩɨɹɜɢɜɲɢɣɫɹ ɦɟɯɚɧɢɡɦ Cross-originresourcesharing (CORS) [3]. CORS– 
ɬɟɯɧɨɥɨɝɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɤɥɢɟɧɬɫɤɨɦɭ ɫɰɟɧɚɪɢɸ JavaScript ɧɚ Web-ɫɬɪɚɧɢɰɟ ɫɨɜɟɪɲɢɬɶ 
ɡɚɩɪɨɫ ɤ ɞɨɦɟɧɭ, ɨɬɥɢɱɧɨɦɭ ɨɬ ɬɨɝɨ, ɫ ɤɨɬɨɪɨɝɨ ɷɬɚ Web-ɫɬɪɚɧɢɰɟ ɛɵɥɚ ɩɨɥɭɱɟɧɚ. 

ɉɨ ɦɟɪɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɚ ɟɞɢɧɨɣ ɚɜɬɨɪɢɡɚɰɢɢ ɛɭɞɟɬ ɧɚɦɢ ɪɚɡɜɢɜɚɬɶɫɹ ɢ 
ɞɨɪɚɛɚɬɵɜɚɬɶɫɹ. ȼ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɩɨɞɤɥɸɱɟɧɢɟ ɞɪɭɝɢɯ ɂɋ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɜ ɂɆȿɌ ɊȺɇ, ɤ ɤɨɬɨɪɵɦ ɛɭɞɟɬ 
ɨɬɤɪɵɬ ɫɜɨɛɨɞɧɵɣ ɞɨɫɬɭɩ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɪɢɡɚɰɢɢ ɫɬɚɧɟɬ 
ɟɞɢɧɵɦ ɰɟɧɬɪɨɦ ɯɪɚɧɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɨɥɶɡɨɜɚɬɟɥɹɯ ɂɋ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɂɆȿɌ ɊȺɇ. 
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ɏɢɦɢɹ ɥɚɧɬɚɧɨɢɞɨɜ ɢ ɢɯ ɫɨɟɞɢɧɟɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ 

ɪɚɡɜɢɬɢɹ ɬɚɤɢɯ ɨɛɥɚɫɬɟɣ, ɤɚɤ ɚɬɨɦɧɚɹ, ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɚɹ, ɯɢɦɢɱɟɫɤɚɹ, ɫɬɟɤɨɥɶɧɚɹ, 
ɤɟɪɚɦɢɱɟɫɤɚɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɜɨɡɨɛɧɨɜɥɹɟɦɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ, ɤɚɬɚɥɢɡɚɬɨɪɵ, 
ɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɢ ɦɚɝɧɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ. ɋɪɟɞɢ ɥɚɧɬɚɧɨɢɞɨɜ (Ln) ɟɫɬɶ ɝɪɭɩɩɚ ɷɥɟɦɟɧɬɨɜ 
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SЦ, EЮ, TЦ, ВЛ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɞɜɭɯ(II)- ɢ ɬɪɟɯɜɚɥɟɧɬɧɨɦ(III ) ɫɨɫɬɨɹɧɢɢ, ɱɬɨ 
ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɞɟɥɹɟɬ ɢɯ ɫɜɨɣɫɬɜɚ ɧɚ ɮɨɧɟ ɞɪɭɝɢɯ Ln(III ). ɐɟɥɶɸ ɷɬɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɣ ɫɜɹɡɢ ɜ ɦɨɥɟɤɭɥɚɯ ɢ ɢɨɧɚɯ ɢɨɞɢɞɨɜ SЦ, EЮ, TЦ, ВЛ ɞɥɹɪɚɡɜɢɬɢɹ ɬɟɨɪɢɢ 
ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ ɜ ɫɨɟɞɢɧɟɧɢɹɯ 4f  – ɷɥɟɦɟɧɬɨɜ.  

Эɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɟ Ɇɂ1201, ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɦ ɢ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɞɥɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ Д1Ж. ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɢ- ɢ 
ɬɪɢɢɨɞɢɞɨɜ ɥɚɧɬɚɧɨɢɞɨɜ ɛɵɥɨ ɨɫɥɨɠɧɟɧɨ ɩɪɨɬɟɤɚɧɢɟɦ ɪɟɚɤɰɢɣ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɹ 
LnI2:  

 3LnI2,ɬɜ => Lnɬɜ + 2LnI3,ɬɜ,   (1) 
 ɢ ɪɚɡɥɨɠɟɧɢɹ LnI3: 2LnI3,ɬɜ => 2LnI2,ɬɜ + I2,ɝɚɡ.   (2) 

 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɢ ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ ɫɜɹɡɢ ɨɬ ɬɢɩɚ ɦɨɥɟɤɭɥ ɢ ɢɨɧɨɜ ɢɨɞɢɞɨɜ ɥɚɧɬɚɧɨɢɞɨɜ 

 
ȼɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɪɢɢɨɞɢɞɵ Sm ɢ Yb ɪɚɡɥɚɝɚɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɟɧɟɟ 900 

K, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɧɤɨɧɝɪɭɷɧɬɧɨɦɭ ɯɚɪɚɤɬɟɪɭ ɢɫɩɚɪɟɧɢɹ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɢ 
ɨɛɪɚɡɨɜɚɧɢɸ ɞɢɢɨɞɢɞɨɜ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ. ɂɫɩɚɪɟɧɢɟ TmI3 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ 
1000 K ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɤɨɧɝɪɭɟɧɬɧɵɦ.  

Ⱦɢɢɨɞɢɞɵ Sm, Eu ɢ Yb ɧɟ ɩɨɞɜɟɪɠɟɧɵ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɨɜɚɧɢɸ, ɜ ɨɬɥɢɱɢɟ ɨɬ TmI2, 
ɤɨɬɨɪɵɣ ɞɢɫɩɪɨɩɨɪɰɢɨɧɢɪɭɟɬ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚ Tm ɢ TmI3 ɩɪɢ ɷɬɨɦ ɜ ɩɚɪɟ 
ɩɪɟɨɛɥɚɞɚɸɬ ɦɨɥɟɤɭɥɵ TmI3. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟɪɝɢɣ ɫɜɹɡɢ ɜ ɦɨɥɟɤɭɥɚɯ LnI2, LnI3 ɢ ɢɨɧɚɯ 
LnI+LnI2

+, LnI3+ ɢɫɩɨɥɶɡɨɜɚɧɚ ɩɪɟɞɥɨɠɟɧɧɚɹ ɧɚɦɢ ɦɟɬɨɞɢɤɚ, ɤɨɬɨɪɚɹ ɨɫɧɨɜɚɧɚ ɧɚ ɩɨɥɭɱɟɧɢɢ 
ɮɭɧɤɰɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɨɧɢɡɚɰɢɢ ɢ ɨɩɪɟɞɟɥɟɧɢɢ ɷɧɟɪɝɢɣ ɩɨɹɜɥɟɧɢɹ ɢɨɧɨɜ ɦɟɬɨɞɨɦ 
ɷɤɫɬɪɚɩɨɥɢɪɨɜɚɧɧɵɯ ɪɚɡɧɨɫɬɟɣ. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɢɤɢ ɢɡɦɟɪɟɧɢɹ ɢɨɧɧɵɯ ɬɨɤɨɜ ɩɪɢ 
ɧɢɡɤɨɣ ɷɧɟɪɝɢɢ ɢɨɧɢɡɢɪɭɸɳɢɯ ɷɥɟɤɬɪɨɧɨɜ (ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɞɢɫɫɨɰɢɚɬɢɜɧɨɣ ɢɨɧɢɡɚɰɢɸ 
ɦɨɥɟɤɭɥ) ɪɚɫɫɱɢɬɚɧɵ ɷɧɬɚɥɶɩɢɢ ɪɟɚɤɰɢɣ ɩɨ ɬɪɟɬɶɟɦɭ ɡɚɤɨɧɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ: 

 Ba + LnI= BaI + Ln,    (3) 
ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɟɧɵ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɦɨɥɟɤɭɥ EЮI, SЦI ɢ ВЛI. ɂɡɦɟɪɢɦɵɟ 
ɤɨɥɢɱɟɫɬɜɚ ɭɱɚɫɬɧɢɤɨɜ ɪɟɚɤɰɢɢ (3) ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɢɫɬɟɦ Ba-Ln-BaI2-
LnI2. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ ɜ ɜɢɞɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ 
ɫɜɹɡɢ ɨɬ ɬɢɩɚ ɦɨɥɟɤɭɥ ɢ ɢɨɧɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ (ɩɪɨɟɤɬ ɆК-
6762.2013.3) ɢ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɩɪɨɟɤɬ №14-03-
31021ИɦɨɥИɚ). 
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ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɠɢɞɤɨɮɚɡɧɨɣ ɫɢɫɬɟɦɵ ɜ ɲɢɪɨɤɢɯ ɢɧɬɟɪɜɚɥɚɯ 

ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɞɚɸɬ ɜɚɠɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɫɦɟɫɢ. 
ɉɪɢɫɭɬɫɬɜɢɟ ɯɨɬɹ ɛɵ ɭ ɨɞɧɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɪɚɡɜɢɬɨɣ ɫɟɬɤɢ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ, ɫɜɨɣɫɬɜɚ 
ɬɚɤɨɣ ɫɦɟɫɢ ɛɭɞɭɬ ɢɡɦɟɧɹɸɬɫɹ ɩɨ-ɨɫɨɛɟɧɧɨɦɭ. ɂɦɟɧɧɨ ɧɚɥɢɱɢɟ ɫɟɬɤɢ ɇ-ɫɜɹɡɟɣ ɭ ɜɨɞɵ 
ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɬɨɝɨ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɚɡɵɜɚɸɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɫɬɪɭɤɬɭɪɭ ɜɨɞɵ ɜ ɨɞɢɧɚɤɨɜɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɞɪɭɝɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɫɞɜɢɝɚɹ 
ɫɬɪɭɤɬɭɪɧɨɟ ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɬɨɪɨɧɭ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɤ ɭɦɟɧɶɲɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ 
ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɦɨɥɟɤɭɥ ɢ ɫɢɥɶɧɵɯ ɜɨɞɨɪɨɞɧɵɯ ɫɜɹɡɟɣ.  

Ɏɨɪɦɚɦɢɞ (ɎȺ) ɨɬɧɨɫɢɬɫɹ ɤ ɩɨɥɹɪɧɵɦ ɚɩɪɨɬɨɧɧɵɦ ɪɚɫɬɜɨɪɢɬɟɥɹɦ ɢ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ. ɎȺ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɞɢɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɨɫɬɨɹɧɧɭɸ 
(ε298 = 109.5) ɢ ɫɩɨɫɨɛɟɧ ɪɚɫɬɜɨɪɹɬɶ ɦɧɨɝɢɟ ɷɥɟɤɬɪɨɥɢɬɵ. ȼ ɠɢɞɤɨɣ ɮɚɡɟ ɦɨɥɟɤɭɥɵ 
ɮɨɪɦɚɦɢɞɚ ɨɛɪɚɡɭɸɬ ɇ-ɫɜɹɡɚɧɧɵɟ ɰɟɩɨɱɤɢ, ɬɨɝɞɚ ɤɚɤ ɤɪɢɫɬɚɥɥ ɎȺ ɨɛɪɚɡɨɜɚɧ ɤɨɥɶɰɟɜɵɦɢ 
ɞɢɦɟɪɚɦɢ.  

ɇɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɯ ɩɥɨɬɧɨɫɬɟɣ   ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɠɢɦɚɟɦɨɫɬɢ k = (vo-v)/vo ɪɚɫɫɱɢɬɚɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ 
ɫɠɢɦɚɟɦɨɫɬɢ T , ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɛɴɟɦɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ  , ɢɡɨɯɨɪɧɵɟ 
ɬɟɪɦɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɚɜɥɟɧɢɹ  , ɜɧɭɬɪɟɧɧɟɟ ɞɚɜɥɟɧɢɟ intp , ɢɡɛɵɬɨɱɧɵɟ EV  ɢ 
ɤɚɠɭɳɢɟɫɹ iV ,  ɦɨɥɶɧɵɟ ɨɛɴɟɦɵ, ɩɚɪɰɢɚɥɶɧɵɟ ɦɨɥɶɧɵɟ ɨɛɴɟɦɵ iV , ɜɤɥɸɱɚɹ ɩɪɟɞɟɥɶɧɵɟ 
ɡɧɚɱɟɧɢɹ 

iV , ɢɡɛɵɬɨɱɧɵɟ ɦɨɥɶɧɵɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ E
mPP G

0
, ɢɡɛɵɬɨɱɧɵɟ ɦɨɥɶɧɵɟ 

ɷɧɬɚɥɶɩɢɢ E
mPP H

0
 ɢ ɢɡɛɵɬɨɱɧɵɟ ɦɨɥɶɧɵɟ ɷɧɬɪɨɩɢɢ E

mPP S
0

 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 

278.15-323.15 K ɢ ɞɚɜɥɟɧɢɣ 1-1000 ɛɚɪ. Ɍɚɤɠɟ ɪɚɫɫɱɢɬɚɧɵ ɷɧɬɚɥɶɩɢɢ ɫɦɟɲɟɧɢɹ EH  ɜɨɞɵ ɢ 
ɮɨɪɦɚɦɢɞɚ ɩɪɢ ɩɨɜɵɲɟɧɧɨɦ ɞɚɜɥɟɧɢɢ.  

ɉɨɝɪɟɲɧɨɫɬɶ ɜ ɢɡɦɟɪɟɧɢɢ   ɢ k  ɫɨɫɬɚɜɥɹɥɚ 5×10-5 ɝ/ɫɦ3 ɢ 1×10-4, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɊɎɎИ 12-03-97525 ɪИɰɟɧɬɪИɚ, 

ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɆК - 1288.2013.3. 
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ɌȿɊɆɂɑȿɋɄɂȿ ɋВɈɃɋɌВА ɌɊɂȽɅɂɐȿɊɂȾɈВ ɀɂɊɇЫɏ ɄɂɋɅɈɌ 

Ƚɚɛɢɬɨɜ ɂ.Ɋ., ɇɚɤɢɩɨɜ Ɋ.Ɋ., Ɂɚɪɢɩɨɜ Ɂ.ɂ. 
ɎȽȻɈɍ ȼɉɈ «Кɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ 

ɭɧɢɜɟɪɫɢɬɟɬ», 420097, Ɋɨɫɫɢɹ, ɝ. Кɚɡɚɧɶ, ɭɥ. К.Ɇɚɪɤɫɚ, 68 
 

ȼ ɩɪɨɰɟɫɫɚɯ ɩɢɳɟɜɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɪɚɫɬɢɬɟɥɶɧɵɟ ɦɚɫɥɚ ɢ ɫɦɟɫɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
(ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ߙɊ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɫɠɢɦɚɟɦɨɫɬɢߚɌ,ɢɡɨɛɚɪɧɨɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɋɊ ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ α) ɜ ɲɢɪɨɤɨɣɨɛɥɚɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ. 

ɋ ɷɬɨɣ ɰɟɥɶɸ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ߙɊ  ɪɚɩɫɨɜɨɝɨ ɢ ɩɚɥɶɦɨɜɨɝɨ ɦɚɫɥɚ ɜ 
ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 298 Ʉ ɞɨ 508 Ʉ ɢ ɞɚɜɥɟɧɢɹɯ ɞɨ 50 Ɇɉɚ ɧɚ ɭɫɬɚɧɨɜɤɟ 
ɪɟɚɥɢɡɭɸɳɟɣ ɦɟɬɨɞ ɬɟɩɥɨɩɪɨɜɨɞɹɳɟɝɨ ɤɚɥɨɪɢɦɟɬɪɚ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɫɛɨɪɨɦ ɢ ɨɛɪɚɛɨɬɤɨɣ 
ɢɧɮɨɪɦɚɰɢɢД1Ж. 

Ɋɟɡɭɥɶɬɚɬɵ ɤɨɧɬɪɨɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ߙɊ, ߚɌ  ɧ-ɝɟɤɫɚɧɚ ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɨɜɚɧɢɟ ɫ 
ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ Д2Ж. 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ߙɊ=f(p,T), ɩɨɥɭɱɟɧɧɵɟ ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɢɡɦɟɧɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ, ɩɨɡɜɨɥɹɸɬ ɞɚɬɶ ɨɰɟɧɤɭ ɨɫɨɛɟɧɧɨɫɬɹɦ ɢɡɦɟɧɟɧɢɹ ߙɊɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɞɚɜɥɟɧɢɹ ɢ ɫɨɫɬɚɜɚ ɦɚɫɟɥ. 

ɋ ɩɨɜɵɲɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ߙɊɭɦɟɧɶɲɚɸɬɫɹ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɚɫɟɥ ɹɜɥɹɟɬɫɹ ɩɟɪɟɫɟɱɟɧɢɟ ɢɡɨɬɟɪɦ ߙɊ, ɩɪɢɱёɦ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɢɡɨɬɟɪɦ ɫɞɜɢɝɚɟɬɫɹ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɣ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ. ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɨɫɢɬ ɪɚɡɥɢɱɧɵɣ ɯɚɪɚɤɬɟɪ. Ⱦɨ ɞɚɜɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɢɡɨɬɟɪɦ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ߙɊ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɞɚɥɟɟ – 
ɭɦɟɧɶɲɚɟɬɫɹ. 

ɉɨɥɭɱɟɧɵ ɨɛɨɛɳёɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɭɪɚɜɧɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɪɚɫɫɱɢɬɚɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɩɥɨɬɧɨɫɬɶ, ɬɟɩɥɨёɦɤɨɫɬɶ, ɢɡɨɬɟɪɦɢɱɟɫɤɭɸ 
ɫɠɢɦɚɟɦɨɫɬɶ ߚɌ, ɜɧɭɬɪɟɧɧɢɟ ɞɚɜɥɟɧɢɟ ) ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɫɟɥ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ. Ɋɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɩɚɥɶɦɨɜɨɝɨ ɢ ɪɚɩɫɨɜɨɝɨ ɦɚɫɟɥ ɢ 
ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɫ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ Д3,4,5Ж 
ɩɨɤɚɡɚɥɢ ɨɬɤɥɨɧɟɧɢɟ ɜ ɩɪɟɞɟɥɚɯ 2%, ɨɛɭɫɥɨɜɥɟɧɧɨɟ  ɪɚɡɥɢɱɧɵɦ ɫɨɫɬɚɜɨɦ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɦɚɫɟɥ. 
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Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɜɨɡɨɛɧɨɜɥɹɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɩɨɫɜɹɳɟɧɵ 
ɩɨɥɭɱɟɧɢɸ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɜɢɞɨɜ ɬɨɩɥɢɜɚ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ, ɚɥɶɬɟɪɧɚɬɢɜɨɣ ɧɟɮɬɹɧɨɦɭ, 
ɹɜɥɹɟɬɫɹ ɛɢɨɞɢɡɟɥɶɧɨɟ ɬɨɩɥɢɜɨ (ɛɢɨɞɢɡɟɥɶ). ȼ ɨɫɧɨɜɧɨɦ ɜ ɦɢɪɟ ɛɢɨɞɢɡɟɥɶ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɪɟɚɤɰɢɢ ɤɚɬɚɥɢɬɢɱɟɫɤɨɣ ɬɪɚɧɫɷɬɟɪɢɮɢɤɚɰɢɢ. ɋ ɪɚɡɜɢɬɢɟɦ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɧɵɯ ɬɟɯɧɨɥɨɝɢɣ (ɋɄɎɌ) ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɬɨɝɨ 
ɜɢɞɚ ɬɨɩɥɢɜɚ ɬɪɚɧɫɷɬɟɪɢɮɢɤɚɰɢɟɣ ɪɚɫɬɢɬɟɥɶɧɵɯ ɦɚɫɟɥ ɢ ɠɢɪɨɜ ɜ ɫɪɟɞɚɯ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ 
ɦɟɬɚɧɨɥɚ ɢɥɢ ɷɬɚɧɨɥɚ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ [1]. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɫɱɟɬ 
ɩɪɨɰɟɫɫɨɜ ɢ ɚɩɩɚɪɚɬɨɜ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜɨɡɦɨɠɟɧ ɩɪɢ 
ɧɚɥɢɱɢɢ ɧɚɞɟɠɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɦɟɫɟɣ ɤɨɦɩɨɧɟɧɬɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɞɚɧɧɨɣ 
ɪɟɚɤɰɢɢ - ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ ɢ ɫɩɢɪɬɚ.Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ ɹɜɥɹɟɬɫɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɡɧɚɧɢɟ ɤɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɬɟɩɥɨɜɵɯ ɩɪɨɰɟɫɫɨɜ. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɛɨɬ Д2−4Ж, 
ɝɞɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɫɦɟɫɢ ɫ ɜɵɫɨɤɢɦɢ ɦɨɥɹɪɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɫɩɢɪɬɚ ɤ ɦɚɫɥɭ (123:1 ɢ 
192:1), ɢ ɩɨɫɜɹɳɟɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ ɬɟɩɥɨёɦɤɨɫɬɢ ɫɦɟɫɟɣ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ 
ɢ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɫɭɛ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɧɵɯ ɭɫɥɨɜɢɹɯ, ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɦɨɥɹɪɧɵɯ 
ɫɨɨɬɧɨɲɟɧɢɹɯ. ȼɵɛɨɪ ɞɚɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɨɩɪɟɞɟɥɹɥɫɹ ɬɟɦ, ɱɬɨ ɨɧɢ ɛɥɢɡɤɢ ɤ ɫɨɨɬɧɨɲɟɧɢɹɦ 
ɩɪɢɦɟɧɹɟɦɵɦ ɜ ɩɪɨɰɟɫɫɟ ɩɨɥɭɱɟɧɢɹ ɛɢɨɞɢɡɟɥɶɧɨɝɨ ɬɨɩɥɢɜɚ Д5,6Ж.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ ɫɦɟɫɟɣ ɪɚɩɫɨɜɨɝɨ ɦɚɫɥɚ ɫ ɷɬɢɥɨɜɵɦ ɢ 
ɛɭɬɢɥɨɜɵɦ ɫɩɢɪɬɚɦɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 50−350ºɋ ɢ ɞɚɜɥɟɧɢɣ 10−30Ɇɉɚ ɢ ɪɚɡɥɢɱɧɵɯ 
ɫɨɨɬɧɨɲɟɧɢɹɯ ɦɚɫɥɚ − ɫɩɢɪɬ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɫɨɡɞɚɧɧɨɣ 
ɧɚ ɛɚɡɟ ɫɤɚɧɢɪɭɸɳɟɝɨ ɤɚɥɨɪɢɦɟɬɪɚ ɂɌɋ-400, ɤɨɧɫɬɪɭɤɰɢɹ ɨɫɧɨɜɧɵɯ ɭɡɥɨɜ ɤɨɬɨɪɨɣ 
ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɵ ɜ Д2−4Ж. Ɋɚɫɱɟɬɧɚɹ ɮɨɪɦɭɥɚ ɦɟɬɨɞɚ ɢɡɦɟɪɟɧɢɹ ɢ ɦɟɬɨɞɢɤɚ ɢɡɥɨɠɟɧɵ ɜ Д2Ж. 

ɇɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɦɟɫɟɣ ɪɚɩɫɨɜɨɝɨ 
ɦɚɫɥɚ ɫ ɷɬɢɥɨɜɵɦ ɢ ɛɭɬɢɥɨɜɵɦ ɫɩɢɪɬɚɦɢ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ ɦɚɫɥɚ ɢ ɫɩɢɪɬɚ ɢ 
ɫɩɨɫɨɛɨɜ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɫɦɟɫɢ. 

ɉɨɥɭɱɟɧɵ ɧɨɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɟɦɤɨɫɬɢ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ 
ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɦɚɫɥɚ ɢ ɫɩɢɪɬɨɜɜ ɫɭɛ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɧɵɯ ɭɫɥɨɜɢɹɯ.ɏɚɪɚɤɬɟɪ 
ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɦɟɫɟɣ ɢɞɟɧɬɢɱɟɧ ɚɧɚɥɨɝɢɱɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ Cp ɨɪɝɚɧɢɱɟɫɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣ: М ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɟɦɤɨɫɬɶ ɪɚɫɬɟɬ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ 
ɦɚɫɥɚ ɭɦɟɧɶɲɚɟɬɫɹ. 
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ɤɨɦɩɨɧɟɧɬɨɜ, ɪɚɫɫɦɨɬɪɟɧɚ Ɇ. ɂ. ɍɫɚɧɨɜɢɱɟɦ  Д1Ж. ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ  ɷɧɬɚɥɶɩɢɢ ɚɤɬɢɜɚɰɢɢ 
∆ɇ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɬɚɤɢɯ ɫɢɫɬɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɷɥɟɤɬɪɨɥɢɬɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ: ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ (æ), ɢɫɩɪɚɜɥɟɧɧɨɣ ɧɚ ɜɹɡɤɨɫɬɶ (η), ɭɦɟɧɶɲɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɩɚɞɚ ɫɨɟɞɢɧɟɧɢɹ, ɩɨɷɬɨɦɭɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ  (æη) ɬɚɤɢɯ ɫɢɫɬɟɦ  
ɜɫɟɝɞɚ ɨɬɪɢɰɚɬɟɥɟɧ.  

ɉɨ ɢɦɟɸɳɢɦɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɜɟɥɢɱɢɧɚæη ɞɥɹ ɪɚɫɬɜɨɪɨɜ ɢ ɪɚɫɩɥɚɜɨɜ 
ɷɥɟɤɬɪɨɥɢɬɨɜ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɵɱɧɨ ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬɫɹ. 

ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ æη ɫɢɫɬɟɦ ɬɢɩɚ ɷɥɟɤɬɪɨɥɢɬ-ɪɚɫɬɜɨɪɢɬɟɥɶ ɟɳɟ 
ɧɟ ɛɵɥɨ ɩɪɟɞɦɟɬɨɦ ɫɩɟɰɢɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ.  

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (ɨɬ 20 ɞɨ 
120 0ɋ) ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ ɪɚɫɬɜɨɪɨɜ ɛɪɨɦɢɞɚ ɬɟɬɪɚ-ɧ-ɛɭɬɢɥɚɦɦɨɧɢɹ (ȻɌȻȺ) ɜ 
ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ (ɛɟɧɡɨɥ, ɯɥɨɪɨɮɨɪɦ, ɩɢɪɢɞɢɧ, ɚɰɟɬɨɧɢɬɪɢɥ, ɧɢɬɪɨɦɟɬɚɧ, 
ɞɢɦɢɬɢɥɫɭɥɶɮɨɤɫɢɞ, ɜɨɞɚ) ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ (ɞɨ ɪɚɫɩɥɚɜɚ ɫɨɥɢ) ɢ ɚɧɚɥɢɡ 
ɷɬɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɧɚɦɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ Д2-5]. 

ȼɵɹɜɥɟɧɵ ɬɪɢ ɜɢɞɚ ɤɪɢɜɵɯ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧ ɷɧɬɚɥɶɩɢɣ ɚɤɬɢɜɚɰɢɢ ɭɞɟɥɶɧɨɣ 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ (∆ɇæ) ɢ ɜɹɡɤɨɫɬɢ (∆ɇη) ɨɬ ɫɨɫɬɚɜɚ (ɪɢɫ. 1). ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ, ɤɪɨɦɟ 
ɫɢɫɬɟɦɵ ɫ ɛɟɧɡɨɥɨɦ, ɜɟɥɢɱɢɧɵ ∆ɇη ɛɨɥɶɲɟ ∆ɇæ ɜɨ ɜɫɟɣ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ. Эɬɨ 
ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɜɫɟɯ ɪɚɧɟɟ ɢɡɭɱɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɪɚɫɩɥɚɜɨɜ ɫɨɥɟɣ. ȼ ɫɢɫɬɟɦɟ ȻɌȻȺ-ɛɟɧɡɨɥ 
ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɨɛɵɱɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ∆ɇη ɢ ∆ɇæ: ɜ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɬ 0 ɞɨ 
75ɦɨɥ.% ɫɨɥɢ ∆ɇæ ɩɪɟɜɵɲɚɟɬ   ∆ɇη, ɚ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ  ȻɌȻȺ 
ɫɨɨɬɧɨɲɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɬɢɩɢɱɧɵɦ  (∆ɇη  ɛɨɥɶɲɟ ∆ɇæ). 

ȼɟɥɢɱɢɧɚ ɭɞɟɥɶɧɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɢɫɩɪɚɜɥɟɧɧɨɣ ɧɚ ɜɹɡɤɨɫɬɶ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ  
ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɨɛɢɥɶɧɵɯ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɢ ɬɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɞɜɢɠɧɨɫɬɢ ɢɨɧɨɜ, 
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɯ ɪɚɡɦɟɪɚɦɢ, ɫɬɪɨɟɧɢɟɦ ɢ ɡɚɪɹɞɨɦ. Ɋɚɡɦɟɪ, ɫɬɪɨɟɧɢɟ ɢ ɡɚɪɹɞ ɢɨɧɨɜ ɜ 
ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɦɟɧɹɸɬɫɹ, ɨɱɟɜɢɞɧɨ, ɦɚɥɨ, 
ɩɨɷɬɨɦɭɬɟɦɩɟɪɚɬɭɪɧɨɟɢɡɦɟɧɟɧɢɟ ɜɟɥɢɱɢɧɵ æη ɨɛɭɫɥɨɜɥɟɧɨ, ɜ ɨɫɧɨɜɧɨɦ, ɢɡɦɟɧɟɧɢɟɦ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɟɝɨ ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɩɪɟɞɟɥɹɟɬɫɹ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɡɜɨɞɧɵɦɢ ɤɨɧɫɬɚɧɬ ɪɚɜɧɨɜɟɫɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɢɨɧɨɜ ɩɨ 
ɬɟɦɩɟɪɚɬɭɪɟ. 

Ⱦɥɹ ɥɸɛɵɯ ɪɚɜɧɨɜɟɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɪɚɫɬɜɨɪɟ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɟ Д6Ж: 
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0ln   ,                                             (1) 

ɝɞɟ Ʉ- ɤɨɧɫɬɚɧɬɚ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ; ɚ0,ɚ1,b0,b1 - ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 
Ⱦɢɮɮɟɪɟɧɰɢɪɭɹ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ, ɩɨɥɭɱɢɦ:   

    (2) 
 

  
 

Ɋɢɫ. 1. Эɧɬɚɥɶɩɢɢ ɚɤɬɢɜɚɰɢɢ ɜɹɡɤɨɝɨ ɬɟɱɟɧɢɹ (1) ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ (2) ɫɢɫɬɟɦ ȻɌȻȺ -
ɧɢɬɪɨɦɟɧɬɚɧ (ɚ), - ɯɥɨɪɨɮɨɪɦ (ɛ), - ɛɟɧɡɨɥ (ɜ) 

 
ɂɡ ɭɪɚɜɧɟɧɢɹ (2) ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧ ɢ ɡɧɚɤɨɜ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 

ɭɪɚɜɧɟɧɢɹ (2), ɬɟɦɩɟɪɚɬɭɪɵ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɢ ɟɟ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɟɬ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɤ ɭɦɟɧɶɲɚɬɶɫɹ, ɬɚɤ ɢ 
ɭɜɟɥɢɱɢɜɚɬɶɫɹ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɭɞɭɬ ɦɟɧɹɬɶɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ ɢ ɜɟɥɢɱɢɧɚ 
æη. Ɍɨ ɟɫɬɶ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɜɟɥɢɱɢɧɵ æη ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ 
ɤɨɧɫɬɚɧɬɵ ɨɛɪɚɡɨɜɚɧɢɹ ɢɨɧɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

Ⱦɥɹ ɫɥɭɱɚɹ, ɤɨɝɞɚ ɢɨɧɵ ɜ ɪɚɫɬɜɨɪɟ ɨɛɪɚɡɭɸɬɫɹ ɬɨɥɶɤɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɢ 
ɷɥɟɤɬɪɨɥɢɬɚ, ɢɫɩɨɥɶɡɭɹ ɦɟɬɨɞ ɇ. Ⱥ. ɂɡɦɚɣɥɨɜɚ Д7Ж, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɤɨɧɫɬɚɧɬɵ ɨɛɪɚɡɨɜɚɧɢɹ ɢɨɧɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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ɝɞɟ Uɢɨɧ.У- ɷɧɟɪɝɢɹ «ɫɨɥɶɜɨɬɚɰɢɢ» ɢɨɧɨɜ ɦɨɥɟɤɭɥɚɦɢ ɷɥɟɤɬɪɨɥɢɬɚ (ɷɧɟɪɝɢɹ ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɢ  
ɢɨɧɨɜ);  Uɦɨɥ.У – ɷɧɟɪɝɢɹ ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɢ ɦɨɥɟɤɭɥ ɷɥɟɤɬɪɨɥɢɬɚ (ɷɧɟɪɝɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɜ 
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ɪɚɫɬɜɨɪɟ ɧɟɣɬɪɚɥɶɧɵɯ ɚɫɫɨɰɢɚɬɨɜ  ɦɨɥɟɤɭɥ ɷɥɟɤɬɪɨɥɢɬɚ); ɄȾ(ɜ)-  ɤɨɧɫɬɚɧɬɚ ɞɢɫɫɨɰɢɚɰɢɢ 
ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɜɚɤɭɭɦɟ . 

ɂɡ ɭɪɚɜɧɟɧɢɹ (3) ɜɢɞɧɨ, ɱɬɨ ɟɫɥɢ ɷɧɟɪɝɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɧɟɣɬɪɚɥɶɧɵɯ ɚɫɫɨɰɢɚɬɨɜ  
ɷɥɟɤɬɪɨɥɢɬɚ ɛɨɥɶɲɟ ɢɥɢ ɪɚɜɧɚ ɷɧɟɪɝɢɢ ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɢ ɢɨɧɨɜ, ɬɨ ɩɪɨɢɡɜɨɞɧɚɹ  lЧ Kɨɛɪ.У ɩɨ 
ɬɟɦɩɟɪɚɬɭɪɟ ɛɭɞɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɣ (ɩɨɫɤɨɥɶɤɭ ɩɪɨɢɡɜɨɞɧɚɹ ɬɟɪɦɢɱɟɫɤɨɣ ɤɨɧɫɬɚɧɬɵ 
ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɜɚɤɭɭɦɟ ɄȾ(ɜ)  ɜɫɟɝɞɚ ɜɟɥɢɱɢɧɚ ɩɨɥɨɠɢɬɟɥɶɧɚɹ). ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɜɟɥɢɱɢɧɚ æη ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨɥɠɧɚ ɜɨɡɪɚɫɬɚɬɶ. Ɍɚɤɨɣ  ɫɥɭɱɚɣ, 
ɨɱɟɜɢɞɧɨ, ɦɨɠɟɬ ɪɟɚɥɢɡɨɜɚɬɶɫɹ ɬɨɥɶɤɨ ɜ ɫɪɟɞɚɯ ɫ ɧɢɡɤɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɤɨɝɞɚ ɷɥɟɤɬɪɨɥɢɬ ɫɢɥɶɧɨ ɚɫɫɨɰɢɢɪɨɜɚɧ ɜ ɧɟɣɬɪɚɥɶɧɵɟ ɚɝɪɟɝɚɬɵ. 

ȼ ɛɟɧɡɨɥɶɧɵɯ ɪɚɫɬɜɨɪɚɯ ȻɌȻȺ ɜ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɨ 75 ɦɨɥ.% ɫɨɥɢ ɪɟɚɥɢɡɭɟɬɫɹ 
ɷɬɨɬ ɫɥɭɱɚɣ: ɩɪɨɢɡɜɨɞɧɚɹ æη ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɩɨɥɨɠɢɬɟɥɶɧɚɹ (∆ɇæ ɛɨɥɶɲɟ ∆ɇη). ɉɪɢ ɛɨɥɟɟ 
ɜɵɫɨɤɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ ɫɭɦɦɚɪɧɚɹ  ɷɧɟɪɝɢɹ ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɢ ɢɨɧɨɜ ɧɚɱɢɧɚɟɬ ɩɪɟɜɵɲɚɬɶ 
ɷɧɟɪɝɢɸ ɨɛɪɚɡɨɜɚɧɢɹ ɧɟɣɬɪɚɥɶɧɵɯ ɚɫɫɨɰɢɚɬɨɜ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ, 
ɛɥɢɡɤɨɣ ɤ ɪɚɫɩɥɚɜɭ ɫɨɥɢ, ɜɤɥɚɞ ɜ ɨɛɪɚɡɨɜɚɧɢɟ ɢɨɧɨɜ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɜɧɨɫɢɬ ɤɥɚɫɫɢɱɟɫɤɢɣ 
ɦɟɯɚɧɢɡɦ ɞɢɫɫɨɰɢɚɰɢɢ ɦɨɥɟɤɭɥ ɷɥɟɤɬɪɨɥɢɬɚ ɢ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ æη ɫɬɚɧɨɜɢɬɶɫɹ 
ɨɬɪɢɰɚɬɟɥɶɧɵɦ (ɤɚɤ ɜ ɪɚɫɩɥɚɜɟ ɫɨɥɢ). 

Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɢ (ȺɄ Ʉ++Ⱥ-) ɑ. Ʉɪɚɭɫ ɩɨɤɚɡɚɥ, ɧɚ 
ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɭɪɚɜɧɟɧɢɹ Ȼɶɟɪɪɭɦɚ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Д7Ж, ɱɬɨ ɄȾɫɨɥɟɣ ɞɨɥɠɧɚ 
ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɫ ɧɢɡɤɨɣ ɞɢɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ (Ⱦɉ<10), ɢ ɭɦɟɧɶɲɚɬɶɫɹ ɜ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɫ ɜɵɫɨɤɢɦ ɡɧɚɱɟɧɢɟɦ Ⱦɉ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɬɢ ɜɵɜɨɞɵ ɩɨɥɭɱɢɥɢ ɛɨɥɟɟ ɨɛɨɫɧɨɜɚɧɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ 
ɩɨɞɬɜɟɪɠɞɟɧɢɟ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɦɟɲɚɧɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɢɫɬɟɦ ȻɌȻȺ -ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɨ 
ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɧɚɦɢ ɦɟɬɨɞɢɤɟ ɩɨɡɜɨɥɹɟɬ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɩɪɨɰɟɫɫɵ ɩɟɪɟɧɨɫɚ ɜ ɪɚɫɬɜɨɪɚɯ ɢ ɢɯ 
ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɫɨɫɬɚɜɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɚɫɫɨɰɢɚɬɢɜɧɵɦɢ ɪɚɜɧɨɜɟɫɢɹɦɢ 
(ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɹ ɫɨɥɢ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɟё ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ), ɢ ɞɢɫɫɨɰɢɚɰɢɟɣ ɦɨɥɟɤɭɥ 
ȻɌȻȺ, ɚ ɬɚɤ ɠɟ ɮɢɡɢɱɟɫɤɢɦɢ (ɜɹɡɤɨɫɬɶ, ɦɨɥɶɧɵɣ ɨɛɴɟɦ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ) ɢ 
ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ.  

Эɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɛɟɧɡɨɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ ȻɌȻȺ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɛɨɥɶɲɟ 1 ɦɨɥ.% 
ɨɛɭɫɥɨɜɥɟɧɚ ɨɞɧɢɦ ɩɪɨɰɟɫɫɨɦ ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɢɫɨɥɢ (ɱɢɫɥɨ ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɢ ɪɚɜɧɨ 6), ɬɨɝɞɚ 
ɤɚɤ ɜ ɪɚɫɬɜɨɪɚɯ ɫ ɯɥɨɪɨɮɨɪɦɨɦ, ɩɢɪɢɞɢɧɨɦ, ɚɰɟɬɨɧɢɬɪɢɥɨɦ, ɧɢɬɪɨɦɟɬɚɧɨɦ, 
ɞɢɦɟɬɢɥɫɭɥɶɮɨɤɫɢɞɨɦ, ɜɨɞɨɣ, ɩɨɦɢɦɨ ɚɜɬɨɫɨɥɶɜɚɬɚɰɢɢ, ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɬɚɤɠɟ ɨɛɪɚɡɨɜɚɧɢɟɦ ɢ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɨɣ ɞɢɫɫɨɰɢɚɰɢɟɣ ɩɨ ɦɟɧɶɲɟɣ ɦɟɪɟ ɨɞɧɨɝɨ ɢɥɢ ɞɜɭɯ 
ɫɨɟɞɢɧɟɧɢɣ ɫɨɥɢ ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɫɨɫɬɚɜɚ 1:1 ɢɥɢ 1:2. 
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Ɋɚɡɪɚɛɨɬɚɧɚ ɛɚɡɚ ɞɚɧɧɵɯ (ȻȾ) IRIC - InformationResourcesofInorganicChemistry, 

ɫɨɞɟɪɠɚɳɚɹ ɢɧɮɨɪɦɚɰɢɸ ɨ ɤɨɦɩɶɸɬɟɪɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɪɟɫɭɪɫɚɯ ɜ ɨɛɥɚɫɬɢ 
ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ, ɤɨɬɨɪɚɹ ɞɨɫɬɭɩɧɚ ɩɨɥɶɡɨɜɚɬɟɥɹɦ ɢɡ ɝɥɨɛɚɥɶɧɨɣ 
ɫɟɬɢ ɂɧɬɟɪɧɟɬ (httɪ://iric.imet-db.ru). ȻȾ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɨɪɝɚɧɢɡɚɰɢɹɯ-ɜɥɚɞɟɥɶɰɚɯ 
(ɧɚɡɜɚɧɢɟ, ɫɬɪɚɧɚ, ɩɨɱɬɨɜɵɣ ɢ ɷɥɟɤɬɪɨɧɧɵɣ ɚɞɪɟɫɚ, ɬɟɥɟɮɨɧ ɢ ɬ.ɞ.), ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ, ɩɨ 
ɤɨɬɨɪɵɦ ɜɨɡɦɨɠɟɧ ɩɨɢɫɤ, ɚ ɬɚɤɠɟ ɫɫɵɥɤɢ ɧɚ ɩɭɛɥɢɤɚɰɢɢ Д1Ж. Ɋɚɫɫɦɨɬɪɟɧɚ ɫɬɪɭɤɬɭɪɚ ȻȾ ɢ ɟɟ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɢɧɬɟɪɮɟɣɫ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ȻȾ ɫɨɞɟɪɠɢɬ ɫɜɟɞɟɧɢɹ ɨ ɛɨɥɟɟ 120 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ. ȻȾ IRIC ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɧɚɜɢɝɚɰɢɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɦɨɪɟ 
ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɪɟɫɭɪɫɨɜ ɜ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɩɪɟɞɦɟɬɧɵɯ ɨɛɥɚɫɬɹɯ, ɚ ɬɚɤɠɟ ɞɥɹ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢ ɜɵɹɜɥɟɧɢɹ ɨɫɧɨɜɧɵɯ ɬɟɧɞɟɧɰɢɣ ɪɚɡɜɢɬɢɹ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ. ȻȾ 
IRIC ɢɦɟɟɬ ɞɜɟ ɜɟɪɫɢɢ – ɪɭɫɫɤɨɹɡɵɱɧɭɸ ɢ ɚɧɝɥɨɹɡɵɱɧɭɸ. 
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ɂɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ (ɂɋ) ɛɚɡ ɞɚɧɧɵɯ (ȻȾ) ɩɨ ɫɜɨɣɫɬɜɚɦ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɢ 

ɦɚɬɟɪɢɚɥɨɜ ɨɛɴɟɞɢɧɹɟɬ ȻȾ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜ ɂɆȿɌ ɊȺɇ Д1Ж: ɩɨ ɮɚɡɨɜɵɦ ɞɢɚɝɪɚɦɦɚɦ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɫɢɫɬɟɦ ("Ⱦɢɚɝɪɚɦɦɚ"), ɩɨ ɫɜɨɣɫɬɜɚɦ ɚɤɭɫɬɨɨɩɬɢɱɟɫɤɢɯ, 
ɷɥɟɤɬɪɨɨɩɬɢɱɟɫɤɢɯ ɢ ɧɟɥɢɧɟɣɧɨɨɩɬɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ("Ʉɪɢɫɬɚɥɥ"), ɩɨ ɲɢɪɢɧɟ ɡɚɩɪɟɳɟɧɧɨɣ 
ɡɨɧɵ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ («Bandgap»), ȻȾ ɩɨ ɫɜɨɣɫɬɜɚɦ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ 
(«Ɏɚɡɵ») ɢ ȻȾ ɩɨ ɫɜɨɣɫɬɜɚɦ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ («Elements»), ɚ ɬɚɤɠɟ ȻȾ “AtomWork” ɩɨ 
ɫɜɨɣɫɬɜɚɦ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɜ NIMS 
(NationalInstituteforMaterialsScienceTechnology – ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɧɫɬɢɬɭɬ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ, 
əɩɨɧɢɹ). Ⱦɥɹ ɢɧɬɟɝɪɚɰɢɢ ȻȾ ɢɫɩɨɥɶɡɭɟɬɫɹ SOA (ɫɟɪɜɢɫɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ), 
ɛɚɡɢɪɭɸɳɚɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ Web-ɫɟɪɜɢɫɨɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ 
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ɝɟɬɟɪɨɝɟɧɧɵɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ. Ⱦɥɹ ɩɨɢɫɤɚ ɪɟɥɟɜɚɧɬɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ 
ɤɨɧɬɟɤɫɬɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɚɛɚɡɚ, 
ɨɩɢɫɵɜɚɸɳɚɹ ɫɨɞɟɪɠɢɦɨɟ ɢɧɬɟɝɪɢɪɭɟɦɵɯ ȻȾ ɜ ɬɟɪɦɢɧɚɯ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɣ ɢɟɪɚɪɯɢɢ 
ɩɨɧɹɬɢɣ, ɩɪɢɫɭɳɢɯ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɸ. ɂɋ ɞɨɫɬɭɩɧɚ ɞɥɹ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɩɨ ɚɞɪɟɫɭ: http://www.imet-db.ru. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ȻȾ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɩɟɰɢɚɥɢɫɬɨɜ ɢ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣ, ɞɥɹ ɱɟɝɨ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 
(ɂȺɋ) Д2Ж. ɉɨɫɥɟɞɧɹɹ, ɩɨɦɢɦɨ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ȻȾ ɢ ɩɨɞɫɢɫɬɟɦɵ ɚɧɚɥɢɡɚ 
ɢɧɮɨɪɦɚɰɢɢ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ, ɨɛɴɟɞɢɧɹɸɳɟɣ ɤɨɦɩɥɟɤɫ ɩɪɨɝɪɚɦɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ 
ɩɨ ɩɪɟɰɟɞɟɧɬɚɦ, ɜɤɥɸɱɚɟɬ ɛɚɡɭ ɧɚɣɞɟɧɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ (ɛɚɡɚ ɡɧɚɧɢɣ) ɢ ɛɚɡɭ 
ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɝɧɨɡɨɜ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɫɜɨɣɫɬɜ ɟɳɟ ɧɟ ɩɨɥɭɱɟɧɧɵɯ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. 

ɂɧɮɨɪɦɚɰɢɨɧɧɨ-ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɞɜɟ ɜɚɠɧɵɟ ɡɚɞɚɱɢ. ȼɨ-
ɩɟɪɜɵɯ, ɨɧɚ ɱɚɫɬɢɱɧɨ ɚɜɬɨɦɚɬɢɡɢɪɭɟɬ ɚɧɚɥɢɡ ɨɝɪɨɦɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, 
ɧɚɤɨɩɥɟɧɧɨɣ ɯɢɦɢɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬɫɹ 
ɞɥɹ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɧɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɡɚɞɚɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɪɢɱɟɦ ɧɚ ɷɬɚɩɟ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɟɳɟ ɧɟ ɩɨɥɭɱɟɧɧɵɯ ɮɚɡ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 
ɤɨɦɩɨɧɟɧɬɨɜ. ȼɨ-ɜɬɨɪɵɯ, ɨɧɚ ɪɚɫɲɢɪɹɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɬɪɚɞɢɰɢɨɧɧɵɯ ȻȾ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɜɟɳɟɫɬɜ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɩɪɟɞɨɫɬɚɜɥɹɹ ɩɨɥɶɡɨɜɚɬɟɥɸ ɧɟ ɬɨɥɶɤɨ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɭɠɟ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜɚɯ, ɧɨ ɢ ɩɪɨɝɧɨɡɵ ɞɥɹ ɟɳɟ ɧɟ ɢɡɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɨɰɟɧɤɭ ɢɯ 
ɫɜɨɣɫɬɜ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɂȺɋ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧɚ ɢɦɟɟɬ 
ɞɨɫɬɭɩ ɢɡ ɫɟɬɢ ɂɧɬɟɪɧɟɬ (http://ias.imet-db.ru). ɋ ɩɨɦɨɳɶɸ ɂȺɋ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ ɩɪɨɝɧɨɡ 
ɟɳɟ ɧɟ ɩɨɥɭɱɟɧɧɵɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɨɰɟɧɢɬɶ ɧɟɤɨɬɨɪɵɟ ɢɯ ɫɜɨɣɫɬɜɚ. 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɫɪɟɞɧɹɹ ɬɨɱɧɨɫɬɶ ɩɨɥɭɱɟɧɧɵɯ ɩɪɨɝɧɨɡɨɜ 
ɩɪɟɜɵɲɚɟɬ 80 % Д3Ж. 
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Иɧɫɬɢɬɭɬ ɦɟɬɚɥɥɭɪɝɢɢ ɍɪɈ ɊȺɇ, 
Ɋɨɫɫɢɹ, 620016, ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ.Ⱥɦɭɧɞɫɟɧɚ, 101. 
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ɂɡɭɱɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɜɫɟɝɞɚ ɩɪɢɜɥɟɤɚɥɨ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɤɚɤ ɫ ɬɟɨɪɟɬɢɱɟɫɤɨɣ, 

ɬɚɤ ɢ ɫ ɱɢɫɬɨ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ ɨɫɨɛɭɸ ɜɚɠɧɨɫɬɶ 
ɢɡɭɱɟɧɢɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ, ɤɨɬɨɪɵɟ ɱɚɳɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɬɟɯɧɢɤɟ, ɧɟɠɟɥɢ ɱɢɫɬɵɟ 
ɜɟɳɟɫɬɜɚ. ɉɨɷɬɨɦɭ ɨɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɮɢɡɢɤɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɹɜɥɹɟɬɫɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ.ɉɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯɫɜɨɣɫɬɜ 
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ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɚɬɶ ɩɨɜɟɞɟɧɢɟ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɢɫɬɟɦɵ ɜ ɭɫɥɨɜɢɹɯ 
ɧɟɩɪɢɝɨɞɧɵɯ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ,ɧɚɩɪɢɦɟɪ, ɩɨɜɵɲɟɧɧɚɹ ɪɟɚɤɰɢɨɧɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ, 
ɞɨɪɨɝɨɫɬɨɹɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɬ.ɞ. ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 
ɦɟɬɨɞɨɜ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ ɩɪɨɫɬɵɯ 
ɦɟɬɚɥɥɨɜ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

Шɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɜ ɢ ɢɯ ɫɩɥɚɜɨɜ 
ɩɨɥɭɱɢɥ ɦɟɬɨɞ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɚ, ɤɚɤ ɦɨɞɟɥɶɧɨɝɨ, ɬɚɤ ɢ ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɝɨД1-3Ж. Эɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɜ ɧɟɦ ɭɪɚɜɧɟɧɢɟ Шɪɟɞɢɧɝɟɪɚ ɫ ɢɫɬɢɧɧɵɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ 
ɩɨɬɟɧɰɢɚɥɨɦ ɡɚɦɟɧɹɟɬɫɹ ɧɚ ɭɪɚɜɧɟɧɢɟ Шɪɟɞɢɧɝɟɪɚ ɫ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɨɦ, ɤɨɬɨɪɵɣ 
ɨɤɚɡɵɜɚɟɬɫɹ ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ. Эɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɬɟɨɪɢɢ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɪɚɫɱɟɬɨɜ. 

ȼ ɦɟɬɨɞɟ ɦɨɞɟɥɶɧɨɝɨ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɚ ɜ ɤɚɱɟɫɬɜɟ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 
ɤɚɤɢɯ-ɥɢɛɨ ɮɢɡɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɧɟɤɨɬɨɪɵɣ ɩɨɬɟɧɰɢɚɥ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ 
ɩɨɞɝɨɧɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵ. Ɇɨɞɟɥɶɧɵɣ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥ ɛɨɥɟɟ ɩɪɨɫɬ ɜ ɩɪɢɦɟɧɟɧɢɢ, ɬɪɟɛɭɟɬ 
ɩɪɢ ɫɜɨɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɧɶɲɢɯ ɡɚɬɪɚɬ ɦɚɲɢɧɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɢɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. ɑɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɩɨɫɨɛɨɦ ɩɨɞɝɨɧɤɢ ɩɨɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ. 
Ɉɩɪɟɞɟɥɟɧɧɵɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɞɟɥɶɧɵɣ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥ ɦɨɠɧɨ ɡɚɬɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 
ɪɚɫɱɟɬɚ ɞɪɭɝɢɯ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɉɪɢ ɷɬɨɦ, ɱɟɦ ɛɥɢɠɟ ɩɨ ɫɜɨɟɦɭ ɮɢɡɢɱɟɫɤɨɦɭ ɫɦɵɫɥɭ 
ɧɚɯɨɞɢɬɫɹ ɪɚɫɫɱɢɬɵɜɚɟɦɨɟ ɫɜɨɣɫɬɜɨ ɤ ɫɜɨɣɫɬɜɭ, ɩɨ ɤɨɬɨɪɨɦɭ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɩɨɞɝɨɧɤɚ 
ɩɚɪɚɦɟɬɪɨɜ, ɬɟɦ ɬɨɱɧɟɟ ɩɨɥɭɱɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɞɥɹ 
ɪɚɫɱɟɬɚ ɫɜɨɣɫɬɜ ɪɚɡɧɵɯ ɤɥɚɫɫɨɜ ɩɪɢɯɨɞɢɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɵ. 
Ɍɚɤɨɣ ɩɨɞɯɨɞ ɨɩɪɚɜɞɵɜɚɟɬ ɫɟɛɹ ɩɪɢ ɪɚɫɱɟɬɚɯ ɫɜɨɣɫɬɜ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ, ɧɨ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦ ɫɢɫɬɟɦɚɦ ɜɨɡɧɢɤɚɸɬ ɛɨɥɶɲɢɟ ɬɪɭɞɧɨɫɬɢ ɜ ɫɨɝɥɚɫɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ 
ɪɚɡɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɧɚɯɨɠɞɟɧɢɹ ɢɯ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ.  

Ɇɟɬɨɞ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɚ ɢɡ ɩɟɪɜɵɯ ɩɪɢɧɰɢɩɨɜД4Жɩɨɤɚɡɚɥ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ 
ɪɚɫɱɟɬɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɱɢɫɬɵɯ ɩɪɨɫɬɵɯ ɦɟɬɚɥɥɨɜɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢД6-9Ж, ɚ 
ɬɚɤɠɟ ɜ ɠɢɞɤɨɦ Д10-12Ж. ɋɭɬɶ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɹ Шɪɟɞɢɧɝɟɪɚ ɢ ɩɨɥɭɱɟɧɢɢ 
ɡɧɚɱɟɧɢɣ ɷɧɟɪɝɢɢ ɫɜɹɡɢ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɪɚɫɱɟɬɚ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ, 
ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɱɢɬɚɬɶ ɩɨ ɢɡɜɟɫɬɧɵɦ ɭɪɚɜɧɟɧɢɹɦ ɨɫɧɨɜɧɵɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ. ɉɪɟɢɦɭɳɟɫɬɜɨ ɦɟɬɨɞɚ ɜ ɬɨɦ, ɱɬɨ ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɦɨɞɟɥɶɧɨɝɨ ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɚ, ɨɧ ɧɟ ɫɨɞɟɪɠɢɬ ɩɨɞɝɨɧɨɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɢ ɜɫɟ ɪɚɫɱɟɬɵ 
ɩɪɨɜɨɞɹɬɫɹ ɫ ɭɱɟɬɨɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɩɨɫɬɨɹɧɧɵɯ. 

ɂɡɜɟɫɬɧɨ Д13], ɱɬɨ ɬɨɱɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɢɫɬɢɧɧɨɟ ɭɪɚɜɧɟɧɢɟ Шɪɟɞɢɧɝɟɪɚ ɦɨɠɧɨ 
ɩɪɢɜɟɫɬɢ ɤ ɜɢɞɭ, ɜ ɤɨɬɨɪɨɦ ɜɦɟɫɬɨ ɢɫɬɢɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɫɟɞɨɩɨɬɟɧɰɢɚɥ, ɚ 
ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɫɟɜɞɨɜɨɥɧɨɜɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɜɩɚɞɚɸɬ ɬɨɱɧɨ ɫ ɫɨɛɫɬɜɟɧɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɢɫɬɢɧɧɨɝɨ ɭɪɚɜɧɟɧɢɹ Шɪɟɞɢɧɝɟɪɚ ɞɥɹ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɞɪɭɝɢɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɜ ɧɚɲɢɯ ɪɚɛɨɬɚɯ ɩɪɢ ɪɚɫɱɟɬɟ ɷɤɪɚɧɢɪɭɸɳɟɝɨ 
ɩɨɬɟɧɰɢɚɥɚɢɫɩɨɥɶɡɭɸɬɫɹ ɢɫɬɢɧɧɵɟ, ɚ ɧɟ ɩɫɟɜɞɨɜɨɥɧɨɜɵɟɮɭɧɤɰɢɢɷɥɟɤɬɪɨɧɨɜɩɪɨɜɨɞɢɦɨɫɬɢ: 
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.        (1) 

Эɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɨɣɬɢ ɨɬ ɩɨɧɹɬɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɜɚɥɟɧɬɧɨɫɬɢ ɢ 
ɨɪɬɨɝɨɧɚɥɢɡɚɰɢɨɧɧɨɣɞɵɪɤɢ, ɜɵɱɢɫɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɪɹɞɚ ɤɨɬɨɪɨɣ ɜɵɡɵɜɚɟɬ 
ɢɡɜɟɫɬɧɵɟ ɡɚɬɪɭɞɧɟɧɢɹ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɨɩɢɫɵɜɚɟɬɫɹ ɜ ɦɨɞɟɥɢ 
ɬɜɟɪɞɵɯ ɫɮɟɪ, ɢɫɩɨɥɶɡɭɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɬɟɨɪɢɸ ɜɨɡɦɭɳɟɧɢɣ, ɚ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ 
ɢɦɟɟɬ ɜɢɞ Д12,13Ж 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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HSHS TSȿF  ,          (2) 

ɝɞɟ ȿ - ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ, HSS  - ɷɧɬɪɨɩɢɹ ɫɢɫɬɟɦɵ ɬɜɟɪɞɵɯ ɫɮɟɪ: 

 SSSSS cgasHS  ,        (3) 

ɝɞɟ gasS – ɷɧɬɪɨɩɢɹ ɬɜɟɪɞɵɯ ɫɮɟɪ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɢɞɟɚɥɶɧɨɝɨ ɝɚɡɚ, cS – ɷɧɬɪɨɩɢɹ ɢɞɟɚɥɶɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɬɜɟɪɞɵɯ ɫɮɟɪ, S – ɜɤɥɚɞ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɩɥɨɬɧɨɫɬɢ ɭɩɚɤɨɜɤɢ ɬɜɟɪɞɵɯ ɫɮɟɪ, ɚ S  - 

ɜɤɥɚɞ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɪɚɡɥɢɱɢɟɦ ɜ ɞɢɚɦɟɬɪɨɜ ɬɜɟɪɞɵɯ ɫɮɟɪ. ɋɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɠɢɞɤɨɝɨ 
ɦɟɬɚɥɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ: 

...... sesbefHS ȿȿȿFF  ,        (4) 

ɝɞɟ ..efȿ  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɷɧɟɪɝɢɸ ɷɥɟɤɬɪɨɧɨɜ, ɧɟ ɡɚɜɢɫɹɳɭɸ ɨɬ ɫɬɪɭɤɬɭɪɵɫɢɫɬɟɦɵ ɢ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɭɥɟɜɨɣ ɢ ɩɟɪɜɵɣ ɩɨɪɹɞɨɤ ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɣ, ..sbȿ  – ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ 
ɷɧɟɪɝɢɸ ɡɨɧɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ..seȿ  – ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸЭɜɚɥɶɞɚ-Ɏɭɤɫɚ.Ȼɨɥɟɟ 
ɩɨɞɪɨɛɧɵɟ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɨɞɯɨɞɚ ɩɪɢɜɟɞɟɧɵ ɜ Д8, 9Ж. 

Ɍɟɩɟɪɶ ɡɧɚɹ ɫɜɨɛɨɞɧɭɸ ɷɧɟɪɝɢɸ ɤɚɤ ɮɭɧɤɰɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɨɛɴɟɦɚ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ 
ɪɚɡɥɢɱɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɧɚɯɨɞɹ ɩɪɨɢɡɜɨɞɧɵɟ ɨɬ ɧɟɟ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ 
ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɦɢɧɢɦɢɡɚɰɢɹ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɩɨ ɨɛɴɟɦɭ. 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɛɵɥɚ ɜɵɱɢɫɥɟɧɚ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɫɦɟɲɟɧɢɹ ɞɥɹ ɛɢɧɚɪɧɵɯ 
ɫɢɫɬɟɦ ɦɟɬɚɥɥɨɜ Li , Na, K, Rb, AlɢMg ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ: 

)( 2211 cFcFFFsolv  ,        (5) 

ɝɞɟ F  - ɡɧɚɱɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɨɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɪɚɫɩɥɚɜɚ, 1F , 2F  - ɡɧɚɱɟɧɢɹ ɫɜɨɛɨɞɧɨɣ 
ɷɧɟɪɝɢɢ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, 1c , 2c  - ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ.ɇɚ ɪɢɫɭɧɤɚɯ 1, 2 
ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɞɥɹ ɫɢɫɬɟɦ Li -Rb,K-RbɢLi -Na. 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɫɦɟɲɟɧɢɹ ɪɚɫɩɥɚɜɚ Li–RbɢK–Rb ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɤɨɦɩɨɧɟɧɬɨɜ  

 
ɋɨɝɥɚɫɧɨ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ ɪɚɫɩɥɚɜɚ Li–Na ɱɚɫɬɢɱɧɚɹ ɫɦɟɲɢɜɚɟɦɨɫɬɶ ɧɚɛɥɸɞɚɟɬɫɹ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 443 K. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɪɚɫɱɟɬɟ ɨɩɢɫɚɬɶ ɫɦɟɲɢɜɚɟɦɨɫɬɶ ɭɞɚɥɨɫɶ ɬɨɥɶɤɨ 
ɞɥɹ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ – 973 Ʉ ɢ 1073 Ʉ ɢ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ Li  ɦɟɧɶɲɟ 0.1 ɢ 0.3 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɫɦɟɲɟɧɢɹ ɪɚɫɩɥɚɜɚ Li  – Rb ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɤɨɦɩɨɧɟɧɬɨɜ 

ɂɡ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɪɚɫɩɥɚɜɚ K–Rb ɜɢɞɧɨ, ɱɬɨ ɱɚɫɬɢɱɧɚɹ ɫɦɟɲɢɜɚɟɦɨɫɬɶ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 308K, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɪɚɫɱɟɬɟ ɨɩɢɫɚɬɶ ɫɦɟɲɢɜɚɟɦɨɫɬɶ 
ɤɚɱɟɫɬɜɟɧɧɨ ɭɞɚɥɨɫɶ, ɧɨ ɞɥɹ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ. 

ɇɚ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ Li–Rb ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 473–973 Ʉ ɧɚɛɥɸɞɚɟɬɫɹ ɞɜɚ 
ɧɟɫɦɟɲɢɜɚɸɳɢɯɫɹ ɤɨɦɩɨɧɟɧɬɚ ɢ ɜɢɞɧɨ, ɱɬɨ ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɬɚɤɠɟ ɩɨɤɚɡɵɜɚɸɬ 
ɧɟɫɦɟɲɢɜɚɟɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ. 

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɱɟɬ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɪɹɞɚ ɞɪɭɝɢɯ ɫɢɫɬɟɦ.Ⱦɥɹɫɢɫɬɟɦ Na–K, 
Al -Mg ɫɦɟɲɢɜɚɟɦɨɫɬɶ ɨɩɢɫɚɬɶ ɧɟ ɭɞɚɥɨɫɶ, ɞɥɹ ɛɢɧɚɪɧɨɝɨ ɪɚɫɩɥɚɜɚ Na–Al  ɧɚɛɥɸɞɚɟɬɫɹ 
ɫɢɬɭɚɰɢɹ ɫɯɨɠɚɹ ɫ ɫɢɫɬɟɦɨɣ Li–Rb – ɫɨɝɥɚɫɧɨ ɞɢɚɝɪɚɦɦɟ ɫɨɫɬɨɹɧɢɹ, ɷɬɚ ɫɢɫɬɟɦɚ ɧɟ 
ɫɦɟɲɢɜɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 900 Ʉ, ɪɚɫɱɟɬ ɬɚɤɠɟ ɩɨɤɚɡɚɥ ɧɟɫɦɟɲɢɜɚɟɦɨɫɬɶ 
ɤɨɦɩɨɧɟɧɬɨɜ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɪɚɫɱɟɬɟ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ ɭɞɚɥɨɫɶ ɤɚɱɟɫɬɜɟɧɧɨ ɩɪɚɜɢɥɶɧɨ ɨɩɢɫɚɬɶ 
ɩɨɜɟɞɟɧɢɟ ɧɟɤɨɬɨɪɵɯɪɚɫɩɥɚɜɨɜ, ɧɨ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪ, ɩɪɟɜɵɲɚɸɳɢɯ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɪɭɝɭɸ ɦɨɞɟɥɶ, ɧɚɩɪɢɦɟɪ, ɦɨɞɟɥɶ ɦɹɝɤɢɯ ɫɮɟɪ, 
ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɨ ɨɩɢɫɵɜɚɸɳɭɸ ɫɬɪɨɟɧɢɟ ɠɢɞɤɨɫɬɢ, ɬɚɤ ɤɚɤ ɦɨɞɟɥɶ ɬɜɟɪɞɵɯ ɫɮɟɪ ɝɪɭɛɨ 
ɨɩɢɫɵɜɚɟɬ ɪɟɚɥɶɧɭɸ ɫɢɫɬɟɦɭ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɍɪɈ ɊȺɇ (ɉɪɨɝɪɚɦɦɚ ɈɏɇɆ ɊȺɇ, ɝɪɚɧɬ 
N 12-Ɍ-3-1022)  
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ɉɪɚɤɬɢɱɟɫɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɦɟɫɟɣ ɜɨɞɵ ɫ ɚɥɢɮɚɬɢɱɟɫɤɢɦɢ ɫɩɢɪɬɚɦɢ, ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɯ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɜ ɪɹɞɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɬɪɟɛɭɟɬ ɡɧɚɧɢɟ ɢɯ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɪɚɡɥɢɱɧɵɯ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɹɯ. Ɉɛɵɱɧɨ ɞɥɹ ɬɨɱɧɨɝɨ 
ɨɩɢɫɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɪ,ρ,Ɍ - ɡɚɜɢɫɢɦɨɫɬɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ 
(ɠɢɞɤɚɹ, ɩɚɪɨɜɚɹ ɮɚɡɵ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ) ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɨɠɟɧɢɟ ɮɚɤɬɨɪɚ 
ɫɠɢɦɚɟɦɨɫɬɢ ɩɨ ɫɬɟɩɟɧɹɦ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ Д1-3]: 
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 (1) 

ȼ (1):ρm – ɦɨɥɹɪɧɚɹ ɩɥɨɬɧɨɫɬɶ (ɦɨɥɶ/ɦ3); ɤ / , ɤTT /  – ɩɪɢɜɟɞɟɧɧɵɟ ɩɥɨɬɧɨɫɬɶ ɢ 
ɬɟɦɩɟɪɚɬɭɪɚ; ɤ , ɤT  – ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ;R=8,314 – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ 
ɩɨɫɬɨɹɧɧɚɹ (Ⱦɠ/ɦɨɥɶ⋅Ʉ). 

ȼ ɪɚɛɨɬɟ Д4Ж ɧɚɦɢ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ (1) ɨɩɢɫɵɜɚɟɬ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪ,ρ,Ɍ - ɡɚɜɢɫɢɦɨɫɬɢ ɫɦɟɫɟɣ ɜɨɞɚ–ɚɥɢɮɚɬɢɱɟɫɤɢɣ ɫɩɢɪɬ ɫ ɞɨɫɬɚɬɨɱɧɨɣɞɥɹ 
ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ ɬɨɱɧɨɫɬɶɸ (0.83%) ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɪɚɫɱɟɬɚ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɷɬɢɯ ɫɦɟɫɟɣ. 

 
Ɍɚɛɥɢɰɚ 1.ɋɪɟɞɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ 
ɨɬɤɥɨɧɟɧɢɹ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ 
ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ (į, %) 

ɫɦɟɫɶ 
ɉɎ ɢ 
ɀɎ 

ɋɄɎ 

į, % į, % 
ȼɨɞɚ – ɦɟɬɚɧɨɥ, ɯ=0.5 3.3 0,6 
ȼɨɞɚ – ɦɟɬɚɧɨɥ, ɯ=0.8 2.2 0,6 
ȼɨɞɚ – ɷɬɚɧɨɥ, ɯ=0.2 0.5 0,9 
ȼɨɞɚ – ɷɬɚɧɨɥ, ɯ=0.5 2.0 1,0 
ȼɨɞɚ – ɷɬɚɧɨɥ, ɯ=0.8 0.6 2,1 

ȼɨɞɚ – ɧ-ɩɪɨɩɚɧɨɥ, ɯ=0.2 1.0 1,0 
ȼɨɞɚ – ɧ-ɩɪɨɩɚɧɨɥ, ɯ=0.5 1.0 1,6 
ȼɨɞɚ – ɧ-ɩɪɨɩɚɧɨɥ, ɯ=0.8 1.9 0,7 

 

 
Ɋɢɫ. 1. p,ρ,T-ɩɨɜɟɪɯɧɨɫɬɶ ɫɦɟɫɢ ɜɨɞɚ–
ɷɬɚɧɨɥ ɫɨɫɬɚɜɚ x=0.5 ɦɨɥ. ɞɨɥɢ ɢ ɟё 
ɩɪɨɟɤɰɢɢ ɧɚ p,T-ɩɥɨɫɤɨɫɬɶ ɢ p,ρ-
ɩɥɨɫɤɨɫɬɶ 
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ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɭɪɚɜɧɟɧɢɟɦ (1) ɨɩɢɫɚɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪ,ρ,Ɍ -ɡɚɜɢɫɢɦɨɫɬɢ ɫɦɟɫɟɣ 
ɜɨɞɚ–ɚɥɢɮɚɬɢɱɟɫɤɢɣ ɫɩɢɪɬ (ɦɟɬɚɧɨɥ, ɷɬɚɧɨɥ, ɧ-ɩɪɨɩɚɧɨɥ) ɫɨɫɬɚɜɚ x=0.2, 0.5, 0.8ɦɨɥɶɧɵɯ 
ɞɨɥɟɣ ɫɩɢɪɬɚ ɠɢɞɤɨɣ, ɩɚɪɨɜɨɣ ɮɚɡ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ, ɢ ɪɚɫɫɱɢɬɚɧɵ ɢɯ 
ɬɟɪɦɢɱɟɫɤɢɟ ɢ ɤɚɥɨɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. Ʉɨɷɮɮɢɰɢɟɧɬɵ ɭɪɚɜɧɟɧɢɹ (1) ɨɩɪɟɞɟɥɟɧɧɵɩɨ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɪ,ρ,Ɍ,ɯ - ɞɚɧɧɵɦ Д4,5Ж ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɦ ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ 
ɤɜɚɞɪɚɬɨɜ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɨɝɥɚɫɨɜɚɜ ɮɭɧɤɰɢɸ p(,)x ɢ ɟɟ ɩɪɨɢɡɜɨɞɧɵɟ   ,x

p   , 

  ,x
p   ,  2 2

,x
p   ,  2 2

,x
p   ɧɚ ɝɪɚɧɢɰɚɯ ɨɛɥɚɫɬɟɣ ɞɟɣɫɬɜɢɹ ɭɪɚɜɧɟɧɢɹ ɫ 

ɭɫɥɨɜɢɹɦ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ Д1,2,6,7Ж. ɏɨɬɹ, ɬɚɤɚɹ ɦɟɬɨɞɢɤɚ ɫɨɝɥɚɫɨɜɚɧɢɹ Д1,6Ж 
ɧɟɫɤɨɥɶɤɨ ɭɯɭɞɲɚɟɬ ɬɨɱɧɨɫɬɶ ɪɚɫɱɟɬɚ (ɬɚɛɥɢɰɚ 1), ɧɨ ɨɧɚ ɨɩɪɚɜɞɚɧɚ ɞɥɹ ɨɛɨɛɳɟɧɢɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪ,ρ,Ɍ - ɡɚɜɢɫɢɦɨɫɬɟɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ.  

Ɋɢɫ.1 ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɪɚɫɱɟɬ p,ρ,T - ɡɚɜɢɫɢɦɨɫɬɢ ɩɨ ɭɪɚɜɧɟɧɢɸ (1) ɞɥɹ ɫɦɟɫɢ ɜɨɞɚ–ɷɬɚɧɨɥ 
ɫɨɫɬɚɜɚ x=0.5 ɦɨɥ. ɞɨɥɢ ɜ ɫɭɛɤɪɢɬɢɱɟɫɤɨɣ, ɨɤɨɥɨɤɪɢɬɢɱɟɫɤɨɣ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ. 
Ⱥɧɚɥɨɝɢɱɧɵɣ ɯɚɪɚɤɬɟɪ p,ρ,T - ɡɚɜɢɫɢɦɨɫɬɢ ɫɦɟɫɟɣ ɜɨɞɵ ɫ ɢɫɫɥɟɞɨɜɚɧɧɵɦɢ ɫɩɢɪɬɚɦɢ ɜɫɟɯ 
ɬɪɟɯ ɫɨɫɬɚɜɨɜ. 

ȼ ɞɨɤɥɚɞɟ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚɜɫɟɯ ɨɫɧɨɜɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ Д3,8Ж ɝɨɦɨɝɟɧɧɵɯ ɫɦɟɫɟɣ ɜɨɞɵ ɫ ɦɟɬɚɧɨɥɨɦ, ɷɬɚɧɨɥɨɦ ɢ ɧ-ɩɪɨɩɚɧɨɥɨɦ ɜ ɠɢɞɤɨɣ, 
ɩɚɪɨɜɨɣ ɮɚɡɚɯ, ɜ ɨɤɨɥɨɤɪɢɬɢɱɟɫɤɨɣ ɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ.  

ɇɚ ɪɢɫ.2 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɫɠɢɦɚɟɦɨɫɬɢ ɨɬ 
ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢ ɜɨɞɚ–ɷɬɚɧɨɥ ɫɨɫɬɚɜɚ 0.5 ɦɨɥ. ɞɨɥɢ, ɚ ɧɚ ɪɢɫ.3 ɡɚɜɢɫɢɦɨɫɬɶ 
ɟɝɨ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɩɢɪɬɚ. 

 

 
Ɋɢɫ. 2. КT,ρ,T-ɩɨɜɟɪɯɧɨɫɬɶ ɫɦɟɫɢ ɜɨɞɚ–
ɷɬɚɧɨɥ ɫɨɫɬɚɜɚ x=0.5 ɦɨɥ. ɞɨɥɢ ɢ ɟё 
ɩɪɨɟɤɰɢɢ ɧɚ p,T-ɩɥɨɫɤɨɫɬɶ ɢ p,ρ-
ɩɥɨɫɤɨɫɬɶ 

 
Ɋɢɫ. 3. ɂɡɨɬɟɪɦɵ ɡɚɜɢɫɢɦɨɫɬɢ КT ɫɦɟɫɢ ɜɨɞɚ–
ɷɬɚɧɨɥ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ ɡɧɚɱɟɧɢɹ 
ɩɪɢɜɟɞɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ =0.4 

 
Ɋɢɫ.4 ɢɥɥɸɫɬɪɢɪɭɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɦɟɫɢ ɜɨɞɚ–ɷɬɚɧɨɥ ɫɨɫɬɚɜɚ 0.5 

ɦɨɥ. ɞɨɥɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɪɢɫ.5 – ɡɚɜɢɫɢɦɨɫɬɶ ɟɟ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɩɢɪɬɚ. 
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Ɋɢɫ. 4. Cv,ρ,T-ɩɨɜɟɪɯɧɨɫɬɶ ɫɦɟɫɢ ɜɨɞɚ–
ɷɬɚɧɨɥ ɫɨɫɬɚɜɚ x=0.5 ɦɨɥ. ɞɨɥɢ ɢ ɟё 
ɩɪɨɟɤɰɢɢ ɧɚ p,T-ɩɥɨɫɤɨɫɬɶ ɢ p,ρ-
ɩɥɨɫɤɨɫɬɶ 

 
Ɋɢɫ. 5. ɂɡɨɬɟɪɦɵ ɡɚɜɢɫɢɦɨɫɬɢ Cv ɫɦɟɫɢ 
ɜɨɞɚ–ɷɬɚɧɨɥ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ 
ɡɧɚɱɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ =0.4 
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ɗɇȿɊȽɂЯ ȾɂɋɋɈɐɂАɐɂɂ ɆɈɅȿɄɍɅЫ Sc2 иɌȿɊɆɈȾɂɇАɆɑȿɋɄɂȿ 

ɎɍɇɄɐɂɂ Sc2(ɝɚɡ) 
Ʉɭɥɢɤɨɜ Ⱥ.ɇ., Ƚɭɫɚɪɨɜ Ⱥ.ȼ.  

Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ, Ɇɨɫɤɜɚ, Иɠɨɪɫɤɚɹ 13, 
e-mail: kulikov-aln@yandex.ru  

 
ȼ ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɨɫɥɟɞɧɢɟ 50 ɥɟɬ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ Sc2: 1.12 ± 0.22 ɢ 1.65 ± 0.22 ɷȼ. ɉɟɪɜɨɟ ɡɧɚɱɟɧɢɟ, 
ɩɨɥɭɱɟɧɨ ɜ ɪɚɛɨɬɟ Д1Ж ɦɟɬɨɞɨɦ, ɹɜɥɹɸɳɢɦɫɹ ɤɨɦɛɢɧɚɰɢɟɣ ɷɮɮɭɡɢɨɧɧɨɝɨ ɦɟɬɨɞɚ Ʉɧɭɞɫɟɧɚ ɫ 
ɦɚɫɫ-ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ ɩɪɨɞɭɤɬɨɜ ɢɫɩɚɪɟɧɢɹ. ȼɬɨɪɨɟ ɡɧɚɱɟɧɢɟ ɜɩɟɪɜɵɟ 
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ɩɪɢɜɟɞɟɧɨ ɜ ɞɢɫɫɟɪɬɚɰɢɢ Д2Ж ɨɞɧɨɝɨ ɢɡ ɚɜɬɨɪɨɜ ɪɚɛɨɬɵ Д1Ж ɢ ɛɚɡɢɪɭɟɬɫɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɚ ɬɟɯ 
ɠɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɹɯ. ȼɱɟɦɩɪɢɱɢɧɚɪɚɫɯɨɠɞɟɧɢɹ, ɢɡɢɫɬɨɱɧɢɤɚɰɢɬɢɪɨɜɚɧɢɹ [2] 
ɧɟɹɫɧɨ. ȼɪɚɛɨɬɟ [3] ɩɪɢɜɟɞɟɧɪɟɡɭɥɶɬɚɬɩɟɪɟɩɢɫɤɢɫɚɜɬɨɪɨɦɪɚɛɨɬɵ Д2Ж: «IЧ К pОrsШЧКl 
communication with Professor Verhaegen we have been advised to consider the higher value as the 
ЦШsЭ КpprШprТКЭО, ЭСО rОКsШЧ ЛОТЧР КЧ “ШЯОrОsЭТЦКЭТШЧ ШП ЭСО SМ2 vapor pressure in the original 
ОбpОrТЦОЧЭs, prШЛКЛlв Юp ЭШ К ПКМЭШr ШП 10”». Эɬɨɬ ɨɬɜɟɬ, ɨɞɧɚɤɨ, ɧɟ ɞɚɥ ɩɨɥɧɨɣ ɹɫɧɨɫɬɢ, 
ɩɨɫɤɨɥɶɤɭ ɤɨɪɪɟɤɰɢɹ ɞɚɜɥɟɧɢɹ Sc2 ɩɪɢɜɟɥɚ ɛɵ ɧɟ ɤ ɭɜɟɥɢɱɟɧɢɸ, ɚ ɤ ɭɦɟɧɶɲɟɧɢɸ D0(Sc2). 

1. Аɧɚɥиɡ ɜɨɡмɨɠɧыɯ ɧɟɬɨɱɧɨɫɬɟɣ ɜ ɪɚɛɨɬɟ Д1Ж. 
ɉɪɢɜɨɞɢɦɵɟ ɜ Д1Ж ɨɬɧɨɲɟɧɢɹ I1/I2 ɢɨɧɧɵɯ ɬɨɤɨɜ Sc+ ɢ Sc2

+ ɹɜɥɹɸɬɫɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɢɡɦɟɪɟɧɢɹɦɢ, ɢ ɫɥɟɞɭɟɬ ɨɩɢɪɚɬɶɫɹ ɢɦɟɧɧɨ ɧɚ ɧɢɯ. ȼ Д1Ж ɩɪɢɜɟɞɟɧɵ 
ɭɛɟɞɢɬɟɥɶɧɵɟ ɞɨɜɨɞɵ ɞɥɹ ɢɫɤɥɸɱɟɧɢɹ ɬɪɟɯ ɬɢɩɨɜ ”ɜɬɨɪɢɱɧɵɯ” ɩɪɨɰɟɫɫɨɜ, ɬ.ɟ. ɩɪɨɰɟɫɫɨɜ, 
ɤɨɬɨɪɵɟ ɧɟ ɨɬɧɨɫɹɬɫɹ ɤ ɩɪɨɰɟɫɫɭ Sc2 = Sc2

+ + e-. 
Ɉɞɧɚɤɨ, ɜ Д1Ж ɢɦɟɟɬɫɹ ɪɹɞ ɧɟɫɨɨɬɜɟɬɫɬɜɢɣ, ɧɚ ɤɨɬɨɪɵɟ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ. Ɍɚɤ, 

ɩɪɢɜɟɞɟɧɧɨɟ ɜ Д1Ж ɭɪɚɜɧɟɧɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɢɡɦɟɪɟɧɧɵɟ ɢɨɧɧɵɟ ɬɨɤɢ ɫ ɞɚɜɥɟɧɢɹɦɢ ɩɚɪɚ, 
Ɋ1/P2 = (I1/I2) (ı1γ1/ı2γ2), ɨɲɢɛɨɱɧɨ; ɩɪɚɜɢɥɶɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ: Ɋ1/P2 = (I1/I2) (ı2γ2/ı1γ1) (ı ɢ γ – 
ɫɟɱɟɧɢɟ ɢɨɧɢɡɚɰɢɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɢɨɧɧɨ-ɷɥɟɤɬɪɨɧɧɨɣ ɷɦɢɫɫɢɢ). 

Ȼɨɥɟɟ ɫɟɪɶɟɡɧɨɟ ɜɨɡɪɚɠɟɧɢɟ ɩɨ ɩɨɜɨɞɭ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ Д1Ж ɪɟɡɭɥɶɬɚɬɨɜ ɜɵɬɟɤɚɟɬ ɢɡ 
ɫɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɜɟɥɢɱɢɧ lg(I1/I2) ɢ lg(Kp

°
,diss, Sc2). ɂɡ Д1Ж ɢɦɟɟɦ (Ɍ = 2000 К): 

lg(P1) = lg(Kp
°
,diss, Sc2) - lg(P1/P2) = 2.39 - 4.67 = -2.28. 

Эɬɨ ɡɧɚɱɟɧɢɟ ɡɚɦɟɬɧɨ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ -3.04, ɩɪɢɜɨɞɢɦɨɟ ɜ Д4Ж ɞɥɹ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ 
ɫɤɚɧɞɢɹ (ɩɪɢɦɟɪɧɨ 6 ɪɚɡ ɜ ɞɚɜɥɟɧɢɢ). ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɜɟɪɧɨɣ ɩɨɩɪɚɜɤɢ ɧɚ ɫɟɱɟɧɢɹ (ɫɦ. 
ɜɵɲɟ) ɷɬɨ ɧɟɫɨɨɬɜɟɬɫɬɜɢɟ ɜɨɡɪɚɫɬɚɟɬ ɞɨ 9 ɪɚɡ ɜ ɞɚɜɥɟɧɢɢ ɩɚɪɚ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɧɚɲ ɚɧɚɥɢɡ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɰɢɬɚɬɟ ɢɡ ɪɚɛɨɬɵ Д3Ж, ɟɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɧɟɣ ɩɨ ɨɲɢɛɤɟ ɩɪɢɜɟɞɟɧɨ Sc2 

ɜɦɟɫɬɨ Sc. 
ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɡɥɨɠɟɧɧɨɝɨ ɩɪɢ ɩɟɪɟɫɱɟɬɟ ɪɟɡɭɥɶɬɚɬɨɜ Д1Ж ɧɚ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ ɦɵ 

ɛɚɡɢɪɨɜɚɥɢɫɶ ɬɨɥɶɤɨ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ Д1Ж ɞɚɧɧɵɯ ɩɨ ɜɟɥɢɱɢɧɚɦ lg(I1/I2), ɩɟɪɟɫɱɢɬɚɧɧɵɦ 
ɧɚ lg(P1/P2) ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ lg(P1/P2) = lg(I1/I2) + lg(1.6), ɢ ɩɨɥɚɝɚɥɢ, ɱɬɨ ɚɤɬɢɜɧɨɫɬɶ ɫɤɚɧɞɢɹ 
ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ Д1Ж ɛɵɥɚ ɪɚɜɧɚ 1. ɉɨɥɭɱɟɧɧɨɟ ɧɚɦɢ ɡɧɚɱɟɧɢɟ lg(Kp,

°
diss, Sc2) 

ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥ.1. ɉɨɝɪɟɲɧɨɫɬɶ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɩɪɢɧɹɬɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɪɟɲɧɨɫɬɢ 1.5 
ɞɥɹ ɩɟɪɟɫɱɟɬɚ ɢɨɧɧɵɯ ɬɨɤɨɜ ɧɚ ɨɬɧɨɲɟɧɢɟ ɞɚɜɥɟɧɢɣ ɢ 20% ɩɨɝɪɟɲɧɨɫɬɢ ɞɚɜɥɟɧɢɹ 
ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ Sc [4]. 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɪɢɜɟɞɟɧɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ Sc2(ɝ) ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɵɱɢɫɥɟɧɢɹ 
ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɚɜɬɨɪɵ Д1Ж ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɰɟɧɤɢ: ɷɮɮɟɤɬɢɜɧɵɣ ɤɜɚɧɬɨɜɵɣ ɜɟɫ 
ɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɪɚɜɧɵɣ 5, ωe = 230 ɫɦ-1 ɢ re = 2.70 Ǻ. Ɉɰɟɧɤɢ ωe ɢ re ɨɤɚɡɚɥɢɫɶ 
ɞɨɜɨɥɶɧɨ ɬɨɱɧɵɦɢ, ɨɞɧɚɤɨ ɷɮɮɟɤɬɢɜɧɵɣ ɤɜɚɧɬɨɜɵɣ ɜɟɫ ɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɩɪɢ 
T~2000 К ɜ Д1Ж ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɞɨɨɰɟɧɟɧ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ 
ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ, ɤɪɨɦɟ ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 5Σu

-, ɧɚɛɥɸɞɚɜɲɟɝɨɫɹ ɜ ɫɩɟɤɬɪɟ ЭɉɊ Д5Ж, ɭ Sc2 
ɢɦɟɟɬɫɹ ɦɧɨɝɨ ɧɢɡɤɨɥɟɠɚɳɢɯ ɜɨɡɛɭɠɞɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ. Ɍɚɤ, ɜ ɪɚɛɨɬɟ Д3Ж ɩɨɥɭɱɟɧɵ 
ɫɩɟɤɬɪɨɫɤɨɩɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 30 ɜɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɜɫɤɢɯ ɫɨɫɬɨɹɧɢɣ ɨɛɳɢɦ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦ 
ɜɟɫɨɦ 100, ɤɨɪɪɟɥɢɪɭɸɳɢɯ ɫ ɨɫɧɨɜɧɵɦ ɚɬɨɦɧɵɦ ɩɪɟɞɟɥɨɦ 2D(ds2) + 2D(ds2). Ⱥ ɜ ɪɚɛɨɬɚɯ Д6Ж 
ɢ Д7Ж ɩɨɥɭɱɟɧɵ ɧɢɡɤɨɥɟɠɚɳɢɟ ɤɨɜɚɥɟɧɬɧɵɟ ɫɨɫɬɨɹɧɢɹ ɤɨɥɢɱɟɫɬɜɨɦ 4 ɢ 10. ɂɯ ɫɭɦɦɚɪɧɵɣ 
ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɜɟɫ, ɫ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɨɞɧɨ ɢɡ ɫɨɫɬɨɹɧɢɣ ɩɨɥɭɱɟɧɨ, ɜɟɪɨɹɬɧɨ, ɜ ɨɛɟɢɯ 
ɪɚɛɨɬɚɯ, ɫɨɫɬɚɜɥɹɟɬ 77. 

2. Выɱиɫɥɟɧиɟ Ɏ°(Sc2) и Кɪ,°diss(Sc2). 
ȼ ɬɚɛɥ. 1 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɧɚɲɢɯ ɜɵɱɢɫɥɟɧɢɣ Ɏ°(Sc2) ɢ lg(Kp,

°
diss, Sc2) ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɹɬɵɯ ɡɧɚɱɟɧɢɣ D0(Sc2) (2000 - 10000 ɫɦ-1). Ɂɧɚɱɟɧɢɹ Ɏ°(Sc2) ɪɚɫɫɱɢɬɚɧɵ 
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɧɫɬɚɧɬ e = 239.9 ɫɦ-1 Д8Ж ɢ re = 2.67 й Д9Ж ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ X5Σu

-. 
Ʉɨɧɫɬɚɧɬɵ ɚɧɝɚɪɦɨɧɢɱɧɨɫɬɢ, ɤɨɥɟɛɚɬɟɥɶɧɨ-ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɰɟɧɬɪɨɛɟɠɧɨɝɨ 
ɪɚɫɬɹɠɟɧɢɹ ɜɵɱɢɫɥɟɧɵ ɩɨ ɮɨɪɦɭɥɚɦ ɞɥɹ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɤɪɢɜɨɣ Ɇɨɪɡɟ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ Д4Ж. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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Эɧɟɪɝɢɹ ɞɢɫɫɨɰɢɚɰɢɢ ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɝɨ ɞɢɫɫɨɰɢɚɰɢɨɧɧɨɝɨ ɩɪɟɞɟɥɚ 
4F(d2s) + 2D(ds2) ɩɪɢɧɢɦɚɥɚɫɶ ɪɚɜɧɨɣ D0(Sc2) + 11509 ɫɦ-1. ɍɫɪɟɞɧɟɧɧɚɹ ɩɨ J-ɤɨɦɩɨɧɟɧɬɚɦ 
ɪɚɡɧɢɰɚ ɷɧɟɪɝɢɣ ɬɟɪɦɨɜ 4F(d2s) ɢ 2D(ds2) ɚɬɨɦɚ Sc ɜɵɱɢɫɥɟɧɚ ɩɨ ɞɚɧɧɵɦ Д10Ж.  

ȼ ɪɚɫɱɟɬɚɯ Ɏ°(Sc2) ɭɱɬɟɧɵ ɜɨɡɛɭɠɞɟɧɧɵɟ ɤɨɜɚɥɟɧɬɧɵɟ ɫɨɫɬɨɹɧɢɹ: 13Σu
-, 5Δu, 3Πg, 1Πg, 1Σu

- 
(807, 2016, 2097, 2178, 3307 ɫɦ-1), 1Σg

+, 3Πu, 5Δg, 3Δu, 1Δu (3600 ± 400 ɫɦ-1) Д7Ж, ɢ 5Δu, 5Δg, 5Hu 
(3718, 5412, 6646 ɫɦ-1) [6]. Ʉɨɥɟɛɚɬɟɥɶɧɨ-ɜɪɚɳɚɬɟɥɶɧɚɹ ɫɭɦɦɚ ɞɥɹ ɷɬɢɯ ɫɨɫɬɨɹɧɢɣ ɩɪɢɧɹɬɚ 
ɬɚɤɨɣ ɠɟ, ɤɚɤ ɜ ɨɫɧɨɜɧɨɦ ɫɨɫɬɨɹɧɢɢ. Эɮɮɟɤɬɢɜɧɵɣ ɤɜɚɧɬɨɜɵɣ ɜɟɫ ɭɱɬɟɧɧɵɯ ɤɨɜɚɥɟɧɬɧɵɯ 
ɫɨɫɬɨɹɧɢɣ, ɜɤɥɸɱɚɹ ɨɫɧɨɜɧɨɟ ɫɨɫɬɨɹɧɢɟ X5Σu

-, ɩɪɢ T = 2000 К ɫɨɫɬɚɜɢɥ 13.714. 
Ʉɪɨɦɟ ɤɨɜɚɥɟɧɬɧɵɯ ɫɨɫɬɨɹɧɢɣ ɭɱɬɟɧɵ 30 ɜɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɜɫɤɢɯ ɫɨɫɬɨɹɧɢɣ, 

ɤɨɪɪɟɥɢɪɭɸɳɢɯ ɫ ɨɫɧɨɜɧɵɦ ɚɬɨɦɧɵɦ ɩɪɟɞɟɥɨɦ 2D(ds2) + 2D(ds2). Ʉɨɥɟɛɚɬɟɥɶɧɨ-
ɜɪɚɳɚɬɟɥɶɧɵɟ ɭɪɨɜɧɢ ɷɬɢɯ ɫɨɫɬɨɹɧɢɣ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɩɨ ɬɟɦ ɠɟ ɮɨɪɦɭɥɚɦ, ɱɬɨ ɢ ɞɥɹ 
ɨɫɧɨɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ e, re, De Д3Ж. Ɉɬɥɢɱɢɟ 
ɫɨɫɬɨɹɥɨ ɜ ɬɨɦ, ɱɬɨ ɷɧɟɪɝɢɢ ɜɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɜɫɤɢɯ ɫɨɫɬɨɹɧɢɣ ɢɡɦɟɧɹɥɢɫɶ ɜɦɟɫɬɟ ɫ ɷɧɟɪɝɢɟɣ 
ɞɢɫɫɨɰɢɚɰɢɢ D0(Sc2). 

Ʉɚɤ ɦɨɠɧɨ ɜɢɞɟɬɶ ɜ ɬɚɛɥ.1, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɤɨɧɫɬɚɧɬɟ ɪɚɜɧɨɜɟɫɢɹ Kp,
°
diss(Sc2) 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ (ɨɤɪɭɝɥɟɧɧɨ) ɡɧɚɱɟɧɢɟ D0(Sc2) = 9500 ± 700 ɫɦ-1. 
 
Ɍɚɛɥɢɰɚ 1. Ɂɚɜɢɫɢɦɨɫɬɶ Ɏ°(Sc2) ɢ lg(Kp

°
,diss, Sc2) ɨɬ D°0(Sc2),T = 2000 К. Ɏ°(T) = – (G°(T) –

 H°(0))/T; Ɏ°(Sc, ɝ) = 193.546 Ⱦɠ·К -1·ɦɨɥɶ-1 [4]; gɷɮɮ = 13.714 

D0(Sc2) 
ɫɦ-1 

Qɤɨɜ Qɜɞȼ Qɜɧ 
Ɏ°(Sc2) 

Ⱦɠ·К -1·ɦɨɥɶ-1 
lg(Kp

°
,diss) 

ɪɚɫɱɟɬ 

2000 647 288 9 425 436 10 072 724 317.702 3.000 
3000 642 030 4 590 637 5 232 668 312.257 2.972 
4000 638 287 2 235 860 2 874 147 307.275 2.919 
5000 634 310 1 088 970 1 723 280 303.022 2.829 
6000 630 833 530 381 1 161 214 299.740 2.688 
7000 628 439 258 321 886 760 297.498 2.493 
8000 625 713 125 814 751 527 296.122 2.252 
8859 623 603 67 820 691 423 295.429 2.020 
9000 623 260 61 278 684 538 295.346 1.980 
9522 622 419 42 093 664 512 295.099 1.830 
10000 621 600 29 845 651 445 294.934 1.690 
10167 620 625 26 467 647 092 294.878 1.640 

Эɤɫɩɟɪɢɦɟɧɬ Д1Ж 1.83 ± 0.19 
 
Ʉɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɟ ɜɵɱɢɫɥɟɧɢɹ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ Д3,6,7,9,11-13Ж ɩɪɢɜɨɞɹɬ ɤ 

ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɹɦ De(Sc2) ɜ ɢɧɬɟɪɜɚɥɟ 2740-6210 ɫɦ-1. Ɉɞɧɨɣ ɢɡ ɩɪɢɱɢɧ 
ɫɬɨɥɶ ɫɟɪɶɟɡɧɨɝɨ ɪɚɫɯɨɠɞɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɧɟɬɨɱɧɨɫɬɶ Ɏ°(Sc2). ȼ ɬɚɛɥ.1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɧɭɬɪɟɧɧɟɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɫɭɦɦɵ ɩɪɢ 2000 К: 

Qɜɧ = Qɤɨɜ + Qɜɞȼ = Qx
ɤɨɥ-ɜɪ × gɷɮɮ + Qɜɞȼ, 

ɡɞɟɫɶ Qɤɨɜ + Qɜɞȼ– ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɫɭɦɦɵ ɩɨ ɤɨɜɚɥɟɧɬɧɵɦ ɢ ɜɚɧ-ɞɟɪ-ȼɚɚɥɶɫɨɜɫɤɢɦ 
ɫɨɫɬɨɹɧɢɹɦ, Qx

ɤɨɥ-ɜɪ – ɤɨɥɟɛɚɬɟɥɶɧɨ-ɜɪɚɳɚɬɟɥɶɧɚɹ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɫɭɦɦɚ ɨɫɧɨɜɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ (ɛɟɡ ɭɱɟɬɚ ɜɵɪɨɠɞɟɧɧɨɫɬɢ), gɷɮɮ – ɷɮɮɟɤɬɢɜɧɵɣ ɤɜɚɧɬɨɜɵɣ ɜɟɫ (ɷɥɟɤɬɪɨɧɧɚɹ 
ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɫɭɦɦɚ) ɭɱɬɟɧɧɵɯ ɤɨɜɚɥɟɧɬɧɵɯ ɫɨɫɬɨɹɧɢɣ. Ɇɵ ɩɪɨɜɟɥɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 
ɜɵɱɢɫɥɟɧɢɹ ɢ ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɩɪɢ e = 200 ɫɦ-1 ɢ re = 2.8 й ɡɧɚɱɟɧɢɟ Qx

ɤɨɥ-ɜɪ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 
ɧɚ 29%, ɚ ɡɧɚɱɟɧɢɟ D0(Sc2), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ Kp°,diss (Sc2), 
ɫɧɢɠɚɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 350 ɫɦ-1. ɍɜɟɥɢɱɟɧɢɟ Qɜɞȼ ɜɞɜɨɟ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ D0(Sc2) 
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ɩɪɢɦɟɪɧɨ ɧɚ 100 ɫɦ-1. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɞɢɧɫɬɜɟɧɧɨɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɫɬɪɚɧɢɬɶ ɪɚɫɯɨɠɞɟɧɢɟ 
ɦɟɠɞɭ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɪɚɫɱɟɬɚɦɢ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɢ ɷɮɮɭɡɢɨɧɧɵɦɢ ɢɡɦɟɪɟɧɢɹɦɢ 
ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ Sc2ɨɫɬɚɟɬɫɹ ɦɧɨɝɨɤɪɚɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ gɷɮɮ(2000 К). Ⱦɥɹ ɛɨɥɟɟ ɧɢɡɤɢɯ 
ɡɧɚɱɟɧɢɣ D0(Sc2) ɬɪɟɛɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ gɷɮɮ(2000 К):8000 ɫɦ-1 – 41 (25), 7000 ɫɦ-1 – 
83 (52), 6000 ɫɦ-1 – 171 (106), 5000 ɫɦ-1 – 348 (217). Ɂɧɚɱɟɧɢɹ ɜ ɫɤɨɛɤɚɯ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ lg(Kp

°
,diss, Sc2) = 2.02. 

3. Ɋɟɡɭɥɶɬɚɬы. 
1. ɍɬɨɱɧɟɧɨ ɡɧɚɱɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤɰɢɢ ɞɢɫɫɨɰɢɚɰɢɢ Sc2(ɝ). 
2. ɉɨɥɭɱɟɧɨ ɡɧɚɱɟɧɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ Sc2(ɝ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɫɨɜɪɟɦɟɧɧɵɦ 

ɞɚɧɧɵɦ ɨ ɧɢɡɤɨɥɟɠɚɳɢɯ ɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɹɯ ɦɨɥɟɤɭɥɵ Sc2. 
3. ɉɨɥɭɱɟɧɨ ɧɨɜɨɟ «ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ» ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ Sc2: D0(Sc2) = 

9500 ± 700 ɫɦ-1 = 114 ± 8 ɤȾɠ·ɦɨɥɶ-1 = 1.18 ± 0.09 ɷȼ. 
4. ɉɨ ɜɫɟɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɞɚɧɧɵɯ, ɜɤɥɸɱɚɹ ɪɟɡɭɥɶɬɚɬɵ ɤɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ 

ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ (ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ De = 6250 ɫɦ-1 Д9Ж), ɦɵ ɪɟɤɨɦɟɧɞɭɟɦ ɡɧɚɱɟɧɢɟ 
D0(Sc2) = 7750 ± 1750 ɫɦ-1 = 93 ± 21 ɤȾɠ·ɦɨɥɶ-1 = 0.96 ± 0.22 ɷȼ. 
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Ɉɛɥɚɞɚɹ ɧɚɧɨɪɚɡɦɟɪɧɨɣ «ɚɪɯɢɬɟɤɬɭɪɧɨ-ɪɟɝɭɥɹɪɧɨɣ» ɫɬɪɭɤɬɭɪɨɣ, ɞɟɧɞɪɢɦɟɪɵ ɨɬɧɨɫɹɬɫɹ ɤ 

ɫɨɟɞɢɧɟɧɢɹɦ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɫ ɩɨɬɟɧɰɢɚɥɶɧɨ ɰɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ.ɋɨɜɪɟɦɟɧɧɵɟ 
ɬɟɯɧɨɥɨɝɢɢ ɧɟɦɵɫɥɢɦɵ ɛɟɡ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɨɩɬɢɦɢɡɚɰɢɢ ɢ 
ɩɨɢɫɤɚ ɷɮɮɟɤɬɢɜɧɵɯ ɩɭɬɟɣ ɩɪɨɰɟɫɫɨɜ ɫ ɭɱɚɫɬɢɟɦ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɜɟɫɶɦɚ 
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ɚɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɧɚɤɨɩɥɟɧɢɹ ɬɨɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ 
ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɟɧɢɹ ɧɚɢɛɨɥɟɟ ɨɛɳɢɯ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɢɩɚ 
«ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɜɨɣɫɬɜɨ  ɫɨɫɬɚɜ». 

ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɞɟɧɞɪɢɦɟɪɨɜ (ɛɨɥɟɟ 18 ɫɨɟɞɢɧɟɧɢɣ) ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɢ 
ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɧɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɯ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɜ ɂɧɫɬɢɬɭɬɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 
ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɦ. ɇ.ɋ. ȿɧɢɤɨɥɨɩɨɜɚ ɊȺɇ (ɝ. Ɇɨɫɤɜɚ), ɧɚɭɱɧɚɹ ɝɪɭɩɩɚ ɚɤɚɞɟɦɢɤɚ 
Ⱥ.Ɇ. Ɇɭɡɚɮɚɪɨɜɚ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɟɬɨɞɚɦɢ ɩɪɟɰɢɡɢɨɧɧɨɣ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɜɚɤɭɭɦɧɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɢ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɨɩɪɟɞɟɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɟɩɥɨёɦɤɨɫɬɟɣ ɤɚɪɛɨɫɢɥɚɧɨɜɵɯ ɞɟɧɞɪɢɦɟɪɨɜ ɫ ɬɪɟɬɶɟɣ ɩɨ ɞɟɜɹɬɭɸ ɝɟɧɟɪɚɰɢɣ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɤɨɧɰɟɜɵɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ ɜ ɨɛɥɚɫɬɢ 6(350-650) K; ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ ɢ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢ 
ɚɧɨɦɚɥɢɣ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ «ɧɚɧɨɪɚɡɦɟɪɧɨɝɨ» ɩɟɪɟɯɨɞɚ.ɋɥɟɞɭɟɬ ɨɬɞɟɥɶɧɨ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɜɫɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɭɱɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɜɨɫɩɪɨɢɡɜɨɞɢɥɢɫɶ ɩɪɢ 
ɩɨɜɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɹɯ ɬɟɩɥɨёɦɤɨɫɬɢ. 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɫɬɚɧɞɚɪɬɧɵɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ: ɬɟɩɥɨёɦɤɨɫɬɶ o

p( )C T , ɷɧɬɚɥɶɩɢɹ o o( ) (0)H Τ H , ɷɧɬɪɨɩɢɹ 
o o( ) (0)S Τ S  ɢ ɮɭɧɤɰɢɹ Ƚɢɛɛɫɚ o o( ) (0)G Τ H  ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ 

ɢɡɭɱɟɧɧɵɯ ɞɟɧɞɪɢɦɟɪɨɜ ɜ ɨɛɥɚɫɬɢ ɨɬ T → 0 ɞɨ (350-650) K. Ⱦɥɹ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɞɟɧɞɪɢɦɟɪɨɜ 
ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɜ ɩɪɟɞɟɥɟ ɩɨɜɬɨɪɹɸɳɟɟɫɹ ɭɫɥɨɜɧɨɟ ɡɜɟɧɨ ɫ ɰɟɥɶɸ ɪɚɫɱёɬɚ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚ ɦɨɥɶ ɷɬɨɝɨ ɡɜɟɧɚ ɢ ɜɵɹɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɨɛɳɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɢɯ ɨɬ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɞɟɧɞɪɢɦɟɪɨɜ. 

Ⱥɧɚɥɢɡ ɤɨɦɩɥɟɤɫɚ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɡɜɨɥɢɥ ɩɨɥɭɱɢɬɶ ɪɹɞ ɜɚɠɧɵɯ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɞɥɹ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɫɨɟɞɢɧɟɧɢɣ. ɋɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɚɪɛɨɫɢɥɚɧɨɜɵɯ ɞɟɧɞɪɢɦɟɪɨɜ ɩɨɡɜɨɥɹɟɬ 
ɨɞɧɨɡɧɚɱɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɬɪɭɤɬɭɪɭ ɢ ɯɢɦɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ ɜɧɟɲɧɟɝɨ ɫɥɨɹ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɜ ɤɚɱɟɫɬɜɟ ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɮɚɤɬɨɪɚ ɡɧɚɱɟɧɢɹ o

gT . Ɍɨ ɟɫɬɶ ɬɟɦɩɟɪɚɬɭɪɚ 
ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɪɨɞɨɣ ɤɨɧɰɟɜɵɯ ɝɪɭɩɩ ɢ, ɧɚɱɢɧɚɹ ɫ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɧɨɦɟɪɚ 
ɝɟɧɟɪɚɰɢɢ, ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɧɟɝɨ. ɂɦɟɧɧɨ ɪɚɫɫɬɟɤɥɨɜɚɧɢɟ ɜɧɟɲɧɟɝɨ ɫɥɨɹ ɨɛɭɫɥɨɜɥɢɜɚɟɬ ɢ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɩɨɞɜɢɠɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɫɬɪɭɤɬɭɪɵ ɹɞɪɚ. ȼɨɩɪɨɫ ɨ ɜɥɢɹɧɢɢ 
ɩɨɞɜɢɠɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɫɬɪɭɤɬɭɪɵ ɫɚɦɨɝɨ ɹɞɪɚ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ ɩɨɤɚ ɨɫɬɚɟɬɫɹ 
ɨɬɤɪɵɬɵɦ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɩɨɞɯɨɞɹɳɢɯ ɨɛɴɟɤɬɨɜ ɞɥɹ ɫɪɚɜɧɟɧɢɹ. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ 
ɢɡɭɱɟɧɧɵɯ ɞɟɧɞɪɢɦɟɪɨɜ ɨɞɧɨɝɨ ɝɨɦɨɥɨɝɢɱɟɫɤɨɝɨ ɪɹɞɚ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɧɨɦɟɪɚ ɝɟɧɟɪɚɰɢɢ 
ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɧɨ ɢ ɬɨ ɠɟ ɡɧɚɱɟɧɢɟ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɣ ɷɧɬɪɨɩɢɢ, ɚ ɬɚɤɠɟ 
ɛɥɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɭɜɟɥɢɱɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɪɚɫɫɬɟɤɥɨɜɚɧɢɢ o

pC ( o
g

T ), ɪɚɫɫɱɢɬɚɧɧɵɟ 

ɧɚ ɦɨɥɶ ɜɵɞɟɥɟɧɧɨɝɨ (ɜ ɩɪɟɞɟɥɟ ɩɨɜɬɨɪɹɸɳɟɝɨɫɹ) ɡɜɟɧɚ. Эɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɟɳɟ ɪɚɡ 
ɩɨɞɬɜɟɪɠɞɚɟɬ ɬɨ, ɱɬɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɟɧɞɪɢɦɟɪɨɜ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢɪɨɞɨɣ ɤɨɧɰɟɜɵɯ ɝɪɭɩɩ ɢ ɡɚɦɟɫɬɢɬɟɥɟɣ, ɧɟɠɟɥɢ ɧɨɦɟɪɨɦ ɝɟɧɟɪɚɰɢɢ. Ɍɚɤɠɟ 
ɷɬɨ ɦɨɠɟɬ ɭɤɚɡɵɜɚɬɶ ɧɚ ɫɯɨɠɭɸ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ ɢɯ ɭɩɚɤɨɜɨɤ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɪɨɞɵ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɟɪɟɯɨɞɚ ɛɵɥ ɥɨɝɢɱɟɫɤɢ ɜɵɛɪɚɧ ɪɹɞ 
ɞɟɧɞɪɢɦɟɪɨɜ ɢ ɢɡɭɱɟɧɵ ɢɯ ɫɜɨɣɫɬɜɚ. Ⱥɧɚɥɢɡɢɪɭɹ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ, ɛɵɥ ɫɞɟɥɚɧ ɜɵɜɨɞ ɨ 
ɬɨɦ, ɱɬɨ ɧɚ ɯɚɪɚɤɬɟɪ ɜɬɨɪɨɝɨ ɩɟɪɟɯɨɞɚ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɸɬ ɨɫɨɛɟɧɧɨɫɬɢ 
ɨɪɝɚɧɢɡɚɰɢɢ ɜɧɟɲɧɟɝɨ ɫɥɨɹ ɞɟɧɞɪɢɦɟɪɚ. Ɉɛɪɚɳɚɟɬ ɧɚ ɫɟɛɹ ɜɧɢɦɚɧɢɟ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜ ɦɟɧɟɟ 
ɩɥɨɬɧɨɦ ɝɨɦɨɥɨɝɢɱɟɫɤɨɦ ɪɹɞɭ 3–3 ɬɚɤɨɟ ɩɪɟɜɪɚɳɟɧɢɟ ɧɚɛɥɸɞɚɥɨɫɶ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɲɟɫɬɨɣ 
ɝɟɧɟɪɚɰɢɢ ɤ ɫɟɞɶɦɨɣ, ɚ ɜ ɛɨɥɟɟ ɩɥɨɬɧɨɦ – ɨɬ ɱɟɬɜɟɪɬɨɣ ɤ ɩɹɬɨɣ. ɇɚɤɨɩɥɟɧɧɵɟ ɮɚɤɬɵ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɷɬɨ ɹɜɥɟɧɢɟ, ɜɨ-ɩɟɪɜɵɯ, ɧɨɫɢɬ ɨɛɳɢɣ ɯɚɪɚɤɬɟɪ, ɚ, ɜɨ-ɜɬɨɪɵɯ – 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɬɚɤ ɢɥɢ ɢɧɚɱɟ ɫɜɹɡɚɧɨ ɫ ɩɥɨɬɧɨɫɬɶɸ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɞɟɧɞɪɢɦɟɪɚ. ɇɚ ɷɬɨɦ 
ɨɫɧɨɜɚɧɢɢ ɛɵɥɨ ɫɞɟɥɚɧɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɨɛɪɚɬɢɦɨɟ ɝɟɥɟɨɛɪɚɡɨɜɚɧɢɟ ɞɟɧɞɪɢɦɟɪɨɜ 
ɜɵɫɨɤɢɯ ɝɟɧɟɪɚɰɢɣ ɨɛɭɫɥɨɜɥɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɮɢɡɢɱɟɫɤɨɣ ɫɟɬɤɢ, ɚɧɚɥɨɝɢɱɧɨɣ ɫɟɬɤɟ 
ɡɚɰɟɩɥɟɧɢɣ ɤɥɚɫɫɢɱɟɫɤɢɯ ɩɨɥɢɦɟɪɧɵɯ ɫɢɫɬɟɦ. 

ȼɥɢɹɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɨɛɴɟɦɚ ɧɚ ɬɟɩɥɨɟɦɤɨɫɬɶ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɛɵɥɨ 
ɢɡɭɱɟɧɨ ɩɪɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɚɪɛɨɫɢɥɚɧɨɜɨɝɨ ɞɟɧɞɪɢɦɟɪɚ 
ɪɹɞɚ 3–3 G-7(Ph)(Bu)384 ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɤɚɪɛɨɫɢɥɚɧɨɜɨɝɨ ɞɟɧɞɪɢɦɟɪɚ 
ɫɟɞɶɦɨɣ ɝɟɧɟɪɚɰɢɢ ɫ ɤɨɧɰɟɜɵɦɢ ɛɭɬɢɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ G-7(Bu)512 ɪɹɞɚ 4–3. Ʉɚɤ ɢ ɫɥɟɞɨɜɚɥɨ 
ɨɠɢɞɚɬɶ, ɜ ɫɥɭɱɚɟ ɛɨɥɟɟ ɪɵɯɥɨɣ ɭɩɚɤɨɜɤɢ (ɪɹɞ 3–3) ɡɧɚɱɟɧɢɹ o

pC  ɥɟɠɚɬ ɜɵɲɟ, ɱɟɦ ɞɥɹ 
ɞɟɧɞɪɢɦɟɪɚ ɛɨɥɟɟ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɢ (ɪɹɞ 4–3). Ɋɚɡɥɢɱɢɹ ɜ o

pC ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɸɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɟɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɫɨɫɬɚɜɥɹɸɬ ɜ ɫɪɟɞɧɟɦ 10%. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ 
(ɡɚɞɚɧɢɟ № 4.1275.2014/К). 
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ɉɚɳɟɧɤɨ Ʌ.Ʌ.1, Ɇɢɪɨɲɧɢɱɟɧɤɨ ȿ.Ⱥ.2, Ʉɨɧɶɤɨɜɚ Ɍ.ɋ.2, 
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ȼ ɪɚɛɨɬɟ ɨɩɪɟɞɟɥɟɧɵ ɷɧɬɚɥɶɩɢɢ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, 
o
m

g
lcr H)( , ɬɪɟɯ ɛɢɮɟɧɢɥɨɜ: 1,1'-ɛɢɮɟɧɢɥɚ (ȻɎ), 4-ɧɢɬɪɨɛɢɮɟɧɢɥɚ (4-ɇȻɎ) ɢ 3-

ɢɡɨɩɪɨɩɢɥɛɢɮɟɧɢɥɚ (3-ɂɉȻɎ). ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɦɢɤɪɨɤɚɥɨɪɢɦɟɬɪɟ Ʉɚɥɶɜɟ 
ɫɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 298380Ʉ ɩɨ ɦɟɬɨɞɢɤɟ Д1Ж. 
ɉɨɥɭɱɟɧɵ ɭɪɚɜɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɷɧɬɚɥɶɩɢɣ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, o

m
g

lcr H)( / ɤȾɠ·ɦɨɥɶ-1 = α + β (T /K). Ɂɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɣ 
ɫɭɛɥɢɦɚɰɢɢ ɢ ɢɫɩɚɪɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɤ 298.15 K. ɉɨɝɪɟɲɧɨɫɬɶ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ɷɧɬɚɥɶɩɢɣ 
ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɚɥɤɢɥȻɎ ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɤɚɤ ts, ɝɞɟ s -ɫɬɚɧɞɚɪɬɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ, ɢ t ɤɨɷɮɮɢɰɢɟɧɬ ɋɬɶɸɞɟɧɬɚ ɩɪɢ 0.05 ɭɪɨɜɧɟ ɡɧɚɱɢɦɨɫɬɢ. 
ɉɨɥɭɱɟɧɧɵɟ ɜɟɥɢɱɢɧɵ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɚɧɞɚɪɬɧɵɯ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ 
ɡɚɦɟɳɟɧɧɵɯ ȻɎ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. ɂɫɩɨɥɶɡɭɹ ɜɟɥɢɱɢɧɵ o

m
g

lcr H)( ,  ɜɵɱɢɫɥɢɥɢ ɜɤɥɚɞɵ 
ɢɡɨɩɪɨɩɢɥɶɧɨɣ ɢ ɧɢɬɪɨɝɪɭɩɩ ɜ ɷɧɬɚɥɶɩɢɸ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɡɚɦɟɳɟɧɧɵɯ ȻɎ. 
 
Ɍɚɛɥɢɰɚ 1. Эɧɬɚɥɶɩɢɢ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɛɢɮɟɧɢɥɨɜ, 298.15 Ʉ, ɤȾɠ·ɦɨɥɶ-1 

ȻɎ 4-ɇȻɎ 3-ɂɉȻɎ 
ɫɭɛɥɢɦɚɰɢɹ ɫɭɛɥɢɦɚɰɢɹ ɢɫɩɚɪɟɧɢɟ 
81.5  ± 0.8 
81.52    [2] 

108.4 ± 0.9 76.6 ± 0.5 
76.4 ± 0.8 [3] 

 

ȼɟɥɢɱɢɧɵ o
m

g
lcr H)(  ɞɥɹ ȻɎ ɢ 3-ɂɉȻɎ, ɩɨɥɭɱɟɧɧɵɟ ɜ  ɷɬɨɣ ɪɚɛɨɬɟ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɞɚɧɧɵɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɥɢɬɟɪɚɬɭɪɟ Д2, 3Ж. 
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ɉɪɟɞɥɨɠɟɧɨɪɚɫɱɢɬɵɜɚɬɶ ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ ɋ – NO2 ɜ ɰɢɤɥɢɱɟɫɤɢɯ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɜɟɥɢɱɢɧ ɪɚɡɧɨɫɬɟɣ ɷɧɬɚɥɶɩɢɣ 
ɚɬɨɦɢɡɚɰɢɢ ɧɢɬɪɨ- ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ ɢɫɫɥɟɞɭɟɦɨɝɨ ɢ ɪɟɩɟɪɧɵɯ  
ɰɢɤɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨ ɦɟɬɨɞɭ “ɞɜɨɣɧɨɣ ɪɚɡɧɨɫɬɢ”Д4Ж. ɉɪɢ ɷɬɨɦ ɧɟɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ 
ɷɧɟɪɝɢɣ ɩɟɪɟɫɬɪɨɣɤɢ ɮɪɚɝɦɟɧɬɨɜ ɦɨɥɟɤɭɥ ɜ ɪɚɞɢɤɚɥɵ ɜɡɚɢɦɧɨ ɢɫɤɥɸɱɚɸɬɫɹ, ɚ ɩɨɥɭɱɚɟɦɵɟ 
ɜɟɥɢɱɢɧɵ ɨɬɪɚɠɚɸɬ ɫɨɨɬɧɨɲɟɧɢɟ ɷɧɟɪɝɢɣ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ ɜ ɫɨɩɨɫɬɚɜɥɹɟɦɵɯ 
ɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪɚɯ. Эɬɚ ɦɟɬɨɞɢɤɚ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɷɧɟɪɝɢɢ 
ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ ɢ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɨɜ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɵɯ ɩɨ 
ɤɢɧɟɬɢɤɟ ɬɟɪɦɨɪɚɫɩɚɞɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɇɚ ɨɫɧɨɜɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɜ ɪɚɛɨɬɟ 
ɨɩɪɟɞɟɥɟɧɚ ɷɧɟɪɝɢɹ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɢ ɋ – NO2 ɜ (4-ɇȻɎ) ɢ ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɚ 
ɛɢɮɟɧɢɥ-4-ɢɥɚ (ȻɎ-4-ɢɥ). ɉɪɟɞɥɨɠɟɧɧɵɣ ɫɩɨɫɨɛ ɩɟɪɫɩɟɤɬɢɜɟɧ ɞɥɹ ɰɢɤɥɢɱɟɫɤɢɯ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫɬɪɨɟɧɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ 
ɧɟɨɛɯɨɞɢɦɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɩɨ ɪɚɡɧɵɦ ɩɪɢɱɢɧɚɦ.  

ɉɪɢ ɪɚɫɱɟɬɚɯ ɩɨ ɦɟɬɨɞɭ “ɞɜɨɣɧɨɣ ɪɚɡɧɨɫɬɢ” ɨɩɪɟɞɟɥɹɸɬ ɜɟɥɢɱɢɧɵ ɪɚɡɧɨɫɬɟɣ  ɷɧɬɚɥɶɩɢɣ 
ɚɬɨɦɢɡɚɰɢɢ ɧɢɬɪɨ- ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ, ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɰɢɤɥɢɱɟɫɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣɊ(R) ɢ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɟɩɟɪɧɵɯ    ɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣ.  

Ɋ(R) ΔatH(R1NO2) – atH(R1R)       (1)  
ɝɞɟ R – ɚɬɨɦ ɜɨɞɨɪɨɞɚ ɢɥɢ ɭɝɥɟɜɨɞɨɪɨɞɧɚɹ ɝɪɭɩɩɚ; R1 – ɰɢɤɥɢɱɟɫɤɢɣ ɪɚɞɢɤɚɥ, ɭ ɤɨɬɨɪɨɝɨ 
ɧɢɬɪɨɝɪɭɩɩɚ ɡɚɦɟɧɹɟɬɫɹ ɧɚ R; ΔatH(R1NO2) ɢ atH(R1R) – ɷɧɬɚɥɶɩɢɢ ɚɬɨɦɢɡɚɰɢɢ 
ɧɢɬɪɨɫɨɟɞɢɧɟɧɢɹ ɢ ɟɝɨ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɚɧɚɥɨɝɚ. Ⱦɚɥɟɟ ɩɪɟɨɛɪɚɡɭɟɦ ɪɚɡɧɢɰɭ ɜɟɥɢɱɢɧ Ɋ(R) 
ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɰɢɤɥɚ, Ɋ(R)cyc ɢ ɞɥɹ ɪɚɧɟɟ ɢɡɭɱɟɧɧɨɝɨ ɪɟɩɟɪɧɨɝɨ ɰɢɤɥɚ, Ɋ(R)cyc, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɜɟɧɫɬɜɨɦ ɷɧɬɚɥɶɩɢɣ ɚɬɨɦɢɡɚɰɢɢ ɫɭɦɦɟ ɫɪɟɞɧɢɯ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɷɧɟɪɝɢɣ 
ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɚɯ, ɚ ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɢ – ɫɭɦɦɟɫɪɟɞɧɟɣ ɷɧɟɪɝɢɢ ɫɜɹɡɢ ɢ ɷɧɟɪɝɢɣ 
ɩɟɪɟɫɬɪɨɣɤɢ ɮɪɚɝɦɟɧɬɨɜ ɦɨɥɟɤɭɥ ɜ ɪɚɞɢɤɚɥɵ: 

Ɋ(R)cyc- Ɋ(R)cyc= [( ΣEcyc+ D(ɋ–NO2)cyc-İNO2-İcyc+ΣENO2) - (ΣEcyc+ D(ɋ–R)cyc- 
-İR -İcyc+ΣER] - [(ΣEcyc+ D(ɋ–NO2)cyc-İNO2-İcyc+ΣENO2) - (ΣEcyc+ D(ɋ–R)cyc-İR - İcyc+ ΣER)] 

= D(ɋ–NO2)cyc - D(ɋ–R)cyc - D(ɋ–NO2)cyc + D(ɋ–R)cyc (2) 
ɝɞɟ ΣEcyc, ΣEcyc, ΣENO2ɢΣER – ɫɭɦɦɵ ɷɧɟɪɝɢɣ  ɫɜɹɡɟɣ ɜ ɰɢɤɥɢɱɟɫɤɢɯ ɱɚɫɬɹɯ ɦɨɥɟɤɭɥ, ɜ 
ɧɢɬɪɨɝɪɭɩɩɟ ɢ ɪɚɞɢɤɚɥɚɯ; D(ɋ–NO2)cyc ɢ D(ɋ–NO2)cyc – ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ  ɋ–NO2   
ɜ ɝɟɬɟɪɨɰɢɤɥɚɯ;εcyc,εcyc,εNO2 ɢ  εR– ɷɧɟɪɝɢɢ ɩɟɪɟɫɬɪɨɣɤɢ ɮɪɚɝɦɟɧɬɨɜ ɦɨɥɟɤɭɥ ɜ ɪɚɞɢɤɚɥɵ; 
D(ɋ–R)cyc ɢ D(ɋ–R)cyc– ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ  ɋ–R ɜ ɰɢɤɥɚɯ. ɉɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɩɨɥɭɱɚɟɦ: 

D(ɋ–NO2)cyc = D(ɋ–NO2)cyc + ДɊ(R)cyc- Ɋ(R)cyc] + D (ɋ–R)cyc - D(ɋ–R)cyc  (3)  
Эɬɨɬ ɦɟɬɨɞɩɨɡɜɨɥɹɟɬ ɫɨɤɪɚɬɢɬɶ ɷɧɟɪɝɢɢ ɩɟɪɟɫɬɪɨɣɤɢ ɢ ɜɵɞɟɥɢɬɶ ɢɡ ɫɭɦɦɵ ɷɧɟɪɝɢɣ 

ɫɜɹɡɟɣ ɜ ɦɨɥɟɤɭɥɚɯɨɞɧɭ ɫɪɟɞɧɸɸ ɷɧɟɪɝɢɸ ɫɜɹɡɢ ɢ ɡɚɦɟɧɢɬɶ ɟё ɧɚ ɷɧɟɪɝɢɸ ɞɢɫɫɨɰɢɚɰɢɢ 
ɫɜɹɡɢ. Ȼɚɧɤ ɞɚɧɧɵɯ ɩɨ ɧɢɬɪɨɚɥɤɚɧɚɦ ɜ ɤɚɱɟɫɬɜɟ ɪɟɩɟɪɧɵɯ ɜɟɥɢɱɢɧ ɞɥɹ 
ɪɚɫɱɟɬɨɜɧɢɬɪɨɩɪɨɢɡɜɨɞɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɧɟɜɨɡɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ, ɬɚɤ ɤɚɤ  ɜɟɥɢɱɢɧɚ D(ɋ–R)cyc-D(ɋ–R)cyc ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ D(ɋ–R)cyc-D(ɋ–R)alk, ɝɞɟ  
D(ɋ–R)alk- ɷɧɟɪɝɢɹ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɢ  ɋ–R ɜ ɚɥɤɚɧɚɯ. Эɬɢ ɜɟɥɢɱɢɧɵ ɜ ɚɥɤɚɧɚɯ ɢ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɪɚɡɥɢɱɚɸɬɫɹ ɛɨɥɟɟ ɱɟɦ ɧɚ60 ɤȾɠɦɨɥɶ−1[5, 6].  

ɇɚ ɨɫɧɨɜɟ ɢɦɟɸɳɢɯɫɹ ɜ ɥɢɬɟɪɚɬɭɪɟ ɷɧɟɪɝɢɣ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ ɜɟɥɢɱɢɧɭ D(ɋ – R)cyc- 
D(ɋ – R)cyc ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɪɚɜɧɨɣ ɧɭɥɸ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɞɚɧɧɵɯ ɞɥɹ D (± 8 ÷ 12 
ɤȾɠɦɨɥɶ−1Д5, 6Ж). ɇɚɩɪɢɦɟɪ, ɜɟɥɢɱɢɧɵ D(ɋ – CH3) ɜ ɬɨɥɭɨɥɟ, 1- ɢ 2-ɦɟɬɢɥɧɚɮɬɚɥɢɧɟ, 3- ɢ 4-
ɦɟɬɢɥɩɢɪɢɞɢɧɟ ɫɨɫɬɚɜɥɹɸɬ 433.0 ± 8.0 ɤȾɠɦɨɥɶ−1 [5, 6]. ȼ ɢɬɨɝɟ ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ (4) ɞɥɹ 
ɪɚɫɱɟɬɚ ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ ɩɨ ɦɟɬɨɞɭ “ɞɜɨɣɧɨɣ ɪɚɡɧɨɫɬɢ”: 

D(ɋ – NO2)cyc = D(ɋ – NO2)cyc + [ Ɋ(R)cyc– Ɋ(R)cyc]     (4) 
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ɉɨ ɧɢɬɪɨɩɪɨɢɡɜɨɞɧɵɦ ɚɪɨɦɚɬɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢɹɦ ɜ ɤɚɱɟɫɬɜɟ ɧɚɞɟɠɧɵɯ ɪɟɩɟɪɧɵɯ 
ɜɟɥɢɱɢɧ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ ɞɥɹ ɧɢɬɪɨ- ɢ ɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ ɛɟɧɡɨɥɚ Д7Ж. ɂɡɜɟɫɬɧɵɟ 
ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ȻɎ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ, ΔfHo

(g)  (298.15Ʉ, ɤȾɠɦɨɥɶ−1) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 
Эɧɬɚɥɶɩɢɢ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜɫɟɯ ɩɪɢɜɟɞɟɧɧɵɯ ȻɎ ɨɩɪɟɞɟɥɟɧɵ ɜ ɷɬɨɣ ɪɚɛɨɬɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ȼɟɥɢɱɢɧɵ  ΔfHȻɎ• (NO2) ɩɪɟɞɫɬɚɜɥɹɸɬ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɚ ȻɎ-
4-ɢɥɚ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɦɟɬɨɞɭ “ɞɜɨɣɧɨɣ ɪɚɡɧɨɫɬɢ”, ɤɨɝɞɚ 4-ɇȻɎ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ 
“ɢɫɫɥɟɞɭɟɦɨɟ” ɫɨɟɞɢɧɟɧɢɟ, ɚɥɤɢɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ȻɎɩɪɢɦɟɧɟɧɵ ɜ ɤɚɱɟɫɬɜɟ 
“ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ” ɜɟɳɟɫɬɜ. ȼɟɥɢɱɢɧɵ ΔfHȻɎ•(H) ɜ 4 ɤɨɥɨɧɤɟ ɬɚɛɥ. 2 ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɚ ȻɎ-4-ɢɥɚ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɜ ɬɨɦ ɜɚɪɢɚɧɬɟ, ɤɨɝɞɚ ɜ ɤɚɱɟɫɬɜɟ 
“ɢɫɫɥɟɞɭɟɦɨɝɨ” ɜɟɳɟɫɬɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ȻɎ, ɚ ɞɪɭɝɢɟ ɩɪɨɢɡɜɨɞɧɵɟ ȻɎ ɩɪɢɧɢɦɚɸɬɫɹ ɤɚɤ 
“ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ” ɜɟɳɟɫɬɜɚ. Эɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɬɚɧɞɚɪɬɧɨɦ ɫɨɫɬɨɹɧɢɢ 4-ɇȻɎ ɢɦɟɟɬ 
ɜɵɫɨɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ, ɩɨɷɬɨɦɭ ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɚ ȻɎ-4-ɢɥɚ (ɜ ɩɪɟɞɟɥɚɯ 
ɩɨɝɪɟɲɧɨɫɬɢ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ) ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɨɫɬɚɥɶɧɵɯ ɜɟɥɢɱɢɧ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ 
ɤɨɥɨɧɤɟ 4, ɞɥɹ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɨɜɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɬɚɧɞɚɪɬɧɨɦ 
ɫɨɫɬɨɹɧɢɢ. ɉɪɢ ɩɨɥɭɱɟɧɢɢ ɡɧɚɱɟɧɢɣ ΔfHȻɎ• (NO2) ɜɟɥɢɱɢɧɚ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 4-ɇȻɎ, 
ɤɚɤ “ɢɫɫɥɟɞɭɟɦɨɝɨ” ɜɟɳɟɫɬɜɚ, ɧɟ ɭɱɚɫɬɜɨɜɚɥɚ ɜ ɪɚɫɱɟɬɚɯ. ɉɨɷɬɨɦɭ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɚ ȻɎ-4-ɢɥɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɡɧɚɱɟɧɢɹ fHȻɎ• ɢɡ 3 ɤɨɥɨɧɤɢ. 
ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɫɨɫɬɚɜɢɥɚ 431.0 ± 1.2 ɤȾɠɦɨɥɶ−1. ȿɫɥɢ ɩɨɥɭɱɟɧɧɭɸ 
ɜɟɥɢɱɢɧɭ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɚ ɩɪɢɦɟɧɢɬɶ ɞɥɹ 4-ɇȻɎ, ɬɨ ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ 
ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɞɥɹ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫɨɫɬɚɜɢɬ 159.5 ɤȾɠɦɨɥɶ−1. 
 
Ɍɚɛɥɢɰɚ 2. Эɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ȻɎ ɢ ɪɚɞɢɤɚɥɚ ȻɎ 4-ɢɥɚ 

ɋɨɟɞɢɧɟɧɢɟ fHo
(g) fHȻɎ• 

(NO2) 
fHȻɎ• (H) 

Ȼɢɮɟɧɢɥ (ȻɎ) 179.9 ± 2.9 432.6 – 
4-ɇȻɎ 154.4 ± 7.1 – 425.9  
4-ɆɟȻɎ 143.3 ± 1.3 429.7 429.7 
4-ɂɉȻɎ* 97.2 ± 2.5 430.1 430.1 
4-ɬɪɟɬȻȻɎ 72.0 ± 2.8 431.8 431.8 

*ɉɨ ɞɚɧɧɵɦ ɋɚɦȽɌɍ ɪɚɡɥɢɱɢɟ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ 3- ɢ 4-ɂɉȻɎ ɧɟ ɩɪɟɜɵɲɚɟɬ 
ɩɨɝɪɟɲɧɨɫɬɢ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 3-ɂɉȻɎ. 

 
ɉɨɥɭɱɟɧɧɚɹ ɜɟɥɢɱɢɧɚ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɚ ȻɎ-4-ɢɥɚ 431.0 ± 1.2 

ɤȾɠɦɨɥɶ−1ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɚɬɶ ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ D(R–ȻɎ) ɜ ɩɪɨɢɡɜɨɞɧɵɯ 4-ȻɎ 
(ɤȾɠɦɨɥɶ−1): D(H – ȻɎ) 471.2; D(NO2 – ȻɎ) 305.5; D(Me – ȻɎ) 434.4; D (Иɉ – ȻɎ) 421.9;  
D (ɬɪɟɬ-Ȼ – ȻɎ) 407.0. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɛɢɮɟɧɢɥɨɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɞɥɹ ɪɚɫɱɟɬɚ ɷɧɟɪɝɢɣ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɟɣ ɢ 
ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɨɜ  ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɩɚɪɵ  

NO2 - ɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ Д4Ж, ɧɨ ɢ ɚɥɤɢɥ - ɚɥɤɢɥɩɪɨɢɡɜɨɞɧɵɯ. 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɷɧɬɚɥɶɩɢɹɦ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɨɜ 3-ɦɟɬɢɥɮɭɪɚɡɚɧ-4-ɢɥɚ Д4Жɢ 

ȻɎ-4-ɢɥɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɩɪɢɧɹɬɵɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (4) ɜ ɦɟɬɨɞɟ 
“ɞɜɨɣɧɨɣ ɪɚɡɧɨɫɬɢ” ɞɨɫɬɚɬɨɱɧɨ ɞɨɫɬɨɜɟɪɧɵ, ɱɬɨɛɵ ɨɰɟɧɢɜɚɬɶ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɪɚɞɢɤɚɥɨɜ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 
ɫɨɜɪɟɦɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨ ɷɧɬɚɥɶɩɢɹɦ ɨɛɪɚɡɨɜɚɧɢɹ  ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɞɢɤɚɥɨɜ.  

ɉɪɢɦɟɧɟɧɢɟ ɪɚɫɱɟɬɧɨɝɨ  ɦɟɬɨɞɚ “ɞɜɨɣɧɨɣ ɪɚɡɧɨɫɬɢ” ɞɥɹ ɪɹɞɚ ɩɪɨɢɡɜɨɞɧɵɯ ɰɢɤɥɢɱɟɫɤɢɯ 
ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɭɬɨɱɧɢɬɶ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɨɬɞɟɥɶɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ. 

ȼɟɥɢɱɢɧɵ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɚɬɨɦɨɜ, ɪɚɞɢɤɚɥɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
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ɪɚɫɱɟɬɨɜ, ɜɡɹɬɵ ɢɡ ɪɚɛɨɬ Д5-8].  
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ɂɡɭɱɟɧɢɟ ɯɢɦɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɟɟ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɜ 

ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɞɚɧɧɵɯ ɩɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ 
ɜɟɳɟɫɬɜ ɢ ɫɢɫɬɟɦ– ɛɚɡɵ ɞɚɧɧɵɯ ɩɨɢɫɤɚ ɢ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪɦɚɰɢɢ. 

Ɍɚɤɢɟ ɚɜɬɨɪɢɬɟɬɧɵɟ ɛɚɡɵ ɞɚɧɧɵɯ, ɤɚɤ,  ɂȼɌȺɇɌȿɊɆɈ, NISTTHERMO, MALT, 
F*A*C*T ɝɟɧɟɪɢɪɭɸɬ ɦɚɫɫɢɜɵ ɱɢɫɟɥ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɢ ɫɢɫɬɟɦ, ɨɞɧɚɤɨ 
ɨɧɢ ɧɟ ɢɧɮɨɪɦɢɪɭɸɬ ɩɨɥɶɡɨɜɚɬɟɥɹ, ɤɚɤ ɢ ɩɨ ɤɚɤɢɦ ɫɨɨɬɧɨɲɟɧɢɹɦ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɨɜ, ɧɟ ɝɟɧɟɪɢɪɭɸɬ ɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɩɨɜɟɞɟɧɢɟ 
ɢɫɫɥɟɞɭɟɦɵɯ ɫɜɨɣɫɬɜ. Ȼɚɡɚ ɞɚɧɧɵɯ ɂȼɌȺɇɌȿɊɆɈɫɨɞɟɪɠɢɬ ɥɢɲɶ ɬɟɪɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ 298Ʉ, ɚ ɬɚɤ ɠɟ ɢɯ ɢɡɦɟɧɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɋɨɞɟɪɠɚɳɢɟɫɹ 
ɜ ɨɬɤɪɵɬɨɣ ɛɚɡɟ ɞɚɧɧɵɟ ɜ ɫɜɹɡɢ ɫ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶɸ ɜɵɛɨɪɤɢ (ɨɤɨɥɨ 300 ɜɟɳɟɫɬɜ) 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɤɚɤ ɷɥɟɤɬɪɨɧɧɵɣ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ ɪɟɫɭɪɫ.  

Ȼɚɡɚ ɞɚɧɧɵɯ F*A*C*T ɩɪɟɞɨɫɬɚɜɥɹɟɬɞɨɫɬɭɩ ɤ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜɚɯ ɧɟ ɬɨɥɶɤɨ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ, ɧɨ ɢ ɯɢɦɢɱɟɫɤɢɯɪɟɚɤɰɢɣ ɢ ɜɨɡɦɨɠɧɨɫɬɹɦ 
ɪɚɫɱɟɬɚ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. 

ȼɨɡɦɨɠɧɨɫɬɢ  ɛɚɡɵ ɞɚɧɧɵɯ F*A*C*T ɩɪɢ ɪɚɫɱɟɬɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɨɡɨɧɚ ɢɥɥɸɫɬɪɢɪɭɟɬ ɪɢɫ. 1. 

 
O2    = 0.666666666666667 O3  
(T,g)   (T,g)                 
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T(K) 
DОlЭКИH°(
J) 

DОlЭКИG°(J
) 

Delta_Vol(litr
e) 

DОlЭКИS°(J/
K) 

Delta_Cp(J/
K) 

Keq T

298.15  95116.0   108778.0   -8.1552E+00 -45.823   -3.222   8.7706E-20    

300.00  95110.1   108862.8   -8.2058E+00   -45.842   -3.171   1.1112E-19    

400.00  94913.7   113482.8   -1.0941E+01   -46.423   -0.927   1.5172E-15    

500.00  94894.1   118130.1   -1.3676E+01   -46.472   0.408   4.5640E-13    
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600.00  94975.4   122770.9   -1.6412E+01   -46.326   1.141   2.0517E-11    

700.00  95110.5   127393.3   -1.9147E+01   -46.118   1.517   3.1191E-10    

800.00  95272.2   131994.3   -2.1882E+01   -45.903   1.694   2.4092E-09    

900.00  95446.3   136574.2   -2.4617E+01   -45.698   1.777   1.1848E-08    

1000.00 95626.7   141134.4   -2.7353E+01   -45.508   1.832   4.2470E-08    

1100.00 95807.9   145676.3   -3.0088E+01   -45.335   1.798   1.2094E-07    

1200.00 95986.7   150201.9   -3.2823E+01   -45.179   1.777   2.8976E-07    

1300.00 96162.9   154712.7   -3.5558E+01   -45.038   1.744   6.0775E-07    

1400.00 96334.9   159210.0   -3.8294E+01   -44.911   1.692   1.1480E-06    

1500.00 96500.7   163695.3   -4.1029E+01   -44.796   1.622   1.9942E-06    
 

Ɋɢɫ. 1. ɋɬɪɚɧɢɰɚ Reaction-Web ɛɚɡɵ ɞɚɧɧɵɯF*A*C*T. Ɋɚɫɱɟɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɨɡɨɧɚ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɛɵɥɨ ɫɨɡɞɚɧɢɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɜɟɪɫɢɢ ɛɚɡɵ ɞɚɧɧɵɯ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɥɚ 
ɛɵ ɧɟ ɬɨɥɶɤɨ ɩɨɥɭɱɚɬɶ ɦɚɫɫɢɜɵ ɱɢɫɟɥ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɢ ɫɢɫɬɟɦ,  ɧɨ ɢ 
ɢɧɮɨɪɦɢɪɨɜɚɥɚ ɛɵ ɩɨɥɶɡɨɜɚɬɟɥɹ - ɫɬɭɞɟɧɬɚ, ɤɚɤ ɢ ɩɨ ɤɚɤɢɦ ɭɪɚɜɧɟɧɢɹɦ, ɩɨɥɭɱɟɧɵ 
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ, ɩɨɡɜɨɥɢɥɚ ɛɵ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɫɜɨɣɫɬɜɚ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɡɚɞɚɧɧɨɦ 
ɩɚɪɚɦɟɬɪɟ, ɝɟɧɟɪɢɪɨɜɚɥɚ ɛɵɝɪɚɮɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɢɥɥɸɫɬɪɢɪɭɸɳɢɟ ɩɨɜɟɞɟɧɢɟ 
ɢɫɫɥɟɞɭɟɦɵɯ ɫɜɨɣɫɬɜ. Ⱦɭɦɚɸ, ɱɬɨ ɬɚɤɚɹ ɛɚɡɚ ɞɚɧɧɵɯ ɞɨɥɠɧɚ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɡɧɚɧɢɹ.  

Ɉɬɤɪɵɬɢɟ ɜ ɂɧɬɟɪɧɟɬɟ MathcadCalculationServer ɆЭɂД1Ж (www.vpu.ru/mas)ɩɨɡɜɨɥɢɥɨ ɩɨ 
ɞɚɧɧɵɦ Д2Ж ɫɨɡɞɚɬɶ ɢ ɜɧɟɞɪɢɬɶ ɜ ɭɱɟɛɧɵɣ ɩɪɨɰɟɫɫ ɢɧɬɟɪɚɤɬɢɜɧɭɸ ɫɟɬɟɜɭɸ 
ɜɟɪɫɢɸɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɛɚɡɵ ɞɚɧɧɵɯ ɢ ɫɩɪɚɜɨɱɧɢɤɚ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ, 
ɫɬɪɭɤɬɭɪɭ ɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɬɨɪɨɣ ɢɥɥɸɫɬɪɢɪɭɟɬ ɪɢɫ.2. 

 

 
Ɋɢɫ. 2.ɋɬɪɭɤɬɭɪɚ ɢɧɬɟɪɚɤɬɢɜɧɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɛɚɡɵ ɞɚɧɧɵɯ ɢ ɫɩɪɚɜɨɱɧɢɤɚ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ 

http://www.vpu.ru/mas
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Ɉɛɪɚɡɨɜɚɬɟɥɶɧɚɹ ɜɟɪɫɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɛɚɡɵ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 

ɜɪɟɦɟɧɢ ɢɫɫɥɟɞɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɚɠɧɟɣɲɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 
ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɧɟɤɨɬɨɪɵɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ. Ƚɪɚɮɢɱɟɫɤɢɟ 
ɢɥɥɸɫɬɪɚɰɢɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɨɡɜɨɥɹɸɬ ɧɚɛɥɸɞɚɬɶ ɩɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢ 
ɬɟɤɭɳɭɸ ɬɨɱɤɭ ɧɚ ɤɪɢɜɨɣ.  

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɢɧɬɟɪɚɤɬɢɜɧɨɣ ɫɟɬɟɜɨɣ ɜɟɪɫɢɢ ɛɚɡɵ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɟɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɚɹ 
ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ: ɜ ɤɚɠɞɨɦ MКЭСМКН-ɞɨɤɭɦɟɧɬɟ ɭɤɚɡɚɧɨ, ɩɨ ɤɚɤɢɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 
ɞɚɧɧɵɦ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɚɧɚɥɢɬɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɨɩɢɫɵɜɚɸɳɚɹ ɢɡɦɟɧɟɧɢɟ ɢɫɫɥɟɞɭɟɦɨɣ 
ɮɭɧɤɰɢɢ, ɩɨ ɤɚɤɢɦ ɫɨɨɬɧɨɲɟɧɢɹɦ ɢ ɤɚɤ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɢɫɫɥɟɞɭɟɦɵɣ ɩɚɪɚɦɟɬɪ ɢɥɢ ɫɜɨɣɫɬɜɨ 
ɜɟɳɟɫɬɜɚ ɢ ɫɢɫɬɟɦɵ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ, ɜ ɤɨɬɨɪɨɦ ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɚɞɟɤɜɚɬɧɵ.  

ɋɪɚɜɧɢɦ ɪɚɫɱɟɬɧɵɟ, ɢɥɥɸɫɬɪɚɬɢɜɧɵɟ ɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɛɚɡɵ ɞɚɧɧɵɯ 
ɂȼɌȺɇɌȿɊɆɈ, ɛɚɡɵ ɞɚɧɧɵɯ  F*A*C*T ɢ ɛɚɡɵ ɞɚɧɧɵɯ ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɫɩɪɚɜɨɱɧɢɤɚ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɩɪɢ ɪɚɫɱɟɬɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɡɨɧɚ ɢ ɪɟɚɤɰɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ ɨɡɨɧɚ. 

 

 
Ɋɢɫ. 3.Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɷɧɬɚɥɶɩɢɢ ɢ 
ɷɧɬɪɨɩɢɢ ɨɡɨɧɚ 

 
ɉɨ ɞɚɧɧɵɦ Д2Ж ɛɵɥɢ ɧɚɣɞɟɧɵ ɫɨɨɬɧɨɲɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɢɡɦɟɧɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɤɨɧɫɬɚɧɬ ɪɚɜɧɨɜɟɫɢɹɪɟɚɤɰɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɜɟɳɟɫɬɜ, 
ɩɨɡɜɨɥɹɸɳɢɟ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɡɧɚɱɟɧɢɣ ɷɬɢɯ ɜɟɥɢɱɢɧ ɩɪɢ ɧɟɤɨɬɨɪɨɣ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
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 Ɋɢɫ.5. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɬɚɧɞɚɪɬɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɷɧɬɚɥɶɩɢɢ ɜ 
ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɨɡɨɧɚ 

 
Ƚɪɚɮɢɱɟɫɤɢɟ ɢɥɥɸɫɬɪɚɰɢɢ ɞɚɸɬ ɧɚɝɥɹɞɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɯɚɪɚɤɬɟɪɟɬɟɦɩɟɪɚɬɭɪɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɩɨɡɜɨɥɹɸɬ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ, 
ɷɧɬɪɨɩɢɢ, ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɢ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ (Ɋɢɫ. 6). 

 

 
Ɋɢɫ. 6.Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɪɨɩɢɢ ɢ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ 
ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɨɡɨɧɚ 
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ȼ ɛɚɡɟ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɫɬɚɧɬ ɪɚɜɧɨɜɟɫɢɹ 
ɜɚɠɧɟɣɲɢɯ ɝɚɡɨɜɵɯ ɪɟɚɤɰɢɣ Д2Ж. ɋɨɨɬɧɨɲɟɧɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤɰɢɢ 
ɫ ɤɨɧɫɬɚɧɬɚɦɢ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤɰɢɣ ɨɛɪɚɡɨɜɚɧɢɹ  ɤɨɦɩɨɧɟɧɬɨɜ, ɢ ɦɚɬɪɢɱɧɚɹ ɮɨɪɦɚ ɡɚɤɨɧɚ 
Ƚɟɫɫɚ ɩɨɡɜɨɥɢɥɢ ɪɚɡɪɚɛɨɬɚɬɶ MКЭСМКН- ɪɟɫɭɪɫ ɪɚɫɱɟɬɚ ɤɨɧɫɬɚɧɬ ɪɚɜɧɨɜɟɫɢɹ ɞɪɭɝɢɯ ɪɟɚɤɰɢɣ. 

Ɋɚɡɪɚɛɨɬɚɧ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɣ MКЭСМКН- ɪɟɫɭɪɫ ɪɚɫɱɟɬɚ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɢɫɫɥɟɞɭɟɦɨɣ ɪɟɚɤɰɢɢ. ɉɨɥɶɡɨɜɚɬɟɥɶ ɩɨɥɭɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɜɨɞɢɬɶ ɜ ɷɥɟɦɟɧɬɵ ɢɧɬɟɪɮɟɣɫɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɫɜɹɡɶ 
ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɫ ɪɚɜɧɨɜɟɫɧɵɦ ɫɨɫɬɚɜɨɦ, ɬɟɦɩɟɪɚɬɭɪɨɣ ɢ ɨɛɳɢɦ ɞɚɜɥɟɧɢɟɦ ɜ ɫɢɫɬɟɦɟ, 
ɢɫɫɥɟɞɨɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɬɚɤɢɯ ɫɢɫɬɟɦ, ɝɪɚɮɢɱɟɫɤɢ ɢɥɥɸɫɬɪɢɪɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. ȼ.Ɏ. Ɉɱɤɨɜ. MathcadCalculation/ApplicationServer: ɨɩɵɬ ɬɪɟɯɥɟɬɧɟɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜ 
Ɋɨɫɫɢɢ. Ɍɪ. ɤɨɧɮɟɪɟɧɰɢɢ ɉɪɚɤɬɢɤɚ ɩɪɢɦɟɧɟɧɢɹ ɧɚɭɱɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɜ 
ɨɛɪɚɡɨɜɚɧɢɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. ɂɡɞɚɬɟɥɶɫɬɜɨ ɉɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɋɉɛ., 2007. 
2. Кɪɚɬɤɢɣ ɫɩɪɚɜɨɱɧɢɤ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ. ɌɂȾ ȺɊɂɋ, Ɇ., 2010. 
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Кɪɚɫɧɨɤɚɡɚɪɦɟɧɧɚɹ, ɞɨɦ 14, e-mail: ochkov@twt.mpei.ac.ru 

 
ȼ ɞɨɤɥɚɞɟ ɢɡɥɨɠɟɧ ɨɩɵɬ ɩɭɛɥɢɤɚɰɢɢ ɜ ɂɧɬɟɪɧɟɬɟ ɛɚɡ ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ ɜ 

ɜɢɞɟ ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɪɚɫɱɟɬɨɜ, «ɨɛɥɚɱɧɵɯ» ɮɭɧɤɰɢɣ, ɮɚɣɥɨɜ ɞɥɹ ɫɤɚɱɢɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɩɨ 
ɬɟɯɧɨɥɨɝɢɢ ɝɟɧɟɪɚɬɨɪɚ ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ-ɮɭɧɤɰɢɢ ɫɫɚɣɬɚ ааа.ЭrТО.rЮ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɤɚɫɚɸɬɫɹ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɪɚɛɨɱɢɯ ɬɟɥ, ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɢ ɦɚɬɟɪɢɚɥɨɜ ɬɟɩɥɨɜɨɣ, 
ɚɬɨɦɧɨɣ, ɩɪɨɦɵɲɥɟɧɧɨɣ ɷɧɟɪɝɟɬɢɤɢ, ɚ ɬɚɤɠɟ ɬɟɩɥɨɜɵɯ ɫɟɬɟɣ ɢ ɫɢɫɬɟɦ ɤɨ- ɢ ɬɪɢɝɟɧɟɪɚɰɢɢ. 
Ȼɚɡɚ ɞɚɧɧɵɯ ɞɨɩɨɥɧɟɧɚ ɩɪɢɦɟɪɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɚɫɱɟɬɚɯ ɢɡ ɨɛɥɚɫɬɢ ɬɟɪɦɨɞɢɧɚɦɢɤɢ, 
ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɚ, ɝɢɞɪɨɝɚɡɨɞɢɧɚɦɢɤɢ ɜ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɚɯ (EбМОl, 
Mathcad, SMath, MКЭlКЛ, ɹɡɵɤɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɞɪ.), ɚ ɬɚɤɠɟ ɜ ɂɧɬɟɪɧɟɬɟ. Ɉɩɢɫɚɧɚ 
ɦɟɬɨɞɢɤɚ ɪɚɛɨɬɵ ɩɨ ɩɭɛɥɢɤɚɰɢɢ ɛɚɡ ɞɚɧɧɵɯ ɜ ɜɢɞɟ ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɪɚɫɱɟɬɨɜ ɩɨ ɬɟɯɧɨɥɨɝɢɢ 
EquationLibraryɧɚ ɫɚɣɬɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢɡɞɚɬɟɥɶɫɬɜɚ ElsОЯТОr. 

Ɋɚɡɪɚɛɨɬɚɧɵ ɢ ɨɩɪɨɛɨɜɚɧɵ ɧɨɜɵɟ ɧɚɭɱɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɩɭɛɥɢɤɚɰɢɢ ɛɚɡ ɞɚɧɧɵɯ 
ɩɨ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ, ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ ɬɪɢ ɧɨɜɵɯ ɤɥɸɱɟɜɵɯ ɦɨɦɟɧɬɚ: ɪɚɛɨɬɚ ɫ 
ɮɢɡɢɱɟɫɤɢɦɢ ɜɟɥɢɱɢɧɚɦɢ ɢ ɟɞɢɧɢɰɚɦɢ ɢɯ ɢɡɦɟɪɟɧɢɹ, «ɨɛɥɚɱɧɨɟ» ɩɨɞɤɥɸɱɟɧɢɟ ɛɚɡ ɞɚɧɧɵɯ ɤ 
ɩɨɩɭɥɹɪɧɵɦ ɪɚɫɱɟɬɧɵɦ ɩɪɨɝɪɚɦɦɚɦ ɢ ɫɢɫɬɟɦɚɦ CAD ɢ ɞɨɩɨɥɧɟɧɢɟ ɛɚɡ ɞɚɧɧɵɯ ɩɪɢɦɟɪɚɦɢ 
ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɨɧɤɪɟɬɧɵɯ ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɪɚɡɥɢɱɧɵɯ ɧɚɭɱɧɵɯ ɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ (ɚɤɚɞɟɦɢɱɟɫɤɢɯ), ɚ ɬɚɤɠɟ 
ɤɨɦɦɟɪɱɟɫɤɢɯ ɨɪɝɚɧɢɡɚɰɢɹɯ ɧɚɤɨɩɥɟɧɨ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɛɚɡ ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɜɟɳɟɫɬɜ. Эɬɢ ɞɚɧɧɵɟ ɱɚɫɬɢɱɧɨ ɨɩɭɛɥɢɤɨɜɚɧɵ ɧɚ ɛɭɦɚɠɧɵɯ ɢɥɢ ɷɥɟɤɬɪɨɧɧɵɯ ɧɨɫɢɬɟɥɹɯ ɜ 
ɜɢɞɟ ɬɚɛɥɢɰ, ɝɪɚɮɢɤɨɜ, ɮɨɪɦɭɥɹɰɢɣ (ɧɚɛɨɪɨɜ ɮɨɪɦɭɥ ɢ ɢɧɫɬɪɭɤɰɢɣ ɩɨ ɢɯ ɩɪɢɦɟɧɟɧɢɸ) ɢɥɢ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɩɪɨɝɪɚɦɦ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɩɟɰɢɚɥɢɫɬɵ, ɡɚɧɹɬɵɟ ɢɫɫɥɟɞɨɜɚɧɢɟɦ, 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ, ɫɨɡɞɚɧɢɟɦ, ɷɤɫɩɥɭɚɬɚɰɢɟɣ ɢ/ɢɥɢ ɭɬɢɥɢɡɚɰɢɟɣ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɫɫɨɜ, 
ɚɩɩɚɪɚɬɨɜ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɧɟ ɜɫɟɝɞɚ ɦɨɝɭɬ ɷɮɮɟɤɬɢɜɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɷɬɢɦɢ ɛɚɡɚɦɢ ɞɚɧɧɵɯ. 
ȼɨ-ɩɟɪɜɵɯ, ɢɯ ɧɭɠɧɨ ɝɞɟ-ɬɨ ɧɚɣɬɢ, ɧɚ ɧɢɯ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɨ ɜɵɣɬɢ. ȼɨ-ɜɬɨɪɵɯ, ɫɥɟɞɭɟɬ 
ɭɛɟɞɢɬɶɫɹ ɜ ɢɯ ɧɚɞɥɟɠɚɳɟɦ ɤɚɱɟɫɬɜɟ, ɜ ɬɨɦ, ɱɬɨ ɨɧɢ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɵ. ȼ-ɬɪɟɬɶɢɯ, ɢ ɷɬɨ 
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ɝɥɚɜɧɨɟ, ɧɚɞɨ ɩɨɬɪɚɬɢɬɶ ɦɧɨɝɨ ɫɢɥ, ɫɪɟɞɫɬɜ ɢ ɜɪɟɦɟɧɢ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞɫɨɟɞɢɧɢɬɶ ɷɬɢ 
ɛɚɡɵ ɞɚɧɧɵɯ ɤ ɪɚɛɨɱɟɣ ɩɪɨɝɪɚɦɦɧɨɣ ɫɪɟɞɟ (MS EбМОl, MКЭСМКН, MATLAB, ɹɡɵɤɢ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɨɝɪɚɦɦɵ ɢ ɬ. ɞ.), ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɜɟɞɭɬɫɹ 
ɩɪɢɤɥɚɞɧɵɟ ɪɚɫɱɟɬɵ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢɥɢ ɭɩɪɚɜɥɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 
ɩɪɨɰɟɫɫɚɦɢ. 

ɋɩɟɰɢɚɥɢɫɬ, ɪɚɛɨɬɚɸɳɢɣ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɫ ɦɨɳɧɨɣ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɩɪɨɝɪɚɦɦɨɣ, 
ɜɵɧɭɠɞɟɧ ɩɨ-ɩɪɟɠɧɟɦɭ ɨɛɪɚɳɚɬɶɫɹ ɤ ɛɭɦɚɠɧɵɦ ɫɩɪɚɜɨɱɧɢɤɚɦ, ɂɧɬɟɪɧɟɬɭ ɢɥɢ ɡɚɩɭɫɤɚɬɶ 
ɨɬɞɟɥɶɧɵɟ ɩɪɨɝɪɚɦɦɵ, ɱɬɨɛɵ ɭɡɧɚɬɶ ɢ ɫɨɨɛɳɢɬɶ ɤɨɦɩɶɸɬɟɪɭ, ɤ ɩɪɢɦɟɪɭ, ɩɥɨɬɧɨɫɬɶ ɪɚɛɨɱɟɝɨ 
ɬɟɥɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢɥɢ ɤɚɤɨɝɨ-ɬɨ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼ ɧɟɤɨɬɨɪɵɟ ɩɨɞɨɛɧɵɟ 
ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɨɝɪɚɦɦɵ ɡɚɥɨɠɟɧɵ ("ɜɲɢɬɵ") ɧɭɠɧɵɟ ɛɚɡɵ ɞɚɧɧɵɯ ɩɨ ɫɜɨɣɫɬɜɚɦ 
ɜɟɳɟɫɬɜ, ɧɨ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɧɢ ɞɨɜɨɥɶɧɨ ɩɪɢɦɢɬɢɜɧɵ: ɫɨɞɟɪɠɚɬ ɬɨɥɶɤɨ ɤɨɧɫɬɚɧɬɵ ɢ ɧɟ 
ɭɱɢɬɵɜɚɸɬ, ɧɚɩɪɢɦɟɪ, ɡɚɜɢɫɢɦɨɫɬɢ ɫɜɨɣɫɬɜ ɨɬ ɤɚɤɢɯ-ɬɨ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɞɚɜɥɟɧɢɹ ɢ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɧɟ ɩɨɡɜɨɥɹɸɬ ɪɚɛɨɬɚɬɶ ɫ ɧɨɜɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɢɦɟɸɬ 
ɨɝɪɚɧɢɱɟɧɧɵɣ ɞɢɚɩɚɡɨɧ ɩɪɢɦɟɧɟɧɢɹ, ɞɚ ɢ ɩɪɨɫɬɨ ɭɫɬɚɪɟɥɢ. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɠɟɥɚɧɢɟɦ ɮɢɪɦ-
ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɭɞɟɲɟɜɢɬɶ ɩɪɨɝɪɚɦɦɭ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɜɨ ɦɧɨɝɢɯ ɩɪɨɟɤɬɧɵɯ ɨɪɝɚɧɢɡɚɰɢɹɯ 
ɡɚɩɪɟɳɚɸɬ "ɜɪɭɱɧɭɸ" ɜɜɨɞɢɬɶ ɜ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɩɪɨɝɪɚɦɦɵ ɜɧɟɲɧɢɟ ɞɚɧɧɵɟ ɩɨ 
ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ, ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɨɧɢ ɦɨɝɭɬ ɛɵɬɶ ɧɚɦɧɨɝɨ "ɫɜɟɠɟɟ" ɢ/ɢɥɢ ɬɨɱɧɟɟ ɬɟɯ, 
ɤɨɬɨɪɵɟ "ɜɲɢɬɵ" ɜ ɤɭɩɥɟɧɧɭɸ ɩɪɨɝɪɚɦɦɭ. Эɬɨ ɞɟɥɚɟɬɫɹ, ɜ ɬɨɦ ɱɢɫɥɟ, ɢ ɢɡ-ɡɚ ɨɩɚɫɟɧɢɹ, ɱɬɨ 
ɩɪɢ ɪɭɱɧɨɦ ɜɜɨɞɟ ɦɨɠɟɬ ɩɪɨɹɜɢɬɶɫɹ ɬɪɢɜɢɚɥɶɧɚɹ ɨɩɟɱɚɬɤɚɢɥɢ ɩɟɪɟɩɭɬɚɧɵ ɟɞɢɧɢɰɵ 
ɢɡɦɟɪɟɧɢɹ. 

ȼ ɢɞɟɚɥɟ ɞɨɥɠɧɨ ɩɪɨɢɫɯɨɞɢɬɶ ɬɚɤ. ȿɫɥɢ ɤɨɦɩɶɸɬɟɪɭ ɧɭɠɧɵ ɤɚɤɢɟ-ɬɨ ɫɜɨɣɫɬɜɚ ɤɚɤɢɯ-ɬɨ 
ɜɟɳɟɫɬɜ, ɬɨ ɨɧ ɞɨɥɠɟɧ ɫɚɦ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɨɬɩɪɚɜɢɬɶ ɩɨ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɟɬɢ ɧɚ ɧɟɤɢɣ 
"ɨɛɥɚɱɧɵɣ" ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɣ ɢ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɣ ɫɟɪɜɟɪ ɩɚɪɚɦɟɬɪɵ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ, ɚ 
ɷɬɨɬ ɫɟɪɜɟɪ ɞɨɥɠɟɧ ɜɟɪɧɭɬɶ ɧɚ ɤɨɦɩɶɸɬɟɪ ɩɨɥɶɡɨɜɚɬɟɥɹ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɫɜɨɣɫɬɜɚ ɩɪɢ 
ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ. ɇɚ ɷɬɨ ɧɚɩɪɚɜɥɟɧɚ ɪɚɛɨɬɚ, ɢɡɥɚɝɚɟɦɚɹ ɜ ɞɚɧɧɨɦ ɞɨɤɥɚɞɟ. 
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ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ 

ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɦɟɞɶ-ɚɥɸɦɢɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ ɢɯ 
ɩɟɪɟɯɨɞɚ ɢɡ ɦɟɬɚɫɬɚɛɢɥɶɧɨɝɨ ɦɢɤɪɨɝɟɬɟɪɨɝɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɫɨɫɬɨɹɧɢɟ ɢɫɬɢɧɧɨɝɨ 
ɪɚɫɬɜɨɪɚ. 

ɉɥɨɬɧɨɫɬɶ  ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɩɨɝɥɨɳɟɧɢɸ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɨɦ ɭɡɤɨɝɨ ɩɭɱɤɚ ɝɚɦɦɚ-
ɤɜɚɧɬɨɜ. ɉɪɢ ɨɰɟɧɤɟ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɩɥɨɬɧɨɫɬɢ ɜ ɫɬɚɧɞɚɪɬɧɭɸ ɦɟɬɨɞɢɤɭ ɚɜɬɨɪɚɦɢ 
ɜɧɟɫɟɧɨ ɭɬɨɱɧɟɧɢɟ, ɭɱɢɬɵɜɚɸɳɟɟ ɛɨɥɶɲɭɸ ɪɚɡɧɢɰɭ ɩɥɨɬɧɨɫɬɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ Cu-Al. 
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ɉɨ ɭɬɨɱɧɟɧɧɵɦ ɪɚɫɱɟɬɚɦ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɫɨɫɬɚɜɢɥɚ  0.2%. ɉɪɨɜɟɪɨɱɧɵɟ ɨɩɵɬɵ 
ɫ ɠɢɞɤɢɦɢ ɚɥɸɦɢɧɢɟɦ ɢ ɦɟɞɶɸ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɜ ɧɢɯ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɟ 
ɭɫɬɭɩɚɸɬ ɩɨ ɬɨɱɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɧɚɞɟɠɧɵɦ ɥɢɬɟɪɚɬɭɪɧɵɦ ɞɚɧɧɵɦ. Ɋɚɫɯɨɠɞɟɧɢɹ ɤɪɢɜɵɯ (T), 
ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɷɬɢɯ ɦɟɬɚɥɥɨɜ, ɤɨɬɨɪɵɟ ɜɵɯɨɞɢɥɢ ɛɵ ɡɚ ɩɪɟɞɟɥɵ 
ɨɰɟɧɟɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ, ɧɟ ɨɬɦɟɱɟɧɨ. Эɬɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 
ɡɚɮɢɤɫɢɪɨɜɚɧɧɵɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɝɢɫɬɟɪɟɡɢɫ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɩɥɨɬɧɨɫɬɢ 
ɛɢɧɚɪɧɵɯ ɪɚɫɩɥɚɜɨɜ ɤɚɤ ɨɛɴɟɤɬɢɜɧɨ ɧɚɛɥɸɞɚɟɦɵɣ ɷɮɮɟɤɬ.  

ɂɫɫɥɟɞɨɜɚɧɵ 17 ɫɩɥɚɜɨɜ ɋЮ-Al ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɨɯɜɚɬɵɜɚɸɳɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɣ ɢɧɬɟɪɜɚɥ ɨɬ 10 ɞɨ 95 ɚɬ. % ɜɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ. ɉɨɫɤɨɥɶɤɭ 13 ɢɡ ɧɢɯ 
ɛɵɥɢ ɝɟɬɟɪɨɝɟɧɧɵɦɢ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɨɫɥɟ ɢɯ ɩɥɚɜɥɟɧɢɹ ɨɠɢɞɚɥɨɫɶ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɦɟɬɚɫɬɚɛɢɥɶɧɵɯ ɦɢɤɪɨɝɟɬɟɪɨɝɟɧɧɵɯ ɪɚɫɩɥɚɜɨɜ, ɜ ɤɨɬɨɪɵɯ ɫɨɫɭɳɟɫɬɜɭɸɬ ɞɢɫɩɟɪɫɧɚɹ ɢ 
ɞɢɫɩɟɪɫɢɨɧɧɚɹ ɮɚɡɵ ɢ ɤɨɬɨɪɵɟ ɫɬɚɧɨɜɹɬɫɹ ɝɨɦɨɝɟɧɧɵɦɢ ɬɨɥɶɤɨ ɩɨɫɥɟ ɩɟɪɟɝɪɟɜɚ ɧɚɞ 
ɥɢɤɜɢɞɭɫɨɦ ɞɨ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɫɬɚɜɚ ɬɟɦɩɟɪɚɬɭɪ ɝɨɦɨɝɟɧɢɡɚɰɢɢ.  

ɇɚɢɛɨɥɟɟ ɨɛɳɟɣ ɱɟɪɬɨɣ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ (Ɍ) ɹɜɥɹɟɬɫɹ ɪɚɫɯɨɠɞɟɧɢɟ ɜɟɬɜɟɣ 
ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ (ɝɢɫɬɟɪɟɡɢɫ). Эɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɫɭɳɟɫɬɜɟɧɧɵɯ ɢ ɧɟɨɛɪɚɬɢɦɵɯ 
ɢɡɦɟɧɟɧɢɹɯ ɫɬɪɨɟɧɢɹ ɩɪɨɫɜɟɱɢɜɚɟɦɨɣ ɡɨɧɵ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ. ɉɪɢ 
ɞɨɫɬɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ, ɛɥɢɡɤɢɯ ɤ ɬɨɱɤɚɦ ɜɟɬɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ 
ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɧɚɝɪɟɜɟ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ (ɨɤɨɥɨ 13000ɋ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɩɥɚɜɨɜ), 
ɩɪɨɢɫɯɨɞɢɥɨ ɧɟɨɛɪɚɬɢɦɨɟ ɪɚɡɪɭɲɟɧɢɟ ɷɬɨɣ ɦɢɤɪɨɝɟɬɟɪɨɝɟɧɧɨɫɬɢ ɢ ɫɢɫɬɟɦɚ ɩɟɪɟɯɨɞɢɥɚ ɜ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɨɟ ɫɨɫɬɨɹɧɢɟ ɢɫɬɢɧɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɤɨɬɨɪɨɟ ɢ ɫɨɯɪɚɧɹɥɚ ɩɪɢ 
ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ ɜɩɥɨɬɶ ɞɨ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

ɇɚɢɛɨɥɟɟ ɧɟɨɠɢɞɚɧɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɧɚɲɢɯ ɨɩɵɬɨɜ ɹɜɢɥɨɫɶ ɨɛɧɚɪɭɠɟɧɢɟ ɹɪɤɨ 
ɜɵɪɚɠɟɧɧɨɝɨ ɝɢɫɬɟɪɟɡɢɫɚ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɥɚɜɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɥɚɜɥɟɧɢɢ ɝɨɦɨɝɟɧɧɵɯ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɫɬɚɜɨɜ CuAl (50 % Al) ɢ ɨɫɨɛɟɧɧɨ CuAl2 
(67.8 % Al). ɇɚɲɢ ɤɨɥɥɟɝɢ Ɋ.ȿ.Ɋɵɥɶɰɟɜ ɢ Ʌ.Ⱦ.ɋɨɧ ɜ ɪɚɛɨɬɟ Д1Ж ɩɢɲɭɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ 
ɫɨɯɪɚɧɟɧɢɹ ɩɪɨɱɧɵɯ ɦɟɠɚɬɨɦɧɵɯ ɫɜɹɡɟɣ, ɫɜɨɣɫɬɜɟɧɧɵɯ ɧɚɢɛɨɥɟɟ ɬɭɝɨɩɥɚɜɤɢɦ 
ɢɧɬɟɪɦɟɬɚɥɥɢɞɚɦ ɢɡɭɱɚɟɦɨɣ ɫɢɫɬɟɦɵ (CЮ3Al), ɩɪɢ ɩɥɚɜɥɟɧɢɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɨɩɥɚɜɤɢɯ 
ɫɨɟɞɢɧɟɧɢɣ, ɩɨɞɨɛɧɵɯ CuAl ɢ CuAl2. Ɇɵ ɩɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɫɜɹɡɟɣ ɜɨɡɦɨɠɧɨ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɫɩɟɪɫɧɵɯ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɢɡɛɵɬɨɱɧɵɣ ɚɥɸɦɢɧɢɣ ɨɛɪɚɡɭɟɬ ɞɢɫɩɟɪɫɢɨɧɧɭɸ ɫɪɟɞɭ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɢ, ɜ ɤɨɬɨɪɨɣ ɱɚɫɬɢɰɵ 
ɬɭɝɨɩɥɚɜɤɨɝɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ ɨɫɟɞɚɸɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɪɚɜɢɬɚɰɢɢ. ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ 
ɩɪɢɜɨɞɹɬɫɹ ɧɟɤɨɬɨɪɵɟ ɚɪɝɭɦɟɧɬɵ, ɤɨɫɜɟɧɧɨ ɩɨɞɬɜɟɪɠɞɚɸɳɢɟ ɪɟɚɥɶɧɨɫɬɶ ɷɬɨɣ ɝɢɩɨɬɟɡɵ.  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɢɡɥɨɠɟɧɧɵɯ ɜɵɲɟ ɪɟɡɭɥɶɬɚɬɨɜ, ɜ ɤɚɱɟɫɬɜɟ ɡɧɚɱɟɧɢɣ ɩɥɨɬɧɨɫɬɢ ɢ ɞɪɭɝɢɯ 
ɨɛɴɟɦɧɵɯ ɫɜɨɣɫɬɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɦ ɝɨɦɨɝɟɧɧɵɦ ɪɚɫɬɜɨɪɚɦ 
ɦɟɞɶ-ɚɥɸɦɢɧɢɣ, ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜɟɥɢɱɢɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ ɨɯɥɚɠɞɟɧɢɹ ɨɛɪɚɡɰɨɜ ɨɬ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ (ɨɛɵɱɧɨ ɨɤɨɥɨ 1400ɋ).  

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ ɤɨɪɪɟɥɹɰɢɢ R, ɩɪɢɜɟɞɟɧɧɵɦɢ 
ɜ Ɍɚɛɥ.1, ɦɨɝɭɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɥɢɧɟɣɧɵɦɢ ɮɭɧɤɰɢɹɦɢ:  

L L(T ) (1 (T T ))     ,  (1) 

ɝɞɟ ρL – ɩɥɨɬɧɨɫɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɥɢɤɜɢɞɭɫɚ TL, 
L

1 d
dT
  . ɉɚɪɚɦɟɬɪɵ ɥɢɧɟɣɧɨɣ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ (1) ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɜ Ɍɚɛɥ.1. ɉɨ ɷɬɢɦ ɞɚɧɧɵɦ ɧɚ ɪɢɫ.1 ɦɟɬɨɞɨɦ ɫɩɥɚɣɧ-
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɩɨɫɬɪɨɟɧɵ ɢɡɨɬɟɪɦɵ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɥɚɜɨɜ Cu–Al. 

ɇɚ ɪɢɫ. 1 ɩɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 1 ɩɨɫɬɪɨɟɧɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɨɛɴɟɦɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɪɚɫɩɥɚɜɨɜ ɦɟɞɶ-ɚɥɸɦɢɧɢɣ. Ɉɧɚ ɨɱɟɧɶ ɫɥɨɠɧɚ, ɱɬɨ ɨɬɪɚɠɚɟɬ 
ɫɥɨɠɧɨɫɬɶ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɣ ɷɬɨɣ ɫɢɫɬɟɦɵ. Ɉɛɪɚɳɚɸɬ ɜɧɢɦɚɧɢɟ ɷɤɫɬɪɟɦɭɦɵ ɷɬɨɣ 
ɤɪɢɜɨɣ ɩɪɢ ɫɨɫɬɚɜɚɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɦ ɫɨɟɞɢɧɟɧɢɹɦ Cu3Al, Cu2Al, 
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CuAl, ɢ CuAl2. ɂɯ ɧɚɥɢɱɢɟ ɧɚɜɨɞɢɬ ɧɚ ɦɵɫɥɶ ɨ ɜɨɡɦɨɠɧɨɦ ɫɭɳɟɫɬɜɨɜɚɧɢɢ ɩɨɞɨɛɧɵɯ 
ɚɬɨɦɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ ɢ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, ɪɚɫɫɱɢɬɚɥɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɦɨɥɹɪɧɨɝɨ ɨɛɴɟɦɚ Vɦɨɥ ɪɚɫɩɥɚɜɨɜCu-Al . Эɬɢ ɤɪɢɜɵɟ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟɦɨɧɨɬɨɧɧɵ, ɨɫɨɛɟɧɧɨ ɜ 
ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɨɬ 50 ɞɨ 90 %, ɩɪɢɱɟɦ ɪɚɡɛɪɨɫ ɬɨɱɟɤ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɸɛɨɣ 
ɫɝɥɚɠɢɜɚɸɳɟɣ ɤɪɢɜɨɣ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, ɚ 
ɡɧɚɱɢɬ, ɢ ɦɨɥɹɪɧɨɝɨ ɨɛɴɟɦɚ. 

 
Ɍɚɛɥɢɰɚ 1 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɚɥɸɦɢɧɢɹ, 

ɚɬ.% 

TL, 
 ºɋ 

L, 
 ɤɝ ɦ-3 

ρL 

 ɤɝ ɦ-3 
α, 10-5 
ºɋ -1 

α, 10-5 
ºɋ -1 

R 

0 1084 7970 20 9,0 0,2 0,961 
5 1060 7820 10 9,6 0,1 0,994 
10 1075 7320 10 9,7 0,1 0,995 
18 1032 7010 10 10,3 0,1 0,995 
25 1049 6700 10 11,9 0,1 0,996 
30 1040 6220 10 11,4 0,1 0,994 
34 1022 6010 10 12,1 0,1 0,995 
40 960 5640 10 11,5 0,2 0,992 
45 900 5420 7 10,8 0,1 0,992 
50 850 5299 8 10,1 0,1 0,993 
55 790 4938 5 10,0 0,1 0,994 
60 700 4345 5 10,9 0,1 0,995 
65 620 4238 4 10,80 0,08 0,997 

67,8 591 3881 3 8,13 0,09 0,994 
75 580 3691 3 8,4 0,1 0,994 

82,9 550 3239 3 9,5 0,1 0,995 
90 650 2952 3 9,7 0,1 0,991 
95 640 2575 3 12,1 0,1 0,996 
100 661 2374 3 12,4 0,1 0,986 
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ɎɂɁɂɑȿɋɄɂȿ ɋВɈɃɋɌВА ɋɉɅАВɈВ COFEBSINB 

В ɄɊɂɋɌАɅɅɂɑȿɋɄɈɆ ɂ ɀɂȾɄɈɆ ɋɈɋɌɈЯɇɂЯɏ  
ɋɢɞɨɪɨɜ ȼ.ȿ. 1,2, Ɇɢɯɚɣɥɨɜ ȼ.Ⱥ. 1, Ɋɨɠɤɨɜ ɂ.ȼ. 1,  

Ɂɭɟɜ ɉ.ȼ. 1, ɋɭɲɤɟɜɢɱ Ⱥ.Ⱥ. 2 
1ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 

Ɋɨɫɫɢɹ, 620017, ȿɤɚɬɟɪɢɧɛɭɪɝ, ɩɪ. Кɨɫɦɨɧɚɜɬɨɜ, 26, e-mail: sidorov@uspu.ru 
2ɍɪɚɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ Ƚɉɋ Ɇɑɋ ɊɎ, 

Ɋɨɫɫɢɹ, 620062, ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ɇɢɪɚ, 22 
 

Ɉɛɴɟɦɧɨ-ɚɦɨɪɮɧɵɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɩɥɚɜɵ (bulkmetallicglasses – BMG) ɧɚ ɨɫɧɨɜɟ 
ɤɨɛɚɥɶɬɚ ɢ ɠɟɥɟɡɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɧɨɜɵɣ ɤɥɚɫɫ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɛɥɚɝɨɞɚɪɹ 
ɭɧɢɤɚɥɶɧɵɦ ɦɚɝɧɢɬɧɵɦ, ɦɟɯɚɧɢɱɟɫɤɢɦ ɢ ɤɨɪɪɨɡɢɨɧɧɵɦ ɫɜɨɣɫɬɜɚɦ. ɇɟɞɚɜɧɨ ɧɨɜɵɟ 
ɚɦɨɪɮɧɵɟ ɫɩɥɚɜɵ ɫɨɫɬɚɜɨɜ Co46Fe20B22-xSi6-xNb6 (x = 0 - 2) Д1Ж ɢ (Co1-xFex)68B21.9Si5.1Nb5 (x = 
0,1- 0,5) Д2Ж  ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɜ ɜɢɞɟ ɫɬɟɪɠɧɟɣ ɞɢɚɦɟɬɪɨɦ ɞɨ 5,5 ɦɦ ɦɟɬɨɞɨɦ ɡɚɤɚɥɤɢ ɜ ɦɟɞɧɭɸ 
ɢɡɥɨɠɧɢɰɭ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜ ɚɦɨɪɮɧɨɦ ɫɨɫɬɨɹɧɢɢ ɷɬɢ 
ɫɩɥɚɜɵ ɢɦɟɸɬ ɢɧɞɭɤɰɢɸ ɧɚɫɵɳɟɧɢɹ 0.49-0.91 Tɥ, ɨɛɥɚɞɚɸɬ ɧɢɡɤɨɣ ɤɨɷɪɰɢɬɢɜɧɨɣ ɫɢɥɨɣ 
0.71-1.58 Ⱥ/ɦ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ 

410)25.321.2(   ɩɪɢ ɱɚɫɬɨɬɟ 1 ɤȽɰ ɢ ɩɨɥɟ 1 Ⱥ/ɦ Д1,2Ж. ɂɯ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɨɫɬɢɝɚɟɬ ɦɢɧɢɦɭɦɚ ɨɤɨɥɨ 30 K. ɉɪɢ ɷɬɨɦ, 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɭɞɟɥɶɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹɫɨɫɬɚɜɥɹɟɬ ɬɨɥɶɤɨ 2,7% ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ρ 
ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟД3Ж. ɉɨɥɨɠɢɬɟɥɶɧɵɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

mailto:sidorov@uspu.ru
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ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɚɯ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɧɚ ɮɨɧɨɧɚɯ ɩɪɟɨɛɥɚɞɚɸɬ 
ɭɩɪɭɝɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Д4Ж. 

ȼ ɬɨɠɟ ɜɪɟɦɹ ɦɚɝɧɢɬɧɵɟ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɚɧɧɵɯ ɫɩɥɚɜɨɜ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɨɫɨɛɟɧɧɨ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɭɱɟɧɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɯ 
ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ (glassformingability – GFA) ɨɫɬɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɨɣ, ɱɬɨ 
ɫɞɟɪɠɢɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɵ ɢɫɫɥɟɞɨɜɚɥɢ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɢ ɦɚɝɧɢɬɧɭɸ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɫɩɥɚɜɨɜ ɛɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ 
Co47Fe20.9B21.2Si4.6Nb6.3 ɢ ɫ ɞɨɛɚɜɤɚɦɢ ɝɚɥɥɢɹ ɢ ɫɭɪɶɦɵ. ɉɨɫɥɟɞɧɢɟ ɞɜɚ ɷɥɟɦɟɧɬɚ ɛɵɥɢ 
ɜɵɛɪɚɧɵ ɜ ɤɚɱɟɫɬɜɟ ɥɟɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɩɨɬɨɦɭ, ɱɬɨ ɨɧɢ ɯɨɪɨɲɨ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɤɪɢɬɟɪɢɹɦ 
ɩɨɜɵɲɟɧɢɹ GFA: ɪɚɡɧɢɰɚ ɜ ɚɬɨɦɧɵɯ ɪɚɞɢɭɫɚɯ ɫ ɨɫɧɨɜɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɩɥɚɜɚ ɧɚɯɨɞɢɬɫɹ 
ɜ ɪɚɣɨɧɟ 12 %, ɚ ɫɢɫɬɟɦɵ Co-Ga ɢCo-Sb ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɦɢ ɬɟɩɥɨɬɚɦɢ 
ɫɦɟɲɟɧɢɹ. 

ȼɫɟ ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɭɬɟɦ ɫɩɥɚɜɥɟɧɢɟ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 
(ɱɢɫɬɨɬɚ ɧɟ ɧɢɠɟ 99,8%) ɜ ɜɚɤɭɭɦɧɨɣ ɢɧɞɭɤɰɢɨɧɧɨɣ ɩɟɱɢ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɨɛɪɚɡɰɨɜ ɛɵɥ 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɞɨ ɢ ɩɨɫɥɟ ɨɩɵɬɨɜ ɧɚ ɚɬɨɦɧɨ-ɷɦɢɫɫɢɨɧɧɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ ɫ ɢɧɞɭɤɰɢɨɧɧɨ-
ɫɜɹɡɚɧɧɨɣ ɩɥɚɡɦɨɣ. Ɇɚɝɧɢɬɧɭɸ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ χ ɢɡɭɱɚɥɢ ɦɟɬɨɞɨɦ Ɏɚɪɚɞɟɹ ɧɚ 
ɨɛɨɪɭɞɨɜɚɧɢɢ, ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɧɨɦ ɜ Д5Ж. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɞɨ 1870 
Ʉ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫ ɲɚɝɨɦ 5-10 Ʉ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɢɦɢ ɜɵɞɟɪɠɤɚɦɢ ɩɨ 4-5 ɦɢɧɭɬ 
ɩɪɢ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɋɭɦɦɚɪɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ χ ɧɟ 
ɩɪɟɜɵɲɚɥɚ ± 2 %. Эɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ρ ɢɡɭɱɚɥɢ ɛɟɫɤɨɧɬɚɤɬɧɵɦ ɦɟɬɨɞɨɦ ɜɨ 
ɜɪɚɳɚɸɳɟɦɫɹ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ (ɫɦ., ɧɚɩɪɢɦɟɪ, Д6Ж). Эɤɫɩɟɪɢɦɟɧɬɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜ 
ɪɟɠɢɦɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɫɨ ɫɤɨɪɨɫɬɶɸ 2 Ʉ/ɦɢɧ. ɉɨɥɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɜ 
ɨɩɪɟɞɟɥɟɧɢɢ ɚɛɫɨɥɸɬɧɵɯ ɡɧɚɱɟɧɢɣ ρɧɟ ɩɪɟɜɵɲɚɥɚ ± 3 %. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɝɧɢɬɧɚɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɶ ɫɩɥɚɜɨɜ ɦɨɧɨɬɨɧɧɨ ɭɛɵɜɚɟɬ ɫ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɵ (ɪɢɫ. 1). ɇɢɤɚɤɢɯ ɚɧɨɦɚɥɢɣ ɫɜɨɣɫɬɜɚ ɧɢ ɩɪɢ ɩɥɚɜɥɟɧɢɢ, ɧɢ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ 
ɨɛɧɚɪɭɠɟɧɨ ɧɟ ɛɵɥɨ. Ʉɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ ɫɨɜɩɚɞɚɸɬ ɫ ɤɪɢɜɵɦɢ ɧɚɝɪɟɜɚ ɜ ɩɪɟɞɟɥɚɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ. Ⱦɨɛɚɜɤɢ ɝɚɥɥɢɹ ɢ ɫɭɪɶɦɵ ɩɨɧɢɠɚɸɬ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ 
ɤɚɤ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ, ɬɚɤ ɢ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɹɯ.  

 

 
Ɋɢɫ. 1. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɫɩɥɚɜɨɜ 
Co47Fe21B21Si5Nb6(▲- ɧɚɝɪɟɜ, Δ – ɨɯɥɚɠɞɟɧɢɟ); ДCo47Fe21B21Si5Nb6]98Ga2 ( - ɧɚɝɪɟɜ,◊- 
ɨɯɥɚɠɞɟɧɢɟ); [Co47Fe21B21Si5Nb6]97Ga3( - ɧɚɝɪɟɜ;◦- ɨɯɥɚɠɞɟɧɢɟ) 
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Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ χ(Ɍ) ɞɥɹ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɨɛɳɟɧɧɵɦ 
ɡɚɤɨɧɨɦ Ʉɸɪɢ-ȼɟɣɫɫɚ ɩɨɡɜɨɥɢɥɚ ɪɚɫɫɱɢɬɚɬɶ ɧɟɤɨɬɨɪɵɟ ɷɥɟɤɬɪɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɫɩɥɚɜɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɷɮɮɟɤɬɢɜɧɵɣ ɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ µeff, ɩɪɢɯɨɞɹɳɢɣɫɹ ɧɚ ɦɚɝɧɢɬɧɵɣ 
ɚɬɨɦ ɜ ɫɩɥɚɜɟ, ɨɤɚɡɚɥɫɹ ɪɚɜɧɵɦ 1,9 μB, ɱɬɨ ɛɥɢɡɤɨ ɤ ɡɧɚɱɟɧɢɸ, ɯɚɪɚɤɬɟɪɧɨɦɭ ɞɥɹ ɱɢɫɬɨɝɨ 
ɠɢɞɤɨɝɨ ɤɨɛɚɥɶɬɚ. Ⱦɨɛɚɜɤɢ ɝɚɥɥɢɹ ɢ ɫɭɪɶɦɵ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɟɝɨ ɡɧɚɱɟɧɢɟ. 
ɉɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɧɚ ɭɪɨɜɧɟ ɎɟɪɦɢN(EF) ɫɨɫɬɚɜɢɥɚ 2,2 ɷɜ-1 ɞɥɹ ɛɚɡɨɜɨɝɨ 
ɫɨɫɬɚɜɚ ɢ 1,9 ɷɜ-1 ɞɥɹ ɫɩɥɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ 2 % ɝɚɥɥɢɹ ɢɥɢ ɫɭɪɶɦɵ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɧɢɡɤɢɟ 
ɡɧɚɱɟɧɢɹ N(EF) ɞɥɹ ɜɫɟɯ ɫɨɫɬɚɜɨɜɨɡɧɚɱɚɸɬ, ɱɬɨ ɭɪɨɜɟɧɶ Ɏɟɪɦɢ ɧɚɯɨɞɢɬɫɹ ɜɨɡɥɟ ɤɪɚɹ 3d-ɡɨɧɵ 
ɢ ɞɚɧɧɵɟ ɫɩɥɚɜɵ ɧɟɥɶɡɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɯɨɪɨɲɢɟ ɩɪɨɜɨɞɧɢɤɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɨɛɚɜɤɚ 3 
% Ga ɭɜɟɥɢɱɢɜɚɟɬ ɩɚɪɚɦɚɝɧɢɬɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ Ʉɸɪɢ θ ɫ 780 ɞɨ 820 Ʉ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɭɫɢɥɢɜɚɟɬ ɦɟɠɚɬɨɦɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɪɚɫɩɥɚɜɟ, ɩɨɫɤɨɥɶɤɭ θɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɢɧɬɟɝɪɚɥɭ 
ɩɟɪɟɤɪɵɬɢɹ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɚɬɨɦɚɦɢ. ɋɬɚɧɨɜɢɬɫɹ ɩɨɧɹɬɧɨ, ɩɨɱɟɦɭ ɞɨɛɚɜɤɢ ɝɚɥɥɢɹ 
ɡɚɦɟɞɥɹɸɬ ɩɪɨɰɟɫɫ ɡɚɪɨɞɵɲɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɭɦɟɧɶɲɚɸɬ ɪɚɡɦɟɪɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɱɚɫɬɢɰ, 
ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ ɚɦɨɪɮɢɡɚɰɢɢ ɞɚɧɧɵɯ ɫɩɥɚɜɨɜ Д7Ж. ɇɚɩɪɨɬɢɜ, ɞɨɛɚɜɤɚ 2 % Sb 
ɭɦɟɧɶɲɚɟɬ θɞɨ 745 Ʉ. Ⱥɬɨɦɵ ɫɭɪɶɦɵ «ɧɟ ɯɨɬɹɬ» ɜɫɬɪɚɢɜɚɬɶɫɹ ɜ ɫɭɳɟɫɬɜɭɸɳɢɣ ɛɥɢɠɧɢɣ 
ɩɨɪɹɞɨɤ ɜ ɪɚɫɩɥɚɜɟ, ɚ ɩɵɬɚɸɬɫɹ ɪɚɡɪɭɲɢɬɶ ɟɝɨ. GFA ɫɩɥɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɫɭɪɶɦɭ, 
ɭɦɟɧɶɲɚɟɬɫɹ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ρ(Ɍ) ɫɩɥɚɜɨɜ Co47Fe21B21Si5Nb6 
+Ga(Sb) ɨɤɚɡɚɥɢɫɶ ɥɢɧɟɣɧɵɦɢ ɤɚɤ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ, ɬɚɤ ɢ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɹɯ (ɪɢɫ. 2), ɚ 
ɞɨɛɚɜɤɢ ɝɚɥɥɢɹ ɢ ɫɭɪɶɦɵ ɭɜɟɥɢɱɢɜɚɸɬ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ρ. 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ ρ(Ɍ) ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ  
))(1(0 LTT   , 

ɝɞɟ ρ0– ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɩɥɚɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɥɢɤɜɢɞɭɫ ɌL, α – 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ.  

Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ  ρ(ɯ) ɦɨɝɭɬ ɛɵɬɶ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɭɪɚɜɧɟɧɢɟɦ  

xx base   )(  

ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬ β ɥɢɧɟɣɧɨ ɭɛɵɜɚɟɬ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ. 
 

 
Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɩɥɚɜɨɜ  - Co47Fe21B21Si5Nb6;  - [Co47Fe21B21Si5Nb6]98Ga2; -[Co47Fe21B21Si5Nb6]97Ga3. 

 
ɂɡ ɩɨɥɢɬɟɪɦ χ-1(Ɍ) ɢ ρ(Ɍ) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫ ɫɩɥɚɜɨɜ ɩɪɢ ɧɚɝɪɟɜɟ ɢ 

ɨɯɥɚɠɞɟɧɢɢ. Ɂɧɚɱɟɧɢɹ ɌL ɩɪɢ ɧɚɝɪɟɜɟ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɦɚɝɧɢɬɧɵɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, 
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ɫɨɜɩɚɞɚɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɜ ɩɪɟɞɟɥɚɯ ± 3 K, ɧɨ ɨɤɚɡɵɜɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ, ɱɟɦ ɡɧɚɱɟɧɢɟ, 
ɩɨɥɭɱɟɧɧɵɟ ɢɡ ȾɋɄ ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ Д1,2Ж. Эɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɫɤɨɪɟɣ ɜɫɟɝɨ, ɨ 
ɬɨɦ, ɱɬɨ ɪɚɫɩɥɚɜɵ CoFeBSiNb ɫɤɥɨɧɧɵ ɤ ɛɨɥɶɲɢɦ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹɦ ɩɪɢ ɥɸɛɵɯ ɫɤɨɪɨɫɬɹɯ 
ɨɯɥɚɠɞɟɧɢɹ. 

ɉɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɪɢɬɟɪɢɟɜ GFA ɫɩɥɚɜɨɜ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɫɟ ɨɧɢ 
ɧɭɠɞɚɸɬɫɹ ɜ ɩɟɪɟɫɦɨɬɪɟ. ɇɚ ɧɚɲ ɜɡɝɥɹɞ, ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɨ ɚɦɨɪɮɢɡɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶ ɤɪɢɬɟɪɢɣ, ɫɨɞɟɪɠɚɳɢɣ ɬɟɦɩɟɪɚɬɭɪɭ ɥɢɤɜɢɞɭɫ ɌL: 
ΔTL = TL-Tg(ɢɥɢTx). ȼ ɛɟɡɪɚɡɦɟɪɧɨɦ ɜɢɞɟ ɨɧ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɤɚɤ 1- Tg(ɢɥɢTx)/ TL. Ɂɞɟɫɶ Ɍg – 
ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ ɫɩɥɚɜɚ, Ɍɯ – ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮɧɨɝɨ ɫɩɥɚɜɚ. 

Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɝɪɚɧɬɚɦɢ ɊɎɎИ (№ 13-03-00598-a) ɢ Ɇɢɧɨɛɪɚɡɨɜɚɧɢɹ ɊɎ. 
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Ʉ ɧɨɜɨɦɭ ɢ ɚɤɬɭɚɥɶɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɫɨɜɪɟɦɟɧɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɧɚɭɤɢ ɨɬɧɨɫɹɬɫɹ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɢɧɬɟɡɚ, ɫɜɨɣɫɬɜ ɢ ɩɪɢɦɟɧɟɧɢɹ ɞɟɧɞɪɢɦɟɪɨɜ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ 
ɫɜɟɪɯɪɚɡɜɟɬɜɥёɧɧɵɟ ɤɚɫɤɚɞɧɵɟ ɩɨɥɢɦɟɪɵ ɪɟɝɭɥɹɪɧɨɝɨ ɫɬɪɨɟɧɢɹ «ɦɚɤɪɨɦɨɥɟɤɭɥɹɪɧɵɟ 
ɧɚɧɨɨɛɴɟɤɬɵ» Д1, 2Ж. Ⱦɟɧɞɪɢɦɟɪɵ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫɨɱɟɬɚɸɬ ɜ ɫɟɛɟ ɫɜɨɣɫɬɜɚ ɦɚɤɪɨɦɨɥɟɤɭɥɵ ɢ 
ɱɚɫɬɢɰɵ, ɨɛɥɚɞɚɸɬ ɯɨɪɨɲɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɢ ɧɢɡɤɨɣ ɜɹɡɤɨɫɬɶɸ ɜ ɪɚɫɬɜɨɪɚɯ. 
Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɵ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɜɧɟɲɧɟɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɩɨɡɜɨɥɹɸɬ 
ɭɩɪɚɜɥɹɬɶ ɫɜɨɣɫɬɜɚɦɢ ɞɟɧɞɪɢɦɟɪɨɜ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. 

Ⱥɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɧɚɤɨɩɥɟɧɢɟ ɬɨɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɞɟɧɞɪɢɦɟɪɨɜ ɨɬ ɢɯ ɫɨɫɬɚɜɚ. 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɟɬɨɞɚɦɢ ɩɪɟɰɢɡɢɨɧɧɨɣ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɜɚɤɭɭɦɧɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɢ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɨɩɪɟɞɟɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɟɩɥɨёɦɤɨɫɬɟɣ ɤɚɪɛɨɫɢɥɚɧɨɜɵɯ ɞɟɧɞɪɢɦɟɪɨɜ ɲɟɫɬɨɣ ɝɟɧɟɪɚɰɢɢ ɫ ɤɨɧɰɟɜɵɦɢ 
ɷɬɢɥɟɧɨɤɫɢɞɧɵɦɢ ɝɪɭɩɩɚɦɢ: G–6(1EtOx)256 ɢ G–6(3EtOx)256 ɜ ɨɛɥɚɫɬɢ 6580 K; 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ ɢ ɫɬɟɤɥɨɨɛɪɚɡɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɮɚɡɨɜɵɯ 
ɚɧɨɦɚɥɢɣ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɟɪɟɯɨɞɚ. 

ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɞɟɧɞɪɢɦɟɪɨɜ ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɜ ɂɧɫɬɢɬɭɬɟ ɫɢɧɬɟɬɢɱɟɫɤɢɯ 
ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɦ. ɇ.ɋ. ȿɧɢɤɨɥɨɩɨɜɚ ɊȺɇ (ɝ. Ɇɨɫɤɜɚ). ɋɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ 
ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɩɨɞɬɜɟɪɠɞɟɧɵ ɦɟɬɨɞɚɦɢ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɢ əɆɊ 1ɇ-
ɫɩɟɤɬɪɨɫɤɨɩɢɢ. Ⱦɥɹ ɞɟɧɞɪɢɦɟɪɨɜ ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɜ ɩɪɟɞɟɥɟ ɩɨɜɬɨɪɹɸɳɟɟɫɹ ɭɫɥɨɜɧɨɟ ɡɜɟɧɨ ɫ 
ɰɟɥɶɸ ɪɚɫɱёɬɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚ ɦɨɥɶ ɷɬɨɝɨ ɡɜɟɧɚ ɢ ɜɵɹɜɥɟɧɢɹ ɧɚɢɛɨɥɟɟ ɨɛɳɢɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɢɯ ɨɬ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɵ ɞɟɧɞɪɢɦɟɪɨɜ.  

Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɬɟɩɥɨёɦɤɨɫɬɢ ɬɨɬ ɠɟ, ɱɬɨ ɢ ɞɥɹ ɫɟɪɢɢ 
ɢɡɭɱɟɧɧɵɯ ɧɚɦɢ ɪɚɧɟɟ ɤɚɪɛɨɫɢɥɚɧɨɜɵɯ ɞɟɧɞɪɢɦɟɪɨɜ ɜɵɫɨɤɢɯ ɝɟɧɟɪɚɰɢɣ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɤɨɧɰɟɜɵɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ. ȼ ɢɡɭɱɟɧɧɨɣ ɨɛɥɚɫɬɢ ɧɚ 
ɤɪɢɜɵɯ o

p ( )C f T ɩɪɨɹɜɥɹɸɬɫɹ ɪɚɫɫɬɟɤɥɨɜɚɧɢɟ,ɮɚɡɨɜɵɟ ɚɧɨɦɚɥɢɢ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ 
ɪɟɥɚɤɫɚɰɢɨɧɧɨɟ ɩɪɟɜɪɚɳɟɧɢɟ. Ɉɞɧɚɤɨ ɩɪɨɹɜɥɟɧɢɟ ɷɬɢɯ ɩɪɟɜɪɚɳɟɧɢɣ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ 
ɨɫɨɛɟɧɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɪɨɞɨɣ ɤɨɧɰɟɜɵɯ ɝɪɭɩɩ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɫɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɭɱɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɜɨɫɩɪɨɢɡɜɨɞɢɥɢɫɶ ɩɪɢ ɩɨɜɬɨɪɧɵɯ 
ɢɡɦɟɪɟɧɢɹɯ ɬɟɩɥɨёɦɤɨɫɬɢ. 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɫɬɚɧɞɚɪɬɧɵɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ: ɬɟɩɥɨёɦɤɨɫɬɶ o

p( )C T , ɷɧɬɚɥɶɩɢɹ o o( ) (0)H Τ H , ɷɧɬɪɨɩɢɹ 
o o( ) (0)S Τ S  ɢ ɮɭɧɤɰɢɹ Ƚɢɛɛɫɚ o o( ) (0)G Τ H  ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɫɨɫɬɨɹɧɢɣ 

ɢɡɭɱɟɧɧɵɯ ɞɟɧɞɪɢɦɟɪɨɜ ɜ ɨɛɥɚɫɬɢ ɨɬ T → 0 ɞɨ 580 K.  
Ȼɵɥ ɩɪɨɜɟɞёɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɬɟɦɩɟɪɚɬɭɪ ɫɬɟɤɥɨɜɚɧɢɹ, ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɫɬɚɬɨɱɧɵɯ («ɧɭɥɟɜɵɯ») ɷɧɬɪɨɩɢɣ ɞɟɧɞɪɢɦɟɪɨɜ, ɢɡɭɱɟɧɧɵɯ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢ ɪɚɧɟɟ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɨɬɦɟɬɢɦ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɫɬɟɤɥɨɜɚɧɢɹ ɢ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɟɧɞɪɢɦɟɪɨɜ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɹɬ ɨɬ ɩɪɢɪɨɞɵ ɜɧɟɲɧɟɝɨ 
ɫɥɨɹ, ɱɟɦ ɨɬ ɧɨɦɟɪɚ ɝɟɧɟɪɚɰɢɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ 
(ɡɚɞɚɧɢɟ № 4.1275.2014/К).  
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АɇАɅɂɁ ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɈɃ ɗɎɎȿɄɌɂВɇɈɋɌɂ ɉɊɂɆȿɇȿɇɂЯ 
ɈɊȽАɇɂɑȿɋɄɂɏ ɊАȻɈɑɂɏ ВȿЩȿɋɌВ В ɋɂɋɌȿɆАɏ ɍɌɂɅɂɁАɐɂɂ ɌȿɉɅɈВɈɃ 

ɇАȽɊɍɁɄɂ ɌɍɊȻɂɇ ɋ ɉɊɈɌɂВɈȾАВɅȿɇɂȿɆ 
ɇɢɤɢɮɨɪɨɜ Ɇ.Ⱥ., Ƚɢɧɡɛɟɪɝ ɘ.ȼ., ɋɭɯɢɯ Ⱥ.Ⱥ. 

ɎȽȻɈɍ ȼɉɈ «ɇИɍ «ɆЭИ», Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, ɭɥ. Кɪɚɫɧɨɤɚɡɚɪɦɟɧɧɚɹ, ɞ.14 
 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ  ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɢɦɟɧɟɧɢɹ  ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɛɨɱɢɯ ɜɟɳɟɫɬɜ ɜ ɫɢɫɬɟɦɚɯ ɝɟɧɟɪɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɧɚ 
ɜɵɯɥɨɩɟ ɩɪɨɬɢɜɨɞɚɜɥɟɧɱɟɫɤɢɯ ɬɭɪɛɢɧ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ (ɧɚ ɩɪɢɦɟɪɟ ɬɭɪɛɢɧɵ Ɋ-6-3,5/0,5). 
Ɇɨɞɟɪɧɢɡɚɰɢɹ ɬɪɚɞɢɰɢɨɧɧɨɣ ɬɟɩɥɨɜɨɣ ɫɯɟɦɵ ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɡɪɚɛɨɬɤɭ ɢ ɜɤɥɸɱɟɧɢɟ 
ɮɪɟɨɧɨɜɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɩɚɪɚɥɥɟɥɶɧɨ ɫɟɬɟɜɨɦɭ ɩɨɞɨɝɪɟɜɚɬɟɥɸ. Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ  ɜɵɪɚɛɚɬɵɜɚɟɦɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɫɟɡɨɧɧɵɯ ɥɢɛɨ ɞɪɭɝɢɯ 
ɜɢɞɚɯ ɫɧɢɠɟɧɢɹɯ ɦɨɳɧɨɫɬɢ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ (ɜɩɥɨɬɶ ɞɨ ɩɨɥɧɨɝɨ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ 
ɜɚɪɢɚɧɬɚ). ȼ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ ɬɚɤɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɜɩɟɪɜɵɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɮɪɟɨɧRC318 (ɨɤɬɚɮɬɨɪɰɢɤɥɨɛɭɬɚɧ C4F8). Эɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɢɡɤɨɤɢɩɹɳɢɯ 
ɪɚɛɨɱɢɯ ɜɟɳɟɫɬɜ ɜ ɛɢɧɚɪɧɵɯ ɰɢɤɥɚɯ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɟɳɟ ɜ ɫɟɪɟɞɢɧɟ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɜ ɪɚɛɨɬɚɯ 
Ƚɨɯɲɬɟɣɧɚ Д1Ж. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɧɚɩɪɢɦɟɪ, ɚɜɬɨɪɚɦɢ ɢɡ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ ɭɤɚɡɵɜɚɟɬɫɹ ɧɚ 
ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ  ɩɪɢɦɟɧɟɧɢɹ ɛɭɬɚɧɚ ɜ ɷɧɟɪɝɨɛɥɨɤɟ ɞɥɹ ɭɬɢɥɢɡɚɰɢɢ ɜɵɯɥɨɩɨɜ ȽɌɍ ɢ Ⱦȼɋ ɜ 
ɪɚɛɨɬɟ Д2Ж. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1., 
ɚ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɟɟ ɪɚɫɱɟɬɚ ɞɚɧɵ ɜ ɬɚɛɥ.1.  

Ʉɨɧɮɢɝɭɪɚɰɢɹ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ  ɮɪɟɨɧɨɜɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɢɡɨɛɪɚɠёɧɚ ɧɚ ɪɢɫ. 2. 
ɉɟɪɟɝɪɟɬɵɣ ɮɪɟɨɧɨɜɵɣ ɩɚɪ 1, ɪɚɫɲɢɪɹɹɫɶ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ ɮɪɟɨɧɨɜɨɣ ɬɭɪɛɢɧɵ  (Ɍ)  ɞɨ 
ɫɨɫɬɨɹɧɢɹ 2ɞ, ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɪɟɤɭɩɟɪɚɬɨɪ (ɊɌ), ɝɞɟ ɨɬɞɚёɬ ɬɟɩɥɨɬɭ ɩɟɪɟɝɪɟɜɚ, ɩɟɪɟɯɨɞɹ ɜ 
ɫɨɫɬɨɹɧɢɟ 3 ɧɚ ɜɵɯɨɞɟ ɢɡ ɪɟɤɭɩɟɪɚɬɨɪɚ. ɉɨɫɥɟ ɩɪɨɰɟɫɫɚ ɩɨɥɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɜ ɜɨɡɞɭɲɧɨɣ 
ɝɪɚɞɢɪɧɟ ɞɨ ɫɨɫɬɨɹɧɢɹ 4', ɠɢɞɤɨɫɬɶ ɧɚɝɧɟɬɚɟɬɫɹ ɮɪɟɨɧɨɜɵɦ ɩɢɬɚɬɟɥɶɧɵɦ ɧɚɫɨɫɨɦ (ɉɇ) ɞɨ 
ɫɨɫɬɨɹɧɢɹ 5ɞ, ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɪɟɤɭɩɟɪɚɬɨɪ (ɊɌ), ɝɞɟ ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɫɨɫɬɨɹɧɢɹ  6 ɩɟɪɟɝɪɟɬɵɦ 
ɩɚɪɨɦ ɜɵɯɥɨɩɚ ɮɪɟɨɧɨɜɨɣ ɬɭɪɛɢɧɵ. Ⱦɚɥɟɟ ɧɚɝɪɟɬɵɣ ɩɨɬɨɤ (ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɮɥɸɢɞɚ) 
ɧɚɩɪɚɜɥɹɟɬɫɹ ɜ ɝɚɡɨɧɚɝɪɟɜɚɬɟɥɶ (Ƚɇ), ɝɞɟ ɨɧ ɜɨɞɹɧɵɦ ɩɚɪɨɦ ɜɵɯɥɨɩɚ ɬɭɪɛɢɧɵ Ɋ-6-3,5/0,5 
ɧɚɝɪɟɜɚɟɬɫɹ ɞɨ ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɟɝɪɟɬɨɝɨ ɩɚɪɚ(ɫɨɫɬɨɹɧɢɟ 1) ɩɟɪɟɞ ɮɪɟɨɧɨɜɨɣ ɬɭɪɛɢɧɨɣ Ɍ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɬɭɪɛɨɚɝɪɟɝɚɬɨɦ ɹɜɥɹɟɬɫɹ ɜɚɠɧɟɣɲɟɣ ɡɚɞɚɱɟɣ, 
ɨɩɪɟɞɟɥɹɸɳɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɫɟɝɨ ɷɧɟɪɝɨɛɥɨɤɚ, ɬɚɤ ɤɚɤ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɨɜɵɲɟɧɢɟ 
ɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɧɨɫɬɢ ɷɧɬɚɥɶɩɢɣ, ɫɪɚɛɚɬɵɜɚɟɦɨɣ ɜ ɬɭɪɛɢɧɟ, ɚ ɫ 
ɞɪɭɝɨɣ, ɭɜɟɥɢɱɢɜɚɟɬ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ ɧɚɝɧɟɬɚɧɢɟ ɤɨɧɞɟɧɫɚɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɟɬ 
ɧɟɤɢɣ ɨɩɬɢɦɭɦ ɡɧɚɱɟɧɢɣ ɧɚɱɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɦɚɤɫɢɦɚɥɶɧɨɦɭ   ɜɧɭɬɪɟɧɧɟɦɭ ɄɉȾ ɰɢɤɥɚ. Ɋɟɡɭɥɶɬɚɬɵ ɬɚɤɨɝɨ ɪɚɫɱɟɬɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3. ɉɪɢɦɟɪ ɨɞɧɨɝɨ ɢɡ ɜɚɪɢɚɧɬɨɜ ɪɚɫɱɟɬɚ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɰɢɤɥɚ ɩɨ 
ɩɪɨɝɪɚɦɦɟ NIST (USA) REFPROP9ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥ.2. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤɨɝɨ ɚɧɚɥɢɡɚ ɜ ɤɚɱɟɫɬɜɟ 
ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ ɜɵɛɪɚɧɨ 6Ɇɉɚ. 
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Ɋɢɫɭɧɨɤ 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɮɬɨɪɭɝɥɟɪɨɞɧɨɝɨ ɬɟɩɥɨɫɢɥɨɜɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ: Ƚɇ – 
ɝɚɡɨɧɚɝɪɟɜɚɬɟɥɶ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ Q0; Ɍ – ɬɭɪɛɢɧɚ; Ƚ –ɝɟɧɟɪɚɬɨɪ, ɜɵɪɚɛɚɬɵɜɚɸɳɢɣ 
ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɦɨɳɧɨɫɬɶ Nɷ; ɊɌ – ɪɟɤɭɩɟɪɚɬɢɜɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ Qɪ; 
Ʉ – ɤɨɧɞɟɧɫɚɬɨɪ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɶɸ Qɤ; ɉɇ – ɩɢɬɚɬɟɥɶɧɵɣ ɧɚɫɨɫ 
 
Ɍɚɛɥɢɰɚ 1. ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɮɪɟɨɧɨɜɨɝɨ 
ɷɧɟɪɝɨɛɥɨɤɚ 

ɉɚɪɚɦɟɬɪ Ɋɚɡɦɟɪɧɨɫɬɶ Ɂɧɚɱɟɧɢɟ 
Ɋɚɫɯɨɞ ɜɨɞɹɧɨɝɨ ɩɚɪɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ ɬɭɪɛɢɧɵ Ɋ-
 пܦ6-3,5/0,5

ɤɝ/ɫ 16,31 

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɚɪɨɜɨɝɨ 
ɷɧɟɪɝɨɛɥɨɤɚ  �пв 

 160 ܥ°

Ɍɟɦɩɟɪɚɬɭɪɚ ɩɚɪɚ ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɹ�п °226 ܥ 
Ɍɟɦɩɟɪɚɬɭɪɚ/ɞɚɜɥɟɧɢɟ ɧɚɱɚɥɚ ɩɪɨɰɟɫɫɚ 
ɪɚɫɲɢɪɟɧɢɹ ɜ ɮɪɟɨɧɨɜɨɣ ɬɭɪɛɢɧɟ �1/ Ɋ1 

 Ɇɉɚ 206 / 6 / ܥ°

Ɍɟɦɩɟɪɚɬɭɪɚ RC318 ɧɚ ɜɵɯɨɞɟ ɢɡ ɊɌt3 °35 ܥ 
Ⱦɚɜɥɟɧɢɟ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɨɜ ɜɵɯɥɨɩɚ Ɍ Ɇɉɚ 0,37 
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Ɋɢɫɭɧɨɤ 2. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɰɢɤɥɚ ɮɪɟɨɧɨɜɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɧɚ 
ɨɤɬɚɮɬɨɪɰɢɤɥɨɛɭɬɚɧɟC4F8 ɜ ɫɢɫɬɟɦɟ ɭɬɢɥɢɡɚɰɢɢ ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ ɬɭɪɛɢɧɵ ɫ 
ɩɪɨɬɢɜɨɞɚɜɥɟɧɢɟɦ 

 

 
Ɋɢɫɭɧɨɤ 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɧɭɬɪɟɧɧɟɝɨ ɄɉȾ ɮɪɟɨɧɨɜɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚ ɨɬ ɞɚɜɥɟɧɢɹ ɨɫɬɪɨɝɨ ɩɚɪɚ 
ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɟɪɟɞ ɬɭɪɛɢɧɨɣ t1 = 206°C 

 
Ɍɚɛɥɢɰɚ 2. ɉɚɪɚɦɟɬɪɵ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ ɰɢɤɥɚ 

Ɍɨɱɤɚ Эɧɬɚɥɶɩɢɹ С, 
ɤȾɠ/ɤɝ 

Эɧɬɪɨɩɢɹ s, 
ɤȾɠ/ɤɝ 

Ⱦɚɜɥɟɧɢɟ ɪ, Ɇɉɚ Ɍɟɦɩɟɪɚɬɭɪɚ Э, 
 ܥ°

1 467,5 1,7043 6 206 

2ɞ 431,1 1,7200 0,37 138,2 

3 338,8 1,4624 0,37 35,0 

5ɞ 237,6 1,1145 7 36,8 

6 329,9 1,3818 7 90 
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Ɍɚɛɥɢɰɚ 3. ɋɜɨɞɧɚɹ ɬɚɛɥɢɰɚ ɩɨɤɚɡɚɬɟɥɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ  ɮɪɟɨɧɨɜɨɝɨ ɢ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ 
ɷɧɟɪɝɨɛɥɨɤɨɜ 

ɉɚɪɚɦɟɬɪ 
Ɋɚɡɦɟɪɧɨɫɬ
ɶ 

Ɏɪɟɨɧɨɜɵɣ 
ɷɧɟɪɝɨɛɥɨɤ 

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ 
ɷɧɟɪɝɨɛɥɨɤ 

Ɍɟɩɥɨɬɚ, ɩɨɞɜɟɞёɧɧɚɹ ɜ ɰɢɤɥɟ Ɇȼɬ 37,1 42,9 
Эɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɆȼɌ 9,57 15,57 
ɄɉȾ ɛɪɭɬɬɨ % 25,8 36,3 
ɄɉȾ ɧɟɬɬɨ % 21,8 32,2 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɭɫɥɨɜɧɨɝɨ ɬɨɩɥɢɜɚ 
ɝ

ɤȼɬ ∙ ɱ
 477 374 

ɍɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

ɤȾɠ
ɤȼɬ ∙ ɱ

 13956 9919 

 
Ɉɫɨɛɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ: 

ɧɚɱɚɥɶɧɨɟ ɢ ɤɨɧɟɱɧɨɟ ɫɨɫɬɨɹɧɢɹ  ɩɪɨɰɟɫɫɚ ɪɚɫɲɢɪɟɧɢɹ ɧɚɯɨɞɹɬɫɹ ɜ ɨɛɥɚɫɬɢ ɩɟɪɟɝɪɟɬɨɝɨ 
ɩɚɪɚ, ɜ ɬɭɪɛɢɧɟ ɫɪɚɛɚɬɵɜɚɸɬɫɹ ɦɚɥɵɟ ɪɚɡɧɨɫɬɢ ɷɧɬɚɥɶɩɢɣ, ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɵɯ ɨɛɴёɦɨɜ ɩɚɪɚ 
ɧɚ ɜɵɯɥɨɩɟ ɦɚɥɵ – ɩɨɡɜɨɥɹɬ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɤɨɦɩɚɤɬɧɵɣ ɬɭɪɛɨɚɝɪɟɝɚɬ ɫ ɥɨɩɚɬɤɚɦɢ  ɦɚɥɨɣ 
ɜɵɫɨɬɵ ɢ ɦɚɥɵɦɢ ɩɨɬɟɪɹɦɢ ɜ ɩɪɨɬɨɱɧɨɣ ɱɚɫɬɢ. 

ɂɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɞɟɧɫɚɰɢɢ ɮɪɟɨɧɚ  RC318 (0,37 Ɇɉɚ) ɢɫɤɥɸɱɚɟɬ 
ɩɪɢɫɨɫɵ ɜɨɡɞɭɯɚ ɜ ɬɪɚɤɬ. Ⱦɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɢɫɤɥɸɱɢɬɶ ɭɫɬɚɧɨɜɤɭ ɞɟɚɷɪɚɬɨɪɚ 
ɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɦɩɚɤɬɧɵɟ ɜɨɡɞɭɲɧɵɟ ɝɪɚɞɢɪɧɢ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɱɟɬɧɨ-ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɝɨ ɷɧɟɪɝɨɛɥɨɤɚɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɚɹ ɫɯɟɦɚ ɞɚɟɬ ɧɟ ɬɨɥɶɤɨ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɬɢɜɨɞɚɜɥɟɧɱɟɫɤɨɣ ɬɭɪɛɢɧɟ ɪɚɛɨɬɚɬɶ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ  ɬɟɩɥɨɜɨɣ ɧɚɝɪɭɡɤɢ, 
ɧɨ ɢ ɩɪɟɜɡɨɣɬɢ ɩɨ  ɩɨɤɚɡɚɬɟɥɹɦ ɚɧɚɥɨɝɢɱɧɭɸ ɩɨ ɦɨɳɧɨɫɬɢ ɢ ɩɚɪɚɦɟɬɪɚɦ ɩɚɪɚ 
ɤɨɧɞɟɧɫɚɰɢɨɧɧɭɸ ɬɭɪɛɨɭɫɬɚɧɨɜɤɭ  Ʉ-12-4,2 ɄɌɁ (ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɟɩɥɨɬɵ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 9919 ɩɪɨɬɢɜ 11983 ɤȾɠ/ɤȼɬ ɱ). 
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ɂɇɌȿȽɊАɐɂЯ ɌȿɉɅɈɎɂɁɂɑȿɄɂɏ ȾАɇɇЫɏ  

ɆȿɌɈȾАɆɂ SEMANTICWEB 
ȿɪɤɢɦɛɚɟɜ Ⱥ.Ɉ., Ɂɢɰɟɪɦɚɧ ȼ.ɘ., Ʉɨɛɡɟɜ Ƚ.Ⱥ., Ɍɪɚɯɬɟɧɝɟɪɰ Ɇ.ɋ. 

Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ, Ɋɨɫɫɢɹ, 
125412, ɝ. Ɇɨɫɤɜɚ, ɭɥ. Иɠɨɪɫɤɚɹ, 13, ɫɬɪ. 2, 

e-mail: trachtengerts@yahoo.com   
 

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɢɡɚɰɢɹ ɩɪɨɰɟɫɫɨɜ ɨɛɦɟɧɚ ɢ ɢɧɬɟɝɪɚɰɢɢ 
ɞɚɧɧɵɯ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜ ɪɚɦɤɚɯ ɨɧɬɨɥɨɝиɱɟɫɤɨɝɨ мɨɞɟɥиɪɨɜɚɧия. ȼ 
ɪɚɛɨɬɟ ɚɜɬɨɪɨɜ Д1Ж ɪɚɫɫɦɨɬɪɟɧ ɭɞɚɱɧɵɣ ɨɩɵɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɧɬɨɥɨɝɢɣ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜɚ, ɜ ɨɫɧɨɜɧɨɦ ɢɡ ɨɛɥɚɫɬɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɨɧɬɨɥɨɝɢɸ ɤɚɤ 
ɷɥɟɦɟɧɬ SemanticWEB, ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɞɨɫɬɭɩ ɤ ɦɧɨɝɨɱɢɫɥɟɧɧɵɦ ɫɥɨɜɚɪɹɦ ɢ ɨɧɬɨɥɨɝɢɹɦ 

mailto:trachtengerts@yahoo.com
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ɨɛɳɟɧɚɭɱɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ, ɬɚɤɢɦ ɤɚɤ ɨɧɬɨɥɨɝɢɹ QUIDT Д2Ж ɩɨ ɮɢɡɢɱɟɫɤɢɦ ɜɟɥɢɱɢɧɚɦ ɢ 
ɟɞɢɧɢɰɚɦ ɢɡɦɟɪɟɧɢɹ ɢɥɢ ɦɟɠɞɭɧɚɪɨɞɧɵɣ ɫɥɨɜɚɪɶ ɧɚɡɜɚɧɢɣ ɯɢɦɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ 
ChemSpiderД3Ж.Ɉɧɬɨɥɨɝɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɞɢɧɭɸ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɟɦɚɧɬɢɤɢ ɢ ɫɢɧɬɚɤɫɢɫɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɟɞɢɧɵɣ ɫɥɨɜɚɪɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɦɵɫɥɚ ɞɚɧɧɵɯ. 
Ɏɨɪɦɚɥɢɡɭɹ ɩɨɧɹɬɢɹ ɢ ɤɨɧɰɟɩɰɢɢ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɨɧɬɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɚɞɚɩɬɢɪɨɜɚɬɶ 
ɨɩɢɫɚɧɢɟ ɤ ɪɚɡɥɢɱɧɵɦ ɫɯɟɦɚɦ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ȻȾ ɢɥɢ ɞɨɤɭɦɟɧɬɚɯ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 
ɩɪɢɦɟɪ ɨɬɨɛɪɚɠɟɧɢɹ ɨɧɬɨɥɨɝɢɢ ɩɨ ɫɜɨɣɫɬɜɚɦ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɫɯɟɦɵ ɪɚɡɧɨɪɨɞɧɵɯ ȻȾ ɩɨ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɩɪɢɜɟɞɟɧ ɜ ɪɚɛɨɬɟ Д4Ж. ȼɚɠɧɵɣ ɷɥɟɦɟɧɬ, ɩɪɢɫɭɳɢɣ 
ɨɧɬɨɥɨɝɢɱɟɫɤɨɦɭ ɦɨɞɟɥɢɪɨɜɚɧɢɸ – ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɦɚɧɟɧɬɧɨɝɨ ɧɚɪɚɳɢɜɚɧɢɹ ɧɨɜɵɯ 
ɩɨɧɹɬɢɣ, ɪɚɫɲɢɪɟɧɢɹ ɩɟɪɟɱɧɹ ɜɟɳɟɫɬɜ ɢ ɧɨɦɟɧɤɥɚɬɭɪɵ ɫɜɨɣɫɬɜ.   

Ɉɞɧɨ ɢɡ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɯ ɨɩɪɟɞɟɥɟɧɢɣ ɨɧɬɨɥɨɝɢɢ – «ɫɟɦɚɧɬɢɱɟɫɤɢ ɬɨɱɧɨɟ ɢ ɦɚɲɢɧɧɨ-
ɱɢɬɚɟɦɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɫɭɳɧɨɫɬɟɣ ɢ ɢɯ ɜɡɚɢɦɨɫɜɹɡɟɣ» Д5Ж.  Ɏɨɪɦɚɥɢɡɨɜɚɧɧɨɣ ɡɚɩɢɫɢ ɧɚ ɹɡɵɤɟ 
OWL (WebOntologyLanguage) ɩɪɟɞɲɟɫɬɜɭɟɬ ɤɨɧɰɟɩɬɭɚɥɢɡɚɰɢɹ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ 
ɫɪɟɞɫɬɜɚɦɢ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɹɡɵɤɚ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɜɵɞɟɥɹɸɬ ɬɪɢ 
ɝɥɚɜɧɵɯ ɤɥɚɫɫɚ: «ɜɟɳɟɫɬɜɚ», «ɫɜɨɣɫɬɜɚ», «ɞɚɧɧɵɟ». Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɢɡ ɤɥɚɫɫɚ «ɜɟɳɟɫɬɜɚ» 
ɫɜɹɡɚɧɵ ɫ ɨɞɧɢɦ ɢɥɢ ɧɟɫɤɨɥɶɤɢɦɢ ɧɚɡɜɚɧɢɹɦɢ, ɮɨɪɦɚɥɶɧɵɟ ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ (ɧɚɩɪɢɦɟɪ, 
CASnumber), ɮɨɪɦɭɥɶɧɨɟ ɨɛɨɡɧɚɱɟɧɢɟ. ɋ ɤɚɠɞɵɦ ɷɥɟɦɟɧɬɨɦ ɢɡ ɤɥɚɫɫɚ «ɫɜɨɣɫɬɜɚ» ɫɜɹɡɚɧɵ 
ɟɝɨ ɧɚɡɜɚɧɢɟ, ɨɛɨɡɧɚɱɟɧɢɟ ɢ ɟɞɢɧɢɰɚ ɢɡɦɟɪɟɧɢɹ. ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɤɥɚɫɫɚ «ɞɚɧɧɵɟ» 
ɮɢɤɫɢɪɭɸɬɫɹ: ɫɩɢɫɨɤ ɫɜɨɣɫɬɜ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɚɤ ɤɨɧɫɬɚɧɬɵ; ɫɩɢɫɨɤ ɫɜɨɣɫɬɜ, 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɤɚɤ ɮɭɧɤɰɢɢ; ɫɩɨɫɨɛɵ ɡɚɞɚɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɢɫɬɨɱɧɢɤɨɜ ɞɚɧɧɵɯ.  

ɇɚɪɹɞɭ ɫ ɬɪɟɦɹ ɛɚɡɨɜɵɦɢ ɷɥɟɦɟɧɬɚɦɢ (ɜɟɳɟɫɬɜɚ, ɫɜɨɣɫɬɜɚ, ɲɚɛɥɨɧ ɞɚɧɧɵɯ), ɫɯɟɦɚ ɞɨɥɠɧɚ 
ɜɤɥɸɱɚɬɶ ɞɪɟɜɨɜɢɞɧɵɣ ɫɩɪɚɜɨɱɧɢɤ ɫɨɫɬɨɹɧɢɣ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɨɫɹɬɫɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ 
ɞɚɧɧɵɟ. Эɬɨɬ ɩɟɪɟɱɟɧɶ ɜɤɥɸɱɚɟɬ ɬɪɢ ɚɝɪɟɝɚɬɧɵɯ ɫɨɫɬɨɹɧɢɹ, ɥɢɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɬɢɩɚ  liquid-
gas ɢ ɯɚɪɚɤɬɟɪɧɵɟ ɬɨɱɤɢ (ɬɪɨɣɧɭɸ ɢ ɤɪɢɬɢɱɟɫɤɭɸ).  Ⱦɥɹ ɬɜɟɪɞɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨɡɦɨɠɧɨ 
ɜɵɞɟɥɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɮɚɡ (ɤɭɛɢɱɟɫɤɨɣ, ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ, ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɢ ɞɪ). ȼɨɡɧɢɤɚɸɬ 
ɫɜɹɡɢ ɢ ɨɝɪɚɧɢɱɟɧɢɹ ɜ ɧɚɡɧɚɱɟɧɢɢ ɫɜɨɣɫɬɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. 
ɇɚɩɪɢɦɟɪ, ɫɜɨɣɫɬɜɨ viscosityɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɥɢɲɶ ɞɥɹ ɜɟɳɟɫɬɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
ɫɨɫɬɨɹɧɢɹɯ liquid  ɢɥɢ gas. Ⱦɪɭɝɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɧɚɩɪɢɦɟɪ, ɷɧɬɚɥɶɩɢɹ ɢɫɩɚɪɟɧɢɹ) 
ɩɪɢɦɟɧɢɦɵ ɬɨɥɶɤɨ ɧɚ ɮɚɡɨɜɵɯ ɝɪɚɧɢɰɚɯ.  

Ɉɩɪɟɞɟɥɟɧɧɵɟ ɭɫɥɨɠɧɟɧɢɹ ɫɜɹɡɚɧɵ ɫ ɦɧɨɝɨɜɚɪɢɚɧɬɧɨɫɬɶɸ ɜ ɡɚɞɚɧɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢ 
ɢɫɬɨɱɧɢɤɚ ɞɚɧɧɵɯ. Ⱦɥɹ ɨɛɨɢɯ ɩɨɧɹɬɢɣ ɜɨɡɦɨɠɧɨ ɪɚɡɥɢɱɧɨɟ ɩɪɢɫɜɨɟɧɢɟ: ɧɚ ɜɟɫɶ ɧɚɛɨɪ 
ɞɚɧɧɵɯ, ɧɚ ɤɚɠɞɨɟ ɢɡ ɫɜɨɣɫɬɜ ɢɥɢ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɡɧɚɱɟɧɢɣ (ɬɨɱɟɤ). Ⱦɥɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 
ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɟɞɭɫɦɨɬɪɟɧ ɢɞɟɧɬɢɮɢɤɚɬɨɪ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɩɨɫɨɛ ɟɟ ɡɚɞɚɧɢɹ 
(ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ, ɪɚɫɲɢɪɟɧɧɚɹ ɫ ɭɤɚɡɚɧɢɟɦ ɞɨɜɟɪɢɬɟɥɶɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɢ ɬ.ɩ.), ɤɚɤ ɢ ɫɚɦɨ 
ɡɧɚɱɟɧɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ.  

Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ ɨɩɪɟɞɟɥɟɧɢɹ Д5Ж, ɜɬɨɪɵɦ ɷɬɚɩɨɦ ɩɨɫɬɪɨɟɧɢɹ ɨɧɬɨɥɨɝɢɢ ɹɜɥɹɟɬɫɹ 
ɫɩɟɰиɮиɤɚɰия c ɡɚɩɢɫɶɸ ɜɫɟɯ ɫɜɹɡɟɣ ɢ ɨɬɧɨɲɟɧɢɣ ɧɚ ɹɡɵɤɟ OWL. ɉɪɟɞɥɨɠɟɧɧɚɹ 
ɨɧɬɨɥɨɝɢɢ ɜɤɥɸɱɚɟɬ 11 ɨɫɧɨɜɧɵɯ ɤɥɚɫɫɨɜ ɢ 2 ɤɥɚɫɫɚ ɩɨɬɨɦɤɚ. Ⱦɢɚɝɪɚɦɦɚ ɧɚ ɪɢɫ. 1 
ɩɨɤɚɡɵɜɚɟɬ ɫɜɹɡɢ ɤɥɚɫɫɨɜ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɢɜɟɞɟɧ ɢɯ ɩɟɪɟɱɟɧɶ ɤɥɚɫɫɨɜ ɫ ɭɤɚɡɚɧɢɟɦ ɧɚɡɧɚɱɟɧɢɹ 
ɢ ɚɬɪɢɛɭɬɚɦɢ.   

ɉɟɪɜɚɹ ɱɟɬɜɟɪɤɚ ɤɥɚɫɫɨɜ ɨɩɪɟɞɟɥɹɟɬ ɤɥɸɱɟɜɵɟ ɩɨɧɹɬɢɹ, ɜɵɞɟɥɟɧɧɵɟ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɧɚɛɨɪɚ ɞɚɧɧɵɯ: ɜɟɳɟɫɬɜɚ, ɫɜɨɣɫɬɜɚ, ɫɨɫɬɨɹɧɢɹ, ɱɢɫɥɟɧɧɵɟ ɞɚɧɧɵɟ.  ɋɦɵɫɥ ɛɨɥɶɲɟɣ ɱɚɫɬɢ 
ɚɬɪɢɛɭɬɨɜ ɞɨɫɬɚɬɨɱɧɨ ɩɨɧɹɬɟɧ ɢɡ ɢɯ ɧɚɡɜɚɧɢɹ.  

Ɉɬɦɟɬɢɦ ɧɚɥɢɱɢɟ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɤɥɚɫɫɨɜ (Functions, DomainOfFunctions) ɢ ɞɜɭɯ 
ɩɨɬɨɦɤɨɜ ɤɥɚɫɫɚ Functions: ControlFunc и ComputingFunc. ȼ ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɧɢ ɪɟɲɚɸɬ 
ɡɚɞɚɱɭ ɜɵɱɢɫɥɟɧɢɹ ɫɜɨɣɫɬɜ ɩɨ ɮɨɪɦɭɥɚɦ ɩɪɢ ɤɨɧɬɪɨɥɟ ɞɨɩɭɫɬɢɦɨɣ ɨɛɥɚɫɬɢ ɢɡɦɟɧɟɧɢɹ 
ɚɪɝɭɦɟɧɬɚ ɢ ɮɭɧɤɰɢɣ, ɚ ɬɚɤɠɟ ɡɚɪɚɧɟɟ ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ, ɤɨɬɨɪɵɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɜɵɩɨɥɧɹɸɬɫɹ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɧɟɤɨɬɨɪɨɣ 
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ɩɨɝɪɟɲɧɨɫɬɢ. Ɏɭɧɤɰɢɢ ɞɟɥɹɬɫɹ ɧɚ ɞɜɚ ɬɢɩɚ: «ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɮɭɧɤɰɢɢ» ɢ «ɤɨɧɬɪɨɥɶɧɵɟ 
ɮɭɧɤɰɢɢ». ȼɵɱɢɫɥɢɬɟɥɶɧɵɟ ɮɭɧɤɰɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɨɞɟɪɠɚɬ ɭɤɚɡɚɧɢɟ ɧɚ ɜɵɱɢɫɥɹɟɦɨɟ 
ɫɜɨɣɫɬɜɨ, ɬɢɩ ɢ ɜɟɥɢɱɢɧɭ ɩɨɝɪɟɲɧɨɫɬɢ. Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ ɹɜɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟ 
ɫɜɨɣɫɬɜɚ, ɩɨɦɟɳɚɟɦɨɟ ɜ ȻȾ. Ʉɨɧɬɪɨɥɶɧɵɟ ɮɭɧɤɰɢɢ ɹɜɥɹɸɬɫɹ ɛɭɥɟɜɫɤɢɦɢ ɢ ɨɬɜɟɱɚɸɬ ɧɚ 
ɜɨɩɪɨɫ, ɜɵɩɨɥɧɹɟɬɫɹ ɥɢ ɡɚɞɚɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫ ɬɪɟɛɭɟɦɨɣ ɫɬɟɩɟɧɶɸ ɩɨɝɪɟɲɧɨɫɬɢ ɢɥɢ ɧɟɬ. 
Ɏɨɪɦɭɥɵ ɡɚɩɢɫɵɜɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɹɡɵɤɚ MathML. 
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ɂɧɬɟɝɪɚɰɢɹ, ɬɨ ɟɫɬɶ ɟɞɢɧɨɨɛɪɚɡɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɪɟɚɥɢɡɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɬɟɯɧɨɥɨɝɢɢ LinkedOpenData (LOD), ɹɜɥɹɸɳɭɸɫɹ ɩɨɪɨɠɞɟɧɢɟɦ ɢ ɪɚɡɜɢɬɢɟɦ SemanticWeb 
Д6Ж. ɉɭɛɥɢɤɚɰɢɹ ɜ ɫɪɟɞɟ LODɩɪɟɞɨɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɜɨɡɦɨɠɧɨɫɬɟɣ ɜ ɫɪɚɜɧɟɧɢɢ ɫ 
ɩɪɨɫɬɵɦ ɪɚɡɦɟɳɟɧɢɟɦ ɞɚɧɧɵɯ ɜ ɬɪɚɞɢɰɢɨɧɧɨɦ “webofdocuments”.  ȼ ɨɬɥɢɱɢɟ ɨɬ 
ɝɢɩɟɪɬɟɤɫɬɚ, ɝɞɟ ɥɢɧɤɢ ɫɜɹɡɵɜɚɸɬ ɨɬɞɟɥɶɧɵɟ ɞɨɤɭɦɟɧɬɵ, ɬɟɯɧɨɥɨɝɢɹ ɫɜɹɡɚɧɧɵɯ ɞɚɧɧɵɯ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɜɹɡɢ ɦɟɠɞɭ ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɜɟɳɚɦɢ, ɨɬɦɟɱɟɧɧɵɦɢ ɜ ɞɨɤɭɦɟɧɬɟ ɩɨɫɪɟɞɫɬɜɨɦ 
URI, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɥɸɛɵɟ ɨɛɴɟɤɬɵ, ɩɟɪɫɨɧɵ ɢɥɢ ɤɨɧɰɟɩɰɢɢ. Ʉɨɧɰɟɩɰɢɹ 
LOD ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɬɪɟɯ ɬɟɯɧɨɥɨɝɢɹɯ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɫɬɚɧɞɚɪɬɚɦɢ 
ɝɪɭɩɩɵ W3C: HypertextTransferProtocol (HTTP), URI (UniformResourceIdentifier) ɢ RDF 
(ResourceDefinitionFramework). ȼ ɤɚɱɟɫɬɜɟ ɟɞɢɧɨɣ ɦɨɞɟɥɢ ɫɜɹɡɚɧɧɵɯ ɞɚɧɧɵɯ ɩɪɟɞɥɚɝɚɟɬɫɹ 
RDF,  ɧɟɤɨɬɨɪɚɹ ɦɨɞɟɥɶ ɞɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɢ ɦɟɬɚɞɚɧɧɵɯ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɩɪɢɝɨɞɧɵɯ 
ɞɥɹ ɦɚɲɢɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɭɬɜɟɪɠɞɟɧɢɣ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɮɨɪɦɚɥɶɧɵɣ ɜɢɞ «ɫɭɛɴɟɤɬ 
— ɩɪɟɞɢɤɚɬ — ɨɛɴɟɤɬ» ɢ ɧɚɡɵɜɚɟɬɫɹ тɪиɩɥетɨɦ. RDF ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɟɣ 
ɞɚɧɧɵɯ, ɧɟ ɤɚɫɚɹɫɶ ɫɚɦɨɣ  ɫɟɦɚɧɬɢɤɢ, ɨɬɫɵɥɚɹ ɡɚ ɢɧɬɟɪɩɪɟɬɚɰɢɟɣ ɫɦɵɫɥɚ ɞɚɧɧɵɯ ɤ 
ɧɚɥɢɱɧɵɦ ɜ ɫɟɬɢ ɫɥɨɜɚɪɹɦ ɢ ɨɧɬɨɥɨɝɢɹɦ.  

ɂɫɯɨɞɹ ɢɡ ɞɨɫɬɭɩɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɣ LOD, ɩɪɟɞɥɨɠɟɧɚ ɫɥɟɞɭɸɳɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɰɟɩɨɱɤɚ. ɋɞɟɥɚɧɧɚɹ ɡɚɩɢɫɶ ɨɧɬɨɥɨɝɢɢ ɧɚ ɹɡɵɤɟ OWL ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɫɬɪɨɟɧɢɟ ȻȾ ɢ 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ. ȼɫɟ ɜɧɟɲɧɢɟ ɞɨɤɭɦɟɧɬɵ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɨɢɫɯɨɠɞɟɧɢɹ 

http://ru.wikipedia.org/w/index.php?title=%D0%A1%D1%83%D0%B1%D1%8A%D0%B5%D0%BA%D1%82_(%D0%BB%D0%BE%D0%B3%D0%B8%D0%BA%D0%B0)&action=edit&redlink=1
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%B4%D0%B8%D0%BA%D0%B0%D1%82_(%D0%BB%D0%B8%D0%BD%D0%B3%D0%B2%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0)
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%8A%D0%B5%D0%BA%D1%82
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ɡɚɝɪɭɠɚɸɬɫɹ ɜɨ ɜɧɨɜɶ ɨɪɝɚɧɢɡɨɜɚɧɧɭɸ ȻȾ, ɝɞɟ ɮɨɪɦɢɪɭɟɬɫɹ ɯɪɚɧɢɥɢɳɟ ɪɟɥɹɰɢɨɧɧɵɯ 
ɞɚɧɧɵɯ.  

ɉɨɫɪɟɞɫɬɜɨɦ ɫɟɪɜɟɪɚ D2R ɨɪɝɚɧɢɡɭɟɬɫɹ ɤɨɧɜɟɪɫɢɹ ɷɬɢɯ ɞɚɧɧɵɯ ɜ RDF ɮɨɪɦɚɬ ɩɪɢ 
ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɜɹɡɵɜɚɧɢɹ ɫ ɪɨɞɫɬɜɟɧɧɵɦɢ ɞɚɧɧɵɦɢ, ɞɨɫɬɭɩɧɵɦɢ ɜ ɫɟɬɢ. 
ɋɨɟɞɢɧɟɧɢɟ ɝɪɚɮɨɜ ɦɨɞɟɥɢ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ RDF, ɫ ɞɨɫɬɭɩɧɵɦɢ ɫɥɨɜɚɪɹɦɢ ɢ 
ɨɧɬɨɥɨɝɢɹɦɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɭɧɞɚɦɟɧɬ ɜɫɟɣ ɬɟɯɧɨɥɨɝɢɢ ɩɭɛɥɢɤɚɰɢɢ ɫɜɹɡɚɧɧɵɯ ɞɚɧɧɵɯ.  
Ɍɟɯɧɨɥɨɝɢɹ ɭɫɩɟɲɧɚ ɩɪɢ ɪɚɛɨɬɟ ɫ ɪɚɫɩɪɟɞɟɥёɧɧɵɦɢ ɡɧɚɧɢɹɦɢ ɡɚ ɫɱɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɫɰɟɩɥɟɧɢɹ RDF-ɮɚɣɥɨɜ, ɪɚɡɦɟɳёɧɧɵɯ ɜ ɫɟɬɢ ɥɸɛɵɦɢ ɚɜɬɨɪɚɦɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɧɚɣɬɢ ɜ ɫɨɛɪɚɧɧɨɦ ɞɨɤɭɦɟɧɬɟ ɫɜɟɞɟɧɢɹ, ɤɨɬɨɪɵɯ ɧɟ ɛɵɥɨ ɧɢ ɜ ɨɞɧɨɣ ɢɡ ɟɝɨ 
ɱɚɫɬɟɣ. ȼɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ ɢ ɩɨɞɛɨɪ ɭɠɟ 
ɞɟɣɫɬɜɭɸɳɢɯ ɫɥɨɜɚɪɟɣ. ɉɨɬɟɧɰɢɚɥ ɬɟɯɧɨɥɨɝɢɣ LOD ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ 
ɞɚɧɧɵɦ ɜ ɢɡɜɟɫɬɧɨɣ ɫɬɟɩɟɧɢ ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɚɤɨɩɥɟɧɧɵɣ ɭɫɩɟɲɧɵɣ ɨɩɵɬ ɟɟ ɩɪɢɦɟɧɟɧɢɹ ɤ 
ɯɢɦɢɢ, ɝɞɟ ɜɚɠɧɟɣɲɢɦ ɚɫɩɟɤɬɨɦ ɹɜɥɹɟɬɫɹ ɢɧɬɟɝɪɚɰɢɹ ɞɚɧɧɵɯ ɩɨ ɫɬɪɭɤɬɭɪɟ ɦɨɥɟɤɭɥ ɢ 
ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜɚ Д7Ж.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ – ɩɪɨɟɤɬ № 13-07-00218. 
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ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɪɨɜɧɟɣ. Эɧɬɪɨɩɢɹ (S°) ɞɥɹ n = 4 ɢ 5 ɩɨɥɭɱɟɧɚ ɦɟɬɨɞɨɦ ɩɨɬɨɤɚ ɱɟɪɟɡ 
ɞɚɜɥɟɧɢɹ ɩɚɪɚ ɢ ɷɧɬɚɥɶɩɢɸ ɢɫɩɚɪɟɧɢɹ. 

Ɉɩɬɢɦɢɡɚɰɢɹ ɫɬɪɨɟɧɢɹ ɥɚɤɬɨɧɨɜ ɨɬ ɨɤɫɚɰɢɤɥɨɛɭɬɚɧ-2-ɨɧɚ ɞɨ ɨɤɫɚɰɢɤɥɨɨɤɬɚɧ-2-ɨɧɚ 
ɩɪɨɜɟɞɟɧɚ ɦɟɬɨɞɨɦ B3LВP/6-311++G(3НП,3pН) ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ GКЮssТКЧ 03 ɜ ɛɚɡɢɫɟ 
ɲɚɪɨɜɵɯ ɮɭɧɤɰɢɣ (6Н,10П). ɋɞɟɥɚɧ ɤɨɧɮɨɪɦɚɰɢɨɧɧɵɣ ɚɧɚɥɢɡ. Ⱦɥɹ ɜɫɟɯ ɤɨɧɮɨɪɦɟɪɨɜ 
ɫɨɟɞɢɧɟɧɢɣ ɛɵɥɢ ɧɚɣɞɟɧɵ: ɩɨɥɧɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɷɧɟɪɝɢɹ (ȿtotal), ɝɚɪɦɨɧɢɱɟɫɤɢɟ (harm) ɢ 
ɚɧɝɚɪɦɨɧɢɱɟɫɤɢɟ ɱɚɫɬɨɬɵ (anharm); anharm ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɜ ɪɚɦɤɚɯ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɬɟɨɪɢɢ 
ɜɨɡɦɭɳɟɧɢɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɜ ɤɜɚɪɬɢɱɧɨɦ ɫɢɥɨɜɨɦ ɩɨɥɟ (VTP2 QFF). Ɍɚɤɠɟ ɛɵɥɢ 
ɪɚɫɫɱɢɬɚɧɵ ɞɢɚɝɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɦɚɬɪɢɰɵ ɚɧɝɚɪɦɨɧɢɱɧɨɫɬɢ ii , , ɢ ɱɢɫɥɨ ɤɨɥɟɛɚɬɟɥɶɧɵɯ 
ɭɪɨɜɧɟɣ nmax ɤɚɠɞɨɣ ɦɨɞɵ. 

Ʉɨɥɟɛɚɬɟɥɶɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɫɭɦɦ ɤɚɠɞɨɝɨ ɤɨɧɮɨɪɦɟɪɚ ɜ 
ɚɧɝɚɪɦɨɧɢɱɟɫɤɨɦ ɩɪɢɛɥɢɠɟɧɢɢ (ɠɟɫɬɤɢɣ ɪɨɬɚɬɨɪ-ɚɧɝɚɪɦɨɧɢɱɟɫɤɢɣ ɨɫɰɢɥɥɹɬɨɪ) ɛɵɥɢ 
ɜɵɱɢɫɥɟɧɵ ɩɨɫɪɟɞɫɬɜɨɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɷɧɟɪɝɢɣ ɭɪɨɜɧɟɣ  vEi . Ƚɞɟ 
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  vhɫvhɫvE iiiharmi  .    

Ⱦɥɹ ɜɫɟɯ ɜɟɳɟɫɬɜ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɥɶɧɵɯ ɞɨɥɟɣ 
ɤɨɧɮɨɪɦɟɪɨɜ, ɢ ɫ ɭɱɟɬɨɦ ɨɩɬɢɱɟɫɤɨɣ ɢɡɨɦɟɪɢɢ ɧɚɣɞɟɧɵ ɜɟɥɢɱɢɧɵ ɷɧɬɪɨɩɢɢ, ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɫɞɜɢɝɢ ɜ ɢɧɬɟɪɜɚɥɟ 298-1500 Ʉ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ Ɍ = 298 Ʉ ( 0

298Hf ), ɛɵɥɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɵ 
ɬɟɦɩɟɪɚɬɭɪɨɧɟɡɚɜɢɫɢɦɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ 0

298Hf  ɢ, ɩɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɦɨɥɶɧɵɟ ɞɨɥɢ 

ɤɨɧɮɨɪɦɟɪɨɜ, ɧɚɣɞɟɧɵ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 0
Tf H  ɢ ɫɜɨɛɨɞɧɵɟ ɷɧɟɪɝɢɢ 

0
TfG ɰɢɤɥɢɱɟɫɤɢɯ ɥɚɤɬɨɧɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 298 ɞɨ 1500 Ʉ. 
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ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɨɬɪɟɧɵ ɂɧɬɟɪɧɟɬ - ɪɟɫɭɪɫɵ, ɫɨɞɟɪɠɚɳɢɟ ɢɧɮɨɪɦɚɰɢɸ ɨ 

ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɬɟɯɧɢɱɟɫɤɢ ɜɚɠɧɵɯ ɜɟɳɟɫɬɜ. ȼɧɢɦɚɧɢɟ ɭɞɟɥɟɧɨ ɬɚɤɢɦ ɮɨɪɦɚɦ, 
ɤɚɤ: ɚ) ɛɚɡɵ ɞɚɧɧɵɯ, ɛ) ɷɥɟɤɬɪɨɧɧɵɟ ɫɩɪɚɜɨɱɧɢɤɢ (ɷɧɰɢɤɥɨɩɟɞɢɢ), ɜ) ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ 
ɮɭɧɤɰɢɢ, ɝ) ɲɚɛɥɨɧɵ ɢ ɞ) ɞɪɭɝɢɟ. 

ȼ ɪɚɦɤɚɯ ɬɢɩɢɱɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɡɚɞɚɱ (Ⱥ,ȼ …), ɫɜɹɡɚɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɫ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ (ЭɍɄ), ɧɚɦɢ ɢɫɫɥɟɞɨɜɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ (ɉɈ), 
ɤɨɬɨɪɨɟ ɦɨɠɧɨ, ɜɨ-ɩɟɪɜɵɯ, ɩɪɟɞɥɨɠɢɬɶ ɩɨɥɶɡɨɜɚɬɟɥɸ ɜ ɂɧɬɟɪɧɟɬɟ ɢ, ɜɨ-ɜɬɨɪɵɯ, 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɪɚɛɨɬɟ ɫ ɬɚɛɭɥɢɪɨɜɚɧɧɵɦɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ Rt = (ρ, h, s,…) 
ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɭɫɬɚɧɨɜɤɟ ЭɍɄ, ɡɞɟɫɶ ρ– ɩɥɨɬɧɨɫɬɶ, h– ɷɧɬɚɥɶɩɢɹ, s- 
ɷɧɬɪɨɩɢɹ. 

Ɋɟɲɚɹ ɡɚɞɚɱɭ (Ⱥ), ɩɨɥɶɡɨɜɚɬɟɥɶ – ɩɪɨɟɤɬɢɪɨɜɳɢɤ ɞɨɥɠɟɧ ɜɵɱɢɫɥɹɬɶ ɡɧɚɱɟɧɢɹ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɤɪɢɬɟɪɢɟɜ Z (ɬɟɪɦɢɱɟɫɤɢɣ ɄɉȾ (COP), ɦɨɳɧɨɫɬɶ ɬɭɪɛɢɧ (N1, N2 …), 
ɩɨɞɜɨɞɢɦɚɹ ɬɟɩɥɨɬɚ (Q) ɢ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ ɰɢɤɥɚ) ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ЭɍɄ; ɢɦ ɢɫɩɨɥɶɡɭɟɬɫɹ 
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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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ɫɨɛɫɬɜɟɧɧɚɹ ɩɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɢɦɟɧɭɟɬɫɹ ɤɚɤ Code_EUK(Z,Y), ɡɞɟɫɶCode_EUK– ɢɦɹ 
ɩɪɨɝɪɚɦɦɵ,Y - ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɪɹɞ ɡɧɚɱɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ: 

ɚ) (pt1, Tt1) – ɩɚɪɚɦɟɬɪɵ ɧɚ ɜɯɨɞɟ ɜ ɬɭɪɛɢɧɭ 1, 
ɛ) ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ Rcycle= (ɪ,T,ρ,h,s,…) ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɜ ɡɚɞɚɧɧɵɯ ɬɨɱɤɚɯ 

ɰɢɤɥɚ. 
ɉɪɨɝɪɚɦɦɚCode_EUK(Z,Y) ɫɨɡɞɚɧɚ ɜ ɫɪɟɞɟ Mathcad. Ɂɧɚɱɟɧɢɹ Rcycle ɞɨɥɠɧɵ ɛɪɚɬɶɫɹ 

ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɢɡ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɢɧɮɨɪɦɚɰɢɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɢɩɢɱɧɨɣ ɹɜɥɹɟɬɫɹ 
ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɩɨɥɶɡɨɜɚɬɟɥɶ ɪɚɛɨɬɚɟɬ ɫ ɤɨɦɩɶɸɬɟɪɨɦ PC, ɩɨɞɤɥɸɱɟɧɧɵɦ ɤ ɂɧɬɟɪɧɟɬɭ, ɢ 
ɨɛɪɚɳɚɟɬɫɹ ɤ ɜɟɛ - ɫɚɣɬɭ ɨɞɧɨɣ ɢɡ ɢɡɜɟɫɬɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ (ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ, ɇɚɰɢɨɧɚɥɶɧɵɣ 
ɢɧɫɬɢɬɭɬ ɫɬɚɧɞɚɪɬɨɜ ɢ ɬɟɯɧɨɥɨɝɢɢ (ɇɂɋɌ), ɋШȺ Д1Ж, ɂɌɎ ɋɈ ɊȺɇ, ɈɂȼɌ ɊȺɇ Д2Ж ɢ ɞɪ.), 
ɝɞɟ ɪɚɡɦɟɳɟɧɵ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ TF– ɪɟɫɭɪɫɵ. Ʉ ɩɨɫɥɟɞɧɢɦ ɨɬɧɨɫɹɬɫɹ ɬɟɤɫɬɨɜɵɟ 
ɮɚɣɥɵ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɫɜɨɣɫɬɜɚ Rt = (ρ, h, s, …) ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɚɪɝɭɦɟɧɬɚɯ (ɪ,T) ɞɥɹ 
ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ (R134a, ɇ2Ɉ ɢ ɞɪ.). Ɉɛɪɚɳɚɹɫɶ ɤ TF– ɪɟɫɭɪɫɭ ɢ ɢɫɩɨɥɶɡɭɹ ɧɟɨɛɯɨɞɢɦɵɟ 
ɨɩɰɢɢ («ɜɵɛɨɪ ɜɟɳɟɫɬɜɚ», «ɜɜɨɞ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ U», …), ɤɥɢɟɧɬ ɩɨɥɭɱɚɟɬ ɡɧɚɱɟɧɢɹ Rt ɜ 
ɧɟɤɨɬɨɪɨɣ (ɪ,T) - ɨɛɥɚɫɬɢ. Ɍɟɪɦɢɧ «ɬɟɤɫɬɨɜɵɣ» ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ TF– ɪɟɫɭɪɫ ɧɟ ɢɫɩɨɥɶɡɭɟɬ 
ɤɨɦɩɶɸɬɟɪɧɭɸ ɩɪɨɝɪɚɦɦɭ ɢɥɢ exe – file, ɤɨɬɨɪɵɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜɵɱɢɫɥɟɧɢɟ ɫɜɨɣɫɬɜ R ɩɨ 
ɧɟɤɨɬɨɪɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ (ɆF) ɢɥɢ ɤɨɦɩɥɟɤɫɭ ɮɨɪɦɭɥ. ɇɚɲ ɨɩɵɬ Д3…6Ж 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɚɤɬɭɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ: «Ʉɚɤɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ (ɉɈ) ɦɨɠɧɨ 
ɩɪɟɞɥɨɠɢɬɶ ɩɨɥɶɡɨɜɚɬɟɥɸ ɜ ɂɧɬɟɪɧɟɬɟ, ɱɬɨɛɵ ɨɧ ɦɨɝ ɚɞɚɩɬɢɪɨɜɚɬɶ ɬɚɛɭɥɢɪɨɜɚɧɧɵɟ 
ɡɧɚɱɟɧɢɹ Rt = (ρ, h, s,…) ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɪɨɝɪɚɦɦɟCode_EUK(Z,Y)?».  

ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧ «ɜɚɪɢɚɧɬ 1», ɤɨɬɨɪɵɣ ɨɬɜɟɱɚɟɬ ɧɚ ɩɨɫɬɚɜɥɟɧɧɵɣ ɜɨɩɪɨɫ, ɢɦɟɟɬ ɜɢɞ 
ɂɧɬɟɪɧɟɬ – ɪɟɫɭɪɫɚ ɢ ɫɜɹɡɚɧ ɫ(ρ,p,Ɍ) – ɞɚɧɧɵɦɢ ɧɟɤɨɬɨɪɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. 
«Ɍɚɛɥɢɰɚ 1», ɫɨɞɟɪɠɚɳɚɹ ɫɜɨɣɫɬɜɚ Rt = (ρ,p,Ɍ), ɢɦɟɟɬ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɮɨɪɦɭ, ɝɪɚɧɢɱɧɵɟ 
ɚɪɝɭɦɟɧɬɵ (p,T)max ɢ (p,T)minɢ ɧɟɤɨɬɨɪɵɟ ɲɚɝɢ ɩɨ ɚɪɝɭɦɟɧɬɚɦ. 

ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɚɦɢ ɛɵɥɚ ɫɨɡɞɚɧɚ ɩɪɨɝɪɚɦɦɚCode_csplain(ρ,Y), ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɫ 
ɩɪɢɜɥɟɱɟɧɢɟɦ ɩɚɤɟɬɚ Mathcad, ɡɞɟɫɶ csplain – ɢɦɹ, Y = (p,T,…) - ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ: ɚ) ɝɪɚɧɢɱɧɵɟ ɚɪɝɭɦɟɧɬɵ (p,T)max ɢ (p,T)min, ɛ) ɩɚɪɚɦɟɬɪɵ U = (p,T = 
t), ɤɨɬɨɪɵɟ ɩɨɥɶɡɨɜɚɬɟɥɶ ɜɜɨɞɢɬ ɜ Code_csplain(ρ,Y) ɢ ɩɨ ɤɨɬɨɪɵɦ ɜɵɱɢɫɥɹɟɬɫɹ ɩɥɨɬɧɨɫɬɶ ρ, 
ɜ) ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ.  

Code_csplain(ρ,Y) ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟɩɥɨɬɧɨɫɬɢ ρ(p,T) ɧɚ ɨɫɧɨɜɟ «ɦɟɬɨɞɚ 1», 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɞɜɨɣɧɨɣ ɫɩɥɚɣɧ - ɢɧɬɟɪɩɨɥɹɰɢɢɦɚɫɫɢɜɚ Rt. ȼ ɫɪɟɞɟ Mathcad ɧɚɦɢ 
ɜɵɛɪɚɧɚ ɜɫɬɪɨɟɧɧɚɹ ɮɭɧɤɰɢɹ cspline(x,y) ɢ ɚɞɚɩɬɢɪɨɜɚɧɚ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɩɥɚɣɧ – 
ɢɧɬɟɪɩɨɥɹɰɢɢ ɩɨ ɭɡɥɚɦ ɩɥɨɬɧɨɫɬɢ ρ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ «ɬɚɛɥɢɰɟɣ 1» ɜ ɭɫɥɨɜɢɹɯY. 

ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɧɚɦɢ ɛɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ: 
ɚ) ɪɚɡɦɟɳɟɧɢɟ ɩɪɨɝɪɚɦɦɵ Code_csplain(ρ,Y) ɧɚ ɭɞɚɥɟɧɧɨɦ ɫɟɪɜɟɪɟ (BS) ɜ ɮɨɪɦɟ 

ɨɬɤɪɵɬɨɝɨ ɢɧɬɟɪɚɤɬɢɜɧɨɝɨ ɂɧɬɟɪɧɟɬ – ɪɟɫɭɪɫɚ (OI), 
ɛ) ɜɵɛɨɪ ɜɟɛ – ɫɚɣɬɚ. 
ȼ ɤɚɱɟɫɬɜɟ ɜɟɛ – ɫɚɣɬɚ ɧɚɦɢ ɜɡɹɬ «Ɏɨɪɭɦ Mathcad», ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɬɤɪɵɬɵɦ ɞɥɹ 

ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢ ɞɟɣɫɬɜɭɟɬ ɧɚ ɫɟɪɜɟɪɟ BSɢɡɜɟɫɬɧɨɣ ɮɢɪɦɟ ɊɌɋ.  
Ɇɟɬɨɞɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɫɨɡɞɚɧɧɨɝɨ ɈI– ɪɟɫɭɪɫɚ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɮɨɪɦɭ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ 

ɮɭɧɤɰɢɢ, ɹɜɥɹɟɬɫɹ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɚɥɝɨɪɢɬɦ, ɢɦɟɧɭɟɦɵɣ ɤɚɤ ɨɬɤɪыɬыɣ иɧɬɟɪɚɤɬиɜɧыɣ 
ɚɥɝɨɪиɬм (ɈI– ɚɥɝɨɪɢɬɦ) Д3Ж. ɇɚɦɢ ɪɚɡɪɚɛɨɬɚɧɚ ɨɩɪɟɞɟɥɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɢ ɢɫɩɨɥɶɡɨɜɚɧ ɪɹɞ 
ɢɧɫɬɪɭɦɟɧɬɨɜ ɞɥɹ ɫɨɡɞɚɧɢɹ OI– ɚɥɝɨɪɢɬɦɚ, ɢɦɟɧɭɟɦɨɝɨ ɤɚɤAlgor– OI – csplain(ρ,Y, 
(https:\\klm),key(def)),ɡɞɟɫɶ «Algor – OI» – ɢɦɹ, ɭɤɚɡɵɜɚɸɳɟɟ ɧɚ ɬɨ, ɱɬɨ ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ 
ɹɜɥɹɟɬɫɹ ɨɬɤɪɵɬɵɦ ɢɧɬɟɪɚɤɬɢɜɧɵɦ; csplain– ɢɦɹ, ɤɨɬɨɪɨɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɜɹɡɶ ɚɥɝɨɪɢɬɦɚ ɫ 
ɩɪɨɝɪɚɦɦɨɣ Code_csplain(ρ,Y) ɢ «ɦɟɬɨɞɨɦ 1»; (https:\\klm) – «URL – ɚɞɪɟɫ»; key(def) – 
ɤɥɸɱ/ɩɚɪɨɥɶ. 

OI– ɚɥɝɨɪɢɬɦ ɫɨɞɟɪɠɢɬ ɧɟɫɤɨɥɶɤɨ ɤɨɦɩɨɧɟɧɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ: 
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ɚ) ɱɚɫɬɶ (1), ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ ɮɨɪɦɭɥɚɦɢ MF, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦɢ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɩɥɨɬɧɨɫɬɢ ρ ɩɨ ɡɧɚɱɟɧɢɹɦ U = (p,T), ɢɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ Mathcad – ɤɨɞɨɦ,  

ɛ) ɬɟɤɫɬɨɜɭɸ ɱɚɫɬɶ (2), ɜɤɥɸɱɚɸɳɭɸ ɫɩɪɚɜɨɱɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɥɨɬɧɨɫɬɢ ρɜɟɳɟɫɬɜɚ 
(ɦɚɫɫɢɜ (ρ,p,Ɍ) - ɞɚɧɧɵɯ, ɯɢɦɢɱɟɫɤɚɹ ɮɨɪɦɭɥɚ ɜɟɳɟɫɬɜɚ, ɤɨɦɦɟɧɬɚɪɢɢ ɤ ɮɨɪɦɭɥɚɦMF ɢ 
«ɦɟɬɨɞɭ 1», ɞɪɭɝɚɹ ɢɧɮɨɪɦɚɰɢɹ), 

ɜ)ɱɚɫɬɶ (3), ɫɜɹɡɚɧɧɭɸ ɫ ɢɧɮɨɪɦɚɬɢɤɨɣ ɢ ɂɧɬɟɪɧɟɬ – ɬɟɯɧɨɥɨɝɢɹɦɢ.  
ɇɚ ɨɫɧɨɜɟ ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɈI– ɚɥɝɨɪɢɬɦɚ ɛɵɥ ɫɨɡɞɚɧɚ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɚɹ ɮɭɧɤɰɢɹ 

(aclientfunction) ɢɥɢ ɂɧɬɟɪɧɟɬ - ɪɟɫɭɪɫ, ɤɨɬɨɪɵɣ ɢɦɟɧɭɟɬɫɹ ɤɚɤRes – OI – 
csplain(ρ,U,(https:\\klm), key(def)), ɡɞɟɫɶ Res – OI – ɢɦɹ, ɩɨɤɚɡɵɜɚɸɳɟɟ, ɱɬɨ ɞɚɧɧɵɣ ɪɟɫɭɪɫ 
ɹɜɥɹɟɬɫɹ ɨɬɤɪɵɬɵɦ ɢɧɬɟɪɚɤɬɢɜɧɵɦ;csplain– ɢɦɹ, ɤɨɬɨɪɨɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɜɹɡɶ ɈI– ɪɟɫɭɪɫɚ ɫ 
ɩɪɨɝɪɚɦɦɨɣ Code – ɈI– csplain(ρ,Y) ɢ «ɦɟɬɨɞɨɦ 1»,U= (ɪ,Ɍ) - ɜɯɨɞɧɵɟ ɞɚɧɧɵɟ. 

ɊɟɫɭɪɫRes – OI – csplain(ρ,U, (https:\\klm),key(def)) ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɤɥɢɟɧɬɭ, ɤɨɬɨɪɵɣ 
ɨɛɪɚɬɢɥɫɹ ɤ ɧɟɦɭ ɩɨ ɚɞɪɟɫɭhttps:\\klm, ɪɹɞ ɨɩɰɢɣ, ɜɤɥɸɱɚɹ: 

ɚ) «ɜɵɱɢɫɥɟɧɢɟ ɫɜɨɣɫɬɜɚ ρ(p,T)» ɩɪɢ ɜɜɟɞɟɧɢɢ ɞɚɧɧɵɯU= (ɪ,Ɍ), 
ɛ) «ɫɱɢɬɵɜɚɧɢɟ ɬɟɤɫɬɨɜɨɣ ɢɧɮɨɪɦɚɰɢɢ», ɬɨ ɟɫɬɶ ɤɨɩɢɪɨɜɚɧɢɟ «ɬɟɤɫɬɨɜɨɝɨ ɩɨɥɹ» ɪɟɫɭɪɫɚ, 

ɜ ɬɨɦ ɱɢɫɥɟ ɤɨɩɢɪɨɜɚɧɢɟ ɦɚɫɫɢɜɚ (ρ,p,t) – ɞɚɧɧɵɯ. 
ɇɚɪɹɞɭ ɫ ɷɬɢɦɢ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɨɩɰɢɹɦɢ ɧɚɦɢ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɟɳɟ ɨɞɧɚ ɨɩɰɢɹ 

«ɤɨɩɢɪɨɜɚɧɢɟ ɮɨɪɦɭɥɵ MFɢɥɢ ɤɨɞɚ ɜ ɰɟɥɨɦ». Эɬɚ ɨɩɰɢɹ ɨɛɟɫɩɟɱɟɧɚ ɛɥɚɝɨɞɚɪɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɩɚɤɟɬɨɜ (Mathcad, «MathcadCalculationServer», «MicrosoftExpressionWeb 3»). 
ɋ ɩɨɦɨɳɶɸ ɷɬɨɣ ɨɩɰɢɢ ɢ ɤɥɸɱɚ key(def) ɤɥɢɟɧɬ ɦɨɠɟɬ ɫɤɨɩɢɪɨɜɚɬɶ «Mathcad– ɩɨɥɟ», 
ɤɨɬɨɪɨɟ ɫɜɹɡɚɧɨ ɫ ɮɨɪɦɭɥɚɦɢ MF, ɢ ɩɨɦɟɫɬɢɬɶ ɷɬɨ ɩɨɥɟ ɜ ɫɜɨɣ ɤɨɞ Code_EUK(Z,Y). ȼ ɢɬɨɝɟ 
ɞɚɧɧɚɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɚɹ ɮɭɧɤɰɢɹ ɛɭɞɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɩɥɨɬɧɨɫɬɶ Rcycle = ρ ɜ ɡɚɞɚɧɧɵɯ ɬɨɱɤɚɯ 
ɰɢɤɥɚ. Ɉɩɰɢɹ «ɤɨɩɢɪɨɜɚɧɢɟ ɮɨɪɦɭɥɵ MF» ɨɬɫɭɬɫɬɜɭɟɬ ɜ ɢɡɜɟɫɬɧɵɯ ɛɚɡɚɯ ɞɚɧɧɵɯ (ɈɂȼɌ 
ɊȺɇ Д7Ж, ɋɬɚɧɞɚɪɬɢɧɮɨɪɦ ɢ ɞɪ.), ɤɨɬɨɪɵɟ ɨɩɟɪɢɪɭɸɬ ɡɚɤɪɵɬɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ (exe– files). 

ɉɪɟɞɥɨɠɟɧ ɟɳɟ ɨɞɢɧ ɜɚɪɢɚɧɬ OI – ɪɟɫɭɪɫɚ, ɤɨɬɨɪɵɣ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɧɚɦɢ ɜ ɫɥɟɞɭɸɳɟɣ 
ɮɨɪɦɟ. ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɫɨɞɟɪɠɚɥ ɩɪɨɝɪɚɦɦɭ Code – ɈI–csplain(ρ,Y) ɢ ɛɵɥ ɪɚɡɦɟɳɟɧ ɧɚ 
ɫɟɪɜɟɪɟ BS, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜ ɇɂɍ ɆЭɂ. ȼ ɢɬɨɝɟ ɫɨɡɞɚɧɧɵɣ ɪɟɫɭɪɫ ɧɚɡɜɚɧ ɤɚɤ Res– OI – 
csplain(ρ,U, (http://twt.mpei.ac.ru/TTHB/Ro-p-t.xmcdz),key(def)), ɡɞɟɫɶ (http://twt.mpei.ac.ru/ 
TTHB/ Ro-p-t.xmcd) – «URL – ɚɞɪɟɫ» ɪɟɫɭɪɫɚ. Эɬɨɬ ɜɚɪɢɚɧɬ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɪɹɞ 
ɨɩɰɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ «ɜɵɱɢɫɥɟɧɢɟ ɫɜɨɣɫɬɜɚ ρ» ɜ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɟ. ȿɫɥɢ ɜ ɡɚɞɚɱɟ (Ⱥ) 
ɩɨɥɶɡɨɜɚɬɟɥɸ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɱɢɬɚɬɶ ɩɥɨɬɧɨɫɬɶ ρ ɪɚɛɨɱɟɝɨ ɬɟɥɚ, ɬɨ ɩɨɥɶɡɨɜɚɬɟɥɶ 
ɜɫɬɚɜɥɹɟɬURL – ɚɞɪɟɫ (http://twt.mpei.ac.ru/TTHB/Ro-p-t.xmcdz)ɢɥɢ «ɫɫɵɥɤɭ», ɤɨɬɨɪɚɹ ɢɦɟɟɬɫɹ 
ɜ OI – ɪɟɫɭɪɫɟ, ɜ ɩɪɨɝɪɚɦɦɭ Code_EUK(Z,Y). Ⱦɚɥɟɟ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚɦɢ ɬɟɯɧɨɥɨɝɢɹ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɫɥɟɞɭɸɳɢɣ ɧɚɛɨɪ ɞɟɣɫɬɜɢɣ: 

1) ɩɨɥɶɡɨɜɚɬɟɥɶ ɨɛɪɚɳɚɟɬɫɹ ɤ ɫɫɵɥɤɟ ɢ ɜɜɨɞɢɬ ɜɯɨɞɧɵɟ ɩɚɪɚɦɟɬɪɵ U = (p,t)1ɞɥɹ  ɮɭɧɤɰɢɢ 
ρ(p,t) ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ, 

2) OI – ɪɟɫɭɪɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɟɪɟɞɚɟɬ ɩɚɪɚɦɟɬɪɵ U = (p,t)1 ɩɨ ɂɧɬɟɪɧɟɬɭ ɧɚ ɫɟɪɜɟɪ BS 
ɢɥɢ «ɨɛɥɚɱɧɵɣ» ɫɟɪɜɟɪ, 

3) OI – ɪɟɫɭɪɫ ɜɵɱɢɫɥɹɟɬ ɩɥɨɬɧɨɫɬɶ ρ(p,t)1  ɢ «ɜɨɡɜɪɚɳɚɟɬ» ɷɬɨ ɡɧɚɱɟɧɢɟ ɧɚ ɊC. 
ȼɚɠɧɵɦ ɫɜɨɣɫɬɜɨɦ ɞɚɧɧɨɝɨ OI – ɪɟɫɭɪɫɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɧ ɧɟ ɬɨɥɶɤɨ ɩɪɟɞɥɚɝɚɟɬ 

ɭɤɚɡɚɧɧɵɟ ɨɩɰɢɢ, ɧɨ ɢ ɨɬɪɚɠɚɟɬ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɤɨɬɨɪɵɦɢ ɨɛɥɚɞɚɟɬ «ɦɟɬɨɞ 1», ɜ 
ɬɨɦ ɱɢɫɥɟ: ɚ) ɩɨɪɹɞɨɤ ɜɵɱɢɫɥɟɧɢɣ, ɛ) ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ (MF), ɤɨɬɨɪɵɟ ɥɟɝɤɨ 
ɱɢɬɚɸɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɛɥɚɝɨɞɚɪɹ ɤɧɢɠɧɨɣ ɧɨɬɚɰɢɢ, ɩɪɢɦɟɧɹɟɦɨɣ ɜMathcad. Ʉɥɢɟɧɬ ɦɨɠɟɬ 
ɫɤɨɩɢɪɨɜɚɬɶ Mathcad – ɩɨɥɟ ɷɬɨɝɨ ɪɟɫɭɪɫɚ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɜ ɫɜɨɢɯ ɡɚɞɚɱɚɯ, ɫɜɹɡɚɧɧɵɯ ɫ 
ɢɧɬɟɪɩɨɥɹɰɢɟɣ ɩɨ «ɦɟɬɨɞɭ 1». Ɋɟɚɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬ, ɜ ɤɨɬɨɪɨɦ ɩɨɥɶɡɨɜɚɬɟɥɶ, 
ɜɥɚɞɟɸɳɢɣ Mathcad ɜ ɨɛɳɢɯ ɱɟɪɬɚɯ, ɪɟɞɚɤɬɢɪɭɟɬ ɫɤɨɩɢɪɨɜɚɧɧɭɸ ɩɪɨɝɪɚɦɦɭ(ɥɟɝɤɨ ɡɚɦɟɧɹɟɬ 
ɦɚɫɫɢɜ (ρ,p,Ɍ) – ɞɚɧɧɵɯ, ɜɯɨɞɹɳɢɯ ɜɩɪɨɝɪɚɦɦɭCode - ɈI –csplain(ρ,Y), ɧɚ ɫɨɛɫɬɜɟɧɧɵɣ 
ɦɚɫɫɢɜRt2, ɫɨɞɟɪɠɚɳɢɣ ɚɧɚɥɨɝɢɱɧɵɟ ɞɚɧɧɵɟ (ɛɨɥɟɟ ɩɨɞɪɨɛɧɵɟ ɢ ɬɨɱɧɵɟ ɜɟɥɢɱɢɧɵ). Ɍɨ ɟɫɬɶ 

http://twt.mpei.ac.ru/TTHB/Ro-p-t.xmcdz),key(def)),%20здесь
http://twt.mpei.ac.ru/%20TTHB/%20Ro-p-t.xmcd
http://twt.mpei.ac.ru/%20TTHB/%20Ro-p-t.xmcd
http://twt.mpei.ac.ru/TTHB/Ro-p-t.xmcdz
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OI– ɪɟɫɭɪɫ ɢɝɪɚɟɬ ɪɨɥɶ «ɲɚɛɥɨɧɚ» (atemplate), ɤɨɬɨɪɵɣ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɨɜɚɬɶ 
«ɦɟɬɨɞ 1» ɜ ɢɡɦɟɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ɋɚɡɪɚɛɨɬɚɧ ɬɪɟɬɢɣ ɜɚɪɢɚɧɬ OI – ɪɟɫɭɪɫɚ, ɤɨɬɨɪɵɣ ɩɨɫɜɹɳɟɧ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɨɛɪɚɬɧɵɦ 
ɮɭɧɤɰɢɹɦ, ɤɨɬɨɪɵɟ ɨɬɪɚɠɚɸɬ ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ R ɜɟɳɟɫɬɜɚ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɡɚɞɚɱɟ (Ⱥ). 
ɇɚɩɪɢɦɟɪ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɥɨɬɧɨɫɬɢ ρ(p,t), ɤɨɬɨɪɚɹ ɡɚɞɚɧɚ ɜ ɜɢɞɟ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ 
ɮɭɧɤɰɢɢ, ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɜɵɲɟ, ɫɨɡɞɚɧ OI – ɪɟɫɭɪɫ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɱ: 
ɚ) ɜɵɱɢɫɥɢɬɶ ɞɚɜɥɟɧɢɟ ɩɨ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɛ) ɜɵɱɢɫɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨ ɩɥɨɬɧɨɫɬɢ 
ɢ ɞɚɜɥɟɧɢɸ. ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɨɬɪɟɧɵ ɢɧɫɬɪɭɦɟɧɬɵMathcad, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ OI – ɪɟɫɭɪɫ 
ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɹɬɶ ɮɭɧɤɰɢɢ p(ρ,t) ɢ t(ρ,p,). 

ɇɚ ɫɟɪɜɟɪɟ BS, ɤɨɬɨɪɵɣ ɫɨɡɞɚɧ ɚɜɬɨɪɚɦɢ ɫɨɜɦɟɫɬɧɨ ɫɨ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɇɂɍ ɆЭɂ, ɈɂȼɌ 
ɊȺɇ ɢ ɈɈɈ «Ɍɪɢɟɪɭ» (www.trie.ru), ɩɪɟɞɥɚɝɚɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ «ɨɛɥɚɱɧɵɯ» 
ɲɚɛɥɨɧɨɜ, ɩɨɫɜɹɳɟɧɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɪɚɛɨɱɢɯ ɜɟɳɟɫɬɜ. 

Ɉɛɥɚɱɧɵɟ ɮɭɧɤɰɢɢ ɢ ɲɚɛɥɨɧɵ, ɤɨɬɨɪɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɫɱɟɬɚ ɫɜɨɣɫɬɜ R ɜɟɳɟɫɬɜ ɢ 
ɨɩɢɫɚɧɵ ɜ ɞɚɧɧɨɦ ɞɨɤɥɚɞɟ, ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɂɧɬɟɪɧɟɬ – ɬɟɯɧɨɥɨɝɢɢ ɢ 
ɩɨɡɜɨɥɹɸɬ ɷɮɮɟɤɬɢɜɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɪɚɫɱɟɬ ɫɜɨɣɫɬɜ R ɪɚɛɨɱɢɯ ɬɟɥ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɢ ɩɪɨɱɢɦ ɨɛɴɟɤɬɚɦ. ɉɪɟɞɥɨɠɟɧɵ OI– ɪɟɫɭɪɫɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɫɜɨɣɫɬɜ ɪɚɛɨɱɢɯ ɜɟɳɟɫɬɜ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɢ Д4Ж. 

ɂɡɜɟɫɬɧɵɣ ɩɨɞɯɨɞ, ɤɨɬɨɪɵɣ ɧɚɰɟɥɟɧ ɧɚ ɜɤɥɸɱɟɧɢɟ ɜ ɩɚɦɹɬɶ Ɋɋ ɪɚɡɧɨɪɨɞɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ, ɨɯɜɚɬɵɜɚɸɳɟɣ ɜɫɟ ɫɜɨɣɫɬɜɚ ɢ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɜɟɳɟɫɬɜɚ, ɹɜɥɹɟɬɫɹ ɧɟɪɟɚɥɶɧɵɦ 
ɩɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ. ɇɚɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɪɟɚɥɶɧɵɦ ɫɥɟɞɭɸɳɢɣ ɩɨɞɯɨɞ: ɫɩɪɚɜɨɱɧɭɸ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɜɨɣɫɬɜɚɯ R ɫɥɟɞɭɟɬ ɪɚɡɦɟɳɚɬɶ ɜ ɮɨɪɦɟ OI– ɪɟɫɭɪɫɨɜ (ɨɛɥɚɱɧɵɟ ɲɚɛɥɨɧɵ, 
ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɮɭɧɤɰɢɢ), ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɜɵɱɢɫɥɹɬɶ ɫɜɨɣɫɬɜɚ R(p,Ɍ,) ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɧɚ «ɪɚɫɤɪɭɱɟɧɧɵɯ» ɜɟɛ - ɫɚɣɬɚɯ.  
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Ɋɚɫɫɦɨɬɪɟɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɫɤɟɣɥɢɧɝɨɜɚɹ ɦɨɞɟɥɶ (ɋɆ), ɤɨɬɨɪɚɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 
ɦɚɫɲɬɚɛɧɨɣ ɬɟɨɪɢɢ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ (ɆɌ) ɢ ɨɩɢɫɵɜɚɟɬ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ (l,
g) ɧɚ ɥɢɧɢɢ ɧɚɫɵɳɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɫɨɨɬɧɨɲɟɧɢɣ: 

ρl = (fd + fs+1)ρc,         (1) 
 ρg = (fd-fs+1)ρc,          (2) 
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ɝɞɟ fs= (l-g)/(2c) - ɩɚɪɚɦɟɬɪ ɩɨɪɹɞɤɚ, fd=  (l +g)/(2c) - 1 – ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ.  
Ɏɭɧɤɰɢɢ fd ɢ fs ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɟ, ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ Д1Ж:  
 

fs =Bs0+ Bs1++ Bs2+2+Bd32+Bd43,      (3) 
fd=Bd01-+ Bd11-+2 + Bd21-+2 +Bs32+Bs43,    (4) 

 
ɝɞɟ τ = (Tc - T)/Tc – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ,  ɢ2– ɩɨɩɪɚɜɤɢ ȼɟɝɧɟɪɚ ɞɥɹ ɩɟɪɜɨɝɨ ɢ 

ɜɬɨɪɨɝɨ ɧɟɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ ɱɥɟɧɨɜ, ɋ= (Bsi,Bdi) – ɪɟɝɭɥɢɪɭɟɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ. 
Ⱦɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ Psɜɵɛɪɚɧɚ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ (ɋɆɊ), ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ 

Д2Жɤɚɤɫɭɦɦɚ ɫɤɟɣɥɢɧɝɨɜɨɣ ɢ ɪɟɝɭɥɹɪɧɨɣ ɱɚɫɬɟɣ 
 

F(τ,D,B) = Fscale(τ,D,Bp
’) + Freg(τ,D,Bp

”),     (5) 
 
ɝɞɟ D = (,Pc,Tc) – ɤɪɢɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, B = (Bp

’,Bp
”) - ɪɟɝɭɥɢɪɭɟɦɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ.  

ɋɤɟɣɥɢɧɝɨɜɵɣ ɤɨɦɩɨɧɟɧɬ Fscale(τ,D,Bp
’) ɨɩɢɪɚɟɬɫɹ ɧɚ ɆɌ ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɡɥɨɠɟɧɢɟɦ 

 
Fscale(τ,D,Bp

’) = ln(Ps/Pc) = Bp0τ2-α+Bp1τ2-α+Δ+Bp2τ2-α+2Δ+ Bp3τ,  (6) 
 
ɝɞɟ Δ – ɧɟɚɫɢɦɩɬɨɬɢɱɟɫɤɚɹ ɷɤɫɩɨɧɟɧɬɚ (aWegner - ɩɨɩɪɚɜɤɚ). 

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ (1) ɡɚɩɢɫɚɧɚ ɜ ɮɨɪɦɟД3Ж 
 

F(τ,D,B) = ln(Ps/Pc) = Fscale(τ,D,Bp
’) +Bp4τ5+Bp5τ7+Bp6τ9,   (7) 

 
ɝɞɟBp

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

’,Bp
”), ɦɨɞɟɥɟɣ ɋɆɢ ɋɆɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɩɭɬɟɦ ɧɟɥɢɧɟɣɧɨɣ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɫɯɨɞɧɵɯ (l,    g,T) – ɢ (Ps,T) – ɞɚɧɧɵɯ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɬɚɛɭɥɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ IF- 95 Д3Ж ɜ ɢɧɬɟɪɜɚɥɟ τ = 10-3 … 0,4.Ʉɪɢɬɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢD ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɷɬɚɩɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ 
ɫɨɫɬɚɜɢɥɢ: c = 321.915 ɤɝ/ɦ3 , Pc= 22.083 Ɇɉɚ,Tc, = 647.18 K, β= 0.34594,  = 0.1324. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜɵɛɪɚɧɧɵɟ ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɨ ɩɥɨɬɧɨɫɬɢ ɛɵɥɢ ɞɨɩɨɥɧɟɧɵ ɧɚɦɢ (l,
g,T) – ɬɨɱɤɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɟɧɵ ɢɡ ɬɚɛɭɥɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɭɬɟɦ ɧɟɛɨɥɶɲɨɝɨ 
ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɝɨ ɫɦɟɳɟɧɢɹ ɩɨ ɩɥɨɬɧɨɫɬɢ (± 0,2 %) ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɥɢɬɟɪɚɬɭɪɧɵɦ 
ɡɧɚɱɟɧɢɹɦ. ɍɤɚɡɚɧɧɨɟ ɞɨɩɨɥɧɟɧɢɟ ɜɧɟɫɟɧɨ ɜ ɰɟɥɹɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɫɫɟɹɧɢɹ ɬɨɱɟɤ ɜ 
ɢɧɬɟɪɜɚɥɟ 635 – 646 Ʉ (ɪɢɫ. 1). Ɉɬɤɥɨɧɟɧɢɟ, δρl , %, ɞɚɧɧɵɯɨ ɩɥɨɬɧɨɫɬɢIF- 95 ɨɬ ɜɟɥɢɱɢɧ, 
ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢ ɋɆ ɜ ɠɢɞɤɨɣ ɮɚɡɟ, ɥɟɠɚɬ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ -0.25 % ɞɨ 0.12 % 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ (Ɍ = 635 … 646) Ʉ (ɪɢɫ. 1). 

Ɇɨɞɟɥɶ ɋɆɊ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɫɯɨɞɧɵɦɢ (Ɋs,T) – ɞɚɧɧɵɦɢ. Ⱥɜɬɨɪɵ Д3Ж 
ɞɚɥɢ ɩɪɟɞɟɥɵ ɩɨɝɪɟɲɧɨɫɬɢ įɊsexpɞɥɹ ɭɤɚɡɚɧɧɵɯ ɞɚɧɧɵɯ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 273.15 ɞɨ 
646 Ʉ; ɷɬɢ ɩɪɟɞɟɥɵ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 2. Ʌɨɤɚɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɭɤɚɡɚɧɧɵɯ (Ɋs,T) – ɞɚɧɧɵɯ ɨɬ 
ɦɨɞɟɥɢ ɋɆɊ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2 . 
ɇɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɋɆ ɛɵɥɢ ɧɚɫɱɢɬɚɧɵ (ρl,ρg,T) - ɞɚɧɧɵɟ (ɬɚɛɥ. 1) ɩɪɢ ɬɚɛɭɥɢɪɨɜɚɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɬɟɦɩɟɪɚɬɭɪɵ (Ti) ɜ ɢɧɬɟɪɜɚɥɟ 10 - 5 <τ < 10-2 ɫ ɦɚɥɵɦ ɲɚɝɨɦ; ɱɚɫɬɶ ɷɬɢɯ ɡɧɚɱɟɧɢɣ 
ɨɬɧɨɫɢɬɫɹ ɤ ɨɛɥɚɫɬɢ ɷɤɫɬɪɚɩɨɥɹɰɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦД3Ж. ȼ ɬɨɦ ɠɟ 
ɢɧɬɟɪɜɚɥɟ ɫ ɩɨɦɨɳɶɸ ɋɆɊ ɧɚɣɞɟɧɵ ɬɚɛɭɥɢɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ Ps , ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɧɵɯ 
НɊs/dT ɢ d2Ɋs/dT2 (ɬɚɛɥ. 1). 

ɇɚɦɢ ɛɵɥ ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɫɜɨɣɫɬɜ (Ɋs,dɊs/dT,d2Ɋs/dT2) ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢ Ps(T), 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɜ Д3Ж. ɋɪɚɜɧɟɧɢɟ ɫ ɞɚɧɧɵɦɢ (ɬɚɛɥ. 4) ɩɪɢɜɟɥɨ ɤ ɫɥɟɞɭɸɳɢɦ ɜɵɜɨɞɚɦ. ȼɨ – 
ɩɟɪɜɵɯ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 647.096 Ʉ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɤɚɤ Ɍɫ ɜ Д3Ж, ɡɧɚɱɟɧɢɟ d2Ɋs/dT2 = 
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0,00739 Mɉa/K2  ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ; ɷɬɨɬ ɪɟɡɭɥɶɬɚɬ, ɩɪɨɬɢɜɨɪɟɱɚɳɢɣ ɆɌ, ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, 
ɱɬɨ ɦɨɞɟɥɶ Ɋs(T) ɨɬɧɨɫɢɬɫɹ ɤ ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɦ ɦɨɞɟɥɹɦ, ɢ ɨɧɚ ɧɟ ɨɩɢɪɚɟɬɫɹ ɧɚ ɩɨɥɨɠɟɧɢɹ 
ɆɌ. ȼɨ – ɜɬɨɪɵɯ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 647.18 Ʉ, ɜɤɥɸɱɟɧɧɨɣ ɜ ɦɨɞɟɥɶɋɆɊ ɤɚɤ Ɍɫ, 
ɡɧɚɱɟɧɢɟd2Ɋs/dT2 = 0,00771 Mɉa/K2 ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɤɨɧɟɱɧɵɦ ɜ ɨɬɥɢɱɢɟ ɨɬ ɛɟɫɤɨɧɟɱɧɨɣ 
ɜɟɥɢɱɢɧɵd2Ɋs/dT2, ɩɨɥɭɱɟɧɧɨɣ ɫ ɩɨɦɨɳɶɸ ɦɨɞɟɥɢɋɆɊ. ȼ - ɬɪɟɬɶɢɯ, (Ɋs,dɊs/dT,Ɍ), 
ɨɬɜɟɱɚɸɳɢɟ ɦɨɞɟɥɢɊs(T),ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɜɟɥɢɱɢɧɚɦɢ, ɧɚɣɞɟɧɧɵɦɢ ɫ 
ɩɨɦɨɳɶɸ ɦɨɞɟɥɢɋɆɊ, ɚ ɡɧɚɱɟɧɢɹd2Ɋs/dT2ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɡɚɜɵɲɟɧɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɜɟɥɢɱɢɧɚɦɢ, ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɋɆɊ. 

 
 

 
Ɋɢɫ. 1. Ɉɬɤɥɨɧɟɧɢɹδρl , %, ɢɫɯɨɞɧɵɯ (l,T) - ɞɚɧɧɵɯ ɨɬ ɡɧɚɱɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ 
ɦɨɞɟɥɢ ɋɆ ɜ ɠɢɞɤɨɣ ɮɚɡɟ 

 

 
Ɋɢɫ. 2.Ɉɬɤɥɨɧɟɧɢɟ ɢɫɯɨɞɧɵɯ Ɋs,T - ɞɚɧɧɵɯ ɨɬ ɡɧɚɱɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɋɆɊ+ 
- ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ Ɋs, %, - - - -  -  ɩɪɟɞɟɥɵ ɩɨɝɪɟɲɧɨɫɬɢ 
 

Ɍɚɛɥɢɰɚ 1. Ɂɧɚɱɟɧɢɹ ρl, ρg, Ɋs, НɊs/dT ɢ d2Ɋs/dT2, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɦɨɞɟɥɹɦ ɋɆ ɢ ɋɆɊ 
T, K τ 

 
ρl, 

ɤɝ/ɦ3 
ρg, 

ɤɝ/ɦ3 
Ps, 
Mɉa 

dPs/dT, 
Mɉa/K 

d2Ps/dT2, 
Mɉa/K2 

645.15 
3.137e-3 

422.579 226.486 21.556 0,2573 
 

0,003089 
 

646.15 1.592e-3 400.797 245.94 21.814 0,2604 0,003229 
646.35 1.282e-3 394.948 251.293 21.866 0,2611 0,003267 
646.55 9.735e-4 388.126 257.603 21.918 0,2617 0,003311 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

201 
 

646.75 6.644e-4 379.746 265.447 21.970 0,2624 0,003368 
646.85 5.099e-4 374.586 270.328 21.996 0,2628 0,003404 
646.95 3.554e-4 368.299 276.323 22.023 0,2631 0,003450 
647.00 2.781e-4 364.472 279.998 22.036 0,2633 0,003480 
647.05 2.009e-4 359.884 284.428 22.049 0,2634 0,003518 
647.1 1.236e-4 353.955 290.192 22.062 0,2636 0,003572 
647.11 1.082e-4 352.496 291.617 22.065 0,2637 0,003587 
647.12 9.271e-5 350.894 293.183 22.067 0,26374 0,003603 
647.13 7.726e-5 349.109 294.932 22.070 0,26377 0,003623 
647.14 6.181e-5 347.075 296.929 22.072 0,26381 0,003647 
647.15 4.635e-5 344.677 299.288 22.075 0,26385 0,003677 
647.16 3.09e-5 341.684 302.242 22.078 0,26388 0,003720 
647.17 1.545e-5 337.454 306.428 22.080 0,26392 0,003794 
647.175 1.055e-5 321.929 321.905 22.081 0,26396 0,004065 

 
ȼ ɞɨɤɥɚɞɟ ɨɛɫɭɠɞɚɸɬɫɹ ɩɪɢɤɥɚɞɧɵɟ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɜɟɫɬɧɵɦɢ 

ɦɨɞɟɥɹɦɢ, ɚ ɬɚɤɠɟ ɜɨɩɪɨɫɵ ɪɚɡɦɟɳɟɧɢɹ ɜ ɂɧɬɟɪɧɟɬɟ ɧɚ ɫɚɣɬɟ СЭЭp://ЭаЭ.ЦpОТ.КМ.rЮ ɪɹɞɚ 
ɪɚɡɪɚɛɨɬɨɤ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ. 
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Эɜɬɟɤɬɢɱɟɫɤɢɣ ɪɚɫɩɥɚɜ ɫɜɢɧɟɰ–ɜɢɫɦɭɬ – ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɬɟɩɥɨɧɨɫɢɬɟɥɶ ɞɥɹ ɹɞɟɪɧɵɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ. ɉɪɢɜɥɟɤɚɬɟɥɶɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɷɬɨɝɨ 
ɫɩɥɚɜɚ ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɚɹ ɩɥɨɬɧɨɫɬɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɭɫɢɥɢɬɶ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɡɚɳɢɬɭ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɢɡɥɭɱɟɧɢɣ, ɢ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ, 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɬɪɢɟɜɵɦ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ. Ɇɧɨɝɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ ɫɜɢɧɟɰ–ɜɢɫɦɭɬ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ. Ɉɞɧɚɤɨ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɩɨɥɭɱɟɧɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɚ ɢɧɨɝɞɚ ɢ ɨɱɟɧɶ ɨɝɪɚɧɢɱɟɧɧɵɣ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɢɡɦɟɪɟɧɢɣ ɬɪɟɛɭɸɬ ɧɨɜɵɯ ɬɨɱɧɵɯ ɢɡɦɟɪɟɧɢɣ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 
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ɞɨɫɬɨɜɟɪɧɵɯ ɞɚɧɧɵɯ ɨ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɩɥɨɬɧɨɫɬɶ, ɜɹɡɤɨɫɬɶ, ɫɤɨɪɨɫɬɶ ɭɥɶɬɪɚɡɜɭɤɚ ɢ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ ɫɜɢɧɟɰ–ɜɢɫɦɭɬ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ ɷɜɬɟɤɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 1400 Ʉ. 

ɉɥɨɬɧɨɫɬɶ ɫɩɥɚɜɨɜ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɫ ɩɨɦɨɳɶɸ γ-ɦɟɬɨɞɚ. ɍɫɬɚɧɨɜɤɚ ɢ ɦɟɬɨɞ ɢɡɦɟɪɟɧɢɹ 
ɩɥɨɬɧɨɫɬɢ ɛɵɥɢ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɵ ɜ ɪɚɛɨɬɟ Д1Ж. ȼ ɨɫɧɨɜɟ ɦɟɬɨɞɚ ɥɟɠɢɬ ɢɡɜɟɫɬɧɚɹ ɮɨɪɦɭɥɚ 
ɨɫɥɚɛɥɟɧɢɹ ɩɨɬɨɤɚ γ-ɤɜɚɧɬɨɜ ɨɛɪɚɡɰɨɦ ɩɥɨɬɧɨɫɬɢ d: 

)exp(0 dlBII  ,         (1) 

ɝɞɟ I0, I - ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɭɱɤɚ γ-ɤɜɚɧɬɨɜ ɞɨ ɢ ɩɨɫɥɟ ɨɛɪɚɡɰɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; l - ɞɥɢɧɚ ɩɭɬɢ 
γ-ɤɜɚɧɬɨɜ ɜ ɨɛɪɚɡɰɟ; ȝ - ɦɚɫɫɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɫɥɚɛɥɟɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ ɨɬ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɨɛɪɚɡɰɚ ɢ ɷɧɟɪɝɢɢ γ-ɤɜɚɧɬɚ, ɢ B - ɮɚɤɬɨɪ ɧɚɤɨɩɥɟɧɢɹ, ɡɚɜɢɫɹɳɢɣ ɨɬ 
ɝɟɨɦɟɬɪɢɢ ɭɫɬɚɧɨɜɤɢ. Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 1.0 %. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ν ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɦɟɬɨɞɨɦ ɡɚɬɭɯɚɸɳɢɯ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ. 
Ɋɚɫɱɟɬ ν ɩɪɨɜɟɞɟɧ ɱɢɫɥɟɧɧɵɦ ɪɟɲɟɧɢɟɦ ɭɪɚɜɧɟɧɢɹ Д2Ж 
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ɝɞɟ Re(L) ɢ Im(L) – ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɦɧɢɦɚɹ ɱɚɫɬɢ ɮɭɧɤɰɢɢ ɬɪɟɧɢɹ; I – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ 
ɩɨɞɜɟɫɧɨɣ ɫɢɫɬɟɦɵ; į ɢ τ – ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɢ ɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ ɩɨɞɜɟɫɧɨɣ ɫɢɫɬɟɦɵ ɫ 
ɪɚɫɩɥɚɜɨɦ; į0, τ0 – ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɢ ɩɟɪɢɨɞ ɤɨɥɟɛɚɧɢɣ ɩɨɞɜɟɫɧɨɣ ɫɢɫɬɟɦɵ ɛɟɡ 
ɪɚɫɩɥɚɜɚ; m, R ɢ H – ɦɚɫɫɚ, ɪɚɞɢɭɫ ɢ ɜɵɫɨɬɚ ɨɛɪɚɡɰɚ; J1 ɢ J2 – ɛɟɫɫɟɥɟɜɵ ɮɭɧɤɰɢɢ I ɪɨɞɚ 1-ɝɨ 
ɢ 2-ɝɨ ɩɨɪɹɞɤɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ;    /2 iR ;  /2/ ik ; 1i ; ȝn – 

ɯɚɪɚɤɬɟɪɧɵɟ ɱɢɫɥɚ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɢɡ ɭɪɚɜɧɟɧɢɹ   01  RJ n ;  222 / Rnn  . Ɍɨɱɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɜɹɡɤɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 2.5 %. 

ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ υs ɢɡɦɟɪɟɧɚ ɢɦɩɭɥɶɫɧɨ-ɮɚɡɨɜɵɦ ɦɟɬɨɞɨɦ. Ɉɧ 
ɨɫɧɨɜɚɧ ɧɚ ɩɪɹɦɵɯ ɢɡɦɟɪɟɧɢɹɯ ɞɥɢɧɵ ɜɨɥɧɵ λ ɢ ɱɚɫɬɨɬɵ f ɡɜɭɤɚ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɪɚɫɱɟɬɟ 
ɫɤɨɪɨɫɬɢ ɟɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 

fs  .           (4) 

Ⱦɟɬɚɥɢ ɭɫɬɚɧɨɜɤɢ ɢ ɦɟɬɨɞ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɜ ɠɢɞɤɢɯ ɫɩɥɚɜɚɯ ɨɩɢɫɚɧɵ ɜ ɪɚɛɨɬɟ. 
Д3Ж. Ɍɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ υs ɨɰɟɧɢɜɚɟɬɫɹ ɜ ± 0.3%. 

ɍɞɟɥɶɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ρ ɫɩɥɚɜɨɜ ɢɡɦɟɪɟɧɨ ɦɟɬɨɞɨɦ ɜɪɚɳɚɸɳɟɝɨɫɹ ɦɚɝɧɢɬɧɨɝɨ 
ɩɨɥɹ. ɇɚɢɛɨɥɟɟ ɩɨɥɧɨɟ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɞɚɧɨ Ⱥ. Ɋ. Ɋɟɝɟɥɟɦ Д4Ж. 
ɍɪɚɜɧɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɪɚɞɢɭɫɚ R ɢ 
ɜɵɫɨɬɨɣ H ɢɦɟɟɬ ɜɢɞ: 

 42HRKI
,          (5) 

ɝɞɟ K – ɤɨɧɫɬɚɧɬɚ ɩɪɢɛɨɪɚ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɨ ɦɟɬɚɥɥɚɦ ɫ ɢɡɜɟɫɬɧɵɦ ɭɞɟɥɶɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, I – ɫɢɥɚ ɬɨɤɚ ɜ ɤɚɬɭɲɤɟ ɫɬɚɬɨɪɚ ɫɨɡɞɚɸɳɟɝɨ ɜɪɚɳɚɸɳɟɟɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, 
φ – ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɨɛɪɚɡɰɚ. Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 
3%. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɥɨɬɧɨɫɬɢ, ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɫɤɨɪɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɚ ɢ 
ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ ɫɜɢɧɟɰ–ɜɢɫɦɭɬ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 
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1-4. ɇɚ ɪɢɫɭɧɤɚɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɵ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɨɛɡɨɪɟ Д5Ж, ɚ ɬɚɤɠɟ 
ɞɚɧɧɵɟ ɛɨɥɟɟ ɩɨɡɞɧɢɯ ɪɚɛɨɬ Д6-9Ж. Ɉɬɤɥɨɧɟɧɢɟ ɧɚɲɢɯ ɞɚɧɧɵɯ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɫɜɨɣɫɬɜ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɨɛɡɨɪɟ Д5Ж, ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɚɹɜɥɟɧɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ 
ɧɚ ɜɫɟɦ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ.  
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Ɋɢɫ. 1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɥɨɬɧɨɫɬɢ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ Pb-Bi 
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Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ 
Pb-Bi  

ɇɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɚ ɢ ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɨɛɧɚɪɭɠɟɧɚ ɚɧɨɦɚɥɢɹ ɜɛɥɢɡɢ ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɞɚɧɧɨɣ ɚɧɨɦɚɥɢɢ Tɚ 
ɨɩɪɟɞɟɥɹɥɚɫɶ ɤɚɤ ɬɨɱɤɚ, ɧɢɠɟ ɤɨɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɫɤɨɪɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɚ ɢ 
ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬɤɥɨɧɹɸɬɫɹ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɡɧɚɱɟɧɢɣ. ɇɚɛɥɸɞɚɟɦɭɸ 
ɚɧɨɦɚɥɢɸ ɦɵ ɫɜɹɡɵɜɚɟɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɪɭɩɩɢɪɨɜɨɤ ɢɡ ɚɬɨɦɨɜ ɜɢɫɦɭɬɚ, ɫɜɹɡɚɧɧɵɯ 
ɧɚɩɪɚɜɥɟɧɧɵɦɢ ɤɨɜɚɥɟɧɬɧɵɦɢ ɫɜɹɡɹɦɢ, ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɍɜɟɥɢɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɪɭɲɟɧɢɸ ɞɚɧɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ. 
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Ɋɢɫ. 3. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɚ ɜ ɷɜɬɟɤɬɢɱɟɫɤɨɦ ɪɚɫɩɥɚɜɟPb-Bi 
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Ɋɢɫ. 4. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ 
ɪɚɫɩɥɚɜɚ Pb-Bi 

 
ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɩɥɨɬɧɨɫɬɢ, ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ, ɫɤɨɪɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɚ ɢ 

ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ ɫɜɢɧɟɰ–ɜɢɫɦɭɬ ɦɨɠɧɨ 
ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɫɩɪɚɜɨɱɧɵɯ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɩɪɨɟɤɬ № 14-03-01126-ɚ). 
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ɗɇɌАɅЬɉɂɂ ɈȻɊАɁɈВАɇɂЯ ɂ ɗɇȿɊȽɂɂ ȾɂɋɋɈɐɂАɐɂɂ ɋВЯɁɂ C–NO2 
АɊɈɆАɌɂɑȿɋɄɂɏ ɇɂɌɊɈɋɈȿȾɂɇȿɇɂɃ 

ɏɪɚɩɤɨɜɫɤɢɣ Ƚ.Ɇ., ɇɢɤɨɥɚɟɜɚ ȿ.ȼ., ȿɝɨɪɨɜ Ⱦ.Ʌ.,  ɇɝɭɟɧ ȼɚɧ Ȼɨ,  
Шɚɦɨɜ Ⱥ.Ƚ. 

Кɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢɹ,  
420015,ɝ. Кɚɡɚɧɶ, ɭɥ. К. Ɇɚɪɤɫɚ, 72, e-mail: shamov@kstu.ru 

 
ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɢɛɪɢɞɧɨɝɨ ɦɟɬɨɞɚ ɬɟɨɪɢɢ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ B3LВP/6-31G(d,p) 

ɪɚɫɫɱɢɬɚɧɵ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 45 ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɧɢɬɪɨɫɨɟɞɢɧɟɧɢɣ, ɜ ɦɨɥɟɤɭɥɚɯ 
ɤɨɬɨɪɵɯ ɢɦɟɸɬɫɹ ɜɨɞɨɪɨɞɫɨɞɟɪɠɚɳɢɟ ɡɚɦɟɫɬɢɬɟɥɢ: ɧɢɬɪɨɬɨɥɭɨɥɨɜ, ɧɢɬɪɨɚɧɢɥɢɧɨɜ, 
ɧɢɬɪɨɮɟɧɨɥɨɜ. Ⱦɥɹ ɫɨɟɞɢɧɟɧɢɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɦɟɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ 
ɷɧɬɚɥɶɩɢɹɦ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ 
ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ. Ʉɜɚɧɬɨɜɨ-ɯɢɦɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɷɧɬɚɥɶɩɢɣ 
ɨɛɪɚɡɨɜɚɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɪɚɞɢɤɚɥɨɜ ɩɨɡɜɨɥɢɥɚ ɬɚɤɠɟ ɨɰɟɧɢɬɶ ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɢ 
C–NO2. Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱёɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1, 2, 3. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɜɥɢɹɧɢɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚ 
ɢɡɦɟɧɟɧɢɟ ɜ ɪɹɞɭ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɷɧɟɪɝɢɣ ɞɢɫɫɨɰɢɚɰɢɢ C–NO2 ɜ ɢɡɭɱɟɧɧɵɯ 
ɫɨɟɞɢɧɟɧɢɹɯ. 

 
Ɍɚɛɥɢɰɚ 1.Эɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɧɢɬɪɨɬɨɥɭɨɥɨɜ, ɧɢɬɪɨɚɧɢɥɢɧɨɜ ɢ ɧɢɬɪɨɮɟɧɨɥɨɜ ɩɨ 
ɞɚɧɧɵɦ ɦɟɬɨɞɚ B3LВP/6-31G(Н,p) (ɤɤɚɥ/ɦɨɥɶ) 
ɋɨɟɞɢɧɟɧɢɟ ΔHf

0 ɋɨɟɞɢɧɟɧɢɟ ΔHf
0 ɋɨɟɞɢɧɟɧɢɹ ΔHf

0 
ɨ-ɧɢɬɪɨɬɨɥɭɨɥ 11.6 ɨ-ɧɢɬɪɨɚɧɢɥɢɧ 15.1 ɨ-ɧɢɬɪɨɮɟɧɨɥ -27.5 
ɦ-ɧɢɬɪɨɬɨɥɭɨɥ 9.0 ɦ-ɧɢɬɪɨɚɧɢɥɢɧ 18.2 ɦ-ɧɢɬɪɨɮɟɧɨɥ -21.6 
ɩ-ɧɢɬɪɨɬɨɥɭɨɥ 8.6 ɩ-ɧɢɬɪɨɚɧɢɥɢɧ 15.9 ɩ-ɧɢɬɪɨɮɟɧɨɥ -22.9 
2,3-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 18.7 2,3-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 24.5 2,3-ɞɢɧɢɬɪɨɮɟɧɨɥ -16.9 
2,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 9.9 2,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 10.8 2,4-ɞɢɧɢɬɪɨɮɟɧɨɥ -29.7 
2,5-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 10.3 2,5-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 13.3 2,5-ɞɢɧɢɬɪɨɮɟɧɨɥ -27.7 
2,6-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 15.0 2,6-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 10.9 2,6-ɞɢɧɢɬɪɨɮɟɧɨɥ -22.4 
3,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 17.8 3,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 25.0 3,4-ɞɢɧɢɬɪɨɮɟɧɨɥ -13.0 
3,5-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 7.0 3,5-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 16.3 3,5-ɞɢɧɢɬɪɨɮɟɧɨɥ -22.2 
2,3,4-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 27.6 2,3,4-ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 30.1 2,3,4-ɬɪɢɧɢɬɪɨɮɟɧɨɥ -10.3 
2,3,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 19.4 2,3,5-ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 25.3 2,3,5-ɬɪɢɧɢɬɪɨɮɟɧɨɥ -14.6 
2,3,6-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 23.8 2,3,6-ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 23.1 2,3,6-ɬɪɢɧɢɬɪɨɮɟɧɨɥ -9.3 
2,4,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 21.4 2,4,5-ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 22.2 2,4,5-ɬɪɢɧɢɬɪɨɮɟɧɨɥ -17.2 
2,4,6-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 16.3 2,4,6-ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 10.1 2,4,6-ɬɪɢɧɢɬɪɨɮɟɧɨɥ -21.6 
3,4,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 25.9 3,4,5-ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 33.9 3,4,5-ɬɪɢɧɢɬɪɨɮɟɧɨɥ -3.6 

 
Ɉɬɦɟɱɟɧɨ, ɱɬɨ ɞɥɹ ɫɨɟɞɢɧɟɧɢɣ, ɜ ɦɨɥɟɤɭɥɚɯ ɤɨɬɨɪɵɯ ɢɦɟɟɬɫɹ ɨɞɧɚ ɧɢɬɪɨɝɪɭɩɩɚ, 

ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɪɹɞɭ ɢɡɨɦɟɪɨɜ ɡɚɜɢɫɢɬ ɨɬ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɮɚɤɬɨɪɨɜ. 
ɉɟɪɜɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɩɪɹɦɨɟ ɩɨɥɹɪɧɨɟ ɫɨɩɪɹɠɟɧɢɟ ɞɨɧɨɪɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ (ɦɟɬɢɥɶɧɚɹ 
ɝɪɭɩɩɚ, ɝɢɞɪɨɤɫɢɥɶɧɚɹ ɝɪɭɩɩɚ, ɚɦɢɧɨɝɪɭɩɩɚ) ɫ ɫɢɥɶɧɵɦ ɚɤɰɟɩɬɨɪɨɦ (ɧɢɬɪɨɝɪɭɩɩɚ). ȼɬɨɪɵɦ 
ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɜɟɥɢɱɢɧɭ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ, ɹɜɥɹɟɬɫɹ 
ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɜɨɞɨɪɨɞɧɚɹ ɫɜɹɡɶ, ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɸɳɚɹ ɜɟɥɢɱɢɧɭ ɷɧɬɚɥɶɩɢɢ 
ɨɛɪɚɡɨɜɚɧɢɹ. ɉɪɹɦɨɟ ɩɨɥɹɪɧɨɟ ɫɨɩɪɹɠɟɧɢɟ ɦɨɠɟɬ ɩɪɨɹɜɥɹɬɶɫɹ ɩɪɢ 1,2- ɢ 1,4-ɪɚɫɩɨɥɨɠɟɧɢɢ 
ɡɚɦɟɫɬɢɬɟɥɟɣ. Ɉɬɧɨɫɢɬɟɥɶɧɨ ɫɢɥɶɧɟɟ ɨɧɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɩ-ɢɡɨɦɟɪɚɯ. ɇɚɢɛɨɥɟɟ ɫɢɥɶɧɚɹ 
ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɚɹ ɜɨɞɨɪɨɞɧɚɹ ɫɜɹɡɶ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɢɦɟɟɬɫɹ ɜ Ш-ɧɢɬɪɨɮɟɧɨɥɟ Д1,2Ж. ȼ Ш-
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɧɢɬɪɨɬɨɥɭɨɥɟ ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɜɫɥɟɞɫɬɜɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ (ɨɬɬɚɥɤɢɜɚɧɢɹ), 
ɡɚɧɢɦɚɸɳɢɯ ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ ɡɚɦɟɫɬɢɬɟɥɟɣ (ɦɟɬɢɥɶɧɚɹ). 

 
Ɍɚɛɥɢɰɚ 2. Эɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɪɚɞɢɤɚɥɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɪɚɡɪɵɜɟ ɫɜɹɡɢ C–NO2 ɜ 
ɧɢɬɪɨɬɨɥɭɨɥɚɯ, ɧɢɬɪɨɚɧɢɥɢɧɚɯ ɢ ɧɢɬɪɨɮɟɧɨɥɚɴ ɩɨ ɞɚɧɧɵɦ ɦɟɬɨɞɚ B3LВP/6-31G(d,p) 
(ɤɤɚɥ/ɦɨɥɶ) 
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O
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ΔHf
0 Ɋɚɞɢɤɚɥ ΔHf

0 Ɋɚɞɢɤɚɥ ΔHf
0 

ɨ-ɧɢɬɪɨɬɨɥɭɨɥ 2 73.4 ɨ-ɧɢɬɪɨɚɧɢɥɢɧ 83.8 ɨ-ɧɢɬɪɨɮɟɧɨɥ 43.3 
ɦ-ɧɢɬɪɨɬɨɥɭɨɥ 3 73.4 ɦ-ɧɢɬɪɨɚɧɢɥɢɧ 82.9 ɦ-ɧɢɬɪɨɮɟɧɨɥ 42.6 
ɩ-ɧɢɬɪɨɬɨɥɭɨɥ 4 73.9 ɩ-ɧɢɬɪɨɚɧɢɥɢɧ 84.4 ɩ-ɧɢɬɪɨɮɟɧɨɥ 43.8 
2,3-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 2 70.9 2,3-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 81.0 2,3-ɞɢɧɢɬɪɨɮɟɧɨɥ 41.3 
2,3-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 3 72.9 2,3-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 76.2 2,3-ɞɢɧɢɬɪɨɮɟɧɨɥ 34.3 
2,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 2 68.8 2,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 76.8 2,4-ɞɢɧɢɬɪɨɮɟɧɨɥ 38.0 
2,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 4 72.3 2,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 76.6 2,4-ɞɢɧɢɬɪɨɮɟɧɨɥ 34.1 
2,5-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 2 69.0 2,5-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 78.9 2,5-ɞɢɧɢɬɪɨɮɟɧɨɥ 39.7 
2,5-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 5 71.7 2,5-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 74.7 2,5-ɞɢɧɢɬɪɨɮɟɧɨɥ 32.4 
2,6-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 2(6) 71.4 2,6-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 75.8 2,6-ɞɢɧɢɬɪɨɮɟɧɨɥ 44.9 
3,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 3 70.7 3,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 77.8 3,4-ɞɢɧɢɬɪɨɮɟɧɨɥ 39.3 
3,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 4 71.5 3,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 81.5 3,4-ɞɢɧɢɬɪɨɮɟɧɨɥ 41.7 
3,5-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 3(5) 69.2 3,5-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 78.3 3,5-ɞɢɧɢɬɪɨɮɟɧɨɥ 39.3 
2,3,4-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 2 

79.9 
2,3,4-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 87.8 

2,3,4-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 50.1 

2,3,4-ɬɪɪɢɧɢɬɪɨɬɨɥɭɨɥ 3 
74.1 

2,3,4-ɬɪɢɧɢɪɨɚɧɢɥɢɧ 
75.0 

2,3,4-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 34.9 

2,3,4-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 4 
81.3 

2,3,4-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 87.9 

2,3,4-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 46.4 

2,3,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 2 
70.1 

2,3,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 79.5 

2,3,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 41.3 

2,3,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 3 
72.3 

2,3,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 75.1 

2,3,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 34.7 

2,3,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 5 
79.7 

2,3,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 84.9 

2,3,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 43.7 

2,3,6-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 2 
72.6 

2,3,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 76.5 

2,3,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 46.4 

2,3,6-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 3 
77.0 

2,3,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 72.0 

2,3,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 39.6 

2,3,6-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 6 
79.1 

2,3,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 85.7 

2,3,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 46.4 

2,4,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 2 
78.5 

2,4,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 86.5 

2,4,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 48.8 

2,4,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 4 
73.6 

2,4,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 77.3 

2,4,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 36.3 

2,4,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 5 72.7 2,4,5- 73.3 2,4,5- 32.8 
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ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ ɬɪɢɧɢɬɪɨɮɟɧɨɥ 
2,4,6-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 4 

76.6 
2,4,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 73.2 

2,4,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 39.9 

2,4,6-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 2 (6) 
70.4 

2,4,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 72.1 

2,4,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 43.2 

3,4,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 4 
73.0 

3,4,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 82.3 

3,4,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 43.8 

3,4,5-ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 3 (5) 
80.2 

3,4,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 87.2 

3,4,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 49.7 

NO2 - 5.7     
 
ɍɤɚɡɚɧɧɵɟ ɮɚɤɬɨɪɵ ɜɥɢɹɸɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɜ 

ɪɹɞɭɞɢɧɢɬɪɨɫɨɟɞɢɧɟɧɢɣ ɢ ɬɪɢɧɢɬɪɨɫɨɟɞɢɧɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɢ 1,2- ɢ 1,2,3- ɪɚɫɩɨɥɨɠɟɧɢɢ 
ɜ ɦɨɥɟɤɭɥɚɯ ɧɢɬɪɨɝɪɭɩɩ. ɂɡɦɟɧɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɫɜɹɡɢ C–NO2 ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ 
ɜɥɢɹɧɢɟɦ, ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ, ɷɥɟɤɬɪɨɧɧɵɯ ɢ ɫɬɟɪɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɷɧɟɪɝɢɣ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɢ C–NO2, ɩɨ ɞɚɧɧɵɦ ɪɚɫɱёɬɚ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ Ш-ɧɢɬɪɨɮɟɧɨɥɚ ɢ ɟɝɨ 
ɩɪɨɢɡɜɨɞɧɵɯ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɡɚɦɟɬɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɫɜɹɡɢ ɪɚɫɱɟɬ ɩɪɟɞɫɤɚɡɵɜɚɟɬ 
ɩɪɢ 1,4-ɪɚɫɩɨɥɨɠɟɧɢɢ ɞɨɧɨɪɧɵɯ ɢ ɚɤɰɟɩɬɨɪɧɵɯ ɡɚɦɟɫɬɢɬɟɥɟɣ.  

 
Ɍɚɛɥɢɰɚ 3. Эɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɫɜɹɡɢ C–NO2 ɧɢɬɪɨɬɨɥɭɨɥɨɜ, ɧɢɬɪɨɚɧɢɥɢɧɨɜ ɢ 
ɧɢɬɪɨɮɟɧɨɥɨɜ ɩɨ ɞɚɧɧɵɦ ɦɟɬɨɞɚ B3LYP/6-31G(Н,p) (ɤɤɚɥ/ɦɨɥɶ) 

Ɋɚɞɢɤɚɥ 

ɉ
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ɨɠ
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ɡɪ
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ɹɡ

ɢ 
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2 

D
(C
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) ɋɨɟɞɢɧɟɧɢɟ 

D
(C
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) ɋɨɟɞɢɧɟɧɢɟ 

D
(C

–N
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ɨ-ɧɢɬɪɨɬɨɥɭɨɥ 2 67.5 ɨ-ɧɢɬɪɨɚɧɢɥɢɧ 74.5 ɨ-ɧɢɬɪɨɮɟɧɨɥ 76.4 
ɦ-ɧɢɬɪɨɬɨɥɭɨɥ 3 70.1 ɦ-ɧɢɬɪɨɚɧɢɥɢɧ 70.4 ɦ-ɧɢɬɪɨɮɟɧɨɥ 69.9 
ɩ-ɧɢɬɪɨɬɨɥɭɨɥ 4 71.0 ɩ-ɧɢɬɪɨɚɧɢɥɢɧ 74.3 ɩ-ɧɢɬɪɨɮɟɧɨɥ 72.5 
2,3-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 2 57.9 2,3-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 62.1 2,3-ɞɢɧɢɬɪɨɮɟɧɨɥ 63.9 
2,3-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 3 59.9 2,3-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 57.4 2,3-ɞɢɧɢɬɪɨɮɟɧɨɥ 56.9 
2,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 2 64.6 2,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 71.6 2,4-ɞɢɧɢɬɪɨɮɟɧɨɥ 73.4 
2,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 4 68.1 2,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 71.5 2,4-ɞɢɧɢɬɪɨɮɟɧɨɥ 69.5 
2,5-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 2 64.4 2,5-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 71.3 2,5-ɞɢɧɢɬɪɨɮɟɧɨɥ 73.1 
2,5-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 5 67.1 2,5-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 67.1 2,5-ɞɢɧɢɬɪɨɮɟɧɨɥ 65.8 
2,6-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 2 (6) 62.1 2,6-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 70.6 2,6-ɞɢɧɢɬɪɨɮɟɧɨɥ 72.9 
3,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 3 58.6 3,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 58.5 3,4-ɞɢɧɢɬɪɨɮɟɧɨɥ 57.9 
3,4-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 4 59.5 3,4-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 62.2 3,4-ɞɢɧɢɬɪɨɮɟɧɨɥ 60.3 
3,5-ɞɢɧɢɬɪɨɬɨɥɭɨɥ 3 (5) 67.9 3,5-ɞɢɧɢɬɪɨɚɧɢɥɢɧ 67.7 3,5-ɞɢɧɢɬɪɨɮɟɧɨɥ 67.1 
2,3,4-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

2 
58.0 

2,3,4-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 63.4 

2,3,4-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

66.0 

2,3,4-
ɬɪɪɢɧɢɬɪɨɬɨɥɭɨɥ 

3 
52.2 

2,3,4-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 50.7 

2,3,4-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

50.9 

2,3,4-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

4 
59.4 

2,3,4-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 63.5 

2,3,4-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

62.3 

2,3,5- 2 56.4 2,3,5- 59.9 2,3,5- 61.6 
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ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ ɬɪɢɧɢɬɪɨɮɟɧɨɥ 
2,3,5-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

3 
58.6 

2,3,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 55.5 

2,3,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

55.0 

2,3,5-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

5 
66.0 

2,3,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 65.3 

2,3,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

64.0 

2,3,6-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

2 
54.5 

2,3,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 59.1 

2,3,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

61.5 

2,3,6-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

3 
58.9 

2,3,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 54.6 

2,3,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

54.6 

2,3,6-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

6 
61.1 

2,3,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 68.3 

2,3,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

61.4 

2,4,5-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

2 
62.8 

2,4,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 70.0 

2,4,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

71.7 

2,4,5-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

4 
57.9 

2,4,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 60.7 

2,4,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

59.2 

2,4,5-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

5 
57.0 

2,4,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 56.8 

2,4,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

55.8 

2,4,6-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

4 
66.0 

2,4,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 68.9 

2,4,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

67.2 

2,4,6-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

2 (6) 
59.8 

2,4,6-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 67.8 

2,4,6-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

70.5 

3,4,5-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

4 
52.8 

3,4,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 54.1 

3,4,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

53.1 

3,4,5-
ɬɪɢɧɢɬɪɨɬɨɥɭɨɥ 

3 (5) 
60.0 

3,4,5-
ɬɪɢɧɢɬɪɨɚɧɢɥɢɧ 59.0 

3,4,5-
ɬɪɢɧɢɬɪɨɮɟɧɨɥ 

59.0 

 
Ɉɬɧɨɫɢɬɟɥɶɧɨ ɫɢɥɶɧɟɟ ɷɬɨɬ ɷɮɮɟɤɬ ɩɪɨɹɜɥɹɟɬɫɹ  ɧɢɬɪɨɚɥɢɥɢɧɨɜ, ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ 

ɚɦɢɧɨɝɪɭɩɩɚ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɟɟ ɫɢɥɶɧɨ ɜɵɪɚɠɟɧɧɵɦɢ ɚɤɰɟɩɬɨɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ Д1Ж. ɋ 
ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ,  ɩɪɢ 1,2- ɢ 1,2,3-ɪɚɫɩɨɥɨɠɟɧɢɢ ɧɢɬɪɨɝɪɭɩɩ, ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɫɧɢɠɟɧɢɟ ɩɪɨɱɧɨɫɬɢ ɫɜɹɡɢ C–NO2 ɜ ɪɹɞɭ ɢɡɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɪɢ 
ɦɟɯɚɧɢɡɦɟ ɪɟɚɤɰɢɢ, ɫɜɹɡɚɧɧɨɦ ɫ ɪɚɡɪɵɜɨɦ C–NO2 ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɩɨɱɬɢ ɧɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ ɪɜɭɳɟɣɫɹ ɫɜɹɡɢ, ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɨɰɟɧɤɢ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɢɡɭɱɟɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ.  
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Ɇɚɬɟɪɢɚɥɵ, ɢɦɟɸɳɢɟ ɨɥɢɜɢɧɨɜɭɸ ɫɬɪɭɤɬɭɪɭ, ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ 

ɨɛɥɚɫɬɹɯ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ ɤɚɤ ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɞɥɹ ɫɨɥɧɟɱɧɵɯ ɫɢɫɬɟɦ Д1Ж ɢ ɜ ɤɚɱɟɫɬɜɟ 
ɥɚɡɟɪɧɨɣ ɫɪɟɞɵ Д2,3Ж. ɉɨɥɭɱɟɧɢɟ ɜ ɷɬɢɯ ɦɚɬɟɪɢɚɥɚɯ ɬɪɟɛɭɟɦɵɯ ɫɜɨɣɫɬɜ ɢ ɷɮɮɟɤɬɨɜ ɱɚɫɬɨ 
ɫɜɹɡɚɧɨ ɫ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɫɬɪɭɤɬɭɪɟ ɢɨɧɨɜ ɩɟɪɟɯɨɞɧɵɯ ɦɟɬɚɥɥɨɜ. Ɉɧɢ ɦɨɝɭɬ ɜɯɨɞɢɬɶ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɤɚɤ ɫɬɪɭɤɬɭɪɧɵɟ ɟɞɢɧɢɰɵ ɢɥɢ ɤɚɤ ɥɟɝɢɪɭɸɳɚɹ ɞɨɛɚɜɤɚ. Ʉɚɤ 
ɩɪɚɜɢɥɨ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ ɫ ɩɨɞɨɛɧɨɣ ɫɬɪɭɤɬɭɪɨɣ 
ɩɪɨɜɨɞɹɬɫɹ ɞɥɹ ɨɛɪɚɡɰɨɜ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɥɟɝɢɪɨɜɚɧɢɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɫɜɟɞɟɧɢɹ ɨ ɫɜɨɣɫɬɜɚɯ 
ɫɥɚɛɨ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɨɥɢɜɢɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ. 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɢɡɭɱɟɧɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɨɛɪɚɡɰɨɜ Ca2GeO4ɫ 
ɧɢɡɤɨɣ ɫɬɟɩɟɧɶɸ ɥɟɝɢɪɨɜɚɧɢɹ ɢɨɧɚɦɢ Cr+4(Ca2GeO4:Cr). ȼɵɛɨɪ ɨɛɴɟɤɬɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ Ca2GeO4:Cr ɩɟɪɫɩɟɤɬɢɜɟɧ ɤɚɤ ɦɚɬɟɪɢɚɥ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚ ɟɝɨ ɨɫɧɨɜɟ 
ɭɫɢɥɢɬɟɥɟɣ ɞɥɹ ɨɩɬɨɜɨɥɨɤɨɧɧɵɯ ɥɢɧɢɣ ɫɜɹɡɢ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ ɨɤɨɥɨ 1.4 ɦɤɦ. Ɉɧ 
ɹɜɥɹɟɬɫɹ ɢɡɨɫɬɪɭɤɬɭɪɧɵɦ ɚɧɚɥɨɝɨɦ ɮɨɪɫɬɟɪɢɬɚ (Mg2SiO4). Ɏɨɪɫɬɟɪɢɬ, ɥɟɝɢɪɨɜɚɧɧɵɣ ɢɨɧɚɦɢ 
Cr ɹɜɥɹɟɬɫɹ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɦ ɥɚɡɟɪɨɦ. Ɉɞɧɚɤɨ ɢɨɧɵ ɯɪɨɦɚ ɜɯɨɞɹɬ ɜ ɟɝɨ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɜ ɞɜɭɯ ɡɚɪɹɞɨɜɵɯ ɫɨɫɬɨɹɧɢɹɯ 3+ ɢ 4+. Эɬɨɬ ɮɚɤɬ ɜɨ ɦɧɨɝɨɦ 
ɨɩɪɟɞɟɥɹɟɬ ɬɪɭɞɧɨɫɬɢ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ ɟɝɨ ɫɜɨɣɫɬɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɨɧɵ ɯɪɨɦɚ ɜɫɬɪɚɢɜɚɸɬɫɹ 
ɜCa2GeO4 ɬɨɥɶɤɨ ɜ ɡɚɪɹɞɨɜɨɦ ɫɨɫɬɨɹɧɢɢ 4+. 

Ɉɛɪɚɡɰɵ CК2GeO4 ɛɵɥɢ ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɩɨ ɫɬɚɧɞɚɪɬɧɨɣ ɦɟɬɨɞɢɤɟ ɫ ɩɨɦɨɳɶɸ 
ɬɜɟɪɞɨɮɚɡɧɨɣ ɪɟɚɤɰɢɢ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜCaO, GeO2 ɢ Cr2O3 ɤɚɤ ɥɟɝɢɪɭɸɳɚɹ ɞɨɛɚɜɤɚ ɜ 
ɲɢɯɬɟ. Ⱥɧɚɥɢɡ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ ɪɟɚɤɰɢɢ ɛɵɥ ɩɪɨɜɟɞɟɧ ɦɟɬɨɞɚɦɢ ɊɎȺ ɢ ɫɩɟɤɬɪɨɫɤɨɩɢɢ 
ɨɬɪɚɠɟɧɢɹ. 

Ɇɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɣ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɢɡɭɱɟɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɱɟɬɵɪɟɯ ɨɛɪɚɡɰɨɜ Ca2GeO4, ɥɟɝɢɪɨɜɚɧɧɵɯ ɢɨɧɚɦɢ Cr+4ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ Cr2O3 
ɜ ɢɫɯɨɞɧɨɣ ɲɢɯɬɟ (0.5, 1.0, 1.75, 2.5) ɦɨɥ. % ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 6 ɞɨ 350 Ʉ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɩɨɥɟɜɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɧɚ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɤɨɦɩɥɟɤɫɟ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫ ɨɩɰɢɟɣ ɢɡɦɟɪɟɧɢɹ AC 
ɢ DC-ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ PPMS-9 ɮɢɪɦɵ «QЮКЧЭЮЦ DОsТРЧ» ɜ ɐɄɉ ɂɈɇɏ ɊȺɇ (ɚɛɫɨɥɸɬɧɚɹ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɢɡɦɟɪɟɧɢɢ DC-ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ± 2.5∙10-5 Ƚɫ∙ɫɦ3, ɩɪɢ ɢɡɦɟɪɟɧɢɢ AC-
ɧɚɦɚɝɧɢɱɟɧɧɨɫɬɢ ± 2∙10-8 Ƚɫ∙ɫɦ3). 

Ɇɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɣ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɟɩɥɨɟɦɤɨɫɬɶ 
ɨɛɪɚɡɰɨɜ ɢɡɦɟɧɹɟɬɫɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɟ ɦɨɧɨɬɨɧɧɨ ɢ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɞɜɟ ɚɧɨɦɚɥɢɢ ɜ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ (7 - 14) Ʉ ɢ (230 – 245) Ʉ. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ Д4Ж, ɱɬɨ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ 11 ɞɨ 350 Ʉ ɭ Ca2GeO4 (ɜ ɨɬɫɭɬɫɬɜɢɟ ɩɪɢɦɟɫɟɣ) ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɚɧɨɦɚɥɢɢ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ, ɚ ɪɟɡɭɥɶɬɚɬɵ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɦɟɬɨɞɚɦɢ 
ɊɋȺ ɩɨɞɬɜɟɪɞɢɥɢ ɩɨɫɬɨɹɧɫɬɜɨ ɨɥɢɜɢɧɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 100 ɞɨ 300 
Ʉ. ȼɜɟɞɟɧɢɟ ɥɟɝɢɪɭɸɳɟɣ ɞɨɛɚɜɤɢ ɜ Ca2GeO4 ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ o

pC =f(T) ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɡɧɚɱɟɧɢɹ o

pC  ɜɨɡɪɚɫɬɚɸɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ Cr2O3 ɜ ɢɫɯɨɞɧɨɣ ɲɢɯɬɟ ɩɪɢ ɫɨɯɪɚɧɟɧɢɢ 
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ɜɢɞɚ ɤɪɢɜɵɯ o
pC =f(T). Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ Cr2O3 1.75 ɦɨɥ.% ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɥɧɨɟ 

ɫɨɜɩɚɞɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɨɛɪɚɡɰɨɜ ɛɟɫɩɪɢɦɟɫɧɨɝɨ ɢ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɝɟɪɦɚɧɚɬɚ ɤɚɥɶɰɢɹ ɫ 
ɢɫɱɟɡɧɨɜɟɧɢɟɦ ɚɧɨɦɚɥɢɣ ɜ ɯɨɞɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɭ ɩɨɫɥɟɞɧɟɝɨ. 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɫɬɚɧɞɚɪɬɧɵɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ: o

pC (Ɍ), H°(T)–H°(0), S°(T) ɢ G°(T)–H°(0) ɫɨɟɞɢɧɟɧɢɣ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ T → 0 ɞɨ 350 K.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɚɧɨɦɚɥɢɢ ɜ ɯɨɞɟ  o
pC =f(T) ɩɨɞɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɜɹɡɚɧɵ ɫ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ 

ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɜ ɦɚɝɧɢɬɧɨɣ ɩɨɞɪɟɲɟɬɤɟ ɫɬɪɭɤɬɭɪɵ ɫɨɟɞɢɧɟɧɢɣ Д1, 5Ж. ɉɪɟɞɩɨɥɨɠɟɧɨ, ɱɬɨ 
ɢɫɫɥɟɞɭɟɦɵɣ ɦɚɬɟɪɢɚɥ ɨɛɥɚɞɚɟɬ ɫɜɨɣɫɬɜɚɦɢ ɛɥɢɡɤɢɦɢ ɤ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɵɦ. 

Ɇɚɝɧɢɬɧɚɹ ɩɪɢɪɨɞɚ ɚɧɨɦɚɥɶɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɨɛɪɚɡɰɨɜ Ca2GeO4:Cr, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɥɟɝɢɪɨɜɚɧɧɨɝɨ Ca2GeO4, ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɜ ɢɫɫɥɟɞɭɟɦɨɦ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɟɡɭɥɶɬɚɬɵ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɩɨ 
ɦɚɝɧɢɬɧɨɣ ɜɨɫɩɪɢɢɦɱɢɜɨɫɬɢ ɤɨɪɪɟɥɢɪɭɸɬ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɚɧɨɦɚɥɢɣ. 
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TiO2 thin films and Ag/TiO2 nanoparticles were prepared by CVD and plasma bombardment 

method.XRD results showed the presence of nanoparticles in TiO2matrix.SEM image confirmed of 
Ag nanoparticles.XPS analysis was utilized to study the chemical state of the Ag/TiO2 
nanostructure. Formation of Ag/TiO2 nanoparticles led to the reduction of roughness of the samples 
from 0,72nm to 0,61nm. Ag/TiO2 nanoparticles represented greater hydrophilicity under UV 
illumination and visible light compared with TiO2-TiO2 thin films and Ag/TiO2nano-particles 
showed an inhibition for proliferation of the bacteria on their surfaces.TiO2as a pollution control 
and self-cleaning material has attracted interest in the past decades and has been widely used due to 
in photocatalysis and hydrophilicity properties [1]. Fabrication process was started by cleaning the 
substrate through the standard Radio Corporation of America (RCA) method (NH4OH:H2O2:H2O 
solution with volume ration of 1:1:5) and then rinsed in deionized water.TiO2 layer was deposited 
on glass substrate using an atmospheric pressure chemical vapor depositing (CVD) system at 
temperature 250oC.TiCl4 was used as the main precursor to form titanium dioxide. Argon gas was 
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used for delivery of the solution from a bubbler into the chamber. Ar flow rates during the 
deposition were kept at 200 Sccm. Oxygen was also introduced into the chamber by a separate inlet 
with flow rate of 400 Sccm. In this process crystalline TiO2 nanostructured layer was formed on the 
substrate. After this process 40nm thickness of Ag layer was deposited on the TiO2 coated substrate. 
The mechanism of photo – induced hydrophiliciety of TiO2 has been investigated by many 
researchers. As a result, it was revealed that preferential adsorption of water molecules on the 
photogenerated defective sites o the surface lead to the formation of highly hydrophilic TiO2 thin 
film surfaces. The density of liquids studied as a function of temperature and pressure. Existing 
methods for the experimental determination of the density of liquids at different temperatures and 
pressures is divided into two main groups: the piezometric and hydrostatic weighing. Hydrostatic 
weighing method is based on determining the weight of the solid body in the air, water and the 
sample liquid. Density of the test liquid is calculated by the formula: 

,)(
551

231 airair
GGG

GGG
s water  


     (1)

 

Where, G1 - Solid weight in air;G1 - Solid weight in air; G3 - weight of the suspension wire to 
the sample liquid;G4 - weight solids from the suspension in water of the wire;G5 - weight 
suspension of wire water. Accuracy by this method a liquid density of  0.001%. In the method of 
variable volume piezometer certain mass m isothermal fluid is compressed in the piezometer to 
accurately known volume V g: 

.Vm           (2) 
The amount of liquid in the piezometer during the experiment remained constant, the volume 

occupied by the fluid varies with pressure. The mercury level is fixed by changing the voltmeter at 
the time of closing one of the contacts with mercury. The volume of the piezometer to each of the 
contacts accurately measured. Since in this case the fluid has a low compressibility for a noticeable 
change in volume necessary to take measurements for larger amounts of fluid. 
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Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ,  
Ɋɨɫɫɢɹ, 125412, Ɇɨɫɤɜɚ, ɭɥ.Иɠɨɪɫɤɚɹ,ɞ. 13, ɫɬɪ. 2.E-mail: abasharin@bk.ru 

 
ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɨɫɧɨɜɚɦ ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɭɝɥɟɪɨɞɟ. ȼ 

ɩɨɜɟɞɟɧɢɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ ɭɝɥɟɪɨɞɚ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ 
ɡɚɝɚɞɨɱɧɨɝɨ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢɦɟɸɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɧɚɛɥɸɞɟɧɢɹ 
ɚɧɨɦɚɥɶɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ, ɜɵɩɭɱɢɜɚɧɢɹ, ɪɚɡɛɭɯɚɧɢɹ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɝɪɚɮɢɬɨɜ ɫ 
ɞɟɮɟɤɬɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɪɢ ɧɚɝɪɟɜɟ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ, ɜ Д1Ж ɩɪɢɜɟɞɟɧɵ ɮɨɬɨɝɪɚɮɢɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɪɭɲɟɧɧɵɯ ɩɪɨɩɭɫɤɚɧɢɟɦ ɬɨɤɚ ɨɛɪɚɡɰɨɜ ɝɪɚɮɢɬɚ ɆɉȽ-7, ɢɡ ɤɨɬɨɪɵɯ ɜɢɞɧɨ, 
ɤɚɤ ɨɧɢ «ɬɟɤɭɬ» ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɨɛɪɚɡɰɨɜ, ɧɚɝɪɟɬɵɯ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 3630-3740 Ʉ ɩɪɢ 
ɞɚɜɥɟɧɢɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 1 ɛɚɪ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɥɹ ɫɨɜɟɪɲɟɧɧɨɝɨ 
ɤɜɚɡɢɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɝɪɚɮɢɬɚ (ȼɈɉȽ) ɢɡɦɟɧɟɧɢɣ ɜ ɫɬɪɭɤɬɭɪɟ ɝɪɚɮɢɬɚ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɬɚɥɶɩɢɢ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɜɩɥɨɬɶ ɞɨ 3800 Ʉ Д2Ж.   

Ɋɹɞ ɚɜɬɨɪɨɜ, ɜɫɥɟɞ ɡɚ ȼɢɬɬɟɤɟɪɨɦ Д3Ж, ɫɜɹɡɵɜɚɥ ɧɚɛɥɸɞɚɟɦɵɟ ɹɜɥɟɧɢɹ ɫ ɬɜɟɪɞɨɮɚɡɧɵɦ 
ɩɟɪɟɯɨɞɨɦ I ɪɨɞɚɝɪɚɮɢɬɚ ɤ ɥɢɧɟɣɧɨ-ɰɟɩɨɱɟɱɧɨɦɭ ɭɝɥɟɪɨɞɭ - ɤɚɪɛɢɧɭ. Ȼɵɥɚ ɩɪɟɞɥɨɠɟɧɚ 
ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɭɝɥɟɪɨɞɚ ɫ ɨɛɥɚɫɬɶɸ ɤɚɪɛɢɧɚ ɢ ɫɟɪɢɟɣ ɬɪɨɣɧɵɯ ɬɨɱɟɤ ɝɪɚɮɢɬ-ɤɚɪɛɢɧ-
ɠɢɞɤɨɫɬɶ ɜɵɲɟ 2800 Ʉ.  Ɉɧɢɫɱɢɬɚɥɢ, ɱɬɨ ɤɚɪɛɢɧ, ɜ ɤɨɬɨɪɵɣ ɩɟɪɟɯɨɞɢɬ ɝɪɚɮɢɬ, ɦɨɠɟɬ ɛɵɬɶ 
ɪɚɫɩɥɚɜɥɟɧ ɩɪɢ ɞɚɜɥɟɧɢɢ 1 ɛɚɪ, ɧɨ ɜ ɢɦɩɭɥɶɫɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢɡ-ɡɚ ɦɟɞɥɟɧɧɨɣ ɞɢɧɚɦɢɤɢ 
ɩɟɪɟɯɨɞɚ ɝɪɚɮɢɬ ɩɥɚɜɢɬɫɹ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (ɭɫɥɨɜɧɨ 5000 Ʉ), ɱɟɦ ɤɚɪɛɢɧ 
(ɭɫɥɨɜɧɨ 4000 Ʉ). Ɉɬɦɟɱɚɥɚɫɶ ɤɨɪɪɟɥɹɰɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɬɚɤɨɝɨ «ɩɥɚɜɥɟɧɢɹ» ɫɨ ɫɤɨɪɨɫɬɶɸ 
ɧɚɝɪɟɜɚ ɭɝɥɟɪɨɞɚ ɢ ɦɟɞɥɟɧɧɨɣ ɞɢɧɚɦɢɤɨɣ ɩɟɪɟɯɨɞɚ ɝɪɚɮɢɬ-ɤɚɪɛɢɧ. ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɝɪɚɮɢɬ ɦɟɬɚɫɬɚɛɢɥɟɧ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɯɨɞɚ ɜ ɤɚɪɛɢɧ. Ɇɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɪɚɫɱɟɬɵ ɩɥɚɜɥɟɧɢɹ ɝɪɚɮɢɬɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɦɟɞɥɟɧɧɭɸ ɞɢɧɚɦɢɤɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɩɥɚɜɥɟɧɢɟɦ ɦɟɬɚɥɥɨɜ Д4Ж. ȼɵɞɜɢɧɭɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɜ ɢɦɩɭɥɶɫɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ 
ɝɪɚɮɢɬ ɩɟɪɟɝɪɟɜɚɟɬɫɹ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ, ɢ, ɩɨ ɥɨɝɢɤɟ, ɬɟɦɩɟɪɚɬɭɪɚ 4800 Ʉ 
ɞɨɥɠɧɚ ɥɟɠɚɬɶ ɧɚ ɫɩɢɧɨɞɚɥɢ ɩɟɪɟɝɪɟɬɨɝɨ ɝɪɚɮɢɬɚ. Эɬɨ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɨɬɢɜɨɪɟɱɢɢ ɫ 
ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ, ɨɛɨɛɳɟɧɧɵɦɢ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɨɣ Ȼɚɧɞɢ ɢ 
ɩɨɞɬɜɟɪɠɞɟɧɧɵɦɢ ɧɚɲɢɦɢ ɬɳɚɬɟɥɶɧɵɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ ɧɟ ɬɨɥɶɤɨ ɩɥɚɜɥɟɧɢɹ, ɧɨ, ɱɬɨ 
ɜɚɠɧɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ ɭɝɥɟɪɨɞɧɨɝɨ ɩɚɪɚ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɧɢɤɚɤ ɧɟ 
ɫɜɹɡɚɧɵ ɧɢ ɫ ɜɨɡɦɨɠɧɵɦɢ ɬɜɟɪɞɨɮɚɡɧɵɦɢ ɩɟɪɟɯɨɞɚɦɢ, ɧɢ ɫ ɞɢɧɚɦɢɤɨɣ ɩɥɚɜɥɟɧɢɹ ɢ 
ɫɜɨɞɹɬɫɹ ɤ ɬɨɦɭ, ɱɬɨ  ȼɈɉȽ ɪɚɜɧɨɜɟɫɧɨ ɩɥɚɜɢɬɫɹ, ɚ ɩɚɪ ɪɚɜɧɨɜɟɫɧɨ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ 
ɠɢɞɤɭɸ ɤɚɩɥɸ, ɚ ɧɟ ɜ ɬɜɟɪɞɭɸ ɱɚɫɬɢɰɭ, ɬɨɥɶɤɨ ɩɪɢ ɞɚɜɥɟɧɢɢ ɜɵɲɟ ɩɪɢɦɟɪɧɨ 10 Ɇɉɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 4800 Ʉ Д5Ж.  

ȼɨ ɜɫɟɣ ɷɬɨɣ ɩɨɥɟɦɢɤɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɝɪɚɮɢɬɚ 
ɫɨɞɟɪɠɢɬɫɹ ɪɚɰɢɨɧɚɥɶɧɨɟ ɡɟɪɧɨ. Эɬɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɩɟɪɟɯɨɞɟ ɝɪɚɮɢɬɚ ɜ ɨɛɥɚɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ ɜɵɲɟ 3500 Ʉ ɤ ɧɟɤɨɦɭ ɩɨɥɢɦɟɪɧɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɩɪɚɜɞɚ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɡɧɚɬɶ, 
ɱɬɨ ɛɟɫɫɩɨɪɧɵɯ ɞɨɤɚɡɚɬɟɥɶɫɬɜ ɧɚɥɢɱɢɹ ɢɦɟɧɧɨ ɩɟɪɟɯɨɞɚ Iɪɨɞɚ ɝɪɚɮɢɬ-ɤɚɪɛɢɧ, ɬɚɤɠɟ, ɤɚɤ ɢ 
ɫɟɪɶɟɡɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɱɢɧ ɚɧɨɦɚɥɶɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɭɝɥɟɪɨɞɚ, ɜ ɥɢɬɟɪɚɬɭɪɟ ɬɚɤ ɢ ɧɟ ɛɵɥɨ 
ɩɪɟɞɫɬɚɜɥɟɧɨ.  

Ƚɪɚɮɢɬ ɜ ɪɚɜɧɨɣ ɦɟɪɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɢ ɤɪɢɫɬɚɥɥɨɦ ɢ ɱɚɫɬɨ ɫɟɬɱɚɬɵɦ ɩɨɥɢɦɟɪɨɦ, 
ɫɥɨɠɟɧɧɵɦ ɢɡ ɝɪɚɮɟɧɨɜɵɯ ɦɚɤɪɨɦɨɥɟɤɭɥ. Ɉɞɢɧɨɱɧɚɹ ɞɜɭɦɟɪɧɚɹ ɦɚɤɪɨɦɨɥɟɤɭɥɚ ɝɪɚɮɢɬɚ, 
ɩɨɥɭɱɢɜɲɚɹ ɧɚɡɜɚɧɢɟ «ɝɪɚɮɟɧ» ɞɨɫɬɚɬɨɱɧɨ ɷɥɚɫɬɢɱɧɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɪɚɫɩɨɥɚɝɚɹɫɶ ɧɚ 
ɬɜɟɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɨɧɚ ɨɛɪɚɡɭɟɬ ɫɟɬɱɚɬɭɸ ɫɢɫɬɟɦɭ ɫɤɥɚɞɨɤ. ɉɨɯɨɠɢɟ ɫɤɥɚɞɤɢ ɨɛɪɚɡɭɸɬɫɹ 
ɧɚ ɛɚɡɢɫɧɨɣ ɝɪɚɧɢ HOPG ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɫɬɪɟɫɫɚ, ɛɟɡ ɩɥɚɜɥɟɧɢɹ ɝɪɚɮɢɬɚ. ȼɫɟ 
ɷɬɨ ɝɨɜɨɪɢɬ ɨɛ ɷɥɚɫɬɢɱɧɨɫɬɢ ɧɟ ɬɨɥɶɤɨ ɝɪɚɮɟɧɚ, ɧɨ ɢ ɬɨɧɤɢɯ ɫɥɨɟɜ ɝɪɚɮɢɬɚ ɢɡ ɦɚɤɪɨɦɨɥɟɤɭɥ, 
ɫɜɹɡɚɧɧɵɯ ɫɥɚɛɵɦɢ ɩɢ-ɫɜɹɡɹɦɢ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɢɡɢɤɢ ɩɨɥɢɦɟɪɨɜ ɬɚɤɨɟ ɩɨɜɟɞɟɧɢɟ, ɩɨ ɫɭɬɢ, 
ɩɪɨɹɜɥɟɧɢɟ ɫɤɥɚɞɱɚɬɨɣ ɤɨɧɮɨɪɦɚɰɢɢ ɝɪɚɮɟɧɨɜɨɣ ɦɚɤɪɨɦɨɥɟɤɭɥɵ. 
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ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɨɝɨ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɝɪɚɮɢɬ ɩɟɪɟɯɨɞɢɬ ɜ ɜɹɡɤɨɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ, ɤɨɬɨɪɨɟ, ɩɨ Ɏɪɟɧɤɟɥɸ, 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, ɱɬɨ ɦɚɤɪɨɦɨɥɟɤɭɥɵ ɤɚɤ ɰɟɥɨɟ ɦɨɝɭɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɞɪɭɝɚ.  

Ɋɚɫɩɥɚɜɢɜ ɞɢɫɩɟɪɫɧɵɣ HOPGɢɡɱɚɫɬɢɰ ɫ ɪɚɡɦɟɪɚɦɢ 5-100 ɦɤɦ ɧɚ ɝɪɚɧɢ (111) ɩɪɢɪɨɞɧɨɝɨ 
ɚɥɦɚɡɚɢɦɩɭɥɶɫɨɦ ɥɚɡɟɪɚ (ɦɨɳɧɨɫɬɶɸ 3 Ⱦɠ, ɞɥɢɬɟɥɶɧɨɫɬɶɸ 1 ɦɫ) ɜ ɚɬɦɨɫɮɟɪɟ ɝɟɥɢɹ ɫ 
ɞɚɜɥɟɧɢɟɦ 30 Ɇɉɚ, ɩɪɟɜɵɲɚɸɳɢɦ ɞɚɜɥɟɧɢɟ ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ ɭɝɥɟɪɨɞɚ ɝɪɚɮɢɬ-ɠɢɞɤɨɫɬɶ-ɩɚɪ, 
ɜɩɟɪɜɵɟ ɭɞɚɥɨɫɶ «ɡɚɦɨɪɨɡɢɬɶ» ɩɪɨɰɟɫɫ ɩɪɨɯɨɠɞɟɧɢɹ ɜɨɥɧɵ ɩɥɚɜɥɟɧɢɹ ɩɨ ɱɚɫɬɢɰɟ ɝɪɚɮɢɬɚ. 
ɉɟɪɟɩɥɚɜ ɞɢɫɩɟɪɫɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧɚ ɜɵɫɨɤɨɬɟɩɥɨɩɪɨɜɨɞɧɨɣ ɩɨɞɥɨɠɤɟ, ɚ ɚɥɦɚɡ ɢɦɟɟɬ 
ɪɟɤɨɪɞɧɭɸ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 2 ɤȼɬ/ɦɄ, ɫɯɨɠ ɫ ɩɪɨɰɟɫɫɨɦ ɡɚɤɚɥɤɢ ɱɚɫɬɢɱɧɨ ɪɚɫɩɥɚɜɥɟɧɧɨɣ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɱɚɫɬɢɰɵ ɧɚ ɦɟɞɧɨɦ ɛɚɪɚɛɚɧɟ.   

ɍɬɨɧɟɧɧɵɣ ɲɥɢɮ ɩɟɪɟɩɥɚɜɥɟɧɧɨɝɨ ɨɛɪɚɡɰɚ, ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɦɟɬɨɞɨɦ ɫɮɨɤɭɫɢɪɨɜɚɧɧɨɝɨ 
ɢɨɧɧɨɝɨ ɩɭɱɤɚ, ɢɫɫɥɟɞɨɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɫɜɟɱɢɜɚɸɳɟɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ 
ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ TITAN 200/300.  

Ɋɟɡɭɥɶɬɚɬ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɥɚɫɬɢ ɩɟɪɟɩɥɚɜɚ, ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɚɥɦɚɡɭ ɫ 
ɚɬɨɦɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ, ɨɤɚɡɚɥɫɹ ɩɪɨɫɬɨ ɩɨɪɚɡɢɬɟɥɶɧɵɦ. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɝɪɚɮɢɬ ɩɟɪɟɞ 
ɮɪɨɧɬɨɦ ɩɥɚɜɥɟɧɢɹ ɧɟ ɬɨɥɶɤɨ ɫɩɨɫɨɛɟɧ ɢɡɝɢɛɚɬɶɫɹ, ɧɨ ɢ ɫɯɥɨɩɵɜɚɟɬɫɹ, ɫɜɨɪɚɱɢɜɚɟɬɫɹ ɜ 
ɤɥɭɛɤɢ, ɚ ɡɚ ɮɪɨɧɬɨɦ ɩɥɚɜɥɟɧɢɹ ɩɟɪɟɯɨɞɢɬ ɜ ɚɦɨɪɮɧɨɟ ɫɨɫɬɨɹɧɢɟ. ȼɚɠɧɨ, ɱɬɨ ɤɚɪɬɢɧɚ 
ɦɢɤɪɨɞɢɮɪɚɤɰɢɢ ɨɬ ɝɪɚɮɢɬɨɜɨɣ ɱɚɫɬɢɰɵ ɞɚɠɟ ɫ ɨɛɥɚɫɬɹɦɢ ɩɪɟɞɩɥɚɜɥɟɧɢɹ ɧɟ ɞɚɟɬ ɪɟɮɥɟɤɫɨɜ 
ɤɚɪɛɢɧɚ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɤɚɪɛɢɧ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɟɠɩɥɨɫɤɨɫɬɧɵɦɢ ɪɚɫɫɬɨɹɧɢɹɦɢ ɜ ɪɚɣɨɧɟ 
0.4 ɧɦ. Ɍɚɤɢɟ ɡɧɚɱɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ. Ɍɚɦ 
ɤɚɪɛɢɧɨɜɵɟ ɰɟɩɨɱɤɢ ɢɝɪɚɸɬ ɫɭɳɟɫɬɜɟɧɧɭɸ ɪɨɥɶ, ɧɟ ɞɚɜɚɹ ɝɪɚɮɟɧɨɜɵɦ ɫɥɨɹɦ ɫɛɥɢɡɢɬɶɫɹ ɞɨ 
ɪɚɫɫɬɨɹɧɢɹ 0.335 ɧɦ, ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɝɪɚɮɢɬɚ. ɉɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ, ɩɨ Ʉɚɫɚɬɨɱɤɢɧɭ, 
ɤɚɪɛɨɧɢɡɢɪɭɸɬɫɹ ɩɟɪɟɯɨɞɧɵɟ ɮɨɪɦɵ ɭɝɥɟɪɨɞɚ. Ɍɨ ɟɫɬɶ, ɟɫɥɢ ɛɵ ɤɚɪɛɢɧ ɨɛɪɚɡɨɜɚɥɫɹ ɞɨ 
ɩɥɚɜɥɟɧɢɹ ɝɪɚɮɢɬɚ, ɚ ɧɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɥɚɜɥɟɧɢɹ, ɷɬɨ ɛɵɥɨ ɛɵ ɨɛɧɚɪɭɠɟɧɨ.  

 

 
 

Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬ ɩɪɨɯɨɠɞɟɧɢɹ ɮɪɨɧɬɚ 
ɩɥɚɜɥɟɧɢɹ ɩɨ ɱɚɫɬɢɰɟ ɝɪɚɮɢɬɚ: ɫɬɪɟɥɤɢ – 
ɮɪɨɧɬ ɩɥɚɜɥɟɧɢɹ, 1-ɡɚɬɜɟɪɞɟɜɲɟɟ 
ɜɹɡɤɨɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ ɝɪɚɮɢɬɚ 

Ɋɢɫ. 2. Ɂɚɬɜɟɪɞɟɜɲɟɟ ɜɹɡɤɨɬɟɤɭɱɟɟ 
ɫɨɫɬɨɹɧɢɟ ɚɥɦɚɡɚ (1): ɫɬɪɟɥɤɢ – ɮɪɨɧɬ 
ɩɥɚɜɥɟɧɢɹ, 2-ɩɟɪɟɩɥɚɜ ɝɪɚɮɢɬɚ 

ɇɨ ɟɳɟ ɛɨɥɟɟ ɭɞɢɜɢɬɟɥɶɧɵɦ ɛɵɥɨ ɬɨ, ɱɬɨ ɢ ɜ ɚɥɦɚɡɟ, ɱɚɫɬɢɱɧɨ ɝɪɚɮɢɬɢɪɨɜɚɧɧɨɦ ɩɪɢ 
ɤɨɧɬɚɤɬɟ ɫ ɠɢɞɤɢɦ ɭɝɥɟɪɨɞɨɦ ɛɵɥɢ ɧɚɣɞɟɧɵ ɩɨɞɨɛɧɵɟ ɫɨɫɬɨɹɧɢɹ, ɤɚɤ ɩɨɤɚɡɵɜɚɟɬ ɢɡɭɱɟɧɢɟ 
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ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɩɪɨɯɨɞɹɳɢɯ ɷɥɟɤɬɪɨɧɚɯ ɫ ɜɵɫɨɤɢɦ ɪɚɡɪɟɲɟɧɢɟɦ. Ⱦɥɹ ɚɥɦɚɡɚ ɨɤɚɡɚɥɨɫɶ ɜ 
ɨɫɧɨɜɧɨɦ ɯɚɪɚɤɬɟɪɧɨ ɫɨɫɬɨɹɧɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɤɥɭɛɤɚ, ɚ ɧɟ ɫɤɥɚɞɱɚɬɵɟ ɤɚɪɤɚɫɧɵɟ ɮɨɪɦɵ, 
ɤɚɤ ɞɥɹ ɝɪɚɮɢɬɚ.    

Ɉɩɢɫɚɧɧɵɟ ɮɨɪɦɵ ɭɝɥɟɪɨɞɚ ɜ ɝɪɚɮɢɬɟ ɢ ɚɥɦɚɡɟ, ɩɪɨɲɟɞɲɢɯ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ 
ɨɛɪɚɛɨɬɤɭ ɜɨɡɧɢɤɥɢ ɧɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɞɟɮɟɤɬɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɪɟɞɩɥɚɜɥɟɧɢɢ, ɚ 
ɫɭɬɶ ɨɞɧɨ ɢɡ ɪɟɥɚɤɫɚɰɢɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ, ɚ ɢɦɟɧɧɨ ɜɹɡɤɨɬɟɤɭɱɟɟ, ɤɨɬɨɪɵɟ ɧɚɪɹɞɭ ɫ ɮɚɡɨɜɵɦɢ 
ɢ ɚɝɪɟɝɚɬɧɵɦɢ ɩɪɢɫɭɳɢ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɩɨɥɢɦɟɪɚɦ.  
ɋɢɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɪɟɥɚɤɫɚɰɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɝɪɚɮɢɬɚ ɨɬ ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ, 
ɜɨɡɦɨɠɧɨ, ɨɛɴɹɫɧɹɟɬ ɨɛɫɭɠɞɚɟɦɵɟ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ, ɛɟɡ 
ɩɪɢɜɥɟɱɟɧɢɹ ɝɢɩɨɬɟɡɵ ɤɚɪɛɢɧɚ. ɇɚɛɥɸɞɟɧɢɹ «ɩɥɚɜɥɟɧɢɹ» ɝɪɚɮɢɬɚ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ 
ɞɚɜɥɟɧɢɢ ɜɩɨɥɧɟ ɜɟɪɨɹɬɧɨ ɛɵɥɢ ɧɚɛɥɸɞɟɧɢɹɦɢ ɟɝɨ ɩɟɪɟɯɨɞɚ ɜ ɜɹɡɤɨɬɟɤɭɱɟɟ ɫɨɫɬɨɹɧɢɟ. 
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ɎАɁɈВЫɃ ɉȿɊȿɏɈȾ В ɐȿɁɂɂ ɉɊɂ ВЫɋɈɄɂɏ ȾАВɅȿɇɂЯɏ, 

ɈȻɍɋɅɈВɅȿɇɇЫɃ ɉȿɊȿɏɈȾɈɆ ВАɅȿɇɌɇɈȽɈ ɗɅȿɄɌɊɈɇА ɂɁ 6S В 5D 
ɋɈɋɌɈЯɇɂȿ 

ȼɨɪɨɛɶɟɜ ȼ.ɋ.1, Ƚɪɭɲɢɧ A.ɋ.2, ɇɨɜɢɤɨɜ ȼ.Ƚ.2 
1Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ,  
Ɋɨɫɫɢɹ, 125412, Ɇɨɫɤɜɚ, ɭɥ. Иɠɨɪɫɤɚɹ, ɞ.13, ɫɬɪ.2. 

2Иɧɫɬɢɬɭɬ ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɢɦ. Ɇ. ȼ. Кɟɥɞɵɲɚ ɊȺɇ,  
Ɋɨɫɫɢɹ, 125047, Ɇɨɫɤɜɚ, Ɇɢɭɫɫɤɚɹ ɩɥ., ɞ.4. 

 
Ɇɟɬɨɞɨɦ ɫɪɟɞɧɟɝɨ ɚɬɨɦɚ (ɤɜɚɡɢɡɨɧɧɚɹ ɦɨɞɟɥɶ) ɩɨɤɚɡɚɧɨ, ɱɬɨ ɯɨɥɨɞɧɚɹ ɤɪɢɜɚɹ ɰɟɡɢɹ 

ɢɦɟɟɬ ɞɜɚ ɦɢɧɢɦɭɦɚ-ɩɟɪɜɵɣ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɯ ɩɥɨɬɧɨɫɬɹɯ  ~ 0.3 ɝ/cɦ3 ɢ ɜɬɨɪɨɣ ɩɪɢɡ 
ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɢɯ ɩɥɨɬɧɨɫɬɹɯ  ~ 6.2ɝ/cɦ3. ɇɚɥɢɱɢɟ ɩɟɪɜɨɝɨ ɦɢɧɢɦɭɦɚ ɩɪɢɜɨɞɢɬ ɤ 
ɩɨɹɜɥɟɧɢɸ ɨɛɵɱɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɩɚɪ-ɠɢɞɤɨɫɬɶ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɝɨ ɜɦɟɫɬɟ ɫ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ ɫɨɝɥɚɫɭɸɬɫɹ ɜ ɞɚɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ Д1Ж. ɉɨɹɜɥɟɧɢɟ ɜɬɨɪɨɝɨ ɦɢɧɢɦɭɦɚ 
ɧɚ ɯɨɥɨɞɧɨɣ ɤɪɢɜɨɣ ɫɜɹɡɚɧɨ ɫ 6s-5d ɩɟɪɟɯɨɞɨɦ ɜɚɥɟɧɬɧɨɝɨ ɷɥɟɤɬɪɨɧɚ, ɩɪɢɜɨɞɹɳɟɝɨ ɤ 
ɫɤɚɱɤɨɨɛɪɚɡɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɨɛɴɟɦɚ ɚɬɨɦɚ Д2Ж. ɋɥɟɞɫɬɜɢɟɦ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɩɨɹɜɥɟɧɢɟ ɜɬɨɪɨɝɨ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɫ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɨɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T ~ 6400 K, ɩɥɨɬɧɨɫɬɢ  ~ 5.3 
ɝ/cɦ3ɢ ɞɚɜɥɟɧɢɢ P ~ 61000 aɬɦ. ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɰɟɡɢɣ ɧɚɯɨɞɢɬɫɹ ɜ ɩɥɚɡɦɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
ɉɪɢ ɷɬɨɦ ɜɵɪɨɠɞɟɧɧɚɹ ɧɟɢɞɟɚɥɶɧɚɹ ɩɥɚɡɦɚ ɫɨ ɫɪɟɞɧɢɦ ɡɚɪɹɞɨɦ ɢɨɧɨɜ Z ~ 1.5 ɢ ɩɥɨɬɧɨɫɬɶɸ  ~ 3 ɝ/cɦ3 ɫɤɚɱɤɨɦ ɩɟɪɟɯɨɞɢɬ ɜ ɜɵɫɨɤɨɢɨɧɢɡɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ Z ~ 3.5 ɢ ɩɥɨɬɧɨɫɬɶɸ з 6.5 
ɝ/cɦ3. 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɗɄɋɉȿɊɂɆȿɇɌ ɂ ɆɈɅȿɄɍɅЯɊɇɈ-ȾɂɇАɆɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈВАɇɂȿ  

Ⱦɨɠɞɢɤɨɜ ȼ.ɋ., Ȼɚɲɚɪɢɧ Ⱥ.ɘ., Ʌɟɜɚɲɨɜ ɉ.Ɋ.  
Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ,  

Ɋɨɫɫɢɹ,125412, Ɇɨɫɤɜɚ, ɭɥ. Иɠɨɪɫɤɚɹ, ɞ.13, ɫɬɪ. 2. E-mail: vdozh@ihed.ras.ru 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɜɬɨɪɚɦɢ ɜɟɞɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɣ ɩɨɢɫɤ ɩɭɬɟɣ ɩɪɚɤɬɢɱɟɫɤɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ. Ⱥɧɚɥɢɡ ɫɢɬɭɚɰɢɢ ɫ ɠɢɞɤɢɦɢ ɦɟɬɚɥɥɚɦɢ ɢ ɫɩɥɚɜɚɦɢ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɬɚɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɦɨɠɟɬ ɛɵɬɶ ɡɚɤɚɥɤɚ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ. ɋ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɡɚɤɚɥɤɢ ɠɢɞɤɨɫɬɢ ɢ 
ɩɪɟɞɟɥɶɧɨɝɨ ɩɟɪɟɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɪɚɫɲɢɪɹɸɬ ɧɚɲɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨ ɜɟɳɟɫɬɜɟ ɢ 
ɫɜɹɡɚɧɵ ɫ ɟɝɨ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ⱥɦɨɪɮɧɵɟ ɦɟɬɚɥɥɵ ɢ ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ 
ɬɜɟɪɞɨɫɬɶɸ, ɨɬɥɢɱɧɵɦɢ ɬɪɢɛɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɧɟɨɛɵɱɧɵɦɢ ɦɚɝɧɢɬɧɵɦɢ 
ɫɜɨɣɫɬɜɚɦɢ ɢ ɧɚɯɨɞɹɬ ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɤɚɤ ɢ ɧɚɧɨɤɨɦɩɨɡɢɬɵ, ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ 
ɨɬɠɢɝɟ ɚɦɨɪɮɢɡɨɜɚɧɧɵɯ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ. Шɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɚɤɠɟ ɩɥɟɧɨɱɧɵɣ 
ɚɦɨɪɮɢɡɢɪɨɜɚɧɧɵɣ ɭɝɥɟɪɨɞ, ɩɨɥɭɱɚɟɦɵɣ ɦɚɝɧɟɬɪɨɧɧɵɦ ɧɚɩɵɥɟɧɢɟɦ ɢ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ 
[1, 2Ж, ɚ ɨɬɨɠɠɟɧɧɵɣ ɚɦɨɪɮɧɵɣ ɭɝɥɟɪɨɞ ɞɚɟɬ ɜɟɫɶɦɚ ɧɟɨɛɵɱɧɵɟ ɫɬɪɭɤɬɭɪɵ Д3Ж.  

Ɉɫɨɛɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɬɪɭɤɬɭɪɚ ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɨɞɧɚɤɨ ɩɪɢ ɷɬɨɦ 
ɧɚɞɨ ɩɨɦɧɢɬɶ, ɱɬɨ ɧɟ ɜɫɟɝɞɚ ɫɬɪɭɤɬɭɪɚ ɠɢɞɤɨɫɬɢ ɬɨɠɞɟɫɬɜɟɧɧɚ ɫɬɪɭɤɬɭɪɟ ɚɦɨɪɮɧɨɝɨ 
ɜɟɳɟɫɬɜɚ, ɡɚɤɚɥɟɧɧɨɝɨ ɢɡ ɪɚɫɩɥɚɜɚ.  

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɠɢɞɤɢɣ ɭɝɥɟɪɨɞ ɡɚɤɚɥɢɜɚɥɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɩɥɚɜɥɟɧɢɹ ɞɢɫɩɟɪɫɧɨɝɨ 
ɜɵɫɨɤɨɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɝɪɚɮɢɬɚ (ȼɈɉȽ) ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɝɪɚɧɢ (111) ɩɪɢɪɨɞɧɨɝɨ 
ɚɥɦɚɡɚ ɢɦɩɭɥɶɫɨɦ ɥɚɡɟɪɚ (ɦɨɳɧɨɫɬɶɸ 3 Ⱦɠ, ɞɥɢɬɟɥɶɧɨɫɬɶɸ 1 ɦɫ) ɜ ɚɬɦɨɫɮɟɪɟ ɝɟɥɢɹ ɫ 
ɞɚɜɥɟɧɢɟɦ 30 Ɇɉɚ, ɩɪɟɜɵɲɚɜɲɟɦ ɞɚɜɥɟɧɢɟ ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ ɭɝɥɟɪɨɞɚ ɝɪɚɮɢɬ---ɠɢɞɤɨɫɬɶ---
ɩɚɪ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɬɚɤɬɚ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ ɫ ɢɡɧɚɱɚɥɶɧɨ ɯɨɥɨɞɧɨɣ ɚɥɦɚɡɧɨɣ ɩɨɞɥɨɠɤɨɣ, 
ɨɧ ɡɚɬɜɟɪɞɟɜɚɥ ɜ ɪɚɡɥɢɱɧɵɯ ɬɜɟɪɞɵɯ ɮɨɪɦɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɜ ɚɦɨɪɮɧɨɣ. Ɉɩɪɟɞɟɥɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɡɚɬɜɟɪɞɟɜɲɟɝɨ ɭɝɥɟɪɨɞɚ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɲɥɢɮɟ ɨɛɪɚɡɰɚ ɜ ɩɪɨɫɜɟɱɢɜɚɸɳɟɦ 
ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ ɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ TITAN 200/300. Шɥɢɮɵ ɜɵɪɟɡɚɥɢɫɶ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɨɞɥɨɠɤɟ, ɩɪɢɜɚɪɢɜɚɥɢɫɶ ɢɨɧɚɦɢ ɝɚɥɥɢɹ ɤ ɦɟɞɧɨɣ ɫɟɬɤɟ ɷɥɟɤɬɪɨɧɧɨɝɨ 
ɦɢɤɪɨɫɤɨɩɚ ɢ ɭɬɨɧɹɥɢɫɶ ɩɨ ɫɚɦɨɣ ɩɟɪɟɞɨɜɨɣ ɧɚ ɫɟɝɨɞɧɹ ɬɟɯɧɨɥɨɝɢɢ ɫɮɨɤɭɫɢɪɨɜɚɧɧɨɝɨ 
ɢɨɧɧɨɝɨ ɩɭɱɤɚ ɜ ɫɞɜɨɟɧɧɨɦ ɷɥɟɤɬɪɨɧ-ɢɨɧɧɨɦ ɪɚɫɬɪɨɜɨɦ ɦɢɤɪɨɫɤɨɩɟ Helios.  

ɇɚ ɦɟɠɮɚɡɧɨɣ ɝɪɚɧɢɰɟ ɚɥɦɚɡɧɚɹ ɩɨɞɥɨɠɤɚ-ɩɟɪɟɩɥɚɜ, ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɫ ɚɬɨɦɧɵɦ 
ɪɚɡɪɟɲɟɧɢɟɦ, ɜ ɨɛɥɚɫɬɢ ɩɟɪɟɩɥɚɜɚ, ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɭɱɚɫɬɤɢ ɫ ɚɦɨɪɮɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɩɪɢ 
ɷɬɨɦ ɚɥɦɚɡ ɩɨɞɥɨɠɤɢ ɧɟ ɛɵɥ ɝɪɚɮɢɬɢɡɢɪɨɜɚɧ. Эɬɨɬ ɜɵɜɨɞ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɩɨ ɧɚɥɢɱɢɸ 
ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɱɧɵɯ ɪɟɮɥɟɤɫɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɚɥɦɚɡɧɨɣ ɪɟɲɟɬɤɟ, ɧɚ ɤɚɪɬɢɧɟ 
ɞɢɮɪɚɤɰɢɢ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɩɨɞɥɨɠɤɢ, ɨɬɫɭɬɫɬɜɢɸ ɬɨɱɟɱɧɵɯ ɪɟɮɥɟɤɫɨɜ ɢ ɪɚɡɦɵɬɨɦɭ «ɝɚɥɨ» ɧɚ 
ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɤɚɪɬɢɧɟ ɨɬ ɩɟɪɟɩɥɚɜɚ. ɇɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɭɞɚɥɟɧɢɢ ɨɬ ɩɨɞɥɨɠɤɢ ɧɚɛɥɸɞɚɥɫɹ 
ɪɨɫɬ ɫɮɟɪɨɥɢɬɨɜ ɝɪɚɮɢɬɚ.  

ȼɨɡɦɨɠɧɨɫɬɢ ТЧ-sТЭЮ ɞɢɚɝɧɨɫɬɢɤɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɫɢɥɶɧɨ ɨɝɪɚɧɢɱɟɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ 
ɪɚɡɪɟɲɟɧɢɟɦ ɚɩɩɚɪɚɬɭɪɵ, ɩɨɫɤɨɥɶɤɭ ɬɨɥɳɢɧɚ ɩɨɥɭɱɟɧɧɨɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɚɦɨɪɮɢɡɨɜɚɧɧɨɣ 
ɨɛɥɚɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɥɢɲɶ ɞɟɫɹɬɤɢ ɧɚɧɨɦɟɬɪɨɜ. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɛɥɢɠɧɟɝɨ ɩɨɪɹɞɤɚ 
ɜɟɳɟɫɬɜɚ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɧɟɩɪɨɫɬɨɣ ɡɚɞɚɱɟɣ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɦɚɥɨɫɬɶɸ ɨɛɴɟɦɚ ɜɟɳɟɫɬɜɚ. 
Ʉɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɱɚɫɬɢɱɧɨɝɨ ɨɬɠɢɝɚ ɚɦɨɪɮɧɨɝɨ ɜɟɳɟɫɬɜɚ.  

ɍɱɢɬɵɜɚɹ ɜɫɟ ɷɬɨ, ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɢɫɫɥɟɞɨɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɚɦɨɪɮɧɨɝɨ ɭɝɥɟɪɨɞɚ, ɫɬɪɭɤɬɭɪɭ ɠɢɞɤɨɫɬɢ ɢ ɡɚɤɚɥɟɧɧɨɝɨ ɭɝɥɟɪɨɞɚ ɜ ɭɫɥɨɜɢɹɯ, ɛɥɢɡɤɢɯ ɤ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ, ɦɟɬɨɞɚɦɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ (ɆȾ).  

Ɉɞɧɢɦ ɢɡ ɨɩɪɟɞɟɥɹɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɚɦɨɪɮɧɨɝɨ ɭɝɥɟɪɨɞɚ ɩɪɢ 
ɡɚɤɚɥɤɟ ɹɜɥɹɟɬɫɹ ɟɟ ɫɤɨɪɨɫɬɶ Д4Ж. Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɚɦɨɪɮɧɨɟ ɫɨɫɬɨɹɧɢɟ ɧɟ ɹɜɥɹɟɬɫɹ 
ɪɚɜɧɨɜɟɫɧɵɦ ɫɨɫɬɨɹɧɢɟɦ, ɩɨɷɬɨɦɭ ɨɛɪɚɡɨɜɚɧɢɟ ɚɦɨɪɮɧɨɝɨ ɜɟɳɟɫɬɜɚ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ 
ɤɢɧɟɬɢɤɢ ɩɪɨɰɟɫɫɚ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɲɢɪɨɤɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɛɨɬɵ ɩɨ ɡɚɤɚɥɤɟ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ 
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ɦɟɬɨɞɚɦɢ ɆȾ Д5-13Ж, ɩɪɨɜɨɞɢɬɫɹ ɫɪɚɜɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɩɨɥɭɱɟɧɧɵɯ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɚɦɨɪɮɧɵɯ 
ɨɛɪɚɡɰɨɜ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɚɦɨɪɮɧɨɝɨ ɭɝɥɟɪɨɞɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɫɩɨɫɨɛɚɦɢ Д5, 8, 
11, 12Ж. ȼ ɨɬɥɢɱɢɟ ɨɬ ɚɦɨɪɮɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ, ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɧɵɟ 
ɫɤɨɪɨɫɬɢ ɡɚɤɚɥɤɢ ɫɨɫɬɚɜɥɹɸɬ 106–1010 Ʉ/ɫ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɚɦɨɪɮɧɨɝɨ ɭɝɥɟɪɨɞɚ ɷɬɢ ɫɤɨɪɨɫɬɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɜɵɲɟ: 1014–1016 Ʉ/ɫ Д10, 11Ж. ɂɦɟɧɧɨ ɩɪɢ ɬɚɤɢɯ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɡɚɤɚɥɤɢ 
ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ ɫɬɪɭɤɬɭɪɚ ɚɦɨɪɮɧɵɯ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɆȾ ɞɨɫɬɚɬɨɱɧɨ 
ɯɨɪɨɲɨ ɫɨɜɩɚɞɚɟɬ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɩɪɨɦɵɲɥɟɧɧɵɯ ɚɦɨɪɮɧɵɯ ɩɥɟɧɨɤ, ɩɨɥɭɱɟɧɧɵɯ, ɧɚɩɪɢɦɟɪ, 
ɦɚɝɧɟɬɪɨɧɧɵɦ ɧɚɩɵɥɟɧɢɟɦ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɆȾ-ɪɚɫɱɟɬɨɜ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɨɰɟɧɢɬɶ ɫɤɨɪɨɫɬɢ ɡɚɤɚɥɤɢ 
ɫɥɨɟɜ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ, ɧɚɯɨɞɹɳɢɯɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɝɪɚɧɢɰɵ ɫ ɚɥɦɚɡɧɨɣ 
ɩɨɞɥɨɠɤɨɣ ɢ ɫɪɚɜɧɢɬɶ ɢɯ ɫ ɢɦɟɸɳɢɦɢɫɹ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɨ ɦɟɪɟ 
ɭɞɚɥɟɧɢɹ ɨɬ ɝɪɚɧɢɰɵ ɫɤɨɪɨɫɬɶ ɡɚɤɚɥɤɢ ɞɨɥɠɧɚ ɩɚɞɚɬɶ, ɱɬɨ ɞɨɥɠɧɨ ɩɪɢɜɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ 
ɫɬɪɭɤɬɭɪɵ ɡɚɤɚɥɟɧɧɨɝɨ ɭɝɥɟɪɨɞɚ. ȼɨɡɦɨɠɧɨ, ɷɬɨ ɨɞɢɧ ɢɡ ɷɮɮɟɤɬɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɩɨɹɜɥɟɧɢɸ 
ɫɚɦɵɯ ɪɚɡɧɵɯ ɬɜɟɪɞɵɯ ɮɨɪɦ ɭɝɥɟɪɨɞɚ, ɨɛɧɚɪɭɠɟɧɧɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɆȾ-ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɢɡɜɟɫɬɧɵɣ ɩɚɤɟɬ 
ɩɪɨɝɪɚɦɦ LAMMPS (Large-scale Atomic/MolecularMassively Parallel Simulator) [14].  

əɱɟɣɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɥɚ ɫɨɛɨɣ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ ɫ 
ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɹɬɫɹ 20328 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ. 
Ɋɚɡɦɟɪɵ ɹɱɟɣɤɢ: 39 × 90.6 × 39 й (Б × Y × Z). ɋɢɥɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɚɬɨɦɚɦɢ 
ɭɝɥɟɪɨɞɚ ɨɩɢɫɵɜɚɥɢɫɶ ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ AНКpЭТЯО Intermolecular Reactive Empirical 
Bond OrНОr (AIREBO) Д15Ж, ɤɨɬɨɪɵɣ ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɦɧɨɝɨɱɚɫɬɢɱɧɵɯ 
ɩɨɬɟɧɰɢɚɥɨɜ, ɭɱɢɬɵɜɚɸɳɢɯ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɪɚɡɪɵɜ ɤɨɜɚɥɟɧɬɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɦɟɠɞɭ 
ɛɥɢɠɚɣɲɢɦɢ ɫɨɫɟɞɹɦɢ. ȼɞɨɥɶ ɨɫɢ В ɹɱɟɣɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɭɫɥɨɜɧɨ ɪɚɡɞɟɥɹɥɚɫɶ ɧɚ ɞɜɟ 
ɱɚɫɬɢ. ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɚɫɩɨɥɚɝɚɥɚɫɶ ɩɨɞɥɨɠɤɚ ɢɡ ɚɥɦɚɡɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 300 K, ɚ ɜ ɜɟɪɯɧɟɣ 
– ɠɢɞɤɢɣ ɭɝɥɟɪɨɞ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 6600 Ʉ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ 
ɹɱɟɣɤɢ ɭɝɥɟɪɨɞ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚɯɨɞɢɥɫɹ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɛɵɥ 
ɪɚɫɫɱɢɬɚɧ ɫɪɟɞɧɢɣ ɤɜɚɞɪɚɬ ɫɦɟɳɟɧɢɹ ɱɚɫɬɢɰ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɠɢɞɤɨɫɬɢ ɷɬɚ ɜɟɥɢɱɢɧɚ 
ɥɢɧɟɣɧɨ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ, ɚ ɧɚɤɥɨɧ ɷɬɨɣ ɥɢɧɢɢ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɤɨɷɮɮɢɰɢɟɧɬɭ 
ɫɚɦɨɞɢɮɮɭɡɢɢ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɫɬɚɬɢɫɬɢɱɟɫɤɨɦ ɚɧɫɚɦɛɥɟ NPH, ɩɨɡɜɨɥɹɸɳɟɦ 
ɩɨɞɞɟɪɠɢɜɚɬɶ ɞɚɜɥɟɧɢɟ ɜ ɹɱɟɣɤɟ ɩɪɢɦɟɪɧɨ 7 Ƚɉɚ ɛɟɡ ɜɧɟɲɧɟɝɨ ɨɛɦɟɧɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɟɣ. 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɷɮɮɟɤɬɚ ɛɨɥɶɲɨɝɨ ɯɨɥɨɞɧɨɝɨ ɨɛɴɟɦɚ ɩɨɞɥɨɠɤɢ ɚɥɦɚɡɚ ɜ ɫɪɟɞɧɟɣ ɱɚɫɬɢ 
ɩɨɞɥɨɠɤɢ ɛɵɥ ɨɪɝɚɧɢɡɨɜɚɧ ɢɫɤɭɫɫɬɜɟɧɧɵɣ ɫɬɨɤ ɬɟɩɥɚ. Ⱦɥɹ ɷɬɨɝɨ ɬɟɦɩɟɪɚɬɭɪɚ 1/10 ɫɪɟɞɧɟɣ 
ɨɛɥɚɫɬɢ ɚɥɦɚɡɧɨɣ ɩɨɞɥɨɠɤɢ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɧɚ ɭɪɨɜɧɟ 300 K ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɫɬɚɬɚ 
Berendsen.  

ȼ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɯɨɥɨɞɧɚɹ ɩɨɞɥɨɠɤɚ ɢ ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɭɝɥɟɪɨɞ 
ɧɚɱɢɧɚɥɢ ɚɤɬɢɜɧɨ ɨɛɦɟɧɢɜɚɬɶɫɹ ɬɟɩɥɨɦ. Ȼɥɚɝɨɞɚɪɹ ɨɱɟɧɶ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɚɥɦɚɡɚ 
ɩɪɨɢɫɯɨɞɢɥɨ ɪɟɡɤɨɟ ɨɯɥɚɠɞɟɧɢɟ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ (ɡɚɤɚɥɤɚ), ɩɪɢ ɷɬɨɦ ɫɚɦɚ ɩɨɞɥɨɠɤɚ ɬɚɤɠɟ 
ɪɚɡɨɝɪɟɜɚɥɚɫɶ, ɧɨ ɧɟ ɧɚɫɬɨɥɶɤɨ, ɱɬɨɛɵ ɪɚɫɩɥɚɜɢɥɫɹ ɚɥɦɚɡ. ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ 
ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɞɜɭɯ ɩɥɨɫɤɢɯ ɫɥɨɟɜ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ (Ɍ16, Ɍ17) ɬɨɥɳɢɧɨɣ 3.6 й ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɋɟɪɟɞɢɧɵ ɫɥɨɟɜ Ɍ16 ɢ Ɍ17 ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ 
ɪɚɫɫɬɨɹɧɢɹɯ 5.3 й ɢ 8.9 й ɨɬ ɝɪɚɧɢɰɵ ɚɥɦɚɡɧɨɣ ɩɨɞɥɨɠɤɢ. 

ɇɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ Ɍ16, Ɍ17 ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɵ. Ⱦɥɹ 
ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ ɩɪɢɧɹɬɨ ɨɰɟɧɢɜɚɬɶ ɫɤɨɪɨɫɬɶ ɡɚɤɚɥɤɢ V ɩɨ ɜɪɟɦɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ 
ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 3000 Ʉ Д10Ж. Ɍɨɝɞɚ VɌ16 = 1.2×1015Ʉ/ɫ, ɚ VɌ17 = 0.9×1015 Ʉ/ɫ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 
ɯɚɪɚɤɬɟɪɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɡɚɤɚɥɤɢ ɩɪɢ ɚɦɨɪɮɢɡɚɰɢɢ ɭɝɥɟɪɨɞɚ Д6, 11Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ 
ɭɞɚɥɟɧɢɢ ɨɬ ɩɨɞɥɨɠɤɢ ɫɤɨɪɨɫɬɶ ɡɚɤɚɥɤɢ ɩɚɞɚɟɬ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɭɞɚɥɟɧɢɢ 
ɫɤɨɪɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ, ɜɨɡɦɨɠɧɨ, ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɧɚɛɥɸɞɚɟɦɵɯ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɮɟɪɨɥɢɬɧɵɯ ɮɨɪɦ.  
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Ɋɢɫ. 1. 

 
ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɨɫɧɨɜɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɚɦɨɪɮɧɨɝɨ 

ɭɝɥɟɪɨɞɚ ɢ ɫɪɚɜɧɢɬɶ ɢɯ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɞɥɹ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ, ɚ ɬɚɤɠɟ ɫ 
ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ ɡɚɤɚɥɤɢ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ ɩɭɬɟɦ ɥɚɡɟɪɧɨɝɨ ɩɥɚɜɥɟɧɢɹ 
ɞɢɫɩɟɪɫɧɨɝɨ ɝɪɚɮɢɬɚ ɧɚ ɚɥɦɚɡɧɨɣ ɩɨɞɥɨɠɤɟ ɢ ɩɨɥɭɱɟɧ ɨɛɪɚɡɟɰ ɚɦɨɪɮɧɨɝɨ ɭɝɥɟɪɨɞɚ, 
ɡɚɤɚɥɟɧɧɨɝɨ ɢɡ ɪɚɫɩɥɚɜɚ ɭɝɥɟɪɨɞɚ ɜ ɢɡɨɛɚɪɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɞɚɜɥɟɧɢɢ 30 Ɇɉɚ.  

Ɇɟɬɨɞɨɦ ɆȾ-ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɢɡɜɟɞɟɧɚ ɨɰɟɧɤɚ ɫɤɨɪɨɫɬɢ ɡɚɤɚɥɤɢ ɠɢɞɤɨɝɨ ɭɝɥɟɪɨɞɚ ɢ 
ɩɨɤɚɡɚɧɨ ɭɦɟɧɶɲɟɧɢɟ ɷɬɨɣ ɫɤɨɪɨɫɬɢ ɩɪɢ ɭɞɚɥɟɧɢɢ ɨɬ ɩɨɞɥɨɠɤɢ, ɱɬɨ ɨɛɴɹɫɧɹɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɟ ɧɚɪɹɞɭ ɫ ɚɦɨɪɮɧɵɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɭɝɥɟɪɨɞɚ.  
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ȼ ɪɚɛɨɬɟ ɨɛɫɭɠɞɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ, ɬɪɚɧɫɩɨɪɬɧɵɯ ɢ 

ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ ɩɪɢ ɩɥɨɬɧɨɫɬɹɯ ɩɨɪɹɞɤɚ ɧɨɪɦɚɥɶɧɨɣ ɞɥɹ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 10 ɷȼ ɩɨɫɪɟɞɫɬɜɨɦ ɩɟɪɜɨɩɪɢɧɰɢɩɧɵɯ ɦɟɬɨɞɨɜ, ɧɟ ɢɫɩɨɥɶɡɭɸɳɢɯ ɞɥɹ ɫɜɨɟɣ 
ɪɚɛɨɬɵ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɤɨɧɫɬɚɧɬ. ɂɫɩɨɥɶɡɭɸɬɫɹ 
ɦɟɬɨɞ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ ɢ ɤɜɚɧɬɨɜɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɩɚɤɟɬɟ VASP Д1Ж. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɫ ɞɨɫɬɭɩɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 
ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɩɪɢɜɥɟɤɚɸɬɫɹ ɫɩɪɚɜɨɱɧɵɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ, ɚ 
ɬɚɤɠɟ ɜɫɟ ɬɢɩɵ ɢɦɟɸɳɢɯɫɹ ɭɞɚɪɧɨ-ɜɨɥɧɨɜɵɯ ɞɚɧɧɵɯ: ɩɨ ɭɞɚɪɧɨɦɭ ɫɠɚɬɢɸ ɫɩɥɨɲɧɵɯ ɢ 
ɩɨɪɢɫɬɵɯ ɨɛɪɚɡɰɨɜ, ɩɨ ɚɞɢɚɛɚɬɢɱɟɫɤɨɦɭ ɪɚɫɲɢɪɟɧɢɸ, ɩɨ ɤɜɚɡɢɢɡɨɷɧɬɪɨɩɢɱɟɫɤɨɦɭ ɫɠɚɬɢɸ ɢ 
ɩɨ ɢɡɦɟɪɟɧɢɸ ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɡɚ ɮɪɨɧɬɨɦ ɭɞɚɪɧɨɣ ɜɨɥɧɵ. ȼ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɭɱɚɫɬɜɭɸɬ 
ɦɟɬɚɥɥɵ (ɚɥɸɦɢɧɢɣ, ɦɟɞɶ, ɫɟɪɟɛɪɨ, ɡɨɥɨɬɨ) ɢ ɞɟɣɬɟɪɢɣ. ɂɫɫɥɟɞɭɸɬɫɹ ɤɚɤ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ (ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ, ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ), ɬɚɤ ɢ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ 
(ɤɨɦɩɥɟɤɫɧɚɹ ɞɢɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ, ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ), ɪɟɡɭɥɶɬɚɬɵ 
ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɦɨɞɟɥɹɦɢ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɞɨɫɬɢɝɚɟɬɫɹ ɯɨɪɨɲɟɟ 
ɫɨɝɥɚɫɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. Ɉɛɫɭɠɞɚɸɬɫɹ ɬɟɤɭɳɢɟ ɞɨɫɬɢɠɟɧɢɹ ɩɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɚ ɬɚɤɠɟ ɛɥɢɠɚɣɲɢɟ ɩɟɪɫɩɟɤɬɢɜɵ, ɫɜɹɡɚɧɧɵɟ ɫ 
ɪɚɡɜɢɬɢɟɦ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ.  
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ɬɟɩɥɨɟɦɤɨɫɬɢ (ɋv ɢ ɋp) ɨɬ ɜɟɥɢɱɢɧɵ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ (P) ɜɞɨɥɶ ɪɚɡɥɢɱɧɵɯ 
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ɢɡɨɬɟɪɦ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɦɟɬɨɞ, 
ɩɨɡɜɨɥɹɸɳɢɣ ɪɚɫɫɱɢɬɚɬɶ, ɤɚɤ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ, ɬɚɤ ɢ ɢɡɦɟɧɟɧɢɟ ɜɫɟɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɩɪɢ ɫɠɚɬɢɢ ɤɪɢɫɬɚɥɥɚ ɜɞɨɥɶ ɢɡɨɬɟɪɦɵ. Ɋɚɫɱɟɬɵ, ɩɪɨɜɟɞɟɧɧɵɟ ɞɥɹ ɈɐɄ ɠɟɥɟɡɚ, 
ɩɨɤɚɡɚɥɢ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɢɟ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɨɰɟɧɤɚɦɢ.  

ɉɪɟɞɫɬɚɜɢɦ ɩɚɪɧɨɟ ɦɟɠɚɬɨɦɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜ ɜɢɞɟ ɩɨɬɟɧɰɢɚɥɚ Ɇɢ–Ʌɟɧɧɚɪɞɚ–
Ⱦɠɨɧɫɚ, ɢɦɟɸɳɟɝɨ ɜɢɞ Д1, ɝɥ. 3Ж: 

o o( )
( )

b a
r rD

r a b
b a r r

                 ,     (1) 

ɝɞɟ D ɢ ro – ɝɥɭɛɢɧɚ ɢ ɤɨɨɪɞɢɧɚɬɚ ɦɢɧɢɦɭɦɚ ɩɨɬɟɧɰɢɚɥɚ, b ɢ a – ɩɚɪɚɦɟɬɪɵ.  
Ɍɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɭ Ⱦɟɛɚɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜ ɜɢɞɟД1, ɝɥ. 2; 2Ж: 

1/ 2

2

8
1 1w

B w

D
A

k A
 
            ,    (2) 

ɝɞɟ kB– ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ, ɮɭɧɤɰɢɹ Aw ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ ɭɱɟɬɚ ɷɧɟɪɝɢɢ «ɧɭɥɟɜɵɯ 
ɤɨɥɟɛɚɧɢɣ» ɚɬɨɦɨɜ: 

2

o5 ( 1)
144( )

b

n
w R

k ab b r
A K

b a c

       , 
2

2
o

R
B

K
k r m

 ,
nk
9 ,   (3) 

m – ɦɚɫɫɚ ɚɬɨɦɚ,   – ɩɨɫɬɨɹɧɧɚɹ ɉɥɚɧɤɚ, kn – ɩɟɪɜɨɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ,c = [6 kpV/ 
(N)]1/3 – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ ɛɥɢɠɚɣɲɢɯ ɚɬɨɦɨɜ, kp – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɚɤɨɜɤɢ 
ɫɬɪɭɤɬɭɪɵ, Vɢ N – ɨɛɴɟɦ ɢ ɱɢɫɥɨ ɚɬɨɦɨɜ ɜ ɤɪɢɫɬɚɥɥɟ. 

Ɍɨɝɞɚ, ɢɫɩɨɥɶɡɭɹ ɞɥɹ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɫɩɟɤɬɪɚ ɤɪɢɫɬɚɥɥɚ ɦɨɞɟɥɶ Эɣɧɲɬɟɣɧɚ ɢ 
ɩɪɢɛɥɢɠɟɧɢɟ «ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɨɥɶɤɨ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ», ɞɥɹ ɭɞɟɥɶɧɨɣ ɫɜɨɛɨɞɧɨɣ 
ɷɧɟɪɝɢɢ Ƚɟɥɶɦɝɨɥɶɰɚ ɦɨɠɧɨ ɩɪɢɧɹɬɶ: 

1
( ) 3 ln 1 exp

2 2
n E

B E
E

kF T
D U R k

N T

                                  ,  (4) 

ɝɞɟ E – ɬɟɦɩɟɪɚɬɭɪɚ Эɣɧɲɬɟɣɧɚ, ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ  ɫɨɨɬɧɨɲɟɧɢɟɦ Д3Ж:  = (4/3)E,U(R) = 
(aRb– bRa)/(b – a), ɝɞɟR = ro/c – ɥɢɧɟɣɧɚɹ ɩɥɨɬɧɨɫɬɶ ɤɪɢɫɬɚɥɥɚ. 

ɂɫɯɨɞɹ ɢɡ (2)-(4) ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɪɟɲɟɬɨɱɧɵɟ ɫɜɨɣɫɬɜɚ ɤɪɢɫɬɚɥɥɚ ɩɪɢ ɞɚɧɧɵɯ 
ɡɧɚɱɟɧɢɹɯ V/N ɢ T, ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɩɚɪɚɦɟɬɪɵ ɦɟɠɚɬɨɦɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (1) ɢ ɫɬɪɭɤɬɭɪɚ 
ɤɪɢɫɬɚɥɥɚ.  

Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɜɨɡɶɦɟɦ ɤɪɢɫɬɚɥɥ ɠɟɥɟɡɚ(m = 55.847 a.m.u.) ɫ ɨɛɴɟɦɧɨ ɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 
ɤɭɛɢɱɟɫɤɨɣ (ɈɐɄ) ɫɬɪɭɤɬɭɪɨɣ: kn = 8, kp = 0.6802. ɈɐɄ ɫɬɪɭɤɬɭɪɚ ɠɟɥɟɡɚ ɛɵɥɚ ɜɵɛɪɚɧɚ 
ɩɨɬɨɦɭ, ɱɬɨ ɩɪɢ ɜɵɫɨɤɢɯ P-T-ɭɫɥɨɜɢɹɯ ɠɟɥɟɡɨ ɩɟɪɟɯɨɞɢɬ ɜ -ɮɚɡɭ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɣ ɦɟɧɟɟ 
ɩɥɨɬɧɚɹ, ɱɟɦ ɝɪɚɧɟ ɰɟɧɬɪɢɪɨɜɚɧɧɚɹ ɤɭɛɢɱɟɫɤɚɹ (ȽɐɄ) ɫɬɪɭɤɬɭɪɚ -ɮɚɡɵ ɢɥɢ ɝɟɤɫɚɝɨɧɚɥɶɧɚɹ 
ɩɥɨɬɧɨ ɭɩɚɤɨɜɚɧɧɚɹ (Ƚɉɍ) ɫɬɪɭɤɬɭɪɚ -ɮɚɡɵ Д4Ж. Ɍɪɨɣɧɚɹ (--) ɬɨɱɤɚ ɧɚ P-T-ɞɢɚɝɪɚɦɦɟ 
ɠɟɥɟɡɚ ɢɦɟɟɬ ɩɚɪɚɦɟɬɪɵ: P = 37 GPa = 370 kbar ɢ T = 1550 K [4].  

ɉɚɪɚɦɟɬɪɵ ɩɚɪɧɨɝɨ ɦɟɠɚɬɨɦɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ Ɇɢ-Ʌɟɧɧɚɪɞɚ-Ⱦɠɨɧɫɚ (1) ɞɥɹ ɠɟɥɟɡɚ, 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɦɟɬɨɞɭ, ɨɩɢɫɚɧɧɨɦɭ ɜ Д1, ɝɥ. 3Ж, ɪɚɜɧɵ:  

ro = 2.477510 – 10 m,D/ kB = 12576.7 K,a = 2.95,b = 8.26.  (5) 
Ɍɨɝɞɚ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɩɪɢ V/V0 = R – 3 = 1 ɛɭɞɭɬ ɪɚɜɧɵ:  

V0 = NA [ / (6 kp)] ro
3 = 7.0494 cm3/mole,KR= 0.1415 K,Aw(1) = 1.6703 K, E(1) = 306.055 K, (1) = 408.073 K, (1)= 1.702, q(1)= 7.87410 – 3, 

z(1)= 1.718. 
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Ɋɢɫ.1 
 
ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɵ ɢɡɨɬɟɪɦɵ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɈɐɄ-Fe, ɪɚɫɫɱɢɬɚɧɧɵɟ ɫ ɩɨɬɟɧɰɢɚɥɨɦ 

(5): ɫɩɥɨɲɧɚɹ ɥɢɧɢɹ – ɢɡɨɬɟɪɦɚ T = 300 K, ɱɭɬɶ ɜɵɲɟ ɥɟɠɚɳɚɹ ɬɨɱɟɱɧɚɹ ɥɢɧɢɢ – ɢɡɨɬɟɪɦɚ T 
= 1500 K. ɉɭɧɤɬɢɪɧɵɟ ɥɢɧɢɢ – ɭɩɪɭɝɢɟ ɢɡɨɬɟɪɦɵ ɢɡ ɪɚɛɨɬɵ Д4, ɮɨɪɦɭɥɚ (5)Ж: ɜɟɪɯɧɹɹ – ɞɥɹ 
Ƚɉɍ--Fe, ɧɢɠɧɹɹ – ɞɥɹ ȽɐɄ--Fe. Шɬɪɢɯɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ – ɡɚɜɢɫɢɦɨɫɬɶ P(V/V0), 
ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɚɛɨɬɟ Д5, ɮɨɪɦɭɥɚ (4)Ж ɩɭɬɟɦ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ 
ɭɞɚɪɧɵɯ ɚɞɢɚɛɚɬ ɩɪɢ ɫɠɚɬɢɹɯ ɠɟɥɟɡɚɨɬV/V0 = 1 ɞɨ 0.5. Ʉɚɤ ɜɢɞɧɨ ɢɡ Ɋɢɫ. 1, ɧɚɲɢ 
ɡɚɜɢɫɢɦɨɫɬɢ P(V/V0) ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɡɚɜɢɫɢɦɨɫɬɹɦɢ ɤɚɤ ɢɡ Д4Ж ɞɥɹ Ƚɉɍ--Fe (ɜɟɪɯɧɹɹ 
ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ), ɬɚɤ ɢ ɢɡ Д5Ж (ɲɬɪɢɯɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ). 

Ɋɚɫɫɱɢɬɚɜ ɡɚɜɢɫɢɦɨɫɬɶ P(V/V0) ɜɞɨɥɶ ɨɩɪɟɞɟɥɟɧɧɨɣ ɢɡɨɬɟɪɦɵ ɦɨɠɧɨ, ɢɫɩɨɥɶɡɭɹ (2) ɢ (3), 
ɩɨɥɭɱɢɬɶ ɛɚɪɢɱɟɫɤɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ Ⱦɟɛɚɹ ɢ ɩɚɪɚɦɟɬɪɨɜ Ƚɪɸɧɚɣɡɟɧɚ ɜɞɨɥɶ ɷɬɨɣ 
ɠɟ ɢɡɨɬɟɪɦɵ. 

 

 
Ɋɢɫ. 2 

 
ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧɵ ɢɡɨɬɟɪɦɵ (P) – ɬɟɦɩɟɪɚɬɭɪɵ Ⱦɟɛɚɹ(ɜ K, ɜɨɡɪɚɫɬɚɸɳɢɟ ɥɢɧɢɢ, ɥɟɜɚɹ 

ɲɤɚɥɚ) ɢ ɞɥɹ (P) = – (ln / lnV)T – ɩɟɪɜɨɝɨ ɩɚɪɚɦɟɬɪɚ Ƚɪɸɧɚɣɡɟɧɚ(ɫɩɚɞɚɸɳɢɟ ɥɢɧɢɢ, 
ɩɪɚɜɚɹ ɲɤɚɥɚ). ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ – ɢɡɨɬɟɪɦɵ T = 300 K, ɬɨɱɟɱɧɵɟ – T = 1500 K. 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɨɰɟɧɤɢ ɞɥɹ  ɩɪɢ 300 K ɢ P = 0 ɪɚɜɧɵ:  = 420  478 K Д1Ж, ɨɧɢ 
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ɩɨɤɚɡɚɧɵ ɧɚ Ɋɢɫ. 2 ɤɜɚɞɪɚɬɚɦɢ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɨɰɟɧɤɢ ɞɥɹ  ɩɪɢ 300 K ɢ P = 0 ɥɟɠɚɬ ɜ 
ɨɛɥɚɫɬɢ:  = 1.4  1.81 [1]. 

 

 
Ɋɢɫ. 3 

 
ɇɚ ɪɢɫ. 3 ɩɨɤɚɡɚɧɵ ɛɚɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ: q(P) = (ln/lnV)T, ɢ z(P) = – (lnq/lnV)T, 

ɬ.ɟ. ɞɥɹ ɜɬɨɪɨɝɨ ɢ ɞɥɹ ɬɪɟɬɶɟɝɨ ɩɚɪɚɦɟɬɪɨɜ Ƚɪɸɧɚɣɡɟɧɚ. Ɉɰɟɧɤɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ ɞɥɹ 
ɜɟɥɢɱɢɧɵ q ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ Д4Ж:q = 0.69  1.7.  

 

 
Ɋɢɫ. 4 

 
ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɵ ɛɚɪɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ B(P) = – V(P/ V)T – ɦɨɞɭɥɹ ɫɠɚɬɢɹ (ɜ kbar) 

– ɜɨɡɪɚɫɬɚɸɳɢɟ ɥɢɧɢɢ (ɥɟɜɚɹ ɲɤɚɥɚ), ɢ B(P) = (B/ P)T –ɫɩɚɞɚɸɳɢɟ ɥɢɧɢɢ (ɩɪɚɜɚɹ ɲɤɚɥɚ). 
ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ – ɢɡɨɬɟɪɦɵ 300 K, ɬɨɱɟɱɧɵɟ – ɢɡɨɬɟɪɦɵ 1500 K. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ 
ɨɰɟɧɤɢ ɞɥɹ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ 300 K ɢ P = 0 ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ Д6Ж: B/kbar = 1664  1711.1 – 
ɨɧɢ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 4 ɤɜɚɞɪɚɬɚɦɢ, B(P) = 5.04  7.789. Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɩɪɢ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɫɠɚɬɢɢ ɮɭɧɤɰɢɹ B(P) ɜɵɯɨɞɢɬ ɧɚ ɥɢɧɟɣɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ, ɚ ɮɭɧɤɰɢɹB(P) 
ɫɬɪɟɦɢɬɫɹ ɤ ɩɨɫɬɨɹɧɧɨɣ ɜɟɥɢɱɢɧɟ. 

ɂɡɨɯɨɪɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɪɚɫɫɱɢɬɵɜɚɥɢ, ɢɫɩɨɥɶɡɭɹ ɦɨɞɟɥɶ Эɣɧɲɬɟɣɧɚ, ɫ ɩɨɦɨɳɶɸ 
ɜɵɪɚɠɟɧɢɹ Д3, ɫɬɪ. 104Ж: 
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ɂɡɨɛɚɪɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɨɩɪɟɞɟɥɹɥɢ ɢɡ ɜɵɪɚɠɟɧɢɹ Д3Ж: ɋp = ɋv(1 + pT), ɝɞɟ p 
ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɢɡ ɭɪɚɜɧɟɧɢɹ Ƚɪɸɧɚɣɡɟɧɚ Д3, ɫɬɪ. 121Ж: p=Cv / (BV). 

 

 
Ɋɢɫ.5 

 
ɇɚ ɪɢɫ. 5 ɫɥɟɜɚ ɩɨɤɚɡɚɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɞɥɹ Cv/(NkB) – ɫɩɥɨɲɧɵɟ ɥɢɧɢɢ, ɢ ɞɥɹ Cp/(NkB) – 

ɩɭɧɤɬɢɪ. ɇɢɠɧɢɟ ɥɢɧɢɢ – 300 K, ɜɟɪɯɧɢɟ – 1500 K. ɇɚ Ɋɢɫ. 5 ɫɩɪɚɜɚ ɩɨɤɚɡɚɧɨ Cv(P)/(NkB) ɜ 
10 – 4/kbar. ɋɨɝɥɚɫɧɨ Д7Ж ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢ 300 K ɞɥɹ P = 0  100kbar 
ɪɚɜɧɨ: Cv(P)/(NkB) – 1.5410 – 4/kbar. 

 

 
Ɋɢɫ.6 

 
ɇɚ ɪɢɫ. 6 ɩɨɤɚɡɚɧɵ ɢɡɨɬɟɪɦɵ p(P). Ʉɜɚɞɪɚɬɚɦɢ ɩɨɤɚɡɚɧɵ ɨɰɟɧɤɢ ɞɥɹ 300 K ɢ P = 0 [8]: p = (3.45  3.6)  10 – 5/K. ɇɚ ɜɫɬɚɜɤɟ ɩɨɤɚɡɚɧɨ p(P). ɉɨ ɨɰɟɧɤɚɦ ɢɡ Д7Ж ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ p(P) ɩɪɢ 300 K ɞɥɹ ɢɧɬɟɪɜɚɥɚ P = 0 10kbar ɪɚɜɧɨ:  p(P) = – (4.1 4.5)  10 – 7/(Kkbar). 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɉɪɨɝɪɚɦɦɵ ɉɪɟɡɢɞɢɭɦɚ ɊȺɇ (ɩɪɨɟɤɬ № ɉ-2.1) ɢ 

ɊɎɎИ (ɝɪɚɧɬ № 10–02–00085-ɚ). 
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ɂɡɭɱɟɧɢɟ ɷɮɮɟɤɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɜɡɚɢɦɨɡɚɜɢɫɢɦɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ, ɦɚɝɧɢɬɧɨɝɨ ɢ 
ɜɢɯɪɟɜɨɝɨ ɩɨɥɟɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɵɯ ɫɪɟɞ, ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɚɤɬɭɚɥɶɧɵɦɢ ɧɟ ɬɨɥɶɤɨ ɜ ɩɥɚɧɟ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɧɨ ɢ ɜ ɫɜɹɡɢ ɫ ɱɟɬɤɨ ɩɪɨɫɥɟɠɢɜɚɸɳɟɣɫɹ ɜ ɩɨɫɥɟɞɧɢɟ 
ɞɟɫɹɬɢɥɟɬɢɹ ɬɟɧɞɟɧɰɢɟɣ ɤ ɭɱɚɳɟɧɢɸ ɤɚɬɚɫɬɪɨɮɢɱɟɫɤɢɯ ɩɪɢɪɨɞɧɵɯ ɹɜɥɟɧɢɣ, ɤɨɬɨɪɵɟ 
ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɩɪɨɛɥɟɦɭ ɢɡɦɟɧɟɧɢɹ ɤɥɢɦɚɬɚ. Ɉɫɨɛɭɸ ɜɚɠɧɨɫɬɶ ɩɪɢ ɷɬɨɦ ɩɪɢɨɛɪɟɬɚɸɬ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɜɵɹɜɥɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɜɢɯɪɟɜɨɣ ɝɟɧɟɪɚɰɢɢ ɢ ɚɤɤɭɦɭɥɹɰɢɢ 
ɷɧɟɪɝɢɢ ɜ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɩɪɢɪɨɞɧɵɯ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹɯ, ɢɦɟɸɳɢɯ ɦɟɫɬɨ ɜ ɚɬɦɨɫɮɟɪɟ ɢ 
ɨɤɟɚɧɚɯ. Ʉ ɧɢɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɬɪɨɩɢɱɟɫɤɢɟ ɰɢɤɥɨɧɵ, ɭɪɚɝɚɧɵ, ɬɨɪɧɚɞɨ, 
ɫɬɪɚɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɬɟɩɥɵɟ ɢ ɯɨɥɨɞɧɵɟ ɬɟɱɟɧɢɹ, ɹɜɥɟɧɢɹ Эɥɶ-ɇɢɧɶɨ ɢ Ʌɚ-ɇɢɧɶɨ, ɰɭɧɚɦɢ.  

ɇɚɢɛɨɥɟɟ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɩɪɢɦɟɧɟɧɢɢ ɢɦɟɟɬ ɩɪɨɛɥɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɮɢɡɢɱɟɫɤɢɯ ɦɟɯɚɧɢɡɦɨɜ ɭɫɬɨɣɱɢɜɵɯ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɩɨɬɨɤɚɯ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ. ɇɚɥɢɱɢɟ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ 
ɜɢɯɪɟɣ ɫɨ ɫɩɢɪɚɥɶɧɨ-ɜɢɧɬɨɜɵɦ ɞɜɢɠɟɧɢɟɦ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɦɚɝɧɢɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɷɮɮɟɤɬɚɦɢ (ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɬɟɪɦɨɬɨɤɨɜ ɜ 
ɩɨɫɬɨɹɧɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ) ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɚɥɶɮɚ-ɷɮɮɟɤɬɚ, ɫɩɨɫɨɛɫɬɜɭɸɳɟɝɨ ɫɚɦɨɝɟɧɟɪɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɩɪɟɩɹɬɫɬɜɭɸɳɟɝɨ 
ɞɜɢɠɟɧɢɸ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɢ ɨɯɥɚɠɞɟɧɢɸ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ɪɟɚɤɬɨɪɚ. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɝɟɧɟɪɚɰɢɢ ɜɢɯɪɟɜɨɝɨ ɞɜɢɠɟɧɢɹ ɜ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɵɯ ɫɪɟɞɚɯ, 
ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɩɨɫɬɨɹɧɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɛɵɥɚ ɫɨɡɞɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, 
ɨɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦ ɤɨɬɨɪɨɣ ɹɜɥɹɥɢɫɶ: ɩɪɨɡɪɚɱɧɵɣ ɫɨɫɭɞ, ɧɚɩɨɥɧɟɧɧɵɣ ɷɥɟɤɬɪɨɥɢɬɨɦ, ɜ 
ɤɨɬɨɪɵɣ ɨɩɭɳɟɧɵ ɞɜɚ ɷɥɟɤɬɪɨɞɚ, ɫɨɟɞɢɧɟɧɧɵɟ ɫɢɫɬɨɱɧɢɤɨɦ ɩɢɬɚɧɢɹ, ɲɚɪɨɜɨɣ ɦɚɝɧɢɬ, 
ɫɨɡɞɚɸɳɢɣ ɩɨɫɬɨɹɧɧɨɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ ɢ ɹɜɥɹɸɳɢɣɫɹ ɨɞɧɢɦ ɢɡ ɷɥɟɤɬɪɨɞɨɜ, ɢ 
ɪɟɝɢɫɬɪɢɪɭɸɳɚɹ ɚɩɩɚɪɚɬɭɪɚ ɞɥɹ ɮɨɬɨ- ɢ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɣ. ȼ ɤɚɱɟɫɬɜɟ ɜɬɨɪɨɝɨ ɷɥɟɤɬɪɨɞɚ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɞɜɢɠɧɵɣ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɫɬɟɪɠɟɧɶ, ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɢɡ ɦɟɞɢ. Ɋɟɝɭɥɢɪɨɜɤɚ 
ɩɨɞɚɜɚɟɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢ ɢɡɦɟɪɟɧɢɟ ɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɜ ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɚ, 
ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ ɩɢɬɚɧɢɹ. 

 

mailto:omitr@yandex.ru
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ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɧɟɫɤɨɥɶɤɨ ɷɥɟɤɬɪɨɥɢɬɨɜ: ɪɚɫɬɜɨɪɵ 
ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ NКCl, ɫɭɥɶɮɚɬɚ ɦɟɞɢ CЮSO4, ɫɭɥɶɮɚɬɚ ɠɟɥɟɡɚ FeSO4, ɥɟɞɹɧɨɣ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɵ CH3COOH, ɚ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɷɥɟɤɬɪɨɞɨɜ: ɦɟɞɶ, ɝɪɚɮɢɬ ɹɞɟɪɧɨɣ ɱɢɫɬɨɬɵ, 
ɪɚɡɥɢɱɧɵɟ ɫɩɥɚɜɵ ɠɟɥɟɡɚ. ɇɚɛɥɸɞɚɟɦɨɟ ɞɥɹ ɜɫɟɯ ɪɚɫɬɜɨɪɨɜ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɨɪɝɚɧɢɡɨɜɚɧɧɨɝɨ 
ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɪɚɡɥɢɱɧɵɦɢ 
ɯɢɦɢɱɟɫɤɢɦɢ ɪɟɚɤɰɢɹɦɢ, ɩɨ-ɪɚɡɧɨɦɭ ɜɥɢɹɸɳɢɦɢ ɧɚ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢ ɜɢɡɭɚɥɢɡɚɰɢɸ 
ɤɚɪɬɢɧ ɬɟɱɟɧɢɹ.  

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ ɪɚɫɬɜɨɪɵ ɦɟɞɧɨɝɨ ɤɭɩɨɪɨɫɚ ɢ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɵ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɢɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 
ɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɚɧɚɥɨɝɢɸ ɫ ɩɪɨɰɟɫɫɚɦɢ, ɢɦɟɸɳɢɦɢ ɦɟɫɬɨ ɜ ɠɢɞɤɢɯ ɦɟɬɚɥɥɚɯ: ɭɤɫɭɫɧɚɹ 
ɤɢɫɥɨɬɚ ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɪɚɡɧɢɰɭ ɜ ɦɚɫɫɟ ɪɚɡɧɨɢɦɟɧɧɵɯ ɢɨɧɨɜ ( ɦɚɫɫɚ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ 
ɚɰɟɬɚɬ-ɢɨɧɚ CH3COO- ɜ 59 ɪɚɡ ɛɨɥɶɲɟ ɦɚɫɫɵ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɝɨ ɢɨɧɚ ɜɨɞɨɪɨɞɚ H+), 
ɚ ɜ ɦɟɞɧɨɦ ɤɭɩɨɪɨɫɟ (ɩɟɧɬɚɝɢɞɪɚɬɟ ɦɟɞɢ CЮSO4∙5H2O) ɧɚɩɪɚɜɥɟɧɧɨɟ ɞɜɢɠɟɧɢɟ 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɢɨɧɨɜ ɦɟɞɢ ɜɦɟɫɬɟ ɫ ɩɪɢɫɨɟɞɢɧɟɧɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ 
[Cu∙5H2O]2+ ɨɩɪɟɞɟɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɡɚɤɪɭɬɤɢ ɩɨɬɨɤɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɮɮɟɤɬɚɦ 
ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɯ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ. 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɯɨɪɨɲɨ ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɟ ɢ ɜɢɡɭɚɥɢɡɢɪɭɟɦɵɟ ɤɚɪɬɢɧɵ 
ɫɩɢɪɚɥɶɧɨ-ɜɢɯɪɟɜɨɝɨ ɬɟɱɟɧɢɹ, ɩɪɢɜɨɞɹɳɟɝɨ ɤ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɣ ɡɚɤɪɭɬɤɟ ɩɨɬɨɤɚ. Ȼɵɥɢ 
ɨɰɟɧɟɧɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɢɯ ɷɧɟɪɝɢɹ, ɢɡɦɟɪɟɧɵ ɩɨɥɹ ɫɤɨɪɨɫɬɟɣ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɡɚɢɦɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɦɚɝɧɢɬɧɨɝɨ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɟɣ.  

 

 
 

ɚ)     ɛ) 
Ɋɢɫ. 1. ȼɢɡɭɚɥɢɡɚɰɢɹ ɜɢɯɪɟɜɨɝɨ ɞɜɢɠɟɧɢɹ ɜ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɣ ɠɢɞɤɨɫɬɢ: ɚ) – ɧɚɱɚɥɶɧɚɹ 
ɫɬɚɞɢɹ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɱɟɪɟɡ 5 ɫɟɤ ɩɨɫɥɟ ɩɪɨɩɭɫɤɚɧɢɹ ɬɨɤɚ ɱɟɪɟɡ ɷɥɟɤɬɪɨɥɢɬ; ɛ) – ɪɚɡɜɢɬɨɟ 
ɜɢɯɪɟɜɨɟ ɞɜɢɠɟɧɢɟ ɱɟɪɟɡ 25 ɫɟɤ. ɉɨɞɚɜɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ 25 ȼ, ɢɡɦɟɪɹɟɦɚɹ ɫɢɥɚ ɬɨɤɚ 0.1 Ⱥ, 
ɢɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɧɚɦɚɝɧɢɱɟɧɧɵɦ ɲɚɪɨɦ, 1.3 Ɍɥ 

 
ɇɚ ɪɢɫ. 1 (ɚ, ɛ) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɢɡɭɚɥɢɡɢɪɨɜɚɧɧɵɟ ɤɚɪɬɢɧɵ ɜɢɯɪɟɜɨɝɨ ɬɟɱɟɧɢɹ, 

ɨɬɪɚɠɚɸɳɢɟ ɞɢɧɚɦɢɤɭ ɪɚɡɜɢɬɢɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɢɯɪɟɜɨɝɨ ɞɜɢɠɟɧɢɹ ɜ ɪɚɫɬɜɨɪɟ 
ɷɥɟɤɬɪɨɥɢɬɚ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɮɪɚɝɦɟɧɬɵ ɜɢɞɟɨɫɴɟɦɤɢ ɩɨɥɭɱɟɧɵ ɜ ɪɚɫɬɜɨɪɟ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɵ ɜ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ, ɫɨɡɞɚɜɚɟɦɨɦ ɩɨɫɬɨɹɧɧɵɦ ɦɚɝɧɢɬɨɦ ɜ ɮɨɪɦɟ ɲɚɪɚ, ɩɪɢ 
ɩɨɥɨɠɟɧɢɢ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɩɨɞ ɭɝɥɨɦ 550 ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ. ɂɥɥɸɫɬɪɚɰɢɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɩɨɞɚɱɟ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɢɫɬɨɱɧɢɤɚ 
ɩɢɬɚɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɜɨɡɧɢɤɚɸɳɟɟ ɞɜɢɠɟɧɢɟ ɡɚɪɹɠɟɧɧɵɯ ɢɨɧɨɜ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɚɦɢ ɜ 
ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɪɢɫ.1 ɚ) ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɝɨ 
ɬɨɪɧɚɞɨɩɨɞɨɛɧɨɝɨ ɜɢɯɪɹ, ɢɦɟɸɳɟɝɨ ɞɜɨɣɧɭɸ ɫɬɪɭɤɬɭɪɭ ɫ ɜɥɨɠɟɧɧɵɦ ɧɢɫɯɨɞɹɳɟ-
ɜɨɫɯɨɞɹɳɢɦ ɜɢɧɬɨɜɵɦ ɬɟɱɟɧɢɟɦ (ɪɢɫ. 1 ɛ). 
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Ɋɢɫ. 2. ɋɯɟɦɚ ɦɨɞɟɥɢ ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ. 1- ɷɥɟɤɬɪɨɞ - ɞɟɪɠɚɬɟɥɶ ɦɚɝɧɢɬɚ, 2 - ɩɨɞɜɢɠɧɵɣ 
ɷɥɟɤɬɪɨɞ, 3 - ɩɨɫɬɨɹɧɧɵɣ ɦɚɝɧɢɬ, 4, 5 - ɫɢɥɵ Ʌɨɪɟɧɰɚ ɅF


, ɞɟɣɫɬɜɭɸɳɢɟ ɧɚ ɢɨɧɵ ɷɥɟɤɬɪɨɥɢɬɚ 

(ɪɚɫɬɜɨɪ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ), 6 - ɬɪɚɟɤɬɨɪɢɢ ɧɢɫɯɨɞɹɳɟ-ɜɨɫɯɨɞɹɳɟɝɨ ɜɢɧɬɨɜɨɝɨ ɞɜɢɠɟɧɢɹ, Bм 
- ɩɨɥɟ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ, ɫɨɡɞɚɜɚɟɦɨɟ ɦɚɝɧɢɬɧɵɦ ɲɚɪɨɦ, B- ɢɧɞɭɤɰɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, 
ɝɟɧɟɪɢɪɭɟɦɨɝɨ ɩɪɨɜɨɞɧɢɤɨɦ ɫ ɬɨɤɨɦ, V - ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɚɰɟɬɚɬ-ɢɨɧɨɜ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɤɭɥɨɧɨɜɫɤɢɯ ɫɢɥ 

 
Ɏɢɡɢɱɟɫɤɢɣ ɦɟɯɚɧɢɡɦ ɨɛɪɚɡɨɜɚɧɢɹ ɬɨɪɧɚɞɨɩɨɞɨɛɧɨɝɨ ɜɢɯɪɹ ɜ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɣ ɫɪɟɞɟ 

ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧ ɫɥɟɞɭɸɳɢɦ ɫɰɟɧɚɪɢɟɦ. ɉɪɢ ɧɚɥɢɱɢɢ ɬɨɤɚ, ɩɪɨɩɭɫɤɚɟɦɨɝɨ ɱɟɪɟɡ 
ɷɥɟɤɬɪɨɥɢɬ, ɜɛɥɢɡɢ ɧɟɢɡɨɥɢɪɨɜɚɧɧɨɣ ɱɚɫɬɢ ɫɬɟɪɠɧɟɜɨɝɨ ɷɥɟɤɬɪɨɞɚ ɜɨɡɧɢɤɚɟɬ ɧɚɩɪɚɜɥɟɧɧɨɟ 
ɞɜɢɠɟɧɢɟ ɢɨɧɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɤɭɥɨɧɨɜɫɤɢɯ ɫɢɥ, ɚ ɜɨɤɪɭɝ ɫɬɟɪɠɧɟɜɨɝɨ ɷɥɟɤɬɪɨɞɚ 
ɢɧɞɭɰɢɪɭɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ B. ȼɥɢɹɧɢɟ ɫɢɥ Ʌɨɪɟɧɰɚ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ 
ɩɪɢɜɨɞɢɬ ɤɜɡɚɢɦɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦɭ ɫɩɢɪɚɥɶɧɨɦɭ ɞɜɢɠɟɧɢɸ ɪɚɡɧɨɢɦɟɧɧɵɯ ɢɨɧɨɜ. 
ɉɨɫɤɨɥɶɤɭ ɞɥɹ ɞɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ɦɚɫɫɚ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɚɰɟɬɚɬ-ɢɨɧɚ ɦɧɨɝɨ 
ɛɨɥɶɲɟ ɦɚɫɫɵ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɢɨɧɚ ɜɨɞɨɪɨɞɚ, ɫɭɦɦɚɪɧɨɟ ɞɟɣɫɬɜɢɟ ɫɢɥ Ʌɨɪɟɧɰɚ, 
ɩɪɢɥɨɠɟɧɧɵɯ ɤ ɪɚɡɧɨɢɦɟɧɧɵɦ ɡɚɪɹɞɚɦ, ɛɥɢɡɤɨ ɤ ɷɮɮɟɤɬɭ ɞɟɣɫɬɜɢɹ ɫɢɥɵ Ʌɨɪɟɧɰɚ ɧɚ 
ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɢɨɧ, ɥɢɲɶ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɫɧɢɠɚɹ ɷɬɨɬ ɷɮɮɟɤɬ. Эɬɨ ɹɜɥɹɟɬɫɹ 
ɨɫɧɨɜɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɫɨɡɞɚɧɢɹ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɝɨ ɜɪɚɳɟɧɢɹ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɡɚ ɫɱɟɬ 
ɞɟɣɫɬɜɢɹ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɫɢɥ. ɋɯɟɦɚɬɢɱɟɫɤɢ ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫ. 2 ɩɪɨɰɟɫɫ 
ɜɢɯɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɨ ɫɩɢɪɚɥɶɧɨ-ɜɢɧɬɨɜɵɦ ɜɪɚɳɟɧɢɟɦ ɦɚɫɫɢɜɧɵɯ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɚɰɟɬɚɬ-
ɢɨɧɨɜ ɜ ɧɟɨɞɧɨɪɨɞɧɨɦ ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ Bɦ ɩɪɢ ɜɨɡɪɚɫɬɚɧɢɢ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɜɛɥɢɡɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɲɚɪɨɜɨɝɨ ɦɚɝɧɢɬɚ ɧɚɝɥɹɞɧɨ ɜɨɫɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ. Ɋɢɫ. 2 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɢɡɭɚɥɢɡɢɪɭɟɦɵɟ ɩɭɡɵɪɶɤɚɦɢ ɝɚɡɚ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɠɢɞɤɨɫɬɢ (ɪɢɫ. 1 ɛ) 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɢɧɬɨɜɨɦɭ ɯɚɪɚɤɬɟɪɭ ɬɟɱɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɦɭ ɞɟɣɫɬɜɢɟɦ ɫɢɥ Ʌɨɪɟɧɰɚ. ɉɪɢ 
ɧɢɫɯɨɞɹɳɟɦ ɞɜɢɠɟɧɢɢ «ɬɹɠɟɥɵɯ» ɚɰɟɬɚɬ-ɢɨɧɨɜ ɜ ɫɬɨɪɨɧɭ ɭɜɟɥɢɱɟɧɢɹ ɦɚɝɧɢɬɧɨɣ 
ɢɧɞɭɤɰɢɢBɦɩɪɢ ɩɪɢɛɥɢɠɟɧɢɢ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɲɚɪɨɜɨɝɨ ɦɚɝɧɢɬɚ ɧɚ ɧɢɯ ɛɭɞɟɬ ɞɟɣɫɬɜɨɜɚɬɶ 
ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɢɥɵ Ʌɨɪɟɧɰɚ, ɫɬɪɟɦɹɳɚɹɫɹ ɜɟɪɧɭɬɶ ɢɯ ɧɚɡɚɞ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɪɚɞɢɭɫ r ɢ 
ɲɚɝ h ɜɢɧɬɨɜɨɣ ɥɢɧɢɢ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ ɠɢɞɤɢɯ ɱɚɫɬɢɰ, ɛɭɞɭɬ 
ɭɦɟɧɶɲɚɬɶɫɹ, ɚ ɡɚɬɟɦ, ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ ɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɣr ɢ hɱɚɫɬɢɰɵ ɠɢɞɤɨɫɬɢ ɧɚɱɧɭɬ 
ɩɟɪɟɦɟɳɚɬɶɫɹ ɨɛɪɚɬɧɨ – ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɫɥɚɛɨɝɨ ɩɨɥɹ. ɉɪɢ ɷɬɨɦ ɪɚɞɢɭɫ ɢ ɲɚɝ ɫɩɢɪɚɥɶɧɨ-
ɜɢɧɬɨɜɨɣ ɬɪɚɟɤɬɨɪɢɢ ɜɧɟɲɧɟɝɨ ɜɢɯɪɟɜɨɝɨ ɫɥɨɹ ɛɭɞɭɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɡɚɤɪɭɬɤɢ ɩɨɬɨɤɚ. 

ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ Ʌɨɪɟɧɰɚ, ɫɜɹɡɚɧɧɨɣ ɫ ɪɚɞɢɚɥɶɧɵɦ 
ɞɜɢɠɟɧɢɟɦ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ, ɜɟɪɬɢɤɚɥɶɧɚɹ (ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɲɚɪɚ) ɨɫɶ 
ɬɨɪɧɚɞɨ ɩɨɞɨɛɧɨɝɨ ɜɢɯɪɹ ɫɦɟɳɚɟɬɫɹ ɩɨ «ɲɢɪɨɬɟ» ɜ ɚɡɢɦɭɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ.  

Ɉɞɧɢɦ ɢɡ ɧɚɝɥɹɞɧɵɯ ɩɪɢɦɟɪɨɜ ɪɚɡɜɢɬɢɹ ɜɢɯɪɟ-ɜɨɥɧɨɜɨɝɨ ɩɪɨɰɟɫɫɚ ɦɨɠɟɬ ɫɥɭɠɢɬɶ 
ɩɪɨɰɟɫɫ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɨɥɧɵ ɰɭɧɚɦɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɛɵɱɧɵɯ ɜɟɬɪɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ, 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɪɟɡɤɨɟ ɭɜɟɥɢɱɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜɨɥɧɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɤɟɚɧɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɰɭɧɚɦɢ 
ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɨɩɪɟɞɟɥɹɸɳɟɣ ɪɨɥɶɸ ɝɥɭɛɢɧɧɨɝɨ ɫɥɨɹ. Ƚɥɭɛɢɧɧɵɣ ɫɥɨɣ ɩɪɢ ɷɬɨɦ 
ɫɥɭɠɢɬ «ɜɢɯɪɟɜɨɣ ɮɚɛɪɢɤɨɣ ɷɧɟɪɝɢɢ». Эɧɟɪɝɢɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɢɯɪɟɜɨɝɨ ɞɜɢɠɟɧɢɹ ɜ 
ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ɠɢɡɧɢ ɰɭɧɚɦɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɜ ɦɨɦɟɧɬ ɜɡɪɵɜɚ ɢɥɢ 
ɡɟɦɥɟɬɪɹɫɟɧɢɹ ɛɥɢɠɚɣɲɢɟ ɤ ɷɩɢɰɟɧɬɪɭ ɫɥɨɢ ɠɢɞɤɨɫɬɢ ɨɤɚɡɵɜɚɸɬɫɹ ɫɠɚɬɵɦɢ. ɀɢɞɤɨɫɬɶ, 
ɩɨɥɭɱɢɜɲɚɹ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɷɧɟɪɝɢɸ ɢ ɜɵɜɟɞɟɧɧɚɹ ɢɡ ɫɨɫɬɨɹɧɢɹ ɪɚɜɧɨɜɟɫɢɹ, ɫɬɪɟɦɢɬɫɹ 
ɜɟɪɧɭɬɶɫɹ ɤ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɦɭ ɪɚɜɧɨɜɟɫɢɸ ɡɚ ɫɱɟɬ ɫɨɨɛɳɟɧɢɹ ɨɪɝɚɧɢɡɨɜɚɧɧɨɝɨ 
ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɢɯɪɟɜɨɝɨ ɞɜɢɠɟɧɢɹ ɝɥɭɛɢɧɧɨɦɭ ɫɥɨɸ. ɉɪɢ ɷɬɨɦ ɞɜɢɠɟɧɢɟ ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɵ ɞɨɥɠɧɨ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ 
ɧɚɥɢɱɢɟɦ ɝɪɚɞɢɟɧɬɚ ɞɚɜɥɟɧɢɹ ɜ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɝɨ ɜɢɯɪɹ, ɞɥɹ 
ɩɨɞɞɟɪɠɚɧɢɹ ɤɨɬɨɪɨɝɨ ɬɪɟɛɭɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɩɪɢɬɨɤ ɦɚɫɫɵ ɠɢɞɤɨɫɬɢ. 

Ɋɚɛɨɬɵ ɜ ɨɛɥɚɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɥɨɠɧɵɯ ɜɢɯɪɟɜɵɯ ɢ 
ɡɚɤɪɭɱɟɧɧɵɯ ɬɟɱɟɧɢɣ ɜɵɩɨɥɧɹɥɢɫɶ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɉɪɨɝɪɚɦɦɵ ɩɨ ɪɚɡɜɢɬɢɸ ɫɢɫɬɟɦɵ 
ɜɟɞɭɳɢɯ ɧɚɭɱɧɵɯ ɲɤɨɥ: ɇШ-878.2012.8, ɝɪɚɧɬɚ ɊɎɎИ 13-08-00020-a, Ɏɐɉ «ɇɚɭɱɧɵɟ ɢ 
ɧɚɭɱɧɨ-ɩɟɞɚɝɨɝɢɱɟɫɤɢɟ ɤɚɞɪɵ ɢɧɧɨɜɚɰɢɨɧɧɨɣ Ɋɨɫɫɢɢ».  
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ɋɬɪɭɥɟɜɚ ȿ.ȼ., Ⱥɲɢɬɤɨɜ ɋ.ɂ., ɋɢɬɧɢɤɨɜ Ⱦ.ɋ.,  
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɮɟɦɬɨɫɟɤɭɧɞɧɵɯ ɥɚɡɟɪɧɵɯ ɢɦɩɭɥɶɫɨɜ (ɎɅɂ) ɧɚ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ ɫɪɟɞɵ ɜɨɡɧɢɤɚɟɬ ɤɨɦɩɥɟɤɫ ɤɚɱɟɫɬɜɟɧɧɨ ɧɨɜɵɯ ɹɜɥɟɧɢɣ. ɇɚɝɪɟɜ ɦɟɬɚɥɥɚ 
ɭɥɶɬɪɚɤɨɪɨɬɤɢɦɢ ɥɚɡɟɪɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ p  ɦɟɧɶɲɟɣ ɢɥɢ ɫɨɢɡɦɟɪɢɦɨɣ ɫ 
ɯɚɪɚɤɬɟɪɧɵɦ ɜɪɟɦɟɧɟɦ ɧɚɝɪɟɜɚ ɪɟɲɟɬɤɢ i ~10-12 ɫ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɭɧɢɤɚɥɶɧɨɝɨ 
ɞɜɭɯɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ. ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɬɚɤɢɯ ɢɦɩɭɥɶɫɨɜ ɧɚ ɪɹɞ ɦɟɬɚɥɥɨɜ 
ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɚ ɷɥɟɤɬɪɨɧɨɜ eT  ɦɨɠɟɬ 
ɞɨɫɬɢɝɚɬɶ ɡɧɚɱɟɧɢɣ з104 Ʉ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɲɟɬɤɢ iT  ɛɭɞɟɬ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ mT . Ȼɵɫɬɪɵɣ ɧɚɝɪɟɜ ɢ ɧɟɪɚɜɧɨɜɟɫɧɨɟ ɨɛɴɟɦɧɨɟ ɩɥɚɜɥɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ 
ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɚɤɭɫɬɢɱɟɫɤɢɦɢ ɹɜɥɟɧɢɹɦɢ: ɡɚɪɨɠɞɟɧɢɟɦ ɜɨɥɧ ɫɠɚɬɢɹ ɢ ɪɚɡɪɟɠɟɧɢɹ, 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɭɞɚɪɧɨɣ ɜɨɥɧɵ, ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɦɨɳɧɵɯ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ 
ɚɛɥɹɰɢɟɣ ɧɚɧɨɫɥɨɹ Д2Ж. ɉɪɢ ɷɬɨɦ ɦɟɯɚɧɢɡɦɵ, ɜɟɞɭɳɢɟ ɤ ɭɞɚɥɟɧɢɸ ɜɟɳɟɫɬɜɚ,ɞɨ ɫɢɯ ɩɨɪ 
ɨɫɬɚɸɬɫɹ ɩɪɟɞɦɟɬɨɦ ɨɛɫɭɠɞɟɧɢɹ. Ⱦɚɧɧɵɟ ɨ ɩɨɪɨɝɚɯ ɚɛɥɹɰɢɢ, ɨɛɴɟɦɟ ɭɞɚɥɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, 
ɞɢɧɚɦɢɤɟ ɪɚɡɥɟɬɚ ɫɥɨɹ ɢɦɟɸɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ 
ɦɟɬɚɥɥɨɜ ɜ ɞɜɭɯɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɨɫɬɨɹɧɢɢ. Ɍɚɤɠɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ 
ɨɫɬɚёɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɫɥɨɹɯ ɜɟɳɟɫɬɜɚ ɜ ɧɚɧɨɦɟɬɪɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɢ ɩɢɤɨɫɟɤɭɧɞɧɨɦ ɜɪɟɦɟɧɧɨɦ 
ɞɢɚɩɚɡɨɧɚɯ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɮɟɦɬɨɫɟɤɭɧɞɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ.  

ɉɪɨɰɟɫɫ ɚɛɥɹɰɢɢ ɦɟɬɚɥɥɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɮɟɦɬɨɫɟɤɭɧɞɧɨɝɨ ɞɢɚɩɚɡɨɧɚ 
ɨɤɚɡɚɥɫɹ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɵɦ ɜ ɩɨɫɥɟɞɧɟɟ ɞɟɫɹɬɢɥɟɬɢɟ ɛɥɚɝɨɞɚɪɹ ɚɤɬɢɜɧɨɦɭ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɭɥɶɬɪɚɤɨɪɨɬɤɢɯ ɢɦɩɭɥɶɫɨɜ ɜ ɥɚɡɟɪɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɰɢɡɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ. 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɮɟɦɬɨɫɟɤɭɧɞɧɚɹ ɥɚɡɟɪɧɚɹ ɚɛɥɹɰɢɹ ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜɚɠɧɵɦ 
ɢɧɫɬɪɭɦɟɧɬɨɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞɚɯ, ɧɨ ɢ ɨɛɥɚɞɚɟɬ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɶɸ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 
Ɋɚɫɲɢɪɹɸɳɚɹɫɹ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɣ ɥɚɡɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɟɰɢɡɢɨɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɬɚɜɹɬ 
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ɡɚɞɚɱɢ ɩɨ ɩɨɢɫɤɭ ɩɭɬɟɣ ɪɟɡɤɨɝɨ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɨɛɪɚɛɨɬɤɢ ɢ ɭɦɟɧɶɲɟɧɢɸ ɝɥɭɛɢɧɵ 
ɞɟɮɟɤɬɧɨɝɨ ɫɥɨɹ. ȼ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɫɱɢɬɚɟɬɫɹ 
ɩɪɢɦɟɧɟɧɢɟ ɮɟɦɬɨɫɟɤɭɧɞɧɵɯ ɥɚɡɟɪɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɛɵɥ ɩɪɨɜɟɞёɧ ɤɨɦɩɥɟɤɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɮɟɦɬɨɫɟɤɭɧɞɧɨɣ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɢ ɞɥɹ ɪɹɞɚ ɩɟɪɟɯɨɞɧɵɯ ɢ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (Ni, Fe, Ta, 
Au). ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɮɟɦɬɨɫɟɤɭɧɞɧɚɹ ɯɪɨɦ-
ɮɨɪɫɬɟɪɢɬɨɜɚɹ ɥɚɡɟɪɧɚɹ ɫɢɫɬɟɦɚ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɞɢɚɩɚɡɨɧɚ ɫɩɟɤɬɪɚ ɢɡɥɭɱɟɧɢɹ (1240 ɧɦ, 90 
ɦȾɠ, 80 ɮɫ, 10 Ƚɰ; ɈɂȼɌ, Ɋɨɫɫɢɹ). ɋ ɩɨɦɨɳɶɸ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɢɡɦɟɪɟɧɢɣ 
ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɚɛɥɹɰɢɨɧɧɵɟ ɩɨɪɨɝɢ, ɢɫɫɥɟɞɨɜɚɧɚ ɦɨɪɮɨɥɨɝɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɞɢɧɚɦɢɤɚ 
ɪɚɡɥёɬɚ ɫɥɨɹ ɦɟɬɨɞɨɦ ɜɨɡɛɭɠɞɟɧɢɟ - ɡɨɧɞɢɪɨɜɚɧɢɟ («pЮЦp – prШЛО») ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ 
ɪɚɡɪɟɲɟɧɢɟɦ ɜ ɩɥɨɫɤɨɫɬɢ ɦɢɲɟɧɢ2 ɦɤɦ, ɜɪɟɦɟɧɧɵɦ ɪɚɡɪɟɲɟɧɢɟɦ з 10-13 М,ɬɨɱɧɨɫɬɶɸ 
ɢɡɦɟɪɟɧɢɹ ɜɟɥɢɱɢɧɵ ɫɦɟɳɟɧɢɹ ɞɨ 2-3 ɧɦ Д3Ж.  

ɂɡɦɟɪɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɪɨɝɨɜ ɚɛɥɹɰɢɢ ɫɨɫɬɚɜɢɥɢ: ɞɥɹ ɡɨɥɨɬɚ Fa = 0,87 ± 0,26 Ⱦɠ/ɫɦ2, ɞɥɹ 
ɠɟɥɟɡɚ Fa = 0,18 ± 0,06 Ⱦɠ/ɫɦ2, ɞɥɹ ɧɢɤɟɥɹ Fa = 0,27 ± 0,06 Ⱦɠ/ɫɦ2, ɞɥɹ ɬɚɧɬɚɥɚ Fa = 0,31 ± 
0,08 Ⱦɠ/ɫɦ2. Ɏɨɪɦɚ ɤɪɚɬɟɪɨɜ ɚɛɥɹɰɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ Au ɢ NТ ɩɪɢ ɪɚɡɥɢɱɧɨɣ 
ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɧɚɝɪɟɜɚɸɳɢɯ ɢɦɩɭɥɶɫɨɜ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 
ɝɥɭɛɢɧɵ ɤɪɚɬɟɪɨɜ ɨɬ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɎɅɂ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.  
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Ɋɢɫɭɧɨɤ 1. ɉɪɨɮɢɥɢ ɤɪɚɬɟɪɨɜ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɩɪɟɜɵɲɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ 
ɢɦɩɭɥɶɫɚ ɧɚɞ ɩɨɪɨɝɨɦ ɚɛɥɹɰɢɢ: a) ɨɛɪɚɡɟɰ Au, F0/Fa = 1,4 ɢ 6; ɛ) ɨɛɪɚɡɟɰ Ni, F0/Fa = 1,4 ɢ 
5.3 
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Ɋɢɫɭɧɨɤ 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɝɥɭɛɢɧɵ ɤɪɚɬɟɪɨɜ D ɨɬ ɩɪɟɜɵɲɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ 
ɧɚɝɪɟɜɚɸɳɟɝɨ ɢɦɩɭɥɶɫɚ ɧɚɞ ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ F0/Fa ɞɥɹ ɦɢɲɟɧɢ ɢɡ ɡɨɥɨɬɚ ɢ ɧɢɤɟɥɹ 
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ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɪɚɡɥɟɬɚ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɩɪɢ ɚɛɥɹɰɢɢ ɧɢɤɟɥɹ ɜ 
ɩɢɤɨɫɟɤɭɧɞɧɨɦ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ (ɪɢɫɭɧɨɤ 3). 
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Ɋɢɫɭɧɨɤ 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɚɛɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ ɨɬ ɜɪɟɦɟɧɢ ɞɥɹ Ni 
ɩɪɢ F = 1,1Fa 

 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ≈ 0,8 ɤɦ/ɫ ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɬɟɱɟɧɢɟ ɩɟɪɜɵɯ 
ɧɟɫɤɨɥɶɤɢɯ ɩɢɤɨɫɟɤɭɧɞ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɞɟɣɫɬɜɢɹ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ. ɍɫɤɨɪɟɧɢɟ ɧɚ ɞɚɧɧɵɯ 
ɜɪɟɦɟɧɚɯ ɜɨɡɧɢɤɚɟɬ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ p , ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ 
ɪɚɡɝɪɭɡɤɟ ɢɡɨɯɨɪɢɱɟɫɤɢ ɧɚɝɪɟɬɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ. Ⱦɚɥɟɟ ɫɤɨɪɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ 
ɜɫɥɟɞɫɬɜɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜɟɳɟɫɬɜɚ ɪɚɫɬɹɠɟɧɢɸ. ȼ ɫɥɭɱɚɟ ɩɪɟɜɵɲɟɧɢɹ ɩɨɪɨɝɚ ɚɛɥɹɰɢɢɧɚ 
ɛɨɥɶɲɢɯ ɜɪɟɦɟɧɚɯ t  10-10 ɫ ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɟɪɰɢɨɧɧɵɣ ɪɚɡɥɟɬ ɚɛɥɹɰɢɨɧɧɨɝɨ ɫɥɨɹ ɫ 
ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɜɟɥɢɱɢɧɵ F .  

ɉɪɢ ɪɚɫɬɹɠɟɧɢɢ ɪɚɫɩɥɚɜɚ ɜ ɫɥɭɱɚɟ ɩɪɟɜɵɲɟɧɢɹ p  ɩɪɨɱɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ 
c  ɜ ɪɚɫɩɥɚɜɟ ɜɨɡɧɢɤɚɟɬ ɧɭɤɥɟɚɰɢɹ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɧɚɪɭɲɟɧɢɸ ɟɝɨ ɫɩɥɨɲɧɨɫɬɢ ɢ ɪɚɡɪɵɜɭ 

(ɨɬɤɨɥɭ). Ɉɰɟɧɤɚ ɜɟɥɢɱɢɧɵ c  ɞɥɹ ɧɢɤɟɥɹ ɩɨ ɞɟɤɪɟɦɟɧɬɭ ɫɤɨɪɨɫɬɢ   ɜɛɥɢɡɢ ɚɛɥɹɰɢɨɧɧɨɝɨ 
ɩɨɪɨɝɚ (ɪɢɫɭɧɨɤ 3) ɞɚɟɬ ɡɧɚɱɟɧɢɟ 6-7 Ƚɉɚ. 
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Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ,  
Ɋɨɫɫɢɹ, 125412, Ɇɨɫɤɜɚ, Иɠɨɪɫɤɚɹ 13, ɫɬɪ. 2. E-mail: konst@ihed.ras.ru 

 
ɍɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 

ɩɚɪɚɦɟɬɪɨɜ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 
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ɩɪɢ ɢɧɬɟɧɫɢɜɧɵɯ ɢɦɩɭɥɶɫɧɵɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɧɚ ɜɟɳɟɫɬɜɨ. Ɍɚɤɢɟ ɩɪɨɰɟɫɫɵ, ɤɚɤ 
ɝɢɩɟɪɫɤɨɪɨɫɬɧɨɟ ɫɨɭɞɚɪɟɧɢɟ ɬɟɥ, ɥɚɡɟɪɧɚɹ ɚɛɥɹɰɢɹ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɭɱɤɨɜ 
ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɫ ɦɢɲɟɧɶɸ, ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɜɡɪɵɜ ɩɪɨɜɨɞɧɢɤɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɦɨɳɧɵɯ ɢɦɩɭɥɶɫɨɜ ɬɨɤɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɜɨɡɦɨɠɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɮɚɡɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɜɟɳɟɫɬɜɚ, ɜɤɥɸɱɚɹ ɩɨɥɢɦɨɪɮɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ, ɩɥɚɜɥɟɧɢɟ ɢ ɢɫɩɚɪɟɧɢɟ. ɍɱɟɬ ɷɬɢɯ ɷɮɮɟɤɬɨɜ 
ɩɪɢ ɨɩɢɫɚɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɨ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɩɪɚɜɢɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɩɪɨɰɟɫɫɚɯ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɠɟɥɟɡɚ ɫ ɭɱɟɬɨɦ ɬɪɟɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɨɞɢɮɢɤɚɰɢɣ, ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ. 
ɉɪɨɜɨɞɢɬɫɹ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɫɱɟɬɨɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɬɨɝɨ 
ɦɟɬɚɥɥɚ ɩɪɢ ɜɵɫɨɤɢɯ ɩɥɨɬɧɨɫɬɹɯ ɷɧɟɪɝɢɢ ɫ ɢɦɟɸɳɢɦɢɫɹ ɞɚɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɜɨɥɧɚɦɢ 
ɭɞɚɪɧɨɝɨ ɫɠɚɬɢɹ ɢ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɪɚɡɝɪɭɡɤɢ. 

 
 

 
ɈɋɈȻȿɇɇɈɋɌɂ ɉɈВȿȾȿɇɂЯ ɌȿɊɆɈȾɂɇАɆɂɑȿɋɄɂɏ ɎɍɇɄɐɂɃ 

ɆɈɅȿɄɍɅЯɊɇɈȽɈ ȾȿɃɌȿɊɂЯ ɉɊɂ ɆȿȽАȻАɊɇЫɏ ȾАВɅȿɇɂЯɏ 
ɏɨɦɤɢɧ Ⱥ.Ʌ., Шɭɦɢɯɢɧ Ⱥ.ɋ. 

Ɉɛɴɟɞɢɧёɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ, Ɋɨɫɫɢɹ,  
125412, Ɇɨɫɤɜɚ, ɭɥ. Иɠɨɪɫɤɚɹ, ɞ. 13, ɫɬɪ. 2. E-mail:alhomkin@mail.ru, shum_ac@mail.ru 

 
ȼ Д1Ж ɧɚɦɢ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɦɟɯɚɧɢɡɦ ɞɢɫɫɨɰɢɚɰɢɢ ɦɨɥɟɤɭɥ ɜɨɞɨɪɨɞɚ, ɫɜɹɡɚɧɧɵɣ ɫ 

ɦɟɬɚɥɥɢɡɚɰɢɟɣ ɚɬɨɦɚɪɧɨɣ ɤɨɦɩɨɧɟɧɬɵ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɨɞɨɪɨɞɚ ɩɪɢ ɫɠɚɬɢɢ. ɉɪɟɜɪɚɳɟɧɢɟ 
ɩɥɨɬɧɨɝɨ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɮɥɸɢɞɚ ɜ ɚɬɨɦɚɪɧɭɸ ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɭɸ ɠɢɞɤɨɫɬɶ ɩɪɨɢɫɯɨɞɢɬ ɤɚɤ 
ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɩɟɪɜɨɝɨ ɪɨɞɚ – ɞɢɫɫɨɰɢɚɬɢɜɧɵɣ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ (ȾɎɉ). ȼ ɨɫɧɨɜɟ ɦɨɞɟɥɢ 
ɥɟɠɢɬ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɜ ɩɥɨɬɧɨɦ ɦɨɥɟɤɭɥɹɪɧɨɦ ɜɨɞɨɪɨɞɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɫɜɨɛɨɞɧɵɯ (ɞɢɫɫɨɰɢɢɪɨɜɚɧɧɵɯ) ɚɬɨɦɨɜ ɫɬɚɧɨɜɢɬɫɹ ɤɨɥɥɟɤɬɢɜɧɵɦ ɢ ɨɛɭɫɥɨɜɥɟɧɨ ɩɨɹɜɥɟɧɢɟɦ 
ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ (ɢɧɨɝɞɚ ɝɨɜɨɪɹɬ ɨ ɩɨɹɜɥɟɧɢɢ ɤɨɝɟɡɢɢ). Ɍɚɤɨɣ ɜɢɞ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɯɨɪɨɲɨ ɢɡɜɟɫɬɟɧ ɜ ɬɟɨɪɢɢ ɠɢɞɤɢɯ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ, ɚ ɜɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɷɬɨɦ ɷɧɟɪɝɢɹ 
ɫɜɹɡɢ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɤɨɝɟɡɢɹ (МШСОsТЯООЧОrРв – ɷɧɟɪɝɢɹ ɫɰɟɩɥɟɧɢɹ). ȼ Д1Ж ɷɬɚ ɷɧɟɪɝɢɹ ɛɵɥɚ 
ɜɵɱɢɫɥɟɧɚ ɞɥɹ ɜɨɞɨɪɨɞɚ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɢɢ ȼɢɝɧɟɪɚ–Ɂɟɣɬɰɚ–Ȼɚɪɞɢɧɚ ɩɪɢ ɜɫɟɯ ɡɧɚɱɟɧɢɹɯ 
ɩɥɨɬɧɨɫɬɢ ɢ ɧɚɣɞɟɧɨ ɟɟ ɡɧɚɱɟɧɢɟ ɜ ɝɚɡɨɜɨɣ ɨɛɥɚɫɬɢ. ɉɨɫɤɨɥɶɤɭ ɤɨɥɥɟɤɬɢɜɧɚɹ ɷɧɟɪɝɢɹ ɫɜɹɡɢ 
ɞɢɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɚɬɨɦɨɜ ɜ ɞɨɫɬɚɬɨɱɧɨ ɩɥɨɬɧɨɦ ɝɚɡɟ ɨɤɚɡɵɜɚɟɬɫɹ ɫɪɚɜɧɢɦɨɣ ɫ ɷɧɟɪɝɢɟɣ 
ɚɬɨɦɚ ɜ ɦɨɥɟɤɭɥɟ (ɩɨɥɨɜɢɧɚ ɷɧɟɪɝɢɢ ɞɢɫɫɨɰɢɚɰɢɢ), ɞɢɫɫɨɰɢɚɰɢɹ ɦɨɥɟɤɭɥ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 
ȼɵɩɨɥɧɟɧɧɵɟ ɜ Д1Ж ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɨɰɟɧɤɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɩɟɪɟɯɨɞɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɨɧɚ 
ɥɟɠɢɬ ɜ ɪɚɣɨɧɟ ɚɧɨɦɚɥɢɢ ɚɞɢɚɛɚɬɵ Ƚɸɝɨɧɢɨ ɞɥɹ ɞɟɣɬɟɪɢɹ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɧɚɦɢ ɪɚɫɫɱɢɬɚɧɚ ɭɞɚɪɧɚɹ ɚɞɢɚɛɚɬɚ Ƚɸɝɨɧɢɨ ɞɥɹ ɞɟɣɬɟɪɢɹ ɧɚ ɟё 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɟɬɜɢ (T< 12000 K) ɧɚ ɨɫɧɨɜɟ ɦɨɞɟɥɢ Д1Ж. Ɋɚɫɫɱɢɬɚɧɧɚɹ ɚɞɢɚɛɚɬɚ 
Ƚɸɝɨɧɢɨ ɨɛɧɚɪɭɠɢɜɚɟɬ ɚɧɨɦɚɥɶɧɨɟ ɩɨɜɟɞɟɧɢɟ: ɭɪɚɜɧɟɧɢɟ Ɋɟɧɤɢɧɚ-Ƚɸɝɨɧɢɨ ɜ ɧɟɤɨɬɨɪɨɦ 
ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ (ɜ ɪɚɣɨɧɟ ɚɧɨɦɚɥɢɢ) ɢɦɟɟɬ ɨɞɧɨ, ɞɜɚ, ɬɪɢ ɢ ɫɧɨɜɚ ɞɜɚ ɢ ɨɞɧɨ ɪɟɲɟɧɢɟ. 
Ɍɪɟɬɶɟ ɪɟɲɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɭɫɬɨɣɱɢɜɨɦɭ ɭɱɚɫɬɤɭ ɢɡɨɬɟɪɦɵ ɢ ɟɝɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɧɟɭɫɬɨɣɱɢɜɵɦ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɟɫɬɶ ɨɫɧɨɜɚɧɢɹ ɝɨɜɨɪɢɬɶ ɨ ɧɚɥɢɱɢɢ ɪɚɡɪɵɜɚ ɚɞɢɚɛɚɬɵ ɜ 
ɪɚɣɨɧɟ ɷɬɨɣ ɚɧɨɦɚɥɢɢ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɱɚɫɬɤɭ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ ɩɨ ɩɥɨɬɧɨɫɬɢ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɦɵ ɩɪɢɲɥɢ ɤ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɢɧɨɣ 
ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Д2-5Ж. Ɉɛɥɚɫɬɶ ɚɧɨɦɚɥɢɢ ɫɜɹɡɚɧɚ ɫ ɧɚɥɢɱɢɟɦ 
ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɧɚ ɚɞɢɚɛɚɬɟ, ɝɞɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɦɨɥɟɤɭɥɹɪɧɵɣ ɮɥɸɢɞ (ɝɚɡ 
ɫ ɩɥɨɬɧɨɫɬɶɸ ɠɢɞɤɨɫɬɢ) ɢ ɚɬɨɦɚɪɧɚɹ, ɦɟɬɚɥɥɢɡɢɪɨɜɚɧɧɚɹ ɠɢɞɤɨɫɬɶ. Ɍɟɦ ɫɚɦɵɦ ɩɥɨɬɧɨɫɬɶ ɜ 
ɷɬɨɣ ɨɛɥɚɫɬɢ ɹɜɥɹɟɬɫɹ ɩɥɨɯɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɱɬɨ ɢ ɨɛɭɫɥɨɜɢɥɨ ɪɚɡɛɪɨɫ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɯ ɟё ɡɧɚɱɟɧɢɣ.  
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ɋɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɞɢɫɫɨɰɢɢɪɭɸɳɟɣ ɚɬɨɦɚɪɧɨ-ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɦɟɫɢ Nm ɦɨɥɟɤɭɥ ɢ Na 
ɚɬɨɦɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɨɛɴɟɦɟ V ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ T ɜ ɪɚɦɤɚɯ ɠɢɞɤɨɫɬɧɨɣ ɬɟɨɪɢɢ 
ɜɨɡɦɭɳɟɧɢɣ ɩɪɟɞɥɨɠɟɧɚ ɜ Д1Ж ɢ ɢɦɟɟɬ ɜɢɞ:  
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                , (1) 

ɝɞɟ  2
a(m) a(m)2 m kT   – ɬɟɩɥɨɜɚɹ ɞɥɢɧɚ ɜɨɥɧɵ ɚɬɨɦɚ (ɦɨɥɟɤɭɥɵ), ga(m) — ɢɯ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɜɟɫɚ; Σm – ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɫɭɦɦɚ ɦɨɥɟɤɭɥɵ. coh( )E y – ɤɨɥɥɟɤɬɢɜɧɚɹ ɷɧɟɪɝɢɹ 
ɫɜɹɡɢ ɜ ɩɥɨɬɧɨɦ ɚɬɨɦɚɪɧɨɦ ɝɚɡɟ ɤɚɤ ɮɭɧɤɰɢɹ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɪɚɞɢɭɫɚ ɹɱɟɣɤɢ ȼɢɝɧɟɪɚ-Ɂɟɣɬɰɚɜ 
ɛɨɪɨɜɫɤɢɯ ɪɚɞɢɭɫɚɯ y = rc/a0, ɪɚɫɫɱɢɬɚɧɧɚɹ ɜ Д1Ж, ɝɞɟ  1 2

c a3 4r n , na — ɩɥɨɬɧɨɫɬɶ ɱɢɫɥɚ 

ɚɬɨɦɨɜ. Ⱦɥɹ ɜɨɞɨɪɨɞɚ ɢ ɞɟɣɬɟɪɢɹ ɷɬɢ ɜɟɥɢɱɢɧɵ ɫɨɜɩɚɞɚɸɬ. 2 2a m
a m

4
3

N N
r r

V V
       – 

ɫɭɦɦɚɪɧɵɣ ɩɚɪɚɦɟɬɪ ɭɩɚɤɨɜɤɢ, ɜɵɪɚɠɟɧɧɵɣ ɱɟɪɟɡ ɪɚɞɢɭɫɵ ɚɬɨɦɨɜ ra ɢ ɦɨɥɟɤɭɥ rm. ɉɟɪɜɵɟ 
ɬɪɢ ɱɥɟɧɚ ɨɩɢɫɵɜɚɸɬ ɫɦɟɫɶ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɢɫɤɥɸɱёɧɧɨɝɨ ɨɛɴɟɦɚ 
Ʉɚɪɧɚɯɚɧɚ-ɋɬɚɪɥɢɧɝɚ ɞɥɹ ɫɦɟɫɢ ɬɜɟɪɞɵɯ ɲɚɪɨɜ, ɚ ɩɨɫɥɟɞɧɢɣ, ɱɟɬɜёɪɬɵɣ ɱɥɟɧ – ɷɧɟɪɝɢɸ 
ɤɨɥɥɟɤɬɢɜɧɨ ɫɜɹɡɚɧɧɵɯ ɚɬɨɦɨɜ.  

ɂɫɩɨɥɶɡɭɹ ɢɡɜɟɫɬɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɢɡ (1) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 
ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɞɚɜɥɟɧɢɹ P, ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ E ɢ ɯɢɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ɚɬɨɦɨɜ µa ɢ 
ɦɨɥɟɤɭɥ µm, ɚ ɢɫɩɨɥɶɡɭɹ ɫɨɨɬɧɨɲɟɧɢɟ µm = 2 µa, ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɞɢɫɫɨɰɢɚɬɢɜɧɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ Д1Ж.  

ɇɚ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɧɵɯ ɢɡɨɬɟɪɦ ɞɢɫɫɨɰɢɚɬɢɜɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɞɥɹ ɬɟɦɩɟɪɚɬɭɪ T = 8000 – 
12000 K ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɩɪɚɜɢɥɭ ɩɥɨɳɚɞɟɣ Ɇɚɤɫɜɟɥɥɚ ɛɢɧɨɞɚɥɶ ɞɢɫɫɨɰɢɚɬɢɜɧɨɝɨ 
ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1, ɝɞɟ g  ɢ l  — ɩɥɨɬɧɨɫɬɢ ɝɚɡɨɜɨɣ ɢ 
ɠɢɞɤɨɣ ɤɨɦɩɨɧɟɧɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 
Ɍɚɛɥɢɰɚ 1. ɉɚɪɚɦɟɬɪɵ ɛɢɧɨɞɚɥɢ ȾɎɉ 

T, K P, Ƚɉɚ 
g , ɝ·ɫɦ–3 l , ɝ·ɫɦ–3 

12000 30 0.6 0.6 
10500 36 0.72 0.96 
10000 39 0.78 1.04 
9000 45 0.9 1.2 
8000 55 1.02 1.4 

 

ɇɚ ɪɢɫ. 1 ɛɢɧɨɞɚɥɶ ȾɎɉ ɢɡɨɛɪɚɠɟɧɚ ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɛɟɡɪɚɡɦɟɪɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ P  ɢ  , 
ɝɞɟ ɜɫɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ ɨɬɧɟɫɟɧɵ ɤ ɢɯ ɤɪɢɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɹɦ. Ɍɚɤɨɟ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɛɢɧɨɞɚɥɢ ɩɨɡɜɨɥɢɥɨ ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɟɧɢɟ ɫ ɛɢɧɨɞɚɥɶɸ ȼɚɧ-ɞɟɪ-ȼɚɚɥɶɫɚ. 
ȼɢɞɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɪɚɡɧɢɰɚ ɷɬɢɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ.  

ɉɪɢ ɪɟɲɟɧɢɢ ɭɪɚɜɧɟɧɢɹ Ɋɟɧɤɢɧɚ-Ƚɸɝɨɧɢɨ ɞɥɹ ɚɞɢɚɛɚɬɵ ɫɠɚɬɢɹ ɞɟɣɬɟɪɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: P0 = 1 Ɇɉɚ, ρ0 = 0,171 ɝ·ɫɦ–3. Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɞɢɫɫɨɰɢɚɬɢɜɧɵɣ ɮɚɡɨɜɵɣ 
ɩɟɪɟɯɨɞ, ɨɩɢɫɵɜɚɟɦɵɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɟɣ (1), ɩɪɢɜɨɞɢɬ ɤ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɜ 
ɩɨɜɟɞɟɧɢɢ ɚɞɢɚɛɚɬɵ. ɍɪɚɜɧɟɧɢɟ Ɋɟɧɤɢɧɚ-Ƚɸɝɨɧɢɨ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ (8000 – 10000 K) 
ɢɦɟɟɬ ɬɪɢ ɤɨɪɧɹ ɞɥɹ ɩɥɨɬɧɨɫɬɢ. ɉɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɤɨɪɧɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɫɬɨɣɱɢɜɵɦ ɜɟɬɜɹɦ 
ɢɡɨɬɟɪɦ, ɚ ɬɪɟɬɢɣ ɤɨɪɟɧɶ – ɧɟɭɫɬɨɣɱɢɜɵɦ.  

ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚɣɞɟɧɧɵɟ ɧɚɦɢ ɪɟɲɟɧɢɹ ɞɥɹ ɚɞɢɚɛɚɬɵ Ƚɸɝɨɧɢɨ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɥɹ ɪɚɞɢɭɫɚ ɦɨɥɟɤɭɥɵ ɞɚɧɧɵɯ Д6Ж, ɚ ɞɥɹ ɪɚɞɢɭɫɚ ɚɬɨɦɚ ɡɧɚɱɟɧɢɹ ɢɡ Д1Ж. 

 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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Ɋɢɫ. 1. ɋɪɚɜɧɟɧɢɟ ɛɢɧɨɞɚɥɢ ȾɎɉ ɢ ɛɢɧɨɞɚɥɢ ȼɚɧ ɞɟɪ-ȼɚɚɥɶɫɚ (ȼɞȼ) ɜ ɛɟɡɪɚɡɦɟɪɧɵɯ 
ɩɪɢɜɟɞɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ ɞɚɜɥɟɧɢɟ P  – ɩɥɨɬɧɨɫɬɶ ρ  

ɂɡ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ ɦɵ ɨɝɪɚɧɢɱɢɥɢɫɶ ɥɢɲɶ ɬɟɦɢ, ɜ ɤɨɬɨɪɵɯ, ɧɚ 
ɧɚɲ ɜɡɝɥɹɞ, ɫɯɜɚɱɟɧɚ ɮɢɡɢɱɟɫɤɚɹ ɫɬɨɪɨɧɚ ɹɜɥɟɧɢɹ. Эɬɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɪɚɫɱɟɬɵ Ɋɨɫɫɚ Д7Ж ɜ 
ɤɨɬɨɪɵɯ ɤ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɦɨɥɟɤɭɥɹɪɧɨ-ɚɬɨɦɚɪɧɨɝɨ ɮɥɸɢɞɚ ɜ ɥɢɧɟɣɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 
ɞɨɛɚɜɥɟɧɚ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ. ɇɚ ɪɢɫ. 2 ɬɚɤɠɟ ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɪɚɫɱɟɬɨɜ ɜ ɹɱɟɟɱɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɫɢɫɬɟɦɵ ɷɥɟɤɬɪɨɧɨɜ ɢ ɢɨɧɨɜ Д8Ж ɢ ɪɚɫɱɟɬɨɜ ɤɜɚɧɬɨɜɵɦ 
ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ Д9Ж ɞɥɹ ɬɨɣ ɠɟ ɫɢɫɬɟɦɵ. Эɬɢ ɪɚɫɱɟɬɵ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ 
ɩɨɞɬɜɟɪɠɞɚɸɬ ɧɚɲ ɜɵɜɨɞ ɨ ɦɟɬɚɥɥɢɡɚɰɢɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɞɟɣɬɟɪɢɹ ɩɪɢ ɫɠɚɬɢɢ. ɉɨɹɜɥɟɧɢɟ 
ɧɚ ɚɞɢɚɛɚɬɟ ɫɠɚɬɢɹ ɚɬɨɦɚɪɧɨ-ɦɨɥɟɤɭɥɹɪɧɨɣ ɫɦɟɫɢ ɜ ɪɚɦɤɚɯ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ ɭɱɚɫɬɤɚ ɫ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ (ɧɚ ɪɢɫɭɧɤɟ ɤɨɪɧɢ ɩɨɞ ɧɨɦɟɪɨɦ ɬɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɧɟɭɫɬɨɣɱɢɜɵɦ ɜɟɬɜɹɦ ɢɡɨɬɟɪɦ) ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɤɚɱɟɫɬɜɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ. Эɬɨɬ 
ɧɟɨɛɵɱɧɵɣ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɩɪɢɜɨɞɢɬ ɤ ɫɨɜɟɪɲɟɧɧɨ ɧɨɜɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɢ ɫɠɚɬɢɢ ɞɟɣɬɟɪɢɹ. ɂɦɟɧɧɨ ɧɚɥɢɱɢɟ ɭɱɚɫɬɤɚ ɫ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ 
(ɚɧɚɥɨɝɢɱɧɨ ɨɛɵɱɧɨɣ ɞɜɭɯɮɚɡɧɨɣ ɨɛɥɚɫɬɢ ɩɚɪ-ɠɢɞɤɨɫɬɶ) ɩɪɢɜɟɥɨ ɤ ɪɚɫɯɨɠɞɟɧɢɸ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Д2Ж ɫ ɩɨɫɥɟɞɭɸɳɢɦɢ ɢɡɦɟɪɟɧɢɹɦɢ Д3-5Ж, ɚ ɧɟ ɨɲɢɛɤɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚ Д2Ж. ɉɨ ɞɚɜɥɟɧɢɸ ɨɛɥɚɫɬɶ ɚɧɨɦɚɥɢɢ ɥɟɠɢɬ ɧɟɫɤɨɥɶɤɨ ɧɢɠɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ, 
ɧɨ ɛɨɥɟɟ ɜɚɠɧɵɦ ɦɵ ɫɱɢɬɚɟɦ ɫɚɦ ɮɚɤɬ ɧɚɥɢɱɢɹ ɚɧɨɦɚɥɢɢ ɜ ɧɚɲɟɣ ɦɨɞɟɥɢ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɜɫɟɯ 
ɞɪɭɝɢɯ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ. Ɇɵ ɪɚɛɨɬɚɟɦ ɧɚɞ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɧɚɲɟɣ ɦɨɞɟɥɢ.  
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Ɋɢɫ. 2. Ⱥɞɢɚɛɚɬɚ Ƚɸɝɨɧɢɨ ɞɥɹ ɞɟɣɬɟɪɢɹ ɩɪɢ ɦɹɝɤɨɦ ɞɢɚɦɟɬɪɟ ɦɨɥɟɤɭɥɵ (dm = f(n, T)). ɋɢɧɢɟ 
ɤɪɭɠɤɢ – ɧɚɲ ɪɚɫɱёɬ: ɨɬɤɪɵɬɵɟ – ɩɟɪɜɵɣ ɤɨɪɟɧɶ, ɫɩɥɨɲɧɵɟ – ɜɬɨɪɨɣ ɤɨɪɟɧɶ, ɩɨɥɭɨɬɤɪɵɬɵɟ 
– ɬɪɟɬɢɣ ɤɨɪɟɧɶ. Эɤɫɩɟɪɢɦɟɧɬ: ɡɜёɡɞɨɱɤɢ – ɱɟɪɧɵɟ Д2Ж, ɤɪɚɫɧɵɟ Д5Ж; ɬɪɟɭɝɨɥɶɧɢɤɢ – [3]; 
ɪɨɦɛɢɤɢ – Д4Ж. Ɍɟɨɪɢɹ: ɫɩɥɨɲɧɚɹ ɤɪɢɜɚɹ – Д7Ж; ɫɩɥɨɲɧɵɟ ɤɪɭɠɤɢ – ɹɱɟɟɱɧɚɹ ɦɨɞɟɥɶ Д8Ж; 
ɨɬɤɪɵɬɵɟ ɤɪɭɠɤɢ – [9]. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɇɚɭɱɧɨɝɨ Ɏɨɧɞɚ ɝɪɚɧɬ 
№ 14-12-01235.  
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɢɡɭɱɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ, 

ɩɪɢ ɫɜɟɪɯɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɞɚɜɥɟɧɢɹɯ. ɂɧɬɟɪɟɫ ɤ ɠɢɞɤɢɦ ɳɟɥɨɱɧɵɦ ɦɟɬɚɥɥɚɦ ɜ 
ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɵɡɜɚɧ ɬɚɤɠɟ ɬɟɦ, ɱɬɨ ɧɟɞɚɜɧɨ ɨɛɧɚɪɭɠɟɧɵ ɢɯ ɧɟɨɛɵɱɧɵɟ ɫɜɨɣɫɬɜɚ 
(ɩɟɪɟɯɨɞ ɦɟɬɚɥɥ-ɞɢɷɥɟɤɬɪɢɤ), ɜ ɱɚɫɬɧɨɫɬɢ ɞɥɹ Na Д1,2Ж, ɩɪɢ ɫɜɟɪɯɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ. 
Ȼɨɥɶɲɢɧɫɬɜɨ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬ ɩɨ ɢɡɭɱɟɧɢɸ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɨɫɧɨɜɚɧɵ ɧɚ ɦɟɬɨɞɚɯ 
ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɫɦ. ɧɚɩɪɢɦɟɪ ɨɛɡɨɪ Д3Ж). ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ, ɧɚ ɧɚɲ 
ɜɡɝɥɹɞ, ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ, ɤɨɬɨɪɵɣ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɭɱɚɬɶ ɩɨɜɟɞɟɧɢɟ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɞɥɹ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ, ɧɟ ɢɫɫɥɟɞɭɟɦɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢ, ɢ ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ 
ɫɜɨɣɫɬɜ ɜ ɭɫɥɨɜɢɹɯ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɯ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɓɟɥɨɱɧɵɟ ɦɟɬɚɥɥɵ ɜ ɩɨɫɥɟɞɧɟɟ 
ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɢɡɭɱɚɥɢɫɶ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɦɟɬɨɞɚɦɢ ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɞɢɧɚɦɢɤɢ. ɂɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ ɷɬɨɦ ɩɪɨɝɪɚɦɦɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɫɧɨɜɚɧɵ ɧɚ ɛɚɡɢɫɟ ɩɥɨɫɤɢɯ 
ɜɨɥɧ ɢ ɩɨɡɜɨɥɹɸɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɹɱɟɣɤɢ ɫ ɱɢɫɥɨɦ ɚɬɨɦɨɜ ɧɟ ɛɨɥɟɟ ɫɨɬɧɢ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɬɫɹ ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɠɢɞɤɢɯ Na ɢ Cs ɩɪɢ 
ɫɜɟɪɯɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ, ɚ ɬɚɤɠɟ ɷɤɜɢɚɬɨɦɧɨɝɨ ɪɚɫɩɥɚɜɚ Na-Cs ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ 
SIESTA Д4Ж. ȼ ɧɟɣ ɩɪɢɦɟɧɟɧ ɛɚɡɢɫ ɚɬɨɦɧɨɩɨɞɨɛɧɵɯ ɜɨɥɧɨɜɵɯ ɮɭɧɤɰɢɣ ɢ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ 
ɫɭɩɟɪɹɱɟɣɤɢ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɱɚɫɬɢɰ. Ɋɚɧɟɟ ɷɬɨɬ ɩɨɞɯɨɞ ɩɪɢɦɟɧɹɥɫɹ ɧɚɦɢ ɞɥɹ ɢɡɭɱɟɧɢɹ 
ɪɚɫɩɥɚɜɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɜɩɥɨɬɶ ɞɨ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ. 
ȼɵɛɪɚɧɚ ɫɭɩɟɪɹɱɟɣɤɚ ɢɡ 250 ɚɬɨɦɨɜ ɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ ɞɥɹ 
ɨɛɴɟɦɚ V0, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɚɬɦɨɫɮɟɪɧɨɦɭ ɞɚɜɥɟɧɢɸ, ɚ ɬɚɤɠɟ ɞɥɹ ɞɜɭɯ ɫɢɥɶɧɨ ɫɠɚɬɵɯ 
ɫɨɫɬɨɹɧɢɣ: 1) V=0,5V0 (ɫɠɚɬɢɟ ɧɚ 50%) ɢ 2) V=0,3V0 (ɫɠɚɬɢɟ ɧɚ 70%). Ⱦɥɹ ɠɢɞɤɨɝɨ Na ɩɪɢ 
ɜɵɯɨɞɟ ɫɢɫɬɟɦɵ ɧɚ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɞɚɜɥɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 12 
Ƚɉɚ, ɚ ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ 60 Ƚɉɚ. ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɨ ɪɚɫɫɱɢɬɚɧɧɨɟ ɧɚɦɢ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ 
ɞɥɹ ɠɢɞɤɨɝɨ Na ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɢɡ Д1Ж. ȼɢɞɧɨ ɧɟɩɥɨɯɨɟ 
ɫɨɝɥɚɫɢɟ ɪɚɫɱɟɬɧɵɯ ɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ. Ɉɬɦɟɬɢɦ ɬɚɤɠɟ, ɱɬɨ ɧɚɲɢ ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ 
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ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɸɬ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɨɰɟɧɤɚɦɢ ɜ Д3Ж, ɝɞɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɝɨɪɚɡɞɨ ɛɨɥɟɟ 
ɫɥɨɠɧɚɹ ɦɨɞɟɥɶ.  

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɫɬɪɭɤɬɭɪɧɵɯ ɮɭɧɤɰɢɣ Na ɩɪɢ ɪɚɡɧɵɯ ɞɚɜɥɟɧɢɹɯ. 
Ʉɚɤ ɢ ɞɨɥɠɧɨ ɛɵɬɶ ɩɟɪɜɵɣ ɦɚɤɫɢɦɭɦ ɫɞɜɢɝɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɜ ɫɬɨɪɨɧɭ ɦɟɧɶɲɢɯ 
ɪɚɫɫɬɨɹɧɢɣ ɫ ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ, ɧɨ ɩɪɢ ɷɬɨɦ ɜɵɫɨɬɚ ɩɢɤɚ ɦɟɧɹɟɬɫɹ ɧɟɦɨɧɨɬɨɧɧɨ, ɨɧ ɫɧɚɱɚɥɚ 
ɪɚɫɬɟɬ, ɚ ɡɚɬɟɦ ɞɚɠɟ ɭɦɟɧɶɲɚɟɬɫɹ. 

 

 
Ɋɢɫ. 1 ɍɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɨɝɨ Na ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ 

 

 
Ɋɢɫ. 2 Ɏɭɧɤɰɢɹ ɪɚɞɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɬɨɦɨɜ ɠɢɞɤɨɝɨ Na ɩɪɢ ɪɚɡɧɵɯ ɫɬɟɩɟɧɹɯ ɫɠɚɬɢɹ 

 
ɉɨ ɩɟɪɜɨɦɭ ɦɚɤɫɢɦɭɦɭ g(R) ɦɵ ɨɰɟɧɢɥɢ ɱɢɫɥɨ ɫɨɫɟɞɟɣ Z ɜ ɩɟɪɜɨɣ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɣ 

ɫɮɟɪɟ. ɉɪɢ ɧɨɪɦɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ ɨɧɨ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 11, ɩɪɢ ɞɚɜɥɟɧɢɢ 12 Ƚɉɚ Z=11,7 
ɢ ɩɪɢ 60 Ƚɉɚ Z=11,8, ɬ.ɟ. ɱɢɫɥɨ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɵɦ ɢ 
ɛɥɢɡɤɨ ɤ ɩɥɨɬɧɨɣ ɭɩɚɤɨɜɤɟ, ɚ ɫɬɪɭɤɬɭɪɚ ɨɫɬɚɟɬɫɹ ɩɨɞɨɛɧɨɣ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɥɢɲɶ ɪɚɫɫɬɨɹɧɢɟ 
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ɦɟɠɞɭ ɚɬɨɦɚɦɢ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɜ Д2Ж ɮɭɧɤɰɢɢ ɪɚɞɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɦɟɸɬ 
ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɧɢɡɤɢɟ ɩɟɪɜɵɟ ɦɚɤɫɢɦɭɦɵ. 

ɇɚ ɪɢɫ. 3 ɩɨɤɚɡɚɧɨ, ɤɚɤ ɢɡɦɟɧɹɟɬɫɹ ɷɥɟɤɬɪɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɠɢɞɤɨɝɨ Na ɩɨɞ ɞɚɜɥɟɧɢɟɦ. 
ɉɪɢ ɨɛɵɱɧɨɦ ɞɚɜɥɟɧɢɢ ɧɚ ɭɪɨɜɧɟ Ɏɟɪɦɢ, EF, ɩɥɨɬɧɨɫɬɶ ɫɨɫɬɨɹɧɢɣ ɢɦɟɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ, 
ɛɥɢɡɤɨɟ ɤ ɜɟɥɢɱɢɧɟ ɞɥɹ ɫɜɨɛɨɞɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɝɚɡɚ, ɚ ɩɪɨɜɚɥ ɧɚ ɩɥɨɬɧɨɫɬɢ ɫɦɟɳɟɧ ɜɥɟɜɨ 
ɩɪɢɦɟɪɧɨ ɧɚ 1 eV. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɞɨ 12 Ƚɉɚ ɷɬɨɬ ɩɪɨɜɚɥ ɫɦɟɲɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɚ ɭɪɨɜɟɧɶ Ɏɟɪɦɢ ɢ ɫɬɚɧɨɜɢɬɫɹ ɝɥɭɛɠɟ. ɂ, ɧɚɤɨɧɟɰ, ɩɪɢ Ɋ=60 Ƚɉɚ ɜɫɹ ɩɥɨɬɧɨɫɬɶ ɫɨɫɬɨɹɧɢɣ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɪɚɡɞɟɥɟɧɧɵɟ ɩɢɤɢ, ɚ ɧɚ ɭɪɨɜɧɟ Ɏɟɪɦɢ ɩɨɹɜɥɹɟɬɫɹ ɡɚɩɪɟɳɟɧɧɚɹ ɡɨɧɚ, 
ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɟɯɨɞɭ ɦɟɬɚɥɥ-ɧɟɦɟɬɚɥɥ. 

 

 
Ɋɢɫ. 3 ɉɥɨɬɧɨɫɬɶ ɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɠɢɞɤɨɝɨ Na ɩɪɢ ɪɚɡɧɵɯ ɫɬɟɩɟɧɹɯ ɫɠɚɬɢɹ 

 
ɇɢɠɧɹɹ ɤɪɢɜɚɹ ɧɚ ɪɢɫ.3 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɪɢɬɢɱɟɫɤɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨɫɤɨɥɶɤɭ 

ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɜɟɪɯɧɟɣ ɤ ɧɢɠɧɟɣ ɤɪɢɜɨɣ ɚɬɨɦɧɚɹ ɩɥɨɬɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ, ɬɨ ɦɨɠɧɨ 
ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɟɟ ɡɧɚɱɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɞɥɹ ɯɚɪɚɤɬɟɪɚ ɩɥɨɬɧɨɫɬɢ 
ɷɥɟɤɬɪɨɧɧɵɯ ɫɨɫɬɨɹɧɢɣ. 

ɇɚɤɨɧɟɰ, ɧɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɵ ɞɚɧɧɵɟ ɨ ɫɬɪɭɤɬɭɪɟ ɜ ɪɚɫɩɥɚɜɟ Na-Cs ɩɪɢ Ɍ=400 Ʉ. ȼɢɞɧɨ, 
ɱɬɨ ɛɥɢɠɚɣɲɢɦɢ ɫɨɫɟɞɹɦɢ, ɤɚɤ ɧɚɬɪɢɹ, ɬɚɤ ɢ ɰɟɡɢɹ ɹɜɥɹɸɬɫɹ ɚɬɨɦɵ ɧɚɬɪɢɹ. ȼɵɱɢɫɥɟɧɧɵɟ 
ɩɚɪɰɢɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɟ ɱɢɫɥɚ ɞɥɹ ɫɩɥɚɜɚ ɫɨɫɬɚɜɢɥɢ ZNa-Na=3,2, ZCs-Cs=8,0 ɢ ZNa-Cs=5,7 
ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɞɪɭɝɢɯ ɪɚɫɱɟɬɨɜ ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ 
Na-Na. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɚɛɨɬɟ ɩɪɨɫɬɚɹ ɦɨɞɟɥɶ, ɢɫɩɨɥɶɡɨɜɚɧɧɚɹ ɪɚɧɟɟ ɞɥɹ ɠɢɞɤɢɯ ɳɟɥɨɱɧɵɯ 
ɦɟɬɚɥɥɨɜ ɢ ɭɱɢɬɵɜɚɸɳɚɹ ɫɚɦɵɣ ɩɪɨɫɬɨɣ ɛɚɡɢɫ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɥɢɲɶ s-ɷɥɟɤɬɪɨɧɵ, 
ɩɟɪɟɧɟɫɟɧɚ ɛɟɡ ɢɡɦɟɧɟɧɢɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɫɜɟɪɯɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɢ ɧɚ 
ɞɜɨɣɧɭɸ ɫɢɫɬɟɦɭ. ɍɞɚɟɬɫɹ ɬɨɱɧɨ ɨɩɢɫɚɬɶ ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɢ ɩɥɨɬɧɨɫɬɢ ɷɥɟɤɬɪɨɧɧɵɯ 
ɫɨɫɬɨɹɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɩɟɪɟɯɨɞɭ ɦɟɬɚɥɥ-ɧɟɦɟɬɚɥɥ ɩɪɢ ɫɢɥɶɧɨɦ ɫɠɚɬɢɢ.  

ȼ ɰɟɥɨɦ ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɟ, ɩɨɡɜɨɥɹɟɬ 
ɨɩɢɫɚɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ (ɞɢɧɚɦɢɱɟɫɤɢɟ, ɫɬɪɭɤɬɭɪɧɵɟ, 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɢ ɷɥɟɤɬɪɨɧɧɵɟ) ɤɚɤ ɜɞɨɥɶ ɤɪɢɜɨɣ ɧɚɫɵɳɟɧɢɹ ɜɩɥɨɬɶ ɞɨ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ, 
ɬɚɤ ɢ ɜ ɨɛɥɚɫɬɢ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ. 
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Ɋɢɫ. 4 ɉɚɪɰɢɚɥɶɧɵɟ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ ɜ ɫɢɫɬɟɦɵ Na-Cs ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 400 Ʉ:1 – 
Na-Na; 2 – Na-Cs; 3 – Cs-Cs. 

 
Ɋɚɛɨɬɚ ɩɨɞɞɟɪɠɚɧɚ ɩɪɨɟɤɬɚɦɢ ɍɪɈ ɊȺɇ Ɋɐɉ-14-ɉ12 ɢ ɉɪɟɡɢɞɢɭɦɚ ɊȺɇ ɉ-1025. 
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Ɋɟɨɥɨɝɢɱɟɫɤɢɟɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɦɚɤɪɨ- ɢ ɦɢɤɪɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɧɚɧɨɤɨɦɩɨɡɢɰɢɣ, ɱɬɨ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɧɚɧɨɫɢɫɬɟɦ. 
TAInstrumentsɹɜɥɹɟɬɫɹ ɜɟɞɭɳɢɦ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 

ɬɟɪɦɨɚɧɚɥɢɡɚ ɢ ɪɟɨɥɨɝɢɢ. Эɬɚ ɤɨɦɩɚɧɢɹ ɩɪɟɞɥɚɝɚɟɬ ɪɟɲɟɧɢɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɠɢɞɤɢɯ ɢ ɬɜɟɪɞɵɯ ɨɛɪɚɡɰɨɜ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɭɧɢɤɚɥɶɧɵɦ ɹɜɥɟɧɢɟɦ ɞɥɹ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɪɵɧɤɚ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɷɬɨ ɨɩɪɟɞɟɥɹɟɬ ɫɜɨɟɨɛɪɚɡɧɵɣ ɩɨɞɯɨɞ 
TAInstruments – ɨɬɫɭɬɫɬɜɢɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɜ ɥɢɧɟɣɤɟ ɪɟɨɦɟɬɪɨɜ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɚɧɚɥɢɡɚɬɨɪɨɜ (ȾɆȺ) ɞɥɹ ɢɡɭɱɟɧɢɹ ɠɢɞɤɢɯ ɢ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

TAInstrumentsɩɪɟɞɥɚɝɚɟɬ ɪɟɨɦɟɬɪɵ ɢ ȾɆȺ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɯɟɦɵ. Ⱦɥɹ ɷɬɢɯ ɩɪɢɛɨɪɨɜ 
ɯɚɪɚɤɬɟɪɧɨ ɫɨɜɦɟɳɟɧɢɟ ɞɜɢɝɚɬɟɥɹ, ɩɪɢɤɥɚɞɵɜɚɸɳɟɝɨ ɧɚɝɪɭɡɤɭ ɤ ɨɛɪɚɡɰɭ, ɢ ɞɚɬɱɢɤɚ, 
ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ ɨɬɤɥɢɤ. Ʉ ɬɚɤɢɦ ɩɪɢɛɨɪɚɦ ɨɬɧɨɫɹɬɫɹ ɪɟɨɦɟɬɪɵ ɫɟɪɢɢ DHR 
(DiscoveryHybridRheometer) ɢ ȾɆȺQ800. ɏɨɬɹ ɪɟɨɦɟɬɪɵ ɢ ȾɆȺ ɩɨɞɨɛɧɨɣ ɫɯɟɦɵ ɨɛɥɚɞɚɸɬ 
ɜɟɥɢɤɨɥɟɩɧɵɦɢ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɫɭɳɟɫɬɜɭɟɬ ɪɹɞ ɨɝɪɚɧɢɱɟɧɢɣ ɢɯ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ. Ɍɚɤ, ɩɪɢ ɢɡɭɱɟɧɢɢ ɧɚɧɨɤɨɦɩɨɡɢɰɢɣ ɢɧɟɪɰɢɹ ɩɨɞɜɢɠɧɵɯ ɱɚɫɬɟɣ ɪɟɨɦɟɬɪɨɜ ɢ 
ȾɆȺ ɨɝɪɚɧɢɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. 

ɉɨɞɨɛɧɵɯ ɩɪɨɛɥɟɦ ɥɢɲɟɧɵ ɪɟɨɦɟɬɪ ARES-G2 ɢ ȾɆȺRSA-G2 ɩɪɨɢɡɜɨɞɫɬɜɚ 
TAInstruments. ȼ ɷɬɢɯ ɚɧɚɥɢɡɚɬɨɪɚɯ ɞɜɢɝɚɬɟɥɶ ɢ ɞɚɬɱɢɤ ɨɬɤɥɢɤɚ ɪɚɡɞɟɥɟɧɵ. Ʉ ɧɢɠɧɟɣ 
ɝɟɨɦɟɬɪɢɢ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɧɚɝɪɭɡɤɚ, ɨɬɤɥɢɤ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɫ ɜɟɪɯɧɟɣ ɝɟɨɦɟɬɪɢɢ. Эɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɨɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɞɚɠɟ ɞɥɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɷɮɮɟɤɬɨɜ 
ɢɡɦɟɧɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɷɬɢ ɚɧɚɥɢɡɚɬɨɪɵ ɢɦɟɸɬ ɨɱɟɧɶ ɛɨɥɶɲɨɣ 
ɞɢɧɚɦɢɱɟɫɤɢɣ ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ. ɇɚɩɪɢɦɟɪ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɪɟɨɥɨɝɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɷɩɨɤɫɢɞɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɫ ɦɨɦɟɧɬɚ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɞɨ ɨɬɜɟɪɠɞɟɧɢɹ ɡɚ ɨɞɢɧ 
ɷɤɫɩɟɪɢɦɟɧɬ. 

Ɋɟɨɦɟɬɪ ARES-G2 ɢɦɟɟɬ ɟɳɟ ɨɞɧɭ ɭɧɢɤɚɥɶɧɭɸ ɨɫɨɛɟɧɧɨɫɬɶ. Ɉɧ ɨɛɴɟɞɢɧɹɟɬ ɜɨɡɦɨɠɧɨɫɬɢ 
ɪɨɬɚɰɢɨɧɧɨɝɨ ɪɟɨɦɟɬɪɚ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ ɢ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɪɟɠɢɦɟ ɬɪɟɯɬɨɱɟɱɧɨɝɨ ɢɡɝɢɛɚ, ɤɚɧɬɟɥɟɜɟɪɚ, 
ɪɚɫɬɹɠɟɧɢɹ ɜɨɥɨɤɨɧ/ɩɥɟɧɨɤ ɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɥɚɫɬɢɧ.  

ɉɨɞɨɛɧɨɟ ɫɨɜɦɟɳɟɧɢɟ ɞɚɟɬ ɢɫɫɥɟɞɨɜɚɬɟɥɹɦ ɞɜɚ ɧɨɜɵɯ ɦɟɬɨɞɚ ɢɡɭɱɟɧɢɹ ɪɟɨɥɨɝɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ: ɦɟɬɨɞ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɭɩɟɪɩɨɡɢɰɢɢ (OrЭСШРШЧКlSЮpОrpШsТЭТШЧ - OSP) 
ɢ ɞɜɭɦɟɪɧɚɹ ɪɟɨɥɨɝɢɹ ɫ ɨɫɰɢɥɥɹɰɢɟɣ ɦɚɥɨɣ ɚɦɩɥɢɬɭɞɵ (2 DТЦОЧsТШЧКl Small Amplitude 
Oscillatory Shear - 2D-SAOS). 

Ɇɟɬɨɞ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɫɭɩɟɪɩɨɡɢɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɨɜɦɟɳɟɧɢɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɪɨɬɨɪɚ ɫ ɨɫɰɢɥɥɹɰɢɟɣ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. Эɬɨ ɞɚɟɬ ɦɨɳɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɜ ɢɡɭɱɟɧɢɢ 
ɧɟɥɢɧɟɣɧɵɯ ɜɹɡɤɨɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ. Ɋɟɨɦɟɬɪ ARES-G2 ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɢɡɦɟɧɟɧɢɟ 
ɦɨɞɭɥɟɣ ɜ ɭɫɥɨɜɢɹɯ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɦɨɞɢɮɢɤɚɰɢɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɢɥɢ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɢ ɪɚɡɪɭɲɟɧɢɹ ɢɯ ɚɫɫɨɰɢɚɬɨɜ. 

Ɇɟɬɨɞ ɞɜɭɦɟɪɧɨɣ ɪɟɨɥɨɝɢɢ ɫ ɨɫɰɢɥɥɹɰɢɟɣ ɦɚɥɨɣ ɚɦɩɥɢɬɭɞɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɢɥɨɠɟɧɢɢ 
ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɤ ɨɛɪɚɡɰɭ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹ. Эɬɨɬ ɦɟɬɨɞ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɚɧɢɡɨɬɪɨɩɢɢ ɜɹɡɤɨɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ. ɉɨɞɨɛɧɚɹ ɚɧɢɡɨɬɪɨɩɢɹ 
ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ. 
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Ʉɨɦɩɚɧɢɹ Intertech Corporationɹɜɥɹɟɬɫɹ ɨɮɢɰɢɚɥɶɧɵɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ TAInstruments ɜ 
Ɋɨɫɫɢɢ ɢ ɫɬɪɚɧɚɯ ɛɵɜɲɟɝɨ ɋɋɋɊ. 
 
 
 

ɇȿɊАВɇɈВȿɋɇАЯ ɋɌАɌɂɋɌɂɑȿɋɄАЯ ɆȿɏАɇɂɄА ɉɊɈɐȿɋɋɈВ ɉȿɊȿɇɈɋА 
ɎɅɘɂȾА В ɋɌȿɋɇȿɇɇЫɏ ɍɋɅɈВɂЯɏ 

Ɋɭɞɹɤ ȼ.ə., Ȼɟɥɤɢɧ Ⱥ.Ⱥ. 
ɇɨɜɨɫɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɪɯɢɬɟɤɬɭɪɧɨ-ɫɬɪɨɢɬɟɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
(ɋɢɛɫɬɪɢɧ), Ɋɨɫɫɢɹ, 630008, ɇɨɜɨɫɢɛɢɪɫɤ, ɭɥ. Ʌɟɧɢɧɝɪɚɞɫɤɚɹ,113. E-mail: 

valery.rudyak@mail.ru, a_belkin@ngs.ru 
 

ɂɧɬɟɧɫɢɜɧɨɟ ɢɡɭɱɟɧɢɟ ɦɢɤɪɨɬɟɱɟɧɢɣ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɜ ɩɨɫɥɟɞɧɟɟ ɞɜɚɞɰɚɬɢɥɟɬɢɟ 
ɦɨɬɢɜɢɪɨɜɚɧɨ ɪɚɡɜɢɬɢɟɦ ɦɢɤɪɨɷɥɟɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ (ɆЭɆɋ), ɚ ɩɨɡɞɧɟɟ ɢ 
ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ. Ɍɚɤɢɟ ɬɟɱɟɧɢɹ ɩɪɢɦɟɧɹɸɬɫɹ ɭɠɟ ɫɟɝɨɞɧɹ ɜ ɛɢɨɯɢɦɢɢ, ɦɟɞɢɰɢɧɟ, ɛɢɨɥɨɝɢɢ, 
ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ, ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɢ, ɤɚɬɚɥɢɡɟ ɢ ɬ.ɞ. Эɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɩɨɞɨɛɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɰɟɫɫɚɦɢ ɩɟɪɟɧɨɫɚ. ɋɟɝɨɞɧɹ ɭɠɟ ɢɡɜɟɫɬɧɨ, 
ɱɬɨ ɷɬɢ ɩɪɨɰɟɫɫɵ ɜ ɨɛɴɟɦɟ ɢ ɜ ɫɬɟɫɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵ. Ɍɚɤ, ɞɢɮɮɭɡɢɹ, 
ɹɜɥɹɟɬɫɹ ɧɟɢɡɨɬɪɨɩɧɨɣ Д1–3Ж, ɚ ɡɧɚɱɟɧɢɟ ɜɹɡɤɨɫɬɢ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɟɟ ɡɧɚɱɟɧɢɟ ɜ 
ɨɛɴɟɦɟ Д4, 5Ж. ȼɦɟɫɬɟ ɫ ɬɟɦ ɞɨ ɫɢɯ ɩɨɪ ɨɬɫɭɬɫɬɜɭɟɬ ɚɩɩɚɪɚɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɵɜɚɬɶ 
ɩɪɨɰɟɫɫɵ ɩɟɪɟɧɨɫɚ ɜ ɫɬɟɫɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ. 
ɐɟɥɶɸ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɢ ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɢɡ ɩɟɪɜɵɯ ɩɪɢɧɰɢɩɨɜ ɦɟɬɨɞɚɦɢ ɧɟɪɚɜɧɨɜɟɫɧɨɣ 
ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢɬɟɨɪɢɢ ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɮɥɸɢɞɚ ɜ ɦɢɤɪɨ- ɢ ɧɚɧɨɤɚɧɚɥɚɯ, 
ɦɢɤɪɨɩɨɪɚɯ, ɫɢɫɬɟɦɚɯ, ɝɞɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɨɤɚɡɵɜɚɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɜɨɣɫɬɜɚ ɬɟɱɟɧɢɹ. 

ɋɢɫɬɟɦɚ ɮɥɸɢɞ-ɫɬɟɧɤɢ ɤɚɧɚɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɨɟɨɛɪɚɡɧɭɸ ɞɜɭɯɠɢɞɤɨɫɬɧɭɸ ɫɪɟɞɭ. 
ɋɜɨɣɫɬɜɚ ɬɚɤɨɣ ɫɪɟɞɵ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɩɢɫɵɜɚɬɶ ɩɨɫɪɟɞɫɬɜɨɦ ɚɩɩɚɪɚɬɚ, 
ɪɚɡɜɢɬɨɝɨ ɚɜɬɨɪɚɦɢ ɪɚɧɟɟ ɞɥɹ ɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ Д6–9Ж. Ⱦɚɧɧɚɹ ɫɢɫɬɟɦɚ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 
ɞɜɭɯɮɚɡɧɚɹ ɫɪɟɞɚ, ɝɞɟ ɤɚɠɞɚɹ ɮɚɡɚ ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɬɢɩɧɵɯ ɦɨɥɟɤɭɥ (ɚɬɨɦɨɜ) ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɫɜɨɢɦɢ ɩɥɨɬɧɨɫɬɶɸ, ɫɤɨɪɨɫɬɶɸ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ. Ⱦɢɧɚɦɢɤɚ ɫɢɫɬɟɦɵ ɨɩɢɫɵɜɚɟɬɫɹ N -
ɱɚɫɬɢɱɧɨɣ ɮɭɧɤɰɢɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ NF , ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣɭɪɚɜɧɟɧɢɸ Ʌɢɭɜɢɥɥɹ 
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ɨɩɟɪɚɬɨɪ Ʌɢɭɜɢɥɥɹ ɜ ɤɨɬɨɪɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ  
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Ɂɞɟɫɶ im , ir , ip  – ɦɚɫɫɚ, ɤɨɨɪɞɢɧɚɬɚ ɰɟɧɬɪɚɦɚɫɫ ɢ ɢɦɩɭɥɶɫ i -ɨɣ ɱɚɫɬɢɰɵ ɮɚɡɵ  . ijF  – ɫɢɥɚ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. 

ɋɨɫɬɨɹɧɢɟ ɬɚɤɨɣ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ, ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɩɚɪɰɢɚɥɶɧɵɦɢ 
ɡɧɚɱɟɧɢɹɦɢ ɩɥɨɬɧɨɫɬɢ n , ɢɦɩɭɥɶɫɚ p  ɢ ɷɧɟɪɝɢɢ E , ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɪɟɞɧɢɦɢ 
ɨɬɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ 
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Ⱦɟɣɫɬɜɭɹ ɨɩɟɪɚɬɨɪɨɦ Ʌɢɭɜɢɥɥɹ ɧɚ ɞɢɧɚɦɢɱɟɫɤɢɟ ɩɥɨɬɧɨɫɬɢ (2), ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɥɹ ɧɢɯ 
ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ  
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ɜ ɤɨɬɨɪɵɯ ɜɜɟɞɟɧɵ ɨɩɟɪɚɬɨɪɵ ɩɨɬɨɤɚ ɱɢɫɥɚ ɦɨɥɟɤɭɥ 1
ˆ J , ɩɨɬɨɤɚ ɢɦɩɭɥɶɫɚ 2

ˆ J  ɩɨɬɨɤɚ ɷɧɟɪɝɢɢ 

3
ˆ J  ɢ ɩɨɬɨɤɨɜ ɦɟɠɮɚɡɧɵɯ ɫɢɥ 2

ˆ j , 3̂j   [8–10]. 

ɍɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɞɥɹ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ ɩɨɥɭɱɚɸɬɫɹ, ɨɫɪɟɞɧɟɧɢɟɦ 
ɭɪɚɜɧɟɧɢɣ (3) ɩɨ ɚɧɫɚɦɛɥɸ NF . ȿɫɥɢ ɡɚɬɟɦɩɟɪɟɣɬɢ ɞɥɹ ɮɥɸɢɞɚ ɜ ɥɨɤɚɥɶɧɨ-ɫɨɩɪɨɜɨɠɞɚɸɳɭɸ 
ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ, ɞɜɢɠɭɳɭɸɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɫɨ ɫɤɨɪɨɫɬɶɸ fu , ɬɨ ɭɪɚɜɧɟɧɢɹ 
ɩɟɪɟɧɨɫɚ ɩɪɢɧɢɦɚɸɬ ɜɢɞ 

( ) 0, 0 ,f b
f f

n n
n

t t

    u  

2 2
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f f f f f ft
       'u

u u J j , 2 2 0 ,b b  'J j  

 3 2 3( ) :f
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E
E j

t

         
'

' ' ' 'u J J J u j u , 

3 3 :b
b f fb f

E
j

t
     

'
' 'J  J u .    (4) 

Ɂɞɟɫɶ ˆA A , ɭɝɥɨɜɵɦɢ ɫɤɨɛɤɚɦɢ ɨɛɨɡɧɚɱɟɧɨ ɨɫɪɟɞɧɟɧɢɟ ɩɨ ɚɧɫɚɦɛɥɸ NF , ɢɧɞɟɤɫɨɦ f 
ɨɛɨɡɧɚɱɚɸɬɫɹ ɜɟɥɢɱɢɧɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɮɥɸɢɞɭ, ɚ b – ɤ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɮɥɸɢɞ ɫɬɟɧɤɚɦ. 

ɍɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ (4) ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɨɛɵɱɧɵɯ ɭɪɚɜɧɟɧɢɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ ɧɚɥɢɱɢɟɦ 
ɦɟɠɮɚɡɧɵɯ ɫɢɥ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɥɚɝɚɟɦɵɯ fbJ , fbj , ɩɨɹɜɥɹɸɳɢɯɫɹ ɩɪɢ ɭɱɟɬɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ ɮɥɸɢɞɚ ɫ ɦɨɥɟɤɭɥɚɦɢ ɫɬɟɧɤɢ. ɑɬɨɛɵ ɡɚɦɤɧɭɬɶ ɷɬɢ ɭɪɚɜɧɟɧɢɹ, 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɱɢɫɥɢɬɶ ɜɯɨɞɹɳɢɟ ɫɸɞɚ ɩɨɬɨɤɢ ɢ ɦɟɠɮɚɡɧɵɟ ɫɢɥɵ, ɚ ɷɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (1), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɦɭ ɭɪɨɜɧɸ ɨɩɢɫɚɧɢɹ.  

ȼ ɫɢɥɭ ɥɢɧɟɣɧɨɫɬɢ ɭɪɚɜɧɟɧɢɹ (1) ɟɝɨ ɪɟɲɟɧɢɟ ɦɨɠɧɨ ɢɫɤɚɬɶ ɜ ɜɢɞɟ ɫɭɦɦɵ 
ɤɜɚɡɢɪɚɜɧɨɜɟɫɧɨɣ 0NF  ɢ ɞɢɫɫɢɩɚɬɢɜɧɨɣ 1NF  ɮɭɧɤɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ: 0 1N N NF F F  . Ɏɭɧɤɰɢɹ 

0NF  ɧɚɯɨɞɢɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɷɤɫɬɪɟɦɭɦɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɷɧɬɪɨɩɢɢ 0ln NS k F   (k  – -

ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ) ɩɪɢ ɡɚɞɚɧɧɵɯ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɹɯ ɜ ɫɢɫɬɟɦɟ ɱɢɫɥɚ ɱɚɫɬɢɰ, ɢɦɩɭɥɶɫɚ ɢ 
ɷɧɟɪɝɢɢ ɱɚɫɬɢɰ ɤɚɠɞɨɣ ɮɚɡɵ. ɉɨɥɭɱɚɸɳɚɹɫɹ ɩɪɢ ɷɬɨɦ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɞɜɭɯɠɢɞɤɨɫɬɧɨɦɭ ɨɩɢɫɚɧɢɸ ɫɢɫɬɟɦɵ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ ɫɬɟɧɨɤ ɪɚɜɧɚ 
ɧɭɥɸ, ɚ ɬɟɦɩɟɪɚɬɭɪɵɫɬɟɧɨɤ ɢ ɠɢɞɤɨɫɬɢ ɦɨɝɭɬ ɪɚɡɥɢɱɚɬɶɫɹɩɨɥɭɱɚɟɦ                 1

0 0
ˆ ˆˆ ˆexp , ' , , , ,N f f f f b b b bF Q d t E t n t E t n           r r r r r r r r r
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0
1 1

ˆexp , '
l

k k
k

Q g t G  
     r r , 

ɝɞɟ 0Q  – ɧɨɪɦɢɪɨɜɨɱɧɵɣ ɦɧɨɠɢɬɟɥɶ, ɚ 1/ kT   , T  – ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɦɩɨɧɟɧɬɚ  , fu  – 

ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɮɥɸɢɞɚ,       ,   – ɥɨɤɚɥɶɧɵɣ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ. 
Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧ ɪɚɡɜɢɬɵɣ ɜ Д6, 7Ж 

ɦɟɬɨɞ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɇɟ ɩɪɢɜɨɞɹ ɡɞɟɫɶ ɝɪɨɦɨɡɞɤɢɯ ɜɵɪɚɠɟɧɢɣ, ɭɤɚɠɟɦ, ɱɬɨ ɷɬɚ ɮɭɧɤɰɢɹ 
ɨɩɢɫɵɜɚɟɬ ɪɟɚɤɰɢɸ ɫɢɫɬɟɦɵ ɧɚ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɧɟ ɬɨɥɶɤɨ 
ɝɪɚɞɢɟɧɬɵ ɫɤɨɪɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɨ ɢ ɪɚɡɧɢɰɭ ɫɤɨɪɨɫɬɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪ ɞɜɭɯ ɮɚɡ. ɂɫɩɨɥɶɡɭɹ 
ɩɨɥɭɱɟɧɧɵɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɠɧɨ ɡɚɬɟɦ ɜɵɱɢɫɥɢɬɶ ɨɩɪɟɞɟɥɹɸɳɢɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɞɥɹ ɜɯɨɞɹɳɢɯ ɜ ɭɪɚɜɧɟɧɢɹ (4) ɩɨɬɨɤɨɜ ɢ ɦɟɠɮɚɡɧɵɯ ɫɢɥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭɞɚɟɬɫɹ 
ɩɨɥɭɱɢɬɶ ɡɚɦɤɧɭɬɵɟ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɠɢɞɤɨɫɬɢ ɜ ɫɬɟɫɧɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɬɟɱɟɧɢɹɯ. 
Ɉɩɪɟɞɟɥɹɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɹɜɥɹɸɬɫɹ ɧɟɥɨɤɚɥɶɧɵɦɢ ɢ ɡɚɩɚɡɞɵɜɚɸɳɢɦɢ. 
ɉɪɟɧɟɛɪɟɝɚɹ ɧɟɥɨɤɚɥɶɧɨɫɬɶɸ ɢ ɡɚɩɚɡɞɵɜɚɧɢɟɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɥɨɤɚɥɶɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɢɡɨɬɪɨɩɧɨɣ ɫɪɟɞɵ 
ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ  '

2 ( , ) ( , ) ( , )s s s s
f f ff fb b ft p t t      J r r U u r ,   (5ɚ) 

'
3 ( , ) ( , ) ( , )f ff f fb bt t t      J r r r ,   (5b) 

2 ( , ) 0f t j r , '
3 ( , ) ( )f fb f bj t    r ,    (5c)  ( , ) ( , )s s s

fb bf bb ft t    J r u r , ( , ) ( , )fb fb ft t j r u r .  (5d) 

ɝɞɟ μ , λ , σ ,   – ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɞɜɢɝɨɜɨɣ ɜɹɡɤɨɫɬɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɦɟɠɮɚɡɧɵɯ ɫɢɥ, fp  

– ɞɚɜɥɟɧɢɟ ɮɥɸɢɞɚ.  
ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɩɨɬɨɤɚ ɬɟɩɥɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɳɚɟɬɫɹ, ɟɫɥɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɟɧɤɢ ɢ ɮɥɸɢɞɚ 

ɨɞɢɧɚɤɨɜɵ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ '
3 0fj  ,  

'
3 ( , ) ( ) ( , )f ff fb ft t    J r r .     (6) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ (5), (6) ɪɚɞɢɤɚɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɜ ɨɛɴɟɦɟ. Ɂɞɟɫɶ, ɜɨ-ɩɟɪɜɵɯ, ɩɨɹɜɥɹɸɬɫɹ ɦɟɠɮɚɡɧɵɟ ɫɢɥɵ, 
ɨɩɪɟɞɟɥɹɸɳɢɟ ɨɛɦɟɧ ɢɦɩɭɥɶɫɨɦ ɢ ɷɧɟɪɝɢɟɣ ɫ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɟɝɨ ɫɬɟɧɤɚɦɢ, ɚ ɜɨ-ɜɬɨɪɵɯ, 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɧɨɫɚ ɹɜɥɹɸɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦɢ ɢ ɩɨɦɢɦɨ ɨɛɵɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɜɹɡɤɨɫɬɢ s

ff  ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ff  ɫɨɞɟɪɠɚɬ ɟɳɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɱɥɟɧɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɦɨɥɟɤɭɥ ɮɥɸɢɞɚ ɫɨ ɫɬɟɧɤɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɧɨɫɚ 
ɮɥɸɢɞɚ ɜ ɫɬɟɫɧɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɧɟ ɩɪɨɫɬɨ ɧɟ ɫɨɜɩɚɞɚɸɬ ɫ ɨɛɴɟɦɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɨɧɢ ɧɟ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɥɢɲɶ ɩɚɪɚɦɟɬɪɚɦɢ ɮɥɸɢɞɚ. ȼɹɡɤɨɫɬɶ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɮɥɸɢɞɚ ɜ ɫɬɟɫɧɟɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɹɜɥɹɸɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɜɫɟɣ ɫɢɫɬɟɦɵ «ɮɥɸɢɞ – ɩɨɜɟɪɯɧɨɫɬɶ».  

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɧɨɫɚ ɜ ɫɨɨɬɧɨɲɟɧɢɹɯ (5), (6) ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦɢ 
ɮɥɭɤɬɭɚɰɢɨɧɧɨ-ɞɢɫɫɢɩɚɰɢɨɧɧɵɦɢ ɬɟɨɪɟɦɚɦɢ, ɤɨɬɨɪɵɟ ɫɜɹɡɵɜɚɸɬ ɢɯ ɫ ɢɧɬɟɝɪɚɥɚɦɢ ɨɬ 
ɤɨɪɪɟɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɩɟɪɟɦɟɧɧɵɯ. ȼ ɱɚɫɬɧɨɫɬɢ, 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹɦɢ  
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ɉɟɪɜɨɟ ɢɡ ɷɬɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɢɞɟɧɬɢɱɧɨ ɮɨɪɦɭɥɟ Ƚɪɢɧɚ–Ʉɭɛɨ ɞɥɹ ɮɥɸɢɞɚ ɜ ɨɬɤɪɵɬɨɦ 
ɨɛɴɟɦɟ, ɜɬɨɪɨɟ ɢ ɬɪɟɬɶɟ ɨɩɢɫɵɜɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɥɸɢɞɚ ɫ 
ɨɝɪɚɧɢɱɢɜɚɸɳɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɢ ɧɟ ɢɦɟɸɬ ɤɥɚɫɫɢɱɟɫɤɢɯ ɚɧɚɥɨɝɨɜ. 
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ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɜɟɞɭɬɫɹ ɢɧɬɟɧɫɢɜɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɫɨɪɛɰɢɢ ɢ 
ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ «ɩɨɥɢɦɟɪ-ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ». ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɜ ɷɬɢɯ 
ɫɢɫɬɟɦɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞ (ɋɄ ɋɈ2). Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ 
ɋɄ ɋɈ2ɧɟ ɬɨɤɫɢɱɟɧ, ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɩɨɫɨɛɟɧ ɡɚɦɟɧɢɬɶ 
ɬɨɤɫɢɱɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɪɹɞɟ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. Ɍɚɤ ɠɟ ɋɄ ɋɈ2 ɫɩɨɫɨɛɟɧ 
ɪɚɫɬɜɨɪɹɬɶ ɜ ɫɟɛɟ ɨɫɬɚɬɤɢ ɪɹɞɚ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɬɟɦ ɫɚɦɵɦ ɨɛɟɫɩɟɱɢɜɚɬɶ ɱɢɫɬɨɬɭ 
ɩɨɥɭɱɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. Ʉ ɬɨɦɭ ɠɟ, ɩɪɢɦɟɧɟɧɢɟ ɋɄ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɨɡɜɨɥɹɟɬ 
ɩɨɞɫɬɪɚɢɜɚɬɶ ɟɝɨ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɩɥɨɬɧɨɫɬɶ, ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ, ɪɚɫɬɜɨɪɹɸɳɭɸ 
ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɬ.ɞ.) ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɹ ɞɚɜɥɟɧɢɟ ɢ ɬɟɦɩɟɪɚɬɭɪɭ. Шɢɪɨɤɢɣ ɫɩɟɤɬɪ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɬɚɤɢɯ ɤɚɤ ɩɨɥɢɤɨɧɞɟɧɫɚɰɢɹ, ɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɜɫɩɟɧɢɜɚɧɢɟ, ɩɨɥɭɱɟɧɢɟ 
ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɬɨɜ, ɢɦɩɪɟɝɧɚɰɢɹ ɢ ɦɨɞɢɮɢɤɚɰɢɹ ɩɨɥɢɦɟɪɨɜ, ɫɜɹɡɚɧ ɫ ɫɨɪɛɰɢɟɣ ɋɄ ɋɈ2 
[1]. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɨɡɞɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ (ɪɢɫ.1) ɢ ɪɚɡɪɚɛɨɬɚɧɚ 
ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɨɪɛɰɢɢ ɩɨɥɢɦɟɪɨɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ. 

Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ 6-60 Ɇɉɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ 20-350 0ɋ. 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɝɪɭɡɤɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɹɱɟɣɤɭ (10). 
Ⱦɚɥɟɟ ɜɤɥɸɱɚɟɬɫɹ ɬɟɪɦɨɫɬɚɬ (6), ɤɨɬɨɪɵɣ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɝɨɥɨɜɨɤ ɧɚɫɨɫɚ (5) ɢ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ (3). ɉɪɨɰɟɫɫ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ɧɟ ɞɨɫɬɢɝɧɟɬ ɡɧɚɱɟɧɢɹ -5 0C. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɹɱɟɣɤɢ ɡɚɞɚёɬɫɹ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ (11). Ⱦɚɥɟɟ 
ɨɬɤɪɵɜɚɟɬɫɹ ɜɟɧɬɢɥɶ ɛɚɥɥɨɧɚ (1) ɨɬɤɭɞɚ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ 5-6 
Ɇɉɚ ɩɨɩɚɞɚɟɬ ɜ ɨɯɥɚɠɞɚɸɳɢɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤ (3) ɱɟɪɟɡ ɮɢɥɶɬɪ ɨɫɭɲɢɬɟɥɶ (2). ɉɨɫɥɟ 
ɩɟɪɟɯɨɞɚ ɜ ɠɢɞɤɭɸ ɮɚɡɭ CO2 ɱɟɪɟɡ ɪɚɫɯɨɞɨɦɟɪ (4) ɩɨɫɬɭɩɚɟɬ ɜ ɧɚɫɨɫ (5), ɝɞɟ ɫɠɢɦɚɟɬɫɹ ɞɨ 
ɡɚɞɚɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɩɨɫɬɭɩɚɟɬ ɜ ɹɱɟɣɤɭ (10). ȼɫɥɟɞɫɬɜɢɟ ɧɚɝɪɟɜɚ 
CO2 ɩɟɪɟɯɨɞɢɬ ɜ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɢ ɧɚɱɢɧɚɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɢɫɫɥɟɞɭɟɦɵɦ 
ɜɟɳɟɫɬɜɨɦ. ɉɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɫɪɟɞɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɬɟɦɩɟɪɚɬɭɪɭ ɜ 
ɹɱɟɣɤɟ ɫɧɢɠɚɸɬ ɞɨ ɤɨɦɧɚɬɧɨɣ ɢ ɦɟɞɥɟɧɧɨ ɫɛɪɚɫɵɜɚɸɬ ɞɚɜɥɟɧɢɟ ɜ ɫɢɫɬɟɦɟ. ȼɟɧɬɢɥɶ (8) 
ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɤɪɵɬɨɦ ɩɨɥɨɠɟɧɢɢ, ɚ ɞɪɨɫɫɟɥɶ - ɜɟɧɬɢɥɶ (14) ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɪɚɫɯɨɞ 
CO2, ɬɟɦ ɫɚɦɵɦ ɢ ɫɤɨɪɨɫɬɶ ɫɛɪɨɫɚ ɞɚɜɥɟɧɢɹ. 
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Ɋɢɫ.1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ.1 -ɛɚɥɥɨɧ ɫ ɋɈ2, 2- ɮɢɥɶɬɪ 
ɨɫɭɲɢɬɟɥɶ, 3 – ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɨɯɥɚɠɞɟɧɢɹ, 4 – ɪɚɫɯɨɞɨɦɟɪ, 5 – ɧɚɫɨɫ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, 6 – 
ɬɟɪɦɨɫɬɚɬ, 7 – ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ, 8 – ɜɟɧɬɢɥɶ, 9 – ɥɟɧɬɨɱɧɵɣ ɧɚɝɪɟɜɚɬɟɥɶ, 10 – 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɹɱɟɣɤɚ, 11 – ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɣɢ ɞɚɜɥɟɧɢɟɦ, 12 – ɧɚɝɪɟɜɚɬɟɥɶ, 
13 – ɦɚɧɨɦɟɬɪ, 14 – ɞɪɨɫɫɟɥɶɧɵɣ ɜɟɧɬɢɥɶ 

 
ȼ ɤɚɱɟɫɬɜɟ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ: 
- ɝɪɚɧɭɥɵ ɩɨɥɢɫɬɢɪɨɥɚ ɫɨ ɫɪɟɞɧɟɦɚɫɫɨɜɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ Ɇ=230000 ɝ/ɦɨɥɶ. 
- ɝɪɚɧɭɥɵ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɦɚɪɤɢ PP 1362 RPARTIA 13-81106, Ɍɍ 2211-136-05766801-2006, 

ɈȺɈ «ɇɄɇɏ». 
ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯɪɟɡɭɥɶɬɚɬɨɜ ɫ 

ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɞɢɚɦɟɬɪɨɜ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɨɪ ɩɪɢ ɩɨɦɨɳɢ 
ɨɩɬɢɱɟɫɤɨɝɨ ɦɢɤɪɨɫɤɨɩɚ LevenhukT640. Ⱥɩɪɨɛɚɰɢɹ ɩɪɨɢɡɜɟɞɟɧɚ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɪɚɛɨɬɟ Д2Ж. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɋɄ ɋɈ2 ɧɚ ɩɨɪɢɫɬɨɫɬɶ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ 15,5 -25 
Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ 38-65 0ɋ. ȼɪɟɦɹ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ ɜ ɫɪɟɞɟ ɋɄ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 
ɫɨɫɬɚɜɥɹɥɨ 2,5 ɱɚɫɚ. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ 
(ɪɢɫ.2ɚ – ɜɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɞɢɚɦɟɬɪ ɩɨɪ, ɛ – ɜɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɞɢɚɦɟɬɪ ɩɨɪ). 

 

 
Ɋɢɫ.2 ɚ) ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ɧɚ ɞɢɚɦɟɬɪ ɩɨɪ 
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Ɋɢɫ.2 ɛ) ȼɥɢɹɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɢɫɬɟɦɵ ɧɚ ɞɢɚɦɟɬɪ ɩɨɪ 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɝɪɚɮɢɤɨɜ, ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɭɫɬɚɧɨɜɤɟ, ɫɨɡɞɚɧɧɨɣ ɜ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɫɨɩɨɫɬɚɜɢɦɵ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ.  
Ɍɚɤ ɠɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɞɚɜɥɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɨɛɳɭɸ 

ɩɨɪɢɫɬɨɫɬɶ ɢ ɨɛɴɟɦ ɩɨɪ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚɛɨɬɤɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ 
ɭɝɥɟɪɨɞɚ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ 10-35 Ɇɉɚ ɢ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ 40-90 0ɋ. ȼɪɟɦɹ ɜɵɞɟɪɠɤɢ ɨɛɪɚɡɰɨɜ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɫɨɫɬɚɜɥɹɥɨ 180 ɦɢɧɭɬ, ɜɪɟɦɹ 
ɫɛɪɨɫɚ ɞɚɜɥɟɧɢɹ 30 ɦɢɧɭɬ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɵɞɟɪɠɤɢ ɩɨɫɥɟ ɫɛɪɨɫɚ ɞɚɜɥɟɧɢɹ 70 0ɋ, ɜɪɟɦɹ 
ɜɵɞɟɪɠɤɢ ɩɨɫɥɟ ɫɛɪɨɫɚ ɞɚɜɥɟɧɢɹ 120 ɦɢɧɭɬ. 

ȼ ɬɚɛɥɢɰɟ 1. ɩɪɟɞɫɬɚɜɥɟɧɵ ɭɫɥɨɜɢɹ ɢ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɳɟɣ ɩɨɪɢɫɬɨɫɬɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɜɨɞɢɥɨɫɶɦɟɬɨɞɨɦ 

ɡɚɩɨɥɧɟɧɢɹ ɩɨɪ ɠɢɞɤɨɫɬɶɸ ɩɨɞ ɞɚɜɥɟɧɢɟɦ. Ⱦɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 200ɋ ɢ 
ɞɚɜɥɟɧɢɢ 30 Ɇɉɚ ɩɨɞɚɟɬɫɹ ɜ ɟɦɤɨɫɬɶ ɡɚɩɨɥɧɟɧɧɨɣ ɝɪɚɧɭɥɚɦɢ ɩɨɥɢɦɟɪɚ (ɫ ɢɡɜɟɫɬɧɨɣ ɦɚɫɫɨɣ). 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨɫɬɚɜɥɹɟɬ 30 ɦɢɧɭɬ. ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 
ɜɡɜɟɲɢɜɚɟɬɫɹ ɦɚɫɫɚ ɨɛɪɚɡɰɨɜ. Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ: 

300

M m
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m
 , 

ɝɞɟ Ɇ – ɦɚɫɫɚ ɨɛɪɚɡɰɨɜ ɩɨɫɥɟ ɡɚɩɨɥɧɟɧɢɹ ɜɨɞɨɣ, m – ɦɚɫɫɚ ɨɛɪɚɡɰɨɜ ɞɨ ɡɚɩɨɥɧɟɧɢɹ, 300  – 

ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ ɩɪɢ ɞɚɜɥɟɧɢɢ 30 Ɇɉɚ. 
Ɋɚɫɫɱɢɬɵɜɚɟɬɫɹ ɨɛɳɚɹ ɩɨɪɢɫɬɨɫɬɶ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɫ ɋɄ ɋɈ2 [3].  

 
Tɚɛɥɢɰɚ 1 

№ 
Ɍɟɦɩɟɪɚɬɭɪɚ 

ɧɚɫɵɳɟɧɢɹ, 0C 
Ⱦɚɜɥɟɧɢɟ 

ɫɢɫɬɟɦɵ, Ɇɉɚ 
Ɉɛɳɚɹ ɩɨɪɢɫɬɨɫɬɶ, 

ɫɦ3/ɝ 
1 

60 

10 0,00637 
2 15 0,00835 
3 20 0,01598 
4 25 0,0517 
5 30 0,02240 
6 35 0,02201 
7 40 

25 

0,04454 
8 50 0,04846 
9 70 0,02079 
10 80 0,01204 
11 90 0,00721 

 
ɇɚ ɪɢɫ. 3 ɚ) ɢ ɛ) ɢɡɨɛɪɚɠɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɛɳɟɣ ɩɨɪɢɫɬɨɫɬɢ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɨɬ ɞɚɜɥɟɧɢɹ 

ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɛɨɬɤɢ ɋɄ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ. 
 

80
100
120
140
160
180
200
220

30 35 40 45 50 55 60 65 70

̾к̭пе̬и̥е̦т

̬̌̍от̌ [Ϯ]

Те̥пе̬̌ту̬̌, 0ˁ

Д
и̌

̥
ет

̬
по

̬,
 ̥

к̥
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Ɋɢɫ. 3 ɚ) ɡɚɜɢɫɢɦɨɫɬɶ ɨɛɳɟɣ ɩɨɪɢɫɬɨɫɬɢ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɨɬ ɞɚɜɥɟɧɢɢ ɧɚ ɢɡɨɬɟɪɦɟ t=60 0ɋ 

 

 
Ɋɢɫ. 3 ɛ) ɡɚɜɢɫɢɦɨɫɬɶ ɨɛɳɟɣ ɩɨɪɢɫɬɨɫɬɢ ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɢɡɨɛɚɪɟ Ɋ=25 Ɇɉɚ 

 
Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 3 ɚ) ɨɛɳɚɹ ɩɨɪɢɫɬɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɚɜɥɟɧɢɹ ɞɨ 25 Ɇɉɚ, 

ɩɨɫɥɟ ɞɚɥɶɧɟɣɲɟɝɨ ɩɨɜɵɲɟɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɢɣ ɫɩɚɞ ɨɛɳɟɣ ɩɨɪɢɫɬɨɫɬɢ. ɇɚ ɪɢɫ. 
3 ɛ) ɧɚɛɥɸɞɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɛɳɟɣ ɩɨɪɢɫɬɨɫɬɢ. Ɍɚɤɨɟ ɹɜɥɟɧɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, 
ɱɬɨ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɜɡɚɢɦɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ 
ɩɨɥɢɩɪɨɩɢɥɟɧɚ ɢ ɋɄ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ ɆК-4440.2014.8 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɧɨɜɵɟ ɦɚɬɟɪɢɚɥɵ, ɢɦɟɸɳɢɟ ɫɩɟɰɢɮɢɱɟɫɤɢɟ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ (ɫɜɟɪɯɩɪɨɱɧɨɫɬɶ, ɬɜɟɪɞɨɫɬɶ, ɯɢɦɨ- ɢ ɬɟɪɦɨɫɬɨɣɤɨɫɬɶ ɢ ɞɪ.). 
ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜ ɷɬɨɦ ɩɥɚɧɟ ɹɜɥɹɸɬɫɹ ɭɝɥɟɪɨɞɧɵɟ ɧɚɧɨɦɚɬɟɪɢɚɥɵ, ɚ ɬɚɤɠɟ 
ɤɨɦɩɨɡɢɬɵ, ɜɤɥɸɱɚɸɳɢɟ ɜ ɫɟɛɹ ɞɨɛɚɜɤɢ ɢɡ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ.  
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ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɜɫɟɝɨ ɦɢɪɚ ɩɪɢɜɥɟɤɚɟɬ ɬɚɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ 
ɭɝɥɟɪɨɞɚ ɤɚɤ ɝɪɚɮɟɧ - ɞɜɭɦɟɪɧɚɹ ɚɥɥɨɬɪɨɩɧɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɭɝɥɟɪɨɞɚ, ɨɛɪɚɡɨɜɚɧɧɚɹ ɫɥɨɟɦ 
ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɬɨɥɳɢɧɨɣ ɜ ɨɞɢɧ ɚɬɨɦ.ɉɨ ɨɰɟɧɤɚɦ ɭɱɟɧɵɯ, ɝɪɚɮɟɧ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɨɣ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɠёɫɬɤɨɫɬɶɸ ɢ ɪɟɤɨɪɞɧɨ ɛɨɥɶɲɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ (з1 Ɍɉɚ ɢ з5·103 
ȼɬ·ɦ−1·Ʉ−1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) Д1Ж. Ɉɞɧɚɤɨ, ɩɪɨɦɵɲɥɟɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɝɪɚɮɟɧɚ ɜɵɡɵɜɚɟɬ 
ɫɭɳɟɫɬɜɟɧɧɵɟ ɬɪɭɞɧɨɫɬɢ. ȼ Ɍɚɦɛɨɜɫɤɨɦ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɦ ɬɟɯɧɢɱɟɫɤɨɦ ɭɧɢɜɟɪɫɢɬɟɬɟ 
ɪɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ ɨɤɢɫɥɟɧɧɨɝɨ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɝɪɚɮɟɧɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ 
ɪɚɡɞɟɥɟɧɢɢ ɝɪɚɮɢɬɨɜɵɯ ɫɥɨёɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɨɤɢɫɥɢɬɟɥɟɣ. ȼɨɡɞɟɣɫɬɜɢɟ ɧɚ 
ɝɪɚɮɢɬ ɫɢɥɶɧɵɯ ɨɤɢɫɥɢɬɟɥɟɣ, ɩɪɢɜɨɞɢɬ ɤ ɨɤɢɫɥɟɧɢɸ ɜɧɭɬɪɟɧɧɢɯ ɫɥɨёɜ ɝɪɚɮɢɬɚ. Эɬɨ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɦɟɠɫɥɨɣɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɜ ɤɪɢɫɬɚɥɥɟ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɫɧɢɠɟɧɢɟɦ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɫɥɨɹɦɢ. ɉɨɥɭɱɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɞɢɫɩɟɪɝɢɪɭɟɬɫɹ 
ɭɥɶɬɪɚɡɜɭɤɨɦ ɧɚ ɝɪɚɮɟɧɨɜɵɟ ɧɚɧɨɩɥɚɫɬɢɧɤɢ ɜ ɪɚɫɬɜɨɪɟ ɢ ɮɢɥɶɬɪɭɟɬɫɹ. ɉɨɫɥɟ ɮɢɥɶɬɪɚɰɢɢ 
ɩɚɫɬɚ ɫɨɞɟɪɠɢɬ 7…8 % ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ. ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɬɪɭɞɚ ɩɪɢɝɨɬɨɜɢɬɶ ɩɚɫɬɭ ɧɚ ɨɫɧɨɜɟɠɢɞɤɨɫɬɟɣ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ, 
ɧɚɩɪɢɦɟɪ ɝɥɢɰɟɪɢɧɚ. 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɥɭɱɚɟɦɨɣ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɨɤɢɫɥɟɧɧɨɝɨ ɦɧɨɝɨɫɥɨɣɧɨɝɨ 
ɝɪɚɮɟɧɚ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɩɚɫɬ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 
ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɣ ɩɪɢɛɨɪ ɂɌ--400. Ⱦɚɧɧɵɣ ɩɪɢɛɨɪ ɪɚɡɪɚɛɨɬɚɧ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ ɭɱɟɧɵɯ 
ɢɡ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɚ: ȿ.ɋ. ɉɥɚɬɭɧɨɜɚ, ȼ.ȼ. Ʉɭɪɟɩɢɧɚ ɢ ɋ.ȿ. Ȼɭɪɚɜɨɝɨ. ȼ ɬɟɱɟɧɢɟ 15 ɥɟɬ ɞɨ 
1991 ɝɨɞɚ ɨɧɜɵɩɭɫɤɚɥɫɹ ɫɟɪɢɣɧɨ ɧɚ ɨɞɧɨɦ ɢɡ ɡɚɜɨɞɨɜ ɋɋɋɊ.Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɜ ɯɨɞɟ ɢɡɦɟɪɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɩɪɢɛɨɪɚɹɜɥɹɟɬɫɹ ɨɛɨɛɳɟɧɢɟɦ 
ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɨɝɨ ɢ ɪɟɝɭɥɹɪɧɨɝɨ ɪɟɠɢɦɨɜ, ɱɬɨ ɩɨɡɜɨɥɹɥɨ ɨɩɪɟɞɟɥɹɬɶ ɡɚɜɢɫɢɦɨɫɬɶ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɞɨ 7 %. Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɟɧɧɵɦ 
ɧɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɥɢɱɧɨɝɨ 
ɩɪɢɫɭɬɫɬɜɢɹɨɩɟɪɚɬɨɪɚ ɢ ɟɝɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɱɚɫɬɢɹ ɜ ɪɟɚɥɢɡɚɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɩɪɨɰɟɞɭɪ.Ɇɨɞɟɪɧɢɡɚɰɢɹ ɩɪɢɛɨɪɚ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɨɫɧɚɳɟɧɢɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ 
ɜɵɲɟɭɩɨɦɹɧɭɬɨɝɨ ɩɪɢɛɨɪɚ ɫɢɫɬɟɦɨɣ ɫɛɨɪɚ ɞɚɧɧɵɯ ɢ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɚɩɩɚɪɚɬɧɨɝɨ ɢ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɮɢɪɦɵ NКЭТШЧКl IЧsЭrЮЦОЧЭs (ɋШȺ), ɱɬɨ ɩɨɡɜɨɥɢɥɨ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɢɡɦɟɪɟɧɢɣ ɢ ɩɨɜɵɫɢɬɶ ɢɯ ɬɨɱɧɨɫɬɶ. ɉɪɢɧɰɢɩɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨɜɩɚɞɚɸɬ ɫ ɩɨɞɯɨɞɚɦɢ, ɢɡɥɨɠɟɧɧɵɦɢ ɜ ɫɬɚɬɶɹɯ Д2-3Ж. Ʉɚɤ 
ɨɤɚɡɚɥɨɫɶ, ɦɨɞɟɪɧɢɡɚɰɢɹ ɩɪɢɛɨɪɚ ɹɜɢɥɚɫɶ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ, ɱɟɦ ɩɨɤɭɩɤɚ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɩɪɢɛɨɪɚ ɫ ɚɧɚɥɨɝɢɱɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ. 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɛɥɨɤ ɩɪɢɛɨɪɚ (ɫɦ. ɪɢɫ 1) ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɚɝɪɟɜɚɬɟɥɶ 5, ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ 
ɤɨɬɨɪɨɝɨ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɬɟɩɥɨɦɟɪ ɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 9ɢ ɤɨɧɬɚɤɬɧɭɸ 
ɦɟɞɧɭɸɩɥɚɫɬɢɧɭɜɚɦɩɭɥɭ 8 ɫ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɨɦ (ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨɫɬɶɸ) 1 ɫ ɚɦɩɭɥɨɣ ɢ 
ɞɚɥɟɟ ɜ ɫɬɟɪɠɟɧɶ. Ɉɯɪɚɧɧɵɣ ɤɨɥɩɚɤ 3 ɜɦɟɫɬɟ ɫ ɧɚɝɪɟɜɚɬɟɥɟɦ 4 ɨɛɪɚɡɭɸɬ ɚɞɢɚɛɚɬɢɱɟɫɤɭɸ 
ɨɛɨɥɨɱɤɭ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɬɟɩɥɨɨɛɦɟɧɚ ɨɛɴɟɤɬɚ ɢɡɦɟɪɟɧɢɹ ɫ ɜɧɟɲɧɟɣ 
ɫɪɟɞɨɣ.  
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Ɋɢɫ. 1. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɢɛɨɪɚɂɌ--400 
 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɛɨɥɨɱɤɢ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɪɚɜɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɫɬɟɪɠɧɹ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɦɨɳɧɨɫɬɢ ɧɚɝɪɟɜɚɬɟɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɧɨɫɬɢ ɬɟɪɦɨ-ɷ.ɞ.ɫ. 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 6 ɢ 7 (ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɉɂȾ-ɡɚɤɨɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ). Ʉɪɨɦɟ ɷɬɨɝɨ, ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɟ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɨɛɪɚɡɰɟ ɢ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɢɡɦɟɪɹɟɦɵɟ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɩɨɦɨɳɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 2, 7 ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ 
ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 9. Ɍɟɦɩ ɪɚɡɨɝɪɟɜɚ ɨɛɪɚɡɰɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ,ɢ ɦɨɠɟɬ 
ɪɟɝɭɥɢɪɨɜɚɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ 0,02÷0,15 K/М ɡɚ ɫɱɟɬ ɭɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɶɸ ɧɚɝɪɟɜɚɬɟɥɹ 5.  

 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɢɡɝɨɬɨɜɥɟɧɚ 
ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɹɱɟɣɤɚ, ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫ. 2. Ɉɧɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɚɦɩɭɥɭ 2 ɫɨ ɫɬɟɧɤɚɦɢ ɢɡ 
ɤɚɩɪɨɥɨɧɚɢ ɦɟɞɧɵɦ ɞɧɨɦ, ɪɚɡɦɟɳɟɧɧɭɸ ɧɚ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɟ 1. ȼ ɚɦɩɭɥɭ ɩɨɦɟɳɚɟɬɫɹ 
ɢɫɫɥɟɞɭɟɦɵɣ ɦɚɬɟɪɢɚɥ, ɚ ɫɜɟɪɯɭ, ɧɚ ɬɪɭɛɤɢ ɬɟɪɦɨɩɚɪ 3, ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɬɟɪɠɟɧɶ 5, 
ɮɢɤɫɢɪɭɟɦɵɣ ɧɚ ɡɚɞɚɧɧɨɣ ɜɵɫɨɬɟ ɜɢɧɬɚɦɢ 4. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɭɠɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɬɟɪɠɧɹ, 
ɩɪɢɦɟɧɹɟɬɫɹ ɞɢɫɤ ɢɡ ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ ɢɡɜɟɫɬɧɨɣ ɬɨɥɳɢɧɵ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɣ ɜ ɚɦɩɭɥɭ 
ɩɨɞ ɫɬɟɪɠɟɧɶ 5, ɩɨɫɥɟ ɱɟɝɨ ɜ ɨɬɜɟɪɫɬɢɹ ɫɬɟɪɠɧɹ ɭɫɬɚɧɚɜɥɢɜɚɥɢɫɶ ɜɢɧɬɵ ɞɨ ɢɯ ɤɚɫɚɧɢɹ ɫ 
ɬɪɭɛɤɚɦɢ ɬɟɪɦɨɩɚɪ 3. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɥɟ ɭɞɚɥɟɧɢɹ ɞɢɫɤɚ ɢɡ ɚɦɩɭɥɵ ɢ ɡɚɥɢɜɤɢ ɜ ɧɟɟ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɛɵɥɚ ɢɡɜɟɫɬɧɚ ɬɨɥɳɢɧɚ ɫɥɨɹ ɩɚɫɬɵ ɦɟɠɞɭ ɫɬɟɪɠɧɟɦ 5ɢ ɞɧɨɦ ɚɦɩɭɥɵ. 

 

 
Ɋɢɫ. 2. ɋɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɢɛɨɪɚ ɂɌ--400 

 
Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪ, ɪɟɝɢɫɬɪɚɰɢɹ ɢ ɨɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ 15 ɫ ɦɨɧɢɬɨɪɨɦ 
16,ɨɫɧɚɳɟɧɧɨɝɨ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɩɥɚɬɨɣ ɫɛɨɪɚ ɉɋȾ ɞɚɧɧɵɯ ɬɢɩɚ NI USB 6008 ɮɢɪɦɵ 
NКЭТШЧКl IЧsЭrЮЦОЧЭs. Ɍɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɩɨɞɤɥɸɱɟɧɵ ɤ ɩɥɚɬɟ ɫɛɨɪɚ ɞɚɧɧɵɯ 
13 ɬɢɩɚ NI USB 9211Ⱥ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɨɣ ɜɯɨɞɹɬ ɤɨɧɧɟɤɬɨɪ 12 ɢ ɛɥɨɤ NI USB 9211 14 ɫ 
ɭɫɢɥɢɬɟɥɟɦ, ɮɢɥɶɬɪɨɦ ɢ 24-ɪɚɡɪɹɞɧɵɦ Ⱥɐɉ. ɉɥɚɬɚ ɢɦɟɟɬ ɤɨɦɩɟɧɫɚɰɢɸ ɬɟɦɩɟɪɚɬɭɪɵ 
ɯɨɥɨɞɧɵɯ ɫɩɚɟɜ ɬɟɪɦɨɩɚɪɵ, ɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɚɜɬɨɤɚɥɢɛɪɨɜɤɭ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
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ɷɬɨɣ ɩɥɚɬɵ ɩɨɡɜɨɥɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ, ɱɬɨ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɚɥɨɫɶ ɧɚ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ.Ɋɟɝɭɥɢɪɨɜɚɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɨɝɥɚɫɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-
ɢɧɬɟɝɪɚɥɶɧɨɝɨ (ɉɂ) ɡɚɤɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨ.  

ɍɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɫɬɭɩɚɸɬ ɧɚ ɧɚɝɪɟɜɚɬɟɥɢ 4 ɢ 5 (ɫɦ. ɪɢɫ. 1) ɨɬ ɚɧɚɥɨɝɨɜɵɯ 
ɜɵɯɨɞɨɜɩɥɚɬɵ ɫɛɨɪɚ ɞɚɧɧɵɯ ɱɟɪɟɡ ɭɫɢɥɢɬɟɥɢ ɦɨɳɧɨɫɬɢ 10 ɢ 11 ɬɢɩɚ ȻɍɋɌ ɮɢɪɦɵ Ɉȼȿɇ 
(Ɋɨɫɫɢɹ). ɍɪɨɜɟɧɶ ɜɨɡɞɟɣɫɬɜɢɣ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɩɪɨɝɪɚɦɦɟ. 

ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɛɪɚɡɰɚ ɩɪɢ ɤɚɥɢɛɪɨɜɤɟ ɩɪɢɛɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɤɜɚɪɰɟɜɨɟ 
ɫɬɟɤɥɨ. Ʉɚɥɢɛɪɨɜɤɚ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 7 %.  

ɋɨɝɥɚɫɧɨ ɩɪɢɜɟɞɟɧɧɨɣ ɦɟɬɨɞɢɤɢ ɛɵɥɚ ɨɩɪɟɞɟɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɥɨɹ 
ɩɚɫɬɵ ɧɚ ɨɫɧɨɜɟ ɨɤɢɫɥɟɧɧɨɝɨ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɝɪɚɮɟɧɚ ɢ 7 % ɜɨɞɵ. Ɍɨɥɳɢɧɚ ɫɥɨɹ ɫɨɫɬɚɜɢɥɚ 
2.75 ɦɦ. Ƚɪɚɮɢɤ ɩɨɥɭɱɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 3 

 

 
Ɋɢɫɭɧɨɤ 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɚɫɬɵɫ ɞɨɛɚɜɤɨɣ 8 %ɨɤɢɫɥɟɧɧɨɝɨ 
ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɝɪɚɮɟɧɚ(1- ɧɚ ɨɫɧɨɜɟ ɜɨɞɵ, 2 -ɧɚ ɨɫɧɨɜɟ ɝɥɢɰɟɪɢɧɚ) 

 
Ⱥɧɚɥɢɡ ɞɚɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 1 (ɫɦ. ɪɢɫ.3) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɡɜɚɧɨɢɫɩɚɪɟɧɢɟɦ ɜɨɞɵ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɨɜɵɲɟɧɢɟɦ 
ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɚɤɬɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɟɠɞɭ ɩɥɚɫɬɢɧɤɚɦɢ ɝɪɚɮɟɧɚ. Eɫɥɢ ɜɦɟɫɬɨ ɜɨɞɵ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɥɢɰɟɪɢɧ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɟɟ ɫɪɟɞɫɬɜɨ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ 
ɬɟɩɥɨɜɵɯ ɤɨɧɬɚɤɬɧɵɯ ɫɨɩɪɨɬɢɜɥɟɧɢɣ. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. Ƚɪɚɮɟɧ ДЭɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ. — Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: http://ru.wikipedia.org/?oldid=61298147. 
2. Ⱥ.Ƚ. Ⱦɢɜɢɧ, ɋ.ȼ. Ɇɢɳɟɧɤɨ, ɋ.ȼ. ɉɨɧɨɦɚɪɟɜ ɢ ɞɪ. Ɂɚɜɨɞɫɤɚɹ ɥɚɛɨɪɚɬɨɪɢɹ. Ⱦɢɚɝɧɨɫɬɢɤɚ 
ɦɚɬɟɪɢɚɥɨɜ. 8 (2008) 42. 
3. Ɇ.ɉ. Ȼɟɥɹɟɜ, ȼ.ɉ. Ȼɟɥɹɟɜ, Ⱥ.Ƚ. Ⱦɢɜɢɧ. ȼɟɫɬɧɢɤ Ɍɚɦɛɨɜɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 4 (2010) 797. 
 
 
 
 

http://ru.wikipedia.org/?oldid=61298147
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ɋɊАВɇɂɌȿɅЬɇАЯ ɏАɊАɄɌȿɊɂɋɌɂɄА 
ȾɂɎɎȿɊȿɇɐɂАɅЬɇЫɏɌȿɊɆɈАɇАɅɂɁАɌɈɊɈВ ȾɌА-500 ɂ ȾɌА-900 ȾɅЯ 

ɇАɍɑɇЫɏ ɂ ɍɑȿȻɇЫɏ ɅАȻɈɊАɌɈɊɂɃ 
Ʉɚɛɚɥɨɟɜ Ɂ.ȼ. 

ɋɟɜɟɪɨ-Ɉɫɟɬɢɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ К. Ʌ. ɏɟɬɚɝɭɪɨɜɚ, Ɋɨɫɫɢɹ, 362025, 
ȼɥɚɞɢɤɚɜɤɚɡ,ɭɥ. ȼɚɬɭɬɢɧɚ, 44-46.  
E-mail: kabaloev_zalim@mail.ru 

 
Ɇɟɬɨɞ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ (ȾɌȺ) ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɜɢɞɟ ɹɜɥɹɟɬɫɹ 

ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɢ ɫɨɜɟɪɲɟɧɧɵɦ ɦɟɬɨɞɨɦ ɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ 
ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɨɩɪɟɞɟɥɹɬɶ ɧɚɪɹɞɭ ɫ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɜɟɳɟɫɬɜ (ɬɟɩɥɨёɦɤɨɫɬɶ ɢ ɟё ɢɡɦɟɧɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɷɧɬɚɥɶɩɢɹ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ) 
ɤɢɧɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɨɜ ɜ ɭɫɥɨɜɢɹɯ ɥɢɧɟɣɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ. 
Ɇɟɬɨɞ ȾɌȺ ɭɞɚɱɧɨ ɫɨɱɟɬɚɟɬ ɜ ɫɟɛɟ ɷɤɫɩɪɟɫɫɧɨɫɬɶ ɢ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ ɫ ɩɪɨɫɬɨɬɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɧɚɞёɠɧɨɫɬɶɸ ɬɟɪɦɨɚɧɚɥɢɬɢɱɟɫɤɢɯ ɹɱɟɟɤ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɯɢɦɢɢ 
ɢ ɞɪɭɝɢɯ ɧɚɭɤɚɯ ɪɚɫɲɢɪɹɸɬɫɹ ɨɱɟɧɶ ɛɵɫɬɪɨ. Ɇɟɬɨɞɵ ɨɤɚɡɚɥɢɫɶ ɩɨɥɟɡɧɵɦɢ ɩɨɱɬɢ ɜɨ ɜɫɟɯ 
ɨɛɥɚɫɬɹɯ ɯɢɦɢɢ, ɨɫɨɛɟɧɧɨ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɨɧɢ ɩɨɥɭɱɢɥɢ ɜ ɯɢɦɢɢ 
ɩɨɥɢɦɟɪɨɜ.  

 

 
Ɋɢɫɭɧɨɤ 1. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪ (ȾɌȺ-500) 

 
ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪ ȾɌȺ-500. ȼ ɞɚɧɧɨɣ ɦɨɞɟɥɢ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɟɳɟɫɬɜ ɜ ɩɪɟɞɟɥɚɯ ɨɬ- 100 ɋº ɞɨ + 500 ɋº. ȼɦɟɫɬɨ ɫɨɫɭɞɨɜ 
ɋɬɟɩɚɧɨɜɚ ɩɪɢɦɟɧɹɟɬɫɹ ɹɱɟɣɤɚ ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɛɭɦɚɝɢ ɮɨɥɶɝɢ ɜ ɤɨɬɨɪɭɸ ɩɨɦɟɳɚɟɬɫɹ 
ɢɫɫɥɟɞɭɟɦɨɟ ɫɨɟɞɢɧɟɧɢɟ.  
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Ɋɢɫɭɧɨɤ 2. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪ (ȾɌȺ-900) 

 
ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɬɟɪɦɨɚɧɚɥɢɡɚɬɨɪ ȾɌȺ-900. ȼ ɞɚɧɧɨɣ ɦɨɞɟɥɢ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɟɳɟɫɬɜ ɜ ɩɪɟɞɟɥɚɯ ɨɬ- 100 ɋº ɞɨ + 900 ɋº. Ɂɞɟɫɶ ɩɪɢɦɟɧɹɸɬɫɹ 
ɫɨɫɭɞɵ ɋɬɟɩɚɧɨɜɚ ɢɞɟɧɬɢɱɧɵɟ ɤɚɤ ɞɥɹ ɩɪɢɛɨɪɚ ɇ.ɋ. Ʉɭɪɧɚɤɨɜɚ ɎɊɍ-64. ɇɚ ɞɚɧɧɨɣ ɦɨɞɟɥɢ 
ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɟɞɢɧɟɧɢɣ ɩɨɞɜɟɪɠɟɧɧɵɯ ɤ ɨɤɢɫɥɢɬɟɥɶɧɨ-
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɦ ɫɜɨɣɫɬɜɚɦ. 

ȼɨɡɪɚɫɬɚɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɚɱɟɫɬɜɭ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, 
ɪɚɰɢɨɧɚɥɶɧɨɦɭ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɫɵɪɶɹ, ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɫɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ ɡɚɞɚɱɢ ɤɨɧɬɪɨɥɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɢ, ɧɚɤɨɧɟɰ, 
ɨɯɪɚɧɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɞɢɤɬɭɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɞɚɥɶɧɟɣɲɟɝɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢ 
ɪɚɡɜɢɬɢɹ ɦɟɬɨɞɚ ɢ ɚɩɩɚɪɚɬɭɪɵ ȾɌȺ, ɚ ɬɚɤɠɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɟɝɨ ɩɪɢɥɨɠɟɧɢɣ. ɉɨɜɵɲɟɧɢɟ 
ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɟɪɦɨɚɧɚɥɢɬɢɱɟɫɤɢɦ ɤɨɦɩɥɟɤɫɚɦ ɜ ɩɥɚɧɟ ɩɨɜɵɲɟɧɢɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, 
ɬɨɱɧɨɫɬɢ, ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɫɧɢɠɟɧɢɹ ɜɪɟɦɟɧɢ ɢɡɦɟɪɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɬɟɧɞɟɧɰɢɸ ɤ ɭɫɥɨɠɧɟɧɢɸ ɬɟɪɦɨɚɧɚɥɢɬɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɢɯ ɭɞɨɪɨɠɚɧɢɸ.  

Ʌɭɱɲɟɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɫɬɪɨɣɫɬɜɚɦɢ ȾɌȺ ɪɚɡɪɟɲɟɧɢɟ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ ɢɦɟɸɬ ɭɫɬɪɨɣɫɬɜɚ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ (ȾɋɄ) ɦɨɳɧɨɫɬɧɨɝɨ ɬɢɩɚ, ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ 
ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɤɨɦɩɟɧɫɚɰɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 
ɦɟɠɞɭ ɹɱɟɣɤɚɦɢ ɫ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɨɦ ɢ ɷɬɚɥɨɧɨɦ. Ɉɞɧɚɤɨ ɚɩɩɚɪɚɬɭɪɚ ȾɋɄ ɡɧɚɱɢɬɟɥɶɧɨ 
ɞɨɪɨɠɟ ɚɩɩɚɪɚɬɭɪɵ ȾɌȺ, ɬɟɪɦɨɚɧɚɥɢɬɢɱɟɫɤɢɟ ɹɱɟɣɤɢ ȾɋɄ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɫɥɨɠɧɵ ɢ 
ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɯɢɦɢɱɟɫɤɢɦ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ, ɧɚɩɪɢɦɟɪ, 
ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɡɪɵɜɱɚɬɵɯ ɜɟɳɟɫɬɜ ɢ ɦɨɝɭɬ ɜɵɜɟɫɬɢ ɢɡ ɫɬɪɨɹ ɞɨɪɨɝɨɫɬɨɹɳɢɣ ɩɪɢɛɨɪ. 
 
 
 

ɑɂɋɅȿɇɇɈȿ ɆɈȾȿɅɂɊɈВАɇɂȿ  
ɈȻɊАɁɈВАɇɂЯ ɋɍȻɆɂɄɊɈɇɇЫɏ ɑАɋɌɂɐ В  

ɉɊɈȾɍɄɌАɏ ɋȽɈɊАɇɂЯ ɍȽɅȿɃ 
Ʉɨɪɰɟɧɲɬɟɣɧ ɇ.Ɇ., Ʌɟɛɟɞɟɜɚ Ʌ.ɇ., ɉɟɬɪɨɜ Ʌ.ȼ., ɋɚɦɭɣɥɨɜ ȿ.ȼ. 

ɈȺɈ «Эɧɟɪɝɟɬɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦ. Ƚ.Ɇ. Кɪɠɢɠɚɧɨɜɫɤɨɝɨ», Ɋɨɫɫɢɹ, 119991, Ɇɨɫɤɜɚ, 
Ʌɟɧɢɧɫɤɢɣ ɩɪ.,19. E-mail: naumkor@ yandex.ru 

 
ɉɪɢɫɭɬɫɬɜɢɟ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ 

ɨɩɚɫɧɵɦ Д1Ж. Ɉɞɧɢɦ ɢɡ ɢɫɬɨɱɧɢɤɨɜ ɭɤɚɡɚɧɧɨɝɨ ɜɢɞɚ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɹɜɥɹɟɬɫɹ ɷɦɢɫɫɢɹ 
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ɫɭɛɦɢɤɪɨɧɧɵɯ ɱɚɫɬɢɰ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɟɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɩɚɫɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟ ɬɨɥɶɤɨ 
ɫɚɦɢ ɱɚɫɬɢɰɵ, ɧɨ ɬɚɤɠɟ ɢ ɬɨ, ɱɬɨ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɝɭɬ ɤɨɧɞɟɧɫɢɪɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ 
ɜɪɟɞɧɵɟ ɜɟɳɟɫɬɜɚ, ɧɚɩɪɢɦɟɪ, ɧɟɤɨɬɨɪɵɟ ɬɨɤɫɢɱɧɵɟ ɦɢɤɪɨɷɥɟɦɟɧɬɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɭɝɥɹɯ Д2-
4Ж. ȼɟɪɨɹɬɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɨɛɪɚɡɨɜɚɧɢɹ ɫɭɛɦɢɤɪɨɧɧɵɯ ɱɚɫɬɢɰ ɫɱɢɬɚɟɬɫɹ ɨɛɴɟɦɧɚɹ 
ɤɨɧɞɟɧɫɚɰɢɹ ɩɚɪɨɜ ɜɟɳɟɫɬɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɭɝɥɟɣ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ 
(«solid-vapor-particulatepathway»Д5-7Ж). Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɥɚɜɥɢɜɚɧɢɹ ɭɤɚɡɚɧɧɵɯ ɱɚɫɬɢɰ 
ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɝɨɪɟɧɢɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɚɷɪɨɡɨɥɟɣ, 
ɬɚɤɢɯ ɤɚɤ ɱɢɫɥɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɯ ɩɨ ɪɚɡɦɟɪɚɦ, ɱɬɨ ɦɨɠɟɬ 
ɨɛɟɫɩɟɱɢɬɶ ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɩɪɨɞɭɤɬɚɦ ɫɠɢɝɚɧɢɹ ɭɝɥɟɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɭɸ ɪɟɚɝɢɪɭɸɳɭɸ 
ɫɢɫɬɟɦɭ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ – ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɤɢɧɟɬɢɱɟɫɤɨɝɨ - 
ɩɨɞɯɨɞɚ Д8Ж. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɩɨɞɯɨɞɨɦ, ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɦɟɬɨɞɚɦɢ ɯɢɦɢɱɟɫɤɨɣ 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɫɬɚɜɵ ɝɚɡɨɜɨɣ ɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɮɚɡ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɤɨɧɞɟɧɫɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɩɨ ɦɟɪɟ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜɞɨɥɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɬɪɚɤɬɚ. ɋ ɭɱɟɬɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ 
ɢɡ ɪɟɲɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɤɨɦɵɟ 
ɩɚɪɚɦɟɬɪɵ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɚɷɪɨɡɨɥɹ.  

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɨɞɭɤɬɵ ɫɠɢɝɚɧɢɹ 16 ɜɢɞɨɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɝɥɟɣ ɪɚɡɥɢɱɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ɋɨɫɫɢɢ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɫɬɪɚɧ. Ⱦɥɹ 
ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ ɡɨɥɶɧɨɝɨ ɭɧɨɫɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ 
ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɹ ɢɫɩɚɪɹɸɬɫɹ ɩɪɢ ɬɨɩɨɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɢ ɞɚɥɟɟ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ɜɫɥɟɞɫɬɜɢɟ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɢɡ ɧɢɯ ɦɨɝɭɬ ɨɛɪɚɡɨɜɚɬɶɫɹ ɫɭɛɦɢɤɪɨɧɧɵɟ 
ɱɚɫɬɢɰɵ ɥɟɬɭɱɟɣ ɡɨɥɵ. Ʉ ɧɚɢɛɨɥɟɟ ɥɟɬɭɱɢɦ ɢɡ ɡɨɥɨɨɛɪɚɡɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɭɝɥɹ ɨɬɧɨɫɹɬɫɹ 
ɤɚɥɢɣ ɢ ɧɚɬɪɢɣ. ɉɨɷɬɨɦɭ ɢɦɟɧɧɨ ɨɧɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɚɧɚɥɢɡɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɨɜ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɫɠɢɝɚɧɢɢ 
ɭɝɥɟɣ. Ɋɟɡɭɥɶɬɚɬɵ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Д9Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɜɬɨɪɨɝɨ ɷɬɚɩɚ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

Ɋɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɫɬɚɰɢɨɧɚɪɧɨɟ ɨɞɧɨɦɟɪɧɨɟ ɬɟɱɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɤɚɧɚɥɟ 
ɩɨɫɬɨɹɧɧɨɝɨ ɫɟɱɟɧɢɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɢ ɡɚɞɚɧɧɵɦ ɨɫɟɜɵɦ ɝɪɚɞɢɟɧɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɦɨɞɟɥɢɪɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɬɪɚɤɬɟ. ɇɚ ɨɫɧɨɜɚɧɢɢ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɤɨɧɞɟɧɫɚɰɢɹ ɩɚɪɨɜ ɫɭɥɶɮɚɬɚ ɤɚɥɢɹ ɜ ɨɛɴɟɦɟ 
ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɜ ɥɢɬɟɪɚɬɭɪɟ ɩɨɞɯɨɞɨɦ, ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɢɫɩɨɥɶɡɨɜɚɧɨ 
ɤɢɧɟɬɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɩɨ ɪɚɡɦɟɪɚɦ ɢ ɟɝɨ ɱɢɫɥɟɧɧɨɟ 
ɪɟɲɟɧɢɟ ɦɨɦɟɧɬɧɵɦ ɦɟɬɨɞɨɦ. ȼ ɫɥɭɱɚɟ ɝɨɦɨɝɟɧɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɛɟɡ ɭɱɟɬɚ ɤɨɚɝɭɥɹɰɢɢ ɤɚɩɟɥɶ 
ɭɤɚɡɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɢɦɟɟɬ ɜɢɞ (ɫɦ., ɧɚɩɪɢɦɟɪ, Д10Ж): 
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     , (1) 

ɝɞɟ f – ɦɚɫɫɨɜɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɩɟɥɶ ɩɨ ɪɚɡɦɟɪɚɦ, ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɧɚ ɱɢɫɥɨ 
ɤɚɩɟɥɶ ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɩɚɪɨ-ɝɚɡɨ-ɤɚɩɟɥɶɧɨɣ ɫɦɟɫɢ, v – ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ, x– ɤɨɨɪɞɢɧɚɬɚ ɜɞɨɥɶ 
ɨɫɢ ɩɨɬɨɤɚ, r – ɪɚɞɢɭɫ ɤɚɩɥɢ, r  – ɫɤɨɪɨɫɬɶ ɪɨɫɬɚ ɤɚɩɟɥɶ, I – ɫɤɨɪɨɫɬɶ ɧɭɤɥɟɚɰɢɢ,  – ɩɥɨɬɧɨɫɬɶ 
ɩɚɪɨ-ɝɚɡɨ-ɤɚɩɟɥɶɧɨɣ ɫɦɟɫɢ,  – ɞɟɥɶɬɚ-ɮɭɧɤɰɢɹ Ⱦɢɪɚɤɚ, rcr – ɤɪɢɬɢɱɟɫɤɢɣ ɪɚɞɢɭɫ ɤɚɩɟɥɶ. ɉɪɢ 
ɭɫɥɨɜɢɢ, ɱɬɨ ɪɚɡɦɟɪ ɤɚɩɟɥɶ ɦɧɨɝɨ ɦɟɧɶɲɟ ɫɪɟɞɧɟɣ ɞɥɢɧɵ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ   ɞɥɹ ɪɟɲɟɧɢɹ 
ɭɪɚɜɧɟɧɢɹ (1) ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɟɬɫɹ ɦɨɦɟɧɬɧɵɣ ɦɟɬɨɞ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɷɤɜɢɜɚɥɟɧɬɧɭɸ (1) ɫɢɫɬɟɦɭ ɦɨɦɟɧɬɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɩɟɪɜɵɯ ɱɟɬɵɪɟɯ ɦɨɦɟɧɬɨɜ ɮɭɧɤɰɢɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ Д10Ж:  
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    . (2) 

Ɇɨɦɟɧɬɵ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɇɭɥɟɜɨɣ ɦɨɦɟɧɬ 0 ɪɚɜɟɧ ɱɢɫɥɭ ɤɚɩɟɥɶ ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɫɦɟɫɢ, ɬɪɟɬɢɣ ɦɨɦɟɧɬ 3 – ɢɯ 
ɫɭɦɦɚɪɧɨɦɭ ɨɛɴɟɦɭ ɜ ɟɞɢɧɢɰɟ ɦɚɫɫɵ ɫɦɟɫɢ, ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ (ɪɚɞɢɭɫ) ɤɚɩɟɥɶ ɟɫɬɶ ɨɬɧɨɲɟɧɢɟ 
ɩɟɪɜɨɝɨ ɦɨɦɟɧɬɚ ɤ ɧɭɥɟɜɨɦɭ. ɋɚɦɚ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɪɟɲɟɧɢɹ. ɉɪɢ ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (2) ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɤɥɚɫɫɢɱɟɫɤɚɹ ɬɟɨɪɢɹ 
Ɏɨɥɶɦɟɪɚ-Ɏɪɟɧɤɟɥɹ-Ɂɟɥɶɞɨɜɢɱɚ Д10Ж ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɧɭɤɥɟɚɰɢɢ ɢ ɮɨɪɦɭɥɚ Ƚɟɪɰɚ-
Ʉɧɭɞɫɟɧɚ Д10Ж ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɤɚɩɟɥɶ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɦɩɥɟɤɫɧɵɦ 
ɩɨɞɯɨɞɨɦ Д8Ж ɬɟɤɭɳɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɧɞɟɧɫɢɪɭɸɳɟɝɨɫɹ ɤɨɦɩɨɧɟɧɬɚ (ɚɧɚɥɨɝ ɩɚɪɰɢɚɥɶɧɨɝɨ 
ɞɚɜɥɟɧɢɹ ɩɚɪɚ) ɨɩɪɟɞɟɥɹɥɚɫɶ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɪɚɜɧɨɜɟɫɢɹ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɜ ɩɪɨɰɟɫɫɟ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ 
ɢɦɟɟɬ ɜɢɞ  
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   (4) 

Ɂɞɟɫɶ 2 4K SON  - ɬɟɤɭɳɟɟ ɱɢɫɥɨ ɦɨɥɟɣ ɫɭɥɶɮɚɬɚ ɤɚɥɢɹ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɞɟɧɫɚɰɢɢ, 0
KN - 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɚɥɢɹ ɜ ɭɝɥɟ, KN  - ɭɛɵɥɶ ɤɚɥɢɹ ɢɡ ɝɚɡɨɜɨɣ ɮɚɡɵ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ 
ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɱɟɪɟɡ 3, eqK  - ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɫɭɥɶɮɚɬɚ ɤɚɥɢɹ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ Ɋɢɫ. 1-3. 
 

Ɋɢɫ.1. ɋɥɟɜɚ - ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɫɭɥɶɮɚɬɚ ɤɚɥɢɹ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɭɝɥɟɣ ɩɨ ɞɚɧɧɵɦ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ.ɋɩɪɚɜɚ - ɢɡɦɟɧɟɧɢɟ ɱɢɫɥɚ ɦɨɥɟɣ K2SO4 ɜ 
ɩɪɨɰɟɫɫɟ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ (ɫɩɥɨɲɧɵɟ ɤɪɢɜɵɟ) ɞɥɹ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɬɪɟɯ ɜɢɞɨɜ 
ɭɝɥɟɣ: 1 - ɞɨɧɟɰɤɢɣ, 2 - ɤɭɡɧɟɰɤɢɣ, 3 – ɛɟɪɟɡɨɜɫɤɢɣ. Ɍɪɟɭɝɨɥɶɧɢɤɚɦ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɪɢɜɚɹ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫɭɥɶɮɚɬɚ ɤɚɥɢɹ; ɤɪɭɠɤɢ, ɤɜɚɞɪɚɬɵ, ɪɨɦɛɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɡɚɦɨɪɨɠɟɧɧɵɦ (ɩɨ ɤɨɧɞɟɧɫɚɰɢɢ) ɤɪɢɜɵɦ 
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Ɋɢɫ.2. ɋɥɟɜɚ - ɢɡɦɟɧɟɧɢɟ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɜ ɩɪɨɰɟɫɫɟ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɜ 
ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɭɝɥɟɣ.ɋɩɪɚɜɚ - ɢɡɦɟɧɟɧɢɟ ɫɱɟɬɧɨɣ ɤɨɧɰɟɬɪɚɰɢɢ ɱɚɫɬɢɰ 
ɜ ɩɪɨɰɟɫɫɟ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɭɝɥɟɣ: 1 - ɞɨɧɟɰɤɢɣ, 2 - ɤɭɡɧɟɰɤɢɣ, 
3 – ɛɟɪɟɡɨɜɫɤɢɣ 
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Ɋɢɫ.3. Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ ɱɚɫɬɢɰ, ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜ ɩɪɨɰɟɫɫɟ ɨɛɴɟɦɧɨɣ 
ɤɨɧɞɟɧɫɚɰɢɢ ɜ ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɭɝɥɟɣ: 1 - ɞɨɧɟɰɤɢɣ, 2 - ɤɭɡɧɟɰɤɢɣ, 3 – ɛɟɪɟɡɨɜɫɤɢɣ. ɋɥɟɜɚ 
– ɧɨɪɦɢɪɨɜɤɚ ɧɚ ɫɱɟɬɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɤɚɩɟɥɶ. ɋɩɪɚɜɚ – ɧɨɪɦɢɪɨɜɤɚ ɧɚ ɩɚɪɚɦɟɬɪɵ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɚɤɫɢɦɭɦɭ ɮɭɧɤɰɢɢ f(d) 
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
(ɝɪɚɧɬ № 13-08-00962ɚ). 
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ɇɚɧɨɠɢɞɤɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɜɭɯɮɚɡɧɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɧɟɫɭɳɟɝɨ ɮɥɸɢɞɚ 

ɢ ɧɚɧɨɱɚɫɬɢɰ. Ɉɞɧɨɣ ɢɡ ɜɚɠɧɟɣɲɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɹɜɥɹɸɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɵ 
ɩɟɪɟɧɨɫɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɢ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɢ ɷɮɮɟɤɬɢɜɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ. ȼ ɪɚɛɨɬɚɯ Д1,2Ж ɦɟɬɨɞɨɦ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɧɟ ɨɩɢɫɵɜɚɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ Эɣɧɲɬɟɣɧɚ 
ɞɥɹ ɛɪɨɭɧɨɜɫɤɢɯ ɱɚɫɬɢɰ ɢ ɡɚɜɢɫɢɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɬ ɦɚɫɫɵ ɧɚɧɨɱɚɫɬɢɰ, ɚ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɚɹ 
ɮɭɧɤɰɢɹ ɫɤɨɪɨɫɬɢ ɧɚɧɨɱɚɫɬɢɰ ɹɜɥɹɟɬɫɹ ɫɭɩɟɪɩɨɡɢɰɢɟɣ ɞɜɭɯ ɷɤɫɩɨɧɟɧɬ ɫ ɫɭɳɟɫɬɜɟɧɧɨ 
ɪɚɡɥɢɱɧɵɦɢ ɜɪɟɦɟɧɚɦɢ ɪɟɥɚɤɫɚɰɢɢ. Ɉɞɧɚɤɨ ɜ Д1Ж ɞɥɹ ɨɩɢɫɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ ɢ 
ɦɨɥɟɤɭɥ ɫ ɱɚɫɬɢɰɟɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɬɟɧɰɢɚɥ ɬɜɟɪɞɵɯ ɫɮɟɪ, ɚ ɜ Д2Ж ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɧɚɧɨɱɚɫɬɢɰɚ–ɦɨɥɟɤɭɥɚ ɦɨɞɟɥɢɪɨɜɚɥɨɫɶ ɦɟɠɦɨɥɟɤɭɥɹɪɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ Ʌɟɧɧɚɪɞ-Ⱦɠɨɧɫɚ (Ʌ-
Ⱦ), ɤɨɧɫɬɚɧɬɵ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɥɢɫɶ ɩɪɨɢɡɜɨɥɶɧɵɦ ɨɛɪɚɡɨɦ. Ɋɚɧɟɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɪɨɰɟɫɫɨɜ ɩɟɪɟɧɨɫɚ ɜ ɪɚɡɪɟɠɟɧɧɵɯ ɧɚɧɨɝɚɡɨɜɡɜɟɫɹɯ ɚɜɬɨɪɚɦɢ ɛɵɥ ɩɨɫɬɪɨɟɧ ɩɨɬɟɧɰɢɚɥ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚɧɨɱɚɫɬɢɰɚ–ɦɨɥɟɤɭɥɚ Ɋɭɞɹɤɚ–Ʉɪɚɫɧɨɥɭɰɤɨɝɨ (ɊɄ) Д3-6Ж. ɉɟɪɜɨɣ ɡɚɞɚɱɟɣ 
ɧɚɲɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɨɥɟɟ 
ɪɟɚɥɢɫɬɢɱɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɊɄ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɨɥɟɤɭɥ ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɬɟɧɰɢɚɥɨɦ Ʌ-Ⱦ.  

ɉɨɫɤɨɥɶɤɭ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɩɪɢɥɨɠɟɧɢɹ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɫɜɹɡɚɧɵ ɫ ɬɟɱɟɧɢɹɦɢ ɜ ɤɚɧɚɥɚɯ, 
ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɚɤɬɨɪɨɦ ɢɯ ɩɪɢɦɟɧɟɧɢɹ. ȼ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɞɟɠɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɹɡɤɨɫɬɶ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɪɟɜɨɫɯɨɞɢɬ ɜɹɡɤɨɫɬɶ ɨɛɵɱɧɵɯ ɞɢɫɩɟɪɫɧɵɯ ɠɢɞɤɨɫɬɟɣ ɩɪɢ ɪɚɜɧɵɯ ɨɛɴёɦɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 
ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɢ ɧɟ ɨɩɢɫɵɜɚɟɬɫɹ ɧɢ ɨɞɧɨɣ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɟɣ ɜɹɡɤɨɫɬɢ ɬɚɤɢɯ 
ɠɢɞɤɨɫɬɟɣ (Эɣɧɲɬɟɣɧɚ, Ȼɷɬɱɟɥɨɪɚ, Ʉɪɢɝɟɪɚ ɢ ɬ.ɞ.) (ɫɦ. ɨɛɡɨɪɵ Д7–9Ж). ȼ ɪɚɛɨɬɚɯ Д10–11] 
ɦɟɬɨɞɨɦ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ ɞɥɹ ɩɨɬɟɧɰɢɚɥɚ ɬɜɟɪɞɵɯ ɫɮɟɪ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɧɚɧɨɠɢɞɤɨɫɬɢ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɨɛɴёɦɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ, ɧɨ ɢ ɨɬ ɢɯ ɪɚɡɦɟɪɚ, ɩɪɢɱɟɦ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ ɧɚɧɨɱɚɫɬɢɰ ɨɧ 
ɪɚɫɬɟɬ. ɉɨɡɞɧɟɟ ɷɬɨ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ Д9,12–14Ж. Ɉɞɧɚɤɨ ɜ ɧɟɤɨɬɨɪɵɯ 
ɪɚɛɨɬɚɯ ɩɨɥɭɱɟɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɪɚɡɦɟɪɚ ɧɚɧɨɱɚɫɬɢɰ. ȼ ɪɚɛɨɬɟ Д15Ж 
ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɜɹɡɤɨɫɬɶ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɡɚɜɢɫɢɬ ɬɚɤɠɟ ɨɬ ɦɚɬɟɪɢɚɥɚ ɧɚɧɨɱɚɫɬɢɰ. Эɬɨ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɚɧɧɵɦ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɧɚɧɨɝɚɡɨɜɡɜɟɫɟɣ, ɝɞɟ ɬɚɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɞɨɫɬɨɜɟɪɧɨ ɭɫɬɚɧɨɜɥɟɧɚ Д5,6Ж. ɉɨɥɭɱɟɧɢɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɢɥɢ ɛɵ 
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ɨɞɧɨɡɧɚɱɧɨ ɨɬɜɟɬɢɬɶ ɧɚ ɜɨɩɪɨɫ ɨ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɨɬ ɪɚɡɦɟɪɚ ɢ ɦɚɬɟɪɢɚɥɚ 
ɧɚɧɨɱɚɫɬɢɰ ɹɜɥɹɟɬɫɹ ɜɬɨɪɨɣ ɡɚɞɚɱɟɣ ɞɚɧɧɨɣ ɪɚɛɨɬɵ.  

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢɦɟɧɹɥɫɹ ɫɬɚɧɞɚɪɬɧɵɣ ɦɟɬɨɞ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ Д16–17]. 
ɂɫɩɨɥɶɡɨɜɚɥɚɫɶ ɤɭɛɢɱɟɫɤɚɹ ɹɱɟɣɤɚ ɫ ɩɟɪɢɨɞɢɱɟɫɤɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɨɥɟɤɭɥ ɧɟɫɭɳɟɣ ɫɪɟɞɵ ɦɟɠɞɭ ɫɨɛɨɣ ɨɩɪɟɞɟɥɹɥɨɫɶ ɩɨɬɟɧɰɢɚɥɨɦ Ʌ-Ⱦ, 
ɦɨɥɟɤɭɥ ɧɟɫɭɳɟɣ ɫɪɟɞɵ ɫ ɧɚɧɨɱɚɫɬɢɰɟɣ — ɩɨɬɟɧɰɢɚɥɨɦ ɊɄ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɚɧɨɱɚɫɬɢɰ — 
ɫɩɟɰɢɚɥɶɧɨ ɩɨɫɬɪɨɟɧɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ Д18Ж. 

 

 

 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɢɮɮɭɡɢɢ (ɫɦ2/c) ɨɬ ɪɚɞɢɭɫɚ (ɧɦ) 
ɧɚɧɨɱɚɫɬɢɰ 

 Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ 
ɧɚɧɨɠɢɞɤɨɫɬɢ ɨɬ ɨɛɴёɦɧɨɣ ɞɨɥɢ 
ɧɚɧɨɱɚɫɬɢɰ ɢɡ ɪɚɡɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 
Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰɵ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɩɨ ɮɨɪɦɭɥɟ Ƚɪɢɧɚ–Ʉɭɛɨ. Ȼɵɥɢ 

ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɢɡ ɥɢɬɢɹ ɢ ɚɥɸɦɢɧɢɹ ɞɢɚɦɟɬɪɨɦ 1÷4 
ɧɦ ɜ ɚɪɝɨɧɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 322.5 K ɢ ɩɥɨɬɧɨɫɬɢ ɚɪɝɨɧɚ nσ3 = 0.707. ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. Шɬɪɢɯɨɜɚɹ ɥɢɧɢɹ ɢ ɤɜɚɞɪɚɬɢɤɢ ɨɛɨɡɧɚɱɚɸɬ ɞɚɧɧɵɟ ɩɨ ɞɢɮɮɭɡɢɢ 
ɧɚɧɨɱɚɫɬɢɰ ɢɡ ɥɢɬɢɹ, ɲɬɪɢɯɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ ɢ ɤɪɭɠɨɱɤɢ – ɧɚɧɨɱɚɫɬɢɰ ɢɡ ɚɥɸɦɢɧɢɹ, 
ɫɩɥɨɲɧɚɹ – ɩɨ ɮɨɪɦɭɥɟ Эɣɧɲɬɟɣɧɚ. ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɮɨɪɦɭɥɚ Эɣɧɲɬɟɣɧɚ ɧɟ ɨɩɢɫɵɜɚɟɬ 
ɧɚɛɥɸɞɚɟɦɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɞɢɮɮɭɡɢɢ ɡɚɜɢɫɹɬ ɨɬ ɦɚɬɟɪɢɚɥɚ ɱɚɫɬɢɰ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ 
ɨɬ ɪɚɞɢɭɫɚ ɧɚɧɨɱɚɫɬɢɰɵ ɨɩɢɫɵɜɚɟɬɫɹ ɫɬɟɩɟɧɧɨɣ ɮɭɧɤɰɢɟɣ kD aR . Ⱦɥɹ ɧɚɧɨɱɚɫɬɢɰ ɢɡ 
ɥɢɬɢɹ kLi= 1.37, ɚ ɢɡ ɚɥɸɦɢɧɢɹ — kAl= 1.59. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɬɟɩɟɧɧɨɣ 
ɮɭɧɤɰɢɟɣ  

nD aT ,       (1) 
ɝɞɟ ɩɨɤɚɡɚɬɟɥɶ n ɧɟ ɭɧɢɜɟɪɫɚɥɟɧ ɢ ɡɚɜɢɫɢɬ ɨɬ ɦɚɬɟɪɢɚɥɚ ɧɚɧɨɱɚɫɬɢɰɵ ɢ ɨɬ ɟё ɪɚɡɦɟɪɚ. ȼ 
ɱɚɫɬɧɨɫɬɢ, ɞɥɹ ɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰ ɢɡ ɥɢɬɢɹ ɞɢɚɦɟɬɪɨɦ 2 ɧɦ ɜ ɚɪɝɨɧɟ (nσ3 = 0.707) n= 1.1. 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɮɨɪɦɭɥɨɣ Эɣɧɲɬɟɣɧɚ ɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ 
ɦɟɞɥɟɧɧɵɣ ɪɨɫɬ. 

ɉɨɫɤɨɥɶɤɭ ɜɫɟ ɢɫɫɥɟɞɭɟɦɵɟ ɧɚɧɨɠɢɞɤɨɫɬɢ ɢɦɟɥɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɧɚɧɨɱɚɫɬɢɰ, ɬɨ ɦɨɠɧɨ ɛɵɥɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɛɭɞɟɬ 
ɨɩɢɫɵɜɚɬɶɫɹ ɤɜɚɞɪɚɬɢɱɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɨɬ ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ φ 
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ɝɞɟ η0 – ɜɹɡɤɨɫɬɶ ɱɢɫɬɨɝɨ ɚɪɝɨɧɚ. ɉɪɨɜɟɞɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɷɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɬɚɤ. 
Ɂɚɜɢɫɢɦɨɫɬɶ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ r  ɨɬ ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɧɚɧɨɱɚɫɬɢɰ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2. ɉɥɨɬɧɨɫɬɶ ɧɟɫɭɳɟɝɨ ɮɥɸɢɞɚ ɪɚɜɧɹɥɚɫɶ ρ = 0.707, ɚ 
ɬɟɦɩɟɪɚɬɭɪɚ – T = 300 K, ɤɪɭɠɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɞɚɧɧɵɦ ɞɥɹ ɧɚɧɨɠɢɞɤɨɫɬɢ ɫ ɱɚɫɬɢɰɚɦɢ LТ, 
ɬɪɟɭɝɨɥɶɧɢɤɢ – ɫ ɱɚɫɬɢɰɚɦɢ Al, ɞɢɚɦɟɬɪ ɧɚɧɨɱɚɫɬɢɰ ɪɚɜɧɹɥɫɹ 2 ЧЦ. Ⱦɥɹ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɫ 
ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɢɡ ɥɢɬɢɹ ɜ ɮɨɪɦɭɥɟ (2) ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ a1=3.20, a2=25.38 
(ɲɬɪɢɯɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ 1 ɧɚ ɪɢɫ. 2), ɢɡ ɚɥɸɦɢɧɢɹ – a1=3.25, a2=13.06 (ɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ 2 
ɧɚ ɪɢɫ. 2). Шɬɪɢɯɨɜɨɣ ɥɢɧɢɟɣ 3 ɧɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ, ɜɵɜɟɞɟɧɧɚɹ Ȼɷɬɱɟɥɨɪɨɦ Д19Ж 
ɫ ɭɱɟɬɨɦ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɢ ɢɯ ɛɪɨɭɧɨɜɫɤɨɝɨ 
ɞɜɢɠɟɧɢɹ. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɩɪɢɜɟɞёɧɧɵɯ ɜɵɲɟ ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɨɤɚɡɵɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ ɨɛɵɱɧɵɯ ɞɢɫɩɟɪɫɧɵɯ 
ɠɢɞɤɨɫɬɟɣ, ɨɩɢɫɵɜɚɟɦɵɯ ɮɨɪɦɭɥɨɣ Ȼɷɬɱɟɥɨɪɚ. 

ȼɬɨɪɨɟ ɜɚɠɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɟɣ ɫ 
ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɢɡ ɚɥɸɦɢɧɢɹ ɢ ɥɢɬɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɧɵɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɹɡɤɨɫɬɶ 
ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɦɚɬɟɪɢɚɥɚ ɧɚɧɨɱɚɫɬɢɰ. 

ɑɬɨɛɵ ɨɬɜɟɬɢɬɶ ɧɚ ɜɨɩɪɨɫ ɨ ɯɚɪɚɤɬɟɪɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɨɬ ɪɚɡɦɟɪɚ 
ɧɚɧɨɱɚɫɬɢɰ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱёɬɵ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɫ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɢɡ ɥɢɬɢɹ ɞɢɚɦɟɬɪɨɦ 1, 
2, 4 ЧЦ. ɉɨɥɭɱɟɧɧɵɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɢɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɞɚɧɧɵɟ ɦɨɠɧɨ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ, ɧɚɩɪɢɦɟɪ, ɫɥɟɞɭɸɳɟɣ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɨɬ ɞɢɚɦɟɬɪɚ 
ɧɚɧɨɱɚɫɬɢɰ     25.25 40.94 exp 0.208r B D d       ,  (3) 

ɝɞɟ D – ɞɢɚɦɟɬɪ ɧɚɧɨɱɚɫɬɢɰ, d – ɞɢɚɦɟɬɪ ɦɨɥɟɤɭɥ. ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ ɧɚɧɨɱɚɫɬɢɰ 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɪɚɫɬɟɬ. ȼ ɩɪɟɞɟɥɟ 1dD  ɤɨɪɪɟɥɹɰɢɹ (3) ɩɟɪɟɯɨɞɢɬ ɜ ɮɨɪɦɭɥɭ 
Ȼɷɬɱɟɥɨɪɚ. 

Ɍɪɟɬɶɟɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɧɚɧɨɱɚɫɬɢɰ. Эɬɚ ɡɚɞɚɱɚ ɹɜɥɹɟɬɫɹ 
ɚɤɬɭɚɥɶɧɨɣ, ɬɚɤ ɤɚɤ ɧɚɧɨɠɢɞɤɨɫɬɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɭɫɬɪɨɣɫɬɜɚɯ 
ɨɯɥɚɠɞɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɟɪɟɧɨɫ ɜɟɳɟɫɬɜɚ ɨɛɵɱɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɹɜɥɟɧɢɟɦ ɝɪɚɞɢɟɧɬɚ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɇɟɪɟɞɤɨ ɩɭɬɚɸɬ ɹɜɥɟɧɢɹ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɢ ɬɟɪɦɨɮɨɪɟɡɚ ɜ ɨɬɧɨɲɟɧɢɢ ɤ 
ɧɚɧɨɱɚɫɬɢɰɚɦ. Ɍɟɪɦɨɮɨɪɟɡ ɫɜɹɡɚɧ ɫ ɪɚɡɥɢɱɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɫɬɨɪɨɧɚɯ 
ɜɡɜɟɲɟɧɧɨɣ ɱɚɫɬɢɰɵ. ȼ ɫɥɭɱɚɟ ɦɚɥɵɯ ɧɚɧɨɱɚɫɬɢɰ ɷɬɨ ɹɜɥɟɧɢɟ ɧɟɜɨɡɦɨɠɧɨ, ɬɚɤ ɤɚɤ ɬɚɤɢɟ 
ɧɚɧɨɱɚɫɬɢɰɵ ɢɦɟɸɬ ɪɚɡɦɟɪ, ɦɟɧɶɲɢɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɨɝɨ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɝɪɚɧɬ № 13-01-00052). 
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Ɉɞɧɢɦ ɢɡ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ ɩɪɟɩɚɪɚɬɨɜ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ ɹɜɥɹɟɬɫɹ 
ɦɟɬɨɞ ɛɵɫɬɪɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɨɜ (RESS ɩɪɨɰɟɫɫ). ȼ ɩɪɨɰɟɫɫɟ RESS ɜ 
ɨɛɥɚɫɬɢ ɫɜɨɛɨɞɧɨɣ ɫɬɪɭɢ ɩɪɨɢɫɯɨɞɢɬ ɬɪɢ ɜɚɠɧɵɯɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬɚ ɱɚɫɬɢɰ: 
ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɹɞɟɪ, ɤɨɧɞɟɧɫɚɰɢɹɢ ɤɨɚɝɭɥɹɰɢɹ, ɧɚ ɤɨɬɨɪɵɟ ɜɥɢɹɸɬɬɚɤɢɟ 
ɩɚɪɚɦɟɬɪɵ, ɤɚɤ ɩɥɨɬɧɨɫɬɶ, ɞɚɜɥɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ, ɫɤɨɪɨɫɬɶ ɢ ɹɜɥɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɢɫɬɟɱɟɧɢɹ: 
ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ, ɭɞɚɪɧɵɟ ɜɨɥɧɵ, ɫɦɟɲɟɧɢɟ ɫ ɮɨɧɨɜɵɦ ɝɚɡɨɦ. Ɇɟɯɚɧɢɡɦɵ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬɚ 
ɱɚɫɬɢɰ ɦɚɥɨ ɢɡɭɱɟɧɵ ɜɛɥɢɡɢ ɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɱɟɪɟɡ ɭɞɚɪɧɵɟ ɜɨɥɧɵ, ɞɢɫɤ Ɇɚɯɚ ɜ ɫɜɹɡɢ ɫɨ 
ɫɤɚɱɤɨɨɛɪɚɡɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɪɚɫɬɭɳɢɯ ɱɚɫɬɢɰ ɫ ɭɞɚɪɧɵɦɢ ɜɨɥɧɚɦɢ. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɦɟɪɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɪɨɮɢɥɹ ɩɨɬɨɤɚ ɩɨɫɥɟ ɜɵɯɨɞɚ ɢɡ ɫɨɩɥɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɪɚɫɲɢɪɟɧɢɹɢɫɩɨɥɶɡɭɟɬɫɹ ɚɧɚɥɢɡ ɬɟɩɥɨɜɢɡɨɪɨɦ ɩɨɬɨɤɚ ɫ ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ [1]. ɉɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹɜ ɫɜɨɛɨɞɧɨɣ ɫɬɪɭɟ ɩɪɢ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɰɟɫɫɚ: P =10-35 Ɇɉɚ, 
Tɧɚɫ=323 Ʉ, Tɭɪ=343 Ʉ; P =25 Ɇɉɚ, Tɧɚɫ=323, Tɭɪ=313-353Ʉ; 
I. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ 
RESS-100-2 BКsО (ɪɢɫ. 1) ɮɢɪɦɵ TСКr TОМСЧШlШРТОs IЧМ. ɍɫɬɚɧɨɜɤɚ RESS-100-2 BКsО ɜɤɥɸɱɚɟɬ 
ɜ ɫɟɛɹ: ɧɚɫɨɫ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɨɯɥɚɠɞɟɧɢɹ ɋɈ2, ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ, 
ɧɚɫɵɬɢɬɟɥɶ ɫɨ ɫɦɨɬɪɨɜɵɦ ɨɤɧɨɦ ɢ ɦɟɲɚɥɤɨɣ, ɭɫɬɪɨɣɫɬɜɨ ɪɚɫɲɢɪɟɧɢɹ, ɫɛɨɪɧɢɤ ɱɚɫɬɢɰ, 
ɫɢɫɬɟɦɭ ɤɨɧɬɪɨɥɹ ɢ ɡɚɳɢɬɵ. ɍɫɬɚɧɨɜɤɚ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ 6 ÷ 60 Ɇɉɚ (ɫ ɦɟɲɚɥɤɨɣ ɞɨ 40 Ɇɉɚ); ɧɨɦɢɧɚɥɶɧɵɣ 
ɦɚɫɫɨɜɵɣ ɪɚɫɯɨɞ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ8•10-4 ɤɝ/ɫ (ɩɢɤɨɜɨɟ ɡɧɚɱɟɧɢɟ ɪɚɫɯɨɞɚ 
ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 1,6•10-3 ɤɝ/ɫ); ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬ ɤɨɦɧɚɬɧɨɣ ɞɨ 393 Ʉ. 
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Ɋɢɫ. 1. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ TСКrRESS-100-2 Base. 1 - ɧɚɫɵɬɢɬɟɥɶ; 2 - ɦɟɲɚɥɤɚ; 3 - 
ɬɟɪɦɨɫɬɚɬ; 4, 7, 8 - ɜɟɧɬɢɥɶ; 5 - ɪɚɫɯɨɞɨɦɟɪ; 6 - ɧɚɫɨɫ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 9 - ɭɫɬɪɨɣɫɬɜɨ 
ɪɚɫɲɢɪɟɧɢɹ; 10 - ɬɟɩɥɨɨɛɦɟɧɧɢɤ ɧɚ ɧɚɝɪɟɜ (ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ); 11 - ɤɚɦɟɪɚ ɪɚɫɲɢɪɟɧɢɹ;  
12 - ɬɟɩɥɨɨɛɦɟɧɧɢɤ - ɨɯɥɚɞɢɬɟɥɶ; 13 – ɛɚɥɥɨɧ ɫ ɋɈ2 

 
ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɬɪɭɟ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ 

ɛɵɥ ɩɪɢɦɟɧɟɧ ɫɩɨɫɨɛ ɬɟɪɦɢɱɟɫɤɨɣ ɜɢɡɭɚɥɢɡɚɰɢɢ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɧɚɝɪɟɬɨɣ ɫɬɪɭɟ 
ɱɢɫɬɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɛɟɡ ɞɨɛɚɜɥɟɧɢɹ ɩɨɥɢɦɟɪɚ. Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 
ɬɟɩɥɨɜɢɡɨɪ ɢɧɮɪɚɤɪɚɫɧɵɣ FlukeTi-25(ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɩɨɜɟɪɤɟ № 207/13-2561). ɉɚɪɚɦɟɬɪɵ 
ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1. ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ RESS 

№ 
Ɍɟɦ-ɪɚ 

ɧɚɫɵɬɢɬɟɥɹ, 
Ʉ 

Ɍɟɦ-ɪɚ 
ɭɫɬɪɨɣɫɬɜɚ 
ɪɚɫɲɢɪɟɧɢɹ  

Ʉ 

Ⱦɚɜɥɟɧɢɟ ɜ 
ɫɢɫɬɟɦɟ, 

Ɇɉɚ 

L/D 
ɦɤɦ 

1 2 3 4 5 
1 

323 343 

10 

2000/150 
 

2 15 
3 20 
4 25 
5 30 
6 35 
7 

323 

313 

25 
2000/150 

 

8 323 
9 333 
10 343 
11 353 

 
I. Ɋɟɡɭɥɶɬɚɬɵ. 
ȼ ɩɪɨɰɟɫɫɟ RESS (ɪɢɫ. 1) ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɬɜɟɪɞɨɟ ɜɟɳɟɫɬɜɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɮɥɸɢɞɟ, ɡɚɬɟɦ ɪɚɫɲɢɪɹɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɧɵɟ ɭɫɥɨɜɢɹ ɱɟɪɟɡ ɧɚɝɪɟɜɚɟɦɨɟ 
ɪɚɫɲɢɪɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɨɥɶɲɢɯ ɩɪɟɫɵɳɟɧɢɣ ɨɛɪɚɡɭɟɬɫɹ ɛɨɥɶɲɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɫɬɚɛɢɥɶɧɵɯ ɡɚɪɨɞɵɲɟɣ, ɫɩɨɫɨɛɧɵɯ ɤ ɞɚɥɶɧɟɣɲɟɦɭ ɪɨɫɬɭ.ɉɪɢ ɫɛɪɨɫɟ 
ɪɚɫɬɜɨɪɢɬɟɥɶ ɩɟɪɟɯɨɞɢɬ ɜ ɝɚɡɨɨɛɪɚɡɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɚ ɜɟɳɟɫɬɜɨ ɨɫɚɠɞɚɟɬɫɹ ɜ ɜɢɞɟ 
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ɦɟɥɤɨɞɢɫɩɟɪɫɧɨɝɨ ɚɷɪɨɡɨɥɹ ɧɚ ɩɥɚɫɬɢɧɭД2Ж. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɞ ɫɨɩɥɨɦ ɜɟɪɬɢɤɚɥɶɧɨ ɛɵɥɚ 
ɭɫɬɚɧɨɜɥɟɧɚ ɩɥɚɫɬɢɤɨɜɚɹ ɩɥɚɫɬɢɧɚ ɬɨɥɳɢɧɨɣ 15ɦɦ.ɇɚ ɪɢɫ.2ɩɨɤɚɡɚɧɨ ɬɟɩɥɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, 
ɩɨɥɭɱɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɬɟɩɥɨɜɢɡɨɪɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ №1. 

 

 
IR004566.IS2 

Ɋɢɫ.2. Ɍɟɩɥɨɜɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɬɟɩɥɨɜɢɡɨɪɚ 
 
Ⱦɚɧɧɵɟ ɩɨɥɭɱɟɧɧɵɟ ɬɟɩɥɨɜɢɡɨɪɨɜ ɜ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ №1-11 ɩɪɢɩɚɪɚɦɟɬɪɚɯ 

ɩɪɨɰɟɫɫɚ:P =10-35 Ɇɉɚ, Tɧɚɫ=323 Ʉ, Tɭɪ=343 Ʉ; P =25 Ɇɉɚ, Tɧɚɫ=323Tɭɪ=313-353Ʉ ɩɨɡɜɨɥɢɥɢ 
ɩɨɥɭɱɢɬɶ ɩɪɨɮɢɥɢ ɬɟɦɩɟɪɚɬɭɪ ɜɞɨɥɶ ɨɫɢ x. ɇɚ ɪɢɫ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɚɜɥɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ.ɇɚ ɪɢɫ 
4ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɩɨɬɨɤɚ ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯɫɨɩɥɨɜɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɪɚɫɲɢɪɟɧɢɹ. 

 
Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵɫɜɨɛɨɞɧɨɣ ɫɬɪɭɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɞɚɜɥɟɧɢɹɯ 
ɩɪɨɰɟɫɫɚ 
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Ɋɢɫ.4. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵɫɜɨɛɨɞɧɨɣ ɫɬɪɭɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɭɫɬɪɨɣɫɬɜɚ ɪɚɫɲɢɪɟɧɢɹ  

 
ɇɢɠɧɢɣ ɩɪɟɞɟɥ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɜɢɡɨɪɚ 243 Ʉ, ɜ ɰɟɧɬɪɟ ɫɜɨɛɨɞɧɨɣ ɫɬɪɭɢ ɬɟɦɩɟɪɚɬɭɪɚ ɧɢɠɭ 

ɭɤɚɡɚɧɧɨɝɨ ɩɪɟɞɟɥɚ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɩɨɬɨɤɟ ɩɨɡɜɨɥɹɬ 
ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɝɟɨɦɟɬɪɢɸ ɛɨɤɨɜɵɯ ɭɞɚɪɧɵɯ ɜɨɥɧ ɢ ɞɢɫɤɚ Ɇɚɯɚ ɩɨ ɫɤɚɱɤɨɨɛɪɚɡɧɨɦɭ 
ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ ɬɚɤɠɟ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɧɨ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ 
ɩɪɨɰɟɫɫɚ ɢɫɬɟɱɟɧɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢɡ ɤɚɧɚɥɨɜ ɦɢɤɪɨɧɧɨɝɨ ɪɚɡɦɟɪɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɋɨɝɥɚɲɟɧɢɹ №14-08-31319\14 ɨɬ 14.02.2014 ɫ ɮɟɞɟɪɚɥɶɧɵɦ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɦ ɛɸɞɠɟɬɧɵɦ ɭɱɪɟɠɞɟɧɢɟɦ «Ɋɨɫɫɢɣɫɤɢɣ ɮɨɧɞ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ». 

 
ɅɂɌȿɊАɌɍɊА 

 
1. ɂ.ȼ. Ʉɭɡɧɟɰɨɜɚ, ɂ.ɂ. Ƚɢɥɶɦɭɬɞɢɧɨɜ, ɂ.Ɇ. Ƚɢɥɶɦɭɬɞɢɧɨɜ, ɢ ɞɪ. ȼɟɫɬɧɢɤ Кɚɡɚɧɫɤɨɝɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 1 (2012) 111. 
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Ⱥ.ɇ. ɋɚɛɢɪɡɹɧɨɜ. ȼɟɫɬɧɢɤ Кɚɡɚɧɫɤɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 3 ( 2011) 38. 

 
 
 

ɋɌɊɍɄɌɍɊɇɈ-ɎАɁɈВЫȿ ɉȿɊȿɏɈȾЫ В ȻЫɋɌɊɈɁАɄАɅȿɇɇЫɏ ɅȿɇɌАɏ 
AL 90Y10 ɉɊɂ ɌȿɊɆɂɑȿɋɄɈɆ ɂ ȾȿɎɈɊɆАɐɂɈɇɇɈɆ ВɈɁȾȿɃɋɌВɂЯɏ 

Ʌɚɞɶɹɧɨɜ ȼ.ɂ.1, ɋɬɟɪɯɨɜɚ ɂ.ȼ.1, Ɇɭɯɝɚɥɢɧ ȼ.ȼ.1, ɉɟɱɢɧɚ ȿ.Ⱥ.1,  
ɂɜɚɧɨɜ ɋ.Ɇ.1, ɇɨɫɟɧɤɨ ȼ.Ʉ.2, ɇɚɡɚɪɟɧɤɨ Ⱥ.Ⱥ.2 

1Ɏɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɍɪɈ ɊȺɇ, Ɋɨɫɫɢɹ,426000, Иɠɟɜɫɤ, ɭɥ.Кɢɪɨɜɚ, 132. 
2Иɧɫɬɢɬɭɬ ɦɟɬɚɥɥɨɮɢɡɢɤɢ ɢɦ. Ƚ.ȼ. Кɭɪɞɸɦɨɜɚ ɇȺɇ ɍɤɪɚɢɧɵ,  

ɍɤɪɚɢɧɚ, 03680Ƚɋɉ, Кɢɟɜ, ɛɭɥ. ȼɟɪɧɚɞɫɤɨɝɨ, 36. E-mail: las@ftiudm.ru 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɭɱɟɧɢɟ ɚɦɨɪɮɧɨ-ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ Al ɫ 
ɞɨɛɚɜɤɚɦɢ ɩɟɪɟɯɨɞɧɵɯ ɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɩɟɪɫɩɟɤɬɢɜɧɵɦ Д1-3Ж. Эɬɨ 
ɨɛɭɫɥɨɜɥɟɧɨ ɢɯ ɜɵɫɨɤɢɦɢ ɩɪɨɱɧɨɫɬɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɯɨɪɨɲɟɣ 
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ɩɥɚɫɬɢɱɧɨɫɬɶɸ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɶɸ Д2-4Ж. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɨɞɨɛɧɨɣ ɫɬɪɭɤɬɭɪɵ 
ɜɨɡɦɨɠɧɨ ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɚɫɬɢɱɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮɧɵɯ ɫɩɥɚɜɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɧɟɲɧɢɯ 
ɜɨɡɞɟɣɫɬɜɢɹɯ (ɬɟɪɦɢɱɟɫɤɨɦ, ɞɟɮɨɪɦɚɰɢɨɧɧɨɦ, ɨɛɥɭɱɟɧɢɟɦ ɧɟɣɬɪɨɧɚɦɢ ɢɥɢ ɷɥɟɤɬɪɨɧɚɦɢ) Д3-
5Ж. ɉɪɢ ɷɬɨɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɜɵɹɫɧɢɬɶ ɩɪɢ ɤɚɤɢɯ ɭɫɥɨɜɢɹɯ ɨɛɪɚɡɭɟɬɫɹ ɚɦɨɪɮɧɨ-
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɜ ɫɩɥɚɜɚɯ ɢ ɤɚɤ ɨɧɚ ɦɟɧɹɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɞɚɥɶɧɟɣɲɟɣ 
ɨɛɪɚɛɨɬɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɫɬɪɭɤɬɭɪɚ ɧɚɧɨɤɪɢɫɬɚɥɥɨɜ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɢɱɧɵɯ ɫɩɨɫɨɛɨɜ ɢɯ ɫɢɧɬɟɡɚ ɢɡ ɚɦɨɪɮɧɵɯ ɫɩɥɚɜɨɜ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ Д5Ж. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɪɚɛɨɬɟ ɦɟɬɨɞɚɦɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɢ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɨɜɟɞɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɵɯ ɥɟɧɬ Al90Y10 ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɦ 
ɜɨɡɞɟɣɫɬɜɢɹɯ.  

Ȼɵɫɬɪɨɡɚɤɚɥɟɧɧɵɟ ɥɟɧɬɵ Al 90Y10 ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɫɩɢɧɧɢɧɝɨɜɚɧɢɹ ɨɝɪɚɧɢɱɟɧɧɨɣ ɫɬɪɭɢ 
ɪɚɫɩɥɚɜɚ ɧɚ ɛɵɫɬɪɨɜɪɚɳɚɸɳɢɣɫɹ ɦɟɞɧɵɣ ɞɢɫɤ ɜ ɡɚɳɢɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɝɟɥɢɹ. Ɍɟɦɩɟɪɚɬɭɪɚ 
ɪɚɫɩɥɚɜɚ ɩɟɪɟɞ ɡɚɤɚɥɤɨɣ ɫɨɫɬɚɜɥɹɥɚ 1050°ɋ. Ɍɨɥɳɢɧɚ ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɵɯ ɥɟɧɬ ɞɥɢɧɧɨɣ 
ɧɟɫɤɨɥɶɤɨ ɦɟɬɪɨɜ ɫɨɫɬɚɜɥɹɥɚ 35-55ɦɤɦ, ɲɢɪɢɧɚ з 11ɦɦ. ɂɧɬɟɧɫɢɜɧɚɹ ɩɥɚɫɬɢɱɟɫɤɚɹ 
ɞɟɮɨɪɦɚɰɢɹ ɤɪɭɱɟɧɢɟɦ (ɂɉȾɄ) ɩɪɨɜɨɞɢɥɢ ɜ ɧɚɤɨɜɚɥɶɧɹɯ Ȼɪɢɞɠɦɟɧɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɞɚɜɥɟɧɢɢ 3Ƚɉɚ ɫ ɜɪɚɳɟɧɢɟɦ ɨɬ 0 ɞɨ 12 ɨɛɨɪɨɬɨɜ. ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɧɢɠɧɟɣ 
ɧɚɤɨɜɚɥɶɧɢ Ȼɪɢɞɠɦɟɧɚ ɫɨɫɬɚɜɥɹɥɚ 1ɨɛ/ɦɢɧ. 

Ɋɟɧɬɝɟɧɨɜɫɤɢɣ ɞɢɮɪɚɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɫɬɪɭɤɬɭɪɵ ɩɪɨɜɟɞɟɧ ɧɚ θ-θ ɞɢɮɪɚɤɬɨɦɟɬɪɟ D8 
AНЯКЧМО (BrЮФОr AБS) ɜ ɝɟɨɦɟɬɪɢɢ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɭɱɤɚ ɫ CЮKα ɢɡɥɭɱɟɧɢɟɦ, ɩɚɪɚɛɨɥɢɱɟɫɤɢɦ 
ɡɟɪɤɚɥɨɦ Ƚёɛɟɥɹ (60ɦɦ) ɧɚ ɩɟɪɜɢɱɧɨɦ ɩɭɱɤɟ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦ SТ(LТ) ɞɟɬɟɤɬɨɪɨɦ SШl-XE. 
ɍɬɨɱɧɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɧɚ ɨɫɧɨɜɟ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɞɚɧɧɵɯ ɜɵɩɨɥɧɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ TOPAS 
4.2. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɢ ɢ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɵɯ 
ɥɟɧɬ ɞɨ ɢ ɩɨɫɥɟ ɂɉȾɄ ɢɡɭɱɚɥɢ ɫ ɩɨɦɨɳɶɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɤɚɧɢɪɭɸɳɟɝɨ ɤɚɥɨɪɢɦɟɬɪɚ 
PОrФТЧ ElЦОr DТКЦШЧН DSC. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 50 ɞɨ 600ºɋ ɫɨ 
ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚ 10ºɋ/ɦɢɧ. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɬɟɪɦɨɝɪɚɦɦ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɚɤɟɬ ɩɪɨɝɪɚɦɦ, 
ɜɯɨɞɹɳɢɣ ɜ ɤɨɦɩɥɟɤɬ ɤɚɥɨɪɢɦɟɬɪɚ.  

ɉɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ ɤɚɤ ɤɨɧɬɚɤɬɧɚɹ, ɬɚɤ ɢ ɫɜɨɛɨɞɧɚɹ ɫɬɨɪɨɧɵ 
ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɨɣ ɥɟɧɬɵ Al90Y10 ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɚɦɨɪɮɧɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ. ɇɚ 
ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɯ ɧɚ ɮɨɧɟ ɚɦɨɪɮɧɨɝɨ ɝɚɥɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɢɤɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ, ɬɜɟɪɞɨɝɨ 
ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ α-Al(Y ) ɢ Al 4Y.  

ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 
ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɨɣ ɥɟɧɬɵ Al 90Y10 ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɧɚɝɪɟɜɟ ɧɨɫɢɬ ɦɧɨɝɨɫɬɚɞɢɣɧɵɣ ɯɚɪɚɤɬɟɪ ɢ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 4 ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɦɢ ɷɮɮɟɤɬɚɦɢ. Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɥɟɧɬ, 
ɨɬɬɨɠɟɧɧɵɯ ɜ ɬɟɱɟɧɢɟ 2 ɦɢɧɭɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 240ºɋ, 280, 350 ɢ 600 ºɋ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɡɚɜɟɪɲɟɧɢɸ ɤɚɠɞɨɣ ɫɬɚɞɢɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ 
ɜɵɞɟɥɟɧɢɟ ɜ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɟ ɤɪɢɫɬɚɥɥɨɜ ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ α-
Al ɩɟɪ ɫ ɩɚɪɚɦɟɬɪɨɦ ɪɟɲɟɬɤɢ 4,0650 й. ɉɪɢ ɷɬɨɦ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɤɪɢɫɬɚɥɥɢɬɨɜ, ɪɚɫɫɱɢɬɚɧɧɵɣ 
ɢɡ ɞɢɮɪɚɤɰɢɨɧɧɵɯ ɞɚɧɧɵɯ, ɫɨɫɬɚɜɥɹɟɬ 16ɧɦ. ɋɥɟɞɭɸɳɚɹ ɫɬɚɞɢɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɵɞɟɥɟɧɢɸɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ Al 4Y ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɲɟɬɤɢ ɚ = 4,2064й ɢ ɫ 
= 9,6960й. ɇɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɟ ɥɟɧɬɵ ɩɨɫɥɟ ɨɬɠɢɝɚ ɩɪɢ 280ºɋ ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɢɤɢ ɨɬ 
ɤɪɢɫɬɚɥɥɨɜ Al  ɢ Al 4Y, ɚɦɨɪɮɧɚɹ ɮɚɡɚ ɨɬɫɭɬɫɬɜɭɟɬ. ɉɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ α-
Al (Y)ɩɟɪ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ ɞɨ 4,0572й. ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɬɪɟɬɶɟɣ ɫɬɚɞɢɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɜɢɞ ɪɟɧɬɝɟɧɨɝɪɚɦɦ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ 
ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ ɨɫɧɨɜɟ Al  ɞɨ 4,0502 й. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ α-Al (Y) 
ɫɬɚɧɨɜɢɬɶɫɹ ɛɥɢɡɤɢɦ ɤ ɡɧɚɱɟɧɢɹɦ ɩɚɪɚɦɟɬɪɚ ɪɟɲɟɬɤɢ ɪɚɜɧɨɜɟɫɧɨɝɨAl . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ 
ɬɪɟɬɶɟɣ ɫɬɚɞɢɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɩɚɞ ɩɟɪɟɫɵɳɟɧɧɨɝɨ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ α-
Al (Y)ɩɟɪ ɫ ɜɵɞɟɥɟɧɢɟɦ Al 4Y. ɉɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɧɚɝɪɟɜɟ ɜɵɲɟ 375º, ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ 
ɩɨɫɥɟɞɧɟɣ ɫɬɚɞɢɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɫɩɚɞ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ Al4Y ɫ 
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ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɜɧɨɜɟɫɧɨɝɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Al 3Y. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɧɚɝɪɟɜɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɨɣ ɥɟɧɬɵ Al90Y10 ɩɪɨɬɟɤɚɟɬ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 
ɦɟɯɚɧɢɡɦɭȺɦ→Ⱥɦ`+ α-Al (Y)ɩɟɪ→ α-Al (Y)ɩɟɪ+Al 4Y→ α-Al (Y) +Al 4Y→ α-Al (Y) +Al 3Y. 

ɉɪɢ ɢɧɬɟɧɫɢɜɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɤɪɭɱɟɧɢɟɦ ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɵɯ ɥɟɧɬ Al 90Y10 ɜ 
ɭɫɥɨɜɢɹɯ ɧɟɛɨɥɶɲɢɯ ɞɟɮɨɪɦɚɰɢɣ ɤɪɭɱɟɧɢɟɦ ɞɨ ε = 3,3 (ɞɨ 1/4 ɨɛɨɪɨɬɚ) ɧɚɛɥɸɞɚɟɬɫɹ 
ɢɡɦɟɥɶɱɟɧɢɟ ɩɪɢɫɭɬɫɬɜɭɸɳɢɯ ɜ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɥɟɧɬɟ ɮɚɡ (ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɚ 
ɨɫɧɨɜɟ α-Al ɢ Al4В). ɇɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɯ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚɛɥɸɞɚɟɬɫɹ 
ɡɧɚɱɢɬɟɥɶɧɨɟ ɭɲɢɪɟɧɢɟ ɩɢɤɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ. ɉɪɢ ε = 4, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ 1/2 
ɨɛɨɪɨɬɚ, Al4В ɩɨɥɧɨɫɬɶɸ ɩɟɪɟɯɨɞɢɬ ɜ ɚɦɨɪɮɧɭɸ ɦɚɬɪɢɰɭ, ɧɚ ɪɟɧɬɝɟɧɨɝɪɚɦɦɟ ɨɬɫɭɬɫɬɜɭɸɬ 
ɩɢɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɬɨɣ ɮɚɡɟ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɚɪɨɠɞɟɧɢɟɦ ɤɪɢɫɬɚɥɥɨɜ Al4В ɩɪɢ ε = 4,7 (ɩɨɫɥɟ 1 ɨɛɨɪɨɬɚ) ɢ Al2В ɩɪɢ ε = 6 
(ɩɨɫɥɟ 4 ɨɛɨɪɨɬɨɜ). ɉɪɢ ɷɬɨɦ ɜ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ ɫɨɯɪɚɧɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɚɹ ɞɨɥɹ 
ɚɦɨɪɮɧɨɣ ɮɚɡɵ.  

ɉɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɧɚɝɪɟɜɟ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫɬɟɩɟɧɶ ɞɟɮɨɪɦɚɰɢɢ ɤɨɬɨɪɵɯ ɧɟ 
ɩɪɟɜɵɲɚɟɬ ε = 4,7 (1 ɨɛɨɪɨɬɚ) ɧɚɛɥɸɞɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɪɦɢɱɟɫɤɨɣ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɚɦɨɪɮɧɨɣ ɦɚɬɪɢɰɵ (ɨɬ 190 ɞɨ 220ºɋ), ɚ ɯɚɪɚɤɬɟɪ ɟɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɨɜɩɚɞɚɟɬ ɫ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɢɫɯɨɞɧɨɣ ɥɟɧɵ. Ʉɪɢɫɬɚɥɥɢɡɚɰɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɫ ε > 4,7 (1 
ɨɛɨɪɨɬɚ) ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɜɭɦɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɦɢ ɷɮɮɟɤɬɚɦɢ. ɉɪɢ ɷɬɨɦ ɩɟɪɜɚɹ ɫɬɚɞɢɹ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɨɫɬɨɦ ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɂɉȾɄ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ α-Al, 
Al 4В ɢ ɪɚɫɩɚɞɨɦ Al2В ɩɪɢ 250°ɋ. ɇɚ ɜɬɨɪɨɣ ɫɬɚɞɢɢ ɧɚɛɥɸɞɚɟɬɫɹ ɪɚɫɩɚɞ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ 
Al 4В ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɪɚɜɧɨɜɟɫɧɨɝɨ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Al3Y.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 
ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɨɣ ɥɟɧɬɵ Al90Y10, ɢɧɢɰɢɢɪɭɟɦɚɹ ɂɉȾɄ, ɩɪɨɬɟɤɚɟɬ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɢ ε = 6 
(ɩɨɫɥɟ 4 ɨɛɨɪɨɬɨɜ) ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɮɚɡɵ Al2В, ɮɨɪɦɢɪɨɜɚɧɢɹ ɤɨɬɨɪɨɣ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɧɟɩɪɟɪɵɜɧɨɝɨ ɧɚɝɪɟɜɚ ɢɫɯɨɞɧɨɣ ɥɟɧɬɵ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɩɪɨɝɪɚɦɦɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɍɪɈ ɊȺɇ, ɩɪɨɟɤɬ №12-ɉ-2-1044. 
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ɇɚɧɨɤɪɢɫɬɚɥɥɵ ɢɡɭɱɚɸɬ ɭɠɟ ɞɚɜɧɨ, ɨɞɧɚɤɨ, ɪɚɡɦɟɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ: BT 

= – V(P/ V)T, ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ: p = [ln(V) / T]P, ɧɟ ɹɫɧɵ ɞɨ ɫɢɯ ɩɨɪ. 
Ɂɞɟɫɶ T – ɬɟɦɩɟɪɚɬɭɪɚ, V – ɨɛɴɟɦ ɫɢɫɬɟɦɵ, P – ɞɚɜɥɟɧɢɟ. ɉɨɷɬɨɦɭ ɧɚɦɢ ɛɵɥɚ ɢɡɭɱɟɧɚ 
ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ (BT), ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ (), ɦɨɞɭɥɹ ɘɧɝɚ(Y), ɦɨɞɭɥɹ 
ɫɞɜɢɝɚ (G), ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (p) ɢ ɬɟɩɥɨɟɦɤɨɫɬɢ (cv ɢ cp) ɨɬ ɪɚɡɦɟɪɚ ɢ 
ɮɨɪɦɵ ɧɚɧɨɤɪɢɫɬɚɥɥɚ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɦɵ 
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ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɨɞɟɥɶ ɧɚɧɨɤɪɢɫɬɚɥɥɚ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫ ɜɚɪɶɢɪɭɟɦɨɣ 
ɮɨɪɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (RP-ɦɨɞɟɥɶ) [1 – 4]. 

ȿɫɥɢ ɱɢɫɥɨ ɚɬɨɦɨɜ (N) ɜ ɧɚɧɨɤɪɢɫɬɚɥɥɟ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɬɨ ɞɥɹ ɩɪɨɢɡɜɟɞɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɧɚ ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ Д3Ж: 

,

, , ,

( / )( / )
( ) v N

p T p T in
v N T N T N

TN
B B

T v N v

                                    , (1) 

ɝɞɟ v=V/N – ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ,  – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ,  – ɭɞɟɥɶɧɚɹ (ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ) 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ, (pBT)in – ɩɪɨɢɡɜɟɞɟɧɢɟ pBT ɞɥɹ ɦɚɤɪɨɤɪɢɫɬɚɥɥɚ, ɬ.ɟ. ɛɟɡ 
ɭɱɟɬɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɢɫɬɟɦɵ. 

Ⱦɚɜɥɟɧɢɟ ɞɥɹ ɨɝɪɚɧɢɱɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ  ɫɢɫɬɟɦɵ ɪɚɜɧɨ: P = Pin–Psf , ɝɞɟ Pin – ɨɛɴɟɦɧɨɟ, 
ɚ Psf – ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɪɚɜɧɨ Д2, 3Ж:  

,

/
(1 )sf ls p

T N

N
P P

v

       .    (2) 

Ɂɞɟɫɶ Pls – ɷɬɨ ɞɚɜɥɟɧɢɟ Ʌɚɩɥɚɫɚ, ɚ ɮɭɧɤɰɢɹ p ɢɡ ɮɨɪɦɭɥɵ (2) ɢɦɟɟɬ ɜɢɞ: 

,

ln( )
ln( / )p

T N
N

        .     (3) 

Ⱦɥɹ ɠɢɞɤɨɣ ɮɚɡɵ ɜɵɩɨɥɧɹɟɬɫɹ: (/)T, N = 0. ɇɨ ɞɥɹ ɬɜɟɪɞɨɣ ɮɚɡɵ p 0, ɢ ɧɚɥɢɱɢɟ 
ɮɭɧɤɰɢɢ p ɜ (2) ɩɪɢɜɨɞɢɬ ɤ ɷɮɮɟɤɬɚɦ, ɩɪɢɫɭɳɢɦ ɬɨɥɶɤɨ ɞɥɹ ɬɜɟɪɞɨɣ ɮɚɡɵ ɧɚɧɨɫɢɫɬɟɦɵ Д2 – 
4Ж: 1) ɜɫɟɝɞɚ ɜɵɩɨɥɧɹɟɬɫɹ: Psf<Pls; 2) ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɞɚɜɥɟɧɢɟ 
ɫɬɚɧɨɜɢɬɫɹ ɪɚɫɬɹɝɢɜɚɸɳɢɦ: Psf< 0 <Pls. 

Ʉɚɤ ɢ ɜ Д1 – 4Ж ɩɨɥɨɠɢɦ, ɱɬɨ ɧɚɧɨɤɪɢɫɬɚɥɥ ɢɦɟɟɬ ɜɢɞ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫ 
ɤɜɚɞɪɚɬɧɵɦ ɨɫɧɨɜɚɧɢɟɦ, ɨɝɪɚɧɟɧɧɵɣ ɝɪɚɧɹɦɢ (100). ȼɟɥɢɱɢɧɚ f = Nps/Npo – ɷɬɨ ɩɚɪɚɦɟɬɪ 
ɮɨɪɦɵ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨɲɟɧɢɟɦ ɱɢɫɥɚ ɚɬɨɦɨɜ ɧɚ ɛɨɤɨɜɨɦ ɪɟɛɪɟ Nps ɤ ɱɢɫɥɭ ɚɬɨɦɨɜ 
ɧɚ ɪɟɛɪɟ ɨɫɧɨɜɚɧɢɹ Npo.  

Ɉɝɪɚɧɢɱɟɧɢɟ ɫɢɫɬɟɦɵ ɩɨɜɟɪɯɧɨɫɬɶɸ ɩɪɢɜɟɞɟɬ ɤ ɨɛɪɵɜɭ ɫɜɹɡɟɣ ɧɚ ɝɪɚɧɢɰɟ. ɉɨɷɬɨɦɭ ɟɫɥɢ 
ɢɫɩɨɥɶɡɨɜɚɧɨ ɩɪɢɛɥɢɠɟɧɢɟ «ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɨɥɶɤɨ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ», ɬɨ ɜɦɟɫɬɨ ɩɟɪɜɨɝɨ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ (kn) ɧɟɨɛɯɨɞɢɦɨ ɛɪɚɬɶ<kn> – ɫɪɟɞɧɟɟ (ɩɨ ɜɫɟɣ ɧɚɧɨɫɢɫɬɟɦɟ) ɡɧɚɱɟɧɢɟ 
ɩɟɪɜɨɝɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɱɢɫɥɚ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɤɚɤ ɨɬ N, ɬɚɤ ɢ ɨɬ ɮɨɪɦɵ 
ɧɚɧɨɫɢɫɬɟɦɵ Д1 – 4]: 

1/32( , )
* 1 ( )

( )
n

n s
n

k N f
k Z f

k N
         ,    (4) 

ɝɞɟ kn() – ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɟ ɱɢɫɥɨ ɞɥɹ ɦɚɤɪɨɤɪɢɫɬɚɥɥɚ, Zs(f) = (1 + 2f) / (3f 2/3) – ɮɭɧɤɰɢɹ 
ɮɨɪɦɵ,  =  / (6 kp), ɝɞɟ kp – ɤɨɷɮɮɢɰɢɟɧɬ ɭɩɚɤɨɜɤɢ ɫɬɪɭɤɬɭɪɵ. 

ɉɪɢ ɷɬɨɦ ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ ɩɨɥɚɝɚɟɦ ɧɟɢɡɦɟɧɧɨɣ:kp = const. Ⱦɚɧɧɭɸ ɦɨɞɟɥɶ 
ɧɚɧɨɤɪɢɫɬɚɥɥɚ ɜ ɜɢɞɟ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ (rectangular parallelepiped) ɫ 
ɤɜɚɞɪɚɬɧɵɦ ɨɫɧɨɜɚɧɢɟɦ, ɮɨɪɦɭ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɜɚɪɶɢɪɨɜɚɬɶ ɫ ɩɨɦɨɳɶɸ ɩɚɪɚɦɟɬɪɚ ɮɨɪɦɵ f, 
ɧɚɡɨɜɟɦ RP-ɦɨɞɟɥɶɸ. 

ɉɭɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɚɬɨɦɨɜ ɜ ɧɚɧɨɤɪɢɫɬɚɥɥɟ ɩɪɨɫɬɨɝɨ ɨɞɧɨɤɨɦɩɨɧɟɧɬɧɨɝɨ ɜɟɳɟɫɬɜɚ 
ɨɩɢɫɵɜɚɟɬɫɹ ɩɚɪɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ Ɇɢ-Ʌɟɧɧɚɪɞɚ-Ⱦɠɨɧɫɚ Д2, ɝɥ. 3Ж: 

o o( )
( )

b a
r rD

r a b
b a r r

                 ,    (5) 

ɝɞɟ D ɢ ro – ɝɥɭɛɢɧɚ ɢ ɤɨɨɪɞɢɧɚɬɚ ɦɢɧɢɦɭɦɚ ɩɨɬɟɧɰɢɚɥɚ, b ɢ a – ɩɚɪɚɦɟɬɪɵ. 
Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɜɨɡɶɦɟɦ ɤɪɟɦɧɢɣ (m = 28.09 a.m.u.) ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɚɥɦɚɡɚ: kn() = 4, kp = 
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0.3401,  = 2.25,  = 1.5396, ɤɨɬɨɪɵɣ ɢɡɭɱɚɥɫɹ ɜ ɪɚɦɤɚɯ RP-ɦɨɞɟɥɢ ɜ Д4Ж. ɉɚɪɚɦɟɬɪɵ 
ɦɟɠɚɬɨɦɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (5) ɞɥɹ Si ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜ Д2Ж: ro = 2.35110 – 10 m, D/kB = 26921.28 
K, a = 2.48, b = 4, ɝɞɟ kB– ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ. 

Ɍɨɝɞɚ ɪɚɫɫɱɢɬɚɧɧɵɟ ɦɟɬɨɞɨɦ ɢɡ Д2, 5Ж ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ Ⱦɟɛɚɹ (), ɩɟɪɜɨɝɨ (), 
ɜɬɨɪɨɝɨ (q) ɢ ɬɪɟɬɶɟɝɨ (z) ɩɚɪɚɦɟɬɪɨɜ Ƚɪɸɧɚɣɡɟɧɚ ɩɪɢ N =  ɢ ɩɪɢ R= 1 ɛɭɞɭɬ ɪɚɜɧɵ:(1) = 
549.1 K,(1) = 0.994,q(1) = 5.810 – 3,z(1) = 1.01. 

Ⱦɥɹ ɦɚɤɪɨ-Si ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɨɰɟɧɤɢ ɞɥɹ (1) ɢ (1) ɪɚɜɧɵ:  = 638  648.8K ɢ  = 1.0 
[2]. Ɂɞɟɫɶ R(T) = ro/ c(T) – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɥɢɧɟɣɧɚɹ ɩɥɨɬɧɨɫɬɶ, c – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɰɟɧɬɪɚɦɢ 
ɛɥɢɠɚɣɲɢɯ ɚɬɨɦɨɜ. 

Ɋɚɫɱɟɬ (100) – ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ ɝɪɚɧɢ (100) ɛɵɥ ɩɪɨɜɟɞɟɧ ɩɨ ɦɟɬɨɞɭ ɢɡ 
[1 – 4Ж, ɚ ɪɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ– ɩɨ ɦɟɬɨɞɭ ɢɡ [6]:  
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      , 

Ƚɞɟ Xs(N, T) =(N, T)/[roB(N, T)]. 
Ɋɚɫɱɟɬ ɡɚɜɢɫɢɦɨɫɬɢ BT(N, T) ɛɵɥ ɩɪɨɜɟɞɟɧ ɩɨ ɦɟɬɨɞɭ, ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɜ Д9Ж, ɢɫɯɨɞɹ ɢɡ 

ɮɨɪɦɭɥ (1)-(5). Ⱦɥɹ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ ɩɨɥɭɱɢɦ:  
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Ɂɞɟɫɶ ɜɜɟɞɟɧɚ ɛɟɡɪɚɡɦɟɪɧɚɹ ɮɭɧɤɰɢɹ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ Д9Ж: 
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ɝɞɟ ɜɟɥɢɱɢɧɭ B(P)in= (B/ P)in ɞɥɹ Si ɛɪɚɥɢ ɪɚɜɧɨɣ Д2Ж: B(P)in = 4.16. 
ȼ ɬɚɛɥɢɰɟ ɩɪɟɞɫɬɚɜɥɟɧɵɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɨɜ ɡɧɚɱɟɧɢɹ: R ɢ p(T)in ɢɡ Д7Ж, B(0)in ɢɡ 

Д2Ж, ɢ ɪɚɫɫɱɢɬɚɧɧɵɟ ɞɥɹ ɦɚɤɪɨ-Si ɩɪɢ ɭɤɚɡɚɧɧɵɯ TɢR: (100), (T) = (/T)v,N, ɮɭɧɤɰɢɢ p ɢɡ 
(3), ɢ – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ.  
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10 – 6K – 1 
B(0)in [2] 

kbar 
(100)in 
10 – 3J/m2 

– (T)in 
10 – 6J/(m2K) 

p(, T) (, T) 

100 1 – 1.02 980.23 1671.4 13.3 0.992 0.209 
300 0.9998 7.91 977.00 1664.5 39.9 0.997 0.209 
1000 0.9971 12.84 963.46 1624.5 45.7 1.014 0.205 
1685 0.9940 14.62 948.43 1583.0 45.8 1.030 0.201 

 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ ɝɪɚɧɢ (100) ɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɉɭɚɫɫɨɧɚ ɞɥɹ ɦɚɤɪɨ-ɤɪɟɦɧɢɹ ɥɟɠɚɬ ɜ ɢɧɬɟɪɜɚɥɟ: (100)in = (1060 2350)10 – 

3J/m2 [2],  = 0.213 0.223 [8].  
ɂɡ (3) ɢ (10) ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɩɨɥɭɱɢɦ: 
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ɝɞɟ p(T)in – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɦɚɤɪɨɤɪɢɫɬɚɥɥɚ ɢɡ ɬɚɛɥɢɰɵ, 
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Ɋɢɫ. 1 

 
ɇɚ ɪɢɫ. 1 ɫɥɟɜɚ ɩɨɤɚɡɚɧɵ ɢɡɨɬɟɪɦɨ-ɢɡɨɦɨɪɮɧɵɟ (ɩɪɢ f = 1, ɬ.ɟ. ɞɥɹ ɤɭɛɚ) ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ N 

ɫɥɟɞɭɸɳɢɯ ɧɨɪɦɢɪɨɜɚɧɧɵɯ (ɧɚ ɡɧɚɱɟɧɢɟ ɞɥɹ ɦɚɤɪɨ-Si) ɮɭɧɤɰɢɣ: ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ Bɍ 
ɤɚɠɞɨɣ ɱɟɬɜɟɪɤɟ ɢɡɨɬɟɪɦ ɜɟɪɯɧɹɹ ɪɚɫɫɱɢɬɚɧɚ ɩɪɢ 100 K, ɚ ɧɢɠɧɹɹ – ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
ɩɥɚɜɥɟɧɢɹ ɦɚɤɪɨ-Si [7]: Tm(Si) = 1685 K. ɋɢɦɜɨɥɵ ɧɚ ɢɡɨɦɨɪɮɚɯ *(N) ɭɤɚɡɵɜɚɸɬ ɩɨɥɨɠɟɧɢɟ 
ɪɚɡɪɟɲɟɧɧɵɯ ɞɥɹ ɤɭɛɚ (f = 1) ɡɧɚɱɟɧɢɣ N ɜ ɧɚɧɨ-Si. 
 

 
Ɋɢɫ. 2 

 
ɇɚ ɪɢɫ. 2 ɫɥɟɜɚ ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ N (ɩɪɢ f = 1) ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɚ 

ɪɟɲɟɬɤɢ c/c (ɜ %). ȼ ɤɚɠɞɨɣ ɩɚɪɟ ɢɡɨɬɟɪɦ ɫɩɥɨɲɧɚɹ ɤɪɢɜɚɹ ɪɚɫɫɱɢɬɚɧɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
Xs(N,T), ɚ ɩɭɧɤɬɢɪɧɚɹ ɤɪɢɜɚɹ – ɩɪɢ Xs(N=,T). ɍɱɟɬ ɡɚɜɢɫɢɦɨɫɬɢ Xs(N) ɭɫɢɥɢɜɚɟɬ ɤɚɤ 
ɪɚɡɦɟɪɧɨɟ ɫɠɚɬɢɟ ɩɪɢ T<(1), ɬɚɤ ɢ ɪɚɡɦɟɪɧɨɟ ɪɚɫɬɹɠɟɧɢɟ ɩɪɢ T>(1). ɋɩɪɚɜɚ ɩɨɤɚɡɚɧɚ 
ɡɚɜɢɫɢɦɨɫɬɶ p(N). ȼɢɞɧɨ, ɱɬɨ ɢɡɨɬɟɪɦɚ T = 100 K ɩɪɢ N0(f=1) 1125 ɩɟɪɟɯɨɞɢɬ ɱɟɪɟɡ ɧɨɥɶ. 

Ɋɚɫɱɟɬ ɭɞɟɥɶɧɵɯ (ɧɚ ɚɬɨɦ) ɢɡɨɯɨɪɧɨɣ cv ɢ ɢɡɨɛɚɪɧɨɣ cp ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɧɚɧɨɤɪɢɫɬɚɥɥɚ ɜ 
ɪɚɦɤɚɯ RP-ɦɨɞɟɥɢ ɛɵɥ ɩɪɨɜɟɞɟɧ ɩɨ ɦɟɬɨɞɭ ɢɡ Д4Ж. 

ȼɵɜɨɞɵ: ɩɪɢ ɢɡɨɦɨɪɮɧɨɦ ɭɦɟɧɶɲɟɧɢɢ ɪɚɡɦɟɪɚ ɧɚɧɨ-Si ɡɧɚɱɟɧɢɹ , B,Y ɢ G ɭɦɟɧɶɲɚɸɬɫɹ, 
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ɚ ɮɭɧɤɰɢɢ , p, cv, cp ɢ cp – cv ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜɞɨɥɶ ɢɡɨɬɟɪɦɵ. ɂɡɦɟɧɟɧɢɟ ɞɚɧɧɵɯ ɮɭɧɤɰɢɣ 
ɬɟɦ ɡɚɦɟɬɧɟɟ, ɱɟɦ ɛɨɥɶɲɟ ɮɨɪɦɚ ɧɚɧɨɤɪɢɫɬɚɥɥɚ ɨɬɤɥɨɧɟɧɚ ɨɬ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɮɨɪɦɵ 
(ɞɥɹ RP-ɦɨɞɟɥɢ ɷɬɨ ɤɭɛ).  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɉɪɨɝɪɚɦɦɵ ɉɪɟɡɢɞɢɭɦɚ ɊȺɇ (ɩɪɨɟɤɬ № ɉ-2.1) ɢ 
ɊɎɎИ (ɝɪɚɧɬ № 10–02–00085-ɚ). 
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Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɚɧɨɱɚɫɬɢɰ ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɫɜɨɣɫɬɜ 

ɬɜɟɪɞɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɂɡɦɟɧɟɧɢɟ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɞɥɹ ɧɚɧɨɭɝɥɟɪɨɞɚ ɢ ɫɧɢɠɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɞɥɹ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɚɥɦɚɡɨɜ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜ ɪɚɛɨɬɟ Д1Ж. Ɉɞɧɚɤɨ 
ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɱɚɫɬɢɰ ɫɚɠɢ (ɚɦɨɪɮɧɨɝɨ ɧɚɧɨɝɪɚɮɢɬɚ) ɨɬ ɪɚɡɦɟɪɚ ɞɨ 
ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɧɟ ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜ ɧɚɧɨɫɬɪɭɤɬɭɪɚɯ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ, ɤɚɤ ɫ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ,ɬɚɤ ɢ ɫ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɟɤ ɡɪɟɧɢɹ. ȼ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɰɟɫɫ ɫɭɛɥɢɦɚɰɢɢ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɤɨɬɨɪɵɣɜɚɠɟɧ ɞɥɹ ɪɚɡɜɢɬɢɹ ɦɟɬɨɞɨɜ ɛɟɫɤɨɧɬɚɤɬɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ, 
ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɚ ɥɚɡɟɪɧɨ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɢɧɤɚɧɞɟɫɰɟɧɰɢɢ (Ʌɂɂ). 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɭɛɥɢɦɚɰɢɢ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ 
ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɤɨɦɛɢɧɚɰɢɹ ɦɟɬɨɞɨɜ ɥɚɡɟɪɧɨ-ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɢɧɤɚɧɞɟɫɰɟɧɰɢɢ Д2Ж ɢ 
ɥɚɡɟɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ Д3Ж. ɋɯɟɦɚ ɢɡɦɟɪɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. ɍɝɥɟɪɨɞɧɵɟ 
ɧɚɧɨɱɚɫɬɢɰɵ ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɩɪɢ ɩɢɪɨɥɢɡɟ ɫɦɟɫɢ 1% C6H6 + Ar ɜ ɭɞɚɪɧɨɣ ɬɪɭɛɟ. ɇɚɱɚɥɶɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɨɩɪɟɞɟɥɹɥɚɫɶ ɭɫɥɨɜɢɹɦɢ ɡɚ ɨɬɪɚɠɟɧɧɨɣ ɭɞɚɪɧɨɣ ɜɨɥɧɨɣ ɢ 
ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ T5=1700-2380 Ʉ. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɝɚɡɨɜɨɣ 
ɫɪɟɞɵ, ɫɨɞɟɪɠɚɳɟɣ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɭɸ ɮɚɡɭ, ɫɜɹɡɚɧɧɨɟ ɫ ɬɟɩɥɨɜɵɦɢ ɷɮɮɟɤɬɚɦɢ ɜ ɯɨɞɟ 
ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ, ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɪɟɧɢɣ ɪɚɜɧɨɜɟɫɧɨɣ 
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ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɬɨɞɨɦ ɷɦɢɫɫɢɨɧɧɨ-ɚɛɫɨɪɛɰɢɨɧɧɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ Д3Ж. ɇɚɝɪɟɜ ɭɝɥɟɪɨɞɧɵɯ 
ɱɚɫɬɢɰ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɛɥɢɦɚɰɢɢ ɩɪɨɢɡɜɨɞɢɥɫɹ ɧɚɧɨɫɟɤɭɧɞɧɵɦ ɢɦɩɭɥɶɫɨɦ Nd:YAGɥɚɡɟɪɚ 
ɧɚ ɞɥɢɧɟ ɜɨɥɧɵ 1064 ɧɦ ɫ ɩɥɨɬɧɨɫɬɶɸ ɷɧɟɪɝɢɢ 0,1-0,5 Ⱦɠ/ɫɦ2. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɜ ɷɬɨɦ ɠɟ 
ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɴɟɦɟ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚɛɥɸɞɟɧɢɟ ɡɚ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴɟɦɧɨɣ ɞɨɥɢ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɷɤɫɬɢɧɤɰɢɢ. Ɋɟɡɤɨɟ ɩɚɞɟɧɢɟ ɫɢɝɧɚɥɚ ɷɤɫɬɢɧɤɰɢɢ 
ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɜ ɦɨɦɟɧɬ ɢɦɩɭɥɶɫɚ Nd:YAG ɥɚɡɟɪɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨɜɚɥɨ ɨ ɫɭɛɥɢɦɚɰɢɢ 
ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɱɚɫɬɢɰ. 

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɞɢɚɝɧɨɫɬɢɤɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɫɭɛɥɢɦɚɰɢɢ ɭɝɥɟɪɨɞɧɵɯɧɚɧɨɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɡɚ ɭɞɚɪɧɵɦɢ ɜɨɥɧɚɦɢ 
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ɝɞɟ IS1/IS2 – ɨɬɧɨɲɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ ɢɡɦɟɪɟɧɧɵɯ ɫɢɝɧɚɥɨɜ Ʌɂɂ; IL2/IL1 – ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥɨɜ 
ɢɡɥɭɱɟɧɢɹ ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ2 и 1 ɥɟɧɬɨɱɧɨɣ ɜɨɥɶɮɪɚɦɨɜɨɣ ɥɚɦɩɵ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɞɥɹ 
ɤɚɥɢɛɪɨɜɤɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɡɦɟɪɟɧɢɣ; 2/1 – ɨɬɧɨɲɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɢɡɥɭɱɟɧɢɹ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɱɚɫɬɢɰ ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ 2 и 1; 1/2 – ɨɬɧɨɲɟɧɢɟ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢɡɥɭɱɟɧɢɹ ɜɨɥɶɮɪɚɦɚ ɧɚ ɞɥɢɧɚɯ ɜɨɥɧ 2 и 1;TL – ɬɟɦɩɟɪɚɬɭɪɚ ɥɟɧɬɨɱɧɨɣ 
ɜɨɥɶɮɪɚɦɨɜɨɣ ɥɚɦɩɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɤɚɥɢɛɪɨɜɤɚ. ɋɩɟɤɬɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɢɡɥɭɱɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɜ ɩɪɟɞɟɥɟ Ɋɟɥɟɹ: 
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ɝɞɟ dp – ɪɚɡɦɟɪ ɧɚɧɨɱɚɫɬɢɰ, E(m) – ɮɭɧɤɰɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɟɮɪɚɤɰɢɢ ɭɝɥɟɪɨɞɧɵɯ 
ɧɚɧɨɱɚɫɬɢɰ. Ɉɬɧɨɲɟɧɢɟ 2/1 ɫ ɭɱɟɬɨɦ (2) ɪɚɜɧɨ ɨɬɧɨɲɟɧɢɸ E(m)2/E(m)1, ɤɨɬɨɪɨɟ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɨɡɧɚɱɧɨ ɧɟ ɨɩɪɟɞɟɥɟɧɨ Д2,4Ж. Ⱦɥɢɧɵ ɜɨɥɧ, ɧɚ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɥɢɫɶ 
ɢɡɦɟɪɟɧɢɹ (488 ɢ 760 ɧɦ), ɧɚɯɨɞɹɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɨ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɩɨɷɬɨɦɭ ɡɚɜɢɫɢɦɨɫɬɶ 
ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɭɝɥɟɪɨɞɧɵɯ ɱɚɫɬɢɰ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ ɪɟɲɟɧɨ ɛɵɥɨ ɧɟ ɭɱɢɬɵɜɚɬɶ. 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɞɜɭɯɥɭɱɟɜɨɣ 
ɩɢɪɨɦɟɬɪɢɢ ɡɧɚɱɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɸɬ ɭɝɥɟɪɨɞɧɵɟ 
ɧɚɧɨɱɚɫɬɢɰɵ ɜ ɬɟɱɟɧɢɟ ɢɦɩɭɥɶɫɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ 
ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ⱦɨ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ R0=0.1 Ⱦɠ/ɫɦ2 ɫɢɝɧɚɥɵ ɢɧɤɚɧɞɟɫɰɟɧɰɢɢ ɫɥɢɲɤɨɦ 
ɦɚɥɵ ɞɥɹ ɧɚɞɟɠɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɢɡɥɭɱɟɧɢɹ ɢ ɪɚɫɱɟɬɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ Tmax. ɉɪɢ 
R0=0.1-0.12 Ⱦɠ/ɫɦ2ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɩɚɞɟɧɢɹ ɫɢɝɧɚɥɚ ɷɤɫɬɢɧɤɰɢɢ ɜ ɦɨɦɟɧɬ ɢɦɩɭɥɶɫɚNd:YAG 
ɥɚɡɟɪɚ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɩɪɨɰɟɫɫɚ ɭɧɨɫɚ ɦɚɫɫɵ ɜ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ. ȼ 
ɢɫɫɥɟɞɭɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ɩɥɨɬɧɨɫɬɟɣ ɷɧɟɪɝɢɢ ɜɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɟɬ ɨɬ 
ɡɧɚɱɟɧɢɹ 3100 ɞɨ 3500 Ʉ. ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ R0 > 0.12 
Ⱦɠ/ɫɦ2ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɨɰɟɫɫ ɫɭɛɥɢɦɚɰɢɢ ɭɝɥɟɪɨɞɧɵɯ ɧɚɧɨɱɚɫɬɢɰ, ɧɚ ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɩɚɞɟɧɢɟ 
ɫɢɝɧɚɥɚ ɷɤɫɬɢɧɤɰɢɢ ɜ ɦɨɦɟɧɬ ɢɦɩɭɥɶɫɚ Nd: YAG ɥɚɡɟɪɚ. ȼɟɥɢɱɢɧɚ ɢɡɦɟɪɟɧɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵTmaxɫɨɫɬɚɜɥɹɟɬ 3500±100Ʉ ɢ ɭɠɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɷɧɟɪɝɢɢ ɜ ɢɦɩɭɥɶɫɟ 
(ɩɥɚɬɨ ɧɚ ɪɢɫ. 2 ɫɥɟɜɚ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɬɨ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ Tmax, 
ɞɨɫɬɢɝɚɟɦɨɣ ɱɚɫɬɢɰɚɦɢ ɜ ɬɟɱɟɧɢɟ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ, ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ 
ɬɟɦɩɟɪɚɬɭɪɭ ɫɭɛɥɢɦɚɰɢɢTsubɭɝɥɟɪɨɞɧɵɯɧɚɧɨɱɚɫɬɢɰ. 
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Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɱɚɫɬɢɰ ɩɪɢ ɢɦɩɭɥɶɫɧɨɦ ɥɚɡɟɪɧɨɦ ɧɚɝɪɟɜɟ ɨɬ 
ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹT5=2040-2180 K, ɡɚɞɟɪɠɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɢɯɨɞɚ 
Ɉɍȼ 620 ɦɤɫ(ɫɥɟɜɚ) ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɛɥɢɦɚɰɢɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɢ 
ɭɫɥɨɜɢɣ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɪɢ T5=1700-2380 Ʉ. Ɂɚɞɟɪɠɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɢɯɨɞɚ Ɉɍȼ 100-
700 ɦɤɫ, ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ 0,43-0,48 Ⱦɠ/ɫɦ2(ɫɩɪɚɜɚ) 

 
ɋɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɢ ɭɫɥɨɜɢɣ ɢɯ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚ ɩɪɨɰɟɫɫ ɫɭɛɥɢɦɚɰɢɢ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɩɪɢ ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɷɧɟɪɝɢɢ ɜ ɥɚɡɟɪɧɨɦ ɢɦɩɭɥɶɫɟ ɪɚɜɧɨɣ R0=0,43-0,48 Ⱦɠ/ɫɦ2. ȼ ɭɫɥɨɜɢɹɯ ɩɪɨɜɟɞɟɧɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɛɥɢɦɚɰɢɢ ɫɨɫɬɚɜɥɹɟɬ 3100-4400 Ʉ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɨɜ 
ɱɚɫɬɢɰ ɢ ɭɫɥɨɜɢɣ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ (ɫɦ. ɪɢɫ. 2 ɫɩɪɚɜɚ). ɋɚɦɵɟ ɛɨɥɶɲɢɟ Tsubɞɨɫɬɢɝɚɸɬɫɹ 
ɱɚɫɬɢɰɚɦɢ, cɮɨɪɦɢɪɨɜɚɧɧɵɦɢ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ T5=2337-
2386 K. Ɂɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫɭɛɥɢɦɚɰɢɢ ɜ ɬɟɱɟɧɢɟ ɥɚɡɟɪɧɨɝɨ ɧɚɝɪɟɜɚ ɞɥɹ ɷɬɢɯ ɱɚɫɬɢɰ 
ɫɨɫɬɚɜɥɹɟɬ 4400 Ʉ. Ⱦɥɹ ɱɚɫɬɢɰ, ɮɨɪɦɢɪɭɸɳɢɯɫɹ ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ T5 < 2200 K, 
ɬɟɦɩɟɪɚɬɭɪɚ ɫɭɛɥɢɦɚɰɢɢ ɧɟ ɩɪɟɜɵɲɚɟɬ ɡɧɚɱɟɧɢɟ 3800 Ʉ. 
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Ʉɪɨɦɟ ɧɟɨɞɧɨɡɧɚɱɧɨɫɬɟɣ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɧɟɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɧɟɹɫɧɨɣ ɨɫɬɚɟɬɫɹ ɩɪɢɱɢɧɚ ɪɚɡɥɢɱɢɹ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ,ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɥɚɡɟɪɧɨɦ ɧɚɝɪɟɜɟ ɭɝɥɟɪɨɞɧɵɯ ɱɚɫɬɢɰ, ɫɮɨɪɦɢɪɨɜɚɜɲɢɯɫɹ ɜ 
ɭɞɚɪɧɨɣ ɬɪɭɛɟ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɭɛɥɢɦɚɰɢɢ ɝɪɚɮɢɬɚ 3900 Ʉ Д5Ж, ɚ ɬɚɤ ɠɟ ɫ ɞɚɧɧɵɦɢ, 
ɩɨɥɭɱɟɧɧɵɦɢ ɜ ɩɥɚɦɟɧɚɯ - 4000 Ʉ Д4Ж. Ⱦɚɧɧɨɟ ɪɚɡɥɢɱɢɟ ɨɫɬɚɟɬɫɹ ɨɬɧɟɫɬɢ ɬɨɥɶɤɨ ɧɚ ɫɱɟɬ 
ɨɬɥɢɱɢɣ ɜ ɫɬɪɭɤɬɭɪɟ ɢ ɫɜɨɣɫɬɜɚɯ ɜɫɥɟɞɫɬɜɢɟ ɪɚɡɧɢɰɵ ɭɫɥɨɜɢɣ ɢɯ ɫɢɧɬɟɡɚ. ȼɨ-ɩɟɪɜɵɯ, ɜ 
ɭɫɥɨɜɢɹɯ ɭɞɚɪɧɨ-ɬɪɭɛɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɮɨɪɦɢɪɭɸɬɫɹ ɱɚɫɬɢɰɵ ɦɟɧɶɲɟɝɨ ɪɚɡɦɟɪɚ – ɫɪɟɞɧɢɣ 
ɞɢɚɦɟɬɪ 15 ɧɦ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɤɫɢɦɚɥɶɧɨɦɭ «ɜɵɯɨɞɭ» 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ, ɬɨɝɞɚ ɤɚɤ ɜ ɩɥɚɦɟɧɚɯ ɭɝɥɟɪɨɞɧɵɟ ɱɚɫɬɢɰɵ ɫɬɚɛɢɥɶɧɨ ɜɵɪɚɫɬɚɸɬ ɞɨ 
ɪɚɡɦɟɪɨɜ 30-40 ɧɦ. ȼɨ-ɜɬɨɪɵɯ, ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ 
ɭɝɥɟɪɨɞɧɵɯ ɱɚɫɬɢɰ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɢɯ ɫɬɪɭɤɬɭɪɭ. Ʉɚɤ ɢɡɜɟɫɬɧɨ ɢɡ ɪɚɛɨɬɵ Д3Ж, ɱɚɫɬɢɰɵ, 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɢɦɟɸɬ ɛɨɥɟɟ ɩɥɨɬɧɭɸ ɭɩɚɤɨɜɤɭ, ɛɨɥɟɟ 
ɝɪɚɮɢɬɢɡɢɪɨɜɚɧɧɭɸ ɫɬɪɭɤɬɭɪɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɝɥɟɪɨɞɧɵɟ ɱɚɫɬɢɰɵ, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɜ 
ɭɞɚɪɧɨɣ ɬɪɭɛɟ, ɩɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ, ɜɟɪɨɹɬɧɨ, ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɱɚɫɬɢɰ ɫɚɠɢ, ɮɨɪɦɢɪɭɸɳɟɣɫɹ ɜ 
ɩɥɚɦɟɧɚɯ. 
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Ɏɟɪɪɢɬ ɜɢɫɦɭɬɚ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɢɡ ɦɭɥɶɬɢɮɟɪɪɨɢɤɨɜ ɜ ɩɥɚɧɟɩɪɚɤɬɢɱɟɫɤɨɝɨ 

ɩɪɢɦɟɧɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟɫɤɨɟ ɢ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɟ ɭɩɨɪɹɞɨɱɟɧɢɹ ɜ ɧɟɦ 
ɧɚɛɥɸɞɚɸɬɫɹ ɩɪɢ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Д1,2Ж. ɋɨ ɜɪɟɦɟɧɢ ɩɨɥɭɱɟɧɢɹ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ɬɜɟɪɞɨɮɚɡɧɵɦ ɦɟɬɨɞɨɦ, ɩɪɨɞɨɥɠɚɟɬɫɹ ɩɨɢɫɤ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɟɝɨ ɫɢɧɬɟɡɚ Д3-9], 
ɩɨɫɤɨɥɶɤɭ ɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ ɩɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɸɬ ɞɪɭɝɢɟ ɮɚɡɵ, ɬɚɤɢɟ ɤɚɤ ɫɢɥɥɟɧɢɬ 
Bi25FeO39ɢ ɦɭɥɥɢɬ BТ2Fe4O9. ɉɪɢɱɟɦ ɷɬɭ ɩɪɨɛɥɟɦɭ ɧɟɜɨɡɦɨɠɧɨ ɪɟɲɢɬɶ ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ 
ɜɪɟɦɟɧɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɠɢɝɚ Д10Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ BiFeO3 
ɧɟɨɛɯɨɞɢɦɨ «ɪɚɡɛɢɬɶ» ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɦɨɞɭɥɢɪɨɜɚɧɧɭɸ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɭɸ ɫɩɢɧɨɜɭɸ 
ɰɢɤɥɨɢɞɭ ɫ ɩɟɪɢɨɞɨɦ 62 ɧɦ. Эɬɨɬ ɪɟɡɭɥɶɬɚɬ ɞɨɫɬɢɝɚɟɬɫɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɩɨɥɭɱɟɧɢɢ BТFОO3 
ɜ ɧɚɧɨɪɚɡɦɟɪɧɨɦ ɜɢɞɟ Д1, 2, 11-13].  

ɇɚɦɢ ɫɢɧɬɟɡɢɪɨɜɚɧ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɨɪɨɲɨɤ ɮɟɪɪɢɬɚ ɜɢɫɦɭɬɚ ɦɟɬɨɞɨɦ ɫɠɢɝɚɧɢɹ 
ɧɢɬɪɚɬ-ɨɪɝɚɧɢɱɟɫɤɢɯ ɩɪɟɤɭɪɫɨɪɨɜ Д14Ж, ɩɨɡɜɨɥɹɸɳɢɦ ɭɠɟ ɜ ɨɞɢɧ ɷɬɚɩ ɩɨɥɭɱɢɬɶ ɩɨɱɬɢ 
ɦɨɧɨɮɚɡɧɵɣ ɫɨɫɬɚɜ. Ⱦɢɮɪɚɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɢ ɨɰɟɧɤɚ ɞɢɫɩɟɪɫɧɨɫɬɢ ɩɨɪɨɲɤɚ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ 
ɞɢɮɪɚɤɬɨɦɟɬɪɟPANalyticalEmpyreanseries 2. ɉɨɥɭɱɟɧɧɵɣ ɩɨɪɨɲɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɚɝɥɨɦɟɪɚɬɵ ɱɚɫɬɢɰ ɪɚɡɦɟɪɨɦ ɨɬ 10 ɧɦ ɞɨ 35 ɧɦ, ɜɤɪɚɩɥɟɧɧɵɯ ɜ ɚɦɨɪɮɧɭɸ ɮɚɡɭ, ɱɬɨ ɩɨɤɚɡɚɥɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɪɮɨɥɨɝɢɢ, ɩɪɨɜɟɞɟɧɧɵɟ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɡɨɧɞɨɜɨɦ ɦɢɤɪɨɫɤɨɩɟ LEO-1450 ɫ 
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EDX-ɚɧɚɥɢɡɚɬɨɪɨɦINCA EЧОrРв. ɂɫɯɨɞɧɵɣ ɩɨɪɨɲɨɤ ɨɛɧɚɪɭɠɢɜɚɟɬɹɜɧɵɟ ɦɚɝɧɢɬɧɵɟ 
ɫɜɨɣɫɬɜɚ. 

 ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɪɨɲɤɚ ɮɟɪɪɢɬɚ ɜɢɫɦɭɬɚ, ɢɡ 
ɤɨɬɨɪɨɣ ɜɢɞɧɨ ɯɨɪɨɲɟɟ ɫɨɜɩɚɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɩɢɤɨɜ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ 
PAN – ICSD, ɤɪɨɦɟ ɧɟɛɨɥɶɲɢɯ ɩɢɤɨɜ ɩɪɢ ɭɝɥɚɯ  228 ɢ 35,5, ɤɨɬɨɪɵɟ ɷɬɨɣ ɛɚɡɨɣ ɧɟ 
ɢɞɟɧɬɢɮɢɰɢɪɭɸɬɫɹ. ɉɨɫɥɟ ɩɪɨɤɚɥɢɜɚɧɢɹ ɧɚɧɨɩɨɪɨɲɤɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 700-900ɨɋ ɩɪɢ ɷɬɢɯ 
ɭɝɥɚɯ ɩɨɹɜɥɹɸɬɫɹ ɩɢɤɢ ɦɭɥɥɢɬɚ Bi2Fe4O9 [15]. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɤɚɥɢɜɚɧɢɹ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɷɬɢɯ ɩɢɤɨɜ ɜɨɡɪɚɫɬɚɟɬ. ȼɨɡɦɨɠɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɟɟ ɫɨɞɟɪɠɚɧɢɹ 
ɞɨ 10% ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɚɫɬɢɰɡɚ ɫɱɟɬ ɚɦɨɪɮɧɨɣ ɮɚɡɵ, ɨɛɨɝɚɳɟɧɧɨɣ 
ɜɢɫɦɭɬɨɦ.  

Ɉɬɫɭɬɫɬɜɢɟ ɞɪɭɝɢɯ ɮɚɡ ɜ ɢɫɯɨɞɧɨɦ ɧɚɧɨɩɨɪɨɲɤɟ, ɜɩɥɨɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ (826ɨɋ) ɩɟɪɟɯɨɞɚ 
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɮɟɪɪɢɬɚ ɜɢɫɦɭɬɚ ɢɡ - ɜ - ɮɚɡɭ, ɩɨɤɚɡɚɥɢ ɬɚɤ ɠɟ ɪɟɡɭɥɶɬɚɬɵ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɩɪɨɜɟɞɟɧɧɨɝɨ ɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ 
ɫɤɚɧɢɪɭɸɳɟɦ ɤɚɥɨɪɢɦɟɬɪɟ DSC204 F1 PСШОЧТб® ɮɢɪɦɵ NETГSCH. ɇɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɟɦɤɨɫɬɢ ɷɬɨɝɨ ɩɨɪɨɲɤɚ, ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɞɜɚ ɦɚɤɫɢɦɭɦɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
~365ɨɋ ɢ з480ɨɋ, ɤɨɬɨɪɵɟ ɛɥɢɡɤɢ ɤ ɬɟɦɩɟɪɚɬɭɪɚɦ ɇɟɟɥɹ Д2Ж ɢ Ʉɸɪɢ (ɮɟɪɪɨɦɚɝɧɢɬɧɨɝɨ 
ɩɟɪɟɯɨɞɚ) Д16Ж ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

 

 
Ɋɢɫ. 1. Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɧɚɧɨɩɨɪɨɲɤɚ BiFe3O ɢ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɮɚɡ  
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ɂɫɫɥɟɞɨɜɚɧɵ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɢ ɱɚɫɬɨɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ ɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ 
ɩɨɬɟɪɶ ɨɛɪɚɡɰɨɜ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢ ɨɯɥɚɠɞɟɧɢɢ (ɨɬ ɤɨɦɧɚɬɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 650ɨɋ) [15]. 
Ɉɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɩɥɨɫɤɢɟ ɤɨɧɞɟɧɫɚɬɨɪɵ ɞɢɚɦɟɬɪɨɦ 4 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 0,6 ɦɦ,ɩɨɥɭɱɟɧɧɵɟ 
ɩɭɬɟɦ ɯɨɥɨɞɧɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɧɚɲɟɝɨ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɪɨɲɤɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ 1Ƚɉɚ 
ɢ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɩɨ ɨɛɵɱɧɨɣ ɤɟɪɚɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ Д17Ж. 
Ʉɨɧɬɚɤɬɵ ɧɚɧɨɫɢɥɢɫɶ ɫɟɪɟɛɪɹɧɨɣ ɩɚɫɬɨɣ ɦɚɪɤɢ SP-40+ Water Based Silver Ink.  

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɡɚɜɢɫɢɦɨɫɬɟɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ 
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ (ɨɬɧɟɫɟɧɧɨɣ ɤ ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ ɩɪɢ 200ɨɋ, ɝɞɟ ɡɧɚɱɟɧɢɟ 
ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ ɧɚ ɥɸɛɨɣ ɱɚɫɬɨɬɟ ɟɳɟ ɨɫɬɚɜɚɥɨɫɶ ɩɨɫɬɨɹɧɧɵɦ) ɢ ɩɨɬɟɪɶ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

271 
 

ɧɚɝɪɟɜɚɧɢɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ ɡɞɟɫɶ ɧɚɛɥɸɞɚɟɬɫɹ ɹɜɧɚɹ ɱɚɫɬɨɬɧɚɹ 
ɞɢɫɩɟɪɫɢɹ ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ ɫ ɜɨɡɪɚɫɬɚɧɢɟɦ ɢ ɭɯɨɞɨɦ ɟɟ ɦɚɤɫɢɦɭɦɚ ɜ ɨɛɥɚɫɬɶ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ 
ɱɚɫɬɨɬɵ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Д15Ж. Ⱦɥɹ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ ɜɩɥɨɬɶ ɞɨ 
330ɨɋ ɩɨɬɟɪɢ ɧɚ ɜɫɟɯ ɱɚɫɬɨɬɚɯ ɧɟ ɧɚɛɥɸɞɚɸɬɫɹ. Ɉɧɢ ɜɨɡɧɢɤɚɸɬ, ɧɚɱɢɧɚɹ ɫ 347ɨɋ, ɩɪɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɫɟɝɧɟɬɨɷɥɚɫɬɢɱɟɫɤɨɝɨ ɷɮɮɟɤɬɚ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɚɫɬɚɸɬ ɜɵɲɟ 357ɨɋ. 
Ɉɛɧɚɪɭɠɟɧɧɨɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɧɚɛɥɸɞɚɟɦɵɯ ɫɜɨɣɫɬɜ ɷɬɢɯ ɨɛɪɚɡɰɨɜ, ɦɨɠɟɬ ɛɵɬɶ 
ɫɜɹɡɚɧɨ ɤɚɤ ɫ ɪɚɡɥɢɱɢɟɦ ɞɢɫɩɟɪɫɧɨɫɬɢ ɱɚɫɬɢɰ, ɬɚɤ ɢ ɫ ɫɨɫɬɨɹɧɢɟɦ ɝɪɚɧɢɰ ɦɟɠɞɭ ɷɬɢɦɢ 
ɱɚɫɬɢɰɚɦɢ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɧɚɲɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚ ɨɫɨɛɟɧɧɨɫɬɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɮɟɪɪɢɬɚ ɜɢɫɦɭɬɚ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ, ɤɚɤ ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ, ɬɚɤ ɢɫɬɟɩɟɧɶ ɢɯ ɫɩɟɤɚɧɢɹ.  

ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɨɞɧɨɦ ɢ 
ɬɨɦ ɠɟ ɡɧɚɱɟɧɢɢ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɤɟɪɚɦɢɤɢ ɢɡ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɪɨɲɤɚ, 
ɨɛɪɚɡɰɚ ɢɡ ɧɚɧɨɩɨɪɨɲɤɚ, ɩɨɞɜɟɪɝɧɭɬɨɝɨɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ (ɜ ɬɟɱɟɧɢɟ 1 
ɱɚɫɚ ɩɪɢ 500ɨɋ) (ɫɥɚɛɨɦɚɝɧɢɬɧɨɝɨ) ɢ ɨɛɪɚɡɰɚ ɢɡ ɢɫɯɨɞɧɨɝɨ ɯɨɥɨɞɧɨɩɪɟɫɫɨɜɚɧɧɨɝɨ 
ɧɚɧɨɩɨɪɨɲɤɚ (ɦɚɝɧɢɬɧɨɝɨ). 
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Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɷɥɟɤɬɪɨɟɦɤɨɫɬɢ (1- 500Ƚɰ, 2-1ɤȽɰ, 3- 2ɤȽɰ, 
4- 5 ɤȽɰ, 5- 10ɤȽɰ)  ɢ ɩɨɬɟɪɶ (6- 500Ƚɰ, 7-1ɤȽɰ, 8- 2ɤȽɰ, 9- 5 ɤȽɰ, 10- 10ɤȽɰ) ɞɥɹ 
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɨɛɪɚɡɰɚ 

 
Ɉɛɪɚɡɰɵ ɢɦɟɥɢ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɭɸ ɝɟɨɦɟɬɪɢɸ, ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɤɚɤ ɜ ɜɚɤɭɭɦɟ 

(ɨɬ 80Ʉ ɞɨ 416Ʉ), ɬɚɤ ɢ ɧɚ ɜɨɡɞɭɯɟ. Ʉɟɪɚɦɢɤɚ, ɩɨɥɭɱɟɧɧɚɹ ɢɡ ɦɢɤɪɨɧɧɨɝɨ ɩɨɪɨɲɤɚ, ɧɟ ɩɪɨɹɜɢɥɚ 
ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɢɧɬɟɝɪɚɥɶɧɨɦɭ ɫɜɟɬɭ.  

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɨɠɠɟɧɧɵɣ ɨɛɪɚɡɟɰ ɨɛɧɚɪɭɠɢɜɚɟɬ ɫɥɚɛɭɸ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ. ɇɚ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɷɬɨɝɨ ɨɛɪɚɡɰɚ ɩɪɨɹɜɥɹɸɬɫɹ ɞɜɚ ɧɚɤɥɨɧɚ ɫ 
ɩɟɪɟɝɢɛɨɦ, ɩɪɢɯɨɞɹɳɢɦɫɹ ɧɚ ɨɛɥɚɫɬɶ з 355Ʉ. ɍ ɧɟɨɬɨɠɠɟɧɧɨɝɨ ɨɛɪɚɡɰɚ ɯɨɞ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣɩɪɨɜɨɞɢɦɨɫɬɢɧɚ ɫɜɟɬɭ ɢ ɜ ɬɟɦɧɨɬɟ ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɟɬ ɜɩɥɨɬɶ ɞɨ з 350Ʉ 
(623ɨɋ), ɚ ɜɵɲɟ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɦɟɬɧɨ ɩɪɨɹɜɥɹɟɬɫɹ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ. ɉɪɢɱɟɦ, 
ɪɚɡɥɢɱɢɟ ɡɧɚɱɟɧɢɣ ɬɨɤɚ, ɢɡɦɟɪɟɧɧɵɯ ɜ ɬɟɦɧɨɬɟ ɢ ɧɚ ɫɜɟɬɭ (ɮɨɬɨɬɨɤ), ɜɨɡɪɚɫɬɚɟɬ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ 
ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ 350Ʉ ɞɨ 415Ʉ.  

Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɩɪɢɱɢɧ ɢ ɩɪɢɪɨɞɵ ɬɟɪɦɨɚɤɬɢɜɚɰɢɨɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɮɨɬɨɩɪɨɜɨɞɢɦɨɫɬɢ 
ɷɬɨɝɨ ɨɛɪɚɡɰɚ ɧɟɨɛɯɨɞɢɦɵ ɞɚɥɶɧɟɣɲɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ȽɁ № 2560, ɩɪɨɟɤɬɧɨɣ 
ɱɚɫɬɢ ȽɁ № 16.1103.2014/K, ɉɪɨɝɪɚɦɦɵ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɎȽȻɈɍ ȼɉɈ 
«Ⱦɚɝɟɫɬɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ». 
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ɇɟɫɦɨɬɪɹ ɧɚ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ, ɜ ɤɨɬɨɪɵɯ ɢɫɫɥɟɞɭɟɬɫɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 

ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɢ ɢɯ ɬɟɩɥɨɨɛɦɟɧ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɱɚɫɬɨ ɩɪɨɬɢɜɨɪɟɱɢɜɵ. Эɬɨ ɤɚɫɚɟɬɫɹ, 
ɧɚɩɪɢɦɟɪ, ɬɟɩɥɨɨɛɦɟɧɚ ɜ ɭɫɥɨɜɢɹɯ ɜɵɧɭɠɞɟɧɧɨɣ ɤɨɧɜɟɤɰɢɢ Д1Ж. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɪɚɛɨɬ 
ɨɬɦɟɱɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɚɧɨɱɚɫɬɢɰ Д2Ж, ɜ ɞɪɭɝɢɯ ɠɟ, ɧɚɨɛɨɪɨɬ, 
- ɭɦɟɧɶɲɟɧɢɟ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɚɧɨɱɚɫɬɢɰ Д3Ж. ɉɨɦɢɦɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɢɦɟɟɬɫɹ ɢ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɪɚɛɨɬ. Ɉɞɧɚɤɨ, ɨɛɡɨɪ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬ ɪɚɡɥɢɱɧɵɯ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ ɩɨɤɚɡɵɜɚɟɬ, 
ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟɜɨɡɦɨɠɧɨ ɬɨɱɧɨ ɩɪɟɞɫɤɚɡɚɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɧɚɧɨɠɢɞɤɨɫɬɟɣ. 
Ɉɛɳɟɣ ɬɟɨɪɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɟ ɫɨɡɞɚɧɨ. ɉɨɷɬɨɦɭ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨɨɛɦɟɧɚ ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɧɟɨɛɯɨɞɢɦɚ ɧɚɞɟɠɧɚɹ ɢ 
ɞɨɫɬɨɜɟɪɧɚɹ ɦɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ 
ɹɜɥɹɥɨɫɶ ɪɚɡɪɚɛɨɬɤɚ, ɚɞɚɩɬɚɰɢɹ ɢ ɬɟɫɬɢɪɨɜɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɧɨɠɢɞɤɨɫɬɟɣ.  
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Ɇɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɫɧɨɜɚɧɚ ɧɚ ɧɟɫɬɚɰɢɨɧɚɪɧɨɦ 
ɦɟɬɨɞɟ ɧɚɝɪɟɜɚɟɦɨɣ ɩɪɨɜɨɥɨɤɢ. Ɂɚ ɨɫɧɨɜɭ ɭɫɬɚɧɨɜɤɢ ɩɪɢɧɹɬɚ ɦɨɫɬɨɜɚɹ ɫɯɟɦɚ ɍɢɧɫɬɨɧɚ Д4-5], 
ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚɝɪɟɬɨɣ ɩɪɨɜɨɥɨɤɢ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ 
ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɟɞɧɚɹ ɩɪɨɜɨɥɨɤɚ ɞɥɢɧɨɣ 80 ɦɦ ɢ ɞɢɚɦɟɬɪɨɦ 75 ɦɤɦ. ɉɪɨɜɨɥɨɤɚ ɩɨɝɪɭɠɚɥɚɫɶ 
ɜ ɫɬɟɤɥɹɧɧɭɸ ɟɦɤɨɫɬɶ ɞɢɚɦɟɬɪɨɦ 5 ɫɦ ɢ ɫɨɞɟɪɠɚɳɭɸ 200 ɦɥ ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨɫɬɢ. ȿɦɤɨɫɬɶ 
ɫ ɠɢɞɤɨɫɬɶɸ ɛɵɥɚ ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɚ ɩɪɢ ɩɨɦɨɳɢ ɩɨɪɨɥɨɧɚ. ɉɪɨɜɨɥɨɤɚ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ 
ɪɟɡɢɫɬɨɪɨɜ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɦɨɫɬɚ Rw. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɟɡɢɫɬɨɪɵ: R1=2 ɤɈɦ, R3=1 Ɉɦ, ɢ 
ɦɚɝɚɡɢɧ ɫɨɩɪɨɬɢɜɥɟɧɢɣ R2, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɛɚɥɚɧɫɢɪɨɜɤɢ ɦɨɫɬɚ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ 
ɦɨɫɬ ɫɛɚɥɚɧɫɢɪɨɜɚɧ, ɢ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɧɟɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 10 ɦɤȼ. Ȼɚɥɚɧɫɢɪɨɜɤɚ 
ɦɨɫɬɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɞɚɱɟɣ ɦɚɥɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 0.1 ȼ ɨɬ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ 
GWInstekGPC-3060D, ɜ ɬɟɱɟɧɢɟ ɤɨɪɨɬɤɨɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ, ɧɚ ɦɨɫɬɨɜɭɸ ɫɯɟɦɭ. 

ȼ ɞɚɥɶɧɟɣɲɟɦ ɧɚ ɫɯɟɦɭ ɩɨɞɚɟɬɫɹ ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢ ɡɚɩɢɫɵɜɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ 
ɧɚɩɪɹɠɟɧɢɟ ɪɚɡɛɚɥɚɧɫɚ ɦɨɫɬɨɜɨɣ ɫɯɟɦɵ ɫɨ ɜɪɟɦɟɧɟɦ. ɂɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɢɡɜɨɞɢɥɢɫɶ 
ɫ ɩɨɦɨɳɶɸ ɩɪɟɰɢɡɢɨɧɧɨɝɨ ɜɨɥɶɬɦɟɬɪɚ GWInstekGDM-78261 ɫ ɲɚɝɨɦ 10 ɦɫ. Ʉɪɨɦɟ ɷɬɨɝɨ 
ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨɫɬɢ ɩɪɢ ɩɨɦɨɳɢ ɯɪɨɦɟɥɶ-
ɤɨɩɟɥɟɜɵɯ ɬɟɪɦɨɩɚɪ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɢɡɦɟɪɢɬɟɥɸ ɌɊɆ-138.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɠɢɞɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ɝɞɟ H – ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɪɹɦɨɣ ΔR~ln(t). 
Ⱦɥɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɦɟɬɨɞɢɤɢ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫɟɪɢɹ ɢɡɦɟɪɟɧɢɣ ɧɚ 

ɱɢɫɬɵɯ ɷɬɚɥɨɧɧɵɯ ɠɢɞɤɨɫɬɹɯ (ɜɨɞɚ ɢ ɷɬɢɥɟɧɝɥɢɤɨɥɶ). Ⱦɥɹ ɤɚɠɞɨɣ ɠɢɞɤɨɫɬɢ ɢɡɦɟɪɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ 5 ɪɚɡ. ɂɬɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɥɭɱɟɧɵ ɭɫɪɟɞɧɟɧɢɟɦ ɩɨ 5 ɢɡɦɟɪɟɧɢɹɦ. ȼɫɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɟɞɟɧɵ ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 25 ○ɋ.  

ɉɨɥɭɱɟɧɨ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɢɟ ɢɡɦɟɪɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɜɨɞɵ ɢ ɷɬɢɥɟɧɝɥɢɤɨɥɹ ɫɨ ɫɩɪɚɜɨɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦ Д6-7Ж. Ⱦɥɹ ɜɨɞɵ ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ 
ɫɨɫɬɚɜɥɹɟɬ 2%, ɞɥɹ ɷɬɢɥɟɧɝɥɢɤɨɥɹ 3%.  

ɉɪɢ ɩɨɦɨɳɢ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɧɨɠɢɞɤɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɧɚɧɨɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. ɇɟɫɭɳɟɣ 
ɠɢɞɤɨɫɬɶɸ ɛɵɥ ɷɬɢɥɟɧɝɥɢɤɨɥɶ. Ɉɛɴɟɦɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɨɬ 0,5 ɞɨ 2%. Ⱦɥɹ 
ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɧɚɧɨɠɢɞɤɨɫɬɢ ɩɪɢɦɟɧɹɥɫɹ ɫɬɚɧɞɚɪɬɧɵɣ ɞɜɭɯɲɚɝɨɜɵɣ ɩɪɨɰɟɫɫ. ɉɨɫɥɟ 
ɞɨɛɚɜɥɟɧɢɹ ɜ ɜɨɞɭ ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɚɧɨɩɨɪɨɲɤɚ, ɟɦɤɨɫɬɶ ɫ ɧɚɧɨɠɢɞɤɨɫɬɶɸ ɧɚ 
ɩɨɥɱɚɫɚ, ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ ɤɨɧɝɥɨɦɟɪɚɬɨɜ ɧɚɧɨɱɚɫɬɢɰ, ɩɨɦɟɳɚɥɚɫɶ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɞɢɫɩɟɪɝɚɬɨɪ ɍɁȾɇ-Ⱥ. ɇɚɧɨɱɚɫɬɢɰɵ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɛɵɥɢ ɩɪɢɨɛɪɟɬɟɧɵ ɭ ɤɨɦɩɚɧɢɢ 
«ɉɥɚɡɦɨɬɟɪɦ», ɝ. Ɇɨɫɤɜɚ. ɉɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 
ɩɨɪɨɲɤɚ ɫɨɫɬɚɜɢɥɚ 30 ɦ2/ɝ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɟɦɭ ɪɚɡɦɟɪɭ ɧɚɧɨɱɚɫɬɢɰ 50 ɧɦ. ȼɫɟ 
ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɟɞɟɧɵ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 25 ○ɋ.  

Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬ ɜɪɟɦɟɧɢ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɥɨɱɤɢ ɩɪɢ ɟɟ 
ɧɚɝɪɟɜɟ ɜ ɧɚɧɨɠɢɞɤɨɫɬɢ ɫ ɪɚɡɥɢɱɧɨɣ ɨɛɴɟɦɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 1.  
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Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɥɨɱɤɢ ɜ ɩɪɨɰɟɫɫɟ ɟɟ ɧɚɝɪɟɜɚ ɞɥɹ 
ɥɢɧɟɣɧɨɣ ɩɥɨɬɧɨɫɬɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ 14 ȼɬ/ɦ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ ɜ ɷɬɢɥɟɧɝɥɢɤɨɥɟ 

 
ȼɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ ɭɝɨɥ ɧɚɤɥɨɧɚ ɤɪɢɜɨɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɤ ɨɫɢ ɜɪɟɦɟɧɢ ɭɦɟɧɶɲɚɟɬɫɹ. Эɬɨ ɜɵɡɜɚɧɨ ɪɨɫɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɪɟɞɵ ɫ 
ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ.  

Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɪɟɧɧɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɧɨɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɷɬɢɥɟɧɝɥɢɤɨɥɟ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. Ⱦɥɹ 
ɫɪɚɜɧɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɜɟɫɬɧɵɯ ɢɡ ɥɢɬɟɪɚɬɭɪɵ ɢɡɦɟɪɟɧɢɣ ɩɨɥɭɱɟɧɧɵɯ ɞɪɭɝɢɦɢ 
ɚɜɬɨɪɚɦɢ Д8-12Ж. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɝɪɚɮɢɤɨɜ, ɧɚɛɥɸɞɚɟɬɫɹ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɢɟ ɧɚɲɢɯ ɢɡɦɟɪɟɧɢɣ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɛɨɥɶɲɢɧɫɬɜɚ ɡɚɪɭɛɟɠɧɵɯ ɞɚɧɧɵɯ. Ɋɚɡɛɪɨɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɚɜɬɨɪɚɦɢ ɜ ɰɟɥɨɦ ɨɬɪɚɠɚɟɬ 
ɫɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɧɚɧɨɠɢɞɤɨɫɬɟɣ. Ɉɬɫɭɬɫɬɜɭɟɬ 
ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ, ɷɤɫɩɟɪɢɦɟɧɬɵ ɱɚɫɬɨ ɩɪɨɬɢɜɨɪɟɱɚɬ ɞɪɭɝ ɞɪɭɝɭ. ɂ ɷɬɨ ɩɪɢ ɬɨɦ, ɱɬɨ 
ɧɚɧɨɠɢɞɤɨɫɬɶ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɧɚɢɛɨɥɟɟ ɯɨɪɨɲɨ ɢɡɭɱɟɧɚ. Ⱦɥɹ ɞɪɭɝɢɯ 
ɧɚɧɨɠɢɞɤɨɫɬɟɣ ɫɢɬɭɚɰɢɹ ɝɨɪɚɡɞɨ ɯɭɠɟ.  

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɪɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɧɚɧɨɱɚɫɬɢɰ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɷɬɢɥɟɧɝɥɢɤɨɥɟ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 25 ○ɋ 
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Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɦɢ ɧɚ ɝɪɚɮɢɤɚɯ ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɩɨɥɭɱɚɟɦɵɟ ɩɨ ɤɨɪɪɟɥɹɰɢɢ Ɇɚɤɫɜɟɥɥɚ:    2 2

2

p f p f

f p f p f

         
      , 

ɝɞɟ λp λf – ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɱɚɫɬɢɰ ɢ ɛɚɡɨɜɨɣ ɠɢɞɤɨɫɬɢ. 
Ʉɚɤ ɜɢɞɧɨ, ɞɥɹ ɩɨɥɭɱɟɧɧɨɣ ɧɚɧɨɠɢɞɤɨɫɬɢ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɷɬɢɥɟɧɝɥɢɤɨɥɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɸɬɫɹ ɤɨɪɪɟɥɹɰɢɟɣ Ɇɚɤɫɜɟɥɥɚ.  

 
ɅɂɌȿɊАɌɍɊА 

 
1. ȼ.ɂ. Ɍɟɪɟɯɨɜ, ɋ.ȼ. Ʉɚɥɢɧɢɧɚ, ȼ.ȼ. Ʌɟɦɚɧɨɜ. Ɍɟɩɥɨɮɢɡɢɤɚ ɢ ɚɷɪɨɦɟɯɚɧɢɤɚ. 2 (2010) 173. 
2. L. Godson, B. Raja, LalD. Mohan, S.Wongwises. Renewable and sustainable energy reviews. 14 
(2010) 629. 
3. B. Pak, Y.I. Cho. Experimental heat transfer. 11 (1998) 151. 
3. R.G. Richard, I.R. Shankland. International Journal of Thermophysics. 10 (1989) 673. 
4. H.M. Rodert. Journal of research of the National Bureau of Standards. 5 (1981)457. 
5. Ⱥ.ɂ. ȼɨɥɤɨɜ, ɂ.Ɇ. ɀɚɪɫɤɢɣ. Ȼɨɥɶɲɨɣɯɢɦɢɱɟɫɤɢɣ ɫɩɪɚɜɨɱɧɢɤ - Ɇɧ.: ɋɨɜɪɟɦɟɧɧɚɹ ɲɤɨɥɚ, 
2005. 
6. ɂ.ɋ. Ƚɪɢɝɨɪɶɟɜɚ, ȿ.Ɂ. Ɇɟɣɥɢɯɨɜɚ. Ɏɢɡɢɱɟɫɤɢɟ ɜɟɥɢɱɢɧɵ. ɋɩɪɚɜɨɱɧɢɤ. Ɇɨɫɤɜɚ: 
Эɧɟɪɝɨɚɬɨɦɢɡɞɚɬ. 1991. 
7. H. Xie, J. Wang, T. Xi, Y.Liu, F. Ai . J Appl Phys. 91 (2002) 4568. 
8. M.P. Beck, T. Sun, A.S. Teja. Fluid Phase Equilib. 260 (2007) 275. 
9. J.A.Eastman, S.U.SChoi, S. Li et al. Appl Phys Lett. 78 (2001) 718. 
10. S.Lee, S.U.S.Choi, S.Li  et al. ASME J Heat Transfer. 121 (1999)280. 
11. E.V. Timofeeva, A.N. Gavrilov, J.M. McCloskey, Y.V. Tolmachev. Phys Rev E. 76 (2007) 
061203. 
12. S. Nara, P. Bhattacharya, P. Vijayan, W. Lai et al. ASME International Mechanical Engineering 
Congress and Exposition.Orlando, Florida, USA, 2005, p. 80524. 

 
 
 

ɂɋɋɅȿȾɈВАɇɂȿ ɌȿɆɉȿɊАɌɍɊɈɉɊɈВɈȾɇɈɋɌɂ 
ɇАɇɈɄɊɂɋɌАɅɅɂɑȿɋɄɈɃ ɆȿȾɂ 

ɋɚɮɚɪɨɜ Ɇ.Ɇ., ɂɦɚɧ Ȼɚɯɪɨɦ Ɇɚɧɢɲ, Ɂɚɪɢɩɨɜɚ Ɇ.Ⱥ. 
Ɏɢɥɢɚɥ ɇИɍ «ɆЭИ»ɜ ɝ.Ⱦɭɲɚɧɛɟ, Ɋɨɫɫɢɹ, 734002, Ⱦɭɲɚɧɛɟ, ɭɥ. Ɇɢɪɡɨ Ɍɭɪɫɭɧɡɨɞɚ, ɞ. 82. 

Ɍɚɞɠɢɤɫɤɢɣɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ.ɚɤɚɞɟɦɢɤɚɆ.ɋ.Ɉɫɢɦɢ,  
Ɋɨɫɫɢɹ, 734042, Ⱦɭɲɚɧɛɟ, ɭɥ. ɚɤɚɞɟɦɢɤɢ Ɋɚɞɠɚɛɨɜɵɯ, 10. E-mail: mahmad1@list.ru 

 
50-70 ɝɨɞɵ ɩɪɨɲɥɨɝɨ ɜɟɤɚ ɡɚɪɭɛɟɠɨɦ ɢ ɛɵɜɲɟɦ ɋɨɜɟɬɫɤɨɦ ɋɨɸɡɟ ɛɭɪɧɨ ɪɚɡɜɟɜɚɥɫɹ ɦɟɬɨɞ 

ɪɟɝɭɥɹɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɪɨɞɚ. ȼ ɛɵɜɲɟɦ ɋɨɜɟɬɫɤɨɦ ɋɨɸɡɟ 
ɨɫɧɨɜɨɩɨɥɨɠɧɢɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɛɵɥ Ƚ.Ɇ.Ʉɨɧɞɪɚɬɶɟɜ, Ƚ.ɇ.Ⱦɭɥɶɧɟɜ (ɬɟɨɪɢɹ), Ⱥ.Ƚ.Шɚɲɤɨɜ, 
ɂ.Ɏ.Ƚɨɥɭɛɶɟɜ, Ʉ.Ⱦ. Ƚɭɫɟɣɧɨɜ ɢ ɞɪ. (ɷɤɫɩɟɪɢɦɟɧɬ). Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɦɧɨɝɢɦɢ ɚɜɬɨɪɚɦɢ ɭɫɩɟɲɧɨ 
ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɜɟɪɞɵɯ ɬɟɥ, ɫɵɩɭɱɢɯ ɢ 
ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɠɢɞɤɨɫɬɟɣ, ɪɚɫɬɜɨɪɨɜ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪ-ɜɚɥɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ. 
ȼɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɜɵɹɜɥɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɦɟɬɨɞɚ ɢ ɩɨɥɭɱɟɧɧɵɟ ɫ ɟɝɨ ɩɨɦɨɳɶɸ ɪɟɡɭɥɶɬɚɬɵ 
ɹɜɥɹɸɬɫɹ ɭɧɢɤɚɥɶɧɵɦɢ. ɇɚɞɨ ɨɬɦɟɬɢɬ, ɱɬɨ ɦɟɬɨɞ ɨɱɟɧɶ ɩɪɨɫɬ, ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɌɎɋ 
ɜɟɳɟɫɬɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɩɨɜɬɨɪɹɟɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɜɟɥɢɤɚ. ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ 
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ɦɟɬɨɞɚ ɦɨɠɧɨ ɢɡɦɟɪɹɬ ɌɎɋ ɠɢɞɤɨɫɬɟɣ ɢ ɪɚɫɬɜɨɪɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɞɚɜɥɟɧɢɹɯ. 
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞ-ɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɫɭɛɦɢɤɪɨ- ɢ 
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ (ɋɆɄ ɢ ɇɄ) ɫɬɪɭɤɬɭɪ ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧ ɞɚɧɧɵɣ ɦɟɬɨɞ. Ɉɛɳɚɹ 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɦɟɞɢ 
ɩɪɢ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ α= 0,95 ɪɚɜɧɚ 3.5%.  

ɉɨɥɭɱɚɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɨɜɵɟ ɦɚɬɟɪɢɚɥɵ ɧɚ ɨɫɧɨɜɟ ɫɭɛɦɢɤɪɨ-ɢ 
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ (ɋɆɄ ɢ ɇɄ) ɫɬɪɭɤɬɭɪ ɨɛɥɚɞɚɸɬ ɡɧɚɱɢɬɟɥɶɧɵɦ ɨɬɥɢɱɢɟɦ ɮɢɡɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɨɬ ɫɜɨɢɯ ɤɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɚɧɚɥɨɝɨɜ. ɂɡɦɟɪɟɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
(ɌɎɋ) ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɬɪɚɞɢɰɢɨɧ-ɧɵɦɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ ɜɜɢɞɭ 
ɦɚɥɨɫɬɢ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɢɯ ɫɜɨɣɫɬɜ ɩɨ ɨɛɴɟɦɭ. 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɧɚɦɢ ɦɟɬɨɞɵ ɥɚɡɟɪɧɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɩɨɡɜɨɥɹɸɬ ɩɪɨɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɹ 
ɌɎɋ ɬɚɤɢɯ ɦɚɥɨɪɚɡɦɟɪɧɵɯ ɨɛɴɟɤɬɨɜ ɫ ɥɨɤɚɥɶɧɨɫɬɶɸ ɞɨ 10ɦɤɦ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚ-ɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɟɣɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɋɆɄ ɢ ɇɄ ɦɟɞɢ, ɩɨɥɭɱɟɧɧɨɣ ɫɢɥɶɧɨɣ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɟɣ ɩɪɢ ɫɞɜɢɝɟ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜ ɧɚɤɨɜɚɥɶɧɹɯ Ȼɪɢɞɠɦɟɧɚ. Ɇɟɞɶ 
ɹɜɥɹɟɬɫɹ ɯɨɪɨ-ɲɢɦ ɦɨɞɟɥɶɧɵɦ ɦɟɬɚɥɥɨɦ (ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɂɌ-λ ɢ ɂɌ-ɋɪ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɚ ɷɬɚɥɨɧɚ) ɞɥɹ ɢɡɭɱɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɛɥɚɝɨɞɚɪɹ 
ɫɜɨɟɣ ɜɵɫɨɤɨɣ ɩɥɚɫɬɢɱɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɹɯ, � −  −8 (ɫɬɟɩɟɧɶ ɢɫɬɢɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ), ɫɨɯɪɚɧɹɟɬ ɢɫɯɨɞɧɭɸ ɪɟɲɟɬɨɱɧɭɸ ɫɬɪɭɤɬɭɪɭ. Ɉɛɪɚɡɰɵ 
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɦɟɞɶ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɜ ɧɚɭɱɧɨɦ ɰɟɧɬɪɟ ,,ɇɚɧɨɬɟɯɧɨɥɨɝɢɢ” ɝ.Ɍɟɝɟɪɚɧ 
(ɂɪɚɧ) ɩɨ ɹɩɨɧɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ 
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɦɟɞɢ ɢɦɟɥ ɞɢɚɦɟɬɪ � = ͷ0ːˏ. 

Ɍɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɇɄ ɦɟɞɢ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɦɟɬɨɞɚɦ ɥɚɡɟɪɧɨɣ ɬɟɪɦɨɦɨɞɭɥɹɰɢɨɧɧɨɣ 
ɷɥɥɢɩɫɨɦɟɬɪɢɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ (ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɠɢɞɤɨɝɨ ɚɡɨɬɚ ɞɨ 
300Ʉ, ɚ ɬɚɤɠɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ɢ ɪɚɡɦɟɪɚ ɦɢɤɪɨɤɪɢɫɬɚɥɥɢɬɨɜ, ɧɚ 
ɨɛɪɚɡɰɚɯ, ɢɦɟɸɳɢɯ ɮɨɪɦɭ ɞɢɫɤɚ ɞɢɚɦɟɬɪɨɦ 15ɦɦ ɢ ɬɨɥɳɢɧɨɣ 200ɦɤɦ). Ʉɨɷɮɮɢɰɢɟɧɬ 
ɥɢɧɟɣɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɄɌɊ) ɨɩɪɟɞɟɥɹɥɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɨɩɬɢɱɟɫɤɢɦ 
ɩɥɟɱɟɜɵɦ ɦɟɬɨɞɨɦ ɩɨ ɜɟɥɢɱɢɧɟ ɩɪɨɝɢɛɚ ɬɨɧɤɢɯ (з200 ɦɤɦ) ɩɥɚɫɬɢɧ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɦɟɞɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɫɯɨɞɧɨɣ ɫɬɟɩɟɧɢ ɞɟɮɨɪɦɚɰɢɢ ( � − 2 − 8) ɨɛɪɚɡɰɚ, ɜɛɥɢɡɢ ɤɨɦɧɚɬɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ. 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚɩɪɨɜɨɞɧɨɫɬɶ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɇɄ ɦɟɞɢ ɧɚ 15 ɩɪɨɰɟɧɬɨɜ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɦɟɬɚɥɥɚ ɫ ɤɪɭɩɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɨɣ. 

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɟɦɩɟɪɚɬɭɪɚɩɪɨɜɨɞɧɨɫɬɢ ɢ ɄɌɊ, ɧɚ ɨɫɧɨɜɟ 
ɡɚɤɨɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɫɬɨɹɧɢɣ ɧɚɦɢ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɪɚɜɧɟɧɢɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: ааభ = �ሺ ТТభሻ,       (1) ааభ = �ሺ РРభሻ,       (2) 

ɝɞɟ, ɚ- ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ, ˏమс  ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ, Ʉ ɢ ɞɚɜɥɟɧɢɹɯ Ɋ, Ɇɉɚ; ɚ1- 

ɩɪɢ Ɍ1 = 314 Ʉ ɢ Ɋ= 0,121 Ɇɉɚ. 
ɇɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɜɵɪɚɠɟɧɢɹɯ (1) ɢ (2) ɧɚɦɢ ɩɨɥɭɱɟɧɵ 

ɷɦɩɢɪɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ, ɤɨɬɨɪɵɟ ɫɜɹɡɵɜɚɸɬ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɦɟɞɢ, ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɞɚɜɥɟɧɢɟ (ɞɥɹ ɤɨɥɥɨɢɞɧɨɝɨ 
ɪɚɫɬɜɨɪɚ).  
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ɄɈɇɌɂɇɍАɅЬɇɈ-АɌɈɆɂɋɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈВАɇɂȿ АȻɅЯɐɂɂ 
ɆȿɌАɅɅɈВ ɉɈȾ ВɈɁȾȿɃɋɌВɂȿɆ ɎȿɆɌɈɋȿɄɍɇȾɇЫɏ ɅАɁȿɊɇЫɏ 

ɂɆɉɍɅЬɋɈВ 
Ɏɨɤɢɧ ȼ.Ȼ. 1, Ʌɟɜɚɲɨɜ ɉ.Ɋ. 1,2, ɉɨɜɚɪɧɢɰɵɧ Ɇ.ȿ. 1, ɏɢɳɟɧɤɨ Ʉ.ȼ. 1,2 

1Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ,  
ɭɥ. Иɠɨɪɫɤɚɹ, ɞ. 13, ɫɬɪ. 2, Ɇɨɫɤɜɚ, 125412, Ɋɨɫɫɢɹ  

2Ɇɨɫɤɨɜɫɤɢɣ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ,  
Иɧɫɬɢɬɭɬɫɤɢɣ ɩɟɪ., ɞ. 9, Ⱦɨɥɝɨɩɪɭɞɧɵɣ, 141707, Ɋɨɫɫɢɹ 

 
ɂɡɭɱɚɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɟɦɬɨɫɟɤɭɧɞɧɵɯ ɥɚɡɟɪɧɵɯ ɢɦɩɭɥɶɫɨɜ ɫ ɦɟɬɚɥɥɨɦ ɩɭɬɟɦ 

ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɭɥɭɱɲɟɧɧɚɹ ɜɟɪɫɢɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɣ ɦɨɞɟɥɢ Д1Ж, 
ɤɨɬɨɪɚɹ ɨɫɧɨɜɚɧɚ ɧɚ ɦɨɥɟɤɭɥɹɪɧɨ-ɞɢɧɚɦɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɥɹ ɢɨɧɨɜ ɢ ɪɟɲɟɧɢɢ 
ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɷɥɟɤɬɪɨɧɨɜ. ȼ ɧɚɲɟɣ ɜɟɪɫɢɢ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɟɬɫɹ 
ɩɨɝɥɨɳɟɧɢɟ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ Ƚɟɥɶɦɝɨɥɶɰɚ, ɚ ɬɚɤɠɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɷɥɟɤɬɪɨɧ-ɢɨɧɧɨɝɨ ɨɛɦɟɧɚ ɨɬ 
ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵД2]. Эɥɟɤɬɪɨɧɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɨɩɢɫɵɜɚɟɬɫɹ ɦɨɞɟɥɶɸ Ɍɨɦɚɫɚ–
Ɏɟɪɦɢ, ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢɨɧɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɦɟɠɱɚɫɬɢɱɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ EAM. 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɫ ɜɟɳɟɫɬɜɨɦ ɬɚɤɠɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɞɜɭɯɬɟɦɩɟɪɚɬɭɪɧɭɸ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɭɸ ɦɨɞɟɥɶ Д3Ж, ɞɥɹ ɡɚɦɵɤɚɧɢɹ ɜ ɤɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢɦɨ 
ɞɜɭɯɬɟɦɩɟɪɚɬɭɪɧɨɟ ɦɧɨɝɨɮɚɡɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɦɟɬɚɥɥɨɜ. ɋ ɷɬɨɣ ɦɨɞɟɥɶɸ Д3Ж ɦɵ 
ɩɪɨɢɡɜɨɞɢɥɢ ɫɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɲɢɯ ɪɚɫɱɟɬɨɜ. ɉɨɫɬɪɨɟɧɚ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ 
ɩɨɤɚɡɵɜɚɟɬ ɯɨɪɨɲɟɟ ɫɨɝɥɚɫɢɟ ɩɨ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
EAM ɢ ɦɧɨɝɨɮɚɡɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɞɥɹ ɚɥɸɦɢɧɢɹ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ ɛɨɥɟɟ ɤɨɪɪɟɤɬɧɨ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ Д3Ж) ɜɨɫɩɪɨɢɡɜɨɞɢɬ ɞɢɧɚɦɢɤɭ ɥɚɡɟɪɧɨɣ ɚɛɥɹɰɢɢ, ɩɪɨɰɟɫɫɵ 
ɩɥɚɜɥɟɧɢɹ, ɢɫɩɚɪɟɧɢɹ, ɧɭɤɥɟɚɰɢɢ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɞɚɪɧɵɯ ɜɨɥɧ ɢ ɜɨɥɧ ɪɚɡɪɟɠɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɩɪɨɜɨɞɢɦ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɚɛɥɹɰɢɢ ɚɥɸɦɢɧɢɹ 
ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɢɦɩɭɥɶɫɚ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 100 ɮɫ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɜɩɥɨɬɶ ɞɨ 20 Ⱦɠ/ɫɦ2 ɢ 
ɧɚɯɨɞɢɦ ɡɚɜɢɫɢɦɨɫɬɶ ɝɥɭɛɢɧɵ ɤɪɚɬɟɪɚ ɨɬ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. 
Ɉɞɧɨɜɪɟɦɟɧɧɨ ɦɵ ɢɫɫɥɟɞɭɟɦ ɪɟɠɢɦɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ 
ɪɚɡɦɟɪɚɦ. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. D.S. Ivanov, L.V. Zhigilei. Phys. Rev. B. 68 (2003) 064114. 
2. M.E. Povarnitsyn, et al. Appl. Surf. Sci. 258 (2012)9480. 
3. M.E. Povarnitsyn, T.E. Itina, M. Sentis, K.V. Khishchenko, P.R. Levashov. Phys. Rev. B. 75 (2007) 
235414. 
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ɂɋɉɈɅЬɁɈВАɇɂȿ ɆȿɌɈȾА ɋВȿɊɏɄɊɂɌɂɑȿɋɄɈȽɈ ɎɅɘɂȾɇɈȽɈ 
АɇɌɂɊАɋɌВɈɊɂɌȿɅЯ ȾɅЯ ɋɈɁȾАɇɂЯ ɇАɇɈɄɈɆɉɈɁɂɌɇЫɏ ɆАɌȿɊɂАɅɈВ 

ɋɈȾȿɊɀАЩɂɏ ɄВАɇɌɈВЫȿ ɌɈɑɄɂ CdSe/CdS 
ɏɚɛɪɢɟɜ ɂ.Ш., ɏɚɣɪɭɬɞɢɧɨɜ ȼ.Ɏ., Ƚɚɛɢɬɨɜ Ɏ.Ɋ.,  

Ƚɭɦɟɪɨɜ Ɏ.Ɇ., Ƚɚɥɹɦɟɬɞɢɧɨɜ ɘ.Ƚ., Ɉɫɢɩɨɜɚ ȼ.ȼ. 
ɎȽȻɈɍ ȼɉɈ «Кɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ», 

Ɋɨɫɫɢɹ, 420015, Кɚɡɚɧɶ, ɭɥ. К.Ɇɚɪɤɫɚ, 68. E-mail: termi0@yandex.ru 
 
ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɸ ɱɢɫɬɨɝɨ ɩɨɥɢɤɚɪɛɨɧɚɬɚ ɢ ɩɨɥɢɤɚɪɛɨɧɚɬɚ 

ɞɨɩɢɪɨɜɚɧɧɨɝɨ ɤɜɚɧɬɨɜɵɦɢ ɬɨɱɤɚɦɢ CdS/CdSe – ɹɞɪɨ/ɨɛɨɥɨɱɤɚ, ɨɫɭɳɟɫɬɜɥɟɧɧɨɝɨ ɜ ɞɢɚɩɚɡɨɧɟ 
ɞɚɜɥɟɧɢɣ 8,0÷25Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Ɍ=313,15Ʉ ɢ 358,15Ʉ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ SAS. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɧɚɧɨɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɩɨɥɢɦɟɪɨɜ ɢ ɮɚɪɦɩɪɟɩɚɪɚɬɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɚɧɬɢɪɚɫɬɜɨɪɢɬɟɥɹ, ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ (ɪɢɫ. 1). Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟ 
ɩɨɥɢɦɟɪɨɜ ɢ ɮɚɪɦɩɪɟɩɚɪɚɬɨɜ ɜ ɫɪɟɞɟ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɝɨ ɋɈ2 ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɞɨ 45 Ɇɉɚ, ɜ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɞɨ 473,15Ʉ, ɫ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɨɤɚɱɤɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ 50 
ɝ/ɦɢɧ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɪɨɤɚɱɤɢ ɪɚɫɬɜɨɪɚ ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ 50 ɝ/ɦɢɧ. 

 

 
Ɋɢɫ. 1. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ 

 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫɨɫɬɨɢɬ ɢɡ ɫɢɫɬɟɦ ɫɨɡɞɚɧɢɹ, ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ 

ɞɚɜɥɟɧɢɹ, ɫɢɫɬɟɦ ɢɡɦɟɪɟɧɢɹ ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɢɫɬɟɦɵ ɩɨɞɚɱɢ ɫɦɟɫɢ 
«ɨɪɝɚɧɢɱɟɫɤɢɣ ɪɚɫɬɜɨɪɢɬɟɥɶ-ɩɨɥɢɦɟɪ», ɫɨɫɭɞɚ ɨɛɪɚɡɨɜɚɧɢɹ ɱɚɫɬɢɰ, ɹɱɟɣɤɢ ɭɥɚɜɥɢɜɚɧɢɹ 
ɱɚɫɬɢɰ. 

ɉɪɢ ɜɵɛɨɪɟ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ 
ɩɨɥɢɤɚɪɛɨɧɚɬɚ ɩɨ ɦɟɬɨɞɭ SAS ɢɦɟɥɚ ɦɟɫɬɨ ɨɪɢɟɧɬɚɰɢɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɛɥɚɫɬɢ ɮɚɡɨɜɵɯ 
ɞɢɚɝɪɚɦɦ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ «ɩɨɥɢɤɚɪɛɨɧɚɬ - ɞɢɯɥɨɪɦɟɬɚɧ», «ɩɨɥɢɤɚɪɛɨɧɚɬ-ɞɢɨɤɫɢɞ 
ɭɝɥɟɪɨɞɚ», «ɞɢɯɥɨɪɦɟɬɚɧ - ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ» Д1, 2, 3Ж ɢ ɬɪɨɣɧɨɣ ɫɢɫɬɟɦɵ «ɩɨɥɢɤɚɪɛɨɧɚɬ - 
ɞɢɯɥɨɪɦɟɬɚɧ - ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ». 
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ȼ ɨɩɵɬɚɯ ɢɡɦɟɧɹɥɫɹ ɨɞɢɧ ɢɡ ɩɚɪɚɦɟɬɪɨɜ, ɚ ɨɫɬɚɥɶɧɵɟ ɨɫɬɚɜɚɥɢɫɶ ɩɨɫɬɨɹɧɧɵɦɢ, ɱɬɨ 
ɩɨɡɜɨɥɢɥɨ ɨɩɪɟɞɟɥɢɬɶ ɜɥɢɹɧɢɟ ɤɚɠɞɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɧɚ ɪɚɡɦɟɪ ɢ ɞɢɫɩɟɪɫɧɨɫɬɶ 
ɱɚɫɬɢɰ. 

ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ (ɪɢɫ. 2) ɤɪɢɜɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ 
ɨɬ ɞɚɜɥɟɧɢɹ, ɩɪɢ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɨɞɢɧɚɤɨɜɵɦ ɨɛɪɚɡɨɦ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɩɪɢɫɭɬɫɬɜɢɟɦ ɦɚɤɫɢɦɭɦɚ. 

 

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɨɬ ɞɚɜɥɟɧɢɹ (3% ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɨɥɢɤɚɪɛɨɧɚɬɚ ɜ 
ɞɢɯɥɨɪɦɟɬɚɧɟ, ɞɢɚɦɟɬɪ ɫɨɩɥɚ 200 ɦɤɦ): □ - Ɍ=313Ʉ ɢ ● - Ɍ=358Ʉ. 

 
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ «ɩɨɥɢɤɚɪɛɨɧɚɬ - ɄɌ CНSe/CНS» ɩɨ ɪɚɡɦɟɪɚɦ (ɪɢɫ.2) ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, 

ɱɬɨ ɜ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ (ɢɫɤɥɸɱɚɹ ɨɤɪɟɫɬɧɨɫɬɶ ɤɪɚɣɧɢɯ ɬɨɱɟɤ) ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɍɚɤɨɟ ɠɟ ɩɨɜɟɞɟɧɢɟ ɛɵɥɨ 
ɯɚɪɚɤɬɟɪɧɨ ɢ ɞɥɹ ɫɥɭɱɚɹ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɹ ɱɢɫɬɨɝɨ ɩɨɥɢɤɚɪɛɨɧɚɬɚ Д1Ж. 

Ɉɱɟɧɶ ɜɚɠɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɧɨɝɨ ɩɨɞɯɨɞɚ ɢɧɤɚɩɫɭɥɢɪɨɜɚɧɢɹ ɄɌ 
CdSe/CНS ɜ ɩɨɥɢɤɚɪɛɨɧɚɬɟ ɩɨ ɬɟɯɧɨɥɨɝɢɢ SAS ɹɜɥɹɟɬɫɹ ɫɨɯɪɚɧɟɧɢɟ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɄɌ ɜ 
ɩɨɥɭɱɟɧɧɵɯ ɧɚɧɨɤɚɩɫɭɥɚɯ, ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɫɩɟɤɬɪɵ ɮɨɬɨɥɸɦɢɧɟɫɰɟɧɰɢɢ. 
ɇɚɛɥɸɞɚɟɬɫɹ ɛɚɬɨɯɪɨɦɧɵɣ ɫɞɜɢɝ ɩɢɤɚ ɎɅ ɫɨɫɬɚɜɥɹɸɳɢɣ 5ɧɦ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɣ 
ɫɬɟɩɟɧɢ ɚɝɥɨɦɟɪɚɰɢɢ ɄɌ ɜ ɩɨɥɢɦɟɪɧɨɣ ɦɚɬɪɢɰɟД4Ж. 

 
ɅɂɌȿɊАɌɍɊА 

 
1. ȼ.Ɏ. ɏɚɣɪɭɬɞɢɧɨɜ, Ɏ.Ɋ. Ƚɚɛɢɬɨɜ, Ɏ.Ɇ. Ƚɭɦɟɪɨɜ ɢ ɞɪ. ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɮɥɸɢɞɵ: ɬɟɨɪɢɹ ɢ 
ɩɪɚɤɬɢɤɚ. 3 (2011) 62. 
2. A.V. Gonzalez, R. Tufeu, P. Subra. J.Chem.Eng. Data. 47 (2002) 492. 
3. M.J. Lazzaroni, D. Bush, J.S. Brown, C.A. Eckert. J.Chem. Eng. Data. 50 (2005) 60. 
4. Ɍ.Ɋ. Ⱥɯɦɟɬɡɹɧɨɜ, ɂ.Ш. ɏɚɛɪɢɟɜ, ȼ.Ɏ. ɏɚɣɪɭɬɞɢɧɨɜ, Ɏ.Ɋ. Ƚɚɛɢɬɨɜ, Ɏ.Ɇ. Ƚɭɦɟɪɨɜ. ȼɟɫɬɧɢɤ 
Кɚɡɚɧɫɤɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. 10 (2013) 93. 
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ɉɈɅɂɌȿɊɆЫ ɍȽɅɈВ ɋɆАɑɂВАɇɂЯ ɆȿȾɂ, ɋɌАɅɂ 12ɏ18ɇ9Ɍ ɂ 
АɅɘɆɂɇɂЯ ɊАɋɉɅАВɈɆ ɇА ɈɋɇɈВȿ ɐɂɇɄА 

Ʉɚɦɛɨɥɨɜ Ⱦ.Ⱥ.1, Ʉɚɲɟɠɟɜ Ⱥ.Ɂ.2, Ʉɭɬɭɟɜ Ɋ.Ⱥ.3, Ɇɚɧɭɤɹɧɰ Ⱥ.Ɋ.1,  
ɉɨɧɟɠɟɜ Ɇ.ɏ.2, ɋɨɡɚɟɜ ȼ.Ⱥ.1,2, Шɟɪɦɟɬɨɜ Ⱥ.ɏ.2 

1)ɎȽȻɈɍ ȼɉɈ «ɋɟɜɟɪɨ-Кɚɜɤɚɡɫɤɢɣ ɝɨɪɧɨ-ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ (ȽɌɍ)»,  
Ɋɨɫɫɢɹ, 362021, ȼɥɚɞɢɤɚɜɤɚɡ, ɭɥ. ɇɢɤɨɥɚɟɜɚ, 44. 

2)ɎȽȻɈɍ ȼɉɈ «Кɚɛɚɪɞɢɧɨ-Ȼɚɥɤɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ  
ɢɦ. ɏ.Ɇ. Ȼɟɪɛɟɤɨɜɚ», Ɋɨɫɫɢɹ, 360004, ɇɚɥɶɱɢɤ, ɭɥ. ɑɟɪɧɵɲɟɜɫɤɨɝɨ, 173. 

3)ɎȽȻɈɍ ȼɉɈ «ɑɟɱɟɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ», 
 Ɋɨɫɫɢɹ, 364907, Ƚɪɨɡɧɵɣ, ɭɥ. Шɟɪɢɩɨɜɚ, 32. E-mail: sozaevv@kbsu.ru 

 
ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɦɚɱɢɜɚɧɢɹ 

ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɞɢ, ɫɬɚɥɢ 12ɏ18ɇ9Ɍ ɢ ɚɥɸɦɢɧɢɹ. 
ȼɜɟɞɟɧɢɟ 

ɋɩɥɚɜ ɧɚ ɨɫɧɨɜɟ ɰɢɧɤɚ Zn-0.56 ɦɚɫ.% Al -0.6 ɦɚɫ.% Mo-0.25 ɦɚɫ.% Mg, ɞɚɥɟɟ – «ɫɟɪɛɫɤɚɹ 
ɛɪɨɧɡɚ», ɛɥɚɝɨɞɚɪɹ ɫɨɱɟɬɚɧɢɸ ɩɪɚɤɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɫɜɨɣɫɬɜ, ɦɨɠɟɬ ɧɚɣɬɢ ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɚɥɥɚ-ɚɧɨɞɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɛɚɬɚɪɟɣ, ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɟɧ, ɛɢɦɟɬɚɥɥɨɜ, 
ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɯ ɩɨɤɪɵɬɢɣ 
ɫɬɚɥɶɧɵɯ ɩɥɚɫɬɢɧ, ɮɪɢɤɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ. ɉɨɜɟɪɯɧɨɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ 
ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɰɢɧɤɚ ɢɫɫɥɟɞɨɜɚɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. ɉɨɥɢɬɟɪɦɵ ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɵ ɢɡɭɱɚɥɢɫɶ ɧɚɦɢ ɜ ɪɚɛɨɬɚɯ Д1-2]. 

ɂɡɦɟɪɟɧɢɹ ɭɝɥɨɜ ɫɦɚɱɢɜɚɧɢɹ θ ɦɟɞɢ, ɫɬɚɥɢ ɢ ɚɥɸɦɢɧɢɹ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɨɣ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɭɫɬɚɧɨɜɤɟ ɜ ɚɬɦɨɫɮɟɪɟ ɝɟɥɢɹ. ɇɚ ɩɨɞɥɨɠɤɭ, ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɧɚ 
ɩɪɟɞɦɟɬɧɨɦ ɫɬɨɥɢɤɟ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɤɚɩɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɩɨɞɚɜɚɥɚɫɶ ɱɟɪɟɡ 
ɢɡɨɝɧɭɬɵɣ ɤɜɚɪɰɟɜɵɣ ɤɚɩɢɥɥɹɪ. Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɮɢɤɫɚɰɢɹ ɤɨɧɬɭɪɚ ɤɚɩɥɢ ɩɪɢ ɩɨɦɨɳɢ 
ɰɢɮɪɨɜɨɝɨ ɮɨɬɨɚɩɩɚɪɚɬɚ, ɚ ɨɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɜɨɛɨɞɧɨ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɦɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ ImageJ [3]. Ɇɨɪɮɨɥɨɝɢɹ ɮɚɡ, ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ 
ɩɨɫɥɟ ɪɚɫɬɟɤɚɧɢɹ, ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɚɩɩɚɪɚɬɭɪɵ ȼɥɚɞɢɤɚɜɤɚɡɫɤɨɝɨ ɰɟɧɬɪɚ 
ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɧɚɭɱɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ «ɇɚɧɨɫɢɫɬɟɦɵ ɢ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɝɨɪɧɨ-
ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ (ȼɥɐɄɉ)». 

ɋɦɚɱɢɜɚɧɢɟ ɦɟɞɢ 
Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɦɟɞɢ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɨɣ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 1, ɢɡ 

ɤɨɬɨɪɨɝɨ ɜɢɞɧɨ, ɱɬɨ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ T ~ 813K ɪɚɫɩɥɚɜ ɧɟ ɫɦɚɱɢɜɚɟɬ ɦɟɞɶ: θ > 90°. Ɂɚɬɟɦ, ɩɪɢ 
T > 813K, ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɪɟɡɤɨ ɩɚɞɚɟɬ ɞɨ θ → 10-15°. ɉɪɢ ɪɚɫɬɟɤɚɧɢɢ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɵ ɩɨ 
ɦɟɞɧɨɣ ɩɨɞɥɨɠɤɟ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ, ɤɨɬɨɪɵɟ ɜɵɹɜɥɹɸɬɫɹ ɩɪɢ 
ɢɡɭɱɟɧɢɢ ɦɨɪɮɨɥɨɝɢɢ ɡɨɧɵ ɪɚɫɬɟɤɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɢɤɪɨɫɤɨɩɢɢ. 

660 740 820 900 980 1060 1140
0

30

60

90

120

150

3 - иɧɬɟɪɦɟɬаɥɥиɞы
2 - ɩɨɞɥɨɠɤа
1 - ɪаɫɩɥаɜ

1

2

3

1

2

1

2

T
ПЛ

90
o

ɪаɫɩɥав Zn-(Mo,Al,Mg) ɧа Cu:

  равɧɨв.

, ɝ
ɪа

ɞ

T, K

~ 813 K

 
Ɋɢɫ. 1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɞɢ ɪɚɫɩɥɚɜɨɦ 
Zn-0.56 ɦɚɫ.% Al -0.6 ɦɚɫ.% Mo-0.25 ɦɚɫ.% Mg 
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ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɮɨɬɨɝɪɚɮɢɹ ɤɚɩɥɢ ɧɚ ɩɨɥɨɠɤɟ ɩɨɫɥɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɚ ɧɚ ɪɢɫ. 3 

ɩɨɤɚɡɚɧɵ ɦɢɤɪɨɤɪɢɫɬɚɥɥɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ (CunZnm), ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ ɩɪɢ ɪɚɫɬɟɤɚɧɢɢ 
ɪɚɫɩɥɚɜɚ Zn-0.56 ɦɚɫ.% Al -0.6 ɦɚɫ.% Mo-0.25 ɦɚɫ.% Mg ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɞɢ. 

 

 
Ɋɢɫ. 2. Ɏɨɬɨɝɪɚɮɢɹ ɤɚɩɥɢ ɩɨɫɥɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɡɨɧ ɪɚɫɬɟɤɚɧɢɹ ɫɟɪɛɫɤɨɣ 
ɛɪɨɧɡɵ ɧɚ ɦɟɞɢ. ɍɜɟɥɢɱɟɧɢɟ 20 

 
Ɋɢɫ. 3. Ɇɢɤɪɨɤɪɢɫɬɚɥɥɵ ɢɧɬɟɪɦɟɬɚɥɥɢɞɨɜ, 
ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɩɪɢ ɪɚɫɬɟɤɚɧɢɢ ɫɟɪɛɫɤɨɣ 
ɛɪɨɧɡɵ ɧɚ ɦɟɞɢ. ɍɜɟɥɢɱɟɧɢɟ 9000 

 
ɋɦɚɱɢɜɚɧɢɟ ɫɬɚɥɢ 12ɏ18ɇ9Ɍ 

ɇɚ ɪɢɫ. 4 ɩɪɢɜɨɞɢɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ 12ɏ18ɇ9Ɍ ɪɚɫɩɥɚɜɨɦ Zn-0.56 ɦɚɫ.% Al -0.6 ɦɚɫ.% Mo-0.25 ɦɚɫ.% Mg, ɚ ɧɚ 
ɪɢɫ. 5, 6 – ɤɚɩɥɹ ɩɨɫɥɟ ɪɚɫɬɟɤɚɧɢɹ (ɜɢɞ ɫɜɟɪɯɭ) ɢ ɦɨɪɮɨɥɨɝɢɹ ɫɬɪɭɤɬɭɪɵ ɜ ɡɨɧɟ 3. ɂɡ ɪɢɫ. 4 
ɜɢɞɧɨ, ɱɬɨ ɭɝɨɥ θ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɪɹɞɤɚ 
1050K ɦɟɧɹɟɬɫɹ ɫɥɚɛɨ: ɫɧɢɠɚɟɬɫɹ ɧɚ 15 ɝɪɚɞɭɫɨɜ (ɨɬ 141° ɞɨ 124°) ɡɚ 350 ɝɪɚɞɭɫɨɜ Ʉɟɥɶɜɢɧɚ, 
ɬ.ɟ. ɡɚɦɟɬɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɪɚɫɩɥɚɜɨɦ ɢ ɩɨɞɥɨɠɤɨɣ ɨɬɫɭɬɫɬɜɭɟɬ. Ɉɞɧɚɤɨ, ɫɪɚɡɭ ɡɚ 
ɬɟɦɩɟɪɚɬɭɪɨɣ 1050K ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɫɧɢɠɟɧɢɟ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ (ɞɨ 80°) ɢ ɧɚɱɢɧɚɟɬɫɹ 
ɪɚɫɬɟɤɚɧɢɟ ɪɚɫɩɥɚɜɚ ɩɨ ɩɨɞɥɨɠɤɟ. ɇɚɥɢɱɢɟ ɷɬɨɝɨ ɫɤɚɱɤɚ ɨɛɴɹɫɧɹɟɬɫɹ ɪɚɡɪɭɲɟɧɢɟɦ ɨɤɫɢɞɧɵɯ 
ɨɛɪɚɡɨɜɚɧɢɣ ɤɚɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ, ɬɚɤ ɢ ɧɚ ɫɚɦɨɣ ɤɚɩɥɟ ɪɚɫɩɥɚɜɚ. 
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Ɋɢɫ. 4. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ 12ɏ18ɇ9Ɍ 
ɪɚɫɩɥɚɜɨɦ Zn-0.56 ɦɚɫ.% Al -0.6 ɦɚɫ.% Mo-0.25 ɦɚɫ.% Mg 

 
ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɟɳɟ ɦɟɧɶɲɟ, ɪɚɫɩɥɚɜ 

ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɩɨɤɪɵɜɚɟɬ ɩɨɞɥɨɠɤɭ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ 
ɨɛɪɚɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɡɨɧɵ ɪɚɫɬɟɤɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɤɚɩɥɢ, ɫɬɪɭɤɬɭɪɚ ɜ 
ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɨɬɱɟɬɥɢɜɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɚɤɨɜɨɣ ɜ ɫɨɫɟɞɧɢɯ ɡɨɧɚɯ. ɂɡ ɪɢɫ. 6 ɜɢɞɧɨ, ɱɬɨ 
ɩɨɞ ɩɥɟɧɤɨɣ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɵ ɨɛɪɚɡɭɸɬɫɹ ɦɢɤɪɨɮɚɡɵ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ. ɉɨɫɤɨɥɶɤɭ 
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ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɪɨɞɫɬɜɨ ɚɥɸɦɢɧɢɹ ɤ ɠɟɥɟɡɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɰɢɧɤɨɦ ɛɨɥɶɲɟ, ɬɨ ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɪɚɫɩɥɚɜɚ Zn-0.56 ɦɚɫ.% Al -0.6 ɦɚɫ.% Mo-0.25 ɦɚɫ.% Mg ɫ ɠɟɥɟɡɨɦ 
ɨɛɪɚɡɭɸɬɫɹ ɫɨɟɞɢɧɟɧɢɹ Fe2Al 5 ɢ FeAl3, ɤɨɬɨɪɵɟ ɜ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ ɪɚɡɪɵɜɚɸɬ ɩɥɟɧɤɭ ɩɪɢɩɨɹ. 

 

 
Ɋɢɫ. 5. ȼɢɞ ɫɜɟɪɯɭ ɤɚɩɥɢ ɪɚɫɩɥɚɜɚ ɫɟɪɛɫɤɨɣ 
ɛɪɨɧɡɵ ɩɨɫɥɟ ɪɚɫɬɟɤɚɧɢɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɬɚɥɢ 12Б18ɇ9Ɍ 

 

 
Ɋɢɫ. 6. ɉɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɬɟɤɚɧɢɹ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɵ 
ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɥɢ 12Б18ɇ9Ɍ. Ɂɨɧɚ 3. 
ɍɜɟɥɢɱɟɧɢɟ 2600 

 
ɋɦɚɱɢɜɚɧɢɟ ɚɥɸɦɢɧɢɹ 

Ⱦɚɧɧɵɟ ɩɨ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɚɥɸɦɢɧɢɹ ɜɚɠɧɵ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɥɭɠɟɧɢɹ ɢ ɤɨɧɬɚɤɬɧɨ-ɪɟɚɤɬɢɜɧɨɣ ɩɚɣɤɢ 
ɚɥɸɦɢɧɢɹ ɢ ɟɝɨ ɫɩɥɚɜɨɜ. ɇɚ ɪɢɫ. 7 ɩɪɢɜɨɞɢɬɫɹ ɩɨɥɢɬɟɪɦɚ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɚɥɸɦɢɧɢɹ ɫɟɪɛɫɤɨɣ 
ɛɪɨɧɡɨɣ, ɢɡ ɤɨɬɨɪɨɝɨ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɤɚɩɥɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ ~ 770K ɫɦɚɱɢɜɚɧɢɹ 
ɧɟɬ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɜɵɲɟ 780K ɫɟɪɛɫɤɚɹ ɛɪɨɧɡɚ ɧɚɱɢɧɚɟɬ ɫɦɚɱɢɜɚɬɶ ɚɥɸɦɢɧɢɣ.  

ȼ ɨɬɥɢɱɢɟ ɨɬ ɦɟɞɢ ɢ ɫɬɚɥɢ 12ɏ18ɇ9Ɍ, ɤɨɝɞɚ ɨɛɧɚɪɭɠɟɧɧɵɣ ɩɨɪɨɝ ɫɦɚɱɢɜɚɧɢɹ ɱɟɬɤɨ 
ɜɵɪɚɠɟɧ, ɫɦɚɱɢɜɚɧɢɟ ɚɥɸɦɢɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 770 ɞɨ 790K. ɇɚ ɪɢɫ. 8 
ɩɪɢɜɨɞɢɬɫɹ ɦɨɪɮɨɥɨɝɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɫɥɟ ɪɚɫɬɟɤɚɧɢɹ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɵ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɚɥɸɦɢɧɢɹ. 
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Ɋɢɫ. 7. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɪɚɟɜɨɝɨ ɭɝɥɚ 
ɫɦɚɱɢɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɚɥɸɦɢɧɢɹ ɪɚɫɩɥɚɜɨɦ Zn-
0.56 ɦɚɫ.% Al -0.6 ɦɚɫ.% Mo-0.25 ɦɚɫ.% Mg 

 
 
Ɋɢɫ. 8. ɉɥɚɫɬɢɧɱɚɬɵɟ 
ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɫɥɟ ɪɚɫɬɟɤɚɧɢɹ 
ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɚɥɸɦɢɧɢɹ. ɍɜɟɥɢɱɟɧɢɟ 5200 

 
Ɂɚɤɥɸɱɟɧɢɟ ɢ ɜɵɜɨɞɵ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɦɚɱɢɜɚɧɢɹ 
ɪɚɫɩɥɚɜɚ Zn-0.56 ɦɚɫ.% Al -0.6 ɦɚɫ.% Mo-0.25 ɦɚɫ.% Mg ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɞɢ, ɫɬɚɥɢ 
12ɏ18ɇ9Ɍ ɢ ɚɥɸɦɢɧɢɹ, ɚ ɬɚɤɠɟ ɦɨɪɮɨɥɨɝɢɹ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɬɟɤɚɧɢɹ ɮɚɡ. ɇɚ 
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ɩɨɥɢɬɟɪɦɚɯ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ ɦɟɞɢ ɢ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɨɛɧɚɪɭɠɟɧɵ ɪɟɡɤɢɟ ɩɨɪɨɝɢ 
ɫɦɚɱɢɜɚɧɢɹ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ T ~ 813K ɢ T ~ 1050K, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɫɥɭɱɚɟ 
ɩɨɞɥɨɠɤɢ ɢɡ ɚɥɸɦɢɧɢɹ ɩɟɪɟɯɨɞ ɨɬ ɧɟɫɦɚɱɢɜɚɧɢɹ ɤ ɫɦɚɱɢɜɚɧɢɸ ɩɪɨɢɫɯɨɞɢɬ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɬ 770 ɞɨ 790K. ɉɨɪɨɝɢ ɫɦɚɱɢɜɚɧɢɹ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɪɚɡɪɭɲɟɧɢɟɦ ɨɤɫɢɞɨɜ ɤɚɤ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ, ɬɚɤ ɢ ɧɚ ɤɚɩɥɟ ɫɚɦɨɣ ɫɟɪɛɫɤɨɣ ɛɪɨɧɡɵ. ȼ ɫɢɫɬɟɦɟ «ɪɚɫɩɥɚɜ – ɦɟɞɶ» 
ɨɛɧɚɪɭɠɟɧɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɨɛɪɚɡɨɜɚɧɢɹ (ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɩɨɪɹɞɤɚ 2 ɦɢɤɪɨɧɚ), ɚ ɜ 
ɫɢɫɬɟɦɟ «ɪɚɫɩɥɚɜ – ɫɬɚɥɶ 12ɏ18ɇ9Ɍ» ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɡɟɪɧɢɫɬɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫɮɟɪɢɱɟɫɤɨɣ 
ɮɨɪɦɵ; ɜ ɫɢɫɬɟɦɟ «ɪɚɫɩɥɚɜ – ɚɥɸɦɢɧɢɣ» ɜɵɹɜɥɟɧɵ ɩɥɚɫɬɢɧɱɚɬɵɟ ɫɬɪɭɤɬɭɪɵ.  
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ɇɟɞɚɜɧɨ, ɜ Д1Ж ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ (ɉɇ) ɠɢɞɤɢɯ ɛɢɧɚɪɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɛɵɥɨ ɩɪɟɞɥɨɠɟɧɨ ɭɪɚɜɧɟɧɢɟ 
ɢɡɨɬɟɪɦɵ ɉɇ, ɩɨɡɜɨɥɹɸɳɟɟ ɨɩɢɫɚɬɶ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɉɇ ɫ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɶɸ ɜɨ ɜɫɟɣ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɯ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɨɝɨ 
ɭɪɚɜɧɟɧɢɹ, ɩɨɤɚɡɚɥɨ, ɱɬɨ ɨɧɨ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɜɫɸ ɢɡɨɬɟɪɦɭ ɉɇ, ɢɦɟɹ ɬɨɥɶɤɨ ɞɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɉɇ ɪɚɫɬɜɨɪɚ ɩɪɨɢɡɜɨɥɶɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢ ɬɟɦ ɫɚɦɵɦ 
ɨɛɥɟɝɱɚɟɬ ɬɪɭɞ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ ɜɨ ɦɧɨɝɨ ɪɚɡ, ɡɧɚɱɢɬɟɥɶɧɨ ɷɤɨɧɨɦɢɬ ɜɪɟɦɹ ɢ ɦɚɬɟɪɢɚɥɵ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɢɡɨɬɟɪɦ ɉɇ, ɩɨɜɵɲɚɟɬ ɧɚɞɟɠɧɨɫɬɶ ɢ ɬɨɱɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɨɛɪɚɛɨɬɤɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɧɚ ɢɯ ɛɚɡɟ 
ɜɵɱɢɫɥɢɬɶ ɞɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɛɨɥɶɲɟɣ ɧɚɞɟɠɧɨɫɬɶɸ.Ɉɞɧɚɤɨ, ɞɨ ɫɟɝɨɞɧɹɲɧɟɝɨ 
ɞɧɹ, ɞɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɨɫɬɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ ɨɛɨɫɧɨɜɚɧɧɵɦ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɧɟɤɨɬɨɪɵɟ 
ɧɟɞɨɪɚɡɭɦɟɧɢɹ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ. ȼ ɧɚɫɬɨɹɳɟɦ ɫɨɨɛɳɟɧɢɢ ɫɞɟɥɚɧɚ ɩɨɩɵɬɤɚ ɥɢɤɜɢɞɢɪɨɜɚɬɶ ɷɬɨɬ 
ɩɪɨɛɟɥ. 

Выɜɨɞ ɨɫɧɨɜɧɨɝɨ ɜыɪɚɠɟɧия 
Ɋɚɫɫɦɨɬɪɢɦ ɠɢɞɤɢɣ ɛɢɧɚɪɧɵɣ ɪɚɫɬɜɨɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ ɢ ȼ ɫɤɨɧɰɟɧɬɪɚɰɢɹɦɢ 

ɤɨɦɩɨɧɟɧɬɨɜ xA ɢ xB. ɉɭɫɬɶ ɜ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɟ 1 (ɪɢɫ.1) ɢɦɟɟɦ ɪɚɫɬɜɨɪ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ 
ɨɛɴɟɦɚ 2 ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ A ɢB. ȼɵɞɟɥɢɦ ɜ ɧɟɦ ɦɵɫɥɟɧɧɨ ɞɪɭɝɨɣ 
ɨɛɴɟɦ 3 ɪɚɫɬɜɨɪɚ, ɢɦɟɸɳɢɣ ɮɨɪɦɭ ɲɚɪɚ ɢ ɧɚɯɨɞɹɳɢɣɫɹ ɞɨɫɬɚɬɨɱɧɨ ɞɚɥɟɤɨ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɬɨɠɟ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɝɨ ɪɚɡɦɟɪɚ. ȼɵɧɟɫɟɦ ɟɝɨ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t=0 ɜ ɫɜɨɛɨɞɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ 4, ɡɚɩɨɥɧɟɧɧɨɟ ɩɚɪɨɦɷɬɨɝɨ ɠɟ ɪɚɫɬɜɨɪɚ. 

mailto:z-kalazh@yandex.ru


XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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Ɍɚɤɨɣ ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ 4 ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ t=0  ɛɭɞɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɧɟɪɚɜɧɨɜɟɫɧɨɦ 
ɫɨɫɬɨɹɧɢɢ (ɪɢɫ.2). ɋ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ t=0 ɜ ɪɚɫɬɜɨɪɟ ɧɚɱɧɟɬɫɹ ɩɪɨɰɟɫɫ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ. ɇɚɢɛɨɥɟɟ ɩɨɜɟɪɯɧɨɫɬɧɨɚɤɬɢɜɧɵɣ ɤɨɦɩɨɧɟɧɬ, ɧɚɩɪɢɦɟɪ B, ɛɭɞɟɬ 
ɜɵɯɨɞɢɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ, ɜɵɬɟɫɧɹɹ ɢɡ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɨɛɥɚɫɬɢ ɪɚɫɬɜɨɪɚ ɦɟɧɟɟ 
ɩɨɜɟɪɯɧɨɫɬɧɨɚɤɬɢɜɧɵɣ ɤɚɦɩɨɧɟɧɬ Ⱥ. Эɬɨɬ ɩɪɨɰɟɫɫ ɛɭɞɟɬ ɩɪɨɞɨɥɠɚɬɶɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 
ɫɨɫɬɚɜ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɧɟ ɛɭɞɟɬ ɞɪɭɝɢɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɫɬɚɜɨɦ ɨɛɴɟɦɚ ɢ ɧɟ ɧɚɫɬɭɩɢɬ 
ɪɚɜɧɨɜɟɫɢɟ ɦɟɠɞɭ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɫɥɨɟɦ ɪɚɫɬɜɨɪɚ, ɟɝɨ ɨɛɴɟɦɨɦ ɢ ɩɚɪɨɦ(ɪɢɫ.3). 
 

   
Ɋɢɫ.1. Ʉ ɜɵɜɨɞɭ ɨɫɧɨɜɧɨɝɨ 
ɜɵɪɚɠɟɧɢɹ 

Ɋɢɫ.2. Ɇɨɞɟɥɶ ɪɚɫɬɜɨɪɚ ɜ 
ɦɨɦɟɧɬɜɪɟɦɟɧɢt=0 

Ɋɢɫ.3.Ɇɨɞɟɥɶ ɪɚɫɬɜɨɪɚ 
ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢt= 

 
ɋ ɷɬɨɝɨ ɦɨɦɟɧɬɚ ɦɨɠɟɦ ɩɨɥɚɝɚɬɶ Д2Ж, ɱɬɨ ɪɚɫɬɜɨɪ 4 ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɮɚɡ – ɨɛɴɟɦɧɨɣ ɢ 

ɩɨɜɟɪɯɧɨɫɬɧɨɣ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɬɚɤɨɣ ɩɪɨɰɟɫɫ ɨɩɢɫɵɜɚɟɬɫɹ ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɦ 
ɩɨɬɟɧɰɢɚɥɨɦ Д3Ж ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ Ƚɢɛɛɫɚ ɞɥɹ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ 
ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

1

n

i i
i

dG SdT VdP dN d  


     ,                                        (1) 

ɝɞɟ G- ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ, S-ɷɧɬɪɨɩɢɹ, V-ɨɛɴɟɦ 
ɜɵɞɟɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ, Ni-ɫɨɞɟɪɠɚɧɢɟ ɤɨɦɩɨɧɟɧɬɚi, - ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɬɜɨɪɚ, - ɟɝɨ 
ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ. ɉɪɢ ɷɬɨɦ ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɩɪɨɰɟɫɫ ɩɪɨɬɟɤɚɟɬ ɩɪɢ 
ɩɨɫɬɨɹɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɵ T, ɞɚɜɥɟɧɢɹ P ɢ ɱɢɫɥɚ ɱɚɫɬɢɰ (ɚɬɨɦɨɜ) Ni – ɤɚɠɞɨɝɨ ɤɨɦɩɨɧɟɧɬɚ i ɜ 
ɜɵɞɟɥɟɧɧɨɦ ɨɛɴɟɦɟ ɪɚɫɬɜɨɪɚ. Ɍɨɝɞɚ ɜɵɪɚɠɟɧɢɟ (1) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

dG d   .                                                             (2) 
ɉɪɨɢɧɬɟɝɪɢɪɨɜɚɜ (2) ɩɪɢ =const(ɨɛɴɟɦ ɢ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɛɪɚɧɧɨɝɨ ɧɚɦɢ ɨɛɴɟɦɚ 

ɪɚɫɬɜɨɪɚ ɧɟ ɦɟɧɹɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɩɢɫɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ) ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɫɬɜɨɪɚ, 
ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚɦɢ G0 ɢ 0 ɩɪɢ t=0 ɞɨ ɢɯ ɡɧɚɱɟɧɢɣG ɢ ɩɪɢ t, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɜɧɨɜɟɫɧɨɦɭ ɤɨɧɟɱɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɜɵɛɪɚɧɧɨɝɨ ɧɚɦɢ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɚ ɫ 
ɭɱɟɬɨɦ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ, ɜɡɹɬɨɟ ɫ ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ, ɪɚɜɧɨ ɢɧɬɟɝɪɚɥɶɧɨɣ ɪɚɛɨɬɟ 
ɚɞɫɨɪɛɰɢɢД4Ж W, ɩɨɥɭɱɢɦ 

0 0( )W G G       .                                             (3) 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɷɥɟɦɟɧɬɚɪɧɚɹ ɪɚɛɨɬɚ , ɫɨɜɟɪɲɚɟɦɚɹ ɫɢɫɬɟɦɨɣ ɩɪɢ ɜɵɯɨɞɟ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɶ dNiɱɚɫɬɢɰ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

( ) idW x dN .                                                     (4) 

Ɉɞɧɚɤɨ, ɜɢɞ ɮɭɧɤɰɢɢ (x) ɧɟ ɢɡɜɟɫɬɟɧ. ɉɨɷɬɨɦɭ ɞɨɩɭɫɬɢɦ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɱɚɫɬɢɰ i– ɝɨ ɫɨɪɬɚ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɮɚɡɟ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ 
Д2Ж. Ɍɨɝɞɚ ɪɚɛɨɬɚ (4) ɪɚɜɧɚ 

idW dN ,                                                           (5) 

ɝɞɟ ɬɟɩɟɪɶ  =const ɜ ɩɪɟɞɟɥɚɯ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜɵɪɚɠɟɧɢɹ (5). ɉɪɨɢɡɜɨɞɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ (5) 
ɜ ɩɪɟɞɟɥɚɯ 0 <W<W0ɢNi0 <Ni< iN , ɛɭɞɟɦ ɢɦɟɬɶ 
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- ɫɪɟɞɧɢɟ ɩɨɥɧɵɟ ɫɨɞɟɪɠɚɧɢɹ  ɤɨɦɩɨɧɟɧɬɚ i ɜ ɨɛɴɟɦɧɨɣ ɢ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɮɚɡɚɯ 

Д2Ж ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ. Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɜɟɪɯɧɢɣ ɢɧɞɟɤɫ  ɨɡɧɚɱɚɟɬ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ 
ɩɚɪɚɦɟɬɪɚ ɤ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɮɚɡɟ. ɉɪɢɪɚɜɧɢɜɚɹ ɩɪɚɜɵɟ ɱɚɫɬɢ ɮɨɪɦɭɥ (3) ɢ (4), ɩɨɥɭɱɢɦ 
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ɂɡ ɮɨɪɦɭɥɵ (5) ɜɢɞɧɨ, ɱɬɨ ɢɦɟɟɬɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɫɪɟɞɧɟɣ ɜɟɥɢɱɢɧɵ ɢɡɦɟɧɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɩɪɢ ɜɵɯɨɞɟ ɨɞɧɨɣ ɱɚɫɬɢɰɵ i-ɝɨ ɫɨɪɬɚ ɢɡ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɚ ɧɚ 
ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ. 

ɉɪɟɨɛɪɚɡɭɟɦ (5) ɫ ɭɱɟɬɨɦ ɩɨɫɬɨɹɧɫɬɜɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɱɚɫɬɢɰ 0
N  ɜ 

ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɜɵɞɟɥɟɧɧɨɝɨ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɚ ɤɚɤ ɜ ɦɨɦɟɧɬ ɜɵɞɟɥɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ 
ɨɛɴɟɦɚ ( iN , t=0), ɬɚɤ ɢ ɩɪɢ  ɭɫɬɚɧɨɜɥɟɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ ( Ni

 ,  t=). 

Ɂɚɦɟɬɢɦ, ɱɬɨ 0 i iN N N   . Ɍɨɝɞɚ, ɪɚɡɞɟɥɢɜ ɢ ɭɦɧɨɠɢɜ ɩɪɚɜɭɸ ɱɚɫɬɶ (4) ɧɚ 0
N , ɫ ɭɱɟɬɨɦ 

ɩɨɫɥɟɞɧɟɝɨ ɜɵɪɚɠɟɧɢɹ, ɩɨɥɭɱɢɦ 
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x x x x     ,                                                     (6) 
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  , 00
N    . ɉɚɪɚɦɟɬɪ 0

  ɢɦɟɟɬ ɫɦɵɫɥ ɫɪɟɞɧɟɣ ɜɟɥɢɱɢɧɵ 
ɢɡɦɟɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ(ɧɚɩɪɢɦɟɪ, N0

( )
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x x  )ɚɬɨɦɨɜ i-ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢɡ ɨɛɴɟɦɚ ɪɚɫɬɜɨɪɚ ɧɚ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɬɜɨɪɚ. 
Ⱦɨɩɭɫɤɚɹ, ɱɬɨ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ  t=0  ɫɨɫɬɨɹɧɢɟ ɪɚɫɬɜɨɪɚ ɛɥɢɡɤɨ ɤ ɫɨɫɬɨɹɧɢɸ ɢɞɟɚɥɶɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɢ ɢɡɨɬɟɪɦɚ ɉɇ ɬɚɤɨɝɨ ɪɚɫɬɜɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɚɞɞɢɬɢɜɧɨɣ ɩɪɹɦɨɣ Д5Ж ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ 
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x x x    .                                                      (7) 

Ɍɟɩɟɪɶ ɦɨɠɟɦ ɜɵɱɢɫɥɢɬɶ ɢɡɛɵɬɨɱɧɭɸ ɦɨɥɶɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ 
ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɪɚɫɬɜɨɪɚД6Ж    1 1

1 1
B B

B B
B

F x x
x x

F x
      .                                         (8) 

Ɏɨɪɦɭɥɚ (8) ɜɵɪɚɠɚɟɬ ɚɞɫɨɪɛɰɢɸ ɜɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ B ɜ ɦɨɥɶɧɵɯ ɞɨɥɹɯ ɜ ɛɢɧɚɪɧɨɣ 
ɫɢɫɬɟɦɟ A-B. 

ɉɨɞɫɬɚɜɥɹɹ (8) ɜ (7) ɢ, ɡɚɦɟɧɢɜ xB ɱɟɪɟɡ x, ɩɨɥɭɱɢɦ ɨɤɨɧɱɚɬɟɥɶɧɨ 

       0

1 1
1

1 1 A B

F x x
x x x

F x
         .                            (9) 

ȼ Д7,8Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɮɨɪɦɭɥɚ (9) ɩɪɢ ɢɡɜɟɫɬɧɵɯ ɩɨɫɬɨɹɧɧɵɯ 0  ɢ F (ɫɦ. ɦɟɬɨɞɢɤɭ 
ɨɩɪɟɞɟɥɟɧɢɹ 0  ɢ F ɜ Д1Ж) ɨɩɢɫɵɜɚɟɬ ɢɡɨɬɟɪɦɭ ɉɇ ɛɢɧɚɪɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɨɲɢɛɤɨɣ ɧɟ ɛɨɥɟɟ 1%. 
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ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɪɚɛɨɬɵ Д1Ж ɩɪɢɫɭɬɫɬɜɢɟ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɵɯ ɱɚɫɬɢɰ ɜ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɟ  

ɫɨɡɞɚɟɬ ɫɟɪɶɟɡɧɭɸ ɭɝɪɨɡɭ ɡɞɨɪɨɜɶɸ ɥɸɞɟɣ. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɜ ɧɚɰɢɨɧɚɥɶɧɨɦ 
ɫɬɚɧɞɚɪɬɟ ɋШȺ ɤɚɱɟɫɬɜɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ NAAQS ɢɦɟɸɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ 
ɤɨɧɰɟɧɬɪɚɰɢɸ ɱɚɫɬɢɰ ɤɥɚɫɫɚ PM2,5, ɬ.ɟ. ɫ ɪɚɡɦɟɪɨɦ ɦɟɧɟɟ 2,5 ɦɤɦ. Ɉɞɧɢɦ ɢɡ ɢɫɬɨɱɧɢɤɨɜ 
ɭɤɚɡɚɧɧɨɝɨ ɜɢɞɚ ɡɚɝɪɹɡɧɟɧɢɹ ɚɬɦɨɫɮɟɪɵ ɹɜɥɹɟɬɫɹ ɷɦɢɫɫɢɹ ɫɭɛɦɢɤɪɨɧɧɵɯ ɱɚɫɬɢɰ ɩɪɢ 
ɫɠɢɝɚɧɢɢ ɭɝɥɟɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɩɚɫɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟ ɬɨɥɶɤɨ ɫɚɦɢ ɱɚɫɬɢɰɵ, ɧɨ ɬɚɤɠɟ ɢ 
ɬɨ, ɱɬɨ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɝɭɬ ɤɨɧɞɟɧɫɢɪɨɜɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ ɜɪɟɞɧɵɟ ɜɟɳɟɫɬɜɚ, ɧɚɩɪɢɦɟɪ, 
ɧɟɤɨɬɨɪɵɟ ɬɨɤɫɢɱɧɵɟ ɦɢɤɪɨɷɥɟɦɟɧɬɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɭɝɥɹɯ Д2-4Ж. ȼɟɪɨɹɬɧɵɦ ɦɟɯɚɧɢɡɦɨɦ 
ɨɛɪɚɡɨɜɚɧɢɹ ɫɭɛɦɢɤɪɨɧɧɵɯ ɱɚɫɬɢɰ ɫɱɢɬɚɟɬɫɹ ɨɛɴɟɦɧɚɹ ɤɨɧɞɟɧɫɚɰɢɹ ɩɚɪɨɜ ɜɟɳɟɫɬɜ, 
ɨɛɪɚɡɭɸɳɢɯɫɹ ɢɡ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɭɝɥɟɣ ɜ ɩɪɨɰɟɫɫɟ ɝɨɪɟɧɢɹ («solid-vapor-
particulatepathway»Д5-7Ж). Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɥɚɜɥɢɜɚɧɢɹ ɭɤɚɡɚɧɧɵɯ ɱɚɫɬɢɰ ɧɟɨɛɯɨɞɢɦɨ 
ɡɧɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɝɨɪɟɧɢɢ ɤɨɧɞɟɧɫɚɰɢɨɧɧɵɯ ɚɷɪɨɡɨɥɟɣ, ɬɚɤɢɯ ɤɚɤ 
ɱɢɫɥɟɧɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɱɚɫɬɢɰ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɯ ɩɨ ɪɚɡɦɟɪɚɦ, ɱɬɨ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ 
ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɩɪɨɞɭɤɬɚɦ 
ɫɠɢɝɚɧɢɹ ɭɝɥɟɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɭɸ ɪɟɚɝɢɪɭɸɳɭɸ ɫɢɫɬɟɦɭ, 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɢɦɟɧɟɧɢɟ ɤɨɦɩɥɟɤɫɧɨɝɨ – ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɢ ɤɢɧɟɬɢɱɟɫɤɨɝɨ - ɩɨɞɯɨɞɚ 
Д8Ж. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɩɨɞɯɨɞɨɦ, ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɦɟɬɨɞɚɦɢ ɯɢɦɢɱɟɫɤɨɣ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɨɫɬɚɜɵ ɝɚɡɨɜɨɣ ɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɮɚɡ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɤɨɧɞɟɧɫɚɰɢɢ 
ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɩɨ ɦɟɪɟ ɩɨɧɢɠɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɜɞɨɥɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɬɪɚɤɬɚ. ɋ ɭɱɟɬɨɦ ɪɟɡɭɥɶɬɚɬɨɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɧɚ ɜɬɨɪɨɦ ɷɬɚɩɟ 
ɢɡ ɪɟɲɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɤɨɦɵɟ 
ɩɚɪɚɦɟɬɪɵ ɤɨɧɞɟɧɫɚɰɢɨɧɧɨɝɨ ɚɷɪɨɡɨɥɹ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɟɪɜɨɝɨ 
ɷɬɚɩɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɪɨɞɭɤɬɵ ɫɠɢɝɚɧɢɹ 15 ɜɢɞɨɜ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɝɥɟɣ ɪɚɡɥɢɱɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ɋɨɫɫɢɢ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɫɬɪɚɧ. Ⱦɥɹ 
ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɜɵɫɨɤɨɞɢɫɩɟɪɫɧɨɝɨ ɡɨɥɶɧɨɝɨ ɭɧɨɫɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ 
ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɹ ɢɫɩɚɪɹɸɬɫɹ ɩɪɢ ɬɨɩɨɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɢ ɞɚɥɟɟ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ ɜɫɥɟɞɫɬɜɢɟ ɨɛɴɟɦɧɨɣ ɤɨɧɞɟɧɫɚɰɢɢ ɢɡ ɧɢɯ ɦɨɝɭɬ ɨɛɪɚɡɨɜɚɬɶɫɹ ɫɭɛɦɢɤɪɨɧɧɵɟ 
ɱɚɫɬɢɰɵ ɥɟɬɭɱɟɣ ɡɨɥɵ. Ʉ ɧɚɢɛɨɥɟɟ ɥɟɬɭɱɢɦ ɢɡ ɡɨɥɨɨɛɪɚɡɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɭɝɥɹ ɨɬɧɨɫɹɬɫɹ 
ɤɚɥɢɣ ɢ ɧɚɬɪɢɣ. ɉɨɷɬɨɦɭ ɢɦɟɧɧɨ ɨɧɢ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɚɧɚɥɢɡɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɨɜ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɢɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɫɠɢɝɚɧɢɢ 
ɭɝɥɟɣ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɭɝɥɢ Ȼɟɪɟɡɨɜɫɤɨɝɨ, Ʉɭɡɧɟɰɤɨɝɨ, ɉɟɱɨɪɫɤɨɝɨ, 
ɉɨɞɦɨɫɤɨɜɧɨɝɨ, Ⱦɨɧɟɰɤɨɝɨ, Эɤɢɛɚɫɬɭɡɫɤɨɝɨ ɛɚɫɫɟɣɧɨɜ ɢ ɭɝɥɢ ɏɚɛɚɪɨɜɫɤɨɝɨ ɤɪɚɹ, ɑɭɤɨɬɤɢ ɢ 
əɤɭɬɢɢ Д9Ж, ɚ ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɱɟɬɵɪɟ ɜɢɞɚ ɭɝɥɟɣ Ʉɢɬɚɹ (ɫɦ. Д5Ж). ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɫɨɫɬɚɜ ɭɝɥɟɣ ɢɡɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ:ɡɨɥɶɧɨɫɬɶ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 5,75% ɞɨ 48,0%, 
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ɫɨɞɟɪɠɚɧɢɟ ɫɟɪɵ ɨɬ 0,3%  ɞɨ 6,5%, ɫɨɞɟɪɠɚɧɢɟ ɤɚɥɢɹ ɨɬ 0,4%  ɞɨ 3,5%, ɧɚɬɪɢɹ ɨɬ 0,2%  ɞɨ 
1,9%. 

ɋɨɫɬɚɜɵ ɩɪɨɞɭɤɬɨɜ ɫɝɨɪɚɧɢɹ ɭɝɥɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɫ 
ɩɨɦɨɳɶɸ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ ɌȿɌɊȺɇ, ɪɟɚɥɢɡɭɸɳɟɣ ɦɟɬɨɞ 
ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɚ ɢ ɫɜɨɣɫɬɜ ɦɧɨɝɨɮɚɡɧɵɯ ɪɟɚɝɢɪɭɸɳɢɯ ɫɢɫɬɟɦ Д9Ж, ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɨɞ 
ɪɭɤɨɜɨɞɫɬɜɨɦ ɨɞɧɨɝɨ ɢɡ ɚɜɬɨɪɨɜ ɪɚɛɨɬɵ (ȿ.ȼ. ɋɚɦɭɣɥɨɜ). ɇɟɨɛɯɨɞɢɦɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜ ɜɡɹɬɚ ɢɡ Д11-13Ж. ȼɫɟɝɨ ɜ ɪɚɫɱɟɬɚɯ 
ɭɱɢɬɵɜɚɥɨɫɶ 194 ɜɟɳɟɫɬɜɚ ɢɡ 14 ɚɬɨɦɨɜ. Ɋɚɫɱɟɬɵ ɜɵɩɨɥɧɟɧɵ ɞɥɹ ɱɟɬɵɪɟɯɮɚɡɧɨɣ ɫɢɫɬɟɦɵ -  
ɝɚɡɨɜɚɹ ɮɚɡɚ ɢ ɬɪɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɟ -  ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ: ɫ ɭɱɟɬɨɦ ɬɨɥɶɤɨ 
ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɤɚɥɢɹ ɢ ɧɚɬɪɢɹ;  ɬɨɥɶɤɨ ɫɭɥɶɮɚɬɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɢɥɢ ɬɨɥɶɤɨ ɯɥɨɪɢɞɵ; 
ɫɦɟɲɚɧɧɵɟ ɫɢɫɬɟɦɵ, ɜɤɥɸɱɚɸɳɢɟ ɢ ɬɟ,  ɢ ɞɪɭɝɢɟ ɫɨɟɞɢɧɟɧɢɹ. ɉɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ, ɫɨɝɥɚɫɧɨ 
Д15Ж, ɪɚɫɫɦɨɬɪɟɧ ɜɟɫɶ ɜɨɡɦɨɠɧɵɣ ɞɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ ɩɟɪɟɯɨɞɚ ɫɨɟɞɢɧɟɧɢɣ ɤɚɥɢɹ ɢ ɧɚɬɪɢɹ ɜ 
ɝɚɡɨɜɭɸ ɮɚɡɭ. Ʉɨɷɮɮɢɰɢɟɧɬ ɢɡɛɵɬɤɚ ɨɤɢɫɥɢɬɟɥɹ (ɜɨɡɞɭɯɚ)  ɛɵɥ ɩɪɢɧɹɬ ɪɚɜɧɵɦ 1,2. 

ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɨɜ, ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɭɝɥɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɤɚɥɢɣ ɢ ɧɚɬɪɢɣ ɜ 
ɜɢɞɟ ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ, ɩɟɪɟɯɨɞ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɜɵɲɟ ɬɨɩɨɱɧɵɯ (1700 Ʉ).  ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɝɥɚɜɧɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ 
ɩɟɪɟɯɨɞɚ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ ɫɨɟɞɢɧɟɧɢɣ ɤɚɥɢɹ ɢ ɧɚɬɪɢɹ, ɹɜɥɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ ɋɚ/Si. ɍɝɥɢ ɫ 
ɫɨɨɬɧɨɲɟɧɢɟɦ ɋɚ/Si<1 ɢɦɟɸɬ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɨɜɚɧɢɹ 
ɝɚɡɨɨɛɪɚɡɧɵɯ ɮɨɪɦ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɭɝɥɹɦɢ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ɋɚ/Si>1. ɂɡ ɜɫɟɯ 
ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɭɝɥɟɣ ɬɨɥɶɤɨ ɭɝɥɢ ɪɚɡɪɟɡɚ Ȼɟɪɟɡɨɜɫɤɢɣ ɢ Yanzhou (ɄɇɊ) ɢɦɟɸɬ ɫɨɨɬɧɨɲɟɧɢɟ 
ɋɚ/Si>1 ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚɢɦɟɧɶɲɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɯɨɞɚ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɜ Ɍɚɛɥɢɰɟ 1  ɪɟɡɭɥɶɬɚɬɵ ɨɬɪɚɠɚɸɬ ɜɥɢɹɧɢɟ  ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ   ɧɚ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɡɨɜɚɧɢɹ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɵ. ȿɫɥɢ ɤɚɥɢɣ ɢ ɧɚɬɪɢɣ ɫɨɞɟɪɠɚɬɫɹ ɜ ɭɝɥɟ ɜ ɜɢɞɟ ɫɭɥɶɮɚɬɨɜ, ɯɥɨɪɢɞɨɜ 
ɢɥɢ ɝɭɦɚɬɨɜ, ɬɨ ɫɨɫɬɚɜ ɦɢɧɟɪɚɥɶɧɨɣ ɱɚɫɬɢ ɭɝɥɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɜɥɢɹɟɬ ɧɚ ɢɯ ɩɟɪɟɯɨɞ ɜ ɝɚɡɨɜɭɸ 
ɮɚɡɭ, ɢ ɨɧɢ ɦɨɝɭɬ ɨɛɪɚɡɨɜɵɜɚɬɶ ɝɚɡɨɨɛɪɚɡɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ з 1250-1500Ʉ 
(ɤɚɥɢɣ) ɢ з 1050-1350Ʉ (ɧɚɬɪɢɣ), ɚ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɩɚɪɨɜ - ɤɨɧɞɟɧɫɢɪɨɜɚɬɶɫɹ ɝɥɚɜɧɵɦ 
ɨɛɪɚɡɨɦ ɜ ɜɢɞɟ ɫɭɥɶɮɚɬɨɜ.   ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ Д4Ж, 
ɚɜɬɨɪɚɦɢ  ɤɨɬɨɪɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɭɥɶɮɚɬɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ - 
ɝɥɚɜɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɮɪɚɤɰɢɢ ɡɨɥɶɧɨɝɨ ɭɧɨɫɚ ɫ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 0.06 ɦɤ. ɇɚɢɛɨɥɶɲɟɟ 
ɫɨɞɟɪɠɚɧɢɟ ɫɭɥɶɮɚɬɨɜ ɨɬɦɟɱɟɧɨ ɜ ɡɨɥɶɧɨɦ ɭɧɨɫɟ ɩɪɢ ɫɠɢɝɚɧɢɢ ɭɝɥɹ Yanzhou, ɜ ɤɨɬɨɪɨɦ 
ɳɟɥɨɱɧɵɟ ɷɥɟɦɟɧɬɵ ɫɜɹɡɚɧɵ ɫ ɨɪɝɚɧɢɱɟɫɤɨɣ ɱɚɫɬɶɸ ɭɝɥɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɤɚɥɢɣ ɢ ɧɚɬɪɢɣ 
ɫɨɞɟɪɠɚɬɫɹ ɜ ɭɝɥɟ ɜ ɮɨɪɦɟ ɫɭɥɶɮɚɬɨɜ ɢ, ɬɟɦ ɛɨɥɟɟ, ɟɫɥɢ ɨɧɢ ɫɜɹɡɚɧɵ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦ 
ɜɟɳɟɫɬɜɨɦ ɭɝɥɹ, ɬɨ ɩɪɢ ɬɨɩɨɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɧɢ ɩɟɪɟɯɨɞɹɬ ɜ ɝɚɡɨɜɭɸ ɮɚɡɭ, ɢ ɞɚɥɟɟ ɩɪɢ 
ɨɯɥɚɠɞɟɧɢɢ  ɜɨɡɦɨɠɧɚ ɨɛɴɟɦɧɚɹ ɤɨɧɞɟɧɫɚɰɢɹ ɢɯ ɩɚɪɨɜ. 

 
Ɍɚɛɥɢɰɚ 1. Ɍɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɯɨɞɚ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɭɸ ɮɚɡɭ ɫɨɟɞɢɧɟɧɢɣ ɤɚɥɢɹ ɢ ɧɚɬɪɢɹ ɜ 

ɩɪɨɞɭɤɬɚɯ ɫɝɨɪɚɧɢɹ ɭɝɥɟɣ ɫ ɭɱɟɬɨɦ (ɫ/ɭ) ɢ ɛɟɡ ɭɱɟɬɚ (ɛ/ɭ) ɚɥɸɦɨɫɢɥɢɤɚɬɨɜ ɤɚɥɢɹ ɢ ɧɚɬɪɢɹ 
 

№ ɍɝɨɥɶ Ca/Si Ʉɚɥɢɣ  
ɫ/ɭ 

Ʉɚɥɢɣ 
ɛ/ɭ 

ɇɚɬɪɢɣ 
ɫ/ɭ 

ɇɚɬɪɢɣ 
ɛ/ɭ 

1 Ʉɪɚɫɧɨɹɪɫɤɭɝɨɥɶ, ɪɚɡɪɟɡ 
Ȼɟɪɟɡɨɜɫɤɢɣ; ɊɎ 
 

1.5 1250 1250 1300 1050 

2 Ʉɭɡɧɟɰɤɢɣ ɛɚɫɫɟɣɧ,  
ɋɋ2ɋɋɊɈɄI; ɊɎ 
 

0.1 2650 1400 1850 1150 

3 Ʉɭɡɧɟɰɤɢɣ ɛɚɫɫɟɣɧ,  
ɪɚɡɪɟɡ Ɇɨɯɨɜɫɤɢɣ; ɊɎ 
 

0.72 1850 1350 1600 1100 

4 Ʉɭɡɧɟɰɤɢɣ ɛɚɫɫɟɣɧ,  0.77 1600 1250 1650 1100 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

(ɝɪɚɧɬ № 13-08-00962ɚ). 
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ɪɚɡɪɟɡ Ɇɨɯɨɜɫɤɢɣ; ɊɎ 
 

5 ɉɟɱɨɪɫɤɢɣ ɛɚɫɫɟɣɧ,  
 ɲ. ȼɨɪɤɭɬɢɧɫɤɚɹ; ɊɎ 
 

0.06 2800 1400 1950 1150 

6 ɉɨɞɦɨɫɤɨɜɧɵɣ ɛɚɫɫɟɣɧ, ɲ. 
ɇɨɜɨɦɨɫɤɨɜɫɤɚɹ; ɊɎ 
 

0.11 2600 1350 1700 1050 

7 ɏɚɛɚɪɨɜɫɤɢɣ ɤɪɚɣ, 
ɍɪɝɚɥɶɫɤɨɟ ɦ-ɧɢɟ, ɊɎ 
 

0,04 2700 1300 2000 1100 

8 ɑɭɤɨɬɤɚ, ɦ-ɧɢɟ Ȼɭɯɬɚ 
ɍɝɨɥɶɧɚɹ, ɊɎ 
 

0,128 2550 1350 1850 1150 

9 Ɋɟɫɩɭɛɥɢɤɚ ɋɚɯɚ 
ɇɟɪɸɧɝɪɢɧɫɤɨɟ ɦ-ɧɢɟ, ɊɎ 
 

0,10 2550 1300 1800 1100 

10 Ⱦɨɧɟɰɤɢɣ ɛɚɫɫɟɣɧ,  
Ⱥ, ɲɬɵɛ, ɋШ, ɍɤɪɚɢɧɚ 
 

0.06 2800 1500 1950 1350 

11 Эɤɢɛɚɫɬɭɡɫɤɢɣ ɛɚɫɫ. 
Ʉɚɡɚɯɫɬɚɧ 

0.028 2800 1400 1850 1100 

12 Yanzhou, ɄɇɊ 1.4 1300 1300 1300 1050 
13 YZLS, ɄɇɊ 0.22 2050 1350 1600 1050 
14 Baotou, ɄɇɊ 0.447 1800 1300 1550 1050 
15 Wangfg, ɄɇɊ 0.15 2400 1300 1700 1050 
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ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɨɛɥɟɦɚ ɩɨɢɫɤɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ 

ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɨɣ. ȼ ɫɜɹɡɢ ɫ ɢɫɱɟɪɩɚɧɢɟɦ ɡɚɩɚɫɨɜ ɬɹɠёɥɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜɫɬɚёɬ ɡɚɞɚɱɚ ɢɯ 
ɡɚɦɟɧɵ ɥёɝɤɢɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ ɢ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ. Ʉɚɤ 
ɜɚɪɢɚɧɬɵ ɡɚɦɟɧɵ ɩɪɟɞɥɚɝɚɸɬɫɹ ɫɠɢɠɟɧɧɵɣ ɩɪɢɪɨɞɧɵɣ ɝɚɡ (ɋɉȽ) ɢ ɞɢɦɟɬɢɥɨɜɵɣ ɷɮɢɪ 
(ȾɆЭ). Шɢɪɨɤɨɦɚɫɲɬɚɛɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɋɉȽ ɢ ȾɆЭ ɜ ɩɪɨɦɵɲɥɟɧɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɤɨɦɩɥɟɤɫɧɨɟ ɢɡɭɱɟɧɢɟɢɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ ɩɨɥɭɱɟɧɢɟ ɧɚɞёɠɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɧɢɦ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɨɩɪɟɞɟɥɟɧɢɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 
ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɢ ɪɚɫɬɜɨɪɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɋɉȽ – ɦɟɬɚɧɚ, ɩɪɨɩɚɧɚ, ɚɡɨɬɚ ɢ ɝɟɥɢɹ. 
ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɟɞɟɧɵ ɦɟɬɨɞɨɦ ɤɚɩɢɥɥɹɪɧɨɝɨ ɩɨɞɧɹɬɢɹ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, 
ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɧɨɣ ɜ ɦɨɧɨɝɪɚɮɢɢ Д1Ж. ɋɬɟɤɥɹɧɧɚɹ ɹɱɟɣɤɚ ɫɨɞɟɪɠɚɥɚ ɫɛɨɪɤɭ ɢɡ ɬɪёɯ 
ɫɬɟɤɥɹɧɧɵɯ ɤɚɩɢɥɥɹɪɨɜ ɪɚɡɥɢɱɧɨɝɨ ɜɧɭɬɪɟɧɧɟɝɨ ɪɚɞɢɭɫɚ: 1 0,6393r   ɦɦ, 

2 0,2297r   ɦɦ, 

3 0,09607r   ɦɦ. ɇɚɥɢɱɢɟ ɬɪёɯ ɤɚɩɢɥɥɹɪɨɜ ɩɨɡɜɨɥɹɥɨ ɩɨɥɭɱɢɬɶ ɞɜɚ ɧɟɡɚɜɢɫɢɦɵɯ ɪɟɡɭɥɶɬɚɬɚ 

ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ 2a  ɢ ɬɟɦ ɫɚɦɵɦ ɩɨɜɵɫɢɬɶ ɧɚɞёɠɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 
ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɹɱɟɣɤɚ ɫ ɤɚɩɢɥɥɹɪɚɦɢ ɩɨɦɟɳɚɥɚɫɶ ɜ ɬɟɪɦɨɫɬɚɬɢɪɭɸɳɢɣ ɛɥɨɤ ɫɨ 

ɫɤɜɨɡɧɵɦɢ ɨɤɧɚɦɢ ɞɥɹ ɜɢɡɭɚɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɨɝɪɭɠɚɥɫɹ ɜ 
ɤɪɢɨɫɬɚɬ. Ɉɯɥɚɠɞɟɧɢɟ ɫɢɫɬɟɦɵ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɠɢɞɤɢɦ ɚɡɨɬɨɦ. 

Ɋɚɡɧɨɫɬɶ ɜɵɫɨɬ ɩɨɞɧɹɬɢɹ ɠɢɞɤɨɫɬɢ ɜ ɤɚɩɢɥɥɹɪɚɯ 2 1h h h    ɢɡɦɟɪɹɥɚɫɶ ɤɚɬɟɬɨɦɟɬɪɨɦ ɫ 
ɩɨɝɪɟɲɧɨɫɬɶɸ 0.02  ɦɦ. Ʉɚɩɢɥɥɹɪɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɨɩɪɟɞɟɥɹɥɚɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

2
1 1

ij

i j

h
a

b b


   , 

ɝɞɟ ib , jb  – ɪɚɞɢɭɫɵ ɤɪɢɜɢɡɧɵ ɜɟɪɲɢɧ ɦɟɧɢɫɤɨɜ ɜ i -ɨɦ ɢ j -ɨɦ ɤɚɩɢɥɥɹɪɚɯ. Ɂɧɚɱɟɧɢɹ ib  ɢ jb  

ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɞɚɧɧɵɦ ɨ ɜɧɭɬɪɟɧɧɢɯ ɪɚɞɢɭɫɚɯ ɤɚɩɢɥɥɹɪɨɜ ɢɡ ɭɪɚɜɧɟɧɢɹ Ʌɷɣɧɚ Д2Ж. 
ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɨɩɪɟɞɟɥɹɥɨɫɶ ɢɡ ɭɪɚɜɧɟɧɢɹ: 

 21
2 l va g    , 

ɝɞɟ g  –ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ  ɩɚɞɟɧɢɹ  ɜ  ɦɟɫɬɟ  ɩɪɨɜɟɞɟɧɢɹ  ɷɤɫɩɟɪɢɦɟɧɬɚ, (g = 9.8162 ɦ/ɫ2), 

l  ɢ v  – ɨɪɬɨɛɚɪɢɱɟɫɤɢɟ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ʉɨɧɰɟɧɬɪɚɰɢɢ 
ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ, ɚ ɬɚɤɠɟ ɨɪɬɨɛɚɪɢɱɟɫɤɢɟ ɩɥɨɬɧɨɫɬɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɥɢɬɟɪɚɬɭɪɧɵɦ 
ɞɚɧɧɵɦ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. ȼ 
ɨɩɵɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɚɛɨɱɢɟ ɜɟɳɟɫɬɜɚ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ. ɉɚɫɩɨɪɬɧɚɹ ɱɢɫɬɨɬɚ 
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ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ  SТРЦК–AlНrТМС ɫɨɫɬɚɜɥɹɥɚ 99.9 %, ɩɪɨɩɚɧɚ – 
99.95 %, ɚɡɨɬɚ – 99.999 %, ɝɟɥɢɹ – 99.995 %.  

ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ ɢɡɦɟɪɟɧɨ ɜɞɨɥɶ ɥɢɧɢɢ ɪɚɜɧɨɜɟɫɧɨɝɨ 
ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɠɢɞɤɨɫɬɶ - ɝɚɡ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 120 –214 Ʉ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɬɪɨɣɧɨɣ ɬɨɱɤɢ (Tt = 131.66 Ʉ) ɢɡɦɟɪɟɧɢɹ ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɩɪɨɜɨɞɢɥɢɫɶ 
ɤɚɤ ɩɪɢ ɩɨɜɵɲɟɧɢɢ, ɬɚɤ ɢ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ.  

Ɉɪɬɨɛɚɪɢɱɟɫɤɢɟ ɩɥɨɬɧɨɫɬɢ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱёɬɚ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ, ɜɡɹɬɵ ɢɡ ɪɚɛɨɬɵ Д3Ж.ȼ ɢɫɫɥɟɞɨɜɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɧɟ ɩɪɟɜɵɲɚɥɚ ±0.5 %, ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ±0.7 %. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɢ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 
ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɭɪɚɜɧɟɧɢɹɦɢ. Ɉɬɤɥɨɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ 2a  ɢ   ɨɬ 
ɡɧɚɱɟɧɢɣ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɭɪɚɜɧɟɧɢɹɦ, ɧɟ ɩɪɟɜɵɲɚɸɬ 0.4 %.  

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ 
ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ. ȼ ɩɟɪɟɤɪɵɜɚɸɳɢɯɫɹ ɨɛɥɚɫɬɹɯ ɬɟɦɩɟɪɚɬɭɪ ɧɚɲɢ ɞɚɧɧɵɟ ɩɨ ȾɆЭ 
ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬ Д4, 5Ж ɜ ɩɪɟɞɟɥɚɯ 1 1.5% . 
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Ɋɢɫ. 1 Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɞɢɦɟɬɢɥɨɜɨɝɨ ɷɮɢɪɚ 

 
Ʉɚɩɢɥɥɹɪɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɧ-ɝɟɥɢɣ ɢɡɦɟɪɟɧɚ ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ 120 

– 270 Kɩɪɢ ɞɚɜɥɟɧɢɹɯ ɨɬ ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɢɹ ɱɢɫɬɨɝɨ ɩɪɨɩɚɧɚ ɞɨ 4 Ɇɉɚ. Ɋɚɫɬɜɨɪ ɝɨɬɨɜɢɥɫɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ. ɉɨɫɥɟ ɬɟɪɦɨɫɬɚɛɢɥɢɡɚɰɢɢ ɜ ɚɦɩɭɥɭ 
ɤɨɧɞɟɧɫɢɪɨɜɚɥɫɹɩɪɨɩɚɧ ɜ ɬɚɤɨɦ ɤɨɥɢɱɟɫɬɜɟ, ɱɬɨɛɵ ɛɵɥɢ ɜɢɞɧɵ ɦɟɧɢɫɤɢ ɜɨ ɜɫɟɯ ɬɪɟɯ 
ɤɚɩɢɥɥɹɪɚɯ. Ⱦɚɥɟɟ ɜ ɚɦɩɭɥɭ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɡɚɩɨɥɧɟɧɢɹ ɩɨɞɚɜɚɥɫɹɝɟɥɢɣ ɞɨ ɞɚɜɥɟɧɢɹ, ɛɨɥɶɲɟɝɨ 
ɞɚɜɥɟɧɢɹ ɧɚɫɵɳɟɧɢɹ ɱɢɫɬɨɝɨ ɩɪɨɩɚɧɚ. Ʉɚɤ ɬɨɥɶɤɨ ɜ ɫɢɫɬɟɦɟ ɭɫɬɚɧɚɜɥɢɜɚɥɨɫɶ ɪɚɜɧɨɜɟɫɢɟ, 
ɩɪɨɢɡɜɨɞɢɥɢɫɶ ɢɡɦɟɪɟɧɢɹ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ, ɢɫɤɥɸɱɟɧɢɹ ɫɥɭɱɚɣɧɵɯ ɨɲɢɛɨɤ 
ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ ɫɢɫɬɟɦɟ ɢɡɦɟɪɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɵɯ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɪɨɜɨɞɢɥɢɫɶ ɧɟ ɦɟɧɟɟ 8-12 ɪɚɡ. ɉɨɫɥɟ ɷɬɨɝɨ ɜ ɫɢɫɬɟɦɭ 
ɞɨɛɚɜɥɹɥɚɫɶ ɧɨɜɚɹ ɩɨɪɰɢɹ ɝɟɥɢɹ ɢ ɩɪɨɢɫɯɨɞɢɥ ɜɵɯɨɞ ɧɚ ɧɨɜɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ. ɉɨɝɪɟɲɧɨɫɬɶ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɪɚɫɬɜɨɪɨɜ ɫɨɫɬɚɜɥɹɥɚ ±1 – 2 %, ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ ±2 – 2.5 %. 

ɇɚ ɪɢɫ. 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɛɚɪɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɧ–
ɝɟɥɢɣ. Шɬɪɢɯɩɭɧɤɬɢɪɧɨɣ ɥɢɧɢɟɣ ɩɨɤɚɡɚɧɵ ɡɧɚɱɟɧɢɹ 2a  ɱɢɫɬɨɝɨ ɩɪɨɩɚɧɚ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ 
ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɦ ɭɪɚɜɧɟɧɢɹɦ Д6Ж. ɍɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɟɥɢɹ ɜ ɪɚɫɬɜɨɪɟ ɩɪɢɜɨɞɢɬ ɤ 
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ɭɜɟɥɢɱɟɧɢɸ ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ. Ɂɧɚɱɟɧɢɹ 2a  ɱɢɫɬɨɝɨ ɩɪɨɩɚɧɚ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨɜɩɚɞɚɸɬ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ Д6Ж. 
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Ɋɢɫ. 2 Ȼɚɪɢɱɟɫɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɪɚɫɬɜɨɪɚ ɩɪɨɩɚɧ-ɝɟɥɢɣ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɚɯ: 1 – T=120 K, 2 – 150, 3 – 180, 4 – 210, 5 – 240, 6 – 270. Шɬɪɢɯɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ 
– ɤɚɩɢɥɥɹɪɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɱɢɫɬɨɝɨ ɩɪɨɩɚɧɚ 

 
Ʉɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ Д7Ж. ȼ 

ɫɜɹɡɢ ɫ ɨɬɫɭɬɫɬɜɢɟɦ ɜ ɥɢɬɟɪɚɬɭɪɟ ɞɚɧɧɵɯ ɩɨ ɨɪɬɨɛɚɪɢɱɟɫɤɢɦ ɩɥɨɬɧɨɫɬɹɦ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ 
ɮɚɡ ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ, ɡɧɚɱɟɧɢɹ l  ɢ v  ɧɚɯɨɞɢɥɢɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ Д8Ж: ɦɨɥɹɪɧɵɣ 
ɨɛɴёɦ ɠɢɞɤɨɣ ɮɚɡɵ ɩɪɟɞɩɨɥɚɝɚɥɫɹ ɪɚɜɧɵɦ ɟɝɨ ɡɧɚɱɟɧɢɸ ɞɥɹ ɱɢɫɬɨɝɨ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɢ 
ɞɚɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɩɨ ɦɨɥɟɤɭɥɹɪɧɨɦɭ ɜɟɫɭ ɪɚɫɬɜɨɪɚ 1 1 2 2x x   ɜɵɱɢɫɥɹɥɚɫɶ ɩɥɨɬɧɨɫɬɶ 
ɠɢɞɤɨɫɬɢ. Ɂɞɟɫɶ 1  ɢ 2  - ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ ɩɪɨɩɚɧɚ ɢ ɝɟɥɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 1x  ɢ 2x  - 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɩɚɧɚ ɢ ɝɟɥɢɹ ɜ ɠɢɞɤɨɫɬɢ. ɉɥɨɬɧɨɫɬɶ ɝɚɡɨɜɨɣ ɮɚɡɵ ɜɵɱɢɫɥɹɥɚɫɶ ɩɨ 
ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɬɨɪɵɯ ɜɢɪɢɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  

Эɤɫɩɟɪɢɦɟɧɬɵ ɫ ɪɚɫɬɜɨɪɚɦɢ ɦɟɬɚɧ–ɚɡɨɬ–ɝɟɥɢɣ ɩɪɨɜɟɞɟɧɵ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 105 – 
130 Kɢ ɞɚɜɥɟɧɢɹɯ ɞɨ 4 Ɇɉɚ ɩɪɢ ɧɟɫɤɨɥɶɤɢɯ ɜɚɪɢɚɧɬɚɯ ɫɨɫɬɚɜɚ «ɛɚɡɨɜɨɝɨ» ɪɚɫɬɜɨɪɚ ɦɟɬɚɧ–
ɚɡɨɬ. ɋɦɟɫɶ ɤɨɦɩɨɧɟɧɬɨɜ «ɛɚɡɨɜɨɝɨ» ɪɚɫɬɜɨɪɚ ɝɨɬɨɜɢɥɚɫɶ ɜ ɦɟɪɧɨɦ ɛɚɥɥɨɧɟ ɢ 
ɤɨɧɞɟɧɫɢɪɨɜɚɥɚɫɶ ɜ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɹɱɟɣɤɭ. Ɍɪɟɯɤɨɦɩɨɧɟɧɬɧɵɣ ɪɚɫɬɜɨɪ ɩɨɥɭɱɚɥɫɹ 
ɞɨɛɚɜɥɟɧɢɟɦ ɜ ɷɬɭ ɹɱɟɣɤɭ ɝɟɥɢɹ.Ʉɨɧɰɟɧɬɪɚɰɢɹ ɚɡɨɬɚ ɜ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡɟ «ɛɚɡɨɜɨɝɨ» 
ɪɚɫɬɜɨɪɚ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɭɪɚɜɧɟɧɢɸ ɫɨɫɬɨɹɧɢɹ Ʌɟɦɦɨɧɚ-əɤɨɛɫɟɧɚ Д9Ж. 
Ⱦɨɥɹ ɪɚɫɬɜɨɪёɧɧɨɝɨ ɝɟɥɢɹ ɧɚɯɨɞɢɥɚɫɶ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ Д10Ж.  

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɡɨɬɚ ɜ ɪɚɫɬɜɨɪɟ ɧɚɛɥɸɞɚɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ 
ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɚɧɚɥɨɝɢɱɧɨ ɪɚɫɬɜɨɪɭ ɦɟɬɚɧ – ɚɡɨɬ Д11Ж. Ⱦɨɛɚɜɥɟɧɢɟ 1 % ɝɟɥɢɹ ɤ 
«ɛɚɡɨɜɨɦɭ» ɪɚɫɬɜɨɪɭ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɚɩɢɥɥɹɪɧɨɣ ɩɨɫɬɨɹɧɧɨɣ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ɧɚ 1 – 3 %. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɩɪɨɟɤɬɵ № 13-08-96039-ɪИɍɪɚɥИɚ, 
№ 14-08-31391-ɦɨɥИɚ) ɢ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɋɜɟɪɞɥɨɜɫɤɨɣ ɨɛɥɚɫɬɢ. 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɚɤɬɢɜɧɨ ɜɟɞɭɬɫɹ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɪɚɛɨɬɵ ɩɨ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɛɵɫɬɪɵɦ ɪɟɚɤɬɨɪɚɦ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɩɪɨɟɤɬ ɪɟɚɤɬɨɪɚ ȻɊȿɋɌ ɫ 
ɠɢɞɤɢɦ ɫɜɢɧɰɨɦ ɜ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. ɉɨɦɢɦɨ ɠɢɞɤɨɝɨ ɫɜɢɧɰɚ ɜ ɤɚɱɟɫɬɜɟ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɞɥɹ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɬɚɤɠɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɠɢɞɤɢɣ 
ɫɩɥɚɜ ɫɜɢɧɟɰ-ɜɢɫɦɭɬ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɤɚɤ ɧɚɩɪɢɦɟɪ, ɜ ɩɪɨɟɤɬɟ ɪɟɚɤɬɨɪɨɜ ɋȼȻɊ-
75/100 ɢ ɋȼȻɊ-10. ɇɚɞɟɠɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɪɚɧɫɩɨɪɬɧɵɦ ɫɜɨɣɫɬɜɚɦ ɷɬɢɯ 
ɪɚɫɩɥɚɜɨɜ  ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɧɚɭɱɧɵɯ ɢ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ ɩɨɥɟɣ 
ɬɟɦɩɟɪɚɬɭɪ ɢ ɧɚɩɪɹɠɟɧɢɣ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɢ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɩɨɫɥɟɞɫɬɜɢɣ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ. 

Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɞɨɥɠɧɵ 
ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɪɹɞɭ ɬɪɟɛɨɜɚɧɢɣ, ɬɚɤɢɯ ɤɚɤ ɜɵɫɨɤɚɹ ɠɚɪɨɩɪɨɱɧɨɫɬɶ, ɪɚɞɢɚɰɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ 
ɢ ɛɵɫɬɪɵɣ ɫɩɚɞ ɧɚɜɟɞɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ. ɉɟɪɫɩɟɤɬɢɜɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɦɢ 
ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɹɜɥɹɸɬɫɹ ɜɵɫɨɤɨɯɪɨɦɢɫɬɵɟ ɮɟɪɪɢɬɧɨ-ɦɚɪɬɟɧɫɢɬɧɵɟ ɫɬɚɥɢ ɦɚɪɤɢ ЭɄ-181 
(16ɏ12ȼ2ɎɌɚɊ) ɢ ɑɋ-139 (20ɏ12ɇɆȼȻɎȺɊ). Ɋɟɡɭɥɶɬɚɬɵ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɚ ɬɚɤɠɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɪɚɛɨɬɨɤ ɩɨɤɚɡɵɜɚɸɬ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɠɚɪɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɬɢɩɚ ЭɄ-181 ɢ ɑɋ-139 ɜ ɤɚɱɟɫɬɜɟ ɨɛɨɥɨɱɟɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɌȼЭɅɨɜ ɪɟɚɤɬɨɪɨɜ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ Д1Ж. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɠɢɞɤɢɯ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɬɨɱɤɢ ɩɥɚɜɥɟɧɢɹ ɞɨ 
700 … 1000ɋ ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɬɚɥɟɣ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 20 – 1000ɋ, ɜɤɥɸɱɚɹ 
ɨɛɥɚɫɬɢ ɬɨɱɤɢ Ʉɸɪɢ ɢ ɫɬɪɭɤɬɭɪɧɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ «ɦɚɪɬɟɧɫɢɬ-ɚɭɫɬɟɧɢɬ». 

ɂɡɦɟɪɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (a) ɩɪɨɜɨɞɢɥɨɫɶ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ 
ɜɫɩɵɲɤɢ Д2Ж ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ LFA-427 ɮɢɪɦɵ NОЭгsМС 
(Ƚɟɪɦɚɧɢɹ). Ɉɛɪɚɡɰɵ ɫɬɚɥɟɣ ЭɄ-181 ɢ ɑɋ-139 ɢɦɟɥɢ ɮɨɪɦɭ ɞɢɫɤɚ ɫ ɬɨɥɳɢɧɚɦɢ ɩɨ 2,7 ɦɦ ɢ 
ɞɢɚɦɟɬɪɚɦɢ 12,6 ɢ 6 ɦɦ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɫ ɩɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɵɦɢ ɲɥɢɮɨɜɚɧɧɵɦɢ ɬɨɪɰɚɦɢ ɢ 
ɭɫɬɚɧɚɜɥɢɜɚɥɢɫɶ ɜ ɞɟɪɠɚɬɟɥɶ ɧɚ ɢɝɨɥɶɱɚɬɵɟ ɩɨɞɫɬɚɜɤɢ ɜɧɭɬɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɷɥɟɤɬɪɨɩɟɱɢ ɫ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɨɣ (ɚɪɝɨɧ 99,992 ɨɛ. %). ɇɢɠɧɹɹ ɩɨɜɟɪɯɧɨɫɬɶ ɞɢɫɤɚ 
ɨɛɥɭɱɚɥɚɫɶ ɤɨɪɨɬɤɢɦ ɥɚɡɟɪɧɵɦ ɢɦɩɭɥɶɫɨɦ (1,064 ɦɤɦ) ɨɬ NН: ВAG ɥɚɡɟɪɚ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 
0,8 ɦɫ ɢ ɷɧɟɪɝɢɟɣ ɞɨ 10 Ⱦɠ. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɝɢɫɬɪɢɪɨɜɚɥɨɫɶ 
ɂɄ-ɞɟɬɟɤɬɨɪɨɦ, ɤɨɬɨɪɵɣ ɨɯɥɚɠɞɚɥɫɹ ɠɢɞɤɢɦ ɚɡɨɬɨɦ. Ʉɨɷɮɮɢɰɢɟɧɬ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ a ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɩɨ ɬɟɪɦɨɝɪɚɦɦɟ ɪɚɡɨɝɪɟɜɚ ɫ ɭɱɟɬɨɦ ɬɟɩɥɨɜɵɯ 
ɩɨɬɟɪɶ ɩɨ ɦɨɞɟɥɢ Д3Ж. ȼɜɨɞɢɥɚɫɶ ɩɨɩɪɚɜɤɚ ɧɚ ɤɨɧɟɱɧɭɸ ɞɥɢɬɟɥɶɧɨɫɬɶ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɢ 
ɟɝɨ ɪɟɚɥɶɧɭɸ ɮɨɪɦɭ. Ɉɛɳɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (2% ɩɪɢ 20ɋ ɢ 4% ɩɪɢ 1000ɋ) ɛɵɥɚ ɨɰɟɧɟɧɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɢɡɦɟɪɟɧɢɣ a ɦɨɥɢɛɞɟɧɚ ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ ɢɧɤɨɧɟɥɹ ɢ ɩɢɪɨɤɟɪɚɦɚ. 

Эɤɫɩɟɪɢɦɟɧɬɵ ɫ ɪɚɫɩɥɚɜɚɦɢ ɫɜɢɧɰɚ ɢ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɩɥɚɜɚ ɜɢɫɦɭɬ-ɫɜɢɧɟɰ ɧɚ LFA-427 
ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɹɱɟɟɤ ɢɡ ɬɚɧɬɚɥɚ ɢ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ ɦɚɪɤɢ 
12ɏ18ɇ10Ɍ. Ɉɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨ ɬɪɟɯɫɥɨɣɧɨɣ ɦɨɞɟɥɢ: 
«ɬɢɝɟɥɶ – ɪɚɫɩɥɚɜ – ɤɪɵɲɤɚ» ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɧɚɦɢ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ. ɉɪɢ 
ɨɛɪɚɛɨɬɤɟ ɩɥɨɬɧɨɫɬɶ (ρ), ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ (CP) ɢɫɫɥɟɞɭɟɦɨɝɨ ɪɚɫɩɥɚɜɚ ɢ ɦɚɬɟɪɢɚɥɚ 
ɹɱɟɣɤɢ ɫɱɢɬɚɥɢɫɶ ɡɚɞɚɧɧɵɦɢ, ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɹɱɟɣɤɢ ɛɪɚɥɚɫɶ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɧɚɲɢɯ ɢɡɦɟɪɟɧɢɣ ɧɚ ɨɛɪɚɡɰɚɯ ɢɡ ɬɨɝɨ ɠɟ ɦɚɬɟɪɢɚɥɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɛɵɥɢ ɢɡɝɨɬɨɜɥɟɧɵ ɫɚɦɢ 
ɹɱɟɣɤɢ.  



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɬɚɥɟɣ ЭɄ-181 ɢ ɑɋ-139 ɛɵɥɚ ɢɡɦɟɪɟɧɚ ɦɟɬɨɞɨɦ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬɪɢɢ ɧɚ ɭɫɬɚɧɨɜɤɟ DSC-404 F1 ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 40 – 1000ɋ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɚɝɪɟɜɚ 20ɋ /ɦɢɧ ɜ ɩɪɨɬɨɱɧɨɣ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ 
(20 ɦɥ/ɦɢɧ). Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɪɚɥɢɫɶ ɧɚɜɟɫɤɢ ɦɚɫɫɚɦɢ ɨɤɨɥɨ 100 ɦɝ. ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɩɥɚɬɢɧɨɜɵɟ ɬɢɝɥɢ ɫ ɤɨɪɭɧɞɨɜɵɦɢ ɜɤɥɚɞɵɲɚɦɢ ɢ ɞɟɪɠɚɬɟɥɶ ɢɡ ɩɥɚɬɢɧɟɥɹ. Ʉɚɥɢɛɪɨɜɤɚ 
ɤɚɥɨɪɢɦɟɬɪɚ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ ɨɛɪɚɡɰɭ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ 12ɏ18ɇ10Ɍ ɦɚɫɫɨɣ 174 ɦɝ. Ɂɚ 
ɨɞɢɧ ɧɚɝɪɟɜ (ɨɯɥɚɠɞɟɧɢɟ) ɪɟɝɢɫɬɪɢɪɨɜɚɥɨɫɶ ɨɤɨɥɨ 9,5 ɬɵɫɹɱ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ. 
Ʉɚɥɨɪɢɦɟɬɪ ɩɪɨɜɟɪɹɥɫɹ ɜ ɨɩɵɬɚɯ ɫ ɩɥɚɬɢɧɨɣ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ. ɂɡɦɟɪɟɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɨɬɥɢɱɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ ɜɨ ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɢɡɦɟɪɟɧɢɣ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 3%. 

ɉɥɨɬɧɨɫɬɶ ɫɬɚɥɟɣ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɨ ɢɡɦɟɪɟɧɢɹɦ ɦɚɫɫɵ ɧɚɜɟɫɤɢ 
ɢ ɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ (T) ɧɚɯɨɞɢɥɚɫɶ ɩɨ ɞɚɧɧɵɦ ɩɪɢ 
20ɋ ɢ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɞɥɢɧɟɧɢɹ Д4Ж. 

ɇɚ ɪɢɫ.1 ɩɪɢɜɟɞɟɧɵ ɬɢɩɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɬɚɥɢ 
ЭɄ-181. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɷɬɨɝɨ ɪɢɫɭɧɤɚ ɜ ɰɢɤɥɚɯ ɧɚɝɪɟɜɚ-ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɥɫɹ ɫɢɥɶɧɵɣ 
ɝɢɫɬɟɪɟɡɢɫ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫɨ ɜɡɚɢɦɧɵɦ ɩɪɟɜɪɚɳɟɧɢɟɦ ɫɬɪɭɤɬɭɪ ɦɚɪɬɟɧɫɢɬɚ (Ɇ) ɢ 
ɚɭɫɬɟɧɢɬɚ (Ⱥ) ɜ ɫɬɚɥɢ. Ⱥɧɚɥɨɝɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɥɹ ɫɬɚɥɢ ɑɋ-139. 

Ƚɥɭɛɨɤɢɣ ɦɢɧɢɦɭɦ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ a(T) ɫɜɹɡɚɧ ɫ ɩɪɨɬɟɤɚɧɢɟɦ ɜ 
ɦɚɪɬɟɧɫɢɬɟ ɦɚɝɧɢɬɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ (ɫɦ. ɪɢɫ. 1). ɉɨɥɨɠɟɧɢɟ ɦɢɧɢɦɭɦɚ 
(ɬɟɦɩɟɪɚɬɭɪɚ Ʉɸɪɢ) ɫɨɫɬɚɜɢɥɨ: Tɋ = 730±5ɋ, ɱɬɨ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ 
ɫɨɜɩɚɞɚɟɬ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Ʉɸɪɢ ɞɥɹ ɫɩɥɚɜɚ Fe-Cr ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɯɪɨɦɚ 12 ɦɚɫɫ. % Д5Ж. Ɍɨɱɤɚ 
Ʉɸɪɢ ɬɚɤɠɟ ɱɟɬɤɨ ɩɪɨɹɜɥɹɟɬɫɹ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ CP(T), 
ɝɞɟ ɬɟɦɩɟɪɚɬɭɪɚ ɦɚɤɫɢɦɭɦɚ ɩɟɪɜɨɝɨ ɩɢɤɚ ɪɚɜɧɚ Tɋ = 724±3ɋ. ȼɬɨɪɨɣ ɩɢɤ ɧɚ ɬɟɩɥɨɟɦɤɨɫɬɢ 
ɫɜɹɡɚɧ ɫ ɩɟɪɟɯɨɞɨɦ ɦɚɪɬɟɧɫɢɬɧɨɣ ɮɚɡɵ ɜ ɚɭɫɬɟɧɢɬ, ɩɨɷɬɨɦɭ ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ 
ɩɨɞɴɟɦɚ CP(T) ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɪɢɧɢɦɚɟɬ ɷɮɮɟɤɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɬɪɚɠɚɟɬ 
ɫɨɛɫɬɜɟɧɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɮɚɡɵ ɢ ɬɟɩɥɨɬɭ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɨɧɚ 
ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ, ɬɟɪɦɢɱɟɫɤɨɣ ɢɫɬɨɪɢɢ ɢ ɞɪɭɝɢɯ ɬɪɭɞɧɨɭɱɢɬɵɜɚɟɦɵɯ 
ɮɚɤɬɨɪɨɜ. Ɋɟɡɤɨɟ ɜɨɡɪɚɫɬɚɧɢɟ CP(T) ɧɢɠɟ TAM ɨɛɭɫɥɨɜɥɟɧɨ ɨɛɪɚɬɧɵɦ ɮɚɡɨɜɵɦ ɩɟɪɟɯɨɞɨɦ 
ɚɭɫɬɟɧɢɬɚ ɜ ɦɚɪɬɟɧɫɢɬ.  

ȼɵɲɟ ɬɨɱɤɢ Ʉɸɪɢ ɫɬɚɥɢ, ɩɪɢ TMA = 797±5ɋ, ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ ɧɟɛɨɥɶɲɨɣ ɫɤɚɱɨɤ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɦɚɪɬɟɧɫɢɬ ɧɚɱɢɧɚɟɬ ɩɟɪɟɯɨɞɢɬɶ ɜ ɚɭɫɬɟɧɢɬ, 
ɬ.ɟ. ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɜɧɟɞɪɟɧɢɹ ɭɝɥɟɪɨɞɚ ɜ γ-ɠɟɥɟɡɟ. Ɉɛɪɚɡɨɜɚɧɢɟ ɡɟɪɟɧ ɚɭɫɬɟɧɢɬɚ 
ɩɪɨɞɨɥɠɚɟɬɫɹ ɜɩɥɨɬɶ ɞɨ 900ɋ, ɩɨɫɥɟ ɱɟɝɨ ɤɪɢɜɵɟ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ a ɫɨɜɩɚɞɚɸɬ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɡɚɜɟɪɲɟɧɢɢ ɮɚɡɨɜɨɝɨ ɩɪɟɜɪɚɳɟɧɢɹ.  

ɉɚɪɚɦɚɝɧɢɬɧɚɹ ɚɭɫɬɟɧɢɬɧɚɹ ɮɚɡɚ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɨɯɥɚɠɞɚɟɬɫɹ ɞɨ TAM = 
347±5ɋ, ɝɞɟ ɧɚɱɢɧɚɟɬ ɩɟɪɟɯɨɞɢɬɶ ɜ ɮɟɪɪɨɦɚɝɧɢɬɧɵɣ ɦɚɪɬɟɧɫɢɬ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ 
ɩɨɹɜɥɟɧɢɹ ɜɬɨɪɨɝɨ ɢɡɥɨɦɚ ɧɚ ɤɪɢɜɨɣ a(T) (ɫɦ. ɪɢɫ. 1).  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ () ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɪɚɫɫɱɢɬɵɜɚɥɫɹ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɩɥɨɬɧɨɫɬɢ ɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɡɜɟɫɬɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ (ɞɥɹ ɪɚɫɩɥɚɜɨɜ ɛɪɚɥɢɫɶ ɥɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɩɨ ρ 
ɢ CP): 

Pa C  . 

ɇɚ ɪɢɫ.2 ɩɪɟɞɫɬɚɜɥɟɧɨ ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɲɢɯ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɠɢɞɤɨɝɨ ɫɜɢɧɰɚ ɫ ɢɡɜɟɫɬɧɵɦɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. ȼɢɞɧɨ, ɱɬɨ ɜɛɥɢɡɢ ɨɬ ɬɨɱɤɢ 
ɩɥɚɜɥɟɧɢɹ ɞɚɧɧɵɟ ɛɨɥɶɲɢɧɫɬɜɚ ɪɚɛɨɬ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɨɞɧɚɤɨ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɯɨɠɞɟɧɢɹ ɫɭɳɟɫɬɜɟɧɧɨ ɜɨɡɪɚɫɬɚɸɬ, ɞɨɫɬɢɝɚɹ 50%, ɩɪɢɱɟɦ 
ɢɡɦɟɪɟɧɢɣ ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ ɪɚɫɯɨɞɹɬɫɹ ɤɚɤ ɤɨɥɢɱɟɫɬɜɟɧɧɨ, ɬɚɤ ɢ ɤɚɱɟɫɬɜɟɧɧɨ – ɪɚɡɧɵɟ ɡɧɚɤɢ 
ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɢɱɢɧɵ ɬɚɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɨɛɴɹɫɧɹɸɬɫɹ ɫɥɨɠɧɨɫɬɶɸ 
ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢ ɦɟɬɨɞɢɱɟɫɤɢɦɢ ɩɨɝɪɟɲɧɨɫɬɹɦɢ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ, ɩɪɢ ɜɵɫɨɤɢɯ 
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ɬɟɦɩɟɪɚɬɭɪɚɯ. ɇɚɲɢ ɞɚɧɧɵɟ ɨɯɜɚɬɵɜɚɸɬ ɲɢɪɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɨɬ ɬɨɱɤɢ 
ɩɥɚɜɥɟɧɢɹ ɫɜɢɧɰɚ ɞɨ 1000°C ɫ ɨɛɳɟɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ 5 – 7%. 

 
Ɋɢɫ.1. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ (1, 2) ɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ (3, 4) ɫɬɚɥɢ ЭɄ-181. 1, 3 – ɧɚɝɪɟɜɵ 
ɨɛɪɚɡɰɨɜ, 2, 4 – ɨɯɥɚɠɞɟɧɢɹ. 

 

 
 

Ɋɢɫ.2. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɠɢɞɤɨɝɨ ɫɜɢɧɰɚ 
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Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɱɚɫɬɢɱɧɨɣ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɟɠɞɢɫɰɢɩɥɢɧɚɪɧɨɝɨ 
ɢɧɬɟɝɪɚɰɢɨɧɧɨɝɨ ɩɪɨɟɤɬɚ ɋɈ ɊȺɇ № 25. 
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ɉɟɪɜɚɩɨɪɚɰɢɹ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɪɚɡɞɟɥɟɧɢɹ ɠɢɞɤɢɯ ɫɦɟɫɟɣ. ȼ 
ɯɨɞɟ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɤɨɦɩɨɧɟɧɬɵ ɠɢɞɤɨɝɨ ɩɨɬɨɤɚ ɩɪɨɧɢɤɚɸɬ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɢ 
ɢɫɩɚɪɹɸɬɫɹ ɜ ɩɚɪɨɜɭɸ ɮɚɡɭ, ɫɨ ɫɬɨɪɨɧɵ ɤɨɬɨɪɨɣ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜɚɤɭɭɦ ɢɥɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɞɭɜɤɚ ɢɧɟɪɬɧɵɦ ɝɚɡɨɦ. 

ɍɫɩɟɯ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɦɛɪɚɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɫɜɹɡɚɧ ɫ ɩɨɞɛɨɪɨɦ ɢ 
ɫɢɧɬɟɡɨɦ ɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɬɪɨɟɧɢɹ ɢ ɦɚɤɪɨɫɬɪɭɤɬɭɪɵ ɦɟɦɛɪɚɧ, ɨɛɥɚɞɚɸɳɢɯ ɧɟɨɛɯɨɞɢɦɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɪɚɡɞɟɥɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɦɛɪɚɧ 
ɪɚɡɪɚɛɨɬɚɧɨ ɦɧɨɠɟɫɬɜɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ. Ɉɞɧɚɤɨ ɜɫɟ ɨɧɢ ɧɟ ɩɨɡɜɨɥɹɸɬ 
ɩɪɟɞɫɤɚɡɵɜɚɬɶ ɪɚɡɞɟɥɢɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɦɟɦɛɪɚɧɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɤɪɟɬɧɨɣ ɫɦɟɫɢ, 
ɛɟɡ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɪɟɞɫɤɚɡɚɬɟɥɶɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ, ɢɫɯɨɞɹ ɢɡ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɦɟɦɛɪɚɧɵ ɢ ɪɚɡɞɟɥɹɟɦɵɯ ɜɟɳɟɫɬɜ, ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɬɚɤɢɟ ɤɚɤ ɫɟɥɟɤɬɢɜɧɨɫɬɶ, ɜɟɥɢɱɢɧɵ ɩɨɬɨɤɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɞɪ., 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɨɜ ɦɟɦɛɪɚɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ. 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɦɟɬɨɞ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɴɟɦɨɜ (dual control volume 
grand canonical molecular dynamic). ɋɭɬɶ ɚɥɝɨɪɢɬɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɚɡɛɢɟɧɢɢ ɦɨɞɟɥɢɪɭɟɦɨɣ 
ɹɱɟɣɤɢ ɧɚ ɡɨɧɵ: ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ, ɦɟɦɛɪɚɧɵ ɢ ɡɨɧɵ ɩɟɪɦɟɚɬɚ. ȼ ɡɨɧɟ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɢ 
ɩɟɪɦɟɚɬɚ ɜɵɞɟɥɹɸɬɫɹ ɤɨɧɬɪɨɥɶɧɵɟ ɨɛɴɟɦɵ ɜ ɤɨɬɨɪɵɯ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɫɬɜɨ 
ɯɢɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɧɚɲɟɥ ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɢɮɮɭɡɢɢ 
ɜ ɧɟɩɨɪɢɫɬɵɯ ɦɟɦɛɪɚɧɚɯ, ɬɚɤ ɢ ɜ ɩɨɪɚɯ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ. 

Ɇɟɬɨɞ ɞɜɨɣɧɨɝɨ ɨɛɴɟɦɚ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɝɚɡɨɪɚɡɞɟɥɟɧɢɹ, ɢ ɥɢɲɶ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɠɢɞɤɨɣ 
ɮɚɡɵ. ɉɪɢɱɢɧɨɣ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɫɬɶ ɞɨɫɬɢɠɟɧɢɹ ɜɵɫɨɤɢɯ ɩɥɨɬɧɨɫɬɟɣ ɜ ɤɨɧɬɪɨɥɶɧɵɯ 
ɨɛɴɟɦɚɯ. ɉɨɷɬɨɦɭ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɟɪɜɚɩɨɪɚɰɢɢ ɛɵɥ ɦɨɞɢɮɢɰɢɪɨɜɚɧ 
ɦɟɬɨɞ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɴɟɦɨɜ. 
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ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɜ ɤɨɧɬɪɨɥɶɧɨɦ ɨɛɴɟɦɟ 
ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɫɬɜɨ ɩɥɨɬɧɨɫɬɢ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɢɞɤɨɣ ɫɦɟɫɢ, ɚ ɜ ɞɪɭɝɨɦ 
ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɫɬɜɨ ɩɥɨɬɧɨɫɬɢ (ɞɚɜɥɟɧɢɹ) ɩɚɪɨɜɨɣ ɮɚɡɵ. ȼ ɩɪɨɰɟɫɫɟ ɦɨɥɟɤɭɥɹɪɧɨ-
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɥɟɤɭɥɵ ɩɟɪɟɯɨɞɹɬ ɱɟɪɟɡ ɧɟɩɨɞɜɢɠɧɭɸ ɦɟɦɛɪɚɧɭ ɢɡ ɨɞɧɨɝɨ 
ɤɨɧɬɪɨɥɶɧɨɝɨ ɨɛɴɟɦɚ ɜ ɞɪɭɝɨɣ. Ɇɨɥɟɤɭɥɵ, ɩɨɩɚɜɲɢɟ ɜ ɤɨɧɬɪɨɥɶɧɵɣ ɨɛɴɟɦ ɨɛɥɚɫɬɢ 
ɩɟɪɦɟɚɬɚ, ɭɞɚɥɹɸɬɫɹ ɢɡ ɹɱɟɣɤɢ, ɬɟɦ ɫɚɦɵɦ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɣ ɜɚɤɭɭɦ. Ⱦɥɹ 
ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɩɥɨɬɧɨɫɬɢ ɜ ɤɨɧɬɪɨɥɶɧɨɦ ɨɛɴɟɦɟ ɢɫɯɨɞɧɨɣ ɠɢɞɤɨɣ 
ɫɦɟɫɢ ɱɟɪɟɡ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɩɪɨɜɨɞɢɬɫɹ ɩɪɨɰɟɞɭɪɚ ɞɨɛɚɜɥɟɧɢɹ ɦɨɥɟɤɭɥ. 
Ʉɨɨɪɞɢɧɚɬɵ ɞɨɛɚɜɥɹɟɦɵɯ ɦɨɥɟɤɭɥ ɜɵɛɢɪɚɸɬɫɹ ɫɥɭɱɚɣɧɨ, ɩɪɢ ɷɬɨɦ ɜɨɡɦɨɠɧɵ ɫɢɬɭɚɰɢɢ 
ɩɟɪɟɤɪɵɜɚɧɢɹ ɦɨɥɟɤɭɥ ɢ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɫɢɥɵ ɨɬɬɚɥɤɢɜɚɧɢɹ ɨɝɪɨɦɧɨɣ ɜɟɥɢɱɢɧɵ, ɤɨɬɨɪɵɟ 
ɩɪɢɜɨɞɹɬ ɤ ɧɟɤɨɪɪɟɤɬɧɵɦ ɞɚɥɶɧɟɣɲɢɦ ɲɚɝɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɞɚɧɧɨɝɨ 
ɧɟɞɨɫɬɚɬɤɚ ɞɨɛɚɜɥɟɧɢɟ ɦɨɥɟɤɭɥɵ ɩɪɨɜɨɞɢɥɨɫɶ ɬɨɥɶɤɨ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ: maxUU  , 

ɝɞɟ ΔU – ɪɚɡɧɢɰɚ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɞɨ ɢ ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɦɨɥɟɤɭɥɵ, Umax – ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɟ ɡɚɞɚɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɦɨɥɟɤɭɥ ɩɪɨɜɨɞɢɥɫɹ ɪɚɫɱɟɬ ɬɪɚɟɤɬɨɪɢɣ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɢɧɬɟɝɪɚɬɨɪɚ ɫ ɨɝɪɚɧɢɱɟɧɧɵɦ ɦɚɤɫɢɦɚɥɶɧɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɥɨɫɶ 
100 ɬɵɫ. ɢɬɟɪɚɰɢɣ ɞɨɛɚɜɥɟɧɢɹ ɦɨɥɟɤɭɥ. ȿɫɥɢ ɜɵɛɪɚɧɧɨɟ ɡɧɚɱɟɧɢɟ Umax ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɞɨɛɢɬɶɫɹ ɬɪɟɛɭɟɦɨɣ ɩɥɨɬɧɨɫɬɢ, ɟɝɨ ɡɧɚɱɟɧɢɟ ɭɜɟɥɢɱɢɜɚɥɨɫɶ, ɢ ɰɢɤɥ ɢɬɟɪɚɰɢɣ ɩɪɨɜɨɞɢɥɫɹ 
ɡɚɧɨɜɨ. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɩɟɪɜɚɩɨɪɚɰɢɢ ɫɦɟɫɢ 
ɷɬɚɧɨɥ-ɜɨɞɚ ɧɚ ɦɟɦɛɪɚɧɟ ɢɡ ɝɢɛɪɢɞɧɨɝɨ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ. Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɬɚɧɨɥɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɱɟɬɵɪɟɯɰɟɧɬɪɨɜɚɹ ɦɨɞɟɥɶ ɢɡ ɪɚɛɨɬɵ Д1Ж. Ⱦɥɹ 
ɨɩɢɫɚɧɢɹ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɨɞɵ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɨɞɟɥɶ TIP4P2005. 
Ⱦɚɧɧɵɟ ɦɨɞɟɥɢ ɩɨɤɚɡɵɜɚɸɬ ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɨɩɢɫɚɧɢɹ ɫɜɨɣɫɬɜ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ ɢ ɫɦɟɫɢ. 

ɉɪɨɰɟɫɫ ɩɟɪɜɚɩɨɪɚɰɢɢ ɫɦɟɫɢ ɷɬɚɧɨɥ-ɜɨɞɚ ɩɪɨɜɨɞɢɥɫɹ ɞɥɹ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ ɢɡ 
ɝɢɛɪɢɞɧɨɝɨ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ, ɩɪɟɤɭɫɨɪɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ 1,2-ɛɢɫ(ɬɪɢɷɬɨɤɫɢɫɢɥɢɥ)ɷɬɚɧ. 
Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɞɯɨɞ, ɨɩɢɫɚɧɧɵɣ ɜ ɪɚɛɨɬɟ Д2Ж. Ɇɟɬɨɞ ɦɨɠɧɨ 
ɪɚɡɛɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɫɬɚɞɢɢ:  

1) ɩɨɥɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɚɦɨɪɮɧɨɝɨ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ;  
2) ɡɚɦɟɧɚ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ ɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɵ ɦɨɫɬɚ ɩɪɟɤɭɪɫɨɪɚ; 
3) ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɟ; 
4) ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɨɛɴɟɦɟ ɢ ɬɟɦɩɟɪɚɬɭɪɟ. 
Ƚɢɛɪɢɞɧɵɣ ɨɤɫɢɞ ɤɪɟɦɧɢɹ ɢɦɟɟɬ ɧɟɨɞɧɨɪɨɞɧɭɸ ɫɬɪɭɤɬɭɪɭ ɫ ɪɚɡɥɢɱɧɵɦ ɪɚɡɦɟɪɨɦ ɩɨɪ, ɫ 

ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɧɟɫɤɨɥɶɤɨ ɨɛɪɚɡɰɨɜ ɫ ɪɚɡɥɢɱɧɵɦ ɞɢɚɦɟɬɪɨɦ ɩɨɪ.  
 

Ɍɚɛɥɢɰɚ ɋɜɨɣɫɬɜɚ ɨɛɪɚɡɰɨɜ ɦɟɦɛɪɚɧɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ  
ɇɨɦɟɪ 
ɨɛɪɚɡɰɚ 

ɉɥɨɬɧɨɫɬɶ, 
ɝ/ɫɦ3 

Ⱦɢɚɦɟɬɪ 
ɩɨɪ, й 

Ɍɨɥɳɢɧɚ 
ɦɟɦɛɪɚɧɵ, 
ɧɦ 

Ɇɨɥɶɧɚɹ 
ɞɨɥɹ ɜɨɞɵ ɜ 
ɩɟɪɦɟɚɬɟ бȼ 

ɉɨɬɨɤ 
ɷɬɚɧɨɥɚ УЭ, 
ɦɨɥɶ/(ɦ2ɫ) 

ɉɨɬɨɤ ɜɨɞɵ 
jȼ, 
ɦɨɥɶ/(ɦ2ɫ) 

ɋɟɥɟɤɬɢɜ-
ɧɨɫɬɶ αȼ 

1 1,7148 3,1 2,394 - 0 0 - 
2 1,5227 4,5 2,488 0,224 29,07 8,39 5,5 
3 1,4394 5,3 2,588 0,249 374,65 124,25 6,3 
 
ɋɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ. 

Ɉɛɪɚɡɟɰ 1 ɧɟɩɪɨɧɢɰɚɟɦ ɞɥɹ ɦɨɥɟɤɭɥ ɜɨɞɵ ɢ ɷɬɚɧɨɥɚ. Ɉɛɪɚɡɰɵ 2 ɢ 3 ɢɦɟɸɬ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɩɨ 
ɜɨɞɟ ɢ ɩɨɡɜɨɥɹɸɬ ɩɪɨɢɡɜɨɞɢɬɶ ɪɚɡɞɟɥɟɧɢɟ ɫɦɟɫɢ ɷɬɚɧɨɥ-ɜɨɞɚ. ɂɡɦɟɧɟɧɢɟ ɪɚɡɦɟɪɚ ɩɨɪ ɫ 4,5 й 
ɞɨ 5,3 й ɭɜɟɥɢɱɢɜɚɟɬ ɩɨɬɨɤ ɤɨɦɩɨɧɟɧɬɨɜ ɛɨɥɟɟ ɱɟɦ ɜ 10 ɪɚɡ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɚɫɱɟɬɵ 
ɩɪɨɜɟɞɟɧɵ ɞɥɹ ɬɨɥɳɢɧɵ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ ≈ 2,5 ɧɦ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɹɸɬ 
ɩɨɥɭɱɚɬɶ ɫɟɥɟɤɬɢɜɧɵɣ ɫɥɨɣ ɬɨɥɳɢɧɨɣ 200-400 ɧɦ. ɉɪɢɧɢɦɚɹ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ 
ɩɨɫɬɨɹɧɧɵɦ ɢ ɢɫɩɨɥɶɡɭɹ ɡɚɤɨɧ Ɏɢɤɚ, ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɩɟɪɟɫɱɢɬɚɧɵ ɧɚ 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɬɨɥɳɢɧɭ 200 ɧɦ. ɋɭɦɦɚɪɧɵɟ ɩɨɬɨɤɢ ɫɨɫɬɚɜɢɥɢ 66,5 ɢ 907,2 ɤɝ/(ɦ2ɱ) ɞɥɹ ɨɛɪɚɡɰɚ 2 ɢ 3 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɫɥɟɞɭɟɦɵɟ ɩɪɨɧɢɰɚɟɦɵɟ 
ɨɛɪɚɡɰɵ ɨɛɥɚɞɚɸɬ ɹɜɧɨ ɜɵɪɚɠɟɧɧɨɣ ɫɟɥɟɤɬɢɜɧɨɫɬɶɸ ɩɨ ɜɨɞɟ, ɨɞɧɚɤɨ ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ 
ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɧɢɠɟ ɩɨɥɭɱɟɧɧɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ. Ɋɚɫɯɨɠɞɟɧɢɟ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ 
ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɬɨɥɳɢɧɨɣ ɫɟɥɟɤɬɢɜɧɨɝɨ ɫɥɨɹ ɦɟɦɛɪɚɧɵ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ. 
ɂɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɩɪɨɰɟɫɫɚ ɩɟɪɜɚɩɨɪɚɰɢɢ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ 
ɬɨɥɳɢɧɵ ɦɟɦɛɪɚɧɵ ɫɟɥɟɤɬɢɜɧɨɫɬɶ ɫɧɢɠɚɥɚɫɶ. 

ɉɨ ɢɦɟɸɳɢɦɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɫɭɦɦɚɪɧɚɹ ɜɟɥɢɱɢɧɚ ɩɨɬɨɤɚ ɩɪɢ ɪɚɡɞɟɥɟɧɢɢ 
ɫɦɟɫɢ ɷɬɚɧɨɥ-ɜɨɞɚ ɧɚ ɩɨɞɨɛɧɵɯ ɦɟɦɛɪɚɧɚɯ ɤɨɥɟɛɥɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 1,5-2 ɤɝ/(ɦ2ɱ). ɂɫɯɨɞɹ 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢ ɩɪɟɞɩɨɥɨɠɟɧɢɹ, ɱɬɨ ɜɫɹ ɩɨɜɟɪɯɧɨɫɬɶ ɦɟɦɛɪɚɧɵ ɭɱɚɫɬɜɭɟɬ ɜ 
ɩɟɪɟɧɨɫɟ ɦɚɫɫɵ, ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɩɨɪ ɜ ɬɚɤɢɯ ɦɟɦɛɪɚɧɚɯ ɞɨɥɠɟɧ ɛɵɬɶ 3,5 й. 
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ɂɡɭɱɟɧɢɟ ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɟɪɟɧɨɫɚ (ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɢ ɬɟɪɦɨɷɞɫ) ɩɪɨɞɨɥɠɚɟɬɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɛɨɥɟɟ ɱɟɦ ɫɬɚ ɥɟɬ Д1Ж. Ɉɛɥɚɫɬɶ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
(ɜɵɲɟ з 5 ɤɄ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɫɨɛɭɸ ɫɥɨɠɧɨɫɬɶ ɜ ɷɬɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. Ⱦɥɹ ɦɟɬɚɥɥɨɜ ɩɪɢ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɯ ɩɥɨɬɧɨɫɬɹɯ ɨɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɥɚɡɦɟɧɧɨɣ ɮɚɡɟ, ɚ ɩɪɢ ɩɥɨɬɧɨɫɬɹɯ 
ɩɨɪɹɞɤɚ ɬɜёɪɞɨɬɟɥɶɧɵɯ – ɬɚɤ ɧɚɡɵɜɚɟɦɨɦɭ ɬёɩɥɨɦɭ ɩɥɨɬɧɨɦɭ ɜɟɳɟɫɬɜɭ (warm dense matter ɜ 
ɚɧɝɥɨɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ). Эɤɫɩɟɪɢɦɟɧɬɵ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɩɨɹɜɢɥɢɫɶ ɜ 
ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɞɟɫɹɬɢɥɟɬɢɹ, ɧɚ ɨɫɧɨɜɟ ɷɥɟɤɬɪɨɜɡɪɵɜɚ ɩɪɨɜɨɞɧɢɤɨɜ (ɫɦ. Д2Ж ɢ ɫɫɵɥɤɢ ɜ ɷɬɨɣ 
ɪɚɛɨɬɟ). ȼ ɪɚɦɤɚɯ ɷɬɢɯ ɢɡɦɟɪɟɧɢɣ, ɨɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɟɬ ɰɟɥɵɣ ɪɹɞ ɩɪɨɛɥɟɦ Д3Ж. ȼ ɱɚɫɬɧɨɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪɚ ɧɟ ɢɡɦɟɪɹɟɬɫɹ ɧɚɩɪɹɦɭɸ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɷɬɢ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɞɥɹ ɩɪɨɜɟɪɤɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢ ɩɨɫɬɪɨɟɧɢɸ ɧɨɜɵɯ ɦɨɞɟɥɟɣ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɩɨɞɯɨɞɨɜ. Ɏɨɪɦɚɥɶɧɨ 
ɥɸɛɨɣ ɦɟɬɚɥɥ ɫɨɫɬɨɢɬ ɢɡ ɹɞɟɪ (ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ) ɢ ɷɥɟɤɬɪɨɧɨɜ. ɂ ɢɞɟɚɥɶɧɨ 
ɫɬɪɨɝɢɣ ɦɟɬɨɞ ɞɨɥɠɟɧ ɢɦɟɬɶ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɬɨɥɶɤɨ ɡɚɪɹɞ ɹɞɪɚ, ɨɛɴёɦ ɫɢɫɬɟɦɵ ɢ 
ɱɢɫɥɨ ɱɚɫɬɢɰ (ɫ ɨɱɟɜɢɞɧɨ ɩɨɞɪɚɡɭɦɟɜɚɟɦɨɣ ɷɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɨɫɬɶɸ). Ⱥ ɞɚɥɟɟ ɜɫɟ ɫɜɨɣɫɬɜɚ 
ɫɢɫɬɟɦɵ ɞɨɥɠɧɵ ɛɵ ɩɨɥɭɱɚɬɶɫɹ ɢɡ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɦɧɨɝɢɯ ɬɟɥ, ɩɪɢɱёɦ ɤɜɚɧɬɨɜɨ-
ɦɟɯɚɧɢɱɟɫɤɨɣ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɷɬɨɬ ɢɞɟɚɥ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɟɞɨɫɬɢɠɢɦ ɢɡ-ɡɚ ɷɬɨɣ ɫɚɦɨɣ 
ɡɚɞɚɱɢ ɦɧɨɝɢɯ ɬɟɥ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɫɭɳɟɫɬɜɭɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɩɟɪɜɨɩɪɢɧɰɢɩɧɵɟ ɦɟɬɨɞɵ (ab 
initio), ɤɨɬɨɪɵɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɦɟɬɚɥɥ, ɢɦɟɧɧɨ, ɤɚɤ ɫɨɜɨɤɭɩɧɨɫɬɶ ɷɥɟɤɬɪɨɧɨɜ ɢ ɢɨɧɨɜ. Ɂɚɞɚɱɚ 
ɦɧɨɝɢɯ ɬɟɥ ɜ ɧɢɯ ɪɟɲɚɟɬɫɹ ɜ ɧɟɤɨɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ʉ ɬɚɤɢɦ ɦɟɬɨɞɚɦ ɨɬɧɨɫɹɬɫɹ ɦɟɬɨɞɵ 
ɤɜɚɧɬɨɜɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ (QMD), ɤɜɚɧɬɨɜɨɝɨ Ɇɨɧɬɟ-Ʉɚɪɥɨ (QMC) ɢ ɞɪɭɝɢɟ Д2Ж. 
Эɬɨɬ ɩɨɞɯɨɞ, ɯɨɬɹ ɢ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɬɨɱɧɵɦ, ɬɟɦ ɧɟ ɦɟɧɟɟ, ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɧɟɞɨɫɬɚɬɤɨɜ 
(ɫɦ., ɧɚɩɪɢɦɟɪ ɞɢɫɤɭɫɫɢɸ ɜ Д4Ж).  
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Ⱦɪɭɝɢɟ ɩɨɞɯɨɞɵ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɟɥɢ ɫɪɟɞɧɟɝɨ ɚɬɨɦɚ. Ɍ. ɟ. ɜɟɳɟɫɬɜɨ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɫɨɫɬɨɹɳɢɦ ɢɡ ɷɥɟɤɬɪɨɧɟɣɬɪɚɥɶɧɵɯ ɹɱɟɟɤ (ɫɪɟɞɧɢɯ ɚɬɨɦɨɜ). ȼ ɰɟɧɬɪɟ ɹɱɟɣɤɢ 
ɧɚɯɨɞɢɬɫɹ ɨɩɹɬɶ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɹɞɪɨ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɡɚɪɹɞɨɦ, ɚ ɜɨɤɪɭɝ ɧɟɝɨ ɥɟɬɚɟɬ 
ɨɛɥɚɤɨ ɷɥɟɤɬɪɨɧɨɜ. Ɂɧɚɹ ɩɥɨɬɧɨɫɬɶ ɷɬɢɯ ɷɥɟɤɬɪɨɧɨɜ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɜɫɟ ɨɫɬɚɥɶɧɵɟ 
ɫɜɨɣɫɬɜɚ ɬɚɤɨɣ ɹɱɟɣɤɢ. ɉɥɨɬɧɨɫɬɶ ɠɟ ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɦɟɬɨɞɚ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ, ɦɟɬɨɞɚ 
ɏɚɪɬɪɢ-Ɏɨɤɚ ɢ ɞɪɭɝɢɯ Д5Ж. Эɬɨ, ɨɞɧɚɤɨ, ɞɚёɬ ɫɜɨɣɫɬɜɚ ɬɨɥɶɤɨ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ. ɑɬɨ 
ɛɵ ɜɵɱɢɫɥɢɬɶ ɫɜɨɣɫɬɜɚ ɜɫɟɝɨ ɜɟɳɟɫɬɜɚ ɧɭɠɧɨ ɟɳё ɡɚɞɚɬɶ ɤɚɤɢɦ-ɬɨ ɨɛɪɚɡɨɦ ɢ ɫɜɨɣɫɬɜɚ 
ɢɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɵ. Ɍɚɤ ɱɬɨ ɡɞɟɫɶ ɬɨɠɟ ɢɦɟɸɬɫɹ ɫɜɨɢ ɨɝɪɚɧɢɱɟɧɢɹ. 

Ɉɛɚ ɭɩɨɦɹɧɭɬɵɯ ɜɵɲɟ ɩɨɞɯɨɞɚ ɯɨɪɨɲɨ ɪɚɛɨɬɚɸɬ ɜ ɨɛɥɚɫɬɢ ɩɥɨɬɧɵɯ ɫɪɟɞ (ɠɢɞɤɨɫɬɶ ɢ 
ɤɪɢɫɬɚɥɥ), ɧɨ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɢ ɩɟɪɟɯɨɞɟ ɤ ɝɚɡɚɦ ɭ ɧɢɯ ɜɨɡɧɢɤɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɪɨɛɥɟɦɵ 
(ɫɦ. Д6Ж). ɉɨɷɬɨɦɭ ɜ ɨɛɥɚɫɬɢ ɩɥɚɡɦɵ ɩɪɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɩɥɨɬɧɨɫɬɹɯ ɬɪɚɞɢɰɢɨɧɧɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɪɭɝɨɣ ɩɨɞɯɨɞ. Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɥɚɡɦɚ ɦɟɬɚɥɥɚ ɫɨɫɬɨɢɬ ɢɡ ɫɦɟɫɢ ɚɬɨɦɨɜ, 
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɢɨɧɨɜ ɢ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. Ɉɱɟɜɢɞɧɨ, ɬɚɤɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɹɜɥɹɟɬɫɹ 
ɞɨɫɬɚɬɨɱɧɨ ɫɬɪɨɝɢɦ, ɟɫɥɢ ɦɵ ɬɨɱɧɨ ɡɧɚɟɦ, ɤɚɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɚɬɨɦ ɢɥɢ ɢɨɧ (ɧɟ ɝɨɥɨɟ 
ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɹɞɪɨ). Ⱥ ɷɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɬɨɥɶɤɨ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɢɯ ɩɥɨɬɧɨɫɬɹɯ. 
ȿɫɥɢ ɧɚɦ ɩɨ-ɩɪɟɠɧɟɦɭ ɡɚɞɚɧɵ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɩɥɨɬɧɨɫɬɶ ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ, ɬɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɧɚɦ ɧɭɠɧɨ ɡɧɚɬɶ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɬɚɤɨɣ ɫɦɟɫɢ, ɬ.ɟ. ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɬɨɦɨɜ, ɢɨɧɨɜ, 
ɷɥɟɤɬɪɨɧɨɜ ɢ ɬ. ɞ. Эɬɢ ɜɟɥɢɱɢɧɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɨɛɨɛɳёɧɧɨɣ 
ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ Д1,6,7Ж. Эɬɚ ɦɨɞɟɥɶ ɩɨɫɬɪɨɟɧɚ ɧɚ ɦɢɧɢɦɢɡɚɰɢɢ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɫɜɨɛɨɞɧɨɣ 
ɷɧɟɪɝɢɢ ɩɨ ɢɫɤɨɦɵɦ ɤɨɧɰɟɧɬɪɚɰɢɹɦ ɱɚɫɬɢɰ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɬɚɤɨɣ ɩɨɞɯɨɞ ɜ ɩɥɚɡɦɟ ɛɵɥ 
ɩɪɢɦɟɧёɧ ɋɚɯɚ ɞɥɹ ɢɞɟɚɥɶɧɨɝɨ ɩɨɥɧɨɫɬɶɸ ɢɨɧɢɡɨɜɚɧɧɨɝɨ ɚɬɨɦɚɪɧɨɝɨ ɜɨɞɨɪɨɞɚ. Ⱦɚɥɟɟ ɷɬɨɬ 
ɦɟɬɨɞ ɛɵɥ ɪɚɫɩɪɨɫɬɪɚɧёɧ ɢ ɧɚ ɞɪɭɝɢɟ ɜɟɳɟɫɬɜɚ, ɜɤɥɸɱɚɹ ɫɦɟɫɢ, ɢ ɨɛɨɛɳёɧ ɩɭɬёɦ ɭɱёɬɚ 
ɦɟɠɱɚɫɬɢɱɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Д1Ж. Ⱦɟɬɚɥɢ ɧɚɲɟɝɨ ɜɚɪɢɚɧɬɚ ɨɛɨɛɳёɧɧɨɣ ɯɢɦɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Д6, 7Ж. 

Ⱦɚɥɟɟ ɞɥɹ ɪɚɫɱёɬɚ ɷɥɟɤɬɪɨɧɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɪɟɠɟɧɧɨɣ ɫɦɟɫɢ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ ( -ɩɪɢɛɥɢɠɟɧɢɟ). ɏɨɬɹ 
ɢɡɧɚɱɚɥɶɧɨ ɨɧɨ ɛɵɥɨ ɨɛɨɫɧɨɜɚɧɨ ɜ ɪɚɦɤɚɯ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ Ȼɨɥɶɰɦɚɧɚ ɞɥɹ ɮɭɧɤɰɢɢ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɩɨ ɫɤɨɪɨɫɬɹɦ Д8Ж, ɨɛɥɚɫɬɶ ɟɝɨ ɩɪɢɦɟɧɢɦɨɫɬɢ ɨɤɚɡɚɥɚɫɶ 
ɡɧɚɱɢɬɟɥɶɧɨ ɲɢɪɟ, ɱɟɦ ɪɚɡɪɟɠɟɧɧɵɟ ɝɚɡɵ. ɇɚɩɪɢɦɟɪ, ɧɚɦɢ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɦɨɞɟɥɶ ɜ ɪɚɦɤɚɯ  - ɩɪɢɛɥɢɠɟɧɢɹ. Эɬɚ ɦɨɞɟɥɶ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɥɚɫɶ ɤ 
ɩɥɚɡɦɟ ɛɥɚɝɨɪɨɞɧɵɯ ɦɟɬɚɥɥɨɜ (Au, Ag, Cu) Д6Ж ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ (B, Si) Д7Ж. ȼɫɟ ɨɫɧɨɜɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ ɷɬɨɝɨ ɩɨɞɯɨɞɚ. Ɉɫɧɨɜɧɵɟ ɟё ɫɨɨɬɧɨɲɟɧɢɹ ɢ ɩɨɞɪɨɛɧɵɟ ɞɟɬɚɥɢ ɦɨɠɧɨ ɧɚɣɬɢ ɜ 
ɰɢɬɢɪɨɜɚɧɧɵɯ ɜɵɲɟ ɪɚɛɨɬɚɯ.  
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Ɋɢɫ.1 Эɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ 
ɬɢɬɚɧɚ ɧɚ ɢɡɨɯɨɪɟ ɫɟɪɟɛɪɚ 0.2 
ɝ/ɫɦ3. Эɤɫɩɟɪɢɦɟɧɬ ɢ ɪɚɫɱёɬ 
Qɖȼ – ɞɚɧɧɵɟ Д2Ж, ɫɩɥɨɲɧɚɹ 
ɥɢɧɢɹ – ɧɚɲ ɪɚɫɱёɬ 
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ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ, ɦɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɚɲɭ ɦɨɞɟɥɶ ɞɥɹ ɪɚɫɱёɬɚ ɷɥɟɤɬɪɨɧɧɵɯ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɩɥɚɡɦɟ ɬɢɬɚɧɚ ɢ ɰɢɧɤɚ. ɇɚ ɪɢɫɭɧɤɟ 1. ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ 
ɧɚɲɢɯ ɪɚɫɱёɬɨɜ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚ ɢɡɨɬɟɪɦɟ ɬɢɬɚɧɚ ɩɪɢ ɩɥɨɬɧɨɫɬɢ 0.2 ɝ/ɫɦ3. ɉɥɨɬɧɨɫɬɶ 
ɬɢɬɚɧɚ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 4.54 ɝ/ɫɦ3. Ɇɵ ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɞɚɧɧɵɟ 
ɢɡɦɟɪɟɧɢɣ ɢ ɪɚɫɱёɬɨɜ ɢɡ Д2Ж. Эɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɷɬɨɦ ɪɢɫɭɧɤɟ, 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚɲɚ ɦɨɞɟɥɶ ɧɚɯɨɞɢɬɫɹ ɜ ɯɨɪɨɲɟɦ ɫɨɝɥɚɫɢɢ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɢ ɨɩɢɫɵɜɚɟɬ 
ɟɝɨ ɞɚɠɟ ɥɭɱɲɟ, ɱɟɦ QMD ɩɨɞɯɨɞ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɜ Д2Ж. 
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ȼɹɡɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɨɦ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ ɢ 

ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɫ ɢɯ 
ɭɱɚɫɬɢɟɦ. ɉɨɫɤɨɥɶɤɭ ɩɪɨɦɵɲɥɟɧɧɵɟ ɫɩɥɚɜɵ ɹɜɥɹɸɬɫɹ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɦɢ, ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɢɯ ɜɹɡɤɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɫ ɜɚɪɶɢɪɨɜɚɧɢɟɦ ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɪɚɫɱɟɬɚ ɜɹɡɤɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɨɞɟɥɢ 
(ɧɚɩɪɢɦɟɪ, Д1Ж). Ɉɞɧɚɤɨ ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɟɣ ɢ ɩɪɨɜɟɪɤɚ ɢɯ ɚɞɟɤɜɚɬɧɨɫɬɢ ɧɟɜɨɡɦɨɠɧɵ ɛɟɡ 
ɩɨɥɭɱɟɧɢɹ ɧɚɞɟɠɧɵɯ ɞɚɧɧɵɯ ɩɨ ɜɹɡɤɨɫɬɢ ɦɨɞɟɥɶɧɵɯ ɫɩɥɚɜɨɜ. ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɚɫɩɥɚɜɚɦ 
ɚɦɨɪɮɨɨɛɪɚɡɭɸɳɟɣ ɫɢɫɬɟɦɵ Fe-Si-B ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɹɡɤɨɫɬɢ ɢɦɟɟɬ ɩɪɢɧɰɢɩɢɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɬɚɤ ɤɚɤ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɜɹɡɤɨɫɬɶ 
ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɪɚɫɩɥɚɜɨɜ Д2Ж, ɚ ɫ 
ɞɪɭɝɨɣ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɦɟɠɚɬɨɦɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɜ ɧɢɯ Д3Ж. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɛɨɛɳɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ 
ɬɟɪɧɚɪɧɵɯ ɫɩɥɚɜɨɜ Fe-B-Si ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ 70 ɚɬ.% ɢ ɛɨɥɟɟ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɱɚɫɬɢɱɧɨ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ Д4,5Ж. 

ȼɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɨɜ ɨɩɪɟɞɟɥɹɥɢ ɦɟɬɨɞɨɦ ɡɚɬɭɯɚɸɳɢɯ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɬɢɝɥɹ ɫ ɪɚɫɩɥɚɜɨɦ ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ Д6Ж. ɂɡɦɟɪɟɧɢɹ 
ɩɪɨɜɨɞɢɥɢ ɜ ɚɬɦɨɫɮɟɪɟ ɨɱɢɳɟɧɧɨɝɨ ɝɟɥɢɹ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɬɢɝɥɹɯ ɢɡ Al2O3. ɑɬɨɛɵ 
ɢɫɤɥɸɱɢɬɶ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ ɢɡɦɟɪɟɧɢɹ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ, 
ɨɛɪɚɡɭɸɳɟɣɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɫɩɥɚɜɚ Д7Ж, ɜ ɬɢɝɟɥɶ ɩɨɜɟɪɯ ɨɛɪɚɡɰɚ ɩɨɦɟɳɚɥɢ ɤɪɵɲɤɭ. 
Ʉɪɵɲɤɚ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɥɨɬɧɨ ɩɪɢɥɟɝɚɥɚ ɤ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɪɚɫɩɥɚɜɚ ɢ ɞɜɢɝɚɥɚɫɶ 
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ɜɦɟɫɬɟ ɫ ɧɢɦ ɩɪɢ ɫɨɜɟɪɲɟɧɢɢ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɬ. ɟ. ɹɜɥɹɥɚɫɶ ɜɬɨɪɨɣ ɬɨɪɰɟɜɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ. Ɉɛɳɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɹɡɤɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɥɚ 4 % 
ɩɪɢ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɟɞɢɧɢɱɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ 2 %. 

Ɍɢɩɢɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɬɟɪɧɚɪɧɵɯ ɠɢɞɤɢɯ 
ɫɩɥɚɜɨɜ FО-Si-B ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1. ɉɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ 
ɪɚɫɩɥɚɜɨɜ Fe-B-Si ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɛɨɪɚ ɞɨ 20 ɚɬ.%, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɠɢɦɚɯ ɧɚɝɪɟɜɚ ɢ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɹ, ɫɨɜɩɚɞɚɸɬ (ɝɢɫɬɟɪɟɡɢɫ ɜɹɡɤɨɫɬɢ ɨɬɫɭɬɫɬɜɭɟɬ) ɢ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ⱥɪɪɟɧɢɭɫɚ. ɇɚ ɩɨɥɢɬɟɪɦɚɯ ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ 
ɫɩɥɚɜɨɜ Fe-B-Si ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɛɨɪɚ ɛɨɥɟɟ 20 ɚɬ.% ɜ ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ 
ɢɡɦɟɧɟɧɢɟ ɜɹɡɤɨɫɬɢ ɜɛɥɢɡɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɢ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɝɢɫɬɟɪɟɡɢɫ ɜɹɡɤɨɫɬɢ 
ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ. 
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ˀи̭. ϭ. Типич̦̼е те̥пе̬̌ту̬̦̼е ̌̏̚и̭и̥о̭ти ̏я̚ко̭ти 
̬̭̌пл̌̏о̏ ̭и̭те̥̼ ̦̬̌̐е̏ ;●Ϳ, о̵л̙̌де̦ие ;○Ϳ.

 
 

Ɋɢɫ. 1. Ɍɢɩɢɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Fe-Si-B: ɧɚɝɪɟɜ 
(●), ɨɯɥɚɠɞɟɧɢɟ (○) 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɉɨ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɩɪɢ 
ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɩɨɫɬɪɨɟɧɵ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ 
ɤɜɚɡɢɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ FО70Si30-Fe70B30, Fe80Si20-Fe80B20 ɢ FО90Si10-Fe90B10 (ɪɢɫ. 2). ɂɡ ɪɢɫɭɧɤɚ 
ɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɤɜɚɡɢɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ FО70Si30-Fe70B30 ɢ FО80Si20-
Fe80B20 ɩɪɢ ɡɚɦɟɧɟ ɚɬɨɦɨɜ ɤɪɟɦɧɢɹ ɚɬɨɦɚɦɢ ɛɨɪɚ ɦɨɧɨɬɨɧɧɨ ɜɨɡɪɚɫɬɚɸɬ. 

ɇɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɜɹɡɤɨɫɬɢ ɤɜɚɡɢɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɵ FО90Si10-Fe90B10 ɩɪɢ 
ɡɚɦɟɧɟ ɜ ɪɚɫɩɥɚɜɚɯ ɚɬɨɦɨɜ ɤɪɟɦɧɢɹ ɚɬɨɦɚɦɢ ɛɨɪɚ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟ ɢɡɦɟɧɹɸɬɫɹ. 
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Ɋɢɫ. 2. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɤɜɚɡɢɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ Fe70Si30-
Fe70B30 Д4Ж (▲), Fe80Si20-Fe80B20 Д4,5Ж (●) ɢ Fe90Si10-Fe90B10 (■) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1600C 

 
ɂɦɟɸɳɢɟɫɹ ɞɚɧɧɵɟ ɨ ɫɬɪɭɤɬɭɪɟ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Fe-B-Si, ɩɨɥɭɱɟɧɧɵɟ ɦɟɬɨɞɚɦɢ 

ɪɟɧɬɝɟɧɨɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɚɧɚɥɢɡɚ Д8Ж ɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ Д9,10Ж, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨɛ 
ɢɯ ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɨɦ ɫɬɪɨɟɧɢɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɬɨɦɧɵɯ ɦɢɤɪɨɝɪɭɩɩɢɪɨɜɨɤ ɪɚɡɥɢɱɧɨɝɨ 
ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɦɢɤɪɨɝɪɭɩɩɢɪɨɜɨɤ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɚɬɨɦɨɜ ɠɟɥɟɡɚ ɢ ɛɨɪɚ ɢ 
ɦɢɤɪɨɝɪɭɩɩɢɪɨɜɨɤ ɢɡ ɚɬɨɦɨɜ ɠɟɥɟɡɚ ɢ ɤɪɟɦɧɢɹ. ɉɪɢ ɷɬɨɦ ɜ Д9Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɚɬɨɦɨɜ Si ɢ 
B ɧɚɛɥɸɞɚɟɬɫɹ ɬɟɧɞɟɧɰɢɹ ɤ ɜɡɚɢɦɧɨɦɭ ɨɬɬɚɥɤɢɜɚɧɢɸ, ɬ. ɟ. ɚɬɨɦɵ Si ɢ B ɢɦɟɸɬ ɜ ɛɥɢɠɚɣɲɟɦ 
ɨɤɪɭɠɟɧɢɢ ɬɨɥɶɤɨ ɚɬɨɦɵ Fe ɢ ɧɟ ɨɛɪɚɡɭɸɬ ɫɜɹɡɟɣ Si-B. Ɉɩɢɪɚɹɫɶ ɧɚ ɨɬɫɭɬɫɬɜɢɟ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɜɹɡɤɨɫɬɢ ɤɜɚɡɢɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ FeSi-FeB 
ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ [8-10], ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɜ ɪɚɫɩɥɚɜɚɯ ɫɢɫɬɟɦɵ Fe-B-
Si ɫɨɯɪɚɧɹɸɬɫɹ ɦɢɤɪɨɝɪɭɩɩɢɪɨɜɤɢ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɜ ɷɬɢɯ ɢɧɬɟɪɜɚɥɚɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ 
ɠɢɞɤɢɯ ɫɩɥɚɜɚɯ Fe-B ɢ Fe-Si [11]. ɂɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɛɨɪɚ ɢ ɤɪɟɦɧɢɹ ɩɪɢ 
ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɫɨɞɟɪɠɚɧɢɢ ɠɟɥɟɡɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴɟɦɧɨɣ ɞɨɥɢ 
ɦɢɤɪɨɝɪɭɩɩɢɪɨɜɨɤ ɤɚɠɞɨɝɨ ɬɢɩɚ. 
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Ɋɟɡɤɢɟ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ FО-B-SТ ɫ 
ɫɨɞɟɪɠɚɧɢɟɦ ɛɨɪɚ ɛɨɥɟɟ 20 %, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɭɫɥɨɜɥɟɧɵ ɫɬɪɭɤɬɭɪɧɵɦ ɩɪɟɜɪɚɳɟɧɢɟɦ ɜ 
ɪɚɫɩɥɚɜɟ (ɢɡɦɟɧɟɧɢɟɦ ɬɢɩɚ ɛɥɢɠɧɟɝɨ ɭɩɨɪɹɞɨɱɟɧɢɹ), ɩɨɞɨɛɧɵɦ ɬɨɦɭ, ɱɬɨ ɪɚɧɟɟ 
ɧɚɛɥɸɞɚɥɨɫɶ ɞɥɹ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ Fe-B [12]. 
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ɋɩɥɚɜɵ Al-Co ɢ Al-Fe ɨɬɧɨɫɹɬɫɹ ɤ ɫɢɫɬɟɦɚɦ ɫ ɫɢɥɶɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɜ 
ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɢɦɟɸɬ ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɨɟ ɫɬɪɨɟɧɢɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɬɨɦɧɵɯ ɤɥɚɫɬɟɪɨɜ 
ɬɢɩɚ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ (ɧɚɩɪɢɦɟɪ, Д1,2Ж). Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɩɥɚɜɵ ɷɬɢɯ ɫɢɫɬɟɦ ɜ ɨɛɥɚɫɬɢ ɛɨɝɚɬɨɣ ɚɥɸɦɢɧɢɟɦ. Эɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ 
ɞɚɧɧɵɯ ɫɢɫɬɟɦɚɯ ɨɛɪɚɡɭɸɬɫɹ ɷɜɬɟɤɬɢɤɢ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɯ ɫɨɞɟɪɠɚɧɢɹɯ 
ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ. Ɇɟɠɞɭ ɬɟɦ ɜɨɩɪɨɫ ɨ ɫɬɪɭɤɬɭɪɟ ɪɚɫɩɥɚɜɨɜ ɜ ɫɢɫɬɟɦɚɯ ɫ ɷɜɬɟɤɬɢɱɟɫɤɨɣ 
ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɨɣ ɨɫɬɚɟɬɫɹ ɞɢɫɤɭɫɫɢɨɧɧɵɦ ɢ ɚɤɬɭɚɥɶɧɵɦ. ɉɪɢ ɢɡɭɱɟɧɢɢ ɨɫɨɛɟɧɧɨɫɬɟɣ 
ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ, ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɫɜɟɧɧɵɟ ɦɟɬɨɞɵ, 
ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɢɡɦɟɪɟɧɢɢ ɫɬɪɭɤɬɭɪɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜɹɡɤɨɫɬɢ. 

Ʌɢɬɟɪɚɬɭɪɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɫɢɫɬɟɦ Al-Fe ɢ Al-Co ɜ ɨɛɥɚɫɬɢ, ɛɨɝɚɬɨɣ 
ɚɥɸɦɢɧɢɟɦ, ɦɚɥɨɱɢɫɥɟɧɧɵ ɢ ɩɪɨɬɢɜɨɪɟɱɢɜɵ. ȼ ɱɚɫɬɧɨɫɬɢ, ɜ ɪɚɛɨɬɚɯ Д3,4Ж ɩɨɥɭɱɟɧɵ 
ɦɨɧɨɬɨɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɫɨɞɟɪɠɚɳɢɯ ɦɟɧɟɟ 2.5 ɚɬ.% Fe. 
Ɉɞɧɚɤɨ ɜ ɪɚɛɨɬɟ Д5Ж ɨɛɧɚɪɭɠɟɧɵ ɪɟɡɤɢɟ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɫɨɞɟɪɠɚɳɢɯ 
ɞɨ 1.5 ɚɬ.% FО ɩɪɢ ɢɯ ɧɚɝɪɟɜɟ. Ʉɪɨɦɟ ɷɬɨɝɨ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɜɹɡɤɨɫɬɢ 
ɪɚɫɩɥɚɜɨɜ ɡɚɷɜɬɟɤɬɢɱɟɫɤɢɯ ɫɨɫɬɚɜɨɜ (ɨɬ 1.5 ɞɨ 4 ɚɬ.% FО) ɪɚɧɟɟ ɨɛɧɚɪɭɠɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɜ 
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ɜɢɞɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɝɨ ɪɨɫɬɚ ɡɧɚɱɟɧɢɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɛɥɢɡɢ ɥɢɤɜɢɞɭɫɚ Д6Ж ɢ 
ɝɢɫɬɟɪɟɡɢɫ ɩɨɥɢɬɟɪɦ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɧɚɝɪɟɜɟ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ Д6,7Ж. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɢɬɟɪɦ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ Al-Co ɫ ɦɚɥɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɛɚɥɶɬɚ (ɨɬ 0.1 
ɞɨ 5 ɚɬ.%) ɩɪɨɜɟɞɟɧɵ ɜ ɪɚɛɨɬɟ Д8Ж. ɉɪɢ ɷɬɨɦ ɛɵɥɢ ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɝɢɫɬɟɪɟɡɢɫ ɩɨɥɢɬɟɪɦ 
ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɞɨɷɜɬɟɤɬɢɱɟɫɤɢɯ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ ɢ ɢɡɥɨɦɵ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɹɯ ɜɹɡɤɨɫɬɢ ɡɚɷɜɬɟɤɬɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ, ɫɨɞɟɪɠɚɳɢɯ 1 ɢ 2.5 ɚɬ.% Co, ɜɛɥɢɡɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɢɧɬɟɪɦɟɬɚɥɥɢɞɚ Al 2Co9 (945°ɋ). 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɛɢɧɚɪɧɵɯ ɫɢɫɬɟɦ Al-
Co ɢ Al-Fe ɫ ɦɚɥɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɋɨ ɢ Fe. 

Ɉɛɪɚɡɰɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɵ ɫɩɥɚɜɥɟɧɢɟɦ ɚɥɸɦɢɧɢɹ ɦɚɪɤɢ A999 ɢ Al 90Co10 ɢɥɢ 
Al 90Fe10 ɜ ɩɟɱɢ ɜɢɫɤɨɡɢɦɟɬɪɚ ɜ ɚɬɦɨɫɮɟɪɟ ɜɵɫɨɤɨɱɢɫɬɨɝɨ ɝɟɥɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100ɨɋ ɢ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɟ ɧɟ ɦɟɧɟɟ 1 ɱɚɫɚ. Ʌɢɝɚɬɭɪɵ ɩɨɥɭɱɟɧɵ ɫɩɥɚɜɥɟɧɢɟɦ ɦɟɬɚɥɥɨɜ ɜ 
ɩɟɱɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɢ ɨɫɬɚɬɨɱɧɨɦ ɞɚɜɥɟɧɢɢ 10-2 ɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 1670ºɋ ɜ ɬɟɱɟɧɢɟ 30 
ɦɢɧ. ɂɫɯɨɞɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɫɥɭɠɢɥɢ ɷɥɟɦɟɧɬɵ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ: 
ɚɥɸɦɢɧɢɣ – 99.999, ɤɨɛɚɥɶɬ - 99.9 ɢ ɠɟɥɟɡɨ – 99.98 ɦɚɫɫ. %. 

 
 

ˀи̭. ϭ. Типич̦̼е те̥пе̬̌ту̬̦̼е 
̌̏̚и̭и̥о̭ти ̏я̚ко̭ти ̬̭̌пл̌̏о̏ 

Al-Co и Al-Fe 

ˀи̭. Ϯ. Те̥пе̬̌ту̬̦̌я ̌̏̚и̭и̥о̭т̽ 
̏я̚ко̭ти ̬̭̌пл̌̏̌ Al93.5Fe6.5 

 
ɂɡɦɟɪɟɧɢɹ ɜɹɡɤɨɫɬɢ ɩɪɨɜɨɞɢɥɢ ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ Д9Ж ɦɟɬɨɞɨɦ 

ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɩɨɥɭɱɚɥɢ ɜ ɪɟɠɢɦɚɯ ɧɚɝɪɟɜɚ ɢ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɹ ɩɨɫɥɟ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɜɵɞɟɪɠɟɤ ɧɚ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɟ ɦɟɧɟɟ 
10 ɦɢɧɭɬ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɡɚɳɢɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɝɟɥɢɹ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɬɢɝɥɹɯ ɢɡ 
Al 2O3 ɫ ɤɪɵɲɤɨɣ ɧɚ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɪɚɫɩɥɚɜɚ (ɜɧɭɬɪɢ ɬɢɝɥɹ). Ʉɪɵɲɤɚ ɜ ɯɨɞɟ ɢɡɦɟɪɟɧɢɣ 
ɜɵɩɨɥɧɹɥɚ ɪɨɥɶ ɜɬɨɪɨɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ. Ɉɧɚ ɩɥɨɬɧɨ ɩɪɢɥɟɝɚɥɚ ɤ ɜɟɪɯɧɟɣ 
ɝɪɚɧɢɰɟ ɪɚɫɩɥɚɜɚ ɢ ɞɜɢɝɚɥɚɫɶ ɜɦɟɫɬɟ ɫ ɬɢɝɥɟɦ ɩɪɢ ɟɝɨ ɜɪɚɳɟɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɨɫɢ. Ɇɟɬɨɞɢɤɢ ɪɚɫɱɟɬɚ ɜɹɡɤɨɫɬɢ ɢ ɩɨɝɪɟɲɧɨɫɬɢ ɟё ɢɡɦɟɪɟɧɢɹ ɩɨɞɪɨɛɧɨ ɢɡɥɨɠɟɧɵ ɜ ɪɚɛɨɬɟ 
Д9Ж. Ɉɛɳɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɹɡɤɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 4% ɩɪɢ 
ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɟɞɢɧɢɱɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ 2%. 
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ɉɨɥɢɬɟɪɦɵ ɜɹɡɤɨɫɬɢ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Al-Co ɢ ɪɚɫɩɥɚɜɨɜ Al-
Fe ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ ɦɟɧɟɟ 3 %, ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɠɢɦɚɯ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ, 
ɫɨɜɩɚɞɚɸɬ (ɝɢɫɬɟɪɟɡɢɫ ɨɬɫɭɬɫɬɜɭɟɬ) (ɪɢɫ.1). Ɂɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɷɬɢɯ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ ɩɪɢ 
ɧɚɝɪɟɜɟ ɦɨɧɨɬɨɧɧɨ ɭɦɟɧɶɲɚɸɬɫɹ.  

ɇɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ ɨɬ 3.5 ɞɨ 6.5 % 
ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɣ ɪɨɫɬ ɡɧɚɱɟɧɢɣ ɩɪɢ ɧɚɝɪɟɜɟ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫɚ ɢ 
ɝɢɫɬɟɪɟɡɢɫ ɩɨɥɢɬɟɪɦ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɧɚɝɪɟɜɟ ɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ (ɪɢɫ.2). Ɋɨɫɬ 
ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫɚ ɹɜɥɹɟɬɫɹ ɫɥɟɞɫɬɜɢɟɦ 
ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɣ ɢ ɬɜɟɪɞɨɣ ɮɚɡ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɫɩɥɚɜɟ ɩɪɢ ɟɝɨ 
ɩɥɚɜɥɟɧɢɢ. 
 
 

ˀи̭. ϯ Типич̦̼е ̌̏̚и̭и̥о̭ти 
ло̬̐̌и̴̥̌ ̏я̚ко̭ти ̬̭̌пл̌̏о̏ от 

о̬̍̌т̦о̜ те̥пе̬̌ту̬̼

 

ɉɪɢ ɚɧɚɥɢɡɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɹɡɤɨɫɬɢ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɢɯ 
ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɭɪɚɜɧɟɧɢɟɦ Ⱥɪɪɟɧɢɭɫɚ. 
Ⱦɥɹ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ ɨɛɟɢɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɫɢɫɬɟɦ ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ ɫɨɞɟɪɠɚɧɢɣ 
ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ (ɞɨ 1.5 %) 
ɧɚɛɥɸɞɚɟɬɫɹ ɨɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɨɬ ɭɪɚɜɧɟɧɢɹ 
Ⱥɪɪɟɧɢɭɫɚ. ɉɨɥɢɬɟɪɦɵ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ 
ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɤɨɛɚɥɶɬɚ ɛɨɥɟɟ 1.5 % ɢ 
ɠɟɥɟɡɚ 2.5 % ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 
Ⱥɪɪɟɧɢɭɫɚ ɜɨ ɜɫɟɦ ɢɫɫɥɟɞɨɜɚɧɧɨɦ 
ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ. Ⱦɥɹ ɪɚɫɩɥɚɜɨɜ ɫ 
ɫɨɞɟɪɠɚɧɢɟɦ ɠɟɥɟɡɚ ɨɬ 3.5 ɞɨ 6.5 % 
ɭɪɚɜɧɟɧɢɟɦ Ⱥɪɪɟɧɢɭɫɚ ɨɩɢɫɵɜɚɸɬɫɹ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ, 
ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɠɢɦɟ ɨɯɥɚɠɞɟɧɢɹ. 

Ɉɬɤɥɨɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɹɡɤɨɫɬɢ ɨɬ ɭɪɚɜɧɟɧɢɹ 
Ⱥɪɪɟɧɢɭɫɚ ɞɥɹ ɪɚɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ Al  ɫ 
ɦɚɥɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɥɟɝɢɪɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɭɫɥɨɜɥɟɧɨ 
ɫɬɪɭɤɬɭɪɧɵɦ ɩɪɟɜɪɚɳɟɧɢɟɦ ɜ ɠɢɞɤɨɦ 
ɚɥɸɦɢɧɢɢ. ɇɚ ɜɨɡɦɨɠɧɨɫɬɶ ɬɚɤɨɝɨ 
ɩɪɟɜɪɚɳɟɧɢɹ ɜ ɠɢɞɤɨɦ ɚɥɸɦɢɧɢɢ 
ɭɤɚɡɵɜɚɸɬ ɞɚɧɧɵɟ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ 
ɚɧɚɥɢɡɚ Д1Ж.  

 

Ɋɢɫ. 3. Ɍɢɩɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɥɨɝɚɪɢɮɦɚ 
ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɨɬ ɨɛɪɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ 

 
ɉɨɫɬɟɩɟɧɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɷɮɮɟɤɬɚ ɨɬɤɥɨɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɨɬ 

ɭɪɚɜɧɟɧɢɹ Ⱥɪɪɟɧɢɭɫɚ ɞɨ ɩɨɥɧɨɝɨ ɢɫɱɟɡɧɨɜɟɧɢɹ ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ (ɅЭ) 
~ 1.5 % ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɪɚɫɩɥɚɜɚ ɫ ɛɥɢɠɧɢɦ ɭɩɨɪɹɞɨɱɟɧɢɟɦ 
ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɱɢɫɬɨɝɨ ɠɢɞɤɨɝɨ ɚɥɸɦɢɧɢɹ. ɉɨɫɤɨɥɶɤɭ ɫɢɥɵ ɫɜɹɡɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ Al  ɢ ɅЭ 
ɜɵɲɟ, ɱɟɦ ɦɟɠɞɭ ɚɬɨɦɚɦɢ Al  ɢ Al , ɦɨɠɧɨ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɜ ɪɚɫɩɥɚɜɟ ɩɪɢ ɦɚɥɵɯ 
ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɅЭ ɨɛɪɚɡɭɸɬɫɹ ɤɥɚɫɬɟɪɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɚɬɨɦɚ ɅЭ ɢ ɨɤɪɭɠɚɸɳɢɯ ɟɝɨ ɚɬɨɦɨɜ 
Al  (ɤɥɚɫɬɟɪ Al (ɅЭ)). ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɅЭ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 
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ɤɥɚɫɬɟɪɨɜ Al (ɅЭ) ɢ ɭɦɟɧɶɲɟɧɢɟ 
ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɪɚɫɩɥɚɜɚ ɫ ɛɥɢɠɧɢɦ 
ɭɩɨɪɹɞɨɱɟɧɢɟɦ ɯɚɪɚɤɬɟɪɧɵɦ ɫɨɛɫɬɜɟɧɧɨ 
ɞɥɹ ɠɢɞɤɨɝɨ ɚɥɸɦɢɧɢɹ.  

Ƚɢɫɬɟɪɟɡɢɫ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ, 
ɫɨɞɟɪɠɚɳɢɯ ɨɬ 3 ɞɨ 6.5 % ɠɟɥɟɡɚ, 
ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɨɛɪɚɬɢɦɨɟ ɢɡɦɟɧɟɧɢɟ ɢɯ 
ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɧɚɝɪɟɜɟ ɢ ɩɨɫɥɟɞɭɸɳɟɦ 
ɨɯɥɚɠɞɟɧɢɢ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ 
ɪɚɫɩɥɚɜɚɯ, ɫɨɞɟɪɠɚɳɢɯ ɛɨɥɟɟ 2.5 % 
ɠɟɥɟɡɚ, ɤɪɨɦɟ ɤɥɚɫɬɟɪɨɜ ɬɢɩɚ Al(Fe) 
ɩɪɢɫɭɬɫɬɜɭɸɬ ɛɨɥɟɟ ɤɪɭɩɧɵɟ ɚɬɨɦɧɵɟ ɦɢɤɪɨɝɪɭɩɩɢɪɨɜɤɢ (ɦɚɤɪɨɤɥɚɫɬɟɪɵ), ɫɨɫɬɨɹɳɢɟ ɢɡ 
ɚɬɨɦɨɜ Fe ɢ Al , ɜ ɱɚɫɬɧɨɫɬɢ, ɤɥɚɫɬɟɪɵ ɫɨɫɬɚɜɚ Al 7Fe Д10Ж. Ɇɚɤɪɨɤɥɚɫɬɟɪɵ ɦɨɝɭɬ 
ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɩɭɬɟɦ ɨɛɴɟɞɢɧɟɧɢɹ ɤɥɚɫɬɟɪɨɜ ɬɢɩɚ Al(Fe) (ɪɢɫ. 4), ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɬɨɦɨɜ ɠɟɥɟɡɚ ɜ ɧɟɤɨɬɨɪɨɣ ɥɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɪɚɫɩɥɚɜɚ. 
Ƚɢɫɬɟɪɟɡɢɫ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɭɫɥɨɜɥɟɧ 
ɧɟɨɛɪɚɬɢɦɵɦ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɦɚɤɪɨɤɥɚɫɬɟɪɨɜ ɜ ɪɚɫɩɥɚɜɟ ɩɪɢ ɧɚɝɪɟɜɟ ɢ 
ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ. Ⱦɚɧɧɨɟ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɩɨɞɬɜɟɪɠɞɚɸɬ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɫɬɪɭɤɬɭɪɵ ɠɢɞɤɨɝɨ ɫɩɥɚɜɚ Al 90Fe10 Д11Ж, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɵɦ ɤɥɚɫɬɟɪɵ, ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ 
ɪɚɫɩɥɚɜɟ ɜɛɥɢɡɢ ɬɟɦɩɟɪɚɬɭɪɵ ɥɢɤɜɢɞɭɫɚ, ɩɪɢ ɧɚɝɪɟɜɟ ɪɚɫɩɥɚɜɚ ɩɨɫɬɟɩɟɧɧɨ ɪɚɡɪɭɲɚɸɬɫɹ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɉɪɨɝɪɚɦɦɵ ɢɧɬɟɝɪɚɰɢɨɧɧɵɯ ɩɪɨɟɤɬɨɜ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɍɪɈ ɊȺɇ, ɩɪɨɟɤɬ № 12И-2-2031. 
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ɩɟɪɟɯɨɞɨɜ ɢ ɤɪɢɬɢɱɟɫɤɢɯ ɹɜɥɟɧɢɣ; ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɹɜɥɟɧɢɣ ɢ ɪɚɡɦɟɪɧɵɯ 
ɷɮɮɟɤɬɨɜ ɜ ɩɨɪɢɫɬɵɯ ɫɪɟɞɚɯ; ɞɥɹ ɪɚɡɜɢɬɢɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɷɤɫɬɪɚɤɰɢɢ 
ɨɫɬɚɬɨɱɧɨɣ ɧɟɮɬɢ ɢɡ ɩɥɚɫɬɨɜ Д1,2Ж. 

ɇɟɢɫɫɥɟɞɨɜɚɧɧɨɣ ɩɪɢ ɷɬɨɦ ɨɫɬɚɟɬɫɹ ɫɩɟɰɢɮɢɤɚ ɩɨɜɟɞɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (λ) 
ɜɟɳɟɫɬɜɚ ɜ ɩɨɪɢɫɬɵɯ ɫɪɟɞɚɯ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ.   

Ɋɚɛɨɬɚ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɫ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ (ɋɈ2) ɜ ɩɨɪɢɫɬɨɦ ɫɬɟɤɥɟ, ɜ ɲɢɪɨɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ, ɜɵɹɜɥɟɧɢɹ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜɧɭɬɪɢ ɩɨɪ.   

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɩɨɪɢɫɬɵɟ ɫɬɟɤɥɚ, ɢɦɟɸɳɢɟ ɬɜɟɪɞɵɣ 
ɤɚɪɤɚɫ, ɜɡɚɢɦɨɩɪɨɧɢɤɚɸɳɢɟ ɢ ɨɬɤɪɵɬɵɟ ɩɨɪɵ. ɉɨɪɢɫɬɵɟ ɫɬɟɤɥɚ ɨɞɧɨɪɨɞɧɵ, ɢɦɟɸɬ ɩɨɱɬɢ 
ɨɞɢɧɚɤɨɜɵɣ ɪɚɡɦɟɪ ɡɟɪɟɧ ɢ ɩɨɪ, ɢ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɤɚɤ ɦɨɞɟɥɢ ɪɚɡɥɢɱɧɵɯ 
ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɪɟɞ. 

ɉɪɢɦɟɧɹɥɢɫɶ ɩɨɪɢɫɬɵɟ ɫɬɟɤɥɚ - ɫɬɟɤɥɹɧɧɵɟ ɮɢɥɶɬɪɵ ɎɄɉ-40-ɉɨɪ16 ɏɋ ȽɈɋɌ 25336-86, 
ɢɦɟɸɳɢɟ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɩɨɪ 16·10–6 ɦ., ɫ ɩɨɪɢɫɬɨɫɬɶɸ 40%. Ɉɧɢ ɢɡɝɨɬɨɜɥɟɧɵ ɢɡ ɯɢɦɢɱɟɫɤɢ 
ɫɬɨɣɤɨɝɨ ɫɬɟɤɥɚ ɦɚɪɤɢ ɏɋ-3 ɫɨɫɬɚɜɚ: SiO2 -71,5%; Na2O -14,5%; CaO - 6,5%; MgO - 2,5%; 
Al 2O3 - 2,5%; B2O3 - 2,0%; K2O - 0,5%.  

ȼ ɤɚɱɟɫɬɜɟ ɩɨɪɨɜɨɝɨ ɮɥɸɢɞɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɨ ɜɵɛɪɚɧɨ ɱɢɫɬɨɟ ɜɟɳɟɫɬɜɨ – ɞɢɨɤɫɢɞ 
ɭɝɥɟɪɨɞɚ, ɭ ɤɨɬɨɪɨɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɢɡɭɱɟɧɚ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ, ɜɤɥɸɱɚɹ ɤɪɢɬɢɱɟɫɤɭɸ ɨɛɥɚɫɬɶ [3-5]. ɑɢɫɬɨɬɚ ɩɨɥɭɱɟɧɧɨɝɨ ɞɢɨɤɫɢɞɚ 
ɭɝɥɟɪɨɞɚ ɛɵɥɚ ɧɟ ɧɢɠɟ 99,98%.   

ɂɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2 ɩɪɨɜɟɞɟɧɵ 
ɚɛɫɨɥɸɬɧɵɦ ɫɬɚɰɢɨɧɚɪɧɵɦ ɦɟɬɨɞɨɦ ɩɥɨɫɤɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ ɩɪɢ ɩɨɦɨɳɢ 
ɭɫɬɪɨɣɫɬɜɚ, ɩɨɝɪɟɲɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɧɟ ɩɪɟɜɵɲɚɟɬ 1,2%. 

ɉɨɞɪɨɛɧɨɫɬɢ ɨ ɤɨɧɫɬɪɭɤɰɢɢ ɭɫɬɪɨɣɫɬɜɚ ɢ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɪɢɜɟɞɟɧɚ ɜ ɪɚɛɨɬɟ Д6Ж. 

ȼ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɷɮ) ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2, ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 290-370Ʉ ɢ ɞɚɜɥɟɧɢɹɯ ɨɬ 3,432Ɇɉɚ ɞɨ 9,800Ɇɉɚ – ɪɢɫ.1. 

ɂɡ ɪɢɫ.1. ɜɢɞɧɨ, ɱɬɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɷɮ ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2, 
ɜ ɨɫɧɨɜɧɨɦ, ɪɚɫɬɟɬ. ȼ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 300 - 310Ʉ ɩɪɨɢɫɯɨɞɢɬ ɫɤɚɱɨɤ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɩɨɫɥɟ ɱɟɝɨ ɦɨɧɨɬɨɧɧɨ ɪɚɫɬɟɬ. 

 

 
Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɷɮ, ȼɬ·ɦ-1·K-1) ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, 
ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2 ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (Ɍ, Ʉ) ɩɨ ɢɡɨɛɚɪɚɦ: 1 - 3,432 Ɇɉɚ; 2 – 7,379 Ɇɉɚ; 3 – 
9,800Ɇɉɚ 
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Ɍɟɦɩɵ ɪɨɫɬɚ ɷɮɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɥɹ ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2  

ɫɨɫɬɚɜɥɹɟɬ 10,08%. ȼ ɷɬɨɦ ɝɪɚɮɢɤɟ ɧɚɫ ɡɚɢɧɬɟɪɟɫɨɜɚɥɚ ɚɧɨɦɚɥɢɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 
300-310Ʉ. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ.1 ɜɢɞɢɦ, ɱɬɨ ɧɚ 
ɢɡɨɛɚɪɟ 7,379Ɇɉɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 303,85K ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨ ɜɵɪɚɠɟɧɧɵɣ ɦɚɤɫɢɦɭɦ. 

Ȼɵɥɢ ɫɪɚɜɧɟɧɵ ɩɚɪɚɦɟɬɪɵ (ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ - Ɍɤ, ɤɪɢɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ - Ɋɤ), ɩɪɢ 
ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɟɬɫɹ ɦɚɤɫɢɦɭɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (λmax) ɞɥɹ ɋɈ2, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɜɨɛɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɫ ɦɚɤɫɢɦɭɦ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (λmax) ɞɥɹ ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, 
ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2  – ɪɢɫ.2. 
 

 
 

Ɋɢɫ.2. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ(ɷɮ) ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (Ɍ, Ʉ) ɩɨ 
ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɛɚɪɟ 7,379Ɇɉɚ, ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ (Ɍɤ ): 1 - ɩɨɪɢɫɬɨɟ ɫɬɟɤɥɨ, 
ɧɚɫɵɳɟɧɧɚɹ ɋɈ2(ɬɨɱɤɢ, ɫɥɟɜɚ) – ɞɚɧɧɵɟ ɚɜɬɨɪɚ; 2 – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɋɈ2ɜ ɫɜɨɛɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ (ɥɢɧɢɹ, ɫɩɪɚɜɚ), ɩɨ ɞɚɧɧɵɦ Д3,4Ж 
 

Ⱦɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɟɡɭɥɶɬɚɬɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɜɨɛɨɞɧɨɝɨ ɋɈ2, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ Д3,4Ж. ɂɡ 
ɫɪɚɜɧɟɧɢɹ ɜɢɞɧɨ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɵɣ ɧɚɪɢɫ.2. λmax ɞɥɹ ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2, 
ɩɨɩɚɞɚɟɬ ɜ ɨɛɥɚɫɬɶ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɢɫɬɨɝɨ ɋɈ2 [3-5].  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ ɮɚɤɬ ɬɨɝɨ, ɱɬɨ ɧɚɦɢ ɜɩɟɪɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɢɫɫɥɟɞɨɜɚɧɚ λɷɮ  ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2  ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ, ɢ ɨɛɧɚɪɭɠɟɧ 
ɦɚɤɫɢɦɭɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λmax.  

ɂɡ ɪɢɫ.2, ɩɨ ɞɚɧɧɵɦ Д3,4Ж ɜɢɞɧɨ, ɱɬɨ λmax ɱɢɫɬɨɝɨ ɋɈ2, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɜɨɛɨɞɧɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɤɪɢɬɢɱɟɫɤɨɦ ɞɚɜɥɟɧɢɢ Ɋɤ= 7,4077Ɇɉɚ ɢ ɤɪɢɬɢɱɟɫɤɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ Ɍɤ= 304,35K. Ʉɪɢɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɋɈ2, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɩɨ ɢɡɭɱɟɧɢɸ 
ɞɪɭɝɢɯ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (Pɤ - ɤɪɢɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ρɤɪ - ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ, Ɍɤ  – 
ɤɪɢɬɢɱɟɫɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ), ɜɵɩɨɥɧɟɧɧɵɟ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ Д9Ж, ɫɨɫɬɚɜɥɹɸɬ: Ɋɤ= 
7,3773Ɇɉɚ ɢ Ɍɤ= 304,128K. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɢɞɧɨ (ɫɦ ɪɢɫ.3), ɱɬɨ Ɍɤ ɞɥɹ ɋɈ2 ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ 
ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ - ɜɧɭɬɪɢ ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɧɚ 0,5° ɢ ɧɚ 0,278° ɧɢɠɟ Ɍɤ, ɱɟɦ ɭ ɱɢɫɬɨɝɨ ɋɈ2, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Д3,4Ж ɢ Д7Ж. 

ɋɪɚɜɧɟɧɢɹ ɠɟ ɚɦɩɥɢɬɭɞ λmax ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2 
(ɫɦ. ɬɨɱɤɢ ɧɚ ɪɢɫ.3 – ɥɟɜɚɹ ɨɪɞɢɧɚɬɚ), ɫ λmax ɱɢɫɬɨɝɨ ɋɈ2, ɩɨ ɤɪɢɬɢɱɟɫɤɨɣ ɢɡɨɛɚɪɟ (ɫɦ. 
ɫɩɥɨɲɧɭɸ ɥɢɧɢɸ ɧɚ ɪɢɫ.3 – ɩɪɚɜɚɹ ɨɪɞɢɧɚɬɚ), ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɚɦɩɥɢɬɭɞɚ λmax ɞɥɹ ɱɢɫɬɨɝɨ 
ɋɈ2  ɜ  3,2 ɪɚɡɚ ɛɨɥɶɲɟ. ɂɡ ɪɢɫ.2, ɬɚɤɠɟ ɜɢɞɧɨ, ɱɬɨ ɦɚɤɫɢɦɭɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (λmax) ɞɥɹ 
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ɋɈ2 ɜɨɡɪɚɫɬɚɟɬ ɧɚ 81,7% ɨɬ ɜɟɥɢɱɢɧɵ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɫɧɨɜɚɧɢɹ, ɢ ɷɬɨɬ ɪɨɫɬ 
ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɜ 1°, ɜ ɬɨ ɜɪɟɦɹ, ɤɚɤ ɦɚɤɫɢɦɭɦ ɷɮɮɟɤɬɢɜɧɨɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2, ɜɨɡɪɚɫɬɚɟɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɫɧɨɜɚɧɢɟɦ ɬɨɥɶɤɨ ɧɚ 4%, ɤɨɬɨɪɨɟ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɜ 12°. 

ɋɦɟɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɢ ɭɦɟɧɶɲɟɧɢɟ ɚɦɩɥɢɬɭɞɵ λmax ɜ ɩɨɪɢɫɬɨɦ 
ɫɬɟɤɥɟ, ɧɚɫɵɳɟɧɧɨɦ ɋɈ2, ɫɤɨɪɟɟ ɜɫɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɬɨɝɨ, ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, 
ɧɚɯɨɞɹɳɚɹɫɹ ɜɧɭɬɪɢ ɩɨɪ ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ, ɫɬɪɭɤɬɭɪɢɪɭɟɬɫɹ - ɨɛɪɚɡɭɸɬɫɹ ɧɨɜɵɟ ɮɚɡɵ ɭ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɨɪɢɫɬɨɦ ɫɬɟɤɥɟ. 

Эɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɢ ɜɥɢɹɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɨɥɹ ɫɬɟɤɥɚ. ɋɤɨɪɟɟ ɜɫɟɝɨ, 
ɧɚɢɛɨɥɶɲɟɝɨ ɜɥɢɹɧɢɹ ɩɨɞɜɟɪɝɧɭɬɫɹ ɫɥɨɢ ɮɥɸɢɞɚ ɨɤɨɥɨ ɫɬɵɤɨɜ ɡɟɪɟɧ ɫɬɟɤɥɚ. ɏɨɬɹ ɞɨɥɹ 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɋɈ2 ɟɳɟ ɨɱɟɧɶ ɦɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɴɟɦɧɨɣ ɮɚɡɨɣ ɋɈ2, ɬɟɦ 
ɧɟ ɦɟɧɟɟ ɨɧɢ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɢ ɨɩɪɟɞɟɥɹɬɶ ɷɮɮɟɤɬɢɜɧɵɟ ɫɜɨɣɫɬɜɚ ɋɈ2 ɜɧɭɬɪɢ ɩɨɪ 
ɫɬɟɤɥɚ. 

ȼɥɢɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ ɫɬɟɤɥɚ ɧɚ ɫɜɨɣɫɬɜɚ ɋɈ2 ɜ ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɩɨɪ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɩɨɧɢɠɟɧɢɸ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɋɈ2, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɩɪɢɜɨɞɢɬ ɤ 
ɫɦɟɳɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ (Ɍɤ) – ɞɥɹ ɋɈ2  ɜɧɭɬɪɢ ɩɨɪ. Эɬɨ ɮɚɤɬ ɩɪɨɹɜɥɟɧɢɹ 
ɪɚɡɦɟɪɧɵɯ ɷɮɮɟɤɬɨɜ. Ɉɞɧɨɜɪɟɦɟɧɧɨ, ɭɜɟɥɢɱɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɪ ɧɟ ɞɚɟɬ ɪɚɡɜɢɜɚɬɶɫɹ 
ɮɥɭɤɬɭɚɰɢɹɦ ɩɥɨɬɧɨɫɬɢ ɋɈ2, “ɝɚɫɢɬ” ɚɦɩɥɢɬɭɞɭ λmaxɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2. 

ɉɨɞɨɛɧɵɟ ɠɟ ɨɛɪɚɡɨɜɚɧɢɹ, ɩɨ ɢɡɭɱɟɧɢɸ ɞɪɭɝɢɯ ɫɜɨɣɫɬɜ, ɢ ɧɚ ɞɪɭɝɢɯ ɜɟɳɟɫɬɜɚɯ ɛɵɥɢ 
ɨɛɧɚɪɭɠɟɧɵ ɜ ɪɚɛɨɬɟ Д8Ж. ɇɚ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɭɤɚɡɵɜɚɟɬɫɹ 
ɢ ɜ ɪɚɛɨɬɟ Д9Ж. ɏɨɬɹ ɞɨɥɹ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɋɈ2 ɟɳɟ ɨɱɟɧɶ ɦɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɨɛɴɟɦɧɨɣ ɮɚɡɨɣ, ɬɟɦ ɧɟ ɦɟɧɟɟ ɨɧɢ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɢ ɨɩɪɟɞɟɥɹɬɶ ɨɛɴɟɦɧɵɟ ɫɜɨɣɫɬɜɚ 
ɋɈ2. 

Ɋɚɡɦɵɬɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɞɥɹ λɷɮ.  ɩɨɪɢɫɬɨɝɨ 
ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ ɋɈ2, ɩɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɩɪɨɢɫɯɨɞɢɬ ɢɡ – ɡɚ ɞɢɫɩɟɪɫɢɢ ɬɨɥɳɢɧɵ 
ɩɪɨɫɥɨɟɤ ɋɈ2  ɦɟɠɞɭ ɡɟɪɧɚɦɢ ɜ ɫɬɟɤɥɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɥɹ ɝɪɚɧɢɱɧɨɝɨ ɨɪɢɟɧɬɚɰɢɨɧɧɨɝɨ – 
ɭɩɨɪɹɞɨɱɟɧɧɨɝɨ ɫɥɨɹ ɋɈ2  ɧɚ ɫɬɵɤɟ ɡɟɪɟɧ ɫɬɟɤɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɦɟɪɟ ɩɪɨɞɜɢɠɟɧɢɹ ɨɬ 
ɰɟɧɬɪɚ ɩɨɪɵ ɤ ɦɢɤɪɨ ɩɹɬɧɚɦ ɤɚɫɚɧɢɹ ɡɟɪɟɧ, ɬ.ɤ. ɷɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɪɭɝɨɦɭ ɮɚɡɨɜɨɦɭ 
ɫɨɫɬɨɹɧɢɸ ɋɈ2, ɬɨ ɢ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɜɬɨɪɨɝɨ ɪɨɞɚ (ɠɢɞɤɨɫɬɶ-ɝɚɡ) ɞɥɹ ɋɈ2 ɛɭɞɟɬ, 
ɩɪɨɢɫɯɨɞɢɬ „ɩɨɫɬɟɩɟɧɧɨ” ɜ ɧɟɤɨɬɨɪɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ.  

ɂɡ ɫɤɚɡɚɧɧɨɝɨ ɜɵɲɟ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ: ɧɚɯɨɞɹɳɢɣɫɹ ɜɧɭɬɪɢ ɩɨɪɢɫɬɨɝɨ 
ɫɬɟɤɥɚ ɋɈ2,  ɜɫɟ – ɬɚɤɢ, ɩɪɨɹɜɥɹɟɬ ɫɜɨɢ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ, 
ɬ.ɤ. ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɦɚɤɫɢɦɭɦɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 

Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɩɨɜɟɞɟɧɢɹ ɋɈ2 ɜɧɭɬɪɢ ɩɨɪ, ɛɵɥɚ ɪɚɫɫɱɢɬɚɧɚ ɟɝɨ λ. ȼɵɹɫɧɟɧɨ, ɱɬɨ λ ɞɥɹ 
ɋɈ2 ɜɧɭɬɪɢ ɩɨɪ ɧɚ  10,373%ɛɨɥɶɲɟ, ɱɟɦ ɜ ɫɜɨɛɨɞɧɨɦ ɨɛɴɟɦɟ. ɉɨ- ɜɢɞɢɦɨɦɭ, ɷɬɨ ɬɨɠɟ 
ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɋɈ2 ɜɧɭɬɪɢ ɩɨɪ, ɭ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɟɤɥɚ (ɧɚ ɨɩɪɟɞɟɥɟɧɧɭɸ ɬɨɥɳɢɧɭ), ɛɨɥɟɟ 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧ, ɨɛɪɚɡɭɸɬɫɹ ɞɜɭɯɮɚɡɧɵɟ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ - 
ɧɚɧɨɫɬɪɭɤɬɭɪɵ ɜ ɋɈ2 (ɫ ɬɨɥɳɢɧɨɣ ɫɥɨɹ ɜ 10-1000ɧɦ), ɢ ɨɛɥɚɞɚɟɬ ɛɨɥɶɲɟɣ λ, ɱɟɦ ɜ ɫɜɨɛɨɞɧɨɦ 
ɨɛɴɟɦɟ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɧɟɨɛɵɱɧɨɟ ɩɨɜɟɞɟɧɢɟ λ ɞɥɹ ɋɈ2 ɜ ɩɨɪɢɫɬɨɦ 
ɫɬɟɤɥɟ, ɜ ɱɚɫɬɧɨɫɬɢ, ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ.  

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɷɮɮɟɤɬɢɜɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɪɢɫɬɨɝɨ ɫɬɟɤɥɚ, ɧɚɫɵɳɟɧɧɨɝɨ 
ɋɈ2 ɜ ɲɢɪɨɤɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɜɧɟɫɭɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɜɤɥɚɞ ɜ ɢɡɭɱɟɧɢɟ 
ɮɢɡɢɤɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɜɬɨɪɨɝɨ ɪɨɞɚ ɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ, ɩɨɡɜɨɥɹɬ 
ɨɩɬɢɦɚɥɶɧɨ ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɭɫɬɚɧɨɜɤɢ ɩɨ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ ɬɹɠɟɥɵɯ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɢɡ ɡɟɦɧɵɯ ɧɟɞɪ. 
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Ɋɚɫɱɟɬ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɥɸɛɨɝɨ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɥɢ ɚɩɩɚɪɚɬɚ ɬɪɟɛɭɟɬ 

ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɟɪɟɧɨɫɚ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɬɢɯ ɩɪɨɰɟɫɫɨɜ ɜ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɝɚɡɨɜɵɯ ɫɢɫɬɟɦɚɯ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɡɜɢɬɢɹ 
ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɢ. ɉɪɢ ɧɚɥɢɱɢɢ ɜ ɪɚɛɨɱɟɣ ɫɪɟɞɟ ɝɪɚɞɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪ ɜ ɧɟɣ ɜɨɡɧɢɤɚɟɬ 
ɩɪɨɰɟɫɫ ɬɟɪɦɨɞɢɮɮɭɡɢɢ, ɤɨɬɨɪɵɣ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɞɟɥɟɧɢɸ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ ɢ ɩɨɹɜɥɟɧɢɸ 
ɝɪɚɞɢɟɧɬɨɜ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɜɵɡɵɜɚɸɳɢɯ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɨɛɵɱɧɭɸ ɞɢɮɮɭɡɢɸ. ȼ 
ɫɬɚɰɢɨɧɚɪɧɨɦ ɫɨɫɬɨɹɧɢɢ ɞɜɚ ɷɬɢɯ ɩɪɨɰɟɫɫɚ ɭɪɚɜɧɨɜɟɲɢɜɚɸɬ ɞɪɭɝ ɞɪɭɝɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɹɜɥɟɧɢɟ 
ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɢɦɟɟɬ ɜɚɠɧɭɸ ɧɚɭɱɧɭɸ ɰɟɥɶ, ɩɨɫɤɨɥɶɤɭ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ 
ɭɬɨɱɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ.  

Ȼɨɥɶɲɢɧɫɬɜɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɬɟɤɚɟɬ ɜ ɫɦɟɫɹɯ, ɫɨɞɟɪɠɚɳɢɯ ɬɪɢ ɢ ɛɨɥɟɟ 
ɤɨɦɩɨɧɟɧɬɚ. Ɉɞɧɚɤɨ, ɧɟɫɦɨɬɪɹ ɧɚ ɧɟɫɨɦɧɟɧɧɵɣ ɧɚɭɱɧɵɣ ɢ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ ɹɜɥɟɧɢɟ 
ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɦɟɫɹɯ ɫɥɚɛɨ ɢɡɭɱɟɧɨ Д1Ж. ɉɪɨɜɟɞɟɧɧɵɟ ɤ ɧɚɫɬɨɹɳɟɦɭ 
ɜɪɟɦɟɧɢ ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɧɟɬ ɬɟɨɪɢɢ, ɤɨɬɨɪɚɹ ɛɵ ɨɞɧɨɡɧɚɱɧɨ ɨɩɢɫɵɜɚɥɚ ɬɟɪɦɨɞɢɮɮɭɡɢɸ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ 
ɫɢɫɬɟɦɚɯ Д2Ж. Ɉɬɫɭɬɫɬɜɢɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɜɟɫɬɢ ɤɨɪɪɟɤɬɧɭɸ ɩɪɨɜɟɪɤɭ ɩɪɢɦɟɧɢɦɨɫɬɢ ɬɨɣ ɢɥɢ ɢɧɨɣ ɬɟɨɪɢɢ ɢɥɢ ɦɟɬɨɞɚ ɪɚɫɱɟɬɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɜ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɜ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɹɯ H2 – CH4 – N2, H2 – CH4 – 
CO2, H2 – N2 – CO2, CH4 – N2 – CO2, He – N2 – CO2 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ. ɂɡɦɟɪɟɧɢɹ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ 
ɞɜɭɯɤɨɥɛɨɜɵɦ ɦɟɬɨɞɨɦ Д3Ж ɩɪɢ ɞɚɜɥɟɧɢɢ P = 0,1 Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɚɯ ɯɨɥɨɞɧɨɣ ɢ ɝɨɪɹɱɟɣ 
ɨɛɥɚɫɬɟɣ ɝɚɡɨɜɨɣ ɫɦɟɫɢ Ɍ1 = 280 Ʉ, Ɍ2 = 800 Ʉ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ⱥɧɚɥɢɡ ɫɦɟɫɢ ɞɨ ɢ ɩɨɫɥɟ 
ɪɚɡɞɟɥɟɧɢɹ ɩɪɨɜɨɞɢɥɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɟɫɨɜɵɦ ɢ ɢɧɬɟɪɮɟɪɨɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɚɦɢ, ɱɬɨ 
ɩɨɡɜɨɥɹɥɨ ɨɩɪɟɞɟɥɢɬɶ ɫɨɫɬɚɜ ɫɦɟɫɢ ɢ ɪɚɫɫɱɢɬɚɬɶ ɪɚɡɞɟɥɟɧɢɟ ɜɫɟɯ ɬɪɟɯ ɤɨɦɩɨɧɟɧɬɨɜ. 

ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ ɨɬɧɨɲɟɧɢɢ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɞɜɭɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɪɚɜɧɨɦ 0,25, 1,00 ɢ 4,00 ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɡɚɜɢɫɢɦɨɫɬɶ 
ɪɚɡɞɟɥɟɧɢɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɪɟɬɶɟɝɨ. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɥɟɞɭɸɳɢɯ ɫɦɟɫɟɣ: ɇ2 – ɋɇ4 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɣ N2 ɢ ɋɈ2; N2 – CO2 ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɣ H2, He ɢ CH4; CH4 – N2 
ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɣ ɇ2 ɢ ɋɈ2. 
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Ɋɟɡɭɥɶɬɚɬɵ ɱɚɫɬɢ ɢɡɦɟɪɟɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 1. Ɂɞɟɫɶ ɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɜɵɱɢɫɥɟɧɢɣ ɩɨ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ, ɩɪɟɞɥɨɠɟɧɧɨɣ ɧɚɦɢ ɪɚɧɟɟ Д4, 5Ж ɜ ɪɚɦɤɚɯ 
ɫɬɪɨɝɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ, ɜɵɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɡɞɟɥɟɧɢɹ 
ɧɟɩɥɨɯɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɨɦ. 

 

  
ɚ)       ɛ) 

Ɋɢɫ.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ΔCi ɜ ɫɦɟɫɹɯ ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ H2 – 
CH4 – ɋɈ2  ɢ N2 – CO2 – H2 ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɪɟɬɶɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɪɢ T1 = 280 Ʉ, T2 = 800 Ʉ: 
ɚ) ɪɚɫɱɟɬ:    – 25.0

42 CHH CC ,   – 00.4
42 CHH CC ; 

ɷɤɫɩɟɪɢɦɟɧɬ: ○ – 
2HC , □ – 

4ɋHC , Δ – 
2ɋɈC ; 

ɛ) ɪɚɫɱɟɬ:    – 25.0
22 CɈN CC ,   – 00.4

22 CɈN CC ; 

ɷɤɫɩɟɪɢɦɟɧɬ: ○ – 
2NC , □ – 

2ɋɈC , Δ – 
2HC . 

 
Ʉ ɧɚɫɬɨɹɳɟɦɭ ɦɨɦɟɧɬɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɬɨɦ ɢɥɢ ɢɧɨɦ ɨɛɴɟɦɟ 

ɜɵɩɨɥɧɟɧɵ ɩɪɢɦɟɪɧɨ ɞɥɹ 20 ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɝɚɡɨɜ, ɢɫɤɥɸɱɚɹ ɫɢɫɬɟɦɵ, 
ɫɨɞɟɪɠɚɳɢɟ ɢɡɨɬɨɩɵ. ɉɨ ɩɪɟɞɥɨɠɟɧɧɨɣ ɧɚɦɢ ɮɨɪɦɭɥɟ ɛɵɥɨ ɪɚɫɫɱɢɬɚɧɨ 
ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɨɟ ɪɚɡɞɟɥɟɧɢɟ ɜ 15 ɫɢɫɬɟɦɚɯ ɝɚɡɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɦɟɥɢɫɶ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ 
ɪɚɫɱɟɬɚ ɞɚɧɧɵɟ. Ʉɚɤ ɩɨɤɚɡɚɥɢ ɧɚɲɢ ɜɵɱɢɫɥɟɧɢɹ, ɜ ɨɫɧɨɜɧɨɦ, ɨɬɤɥɨɧɟɧɢɟ 
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ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɬ ɪɚɫɱɟɬɧɵɯ ɥɟɠɢɬ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ 
ɪɚɫɱɟɬɚ ɢ ɧɟ ɩɪɟɜɵɲɚɟɬ 10%. ȼ ɰɟɥɨɦ ɷɤɫɩɟɪɢɦɟɧɬ ɢ ɪɚɫɱɟɬ ɫɨɝɥɚɫɭɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɜ 
ɩɪɟɞɟɥɚɯ 3÷6%. 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɪɢɫɭɧɤɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ ɝɚɡɨɜ 
ɞɨɛɚɜɤɚ ɬɪɟɬɶɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɥɢ ɭɦɟɧɶɲɟɧɢɸ ɪɚɡɞɟɥɟɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦ ɪɚɡɞɟɥɟɧɢɟɦ ɜ ɛɢɧɚɪɧɨɣ ɫɦɟɫɢ, 
ɫɞɟɥɚɬɶ ɪɚɡɞɟɥɟɧɢɟ ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɜɧɵɦ ɧɭɥɸ, ɚ ɬɚɤɠɟ ɢɡɦɟɧɢɬɶ ɡɧɚɤ ɪɚɡɞɟɥɟɧɢɹ 
[6].  

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɨɝɨ ɪɚɡɞɟɥɟɧɢɹ ɧɚɦɢ ɩɨ ɮɨɪɦɭɥɟ, 
ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɪɚɛɨɬɚɯ Д4, 5Ж ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨɫɬɨɹɧɧɵɯ 

T
ij  ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯ. ɇɚ ɪɢɫɭɧɤɚɯ 2 ɢ 3 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 

ɬɚɤɢɯ ɜɵɱɢɫɥɟɧɢɣ. Ɂɞɟɫɶ ɠɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ 
ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨɫɬɨɹɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɪɚɡɞɟɥɟɧɢɹ, ɜɵɱɢɫɥɟɧɧɵɦɢ 
ɩɨ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɣ ɮɨɪɦɭɥɟ Д4, 5Ж. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɨɜ, ɦɟɠɞɭ ɧɢɦɢ ɧɚɛɥɸɞɚɟɬɫɹ 
ɧɟɩɥɨɯɨɟ ɫɨɝɥɚɫɢɟ. ɇɚ ɪɢɫ. 2 ɢ 3 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɨɥɶɤɨ ɞɜɭɯ 
ɡɧɚɱɟɧɢɣ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɨɣ ɩɨɫɬɨɹɧɧɨɣ, ɬɚɤ ɤɚɤ ɬɪɟɬɶɹ ɫɨɝɥɚɫɧɨ ɬɟɨɪɢɢ ȼɚɧ-ɞɟɪ-ȼɨɥɤɚ Д7Ж 
ɪɚɜɧɚ ɫɭɦɦɟ ɷɬɢɯ ɞɜɭɯ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɨɜ, ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɜ 
ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɵɯ ɝɚɡɨɜɵɯ ɫɦɟɫɹɯ  ɬɚɤɠɟ ɫɥɨɠɧɨ ɡɚɜɢɫɹɬ ɨɬ ɢɯ ɫɨɫɬɚɜɚ ɢ ɦɨɝɭɬ ɦɨɧɨɬɨɧɧɨ 
ɢɡɦɟɧɹɬɶɫɹ, ɢɦɟɬɶ ɦɚɤɫɢɦɭɦɵ ɢ ɦɢɧɢɦɭɦɵ ɢ ɬɚɤɠɟ ɦɟɧɹɬɶ ɡɧɚɤ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ. 

     
Ɋɢɫ.2. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨɫɬɨɹɧɧɵɯ T

ij  ɜ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɝɚɡɨɜɨɣ 
ɫɢɫɬɟɦɟ H2 – CH4 – ɋɈ2 ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɋɈ2 ɩɪɢ T1 = 280 Ʉ, T2 = 800 Ʉ: 
ɪɚɫɱɟɬ:         – 25.0

42 CHH CC ,         – 00.1
42 CHH CC ,       – 00.4

42 CHH CC ; 

ɷɤɫɩɟɪɢɦɟɧɬ: ○ – 25.0
42 CHH CC , □ – 00.1

42 CHH CC , Δ – 00.4
42 CHH CC  

 
ɉɪɨɜɟɞɟɧɧɵɟ ɧɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɨɜɨɪɹɬ ɨ ɫɥɨɠɧɨɦ ɯɚɪɚɤɬɟɪɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬ ɫɨɫɬɚɜɚ ɝɚɡɨɜɵɯ ɫɦɟɫɟɣ, ɢ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɨɠɧɨ 
ɝɨɜɨɪɢɬɶ ɥɢɲɶ ɨ ɧɟɤɨɬɨɪɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɢɯ ɢɡɦɟɧɟɧɢɹ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɡɜɨɥɹɸɬ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɩɪɟɞɥɨɠɟɧɧɵɣ ɧɚɦɢ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɣ ɦɟɬɨɞ 
ɜɵɱɢɫɥɟɧɢɹ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɫɦɟɫɟɣ 
ɝɚɡɨɜ. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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Ɋɢɫ.3. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨɫɬɨɹɧɧɵɯ T

ij  ɜ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɝɚɡɨɜɨɣ 
ɫɢɫɬɟɦɟ H2 – N2 – ɋɈ2 ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɇ2 ɩɪɢ T1 = 280 Ʉ, T2 = 800 Ʉ: 
ɪɚɫɱɟɬ:         – 25.0

22 CON CC ,         – 00.1
22 CON CC ,       – 00.4

22 CON CC ; 

ɷɤɫɩɟɪɢɦɟɧɬ: ○ – 25.0
22 CON CC , □ – 00.1

22 CON CC , Δ – 00.4
22 CON CC . 

 
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ Ɇɢɧɨɛɪɧɚɭɤɢ 
Ɋɨɫɫɢɢ №2014/123 ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɪɚɛɨɬ ɜ ɫɮɟɪɟ ɧɚɭɱɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, 
ɩɪɨɟɤɬ № 2493. 
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ɍɪɚɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ,  
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Ɇɚɫɥɚ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɷɧɟɪɝɨɧɚɩɪɹɠɟɧɧɵɯ ɩɪɨɰɟɫɫɚɯ, 

ɫɜɹɡɚɧɧɵɯ ɫ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ. Эɤɫɩɥɭɚɬɚɰɢɹ ɷɧɟɪɝɨɝɟɧɟɪɢɪɭɸɳɢɯ  ɚɝɪɟɝɚɬɨɜ, ɯɨɥɨɞɢɥɶɧɵɯ 
ɤɨɦɩɪɟɫɫɨɪɨɜ ɢ ɞɪɭɝɨɝɨ ɦɚɫɥɨɧɚɩɨɥɧɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɬɪɭɞɧɟɧɚ ɢɥɢ ɜɨɜɫɟ ɧɟ 
ɜɨɡɦɨɠɧɚ ɛɟɡ ɧɚɥɢɱɢɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɫɦɚɡɤɢ. ȼ ɬɟɱɟɧɢɟ ɫɪɨɤɚ ɪɚɛɨɬɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɫɟɥ 

mailto:dima_volosnikov@mail.ru


XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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ɭɯɭɞɲɚɸɬɫɹ ɩɨ ɩɪɢɱɢɧɟ ɟɝɨ ɫɬɚɪɟɧɢɹ, ɜɵɪɚɛɨɬɤɢ ɩɪɢɫɚɞɨɤ, ɩɨɩɚɞɚɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɩɪɢɦɟɫɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ, ɜɥɚɝɢ. ɋɨɱɟɬɚɧɢɟ ɬɚɤɢɯ ɮɚɤɬɨɪɨɜ, ɤɚɤ ɩɨɜɵɲɟɧɢɟ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɦɚɫɥɨɧɚɩɨɥɧɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɧɚɥɢɱɢɹ ɜ ɦɚɫɥɟ ɜɥɚɝɢ, ɧɟɝɚɬɢɜɧɨ 
ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɫɪɨɤɟ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɚɜɚɪɢɣɧɵɦ ɫɢɬɭɚɰɢɹɦ.   

ȼ ɂɧɫɬɢɬɭɬɟ ɬɟɩɥɨɮɢɡɢɤɢ ɍɪɈ ɊȺɇ ɫɨɡɞɚɧ ɥɚɛɨɪɚɬɨɪɧɵɣ ɦɟɬɨɞ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɣ ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɢ ɦɚɫɟɥ ɜ ɭɫɥɨɜɢɹɯ ɢɦɩɭɥɶɫɧɨɝɨ ɬɟɩɥɨɜɵɞɟɥɟɧɢɹ [1]. 
Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɜɪɟɦɹ ɠɢɡɧɢ ɢɦɩɭɥɶɫɧɨ ɩɟɪɟɝɪɟɬɨɝɨ ɨɛɪɚɡɰɚ ɦɚɫɥɚ ɩɪɢ 
ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɟɪɟɝɪɟɜ ɩɪɨɢɫɯɨɞɢɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ 
ɬɟɪɦɨɪɚɡɪɭɲɟɧɢɹ ɦɚɫɥɚ ɜ ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɩɵɬɨɜ ɫɬɪɨɢɬɫɹ 
ɬɟɦɩɟɪɚɬɭɪɧɨ-ɜɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɣ ɨɛɪɚɡɰɚ. ȼɥɚɝɚ, ɜ ɬɨɦ ɱɢɫɥɟ, ɟё ɫɥɟɞɨɜɵɟ 
ɤɨɥɢɱɟɫɬɜɚ (ɧɚ ɭɪɨɜɧɟ ɫɨɬɵɯ-ɬɵɫɹɱɧɵɯ ɞɨɥɟɣ ɩɪɨɰɟɧɬɚ) ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ  
ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɟɪɢ ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɢ.  Ⱦɥɹ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 
«ɧɭɥɟɜɨɝɨ» ɜɥɚɝɨɫɨɞɟɪɠɚɧɢɹ ɞɨ 50 ɝɪɚɦɦ ɜɥɚɝɢ ɧɚ ɬɨɧɧɭ ɦɚɫɥɚ ɫɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɢ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 1 ɨɋ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɥɚɝɢ ɧɚ 1 ɝ/ɬ. ȼ ɞɢɚɩɚɡɨɧɟ 50-200 
ɝɪɚɦɦ ɜɥɚɝɢ ɧɚ ɬɨɧɧɭ ɦɚɫɥɚ ɡɧɚɱɟɧɢɹ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɸɬɫɹ ɦɟɧɟɟ ɤɪɭɬɨ ɢ 
ɫɨɫɬɚɜɥɹɸɬ 1 ɨɋ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɜɥɚɝɢ ɧɚ 5-10 ɝ/ɬ. 

ɇɚ ɛɚɡɟ ɦɟɬɨɞɚ ɫɨɡɞɚɧɨ ɚɜɬɨɧɨɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɥɚɝɢ ɜ 
ɦɚɫɥɚɯ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɤɨɦɩɪɟɫɫɨɪɧɵɯ ɦɚɫɥɚɯ [2]. 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɭɫɬɪɨɣɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ з 10 ppm.  

Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɍɪɈ ɊȺɇ № 12-2-1-011-ȺɊКɌИКȺ. 
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Ɋɚɫɬɜɨɪɵ ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɷɧɟɪɝɟɬɢɤɟ ɢ ɯɢɦɢɱɟɫɤɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɟɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɩɨɡɜɨɥɹɟɬ ɜɧɟɫɬɢ ɨɩɪɟɞɟɥɟɧɧɵɣ ɜɤɥɚɞ 
ɜ ɦɟɯɚɧɢɡɦ ɩɟɪɟɧɨɫɚ ɬɟɩɥɚ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɚ ɬɚɤɠɟ ɜɵɹɫɧɢɬɶ ɫɬɪɭɤɬɭɪɭ 
ɪɚɫɬɜɨɪɨɜ.  

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɟɪɧɨɣ, ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɢ ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 293-
373Ʉ ɢ ɞɚɜɥɟɧɢɢ 0,1Ɇɉɚ, ɩɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɦɟɬɨɞɨɦ ɩɥɨɫɤɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ, ɚ ɬɚɤɠɟ 
ɞɚɧɧɵɟ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ. 

ɋ ɰɟɥɶɸ ɢɡɭɱɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɦɚɤɪɨɫɜɨɣɫɬɜ ɫ ɦɢɤɪɨɫɬɜɨɣɫɬɜɚɦɢ (ɫɬɪɭɤɬɭɪɨɣ) ɪɚɫɬɜɨɪɨɜ 
ɩɨ ɞɚɧɧɵɦ ɧɚɲɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɵ ɢ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ 
ɨɬɧɨɲɟɧɢɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɵ ɤ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɨɪɬɨɮɨɫɮɨɪɧɨɣ 
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ɤɢɫɥɨɬɵ ɢ ɨɬɧɨɲɟɧɢɟɦ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɚ ɤ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ Дλɜ / λɪ = ƒ (ρɪ / ρɜ)Ж, ɢ 
ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ (λɜ / λɪ) ɞɥɹ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɟɪɧɨɣ 
ɤɢɫɥɨɬɵ ɨɬ ɨɬɧɨɲɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɚ ɤ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ (ρɪ  / ρɜ), ɜɡɹɬɵɯ ɩɪɢ 
ɨɞɢɧɚɤɨɜɵɯ ɩɚɪɚɦɟɬɪɚɯ ɠɢɞɤɨɫɬɢ. Ⱦɚɧɧɵɟ ɩɨ ɩɥɨɬɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦ ɇ2Ɉ-ɇ3ɊɈ4 ɢ ɇ2Ɉ-
ɇ2SO4 ɡɚɢɦɫɬɜɨɜɚɧɵ ɢɡ ɫɩɪɚɜɨɱɧɢɤɨɜ Д1,2Ж. ȼɢɞɧɨ, ɱɬɨ ɫ  ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ⱥɧɚɥɢɡ ɡɚɜɢɫɢɦɨɫɬɢ  λɜ /λɪ=ƒ(ρɪ / ρɜ) ɢ ɭɜɟɥɢɱɟɧɢɟ (λɜ /λɪ) ɫ ɪɨɫɬɨɦ 
ɬɟɦɩɟɪɚɬɭɪɵ,  ɩɨ-ɜɢɞɢɦɨɦɭ, ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɨɛɪɚɡɨɜɚɧɢɟɦ ɚɫɫɨɰɢɚɬɨɜ ɜ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɚɯ. Ɂɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ 
ɞɥɹ ɫɢɫɬɟɦɵ ɇ3ɊɈ4 - ɇ2Ɉ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɵɣ ɢɡɥɨɦ, ɩɪɢɯɨɞɹɳɢɣɫɹ ɩɪɢ ɜɫɟɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚ 
ɩɥɨɬɧɨɫɬɶ ρ=1070÷1090ɤɝ*ɦ-3 ɢ ɫɥɚɛɨ ɜɵɪɚɠɟɧɧɵɣ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ρ≈1500ɤɝ*ɦ-3.  ɉɨɞɨɛɧɵɟ 
ɚɧɨɦɚɥɢɢ ɧɚɛɥɸɞɚɥɢ ɢɫɫɥɟɞɨɜɚɬɟɥɢ ɢ ɩɪɢ ɢɡɭɱɟɧɢɢ ɞɪɭɝɢɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ. Ɍɚɤ, ɤɪɢɜɵɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɦɟɸɬ ɩɟɪɟɝɢɛɵ, ɬɨɱɧɨ ɬɚɤ ɠɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 13 - 15%  ɢ 80%  (ɦɚɫɫ. ɞɨɥɹ ɇ3ɊɈ4) – [2,3].  

Эɬɢ ɪɟɡɭɥɶɬɚɬɵ ɨɞɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ 
ɠɢɞɤɨɣ ɛɢɧɚɪɧɨɣ ɫɢɫɬɟɦɟ ɇ3ɊɈ4-ɇ2Ɉ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɥɨɬɧɨɫɬɹɦ ɨɪɬɨɮɨɫɮɨɪɧɨɣ 
ɤɢɫɥɨɬɵ ρ≈1080țɝ*ɦ-3 ɢ ρ≈1500ɤɝ*ɦ-3. 
ɍɫɬɚɧɨɜɥɟɧɚ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɨɬɧɨɲɟɧɢɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɤ ɜɨɞɟ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 313,15Ʉ ɢ ɞɚɜɥɟɧɢɢ 
0,1Ɇɉɚ. ɉɟɪɟɝɢɛɵ ɜ ɷɬɨɦ ɝɪɚɮɢɤɟ ɩɪɨɫɦɚɬɪɢɜɚɸɬɫɹ ɟɳɟ ɱɟɬɱɟ. ɉɟɪɟɝɢɛɵ ɢ ɢɡɥɨɦɵ ɧɚ ɷɬɢɯ 
ɝɪɚɮɢɤɚɯ ɩɪɢɯɨɞɹɬɫɹ ɧɚ ɷɜɬɟɤɬɢɱɟɫɤɢɟ ɬɨɱɤɢ ɧɚ ɞɢɚɝɪɚɦɦɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ, ɭɤɚɡɚɧɧɵɯ 
ɫɢɫɬɟɦ Д4Ж.  

Ɉɛɧɚɪɭɠɟɧɧɵɟ ɧɚ ɝɪɚɮɢɤɚɯ ɫɢɥɶɧɵɟ ɢɡɥɨɦɵ, ɩɟɪɟɝɢɛɵ ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ 
ɨɞɧɨɡɧɚɱɧɵɟ ɜɵɜɨɞɵ ɨ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɹɯ,  ɩɪɨɢɫɯɨɞɹɳɢɯ   ɜ    ɠɢɞɤɢɯ ɛɢɧɚɪɧɵɯ  
ɫɢɫɬɟɦɚɯ,  ɚ   ɬɚɤɠɟ ɭɬɜɟɪɠɞɚɬɶ,  ɱɬɨ   ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɨ 
ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɫɜɨɣɫɬɜɨɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ  ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ. 
ɂɡ ɤɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ (λɜ / λɪ) ɞɥɹ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ 
ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɨɬ ɨɬɧɨɲɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɚ ɤ ɩɥɨɬɧɨɫɬɢ ɜɨɞɵ (ρɪ  / ρɜ), ɜɡɹɬɵɯ ɩɪɢ 
ɨɞɢɧɚɤɨɜɵɯ ɩɚɪɚɦɟɬɪɚɯ ɠɢɞɤɨɫɬɢ ɜɢɞɧɨ, ɱɬɨ ɜ ɨɛɥɚɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɹɦ 
45-50%, ɢɦɟɸɬɫɹ ɩɟɪɟɝɢɛɵ, ɚ ɧɚɱɢɧɚɹ ɫ ɤɨɧɰɟɧɬɪɚɰɢɢ 65-70% (ɦɚɫɫ. ɞɨɥɹ ɇ2SO4), ɢɡɨɬɟɪɦɵ 
ɪɚɫɯɨɞɹɬɫɹ ɜɟɟɪɨɦ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜ ɫɢɫɬɟɦɟ ɇ2Ɉ-ɇ2SO4 ɩɪɨɢɫɯɨɞɹɬ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ. 
Ɍɚɤɢɟ ɚɧɨɦɚɥɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ  ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ  ɜɨɞɧɵɯ  ɪɚɫɬɜɨɪɨɜ  ɫɟɪɧɨɣ  ɤɢɫɥɨɬɵ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɦɨɝɭɬ   ɛɵɬɶ ɨɛɴɹɫɧɟɧɵ   ɢ ɫɬɭɩɟɧɱɚɬɨɣ 
ɞɢɫɫɨɰɢɚɰɢɟɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɚ ɬɚɤɠɟ ɩɪɨɰɟɫɫɚɦɢ ɚɫɫɨɰɢɚɰɢɢ (ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɫɧɵɯ 
ɢɨɧɨɜ) Д5Ж.  

ɋ ɰɟɥɶɸ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨɝɨ ɜɵɹɫɧɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɜ ɫɬɪɭɤɬɭɪɟ ɫɢɫɬɟɦɵ H2O - H2SO4   ɛɵɥɢ   
ɢɫɫɥɟɞɨɜɚɧɵ   ɤɨɪɪɟɥɹɰɢɢ   ɦɟɠɞɭ:  ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ    ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ   Д1 
/ λ (Δλ / ΔΤ)Ж   ɢ  ɤɨɧɰɟɧɬɪɚɰɢɟɣ; ɫɤɨɪɨɫɬɶɸ ɡɜɭɤɚ  (Юɬ) ɢ  ɤɨɧɰɟɧɬɪɚɰɢɟɣ  ɞɥɹ  ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. ɂɡ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦɵ H2O-H2SO4 ɩɪɢ ɞɚɜɥɟɧɢɢ 0,1Ɇɉɚ ɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 303,15Ʉ, ɩɨɫɬɪɨɟɧɧɨɝɨ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ  ɚɜɬɨɪɚ, ɜɢɞɧɨ, ɱɬɨ 
ɦɚɤɫɢɦɭɦ ɧɚ ɷɬɨɦ ɝɪɚɮɢɤɟ ɩɪɨɹɜɥɹɟɬɫɹ   ɩɪɢ   ɤɨɧɰɟɧɬɪɚɰɢɹɯ   45-50%   (ɦɚɫɫ. ɞɨɥɹ  H2SO4),   
ɧɟɱɬɨ ɩɨɞɨɛɧɨɟ   ɧɚɛɥɸɞɚɟɬɫɹ  ɢ   ɧɚ   ɝɪɚɮɢɤɟ  ɡɚɜɢɫɢɦɨɫɬɢ  ɫɤɨɪɨɫɬɢ ɡɜɭɤɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɞɥɹ ɫɢɫɬɟɦɵ H2O-H2SO4 ɩɪɢ ɷɬɢɯ ɠɟ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɩɨɫɬɪɨɟɧɧɨɝɨ ɧɚɦɢ ɩɨ ɞɚɧɧɵɦ Д6,7Ж,  
ɤɨɬɨɪɵɟ ɨɞɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ  ɜ ɫɢɫɬɟɦɟ H2O-H2SO4, ɢ 
ɩɨɞɬɜɟɪɠɞɚɸɬ ɜɵɜɨɞɵ ɫɞɟɥɚɧɧɵɟ ɧɚɦɢ ɜɵɲɟ ɞɥɹ ɷɬɨɣ ɫɢɫɬɟɦɵ. 
ɇɚɛɥɸɞɚɟɦɨɟ ɡɚɦɟɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ  λɜ / λɷ=ƒ(ρɷ /ρɜ) ɞɥɹ ɫɢɫɬɟɦɵ H2O-H2SO4 ɩɪɢ ɜɵɫɨɤɢɯ 
ɤɨɧɰɟɧɬɪɚɰɢɹɯ (ɫɦ. Ɋɢɫ.2), ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɧɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
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ɢɨɧɨɜ ɫ ɪɚɫɬɜɨɪɢɬɟɥɟɦ (ɝɢɞɪɚɬɚɰɢɹ) ɧɚɤɥɚɞɵɜɚɟɬɫɹ ɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɞɪɭɝ ɫ ɞɪɭɝɨɦ 
(ɫɨɥɶɜɚɬɚɰɢɹ) Д5Ж. 
ɉɨɞɬɜɟɪɠɞɚɟɬ ɷɬɨ  ɫɜɨɢɦ ɩɨɜɟɞɟɧɢɟɦ ɤɪɢɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦɵ H2O-H2SɈ4. 

ɇɚ ɨɫɨɛɟɧɧɨɫɬɶ ɫɨɫɬɚɜɚ ɢ ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ H2O-H2SɈ4 ɩɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 
ɭɤɚɡɵɜɚɟɬ ɢ ɏɪɢɩɭɧ Ɇ.Ʉ. Д8Ж. 

ȼ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫɭɳɟɫɬɜɭɟɬ ɫɬɪɭɤɬɭɪɧɨ        ɭɩɨɪɹɞɨɱɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ - 
ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɢɦɟɟɬ ɦɟɫɬɨ ɫɯɨɞɫɬɜɨ ɫɬɪɭɤɬɭɪɵ   ɠɢɞɤɨɫɬɟɣ  ɢ  
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ   ɟɣ  ɬɜɟɪɞɨɣ   ɮɚɡɨɣ  Д8Ж. ɉɨ ɭɬɜɟɪɠɞɟɧɢɸ ɏɪɢɩɭɧ Ɇ.Ʉ., ɜ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɦɧɨɝɢɯ ɫɜɨɣɫɬɜ   ɷɜɬɟɤɬɢɱɟɫɤɢɟ   ɬɨɱɤɢ   (ɦɚɤɫɢɦɭɦɵ, 
ɩɟɪɟɝɢɛɵ ɢ ɬ.ɞ.)   ɥɟɠɚɬ  ɜ ɨɛɥɚɫɬɢ 

ɤɨɧɰɟɧɬɪɚɰɢɣ, ɪɚɡɞɟɥɹɸɳɢɯ ɜɟɳɟɫɬɜɨ ɧɚ ɞɜɟ ɨɛɥɚɫɬɢ – ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɢ 
ɧɟɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɭɸ. 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɟɬɫɹ ɢɡɜɟɫɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ɉɪɟɞɜɨɞɢɬɟɥɟɜɚ-ȼɚɪɝɚɮɬɢɤɚ Д9Ж, ɩɪɟɞɥɚɝɚɟɦɨɟ 
ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɠɢɞɤɨɫɬɟɣ: 

3/13/41  MAcp    (1), 

ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶ; ɫɪ – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ; Ɇ – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ; Ⱥ – ɜɟɥɢɱɢɧɚ, ɧɟ 
ɡɚɜɢɫɹɳɚɹ ɨɬ ɪɨɞɚ ɠɢɞɤɨɫɬɢ, ɧɨ ɹɜɥɹɸɳɚɹɫɹ ɮɭɧɤɰɢɟɣ ɬɟɦɩɟɪɚɬɭɪɵ; α – ɫɬɟɩɟɧɶ ɚɫɫɨɰɢɚɰɢɢ 
ɠɢɞɤɨɫɬɟɣ.  
Ɇɵ ɪɟɲɢɥɢ ɜɵɹɫɧɢɬɶ, ɫɨɯɪɚɧɹɟɬɫɹ ɥɢ ɫɬɟɩɟɧɶ ɚɫɫɨɰɢɚɰɢɢ (α) ɞɥɹ ɠɢɞɤɨɫɬɟɣ ɜ ɭɪɚɜɧɟɧɢɢ 
(1).  

Ⱦɥɹ ɷɬɨɝɨ ɛɵɥɚ ɭɫɬɚɧɨɜɥɟɧɚ ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ  ɨɬɧɨɲɟɧɢɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ  ɪɚɫɬɜɨɪɚ 
(λɪ) ɤ ɩɪɨɢɡɜɟɞɟɧɢɸ ɩɥɨɬɧɨɫɬɢ (ρ4/3) ɧɚ ɢɡɨɛɚɪɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ (ɫɪ) ɪɚɫɬɜɨɪɚ ɨɬ ɫɨɫɬɚɜɚ  
ɷɥɟɤɬɪɨɥɢɬɚ (ɧɚ ɩɪɢɦɟɪɟ ɫɢɫɬɟɦɵ H2O-H2SO4). 

Ʉɨɪɪɟɥɹɰɢɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɬɟɩɟɧɶ ɚɫɫɨɰɢɚɰɢɢ ɜ ɫɢɫɬɟɦɟ H2O-H2SO4 ɧɟ ɫɨɯɪɚɧɹɟɬɫɹ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ.  

Ȼɵɥɚ ɜɵɹɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɨɬɧɨɲɟɧɢɟɦ ɪɚɡɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ 
ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɩɪɚɜɢɥɭ ɚɞɞɢɬɢɜɧɨɫɬɢ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ ɫɢɫɬɟɦɵ H2O-H2SO4 ɩɪɢ ɞɚɜɥɟɧɢɢ 0,1 Ɇɉɚ ɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 
Ⱥɧɚɥɢɡ ɩɨɤɚɡɚɥ. ɑɬɨ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 22-25% ɢ 75-77% 
H2SO4 ɩɪɨɢɫɯɨɞɹɬ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ. ɉɨ 
ɤɨɪɪɟɥɹɰɢɢ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɞɥɹ ɫɢɫɬɟɦɵ H2O-H2SO4 ɜɢɞɟɧ 
ɦɚɤɫɢɦɭɦ  ɩɪɢ Ɍɤɢɩ =325ɋ  ɢ ɤɨɧɰɟɧɬɪɚɰɢɟɣ H2SO4 ɪɚɜɧɨɣ 98,3% - ɚɡɟɨɬɪɨɩɨɣ. 
Ɍɚɤ, ɤɪɢɜɵɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɫɢɫɬɟɦɵ H2O-H2SO4 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɢɦɟɸɬ ɩɟɪɟɝɢɛɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 30% ɢ 98,3%  (ɦɚɫɫ. ɞɨɥɹ H2SO4). Эɬɢ  ɪɟɡɭɥɶɬɚɬɵ 
ɨɞɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ ɠɢɞɤɨɣ ɛɢɧɚɪɧɨɣ 
ɫɢɫɬɟɦɟ H2O-H2SO4. 

Ʉɨɪɪɟɥɹɰɢɹ ɦɟɠɞɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɢ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ ɞɥɹ   ɞɥɹ ɜɨɞɧɵɯ 
ɪɚɫɬɜɨɪɨɜ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜɢɞɟɧ ɦɚɤɫɢɦɭɦ ɞɥɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
363,15Ʉ, ɧɨ ɧɟ ɦɚɤɫɢɦɭɦ ɞɥɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɫɬɜɨɪɚ. 

ɉɨɞɨɛɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɚɥɨ ɜɨɡɦɨɠɧɵɦ ɥɢɲɶ ɛɥɚɝɨɞɚɪɹ ɩɨɥɭɱɟɧɧɵɦ ɧɚɦɢ ɧɚɞɟɠɧɵɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɩɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɨɠɟɧ ɩɨɞɯɨɞ, ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɢɡɜɟɫɬɧɵɟ 
ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ, ɢ ɜɵɹɜɢɬɶ ɦɟɯɚɧɢɡɦɵ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ - 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɤɨɬɨɪɵɟ ɜɧɟɫɭɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɜɤɥɚɞ ɜ ɬɟɨɪɢɸ 
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ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɩɨɞɯɨɞɵ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɦɟɧɟɧɢɹɯ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɪɚɫɬɜɨɪɚɯ. 
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Вɜɟɞɟɧиɟ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ (ɊɁɆ) ɢ ɢɯ ɫɩɥɚɜɨɜ ɤ 

ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɢɡɭɱɟɧɵ ɧɟɞɨɫɬɚɬɨɱɧɨ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɤɚɫɚɟɬɫɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɨɛɥɚɫɬɢ, ɞɥɹ ɤɨɬɨɪɨɣ ɢɦɟɸɬɫɹ ɟɞɢɧɢɱɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɫɜɨɣɫɬɜɚɯ ɱɢɫɬɵɯ 
ɦɟɬɚɥɥɨɜ Д1, 2Ж, ɢ ɨɫɬɚɸɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɭɱɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ. ȼɦɟɫɬɟ ɫ ɬɟɦ, 
ɫɜɟɞɟɧɢɹ ɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɊɁɆ ɢ ɢɯ ɫɩɥɚɜɨɜ ɧɟɨɛɯɨɞɢɦɵ ɤɚɤ ɞɥɹ ɪɚɡɜɢɬɢɹ 
ɮɢɡɢɤɢ ɷɬɢɯ ɨɛɴɟɤɬɨɜ, ɬɚɤ ɢ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ 
ɢɬɬɪɢɣ-ɝɨɥɶɦɢɣ (Y-Ho), ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɢɦɟɪɧɨ ɨɬ 400 Ʉ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ, ɛɥɢɡɤɨɣ ɤ 
ɬɟɦɩɟɪɚɬɭɪɟ ɩɥɚɜɥɟɧɢɹ.   

ɏɚɪɚɤɬɟɪиɫɬиɤɚ ɨɛɪɚɡɰɨɜ. ɂɬɬɪɢɣ ɢ ɝɨɥɶɦɢɣ ɨɛɥɚɞɚɸɬ ɩɨɥɧɨɣ ɜɡɚɢɦɧɨɣ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɷɬɢɯ ɫɩɥɚɜɨɜ ɩɪɨɫɬɚ, ɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɩɪɹɦɵɯ ɥɢɧɢɣ, ɫɨɟɞɢɧɹɸɳɢɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɧɵɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ Д3Ж. ȼɦɟɫɬɟ ɫ ɬɟɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ ɜ ɢɬɬɪɢɢ ɨɬ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ 
ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɨɣ ɪɟɲɟɬɤɢ ɤ ɨɛɴɟɦɧɨ-ɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɤɭɛɢɱɟɫɤɨɣ (Ƚɉɍ-ɈɐɄ) ɜ 
ɥɢɬɟɪɚɬɭɪɟ ɢɦɟɸɬɫɹ ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɞɚɧɧɵɟ  (ɫɦ. ɧɚɩɪɢɦɟɪ, Д3, 4Ж). ɉɨɷɬɨɦɭ ɧɟɹɫɧɨ, ɤɚɤɨɜɨ 
ɤɨɧɤɪɟɬɧɨɟ ɩɨɜɟɞɟɧɢɟ ɫɜɨɣɫɬɜ ɫɩɥɚɜɨɜ ɜɛɥɢɡɢ ɜɨɡɦɨɠɧɨɣ ɬɨɱɤɢ ɩɟɪɟɯɨɞɚ Ƚɉɍ-ɈɐɄ ɜ 
ɨɛɥɚɫɬɢ ɛɨɥɶɲɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɬɬɪɢɹ. ȼɨɡɦɨɠɧɨ, ɱɬɨ ɧɚ ɩɪɨɰɟɫɫ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ Ƚɉɍ-
ɈɐɄ ɜ ɢɬɬɪɢɢ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɩɪɢɦɟɫɢ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɊɁɆ ɟɳɟ 
ɜɟɥɢɤɨ.  
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ɋɩɥɚɜɵ ɛɵɥɢ ɜɵɩɥɚɜɥɟɧɵ ɜ ɷɥɟɤɬɪɨɞɭɝɨɜɨɣ ɩɟɱɢ ɢɡ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ 
ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɣ ɞɢɫɬɢɥɥɹɰɢɢ. Ʉɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɫɟɣ ɜ ɢɫɯɨɞɧɵɯ ɤɨɦɩɨɧɟɧɬɚɯ ɦɟɧɟɟ 0,05 
% ɩɨ ɦɚɫɫɟ. Ɉɬɤɥɨɧɟɧɢɟ ɦɚɫɫɵ ɫɩɥɚɜɚ ɨɬ ɫɭɦɦɵ ɦɚɫɫ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟ ɩɪɟɜɵɲɚɥɨ  0,1 %. 
Ɉɛɪɚɡɰɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜɵɪɟɡɚɥɢɫɶ 
ɷɥɟɤɬɪɨɷɪɨɡɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɜ ɮɨɪɦɟ ɩɥɨɫɤɢɯ ɩɥɚɫɬɢɧ ɫ ɩɨɩɟɪɟɱɧɵɦ ɪɚɡɦɟɪɨɦ 12·12 ɦɦ2. 
ɉɥɨɫɤɨɩɚɪɚɥɥɟɥɶɧɨɫɬɶ ɩɥɚɫɬɢɧ ɡɚɬɟɦ ɨɛɟɫɩɟɱɢɜɚɥɚɫɶ ɩɭɬɟɦ ɪɭɱɧɨɝɨ ɲɥɢɮɨɜɚɧɢɹ. 
ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ ɬɨɥɳɢɧɵ ɨɛɟɫɩɟɱɢɜɚɥɚɫɶ ɧɚ ɭɪɨɜɧɟ ± 2 ɦɤɦ. Ɍɨɥɳɢɧɵ ɨɛɪɚɡɰɨɜ 
ɜɵɛɢɪɚɥɢɫɶ ɢɡ ɢɧɬɟɪɜɚɥɚ 0,8 – 2,6 ɦɦ (ɢɡɦɟɪɟɧɢɹ ɬɨɥɳɢɧɵ ɜɵɩɨɥɧɹɥɢɫɶ ɧɚ ɩɪɢɛɨɪɟ ɂɁȼ-1).  

Ɇɟɬɨɞ иɡмɟɪɟɧия ɬɟмɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬи. Ɍɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɩɥɚɜɨɜ 
ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɦɟɬɨɞɨɦ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ Д5Ж. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨɥɧɵ ɜɨɡɛɭɠɞɚɥɢɫɶ  
ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɩɨ ɚɦɩɥɢɬɭɞɟ ɢɡɥɭɱɟɧɢɟɦ ɥɚɡɟɪɚ ɅȽɇ-701 (ɅȽ-43). Ⱦɥɢɧɚ ɜɨɥɧɵ ɢɡɥɭɱɟɧɢɹ 
10,6 ɦɤɦ, ɦɨɳɧɨɫɬɶ 60 ȼɬ. ȼ ɤɚɱɟɫɬɜɟ ɦɨɞɭɥɹɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɨɪɢɝɢɧɚɥɶɧɨɟ ɷɥɟɤɬɪɨɧɧɨ-
ɦɟɯɚɧɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ Д6Ж, ɩɨɡɜɨɥɹɸɳɟɟ ɢɡɦɟɧɹɬɶ ɱɚɫɬɨɬɭ ɦɨɞɭɥɹɰɢɢ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ 
ɢ ɨɛɟɫɩɟɱɢɜɚɬɶ ɝɥɭɛɢɧɭ ɦɨɞɭɥɹɰɢɢ 100 %.   

Ɉɛɪɚɡɟɰ ɪɚɡɦɟɳɚɥɫɹ ɜ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɟ, ɜ ɤɨɬɨɪɨɣ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɜɚɤɭɭɦɦɢɪɨɜɚɧɢɹ ɫɨɡɞɚɜɚɥɚɫɶ ɢɧɟɪɬɧɚɹ ɚɬɦɨɫɮɟɪɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɥɢɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ 
ɩɨɞ ɢɡɛɵɬɨɱɧɵɦ ɞɚɜɥɟɧɢɟɦ. Ɉɛɪɚɡɟɰ ɪɚɫɩɨɥɚɝɚɥɫɹ ɜ ɹɱɟɣɤɟ, ɢɡɝɨɬɨɜɥɟɧɧɨɣ ɢɡ 
ɢɡɨɥɹɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɛɪɚɡɰɚ ɢ ɹɱɟɣɤɢ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɨɤɥɚɞɤɢ ɢɡ ɬɨɧɤɨɝɨ ɥɢɫɬɨɜɨɝɨ ɦɨɥɢɛɞɟɧɚ. ɇɚɥɢɱɢɟ ɝɚɡɨɜɨɣ ɫɪɟɞɵ 
ɩɪɟɞɨɬɜɪɚɳɚɥɨ ɫɭɛɥɢɦɚɰɢɸ ɨɛɪɚɡɰɚ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ʉɚɠɞɵɣ ɨɛɪɚɡɟɰ ɩɟɪɟɞ 
ɢɡɦɟɪɟɧɢɹɦɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɬɠɢɝɚɥɫɹ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɤɚɦɟɪɟ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɱɚɫɨɜ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 1500 Ʉ.  

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɜɨɥɧɚ ɪɚɫɩɪɨɫɬɪɚɧɹɥɚɫɶ ɨɬ ɩɟɪɜɨɣ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɤɨ 
ɜɬɨɪɨɣ. Ʉɨɥɟɛɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɨɬɫɬɚɜɚɥɢ ɩɨ ɮɚɡɟ ɨɬ ɤɨɥɟɛɚɧɢɣ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɩɟɪɜɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. ɉɨ ɜɟɥɢɱɢɧɟ ɮɚɡɨɜɨɝɨ 
ɡɚɩɚɡɞɵɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ Д5Ж. Ⱦɥɹ ɨɰɟɧɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɬɨɪɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɩɪɢɦɟɧɹɥɢɫɶ ɞɚɬɱɢɤɢ: ɬɟɪɦɨɩɚɪɚ ɞɢɚɦɟɬɪɨɦ 0,05 ɦɤɦ, ɩɪɢɜɚɪɟɧɧɚɹ ɛɟɡ 
ɫɩɚɹ Д7Ж ɤ ɰɟɧɬɪɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɜɬɨɪɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢ ɮɨɬɨɞɚɬɱɢɤ (ɮɨɬɨɞɢɨɞ), 
ɚɧɚɥɢɡɢɪɭɸɳɢɣ ɬɟɦɩɟɪɚɬɭɪɭ ɷɬɨɣ ɠɟ ɨɛɥɚɫɬɢ. Ɍɟɪɦɨɩɚɪɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɞɥɹ ɨɰɟɧɤɢ 
ɩɚɪɚɦɟɬɪɨɜ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ Д8Ж, ɚ ɬɚɤɠɟ ɢ 
ɞɥɹ ɨɰɟɧɤɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ. ɋɪɟɞɧɹɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɡɰɚ ɢɡɦɟɧɹɥɚɫɶ ɩɪɢ 
ɩɨɦɨɳɢ ɩɟɱɢ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ.   

ɋɢɝɧɚɥɵ ɨɬ ɞɚɬɱɢɤɨɜ ɱɟɪɟɡ ɧɨɪɦɢɪɭɸɳɢɟ ɥɢɧɟɣɧɵɟ ɰɟɩɢ Д9Ж ɩɨɞɚɜɚɥɢɫɶ ɧɚ ɚɧɚɥɨɝɨ-
ɰɢɮɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɚ ɡɚɬɟɦ ɩɨɫɬɭɩɚɥɢ ɜ ɤɨɦɩɶɸɬɟɪ. ȼ ɤɨɦɩɶɸɬɟɪɟ ɩɪɨɢɡɜɨɞɢɥɚɫɶ 
ɨɰɟɧɤɚ ɮɚɡɵ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɪɚɫɱɟɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ. ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɰɟɧɟɧɧɚɹ ɬɟɨɪɟɬɢɱɟɫɤɢ ɢ ɨɩɪɟɞɟɥɟɧɧɚɹ ɩɪɚɤɬɢɱɟɫɤɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɪɚɡɰɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ 12ɏ18ɇ10Ɍ ɢ ɦɨɥɢɛɞɟɧ ɦɚɪɤɢ 
Ɇɑȼɉ), ɨɤɚɡɚɥɚɫɶ ɪɚɜɧɚ 2 % (ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɡɧɚɱɟɧɢɟ).  

Ɋɟɡɭɥɶɬɚɬы иɫɫɥɟɞɨɜɚɧиɣ. ɉɨɥɢɬɟɪɦɵ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Y-Ho ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɞɨɫɬɚɬɨɱɧɨ ɨɞɧɨɬɢɩɧɵ. ȼ ɰɟɥɨɦ ɨɧɢ ɢɦɟɸɬ ɧɟɭɛɵɜɚɸɳɢɣ ɯɚɪɚɤɬɟɪ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, 
ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɞɧɨɫɬɢ ɫɩɥɚɜɨɜ ɥɢɛɨ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɵɦ, ɥɢɛɨ 
ɫɥɚɛɨ ɜɨɡɪɚɫɬɚɟɬ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɡɛɪɨɫ 
ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɧɚɫɬɨɹɳɢɯ ɨɩɵɬɚɯ ɞɥɹ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ ɩɪɟɜɵɲɚɟɬ ɩɨɝɪɟɲɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɹ ɩɪɢɦɟɪɧɨ ɜɞɜɨɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɫɜɨɣɫɬɜ ɫɩɥɚɜɨɜ ɩɪɢ 
ɧɚɝɪɟɜɟ. ȼ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɨɡɦɨɠɧɵɦ ɬɟɦɩɟɪɚɬɭɪɚɦ 
ɫɬɪɭɤɬɭɪɧɵɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ Ƚɉɍ-ɈɐɄ ɧɚɛɥɸɞɚɸɬɫɹ ɫɥɚɛɵɟ ɚɧɨɦɚɥɢɢ, ɬɨɱɧɵɣ ɜɢɞ 
ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɢɬɶ ɬɨɱɧɨ ɧɟ ɭɞɚɥɨɫɶ. Эɬɢ ɫɥɚɛɵɟ ɚɧɨɦɚɥɢɢ ɧɚɛɥɸɞɚɸɬɫɹ ɧɚ ɩɨɥɢɬɟɪɦɚɯ 
ɜɫɟɯ ɫɩɥɚɜɨɜ. ȼɨɡɦɨɠɧɨ, ɩɪɟɩɹɬɫɬɜɢɟɦ ɞɥɹ ɞɟɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɫɜɨɣɫɬɜ ɜɛɥɢɡɢ Ƚɉɍ-ɈɐɄ 
ɩɪɟɜɪɚɳɟɧɢɣ ɹɜɥɹɥɚɫɶ ɭɡɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɈɐɄ ɮɚɡ 
(ɩɪɢɦɟɪɧɨ, 40 Ʉ), ɜɫɥɟɞ ɡɚ ɤɨɬɨɪɵɦɢ ɩɪɨɢɫɯɨɞɢɬ ɩɥɚɜɥɟɧɢɟ.   



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

320 
 

Ɉɛɫɭɠɞɟɧиɟ ɩɨɥɭɱɟɧɧыɯ ɪɟɡɭɥɶɬɚɬɨɜ. ɇɚ ɪɢɫ.1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ 
ɞɢɚɝɪɚɦɦɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ a ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Y-Ho. Ɉɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɭɱɚɫɬɤɭ, ɢ ɨɫɬɚɟɬɫɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɢɡɦɟɧɧɨɣ ɞɨ ɫɚɦɵɯ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ.  

  

 
Ɋɢɫ. 1. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ  

  
ɇɚɢɛɨɥɟɟ ɡɚɦɟɬɧɨɟ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɦɚɥɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɝɨɥɶɦɢɹ. ȼ ɨɛɥɚɫɬɢ, ɝɞɟ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɨɥɶɦɢɹ ɜɟɥɢɤɚ, ɢɡɦɟɧɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɚɥɵ. Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɚɧɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ 
ɧɨɫɢɬ ɷɥɟɤɬɪɨɧɧɭɸ ɩɪɢɪɨɞɭ. Ƚɨɥɶɦɢɣ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɨɬɧɨɫɢɬɫɹ ɤ ɬɹɠɟɥɵɦ ɊɁɆ Д10Ж, ɬ.ɟ. ɤ 
ɢɬɬɪɢɟɜɨɣ ɝɪɭɩɩɟ, ɢ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɛɥɚɞɚɟɬ ɷɥɟɤɬɪɨɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɨɞɨɛɧɨɣ ɫɬɪɭɤɬɭɪɟ 
ɢɬɬɪɢɹ. Ɇɨɠɧɨ ɨɠɢɞɚɬɶ, ɱɬɨ ɜ ɬɜɟɪɞɨɦ ɪɚɫɬɜɨɪɟ Y-Ho ɷɥɟɤɬɪɨɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ 
ɢɡɦɟɧɢɬɫɹ Д10Ж. ɋɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɭɫɥɨɜɥɟɧɨ 
ɫɪɚɜɧɢɬɟɥɶɧɨ ɪɟɡɤɢɦ ɭɫɢɥɟɧɢɟɦ ɪɚɫɫɟɹɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɢɬɬɪɢɢ ɦɚɥɵɯ 
ɤɨɥɢɱɟɫɬɜ ɝɨɥɶɦɢɹ.   

ɂɨɧ ɢɬɬɪɢɹ ɢɦɟɟɬ ɜɞɜɨɟ ɦɟɧɶɲɭɸ ɦɚɫɫɭ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɨɧɨɦ ɝɨɥɶɦɢɹ, ɩɨɷɬɨɦɭ ɨɧ 
ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɡɚ ɫɱɟɬ ɷɬɨɝɨ ɛɨɥɶɲɢɦ ɪɚɫɫɟɢɜɚɸɳɢɦ ɫɜɨɣɫɬɜɨɦ Д11Ж. Ɉɩɵɬ ɩɨɤɚɡɵɜɚɟɬ, 
ɨɞɧɚɤɨ, ɱɬɨ ɷɬɨɬ ɮɚɤɬɨɪ, ɡɚ ɫɱɟɬ ɤɨɬɨɪɨɝɨ ɞɨɥɠɧɚ ɛɵɥɚ ɛɵ ɪɟɡɤɨ ɫɧɢɠɚɬɶɫɹ ɩɪɨɜɨɞɢɦɨɫɬɶ 
ɫɩɥɚɜɨɜ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜ ɢɬɬɪɢɹ ɤ ɝɨɥɶɦɢɸ, ɧɟ ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ. 
ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɝɨɥɶɦɢɣ ɞɥɹ ɢɬɬɪɢɹ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɡɚɦɟɬɧɨɣ ɩɪɢɦɟɫɶɸ, ɱɟɦ ɢɬɬɪɢɣ ɞɥɹ 
ɝɨɥɶɦɢɹ.  

Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɩɨɷɬɨɦɭ, ɱɬɨ ɫɪɚɜɧɢɬɟɥɶɧɨ ɫɢɥɶɧɨɟ ɪɚɫɫɟɹɧɢɟ, ɤɨɬɨɪɨɟ ɫɨɡɞɚɟɬ ɜ 
ɫɩɥɚɜɚɯ ɢɨɧ ɝɨɥɶɦɢɹ, ɨɛɭɫɥɨɜɥɟɧɨ ɟɝɨ ɦɚɝɧɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ Д10, 12Ж. Ʉɚɤ ɢɡɜɟɫɬɧɨ, 
ɢɬɬɪɢɣ ɹɜɥɹɟɬɫɹ ɩɚɭɥɟɜɫɤɢɦ ɩɚɪɚɦɚɝɧɟɬɢɤɨɦ ɢ ɟɝɨ ɢɨɧ ɧɟɦɚɝɧɢɬɟɧ, ɚ ɢɨɧ ɝɨɥɶɦɢɹ ɨɛɥɚɞɚɟɬ 
ɪɟɤɨɪɞɧɵɦ ɞɥɹ ɊɁɆ ɡɧɚɱɟɧɢɟɦ ɩɨɥɧɨɝɨ ɫɩɢɧɨɜɨɝɨ ɱɢɫɥɚ, ɚ ɩɨɬɨɦɭ ɢ ɨɛɥɚɞɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɦ 
ɦɚɝɧɢɬɧɵɦ ɦɨɦɟɧɬɨɦ Д12, 13Ж. Эɬɨ ɪɚɡɥɢɱɢɟ ɜ ɢɯ ɫɜɨɣɫɬɜɚɯ ɫɨɯɪɚɧɹɟɬɫɹ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɢɡ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɨɡɦɨɠɧɨɣ ɩɪɢɱɢɧɨɣ, 
ɜɥɢɹɸɳɟɣ ɧɚ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɨɜ, ɹɜɥɹɟɬɫɹ ɦɚɝɧɢɬɧɨɟ ɪɚɫɫɟɹɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɩɪɨɜɨɞɢɦɨɫɬɢ, 
ɩɪɨɢɫɯɨɞɹɳɟɟ ɧɚ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɵɯ ɢɨɧɚɯ ɝɨɥɶɦɢɹ.  

Выɜɨɞы. Ɍɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɫɩɥɚɜɨɜ Y-Ho ɢɫɩɵɬɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ 
ɩɪɢ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɝɨɥɶɦɢɹ. ȼɨɡɦɨɠɧɨɣ ɩɪɢɱɢɧɨɣ ɧɚɛɥɸɞɚɟɦɨɝɨ ɹɜɥɟɧɢɹ ɦɨɠɟɬ 
ɛɵɬɶ ɪɚɫɫɟɹɧɢɟ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɧɚ ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɵɯ ɢɨɧɚɯ ɝɨɥɶɦɢɹ.  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɝɪɚɧɬɵ № 11-08-00275 ɢ № 14-08-00228)  
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Ɋɚɛɨɬɵ ɩɨ ɨɛɨɛɳɟɧɢɸ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɫɦɟɫɟɣ ɪɚɡɪɟɠɟɧɧɵɯ 
ɝɚɡɨɜ ɨɛɪɚɡɭɸɬ ɞɜɚ ɧɚɩɪɚɜɥɟɧɢɹ. ȼ ɩɟɪɜɨɦ ɚɧɚɥɢɡ ɢ ɨɛɨɛɳɟɧɢɟ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɬɫɹ 
ɧɟɡɚɜɢɫɢɦɨ ɞɥɹ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɨɬɞɟɥɶɧɨ ɞɥɹ ɫɦɟɫɟɣ  ɫ ɭɱɟɬɨɦ ɮɢɤɫɢɪɭɟɦɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɵɞɭɳɟɝɨ ɷɬɚɩɚ Д1, 2Ж  ɢ ɡɚɬɟɦ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ  ɜɨ 
ɜɫɟɦ ɢɧɬɟɪɜɚɥɟ ɤɨɧɰɟɧɬɪɚɰɢɣ x = 0…1. Ɋɚɛɨɬɵ ɜɬɨɪɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ 
ɫɨɜɦɟɫɬɧɭɸ ɧɚ ɛɚɡɟ ɧɟɤɨɬɨɪɨɝɨ ɤɪɢɬɟɪɢɹ ɨɛɪɚɛɨɬɤɭ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɱɢɫɬɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɫɦɟɫɟɣ ɧɚ ɛɚɡɟ ɫɨɨɬɧɨɲɟɧɢɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɢ ɩɨɬɟɧɰɢɚɥɨɜ ɨɞɧɨɪɨɞɧɵɯ 
ɢ ɪɚɡɧɨɪɨɞɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɚɬɨɦɨɜ ɢ ɦɨɥɟɤɭɥ. ɉɪɢ ɷɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɨɝɥɚɫɨɜɚɧɢ 
ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɜɨɣɫɬɜɚɯ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɫɦɟɫɟɣ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɮɨɪɦɢɪɭɟɬɫɹ  
ɫɢɫɬɟɦɚ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɝɚɡɨɜ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢ, ɱɬɨ ɧɟ ɦɟɧɟɟ 
ɜɚɠɧɨ, ɜɨɡɧɢɤɚɟɬ ɫɨɝɥɚɫɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɫ ɞɪɭɝɨɣ. 

Ɋɚɧɟɟ ɧɚɦɢ ɩɨ ɜɬɨɪɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɨɛɨɛɳɟɧɢɟ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ 
ɛɨɥɶɲɨɣ ɝɪɭɩɩɵ  ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɬɟɯɧɢɱɟɫɤɢ ɜɚɠɧɵɯ ɝɚɡɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ, Ar- (H2,N2), H2-
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(N2,CH4), N2-(O2,CO2, H2O), H2O-(O2,CO2,CO) [3 - 7Ж. ɉɪɢ ɷɬɨɦ  ɞɥɹ ɪɚɫɱɟɬɚ  
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ (ɜɹɡɤɨɫɬɶ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ ɢ ɬɟɪɦɨɞɢɮɮɭɡɢɢ) ɱɢɫɬɵɯ ɝɚɡɨɜ ɢ 
ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɧɟɩɨɥɹɪɧɵɯ ɝɚɡɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ  ɬɪɟɯɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ 
ɩɨɬɟɧɰɢɚɥɵ Ʌɟɧɧɚɪɞɚ-Ⱦɠɨɧɫɵ Ʌ-Ⱦɠ m-6 ɫ ɩɚɪɚɦɟɬɪɚɦɢ ε – ɝɥɭɛɢɧɚ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɹɦɵ, ı- 
ɞɢɚɦɟɬɪ ɫɬɨɥɤɧɨɜɟɧɢɣ, m – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɨɬɬɚɥɤɢɜɚɬɟɥɶɧɨɣ ɜɟɬɜɢ – ɬɪɢ ɩɨɬɟɧɰɢɚɥɚ ɞɥɹ 
ɤɚɠɞɨɣ ɩɚɪɵ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ  
ɚɩɩɪɨɤɫɢɦɚɰɢɹ  ɢɧɬɟɝɪɚɥɨɜ ɫɬɨɥɤɧɨɜɟɧɢɣ  Ω*(ls)( T*,  m)., ɜɯɨɞɹɳɢɯ ɜ ɪɚɫɱɟɬɧɵɟ ɜɵɪɚɠɟɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɝɚɡɨɜ. ɂɧɬɟɪɜɚɥɵ  ɡɧɚɱɟɧɢɣ m= 8- ∞, ɩɪɢɜɟɞɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ  T* = T/ 
ε = 0.5-200 Д8Ж. ɉɪɢ ɪɚɫɱɟɬɟ ɫɜɨɣɫɬɜ ɝɚɡɨɜ ɫ ɞɢɩɨɥɶɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ( ɬɢɩɚ H2O) ɜ 
ɩɨɬɟɧɰɢɚɥɚɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɭɱɢɬɵɜɚɸɬɫɹ ɭɫɪɟɞɧɟɧɧɵɟ ɩɨ ɭɝɥɚɦ ɩɨɩɪɚɜɤɢ ɡɚ ɫɱɟɬ ɞɢɩɨɥɶ- 
ɞɢɩɨɥɶɧɵɯ ɢ ɞɢɩɨɥɶ -ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ. Д4Ж. ȼ ɷɬɨɦ ɪɹɞɭ ɪɚɛɨɬ 
ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɡɚɧɢɦɚɸɬ ɪɚɫɱɟɬɵ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ 
ɪɚɡɪɟɠɟɧɧɵɯ ɝɚɡɨɜ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɬɨɪɵɯ ɨɛɨɛɳɟɧɢɟ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɱɢɫɬɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɫɦɟɫɟɣ ɩɪɨɜɨɞɢɥɨɫɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɩɨɬɟɧɰɢɚɥɨɜ Ʌ-Ⱦɠ 
m-6 ɞɥɹ ɨɞɧɨɢɦɟɧɧɵɯ i-i, j-j ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɢ ɩɪɚɜɢɥ ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɞɥɹ ɩɚɪɚɦɟɬɪɨɜ 
ɩɨɬɟɧɰɢɚɥɚ ɩɟɪɟɤɪɟɫɬɧɵɯ  i-j ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ Д9Ж. 

Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɨɛɨɛɳɚɟɬ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɦɟɫɢ ɦɟɬɚɧɚ ɢ ɚɡɨɬɚ. ɋɥɟɞɭɟɬ 
ɩɨɞɱɟɪɤɧɭɬɶ ɜɚɠɧɨɫɬɶ ɫɜɨɣɫɬɜ ɦɟɬɚɧ, ɚɡɨɬɚ ɢ ɢɯ ɫɦɟɫɟɣ ɞɥɹ ɚɧɚɥɢɡɚ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɧɨɝɢɯ 
ɩɪɨɰɟɫɫɨɜ, ɧɚɩɪɢɦɟɪ, ɝɨɪɟɧɢɹ ɦɟɬɚɧɚ ɢ ɭɝɥɟɜɨɞɨɪɨɞɧɵɯ ɬɨɩɥɢɜ ɜ ɜɨɡɞɭɯɟ Д10Ж ɨɛɪɚɡɨɜɚɧɢɹ 
ɚɥɦɚɡɧɵɯ ɩɥɟɧɨɤ ɜ ɦɟɬɚɧɨɜɨɞɨɪɨɞɧɨɣ ɫɪɟɞɟ Д11Ж, ɩɪɨɰɟɫɫɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɚɬɦɨɫɮɟɪɟ 
Ɂɟɦɥɢ, Ɍɢɬɚɧɚ ɢ ɞɪɭɝɢɯ ɩɥɚɧɟɬ Д12Ж. 

ɋɩɢɫɨɤ ɧɟɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɨ ɜɹɡɤɨɫɬɢ η, ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɜɡɚɢɦɧɨɣ 
ɞɢɮɮɭɡɢɢ D12  ɢ ɬɟɪɦɨɞɢɮɮɭɡɢɢ (ɬɟɪɦɨɞɢɮɮɭɡɢɨɧɧɵɣ ɮɚɤɬɨɪ ɌȾɎ αT ) ɞɥɹ ɷɬɨɣ ɫɦɟɫɢ ɝɚɡɨɜ 
ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 1. 
 
Ɍɚɛɥɢɰɚ 1 
№ Ⱥɜɬɨɪɵ, ɝɨɞ, 

ɫɫɵɥɤɚ 
ɫɜɨɣ- 
ɫɬɜɨ 

∆T, K ɱɢɫɥɨ 
ɬɨɱɟɤ 

ɦɟɬɨɞ, ɞɨɥɹ x(CH4), ɩɪɢɧɹɬɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ į 

1 Mueller, Cahill, 
1964, [13] 

D12 298, 352, 
382 

3 ɦɟɬɨɞ ɞɜɭɯ ɤɨɥɛ, x(CH4) з 0.5, į = 3% 

2 Ƚɨɥɭɛɟɜ,Ƚɧɟɡɞɢɥɨɜ  
1968, [14,15] 

η 273-473 15 ɦɟɬɨɞ ɤɚɩɢɥɥɹɪɚ, x(CH4) = 0.28; 0.55; 
0.80,  į = 0.3 - 1.5 % 

3 Hamphreys, Gray, 
1971, [16]  

αT (300-750) 
450-750 

18 
12 

ɦɟɬɨɞ ɞɜɭɯ ɤɨɥɛ, 
x(CH4) = → 0; 0.5; → 1,  į = 10% 

4 Engel, Knaap, 1973, 
[17] 

D12 173, 193, 
273 

 3 ɦɟɬɨɞ ɞɜɭɯ ɤɨɥɛ, x(CH4) з 0.5, į = 3 % 

5 Wakeham, Slater, 
1973, [18] 

D12 313- 671  7 ɦɟɬɨɞ ɞɜɭɯ ɤɨɥɛ, x(CH4) = 0.5, į = 3 % 

6 Pal, Bhattacharyya, 
Barua, 1974, [19] 

αT 348-491 
 
420 

 8 
 
 7 

ɦɟɬɨɞ ɞɜɭɯ ɤɨɥɛ, x(CH4) = 0.5, į = 10% 
x(CH4) = 0.09-0.8,  į = 15% 

7 Kestin, Ro, 1974, 
[20] 

η 298-473 25  ɦɟɬɨɞ ɞɢɫɤɚ,  x(CH4) = 0 - 0.8,  į = 0.3-
0.7% 

8 Ȼɨɝɚɬɵɪɟɜ ɢ ɞɪ.,  
2014, [21] 

αT 452  7 ɦɟɬɨɞ ɞɜɭɯ ɤɨɥɛ, x(CH4) = 0.065- 0.904, 
į = 10% 

 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɪɚɦɤɚɯ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ  

ɫɨɜɨɤɭɩɧɨɫɬɢ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɨ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɜɨɣɫɬɜɚɯ ɱɢɫɬɵɯ ɝɚɡɨɜ (CH4 ɢ N2) ɢ ɢɯ 
ɫɦɟɫɟɣ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɫɨɝɥɚɫɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɯ ɩɨɬɟɧɰɢɚɥɨɜ U(N2-N2), 
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U(CH4-CH4), U(CH4-N2).  Ɉɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɢ ɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ( ɫɤɨ ɞɢɚɝɨɧɚɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɦɚɪɬɪɢɰɵ ɨɲɢɛɨɤ) ɩɪɢɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɟ ɧɢɠɟ. 
 
Ɍɚɛɥɢɰɚ 2 
ɉɨɬɟɧɰɢɚɥ ı, A ε, K m 
N2-N2 3.651 +/- 0.024  97.08 +/-4.37 11.37 +/-4.89 
CH4-N2 3.587 +/-0.022 141.97 +/-5.57 13.93 +/-0.65 
CH4-CH4 3.588 +/-0.030 201.77 +/-11.8 17.11 +/-1.80 
 
ɇɚɣɞɟɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɬɟɧɰɢɚɥɨɜ ɢ ɢɯ ɦɚɬɪɢɰɚ ɨɰɟɧɨɤ ɩɨɝɪɟɲɧɨɫɬɟɣ ɩɨɡɜɨɥɹɸɬ, 
ɢɫɩɨɥɶɡɭɹ ɚɩɩɚɪɚɬ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɪɚɡɪɟɠɟɧɧɵɯ ɝɚɡɨɜ, ɪɚɫɫɱɢɬɚɬɶ ɬɚɛɥɢɰɵ ɫɩɪɚɜɨɱɧɵɯ 
ɞɚɧɧɵɯ, ɜɤɥɸɱɚɹ ɨɰɟɧɤɢ  ɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ,  ɨ ɜɹɡɤɨɫɬɢ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚɯ ɞɢɮɮɭɡɢɢ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɦɟɫɢ CH4-N2 ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɜ ɢɧɬɟɪɜɚɥɟ ɤɨɧɰɟɧɬɪɚɰɢɣ  
x = 0-1.  Ɏɪɚɝɦɟɧɬ ɫɩɪɚɜɨɱɧɵɯ ɞɚɧɧɵɯ ɨ ɜɹɡɤɨɫɬɢ ɫɦɟɫɢ ɩɪɢɜɨɞɢɬɫɹ ɜ ɬɚɛɥɢɰɟ 3.  
 
Ɍɚɛɥɢɰɚ 3 Ʉɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ VIS, ɦɤɉɚ ɫ ɢ ɩɨɝɪɟɲɧɨɫɬɶ ERR, % 

T, K  ɆɈɅɖɇȺə ȾɈɅə Б(N2) 
  x=0 x=0.2 x=0.4 x=0.5 x=0.6 x=0.8 x=1 

150 VIS 5.81 6.64 7.48 7.90 8.31 9.15 9.97 

 ERR 3.16 2.55 2.65 2.60 2.47 2.25 2.67 

200 VIS 7.68 8.75 9.81  10.34  10.86  11.88  12.88 

 ERR 0.92 1.29 1.68 1.69 1.62 1.44 1.63 

250 VIS 9.46  10.73  11.98  12.59  13.19  14.36  15.50 

 ERR 0.43 0.81 1.08 1.09 1.03 0.89 0.95 

300 VIS  11.15  12.59  13.98  14.67  15.34  16.64  17.89 

 ERR 0.34 0.57 0.75 0.75 0.70 0.56 0.60 

350 VIS  12.73  14.32  15.85  16.60  17.33  18.75  20.10 

 ERR 0.29 0.52 0.68 0.68 0.63 0.46 0.49 

400 VIS  14.22  15.94  17.60  18.41  19.20  20.72  22.17 

 ERR 0.32 0.58 0.78 0.79 0.73 0.51 0.51 

450 VIS  15.63  17.48  19.26  20.12  20.96  22.59  24.13 

 ERR 0.41 0.70 0.94 0.95 0.88 0.61 0.56 

500 VIS  16.97  18.93  20.82  21.74  22.63  24.35  25.99 

 ERR 0.51 0.82 1.10 1.10 1.03 0.71 0.60 

550 VIS  18.24  20.32  22.32  23.28  24.23  26.05  27.77 

 ERR 0.59 0.93 1.24 1.25 1.17 0.79 0.63 

600 VIS  19.46  21.65  23.75  24.77  25.76  27.67  29.48 

 ERR 0.65 1.03 1.37 1.38 1.28 0.87 0.66 

650 VIS  20.63  22.92  25.13  26.19  27.23  29.23  31.13 

 ERR 0.70 1.12 1.49 1.49 1.39 0.94 0.68 
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700 VIS  21.75  24.15  26.46  27.57  28.65  30.75  32.73 

 ERR 0.73 1.19 1.59 1.59 1.48 1.00 0.70 

750 VIS  22.84  25.34  27.74  28.90  30.03  32.22  34.29 

 ERR 0.76 1.26 1.67 1.68 1.57 1.06 0.72 

800 VIS  23.89  26.49  28.99  30.19  31.37  33.64  35.80 

 ERR 0.78 1.32 1.75 1.76 1.64 1.11 0.76 

850 VIS  24.90  27.61  30.20  31.45  32.67  35.03  37.27 

 ERR 0.80 1.37 1.83 1.83 1.71 1.16 0.79 

900 VIS  25.89  28.69  31.38  32.67  33.94  36.39  38.71 

 ERR 0.83 1.42 1.89 1.90 1.78 1.21 0.84 

950 VIS  26.86  29.75  32.53  33.87  35.18  37.71  40.12 

 ERR 0.85 1.47 1.95 1.96 1.83 1.26 0.88 

 1000 VIS  27.80  30.78  33.65  35.04  36.39  39.01  41.50 

 ERR 0.88 1.51 2.01 2.02 1.89 1.31 0.94 

 1050 VIS  28.71  31.79  34.75  36.18  37.58  40.28  42.86 

 ERR 0.92 1.56 2.06 2.08 1.94 1.36 1.00 

 1100 VIS  29.61  32.78  35.83  37.30  38.74  41.53  44.19 

 ERR 0.96 1.60 2.12 2.13 1.99 1.40 1.06 

 1150 VIS  30.49  33.75  36.88  38.40  39.89  42.76  45.50 

 ERR 1.01 1.64 2.16 2.18 2.04 1.45 1.12 
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ɉɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɦɭɥɶɬɢɮɟɪɪɨɢɤɨɜ BiFeO3 ɢ Bi0.95Re0.05FeO3 (ɝɞɟ Re=La, Eu, Ho) ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 120-
1100Ʉ, ɜɤɥɸɱɚɹ  ɨɛɥɚɫɬɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ.  

ɂɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɫɤɚɧɢɪɭɸɳɟɦ 
ɤɚɥɨɪɢɦɟɬɪɟ DSC 204 F1 Phoenix® (NETZSCH), ɚ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ - 
ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ ɜɫɩɵɲɤɢ ɧɚ ɭɫɬɚɧɨɜɤɟ LFA-457 MicroFlash (NETZSCH).  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ 
ɡɚɦɟɳɟɧɢɹ ɜɢɫɦɭɬɚ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɩɪɢɜɨɞɹɬ ɤ ɡɚɦɟɬɧɨɦɭ ɭɜɟɥɢɱɟɧɢɸ 
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ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

326 
 

ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɟɦɤɨɫɬɢ ɜ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɛɵɬɨɱɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɚ ɩɪɨɹɜɥɟɧɢɟɦ ɷɮɮɟɤɬɚ Шɨɬɬɤɢ ɞɥɹ 
ɬɪɟɯɭɪɨɜɧɟɜɵɯ ɫɨɫɬɨɹɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɜɫɥɟɞɫɬɜɢɟ ɫɬɪɭɤɬɭɪɧɵɯ ɢɫɤɚɠɟɧɢɣ ɜ 
ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɨɫɬɚɜɚɯ. Ɍɪɟɯɭɪɨɜɧɟɜɚɹ ɫɢɫɬɟɦɚ ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦɢ 
ɷɥɟɦɟɧɬɚɦɢ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɜɫɥɟɞɫɬɜɢɟ ɢɫɤɚɠɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɟɬɤɢ ɡɚ ɫɱɟɬ ɩɨɥɹɪɧɵɯ 
ɫɦɟɳɟɧɢɣ ɢɨɧɨɜ ɜɢɫɦɭɬɚ ɢ ɠɟɥɟɡɚ ɢɡ ɢɫɯɨɞɧɵɯ ɩɨɡɢɰɢɣ ɢ ɢɡɦɟɧɟɧɢɹ ɭɝɥɚ ɫɜɹɡɢ ɦɟɠɞɭ 
ɤɢɫɥɨɪɨɞɧɵɦɢ  ɨɤɬɚɷɞɪɚɦɢ FeO6 .  

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɦɭɥɶɬɢɮɟɪɪɨɢɤɨɜ ɧɚ ɨɫɧɨɜɟ BiFeO3 ɭɫɬɚɧɨɜɥɟɧɵ ɞɨɦɢɧɢɪɭɸɳɢɟ ɦɟɯɚɧɢɡɦɵ ɬɟɩɥɨɩɟɪɟɧɨɫɚ 
ɮɨɧɨɧɨɜ ɜ ɨɛɥɚɫɬɢ ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɝɨ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ. 
Ɉɩɪɟɞɟɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɪɟɞɧɟɣ ɞɥɢɧɵ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ ɮɨɧɨɧɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɯ ɚɧɚɥɢɡ ɫɨɜɦɟɫɬɧɨ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ 
ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɚɤɭɫɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ 
ɦɟɯɚɧɢɡɦɚ ɪɚɫɫɟɹɧɢɹ ɮɨɧɨɧɨɜ ɜɵɫɬɭɩɚɸɬ ɥɨɤɚɥɶɧɵɟ ɢɫɤɚɠɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, 
ɜɵɡɜɚɧɧɵɟ ɢɫɤɚɠɟɧɢɹɦɢ  ɤɢɫɥɨɪɨɞɧɵɯ ɨɤɬɚɷɞɪɨɜ  FeO6  ɢ ɩɨɥɹɪɧɵɦɢ ɫɞɜɢɝɚɦɢ ɢɨɧɨɜ Bi 3+ ɢ 
Fɟ 3+ ɨɬ ɫɜɨɢɯ ɢɫɯɨɞɧɵɯ ɩɨɡɢɰɢɣ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɥɟɝɢɪɨɜɚɧɢɟ ɪɟɞɤɨɡɟɦɟɥɶɧɵɦ ɷɥɟɦɟɧɬɨɦ 
ɥɚɧɬɚɧɨɦ ɩɪɢɜɨɞɢɬ ɤ ɫɭɳɟɫɬɜɟɧɧɨɦɭ ɢɡɦɟɧɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɚɧɨɦɚɥɢɣ ɬɟɪɦɨɞɢɮɮɭɡɢɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɛɥɢɡɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ: ɪɚɡɦɵɬɢɸ ɫɟɝɧɟɬɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɟɪɟɯɨɞɚ Ɍɫ  
ɢ  ɩɨɹɜɥɟɧɢɸ ɦɢɧɢɦɭɦɚ ɜ ɨɛɥɚɫɬɢ ɚɧɬɢɮɟɪɪɨɦɚɝɧɢɬɧɨɝɨ ɩɟɪɟɯɨɞɚ ɌN .  
 
 

 
ɉȿɊȿɇɈɋɇЫȿ ɂ ɈɉɌɂɑȿɋɄɂȿ ɋВɈɃɋɌВА ɉɅɈɌɇɈɃ ɉɅАɁɆЫ АɅɘɆɂɇɂЯ 

В ȾВɍɏɌȿɆɉȿɊАɌɍɊɇɈɆ ɊȿɀɂɆȿ 
Ʉɧɹɡɟɜ Ⱦ.ȼ.1,2,3,4, Ʌɟɜɚɲɨɜ ɉ.Ɋ.1,4 

1Ɉɛɴɟɞɢɧɟɧɧɵɣ ɢɧɫɬɢɬɭɬ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɊȺɇ, Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, ɭɥ. Иɠɨɪɫɤɚɹ, ɞ. 13, 
ɫɬɪ. 2, 125412 

2Ɇɨɫɤɨɜɫɤɢɣ ɮɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ (ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ), Ɋɨɫɫɢɹ, 
Ɇɨɫɤɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, ɝ. Ⱦɨɥɝɨɩɪɭɞɧɵɣ, Иɧɫɬɢɬɭɬɫɤɢɣ ɩɟɪ., ɞ. 9, 141700 

3Иɧɫɬɢɬɭɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɮɢɡɢɤɢ, Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, ɭɥ. Ȼɨɥɶɲɚɹ 
ɑɟɪɟɦɭɲɤɢɧɫɤɚɹ, ɞ. 25, 117218 

4Ɍɨɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢɹ, Ɍɨɦɫɤ, ɉɪɨɫɩɟɤɬ Ʌɟɧɢɧɚ, ɞ. 36, 634050 
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Эɬɚ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɟɪɟɧɨɫɧɵɯ ɢ ɨɩɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɥɨɬɧɨɣ ɩɥɚɡɦɵ 
ɚɥɸɦɢɧɢɹ ɜ ɞɜɭɯɬɟɦɩɟɪɚɬɭɪɧɨɦ ɪɟɠɢɦɟ. Ɂɧɚɧɢɟ ɷɬɢɯ ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɮɟɦɬɨɫɟɤɭɧɞɧɨɦɭ ɥɚɡɟɪɧɨɦɭ ɧɚɝɪɟɜɭ. 
ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɦɵ ɩɨɥɭɱɚɟɦ ɩɟɪɟɧɨɫɧɵɟ ɢ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜɚ ɫ ɩɨɦɨɳɶɸ 
ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɝɨ ɪɚɫɱɟɬɚ. ɉɟɪɜɨɩɪɢɧɰɢɩɧɵɣ ɪɚɫɱɟɬ ɨɫɧɨɜɚɧ ɧɚ ɤɜɚɧɬɨɜɨɦ ɦɨɥɟɤɭɥɹɪɧɨ-
ɞɢɧɚɦɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ, ɦɟɬɨɞɟ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ ɢ ɮɨɪɦɭɥɟ Ʉɭɛɨ-Ƚɪɢɧɜɭɞɚ. 
ɉɪɟɠɞɟ ɜɫɟɝɨ, ɦɵ ɢɫɫɥɟɞɨɜɚɥɢ ɜɥɢɹɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɪɟɡɭɥɶɬɚɬ. Ⱦɥɹ ɷɬɨɝɨ ɦɵ 
ɦɟɧɹɥɢ ɪɚɡɥɢɱɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɢ ɢɡɭɱɚɥɢ ɜɨɡɧɢɤɚɸɳɢɟ ɢɡɦɟɧɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɚɯ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɰɟɧɢɜɚɥɚɫɶ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ. Ⱦɥɹ ɠɢɞɤɨɝɨ ɚɥɸɦɢɧɢɹ ɩɪɢ ρ = 2,249 
ɝ/ɫɦ3, T = 1273 Ʉ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɨɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɢ ɜ 20 % Д1Ж. ɇɚɲɢ ɪɟɡɭɥɶɬɚɬɵ ɧɚɯɨɞɹɬɫɹ 
ɜ ɯɨɪɨɲɟɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɯɨɠɢɦɢ ɪɚɫɱɟɬɚɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ Д2Ж, ɫɩɪɚɜɨɱɧɵɦɢ Д3Ж ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ Д4Ж. 
ɋɧɚɱɚɥɚ ɩɟɪɟɧɨɫɧɵɟ ɢ ɨɩɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜ ɞɜɭɯɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɥɭɱɚɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ 
ɩɨɦɨɳɶɸ ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɝɨ ɪɚɫɱɟɬɚ. 
Ɂɚɬɟɦ ɧɚ ɨɫɧɨɜɟ ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥɚ ɩɨɫɬɪɨɟɧɚ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɚɹ 
ɚɩɩɪɨɤɫɢɦɚɰɢɹ. Ⱦɥɹ ɫɬɚɬɢɱɟɫɤɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ 
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ɜɵɪɚɠɟɧɢɹ σ1DC ~ 1/Ti
0.25 ɢ K ~ Te / Ti

0.25 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤɢɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɫɩɪɚɜɟɞɥɢɜɵ 
ɞɥɹ ɠɢɞɤɨɝɨ ɚɥɸɦɢɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ρ = 2.70 ɝ/ɫɦ3 ɢ 3 ɤɄ ≤ Ti  ≤ Te ≤ 20 ɤɄ. 
Ɇɵ ɜɵɹɫɧɢɥɢ, ɱɬɨ ɬɚɤɠɟ ɧɚɲɢ ɩɟɪɜɨɩɪɢɧɰɢɩɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɸɬɫɹ ɦɨɞɟɥɶɸ 
Ⱦɪɭɞɟ ɫ ɷɮɮɟɤɬɢɜɧɵɦ ɜɪɟɦɟɧɟɦ ɪɟɥɚɤɫɚɰɢɢ τ з Ti

-0.25. Ɇɵ ɫɪɚɜɧɢɥɢ ɧɚɲɢ ɪɟɡɭɥɶɬɚɬɵ ɫ 
ɪɟɡɭɥɶɬɚɬɚɦɢ ɞɪɭɝɢɯ ɚɜɬɨɪɨɜ. ȼɫɟ ɨɧɢ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɫɥɭɱɚɟ ɫɜɨɞɹɬɫɹ ɤ ɦɨɞɟɥɢ 
Ⱦɪɭɞɟ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɵɪɚɠɟɧɢɹɦɢ ɞɥɹ ɜɪɟɦɟɧ ɪɟɥɚɤɫɚɰɢɢ. ȼ ɧɟɤɨɬɨɪɵɯ ɪɚɛɨɬɚɯ Д5-7Ж ɞɥɹ 
ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɜɟɪɞɨɬɟɥɶɧɨɟ ɜɵɪɚɠɟɧɢɟ τ з Ti

-1. Эɬɨ ɜɵɪɚɠɟɧɢɟ ɧɟ 
ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɚɲɢɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ. ȼ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ Д8, 9Ж ɞɥɹ ɜɪɟɦɟɧɢ ɪɟɥɚɤɫɚɰɢɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɵɪɚɠɟɧɢɹ, ɤɨɬɨɪɵɟ ɫ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɸɬɫɹ ɦɟɞɥɟɧɧɟɟ, ɱɟɦ τ з 
Ti

-1. Эɬɢ ɪɟɡɭɥɶɬɚɬɵ ɧɚɯɨɞɹɬɫɹ ɜ ɥɭɱɲɟɦ ɫɨɝɥɚɫɢɢ ɫ ɧɚɲɢɦɢ ɞɚɧɧɵɦɢ. 
Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨɟ ɢɡɥɨɠɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɨɣ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɫɬɚɬɶɟ Д10Ж. 
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ɂɇɌȿɊɉɊȿɌАɐɂЯ «ȽɊȿȻЁɇɄɂ» ɂɆɉɍɅЬɋɈВ АɄɍɋɌɂɑȿɋɄɈɃ ɗɆɂɋɋɂɂ 
(В ɈɉЫɌАɏ ɋ ɈȻɅɍɑȿɇɂȿɆ ɋɌȿɄɅА ɅАɁȿɊɇЫɆ ɂɆɉɍɅЬɋɈɆ) ɄАɄ 

ɊȿɁɍɅЬɌАɌА ВɈɁȻɍɀȾȿɇɂЯ ɆȿȾɅȿɇɇЫɏ ɍȿȾɂɇЁɇɇЫɏ ɍɉɊɍȽɂɏ ВɈɅɇ 
 Ʉɭɞɪɹɜɰɟɜ ȿ.Ɇ.1, Ʌɟɛɟɞɟɜ Ⱥ.Ⱥ. 1, Ɂɨɬɨɜ ɋ.Ⱦ. 1, Ʌɹɯɨɜɢɰɤɢɣ Ɇ.Ɇ.2, Ɋɨɳɭɩɤɢɧ ȼ.ȼ2. 

1Ɏɢɡɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦ. ɉ.ɇ. Ʌɟɛɟɞɟɜɚ ɊȺɇ, Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 
2Иɧɫɬɢɬɭɬ ɦɟɬɚɥɥɭɪɝɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢɦ. Ⱥ.Ⱥ. Ȼɚɣɤɨɜɚ ɊȺɇ, Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 

 
Ɋɚɫɫɦɨɬɪɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɪɟɝɢɫɬɪɚɰɢɢ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɜ ɫɬɟɤɥɟ 

ɜɨ ɜɪɟɦɹ ɢ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɢɦɩɭɥɶɫɚ ɋO2-ɥɚɡɟɪɚ. ɉɪɟɞɥɨɠɟɧɚ ɜɨɡɦɨɠɧɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ 
ɧɚɛɥɸɞɚɟɦɨɣ ɜɪɟɦɟɧɧɨɣ ɤɚɪɬɢɧɵ ɢɦɩɭɥɶɫɨɜ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ ɤɚɤ ɪɟɡɭɥɶɬɚɬɚ 
ɜɨɡɛɭɠɞɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɦɟɞɥɟɧɧɨɣ ɭɟɞɢɧёɧɧɨɣ ɭɩɪɭɝɨɣ ɜɨɥɧɵ ɫ ɞɢɫɤɪɟɬɧɵɦɢ 
ɫɤɨɪɨɫɬɹɦɢ. 

Ʌɚɡɟɪɧɵɣ ɲɥɢɪɟɧ-ɦɟɬɨɞ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɢ ɧɚɞёɠɧɵɯ 
ɫɩɨɫɨɛɨɜ ɪɟɝɢɫɬɪɚɰɢɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɨɩɬɢɱɟɫɤɢ ɩɪɨɡɪɚɱɧɵɯ ɫɪɟɞɚɯ. ɉɨɷɬɨɦɭ, ɪɚɧɟɟ ɨɧ 
ɛɵɥ ɜɵɛɪɚɧ Д1Ж ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɟɧɢɹ, ɧɚɡɵɜɚɟɦɨɝɨ ɧɚɦɢ Ɇɟɞɥɟɧɧɵɟ ɭɟɞɢɧɟɧɧɵɟ 
ɭɩɪɭɝɢɟ ɜɨɥɧɵ (Ɇɍɍȼ) ɫ ɞɢɫɤɪɟɬɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ Д2Ж. Ɋɟɡɭɥɶɬɚɬɵ ɬɚɤɢɯ ɢɡɦɟɪɟɧɢɣ ɜ 
ɫɬɟɤɥɹɧɧɵɯ ɨɛɪɚɡɰɚɯ (ɫɨɪɬɚ ɤɪɨɧ) ɫɟɱɟɧɢɟɦ 6.0ɯ4.7ɦɦ2 ɢ ɞɥɢɧɨɣ з23, 50 ɦɦ ɛɵɥɢ ɧɟɞɚɜɧɨ 
ɩɨɞɬɜɟɪɠɞɟɧɵ ɚɤɭɫɬɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ Д3Ж ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɞɟɫɶ ɜ ɪɚɫɲɢɪɟɧɧɨɦ ɜɢɞɟ. 

Ʉɨɦɩɨɧɟɧɬ Ɇɍɍȼ (ɧɨɦɟɪ i=14, ɢɡɦɟɪɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɜ ɫɬɟɤɥɟ 16.8 ɫɦ/ɫɟɤ) ɜɨɡɛɭɠɞɚɥɫɹ 
ɩɟɪɟɞɧɢɦ ɮɪɨɧɬɨɦ ɢɦɩɭɥɶɫɚ 10.6 ɦɤɦ ɋɈ2-ɥɚɡɟɪɚ (ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɥɚɡɟɪ ɫ ɧɟɩɪɟɪɵɜɧɨɣ 
ɦɨɳɧɨɫɬɶɸ з (5÷10) ȼɬ). ɋɚɦ ɢɦɩɭɥɶɫ ɢɦɟɥ ɞɥɢɬɟɥɶɧɨɫɬɶ з0.3 ɫɟɤ, ɚ ɟɝɨ ɩɟɪɟɞɧɢɣ ɮɪɨɧɬ 
з0.03 ɫɟɤ. ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɩɪɟɜɵɲɟɧɢɟ ɩɨɪɨɝɚ ɜɨɡɛɭɠɞɟɧɢɹ Ɇɍɍȼ, ɤɨɝɟɪɟɧɬɧɨɟ 
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ɢɡɥɭɱɟɧɢɟ ɮɨɤɭɫɢɪɨɜɚɥɨɫɶ NКCl-ɥɢɧɡɨɣ (П=150 ɦɦ) ɧɚ ɪɚɡɧɵɟ ɭɱɚɫɬɤɢ ɩɟɪɟɞɧɟɝɨ ɬɨɪɰɚ 
ɨɛɪɚɡɰɨɜ. Ʉ ɞɚɥɶɧɟɦɭ ɬɨɪɰɭ ɤɚɠɞɵɣ ɪɚɡ ɛɵɥ ɩɪɢɫɬɵɤɨɜɚɧ ɚɤɭɫɬɢɱɟɫɤɢɣ ɞɚɬɱɢɤ (ȺȾ) ɦɚɪɤɢ 
GT-300, ɜɯɨɞɹɳɢɣ ɜ ɤɨɦɩɥɟɤɬ ɚɩɩɚɪɚɬɭɪɵ, ɜɵɩɭɫɤɚɟɦɨɣ ɮɢɪɦɨɣ ɁȺɈ «ɋȾɋ» (ɫɦ. Д4Ж). 

ȼ ɤɚɠɞɨɦ ɨɩɵɬɟ ɢɦɩɭɥɶɫɵ ȺЭ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɜ ɬɟɱɟɧɢɟ 40 ɦɢɧɭɬ. ɇɚɢɛɨɥɟɟ 
ɢɧɬɟɪɟɫɧɨɣ ɨɛɥɚɫɬɶɸ ɡɚɩɢɫɢ ɹɜɥɹɟɬɫɹ ɜɪɟɦɹ (з0.3ɫɟɤ) ɜɨɡɞɟɣɫɬɜɢɹ ɋɈ2-ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ, 
ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ȺȾ ɪɟɝɢɫɬɪɢɪɨɜɚɥ ɨɬ 19 ɞɨ 27 ȺЭ-ɢɦɩɭɥɶɫɨɜ ɧɚ ɨɛɪɚɡɰɚɯ ɞɜɭɯ ɬɢɩɨɜ ɢɡ 
ɫɬɟɤɥɚ ɫɨɪɬɚ ɤɪɨɧ, ɜɞɜɨɟ ɨɬɥɢɱɚɸɳɢɯɫɹ ɩɨ ɞɥɢɧɟ. Ɉɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɞɥɹ ɧɢɯ 
ɫɨɫɬɚɜɥɹɥɨ з2÷4, ɚɦɩɥɢɬɭɞɵ ɦɟɧɹɥɢɫɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɜ ɩɪɟɞɟɥɚɯ (0.04-0.08) ɦȼ. 

Ɉɞɧɚ ɢɡ ɜɨɡɦɨɠɧɵɯ ɢɧɬɟɪɩɪɟɬɚɰɢɣ ɷɬɢɯ ȺЭ-ɢɦɩɭɥɶɫɨɜ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. 
ɍɩɪɭɝɚɹ ɭɟɞɢɧёɧɧɚɹ ɜɨɥɧɚ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɚɹɫɹ ɩɨ ɨɛɪɚɡɰɭ, ɛɥɚɝɨɞɚɪɹ ɝɪɚɞɢɟɧɬɭ 

ɩɥɨɬɧɨɫɬɢ ɧɚ ɟё ɩɟɪɟɞɧɟɦ ɮɪɨɧɬɟ, «ɫɝɪɟɛɚɟɬ» ɪɚɡɧɨɝɨ ɡɧɚɤɚ ɞɟɮɟɤɬɵ, ɩɟɪɟɦɟɳɚɹ ɢɯ ɩɨ 
ɨɛɪɚɡɰɭ. Ʉɨɝɞɚ ɨɧɢ ɜɵɧɨɫɹɬɫɹ ɜɨɥɧɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ, ɡɞɟɫɶ ɞɟɮɟɤɬɵ 
ɪɟɤɨɦɛɢɧɢɪɭɸɬ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɤ 3-ɝɨ ɬɟɥɚ (ɜ ɚɤɭɫɬɢɤɟ ɢɡɥɭɱɟɧɢɟ ɩɪɢ ɜɵɯɨɞɟ 
ɞɢɫɥɨɤɚɰɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɡɵɜɚɸɬ ɩɟɪɟɯɨɞɧɵɦ), ɨɛɪɚɡɭɹ ɤɨɪɨɬɤɢɣ (5-10 ɦɤɫɟɤ) ɢɦɩɭɥɶɫ 
ȺЭ Д5Ж. Ɉɧ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɞɨɫɬɢɝɚɹ ȺȾ ɫɨ ɫɤɨɪɨɫɬɶɸ ɡɜɭɤɚ 
(з5.5ɦɦ/ɦɤɫɟɤ ɞɥɹ ɫɬɟɤɥɚ ɤɪɨɧ) ɢ ɮɢɤɫɢɪɭɟɬɫɹ ɪɟɝɢɫɬɪɢɪɭɸɳɟɣ ɚɩɩɚɪɚɬɭɪɨɣ. 

ɂɡ ɮɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨ ɜɵɛɪɚɧɧɨɦ ɞɥɹ ɤɚɠɞɨɝɨ ɨɩɵɬɚ 
ɭɱɚɫɬɤɟ ɩɟɪɟɞɧɟɝɨ ɬɨɪɰɚ, ɭɯɨɞɢɬ (ɜ ɜɢɞɟ ɨɛɥɚɫɬɢ ɦɟɠɞɭ ɞɜɭɦɹ ɨɤɪɭɠɧɨɫɬɹɦɢ) ɭɟɞɢɧёɧɧɚɹ 
ɜɨɥɧɚ, ɤɨɬɨɪɚɹ ɩɨɫɥɟ ɨɬɪɚɠɟɧɢɹ ɨɬ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ 2 ɩɚɪɵ ɜɨɥɧ. Ɉɞɧɚ 
ɩɚɪɚ ɞɜɢɠɟɬɫɹ ɦɟɠɞɭ ɞɜɭɦɹ ɛɨɤɨɜɵɦɢ, ɜɬɨɪɚɹ – ɦɟɠɞɭ ɜɟɪɯɧɟɣ ɢ ɧɢɠɧɟɣ ɩɨɜɟɪɯɧɨɫɬɹɦɢ 
ɨɛɪɚɡɰɚ. ȼɨɥɧɨɜɨɣ ɩɪɨɰɟɫɫ ɢɦɟɟɬ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ, ɤɚɠɞɚɹ ɢɡ ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɚɪɵ 
ɞɜɚɠɞɵ ɡɚ ɩɟɪɢɨɞ ɩɨɹɜɥɹɟɬɫɹ ɧɚ ɫɜɨɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɜɚɠɞɵ ɩɨɫɵɥɚɟɬ ȺЭ-
ɢɦɩɭɥɶɫɵ ɧɚ ȺȾ. ɂɬɨɝɨ, ɡɚ ɩɟɪɢɨɞ ɜɨɥɧɨɜɨɝɨ ɩɪɨɰɟɫɫɚ ȺȾ ɞɨɥɠɟɧ ɡɚɮɢɤɫɢɪɨɜɚɬɶ 8 
ɢɦɩɭɥɶɫɨɜ, ɩɨ 4 ɞɥɹ ɞɜɭɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɜɢɠɟɧɢɹ (ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ). 

Ȼɥɚɝɨɞɚɪɹ ɩɪɹɦɨɭɝɨɥɶɧɨɦɭ ɫɟɱɟɧɢɸ ɨɛɪɚɡɰɨɜ ɫ ɨɬɧɨɲɟɧɢɟɦ ɫɬɨɪɨɧ 1.28, ɬɚɤɨɟ ɠɟ 
ɨɬɧɨɲɟɧɢɟ ɞɨɥɠɧɵ ɢɦɟɬɶ ɭɤɚɡɚɧɧɵɟ ɩɟɪɢɨɞɵ. 

ɂɡɦɟɪɟɧɢɹ ɩɨɞɬɜɟɪɞɢɥɢ ɷɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ. ȼ ɫɟɪɢɢ ɨɩɵɬɨɜ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɣ ɩɟɪɢɨɞ 
ɩɨɜɬɨɪɹɥɫɹ ɧɚ ɨɞɧɨɣ ɡɚɩɢɫɢ ɨɛɵɱɧɨ ɩɨ ɞɜɚ-ɬɪɢ ɪɚɡɚ; ɛɨɥɟɟ ɤɨɪɨɬɤɢɣ – ɧɟɫɤɨɥɶɤɨ ɪɚɡ (ɞɨ 
ɩɹɬɢ). Ɉɬɧɨɲɟɧɢɟ ɨɛɫɭɠɞɚɟɦɵɯ ɩɟɪɢɨɞɨɜ ɦɟɧɹɥɨɫɶ ɨɬ 1.28 (ɜ ɩɟɪɜɨɦ ɨɩɵɬɟ) ɞɨ 1.35-1.40 – ɜ 
ɩɨɫɥɟɞɭɸɳɢɯ. ȼɟɥɢɱɢɧɚ ɩɟɪɢɨɞɨɜ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɤɨɦɩɨɧɟɧɬɭ Ɇɍɍȼ ɫ ɧɨɦɟɪɨɦ i=14.  

ȼɚɠɧɨ, ɱɬɨ ɜ ɞɪɭɝɨɣ ɫɟɪɢɢ ɨɩɵɬɨɜ ɫ ɬɟɦɢ ɠɟ ɨɛɪɚɡɰɚɦɢ ɫɬɟɤɥɚ ɫɨɪɬɚ ɤɪɨɧ ɤɨɦɩɨɧɟɧɬɵ 
Ɇɍɍȼ ɛɵɥɢ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ ɞɚɜɥɟɧɢɹ ɮɢɪɦɵ Ʉɢɫɬɥɟɪ. Ɉɧ ɛɵɥ 
ɪɚɫɩɨɥɨɠɟɧ ɬɚɤɠɟ ɜ ɬɨɪɰɟ ɨɛɪɚɡɰɚ, ɫ ɨɛɟɫɩɟɱɟɧɢɟɦ ɧɟɛɨɥɶɲɨɝɨ ɩɨɞɠɚɬɢɹ. ɋɢɝɧɚɥɵ 
ɜɨɡɧɢɤɚɜɲɢɟ ɜ ɩɪɨɞɨɥɠɟɧɢɟ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ (0,3 ɫɟɤ) ɢɥɢ ɧɟɫɤɨɥɶɤɨ ɩɨɡɠɟ, ɢɦɟɥɢ, ɤɚɤ ɢ 
ɜ ɫɥɭɱɚɟ ɪɟɝɢɫɬɪɚɰɢɢ ɢɦɩɭɥɶɫɨɜ ȺЭ, ɨɬɧɨɲɟɧɢɟ ɩɟɪɢɨɞɨɜ, ɛɥɢɡɤɨɟ ɤ 1,28. Ɉɞɧɚɤɨ, ɢɯ 
ɫɤɨɪɨɫɬɶ (з2,5 ɫɦ/ɫɟɤ) ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɭɠɟ ɞɪɭɝɨɦɭ ɧɨɦɟɪɭ ɤɨɦɩɨɧɟɧɬɚ Ɇɍɍȼ, ɚ, ɢɦɟɧɧɨ, 
i=17.  

ȼ ɩɟɪɜɨɣ ɫɟɪɢɢ ɨɩɵɬɨɜ ɫ ɬɟɦ ɠɟ ɫɬɟɤɥɨɦ ɫɨɪɬɚ ɤɪɨɧ ɢ ɚɤɭɫɬɢɱɟɫɤɢɦ ɞɚɬɱɢɤɨɦ ɜ ɬɨɪɰɟ 
ɨɛɪɚɡɰɨɜ ɡɚɩɢɫɢ, ɤɚɤ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɩɪɨɞɨɥɠɚɥɢɫɶ ɨɤɨɥɨ 40 ɦɢɧɭɬ. Эɬɨ ɩɨɡɜɨɥɢɥɨ 
ɨɛɧɚɪɭɠɢɬɶ, ɜɧɟ ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ «ɝɪɟɛёɧɤɢ», ɢɦɩɭɥɶɫɵ ȺЭ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ 
ɤɨɦɩɨɧɟɧɬɚɦ Ɇɍɍȼ ɫ ɨɱɟɧɶ ɦɚɥɵɦɢ ɫɤɨɪɨɫɬɹɦɢ. ɇɚɩɪɢɦɟɪ, ɜ ɨɞɧɨɦ ɢɡ ɨɩɵɬɨɜ ɩɪɢ ɞɥɢɧɟ 
ɨɛɪɚɡɰɚ 23,7 ɦɦ ɧɚɛɥɸɞɚɥɢɫɶ 3 ɩɨɜɬɨɪɚ ȺЭ-ɢɦɩɭɥɶɫɨɜ ɱɟɪɟɡ з 580 ɫɟɤ ɫ ɫɚɦɨɝɨ ɧɚɱɚɥɚ 
ɡɚɩɢɫɢ. Эɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ȺЭ-ɢɦɩɭɥɶɫɚ ɩɪɢ ɤɚɠɞɨɦ ɩɨɹɜɥɟɧɢɢ ɤɨɦɩɨɧɟɧɬɚ 
Ɇɍɍȼ ɭ ɨɞɧɨɝɨ ɢɡ ɬɨɪɰɨɜ ɨɛɪɚɡɰɚ. Ɉɬɫɸɞɚ ɫɤɨɪɨɫɬɶ ɨɤɚɡɵɜɚɟɬɫɹ з 0,0044 ɫɦ/ɫɟɤ, ɱɬɨ 
ɧɟɦɧɨɝɨ ɩɪɟɜɵɲɚɟɬ ɪɚɫɱёɬɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɞɥɹ ɤɨɦɩɨɧɟɧɬɚ Ɇɍɍȼ ɫ ɧɨɦɟɪɨɦ i=26.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɩɢɫɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɧɟɨɞɧɨɤɪɚɬɧɨ ɪɟɝɢɫɬɪɚɰɢɹ 
ɤɨɦɩɨɧɟɧɬɨɜ Ɇɍɍȼ ɫ ɞɢɫɤɪɟɬɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ, ɛɥɢɡɤɢɦɢ ɤ ɨɛɵɱɧɨ ɧɚɛɥɸɞɚɟɦɵɦ Д2Ж. 
ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɚɤ ɞɚɬɱɢɤɚ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ, ɬɚɤ ɢ ɞɚɬɱɢɤɚ 
ɞɚɜɥɟɧɢɹ. 
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Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɹɬ ɂ.ɂ. ɇɨɜɢɤɨɜɚ (ɩɨɫɦɟɪɬɧɨ) ɡɚ ɢɧɬɟɪɟɫ ɤ ɩɪɨɛɥɟɦɟ ɫɨɥɢɬɨɧɨ-
ɩɨɞɨɛɧɵɯ ɜɨɥɧ ɢ ɨɛɫɭɠɞɟɧɢɹ; Э.ɇ. Ʌɨɬɤɨɜɭ – ɡɚ ɭɱɚɫɬɢɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢ ɢɧɢɰɢɚɬɢɜɭ 
ɩɪɨɜɟɞɟɧɢɹ ɪɹɞɚ ɢɡɦɟɪɟɧɢɣ; Ʉɭɡɧɟɰɨɜɚ Ⱥ.Ⱥ., ɇɢɲɚɧɨɜɚ Ⱦɠ. - ɡɚ ɨɛɫɭɠɞɟɧɢɹ ɢ ɩɨɦɨɳɶ ɜ 
ɪɚɛɨɬɟ. 

Ɋɚɛɨɬɚ ɛɵɥɚ ɩɨɞɞɟɪɠɚɧɚ ɩɪɨɟɤɬɚɦɢ ɊɎɎИ 14-08-00981(ɚ) ɢ 14-08-00073(ɚ). 
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ɨɛɥɭɱɟɧɢɹ ɧɚ ɚɤɭɫɬɢɱɟɫɤɭɸ ɷɦɢɫɫɢɸ ɧɢɤɟɥɹ ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɬɚɬɭɪɧɨɦ ɨɬɠɢɝɟ.  
ɉɪɨɰɟɫɫɵ ɩɟɪɟɫɬɪɨɣɤɢ ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ ɦɧɨɝɢɯ ɦɚɬɟɪɢɚɥɨɜ (ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ, 

ɪɨɠɞɟɧɢɟ ɢ ɭɧɢɱɬɨɠɟɧɢɟ ɞɢɫɥɨɤɚɰɢɣ) ɦɨɝɭɬ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɟɣ (ȺЭ) 
Д1Ж. ɉɨ ɩɚɪɚɦɟɬɪɚɦ ȺЭ (ɨɛɳɟɟ ɱɢɫɥɨ ɢɦɩɭɥɶɫɨɜ, ɜɢɞ ɢ ɫɩɟɤɬɪ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɢ ɞɪ.) 
ɦɨɠɧɨ ɫɭɞɢɬɶ ɨ ɩɪɨɰɟɫɫɚɯ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜɧɭɬɪɢ ɦɚɬɟɪɢɚɥɚ, ɛɟɡ ɟɝɨ ɪɚɡɪɭɲɟɧɢɹ. 

Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ Д2Ж, ɱɬɨ ɩɪɢ ɦɧɨɝɨɱɚɫɨɜɨɦ ɨɬɠɢɝɟ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ 
ɱɚɫɬɶ ɚɤɭɫɬɢɱɟɫɤɢɯ ɫɨɛɵɬɢɣ ɧɨɫɢɬ ɩɨɱɬɢ ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ, ɱɬɨ ɩɨɡɜɨɥɢɥɨ 
ɩɪɟɞɩɨɥɨɠɢɬɶ ɧɚɥɢɱɢɟ ɧɟɡɚɜɢɫɢɦɨɝɨ ɜɨɥɧɨɜɨɝɨ ɩɪɨɰɟɫɫɚ, ɜɥɢɹɸɳɟɝɨ ɧɚ ɩɨɹɜɥɟɧɢɟ ȺЭ. 
Ɍɚɤɨɣ ɩɪɨɰɟɫɫ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɜɚɬɶ Ɇɟɞɥɟɧɧɵɟ ɭɟɞɢɧɟɧɧɵɟ ɭɩɪɭɝɢɟ ɜɨɥɧɵ (Ɇɍɍȼ) Д3Ж, 
ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɛɵɫɬɪɨɦ ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɚ ɜ ɩɟɱɢ ɞɥɹ ɨɬɠɢɝɚ. ȼ ɩɪɟɞɥɨɠɟɧɧɨɣ ɦɨɞɟɥɢ 
Ɇɍɍȼ ɫɬɢɦɭɥɢɪɨɜɚɥɢ ɜɵɯɨɞ ɞɢɫɥɨɤɚɰɢɣ ɢɡ ɝɥɭɛɢɧɵ ɦɚɬɟɪɢɚɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ, ɝɞɟ ɨɧɢ 
ɢɡɥɭɱɚɥɢ ɫɢɝɧɚɥɵ ȺЭ. 

ɂɬɨɝɢ ɩɟɪɜɨɣ ɫɟɪɢɢ ɨɩɵɬɨɜ ɩɨɞɬɜɟɪɞɢɥɢ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɨɛɥɭɱɟɧɢɹ ɢɦɩɭɥɶɫɚɦɢ 
ɋɈ2-ɥɚɡɟɪɚ Д4Ж. 

Ʉɨ ɜɪɟɦɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɬɟɡɢɫɨɜ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɩɟɪɜɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ȼ ɧɢɯ ɫɪɚɜɧɢɜɚɥɢɫɶ ɡɚɩɢɫɢ ɦɧɨɝɨɱɚɫɨɜɨɣ (ɞɨ 15 ɱɚɫɨɜ ɢɥɢ з55 ɤɫɟɤ) 
ɷɜɨɥɸɰɢɢ ɚɤɭɫɬɢɱɟɫɤɨɣ ɷɦɢɫɫɢɢ (ȺЭ) ɩɪɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ (950ɨɋ) ɨɬɠɢɝɟ ɬɪёɯ 
ɨɛɪɚɡɰɨɜ ɧɢɤɟɥɹ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ (ɢ ɫɨɞɟɪɠɚɜɲɟɝɨ ɦɧɨɝɨ ɞɟɮɟɤɬɨɜ). Ⱦɜɚ 
ɷɬɢɯ ɨɛɪɚɡɰɚ, ɤɨɧɬɪɨɥɶɧɵɟ, ɫɥɭɠɢɥɢ ɞɥɹ ɫɪɚɜɧɟɧɢɹ. Ɉɞɢɧ ɢɡ ɬɪёɯ ɨɛɪɚɡɰɨɜ – ɩɟɪɟɞ 
ɩɨɦɟɳɟɧɢɟɦ ɜ ɩɟɱɶ ɞɥɹ ɨɬɠɢɝɚ ɨɛɥɭɱɚɥɫɹ ɜ ɬɟɱɟɧɢɟ 30 ɱɚɫɨɜ (ɞɜɚɠɞɵ ɜ ɫɟɤɭɧɞɭ) ɂɄ-
ɢɦɩɭɥɶɫɚɦɢ ɫ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 0,3 ɫɟɤ ɨɬ ɧɟɩɪɟɪɵɜɧɨɝɨ ɋɈ2-ɥɚɡɟɪɚ ɦɨɳɧɨɫɬɶɸ з10 ȼɬ. 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɨɫɧɨɜɧɨɦ, ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ Д4Ж. ɩɪɟɞɵɞɭɳɟɣ ɫɟɪɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɧɨ ɬɚɤɠɟ ɫɨɞɟɪɠɚɬ ɧɨɜɭɸ ɢɧɮɨɪɦɚɰɢɸ. 
1. ɉɨɞɬɜɟɪɠɞɚɟɬɫɹ ɫɧɢɠɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɟɮɟɤɬɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 
ɨɛɥɭɱɟɧɢɹ ɨɛɪɚɡɰɚ ɂɄ-ɢɦɩɭɥɶɫɚɦɢ. ɇɚ ɜɫёɦ ɩɪɨɬɹɠɟɧɢɢ ɡɚɩɢɫɢ ɷɜɨɥɸɰɢɢ ȺЭ ɪɨɫɬ 
ɫɭɦɦɚɪɧɨɣ ɷɧɟɪɝɢɢ ɷɬɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɱɬɨ ɯɨɪɨɲɨ ɜɢɞɧɨ ɧɚ ɭɱɚɫɬɤɚɯ ɛɟɡ ɫɤɚɱɤɨɜ, ɛɵɥ ɜɞɜɨɟ 
ɦɟɧɶɲɟ, ɱɟɦ ɚɧɚɥɨɝɢɱɧɵɣ ɪɨɫɬ ɭ ɨɛɪɚɡɰɨɜ ɫɪɚɜɧɟɧɢɹ. 
2. Ɍɨɥɶɤɨ ɬɟɩɟɪɶ ɦɵ ɨɛɪɚɬɢɥɢ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɢ ɩɪɟɞɵɞɭɳɢɦɢ ɨɩɵɬɚɦɢ: 
ɇɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɨɬɠɢɝɚ, ɨɤɨɥɨ 1,5 ɤɫɟɤ, ɫɭɦɦɚɪɧɚɹ ɷɧɟɪɝɢɹ, E, ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɟɡɤɢɣ 
ɫɤɚɱɨɤ ΔE ɧɚ ɜɫɟɯ ɡɚɩɢɫɹɯ (ɩɨɫɥɟ ɱɟɝɨ ɨɧɚ ɦɟɧɹɟɬɫɹ ɫɥɚɛɨ). ɇɨ ɞɥɹ ɨɛɥɭɱёɧɧɵɯ ɨɛɪɚɡɰɨɜ 
ɧɢɤɟɥɹ ɚɦɩɥɢɬɭɞɚ ɫɤɚɱɤɚ ΔE ɜɞɜɨɟ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɤɨɧɬɪɨɥɶɧɵɯ, ɧɟɨɛɥɭɱёɧɧɵɯ ɨɛɪɚɡɰɨɜ. 
ȼɨɡɦɨɠɧɨɣ ɩɪɢɱɢɧɨɣ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɫɭɦɦɚɪɧɨɟ ɜɥɢɹɧɢɟ ɜɨɥɧ ɬɢɩɚ Ɇɍɍȼ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɤɚɤ ɩɪɢ ɪɟɡɤɨɦ ɧɚɝɪɟɜɟ ɜɫɟɝɨ ɨɛɪɚɡɰɚ ɜ ɩɟɱɢ , ɬɚɤ ɢ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɬɨɪɰɚ 
ɨɛɪɚɡɰɚ ɥɚɡɟɪɧɵɦɢ ɢɦɩɭɥɶɫɚɦɢ. ɉɟɪɜɵɟ – ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɛɨɥɟɟ ɛɵɫɬɪɵɦ ɤɨɦɩɨɧɟɧɬɚɦ 
Ɇɍɍȼ Д3Ж, ɜɬɨɪɵɟ - ɛɨɥɟɟ ɦɟɞɥɟɧɧɵɦ ɤɨɦɩɨɧɟɧɬɚɦ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜɬɨɪɵɦ 
ɧɟɯɜɚɬɚɟɬ ɷɧɟɪɝɢɢ ɞɥɹ ɭɞɚɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɱɚɫɬɢ ɞɟɮɟɤɬɨɜ ɢɡ ɨɛɪɚɡɰɚ. (ɇɟɨɛɯɨɞɢɦɨɟ 
ɞɨɛɚɜɥɟɧɢɟ ɷɧɟɪɝɢɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɟɟ ɛɵɫɬɪɵɟ ɜɨɥɧɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɪɟɡɤɨɦ ɧɚɝɪɟɜɟ). 
3. ɇɟɨɠɢɞɚɧɧɵɦ ɨɤɚɡɚɥɨɫɶ ɩɨɜɟɞɟɧɢɟ ɷɜɨɥɸɰɢɢ ȺЭ ɩɪɢ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɨɦ, ɱɟɦ ɨɛɵɱɧɨ (5-7 
ɱɚɫɨɜ ɢɥɢ 18-25 ɤɫɟɤ), ɨɬɠɢɝɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɧɢɤɟɥɹ. ɑɟɪɟɡ 17-19 ɤɫɟɤ 
ɩɨɫɥɟ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɥɚɜɧɨɝɨ ɪɨɫɬɚ ɫɭɦɦɚɪɧɨɣ ɷɧɟɪɝɢɢ E ɧɚ ɡɚɩɢɫɹɯ ɧɚɛɥɸɞɚɸɬɫɹ ɞɨɜɨɥɶɧɨ 
ɪɟɡɤɢɟ ɫɤɚɱɤɢ ΔE. Ɉɧɢ ɜɨɡɧɢɤɚɸɬ, ɩɪɢɦɟɪɧɨ, ɜ ɪɚɣɨɧɚɯ 12, 18, 25 ɢ 32 ɤɫɟɤ. ɉɪɢ ɷɬɨɦ ɟɫɥɢ 
ɜɟɥɢɱɢɧɚ ɩɟɪɜɨɝɨ ɫɤɚɱɤɚ ɫɨɫɬɚɜɥɹɟɬ з 5% ɨɬ ɨɛɳɟɝɨ ɭɜɟɥɢɱɟɧɢɹ E, ɬɨ ɩɨɫɥɟɞɭɸɳɢɟ 
ɜɟɥɢɱɢɧɵ ΔE ɫɨɫɬɚɜɥɹɸɬ (10-15)%. ȿɫɥɢ ɧɚɛɥɸɞɚɟɦɵɟ ɨɬɤɥɨɧɟɧɢɹ ɤɪɢɜɵɯ ɷɜɨɥɸɰɢɢ ɨɬɠɢɝɚ 
ɧɟ ɫɜɹɡɚɧɵ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɩɪɢɱɢɧɚɦɢ, ɬɨ ɛɭɞɟɬ ɢɧɬɟɪɟɫɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɢɯ ɩɪɢɪɨɞɭ. Ʉɚɤ ɨɞɧɭ 
ɢɡ ɜɟɪɫɢɣ, ɫɧɨɜɚ ɦɨɠɧɨ ɨɛɫɭɠɞɚɬɶ ɦɟɞɥɟɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ Ɇɍɍȼ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ, ɩɪɨɟɤɬ 14-08-00981(ɚ). 
Ⱥɜɬɨɪɵ ɛɥɚɝɨɞɚɪɧɵ ɂ.ɂ.ɇɨɜɢɤɨɜɭ (ɩɨɫɦɟɪɬɧɨ) ɡɚ ɢɧɬɟɪɟɫ ɤ ɩɪɨɛɥɟɦɟ ɫɨɥɢɬɨɧɨ-

ɩɨɞɨɛɧɵɯ ɜɨɥɧ ɢ ɨɛɫɭɠɞɟɧɢɹ. 
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Ɉɛɴɟɦɧɚɹ ɚɦɨɪɮɢɡɚɰɢɹ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɪɚɫɩɥɚɜɨɜ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɟɧɢɹ ɦɚɫɫɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɬɨɥɳɢɧɨɣ ɛɨɥɟɟ 1 ɦɦ ɫ ɜɵɫɨɤɢɦ 
ɭɪɨɜɧɟɦ ɫɜɨɣɫɬɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɢɯ ɨɫɨɛɨɣ ɫɬɪɭɤɬɭɪɨɣ Д1, 2Ж. Ɉɞɧɢɦ ɢɡ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ 
ɨɛɴɟɦɧɵɯ ɚɦɨɪɮɧɵɯ ɫɩɥɚɜɨɜ (ɈȺɋ) ɹɜɥɹɟɬɫɹ ɡɚɤɚɥɤɚ ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɪɟɚɥɢɡɭɟɦɚɹ 
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ɩɪɢ ɷɬɨɦ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ з 1 – 103 K/c, ɚ ɬɨɥɳɢɧɚ ɚɦɨɪɮɧɨɝɨ ɫɥɨɹ ɦɨɠɟɬ 
ɞɨɫɬɢɝɚɬɶ ɧɟɫɤɨɥɶɤɢɯ ɫɦ Д2Ж. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜɫɟ ɛɨɥɶɲɟɟ ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɟɬɫɹ ɩɨɢɫɤɭ 
ɧɨɜɵɯ ɫɨɫɬɚɜɨɜ ɨɛɴɟɦɧɵɯ ɚɦɨɪɮɧɵɯ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ FО, NТ ɢ CШ ɢ ɩɨɜɵɲɟɧɢɸ ɢɯ 
ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. Ɉɞɧɢɦ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨɜɵɲɟɧɢɹ 
ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɩɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɩɬɢɦɢɡɚɰɢɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɯ ɩɨɥɭɱɟɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ 
ɪɚɫɩɥɚɜɚ ɩɟɪɟɞ ɨɯɥɚɠɞɟɧɢɟɦ. Эɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɡɚɜɢɫɢɦɨɫɬɶɸ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ 
ɫɜɨɣɫɬɜ ɠɢɞɤɨɣ ɮɚɡɵ ɨɬ ɟɟ ɩɪɟɞɵɫɬɨɪɢɢ, ɤɨɬɨɪɵɟ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɫɬɟɩɟɧɢ ɧɚɫɥɟɞɭɟɬɫɹ ɩɪɢ 
ɡɚɬɜɟɪɞɟɜɚɧɢɢ. ɉɨɷɬɨɦɭ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɜɵɛɨɪɚ ɭɫɥɨɜɢɣ ɩɨɥɭɱɟɧɢɹ ɈȺɋ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɟɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɧɨ-ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ, ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɢɯ ɪɚɫɩɥɚɜɨɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɜɹɡɤɨɫɬɢ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢ ɜɪɟɦɟɧɧɵɯ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɨɜ CШ65,5Fe6,5Si18B10, Ni64,4Fe4Cr4,9Mn2B16,2C0,5Si8, 
Fe50Cr15Mo14C15B6, ɩɪɨɹɜɥɹɸɳɢɯ ɪɚɡɥɢɱɧɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɴɟɦɧɨɣ ɚɦɨɪɮɢɡɚɰɢɢ. 

ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɜ ɪɚɛɨɬɟ ɫɩɥɚɜɵ CШ65,5Fe6,5Si18B10, Ni64,4Fe4Cr4,9Mn2B16,2C0,5Si8, 
Fe50Cr15Mo14C15B6 ɩɪɨɹɜɥɹɸɬ ɪɚɡɥɢɱɧɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɴɟɦɧɨɣ ɚɦɨɪɮɢɡɚɰɢɢ ɢ ɢɦɟɸɬ 
ɫɨɫɬɚɜɵ, ɜɵɛɨɪ ɤɨɬɨɪɵɯ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɨɞɯɨɞɚɯ. ɋɩɥɚɜ ɧɚ ɨɫɧɨɜɟ ɤɨɛɚɥɶɬɚ 
ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɨɫɬɚɜɨɦ ɛɥɢɡɤɢɦ ɤ ɷɜɬɟɤɬɢɱɟɫɤɨɦɭ ɢ ɩɪɨɹɜɥɹɟɬ ɜɵɫɨɤɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ 
ɚɦɨɪɮɢɡɚɰɢɢ ɜ ɭɫɥɨɜɢɹɯ ɫɜɟɪɯɛɵɫɬɪɨɣ ɡɚɤɚɥɤɢ (з 106K/c). ɋɨɫɬɚɜ ɫɩɥɚɜɚ 
Ni64,4Fe4Cr4,9Mn2B16,2C0,5Si8 ɛɵɥ ɩɪɟɞɥɨɠɟɧ Ʉɨɜɧɟɪɢɫɬɵɦ ɘ.Ʉ. ɫ ɫɨɬɪɭɞɧɢɤɚɦɢ Д3, 4Ж ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɞɟɢ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɮɚɡ-ɫɬɟɤɥɨɨɛɪɚɡɨɜɚɬɟɥɟɣ. 
Ⱦɥɹ ɫɩɥɚɜɚ Fe50Cr15Mo14C15B6 ɫɨɫɬɚɜ ɩɨɞɛɢɪɚɥɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɪɢɬɟɪɢɟɜ Д2Ж, 
ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɹɜɥɹɟɬɫɹ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɫɩɥɚɜɟ ɮɚɡ ɫɨ ɫɥɨɠɧɨɣ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ Д3Ж, ɜ ɱɚɫɬɧɨɫɬɢ, τ – ɮɚɡɵ M23C6. Ɉɛɚ ɩɨɫɥɟɞɧɢɯ ɫɩɥɚɜɚ 
ɩɪɨɹɜɥɹɸɬ ɯɨɪɨɲɭɸ ɫɤɥɨɧɧɨɫɬɶ ɤ ɨɛɴɟɦɧɨɣ ɚɦɨɪɮɢɡɚɰɢɢ. ɂɫɫɥɟɞɭɟɦɵɟ ɫɩɥɚɜɵ 
Co65,5Fe6,5Si18B10, Ni64,4Fe4Cr4,9Mn2B16,2C0,5Si8 ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɢɡɦɟɪɟɧɢɣ ɧɚɯɨɞɢɥɢɫɶ ɜ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ, ɬɨɝɞɚ ɤɚɤ ɫɩɥɚɜ Fe50Cr15Mo14C15B6 ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ 
ɛɵɫɬɪɨɡɚɤɚɥɟɧɧɵɦɢ (з103Ʉ/ɫ) ɫɬɟɪɠɧɹɦɢ ɞɢɚɦɟɬɪɨɦ 3ɦɦ ɫ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɫɬɪɭɤɬɭɪɨɣ. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɭɸ ɜɹɡɤɨɫɬɶ (ν) ɢɡɦɟɪɹɥɢ ɦɟɬɨɞɨɦ ɡɚɬɭɯɚɸɳɢɯ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ɤɨɪɭɧɞɨɜɨɝɨ ɬɢɝɥɹ ɫ ɪɚɫɩɥɚɜɨɦ Д5Ж ɜ ɪɟɠɢɦɚɯ ɧɚɝɪɟɜɚ ɨɬ ɌL ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɤɚɠɞɨɝɨ 
ɫɨɫɬɚɜɚ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɫɬɭɩɟɧɱɚɬɨɦ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ 
ɫ ɲɚɝɨɦ 20ɨɋ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɢɦɢ ɜɵɞɟɪɠɤɚɦɢ ɧɚ ɤɚɠɞɨɣ ɬɨɱɤɟ ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɢɡɦɟɪɟɧɢɣ ɜ 
ɬɟɱɟɧɢɟ 20 ɦɢɧɭɬ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɲɢɛɤɚ ɢɡɦɟɪɟɧɢɹ ɜɹɡɤɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɥɚ 4%. 

ɉɨɥɭɱɟɧɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɢɫɫɥɟɞɭɟɦɵɯ ɪɚɫɩɥɚɜɨɜ ɢɦɟɸɬ 
ɧɟɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ. ɇɚ ɩɨɥɢɬɟɪɦɚɯ ν ɪɚɫɩɥɚɜɚ Co65,5Fe6,5Si18B10, ɜ ɪɟɠɢɦɟ ɩɟɪɜɨɝɨ 
ɧɚɝɪɟɜɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɟɪɟɝɢɛ ɩɪɢ Ɍ*=1360°ɋ, ɚ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ ɧɚɛɥɸɞɚɟɬɫɹ 
ɝɢɫɬɟɪɟɡɢɫ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɚɧɨɦɚɥɢɢ (ɪɢɫ.1ɚ). ɉɪɢ ɩɨɜɬɨɪɧɨɦ ɧɚɝɪɟɜɟ, ɩɨɫɥɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ, ɚɧɨɦɚɥɢɹ ɜɨɫɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɬɨɣ ɠɟ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ (ɪɢɫ.1ɛ). 

Ⱦɥɹ ɩɨɧɢɦɚɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɪɚɫɩɥɚɜɟ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɵɥɢ 
ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɪɟɦɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɹɡɤɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ 
ɜɵɞɟɪɠɟɤ ɜ ɬɟɱɟɧɢɢ 2 ɱɚɫɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɪɟɠɢɦɟ ɫɬɭɩɟɧɱɚɬɨɝɨ ɩɨɜɵɲɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɞɟɪɠɤɢ (ɪɟɠɢɦ «ɧɚɝɪɟɜɚ») ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɟɟ ɩɨɧɢɠɟɧɢɹ (ɪɟɠɢɦ 
«ɨɯɥɚɠɞɟɧɢɹ»). ɇɚ ɜɫɟɯ ɢɡɨɬɟɪɦɚɯ ɡɧɚɱɟɧɢɹ ν ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ 
ɢɡɦɟɧɹɸɬɫɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɟɟ ɡɧɚɱɟɧɢɹɦ ɧɚ ɩɨɥɢɬɟɪɦɚɯ (ɪɢɫ.1ɜ). ɉɪɢ ɷɬɨɦ ɢɡɨɬɟɪɦɵ ɜ 
ɪɟɠɢɦɟ «ɨɯɥɚɠɞɟɧɢɹ» ɩɪɢ Ɍ<Ɍ* ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɦɢ ɡɧɚɱɟɧɢɹɦɢ ν, ɱɟɦ ɩɪɢ 
ɷɬɢɯ ɠɟ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɪɟɠɢɦɟ «ɧɚɝɪɟɜɚ», ɬ.ɟ. ɧɚɛɥɸɞɚɟɦɵɣ ɝɢɫɬɟɪɟɡɢɫ ɧɚ ɩɨɥɢɬɟɪɦɚɯ 
ɜɹɡɤɨɫɬɢ ɩɪɨɹɜɥɹɟɬɫɹ ɢ ɧɚ ɜɪɟɦɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɝɨ ɫɩɥɚɜɚ Co65,5Fe6,5Si18B10, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɵɟ 
ɚɧɨɦɚɥɢɢ, ɨɛɭɫɥɨɜɥɟɧɵ ɩɟɪɟɯɨɞɨɦ ɩɪɢ ɧɚɝɪɟɜɟ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɫɩɥɚɜɨɜ ɜ 
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ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ, ɤɨɬɨɪɨɟ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɫɨɯɪɚɧɹɟɬɫɹ ɞɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. ɉɪɢ 
ɩɨɫɥɟɞɭɸɳɟɦ ɧɚɝɪɟɜɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɫɩɥɚɜɨɜ ɜ ɨɛɥɚɫɬɢ ɞɨ Ɍ* ɩɟɪɟɯɨɞɢɬ 
ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ. 

 

 
Ɋɢɫ.1. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ Co65,5Fe6,5Si18B10 ɜ ɪɟɠɢɦɚɯ: (ɚ) - 
ɩɟɪɜɨɝɨ ɧɚɝɪɟɜɚ (●) ɢ ɨɯɥɚɠɞɟɧɢɹ (○); (ɛ) – ɜɬɨɪɨɝɨ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ; (ɜ) ɜɪɟɦɟɧɧɵɟ 
ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ 

 
ɇɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ Ni64,4Fe4Cr4,9Mn2B16,2C0,5Si8 ɜ ɪɟɠɢɦɟ 

ɩɟɪɜɨɝɨ ɧɚɝɪɟɜɚ ɜɛɥɢɡɢ T*=1430ºɋ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɩɨɜɵɲɟɧɢɟ ν, ɤɨɬɨɪɨɟ 
ɜɨɫɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɢ ɢ ɩɨɜɬɨɪɧɨɦ ɧɚɝɪɟɜɟ ɨɛɪɚɡɰɚ ɩɨɫɥɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ (ɪɢɫ.2ɚ, ɛ). Ⱥɧɚɥɢɡ ɢɡɨɬɟɪɦ ν ɪɚɫɩɥɚɜɚ Ni64,4Fe4Cr4,9Mn2B16,2C0,5Si8 ɩɨɤɚɡɚɥ, 
ɱɬɨ ɩɪɢ ɧɟɛɨɥɶɲɨɦ ɩɟɪɟɝɪɟɜɟ ɧɚɞ ɌL ɪɚɫɩɥɚɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɶɲɢɦɢ ɜɪɟɦɟɧɚɦɢ 
ɪɟɥɚɤɫɚɰɢɢ. ɉɪɢ ɷɬɨɦ ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ν ɧɢɠɟ, ɱɟɦ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɩɪɢ ɷɬɨɣ ɠɟ 
ɬɟɦɩɟɪɚɬɭɪɟ, ɞɨɫɬɢɝɚɸɬ ɢɯ ɱɟɪɟɡ 90 ɦɢɧɭɬ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɟ ɢɡɦɟɧɹɸɬɫɹ. ɉɟɪɟɝɪɟɜ ɜɵɲɟ Ɍ* 
ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɪɚɜɧɨɜɟɫɢɟ ɜ ɫɢɫɬɟɦɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ, ɧɚ 
ɢɡɨɬɟɪɦɚɯ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɫɨ ɜɪɟɦɟɧɟɦ ɢɡɦɟɧɹɸɬɫɹ ɦɚɥɨ ɢ ɛɥɢɡɤɢ ɤ ɡɧɚɱɟɧɢɹɦ ɧɚ 
ɩɨɥɢɬɟɪɦɚɯ ν ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɹɡɤɨɫɬɢ 
ɪɚɫɩɥɚɜɚ Ni64,4Fe4Cr4,9Mn2B16,2C0,5Si8 ɩɨɤɚɡɚɥɢ ɧɚɥɢɱɢɟ ɚɧɨɦɚɥɶɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ν ɜɛɥɢɡɢ 
1430ºɋ, ɤɨɬɨɪɨɟ ɧɨɫɢɬ ɨɛɪɚɬɢɦɵɣ ɯɚɪɚɤɬɟɪ. ɉɨɫɤɨɥɶɤɭ ɜɹɡɤɨɫɬɶ ɹɜɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɨ-
ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɫɜɨɣɫɬɜɨɦ ɪɚɫɩɥɚɜɨɜ, ɬɨ ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɚɹ ɚɧɨɦɚɥɢɹ 
ɜɹɡɤɨɫɬɢ ɜɛɥɢɡɢ 1430ºɋ ɨɛɭɫɥɨɜɥɟɧɚ ɢɡɦɟɧɟɧɢɟɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɫɩɥɚɜɚ ɜ ɷɬɨɣ 
ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ν ɪɚɫɩɥɚɜɚ Fe50Cr15Mo14C15B6, ɩɨɥɭɱɟɧɧɨɝɨ ɩɥɚɜɥɟɧɢɟɦ 
ɫɬɟɪɠɧɟɣ ɫ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2ɜ. ɇɚ ɩɨɥɢɬɟɪɦɟ 
ɧɚɝɪɟɜɚ ɜɛɥɢɡɢ Ɍ1

*=1380oC ɢ Ɍ2
*=1520ɨɋ ɧɚɛɥɸɞɚɸɬɫɹ ɨɬɤɥɨɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ν ɨɬ 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɚɪɪɟɧɢɭɫɨɜɫɤɨɝɨ ɬɢɩɚ, ɩɪɟɜɨɫɯɨɞɹɳɢɟ ɨɲɢɛɤɭ ɢɡɦɟɪɟɧɢɣ. 
Эɬɢ ɚɧɨɦɚɥɢɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɚɤɠɟ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɹ ɢ 
ɜɨɫɩɪɨɢɡɜɨɞɹɬɫɹ ɩɪɢ ɩɨɜɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɹɯ (ɩɨɫɥɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɛɪɚɡɰɚ) (ɪɢɫ. 2ɝ). ɉɪɢ 
ɷɬɨɦ ɷɮɮɟɤɬɵ ɜ ɨɛɥɚɫɬɢ Ɍ1

* ɢ Ɍ2
* ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɜɬɨɪɨɝɨ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ ɦɟɧɟɟ 

ɜɵɪɚɠɟɧɵ. Ⱦɪɭɝɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɡɚɜɢɫɢɦɨɫɬɢ ν(Ɍ) ɪɚɫɩɥɚɜɚ Fe50Cr15Mo14C15B6, ɩɨɥɭɱɟɧɧɨɝɨ 
ɢɡ ɢɫɯɨɞɧɨɝɨ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɹɜɥɹɟɬɫɹ ɝɢɫɬɟɪɟɡɢɫ ɜɹɡɤɨɫɬɢ ɧɢɠɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɟɪɜɨɣ ɚɧɨɦɚɥɢɢ (ɪɢɫ. 2ɜ). 

 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

333 
 

 
Ɋɢɫ.2. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚɜɨɜ Ni64,4Fe4Cr4,9Mn2B16,2C0,5Si8 (ɚ, ɛ) ɢ 
Fe50Cr15Mo14C15B6 (ɜ, ɝ) ɜ ɪɟɠɢɦɚɯ: (ɚ, ɜ) - ɩɟɪɜɨɝɨ ɧɚɝɪɟɜɚ (●) ɢ ɨɯɥɚɠɞɟɧɢɹ (○); (ɛ, ɝ) – 
ɜɬɨɪɨɝɨ ɧɚɝɪɟɜɚ ɢ ɨɯɥɚɠɞɟɧɢɹ 

 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɪɟɦɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ν ɪɚɫɩɥɚɜɚ Fe50Cr15Mo14C15B6 ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ (1295ºɋ, 1420ºɋ, 1520ºɋ, 1600ºɋ) ɜ ɭɫɥɨɜɢɹɯ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɜɵɞɟɪɠɟɤ ɜ 
ɬɟɱɟɧɢɢ ɞɜɭɯ ɱɚɫɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚ ɢɡɨɬɟɪɦɚɯ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɡ ɨɛɥɚɫɬɟɣ ɦɨɧɨɬɨɧɧɨɝɨ 
ɢɡɦɟɧɟɧɢɹ ɜɹɡɤɨɫɬɢ (1295ºɋ, 1420ºɋ, 1600ºɋ) ɡɧɚɱɟɧɢɹ ν ɫ ɭɱɟɬɨɦ ɨɲɢɛɤɢ ɢɡɦɟɧɹɸɬɫɹ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɧɚ ɢɡɨɬɟɪɦɟ ɩɪɢ 1520ɨɋ (ɬ.ɟ. ɜ ɨɛɥɚɫɬɢ ɚɧɨɦɚɥɶɧɨɝɨ 
ɩɨɜɟɞɟɧɢɹ ν) ɩɨɫɥɟ ɜɵɞɟɪɠɤɢ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɱɚɫɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɪɚɡɛɪɨɫɚ 
ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ, ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɨɝɨ ɜɨɡɪɚɫɬɚɟɬ ɫɨ ɜɪɟɦɟɧɟɦ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɧɚɛɥɸɞɚɟɦɵɟ ɨɛɪɚɬɢɦɵɟ ɚɧɨɦɚɥɢɢ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ν ɜɛɥɢɡɢ 
1380ºɋ ɢ 1520ºɋ ɨɛɭɫɥɨɜɥɟɧɵ ɢɡɦɟɧɟɧɢɟɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɫɩɥɚɜɚ ɜɛɥɢɡɢ 
ɭɤɚɡɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ 
Fe50Cr15Mo14C15B6 ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɯɨɞɧɨɟ ɧɟɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ ɫɩɥɚɜɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɟ 
ɟɝɨ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɧɚɫɥɟɞɭɟɬɫɹ ɩɪɢ ɩɥɚɜɥɟɧɢɢ ɢ ɩɪɢɜɨɞɢɬ ɤ 
ɝɢɫɬɟɪɟɡɢɫɭ ν (ɪɢɫ. 2ɜ), ɤɨɬɨɪɵɣ ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ (ɧɢɠɟ Ɍ1

*). ɉɨ-
ɜɢɞɢɦɨɦɭ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɬɟɪɠɧɢ 
ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɮɚɡ. Эɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɫɩɥɚɜ 
ɩɥɚɜɢɬɫɹ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɧɚɝɪɟɜɟ ɩɪɢ ɦɟɧɶɲɟɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɱɟɦ ɪɚɜɧɨɜɟɫɧɵɣ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɫɥɢɬɨɤ ɢ ɞɥɹ ɧɟɝɨ ɯɚɪɚɤɬɟɪɧɵ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ. ɉɨɫɥɟ 
ɩɥɚɜɥɟɧɢɹ ɪɚɫɩɥɚɜ ɩɪɢ ɧɟɛɨɥɶɲɨɦ ɩɟɪɟɝɪɟɜɟ ɧɚɞ ɬɟɦɩɟɪɚɬɭɪɨɣ ɥɢɤɜɢɞɭɫ (з100ºɋ) ɩɟɪɟɯɨɞɢɬ 
ɜ ɪɚɜɧɨɜɟɫɧɨɟ ɫɨɫɬɨɹɧɢɟ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɹɡɤɨɫɬɢ ɢ ɩɪɨɰɟɫɫɨɜ ɡɚɬɜɟɪɞɟɜɚɧɢɹ 
ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ CШ65,5Fe6,5Si18B10, Ni64,4Fe4Cr4,9Mn2B16,2C0,5Si8, Fe50Cr15Mo14C15B6 ɩɨɤɚɡɚɥɢ, 
ɱɬɨ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɚɫɩɥɚɜɚɯ ɜɛɥɢɡɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɫɬɚɜɚ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɛɥɸɞɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɠɢɞɤɨɣ ɮɚɡɵ, ɤɨɬɨɪɵɟ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ 
ɧɚ ɢɯ ɩɟɪɟɨɯɥɚɠɞɟɧɢɟ, ɯɚɪɚɤɬɟɪ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɫɬɟɤɥɨɨɛɪɚɡɭɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ. 
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ɌȿɉɅɈɉɊɈВɈȾɇɈɋɌЬ ɉɈɅɍɌɈɊɇЫɏ ɋɈɋɌАВɈВ ɏАɅЬɄɈȽȿɇɂȾɈВ 
ɊȿȾɄɈɁȿɆȿɅЬɇЫɏ ɆȿɌАɅɅɈВ 

Ʌɭɝɭɟɜ ɋ.Ɇ.1, Ʌɭɝɭɟɜɚ ɇ.ȼ.1, ɋɨɤɨɥɨɜ ȼ.ȼ.2 

1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ Иɧɫɬɢɬɭɬ ɮɢɡɢɤɢ  
ɢɦ. ɏ.И. Ⱥɦɢɪɯɚɧɨɜɚ Ⱦɚɝɟɫɬɚɧɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ ɊȺɇ,  

Ɋɨɫɫɢɹ, Ɇɚɯɚɱɤɚɥɚ, ɭɥ. əɪɚɝɫɤɨɝɨ, 94ɚ, E-mail: luguev.if@ mail.ru   
2Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ Иɧɫɬɢɬɭɬ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ 

ɯɢɦɢɢ ɢɦ. Ⱥ.ȼ. ɇɢɤɨɥɚɟɜɚ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ 
 

ɉɨɥɭɬɨɪɧɵɟ ɫɨɫɬɚɜɵ ɯɚɥɶɤɨɝɟɧɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɤɪɢɫɬɚɥɥɢɡɭɸɳɢɟɫɹ ɜ 
ɫɬɪɭɤɬɭɪɟ ɬɢɩɚ  ɮɨɫɮɢɞɚ ɬɨɪɢɹ, – ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ. 
ɍɧɢɤɚɥɶɧɵɟ ɨɩɬɢɱɟɫɤɢɟ, ɦɚɝɧɢɬɧɵɟ, ɚɤɭɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ ɩɨɡɜɨɥɹɸɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɜ ɤɚɱɟɫɬɜɟ ɨɤɨɧ ɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ ɂɄ ɨɛɥɚɫɬɢ ɫɩɟɤɬɪɚ, 
ɢ ɷɥɟɦɟɧɬɨɜ ɥɚɡɟɪɧɵɯ, ɷɥɟɤɬɪɨɨɩɬɢɱɟɫɤɢɯ, ɩɶɟɡɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ. ȼ ɧɚɫɬɨɹɳɟɣ 
ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɹɞɚ ɫɨɟɞɢɧɟɧɢɣ Ln2X3 (Ln – La, Pr, Gd, Dy; X – S, Te) ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 80-400 Ʉ. 

ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɨɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɥɢ ɫɨɛɨɣ ɤɪɢɫɬɚɥɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɪɚɫɩɥɚɜɚ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɫɬɚɜɨɜ ɩɪɨɬɹɝɢɜɚɧɢɟɦ 
ɤɨɧɬɟɣɧɟɪɚ ɫ ɜɟɳɟɫɬɜɨɦ ɱɟɪɟɡ ɢɧɞɭɤɬɨɪ ɜ ɚɬɦɨɫɮɟɪɟ ɩɚɪɨɜ ɯɚɥɶɤɨɝɟɧɚ. ɉɨ ɞɚɧɧɵɦ 
ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɨɧɢ ɢɦɟɥɢ ɤɭɛɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɬɢɩɚ Th3P4.  ɂɡɦɟɪɟɧɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜɵɩɨɥɧɟɧɵ ɚɛɫɨɥɸɬɧɵɦ ɫɬɚɰɢɨɧɚɪɧɵɦ ɦɟɬɨɞɨɦ, ɨɫɧɨɜɚɧɧɨɦ ɧɚ ɫɨɡɞɚɧɢɢ 
ɥɢɧɟɣɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɱɟɪɟɡ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ. ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɨɫɬɚɜɥɹɥɚ 2-4 % ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɵ ɞɨɫɬɨɜɟɪɧɵɟ ɞɚɧɧɵɟ ɨ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɩɪɟɞɟɥɟɧɵ ɦɟɯɚɧɢɡɦɵ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɜ ɨɛɪɚɡɰɚɯ, ɚ ɜ ɤɪɢɫɬɚɥɥɚɯ, 
ɫɨɞɟɪɠɚɳɢɯ ɢɨɧɵ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɫ ɧɟɫɤɨɦɩɟɧɫɢɪɨɜɚɧɧɵɦ ɩɨɥɧɵɦ ɦɨɦɟɧɬɨɦ, 
ɨɩɪɟɞɟɥɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɩɥɨɩɟɪɟɧɨɫɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɪɚɫɫɟɹɧɢɟɦ ɮɨɧɨɧɨɜ ɧɚ 
ɩɚɪɚɦɚɝɧɢɬɧɵɯ ɢɨɧɚɯ. 

Ⱥɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɚɥ, ɱɬɨ ɜ ɤɪɢɫɬɚɥɥɚɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 
ɨɩɪɟɞɟɥɸɳɢɦ ɦɟɯɚɧɢɡɦɨɦ ɬɟɩɥɨɩɟɪɟɧɨɫɚ ɹɜɥɹɸɬɫɹ ɤɨɥɟɛɚɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. 

ȼ ɨɛɪɚɡɰɚɯ La2X3 ɢ Gd2X3 ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ ɢɡɦɟɪɟɧɢɣ ɧɚɛɥɸɞɚɟɬɫɹ 
ɭɱɚɫɬɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɩɟɪɟɧɨɫɟ ɬɟɩɥɚ. ȼ ɤɪɢɫɬɚɥɥɚɯ, ɜ ɤɨɬɨɪɵɯ 
ɷɥɟɦɟɧɬɚɦɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɹɜɥɹɸɬɫɹ ɢɨɧɵ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɫ 
ɧɟɫɤɨɦɩɟɧɫɢɪɨɜɚɧɧɵɦ ɩɨɥɧɵɦ ɦɨɦɟɧɬɨɦ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɜɵɞɟɥɟɧɢɟ ɜɤɥɚɞɚ ɮɨɬɨɧɨɜ ɜ 
ɬɟɩɥɨɩɟɪɟɧɨɫ ɡɚɬɪɭɞɧɹɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɫɢɥɶɧɨɝɨ ɪɚɫɫɟɹɧɢɹ ɮɨɧɨɧɨɜ ɧɚ ɪɚɫɳɟɩɥɟɧɧɵɯ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ ɩɨɥɟɦ ɭɪɨɜɧɹɯ ɩɚɪɚɦɚɝɧɢɬɧɵɯ ɢɨɧɨɜ. ɉɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɢɡɦɟɧɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɬɨɦɧɵɯ 
ɜɟɫɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɯɚɥɶɤɨɝɟɧɚ. 
 

 
 

ВɅɂЯɇɂȿ ȾȿɎȿɄɌɈВ ɋɌɊɍɄɌɍɊЫ ɇА ɌȿɉɅɈɉɊɈВɈȾɇɈɋɌЬ ɄɊɂɋɌАɅɅɈВ 
ɋɈȿȾɂɇȿɇɂɃ A2B6 

Ʌɭɝɭɟɜ ɋ.Ɇ., Ʌɭɝɭɟɜɚ ɇ.ȼ.  
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ Иɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɢɦ. ɏ.И. 
Ⱥɦɢɪɯɚɧɨɜɚ Ⱦɚɝɟɫɬɚɧɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɰɟɧɬɪɚ ɊȺɇ, Ɋɨɫɫɢɹ, Ɇɚɯɚɱɤɚɥɚ, ɭɥ. əɪɚɝɫɤɨɝɨ 94ɚ.  
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ɋɨɜɨɤɭɩɧɨɫɬɶ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɝɪɭɩɩɵ A2B6 ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɦɚɬɟɪɢɚɥɚɦ ɧɚ ɢɯ ɨɫɧɨɜɟ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɬɟɯɧɢɤɟ. Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
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ɹɜɥɹɟɬɫɹ ɩɚɪɚɦɟɬɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɢ ɢɧɮɨɪɦɚɰɢɹ ɨ ɧɟɦ ɧɟɨɛɯɨɞɢɦɚ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɚɛɨɬ. 
Ⱦɨɫɬɨɜɟɪɧɵɟ ɞɚɧɧɵɟ ɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɵ ɬɚɤɠɟ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɛɨɬ ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɫɲɢɪɟɧɢɹ ɨɛɥɚɫɬɟɣ ɢɯ 
ɩɪɢɦɟɧɟɧɢɹ.  

Ⱦɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 
ɦɟɬɨɞɵ ɢɯ ɩɨɥɭɱɟɧɢɹ. ȼ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɨɤɚɡɵɜɚɟɬɫɹ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ, ɱɟɦ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ. Ɉɞɧɚɤɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ ɜ ɦɚɬɟɪɢɚɥɟ ɩɪɟɨɛɥɚɞɚɸɬ ɬɟ ɢɥɢ ɢɧɵɟ ɬɢɩɵ ɞɟɮɟɤɬɨɜ, ɨɬ ɤɨɬɨɪɵɯ ɡɚɜɢɫɹɬ 
ɟɝɨ ɫɜɨɣɫɬɜɚ. Ɋɚɡɦɟɪɵ ɡɟɪɟɧ, ɩɨɪɢɫɬɨɫɬɶ ɢ ɫɬɪɭɤɬɭɪɚ ɞɟɮɟɤɬɨɜ ɜ ɫɭɳɟɫɬɜɟɧɧɨɣ ɦɟɪɟ 
ɨɩɪɟɞɟɥɹɸɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɜɟɳɟɫɬɜɚ. ɉɨɷɬɨɦɭ ɞɚɧɧɵɟ ɨ ɤɨɷɮɮɢɰɢɟɧɬɟ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɟɮɟɤɬɨɜ ɫɬɪɭɤɬɭɪɵ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟɫɨɦɧɟɧɧɵɣ ɢɧɬɟɪɟɫ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɪɢɫɬɚɥɥɨɜ ɫɨɟɞɢɧɟɧɢɣ A2B6 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ  ɢ ɞɟɮɟɤɬɨɜ 
ɫɬɪɭɤɬɭɪɵ. ɉɪɢɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɵ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ, ɬɟɤɫɬɭɪɢɪɨɜɚɧɧɵɯ 
ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ, ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɞɟɮɨɪɦɚɰɢɢ ɝɨɪɹɱɢɦ ɢɡɨɫɬɚɬɢɱɟɫɤɢɦ 
ɩɪɟɫɫɨɜɚɧɢɟɦ ɢ ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɨɛɪɚɡɰɨɜ ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɝɨ 
ɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ 
ɩɪɟɞɵɫɬɨɪɢɹ ɜ ɫɭɳɟɫɬɜɟɧɧɨɣ ɦɟɪɟ ɨɩɪɟɞɟɥɹɟɬ ɜɟɥɢɱɢɧɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ. ȼ 
ɬɟɤɫɬɭɪɢɪɨɜɚɧɧɵɯ ɩɨɥɢɤɪɢɫɬɚɥɥɚɯ ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɨɫɚɠɞɟɧɢɟɦ ɢɡ ɩɚɪɨɜɨɣ 
ɮɚɡɵ, ɚ ɡɚɬɟɦ ɩɨɞɜɟɪɝɧɭɬɵɯ ɞɟɮɨɪɦɚɰɢɢ ɝɨɪɹɱɢɦ ɢɡɨɫɬɚɬɢɱɟɫɤɢɦ ɫɠɚɬɢɟɦ ɧɚɛɥɸɞɚɟɬɫɹ 
ɚɧɢɡɨɬɪɨɩɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɢɬɨɜ ɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɨɫɢ ɢɯ ɪɨɫɬɚ. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ 
ɝɨɪɹɱɟɝɨ ɜɚɤɭɭɦɧɨɝɨ ɩɪɟɫɫɨɜɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɫɵɪɶɹ, ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ (ɩɪɢ 80 Ʉ ɩɨɱɬɢ ɧɚ 
400% ɢ ɛɨɥɟɟ ɱɟɦ ɧɚ 30% ɩɪɢ 300 Ʉ), ɱɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɩɨɥɢɤɪɢɫɬɚɥɥɨɜ, ɩɨɥɭɱɟɧɧɵɯ 
ɮɢɡɢɱɟɫɤɢɦ ɨɫɚɠɞɟɧɢɟɦ ɢɡ ɩɚɪɨɜɨɣ ɮɚɡɵ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɠɟ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɯ ɮɨɧɨɧɧɨɝɨ ɫɩɟɤɬɪɚ.  
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ɉɪɢ ɪɟɲɟɧɢɢ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɡɚɞɚɱ ɬɟɩɥɨɦɚɫɫɨɨɛɦɟɧɚ ɜ ɩɪɢɪɨɞɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɚɯ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɝɚɡɨɜ ɩɪɢ 
ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɞɚɜɥɟɧɢɹɯ. Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɚɛɨɬɚɯ [1,2,3], ɩɪɢ ɢɡɜɟɫɬɧɨɦ 
ɡɧɚɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ (ɄȼȾ) ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɦɨɠɧɨ ɩɨ 
ɩɪɟɞɥɨɠɟɧɧɨɣ ɜ ɪɚɛɨɬɟ [1] ɮɨɪɦɭɥɟ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɩɪɢ 
ɡɚɞɚɧɧɨɦ ɞɚɜɥɟɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɧɚɱɟɧɢɣ ɫɠɢɦɚɟɦɨɫɬɢ ɱɢɫɬɵɯ ɤɨɦɩɨɧɟɧɬ ɝɚɡɨɜɨɣ 
ɫɢɫɬɟɦɵ. 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ ɪɹɞɟ ɪɚɛɨɬ [4,5], ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɝɚɡɨɜ ɦɨɠɧɨ 
ɜɵɱɢɫɥɢɬɶ ɤɚɤ ɩɨ ɫɬɪɨɝɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ, ɬɚɤ ɢ ɩɨ ɮɨɪɦɭɥɚɦ, ɩɨɥɭɱɟɧɧɵɦ 
ɪɚɡɥɢɱɧɵɦɢ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ. Ɉɞɧɚɤɨ, ɤɚɤ ɩɨɤɚɡɵɜɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ, 
ɜɫɟ ɷɬɢ ɮɨɪɦɭɥɵ ɨɩɢɫɵɜɚɸɬ ɷɤɫɩɟɪɢɦɟɧɬ ɬɨɥɶɤɨ ɜ ɭɡɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ. 
Ɉɬɤɥɨɧɟɧɢɟ ɬɟɨɪɢɢ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɨɫɧɨɜɧɨɦ ɨɛɴɹɫɧɹɸɬ ɥɢɛɨ ɧɟɤɨɪɪɟɤɬɧɨɫɬɶɸ 

mailto:tfs209@yandex.ru
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ɧɚɯɨɠɞɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɢ ɫɢɥɨɜɨɝɨ ɩɚɪɚɦɟɬɪɨɜ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɦɟɧɹɟɦɵɯ ɤɨɦɛɢɧɚɰɢɨɧɧɵɯ ɩɪɚɜɢɥ, ɥɢɛɨ ɧɟ ɜɩɨɥɧɟ ɜɟɪɧɵɦ ɜɵɛɨɪɨɦ 
ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɜɢɞɚ ɫɚɦɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɨɥɟɤɭɥ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɝɚɡɨɜɵɯ 
ɫɢɫɬɟɦ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɱɟɧɶ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɫɬɭɸ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɭɸ ɮɨɪɦɭɥɭ ɫɬɟɩɟɧɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ [5]: 

n
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0 ,     (1) 

ɝɞɟ D  ɢ  0D  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ T ɢ T0 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɫɦ2/ɫ; n – ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɫɬɟɩɟɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ.  

ɑɚɫɬɨ ɮɨɪɦɭɥɭ (1) ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ: 
nTbD  ,      (2) 

ɤɨɬɨɪɚɹ ɩɪɢ ɥɨɝɚɪɢɮɦɢɪɨɜɚɧɢɢ ɞɚɟɬ ɩɪɹɦɭɸ ɥɢɧɢɸ.  
Ɂɚɜɢɫɢɦɨɫɬɶ (2) ɢɦɟɟɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ, ɬɚɤ ɤɚɤ ɫɭɳɟɫɬɜɟɧɧɨ ɭɩɪɨɳɚɟɬ ɨɛɪɚɛɨɬɤɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ. 
Ɂɚɜɢɫɢɦɨɫɬɶ (1) ɜ ɨɛɳɟɦ ɜɢɞɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɬɟɧɰɢɚɥɭ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ – ɬɨɱɟɱɧɨɦɭ ɰɟɧɬɪɭ ɨɬɬɚɥɤɢɜɚɧɢɹ [5]. ȼɥɢɹɧɢɟ ɫɢɥ ɩɪɢɬɹɠɟɧɢɹ, ɡɚɜɢɫɹɳɢɯ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɬɨɦɭ, ɱɬɨ ɡɧɚɱɟɧɢɟ n ɧɟ ɛɭɞɟɬ ɨɫɬɚɜɚɬɶɫɹ ɩɨɫɬɨɹɧɧɵɦ. 
ɉɨɷɬɨɦɭ ɩɪɢ ɪɚɫɱɟɬɚɯ D  ɩɨ ɮɨɪɦɭɥɟ (1) ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɜɨɞɢɬɶ ɢɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ, ɜ 
ɤɨɬɨɪɨɦ ɛɵɥ ɧɚɣɞɟɧ ɤɨɷɮɮɢɰɢɟɧɬ n. ȼ ɪɚɛɨɬɟ [6] ɞɥɹ ɭɱɟɬɚ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɤɨɷɮɮɢɰɢɟɧɬɚ n ɏɨɥɥɟɪɚɧ ɩɪɟɞɥɨɠɢɥ ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭɥɭ:  TT TD ln

21
  .     (3) 

ɇɚɫɤɨɥɶɤɨ ɧɚɦ ɢɡɜɟɫɬɧɨ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɤɨɷɮɮɢɰɢɟɧɬ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɢɡɦɟɪɟɧ 
ɩɪɢɦɟɪɧɨ ɞɥɹ 350 ɩɚɪ ɜɟɳɟɫɬɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɝɚɡɨɜɨɣ ɮɚɡɟ. ȼɫɟɝɨ ɩɨɥɭɱɟɧɨ ɨɤɨɥɨ 4500 
ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ. ɇɚɦɢ ɩɨ ɮɨɪɦɭɥɟ (1) ɛɵɥɨ ɨɛɪɚɛɨɬɚɧɨ 111 
ɛɢɧɚɪɧɵɯ ɝɚɡɨɜɵɯ ɫɢɫɬɟɦ, ɞɥɹ ɤɨɬɨɪɵɯ ɢɦɟɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɞɚɧɧɵɯ ɩɨ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɞɥɹ ɧɢɯ 
ɩɨɥɭɱɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɡɧɚɱɟɧɢɹ n ɢ b. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɫɢɫɬɟɦ ɝɚɡɨɜ, ɞɥɹ ɤɨɬɨɪɵɯ 
ɢɦɟɥɨɫɶ ɛɨɥɟɟ 50 ɡɧɚɱɟɧɢɣ ɄȼȾ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɨɛɪɚɛɨɬɤɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɮɨɪɦɭɥɚɦ (2) ɢ (3). Ɋɟɡɭɥɶɬɚɬɵ ɬɚɤɨɣ ɨɛɪɚɛɨɬɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 
Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɩɨ ɮɨɪɦɭɥɚɦ (2) ɢ (3). 

ɋɢɫɬɟɦɚ 

Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɄȼȾ ɩɨ ɮɨɪɦɭɥɟ (2) 

Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɄȼȾ ɩɨ ɮɨɪɦɭɥɟ (3) 

№ n b 
ɂɧɬɟɪɜɚɥ 

ɬɟɦɩ. 

Ʉɨɥ-
ɜɨ 

ɬɨɱɟɤ 

ε, 
% 

№ α β γ 
ɂɧɬɟɪɜɚɥ 

ɬɟɦɩ. 

Ʉɨɥ-
ɜɨ 

ɬɨɱɟɤ 

ε, 
% 

H2-He 
1 1,71 -4,04 52 - 917 61 3,3 1 -0,03 1,84 -4,19 52 - 917 61 3,1 

2 1,69 -4,00 52 - 917 58 2,5 2 -0,05 1,91 -4,25 52 - 917 57 2,0 

H2-N2 
1 1,75 -4,42 65 - 1083 105 3,9 1 -0,11 2,31 -5,12 65 - 1083 105 3,6 

2 1,73 -4,37 65 - 1083 96 2,7 2 -0,11 2,29 -5,10 65 - 1083 96 2,6 

H2-CO2 1 1,78 -4,59 196 - 1083 102 2,7 1 -0,10 2,32 -5,30 196 - 1083 102 2,7 

H2-Ar 
1 1,74 -4,40 77 - 1069 80 3,8 1 0,05 1,50 -4,10 77 - 1069 80 3,6 

3 1,74 -4,39 77 - 1069 69 2,9 2 0,10 1,25 -3,78 77 - 1069 76 2,9 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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He-N2 
1 1,69 -4,33 77 - 3000 94 4,4 1 0,08 1,27 -3,77 77 - 3000 94 3,8 

3 1,70 -4,35 77 - 2100 73 3,0 3 0,07 1,32 -3,84 77 - 3000 76 2,5 

He-CO2 
1 1,68 -4,38 190 - 810 86 3,1 1 0,11 1,14 -3,69 190 - 810 86 3,0 

2 1,68 -4,36 190 - 810 81 2,4   

He-O2 
1 1,63 -4,14 103 - 808 51 4,0 1 -0,02 1,71 -4,24 103 - 808 51 4,0 

3 1,62 -4,12 103 - 808 46 2,9 3 0,00 1,63 -4,14 103 - 808 46 2,9 

He-Ar 1 1,69 -4,32 77 - 1000 169 2,5 1 0,01 1,67 -4,29 77 - 1000 169 2,5 

H2O-
ɜɨɡɞɭɯ 

1 1,80 -5,05 273 - 1493 42 3,4 1 0,07 1,40 -4,49 273 - 1493 42 3,3 

2 1,80 -5,05 273 - 1493 39 2,7 2 0,06 1,49 -4,62 273 - 1493 39 2,6 

Ar-CO2 
1 1,78 -5,22 197 - 810 51 5,2 1 -0,33 3,50 -7,43 197 - 810 51 4,9 

3 1,77 -5,20 197 - 810 37 2,2 3 -0,11 2,34 -5,94 197 - 810 40 2,6 
 
Ɉɛɵɱɧɨ ɚɜɬɨɪɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ ɩɨ ɢɡɦɟɪɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɡɚɢɦɧɨɣ 

ɞɢɮɮɭɡɢɢ ɭɤɚɡɵɜɚɸɬ ɩɨɝɪɟɲɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɩɪɟɞɟɥɚɯ 1-3%. ɉɨɷɬɨɦɭ, ɨɛɪɚɛɨɬɤɭ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɦɵ ɩɪɨɜɨɞɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. ɋɧɚɱɚɥɚ 
ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɜɫɟ ɞɚɧɧɵɟ, ɢ ɩɨ ɧɢɦ ɪɚɫɫɱɢɬɵɜɚɥɢɫɶ ɤɨɷɮɮɢɰɢɟɧɬɵ n, b, α, β, γ 
ɡɚɜɢɫɢɦɨɫɬɟɣ (2) ɢ (3), ɚ ɡɚɬɟɦ ɢɡ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɢ ɢɫɤɥɸɱɚɥɢɫɶ ɬɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ, ɨɬɤɥɨɧɟɧɢɹ ɤɨɬɨɪɵɯ ɨɬ ɩɨɥɭɱɟɧɧɨɣ ɩɪɹɦɨɣ ɢɥɢ ɤɪɢɜɨɣ 
ɩɪɟɜɵɫɢɥɢ 9%. Ɂɚɬɟɦ ɨɛɪɚɛɨɬɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɞɥɹ ɨɫɬɚɜɲɢɯɫɹ ɞɚɧɧɵɯ ɩɨɜɬɨɪɧɨ ɫ 
ɢɫɤɥɸɱɟɧɢɟɦ ɬɨɱɟɤ, ɞɥɹ ɤɨɬɨɪɵɯ ɭɪɨɜɟɧɶ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɪɚɫɫɱɢɬɚɧɧɵɯ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɷɬɚɩɟ 
ɡɚɜɢɫɢɦɨɫɬɟɣ ɛɨɥɶɲɟ 6%. ɉɨɫɥɟɞɧɢɣ ɷɬɚɩ ɨɛɪɚɛɨɬɤɢ ɩɪɨɜɨɞɢɥɫɹ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ 
ɨɬɛɪɚɫɵɜɚɧɢɟɦ ɬɨɱɟɤ, ɭ ɤɨɬɨɪɵɯ ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɪɚɫɱɟɬɚ ɩɪɟɜɵɲɚɥɨ 3%. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 
ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɢɫɤɥɸɱɟɧɢɟ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ «ɩɪɨɦɚɯɨɜ» ɢ ɞɚɧɧɵɯ ɫ 
ɛɨɥɶɲɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɨɲɢɛɤɨɣ. 

ȼ ɬɚɛɥɢɰɟ 1 ɞɥɹ ɤɚɠɞɨɣ ɨɛɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɨɧɫɬɚɧɬ ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ (2) ɢ (3); ɧɨɦɟɪɚ ɷɬɚɩɨɜ ɨɛɪɚɛɨɬɤɢ (№), ɧɚ 
ɤɨɬɨɪɵɯ ɩɨɥɭɱɟɧɵ ɭɤɚɡɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ; ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɧɬɟɪɜɚɥɵ ɢ ɱɢɫɥɨ ɬɨɱɟɤ, 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ ɪɚɫɱɟɬɚɯ; ɚ ɬɚɤɠɟ ɫɪɟɞɧɢɟ ɜɟɥɢɱɢɧɵ ɨɬɤɥɨɧɟɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɞɚɧɧɵɯ ɨɬ ɩɨɥɭɱɟɧɧɵɯ ɤɪɢɜɵɯ. ȼɨ ɜɬɨɪɨɣ ɫɬɪɨɤɟ ɞɥɹ ɤɚɠɞɨɣ ɫɢɫɬɟɦɵ ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɮɨɪɦɭɥɚɯ (2) ɢ (3), ɞɥɹ ɤɨɬɨɪɵɯ ɫɪɟɞɧɟɟ ɨɬɤɥɨɧɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɡɧɚɱɟɧɢɣ ɞɥɹ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɨɬ ɪɚɫɫɱɢɬɚɧɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɫɨɫɬɚɜɢɥɨ ɧɟ ɛɨɥɟɟ 3 %.  

ɂɡ ɬɚɛɥɢɰɵ 1 ɜɢɞɧɨ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɪɦɭɥɵ (3) ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɧɟɫɤɨɥɶɤɨ ɛɨɥɟɟ 
ɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɡɚɜɢɫɢɦɨɫɬɢ )(TfD  , ɩɨɡɜɨɥɹɹ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɫɨɯɪɚɧɢɬɶ ɛɨɥɶɲɟ 
ɬɨɱɟɤ ɜ ɨɛɪɚɛɨɬɤɟ ɢ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɧɚɞɟɠɧɵɣ ɪɟɡɭɥɶɬɚɬ. ȼɩɪɨɱɟɦ, ɪɚɡɧɢɰɚ ɫɪɟɞɧɢɯ 
ɨɬɤɥɨɧɟɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɬ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɞɥɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɫɬɟɦ ɧɟɡɧɚɱɢɬɟɥɶɧɚ, ɢ ɫɨɫɬɚɜɢɥɚ ɧɟ ɛɨɥɟɟ 0,5 %. Ɉɞɧɨɣ ɢɡ ɫɢɫɬɟɦ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ (3) ɞɚɟɬ ɧɟɫɤɨɥɶɤɨ ɥɭɱɲɢɣ ɪɟɡɭɥɶɬɚɬ, ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɚ 
ɝɟɥɢɣ – ɚɡɨɬ. ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɦɨɠɧɨ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞ, ɱɬɨ ɷɬɚ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɡɜɨɥɹɟɬ 
ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɢɫɵɜɚɬɶ ɞɚɧɧɵɟ ɧɚ ɤɨɧɰɚɯ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɢɧɬɟɪɜɚɥɚ. Ⱦɥɹ 
ɫɢɫɬɟɦɵ ɜɨɞɨɪɨɞ – ɚɡɨɬ, ɬɚɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɞɨɫɬɚɬɨɱɧɨ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɬɨɱɤɢ ɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦ ɢɧɬɟɪɜɚɥɟ ɞɨ 273 Ʉ (ɫɪɟɞɧɟɟ ɨɬɤɥɨɧɟɧɢɟ 
ɦɟɧɟɟ 5%), ɬɨɝɞɚ ɤɚɤ ɡɚɜɢɫɢɦɨɫɬɶ (2) ɞɚɟɬ ɛɨɥɶɲɟɟ ɨɬɤɥɨɧɟɧɢɟ (ɫɪɟɞɧɟɟ ɨɬɤɥɨɧɟɧɢɟ ɛɨɥɟɟ 7 
%). ɇɚ ɪɢɫ.1, ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ, ɞɥɹ ɫɢɫɬɟɦɵ ɜɨɞɨɪɨɞ – ɚɡɨɬ ɩɪɢɜɟɞɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ 

)(lglg TfD   ɢ ɪɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɮɨɪɦɭɥɚɦ (2) ɢ (3).  
ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɞɥɹ ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟɫɤɢɯ 

ɪɚɫɱɟɬɨɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɦɨɠɧɨ 
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ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɛɵɱɧɨɣ ɫɬɟɩɟɧɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɶɸ ɜ ɜɢɞɟ (2), ɢɫɤɥɸɱɢɜ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ n ɢ b ɹɜɧɵɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɪɨɦɚɯɢ. 

 
Ɋɢɫ.1. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɫɢɫɬɟɦɵ ɜɨɞɨɪɨɞ – 
ɚɡɨɬ 

 
Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ Ɇɢɧɨɛɪɧɚɭɤɢ 

Ɋɨɫɫɢɢ №2014/123 ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɪɚɛɨɬ ɜ ɫɮɟɪɟ ɧɚɭɱɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, 
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ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɧɚɤɨɩɥɟɧɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɢɧɬɟɪɟɫ ɤ ɢɡɭɱɟɧɢɸ ɜɹɡɤɨɫɬɢ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɧɟ ɨɫɥɚɛɟɜɚɟɬ. 
Эɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɞɚɧɧɵɟ ɩɨ ɜɹɡɤɨɫɬɢ ɦɧɨɝɢɯ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ, ɨɫɨɛɟɧɧɨ ɱɢɫɬɵɯ 
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ɦɟɬɚɥɥɨɜ, ɩɨɥɭɱɟɧɧɵɟ ɪɚɡɧɵɦɢ ɚɜɬɨɪɚɦɢ, ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɤɚɤ ɩɨ ɚɛɫɨɥɸɬɧɵɦ 
ɡɧɚɱɟɧɢɹɦ, ɬɚɤ ɢ ɩɨ ɯɚɪɚɤɬɟɪɭ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. Ɉɛɡɨɪ ɞɚɧɧɵɯ ɩɨ ɜɹɡɤɨɫɬɢ 
ɠɢɞɤɨɝɨ ɤɨɛɚɥɶɬɚ Д1Ж ɩɨɤɚɡɚɥ, ɱɬɨ ɪɚɡɥɢɱɢɹ ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵɦɢ 
ɚɜɬɨɪɚɦɢ, ɞɨɫɬɢɝɚɸɬ 30 %. Ȼɨɥɶɲɢɧɫɬɜɨ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɝɨ ɤɨɛɚɥɶɬɚ, 
ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Д1Ж, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɦɟɬɨɞɨɦ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ. ȼ ɞɚɧɧɨɦ ɦɟɬɨɞɟ 
ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɬɢɝɟɥɶ, ɫɨɞɟɪɠɚɳɢɣ ɢɫɫɥɟɞɭɟɦɭɸ ɠɢɞɤɨɫɬɶ, ɩɨɞɜɟɲɢɜɚɸɬ ɧɚ ɠɟɫɬɤɨɣ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɧɢɬɢ ɢ ɫɨɨɛɳɚɸɬ ɟɦɭ ɤɪɭɬɢɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ. 
ȼ ɯɨɞɟ ɨɩɵɬɚ ɩɪɨɜɨɞɢɬɫɹ ɢɡɦɟɪɟɧɢɟ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɝɨ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɢ ɩɟɪɢɨɞɚ 
ɤɨɥɟɛɚɧɢɣ ɬɢɝɥɹ ɫ ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨɫɬɶɸ. ɉɪɢ ɩɨɫɬɚɧɨɜɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɦɨɝɭɬ ɛɵɬɶ 
ɪɟɚɥɢɡɨɜɚɧɵ ɞɜɚ ɬɢɩɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ Д2Ж: ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɠɢɞɤɨɫɬɶ, ɧɚɯɨɞɹɳɚɹɫɹ ɜ ɬɢɝɥɟ, 
ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ ɛɨɤɨɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɞɧɨɦ ɬɢɝɥɹ (ɨɞɧɚ ɬɨɪɰɟɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɬɪɟɧɢɹ), 
ɜɟɪɯɧɹɹ ɝɪɚɧɢɰɚ ɪɚɫɩɥɚɜɚ ɹɜɥɹɟɬɫɹ ɫɜɨɛɨɞɧɨɣ; ɜɨ ɜɬɨɪɨɦ – ɠɢɞɤɨɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 
ɫɨɩɪɢɤɚɫɚɟɬɫɹ ɫ ɜɟɪɯɧɟɣ ɤɪɵɲɤɨɣ ɬɢɝɥɹ (ɞɜɟ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ). Ɉɛɵɱɧɨ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɟ ɪɟɚɥɢɡɭɸɬɫɹ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɫ ɨɞɧɨɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɬɪɟɧɢɹ. Ɋɚɧɟɟ ɜ 
ɪɚɛɨɬɚɯ Д3-4Ж ɧɚ ɩɪɢɦɟɪɟ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ Co-B ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 
ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɢ ɜɹɡɤɨɫɬɢ, ɩɪɨɜɨɞɢɦɵɯ ɦɟɬɨɞɨɦ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɫɨɫɬɨɹɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ. ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɦɨɠɟɬ ɮɨɪɦɢɪɨɜɚɬɶɫɹ ɜɹɡɤɚɹ ɩɥɟɧɤɚ, ɤɨɬɨɪɚɹ 
ɜɵɩɨɥɧɹɟɬ ɪɨɥɶ ɜɬɨɪɨɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ. ɇɚɛɥɸɞɟɧɢɟ ɧɚɥɢɱɢɹ ɬɚɤɨɣ ɩɥɟɧɤɢ ɜ 
ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ, ɩɨɷɬɨɦɭ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɨɩɵɬɧɵɯ ɞɚɧɧɵɯ ɜɵɛɨɪ 
ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɹɜɥɹɟɬɫɹ ɧɟɨɞɧɨɡɧɚɱɧɵɦ. Ɉɬɦɟɱɟɧɧɨɟ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɧɟɩɪɚɜɢɥɶɧɵɦ ɪɚɫɱɟɬɧɵɦ ɡɧɚɱɟɧɢɹɦ ɜɹɡɤɨɫɬɢ, ɚ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɢ ɤ 
ɩɨɹɜɥɟɧɢɸ ɥɨɠɧɵɯ ɚɧɨɦɚɥɢɣ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɜɹɡɤɨɫɬɢ [4].  

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɝɨ ɤɨɛɚɥɶɬɚ ɦɟɬɨɞɨɦ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɟ ɨɛɨɢɯ ɬɢɩɨɜ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɭɸ ɜɹɡɤɨɫɬɶ (ν) ɨɩɪɟɞɟɥɹɥɢ ɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ Д5Ж ɜ 
ɡɚɳɢɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɝɟɥɢɹ ɜ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɬɢɝɥɹɯ ɢɡ BeO. ɂɡɦɟɪɟɧɢɹ ɢ ɪɚɫɱɟɬ ɜɹɡɤɨɫɬɢ 
ɩɪɨɜɨɞɢɥɢ ɩɨ ɬɪɟɦ ɫɯɟɦɚɦ: ɫɯɟмɚ I-I  – ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨ 
ɫɜɨɛɨɞɧɨɣ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɢ ɪɚɫɫɱɢɬɵɜɚɥɢ ɜɹɡɤɨɫɬɶ ɫ ɭɱɟɬɨɦ ɨɞɧɨɣ 
ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɧɢɹ; ɫɯɟмɚ I- II  – ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨ 
ɫɜɨɛɨɞɧɨɣ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɢ ɪɚɫɫɱɢɬɵɜɚɥɢ ɜɹɡɤɨɫɬɶ ɫ ɭɱɟɬɨɦ ɞɜɭɯ 
ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɹ (ɷɬɢ ɭɫɥɨɜɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɧɚ 
ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜɹɡɤɨɣ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ); ɫɯɟмɚ II -II  – ɢɡɦɟɪɟɧɢɹ 
ɩɪɨɜɨɞɢɥɢ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɤɪɵɲɤɨɣ Д4Ж ɧɚ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɢɫɫɥɟɞɭɟɦɨɣ 
ɠɢɞɤɨɫɬɢ, ɢ ɜɹɡɤɨɫɬɶ ɪɚɫɫɱɢɬɵɜɚɥɢ ɫ ɭɱɟɬɨɦ ɧɚɥɢɱɢɹ ɞɜɭɯ ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɹ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 0.4%. Ɉɛɳɚɹ 
ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɹɡɤɨɫɬɢ ɞɥɹ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ 0.95 
ɧɟ ɩɪɟɜɵɲɚɟɬ 4 % ɩɪɢ ɨɲɢɛɤɟ ɟɞɢɧɢɱɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 2 %.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɡɦɟɪɟɧɢɣ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨ ɫɜɨɛɨɞɧɨɣ ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟɣ 
ɪɚɫɩɥɚɜɚ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɪɚɡɥɢɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɬɢɝɥɹ 
ɫ ɠɢɞɤɢɦ ɤɨɛɚɥɶɬɨɦ (ɪɢɫ.1). ɇɚ ɧɟɤɨɬɨɪɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɧɚɛɥɸɞɚɸɬɫɹ 
ɨɫɨɛɟɧɧɨɫɬɢ ɜ ɜɢɞɟ ɪɟɡɤɨɝɨ ɪɨɫɬɚ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɜ ɪɟɠɢɦɟ ɨɯɥɚɠɞɟɧɢɹ ɧɢɠɟ 1550°ɋ 
(ɪɢɫ.1ɛ) ɥɢɛɨ ɪɟɡɤɨɝɨ ɭɦɟɧɶɲɟɧɢɹ ɡɧɚɱɟɧɢɣ ɞɟɤɪɟɦɟɧɬɚ ɜ ɢɧɬɟɪɜɚɥɟ 1560-1600°ɋ ɜ ɪɟɠɢɦɟ 
ɧɚɝɪɟɜɚ (ɪɢɫ.1ɜ). Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫ.1ɚ ɢ ɪɢɫ.1ɝ, ɢɦɟɸɬ 
ɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ, ɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɡɧɚɱɟɧɢɹɦ. 
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Ɋɢɫ. 1. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɩɨɞɜɟɫɧɨɣ ɫɢɫɬɟɦɵ ɜɢɫɤɨɡɢɦɟɬɪɚ 
ɫ ɠɢɞɤɢɦ ɤɨɛɚɥɶɬɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɫɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɪɚɫɩɥɚɜɚ, ɝɞɟ 
● – ɧɚɝɪɟɜ, ○ – ɨɯɥɚɠɞɟɧɢɟ 

 
ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɬɢɯ ɢɡɦɟɪɟɧɢɣ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɜɹɡɤɨɫɬɢ ɫ ɭɱɟɬɨɦ ɧɚɥɢɱɢɹ 

ɨɞɧɨɣ (ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚ I-I) ɢ ɞɜɭɯ (ɫɯɟɦɚ – I-II) ɬɨɪɰɟɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɪɟɧɢɹ (ɪɢɫ.2). 
ɂɡ ɪɢɫ.2 ɜɢɞɧɨ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ.2ɚ (ɫɯɟɦɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚ I-I), ɩɪɚɤɬɢɱɟɫɤɢ ɫɨɜɩɚɞɚɟɬ ɫ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɧɚ ɪɢɫ.2ɝ, 
ɩɨɥɭɱɟɧɧɨɣ ɩɨ ɫɯɟɦɟ ɷɤɫɩɟɪɢɦɟɧɬɚ I-II . ɇɚ ɪɢɫ. 2ɛ ɢ 2ɜ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɦɨɧɨɬɨɧɧɵɟ 
ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɢɡɦɟɧɹɸɳɢɯɫɹ ɜ ɯɨɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɤɨɬɨɪɵɟ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɶɸ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɚ ɪɢɫ.2ɚ. 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɫɯɟɦɟ ɷɤɫɩɟɪɢɦɟɧɬɚ II -II , ɢɦɟɸɬ 
ɦɨɧɨɬɨɧɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɯɨɪɨɲɨ ɜɨɫɩɪɨɢɡɜɨɞɹɬɫɹ ɩɪɢ ɩɨɜɬɨɪɧɵɯ ɢɡɦɟɪɟɧɢɹɯ (ɪɢɫ.3). ɉɨ 
ɚɛɫɨɥɸɬɧɵɦ ɡɧɚɱɟɧɢɹɦ ɜɹɡɤɨɫɬɢ ɨɧɢ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɩɨɥɢɬɟɪɦɚɦɢ, ɜɵɞɟɥɟɧɧɵɦɢ 
ɫɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ ɧɚ ɪɢɫ.2. 

ɇɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɪɚɡɥɢɱɢɹ ɡɧɚɱɟɧɢɣ 
ɜɹɡɤɨɫɬɢ ɫɜɹɡɚɧɵ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɝɨ ɤɨɛɚɥɶɬɚ ɜɹɡɤɨɣ ɩɥɟɧɤɢ, 
ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɨɤɫɢɞɧɨɣ, ɤɨɬɨɪɚɹ ɜɵɫɬɭɩɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɜɬɨɪɨɣ ɬɨɪɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɬɪɟɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɤɪɟɦɟɧɬɚ, ɩɪɢɜɟɞɟɧɧɵɟ ɧɚ ɪɢɫ.1ɚ ɢ ɪɢɫ.1ɝ, ɩɨɥɭɱɟɧɵ 
ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɟɡ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ ɢ ɫ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɨɣ ɧɚ 
ɜɟɪɯɧɟɣ ɝɪɚɧɢɰɟ ɨɛɪɚɡɰɚ. Ɉɫɨɛɟɧɧɨɫɬɢ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɞɟɤɪɟɦɟɧɬɚ 
ɡɚɬɭɯɚɧɢɹ, ɨɬɦɟɱɟɧɧɵɟ ɧɚ ɪɢɫ.1ɛ, ɜ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧɵ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɬ.ɟ. ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ (ɪɢɫ.1ɛ) ɢɥɢ ɫ 
ɢɫɱɟɡɧɨɜɟɧɢɟɦ (ɪɢɫ.1ɜ) ɜɹɡɤɨɣ ɩɥɟɧɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ. 

ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ, ɩɪɨɜɨɞɢɦɨɦ ɩɨ ɫɯɟɦɟ II -II , ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɧɟ ɢɡɦɟɧɹɥɢɫɶ. Ɂɧɚɱɟɧɢɹ 
ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɝɨ ɤɨɛɚɥɶɬɚ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɩɪɟɞɟɥɟɧɵ ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɨ. 
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Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɝɨ ɤɨɛɚɥɶɬɚ, ɩɨɥɭɱɟɧɧɵɟ 
ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɨ ɫɯɟɦɟ I-I (● – ɧɚɝɪɟɜ, ○ – ɨɯɥɚɠɞɟɧɢɟ) ɢ ɫɯɟɦɟ I-II  (■ – ɧɚɝɪɟɜ, □ – 
ɨɯɥɚɠɞɟɧɢɟ). 

 

 
Ɋɢɫ. 3. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɝɨ ɤɨɛɚɥɶɬɚ, ɩɨɥɭɱɟɧɧɚɹ 
ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɨ ɫɯɟɦɟ II -II , ɝɞɟ ● – ɧɚɝɪɟɜ, ○ – ɨɯɥɚɠɞɟɧɢɟ. 

 
ɇɚɥɢɱɢɟ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɬɚɤ ɠɟ ɦɨɠɟɬ ɛɵɬɶ ɨɞɧɨɣ ɢɡ 

ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ ɪɚɡɥɢɱɢɹ ɡɧɚɱɟɧɢɣ ɜɹɡɤɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɯ ɪɚɡɧɵɦɢ ɚɜɬɨɪɚɦɢ. 
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əɜɥɟɧɢɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ ɨɛɭɫɥɨɜɥɟɧɨ ɪɚɫɫɟɹɧɢɟɦ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɧɚ 

ɧɚɪɭɲɟɧɢɹɯ ɫɬɪɨɝɨɣ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɚ ɪɟɲɟɬɤɢ ɚɬɨɦɨɜ ɡɚ ɫɱɟɬ ɬɟɩɥɨɜɵɯ 
ɜɨɡɛɭɠɞɟɧɢɣ ɩɪɢ Ɍ > 0Ʉ ɢ ɩɪɢɫɭɬɫɬɜɢɹ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɫɬɚɬɢɱɟɫɤɢɯ ɞɟɮɟɤɬɨɜ. Эɧɟɪɝɢɹ 
ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɚɪɹɞɨɜɵɯ ɜɨɡɛɭɠɞɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɜɧɟɲɧɟɝɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɧɚɪɭɲɟɧɢɹɦɢ ɫɬɪɨɝɨɣ ɩɟɪɢɨɞɢɱɧɨɫɬɢ 
ɩɨɬɟɧɰɢɚɥɚ ɩɟɪɟɞɚɟɬɫɹ  ɪɟɲɟɬɤɟ. Ɋɟɲɟɬɤɚ ɢɡɥɭɱɚɟɬ ɷɬɭ ɷɧɟɪɝɢɸ  ɞɠɨɭɥɟɜɚ ɬɟɩɥɨɬɚ. 
Ɂɚɦɟɬɢɦ, ɷɬɚ ɷɧɟɪɝɢɹ ɜɵɞɟɥɹɟɬɫɹ ɧɟ ɦɝɧɨɜɟɧɧɨ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɦɚɬɟɪɢɚɥɚ ɯɚɪɚɤɬɟɪɧɚ 
ɨɩɪɟɞɟɥɟɧɧɚɹ  ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɢɡɥɭɱɚɟɦɨɣ ɚɬɨɦɚɦɢ ɷɧɟɪɝɢɢ, 
ɫɜɹɡɚɧɧɚɹ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɜɤɥɚɞɨɦ ɚɧɝɚɪɦɨɧɢɡɦɚ ɤɨɥɟɛɚɧɢɣ. ɉɨɞɨɛɧɵɣ ɦɟɯɚɧɢɡɦ Д1-3] 
ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɢɱɧɨɣ ɤɨɧɟɱɧɨɣ ɮɨɧɨɧɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢ 
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɹɯ ɮɨɧɨɧɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɛɟɫɤɨɧɟɱɧɚ. Эɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɱɢɫɬɵɯ, ɛɟɡɞɟɮɟɤɬɧɵɯ ɦɟɬɚɥɥɨɜ ɪɚɜɧɨ ɧɭɥɸ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ  0Ʉ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɩɪɢɨɛɪɟɬɟɧɢɹ ɛɥɨɯɨɜɫɤɢɦɢ ɮɭɧɤɰɢɹɦɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɫɜɨɣɫɬɜɨ ɫɢɦɦɟɬɪɢɢ Д4Ж 
ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ. ɉɨɬɟɧɰɢɚɥ ɦɟɠɚɬɨɦɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɫɢɦɦɟɬɪɢɱɧɵɦ, ɱɟɦ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɬɪɨɝɚɹ ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɚ 
ɪɟɲɟɬɤɢ ɚɬɨɦɨɜ, ɫɨɜɟɪɲɚɸɳɢɯ ɧɭɥɟɜɵɟ ɤɨɥɟɛɚɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɚɧɝɚɪɦɨɧɢɱɟɫɤɢɣ ɜɤɥɚɞ, 
ɨɩɪɟɞɟɥɹɸɳɢɣ ɞɢɫɫɢɩɚɰɢɸ ɷɧɟɪɝɢɢ ɤɨɥɟɛɚɧɢɣ ɚɬɨɦɨɜ ɢ ɪɟɲɟɬɤɢ ɜ ɰɟɥɨɦ, ɛɥɢɡɨɤ ɤ ɧɭɥɸ. 
ȼɟɪɨɹɬɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɤ ɫɨɫɬɨɹɧɢɸ ɫ ɧɭɥɟɜɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɩɨɧɢɠɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɯɚɨɬɢɡɚɰɢɢ ɤɨɥɟɛɚɧɢɹ ɚɬɨɦɨɜ ɢ ɩɪɢɛɥɢɠɟɧɢɢ ɩɨɬɟɧɰɢɚɥɚ ɦɟɠɚɬɨɦɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɜ ɰɟɥɨɦ ɩɨ ɪɟɲɟɬɤɟ, ɤ ɫɨɫɬɨɹɧɢɸ ɫɬɪɨɝɨɣ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ. ɉɨɫɤɨɥɶɤɭ 
ɚɧɝɚɪɦɨɧɢɡɦ ɤɨɥɟɛɚɧɢɣ, ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɣ ɪɚɫɫɟɹɧɢɟ ɷɧɟɪɝɢɢ ɪɟɲɟɬɤɢ ɩɪɢɜɨɞɢɬ ɢ ɤ 
ɧɟɪɚɜɟɧɫɬɜɭ ɧɭɥɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (ɄɌɊ) Д3Ж, ɬɨ ɷɮɮɟɤɬ ɫɬɪɨɝɨɣ 
ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɷɬɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɜɵɲɟ 0Ʉ, ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ, ɞɥɹ ɦɧɨɝɢɯ ɦɚɬɟɪɢɚɥɨɜ Д5Ж, 
ɩɪɢ ɢɧɜɟɪɫɢɢ ɡɧɚɤɚ ɄɌɊ. ɋɢɦɦɟɬɪɢɱɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɚ ɦɟɠɚɬɨɦɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɜ 
ɰɟɥɨɦ ɩɨ ɪɟɲɟɬɤɟ, ɩɪɢ Ɍ  0Ʉ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɩɪɢ Ɍ  0Ʉ,  ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɚɢɜɵɫɲɭɸ 
ɞɨɛɪɨɬɧɨɫɬɶ ɫɢɫɬɟɦɵ ɚɬɨɦɨɜ ɢ ɫɧɢɠɟɧɢɟ ɪɚɫɫɟɢɜɚɟɦɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɤɨɥɟɛɚɧɢɹɯ ɚɬɨɦɨɜ. ɋɜɨɛɨɞɧɵɟ ɧɨɫɢɬɟɥɢ ɡɚɪɹɞɚ ɢɥɢ «ɮɢɤɬɢɜɧɵɟ» ɡɚɪɹɞɵ ɜ ɨɤɫɢɞɚɯ, 
ɧɚɥɢɱɢɟ, ɤɨɬɨɪɵɯ ɫɜɹɡɵɜɚɟɬɫɹ ɫ ɩɪɨɜɨɞɢɦɨɫɬɶɸ ɦɚɬɟɪɢɚɥɨɜ ɜ ɫɥɭɱɚɟ Ɍ  0Ʉ, ɬɚɤ ɠɟ ɤɚɤ ɢ 
ɩɪɢ Ɍ  0Ʉ, ɭɱɚɫɬɜɭɸɬ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɪɚɜɟɧɫɬɜɚ ɫɢɥ ɦɟɠɚɬɨɦɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ ɢ 
ɨɬɬɚɥɤɢɜɚɧɢɹ. Ɋɚɜɟɧɫɬɜɨ ɧɭɥɸ ɄɌɊ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɚɧɝɚɪɦɨɧɢɡɦ ɤɨɥɟɛɚɧɢɣ ɪɟɲɟɬɤɢ ɚɬɨɦɨɜ, ɜ 
ɰɟɥɨɦ, ɜ ɞɚɧɧɨɦ ɪɚɜɧɨɜɟɫɧɨɦ ɫɨɫɬɨɹɧɢɢ ɫɢɫɬɟɦɵ ɪɚɜɟɧ ɧɭɥɸ, ɬ.ɟ. ɩɨɬɟɧɰɢɚɥ ɦɟɠɚɬɨɦɧɨɝɨ 
ɩɪɢɬɹɠɟɧɢɹ ɪɚɜɟɧ ɩɨɬɟɧɰɢɚɥɭ ɢɯ ɨɬɬɚɥɤɢɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɞɨɥɠɧɚ 
ɫɨɯɪɚɧɹɬɫɹ. Ʉɚɡɚɥɨɫɶ ɛɵ, ɫɢɫɬɟɦɚ ɜ ɷɬɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟ ɞɨɥɠɧɚ ɛɵɥɚ ɢɡɥɭɱɚɬɶ. Ɉɞɧɚɤɨ ɧɚ 
ɩɪɚɤɬɢɤɟ ɬɚɤɨɝɨ ɷɮɮɟɤɬɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɢɧɜɟɪɫɢɢ ɡɧɚɤɚ ɄɌɊ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. Эɬɨ 
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ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɢɧɜɟɪɫɢɹ ɡɧɚɤɚ ɥɢɧɟɣɧɨɝɨ (ɬɚɤ ɠɟ, ɤɚɤ ɢ ɨɛɴɟɦɧɨɝɨ) ɄɌɊ ɯɚɪɚɤɬɟɪɧɚ 
ɞɥɹ ɪɟɲɟɬɤɢ ɚɬɨɦɨɜ ɜ ɰɟɥɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɭɫɪɟɞɧɟɧɢɹ ɷɮɮɟɤɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ 
ɫɬɪɨɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɟɲɟɬɨɤ. Ɍɨɝɞɚ ɤɚɤ ɩɨɬɟɧɰɢɚɥ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɦɟɠɚɬɨɦɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ a priori ɚɫɫɢɦɟɬɪɢɱɟɧ. Эɬɚ ɚɫɢɦɦɟɬɪɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɝɥɨɳɟɧɢɟ ɢ 
ɢɡɥɭɱɟɧɢɟ ɷɧɟɪɝɢɢ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɚɬɨɦɨɜ, ɤɚɤɨɜɨɣ ɹɜɥɹɟɬɫɹ 
ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɡɚɪɹɞɨɜɵɯ ɜɨɡɛɭɠɞɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɜɧɟɲɧɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɯɚɨɬɢɡɚɰɢɟɣ ɤɨɥɟɛɚɧɢɣ ɚɬɨɦɨɜ, ɬɚɤ ɢ ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ 
ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢɡɥɭɱɚɟɦɨɣ ɚɬɨɦɚɦɢ ɷɧɟɪɝɢɢ. ɉɨɫɥɟɞɧɟɟ, ɡɚɞɚɟɬɫɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɜɤɥɚɞɨɦ ɚɧɝɚɪɦɨɧɢɡɦɚ ɤɨɥɟɛɚɧɢɣ. 

Эɬɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɚɞɟɤɜɚɬɧɵ ɦɨɞɟɥɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬɵ Д4Ж, ɞɥɹ ɪɚɡɜɢɬɢɹ 
ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɧ-ɮɨɧɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ȼ ɷɬɨɣ ɦɨɞɟɥɢ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɦɚɬɪɢɱɧɨɝɨ 
ɷɥɟɦɟɧɬɚ, ɨɬɪɚɠɚɸɳɟɝɨ ɢɫɤɚɠɟɧɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ ɷɥɟɦɟɧɬɚɪɧɵɦɢ ɬɟɩɥɨɜɵɦɢ 
ɜɨɡɛɭɠɞɟɧɢɹɦɢ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɧɚɥɢɱɢɟ ɦɚɤɪɨ- ɢ ɦɢɤɪɨ ɩɨɥɟɣ. ɉɟɪɜɨɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɤɚɤ ɫɪɟɞɧɟɟ ɩɨ ɪɟɲɟɬɤɟ, ɚ ɜɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɭɫɪɟɞɧɟɧɢɹ, 
ɨɬɥɢɱɚɸɳɭɸɫɹ ɨɬ ɩɨɬɟɧɰɢɚɥɚ ɢɞɟɚɥɶɧɨɣ ɪɟɲɟɬɤɢ.  

Ɋɨɥɶ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɯɚɨɬɢɡɚɰɢɢ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɨɬɟɧɰɢɚɥɚ ɪɚɫɫɟɹɧɢɹ 
ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɹɫɧɚ, ɩɨɫɤɨɥɶɤɭ ɢɦɟɟɬɫɹ ɯɨɪɨɲɨ ɩɪɨɪɚɛɨɬɚɧɧɚɹ ɬɟɨɪɢɹ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɞɧɢɤɨɜ, ɪɚɫɫɦɚɬɪɢɜɚɸɳɚɹ ɜɨɡɪɚɫɬɚɧɢɟ ɯɚɨɬɢɡɚɰɢɢ ɬɟɩɥɨɜɵɯ 
ɜɨɡɛɭɠɞɟɧɢɣ  ɪɟɲɟɬɤɢ ɚɬɨɦɨɜ. Ɉɞɧɚɤɨ ɨɧɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɨɰɟɧɤɢ 
ɛɟɡ ɩɪɢɜɥɟɱɟɧɢɹ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɩɨ ɞɪɭɝɢɦ ɫɜɨɣɫɬɜɚɦ ɞɚɠɟ ɞɥɹ ɩɪɨɫɬɵɯ ɦɟɬɚɥɥɨɜ. 
Ȼɨɥɟɟ ɬɨɝɨ, ɧɚɛɥɸɞɚɟɬɫɹ ɤɪɢɡɢɫ ɷɬɨɣ ɬɟɨɪɢɢ ɜ ɜɨɩɪɨɫɚɯ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɪɨɞɵ 
ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ Д6Ж. Эɬɨ, ɤɚɤ ɦɵ ɩɨɤɚɠɟɦ ɧɢɠɟ, 
ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ ɷɬɨɣ ɬɟɨɪɢɢ ɩɨɬɟɧɰɢɚɥ ɧɟɚɞɢɚɛɚɬɢɱɧɨɫɬɢ, 
ɧɚɪɚɫɬɚɧɢɟ ɤɨɬɨɪɨɝɨ ɯɚɪɚɤɬɟɪɢɡɢɪɭɟɬ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɟ 
ɜɤɥɸɱɚɟɬ ɱɚɫɬɢ ɧɟɚɞɢɚɛɚɬɢɱɧɨɫɬɢ, ɫɜɹɡɚɧɧɨɣ ɫ ɢɡɦɟɧɟɧɢɟɦ ɦɟɠɚɬɨɦɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ. 
ɉɪɟɧɟɛɪɟɠɟɧɢɟ ɷɬɨɣ ɱɚɫɬɶɸ, ɞɨ ɩɨɫɥɟɞɧɟɝɨ ɜɪɟɦɟɧɢ, ɫɜɹɡɵɜɚɥɨɫɶ ɫ ɦɚɥɨɫɬɶɸ ɢɡɦɟɧɟɧɢɹ 
ɨɛɴɟɦɚ ɪɟɲɟɬɤɢ (10%) ɨɬ 0Ʉ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɡɦɟɧɟɧɢɟɦ 
ɭɞɟɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ (ɧɚ ɫɟɦɶ ɢ ɛɨɥɟɟ ɩɨɪɹɞɤɨɜ) ɜ ɷɬɨɦ ɠɟ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɜɫɟɝɨ ɧɚ ɞɟɫɹɬɶ ɩɪɨɰɟɧɬɨɜ ɩɪɢɜɨɞɹɬ ɤ 
ɪɚɡɪɭɲɟɧɢɸ ɪɟɲɟɬɤɢ, ɢ ɦɨɠɧɨ ɥɟɝɤɨ ɫɟɛɟ ɩɪɟɞɫɬɚɜɢɬɶ, ɱɬɨ ɧɚɫɬɨɥɶɤɨ ɠɟ ɩɨɪɹɞɤɨɜ ɜɟɥɢɱɢɧɵ 
ɞɨɥɠɧɚ ɢɡɦɟɧɢɬɶɫɹ ɤɨɧɫɬɚɧɬɚ (ɞɥɹ ɤɚɠɞɨɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ) ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 
ɞɟɮɨɪɦɚɰɢɨɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ Д4Ж, ɫɜɹɡɚɧɧɨɝɨ ɫ ɞɟɮɨɪɦɚɰɢɟɣ ɪɟɲɟɬɤɢ.  

ɂɡ ɬɟɨɪɟɦɵ ɜɢɪɢɚɥɚ ɞɥɹ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɫɪɟɞ Д7Ж: 
3PV/2 = 2Ek+Ep     (1) 

ɫɥɟɞɭɟɬ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ (ȿ=2ȿk+ȿp) ɬɟɩɥɨɜɵɯ ɜɨɡɛɭɠɞɟɧɢɣ 
ɪɟɲɟɬɤɢ ɚɬɨɦɨɜ, ɫ ɬɨɱɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɜɵɪɚɠɟɧɢɹ (1), ɪɚɜɧɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɨɛɴɟɦɧɨɝɨ 
ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ (i) ɞɥɹ ɤɚɠɞɨɝɨ i-ɬɨɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ:  (Ɍ)iTi = (dE/EdT)iTi,     (2) 
ɨɬɤɭɞɚ ɜɢɞɧɨ, ɱɬɨ ɨɛɴɟɦɧɚɹ ɬɟɪɦɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ ɜ ɜɵɪɚɠɟɧɢɢ (2) ɩɪɢ ɤɚɠɞɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ Ti ɪɚɜɧɚ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ ȿ ɩɨ 
ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢ Ti. ɉɨɫɤɨɥɶɤɭ ɪɨɫɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ (dE/EdT)i 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɨɫɬɚ ɬɟɩɥɨɜɵɯ ɜɨɡɛɭɠɞɟɧɢɣ, ɬɨ ɫɜɹɡɶ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɄɌɊ ɨɤɚɡɵɜɚɟɬɫɹ ɨɱɟɜɢɞɧɨɣ. ɉɪɚɜɚɹ 
ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ (2), ɧɚ ɩɪɚɤɬɢɤɟ, ɢɧɨɝɞɚ ɩɪɢɧɢɦɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɢ ɥɟɜɚɹ ɱɚɫɬɶ ɦɨɠɟɬ ɩɪɢɧɹɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɧɟ 
ɩɨɜɵɲɟɧɢɟ, ɚ ɫɧɢɠɟɧɢɟ ɷɮɮɟɤɬɚ ɪɚɫɫɟɹɧɢɹ ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɚɪɹɞɨɜɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ ɫɜɹɡɢ ɫ ɱɟɦ, ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɢɧɬɟɪɟɫɧɵɦɢ ɜɨɩɪɨɫɵ: ɤɚɤɨɜɚ 
ɪɨɥɶ  ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɨɬɟɧɰɢɚɥɚ ɪɚɫɫɟɹɧɢɹ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ ɢ, ɱɬɨ ɫɥɟɞɭɟɬ ɨɠɢɞɚɬɶ ɜ 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

344 
 

ɫɥɭɱɚɹɯ, ɤɨɝɞɚ  ɩɪɟɬɟɪɩɟɜɚɟɬ ɢɧɜɟɪɫɢɸ ɡɧɚɤɚ ɢ ɩɪɢɨɛɪɟɬɚɟɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ? 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɧɚɲ ɜɬɨɪɨɣ ɜɨɩɪɨɫ ɢɦɟɟɬ ɨɫɧɨɜɚɧɢɟ, ɬɚɤ ɤɚɤ ɢɡ ɩɪɢɧɹɬɨɣ 
ɦɨɞɟɥɢ, ɧɚ ɤɨɬɨɪɨɣ ɨɫɧɨɜɵɜɚɟɬɫɹ ɬɟɨɪɢɹ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɧɟ ɫɥɟɞɭɟɬ ɩɟɪɟɯɨɞ 
ɩɪɨɜɨɞɧɢɤɨɜ ɜ  ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɟ ɫɨɫɬɨɹɧɢɟ ɢ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɩɨɬɨɦɭ, ɱɬɨ ɩɪɟɧɟɛɪɟɝɚɟɬɫɹ 
ɮɚɤɬ ɢɡɦɟɧɟɧɢɹ ɨɛɴɟɦɚ ɪɟɲɟɬɤɢ. Ɋɨɥɶ  ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɩɨɬɟɧɰɢɚɥɚ ɪɚɫɫɟɹɧɢɹ ɧɨɫɢɬɟɥɟɣ 
ɡɚɪɹɞɚ, ɬ.ɟ. ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɟɪɜɨɝɨ ɜɨɩɪɨɫɚ, ɧɚɦɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɪɚɛɨɬɚɯ Д8,9Ж. ɇɚ ɛɨɥɶɲɨɦ 
ɱɢɫɥɟ ɩɪɨɜɨɞɧɢɤɨɜ (ɛɨɥɟɟ 30 ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ) ɩɨɤɚɡɚɧɨ, ɱɬɨ ɭɞɟɥɶɧɨɟ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɚɛɫɨɥɸɬɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɫɥɨɠɧɵɦ ɨɛɪɚɡɨɦ  (ɨɬ  Ɍ5 ɞɨ  Ɍ1) 
ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɫɟɦɶ ɢ ɛɨɥɟɟ ɩɨɪɹɞɤɨɜ  ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0Ʉ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ, 
ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ: (Ɍ) =  0 + ph =0+*T,  ɢɥɢ  ph /T =* = ɫonst.  (3)  
Ɂɞɟɫɶ  0 – ɨɫɬɚɬɨɱɧɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ T = 0K;  ph ɢ * – ɮɨɧɨɧɧɨɟ 
(ɞɢɧɚɦɢɱɟɫɤɨɟ) ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɟ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; T=(dV/VdT)  
ɬɟɪɦɢɱɟɫɤɚɹ ɞɟɮɨɪɦɚɰɢɹ. ɂɧɬɟɪɩɪɟɬɚɰɢɹ ɷɬɨɣ ɫɜɹɡɢ ɧɚ ɨɫɧɨɜɟ ɮɟɧɨɦɟɧɨɥɨɝɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ Д8Ж. Ɂɚɦɟɬɢɦ, ɷɬɚ ɫɜɹɡɶ ɜɵɩɨɥɧɹɟɬɫɹ ɜɩɥɨɬɶ ɞɨ ɫɜɟɪɯɩɪɨɜɨɞɹɳɟɝɨ ɩɟɪɟɯɨɞɚ.  

ɉɪɢɜɟɞɟɦ ɮɢɡɢɱɟɫɤɢɟ ɫɨɨɛɪɚɠɟɧɢɹ ɨ ɫɜɹɡɢ ph(T) ɫ  T ɜ ɪɚɦɤɚɯ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɣ 
ɬɟɨɪɢɢ ɮɨɧɨɧɧɨɝɨ ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɂɫɯɨɞɧɚɹ ɮɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱɟɬɚ ɭɞɟɥɶɧɨɝɨ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɪɨɜɨɞɧɢɤɨɜ: 

 
(4) 

 
ɝɞɟ ℓi = 1/siNi   ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ ɩɪɨɛɟɝɚ, ɨɝɪɚɧɢɱɢɜɚɟɦɚɹ ɪɚɫɫɟɹɧɢɟɦ ɤɜɚɡɢɱɚɫɬɢɰ ɧɚ 
ɬɟɩɥɨɜɵɯ ɜɨɡɛɭɠɞɟɧɢɹɯ ɪɟɲɟɬɤɢ ɜ i-ɬɨɦ ɫɨɫɬɨɹɧɢɢ ɫɢɫɬɟɦɵ, ɡɞɟɫɶ si - ɫɟɱɟɧɢɟ ɰɟɧɬɪɚ 
ɪɚɫɫɟɹɧɢɹ, Ni - ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɫɟɢɜɚɸɳɢɯ ɰɟɧɬɪɨɜ. ɏɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɫɜɨɛɨɞɧɨɝɨ 
ɩɪɨɛɟɝɚ  ℓ* ≈ 1/x0,  ɝɞɟ x0 –ɦɟɠɚɬɨɦɧɨɟ ɪɚɫɫɬɨɹɧɢɟ. si  ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ 
ɷɤɪɚɧɢɪɨɜɚɧɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ i= iq/xi ɢɨɧɚ ɜ ɪɟɲɟɬɤɟ, ɫ ɤɨɬɨɪɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ 
ɤɜɚɡɢɱɚɫɬɢɰɚ. Ɂɧɚɱɟɧɢɟ i ɬɚɤɨɟ, ɱɬɨ    0  ɢ    max ɩɪɢ T 0K  ɢ  T Tmax 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɚɤɢɦ ɭɫɥɨɜɢɹɦ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɱɢɫɥɚ ɨɛɨɛɳɟɫɬɜɥɟɧɧɵɯ, ɜ ɬɨɦ ɱɢɫɥɟ, ɷɤɪɚɧɢɪɭɸɳɢɯ ɡɚɪɹɞɨɜ  (n0 – ni)/n0, 
ɡɞɟɫɶ n0 ɢ ni  - ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɬɢɯ ɡɚɪɹɞɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ T= 0K ɢ T=Ti . Ⱦɥɹ ɢɡɨɬɪɨɩɧɨɝɨ 
ɫɥɭɱɚɹ ɢ ɩɪɢ ɧɟɢɡɦɟɧɧɨɦ ɱɢɫɥɟ ɨɛɨɛɳɟɫɬɜɥɟɧɧɵɯ ɡɚɪɹɞɨɜ ɢɦɟɟɦ:  i = (n0 – ni)/n0 = (Vi – V0)/Vi = 3(xi – x0)/xi .   (5) 
 Эɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɧɚ ɫ ɬɚɤɢɦ ɩɨɬɟɧɰɢɚɥɨɦ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ i - ɬɵɯ ɪɚɜɧɨɜɟɫɧɵɯ 
ɫɨɫɬɨɹɧɢɣ ɦɟɬɚɥɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɤɚɤ:  

 
(6) 

ɚ ɢɡɦɟɧɟɧɢɟ ɷɬɨɝɨ  ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɨɩɪɟɞɟɥɹɸɳɟɟ s(T),  ɤɚɤ: 
 

(7) 
 
ɉɪɢɜɟɞɟɧɧɨɟ ɜ ɪɚɛɨɬɟ ɨɛɨɫɧɨɜɚɧɢɟ ɨɩɪɟɞɟɥɹɸɳɟɣ ɪɨɥɢ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ 

ɪɟɲɟɬɤɢ ɚɬɨɦɨɜ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɟɱɟɧɢɹ ɪɚɫɫɟɹɧɢɹ ɷɥɟɦɟɧɬɚɪɧɵɯ ɡɚɪɹɞɨɜɵɯ ɜɨɡɛɭɠɞɟɧɢɣ ɜ 
ɩɪɨɜɨɞɧɢɤɚɯ ɨɬɤɪɵɜɚɟɬ ɩɟɪɫɩɟɤɬɢɜɭ ɪɟɲɟɧɢɹ ɩɪɨɛɥɟɦ: ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɪɢɪɨɞɵ 
ɫɜɟɪɯɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɩɥɚɜɨɜ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ Ƚɨɫ. ɡɚɞɚɧɢɣ №16.1103.2014/К № 2560 ɢ ɉɪɨɝɪɚɦɦɵ 
ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɪɚɡɜɢɬɢɹ ɎȽȻɈɍ ȼɉɈ «Ⱦɚɝɟɫɬɚɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ». 
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Ɂɚɞɚɱɢ ɫɨɯɪɚɧɟɧɢɹ ɨɡɨɧɨɜɨɝɨ ɫɥɨɹ Ɂɟɦɥɢ ɢ ɫɧɢɠɟɧɢɹ ɩɨɫɥɟɞɫɬɜɢɣ ɝɥɨɛɚɥɶɧɨɝɨ 

ɩɨɬɟɩɥɟɧɢɹ ɭɠɟɫɬɨɱɢɥɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɯɥɚɞɚɝɟɧɬɚɦ, ɩɨɜɫɟɦɟɫɬɧɨ ɢɫɩɨɥɶɡɭɟɦɵɦ ɜ 
ɯɨɥɨɞɢɥɶɧɨɣ ɢ ɬɟɩɥɨɧɚɫɨɫɧɨɣ ɬɟɯɧɢɤɟ, ɤɨɧɞɢɰɢɨɧɢɪɨɜɚɧɢɢ ɜɨɡɞɭɯɚ, ɮɚɪɦɚɰɟɜɬɢɤɟ ɢ 
ɚɷɪɨɡɨɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ. Шɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɯɥɚɞɚɝɟɧɬɵ ɬɪɟɛɭɸɬ 
ɫɜɨɟɜɪɟɦɟɧɧɨɣ ɢ ɨɛɨɫɧɨɜɚɧɧɨɣ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɡɚɦɟɧɵ. 

Ɂɚɩɪɟɳɟɧɧɵɣ ɤ ɩɪɢɦɟɧɟɧɢɸ ɩɨ ɜɫɟɦɭ ɦɢɪɭ ɮɪɟɨɧ R-12 ɞɨ ɫɢɯ ɩɨɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ 
ɯɨɥɨɞɢɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɢ ɞɨɫɬɭɩɟɧ ɜ ɨɬɤɪɵɬɨɣ ɩɪɨɞɚɠɟ. Ⱦɥɹ ɡɚɦɟɧɵ R-12 ɛɵɥɢ 
ɩɪɟɞɥɨɠɟɧɵ ɩɟɪɟɯɨɞɧɵɟ ɫɦɟɫɢ ɧɚ ɨɫɧɨɜɟ ɮɪɟɨɧɚ R-22 (ɧɚɩɪɢɦɟɪ, R-406A, R-409A, R-415A). 
ɉɪɨɰɟɞɭɪɚ ɡɚɦɟɧɵ ɜ ɫɭɳɟɫɬɜɭɸɳɟɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɩɪɨɫɬɚ, ɥɟɝɤɚ, ɷɤɨɧɨɦɢɱɧɚ, ɧɟ ɩɪɢɜɨɞɢɬ ɤ 
ɫɧɢɠɟɧɢɸ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ȼ Ɋɨɫɫɢɢ R-22 ɪɚɡɪɟɲɟɧ ɤ ɩɪɢɦɟɧɟɧɢɸ ɞɨ 2030 
ɝɨɞɚ. Ⱦɥɹ ɟɝɨ ɡɚɦɟɧɵ ɭɠɟ ɩɪɟɞɥɨɠɟɧɵ ɨɡɨɧɨɛɟɡɨɩɚɫɧɵɟ ɫɦɟɫɢ, ɬɚɤɢɟ ɤɚɤ R-407C. Ⱦɥɹ 
ɪɚɫɱɟɬɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɪɟɛɭɟɬɫɹ 
ɬɨɱɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɯɥɚɞɚɝɟɧɬɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɨ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Ɉɞɧɚɤɨ ɞɥɹ ɧɨɜɵɯ ɫɦɟɫɟɣ ɬɚɤɚɹ ɢɧɮɨɪɦɚɰɢɹ ɡɚɱɚɫɬɭɸ ɨɯɜɚɬɵɜɚɟɬ ɧɟ ɜɫɟ 
ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɥɢɛɨ ɨɬɫɭɬɫɬɜɭɟɬ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
(λ) ɫɦɟɫɟɜɵɯ ɯɥɚɞɚɝɟɧɬɨɜ ɜ ɩɚɪɨɜɨɣ ɮɚɡɟ ɜ ɢɧɬɟɪɜɚɥɚɯ ɬɟɦɩɟɪɚɬɭɪ 300–425 Ʉ ɢ ɞɚɜɥɟɧɢɣ 0.1–
2.1 Ɇɉɚ, ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚ ɥɢɧɢɢ ɤɨɧɞɟɧɫɚɰɢɢ 
ɢ ɜ ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɨɦ ɫɨɫɬɨɹɧɢɢ, ɚ ɬɚɤɠɟ ɨɛɨɛɳɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɧɨɜɵɯ ɫɦɟɫɟɜɵɯ ɨɡɨɧɨɛɟɡɨɩɚɫɧɵɯ ɯɥɚɞɚɝɟɧɬɨɜ. 

ɂɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɫɬɚɰɢɨɧɚɪɧɵɦ ɦɟɬɨɞɨɦ ɤɨɚɤɫɢɚɥɶɧɵɯ 
ɰɢɥɢɧɞɪɨɜ. ɉɨɞɪɨɛɧɨ ɦɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɣ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɬɟɯɧɢɤɚ ɨɩɢɫɚɧɵ ɜ Д1Ж. 
ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɹɱɟɣɤɚ ɫɨɫɬɨɹɥɚ ɢɡ ɞɜɭɯ ɜɟɪɬɢɤɚɥɶɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɨɨɫɧɵɯ ɧɢɤɟɥɟɜɵɯ 
ɰɢɥɢɧɞɪɨɜ: ɜɧɟɲɧɢɣ ɞɥɢɧɨɣ 140 ɦɦ, ɜɧɭɬɪɟɧɧɢɣ – 101.3 ɦɦ. Шɢɪɢɧɚ ɤɨɥɶɰɟɜɨɝɨ ɡɚɡɨɪɚ 
ɦɟɠɞɭ ɰɢɥɢɧɞɪɚɦɢ ɫɨɫɬɚɜɥɹɥɚ 0.366±0.005 ɦɦ. Ⱥɛɫɨɥɸɬɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɰɢɥɢɧɞɪɨɜ ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɟɪɟɩɚɞ ɦɟɠɞɭ ɧɢɦɢ ɢɡɦɟɪɹɥɢɫɶ ɦɟɞɶ-ɤɨɧɫɬɚɧɬɚɧɨɜɵɦɢ ɬɟɪɦɨɩɚɪɚɦɢ. 
Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɚɧɚɥɨɝɨɜ ɬɟɦ, ɱɬɨ ɜɧɭɬɪɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɧɟ 
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ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɨɯɪɚɧɧɵɟ ɧɚɝɪɟɜɚɬɟɥɢ ɢ ɞɪɭɝɢɟ ɭɫɬɪɨɣɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɤɨɦɩɟɧɫɚɰɢɢ ɭɬɟɱɟɤ ɬɟɩɥɚ ɫ ɬɨɪɰɨɜ ɜɧɭɬɪɟɧɧɟɝɨ ɰɢɥɢɧɞɪɚ ɢ ɜɵɪɚɜɧɢɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɩɨɥɹ ɩɨ ɟɝɨ ɞɥɢɧɟ. ȼɥɢɹɧɢɟ ɫɜɨɛɨɞɧɵɯ ɬɨɪɰɨɜ ɜ ɪɚɛɨɬɟ ɭɱɢɬɵɜɚɥɨɫɶ ɜɜɟɞɟɧɢɟɦ ɩɨɩɪɚɜɨɤ Д1Ж. 
Ɍɚɪɢɪɨɜɤɚ ɭɫɬɚɧɨɜɤɢ ɩɪɨɜɨɞɢɥɚɫɶ ɧɚ ɚɪɝɨɧɟ ɱɢɫɬɨɬɨɣ 99.998 ɨɛ. %. Ɋɚɫɯɨɠɞɟɧɢɟ ɫɨ 
ɫɩɪɚɜɨɱɧɵɦɢ ɞɚɧɧɵɦɢ ɧɟ ɩɪɟɜɵɲɚɥɨ 1%. ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɭɫɬɚɧɨɜɤɚ 
ɜɚɤɭɭɦɢɪɨɜɚɥɚɫɶ ɞɨ ɞɚɜɥɟɧɢɹ 150–225 ɦɤɉɚ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɫɨɫɬɚɜɟ 
ɫɦɟɫɢ,  ɡɚɩɨɥɧɟɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɩɪɨɢɫɯɨɞɢɥɨ ɢɡ ɠɢɞɤɨɣ ɮɚɡɵ. ɉɨɝɪɟɲɧɨɫɬɶ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɨɫɬɚɜɥɹɥɚ 1.5–2.5%, ɬɟɦɩɟɪɚɬɭɪɟ – 0.05 Ʉ, 
ɞɚɜɥɟɧɢɸ – ɧɟ ɛɨɥɟɟ 4 ɤɉɚ. 

ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɢɫɶ 6 ɫɦɟɫɟɜɵɯ ɯɥɚɞɚɝɟɧɬɨɜ (ɬɚɛɥɢɰɚ). Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɝɚɡɨɜɨɣ 
ɮɚɡɵ ɢɡɦɟɪɹɥɚɫɶ ɧɚ ɤɜɚɡɢɢɡɨɬɟɪɦɚɯ. 

 
Ɍɚɛɥɢɰɚ. ɂɫɫɥɟɞɨɜɚɧɧɵɟ ɫɦɟɫɟɜɵɟ ɯɥɚɞɚɝɟɧɬɵ 

ɏɥɚɞɚɝɟɧɬ 
ɂɧɬɟɪɜɚɥ ɬɟɦɩɟɪɚɬɭɪ, Ʉ ɂɧɬɟɪɜɚɥ ɞɚɜɥɟɧɢɣ, 

Ɇɉɚ 
R-407C (23 % R-32, 25 % R-125, 52 % 
R-134a) 

303–425 0.1–2.1 

R-409A (15 % R-142b, 25% R-124, 
60% R-22) 

306–425 0.1–1.3 

R-415A (50% R-22, 50% R-125a) 308–415 0.1–1.7 

R-406A (55% R-22, 41% R-142b, 4% 
R-600a) 

308–424 0.1–1.5 

R-134a/ R-227ea (38,5 % / 61,5 %) 308–419 0.1–1.2 
R-134a/ R-227ea (11, 2 %/88,8 %) 308–425 0.1–2.1 

 
ɉɟɪɜɢɱɧɵɟ ɞɚɧɧɵɟ ɨɛɪɚɛɚɬɵɜɚɥɢɫɶ ɷɦɩɢɪɢɱɟɫɤɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ Д1Ж: 
 

2
0 10 20 11 21 12 22

100 100 100( , ) ( ) ( )
100 100 100
T T Tp T a a a p a a p a a

T T T
        , (1) 

 
ɝɞɟ Ɍ – ɬɟɦɩɟɪɚɬɭɪɚ ɜ Ʉ, ɪ – ɞɚɜɥɟɧɢɟ ɜ Ɇɉɚ,  – ɜ ɦȼɬ/(ɦ·Ʉ). 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɹɥɢɫɶ ɜ ɜɢɞɟ ɢɡɨɬɟɪɦ λ = f(p,T). ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ 
ɧɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɯɥɚɞɚɝɟɧɬɚ R-407C. ȼɢɞɧɨ, ɱɬɨ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɝɚɡɨɨɛɪɚɡɧɨɝɨ R-407C ɧɚ ɢɡɨɬɟɪɦɚɯ ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 
ɪɨɫɬɨɦ ɞɚɜɥɟɧɢɹ. Ⱦɥɹ ɞɪɭɝɢɯ ɫɦɟɫɟɣ ɩɨɥɭɱɟɧ ɚɧɚɥɨɝɢɱɧɵɣ ɪɟɡɭɥɶɬɚɬ. 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɧɚ ɥɢɧɢɢ ɤɨɧɞɟɧɫɚɰɢɢ λd ɢ ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ λ0 (ɩɪɢ 
p0 = 0.101325 Ɇɉɚ) ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɷɤɫɬɪɚɩɨɥɹɰɢɟɣ ɢɡɨɬɟɪɦ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɚɪɨɜ ɯɥɚɞɚɝɟɧɬɚ ɧɚ ɥɢɧɢɸ ɤɨɧɞɟɧɫɚɰɢɢ ɢɥɢ ɤ ɞɚɜɥɟɧɢɸ p0, ɚ ɬɚɤɠɟ 
ɪɚɫɱɟɬɨɦ ɩɨ ɨɛɨɛɳɚɸɳɟɦɭ ɭɪɚɜɧɟɧɢɸ (1). Ⱦɚɜɥɟɧɢɟ ɩɚɪɚ ɧɚ ɥɢɧɢɢ ɤɨɧɞɟɧɫɚɰɢɢ 
ɨɩɪɟɞɟɥɹɥɨɫɶ ɩɨ Д2Ж. ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɟɣ, ɩɨɥɭɱɚɟɦɵɟ 
ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ, ɫɨɜɩɚɞɚɸɬ ɜ ɩɪɟɞɟɥɚɯ ɫɥɭɱɚɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ 1.5–2.5 %. ȼ ɞɚɥɶɧɟɣɲɟɦ 
ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɟɞɢɧɫɬɜɚ ɨɩɢɫɚɧɢɹ ɫɜɨɣɫɬɜ ɜɨ ɜɫɟɣ ɨɛɥɚɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɛɵɥ ɜɵɛɪɚɧ ɜɬɨɪɨɣ 
ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ. 
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Ɋɢɫ.1. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɦɟɫɢ R-407C ɜ ɩɚɪɨɜɨɣ ɮɚɡɟ. 
 
Ɂɚɜɢɫɢɦɨɫɬɢ λd(T) ɢ λ0(T) ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ: 
 

2
1 2 3d b b T b T      ,                    (2) 

0 1 2 3/c c T c T     ,             (3) 
ɂɫɩɨɥɶɡɭɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɢɞɟɚɥɶɧɨ-ɝɚɡɨɜɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɱɢɫɬɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ, ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɜɟɥɢɱɢɧɵ 0 ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɦɟɫɟɜɵɯ ɯɥɚɞɚɝɟɧɬɨɜ ɜ 
ɚɞɞɢɬɢɜɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɩɨ ɭɪɚɜɧɟɧɢɸ ȼɚɫɢɥɶɟɜɨɣ (Ɇɨɞɢɮɢɤɚɰɢɹ Ɇɷɫɨɧɚ ɢ ɋɚɤɫɟɧɵ – 
MMS; ɦɨɞɢɮɢɤɚɰɢɹ Ʌɢɧɞɫɟɹ ɢ Ȼɪɨɦɥɢ – MLB), ɦɟɬɨɞɨɦ Ȼɪɨɤɚɭ (ɛɢɧɚɪɧɵɟ ɫɦɟɫɢ). ȼɨ ɜɫɟɯ 
ɫɥɭɱɚɹɯ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɨɫɬɢɝɚɥɢ 7%, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ 
ɨɰɟɧɢɜɚɟɦɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɦɟɪɟɧɢɣ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɛɵɥɚ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ 
ɩɨɥɭɱɟɧɢɹ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɜɵɪɚɠɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɟɝɨ ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɢɞɟɚɥɶɧɨ-
ɝɚɡɨɜɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɯɥɚɞɚɝɟɧɬɨɜ. 
Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɜ ɤɨɨɪɞɢɧɚɬɚɯ λ0/λ0(0.7TC) – D (D2)/T (D – ɞɥɹ ɝɪɭɩɩɵ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ R-22, 
D2 – ɞɥɹ ɝɪɭɩɩɵ ɫɦɟɫɟɣ ɧɚ ɨɫɧɨɜɟ R-125) ɜɫɟ ɩɟɪɜɢɱɧɵɟ ɞɚɧɧɵɟ ɭɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɨɞɧɭ 
ɤɪɢɜɭɸ (ɪɢɫ. 2) ɫɨ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ 0.8 % (1.9 %), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

  
ɚ ɛ 

 

Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɩɪɢɜɟɞɟɧɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ:  
ɚ) 1 - R-406A; 2 – R-409A; 3 – R-415A; 4 – (4);  

ɛ) 1 – R-404A, 2 – R-407C, 3 – R-410A, 4 – R-507A, 5 – (5). 
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ɜɟɫ ɯɥɚɞɚɝɟɧɬɚ ɜ ɤɝ/ɤɦɨɥɶ, pc – ɤɪɢɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜ Ɇɉɚ, ρɫ – ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɜ 
ɤɝ/ɦ3. 
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(2002). 
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ɀɟɥɟɡɨ ɢɝɪɚɟɬ ɢɫɤɥɸɱɢɬɟɥɶɧɭɸ ɪɨɥɶ ɜ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɱɟɫɬɜɚ ɜɫɥɟɞɫɬɜɢɟ 

ɫɜɨɢɯ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɩɪɨɫɬɨɬɵ ɨɛɪɚɛɨɬɤɢ. Ɉɞɧɨɣ ɢɡ ɩɪɨɛɥɟɦ, ɜɨɡɧɢɤɚɸɳɢɯ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɟɝɨ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ, ɹɜɥɹɟɬɫɹ ɬ.ɧ. «ɜɨɞɨɪɨɞɧɨɟ ɨɯɪɭɩɱɢɜɚɧɢɟ» – ɩɪɨɰɟɫɫ 
ɭɦɟɧɶɲɟɧɢɹ ɜɹɡɤɨɫɬɢ ɢɥɢ ɩɥɚɫɬɢɱɧɨɫɬɢ ɦɟɬɚɥɥɚ ɜɫɥɟɞɫɬɜɢɟ ɩɪɢɫɭɬɫɬɜɢɹ ɚɬɨɦɚɪɧɨɝɨ 
ɜɨɞɨɪɨɞɚ Д1Ж. Ⱦɚɧɧɵɣ ɷɮɮɟɤɬ, ɜɩɟɪɜɵɟ ɨɛɧɚɪɭɠɟɧɧɵɣ ɉɮɟɣɥɟɦ ɜ 1926 ɝɨɞɭ Д2Ж, ɢɧɬɟɧɫɢɜɧɨ 
ɢɡɭɱɚɟɬɫɹ ɫ ɤɨɧɰɚ 1940-ɯ ɝɨɞɨɜ. ɋɨɜɪɟɦɟɧɧɨɟ ɩɨɧɢɦɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɨɞɨɪɨɞɧɨɝɨ 
ɨɯɪɭɩɱɢɜɚɧɢɹ ɫɜɨɞɢɬɫɹ ɤ ɫɥɟɞɭɸɳɟɦɭ: ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɜɧɟɞɪɹɸɬɫɹ ɜ ɦɟɬɚɥɥ, ɧɚɯɨɞɹɳɢɣɫɹ 
ɥɢɛɨ ɜ ɠɢɞɤɨɦ, ɥɢɛɨ ɜ ɬɜɟɪɞɨɦ ɚɝɪɟɝɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɟɪɜɵɣ ɦɟɯɚɧɢɡɦ ɢɡɜɟɫɬɟɧ ɤɚɤ 
ɜɧɭɬɪɟɧɧɟɟ ɨɯɪɭɩɱɢɜɚɧɢɟ; ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɟɬɚɥɥ ɫɬɚɧɨɜɢɬɫɹ ɩɟɪɟɧɚɫɵɳɟɧɧɵɦ ɜɨɞɨɪɨɞɨɦ 
ɫɪɚɡɭ ɩɨɫɥɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. ȼɬɨɪɨɣ ɦɟɯɚɧɢɡɦ – ɜɧɟɲɧɟɟ ɨɯɪɭɩɱɢɜɚɧɢɟ – ɜɤɥɸɱɚɟɬɫɹ ɜɨ ɜɪɟɦɹ 
ɬɟɩɥɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɜ ɩɪɨɰɟɫɫɟ ɧɚɧɟɫɟɧɢɹ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ 
ɩɨɤɪɵɬɢɹ ɢ ɬ.ɞ. Д1Ж ɉɨɫɥɟ ɜɧɟɞɪɟɧɢɹ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɞɢɮɮɭɧɞɢɪɭɸɬ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɤ 
ɜɧɭɬɪɟɧɧɢɦ ɞɟɮɟɤɬɚɦ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɹɜɥɹɸɳɢɦɫɹ ɰɟɧɬɪɚɦɢ ɜɧɭɬɪɟɧɧɢɯ 
ɧɚɩɪɹɠɟɧɢɣ. Ɍɚɦ ɨɧɢ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɢ ɜɩɨɫɥɟɞɫɬɜɢɢ ɫɬɚɧɨɜɹɬɫɹ ɩɪɢɱɢɧɨɣ ɪɨɫɬɚ ɢ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɪɟɳɢɧ Д3Ж. 

ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ 
ɞɨɜɟɞɟɧɢɟ ɦɟɬɚɥɥɚ ɞɨ ɠɢɞɤɨɝɨ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɧɬɟɪɟɫɧɵɦ 
ɩɪɨɫɥɟɞɢɬɶ ɷɜɨɥɸɰɢɸ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɜ ɪɚɫɩɥɚɜɟ ɠɟɥɟɡɚ ɩɪɢ ɜɧɭɬɪɟɧɧɟɦ ɨɯɪɭɩɱɢɜɚɧɢɢ. 
ɂɡɜɟɫɬɧɨ, ɨɞɧɚɤɨ, ɱɬɨ ɚɬɨɦɵ ɜɨɞɨɪɨɞɚ ɜɫɥɟɞɫɬɜɢɟ ɫɜɨɢɯ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟɡɚɦɟɬɧɵ ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɚɬɨɦɧɨɣ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɨɜ ɦɟɬɨɞɚɦɢ 
ɞɢɮɪɚɤɰɢɨɧɧɨɝɨ ɪɚɫɫɟɹɧɢɹ, ɢ ɩɨɷɬɨɦɭ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɦ ɩɨɞɯɨɞɨɦ ɤ ɬɚɤɨɦɭ 
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ɢɫɫɥɟɞɨɜɚɧɢɸ ɹɜɥɹɟɬɫɹ ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɟɬɨɞɚɦɢ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ. 
Эɬɨɬ ɩɨɞɯɨɞ ɢ ɛɵɥ ɩɪɢɧɹɬ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ.  

Ɇɨɥɟɤɭɥɹɪɧɚɹ ɞɢɧɚɦɢɤɚ – ɦɟɬɨɞ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɮɢɡɢɱɟɫɤɨɝɨ ɞɜɢɠɟɧɢɹ 
ɱɚɫɬɢɰ ɜɟɳɟɫɬɜɚ ɩɪɢ ɢɯ ɦɧɨɝɨɱɚɫɬɢɱɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ. ȼ ɤɥɚɫɫɢɱɟɫɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɞɢɧɚɦɢɤɟ ɫɢɥɵ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɵɛɪɚɧɧɵɦ ɬɢɩɨɦ ɩɨɬɟɧɰɢɚɥɚ, ɜ ɬɨ ɜɪɟɦɹ 
ɤɚɤ ɜ ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ 
ɤɜɚɧɬɨɜɨɦɟɯɚɧɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɬɚɤɢɯ, ɤɚɤ ɬɟɨɪɢɹ ɮɭɧɤɰɢɨɧɚɥɚ ɩɥɨɬɧɨɫɬɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ 
ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɬɨɱɧɵɦ, ɢ ɩɨɷɬɨɦɭ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ.  
ȼ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɥɨɫɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ ɠɟɥɟɡɨ-ɜɨɞɨɪɨɞ ɦɟɬɨɞɚɦɢ 
ɩɟɪɜɨɩɪɢɧɰɢɩɧɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɞɢɧɚɦɢɤɢ, ɪɟɚɥɢɡɨɜɚɧɧɵɦɢ ɜ ɩɚɤɟɬɟ SIESTA Д4Ж. Ⱦɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɜɵɛɪɚɧɵ ɦɨɞɟɥɢ, ɫɨɫɬɨɹɳɢɟ ɢɡ 256 ɚɬɨɦɨɜ ɠɟɥɟɡɚ ɫ 0,4, 4 ɢ 5 ɚɬ.% 
ɜɨɞɨɪɨɞɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1923 ɢ 2573Ʉ ɢ ɩɥɨɬɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ. ɂɧɬɟɝɪɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ 
ɩɪɨɜɨɞɢɥɨɫɶ ɬɨɥɶɤɨ ɩɨ Ƚ-ɬɨɱɤɟ; ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɪɚɡɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨ 
«ɫɬɚɧɞɚɪɬɧɨɦɭ» DZP-ɛɚɡɢɫɭ ɚɬɨɦɧɵɯ ɨɪɛɢɬɚɥɟɣ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 23 ɚɬɨɦɧɵɦ ɨɪɛɢɬɚɥɹɦ 
ɧɚ ɚɬɨɦ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ. ɋɢɫɬɟɦɚ ɧɚɯɨɞɢɥɚɫɶ ɜ ɞɜɢɠɟɧɢɢ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 2-3 ɧɫ; 
ɜɪɟɦɟɧɧɨɣ ɲɚɝ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɥ 1 ɮɫ. 
 

 
Ɋɢɫɭɧɨɤ 1. ɉɚɪɰɢɚɥɶɧɚɹ ɪɚɞɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Fe-H: (ɚ) – 
Fe-Fe, (ɛ) – Fe-H. ɉɭɫɬɵɟ ɤɪɭɝɢ – ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ ɪɚɫɩɥɚɜɚ ɱɢɫɬɨɝɨ ɠɟɥɟɡɚ Д5Ж. 
ɋɩɥɨɲɧɵɟ ɥɢɧɢɢ – ɪɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ 1923Ʉ, ɩɪɟɪɵɜɢɫɬɵɟ – ɪɟɡɭɥɶɬɚɬɵ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ 2573Ʉ. ɑɟɪɧɚɹ ɥɢɧɢɹ – 0,4 ɚɬ.% H, ɤɪɚɫɧɚɹ – 4 ɚɬ.% ɇ, ɡɟɥɟɧɚɹ – 5 ɚɬ.% 
ɇ. ɇɚ ɜɪɟɡɤɟ ɩɨɤɚɡɚɧ ɭɜɟɥɢɱɟɧɧɵɣ ɩɟɪɜɵɣ ɦɚɤɫɢɦɭɦ ɤɪɢɜɨɣ ɉɎɊ 
 
ɇɚ ɪɢɫ. 1 ɩɨɤɚɡɚɧɚ ɩɚɪɰɢɚɥɶɧɚɹ ɪɚɞɢɚɥɶɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɉɊɎɊ) ɞɥɹ ɩɚɪ Fe-Fe ɢ 
Fe-H ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜɨɞɨɪɨɞɚ (ɉɊɎɊ ɞɥɹ ɩɚɪɵ H-H ɧɟ ɩɨɤɚɡɚɧɚ 
ɜɫɥɟɞɫɬɜɢɟ ɧɟɞɨɫɬɚɬɤɚ ɫɬɚɬɢɫɬɢɤɢ). ȼɢɞɧɨ, ɱɬɨ ɞɥɹ ɩɚɪɵ Fe-Fe ɩɨɥɨɠɟɧɢɟ ɢ ɮɨɪɦɚ ɩɟɪɜɨɝɨ 
ɦɚɤɫɢɦɭɦɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 1923Ʉ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɩɨɜɬɨɪɹɟɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ 
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ɤɪɢɜɭɸ, ɩɨɥɭɱɟɧɧɭɸ ɞɥɹ ɪɚɫɩɥɚɜɚ ɱɢɫɬɨɝɨ ɠɟɥɟɡɚ ɩɪɢ ɬɨɣ ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ ȼɚɫɟɞɨɣ Д5Ж 
ɦɟɬɨɞɨɦ ɞɢɮɪɚɤɰɢɢ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɥɭɱɟɣ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2573Ʉ ɩɟɪɜɵɣ ɦɚɤɫɢɦɭɦ ɉɊɎɊ 
ɭɲɢɪɹɟɬɫɹ ɢ ɫɬɚɧɨɜɢɬɫɹ ɧɢɠɟ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɪɚɫɬɚɧɢɸ ɛɟɫɩɨɪɹɞɤɚ ɜ ɫɬɪɭɤɬɭɪɟ 
ɪɚɫɩɥɚɜɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. Ɍɚɤɠɟ ɢɧɬɟɪɟɫɟɧ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɟɪɜɵɣ ɦɢɧɢɦɭɦ ɢ ɩɨɫɥɟɞɭɸɳɢɟ 
ɦɚɤɫɢɦɭɦɵ ɉɊɎɊ ɧɚɯɨɞɹɬɫɹ ɥɟɜɟɟ, ɱɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɤɫɬɪɟɦɭɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɤɪɢɜɨɣ. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɬɟɦ ɮɚɤɬɨɦ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɥɨɤɚɥɶɧɵɯ ɦɚɝɧɢɬɧɵɯ 
ɦɨɦɟɧɬɨɜ ɧɚ ɚɬɨɦɚɯ ɠɟɥɟɡɚ ɡɚɫɬɚɜɥɹɟɬ ɩɟɪɟɨɰɟɧɢɜɚɬɶ ɦɟɠɚɬɨɦɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɛɨɥɶɲɨɝɨ 
ɪɚɞɢɭɫɚ ɞɟɣɫɬɜɢɹ Д6Ж, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɪɟɭɜɟɥɢɱɢɜɚɬɶ ɪɚɜɧɨɜɟɫɧɭɸ ɩɥɨɬɧɨɫɬɶ ɚɬɨɦɧɨɣ 
ɦɨɞɟɥɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡ ɪɢɫ. 1ɚ ɜɢɞɧɨ, ɱɬɨ ɜɨɞɨɪɨɞ ɧɢɤɚɤ ɧɟ ɦɟɧɹɟɬ ɚɬɨɦɧɭɸ ɫɬɪɭɤɬɭɪɭ 
ɪɚɫɩɥɚɜɚ ɠɟɥɟɡɚ.  
Ⱥɧɚɥɨɝɢɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ ɦɨɠɧɨ ɩɪɨɫɥɟɞɢɬɶ ɢ ɩɨ ɩɨɥɨɠɟɧɢɸ ɩɟɪɜɨɝɨ 
ɦɚɤɫɢɦɭɦɚ ɉɊɎɊ ɞɥɹ ɩɚɪɵ Fe-H. Ȼɥɢɠɧɢɣ ɚɬɨɦɧɵɣ ɩɨɪɹɞɨɤ ɜɨɞɨɪɨɞɚ ɦɨɠɧɨ ɜɨɫɫɬɚɧɨɜɢɬɶ, 
ɢɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɩɨɥɨɠɟɧɢɟ ɩɟɪɜɨɝɨ ɦɚɤɫɢɦɭɦɚ ɊɎɊ ɫɨɫɬɚɜɥɹɟɬ 1,83й. ɂɡ ɪɚɛɨɬ ɩɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɸ ɪɚɫɬɜɨɪɚ ɜɨɞɨɪɨɞɚ ɜ ɬɜɟɪɞɨɦ ɠɟɥɟɡɟ (ɫɦ., ɧɚɩɪɢɦɟɪ, Д7Ж) ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜ 
ɈɐɄ-ɪɟɲɟɬɤɟ ɠɟɥɟɡɚ ɜɨɞɨɪɨɞ ɜɫɥɟɞɫɬɜɢɟ ɫɜɨɟɝɨ ɦɚɥɨɝɨ ɪɚɡɦɟɪɚ ɡɚɧɢɦɚɟɬ ɬɟɬɪɚɷɞɪɢɱɟɫɤɭɸ 
ɩɨɪɭ. ȿɫɥɢ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɬɟɩɥɨɜɨɟ ɪɚɫɲɢɪɟɧɢɟ ɠɟɥɟɡɚ ɢ ɨɩɪɟɞɟɥɢɬɶ ɪɚɜɧɨɜɟɫɧɭɸ 
ɩɥɨɬɧɨɫɬɶ ɪɚɫɩɥɚɜɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2573Ʉ (ɧɚɩɪɢɦɟɪ, ɢɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɢɡ Д8Ж), ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɪɚɜɧɨɜɟɫɧɵɣ ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ ɞɥɹ ɈɐɄ-ɪɟɲɟɬɤɢ ɠɟɥɟɡɚ (ɧɟ ɫɭɳɟɫɬɜɭɸɳɟɣ ɩɪɢ 
ɞɚɧɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ), ɢ ɯɚɪɚɤɬɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɣ ɩɨɪɵ ɜ 
ɬɚɤɨɣ ɪɟɲɟɬɤɟ. ɉɪɢ ɭɤɚɡɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɯɚɪɚɤɬɟɪɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɚɬɨɦɚ ɠɟɥɟɡɚ ɞɨ 
ɬɟɬɪɚɷɞɪɢɱɟɫɤɨɣ ɩɨɪɵ ɫɨɫɬɚɜɥɹɟɬ 1,723й, ɱɬɨ ɛɥɢɡɤɨ ɤ ɩɨɥɨɠɟɧɢɸ ɩɟɪɜɨɝɨ ɦɚɤɫɢɦɭɦɚ 
ɉɊɎɊ. Эɬɨɬ ɮɚɤɬ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɛɥɢɠɧɟɟ ɚɬɨɦɧɨɟ ɨɤɪɭɠɟɧɢɟ ɚɬɨɦɚ ɜɨɞɨɪɨɞɚ 
ɜ ɠɢɞɤɨɦ ɠɟɥɟɡɟ ɞɨɥɠɧɨ ɧɚɩɨɦɢɧɚɬɶ ɬɟɬɪɚɝɨɧɚɥɶɧɭɸ ɩɨɪɭ ɈɐɄ-ɠɟɥɟɡɚ. Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ 
ɷɬɨɣ ɝɢɩɨɬɟɡɵ ɧɚɦɢ ɛɵɥ ɩɪɨɜɟɞɟɧ ɫɬɚɬɢɫɬɢɤɨ-ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɛɥɢɠɧɟɝɨ ɚɬɨɦɧɨɝɨ 
ɨɤɪɭɠɟɧɢɹ ɚɬɨɦɨɜ ɜɨɞɨɪɨɞɚ ɦɟɬɨɞɚɦɢ ɪɚɡɛɢɟɧɢɹ ȼɨɪɨɧɨɝɨ.  

Ɋɚɛɨɬɚ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɫɨɞɟɣɫɬɜɢɢ ɮɨɧɞɚ ɊɎɎИ (ɩɪɨɟɤɬ № 14-03-00618). 
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ɩɪɨɰɟɫɫɨɜ, ɩɨɫɤɨɥɶɤɭ ɫɨɞɟɪɠɢɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɟɣɬɪɚɥɶɧɵɯ ɱɚɫɬɢɰ - ɦɨɥɟɤɭɥ ɢ 
ɚɬɨɦɨɜ, ɜɪɚɳɚɬɟɥɶɧɵɟ, ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɢ ɷɥɟɤɬɪɨɧɧɵɟ ɭɪɨɜɧɢ ɤɨɬɨɪɵɯ ɚɤɬɢɜɧɨ ɜɨɡɛɭɠɞɚɸɬɫɹ 
ɜ ɩɪɨɰɟɫɫɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ.  

ȼɚɠɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɨɣ ɩɥɚɡɦɵ ɹɜɥɹɟɬɫɹ ɟё ɧɟɢɡɨɬɟɪɦɢɱɧɨɫɬɶ, ɩɪɢ ɤɨɬɨɪɨɣ 
ɬɟɦɩɟɪɚɬɭɪɚ ɷɥɟɤɬɪɨɧɨɜ Te ɦɨɠɟɬ ɩɪɟɜɵɲɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɬɹɠɟɥɵɯ ɱɚɫɬɢɰ Th. ȼɨɡɧɢɤɚɸɳɟɟ 
ɪɚɡɥɢɱɢɟ ɷɬɢɯ ɬɟɦɩɟɪɚɬɭɪ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɨ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɢɡ ɭɪɚɜɧɟɧɢɹ ɛɚɥɚɧɫɚ ɷɧɟɪɝɢɢ 
ɷɥɟɤɬɪɨɧɨɜ, ɩɪɚɜɚɹ ɱɚɫɬɶ ɤɨɬɨɪɨɝɨ ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ (Te - 
Th) ɢ ɯɚɪɚɤɬɟɪɧɨɣ ɱɚɫɬɨɬɟ ɨɛɦɟɧɚ ɷɧɟɪɝɢɟɣ νE Д1,2Ж. Ⱦɥɹ ɫɬɨɥɤɧɨɜɟɧɢɣ ɷɥɟɤɬɪɨɧɨɜ ɫ 
ɬɹɠɟɥɵɦɢ ɱɚɫɬɢɰɚɦɢ ɱɚɫɬɨɬɚ νE ~ įν, ɝɞɟ ν ɩɪɟɞɫɬɚɜɥɹɟɬ ɯɚɪɚɤɬɟɪɧɭɸ ɱɚɫɬɨɬɭ ɩɟɪɟɞɚɱɢ 
ɢɦɩɭɥɶɫɚ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɹɯ. Ⱦɥɹ ɱɢɫɬɨ ɭɩɪɭɝɢɯ ɫɬɨɥɤɧɨɜɟɧɢɣ į=2me/mh<<1, ɝɞɟ me, mh – 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɫɫɵ ɷɥɟɤɬɪɨɧɨɜ ɢ ɬɹɠɟɥɵɯ ɱɚɫɬɢɰ. ȼ ɫɥɭɱɚɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɩɥɚɡɦɵ, ɤɨɝɞɚ 
ɫɬɨɥɤɧɨɜɟɧɢɹ ɷɥɟɤɬɪɨɧɨɜ ɩɥɚɡɦɵ ɫ ɦɨɥɟɤɭɥɚɦɢ ɩɪɢɜɨɞɹɬ ɤ ɜɨɡɛɭɠɞɟɧɢɸ ɢɯ ɜɧɭɬɪɟɧɧɢɯ 
ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ, ɜɟɥɢɱɢɧɚ į ɦɨɠɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɦɟɧɶɲɟɧɢɸ ɨɬɪɵɜɚ 
ɬɟɦɩɟɪɚɬɭɪɵ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɬɹɠɟɥɵɯ ɱɚɫɬɢɰ. ɉɨɷɬɨɦɭ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɟɥɢɱɢɧɵ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɩɥɚɡɦɵ ɧɚ ɨɫɧɨɜɟ ɫɬɪɨɝɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ.  

ɇɟ ɦɟɧɟɟ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɬɚɤɠɟ ɜɨɩɪɨɫ ɨ ɜɥɢɹɧɢɢ ɧɟɭɩɪɭɝɢɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɷɥɟɤɬɪɨɧɨɜ ɫ 
ɦɨɥɟɤɭɥɚɦɢ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ, ɬɚɤɢɯ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɢɮɮɭɡɢɢ, 
ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢ ɪɚɫɫɱɢɬɚɧɵ 
ɬɨɥɶɤɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɦ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɮɨɪɦɭɥɢɪɭɸɬɫɹ ɨɛɳɚɹ ɫɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɫɨɯɪɚɧɟɧɢɹ ɢ ɭɪɚɜɧɟɧɢɣ 
ɩɟɪɟɧɨɫɚ ɞɥɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɩɥɚɡɦɵ, ɩɨɥɭɱɚɟɦɵɟ ɧɚ ɨɫɧɨɜɟ ɪɟɲɟɧɢɹ ɤɢɧɟɬɢɱɟɫɤɨɝɨ 
ɭɪɚɜɧɟɧɢɹ Ȼɨɥɶɰɦɚɧɚ ɫ ɢɧɬɟɝɪɚɥɨɦ ɫɬɨɥɤɧɨɜɟɧɢɣ ɜ ɮɨɪɦɟ ȼɚɧ ɑɚɧɝɚ ɢ ɍɥɟɧɛɟɤɚ. ɉɪɢ ɷɬɨɦ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɨɛɨɛɳɟɧɧɵɣ ɦɟɬɨɞ ɦɨɦɟɧɬɨɜ Ƚɪɷɞɚ Д3Ж. ɇɚɥɢɱɢɟ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ me/mh 
ɩɨɡɜɨɥɹɟɬ ɨɬɞɟɥɢɬɶ ɭɪɚɜɧɟɧɢɹ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ 
ɬɹɠɟɥɵɯ ɱɚɫɬɢɰ. ɋɬɪɭɤɬɭɪɚ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɚɧɚɥɨɝɢɱɧɚ ɢɡɜɟɫɬɧɵɦ ɭɪɚɜɧɟɧɢɹɦ 
ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ ɜ ɩɥɚɡɦɟ, ɱɚɫɬɢɰɵ ɤɨɬɨɪɨɣ ɧɟ ɢɦɟɸɬ ɜɧɭɬɪɟɧɧɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ Д3Ж. 
Ɉɞɧɚɤɨ ɦɨɦɟɧɬɵ ɢɧɬɟɝɪɚɥɨɜ ɩɚɪɧɵɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɜ ɩɪɚɜɵɯ ɱɚɫɬɹɯ ɭɪɚɜɧɟɧɢɣ ɫɨɞɟɪɠɚɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɱɥɟɧɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɜɤɥɚɞɨɦ ɧɟɭɩɪɭɝɢɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɷɥɟɤɬɪɨɧɨɜ. 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨɩɪɚɜɤɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɱɢɫɥɟɧɵ ɞɨ ɤɨɧɰɚ ɜ ɹɜɧɨɦ ɜɢɞɟ, ɟɫɥɢ ɢɡɜɟɫɬɧɵ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɟɱɟɧɢɹ ɫɬɨɥɤɧɨɜɟɧɢɣ ɷɥɟɤɬɪɨɧɨɜ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɜɨɡɛɭɠɞɟɧɢɸ 
ɜɪɚɳɚɬɟɥɶɧɵɯ, ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɢ ɷɥɟɤɬɪɨɧɧɵɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. Ʉɚɤ ɩɨɤɚɡɵɜɚɸɬ 
ɤɨɧɤɪɟɬɧɵɟ ɨɰɟɧɤɢ ɞɥɹ ɨɛɥɚɫɬɢ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ, ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɦɨɥɟɤɭɥɹɪɧɨɣ 
ɩɥɚɡɦɵ, ɩɪɢɦɟɧɹɟɦɨɣ ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ ɩɪɢɥɨɠɟɧɢɹɯ, ɧɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɤɚɡɵɜɚɟɬɫɹ 
ɜɥɢɹɧɢɟ ɧɟɭɩɪɭɝɢɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɷɥɟɤɬɪɨɧɨɜ ɫɜɨɛɨɞɵ ɦɨɥɟɤɭɥ ɧɚ ɜɟɥɢɱɢɧɭ ɩɚɪɚɦɟɬɪɚ į, ɚ 
ɬɚɤɠɟ ɧɚ ɭɩɨɦɹɧɭɬɵɟ ɜɵɲɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɧɨɫɚ ɷɥɟɤɬɪɨɧɨɜ, ɫɜɹɡɚɧɧɨɟ ɫ ɜɨɡɛɭɠɞɟɧɢɟɦ 
ɜɪɚɳɚɬɟɥɶɧɵɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɦɨɥɟɤɭɥ.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɜ ɪɚɛɨɬɟ ɨɰɟɧɢɜɚɟɬɫɹ ɜɥɢɹɧɢɟ ɧɟɭɩɪɭɝɢɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɷɥɟɤɬɪɨɧɨɜ ɫ 
ɦɨɥɟɤɭɥɚɦɢ ɧɚ ɜɟɥɢɱɢɧɭ ɢɧɬɟɪɟɫɭɸɳɢɯ ɧɚɫ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɫɥɭɱɚɹ ɦɨɥɟɤɭɥɹɪɧɨɣ ɚɡɨɬɧɨɣ 
ɩɥɚɡɦɵ. ɉɪɢ ɷɬɨɦ ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɚɪɚɦɟɬɪɚ į ɞɥɹ ɧɟ ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɯ 
ɨɬɤɥɨɧɟɧɢɣ Te ɨɬ Th ɩɪɢ Th ~ 0.1 - 0.5 ɷȼ ɦɨɠɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɜ 2-3 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 
ɫɥɭɱɚɟɦ ɱɢɫɬɨ ɭɩɪɭɝɢɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɱɚɫɬɢɰ. Ⱦɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɬɚɤɨɣ 
ɩɥɚɡɦɵ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɩɪɚɜɤɚ ɡɚ ɫɱɟɬ ɧɟɭɩɪɭɝɢɯ ɫɬɨɥɤɧɨɜɟɧɢɣ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɜɟɥɢɱɢɧɭ 
ɩɨɪɹɞɤɚ 2-3%. 
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ɋɢɫɬɟɦɚ Fe-B ɹɜɥɹɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɨɣ ɞɥɹ ɢɡɭɱɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɠɢɞɤɨɝɨ 
ɫɨɫɬɨɹɧɢɹ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜ ɪɚɫɩɥɚɜɟ ɩɥɨɬɧɨɫɬɢ, ɷɥɟɤɬɪɨɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɜɹɡɤɨɫɬɢ ɩɨɤɚɡɵɜɚɸɬ 
ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɜɹɡɚɧɧɵɯ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɜ ɧɟɦ. ɉɪɢ 
ɫɜɟɪɯɛɵɫɬɪɨɣ ɡɚɤɚɥɤɟ ɫɩɥɚɜɨɜ Fe-B ɢɡ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɦɨɠɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɚɦɨɪɮɧɚɹ 
ɫɬɪɭɤɬɭɪɚ. ɉɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮɧɨɣ ɮɚɡɵ, ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ ɨɛɪɚɡɭɸɳɢɯɫɹ ɤɪɢɫɬɚɥɥɨɜ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɫɬɚɜɨɦ ɢ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɛɪɚɛɨɬɤɢ. ɉɪɢɧɢɦɚɹ ɜɨ ɜɧɢɦɚɧɢɟ ɛɥɢɡɨɫɬɶ 
ɫɬɪɭɤɬɭɪɵ ɚɦɨɪɮɧɨɝɨ ɫɩɥɚɜɚ ɫ ɩɟɪɟɨɯɥɚɠɞɟɧɧɵɦ ɪɚɫɩɥɚɜɨɦ Д1Ж, ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɤ 
ɢɫɫɥɟɞɨɜɚɧɢɸ ɨɫɨɛɟɧɧɨɫɬɢ ɮɚɡɨɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮɧɵɯ ɫɩɥɚɜɨɜ 
ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɪɚɡɥɢɱɧɵɯ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɨɹɧɢɣ ɪɚɫɩɥɚɜɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɪɚɛɨɬɟ 
ɢɡɭɱɚɥɢɫɶ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɚ Fe82B18, ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɛɵɫɬɪɨ 
ɡɚɤɚɥɟɧɧɵɯ ɥɟɧɬ ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɪɚɫɩɥɚɜɚ.  

Ʉɢɧɟɦɚɬɢɱɟɫɤɭɸ ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɨɜ ɢɡɦɟɪɹɥɢ ɦɟɬɨɞɨɦ ɡɚɬɭɯɚɸɳɢɯ ɤɪɭɬɢɥɶɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɫɬɚɤɚɧɱɢɤɚ, ɧɚɩɨɥɧɟɧɧɨɝɨ ɠɢɞɤɨɫɬɶɸ. ȼɫɟ ɢɡɦɟɪɟɧɢɹ 
ɩɪɨɜɨɞɢɥɢ ɜ ɡɚɳɢɬɧɨɣ ɚɬɦɨɫɮɟɪɟ ɝɟɥɢɹ ɜ ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɨɯɥɚɠɞɟɧɢɹ Д2Ж. ȼ 
ɤɚɱɟɫɬɜɟ ɬɢɝɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɫɬɚɤɚɧɱɢɤɢ ɢɡ Al 2O3. Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ 
ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɨɤɫɢɞɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɪɵɲɤɭ, ɤɨɬɨɪɚɹ ɩɥɨɬɧɨ ɩɪɢɥɟɝɚɟɬ ɤ 
ɪɚɫɩɥɚɜɭ ɢ ɨɛɪɚɡɭɟɬ ɜɬɨɪɭɸ ɬɨɪɰɟɜɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. Ȼɵɫɬɪɨ ɡɚɤɚɥɟɧɧɵɟ ɥɟɧɬɵ Fe82B18 
ɩɨɥɭɱɚɥɢ ɦɟɬɨɞɨɦ ɫɩɢɧɢɧɧɝɨɜɚɧɢɹ ɧɚ ɜɪɚɳɚɸɳɟɦɫɹ ɦɟɞɧɨɦ ɞɢɫɤɟ ɜ ɩɪɨɬɨɱɧɨɣ ɚɬɦɨɫɮɟɪɟ 
ɚɪɝɨɧɚ ɨɬ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɪɚɫɩɥɚɜɚ ɩɨɫɥɟ ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɜɵɞɟɪɠɤɢ ɜ ɬɟɱɟɧɢɟ 20 ɦɢɧɭɬ 
ɩɪɢ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɥɟɧɬ ɢɫɫɥɟɞɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɜɟɞɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɧɚɝɪɟɜɨɜ (ɨɬ 350 ɞɨ 900 °ɋ ɫ ɲɚɝɨɦ 50 °ɋ) ɜ ɬɟɦɩɟɪɚɬɭɪɧɨɣ 
ɤɚɦɟɪɟ HTK 1200 ɞɢɮɪɚɤɬɨɦɟɬɪɚ BrЮФОr AНЯКЧМО. Ɏɚɡɨɜɵɣ ɚɧɚɥɢɡ ɩɪɨɜɨɞɢɥɫɹ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦ EVA ɢ Topas 4,2. 

ɇɚ ɩɨɥɢɬɟɪɦɚɯ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ ɜ ɪɟɠɢɦɟ ɧɚɝɪɟɜɚ ɧɚɛɥɸɞɚɟɬɫɹ ɪɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ 
ɜɹɡɤɨɫɬɢ ɜ ɢɧɬɟɪɜɚɥɟ 1420 – 1460 ɋ, ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɨɯɥɚɠɞɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɝɢɫɬɟɪɟɡɢɫ 
ɜɹɡɤɨɫɬɢ. Ɍɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ ɨɛɭɫɥɨɜɥɟɧɨ, ɩɨ-
ɜɢɞɢɦɨɦɭ, ɫɬɪɭɤɬɭɪɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɩɪɢ ɯɚɪɚɤɬɟɪɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ*. 
ɉɪɢ ɷɬɨɦ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ (ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɞɨ Ɍ*) ɢ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ (ɜɵɲɟ Ɍ*) ɫɬɪɭɤɬɭɪɧɵɟ ɫɨɫɬɨɹɧɢɹ ɪɚɫɩɥɚɜɚ. ȼ ɪɟɠɢɦɟ ɨɯɥɚɠɞɟɧɢɹ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɚɫɩɥɚɜɚ ɦɨɠɟɬ ɫɨɯɪɚɧɹɬɶɫɹ ɜɩɥɨɬɶ ɞɨ ɟɝɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 
ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɝɢɫɬɟɪɟɡɢɫɭ ɧɚ ɩɨɥɢɬɟɪɦɚɯ ɜɹɡɤɨɫɬɢ.  

ɉɨɥɭɱɟɧɧɵɟ ɛɵɫɬɪɨ ɡɚɤɚɥɟɧɧɵɟ ɥɟɧɬɵ FО82B18 (ɬɚɛɥɢɰɚ 1) ɹɜɥɹɸɬɫɹ ɚɦɨɪɮɧɵɦɢ ɫɨ 
ɫɜɨɛɨɞɧɨɣ ɫɬɨɪɨɧɵ ɢ ɚɦɨɪɮɧɨ-ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫ ɧɟɛɨɥɶɲɨɣ ɞɨɥɟɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɫ 
ɤɨɧɬɚɤɬɧɨɣ ɫɬɨɪɨɧɵ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɹɦɢ 
ɪɟɚɥɢɡɭɸɳɢɦɢɫɹ ɜ ɪɚɫɩɥɚɜɟ ɧɚ ɡɚɤɚɥɨɱɧɨɣ ɫɬɨɪɨɧɟ ɥɟɧɬɵ Д3Ж. ɉɨɷɬɨɦɭ, ɱɬɨɛɵ ɧɟ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜɥɢɹɧɢɟ ɮɚɤɬɨɪɨɜ ɫɜɹɡɚɧɧɵɯ ɫ ɭɫɥɨɜɢɹɦɢ ɡɚɤɚɥɤɢ ɧɚ ɞɢɫɤɟ, ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɧɚɝɪɟɜɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɨ ɫɜɨɛɨɞɧɨɣ ɫɬɨɪɨɧɵ ɥɟɧɬ. 
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Ɍɚɛɥɢɰɚ 1. ɉɚɪɚɦɟɬɪɵ ɩɨɥɭɱɟɧɧɵɯ ɥɟɧɬ Fe82B18. 
 

ɨɩɵɬ Ɍ ɡɚɤɚɥɤɢ, °ɋ ɬɨɥɳɢɧɚ, ɦɤɦ 
1 1300 23,7 ± 1,3 

2 1400 46,7 ± 1,7 

3 1500 26 ± 1,5 
4 1550 26,2 ± 1,1 

 

 

 
Ɋɢɫ. 1. Ɋɟɧɬɝɟɧɨɝɪɚɦɦɵ ɫɜɨɛɨɞɧɨɣ ɫɬɨɪɨɧɵ ɥɟɧɬ ɨɩɵɬɨɜ 1 ɢ 3 ɩɪɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 
ɧɚɝɪɟɜɨɜ ɨɬ 350 °ɋ ɞɨ 650 °ɋ 

 
ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɧɬɝɟɧɨɝɪɚɦɦɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɧɚɝɪɟɜɨɜ ɥɟɧɬ ɨɩɵɬɨɜ 1 ɢ 3. 

ɉɨɫɥɟ ɧɚɝɪɟɜɚ ɞɨ 350 °ɋ ɥɟɧɬɵ ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ. Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ α-Fe ɢ ɬɟɬɪɚɝɨɧɚɥɶɧɵɦ ɛɨɪɢɞɨɦ Fe3BɌ ɫ ɨɛɴɟɦɧɨ-ɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɪɟɲɟɬɤɨɣ 
(ɈɐɌ). ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɟ ɞɨ 500 °ɋ ɜ ɨɛɥɚɫɬɢ ɭɝɥɨɜ 2Θ = 38 – 40° ɧɚɱɢɧɚɟɬ 
ɩɪɨɹɜɥɹɬɶɫɹ ɧɚɩɥɵɜ (ɝɚɥɨ), ɤɨɬɨɪɵɣ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɮɨɪɦɢɪɭɟɬɫɹ ɜ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ ɪɟɮɥɟɤɫ. ɋɨɝɥɚɫɧɨ Д4Ж, ɷɬɨ “ɭɩɨɪɹɞɨɱɟɧɧɵɣ” ɪɟɮɥɟɤɫ (311) 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɨɛɪɚɡɨɜɚɧɢɟ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɮɚɡɵ Fe3BɌ ɫ ɩɪɨɫɬɨɣ ɪɟɲɟɬɤɨɣ (ɉɌ). Ɍɚɤɨɟ 
ɩɪɟɜɪɚɳɟɧɢɟ Fe3BɌ (ɈɐɌ) → Fe3BɌ (ɉɌ) ɩɪɢ ɧɚɝɪɟɜɟ ɜɵɲɟ 500 °ɋ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɜɫɟɯ 
ɢɫɫɥɟɞɭɟɦɵɯ ɥɟɧɬ. ɇɨ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɧɚɝɪɟɜɟ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɥɟɧɬ 
ɧɚɛɥɸɞɚɸɬɫɹ ɢ ɨɬɥɢɱɢɹ. Ɍɚɤ, ɞɥɹ ɥɟɧɬɵ 3 ɩɨɥɭɱɟɧɧɨɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɤɚɥɤɢ 1500 °ɋ, ɩɪɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɧɚɝɪɟɜɚɯ ɜɵɲɟ 500 °ɋ ɧɚɛɥɸɞɚɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɪɟɮɥɟɤɫɵ ɧɚ 
ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɯ. ɂɯ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɤ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɦɭ ɛɨɪɢɞɭ Fe3BɈ. 
Ⱥɧɚɥɨɝɢɱɧɵɟ ɞɚɧɧɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɥɹ ɨɩɵɬɨɜ 2 ɢ 4. 
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Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɩɪɢɱɢɧɵ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɝɨ ɛɨɪɢɞɚ ɜ ɥɟɧɬɚɯ ɡɚɤɚɥɟɧɧɵɯ ɨɬ 
1500 °C ɢ 1550 °C ɜɵɩɨɥɧɢɥɢ ɪɟɧɬɝɟɧɨ-ɞɢɮɪɚɤɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɮɚɡ ɨɛɪɚɡɨɜɚɧɧɵɯ ɩɨɫɥɟ 
ɧɚɝɪɟɜɚ ɞɨ 450 °ɋ (ɩɟɪɟɞ ɩɨɹɜɥɟɧɢɟɦ Fe3BɌ (ɉɌ) ɢ Fe3BɈ ɛɨɪɢɞɨɜ). Ⱦɥɹ ɤɚɠɞɨɣ ɢɡ ɥɟɧɬ 
ɩɚɪɚɦɟɬɪɵ ɪɟɲɟɬɤɢ ɮɚɡ α-Fe ɢ Fe3BɌ (ɈɐɌ) ɜ ɩɪɟɞɟɥɚɯ ɨɲɢɛɤɢ ɨɞɢɧɚɤɨɜɵ ɞɥɹ ɤɨɧɬɚɤɬɧɨɣ ɢ 
ɞɥɹ ɫɜɨɛɨɞɧɨɣ ɫɬɨɪɨɧ. ɉɪɢ ɷɬɨɦ, ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ α-Fe ɞɥɹ ɥɟɧɬ ɡɚɤɚɥɟɧɧɵɯ ɨɬ ɪɚɡɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪ ɫɨɜɩɚɞɚɸɬ (ɪɢɫ. 2 ɚ). ȼ ɬɨɠɟ ɜɪɟɦɹ, ɟɫɥɢ ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ, ɫ, Fe3BɌ (ɈɐɌ) 
ɛɨɪɢɞɚ ɞɥɹ ɥɟɧɬ ɡɚɤɚɥɟɧɧɵɯ ɨɬ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ, ɬɨ ɩɚɪɚɦɟɬɪ 
ɪɟɲɟɬɤɢ, ɚ, ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ (ɪɢɫ. 2 ɛ). Ɍɚɤ ɞɥɹ ɥɟɧɬ ɨɩɵɬɨɜ 3 ɢ 4 (ɬɟɦɩɟɪɚɬɭɪɚ 
ɡɚɤɚɥɤɢ 1500 ɢ 1550 °C ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ Fe3BɌ (ɈɐɌ) ɛɨɪɢɞɚ ɡɧɚɱɢɬɟɥɶɧɨ 
ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɥɟɧɬ ɨɩɵɬɨɜ 1 ɢ 2 (ɪɚɡɧɢɰɚ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɨɲɢɛɤɭ). Ʉɪɨɦɟ 
ɬɨɝɨ, ɡɧɚɱɟɧɢɹ ɦɢɤɪɨɧɚɩɪɹɠɟɧɢɣ (ɈɐɌ) ɛɨɪɢɞɚ ɞɥɹ ɥɟɧɬ ɡɚɤɚɥɟɧɧɵɯ ɨɬ 1500, 1550 °C ɜɵɲɟ, 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɥɟɧɬɚɦɢ ɡɚɤɚɥɟɧɧɵɦɢ ɨɬ 1300, 1400 °C, ɩɪɢ ɫɪɚɜɧɢɦɵɯ ɪɚɡɦɟɪɚɯ 
ɤɪɢɫɬɚɥɥɢɬɨɜ. ɉɨɷɬɨɦɭ ɦɵ ɩɪɟɞɩɨɥɚɝɚɟɦ, ɱɬɨ Fe3BɌ (ɈɐɌ) ɛɨɪɢɞ ɨɛɪɚɡɨɜɚɧɧɵɣ ɜ ɥɟɧɬɚɯ 
ɨɩɵɬɨɜ 3 ɢ 4 ɹɜɥɹɟɬɫɹ ɢɫɤɚɠɟɧɧɵɦ. 

   

Ɋɢɫ. 2. Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɟɲɟɬɤɢ ɮɚɡ ɞɥɹ ɫɜɨɛɨɞɧɨɣ ɫɬɨɪɨɧɵ ɥɟɧɬ ɩɨɫɥɟ ɧɚɝɪɟɜɚ ɞɨ 
450 °C, ɝɞɟ: ɚ - ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ α-Fe; ɛ - ɩɚɪɚɦɟɬɪ ɪɟɲɟɬɤɢ, ɚ, ɛɨɪɢɞɚ FО3B (ɈɐɌ) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɢɞɢɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɦɨɪɮɧɨɝɨ Fe82B18 ɫɩɥɚɜɚ 
ɨɛɪɚɡɨɜɚɧɢɟ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɝɨ ɛɨɪɢɞɚ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɜ ɥɟɧɬɚɯ ɡɚɤɚɥɟɧɧɵɯ ɨɬ 1500 °C ɢ 
1550 °C. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɚɧɧɵɦɢ ɩɨ ɜɹɡɤɨɫɬɢ, ɷɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɤɚɥɤɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɫɬɪɭɤɬɭɪɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɪɚɫɩɥɚɜɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɥɟɧɬɵ ɡɚɤɚɥɟɧɧɵɟ 
ɨɬ 1300 ɢ 1400 °C ɩɨɥɭɱɟɧɵ ɢɡ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ɂ ɷɬɢ 
ɫɨɫɬɨɹɧɢɹ ɪɚɫɩɥɚɜɚ ɨɬɥɢɱɚɸɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ ɫɬɪɭɤɬɭɪɨɣ ɛɥɢɠɧɟɝɨ ɩɨɪɹɞɤɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɧɚɝɪɟɜ ɬɚɤɢɯ ɚɦɨɪɮɧɵɯ ɥɟɧɬ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɪɚɡɥɢɱɢɸ ɜ ɦɟɯɚɧɢɡɦɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 
Ʌɟɧɬɵ ɡɚɤɚɥɟɧɧɵɟ ɨɬ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɪɚɫɩɥɚɜɚ ɩɨɫɥɟ ɧɚɝɪɟɜɚ ɞɨ 350 °C ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ 
ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ α-Fe ɢ Fe3BɌ (ɈɐɌ) ɫ ɪɚɡɥɢɱɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɲɟɬɤɢ. ɂɫɤɚɠɟɧɧɵɣ (ɈɐɌ) 
ɛɨɪɢɞ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɥɟɧɬɚɯ ɡɚɤɚɥɟɧɧɵɯ ɢɡ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɪɚɫɩɥɚɜɚ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɥɟɧɬ, Fe3BɌ (ɈɐɌ) ɬɪɚɧɫɮɨɪɦɢɪɭɟɬɫɹ ɜ Fe3BɌ 
(ɉɌ), ɚ ɢɫɤɚɠɟɧɧɵɣ Fe3BɌ (ɈɐɌ) ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ Fe3BɌ (ɉɌ) ɫ ɨɪɬɨɪɨɦɛɢɱɟɫɤɢɦ Fe3BɈ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɪɚɡɨɜɚɧɢɟ ɨɪɬɨɪɨɦɛɢɱɟɫɤɨɝɨ ɛɨɪɢɞɚ ɩɪɢ ɧɚɝɪɟɜɟ ɚɦɨɪɮɧɵɯ Fe82B18 ɥɟɧɬ 
ɫɜɹɡɚɧɨ ɫɨ ɫɬɪɭɤɬɭɪɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ. 
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ɋɨɜɪɟɦɟɧɧɵɟ ɨɡɨɧɨɛɟɡɨɩɚɫɧɵɟ HFC-ɯɥɚɞɚɝɟɧɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ ɛɢɧɚɪɧɵɟ, ɬɪɨɣɧɵɟ ɢ ɞɚɠɟ ɪɚɫɬɜɨɪɵ ɫ ɱɟɬɵɪɶɦɹ ɤɨɦɩɨɧɟɧɬɚɦɢ Д1–3]. 
Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ɤɨɦɩɨɡɢɰɢɣ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɚɧɨɜɹɬɫɹ ɜɚɠɧɵɦ 
ɷɥɟɦɟɧɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ.  

ɂɫɩɨɥɶɡɨɜɚɧ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɨɫɬɭɥɚɬ ɨ ɩɟɪɟɧɨɫɟ ɬɟɩɥɨɬɵ ɜ ɠɢɞɤɨɫɬɹɯ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɦɢ 
ɝɢɩɟɪɚɤɭɫɬɢɱɟɫɤɢɦɢ ɜɨɥɧɚɦɢ.  

Ⱦɥɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɱɢɫɬɵɯ ɠɢɞɤɨɫɬɟɣ ɢɡɜɟɫɬɧɨ ɫɨɨɬɧɨɲɟɧɢɟ Д4, 5Ж 

                            ɤɪ2/3 1/32,12 ( )pu c k
    ,                                                  (1) 

ɝɞɟ u – ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ, ɤɪ – ɩɥɨɬɧɨɫɬɶ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ, ɪɫ  – ɢɡɨɛɚɪɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, k 

– ɩɨɫɬɨɹɧɧɚɹ Ȼɨɥɶɰɦɚɧɚ. 
ɉɨɫɥɟɞɭɸɳɢɣ ɚɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɢ ɜɜɟɞɟɧɢɟ ɢɧɜɚɪɢɚɧɬɚ ɩɨɞɨɛɢɹ Ⱥ 

ɩɨɡɜɨɥɢɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ (1) ɜ ɜɢɞɟ Д5Ж 
                                                    * * 2Ⱥ П     ,                                                (2) 

ɝɞɟ  

                                               
* 0,7768,91

( )
0,3

Ⱥ
Ⱥ

  ,                                          (3) 

                                                
ɤɪ* 1/2 2/3

ɤɪ0,0897( )
Ɍ

v
Ɇ

  ,                               (4) 

                                           1f  ,   ɟɫɥɢ m   ,                                              (5) 

                                         21 21 ( )m
mf

   ,                                          (6) 

                                           0,359 0,056lnm A   .                                        (7) 

Ɂɞɟɫɶ *  – ɤɪɢɬɟɪɢɚɥɶɧɚɹ ɟɞɢɧɢɰɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɜɜɟɞɟɧɧɚɹ Ɏɢɥɢɩɩɨɜɵɦ Ʌ.ɉ.; 
ɤɪ /  ; 100Ⱥ  ɩɪɢ 0,625  ;  ɤɪ/ɪ ɪ  ; ɤɪ/Ɍ Ɍ  ; ɤɪ ,ɪ  ɤɪɌ , ɤɪv  – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɞɚɜɥɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɨɛɴɟɦ ɜ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɟ; Ɇ – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ. 
Ɋɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɭɪɚɜɧɟɧɢɣ (2)–(7) ɞɥɹ ɨɰɟɧɨɤ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɚɡɟɨɬɪɨɩɧɵɯ ɫɦɟɫɟɣ ɝɚɥɨɝɟɧɨɩɪɨɢɡɜɨɞɧɵɯ ɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ 
ɜɵɛɪɚɧɵ ɚɡɟɨɬɪɨɩɧɵɟ HFC- ɢ HCFC-ɪɚɫɬɜɨɪɵ R502, R503, R504, R507Ⱥ, R508Ⱥ ɢ 
ɤɜɚɡɢɚɡɟɨɬɪɨɩ R410Ⱥ, ɜ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ  ɜɯɨɞɹɬ ɱɢɫɬɵɟ ɯɥɚɞɚɝɟɧɬɵ R13, R22, R23, R32, 
R115, R125, R143ɚ ɢ R116. Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɬɢɯ ɫɦɟɫɟɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥ. 1  Д6–14]. 
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Ɍɚɛɥɢɰɚ 1 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɡɟɨɬɪɨɩɨɜ ɢ ɤɜɚɡɢɚɡɟɨɬɪɨɩɚ HFC-410Ⱥ (R410A) 

ɋɦɟɫɶ ɋɨɫɬɚɜ ɤɪ ,ɪ  Ɇɉɚ ɤɪɌ , Ʉ ɤɪ , ɤɝ/ɦ3 
Ɇ,  

ɤɝ/ɤɦɨɥɶ 
R502 R22/R115 4,01 355,31 571,8 111,629 
R503 R23/R13 4,33 292,40 564,0 87,28 
R504 R32/R115 4,33 339,25 494,5 79,2 

R507A R125/R143a 3,70 343,765 490,74 98,8592 
R508Ⱥ R23/R116 3,65 283,35 594,64 100,10 
R410A R32/R125 4,90 344,494 459,03 72,5854 

 
Ʉɪɢɬɟɪɢɚɥɶɧɵɟ ɟɞɢɧɢɰɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

 Ɍɚɛɥɢɰɚ 2 Ɂɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɚɥɶɧɵɯ ɟɞɢɧɢɰ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ *  

ɋɦɟɫɶ 
* 310  , 

ȼɬ/(ɦ·Ʉ) 
ɋɦɟɫɶ 

* 310  , 
ȼɬ/(ɦ·Ʉ) 

ɋɦɟɫɶ 
* 310  , 

ȼɬ/(ɦ·Ʉ) 
R502 4,7545 R504 6,2900 R508A 4,9490 
R503 5,6950 R507A 4,8667 R410A 6,6820 

 
Ɍɚɛɥ. 3 ɢɥɥɸɫɬɪɢɪɭɟɬ ɫɯɟɦɭ ɪɚɫɱɟɬɨɜ ɞɥɹ R503 ɢ ɡɧɚɱɟɧɢɹ ɨɬɤɥɨɧɟɧɢɣ 

*
ɪ100( ) /T T     , %. 

Ɍɚɛɥɢɰɚ 3 ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ  ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ( ɪ ) ɫ ɬɚɛɥɢɱɧɵɦɢ 

ɞɚɧɧɵɦɢ ( Ɍ ) ɞɥɹ ɚɡɟɨɬɪɨɩɚ HCFC-503 (ɯɥɚɞɚɝɟɧɬ R503) 

t, °ɋ 
' , ɤɝ/ɦ3 

   f 
3

ɪ 10  , 

ȼɬ/(ɦ·Ʉ) 

3
ɬ 10  , 

ȼɬ/(ɦ·Ʉ) 

* 3
ɪ 10  , 

ȼɬ/(ɦ·Ʉ)  , % 

–110 1538,0 0,3667 1 119 121 119,0 1,7 
–90 1481,8 0,3806 1 110,5 109 110,5 –1,3 
–70 1414,5 0,3987 1 100,7 98 100,7 –2,8 
–50 1333,4 0,4230 1,011 90,4 86 89,4 –1,0 
–30 1233,5 0,4572 1,062 81,3 74 76,6 –3,5 
10 1104,8 0,5105 1,203 73,9 63 61,4 2,5 

 
ɉɨɫɤɨɥɶɤɭ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɮɚɤɬɨɪɚ f ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɧɹɬɵ ɪɚɜɧɵɦɢ 

ɟɞɢɧɢɰɟ ɜɩɥɨɬɶ ɞɨ    = 0,5105, ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ *
ɪ  ɜ ɬɚɛɥ. 3 ɢ 4 ɫɨɨɬɜɟɬɫɬɜɭɸɬ  f 

= 1. 
 

Ɍɚɛɥɢɰɚ 4 ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɜ ɥɢɬɟɪɚɬɭɪɟ Д2–7Ж ɡɧɚɱɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

( ɬ ) ɫ ɪɚɫɫɱɢɬɚɧɧɵɦɢ ( *
ɪ ) ɞɥɹ ɚɡɟɨɬɪɨɩɨɜ R502, R504, R507Ⱥ, R508Ⱥ ɢ R410Ⱥ 

( *
ɪ100( ) /T T     , %) 

t, °ɋ 

HCFC-502 HCFC-504 HFC-507A 
3

ɬ 10  , 
ȼɬ/(ɦ·Ʉ)  , % 

3
ɬ 10  , 

ȼɬ/(ɦ·Ʉ)  , % 

3
ɬ 10  , 

ȼɬ/(ɦ·Ʉ)  , % 

–70 – – 139,0 5,8 – – 
–50 – – 126,0 5,1 – – 
–40 90,0 –0,6 – – – – 
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–30 –  114,0 5,5 – – 
–20 81,0 –1,6 – – 83,0 –27,5 
–10 – – 102,0 6,4 79,1 –25,5 
0 74,0 0,3 – – 75,2 –23,7 
10 – – 91,0 9,8 71,3 –21,5 
20 66 2,0 – – 67,5 –18,47 
30 – – 80,0 16,1 63,6 –14,46 
40 – – – – 59,7 –8,9 
50 – – 69,5 –0,7 – – 

 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 4 

t, °ɋ 

HFC-508Ⱥ HFC-410Ⱥ 
3

ɬ 10  , ȼɬ/(ɦ·Ʉ)  , % 

3
ɬ 10  , ȼɬ/(ɦ·Ʉ)  , % 

–80 93,4 –7,7 – – 
–70 87,7 –7,7 – – 
–60 82,4 –7,2 – – 
–50 77,2 –6,2 145,6 –41,6 
–30 66,9 1,8 – – 
–20 – – 126,3 –39,8 
10 – – 107,4 –35,1 
40 – – 86,7 –25,1 

 
Ɉɰɟɧɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɜɵɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɚɡɟɨɬɪɨɩɨɜ 

R502 ɢ R503 ɜɩɨɥɧɟ ɨɛɧɚɞɟɠɢɜɚɸɳɢɟ. Ɉɬɤɥɨɧɟɧɢɹ ɞɥɹ R410Ⱥ ɞɨɫɬɢɝɚɸɬ 40 %, ɞɥɹ R507Ⱥ – 
20 % ɢ ɛɨɥɟɟ. Ⱦɥɹ ɚɡɟɨɬɪɨɩɨɜ R504 ɢ R508Ⱥ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɨɝɧɨɡɨɜ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 
±10 %.  

Ⱦɥɹ ɪɚɫɬɜɨɪɨɜ ɬɟɨɪɢɹ ɞɨɥɠɧɚ ɭɱɢɬɵɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɪɚɫɫɟɹɧɢɹ ɧɨɫɢɬɟɥɟɣ 
ɧɚ ɮɥɭɤɬɭɚɰɢɹɯ ɤɨɧɰɟɧɬɪɚɰɢɢ. Ɋɚɡɜɢɬɢɟɦ ɩɨɞɨɛɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɫɬɚɥɨ ɤɥɚɫɫɢɱɟɫɤɨɟ 
ɫɨɨɬɧɨɲɟɧɢɟ Ɏɢɥɢɩɩɨɜɚ–ɇɨɜɨɫɟɥɨɜɨɣ Д4, 5Ж ɢ ɫɨɨɬɧɨɲɟɧɢɟ, ɢɧɬɟɪɩɪɟɬɢɪɭɸɳɟɟ ɬɚɤ 
ɧɚɡɵɜɚɟɦɭɸ «ɢɡɛɵɬɨɱɧɭɸ» ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɦɟɫɢ Д7Ж 

                                                 ɪ ɚɞ          (8) 

ɜ ɜɢɞɟ  
                                                   ɚɞ 1 2 3    ,       (9) 

ɝɞɟ ɪ  – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɬɜɨɪɚ, ɚɞ  – ɚɞɞɢɬɢɜɧɨɟ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɫɬɜɨɪɚ, 

  – ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, 1 2 3, ,    –ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɦɩɨɧɟɧɬɨɜ. 
ȼɵɛɨɪ ɤɨɧɤɪɟɬɧɨɝɨ ɜɢɞɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɫɬɜɨɪɨɜ ɪɟɲɚɥɫɹ, ɫɥɟɞɭɹ Ʌ.ɉ. Ɏɢɥɢɩɩɨɜɭ, ɜ 

ɩɨɥɶɡɭ ɦɚɫɫɨɜɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ Д4Ж. 
Ɋɟɡɭɥɶɬɚɬɢɜɧɨɫɬɶ ɨɰɟɧɨɤ ɩɨ ɫɨɨɬɧɨɲɟɧɢɹɦ (8) ɢ (9) ɞɥɹ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ ɪɚɛɨɱɢɯ 

ɜɟɳɟɫɬɜ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɯɧɢɤɢ – ɡɟɨɬɪɨɩɧɵɯ ɢ ɚɡɟɨɬɪɨɩɧɵɯ HFC-ɪɚɫɬɜɨɪɨɜ 
ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɬɚɛɥ. 5. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ ɦɟɬɨɞɢɤɚ ɚɩɪɨɛɢɪɨɜɚɧɚ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɚɜɬɨɪɚɦɢ, ɞɥɹ ɡɟɨɬɪɨɩɧɨɣ ɫɦɟɫɢ HFC-32 ɢ HFC-134ɚ ɫ 
ɫɨɞɟɪɠɚɧɢɟɦ 21,8 % ɩɟɪɜɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɩɨ ɦɚɫɫɟ Д19Ж (ɬɚɛɥ. 6). 
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Ɍɚɛɥɢɰɚ 5 ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ( ɷɤɫ ) ɢ ɪɚɫɫɱɢɬɚɧɧɵɯ ( ɪɚɫ ) ɡɧɚɱɟɧɢɣ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɡɟɨɬɪɨɩɨɜ R407C, R507, R410Ⱥ, R404Ⱥ  Д12–18] 

Ɍ, Ʉ ɪɚɫ ·103, 

ȼɬ/(ɦ·Ʉ) 
ɷɤɫ ·103, 

ȼɬ/(ɦ·Ʉ) ɪɚɫ ɷɤɫ/   Ɍ, Ʉ ɪɚɫ ·103, 

ȼɬ/(ɦ·Ʉ) 
ɷɤɫ ·103, 

ȼɬ/(ɦ·Ʉ) ɪɚɫ ɷɤɫ/   

R407ɋ (HFC-407C) R507 (HFC-507) 
229,07 123,5 124,4 0,99 223,15 103,4 99,1 1,05 
254,9 110,4 110,4 1,00 243,15 94,2 89,9 1,05 
272,72 100,1 101,1 1,00 283,15 75,6 72,6 1,04 
295,32 90,7 89,3 1,02 303,15 67,2 64,2 1,05 
318,85 79,4 76,7 1,03 323,15 58,3 55,7 1,05 

Ɍ, Ʉ ɪɚɫ ·103, 

ȼɬ/(ɦ·Ʉ) 
ɷɤɫ ·103, 

ȼɬ/(ɦ·Ʉ) ɪɚɫ ɷɤɫ/   Ɍ, Ʉ ɪɚɫ ·103, 

ȼɬ/(ɦ·Ʉ) 
ɷɤɫ ·103, 

ȼɬ/(ɦ·Ʉ) ɪɚɫ ɷɤɫ/   

R410Ⱥ (HFC-410A) R404Ⱥ (HFC-404A) 
228,16 140,4 141,4 0,99 233,65 94,9 95,1 1,00 
248,84 128,1 128,9 0,99 273,75 77,3 75,3 1,03 
268,17 117,0 117,1 1,00 298,15 66,3 63,1 1,05 
292,06 105,0 102,0 1,03 322,85 55,7 56,3 0,99 
308,39 95,3 91,0 1,05 – – – – 
322,99 86,6 80,4 1,08 – – – – 

 
Ɍɚɛɥɢɰɚ 6 Ɋɟɡɭɥɶɬɚɬɵ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɡɟɨɬɪɨɩɚ HFC-32/HFC-134ɚ (R32/R134ɚ) 

Ɍ, Ʉ 296,57 305,87 323,40 334,42 343,84 

ɷɤɫ ·103, 

ȼɬ/(ɦ·Ʉ) 
90,0 86,0 81,0 77,0 72,0 

ɪɚɫ ·103, 

ȼɬ/(ɦ·Ʉ) 
94,0 88,3 79,8 75,6 71,8 

ɪɚɫ ɷɤɫ/   1,04 1,03 0,99 0,98 1,00 

ɪɚɫ ·103, 

ȼɬ/(ɦ·Ʉ) * 
87,3 83,3 75,9 71,3 67,3 

ɪɚɫ ɷɤɫ/   0,97 0,97 0,94 0,93 0,94 

* ɞɚɧɧɵɟ ɩɨɥɭɱɟɧɵ ɩɨ ɦɟɬɨɞɢɤɟ Ʌɚɬɢɧɢ, ɉɚɫɫɟɪɢɧɢ, ɉɨɥɨɧɚɪɚ Д15Ж. 
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Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɚɪɨɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ 
ɢɧɞɢɜɢɞɭɚɥɶɧɵɯ ɜɟɳɟɫɬɜɚɯ (ɜɨɞɚ, ɭɝɥɟɜɨɞɨɪɨɞ, ɫɩɢɪɬ), ɨɝɪɚɧɢɱɟɧ ɢɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɫɧɢɡɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɢ ɫɜɟɪɯɭ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ Д1Ж. ȼ 
ɨɬɥɢɱɢɟ ɨɬ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ ɫɦɟɫɢ ɨɝɪɚɧɢɱɟɧ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɤɢɩɟɧɢɹ ɧɢɡɤɨɤɢɩɹɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɦɟɫɢ 
ɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ. Ʉɪɢɬɢɱɟɫɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ (Tɤ=647.096K) ɦɨɠɧɨ ɫɧɢɡɢɬɶ ɫɦɟɲɟɧɢɟɦ 
ɟɟ ɫ ɚɥɢɮɚɬɢɱɟɫɤɢɦɢ ɫɩɢɪɬɚɦɢ. Ʉɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɧɢɠɟ, ɫɦɟɫɶ ɜɨɞɵ ɫɨ ɫɩɢɪɬɨɦ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɤɚɤ ɪɚɛɨɱɟɟ ɜɟɳɟɫɬɜɨ (ɬɟɥɨ) ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ Д2Ж. 

Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɚɪɨɫɢɥɨɜɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɡɚɜɢɫɢɬ, ɤɪɨɦɟ 
ɩɪɨɱɢɯ ɮɚɤɬɨɪɨɜ, ɨɬ ɩɨɥɧɨɬɵ ɡɧɚɧɢɹ ɢ ɭɱɟɬɚ ɫɜɨɣɫɬɜ ɪɚɛɨɱɟɝɨ ɜɟɳɟɫɬɜɚ ɜ ɪɚɛɨɱɢɯ ɰɢɤɥɚɯ ɢ 
ɤɨɧɫɬɪɭɤɰɢɢ Д1Ж.ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɪɚɫɫɱɢɬɚɧɵ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɫɦɟɫɟɣ ɜɨɞɚ–ɫɩɢɪɬ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɜɵɲɟɧɢɹ ɚɛɫɨɥɸɬɧɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɄɉȾ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɩɪɢ ɡɚɦɟɧɟ ɜɨɞɵ ɧɚ ɫɦɟɫɶ ɨɩɬɢɦɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ. 
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Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ p,,T–ɡɚɜɢɫɢɦɨɫɬɢ Д3-5Ж ɨɛɨɛɳɟɧɵ ɩɨɥɢɧɨɦɢɚɥɶɧɵɦ 
ɭɪɚɜɧɟɧɢɟɦ ɫɨɫɬɨɹɧɢɹ – ɪɚɡɥɨɠɟɧɢɟɦ ɮɚɤɬɨɪɚ ɫɠɢɦɚɟɦɨɫɬɢ ɩɨ ɫɬɟɩɟɧɹɦ ɩɥɨɬɧɨɫɬɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ Д6,7Ж: 
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ȼ (1):m  – ɦɨɥɹɪɧɚɹ ɩɥɨɬɧɨɫɬɶ (ɦɨɥɶ/ɦ3); ɤɪ / , ɤɪTT / – ɩɪɢɜɟɞɟɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɢ 
ɩɪɢɜɟɞɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɪ , ɤɪT – ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ ɢ ɤɪɢɬɢɱɟɫɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ. 

ɋɪɟɞɧɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɞɚɜɥɟɧɢɹ ɩɨ ɭɪɚɜɧɟɧɢɸ (1) ɨɬ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɟɬ ɞɥɹ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ 1.1 %, ɚ ɞɥɹ ɠɢɞɤɨɣ ɢ ɝɚɡɨɜɨɣ 
1.6%[8]. 

ɍɪɚɜɧɟɧɢɟ (1) ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɪɚɫɱɟɬɚ ɜɫɟɯ ɨɫɧɨɜɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɦɟɫɟɣ ɜɨɞɚ–ɚɥɢɮɚɬɢɱɟɫɤɢɣ ɫɩɢɪɬ ɫɨɫɬɚɜɚ x=0.2, 0.5, 0.8 ɦɨɥɶɧɵɯ ɞɨɥɟɣ 
ɫɩɢɪɬɚ. ɇɚ ɪɢɫ.1-4 ɩɪɢɜɟɞɟɧɵ ɡɚɜɢɫɢɦɨɫɬɶ ɷɧɬɪɨɩɢɢ ɢ ɷɧɬɚɥɶɩɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɥɨɬɧɨɫɬɢ 
ɢ ɫɨɫɬɚɜɚ ɫɦɟɫɟɣ. 

 

 
Ɋɢɫ. 1.ɂɡɨɬɟɪɦɵ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɬɪɨɩɢɢ ɨɬ 
ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ ɜɨɞɚ–ɷɬɚɧɨɥ 0.5 ɦɨɥ. ɞɨɥɢ. 

 
Ɋɢɫ. 2. ɂɡɨɬɟɪɦɵ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɬɪɨɩɢɢ 
ɫɦɟɫɢ ɜɨɞɚ–ɷɬɚɧɨɥ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ =0.4 

 
ɇɚ ɪɢɫ.5 ɩɪɟɞɫɬɚɜɥɟɧɵ T,S-ɞɢɚɝɪɚɦɦɵ ɐɢɤɥɚ Ɋɟɧɤɢɧɚ ɫ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ(ɨɫɧɨɜɧɨɝɨ 

ɰɢɤɥɚ ɬɟɩɥɨɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɩɥɨɷɧɟɪɝɟɬɢɤɟ Д9Ж) ɞɥɹ ɜɨɞɵ, 
ɧ-ɩɪɨɩɚɧɨɥɚ ɢ ɢɯ ɫɦɟɫɟɣ. ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɰɢɤɥɚ ɞɥɹ ɫɦɟɫɟɣ ɜɨɞɚ–
ɷɬɚɧɨɥ ɢ ɜɨɞɚ-ɧ–ɩɪɨɩɚɧɨɥ. 

Ɋɢɫɭɧɤɢ 6,7 ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɡɚɜɢɫɢɦɨɫɬɶ ɚɛɫɨɥɸɬɧɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɄɉȾ ɜɫɟɣ 
ɬɟɩɥɨɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɨɬ ɫɨɫɬɚɜɚ ɫɦɟɫɟɣ ɜɨɞɚ–ɫɩɢɪɬ. 

Ʉɚɤ ɦɵ ɜɢɞɢɦ, ɱɬɨ ɞɥɹ ɦɚɥɵɯ ɡɧɚɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɞɨ 0.2 ɦɨɥ. ɞɨɥɢ ɄɉȾ ɰɢɤɥɚ 
Ɋɟɧɤɟɧɚ ɪɚɫɬɟɬ, ɚ ɞɚɥɟɟ ɭɛɵɜɚɟɬ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɦɟɫɶ ɜɨɞɵ ɫ ɷɬɚɧɨɥɨɦ ɢɥɢ ɧ-ɩɪɨɩɚɧɨɥɨɦ 
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɟɝɨ ɬɟɥɚ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɚɪɨɫɢɥɨɜɵɯ ɭɫɬɚɧɨɜɨɤ. 
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Ɋɢɫ. 3.ɂɡɨɬɟɪɦɵ ɡɚɜɢɫɢɦɨɫɬɢ ɷɧɬɚɥɶɩɢɢ ɨɬ 
ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ ɜɨɞɚ-ɷɬɚɧɨɥ 0.5 ɦɨɥ. ɞɨɥɢ 

 
Ɋɢɫ. 4. ɂɡɨɬɟɪɦɵ ɡɚɜɢɫɢɦɨɫɬɢ 
ɷɧɬɚɥɶɩɢɢ ɫɦɟɫɢ ɜɨɞɚ–ɷɬɚɧɨɥ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɥɹ =0.4 

 

 
Ɋɢɫ.5. T,S-ɞɢɚɝɪɚɦɦɵ ɰɢɤɥɚ Ɋɟɧɤɟɧɚ ɫ ɩɟɪɟɝɪɟɜɨɦ ɩɚɪɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ xɫɦɟɫɢ 
ɜɨɞɚ–ɧ-ɩɪɨɩɚɧɨɥ 

 
Ɍɚɛɥɢɰɚ 2. ȼɟɥɢɱɢɧɵ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɰɢɤɥɚ Ɋɟɧɤɟɧɚ ɫ ɩɟɪɟɝɪɟɬɵɦ ɩɚɪɨɦ ɞɥɹ ɫɢɫɬɟɦɵ 
ɜɨɞɚ–ɷɬɚɧɨɥ ɢ ɜɨɞɚ–ɧ-ɩɪɨɩɚɧɨɥ 

 
0 0.2 0.5 0.8 1 

ɜɨɞɚ–ɷɬɚɧɨɥ 
q1, Ⱦɠ/ɦɨɥɶ 20683.72 23566.51 21635.21 25949.61 25871.42 
q2, Ⱦɠ/ɦɨɥɶ 17949.79 20313.11 18742.61 23039.15 23383.61 

, Ⱦɠ/ɦɨɥɶ 3106.60 3628.13 3284.83 3236.02 2836.79 
, Ⱦɠ/ɦɨɥɶ 372.67 374.73 392.22 325.55 348.98 

, Ⱦɠ/ɦɨɥɶ 2733.93 3253.40 2892.60 2910.47 2487.81 

ηɬ, % 13.22 13.81 13.37 11.22 9.62 
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, % 9.22 9.99 9.33 7.88 6.70 
q’, Ⱦɠ/ɦɨɥɶ 22683.86 25851.51 23727.06 28476.31 28387.52 
q’’, Ⱦɠ/ɦɨɥɶ 2011.53 2505.98 2213.03 2245.04 1901.46 

ɜɨɞɚ–ɧ-ɩɪɨɩɚɧɨɥ 
q1, Ⱦɠ/ɦɨɥɶ 20683.72 21114.83 20958.67 21596.80 20340.86 
q2, Ⱦɠ/ɦɨɥɶ 17949.79 18068.39 18534.70 19071.42 17944.14 

, Ⱦɠ/ɦɨɥɶ 3106.60 3533.75 2801.40 3025.06 2798.49 
, Ⱦɠ/ɦɨɥɶ 372.67 487.31 377.43 499.68 401.76 

, Ⱦɠ/ɦɨɥɶ 2733.93 3046.44 2423.97 2525.38 2396.72 

ηɬ, % 13.22 14.43 11.57 11.69 11.78 
, % 9.22 9.99 8.02 7.99 8.14 

q’, Ⱦɠ/ɦɨɥɶ 22683.86 23143.61 22985.42 23671.74 22303.54 
q’’, Ⱦɠ/ɦɨɥɶ 2011.53 2311.25 1842.56 1892.47 1814.49 

 
 

 
Ɋɢɫ.6. Ɂɚɜɢɫɢɦɨɫɬɶ ɄɉȾ ɨɬ ɫɨɫɬɚɜɚ ɫɦɟɫɢ 
ɜɨɞɚ–ɷɬɚɧɨɥ 

 
Ɋɢɫ.7. Ɂɚɜɢɫɢɦɨɫɬɶ ɄɉȾ ɨɬ ɫɨɫɬɚɜɚ 
ɫɦɟɫɢ ɜɨɞɚ–ɧ-ɩɪɨɩɚɧɨɥ 

 
ɅɂɌȿɊАɌɍɊА 
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ɂɋɋɅȿȾɈВАɇɂȿ ɉɊɈɐȿɋɋА ȾВɍɏɎАɁɇɈɃ ɌɊȿɏɄɈɆɉɈɇȿɇɌɇɈɃ 
ɎɂɅЬɌɊАɐɂɂ ɋɂɋɌȿɆЫ «ɇȿɎɌЬ-ВɈȾА-ɋВȿɊɏɄɊɂɌɂɑȿɋɄɂɃ ɎɅɘɂȾ» В 

ɈȾɇɈɊɈȾɇɈɃ ɉɈɊɂɋɌɈɃ ɋɊȿȾȿ 
Ɋɚɞɚɟɜ Ⱥ.ȼ., Ɋɚɯɢɦɨɜ Ɋ.Ʌ., Ɂɚɤɢɟɜ ɂ.Ⱦ., ɋɚɛɢɪɡɹɧɨɜ Ⱥ.ɇ. 

ɎȽȻɈɍ ȼɉɈ «Кɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ», 
Ɋɨɫɫɢɹ, 420015, ɝ. Кɚɡɚɧɶ, ɭɥ. К. Ɇɚɪɤɫɚ, 68,  

e-mail: radaev_neftianik@mail.ru 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɮɢɥɶɬɪɚɰɢɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ 
ɦɧɨɝɨɮɚɡɧɵɯ ɫɢɫɬɟɦ ɩɪɢɦɟɧɹɸɬɫɹ ɦɨɞɟɥɢ ɮɢɥɶɬɪɚɰɢɢ ɫɢɫɬɟɦɵ «ɠɢɞɤɨɫɬɶ – ɠɢɞɤɨɫɬɶ», 
«ɠɢɞɤɨɫɬɶ – ɝɚɡ», ɨɩɢɫɵɜɚɸɳɢɟ ɦɧɨɝɨɮɚɡɧɭɸ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɭɸ ɮɢɥɶɬɪɚɰɢɸ ɫɠɢɦɚɟɦɨɣ 
ɢ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ, ɮɢɥɶɬɪɚɰɢɸ ɝɚɡɢɪɨɜɚɧɧɨɣ ɠɢɞɤɨɫɬɢ Д1,2Ж. ɋɭɳɟɫɬɜɭɸɳɢɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɢ ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɢɯ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɮɢɥɶɬɪɚɰɢɢ 
ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ ɧɚɭɱɧɨɣ ɨɫɧɨɜɨɣ ɜɬɨɪɢɱɧɵɯ ɦɟɬɨɞɨɜ ɭɜɟɥɢɱɟɧɢɹ 
ɧɟɮɬɟɨɬɞɚɱɢ (ɡɚɜɨɞɧɟɧɢɟ, ɩɚɪɨɜɵɬɟɫɧɟɧɢɟ ɢ ɬ.ɞ.), ɤɨɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɚɥɢɱɢɟɦ 
ɩɨɪɨɝɨɜɵɯ ɨɝɪɚɧɢɱɟɧɢɣ (ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɛɨɥɟɟ 0,025 Ⱦɚɪɫɢ, ɜɹɡɤɨɫɬɶ ɧɟɮɬɢ ɦɟɧɟɟ 
60 ɫɦɉɚ ). Ⱦɥɹ ɜɨɜɥɟɱɟɧɢɹ ɜ ɪɚɡɪɚɛɨɬɤɭ ɧɢɡɤɨɩɪɨɧɢɰɚɟɦɵɯ ɤɨɥɥɟɤɬɨɪɨɜ ɢ ɜɵɫɨɤɨɜɹɡɤɢɯ 
ɧɟɮɬɟɣ ɧɟɨɛɯɨɞɢɦɚ ɪɚɡɪɚɛɨɬɤɚ ɬɪɟɬɢɱɧɵɯ ɦɟɬɨɞɨɜ ɭɜɟɥɢɱɟɧɢɹ ɧɟɮɬɟɨɬɞɚɱɢ, ɨɞɢɧ ɢɡ 
ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɜɵɬɟɫɧɹɸɳɢɯ ɚɝɟɧɬɨɜ. 
ɋɜɟɪɯɤɪɢɬɢɱɟɫɤɢɟ ɜɵɬɟɫɧɹɸɳɢɟ ɚɝɟɧɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɩɨɡɞɧɟɣ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ 
ɧɟɮɬɹɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɨɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɶɸ 
ɨɛɜɨɞɧɟɧɧɨɫɬɢ, ɥɢɛɨ ɩɪɢɦɟɧɹɸɬ ɜ ɜɢɞɟ ɨɬɨɪɨɱɟɤ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɨɜ ɢ ɜɨɞɵ ɫ ɰɟɥɶɸ 
ɢɯ ɷɤɨɧɨɦɢɢ. Ɉɫɧɨɜɨɣ ɞɥɹ ɬɚɤɢɯ ɬɪɟɬɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɸɬɫɹ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɢɟ 
ɩɪɨɰɟɫɫ ɮɢɥɶɬɪɚɰɢɢ ɫɢɫɬɟɦɵ «ɠɢɞɤɨɫɬɶ-ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ», ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ 
ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɪɚɫɱɟɬɧɵɯ ɞɚɧɧɵɯ ɩɨ ɜɹɡɤɨɫɬɢ, ɩɥɨɬɧɨɫɬɢ ɜɹɡɤɨɝɨ ɩɨɬɨɤɚ, 
ɮɚɡɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɩɥɚɫɬɨɜɵɯ ɫɢɫɬɟɦɚɯ ɢ ɮɚɡɨɜɵɯ ɩɪɨɧɢɰɚɟɦɨɫɬɹɯ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɟɣ ɢɡ 
ɨɞɧɨɪɨɞɧɨɣ ɩɨɪɢɫɬɨɣ ɫɪɟɞɵ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2 ɩɪɢ ɩɥɚɫɬɨɜɵɯ ɭɫɥɨɜɢɹɯ – ɩɪɢ 
ɞɚɜɥɟɧɢɹɯ ɞɨ 14 Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 333 Ʉ, ɩɪɨɧɢɰɚɟɦɨɫɬɹɯ ɧɟɮɬɹɧɨɝɨ ɩɥɚɫɬɚ ɦɟɧɟɟ 0,01 
Ⱦɚɪɫɢ, ɜɹɡɤɨɫɬɢ ɩɥɚɫɬɨɜɨɣ ɧɟɮɬɢ ɛɨɥɟɟ 30 ɫɦɉɚ ɢ ɫɨɡɞɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɩɪɨɰɟɫɫɚ ɮɢɥɶɬɪɚɰɢɢ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ ɦɧɨɝɨɮɚɡɧɵɯ ɫɢɫɬɟɦ «ɧɟɮɬɶ-ɜɨɞɚ-
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ». 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɬɟɫɧɟɧɢɹ ɦɨɞɟɥɶɧɨɣ ɧɟɮɬɢ ɜɹɡɤɨɫɬɶɸ 38 ɫɦɉɚ ɜɨɞɨɣ ɢ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2 ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ Д3Ж ɜ ɢɧɬɟɪɜɚɥɟ 
ɞɚɜɥɟɧɢɣ ɞɨ 14 Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 333 Ʉ ɩɪɢ ɩɪɨɧɢɰɚɟɦɨɫɬɢ ɩɥɚɫɬɚ 0,038 Ⱦɚɪɫɢ. ȼ 
ɤɚɱɟɫɬɜɟ ɦɨɞɟɥɶɧɨɣ ɧɟɮɬɢ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɦɚɫɥɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɟ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 1-3. 

ɋɪɚɜɧɢɜɚɹ ɝɪɚɮɢɤɢ, ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ Ʉȼɇ ɜɨɞɨɣ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɞɚɜɥɟɧɢɹ ɧɚɝɧɟɬɚɧɢɹ ɫ 8 ɞɨ 14 Ɇɉɚ ɧɟ ɩɪɟɜɵɲɚɥɨ 5 %. Эɬɨ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɦɟɯɚɧɢɡɦ 
ɩɪɨɰɟɫɫɚ ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɢ ɜɨɞɨɣ ɨɫɧɨɜɚɧ ɧɚ ɦɟɯɚɧɢɱɟɫɤɨɦ ɩɪɨɞɚɜɥɢɜɚɧɢɢ ɨɞɧɨɣ ɠɢɞɤɨɫɬɢ 
ɞɪɭɝɨɣ, ɢɡɦɟɧɟɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɟɮɬɢ ɢ ɜɨɞɵ ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢ ɧɟ ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɰɟɫɫ. ɋɜɨɣɫɬɜɚ ɋɄɎ ɩɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɭɤɚɡɚɧɧɵɯ ɩɪɟɞɟɥɚɯ ɢɡɦɟɧɹɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ (ɩɥɨɬɧɨɫɬɶ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ 3-3,5 ɪɚɡɚ, ɞɢɧɚɦɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɧɚ 40-50 %, ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ 
ɭɦɟɧɶɲɚɟɬɫɹ ɜ 2-3 ɪɚɡɚ), ɫɜɨɣɫɬɜɚ ɩɥɚɫɬɨɜɨɣ ɧɟɮɬɢ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɸɬɫɹ. ȼɫɟ ɷɬɨ 
ɩɪɢɜɨɞɢɬ  ɤ ɜɵɪɚɜɧɢɜɚɧɢɸ ɮɪɨɧɬɚ ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɢ, ɚ ɬɚɤɠɟ ɤ ɭɜɟɥɢɱɟɧɢɸ ɟɟ ɩɨɞɜɢɠɧɨɫɬɢ 
ɜɫɥɟɞɫɬɜɢɟ ɜɵɫɨɤɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɋɄ ɋɈ2 ɜ ɧɟɣ.  
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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 
 

364 
 

 

0

0,02

0,04

0,06

0,08

0,1

0,12

0,14

0,16

0 1 2 3

КВ
Н,

 д
ол

и

О̻̍е̥ ̦̦̌̐ет̦̌ия ̏од̼, П.О.

8 Мʿ̌

ϭϬ Мʿ̌

ϭϮ Мʿ̌

ϭϰ Мʿ̌

 
Ɋɢɫ. 1. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɬɟɫɧɟɧɢɹ ɦɚɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɜɨɞɨɣ ɜ 
ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ 10-12 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 333 Ʉ ɧɚ ɦɨɞɟɥɢ ɬɟɪɪɢɝɟɧɧɨɝɨ ɩɥɚɫɬɚ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ 0,038 Ⱦɚɪɫɢ 
 

 
Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɬɟɫɧɟɧɢɹ ɦɚɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɋɄ ɋɈ2 ɜ 
ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ 8-12 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 333 Ʉ ɧɚ ɦɨɞɟɥɢ ɬɟɪɪɢɝɟɧɧɨɝɨ ɩɥɚɫɬɚ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ 0,038 Ⱦɚɪɫɢ 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ 100%-ɨɣ ɧɚɱɚɥɶɧɨɣ ɧɟɮɬɟɧɚɫɵɳɟɧɧɨɫɬɢ Ʉȼɇ ɋɄ ɞɢɨɤɫɢɞɨɦ 
ɭɝɥɟɪɨɞɚ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ Ʉȼɇ ɜɨɞɨɣ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɬɟɪɦɨɛɚɪɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ. 
Ɋɟɡɭɥɶɬɚɬɵ ɬɚɤɠɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɋɄɎ ɧɚ ɨɛɜɨɞɧɟɧɧɨɦ ɩɥɚɫɬɟ ɩɨɡɜɨɥɹɟɬ 
ɭɜɟɥɢɱɢɬɶ Ʉȼɇ ɧɚ 9-10 %, ɩɪɢ ɷɬɨɦ, ɬɪɟɛɭɟɦɵɣ ɨɛɴɟɦ ɋɄ ɋɈ2 ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 1,3 ɉ.Ɉ. 
ɦɨɞɟɥɢ ɩɥɚɫɬɚ ɢ ɩɪɢɦɟɪɧɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɛɴɟɦɭ ɋɄ ɋɈ2, ɧɚɝɧɟɬɚɟɦɨɦɭ ɜ ɧɟɨɛɜɨɞɧɟɧɧɵɣ 
ɩɥɚɫɬ ɜ ɩɪɟɞɵɞɭɳɢɯ ɨɩɵɬɚɯ. Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɚɛɥɸɞɚɟɦɨɝɨ, ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, 
ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɋɄ ɋɈ2 ɪɚɫɬɜɨɪɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɧɟɮɬɢ, ɧɨ ɢ ɜ ɜɨɞɟ. ɉɪɢ ɷɬɨɦ 
ɜɹɡɤɨɫɬɶ ɜɨɞɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɚ ɜɹɡɤɨɫɬɶ ɧɟɮɬɢ ɭɦɟɧɶɲɚɟɬɫɹ. Эɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɵɪɚɜɧɢɜɚɧɢɸ 
ɮɪɨɧɬɚ ɜɵɬɟɫɧɟɧɢɹ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɩɪɢɦɟɧɟɧɢɟ ɋɄɎ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɨɯɜɚɬɚ ɩɥɚɫɬɚ ɩɨ 
ɩɥɨɳɚɞɢ ɢ ɨɛɴɟɦɭ ɡɚ ɫɱɟɬ ɥɭɱɲɟɝɨ ɤɚɩɢɥɥɹɪɧɨɝɨ ɜɩɢɬɵɜɚɧɢɹ. 
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Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɵɬɟɫɧɟɧɢɸ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɦɚɫɥɚ ɢɡ ɦɨɞɟɥɢ 
ɨɛɜɨɞɧɟɧɧɨɝɨ ɩɥɚɫɬɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 12 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 333 Ʉ 
 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɨɫɭɳɟɫɬɜɥɟɧɚ ɚɩɪɨɛɚɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɩɪɨɰɟɫɫɚ ɞɜɭɯɮɚɡɧɨɣ ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫɢɫɬɟɦɵ «ɧɟɮɬɶ-ɜɨɞɚ-
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɣ ɮɥɸɢɞ» ɜ ɨɞɧɨɪɨɞɧɨɣ ɩɨɪɢɫɬɨɣ ɫɪɟɞɟ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɤɨɦɩɥɟɤɫɟ STARS ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɚɜɬɨɪɨɜ Д4Ж ɧɚ ɩɪɢɦɟɪɟ ɩɪɨɰɟɫɫɚ ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɢ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2 ɧɚ ɨɛɜɨɞɧɟɧɧɨɣ ɦɨɞɟɥɢ ɩɥɚɫɬɚ. Ɋɟɡɭɥɶɬɚɬɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚ ɪɢɫ. 3 ɢ 4. 

 
Ɋɢɫ.4. Ɋɟɡɭɥɶɬɚɬɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɬɟɫɧɟɧɢɹ ɦɚɫɥɚ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2 ɢɡ ɨɛɜɨɞɧɟɧɧɨɝɨ ɩɥɚɫɬɚ ɩɪɢ ɞɚɜɥɟɧɢɢ 12 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 60 0ɋ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɚɜɬɨɪɚɦɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫ ɤɚɱɟɫɬɜɟɧɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɟɪɧɨ ɨɩɢɫɵɜɚɟɬ ɩɪɨɰɟɫɫ ɜɵɬɟɫɧɟɧɢɹ 
ɧɟɮɬɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2, ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɮɢɥɶɬɪɚɰɢɢ 
ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɞɜɭɯɮɚɡɧɨɣ ɫɢɫɬɟɦɵ «ɧɟɮɬɶ-ɜɨɞɚ-ɋɄ ɋɈ2» ɧɟ ɩɪɟɜɵɲɚɟɬ 10 % ɜ ɨɛɥɚɫɬɢ 
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ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɢ ɜɨɞɨɣ ɢ ɩɪɢ ɡɚɤɚɱɤɟ ɛɨɥɟɟ ɬɪɟɯ ɩɨɪɨɜɵɯ ɨɛɴɟɦɨɜ ɋɄ ɋɈ2, ɡɧɚɱɢɬɟɥɶɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɥɭɱɟɧɚ ɜ ɩɟɪɟɯɨɞɧɨɣ ɨɛɥɚɫɬɢ, ɬɨ ɟɫɬɶ ɜ ɧɚɱɚɥɟ ɩɪɨɰɟɫɫɚ ɜɵɬɟɫɧɟɧɢɹ ɧɟɮɬɢ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ. ɉɨ ɦɧɟɧɢɸ ɚɜɬɨɪɨɜ, ɡɧɚɱɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ 
ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ ɧɚɛɥɸɞɚɸɬɫɹ ɩɟɪɟɯɨɞɧɵɟ ɪɟɠɢɦɵ ɮɢɥɶɬɪɚɰɢɢ 
ɬɪɟɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɧɚɫɵɳɟɧɢɢ ɧɟɮɬɢ ɢ ɜɨɞɵ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɦ ɋɈ2. ȼ ɩɪɨɰɟɫɫɟ ɧɚɫɵɳɟɧɢɹ ɩɥɚɫɬɨɜɵɯ ɮɥɸɢɞɨɜ ɞɢɨɤɫɢɞɨɦ ɭɝɥɟɪɨɞɚ ɩɨɞ 
ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɜɹɡɤɨɫɬɟɣ ɧɟɮɬɢ ɢ ɜɨɞɵ ɜ ɫɬɨɪɨɧɭ ɢɯ 
ɜɵɪɚɜɧɢɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɤɨɧɱɚɧɢɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɜɹɡɤɨɫɬɟɣ ɩɪɨɫɯɨɞɢɬ ɩɪɢɦɟɪɧɨ ɩɪɢ ɬɪɟɯ 
ɩɨɪɨɜɵɯ ɨɛɴɟɦɚɯ ɡɚɤɚɱɤɢ ɋɄ ɋɈ2, ɱɬɨ ɢ ɨɬɪɚɠɚɟɬɫɹ ɧɚ ɝɪɚɮɢɤɟ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɢ 
ɪɚɫɱɟɬɧɚɹ ɤɪɢɜɵɟ ɫɥɢɜɚɸɬɫɹ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɨɞɟɥɢ ɬɚɤɠɟ ɤɚɱɟɫɬɜɟɧɧɨ ɜɟɪɧɨ ɨɩɢɫɵɜɚɸɬ 
ɩɪɨɰɟɫɫ ɮɢɥɶɬɪɚɰɢɢ, ɨɞɧɚɤɨ ɩɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ ɩɨ ɧɟɣ ɜɵɲɟ, ɱɟɦ ɩɨ ɩɪɟɞɥɚɝɚɟɦɨɣ. 
ɋɜɹɡɚɧɨ ɷɬɨ ɫ ɬɟɦ, ɱɬɨ ɨɬɫɭɬɫɬɜɭɸɬ ɧɚɞɟɠɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨ 
ɫɜɨɣɫɬɜɚɦ ɮɚɡ «ɧɟɮɬɶ-ɋɄɎ», «ɜɨɞɚ-ɋɈ2», ɪɚɫɱɟɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɥɢɛɨ ɩɨ ɫɜɨɣɫɬɚɦ 
ɨɬɞɟɥɶɧɵɯ ɮɚɡ «ɧɟɮɬɶ», «ɜɨɞɚ» ɢ «ɋɈ2», ɥɢɛɨ ɩɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɫɢɫɬɟɦ 
«ɧɟɮɬɶ-ɝɚɡɨɨɛɪɚɡɧɵɣ ɋɈ2», «ɧɟɮɬɶ-ɠɢɞɤɢɣ ɋɈ2», ɚ ɱɢɫɥɨ ɮɚɡ ɫɨɜɩɚɞɚɟɬ ɫ ɱɢɫɥɨɦ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɱɬɨ ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɫɢɫɬɟɦ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ.  
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ȼɨɞɨɝɚɡɨɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ (ȼȽȼ) ɫɱɢɬɚɟɬɫɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɭɜɟɥɢɱɟɧɢɹ ɧɟɮɬɟɨɬɞɚɱɢ ɩɥɚɫɬɨɜ ɧɚ ɩɨɡɞɧɟɣ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɣ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɬɪɭɞɧɨɢɡɜɥɟɤɚɟɦɵɯ ɧɟɮɬɟɣ. ɂɯ ɞɨɥɹ ɜ 
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢ ɫɨɫɬɚɜɥɹɟɬ 55 %, ɚ ɜ Ɋɟɫɩɭɛɥɢɤɟ Ɍɚɬɚɪɫɬɚɧ ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ 85 % 
Д1Ж.  Ɍɪɟɛɭɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɨɛɵɱɢ ɬɚɤɨɣ ɧɟɮɬɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ 
ɩɪɟɨɞɨɥɟɬɶ ɩɨɪɨɝɨɜɵɟ ɨɝɪɚɧɢɱɟɧɢɹ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɬɪɚɞɢɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɨɛɵɱɢ 
ɧɟɮɬɢ Д2Ж ɢ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɧɨɜɵɦ ɥɢɰɟɧɡɢɨɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɢɡɜɥɟɱɟɧɢɹ 
ɧɟɮɬɢ (Ʉɂɇ ɛɨɥɟɟ 25 %).  

ɉɪɨɜɟɞɟɧɧɵɣ ɨɛɡɨɪ ɩɪɨɦɵɫɥɨɜɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜɨɞɨɝɚɡɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɤɚɡɵɜɚɟɬ, 
ɱɬɨ ɤ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɨɧɨ ɪɟɚɥɢɡɨɜɚɧɨ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɦ ɱɢɫɥɟ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɜ Ɋɨɫɫɢɢ 
(Ɋɨɦɚɲɤɢɧɫɤɨɟ, ɋɚɦɨɬɥɨɪɫɤɨɟ, ɋɪɟɞɧɟ-ɯɭɥɵɦɫɤɨɦ ɢ ɬ.ɞ.),  ɚ ɬɚɤɠɟ ɧɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ ɋШȺ, Ʉɚɧɚɞɟ ɢ Ⱥɪɝɟɧɬɢɧɟ. Эɮɮɟɤɬɢɜɧɨɫɬɶ ɜɨɞɨɝɚɡɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɡɚɜɢɫɢɬ ɨɬ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɮɚɤɬɨɪɨɜ: ɩɥɚɫɬɨɜɵɟ ɭɫɥɨɜɢɹ, ɫɜɨɣɫɬɜɚ ɩɥɚɫɬɨɜɵɯ ɮɥɸɢɞɨɜ, 
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ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɜɵɬɟɫɧɹɸɳɟɝɨ ɚɝɟɧɬɚ. ɋ ɰɟɥɶɸ ɭɱɟɬɚ ɩɪɢɜɟɞɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɜɨɞɨɝɚɡɨɜɨɦɭ ɜɨɡɞɟɣɫɬɜɢɸ ɧɚ 
ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɧɟɮɬɹɧɨɝɨ ɩɥɚɫɬɚ. Ⱥɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ȼȽȼ Д3-6Ж ɩɨɤɚɡɚɥ, ɱɬɨ ɬɪɟɛɭɸɬɫɹ ɧɨɜɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɩɪɨɰɟɫɫɭ ɜɵɬɟɫɧɟɧɢɹ 
ɜɹɡɤɢɯ ɢ ɜɵɫɨɤɨɜɹɡɤɢɯ ɧɟɮɬɟɣ, ɩɨɫɤɨɥɶɤɭ ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɨɥɹ ɬɪɭɞɧɨɢɡɜɥɟɤɚɟɦɵɯ ɧɟɮɬɟɣ 
ɩɪɢɭɪɨɱɟɧɚ ɢɦɟɧɧɨ ɧɟɮɬɹɦ ɜɹɡɤɨɫɬɶɸ ɛɨɥɟɟ 30 ɫɦɉɚ . ɋ ɷɬɨɣ ɰɟɥɶɸ ɫɨɡɞɚɧɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ ɪɢɫ. 1.  

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ: 1-ɤɨɦɩɪɟɫɫɨɪ ɦɟɦɛɪɚɧɧɵɣ; 2-ɛɚɥɥɨɧ 
ɩɪɨɦɟɠɭɬɨɱɧɵɣ; 3-ɛɚɥɥɨɧ ɪɚɛɨɱɢɣ; 4, 5, 7, 16, 17, 29, 41-ɦɚɧɨɦɟɬɪɵ ɨɛɪɚɡɰɨɜɵɟ; 6-ɛɥɨɤ 
ɦɚɧɨɦɟɬɪɨɜ; 8-ɛɚɥɥɨɧɵ ɧɚɤɨɩɢɬɟɥɶɧɵɟ; 9-14, 22, 23, 27, 28, 30, 39, 40,42,47-50 - ɜɟɧɬɢɥɢ 
ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ; 15-ɬɪɨɣɧɢɤ; 18-ɤɟɪɧɨɞɟɪɠɚɬɟɥɶ; 19-ɬɟɪɦɨɫɬɚɬ; 20, 21-ɝɢɥɶɡɚ; 24-
ɫɟɩɚɪɚɬɨɪ; 25-ɫɛɨɪɧɢɤ ɧɟɮɬɢ; 26-ɛɚɥɥɨɧ ɩɪɢɟɦɧɵɣ; 31-ɜɟɫɵ ɷɥɟɤɬɪɨɧɧɵɟ; 32-ɧɚɫɨɫ 
ɜɚɤɭɭɦɧɵɣ; 33-ɫɨɫɭɞ ɪɚɡɞɟɥɢɬɟɥɶɧɵɣ; 34-ɜɟɧɬɢɥɶ ɧɚɩɭɫɤɧɨɣ; 35-ɜɟɧɬɢɥɶ  ɜɚɤɭɭɦɧɵɣ; 36-
ɜɟɧɬɢɥɶ ɫɥɢɜɧɨɣ; 37-ɪɟɝɭɥɹɬɨɪ ɞɚɜɥɟɧɢɹ; 38-ɪɟɝɭɥɢɪɨɜɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 43-ɬɟɪɦɨɫɬɚɬ; 44 – 
ɭɡɟɥ ɞɨ ɧɚɫɵɳɟɧɢɹ; 45 – ɭɡɟɥ ɩɟɪɟɧɚɛɢɜɤɢ (ɜɢɛɪɨɫɬɟɧɞ); 46-ɩɚɪɨɝɟɧɟɪɚɬɨɪ; 51-ɧɚɫɨɫ 
ɩɥɭɧɠɟɪɧɵɣ 
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ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ ɫɬɪɨɝɨɣ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ Д1Ж ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ 

ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɫɭɦɦɵ  kin , ɝɞɟ ɩɟɪɜɵɣ ɱɥɟɧ ɨɛɭɫɥɨɜɥɟɧ 
ɩɟɪɟɧɨɫɨɦ ɢɦɩɭɥɶɫɚ ɩɪɢ "ɫɬɨɥɤɧɨɜɟɧɢɹɯ" ɱɚɫɬɢɰ, ɚ ɜɬɨɪɨɣ ɞɚɟɬ ɜɤɥɚɞ ɜ ɩɟɪɟɧɨɫ ɢɦɩɭɥɶɫɚ ɡɚ 
ɫɱɟɬ ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ; ɩɪɢ ɦɚɥɵɯ ɩɥɨɬɧɨɫɬɹɯ kin ɫɬɪɟɦɢɬɫɹ ɤ ɜɹɡɤɨɫɬɢ 
ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ 0(Ɍ). 

Ɉɞɧɚɤɨ ɫɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɤɢɧɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ (ɫɦ., ɧɚɩɪɢɦɟɪ, Д2Ж) ɧɟ ɩɨɡɜɨɥɹɟɬ 
ɧɚɞɟɹɬɶɫɹ ɧɚ ɩɨɥɭɱɟɧɢɟ ɫɪɚɜɧɢɬɟɥɶɧɨ ɩɪɨɫɬɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɜɹɡɤɨɫɬɢ ɫ ɦɚɥɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɩɨɞɝɨɧɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɣ ɨɛɥɚɫɬɢ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ ɨɩɢɫɚɧɢɹ ɜɹɡɤɨɫɬɢ ɮɥɸɢɞɨɜ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɦɨɞɟɥɶɧɵɟ ɬɟɨɪɢɢ ɢ ɷɦɩɢɪɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ. 

Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ Д3Ж, ɱɬɨ ɢɡɛɵɬɨɱɧɚɹ ɜɹɡɤɨɫɬɶ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ:  
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  enPT  , ;  enPT ),( .   (1ɚ) 
Ɂɞɟɫɶ P, V, T- ɞɚɜɥɟɧɢɟ, ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɫɢɫɬɟɦɵ; (P,T) - ɜɹɡɤɨɫɬɶ 

ɫɢɫɬɟɦɵ ɜ ɡɚɞɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ; ),(),(  ɌTP en  - ɢɡɛɵɬɨɱɧɚɹ ɜɹɡɤɨɫɬɶ; )(T0 - 

ɜɹɡɤɨɫɬɶ ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ;   )()(, 0  bTTen  - ɜɹɡɤɨɫɬɶ ɫɢɫɬɟɦɵ ɬɜɟɪɞɵɯ ɫɮɟɪ ɩɨ 
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,0127.00386.01103.0287.0625.01 5432 yyyyyg   

ɝɞɟ by , =1/V - ɩɥɨɬɧɨɫɬɶ ɜɟɳɟɫɬɜɚ; V
Ux   - ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ; 

),()( TPUTUU ig   - ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ; )(TUig  - ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɢɞɟɚɥɶɧɨɝɨ 

ɝɚɡɚ; ),( TPU  - ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ; 
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ɝɢɩɨɬɟɬɢɱɟɫɤɢɣ ɨɛɴɟɦ ɩɟɪɟɨɯɥɚɠɞɟɧɧɨɣ ɞɨ ɚɛɫɨɥɸɬɧɨɝɨ ɧɭɥɹ ɠɢɞɤɨɫɬɢ, 
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)0,0()0(0
0 UUH ig   -  ɷɧɬɚɥɶɩɢɹ ɢɫɩɚɪɟɧɢɹ ɩɪɢ ɚɛɫɨɥɸɬɧɨɦ ɧɭɥɟ ɬɟɦɩɟɪɚɬɭɪɵ  ɢ 

ɞɚɜɥɟɧɢɢ, ɪɚɜɧɨɦ ɧɭɥɸ, U(0,0) – ɜɧɭɬɪɟɧɧɹɹ ɷɧɟɪɝɢɹ ɬɟɥɚ ɩɪɢ ɚɛɫɨɥɸɬɧɨɦ ɧɭɥɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢ ɧɭɥɟɜɨɦ ɞɚɜɥɟɧɢɢ;A, , b - ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɤɨɧɫɬɚɧɬɵ ɜɟɳɟɫɬɜɚ. Ʉɚɤ ɫɥɟɞɭɟɬ ɢɡ (1), 
ɢɡɛɵɬɨɱɧɚɹ ɜɹɡɤɨɫɬɶ  ɹɜɥɹɟɬɫɹ ɨɞɧɨɡɧɚɱɧɨɣ ɮɭɧɤɰɢɟɣ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  = f (x=U/V) (ɫɦ.,  ɧɚɩɪ., ɞɥɹ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ,  ɪɢɫ. 1).  

Ɉɩɢɫɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ, ɛɥɢɡɤɨɟ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ, ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ b=V0. 
Ⱦɥɹ ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɵɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɢɧɟɪɬɧɵɟ ɝɚɡɵ, ɞɢɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢ ɞɪ., 
ɮɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ V0ɢ 0

0H  ɨɛɵɱɧɨ ɩɪɢɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɚɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɜɟɳɟɫɬɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɜɹɡɤɨɫɬɢ (1) ɢ (1ɚ) ɫɨɞɟɪɠɚɬ ɜɫɟɝɨ ɥɢɲɶ 2 
ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ - A ɢ , ɬɚɤ ɠɟ, ɤɚɤ ɢ ɢɡɜɟɫɬɧɨɟ ɭɪɚɜɧɟɧɢɟ Ⱥɪɪɟɧɢɭɫɚ. ȼ ɬɨɦ ɫɥɭɱɚɟ, 
ɟɫɥɢ ɞɚɧɧɵɟ ɨ V0 ɢ 0

0H  ɨɬɫɭɬɫɬɜɭɸɬ, ɤɨɥɢɱɟɫɬɜɨ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɨɧɫɬɚɧɬ, ɤɨɬɨɪɵɟ ɧɚɞɨ 
ɧɚɣɬɢ ɢɡ ɞɚɧɧɵɯ ɩɨ ɜɹɡɤɨɫɬɢ, ɜ ɭɪɚɜɧɟɧɢɹɯ (1) ɢ (1ɚ) ɜɨɡɪɚɫɬɚɟɬ ɞɨ ɱɟɬɵɪɟɯ - A, , V0 ɢ x0. 
ɍɪɚɜɧɟɧɢɹ (1) ɢ (1ɚ) ɨɩɢɫɵɜɚɸɬ ɡɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ 
ɜɟɳɟɫɬɜ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚ (ɬɚɛɥɢɰ) ɜɨ ɜɫɟɦ ɢɡɭɱɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ Д3Ж. ȼ ɪɚɛɨɬɟ Д4Ж ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɪɹɞ ɢɡɜɟɫɬɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɜɹɡɤɨɫɬɢ (Эɣɪɢɧɝɚ, Ɏɪɟɧɤɟɥɹ, Ⱥɧɞɪɚɞɟ ɢ ɞɪ.) ɹɜɥɹɸɬɫɹ ɱɚɫɬɧɵɦɢ ɫɥɭɱɚɹɦɢ 
ɭɪɚɜɧɟɧɢɣ (1) ɢ (1ɚ). 

ȼ ɪɚɛɨɬɟ  Д3Ж ɪɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɪɹɞɚ ɜɟɳɟɫɬɜ ɩɪɨɜɟɞɟɧ ɧɚɦɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ  ɩɨ ɩɥɨɬɧɨɫɬɢ,  ɷɧɬɚɥɶɩɢɢ ɢ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ, ɱɬɨ, 
ɤɨɧɟɱɧɨ ɠɟ, ɹɜɥɹɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ, ɩɨɫɤɨɥɶɤɭ ɡɚɬɪɭɞɧɹɟɬ ɩɪɢɦɟɧɟɧɢɟ 
ɩɪɟɞɥɨɠɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɩɪɚɤɬɢɱɟɫɤɢɯ ɰɟɥɹɯ. 

Ɍɚɤ ɤɚɤ ɜ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɜɹɡɤɨɫɬɢ (1) ɢ (1ɚ) ɜɯɨɞɹɬ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɩɥɨɬɧɨɫɬɶ 
(ɭɞɟɥɶɧɵɣ ɨɛɴɟɦ) ɜɟɳɟɫɬɜɚ, ɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɨɛɵɱɧɨ ɜ ɤɚɱɟɫɬɜɟ ɧɟɡɚɜɢɫɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɫɨɫɬɨɹɧɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɞɚɜɥɟɧɢɟ, ɬɨ  ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɜɹɡɤɨɫɬɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ ɧɚɞɨ ɢɦɟɬɶ ɟɞɢɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɝɚɡɚ, 
ɠɢɞɤɨɫɬɢ ɢ ɮɥɸɢɞɚ.  

Эɧɟɪɝɢɸ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  VTU ,  ɦɨɠɧɨ ɧɚɣɬɢ ɫ ɩɨɦɨɳɶɸ ɢɡɜɟɫɬɧɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɬɟɪɦɨɞɢɧɚɦɢɤɢ, ɟɫɥɢ ɢɡɜɟɫɬɟɧ ɮɚɤɬɨɪ ɫɠɢɦɚɟɦɨɫɬɢ 
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VTUTUVTU ig 0
2,)(, ,   (3)  

ɝɞɟR – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ,  - ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ. 
Ɋɚɧɟɟ ɜ ɪɚɛɨɬɟ Д5Ж ɫ ɩɨɦɨɳɶɸ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜ Д6Ж ɬɟɪɦɢɱɟɫɤɨɝɨ ɢ ɤɚɥɨɪɢɱɟɫɤɨɝɨ 

ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɢɡ (1),  (1ɚ) ɩɨɥɭɱɟɧɨ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɪɟɚɥɶɧɵɯ ɝɚɡɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɞɨ 1000 Ʉ, ɞɚɜɥɟɧɢɹɯ ɞɨ 100 Ɇɉɚ 
ɢ ɩɥɨɬɧɨɫɬɹɯ ɞɨ 1,5 ɋ.  

Ɋɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɹɡɤɨɫɬɢ ɜ ɭɤɚɡɚɧɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ 
ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɩɨ ɜɹɡɤɨɫɬɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɢ ɞɪɭɝɢɯ ɝɚɡɨɜ 
ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ.  

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɞɥɹ ɪɚɫɱɟɬɚ ɜɹɡɤɨɫɬɢ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɥɨɬɧɨɫɬɟɣ ɨɬ 
ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ ɞɨ ɩɥɨɬɧɨɫɬɢ ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ ɩɪɢɜɥɟɱɟɧɨ ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɧɚɦɢ ɟɞɢɧɨɟ 
ɦɚɥɨɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɬɟɪɦɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ,  
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ɩɪɢɜɟɞɟɧɧɨɟ ɜ Д7Ж. Эɬɨ ɭɪɚɜɧɟɧɢɟ ɜ ɩɪɢɜɟɞɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ  
c
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T  ɞɥɹ ɮɚɤɬɨɪɚ 

ɫɠɢɦɚɟɦɨɫɬɢ Z=PV/RT ɢɦɟɟɬ ɜɢɞ (ɋ, Ɍɋ,, Ɋɋ- ɩɚɪɚɦɟɬɪɵ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ):                 
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  (4) 

ɍɪɚɜɧɟɧɢɟ (4) ɫɨɞɟɪɠɢɬ 10 ɷɦɩɢɪɢɱɟɫɤɢɯ ɩɨɞɝɨɧɨɱɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. ɍɪɚɜɧɟɧɢɟ (4) 
ɨɩɢɫɵɜɚɟɬ ɮɚɤɬɨɪ ɫɠɢɦɚɟɦɨɫɬɢ ɮɥɸɢɞɚ “ɧɨɪɦɚɥɶɧɵɯ“ ɜɟɳɟɫɬɜ ɞɨ 100 Ɇɉɚ ɢ 1000Ʉ ɩɪɢ 
ɩɥɨɬɧɨɫɬɹɯ  ɨɬ ɧɭɥɹ  ɞɨ ɩɥɨɬɧɨɫɬɢ ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ ɜ ɨɫɧɨɜɧɨɦ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɟɣ 
ɨɩɵɬɧɵɯ  (ɬɚɛɥɢɱɧɵɯ) ɞɚɧɧɵɯ. ɉɨɫɤɨɥɶɤɭ ɜ ɪɚɫɱɟɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɜɹɡɤɨɫɬɢ (1) ɢ (1ɚ) 
ɜɯɨɞɢɬ ɩɥɨɬɧɨɫɬɶ, ɬɨ ɢɡ ɭɪɚɜɧɟɧɢɹ (4) ɜɧɚɱɚɥɟ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ 
ɩɥɨɬɧɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ, ɚ ɡɚɬɟɦ ɩɨ ɭɪɚɜɧɟɧɢɸ (3) 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ  VTU , :          246
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Ɂɚɦɟɬɢɦ, ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ (3) ɞɥɹ ɷɧɟɪɝɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Uɩɪɢ ɪɚɫɱɟɬɟ ɜɹɡɤɨɫɬɢ ɜɯɨɞɹɬ ɬɨɥɶɤɨ 6 ɢɡ 10 ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ 
ɭɪɚɜɧɟɧɢɟ (4) ɞɥɹ ɮɚɤɬɨɪɚ ɫɠɢɦɚɟɦɨɫɬɢ Z. 

Ɂɚɬɟɦ, ɩɨɞɫɬɚɜɢɜ VUx   ɩɨ (3), (5) ɜ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɡɛɵɬɨɱɧɨɣ 
ɜɹɡɤɨɫɬɢ  (1ɚ), ɩɨɥɭɱɢɦ ɡɚɜɢɫɢɦɨɫɬɶ ɜɹɡɤɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɬɨɪɚɹ ɜ 
ɩɪɢɜɟɞɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
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Ɋɢɫ. 1. ɂɡɛɵɬɨɱɧɚɹ ɜɹɡɤɨɫɬɶ CO2 ɩɨ Д3Ж 
ɤɚɤ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ U/V ɜ ɨɛɥɚɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪ 220…1000 Ʉ ɢ ɞɚɜɥɟɧɢɣ 
0,1…100 Ɇɉɚ 

Ɋɢɫ.2. ɋɪɚɜɧɟɧɢɟ ɬɚɛɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ 
ɜɹɡɤɨɫɬɢ (ɫɢɦɜɨɥɵ) Д8, 9Ж ɫ ɪɚɫɱɟɬɨɦ ɩɨ (3) - 
(6) (ɥɢɧɢɢ) ɞɥɹ CO2 ɩɪɢ ɩɥɨɬɧɨɫɬɹɯ ɨɬ 0 ɞɨ 
ɩɥɨɬɧɨɫɬɢ ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ tr. 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

371 
 

ȼ (6), ɤɚɤ ɭɠɟ ɭɩɨɦɢɧɚɥɨɫɶ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɯɨɞɹɬ ɱɟɬɵɪɟ ɷɦɩɢɪɢɱɟɫɤɢɯ ɩɨɞɝɨɧɨɱɧɵɯ 
ɤɨɷɮɮɢɰɢɟɧɬɚ - Ⱥ, ,x0,ɚ ɬɚɤɠɟV0ɞɥɹ ɪɚɫɱɟɬɚ ɜɹɡɤɨɫɬɢ ɫɢɫɬɟɦɵ ɬɜɟɪɞɵɯ ɫɮɟɪ (2) ɩɨ Эɧɫɤɨɝɭ, 
ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɣɞɟɧɵ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɜɹɡɤɨɫɬɢ. ȼ ɬɟɯ ɠɟ ɫɥɭɱɚɹɯ, 
ɤɨɝɞɚ ɢɡɜɟɫɬɧɵ H0

0ɢ V0, ɱɢɫɥɨ ɷɦɩɢɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɧɚɞɨ ɧɚɣɬɢ ɢɡ ɞɚɧɧɵɯ 
ɩɨ ɜɹɡɤɨɫɬɢ, ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ ɞɜɭɯ – Aɢ . Эɬɨ ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɪɢ ɪɚɫɱɟɬɟ ɷɬɢɯ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɨɠɧɨ ɛɭɞɟɬ ɨɝɪɚɧɢɱɢɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɦɢ ɨɛɴɟɦɚɦɢ ɢɫɯɨɞɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɜɹɡɤɨɫɬɢ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɫɫɱɢɬɚɧ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɞɢɨɤɫɢɞɚ ɭɝɥɟɪɨɞɚ ɜ ɢɧɬɟɪɜɚɥɟ 
ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ: ɩɨ ɬɟɦɩɟɪɚɬɭɪɚɦ – ɞɨ 1000 Ʉ, ɩɨ ɞɚɜɥɟɧɢɹɦ – ɞɨ 100 Ɇɉɚ, ɩɨ 
ɩɥɨɬɧɨɫɬɢ – ɨɬ 0 ɞɨ ɩɥɨɬɧɨɫɬɢ ɜ ɬɪɨɣɧɨɣ ɬɨɱɤɟ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɩɨ ɜɹɡɤɨɫɬɢ ɞɥɹ 
ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ⱥ ɢ   ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɚɛɥɢɱɧɵɟ ɞɚɧɧɵɟ ɢɡ ɫɩɪɚɜɨɱɧɢɤɚ ȼ.ȼ. 
Ⱥɥɬɭɧɢɧɚ Д8Ж ɢ ɨɛɡɨɪɚ Д9Ж. ȼ ɪɚɫɱɟɬɚɯ ɢɫɩɨɥɶɡɨɜɚɧɵ ɡɧɚɱɟɧɢɹ H0

0 ɢ V0, ɩɪɢɜɟɞɟɧɧɵɟ ɜ Д8Ж. ɇɚ 
ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ (6) ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɹɡɤɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɧɚ ɢɡɨɛɚɪɚɯ. Ʉɚɤ ɩɨɤɚɡɚɥ ɚɧɚɥɢɡ, ɪɚɫɯɨɠɞɟɧɢɹ ɦɟɠɞɭ 
ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɩɨ (6) ɢ ɬɚɛɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜɹɡɤɨɫɬɢ CO2 ɩɨ Д8, 9Ж ɜ ɨɫɧɨɜɧɨɦ ɧɟ 
ɩɪɟɜɵɲɚɸɬ ɩɨɝɪɟɲɧɨɫɬɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɜɹɡɤɨɫɬɢ ɪɚɡɧɵɯ ɚɜɬɨɪɨɜ – ɩɨɪɹɞɤɚ 
(2–5)%, ɤɪɨɦɟ ɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ, ɝɞɟ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɡɚɜɢɫɢɬ, ɜ ɱɚɫɬɧɨɫɬɢ, ɨɬ 
ɫɩɨɫɨɛɚ ɢɡɦɟɪɟɧɢɣ.  
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ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɞɥɹ ɹɞɟɪɧɵɯ ɪɟɚɤɬɨɪɨɜ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɪɚɫɩɥɚɜɵ ɧɚɬɪɢɣ–ɫɜɢɧɟɰ (ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɫɜɢɧɰɚ ɞɨ 10 ɚɬ. %) Д1Ж ɢ ɫɩɥɚɜ 
ɤɚɥɢɣ–ɫɜɢɧɟɰ ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ (90,7 ɚɬ. % Pb) Д2Ж. ɋɩɥɚɜɵ ɫɢɫɬɟɦɵ Na–Pb ɫ ɦɚɥɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɫɜɢɧɰɚ ɹɜɥɹɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɟɟ ɩɨɠɚɪɨɨɩɚɫɧɵɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ  ɫ ɱɢɫɬɵɦ 
ɧɚɬɪɢɟɦ Д1Ж, ɚ ɧɟɛɨɥɶɲɢɟ ɞɨɛɚɜɤɢ ɤɚɥɢɹ ɜ ɫɜɢɧɟɰ ɩɨɧɢɠɚɸɬ ɨɤɢɫɥɢɬɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ 
ɪɚɫɩɥɚɜɚ Д2Ж, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɟɝɨ ɤɨɪɪɨɡɢɣɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɚɦ ɧɚ ɨɫɧɨɜɟ ɯɪɨɦɢɫɬɨɣ ɫɬɚɥɢ. Ɉɞɧɚɤɨ ɦɧɨɝɢɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɬɪɚɧɫɩɨɪɬɧɵɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɢɯ ɫɢɫɬɟɦ Na–Pb ɢ K–Pb ɢɡɭɱɟɧɵ 
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ɧɟɞɨɫɬɚɬɨɱɧɨ ɧɚɞɟɠɧɨ ɢ ɩɨɞɪɨɛɧɨ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɚɧɚɥɢɡ ɩɟɪɫɩɟɤɬɢɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɢɯ 
ɪɚɫɩɥɚɜɨɜ ɜ ɤɚɱɟɫɬɜɟ ɨɯɥɚɠɞɚɸɳɢɯ ɠɢɞɤɨɫɬɟɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɪɚɫɯɨɠɞɟɧɢɟ ɥɢɬɟɪɚɬɭɪɧɵɯ 
ɞɚɧɧɵɯ ɩɨ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɥɚɜɨɜ K–Pb ɞɨɫɬɢɝɚɟɬ 4 %, ɚ ɞɚɧɧɵɟ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɜɡɚɢɦɧɨɣ 
ɞɢɮɮɭɡɢɢ ɜ ɷɬɢɯ ɪɚɫɩɥɚɜɚɯ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɩɨɥɧɨɫɬɶɸ ɨɬɫɭɬɫɬɜɭɸɬ. 

 

 
 
Ɋɢɫ. 1. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɛɵɬɨɱɧɨɝɨ ɦɨɥɶɧɨɝɨ ɨɛɴɟɦɚ ɠɢɞɤɨɣ ɫɢɫɬɟɦɵ K–Pb 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 880 K: 1 – ɧɚɲɢ ɞɚɧɧɵɟ; 2 – ɞɚɧɧɵɟ Д3Ж 

 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɦɟɬɨɞɨɦ ɩɪɨɫɜɟɱɢɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɭɡɤɢɦ ɩɭɱɤɨɦ ɦɨɧɨɯɪɨɦɚɬɢɱɟɫɤɨɝɨ 

ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɩɥɨɬɧɨɫɬɶ ɢ ɨɛɴɟɦɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɠɢɞɤɢɯ ɫɩɥɚɜɨɜ ɧɚɬɪɢɣ–ɫɜɢɧɟɰ (ɞɨ 70 ɚɬ. % Pb) ɢ ɤɚɥɢɣ–ɫɜɢɧɟɰ (ɨɬ 30 ɞɨ 90,7 
ɚɬ. % Pb)ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ ɞɨ 950 Ʉ. ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɥɨɬɧɨɫɬɢ ɨɰɟɧɢɜɚɟɬɫɹ ɜ ± 0,2–0,4 %. ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ 
ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨɫɬɪɨɟɧɵ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɪɚɫɩɥɚɜɨɜ Na–Pb ɢ K–Pb ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɩɚɪɚɦɟɬɪɨɜ 
ɫɨɫɬɨɹɧɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɥɶɧɨɝɨ ɨɛɴɟɦɚ 
ɤɚɤ ɫɢɫɬɟɦɵ ɧɚɬɪɢɣ–ɫɜɢɧɟɰ, ɬɚɤ ɢ ɫɢɫɬɟɦɵ ɤɚɥɢɣ–ɫɜɢɧɟɰ ɫɢɥɶɧɨ ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ  ɩɪɚɜɢɥɚ 
ɚɞɞɢɬɢɜɧɨɫɬɢ ɞɥɹ ɢɞɟɚɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ. ɉɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɟɟ ɨɬɤɥɨɧɟɧɢɟ (ɨɤɨɥɨ 27 %) 
ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɷɤɜɢɚɬɨɦɧɨɝɨ ɪɚɫɩɥɚɜɚ KPb, ɫɦ. ɪɢɫ. 1. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 2, ɩɨɥɭɱɟɧɧɚɹ ɧɚɦɢ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɛɴɟɦɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ(β) ɪɚɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ NК–PЛ ɬɚɤɠɟ ɜɟɞɟɬ ɫɟɛɹ 
ɧɟɨɛɵɱɧɨ, ɞɟɦɨɧɫɬɪɢɪɭɹ ɦɚɤɫɢɦɭɦ ɜ ɨɛɥɚɫɬɢ 21 ɚɬ. % Pb. Эɬɨ ɹɜɥɟɧɢɟ ɨɛɧɚɪɭɠɟɧɨ ɜɩɟɪɜɵɟ, 
ɩɨɫɤɨɥɶɤɭ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɵɞɭɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɬɟɩɥɨɜɨɝɨ ɪɚɫɲɢɪɟɧɢɹ Д4Ж ɨɬɹɝɨɳɟɧɵ 
ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɩɨɝɪɟɲɧɨɫɬɹɦɢ, ɧɟ ɩɨɡɜɨɥɹɜɲɢɦɢ ɟɝɨ ɜɵɹɜɢɬɶ.ɇɚ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ 
ɡɚɜɢɫɢɦɨɫɬɢ β ɠɢɞɤɨɣ ɫɢɫɬɟɦɵ K–PЛ ɬɚɤɠɟ ɨɛɧɚɪɭɠɟɧɨ ɫɢɥɶɧɨɟ ɨɬɥɢɱɢɟ ɨɬ ɡɧɚɱɟɧɢɣ, 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɞɟɚɥɶɧɨɦɭ ɪɚɫɬɜɨɪɭ, ɨɞɧɚɤɨ ɞɥɹ ɷɬɢɯ ɪɚɫɩɥɚɜɨɜ ɧɚɢɛɨɥɶɲɢɟ ɨɬɤɥɨɧɟɧɢɹ 
ɨɬ ɢɞɟɚɥɶɧɨɫɬɢ ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɨɛɥɚɫɬɢ 40–50 ɚɬ. % Pb. 
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Ɋɢɫ. 2. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ 
ɨɛɴɟɦɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɠɢɞɤɨɣ ɫɢɫɬɟɦɵ ɧɚɬɪɢɣ–ɫɜɢɧɟɰ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 700 Ʉ: 
1 – ɧɚɲɢ ɞɚɧɧɵɟ; 
2 – ɢɞɟɚɥɶɧɵɣ ɪɚɫɬɜɨɪ; 
3 – ɞɚɧɧɵɟ Д4Ж 

 
Ⱦɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɢɡɭɱɟɧɧɵɯ ɫɨɫɬɚɜɨɜ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɤɢɧɟɬɢɤɚ ɝɨɦɨɝɟɧɢɡɚɰɢɢ ɪɚɫɩɥɚɜɨɜ 

ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ 550 ɞɨ 970 Ʉ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɬɟɯɧɢɤɚ ɨɫɧɨɜɚɧɚ ɧɚ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɮɢɥɟɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɩɥɨɬɧɨɫɬɢ ɜ ɧɟɝɨɦɨɝɟɧɧɵɯ ɠɢɞɤɢɯ 
ɨɛɪɚɡɰɚɯ ɢ ɢɯ ɷɜɨɥɸɰɢɢ ɜɨ ɜɪɟɦɟɧɢ. ɉɪɨɮɢɥɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɥɢɫɶ ɢɡ ɢɡɦɟɪɟɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɨɫɥɚɛɥɟɧɢɹ ɢɡɥɭɱɟɧɢɹ ɜ ɪɚɫɩɥɚɜɟ ɧɚ ɪɚɡɥɢɱɧɵɯ ɜɵɫɨɬɚɯ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ 
ɞɚɧɧɵɯ ɧɚɯɨɞɢɥɢɫɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ D. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 
ɩɨɤɚɡɚɥ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɞɥɹ 
ɪɚɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ ɧɚɬɪɢɣ–ɫɜɢɧɟɰ ɢɦɟɟɬ ɦɚɤɫɢɦɭɦ ɜ ɪɚɣɨɧɟ 20 ɚɬ. % Pb, ɚ ɞɥɹ ɠɢɞɤɨɣ 
ɫɢɫɬɟɦɵ ɤɚɥɢɣ–ɫɜɢɧɟɰ – ɜ ɨɛɥɚɫɬɢ 40–50 ɚɬ. % Pb, ɫɦ. ɪɢɫ. 3. 

 

 
 
Ɋɢɫ. 3. Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɜ ɪɚɫɩɥɚɜɚɯ: 1 – 
ɫɢɫɬɟɦɵ NК–PЛ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 Ʉ; 2 – ɫɢɫɬɟɦɵ K–PЛ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 932 Ʉ; 3 – 
Na12Pb88 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 700 Ʉ ɩɨ ɞɚɧɧɵɦ Д5Ж. Шɬɪɢɯɩɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ – ɨɰɟɧɨɱɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɞɥɹ ɫɢɫɬɟɦɵ NК–Pb 
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ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ɦɨɥɶɧɨɝɨ ɨɛɴɟɦɚ, ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɡɚɢɦɧɨɣ ɞɢɮɮɭɡɢɢ ɪɚɫɩɥɚɜɨɜ ɫɢɫɬɟɦ Na–Pb ɢ K–Pbɫɜɹɡɚɧɵ ɫ 
ɬɟɧɞɟɧɰɢɟɣ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɜ ɠɢɞɤɢɯ ɫɩɥɚɜɚɯ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɩɪɨɟɤɬ №12-08-00192Иɚ). 
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ɌȿɉɅɈɉɊɈВɈȾɇɈɋɌɂ ɉɈɅɍɉɊɈВɈȾɇɂɄɈВ ɂ ȽɈɊɇЫɏ ɉɈɊɈȾ 
Эɦɢɪɨɜ ɋ.ɇ., Ɋɚɦɚɡɚɧɨɜɚ Ⱥ.Э. 

Иɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɝɟɨɬɟɪɦɢɢ  Ⱦɇɐ  ɊȺɇ, Ɋɨɫɫɢɹ, 367030  ɝ. Ɇɚɯɚɱɤɚɥɚ, ɩɪ. И. Шɚɦɢɥɹ 39-
ɚ, e-mail: wemirov@mail.ru 

 
Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɪɟɲёɬɨɱɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɬɜёɪɞɵɯ 

ɬɟɥ ɪ = 1/ , ɤɨɬɨɪɭɸ ɜ ɬɟɩɥɨɮɢɡɢɤɟ ɧɚɡɵɜɚɸɬ ɡɚɤɨɧɨɦ Эɣɤɢɧɚ Д1Ж, ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɭɞɨɛɧɵɦ 
ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɢ ɢɫɫɥɟɞɨɜɚɬɶ 
ɩɪɨɰɟɫɫɵ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɢ ɪɚɫɫɟɹɧɢɹ ɬɟɩɥɨɜɵɯ ɜɨɥɧ ɜ ɬɜёɪɞɨɦ ɬɟɥɟ ɢ ɜɨɡɦɨɠɧɵɟ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɠɢɦɚɟɦɨɫɬɢ ɢ ɫɬɪɭɤɬɭɪɵ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲёɬɤɢ.  

Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ɨɤɚɡɵɜɚɹ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 
ɪɟɲɟɬɤɭ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚ ɦɟɠɚɬɨɦɧɵɟ ɪɚɫɫɬɨɹɧɢɹ, ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɹ ɚɬɨɦɨɜ ɢ ɫɜɹɡɚɧɧɨɣ ɫ ɧɟɣ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ Ⱦɟɛɚɹ. 
ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɜɟɪɞɵɯ ɬɟɥ ɦɧɨɝɢɟ ɚɜɬɨɪɵ Д2,3Ж ɪɚɫɫɦɚɬɪɢɜɚɸɬ, 
ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɮɨɪɦɭɥɭ Ʌɟɣɛɮɪɢɞɚ-Шɥɟɦɚɧɚ Д4Ж: 

Ɍ

Ɇ
const

2

3


  ,      (1) 

ɝɞɟ Ɇ–ɦɨɥɟɤɭɥɹɪɧɵɣ ɜɟɫ, α–ɩɨɫɬɨɹɧɧɚɹ ɪɟɲɟɬɤɢ, θ=h max /k –ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ Ⱦɟɛɚɹ, h ɢ k – ɩɨɫɬɨɹɧɧɵɟ ɉɥɚɧɤɚ ɢ Ȼɨɥɶɰɦɚɧɚ, γ–ɩɚɪɚɦɟɬɪ Ƚɪɸɧɚɣɡɟɧɚ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɹ (1) ɞɚɜɥɟɧɢɟ ɞɨɥɠɧɨ ɩɪɢɜɨɞɢɬɶ ɤ ɥɢɧɟɣɧɨɦɭ ɪɨɫɬɭ ɜɟɥɢɱɢɧɵ 
ɪɟɲёɬɨɱɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. Ɉɞɧɚɤɨ ɨɛɡɨɪ ɪɚɛɨɬ, ɩɨɫɜɹɳёɧɧɵɯ ɪɟɡɭɥɶɬɚɬɚɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɢ ɝɨɪɧɵɯ ɩɨɪɨɞ Д5-11Ж ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɞɚɜɥɟɧɢɟ ɜ ɨɫɧɨɜɧɨɦ ɩɪɢɜɨɞɢɬ ɤ ɢɧɬɟɧɫɢɜɧɨɦɭ ɪɨɫɬɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɧɚɱɚɥɶɧɨɣ ɨɛɥɚɫɬɢ 
ɞɚɜɥɟɧɢɣ ɞɨ 100 Ɇɉɚ, ɚ ɞɚɥɟɟ ɧɚɛɥɸɞɚɟɬɫɹ ɦɟɧɟɟ ɢɧɬɟɧɫɢɜɧɵɣ ɪɨɫɬ.  

Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɩɪɢɱɢɧ, ɜɵɡɵɜɚɸɳɢɯ ɭ ɨɞɧɢɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɢ ɝɨɪɧɵɯ ɩɨɪɨɞ 
ɥɢɧɟɣɧɵɣ ɪɨɫɬ, ɚ ɭ ɞɪɭɝɢɯ ɢɧɬɟɧɫɢɜɧɵɣ ɪɨɫɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ 
ɞɚɜɥɟɧɢɹ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɡɦɟɪɟɧɢɣ ɩɨ ɜɥɢɹɧɢɸ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɞɨ 400 Ɇɉɚ ɜ ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 273-523 Ʉ ɧɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɥɥɭɪɚ (Ɍɟ) p-
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ɬɢɩɚ  Д12Ж ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɧɨɫɢɬɟɥɟɣ ɪ=5·1017ɫɦ‒3, ɯɚɥɶɤɨɝɟɧɢɞɚ  ɦɵɲɶɹɤɚ  (As2Se3)[13], 
ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɫɢɧɬɟɡɢɪɨɜɚɧ ɤɚɤ ɜ ɚɦɨɪɮɧɨɦ, ɬɚɤ ɢ ɜ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɹɯ 
Д14,15Ж, ɝɪɚɧɢɬɚ Д16Ж ɢ ɫɥɸɞɨɤɟɪɚɦɢɤɢ Д17Ж. 

ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɚɛɫɨɥɸɬɧɵɦ ɤɨɦɩɟɧɫɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ 
ɬɟɩɥɨɜɨɦ ɪɟɠɢɦɟ Д5Ж ɜ ɤɚɦɟɪɟ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɵ, ɩɟɪɟɞɚɸɳɟɣ 
ɞɚɜɥɟɧɢɟ, ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɝɚɡ ɚɪɝɨɧ.  

Ⱦɥɹ ɜɵɞɟɥɟɧɢɹ ɪɟɲёɬɨɱɧɨɣ ɞɨɥɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɜɥɢɹɧɢɹ 
ɞɚɜɥɟɧɢɹ ɧɚ ɩɪɨɰɟɫɫɵ ɬɟɩɥɨɩɟɪɟɧɨɫɚ, ɛɵɥɨ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ ɞɨ 400Ɇɉɚ ɜ 
ɨɛɥɚɫɬɢ ɬɟɦɩɟɪɚɬɭɪ 273-523 Ʉ ɧɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢ ɬɟɪɦɨЭȾɋ ɨɛɪɚɡɰɨɜ ɬɟɥɥɭɪɚ. ɂɡ ɷɬɢɯ 
ɞɚɧɧɵɯ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ ȼɢɞɟɦɚɧɚ-Ɏɪɚɧɰɚ ɞɥɹ ɫɥɭɱɚɹ ɧɟɜɵɪɨɠɞɟɧɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɝɚɡɚ 
ɛɵɥɚ ɞɚɧɚ ɨɰɟɧɤɚ ɜɤɥɚɞɚ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢ ɛɢɩɨɥɹɪɧɨɝɨ ɦɟɯɚɧɢɡɦɨɦ ɜ ɨɛɳɭɸ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. ȼɵɱɢɬɚɧɢɟɦ ɢɡ ɨɛɳɟɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɷɥɟɤɬɪɨɧɧɨɣ ɢ ɛɢɩɨɥɹɪɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɮɨɧɨɧɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɬɟɥɥɭɪɚ ɨɬ ɞɚɜɥɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.1. 
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Ɋɢɫ.1. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ (ɚ) ɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ (ɛ) 
Ɍɟɨɬ ɞɚɜɥɟɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɥɥɭɪɚ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɨɩɢɫɵɜɚɟɬɫɹ ɡɚɤɨɧɨɦ 

ɪ (Ɍ)=ɋɌ‒1.05. Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɥɢɧɟɣɧɨɦɭ ɪɨɫɬɭ ɪɟɲёɬɨɱɧɨɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɪɢɫ.1ɚ) ɢ ɤ ɢɡɦɟɧɟɧɢɸ ɯɚɪɚɤɬɟɪɚ ɟё ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, 
ɝɞɟ ɪ (Ɋ,Ɍ)=ɋɌ‒1.5 ɩɪɢ Ɋ=400Ɇɉɚ.Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɞ 
ɞɚɜɥɟɧɢɟɦ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɹɯ ɨɬɦɟɱɟɧɚ ɜ ɪɚɛɨɬɟ Д3Ж. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɨɜ ɬɟɥɥɭɪɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɢɦɟɟɬ ɜɢɞ ɪ (Ɍ)=ɋɌ‒0.92. Ƚɢɞɪɨɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ 
ɢɧɬɟɧɫɢɜɧɨɦɭ ɪɨɫɬɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ  ɜ ɧɚɱɚɥɶɧɨɣ  ɨɛɥɚɫɬɢ ɞɨ 100Ɇɉɚ, ɚ ɞɚɥɟɟ ɫɬɪɟɦɢɬɫɹ 
ɤ ɧɚɫɵɳɟɧɢɸ ɢ ɨɫɥɚɛɥɟɧɢɸ ɟё ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ (ɪɢɫ.1ɛ), ɝɞɟ ɪ (Ɋ,Ɍ)= ɋɌ‒0.75 ɩɪɢ 
Ɋ=400 Ɇɉɚ, ɤɨɬɨɪɨɟ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɱɚɥɨ ɩɪɨɰɟɫɫɚ ɩɟɪɟɯɨɞɚ ɫɬɪɭɤɬɭɪɵ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɥɥɭɪɚ ɨɬ ɯɪɭɩɤɨɝɨ ɤ ɩɥɚɫɬɢɱɧɨɦɭ (ɚɦɨɪɮɧɨɦɭ) ɫɨɫɬɨɹɧɢɸ Д18-20]. 

ɇɚ ɪɢɫ.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɪɟɲɟɬɨɱɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɨɛɪɚɡɰɨɜ ɬɟɥɥɭɪɚ (ɚ) ɢ ɫɨɟɞɢɧɟɧɢɹ As2Se3 (ɛ)ɨɬ ɝɢɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ 
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ɪɨɫɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɞɚɜɥɟɧɢɹ ɞɨ 100 Ɇɉɚ ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɜ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɪɚɡɰɚɯ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɫɨɟɞɢɧɟɧɢɹ.  
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Ɋɢɫ.2. Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɪɟɲɟɬɨɱɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Ɍɟ (ɚ) ɢ As2Se3(ɛ) ɨɬ 
ɞɚɜɥɟɧɢɹ  
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Ɋɢɫ. 3. Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɝɪɚɧɢɬɚ(ɚ) ɢ ɩɨɪɢɫɬɨɣ ɫɥɸɞɨɤɟɪɚɦɢɤɢ (ɛ) ɨɬ ɞɚɜɥɟɧɢɹ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ  
 

Ⱥɧɚɥɢɡɢɪɭɹ ɪɚɛɨɬɵ ɩɨ ɜɥɢɹɧɢɸ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ 
ɞɢɷɥɟɤɬɪɢɤɨɜ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɢ ɝɨɪɧɵɯ ɩɨɪɨɞД5-11Жɢ ɩɨɥɭɱɟɧɧɵɟ ɧɚɦɢ ɪɟɡɭɥɶɬɚɬɵ ɩɨ 
ɜɥɢɹɧɢɸ ɞɚɜɥɟɧɢɹ ɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɨɛɪɚɡɰɨɜ ɝɪɚɧɢɬɚД16Ж (ɪɢɫ.3ɚ) ɢ ɩɨɪɢɫɬɨɣ 
ɫɥɸɞɨɤɟɪɚɦɢɤɢД17Ж (ɪɢɫ.3ɛ),ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɝɨɪɧɵɯ ɩɨɪɨɞ ɜ ɨɛɥɚɫɬɢ ɞɚɜɥɟɧɢɣ ɞɨ 100 Ɇɉɚ ɢɦɟɸɬ 
ɩɪɢɡɧɚɤɢ ɮɚɡɨɜɨɝɨ ɩɟɪɟɯɨɞɚ 2-ɝɨ ɪɨɞɚД21Ж,ɩɪɢɱɟɦ ɨɛɪɚɬɢɦɨɝɨ, ɬ.ɤ. ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ 
ɝɢɫɬɟɪɟɡɢɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɪ (Ɋ) ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 
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ɂɡɦɟɪɢɬɟɥɢ ɂɌ-ɫ-400 ɢ ɂɌ--400 Д1, 2Ж ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 

ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɜɟɪɞɵɯ, ɫɵɩɭɱɢɯ ɢ ɠɢɞɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 180 ɞɨ 700 Ʉ. ɋɚɦɨ ɢɡɦɟɪɟɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
(ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɤɚɥɨɪɢɦɟɬɪɚ ɜ 
ɪɟɠɢɦɟ ɦɨɧɨɬɨɧɧɨɝɨ ɧɚɝɪɟɜɚ ɫɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɶɸ 0,1Ʉ/ɫ, ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɭɩɪɚɜɥɟɧɢɟɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɨɛɪɚɛɨɬɤɨɣ ɞɚɧɧɵɯ ɨɩɵɬɚ. 

ɂɫɫɥɟɞɭɟɦɵɣ 
ɨɛɪɚɡɟɰ
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Ɋɢɫ.1. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɞɟɪɧɢɡɢɪɨɜɚɧɧɵɯ ɢɡɦɟɪɢɬɟɥɟɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɂɌ-ɫ-400 ɢ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɂɌ--400 
ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɥɢɧɟɣɧɵɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɧɢɠɧɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɦɟɪɚ ɡɚ ɫɱɟɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɢ, ɩɨɞɚɜɚɟɦɨɣ ɧɚ 
ɧɚɝɪɟɜɚɬɟɥɶ. Ɍɟɦɩɟɪɚɬɭɪɵ ɚɞɢɚɛɚɬɢɱɟɫɤɨɣ ɨɛɨɥɨɱɤɢ ɢ ɚɦɩɭɥɵ ɫ ɨɛɪɚɡɰɨɦ ɜ ɜɢɞɟ ɰɢɥɢɧɞɪɚ 
ɫɟɱɟɧɢɟɦ S ɢ ɜɵɫɨɬɨɣ h, ɢɡɦɟɪɹɟɦɵɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢ ɩɨɦɨɳɢ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 
ɩɨɞɞɟɪɠɢɜɚɸɬɫɹ ɨɞɢɧɚɤɨɜɵɦɢ ɡɚ ɫɱɟɬ ɭɩɪɚɜɥɟɧɢɹ ɦɨɳɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ. 
Ɍɟɩɥɨɟɦɤɨɫɬɶ ɨɛɪɚɡɰɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɫɜɟɧɧɨ, ɩɨ ɢɡɦɟɪɟɧɧɨɦɭ ɜɪɟɦɟɧɢ ɡɚɩɚɡɞɵɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɦɟɪɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɟɝɨ ɧɢɠɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɚ ɬɚɤɠɟ ɩɨ ɢɡɜɟɫɬɧɨɣ ɦɚɫɫɟ ɨɛɪɚɡɰɚ ɢ ɤɨɧɫɬɚɧɬɚɦ ɩɪɢɛɨɪɚ. ȼ ɤɚɱɟɫɬɜɟ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (Ⱥɐɉ) ɢɫɩɨɥɶɡɨɜɚɥɢ ɦɚɥɨɝɚɛɚɪɢɬɧɵɣ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ 
ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ ȿ14-140-Ɇ Д3Ж, ɩɪɢɫɨɟɞɢɧɹɟɦɵɣ ɤ ɩɟɪɫɨɧɚɥɶɧɨɦɭ ɤɨɦɩɶɸɬɟɪɭ (ɉɄ) 
ɱɟɪɟɡ USB-ɢɧɬɟɪɮɟɣɫ. Ɇɨɞɭɥɶ ɩɨɡɜɨɥɹɟɬ ɫɬɪɨɢɬɶ ɦɧɨɝɨɤɚɧɚɥɶɧɵɟ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ 
ɫɛɨɪɚ ɚɧɚɥɨɝɨɜɵɯ ɞɚɧɧɵɯ, ɰɢɮɪɨɜɨɟ ɭɩɪɚɜɥɟɧɢɹ ɢ ɤɨɧɬɪɨɥɶ ɫɨɫɬɨɹɧɢɹ ɜɧɟɲɧɢɯ ɭɫɬɪɨɣɫɬɜ. 

Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪ, ɪɟɝɢɫɬɪɚɰɢɹ ɢ ɨɛɪɚɛɨɬɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 
ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ȿ14-140-Ɇ 
ɩɨɡɜɨɥɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 
ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɚɥɨɫɶ ɧɚ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ. 
Ɍɟɦɩ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɚ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɡɚ ɫɱɟɬ ɩɨɞɚɱɢ ɥɢɧɟɣɧɨ ɜɨɡɪɚɫɬɚɸɳɟɝɨ 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɫɢɥɢɬɟɥɶ ɦɨɳɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɡɚɤɨɧɨɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɦɟɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɚ ɧɚɝɪɟɜɚ. 

Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɜɥɢɹɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɧɚɧɨɦɚɬɟɪɢɚɥɵ ɜɨ ɜɪɟɦɹ 
ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɹɬ ɜ ɫɪɟɞɟ ɚɪɝɨɧ (ɪɢɫ. 2). ɇɚɤɚɱɤɚ ɚɪɝɨɧɚ 
ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɹɱɟɣɤɭ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɤ ɢɡɦɟɪɟɧɢɹɦ. 
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Ɋɢɫ.2. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɇɚ ɩɟɪɫɨɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ ɫɢɝɧɚɥ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ 
ɜɪɟɦɟɧɧɨɝɨ ɯɨɞɚ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɋ ɚɜɬɨɦɚɬɢɡɚɰɢɟɣ ɨɞɧɨɜɪɟɦɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɧɚ ɩɪɢɛɨɪɟ ɂɌ-ɫ-400, ɂɌ--400 ɭɞɚɥɨɫɶ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɢɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ, ɫɨɤɪɚɬɢɬɶ 
ɜɪɟɦɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɧɚɛɥɸɞɚɬɶ ɮɚɡɨɜɵɟ ɩɟɪɟɯɨɞɵ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɟɤɨɬɨɪɵɯ ɧɨɜɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. Ɉɛɪɚɛɨɬɤɚ ɞɚɧɧɵɯ ɧɚ ɩɟɪɫɨɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ ɩɨɡɜɨɥɹɟɬ ɩɨ ɢɡɦɟɪɟɧɧɵɦ 
ɜɟɥɢɱɢɧɚɦ ɨɩɪɟɞɟɥɹɬɶ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɩɨ ɭɪɚɜɧɟɧɢɸ: 

a
C

P

   

ɝɞɟ   - ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ (ɤɝ/ɦ³), 
P

C  - ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ (Ⱦɠ/(ɤɝ·Ʉ)),   - 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ (ȼɬ/(ɦ·Ʉ)). 
Ɉɛɴɟɞɢɧɟɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɜ ɟɞɢɧɭɸ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɜɨɞɢɬɶ ɤɨɦɩɶɸɬɟɪɢɡɢɪɨɜɚɧɧɵɣ ɫɛɨɪ ɞɚɧɧɵɯ ɢ ɢɯ ɨɛɪɚɛɨɬɤɭ ɜ ɩɪɨɰɟɫɫɟ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨɫɥɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɫɨɫɬɚɜɢɬ ±5%. 
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XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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TAInstruments ɹɜɥɹɟɬɫɹ ɜɟɞɭɳɢɦ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 

ɬɟɪɦɨɚɧɚɥɢɡɚ ɢ ɪɟɨɥɨɝɢɢ. Эɬɚ ɤɨɦɩɚɧɢɹ ɩɪɟɞɥɚɝɚɟɬ ɪɟɲɟɧɢɹ ɞɥɹ ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ, ɬɟɩɥɨɟɦɤɨɫɬɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɜ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ ɞɢɚɩɚɡɨɧɟ. 

TAInstruments ɩɪɨɢɡɜɨɞɢɬ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɞɢɥɚɬɨɦɟɬɪɵ, 
ɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɬɟɪɦɨɦɟɯɚɧɢɱɟɫɤɢɟ ɚɧɚɥɢɡɚɬɨɪɵ. Ⱦɢɥɚɬɨɦɟɬɪɵ ɫɟɪɢɢ DILɢɦɟɸɬ ɫɦɟɧɧɵɟ 
ɩɟɱɢ, ɤɨɬɨɪɵɟ ɨɯɜɚɬɵɜɚɸɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɨɬ -160˚ɋ ɞɨ 2300˚ɋ, ɢ ɧɟɫɤɨɥɶɤɨ 
ɜɚɪɢɚɧɬɨɜ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ, ɜɤɥɸɱɚɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɫɢɫɬɟɦɭ ɫ ɭɧɢɤɚɥɶɧɨɣ 
ɬɨɱɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ ɌɄɅɊ. Ɉɩɬɢɱɟɫɤɢɟ ɞɢɥɚɬɨɦɟɬɪɵ DIL806 ɢ ɫɟɪɢɢ Misura ɩɨɡɜɨɥɹɸɬ 
ɨɩɪɟɞɟɥɹɬɶ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɛɟɡ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɪɚɡɟɰ. 

Ⱥɧɚɥɢɡɚɬɨɪɵ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ Discovery Flash ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɜɫɩɵɲɤɢ ɢ 
ɢɦɟɸɬ ɦɨɞɭɥɶɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ. Ʉɨɦɛɢɧɢɪɭɹ ɢɫɬɨɱɧɢɤɢ ɢɡɥɭɱɟɧɢɹ ɢ ɬɟɪɦɨɫɬɚɬɵ ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɚɧɚɥɢɡɚɬɨɪ ɫ ɧɟɨɛɯɨɞɢɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. TA Instrumentsɩɪɟɞɥɚɝɚɟɬ ɬɪɢ 
ɢɫɬɨɱɧɢɤɚ: ɤɫɟɧɨɧɨɜɭɸ ɥɚɦɩɭ ɢ ɞɜɚ ɥɚɡɟɪɧɵɯ ɢɫɬɨɱɧɢɤɚ ɪɚɡɧɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɦɨɳɧɨɫɬɢ. 
Ɍɢɩ ɬɪɟɛɭɟɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɢɡɥɭɱɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɞɢɚɩɚɡɨɧɨɦ. Ɍɟɪɦɨɫɬɚɬɵ 
Discovery Flash ɨɛɟɫɩɟɱɢɜɚɸɬ ɢɡɦɟɪɟɧɢɹ ɜ ɞɢɚɩɚɡɨɧɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ -150˚ɋ ɞɨ 2800˚ɋ ɢ 
ɢɦɟɸɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɫɦɟɧɵ ɨɛɪɚɡɰɨɜ. Ⱥɧɚɥɢɡɚɬɨɪɵ Discovery Flash 
ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɬɟɩɥɨ- ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɨɛɪɚɡɰɨɜ ɫ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɩɪɢɦɟɧɹɸɬɫɹ ɚɧɚɥɢɡɚɬɨɪɵ DTCɢ 
FOX, ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɧɰɢɩ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. Ⱥɧɚɥɢɡɚɬɨɪ DTC-300 ɩɪɢɦɟɧɹɟɬɫɹ 
ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɨɛɪɚɡɨɜ ɨɬ -20˚ɋ ɞɨ 300˚ɋ. Ⱥɧɚɥɢɡɚɬɨɪɵ ɫɟɪɢɢ 
FOXɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ɉɫɨɛɟɧɧɨɫɬɶɸ FOX ɹɜɥɹɟɬɫɹ 
ɚɧɚɥɢɡ ɛɨɥɶɲɢɯ ɨɛɪɚɡɰɨɜ ɪɚɡɦɟɪɨɦ ɛɨɥɟɟ 750 ɦɦ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ ɢ 
ɩɨɜɨɪɨɬɚ ɨɛɪɚɡɰɚ ɞɥɹ ɭɫɪɟɞɧɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ. 

ȿɳɟ ɨɞɧɢɦ ɫɩɨɫɨɛɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 
ɆȾɋɄ – ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɫɤɚɧɢɪɭɸɳɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ ɫ ɦɨɞɭɥɹɰɢɟɣ ɬɟɦɩɟɪɚɬɭɪɵ. 
Ʉɚɥɨɪɢɦɟɬɪɵ Discovery DSCɢ DSCQ2000 ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɬɟɩɥɨɟɦɤɨɫɬɶ ɡɚ ɨɞɢɧ 
ɷɤɫɩɟɪɢɦɟɧɬ ɜ ɨɬɥɢɱɢɢ ɨɬ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɫɩɨɫɨɛɚ ɫ ɬɪɟɦɹ ɢɡɦɟɪɟɧɢɹɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɆȾɋɄ 
ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɬɟɩɥɨɟɦɤɨɫɬɶ ɜ ɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ASTME19152 ɤɨɦɩɚɧɢɹ TAInstruments ɜɵɩɭɫɤɚɟɬ ɧɚɛɨɪ 
ɤɚɥɢɛɪɨɜɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɪɚɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ʉɨɦɩɚɧɢɹ Intertech Corporation ɹɜɥɹɟɬɫɹ ɨɮɢɰɢɚɥɶɧɵɦ ɩɪɟɞɫɬɚɜɢɬɟɥɟɦ TAInstruments ɜ 
Ɋɨɫɫɢɢ ɢ ɫɬɪɚɧɚɯ ɛɵɜɲɟɝɨ ɋɋɋɊ. 
 
 
 
 
 
 

mailto:alevchenko@tainstruments.com
mailto:mfa@intertech-corp.ru
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АɇАɅɂɁ ɉɈȽɊȿɒɇɈɋɌɂ ɈɉɊȿȾȿɅȿɇɂЯ ɄɈɗɎɎɂɐɂȿɇɌА ȾɂɎɎɍɁɂɂ 
ɊАɋɌВɈɊɂɌȿɅȿɃ ɆȿɌɈȾɈɆ ɅɂɇȿɃɇɈȽɈ ɂɋɌɈɑɇɂɄА 

Ȼɟɥɹɟɜ ȼ.ɉ., Ɇɢɳɟɧɤɨ ɋ.ȼ., Ȼɟɥɹɟɜ ɉ.ɋ. 
Ɍɚɦɛɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

392000, ɝ. Ɍɚɦɛɨɜ, ɭɥ. ɋɨɜɟɬɫɤɚɹ, 106, E-mail: bps@asp.tstu.ru 
 
ȼɧɟɞɪɟɧɢɟ ɦɟɬɨɞɨɜ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ 

ɨɩɟɪɚɬɢɜɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɡɞɟɥɢɣ ɢ 
ɫɧɢɡɢɬɶ ɬɪɭɞɨɜɵɟ ɢ ɦɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɢɯ ɩɪɨɜɟɞɟɧɢɟ Д1-3Ж. Ɋɚɡɜɢɬɢɟ ɢɦɩɭɥɶɫɧɵɯ 
ɦɟɬɨɞɨɜ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɜ ɢɡɞɟɥɢɹɯ ɢɡ 
ɤɚɩɢɥɥɹɪɧɨ-ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ (ɄɉɆ) ɫɞɟɪɠɢɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɡɚɬɪɭɞɧɟɧɢɹɦɢ ɜ 
ɨɛɟɫɩɟɱɟɧɢɢ ɜɨɡɦɨɠɧɨɫɬɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɥɨɤɚɥɶɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɪɚɫɬɜɨɪɢɬɟɥɟɣ 
ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢɱɟɦ, ɤɚɤ ɜ ɩɥɚɧɟ ɨɛɟɫɩɟɱɟɧɢɹ ɥɨɤɚɥɶɧɨɫɬɢ 
ɢɡɦɟɪɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɞɢɮɮɭɡɚɧɬɚ ɜ ɤɨɧɤɪɟɬɧɵɯ ɬɨɱɤɚɯ ɢɡɞɟɥɢɣ, ɬɚɤ ɢ ɜ  ɤɨɧɬɟɤɫɬɟ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɝɪɚɞɭɢɪɨɜɤɢ ɩɪɢɦɟɧɹɟɦɵɯ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɩɨ ɤɚɠɞɨɣ ɩɚɪɟ ɄɉɆ – ɪɚɫɬɜɨɪɢɬɟɥɶ Д4-7]. 

ȼ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜɥɚɝɢ ɜ ɬɨɧɤɢɯ 
ɢɡɞɟɥɢɹɯ ɢɡ ɨɪɬɨɬɪɨɩɧɵɯ ɄɉɆ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɦɩɭɥɶɫɧɨɦ ɥɢɧɟɣɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɞɨɡɨɣ ɞɢɮɮɭɡɚɧɬɚ ɧɚ ɩɥɨɫɤɢɣ ɭɱɚɫɬɨɤ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɢɡɞɟɥɢɹ Д8, 9Ж. Ⱥɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɤɨɦɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ max , 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɞɨɫɬɢɝɚɟɦɨɦɭ ɦɚɤɫɢɦɭɦɭ ɤɨɧɰɟɧɬɪɚɰɢɢ Umax ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɡɚɞɚɧɧɨɦ 
ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɥɢɧɢɢ ɧɚɧɟɫɟɧɢɹ ɢɦɩɭɥɶɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ Д8-10Ж. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɪɚɫɫɦɨɬɪɟɧɚ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɨɰɟɧɤɚ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɝɪɟɲɧɨɫɬɢ max  ɨɬ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ 
ɥɨɤɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɢɡɞɟɥɢɹ ɢɡ 
ɤɚɩɢɥɥɹɪɧɨ-ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɉɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɦɟɬɨɞɚ Д8, 9Ж ɧɚɧɨɫɹɬ ɢɦɩɭɥɶɫɧɨɟ ɥɢɧɟɣɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɬɨɧɤɨɟ 
ɢɡɞɟɥɢɟ ɜ ɜɢɞɟ ɢɦɩɭɥɶɫɚ ɨɛɴɟɦɨɦ Q ɞɢɮɮɭɡɚɧɬɚ ɢ ɢɡɦɟɪɹɸɬ ɢɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ 
ɷɥɟɤɬɪɨɞɜɢɠɭɳɟɣ ɫɢɥɵ (ЭȾɋ) ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (Ƚɉ) ɧɚ ɡɚɞɚɧɧɨɦ 
ɪɚɫɫɬɨɹɧɢɢ x0 ɨɬ ɥɢɧɢɢ ɧɚɧɟɫɟɧɢɹ ɢɦɩɭɥɶɫɚ. Ʉɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɨɩɪɟɞɟɥɹɸɬ ɩɨ 
ɮɨɪɦɭɥɟ:  

)2/( max
2
0  ɯD ,     (1) 

ɝɞɟ max – ɜɪɟɦɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɦɚɤɫɢɦɭɦɭ ɧɚ ɤɪɢɜɨɣ U(x0,) ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ x0 ɨɬ ɢɫɬɨɱɧɢɤɚ. ɉɪɢɱɟɦ ɜ ɫɢɥɭ ɦɨɧɨɬɨɧɧɨɫɬɢ ɫɬɚɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ƚɉ Д4, 
5Ж ɦɚɤɫɢɦɭɦɵ ɧɚ ɤɪɢɜɵɯ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ  ɢ ЭȾɋ ɞɨɫɬɢɝɚɸɬɫɹ ɜ ɨɞɢɧ ɢ ɬɨɬ ɠɟ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ max . 

ɂɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɢɫɬɨɱɧɢɤɚ ɩɨɫɥɟ ɧɚɧɟɫɟɧɢɹ 
ɢɦɩɭɥɶɫɚ ɨɩɢɫɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ Д8Ж:    DxDQUxU 4/exp4/),( 2

00     (2) 

ɝɞɟ ),( ɯU  - ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɢɡɞɟɥɢɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ x ɨɬ 
ɥɢɧɟɣɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɢɦɩɭɥɶɫɚ ɦɚɫɫɵ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ; D - ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ 
ɪɚɫɬɜɨɪɢɬɟɥɹ; 0  – ɩɥɨɬɧɨɫɬɶ ɚɛɫɨɥɸɬɧɨ ɫɭɯɨɝɨ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ; Q– ɦɨɳɧɨɫɬɶ 
«ɦɝɧɨɜɟɧɧɨɝɨ» ɢɫɬɨɱɧɢɤɚ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɩɨɞɟɣɫɬɜɨɜɚɜɲɟɝɨ ɜ ɧɚɱɚɥɟ ɤɨɨɪɞɢɧɚɬ x=0, 
ɜɵɱɢɫɥɹɟɦɚɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɠɢɞɤɨɫɬɢ (ɩɨɞɜɟɞɟɧɧɨɣ ɤ ɤɨɧɬɪɨɥɢɪɭɟɦɨɦɭ 
ɢɡɞɟɥɢɸ) ɤ ɩɪɨɢɡɜɟɞɟɧɢɸ ɞɥɢɧɵ ɥɢɧɢɢ L ɢɦɩɭɥɶɫɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɬɨɥɳɢɧɭ h 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
ɎȽȻɈɍ ȼɉɈ «Ʉɚɡɚɧɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ» 
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383 

 

ɢɫɫɥɟɞɭɟɦɨɝɨ ɥɢɫɬɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ; 0U  – ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ 
ɢɫɫɥɟɞɭɟɦɨɦ ɦɚɬɟɪɢɚɥɟ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 0 . 
 

max


1 2

U


1 2

21
maxU

0U(r ,   )20U(r ,   )1
U

 
Ɋɢɫ.1 

 
Ȼɟɡ ɨɝɪɚɧɢɱɟɧɢɹ ɨɛɳɧɨɫɬɢ ɩɪɢɦɟɦ 0U =0. ɇɚ ɪɢɫ.1 ɢɡɨɛɪɚɠɟɧɚ ɤɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ x0  ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɫɜɨɟɝɨ 
ɦɚɤɫɢɦɭɦɚ Umax, ɞɨɫɬɢɝɚɟɦɨɝɨ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ =max. ɉɭɫɬɶ ∆U - ɚɛɫɨɥɸɬɧɚɹ 
ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ Umax,. Ɍɨɝɞɚ ɮɚɤɬ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɦɨɠɟɬ ɛɵɬɶ 
ɨɲɢɛɨɱɧɨ ɡɚɮɢɤɫɢɪɨɜɚɧ ɧɚ ɜɨɫɯɨɞɹɳɟɣ ɜɟɬɜɢ ɤɪɢɜɨɣ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɬɨɱɤɟ 1 ɜ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 1 ɢɥɢ ɧɚ ɧɢɫɯɨɞɹɳɟɣ ɜɟɬɜɢ ɤɪɢɜɨɣ ɜ ɬɨɱɤɟ 2 ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 2. ɉɪɢ ɷɬɨɦ 
ɚɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
∆1  ɢ ∆2. 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɬɨɱɤɟ ɦɚɤɫɢɦɭɦɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: maxU U   . 

Ⱦɨɫɬɢɝɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɬɨɱɤɟ 1 ɫɥɟɜɚ ɨɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɦɚɤɫɢɦɭɦɚ ɪɚɜɧɨ: 

 

0 1 max( , ) (1 )U ɯ U        (3) 
ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɢɡ (2) ɫ ɭɱɟɬɨɦ (1): 

  1
2

max
0 1 1

0 1

( , ) exp
2
Q

U ɯ D
             .    (4) 

ɂɡ (2) ɫ ɭɱɟɬɨɦ (1) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɦɚɤɫɢɦɭɦɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ 
ɦɨɦɟɧɬ max: 

   1
2

0 max max
0

( , ) exp 0,5
2
Q

U ɯ D
          (5) 

Ⱦɟɥɟɧɢɟ (4) ɧɚ (5) ɫ ɭɱɟɬɨɦ (3) ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

max max

1 1

1 exp 1
       

      (6) 

Ⱥɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɚ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɜ ɬɨɱɤɟ 1 ɪɚɜɧɚ 

1max1        (7) 

Ɉɛɨɡɧɚɱɢɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɜ 
ɬɨɱɤɟ 1: 
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  1
max1

y .     (8) 

Ɍɨɝɞɚ ɢɡ (6) ɫ ɭɱɟɬɨɦ (7), (8) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɚ ɜɪɟɦɟɧɢ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚ 
ɜɨɫɯɨɞɹɳɟɣ ɜɟɬɜɢ ɤɪɢɜɨɣ ɜ ɬɨɱɤɟ 1 (ɪɢɫ. 1):  

 (1 ) 1 exp 1
1

y
y

y

            (9) 

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɨɱɤɚ 2 ɧɚ ɧɢɫɯɨɞɹɳɟɣ ɜɟɬɜɢ ɤɪɢɜɨɣ ɢɡɦɟɧɟɧɢɹ 
ɤɨɧɰɟɧɬɪɚɰɢɢ (ɪɢɫ. 1).  

Ⱦɨɫɬɢɝɚɟɦɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɬɨɱɤɟ 2 ɫɩɪɚɜɚ ɨɬ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɦɚɤɫɢɦɭɦɚ ɪɚɜɧɨ:  0 2 max( , ) 1U ɯ U         (10) 

ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɢɡ (2) ɫ ɭɱɟɬɨɦ (1): 

  1
2

max
0 2 2

0 2

( , ) exp
2
Q

U ɯ D
                 (11) 

Ⱦɟɥɟɧɢɟ (11) ɧɚ (5) ɫ ɭɱɟɬɨɦ (10) ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɟɦɭ ɜɵɪɚɠɟɧɢɸ: 

max max

2 2

1 exp 1
       

      (12) 

Ⱥɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɦɨɦɟɧɬɚ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɜ ɬɨɱɤɟ 2 ɪɚɜɧɚ 

max22        (13) 

Ɉɛɨɡɧɚɱɢɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɜ 
ɬɨɱɤɟ 2 (ɪɢɫ. 1):   1

max2
z .      (14) 

ɂɡ (12) ɫ ɭɱɟɬɨɦ (13), (14) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ z:  

  1
1 1 exp

1
z

z
z

             (15) 

ɇɚ ɪɢɫ.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɫɫɱɢɬɚɧɧɵɟ ɩɨ ɭɪɚɜɧɟɧɢɹɦ (9) ɢ (15) ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ y ɢ z  ɨɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ ɧɚ ɜɨɫɯɨɞɹɳɟɣ 1 ɢ 
ɧɢɫɯɨɞɹɳɟɣ 2 ɜɟɬɜɹɯ ɤɪɢɜɨɣ (ɪɢɫ. 1) ɨɬ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɥɨɤɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɪɚɫɬɜɨɪɢɬɟɥɹ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɧɚɣɬɢ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ max  ɞɥɹ ɤɨɧɤɪɟɬɧɨ 
ɜɵɛɪɚɧɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ 
ɥɨɤɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ x0 ɨɬ ɢɫɬɨɱɧɢɤɚ. 

   








 

  





  max

2

1

  
Ɋɢɫ.2 
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ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɢɧɬɟɧɫɢɜɧɨ ɢɫɫɥɟɞɭɸɬɫɹ ɦɚɬɟɪɢɚɥɵ, ɨɛɥɚɞɚɸɳɢɟ ɫɩɟɰɢɮɢɱɟɫɤɢɦɢ 

ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ – ɧɚɧɨɦɚɬɟɪɢɚɥɵ, ɧɚɧɨɠɢɞɤɨɫɬɢ ɢ ɡɟɪɧɢɫɬɵɟ ɫɪɟɞɵ, 
ɧɚɫɵɳɟɧɧɵɟ ɮɥɸɢɞɚɦɢ. 
ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɨɱɬɢ ɧɟ ɢɡɭɱɟɧɵ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɢ ɜ ɱɚɫɬɧɨɫɬɢ, 
ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 
Ɉɞɧɢɦ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɜɨɩɪɨɫɨɜ ɮɢɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɢ ɠɢɞɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɹɜɥɹɟɬɫɹ ɜɨɩɪɨɫ ɨ 
ɜɵɹɫɧɟɧɢɢ ɦɟɯɚɧɢɡɦɨɜ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. ɉɟɪɟɧɨɫ ɬɟɩɥɚ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬɞɟɥɶɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɢɥɢ ɝɪɭɩɩɚɦɢ ɱɚɫɬɢɰ, ɢ ɦɟɬɨɞɨɦ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɨɠɧɨ ɜɵɹɜɢɬɶ ɜɤɥɚɞɵ ɤɚɠɞɨɣ ɢɡ ɱɚɫɬɢɰ ɜ ɩɟɪɟɧɨɫɟ ɬɟɩɥɚ. Эɬɨɬ ɦɟɬɨɞ, 
ɬɚɤɠɟ, ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɞɟɮɟɤɬɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɫɬɪɭɤɬɭɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ 
ɜɟɳɟɫɬɜɚ.  

Ⱦɥɹ ɜɵɹɫɧɟɧɢɹ ɷɬɢɯ ɜɨɩɪɨɫɨɜ ɧɟɨɛɯɨɞɢɦɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɡɚɦɟɧɢɬɶ 
ɫɭɳɟɫɬɜɭɸɳɢɟ ɷɦɩɢɪɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ, ɞɥɹ ɪɚɫɱɟɬɨɜ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɧɚ ɛɨɥɟɟ 
ɤɚɱɟɫɬɜɟɧɧɵɟ – ɢɧɬɟɪɩɨɥɹɰɢɨɧɧɵɟ  ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɛɥɢɡɤɢɟ ɤ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɨɞɧɚ ɢɡ ɩɪɢɱɢɧ ɬɨɝɨ, ɱɬɨ ɬɜɟɪɞɵɟ ɬɟɥɚ ɢ ɠɢɞɤɢɟ 
ɪɚɫɬɜɨɪɵ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɫɫɥɟɞɨɜɚɧɵ – ɜ ɨɬɫɭɬɫɬɜɢɢ ɧɚɞɟɠɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ. 
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ȼ ɪɚɛɨɬɟ ɨɩɢɫɵɜɚɟɬɫɹ ɜɵɫɨɤɨɬɨɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɦɟɬɨɞɟ ɩɚɪɚɥɥɟɥɶɧɵɯ 
ɩɥɚɫɬɢɧ ɫ ɬɟɩɥɨɜɨɣ ɡɚɳɢɬɨɣ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɨ ɚɛɫɨɥɸɬɧɨɦɭ 
ɫɬɚɰɢɨɧɚɪɧɨɦɭ ɦɟɬɨɞɭ ɩɥɨɫɤɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɫɥɨɹ. 
ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɨɞɟɪɠɢɬ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɢɛɨɪ ɢ ɹɱɟɣɤɭ. 

       
Ɋɢɫ.1. ɉɪɢɛɨɪ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ: 
1,4 - ɜɧɭɬɪɟɧɧɢɣ ɢ ɧɚɪɭɠɧɵɣ ɦɟɞɧɵɟ ɛɥɨɤɢ; 2,5 - ɜɧɭɬɪɟɧɧɢɣ ɢ ɧɚɪɭɠɧɵɣ ɧɚɝɪɟɜɚɬɟɥɢ; 3 - 
ɤɟɪɚɦɢɱɟɫɤɢɣ ɨɯɪɚɧɧɵɣ ɫɬɚɤɚɧ, ɫɨɨɛɳɚɸɳɢɟ ɩɨɪɵ, ɤɨɬɨɪɨɣ, ɧɚɫɵɳɟɧɵ ɦɟɬɚɥɥɨɦ, 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɦ ɢɥɢ ɨɤɢɫɥɨɦ; 6 - "ɯɨɥɨɞɢɥɶɧɢɤ"; 7,8 - ɚɛɫɨɥɸɬɧɚɹ (Ɍ) ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ 
(ΔɌ) ɬɟɪɦɨɩɚɪɵ; 9 - ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɡɚɡɨɪ; 10 – ɪɚɡɪɟɡ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɫɬɚɤɚɧɚ. 
 

ȼ ɩɪɟɞɥɚɝɚɟɦɨɦ ɭɫɬɪɨɣɫɬɜɟ ɞɥɹ ɫɨɡɞɚɧɢɹ ɨɞɧɨɪɨɞɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ ɜɧɭɬɪɟɧɧɹɹ 
ɱɚɫɬɶ ɩɪɢɛɨɪɚ ɨɤɪɭɠɟɧɚ ɨɯɪɚɧɧɵɦ ɫɬɚɤɚɧɨɦ, ɤɨɬɨɪɚɹ ɢɡɝɨɬɨɜɥɟɧɚ ɢɡ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. 

Ɉɯɪɚɧɧɵɣ ɫɬɚɤɚɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɪɢɫɬɭɸ ɦɚɬɪɢɰɭ, ɤɨɬɨɪɚɹ ɧɚɫɵɳɚɟɬɫɹ ɦɟɬɚɥɥɨɦ 
ɢɥɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɦ, ɬ.ɟ. ɬɟɪɦɨɷɥɟɤɬɪɢɤɨɦ. ɉɨɪɢɫɬɚɹ ɦɚɬɪɢɰɚ-ɫɬɚɤɚɧ, ɧɚɫɵɳɟɧɧɚɹ 
ɦɟɬɚɥɥɨɦ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɦ ɢɥɢ ɨɤɫɢɞɨɦ – ɬɟɪɦɨɷɥɟɤɬɪɢɤɨɦ, ɢɦɟɟɬ ɧɢɡɤɭɸ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɬɚɤ ɤɚɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɟɬɟɪɨɝɟɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɢ ɜ ɬɨɠɟ ɜɪɟɦɹ, 
ɨɛɥɚɞɚɟɬ ɜ ɩɚɪɟ ɫ ɦɟɞɶɸ ɜɵɫɨɤɨɣ ɬɟɪɦɨɷɞɫ. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɨɫɧɨɜɧɵɦ ɤɪɢɬɟɪɢɟɦ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɪɦɨɷɥɟɤɬɪɢɤɚ ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɨɣ ɞɨɛɪɨɬɧɨɫɬɢ ɢ 
ɭɞɟɥɶɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ. 

ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɪɚɛɨɬɟ ɧɚɦɢ, ɢɡ - ɡɚ ɜɜɟɞɟɧɢɹ ɬɟɪɦɨɷɥɟɤɬɪɢɤɚ ɜ ɩɨɪɢɫɬɵɟ ɦɚɬɪɢɰɵ 
ɢɫɤɭɫɫɬɜɟɧɧɨ ɭɜɟɥɢɱɟɧɚ ɟɟ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɚɹ ɞɨɛɪɨɬɧɨɫɬɶ ɢ ɭɞɟɥɶɧɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ, ɡɚ 
ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɦɩɨɡɢɬɚ ɦɟɧɶɲɟ, ɱɟɦ ɭ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ 
ɢɥɢ ɭ ɦɟɬɚɥɥɚ, ɢ ɬɟɦ ɫɚɦɵɦ ɩɨɜɵɲɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɹɟɦɨɝɨ ɬɟɪɦɨɷɥɟɤɬɪɢɤɚ.  

ɍɫɬɪɨɣɫɬɜɨ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɝɪɟɜɚɬɟɥɹ, 
ɜɵɞɟɥɹɟɦɨɟ ɢɦ ɬɟɩɥɨ, ɞɨɫɬɢɝɚɟɬ ɨɯɪɚɧɧɨɝɨ ɫɬɚɤɚɧɚ, ɫɨɡɞɚɟɬ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɜ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɬɟɪɦɨɩɚɪɟ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɪɚɡɧɨɫɬɢ ɬɟɪɦɨɷɞɫ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɬɚɤɚɧɚ.  

Ɍɟɪɦɨɷɞɫ, ɫɧɹɬɵɣ ɫ ɞɢɮɬɟɪɦɨɩɚɪɵ, ɩɨɫɬɭɩɚɟɬ ɧɚ ɝɚɥɶɜɚɧɨɦɟɬɪ ɩɨɬɟɧɰɢɨɦɟɬɪɚ Ɋ348, ɢ 
ɩɨɞɚɟɬɫɹ ɧɚ ȼɊɌ-3 (ɜɵɫɨɤɨɬɨɱɧɵɣ ɪɟɝɭɥɹɬɨɪ ɬɟɦɩɟɪɚɬɭɪɵ), ɤɨɬɨɪɵɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 
ɤɨɦɩɟɧɫɢɪɭɟɬ ɩɨɬɟɪɢ ɬɟɩɥɚ ɱɟɪɟɡ ɨɯɪɚɧɧɵɣ ɫɬɚɤɚɧ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɟɩɥɨ, ɜɵɞɟɥɹɟɦɨɟ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɩɪɢɛɨɪɟ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ - ɛɟɡ 
ɩɨɬɟɪɶ ɩɪɨɯɨɞɢɬ ɫɜɟɪɯɭ ɜɧɢɡ, ɱɟɪɟɡ ɫɥɨɣ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ, ɢ ɫɨɡɞɚɟɬ ɜ ɧɟɣ ɝɪɚɞɢɟɧɬ 
ɬɟɦɩɟɪɚɬɭɪɵ.  

Ɂɧɚɹ ɬɨɥɳɢɧɭ ɨɛɪɚɡɰɚ (L), ɷɮɮɟɤɬɢɜɧɭɸ ɪɚɛɨɱɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɩɪɢɛɨɪɚ 
(S), ɦɨɳɧɨɫɬɶ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɝɪɟɜɚɬɟɥɹ, ɩɪɨɲɟɞɲɭɸ ɱɟɪɟɡ ɨɛɪɚɡɟɰ (Ɋ), ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜ ɫɥɨɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ (ΔɌ), ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (λ) ɨɰɟɧɢɜɚɥɢ ɩɪɢ 
ɩɨɦɨɳɢ ɡɚɤɨɧɚ Ɏɭɪɶɟ ɩɨ ɮɨɪɦɭɥɟ ɞɥɹ ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɦɟɬɨɞɚ ɩɥɨɫɤɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ 
ɫɥɨɹ:  

λ = P · L · S-1 · ΔT-1      (1) 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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ɝɞɟ: λ - ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Дȼɬ·ɦ-1·Ʉ-1]; 
P -ɦɨɳɧɨɫɬɶ ɜɧɭɬɪɟɧɧɟɝɨ ɧɚɝɪɟɜɚɬɟɥɹ, ɩɪɨɲɟɞɲɚɹ ɱɟɪɟɡ ɨɛɪɚɡɟɰ ДȼɬЖ; 
L  - ɬɨɥɳɢɧɚ ɨɛɪɚɡɰɚ  ДɦЖ;   S - ɷɮɮɟɤɬɢɜɧɚɹ ɪɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ Дɦ2]; 
Δ Ɍ - ɩɟɪɟɩɚɞ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɨɛɪɚɡɰɟ ДɄЖ. 

ɉɪɢ ɩɨɦɨɳɢ ɨɩɢɫɚɧɧɨɝɨ ɜɵɲɟ ɩɪɢɛɨɪɚ ɦɨɠɧɨ ɢɡɦɟɪɹɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɬɜɟɪɞɵɯ ɬɟɥ ɢ 
ɝɚɡɨɜ. 
Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ, ɧɚɧɨɠɢɞɤɨɫɬɟɣ, ɚ ɬɚɤɠɟ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɧɚɫɵɳɟɧɧɵɯ ɮɥɸɢɞɚɦɢ ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɹɱɟɣɤɚ.  
 

 
Ɋɢɫ.2. əɱɟɣɤɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (ɫɬɚɥɶ 12ɏ18ɇ10Ɍ): 
1–ɜɟɪɯɧɹɹ – “ɝɨɪɹɱɚɹ” ɩɥɚɫɬɢɧɚ; 6–ɧɢɠɧɹɹ ɩɥɚɫɬɢɧɚ – „ɯɨɥɨɞɢɥɶɧɢɤ”; 3–ɛɨɤɨɜɚɹ ɫɬɟɧɤɚ 
(ɩɟɪɟɦɵɱɤɚ); 2–ɤɨɥɶɰɨ–ɨɛɨɞɨɤ; 5–ɩɨɥɨɫɬɶ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ; 12–ɜɵɜɨɞ (ɝɚɡɚ ɢɥɢ 
ɠɢɞɤɨɫɬɢ); 13,14–ɜɟɧɬɢɥɢ; 15–ɝɚɣɤɚ; 16–ɲɬɭɰɟɪ; 9,10 – ɤɚɩɢɥɥɹɪɵ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ 
12ɏ18ɇ10Ɍ; 4–ɳɟɥɶ; 11–ɜɩɭɫɤ (ɝɚɡɚ ɢɥɢ ɠɢɞɤɨɫɬɢ); 8,7– ɚɛɫɨɥɸɬɧɚɹ (Ɍ2) ɢ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ (ΔɌ) ɬɟɪɦɨɩɚɪɵ. 
 

əɱɟɣɤɚ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɞɢɫɤɨɜ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɪɚɡɧɵɯ ɦɟɬɚɥɥɨɜ, 
ɫɧɚɛɠɟɧɚ ɬɟɪɦɨɩɚɪɚɦɢ Ɍ ɢ ΔɌ. ȼɟɪɯɧɢɣ ɞɢɫɤ ɭɫɥɨɜɧɨ ɧɚɡɵɜɚɟɬɫɹ „ɝɨɪɹɱɟɣ ɩɥɚɫɬɢɧɨɣ”, ɚ 
ɧɢɠɧɢɣ - „ɯɨɥɨɞɢɥɶɧɢɤɨɦ”.  

ȼ ɪɚɛɨɬɟ ɨɛɨɫɧɨɜɚɧ ɜɵɛɨɪ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ.  
Ɂɚɩɪɚɜɤɭ ɹɱɟɣɤɢ ɢɫɫɥɟɞɭɟɦɵɦ ɪɚɫɬɜɨɪɨɦ, ɪɚɫɩɥɚɜɨɦ, ɝɚɡɨɦ ɩɪɨɢɡɜɨɞɢɥɢ ɩɨ ɤɚɧɚɥɚɦ, 

ɧɚɯɨɞɹɳɢɦɫɹ ɜ „ɯɨɥɨɞɢɥɶɧɢɤɟ”, ɢ ɜɵɯɨɞɹɳɢɦ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ, ɨɛɪɚɡɨɜɚɧɧɨɟ „ɝɨɪɹɱɟɣ” ɢ 
„ɯɨɥɨɞɧɨɣ” ɩɥɚɫɬɢɧɚɦɢ ɢ ɩɟɪɟɦɵɱɤɨɣ. 

ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɟ ɜɟɳɟɫɬɜɨ ɩɨɥɧɨɫɬɶɸ ɝɟɪɦɟɬɢɡɢɪɨɜɚɧɨ ɜ 
ɡɚɡɨɪɟ ɦɟɠɞɭ ɩɥɚɫɬɢɧɚɦɢ ɢ ɩɟɪɟɦɵɱɤɨɣ.  

ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɹɱɟɣɤɚ ɪɚɡɦɟɳɚɟɬɫɹ ɩɨɞ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɩɪɢɛɨɪɨɦ, ɡɚɠɢɦɚɹɫɶ ɩɪɟɫɫɨɦ, 
ɩɪɢɜɨɞɢɬɫɹ ɜ ɩɥɨɬɧɵɣ ɬɟɩɥɨɜɨɣ ɤɨɧɬɚɤɬ ɫ ɧɟɣ ɪɢɫ.3, ɩɨɦɟɳɚɟɬɫɹ ɜ ɚɜɬɨɤɥɚɜ ɢ 
ɬɟɪɦɨɫɬɚɬɢɪɭɟɬɫɹ. 

ȼ ɫɨɛɪɚɧɧɨɦ ɜɢɞɟ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɡɨɛɪɚɠɟɧɨ ɧɚ ɪɢɫ.3. 
ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɩɪɢɛɨɪ ɢɡɨɥɢɪɨɜɚɧ ɨɬ ɹɱɟɣɤɢ ɬɨɧɤɢɦ ɫɥɨɟɦ ɞɢɷɥɟɤɬɪɢɤɚ – 

ɮɬɨɪɨɩɥɚɫɬɨɦ-4, ɬɨɥɳɢɧɨɣ 10-5 ɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɟɪɦɨɩɚɪɵ ɪɚɫɩɨɥɚɝɚɥɢɫɶ ɜ ɨɬɜɟɪɫɬɢɹɯ, 
ɩɪɨɫɜɟɪɥɟɧɧɵɯ ɫɬɪɨɝɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɤ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɹɱɟɣɤɢ. 

ɉɪɢ ɢɡɦɟɪɟɧɢɹɯ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɭɫɬɪɨɣɫɬɜɨ ɩɨɦɟɳɚɟɬɫɹ ɜɧɭɬɪɶ ɚɜɬɨɤɥɚɜɚ - ɪɢɫ.4, ɝɞɟ ɢ 
ɫɨɡɞɚɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɟ ɞɚɜɥɟɧɢɹ. 
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Ɋɢɫ. 4. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɚɜɥɟɧɢɹ: 1 - ɛɚɥɥɨɧ ɫ ɚɪɝɨɧɨɦ; 2,3,13 
– ɜɟɧɬɢɥɢ; 4 – ɨɛɪɚɡɰɨɜɵɣ ɦɚɧɨɦɟɬɪ (ɆɈ); 5 – ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ; 
6 – ɚɜɬɨɤɥɚɜ; 7 – ɫɢɫɬɟɦɚ ɨɱɢɫɬɤɢ ɚɪɝɨɧɚ; 8 – ɫɢɥɶɮɨɧ ɢɡ ɮɬɨɪɨɩɥɚɫɬɚ-4; 9 – ɤɚɦɟɪɚ ɜɵɫɨɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɫ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɫɢɥɶɮɨɧɨɦ; 10 – ɬɟɪɦɨɤɨɦɩɪɟɫɫɨɪ (ɫɨɫɭɞ ɫ ɨɠɢɠɟɧɧɵɦ 
ɚɪɝɨɧɨɦ); 11 – ɧɚɝɪɟɜɚɬɟɥɶ; 12 – ɫɨɫɭɞ ɫ ɠɢɞɤɢɦ ɚɡɨɬɨɦ 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɩɪɢɛɨɪɟ ɨɯɪɚɧɧɨɝɨ ɫɬɚɤɚɧɚ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɛɥɚɞɚɸɳɟɝɨ ɢ ɫɜɨɣɫɬɜɚɦɢ ɬɟɩɥɨɢɡɨɥɹɬɨɪɚ, ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ, ɢɦɟɸɳɟɝɨ 
ɜɵɫɨɤɭɸ ɬɟɪɦɨɷɞɫ ɜ ɩɚɪɟ ɫ ɦɟɞɶɸ, ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɷɬɢɦ ɩɪɢɛɨɪɨɦ, ɱɬɨ ɢ ɨɬɥɢɱɚɟɬ ɟɝɨ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ. 
ɉɪɢɦɟɧɟɧɢɟ ɠɟ ɨɬɞɟɥɶɧɨɣ ɹɱɟɣɤɢ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɷɬɢɦ ɭɫɬɪɨɣɫɬɜɨɦ ɛɨɥɶɲɨɣ ɫɩɟɤɬɪ 
ɜɟɳɟɫɬɜ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɩɚɪɚɦɟɬɪɨɜ ɫɨɫɬɨɹɧɢɹ. 

ɍɫɬɪɨɣɫɬɜɨ ɩɨɡɜɨɥɹɸɳɟɟ ɢɫɫɥɟɞɨɜɚɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɝɚɡɨɜ, ɠɢɞɤɨɫɬɟɣ, ɬɜɟɪɞɵɯ ɬɟɥ ɜ 
ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 100Ʉ – 700Ʉ ɢ ɞɚɜɥɟɧɢɹɯ ɞɨ100Ɇɉɚ, ɜɤɥɸɱɚɹ ɨɛɥɚɫɬɢ 
ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ ɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɟɳɟɫɬɜɚ. 

ɍɫɬɪɨɣɫɬɜɨ ɧɟ ɢɦɟɟɬ ɚɧɚɥɨɝɨɜ ɭ ɧɚɫ ɜ ɫɬɪɚɧɟ ɢ ɡɚ ɪɭɛɟɠɨɦ.  
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Ⱦɟɪɹɛɢɧɚ Ɇ.Ⱥ., Ɇɭɪɚɜɶɟɜɚ Ɇ.Ƚ., ɋɚɮɨɧɨɜɚ Ɇ.Э., Ʌɸɛɢɦɨɜɚ Ⱦ.Ⱥ. 
Ɍɚɦɛɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ,  

Ɋɨɫɫɢɹ, 392000, ɝ. Ɍɚɦɛɨɜ, ɭɥ. ɋɨɜɟɬɫɤɚɹ, ɞ. 106. E-mail: kafedra@uks.tstu.ru 
 
ȼɚɠɧɟɣɲɢɦɢ ɫɜɨɣɫɬɜɚɦɢ (ɩɨɤɚɡɚɬɟɥɹɦɢ ɤɚɱɟɫɬɜɚ) ɦɚɬɟɪɢɚɥɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ 

ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɢɥɢ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ, ɹɜɥɹɸɬɫɹ ɢɯ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ. Ɂɧɚɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɬɚɤɠɟ ɜɵɛɨɪɭ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɨɜ ɩɪɨɰɟɫɫɨɜ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ.  

ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɫɩɨɫɨɛɨɜ ɧɚɯɨɠɞɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ. ɉɪɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɬɪɟɦɹɬɫɹ ɤ 
ɫɨɡɞɚɧɢɸ ɨɞɧɨɦɟɪɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɧɟɨɛɯɨɞɢɦɨ 
ɢɡɦɟɪɢɬɶ ɜ ɫɬɚɰɢɨɧɚɪɧɨɦ ɪɟɠɢɦɟ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ, 
ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɟɝɨ ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. 

ɉɪɢ ɜɵɛɨɪɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɢɡɤɨɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɭɫɥɨɜɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɨɞɧɨɦɟɪɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ. Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɫ ɛɨɤɨɜɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɨɛɪɚɡɰɚ 
ɢɫɩɨɥɶɡɭɸɬ ɬɟɩɥɨɜɭɸ ɢɡɨɥɹɰɢɸ. 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɦɟɬɨɞɚ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɬɪɭɞɧɨɫɬɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɭɫɬɪɚɧɟɧɢɟɦ ɬɟɪɦɢɱɟɫɤɢɯ 
ɫɨɩɪɨɬɢɜɥɟɧɢɣ, ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɦɟɫɬɚɯ ɤɨɧɬɚɤɬɚ ɨɛɪɚɡɰɚ ɫ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɧɚɝɪɟɜɚɬɟɥɹ ɢ 
ɯɨɥɨɞɢɥɶɧɢɤɚ. 

Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɧɬɚɤɬɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ ɩɨɞɜɟɪɝɚɸɬ ɬɳɚɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɟ, ɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɯɨɪɨɲɟɝɨ ɤɨɧɬɚɤɬɚ 
ɫɨɡɞɚɸɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɫɠɢɦɚɸɳɢɟ ɭɫɢɥɢɹ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɫɜɨɸ ɦɟɬɨɞɢɱɟɫɤɭɸ ɩɪɨɫɬɨɬɭ, ɩɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ 
ɫɬɚɰɢɨɧɚɪɧɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɫɨɩɪɹɠɟɧɨ ɫ ɬɪɭɞɧɨɫɬɹɦɢ ɫɨɡɞɚɧɢɹ ɨɞɧɨɦɟɪɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɢɫɫɥɟɞɭɟɦɵɯ 
ɨɛɪɚɡɰɚɯ ɢ ɭɱɟɬɚ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ. 

ȿɫɥɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɫɨɡɞɚɬɶ ɭɫɥɨɜɢɹ, ɤɨɝɞɚ ɱɟɪɟɡ ɩɥɚɫɬɢɧɭ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɧɟɢɡɦɟɧɧɵɣ 
ɜɨ ɜɪɟɦɟɧɢ ɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ q, ɬɨ ɩɨɫɥɟ ɞɨɫɬɢɠɟɧɢɹ 
ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɠɢɦɚ ɜ ɷɬɨɣ ɩɥɚɫɬɢɧɟ ɭɫɬɚɧɨɜɢɬɫɹ ɥɢɧɟɣɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɚ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɩɥɚɫɬɢɧɵ ɦɨɠɧɨ ɢɡɦɟɪɢɬɶ ɞɜɚ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪ Ɍ1 ɢ Ɍ2 [1]. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ 
ɉɟɥɶɬɶɟ ɜ ɤɚɱɟɫɬɜɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. 

Ɋɚɛɨɱɢɣ ɭɱɚɫɬɨɤ ɭɫɬɚɧɨɜɤɢ ɫɨɫɬɨɢɬ ɢɡ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɦɚɬɟɪɢɚɥɚ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɩɥɚɫɬɢɧɭ ɜ ɮɨɪɦɟ  ɤɜɚɞɪɚɬɚ ɫɨ ɫɬɨɪɨɧɨɣ 40 ɦɦ ɢ ɬɨɥɳɢɧɨɣ 3..6ɦɦ.  

Ɉɛɪɚɡɟɰ ɩɨɦɟɳɟɧ ɦɟɠɞɭ ɞɜɭɦɹ ɦɟɞɧɵɦɢ ɩɥɚɫɬɢɧɚɦɢ, ɬɨɥɳɢɧɨɣ 0,5 ɦɦ, ɜ ɤɨɬɨɪɵɟ 
ɜɫɬɪɨɟɧɵ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɬɢɩɚ ɌɏȺ, ɫ ɞɢɚɦɟɬɪɨɦ ɪɚɛɨɱɟɣ ɱɚɫɬɢ ɬɚɤɠɟ 
0,5 ɦɦ. ɉɨ ɞɪɭɝɭɸ ɫɬɨɪɨɧɭ ɨɬ ɧɢɠɧɟɣ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɵ ɪɚɫɩɨɥɨɠɟɧ ɷɥɟɦɟɧɬ ɉɟɥɶɬɶɟ. Ⱦɥɹ 
ɡɚɞɚɧɢɹ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɨɛɪɚɡɰɟ ɢɫɩɨɥɶɡɭɸɬɫɹ  ɞɜɚ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ (ɫɦ. ɪɢɫ.1). 
ɑɟɪɟɡ ɲɬɭɰɟɪɵ ɜ ɷɬɢ ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ ɩɨɫɬɭɩɚɸɬ ɩɨɬɨɤɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ  ɨɬ ɞɜɭɯ 
ɬɟɪɦɨɫɬɚɬɨɜ.  

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɟɪɶ ɜɨɤɪɭɝ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ, ɦɟɞɧɵɯ ɩɥɚɫɬɢɧ ɢ 
ɷɥɟɦɟɧɬɚ ɉɟɥɶɬɶɟ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɬɟɩɥɨɢɡɨɥɹɰɢɹ ɢɡ ɩɟɧɨɩɥɚɫɬɚ. 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

390 

 

 
Ɋɢɫ.1. ɍɫɬɚɧɨɜɤɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ: 1 – ɲɬɭɰɟɪ, 2 – 
ɬɟɩɥɨɨɛɦɟɧɧɢɤ, 3 –ɷɥɟɦɟɧɬ ɉɟɥɶɬɶɟ, 4 – ɬɟɪɦɨɩɚɪɚ, 5 – ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ (ɫɬɟɤɥɨ), 6 – 
ɦɟɞɧɚɹ ɩɥɚɫɬɢɧɚ, 7 – ɩɟɧɨɩɥɚɫɬ. 

 
Ɉɩɢɫɚɧɧɨɟ ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɪɢɦɟɧɹɥɨɫɶ ɜ ɫɨɫɬɚɜɟ  ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, 

ɫɛɨɪ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ  ɞɚɧɧɵɯ ɜ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ ɩɥɚɬɵ NI USB 
9211, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɪɚɛɨɬɵ ɫ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ.  Ɉɛɪɚɛɨɬɤɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɜ ɩɟɪɫɨɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ, ɩɨ ɩɪɨɝɪɚɦɦɟ, 
ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɜ LabView 2009. 

ɉɪɨɜɟɞɟɧɧɵɟ ɤɚɥɢɛɪɨɜɨɱɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɫ ɨɛɪɚɡɰɚɦɢ ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɩɨɦɨɳɢ ɞɚɧɧɨɝɨ 
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 10 %. 
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1. ɋ.ȼ. ɉɨɧɨɦɚɪɟɜ, ɋ.ȼ. Ɇɢɳɟɧɤɨ, Ⱥ.Ƚ. Ⱦɢɜɢɧ, ȼ.Ⱥ. ȼɟɪɬɨɝɪɚɞɫɤɢɣ, Ⱥ.Ⱥ ɑɭɪɢɤɨɜ. 
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ȼ ɩɪɨɰɟɫɫɟ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɷɮɮɟɤɬɢɜɧɚɹ ɜɹɡɤɨɫɬɶ 
ɩɨɫɥɟɞɧɢɯ  ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɚ. Эɬɨ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɫɞɜɢɝɨɜɨɝɨ ɬɟɱɟɧɢɹ 
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ɠɢɞɤɢɯ ɦɚɟɬɢɪɚɥɨɜ ɩɨ ɤɚɧɚɥɚɦ ɪɚɡɥɢɱɧɨɣ ɮɨɪɦɵ ɜɵɞɟɥɹɟɬɫɹ ɬɟɩɥɨ ɡɚ ɫɱɟɬ ɞɢɫɫɢɩɚɰɢɢ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɫɢɥ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ. Ɇɨɳɧɨɫɬɶ ɬɟɩɥɨɜɵɞɟɥɟɧɢɣ ɛɵɜɚɟɬ ɫɬɨɥɶ 
ɜɵɫɨɤɨɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɩɨɬɨɤɟ ɢ ɜɵɡɵɜɚɟɬ 
ɧɟɨɛɪɚɬɢɦɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ. Ɍɟɦɩɟɪɚɬɭɪɧɨɟ ɩɪɢɪɚɳɟɧɢɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɡɚɜɢɫɢɬ 
ɨɬ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɨ ɞɚɧɧɵɦ ɪɨɫɫɢɣɫɤɢɯ 
ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ 80-85 % ɡɚɬɪɚɬ ɷɧɟɪɝɢɢ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɩɨɥɢɦɟɪɚ ɜ ɩɥɚɫɬɢɤɚɰɢɨɧɧɨɦ 
ɰɢɥɢɧɞɪɟ ɫ ɩɨɦɨɳɶɸ ɲɧɟɤɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɬɟɩɥɨ ɢ ɜɵɡɵɜɚɟɬ ɩɪɢɪɚɳɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɧɚ 100 – 150 ɋ Д1Ж.  

Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ.  Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɬɟɪɦɨɪɟɚɤɬɢɜɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɧɟɛɨɥɶɲɨɣ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ ɩɟɪɟɪɚɛɨɬɤɢ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 363 Ʉ 
ɨɧɢ ɢɦɟɸɬ ɜɵɫɨɤɭɸ ɜɹɡɤɨɫɬɶ, ɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 373-393 Ʉ ɧɚɱɢɧɚɸɬɫɹ ɧɟɨɛɪɚɬɢɦɵɟ 
ɫɬɪɭɤɬɭɪɧɵɟ ɢɡɦɟɧɟɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɯ ɡɚɬɜɟɪɞɟɜɚɧɢɸ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɚɯ. 

Ɉɫɧɨɜɧɵɦɢ ɞɟɮɟɤɬɚɦɢ, ɜɨɡɧɢɤɚɸɳɢɦɢ ɩɪɢ ɷɤɫɬɪɭɡɢɨɧɧɨɦ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɞɟɥɢɣ ɢɡ 
ɪɟɡɢɧɨɬɟɯɧɢɱɟɫɤɢɯ  ɦɚɬɟɪɢɚɥɨɜ, ɹɜɥɹɸɬɫɹ  ɢɯ ɩɨɪɢɫɬɨɫɬɶ ɢ ɩɪɟɠɞɟɜɪɟɦɟɧɧɚɹ ɜɭɥɤɚɧɢɡɚɰɢɹ 
(ɩɨɞɜɭɥɤɚɧɢɡɚɰɢɹ). Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɩɪɢ ɷɤɫɬɪɭɡɢɢ ɪɟɡɢɧɨɜɵɯ ɫɦɟɫɟɣ ɞɢɫɫɢɩɚɰɢɹ 
ɷɧɟɪɝɢɢ ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɳɟɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ ɜɵɛɨɪɚ ɪɟɠɢɦɧɵɯ  ɩɚɪɚɦɟɬɪɨɜ  ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ  
ɩɪɨɰɟɫɫɨɜ  ɢɡɝɨɬɨɜɥɟɧɢɹ  ɢɡɞɟɥɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɣ 
ɜɹɡɤɨɫɬɶɸ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯɫɹ ɞɢɫɫɢɩɚɰɢɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ  ɷɧɟɪɝɢɢ ɫɢɥ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɩɪɢ 
ɫɞɜɢɝɨɜɨɦ ɧɟɢɡɨɬɟɪɦɢɱɟɫɤɨɦ ɬɟɱɟɧɢɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɩɨɬɨɤɟ 
ɠɢɞɤɨɫɬɢ ɧɟ ɩɪɟɜɵɫɢɬ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɪɚɰɢɨɧɚɥɶɧɵɯ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɚɞɚɧɧɵɟ 
ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ  ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɫɞɜɢɝɨɜɨɦ ɩɨɬɨɤɟ,  ɩɪɢɦɟɧɹɸɬ 
ɦɟɬɨɞɵ  ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɪɢ ɷɬɨɦ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɜɯɨɞɹɬ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ  ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɜ ɤɚɱɟɫɬɜɟ ɩɚɪɚɦɟɬɪɨɜ.  Ɂɧɚɱɟɧɢɹ 
ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜɨɡɦɨɠɧɨ ɨɩɪɟɞɟɥɹɬɶ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɪɚɦɢ ɞɨɤɥɚɞɚ  
ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɣ  ɢɡɦɟɪɢɬɟɥɶɧɨɣ  ɭɫɬɚɧɨɜɤɢ. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɜɭɯ ɤɨɚɤɫɢɚɥɶɧɵɯ ɰɢɥɢɧɞɪɨɜ. ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ 
ɰɢɥɢɧɞɪɚɦɢ ɧɚɯɨɞɢɬɫɹ ɢɫɫɥɟɞɭɟɦɵɣ ɦɚɬɟɪɢɚɥ ɜ ɠɢɞɤɨɣ ɮɚɡɟ. ɉɪɢ ɷɬɨɦ ɧɚɪɭɠɧɵɣ ɰɢɥɢɧɞɪ 
ɜɪɚɳɚɟɬɫɹ, ɜɧɭɬɪɟɧɧɢɣ ɨɫɬɚɟɬɫɹ ɧɟɩɨɞɜɢɠɧɵɦ, ɚ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɧɚɩɪɚɜɥɟɧ ɨɬ ɜɧɭɬɪɟɧɧɟɝɨ 
ɰɢɥɢɧɞɪɚ ɤ ɜɧɟɲɧɟɦɭ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɢɡɜɟɫɬɧɨɝɨ ɦɟɬɨɞɚ Д2Ж ɜɧɭɬɪɟɧɧɢɣ ɰɢɥɢɧɞɪ ɢɡɝɨɬɨɜɥɟɧ ɢɡ 
ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɬɟɪɦɨɫɬɨɣɤɢɣ  ɩɨɥɢɦɟɪ. Ɋɚɛɨɱɚɹ ɱɚɫɬɶ 
ɞɚɧɧɨɝɨ ɰɢɥɢɧɞɪɚ  ɢɦɟɟɬ ɨɫɧɨɜɧɨɣ ɢ ɨɯɪɚɧɧɵɟ ɧɚɝɪɟɜɚɬɟɥɢ, ɚ ɬɚɤɠɟ ɬɟɪɦɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɫɢɝɧɚɥɵ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɢɧɮɨɪɦɚɰɢɸ, ɩɨɡɜɨɥɹɸɳɭɸ 
ɪɚɫɫɱɢɬɵɜɚɬɶ ɢɫɤɨɦɵɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɠɢɞɤɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɦɟɬɨɞɢɤɨɣ Д3Ж.  

ɇɚ ɛɚɡɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢɡɝɨɬɨɜɥɟɧɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɢɡɦɟɪɢɬɟɥɶɧɚɹ 
ɭɫɬɚɧɨɜɤɚ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ.  (ɫɦ. ɪɢɫ. 1). ɉɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɪɚɡɪɚɛɨɬɚɧɨ ɜ ɫɪɟɞɟ LabView 2009 Д4Ж. ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɫɚɬɟɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɥɨɟ ɠɢɞɤɨɫɬɢ ɨɬ 
ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɚ.  

ȼ ɞɨɤɥɚɞɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢ ɪɟɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɥɹ ɧɶɸɬɨɧɨɜɫɤɢɯ ɢ ɧɟɧɶɸɬɨɧɨɜɫɤɢɯ 
ɠɢɞɤɨɫɬɟɣ. Эɬɢ ɞɚɧɧɵɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɪɚɫɱɟɬɚ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɜ ɫɟɱɟɧɢɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɤɚɧɚɥɨɜ ɩɪɢ ɟɝɨ ɬɟɱɟɧɢɢ.  

 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

392 

 

 
- - - -  – ɬɟɩɥɨɧɨɫɢɬɟɥɶ 
           – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ 
Ɋɢɫ. 1. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 
1 – ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 2 – ɠɢɞɤɨɫɬɧɵɣ ɬɟɪɦɨɫɬɚɬ; 3 – ɞɜɢɝɚɬɟɥɶ ɲɚɝɨɜɵɣ 
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– ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 11 – ɩɥɚɬɚ ɫɛɨɪɚ ɞɚɧɧɵɯ (NI USB 9162); 12 – ɩɥɚɬɚ 
ɫɛɨɪɚ ɞɚɧɧɵɯ (NI PCI); 13 – ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ. 
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ɉɪɢ ɢɡɭɱɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɷɥɥɢɩɫɨɜɢɞɧɚɹ ɦɢɲɟɧɶ, 
ɢɡɝɨɬɨɜɥɟɧɧɚɹ ɢɡ ɦɟɞɧɨɣ ɮɨɥɶɝɢ ɬɨɥɳɢɧɨɣ 50ɦɤɦ. Ʉɨɧɬɭɪ ɦɢɲɟɧɢ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ 
ɷɥɥɢɩɫɚ: 

2 2

2 2
1

22,25 13,25
ɯ ɭ         (1) 

Ɇɢɲɟɧɶ ɤɪɟɩɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɤɥɟɹ ɤ ɛɭɦɚɝɟ, ɧɚɬɹɧɭɬɨɣ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɪɚɦɤɭ. Ɋɚɦɤɚ 
ɦɨɧɬɢɪɨɜɚɥɚɫɶ ɜ ɫɩɟɰɢɚɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɥɚ ɩɪɢɰɟɥɶɧɨ ɧɚɩɪɚɜɥɹɬɶ ɥɚɡɟɪɧɵɣ 
ɥɭɱ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɦɢɲɟɧɢ Д1, 2Ж. Ʌɚɡɟɪɧɵɣ ɢɦɩɭɥɶɫ ɦɨɳɧɨɫɬɶɸ 10ȼɬ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 0,3 
ɫ ɩɨɩɚɞɚɥ ɜ ɨɞɢɧ ɢɡ ɮɨɤɭɫɨɜ ɦɢɲɟɧɢ. Ɏɨɬɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɜɢɞɟɨɡɚɩɢɫɢ, ɧɚ ɤɨɬɨɪɨɣ 
ɛɵɥɚ ɨɬɫɧɹɬɚ ɩɨɜɟɪɯɧɨɫɬɶ ɦɢɲɟɧɢ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɜɤɥɸɱɚɹ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ 
ɞɨ ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, ɡɚɮɢɤɫɢɪɨɜɚɥ ɚɩɟɪɢɨɞɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ ɜɟɥɢɱɢɧɵ ɩɥɨɳɚɞɢ ɩɨɞ 
ɫɩɟɤɬɪɚɥɶɧɨɣ ɤɪɢɜɨɣ ɢɡɥɭɱɟɧɢɹ ɦɢɲɟɧɢ, ɜɨɡɛɭɠɞɟɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɟɦ ɥɚɡɟɪɚ. Эɬɢ ɩɥɨɳɚɞɢ ɜ 
ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ ɜɵɪɚɠɚɸɬ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ. Ʌɚɡɟɪɧɵɣ ɥɭɱ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɩɨ ɧɨɪɦɚɥɢ 
ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɜ ɨɞɢɧ ɢɡ ɟɟ  ɮɨɤɭɫɨɜ, ɩɟɪɟɞɚɟɬ ɟɣ ɦɟɯɚɧɢɱɟɫɤɢɣ ɢɦɩɭɥɶɫ, ɤɨɬɨɪɵɣ 
ɜɵɡɵɜɚɟɬ ɟɟ ɫɦɟɳɟɧɢɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɟɝɨ ɞɟɣɫɬɜɢɹ. ɉɨɜɟɪɯɧɨɫɬɶ ɦɢɲɟɧɢ, ɧɚ ɤɨɬɨɪɭɸ ɩɨɩɚɥ 
ɥɚɡɟɪɧɵɣ ɢɦɩɭɥɶɫ, ɩɪɨɝɢɛɚɟɬɫɹ ɬɚɤ, ɱɬɨ ɟɟ ɫɥɨɣ, ɨɛɪɚɳɟɧɧɵɣ ɤ ɥɚɡɟɪɭ, ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɧɚɩɪɹɠɟɧɢɣ ɫɠɚɬɢɹ, ɬɨɝɞɚ ɤɚɤ ɞɪɭɝɚɹ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ ɫɬɚɧɨɜɢɬɫɹ ɪɚɫɬɹɧɭɬɨɣ. 
ɉɨɫɥɟ ɜɵɤɥɸɱɟɧɢɹ ɥɚɡɟɪɚ, ɭɩɪɭɝɢɟ ɫɢɥɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɦɢɲɟɧɢ ɩɪɢ ɢɡɝɢɛɟ, ɜɵɡɵɜɚɸɬ ɟɟ 
ɨɛɪɚɬɧɨɟ ɞɜɢɠɟɧɢɟ, ɧɨ ɩɨ ɢɧɟɪɰɢɢ ɨɧɚ ɩɪɨɯɨɞɢɬ ɪɚɜɧɨɜɟɫɧɨɟ ɩɨɥɨɠɟɧɢɟ ɢ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ 
ɞɜɢɠɟɧɢɢ ɩɪɢɨɛɪɟɬɚɟɬ ɨɛɪɚɬɧɭɸ ɤɪɢɜɢɡɧɭ, ɩɪɢ ɤɨɬɨɪɨɣ ɡɧɚɤ ɧɚɩɪɹɠɟɧɢɣ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ 
ɨɛɟɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ, ɦɟɧɹɟɬɫɹ ɧɚ ɨɛɪɚɬɧɵɣ. Эɬɨɬ ɩɪɨɰɟɫɫ ɦɧɨɝɨɤɪɚɬɧɨ ɩɨɜɬɨɪɹɟɬɫɹ, ɱɬɨ ɢ 
ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɩɟɪɟɱɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɧɚɪɹɞɭ 
ɫ ɤɨɥɟɛɚɧɢɹɦɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ, ɜɵɡɵɜɚɟɦɵɦɢ ɦɧɨɝɨɤɪɚɬɧɵɦɢ ɨɬɪɚɠɟɧɢɹɦɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ, 
ɜɨɡɛɭɠɞɟɧɧɨɝɨ ɥɨɤɚɥɶɧɵɦ ɪɚɡɨɝɪɟɜɨɦ ɦɢɲɟɧɢ ɷɧɟɪɝɢɟɣ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ, ɤɨɬɨɪɨɟ ɛɵɥɨ 
ɪɚɫɫɦɨɬɪɟɧɨ ɧɚɦɢ ɪɚɧɟɟ Д1Ж. Ɇɟɠɞɭ ɷɬɢɦɢ ɤɨɥɟɛɚɬɟɥɶɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɜɨɡɧɢɤɚɟɬ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɬɚɤ ɤɚɤ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɯɚɪɚɤɬɟɪ ɧɚɩɪɹɠɟɧɢɣ ɢɡɦɟɧɹɟɬ ɩɪɨɰɟɫɫ ɢɡɥɭɱɟɧɢɹ 
ɫɜɟɬɚ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɢɲɟɧɢ, ɚ ɫ ɞɪɭɝɨɣ, - ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɹɯ ɩɪɨɢɫɯɨɞɢɬ 
ɞɢɫɫɢɩɚɰɢɹ ɭɩɪɭɝɨɣ ɷɧɟɪɝɢɢ, ɩɨɜɵɲɚɸɳɚɹ ɷɧɟɪɝɢɸ ɟɟ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ. ɇɚ ɪɢɫ.1 ɩɨɤɚɡɚɧɨ 
ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ, ɢɡɥɭɱɚɟɦɨɣ ɮɪɚɝɦɟɧɬɨɦ 0,254×0,254 ɦɦ2 ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɢɲɟɧɢ, ɡɚ ɩɟɪɜɵɟ 50 ɫ ɩɨɫɥɟ ɜɵɤɥɸɱɟɧɢɹ ɥɚɡɟɪɚ. 
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Ɋɢɫ.1. Ʉɨɥɟɛɚɧɢɹ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɰɟɧɬɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɜ ɩɟɪɜɵɟ 
50 ɫ ɩɪɨɰɟɫɫɚ ɤɨɥɟɛɚɧɢɣ 

 
ȼ Д1Ж ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɷɧɟɪɝɢɹ ɢɡɥɭɱɟɧɢɹ  Q  ɜ ɮɢɡɢɱɟɫɤɢɯ ɟɞɢɧɢɰɚɯ ɦɨɠɟɬ ɛɵɬɶ 

ɜɵɪɚɠɟɧɚ ɮɨɪɦɭɥɨɣ:   SQ CE       (2) 

ɝɞɟ: ɋ - ɪɚɡɦɟɪɧɚɹ ɤɨɧɫɬɚɧɬɚ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, Es - ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ 
ɢɡɥɭɱɟɧɢɹ ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ. Ⱦɥɹ ɦɟɞɢ ɋ = 0,375. ɍɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɬɟɪɢɚɥɚ  E  

ɢɡɥɭɱɚɸɳɟɝɨ ɬɟɥɚ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ  Q  ɩɨ ɮɨɪɦɭɥɟ: 

  SCE
E

A
       (3) 

ɍɱɢɬɵɜɚɹ, ɱɬɨ ɷɧɟɪɝɢɹ ɮɪɚɝɦɟɧɬɚ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɜɧɚ 
ɟɝɨ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɨɣ ɨɧ ɨɛɥɚɞɚɟɬ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɬ. ɟ. Q = cmTk ɢɡ 
ɮɨɪɦɭɥɵ (3) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɟ ɧɨɜɨɣ ɪɚɡɦɟɪɧɨɣ ɤɨɧɫɬɚɧɬɵ (C/A), ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ 
ɢɡɦɟɪɟɧɢɹɦɢ: ȿs ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ ɞɨɫɬɚɬɨɱɧɨɝɨ ɱɢɫɥɚ ɮɪɚɝɦɟɧɬɨɜ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɢ ɭɫɪɟɞɧɢɜ ɟɟ ɡɧɚɱɟɧɢɟ. Эɬɨ ɢ ɛɵɥɨ ɫɞɟɥɚɧɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 7 
ɢɡɦɟɪɟɧɢɣ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨ (C/A) = 0,375. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ 
ɞɚɧɧɵɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɪɢɫ. 1 ɞɥɹ ɮɪɚɝɦɟɧɬɚ ɦɢɲɟɧɢ ɩɥɨɳɚɞɶɸ 2,54×2,54 ɦɦ2, 
ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜ ɟɟ ɰɟɧɬɪɟ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɷɬɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ 
ɢɫɯɨɞɧɨɦ ɢ ɜ ɧɚɝɪɭɠɟɧɧɨɦ ɧɚɩɪɹɠɟɧɢɟɦ ɫɠɚɬɢɹ ɢ ɪɚɫɬɹɠɟɧɢɹ ɫɨɫɬɨɹɧɢɹɯ. Ⱦɚɧɧɵɟ ɷɬɢɯ 
ɢɡɦɟɪɟɧɢɣ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ №1. ɋ ɢɯ ɩɨɦɨɳɶɸ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɬɪɟɥɵ ɩɪɨɝɢɛɚ 
ɦɢɲɟɧɢ ɜ ɤɪɚɣɧɢɯ ɩɨɥɨɠɟɧɢɹɯ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɦɨɦɟɧɬɚɦ ɞɨɫɬɢɠɟɧɢɹ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɫɠɚɬɢɹ ɢ ɪɚɫɬɹɠɟɧɢɹ ɜ ɟɟ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ, ɞɨɫɬɭɩɧɨɦ 
ɧɚɛɥɸɞɟɧɢɸ. ɋɯɟɦɚ ɨɰɟɧɤɢ ɜɟɥɢɱɢɧɵ ɫɬɪɟɥɵ ɩɪɨɝɢɛɚ, ɤɨɬɨɪɭɸ ɩɨɥɭɱɚɟɬ ɦɢɲɟɧɶ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ, ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2. 

ɂɡ ɚɧɚɥɢɡɚ ɫɯɟɦɵ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɮɨɪɦɭɥɚ ɞɥɹ ɨɰɟɧɤɢ ɫɬɪɟɥɵ ɩɪɨɝɢɛɚ f , ɤɨɬɨɪɭɸ ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ: 

(1 cos )f a   (3) 
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Ɋɢɫ.2. ɋɯɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɟɥɵ ɩɪɨɝɢɛɚ ɦɢɲɟɧɢ  ɩɪɢ ɥɚɡɟɪɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ 

 
ȼɟɥɢɱɢɧɭ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɧɚ  ɧɚɛɥɸɞɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ  ɨɩɪɟɞɟɥɹɥɢ 

ɩɨ ɮɨɪɦɭɥɟ, ɩɨɥɭɱɟɧɧɨɣ ɢɡ ɭɪɚɜɧɟɧɢɹ: 
2

2oE E
E
         (4) 

ɝɞɟ: ȿσ - ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ ɩɨɞ ɧɚɝɪɭɡɤɨɣ, ȿɨ - ɭɞɟɥɶɧɚɹ ɷɧɟɪɝɢɹ 
ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ, ȿ - ɧɨɪɦɚɥɶɧɵɣ ɦɨɞɭɥɶ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ. 
ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɨɰɟɧɤɢ ɪɚɞɢɭɫɚ ɤɪɢɜɢɡɧɵ ρ ɩɨɥɭɱɚɥɢ ɢɡ ɪɚɜɟɧɫɬɜɚ ɞɜɭɯ ɮɨɪɦɭɥ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɩɥɚɫɬɢɧɵ ɩɪɢ ɢɡɝɢɛɟ Д3Ж: 

 

2E
    (5) 

ɝɞɟ: δ - ɬɨɥɳɢɧɚ ɦɢɲɟɧɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɞɟɣɫɬɜɢɟ ɟɞɢɧɢɱɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɧɚ ɷɥɥɢɩɫɨɜɢɞɧɭɸ ɦɢɲɟɧɶ 

ɢɡ ɦɟɞɧɨɣ ɮɨɥɶɝɢ ɬɨɥɳɢɧɨɣ 50 ɦɤɦ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɧɟ ɬɨɥɶɤɨ ɤɨɥɟɛɚɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ, ɧɨ ɢ  ɜɨɡɛɭɠɞɟɧɢɸ ɜ ɧɟɣ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɩɟɪɟɱɧɵɯ ɤɨɥɟɛɚɧɢɣ ɫɨ 
ɫɬɪɟɥɨɣ ɩɪɨɝɢɛɚ з1 ɦɦ. 

 
Ɍɚɛɥɢɰɚ №1. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɪɟɥɵ ɩɪɨɝɢɛɚ (f) ɦɢɲɟɧɢ ɩɪɢ ɥɚɡɟɪɧɨɦ 

ɜɨɡɞɟɣɫɬɜɢɢ 
№ ɉɨɥɨɠɟɧɢɟ 

ɦɢɲɟɧɢ 
ȿ, Ⱦɠ ∆ȿ, Ⱦɠ σ, ɤɝ/ɦɦ2 ρ, ɫɦ. f, ɦɦ. 

1 ɧɟɣɬɪɚɥɶɧɨɟ 0,3291 - 0 ∞ 0 
2 ɜɵɩɭɤɥɨɟ 

0,3311 0,00199 

22,28 28 0,922 

3 ɜɨɝɧɭɬɨɟ 0,3264 0,00267 25,83 24,2 1,063 
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬɵ №№ 14-08-00417ɚ, 14-08-00981ɚ). 
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ВЫВɈȾЫ: 

 
1. ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɧɚɥɢɡɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ, ɜɨɡɛɭɠɞɟɧɧɵɯ ɜ ɷɥɥɢɩɫɨɜɢɞɧɨɣ 

ɦɢɲɟɧɢ ɢɡ ɦɟɞɧɨɣ ɮɨɥɶɝɢ ɜɨɡɞɟɣɫɬɜɢɟɦ ɟɞɢɧɢɱɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɫ ɩɨɦɨɳɶɸ ɎȺɋɂ 
ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɨɰɟɧɤɢ ɡɧɚɱɟɧɢɹ ɫɬɪɟɥɵ ɩɪɨɝɢɛɚ ɦɢɲɟɧɢ ɩɪɢ ɟɟ ɜɵɩɭɤɥɨɦ ɢ ɜɨɝɧɭɬɨɦ 
ɩɨɥɨɠɟɧɢɹɯ. 

2. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɩɪɨɢɫɯɨɞɢɬ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɚɤ ɜɫɥɟɞɫɬɜɢɟ ɪɚɫɫɟɹɧɢɹ ɭɩɪɭɝɨɣ ɷɧɟɪɝɢɢ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɹɯ, 
ɬɚɤ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɡɦɟɧɟɧɢɣ ɷɧɟɪɝɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ, ɜɵɡɵɜɚɸɳɢɯ ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ 
ɧɚɩɪɹɠɟɧɢɣ ɢ ɧɨɪɦɚɥɶɧɨɝɨ ɦɨɞɭɥɹ. 
 

ɅɂɌȿɊАɌɍɊА 
 
1. ɂ.ɂ. ɇɨɜɢɤɨɜ, ȼ.Ⱥ. ȿɪɦɢɲɤɢɧ, ȿ.Ɇ. Ʉɭɞɪɹɜɰɟɜ, ɇ.Ⱥ. Ɇɢɧɢɧɚ. Кɨɥɟɛɚɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ ɜ 
ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɦɢɲɟɧɢ, ɜɨɡɛɭɠɞɚɟɦɵɟ ɥɚɡɟɪɧɵɦ ɢɦɩɭɥɶɫɨɦ. Ʉɚɡɚɧɶ, 2014. 
2. ɂ.ɂ. ɇɨɜɢɤɨɜ, ȼ.Ⱥ. ȿɪɦɢɲɤɢɧ, ȿ.ɂ. Ʉɭɞɪɹɜɰɟɜ, ɇ.Ⱥ. Ɇɢɧɢɧɚ. Иɡɭɱɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɨɞɨɦ ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢɡɥɭɱɟɧɢɹ ɨɬ ɦɢɲɟɧɢ ɩɨɫɥɟ 
ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. Ʉɚɡɚɧɶ, 2014. 
3. ȼ.ɂ. Ɏɟɨɞɨɫɶɟɜ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ. Ɇ.:ɂɡ-ɜɨ ɆȽɌɍ ɢɦ. ɇ.Э. Ȼɚɭɦɚɧɚ, 1999. 
 
 
 

ɄɈɅȿȻАɇɂЯ ɌȿɉɅɈВɈȽɈ ɉɈɅЯ В ɗɅɅɂɉɌɂɑȿɋɄɈɃ Ɇɂɒȿɇɂ, 
ВɈɁȻɍɀȾАȿɆЫȿ ɅАɁȿɊɇЫɆ ɂɆɉɍɅЬɋɈɆ 

ɇɨɜɢɤɨɜ ɂ.ɂ.1, ȿɪɦɢɲɤɢɧ ȼ.Ⱥ.1, Ʉɭɞɪɹɜɰɟɜ ȿ.Ɇ.2, Ɇɢɧɢɧɚ ɇ.Ⱥ.1 
1ИɆȿɌ ɊȺɇ, Ɋɨɫɫɢɹ, ɝ. Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ, ɞ. 49, 

 ɟ-mail: minina@imet.ac.ru 
2ɎИȺɇ ɊȺɇ, Ɋɨɫɫɢɹ, ɝ. Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ, ɞɨɦ 53, 

ɟ-mail: kudriavt@sci.lebedev.ru 
 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɬɟɯɧɢɤɟ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɩɨɥɭɱɢɥɢ ɦɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɫɬɚɰɢɨɧɚɪɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɩɨɥɹ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬɫɹ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ. ɉɪɢ ɩɪɨɫɬɟɣɲɟɣ ɮɨɪɦɟ ɨɛɪɚɡɰɨɜ ɷɬɨ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɭɪɚɜɧɟɧɢɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Ɏɭɪɶɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ Д1Ж. ɉɪɢɦɟɧɟɧɢɟ ɥɚɡɟɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɫ ɜɵɫɨɤɨɣ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɮɨɬɨɦɟɬɪɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ ɫɬɪɭɤɬɭɪɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ (ɎȺɋɂ) Д2Ж ɩɪɨɰɟɫɫɨɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɩɥɨɜɵɯ ɩɨɬɨɤɨɜ ɩɨ ɬɟɥɭ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɢɲɟɧɢ ɫɨɡɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɢɬɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɦɚɬɟɪɢɚɥɨɜ ɜ ɭɫɥɨɜɢɹɯ ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ȼ ɩɪɨɜɟɞɟɧɧɨɣ ɫɟɪɢɢ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɡɭɱɚɥɨɫɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɷɥɥɢɩɫɨɜɢɞɧɨɣ ɦɢɲɟɧɢ ɢɡ 
ɦɟɞɧɨɣ ɮɨɥɶɝɢ ɬɨɥɳɢɧɨɣ 50 ɦɤɦ, ɤɨɬɨɪɨɟ ɫɨɡɞɚɜɚɥɨɫɶ ɜ ɪɟɡɭɥɶɬɚɬɟ ɢɦɩɭɥɶɫɧɨɝɨ ɥɚɡɟɪɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ. ɂɦɩɭɥɶɫ ɦɨɳɧɨɫɬɶɸ 10 ȼɬ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 0,3 ɫ ɫɨɡɞɚɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ 
ɧɟɩɪɟɪɵɜɧɨɝɨ ɋɈ2-ɥɚɡɟɪɚ, ɧɚɩɪɚɜɥɹɥɫɹ ɜ ɨɞɢɧ ɢɡ ɮɨɤɭɫɨɜ ɷɥɥɢɩɫɚ. ɋɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɢɲɟɧɢ ɞɨ ɜɨɡɞɟɣɫɬɜɢɹ ɥɚɡɟɪɚ ɢ ɩɨɫɥɟ ɧɟɝɨ ɧɟɩɪɟɪɵɜɧɨ ɡɚɩɢɫɵɜɚɥɨɫɶ ɜɢɞɟɨɤɚɦɟɪɨɣ. 
ȼɧɟɲɧɢɣ ɜɢɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ - ɧɚ ɪɢɫ. 1.  
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Ɋɢɫ. 1. ȼɧɟɲɧɢɣ ɜɢɞ ɭɫɬɚɧɨɜɤɢ ɫ ɢɫɫɥɟɞɭɟɦɵɦ ɨɛɪɚɡɰɨɦ. 

 
ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɥɚɡɟɪɧɨɝɨ ɩɭɱɤɚ ɧɚ ɨɞɢɧ ɢɡ ɮɨɤɭɫɨɜ ɜɨɤɪɭɝ ɧɟɝɨ ɜɨɡɛɭɠɞɚɟɬɫɹ 
ɤɨɧɰɟɧɬɪɢɱɟɫɤɚɹ ɬɟɩɥɨɜɚɹ ɜɨɥɧɚ, ɤɨɬɨɪɚɹ, ɞɨɫɬɢɝɚɹ ɤɪɚɟɜ ɨɛɪɚɡɰɚ, ɨɬɪɚɠɚɟɬɫɹ ɨɬ ɧɢɯ ɢ 
ɫɨɛɢɪɚɟɬɫɹ ɜ ɞɪɭɝɨɦ ɮɨɤɭɫɟ. ɉɨɫɥɟ ɷɬɨɝɨ ɬɟɩɥɨɜɚɹ ɜɨɥɧɚ ɢɫɯɨɞɢɬ ɢɡ ɧɟɝɨ ɢ ɩɪɨɰɟɫɫ ɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɨɛɧɨɜɥɹɟɬɫɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɪɚɡɰɟ ɜɨɡɧɢɤɚɟɬ 
ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ, ɜ ɤɨɬɨɪɨɦ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɪɟɠɢɦ ɧɟɩɪɟɪɵɜɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɥɟɛɚɧɢɣ. ɂɧɮɨɪɦɚɰɢɹ ɨ ɯɚɪɚɤɬɟɪɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢ ɟɝɨ ɢɡɦɟɧɟɧɢɢ ɜɨ ɜɪɟɦɟɧɢ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɫ ɩɨɦɨɳɶɸ 
(ɎȺɋɂ). ȼ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɷɥɟɦɟɧɬɚɪɧɵɦ ɚɤɬɨɦ ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ 
ɹɜɥɹɟɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɮɨɬɨɧɨɜ ɫɜɟɬɚ ɫ ɷɥɟɤɬɪɨɧɚɦɢ ɦɟɬɚɥɥɚ, ɨɧɢ ɞɚɸɬ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛ 
ɢɡɦɟɧɟɧɢɹɯ ɜ ɢɯ ɫɨɫɬɨɹɧɢɹɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɫɩɟɤɬɪɨɜ ɹɪɤɨɫɬɢ 
ɨɬɪɚɠɟɧɢɹ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ ɜɵɜɨɞɹɬɫɹ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɜ ɤɨɨɪɞɢɧɚɬɚɯ «ɹɪɤɨɫɬɶ ɨɬɪɚɠɟɧɧɨɝɨ 
ɩɨɬɨɤɚ ɫɜɟɬɚ - ɟɝɨ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ». ȼ ɎȺɋɂ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɜɵɞɟɥɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɹɪɤɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɢɯ ɰɜɟɬɧɨɝɨ ɨɤɪɚɲɢɜɚɧɢɹ. ɉɨ ɨɫɢ 
ɨɪɞɢɧɚɬ ɨɬɤɥɚɞɵɜɚɟɬɫɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɩɥɨɬɧɨɫɬɶ ɹɪɤɨɫɬɢ ɨɬɪɚɠɟɧɢɹ p(I), ɩɨɞ ɤɨɬɨɪɨɣ 
ɩɨɧɢɦɚɟɬɫɹ ɨɬɧɨɲɟɧɢɟ ɱɢɫɥɚ ɩɢɤɫɟɥɟɣ, ɢɦɟɸɳɢɯ ɨɞɢɧɚɤɨɜɭɸ ɨɤɪɚɫɤɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ 
ɜɵɛɪɚɧɧɵɦ ɢɧɬɟɪɜɚɥɚɦ ɹɪɤɨɫɬɢ ɨɬɪɚɠɟɧɢɹ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɮɪɚɝɦɟɧɬɚ n(I), ɤ 
ɨɛɳɟɦɭ ɱɢɫɥɭ ɩɢɤɫɟɥɟɣ, ɧɚ ɤɨɬɨɪɨɟ ɛɵɥɨ ɪɚɡɛɢɬɨ ɢɡɨɛɪɚɠɟɧɢɟ ɮɪɚɝɦɟɧɬɚ N, ɬ.ɟ. 
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N
 . ɉɨ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɥɨɠɟɧɨ ɡɧɚɱɟɧɢɟ ɹɪɤɨɫɬɢ ɨɬɪɚɠɟɧɢɹ ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ 

ɥɢɧɟɣɧɨɣ ɲɤɚɥɵ, ɜ ɤɨɬɨɪɨɣ ɡɚ ɧɭɥɟɜɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɧɢɦɚɟɬɫɹ ɩɨɥɧɨɟ ɩɨɝɥɨɳɟɧɢɟ 
ɩɚɞɚɸɳɟɝɨ ɧɚ ɮɪɚɝɦɟɧɬ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ, ɚ ɟɞɢɧɢɰɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɧɨɦɭ ɨɬɪɚɠɟɧɢɸ 
ɩɚɞɚɸɳɟɝɨ ɫɜɟɬɚ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɧɚ ɫɩɟɤɬɪɚɯ ɹɪɤɨɫɬɢ ɨɬɪɚɠɟɧɢɹ ɫɜɟɬɚ, ɞɨ ɢ ɩɨɫɥɟ 
ɮɢɡɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɢɡɜɟɫɬɧɨɣ ɩɪɢɪɨɞɵ ɧɚ ɨɛɪɚɡɟɰ, ɫ ɩɨɦɨɳɶɸ ɰɜɟɬɨɜɨɝɨ ɨɤɪɚɲɢɜɚɧɢɹ 
ɜɵɞɟɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɢɧɬɟɪɜɚɥɵ ɹɪɤɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɛɥɚɫɬɹɦ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɹɬ ɧɚɢɛɨɥɶɲɢɟ ɢɡɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚ. ɎȺɋɂ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɨɜɢɬɶ 
ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɫɜɹɡɶ ɦɟɠɞɭ ɫɬɪɭɤɬɭɪɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɢ ɡɧɚɱɟɧɢɹɦɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
ɮɢɡɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɤɨɬɨɪɵɟ ɢɯ ɜɵɡɜɚɥɢ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɢɯ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɵ. ȼ 
ɧɚɲɟɦ ɫɥɭɱɚɟ ɷɬɨ ɛɵɥɨ ɢɡɥɭɱɟɧɢɟ ɥɚɡɟɪɚ. ɇɚ ɪɢɫ. 2 ɩɨɤɚɡɚɧ ɬɢɩɢɱɧɵɣ ɩɪɢɦɟɪ ɜɵɜɨɞɚ 
ɪɟɡɭɥɶɬɚɬɨɜ ɎȺɋɂ ɞɥɹ ɢɡɦɟɧɟɧɢɣ ɜ ɫɬɪɭɤɬɭɪɧɵɯ ɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɹɯ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɟɞɧɨɣ ɦɢɲɟɧɢ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɥɚɡɟɪɚ. ɇɢɠɟ ɢɡɨɛɪɚɠɟɧɢɣ ɫɬɪɭɤɬɭɪɵ ɮɪɚɝɦɟɧɬɚ 
0,254×0,254 ɦɦ2 ɩɪɢɜɟɞɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɫɩɟɤɬɪɵ ɹɪɤɨɫɬɢ ɨɬɪɚɠɟɧɢɹ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ 
ɨɬ ɧɢɯ. ɂɡ ɪɢɫɭɧɤɨɜ ɜɢɞɧɨ, ɱɬɨ ɢɦɟɸɬɫɹ ɤɚɱɟɫɬɜɟɧɧɵɟ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɜ 
ɯɚɪɚɤɬɟɪɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɨɤɪɚɲɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ. 
ɎȺɋɂ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɢɬɶ ɷɬɢ ɪɚɡɥɢɱɢɹ. ɂɯ ɦɨɠɧɨ ɜɢɞɟɬɶ ɢɡ ɬɚɛɥɢɰɵ №1. ȼ ɩɪɨɝɪɚɦɦɟ 
ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɨɛɳɢɯ ɩɥɨɳɚɞɟɣ ɩɨɞ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɤɪɢɜɵɦɢ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɜɢɞɟɨɡɚɩɢɫɢ ɧɚɛɥɸɞɟɧɢɣ ɡɚ ɫɨɫɬɨɹɧɢɟɦ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɩɨɫɥɟ 
ɥɚɡɟɪɧɨɝɨ ɨɛɥɭɱɟɧɢɹ ɨɞɧɨɝɨ ɢɡ ɟɟ ɮɨɤɭɫɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɩɥɨɬɧɨɫɬɟɣ ɜɨ ɜɫɟɯ ɜɵɞɟɥɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɫɩɟɤɬɪɚ ɢ ɩɥɨɳɚɞɟɣ ɩɨɞ ɜɫɟɦɢ ɫɩɟɤɬɪɚɥɶɧɵɦɢ 
ɤɪɢɜɵɦɢ ɫ ɩɹɬɢɫɟɤɭɧɞɧɵɦɢ ɢɧɬɟɪɜɚɥɚɦɢ. 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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Ɋɢɫ.2. ɂɡɦɟɧɟɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɩɟɤɬɪɨɜ ɹɪɤɨɫɬɢ ɮɪɚɝɦɟɧɬɚ ɦɟɞɧɨɣ ɦɢɲɟɧɢ ɨɤɪɭɠɚɸɳɟɝɨ 
ɮɨɤɭɫ ɷɥɥɢɩɫɚ, ɤɨɬɨɪɵɣ ɧɟ ɩɨɞɜɟɪɝɚɥɫɹ ɜɨɡɞɟɣɫɬɜɢɸ ɥɚɡɟɪɧɨɝɨ ɩɭɱɤɚ ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ. 
ɋɥɟɜɚ ɫɨɫɬɨɹɧɢɟ ɮɪɚɝɦɟɧɬɚ ɞɨ ɨɛɥɭɱɟɧɢɹ, ɫɩɪɚɜɚ ɟɝɨ ɫɨɫɬɨɹɧɢɟ ɫɩɭɫɬɹ 145 ɫɟɤ ɩɨɫɥɟ 
ɥɚɡɟɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

 
Ɍɚɛɥɢɰɚ №1. ɂɡɦɟɧɟɧɢɹ ɨɤɪɚɫɤɢ ɮɪɚɝɦɟɧɬɚ ɦɢɲɟɧɢ ɜɨɤɪɭɝ ɨɛɥɭɱɟɧɧɨɝɨ ɮɨɤɭɫɚ 
ȼɪɟɦɹ ɨɬ ɦɨɦɟɧɬɚ 
ɜɤɥɸɱɟɧɢɹ ɥɚɡɟɪɚ, ɫ. 

Ɉɤɪɚɫɤɚ ɜɵɞɟɥɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɫɩɟɤɬɪɚ ɢ ɢɯ ɫɩɟɤɬɪɚɥɶɧɚɹ 
ɩɥɨɬɧɨɫɬɶ 

Ʉɪɚɫɧɚɹ Ɂɟɥɟɧɚɹ ɀɟɥɬɚɹ 
0 0,086777 0,436403 0,013431 

145 0,288553 0,746158 0,181240 
 
Эɬɢ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɢɜɨɞɹɬɫɹ ɧɚ ɪɢɫ. 3, 4 ɢ ɨɧɢ ɨɞɧɨɡɧɚɱɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɜɨɡɛɭɠɞɟɧɢɢ ɜ 
ɦɟɞɧɨɣ ɦɢɲɟɧɢ ɩɪɢ ɥɚɡɟɪɧɨɦ ɨɛɥɭɱɟɧɢɢ ɨɞɧɨɝɨ ɢɡ ɟɟ ɮɨɤɭɫɨɜ ɩɟɪɟɦɟɧɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɩɨɥɹ, ɢɡɦɟɧɟɧɢɹ ɤɨɬɨɪɨɝɨ ɜɨ ɜɪɟɦɟɧɢ ɧɨɫɹɬ ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ ɡɚɬɭɯɚɸɳɢɣ ɯɚɪɚɤɬɟɪ. 
ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɬɨɝɨ ɩɨɥɹ ɨɬɥɢɱɚɟɬɫɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɩɨɝɪɚɧɢɱɧɵɟ ɨɛɥɚɫɬɢ ɦɢɲɟɧɢ ɢ ɨɛɥɚɫɬɢ, ɨɤɪɭɠɚɸɳɢɟ ɨɛɚ ɮɨɤɭɫɚ, ɨɬɥɢɱɚɸɬɫɹ ɩɨɜɵɲɟɧɧɨɣ 
ɩɨɝɥɨɳɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɨɛɥɚɫɬɹɦɢ ɦɢɲɟɧɢ. ɉɪɢ ɷɬɨɦ ɪɟɡɤɨɟ 
ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɤɢ ɦɢɲɟɧɢ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɟɟ ɨ ɧɚɥɢɱɢɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ 
ɝɪɚɞɢɟɧɬɨɜ, ɧɚɛɥɸɞɚɟɬɫɹ ɜɛɥɢɡɢ ɮɨɤɭɫɨɜ. ɇɚ ɪɢɫ.3 ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɢ 
ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɜɨ ɜɫɟɯ ɬɪɟɯ ɢɧɬɟɪɜɚɥɚɯ, ɤɨɥɟɛɥɸɬɫɹ ɫ ɩɪɚɤɬɢɱɟɫɤɢ 
ɨɞɢɧɚɤɨɜɵɦɢ ɮɚɡɚɦɢ ɢ ɩɟɪɢɨɞɚɦɢ. Ɍɟ ɠɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ 
ɜɟɥɢɱɢɧɵ ɩɥɨɳɚɞɟɣ ɩɨɞ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɤɪɢɜɵɦɢ ɹɪɤɨɫɬɢ ɨɬɪɚɠɟɧɢɹ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ ɨɬ 
ɜɪɟɦɟɧɢ. Ɏɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɩɥɨɳɚɞɟɣ ɩɨɞ ɫɩɟɤɬɪɚɥɶɧɵɦɢ ɤɪɢɜɵɦɢ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɢɡɥɭɱɚɟɬɫɹ ɟɞɢɧɢɰɟɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ 
ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. ɂɡ ɪɢɫ. 4 ɜɢɞɧɨ, ɱɬɨ ɥɚɡɟɪɧɨɟ ɨɛɥɭɱɟɧɢɟ ɨɞɧɨɝɨ ɮɨɤɭɫɚ ɷɥɥɢɩɫɨɜɢɞɧɨɣ 
ɦɟɞɧɨɣ ɦɢɲɟɧɢ ɩɪɢɞɚɟɬ ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɥɭɱɟɧɢɸ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ ɨɬ ɟɟ 
ɩɨɜɟɪɯɧɨɫɬɢ. 
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Ɋɢɫ.3. ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɥɢɩɬɢɱɟɫɤɨɣ ɦɟɞɧɨɣ ɦɢɲɟɧɢ, ɢɫɩɵɬɚɜɲɟɣ ɜɨɡɞɟɣɫɬɜɢɟ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɜ 
ɨɞɧɨɦ ɢɡ ɫɜɨɢɯ ɮɨɤɭɫɨɜ (◊-ɜ I ɢɧɬɟɪɜɚɥɟ, □-ɜɨ II  ɢɧɬɟɪɜɚɥɟ, ɜ Δ-III  ɢɧɬɟɪɜɚɥɟ ɫɩɟɤɬɪɚ) 
 

 
Ɋɢɫ.4. Ʉɨɥɟɛɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢɡɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɢɲɟɧɢ, ɢɫɩɵɬɚɜɲɟɣ ɜɨɡɞɟɣɫɬɜɢɟ 
ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ. 

 
ВЫВɈȾЫ: 

1. Ʌɚɡɟɪɧɵɣ ɢɦɩɭɥɶɫ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɜ ɮɨɤɭɫ ɷɥɥɢɩɫɨɜɢɞɧɨɣ ɦɢɲɟɧɢ, ɜɨɡɛɭɠɞɚɟɬ ɜ ɧɟɣ 
ɩɟɪɟɦɟɧɧɨɟ ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɟ, ɤɨɬɨɪɨɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ, ɛɥɚɝɨɞɚɪɹ  ɤɨɥɟɛɚɬɟɥɶɧɨɦɭ 
ɯɚɪɚɤɬɟɪɭ ɢɡɥɭɱɟɧɢɹ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ. 
2. Ɏɨɬɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡɚɬɨɪ ɫɬɪɭɤɬɭɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ (ɎȺɋɂ) ɩɨɡɜɨɥɹɟɬ 
ɨɛɧɚɪɭɠɢɬɶ ɢɡɦɟɧɟɧɢɹ ɜ ɯɚɪɚɤɬɟɪɟ ɢɡɥɭɱɟɧɢɹ ɦɢɲɟɧɢ, ɜɵɡɜɚɧɧɵɟ ɜɨɡɞɟɣɫɬɜɢɟɦ ɥɚɡɟɪɧɨɝɨ 
ɢɦɩɭɥɶɫɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬɵ №№ 14-08-00417ɚ, 14-08-00981ɚ). 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ: ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɥɟ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ ɢ ɫɢɥ Д1-3Ж ɹɜɥɹɟɬɫɹ 
ɧɨɜɨɣ ɢ ɫɥɨɠɧɨɣ ɩɪɨɛɥɟɦɨɣ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɢɦɟɟɬ ɚɤɬɭɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɰɟɧɤɢ 
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ɬɟɩɥɨɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɪɚɳɚɸɳɢɯɫɹ ɞɟɬɚɥɟɣ ɝɚɡɨɬɭɪɛɢɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɞɪɭɝɢɯ 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɬɭɪɛɨɦɚɲɢɧ.  

ȼ Д4, 5Ж ɩɪɢɜɨɞɹɬɫɹ ɫɜɟɞɟɧɢɹ ɩɨ ɷɥɟɤɬɪɨɧɧɨɦɭ ɹɜɥɟɧɢɸ ɜ ɦɟɬɚɥɥɚɯ, ɤɨɬɨɪɨɟ ɨɩɵɬɧɵɦ 
ɩɭɬɟɦ ɭɫɬɚɧɨɜɢɥɢ ɪɭɫɫɤɢɟ ɭɱɟɧɵɟ-ɮɢɡɢɤɢ Ʌ.ɂ. Ɇɚɧɞɟɥɶɲɬɚɦ ɢ ɇ.Ⱦ. ɉɚɩɚɥɟɤɫɢ ɜ 1913 ɝ. ȼ 
ɢɯ ɨɩɵɬɟ ɩɪɢ ɜɪɚɳɟɧɢɢ ɤɚɬɭɲɤɢ ɧɚ ɤɨɧɰɚɯ ɩɪɨɜɨɞɚ ɜɨɡɧɢɤɚɥɚ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ, ɢ, 
ɩɨɞɤɥɸɱɟɧɧɵɣ ɤ ɤɨɧɰɚɦ ɩɪɨɜɨɞɚ ɬɟɥɟɮɨɧ ɢɡɞɚɜɚɥ ɡɜɭɤ. Эɬɨɬ ɨɩɵɬ ɜ 1916 ɝ. ɛɵɥ 
ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧ ɚɦɟɪɢɤɚɧɫɤɢɦ ɭɱɟɧɵɦ Ɋ.ɑ. Ɍɨɥɦɟɧɨɦ. Ʉɚɬɭɲɤɚ ɜ ɟɝɨ ɨɩɵɬɟ ɩɪɢɜɨɞɢɥɚɫɶ 
ɜ ɛɵɫɬɪɨɟ ɜɪɚɳɟɧɢɟ ɢ ɡɚɬɟɦ ɪɟɡɤɨ ɬɨɪɦɨɡɢɥɚɫɶ. ɉɪɢ ɷɬɨɦ ɫ ɩɨɦɨɳɶɸ ɛɚɥɥɢɫɬɢɱɟɫɤɨɝɨ 
ɝɚɥɶɜɚɧɨɦɟɬɪɚ ɪɟɝɢɫɬɪɢɪɨɜɚɥɫɹ ɢɦɩɭɥɶɫ ɬɨɤɚ, ɫɜɹɡɚɧɧɵɣ ɫ ɢɧɟɪɰɢɨɧɧɵɦ ɞɜɢɠɟɧɢɟɦ 
ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ (ɢɦɟɸɳɢɯ ɦɚɫɫɭ) ɜ ɬɨɧɤɨɦ ɦɟɞɧɨɦ ɩɪɨɜɨɞɟ ɧɚ ɤɚɬɭɲɤɟ. ȼ ɞɚɧɧɵɯ 
ɨɩɵɬɚɯ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ, ɱɬɨ ɭɫɤɨɪɟɧɢɹ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɷɥɟɤɬɪɨɧɧɵɟ ɹɜɥɟɧɢɹ ɜ 
ɦɟɬɚɥɥɚɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ. Ɉɞɧɚɤɨ ɢɡ ɭɤɚɡɚɧɧɵɯ ɨɩɵɬɨɜ ɧɟ ɛɵɥɨ ɫɞɟɥɚɧɨ 
ɜɵɜɨɞɨɜ ɢ ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɹɜɥɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɹɜɥɟɧɢɹ ɧɚ ɞɪɭɝɢɯ 
ɪɟɠɢɦɚɯ ɜɪɚɳɟɧɢɹ ɢ ɟɝɨ ɜɥɢɹɧɢɢ ɧɚ ɬɟɩɥɨɜɵɟ ɩɪɨɰɟɫɫɵ ɜ ɤɨɪɨɬɤɢɯ ɩɪɨɜɨɞɧɢɤɚɯ ɢ ɜɨ 
ɜɪɚɳɚɸɳɢɯɫɹ ɞɟɬɚɥɹɯ. ȼ Д6Ж ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɥɢɹɧɢɹ ɭɫɤɨɪɟɧɢɣ ɧɚ 
ɩɨɹɜɥɟɧɢɟ ɪɚɡɧɨɫɬɢ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ ɭɱɚɫɬɤɚɯ ɩɪɨɜɨɥɨɤɢ (ɢɡ-ɡɚ ɢɧɟɪɰɢɨɧɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɷɥɟɤɬɪɨɧɨɜ) ɩɪɢ ɟɟ ɫɤɨɪɨɫɬɧɨɦ ɜɨɥɨɱɟɧɢɢ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ (ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ) ɜ  ɪɚɞɢɚɥɶɧɨɦ ɢ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ ɜ 
ɩɨɥɟ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ ɢ ɫɢɥ. Ɋɚɡɪɚɛɨɬɚɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɭɤɚɡɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ ɪɚɡɝɨɧɧɨɦ ɫɬɟɧɞɟ (ɪɢɫ. 1) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɵ. 
Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥ ɡɚɤɪɟɩɥɟɧɢɟ ɧɚ ɩɨɥɨɬɧɟ ɦɨɞɟɥɶɧɨɝɨ ɞɢɫɤɚ ɞɜɭɯ 
ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ ɢɡ ɤɨɩɟɥɟɜɨɝɨ ɩɪɨɜɨɞɚ ɫ ɞɢɚɦɟɬɪɨɦ 0,5 ɦɦ ɫ 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɦ ɞɥɢɧɨɣ 10 ɦɦ (ɪɢɫ. 2). Эɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ ɪɚɡɦɟɳɚɥɫɹ ɜ ɦɟɫɬɟ 
ɫɨɟɞɢɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ. Ɍɟɩɥɨɢɡɨɥɢɪɨɜɚɧɧɵɣ ɨɛɴɟɤɬ ɡɚɤɪɟɩɥɹɥɫɹ ɧɚ ɩɨɥɨɬɧɟ ɞɢɫɤɚ 
ɮɨɥɶɝɨɣ, ɩɪɢɜɚɪɢɜɚɟɦɨɣ ɬɨɱɟɱɧɨɣ ɫɜɚɪɤɨɣ. ɉɟɪɜɵɣ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤ ɛɵɥ ɪɚɡɦɟɳɟɧ ɜ 
ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɚ ɞɪɭɝɨɣ ɜɦɟɫɬɟ ɫ ɧɚɝɪɟɜɚɬɟɥɟɦ ɪɚɫɩɨɥɚɝɚɥɫɹ ɜ ɨɤɪɭɠɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ. ȼɧɭɬɪɢ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɵ ɫɬɟɧɞɚ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɦɨɞɟɥɶɧɵɣ ɞɢɫɤ ɫɨ ɠɝɭɬɨɦ 
ɩɪɨɜɨɞɨɜ (ɪɢɫ. 1). 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɚɛɨɬɚɧɧɵɦ ɦɟɬɨɞɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɟ 
ɧɚ ɪɚɡɝɨɧɧɨɦ ɫɬɟɧɞɟ, ɨɫɧɚɳɟɧɧɨɝɨ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɰɢɤɥɢɱɟɫɤɢɦ ɧɚɝɪɭɠɟɧɢɟɦ. Ʉɨɧɬɪɨɥɶ ɡɚ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ 
ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ, ɪɚɡɦɟɳɟɧɧɵɯ ɧɚ ɜɪɚɳɚɸɳɟɦɫɹ ɞɢɫɤɟ ɫ ɧɚɝɪɟɜɚɬɟɥɟɦ, ɩɪɨɢɡɜɨɞɢɥɫɹ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟɦɨɣ, ɨɫɧɚɳɟɧɧɨɣ ɤɪɟɣɬɨɦ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɩɥɚɬɚɦɢ. Ɉɛɪɚɛɨɬɤɚ 
ɪɟɡɭɥɶɬɚɬɨɜ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨ  ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ. Ⱦɥɹ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ. ɉɪɨɜɨɞɚ ɩɢɬɚɧɢɹ ɧɚɝɪɟɜɚɬɟɥɹ ɢ 
ɬɟɪɦɨɩɚɪ ɩɪɢɫɨɟɞɢɧɹɥɢɫɶ ɤ ɪɬɭɬɧɨɦɭ ɬɨɤɨɫɴɟɦɧɢɤɭ. ɉɨɫɥɟ ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ ɤɚɦɟɪɵ ɛɟɡ 
ɜɤɥɸɱɟɧɢɹ ɩɪɢɜɨɞɚ ɩɨɞɚɜɚɥɨɫɶ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɟ ɩɢɬɚɧɢɟ ɧɚ ɧɚɝɪɟɜɚɬɟɥɶ ɢ ɡɚɩɢɫɵɜɚɥɢɫɶ 
ɛɚɡɨɜɵɟ ɩɨɤɚɡɚɧɢɹ ɬɟɪɦɨɩɚɪ ɜ ɬɟɱɟɧɢɟ 300...360 ɫɟɤɭɧɞ ɪɚɛɨɬɵ ɧɚɝɪɟɜɚɬɟɥɹ. Ⱦɚɥɟɟ 
ɩɪɨɜɨɞɢɥɚɫɶ ɪɟɝɢɫɬɪɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪ t1, t2 ɧɚ ɤɨɧɰɚɯ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ ɢ tɧ - 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ ɧɚ ɪɚɡɧɵɯ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɦɨɳɧɨɫɬɢ 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ. 
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                                       ɚ)                                                          ɛ) 
Ɋɢɫ.1. Ɋɚɡɝɨɧɧɵɣ ɫɬɟɧɞ (ɚ) ɫ ɞɢɫɤɨɦ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɟ ɢ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ ɢ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ ɧɚ ɞɢɫɤɟ (ɛ) :  1, 2 – ɬɟɪɦɨɩɚɪɵ ɧɚ ɤɨɧɰɚɯ 
ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ, 3 – ɬɟɪɦɨɩɚɪɚ ɜ ɦɟɫɬɟ ɫɨɟɞɢɧɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ ɩɟɪɟɞ 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɦ, 4 – ɭɱɚɫɬɨɤ ɪɚɫɩɨɥɨɠɟɧɢɹ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2÷3. ɇɚ ɪɢɫ. 2 ɧɚ ɨɫɢ ɚɛɫɰɢɫɫ ɭɤɚɡɚɧɨ 
ɜɪɟɦɹ ɧɚɝɪɟɜɚ , ɚ ɧɚ ɨɫɢ ɨɪɞɢɧɚɬ ɫɩɪɚɜɚ ɧɚɧɟɫɟɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɬɟɥɹ tɧ (ɪɢɫ. 3). ɋɥɟɜɚ 
ɧɚ ɨɫɢ ɨɪɞɢɧɚɬ ɩɨɤɚɡɚɧɚ ɬɟɦɩɟɪɚɬɭɪɚ t1, t2  (ɪɢɫ. 2) ɢ ɫɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ 1, 2 (ɪɢɫ. 3) ɧɚ ɤɨɧɰɚɯ 
ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ. 

 

    
                                  ɚ)                                                                 ɛ) 
Ɋɢɫ. 2. Ɍɟɦɩɟɪɚɬɭɪɵ t1 (ɚ) ɢ t2 (ɛ) ɧɚ ɤɨɧɰɚɯ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ  
ɧɚɝɪɟɜɚ ɩɪɢ ɪɚɡɧɵɯ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ: 1 – 0 ɨɛ/ɦɢɧ (0 ɦ/c),  2 – 2500 ɨɛ/ɦɢɧ (25 ɦ/c), 3 – 
5000 ɨɛ/ɦɢɧ (50 ɦ/c) 
 

     
                          ɚ)                                                                 ɛ) 

Ɋɢɫ.3. ɋɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ 1 (ɚ) ɢ 2 (ɛ) ɧɚ ɤɨɧɰɚɯ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɪɟɦɟɧɢ  ɧɚɝɪɟɜɚ ɩɪɢ ɪɚɡɧɵɯ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ: 1 – 0 ɨɛ/ɦɢɧ (0 ɦ/c),  2 – 2500 ɨɛ/ɦɢɧ (25 
ɦ/c), 3 – 5000 ɨɛ/ɦɢɧ (50 ɦ/c), 4 – ɬɟɦɩɟɪɚɬɭɪɚ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ. 
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Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɨɪɢɹ, ɨɩɢɫɵɜɚɸɳɚɹ ɩɪɨɰɟɫɫ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɨɥɟ 
ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ ɢ ɫɢɥ. ɂɡ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
(ɪɢɫ. 3) ɫɥɟɞɭɟɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɚ ɧɚ ɱɚɫɬɨɬɚɯ  ɜɪɚɳɟɧɢɹ 2500 ɢ 5000 
ɨɛ/ɦɢɧ ɜɨɡɪɚɫɬɚɟɬ ɜ 2.5 ɢ 3.0 ɪɚɡɚ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɪɢɱɟɦ, ɜ ɪɚɞɢɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɜɨɡɪɚɫɬɚɟɬ ɛɨɥɶɲɟ, ɱɟɦ ɜ ɨɤɪɭɠɧɨɦ, ɬ.ɟ. ɧɚ ɱɚɫɬɨɬɚɯ ɜɪɚɳɟɧɢɹ 2500 
ɢ 5000 ɨɛ/ɦɢɧ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ 40 ɢ 25%. Ɋɚɡɪɚɛɨɬɚɧɚ ɝɢɩɨɬɟɡɚ ɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ 
(ɫɩɢɪɚɥɶɧɵɯ) ɜɢɯɪɟɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɢɧɟɪɰɢɨɧɧɵɯ ɫɢɥ (ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ) ɢ ɫɢɥ 
Ʉɨɪɢɨɥɢɫɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɨɛɴɹɫɧɢɬɶ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɚɥɥɨɜ ɧɟ 
ɬɨɥɶɤɨ ɜ ɪɚɞɢɚɥɶɧɨɦ, ɧɨ ɢ ɜ ɨɤɪɭɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

ȼ ɧɚɛɥɸɞɚɟɦɨɦ ɧɨɜɨɦ ɷɮɮɟɤɬɟ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢɫɭɬɫɬɜɭɸɬ ɞɜɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ: ɨɬ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɢ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɰɟɧɬɪɨɛɟɠɧɨɣ 
ɧɚɝɪɭɡɤɢ. ɍɤɚɡɚɧɧɵɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɭɳɟɫɬɜɟɧɧɨ ɫɜɹɡɚɧ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɦɟɬɚɥɥɟ (ɡɚ ɫɱɟɬ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ) ɫ ɭɱɟɬɨɦ ɩɨɥɨɠɟɧɢɣ 
ɡɚɤɨɧɚ ȼɢɞɟɦɚɧɚ-Ɏɪɚɧɰɚ. ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɧɢɯ 
ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɢɧɟɪɰɢɢ ɨɧɢ ɩɟɪɟɧɨɫɹɬ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɨɪɰɢɢ ɬɟɩɥɚ ɜ ɪɚɞɢɚɥɶɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ. ɍɤɚɡɚɧɧɵɣ ɩɪɨɰɟɫɫ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɨɩɢɫɵɜɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ 
ɦɟɯɚɧɢɤɨɣ, ɧɨ ɢ ɤɜɚɧɬɨɜɨɣ ɦɟɯɚɧɢɤɨɣ.     

ɂɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɨɧɚ ɦɚɫɫɨɣ 
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m  ɜ ɧɟɩɨɞɜɢɠɧɨɦ ɢɥɢ ɞɜɢɠɭɳɟɦɫɹ ɩɪɨɜɨɞɧɢɤɟ 
ɛɟɡ ɭɫɤɨɪɟɧɢɹ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Шɪɟɞɢɧɝɟɪɚ  
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                                                                (1) 

ɝɞɟ     -  ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ. ȼ ɭɪɚɜɧɟɧɢɢ (1) ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ 
ɜɥɢɹɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɥɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɢɧɟɪɰɢɢ.    

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ Шɪɟɞɢɧɝɟɪɚ, ɤɨɬɨɪɨɟ 
ɨɩɢɫɵɜɚɟɬ ɫɨɫɬɨɹɧɢɟ ɷɥɟɤɬɪɨɧɚ c ɦɚɫɫɨɣ m0  ɢ ɡɚɪɹɞɨɦ ɟ  ɜ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɟ ɫ ɭɱɟɬɨɦ 
ɜɨɡɞɟɣɫɬɜɢɹ ɩɨɥɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɢɧɟɪɰɢɢ (ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ), ɤɨɬɨɪɨɟ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɢɠɟ  
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                               (2) 

ɝɞɟ  - ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ,  r - ɬɟɤɭɳɢɣ ɪɚɞɢɭɫ (ɜɟɤɬɨɪ), ɧɚ ɤɨɬɨɪɨɦ 
ɧɚɯɨɞɢɬɫɹ ɷɥɟɤɬɪɨɧ,  - ɜɪɟɦɹ, r- ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɷɥɟɤɬɪɨɧɚ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ 
ɞɟɣɫɬɜɢɟɦ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ ɢɧɟɪɰɢɢ, o - ɫɨɫɬɚɜɥɹɸɳɚɹ ɫɤɨɪɨɫɬɢ ɷɥɟɤɬɪɨɧɚ, 
ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ Ʉɨɪɢɨɥɢɫɚ, E – ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɬ 
ɝɪɭɩɩɵ ɷɥɟɤɬɪɨɧɨɜ, ɩɟɪɟɦɟɳɚɸɳɢɯɫɹ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɢɧɟɪɰɢɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɩɟɪɚɬɢɜɧɨɟ ɩɨɥɭɱɟɧɢɟ ɞɚɧɧɵɯ ɨ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɦɚɬɟɪɢɚɥɨɜ ɞɟɬɚɥɟɣ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɵɯ 
ɭɫɤɨɪɟɧɢɣ ɢ ɫɢɥ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɡɚɬɪɚɬɚɦɢ. Эɬɨ 
ɩɨɡɜɨɥɹɟɬ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ 
ɞɟɬɚɥɟɣ ɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɬɶ ɬɟɩɥɨɜɨɟ ɢ 
ɬɟɪɦɨɧɚɩɪɹɠɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɪɨɬɨɪɧɵɯ ɞɟɬɚɥɟɣ (ɞɢɫɤɨɜ, ɥɨɩɚɬɨɤ, ɩɨɤɪɵɬɢɣ ɢ ɞɪ.), 
ɪɚɛɨɬɚɸɳɢɯ ɜ ɩɨɥɟ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɜ ɚɜɢɚɞɜɢɝɚɬɟɥɟɫɬɪɨɟɧɢɢ, ɷɧɟɪɝɟɬɢɤɟ ɢ ɞɪɭɝɢɯ 
ɨɬɪɚɫɥɹɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ. 
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ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ: ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɨɥɟ ɞɟɣɫɬɜɢɹ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɹɜɥɹɟɬɫɹ ɧɨɜɨɣ ɢ ɫɥɨɠɧɨɣ ɩɪɨɛɥɟɦɨɣ, 
ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɣ ɢɦɟɟɬ ɚɤɬɭɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɚɜɢɚɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ.  

Ʌɨɩɚɬɤɢ ɬɭɪɛɢɧ ɪɚɛɨɬɚɸɬ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹɯ ɢ ɢɡɦɟɧɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɦɨɠɧɨ ɨɠɢɞɚɬɶ ɫɭɳɟɫɬɜɟɧɧɵɦ. 
ȼɟɪɨɹɬɧɨ, ɧɟɭɱɟɬ ɷɬɨɝɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚ ɩɪɢɜɨɞɢɬ ɤ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦɭ ɪɚɡɥɢɱɢɸ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɩɨɥɟɣ ɥɨɩɚɬɨɤ ɬɭɪɛɢɧ ɩɪɨɝɧɨɡɢɪɭɟɦɵɯ ɪɚɫɱɟɬɨɦ ɢ ɧɚɛɥɸɞɚɟɦɵɯ ɜ 
ɷɤɫɩɟɪɢɦɟɧɬɟ. Ʉɪɨɦɟ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɧɚ ɪɨɬɨɪɧɵɟ ɞɟɬɚɥɢ ɞɟɣɫɬɜɭɸɬ ɰɟɧɬɪɨɛɟɠɧɵɟ 
ɭɫɤɨɪɟɧɢɹ ɢ ɪɚɫɬɹɝɢɜɚɸɳɚɹ ɰɟɧɬɪɨɛɟɠɧɚɹ ɫɢɥɚ. ȼɥɢɹɧɢɟ ɰɟɧɬɪɨɛɟɠɧɵɯ ɭɫɤɨɪɟɧɢɣ ɢ ɫɢɥ ɧɚ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɨɜ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ Д1Ж, ɧɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɥɟ ɞɟɣɫɬɜɢɹ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɪɚɧɟɟ ɧɟ ɩɪɨɜɨɞɢɥɢɫɶ. 
ȼ Д2, 3Ж ɩɪɢɜɨɞɹɬɫɹ ɫɜɟɞɟɧɢɹ ɩɨ ɷɥɟɤɬɪɨɧɧɨɦɭ ɹɜɥɟɧɢɸ ɜ ɦɟɬɚɥɥɚɯ, ɤɨɬɨɪɨɟ ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ ɨɩɵɬɧɵɦ ɩɭɬɟɦ. ȼ ɞɚɧɧɵɯ ɨɩɵɬɚɯ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ, ɱɬɨ ɭɫɤɨɪɟɧɢɹ ɨɤɚɡɵɜɚɸɬ 
ɜɥɢɹɧɢɟ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɜ ɦɟɬɚɥɥɚɯ, ɜ ɱɚɫɬɧɨɫɬɢ, ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ Д2, 
3]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɥɟ ɞɟɣɫɬɜɢɹ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ. Ɋɚɡɪɚɛɨɬɚɧɨ ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɭɤɚɡɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ ɜɢɛɪɨɫɬɟɧɞɟ (ɪɢɫ. 1). Ɇɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɥɚ 
ɡɚɤɪɟɩɥɟɧɢɟ ɧɚ ɤɨɧɰɟ ɛɚɥɤɢ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ (ɪɢɫ. 2) ɢɡ ɬɨɧɤɨɝɨ ɯɪɨɦɟɥɟɜɨɝɨ ɩɪɨɜɨɞɚ ɢ 
ɧɟɛɨɥɶɲɨɝɨ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɜɢɬɤɨɜ ɩɪɨɜɨɞɚ. ɇɚ ɤɨɧɰɚɯ 
ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ ɢ ɩɟɪɟɞ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɦ ɩɪɢɜɚɪɢɜɚɥɢɫɶ ɬɟɪɦɨɩɚɪɵ (ɪɢɫ. 3) ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɢɡɦɟɪɹɥɢɫɶ ɬɟɦɩɟɪɚɬɭɪɵ: T1 – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɤɨɧɰɟ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ 3, 
Ɍ2 – ɬɟɦɩɟɪɚɬɭɪɚ ɜ ɧɚɱɚɥɟ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ 3 (ɩɟɪɟɞ ɧɚɝɪɟɜɚɬɟɥɟɦ 4). Ɍɟɩɥɨɩɪɨɜɨɞɧɢɤ 3 ɢ 
ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɶ 4 ɛɵɥɢ ɬɟɩɥɨɢɡɨɥɢɪɨɜɚɧɵ ɨɬ ɛɚɥɤɢ 5, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɜɢɛɪɨɫɬɟɧɞɟ. ȼ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɨɣ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɜɢɛɪɨɫɬɟɧɞɟ, 
ɨɫɧɚɳɟɧɧɵɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ ɚɦɩɥɢɬɭɞɵ ɢ 
ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ. Ʉɨɧɬɪɨɥɶ ɡɚ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ, 
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ɪɚɡɦɟɳɟɧɧɨɝɨ ɧɚ ɛɚɥɤɟ (ɪɢɫ. 2) ɫ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɦ, ɩɪɨɢɡɜɨɞɢɥɫɹ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɫɢɫɬɟɦɨɣ, ɨɫɧɚɳɟɧɧɨɣ ɤɪɟɣɬɨɦ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɩɥɚɬɚɦɢ. Ɉɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 
ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɩɨ  ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ. Ⱦɥɹ ɩɢɬɚɧɢɹ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ. ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɢɫɩɵɬɚɧɢɣ 
ɩɨɞɚɜɚɥɨɫɶ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɟ ɩɢɬɚɧɢɟ ɧɚ ɧɚɝɪɟɜɚɬɟɥɶ ɢ ɡɚɩɢɫɵɜɚɥɢɫɶ ɛɚɡɨɜɵɟ ɩɨɤɚɡɚɧɢɹ 
ɬɟɪɦɨɩɚɪ ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɬɵ ɧɚɝɪɟɜɚɬɟɥɹ. 

 

            
                             ɚ)                                                         (ɛ) 

Ɋɢɫ. 1. ȼɢɛɪɨɫɬɟɧɞ (ɚ) ɢ ɭɫɬɪɨɣɫɬɜɨ (ɛ) ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ 
ɦɚɬɟɪɢɚɥɨɜ ɜ ɩɨɥɟ ɞɟɣɫɬɜɢɹ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ. 

 

 
Ɋɢɫ. 2. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɬɟɩɥɨɩɪɨɞɧɢɤɚ ɧɚ ɤɨɧɰɟ ɛɚɥɤɢ. 

 
ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɟɫɬɚɰɢɨɧɚɪɧɨɝɨ ɧɚɝɪɟɜɚ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ ɜ ɩɨɥɟ 

ɞɟɣɫɬɜɢɹ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɩɪɢ ɪɚɡɧɵɯ ɚɦɩɥɢɬɭɞɚɯ (ɪɚɡɦɚɯɚɯ) ɤɨɥɟɛɚɧɢɣ ɧɚ ɱɚɫɬɨɬɟ 120 Ƚɰ. 
ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɥɭɱɟɧɵ ɤɪɢɜɵɟ ɫɤɨɪɨɫɬɟɣ 
ɧɚɝɪɟɜɚ (ɪɢɫ. 3,ɚ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɧɚɝɪɟɜɚ (ɢɥɢ ɜɪɟɦɟɧɢ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ) ɢ ɤɪɢɜɚɹ 
ɜɪɟɦɟɧɢ   ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ (ɪɢɫ. 3,ɛ) ɨɬ ɧɚɱɚɥɚ ɯɪɨɦɟɥɟɜɨɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ ɤ ɟɝɨ ɤɨɧɰɭ ɩɪɢ 
ɪɚɡɧɵɯ ɪɚɡɦɚɯɚɯ ɤɨɥɟɛɚɧɢɣ 2Ⱥ: 0, 3.5 ɢ 7 ɦɦ.  

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɰɟɧɤɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ. ɂɡ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɫɤɨɪɨɫɬɟɣ ɧɚɝɪɟɜɚ (ɪɢɫ. 3,ɚ) ɫɥɟɞɭɟɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ 
ɯɪɨɦɟɥɟɜɨɝɨ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ ɩɪɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɢ  120 g ɜɨɡɪɚɫɬɚɟɬ ɧɚ 50 % ɩɨ ɫɪɚɜɧɟɧɢɸ 
ɫɨ ɫɬɚɬɢɱɟɫɤɢɦ ɫɨɫɬɨɹɧɢɟɦ. ɂɡ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɪɢɫ. 3,ɛ ɫɥɟɞɭɟɬ, ɱɬɨ ɜɪɟɦɹ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ ɩɨ 
ɯɪɨɦɟɥɟɜɨɦɭ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɭ ɫɨɤɪɚɳɚɟɬɫɹ ɜ 1,5 ɪɚɡɚ ɩɪɢ 120 g ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ 
ɫɬɚɬɢɱɟɫɤɢɦ ɫɨɫɬɨɹɧɢɟɦ. 
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(ɚ)                                                               (ɛ) 

Ɋɢɫ. 3. Ʉɪɢɜɵɟ ɫɤɨɪɨɫɬɟɣ ɧɚɝɪɟɜɚ (ɚ) ɧɚ ɤɨɧɰɟ ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɧɚɝɪɟɜɚ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ ɢ ɤɪɢɜɚɹ ɜɪɟɦɟɧɢ ɩɟɪɟɞɚɱɢ ɬɟɩɥɚ ɩɨ 

ɬɟɩɥɨɩɪɨɜɨɞɧɢɤɭ ɢɡ ɧɢɤɟɥɟɜɨɝɨ ɫɩɥɚɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɚɯɚ ɤɨɥɟɛɚɧɢɣ 2ɚ  ɩɪɢ 
ɜɨɡɞɟɣɫɬɜɢɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ: 

1 – ɫɬɚɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ; 2 – ɪɚɡɦɚɯ ɤɨɥɟɛɚɧɢɣ  2Ⱥ=3,5 ɦɦ (f = 120 Ƚɰ), 60 g; 3 – ɪɚɡɦɚɯ 
ɤɨɥɟɛɚɧɢɣ  2Ⱥ=7,0 ɦɦ (f = 120 Ƚɰ), 120 g 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɤɚɡɚɧɧɵɣ ɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɫɜɹɡɚɧ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɦɟɬɚɥɥɟ ɡɚ ɫɱɟɬ ɩɟɪɟɦɟɳɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ (ɢɦɟɸɳɢɯ ɦɚɫɫɭ) 
- ɫɜɨɛɨɞɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɣ. 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɦɟɸɬ ɜɚɠɧɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɨɰɟɧɤɢ ɬɟɩɥɨɜɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ ɞɪɭɝɢɯ ɬɭɪɛɨɦɚɲɢɧ, ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ 
ɡɧɚɱɢɬɟɥɶɧɵɯ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹɯ ɢ ɞɪɭɝɢɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɤɚɯ. 

 
ɅɂɌȿɊАɌɍɊА 
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ɍɋɌɊɈɃɋɌВɈ ɌȿɉɅɈВɈȽɈ ɄɈɇɌɊɈɅЯ ɄАɑȿɋɌВА ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɏ 
ɀɂȾɄɈɋɌȿɃ 

Ʌɭɤɴɹɧɨɜ Ʉ.ȼ., Ʉɨɬɨɜ Ⱥɇ. 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ Иɧɫɬɢɬɭɬ ɬɟɩɥɨɮɢɡɢɤɢ 

ɍɪɚɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ, 
 Ɋɨɫɫɢɹ, ɝ. ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ⱥɦɭɧɞɫɟɧɚ, 107/ɚ.  

E-mail: r.t.f@bk.ru 
 

ɉɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ (ɦɚɫɥɚ, ɬɨɩɥɢɜɚ) ɫɜɹɡɚɧɨ ɫ ɤɨɧɬɪɨɥɟɦ ɢɯ 
ɤɚɱɟɫɬɜɚ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɞɥɹ ɭɞɚɥɟɧɧɵɯ (ɫɟɜɟɪɧɵɯ) ɬɟɪɪɢɬɨɪɢɣ. Ȼɨɥɶɲɨɟ 
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ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɭɫɬɪɨɣɫɬɜɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɯɢɦɚɧɚɥɢɡɚ. ȼ ɝɨɪɚɡɞɨ ɦɟɧɶɲɟɦ 
ɨɛɴɟɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɛɨɪɵ ɬɟɤɭɳɟɝɨ ɤɨɧɬɪɨɥɹ ɢ ɦɨɧɢɬɨɪɢɧɝɚ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɧɚ 
ɞɟɣɫɬɜɭɸɳɟɦ ɨɛɨɪɭɞɨɜɚɧɢɢ. Ɇɟɬɨɞɵ ɬɟɩɥɨɜɨɝɨ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɢɦɟɸɬ 
ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɢ ɦɚɥɨɡɚɬɪɚɬɧɵɯ ɭɫɬɪɨɣɫɬɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɭɫɬɪɨɣɫɬɜɚ ɡɚ ɨɫɧɨɜɭ ɜɡɹɬ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɣ ɦɟɬɨɞ ɞɜɭɯɢɦɩɭɥɶɫɧɨɝɨ 
ɧɚɝɪɟɜɚ ɞɚɬɱɢɤɚ-ɡɨɧɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɥɟɬɭɱɢɯ ɩɪɢɦɟɫɟɣ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɨɩɪɟɞɟɥɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɬɟɪɢ ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɣ ɠɢɞɤɨɫɬɢ. ȼɵɛɨɪ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɤɚɤ 
ɨɫɧɨɜɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɛɨɪɚ ɜɡɹɬ ɜɜɢɞɭ ɬɚɤɢɯ ɟɝɨ ɩɪɟɢɦɭɳɟɫɬɜ ɤɚɤ: ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ 
ɩɪɨɜɟɞɟɧɢɹ ɡɚɦɟɪɨɜ, ɦɚɥɚɹ ɩɪɨɛɚ ɨɛɪɚɡɰɚ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɡɚɦɟɪɨɜ, ɨɬɫɭɬɫɬɜɢɟ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɪɟɚɤɬɢɜɚɯ, ɛɨɥɶɲɨɣ ɭɪɨɜɟɧɶ ɨɬɤɥɢɤɚ ɫɢɫɬɟɦɵ ɡɨɧɞ-ɫɪɟɞɚ ɧɚ ɦɢɤɪɨ 
ɫɨɞɟɪɠɚɧɢɹ ɥɟɬɭɱɢɯ ɩɪɢɦɟɫɟɣ.  

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜɚ ɨɫɧɨɜɚɧ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɧɚɝɪɟɜɟ ɩɥɚɬɢɧɨɜɵɣ ɞɚɬɱɢɤɚ-
ɡɨɧɞɚ ɞɨ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɞɜɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɷɬɚɩɚ - ɷɬɨ ɛɵɫɬɪɵɣ ɧɚɝɪɟɜ ɢ 
ɭɞɟɪɠɚɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɜɛɥɢɡɢ ɡɚɞɚɧɧɨɣ. ȼ ɩɪɨɰɟɫɫɟ ɧɚɝɪɟɜɚ ɩɪɨɜɨɞɢɬɫɹ ɤɨɧɬɪɨɥɶ 
ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɭɫɥɨɜɢɣ ɬɟɪɦɨɪɚɡɪɭɲɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ, ɱɬɨ ɢ 
ɹɜɥɹɟɬɫɹ ɤɪɢɬɟɪɢɟɦ ɨɰɟɧɤɢ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɥɟɬɭɱɢɯ ɩɪɢɦɟɫɟɣ. ɂɡɦɟɪɟɧɢɹ ɩɪɨɯɨɞɹɬ 
ɚɜɬɨɧɨɦɧɨ ɫ ɪɟɝɢɫɬɪɚɰɢɟɣ ɢ ɫɨɯɪɚɧɟɧɢɟɦ ɩɨɤɚɡɚɧɢɣ ɜɨ ɜɧɭɬɪɟɧɧɸɸ ɩɚɦɹɬɶ, ɨɫɧɨɜɧɵɟ 
ɩɚɪɚɦɟɬɪɵ ɢ ɢɧɮɨɪɦɚɰɢɹ ɨ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ ɷɤɪɚɧɟ ɭɫɬɪɨɣɫɬɜɚ, 
ɞɚɧɧɨɟ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɧɟ ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɨɝɨ ɩɪɢɫɭɬɫɬɜɢɹ ɨɩɟɪɚɬɨɪɚ ɢ ɨɩɪɟɞɟɥɹɟɬ ɜɵɫɨɤɢɣ 
ɭɪɨɜɟɧɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ.  

ɂɫɩɵɬɚɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɨɛɪɚɡɰɚɯ ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɨɝɨ ɢ ɬɭɪɛɢɧɧɨɝɨ ɦɚɫɥɚ ɩɨɤɚɡɚɥɢ 
ɞɨɫɬɚɬɨɱɧɭɸ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɫɨɞɟɪɠɚɧɢɸ ɥɟɬɭɱɟɣ ɩɪɢɦɟɫɢ. Ⱦɨɛɚɜɤɢ ɜɥɚɝɢ ɜ  ɚɤɬɭɚɥɶɧɨɦ 
ɞɢɚɩɚɡɨɧɟ ɞɨ 50 ɝ/ɬɨɧɧɭ (ɪɪɦ) ɮɨɪɦɢɪɭɸɬ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ɩɨɪɹɞɤɚ 1 ɝɪɚɞ/ɪɪɦ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɭɜɟɪɟɧɧɨ ɜɵɹɜɥɹɬɶ 10 ɪɪɦ.  

ɍɫɬɪɨɣɫɬɜɨ, ɨɫɧɨɜɚɧɧɨɟ ɧɚ ɦɟɬɨɞɟ ɬɟɩɥɨɜɨɝɨ ɤɨɧɬɪɨɥɹ, ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɧɨɜɨɝɨ ɤɥɚɫɫɚ ɞɚɬɱɢɤɨɜ, ɬɚɤ ɢ ɞɥɹ ɡɚɞɚɱ ɛɵɫɬɪɨɣ ɨɰɟɧɤɢ ɱɢɫɬɨɬɵ ɢ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɠɢɞɤɨɫɬɟɣ ɜ ɤɨɦɩɥɟɤɫɚɯ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɋɚɛɨɬɚ ɩɪɨɜɟɞɟɧɚ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɍɪɈ ɊȺɇ № 12-2-1-011-ȺɊКɌИКȺ. 
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ȼ ɧɚɲɟ ɜɪɟɦɹ ɷɤɨɧɨɦɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɚɠɧɵɯ ɭɫɥɨɜɢɣ 
ɪɚɡɜɢɬɢɹ ɫɬɪɚɧɵ. Ɋɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɧɨɜɵɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɨɡɜɨɥɹɸɳɢɟ 
ɢɫɤɥɸɱɢɬɶ ɧɟɪɚɰɢɨɧɚɥɶɧɵɣ ɪɚɫɯɨɞ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ; ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɦɟɬɨɞɵ 
ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ. Ɉɞɧɚɤɨ, ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɜɵɫɨɤɨɣ ɷɧɟɪɝɨɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɢ ɩɟɪɟɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɢɯ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

Ɂɧɚɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɢɯ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɡɜɨɥɢɬ ɜɵɛɢɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɪɟɠɢɦɵ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 
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ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɟɨɛɯɨɞɢɦɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɚ 
ɪɚɡɪɚɛɨɬɱɢɤɚɦ ɬɚɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɥɭɱɚɬɶ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɟɝɨ ɩɪɨɟɤɬɢɪɨɜɤɢ. Ɍɟɦ 
ɧɟ ɦɟɧɟɟ, ɲɢɪɨɤɨɦɭ ɩɪɢɦɟɧɟɧɢɸ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɩɪɢɛɨɪɨɜ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɟɩɹɬɫɬɜɭɟɬ ɞɟɮɢɰɢɬ ɧɟɞɨɪɨɝɢɯ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɹ, 
ɩɨɡɜɨɥɹɸɳɢɯ ɨɩɪɟɞɟɥɹɬɶ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɚ ɬɚɤ ɠɟ ɢɯ 
ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɚɤɬɭɚɥɶɧɵ ɫɥɟɞɭɸɳɢɟ ɰɟɥɢ ɪɚɛɨɬɵ:  
 - ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɟɣ 

ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɟɩɥɨɟɦɤɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɨɫɧɨɜɟ ɦɟɬɨɞɢɤɢ ɥɟɠɢɬ ɦɟɬɨɞ 
ɪɟɝɭɥɹɪɧɨɝɨ ɪɟɠɢɦɚ ɬɪɟɬɶɟɝɨ ɪɨɞɚ (ɦɟɬɨɞ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ); 

 - ɪɚɡɪɚɛɨɬɤɚ ɚɩɩɚɪɚɬɧɨɝɨ, ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɢ ɦɟɬɪɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ.  

 ȼ ɨɫɧɨɜɭ ɞɚɧɧɨɝɨɩɪɨɟɤɬɚ ɩɨɥɨɠɟɧɵ ɩɨɞɯɨɞɵ, ɢɡɥɨɠɟɧɧɵɟ ɜ ɩɭɛɥɢɤɚɰɢɹɯ Д1-2]. 
Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɟɧɢɟ, ɨɛɨɫɧɨɜɚɧɢɟ ɢ ɪɟɲɟɧɢɟ ɫɥɟɞɭɸɳɢɯ 

ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɞɚɱ:  ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ;  ɪɚɡɪɚɛɨɬɤɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ;  ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢ ɩɪɨɜɟɞɟɧɢɟ ɧɟɨɛɯɨɞɢɦɵɯ ɪɚɫɱɟɬɨɜ;  ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ;  ɨɩɪɟɞɟɥɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ;  ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɨɜ ɤɨɪɪɟɤɰɢɢ ɢ ɜɜɟɞɟɧɢɹ ɩɨɩɪɚɜɨɤ ɧɚ ɞɟɫɬɚɛɢɥɢɡɢɪɭɸɳɢɟ ɮɚɤɬɨɪɵ 
ɩɪɨɰɟɫɫɚ ɢɡɦɟɪɟɧɢɹ ɫ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɹ  ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ;   ɩɨɥɭɱɟɧɢɟ ɨɯɪɚɧɧɵɯ ɞɨɤɭɦɟɧɬɨɜ ɧɚ ɪɟɡɭɥɶɬɚɬɵ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ; 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɚ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɦɟɬɨɞ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ Д3Ж. ɉɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɢɦɟɧɟɧɢɢ 
ɞɜɭɯ ɬɟɩɥɨɧɨɫɢɬɟɥɟɣ ɪɚɡɥɢɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ. Ɉɞɧɢɦ ɢɡ ɞɨɫɬɨɢɧɫɬɜ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ 
ɬɟɯɧɢɱɟɫɤɢ ɩɪɨɫɬɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɮɭɧɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɩɥɨɫɤɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ, ɱɬɨ, ɨɞɧɚɤɨ, ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɪɚɡɦɟɪɚɯ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ.  

ɉɟɪɢɨɞɢɱɟɫɤɢɣ ɧɚɝɪɟɜ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɪɚɡɥɢɱɧɵɦɢ 
ɦɟɬɨɞɚɦɢ, ɚ ɢɦɟɧɧɨ ɦɟɬɨɞɚɦɢ ɷɥɟɤɬɪɨɧɧɨɝɨ, ɪɚɞɢɚɰɢɨɧɧɨɝɨ, ɥɚɡɟɪɧɨɝɨ, 
ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ, ɮɨɬɨɬɟɪɦɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ, ɩɪɢɧɰɢɩɵ ɤɨɬɨɪɵɯ ɨɩɢɫɚɧɵ ɜ 
ɩɭɛɥɢɤɚɰɢɹɯ Д2-6]. 

Ⱥɜɬɨɪɚɦɢ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ, ɬɚɤ ɤɚɤ ɟɝɨ 
ɜɨɡɦɨɠɧɨ ɨɩɬɢɦɚɥɶɧɨ ɪɟɚɥɢɡɨɜɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 
ɷɥɟɦɟɧɬ ɉɟɥɶɬɶɟ. Эɬɨ ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɝɪɨɦɨɡɞɤɢɯ ɠɢɞɤɨɫɬɧɵɯ ɬɟɪɦɨɫɬɚɬɨɜ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɨɦɩɚɤɬɧɨɫɬɶ ɢ ɥɟɝɤɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɣ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɦɨɞɭɥɹ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɷɬɨ ɧɚɞɟɠɧɵɣ, ɧɟɞɨɪɨɝɨɣ ɢ ɷɮɮɟɤɬɢɜɧɵɣ ɫɩɨɫɨɛ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 
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ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɪɚɡɟɰ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɠɚɬɶ 
ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɢ, ɱɬɨ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɨ ɜ ɪɚɛɨɬɚɯ Д6-8].  

ɇɚɭɱɧɚɹ ɡɚɞɚɱɚ ɞɥɹ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ(ɪɢɫ. 1) ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɩɨɜɵɲɟɧɢɢ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɡɚ 
ɫɱɟɬ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɤɚɥɢɛɪɨɜɤɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ (ɪɚɡɪɚɛɨɬɚɧɧɨɣ 
ɧɚ ɤɚɮɟɞɪɟ «ɍɩɪɚɜɥɟɧɢɟ ɤɚɱɟɫɬɜɨɦ ɢ ɫɟɪɬɢɮɢɤɚɰɢɹ» Ɍɚɦɛɨɜɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ), ɩɪɨɜɟɞɟɧɧɨɣ ɩɪɢ ɩɨɦɨɳɢ ɫɬɚɧɞɚɪɬɧɵɯ ɨɛɪɚɡɰɨɜ 
ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ 
ɩɨɥɢɦɟɬɢɥɦɟɬɚɤɪɢɥɚɬɚ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɡɧɚɱɟɧɢɟ a=1,0910-7 ɦ2/ɫ Д2Ж. 

ɉɪɨɜɟɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɟɪɢɨɞɚ ɤɨɥɟɛɚɧɢɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɪɢ  ɡɧɚɱɟɧɢɢ ɩɚɪɚɦɟɬɪɚ =0,16 (ɨɬɧɨɲɟɧɢɟ ɜɪɟɦɟɧɢ ɡɚɩɚɡɞɵɜɚɧɢɹ τɡ  
ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɜ ɬɨɱɤɟ ɫ ɤɨɨɪɞɢɧɚɬɨɣ x ɤ ɩɟɪɢɨɞɭ 0  ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ) 
ɞɨɫɬɢɝɚɟɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɩɟɪɢɨɞɚ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɟɠɟɥɚɬɟɥɶɧɨ, ɬɚɤ ɤɚɤ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɨɡɪɚɫɬɚɟɬ ɜɟɫɶɦɚ ɡɧɚɱɢɬɟɥɶɧɨ.  

 
Ɋɢɫ.3. ɋɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɝɞɟA1 – ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ, Ⱥ2 – ɩɥɚɬɚ 

ɫɛɨɪɚ ɞɚɧɧɵɯ NIUSB 9111Ⱥ, Ⱥ3 - ɩɥɚɬɚ NIUSB 6008, Ⱥ4 – ɛɥɨɤ ɩɢɬɚɧɢɹ 
 

Ɍɚɛɥɢɰɚ 1. Ɋɟɡɭɥɶɬɚɬɵ ɤɚɥɢɛɪɨɜɤɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

Ⱦɚɥɶɧɟɣɲɚɹ ɪɚɡɪɚɛɨɬɤɚ ɭɫɬɪɨɣɫɬɜɚ ɛɭɞɟɬ ɡɚɤɥɸɱɚɬɶɫɹ ɜ ɦɨɞɟɪɧɢɡɚɰɢɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ 
ɭɩɪɚɜɥɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɷɤɫɩɟɪɢɦɟɧɬɨɦ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ 

ɉɟɪɢɨɞ,ɫ 60 80 160 
ȼɪɟɦɹ ɡɚɩɚɡɞɵɜɚɧɢɹ, ɫ 24,6 23 25 
ɉɚɪɚɦɟɬɪ  0,41 0,28 0,16 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, 
a, ɦ2/ɫ 0,8310-7 1,210-7 1,1110-7 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ, δa, % 25 10 2 
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ɩɪɨɰɟɫɫ ɢɡɦɟɪɟɧɢɹ ɢ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɤɨɧɬɪɨɥɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Ⱦɥɹ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɬɟɯɧɨɥɨɝɢɢ ɤɨɦɩɚɧɢɢ NationalInstruments, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɫɩɟɲɧɨ ɭɩɪɚɜɥɹɬɶ ɯɨɞɨɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟɜɵɫɨɤɭɸ ɫɬɨɢɦɨɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɭɞɚɥɟɧɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ 
ɢɡɦɟɪɟɧɢɣ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɚɤɬɭɚɥɶɧɨ ɞɥɹ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɤɚɤ ɦɟɠɞɭ ɪɨɫɫɢɣɫɤɢɦɢ, ɬɚɤ ɢ 
ɡɚɪɭɛɟɠɧɵɦɢ ȼɍɁɚɦɢ ɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ. Ɋɚɡɪɚɛɚɬɵɜɚɟɦɚɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ 
ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɭɱɟɛɧɨɦ ɩɪɨɰɟɫɫɟ ɬɟɯɧɢɱɟɫɤɢɦɢ 
ȼɍɁɚɦɢ, ɥɚɛɨɪɚɬɨɪɢɹɦɢ ɩɪɟɞɩɪɢɹɬɢɣ, ɩɪɨɢɡɜɨɞɹɳɢɯ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ, ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ 
ɢ ɞɪɭɝɢɟ ɦɚɬɟɪɢɚɥɵ, ɞɥɹ ɤɨɬɨɪɵɯ ɜɚɠɟɧ ɤɨɧɬɪɨɥɶ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ.  
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ɂɡɦɟɪɟɧɢɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɌɎɋ) ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤ ɠɟ ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɹɜɥɹɸɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦɢ ɭɫɥɨɜɢɹɦɢ ɭɫɩɟɲɧɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɨɜɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɚ ɬɚɤ ɠɟ ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ 
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ɦɚɬɟɪɢɚɥɨɜ. Ɍɨɱɧɨɟ ɢɡɦɟɪɟɧɢɟ ɢ ɤɨɧɬɪɨɥɶ ɌɎɋ ɨɫɨɛɟɧɧɨ ɜɚɠɧɵ ɜ ɫɮɟɪɚɯ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɢ 
ɷɧɟɪɝɨɫɛɟɪɟɠɟɧɢɹ, ɬɚɤ ɤɚɤ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ – ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 
ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ ɨɛɥɚɫɬɢ ɢɡɦɟɪɟɧɢɹ ɌɎɋ 
ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɪɟɝɭɥɹɪɧɨɝɨ ɪɟɠɢɦɚ ɬɪɟɬɶɟɝɨ ɪɨɞɚ (ɦɟɬɨɞ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ 
ɧɚɝɪɟɜɚ, ɦɟɬɨɞ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ) Д1-4].  

ɋɩɨɫɨɛɵ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɨɜ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɩɨ 
ɫɥɟɞɭɸɳɢɦ ɩɪɢɡɧɚɤɚɦ, ɨɛɨɡɧɚɱɟɧɧɵɦ ɧɚ ɪɢɫɭɧɤɟ 1.  

 
Ɋɢɫ.1. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɜ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ Д2-10] 

 
1. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨ ɫɩɨɫɨɛɭ ɡɚɞɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ 
ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ ɢɫɬɨɱɧɢɤ 

ɷɥɟɤɬɪɨɧɨɜ ɢ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ ɨɛɴɟɞɢɧɹɸɬ ɜ ɟɞɢɧɭɸ ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɨɛɪɚɡɭɟɬ 
ɜɚɤɭɭɦɧɵɣ ɞɢɨɞ Д4Ж. Ⱦɨɫɬɨɢɧɫɬɜɨ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɫɬɨɬɟ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ,  
ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɧɧɵɦ ɩɨɬɨɤɨɦ, ɚ ɡɧɚɱɢɬ ɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɛɪɚɡɰɚ. 
Ɉɞɧɚɤɨ, ɭ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɫɨɡɞɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ ɟɫɬɶ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ – 
ɨɛɪɚɡɟɰ ɞɨɥɠɟɧ ɹɜɥɹɬɶɫɹ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɦ ɦɚɬɟɪɢɚɥɨɦ, ɩɨɷɬɨɦɭ ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɥɶɤɨ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɩɪɨɜɨɞɧɢɤɨɜ Д4Ж. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɪɨɢɫɯɨɞɢɬ ɫɭɛɥɢɦɚɰɢɹ ɨɛɪɚɡɰɚ ɢɡ-ɡɚ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɪɚɛɨɬɵ ɜ ɜɚɤɭɭɦɟ. 

ȼ ɫɥɭɱɚɟ ɫɨɡɞɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ ɢɡɥɭɱɟɧɢɟɦ (ɪɚɞɢɚɰɢɨɧɧɵɣ 
ɧɚɝɪɟɜ) ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɧɟ ɢɦɟɸɬ ɪɟɲɚɸɳɟɝɨ ɡɧɚɱɟɧɢɹ Д4Ж, 
ɚ ɫɭɛɥɢɦɚɰɢɢ ɨɛɪɚɡɰɚ ɦɨɠɧɨ ɢɡɛɟɠɚɬɶ ɡɚ ɫɱɟɬ ɡɚɩɨɥɧɟɧɢɹ ɪɚɛɨɱɟɣ ɫɪɟɞɵ ɛɥɚɝɨɪɨɞɧɵɦ 
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ɝɚɡɨɦ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɪɦɨɩɚɪ ɞɥɹ 
ɧɚɞɟɠɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɡɦɭɳɟɧɢɣ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ 
ɩɪɢ ɪɚɫɱɟɬɟ ɌɎɋ.  

ɉɪɢɦɟɪ ɮɨɬɨɬɟɪɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɝɟɧɟɪɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧ ɜ 
ɪɚɛɨɬɟ Д5Ж. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɨɛɪɚɡɟɰ ɩɟɪɢɨɞɢɱɟɫɤɢ ɧɚɝɪɟɜɚɸɬ ɩɪɢ ɩɨɦɨɳɢ ɫɜɟɬɨɜɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɫ ɦɨɞɭɥɹɰɢɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɜɟɬɨɜɨɝɨ ɩɨɬɨɤɚ, ɩɪɢɱɟɦ ɢɡɥɭɱɟɧɢɟ ɱɚɫɬɢɱɧɨ 
ɚɛɫɨɪɛɢɪɭɟɬɫɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɮɨɬɨɩɪɢɟɦɧɢɤɨɜ ɢɡɥɭɱɟɧɢɹ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɮɚɡɵ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ (ɜɜɢɞɭ ɧɟɩɨɫɬɨɹɧɫɬɜɚ ɢɯ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɯ 
ɢɧɬɟɪɜɚɥɚɯ ɢɡɦɟɪɟɧɢɣ) ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɌɎɋ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ. Эɬɨ ɫɨɡɞɚɟɬ 
ɧɟɛɨɥɶɲɢɟ ɫɥɨɠɧɨɫɬɢ ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɜ ɞɢɚɩɚɡɨɧɟ ɧɢɡɤɢɯ ɢ ɫɪɟɞɧɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɝɞɟ ɞɥɹ 
ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɨɫɨɛɟɧɧɨ ɩɪɢ ɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ ɦɨɞɭɥɹɰɢɢ, ɦɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɨɥɶɤɨ ɨɯɥɚɠɞɚɟɦɵɟ ɮɨɬɨɪɟɡɢɫɬɢɜɧɵɟ ɩɪɢɟɦɧɢɤɢ. 

ȼ ɫɥɭɱɚɟ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɡɚɱɚɫɬɭɸ ɩɪɢɦɟɧɹɸɬ ɷɥɟɦɟɧɬ ɉɟɥɶɬɶɟ Д6-8Ж, ɱɬɨ 
ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɡɚɞɚɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɨɛɪɚɡɟɰ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɱɟɧɶ ɭɞɨɛɟɧ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɌɎɋ ɨɛɪɚɡɰɨɜ ɦɚɥɨɝɨ ɨɛɴɟɦɚ: 
ɬɜɟɪɞɵɯ ɢ ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɜɨɡɦɨɠɧɨ ɬɚɤ ɠɟ ɟɝɨ ɩɪɢɦɟɧɟɧɢɟ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɌɎɋ 
ɠɢɞɤɨɫɬɟɣ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɷɥɟɦɟɧɬɚ ɉɟɥɶɬɶɟ ɹɜɥɹɸɬɫɹ ɟɝɨ ɩɪɨɫɬɨɬɚ ɤɨɧɫɬɪɭɤɰɢɢ ɢ  
ɤɨɦɩɚɤɬɧɨɫɬɶ, ɷɤɨɥɨɝɢɱɧɨɫɬɶ (ɪɚɛɨɱɭɸ ɫɪɟɞɭ ɭɫɬɪɨɣɫɬɜɚ ɧɟ ɬɪɟɛɭɟɬɫɹ ɡɚɩɨɥɧɹɬɶ ɠɢɞɤɨɫɬɶɸ 
ɢɥɢ ɝɚɡɨɦ), ɚ ɬɚɤ ɠɟ ɟɝɨ ɛɟɫɲɭɦɧɨɫɬɶ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨɥɹɪɧɨɫɬɢ ɬɨɤɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɱɟɪɟɡ 
ɷɥɟɦɟɧɬ ɉɟɥɶɬɶɟ, ɜɨɡɦɨɠɧɨ ɤɚɤ ɨɯɥɚɠɞɟɧɢɟ, ɬɚɤ ɢ ɧɚɝɪɟɜɚɧɢɟ ɨɛɪɚɡɰɚ. Эɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɡɰɚ ɤɚɤ ɜɵɲɟ, ɬɚɤ ɢ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɷɥɟɦɟɧɬɚ ɉɟɥɶɬɶɟ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ 
ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɡɚɦɟɬɧɨɣ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ 
ɪɚɡɧɢɰɵ ɬɟɦɩɟɪɚɬɭɪ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɞɢɚɬɨɪ ɢ ɜɟɧɬɢɥɹɬɨɪ, ɨɬɜɨɞɹɳɢɟ ɬɟɩɥɨ 
ɨɬ ɝɪɟɸɳɟɣ  ɫɬɨɪɨɧɵ ɷɥɟɦɟɧɬɚ ɉɟɥɶɬɶɟ. 

ɉɪɢɦɟɧɟɧɢɟ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɦɟɬɨɞɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ (ɨɫɨɛɟɧɧɨ ɜ ɞɢɚɩɚɡɨɧɟ 
ɧɢɡɤɢɯ ɢ ɫɪɟɞɧɢɯ ɬɟɦɩɟɪɚɬɭɪ) ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɢɫɫɥɟɞɭɟɦɨɦ 
ɨɛɪɚɡɰɟ ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɵɦ. ɉɪɢ ɫɨɡɞɚɧɢɢ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ ɫ ɩɨɦɨɳɶɸ 
ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɜɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ ɤɚɤ ɬɟɪɦɨɩɚɪ, ɬɚɤ ɢ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɞɚɬɱɢɤɨɜ 
Д4Ж. Ɉɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɩɪɢɦɟɧɟɧɢɹ ɥɚɡɟɪɚ – ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɜɵɯɨɞɧɨɣ ɦɨɳɧɨɫɬɢ  
ɩɪɢ ɫɨɡɞɚɧɢɢ ɢɡɥɭɱɟɧɢɹ, ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɢɡɦɟɧɹɟɬɫɹ ɩɨ ɩɟɪɢɨɞɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ. Эɬɨ 
ɦɨɠɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɬɶɫɹ ɧɚ ɬɨɱɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɌɎɋ. ɋɨɡɞɚɧɢɟ ɫɢɫɬɟɦ 
ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɧɚɢɛɨɥɶɲɭɸ ɫɬɚɛɢɥɶɧɨɫɬɶ ɜɵɯɨɞɧɨɣ 
ɦɨɳɧɨɫɬɢ, ɭɫɥɨɠɧɹɟɬ ɤɨɧɫɬɪɭɤɰɢɸ ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɹ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɦɨɞɭɥɹɬɨɪɨɜ (ɩɪɟɪɵɜɚɬɟɥɟɣ) Д4Ж. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɚɤ ɠɟ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɧɚɝɪɟɜɚɬɟɥɹ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɪɟɞɧɟɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɛɪɚɡɰɚ Д4Ж. 

2. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨ ɜɢɞɭ ɢɡɨɬɟɪɦ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɥɟɛɚɧɢɣ 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɨɪɦɵ ɢɫɫɥɟɞɭɟɦɵɯ ɬɟɥ ɢ ɜɢɞɚ ɢɡɨɬɟɪɦ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɦɟɬɨɞɨɜ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ Д9Ж: 
- ɦɟɬɨɞɵ ɩɥɨɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɯɫɹ ɜ ɩɨɥɭɨɝɪɚɧɢɱɟɧɧɨɣ ɢ 

ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ ɩɥɚɫɬɢɧɟ ɩɪɢ ɩɟɪɢɨɞɢɱɟɫɤɨɦ ɧɚɝɪɟɜɟ ɨɞɧɨɣ ɢɡ ɟɟ ɫɬɨɪɨɧ;  
- ɦɟɬɨɞɵ ɩɪɨɞɨɥɶɧɵɯ ɢɥɢ ɨɫɟɜɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ ɞɥɹ ɬɨɧɤɨɝɨ ɩɨɥɭɨɝɪɚɧɢɱɟɧɧɨɝɨ 

ɧɟɢɡɨɥɢɪɨɜɚɧɧɨɝɨ ɫɬɟɪɠɧɹ, ɜ ɤɨɬɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨɥɧɵ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɜɞɨɥɶ ɨɫɢ. 
ɉɪɢ ɷɬɨɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɩɥɨɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ, ɩɨɹɜɥɹɟɬɫɹ ɛɨɤɨɜɨɣ ɬɟɩɥɨɨɛɦɟɧ, ɜ ɱɟɦ 
ɢ ɡɚɤɥɸɱɚɟɬɫɹ ɫɩɟɰɢɮɢɤɚ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ. 

- ɦɟɬɨɞɵ ɪɚɞɢɚɥɶɧɵɯ ɢɥɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ ɞɥɹ ɰɢɥɢɧɞɪɨɜ, ɜ 
ɤɨɬɨɪɵɯ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɜɨɥɧɵ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɜɞɨɥɶ ɪɚɞɢɭɫɨɜ. Ɇɟɬɨɞɵ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ 
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ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ ɭɞɨɛɧɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ Д10Ж. 
Ɉɫɧɨɜɧɵɦ ɢɯ ɞɨɫɬɨɢɧɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨɫɬɶ ɬɟɩɥɨɩɨɬɟɪɶ, ɱɬɨ ɢɦɟɟɬ ɪɟɲɚɸɳɟɟ 
ɡɧɚɱɟɧɢɟ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɞ ɞɚɜɥɟɧɢɟɦ. 

3. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɨ ɜɢɞɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
Ɇɟɬɨɞɵ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɥɢɧɟɣɧɨɦ ɢ ɧɟɥɢɧɟɣɧɨɦ 

ɬɟɩɥɨɜɨɦ ɪɟɠɢɦɟ. ɂɯ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɡɨɧɞɨɜɵɟ ɢ ɧɟɡɨɧɞɨɜɵɟ Д9Ж. 
ȼ ɡɨɧɞɨɜɵɯ ɦɟɬɨɞɚɯ ɧɚɝɪɟɜɚɬɟɥɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɞɚɬɱɢɤɚ 

ɬɟɦɩɟɪɚɬɭɪɵ. Ʉ ɧɢɦ ɩɪɢɦɵɤɚɸɬ ɦɟɬɨɞɵ, ɜ ɤɨɬɨɪɵɯ ɷɬɢ ɮɭɧɤɰɢɢ ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɪɚɡɧɵɦɢ 
ɭɫɬɪɨɣɫɬɜɚɦɢ, ɧɨ ɧɚɝɪɟɜ ɢ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɢɡɜɨɞɹɬɫɹ ɧɚ ɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ȼ 
ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɵɯ ɫɜɨɣɫɬɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɞɧɢ ɢ ɬɟ ɠɟ ɮɨɪɦɭɥɵ. ȼ 
ɧɟɡɨɧɞɨɜɵɯ ɦɟɬɨɞɚɯ ɧɚɝɪɟɜɚɬɟɥɶ ɢ ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɪɚɡɞɟɥɟɧɵ Д9Ж. 

Ɋɚɡɧɨɨɛɪɚɡɢɟ ɦɟɬɨɞɨɜ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɧɚɝɪɟɜɚ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɢɡ 
ɩɪɢɦɟɧɟɧɢɹ. ɉɪɨɜɟɞɟɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɨɡɦɨɠɧɨ ɧɚ ɨɛɪɚɡɰɚɯ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ 
ɞɥɹ ɝɚɡɨɜ, ɠɢɞɤɨɫɬɟɣ ɢ ɬɜɟɪɞɵɯ ɬɟɥ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɫɨɫɬɨɹɧɢɣ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɦɟɬɨɞɚ 
ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ ɹɜɥɹɟɬɫɹ ɧɟɫɥɨɠɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ, 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɚɹ ɬɨɱɧɨɫɬɶ (ɨɤɨɥɨ 5%) ɢ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ 
ɢɡɦɟɪɟɧɢɣ (0,5-2 ɱɚɫɚ). 
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Ɉɰɟɧɤɚ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɞɚɧɧɵɯ ɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ ɜɟɳɟɫɬɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɩɪɨɜɟɪɤɨɣ ɢɯ ɜɡɚɢɦɨɫɨɝɥɚɫɨɜɚɧɧɨɫɬɢ ɤɚɤ ɩɪɚɜɢɥɨ ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɣ ɫɨɫɬɨɹɧɢɹ ɧɚ 
ɨɫɧɨɜɟ ɢɦɟɸɳɢɯɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ.  

Ʉɚɥɨɪɢɱɟɫɤɢɟ (ɬɟɩɥɨɟɦɤɨɫɬɶ) ɢ ɬɟɪɦɢɱɟɫɤɢɟ (PVT) ɫɜɨɣɫɬɜɚ ɨɛɵɱɧɨ ɢɫɫɥɟɞɭɸɬɫɹ 
ɪɚɡɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚɦɢ ɢ ɦɟɬɨɞɢɤɚɦɢ: ɤɚɥɨɪɢɦɟɬɪɚɦɢ ɢ ɩɶɟɡɨɦɟɬɪɚɦɢ ɪɚɡɥɢɱɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ. Ⱦɢɚɩɚɡɨɧɵ ɩɚɪɚɦɟɬɪɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɜɨɣɫɬɜ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɜɟɳɟɫɬɜɚ ɱɚɫɬɨ 
ɧɟ ɫɨɜɩɚɞɚɸɬ, ɨɫɨɛɟɧɧɨ ɷɬɨ ɤɚɫɚɟɬɫɹ ɦɚɥɨɢɡɭɱɟɧɧɵɯ ɨɛɴɟɤɬɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦɢ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜɚɦɢ ɜɵɡɵɜɚɸɬ ɢɧɬɟɪɟɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɚɬɶ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɤɨɦɩɥɟɤɫɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɫɨɝɥɚɫɨɜɚɧɧɵɯ ɭɠɟ ɭɫɥɨɜɢɹɦɢ 
ɨɞɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

Ɉɪɢɝɢɧɚɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɤɚɥɨɪɢɦɟɬɪɚ ɏ.ɂ. Ⱥɦɢɪɯɚɧɨɜɚ Д1,2Ж ɪɟɲɢɥɚ ɨɫɧɨɜɧɵɟ 
ɩɪɨɛɥɟɦɵ ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ: ɨɛɟɫɩɟɱɟɧɢɟ ɚɞɢɚɛɚɬɢɱɧɨɫɬɢ ɢ 
ɢɡɨɬɟɪɦɢɱɧɨɫɬɢ ɩɪɨɰɟɫɫɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɬɟɦɩɟɪɚɬɭɪ ɢ ɞɚɜɥɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɩɪɢɦɟɧɟɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɫɥɨɹ ɦɟɠɞɭ 
ɤɚɥɨɪɢɦɟɬɪɢɱɟɫɤɢɦ ɫɨɫɭɞɨɦ ɢ ɟɝɨ ɜɧɟɲɧɟɣ ɨɛɨɥɨɱɤɨɣ. 

Ɇɟɬɨɞ ɤɚɥɨɪɢɦɟɬɪɚ-ɩɶɟɡɨɦɟɬɪɚ ɩɨɫɬɨɹɧɧɨɝɨ ɨɛɴɟɦɚ ɫ ɭɱɟɬɨɦ ɟɝɨ ɬɟɪɦɢɱɟɫɤɨɣ ΔVT ɢ 
ɛɚɪɢɱɟɫɤɨɣ ΔVP ɞɟɮɨɪɦɚɰɢɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɩɪɢ ɪɚɛɨɬɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ Ɍ0 → 
Ɍ ɢ ɞɚɜɥɟɧɢɣ Ɋ0 → Ɋ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɩɨɦɢɦɨ ɡɧɚɱɟɧɢɣ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɋv  ɢ 
ɬɟɦɩɟɪɚɬɭɪɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ ɞɚɜɥɟɧɢɹ ɩɨ ɢɡɨɯɨɪɚɦ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ 
ɩɨɝɪɟɲɧɨɫɬɢ, ɩɪɢɫɭɳɟɣ ɦɟɬɨɞɚɦ ɩɶɟɡɨɦɟɬɪɚ ɩɨɫɬɨɹɧɧɨɝɨ ɨɛɴɟɦɚ: Δ Ɍ – 0.01 ɨ ; ΔɊ – 0.05 %; 
Δρ – 0.06 %. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɬɨɞ ɤɚɥɨɪɢɦɟɬɪɚ-ɩɶɟɡɨɦɟɬɪɚ ɩɨɫɬɨɹɧɧɨɝɨ ɨɛɴɟɦɚ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ PVT ɫɜɨɣɫɬɜɚɯ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ 
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ. 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫɚ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ ɜɵɩɨɥɧɟɧɚ ɧɚ ɛɚɡɟ ɰɢɮɪɨɜɵɯ ɦɭɥɶɬɢɦɟɬɪɨɜ 
KОЭСlОв (ɩɪɨɢɡɜɨɞɢɬɟɥɶ KОТЭСlОв IЧsЭrЮЦОЧЭs, IЧМ., ɋШȺ), ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɤɨɧɬɪɨɥɥɟɪɨɜ 
LКФОSСШrО (ɩɪɨɢɡɜɨɞɢɬɟɥɶ LКФО SСШrО CrвШЭrШЧТМs, IЧМ., ɋШȺ) ɢ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ. 
Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɢɡɦɟɪɟɧɢɹ ɞɚɜɥɟɧɢɹ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɰɢɮɪɨɜɨɣ 
ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ Ʉɭɪɚɧɬ Ⱦɂ-ȼ (ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɈɈɈ «ɆȿɌɊɈɇɂɄ», 
Ɋɨɫɫɢɹ).  

Ⱦɚɧɧɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɢɡɨɯɨɪɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ, ɤɨɧɬɪɨɥɹ 
ɚɞɢɚɛɚɬɢɱɧɨɫɬɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɟ ɩɨɫɬɭɩɚɸɬ ɜ ɤɨɦɩɶɸɬɟɪ ɨɬ 
ɦɭɥɶɬɢɦɟɬɪɚ KОТЭСlОв ɢ ɤɨɧɬɪɨɥɥɟɪɨɜ LКФОSСШrО. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɚɜɬɨɪɚɦɢ ɩɪɨɝɪɚɦɦɚ Д3Ж ɞɥɹ 
ɉɄ ɩɨɥɭɱɚɟɬ ɷɬɢ ɜɯɨɞɧɵɟ  ɞɚɧɧɵɟ, ɩɪɟɨɛɪɚɡɭɟɬ ɢɯ ɜ ɭɞɨɛɧɵɣ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ ɜɢɞ ɢ 
ɩɪɨɢɡɜɨɞɢɬ ɰɢɮɪɨɜɭɸ ɢ ɝɪɚɮɢɱɟɫɤɭɸ ɢɧɞɢɤɚɰɢɸ ɧɚ ɦɨɧɢɬɨɪɟ ɤɨɦɩɶɸɬɟɪɚ. ɉɪɨɝɪɚɦɦɚ, 
ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚɦɢ ɪɚɧɟɟ, ɛɵɥɚ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɚ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɚɞɢɚɛɚɬɢɱɧɨɫɬɶ ɩɪɨɰɟɫɫɚ, ɢ ɮɢɤɫɢɪɨɜɚɬɶ ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɤɚɥɨɪɢɦɟɬɪɚ. 
ɋɬɪɨɢɬ ɜ ɪɟɠɢɦɟ ШЧ-lТЧО ɛɚɪɨɝɪɚɦɦɭ, ɚɞɢɚɛɚɬɨɝɪɚɦɦɭ ɢ ɬɟɪɦɨɝɪɚɦɦɭ ɩɪɨɰɟɫɫɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚ, ɤɨɬɨɪɵɟ  ɧɟɫɭɬ ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ. 
ȼɟɫɶ ɩɨɥɭɱɟɧɧɵɣ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢ ɜɵɱɢɫɥɟɧɧɵɣ ɦɚɫɫɢɜ ɞɚɧɧɵɯ, ɩɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɹɟɬ 
ɫɨɯɪɚɧɹɬɶ ɜ ɜɢɞɟ ɮɚɣɥɚ ɧɚ ɉɄ, ɜ ɭɞɨɛɧɨɦ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ ɜɢɞɟ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɛɚɡɵ ɞɚɧɧɵɯ. 
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Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɨɯɨɪɧɨɣ 
ɬɟɩɥɨɟɦɤɨɫɬɢ ɢ PVT ɫɜɨɣɫɬɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɩɚɪɚɦɟɬɪɨɜ: ɜ ɠɢɞɤɨɣ, ɩɚɪɨɜɨɣ ɮɚɡɟ, 
ɩɚɪɨɠɢɞɤɨɫɬɧɨɦ ɪɚɜɧɨɜɟɫɢɢ, ɜ ɨɛɥɚɫɬɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɨɜ  ɢ ɜ ɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. 
Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɢɡɦɟɪɟɧɢɣ ɩɨɡɜɨɥɢɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɨɛɥɟɝɱɢɬɶ ɩɪɨɜɟɞɟɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɩɨɜɵɫɢɬɶ ɬɨɱɧɨɫɬɶ, ɤɚɱɟɫɬɜɨ ɢɡɦɟɪɟɧɢɣ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ 
ɷɤɫɩɟɪɢɦɟɧɬɚɬɨɪɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɹɬɫɹ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬ № 14-08-00230). 
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Ɉɞɧɚ ɢɡ ɜɚɠɧɟɣɲɢɯ ɡɚɞɚɱ ɫɨɜɪɟɦɟɧɧɨɣ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɩɥɨɮɢɡɢɤɢ - ɭɥɭɱɲɟɧɢɟ 

ɤɚɱɟɫɬɜɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ.  
ȼ «Ɇɟɠɨɬɪɚɫɥɟɜɨɦ ɰɟɧɬɪɟ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» ɊȽɉɉɍ ɜɵɩɨɥɧɹɸɬɫɹ ɪɚɡɪɚɛɨɬɤɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɤɨɦɩɥɟɤɫɨɜ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ. Ɉɞɧɚ ɢɡ ɬɚɤɢɯ ɭɫɬɚɧɨɜɨɤ – ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ 
ɩɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ. (ȼ ɞɚɥɶɧɟɣɲɟɦ – 
ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ). 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɨɫɧɨɜɚɧ ɧɚ ɦɟɬɨɞɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ Д1 – 
3Ж, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ  ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɵɯ ɜɟɳɟɫɬɜ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ɂɡɦɟɪɢɬɟɥɶɧɵɣ ɤɨɦɩɥɟɤɫ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ Д3Ж. ɂɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ 
ɩɨɦɟɳɟɧ ɜ ɤɚɦɟɪɭ ɫ ɜɚɤɭɭɦɨɦ ɢɥɢ ɢɧɟɪɬɧɨɣ ɫɪɟɞɨɣ. Ɉɛɪɚɡɟɰ ɢɦɟɟɬ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɮɨɪɦɭ 
(ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ – ɞɢɚɦɟɬɪ 10 ɦɦ ɢ ɬɨɥɳɢɧɚ 0,8 – 2,0 ɦɦ). ȼɞɨɥɶ ɨɫɢ ɰɢɥɢɧɞɪɚ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɜɨɥɧɚ, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɨɣ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɬɟɪɦɨɩɚɪɵ ɢ (ɢɥɢ) ɮɨɬɨɞɚɬɱɢɤɚ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɜɨɥɧɚ ɜɨɡɛɭɠɞɚɟɬɫɹ ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɩɨ 
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ɚɦɩɥɢɬɭɞɟ ɢɡɥɭɱɟɧɢɟɦ ɥɚɡɟɪɚ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɦ ɧɚ ɩɟɪɜɭɸ ɩɥɨɫɤɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ-
ɰɢɥɢɧɞɪɚ. ȼ ɧɚɲɟɣ ɭɫɬɚɧɨɜɤɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɚɡɟɪ ɅȽɇ-701 (ɞɥɢɧɚ ɜɨɥɧɵ 10,6 ɦɤɦ, ɦɨɳɧɨɫɬɶ 
ɞɨ 60 ȼɬ). Ɍɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ ɨɰɟɧɢɜɚɟɬɫɹ ɩɨ ɜɪɟɦɟɧɢ 
ɡɚɩɚɡɞɵɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ ɜ ɨɛɪɚɡɰɟ. ɉɚɪɚɦɟɬɪɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ 
ɡɚɩɚɡɞɵɜɚɧɢɟ, ɹɜɥɹɟɬɫɹ ɫɞɜɢɝ ɮɚɡɵ ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɜɬɨɪɨɣ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɛɪɚɡɰɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɮɚɡɟ ɜɨɡɞɟɣɫɬɜɭɸɳɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ 
ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɢ ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɫɜɨɣɫɬɜ ɢɦɟɸɳɟɝɨɫɹ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɧɚɦɢ 
ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɜ ɞɚɥɶɧɟɣɲɟɦ – Ɋɋɍ). 

Ʉɚɠɞɵɣ ɛɥɨɤ Ɋɋɍ ɹɜɥɹɟɬɫɹ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɦ ɦɨɞɭɥɟɦ ɜɜɨɞɚ-ɜɵɜɨɞɚ, 
ɜɵɩɨɥɧɹɸɳɢɦ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ. Ɋɋɍ ɪɚɡɪɚɛɨɬɚɧɚ ɫ ɭɱɟɬɨɦ 
ɪɟɤɨɦɟɧɞɚɰɢɣ ɩɨɫɬɪɨɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɵɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɨɝɥɚɫɨɜɚɬɶ ɟɟ ɫ ɦɧɨɠɟɫɬɜɨɦ ɤɚɤ ɪɨɫɫɢɣɫɤɢɯ ɬɚɤ ɢ ɡɚɪɭɛɟɠɧɵɯ ɫɬɚɧɞɚɪɬɨɜ Д4Ж.  

ɋɢɫɬɟɦɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ (ɫɦ. ɪɢɫ. 1):  
– ɬɪɚɤɬ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɫ ɬɟɪɦɨɩɚɪɵ (ɌɈɋɌ); 
– ɬɪɚɤɬ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɫ ɮɨɬɨɞɚɬɱɢɤɚ (ɌɈɋɎ); 
– ɤɨɧɬɪɨɥɥɟɪ ɨɛɬɸɪɚɬɨɪɚ (ɄɈ); 
– ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɛɪɚɡɰɚ (ȻɍɌ); 
– ɦɨɞɭɥɶ ɫɜɹɡɢ ɫ ɩɟɪɫɨɧɚɥɶɧɵɦ ɤɨɦɩɶɸɬɟɪɨɦ ɢ ɭɩɪɚɜɥɟɧɢɹ (Ɇɋɢɍ); 
– ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ  (ɉɄ) ɫ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ (Ⱥɐɉ). 

 
Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ Ɋɋɍ 

 
Ɋɚɫɫɦɨɬɪɢɦ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ. 
1. Ɍɪɚɤɬɚ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɬɟɪɦɨɩɚɪɵ: 

– ɬɟɪɦɨɩɚɪɚ (Ɍɉ); 



XIV Ɋɨɫɫɢɣɫɤɚɹ ɤɨɧɮɟɪɟɧɰɢɹ (ɫ ɦɟɠɞɭɧɚɪɨɞɧɵɦ ɭɱɚɫɬɢɟɦ) ɩɨ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɜɟɳɟɫɬɜ 
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– ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ ɯɨɥɨɞɧɵɯ ɫɩɚɟɜ ɬɟɪɦɨɩɚɪɵ (ȾɌɏɋ); 
– ɛɥɨɤ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɭɫɢɥɟɧɢɹ ɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ (ȻɉɍɈɌ), 
ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɬɟɪɦɨɩɚɪɵ.  

ȻɉɍɈɌ, ɭɫɢɥɢɜɚɟɬ ɫɢɝɧɚɥ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɟɠɟɤɰɢɸ ɫɟɬɟɜɨɣ ɩɨɦɟɯɢ ɧɚ ɱɚɫɬɨɬɟ 50 Ƚɰ, ɚ 
ɬɚɤɠɟ ɮɨɪɦɢɪɭɟɬ ɫɢɝɧɚɥ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɣ ɩɟɪɟɞɚɱɢ ɩɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɥɢɧɢɢ ɛɥɨɤɭ 
ɨɤɨɧɟɱɧɨɝɨ ɭɫɢɥɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɫ ɬɟɪɦɨɩɚɪɵ ɢ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ 
(ȻɈɍɈɌ ɢ ɄɌ). 

ȻɈɍɈɌ ɢ ɄɌ, ɜɵɞɟɥɹɟɬ ɩɟɪɟɦɟɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɢɡ ɫɢɝɧɚɥɚ ɬɟɪɦɨɩɚɪɵ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɭɫɢɥɟɧɢɟɦ ɟɟ ɞɨ ɜɟɥɢɱɢɧɵ, ɩɨɡɜɨɥɹɸɳɟɣ ɦɚɤɫɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɩɟɪɬɭɪɭ 
Ⱥɐɉ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ (ɉɄ); ɩɨ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɝɧɚɥɚ ɬɟɪɦɨɩɚɪɵ ɉɄ 
ɜ ɞɚɥɶɧɟɣɲɟɦ ɨɩɪɟɞɟɥɹɟɬ ɫɪɟɞɧɸɸ ɬɟɦɩɟɪɚɬɭɪɭ ɨɛɪɚɡɰɚ. 

2. Ɍɪɚɤɬɚ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɫ ɮɨɬɨɞɚɬɱɢɤɚ:  
– ɮɨɬɨɞɚɬɱɢɤ (ɎȾ);  
– ɛɥɨɤ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɭɫɢɥɟɧɢɹ ɫɢɝɧɚɥɚ ɮɨɬɨɞɚɬɱɢɤɚ (ɎɉɍɎ) ɧɚɯɨɞɢɬɫɹ ɜ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɛɥɢɡɨɫɬɢ ɨɬ ɮɨɬɨɞɚɬɱɢɤɚ.   

ɎɉɍɎ, ɭɫɢɥɢɜɚɟɬ ɫɢɝɧɚɥ, ɮɨɪɦɢɪɭɟɬ ɫɢɝɧɚɥ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɣ ɩɟɪɟɞɚɱɢ ɩɨ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɥɢɧɢɢ ɛɥɨɤɭ ɨɤɨɧɟɱɧɨɝɨ ɭɫɢɥɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɫ ɮɨɬɨɞɚɬɱɢɤɚ 
(ȻɉɈɎ). 

ȻɉɈɎ, ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɟɠɟɤɰɢɸ ɫɟɬɟɜɨɣ ɩɨɦɟɯɢ ɧɚ ɱɚɫɬɨɬɟ 50 Ƚɰ, ɜɵɞɟɥɹɟɬ ɩɟɪɟɦɟɧɧɭɸ 
ɫɨɫɬɚɜɥɹɸɳɭɸ ɢɡ ɫɢɝɧɚɥɚ ɫ ɮɨɬɨɞɚɬɱɢɤɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɫɢɥɟɧɢɟɦ ɞɨ ɜɟɥɢɱɢɧɵ, 
ɩɨɡɜɨɥɹɸɳɟɣ ɦɚɤɫɢɦɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɩɟɪɬɭɪɭ Ⱥɐɉ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ (ɉɄ). 

3. Ʉɨɧɬɪɨɥɥɟɪ ɨɛɬɸɪɚɬɨɪɚ (ɄɈ) – ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɧɬɪɨɥɶ ɢ ɪɟɝɭɥɢɪɨɜɤɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɨɞɭɥɹɬɨɪɚ Д5Ж.  

4. Ȼɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɣ ɨɛɪɚɡɰɚ (ȻɍɌ) – ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɧɬɪɨɥɶ ɢ ɪɟɝɭɥɢɪɨɜɤɭ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ. 

5. Ɇɨɞɭɥɶ ɫɜɹɡɢ ɫ ɩɟɪɫɨɧɚɥɶɧɵɦ ɤɨɦɩɶɸɬɟɪɨɦ ɢ ɭɩɪɚɜɥɟɧɢɹ (Ɇɋɢɍ) –   ɨɫɭɳɟɫɬɜɥɹɟɬ 
ɫɜɹɡɶ ɥɨɤɚɥɶɧɵɯ ɦɨɞɭɥɟɣ ɫɢɫɬɟɦɵ ɫ ɩɟɪɫɨɧɚɥɶɧɵɦ ɤɨɦɩɶɸɬɟɪɨɦ ɱɟɪɟɡ ɫɬɚɧɞɚɪɬɧɵɣ 
ɢɧɬɟɪɮɟɣɫ (USB), ɚ ɬɚɤɠɟ ɦɨɠɟɬ ɚɜɬɨɧɨɦɧɨ ɭɩɪɚɜɥɹɬɶ ɫɢɫɬɟɦɨɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɨɞɭɥɶ ɢɦɟɟɬ 
ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɢ ɞɢɫɩɥɟɣ ɩɨɡɜɨɥɹɸɳɢɯ ɨɩɟɪɚɬɨɪɭ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɫɢɫɬɟɦɵ ɢ ɩɨ 
ɦɟɪɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɶ ɜɜɨɞ ɞɚɧɧɵɯ. 

6. ɉɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɜɵɩɨɥɧɹɟɬ ɫɛɨɪ ɞɚɧɧɵɯ ɢ ɢɯ ɨɛɪɚɛɨɬɤɭ. ɋ ɧɟɝɨ ɬɚɤɠɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɫɢɫɬɟɦɨɣ ɢ ɤɨɧɬɪɨɥɶ ɪɚɛɨɬɵ ɨɩɟɪɚɬɨɪɨɦ.  

Ⱦɥɹ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɪɚɛɨɬɵ ɦɨɞɭɥɟɣ ɜ ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɨɜɚɧɚ ɨɞɧɚ 
ɢɡ ɩɟɪɟɞɨɜɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɫɟɬɟɣ – CAN (controller area network). Ⱦɚɧɧɚɹ ɫɟɬɶ ɨɛɥɚɞɚɟɬ 
ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɧɚɞɟɠɧɨɫɬɢ ɢ ɡɚɳɢɳɟɧɧɨɫɬɢ Д4Ж.  

Эɥɟɦɟɧɬɚɪɧɚɹ ɛɚɡɚ, ɩɪɢɦɟɧɟɧɧɚɹ ɜ ɦɨɞɭɥɹɯ ɨɬ ɦɢɪɨɜɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, ɬɚɤɢɯ ɤɚɤ: 
«AЧКlШР DОЯТsО», «AЭЦОl», «БТlТЧб», «TОбКs IЧsЭrЮЦОЧЭs».  

Эɤɫɩɟɪɢɦɟɧɬɵ, ɩɪɨɜɟɞɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ ɫ Ɋɋɍ ɧɚ ɛɚɡɟ 
ɷɬɚɥɨɧɧɵɯ ɨɛɪɚɡɰɨɜ (ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ ɦɚɪɤɢ 12ɏ18ɇ10Ɍ), ɢɦɟɥɢ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɭɸ 
ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɟ ɛɨɥɟɟ 2% ɢ ɯɨɪɨɲɨ ɫɨɝɥɚɫɨɜɵɜɚɥɢɫɶ ɫ 
ɢɦɟɸɳɢɦɢɫɹ ɞɚɧɧɵɦɢ. 

 
ȼЫȼɈȾЫ 
Ɋɚɡɪɚɛɨɬɚɧɧɚɹ Ɋɋɍ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ɩɨɡɜɨɥɢɥɚ: 

– ɢɧɬɟɧɫɢɮɢɰɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɢɡɦɟɪɟɧɢɹ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ; 
– ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɥɸɛɵɟ ɚɥɝɨɪɢɬɦɵ ɢɡɦɟɪɟɧɢɣ ɤɚɤ ɧɚ ɩɪɨɝɪɚɦɦɧɨɦ, ɬɚɤ ɢ (ɢɥɢ) ɧɚ 
ɚɩɩɚɪɚɬɧɨɦ ɭɪɨɜɧɟ; 
– ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɢɡɦɟɪɟɧɢɣ; 
– ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɚɞɚɩɬɢɜɧɵɟ ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɹ Д6Ж; 
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– ɫɧɢɡɢɬɶ ɫɬɨɢɦɨɫɬɶ ɢɡɦɟɪɟɧɢɣ.  
ɉɪɢ ɷɬɨɦ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɧɟ ɩɪɟɜɵɫɢɥɚ 2 % Д7Ж. 
ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɢɫɬɟɦɚ ɹɜɥɹɟɬɫɹ ɨɬɤɪɵɬɨɣ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɩɨɞɤɥɸɱɚɬɶ 

ɜɧɨɜɶ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɢɥɢ ɢɦɟɸɳɢɟɫɹ (ɭ ɫɬɨɪɨɧɧɢɯ ɨɪɝɚɧɢɡɚɰɢɣ) ɦɨɞɭɥɢ ɛɟɡ ɜɧɟɫɟɧɢɹ 
ɢɡɦɟɧɟɧɢɣ ɜ ɢɦɟɸɳɭɸɫɹ ɚɩɩɚɪɚɬɭɪɭ, ɬ.ɟ. ɞɨɩɭɫɤɚɟɬ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ. 

ȼɫɟ  ɩɟɪɟɱɢɫɥɟɧɧɨɟ ɜɵɲɟ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚɦɢ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ 
ɨɬɜɟɱɚɟɬ ɫɨɜɪɟɦɟɧɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɤ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɦ ɫɢɫɬɟɦɚɦ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɝɪɚɧɬɵ № 11-08-00275 ɢ № 14-08-00228) 
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АɇАɅɂɁА ɂɁɅɍɑȿɇɂЯ ɈɌ Ɇɂɒȿɇɂ ɉɈɋɅȿ ɅАɁȿɊɇɈȽɈ ВɈɁȾȿɃɋɌВɂЯ 
ɇɨɜɢɤɨɜ ɂ.ɂ.1, ȿɪɦɢɲɤɢɧ ȼ.Ⱥ.1, Ʉɭɞɪɹɜɰɟɜ ȿ.Ɇ.2, Ɇɢɧɢɧɚ ɇ.Ⱥ.1 

1ИɆȿɌ ɊȺɇ, Ɋɨɫɫɢɹ, ɝ. Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ, ɞɨɦ 49, minina@imet.ac.ru 
2ɎИȺɇ ɊȺɇ, Ɋɨɫɫɢɹ, ɝ. Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɣ ɩɪɨɫɩɟɤɬ, ɞɨɦ 53, kudriavt@sci.lebedev.ru 

 
ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɩɨɥɭɱɢɬɶ ɨɰɟɧɤɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ 

ɢɫɫɥɟɞɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɦɨɳɶɸ ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ ɫɬɪɭɤɬɭɪɧɵɯ 
ɢɡɨɛɪɚɠɟɧɢɣ (ɎȺɋɂ), ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɢɡɦɟɪɟɧɢɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ 
ɩɨ ɞɚɧɧɵɦ ɮɨɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɢɡɦɟɪɟɧɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ 
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ɢɡɥɭɱɟɧɢɹ ɜɢɞɢɦɨɝɨ ɫɜɟɬɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ, ɩɨɞɜɟɪɝɧɭɬɨɣ ɜɨɡɞɟɣɫɬɜɢɸ ɨɞɢɧɨɱɧɨɝɨ 
ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɫ ɢɡɜɟɫɬɧɨɣ ɷɧɟɪɝɢɢ. Ɇɢɲɟɧɶ ɛɵɥɚ ɢɡɝɨɬɨɜɥɟɧɚ ɢɡ ɦɟɞɧɨɣ ɮɨɥɶɝɢ 
ɬɨɥɳɢɧɨɣ 50 ɦɤɦ ɢ ɢɦɟɥɚ ɮɨɪɦɭ ɷɥɥɢɩɫɚ, ɜ ɨɞɢɧ ɢɡ ɮɨɤɭɫɨɜ ɤɨɬɨɪɨɝɨ ɛɵɥ ɧɚɩɪɚɜɥɟɧ 
ɥɚɡɟɪɧɵɣ ɢɦɩɭɥɶɫ. Ɇɢɲɟɧɶ ɤɪɟɩɢɥɚɫɶ ɤ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɪɚɦɤɟ, ɤɨɬɨɪɚɹ ɦɨɧɬɢɪɨɜɚɥɚɫɶ ɜ 
ɫɩɟɰɢɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɩɨɡɜɨɥɹɸɳɟɣ ɩɪɢɰɟɥɶɧɨ ɧɚɩɪɚɜɥɹɬɶ ɥɚɡɟɪɧɵɣ ɥɭɱ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 
ɦɢɲɟɧɢ. ɂɫɫɥɟɞɭɟɦɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɦɢɲɟɧɢ ɞɨ ɢ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ 
ɧɟɩɪɟɪɵɜɧɨ ɫɧɢɦɚɥɚɫɶ ɜɢɞɟɨɤɚɦɟɪɨɣ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɨɬɫɧɹɬɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɬɛɢɪɚɥɢɫɶ ɱɟɪɟɡ 
ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ ɤɚɞɪɵ ɢ ɚɧɚɥɢɡɢɪɨɜɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ (ɎȺɋɂ), 
ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɧɟɦ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɪɚɛɨɬ Д1, 2Ж. ɇɚ ɪɢɫ.1 ɩɨɤɚɡɚɧɚ ɜɪɟɦɟɧɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ ɰɟɧɬɪɟ ɦɢɲɟɧɢ ɩɨɫɥɟ ɟɟ ɨɛɥɭɱɟɧɢɹ 
ɥɚɡɟɪɨɦ, ɤɨɬɨɪɚɹ ɢɡɦɟɪɹɥɚɫɶ ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ ɲɤɚɥɵ, ɡɚ ɧɨɥɶ ɤɨɬɨɪɨɣ ɛɵɥ ɩɪɢɧɹɬ 
ɷɬɚɥɨɧ, ɢɦɢɬɢɪɭɸɳɢɣ ɚɛɫɨɥɸɬɧɨɟ ɩɨɝɥɨɳɟɧɢɹ ɩɚɞɚɸɳɟɝɨ ɫɜɟɬɚ ɜ ɟɝɨ ɜɢɞɢɦɨɦ ɞɢɚɩɚɡɨɧɟ, ɚ 
ɟɞɢɧɢɰɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɩɨɥɧɨɦɭ ɨɬɪɚɠɟɧɢɸ ɩɚɞɚɸɳɟɝɨ ɫɜɟɬɚ. 

ɂɯ ɪɢɫ.1 ɜɢɞɧɨ, ɱɬɨ, ɨɛɥɭɱɟɧɢɟ ɦɢɲɟɧɢ ɨɞɢɧɨɱɧɵɦ ɥɚɡɟɪɧɵɦ ɢɦɩɭɥɶɫɨɦ ɦɨɳɧɨɫɬɶɸ 10 
ȼɬ ɢ ɞɥɢɬɟɥɶɧɨɫɬɶɸ 0,3 ɫ ɜɨɡɛɭɠɞɚɟɬ ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫ ɫ ɩɟɪɟɦɟɧɧɨɣ 
ɚɦɩɥɢɬɭɞɨɣ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ. Ɏɨɬɨɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɜɫɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɞɚɟɬ 
ɧɚɝɥɹɞɧɭɸ ɤɚɪɬɢɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ (ɪɢɫ 2.). ɉɨ ɞɚɧɧɵɦ ɎȺɋɂ ɩɨɫɬɪɨɢɥɢ 
ɤɪɢɜɵɟ 
 

 
Ɋɢɫ.1 Эɧɟɪɝɢɹ ɢɡɥɭɱɟɧɢɹ ɦɢɲɟɧɢ ɩɨɫɥɟ ɨɛɥɭɱɟɧɢɹ ɥɚɡɟɪɨɦ 

 
 

 
Ɋɢɫ.2. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɱɟɪɟɡ 5 ɫ ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ 
ɥɚɡɟɪɚ .  - 297Ʉ, 5 - 295Ʉ,   - 294Ʉ,    - 293Ʉ) 
 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɥɨɬɧɨɫɬɟɣ ɜɨ ɜɫɟɯ ɢɧɬɟɪɜɚɥɚɯ ɫɩɟɤɬɪɚ ɜɞɨɥɶ ɨɫɢ ɫɢɦɦɟɬɪɢɢ 
ɷɥɥɢɩɫɚ ɞɥɹ ɪɚɡɧɵɯ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ (ɪɢɫ.3 ɚ, ɛ). 
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ɚ)                                                                                    ɛ) 

Ɋɢɫ.3. Ɋɚɫɩɪɟɞɟɥɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɩɥɨɬɧɨɫɬɟɣ ɩɨ ɛɨɥɶɲɟɣ ɨɫɢ ɷɥɥɢɩɫɚ 
(ɚ - ɢɧɬɟɪɜɚɥɵ 1, 2, 3, ɛ - ɢɧɬɟɪɜɚɥɵ 4, 5 ɞɥɹ t = 25 ɫ) 

 
Ⱥɧɚɥɢɡ ɪɢɫ. 3 ɩɨɤɚɡɚɥ, ɱɬɨ ɮɨɤɭɫɵ ɷɥɥɢɩɫɚ ɫɨɜɩɚɞɚɸɬ ɫ ɩɨɥɨɠɟɧɢɹɦɢ ɦɚɤɫɢɦɭɦɨɜ ɧɚ 

ɤɪɢɜɵɯ (17,49 ɦɦ ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɰɟɧɬɪɚ ɷɥɥɢɩɫɚ). ɂɡɜɟɫɬɧɨ, ɱɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɢɡɥɭɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɢɢ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ Д4Ж. ɉɪɢɜɟɞɟɧɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɩɨɩɚɞɚɧɢɟ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɜ ɨɞɢɧ ɢɡ ɮɨɤɭɫɨɜ 
ɦɢɲɟɧɢ ɜɨɡɛɭɠɞɚɟɬ ɜ ɧɟɦ ɜɨɥɧɭ ɜ ɮɨɪɦɟ ɨɤɪɭɠɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɞɨ ɝɪɚɧɢɰɵ 
ɷɥɥɢɩɫɚ ɢ ɩɨ ɫɜɨɣɫɬɜɭ ɷɥɥɢɩɫɚ ɮɪɨɧɬ ɜɨɥɧɵ ɩɨɫɥɟ ɫɜɨɟɝɨ ɨɬɪɚɠɟɧɢɹ ɨɬ ɟɝɨ ɝɪɚɧɢɰɵ 
ɫɮɨɤɭɫɢɪɭɟɬɫɹ ɜɨ ɜɬɨɪɨɦ ɮɨɤɭɫɟ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɬɫɹ, ɧɨ ɭɠɟ ɜɨɥɧɚ 
ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɨɬ ɜɬɨɪɨɝɨ ɮɨɤɭɫɚ. ɍɱɢɬɵɜɚɹ ɝɟɨɦɟɬɪɢɸ ɷɥɥɢɩɫɚ ɢ ɡɧɚɹ ɫɪɟɞɧɢɣ ɩɟɪɢɨɞ 
ɤɨɥɟɛɚɧɢɣ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɰɟɧɤɭ ɫɤɨɪɨɫɬɢ - ɨɧɚ ɨɤɚɡɚɥɚɫɶ ɪɚɜɧɨɣ 0,193 ɫɦ/ɫ, ɱɬɨ ɧɚ ɬɪɢ 
ɩɨɪɹɞɤɚ ɧɢɠɟ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɞɜɢɝɨɜɨɣ ɜɨɥɧɵ ɜ ɦɟɞɢ (226,105 ɫɦ/ɫ). Ⱦɥɹ 
ɩɟɪɟɯɨɞɚ ɤ ɨɰɟɧɤɟ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɧɭɠɧɨ ɩɪɨɝɪɚɞɭɢɪɨɜɚɬɶ ɮɨɬɨɦɟɬɪɢɱɟɫɤɢɟ 
ɢɡɦɟɪɟɧɢɹ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɜ ɮɢɡɢɱɟɫɤɢɯ ɟɞɢɧɢɰɚɯ. Ɋɚɫɫɦɚɬɪɢɜɚɹ ɦɚɬɟɪɢɚɥ ɦɢɲɟɧɢ ɤɚɤ 
ɫɨɜɨɤɭɩɧɨɫɬɶ ɝɚɪɦɨɧɢɱɟɫɤɢɯ ɨɫɰɢɥɥɹɬɨɪɨɜ ɷɧɟɪɝɢɸ ɟɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɢɡɥɭɱɟɧɢɹ  ɦɨɠɧɨ 
ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɷɧɟɪɝɢɸ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ ɮɨɪɦɭɥɨɣ Д4Ж: 

Q A E                                                                    (1) 

ɝɞɟ: Ⱥ - ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɫɩɨɧɬɚɧɧɨɝɨ ɢɡɭɱɟɧɢɹ ɩɪɢ 
ɤɨɥɟɛɚɧɢɹɯ ɡɚɪɹɠɟɧɧɵɯ ɱɚɫɬɢɰ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɫɜɹɡɶ ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ ɜ ɮɢɡɢɱɟɫɤɢɯ 
ɟɞɢɧɢɰɚɯ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɯ ɢɡɦɟɪɟɧɢɹ ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ ɜɵɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ: 

SQ C E                                                                (2) 

ɝɞɟ: C - ɪɚɡɦɟɪɧɚɹ ɤɨɧɫɬɚɧɬɚ, ȿs - ɷɧɟɪɝɢɹ ɢɡɥɭɱɟɧɢɹ ɜ ɭɫɥɨɜɧɵɯ ɟɞɢɧɢɰɚɯ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɚɹ 
ɩɥɨɳɚɞɢ ɩɨɞ ɫɩɟɤɬɪɚɥɶɧɨɣ ɤɪɢɜɨɣ ɢɡɥɭɱɟɧɢɹ. Ɉɛɴɟɞɢɧɹɹ ɮɨɪɦɭɥɵ (1) ɢ (2) ɩɨɥɭɱɚɟɦ:   SE A C E                                                             (3) 

Эɧɟɪɝɢɹ ɮɪɚɝɦɟɧɬɚ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɜɧɚ ɟɝɨ ɬɟɩɥɨɜɨɣ 
ɷɧɟɪɝɢɢ, ɬ. ɟ. Q = cm Tk  ɢ ɢɡ ɮɨɪɦɭɥɵ (3) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɟ ɧɨɜɨɣ ɪɚɡɦɟɪɧɨɣ 
ɤɨɧɫɬɚɧɬɵ (Ⱥ/C), ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɢɡɦɟɪɟɧɢɹɦɢ ȿs ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ 
ɞɨɫɬɚɬɨɱɧɨɝɨ ɱɢɫɥɚ ɮɪɚɝɦɟɧɬɨɜ ɩɨɜɟɪɯɧɨɫɬɢ ɦɢɲɟɧɢ ɢ ɭɫɪɟɞɧɢɜ ɟɟ ɡɧɚɱɟɧɢɟ. Ɂɧɚɱɟɧɢɹ 
ɥɨɤɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ  ɤɨɧɮɢɝɭɪɚɰɢɢ ɢɡ ɦɢɤɪɨ ɮɪɚɝɦɟɧɬɨɜ ɫ ɪɚɡɦɟɪɚɦɢ 0,254×0,254 
ɫɦ2 ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɩɨ ɮɨɪɦɭɥɟ (4) ɢ ɩɨɥɭɱɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ Es ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ, ɨɬɫɱɢɬɚɧɧɵɯ ɨɬ ɦɨɦɟɧɬɚ ɜɵɤɥɸɱɟɧɢɹ ɥɚɡɟɪɚ ɜ ɮɨɪɦɭɥɭ:  

2( , ) S

p

A C E
T x y

c l
                                                             (4) 
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ɉɨɥɭɱɢɜ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɜ ɩɪɟɞɟɥɚɯ ɜɵɞɟɥɟɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ 
ɦɢɤɪɨ ɮɪɚɝɦɟɧɬɨɜ ɞɥɹ ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ, ɧɟ ɫɨɫɬɚɜɥɹɟɬ ɬɪɭɞɚ 
ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɹ ɩɪɨɢɡɜɨɞɧɵɯ, ɜɯɨɞɹɳɢɯ ɜ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ (5), ɢɡ ɤɨɬɨɪɨɝɨ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ «ɚ»: 

2 2

2 2

T T T
a

t x y

                                                                 (5) 

ɇɚ ɪɢɫ.4 ɩɨɤɚɡɚɧɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɨɥɹ ɩɨ ɨɫɹɦ 0ɏ ɢ 0ɍ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɨɦ 
ɰɟɧɬɪɟ ɦɢɲɟɧɢ ɱɟɪɟɡ 10 ɫ (ɩɟɪɜɵɣ ɦɢɧɢɦɭɦ ɧɚ ɪɢɫ.1) ɩɨɫɥɟ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ. Ɍɚɤ ɠɟ 
ɛɵɥɨ ɨɰɟɧɟɧɨ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɷɬɨɣ ɠɟ ɬɨɱɤɟ ɜ ɦɨɦɟɧɬ, 
ɤɨɬɨɪɵɣ ɨɬɜɟɱɚɥ ɩɟɪɜɨɦɭ ɦɚɤɫɢɦɭɦɭ ɧɚ ɪɢɫ.1 (15 ɫ). ȼ ɦɢɧɢɦɭɦɟ ɩɨɜɟɪɯɧɨɫɬɶ ɦɢɲɟɧɢ 
ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɧɚɩɪɹɠɟɧɢɣ ɫɠɚɬɢɹ, ɚ ɜ ɦɚɤɫɢɦɭɦɟ ɧɚ ɧɟɣ ɞɟɣɫɬɜɭɸɬ ɧɚɩɪɹɠɟɧɢɹ 
ɪɚɫɬɹɠɟɧɢɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɢɸ ɭɪɨɜɧɹ ɷɧɟɪɝɢɢ ɦɚɬɟɪɢɚɥɚ ɦɢɲɟɧɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɢɫɯɨɞɧɵɦ ɫɨɫɬɨɹɧɢɟɦ.  

 
 

 
Ɋɢɫ.4. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɜ ɰɟɧɬɪɟ ɷɥɥɢɩɫɚ ɱɟɪɟɡ 10 ɫ ɩɨɫɥɟ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ 

(□ - ɩɨ ɨɫɢ 0ɏ, ◊ - ɩɨ ɨɫɢ 0ɍ) 
ɂɡ ɬɚɛɥɢɰɵ №1 ɜɢɞɧɨ ɤɚɤ ɷɬɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ. 

 
Ɍɚɛɥɢɰɚ №1. Ɋɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

№ ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨ ɞɚɧɧɵɦ ɎȺɋɂ a Дɦ2·ɫ-1 ] Λ Дȼɬ·(ɦ·Ʉ)-1] 

1 ɧɚ ɫɠɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 6,56·10-5 212,91 
2 ɧɚ ɪɚɫɬɹɧɭɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 2,243·10-4 775,76 
3 ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ  1,44·10-4 498,03 
4 ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ ɫɩɪɚɜɨɱɧɵɦ ɞɚɧɧɵɦ 1,15·10-4 397,73 

 
ɋɪɟɞɧɢɟ ɡɧɚɱɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɛɥɢɡɤɢ ɤ ɬɚɛɥɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ (ɝɪɚɧɬɵ №№ 14-08-00417ɚ, 14-08-00981ɚ). 
 

ВЫВɈȾЫ: 
 

1. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɩɚɞɚɧɢɟ ɨɞɢɧɨɱɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɢɦɩɭɥɶɫɚ ɜ ɮɨɤɭɫ ɷɥɥɢɩɫɨɜɢɞɧɨɣ 
ɦɢɲɟɧɢ ɢɡ ɦɟɞɧɨɣ ɮɨɥɶɝɢ ɜɵɡɵɜɚɟɬ ɟɟ ɩɨɩɟɪɟɱɧɵɟ ɤɨɥɟɛɚɧɢɹ ɢ ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ 
ɩɟɪɟɧɨɫɚ ɷɧɟɪɝɢɢ ɨɬ ɮɨɤɭɫɚ ɤ ɮɨɤɭɫɭ ɦɢɲɟɧɢ. 
2. ɋɤɨɪɨɫɬɶ ɩɨɩɟɪɟɱɧɵɯ ɜɨɥɧ, ɩɟɪɟɧɨɫɹɳɢɯ ɷɧɟɪɝɢɸ ɢɡ ɮɨɤɭɫɚ ɜ ɮɨɤɭɫ ɷɥɥɢɩɬɢɱɟɫɤɨɣ 
ɦɢɲɟɧɢ ɧɚ ɬɪɢ ɩɨɪɹɞɤɚ ɧɢɠɟ ɫɤɨɪɨɫɬɢ ɫɞɜɢɝɨɜɵɯ ɜɨɥɧ ɜ ɦɟɞɢ. 
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3. ɂɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɥɶɝɢ ɩɨɤɚɡɚɥɢ 
ɡɚɜɢɫɢɦɨɫɬɶ ɡɧɚɱɟɧɢɣ ɨɬ ɯɚɪɚɤɬɟɪɚ ɧɚɩɪɹɠɟɧɢɣ ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɨɥɶɝɢ. ɇɚ 
ɪɚɫɬɹɧɭɬɨɣ ɫɬɨɪɨɧɟ ɨɧɢ ɜ ɬɪɨɟ ɜɵɲɟ, ɱɟɦ ɧɚ ɫɠɚɬɨɣ. ɉɨɥɭ ɫɭɦɦɚ ɢɯ ɡɧɚɱɟɧɢɣ ɞɨɫɬɚɬɨɱɧɨ 
ɛɥɢɡɤɚ ɤ ɬɚɛɥɢɱɧɨɦɭ ɡɧɚɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ.  
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ɋɨɜɟɬɫɤɚɹ, 106, ɟ-mail: pav-balabanov@yandex.ru 

 
Ⱦɢɫɩɟɪɫɧɵɟ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɵɯ ɞɢɫɩɟɪɫɢɨɧɧɚɹ ɫɪɟɞɚ ɹɜɥɹɟɬɫɹ ɬɜɟɪɞɨɣ, ɚ ɞɢɫɩɟɪɫɧɚɹ 

ɮɚɡɚ – ɝɚɡɨɨɛɪɚɡɧɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɛɨɥɶɲɢɦ ɪɚɡɧɨɨɛɪɚɡɢɟɦ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ 
ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ 
(ɩɟɧɨɩɥɚɫɬɵ, ɩɨɪɨɥɨɧɵ, ɦɢɧɟɪɚɥɶɧɵɟ ɜɚɬɵ), ɧɚɫɵɩɧɵɟ ɫɥɨɢ ɡɟɪɧɨɜɵɯ ɢ ɛɨɛɨɜɵɯ, ɩɨɪɢɫɬɭɸ 
ɤɟɪɚɦɢɤɭ, ɫɥɨɢ ɚɞɫɨɪɛɟɧɬɨɜ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɚɯ, ɧɚɫɵɩɧɵɟ ɫɥɨɢ ɩɨɥɢɦɟɪɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɜ ɬɜɟɪɞɨɮɚɡɧɵɯ ɩɪɨɰɟɫɫɚɯ ɢ ɬ.ɞ. ȼɚɠɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɢɫɩɨɥɶɡɭɟɦɵɦɢ ɜ ɪɟɲɟɧɢɢ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɡɚɞɚɱ, ɹɜɥɹɸɬɫɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɢ 
ɬɟɩɥɨɟɦɤɨɫɬɶ. ɉɪɢɱɟɦ ɩɟɪɜɚɹ – ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɩɥɨɬɧɨɫɬɢ, ɩɨɪɢɫɬɨɫɬɢ ɢ ɩɨɪɨɡɧɨɫɬɢ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɉɪɢɦɟɧɟɧɢɟ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɨɜ 
ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ, ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ȽɈɋɌɨɦ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɤ ɫɵɩɭɱɢɦ, ɜɨɥɨɤɧɢɫɬɵɦ ɢ ɬɜɟɪɞɵɦ ɩɨɪɢɫɬɵɦ 
ɦɚɬɟɪɢɚɥɚɦ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɷɮɮɟɤɬɢɜɧɵɯ ɡɧɚɱɟɧɢɹɯ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɢ ɧɟɤɨɬɨɪɨɦ ɧɨɪɦɢɪɨɜɚɧɧɨɦ ɭɫɢɥɢɢ ɩɨɞɠɚɬɢɹ ɦɚɬɟɪɢɚɥɚ. Ɉɞɧɚɤɨ ɩɪɢ 
ɪɚɫɱɟɬɟ ɨɝɪɚɠɞɚɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ, ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɬɟɩɥɨɩɟɪɟɧɨɫɚ 
ɩɪɢ ɫɭɲɤɟ ɡɟɪɧɚ, ɚ ɬɚɤɠɟ ɩɪɢ ɪɟɲɟɧɢɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɪɭɝɢɯ ɡɚɞɚɱ, ɬɚɤɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɨɤɚɡɵɜɚɟɬɫɹ ɧɟɞɨɫɬɚɬɨɱɧɨ. Эɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ, ɧɚɩɪɢɦɟɪ ɪɚɛɨɬɚɦɢ Ʉɢɫɟɥɟɜɚ 
ɂ.ə. Д1Ж,  Ⱦɜɨɪɟɰɤɨɝɨ ɋ.ɂ. Д2Ж, ɚɧɚɥɢɡ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɭɱɟɬɚ ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ, ɤɨɬɨɪɚɹ ɜɥɢɹɟɬ ɧɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ ɢ 
ɝɚɡɨɜɨɣ ɮɚɡɵ, ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɧɚɩɪɢɦɟɪ ɭɫɢɥɢɣ ɩɨɞɠɚɬɢɹ, 
ɜɥɢɹɸɳɢɯ ɧɚ ɫɬɪɭɤɬɭɪɭ. ɉɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɩɟɪɟɧɨɫ ɬɟɩɥɨɬɵ ɜ 
ɧɚɫɵɩɧɵɯ ɫɥɨɹɯ ɢɥɢ ɩɨɪɢɫɬɵɯ ɦɚɬɟɪɢɚɥɚɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɱɟɪɟɡ 
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ɦɚɬɟɪɢɚɥ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ (ɜ ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɚɯ ɱɟɪɟɡ ɱɚɫɬɢɰɵ ɢ “ɩɨɜɟɪɯɧɨɫɬɢ ɢɯ 
ɤɨɧɬɚɤɬɚ”), ɚ ɬɚɤɠɟ ɤɨɧɜɟɤɰɢɟɣ ɜ ɩɨɪɚɯ ɢ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ. ɂɡɦɟɧɟɧɢɟ 
ɫɬɪɭɤɬɭɪɵ ɦɚɬɟɪɢɚɥɚ, ɧɚɩɪɢɦɟɪ, ɜɫɥɟɞɫɬɜɢɟ ɫɠɚɬɢɹ ɢɥɢ ɧɚɝɪɟɜɚ, ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɩɥɨɳɚɞɢ ɤɨɧɬɚɤɬɚ ɡɟɪɟɧ, ɨɛɴɟɦɚ ɬɜɟɪɞɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɵ, ɡɚɩɨɥɧɹɸɳɟɣ ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ 
ɱɚɫɬɢɰɚɦɢ. ɉɨɷɬɨɦɭ, ɧɚ ɧɚɲ ɜɡɝɥɹɞ, ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ (ɷɮɮɟɤɬɢɜɧɨɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɛɴɟɦɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ) ɞɢɫɩɟɪɫɧɵɯ ɫɪɟɞ, ɬɚɤ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ, ɩɨɪɨɡɧɨɫɬɢ ɢ ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ. Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɚ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ, ɹɜɥɹɥɚɫɶ ɰɟɥɶɸ ɷɬɨɣ ɪɚɛɨɬɵ.  

Ɋɚɫɫɦɨɬɪɢɦ ɢɫɫɥɟɞɭɟɦɵɣ ɡɟɪɧɟɧɵɣ ɢɥɢ ɩɨɪɢɫɬɵɣ ɦɚɬɟɪɢɚɥ 1, ɩɨɦɟɳɟɧɧɵɣ ɜ 
ɝɟɪɦɟɬɢɱɧɭɸ ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɹɱɟɣɤɭ, ɨɛɪɚɡɨɜɚɧɧɭɸ ɬɨɧɤɢɦɢ ɦɟɞɧɵɦɢ ɩɥɚɫɬɢɧɚɦɢ 2, 
ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɬɟɩɥɨɜɨɣ ɤɨɧɬɚɤɬ ɫ ɩɥɨɫɤɢɦɢ ɧɚɝɪɟɜɚɬɟɥɹɦɢ 5, ɤ ɤɚɠɞɨɦɭ ɢɡ ɤɨɬɨɪɵɯ 
ɧɟɩɪɟɪɵɜɧɨ ɩɨɞɜɨɞɹɬ ɩɨɫɬɨɹɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɩɪɢɱɟɦ ɡɧɚɱɟɧɢɹ ɷɬɢɯ ɧɚɩɪɹɠɟɧɢɣ ɧɟ ɪɚɜɧɵ, 
ɬɨ ɟɫɬɶ U1U2. ɉɨɬɟɪɢ ɬɟɩɥɨɬɵ ɫ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɢɫɫɥɟɞɭɟɦɨɦɭ ɦɚɬɟɪɢɚɥɭ ɩɨɜɟɪɯɧɨɫɬɟɣ 
ɧɚɝɪɟɜɚɬɟɥɟɣ ɭɦɟɧɶɲɚɸɬɫɹ ɡɚ ɫɱɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɩɥɨɢɡɨɥɹɰɢɢ ɢ ɨɯɪɚɧɧɵɯ ɧɚɝɪɟɜɚɬɟɥɟɣ, 
ɤɨɬɨɪɵɟ ɧɚ ɪɢɫɭɧɤɟ ɧɟ ɩɨɤɚɡɚɧɵ. ȼ ɧɟɤɨɬɨɪɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ *  ɨɬ ɧɚɱɚɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜ 
ɨɛɪɚɡɰɟ ɞɨɫɬɢɝɚɟɬɫɹ ɤɜɚɡɢɫɬɚɰɢɨɧɚɪɧɵɣ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɨɥɟ ɬɟɦɩɟɪɚɬɭɪ 
ɨɫɬɚɟɬɫɹ ɩɨɞɨɛɧɵɦ ɫɚɦɨ ɫɟɛɟ, ɚ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ (ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɮɚɡɨɜɵɯ 
ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɨɛɪɚɡɰɟ) ɛɭɞɟɬ ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧɧɵɦ (ɪɢɫ. 1). ȼ ɷɬɨɬ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
ɭɦɟɧɶɲɚɸɬ ɧɚ ɡɚɞɚɧɧɭɸ ɜɟɥɢɱɢɧɭ V  ɨɛɴɟɦ ɝɚɡɨɜɨɣ ɮɚɡɵ ɦɚɬɟɪɢɚɥɚ, ɩɟɪɟɦɟɳɚɹ ɩɨɪɲɟɧɶ 
4 ɤɚɦɟɪɵ 3, ɫɨɟɞɢɧɟɧɧɨɣ ɫ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɨɣ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɜɨɡɪɚɫɬɚɟɬ ɞɚɜɥɟɧɢɟ ɜ 
ɤɚɦɟɪɟ 3 ɧɚ ɜɟɥɢɱɢɧɭ p . ɉɪɨɞɨɥɠɚɹ ɧɚɝɪɟɜ ɨɛɪɚɡɰɚ ɞɨ ɡɚɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɪɟɝɢɫɬɪɢɪɭɹ 

 
Ɋɢɫ.1 ɉɨɹɫɧɟɧɢɟ ɤ ɦɟɬɨɞɭ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

 
ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ 

1ɢq , 
2ɢq  ɨɬ ɧɚɝɪɟɜɚɬɟɥɟɣ ɜ ɫɥɨɣ ɬɟɩɥɨɢɡɨɥɹɰɢɢ, ɢɡɦɟɪɹɟɦɵɟ ɞɚɬɱɢɤɚɦɢ 6, ɚ 

ɬɚɤɠɟ ɬɟɦɩɟɪɚɬɭɪɵ  1 0,T   ɢ  2
,T l   ɦɟɞɧɵɯ ɩɥɚɫɬɢɧ, ɫɩɟɰɢɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɨɣ 

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨɥɭɱɚɸɬ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ  ɷɮɮɟɤɬɢɜɧɨɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɬɜɟɪɞɨɣ ɮɚɡɵ, ɨɛɴɟɦɧɨɣ ɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɢ, 
ɤɚɠɭɳɟɣɫɹ ɩɥɨɬɧɨɫɬɢ.  

Ɋɚɫɫɦɨɬɪɢɦ ɤɪɚɟɜɭɸ ɡɚɞɚɱɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɩɥɨɫɤɨɦ ɫɥɨɟ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɝɨ ɦɧɨɝɨ ɦɟɧɶɲɟ ɞɪɭɝɢɯ ɥɢɧɟɣɧɵɯ ɪɚɡɦɟɪɨɜ, ɩɨɥɨɠɢɜ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ ɧɚ 
ɟɝɨ ɤɪɚɣɧɟɣ ɥɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɤɨɧɟɰ – ɧɚ ɤɪɚɣɧɟɣ ɩɪɚɜɨɣ. Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɩɟɪɟɧɨɫ 
ɬɟɩɥɨɬɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ ɱɟɪɟɡ ɦɚɬɟɪɢɚɥ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ ɢ 
ɞɢɫɩɟɪɫɧɭɸ ɝɚɡɨɜɭɸ ɮɚɡɭ. ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ Ɍf  - ɞɨɥɸ ɩɥɨɳɚɞɢ, ɡɚɧɢɦɚɟɦɨɣ ɬɜɟɪɞɨɣ ɮɚɡɨɣ, 
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ɱɟɪɟɡ ɤɨɬɨɪɭɸ ɩɪɨɯɨɞɢɬ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɨɬ ɧɚɝɪɟɜɚɬɟɥɹ, ɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɨɥɹ ɩɥɨɳɚɞɢ 
ɝɚɡɨɜɨɣ ɮɚɡɵ Ƚ Ɍ1f f  , ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɧɭɬɪɟɧɧɢɯ ɢɫɬɨɱɧɢɤɨɜ ɬɟɩɥɨɬɵ ɜ 
ɢɫɫɥɟɞɭɟɦɨɦ ɦɚɬɟɪɢɚɥɟ ɢ ɩɨɫɬɨɹɧɫɬɜɟ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɜ ɧɟɤɨɬɨɪɨɦ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ ɨɩɵɬɚ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɡɚɞɚɱɭ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɜ ɜɢɞɟ     2
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ɝɞɟ ɷɮ
Ɍ Ɍ Ƚ Ƚf f    - ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɫɥɨɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ,   - 

ɩɨɪɨɡɧɨɫɬɶ, ɫ  - ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ,    - ɩɥɨɬɧɨɫɬɶ,  Ɍ, Ƚ – ɢɧɞɟɤɫɵ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ 
ɬɜɟɪɞɨɣ ɢ ɝɚɡɨɜɨɣ ɮɚɡɚɦ, iq  - ɭɞɟɥɶɧɵɣ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ ɱɟɪɟɡ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ ɢ ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɜɵɪɚɠɟɧɢɸ    
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ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, T – ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚ ɜɪɟɦɹ  , ɢɧɞɟɤɫɵ ɦ ɢ ɧ ɨɬɧɨɫɹɬɫɹ 
ɤ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɟ ɢ ɧɚɝɪɟɜɚɬɟɥɸ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  
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ɉɨ ɢɡɦɟɪɟɧɧɨɦɭ ɩɟɪɟɩɚɞɭ ɞɚɜɥɟɧɢɣ p  ɨɩɪɟɞɟɥɹɸɬ ɨɛɴɟɦ ɬɜɟɪɞɨɣ ɮɚɡɵ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɦɚɬɟɪɢɚɥɚ 
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VVVV ɚɬɦɬ                                  (7) 

ɢ ɤɚɠɭɳɭɸɫɹ ɩɥɨɬɧɨɫɬɶ 

ɬ/Vm ,                                                 (8) 
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ɝɞɟ ɚɬɦp  - ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ, V  - ɨɛɴɟɦ, ɡɚɧɢɦɚɟɦɵɣ ɢɫɫɥɟɞɭɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ ɢ 
ɤɚɦɟɪɵ 3, m - ɦɚɫɫɚ ɨɛɪɚɡɰɚ. 

Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɞɢɫɩɟɪɫɢɨɧɧɨɣ ɫɪɟɞɵ ɜɵɱɢɫɥɹɸɬ ɢɡ ɜɵɪɚɠɟɧɢɹ  
ɷɮ

ɬ ɝ ɝ ɬ( )/f f    ,                                             (9) 

ɝɞɟ ɬf  - ɞɥɹ ɜɨɥɨɤɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɱɟɬɨɦ ɫɨɝɥɚɫɧɨ Д1Ж, ɚ ɞɥɹ ɫɵɩɭɱɢɯ 
ɦɚɬɟɪɢɚɥɨɜ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɪɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɚɡɟɪɧɨɝɨ 3D ɫɤɚɧɟɪɚ. 

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɦɟɧɹɥɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɯɢɦɢɱɟɫɤɢɯ ɫɨɪɛɟɧɬɨɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɫɪɟɞɫɬɜɚɯ ɡɚɳɢɬɵ ɨɪɝɚɧɨɜ ɞɵɯɚɧɢɹ. ɉɨɝɪɟɲɧɨɫɬɢ 
ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɩɨ ɧɚɲɢɦ ɨɰɟɧɤɚɦ, ɧɟ ɩɪɟɜɵɲɚɸɬ 15%. 
 

ɅɂɌȿɊАɌɍɊА 
 
1. ɂ.ə. Ʉɢɫɟɥɟɜ. ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
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Ɇɨɫɤɜɚ, 2006. 
2. ɋ.ɂ Ⱦɜɨɪɟɰɤɢɣ. Ɉɫɧɨɜɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɢ 
ɫɢɫɬɟɦ ɨɱɢɫɬɤɢ ɢ ɪɟɝɟɧɟɪɚɰɢɢ ɜɨɡɞɭɯɚ. ɂɡɞ-ɜɨ Ɍɚɦɛ. ɝɨɫ. ɬɟɯɧ. ɭɧ-ɬɚ, Ɍɚɦɛɨɜ, 2008. 
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Вɜɟɞɟɧиɟ. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɌɎɏ) ɜɟɳɟɫɬɜ ɩɪɢ 

ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ Д1Ж, ɨɛɥɚɞɚɸɳɢɣ ɜɵɫɨɤɢɦɢ 
ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɭɸ 
ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ. ɋɭɳɟɫɬɜɭɸɳɢɟ ɫɪɟɞɫɬɜɚ ɧɟ ɩɨɡɜɨɥɹɸɬ ɪɟɲɢɬɶ 
ɷɬɭ ɡɚɞɚɱɭ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ. ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ 
ɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɟ, ɢ 
ɢɧɬɟɝɪɚɰɢɹ ɫɢɫɬɟɦɵ ɜ ɫɨɫɬɚɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ. 

Ɇɟɬɨɞ ɪɟɝɭɥиɪɨɜɚɧия ɬɟмɩɟɪɚɬɭɪы. ȼ ɨɫɧɨɜɟ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɥɟɠɢɬ ɦɟɬɨɞ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɚɦɩɥɢɬɭɞɵ ɫɢɥɵ ɬɨɤɚ ɜ ɰɟɩɢ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɢɬɚɸɳɟɝɨ 
ɧɚɝɪɟɜɚɬɟɥɶ. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɪɚɛɨɬɵ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɨɯɪɚɧɟɧɢɹ 
ɤɨɥɟɛɚɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ ɜ 
ɨɛɪɚɡɰɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɢɫɬɟɦɚ ɞɨɥɠɧɚ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɚɪɚɦɟɬɪɚɯ 
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɨɥɠɧɵ 
ɧɟɫɬɢ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɢɥɟ ɬɨɤɚ ɜ ɰɟɩɢ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɩɢɬɚɸɳɟɝɨ 
ɧɚɝɪɟɜɚɬɟɥɶ; ɨ ɦɝɧɨɜɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɪɚɡɰɚ,  ɨ ɩɚɪɚɦɟɬɪɚɯ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. Ʉ ɩɚɪɚɦɟɬɪɚɦ 



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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ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɬɧɨɫɹɬɫɹ: ɱɚɫɬɨɬɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ, ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɨɛɪɚɡɰɚ, ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɵ. 

ɋɨɫɬɚɜ ɫиɫɬɟмы ɪɟɝɭɥиɪɨɜɚɧия ɬɟмɩɟɪɚɬɭɪы. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 1. Ɉɫɧɨɜɭ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɥɹɟɬ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ 
ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɡɜɟɧɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ⱦɚɬɱɢɤ ɬɨɤɚ 1 ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɡɚɳɢɬɵ ɤɥɸɱɟɣ 
ɢɧɜɟɪɬɨɪɚ ɨɬ ɩɟɪɟɝɪɭɡɨɤ ɩɨ ɬɨɤɭ. ɂɧɜɟɪɬɨɪ ɩɨɫɬɪɨɟɧ ɩɨ ɦɨɫɬɨɜɨɣ ɫɯɟɦɟ. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ 
ɤɥɸɱɚɦɢ ɢɧɜɟɪɬɨɪɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɚɹ ɫ ɭɩɪɚɜɥɹɸɳɟɣ ЭȼɆ. 
ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɫɬɪɨɟɧɚ ɧɚ ɛɚɡɟ ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɶɧɨɝɨ ɩɪɨɰɟɫɫɨɪɚ ɫ ɩɨɞɞɟɪɠɤɨɣ 
ɨɩɟɪɚɰɢɣ ɧɚɞ ɱɢɫɥɚɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɮɨɪɦɚɬɟ ɫ ɩɥɚɜɚɸɳɟɣ ɬɨɱɤɨɣ, ɚ ɬɚɤɠɟ 
ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ ɥɨɝɢɱɟɫɤɨɣ ɢɧɬɟɝɪɚɥɶɧɨɣ ɫɯɟɦɵ. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɭɩɪɚɜɥɟɧɢɹ 
ɤɥɸɱɚɦɢ ɢɧɜɟɪɬɨɪɚ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɪɚɣɜɟɪ, ɬɚɤɠɟ ɜɯɨɞɹɳɢɣ ɜ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
ɐɢɮɪɨɜɨɣ ɫɢɝɧɚɥɶɧɵɣ ɩɪɨɰɟɫɫɨɪ ɫɨɞɟɪɠɢɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɰɢɮɪɨɜɨɣ ɜɢɞ ɫɢɝɧɚɥɨɜ, 
ɩɨɫɬɭɩɚɸɳɢɯ ɫ ɞɚɬɱɢɤɨɜ ɬɨɤɚ ɢ ɬɟɪɦɨɩɚɪɵ. 
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Ɋɢɫ.1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 
Аɥɝɨɪиɬм ɪɚɛɨɬы. ɉɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɣ ɫɟɬɢ (3 ɮɚɡɵ 380 ɜɨɥɶɬ) 

ɜɵɩɪɹɦɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɩɪɹɦɢɬɟɥɹ, ɫɝɥɚɠɢɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɤɨɧɞɟɧɫɚɬɨɪɚ ɢ ɩɨɞɚɟɬɫɹ 
ɧɚ ɜɯɨɞ ɢɧɜɟɪɬɨɪɚ. ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ ɢɧɜɟɪɬɨɪɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ ɫ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɟɣ. Ɇɨɞɭɥɹɰɢɹ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɜ ɨɛɦɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɮɨɪɦɭ ɬɨɤɚ 
ɛɥɢɡɤɭɸ ɤ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɫ ɱɚɫɬɨɬɨɣ 50 Ƚɟɪɰ. Эɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 
ɷɥɟɦɟɧɬɚɦɢ: ɬɪɚɧɫɮɨɪɦɚɬɨɪ – ɧɚɝɪɟɜɚɬɟɥɶ (ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɪɚɛɨɬɵ ɜ ɫɟɬɢ ɫ 
ɱɚɫɬɨɬɨɣ 50 Ƚɰ). ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2. 
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Ɋɢɫ.2. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɛɨɬɵ ɤɨɧɬɭɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ – ɩɚɪɚɦɟɬɪɵ: Tref – ɫɪɟɞɧɟɟ 

ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ, Fmod – ɱɚɫɬɨɬɚ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɵ. T – ɬɟɤɭɳɟɟ 
(ɦɝɧɨɜɟɧɧɨɟ) ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ, ɢɡɦɟɪɟɧɧɨɟ ɫ ɩɨɦɨɳɶɸ ɬɟɪɦɨɩɚɪɵ, 
ɩɪɢɜɚɪɟɧɧɨɣ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɚ Д2Ж. Ɋɟɠɟɤɬɨɪɧɵɣ ɮɢɥɶɬɪ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɟɪɟɫɬɪɨɣɤɢ 
ɩɨɥɨɫɵ ɩɨɞɚɜɥɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɨɞɚɜɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɨɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɦɨɞɭɥɹɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɡɰɚ, ɜɵɡɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɜɨɥɧɨɣ. ɉɂȾ – 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨ-ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɡɜɟɧɨ, ɷɥɟɦɟɧɬ «ɤɥɚɫɫɢɱɟɫɤɨɝɨ» ɉɂȾ-
ɪɟɝɭɥɹɬɨɪɚ Д3Ж, ɨɩɪɟɞɟɥɹɸɳɢɣ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɬɭɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ШɂɆ 
– ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɵɣ ɦɨɞɭɥɹɬɨɪ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɮɨɪɦɭ ɬɨɤɚ ɜ ɨɛɦɨɬɤɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ 
ɛɥɢɡɤɨɣ ɤ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ. ȼ ɰɟɩɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɦɨɞɭɥɹɬɨɪɚ ɧɚɯɨɞɢɬɫɹ Ⱦɚɬɱɢɤ ɬɨɤɚ 2 (ɪɢɫ. 
1). Ɉɍ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɛɨɛɳɟɧɧɵɣ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɜɤɥɸɱɚɸɳɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ, 
ɜɚɤɭɭɦɧɭɸ ɤɚɦɟɪɭ ɫ ɧɚɝɪɟɜɚɬɟɥɟɦ, ɨɛɪɚɡɟɰ ɫ ɬɟɪɦɨɩɚɪɨɣ. 

Ɋɟɡɭɥɶɬɚɬы ɪɚɛɨɬы. ɋɩɪɨɟɤɬɢɪɨɜɚɧɚ ɚɩɩɚɪɚɬɧɚɹ ɱɚɫɬɶ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 
Ɋɚɡɪɚɛɨɬɚɧɵ ɦɨɞɟɥɢ ɷɥɟɦɟɧɬɨɜ ɤɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ Matlab / Simulink ɞɥɹ ɨɬɥɚɞɤɢ 
ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɊɎɎИ (ɝɪɚɧɬɵ № 11-08-00275 ɢ № 14-08-00228). 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɧɚɭɤɢ Иɧɫɬɢɬɭɬ ɬɟɩɥɨɮɢɡɢɤɢ 

ɍɪɚɥɶɫɤɨɝɨ ɨɬɞɟɥɟɧɢɹ Ɋɨɫɫɢɣɫɤɨɣ ɚɤɚɞɟɦɢɢ ɧɚɭɤ,  
ɈȺɈ ɈКȻ «ɇɨɜɚɬɨɪ», Ɋɨɫɫɢɹ, ɝ.ȿɤɚɬɟɪɢɧɛɭɪɝ, ɭɥ. Ⱥɦɭɧɞɫɟɧɚ, 107/ɚ 
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Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɨɛɵɱɧɨ ɢɡɦɟɪɹɸɬɫɹ ɜ ɚɛɫɨɥɸɬɧɨ ɭɫɬɨɣɱɢɜɵɯ 
ɫɨɫɬɨɹɧɢɹɯ. ȼ ɫɥɭɱɚɟ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɩɪɢɦɟɧɟɧɢɹ ɜɚɠɧɨ ɢɦɟɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɤ ɢɧɬɟɧɫɢɜɧɨɦɭ ɧɚɝɪɟɜɭ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 
ɫɨɤɪɚɳɟɧɢɟ ɜɪɟɦɟɧɢ ɬɟɩɥɨɜɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɛɪɚɡɟɰ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ 
ɞɨɩɭɫɬɢɦɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɝɪɟɜɚ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɣ Д1Ж. ɉɨ ɩɪɢɱɢɧɟ ɨɱɟɜɢɞɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɫɥɨɠɧɨɫɬɟɣ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɞɚɧɧɵɟ ɨ ɬɟɩɥɨɜɵɯ ɫɜɨɣɫɬɜɚɯ 
ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɜ ɢɦɩɭɥɶɫɧɨ ɩɟɪɟɝɪɟɬɨɦ ɫɨɫɬɨɹɧɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɦɩɟɪɚɬɭɪɵ 
ɤɜɚɡɢɫɬɚɬɢɱɟɫɤɨɝɨ ɬɟɪɦɨɪɚɡɪɭɲɟɧɢɹ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɚɦɢ ɪɚɡɜɢɜɚɸɬɫɹ ɜɚɪɢɚɧɬɵ ɦɟɬɨɞɚ 
ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɝɪɟɜɚ ɡɨɧɞɚ, ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɨɝɨ ɜ ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ, 
ɢ ɦɟɬɨɞɚ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɬɟɩɥɨɨɛɦɟɧɚ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɵɬɚ 
Д1,2Ж. Ⱦɥɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɨɜ ɢɦɩɭɥɶɫɧɨɝɨ ɧɚɝɪɟɜɚ ɪɚɡɪɚɛɨɬɚɧɵ 
ɭɫɬɪɨɣɫɬɜɚ ɰɢɮɪɨɜɨɝɨ ɫɢɧɬɟɡɚ ɮɭɧɤɰɢɢ ɧɚɝɪɟɜɚ ɢ ɡɚɩɢɫɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɢɝɧɚɥɚ Д3Ж. ȼ 
ɨɩɵɬɟ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ P(Э), ɜɵɞɟɥɹɟɦɚɹ ɜ ɡɨɧɞɟ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ 
ɡɚɞɚɧɧɨɝɨ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ, ɢ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ(Э), ɜɵɱɢɫɥɹɟɦɚɹ ɩɨ 
ɢɡɦɟɧɟɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɡɨɧɞɚ ɜɨ ɜɪɟɦɹ ɨɩɵɬɚ. ȼɨɡɦɨɠɧɨ ɩɨɫɬɪɨɟɧɢɟ ɩɪɨɰɟɞɭɪɵ 
ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦɵ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɬɟɩɥɨɨɛɦɟɧɚ ɫ ɭɱɟɬɨɦ ɡɚɜɢɫɢɦɨɫɬɢ ɫɜɨɣɫɬɜ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɭɬɟɦ ɫɪɚɜɧɟɧɢɹ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɢ ɞɚɧɧɵɯ ɨɩɵɬɚ. 

Ɋɚɛɨɬɚ ɩɪɨɜɨɞɢɬɫɹ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ ɍɪɈ ɊȺɇ № 12-2-1-011-ȺɊКɌИКȺ. 
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ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɨɩɵɬɨɜ ɫ ɩɟɪɟɝɪɟɬɵɦ ɡɨɧɞɨɦ ɜ ɢɦɩɭɥɶɫɧɵɯ ɪɟɠɢɦɚɯ. ɉɪɢɛɨɪɵ ɢ ɬɟɯɧɢɤɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚ. 4 (2004) 130. 
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ɂɁɆȿɊȿɇɂȿ ɌȿɉɅɈɉɊɈВɈȾɇɈɋɌɂ ɀɂȾɄɈȽɈ ɋВɂɇɐА ɂɆɉɍɅЬɋɇЫɆ 
ɆȿɌɈȾɈɆ 

Ʉɪɭɝɥɨɜ Ⱥ.Ȼ., Ʉɪɭɝɥɨɜ ȼ.Ȼ., ɋɬɪɭɱɚɥɢɧ ɉ.Ƚ., ɏɚɪɢɬɨɧɨɜ ȼ.ɋ. 
ɇɚɰɢɨɧɚɥɶɧɵɣ Иɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ əɞɟɪɧɵɣ ɍɧɢɜɟɪɫɢɬɟɬ «ɆИɎИ» 

Ɋɨɫɫɢɹ, 115409, Ɇɨɫɤɜɚ, Кɚɲɢɪɫɤɨɟ ɲ., 31 
E-mail: ABKruglov@mephi.ru 

 
ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɢɡɦɟɪɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɠɢɞɤɨɝɨ ɫɜɢɧɰɚ ɦɚɪɤɢ ɋ1 ɜ ɞɢɚɩɚɡɨɧɟ 

ɬɟɦɩɟɪɚɬɭɪ 350 – 1000 °ɋ ɧɚ ɭɫɬɚɧɨɜɤɟ NETZSCH LFA 457 Microflash [1]. 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɹɱɟɣɤɚ (ɫɬɚɥɶ 12ɏ18ɇ10Ɍ), 

ɫɨɫɬɨɹɳɚɹ ɢɡ ɬɢɝɥɹ ɢ ɤɪɵɲɤɢ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɧɚɯɨɞɢɬɫɹ ɪɚɫɩɥɚɜ ɫɜɢɧɰɚ. ɇɚ ɤɪɵɲɤɟ 
ɪɚɡɦɟɳɟɧ ɝɪɭɡ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɮɢɤɫɚɰɢɸ ɩɨɥɨɠɟɧɢɹ ɤɪɵɲɤɢ ɜɨ ɜɪɟɦɹ ɩɥɚɜɥɟɧɢɹ ɫɜɢɧɰɚ ɢ 
ɜ ɩɪɨɰɟɫɫɟ ɢɡɦɟɪɟɧɢɣ. 

ɉɪɢ ɢɡɦɟɪɟɧɢɹɯ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚɝɪɟɜ ɧɢɠɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɢɝɥɹ ɢɦɩɭɥɶɫɨɦ ɥɚɡɟɪɚ ɢ 
ɪɟɝɢɫɬɪɚɰɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɵɲɤɢ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɬɟɪɦɨɝɪɚɦɦɚɦ ɩɪɨɜɨɞɹɬɫɹ 
ɪɚɫɱɟɬɵ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɥɨɹ ɫɜɢɧɰɚ. 

ȼ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɟɬɨɞɢɤɚɯ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɪɚɫɩɥɚɜɨɜ ɦɟɬɚɥɥɨɜ ɢɦɩɭɥɶɫɧɵɦ ɦɟɬɨɞɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɝɨɧɤɚ ɪɚɫɱɟɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɤɪɵɲɤɢ ɬɢɝɥɹ T(), ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɧɚ ɦɚɤɫɢɦɭɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɧɚɝɪɟɜɚ, ɤ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɟɪɦɨɝɪɚɦɦɟ U(), ɜɚɪɶɢɪɨɜɚɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɫɩɥɚɜɚ Д1, 2Ж. Ɍɚɤɢɟ ɦɟɬɨɞɢɤɢ ɨɛɪɚɛɨɬɤɢ ɜɩɨɥɧɟ ɷɮɮɟɤɬɢɜɧɵ, 
ɨɞɧɚɤɨ ɬɪɟɛɭɸɬ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɜɵɱɢɫɥɟɧɢɣ ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 

ȼ ɜɵɩɨɥɧɟɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ 
ɧɚɱɚɥɶɧɨɦɭ ɜɪɟɦɟɧɧɨɦɭ ɢɧɬɟɪɜɚɥɭ 80 <  <140 ɦɫ ɬɟɪɦɨɝɪɚɦɦɵ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɱɚɥɶɧɨɝɨ 
ɭɱɚɫɬɤɚ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɰɟɞɭɪɟ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɨɛɪɚɛɨɬɤɭ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɇɚ 
ɧɚɱɚɥɶɧɨɦ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɬɟɪɦɨɝɪɚɦɦɵ 
ɨɩɢɫɵɜɚɸɬɫɹ ɮɭɧɤɰɢɟɣ   1(τ) lЧ ( (τ) (0)) τ τY T T ɋ A     ,   (1) 

ɜ ɤɨɬɨɪɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɋ ɡɚɜɢɫɢɬ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ A ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɪɚɫɩɥɚɜɚ. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɩɥɚɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɋɪ() ɪɚɫɱɟɬɧɨɣ ɢ ɋɷ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɟɪɦɨɝɪɚɦɦ ɢɡ ɭɫɥɨɜɢɹ ɋɪ() = ɋɷ. 

ȼɚɠɧɵɦ ɭɫɥɨɜɢɟɦ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɦɟɬɨɞɨɦ ɹɜɥɹɟɬɫɹ ɦɚɥɨɫɬɶ 
ɤɨɧɬɚɤɬɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ rɬ ɦɟɠɞɭ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ 
ɹɱɟɣɤɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɟɪɦɢɱɟɫɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɫɥɨɹ ɪɚɫɩɥɚɜɚ. Ɋɚɫɱɟɬɵ, ɩɪɨɜɟɞɟɧɧɵɟ 
ɞɥɹ ɢɫɩɨɥɶɡɭɟɦɨɣ ɹɱɟɣɤɢ ɩɪɢ ɬɨɥɳɢɧɟ ɪɚɫɩɥɚɜɚ ɫɜɢɧɰɚ 2 ɦɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɪɟɛɭɟɦɨɟ 
ɭɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɟɫɥɢ rɬ  0,510-6 (ɦ2Ʉ)/ȼɬ. 

ɍɦɟɧɶɲɟɧɢɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɚɧɢɰ ɞɨɫɬɢɝɚɥɨɫɶ ɩɥɚɜɥɟɧɢɟɦ ɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ ɫɜɢɧɰɚ ɜ ɜɚɤɭɭɦɟ (p = 5 ɉɚ), ɦɟɞɥɟɧɧɵɦ ɧɚɝɪɟɜɨɦ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ 800 – 900 °ɋ ɢ ɜɵɞɟɪɠɤɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ʉɚɤ 
ɩɨɤɚɡɚɥɢ ɢɡɦɟɪɟɧɢɹ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɞɟɪɠɤɢ ɩɪɨɢɫɯɨɞɢɬ ɭɦɟɧɶɲɟɧɢɟ ɬɟɪɦɢɱɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɝɪɚɧɢɰ ɤɨɧɬɚɤɬɚ (ɪɢɫɭɧɨɤ 1). ɋ ɪɨɫɬɨɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɞɟɪɠɤɢ ɜɪɟɦɹ 
ɪɟɥɚɤɫɚɰɢɢ ɭɦɟɧɶɲɚɟɬɫɹ. ɂɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɧɚɱɢɧɚɥɢɫɶ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 900 ɋ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɪɟɥɚɤɫɚɰɢɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

ɋ ɩɨɦɨɳɶɸ ɨɩɢɫɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɜɢɧɰɚ ɋ1 
(99,985 ɦɚɫɫɨɜɵɯ % Pb). ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɨ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɵɦ ɨɬɤɥɨɧɟɧɢɟɦ 0,45 
ȼɬ/(ɦɄ) ɢɧɬɟɪɩɨɥɢɪɭɸɬɫɹ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ (2): 
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 ɪ(T) = 0,0127Ɍ + 13,14     (2) 
 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ ±4% ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɫɜɢɧɰɚ ɋ00 (99,992 ɦɚɫɫ. % Pb) Д2, 3Ж, ɤɨɬɨɪɵɣ ɛɥɢɡɨɤ ɩɨ 
ɫɨɫɬɚɜɭ ɤ ɫɜɢɧɰɭ ɋ1, ɢɫɫɥɟɞɨɜɚɧɧɨɦɭ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ. 
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Ɋɢɫ.1 – Ɋɟɥɚɤɫɚɰɢɹ rɬ ɝɪɚɧɢɰɵ ɫɜɢɧɟɰ – ɫɬɚɥɶ ɩɪɢ Ɍ = 800 ɋ 

 
ɅɂɌȿɊАɌɍɊА 
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3. ɂ.ȼ. ɋɚɜɱɟɧɤɨ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢ 
ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɫɩɥɚɜɨɜ ɥɟɝɤɨɩɥɚɜɤɢɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɣ 
ɜɫɩɵɲɤɢ: Ⱦɢɫ. ɤɚɧɞ. ɮɢɡ.-ɦɚɬ. ɧɚɭɤ: 01.04.14. ɂɌ ɋɈ ɊȺɇ, ɇɨɜɨɫɢɛɢɪɫɤ, 2011. 
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ɌȿɉɅɈɎɂɁɂɑȿɋɄɂɏ ɏАɊАɄɌȿɊɂɋɌɂɄ ȾɂɋɉȿɊɋɇЫɏ ɆАɌȿɊɂАɅɈВ ɋ 

ɍɑȿɌɈɆ ɂɏ ɉɈɊɂɋɌɈɋɌɂ 
Ɏɢɥɚɬɨɜɚ Ⱥ.Ƚ., ɑɭɪɢɤɨɜ Ⱥ.Ⱥ., Ⱦɢɜɢɧ Ⱥ.Ƚ.  

ɎȽȻɈɍ ȼɉɈ «Ɍɚɦɛɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ», Ɋɨɫɫɢɹ, 
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Шɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɧɨɜɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ, ɬɟɩɥɨ- ɢ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ, ɨɛɥɚɞɚɸɳɢɯ ɭɥɭɱɲɟɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɜ ɜɚɠɧɟɣɲɢɯ ɨɬɪɚɫɥɹɯ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ ɬɪɟɛɭɟɬ ɬɳɚɬɟɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɢ 
ɭɱɟɬɚ ɢɯ ɫɜɨɣɫɬɜ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɜɨёɦ ɷɬɢ ɜɟɳɟɫɬɜɚ ɢ ɢɫɯɨɞɧɨɟ ɫɵɪɶɟ ɞɥɹ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɚɬɟɪɢɚɥɵ ɞɢɫɩɟɪɫɧɨɣ ɫɬɪɭɤɬɭɪɵ. Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
(ɌɎɏ) ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɨɱɟɧɶ ɫɢɥɶɧɨ ɡɚɜɢɫɹɬ ɨɬ ɩɨɪɢɫɬɨɫɬɢ,  
ɩɥɨɬɧɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɵ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɢɯ ɬɟɩɥɨɟɦɤɨɫɬɢ, 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɢ  ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɨɪɢɫɬɨɫɬɢ 
[1].   

Ɉɫɨɛɨɟ ɦɟɫɬɨ ɫɪɟɞɢ ɦɟɬɨɞɨɜ ɌɎɏ ɨɛɪɚɡɰɨɜ ɢ ɢɡɞɟɥɢɣ ɢɡ ɞɢɫɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɡɚɧɢɦɚɸɬ ɧɟɪɚɡɪɭɲɚɸɳɢɟ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɤɨɪɨɬɤɢɦ ɩɟɪɢɨɞɨɦ 



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

15 – 17 ɨɤɬɹɛɪɹ 2014 ɝ., ɝ. Ʉɚɡɚɧɶ 
 

430 

 

ɜɪɟɦɟɧɢ ɩɪɨɜɨɞɢɦɵɯ ɢɡɦɟɪɟɧɢɣ, ɜɨɡɞɟɣɫɬɜɢɟɦ ɬɟɩɥɨɜɵɦ ɢɦɩɭɥɶɫɨɦ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ ɧɚ 
ɢɫɫɥɟɞɭɟɦɵɣ ɦɚɬɟɪɢɚɥ ɢ ɧɢɡɤɨɣ ɬɪɭɞɨɟɦɤɨɫɬɶɸ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ.   

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ  ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 
ɞɢɫɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ  ɧɟɨɛɯɨɞɢɦɚ  ɪɟɚɥɢɡɚɰɢɹ ɧɨɜɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɟɩɥɨɜɨɝɨ ɦɟɬɨɞɚ ɢ 
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɨɡɜɨɥɹɸɳɢɯ ɭɱɢɬɵɜɚɬɶ ɩɨɪɢɫɬɨɫɬɶ ɢ ɩɥɨɬɧɨɫɬɶ. 

ɉɪɟɞɥɚɝɚɟɦɵɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɌɎɏ ɞɢɫɩɟɪɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɫɧɨɜɚɧ ɧɚ ɪɟɚɥɶɧɨɣ 
ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1. 

ȼ ɨɫɧɨɜɟ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɧɚɦɢ ɩɪɢɦɟɧɟɧ ɩɪɢɛɨɪ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɬɢɩɚ: ɢɡɦɟɪɢɬɟɥɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɂɌɉ-ɆȽ4 «100». Ⱦɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ 
ɪɚɡɪɚɛɨɬɚɧɨ ɋɄȻ «ɋɬɪɨɣɩɪɢɛɨɪ», ɝ. ɑɟɥɹɛɢɧɫɤ Д2Ж. Ɉɧɨ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ λ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ R ɪɚɡɥɢɱɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɬɟɩɥɨёɦɤɨɫɬɢ ɫ, ɩɪɢ ɢɡɜɟɫɬɧɨɣ ɩɥɨɬɧɨɫɬɢ ɞɢɫɩɟɪɫɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ρ. 
Эɬɨɬ ɢɡɦɟɪɢɬɟɥɶ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ ɌɎɏ ɩɥɨɫɤɢɯ ɨɛɪɚɡɰɨɜ ɪɚɡɦɟɪɨɦ (100×100) ɦɦ2, ɬɨɥɳɢɧɨɣ 
(3…28)ɦɦ; ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ: (0,02…1,5) ȼɬ/(ɦ•Ʉ)); ɞɢɚɩɚɡɨɧ 
ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ: ɨɬ 0  ɞɨ 70 °ɋ.  

ȼ ɨɫɧɨɜɟ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɥɟɠɢɬ ɫɬɚɰɢɨɧɚɪɧɵɣ ɦɟɬɨɞ ɢɡɦɟɪɟɧɢɹ, ɱɬɨ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫɚ ɌɎɏ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɟɜɨɡɦɨɠɧɨ, ɬɟɦ ɛɨɥɟɟ, ɱɬɨ ɨɞɧɚ ɢɡ ɰɟɥɟɣ 
ɫɨɡɞɚɧɢɹ ɧɨɜɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ – ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɌɎɏ ɨɬ 
ɩɨɪɢɫɬɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɞɢɫɩɟɪɫɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɉɨɷɬɨɦɭ, ɩɪɢɦɟɧɹɹ ɫɭɳɟɫɬɜɭɸɳɭɸ 
ɢɡɦɟɪɢɬɟɥɶɧɭɸ ɫɢɫɬɟɦɭ, ɟɟ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɛɥɨɤ, ɫɢɫɬɟɦɭ ɨɛɪɚɛɨɬɤɢ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ, ɫɢɫɬɟɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɯɨɞɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɷɥɟɦɟɧɬɨɜ ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɟɯɧɢɤɢ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɭɩɪɚɜɥɹɸɳɟɦɭ 
ɤɨɦɩɶɸɬɟɪɭ, ɧɚɦɢ ɪɚɡɪɚɛɨɬɚɧ ɧɟɫɬɚɰɢɨɧɚɪɧɵɣ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɦɩɥɟɤɫɚ ɌɎɏ 
(ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɷɮɮɟɤɬɢɜɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɶ).  

 
Ɋɢɫ.1 – ɋɢɫɬɟɦɚ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɬɟɥ: 

1 – ɢɫɫɥɟɞɭɟɦɵɣ ɩɥɨɫɤɢɣ ɨɛɪɚɡɟɰ ɞɢɫɩɟɪɫɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɬɨɥɳɢɧɨɣ hɢ, (λɢ, aɢ, cɢ, ρɢ); 2 – 
ɜɟɪɯɧɢɣ (+) (ɨɬɧɨɫɢɬɟɥɶɧɨ ɯ=0) ɷɬɚɥɨɧɧɵɣ ɨɛɪɚɡɟɰ (λɷ, ɚɷ) – ɦɨɧɨɥɢɬɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɢɡ 
ɩɥɨɫɤɢɯ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ 4, ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ 6 ɢ ɩɥɨɬɧɨɦɟɪɚ 5 (ɭɩɪɚɜɥɹɟɦɵɣ 
ɬɟɪɦɨɫɬɚɬ); 3 – ɧɢɠɧɢɣ (-) (ɨɬɧɨɫɢɬɟɥɶɧɨ ɯ=0) ɷɬɚɥɨɧɧɵɣ ɨɛɪɚɡɟɰ (λ1, ɚ1); 4 – ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ 
ɦɨɳɧɨɫɬɶɸ Q(t); lɷ – ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɟɪɯɧɟɣ ɩɥɨɫɤɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɨɛɪɚɡɰɚ; l1 – ɪɚɫɩɨɥɨɠɟɧɢɟ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɫɥɨɟ ɢɡɨɥɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ 3; hɢ = Lɢ – 
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Lɷ – ɬɨɥɳɢɧɚ ɫɥɨɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ (ɨɛɪɚɡɰɚ); 5 – ɬɟɩɥɨɦɟɪ, ɢɡɦɟɪɹɸɳɢɣ ɩɥɨɬɧɨɫɬɶ 
ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ qɢ(t), ɢɞɭɳɟɝɨ ɜ ɢɫɫɥɟɞɭɟɦɵɣ ɨɛɪɚɡɟɰ 

 
ɂɡɦɟɪɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɪɚɧɧɭɸ ɢɡ ɩɥɚɫɬɢɧ 1, 2, 3 

ɬɪɟɯɫɥɨɣɧɭɸ ɫɢɫɬɟɦɭ, ɜ ɤɨɬɨɪɨɣ ɩɥɚɫɬɢɧɚ ɢɡ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ 1 ɤɨɧɬɚɤɬɢɪɭɟɬ ɫ 
ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɫ ɩɚɤɟɬɨɦ ɢɡ ɞɜɭɯ ɩɥɚɫɬɢɧ 2, 3 ɢɡ ɦɚɬɟɪɢɚɥɨɜ ɫ ɢɡɜɟɫɬɧɵɦɢ ɌɎɏ. Ɇɟɠɞɭ 
ɷɬɢɦɢ ɩɥɚɫɬɢɧɚɦɢ ɧɚɯɨɞɢɬɫɹ ɩɥɨɫɤɢɣ ɧɚɝɪɟɜɚɬɟɥɶ 4. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɦ 
ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɭɫɬɪɨɣɫɬɜɟ ɨɬɫɭɬɫɬɜɭɟɬ ɩɪɹɦɨɣ ɤɨɧɬɚɤɬ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɞɚɬɱɢɤɚɦɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɧɚɝɪɟɜɚɬɟɥɟɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɫɥɟɞɨɜɚɬɶ ɌɎɏ ɢ ɯɢɦɢɱɟɫɤɢ ɚɝɪɟɫɫɢɜɧɵɯ, ɢ 
ɜɥɚɝɨɧɚɫɵɳɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɉɥɚɫɬɢɧɚ 2 ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɟɩɥɨɦɟɪ ɫ ɧɚɝɪɟɜɚɬɟɥɟɦ ɜ 
ɩɥɨɫɤɨɫɬɢ ɯ=0. ɇɚ ɢɡɜɟɫɬɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɯ=Хɷ ɪɚɫɩɨɥɨɠɟɧ ɞɚɬɱɢɤ ɬɟɦɩɟɪɚɬɭɪɵ, ɢɡɦɟɪɹɸɳɢɣ 
ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ. ɯ=Lɷ. 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɹɟɦɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɹɜɥɹɸɬɫɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ 
Q(t), ɩɥɨɬɧɨɫɬɶ ɩɨɬɨɤɚ qɢ(t), ɢɞɭɳɟɝɨ ɜ ɢɫɫɥɟɞɭɟɦɨɟ ɬɟɥɨ, ɢɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪɚɬɭɪ 
ɞɜɭɯ ɩɥɨɫɤɨɫɬɟɣ: ɯ=Lɷ, ɯ=Lɢ  ɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ.  

Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɛɨɥɟɟ ɱɟɬɤɨɝɨ ɪɚɡɝɪɚɧɢɱɟɧɢɹ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɬɞɟɥɶɧɵɟ ɜɡɚɢɦɨɡɚɜɢɫɢɦɵɟ ɷɥɟɦɟɧɬɵ (ɛɥɨɤɢ), ɪɟɚɥɶɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ ɧɚɦɢ ɡɚɦɟɧɟɧɨ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɬɪɟɯɫɥɨɣɧɨɣ ɬɟɩɥɨɜɨɣ ɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 2). 

 
Ɋɢɫ.2 – Ɏɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɬɟɩɥɨɜɨɣ ɫɢɫɬɟɦɵ. 
1 – ɢ, ɚɢ); 2 – ɜɟɪɯɧɢɣ ɷɬɚɥɨɧɧɵɣ ɷ, ɚɷ); 3 – ɧɢɠɧɢɣ 

1, ɚ1); 4 – ɢɫɬɨɱɧɢɤ ɬɟɩɥɚ ɦɨɳɧɨɫɬɶɸ Q; lɷ, -l1 – ɩɥɨɫɤɨɫɬɢ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɚɬɱɢɤɨɜ ɬɟɦɩɟɪɚɬɭɪɵ;  h = Lɢ – Lɷ – ɬɨɥɳɢɧɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ 

 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɹɟɦɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɹɜɥɹɸɬɫɹ ɦɨɳɧɨɫɬɶ ɷɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɹ Q  

ɢ ɢɡɦɟɧɟɧɢɟ ɜɨ ɜɪɟɦɟɧɢ ɬɟɦɩɟɪɚɬɭɪ ɞɜɭɯ ɷɬɚɥɨɧɧɵɯ ɨɛɪɚɡɰɨɜ Uɷ(Хɷ, t) ɢ U1(-l1, t) ɜ ɫɟɱɟɧɢɹɯ 
б = Хɷ ɢ б = -l1, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɉɨɞ ɷɬɚɥɨɧɧɵɦɢ ɨɛɪɚɡɰɚɦɢ ɦɵ ɩɨɧɢɦɚɟɦ ɬɟ ɷɥɟɦɟɧɬɵ 
ɮɢɡɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ), ɤɨɬɨɪɵɟ ɨɛɥɚɞɚɸɬ ɢɡɜɟɫɬɧɵɦɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɦɢ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɢλ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ 1 ɜɨɫɩɨɥɶɡɭɟɦɫɹ 
ɞɟɣɫɬɜɭɸɳɟɣ ɦɟɬɨɞɢɤɨɣ ɞɥɹ ɢɡɦɟɪɢɬɟɥɹ ɂɌɉ-ɆȽ4 «100», ɧɚɝɪɟɜɚɬɟɥɶ – ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
ɤɨɬɨɪɨɝɨ ɫɯɟɦɚɬɢɱɧɨ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 1. ɂɡɦɟɪɹɸɬɫɹ: ɬɟɦɩɟɪɚɬɭɪɵ )(),( ɷɢ LULU , 

ɩɥɨɬɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɩɨɬɨɤɚ )(ɢ tq  ɢ ɬɨɥɳɢɧɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɷɢɢ LL=h  . ɉɪɢ ɷɬɨɦ 
ɢɫɩɨɥɶɡɭɟɦ ɫɬɚɰɢɨɧɚɪɧɭɸ ɫɬɚɞɢɸ ɩɪɨɰɟɫɫɚ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɚ 1. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 
1. 
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Ɍɚɛɥɢɰɚ 1 – Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ɩɥɨɫɤɢɯ ɨɛɪɚɡɰɨɜ ɩɨɪɢɫɬɵɯ 
ɬɟɩɥɨɡɚɳɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɜɫɩɟɧɟɧɧɨɝɨ ɩɨɥɢɫɬɢɪɨɥɚ 

ȿɜɪɨɩɥɷɤɫ (Ɍɍ-5767-055-00288499-2008) 

№ ɩ/ɩ ɢh  ɯɌ  ɧɌ  ɢλ  Rɤ  ɢq  t, ɦɢɧ 
1 0,0075 15 30 0,034 0,220 67,7  
2 0,0069 15 30 0,035 0,197 76,1  
3 0,0054 15 30 0,034 0,158 94,4 29 

URSA XPS N-III (NE 5767-001-56864652-2008) 
1 0,0069 15 30 0,032 0,215 69,6  
2 0,0066 15 30 0,032 0,206 72,7 30 
3 0,0074 15 30 0,032 0,231 64,8 33 

ɉɟɧɨɩɥɷɤɫ (Ɍɍ 5767-016-56925804-2011) 
1 0,0063 15 30 0,032 0,196 76,4  
2 0,0059 15 30 0,031 0,190 78,9 29 
3 0,0059 15 30 0,030 0,196 76,3 30 
 

Ɂɧɚɱɟɧɢɟ ɤR  ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɤɚɥɢɛɪɨɜɤɟ ɩɪɢɛɨɪɨɜ ɩɨ ɨɛɪɚɡɰɚɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ.  

ɂɫɩɨɥɶɡɭɹ ɩɨɞɨɛɧɵɣ ɦɟɬɨɞ, ɦɵ ɨɩɪɟɞɟɥɹɟɦ ɧɟ ɢɫɬɢɧɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɞɢɫɩɟɪɫɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɚ, ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ, ɷɮɮɟɤɬɢɜɧɭɸ, ɩɨɷɬɨɦɭ, ɜ ɦɨɦɟɧɬ ɢɡɦɟɪɟɧɢɹ ɌɎɏ ɜɨɡɧɢɤɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɨɪɢɫɬɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɡɧɚɹ ɤɨɬɨɪɭɸ, ɦɨɠɧɨ ɧɚɣɬɢ 
ɢɫɬɢɧɧɭɸ ɩɥɨɬɧɨɫɬɶ. ɉɨɪɢɫɬɨɫɬɶ ɉ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 100%,)ρρ1(ɉ  tv=  ɝɞɟ tρ  – 

ɢɫɬɢɧɧɚɹ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɨɛɪɚɡɰɚ, ɤɝ/ɦ3; mmv=v ,ρ  – ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɫ ɩɨɪɚɦɢ, ɤɝ; v  – 

ɨɛɴɟɦ ɨɛɪɚɡɰɚ ɫ ɩɨɪɚɦɢ, ɦ3. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɨɟ ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɧɨɜɵɣ 

ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɌɎɏ ɫ ɭɱɟɬɨɦ ɩɨɪɢɫɬɨɫɬɢ ɢ ɩɥɨɬɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ.  
 

ɅɂɌȿɊАɌɍɊА 
 
1. ȼ.ɇ. ɑɟɪɧɵɲɨɜ, Ɋɚɡɪɚɛɨɬɤɚ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɫɧɨɜ ɢ ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɬɜɟɪɞɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ 
ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɦ ɚɧɚɥɢɡɨɦ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ɚɜɬɨɪɟɮ. lɢɫ. ɞ-ɪɚ ɬɟɯɧ. ɧɚɭɤ : 05.11.13. 
– Ɍɚɦɛɨɜ, 1996. 
2. Иɡɦɟɪɢɬɟɥɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ ИɌɉ-ɆȽ 4 «100». Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ. – 
ɑɟɥɹɛɢɧɫɤ: ɈɈɈ «ɋɄȻ ɋɬɪɨɣɩɪɢɛɨɪ», 2008. 
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ɇɈɊɆɂɊɍɘЩɂȿ ɍɋɂɅɂɌȿɅɂ ȾɅЯ ɈȾɇɈВɊȿɆȿɇɇɈȽɈ 
ɂɋɉɈɅЬɁɈВАɇɂЯ ɊАɁɇɈɌɂɉɇЫɏ ȾАɌɑɂɄɈВ ɋɂȽɇАɅɈВ ɉɊɂ ɂɁɆȿɊȿɇɂɂ 

ɌȿɆɉȿɊАɌɍɊɈɉɊɈВɈȾɇɈɋɌɂ ɆȿɌɈȾɈɆ ɌȿɆɉȿɊАɌɍɊɇЫɏ ВɈɅɇ 
ɑɟɪɧɨɫɤɭɬɨɜ Ɇ.ɘ., Ɇɟɲɤɨɜ ȼ.ȼ., ɂɜɥɢɟɜ Ⱥ.Ⱦ., ɋɭɫɥɨɜ Ⱥ.Ⱥ. 

ɎȽȺɈɍ ȼɉɈ «Ɋɨɫɫɢɣɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨ-ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ 
ɭɧɢɜɟɪɫɢɬɟɬ». E-mail: mikhail.chernoskutov@gmail.com 

 
Вɜɟɞɟɧиɟ. ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɦɟɬɨɞɨɦ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɜɨɥɧ Д1,2Ж 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɩɢɫɶ ɫɢɝɧɚɥɨɜ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɞɚɬɱɢɤɨɜ: ɬɟɪɦɨɩɚɪɵ ɢ ɮɨɬɨɞɢɨɞɚ. ɋɢɝɧɚɥɵ 
ɞɚɬɱɢɤɨɜ ɢɦɟɸɬ ɩɟɪɟɦɟɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ, ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɤɨɬɨɪɨɣ ɨɰɟɧɢɜɚɸɬɫɹ 
ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ, ɢ ɩɨɫɬɨɹɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ, 
ɧɟɫɭɳɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɪɚɡɰɚ. ɉɪɢ ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɟ 
ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɩɚɪɚɦɟɬɪɵ ɫɢɝɧɚɥɨɜ ɛɵɥɢ ɫɨɝɥɚɫɨɜɚɧɵ ɫ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɚɧɚɥɨɝɨ-
ɰɢɮɪɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ (Ⱥɐɉ). 

ɋɢɝɧɚɥɵ ɞɚɬɱɢɤɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɭɫɢɥɢɜɚɸɬɫɹ ɢ ɩɨɞɜɟɪɝɚɸɬɫɹ ɥɢɧɟɣɧɨɣ ɮɢɥɶɬɪɚɰɢɢ, 
ɩɨɡɜɨɥɹɸɳɟɣ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɩɨɦɟɯ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ. ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɨɫɧɨɜɧɚɹ 
ɩɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɝɧɚɥɨɜ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ ɚɦɩɥɢɬɭɞɭ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. ɉɨɷɬɨɦɭ 
ɧɟɨɛɯɨɞɢɦɨ ɨɬɞɟɥɹɬɶ ɩɟɪɟɦɟɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɨɬ ɩɨɫɬɨɹɧɧɨɣ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɭɫɢɥɟɧɢɟ 
ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɬɞɟɥɶɧɨ. ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɤɚɧɚɥ ɨɰɟɧɤɢ 
ɩɚɪɚɦɟɬɪɨɜ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɝɧɚɥɚ ɢ ɤɚɧɚɥ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɩɨɫɬɨɹɧɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɪɦɢɪɭɸɳɟɝɨ ɭɫɢɥɢɬɟɥɹ, ɩɨɡɜɨɥɹɸɳɟɝɨ 
ɛɵɫɬɪɨ ɫɨɝɥɚɫɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɭɫɢɥɢɬɟɥɹ ɫ 
ɜɨɡɦɨɠɧɨɫɬɹɦɢ Ⱥɐɉ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɣ 
ɭɫɬɚɧɨɜɤɢ. 

ɍɫɢɥɢɬɟɥɶ ɞɨɥɠɟɧ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɮɭɧɤɰɢɢ:  ɜɵɞɟɥɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɝɧɚɥɚ;  ɜɵɞɟɥɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɝɧɚɥɚ ɢ ɟɟ ɭɫɢɥɟɧɢɟ (ɤɨɷɮɮɢɰɢɟɧɬ 
ɭɫɢɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ). 

Ɏɭɧɤɰиɨɧɚɥɶɧɚя ɫɯɟмɚ ɧɨɪмиɪɭɸщиɯ ɰɟɩɟɣ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 1. 
ɇɚ ɜɯɨɞ ɭɫɢɥɢɬɟɥɹ ɩɨɞɚёɬɫɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ 

ɨɞɧɨɩɨɥɹɪɧɵɣ ɛɥɨɤɨɦ ɍ1 ɢ ɭɫɢɥɢɜɚɟɬɫɹ ɜ ɞɜɚ ɪɚɡɚ. Ⱦɚɥɶɧɟɣɲɚɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɚ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɞɟɥɟɧɢɢ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢ ɟё ɭɞɚɥɟɧɢɟ ɢɡ ɫɢɝɧɚɥɚ. 

ɂɡɦɟɪɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɦɨɳɢ Ⱥɐɉ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. 
ɋɢɝɧɚɥ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɷɥɟɦɟɧɬ ɍ3, ɭɫɢɥɢɜɚɟɬɫɹ ɢ ɩɨɞɚёɬɫɹ ɧɚ ɦɭɥɶɬɢɩɥɟɤɫɨɪ ɚɧɚɥɨɝɨ-
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. 

ɍɞɚɥɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɞɜɭɦɹ ɩɭɬɹɦɢ. ɉɟɪɜɵɣ ɩɭɬɶ – 
ɷɬɨ ɭɞɚɥɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɪɢ ɩɨɦɨɳɢ ɛɥɨɤɚ Ɏ1, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɤɨɧɞɟɧɫɚɬɨɪ. Ɉɞɧɚɤɨ ɜɵɯɨɞ ɧɚ ɪɚɛɨɱɢɣ ɪɟɠɢɦ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɡɚɧɢɦɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ 
ɜɪɟɦɹ. 

ȼɬɨɪɨɣ ɩɭɬɶ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɯɟɦɵ ɫ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ ɭɫɢɥɢɬɟɥɟɦ ɢ ɰɢɮɪɨɜɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ. Эɥɟɦɟɧɬ ɍ2 ɜɵɩɨɥɧɹɟɬ ɪɨɥɶ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɫɢɥɢɬɟɥɹ. ɇɚ ɟɝɨ 
ɢɧɜɟɪɬɢɪɭɸɳɢɣ ɜɯɨɞ ɩɨɞɚёɬɫɹ ɫɢɝɧɚɥ, ɚ ɧɚ ɧɟɢɧɜɟɪɬɢɪɭɸɳɢɣ ɜɯɨɞ ɩɨɞɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ ɨɬ 
ɐȺɉ ɞɥɹ ɫɞɜɢɝɚ ɫɢɝɧɚɥɚ. Ⱦɟɬɟɤɬɢɪɨɜɚɬɶ ɩɪɟɜɵɲɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɫɢɝɧɚɥɚ ɩɨɦɨɝɚɸɬ 
ɚɧɚɥɨɝɨɜɵɟ ɤɨɦɩɚɪɚɬɨɪɵ Ʉ3 ɢ Ʉ4, ɪɟɚɝɢɪɭɸɳɢɟ ɧɚ ɜɟɪɯɧɸɸ ɢ ɧɢɠɧɸɸ ɝɪɚɧɢɰɭ ɫɢɝɧɚɥɚ. 
ɋɢɝɧɚɥ ɤɨɦɩɚɪɚɬɨɪɚ ɜɵɡɵɜɚɟɬ ɩɪɟɪɵɜɚɧɢɟ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ, ɱɬɨ ɜɵɡɵɜɚɟɬ ɩɨɜɬɨɪɧɨɟ 
ɢɡɦɟɪɟɧɢɟ ɢ ɩɨɞɫɬɪɨɣɤɭ ɫɢɝɧɚɥɚ. 
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Эɥɟɦɟɧɬ ɍ4 ɭɫɢɥɢɜɚɟɬ ɫɢɝɧɚɥ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢ ɩɟɪɟɞɚёɬ ɟɝɨ ɧɚ ɚɧɚɥɨɝɨɜɵɟ 
ɤɨɦɩɚɪɚɬɨɪɵ Ʉ1 ɢ Ʉ2 ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɩɪɟɜɵɲɟɧɢɹ ɚɦɩɥɢɬɭɞɵ, ɧɚ ɦɭɥɶɬɢɩɥɟɤɫɨɪ Ⱥɐɉ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɧɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɍ5 ɢ ɍ6, ɤɨɬɨɪɵɟ ɩɪɟɨɛɪɚɡɭɸɬ ɫɢɝɧɚɥ ɜ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɜɢɞ ɢ ɩɟɪɟɞɚɸɬ ɧɚ ɝɥɚɜɧɵɣ Ⱥɐɉ. 

Ⱦɥɹ ɧɨɪɦɢɪɨɜɤɢ ɫɢɝɧɚɥɚ ɢɫɩɨɥɶɡɨɜɚɧ ɨɩɟɪɚɰɢɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɩɨɞɤɥɸɱɟɧɧɵɣ ɩɨ ɫɯɟɦɟ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɫɢɥɢɬɟɥɹД4,5Ж. ɇɟɢɧɜɟɪɬɢɪɭɸɳɢɣ ɜɯɨɞ ɭɫɢɥɢɬɟɥɹ (V+) ɩɨɞɤɥɸɱɟɧ ɤ 
ɰɢɮɪɨ-ɚɧɚɥɨɝɨɜɨɦɭ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ, ɚ ɜɯɨɞ V1,2 ɩɨɞɤɥɸɱɟɧ ɤ ɢɫɬɨɱɧɢɤɭ ɫɢɝɧɚɥɚ. 

ɉɪɨɰɟɫɫ ɧɨɪɦɢɪɨɜɤɢ ɫɢɝɧɚɥɚ ɩɪɢ ɬɚɤɨɦ ɩɨɞɤɥɸɱɟɧɢɢ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɢɫɬɟɦɨɣ ɞɜɭɯ 
ɭɪɚɜɧɟɧɢɣ: 
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ɝɞɟ Vout1 ɢ Vout2 – ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜɵɯɨɞɚ ɭɫɢɥɢɬɟɥɹ, V1 ɢ V2 – 
ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɯɨɞɟ ɭɫɢɥɢɬɟɥɹ, V+ - ɧɚɩɪɹɠɟɧɢɟ ɧɚ 
ɧɟɢɧɜɟɪɬɢɪɭɸɳɟɦ ɜɯɨɞɟ ɭɫɢɥɢɬɟɥɹ. 

Ɂɧɚɱɟɧɢɹ Vout1 ɢ Vout2 ɩɨ ɫɭɬɢ ɹɜɥɹɸɬɫɹ ɤɨɧɫɬɚɧɬɚɦɢ ɢ ɪɚɜɧɹɸɬɫɹ: 
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ɝɞɟ Vmax – ɷɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ Ⱥɐɉ. 
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Ɂɧɚɱɟɧɢɹ V1 ɢ V2, ɢɡɦɟɪɹɸɬɫɹ ɜ ɬɟɱɟɧɢɟ ɞɜɭɯ ɩɟɪɢɨɞɨɜ ɫɢɝɧɚɥɚ. 
ɋɚɦ ɩɪɨɰɟɫɫ ɧɨɪɦɢɪɨɜɤɢ ɹɜɥɹɟɬɫɹ ɢɬɟɪɚɬɢɜɧɵɦ. ɇɚ ɩɟɪɜɨɣ ɢɬɟɪɚɰɢɢ ɡɧɚɱɟɧɢɹ V1 ɢ V2 

ɫɧɢɦɚɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. ɇɚ ɩɨɫɥɟɞɭɸɳɢɯ ɢɬɟɪɚɰɢɹɯ (ɞɥɹ 
ɭɜɟɥɢɱɟɧɢɹ ɬɨɱɧɨɫɬɢ ɧɨɪɦɢɪɨɜɤɢ) ɡɧɚɱɟɧɢɹ V1 ɢ V2 ɫɧɢɦɚɸɬɫɹ ɫ ɜɵɯɨɞɚ ɭɫɢɥɢɬɟɥɹ ɢ 
ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 
ɉɪɨɰɟɫɫ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɧɚ ɬɪɟɬɶɟɣ ɢɬɟɪɚɰɢɢ ɢ ɧɚɱɢɧɚɟɬɫɹ ɡɚɧɨɜɨ ɜ ɫɥɭɱɚɟ ɫɪɚɛɚɬɵɜɚɧɢɹ 

ɤɨɦɩɚɪɚɬɨɪɨɜ Ʉ1, Ʉ2, Ʉ3, Ʉ4 ɢɥɢ ɜ ɫɥɭɱɚɟ ɭɦɟɧɶɲɟɧɢɹ ɚɦɩɥɢɬɭɞɵ (еV1 – V2е) ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɚ 
ɪɚɡɚ. 

Выɜɨɞы. ɋɨɡɞɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɞɟɥɟɧɢɟ ɢ ɭɫɢɥɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ 
ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɝɧɚɥɚ ɢ ɩɟɪɟɦɟɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɝɧɚɥɚ ɢ ɬɟɦ ɫɚɦɵɦ ɪɟɲɚɟɬ 
ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ. 

Ɉɬɥɢɱɢɬɟɥɶɧɵɦɢ ɩɥɸɫɨɦ ɫɨɡɞɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɹɜɥɹɟɬɫɹ ɭɜɟɥɢɱɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɜɵɯɨɞɚ 
ɧɚ ɪɚɛɨɱɢɣ ɪɟɠɢɦ ɫɪɚɜɧɢɦɚɹ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɩɟɪɢɨɞɚɦɢ ɩɟɪɟɦɟɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɢɝɧɚɥɚ. 
ɇɟɦɚɥɨɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɢ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɢ ɩɨɦɨɳɢ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɧɟ ɬɨɥɶɤɨ 
ɜɵɞɟɥɹɬɶ ɩɨɥɟɡɧɵɣ ɫɢɝɧɚɥ, ɧɨ ɢ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɩɪɨɢɡɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɚɧɚɥɢɡɟ. 

ɉɨɥɭɱɢɜɲɚɹɫɹ ɫɯɟɦɚ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɜ ɧɟɨɛɯɨɞɢɦɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɢɫɤɚɠɟɧɢɹɦɢ ɫɢɝɧɚɥɚ. ɂɬɨɝɨɜɵɣ ɦɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɚɜɟɧ 10 000. 
Ȼɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ ɨɬ ɦɨɞɭɥɹ ɤ 
ɦɨɞɭɥɸ, ɝɪɚɦɨɬɧɨɦɭ ɷɤɪɚɧɢɪɨɜɚɧɢɸ ɢ ɡɚɡɟɦɥɟɧɢɸ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɲɭɦ ɨɫɬɚёɬɫɹ ɧɚ 
ɩɪɢɟɦɥɟɦɨɦ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɭɪɨɜɧɟД3Ж. 
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ɈɋɈȻȿɇɇɈɋɌɂ ɗɄɋɉȿɊɂɆȿɇɌАɅЬɇɈȽɈ ɈɉɊȿȾȿɅȿɇɂЯ ɄɊɂɌɂɑȿɋɄɂɏ ɂ 
ɆАɄɋɂɆАɅЬɇЫɏ ɌȿɆɉȿɊАɌɍɊ ɋɈɋɍЩȿɋɌВɈВАɇɂЯ ɀɂȾɄɈɃ ɂ ɉАɊɈВɈɃ 

ɎАɁ ɂɁɈɏɈɊɇЫɆ ɆȿɌɈȾɈɆ 
ȼɨɫɬɪɢɤɨɜ ɋ.ȼ., ɇɟɫɬɟɪɨɜɚ Ɍ.ɇ., ɇɟɫɬɟɪɨɜ ɂ.Ⱥ., ɋɩɢɪɢɞɨɧɨɜ ɋ.Ⱥ. 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ (ɋɚɦȽɌɍ), 443010 ɝ. ɋɚɦɚɪɚ, ɭɥ. 
Кɭɣɛɵɲɟɜɚ 153, ɨɮ. 1. 

 
ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɜɫё ɛɨɥɶɲɟɟ ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɚɸɬ ɬɟɯɧɨɥɨɝɢɢ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ 

ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɜɟɳɟɫɬɜɚ. ɋɩɟɤɬɪ ɧɚɩɪɚɜɥɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɢɯ ɮɥɸɢɞɧɵɯ ɬɟɯɧɨɥɨɝɢɣ (ɋɄɎɌ) ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɋɟɚɥɢɡɚɰɢɢ ɋɄɎɌ 
ɧɟɜɨɡɦɨɠɧɚ ɛɟɡ ɧɚɞёɠɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɤɪɢɬɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ 
ɬɟɯɧɢɱɟɫɤɢ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɫɦɟɫɟɣ. 

ɂɡ ɦɧɨɠɟɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɦɟɫɟɣ 
ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɞɜɚ - ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ ɢ ɢɡɨɯɨɪɧɵɣ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɪɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɫɨɟɞɢɧɟɧɢɣ ɢ ɫɦɟɫɟɣ ɢɡɨɬɟɪɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɰɟɞɭɪɚ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɟɠɮɚɡɧɨɝɨ 
ɩɟɪɟɯɨɞɚ ɜɵɩɨɥɧɹɸɬ ɜ ɫɬɟɤɥɹɧɧɨɣ ɚɦɩɭɥɟ, ɤɨɬɨɪɚɹ ɡɚɩɚɹɧɚ ɫ ɨɞɧɨɝɨ ɤɨɧɰɚ, ɚ ɫ ɞɪɭɝɨɣ 
ɫɬɨɪɨɧɵ ɩɨɞɜɟɞёɧ ɫɬɨɥɛ ɪɬɭɬɢ. ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɩɨɦɨɳɶɸ ɪɬɭɬɢ ɢɡɦɟɧɹɸɬ 
ɨɛɴёɦ ɹɱɟɣɤɢ ɬɚɤ, ɱɬɨɛɵ ɢɡɭɱɚɟɦɨɟ ɜɟɳɟɫɬɜɨ (ɫɦɟɫɶ) ɩɟɪɟɲɥɨ ɜ ɨɞɧɨɮɚɡɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɪɢ 
ɷɬɨɦ ɢɡɦɟɪɹɸɬ ɞɚɜɥɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨɢɫɯɨɞɢɬ ɢɫɱɟɡɧɨɜɟɧɢɟ ɩɨɫɥɟɞɧɟɣ ɤɚɩɥɢ ɢɥɢ 
ɩɨɹɜɥɟɧɢɟ ɩɟɪɜɨɝɨ ɩɭɡɵɪɶɤɚ, ɡɚɬɟɦ ɜɵɩɨɥɧɹɸɬ ɨɛɪɚɬɧɵɣ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɩɨɥɭɱɚɸɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɞɢɚɝɪɚɦɦɭ ɮɚɡɨɜɨɝɨ ɪɚɜɧɨɜɟɫɢɹ. 

ȼɨɡɦɨɠɧɵɟ ɜɢɞɵ ɮɚɡɨɜɵɯ ɞɢɚɝɪɚɦɦ (ɪɢɫ. 1) ɞɥɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɨɯɚɪɚɤɬɟɪɢɡɨɜɚɥ Ʉɟɣ ɜ 
ɫɜɨɟɣ ɪɚɛɨɬɟ Д1Ж, ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɢɧɮɨɪɦɚɰɢɸ ɞɥɹ ɫɦɟɫɟɣ ɧɢɡɲɢɯ ɚɥɤɚɧɨɜ. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 1, ɞɥɹ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ ɤɪɢɬɢɱɟɫɤɚɹ ɬɨɱɤɚ ɧɟ ɹɜɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ 
ɠɢɞɤɨɮɚɡɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɨɛɥɚɫɬɢ ɧɟɨɛɯɨɞɢɦɚ 
ɢɧɮɨɪɦɚɰɢɹ ɞɥɹ ɜɫɟɝɨ ɞɢɚɩɚɡɨɧɚ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɫɨɟɞɢɧɟɧɢɣ ɢ ɫɦɟɫɟɣ ɢɡɨɯɨɪɧɵɦ ɦɟɬɨɞɨɦ, 
ɩɪɨɰɟɞɭɪɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ɂɡɦɟɪɢɬɟɥɶɧɭɸ ɹɱɟɣɤɭ (ɚɦɩɭɥɭ) 
ɡɚɩɨɥɧɹɸɬ ɢɫɫɥɟɞɭɟɦɵɦ ɜɟɳɟɫɬɜɨɦ (ɫɦɟɫɶɸ) ɞɨ ɨɩɪɟɞɟɥёɧɧɨɝɨ ɭɪɨɜɧɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɛɭɞɟɬ 
ɞɨɫɬɢɝɚɬɶɫɹ ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ. ɇɟɨɛɯɨɞɢɦɚɹ ɫɬɟɩɟɧɶ ɡɚɩɨɥɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ 

http://ru.wikipedia.org/wiki/Операционный_усилитель/
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ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɚ ɬɨɥɶɤɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɫ ɩɨɦɨɳɶɸ ɩɨɫɬɪɨɟɧɢɹ ɮɚɡɨɜɨɣ 
ɞɢɚɝɪɚɦɦɵ ɜ ɤɨɨɪɞɢɧɚɬɚɯ «ɬɟɦɩɟɪɚɬɭɪɚ-ɩɥɨɬɧɨɫɬɶ». 

 
Ɋɢɫ. 1. ɉɨɥɨɠɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɧɚ P-T-б ɡɚɜɢɫɢɦɨɫɬɢ Д1Ж К-Л; К’-Л’; К”-Л” – 
ɢɡɨɛɚɪɢɱɟɫɤɚɹ ɪɟɬɪɨɝɪɚɞɧɚɹ ɤɨɧɞɟɧɫɚɰɢɹ М-Н; М’-Н’; М”-Н” – ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɪɟɬɪɨɝɪɚɞɧɚɹ 
ɤɨɧɞɟɧɫɚɰɢɹ 
 

Ɉɞɧɚɤɨ ɜɵɩɨɥɧɟɧɧɵɣ ɧɚɦɢ ɚɧɚɥɢɡ ɢɦɟɸɳɟɣɫɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɤɪɢɬɢɱɟɫɤɢɯ ɢ 
ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ ɛɢɧɚɪɧɵɯ ɫɦɟɫɟɣ 
ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɩɨɤɚɡɚɥ Д2-4Ж, ɱɬɨ ɧɢ ɜ ɨɞɧɨɣ ɪɚɛɨɬɟ, ɝɞɟ ɷɤɫɩɟɪɢɦɟɧɬ ɜɵɩɨɥɧɹɥɫɹ ɢɡɨɯɨɪɧɵɦ 
ɦɟɬɨɞɨɦ, ɮɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɧɟ ɩɪɢɜɨɞɢɬɫɹ, ɢ ɫɬɟɩɟɧɶ ɡɚɩɨɥɧɟɧɢɹ ɹɱɟɣɤɢ ɧɢɤɚɤ ɧɟ 
ɨɛɴɹɫɧɹɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɢɡɦɟɪɟɧɵ ɬɨɥɶɤɨ ɤɪɢɬɢɱɟɫɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɪɚɛɨɬ, ɝɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬ ɜɵɩɨɥɧɹɥɫɹ ɢɡɨɬɟɪɦɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɢɧɮɨɪɦɚɰɢɹ ɬɚɤɠɟ ɢ ɨ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɭɬёɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɮɚɡɨɜɨɣ 
(Ɍ-ρ) ɞɢɚɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɩɪɢ ɨɰɟɧɤɟ ɧɚɞёɠɧɨɫɬɢ ɞɚɧɧɵɯ, ɬɚɤ ɤɚɤ 
ɜɢɞ ɞɢɚɝɪɚɦɦɵ ɦɨɠɟɬ ɛɵɬɶ ɫɥɨɠɧɵɦ ɢ ɞɚɠɟ ɧɟɛɨɥɶɲɨɟ ɢɡɦɟɧɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ ɜ 
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɲɢɛɤɚɦ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɢɡɭɱɚɟɦɨɝɨ 
ɫɜɨɣɫɬɜɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɥɢɱɢɟ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɞɚɧɧɵɟ ɨ ɬɚɤɨɦ 
ɜɚɠɧɨɦ ɫɜɨɣɫɬɜɟ, ɤɚɤ ɦɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɹ ɠɢɞɤɨɣ ɢ ɩɚɪɨɜɨɣ ɮɚɡ. 
ɇɚɦɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɷɬɨ ɧɚ ɪɹɞɟ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ ɨɬɨɛɪɚɧɧɵɯ ɫɦɟɫɟɣ ɧ-ɚɥɤɚɧɨɜ ɫ 
ɚɪɨɦɚɬɢɱɟɫɤɢɦɢ ɭɝɥɟɜɨɞɨɪɨɞɚɦɢ. ɋɦɟɫɢ ɩɨɞɛɢɪɚɥɢɫɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ 
ɦɚɤɫɢɦɚɥɶɧɨ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɪɚɡɧɨɫɬɢ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨɧɟɧɬɨɜ 
(∆Ɍɫ(i,j)).  

Ȼɵɥɢ ɨɬɨɛɪɚɧɵ ɫɦɟɫɢ: ɧ-ɩɟɧɬɚɧ+ɛɟɧɡɨɥ (∆Ɍɫ(i,j) = 92.2); ɧ-ɝɟɤɫɚɧ+ɛɟɧɡɨɥ (∆Ɍɫ(i,j) = 54.3); ɧ-
ɨɤɬɚɧ+ɛɟɧɡɨɥ (∆Ɍɫ(i,j) = 6.7); ɧ-ɭɧɞɟɤɚɧ+ɛɟɧɡɨɥ (∆Ɍɫ(i,j) = 77); ɧ-ɩɟɧɬɚɧ+ɬɨɥɭɨɥ (∆Ɍɫ(i,j) = 122); 
ɧ-ɩɟɧɬɚɧ+ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥ (∆Ɍɫ(i,j) = 161.2); ɧ-ɝɟɤɫɚɧ+ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥ (∆Ɍɫ(i,j) = 123.3); ɧ-
ɩɟɧɬɚɧ+2-ɦɟɬɢɥɛɢɮɟɧɢɥ (∆Ɍɫ(i,j) = 289.2). Эɤɫɩɟɪɢɦɟɧɬ ɜɵɩɨɥɧɹɥɫɹ ɚɦɩɭɥɶɧɵɦ ɦɟɬɨɞɨɦ ɜ 
ɜɨɡɞɭɲɧɨɦ ɬɟɪɦɨɫɬɚɬɟ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɚɦɩɭɥɵ (65ɯ5 ɦɦ + 5ɯ1 ɦɦ) ɢɡ 
ɦɨɥɢɛɞɟɧɨɜɨɝɨ ɫɬɟɤɥɚ. ɉɪɨɰɟɞɭɪɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɩɢɫɚɧɚ ɜ ɪɚɛɨɬɟ Д2Ж. 

Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ (ɪɢɫ. 2), ɱɬɨ ɧɚ ɜɢɞ ɮɚɡɨɜɨɣ (Ɍ-ρ) ɞɢɚɝɪɚɦɦɵ ɜɥɢɹɟɬ 
ɜɟɥɢɱɢɧɚ ∆Ɍɫ(i,j), ɢ ɱɟɦ ɨɧɚ ɛɨɥɶɲɟ, ɬɟɦ ɫɢɥɶɧɟɟ ɢɡɦɟɪɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ 
ɤɪɢɬɢɱɟɫɤɨɣ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɫɦɟɫɢ ɨɬɥɢɱɧɨɣ ɨɬ ɤɪɢɬɢɱɟɫɤɨɣ. 
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Ɋɢɫ. 2. Ɉɬɤɥɨɧɟɧɢɹ ɨɬ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɡɚɩɨɥɧɟɧɢɢ ɚɦɩɭɥ ɢ ɮɚɡɨɜɵɟ 
ɞɢɚɝɪɚɦɦɵ: К – ɫɬɟɩɟɧɶ ɡɚɩɨɥɧɟɧɢɹ ɚɦɩɭɥ; Л – ɮɚɡɨɜɵɟ ɞɢɚɝɪɚɦɦɵ ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɫɦɟɫɟɣ 
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Ɋɢɫɭɧɤɨɦ 2(IК-VК) ɦɵ ɢɥɥɸɫɬɪɢɪɭɟɦ ɭɪɨɜɟɧɶ ɜɨɡɦɨɠɧɵɯ ɨɲɢɛɨɤ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ 
ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫɦɟɫɢ ɛɟɡ ɩɨɫɬɪɨɟɧɢɹ ɮɚɡɨɜɨɣ (Ɍ-ρ) ɞɢɚɝɪɚɦɦɵ. Ɍɚɤ, ɞɥɹ ɫɦɟɫɢ ɧ-
ɩɟɧɬɚɧ+ɢɡɨɩɪɨɩɢɥɛɟɧɡɨɥ (ɪɢɫ. 2 III ), ɢɦɟɸɳɟɣ ΔTc(i,j)=161.7 Ʉ, ɩɪɢ б1=0.5660 ɢ ɡɚɩɨɥɧɟɧɢɢ 
ɚɦɩɭɥɵ ɧɚ 5 % ɦɟɧɶɲɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɨɛɴёɦɚ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɠɮɚɡɧɨɝɨ ɩɟɪɟɯɨɞɚ ɨɤɚɠɟɬɫɹ 
ɜɵɲɟ ɤɪɢɬɢɱɟɫɤɨɣ ɧɚ 4 Ʉ (ɪɢɫ. 2 IIIК), ɚ ɧɚ 10 % - ɭɠɟ ɧɚ 18 Ʉ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ΔTc(i,j) ɭɪɨɜɟɧɶ 
ɨɬɤɥɨɧɟɧɢɣ ɜɨɡɪɚɫɬɚɟɬ. Ⱦɥɹ ɫɦɟɫɢ ɧ-ɩɟɧɬɚɧ+2-ɦɟɬɢɥɛɢɮɟɧɢɥ, ɢɦɟɸɳɟɣ ΔTc(i,j)=289 Ʉ, 
ɨɬɤɥɨɧɟɧɢɹ ɜ ɨɰɟɧɤɟ ɤɪɢɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨɫɬɢɝɚɸɬ 10 ɢ 28 Ʉ (ɪɢɫ. 2 VК) ɩɪɢ 
x1=0.6234 ɢ ɡɚɩɨɥɧɟɧɢɢ ɹɱɟɣɤɢ ɧɚ 5 % ɢ 10 % ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɟɧɶɲɟ ɤɪɢɬɢɱɟɫɤɨɝɨ ɨɛɴёɦɚ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɪɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɡɨɯɨɪɧɵɦ ɦɟɬɨɞɨɦ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɥɭɱɚɟɦɵɯ ɞɚɧɧɵɯ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɧɚɫɤɨɥɶɤɨ ɬɨɱɧɨ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɚ 
ɤɪɢɬɢɱɟɫɤɚɹ ɩɥɨɬɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶɸ ɡɚɩɨɥɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɹɱɟɣɤɢ 
ɢɫɫɥɟɞɭɟɦɨɣ ɫɦɟɫɶɸ. ɉɨɷɬɨɦɭ ɨɩɪɟɞɟɥɟɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɷɬɢɦ ɦɟɬɨɞɨɦ ɞɨɥɠɧɨ 
ɜɵɩɨɥɧɹɬɶɫɹ ɫ ɢɡɭɱɟɧɢɟɦ ɜɫɟɣ ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ ɜ ɤɨɨɪɞɢɧɚɬɚɯ «ɬɟɦɩɟɪɚɬɭɪɚ-ɩɥɨɬɧɨɫɬɶ». 
Ɉɫɨɛɟɧɧɨ ɷɬɨ ɜɚɠɧɨ ɞɥɹ ɫɦɟɫɟɣ ɫ ɛɨɥɶɲɨɣ ɪɚɡɧɨɫɬɶɸ ɤɪɢɬɢɱɟɫɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɤɨɦɩɨɧɟɧɬɨɜ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɦɢ ɜɵɩɨɥɧɹɸɬɫɹ ɪɚɛɨɬɵ ɩɨ ɪɚɫɲɢɪɟɧɢɸ ɫɩɟɤɬɪɚ ɫɬɪɭɤɬɭɪ ɜ 
ɛɢɧɚɪɧɵɯ ɫɦɟɫɹɯ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɦɟɠɞɭ ɫɬɪɨɟɧɢɟɦ ɦɨɥɟɤɭɥ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ, 
ɟɟ ɫɨɫɬɚɜɨɦ ɢ ɮɚɡɨɜɵɦ ɩɨɜɟɞɟɧɢɟɦ ɜ ɨɤɨɥɨɤɪɢɬɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ ɩɨɞɞɟɪɠɤɟ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɧɚɭɤɢ ɊɎ ɜ 
ɪɚɦɤɚɯ ɛɚɡɨɜɨɣ ɱɚɫɬɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ ɎȽȻɈɍ ȼɉɈ "ɋɚɦȽɌɍ" (ɤɨɞ ɩɪɨɟɤɬɚ: 
1708). 
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Ɋɨɫɫɢɹ. E-mail: dmi-kosenkov@yandex.ru 
 

ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ ɫɭɳɟɫɬɜɟɧɧɚ ɪɨɥɶ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɝɞɟ 
ɬɟɩɥɨɧɨɫɢɬɟɥɶ (ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ) ɧɚɯɨɞɢɬɫɹ ɜ ɨɤɨɥɨ- ɢɥɢ ɫɜɟɪɯɤɪɢɬɢɱɟɫɤɨɦ 
ɫɨɫɬɨɹɧɢɢ. 

Ɇɧɨɝɢɟ ɬɟɩɥɨɧɨɫɢɬɟɥɢ ɩɨɥɭɩɪɨɡɪɚɱɧɵɟ ɜ ɢɧɮɪɚɤɪɚɫɧɨɣ ɨɛɥɚɫɬɢ. Ɍɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ 
ɬɚɤɢɦɢ ɜɟɳɟɫɬɜɚɦɢ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɤɨɧɜɟɤɰɢɢ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɪɚɞɢɚɰɢɨɧɧɵɦ ɢ ɤɨɧɞɭɤɬɢɜɧɵɦ ɩɭɬɹɦɢ.  

Ɋɚɡɪɚɛɨɬɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɩɨɫɬɨɹɧɧɨɣ - 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ, ɜ ɠɢɞɤɢɯ ɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɫɪɟɞɚɯ ɜ ɢɧɮɪɚɤɪɚɫɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢ 

mailto:dmi-kosenkov@yandex.ru
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ɪɚɡɥɢɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɫɨɫɬɨɹɧɢɹ. Ɉɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹɸɬɫɹ: 

-Ɏɭɪɶɟ-ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪ BrukerVertex 70; 
-ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɤɸɜɟɬɚ; 
-ɫɢɫɬɟɦɵ ɫɨɡɞɚɧɢɹ ɢ ɩɨɞɞɟɪɠɚɧɢɹ ɞɚɜɥɟɧɢɹ; 
-ɫɢɫɬɟɦɚ ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ; 
-ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɡɚɩɨɥɧɟɧɢɹ ɪɚɛɨɱɟɣ ɤɸɜɟɬɵ ɢɫɫɥɟɞɭɟɦɵɦ ɜɟɳɟɫɬɜɨɦ; 
-ɫɢɫɬɟɦɚ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ; 
-ɫɢɫɬɟɦɚ ɬɟɪɦɨɫɬɚɬɢɪɨɜɚɧɢɹ. 
Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɪɹɬɶ ɫɩɟɤɬɪɚɥɶɧɨɟ ɩɪɨɩɭɫɤɚɧɢɟ ɠɢɞɤɨɫɬɟɣ ɢ 

ɝɚɡɨɜ ɩɪɢ ɞɚɜɥɟɧɢɹɯ 0,1÷10 Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɟ ɞɨ 500 Ʉ, ɫɩɟɤɬɪɚɥɶɧɵɣ ɞɢɚɩɚɡɨɧ 4000…400 
ɫɦ-1. 

ɍɫɬɚɧɨɜɤɚ ɜɯɨɞɢɬ ɜ ɩɪɨɝɪɚɦɦɭ ɩɪɢɨɪɢɬɟɬɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɜɭɡɚ «Ʉɨɦɩɥɟɤɫɧɨɟ 
ɨɫɜɨɟɧɢɟ ɪɟɫɭɪɫɨɜ ɭɝɥɟɜɨɞɨɪɨɞɧɨɝɨ ɫɵɪɶɹ». 

Ȼɵɥɚ ɫɩɟɰɢɚɥɶɧɨ ɫɩɪɨɟɤɬɢɪɨɜɚɧɚ ɤɸɜɟɬɚ, ɭɱɢɬɵɜɚɸɳɚɹ ɜɫɟ ɧɟɞɨɫɬɚɬɤɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɹɱɟɟɤ ɩɪɟɞɵɞɭɳɢɯ ɚɜɬɨɪɨɜ Д1, 2Ж. Ʉɸɜɟɬɚ ɨɫɧɚɳɟɧɚ ɫɨɜɪɟɦɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

ɂɄ-ɫɩɟɤɬɪ ɩɪɨɩɢɥɟɧɚ ɩɪɢ ɩɨɥɧɨɦ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ ɛɵɥ ɫɪɚɜɧɟɧɵ ɫɨ ɫɩɪɚɜɨɱɧɵɦ 
ɫɩɟɤɬɪɨɦД3Ж. Ɋɚɫɯɨɠɞɟɧɢɣ ɩɨ ɪɚɫɩɨɥɨɠɟɧɢɸ ɩɨɥɨɫ ɩɨɝɥɨɳɟɧɢɹ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

Ɋɚɫɫɱɢɬɚɧɵ ɩɨ ɦɟɬɨɞɢɤɟ Д4Ж ɫɩɟɤɬɪɚɥɶɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɝɥɨɳɟɧɢɹ (ɪɢɫɭɧɨɤ). 

 
 

Ɋɢɫɭɧɨɤ. ɋɩɟɤɬɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ ɝɚɡɨɨɛɪɚɡɧɨɝɨ ɩɪɨɩɢɥɟɧɚ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 343 Ʉ ɢ ɞɚɜɥɟɧɢɢ 1,013 Ɇɉɚ, ɬɨɥɳɢɧɚ ɫɥɨɹ 0,36 ɦɦ 

 
Ⱦɚɧɧɵɟ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ ɢ ɩɨɤɚɡɚɬɟɥɹɦ ɩɪɟɥɨɦɥɟɧɢɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ 

ɩɨɡɜɨɥɹɸɬ ɧɚɯɨɞɢɬɶ ɪɚɞɢɚɰɢɨɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ Д5Ж, 
ɜɤɥɚɞ ɤɨɬɨɪɨɣ ɞɨɫɬɢɝɚɟɬ 10-20 %. 
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