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ɍȾɄ 614. 84  . . ,  . , ,    ɇɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɝɪɚɠɞɚɧɫɤɨɣ ɡɚɳɢɬɵ Уɤɪɚɢɧɵ, ɝ.Хɚɪɶɤɨɜ  
ɂɋɋɅȿȾɈȼȺɇɂȿ ȼɅɂəɇɂə ȾЫɆɈɉɈȾȺȼɅəɘɓɂɏ ȾɈȻȺȼɈɄ ɇȺ 
ɉɊɈɐȿɋɋЫ ɌȿɊɆɂɑȿɋɄɈɃ ȾȿɋɌɊɍɄɐɂɂ ɇȺɉɈɅɇȿɇɇЫɏ 

ЭɉɈɄɋɂɉɈɅɂɆȿɊɈȼ  
Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚɦɢ ɡɚɦɟɞɥɟɧɢɹ ɝɨɪɟɧɢɹ ɢ ɞɵɦɨɨɛɪɚɡɨɜɚɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɧɢɦɚɧɢɟ ɨɛɳɢɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢɫɯɨɞɧɨɝɨ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ 
ɤɨɧɟɱɧɵɟ ɩɪɨɞɭɤɬɵ ɫɝɨɪɚɧɢɹ. Ɉɞɧɚɤɨ ɤɢɧɟɬɢɤɚ ɢ ɦɟɯɚɧɢɡɦ ɩɪɨɰɟɫɫɚ 
ɪɚɡɥɨɠɟɧɢɹ ɢ ɝɚɡɢɮɢɤɚɰɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɷɩɨɤɫɢɩɨɥɢɦɟɪɨɜ ɜ ɩɪɢɫɭɬɫɬɜɢɢ 
ɞɵɦɨɩɨɞɚɜɥɹɸɳɢɯ ɞɨɛɚɜɨɤ ɜ ɭɫɥɨɜɢɹɯ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 
ɫɥɭɱɚɟɜ ɧɟɭɫɬɚɧɨɜɥɟɧɧɵ [1]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɝɨɪɸɱɢɯ ɝɚɡɨɜ 
ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɨɬɟɤɚɧɢɹɦ ɨɞɧɨɜɪɟɦɟɧɧɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɢ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 
ɪɚɡɥɨɠɟɧɢɹ ɩɨɥɢɦɟɪɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɝɨɪɟɧɢɢ [2]. ɉɨɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ ɞɵɦɨɩɨɞɚɜɥɹɸɳɢɯ ɞɨɛɚɜɨɤ ɧɚ ɩɪɨɰɟɫɫɵ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɣ ɮɚɡɟ ɷɩɨɤɫɢɩɨɥɢɦɟɪɨɜ ɜ ɭɫɥɨɜɢɹɯ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɢ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɤɨɦɩɨɡɢɰɢɢ ɧɚ ɨɫɧɨɜɟ 
ɷɩɨɤɫɢɞɧɨɝɨ ɨɥɢɝɨɦɟɪɚ ЭȾ-20, ɨɬɜɟɪɠɞɟɧɧɵɟ ɨɬɜɟɪɞɢɬɟɥɟɦ ɦɚɪɤɢ Уɉ-0633Ɇ. 
Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɝɨɪɸɱɟɫɬɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɢɧɟɪɚɥɶɧɵɟ ɞɢɫɩɟɪɫɧɵɟ 
ɧɚɩɨɥɧɢɬɟɥɢ, ɫɨɞɟɪɠɚɳɢɟ ɚɡɨɬ ɢ ɮɨɫɮɨɪ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɥɢ ɷɩɨɤɫɢɞɧɭɸ 
ɤɨɦɩɨɡɢɰɢɸ ЭКɉȽ. ȼ ɤɚɱɟɫɬɜɟ ɞɵɦɨɩɨɞɚɜɥɹɸɳɢɯ ɞɨɛɚɜɨɤ ɢɫɩɨɥɶɡɨɜɚɥɢ (10 ɦɚɫɫ.ɱ.) ɨɤɫɢɞ ɦɟɞɢ (ІІ), ɨɤɫɢɞ ɰɢɧɤɚ (ІІ), ɨɤɫɢɞ ɜɚɧɚɞɢɹ (V) ɢ ɛɟɧɬɨɧɢɬ (ɦɚɬɟɪɢɚɥ ɧɚ ɨɫɧɨɜɟ ɝɥɢɧɵ ɫ ɩɪɨɰɟɧɬɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɩɨ ɦɚɫɫɟ: SiɈ2–72,5; TiɈ2–0,27; Al2O3–14,45; Fe2O3–1,23; CuɈ–1,5; MgɈ–2,8; K2O–0,29; Na2O–1,55).  

Ɍɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɭɸ ɞɟɫɬɪɭɤɰɢɸ ɢɡɭɱɚɥɢ ɫ ɩɨɦɨɳɶɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨ-
ɬɟɪɦɢɱɟɫɤɨɝɨ (ȾɌА) ɢ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɝɨ (ɌȽ) ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ ɜ 
ɚɬɦɨɫɮɟɪɟ ɜɨɡɞɭɯɚ ɢ ɜ ɢɧɟɪɬɧɨɣ ɫɪɟɞɟ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 20 - 600°ɋ ɩɪɢ 
ɫɤɨɪɨɫɬɢ ɧɚɝɪɟɜɚ 10 ɝɪɚɞ/ɦɢɧ.  

ȼɨ ɜɪɟɦɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɬɚɤɢɟ ɯɚɪɚɤɬɟɪɧɵɟ ɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɬɨɱɤɢ, ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚɥɚ ɪɚɡɥɨɠɟɧɢɹ (ɌɇɊ.), ɬɟɦɩɟɪɚɬɭɪɧɨɟ ɩɨɥɨɠɟɧɢɟ 
ɚɦɩɥɢɬɭɞɵ ɦɚɤɫɢɦɭɦɨɜ ɧɚ ɤɪɢɜɨɣ ȾɌА, ɫɤɨɪɨɫɬɶ ɪɚɡɥɨɠɟɧɢɹ ( 

m ), ɚ ɬɚɤɠɟ 
ɜɟɥɢɱɢɧɭ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ (ɆКɈ.). Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɌȽ ɤɪɢɜɵɟ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɞɥɹ ɪɚɫɱɟɬɨɜ ɡɧɚɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɣ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ (ȿȿɎ) ɫ 
ɭɬɨɱɧɟɧɢɟɦ ɮɭɧɤɰɢɢ ɝɥɭɛɢɧɵ ɪɚɡɥɨɠɟɧɢɹ ɢ ɩɨɪɹɞɤɚ ɪɟɚɤɰɢɢ (n) [3]. 

Ɍɟɦɩɟɪɚɬɭɪɧɨ-ɦɚɫɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɷɮɮɟɤɬɢɜɧɵɟ ɤɢɧɟɬɢɱɟɫɤɢɟ 
ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɬɟɪɦɢɱɟɫɤɨɣ ɢ ɬɟɪɦɨɨɤɢɫɧɸɜɚɥɶɧɨʀ ɞɟɫɬɪɭɤɰɢɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 1 ɢ 2. 
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Ɍɚɛɥɢɰɚ  1 -  Ɍɟɦɩɟɪɚɬɭɪɧɨ-ɦɚɫɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɷɮɮɟɤɬɢɜɧɵɟ 

ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɫɬɪɭɤɰɢɢ ЭКɉȽ ɫ ɞɨɛɚɜɤɚɦɢ  
Кɨɦɩɨɡɢɰɢɹ 

Ɍ
ɇ
Ɋ, ºC 

Ɍ
1 max, ºC Δm/Δτ,  ɦ
ɝ·ɦɢɧ-1  n 1 
ȿ1 ȿɎ, 

ɤȾ
ɠ

·ɦɨɥɶ-1  
Ɇ
К
Ɉ
, % 

ЭɄɉȽ 135 290 6,1 1 40,67 27,1 
ЭɄɉȽ+CuɈ 140 322 11,7 1 64,06 16,6 
ЭɄɉȽ+ZnɈ 155 352 16,02 1 88,19 6,3 
ЭɄɉȽ+V2O5 120 326 9,83 1 45,39 6,9 
ЭɄɉȽ+ɛɟɧɬɨɧɢɬ 85 330 11,6 1 78,93 8,3  

Ɍɚɛɥɢɰɚ  2 - Хɚɪɚɤɬɟɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɤɪɢɜɨɣ ЭКɉȽ  
ɫ ɞɨɛɚɜɤɚɦɢ (ɞɟɫɬɪɭɤɰɢɹ ɜ ɚɬɦɨɫɮɟɪɟ ɚɡɨɬɚ)  

ɉɚɪɚɦɟɬɪɵ 
ɌȽ ɤɪɢɜɨɣ ЭКɉȽ + ɞɨɛɚɜɤɚ (10 ɦɚɫɫ.ɱ.) 

ЭКɉȽ ЭКɉȽ +CuɈ ЭКɉȽ +ZnɈ ЭКɉȽ +V2O5 ЭКɉȽ +ɛɟɧɬɨɧɢɬ 
Ɍɟɦɩɟɪɚɬɭɪɚ 
ɪɚɡɥɨɠɟɧɢɹ: 
τ0 
τ10 
τ50   135 185 315   140 200 325   155 215 350   120 198 312   85 132 310 
ɉɨɬɟɪɹ ɦɚɫɫɵ ɩɪɢ  
ɨɩɪɟɞɟɥɟɧɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ: 
ȼ573 
ȼ673 
ȼ773 
ȼ873    54,2 41,5 35,7 27,1    71,5 23,1 18,4 16,6    63,6 17,5 8,4 6,3    56,6 21 14,5 6,9    63,2 16,2 10,8 8,3  
ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ ɨɛɪɚɡɰɚ ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɦɟɪɚ ɜɵɯɨɞ 

ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ ɫɨɫɬɚɜɥɹɟɬ 27,1 %. ɇɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ ɩɪɨɰɟɫɫɚ 
ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɧɚɛɥɸɞɚɸɬɫɹ ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɟ ɬɟɩɥɨɜɵɟ 
ɷɮɮɟɤɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɫɩɚɪɟɧɢɟɦ ɜɨɞɵ. Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɥɨɠɟɧɢɸ ɚɦɦɨɮɨɫɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 150–190°ɋ. 

ȼɜɟɞɟɧɢɟ ɜ ɩɨɥɢɦɟɪ ɛɟɧɬɨɧɢɬɚ ɢ ɨɤɫɢɞɚ ɦɟɞɢ (II) ɩɪɢɜɨɞɢɬ ɩɨɜɵɲɟɧɢɸ 
Ɍ1max ɧɚ 18°ɋ, ɚ ɩɪɢ ɜɜɟɞɟɧɢɢ ɨɤɫɢɞɚ ɰɢɧɤɚ (II) ɢ ɨɤɫɢɞɚ ɜɚɧɚɞɢɹ (V) – ɧɚ 28°ɋ. 
ɂɡ ɷɬɨɝɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ, ɱɬɨ ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 
ɪɚɡɥɨɠɟɧɢɹ ɚɦɦɨɮɨɫɚ ɤɨɦɩɟɧɫɢɪɭɸɬɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɦɢ ɪɟɚɤɰɢɹɦɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɪɨɞɭɤɬɨɜ ɪɚɡɥɨɠɟɧɢɹ ɚɦɦɨɮɨɫɚ ɫ ɞɨɛɚɜɤɚɦɢ: ɭɱɢɬɵɜɚɹ 
ɯɢɦɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ ɞɨɛɚɜɨɤ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛ ɨɛɪɚɡɨɜɚɧɢɢ 
ɫɨɥɟɨɛɪɚɡɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɝɢɞɪɨɮɨɫɮɚɬɨɜ ɢ ɨɪɬɨɮɨɫɮɚɬɨɜ ɰɢɧɤɚ ɢ ɦɟɞɢ ɢ ɨ 
ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɢɥɶɧɨɤɢɫɥɨɬɧɵɯ Лɶɸɢɫɬɫɤɢɯ ɰɟɧɬɪɨɜ Al2O3 ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɛɟɧɬɨɧɢɬɚ ɢ ɨɤɫɢɞɚ ɜɚɧɚɞɢɹ (V) ɫ ɚɦɢɧɚɦɢ.  
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Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɩɪɨɬɟɤɚɧɢɸ ɩɪɨɰɟɫɫɚ 
ɞɟɫɬɪɭɤɰɢɢ ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɦɟɪɚ, ɝɞɟ ɜ ɢɧɬɟɪɜɚɥɟ 230 – 330°ɋ ɬɟɪɹɟɬɫɹ ɞɨ 40 % 
ɦɚɫɫɵ. Эɬɚ ɫɬɚɞɢɹ ɩɪɨɯɨɞɢɬ ɫ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ 6,1 ɦɝ/ɦɢɧ ɜ ɩɪɟɞɟɥɚɯ 290°ɋ (ɬɚɛɥ. 1). ɉɪɨɰɟɫɫ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɟɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɣ ɷɧɟɪɝɢɟɣ 
ɚɤɬɢɜɚɰɢɢ, ɤɨɬɨɪɚɹ ɪɚɜɧɹɟɬɫɹ 40,7 ɤȾɠ/ɦɨɥɶ. 

ɇɢɡɤɨɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɚ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ 
ɨɛɭɫɥɨɜɥɟɧɨ ɤɚɬɚɥɢɬɢɱɟɫɤɢɦ ɜɥɢɹɧɢɟɦ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ, ɤɨɬɨɪɚɹ 
ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɡɥɨɠɟɧɢɹ ɚɦɦɨɮɨɫɚ. Кɚɤ ɨɬɦɟɱɟɧɨ ɜ ɪɹɞɟ ɪɚɛɨɬ [4, 5] 
ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɩɪɨɞɭɤɬɨɜ ɟɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, 
ɨɛɥɟɝɱɚɸɬɫɹ ɩɢɪɨɥɢɬɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɞɟɝɢɞɪɢɪɨɜɚɧɢɹ ɢ ɞɟɝɢɞɪɚɬɚɰɢɢ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɜɬɨɪɢɱɧɵɦ ɪɟɚɤɰɢɹɦ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɹ. 

ɋ ɬɚɛɥ. 1 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜɫɟɯ ɞɨɛɚɜɨɤ ɭɦɟɧɶɲɚɟɬɫɹ ɜɵɯɨɞ 
ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ ɩɪɢ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ ɢ ɷɬɚ ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɢ 
ɜɟɥɢɱɢɧɵ ɬɟɩɥɨɜɵɯ ɷɮɮɟɤɬɨɜ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɬɟɩɥɨɜɨɝɨ 
ɷɮɮɟɤɬɚ, ɜɨɡɪɚɫɬɚɟɬ ɜɵɯɨɞ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɨɛɪɚɡɰɚ 
ɧɚɩɨɥɧɟɧɧɨɝɨ V2O5, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɨɤɢɫɥɢɬɟɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɩɪɢ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɭɱɚɫɬɢɟ ɜ ɨɤɢɫɥɢɬɟɥɶɧɨ-
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɹɯ [1] ɫ ɧɟɥɟɬɭɱɢɦɢ ɩɪɨɞɭɤɬɚɦɢ ɞɟɫɬɪɭɤɰɢɢ, 
ɩɪɢɜɨɞɹɳɢɯ ɤ ɫɧɢɠɟɧɢɸ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɥɢɹɧɢɹ ɞɨɛɚɜɨɤ ɧɚ ɩɪɨɰɟɫɫɵ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɞɟɫɬɪɭɤɰɢɢ ɷɩɨɤɫɢɩɨɥɢɦɟɪɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɪɨɞɚ ɜɨɡɞɭɯɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ 
ɬɚɛɥ. 3 ɢ 4.   

Ɍɚɛɥɢɰɚ  3 -  Ɍɟɦɩɟɪɚɬɭɪɧɨ-ɦɚɫɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɷɮɮɟɤɬɢɜɧɵɟ 
ɤɢɧɟɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɨɜ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ ЭКɉȽ ɫ 

ɞɨɛɚɜɤɚɦɢ  
Ʉɨɦɩɨɡɢɰɢя 

Ɍ
ɇ
Ɋ, ºC 

Ɍ
1 max, ºC Δm/Δτ, ɦ
ɝ·ɦɢɧ-1  n 1 ȿ1 ȿɎ, 

ɤȾ
ɠ

·ɦɨɥɶ-1  
Ɍ

2 max, ºC Δm/Δτ, ɦ
ɝ·ɦɢɧ-1  n 2 ȿ2 ȿɎ, 

ɤȾ
ɠ

·ɦɨɥɶ-1  
Ɇ
Ʉ
Ɉ

, % 
ЭɄɉȽ 190 285 13,4 2,2 62,6 430 5,6 1 41,7 29,8 
ЭɄɉȽ+CuɈ 195 285 8,89 2,9 52,3 455 6,7 1 78 35,2 

ЭɄɉȽ +ZnɈ 190 305 7 2,2 45,9 530 3,5 1 102,1 36,4 
ЭɄɉȽ +V2O5 190 290 8,3 3 61,8 505 4,1 1 67,95 44,8 
ЭɄɉȽ+ 
ɛɟɧɬɨɧɢɬ 180 255 7,78 4,4 52,5 480 3,2 1 29,5 35,2    
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Ɍɚɛɥɢɰɚ  4 - Хɚɪɚɤɬɟɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɨɣ ɤɪɢɜɨɣ 
ɤɨɦɩɨɡɢɰɢɢ ЭКɉȽ ɫ ɞɨɛɚɜɤɚɦɢ ɩɪɢ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ  
ɉɚɪɚɦɟɬɪɵ ɌȽ ɤɪɢɜɨɣ ЭКɉȽ + ɞɨɛɚɜɤɚ (10 ɦɚɫɫ.ɱ.) 

ЭКɉȽ ЭКɉȽ +CuɈ ЭКɉȽ +ZnɈ ЭКɉȽ +V2O5 ЭКɉȽ +ɛɟɧɬɨɧ
ɢɬ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɡɥɨɠɟɧɢɹ: 
τ0 
τ10 
τ50  190 240 455  195 250 480  190 250 530  190 245 550  180 235 435 
ɉɨɬɟɪɹ ɦɚɫɫɵ ɩɪɢ  
ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ: 
ȼ573 
ȼ673 
ȼ773 
ȼ873   65,6 52,9 39,6 29,8   73,7 53,6 44,1 35,2   74,1 56,3 45,8 36,4   77,2 63,8 55,2 44,8   70 52,8 43,8 35,2  
ȼɥɢɹɧɢɟ ɦɟɬɚɥɥɫɨɞɟɪɠɚɳɢɯ ɞɨɛɚɜɨɤ ɧɚ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɭɸ 

ɞɟɫɬɪɭɤɰɢɸ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ, ɧɨ ɷɬɨ ɜɥɢɹɧɢɟ 
ɦɟɧɟɟ ɡɚɦɟɬɧɨ, ɱɟɦ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɫɬɪɭɤɰɢɢ. ȼ ɪɹɞɭ ZnɈ, ɛɟɧɬɨɧɢɬ, CuɈ, V2O5 ɭɦɟɧɶɲɚɟɬɫɹ ɨɫɧɨɜɧɨɫɬɶ ɨɤɫɢɞɨɜ ɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɷɥɟɤɬɪɨɧɧɨ-
ɚɤɰɟɩɬɨɪɧɚɹ ɢ ɩɪɨɬɨɞɨɧɨɪɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɤɫɢɞɨɜ. Ɉɤɫɢɞɵ, ɤɨɬɨɪɵɟ 
ɧɚɯɨɞɹɬɫɹ ɜ ɧɚɱɚɥɟ ɪɹɞɚ, ɢɦɟɸɬ ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɢ ɫɩɨɫɨɛɧɵ ɧɟɣɬɪɚɥɢɡɨɜɚɬɶ 
ɤɚɬɚɥɢɬɢɱɟɫɤɨɟ ɜɥɢɹɧɢɟ ɨɪɬɨɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ ɧɚ ɩɪɨɰɟɫɫɵ 
ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɨɫɧɨɜɧɨɫɬɢ ɨɤɫɢɞɨɜ 
ɡɚɦɟɞɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɪɚɡɥɨɠɟɧɢɹ ɩɨɥɢɦɟɪɚ ɢ ɜ ɬɚɤɨɣ ɠɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
ɫɧɢɠɚɟɬɫɹ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɚ (ɬɚɛɥ. 3) ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɞɟɫɬɪɭɤɰɢɢ.  

ȼɜɟɞɟɧɢɟ V2O5 ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬ ɫɤɨɪɨɫɬɢ ɩɨɬɟɪɢ ɦɚɫɫɵ ɢ ɷɧɟɪɝɢɢ 
ɚɤɬɢɜɚɰɢɢ ɨɫɧɨɜɧɨɝɨ ɩɪɨɰɟɫɫɚ (ɬɚɛɥ. 3.) ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ 
ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɦɟɪɚ. Эɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɨɫɧɨɜɚɧɢɟɦ ɞɥɹ 
ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɪɚɫɯɨɠɞɟɧɢɢ ɜ ɭɪɨɜɧɟ ɝɨɪɸɱɟɫɬɢ ɢɫɯɨɞɧɨɝɨ 
ɩɨɥɢɦɟɪɚ ɢ ɧɚɩɨɥɧɟɧɧɨɝɨ V2O5, ɯɨɬɹ ɧɚ ɷɬɨɣ ɫɬɚɞɢɢ ɜ ɩɨɫɥɟɞɧɟɝɨ ɡɚɦɟɬɧɨ ɧɢɠɟ 
ɫɤɨɪɨɫɬɶ ɪɚɡɥɨɠɟɧɢɹ ɢ ɜɵɯɨɞ ɥɟɬɭɱɢɯ ɩɪɨɞɭɤɬɨɜ (ɧɚ 12%). 

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɚɹ ɫɬɚɞɢɹ ɩɪɨɯɨɞɢɬ ɜ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɬɟɦɩɟɪɚɬɭɪɧɨɦ 
ɢɧɬɟɪɜɚɥɟ (360 – 600°ɋ). Ɂɞɟɫɶ ɩɪɨɬɟɤɚɸɬ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨɤɢɫɥɢɬɟɥɶɧɵɟ 
ɩɪɨɰɟɫɫɵ ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɝɨɪɚɧɢɟɦ ɧɟɥɟɬɭɱɢɯ ɩɪɨɞɭɤɬɨɜ ɜ ɤɢɫɥɨɪɨɞɟ ɜɨɡɞɭɯɚ, ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɬɟɪɦɨɞɟɫɬɪɭɤɰɢɢ, ɝɞɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɧɚɱɢɧɚɥɢɫɶ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 450-500°ɋ ɢ ɛɵɥɢ ɫɜɹɡɚɧɵ ɫ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨ- 
ɜɢɬɟɥɶɧɵɦɢ ɪɟɚɤɰɢɹɦɢ ɩɪɢ ɭɱɚɫɬɢɢ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ, ɜ ɚɬɦɨɫɮɟɪɟ ɜɨɡɞɭɯɚ  
ɨɧɢ ɧɚɱɢɧɚɸɬɫɹ ɧɚ 100° ɪɚɧɶɲɟ. 

ȼɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɩɪɨɰɟɫɫ ɨɤɢɫɥɟɧɢɹ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ 
ɨɩɪɟɞɟɥɹɟɬ ɨɝɧɟɡɚɳɢɬɧɵɟ ɫɜɨɣɫɬɜɚ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Кɚɤ ɩɪɚɜɢɥɨ, 
ɱɟɦ ɦɟɧɶɲɚɹ ɜɟɥɢɱɢɧɚ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɢ ɛɨɥɶɲɟ ɜɟɥɢɱɢɧɚ ɤɨɤɫɨɜɨɝɨ 
ɨɫɬɚɬɤɚ, ɬɟɦ ɛɨɥɟɟ ɷɮɮɟɤɬɢɜɟɧ ɦɚɬɟɪɢɚɥ. ɇɚɢɦɟɧɶɲɢɣ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ 
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ɧɚɛɥɸɞɚɟɬɫɹ ɭ ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɦɟɪɚ – ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɬɟɪɢ ɦɚɫɫɵ 
ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 430°ɋ (ɬɚɛɥ. 3). ɉɪɢ ɜɜɟɞɟɧɢɢ ɞɵɦɨɩɨɞɚɜɥɹɸɳɢɯ ɞɨɛɚɜɨɤ 
ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ, ɩɪɢ ɷɬɨɦ ɩɢɤɢ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɬɟɪɢ ɦɚɫɫɵ ɫɞɜɢɝɚɸɬ ɜ ɨɛɥɚɫɬɶ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ. ɇɚɛɥɸɞɚɟɬɫɹ ɬɚɤɚɹ ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ – ɱɟɦ ɛɨɥɶɲɟ ɨɫɧɨɜɧɨɫɬɶ 
ɨɤɫɢɞɚ, ɬɟɦ ɛɨɥɶɲɟ ɫɞɜɢɝ Ɍ2max ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɭɸ ɨɛɥɚɫɬɶ, ɬɟɦ ɦɟɧɶɲɟ 
ɫɤɨɪɨɫɬɶ ɩɨɬɟɪɢ ɦɚɫɫɵ ɢ ɬɟɦ ɛɨɥɶɲɟ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɩɪɨɰɟɫɫɚ (ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ ɛɟɧɬɨɧɢɬɚ). 

ɋ ɬɚɛɥ. 3 ɬɚɤɠɟ ɜɢɞɧɨ, ɱɬɨ ɧɟɫɦɨɬɪɹ ɧɚ ɪɚɡɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɬɟɦɩɟɪɚɬɭɪɧɨ-
ɦɚɫɫɨɜɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɨɰɟɫɫɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɫɧɨɜɧɵɯ ɨɤɫɢɞɨɜ 
ɧɚɛɥɸɞɚɟɬɫɹ ɨɞɢɧɚɤɨɜɵɣ ɜɵɯɨɞ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ 35 – 36% ɩɪɢ 600°ɋ ɢ ɷɬɚ ɜɟɥɢɱɢɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɫɯɨɞɧɵɦ 
ɨɛɪɚɡɰɨɦ ɧɚ ɫɬɨɥɶɤɨ, ɧɚ ɫɤɨɥɶɤɨ ɭɜɟɥɢɱɢɥɚɫɶ ɩɪɨɰɟɧɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɞɨɛɚɜɤɢ ɜ ɤɨɦɩɨɡɢɰɢɢ. 

ɉɪɢ ɜɜɟɞɟɧɢɢ ɤɢɫɥɨɬɧɨɝɨ ɨɤɫɢɞɚ V2O5 ɭɦɟɧɶɲɚɟɬɫɹ ɜɟɥɢɱɢɧɚ ɬɟɩɥɨɜɨɝɨ 
ɷɮɮɟɤɬɚ ɩɪɨɰɟɫɫɚ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ ɤɨɤɫɨɜɵɣ ɨɫɬɚɬɨɤ ɩɨɱɬɢ ɞɨ 45%. 

Уɱɢɬɵɜɚɹ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫɬɨɣɤɨɫɬɶ 
ɤ ɬɟɪɦɢɱɟɫɤɨɦɭ ɢ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɦɭ ɪɚɡɥɨɠɟɧɢɸ ɷɩɨɤɫɢɩɨɥɢɦɟɪɨɜ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɤɢɫɥɨɬɧɨ-ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ ɢ 
ɫɜɹɡɚɧɧɚ ɫ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶɸ ɤ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɤɢɫɥɵɯ ɩɪɨɞɭɤɬɨɜ ɪɚɡɥɨɠɟɧɢɹ. ɋ 
ɭɜɟɥɢɱɟɧɢɟɦ ɨɫɧɨɜɧɨɫɬɢ ɨɤɫɢɞɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɬɨɣɤɨɫɬɶ ɤ ɬɟɪɦɢɱɟɫɤɨɣ 
ɞɟɫɬɪɭɤɰɢɢ, ɩɨɜɵɲɚɟɬɫɹ ɫɤɨɪɨɫɬɶ ɪɚɡɥɨɠɟɧɢɹ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɜɵɯɨɞ ɤɨɤɫɨɜɨɝɨ 
ɨɫɬɚɬɤɚ ɷɩɨɤɫɢɩɨɥɢɦɟɪɚ. ȼɨ ɜɪɟɦɹ ɬɟɪɦɨɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ 
ɷɩɨɤɫɢɩɨɥɢɦɟɪɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɬɧɚɹ 
ɡɚɜɢɫɢɦɨɫɬɶ – ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɨɫɧɨɜɧɨɫɬɢ ɫɧɢɠɚɟɬɫɹ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɢ 
ɫɤɨɪɨɫɬɶ ɪɚɡɥɨɠɟɧɢɹ. 

Уɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɣ ɞɟɫɬɪɭɤɰɢɢ ɷɩɨɤɫɢɩɨɥɢɦɟɪɚ ɫ ɞɵɦɨ- 
ɩɨɞɚɜɥɹɸɳɢɦɢ ɞɨɛɚɜɤɚɦɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞ ɤɨɤɫɨɜɨɝɨ ɨɫɬɚɬɤɚ (17 %) ɧɚɛ- 
ɥɸɞɚɟɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɧɢɡɤɨɨɫɧɨɜɧɨɝɨ ɨɤɫɢɞɚ ɦɟɞɢ (II), ɚ ɩɪɢ ɬɟɪɦɨ- 
ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɞɟɫɬɪɭɤɰɢɢ – ɩɪɢ ɜɜɟɞɟɧɢɢ ɤɢɫɥɨɬɧɨɝɨ ɨɤɫɢɞɚ V2O5 (45 %).  
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