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ɇɈɊɆȺɌɂȼɌІɄ ɋІɅɌȿɆȿɅȿɊ 
 

Ȼԝɥ ɞɢɫɫɟɪɬɚɰɢɹɥɵԕ ɠԝɦɵɫɬɚ ɤɟɥɟɫі ɫɬɚɧɞɚɪɬɬɚɪԑɚ ɫԥɣɤɟɫ ɫіɥɬɟɦɟɥɟɪ 
ԕɨɥɞɚɧɵɥԑɚɧ: 

ɆȿɋɌ 6.38-90 – Ԕԝɠɚɬɬɚɦɚɧɵң ɫԥɣɤɟɫɬɟɧɞіɪіɥɝɟɧ ɠԛɣɟɥɟɪі. 
Ԝɣɵɦɞɚɫɬɵɪɭɲɵɥɵԕ-ɠɚɪɥɵԕɬɵԕ ԕԝɠɚɬɬɚɦɚ ɠԛɣɟɫі. Ԕԝɠɚɬɬɚɪɞɵ ɪɟɫіɦɞɟɭɝɟ 
ԕɨɣɵɥɚɬɵɧ ɬɚɥɚɩɬɚɪ 

ɆȿɋɌ 7.32-2001 – Ⱥԕɩɚɪɚɬ, ɤіɬɚɩɯɚɧɚ ɠԥɧɟ ɛɚɫɩɚ іɫɬɟɪі ɠԧɧіɧɞɟɝі 
ɫɬɚɧɞɚɪɬɬɚɪ ɠԛɣɟɫі. Ԑɵɥɵɦɢ-ɡɟɪɬɬɟɭ ɠԝɦɵɫɵ ɠԧɧіɧɞɟɝі ɟɫɟɩ. Ɋɟɫіɦɞɟɭ 
ԕԝɪɵɥɵɦɵ ɦɟɧ ɟɪɟɠɟɥɟɪі 

ɆȿɋɌ 8.417-81 –  Ɇɟɦɥɟɤɟɬɬіɤ ԧɥɲɟɦɞɟɪ ɛіɪɬԝɬɚɫɬɵԑɵɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭ 
ɠԛɣɟɫі. Ɏɢɡɢɤɚɥɵԕ ɲɚɦɚɥɚɪɞɵң ɛіɪɥіɤɬɟɪі  

ԔɊ ɋɌ ɆȿɋɌ 15.011-2005 – ɉɚɬɟɧɬɬіɤ ɡɟɪɬɬɟɭɥɟɪ 
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ȺɇɕԔɌȺɆȺɅȺɊ Ɇȿɇ ȺɍȾȺɊɆȺɅȺɊ 

 
Ȼԝɥ ɞɢɫɫɟɪɬɚɰɢɹɥɵԕ ɠԝɦɵɫɬɚ ɤɟɥɟɫі ɬɟɪɦɢɧɞɟɪɝɟ ɫԥɣɤɟɫ ɚɧɵԕɬɚɦɚɥɚɪ ɦɟɧ 

ɚɭɞɚɪɦɚɥɚɪ ԕɨɥɞɚɧɵɥԑɚɧ: 
Ɋɟɞɭɤɰɢɹ –Ɇɟɬɚɥɞɚɪɞɵ ɯɢɦɢɹɥɵԕ ԕɨɫɵɥɵɫɬɚɪɞɚɧ ɦɟɬɚɥɞɵ ɤԛɣіɧɟ ԕɚɣɬɚɪɭ 

ɩɪɨɰɟɫі ɛіɪіɧɲі ɪɟɬ «ɪɟɞɭɤɰɢя» ɞɟɩ, ԥɪі ԕɚɪɚɣ ɨɥ ɨɪɵɫɬɵң ɚɪɧɚɭɥɵ ԥɞɟɛɢɟɬіɧɞɟ 
«ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ» (ԕɚɥɩɵɧɚ ɤɟɥɬіɪɭ) ɞɟɩ ɚɬɚɥɞɵ. Ȼԝɥ ɯɚɥɵԕɚɪɚɥɵԕ ɬɟɪɦɢɧ 
(ɨɪɵɫ ɬіɥіɧɞɟɝі «ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ» ɩɪɨɰɟɫі, ɚԑɵɥɲɵɧ ɬіɥіɧɞɟ - «reduction», ɧɟɦіɫ 
ɬіɥіɧɞɟ - «reduktion», ɮɪɚɧɰɭɡ ɬіɥіɧɞɟ – «réduction» ɞɟɩ ɚɬɚɥɚɞɵ.) Ɉɫɵ ɬɟɪɦɢɧɞі 
ɛіɪіɧɲі ɧԝɫԕɚɫɵɧɞɚ ԕɚɥɞɵɪɚ ɨɬɵɪɵɩ, ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪ ɬԝɪԑɵɫɵɧɚɧ, 
ɬɚɛɢԑɢ ɪɟɫɭɪɫɬɚɪɞɵ ԕԝɪɚɦɵɧɞɚ ɦɟɬɚɥɥ ɛɚɪ ɲɢɤіɡɚɬ ɠԥɧɟ ɪɟɞɭɤɰɢɹɥɵԕ 
ɦɚɬɟɪɢɚɥɞɚɪ ɞɟɩ ɛԧɥɭɝɟ ɛɨɥɚɞɵ. ɋɨɧɞɵԕɬɚɧ ɛԝɥ ɠԝɦɵɫɬɚ ɯɚɪɵԕɚɪɚɥɵԕ ɬɟɪɦɢɧ 
ԕɨɥɞɚɧɵɥɞɵ; 

Ɇɟɬɚɥɞɚɧɞɵɪɭ (plating) ɫɵɪɬԕɵ ɬԛɪіɧ ɠԥɧɟ ԝɡɚԕ ɫɚԕɬɚɥɭɵɧ ɚɪɬɬɵɪɭ 
ɦɚԕɫɚɬɵɧɞɚ ɦɟɬɚɥɞɵ ɧɟɦɟɫɟ ɛɚɫԕɚ ɞɚ ɦɚɬɟɪɢɚɥɞɚɪɞɵ, ɛɟɪіɤ, ɬԛɡɭ ɦɟɬɚɥɥɞɵ 
ԕɚɛɚɬɩɟɧ ԕɚɩɬɚɭ; 

Ȼɚɥԕɵɬɭ – ɫԝɣɵԕ ɤԛɣɞɟɝі ɚԕɵɪԑɵ ԧɧіɦɞі ɚɥɭ ԛɲіɧ ɛɚɥԕɵɬɭ ɩɟɲɬɟɪіɧɞɟ 
ɦɚɬɟɪɢɚɥɞɚɪɞɵ (ɤɟɧ, ɦɟɬɚɥɥ, ɬ.ɛ.) ԧңɞɟɭ ɩɪɨɰɟɫі (ɦɵɫɚɥɵ, ɞɨɦɧɚɥɵԕ ɨɬɬɟɤɬіɤ-
ɤɨɧɜɟɪɬɟɪɥіɤ ɛɚɥԕɵɬɭ);  

Ʌɟɝіɪɥɟɭ - ɧɟɝіɡɝі ɦɚɬɟɪɢɚɥɞɵң ɮɢɡɢɤɚɥɵԕ ɠԥɧɟ / ɧɟɦɟɫɟ ɯɢɦɢɹɥɵԕ 
ԕɚɫɢɟɬɬɟɪіɧ ԧɡɝɟɪɬɭ (ɠɟɬіɥɞіɪɭ) ԛɲіɧ ɦɚɬɟɪɢɚɥɞɚɪɞɵң ԕԝɪɚɦɵɧɚ ԕɨɫɩɚɥɚɪɞɵ 
ԕɨɫɭ. Ʌɟɝіɪɥɟɭ - ɛԝɥ ɤԧɥɟɦɞі (ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ) ɠԥɧɟ ɛɟɬіɧің (ɢɨɧɞɵԕ, ɞɢɮɮɭɡɞɵ 
ɠԥɧɟ ɬ.ɛ.) ɥɟɝіɪɥɟɭі ɚɪɚɫɵɧɞɚԑɵ ɚɣɵɪɦɚɲɵɥɵԕɬɵ ɚɣԕɵɧɞɚɣɬɵɧ ɛіɪԕɚɬɚɪ 
ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɩɪɨɰɟɞɭɪɚɥɚɪɞɵ ԕɨɪɵɬɭ; 

Ȼɨɥɚɬ – ɬɟɦіɪɞің ɤԧɦіɪɬɟɤ (2%-ɤɟ ɞɟɣіɧ) ɠԥɧɟ ɛɚɫԕɚ ɷɥɟɦɟɧɬɬɟɪɦɟɧ 
ԕɨɪɵɬɩɚɫɵ; ɬɟɦіɪɞің ɤԧɦіɪɬɟɝі ɠԥɧɟ ɛɚɫԕɚ ɷɥɟɦɟɧɬɬɟɪɦɟɧ ԕɨɫɵɥɵɩ ɠɚɫɚɥԑɚɧ 
ɞɟɮɨɪɦɚɰɢɹɥɚɧɚɬɵɧ ԕɨɪɵɬɩɚɫɵ; 

Ⱦɢɫɫɨɰɢɚɰɢɹ – ɞɢɫɫɨɰɢɚɰɢɹ, ɟɪɭ, ɦɨɥɟɤɭɥɹɪɥɵԕ ɦɚɫɫɚɫɵ ɚɡ ɤɪɢɫɬɚɥɞɵң, 
ɦɨɥɟɤɭɥɚɧɵң, ɪɚɞɢɤɚɥɞɵң ɧɟɦɟɫɟ ɢɨɧɧɵң ɮɪɚɝɦɟɧɬɬɟɪɝɟ ɵɞɵɪɚɭɵ; 

Ɋɚɫɩɥɚɜ – ɛɚɥԕɵɦɚ, ɫԝɣɵԕ ɤԛɣɝɟ ɞɟɣіɧ ԕɵɡɞɵɪɵɥԑɚɧ ɡɚɬ; 
Шɥɚɤ – ԕɨɠ, ɤԧɩɤɨɦɩɨɧɟɧɬɬі ɦɟɬɚɥɥ ɟɦɟɫ ɛɚɥԕɵɦɚ, ɫԝɣɵԕ ɦɟɬɚɥɞɵң ɛɟɬіɧ 

ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧɞɟ ɠɚɛɚɬɵɧ (ԕɚɬɚɣԑɚɧ ɫɨң, ɬɚɫ ɧɟɦɟɫɟ ɲɵɧɵ ɬԥɪіɡɞі ɡɚɬ); 
Ɇɨɧɨɲɢɯɬɚ – ɦɨɧɨɲɢɯɬɚ, ɦɨɧɨ – ɛіɪɟɭ, ɲɢɯɬɚ – ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ 

ɩɪɨɰɟɫɤɟ ɬԛɫɟɬіɧ ɤɨɦɩɨɧɟɧɬɬɟɪɞің ԕɨɫɩɚɫɵ; 
ȼɸɫɬɢɬ – ɬɟɦіɪɞің ɛіɪ (ɦɨɧɨ) ɨɤɫɢɞі, ɧɟɦіɫ ԑɚɥɵɦɵ Ɏ. ȼɸɫɬɬің ԕԝɪɦɟɬіɧɟ 

ɚɬɚɥԑɚɧ, ԕԝɪɚɦɵɧɞɚ 23’25,5 % ɨɬɬɟɝі ɛɨɥɚɬɵɧ, ɬɟɦіɪɞɟɝі ɨɬɬɟɝіɧің ԕɚɬɬɵ 
ɟɪіɬіɧɞіɫі; 

ɋɬɟɯɢɨɦɟɬɪɢɹ – ɷɥɟɦɟɧɬ ԧɥɲɟɭ, ɪɟɚɝɟɧɬɬɟɪɞің ԕɚɠɟɬɬі ɦɚɫɫɚɫɵɧ ɠԥɧɟ 
ɤԧɥɟɦіɧ ɬɟɨɪɢɹɥɵԕ ɬԝɪԑɵɞɚɧ ԧɥɲɟɭ; 

Шɩɢɧɟɥɶ – ԕԝɪɚɦɵɧɞɚ ɤɟɦ ɞɟɝɟɧɞɟ ɛіɪ ԧɬɩɟɥі ɬɨɩԕɚ ɬɢɟɫіɥі, ɨɬɬɟɝі ɛɚɪ ɟɤі 
ɦɟɬɚɥɞɵң ɤԛɪɞɟɥі ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ; 

Ʉɨɥɨɲɧɢɤ – ɞɨɦɧɚ ɩɟɲɬің ɠɨԑɚɪԑɵ ɰɢɥɢɧɞɪ ɛԧɥіɝі;  
Шɢɯɬɚ – ɛɚɫɬɚɩԕɵ ɦɚɬɟɪɢɚɥɞɚɪɞɵң ɚɪɚɥɚɫԕɚɧ ԕɨɫɩɚɫɵ; 
Ʉɨɧɜɟɪɫɢɹ – ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ԧңɞɟɭɞɟɝі ɬɨɬɵԕɬɵɪɭ ɩɪɨɰɟɫі; 

https://kk.wikipedia.org/w/index.php?title=%D0%A1%D2%B1%D0%B9%D1%8B%D2%9B_%D0%BA%D2%AF%D0%B9&action=edit&redlink=1
https://kk.wikipedia.org/wiki/%D0%9F%D0%B5%D1%88
https://kk.wikipedia.org/wiki/%D0%9A%D0%B5%D0%BD%D1%82%D0%B0%D1%81
https://kk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%B0%D0%BB%D0%BB
https://kk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81
https://kk.wikipedia.org/wiki/%D0%94%D0%BE%D0%BC%D0%BD%D0%B0_%D0%BF%D0%B5%D1%88%D1%96
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Ⱦɟɮɟɤɬ – ɚԕɚɭ; 
ȼɚɤɚɧɫɢɹ – ɛɨɫ ɨɪɵɧ; 
ȼ ɨɛɨɥɨɱɤɟ – ԕɚɭɵɡɵɧɞɚ; 
Ʉɨɧɜɟɤɰɢɹ – ɠɵɥɭ ԥɤɟɥɭ, ɠɵɥɭ ɠɟɬɤіɡɭ; 
Ɉɤɚɬɵɲ – ɠɟɧɬɟɤ; 
Ɏɚɡɨɜɨ-ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ – ɮɚɡɚɥɵԕ ɬіɡɛɟɤɬɟɣ 

ɪɟɞɭɤɰɢɹɥɚɭ. 
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ȻȿɅȽІɅȿɍɅȿɊ Ɇȿɇ ԔɕɋԔȺɊɌɍɅȺɊ 

 
Ȼԝɥ ɞɢɫɫɟɪɬɚɰɢɹɥɵԕ ɠԝɦɵɫɬɚ ɛɟɥɝіɥɟɭɥɟɪ ɦɟɧ ԕɵɫԕɚɪɬɭɥɚɪ ԕɨɥɞɚɧɵɥԑɚɧ: 
ȺȺɄɆ – ɚɞɫɨɪɛɰɢɹ-ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦ;  
ɆȿɋɌ – ɦɟɦɥɟɤɟɬɬіɤ ɫɬɚɧɞɚɪɬ; 
ȽɋȻ-400 – ɲɵԕԕɚɧ ɝɚɡɞɵң ɦԧɥɲɟɪіɧ ɬіɪɤɟɝіɲɬің ԕɵɫԕɚɲɚ ɫɢɩɚɬɬɚɦɚɫɵ; 
ȾȺɆ – ɞɢɫɫɨɰɢɚɰɢɹ-ɚɞɫɨɪɛɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦ; 
ɕɊȽ – ɵɫɬɵԕ ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɝɚɡ; 
ɕȽɌ – ɵɫɬɵԕ ɝɚɡ ɬɚɫɵɦɚɥɞɚԑɵɲ; 
ȾȻɉ – ɞɨԑɚɥɵ ɛɨɥɚɬ ɛɚɥԕɵɬɭ ɩɟɲі; 
ȺɄ – ɚԑɚɲ ɤԧɦіɪ; 
Ʉ – ɪɟɞɭɤɰɢɹɥɚɭɲɵ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɲɵԑɵɧɵ; 
ɆɟɈ –ɦɟɬɚɥɥ ɬɨɬɵԑɵ;  
ɉɅ – ɬіɤɟɥɟɣ ɥɟɝіɪɥɟɭ; 
ɆɆ – ɦɟɬɚɥɞɚɧԑɚɧ ɦɚɬɟɪɢɚɥ; 
ɊԔ – ɪɟɚɤɰɢɹԑɚ ɬԛɫɭ ԕɚɛɵɥɟɬɬіɥіɝі; 
ɋɍɈɅ – ɥɚɛɨɪɚɬɨɪɢɹɥɵԕ ԕԝɛɵɪɥɵ ɩɟɲ; 
Ɍɀ – ɬɟɯɧɢɤɚɥɵԕ ɠɚԑɞɚɣ; 
ɆɌɅ –ɦɟɬɚɥɞɵ ɬіɤɟɥɟɣ ɥɟɝіɪɥɟɭ; 
ɇɌɆɄ - ɇɢɠɧɟɬɚɝɢɥɶ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɤɨɦɛɢɧɚɬɵ; 
ɆȿԔ – ɦɟɬɚɥɥ ɟɦɟɫ ԕɨɫɵɧɞɵɥɚɪ; 
ɋɚɤ – ɚԑɚɲ ɤԧɦіɪіɧің ԕԝɪɚɦɵɧɞɚԑɵ ɤԧɦіɪɬɟɝі; 
Feɦɟɬ – ɚɥԑɚɲԕɵ ɦɚɬɟɪɢɚɥɞɚԑɵ ɦɟɬɚɥɞɵԕ ɬɟɦіɪɞің ɦԧɥɲɟɪі, % 
Feɨɛɳ – ɠɚɥɩɵ ɬɟɦіɪ;  
g – ɟɪɤіɧ ɬԛɫɭ ԛɞɟɭі, ɦ/ɫ2; 
gc – ɛɚɪɥɵԕ ɦɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ɠԝɦɫɚɥɚɬɵɧ ɤԧɦіɪɬɟɝіɧің 

ɠɚɥɩɵ ɲɵԑɵɧɵ, ɤɝ/ɤɝ ɲɢɯɬɵ; 
R – ɪɟɞɭɤɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫі, ɛіɪɥіɤ ԛɥɟɫі ɧɟɦɟɫɟ %;  
t – ɬɟɦɩɟɪɚɬɭɪɚ, ɋ°; 
Ɍ, Ʉ — ɚɛɫɨɥɸɬɬіɤ ɬɟɦɩɟɪɚɬɭɪɚ, Ʉɟɥɶɜɢɧ;  
Ʉɒ – ɤɨɥɨɲɧɢɤɬі ɲɚң; 
Ⱥɫ – ԕɚɬɬɵ ɪɟɞɭɤɰɢɨɧɟɪ ɤԛɥɞің ɦԧɥɲɟɪі, %; 
ȼ – ɲɥɚɤɬɵң ɧɟɝіɡɞіɥіɝі; 
ɋm – ɦɟɬɚɥɥɞɵң ɠɚɥɩɵ ɠɵɥɭ ɫɵɣɵɦɞɵɥɵԑɵ; 
Feɝ – ɝɟɦɚɬɢɬ ɮɚɡɚɫɵɧɞɚԑɵ ɬɟɦіɪɞің ɦԧɥɲɟɪі, %; 
Feɦɟɬ – ɛɚɫɬɚɩԕɵ ɦɚɬɟɪɢɚɥɞɚԑɵ ɦɟɬɚɥɥ ɬɟɦіɪɞің ɦԧɥɲɟɪі, %; 
Feɨɛɳ – ɠɚɥɩɵ ɬɟɦіɪ; 

2COg – ɋɈ2 ɝɚɡɵɧɵң ɦɚɫɫɚɥɵԕ ɦԧɥɲɟɪі; 

Cig  – ɩɪɨɰɟɫɬің i-ɲі ɫɚɬɵɫɵɧɞɚԑɵ ɤԧɦіɪɬɟɤɬің ɠɚɥɩɵ ɲɵԑɵɧɵ, ɤɝ/ɤɝ 
ɲɢɯɬɚ; 

C,Mng  – ɦɚɪɝɚɧɟɰɬі ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ɠԝɦɫɚɥɚɬɵɧ ɤԧɦіɪɬɟɝіɧің ɲɵԑɵɧɵ, 

ɤɝ/ɤɝ ɲɢɯɬɚ; 
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C,Crg – ɯɪɨɦɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ɠԝɦɫɚɥɚɬɵɧ ɤԧɦіɪɬɟɝіɧің ɲɵԑɵɧɵ, ɤɝ/ɤɝ 
ɲɢɯɬɚ; 

C,Sig  –ɤɪɟɦɧɢɹɞі ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ɠԝɦɫɚɥɚɬɵɧ ɤԧɦіɪɬɟɝіɧің ɲɵԑɵɧɵ, 

ɤɝ/ɤɝ ɲɢɯɬɚ; 

Feg – ɛɚɫɬɚɩԕɵ ɦɚɫɫɚɞɚɧ ɦɟɬɚɥɞɚɧԑɚɧ ɬɟɦіɪɞің ɦԧɥɲɟɪі, %; 

Feg – ɩɪɨɰɟɫɬің ɛɚɪɥɵԕ ɤɟɡɟңɞɟɪіɧɞɟ ɠԝɦɫɚɥɚɬɵɧ ɤԧɦіɪɬɟɤɬің ɲɵԑɵɧɵ, 

ɤɝ/ɤɝ ɲɢɯɬɚ; 

2H Og – ɇ2Ɉ ɦɚɫɫɚɥɵԕ ɦԧɥɲɟɪі; 

ɭɝ.ɤ.g – ɤԧɦіɪɬɟɤɬі ɤɨɦɩɨɧɟɧɬɬɟɪɞің ɲɵԑɵɧɵ, ɤɝ/ɤɝ ɲɢɯɬɚ; 

Vg′ – ɲɢɯɬɚ ԕԝɪɚɦɵɧɞɚԑɵ ԝɲɚɬɵɧ ɡɚɬɬɚɪɞɵң ɧɚԕɬɵ ɫɚɧɵ, ɤɝ/ɤɝ ɲɢɯɬɚ; 

O, Feg – ɬɟɦіɪɞің ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɤɟɡіɧɞɟ ɲɢɯɬɚɞɚɧ ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ 
ɨɬɬɟɝіɧің ɲɵԑɵɦɵ, ɤɝ/ɤɝ ɆɆ; 

O, Mng – ɦɚɪɝɚɧɟɰɬің ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɤɟɡіɧɞɟ ɲɢɯɬɚɞɚɧ ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ 
ɨɬɬɟɝіɧің ɲɵԑɵɦɵ, ɤɝ/ɤɝ ɆɆ; 

2 3Fe OɈ – Fe2O3-ɦɟɧ ɛɚɣɥɚɧɵɫɬɵɪɵɥԑɚɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪі, ɤɝ/ɤɝ Fe; 

3 4Fe OO – Fe3O4-ɦɟɧ ɛɚɣɥɚɧɵɫɬɵɪɵɥԑɚɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪі, ɤɝ/ɤɝ Fe; 

FeOO – FeO-ɦɟɧ ɛɚɣɥɚɧɵɫɬɵɪɵɥԑɚɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪі, ɤɝ/ɤɝ Fe; 
Q∑ – ɠɚɥɩɵ ɠɵɥɭ; 
R – ɪɟɞɭɤɰɢɹ ɞԥɪɟɠɟɫі, ɛіɪɥіɤ ԛɥɟɫі ɧɟɦɟɫɟ %; 
V – ԝɲԕɵɲ ɡɚɬɬɚɪɞɵң ɦԧɥɲɟɪі, ɤɝ/ɤɝ ɲɢɯɬɚ; 
VCO – ɦɟɬɚɥɞɚɪɞɵң ɪɟɞɭɤɰɢɹɫɵ ɤɟɡіɧɞɟ ɛԧɥіɧіɩ ɲɵԑɚɬɵɧ CO ɝɚɡɵɧɵң 

ɠɚɥɩɵ ɦԧɥɲɟɪі, ɦ3/ɤɝ ɆɆ; 
2COV – ɦɟɬɚɥɞɚɪɞɵң ɪɟɞɭɤɰɢɹɫɵ ɤɟɡіɧɞɟ ɛԧɥіɧіɩ ɲɵԑɚɬɵɧ ɋɈ2 ɝɚɡɵɧɵң 

ɠɚɥɩɵ ɦԧɥɲɟɪі, ɦ3/ɤɝ ɆɆ; 
2COV – ɋɈ2 ɝɚɡɵɧɵң ɤԧɥɟɦі, ɦ3/ɤɝ ɆɆ; 

Vɝ – ɝɚɡɞɵң ɠɚɥɩɵ ɲɵԕԕɚɧ ɤԧɥɟɦі, ɦ3/ɤɝ ɆɆ; 
ωɜ – ɪɟɞɭɤɰɢɹ ɠɵɥɞɚɦɞɵԑɵ, ɦɢɧ-1; 

Crη  – ɯɪɨɦɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧɞɟɝі ɛԧɥіɩ ɚɥɭ ɞԥɪɟɠɟɫі; 
Feη  – ɬɟɦіɪɞі ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧɞɟɝі ɛԧɥіɩ ɚɥɭ ɞԥɪɟɠɟɫі; 
Mnη  –ɦɚɪɝɚɧɟɰɬі ɯɪɨɦɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧɞɟɝі ɛԧɥіɩ ɚɥɭ ɞԥɪɟɠɟɫі; 
ɦɟɬη – ɦɟɬɚɥɞɚɧɞɵɪɭ ɞԥɪɟɠɟɫі, ɛіɪɥіɤ ԛɥɟɫі ɧɟɦɟɫɟ %; 

10γ – CO2 ɬԛɪіɧɞɟ ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ ɨɬɬɟɝіɧің ԛɥɟɫі; 

20γ – ɋɈ ɬԛɪіɧɞɟ ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ ɨɬɬɟɝіɧің ԛɥɟɫі; 
ɨΔG – Ƚɢɛɛɫ ɷɧɟɪɝɢɹɫɵɧɵң ɫɬɚɧɞɚɪɬɬɵ ԧɡɝɟɪіɫі, ɤȾɠ/ɦɨɥɶ; 

FeΔg – ɬɨɥɵԑɵɦɟɧ ɪɟɞɭɤɰɢɹɥɚɧɛɚԑɚɧ ɬɟɦіɪ ɦԧɥɲɟɪі, %; 
ɨΔɇ – ɷɧɬɚɥɶɩɢɹ ɫɬɚɧɞɚɪɬɬɵ ԧɡɝɟɪіɫі, ɤȾɠ/ɦɨɥɶ; 

ΔO – CO2 ɠԥɧɟ ɋɈ ɬԛɪіɧɞɟ ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ ɨɬɬɟɝіɧің ɠɚɥɩɵ ɦԧɥɲɟɪі, 
ɤɝ/ɤɝ ɲɢɯɬɚ; 

ɲΣO – ɲɢɯɬɚɞɚɧ ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ ɨɬɬɟɝі ɠɚɥɩɵ ɦԧɥɲɟɪі, ɤɝ/ɤɝ ɲɢɯɬɚ; 
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FeΔɈ  – ɬɟɦіɪɞі ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің ɛɚɪɥɵԕ ɦԧɥɲɟɪі, 
ɤɝ/ɤɝ ɲɢɯɬɚ; 

MnΔɈ  – Mn2O3ĺMn3O4ĺMnOĺMn ɛɨɣɵɧɲɚ ɮɚɡɚɥɵԕ ԧɡɝɟɪɭ 
ɫɚɬɵɥɚɪɵɧɞɚ ɦɚɪɝɚɧɟɰɬі ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің ɛɚɪɥɵԕ 
ɦԧɥɲɟɪі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

CrΔɈ – Cr2O3ĺCr3O4ĺCrOĺCr ɛɨɣɵɧɲɚ ɮɚɡɚɥɵԕ ԧɡɝɟɪɭ ɫɚɬɵɥɚɪɵɧɞɚ 
ɯɪɨɦɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің ɛɚɪɥɵԕ ɦԧɥɲɟɪі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

SiΔɈ – ɤɪɟɦɧɢɣɞі ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің ɛɚɪɥɵԕ ɦԧɥɲɟɪі, 
ɤɝ/ɤɝ ɲɢɯɬɚ; 

1ΔɈ – Fe2O3ĺFe3O4  ɛɨɣɵɧɲɚ ɮɚɡɚɥɵԕ ԧɡɝɟɪɭ  ɤɟɡɟңіɧɞɟ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің 
ɦɚɫɫɚɥɵԕ ԛɥɟɫі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

2ΔɈ – Fe3O4ĺFeO ɛɨɣɵɧɲɚ ɮɚɡɚɥɵԕ ԧɡɝɟɪɭ  ɤɟɡɟңіɧɞɟ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің 
ɦɚɫɫɚɥɵԕ ԛɥɟɫі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

3ΔɈ – FeOĺFeɦɟɬ ɛɨɣɵɧɲɚ ɮɚɡɚɥɵԕ ԧɡɝɟɪɭ  ɤɟɡɟңіɧɞɟ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің 
ɦɚɫɫɚɥɵԕ ԛɥɟɫі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

3ΔɈ– ɤɨɧɜɟɪɫɢɹɧɵң ԛɲіɧɲі ɫɚɬɵɫɵɧɞɚ ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ ɨɬɬɟɝіɧің 
ɦɚɫɫɚɥɵԕ ԛɥɟɫі, ɫɨɧɵң іɲіɧɞɟ ɜɸɫɬɢɬɬің ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɤɟɡіɧɞɟ ɝɚɡɞɚɧɞɵɪɚɬɵɧ 
ɨɬɬɟɝіɧің ɦԧɥɲɟɪі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

3ΔɈ  – FeO ɬԛɪіɧɞɟɝі ɬɨɥɵԕ ɪɟɞɭɤɰɢɹɥɚɧɛɚԑɚɧ ɬɟɦіɪɞің ɤԧɥɟɦіɦɟɧ 
ɛɚɣɥɚɧɵɫɬɵ ɨɬɬɟɝіɧің ԕɚɥɞɵԕ ɦԧɥɲɟɪі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

 2ɋɈΔɈ  – ɋɈ2 ɬԛɪіɧɞɟ ɲɢɯɬɚɞɚɧ ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ ɨɬɬɟɝі; 

 ɋɈΔɈ  – ɋɈ ɬԛɪіɧɞɟ ɲɢɯɬɚɞɚɧ ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ ɨɬɬɟɝі; 

1 MnΔɈ – MnO2ĺMn2O3, ɛɨɣɵɧɲɚ ɮɚɡɚɥɵԕ ԧɡɝɟɪɭ  ɤɟɡɟңіɧɞɟ ɝɚɡɞɚɥԑɚɧ 
ɨɬɬɟɝіɧің ɦɚɫɫɚɥɵԕ ԛɥɟɫі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

2 MnΔɈ  – Mn2O3ĺMn3O4 ɛɨɣɵɧɲɚ ɮɚɡɚɥɵԕ ԧɡɝɟɪɭ  ɤɟɡɟңіɧɞɟ ɝɚɡɞɚɥԑɚɧ 
ɨɬɬɟɝіɧің ɦɚɫɫɚɥɵԕ ԛɥɟɫі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

3 MnΔɈ  –Mn3O4ĺMnO ɛɨɣɵɧɲɚ ɮɚɡɚɥɵԕ ԧɡɝɟɪɭ  ɤɟɡɟңіɧɞɟ ɝɚɡɞɚɥԑɚɧ 
ɨɬɬɟɝіɧің ɦɚɫɫɚɥɵԕ ԛɥɟɫі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

4 MnΔɈ  – MnOĺMn ɛɨɣɵɧɲɚ ɮɚɡɚɥɵԕ ԧɡɝɟɪɭ  ɤɟɡɟңіɧɞɟ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің 
ɦɚɫɫɚɥɵԕ ԛɥɟɫі, ɤɝ/ɤɝ ɲɢɯɬɚ; 

MnΔɈ – ɦɚɪɝɚɧɟɰ ɨɤɫɢɞɬɟɪіɧɟɧ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің ɠɚɥɩɵ ɦԧɥɲɟɪі, ɤɝ/ɤɝ 
ɲɢɯɬɚ; 

ΔQ – ɩɪɨɰɟɫɬі ɠɵɥɭɦɟɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭ; 
oΔS – ɫɬɚɧɞɚɪɬɬɵ ɷɧɬɪɨɩɢɹ ԧɡɝɟɪіɫі, Ⱦɠ/ɦɨɥɶ·Ʉ; 

Δτ– ɭɚԕɵɬ ɚɣɵɪɦɚɲɵɥɵԑɵ, ɦɢɧ; 
Ɉɫɵ ɦɚԕɚɥɚɞɚ ɤɟɥɬіɪіɥɝɟɧ ɮɢɡɢɤɚɥɵԕ ɦԧɥɲɟɪɞің ԧɥɲɟɦɞɟɪі ɆȿɋɌ 8.417-

81 «Ԧɥɲɟɭɞің ԥɪ ɬԛɪɥі ɚɣɦɚԕɬɚɪɵɧɞɚԑɵ ԕɨɧɞɵɪԑɵɥɚɪɞɵ ԕɨɥɞɚɧɭ» ɫԥɣɤɟɫ 
ԕɚɛɵɥɞɚɧɚɞɵ. Ȼіɪ ɪɟɬ ɧɟɦɟɫɟ ɚɡ ԕɨɥɞɚɧɵɥԑɚɧ ɚɧɵԕɬɚɦɚɥɚɪ, ɛɟɥɝіɥɟɪ ɦɟɧ 
ԕɵɫԕɚɪɬɭɥɚɪ ɠԝɦɵɫ ɦԥɬіɧіɧɞɟ ɬԛɫіɧɞіɪіɥɟɞі. 
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ɄІɊІɋɉȿ 

 

Шɟɲіɥɟɬіɧ ԑɵɥɵɦɢ ɧɟɦɟɫɟ ԑɵɥɵɦɢ-ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɦԥɫɟɥɟɥɟɪɞіԙ 
ɡɚɦɚɧɚɭɢ ɠԥɣ-ɤԛɣіɧ ɛɚԑɚɥɚɭ. ɂɧɞɭɫɬɪɢɹɧɵң ɤԧɡі - ɤɨɧɫɬɪɭɤɰɢɹɥɵԕ  ɛɨɥɚɬ 
ԧɧɞіɪɭ, ɬɟɦіɪ ɠԥɧɟ ɛɨɥɚɬ ɦɟɬɚɥɥɭɪɝɢɹɫɵɧ іɪɝɟɥі ԑɵɥɵɦɞɚɪ ɫɚɥɚɫɵɧɚ ԕɨɫɚɞɵ. 
Ƚɟɦɚɬɢɬɬі, ɦɚɝɧɟɬɢɬɬі ɠԥɧɟ ɤɟɲɟɧɞі ɬɟɦіɪɤɟɧɞіɤ ɛɨɥɵɩ ɛԧɥіɧɟɬіɧ 
ɲɢɤіɡɚɬɬɚɪɞɵң  ɯɢɦɢɹɥɵԕ ɠԥɧɟ ɦɢɧɟɪɨɥɨɝɢɹɥɵԕ ԕԝɪɚɦɵ ɤԛɪɞɟɥі ɛɨɥɭɵ, 
ɨɥɚɪɞɵ ԧңɞɟɝɟɧ ɤɟɡɞɟ ԥɪɬԛɪɥі ɦɚɪɤɚɥɵ ɛɨɥɚɬ ɚɥɵɧɭɵɧɚ ɛɚɫɬɵ ɫɟɛɟɩ. Ʉɟɲɟɧɞі 
ɬɟɦіɪ ɪɭɞɚɫɵɧ ԧңɞɟɭ ɲɢɤіɡɚɬɬɚɧ ɬɟɤ ԕɚɧɚ ɬɟɦіɪ ԑɚɧɚ ɟɦɟɫ, ɫɨɧɞɚɣ-ɚԕ ɥɟɝіɪɥɟɭɲі 
ɦɟɬɚɥɞɚɪɞɵ ɛԧɥіɩ ɚɥɭ ԕɚɠɟɬɬіɥіɝіɧɟ ɠԥɧɟ ɦԛɦɤіɧɞіɝіɧɟ ɛɚɣɥɚɧɵɫɬɵ ԛɥɤɟɧ 
ɩɪɚɤɬɢɤɚɥɵԕ ɦɚңɵɡԑɚ ɢɟ. 

Ʉɟɲɟɧɞі ɬɟɦіɪ-ɤɟɧɞіɤ ɲɢɤіɡɚɬɬɚɪɵɧɵң ɚɪɚɫɵɧɞɚ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɩɟɧ 
ɢɥɶɦɟɧɢɬ ɤɟɧɞɟɪі ԕԝɪɚɦɵɧɞɚ ɜɚɧɚɞɢɣ, ɬɢɬɚɧ, ɚɡɞɚɩ ɦɚɪɝɚɧɟɰ ɠԥɧɟ ɯɪɨɦ ɫɢɹԕɬɵ 
ɛɚԑɚɥɵ ɦɟɬɚɥɞɚɪ ɤɟɡɞɟɫɟɬіɧɞіɤɬɟɧ ɟɪɟɤɲɟ ɨɪɵɧ ɚɥɚɞɵ. 

Ɍɢɬɚɧ, ɬɟɦіɪ ɬԥɪіɡɞі, ɠɟɪ ԕɵɪɬɵɫɵɧɞɚ ɤɟң ɬɚɪɚɥԑɚɧ ɠԥɧɟ TiO2 ɨɤɫɢɞі 
ɬԛɪіɧɞɟ ɤɟɡɞɟɫɟɬіɧ ɦɟɬɚɥɥ. Ȼіɪɚԕ ɬɟɦіɪ ɨɤɫɢɞɬɟɪіɧɟɧ ɚɣɵɪɦɚɲɵɥɵԑɵ ɬɢɬɚɧ 
ɞɢɨɤɫɢɞіɧің ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɝі ɛіɪɧɟɲɟ ɟɫɟ ɠɨԑɚɪɵ. ɋɨɧɞɵԕɬɚɧ ɬɢɬɚɧ ɨɤɫɢɞіɧ 
ɪɟɞɭɤɰɢɹɥɚɭ ɠԥɧɟ ɦɟɬɚɥɞɵԕ ɬɢɬɚɧɞɵ ɧɟɦɟɫɟ ɬɢɬɚɧɞɵ ԕɨɪɵɬɩɚɧɵ ԧɧɞіɪɭɞɟ 
ԛɥɤɟɧ ɤɟɞɟɪɝі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ɍɚԕɵɪɵɩɬɵԙ ԧɡɟɤɬіɥіɝі.  
Ԕɚɡɚԕɫɬɚɧ ɚɭɦɚԑɵɧɞɚ ԧңɞɟɥɟɬіɧ ɢɥɶɦɟɧɢɬ ɠԥɧɟ ɡɟɪɬɬɟɥɝɟɧ, ɛіɪɚԕ 

ԧңɞɟɥɦɟɣɬіɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɟɧɞɟɪі ɤɟɡɞɟɫɟɞі. Ɋɟɫɟɣ ɚɭɦɚԑɵɧɞɚ (Ɉɪɚɥ 
ɚɭɞɚɧɵɧɞɚ) ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬің іɪі ɤɟɧ ɨɪɧɵ ɡɟɪɬɬɟɥɝɟɧ ɠԥɧɟ ԧңɞɟɥɟɞі, ԕԝɪɚɦɵ 
56,0-62,0% ɬɟɦіɪ; 4,0-5,0% TiO2, 0,50-0,6% V2O5 ɠԥɧɟ 0,12-0,15% Mn-ɬɟɧ 
ɬԝɪɚɬɵɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ Ʉɚɱɤɚɧɚɪ ɌȻɄ-ɬɵ ɠԥɧɟ ȿɜɪɚɡ «ɇɌɆɄ» 
іɪі ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɤɨɦɛɢɧɚɬ ԧɧɞіɪɟɞі. Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɲɢɤіɡɚɬɵɧ ԧңɞɟɭ 
ɬɟɯɧɨɥɨɝɢɹɫɵ ɜɚɧɚɞɢɣ ɲɨɣɵɧɵɧ ɛɚɥԕɵɬɵɩ ɚɥɭ ɠԥɧɟ ɜɚɧɚɞɢɣ ɲɨɣɵɧɵɧɚɧ 
ɜɚɧɚɞɢɣɞі ɛԧɥіɩ ɚɥɭԑɚ ɛɚԑɵɬɬɚɥԑɚɧ. Ȼԝɥ ɠɚԑɞɚɣɞɚ ɬɢɬɚɧɧɵң ɪɟɞɭɤɰɢɹɥɚɧɭɵ 
ɠԥɧɟ ɬɢɬɚɧ ɤɚɪɛɢɞɬɟɪіɧің ɩɚɣɞɚ ɛɨɥɭɵ ɟɥɟɭɥі ԕɢɵɧɲɵɥɵԕɬɚɪ ɬɭɵɧɞɚɬɚɞɵ. 
ɋɨɧɞɵԕɬɚɧ ɬɟɦіɪ, ɜɚɧɚɞɢɣ, ɬɢɬɚɧɞɵ ɬіɡɛɟɤɬɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧ ԑɵɥɵɦɢ 
ɡɟɪɬɬɟɭ, ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɩɟɧ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ԧңɞɟɭ ɬɟɯɧɨɥɨɝɢɹɫɵɧ 
ɠɚɫɚԕɬɚɭ өɡɟɤɬі ɦΩɫɟɥɟ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

ɀԝɦɵɫɬɵԙ ɦɚԕɫɚɬɵ: ɤԧɩɤɨɦɩɨɧɟɧɬі ɨɤɫɢɞɬі ɠԛɣɟɞɟɧ ɦɟɬɚɥɞɚɪɞɵң 
ɬіɡɛɟɤɬɟɣ ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɛɨɣɵɧɲɚ ɷɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭɥɟɪɞің ɧԥɬɢɠɟɫіɧ 
ɚɥɭ, ɬɟɦіɪ, ɜɚɧɚɞɢɣ, ɦɚɪɝɚɧɟɰ, ɯɪɨɦ, ɬɢɬɚɧ ɦɟɬɚɥɞɚɪɵɧɵң ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɧɭ 
ɤɢɧɟɬɢɤɚɥɵԕ ɫɢɩɚɬɬɚɦɚɥɚɪɵɧ ɠԥɧɟ ɛɚԑɚɥɵ ɥɟɝіɪɥɟɭɲі ɦɟɬɚɥɞɚɪɦɟɧ ɬɚɛɢԑɢ 
ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ԛɥɝіɥɟɪіɧ ɚɥɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

ɇɟɝіɡɝі ɡɟɪɬɬɟɭ ɦіɧɞɟɬɬɟɪі:  
- ɢɥɶɦɟɧɢɬ ɠԥɧɟ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ɫɢɹԕɬɵ ɤԧɩɤɨɦɩɨɧɟɧɬі 

ɨɤɫɢɞɬіɤ ɦɚɬɟɪɢɚɥɞɚɪɞɚɧ ɥɚɛɨɪɚɬɨɪɢɹɥɵԕ ɲɢɯɬɚ ԛɥɝіɥɟɪіɧ ɞɚɣɵɧɞɚɭ 
ɠԝɦɵɫɬɚɪɵ;  

- ԥɪ ɦɟɬɚɥɞɵң ɨɤɫɢɞɬɟɪіɧің ɯɢɦɢɹɥɵԕ ɛɚɣɥɚɧɵɫɬɚɪɵɧɵң 
ɬɟɪɦɨɞɢɧɚɦɢɤɚɥɵԕ ɤԧɪɫɟɬɤіɲɬɟɪі ɧɟɝіɡіɧɞɟ ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪіɧің ɛɟɪіɤɬіɤ 
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ɫɢɩɚɬɬɚɦɚɥɚɪɵɧ ɛɚԑɚɥɚɭ ɠԥɧɟ ɪɟɞɭɤɰɢɹɥɵԕ ɪɟɚɤɰɢɹɥɚɪɞɵң ɧԥɬɢɠɟɫіɧɞɟ ɦɟɬɚɥɥ 
ɨɤɫɢɞɬɟɪіɧɟɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪіɧ ɚɧɵԕɬɚɭ;  

- ԧңɞɟɥɟɬіɧ ɦɟɬɚɥɞɚɪɞɵ ɬɨɥɵԑɵɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ɠԝɦɫɚɥɚɬɵɧ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝіɧің ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɲɵԑɵɧɵɧ ɟɫɟɩɬɟɭ, ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ 
ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧ ɠԛɪɝіɡɭ ԛɲіɧ ɤɟɧ-ɤԧɦіɪ ԕɨɫɩɚɫɵɧɵң ԛɥɝіɥɟɪіɧ 
ɞɚɣɵɧɞɚɭ ɠԥɧɟ ɦɟɬɚɥɞɚɧԑɚɧ ɦɚɬɟɪɢɚɥɞɚɪ ɚɥɭ; 

- ɤԛɪɞɟɥі ɠԥɧɟ ԕɢɵɧ ɦіɧɞɟɬ – ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧ 
ԝɣɵɦɞɚɫɬɵɪɭ, ɦɚɬɟɪɢɚɥɞɵң ɥɚɛɨɪɚɬɨɪɢɹɥɵԕ ԛɥɝіɥɟɪіɧ ɞɚɣɵɧɞɚɭɞɵ, ɫɨɧɵɦɟɧ 
ԕɚɬɚɪ ɥɚɛɨɪɚɬɨɪɢɹɥɵԕ ɛɚɥԕɵɬɭ ԕɨɧɞɵɪԑɵɥɚɪɵɧ ɞɚɣɵɧɞɚɭ ɠԥɧɟ ɫɵɧɚɭ, ɨɥɚɪɞɵң 
ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɠԥɧɟ ɠɵɥɭ ɠɚԑɞɚɣɵɧ ɪɟɬɬɟɭ ɠԝɦɵɫɬɚɪɵɧ  ԕɚɦɬɢɞɵ. Ⱥɥɵɧԑɚɧ 
ɧԥɬɢɠɟɥɟɪɞі ɬɚɥɞɚɭ ɠԥɧɟ ɨɥɚɪɞɵ ԑɵɥɵɦɢ ɛɚɫɵɥɵɦɞɚɪɞɚ ɠɚɪɢɹɥɚɭ.  

Ԑɵɥɵɦɢ ɡɟɪɬɬɟɭɥɟɪɞіԙ ɬɟɨɪɢɹɥɵԕ ɧɟɝіɡɞɟɪі.  
ɂɥɶɦɟɧɢɬ ɠԥɧɟ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ɫɢɹԕɬɵ ԕɢɵɧ ԧңɞɟɥɟɬіɧ 

ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɚɧ ɦɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің ԑɵɥɵɦɢ ɡɟɪɬɬɟɭɥɟɪіɧ 
ԝɣɵɦɞɚɫɬɵɪɭ, ɛіɪіɧɲіɞɟɧ, ԕɚɬɬɵ ɤԧɦіɪɬɟɤɬі ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬ ɪɟɬіɧɞɟ 
ɩɚɣɞɚɥɚɧɭԑɚ ɧɟɝіɡɞɟɥɝɟɧ, ɫɨɧɞɵԕɬɚɧ ɬɟɨɪɢɹɥɵԕ ɡɟɪɬɬɟɭ ɧɟɝіɡɞɟɪі ɦɟɬɚɥɞɵ 
ɪɟɞɭɤɰɢɹɥɚɭɞɵң ɛɟɥɝіɥі ɦɟɯɚɧɢɡɦɞɟɪіɧ ɬɚɥɞɚɭ ɚɪԕɵɥɵ ɚɧɵԕɬɚɥɚɞɵ. ȿɤіɧɲіɞɟɧ, 
ԝɫɵɧɵɥԑɚɧ ɦɟɯɚɧɢɡɦɞɟɪ ɚɪɚɫɵɧɞɚԑɵ ԕɚɣɲɵɥɵԕɬɚɪ ɨɥɚɪɞɵ іɪɝɟɥі ԑɵɥɵɦɢ 
ɟɪɟɠɟɥɟɪɞің ɧɟɝіɡіɧɞɟ ɬɟɪɟң ɬɚɥɞɚɭɞɵ ԕɚɠɟɬ ɟɬɟɞі. 

Ȼɟɥɝіɥі ɚɞɫɨɪɛɰɢɹ-ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦі (ȺȺɄɆ) ɝɚɡ ɬԛɪіɧɞɟɝі 
ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬɬɟɪɞің ɚɞɫɨɪɛɰɢɹɫɵɧɚ ɧɟɝіɡɞɟɥɝɟɧ ɠԥɧɟ ɪɟɞɭɤɰɢɹɥɚɭɲɵ 
ɪɟɚɝɟɧɬ ɪɟɬіɧɞɟ CO, H2 ɝɚɡɞɚɪɵɧɚɧ ɬԝɪɚɬɵɧ ɵɫɬɵԕ ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɝɚɡɞɵ (ɕɊȽ) 
ɩɚɣɞɚɥɚɧɭɞɵ ԝɫɵɧɚɞɵ. Ɉɫɵ ɦɟɯɚɧɢɡɦɞі ɧɟɝіɡіɧɟɧ ɲɚɯɬɚ ɩɟɲɬɟɪіɧɞɟ ɕɊȽ ɛɟɧ 
ɲɢɯɬɚɧɵң ԕɚɪɚɦɚ-ԕɚɪɫɵ ɚԑɵɧɞɵԕ ԕɨɡԑɚɥɵɫɵɧ ԝɣɵɦɞɚɫɬɵɪɭ ԕɚɠɟɬɬіɥіɝіɧɟ 
ɛɚɣɥɚɧɵɫɬɵ ɩɚɣɞɚɥɚɧɚɞɵ. Ȼԝɥ ɩɪɨɰɟɫɬі іɫɤɟ ɚɫɵɪɭ ԛɲіɧ ɬɟɦіɪ ɤɟɧіɧ ɠɟɧɬɟɤɬɟɭ 
ɠԥɧɟ ɨɥɚɪɞɵ іɪіɥіɝіɧɟ ɛɚɣɥɚɧɵɫɬɵ ɫԝɪɵɩɬɚɭ ɩɪɨɰɟɫɬɟɪіɧɟ ɬɟɯɧɢɤɚɥɵԕ ɲɚɪɬɬɚɪ 
(Ɍɒ) ԝɫɵɧɵɥɞɵ, ɧԥɬɢɠɟɫіɧɞɟ ɲɢɯɬɚɧɵң ԝɧɬɚԕ ԕɚɥɞɵԕɬɚɪɵ ɠɢɧɚԕɬɚɥɞɵ. 

Ɉɫɵ ɦɟɯɚɧɢɡɦɞɟ ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬ ɪɟɬіɧɞɟ ԕɚɬɬɵ ɤԧɦіɪɬɟɤɬі 
ɩɚɣɞɚɥɚɧɫɚԕ, ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɛԧɥɲɟɤɬɟɪіɧің ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪіɦɟɧ ɚɪɚɫɵɧɞɚԑɵ 
ɛɚɣɥɚɧɵɫ - ɞɢɮɮɭɡɢɹɥɵԕ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɭіɦɟɧ ɲɟɤɬɟɥɟɞі, ɫɨɧɞɵԕɬɚɧ ɧɚԕɬɵ 
ɧԥɬɢɠɟ ɛɟɪɦɟɣɞі. 

Ԕɚɪɚɫɬɵɪɵɥɵɩ ɨɬɵɪԑɚɧ ɦɟɯɚɧɢɡɦ ɛɨɣɵɧɲɚ ɤɟɫɟɤɬɟɥɝɟɧ ɲɢɤіɡɚɬɬɚɪ 
ԕɚɛɚɬɵɧɞɚ ɕɊȽ ɚԑɵɧɵ ɚɪԕɵɥɵ ɦɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧ ɬԥɠіɪɢɛɟɥіɤ 
ɡɟɪɬɬɟɝɟɧ ɤɟɡɞɟ ɩɪɨɰɟɫɫ ɞɢɮɮɭɡɢɹɥɵԕ ɪɟɠɢɦɞɟ іɪі ɤɟɫɟɤɬің ɫɵɪɬԕɵ ɛɟɬіɧɟɧ 
іɲɤі ɨɪɬɚɥɵԕ ɛԧɥіɝіɧɟ ԕɚɪɚɣ ɠԛɪɟɬіɧɞіɝі ɛɚɣԕɚɥɚɞɵ. Ȼԝɥ ɩɪɚɤɬɢɤɚɞɚ ɲɚɯɬɚɥɵԕ 
ɩɟɲɬɟɪɞɟ ɤɟɧɞіɤ ɲɢɤіɡɚɬɬɚɪɞɵ ɦɟɬɚɥɞɚɧɞɵɪɭ ɠԥɧɟ ɞɨɦɧɚ ɩɟɲіɧɞɟ 
ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɩɪɨɰɟɫɬɟɪіɧ ɲɚɦɚɦɟɧ 6-7 ɫɚԑɚɬ ɠԛɪɝіɡɭ ԕɚɠɟɬ ɟɤɟɧɞіɝіɧɟɧ 
ɚɧɵԕ ɛɚɣԕɚɥɚɞɵ. 

Ɇɟɬɚɥɞɚɪɞɵ ɦɟɬɚɥɞɚɧɞɵɪɭɞɵң ɛɟɥɝіɥі ɦɟɯɚɧɢɡɦɞɟɪіɧɟ ɠɚɩɩɚɣ ɲɨɥɭ 
ɛɚɪɵɫɵɧɞɚ іɪɝɟɥі ԑɵɥɵɦ ɠɚңɚɥɵԑɵɧɚ ɧɟɝіɡɞɟɥɝɟɧ ɠԥɧɟ ԥɪɟɤɟɬɬɟɫɭɲі 
ɪɟɚɝɟɧɬɬɟɪɞің ɦɨɥɟɤɭɥɚɥɵԕ ԕɨɡԑɚɥɵɫɵɧɚ ɟɦɟɫ, ɷɥɟɤɬɪɨɧɞɵԕ ɚԑɵɧ ɞɟңɝɟɣіɧɟ 
ɧɟɝіɡɞɟɥɝɟɧ ɠɚңɚ  «ɞɢɫɫɨɰɢɚɰɢɹ-ɚɞɫɨɪɛɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦі» (ȾȺɆ) ɬɭɵɧɞɚɣɞɵ. 
Ɉɤɫɢɞ ɠԥɧɟ ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬɬɟɪɞің ԥɪɟɤɟɬɬɟɫɭі ɟң ɚɥɞɵɦɟɧ ɪɟɞɭɤɰɢɨɧɟɪ 
ɪɟɚɝɟɧɬ – ɞɨɧɨɪ ɪɟɬіɧɞɟ, ɚɥ ɦɟɬɚɥɥ ɨɤɫɢɞі – ɚɤɰɟɩɬɨɪ ɪɟɬіɧɞɟ ԕɵɡɦɟɬ ɟɬɟɬіɧ 
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іɪɝɟɥі ԑɵɥɵɦ «ɞɨɧɨɪ-ɚɤɰɟɩɬɨɪ ɦɟɯɚɧɢɡɦі» ɩɪɢɧɰɢɩіɧɟ ɧɟɝіɡɞɟɥɝɟɧ ɷɥɟɤɬɪɨɧ 
ɚԑɵɧɵɧɵң ɬɚɫɵɦɚɥɞɚɧɭɵɦɟɧ ɛɚɫɬɚɥɚɞɵ. Ɉɫɵԑɚɧ ɛɚɣɥɚɧɵɫɬɵ ɕɊȽ-ң ɠԥɧɟ 
ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɜɚɥɟɧɬɬіɥіɤ ɦԥɧіɧɟ ɠԥɧɟ ɛɨɫ ɷɥɟɤɬɪɨɧɞɚɪ ɫɚɧɵɧɚ 
ɛɚɣɥɚɧɵɫɬɵ ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɩɨɬɟɧɰɢɚɥɵɧɵң ɛɚԑɚɫɵ ɚɧɵԕɬɚɥɚɞɵ. ɕɊȽ, ɋɈ 
ɠԥɧɟ ɇ2 ɤɨɦɩɨɧɟɧɬɟɪіɧ ɛԝɥɚɣ ɛɚԑɚɥɚɫɚԕ, ɨɥɚɪ ɟɤі ɜɚɥɟɧɬɬі ɷɥɟɤɬɪɨɧԑɚ ɢɟ, ɚɥ 
ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɚɬɨɦɵ ɬԧɪɬ ɜɚɥɟɧɬɬі ɷɥɟɤɬɪɨɧԑɚ ɢɟ ɠԥɧɟ ɞɟ ɤɪɢɫɬɚɥɥ 
ɬɨɪɵɧɵң ɚɪɚɥɵԕ ԕɚɲɵԕɬɵԕɬɚɪɵɧɞɚԑɵ ɛɨɫ ɷɥɟɤɬɪɨɧɞɚɪ ɫɚɧɵ ԧɬɟ ɤԧɩ. Ȼԝɥ ɠɟɪɞɟ 
ɪɟɞɭɤɰɢɹɥɵԕ ɪɟɚɤɰɢɹɥɚɪɞɚ ɦɨɥɟɤɭɥɚ ԕɨɡԑɚɥɵɫɵ ɟɦɟɫ ɷɥɟɤɬɪɨɧɞɚɪ ɚԑɵɧɵɧɵң 
ԕɨɡԑɚɥɵɫɵ ɧɟɝіɡɝі ɪԧɥɝɟ ɢɟ. ɋɨɧɞɵԕɬɚɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɠɚɧɚɫɭ-
ɞɢɮɮɭɡɢɹɥɵԕ ԥɪɟɤɟɬі ԕɚɪɚɩɚɣɵɦ ɤԧɪіɧіɫɬі ɛɟɪɟɞі. 

Ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ɠɚңɚ ɦɟɯɚɧɢɡɦ (ȾAM) ɧɟɝіɡіɧɞɟ ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ 
ɪɟɞɭɤɰɢɹɥɚɭ ɠԥɧɟ ɠɨԑɚɪɵ ɫɚɩɚɥɵ ɛɨɥɚɬɬɚɪ ɦɟɧ ԕɨɪɵɬɩɚɥɚɪɞɵ ԧɧɞіɪɭ 
ɩɪɨɰɟɫɬɟɪі ɞɚɦɵɩ ɤɟɥɟɞі. 

ɗɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭ ԥɞіɫɬɟɦɟɫі: 
- ɦɟɬɚɥɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧің ɦɟɯɚɧɢɡɦі ɦɟɧ ɤɢɧɟɬɢɤɚɫɵ ɬɭɪɚɥɵ 

ɡɚɦɚɧɚɭɢ ɬɟɨɪɢɹɥɵԕ ɟɪɟɠɟɥɟɪɞі ɬɚɥɞɚɭ ɧɟɝіɡіɧɞɟ ɷɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭɥɟɪɞі 
ɬіɡɛɟɤɬɟɣ ԝɣɵɦɞɚɫɬɵɪɭ ԥɞіɫɬɟɦɟɫі ɠɚɫɚԕɬɚɥɞɵ; 

- ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ, ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧɚɧ ɠԥɧɟ ɤԧɦіɪɬɟɤɬі 
ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬɬɟɧ ԕԝɪɚɥԑɚɧ ɤɟɧ-ɤԧɦіɪ ɲɢɯɬɚɫɵɧ ɞɚɣɵɧɞɚɭ ԥɞіɫɬɟɦɟɫі 
ɠɚɫɚԕɬɚɥɞɵ; 

- ɷɥɟɤɬɪ-ɜɢɛɪɚɰɢɹɥɵԕ ԝɧɬɚԕɬɚԑɵɲɬɚ ɮɪɚɤɰɢɹɫɵ 1,0 ɦɦ ɬԧɦɟɧ ɞɢɫɩɟɪɫɬі 
ɤɟɧ-ɤԧɦіɪ ɲɢɯɬɚɫɵɧ ɚɥɭ ԥɞіɫɬɟɦɟɫі;  

- ɲɢɯɬɚɧɵң ɨɤɫɢɞ ɛԧɥіɝіɧің ɛіɪ ɛіɪɥіɝіɧɟ ɠԝɦɫɚɥɚɬɵɧ  ɤԧɦіɪɬɟɤɬі 
ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬɬің ɲɵԑɵɧɵɧ ɚɧɵԕɬɚɭ ԥɞіɫɬɟɦɟɫі; 

- ɦɟɬɚɥɞɵң ԕɚɬɬɵ ɮɚɡɚɞɚ ɪɟɞɭɤɰɢɹɥɚɧɭ ɩɪɨɰɟɫіɧің ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ-
ɠɵɥɭɥɵԕ ɪɟɠɢɦіɧ ɪɟɬɬɟɭ, ɛɨɫ ɠԥɧɟ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝі ɚɪԕɵɥɵ ɦɟɬɚɥɞɚɪɞɵ 
ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧ ԝɣɵɦɞɚɫɬɵɪɭ ԥɞіɫɬɟɦɟɫі.  

Ɂɟɪɬɬɟɭɞіԙ ԑɵɥɵɦɢ ɠɚԙɚɥɵԑɵ:  
-  ɬɟɦіɪ, ɜɚɧɚɞɢɣ, ɦɚɪɝɚɧɟɰ, ɯɪɨɦ ɠԥɧɟ ɬɢɬɚɧɧɵң ɫԥɣɤɟɫ ɦɟɬɚɥɥ 

ɨɤɫɢɞɬɟɪіɧің ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɝіɧɟ ɠԥɧɟ ɠԛɣɟɧің ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ 
ɬіɡɛɟɤɬɟɣ ɪɟɞɭɤɰɢɹɥɚɧɭ ɡɚңɞɵɥɵԕɬɚɪɵ ɚɧɵԕɬɚɥɞɵ; 

-  ԥɪɛіɪ ɠɨԑɚɪɵ ɬɨɬɵԕɬɚɧ ɦɟɬɚɥԑɚ ɞɟɣіɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɬіɡɛɟɤɬɟɣ-
ɮɚɡɚɥɵԕ ԧɡɝɟɪіɫ ɚɪԕɵɥɵ ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɦɟɬɚɥɞɵң ɪɟɞɭɤɰɢɹɥɚɧɭ ɩɪɨɰɟɫіɧің 
ɤɢɧɟɬɢɤɚɥɵԕ ɤԧɪɫɟɬɤіɲɬɟɪі ɚɥɵɧɞɵ; 

-  ɪɟɚɤɰɢɹ ԧɧіɦі-ɝɚɡɞɵң ԕԝɪɚɦɵ (ɋɈ, ɋɈ2 ) ɨɤɫɢɞɬɟɪɞің ɮɚɡɚɥɵԕ ɬԛɪɥɟɧɭіɧɟ 
ɬԥɭɟɥɞі ɬԛɪɞɟ ɬіɡɛɟɤɬɟɣ ԧɡɝɟɪɟɬіɧɞіɝі ɚɧɵԕɬɚɥɞɵ, ɨɧɵң ɦԥɧі ɲɢɯɬɚ ԕԝɪɚɦɵɧ 
ɠԥɧɟ ɛɚɥԕɵɬɵɥɵɩ ɚɥɵɧԑɚɧ ɦɟɬɚɥɞɚԑɵ ɮɚɡɚɥɚɪɞɵ ɪɟɬɬɟɭ ɤɟɡіɧɞɟ ɦɚңɵɡɞɵ 
ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ; 

-  ɚɥɵɧԑɚɧ ɧԥɬɢɠɟɥɟɪɞің ɧɟɝіɡіɧɞɟ ԕɢɵɧ ԧңɞɟɥɟɬіɧ ɤɟɲɟɧɞі ɬɢɬɚɧ-
ɦɚɝɧɟɬɢɬɬіɤ ɠԥɧɟ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɚɪɬɬɚɪɵɧɚɧ ɬіɤɟɥɟɣ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ɚɥɭ 
ɬɟɯɧɨɥɨɝɢɹɫɵ ɠɚɫɚԕɬɚɥɞɵ. 

Ԕɨɪԑɚɭԑɚ ԝɫɵɧɵɥɚɬɵɧ ɠɚԙɚɥɵԕɬɚɪ: 
- ɦɟɬɚɥɞɚɪɞɵ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ 

ɤԧɩɤɨɦɩɨɧɟɧɬɬі ɨɤɫɢɞɬі ɲɢɤіɡɚɬɬɵ ɬɚңɞɚɭ; 
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- ɤԧɩɤɨɦɩɨɧɟɧɬɬі ɨɤɫɢɞɬі ɠԛɣɟɥɟɪɞɟɧ ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭɞɵң 
ɬɟɨɪɢɹɥɵԕ ɡɟɪɬɬɟɭɥɟɪіɧің ɧԥɬɢɠɟɥɟɪі; 

- ɷɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭɥɟɪ ɠԛɪɝіɡɭ ԛɲіɧ ɤԧɩɤɨɦɩɨɧɟɧɬɬі ɨɤɫɢɞɬі ɠԛɣɟɥɟɪ 
ɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬɬɟɪɞɟɧ ɥɚɛɨɪɚɬɨɪɢɹɥɵԕ ԛɥɝіɥɟɪ ɞɚɣɵɧɞɚɭ; 

- ɢɥɶɦɟɧɢɬ ɩɟɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧɚɧ ɛɨɫ ɤԧɦіɪɬɟɝі ɚɪԕɵɥɵ 
ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің ɷɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭɥɟɪіɧің 
ɧԥɬɢɠɟɥɟɪі; 

- ɢɥɶɦɟɧɢɬ ɩɟɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧɚɧ ɟɪіɝɟɧ ɤԧɦіɪ ɚɪԕɵɥɵ 
ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ  ɷɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭɥɟɪіɧің ɧԥɬɢɠɟɥɟɪі; 

- ɪɟɞɭɤɰɢɹɥɚɩ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫі ɠԥɧɟ ɯɪɨɦ, ɦɚɪɝɚɧɟɰ, ɬɢɬɚɧ, ɜɚɧɚɞɢɣɦɟɧ 
ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ɚɥɭ ɩɪɨɰɟɫіɧің ɧԥɬɢɠɟɥɟɪі; 

- ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ ԧңɞɟɭ ɬɟɯɧɨɥɨɝɢɹɫɵ ɠԥɧɟ ɬɚɛɢԑɢ 
ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ɚɥɭԑɚ ɚɪɧɚɥԑɚɧ  ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧ 
ԝɣɵɦɞɚɫɬɵɪɭ.  

Ⱦɢɫɫɟɪɬɚɰɢɹɥɵԕ ɠԝɦɵɫɬɚ ɚɥɵɧԑɚɧ ɧԥɬɢɠɟɥɟɪɞіԙ ԑɵɥɵɦɢ 
ɦɚԙɵɡɞɵɥɵԑɵ: 

- ԥɥɟɦɞіɤ ɩɪɚɤɬɢɤɚɞɚ ɚɥԑɚɲ ɪɟɬ ɬɟɦіɪ ɠԥɧɟ ԕԝɧɞɵ ɦɟɬɚɥɞɚɪ ɦɟɧ ɬɢɬɚɧɧɵң 
ɚɡ ɦԧɥɲɟɪіɧің ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɠԛɪɟɬіɧ, ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ, ɢɥɶɦɟɧɢɬ 
ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ɦɟɧ ɤԧɦіɪɬɟɤɬі ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬɬің ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ 
ɟɫɟɩɬɟɥɝɟɧ ԕɨɫɩɚɫɵɧɚɧ ɤԧɦіɪ-ɤɟɧ ɞɢɫɩɟɪɫɬі ɲɢɯɬɚɫɵɧ ɞɚɣɵɧɞɚɭ 
ԝɣɵɦɞɚɫɬɵɪɵɥɞɵ, ɧԥɬɢɠɟɫіɧɞɟ ɬɢɬɚɧ ɤԧɦіɪɬɟɤɬɟɧіɩ ɤɚɪɛɢɞɬɟɪɞі ɬԛɡɛɟɣɬіɧɞіɝі 
ɚɧɵԕɬɚɥɞɵ. 

Ɍіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің ɤɢɧɟɬɢɤɚɫɵɧ ɡɟɪɬɬɟɭ ɧԥɬɢɠɟɥɟɪі ɛɨɣɵɧɲɚ 
ɬɢɬɚɧɧɵң ԕɨɫɵɦɲɚ ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɠԥɧɟ ɨɧɵң ɦɟɬɚɥɞɚԑɵ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧ 
0,3-5,0% ɚɪɚɥɵԑɵɧɞɚ ɪɟɬɬɟɭ ɦԛɦɤіɧɞіɤɬɟɪі ɛɟɥɝіɥɟɧɞі. 

Ⱦɢɫɫɟɪɬɚɰɢɹɥɵԕ ɠԝɦɵɫɬɚ ɚɥɵɧԑɚɧ ɧԥɬɢɠɟɥɟɪɞіԙ ɩɪɚɤɬɢɤɚɥɵԕ 
ɦɚԙɵɡɞɵɥɵԑɵ. 

ɗɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭɥɟɪɞің ɧԥɬɢɠɟɥɟɪіɧ ɫɚɪɚɩɬɚɭ ɧɟɝіɡіɧɞɟ ɬɢɬɚɧ-
ɦɚɝɧɟɬɢɬ ɩɟɧ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ɬіɤɟɥɟɣ ԛɡɞіɤɫіɡ ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ 
ɩɪɨɰɟɫɫі ɛɨɣɵɧɲɚ ԧңɞɟɭ ɠԥɧɟ ɦɚɪɝɚɧɟɰ, ɯɪɨɦ, ɬɢɬɚɧ, ɜɚɧɚɞɢɣɦɟɧ ɬɚɛɢԑɢ 
ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ɚɥɭ ɬɟɯɧɨɥɨɝɢɹɫɵ ɠɚɫɚԕɬɚɥɞɵ. 

Ԥɥɟɦɞіɤ ɬԥɠіɪɢɛɟɞɟ ɚɥԑɚɲ ɪɟɬ ԕԝɪɚɦɵɧɞɚ ɜɚɧɚɞɢɣɞің ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ [V] 
= 0,06-0,13% ɛɨɥɚɬɬɵң ԛɥɝіɫі ɚɥɵɧɞɵ. ɋɚɪɚɩɬɚɭ ԥɞіɫɬɟɪі ɚɪԕɵɥɵ ɨɬɬɟɤɬі-
ɤɨɧɜɟɪɬɟɪ ԥɞіɫіɦɟɧ ɚɥɵɧԑɚɧ ɛɨɥɚɬ ԕԝɪɚɦɵɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧ ɤɟɡɞɟ ɪɟɞɭɤɰɢɹɥɚɩ-
ɛɚɥԕɵɬɭ ԥɞіɫіɦɟɧ ɚɥɵɧԑɚɧ ɬɚɛɢԑɢ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬɬɵң ԕԝɪɚɦɵɧɞɚ ɬɨɬɵԕ 
ԕɨɫɵɥɵɫɬɚɪɵ ɛɨɥɦɚɣɬɵɧɞɵԑɵ ɚɧɵԕɬɚɥɞɵ, ɛԝɥ ɤԧɪɫɟɬɤіɲ ɚɥɵɧԑɚɧ ɛɨɥɚɬ 
ԧɧіɦɧің ɧɟɝіɡɝі ɩɪɚɤɬɢɤɚɥɵԕ ɦɚңɵɡɵ. 

Ԑɵɥɵɦɢ ɞɚɦɭ ɞɟԙɝɟɣі. ɂɥɶɦɟɧɢɬ ɠԥɧɟ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ 
ɩɚɣɞɚɥɚɧɵɩ ɤԧɩɤɨɦɩɨɧɟɧɬɬі ɨɤɫɢɞɬі ɠԛɣɟɞɟ ɦɟɬɚɥɞɚɪɞɵң ɬіɤɟɥɟɣ 
ɪɟɞɭɤɰɢɹɥɚɧɭ ɤɢɧɟɬɢɤɚɫɵɧ ԑɵɥɵɦɢ ɡɟɪɬɬɟɭ, ɨɫɵ ɫɚɥɚɞɚ ɠɚɪɢɹɥɚɧԑɚɧ 
ɯɚɥɵԕɚɪɚɥɵԕ ɛɚɫɩɚ ɫԧɡɞɟɪɞɟ ɡɚɦɚɧɚɭɢ ԑɵɥɵɦɢ ɞɚɦɭ ɤԛɣіɧɟ ɠԥɧɟ 
ɚɪɬɵԕɲɵɥɵԕɬɚɪɵ ɦɟɧ ɤɟɦɲіɥіɤɬɟɪіɧɟ ɧɟɝіɡɞɟɥɝɟɧ ɫɨңԑɵ ɧԥɬɢɠɟɥɟɪɝɟ 
ɛɚԑɵɬɬɚɥɞɵ. 
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Ʉԛɪɞɟɥі ɨɤɫɢɞɬі ɠԛɣɟɞɟ  ɦɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің ɤɢɧɟɬɢɤɚɥɵԕ 
ɡɚңɞɵɥɵԕɬɚɪɵɧ ɚɧɵԕɬɚɭ ɠԥɧɟ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ԛɥɝіɥɟɪіɧ ɚɥɭ ԛɲіɧ 
ԝɣɵɦɞɚɫɬɵɪɵɥԑɚɧ ɬɟɨɪɢɹɥɵԕ ɠԥɧɟ ɷɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭɥɟɪ ԑɵɥɵɦɢ-
ɬɟɯɧɢɤɚɥɵԕ ԥɞіɫɬɟɦɟɧің ɠɨԑɚɪɵ ɞɟңɝɟɣіɧ ɪɚɫɬɚɣɞɵ ɠԥɧɟ ɨɫɵ ɦɚԕɫɚɬԕɚ ɠɟɬɭɞі 
ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɬɚԕɵɪɵɛɵ ɛɨɣɵɧɲɚ ɟԙɛɟɤɬɟɪ: 
Ⱦɢɫɫɟɪɬɚɰɢɹɥɵԕ ɠԝɦɵɫɬɵң ɧԥɬɢɠɟɥɟɪі ɛɨɣɵɧɲɚ 13 ɛɚɫɩɚ ɠԝɦɵɫɵ 

ɠɚɪɢɹɥɚɧɞɵ, ɨɧɵң іɲіɧɞɟ 3 ԑɵɥɵɦɢ ɦɚԕɚɥɚ Web of Science Core Collection 
(Scientific and Production Technical Journal Metallurgist (Russia) IF-0.243)  ɠԥɧɟ 
Scopus (Steel in Translation (United Kingdom) (IF-0.232) - International Journal of 
Chemical Sciences (IF-0.229).) ɛɚɡɚɫɵɧɚ ɤіɪɟɬіɧ ɠɭɪɧɚɥɞɚɪɞɚ, 4 ɦɚԕɚɥɚ ԔɊ 
ȻɠԐɆ ɦɟɧ Ȼіɥіɦ ɫɚɥɚɫɵɧɞɚԑɵ ɛɚԕɵɥɚɭ ɤɨɦɢɬɟɬі  ԝɫɵɧԑɚɧ ɠɭɪɧɚɥɞɚɪɞɚ 
(«Ɉɫɧɨɜɵ ɢ ɩɟɪɫɩɟɤɬɢɜɚ ɪɚɡɜɢɬɢɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɩɥɚɜɤɢ ɫɬɚɥɢ» ɦɚԕɚɥɚɫɵ 
Ɇɟɬɚɥɥɵ ɠ., 2018ɠ, №2 ɫɚɧɵɧɚ ɛɚɫɵɥɵɦԑɚ ԕɚɛɵɥɞɚɧɞɵ. Ȼɚɫɩɚɞɚɧ ɚɧɵԕɬɚɦɚ 
ɚɥɵɧԑɚɧ – Ԕɨɫɵɦɲɚ Ƚ) ɠɚɪɢɹɥɚɧɞɵ. Ⱦɢɫɫɟɪɬɚɰɢɹɥɵԕ ɠԝɦɵɫɬɵң ɧɟɝіɡɝі 
ɠɚңɚɥɵԕɬɚɪɵ ɦɟɧ ɧԥɬɢɠɟɥɟɪі ɏɚɥɵԕɚɪɚɥɵԕ ԑɵɥɵɦɢ ɤɨɧɮɟɪɟɧɰɢɹɥɚɪɞɚ:  

- XIV International scientific Congress Machines. Technologies. Materials: Year 
I, Issue 4(4), Vol. IV, Technologies.  Varna, Bulgaria. 13-16.09.2017;  

- ɇɚɭɤɚ ɢ ɢɧɧɨɜɚɰɢɹ ɜ XXI ɜɟɤɟ: Ⱥɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ, ɨɬɤɪɵɬɢɹ ɢ 
ɞɨɫɬɢɠɟɧɢɹ: V ɏɚɥɵԕɚɪɚɥɵԕ ԑɵɥɵɦɢ-ɩɪɚɤɬɢɤɚɥɵԕ ɤɨɧɮɟɪɟɧɰɢɹɫɵɧɞɚ Ɇɐɇɋ 
«ɇɚɭɤɚ ɢ ɉɪɨɫɜɟɳɟɧɢɟ» -5 ɬɚɦɵɡ 2017; ɉɟɦɡɚ ԕ., Ɇԥɫɤɟɭ;  

- ɏɚɥɵԕɚɪɚɥɵԕ ԑɵɥɵɦɢ-ɩɪɚɤɬɢɤɚɥɵԕ ɤɨɧɮɟɪɟɧɰɢɹɫɵɧɞɚ «ɇɚɭɱɧɨɟ ɢ 
ɤɚɞɪɨɜɨɟ ɫɨɩɪɨɜɨɠɞɟɧɢɟ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ɝɨɪɧɨ-ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɨɝɨ 
ɤɨɦɩɥɟɤɫɚ». 27-28 ɫԥɭіɪ, 2017, Ⱥɥɦɚɬɵ, Ԕɚɡɚԕɫɬɚɧ;  

- VII ɏɚɥɵԕɚɪɚɥɵԕ ԑɵɥɵɦɢ-ɩɪɚɤɬɢɤɚɥɵԕ ɤɨɧɮɟɪɟɧɰɢɹ «Ɏɭɧɞɚɦɟɧɬɚɥɶɧɵɟ 
ɢ ɩɪɢɤɥɚɞɧɵɟ ɧɚɭɱɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɚɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ, ɞɨɫɬɢɠɟɧɢɹ ɢ 
ɢɧɧɨɜɚɰɢɢ». 15 ԕɚɪɚɲɚ 2017,  ɉɟɧɡɚ ԕ., Ɋɟɫɟɣ ɠɚɪɢɹɥɚɧɞɵ.  

ɀԝɦɵɫɬɚ ɡɟɪɬɬɟɭ ɛɚɪɵɫɵɧɞɚ ɚɥɵɧԑɚɧ: 
- ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪіɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің 

«Ⱦɢɫɫɨɰɢɚɰɢɹ - ɚɞɫɨɪɛɰɢɹ ɦɟɯɚɧɢɡɦіɧің» ɠɚңɚ ԑɵɥɵɦɢ ɧԥɬɢɠɟɥɟɪі; 
- ԕɢɵɧ ԧңɞɟɥɟɬіɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ɤɟɲɟɧɞі ԧңɞɟɭɝɟ 

ɚɪɧɚɥԑɚɧ ɠɚңɚ ɠɨԑɚɪɵ ɬɢіɦɞі ɬɟɯɧɨɥɨɝɢɹɧɵң ԑɵɥɵɦɢ ɧɟɝіɡɞɟɪі; 
- ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬɬɵ ɬіɤɟɥɟɣ ɚɥɭ ɩɪɨɰɟɫіɧің ɠɚңɚ ɧԥɬɢɠɟɥɟɪі 
 «Ԕɚɪɚ ɠԥɧɟ ɬԛɫɬі ɦɟɬɚɥɥɭɪɝɢɹɧɵң ɲɢɤіɡɚɬ ɪɟɫɭɪɫɬɚɪɵɧ ԧңɞɟɭɞің ɡɚɦɚɧɚɭɢ 

ɠԥɧɟ ɩɟɪɫɩɟɤɬɢɜɬі ɬɟɯɧɨɥɨɝɢɹɥɚɪɵ», «Ʉɨɧɫɬɪɭɤɰɢɹɥɵԕ ɦɚɬɟɪɢɚɥɞɚɪɞɵ 
ɦɨɞɢɮɢɤɚɰɢɹɥɚɭ ɠԥɧɟ ɥɟɝіɪɥɟɭ» ɩԥɧɞɟɪіɧ ɨԕɵԑɚɧ ɤɟɡɞɟ «Ɇɟɬɚɥɥɭɪɝɢɹ» ɠԥɧɟ 
«Ɇɚɬɟɪɢɚɥɬɚɧɭ ɠԥɧɟ ɠɚңɚ ɦɚɬɟɪɢɚɥɞɚɪ ɬɟɯɧɨɥɨɝɢɹɫɵ» ɦɚɦɚɧɞɵԕɬɚɪɵ 
ɛɨɣɵɧɲɚ ɫɬɭɞɟɧɬɬɟɪ, ɦɚɝɢɫɬɪɚɧɬɬɚɪ, ɞɨɤɬɨɪɚɧɬɬɚɪ ɞɚɣɵɧɞɚɭɞɚ  ԕɨɥɞɚɧɵɥɚɞɵ. 
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1 ɌɂɌȺɇ-ɆȺȽɇȿɌɂɌɌІ ɌȿɆІɊ ɄȿɇІ ШɂɄІɁȺɌɕɇ 
ɆȿɌȺɅɅɍɊȽɂəɅɕԔ ԦԘȾȿɍ ɆԤɋȿɅȿɅȿɊІɇІԘ ɄԚɃІɇȿ ШɈɅɍ  

 

1.1 Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɬɟɦіɪ ɤɟɧі ɲɢɤіɡɚɬɵɧɵԙ ɪɟɫɭɪɫɵ  
Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬɟɪ ɬɟɦіɪ ɤɟɧі ɲɢɤіɡɚɬɬɚɪ ɚɪɚɫɵɧɞɚ ɤԧɩ ɬɚɪɚɥԑɚɧ ɬԛɪі 

ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, ɨɥɚɪɞɵң ɛɚɪɥɚɧԑɚɧ ԕɨɪɵ ɛɚɪɥɵԕ ɬɟɦіɪ ɤɟɧі ɲɢɤіɡɚɬɵɧɵң 65% 
ɚɥɚɞɵ. ɏɢɦɢɹɥɵԕ ɠԥɧɟ ɦɢɧɟɪɚɥɞɵԕ ԕԝɪɚɦɵ ɛɨɣɵɧɲɚ ɨɥɚɪ ɤɟɲɟɧɞі ɤɟɧ 
ԕɚɬɚɪɵɧɚ ɠɚɬɚɞɵ, ԕԝɪɚɦɵɧɞɚ ɤɟɥɟɫі ɦɢɧɟɪɚɥɞɚɪ ɛɨɥɚɞɵ [1]: 

ɢɥɶɦɟɧɢɬ FeTiO3 (36,8 % Fe, 31,6 % Ti; 36,6 % O) ~ 30 %; 
ɦɚɝɧɟɬɢɬ Fe3O4 ɧɟɦɟɫɟ FeO·Fe2O3 (74,4 % Fe; 27,6 %O) ~ 50 %; 
ɝɟɦɚɬɢɬ Fe2O3 (70 % Fe; 30 % O) ~ 15 %;  
ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ Fe2O3·TiO2 (ɛɚɣ ɤɟɧɞɟɪɞɟ 10-17% TiO2, ɤɟɞɟɣ ɤɟɧɞɟɪɞɟ 5-

8% TiO2). 
ɂɥɶɦɟɧɢɬ ԥɞɟɬɬɟ ɦɚɝɧɟɬɢɬ ɲɢɤіɡɚɬɵɧɵң ԕԝɪɚɦɵɧɞɚ ɤɟɡɞɟɫɟɬіɧ ɦɢɧɟɪɚɥ.  
Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɟɲɟɧɞі ɬɟɦіɪ ɤɟɧі ɲɢɤіɡɚɬɵɧɵң ԕԝɪɚɦɵɧɞɚ ɬɟɦіɪ 

ɬɨɬɵԕɬɚɪɵɧɚɧ ɛɚɫԕɚ, 4-18 % ɞɟɣіɧ TiO2 ɠԥɧɟ 0,1-0,8 % V2O5 ɛɨɥɚɞɵ. Ȼԝɥ 
ɤɟɧɞɟɪɞɟ ɜɚɧɚɞɢɣɞің ɤɟɡɞɟɫɭі, ɠɟɪ ԕɵɪɬɵɫɵɧɞɚ ɜɚɧɚɞɢɣɞің ɛіɪіɧɲіɥіɤ ɬɨɬɵԕ 
ɤԛɣі - ԛɲɬɨɬɵԑɵ V2O3-ɧɟ ɛɚɣɥɚɧɵɫɬɵ, ɨɥ ɤԧɩɬɟɝɟɧ ɧɟɝіɡɝі ɠɟɪ ɠɚɪɵɩ ɲɵԕԕɚɧ 
ɠɚɧɚɪɬɚɭ ɠɵɧɵɫɬɚɪɵɧɵң ԕԝɪɚɦɵɧɚ ɤіɪɟɞі [2], ɚɦɮɢɛɨɥɚɥɚɪɞɚ – 
(Me1+,2+)2(Me2+,3+)5[(OH,F)|(Si,Al)4O11]2 – (0,03 – 0,06 %), ɩɢɪɨɤɫɟɧɞɟɪɞɟ – 
(Ɇɟ2+,Ɇɟ3+)[Si2O6] – (0,07 – 0,08 %) ɠԥɧɟ ɛɢɨɬɢɬɬɟɪɞɟ – 
K(Mg,Fe2+,Mn)3[(OH,F)2|(Al,Fe3+)·Si3O10] – (0,07 – 0,127 % V2O3). 
Ⱦɢɮɮɟɪɟɧɰɢɚɰɢɹɥɚɭ ɤɟɡіɧɞɟ ɦɚɝɦɚɥɚɪɞɚ V2O3 ɬԛɪіɧɞɟ ɤɟɡɞɟɫɟɬіɧ ɜɚɧɚɞɢɣɞің 
ɛіɪ ɛԧɥіɝі ɦɚɝɧɟɬɢɬɬɟ Fe2O3 ɬɨɬɵԑɵɧ ɢɡɨɦɨɪɮɬɵ ɚɥɦɚɫɬɵɪɚ ɨɬɵɪɵɩ ɧɟɦɟɫɟ 
ɬɟɦіɪɦɟɧ ɷɥɟɤɬɪɨɧɞɵԕ ԕɚɛɵԕɲɚɫɵɧɵң ԕԝɪɵɥɵɫɵ ɦɟɧ ɢɨɧɞɵԕ ɪɚɞɢɭɫ 
ԧɥɲɟɦɞɟɪіɧің (Fe ԛɲіɧ – 0,67 Å, V ԛɲіɧ – 0,65 Å) ԧɬɟ ԝԕɫɚɫɬɵԑɵ ɫɚɥɞɚɪɵɧɚɧ 
ɬɨɪɵɧɚ ɤіɪɟ ɨɬɵɪɵɩ, ɤɟɧ ɚɣɦɚԕɬɚɪɵɧɚ ɛԧɥіɧɟɞі. 

 Иɥɶɦɟɧɢɬ – ɬɟɦіɪ ɬɢɬɚɧɚɬɵ FeO·TiɈ2, ɚɫɚ ɤɟңіɧɟɧ ɬɚɪɚɥԑɚɧ ɦɢɧɟɪɚɥ. 
Ⱥɥԑɚɲ ɪɟɬ ɨɥ ɍɪɚɥɞɚ, ɂɥɶɦɟɧ ɬɚɭɵɧɞɚ ɛɚɣԕɚɥɞɵ, ɬԛɫі ԕɨңɵɪ ɧɟɦɟɫɟ ԕɚɪɚ-
ԕɨңɵɪ, ɬɵԑɵɡɞɵԑɵ 4,56-5,21 ɝ/ɫɦ3. ɀɟɥɝɟ ԝɡɚԕ ɦԛɡіɥɭі ɤɟɡіɧɞɟ ɢɥɶɦɟɧɢɬ 
ɚɪɢɡɨɧɢɬ (Fe2Ɉ3-3TiɈ2) ɩɟɧ ɥɟɣɤɨɤɫɟɧɝɟ (ɌiɈ2·nɇ2Ɉ) ԧɡɝɟɪɟɞі. Ȼԝɥ ɤɟɣɛіɪ 
ɢɥɶɦɟɧɢɬɬɟɪɞɟ ɌiɈ2 ɚɫɚ ɠɨԑɚɪɵ ɦԧɥɲɟɪіɦɟɧ ɬԛɫіɧɞіɪіɥɟɞі (52,66 % ɌiɈ2) [1].  
ɂɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ԥɞɟɬɬɟ ɲɚɦɚɦɟɧ 60% ɬɢɬɚɧ ԕɨɫɬɨɬɵԑɵɧɚɧ, 23%-ɬɟɧ 
ɤԧɩ ɟɦɟɫ ɬɟɦіɪ (ІІ) ɬɨɬɵԑɵɧɚɧ ɠԥɧɟ 2 %-ɬɟɧ ɤԧɩ ɟɦɟɫ ɤɪɟɦɧɢɣ ԕɨɫɬɨɬɵԑɵɧɚɧ 
ɬԝɪɚɞɵ [2]. 

ɂɥɶɦɟɧɢɬ ԕԝɦɞɚɪɵɧɵң іɪі ɤɟɧɨɪɵɧɞɚɪɵ Ԛɧɞіɫɬɚɧɞɚ, Ⱥɜɫɬɪɚɥɢɹɞɚ, 
ɂɧɞɨɧɟɡɢɹɞɚ, Ⱥɮɪɢɤɚɞɚ, Ɉңɬԛɫɬіɤ Ⱥɦɟɪɢɤɚɞɚ, ȺԔɒ ɩɟɧ ɌɆȾ-ɞɚ ɬɚɛɵɥԑɚɧ. 
Ԥɞɟɬɬɟ ɢɥɶɦɟɧɢɬ ɦɚɝɧɟɬɢɬɩɟɧ ɬɵԑɵɡ ɛɚɣɥɚɧɵɫɬɚ ɛɨɥɚɞɵ ɠԥɧɟ ɬɢɬɚɧ-
ɦɚɝɧɟɬɢɬ шɢɤіɡɚɬɵɧ ԕԝɪɚɣɞɵ. 

Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɟɧɞɟɪі – ɬɟɦіɪ, ɜɚɧɚɞɢɣ ɦɟɧ ɬɢɬɚɧɧɵң ɦɚңɵɡɞɵ 
ԧɧɟɪɤԥɫіɩɬіɤ ɤԧɡі. Ɍɟɦіɪ, ɜɚɧɚɞɢɣ ɠԥɧɟ ɬɢɬɚɧɦɟɧ ԕɚɬɚɪ, ɛԝɥ ɤɟɧɞɟɪ ɤɟɣɛіɪ ɬԛɫɬі, 
ɫɢɪɟɤ ɠԥɧɟ ɚɫɵɥ ɦɟɬɚɥɞɚɪɞɵң ɠɨԑɚɪɵ ɦԧɥɲɟɪіɦɟɧ ɟɪɟɤɲɟɥɟɧɟɞі [3]. 
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ΠΙɫɚɫ шɢɤіɡɚɬ ɪɟɫɭɪɫɬɚɪɵ ΘɚɡɚΙɫɬɚɧ ɦɟɧ Рɟɫɟɣɞɟ ɤɟɡɞɟɫɟɞі. Ԕɚɡɚԕɫɬɚɧ 
ɠɟɪ ԕɨɣɧɚɭɵɧɞɚ ɬɚɛɵɥԑɚɧ ɬɟɦіɪ-ɬɢɬɚɧ ɤɟɧі ɫɚɥɵɫɬɵɪɦɚɥɵ ԧɡɝɟɲɟɥіɝіɦɟɧ 
ɫɢɩɚɬɬɚɥɚɞɵ ɠԥɧɟ ɛіɪԕɚɬɚɪ ԕԝɧɚɪɥɵ ɲɚɲɵɪɚɧɞɵ ɤɟɧɨɪɵɧɞɚɪɵɦɟɧ ɛіɪɝɟ 
ɤɟɡɞɟɫɟɞі: ɋԥɬɛɚɟɜ (ɒԔɈ), ɒɨԕɚɲ (Ⱥԕɬԧɛɟ ɨɛɥ.) ɠԥɧɟ Ɉɛɭɯɨɜ (ɋԔɈ). 
Ȼɚɪɥɚɧԑɚɧ ɤɟɧɨɪɵɧɞɚɪɵ ɤɨɧɰɟɧɬɪɚɬ ɚɥɭ ԛɲіɧ ɢɝɟɪіɥɭɞɟ, ɚɥ ɨɥɚɪɞɵң ԕɨɪɥɚɪɵ 
ԧңɞɟɭ ɤԥɫіɩɨɪɵɧɞɚɪɵɧ ɠԛɡ ɠɵɥ ɛɨɣɵ ɲɢɤіɡɚɬɩɟɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɝɟ ԕɚɛіɥɟɬɬі 
[4, 5]. ɂɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ Ԧɫɤɟɦɟɧ ɬɢɬɚɧ-ɦɚɝɧɢɣ ɤɨɦɛɢɧɚɬɵ («ԦɌɆɄ» 
ȺԔ) ɦɟɧ Ⱥԕɬԧɛɟ ɮɟɪɪɨԕɨɪɵɬɩɚɥɚɪ ɡɚɭɵɬɵ (ȺԕɬɎɁ, «ɌɇɄ«Ʉɚɡɯɪɨɦ» ȺԔ) 
ɤԥɫіɩɨɪɵɧɞɚɪɵɧɞɚ ԧңɞɟɣɞі. 

Ⱥԕɬԧɛɟ ɨɛɥɵɫɵɧɵң ɦɢɧɟɪɚɥɞɵ-ɲɢɤіɡɚɬ ɛɚɡɚɫɵ ԧɬɟ ɤɟң. Ɉɧɵң ɚɣɦɚԑɵɧɞɚ 
ɯɪɨɦɧɵң,  55% ɧɢɤɟɥɶ, 40% ɬɢɬɚɧ, 4,7% ɦɵɪɵɲ, 3,6% ɦɵɫ ɠԥɧɟ 2% 
ɚɥɸɦɢɧɢɣɞің ɚɣɬɚɪɥɵԕɬɚɣ ɛɚɪɥɵԕ ԕɨɪɵ ɠɢɧɚɥԑɚɧ [6]. 

ɋɨɧɵɦɟɧ ԕɚɬɚɪ Ԕɚɡɚԕɫɬɚɧɞɚ ɡɟɪɬɬɟɥɝɟɧ, ɛіɪɚԕ ԧңɞɟɥɦɟɬіɧ ɠɚңɚ ɬɢɬɚɧ-
ɦɚɝɧɟɬɬɢɬɬіɤ ɲɢɤіɡɚɬ ɛɚɡɚɫɵ – Ɍɵɦɥɚɧ ɤɟɧ ɚɣɦɚԑɵ ɛɚɪ, ɛԝɥ ɤɟɧɨɪɧɵɧɞɚԑɵ 
ɤɨɧɰɟɧɬɪɚɬɬɵң ԕԝɪɚɦɵ: 53,03 % ɬɟɦіɪ, 16,43% ɬɢɬɚɧ ɨɤɫɢɞі, 0,22% ɜɚɧɚɞɢɣ 
ɨɤɫɢɞіɧɟɧ ɬԝɪɚɞɵ [7]. 

Ɉɫɵ ɤɟɧɞɟɪɞің ԕɨɪɵ Ɋɟɫɟɣɞɟ ɞɟ ɤԧɩ (ɍɪɚɥ, ɋіɛіɪ, Ԕɢɵɪ ɒɵԑɵɫ, Ʉɚɪɟɥɢɹ, 
Ʉɨɥɶɫɤ). Ɍɢɬɚɧɦɚɝɧɟɬɢɬɬің іɪі ɤɟɧɨɪɵɧɞɚɪɵ ɍɪɚɥɞɚ ɛԝɪɵɧɧɚɧ ɛɟɥɝіɥі 
(Ƚɭɫɟɜɨɝɨɪɫɤ, Ԕɚɲԕɚɧɚɪ ɠԥɧɟ ɬ.ɛ.). 1963 ɠ. ɛɚɫɬɚɩ Ƚɭɫɟɜɨɝɨɪɫɤ ɤɟɧɨɪɧɵɧɵң 
ɧɟɝіɡіɧɞɟ Ԕɚɲԕɚɧɚɪ ɌȻɄ-ɵ ɠԝɦɵɫ іɫɬɟɣɞі. Ƚɭɫɟɜɨɝɨɪɫɤ ɤɟɧɨɪɧɵɧɞɚ ɠɵɥɞɵԕ 
ɤɟɧ ɚɥɭ ɤԧɥɟɦі ɫɨңԑɵ ɨɧ ɠɵɥɞɚ 32-45 ɦɥɧ.ɬ. ԕԝɪɚɣɞɵ [8]. 

Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɩɟɧ ɢɥɶɦɟɧɢɬ ɬɟɦіɪ ɤɟɧіɧɟɧ ɧɟɝіɡɝі ɦɟɬɚɥɞɚɪ ɬɟɦіɪ, 
ɜɚɧɚɞɢɣ, ɬɢɬɚɧ ɦɟɧ ԕɨɫɩɚ ɦɟɬɚɥɞɚɪ - ɦɚɪɝɚɧɟɰ, ɯɪɨɦ ɛԧɥіɧіɩ ɚɥɵɧɚɞɵ. Ɉɥɚɪɞɵ 
ԧңɞɟɭ ɬɟɯɧɨɥɨɝɢɹɫɵ ɚɬɚɥԑɚɧ ɦɟɬɚɥɞɚɪɞɵң ɪɟɞɭɤɰɢɹɥɚɧɭɵɧɚ ɛɚɣɥɚɧɵɫɬɵ [9]. 

 

1.2 Ʉɟɲɟɧɞі ɬɢɬɚɧɦɚɝɧɟɬɢɬ ɬɟɦіɪ ɤɟɧі ɲɢɤіɡɚɬɵɧ ԧԙɞɟɭ 
ɬɟɯɧɨɥɨɝɢɹɫɵɧɵԙ ɡɚɦɚɧɚɭɢ ɤԛɣі  

Ɍɢɬɚɧɦɚɝɧɟɬɢɬ ɤɟɧ ɨɪɵɧɞɚɪɵɧɵң ɡɟɪɬɬɟɥɭі ɠԥɧɟ ɨɥɚɪɞɵң ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ 
ɫɢɩɚɬɬɚɦɚɥɚɪɵ ɨɥɚɪɞɵ ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɵɩ ɲɨɣɵɧ ɚɥɭ ԛɲіɧ ɩɚɣɞɚɥɚɧɭԑɚ 
ɛɨɥɚɬɵɧɞɵԑɵ ԧɬɤɟɧ ԑɚɫɵɪɞɵң ɛіɪіɧɲі ɠɚɪɬɵɫɵɧɞɚ Ⱥɦɟɪɢɤɚ ɦɟɧ ɒɜɟɰɢɹɞɚ, 
ɤɟɣіɧɧɟɧ Ԝɥɵɛɪɢɬɚɧɢɹɞɚ ɤԧɪɫɟɬіɥɞі [10]. Ɉɫɵ ɫɚɬɵɞɚ ɞɨɦɧɚ ɲɢɯɬɚɫɵɧɚ 
ɬɢɬɚɧɦɚɝɧɟɬɢɬɬɟɪɞі ԕɚɪɚɩɚɣɵɦ ɬɟɦіɪɤɟɧі ɲɢɤіɡɚɬɵɧɵң ԕɨɫɩɚɫɵɦɟɧ ɟɧɝіɡɟɞі, 
ɧԥɬɢɠɟɫіɧɞɟ ɬɢɬɚɧ ɨɤɫɢɞі ɚɡ ɞɨɦɧɚ ɲɥɚɤɬɚɪɵɧ ɚɥɵɧɚɞɵ ɠԥɧɟ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫі 
ɤɟɞɟɪɝіɫіɡ ɠԛɪɟɞі [11]. 

Ⱦɨɦɧɚ ɩɟɲіɧɞɟ ɬɢɬɚɧɦɚɝɧɟɬɢɬɬɟɪɞің ɚɥԑɚɲԕɵ ɬԥɠіɪɢɛɟɥіɤ ɛɚɥԕɵɬɵɥɭɵ 
1897 ɠ. ȼɢɞɥɢɰɤ ɡɚɭɵɬɵɧɞɚ ɠԛɪɝіɡіɥɞі. Ȼɚɥԕɵɬɭ ɧԥɬɢɠɟɫіɧɞɟ ԕԝɪɚɦɵɧɞɚ 7-8% 
ɌiO2 ɛɚɪ ɲɥɚɤɬɚɪ ɚɥɵɧɞɵ ɠԥɧɟ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧɞɟ ԕɢɵɧɞɵԕɬɚɪ ɛɚɣԕɚɥɦɚԑɚɧ 
[11]. 1900 ɠ. ɍɪɚɥɞɚ ɘɛɪɵɲɤɚ ɬɢɬɚɧɦɚɝɧɟɬɢɬ ɤɟɧɨɪɧɵɧɵң ɧɟɝіɡіɧɞɟ ɞɨɦɧɚɞɚ 
ɲɨɣɵɧɞɵ ɛɚɥԕɵɬɭ ɡɚɭɵɬɵ ԕԝɪɵɥɞɵ. Ȼіɪɚԕ ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɭɞɚ ԕɢɵɧ ɛɚɥԕɢɬɵɧ 
ɸɛɪɵɲ ɤɟɧіɧ ɩɚɣɞɚɥɚɧɵɥԑɚɧɞɵԕɬɚɧ ɡɚɭɵɬ ɠԝɦɵɫɵɧ ɬɨԕɬɚɬɬɵ [12]. Ʉɟɣіɧ 
ɨɫɵɧɞɚɣ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɟɧɞɟɪіɧ ɬԥɠіɪɢɛɟɥіɤ ɠԥɧɟ ԧɧɟɪɤԥɫіɩɬңɤ ԧңɞɟɭ 
ɧԥɬɢɠɟɫіɧɞɟ ԕԝɪɚɦɵɧɞɚ 2-8 % ɌiO2 ɛɚɪ ɲɥɚɤ ɚɥɭԑɚ ɛɨɥɚɬɵɧɞɵԑɵ ɚɧɵԕɬɚɥɞɵ. 

Ʉɭɫɢɧɫɤ ɤɟɧɨɪɧɵɧɵң ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ ɩɢɝɦɟɧɬɬі ɬɢɬɚɧ ԕɨɫɬɨɬɵԑɵɧ 
ɚɥɭ ԛɲіɧ ԕɨɥɞɚɧɚɞɵ, ɚɥ ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ ɉɟɪɜɨɭɪɚɥ ɤɟɧɨɪɧɵɧɵң ɬɢɬɚɧ 
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ɦԧɥɲɟɪі ɬԧɦɟɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɵɦɟɧ ɛіɪɝɟ ɑɭɫɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ 
ɡɚɭɵɬɵɧɵң ɞɨɦɧɚ ɩɟɲɬɟɪіɧɞɟ ɚɥɵɧԑɚɧ ɲɨɣɵɧɧɚɧ ɜɚɧɚɞɢɣɞі ԕɚɣɬɚ ɛɚɥԕɵɬɚɞɵ 
[10]. 50-ɲі ɠɵɥɞɚɪɵ ɤԧɩɬɟɝɟɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɟɧɨɪɵɧɞɚɪɵɧɵң ɛɚԑɚɥɚɧɭɵ ɦɟɧ 
ɛɚɪɥɚɧɭɵ ɠԛɪɝіɡіɥɞі. Ȼіɪɚԕ ɬɢɬɚɧ ɦԧɥɲɟɪі ɬԧɦɟɧ Ƚɭɫɟɜɨɝɨɪ ɤɟɧɨɪɧɵɧɵң 
ɤɟɧɞɟɪі ԧңɞɟɭɝɟ ɚɪɧɚɥԑɚɧ Ԕɚɲԕɚɧɚɪ ɌȻɄ ԑɚɧɚ іɫɤɟ ԕɨɫɵɥɞɵ, ɛԝɥ ɜɚɧɚɞɢɣ 
ɬɚɩɲɵɥɵԑɵɧ ɬɨɥɬɵɪɭԑɚ ɠԥɧɟ ɬɟɦіɪɤɟɧі ɛɚɡɚɫɵɧ ɤɟңɟɣɬɭɝɟ ɦԛɦɤіɧɞіɤ ɛɟɪɞі [13]. 

ɀɨԑɚɪɵɞɚ ɚɬɚɥԑɚɧ ɦɟɬɚɥɞɚɪɞɵң іɲіɧɞɟ ɚɫɚ ԕɵɡɵԑɭɲɵɥɵԕ ɬɭɞɵɪɚɬɵɧɵ, 
ɬɢɬɚɧɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧɞɚ ɨɧɵң ɦԧɥɲɟɪі (0,30-0,50 %) ɚɡ 
ɛɨɥԑɚɧɞɵԑɵɧɚ ԕɚɪɚɦɚɫɬɚɧ, ɜɚɧɚɞɢɣ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ,  

ȼɚɧɚɞɢɣɞің ԧɧɟɪɤԥɫіɩɬіɤ ԕɨɥɞɚɧɵɥɭɵ ɠɟɬɟɤɲі ɨɪɵɧɞɚɪɞɵң ɛіɪіɧ ɚɥɚɞɵ. 
ȿɪɟɤɲɟ ɦԥɧɝɟ ɨɥ ɦɢɤɪɨɥɟɝіɪɥɟɭɲі ɷɥɟɦɟɧɬ ɪɟɬіɧɞɟ ɢɟ ɛɨɥɞɵ, ɨɧɵң ɬіɩɬі ɚɡ 
ɦԧɥɲɟɪɞɟ (0,03-0,15 %) ԕɨɫɵɥɭɵ ɛɨɥɚɬ ɩɟɧ ɲɨɣɵɧɞɚɪɞɵң ɷɤɫɩɥɭɚɬɚɰɢɹɥɵԕ 
ԕɚɫɢɟɬіɧ ɚɪɬɬɵɪɚɞɵ [14, 15]. Ɍɢɬɚɧ ɧɟɝіɡіɧɞɟɝі ԕɨɪɵɬɩɚɥɚɪɞɚ ɜɚɧɚɞɢɣ ɦԧɥɲɟɪі 
ɤɟɣɞɟ 17 % ɞɟɣіɧ ɠɟɬɟɞі. Ɋɚɤɟɬɚ, ɤɨɫɦɨɫ ɩɟɧ ɚɬɨɦɞɵԕ ɬɟɯɧɢɤɚɞɚ 
ԕɨɥɞɚɧɵɥɚɬɵɧɞɵԕɬɚɧ ɛԝɥ ԕɨɪɵɬɩɚɥɚɪɞɵң ɤɟɥɟɲɟɝі ɡɨɪ [16]. 

Ɉɫɵԑɚɧ ɛɚɣɥɚɧɵɫɬɵ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɬɟɦіɪ ɤɟɧі ɲɢɤіɡɚɬɵɧɵң ԧңɞɟɥɭі 
ɞɨɦɧɚɥɵ ɛɚɥԕɵɬɭɞɚ ɤɟңіɧɟɧ ɬɚɪɚɥԑɚɧ [17-23]. Ⱥɥɚɣɞɚ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬɟɪɞің 
ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫɫі ԕɚɪɚɩɚɣɵɦ ɬɟɦіɪ ɤɟɧі ɲɢɤіɡɚɬɵɧ ɛɚɥԕɵɬɭ 
ɬɟɯɧɨɥɨɝɢɹɫɵɧɚɧ ɬɢɬɚɧ ԕɨɫɬɨɬɵԑɵɧɵң ɦԧɥɲɟɪі ɠɨԑɚɪɵ ɛɨɥɭɵɦɟɧ 
ɟɪɟɤɲɟɥɟɧɟɞі, ɛԝɥ ɲɥɚɤ ɬԛɡіɥɭ ɦɟɧ ɬɢɬɚɧɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧɟ 
ԕɨɫɵɦɲɚ ɤɟɞɟɪɝіɥɟɪ ɬɭɞɵɪɚɞɵ. 

Ⱦɨɦɧɚ ɩɟɲіɧің ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɲɚɪɬɬɚɪɵɧɞɚ ɬɢɬɚɧ ɬɨɬɵԕɬɚɪɵɧɵң 
ɝɚɦɦɚɫɵ (ɌiO2, Ti3O5, Ɍi2Ɉ3, TiO) ɬԛɡіɥɟɞі, ɨɥɚɪ ԕɢɵɧ ɛɚɥԕɢɬɵɧ ԕɨɫɵɥɵɫɬɚɪ – 
ɤɚɪɛɨɧɢɬɪɢɞɬɟɪɞің ɬԛɡіɥɭіɧɟ ɫɟɛɟɩɲі ɛɨɥɚɞɵ. ɋɨңԑɵɥɚɪɵ ɮɚɡɚɚɪɚɥɵԕ 
ɲɟɤɚɪɚɥɚɪɞɚ ɠԥɧɟ ɤɨɤɫ ɛɟɬіɧɞɟ ɠɢɧɚɥɚɞɵ, ɦɟɬɚɥɥ ɬɚɦɲɵɥɚɪɵɧɵң 
ɤɨɚɝɭɥɹɰɢɹɫɵɧ ԕɢɵɧɞɚɬɚɞɵ [19]. Ɇԝɧɵң ɫɚɥɞɚɪɵ ɲɨɣɵɧɧɵң ɲɥɚɤɩɟɧ ɚɭԕɵɦɞɵ 
ɠɨԑɚɥɭɵɧɚ, ɨɲɚԕɬɵң ɞɪɟɧɚɠɞɵԕ ԕɚɫɢɟɬіɧің ɧɚɲɚɪɥɚɭɵɧɚ ɫɟɛɟɩ ɛɨɥɚɞɵ [20], 
ɧԥɬɢɠɟɫіɧɞɟ ɨɲɚԕɬɚ ɠɵɥɠɵɦɚɥɵɥɵԑɵ ɚɡ ԕɢɵɧ ɛɚɥԕɢɬɵɧ ɦɚɫɫɚɧɵң ԕɚɥɵɩɬɚɫɭ 
ɲɚɪɬɬɚɪɵɧ ɬɭɞɵɪɚɞɵ. ɋɨɧɞɵԕɬɚɧ ɞɨɦɧɚ ԧɧɞіɪіɫіɧің ԥɥɟɦɞіɤ ɬԥɠіɪɢɛɟɫіɧɞɟ 
ɲɢɯɬɚɞɚ ɌiO2-ɧің ɪԝԕɫɚɬ ɟɬіɥɝɟɧ ɦԧɥɲɟɪіɧ 10 ɤɝ/ɬ ɲɨɣɵɧ ɲɚɦɚɫɵɦɟɧ 
ɲɟɤɬɟɥɟɞі [21]. 

Ȼɚɫɬɚɩԕɵ ɤɟɧɞɟ ɬɢɬɚɧ ԕɨɫɬɨɬɵԑɵɧɵң ɦԧɥɲɟɪіɧің ɠɨԑɚɪɵɥɚɭɵ, ɫɨɧɞɚɣ-ɚԕ 
ԧңɞіɪіɫɬіɤ ɚԕɚɭɥɚɪ (ɲɵԑɚɪɭɞɵң ɤіɞіɪɭі, ɛɚɹɭ ɠԛɪіɫɬɟɪ, ɬԝɪɵɩ ԕɚɥɭɥɚɪ ɦɟɧ 
ɛіɬɟɥɭ ɬԛɪіɧɞɟ) ɨɲɚԕɬɚ ɬɢɬɚɧ ɤɚɪɛɨɧɢɬɪɢɞɬɟɪіɧің ԧɫɭ ɩɪɨɰɟɫɬɟɪіɧ ɤԛɲɟɣɬɟɞі 
ɠԥɧɟ ɠɵɥɞɚɦɞɚɬɚɞɵ, ɞɨɦɧɚ ɩɟɲіɧің ɠԝɦɵɫɵ ɬԝɪɚԕɫɵɡ ɛɨɥɚɞɵ ɠԥɧɟ ɨɲɚԕɬɵң 
ɬԝɬԕɵɪɥɵ ɛɚɥԕɵɦɚ ɦɚɫɫɚɫɵɦɟɧ ɠɢі ɛіɬɟɥіɩ ԕɚɥɭɵɦɟɧ ɫɢɩɚɬɬɚɥɚɞɵ. ɋɨɧɞɵԕɬɚɧ 
ɬɢɬɚɧɦɚɝɧɟɬɢɬɬɟɪɞі ԧңɞɟɭ ɬɢіɦɞіɥіɝіɧің ԕɨɪɵ ɧɟɝіɡіɧɟɧ ɲɥɚɤ ɪɟɠɢɦіɧің 
ɠɟɬіɥɞіɪіɥɭіɧɟ ɛɚɣɥɚɧɵɫɬɵ. 

Ɍɢɬɚɧɞɵ ɬɟɦіɪ ɤɟɧі ɦɚɬɟɪɢɚɥɞɚɪɵɧɵң ԕԝɪɚɦɵɧɞɚ ɤɟɡɞɟɫɟɬіɧ ɬɢɬɚɧ 
ԕɨɫɬɨɬɵԑɵ (TiO2) ɞɨɦɧɚ ɩɟɲіɧɞɟ ɤɟɥɟɫі ɪɟɚɤɰɢɹɥɚɪ ɛɨɣɵɧɲɚ ɪɟɬɩɟɧ 
ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ: 

 
TiO2 + C = TiO + CO,                                      (1.1) 

TiO + C = Ti + CO.                                        (1.2) 
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Ʉɟɥɬіɪіɥɝɟɧ ɪɟɚɤɰɢɹɥɚɪɞɵң ɬɟɪɦɨɞɢɧɚɦɢɤɚɥɵԕ ɬɚɥɞɚɭɵɧɵң ɤԧɪɫɟɬɭі 

ɛɨɣɵɧɲɚ ɬɢɬɚɧ ɬɨɬɵԕɬɚɪɵɧɵң ɪɟɞɭɤɰɢɹɫɵ 1300 ºɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɚɣԕɵɧ 
ɠɵɥɞɚɦɞɵԕɩɟɧ ɛɚɫɬɚɥɚɞɵ. 

Ⱥɥɵɧɚɬɵɧ ɦɟɬɚɥɞɵԕ ɬɢɬɚɧ ɤԧɦіɪɬɟɝіɦɟɧ, ɫɨɧɞɚɣ-ɚԕ ɚɡɨɬɩɟɧ ԥɪɟɤɟɬɬɟɫіɩ 
ɬɢɬɚɧ ɤɚɪɛɢɞɬɟɪіɧ (TiC), ɤɚɪɛɨɧɢɬɪɢɞɬɟɪі (TiCN) ɦɟɧ ɧɢɬɪɢɞɬɟɪіɧ (TiN) ɬԛɡɟɞі: 

 
Ti  +  C  =  TiC,                                          (1.3) 

Ti  +  C  +  N  =  TiCN,                                    (1.4) 
Ti  +  N  =  TiN.                                          (1.5) 

 
TiC ɬԛɡіɥɝɟɧɞɟ ԛɥɤɟɧ ɠɵɥɭ ɛԧɥіɧɟɞі (239,694 ɤȾɠ/ɦɨɥɶ). Ɉɧɵң ɬԛɡіɥɭіɧɟ 

ɤԧɦіɪɬɟɝіɧің TiO2-ң ԥɪɟɤɟɬɬɟɫɭі ɠɚԑɵɦɞɵ ԥɫɟɪ ɟɬɟɞі. Ɍԛɡіɥɟɬіɧ ԕɨɫɵɥɵɫɬɚɪɞɵң 
ɛɚɥԕɭ ɬɟɦɩɟɪɚɬɭɪɚɥɚɪɵ ɚɫɚ ɠɨԑɚɪɵ – 3000 ºɋ ɚɫɬɚɦ ɛɨɥɵɩ ɤɟɥɟɞі (ɦɵɫɚɥɵ, TiC 
– 3420 ºɋ). Ⱦɨɦɧɚɞɚ ɛɚɥԕɵɬɭ ɤɟɡіɧɞɟ ɲɨɣɵɧ ɦɟɧ ɲɥɚɤ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧ 1450 – 
1500 ºɋ ɞɟңɝɟɣіɧɞɟ ԝɫɬɚɩ ɬԝɪɚɬɵɧɞɵԕɬɚɧ, ɚɬɚɥԑɚɧ ɬɢɬɚɧ ɤɚɪɛɢɞɬɟɪі ɦɟɧ 
ɤɚɪɛɨɧɢɬɪɢɞɬɟɪі ɛɚɥԕɵɦɚɥɚɪɞɚ ԕɚɬɬɵ ɮɚɡɚɥɚɪ ɬԛɪіɧɞɟ ɛɨɥɚɞɵ. 

ɉɟɲɬɟɝі ԕɚɥɵɩɬɵ ɩɪɨɰɟɫɬің ɠԛɪɭ ɛɚɪɵɫɵɧɞɚ ɲɚɦɚɦɟɧ 7 – 10 % ɬɢɬɚɧ ԕɨɫ 
ɬɨɬɵԑɵ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ ɠԥɧɟ ɦɟɬɚɥɞɵԕ ɮɚɡɚԑɚ ԧɬɟ ɚɥɚɞɵ, ɛіɪɚԕ ɦɟɬɚɥɞɵң 
ɤԧɦіɪɬɟɤɬɟɧɭі ɦɟɧ ɤɪɟɦɧɢɣɞің ԕɨɫɵɦɲɚ ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɚɪɬԕɚɧ ɫɚɣɵɧ, 
ɲɨɣɵɧɞɚ ɬɢɬɚɧ ɟɪіɝіɲɬіɝі ɬԧɦɟɧɞɟɣɞі ɠԥɧɟ ɬɢɬɚɧɧɵң ɚɪɬɵԕ ɦԧɥɲɟɪі ɦɟɬɚɥɞɵң 
ɲɥɚɤԕɚ ɠԥɧɟ ɲɥɚɤɬɵң ɤɨɤɫԕɚ ɚɞɝɟɡɢɹɫɵɧ (ɠɚɛɵɫɭɵɧ) ɚɪɬɬɵɪɚ ɨɬɵɪɵɩ, ɦɟɬɚɥɥ-
ɲɥɚɤ, ɲɥɚɤ-ɤɨɤɫ ɠɚɧɚɫɭ ɛɟɬɬɟɪіɧɞɟ (ԕɚɣɬɚ ɬԛɡіɥɭɲіɥɟɪɦɟɧ ɛіɪɝɟ) 
ɤɨɧɰɟɧɬɪɚɰɢɹɥɚɧɚ ɨɬɵɪɵɩ ɛԧɥіɧɟɞі. Ȼԝɥ ɤɨɤɫ ԕɚɛɚɬɵ ɚɪԕɵɥɵ ɲɥɚɤɬɵң ɧɚɲɚɪ 
ɞɪɟɧɚɠɞɚɥɭɵɧɵң ɫɟɛɟɛі ɛɨɥɚɞɵ. 

ɉɟɲ ɨɲɚԑɵɧɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɧ ɛɚɥԕɵɦɚɧɵ ԝɫɬɚɩ ɬԝɪɭ ɭɚԕɵɬɵ 
ɠɨԑɚɪɵɥɚԑɚɧ ɫɚɣɵɧ, TiC ɠԥɧɟ TiCN ɬԛɡіɥɭі ɩɪɨɝɪɟɫɫɢɜɬі ɚɪɬɚɞɵ, ɧԥɬɢɠɟɫіɧɞɟ 
ɨɥɚɪ ɞɨɦɧɚ ɩɟɲіɧің ɨɲɚԑɵɧɞɚ ɠɢɧɚɥɚɥɚɞɵ. Ɍɢɬɚɧɧɵң ɤɚɪɛɢɞɬі ɠԥɧɟ 
ɤɚɪɛɨɧɢɬɪɢɞɬі ԕɨɫɵɥɵɫɬɚɪɵɧɵң ɬɵԑɵɡɞɵԑɵ ɲɨɣɵɧ ɬɵԑɵɡɞɵԑɵɧɚɧ ɬԧɦɟɧ 
(ɬɢɬɚɧ ɤɚɪɛɢɞіɧің ɬɵԑɵɡɞɵԑɵ 4,93 ɝ/ɫɦ3, ɚɥ ɲɨɣɵɧ ɬɵԑɵɡɞɵԑɵ 6,9 ɝ/ɫɦ3), ɛіɪɚԕ 
ɲɥɚɤ ɬɵԑɵɡɞɵԑɵɧɚɧ ɠɨԑɚɪɵ (ɲɥɚɤ ɬɵԑɵɡɞɵԑɵ 2,8 ɝ/ɫɦ3). Ԕɚɪɚɫɬɵɪɵɥɵɩ 
ɨɬɵɪԑɚɧ ԕɨɫɵɥɵɫɬɚɪ ɲɨɣɵɧ ɦɟɧ ɲɥɚɤɬɚ ɟɪіɦɟɣɬіɧ ԛɲіɧɲі ɮɚɡɚ – ɝɪɟɧɚɥɶ 
ɬԛɡɟɞі, ɨɥ ɲɨɣɵɧɞɵ ɲɵԑɚɪɭ ɤɟɡіɧɞɟ ɲɥɚɤ ɬɚɫɵɦɚɥɞɚԑɵɲɩɟɧ (ɹԑɧɢ ɲɥɚɤɩɟɧ 
ɠɨԑɚɥɚɞɵ) ɠԥɧɟ ɲɨɣɵɧ ɬɚɫɵɦɚɥɞɚԑɵɲɩɟɧ ɠɨԑɚɥɚɞɵ, ɫɨңԑɵɫɵɧɵң 
ɮɭɬɟɪɨɜɤɚɫɵɧɚ ɛԧɥіɧɟɞі. Ȼԝɥ 1 ɬ ɬɚɭɚɪɥɵ ɲɨɣɵɧ ɚɥɭ ԛɲіɧ ɠԝɦɫɚɥɚɬɵɧ 
ɦɟɧɲіɤɬі ɬɟɦіɪ ɲɵԑɵɧɵɧɵң ԝɥԑɚɸɵɧɚ ɫɟɛɟɩɲі ɛɨɥɚɞɵ [24]. 

ɒɨɣɵɧ ɦɟɧ ɲɥɚɤ ɛɚɥԕɵɦɚɥɚɪɵɧɞɚ ɬɢɬɚɧ ɤɚɪɛɢɞɬɟɪі ɦɟɧ 
ɤɚɪɛɨɧɢɬɪɢɞɬɟɪіɧің ԕɚɬɬɵ ɮɚɡɚɫɵ ɩɚɣɞɚ ɛɨɥɭɵɧɵң ɬɚԑɵ ɛіɪ ɤɟɦɲіɥіɝі ɛɚɪ. Ȼԝɥ 
ɠɚԑɞɚɣɞɚ ɬԛɡіɥɟɬіɧ TiC ɠԥɧɟ TiCN ԕɚɛɵɪɲɵԕɬɚɪɵ ɲɨɣɵɧ ɬɚɦɲɵɥɚɪɵɧɵң 
ԛɥɤɟɸіɧɟ ɤɟɞɟɪɝі ɠɚɫɚɣɞɵ, ɩɟɲ ɨɲɚԑɵɧɚɧ ɲɨɣɵɧɞɵ ɲɵԑɚɪɭ ɤɟɡіɧɞɟ ɛɚɫɬɵ 
ɬɚɪɚɬɭ ɧɚɭɚɫɵɧɚɧ ԥɤɟɬіɥɟɬіɧ ɲɨɣɵɧɧɵң ɠɨԑɚɥɭɵɧɵң ɦԥɧіɧ ɚɪɬɬɵɪɚɞɵ. 

ɒɥɚɤ ɬԝɬԕɵɪɥɵԑɵɧɵң ԝɥԑɚɸɵ ɦɟɧ ɲɨɣɵɧ ɬɚɦɲɵɥɚɪɵɧɵң ԧɥɲɟɦі ɤіɲі  
ɛɨɥԑɚɧɞɚ ɲɥɚɤɩɟɧ ɦɟɬɚɥɞɵң ɠɨԑɚɥɭɵɧɵң ɦԥɧі ɚɪɬɭɵ ɲɥɚɤɬɚ ɲɨɣɵɧ 
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ɬɚɦɲɵɥɚɪɵɧɵң ɬԝɧɭɵɧɵң ɠɵɥɞɚɦɞɵԑɵɧɵң ɚɡɞɵԑɵɧɚ ɛɚɣɥɚɧɵɫɬɵ, ɨɥ ɋɬɨɤɫ 
ɬɟңɞɟɭіɦɟɧ ɫɢɩɚɬɬɚɥɚɞɵ (1.6-ɲɵ ɬɟңɞɟɭ): 

 
W = (2/9){[g·r2·(ρɱ – ρɲɥ)]/η},                                (1.6) 

 
ɦԝɧɞɚԑɵ, W – ɲɥɚɤɬɚ ɲɨɣɵɧ ɬɚɦɲɵɥɚɪɵɧɵң ɬԝɧɭ ɠɵɥɞɚɦɞɵԑɵ; 

g – ɟɪɤіɧ ɬԛɫɭ ԛɞɟɭі; 
r – ɲɨɣɵɧ ɬɚɦɲɵɫɵɧɵң ɪɚɞɢɭɫɵ; 
ρɱ – ɲɨɣɵɧ ɬɵԑɵɡɞɵԑɵ; 
ρɲɥ – ɲɥɚɤ ɬɵԑɵɡɞɵԑɵ; 
η – ɲɥɚɤ ɬԝɬԕɵɪɥɵԑɵ. 
Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɲɢɤіɡɚɬɵɧ ɞɨɦɧɚ ɩɟɲіɧɞɟ ɪɟɞɭɤɰɢɹɥɚɩ ɛɚɥԕɵɬɭ 

ɬɟɯɧɨɥɨɝɢɹɫɵ, ɟң ɛɚɫɬɵɫɵ ɜɚɧɚɞɢɣɥі ɲɨɣɵɧ ɛɚɥԕɵɬɭԑɚ ɛɚԑɵɬɬɚɥԑɚɧ [23]. 
ȼɚɧɚɞɢɣɥі ɲɨɣɵɧ ɚɥɭ ԧɧɞіɪіɫі Ԕɚɲԕɚɧɚɪ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɬɟɦіɪ ɤɟɧі 
ɲɢɤіɡɚɬɵɧɵң ɧɟɝіɡіɧɞɟ ɇɌɆɄ-ɞɚ ɢɝɟɪіɥɝɟɧ. 

Ԕɚɲԕɚɧɚɪ ɬɢɩɬі ɤɟɧɞɟɪɞі ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹ ɬԥɫіɥіɦɟɧ ɛɚɣɵɬɚɞɵ [13, 25, 
26]. Ʉɟɧ ɛɚɣɵɬɭɞɵң ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɫԝɥɛɚɫɵ: ԛɣіɧɞі ԕɚɥɞɵԕɬɚɪɞɵ ɛԧɥіɩ ɚɥɭ 
ɚɪԕɵɥɵ іɪі ɮɪɚɤɰɢɹɥɵ (15-10 ɦɦ) ɤɟɧɞɟɪɞі ԕԝɪԑɚԕ ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹɥɚɭɞɚɧ, 
ɤɨɧɰɟɧɬɪɚɬɬɵң ɟɤі ɬԛɪіɧ: ɬɟɦіɪ ɦԧɥɲɟɪі ɲɚɦɚɦɟɧ 60,6 % ɛɨɥɚɬɵɧ іɪі 
ɚɝɥɨɦɟɪɚɰɢɹɥɵԕ ɤɨɧɰɟɧɬɪɚɬɬɚɪ (0,074-0 ɦɦ ɤɥɚɫɵɧɵң 75-80 %) ɠԥɧɟ ɠɟɧɬɟɤɬɟɪ 
ɚɥɭ ԛɲіɧ ɬɟɦіɪ ɦԧɥɲɟɪі ɲɚɦɚɦɟɧ 62,7 % ɛɨɥɚɬɵɧ ԝɧɬɚԕ (0,044-0 ɦɦ ɤɥɚɫɵɧɵң 
85-90 %) ɤɨɧɰɟɧɬɪɚɬɬɚɪ ɚɥɭ ԛɲіɧ ɟɤі ɧɟɦɟɫɟ ԛɲ ɫɚɬɵɞɚ ԝɫɚԕɬɚɭ ɠԥɧɟ ɵɥԑɚɥ 
ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹɥɚɭɞɚɧ ɬԝɪɚɞɵ. Ԕɚɲԕɚɧɚɪ ɤɨɧɰɟɧɬɪɚɬɵɧɵң ɯɢɦɢɹɥɵԕ 
ԕԝɪɚɦɵ 2.1 ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ. 

ɍɪɚɥɦɟɯɚɧɨɛɪ ɡɟɪɬɬɟɭɥɟɪіɧің ɤԧɪɫɟɬɭі ɛɨɣɵɧɲɚ, Ԕɚɲԕɚɧɚɪ ɌȻɄ-ɞɚ 
ԕɨɥɞɚɧɵɥɚɬɵɧ ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɛɚɣɵɬɭ ɫԝɥɛɚɫɵɧɞɚ, ɬɢɬɚɧ, ɦɚɝɧɢɬɬіɤ 
ɫɟɩɚɪɚɰɢɹɧɵң ɟɤіɧɲі ɠԥɧɟ ԛɲіɧɲі ɫɚɬɵɥɚɪɵɧɞɚԑɵ ԕɚɥɞɵԕɬɚɪɞɚ, ɢɥɶɦɟɧɢɬ 
ɬԛɪіɧɞɟ ɲɨԑɵɪɥɚɧɚɞɵ. Ɉɫɵ ԕɚɥɞɵԕɬɚɪɞɚɧ ɛԧɥіɩ ɚɥɭ ɞԥɪɟɠɟɫі 4,42%, 
ԕԝɪɚɦɵɧɞɚ ɬɢɬɚɧ ԕɨɫɨɤɫɢɞіɧің ɦԧɥɲɟɪі 41,92-43,96% ɛɨɥɚɬɵɧ ɢɥɶɦɟɧɢɬ 
ɤɨɧɰɟɧɬɪɚɬɵɧ ɛԧɥіɩ ɚɥɭ ɫԝɥɛɚɫɵ ɠɚɫɚɥɞɵ. Ȼіɪ ɭɚԕɵɬɬɚ ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɭ ԛɲіɧ 
ԕԝɪɚɦɵ 26-27 % Fe, 7,5 % TiɈ2 ɛɨɥɚɬɵɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ԧɧіɦі ɚɥɵɧɭɵ ɦԛɦɤіɧ 
(ɤɟɧɧɟɧ ɬɢɬɚɧ ԕɨɫ ɬɨɬɵԑɵɧɵң ɛԧɥіɧɭі 0,46 % ɞɟɣіɧ). Ⱥɥɚɣɞɚ, ɟɫɟɩɬɟɭɥɟɪɞің 
ɤԧɪɫɟɬɭі ɛɨɣɵɧɲɚ ɛԝɥ ԧɧіɦɞɟɪɞің ɚɥɵɧɭɵ ɷɤɨɧɨɦɢɤɚɥɵԕ ɬɢіɦɫіɡ. 

Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬіɧ ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧ ɡɟɪɬɬɟɭ ɛɚɪɵɫɵɧɞɚ, ɲɨɣɵɧ 
ԕԝɪɚɦɵɧɞɚ ɤɪɟɦɧɢɣɞің 0,2 – 0,4 % ɦԧɥɲɟɪіɧɟ ɫԥɣɤɟɫ ɤɟɥɟɬіɧ ɨңɬɚɣɥɵ ɠɵɥɭɥɵԕ 
ɪɟɠɢɦ ɨɪɧɚɬɵɥɞɵ. Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬɟɪɞі ɛɚɥԕɵɬɭ ɤɟɡіɧɞɟ ԧɬɟɬіɧ ɮɢɡɢɤɚ-
ɯɢɦɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪ ɦɟɧ ɠɵɥɭɥɵԕ ɤԛɣіɧің ɬԝɪɚԕɬɵɥɵԑɵ ɠɨԑɚɪɵ ɛɨɥԑɚɧɞɚ 
ɞɨɦɧɚ ɩɟɲіɧің ɠԝɦɵɫɵ ɬɢіɦɞі ɠԛɪɟɞі. Ȼԝɥ ɤɟɡɞɟ ɩɟɲɬің ɠɵɥɭɥɵԕ ɤԛɣіɧің 
ɞɟңɝɟɣі, ɲɢɯɬɚɞɚ ɬɢɬɚɧ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ ɠɨԑɚɪɵ ɛɨɥԑɚɧ ɫɚɣɵɧ, ɬԧɦɟɧ ɛɨɥɭɵ 
ԕɚɠɟɬ [18]. Ȼɟɪіɥɝɟɧ ɠԝɦɵɫ ɪɟɠɢɦі ɤɚɪɛɢɞɬің ɬԛɡіɥɭіɧ ɬɟɠɟɣɞі. Ⱦɟɝɟɧɦɟɧ, 
ɩɪɨɰɟɫɬің ɠԛɪɭ ɭɚԕɵɬɵ ԝɡɚɪԑɚɧ ɫɚɣɵɧ ɝɚɪɧɢɫɚɠɞɵң ɛіɪɬіɧɞɟɩ ԝɥԑɚɸɵɧɚ, 
ɞɪɟɧɚɠɞɚɭ ԕɚɛіɥɟɬɬіɥіɝіɧің ɬԧɦɟɧɞɟɭіɧɟ ɠԥɧɟ ɨɲɚԕɬɵң ɛіɬɟɥɭіɧɟ ԥɤɟɥɟɞі.  

ɋɨңԑɵ ɭɚԕɵɬԕɚ ɞɟɣіɧ ɇɌɆɄ-ɞɚ, ɠɨԑɚɪɵɞɚ ɚɬɚɥԑɚɧ ɠɚԑɵɦɫɵɡ ɫԥɬɬɟɪɞі 
ɠɨɸԑɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɬіɧ ɜɚɧɚɞɢɣɥі ɲɨɣɵɧ ɛɚɥԕɵɬɭɞɚɧ ԕɚɪɚɩɚɣɵɦ ԕɨɥɞɚɧɛɚɥɵ 
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ɲɨɣɵɧ ɚɥɭԑɚ ɩɟɪɢɨɞɬɵ ԧɬɭ ɬԥɠіɪɢɛɟɥɟɧɞі [27]. Ȼԝɥ ɚɥɬɵ ɞɨɦɧɚ ɩɟɲіɧің 
ɠԝɦɵɫɵ ɦɟɧ ɬɟɦіɪ ɤɟɧіɧің ɚɫɚ ɠɟɬɤіɥіɤɬі ɛɚɡɚɫɵɧɞɚ ɦԛɦɤіɧ ɛɨɥɞɵ. Ʉɟɥɟɲɟɤɬɟ 
ɞɨɦɧɚ ɰɟɯɵɧɞɚ 3 ɩɟɲ ԕɚɥɚɞɵ, ɚɥ ԕɨɥɞɚɧɛɚɥɵ ɬɟɦіɪ ɤɟɧіɧің ɚɝɥɨɦɟɪɚɬɵɧ ԧɧɞіɪɭ 
ɦԛɦɤіɧɞіɝі ԕɚɡіɪɝі ɭɚԕɵɬɬɚ 2,5 ɟɫɟ ɬԧɦɟɧɞɟɞі. 

Ⱦɚɥɚ ɲɩɚɬɵ ɦɟɧ ɫіɥɬіɥі ԕɨɫɵɥɵɫɬɚɪ ɬԥɪіɡɞі ɲɥɚɤɬɵ ɫԝɣɵɥɬɚɬɵɧ 
ԕɨɫɩɚɥɚɪɞɵң ԕɨɥɞɚɧɵɥɭɵ, ɬԥɠіɪɢɛɟɥіɤ ɛɚɥԕɵɬɭɥɚɪɞɚ ɠɨԑɚɪɵ ɬɢіɦɞіɥіɤɬі 
ɤԧɪɫɟɬɬі [23, 28]. Ⱥɥɚɣɞɚ, ɨɥɚɪɞɵң ɠɨԑɚɪɵ ԕԝɧɵ, ԕɚɦɬɭ ɤԛɪɞɟɥіɥіɝі, ɚɥɞɵɧ-ɚɥɚ 
ɞɚɣɵɧɞɚɥɭɵ ɦɟɧ ɲɢɯɬɚԑɚ ɟɧɝіɡіɥɭі, ɫɨɧɵɦɟɧ ԕɚɬɚɪ ɞɨɦɧɚ ɩɟɲіɧің 
ɮɭɬɟɪɨɜɤɚɫɵɧɚ ɤɟɪі ԥɫɟɪі, ɛɟɪіɥɝɟɧ ɬɟɯɧɨɥɨɝɢɹɧɵ ɟɧɞіɪɭɝɟ ɦԛɦɤіɧɞіɤ ɛɟɪɝɟɧ 
ɠɨԕ. 

Ɍɢɬɚɧ ɤɚɪɛɢɞіɧің ɬԛɡіɥɭіɦɟɧ ɤԛɪɟɫɭɞің (ɧɚԕɬɵɪɚԕ ɚɣɬԕɚɧɞɚ, ɤɚɪɛɢɞɬі 
ԕɨɫɵɥɵɫɬɚɪɞɵ ɵɞɵɪɚɬɭɞɵң) ɠɟɬɤіɥіɤɬі ɬɢіɦɞі ԕԝɪɚɥɵ - ɞɨɦɧɚ ɩɟɲіɧің ɠɨԑɚɪɵ 
ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɡɨɧɚɫɵɧɚ ԕɚɬɬɵ ɬɨɬɵԕɬɵɪԑɵɲɬɚɪ ɟɧɝіɡɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 
Ɇԝɧɞɚɣ ɬɨɬɵԕɬɵɪԑɵɲɬɚɪԑɚ ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɚɬɟɪɢɚɥɞɚɪ, ɦɵɫɚɥɵ, 
ɞԥɧɟɤɟɪɥɟɭ ɲɥɚɤɬɚɪɵ ɠɚɬɚɞɵ. Ⱦԥɧɟɤɟɪɥɟɭ ɲɥɚɤɬɚɪɵ ɞɨɦɧɚ ɩɟɲіɧің ɲɢɯɬɚɫɵɧɚ 
ɟɧɝіɡіɥɝɟɧ ɠԥɧɟ ɟɧɝіɡіɥɭɞɟ [27]. Ⱥɡ ɤɟɭɟɤɬі ɦɚɤɪɨԕԝɪɵɥɵɦɵɧɵң, ɫɨɧɵɦɟɧ ԕɚɬɚɪ 
ɨɧɞɚ ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɮɚɹɥɢɬ ɦԧɥɲɟɪі ɠɨԑɚɪɵ ɛɨɥԑɚɧɞɵԕɬɚɧ, ɬɟɦіɪ ɲɚɥɚ 
ɬɨɬɵԑɵɧɵң ɤԧɩ ɦԧɥɲɟɪі ɨɲɚԕԕɚ ɬԛɫɟɞі, ɚɥɚɣɞɚ ɲɥɚɤ ɬԝɬԕɵɪɥɵԑɵɧɵң 
ɬԧɦɟɧɞɟɭіɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɬіɧɞɟɣ, ɬɢɬɚɧ ɤɚɪɛɢɞіɧɟ ɟɲɛіɪ ԥɫɟɪ ɟɬɤɟɧ ɠɨԕ:  

 
TiC + 3FeO = TiO2 + CO + 3Fe, 

 
Ʉɨɦɛɢɧɚɬɬɚ ԕɵɫɭ ɰɟɯɬɚɪɵ ɠɚɛɵɥԑɚɧɧɚɧ ɤɟɣіɧ, ɦԝɧɞɚɣ ɦɚɬɟɪɢɚɥɞɚɪɞɵң 

ɩɚɣɞɚɥɚɧɵɥɭɵ, ɬɟɤ ɫɵɪɬɬɚɧ ɫɚɬɵɩ ɚɥɭ ɠɨɥɵɦɟɧ ɦԛɦɤіɧ ɛɨɥɞɵ, ɛԝɥ ԕɢɵɧԑɚ 
ɬԛɫɬі. 

Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬɟɪɞі ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧɞɟ ԕɵɡɵԕɬɵɪɚɬɵɧɵ, ɬɢɬɚɧ 
ɤɚɪɛɢɞіɧің ɬԛɡіɥɭіɧ ɚɥɞɵɧ-ɚɥɭ (ɧɟɦɟɫɟ ɦɢɧɢɦɢɡɚɰɢɹɥɚɭ) ɚɪԕɵɥɵ, ɜɚɧɚɞɢɣɞі 
ɲɨɣɵɧԑɚ ɚɫɚ ɬɨɥɵԕ ɛԧɥіɩ ɚɥɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ȼɚɧɚɞɢɣɞің ɲɨɣɵɧԑɚ ԧɬɭ 
ɞԥɪɟɠɟɫі - ɲɥɚɤ ɧɟɝіɡɞіɥіɝі, ɨɧɵң ɦԧɥɲɟɪі, ɲɨɣɵɧ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɦɟɧ ɬ.ɛ. 
ɫɢɹԕɬɵ ɤԧɩɬɟɝɟɧ ɮɚɬɤɨɪɥɚɪԑɚ ɬԥɭɟɥɞі. 

ɒɟɬ ɟɥɞɟɪɞɟ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɟɧɞɟɪіɧ ɷɥɟɤɬɪɥі ɛɚɥԕɵɬɭ, ɨɥɚɪɞɚɧ ɜɚɧɚɞɢɣɞі 
ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɛԧɥіɩ ɚɥɭ, ɚɪɵ ԕɚɪɚɣ ɬɢɬɚɧ ɦԧɥɲɟɪі ɠɨԑɚɪɵ ɛɨɥɚɬɵɧ 
ɤɨɧɰɟɧɬɪɚɬɬɚɪ ɚɥɭ ԛɲіɧ ɤԛɣɞіɪɭ, ɤɟɣіɧɧɟɧ ɷɥɟɤɬɪɥі ɛɚɥԕɵɬɭ ɚɪԕɵɥɵ 
ɪɟɞɭɤɰɢɹɥɚɩ ɤԛɣɞіɪɭ ɠԥɧɟ ɤɟɧɧɟɧ ɢɥɶɦɟɧɢɬ ɩɟɧ ɦɚɝɧɟɬɢɬɬі ɠɟɤɟ 
ɤɨɧɰɟɧɬɪɚɬɬɚɪԑɚ ɦɟɯɚɧɢɤɚɥɵԕ ɛԧɥɭ ɩɪɨɰɟɫɬɟɪі ɫɵɧɚɥɞɵ [10]. ɋɨɥ ɠɵɥɞɚɪɵ 
ɍɪɚɥɞɵң ɬɟɦіɪ-ɬɢɬɚɧ ɤɟɧɞɟɪіɧ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɛɚԑɚɥɚɭ ɦɟɧ ԧңɞɟɭ ɛɨɣɵɧɲɚ 
ɡɟɪɬɬɟɭɥɟɪ ɛɚɫɬɚɥɞɵ. Ȼԝɥ ɠԝɦɵɫɬɚɪ ԛɲ ɛɚԑɵɬɬɚ ɠԛɪɞі [12, 29]: ɞɨɦɧɚɞɚ 
ɛɚɥԕɵɬɭ, ɷɥɟɤɬɪɥі ɛɚɥԕɵɬɭ ɠԥɧɟ ɬɟɦіɪɞі ɬіɤɟɥɟɣ ɚɥɭ. Ⱥɫɚ ɬɨɥɵԕ ɡɟɪɬɬɟɭɥɟɪ, 
Ʉɭɫɢɧɫɤ ɢɥɶɦɟɧɢɬ-ɦɚɝɧɟɬɢɬ ɤɟɧɨɪɧɵɧɵң ɛɚɣɵɬɵɥɦɚԑɚɧ ɤɟɧɞɟɪіɧ ɞɨɦɧɚɞɚ 
ɛɚɥԕɵɬɭ [29, 30], ɫɨɧɵɦɟɧ ԕɚɬɚɪ ɠɟɤɟ ɢɥɶɦɟɧɢɬ ɩɟɧ ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ 
ɚɥɭ ɠԥɧɟ ɨɥɚɪɞɵ ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɭ ԛɲіɧ ɩɚɣɞɚɥɚɧɭ ɦɚԕɫɚɬɵɧɞɚ ԧңɞɟɭ ɛɨɣɵɧɲɚ 
ɡɟɪɬɬɟɭɥɟɪ ɠԛɪɝіɡіɥɞі. 

Ɍɢɬɚɧ ɦԧɥɲɟɪі ɚɫɚ ɬԧɦɟɧ ɛɨɥɚɬɵɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ԛɲіɧ 
ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ԧɧɟɪɤԥɫіɩɬіɤ ɦɚɫɲɬɚɛɬɚ ԧңɞɟɭɞің ɛіɪɲɚɦɚ ԧɡɝɟ ԥɞіɫɬɟɪіɧ 
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ԕɨɥɞɚɧɚɞɵ: 1 – ɞɨɦɧɚɞɚ ԧңɞɟɭ; 2 -  ɛіɪ ɫɚɬɵɥɵ ɷɥɟɤɬɪɥі ɛɚɥԕɵɬɭ; 3 – ԕԝɛɵɪɥɵ 
ɩɟɲ-ɷɥɟɤɬɪɥі ɩɟɲ ɫԝɥɛɚɫɵ ɛɨɣɵɧɲɚ ɟɤі ɫɚɬɵɥɵ ԥɞіɫɩɟɧ ɛɚɥԕɵɬɭ; 4 – ɬɟɦіɪɞі 
ɬіɤɟɥɟɣ ɚɥɭ ԥɞіɫі - Ʉɪɭɩɩ-Ɋɟɧɧ-ɩɪɨɰɟɫɫі; 5 – ɜɚɧɚɞɢɣ ɛԧɥіɩ ɚɥɭɞɵң 
ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ԥɞіɫі. 

Ɍɟɦіɪ-ɬɢɬɚɧ ɤɟɧɞɟɪіɧ ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɭɞɵң ɩɪɢɧɰɢɩɢɚɥɞɵ ɦԛɦɤіɧɞіɝі 
ɛԝɪɵɧ ɨɪɧɚɬɵɥɞɵ [29, 30, 31-34]. Ⱥɥɚɣɞɚ, ɬɢɬɚɧ ɦԧɥɲɟɪі ɠɨԑɚɪɵ (> 50 % TiɈ2) 
ɛɨɥɚɬɵɧ ɲɥɚɤɬɚɪɞɵң ɚɥɵɧɭɵɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɬіɧ, TiɈ2 ɠɨԑɚɪɵ ɦԧɥɲɟɪіɦɟɧ 
ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬɟɪɞі ɞɨɦɧɚ ɩɟɲіɧɞɟ ԧңɞɟɭ ɩɪɨɰɟɫіɧ ɬԥɠіɪɢɛɟɞɟ ɠԛɡɟɝɟ ɚɫɵɪɭ 
ɠɟɬіɫɬіɤɤɟ ԥɤɟɥɝɟɧ ɠɨԕ. Ԧɧɟɪɤԥɫіɩɬіɤ ɞɟңɝɟɣɞɟ ɇɢɠɧɢɣ Ɍɚɝɢɥɶ ɦɟɬɚɥɥɭɪɝɢɹ 
ɤɨɦɛɢɧɚɬɵɧɞɚ, ɠɟɧɬɟɤɬɟɪ ɦɟɧ ɚɝɥɨɦɟɪɚɬ ɬԛɪіɧɞɟ ɤɟɫɟɤɬɟɥɝɟɧ, Ԕɚɲԕɚɧɚɪ ɌȻɄ-
ɧɵң ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ (TiɈ2 ɦԧɥɲɟɪі 2-3%) ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɭ 
ɠԛɡɟɝɟ ɚɫɵɪɵɥɚɞɵ.  

Ʉɨɧɰɟɧɬɪɚɬɬɚɪ ɦɟɧ ɫɨңԑɵ ɲɥɚɤɬɚɪɞɚ TiɈ2 ɦԧɥɲɟɪі, ԧɡіɧɞіɤ ԧɧіɦɝɟ ɛԧɥіɩ 
ɚɥɭ ɬԝɪԑɵɫɵɧɚɧ ԧɧɟɪɤԥɫіɩɬіɤ ԕɵɡɵԑɭɲɵɥɵԕ ɤԧɪɫɟɬɩɟɣɬіɧɞіɝіɧɟ ԕɚɪɚɦɚɫɬɚɧ, 
ɬɢɬɚɧ ɬɨԑɵɧɵң ɤɟɡɞɟɫɭіɧің ԧɡі ɤɟɫɟɤɬɟɭ ԧɧіɦіɧің ԕɚɫɢɬɬɟɪіɧɟ ɞɟ, ɞɨɦɧɚɞɚ 
ɛɚɥԕɵɬɭ ɬɟɯɧɨɥɨɝɢɹɫɵɧɚ ɞɚ ɛɟɥɝіɥі ɛіɪ іɡ ԕɚɥɞɵɪɚɞɵ. Ɇɵɫɚɥɵ, ɇɢɠɧɢɣ Ɍɚɝɢɥɶ 
ɦɟɬɚɥɥɭɪɝɢɹ ɤɨɦɛɢɧɚɬɵɧɵң ɲɥɚɤɬɚɪɵɧɞɚ TiɈ2 ɦԧɥɲɟɪі 8-12 % ɞɟңɝɟɣіɧɞɟ 
ɛɨɥԑɚɧ ɤɟɡɞɟ, ɛɚɥԕɵɬɭ ԧɧіɦɞɟɪіɧ ɲɵԑɚɪɭԑɚ ɛɚɣɥɚɧɵɫɬɵ ԕɢɵɧɞɵԕɬɚɪ ɛɚɣԕɚɥɞɵ. 
Ȼԝɥ ԕɢɵɧɞɵԕɬɚɪ, ɞɨɦɧɚ ɩɟɲіɧɞɟ ɬɢɬɚɧ ԕɨɫɬɨɬɵԑɵɧɵң ɪɟɞɭɤɰɢɹɥɚɧɭɵɧɚ ɠԥɧɟ 
ɛɚɥԕɵɦɚɧɵң ɝɟɬɟɪɨɝɟɧɞіɥіɝі ɦɟɧ «ɝɪɟɧɚɥɶ» ɬԛɡіɥɭіɧɟ ԥɤɟɥɟɬіɧ, ɲɨɣɵɧ ɦɟɧ 
ɲɥɚɤɬɚ ɚɡ ɟɪɢɬіɧ, ԕɢɵɧ ɛɚɥԕɢɬɵɧ ɬɢɬɚɧ ɤɚɪɛɢɞɬɟɪі ɦɟɧ ɤɚɪɛɨɧɢɬɪɢɞɬɟɪіɧің 
ɬԛɡіɥɭіɧɟ ɛɚɣɥɚɧɵɫɬɵ ɛɨɥɚɞɵ [35, 36]. Ɉɫɵ ɫɟɛɟɩɬɟɧ ɨɲɚԕɬɵң ԛɣіɥɭі ɛɨɥɚɞɵ, 
ɛɚɥԕɵɬɭ ԧɧіɦɞɟɪіɧің ɲɵԑɚɪɵɥɭɵ, ɲɥɚɤ ɮɭɪɦɚɥɚɪɵɧɵң ɤԛɣіɦі ɤԛɪɞɟɥɟɧɟɞі. 
ɉɟɲɬің ɠɵɥɭɥɵԕ ɤԛɣіɧ ɪɟɬɬɟɭ ɛɨɣɵɧɲɚ  ɬɟɤ ɚɪɧɚɣɵ ɲɚɪɚɥɚɪɞɵң ɠԛɪɝіɡіɥɭі 
[37], ɲɨɣɵɧ ɦɟɧ ɲɥɚɤɬɵң ԕɚɥɵɩɬɵ ɲɵԑɚɪɵɥɭɵɧ ɞԝɪɵɫɬɚɭԑɚ ɦԛɦɤіɧɞіɤ ɛɟɪɞі. 
Ȼɚɫɬɚɩԕɵ ɦɚɬɟɪɢɚɥɞɚɪɞɚ ɬɢɬɚɧ ԕɨɫɬɨɬɵԑɵɧɵң ɦԧɥɲɟɪі ɠɨԑɚɪɵɥɚԑɚɧ ɤɟɡɞɟ, 
ɞɨɦɧɚɞɚ ɛɚɥԕɵɬɭ ɠԛɪɝіɡɭ ԕɢɵɧɞɵԕɬɚɪɵ ɚɪɬɚɞɵ. 

ɒɢɤіɡɚɬɬɵ ɬіɤɟɥɟɣ ɛіɪ ɫɚɬɵɞɚ ɷɥɟɤɬɪɥі ɛɚɥԕɵɬɭ ɬԥɫіɥі, ɤɟɧɧɟɧ 
ɤɨɦɩɨɧɟɧɬɬɟɪɞі ɚɫɚ ɬɨɥɵԕ ɤɟɲɟɧɞі ɛԧɥіɩ ɚɥɭԑɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. Ɉɥ ԛɲіɧ 
ɬɟɦіɪ-ɬɢɬɚɧ ɤɟɧɞɟɪі ɦɟɧ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧɵң ɤɟɡ ɤɟɥɝɟɧ ɬԛɪɥɟɪі, ɠԥɧɟ ɟң 
ɛɚɫɬɵɫɵ ɬɢɬɚɧ ɦԧɥɲɟɪі ɠɨԑɚɪɵ ɛɨɥɚɬɵɧ ɤɨɧɰɟɧɬɪɚɬɬɚɪ ɠɚɪɚɦɞɵ ɛɨɥɚɞɵ. 
ɗɥɟɤɬɪ ɩɟɲіɧɞɟ ɛɚɥԕɵɬɭ ɤɟɡіɧɞɟ ɬԛɡіɥɟɬіɧ ɲɥɚɤɬɚɪ ԕԝɪɚɦɵɧɞɚ ɬɢɬɚɧɧɵң ɤɟɡ 
ɤɟɥɝɟɧ ɦԧɥɲɟɪɞɟ ɛɨɥɭɵ, ɞɨɦɧɚ ɩɪɨɰɟɫіɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ, ɨɧɵң ɠԝɦɵɫɵɧɚ 
ɠɚԑɵɦɫɵɡ ԥɫɟɪіɧ ɬɢɝіɡɛɟɣɞі. Ʉɨɧɰɟɧɬɪɚɬɬɚɪɞɚ ɬɢɬɚɧ ɦԧɥɲɟɪі ɠɨԑɚɪɵ ɛɨɥԑɚɧ 
ɫɚɣɵɧ, ɲɥɚɤɬɚɪɞɚ ɬɢɬɚɧ ɦԧɥɲɟɪі ɫɨɧɲɚɥɵԕɬɵ ɠɨԑɚɪɵ ɠԥɧɟ ɨɥɚɪɞɚɧ ɬɢɬɚɧ 
ɛԧɥіɧɭі ɬɢіɦɞіɪɟɤ ɛɨɥɚɞɵ. ȼɚɧɚɞɢɣ, ɛɚɥԕɵɬɭ ɤɟɡіɧɞɟ ɲɨɣɵɧԑɚ ԧɬɟɞі, ɨɞɚɧ ɨɥ 
ɠɟңіɥ ɛԧɥіɧɟɞі. Ɍіɤɟɥɟɣ ɷɥɟɤɬɪɥі ɛɚɥԕɵɬɭ ԥɞіɫі ɠɟɬɤіɥіɤɬі ԕɵɦɛɚɬ ɬԝɪɚɬɵɧ ɠԥɧɟ 
ԕɭɚɬɬɵ ɤԧɩ ԕɚɠɟɬ ɟɬɟɬіɧ ɛɨɥɵɩ ɤɟɥɟɞі, ɫɨɧɞɵԕɬɚɧ ɤɟɣіɧɧɟɧ ɲɥɚɤɬɚɪɞɚɧ 
ɦɟɬɚɥɞɵ ɬɢɬɚɧ ɚɥɭ ԛɲіɧ, ɨɥɚɪԑɚ ɬɟɤ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ԧңɞɟɭ 
ɷɤɨɧɨɦɢɤɚɥɵԕ ɬԝɪԑɵɞɚɧ ɬɢіɦɞі. ɉɢɝɦɟɧɬɬі ɬɢɬɚɧ ԕɨɫ ɬɨɬɵԑɵɧ ԧɧɞіɪɭ ԛɲіɧ 
ɛіɡɞің ɟɥɞɟ ɨɧɵ ɩɚɣɞɚɥɚɧɛɚɣɞɵ. 

ȼɇɂɂɐɜɟɬɦɟɬ ɡɟɪɬɬɟɭɥɟɪіɦɟɧ [38], «Ԕɚɪɚԧɬɤɟɥ», «Ȼɟɤɬɟɦіɪ» (ɋɚɬɩɚɟɜ), 
«ɉɟɫɱɚɧɤɚ» ɠԥɧɟ «Ɍɨɛɨɥ» ɤɟɧɨɪɵɧɞɚɪɵɧɵң ɢɥɶɦɟɧɢɬ ɤɟɧіɧ ɛɚɣɵɬɭ 
ɬɟɯɧɨɥɨɝɢɹɫɵɧ ɠɚɫɚɭ ɛɨɣɵɧɲɚ ɚɭԕɵɦɞɵ ɤԧɥɟɦɞɟ ɠԝɦɵɫ ɠɚɫɚɥɞɵ. Ⱥɬɚɥԑɚɧ 
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ɤɟɧɨɪɵɧɞɚɪ ɤɟɧіɧің ɫɢɩɚɬɬɵ ɟɪɟɤɲɟɥіɝі - ɮɨɫɮɨɪ ɦɟɧ ɯɪɨɦ ɬɨɬɵԑɵɧɵң ɬԧɦɟɧ 
ɦԧɥɲɟɪі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ʉɟɧɞɟ ɤɚɨɥɢɧ ɫɚɡɛɚɥɲɵԑɵɧɵң ɦԧɥɲɟɪі ɠɨԑɚɪɵ 
(50%-ɞɚɧ ɚɫɬɚɦ) ɠԥɧɟ 1ɦ3-ԕɚ 20-50ɤɝ ɢɥɶɦɟɧɢɬɬің ɫɚɥɵɫɬɵɪɦɚɥɵ ɦԧɥɲɟɪі ɚɡ 
ɛɨɥԑɚɧɞɵԕɬɚɧ, Ԕɚɪɚԧɬɤɟɥ ɦɟɧ Ȼɟɤɬɟɦіɪ ɤɟɧɨɪɵɧɞɚɪɵɧɵң ɬɢɬɚɧ ɲɢɤіɡɚɬɵɧ 
ԧңɞɟɭ ɤԛɪɞɟɥі ɛɨɥɚɞɵ. ȼɇɂɂɐɜɟɬɦɟɬ ɨɩɟɪɚɰɢɹɧɵң ɬԝɪɚԕɬɵ ɤԧɪɫɟɬɤіɲɬɟɪіɧ 
ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɬіɧ, ɤɟɧɞі ɭɚɬɭ ɦɟɧ ɲɚɸ ɬɟɯɧɨɥɨɝɢɹɫɵɧ ɠɚɫɚɞɵ ɠԥɧɟ ɠɚɪɬɵɥɚɣ 
ԧɧɟɪɤԥɫіɩɬіɤ ɲɚɪɬɬɚɪɞɚ ɫɵɧɚԕɬɚɧ ԧɬɤіɡɞі. Ԕɚɪɚԧɬɤɟɥ ɤɟɧіɧ ɛɚɣɵɬɭɞɵң іɥɟɫɩɟ 
ԧɧіɦɞɟɪі ɤɚɨɥɢɧ ɫɚɡɛɚɥɲɵԑɵ, ɢɥɶɦɟɧɢɬ, ɰɢɪɤɨɧ, ɫɥɸɞɚ, ɞɚɥɚ ɲɩɚɬɵ ɦɟɧ ɤɜɚɪɰ 
ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ȼɚɫɬɚɩԕɵ ɤɟɧɧɟɧ 55% ɧɟɦɟɫɟ ɲɚɣɵɥԑɚɧ 
ԕԝɦɧɚɧ 82% ɛԧɥіɧɭі ɤɟɡіɧɞɟ, ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧɵң ԕԝɪɚɦɵɧɞɚ 50% TiO2 

ɛɨɥɚɞɵ. Ȼԝɥ ɤɟɡɞɟ ɨɪɧɚɬɵɥԑɚɧɞɚɣ, «Ȼɟɤɬɟɦіɪ» (ɋԥɬɛɚɟɜ) ɤɟɧɨɪɧɵɧɵң 
ɤɟɧɞɟɪіɧɞɟ TiO2 ɦԧɥɲɟɪі 1,87-4,28%, ɚɥ ɲɚɣɦɚɥɚɧԑɚɧ ԕԝɦɞɚ 5,36-8,71% 
ԕԝɪɚɣɞɵ. Ʉɟɧ ɛɚɣɵɬɭɞɵң ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɫԝɥɛɚɫɵ: ɭɚɬɭɞɵ, іɪіɥіɤ ɤɥɚɫɵ 40 ɦɤɦ 
ɛɨɣɵɧɲɚ ɲɥɚɦɫɵɡɞɚɧɞɵɪɭɞɵ, ɢɥɶɦɟɧɢɬ (49,4-52,8% TiO2) ɩɟɧ ɤɨɥɥɟɤɬɢɜɬі 
ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɵ ɛԧɥɭ ɚɪԕɵɥɵ ɝɪɚɜɢɬɚɰɢɹɥɵԕ ɠԥɧɟ ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹɧɵ 
ԕɚɦɬɢɞɵ [38]. ɋԥɬɛɚɟɜ ɤɟɧɨɪɧɵɧɵң ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵ ɬɟɦіɪ ɬɨɬɵԑɵɧɵң 
ɠɨԑɚɪɵ ɦԧɥɲɟɪіɦɟɧ ɠԥɧɟ ɜɚɧɚɞɢɣɞің 0,6% ɞɟɣіɧ ɦԧɥɲɟɪіɦɟɧ ɫɢɩɚɬɬɚɥɚɞɵ. 
ɋԥɬɛɚɟɜ ɤɟɧɨɪɧɵɧɵң ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧɵң ɮɢɡɢɤɚ-ɯɢɦɢɹɥɵԕ ɠԥɧɟ 
ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ԕɚɫɢɟɬɬɟɪіɧ ɡɟɪɬɬɟɭɝɟ ɨɬɚɧɞɵԕ ɚɜɬɨɪɥɚɪɞɵң ɤԧɩɬɟɝɟɧ 
ɠԝɦɵɫɬɚɪɵ ɚɪɧɚɥԑɚɧ [39-41]. 

ɂɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ɩɟɲɬɟɧ ɬɵɫ ɚɥɸɦɢɧɨɬɟɪɦɢɹɥɵԕ ɪɟɞɭɤɰɢɹɥɚɭ 
ɬɟɯɧɨɥɨɝɢɹɫɵ, ɠɢɧɚɦɚɥɵ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɨɲɚԕɬɚ ɠɵɥɭ ɤɟɥɬіɪɭіɧɫіɡ 
ɮɟɪɪɨɬɢɬɚɧɞɵ ɛɚɥԕɵɬɭԑɚ ɧɟɝіɡɞɟɥɝɟɧ. ɉɪɨɰɟɫɬің ԕɚɥɵɩɬɵ ɠԛɪіɫіɧ ԕɚɦɬɚɦɚɫɵɡ 
ɟɬɭ ԛɲіɧ ɲɢɯɬɚ ɬɟɪɦɢɹɥɵɥɵԑɵ 71-92 ɤȾɠ/ɝ-ɚɬɨɦ ɚɪɚɥɵԑɵɧɞɚ ɛɨɥɭ ɤɟɪɟɤ. [42] 
ɠԝɦɵɫ ɞɟɪɟɤɬɟɪі ɛɨɣɵɧɲɚ, ɮɟɪɪɨɬɢɬɚɧ ԧɧɞіɪіɫіɧің ɤԧɥɟɦі, ɚɥɸɦɢɧɨɬɟɪɦɢɹɥɵԕ 
ԕɨɪɵɬɩɚɥɚɪɞɵң ɠɚɥɩɵ ɲɵԑɚɪɵɥɭɵɧɵң 64%-ɵɧ ԕԝɪɚɣɞɵ. ɂɥɶɦɟɧɢɬ 
ɤɨɧɰɟɧɬɪɚɬɵɧ ɚɥɸɦɢɧɢɣɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ TiO ɬɨɬɵԑɵɧɵң ɬԛɡіɥɭіɦɟɧ ɫɚɬɵɥɚɩ 
ԧɬɟɞі. Ɍɢɬɚɧ ɦɨɧɨɬɨɬɵԑɵ ɚɣԕɵɧ ɤԧɪіɧɟɬіɧ ɧɟɝіɡɝі ԕɚɫɢɟɬɬɟɪɝɟ ɢɟ ɠԥɧɟ ԥɤɬɚɫ 
ɠɟɬіɫɩɟɝɟɧ ɠɚԑɞɚɣɞɚ ɨɥ ɝɥɢɧɨɡɟɦɦɟɧ ɛіɪɝɟ TiO∙Al2O3 ɬɢɩɬі ԕɨɫɵɥɵɫ ɬԛɡɟ ɚɥɚɞɵ. 
ɒɢɯɬɚɞɚ ɧɟɝіɡɞіɤ ɬɨɬɵԕɬɵң ɋɚɈ ɤɟɡɞɟɫɭі TiO∙Al2O3 ɵɞɵɪɚɭɵɧɚ ɠԥɧɟ 
ɋɚɈ∙Al2O3 ɬԛɡіɥɭіɧɟ ԥɫɟɪ ɟɬɟɞі. Ʉɟɪіɫіɧɲɟ, ԥɤɬɚɫɬɵң ɚɪɬɵԕ ɦԧɥɲɟɪі, TiO2 
ɛɟɥɫɟɧɞі ԕɵɲԕɵɥ ɬɨɬɵԕ ɛɨɥԑɚɧɞɵԕɬɚɧ, ɩɟɪɨɜɫɤɢɬ (ɋɚɈ∙TiO2) ɬԛɡіɥɭіɧɟ ԥɤɟɥɟɞі. 
Ɉɫɵ ɫɟɛɟɩɬɟɧ, ɛɚɥԕɵɦɚɞɚ TiO2 ɚɤɬɢɜɬіɥіɝі ɬԧɦɟɧɞɟɣɞі ɠԥɧɟ ɬɢɬɚɧɧɵң 
ɪɟɞɭɤɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫі ɚɡɚɹɞɵ. ɒɢɯɬɚɞɚ ԥɤɬɚɫɬɵң ɨңɬɚɣɥɵ ɦԧɥɲɟɪі, ɛɟɪіɥɟɬіɧ 
ɚɥɸɦɢɧɢɣ ɦɚɫɫɚɫɵɧɵң 20%-ɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ [4, 39, 40]. ɇɟɝіɡіɧɟɧ ɫɨңԑɵ 
ɲɥɚɤ ԛɲ ɬɨɬɵԕɬɚɧ Al2O3, TiO2 ɠԥɧɟ ɋɚɈ ɬԝɪɚɞɵ (ɨɥɚɪɞɵң ԕɨɫɵɧɞɵɫɵ 95-99% 
ɞɟɣіɧ ɠɟɬɟɞі). 

[43] ɠԝɦɵɫɬɚ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ɚɥɸɦɢɧɨɬɟɪɦɢɹɥɵԕ ɪɟɞɭɤɰɢɹɥɚɭ 
ɛɨɣɵɧɲɚ ɡɟɪɬɯɚɧɚɥɵԕ ɡɟɪɬɬɟɭɥɟɪ ɠԛɪɝіɡіɥɞі. Ȼɚɥԕɵɬɭɥɚɪɞɵ ɤɟɞɟɪɝі ɩɟɲіɧɞɟ 
ɠԥɧɟ ɟɤі ɷɥɟɤɬɪɨɞɬɵ ɞɨԑɚɥɵ ɷɥɟɤɬɪ ɩɟɲіɧɞɟ ɠԛɪɝіɡɟɞі. Ȼɚɥԕɵɬɭ ɧԥɬɢɠɟɥɟɪі 
ɛɨɣɵɧɲɚ ɨɬɬɟɝіɧің 2-3% ɠԥɧɟ ɚɥɸɦɢɧɢɣɞің 5-7% ɦԧɥɲɟɪіɦɟɧ ɮɟɪɪɨɬɢɬɚɧ Fe-
(40-70)%Ti ԕԝɣɦɚɥɚɪɵ ɚɥɵɧɞɵ. Ɍɢɬɚɧɧɵң ԕɨɪɵɬɩɚԑɚ ɛԧɥіɧɭі 75-87% ԕԝɪɚɣɞɵ, 
ɚɥ ɲɥɚɤɬɚɪɞɚ ɬɢɬɚɧ ɬɨɬɵԑɵɧɵң ԕɚɥɞɵԕ ɦԧɥɲɟɪі 5-15% ɚɪɚɥɵԑɵɧɞɚ ɛɨɥɚɞɵ. 
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[44] ɚɜɬɨɪɥɚɪɵɦɟɧ ɢɥɶɦɟɧɢɬɬɟɧ ɠɨԑɚɪɵ ɩɚɣɵɡɞɵԕ ɮɟɪɪɨɬɢɬɚɧ ɚɥɭɞɵң ɟɤі 
ɫɚɬɵɥɵ ɷɥɟɤɬɪɥі ɩɟɲɬɟ ԧңɞɟɭ ɬԥɫіɥі ɠɚɫɚɥɞɵ. Ȼіɪіɧɲі ɫɚɬɵɞɚ ɬɢɬɚɧ ɬɨɬɵԑɵɧɵң 
ɠɨԑɚɪɵ ɦԧɥɲɟɪіɦɟɧ ɠԥɧɟ ɬɟɦіɪ ɬɨɬɵԑɵɧɵң ɚɡ ɦԧɥɲɟɪіɦɟɧ ɬɢɬɚɧ ɲɥɚɤɬɚɪɵɧ 
ɚɥɚɞɵ. ɉɪɨɰɟɫɬің ɟɤіɧɲі ɫɚɬɵɫɵɧɞɚ, ɛіɪіɧɲі ɫɚɬɵɞɚ ɚɥɵɧԑɚɧ ԝɧɬɚԕɬɚɥԑɚɧ 
ɲɥɚɤɬɚɧ ɠԥɧɟ ɚɥɸɦɢɧɢɣ ԝɧɬɚԑɵɧɚɧ ɬԝɪɚɬɵɧ ɲɢɯɬɚɧɵ ɞɚɣɵɧɞɚɣɞɵ. Ⱦɚɣɵɧ 
ԕɨɫɩɚɧɵ ɦɟɬɚɥɞɵ ԕɚɛɵԕɲɚԑɚ ɬɢɟɣɞі ɠԥɧɟ ɤɟɣіɧɧɟɧ ɨɧɵ ɲɥɚɤɬɵ ɷɥɟɤɬɪɥі ԕɚɣɬɚ 
ɛɚɥԕɵɬɭ ԕɨɧɞɵɪԑɵɫɵɧɞɚ ɲɵԑɵɧɞɚɥɚɬɵɧ ɷɥɟɤɬɪɨɞ ɪɟɬіɧɞɟ ɩɚɣɞɚɥɚɧɚɞɵ. 
ɒɵԑɵɧɞɚɥɚɬɵɧ ɷɥɟɤɬɪɨɞ, ɠɨԑɚɪɵɞɚ ɤԧɪɫɟɬіɥɝɟɧ ɲɢɯɬɚɞɚɧ ɠɚɫɚɥԑɚɧ 
ɬɨɥɬɵɪԑɵɲɩɟɧ ɬɨɥɬɵɪɵɥԑɚɧ ɦɟɬɚɥɞɵ ԕɚɛɵԕɲɚ ɛɨɥɵɩ ɤɟɥɟɞі. Ɉɧɵ ɬɨԕ ɤԧɡіɧің 
ɨң ɩɨɥɸɫіɧɟ ԕɨɫɚɞɵ ɠԥɧɟ ɬɨԕ ɤԧɡіɧің ɬɟɪіɫ ɩɨɥɸɫіɧɟ ԕɨɫɵɥԑɚɧ ɬɚɛɚɧɵɧɚ 
ɠɚɧɚɫԕɚɧԑɚ ɞɟɣіɧ, ɛɚɥԕɵɬɭ ɬɢɝɟɥіɧің ɚɫɬɵɧɞɚ ɨɪɧɚɥɚɫԕɚɧ ɮɥɸɫ ԧɥɲɟɧɞіɫіɧɟ 
ɬԛɫіɪɟɞі. ɗɥɟɤɬɪɨɞɬɵң ɬɢɝɟɥɶ ɬɚɛɚɧɵɦɟɧ ɠɚɧɚɫɭɵɧ ɠԛɡɟɝɟ ɚɫɵɪԑɚɧɧɚɧ ɤɟɣіɧ, 
ɤɟɪɧɟɭ ɛɟɪɟɞі ɠԥɧɟ ɨңɬɚɣɥɵ ɷɥɟɤɬɪɥіɤ ɤԧɪɫɟɬɤіɲɬɟɪіɦɟɧ (ɬԝɪɚԕɬɵ ɠɚɧɭɵɦɟɧ) 
ɷɥɟɤɬɪ ɞɨԑɚɫɵ ɬԛɡіɥɝɟɧɝɟ ɞɟɣіɧ ɲɵԑɵɧɞɚɥɚɬɵɧ ɷɥɟɤɬɪɨɞɬɵ ɠɨԑɚɪɵ ɤԧɬɟɪɟɞі. 
Ɏɥɸɫɬің ɷɥɟɤɬɪɤɟɞɟɪɝіɫі ɦɟɧ ɷɤɡɨɬɟɪɦɢɹɥɵԕ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɤɰɢɹɥɚɪɵɧɚɧ 
ɠɵɥɭ ɛԧɥіɧɭ ɧԥɬɢɠɟɫіɧɞɟ, ɲɵԑɵɧɞɚɥɚɬɵɧ ɷɥɟɤɬɪɨɞɬɵң ɛɚɥԕɭɵ ɠԛɪɟɞі. 
Ɋɟɞɭɤɰɢɹɥɚɧԑɚɧ ɬɢɬɚɧ, ɬԛɡіɥɟɬіɧ ɫԝɣɵԕ ɲɥɚɤ ԕɚɛɚɬɵ ɚɪԕɵɥɵ ԧɬɟ ɨɬɵɪɵɩ, ɬɢɝɟɥɶ 
ɬɚɛɚɧɵɧɞɚ ɠɢɧɚɥɚɞɵ. ɒɵԑɵɧɞɚɥɚɬɵɧ ɷɥɟɤɬɪɨɞ ɬɨɥɵԕ ɛɚɥԕɵԑɚɧɧɚɧ ɤɟɣіɧ, 
ɩɟɲɬің ɷɥɟɤɬɪ ԕɭɚɬɵɧ ԧɲіɪɟɞі ɠԥɧɟ ɛɚɥԕɵɬɭ ԧɧіɦɞɟɪіɧ ɫɭɵɬɚɞɵ. Ɍԛɡіɥɝɟɧ 
ɮɟɪɪɨɬɢɬɚɧ ԕԝɣɦɚɫɵɧ ɲɥɚɤɬɚɧ ɛɨɫɚɬɚɞɵ ɠԥɧɟ ɚɥɞɵңԑɵ ɛɚɥԕɵɬɭɥɚɪɞɚɧ ɤɟɣіɧ 
ɚɥɵɧԑɚɧ ɛɚɫԕɚ ԕԝɣɦɚɥɚɪɦɟɧ ɛіɪɝɟ ɢɧɞɭɤɰɢɹɥɵԕ ɩɟɲɬɟ ԕɚɣɬɚ ɛɚɥԕɵɬɚɞɵ. 
Ⱥɥɵɧɚɬɵɧ ԕԝɣɦɚɥɚɪɞɵң ɨɪɬɚɲɚɥɚɧԑɚɧ ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, ɦɚɫ.%: 68,0-78,7 Ti; 
19,3-30,0 Fe; 1,98 ɞɟɣіɧ Al, Si, Mn, V, S ԕɨɫɩɚɥɚɪ ɛɨɥɚɞɵ.  

Ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ɬɢɬɚɧ ɦɚɝɧɟɬɢɬ ɤɟɧɞɟɪі ɦɟɧ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ɟɤі ɫɚɬɵɥɵ 
ԥɞіɫɩɟɧ ɛɚɥԕɵɬɭ ɬԥɫіɥі ɤɟңіɧɟɧ ɬɚɪɚɥɭɞɚ, ɦɵɫɚɥɵ ԕԝɛɵɪɥɵ ɩɟɲ- ɷɥɟɤɬɪɥі ɩɟɲ 
ɫԝɥɛɚɫɵ ɛɨɣɵɧɲɚ: ɤɨɧɰɟɧɬɪɚɬɬɵң ɪɟɞɭɤɰɢɨɧɟɪɦɟɧ ԕɨɫɩɚɫɵɧ ɚɥɞɵɦɟɧ 
ԕɵɡɞɵɪɚɞɵ ɠԥɧɟ ɨɧɵң ɛіɪ ɛԧɥіɝі ɤԧɥɛɟɭ ɚɣɧɚɥɦɚɥɵ ɩɟɲɬɟ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ, ɚɥ 
ɤɟɣіɧɧɟɧ ɷɥɟɤɬɪ ɩɟɲіɧɞɟ ɛɚɥԕɵɬɵɥɚɞɵ [45]. Ɇɚɣɞɚ ԝɫɚԕɬɚɥԑɚɧ 
ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɵң ɪɟɞɭɤɰɢɨɧɟɪɦɟɧ ԕɨɫɩɚɫɵɧ, ɚɣɧɚɥɦɚɥɵ ɩɟɲɤɟ ɬɢɟɭ ɚɥɞɵɧɞɚ 
ɛɪɢɤɟɬɬɟɣɞі. Ʉԛɣɞіɪɭ ɩɪɨɰɟɫіɧɞɟ ɬɢɬɚɧ ԕɨɫɬɨɬɵԑɵɧɵң Ti2Ɉ3 ɞɟɣіɧ 
ɪɟɞɭɤɰɢɹɥɚɧɭɵɧɫɵɡ, ɬɟɦіɪ ɬɨɬɵԕɬɚɪɵɧɵң ɪɟɞɭɤɰɢɹɫɵ ɠԛɪɟɞі. ȿɤіɧɲі ɫɚɬɵɞɚ, 
ɦɟɬɚɥɥ ɦɟɧ ɲɥɚɤɬɵ ɛԧɥіɩ ɚɥɭ ɦɚԕɫɚɬɵɧɞɚ, ɛɪɢɤɟɬɬɟɪɞі ɤԛɣɞіɪɭ ɤɟɡіɧɞɟ ɚɥɵɧԑɚɧ 
ɩіɫіɪіɧɞіɥɟɪɞі ɞɨԑɚɥɵ ɷɥɟɤɬɪ ɩɟɲіɧɞɟ ɪɟɞɭɤɰɢɨɧɟɪɫіɡ ɛɚɥԕɵɬɚɞɵ. Ɇԝɧɞɚɣ 
ɲɚɪɬɬɚɪɞɚ ɛɚɥԕɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵ 1550 °ɋ ɛɨɥɚɬɵɧ ɲɥɚɤɬɚɪ ɬԛɡіɥɟɞі. 

Ԥɞіɫ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ԛɲіɧ ɡɟɪɬɯɚɧɚɥɵԕ ɲɚɪɬɬɚɪɞɚ [46] ɠԥɧɟ 
ɉɭɞɨɠɝɨɪ ɦɟɧ Ɇɟɞɜɟɞɟɜ ɤɟɧɨɪɧɵɧɵң ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɩɟɧ ɤɨɥɥɟɤɬɢɜɬі 
ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ԛɲіɧ ɬԥɠіɪɢɛɟɥі-ԧɧɟɪɤԥɫіɩɬіɤ ɲɚɪɬɬɚɪɵɧɞɚ [47, 46] ɡɟɪɬɬɟɥɞі. 
Ɋɟɞɭɤɰɢɹɥɚɭ ɫɚɬɵɫɵ ԛɲіɧ ɚɣɧɚɥɦɚɥɵ ɩɟɲɬɟɪɞі [48-51], ԕɚɣɧɚɭ ɧɟɦɟɫɟ ɚɫɩɚɥɵ 
ԕɚɛɚɬɬɵ ɚɩɩɚɪɚɬɬɚɪɞɵ [52-54] ɩɚɣɞɚɥɚɧɚ ɨɬɵɪɵɩ, ɬɟɦіɪ-ɬɢɬɚɧ ɤɟɧ 
ɦɚɬɟɪɢɚɥɞɚɪɵɧ ԧңɞɟɭ ɠԥɧɟ ɤɟɣіɧɧɟɧ ɤɟɡ-ɤɟɥɝɟɧ ɷɥɟɤɬɪ ɩɟɲɬɟɪіɧɞɟ ɛԧɥіɩ 
ɛɚɥԕɵɬɭ ɫԝɥɛɚɥɚɪɵɧɵң ɦԝɧɞɚɣ ɧԝɫԕɚɥɚɪɵ ɲɟɬɟɥɞɟ ɞɟ ɡɟɪɬɬɟɥɝɟɧ. Ɇԝɧɞɚɣ 
ԧңɞɟɭ ԧɧіɦɞɟɪі - ɲɨɣɵɧ ɧɟɦɟɫɟ ɛɨɥɚɬ ɠԥɧɟ ɲɥɚɤ (60-75 % TiɈ2) ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ, ɨɞɚɧ ɯɢɦɢɹɥɵԕ ԥɞіɫɬɟɪɦɟɧ ɬɢɬɚɧ ԕɨɫ ɬɨɬɵԑɵ ɛԧɥіɧіɩ ɚɥɵɧɚɞɵ. ȿɤі 
ɫɚɬɵɥɵ ɫԝɥɛɚ ɛɨɣɵɧɲɚ, ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧɚɧ ɚɬɚɥɦɵɲ «ɋɨɪɟɥɶ-ɦɟɬɚɥɥɵ» 
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ɦɟɧ ɬɢɬɚɧ ɲɥɚɤɬɚɪɵɧ ɚɥɚɬɵɧ, ɋɨɪɟɥɶ ԕɚɥɚɫɵɧɞɚ (Ʉɚɧɚɞɚ) ɨɪɧɚɥɚɫԕɚɧ ԥɥɟɦɞɟɝі 
іɪі ɡɚɭɵɬ ɠԝɦɵɫ іɫɬɟɣɞі. Ɂɚɭɵɬ ɬԥɭɥіɝіɧɟ ɲɚɦɚɦɟɧ 500 ɬ ɦɟɬɚɥɥ ɦɟɧ ԕԝɪɚɦɵɧɞɚ 
75 % TiɈ2 ɛɨɥɚɬɵɧ 600 ɬ ɬɢɬɚɧ ɲɥɚɤɬɚɪɵɧ ԧɧɞіɪɟɞі. 

Ԕɚɡіɪɝі ɭɚԕɵɬɬɚ ɟɤі ɫɚɬɵɥɵ ɩɪɨɰɟɫɩɟɧ ɈȺɊ-ɞɚ Ȼɭɲɜɟɥɶɞ ɦɚɫɫɢɜіɧің ɬɟɦіɪ-
ɬɢɬɚɧ ɤɟɧɞɟɪіɧ [55, 56], ɫɨɧɵɦɟɧ ԕɚɬɚɪ ɀɚңɚ Ɂɟɥɚɧɞɢɹɞɚ ɬɟɦіɪ ԕԝɦɞɚɪɵɧɵң 
ɬɟɦіɪ-ɬɢɬɚɧ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ԧңɞɟɣɞі [57-59]. "ɏɚɣɜɟɥɞ" ɮɢɪɦɚɫɵ (ɘȺɊ) ɬɟɦіɪ 
ɦɟɧ ɜɚɧɚɞɢɣ ɛɨɣɵɧɲɚ ɫɚɥɵɫɬɵɪɦɚɥɵ ɛɚɣ ɬɟɦіɪ-ɬɢɬɚɧ ɤɟɧіɧ ԧңɞɟɣɞі. 
Ɍɚɡɚɪɬɵɥԑɚɧ ɤɟɫɟɤɬі ɤɟɧ ԕԝɪɚɦɵɧɞɚ (ɦɚɫɫ. %): Feɨɛɳ 54; V2O5 1,7; TiɈ2 13,2; 
SiɈ2 2,1 ɛɨɥɚɞɵ. Ʉɟɧɞі ɚɥɞɵɧ-ɚɥɚ ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ԧɥɲɟɦі (4x60) ɦ ɋɅ-PH 
ɬɢɩɬі ɨɧ ԕԝɛɵɪɥɵ ɚɣɧɚɥɦɚɥɵ ɩɟɲɬɟɪɞі ɩɚɣɞɚɥɚɧɚɞɵ [60, 61]. Ⱥɣɧɚɥɦɚɥɵ ɩɟɲɤɟ 
ɤɟɧɦɟɧ ԕɚɬɚɪ, ɤԧɦіɪ, ɞɨɥɨɦɢɬ ɠԥɧɟ ɤɜɚɪɰ ɬɢɟɣɞі: 
 
Ʉɟɫɬɟ 1.1 – Ⱥɣɧɚɥɦɚɥɵ ɩɟɲɤɟ ɬɢɟɥɟɬіɧ ɤɨɦɩɨɧɟɧɬɬɟɪ 

 
Ɇɚɬɟɪɢɚɥɞɚɪɞɵң ɚɬɚɭɥɚɪɵ  ɒɵԑɵɧɵ, ɤɝ/ɬ ɤɟɧɝɟ Іɪіɥіɝі, ɦɦ 

Ʉԧɦіɪ (ɤԛɥɞіɥіɝі 16 %) 430 60-6 

Ⱦɨɥɨɦɢɬ (30 % ɋɚɈ, 20 % MgɈ) 220 32-6 

Ʉɜɚɪɰ (98 % SiɈ2) 40 32-6 

 
Ⱦɨɥɨɦɢɬ ɤɜɚɪɰ ԕɨɫɩɚɥɚɪɵ, ɷɥɟɤɬɪ ɩɟɲɬɟɪіɧɞɟ ɬԛɡіɥɟɬіɧ ɬɢɬɚɧ ɲɥɚɤɬɚɪɵɧ 

ɫԝɣɵɥɬɭ ԛɲіɧ ԕɚɠɟɬ. Ʉԛɣɞіɪɭ ɩɟɲɬɟɪіɧɞɟ ɬɟɦіɪ ɬɨɬɵԕɬɚɪɵɧɵң ɚɥɞɵɧ-ɚɥɚ 
ɪɟɞɭɤɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫі 50-70 % ԕԝɪɚɣɞɵ. Ʉɟɧɬɟɪɦɢɹɥɵԕ ɩɟɲɬɟɪɞɟ ɵɫɬɵԕ 
ɲɢɯɬɚ ɩɚɣɞɚɥɚɧɵɥɚɬɵɧɞɵԕɬɚɧ, ɨɥɚɪɞɵң ԧɧіɦɞіɥіɝіɧ ɚɪɬɬɵɪɭԑɚ ɠԥɧɟ ɷɥɟɤɬɪ 
ԕɭɚɬɵɧ ɚɭԕɵɦɞɵ ԛɧɟɦɞɟɭɝɟ ԕɨɥ ɠɟɬɤіɡіɥɟɞі. ɒɨɣɵɧɧɵң ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, %: 
ɋ 3,5; V 1,2; Ti 0,2; Si 0,2; ɋr 0,3; Ɇn 0,25; S 0,07; Ɋ 0,08. ɒɥɚɤɬɵң ɯɢɦɢɹɥɵԕ 
ԕԝɪɚɦɵ, %: TiO2 32; SiO2 22; ɋɚɈ 17; MgO 15; Ⱥ1203 14; V2O5 0,9. ɒɥɚɤɬɚ ɬɟɦіɪ 
ɬɨɬɵԑɵɧɵң ɦԧɥɲɟɪіɧ 1,0-1,5 % ɚɪɚɥɵԑɵɧɞɚ ԝɫɬɚɩ ɬԝɪɭԑɚ ԝɦɬɵɥɚɞɵ. FeO < 1,0 
% ɦԧɥɲɟɪіɧɞɟ, ɲɥɚɤɬɵң ɫԝɣɵԕɬɚɣ ԕɨɡԑɚɥԑɵɲɬɵԑɵ ɧɚɲɚɪɥɚɣɞɵ, ɚɥ FeO > 1,5 % 

ɤɟɡіɧɞɟ ɨɧɵɦɟɧ ɜɚɧɚɞɢɣ ɠɨԑɚɥɵɦɵ ԝɥԑɚɹɞɵ. Ɍɢɬɚɧ ɲɥɚɤɬɚɪɵ ԛɣіɧɞіɝɟ 
ɠіɛɟɪіɥɟɞі [60]. 

ȼɚɧɚɞɢɣɥі ɲɨɣɵɧɞɵ, ԕɚԑɵɩ ɫɨԑɵɥɚɬɵɧ ɲԧɦіɲɬɟɪɞɟ, ɲɚɦɚɦɟɧ 1400 °ɋ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ, ɛɨɥɚɬ ɫɵɧɵԕɬɚɪɵ ɦɟɧ ɚɧɬɪɚɰɢɬɬі ɫԥɣɤɟɫіɧɲɟ 14 ɠԥɧɟ 3 ɬ 
ɦԧɥɲɟɪіɧɞɟ ԕɨɫɭ ɚɪԕɵɥɵ, ɨɬɬɟɝіɦɟɧ ɬɚɡɚɥɚɭԑɚ ԝɲɵɪɚɬɚɞɵ. Ɍԛɡіɥɟɬіɧ ɜɚɧɚɞɢɣɥі 
ɲɥɚɤ ԕԝɪɚɦɵ, %: V2O5 24,5; FeO 26; SiɈ2 17; Feɦɟɬ 10; Cr2Ɉ3 5; TiɈ2 4,5; A12Ɉ3 4; 
MnO 4; MgO 3; CaO 2. ɋɭɵɬɭ ɦɟɧ 32-0 ɦɦ іɪіɥіɝіɧɟ ɞɟɣіɧ ԝɫɚԕɬɚɭɞɚɧ ɤɟɣіɧ, 
ɬɟɦіɪ ɤɨɪɨɥɟɤɬɚɪɵɧ ɛԧɥіɩ ɚɥɭ ԛɲіɧ, ɲɥɚɤɬɵ ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹԑɚ ԝɲɵɪɚɬɚɞɵ 
ɠԥɧɟ ȿɭɪɨɩɚ, ȺԔɒ, ɀɚɩɨɧɢɹ ɟɥɞɟɪіɧɟ ɮɟɪɪɨɜɚɧɚɞɢɣ ԧɧɞіɪіɫі ԛɲіɧ 
ɷɤɫɩɨɪɬɬɚɥɚɞɵ. 

ɋɢɩɚɬɬɚɥԑɚɧ ɬɟɯɧɨɥɨɝɢɹԑɚ ԝԕɫɚɫ, ɜɚɧɚɞɢɣ ɲɥɚɤɬɚɪɵɧ ԧɧɞіɪɭ ɬɟɯɧɨɥɨɝɢɹɫɵ 
ɀɚңɚ Ɂɟɥɚɧɞɢɹɧɵң Ƚɥɟɧɛɪɭɤ ԕɚɥɚɫɵɧɞɚ "ɇɶɸ Ɂɢɥɷɧɞ ɫɬɢɥ" ɮɢɪɦɚɫɵɧɞɚ ɞɚ 
ɩɚɣɞɚɥɚɧɵɥɚɞɵ [61]. Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɬɟɦіɪ ԕԝɦɵɧ ɛɚɣɵɬɭ ɤɨɧɰɟɧɬɪɚɬɵɧɵң 
ԕԝɪɚɦɵ, %: Feɨɛɳ 58; V2O5 0,6; TiɈ2 8; SiɈ2 3,4 ɢ (CaO + MgO) 3,8. ɀɟɪɝіɥіɤɬі 
ɫɭɛɛɢɬɭɦɢɧɨɡɞɵ ɤԧɦіɪ (ԝɲԕɵɲɬɚɪɞɵң ɠɨԑɚɪɵ ɦԧɥɲɟɪіɦɟɧ) ԕɨɫɩɚɫɵɦɟɧ, 
іɪіɥіɝі 0,06-0,02 ɦɦ ɛɨɥɚɬɵɧ ɛɚɫɬɚɩԕɵ ɤɨɧɰɟɧɬɪɚɬɬɵ, ԕɵɡɞɵɪɭ ɦɟɧ ɤԧɦіɪɞі 
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ɠɚɪɬɵɥɚɣ ɤɨɤɫɬɟɭ ԛɲіɧ, ɞɢɚɦɟɬɪі 7,2 ɦ ɤԧɩ ɬɚɛɚɧɞɵ ԕɚɣɧɚɭ ԕɚɛɚɬɵ ɩɟɲіɧɟ 
ɬɢɟɣɞі. ɉɟɲɬің ɬԧɦɟɧɝі ɬɚɛɚɧɞɚɪɵɧɞɚ ɨɪɧɚɥɚɫԕɚɧ ɲԛɦɟɤɬɟɪ (ɫɨɩɥɨ) ɚɪԕɵɥɵ 
ԛɪɥɟɧɟɬіɧ ɚɭɚɞɚ ɤԧɦіɪ ԝɲԕɵɲɬɚɪɵɧ ɠɚԑɭ ɚɪԕɵɥɵ ɩɟɲɬі ԕɵɡɞɵɪɚɞɵ. ɒɢɯɬɚɧɵ 
600-650 °ɋ ɞɟɣіɧ ԕɵɡɞɵɪɚɞɵ, ɚɥ ɠɚɪɬɵɥɚɣ ɤɨɤɫɬɚ ɲɚɦɚɦɟɧ 10 % ԝɲԕɵɲɬɚɪ 
ԕɚɥɚɞɵ. Ʉɟɣіɧɧɟɧ ɲɢɯɬɚɧɵ ɵɫɬɵԕ ɤԛɣіɧɞɟ ɞɢɚɦɟɬɪі 4 ɦ ɠԥɧɟ ԝɡɵɧɞɵԑɵ 75 ɦ 
ɛɨɥɚɬɵɧ ɋɅ-PH ɬɢɩɬі ԕԝɛɵɪɥɵ ɩɟɲɤɟ ɛɟɪɟɞі. Ԕɨɫɵɦɲɚ ɨɬɵɧɞɵ ɛɟɪɦɟɣ, 
ɠɚɪɬɵɥɚɣ ɤɨɤɫ ԕԝɪɚɦɵɧɞɚԑɵ ԕɚɥɞɵԕ ԝɲԕɵɲɬɚɪɞɵ ɠɚԑɵɩ ɛіɬіɪɭ ɚɪԕɵɥɵ ɩɟɲɬі 
ɠɵɥɵɬɚɞɵ. ɉɟɲɬің 1200 °ɋ ɦɚɤɫɢɦɚɥɞɵ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɞɚ 85-90 %–ԑɚ 
ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɞі ɚɥɚɞɵ, ɨɧɵң ԕԝɪɚɦɵɧɞɚ 0,7 % V2O5; 0,03 % ɞɟɣіɧ S; 0,08 % 
Ɋ ɠԥɧɟ 0,6 % ɋ ɛɨɥɚɞɵ. Ȼԝɥ ԧɧіɦɞі, 100 °ɋ ɞɟɣіɧ ɫɭɵɬɵɥԑɚɧ ɤԛɣɞіɪіɥɝɟɧ 
ɦɚɬɟɪɢɚɥɞɵ ɟɥɟɭ ɦɟɧ ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹɥɚɭɞɚɧ ɤɟɣіɧ ɚɥɚɞɵ. Ʉɟɣіɧ ɨɫɵ 
ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɞі ɞɨԑɚɥɵ ɷɥɟɤɬɪ ɩɟɲɬɟɪіɧɞɟ ɛɨɥɚɬ ɛɚɥԕɵɬɭ ԛɲіɧ 
ɩɚɣɞɚɥɚɧɚɞɵ, ɛԝɥ ɤɟɡɞɟ ɲɢɯɬɚԑɚ ԕԝɛɵɪɥɵ ɚɣɧɚɥɦɚɥɵ ɩɟɲɬɟɧ ɤɟɣіɧ ɛԧɥіɧɟɬіɧ 
ԕɚɣɬɵɦɞɵ ɠɚɪɬɵɥɚɣ ɤɨɤɫ ԕɨɫɵɥɚɞɵ. 

Ɍɟɦіɪ-ɬɢɬɚɧ ɤɟɧ ɦɚɬɟɪɢɚɥɞɚɪɵɧ ɟɤі ɫɚɬɵɞɚ ԧңɞɟɭɞің ԝԕɫɚɫ ԥɞіɫіɧ 
ɒɜɟɰɢɹɞɚ ԕɨɥɞɚɧɚɞɵ [10], ɦԝɧɞɚ ɚɥɞɵɧ-ɚɥɚ ɦɟɬɚɥɞɚɧɞɵɪɭ ԛɲіɧ ɚɣɧɚɥɦɚɥɵ 
ԕԝɛɵɪɥɵ ɩɟɲɬɟɪɞің ɨɪɧɵɧɚ ɲɚɯɬɚɥɵ ɩɟɲɬɟ ɪɟɞɭɤɰɢɹɥɚɭ ɚɪԕɵɥɵ ȼɢɛɟɪɝ-
ɋɟɞɟɪɮɨɪɫ ɩɪɨɰɟɫіɧ ɩɚɣɞɚɥɚɧɚɞɵ [62]. 

Ʉԛɣɞіɪɭ-ɦɚɝɧɢɬɬіɤ ɛɚɣɵɬɭ, ԕɨɠɬɟɦіɪ-ɤɟɧɞі ɛɚɣɵɬɭ ԕɚԑɢɞɚɥɚɪɵɧ ɠԥɧɟ 
ɬіɤɟɥɟɣ ɬɟɦіɪ ɚɥɭ ԥɞіɫɬɟɪіɧ, ɦԥɫɟɥɟɧ Ʉɪɭɩɩ-Ɋɟɧɧ-ɩɪɨɰɟɫіɧ ɩɚɣɞɚɥɚɧɚ ɨɬɵɪɵɩ, 
ɬɢɬɚɧ ɠɵɧɵɫɬɚɪɵɧɚɧ ɬɟɦіɪɞі ɛԧɥіɩ ɚɥɭ ɬԥɫіɥɞɟɪі ɞɟ ɦԥɥіɦ. Ʉɪɭɩɩ-Ɋɟɧɧ-
ɩɪɨɰɟɫіɧ Ƚɟɪɦɚɧɢɹɞɚ ɲɜɟɞɬіɤ ɬɟɦіɪ-ɬɢɬɚɧ ɤɟɧɞɟɪі [10, 63] ɦɟɧ Ɍɚɧɝɚɧɶɢɤɚɞɚ 
Ʌɢɝɚɧɞɚ ɤɟɧɨɪɧɵɧɵң ɤɟɧɞɟɪіɧ ɛɚɥԕɵɬɭ ԛɲіɧ ɩɚɣɞɚɥɚɧɚɞɵ [64]. ɉɪɨɰɟɫɬің ɦԥɧі, 
ɛіɪ ɛԧɥіɝі ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɬɟɦіɪ ɠɟɧɬɟɤɬɟɪі ɚɥɵɧɚɬɵɧ, ɤԧɥɞɟɧɟң ԕԝɛɵɪɥɵ 
ɚɣɧɚɥɦɚɥɵ ɩɟɲɬɟ ɤɟɧɞі ɪɟɞɭɤɰɢɹɥɚɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ʉɟɣіɧɧɟɧ ԝɫɚԕɬɚɭ ɦɟɧ 
ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹ ɩɪɨɰɟɫɬɟɪіɧɞɟ ɨɫɵ ɠɟɧɬɟɤɬɟɪɞɟɧ ɬɟɦіɪ ɛԧɥіɧɟɞі, ɚɥ 
ɫɟɩɚɪɚɰɢɹ ԕɚɥɞɵԕɬɚɪɵɧɞɚ ɬɢɬɚɧ ɦԧɥɲɟɪі ɠɨԑɚɪɵ ԧɧіɦ ԕɚɥɚɞɵ. 

Ȼԝɥ ɫԝɥɛɚɥɚɪɞɚ ɬɟɦіɪɞі ɫɟɥɟɤɬɢɜɬі ɪɟɞɭɤɰɢɹɥɚɭ ɨɪɧɵ ɟɪɟɤɲɟ ɦɚңɵɡɞɵ 
ɠԥɧɟ ԕɚɥɵɩɬɵ ɬɟɦɩɟɪɚɬɭɪɚɥɚɪɞɚ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧің ɬɢіɦɞіɥіɝіɧɟ 
ɫԝɥɛɚɧɵң ɠɚɥɩɵ ɧԥɬɢɠɟɥіɥіɝі ɬԥɭɟɥɞі ɛɨɥɚɞɵ. Ɋɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ɚɣɧɚɥɦɚɥɵ 
ɩɟɲɬɟɪ [65-67], ԕɚɣɧɚɭ ԕɚɛɚɬɵ ɩɟɲɬɟɪі [68, 69] ɧɟɦɟɫɟ ɲɚɯɬɚɥɵ ɩɟɲɬɟɪ ɠɢі 
ɩɚɣɞɚɥɚɧɵɥɚɞɵ [70, 71]. Ɋɟɞɭɤɰɢɹɥɚɭ ɫɚɬɵɫɵɧɞɚ ɲɚɯɬɚɥɵ ɬɢɝɟɥɶɞɟɪ [72] ɦɟɧ 
ɢɧɞɭɤɰɢɹɥɵԕ ɩɟɲɬɟɪɞі [73] ɩɚɣɞɚɥɚɧɭ ɧԝɫԕɚɥɚɪɵ ɞɚ ɦԥɥіɦ. 

ɒɥɚɤ ɮɚɡɚɥɚɪɵɧɚɧ ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɬɟɦіɪɞі ɛԧɥіɩ ɚɥɭ ɲɚɪɬɬɚɪɵɧ ɠɚԕɫɚɪɬɭ 
ɦɚԕɫɚɬɵɧɞɚ, ɦɟɬɚɥɥ ɬԛɣіɪɲіɤɬɟɪіɧ ԛɥɤɟɣɬɭɝɟ ԥɫɟɪіɧ ɬɢɝіɡɟ ɨɬɵɪɵɩ, ɲɥɚɤ 
ɬԛɡɭɲіɥɟɪɞің ɠԝɦɫɚɪɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧ ɬԧɦɟɧɞɟɬɟɬіɧ, ɫɨɞɚ ɧɟɦɟɫɟ ɞɚɥɚ 
ɲɩɚɬɵɧɵң ɲɢɯɬɚԑɚ ɟɧɝіɡіɥɭі ɤɟңіɧɟɧ ɩɚɣɞɚɥɚɧɵɥɚɞɵ [65, 66, 70, 72, 74, 75]. 
ɋіɥɬіɥі ɠԥɧɟ ɫіɥɬіɥі-ɠɟɪ ɦɟɬɚɥɞɚɪ ɬԝɡɞɚɪɵɧɵң ԕɨɫɵɥɭɵ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧ 
ԕɚɪԕɵɧɞɵɥɚɬɭԑɚ ԥɫɟɪ ɟɬɟɞі. 

ɉɪɨɰɟɫɬің ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɞɟңɝɟɣіɧɟ, ɲɢɯɬɚ ɞɚɣɵɧɞɚɭ ԥɞіɫіɧɟ, 
ɚɩɩɚɪɚɬɭɪɚɥɵԕ ɪԥɫіɦɞɟɥɭіɧɟ ɛɚɣɥɚɧɵɫɬɵ, ԧɧіɦі - ɤɟɭɟɤɬі ɬɟɦіɪ ɧɟɦɟɫɟ ԕɨɠ 
ɬɟɦіɪ ɛɨɥɭɵ ɦԛɦɤіɧ; ɲɥɚɤ ɮɚɡɚɥɚɪɵɧ (ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹ ԕɚɥɞɵԕɬɚɪɵ) ɛɚԑɚɥɵ 
ɤɨɦɩɨɧɟɧɬɬɟɪɞі, ɟң ɛɚɫɬɵɫɵ ɬɢɬɚɧ ԕɨɫ ɬɨɬɵԑɵɧ ɛԧɥіɩ ɚɥɭ ԛɲіɧ ԧңɞɟɣɞі. 
Ȼɟɪіɥɝɟɧ ɛɚɣɵɬɭ ɬԥɫіɥɞɟɪіɦɟɧ ɬɟɦіɪ ɦɟɧ ɬɢɬɚɧ ԕɨɫ ɬɨɬɵԑɵɧ ɛԧɥіɩ ɚɥɭ ɬɢіɦɞіɥіɝі 
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ԧɬɟ ɠɨԑɚɪɵ ɠԥɧɟ ɛԧɥіɩ ɛɚɥԕɵɬɭ ɬԥɫіɥɞɟɪіɧің ɬɢіɦɞіɥіɝіɧɟ ɠɚԕɵɧ. Ɇɵɫɚɥɵ, [72] 
ɠԝɦɵɫɬɚ ԝɫɵɧɵɥԑɚɧ ɬɟɯɧɨɥɨɝɢɹ ɛɨɣɵɧɲɚ 93 % ɞɟɣіɧ ɛԧɥіɧɭіɦɟɧ 93,3 % Fe 
ɛɨɥɚɬɵɧ ɦɚɝɧɢɬɬіɤ ɮɪɚɤɰɢɹ ɚɥɭ ɦԛɦɤіɧɞіɝі ɛɚɪ; ɦɚɝɧɢɬɬіɤ ɟɦɟɫ ɮɪɚɤɰɢɹɞɚ 4,8 % 
Fe, 84,2 % ɌiO2 ɤɟɡɞɟɫɟɞі. Ⱥɪɚɥɚɫɩɚɣɬɵɧ ԕɚɛɚɬɬɚɪ ԥɞіɫі ɛɨɣɵɧɲɚ, ԛɥɤɟɣɬіɥɝɟɧ 
ɦɚɫɲɬɚɛɬɚ, ɚɜɬɨɪɥɚɪɦɟɧ ɠԛɪɝіɡіɥɝɟɧ ɫɵɧɚԕɬɚɪɞɚ 97 % ɬɟɦіɪ ɤɨɧɰɟɧɬɪɚɬɵ ɦɟɧ 
80 % TiO2 ɛɨɥɚɬɵɧ ԕɚɥɞɵԕɬɚɪ ɚɥɵɧɞɵ. 

Ⱥɣɬɚ ɤɟɬɭ ɤɟɪɟɤ, ɠɨԑɚɪɵɞɚ ɫɢɩɚɬɬɚɥԑɚɧ ɤԧɩɬɟɝɟɧ ԥɞіɫɬɟɪɞɟ ɫіɥɬіɥі ɦɟɬɚɥɥ 
ԕɨɫɵɥɵɫɬɚɪɵɧɵң ɩɚɣɞɚɥɚɧɵɥɭɵ ɬɟɯɧɨɥɨɝɢɹɧɵ ɤԛɪɞɟɥɟɧɞіɪɟɞі ɠԥɧɟ 
ԕɵɦɛɚɬɬɚɬɚɞɵ. ɉɪɨɰɟɫɬɟɪɞің ԧɧіɦɞіɥіɝі ɞɟ ɬԧɦɟɧ. Ɇԥɫɟɥɟɧ, [72] ɬԥɫіɥɞɟ 
ɚɪɚɥɚɫɩɚɣɬɵɧ ԕɚɛɚɬɬɚɪ ԥɞіɫі ɛɨɣɵɧɲɚ ɪɟɞɭɤɰɢɹɥɚɭ ԝɡɚԕɬɵԑɵ 16 ɫɚԑ, ɚɥ 
ɬɢɝɟɥɶɞіɤ ԥɞіɫɬɟ – 150 ɫɚԑ. 

Ʉԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, ɪɟɞɭɤɰɢɹɥɚɭɞɚɧ ɤɟɣіɧ ɬɟɦіɪɞі ɦɚɝɧɢɬɬіɤ ɛԧɥіɩ ɚɥɭ 
ɬɢіɦɞіɥіɝі, ɚɭԕɵɦɞɵ ɞԥɪɟɠɟɞɟ ɬԛɡіɥɟɬіɧ ɦɟɬɚɥɞɵԕ ɮɚɡɚ ɬԛɣіɪɲіɤɬɟɪіɧің 
іɪіɥіɝіɦɟɧ ɚɧɵԕɬɚɥɚɞɵ. Ɉɫɵԑɚɧ ɛɚɣɥɚɧɵɫɬɵ ɬɟɦіɪ-ɬɢɬɚɧ ɤɟɧɞɟɪіɧ ɫɮɟɪɨɢɞɬɚɭ 
ɛɨɣɵɧɲɚ [76, 77] ɠԝɦɵɫɬɚɪɵɧɚ ɤԧңіɥ ɚɭɞɚɪԑɚɧ ɠԧɧ. Ɉɥɚɪɞɚ ɤԧɪɫɟɬіɥɝɟɧɞɟɣ, 
1300 °ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɤԧɦіɪɬɟɝіɧің ɚɪɬɵԕ ɦԧɥɲɟɪіɦɟɧ ɛɨɫ ɠɵɧɵɫ 
ɬɨɬɵԕɬɚɪɵɧɚɧ ɟɪɤіɧ, ɠɟɬɤіɥіɤɬі іɪі ɫɮɟɪɚɥɵ ɬɟɦіɪ ɛԧɥɲɟɤɬɟɪі ɬԛɡіɥɟɞі. 
Ʉԧɦіɪɬɟɝіɦɟɧ ԕɚɧɵԕԕɚɧ ɤɟɡɞɟ, ɬɟɦіɪɞің ɛɚɥԕɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɬԧɦɟɧɞɟɝɟɧɞіɤɬɟɧ, 
ɫɮɟɪɨɢɞɬɚɥɭ ɠԛɪɟɞі. Ⱥɡɨɬ ɦɟɬɚɥɞɵң ɫɮɟɪɨɢɞɬɚɥɭɵɧ ɬɟɠɟɣɞі. 

Ʉɟɲɟɧɞі ɤɟɧɧɟɧ, ɨɧɵң іɲіɧɞɟ ɬɢɬɚɧԕԝɪɚɦɞɵ ɤɟɧɧɟɧ ɬɟɦіɪ ɛԧɥіɩ ɚɥɭɞɵң 
ԕɵɡɵԕ ɢɞɟɹɫɵ ɚɜɫɬɪɚɥɢɹɥɵԕ ɩɚɬɟɧɬɬɟ ɩɚɣɞɚɥɚɧɵɥɞɵ [78]. Ɉԑɚɧ ɫԥɣɤɟɫ, 
ԕԝɪɚɦɵɧɞɚ ɬɢɬɚɧ ɛɨɥɚɬɵɧ ɤɟɲɟɧɞі ɤɟɧɞɟɪɞɟɧ ɠɚɫɚɥԑɚɧ ɠɟɧɬɟɤɬɟɪɞі 1000-1400 
°ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ, ɨɥɚɪɞɵң ɛɚɫɬɚɩԕɵ ɩіɲіɧіɧ ɫɚԕɬɚɭ ɦɟɧ ɛɚɥԕɵɬɩɚɭ 
ɲɚɪɬɬɚɪɵɧɞɚ, ԕɚɠɟɬɬі ɦɟɬɚɥɞɚɧԑɚɧ ԕɚɛɚɬɬɵ ɬԛɡɟ ɨɬɵɪɵɩ, ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɬɟɦіɪ 
ɛԧɥɲɟɤɬɟɪіɧің ɤɨɚɝɭɥɹɰɢɹɥɚɧɭɵɧɚ ɞɟɣіɧ ɪɟɞɭɤɰɢɹɥɚɣɞɵ. Ȼԝɥ ɤɟɡɞɟ ԕԝɪɚɦɵɧɞɚ 
ɬɢɬɚɧ ɬɨɬɵԕɬɚɪɵ ɛɨɥɚɬɵɧ ɛɨɫ ɠɵɧɵɫ ɬɨɬɵԕɬɚɪɵ ɛɚɥԕɵɬɵɥɦɚԑɚɧ ɤԛɣɞɟ 
ɤɨɚɝɭɥɹɰɢɹɥɚɧɚɞɵ ɠԥɧɟ іɲɤі ɹɞɪɨɧɵ ԕԝɪɚɣɞɵ. Ɇɟɬɚɥɞɵ ɬɟɦіɪ ɦɟɧ ɬɢɬɚɧ 
ɠɵɧɵɫɵɧɵң ɛԧɥіɧɭіɧɟ ԝɧɬɚԕɬɚɭ ɠԥɧɟ ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹɥɚɭ ɚɪԕɵɥɵ ԕɨɥ 
ɠɟɬɤіɡɟɞі. 

Ⱥɣɧɚɥɦɚɥɵ ɩɟɲɬɟɪɞɟ ɪɟɞɭɤɰɢɹɥɚɩ ɛɚɥԕɵɬɭ ɬԥɫіɥі – ɒɬɸɪɰɟɥɶɛɟɪɝ ɬԥɫіɥі 
[79] ɬɟɦіɪ-ɫɚɡɛɚɥɲɵԕ ɲɢɤіɡɚɬɵɧ ԧңɞɟɭ ԛɲіɧ ԕɨɥɞɚɧɵɥԑɚɧ. Ȼԝɥ ɬԥɫіɥɞɟ, 
ɪɟɞɭɤɰɢɹɥɚɭ ɡɨɧɚɫɵɧɵң ɫɚɥɵɫɬɵɪɦɚɥɵ ɬԧɦɟɧ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɦɟɧ ɩɟɲ 
ɝɚɡɞɚɪɵɧɵң ɬɨɬɵԕɬɵɪԑɵɲ ɫɢɩɚɬɵɧɚ ɛɚɣɥɚɧɵɫɬɵ, ɬɢɬɚɧ ɬɨɬɵԕɬɚɪɵɧɵң 
ɪɟɞɭɤɰɢɹɫɵ ԕɢɵɧɞɚɬɵɥԑɚɧ. Ɉԑɚɧ ԕɨɫɚ, ɲɥɚɤɬɚɪɞɵң ԕɚɬɬɵ ɤԛɣɞɟ ɚɥɵɧɭɵ ɦɟɧ 
ɲɵԑɚɪɵɥɭɵ ɦԛɦɤіɧ. Ɇԝɧɵң ɛԥɪі ɒɬɸɪɰɟɥɶɛɟɪɝ ɬɢɩɬі ɚɣɧɚɥɦɚɥɵ ɩɟɲɬɟɪɞɟ 
ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬɟɪ ɦɟɧ ɢɥɶɦɟɧɢɬɬɟɪɞі ɛԧɥɭ ԛɲіɧ ɛɚɥԕɵɬɭɞɵ ɠԛɡɟɝɟ ɚɫɵɪɭɞɵң 
ɠɚԕɫɵ ɚɥԑɵɲɚɪɬɬɚɪɵɧ ԕԝɪɚɞɵ. 

Ɋɚɫɵɧɞɚ, ɟɝɢɩɟɬɬіɤ ɢɥɶɦɟɧɢɬɬɟɧ ɬɢɬɚɧ іɡі ɛɚɪ ɲɨɣɵɧ ɦɟɧ ɬɢɬɚɧ ɦԧɥɲɟɪі 
ɠɨԑɚɪɵ ɛɨɥɚɬɵɧ ɲɥɚɤ ɚɥɵɧɞɵ. Ⱦɸɪɪɟɪ ɨɣɵɧɲɚ [80], ɒɬɸɪɰɟɥɶɛɟɪɝ ɩɪɨɰɟɫі 
ԧɧɟɪɤԥɫіɩɬіɤ ɦԥɧɝɟ ɢɟ ɠԥɧɟ ɞɨɦɧɚ ɩɪɨɰɟɫіɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ ɛіɪԕɚɬɚɪ 
ɚɪɬɵԕɲɵɥɵԕɬɚɪԑɚ ɢɟ (ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ɠԥɧɟ ɨɬɵɧ ɪɟɬіɧɞɟ ɬɚɩɲɵ ɟɦɟɫ 
ɤԧɦіɪɞі, ɦɚɡɭɬɬɵ, ɝɚɡɞɵ ɠԥɧɟ ɬ.ɛ. ɩɚɣɞɚɥɚɧɭ ɦԛɦɤіɧɞіɝі; ɡɢɹɧɞɵ ԕɨɫɩɚɥɚɪɞɚɧ 
ɬɚɡɚ ɦɟɬɚɥɥ ɚɥɭ ɦԛɦɤіɧɞіɝі; ɬɚɛɢԑɢ ɥɟɝіɪɥɟɧɝɟɧ ɠԥɧɟ ɤɟɲɟɧɞі ɤɟɧɞɟɪɞі ԧңɞɟɭ 
ɦԛɦɤіɧɞіɝі). 
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Ⱥɣɬɚ ɤɟɬɭ ɤɟɪɟɤ, ɢɥɶɦɟɧɢɬ ɩɟɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ɟɤі 
ɫɚɬɵɥɵ ԧңɞɟɭ ɤɟɡіɧɞɟ, ɬɟɦіɪɞі ɚɥɞɵɧ-ɚɥɚ ɛԧɥіɩ ɚɥɭɞɵң ɤԧɩɬɟɝɟɧ ɬԥɫіɥɞɟɪі ɛɚɪ. 
Ɉԑɚɧ ԕɨɫɚ, ɤԧɩɬɟɝɟɧ ԥɞіɫɬɟɪɞің ԧɧɟɪɤԥɫіɩɬіɤ ԕɨɥɞɚɧɵɫ ɬɚɩɩɚԑɚɧɞɵԑɵ, ɚɥ 
ɛɚɫԕɚɥɚɪɵɧɵң ɚɫɚ ɲɟɤɬɟɥɝɟɧ ɦɚɫɲɬɚɛɬɚ ԕɨɥɞɚɧɵɥɭɵ ɤԧңіɥ ɚɭɞɚɪɭɞɚ. Ɇԝɧɵң 
ɛɚɫɬɵ ɫɟɛɟɩɬɟɪіɧің ɛіɪі, ɟɪɟɤɲɟ («ɤԧɩɤɨɦɩɨɧɟɧɬɬі») ɲɢɤіɡɚɬɬɚɧ ɬɟɦіɪ, ɬɢɬɚɧ 
ɦɟɧ ɛɚɫԕɚ ɤɨɦɩɨɧɟɧɬɬɟɪɞі ɛԧɥіɩ ɚɥɭ ɩɪɨɰɟɫɬɟɪі ɦɟɧ ɚɝɪɟɝɚɬɬɚɪɵɧɵң 
ԕɨɥɞɚɧɵɥɭɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ȼіɪ ɠɚԑɵɧɚɧ - ɦԝɧɞɚɣ ɲɢɤіɡɚɬ ԕɨɪɵɧɵң ɚɡɚɸɵ, 
ɟɤіɧɲі ɠɚԑɵɧɚɧ- ɦɟɬɚɥɥ ԕɚɠɟɬɬіɥіɝіɧің ԧɫɭіɧɟ ɛɚɣɥɚɧɵɫɬɵ, ԧɧɞіɪіɫ ɫɚɥɚɫɵɧɚ 
ɤɟɲɟɧɞі ɤɟɧɞɟɪɞі ɟɧɝіɡɭ ɦɟɧ ɨɥɚɪɞɵ ԧңɞɟɭ ɬԥɫіɥɞɟɪіɧ ɠɚɫɚɭ ԕɚɠɟɬɬіɥіɤɬɟɪі 
ɚɪɬɭɞɚ. 

Ɍɟɦіɪ-ɬɢɬɚɧ ɤɟɧі ɦɟɧ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧɚɧ ɜɚɧɚɞɢɣ ɛԧɥіɩ ɚɥɭɞɵң 
ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɬԥɫіɥі Ⱥɣɪɨɧ-Ɇɚɭɧɬɢɧ, ɋɟɧɮɨɪɞ-Ʌɟɣɤ [81] ɩɟɧ ȺԔɒ-
ɬɵң ԧɡɝɟ ɤɟɧɨɪɵɧɞɚɪɵɧɵң ɤɟɧɞɟɪі ԛɲіɧ, ɫɨɧɵɦɟɧ ԕɚɬɚɪ Ȼɭɲɜɟɥɶɞ ɦɚɫɫɢɜіɧің 
[64] ɤɟɧɞɟɪі ԛɲіɧ ɩɚɣɞɚɥɚɧɵɥɞɵ ɠԥɧɟ ԕɚɡіɪɝі ɭɚԕɵɬɬɚ Ɏɢɧɥɹɧɞɢɹɞɚ Ɉɬɚɧɦɚɤɢ 
ɤɟɧɨɪɧɵɧɞɚ ԕɨɥɞɚɧɵɥɚɞɵ [82]. Ɉɧɵ ԕɨɥɞɚɧɭ ɛɨɣɵɧɲɚ ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ 
ɛіɡɞің ɟɥіɦіɡɞɟ ɞɟ ɠԛɪɝіɡіɥɝɟɧ [83]. 

Ȼɟɪіɥɝɟɧ ԧңɞɟɭ ɬԥɫіɥіɧɞɟ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ (ɧɟɦɟɫɟ ɦɚɝɧɟɬɢɬ) 
ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ɫɨɞɚɦɟɧ ɩіɫіɪіɥɟɞі, ɤɟɣіɧɧɟɧ ɜɚɧɚɞɢɣɞі ɩіɫіɪіɧɞіɞɟɧ ɫɭɦɟɧ 
ɧɟɦɟɫɟ ԕɵɲԕɵɥɦɟɧ ɫіɥɬіɥɟɣɞі. Ƚɢɞɪɨɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɬԥɫіɥ ԧɡɝɟ ɬԥɫіɥɞɟɪɞɟɧ - 
ɜɚɧɚɞɢɣɞі ɤɟɧɧɟɧ ɚɫɚ ɠɨԑɚɪɵ ɦԧɥɲɟɪɞɟ ɛԧɥіɚ ɚɥɭɦɟɧ ɟɪɟɤɲɟɥɟɧɟɞі, ɚɥɚɣɞɚ ɨɥ 
ɠɚɪɚɦɫɵɡ, ɲɚɦɚɦɟɧ ɨɥ, ɫɚɥɵɫɬɵɪɦɚɥɵ ɲɚԑɵɧ ԧɧɞіɪіɫ ɤԧɥɟɦіɧɞɟ, ɜɚɧɚɞɢɣ 
ɦԧɥɲɟɪі ɠɨԑɚɪɵ ɛɨɥɚɬɵɧ ɤɟɧ ɦɚɬɟɪɢɚɥɞɚɪɵɧ ԧңɞɟɭ ԛɲіɧ ԑɚɧɚ ɠɚɪɚɦɞɵ [10]. 
Ɇԥɫɟɥɟɧ, Ȼɭɲɜɟɥɶɞ ɦɚɫɫɢɜіɧɞɟ ɤɟɧ ɚɥɭɞɵ ԝɥԑɚɣɬԕɚɧ ɤɟɡɞɟ, ɨɞɚɧ ɛɚɫ ɬɚɪɬɬɵ 
ɠԥɧɟ ɟɤі ɫɚɬɵɥɵ ɛɚɥԕɵɬɭԑɚ ɚɭɵɫɬɵ [64]. 

Ɉɬɚɧɦɚɤɢ ɤԥɫіɩɨɪɧɵɧɞɚ ԕԝɪɚɦɵɧɞɚ 35-40 % Feɨɛɳ, 12-15 % TiɈ2, 0,2-0,4 % 
V2O5 ɛɨɥɚɬɵɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɟɧɞɟɪі, ɦɚɝɧɢɬɬіɤ ɫɟɩɚɪɚɰɢɹ ɦɟɧ ɮɥɨɬɚɰɢɹ 
ɧԥɬɢɠɟɫіɧɞɟ, ɬɟɦіɪ-ɜɚɧɚɞɢɣ, ɢɥɶɦɟɧɢɬ ɠԥɧɟ ɩɢɪɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧɚ ɛԧɥіɧɟɞі. 
Ԕԝɪɚɦɵɧɞɚ 45-48 % ɌiO2 ɛɨɥɚɬɵɧ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵ - ɩɢɝɦɟɧɬɬіɤ ɬɢɬɚɧ 
ԕɨɫɬɨɬɵԑɵɧ ɚɥɭɞɵң ɲɢɤіɡɚɬɵ ɛɨɥɵɩ ɤɟɥɟɞі. Ⱥɪɵ ԕɚɪɚɣ ɝɢɞɪɨɦɟɬɚɥɥɭɪɝɢɹɥɵԕ 
ԧңɞɟɥіɦɝɟ ɠіɛɟɪіɥɟɬіɧ ɬɟɦіɪ-ɜɚɧɚɞɢɣ ɤɨɧɰɟɧɬɪɚɬɵɧɵң ԕԝɪɚɦɵɧɞɚ 62-67 % 
Feɨɛɳ, 1,0-1,3 % V2O5; 0,15 % CaO; 0,7 % SiO2 ɛɨɥɚɞɵ [84]. Ȼԝɥ ɤɨɧɰɟɧɬɪɚɬɬɵ 
ԧңɞɟɭ ɬɟɯɧɨɥɨɝɢɹɫɵ ɤɟɥɟɫі ɧɟɝіɡɝі ɨɩɟɪɚɰɢɹɥɚɪɞɵ ԕɚɦɬɢɞɵ: ɤɨɧɰɟɧɬɪɚɬɬɵң 
ɤɚɥɶɰɢɣɥɟɧɝɟɧ ɫɨɞɚɦɟɧ ԕɨɫɩɚɫɵɧ ɤɟɫɟɤɬɟɭ, ɠɟɧɬɟɤɬɟɪɞі ɲɚɯɬɚɥɵ ɩɟɲɬɟ 1200 
°ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɬɨɬɵԕɬɵɪɵɩ ɤԛɣɞіɪɭ, ɧɚɬɪɢɣ ɜɚɧɚɞɚɬɬɚɪɵɧ ɤԛɣɞіɪіɥɝɟɧ 
ɠɟɧɬɟɤɬɟɪɞɟɧ ɫɭɦɟɧ ɫіɥɬіɥɟɭ, ɟɪіɬіɧɞіɧі ɤԛɤіɪɬ ԕɵɲԕɵɥɵɦɟɧ ɛɟɣɬɚɪɚɩɬɚɧɞɵɪɭ 
ɚɪԕɵɥɵ ɛɟɫ ɜɚɥɟɧɬɬі ɜɚɧɚɞɢɣɞі ɬԝɧɞɵɪɭ, ɤɟɩɬіɪɭ ɦɟɧ V2O5 ɛɚɥԕɵɬɭ. 
Ʉɨɧɰɟɧɬɪɚɬɬɚɧ ɜɚɧɚɞɢɣɞі ɬɚɭɚɪɥɵ ɩɟɧɬɚɨɤɫɢɞɤɟ 65-70 %  ɠɚɥɩɵ ɛԧɥіɩ ɚɥԑɚɧ 
ɤɟɡɞɟ, ɛɟɪіɥɝɟɧ ɬɟɯɧɨɥɨɝɢɹ ɛɨɣɵɧɲɚ ɩɟɧɬɚɨɤɫɢɞ ԧɧɞіɪіɫі ɠɵɥɵɧɚ ɲɚɦɚɦɟɧ 3 
ɦɵң ɬ. ԕԝɪɚɣɞɵ. ɋɭɦɟɧ ɫіɥɬіɥɟɭɞɟɧ ɤɟɣіɧ, ɠɟɧɬɟɤɬɟɪ ɦɟɯɚɧɢɤɚɥɵԕ ɛɟɪіɤɬіɥіɝіɧ 
ɚɣɬɚɪɥɵԕɬɚɣ ɬɨɥɵԕ ɠɨԑɚɥɬɚɞɵ, ɵɞɵɪɚɣɞɵ ɠԥɧɟ ɤɟɣіɧɧɟɧ ԕɚɪɚɩɚɣɵɦ 
ɬɟɯɧɨɥɨɝɢɹ ɛɨɣɵɧɲɚ ԕɨɥɞɚɧɛɚɥɵ ɲɨɣɵɧ ɛɚɥԕɵɬɭ ԛɲіɧ ɚɝɥɨɦɟɪɚɰɢɹɥɵԕ 
ɲɢɯɬɚԑɚ ԕɨɫɩɚ (12-15 %) ɪɟɬіɧɞɟ ɩɚɣɞɚɥɚɧɵɥɚɞɵ. 

ȼɚɧɚɞɢɣɥі ɲɨɣɵɧɞɵ ɨɬɬɟɤɬі-ɤɨɧɜɟɪɬɟɪɥіɤ ԧңɞɟɭ ԥɞіɫі [85] ɪɟɞɭɤɰɢɹɥɚɩ- 
ɛɚɥԕɵɬɭ ɛɚɪɵɫɵɧɞɚ ɜɚɧɚɞɢɣ ɲɥɚɝɵɧɵң ԕɚɥɵɩɬɚɫɭɵɧ ԑɚɧɚ ɟɦɟɫ, ɫɨɧɞɚɣ-ɚԕ 
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ɲɥɚɤ ɛɚɥԕɵɦɚɫɵɧɵң ԕɚɛɚɬɵɧɞɚԑɵ ɪɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪɞі ԝɣɵɦɞɚɫɬɵɪɭɞɵ 
ԕɚɪɚɫɬɵɪԑɚɧ. 

 

Ȼіɪіɧɲі ɛԧɥіɦ ɛɨɣɵɧɲɚ ɬԝɠɵɪɵɦ 

Ԥɞɟɛɢ ɚԕɩɚɪɚɬɬɚɪԑɚ ɲɨɥɭ ɠɚɫɚɭ ɠԥɧɟ ɫɚɪɚɩɬɚɭ ɧԥɬɢɠɟɫіɧɞɟ ɤɟɥɟɫі 
ɬԝɠɵɪɵɦɞɚɪɞɵ ɠɚɫɚɭԑɚ ɛɨɥɚɞɵ: 

- ɂɥɶɦɟɧɢɬ ɠԥɧɟ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɟɧɞɟɪіɧің ɤɟɧɨɪɵɧɞɚɪɵɧɵң ɤԧɩɬіɝі 
ɚɧɵԕɬɚɥɞɵ; 

- ɂɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɬɟɯɧɨɥɨɝɢɹɫɵ  ԕԝɪɚɦɵɧɞɵ 
ԕɨɫɩɚ ɦɟɬɚɥɞɚɪ ɛɨɥɚɬɵɧ ɲɨɣɵɧɞɵ ɠԥɧɟ ɬɢɬɚɧ ɦԧɥɲɟɪі ɠɨԑɚɪɵ ɲɥɚɤɬɵ 
ɛɚɥԕɵɬɵɩ ɚɥɭɦɟɧ ɛɚԑɵɬɬɵɥɚԑɚɧ; 

- Ⱦɨɦɧɚ ɩɟɲіɧɞɟ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɵ ɛɚɥԕɵɬɵɩ 
ɧԥɬɢɠɟɫіɧɞɟ ɜɚɧɚɞɢɣɥі ɲɨɣɵɧ ɚɥɚɞɵ. 

Ʉɟɦɲіɥіɤɬɟɪі:  
- Ɉɫɵ ɲɢɤіɡɚɬɬɚɪɞɚɧ ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɭ 

ɩɪɨɰɟɫɬɟɪі ɬɨɥɵԕ ԕɚɪɚɫɬɵɪɵɥɦɚԑɚɧ ɠԥɧɟ ɡɟɪɬɬɟɥɦɟɝɟɧ; 
- Ԕɢɵɧ ԧңɞɟɥɟɬіɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɠԥɧɟ ɢɥɶɦɟɧɢɬ ɤɟɧɞɟɪіɧɟɧ ɬіɤɟɥɟɣ 

ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ɚɥɭ ɬɟɯɧɨɥɨɝɢɹɫɵ ԕɚɪɚɫɬɵɥɵɪɦɚԑɚɧ. 
Ɉɫɵ ɦԥɫɟɥɟɥɟɪɞі ɲɟɲɭ ԛɲіɧ ɤɟɥɟɫі ɦіɧɞɟɬɬɟɪ ԕɨɣɵɥɞɵ: 
- ɂɥɶɦɟɧɢɬ ɠԥɧɟ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ ɫɢɹԕɬɵ ɤԧɩɤɨɦɩɨɧɟɧɬі 

ɨɤɫɢɞɬіɤ ɦɚɬɟɪɢɚɥɞɚɪɞɚɧ ɥɚɛɨɪɚɬɨɪɢɹɥɵԕ ɲɢɯɬɚ ԛɥɝіɥɟɪіɧ ɞɚɣɵɧɞɚɭ 
ɠԝɦɵɫɬɚɪɵ;  

- Ԥɪ ɦɟɬɚɥɞɵң ɬɨɬɵԕɬɚɪɵɧɵң ɯɢɦɢɹɥɵԕ ɛɚɣɥɚɧɵɫɬɚɪɵɧɵң 
ɬɟɪɦɨɞɢɧɚɦɢɤɚɥɵԕ ɫɢɩɚɬɬɚɦɚɥɚɪɵ ɧɟɝіɡіɧɞɟ ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪіɧің ɛɟɪіɤɬіɤ 
ɫɢɩɚɬɬɚɦɚɥɚɪɵɧ ɛɚԑɚɥɚɭ ɠԥɧɟ ɪɟɞɭɤɰɢɹɥɵԕ ɪɟɚɤɰɢɹɥɚɪɞɵң ɧԥɬɢɠɟɫіɧɞɟ ɦɟɬɚɥɥ 
ɨɤɫɢɞɬɟɪіɧɟɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪіɧ ɚɧɵԕɬɚɭ;  

- Ԧңɞɟɥɟɬіɧ ɦɟɬɚɥɞɚɪɞɵ ɬɨɥɵԑɵɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ɠԝɦɫɚɥɚɬɵɧ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝіɧің ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɲɵԑɵɧɵɧ ɟɫɟɩɬɟɭ ɠԝɦɵɫɬɚɪɵɧ ɨɪɵɧɞɚɭ, 
ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧ ɠԛɪɝіɡɭ ԛɲіɧ ɤɟɧ-ɤԧɦіɪ 
ԕɨɫɩɚɫɵɧɵң ԛɥɝіɥɟɪіɧ ɞɚɣɵɧɞɚɭ ɠԥɧɟ ɦɟɬɚɥɞɚɧԑɚɧ ɦɚɬɟɪɢɚɥɞɚɪ ɚɥɭ; 

- Ɋɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧ ԝɣɵɦɞɚɫɬɵɪɭ, ɨɥ ɦɚɬɟɪɢɚɥɞɵң 
ɥɚɛɨɪɚɬɨɪɢɹɥɵԕ ԛɥɝіɥɟɪіɧ ɞɚɣɵɧɞɚɭɞɵ ԑɚɧɚ ɟɦɟɫ, ɫɨɧɵɦɟɧ ԕɚɬɚɪ 
ɥɚɛɨɪɚɬɨɪɢɹɥɵԕ ɛɚɥԕɵɬɭ ԕɨɧɞɵɪԑɵɥɚɪɵɧ ɞɚɣɵɧɞɚɭ ɠԥɧɟ ɫɵɧɚɭ, ɨɥɚɪɞɵң 
ɬɟɦɩɟɪɚɬɭɪɚɫɵɧ ɠԥɧɟ ɠɵɥɭ ɠɚԑɞɚɣɵɧ ɪɟɬɬɟɭ ɠԝɦɵɫɬɚɪɵɧ  ԕɚɦɬɢɞɵ. Ⱥɥɵɧԑɚɧ 
ɧԥɬɢɠɟɥɟɪɞі ɬɚɥɞɚɭ ɠԥɧɟ ɨɥɚɪɞɵ ԑɵɥɵɦɢ ɛɚɫɵɥɵɦɞɚɪɞɚ ɠɚɪɢɹɥɚɭ.  
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2 ɌԤɀІɊɂȻȿɅІɄ ɁȿɊɌɌȿɍɅȿɊ ԤȾІɋɌȿɆȿɋІ  
 

2.1 ɉɚɣɞɚɥɚɧɵɥԑɚɧ ɲɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧіԙ ɫɢɩɚɬɬɚɦɚɫɵ  
Ɂɟɪɬɬɟɭɥɟɪ ԝɣɵɦɞɚɫɬɵɪɭ ɦɟɧ ɠԛɪɝіɡɭ ԛɲіɧ ɤɟɲɟɧɞі ɢɥɶɦɟɧɢɬ (ɋԥɬɛɚɟɜ 

ɤɟɧɨɪɧɵ) ɩɟɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ (Ԕɚɲԕɚɧɚɪ ɤɟɧɨɪɧɵ), ɫɨɧɵɦɟɧ 
ԕɚɬɚɪ ɚɝɥɨɦɟɪɚɰɢɹ ɩɪɨɰɟɫіɧің ԕɚɥɞɵԕɬɚɪɵ (ɨɤɚɥɢɧɚ) ɩɚɣɞɚɥɚɧɵɥɞɵ. Ʉɟɲɟɧɞі 
ɤɟɧ ԕԝɪɚɦɵɧɞɚ ɬɟɦіɪ ɬɨɬɵԕɬɚɪɵɧɚɧ ɛɚɫԕɚ, ɥɟɝіɪɥɟɭɲі ɦɚɪɝɚɧɟɰ, ɯɪɨɦ, ɜɚɧɚɞɢɣ 
ɦɟɬɚɥɞɚɪɵɧɵң ɬɨɬɵԕɬɚɪɵ ɤɟɡɞɟɫɟɞі, ɨɥɚɪɞɵң ɬɟɦіɪ ɬɨɬɵԕɬɚɪɵɦɟɧ 
ɫɚɥɵɫɬɵɪԑɚɧɞɚ, ɯɢɦɢɹɥɵԕ ɛɚɣɥɚɧɵɫɭ ɛɟɪіɤɬіɥіɝі ɚɫɚ ɠɨԑɚɪɵ ɛɨɥɵɩ ɤɟɥɟɞі. 
ɋɨɧɞɵԕɬɚɧ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧ ɠԛɪɝіɡɭ ԥɞіɫɬɟɦɟɫі, ɪɟɚɞɭɤɰɢɹɥɚɭ 
ɪɟɚɝɟɧɬɬɟɪі ɦɟɧ ɪɟɚɤɰɢɹɧɵң ԧɬɭ ɦɟɯɚɧɢɡɦіɧ ɬɚңɞɚɭɦɟɧ ɬіɤɟɥɟɣ ɛɚɣɥɚɧɵɫɬɵ 
ɛɨɥɚɞɵ. 

Ɂɚɦɚɧɚɭɢ ɨԕɭ ɦɟɧ ԑɵɥɵɦɢ ԥɞɟɛɢɟɬɬɟɪɞɟ, ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің 
ɦɟɯɚɧɢɡɦі, ɚɣԕɵɧɞɚɭɲɵ ɮɚɤɬɨɪɵ ɪɟɬіɧɞɟ ɝɚɡɞɵ ɪɟɞɭɤɰɢɨɧɟɪɥɟɪɞің ɋɈ, ɇ2 

ɚɞɫɨɪɛɰɢɹɫɵ ɫɚɧɚɥɚɬɵɧ, ɚɞɫɨɪɛɰɢɹɥɵ-ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦі [86, 87] 
ɬԝɪԑɵɫɵɧɚɧ ɬԛɫіɧɞіɪіɥɟɞі. Ȼԝɥ ɦɟɯɚɧɢɡɦɞɟ, ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɬɟɤ ɠɚɧɚɫɭ-
ɞɢɮɮɭɡɢɹɥɵԕ ԥɪɟɤɟɬɬɟɫɭі ɛɚɣԕɚɥɚɬɵɧɞɵԕɬɚɧ, ɨɧɵң ɪɨɥі ɟɫɤɟɪіɥɦɟɝɟɧ. Ⱥɥɚɣɞɚ, 
ɛіɡ ɛіɥɟɬіɧɞɟɣ, ɠɨԑɚɪɵ ɚɬɚɥԑɚɧ ɬɨɬɵԕɬɚɪ ɋɈ ɠԥɧɟ ɇ2 ɝɚɡɞɚɪɵɦɟɧ, ɪɟɞɭɤɰɢɹɥɚɭ 
ɩɨɬɟɧɰɢɚɥɵɧɵң ɠɟɬіɫɩɟɭɲіɥіɝіɧɟɧ, ɚɣɬɚɪɥɵԕɬɚɣ ɪɟɞɭɤɰɢɹɥɚɧɛɚɣɞɵ. Ɇԝɧɵң 
ԧɡі, ɤɟɲɟɧɞі ɤɟɧɞɟɪɞі ɪɟɞɭɤɰɢɹɥɵԕ ԧңɞɟɭɝɟ ԕɚɬɵɫɬɵ, ɚɞɫɨɪɛɰɢɹɥɵ-
ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦіɧ ԕɨɥɞɚɧɭ ɦԛɦɤіɧ ɟɦɟɫɬіɝіɧ ɤԧɪɫɟɬɟɞі. 

Ʉԧɦіɪɬɟɝіɧің ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɦɟɧ ԥɪɟɤɟɬɬɟɫɭіɧің ɚɫɚ ɤɟң ɦԛɦɤіɧɞіɤɬɟɪі 
ɬԥɠіɪɢɛɟ ɠԛɡіɧɞɟ ɨɪɧɚɬɵɥɞɵ [88] ɠԥɧɟ ɦɟɬɚɥɞɚɪ ɪɟɞɭɤɰɢɹɫɵɧɵң ɠɚңɚ 
«ɞɢɫɫɨɰɢɚɰɢɹɥɵ-ɚɞɫɨɪɛɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦі» ɚɥԑɚ ɲɵԑɚɪɵɥɞɵ. Ԕɢɵɧ 
ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɞɚɪ ɦɟɯɚɧɢɡɦі ɦɟɧ ɤɢɧɟɬɢɤɚɫɵɧɵң ɡɟɪɬɬɟɥɭі ɚɫɚ 
ɤԛɪɞɟɥі ɠԥɧɟ ԧɡɟɤɬі ɦԥɫɟɥɟ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ɇɟɬɚɥɞɚɪɞɵң ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɫɵɧ ɠԛɡɟɝɟ ɚɫɵɪɭ ԛɲіɧ ɠԛɪɝіɡіɥɝɟɧ 
ɛіɪԕɚɬɚɪ ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪɞɟ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɧің ɬɨɬɵԕɬɵ ɠԛɣɟɞɟ 
ԥɪɟɤɟɬɬɟɫɭ ԥɞіɫɬɟɦɟɫі ɩɚɣɞɚɥɚɧɵɥɞɵ. Ԥɪі ɟɪɤіɧ ԥɪі ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɧің ɠɨԑɚɪɵ 
ɪɟɞɭɤɰɢɹɥɚɭ ɩɨɬɟɧɰɢɚɥɵɧɵң ɟɫɤɟɪіɥɭіɦɟɧ, ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ԥɞіɫɬɟɦɟɫі, 
ɤɟɲɟɧɞі ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɲɢɤіɡɚɬɵɧɞɚ ɬɟɦіɪ ɦɟɧ іɥɟɫɩɟɥі ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ 
ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧ ԝɣɵɦɞɚɫɬɵɪɭԑɚ ɧɟɝіɡɞɟɥɝɟɧ. 

Ɍԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪɞɟ ɩɚɣɞɚɥɚɧɵɥԑɚɧ ɲɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧің 
ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ 2.1 ɤɟɫɬɟɞɟ ɤɟɥɬіɪіɥɝɟɧ. 

Ʉԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, ɋԥɬɛɚɟɜ ɤɨɧɰɟɧɬɪɚɬɵɧɞɚ ɧɟɝіɡɝі ɬɨɬɵԕ TiO2 ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ. Ɍɟɦіɪ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ 32,53 % ɟɤі ɬɨɬɵԕɬɚɧ Fe2O3 = 26,67  % ɠԥɧɟ 
FeO =16,5 % ɬԝɪɚɞɵ. Ɍɟɦіɪ, ɦɚɪɝɚɧɟɰ, ɜɚɧɚɞɢɣ, ɬɢɬɚɧ ɠԥɧɟ ɯɪɨɦ ɬɨɬɵԕɬɚɪɵ 
ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ ɠԥɧɟ ɦɟɬɚɥɥ ԕԝɪɚɦɵɧɚ ԧɬɟɞі, ɛԝɥ 
ɛɚɥԕɵɬɵɥɵɩ ɲɵԑɚɪɵɥɚɬɵɧ ɦɟɬɚɥɥ ɫɚɩɚɫɵɧ ɚɪɬɬɵɪɭɞɚ ɨң ԛɥɟɫіɧ ԕɨɫɚɞɵ.  

Ʉԧɪɫɟɬіɥɝɟɧ ɤɟɲɟɧɞі ɲɢɤіɡɚɬ ɪɟɫɭɪɫɬɚɪɵɧɞɚ ɥɟɝіɪɥɟɭɲі ɦɟɬɚɥɞɚɪ 
ɬɨɬɵԕɬɚɪɵɦɟɧ – MnO ɠԥɧɟ Cr2O3 ɠԥɧɟ ɬ.ɛ. ԕɚɬɚɪ, ɬɢɬɚɧ ɬɨɬɵԑɵɧɵң TiO2 

ɠɨԑɚɪɵ ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɥіɝі ԛɥɤɟɧ ɦԥɫɟɥɟ ɛɨɥɵɩ ԕɚɥɭɞɚ. ɋɟɛɟɛі ɥɟɝіɪɥɟɭɲі 
ɦɟɬɚɥɥɞɚɪ ɬɨɬɵԕɬɚɪɵɧɵң ɚɪɚɫɵɧɞɚ ɚɫɚ ɠɨԑɚɪɵ ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɝіɧɟ TiO2 ɢɟ. 
ȿɝɟɪ ɬɟɦіɪɞің ɬԧɦɟɧɝі ɬɨɬɵԑɵ FeO 1000-1200 Ʉ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɋɈ ɝɚɡɵɦɟɧ ɞɟ, 
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ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɞɟ ɠɚԕɫɵ ɪɟɞɭɤɰɢɹɥɚɧɫɚ, ɨɧɞɚ MnO, Cr2O3, TiO2 ɬɨɬɵԕɬɚɪɵ 
ɋɈ ɝɚɡɵɦɟɧ ɚɣɬɚɪɥɵԕɬɚɣ ɬɢіɦɞі ɪɟɞɭɤɰɢɹɥɚɧɚ ɚɥɦɚɣɞɵ, ɚɥ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ 
ɚɫɚ ɠɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ. 

 

Ʉɟɫɬɟ 2.1 – Ɍԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ɠԛɪɝіɡɭ ԛɲіɧ ɩɚɣɞɚɥɚɧɵɥԑɚɧ ɲɢɯɬɚ 
ɤɨɦɩɨɧɟɧɬɬɟɪіɧің ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ  
 
Ɇɚɬɟɪɢɚɥ-
ɞɚɪɞɵң 
ɚɬɚɭɥɚɪɵ  

ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 

Fe FeO Mn SiO2 CaO MgO V2O5 TiO2 Cr2O3 Al2O3 P S C ɩɩɩ 

ɋԥɬɛɚɟɜ 
ɢɥɶɦɟɧɢɬ 
ɤɨɧɰɟɧɬɪɚɬɵ  

32,53 16,54 0,7* 5,80 0,50 0,33 0,22 49,65 0,27 1,25 0,005** - - 7,73 

Ⱥɪɫɟɥɨɪ-
Ɇɢɬɬɚɥ 
ɩɪɨɤɚɬɬɵԕ 
ɨɤɚɥɢɧɚɫɵ  

67,65 28,25 0,23 - - - - - 0,51 - - 0,017 - - 

Ʉɚɱɤɚɧɚɪ 
ɬɢɬɚɧ-
ɦɚɝɧɟɬɢɬɬіɤ 
ɤɨɧɰɟɧɬɪɚɬɵ  

50,4 23,28 0,48 2,35 0,32 0,087 5,75 2,32 2,7 2,6 0,03 0,008 14,0 

- 

ɇɌɆɄ-ң 
ɩɪɨɤɚɬɬɵԕ 
ɨɤɚɥɢɧɚɫɵ  

65,8 42,0 0,82 0,75 0,07 0,015 4,9 0,86 0,31 0,6 0,06 0,19 -  

Ⱥԑɚɲ 
ɤԧɦіɪ***  

– – – 0,48 – – – – – 0,12 – 0,06 98,0 - 

ȿɫɤɟɪɬɭɥɟɪ:  
* – MnO; 
** - P2O5; 
*** – ɛɚɫԕɚɫɵ ɤԛɥ Ac = 1,34.  

 
Ɍɨɬɵԕɬɚɪɞɵң ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɥіɝі ɛɨɣɵɧɲɚ, ɠɟɤɟ ɬɨɬɵԕɬɚɪɞɵң ԕɚɬɬɵ 

ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɫɵ ɬɟɦɩɟɪɚɬɭɪɚɧɵң ԥɪɬԛɪɥі ɞɟңɝɟɣɥɟɪіɧɞɟ ɠԛɪɟɞі. 
Ⱥɬɚɥԑɚɧ ɬɨɬɵԕɬɚɪɞɵң ɚɪɚɫɵɧɞɚ TiO2, ɪɟɞɭɤɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧ ԝɣɵɦɞɚɫɬɵɪɭ 
ɛɨɣɵɧɲɚ ɟɪɟɤɲɟ ɨɪɵɧ ɚɥɚɞɵ. Ɍɢɬɚɧ ɪɟɞɭɤɰɢɹɫɵ ɬɟɤ 1250 ºɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ 
ɛɚɫɬɚɥɚɞɵ. Ʉԧɪɫɟɬіɥɝɟɧ ɦɟɬɚɥɞɚɪɞɵң ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɞɟңɝɟɣі ɦɟɧ ɬіɤɟɥɟɣ 
ɪɟɞɭɤɰɢɹɥɚɧɭ ɤɢɧɟɬɢɤɚɫɵ ɚɪɚɫɵɧɞɚԑɵ ɦԝɧɞɚɣ ɚɣɵɪɦɚɲɵɥɵԕ, ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ 
ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ԧңɞɟɭɞɟ ɛɟɥɝіɥі ɛіɪ ɦԥɫɟɥɟɥɟɪɞі ɬɭɞɵɪɚɞɵ. Ⱦɟɝɟɧɦɟɧ, ɛɟɥɝіɥі 
ɛіɪ ɞԥɪɟɠɟɝɟ ɞɟɣіɧ ɦԥɫɟɥɟɧің ɲɟɲіɥɭіɧɟ, ɦɟɬɚɥɞɵ ɬɟɦіɪɞɟ ɬɢɬɚɧ ɟɪіɝіɲɬіɝіɧің 
ɟɫɤɟɪіɥɭіɦɟɧ ɬɢɬɚɧɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭɞɵң ɚɧɵԕɬɚɥԑɚɧ ɬԥɫіɥɞɟɦɟɫі ɦɟɧ 
ɫɢɩɚɬɬɚɥԑɚɧ ɠԛɣɟɝɟ ɤіɪɭ ɤɟɡіɧɞɟ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɤԛɣіɧ ɪɟɬɬɟɭɦɟɧ ɨɧɵң 
ɚɤɬɢɜɬіɥіɝіɧ ɚɪɬɬɵɪɭ ɚɪԕɵɥɵ ԕɨɥ ɠɟɬɤіɡɭɝɟ ɛɨɥɚɞɵ.  

Ɇɟɬɚɥɞɚɪɞɵң ɤԧɦіɪɬɟɝіɦɟɧ ԕɚɬɬɵ ɮɚɡɚɥɵ ɪɟɞɭɤɰɢɹɥɚɧɭ ɬɢіɦɞіɥɝі ɛɚɫɬɵ 
ɤԧɪɫɟɬɤіɲɤɟ – ԥɪɟɤɟɬɬɟɫɟɬіɧ ԕɚɬɬɵ ɛԧɥɲɟɤɬɟɪ ԕɚɛɚɬɵɧɞɚ ɪɟɚɤɰɢɹɥɵԕ-ɠɚɧɚɫɭ 
ɛɟɬіɧɟ (ɊɀȻ-ɊɄɉ) ɬԥɭɟɥɞі. ɊɀȻ ɦԥɧі ɲɢɯɬɚ ԕɚɛɚɬɵɧɞɚ ɮɪɚɤɰɢɹ ԧɥɲɟɦі ɚɡɚɣԑɚɧ 
ɫɚɣɵɧ ɝɟɨɦɟɬɪɢɹɥɵԕ ɩɪɨɝɪɟɫɫɢɹɞɚ ɞɚɦɢɞɵ, ɛԝɥ ɦɟɬɚɥɥɞɚɪɞɵң ɤԧɦіɪɬɟɝіɦɟɧ 
ԕɚɬɬɵ ɮɚɡɚɥɵ ɪɟɞɭɤɰɢɹɥɚɧɭ ɪɟɚɤɰɢɹɫɵɧɵң ԧɬɭ ԕɚɪԕɵɧɞɵɥɵԑɵɧɚ ɬіɤɟɥɟɣ 
ɛɚɣɥɚɧɵɫɬɵ ɛɨɥɚɞɵ. Ȼԝɥ, ɦɟɬɚɥɞɚɪ ɪɟɞɭɤɰɢɹɫɵ ɬɨɬɵԕɬɵ ɮɚɡɚɥɚɪɞɵң ɤɟɡ-ɤɟɥɝɟɧ 
ɞɟңɝɟɣіɧɞɟ ɬɟɦɩɟɪɚɬɭɪɚɧɵң ɠɨԑɚɪɵɥɚɭɵɦɟɧ, ɹԑɧɢ ɟң ɛɚɫɬɵɫɵ ɷɥɟɤɬɪɨɧɞɚɪɞɵң 
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ԕɨɡԑɚɥɵɫ ɠɵɥɞɚɦɞɵԑɵɧ ɚɪɬɬɵɪɭԑɚ ԥɫɟɪ ɟɬɟɬіɧ ɠԛɣɟɝɟ ɫɵɪɬԕɵ ɷɧɟɪɝɢɹɧɵң 
ɯɚɛɚɪɥɚɭɵɦɟɧ, ɛɚɫɬɚɥɭɵ ɠԧɧіɧɞɟɝі ɠɚɥɩɵԑɚ ɦԥɥіɦ ԕԝɛɵɥɵɫԕɚ ɞɚ ɛɚɣɥɚɧɵɫɬɵ. 
ɗɥɟɤɬɪɨɧɞɚɪ ɚԑɵɧɵ ɨɪɛɢɬɚɥɶɞɚɪɵɧɵң ɤɟңɟɸі, ɛіɪ ɠɚԑɵɧɚɧ ɬɨɬɵԕɬɚɪ 
ɛԧɥɲɟɤɬɟɪіɧің ɛɟɬіɧɞɟ ɞɨɧɨɪɥɵ-ɚɤɰɟɩɬɨɪɥɵԕ ɛɚɣɥɚɧɵɫɬɵң ɫԧɡɫіɡ ԥɥɫіɪɟɭіɧɟ 
ɠԥɧɟ ɟɤіɧɲі ɠɚԑɵɧɚɧ – ɤԧɦіɪɬɟɝіɧің ԕɚɬɬɵ ɛԧɥɲɟɤɬɟɪіɧің ɫɵɪɬԕɵ ɛɟɬіɧɞɟ 
ɷɥɟɤɬɪɨɧɞɚɪ ɚԑɵɧɵ ɬɵԑɵɡɞɵԑɵɧɵң ɠɨԑɚɪɵɥɭɵɧɚ ԥɤɟɥɟɞі. Ɍɨɬɵԕɬɵ 
ԕɨɫɵɥɵɫɬɚɪɞɵң ɤɪɢɫɬɚɥɞɵԕ ɬɨɪɵɧɞɚ ɦɟɬɚɥɞɵң ɞɨɧɨɪɥɵԕ ɩɨɬɟɧɰɢɚɥɵɧɵң 
ɬԧɦɟɧɞɟɭі ɦɟɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɛԧɥɲɟɤɬɟɪіɧің ɞɨɧɨɪɥɵԕ ɩɨɬɟɧɰɢɚɥɵɧɵң 
ɠɨԑɚɪɵɥɚɭɵ ɧԥɬɢɠɟɫіɧɞɟ, ɊɀȻ ɞɚɦɭɵɧɚ ɬԥɭɟɥɞі, ɨɬɬɟɝіɧің ɬɨɬɵԕɬɚɪɞɵң ԕɚɬɬɵ 
ɮɚɡɚɥɵ ԕɨɫɵɥɵɫɵɧɚɧ ɤԧɦіɪɬɟɝіɦɟɧ ɝɚɡ ɮɚɡɚɥɵ ԕɨɫɵɥɵɫɵɧɚ ԧɬɭ ɠɵɥɞɚɦɞɵԑɵ 
ɤԛɲɟɣɟɞі. 

Ⱦɢɫɩɟɪɫɬі ɤɟɧ-ɤԧɦіɪ ɲɢɯɬɚɫɵɧɵң ɞɚɣɵɧɞɚɥɭɵ ɬɟɤ ɬɟɨɪɢɹ ɠԛɡіɧɞɟ 
ɧɟɝіɡɞɟɥіɩ ԕɚɧɚ ԕɨɣɦɚɣ, ɪɟɞɭɤɰɢɹɥɚɩ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫɬɟɪіɧ ԝɣɵɦɞɚɫɬɵɪɭ 
ɛɨɣɵɧɲɚ ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ԥɞіɫɬɟɦɟɫіɧің ɧɟɝіɡіɧɟ ɫɚɥɵɧԑɚɧ. 

 

2.2 Ɍԥɠіɪɢɛɟ ɠԛɪɝіɡɭɝɟ ɲɢɯɬɚ ɞɚɣɵɧɞɚɭ ɪɟɬі  
Ȼɚɫɬɚɩԕɵ ɲɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪі ɪɟɬіɧɞɟ Ʌɢɫɚɤɨɜ ɬɟɦіɪ ɤɟɧі ɤɨɧɰɟɧɬɪɚɬɵ, 

ɋԥɬɛɚɟɜ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵ, Ԕɚɲԕɚɧɚɪ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɵ 
ԕɨɥɞɚɧɵɥɞɵ. Ɉɥɚɪ ɧɟɝіɡіɧɟɧ ɫԥɣɤɟɫ ɦɟɬɚɥɞɚɪ – Fe, Mn, Cr, V ɠԥɧɟ Ti 
ɬɨɬɵԕɬɚɪɵɧɚɧ ɬԝɪɚɞɵ. 

Ʉɨɧɰɟɧɬɪɚɬɬɚɪɞɵң ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ ɛɨɣɵɧɲɚ, ɟң ɛɚɫɬɵɫɵ, ɲɢɯɬɚ 
ɛіɪɥіɝіɧɟɧ ɠԥɧɟ ԥɪԕɚɣɫɵɫɵ ɛɨɣɵɧɲɚ ɪɟɬɬіɤ ɮɚɡɚɥɵԕ ɬԛɪɥɟɧɭ ԕɚԑɢɞɚɫɵ 
ɛɨɣɵɧɲɚ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɞɚɪ ɬɨɬɵԕɬɚɪɵɧɚɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦԧɥɲɟɪі 
ɚɧɵԕɬɚɥɞɵ [89]. 

Ʉɨɧɰɟɧɬɪɚɬɬɚɪɞɵ ~0,074 ɦɦ ɮɪɚɤɰɢɹɫɵɧɚ ɞɟɣіɧ ɚɥɞɵɧ-ɚɥɚ ԝɧɬɚԕɬɚɣɞɵ 
ɠԥɧɟ ɨɥɚɪɞɵң ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ ɛɨɣɵɧɲɚ ɲɢɯɬɚɞɚ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦԧɥɲɟɪі 
ɦɟɧ ɮɚɡɚɥɚɪ ɛɨɣɵɧɲɚ ɨɥɚɪɞɵң ɬɚɪɚɥɭɵɧ ɚɧɵԕɬɚɣɞɵ. Ȼԝɥ ɤɟɡɞɟ ɠɨԑɚɪԑɵ 
ɬɨɬɵԕɬɚɪ ɨɬɬɟɝіɫіɧің ɛіɪіɧɲі ɤɟɡɟɤɬɟ ɝɚɡɞɚɥɭɵɧɚ ɤԧңіɥ ɛԧɥіɧɝɟɧ, ɦԥɫɟɥɟɧ Fe2O3 - 
FeɈ ɞɟɣіɧ, MnO2 – MnO ɞɟɣіɧ, V2O5 - V2O3 ɞɟɣіɧ, TiO2 - Ti2O3 ɞɟɣіɧ. Cr2O3 – Cr 
ɞɟɣіɧ, V2O5 – V ɞɟɣіɧ ɠԥɧɟ TiO2 - Ti ɞɟɣіɧ ɨɬɬɟɝіɧің ɝɚɡɞɚɥɭɵ ɩɪɨɰɟɫɬің 
ԕɨɪɵɬɵɧɞɵ ɫɚɬɵɫɵɧɞɚ ɠԛɪɟɞі. 

Ɋɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬі ɪɟɬіɧɞɟ, Fe, Mn, Cr, V ɠԥɧɟ Ti ɬɨɬɵԕɬɚɪɵɧɚɧ ɨɥɚɪɞɵ 
ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ, ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ԕɚɬɵɧɚɫɬɚ, ɚԑɚɲ ɤԧɦіɪ ɧɟɦɟɫɟ 
ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ (ɲɨɣɵɧɞɚ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝі ɦԧɥɲɟɪіɧің ɟɫɤɟɪіɥɭіɦɟɧ) 
ԕɨɫɵɥɚɞɵ. 

 

2.3 ɉɚɣɞɚɥɚɧɵɥԑɚɧ ɡɟɪɬɯɚɧɚɥɵԕ ԕɨɧɞɵɪԑɵɥɚɪ ɦɟɧ ɠɚɛɞɵԕɬɚɪ  
Πɫɚқɬɚɥғɚɧ шɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧ ɚɥɭ ɛɨɣɵɧшɚ. Ԝɫɚԕɬɚɥԑɚɧ 

ɦɚɬɟɪɢɚɥɞɚɪɞɵ ɚɥɭ ԛɲіɧ ɡɟɪɬɯɚɧɚɥɵԕ ɷɥɟɤɬɪ-ɞіɪіɥɞі ԝɫɚԕɬɚԑɵɲ ɩɚɣɞɚɥɚɧɵɥɞɵ 
(ɫɭɪɟɬ 2.1). ɒɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪі ɠɟɤɟ-ɠɟɤɟ ~0,074 ɦɦ ɮɪɚɤɰɢɹɫɵɧɚ ɞɟɣіɧ 
ԝɫɚԕɬɚɥɞɵ. 

Шɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧɟɧ қɨɫɩɚ ɚɥɭ. ɒɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧің ɯɢɦɢɹɥɵԕ 
ԕԝɪɚɦɵ ɛɨɣɵɧɲɚ ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦԧɥɲɟɪі ɦɟɧ ɬɨɬɵԕɬɵ 
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ɤɨɦɩɨɧɟɧɬɬɟɪ ɛіɪɥіɝіɧɟ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬɬɟɪіɧің – ɚԑɚɲ ɤԧɦіɪ ɦɟɧ 
ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ ɲɵԑɵɧɵ ɚɧɵԕɬɚɥɞɵ. 

Ȼԝɥ ɤɟɡɞɟ, ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɛɚɪɵɫɵɧɞɚ Fe2O3 - Feɦɟɬ, MnO2 – MnO, 
V2O5 - V2O3, TiO2 - Ti2O3 ɫɢɹԕɬɵ ɬɨɬɵԕɬɚɪ ɨɬɬɟɝіɫі ɛіɪіɧɲі ɤɟɡɟɤɬɟ 
ɝɚɡɞɚɥɚɬɵɧɵɧɚ ɤԧңіɥ ɛԧɥіɧɝɟɧ. Cr2O3 - Cr, V2O3 - V ɠԥɧɟ TiO2 - Ti ɬɨɬɵԕɬɚɪɵɧɚɧ 
ɨɬɬɟɝі ɝɚɡɞɚɥɭɵ ɩɪɨɰɟɫɬің ԕɨɪɵɬɵɧɞɵ ɫɚɬɵɫɵɧɞɚ ɠԛɪɟɞі. Ƚɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі 
ɛɚɥɚɧɫɵɧɚɧ ɬɨɬɵԕɬɵ ɲɢɯɬɚ ɦɟɧ ɚԑɚɲ ɤԧɦіɪ ɠԥɧɟ 1-2,0 ɦɦ ɮɪ. ɬԛɣіɪɲіɤɬɟɥɝɟɧ 
ɲɨɣɵɧ ɬԛɪіɧɞɟɝі ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬіɧің ɦɚɫɫɚɥɵԕ ԕɚɬɵɧɚɫɵ ɚɧɵԕɬɚɥɞɵ. 
ɒɢɯɬɚ ԕɨɫɩɚɫɵɧ ɛɟɪіɥɝɟɧ ԕɚɬɵɧɚɫɬɚɪ ɛɨɣɵɧɲɚ ɞɚɣɵɧɞɚɣɞɵ. 

Ɇɟɬɚɥɞɚɧғɚɧ өɧіɦ ɚɥɭ. ɒɢɯɬɚ ɦɚɬɟɪɢɚɥɞɚɪɵɧɚɧ ɬԝɪɚɬɵɧ ԕɨɫɩɚɧɵ, 
ɞɢɚɦɟɬɪі 30 ɦɦ ɛɨɥɚɬɵɧ ɤɜɚɪɰɬɵ ɬԛɬіɤɲɟɞɟɧ ɠɚɫɚɥԑɚɧ ɝɟɪɦɟɬɢɤɚɥɵԕ 
ɬԥɠіɪɢɛɟɥіɤ ԝɹɲɵԕԕɚ ɟɧɝіɡɟɞі. Ԝɹɲɵԕ 2.2 ɫɭɪɟɬɬɟ ɤԧɪɫɟɬіɥɝɟɧ ɋɍɈɅ-044 12-Ɇ2 
ԕԝɛɵɪɥɵ ɷɥɟɤɬɪɩɟɲіɧɟ ɨɪɧɚɬɵɥɚɞɵ. ɀԛɣɟ ԕɵɡɞɵɪɵɥԑɚɧ ɫɚɣɵɧ, 700°ɋ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚɧ ɛɚɫɬɚɩ ԕɚɬɬɵ ɮɚɡɚɥɵ ɪɟɞɭɤɰɢɹ ԧɧіɦі – ɝɚɡ ɛԧɥіɧɟ ɛɚɫɬɚɣɞɵ. ɋɈ2 
ɠԥɧɟ ɋɈ ɬԝɪɚɬɵɧ ɝɚɡ ԕɨɫɩɚɫɵɧɵң ɲɵԑɭɵ ɦɟɧ ԕԝɪɚɦɵ ɝɚɡ ɟɫɟɩɬɟɭіɲ ɩɟɧ ɝɚɡ 
ɬɚɥɞɚԑɵɲ ɚɩɩɚɪɚɬɬɚɪɵɧɞɚ ɛɚԕɵɥɚɧɚɞɵ. 

 

  

ɋɭɪɟɬ 2.1 – Ɂɟɪɬɯɚɧɚɥɵԕ ԝɫɚԕɬɚԑɵɲ 
 

ɋɭɪɟɬ 2.2 – ɋɍɈɅ-044 12-Ɇ2 
ɷɥɟɤɬɪɩɟɲі 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1 – ɤɟɞɟɪɝі ɷɥɟɤɬɪ ɩɟɲі; 2 – ɪɟɚɤɰɢɹɥɵԕ ɬԛɬіɤɲɟ; 3 – ɲɢɯɬɚ ɬɢɟɭ ɧɚɭɚɫɵ;   4 – ԝɫɚԕ 
ɞɢɫɩɟɪɫɬі ɦɚɬɟɪɢɚɥɞɚɪɞɵң ɪɟɞɭɤɰɢɨɧɟɪɦɟɧ ԕɨɫɩɚɫɵ; 5 – ɪɟɚɤɰɢɹɥɵԕ ɬɢɝɟɥɶ;   6 – 
ɬɟɪɦɨɩɚɪɚ; 7 – ɚɪɝɨɧ ɛɚɥɥɨɧɵ; 8 – ԛɲ ɬɚɪɦɚԕɬɵ ɛɚԑɵɬɬɚԑɵɲ; 9 – ɝɚɡ ɟɫɟɩɬɟɭіɲ; 10 – 
ɝɚɡ ɬɚɫɬɚɥɵɧɭɵ; 11 – ɝɚɡ ɤɚɦɟɪɚɫɵ; 12 – ɝɚɡ ɬɚɥɞɚԑɵɲ; 13 – ɬɟɦɩɟɪɚɬɭɪɚ ԧɥɲɟɭ ԕԝɪɚɥɵ 

 

ɋɭɪɟɬ 2.3 – Ɇɟɬɚɥɞɚɧɞɵɪɭ ԕԝɪɵɥԑɵɫɵ 
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Ɇɟɬɚɥɞɚɧғɚɧ өɧіɦɞі ɛɚɥқɵɬɭ. Ⱥɪɵ ԕɚɪɚɣ ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɞɟɪɞі ɛɟɣɬɚɪɚɩ 
ɚɬɦɨɫɮɟɪɚɞɚ (ɚɪɝɨɧɦɟɧ ԛɪɥɟɭ ɤɟɡіɧɞɟ) Ɍɚɦɦɚɧ ɩɟɲіɧɞɟ ɛɚɥԕɵɬɚɞɵ. 

 
2.4 Ɍԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ɤԧɪɫɟɬɤіɲɬɟɪіɧ ԧɥɲɟɭ ɠԥɧɟ ɚɧɵԕɬɚɭ 

ԥɞіɫɬɟɦɟɫі 
Ƚɚɡ ɬɚɥɞɚԑɵɲ, ɝɚɡ ԕɨɫɩɚɫɵɧɞɚ ɋɈ ɠԥɧɟ ɋɈ2 ɤөɥɟɦɞіɤ ɦԧɥɲɟɪіɧ ɚɧɵԕɬɚɭ 

ɦɚԕɫɚɬɵɧɞɚ ɝɚɡɞɚɪɞɵң ɠɚɥɩɵ ɬɚɥɞɚɭɵ ԛɲіɧ ɚɪɧɚɥԑɚɧ. Ƚɚɡ ɬɚɥɞɚԑɵɲ ɆȿɋɌ 
25336-82 (Ɍɍ 92-891.006-90 ɤɨɦɩɥɟɤɬ ɄȽȺ 1-1, 2004ɠ.) ɫԥɣɤɟɫ ɠԥɲіɤ-ԕɚɩɬɚɧ, 
ɫіңіɪɭ ɬԛɬіɤɬɟɪіɧɟɧ, ɬɟңɟɫɬіɪɭ ɫɚɭɵɬɵɧɚɧ, ԧɥɲɟɭ ɛɸɪɟɬɤɚɫɵɧɚɧ ɠԥɧɟ ԛɲ 
ɤɚɧɚɥɞɵ ɤɪɚɧɧɚɧ ɬԝɪɚɞɵ. 

ɋɈ2 ɝɚɡɵɧ ɠԝɬɭ ԥɞіɫіɦɟɧ ɬɚɥɞɚɭ ԕɚɬɚң ɬԛɪɞɟ ɠԛɪɝіɡіɥɞі, ɛԝɥ ɤɟɡɞɟ ԥɪɛіɪ 
ɤɟɥɟɫі ɪɟɚɝɟɧɬ ɬɟɤ ɛіɪ ɤɨɦɩɨɧɟɧɬɬі ɠԝɬɚɞɵ. Ƚɚɡ ɚɣɞɚɭɵɧ, ɄɈɇ ɟɪіɬіɧɞіɫіɦɟɧ 
ɬɨɥɬɵɪɵɥԑɚɧ ɬԛɬіɤɬɟɧ ɛɚɫɬɚɣɞɵ, ɦԝɧɞɚ ɤԧɦіɪԕɵɲԕɵɥ ɝɚɡɵ ɦɟɧ ԧɡɝɟ ԕɵɲԕɵɥ 
ɝɚɡɞɚɪ ɠԝɬɵɥɚɞɵ. Ƚɚɡɞɵ ԛɲ ɪɟɬ ɚɣɞɚɣɞɵ, ɚɥ ɨɧɵң ԕɚɥɞɵԕɬɚɪɵɧ ɛɸɪɟɬɤɚԑɚ 
ɠіɛɟɪɟɞі. 

ɄɈɇ ɟɪіɬіɧɞіɫі ɚɪԕɵɥɵ ɚɣɞɚɭɞɵ ԛɲ ɪɟɬ ԕɚɣɬɚɥɚɣɞɵ. ȿɝɟɪ ԕɚɣɬɚɥɚɧɚɬɵɧ 
ɚɣɞɚɭɥɚɪɞɚɧ ɤɟɣіɧ ɝɚɡ ɤԧɥɟɦі ԧɡɝɟɪɦɟɫɟ, ԕɵɲԕɵɥɞɵ ɝɚɡ ɤԧɥɟɦіɧің ɠԝɬɵɥɭɵ 
ɚɹԕɬɚɥԑɚɧ ɞɟɩ ɫɚɧɚɣɞɵ; ɚɥ ɟɝɟɪ ɝɚɡ ɤԧɥɟɦі ɚɡɚɹ ɛɟɪɫɟ, ɚɣɞɚɭɞɵ ɤԧɥɟɦɧің 
ɬԝɪɚԕɬɚɥɭɵɧɚ ɞɟɣіɧ ԕɚɣɬɚɥɚɣɞɵ. Ʉԧɦіɪɬɟɝі ԕɨɫ ɬɨɬɵԑɵɧ ɠԝɬɭɞɚɧ ɤɟɣіɧ ԕɚɥԑɚɧ 
ɝɚɡɞɵ Cu2O ɫɭɫɩɟɧɡɢɹɫɵɦɟɧ ɤԛɤіɪɬ ԕɵɲԕɵɥɵɧɞɚ ɬԛɬіɤɲɟ ɚɪԕɵɥɵ ɚɣɞɚɣɞɵ. 
Ȼіɪԕɚɬɚɪ ɚɣɞɚɭɞɚɧ ɤɟɣіɧ ɝɚɡɞɵ ɛɸɪɟɬɤɚԑɚ ɠіɛɟɪɟɞі. ɋɭɫɩɟɧɡɢɹɦɟɧ ɠԝɬɵɥԑɚɧ 
ɝɚɡɞɵ ɤԧɦіɪɬɟɝі ɬɨɬɵԑɵ ɪɟɬіɧɞɟ ԕɚɛɵɥɞɚɣɞɵ. Ƚɚɡɞɵ ɛɸɪɟɬɤɚɞɚɧ ԛɲ ɬɚɪɦɚԕɬɵ 
ɠԛɣɟ ɚɪԕɵɥɵ ɝɚɡ ɟɫɟɩɬɟɭіɲɤɟ ɠіɛɟɪɟɞі, ɨɧɵң ɤԧɪɫɟɬɤіɲɬɟɪі ɛɨɣɵɧɲɚ ɛԧɥіɧɝɟɧ 
ɝɚɡ ɤԧɥɟɦіɧ ɬіɪɤɟɣɞі. Ⱥɥɦɚɥɵ ԕɚԕɩɚԕɬɚԑɵ ɤɟɥɬɟ ԕԝɛɵɪ, ɪɟɚɤɰɢɹɥɵԕ ɤɚɦɟɪɚɧɵ 
ɲɚɸ ԛɲіɧ, ɚɪɝɨɧԑɚ ԕɨɫɵɥԑɚɧ. 

ɒɢɯɬɚɧɵ ɤɟɩɬіɪіɥɝɟɧ ԕɚɬɬɵ ɦɚɬɟɪɢɚɥɞɚɧ ɠɚɫɚԑɚɧɞɵԕɬɚɧ, ɛԧɥіɧɟɬіɧ 
ɦɟɬɚɥɞɚɧɞɵɪɭ ɝɚɡɵɧɵң ԕԝɪɚɦɵ ɋɈ ɠԥɧɟ ɋɈ2 ɬԝɪɚɞɵ. Ⱦɟɦɟɤ, ɋɈ2 ɟɪіɬіɧɞіɦɟɧ 
ɠԝɬɵɥɚɞɵ, ɤԧɥɟɦɧің ɚɡɚɸɵ ɧɟɝіɡіɧɞɟ ԕɚɥԑɚɧ ɝɚɡ – ɋɈ ԛɥɟɫіɧ ɟɫɟɩɬɟɣɦіɡ 

Ɍԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ɧԥɬɢɠɟɫіɧɞɟ ɚɥɵɧԑɚɧ ԕɚɬɬɵ ԧɧіɦɞɟɪɞің ɤԛɣі ɦɟɧ 
ɫɚɩɚɫɵɧ ɡɚɦɚɧɚɭɢ ɧɚԕɬɵɥɵԑɵ ɠɨԑɚɪɵ ɚɩɩɚɪɚɬɬɚɪɞɚ: SPECTROLAB JrCCD 
ԛɫɬɟɥɞіɤ ɨɩɬɢɤɚɥɵԕ ɷɦɢɫɫɢɹɥɵ ɫɩɟɤɬɪɨɦɟɬɪі ɦɟɧ JSM 5910 ɷɥɟɤɬɪɨɧɞɵ 
ɦɢɤɪɨɫɤɨɛɵɧɞɚ ɦԝԕɢɹɬ ɬɚɥɞɚɭ ɚɪԕɵɥɵ ɚɧɵԕɬɚɣɦɵɡ. 

Ԕɚɬɬɵɥɵԑɵ ɦɟɧ ɦɢɤɪɨԕԝɪɵɥɵɦɵɧ ɚɧɵԕɬɚɭ ԛɲіɧ ɤɨɦɩɶɸɬɟɪɝɟ ԕɨɫɵɥԑɚɧ 
AxioScop 40 ɬɢɩɬі ɦɢɤɪɨɫɤɨɩɬɵ ɩɚɣɞɚɥɚɧɚɦɵɡ, ɨɥ ԕɚɪɚңԑɵ ɠԥɧɟ ɠɚɪɵԕ ԧɪіɫɬɟ 
ɠɚɪɵԕɬɚɧɞɵɪɭɦɟɧ, ɲɚԑɵɥɵɫԕɚɧ ɠɚɪɵԕɬɚ ɠԝɦɵɫ іɫɬɟɣɞі ɠԥɧɟ 
ɦɢɤɪɨԕɚɬɬɵɥɵԕɬɵ ԧɥɲɟɣɞі. 
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ɋɭɪɟɬ 2.4 - AxioScop 40 ɦɢɤɪɨɫɤɨɛɵ 
 

Ԛɥɝіɥɟɪ ɦɚɫɫɚɫɵɧ ɆȿɋɌ 24104-88 ɫԥɣɤɟɫ ȼɅɌɄ-500 ɷɥɟɤɬɪɨɧɞɵ 
ɬɚɪɚɡɵɫɵɧɞɚ ɚɧɵԕɬɚɣɞɵ. 

ɏɢɦɢɹɥɵԕ ɠԥɧɟ ɦɢɧɟɪɚɥɨɝɢɹɥɵԕ ԕԝɪɚɦɵɧ ɚɧɵԕɬɚɭ ԛɲіɧ ɆȿɋɌ 18895-97 
ɫԥɣɤɟɫ, ɫɟɪɬɢɮɢɤɚɬɬɚɥԑɚɧ ԥɞіɫɬɟɪ ɦɟɧ ɫɩɟɤɬɪɨɦɟɬɪɢɹɥɵԕ ɬɚɥɞɚɭ ԥɞіɫɬɟɪіɧің 
ɚɩɩɚɪɚɬɬɚɪɵ ɩɚɣɞɚɥɚɧɵɥɞɵ. 

Ɉɩɬɢɤɚɥɵԕ ɦɢɤɪɨɫɤɨɩɢɹ, ɪɟɧɬɝɟɧɨɝɪɚɮɢɹ ɠԥɧɟ ɷɥɟɦɟɧɬɬі ɤɚɪɬɚԑɚ ɬԛɫіɪɭ 
ɦԛɦɤіɧɞіɝіɦɟɧ ɠɟɪɝіɥіɤɬі ɪɟɧɬɝɟɧɞі-ɮɥɭɨɪɟɫɰɟɧɬɬі ɷɥɟɦɟɧɬɬіɤ ɦɢɤɪɨɬɚɥɞɚɭ 
ԥɞіɫɬɟɪіɦɟɧ ɧɵɫɚɧɞɚɪɞɵ ɡɟɪɬɬɟɭ ԛɲіɧ «PAM 30-g» ɪɟɧɬɝɟɧɞі ɚɧɚɥɢɬɢɤɚɥɵԕ 
ɦɢɤɪɨɡɨɧɞ-ɦɢɤɪɨɫɤɨɩ ɩɚɣɞɚɥɚɧɵɥɞɵ. 

 

 
 
ɋɭɪɟɬ 2.5 – «PAM 30-g» ɪɟɧɬɝɟɧɞі ɚɧɚɥɢɬɢɤɚɥɵԕ ɦɢɤɪɨɡɨɧɞ-ɦɢɤɪɨɫɤɨɩ 

 
Ɇɟɬɚɥɞɵң ɦɟɬɚɥɞɵԕ ɟɦɟɫ ԕɨɫɵɧɞɵɥɚɪɦɟɧ ɥɚɫɬɚɧɭ ɞԥɪɟɠɟɫіɧ ɚɫɚ ɫɟɧіɦɞі 

ɫɚɧɞɵԕ ɠԥɧɟ ɫɚɩɚɫɵɧ ɛɚԑɚɥɚɭ ԛɲіɧ ɠɚңɚ ԛɲ ԧɥɲɟɦɞі ɡɟɪɬɬɟɭ - 3D ԥɞіɫі 
ɩɚɣɞɚɥɚɧɵɥɞɵ.  
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ɋɭɪɟɬ 2.6 – ɗɥɟɤɬɪɨɥɢɬɬіɤ ɷɤɫɬɪɚɤɰɢɹ 
ԥɞіɫіɦɟɧ ɦɟɬɚɥɞɵԕ ɟɦɟɫ 

ԕɨɫɵɧɞɵɥɚɪɞɵ ɚɧɵԕɬɚɭ ԕɨɧɞɵɪԑɵɫɵ 

 
ɋɭɪɟɬ 2.7 - S-3700N ɦɚɪɤɚɥɵ ɋɗɆ 

 

 
Ɇɟɦɛɪɚɧɚɥɵ ԕɚɛɵɪɲɚԕɬɵ ɫԛɡɝіɲɬɟɪ ɛɟɬіɧɞɟ ɛԧɥіɧіɩ ɚɥɵɧԑɚɧ 

ԕɨɫɵɧɞɵɥɚɪɞɵ (ɦɟɬɚɥɞɵԕ ɠԥɧɟ ɦɟɬɚɥɞɵԕ ɟɦɟɫ), ɤɨɦɩɶɸɬɟɪɝɟ ԕɨɫɵɥԑɚɧ S-
3700N ɦɚɪɤɚɥɵ ɋɗɆ ɤԧɦɟɝіɦɟɧ ɡɟɪɬɬɟɣɦіɡ.  

 

ȿɤіɧɲі ɛԧɥіɦ ɛɨɣɵɧɲɚ ɬԝɠɵɪɵɦ 

- Ⱥɥԑɚ ԕɨɣɵɥԑɚɧ ɦіɧɞɟɬɬɟɪɞі ɠԛɡɟɝɟ ɚɫɵɪɭ ԛɲіɧ ɤɟɲɟɧɞі ɲɢɯɬɚ ɞɚɣɵɧɞɚɭԑɚ 
ɢɥɶɦɟɧɢɬ, ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ԝɫɚԕ ɞɢɫɩɟɪɫɬі ɤɨɧɰɟɧɬɪɚɬɬɚɪɵ, Ⱥɪɫɟɥɥɨɪ-Ɇɢɬɬɚɥ 
ɠԥɧɟ ɇɌɆɄ ɩɪɨɤɚɬɬɵԕ ɨɤɚɥɢɧɚɫɵ, ɇɌɆɄ ɚɝɥɨɦɟɪɚɰɢɹɥɵԕ ԕɚɥɞɵԑɵ, ɫɨɧɵɦɟɧ 
ԕɚɬɚɪ ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬɬɟɪ ɪɟɬіɧɞɟ ɚԑɚɲ ɤԧɦіɪ ɦɟɧ ɬԛɣіɪɲіɤɬɟɥɝɟɧ 
ɲɨɣɵɧ ԕɨɥɞɚɧɵɥɚɞɵ; 

- Ʉԧɪɫɟɬіɥɝɟɧ ɲɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧің ɟɫɟɩɬɟɥɝɟɧ ɦɚɫɫɚɥɵԕ ɦԧɥɲɟɪіɧ 
ɚɪɚɥɚɫɬɵɪɵɩ ɤԧɦіɪɬɟɤɬі ɲɢɤіɡɚɬ ԕɨɫɩɚɥɚɪɵ ɚɥɵɧɚɞɵ; 

- Ʉԧɦіɪ-ɤɟɧɞіɤ ɲɢɯɬɚɥɚɪɞɵ ɦɟɬɚɥɞɚɧɞɵɪɭ ɠԥɧɟ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧɟɧ 
ɚɥɵɧԑɚɧ ԧɧіɦɞɟɪɞің ɫɵɧɚɦɚɥɚɪɵ ɚɤɤɪɟɞɢɬɚɰɢɹɞɚɧ ԧɬɤɟɧ ɥɚɛɨɪɚɬɨɪɢɹɥɚɪɞɚ 
ɠԥɧɟ ɫɟɪɬɢɮɢɤɚɬɬɚɥԑɚɧ ɚɫɩɚɩɬɚɪɞɚ ɠԛɪɝіɡіɥɟɞі; 

- Ɍɟɦіɪ, ɦɚɪɝɚɧɟɰ, ɯɪɨɦ, ɬɢɬɚɧ, ɜɚɧɚɞɢɣ ɬɨɬɵԕɬɚɪɵɧɚ ɠԝɦɫɚɥɚɬɵɧ 
ɤԧɦіɪɬɟɝіɧің ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɦԧɥɲɟɪіɧ ɚɧɵԕɬɚɭ ԛɲіɧ ɠԥɧɟ ɬɟɨɪɢɹɥɵԕ ɡɟɪɬɬɟɭ 
ɠԝɦɵɫɬɚɪɵɧ ɠԛɪɝіɡɭ ԛɲіɧ ɬɟɯɧɢɤɚ ԑɵɥɵɦɞɚɪɵɧɵң ɞɨɤɬɨɪɵ, ɚɤɚɞɟɦɢɤ 
ɋ.Ɇ.Ɍɥɟɭɝɚɛɭɥɨɜɬɵң ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪіɧ ԕɚɬɬɵ ɮɚɡɚɞɚ ɪɟɞɭɤɰɢɹɥɚɭ ɠԧɧіɧɞɟɝі 
ɬɟɨɪɢɹɫɵɧɚ ɧɟɝіɡɞɟɥɟɞі; 

- Ʉɟɲɟɧɞі ԕɢɵɧ ԧңɞɟɥɟɬіɧ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɠԥɧɟ ɢɥɶɦɟɧɢɬ ɤɟɧɞɟɪіɧɟɧ 
ɦɟɬɚɥɞɚɧԑɚɧ ɦɚɬɟɪɢɚɥ ɚɥɭ ԛɲіɧ ɦɟɬɚɥɞɚɧɞɵɪɭ ɩɪɨɰɟɫіɧ ɪɟɞɭɤɰɢɹɥɵԕ 
ɚɬɦɨɫɮɟɪɚɞɚ ɋɍɈɅ 044-12 Ɇ2 ɩɟɲіɧɞɟ ɠԛɪɝіɡɭ ԝɫɵɧɵɥɚɞɵ; 

- Ɇɟɬɚɥɞɚɧԑɚɧ ԛɥɝіɧі ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧ ɠԛɪɝіɡɭ ԛɲіɧ Ɍɚɦɦɚɧ 
ɩɟɲі ɞɚɣɵɧɞɚɥɞɵ; 
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- Ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɬɢɬɚɧɧɵң ԕɨɫɨɤɫɢɞіɧ TiO2 ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ 
ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬі ɪɟɬіɧɞɟ ɲɨɣɵɧ ɬԛɣіɪɲіɤɬɟɪі ɞɚɣɵɧɞɚɥɞɵ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

36 
 

3 ɌȿɈɊɂəɅɕԔ ɁȿɊɌɌȿɍ 

 

3.1 Ɇɟɬɚɥɞɚɪɞɵ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ 
ɠԛɪɟɬіɧ ɮɢɡɢɤɚ-ɯɢɦɢɹɥɵԕ ɩɪɨɰɟɫɫɬɟɪ  

Ʉɨɧɫɬɪɭɤɰɢɹɥɵԕ ɦɚɬɟɪɢɚɥɞɚɪɞɵң – ɛɨɥɚɬɬɵң ɧɟɝіɡі ɛɨɥɵɩ ɤɟɥɟɬіɧ ɬɟɦіɪ 
ɦɟɧ ɧɟɝіɡɝі ɥɟɝіɪɥɟɭɲі ɦɟɬɚɥɞɚɪ – ɦɚɪɝɚɧɟɰ, ɯɪɨɦ, ɜɚɧɚɞɢɣ, ɤɪɟɦɧɢɣ ɛɚɫɬɚɩԕɵ 
ɲɢɤіɡɚɬɬɚ – ɤɟɧ ɦɟɧ ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɚ ԥɪɬԛɪɥі ɬɨɬɵԑɭ ɞԥɪɟɠɟɫіɧɟ ɢɟ ɬɨɬɵԕɬɚɪ 
ɬԛɪіɧɞɟ ɤɟɡɞɟɫɟɞі. Ɍɨɬɵԕɬɵ ԕɨɫɵɥɵɫɬɚɪɞɚɧ ɫԥɣɤɟɫ ɦɟɬɚɥɞɚɪɞɵң ɚɥɵɧɭɵ 
ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧің ԝɣɵɦɞɚɫɬɵɪɵɥɭɵ ɦɟɧ ɠԛɪɝіɡіɥɭіɧ ԕɚɪɚɫɬɵɪɚɞɵ. 
Ɇɟɬɚɥɥ ɪɟɞɭɤɰɢɹɫɵɧɚ ɲɵԑɵɧɞɚɥɚɬɵɧ ɷɧɟɪɝɢɹ ԥɪɬԛɪɥі ɦԥɧɝɟ ɢɟ ɛɨɥɚɞɵ, ɠԥɧɟ 
ɟң ɛɚɫɬɵɫɵ ɨɬɬɟɝіɧің ɦɟɬɚɥɦɟɧ ɯɢɦɢɹɥɵԕ ɛɚɣɥɚɧɵɫɭ ɛɟɪіɤɬіɥіɝіɧɟ ɬԥɭɟɥɞі 
ɛɨɥɚɞɵ. Ɍɨɬɵԕɬɚɪɞɵң ɤɪɢɫɬɚɥɞɵԕ ɬɨɪɥɚɪɵɧɵң ԕԝɪɵɥɵɦɵ ɦɟɧ ԧɥɲɟɦɞɟɪі ɬɟɤ 
ɦɟɬɚɥɞɚɪ ɬɟɝі ɛɨɣɵɧɲɚ ɟɦɟɫ, ɨԑɚɧ ԕɨɫɚ ɨɬɬɟɝі ɦɟɧ ɦɟɬɚɥɞɵң ɚɬɨɦɞɵԕ ԕɚɬɵɧɚɫɵ 
Ɉ/Ɇɟ ɛɨɣɵɧɲɚ ɟɪɟɤɲɟɥɟɧɟɞі. Ɍɟɦіɪ, ɦɚɪɝɚɧɟɰ ɠԥɧɟ ɯɪɨɦ Ɉ/Ɇɟ ԕɚɬɵɧɚɫɵ 
ɛɨɣɵɧɲɚ ɠɨԑɚɪԑɵ ɠԥɧɟ ɬԧɦɟɧɝі ɬɨɬɵԕɬɚɪԑɚ ɢɟ. Ɍɟɦіɪ ԛɲіɧ Ɉ/Ɇɟ ԕɚɬɵɧɚɫɵ 1,5; 
1,33; 1,0 ɦԥɧɞɟɪіɧɟ ɢɟ; ɦɚɪɝɚɧɟɰ ԛɲіɧ Ɉ/Ɇɟ = 2,0; 1,5; 1,33; 1,0; ɯɪɨɦ ԛɲіɧ 
Ɉ/Ɇɟ = 1,5; 1,33; 1,0. Ɉɬɬɟɝі ɚɬɨɦɵɧɵң ɦɟɬɚɥɦɟɧ ɯɢɦɢɹɥɵԕ ɛɚɣɥɚɧɵɫɭ 
ɛɟɪіɤɬіɥіɝі, ɨɥɚɪɞɵң ɚɬɨɦɞɵԕ ԕɚɬɵɧɚɫɵɧɵң ɚɡɚɸɵɦɟɧ, ɠɨԑɚɪɵɥɚɣɞɵ. 

ɀɨԑɚɪԑɵ ɬɨɬɵԕɬɚɧ ɦɟɬɚɥɥ ɪɟɞɭɤɰɢɹɫɵ ɮɚɡɚɥɵԕ ɬԛɪɥɟɧɭɥɟɪ ɛɨɣɵɧɲɚ 
ɪɟɬɩɟɧ ԧɬɟɞі. Ȼԝɥ ɨɪɚɣɞɚ, ɤɟɡ-ɤɟɥɝɟɧ ɠɚԑɞɚɣɞɚ ɚɫɚ ɠɨԑɚɪɵ ɷɧɟɪɝɢɹ ɲɵԑɵɧɵɧɚ 
ɫɨңԑɵ ɫɚɬɵ ɢɟ, ɹԑɧɢ ɆɟɈĺɆɟ. ɋɨɧɞɵԕɬɚɧ ɬɟɦіɪ ɦɟɧ ɛɨɥɚɬ ɦɟɬɚɥɥɭɪɝɢɹɫɵɧɵң 
ɚɭԕɵɦɞɵ ɬɟɯɧɨɥɨɝɢɹɫɵ ɟɤі ɫɚɬɵɞɚɧ ɬԝɪɚɞɵ [90, 91]: 1) ɲɨɣɵɧ ɲɵԑɚɪɭɦɟɧ, 
ɞɚɣɵɧɞɚɥԑɚɧ ɲɢɯɬɚɧɵ ɞɨɦɧɚ ɩɟɲіɧɞɟ ɪɟɞɭɤɰɢɹɥɵ ɛɚɥԕɵɬɭ; 2) ɨɬɬɟɤɬі 
ɤɨɧɜɟɪɬɟɪɥɟɪɞɟ ɲɨɣɵɧɞɵ ɬɨɬɵԕɬɵɪɵɩ ɛɚɥԕɵɬɭ, ɦԝɧɞɚ ɛɚɪɥɵԕ ɥɟɝіɪɥɟɭɲі 
ɷɥɟɦɟɧɬɬɟɪɞің ɬɨɥɵԕ ɬɨɬɵԑɭɵ ɦɟɧ ɚɪɵ ԕɚɪɚɣ ɩɟɲɬɟɧ ɬɵɫ ԧңɞɟɥɟɬіɧ ɲɢɤі 
ɛɨɥɚɬɬɵң ɚɥɵɧɭɵ ɠԥɧɟ ɛɟɪіɥɝɟɧ ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵɦɟɧ ɛɨɥɚɬ ɚɥɭ ԛɲіɧ ɨɧɵң 
ɮɟɪɪɨԕɨɪɵɬɩɚɥɚɪɦɟɧ ɥɟɝіɪɥɟɧɭі ɠԛɪɟɞі. Ȼіɪіɧɲі ɫɚɬɵɞɚ ɪɟɞɭɤɰɢɹɥɵ-ɛɚɥԕɵɬɭ 
ɩɪɨɰɟɫі ɬɟɤ ɤɟɧ ɲɢɤіɡɚɬɵɧ ɞɚɣɵɞɚɭɦɟɧ ԑɚɧɚ ɟɦɟɫ, ɨԑɚɧ ԕɨɫɚ, ԕɚɣɧɚɪ ɤԧɡі ɤɟɫɟɤɬі 
ɞɨɦɧɚ ɤɨɤɫɵ ɦɟɧ ɮɭɪɦɚԑɚ ԛɪɥɟɧɟɬіɧ ɨɬɵɧ ԕɨɫɩɚɥɚɪɵ ɛɨɥɵɩ ɬɚɛɵɥɚɬɵɧ 
ɷɧɟɪɝɨɬɚɫɵɦɚɥɞɚԑɵɲɬɚɪ ɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬɬɟɪіɧ ɠɚɩɩɚɣ ɞɚɣɵɧɞɚɭɦɟɧ 
ɛɚɣɥɚɧɵɫɬɵ. Ɉɥɚɪɞɵң ɬɨɥɵԕ ɠɚɧɛɚɭɵɧɵң ɧԥɬɢɠɟɫіɧɞɟ, ɛіɪɭɚԕɵɬɬɚ ɠɵɥɭ 
ɬɚɫɵɦɚɥɞɚԑɵɲ ɛɨɥɵɩ ɬɚɛɵɥɚɬɵɧ ɵɫɬɵԕ ɪɟɞɭɤɰɢɹɥɚɭ ɝɚɡɵ (ɕɊȽ) ɬԛɡіɥɟɞі. 
Ɋɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧɟ ɕɊȽ ɠԥɧɟ ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ԕɚɬɵɫɚɞɵ. CO+H2 

ɤԧɥɟɦɞіɤ ԛɥɟɫі 40-45% ɞɟңɝɟɣіɧɞɟ ɛɨɥɚɬɵɧ, ɋɈ, ɇ2, N2 ɬԝɪɚɬɵɧ ɕɊȽ, ɤԧɪіɧіɩ 
ɬԝɪԑɚɧɞɚɣ ɟɤі ɚɬɨɦɞɵ ɝɚɡɞɚɪ ɛɨɥɵɩ ɤɟɥɟɞі ɠԥɧɟ ɦɟɬɚɥɞɚɪ ɪɟɞɭɤɰɢɹɫɵ ɤɟɡіɧɞɟ, 
ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɦɟɧ ԥɪɟɤɟɬɬɟɫɟ ɨɬɵɪɵɩ, ԛɲ ɚɬɨɦɞɵ ɝɚɡɞɚɪ – ɋɈ2 ɠԥɧɟ ɇ2Ɉ 
ɬԛɡɟ ɚɥɚɞɵ. ɋɚɧɞɵԕ ɠɚԑɵɧɚɧ ɟɤі ɚɬɨɦɞɵ ɝɚɡɞɚɪɞɵң ԛɲ ɚɬɨɦɞɵ ɝɚɡɞɚɪԑɚ ɬɨɥɵԕ 
ɬԛɪɥɟɧɭіɧ ɤԛɬɭ ԕɚɠɟɬ ɟɦɟɫ. Ɍԥɠіɪɢɛɟɞɟ ɟɤі ɚɬɨɦɞɵ ɝɚɡɞɵң ɩɚɣɞɚɥɚɧɵɥɭ 
ɞԥɪɟɠɟɫі 0,4-0,5 ɚɪɚɥɵԑɵɧɞɚ ɚɭɵɬԕɢɞɵ. Ⱦɟɝɟɧɦɟɧ, ɝɚɡ ɬԥɪіɡɞі ɪɟɚɝɟɧɬɬɟɪɞің 
ɮɢɡɢɤɚɥɵԕ ԕɨɡԑɚɥԑɵɲɬɵԑɵ ɦɟɧ ɚɞɫɨɪɛɰɢɹɥɚɧɭɵ ɫɚɥɞɚɪɵɧɚɧ, ԧɡ ɭɚԕɵɬɵɧɞɚ [92, 
93] ɚɜɬɨɪɥɚɪ ɬɨɛɵɦɟɧ «ɚɞɫɨɪɛɰɢɹɥɵԕ-ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦɝɟ» 
(ȺȺɄɆ) ɧɟɝіɡɞɟɥɝɟɧ ɬɟɨɪɢɹ ɚɥԑɚ ɲɵԑɚɪɵɥɞɵ. Ⱥɥԑɚ ɲɵԑɚɪɵɥԑɚɧ ɬɟɨɪɢɹɧɵң 
ԕɚԑɢɞɚɥɚɪɵɧɚ ɫԥɣɤɟɫ ɪɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪɞің ɝɚɡ ɬԥɪіɡɞі ɪɟɚɝɟɧɬɬɟɪіɧɟ, 
ԕɚɪɚɫɬɵɪɵɥɵɩ ɨɬɵɪԑɚɧ ԕԝɛɵɥɵɫɬɚɪɞɵң ԑɵɥɵɦɢ ɬԝɪԑɵɫɵɧɚɧ ɟɦɟɫ, ɥɨɝɢɤɚɥɵԕ 
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ɬԛɫіɧіɤɬɟɪɦɟɧ ɛɚɫɵɦɞɵɥɵԕ ɤԧɪɫɟɬіɥɝɟɧ. Ȼɟɪіɥɝɟɧ «ԑɵɥɵɦɢ ԕɚԑɢɞɚɥɚɪɞɵң» 
ɤԧɩɲіɥіɤɤɟ ɬɚɧɵɥɭɵ, ɦɟɬɚɥɥɭɪɝɢɹ ɨɛɥɵɫɵɧɞɚ ɬɟɯɧɢɤɚɥɵԕ ɫɚɹɫɚɬɬɵ ɚɧɵԕɬɚɞɵ. 
ɀԥɧɟ ɲɢɯɬɚ ԕɚɛɚɬɵɧɞɚ ɕɊȽ ԕɨɡԑɚɥɵɫɵɧ ԝɣɵɦɞɚɫɬɵɪɭ ɲɚɪɬɬɚɪɵ, ɤɟɫɟɤɬɟɥɝɟɧ 
ɲɢɯɬɚɧɵ ɞɚɹɪɥɚɭ ɦɟɧ ɨɧɵ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ԧңɞɟɭ ɫԝɥɛɚɫɵɧ ɚɧɵԕɬɚɞɵ, ɨɥ ɦɚɣɞɚ 
ԕɚɥɞɵԕɬɚɪɞɵң ɬԛɡіɥɭіɧɟ ɠԥɧɟ ɠɢɧɚɥɭɵɧɚ ɛɚɣɥɚɧɵɫɬɵ. Ʉɟɣіɧɧɟɧ, ɚɥԑɚ 
ɲɵԑɚɪɵɥԑɚɧ ɦɟɯɚɧɢɡɦіɧің ɞɨɦɧɚ ɩɪɨɰɟɫіɧɞɟ ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɨɪɧɵ, ɝɚɡ ɮɚɡɚɫɵ 
ɚɪԕɵɥɵ ɪɟɚɤɰɢɹ ԧɬɭіɧің ɟɤі ɫɚɬɵɥɵԑɵɦɟɧ ɬԛɫіɧɞіɪіɥɞі: 

 
ɆɟɈ+ɋɈ=Ɇɟ+ɋɈ2                                                 (3.1) 

+ 
ɋ+ɋɈ2=2ɋɈ                                                     (3.2) 

                               _____________________ 
ɆɟɈ+ɋ=Ɇɟ+ɋɈ                                                     (3.3) 

 
Ʉԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, (3.1) ɠԥɧɟ (3.2) ɟɤі ɪɟɚɤɰɢɹɧɵң ԕɨɫɵɧɞɵɫɵ, ɦɟɬɚɥɞɵң 

ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɫɵ ɤԧɦіɪɬɟɝіɦɟɧ ɠԛɪɟɬіɧіɧ ɫɵɪɬ ɤԧɡɝɟ ԑɚɧɚ ɤԧɪɫɟɬɟɞі. Ɇԝɧɞɚɣ 
ɬɟɨɪɢɹɥɵԕ ɬԛɫіɧіɤ ԑɵɥɵɦɢ ɠԥɧɟ ɬԥɠіɪɢɛɟɥіɤ ɨɪɬɚɞɚ ԑɚɫɵɪɞɚɧ ɚɫɬɚɦ ɭɚԕɵɬ ɛɨɣɵ 
ԛɫɬɟɦ ɛɨɥɵɩ ɤɟɥɟɞі, ɨԑɚɧ ɫԥɣɤɟɫ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪ ɛɚɪɥɵԕ ɛԧɥіɤɬɟɪɞɟ 
ɝɚɡ ɚԑɵɧɵɧɵң ɩɚɣɞɚɥɚɧɵɥɭɵɧɚ ɧɟɝіɡɞɟɥɝɟɧ, ɦԝɧɵ ɛіɡ ɞԥɫɬԛɪɥі ɦɟɬɚɥɥɭɪɝɢɹ ɞɟɩ 
ɚɬɚɣɦɵɡ.   

(3.1)-(3.3) ɫԝɥɛɚɫɵ, ԑɵɥɵɦɢ ɨɪɬɚɞɚ, ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧің 
ɩɢɪɨɦɟɬɚɥɥɭɪɝɢɹɫɵɧɞɚ ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɦɟɧ ԥɪɟɤɟɬɬɟɫɟɞі 
ɠԥɧɟ (3.3) ɪɟɚɤɰɢɹɫɵɧɞɚ ɤԧɪɫɟɬіɥɝɟɧɞɟɣ ɋɈ ɪɟɚɤɰɢɹ ԧɧіɦіɧ ɬԛɡɟɞі ɞɟɝɟɧ ɬԛɫіɧіɤ 
ԕɚɥɵɩɬɚɫɬɵɪɞɵ.  

Ɇԝɧɞɚ, ɲɟɝіɧіɫ ɪɟɬіɧɞɟ ɚɣɬɚ ɤɟɬɭ ɤɟɪɟɤ, ɡɚң ɧɟɦɟɫɟ ɡɚңɞɵɥɵԕ ɧɚԕɬɵ 
ɩɪɨɰɟɫɬің ɮɟɧɨɦɟɧɨɥɨɝɢɹɥɵԕ ɤԧɪɫɟɬɤіɲɬɟɪіɧ ɤԧɪɫɟɬɩɟɣɞі, ɬɟɤ ɫɭɪɟɬɬɟɣɞі, ɋɈ 
ɠԥɧɟ ɋɈ2 ɬԛɡіɥɭіɦɟɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɦɟɧ ԥɪɟɤɟɬɬɟɫɭ 
ɦԛɦɤіɧɞіɝіɧ ɠɨԕԕɚ ɲɵԑɚɪɦɚɣɞɵ. Ʉԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, ɛԝɥ ɤɟɡɞɟ ɋɈ ɬԛɡіɥɭіɦɟɧ 
ɫɚɥɵɫɬɵɪԑɚɧɞɚ, ɋɈ2 ɬԛɡіɥɭіɦɟɧ ɲɢɯɬɚ ɨɬɬɟɝіɫіɧ ɝɚɡɞɚɧɞɵɪɭԑɚ ɲɵԑɵɧɞɚɥɚɬɵɧ 
ɤԧɦіɪɬɟɝі ɲɵԑɵɧɵ ɛіɪɧɟɲɟ ɟɫɟ ɬԧɦɟɧ, ɛԝɥ ɦɚңɵɡɞɵ ɬԥɠіɪɢɛɟɥіɤ ɦԥɧɝɟ ɢɟ. 

(3.1-3.3) ɫԝɥɛɚɫɵ (ȺȺɄɆ) ɬԝɪԑɵɫɵɧɚɧ ɥɨɝɢɤɚɥɵԕ ɤԧɪіɧіɫ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 
ɒɵɧɞɵԑɵɧɞɚ, ɋɈ ɝɚɡɵ ɚɥɞɵɦɟɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɝɟ «ɠԛɝіɪіɩ», 2ɋɈ ɬԛɡɟɬіɧіɧ 
ɟɲɤіɦ ɤԧɪɦɟɝɟɧ ɠԥɧɟ ɬԥɠіɪɢɛɟɞɟ ɛɚɣԕɚɦɚԑɚɧ. Ԑɵɥɵɦɢ ɤԧɡԕɚɪɚɫɬɚɧ ɛԝɥ ɦԛɦɤіɧ 
ɟɦɟɫ, ɛіɪіɧɲіɞɟɧ, ɫɟɛɟɛі MnO, Cr2O3, TiO2, SiO2 ɫɢɹԕɬɵ ɛɟɪіɤ ɬɨɬɵԕɬɚɪɞɵң ɋɈ 
ɝɚɡɵɦɟɧ ɪɟɞɭɤɰɢɹɫɵ ɪɟɞɭɤɰɢɹɥɚɭ ɩɨɬɟɧɰɢɚɥɵɧɵң (MnO, Cr2O3, TiO2,) 
ɠɟɬɤіɥіɤɫіɡɞіɝіɧɟɧ ɦԛɦɤіɧ ɟɦɟɫ, ɬԛɡіɥɟɬіɧ ɋɈ2 ԛɲɚɬɨɦɞɵ ɝɚɡɞɵң ɯɢɦɢɹɥɵԕ 
ɛɟɪіɤɬіɥіɝіɧɟɧ ɛіɪɲɚɦɚ ɚɪɬɵԕ. ɋɨɧɞɵԕɬɚɧ, ɛɟɪіɥɝɟɧ ɲɚɦɚɦɟɧ 1200-1250°ɋ 
ɪɟɞɭɤɰɢɹɥɚɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɞɚ, 2MnOĺ2Mn+O2, TiO2ĺTi+O2 ԕɚɪɚԑɚɧɞɚ, ɋɈ2 
ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɚɞɵ 2ɋɈ2ĺɋɈ+Ɉ2. Ԛɲіɧɲіɞɟɧ, ɠԛɣɟɞɟ ɤɟɡɞɟɫɟɬіɧ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝі ɛԧɥɲɟɤɬɟɪі ɛɟɪіɥɝɟɧ ɬɟɦɩɟɪɚɬɭɪɚɞɚ, ɬɨɬɵԕɬɚɪ ɛԧɥɲɟɤɬɟɪіɧің 
ɤɪɢɫɬɚɥɞɵԕ ɬɨɪ ɛɟɬіɧɟ ԛɥɤɟɧ ɚɪɚԕɚɲɵԕɬɵԕɬɚ ԕɨɥ ɠɟɬɤіɡɟɬіɧ ɷɥɟɤɬɪɨɧɞɚɪ 
ɚԑɵɧɵɧ ɷɦɢɫɫɢɹɥɚɣɞɵ. ɗɥɟɤɬɪɨɧɞɚɪ ɚԑɵɧɵɧɵң ԕɨɡԑɚɥԑɵɲɬɵԑɵ, ɝɚɡ 
ɦɨɥɟɤɭɥɚɥɚɪɵɧɵң ɚԑɵɧɵɧɚɧ ɛіɪɧɟɲɟ ɟɫɟ ɠɨԑɚɪɵ. Ɉԑɚɧ ԕɨɫɚ, ɝɚɡ ɦɨɥɟɤɭɥɚɥɚɪɵ 
ɚɞɫɨɪɛɰɢɹɫɵɧɵң ɨɪɧɵɧɚ ɦԝɧɞɚ ɚɞɫɨɪɛɰɢɹ ɟɦɟɫ, ɬɨɬɵԕɬɚɪɞɵң ɤɪɢɫɬɚɥɞɵԕ 
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ɬɨɪɵɧɵң іɲіɧɟ ɷɥɟɤɬɪɨɧɞɚɪɞɵң ɟɧɭі ɠԛɪɟɞі, ɛԝɥ ɚɞɫɨɪɛɰɢɹɥɚɧԑɚɧ ɝɚɡ 
ɦɨɥɟɤɭɥɚɥɚɪɵ ԛɲіɧ ԕɨɥɠɟɬіɦɫіɡ. 

Ȼɚɥɚɦɚɥɵ ɞɢɫɫɨɰɢɚɰɢɹɥɵ-ɚɞɫɨɪɛɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦɧің (ȾȺɆ) ɟɪɟɤɲɟɥіɝі 
ɤɟɥɟɫіɞɟ, ɨɥ ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧɵң ɮɚɡɚɥɵԕ ɬԛɪɥɟɧɭі ɦɟɧ ɬɭɵɧɞɵ ɬɨɬɵԕɬɚɪ 
ɬԛɡіɥɭіɧің ɛɚɪɥɵԕ ɚɪɚɥɵԑɵɧɞɚ ɷɥɟɤɬɪɨɧɞɵ ɚɥɦɚɫɭ ɞɟңɝɟɣіɧɞɟ ɬɨɬɵԕɬɚɪ ɦɟɧ 
ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬɬɟɪіɧің ԥɪɟɤɟɬɬɟɫɭ ɦɟɯɚɧɢɡɦіɧɟɧ ɲɵԑɚɞɵ. Ɇԝɧɞɚɣ 
ɡɚңɞɵɥɵԕ ȾȺɆ ɛɨɣɵɧɲɚ ɬɟɤ ɪɟɬɬіɤ ɮɚɡɚɥɵԕ ɟɦɟɫ, ɨԑɚɧ ԕɨɫɚ ɛіɪ ɮɚɡɚɧɵң 
іɲіɧɞɟ ɬԛɪɥɟɧɭɝɟ ɬɚɪɚɥɚɞɵ. Ɇɵɫɚɥɵ, ɝɟɦɚɬɢɬɬɟ ɬɟɦіɪ ɛіɪɥіɝіɧɟ ɝɚɡɞɚɥɚɧɚɬɵɧ 
ɨɬɬɟɝіɧің ɦɚɫɫɚɥɵԕ ԛɥɟɫі 0,4285 ԕԝɪɚɣɞɵ, ɨɥ Fɟ2Ɉ3ĺFɟ3Ɉ4ĺFɟɈĺFɟ ɮɚɡɚɥɚɪɵ 
ɛɨɣɵɧɲɚ ɫԥɣɤɟɫіɧɲɟ 0,111; 0,222; 0,667 ɛіɪɥіɤ ԛɥɟɫɬɟɪіɧɟ ɬɚɪɚɥɚɞɵ. Ƚɟɦɚɬɢɬɬің 
ɦɚɤɫɢɦɚɥɞɵ ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɝі ɨɬɬɟɝіɧің 0,4285 ɠɚɥɩɵ ɤԧɥɟɦіɧің 
0,111 ԛɥɟɫіɧ ɝɚɡɞɚɧɞɵɪɭɞɵң ɛɚɫɬɚɩԕɵ ɦɟɪɡіɦіɧɟ ɫԥɣɤɟɫ ɤɟɥɟɞі, ɹԑɧɢ 0,001-0,01 
ɞɟңɝɟɣіɧɞɟ. Ƚɚɡɞɚɥԑɚɧ ɨɬɬɟɝі ԛɥɟɫі 0,111 ɦԥɧіɧɟ ɠɚԕɵɧɞɚԑɚɧ ɫɚɣɵɧ, ɝɟɦɚɬɢɬɬің 
ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɝі ɦɚɝɧɟɬɢɬɬің ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɝіɧің 
ɞɟңɝɟɣіɧɟ ɞɟɣіɧ ɬԧɦɟɧɞɟɣɞі. ɋԥɣɤɟɫіɧɲɟ ɋɈ2 ɝɚɡ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ 85% 
ɞɟңɝɟɣіɧɟɧ 55% ɞɟңɝɟɣіɧɟ ɞɟɣіɧ ɬԧɦɟɧɞɟɣɞі. Fɟ3Ɉ4 ɠԥɧɟ FɟɈ ɬɨɬɵԕɬɚɪɵɧɵң 
ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɤɬɟɪіɧің ԧɡɝɟɪіɫі ɦɟɧ ɚɫɚ ɛɟɪіɤ ɬɨɬɵԕ ɛɨɥɵɩ 
ɬɚɛɵɥɚɬɵɧ ɋɈ ԛɥɟɫіɧің ԝɥԑɚɸɵ ɟɫɟɛіɧɟɧ ɋɈ2 ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧɵң ɬԧɦɟɧɞɟɭі 
ɨɫɵԑɚɧ ԝԕɫɚɫ ɠԛɪɟɞі. Ɉԑɚɧ ԕɨɫɚ, ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɦɟɧ ɬіɤɟɥɟɣ ԥɪɟɤɟɬɬɟɫɟɬіɧ 
ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ԧɡі ɞɢɫɫɨɰɢɚɰɢɹԑɚ ԝɲɵɪɚɦɚɣɞɵ, ɫɨɧɞɵԕɬɚɧ ɤԧɩɬɟɝɟɧ 
ɦɟɬɚɥɞɚɪ ԧɬɟ ɛɟɪіɤ ɬɨɬɵԕɬɚɪɞɚɧ ɬɟɤ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹԑɚ ԝɲɵɪɚɣɞɵ. SiO2, 
MnO, Cr2O3 ɠԥɧɟ ɬ.ɛ. ɫɢɹԕɬɵ ɛɟɪіɤ ɬɨɬɵԕɬɚɪ, ԛɲɚɬɨɦɞɵ ɝɚɡɞɚɪɦɟɧ – ɋɈ2 ɠԥɧɟ 
ɇ2Ɉ ɫɚɥɵɫɬɵɪԑɚɧɞɚ ɚɭԕɵɦɞɵ ɬԧɦɟɧ ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɝіɧɟ ɢɟ ɛɨɥɚɞɵ. 
Ⱦԥɫɬԛɪɥі ɬɟɯɧɨɥɨɝɢɹ ɛɨɣɵɧɲɚ ɦɚɫɫɚɥɵԕ ɦɟɬɚɥɥ ԧɧɞіɪіɫіɧің ԕɚɡіɪɝі ɡɨɪ ɤԧɥɟɦі 
ɨɧɵң ɬɟɯɧɢɤɚɥɵԕ ɤɟɦɲіɥіɤɬɟɪіɦɟɧ ԕɚɬɚɪ, ɛԛɤіɥ ԥɥɟɦɝɟ ɷɤɨɥɨɝɢɹɥɵԕ ɛɚɥɚɧɫɬɵң 
ɧɚɲɚɪɥɚɧɭ ԕɚɭɩіɧ ɤԧɪɫɟɬɭɞɟ. ɀɚңɚ ԑɚɫɵɪ ɦԥɫɟɥɟɫі ɠɨԑɚɪɵ ɬɟɯɧɨɥɨɝɢɹɧɵң 
ɠɚɫɚԕɬɚɥɭɵ ɛɨɥɞɵ. ɋɨɧɞɵԕɬɚɧ ɨɫɵ ɭɚԕɵɬԕɚ ɞɟɣіɧ ԕɚɛɵɥɞɚɧԑɚɧ ȺȺɄɆ ԧɡіɧің 
ɬɟɨɪɢɹɥɵԕ ɦɚңɵɡɞɵɥɵԑɵɧ ɠɨԑɚɥɬɭɞɚ. 

Ԥɦɛɟɛɚɩ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬі ɪɟɬіɧɞɟ ɬɟɤ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɬɚңɞɚɥɭɵ, 
ɠԛɣɟ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɠɨԑɚɪɵɥɚԑɚɧ ɫɚɣɵɧ, ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧɚ ԕɚɬɵɫɬɵ ɨɧɵң 
ɛɟɥɫɟɧɞіɥіɝіɧің ɠɨԑɚɪɵɥɭɵɧɚ ɧɟɝіɡɞɟɥɝɟɧ. Ȼіɪ ɚɬɨɦɞɵ ɪɟɚɝɟɧɬ ɪɟɬіɧɞɟ 
ɤԧɦіɪɬɟɝіɧің ɛԝɥ ԕɚɫɢɟɬі, іɪɝɟɥі ɡɚңԑɚ ɫԥɣɤɟɫ ɞɢɫɫɨɰɢɚɰɢɹԑɚ ԝɲɵɪɚɣɬɵɧ ɟɤі 
ɚɬɨɦɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬɬɟɪіɧɟɧ ɟɪɟɤɲɟɥɟɧɟɞі. Ʉԧɦіɪɬɟɝі 
ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɛɚɣɞɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɠɨԑɚɪɵɥɚԑɚɧ ɫɚɣɵɧ, ɨɥ ɬɟɤ ɷɥɟɤɬɪɨɧɞɚɪ 
ɷɦɢɫɫɢɹɫɵɧ ԝɥԑɚɣɬɚ ɚɥɚɞɵ, ɛԝɥ ɨɧɵң ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɦɟɧ ԥɪɟɤɟɬɬɟɫɭіɧ ɬɢіɦɞі 
ɠɵɥɞɚɦɞɚɬɚɞɵ. 

Ⱦԥɫɬԛɪɥі ɦɟɬɚɥɥɭɪɝɢɹԑɚ ԕɚɪɚɦɚ-ԕɚɪɫɵ ɫɨңԑɵ 20 ɠɵɥɞɚ, ԕɚɬɬɵ ɤԧɦіɪɬɟɝі 
ɩɚɣɞɚɥɚɧɵɥɭɵɦɟɧ ɦɟɬɚɥɥ ɦɟɧ ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɞɟɪ ԧɧɞіɪіɫіɧɞɟ ɚɭԕɵɦɞɵ 
ɠɟɬіɫɬіɤɬɟɪɝɟ ԕɨɥ ɠɟɬɤіɡіɥɞі. Ɇԝɧɞɚ ɬԥɠіɪɢɛɟ ɬɟɨɪɢɹɞɚɧ ɨɡɵɩ ɲɵԑɚɞɵ. Ɍɟɤ 
ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ɧԥɬɢɠɟɥɟɪіɧің ɧɟɝіɡіɧɞɟ «ɤɟɧ-ɛɨɥɚɬ» ɫԝɥɛɚɫɵ ɛɨɣɵɧɲɚ 
ɠɚңɚ ԧɧɞіɪіɫɬіɤ ɩɪɨɰɟɫɬɟɪі ԕԝɪɵɥɞɵ [94, 95], ɨɥɚɪ ԕɚɡіɪɝі ɬɚңɞɚ ɬɟɨɪɢɹɥɵԕ 
ɧɟɝіɡɞɟɪɝɟ ɦԝԕɬɚɠ ɛɨɥɵɩ ɤɟɥɭɞɟ, ɨɥɚɪɞɵң ɠɚɫɚɥɭɵ ȺȺɄɆ ɧɟɝіɡіɧɞɟ 
ԕɚɥɵɩɬɚɫԕɚɧ ɬɟɨɪɢɹɥɵԕ ɤԧɡԕɚɪɚɫɬɚɪɞɵң «ԧɡɝɟɲɟɥіɝіɧ» ɚɪɵ ԕɚɪɚɣ ԝɫɬɚɧɚ 
ɚɥɦɚɣɞɵ. ɋɨɧɵɦɟɧ ԕɨɫɚ, ɠɚңɚ ɬɟɨɪɢɹɥɵԕ ԕɚԑɢɞɚɥɚɪ ɮɟɧɨɦɟɧɨɥɨɝɢɹɥɵԕ ɬɚɛɢԑɢ 
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ԕԝɛɵɥɵɫɬɚɪɞɵң іɪɝɟɥі ԑɵɥɵɦɢ ɧɟɝіɡɞɟɪіɧɟ ɠԥɧɟ ɚɪɧɚɣɵ ԕɨɣɵɥԑɚɧ 
ɬԥɠіɪɢɛɟɥɟɪɞің ɪɚɫɬɚɥԑɚɧ ɧԥɬɢɠɟɥɟɪіɧɟ ɫԛɣɟɧɭі ԕɚɠɟɬ. 

ɀɢɧɚɥԑɚɧ ԑɵɥɵɦɢ ɚԕɩɚɪɚɬ ɩɟɧ ɦɟɬɚɥɞɚɪɞɵ ɤԧɦіɪɬɟɝіɦɟɧ ɬіɤɟɥɟɣ 
ɪɟɞɭɤɰɢɹɥɚɭ ɛɨɣɵɧɲɚ ɬԥɠіɪɢɛɟɥɟɪ ɧԥɬɢɠɟɥɟɪіɧ ɬɚɥɞɚɣ ɨɬɵɪɵɩ, 1991 ɠɵɥɵ 
ɚɥԑɚɲ ɪɟɬ «Ⱦɢɫɫɨɰɢɚɰɢɹ-ɚɞɫɨɪɛɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦі» (ȾȺɆ) ɬԝɠɵɪɵɦɞɚɥɞɵ 
[96], ɨɥ ɫɵɪɬԕɵ ɲɚɪɬɬɚɪԑɚ ɬԥɭɟɥɫіɡ ɨɥɚɪɞɵң ɠɟɤɟ ɷɥɟɦɟɧɬɬɟɪɞɟɧ ɬԛɡіɥɭі ɫɢɹԕɬɵ, 
ɯɢɦɢɹɥɵԕ ԕɨɫɵɥɵɫɬɚɪɞɵң, ɨɧɵң іɲіɧɞɟ ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧɵң ɞɢɫɫɨɰɢɚɰɢɹɫɵ 
ɬԥɧ ɛɨɥɚɬɵɧ ɮɟɧɨɦɟɧɨɥɨɝɢɹɥɵԕ ԕԝɛɵɥɵɫɬɚɧ ɛɚɫɬɚɭ ɚɥɚɞɵ. ɋɵɪɬԕɵ 
ɮɚɤɬɨɪɥɚɪɞɵң, ɦɵɫɚɥɵ, ɷɧɟɪɝɢɹ (ɬɟɦɩɟɪɚɬɭɪɚɧɵң ɠɨԑɚɪɵɥɚɭɵ) ԥɫɟɪі 
ɬɟɪɦɢɹɥɵԕ ɞɢɫɫɨɰɢɚɰɢɹɧɵ ɬɭɞɵɪɚɞɵ, ɛԝɥ ɞɢɫɫɨɰɢɚɰɢɹɧɵң ɛɚɪ-ɠɨԕɬɵԑɵɧ 
ɞԥɥɟɥɞɟɭɞɟɧ ɛԝɪɵɧ, ɷɥɟɦɟɧɬɬің ɦɚԕɫɚɬԕɚ ɛɚԑɵɬɬɚɥԑɚɧ ɪɟɞɭɤɰɢɹɫɵ ɧɟɦɟɫɟ ɠɚңɚ 
ԕɨɫɵɥɵɫɬɵң ɬԛɡіɥɭі ԛɲіɧ ԕɨɫɵɥɵɫɬɵң ɧɚԕɬɵ ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫіɧ 
ɤԧɪɫɟɬɟɞі. 

Ɇɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧɵң ɞɢɫɫɨɰɢɚɰɢɹɫɵ, ɛԧɥɲɟɤɬɟɪ ԧɥɲɟɦіɧің ɤіɲіɪɟɸі ɦɟɧ 
ɬɟɦɩɟɪɚɬɭɪɚɧɵң ɠɨԑɚɪɵɥɚɭɵɧɚ ɩɪɨɩɨɪɰɢɨɧɚɥ ԕɚɪԕɵɧɞɵɥɚɣɞɵ. Ⱦɢɫɩɟɪɫɬі 
ɬɨɬɵԕɬɵ ɦɚɬɟɪɢɚɥɞɚɪ 950-1100°ɋ ɬɟɦɩɟɪɚɬɭɪɚɥɚɪ ɲɟɝіɧɞɟ, ɤɟɥɟɫі ɪɟɚɤɰɢɹɥɚɪ 
ɛɨɣɵɧɲɚ ɛіɪɧɟɲɟ ɨɧ ɦɢɧɭɬ іɲіɧɞɟ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɦɟɬɚɥɞɚɧɞɵɪɵɥɭɵ 
ɦԛɦɤіɧ: 

 
ɧɚɝɪɟɜ

23 (ɚɞɫ.)mFeO m2FeOmO  
ɧɚɝɪɟɜ

(ɚɞɫ.)mFeO mFemO  
ɧɚɝɪɟɜ 4nɋ nCn4e                                        (3.4) 

2
nO2=e4n+nO2  

24
2nC2nOnCO             

22nC nOnCO   
   _______________________________________ 

23 22FeO+C=4FeO+CO                                                                       (3.5) 
 

FeO+C=Fe+CO.                                                                                      (3.6) 
 

ȺȺɄɆ ɛɨɣɵɧɲɚ ɝɚɡ ɚԑɵɧɵɧ ɩɚɣɞɚɥɚɧԑɚɧ ɤɟɡɞɟ 1 ɤɝ ɠɟɧɬɟɤ ɧɟɦɟɫɟ 
ɚɝɥɨɦɟɪɚɬɬɵң ɦɟɬɚɥɞɚɧɭɵɧɚ ɲɵԑɵɧɞɚɥɚɬɵɧ ɝɚɡ ɦԧɥɲɟɪі ɤɟɥɟɫі ɮɨɪɦɭɥɚ 
ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɥɚɞɵ: 

 

 ɦɟɬ

ɝ
ɝ

3 1
Fe-Fe -FeɈ

7 9
1,4

100B

 
  

 
,                             (3.7) 

 
ɦԝɧɞɚԑɵ, Fe, Feɦɟɬ, FeO – ɲɢɯɬɚɞɚ ɫԥɣɤɟɫіɧɲɟ ɠɚɥɩɵ, ɦɟɬɚɥɞɵ ɠԥɧɟ ɜɸɫɬɢɬɬі 
ɬɟɦіɪ ɦԧɥɲɟɪі, %; 
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ȼ – ԛɪɥɟɧɟɬіɧ ɝɚɡɞɚ ɪɟɞɭɤɰɢɹɥɚɭ ɤɨɦɩɨɧɟɧɬɬɟɪіɧің – ɋɈ ɠԥɧɟ ɇ2 ɤԧɥɟɦɞіɤ 
ԛɥɟɫі; 

ɝη  – ɝɚɡɞɵң ɪɟɞɭɤɰɢɹɥɚɭ ɩɨɬɟɧɰɢɚɥɵɧ ɨɪɬɚɲɚ ɩɚɣɞɚɥɚɧɭ ɞԥɪɟɠɟɫі. 
Ʉɨɧɰɟɧɬɪɚɬɬɵ ɦɟɬɚɥɞɚɧɞɵɪɭԑɚ ɲɵԑɵɧɞɚɥɚɬɵɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɦԧɥɲɟɪіɧ 

ɤɟɥɟɫі ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɭԑɚ ɛɨɥɚɞɵ: 
 

c i 01, iq=0,75Σ(ΔɈ(1-0,5γ)), ɤɝ/ɤɝ                                (3.8) 
 

ɦԝɧɞɚԑɵ, ΔΟi –ɬɨɬɵԕɬɚɪɞɵң i-ɲі ɮɚɡɚɥɵԕ ɬԛɪɥɟɧɭіɧɞɟ ɛіɪɥіɤ ɤɨɧɰɟɧɬɪɚɬɬɚɧ 
ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦԧɥɲɟɪі, ɤɝ/ɤɝ; 

γ01,i –ɋɈ2 ɬԛɪіɧɞɟ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɦɚɫɫɚɥɵԕ ԛɥɟɫі 
Ԧɡɝɟ ɬɟң ɲɚɪɬɬɚɪɞɚ, ɹԑɧɢ Fe=60%; Feɦɟɬ=0; FeO=10% ɤɟɡіɧɞɟ, ɫɨɧɵɦɟɧ 

ԕɚɬɚɪ ȼ=0,6; ηɝ=0,45 ɤɟɡіɧɞɟ ɟɫɟɩɬɟɭ ɧԥɬɢɠɟɥɟɪі ɫɚɥɵɫɬɵɪɵɩ ɨɬɵɪԑɚɧ 
ɩɪɨɰɟɫɬɟɪɞɟ ɝɚɡ ɠԥɧɟ ɤԧɦіɪɬɟɝі ɲɵԑɵɧɞɚɪɵɧɵң ԕɚɬɵɧɚɫɵɧ ɤԧɪɫɟɬɟɞі, ɛіɪіɧɲі 
ɧԝɫԕɚɞɚ υɝ=1,28 ɦ3/ɤɝ ɠɟɧɬɟɤɬɟɪ ɠԥɧɟ ɟɤіɧɲі ɧԝɫԕɚɞɚ qɫ=0,152 ɤɝ/ɤɝ 
ɤɨɧɰɟɧɬɪɚɬԕɚ. 

1,28 ɦ3 ɝɚɡ ԕԝɪɚɦɵɧɞɚ ɋɈ ɬԛɪіɧɞɟ ɤԧɦіɪɬɟɝі ɦԧɥɲɟɪі 0,536 ɤɝ/ɤɝ ɬɟɦіɪ ɤɟɧі 
ɠɟɧɬɟɤɬɟɪіɧɟ ԕԝɪɚɣɞɵ. 

Ʉԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, ɛіɪіɧɲі ɧԝɫԕɚɞɚ 1 ɤɝ ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɧің ɚɥɵɧɭɵ 0,536 
ɤɝ/ɤɝ ɤԧɦіɪɬɟɝі ɲɵԑɵɧɵɧ ԕɚɠɟɬ ɟɬɟɞі, ɚɥ ɟɤіɧɲі ɧԝɫԕɚɞɚ 0,152 ɤɝ/ɤɝ, ɹԑɧɢ 3,52 
ɟɫɟ ɚɪɬɵԕ. 

Ȼɟɪіɥɝɟɧ ɠԝɦɵɫɬɚ ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ, ɤɟɣіɧɧɟɧ ɞԥɫɬԛɪɥі ԧңɞɟɥіɦ 
ɫɚɬɵɫɵɧ - ɲɨɣɵɧ ԧɧɞіɪіɫіɧɟɧ ԧɬɟ ɨɬɵɪɵɩ, ɛɨɥɚɬ ɛɚɥԕɵɬɵɩ ɲɵԑɚɪɭ 
ɦԛɦɤіɧɞіɝіɦɟɧ ɬɟɦіɪ, ɦɚɪɝɚɧɟɰ ɩɟɧ ɯɪɨɦɧɵң ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ԕɚɬɬɵ ɮɚɡɚɥɵ 
ɪɟɞɭɤɰɢɹɫɵɧ ԝɣɵɦɞɚɫɬɵɪɭԑɚ ɚɪɧɚɥԑɚɧ.  

Ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɦɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɠɵɥɞɚɦɞɵԑɵɧɚ ɬɟɦɩɟɪɚɬɭɪɚ 
ɦɟɧ ɬɨɬɵԕɬɚɪɞɵң ɤԛɣі ԑɚɧɚ ɟɦɟɫ, ɨԑɚɧ ԕɨɫɚ ԕɨɫɩɚɧɵң ɞɢɫɩɟɪɫɬіɥіɝі ɚɭԕɵɦɞɵ 
ԥɫɟɪ ɟɬɟɞі. Ɍɨɬɵԕɬɵ ɦɚɬɟɪɢɚɥɞɚɪ ԧɥɲɟɧɞіɥɟɪі ɤԧɦіɪɬɟɤɬі ɪɟɞɭɤɰɢɨɧɟɪɦɟɧ ɛіɪɝɟ, 
ԧɥɲɟɦі 1ɦɦ ɤɟɦ ɛɨɥɚɬɵɧ ԝɫɚԕ ɮɪɚɤɰɢɹɞɚɧ ԕԝɪɚɥԑɚɧ ԕɨɫɩɚ ɛɨɥɵɩ ɤɟɥɟɞі. 
Ɇԝɧɞɚɣ ɞɢɫɩɟɪɫɬіɥіɝіɧің ɫɚɥɞɚɪɵɧɚɧ, ɬɟɦіɪɞің ɠɨԑɚɪɵ ɬɨɬɵԕɬɚɪɵɧɵң 
ɤԧɦіɪɬɟɝіɦɟɧ ɛɚɫɬɚɩԕɵ ԥɪɟɤɟɬɬɟɫɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɋɈ ɝɚɡɵɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭɞɵң 
ɛɚɫɬɚɩԕɵ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɞɟɣіɧ ɬԧɦɟɧɞɟɣɞі. 

Ɋɟɚɤɰɢɹɧɵң ɝɚɡ ɬԥɪіɡɞі ԧɧіɦіɧɞɟ ɋɈ2 ɠɟɬɤіɥіɤɬі ɚɭԕɵɦɞɵ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ 
ɦɟɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɬɟɦіɪ ɪɟɞɭɤɰɢɹɫɵɧɵң ɠɨԑɚɪɵ ɠɵɥɞɚɦɞɵԑɵ ȾȺɆ 
ɞԝɪɵɫɬɵԑɵɧ ɞԥɥɟɥɞɟɣɞі, ɨɥ ԝɫɚԕ ɠԥɧɟ ɞɢɫɩɟɪɫɬі ɬɨɬɵԕɬɵ ɦɚɬɟɪɢɚɥɞɚɪɞɵң 
ɦɟɬɚɥɞɚɧɭɵ ɤɟɡіɧɞɟ ɛɚɣԕɚɥɚɞɵ. Ɇɟɬɚɥɞɵң ɪɟɞɭɤɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫі ɠɨԑɚɪɵɥɚԑɚɧ 
ɫɚɣɵɧ, ԥɫіɪɟɫɟ ɬɨɬɵԕ-ɦɟɬɚɥɥ ɲɟɤɚɪɚɫɵɧɞɚ, ɦɟɬɚɥɞɵң ɨɬɬɟɝіɦɟɧ ɯɢɦɢɹɥɵԕ 
ɛɚɣɥɚɧɵɫɵɧɵң ɛɟɪіɤɬіɥіɝі ɬԛɡіɥɟɬіɧ ɝɚɡ ɬԥɪіɡɞі ɬɨɬɵԕɬɵң ɋɈ2 ɛɟɪіɤɬіɥіɝіɦɟɧ 
ɫԥɣɤɟɫ ɛɨɥɚɞɵ, ɛԝɥ ɨɧɵң ɬԧɦɟɧɞɟɭіɧɟ ɠԥɧɟ ɬіɩɬі ɠɨɣɵɥɭɵɧɚ ԥɤɟɥɟɞі. ɋɨɧɞɚ, 
ɦɟɬɚɥɥ ɬɨɬɵԑɵɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ ɚɫɚ ɛɟɪіɤ ɬɨɬɵԕ ɪɟɬіɧɞɟ ɋɈ ԛɥɟɫі ԝɥԑɚɹɞɵ 
ɠԥɧɟ ɩɪɨɰɟɫɬің ɚɹԕɬɚɥɭ ɫԥɬіɧɟ ԕɚɪɚɣ ɚɣɬɚɪɥɵԕɬɚɣ 100% ɞɟңɝɟɣіɧɟ ԕɨɥ 
ɠɟɬɤіɡɟɞі. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɠɨԑɚɪɵɥɚԑɚɧ ɫɚɣɵɧ, ɲɢɯɬɚɧɵң ɧɟɝіɡɝі ɦɚɫɫɚɫɵ ɬɟɤ 
ɞɢɫɫɨɰɢɚɰɢɹ ɦɟɧ ɦɚɫɫɚɚɥɦɚɫɭԑɚ ԑɚɧɚ ɟɦɟɫ, ɨԑɚɧ ԕɨɫɚ ɛɚɥԕɭԑɚ ԝɲɵɪɚɣɞɵ. 
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Ɍԛɣіɪɲіɤɬɟɪ ɚɪɚɫɵɧɞɚ ɫԝɣɵԕ ɮɚɡɚ ɩɚɣɞɚ ɛɨɥԑɚɧɧɚɧ ɛɚɫɬɚɩ, ԕɚɬɬɵ ԛɣɦɟ 
ɦɚɫɫɚɫɵɧɞɚԑɵ ԕɭɵɫɬɚɪ ɠɚɛɵɥɚɞɵ, ɛԝɥ ɦɚɫɫɚ ɬɚɫɵɦɚɥɞɚɭɞɵң ɞɢɮɮɭɡɢɹɥɵԕ 
ɪɟɠɢɦіɧɟ ԧɬɭіɧ ɲɚɪɬɬɚɣɞɵ. ɋɨɧɞɵԕɬɚɧ ԕɨɫɩɚɞɚ ɬԛɣіɪɲіɤɬɟɪ ԧɥɲɟɦɞɟɪі ɚɫɚ 
ɦɚңɵɡɞɵ ɦԥɧɝɟ ɢɟ. Ⱦɢɫɩɟɪɫɬі ɠԥɧɟ ɭɥɶɬɪɚɞɢɫɩɟɪɫɬі ɤɨɦɩɨɧɟɧɬɬɟɪɞɟɧ ɤɟɲɟɧɞі 
ɪɟɚɝɟɧɬ ԕɨɫɩɚɫɵɧɵң ɞɚɣɵɧɞɚɥɭɵ, ɫԝɣɵԕ ɮɚɡɚɞɚ ɞɢɮɮɭɡɢɹɥɵԕ ɤɟɞɟɪɝіɧі 
ɚɣɬɚɪɥɵԕɬɚɣ ɠɨɹɞɵ ɠԥɧɟ ɩɪɨɰɟɫɬі ɤɢɧɟɬɢɤɚɥɵԕ ɪɟɠɢɦɝɟ ԧɬɤіɡɟɞі. 

Ԕɚɪɚɩɚɣɵɦ ɦɢɧɟɪɚɥ ɛіɪ  ɬɨɬɵԕɬɚɧ ɬԛɡіɥɟɬіɧ ɤɪɢɫɬɚɥɞɚɧ ɬԝɪɚɞɵ, ɤԛɪɞɟɥі 
ɦɢɧɟɪɚɥ ɟɤі ɧɟɦɟɫɟ ɨɞɚɧ ɤԧɩ ԥɪɬԛɪɥі ɷɥɟɦɟɧɬɬɟɪ ɬɨɬɵԕɬɚɪɵɧɵң ɯɢɦɢɹɥɵԕ 
ɛɚɣɥɚɧɵɫɵɦɟɧ ɤԧɪɫɟɬіɥɝɟɧ ɠԥɧɟ ɛіɪɬɟɤɬі ɯɢɦɢɹɥɵԕ ɤɟɲɟɧ – ԥɪɛіɪ ɬɨɬɵԕɬɵң 
ɠɟɤɟɲɟ ɛɚɥԕɭ ɬɟɦɩɟɪɚɬɭɪɚɥɚɪɵɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ, ɬԧɦɟɧ ɛɚɥԕɭ 
ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɢɟ ɷɜɬɟɤɬɢɤɚɥɵԕ ԕɨɫɵɥɵɫ ɛɨɥɵɩ ɤɟɥɟɞі. 

ɋԥɣɤɟɫіɧɲɟ ɲɢɯɬɚɧɵң ɦɢɧɟɪɚɥɞɵ ɛԧɥіɝіɧің ɛɚɥԕɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɠɨԑɚɪɵ 
ɠԥɧɟ ɲɢɯɬɚɞɚ ɫԝɣɵԕ ɮɚɡɚ ɦԧɥɲɟɪі ɚɡ ɛɨɥԑɚɧ ɫɚɣɵɧ, ԕɚɬɬɵ ɮɚɡɚɥɵ ɪɟɚɤɰɢɹɧɵң 
ԧɬɭ ԛɥɟɫі ɠɨԑɚɪɵ ɛɨɥɚɞɵ.  

ɋɨɧɞɵԕɬɚɧ ɬɚɛɢԑɢ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬɬɵ ɪɟɞɭɤɰɢɹɥɚɩ ɛɚɥԕɵɬɭ ɤɟɡіɧɞɟ 
ɞɢɫɩɟɪɫɬі ɦɚɬɟɪɢɚɥɞɚɪ ԕɨɫɩɚɫɵɧɵң ɠԝɦɫɚɪɭ ɠԥɧɟ ɛɚɥԕɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧ 
ɛɚԕɵɥɚɭ, ɩɪɨɰɟɫɫ ɬɢіɦɞіɥіɝіɧ ɚɧɵԕɬɚɣɬɵɧ ɦɚңɵɡɞɵ ɮɚɤɬɨɪ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

  
3.2 Шɢɯɬɚ ɞɚɣɵɧɞɚɭɞɵԙ ɬɟɨɪɢɹɥɵԕ ɧɟɝіɡі  
Ɇɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵ ɆɟɈ, ɞɢɫɫɨɰɢɚɰɢɹ ɫɟɪɩіɦɞіɥіɝіɧɟ ɧɟɦɟɫɟ Ƚɢɛɛɫ 

ɷɧɟɪɝɢɹɫɵɧɚ ɬԥɭɟɥɞі «ɤԛɲɬі» ɠԥɧɟ «ԥɥɫіɡ» ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɥіɤɩɟɧ 
ɫɢɩɚɬɬɚɥɚɞɵ. Ɇɵɫɚɥɵ, Fe2O3 ɠԥɧɟ MnO2 ɬɨɬɵԕɬɚɪɵ ɠɟɬɤіɥіɤɬі «ԥɥɫіɡ» ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ, 800-900ºɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɟɪɤіɧ ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɚɞɵ ɠԥɧɟ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝіɦɟɧ ԥɪɟɤɟɬɬɟɫɤɟɧ ɤɟɡɞɟ ɋɈ2 ɬԛɡіɥɭіɦɟɧ ɠԛɪɟɞі. Ȼԝɥ ɩɪɢɧɰɢɩɢɚɥɞɵ 
ɦԥɧɝɟ ɢɟ. (3.3) ɪɟɚɤɰɢɹɫɵ ɛɨɣɵɧɲɚ ɦɟɬɚɥɞɵң ɛіɪ ɚɬɨɦɞɵԕ ɛіɪɥіɝіɧ 
ɪɟɞɭɤɰɢɹɥɚɭԑɚ ɤԧɦіɪɬɟɝі ɲɵԑɵɧɵ 12 ɝ-ɚɬɨɦ ԕԝɪɚɣɞɵ. ɋɈ2 ɬԛɡіɥɭіɦɟɧ ɬɨɬɵԕ 
ɤԧɦіɪɬɟɝіɦɟɧ ɬіɤɟɥɟɣ ԥɪɟɤɟɬɬɟɫɤɟɧ ɤɟɡɞɟ: 

 
2ɆɟɈ+ɋ=2Ɇɟ+ɋɈ2     (3.9) 

 
ɦɟɬɚɥɞɵң ɛіɪ ɚɬɨɦɞɵԕ ɛіɪɥіɝіɧɟ ɤԧɦіɪɬɟɝі ɲɵԑɵɧɵ 6 ɝ-ɚɬɨɦ ԕԝɪɚɣɞɵ, ɹԑɧɢ 

ɟɤі ɟɫɟ ɚɡ. 
Ɍɟɨɪɢɹɥɵԕ ɟɫɟɩɬɟɭɥɟɪ ԥɞіɫɬɟɦɟɫі ɦɟɧ (3.4) ɪɟɚɤɰɢɹɫɵɧɵң ԧɬɭ ɦԛɦɤіɧɞіɝіɧ 

ɟɫɤɟɪɭɦɟɧ ɬԥɠіɪɢɛɟɧің ԝɣɵɦɞɚɫɬɵɪɵɥɭɵ ɚɤɚɞɟɦɢɤ ɋ.Ɇ. Ɍɥɟɭɝɚɛɭɥɨɜɩɟɧ 
ɠɚɫɚɥԑɚɧ ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ-ɚɞɫɨɪɛɰɢɹɥɵԕ ɬɟɨɪɢɹɫɵɧɚ ɧɟɝіɡɞɟɥɝɟɧ [93], ɨɥ 
ɛɟɪіɥɝɟɧ ɠԝɦɵɫɬɚ ɡɟɪɬɬɟɭɥɟɪ ԝɣɵɦɞɚɫɬɵɪɭ ԛɲіɧ ԕɚɛɵɥɞɚɧԑɚɧ. 

ɒɵɧɞɵԑɵɧɞɚ, ɦɟɬɚɥɞɚɪɞɵң ɚɭԕɵɦɞɵ ɛԧɥіɝі (3.9) ɪɟɚɤɰɢɹɫɵ ɛɨɣɵɧɲɚ 
ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ ɠԥɧɟ ɲɢɯɬɚ ԕԝɪɚɦɵɧɚ (3.10) ɪɟɚɤɰɢɹɫɵɧɚ ɫԥɣɤɟɫ ɤԧɦіɪɬɟɝі 
ɦԧɥɲɟɪіɧ ɟɧɝіɡɝɟɧ ɤɟɡɞɟ, ɛɚɥԕɵɬɭ ɧԥɬɢɠɟɫіɧɞɟ ɤԧɦіɪɬɟɝіɧің ɚɪɬɵԕ ɦԧɥɲɟɪі 
ɬԛɡіɥɟɞі, ɨɥ ɦɟɬɚɥɞɵң ɤԧɦіɪɬɟɤɬɟɧɭіɧɟ ɲɵԑɵɧɞɚɥɚɞɵ ɠԥɧɟ ɲɨɣɵɧ ɬԛɡіɥɭіɧɟ 
ԥɤɟɥɟɞі. 

ɋɨɧɞɵԕɬɚɧ ɋɈ ɠԥɧɟ ɋɈ2 ɬԛɡіɥɭ ɦԛɦɤіɧɞіɝіɦɟɧ, ɲɢɯɬɚ ԕԝɪɚɦɵɧɚ ɟɧɝіɡіɥɟɬіɧ 
ɤԧɦіɪɬɟɝі ɲɵԑɵɧɵ,  ɝɚɡɞɚɥɚɬɵɧ ɲɢɯɬɚ ɨɬɬɟɝіɫіɧің ɦԧɥɲɟɪіɦɟɧ ɲɚɦɚɥɚɫ ɛɨɥɭɵ 
ɤɟɪɟɤ. 
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Ɍɟɦіɪ ɬɨɬɵԑɭɲɵɥɵԑɵ ɠɚɥɩɵ ɬɟɦіɪ Feɨɛɳ ɦɟɧ FeO ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ ɛɨɥԑɚɧ 
ɤɟɡɞɟ ɚɧɵԕɬɚɥɭɵ ɦԛɦɤіɧ. ȿɝɟɪ ɲɢɤіɡɚɬɬɚ ɦɟɬɚɥɞɵ ɬɟɦіɪ ɛɨɥɦɚԑɚɧ ɠɚԑɞɚɣɞɚ, 
ɨɧɞɚ Fe3O4 ɤɟɲɟɧɞі ԕɨɫɵɥɵɫ ɛɨɥɵɩ ɤɟɥɟɬіɧɞіɤɬɟɧ Fe3O4 = Fe2O3·FeO, ɠɚɥɩɵ 
ɬɟɦіɪ ɟɤі ɬɨɬɵԕ Fe2O3-FeO ɚɪɚɫɵɧɞɚ ɬɚɪɚɥɚɞɵ. Ԛɲ ɬɨɬɵԕɬɚɧ ɬԝɪɚɬɵɧ ɬɟɦіɪɞің 
ɛіɪɥіɤ ɦɚɫɫɚɫɵɧɚ ɠɚɬԕɵɡɵɥԑɚɧ, ɛɚɣɥɚɧɵɫԕɚɧ ɨɬɬɟɝі ɤԧɥɟɦі ɤɟɥɟɫі ɦԥɧɝɟ ɢɟ: 

 

Fe2O3 ĺFe;      2 3Fe OɈ  = 0,4285 ɤɝ/ɤɝ Fe; 
 

Fe3O4ĺFe;       3 4Fe OɈ  = 0,3809 ɤɝ/ɤɝ Fe;                                             (3.10) 
 

FeO ĺ Fe;       FeOɈ  = 0,2857 ɤɝ/ɤɝ Fe. 
 

ɒɢɤіɡɚɬɬɵң ɯɢɦɢɹɥɵԕ ɬɚɥɞɚɭɵɧɞɚ ԥɞɟɬɬɟ ɟɤі ɬɨɬɵԕɬɵ Fe2O3 ɠԥɧɟ FeO 
ɧɟɦɟɫɟ ɠɚɥɩɵ ɬɟɦіɪ Feɨɛɳ ɦɟɧ FeO ɚɧɵԕɬɚɣɞɵ. Ɍɟɦіɪ Fe2O3 ɬɨɬɵԑɵɧɚɧ ɤԧɩ 
ɫɚɬɵɥɵ Fe2O3ĺFe3O4ĺFeO ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ, ɚɥ ɬɟɦіɪ FeO ɬɨɬɵԑɵɧɚɧ– ɛіɪ 
ɫɚɬɵɥɵ, ɹԑɧɢ FeOĺFe. Ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ ɪɟɚɤɰɢɹɧɵң 
ɛɚɪɥɵԕ ɫɚɬɵɥɚɪɵ ɬɟɪіɫ ɠɵɥɭ ɷɮɮɟɤɬіɥɟɪі ɦɟɧ ԥɪɬԛɪɥі ɫɚɧɞɵԕ ɦԥɧɝɟ ɢɟ ɛɨɥɚɞɵ. 
Ȼɚɪɥɵԕ ɪɟɚɤɰɢɹɥɚɪ ԥɪɬԛɪɥі ԕɚɬɵɧɚɫɬɚ ɋɈ2 ɠԥɧɟ ɋɈ ɛіɪɭɚԕɵɬɬɚ ɬԛɡіɥɭіɦɟɧ 
ɠԛɪɟɞі. Ɋɟɚɤɰɢɹɧɵң ɝɚɡ ɬԥɪіɡɞі ԧɧіɦɞɟɪіɧɞɟ ɋɈ2 ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ ɨɬɬɟɝіɧің 
ɬɟɦіɪɝɟ ɚɬɨɦɞɵԕ ԕɚɬɵɧɚɫɵɧɵң ɬԧɦɟɧɞɟɭ ɛɚԑɵɬɵɧɚ ԕɚɪɚɣ ɬԛɫɟɞі, ɚɥ ɋɈ 
ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ ɠɨԑɚɪɵɥɚɣɞɵ. Ɍԛɡіɥɟɬіɧ ɝɚɡ ɦԧɥɲɟɪі ɦɟɧ ԕɚɬɵɧɚɫɵ, ɟң 
ɛɚɫɬɵɫɵ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɠɚɥɩɵ ɤԧɥɟɦіɧɟ ɠԥɧɟ ɨɧɵң ɬɨɬɵԕɬɚɪ ɮɚɡɚɥɚɪɵ 
ɛɨɣɵɧɲɚ ɬɚɪɚɥɭɵɧɚ ɬԥɭɟɥɞі ɛɨɥɚɞɵ. Ɇɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧɵң ɝɚɡɞɚɥɚɬɵɧ 
ɨɬɬɟɝіɫіɧің ɠɚɥɩɵ ɦԧɥɲɟɪіɧ ɪɟɬɬіɤ ɮɚɡɚɥɵԕ ɬԛɪɥɟɧɭɥɟɪ ԥɞіɫіɦɟɧ ɚɧɵԕɬɚɭԑɚ 
ɛɨɥɚɞɵ. 

Ɇɟɬɚɥɥ ɬɨɬɵқɬɚɪɵɧɵң ɪɟɬɬіɤ ɮɚɡɚɥɵқ ɬΟɪɥɟɧɭіɧ ɟɫɟɩɬɟɭ әɞіɫɬɟɦɟɫі. 
Ԛɲ ɫɚɬɵɥɵ ɬԛɪɥɟɧɭ ɤɟɡіɧɞɟ ԥɪɛіɪ ɫɚɬɵɞɚ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦԧɥɲɟɪіɧ, ɛɚɪɥɵԕ 
ԛɲ ɫɚɬɵɞɚ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦɚɫɫɚɫɵɧɚɧ, ɹԑɧɢ 0,4285 ɦԥɧіɧɟɧ, ɦɚɫɫɚɥɵԕ ԛɥɟɫі 
ɪɟɬіɧɞɟ ɚɧɵԕɬɚɣɦɵɡ. Ɍԛɪɥɟɧɭɞің ԛɲ ɫɚɬɵɫɵɧɞɚ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɦɚɫɫɚɥɵԕ 
ԛɥɟɫɬɟɪі, ɫԥɣɤɟɫіɧɲɟ: 

 
1. Fe2O3ĺ Fe3O4: ΔO1 = 0,111·10-2·0,4285·Fe(ɝ), ɤɝ/ɤɝ ɲɢɯɬɚ, (3.11) 

 
2. Fe3O4 ĺ FeO: ΔO2 = 0,222·10-2·0,4285·Fe(ɝ), ɤɝ/ɤɝ ɲɢɯɬɚ, (3.12) 

 
3. FeO ĺ Feɦɟɬ: ΔO3 = 0,667·10-2·0,4285·Fe(ɝ), ɤɝ/ɤɝ ɲɢɯɬɚ, (3.13) 

 
ɦԝɧɞɚԑɵ, Fe(ɝ) –ɲɢɯɬɚ ɦɚɬɟɪɢɚɥɵɧɞɚ ɝɟɦɚɬɢɬ ɬԛɪіɧɞɟɝі ɬɟɦіɪ ɦԧɥɲɟɪі, %. 

 
 Fe(ɝ)=Fe(ɨɛɳ) - 0,777·FeO, %. (3.14) 

 
Ɍԛɪɥɟɧɭɞің ԛɲіɧɲі ɫɚɬɵɫɵɧɚ, ɛɚɫɬɚɩԕɵ ɲɢɤіɡɚɬ ԕԝɪɚɦɵɧɞɚ ɛɨɥɚɬɵɧ ɬɟɦіɪ 

ɲɚɥɚ ɬɨɬɵԑɵɧ ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦԧɥɲɟɪі ԕɨɫɵɥɚɞɵ. ɋɨɧɞɚ 
ԛɲіɧɲі ɫɚɬɵɞɚ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі  ɦԧɥɲɟɪі ɤɟɥɟɫі ɮɨɪɦɭɥɚɦɟɧ ɚɧɵԕɬɚɥɚɞɵ:  
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 ΔɈ′′3=0,667·0,4285·10-2·Fe(ɝ) + 0,286·10-2·0,777·FeO =  
   

 =0,286·10-2·(Fe(ɝ) + 0,777·FeO), ɤɝ/ɤɝ ɲɢɯɬɚ. (3.15) 
 

Ɋɟɞɭɤɰɢɹ ɩɪɨɰɟɫіɧɞɟ ɦɟɬɚɥɞɚɧɭ ɞԥɪɟɠɟɫіɧ, ɦɟɬɚɥɞɵ ɬɟɦіɪɞің ɦɟɬɚɥɞɚɧԑɚɧ 
ɦɚɬɟɪɢɚɥɞɚ (ɆɆ) ɠɚɥɩɵ ɬɟɦіɪɝɟ ԕɚɬɵɧɚɫɵɦɟɧ ɛɚԑɚɥɚɣɦɵɡ: 

 
ηɦɟɬ = Fe(ɦɟɬ) / Fe ,́                                              (3.16) 

 
ɦԝɧɞɚԑɵ, Fe  ́– ɆɆ ɠɚɥɩɵ ɬɟɦіɪ ɦԧɥɲɟɪі, %. 

Ȼɚɫɬɚɩԕɵ ɦɚɫɫɚɞɚɧ ɦɟɬɚɥɞɚɧԑɚɧ ɬɟɦіɪ ɦԧɥɲɟɪі: 
 

gFe = 0,01·ηɦɟɬ·Fe.                                               (3.17) 
 

Ɋɟɞɭɤɰɢɹɥɚɧɛɚԑɚɧ ɬɟɦіɪ ɦԧɥɲɟɪі: 
 

ΔgFe = 0,01·Fe·(1-ηɦɟɬ),                                         (3.18) 
 

ɆɆ FeO ɬԛɪіɧɞɟ ԕɚɥɚɞɵ, ɨɧɵɦɟɧ ɛɚɣɥɚɧɵɫɚɬɵɧ ԕɚɥɞɵԕ ɨɬɬɟɝі ɦԧɥɲɟɪі: 
 

ΔO′′′3 = 0,286·10-2·Fe·(1-ηɦɟɬ), ɤɝ/ɤɝ ɲɢɯɬɚ.                  (3.19) 
 

Ɇԝɧɵң ɟɫɤɟɪіɥɭіɦɟɧ ɪɟɚɤɰɢɹɧɵң ԛɲіɧɲі ɫɚɬɵɫɵɧɞɚ FeO ɬɨɬɵԑɵɧɚɧ ɧɚԕɬɵ 
ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦԧɥɲɟɪі ɤɟɥɟɫіɞɟɣ ɛɨɥɚɞɵ: 

 
ΔO3 = ΔɈ′′3 - ΔO′′′3 , ɤɝ/ɤɝ ɲɢɯɬɚ.                           (3.20) 

 
Ɍɟɦіɪ ɪɟɞɭɤɰɢɹɫɵɧɞɚ ɝɚɡɞɚɥɚɬɵɧ ɛɚɪɥɵԕ ɨɬɬɟɝі: 

 
ΔO′Fe = ΔO1 + ΔO2 + ΔO3.                                       (3.21) 

 
Ʌɟɝіɪɥɟɭші ɦɟɬɚɥɞɚɪ ɬɨɬɵқɬɚɪɵɧɵң ɨɬɬɟɝіɫіɧ ɝɚɡɞɚɧɞɵɪɭ. MnO2, MnO, 

Cr2O3, SiO2 ɬɨɬɵԕɬɚɪɵ ɬԛɪіɧɞɟ ɛɨɥɚɬɵɧ Mn, Cr ɠԥɧɟ Si ԕɨɫɩɚɫɵɧɞɚ ɛɚɫԕɚ 
ɦɟɬɚɥɞɚɪɞɵң ɩɚɪɚɥɥɟɥɶ ɪɟɞɭɤɰɢɹɫɵ ɬɟɦіɪ ɪɟɞɭɤɰɢɹɫɵɧɚ ԝԕɫɚɫ ɠԛɡɟɝɟ 
ɚɫɵɪɵɥɚɞɵ [97]. 

Ɇɚɪɝɚɧɟɰ ɫɚɬɵɥɚɩ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ: 
 

MnO2 ĺ Mn2O3 ĺ Mn3O4ĺ MnOĺ Mn 
 

Ɇɚɪɝɚɧɟɰ ɩɟɧ ɨɧɵң ɬɨɬɵԕɬɚɪɵɧɵң ɦɚɫɫɚɥɵԕ ɫɢɩɚɬɬɚɦɚɥɚɪɵ ɬɟɦіɪ 
ԕɚɫɢɟɬɬɟɪіɧɟ ɚɫɚ ɠɚԕɵɧ ɛɨɥԑɚɧɞɵԕɬɚɧ, Mn2O3 ĺ Mn3O4ĺ MnOĺ Mn 
ɫɚɬɵɥɚɪɵɧɞɚ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧі ɚɧɵԕɬɚɭ ԛɲіɧ, ɦɚɪɝɚɧɟɰ ԛɲіɧ ɤɟɥɟɫі 
ɮɨɪɦɭɥɚɧɵ ɩɚɣɞɚɥɚɧɚɦɵɡ: 
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ΔɈ′Mn=10-2·Mn·[0,1455·(1-ΩMn)+0,2908·ηMn], ɤɝ/ɤɝ ɲɢɯɬɚ.       (3.22) 

 
ɋɚɬɵɥɚɪ ɛɨɣɵɧɲɚ ɦɚɪɝɚɧɟɰ ɪɟɞɭɤɰɢɹɫɵ ɤɟɡіɧɞɟ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі 

ɦԧɥɲɟɪі ɤɟɥɟɫі ɪɟɬɩɟɧ ɬɚɪɚɥɚɞɵ: 
Ȼіɪіɧɲі ɫɚɬɵɞɚ 4MnO2ĺ2Mn2O3 + O2 

 
ΔɈ1 Mn= 0,632·10-2·ΩMn·Mn, ɤɝ/ɤɝ ɲɢɯɬɚ.                      (3.23) 

 
ȿɤіɧɲі ɫɚɬɵɞɚ 6Mn2O3ĺ4Mn3O4+O2 

 
ΔɈ2 Mn= 0,111·ΔɈ′Mn, ɤɝ/ɤɝ ɲɢɯɬɚ.                              (3.24) 

 
Ԛɲіɧɲі ɫɚɬɵɞɚ 2Mn3O4ĺ6MnO +O2 

 
ΔɈ3 Mn= 0,222·ΔɈ′Mn, ɤɝ/ɤɝ ɲɢɯɬɚ.                             (3.25) 

 
Ɍԧɪɬіɧɲі ɫɚɬɵɞɚ 2MnOĺ2Mn +O2 

 
ΔɈ4 Mn= 0,667·ΔɈ′Mn, ɤɝ/ɤɝ ɲɢɯɬɚ.                            (3.26) 

 
Ɇɚɪɝɚɧɟɰ ɬɨɬɵԕɬɚɪɵɧɚɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɫіɧің ԕɨɫɵɧɞɵ ɦԧɥɲɟɪі: 

 
ΔɈ′Mn=ΔɈ1 Mn+ΔɈ2 Mn+ΔɈ3 Mn+ΔɈ4 Mn, ɤɝ/ɤɝ ɲɢɯɬɚ.                 (3.27) 

 
ɏɪɨɦ ɬɨɬɵԕɬɚɪɵ, ɦɚɪɝɚɧɟɰ ɬɨɬɵԕɬɚɪɵɧɵң ɪɟɞɭɤɰɢɹɫɵɚ ԝԕɫɚɫ ɫɚɬɵɥɚɩ 

ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ: 
 

Cr2O3ĺCr3O4: ∆Ɉ1 Cr = 10-2·0,4615·0,111·ΔɈ′Cr, ɤɝ/ɤɝ ɲɢɯɬɚ; 
 

(3.28) 

Cr3O4ĺCrO: ∆Ɉ2 Cr = 10-2·0,4615·0,222·ΔɈ′Cr, ɤɝ/ɤɝ ɲɢɯɬɚ; 
 

(3.29) 

CrOĺCr: ∆Ɉ3 Cr = 10-2·0,4615·0,667·ΔɈ′Cr, ɤɝ/ɤɝ ɲɢɯɬɚ. (3.30) 
 

ɏɪɨɦ ɬɨɬɵԕɬɚɪɵɧɚɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɫіɧің ԕɨɫɵɧɞɵ ɦԧɥɲɟɪі: 
 

∆Ɉ′Cr = ∆Ɉ1 Cr+∆Ɉ2 Cr+∆Ɉ3 Cr ɤɝ/ɤɝ ɲɢɯɬɚ.                          (3.31) 
 

ȼɚɧɚɞɢɣ ɬɨɬɵԕɬɚɪɵ ɫɚɬɵɥɚɩ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ: 
 

V2O5ĺV2O3  ∆Ɉ1 V = 10-2·0,3137·ΔɈ′V, ɤɝ/ɤɝ ɲɢɯɬɚ; 
 

(3.32) 
 

V2O3ĺVO  ∆Ɉ2 V = 10-2·0,1568·ΔɈ′V, ɤɝ/ɤɝ ɲɢɯɬɚ; 
 

(3.33) 
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VOĺV  ∆Ɉ3 V = 10-2·0,3137·ΔɈ′V∙ηV, ɤɝ/ɤɝ ɲɢɯɬɚ. 
 

  (3.34) 
 

ȼɚɧɚɞɢɣ ɬɨɬɵԕɬɚɪɵɧɚɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɫіɧің ԕɨɫɵɧɞɵ ɦԧɥɲɟɪі: 
 

∆Ɉ′V = ∆Ɉ1 V+∆Ɉ2 V+∆Ɉ3 V ɤɝ/ɤɝ ɲɢɯɬɚ.                        (3.35) 
 

Ʉɟɧ ɦɚɬɟɪɢɚɥɞɚɪɵɧɞɚ ɬɢɬɚɧ ɦɟɧ ɤɪɟɦɧɢɣ, ɫԥɣɤɟɫіɧɲɟ TiO2 ɠԥɧɟ SiO2 

ɬԛɪіɧɞɟ ɤɟɡɞɟɫɟɞі, ɬɢɬɚɧ ɠԥɧɟ ɤɪɟɦɧɢɣ ɬɨɬɵԕɬɚɪɵɧɚɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі 
ɦԧɥɲɟɪі ɨɧɵң 0,10-0,3% ɞɟңɝɟɣіɧɞɟ, ɦɟɬɚɥɞɚԑɵ ɤԛɬіɥɟɬіɧ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ 
ɛɨɣɵɧɲɚ ɟɫɤɟɪіɥɟɞі: 

 
ΔɈ′Ɍi = [Ɍi]·10-2·ɟɦ·0,667, ɤɝ/ɤɝ ɲɢɯɬɚ.                            (3.36) 

 
ΔɈ′Si = [Si]·10-2·ɟɦ·1,1428, ɤɝ/ɤɝ ɲɢɯɬɚ.                            (3.37) 

 
ɋɨɧɵɦɟɧ, ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɥɟɝіɪɥɟɭɲі ɦɟɬɚɥɞɚɪ ɟɫɟɛіɧɟɧ ɛɚɪɥɵԕ 

ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦԧɥɲɟɪі ɤɟɥɟɫіɞɟɣ: 
 

ΔɈɥɟɝ.ɦɟɬ.=ΔɈ′Cr+ΔɈ′Mn+ΔɈ′Ɍi+ΔɈ′Si, ɤɝ/ɤɝ ɲɢɯɬɚ.               (3.38) 
 

ɀԥɧɟ ɲɢɯɬɚɞɚ ɝɚɡɞɚɥɚɬɵɧ ɛɚɪɥɵԕ ɨɬɬɟɝі: 
 

ΔɈɲ=ΔɈ′Fe + ΔɈɥɟɝ. ɦɟɬ., ɤɝ/ɤɝ ɲɢɯɬɚ.                           (3.39) 
 

Шɢɯɬɚɧɵң Ρшқɵш ɛөɥіɝіɧ ɚɧɵқɬɚɭ. Ɋɟɞɭɤɰɢɹɥɵԕ ɤԛɣɞіɪɭ ɩɪɨɰɟɫіɧɞɟ 
ɲɢɯɬɚ ɨɬɬɟɝіɫіɧің ɝɚɡɞɚɥɭɵɦɟɧ ԕɚɬɚɪ, ԝɲԕɵɲ ɛԧɥіɝі ɞɟ ɠɨɣɵɥɚɞɵ. Ɉɥɚɪɞɵң 
ɦԧɥɲɟɪі ԥɞɟɬɬɟ ɦԥɥіɦ ɠԥɧɟ ɲɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧің ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ 
ɛɨɣɵɧɲɚ ɲɵɧɵԕɬɵɪɭ ɤɟɡіɧɞɟ ɠɨԑɚɥɭɥɚɪ (ɲ.ɤ.ɠ.) ɬԛɪіɧɞɟ ɛɟɪіɥɟɞі. 

Ȼɟɪіɥɝɟɧ ɠɚԑɞɚɣɞɚ, ɟɫɟɩɬɟɭ ɨɪɬɚɲɚɥɚɧɞɵɪɵɥԑɚɧ ɲɢɯɬɚ ԕԝɪɚɦɵ ɛɨɣɵɧɲɚ 
ɠԛɪɝіɡіɥɟɞі, ɦԝɧɞɚ ԝɲɭԑɚ ɛɟɣіɦ ɛԧɥіɝі L% ԕԝɪɚɣɞɵ. ɋɨɧɞɚ ɨɥɚɪɞɵң ɧɚԕɬɵ 
ɦԧɥɲɟɪі ԕԝɪɚɣɞɵ: 

Vg′  = 10-2·L, ɤɝ/ɤɝ ɲɢɯɬɵ.                                       (3.40) 
 

ɒɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧɞɟ ԝɲɭԑɚ ɛɟɣіɦ ɛԧɥіɝі ɝɢɞɪɚɬɬɵ ɵɥԑɚɥ, ɤɚɪɛɨɧɚɬɬɵ 
ԕɨɫɵɥɵɫɬɚɪɞɵң ɤԧɦіɪԕɵɲԕɵɥ ɝɚɡɵ ɬԛɪіɧɞɟ ɤɟɡɞɟɫɟɞі. Ʉԧɩɬɟɝɟɧ ɝɢɞɪɚɬɬɚɪɞɵң 
ɵɞɵɪɚɭɵ 400-500°ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɫɨңɵɧɚ ɞɟɣіɧ ɠԛɪɟɞі, ɤɚɪɛɨɧɚɬɬɚɪ – ɚɫɚ 
ɠɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ 700-900°ɋ. Ʉԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, ɦɟɬɚɥɥɞɚɪ (Fe, Mn, Cr, V, 
Ti, Si) ɪɟɞɭɤɰɢɹɫɵɧɞɚ ɲɢɯɬɚɧɵң ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɫіɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ, 
ԝɲԕɵɲɬɚɪ ɲɢɯɬɚɞɚɧ ɟɪɬɟɪɟɤ ɠԥɧɟ ɬɨɥɵԕ ɠɨɣɵɥɚɞɵ.  

Ɋɟɞɭɤɰɢɨɧɟɪ-ɤөɦіɪɬɟɝіɧің ɫɬɟɯɢɨɦɟɬɪɢяɥɵқ шɵғɵɧɵɧ ɚɧɵқɬɚɭ. 
Ɋɟɞɭɤɰɢɨɧɟɪ-ɤԧɦіɪɬɟɝіɧің ɲɵԑɵɧɵ ɦԥɫɟɥɟɧі ɲɟɲɭ ԥɞіɫɬɟɦɟɫіɧің 
ɩɪɢɧɰɢɩɢɚɥɞɵ ɬԥɫіɥɞɟɦɟɫіɧɟ ɬԥɭɟɥɞі. Ⱥɞɫɨɪɛɰɢɹɥɵԕ-ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ 
ɦɟɯɚɧɢɡɦ ɛɨɣɵɧɲɚ ɪɟɞɭɤɰɢɹ ɪɟɚɤɰɢɹɥɚɪɵɧɚ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ԕɚɬɵɫɭɵ (3.1)-
(3.3) ɪɟɚɤɰɢɹɥɚɪɵ ɛɨɣɵɧɲɚ ɤԧɦіɪɬɟɝі ɬɨɬɵԑɵɧɵң ɪɟɝɟɧɟɪɚɰɢɹɫɵ ɚɪԕɵɥɵ ԑɚɧɚ 
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ɚɧɵԕɬɚɥɚɞɵ. Ɋɟɚɤɰɢɹɧɵң ɫɚɥɞɚɪɵ ɛɨɣɵɧɲɚ ɝɚɡ ɬԥɪіɡɞі ԧɧіɦ, ɤԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ 
ɬɟɤ ɤԧɦіɪɬɟɝі ɬɨɬɵԑɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ⱦɢɫɫɨɰɢɚɰɢɹɥɵ-ɚɞɫɨɪɛɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦ ɛɨɣɵɧɲɚ, ɨɥ ɛɨɣɵɧɲɚ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝіɧің ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɦɟɧ ɬіɤɟɥɟɣ ԥɪɟɤɟɬɬɟɫɭ ɧԥɬɢɠɟɫі ɋɈ ɠԥɧɟ ɋɈ2 

ɝɚɡ ɬԥɪіɡɞі ɮɚɡɚɧɵң ɛԧɥіɧɭі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ƚɚɡ ɤɨɦɩɨɧɟɧɬɬɟɪіɧің ԕɚɬɵɧɚɫɵ  
ɠԛɣɟɧің ɞɢɫɩɟɪɫɬіɥіɝі ɦɟɧ ɩɪɨɰɟɫɫ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɬԥɭɟɥɞі ɛɨɥɚɞɵ. Ȼԝɥ 
ɬɟɨɪɢɹɥɵԕ ɬԝɠɵɪɵɦɞɚɦɚ, ɋɈ ɠԥɧɟ ɋɈ2 ɬԛɪіɧɞɟ ɪɟɚɤɰɢɹɧɵң ɝɚɡ ɬԥɪіɡɞі 
ԧɧіɦɞɟɪіɧің ɩɚɪɚɥɥɟɥɶ ɬԛɡіɥɭіɦɟɧ ɬԥɠіɪɢɛɟ ɠԛɡіɧɞɟ ɪɚɫɬɚɥԑɚɧ. 

Ȼɟɪіɥɝɟɧ ɬԛɪɥɟɧɭ ɫɚɬɵɫɵɧɞɚ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɦԧɥɲɟɪіɧ ɛіɪɥіɤ ɪɟɬіɧɞɟ 
ԕɚɛɵɥɞɚɫɚԕ, ɨɧɞɚ ɋɈ2 ɬԛɪіɧɞɟ ɝɚɡɞɚɥɚɬɵɧ ɨɧɵң ԛɥɟɫіɧ ɤɟɥɟɫі ԕɚɬɵɧɚɫɬɚɧ 
ɚɧɵԕɬɚɣɦɵɡ: 

10 = 2ɋɈ2/(2CO2 + CO),                                      (3.41) 
 

ɦԝɧɞɚԑɵ, 10 – ɨɪɬɚɲɚ ԧɥɲɟɧɝɟɧ ɬɚɪɚɥɭ ɤɨɷɮɮɢɰɢɟɧɬі; 
ɋɈ2, ɋɈ – ɝɚɡ ɮɚɡɚɫɵɧɞɚԑɵ ɦԧɥɲɟɪі, %. 
ɋɈ ɬԛɡіɥɭіɧɟ ɤɟɥɟɫі ԛɥɟɫ ɲɵԑɵɧɞɚɥɚɞɵ: 

 

20γ = 1- 10γ .                                                 (3.42) 
ɧɟɦɟɫɟ 

20 = ɋɈ/(2ɋɈ2 +ɋɈ).                                       (3.43) 
 

Ʉԧɦіɪɬɟɝіɧің ɠɚɥɩɵ ɲɵԑɵɧɵɧ ɬԛɪɥɟɧɭ ɫɚɬɵɥɚɪɵɧɵң ԕɨɫɵɧɞɵɫɵɧɚɧ 
ɤɟɥɟɫі ɬɟңɞɟɭ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɣɦɵɡ: 

 

g′C= 0,75·Σ(ΔɈi·(1 - 0,5· 10 i )), ɤɝ/ɤɝ ɲɢɯɬɚ.                     (3.44) 
 

Ʌɟɝіɪɥɟɭɲі ɦɟɬɚɥɞɚɪɞɵ ԧɡ ɬɨɬɵԕɬɚɪɵɧɚɧ ɪɟɞɭɤɰɢɹɥɚɭԑɚ ɲɵԑɵɧɞɚɥɚɬɵɧ 
ɤԧɦіɪɬɟɝі ɤɟɥɟɫі ɬɟңɞɟɭɥɟɪ ɛɨɣɵɧɲɚ ɟɫɟɩɬɟɥɟɞі: 

ɚ) ɦɚɪɝɚɧɟɰ ɪɟɞɭɤɰɢɹɫɵɧɚ: 
 

g′C, Mn = 0,75·Σ[ΔɈi Mn·(1-0,5· 10 Mn )·i], ɤɝ/ɤɝ ɲɢɯɬɚ;          (3.45) 
 

ɛ) ɯɪɨɦ ɪɟɞɭɤɰɢɹɫɵɧɚ: 
 

g′C, Cr = 0,75·Σ[ΔɈi Cr·(1-0,5· 10 ɋr )·i], ɤɝ/ɤɝ ɲɢɯɬɚ;            (3.46) 
 

ɜ) ɜɚɧɚɞɢɣ ɪɟɞɭɤɰɢɹɫɵɧɚ: 
 

g′C, V = 0,75·Σ[ΔɈi V·(1-0,5· V10 )·i], , ɤɝ/ɤɝ ɲɢɯɬɚ;             (3.47)     

 
ɝ) ɬɢɬɚɧ ɪɟɞɭɤɰɢɹɫɵɧɚ: 
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g′C, Ti = 0,75·ΔɈ' Ti, ɤɝ/ɤɝ ɲɢɯɬɚ;                              (3.48) 
 
ɝ) ɤɪɟɦɧɢɣ ɪɟɞɭɤɰɢɹɫɵɧɚ: 

 
g′C, Si = 0,75·ΔɈ' Si , ɤɝ/ɤɝ ɲɢɯɬɚ;                                    (3.49) 

 
ɀɨԑɚɪɵɞɚ ɚɬɚɥԑɚɧ ɛɚɪɥɵԕ ɦɟɬɚɥɞɚɪ ɪɟɞɭɤɰɢɹɫɵɧɚ ԕɚɠɟɬɬі ԕɨɫɵɧɞɵ 

ɤԧɦіɪɬɟɝі ɲɵԑɵɧɵ: 
 

gc = 0,75∙Σ[(ΔOi·(1-0,5· 10 )·i)], ɤɝ/ɤɝ ɲɢɯɬɵ,                  (3.50) 
 

ɧɟɦɟɫɟ ɨɪɬɚɲɚ ԧɥɲɟɧɝɟɧ ɬɚɪɚɥɭ ɤɨɷɮɮɢɰɢɟɧɬі ɚɪԕɵɥɵ 10γ : 
 

gc=0,75·[ΔOi Fe·(1-0,5· 10 )Fe + ΔOi Mn·(1-0,5· 10 )Mn +  

  

+ ΔOi Cr·(1-0,5· 10 )Cr+ΔOi V·(1-0,5· 10 )V + ΔOi Ti·(1-0,5· 10 )Ti 

 

+ ΔOi Si·(1-0,5· 10 )Si], ɤɝ/ɤɝ ɲɢɯɬɚ. 

 
(3.51) 

 
ȿɫɟɩɬɟɭ ɠɨɥɵɦɟɧ ɚɥɵɧԑɚɧ ɤԧɦіɪɬɟɝі ɲɵԑɵɧɵɧ ɧɚԕɬɵ ɤԧɦіɪɬɟɝі ԕԝɪɚɦɞɵ 

ɤɨɦɩɨɧɟɧɬ ɬԛɪіɧɞɟ ɲɢɯɬɚԑɚ ɟɧɝіɡɟɞі. Ɇԝɧɞɚɣ ɤɨɦɩɨɧɟɧɬ ɪɟɬіɧɞɟ ɚԑɚɲ ɤԧɦіɪ, 
ɤɨɤɫ ɲɚңɵ ɦɟɧ ɤԧɦіɪ ɩɚɣɞɚɥɚɧɵɥɭɵ ɦԛɦɤіɧ. Ɉɥɚɪɞɵң ԥɪԕɚɣɫɵɫɵɧɞɚ, 
ɤԧɦіɪɬɟɝіɞɟɧ ɛɚɫԕɚ, ɛɟɥɝіɥі ɛіɪ ɤԧɥɟɦɞɟ ɤԛɥ ɦɟɧ ԧɡɝɟ ɡɚɬɬɚɪ ɛɨɥɚɞɵ. ɋɨɧɞɵԕɬɚɧ 
ɤԧɦіɪɬɟɝі ɲɵԑɵɧɵ ɛɨɣɵɧɲɚ, ɚɪɵ ԕɚɪɚɣ ɤԧɦіɪɬɟɝі ԕԝɪɚɦɞɵ ɤɨɦɩɨɧɟɧɬɬің 
ɲɵԑɵɧɵɧ ɚɧɵԕɬɚɣɦɵɡ, ɹԑɧɢ: 

 
gɭɝ. ɜɨɫ. = 102·gc/C , ɤɝ/ɤɝ ɲɢɯɬɚ,                                (3.52) 

 
ɦԝɧɞɚԑɵ ɋ – ɤԧɦіɪɬɟɝі ԕԝɪɚɦɞɵ ɪɟɚɝɟɧɬɬɟ ɤԧɦіɪɬɟɝі ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ. 

Ʉԧɦіɪɬɟɝіԕԝɪɚɦɞɵ ɪɟɚɝɟɧɬ ɤԛɥіɧɞɟ ɧɟɝіɡіɧɟɧ Fe2O3ɬԛɪіɧɞɟ ɬɟɦіɪ ɬɨɬɵԑɵ 
ɤɟɡɞɟɫɟɞі, ɨɥ ɤɟɥɟɫі ɬɟңɞɟɭɝɟ ɫԥɣɤɟɫ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɛԧɥɟɞі: 

  
ΔOɭɝ. ɜɨɫ.=10-2·Fe ɭɝ. ɜɨɫ.+[0,1426·(1-Ω′Fe)+ 

 

   
 +0,286·ΔFe]·g ɭɝ. ɜɨɫ., ɤɝ/ɤɝ ɲɢɯɬɚ (3.53) 

 
ɦԝɧɞɚԑɵ, Fe ɭɝ. ɜɨɫ. – ɤԧɦіɪɬɟɝі ԕԝɪɚɦɞɵ ɤɨɦɩɨɧɟɧɬɬɟ ɬɟɦіɪ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ, %; 

Ω′Fe – ɬɟɦіɪ ɬɨɬɵԑɭɲɵɥɵԑɵ. 
Ɉɬɬɟɝіɧің ɨɫɵ ɦԧɥɲɟɪіɧ ɝɚɡɞɚɧɞɵɪɭԑɚ ɤԧɦіɪɬɟɝіɧің ԕɨɫɵɦɲɚ ɦԧɥɲɟɪі 

ɲɵԑɵɧɞɚɥɚɞɵ. Ʉԧɦіɪɬɟɝіԕԝɪɚɦɞɵ ɪɟɞɭɤɰɢɨɧɟɪ ɲɵԑɵɧɵ ɬɟңɞɟɭіɧің ɛіɪɥɟɫɤɟɧ 
ɲɟɲіɦі: 

 
g ɭɝ. ɜɨɫ.=gc·[C-0,75·Fe ɭɝ. ɜɨɫ.·(0,1426·(1-Ω′Fe)+0,286·ηFe)×  
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×(0,5· 10 + 20 )], ɤɝ/ɤɝ ɲɢɯɬɚ. (3.54) 

 
Ʉԧɪɫɟɬіɥɝɟɧ ɫԝɥɛɚ ɛɨɣɵɧɲɚ, ɤɟɡ-ɤɟɥɝɟɧ ɞɢɫɩɟɪɫɬі ɦɚɬɟɪɢɚɥɞɚɪɞɚɧ ɬɟɦіɪ, 

ɦɚɪɝɚɧɟɰ, ɯɪɨɦ ɠԥɧɟ ɤɪɟɦɧɢɣ ɪɟɞɭɤɰɢɹɫɵɧɵң ɤԧɪɫɟɬɤіɲɬɟɪі ɦɟɧ 
ɤԧɦіɪɬɟɝіԕԝɪɚɦɞɵ ɪɟɚɝɟɧɬ ɲɵԑɵɧɵɧ ɟɫɟɩɬɟɭɝɟ ɦԛɦɤіɧɞіɤ ɛɟɪɟɬіɧ, Microsoft 
Office Excel 2007 ɛɚԑɞɚɪɥɚɦɚɫɵɧɵң ɧɟɝіɡіɧɞɟ ɟɫɟɩɬɟɭ ɛɚԑɞɚɪɥɚɦɚɫɵ ɠɚɫɚɥɞɵ. 

Ɋɟɞɭɤɰɢɹ ɩɪɨɰɟɫі ɛɟɥɝіɥі ɛіɪ ɬɟɦɩɟɪɚɬɭɪɚɥɚɪɞɚ ɛɚɫɬɚɥɚɞɵ ɠԥɧɟ ɚɪɵ ԕɚɪɚɣ 
ɨɣɞɚԑɵɞɚɣ ɞɚɦɢɞɵ, ɦԝɧɞɚ ԥɪɛіɪ ɦɟɬɚɥɥ ɬɨɬɵԑɵɧɚ ԧɡ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɫԥɣɤɟɫ 
ɤɟɥɟɞі. Ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫі ɲɢɯɬɚɧɵң ɪɟɞɭɤɰɢɹɥɚɧɭɵɧɚ 
ɬԥɭɟɥɞі ɛɚɫɬɚɥɚɞɵ. Ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɝɟɦɚɬɢɬɩɟɧ ԥɪɟɤɟɬɬɟɫɭі 710°ɋ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ, ɦɚɝɧɟɬɢɬɩɟɧ - 830°ɋ, ɜɸɫɬɢɬɩɟɧ –920°ɋ ɤɟɡіɧɞɟ, ɦɚɪɝɚɧɟɰ (II) 
ɠԥɧɟ ɯɪɨɦ (III) ɬɨɬɵԕɬɚɪɵɦɟɧ ɫԥɣɤɟɫіɧɲɟ 1150°ɋ ɠԥɧɟ 1240°ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ 
ɛɚɫɬɚɥɚɞɵ, ɜɚɧɚɞɢɣ (V) ɬɨɬɵԑɵɧɵң ɪɟɞɭɤɰɢɹɫɵ ɛɚɪɥɵԕ ɬɟɦɩɟɪɚɬɭɪɚɥɚɪɞɚ ԧɬɟɞі 
ɠԥɧɟ ɬɢɬɚɧ ɬɨɬɵԑɵ 900°ɋ ɤɟɡіɧɞɟ ɪɟɞɭɤɰɢɹɥɚɧɛɚɣɞɵ, ɚɥ 1200-1300°ɋ ɤɟɡіɧɞɟ 
ɬɟɦіɪ ԕɚɬɵɫɵɧɞɚ ɢɥɶɦɟɧɢɬ ɬɨɥɵԕ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ. 

 
3.3 Ɇɟɬɚɥɞɚɪɞɵԙ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɫɵɧɵԙ ɦɟɯɚɧɢɡɦі ɠԥɧɟ 

ɤɢɧɟɬɢɤɚɫɵ 

Ɇɟɬɚɥɞɚɪ ɪɟɞɭɤɰɢɹɫɵɧɵң ɦɟɯɚɧɢɡɦі. Ԥɪ ɭɚԕɵɬɬɚ ɠɚɫɚɥԑɚɧ ɠԥɧɟ 
ɠɚɪɢɹɥɚɧԑɚɧ ɦɟɯɚɧɢɡɦɞɟɪ ɪɟɚɤɰɢɹ ɠԛɪɭіɧің ɛɟɥɝіɥі ɛіɪ ɲɟɤɬɟɭɥɟɪіɦɟɧ 
ɬԛɫіɧɞіɪіɥіɩ ɠԛɪɞі. Ɉɥɚɪɞɵ ɬԧɦɟɧɞɟɝі ɬԥɪɬіɩɩɟɧ ɫɚɧɚɩ ɲɵԑɭԑɚ ɛɨɥɚɞɵ: 

1. Ⱥ.Ⱥ. Ȼɚɣɤɨɜɬɵң ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦі. 
2. Ⱥɞɫɨɪɛɰɢɨɧɞɵԕ-ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦ. 
3. Ɍԛɣіɫɩɟɥі-ɞɢɮɮɭɡɢɹɥɵԕ ɦɟɯɚɧɢɡɦ. 
4. Ȼɭ-ɬɨɬɵԕɬɵ ɦɟɯɚɧɢɡɦ. 
5. Ƚɚɡɤɚɪɛɢɞɬі ɦɟɯɚɧɢɡɦ. 
Ԥɪɛіɪ ɦɟɯɚɧɢɡɦɞі ɟɝɠɟɣ-ɬɟɝɠɟɣɥі ɬԛɫіɧɞіɪɭɝɟ ɬɨԕɬɚɥɦɚɣ, ɛɚɪɥɵԕ ɚɬɚɥԑɚɧ 

ɦɟɯɚɧɢɡɦɞɟɪ ɛԧɥɲɟɤɬɟɪɞің ɚɬɨɦɞɚɪ ɦɟɧ ɦɨɥɟɤɭɥɚɥɚɪ ɞɟңɝɟɣіɧɞɟɝі ԕɨɡԑɚɥɵɫɵɧ 
ɫɭɪɟɬɬɟɭɦɟɧ ɫɢɩɚɬɬɚɥɚɬɵɧɞɵԑɵɧ ɚɣɬɭԑɚ ɛɨɥɚɞɵ.  

Ɍԥɠіɪɢɛɟɞɟ, ԕɚɪɚɫɬɵɪɵɥɚɬɵɧ ɪɟɚɤɰɢɹɥɚɪɞɚԑɵ ɚɬɨɦɞɚɪ ɦɟɧ 
ɦɨɥɟɤɭɥɚɥɚɪɞɵң ԕɨɡԑɚԑɵɲ ɤԛɲі ɛɨɥɚɬɵɧ ԕԝɛɵɥɵɫ ԕɚɪɚɫɬɵɪɵɥɦɚɣ ɨɬɵɪ. 
Ɉɫɵԑɚɧ ԕɚɪɚɦɚɫɬɚɧ, ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪɞɟ ɟң ɤɟң ɬɚɪɚԑɚɧɞɚɪɵ 
ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ ɠԥɧɟ ɚɞɫɨɪɛɰɢɨɧɞɵԕ-ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦɞɟɪ ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ. Ȼɭ-ɬɨɬɵԕɬɵ ɠԥɧɟ ɝɚɡɤɚɪɛɢɞɬі ɦɟɯɚɧɢɡɦɞɟɪ, ɚɞɫɨɪɛɰɢɨɧɞɵԕ-
ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦɞɟɪɞі ɲɵɧ ɦԥɧіɧɞɟ ɬɟɤ ɠɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ 
ɠԥɧɟ ɨɧɵ ɛɚɫɬɚɭԑɚ ɠɚԑɞɚɣ ɠɚɫɚɭɞɵ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɬіɧɞɟɣ ԕɨɥɞɚɩ ɬԝɪɚɞɵ. 

Ɍԛɣіɫɩɟɥі-ɞɢɮɮɭɡɢɹɥɵ ɦɟɯɚɧɢɡɦ ɬɟɤ ԑɚɧɚ ԕɚɬɬɵ ɞɟɧɟɥɟɪɝɟ ԕɚɬɵɫɬɵ ɛɨɥɚɞɵ 
ɠԥɧɟ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪɞɟ ԧɬɟ ɲɟɤɬɟɭɥі ԕɨɥɞɚɧɵɫ ɬɚɛɭɞɚ. ɋɨɧɵɦɟɧ, 
ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ ɠԥɧɟ ɚɞɫɨɪɛɰɢɨɧɞɵԕ-ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦɞɟɪ 
ԑɵɥɵɦɢ ɠԥɧɟ ɨԕɭ ɠԝɦɵɫɬɚɪɵɧɞɚ ɧɟɝіɡɝіɫі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ɉɫɵ ɧɚԕɬɵ ɮɚɤɬіɧі 
ɚɣɬɚ ɨɬɵɪɵɩ, ɯɢɦɢɹɥɵԕ ԕɨɫɵɧɞɵɥɚɪɞɵң ɞɢɫɫɨɰɢɚɰɢɹɫɵ ɦɟɧ 
ɤɨɧɞɟɧɫɚɰɢɹɥɚɧԑɚɧ ɮɚɡɚɥɚɪɞɵң ɛɟɬіɧɞɟ ɝɚɡɞɚɪɞɵң ɚɞɫɨɪɛɰɢɹɫɵɧɵң 
ԕԝɛɵɥɵɫɬɚɪɵ, ɮɢɡɢɤɚɥɵԕ ɚɣɧɚɥɵɦɞɚɪ ɪɟɬіɧɞɟ ɬɚɛɢԑɚɬɬɵң іɪɝɟɥі ɡɚңɞɵɥɵԕɬɚɪɵ 
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ɠԛɪɟɬіɧɞіɝіɧ ɛɚɣԕɚɣɦɵɡ. Ȼіɪɚԕ, ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪɝɟ ԕɚɬɵɫɬɵ 
ɦɟɯɚɧɢɡɦɞі, ɛіɪ ɠɚԑɵɧɚɧ ɬɟɤ ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ ԕԝɛɵɥɵɫ ɧɟɝіɡіɧɞɟ ɠԥɧɟ ɛɚɫԕɚ 
ɠɚԑɵɧɚɧ ɬɟɤ ԑɚɧɚ ɚɞɫɨɪɛɰɢɨɧɞɵԕ ԕԝɛɵɥɵɫɬɵ ԝɫɵɧɭ, ɛіɪɠɚԕɬɵ ɲɟɤɬɟɥɝɟɧ ɫɢɩɚɬ 
ɚɥɞɵ. Ɉԑɚɧ ԕɨɫɚ, ɦɟɯɚɧɢɡɦɧің ԕɚɣ-ԕɚɣɫɵɫɵɧɵң ɛɨɥɦɚɫɵɧ ԥɞіɥɞіɝіɧ 
ɠɚԕɬɚɭɲɵɥɚɪ ɚɪɚɫɵɧɞɚԑɵ ɬɚɥɚɫ ԑɵɥɵɦɢ ɠɟɬɤіɥіɤɫіɡ ɧɟɝіɡɞɟɥɝɟɧ. Ʉԛɪɞɟɥі 
ɯɢɦɢɹɥɵԕ ԕɨɫɵɧɞɵɧɵң ɞɢɫɫɨɰɢɚɰɢɹɫɵ ɬɭɪɚɥɵ ɚɣɬԕɚɧɞɚ, ɞɢɫɫɨɰɢɚɰɢɹ 
ɧԥɬɢɠɟɫіɧɞɟ ɩɚɣɞɚ ɛɨɥɚɬɵɧ ɡɚɬɬɚɪɞɵң ԕԝɪɚɦɵ ɦɟɧ ɬɚɛɢԑɚɬɵɧɚ ɤԧңіɥ ɚɭɞɚɪɭ 
ɤɟɪɟɤ-ɚԕ. Ʉԧɩɬɟɝɟɧ ɛɚɫɵɦ ɠɚԑɞɚɣɥɚɪɞɚ ɞɢɫɫɨɰɢɚɰɢɹ ɧԥɬɢɠɟɫіɧɞɟ ɧɟɝіɡɝі – 
ԕɚɬɬɵ ɮɚɡɚɞɚɧ ɛɚɫԕɚ ɝɚɡɞɵ ɮɚɡɚ ԕԝɪɚɥɚɞɵ. Ɉɞɚɧ ɛɚɫԕɚ, ԕԝɪɚɥɚɬɵɧ ɝɚɡ ɬԥɪіɡɞі 
ɮɚɡɚ ɬіɤɟɥɟɣ ԕɚɬɬɵ ɧɟɝіɡɛɟɧ ɛɚɣɥɚɧɵɫɬɵ. Ȼіɪɚԕ, ԕɚɥɚɣ? Ԥɪɢɧɟ, ԕԝɪɚɥɚɬɵɧ ɝɚɡɞɵ 
ɡɚɬ ɤɪɢɫɬɚɥɥ ɬɨɪɵɧ ɬɚɫɬɚɩ ɤɟɬɟɞі. ɋɨɧɵɦɟɧ ɛіɪɝɟ, ɨɥ ɞɟɮɨɪɦɚɰɢɹɥɚɧԑɚɧ 
ɤɪɢɫɬɚɥɞɵԕ ɬɨɪɞɵң ɛɟɬіɦɟɧ ɛіɪɧɟɲɟ ɚ) ɯɟɦɨɫɨɪɛɢɪɥɟɧɝɟɧ ɠԥɧɟ ɛ) 
ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ԕɚɛɚɬɬɚɪ ɠɚɫɚɣ ɨɬɵɪɵɩ, ɤԛɲɬіɤ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟ ɛɨɥɚɞɵ. Ԧɡɚɪɚ 
ԥɪɟɤɟɬ ɤԛɲіɧің ɚɡɚɸɵɧɚ ԕɚɪɚɣ, ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ԕɚɛɚɬɬɵң ԕɚɥɵңɞɵԑɵ ɤԧɛɟɣɟɞі. 
ɋɵɪɬԕɵ ɪɟɚɝɟɧɬɬɟɪɦɟɧ ԧɡɚɪɚ ԥɪɟɤɟɬ ɞԥɥ ɨɫɵ ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ԕɚɛɚɬɬɚ ɛɚɫɬɚɥɚɞɵ. 
ɋɨɧɞɵԕɬɚɧ ɚɞɫɨɪɛɰɢɹ ɞɟɩ ԕɚɬɬɵ ɞɟɧɟɧің ɛɟɬіɧɟ ɫɵɪɬԕɵ ɝɚɡɞɵ ɬɚɫԕɵɧɧɚɧ 
ɝɚɡɞɵң ɚɞɫɨɪɛɰɢɹɫɵɧ ԑɚɧɚ ɟɦɟɫ, ɫɨɧɵɦɟɧ ɛіɪɝɟ ԕɚɬɬɵ ɞɟɧɟɧің 
ɞɢɫɫɨɰɢɚɰɢɹɫɵɧɵң ɩɪɨɰɟɫіɧɞɟ іɲіɧɟɧ ɛԧɥіɧɟɬіɧ ɝɚɡ ɬԥɪіɡɞі ɡɚɬɬɵ ɞɚ ɚɬɚɭ ɤɟɪɟɤ. 
ɋɨɧɞɚ, ɛіɡ ɤɟɲɟɝі ɤԛɧɝɟ ɞɟɣіɧ ɨɥɚɪɞɵ ԕɚɪɚɦɚ-ԕɚɣɲɵ ԕɨɸɞɵң ɨɪɧɵɧɚ, 
ɞɢɫɫɨɰɢɚɰɢɹ ɦɟɧ ɚɞɫɨɪɛɰɢɹɧɵң ԛɣɥɟɫіɦɞіɥіɝіɧ ɞԝɪɵɫ ɬԛɫіɧɭɝɟ ɤɟɥɟɦіɡ. 
Ⱦɢɫɫɨɰɢɚɰɢɹ ɛԥɪіɧ ɲɟɲɟɞі ɧɟɦɟɫɟ ɚɞɫɨɪɛɰɢɹ ɛԥɪіɧ ɲɟɲɟɞі ɞɟɝɟɧ ɛіɪɠɚԕɬɵ 
ɫɟɧɞіɪɭ ԕɚɬɟ ɤԧɪіɧіɫɬɟɪɝɟ ԥɤɟɩ ɫɨԑɚɞɵ. Ȼɟɪіɥɝɟɧ ɦɟɯɚɧɢɡɦ ɫɵɡɛɚɫɵɧɚɧ 
ɛɚɣԕɚԑɚɧɵɦɵɡɞɚɣ, ɟɤі ɦɟɯɚɧɢɡɦ ɞɟ ɛіɪіɝіɩ ԥɪɟɤɟɬ ɟɬɟɞі. 

Ԕɚɬɬɵ ɞɟɧɟɧің ɛɟɬіɧɟ ɫɵɪɬԕɵ ɝɚɡɞɵ ɬɚɫԕɵɧɧɚɧ ɚɞɫɨɪɛɢɪɥɟɧɟɬіɧ ɝɚɡ (ɝɚɡ 
ԕɚɛɚɬɵ) ɫɵɪɬԕɵ ԕɚɲɵԕ ԕɚɛɚɬɬɵ ɠɚɫɚɣɞɵ, ɚɥ ɞɢɫɫɨɰɢɚɰɢɹ ɧԥɬɢɠɟɫіɧɞɟ ɩɚɣɞɚ 
ɛɨɥԑɚɧ ɝɚɡɞɚɪ ɟɤі ɯɟɦɨɫɨɪɛɢɪɥɟɧɝɟɧ ɠԥɧɟ ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ԕɚɛɚɬɲɚɥɚɪɞɚɧ 
ɬԝɪɚɬɵɧ іɲɤі ԕɚɛɚɬɬɵ ɠɚɫɚɣɞɵ. ɋɵɪɬԕɵ ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ɝɚɡɞɵ ԕɚɛɚɬɬɚɪ ԕɚɬɬɵ 
ɞɟɧɟɦɟɧ ɬɟɤ ԑɚɧɚ ɝɚɡɞɚɪɞɵң ɛɚɫԕɚ ɬԛɪіɧің іɲɤі ԕɚɛɚɬɲɚɥɚɪɵ ɚɪԕɵɥɵ ԧɡɚɪɚ 
ԥɪɟɤɟɬɬɟ ɛɨɥɚɞɵ. Ɉɫɵɧɵ ɟɫɤɟɪɟ ɨɬɵɪɵɩ, ԕɚɬɬɵ ɞɟɧɟɧің ɤɪɢɫɬɚɥɥ ɬɨɪɵ ɦɟɧ 
ɝɚɡɞɚɪɞɵң ԧɡɚɪɚ ԥɪɟɤɟɬі ɬɭɪɚɥɵ ɠɚԕɵɧ ɠԥɧɟ ԕɚɲɵԕ ɬԥɪɬіɩɬɟɝі ɞɟɝɟɧ ɬԛɫіɧіɤ 
ɟɧɝіɡɭɝɟ ɛɨɥɚɞɵ. 

ɀɚԕɵɧ ɞɟңɝɟɣɞің ԧɡɚɪɚ ԥɪɟɤɟɬі ɤɪɢɫɬɚɥɥ ɬɨɪɵɧɵң ɞɟɮɨɪɦɚɰɢɹɫɵɧ, ɨɧɞɚԑɵ 
ɛɨɫ ɨɪɵɧɧɵң (ɜɚɤɚɧɫɢɹɧɵң) ɩɚɣɞɚ ɛɨɥɭɵ ɦɟɧ ԧɡіɧің ɯɟɦɨɫɨɪɛɢɪɥɟɧɝɟɧ ɠԥɧɟ 
ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ɝɚɡ ɬԥɪіɡɞі ɚɬɨɦɞɚɪɵ ɦɟɧ ɦɨɥɟɤɭɥɚɥɚɪɵɦɟɧ ԧɡɚɪɚ ɛɚɣɥɚɧɵɫɵɧ 
ɛіɥɞіɪɟɞі. 

Ԕɚɲɵԕ ɬԥɪɬіɩɬің ԧɡɚɪɚ ԥɪɟɤɟɬі ɝɚɡɞɵң ɫɵɪɬԕɵ ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ԕɚɛɚɬɵ ɦɟɧ 
ɟɤі ɨɪɬɚɥɵԕ ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ɝɚɡɞɵ ԕɚɛɚɬ ɚɪԕɵɥɵ ɤɪɢɫɬɚɥɥ ɬɨɪɵɧɵң ɚɪɚɫɵɧɞɚ 
ɠԛɪɟɞі. 

Ⱥɞɫɨɪɛɢɪɥɟɧɝɟɧ ɝɚɡɞɵң ɫɵɪɬԕɵ ԕɚɛɚɬɵɧɵң ԧɡɚɪɚ ԥɪɟɤɟɬі ɤɪɢɫɬɚɥɞɵԕ 
ɬɨɪɞɵң ԧɡ ɝɚɡɵɧɵң ɟɤі ɚɪɚɥɵԕ ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ԕɚɛɚɬɵɦɟɧ ԧɡɚɪɚ ԥɪɟɤɟɬіɧің 
ɤԛɲіɧ ɧɚɲɚɪɥɚɬɭԑɚ ԥɤɟɩ ɫɨԑɚɞɵ. Ɉɫɵ ԧɡɚɪɚ ԥɪɟɤɟɬɬің ɤԛɲі ɧԧɥɝɟ ɠɚԕɵɧɞɚԑɚɧɞɚ 
ɝɚɡɞɵң ɠɚңɚ ɯɢɦɢɹɥɵԕ ԕɨɫɵɥɵɫɵ ɠɚɫɚɥɚɞɵ, ɨɥ ɞɟɫɨɪɛɰɢɹԑɚ ɛɟɣɬɚɪɚɩ ɤԛɣ ɦɟɧ 
ɦԛɦɤіɧɞіɤ ɚɥɚɞɵ. ɋɨɧɞɵԕɬɚɧ ԕɚɬɬɵ ɞɟɧɟɧің (ɬɨɬɵԕɬɚɪɞɵң) ɤɪɢɫɬɚɥɥ ɬɨɪɵɧɵң 
ɛɟɬіɧɟ ɪɟɞɭɤɰɢɹɥɵԕ ɝɚɡɞɚɪ ɚɞɫɨɪɛɢɪɥɟɧɟɞі ɞɟɝɟɧ ɚɞɫɨɪɛɰɢɨɧɞɵԕ-
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ɚɜɬɢɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦɞɟɝі ɛɟɪіɥɟ-ɬіɧ ɤԧɪіɧіɫ ɲɵɧɞɵԕԕɚ ԧɬɟ ɠɚԕɵɧ ɠԥɧɟ 
ԕɚɲɵԕ ɛɨɥɚɬɵɧ ɤɪɢɫɬɚɥɞɵ ɯɢɦɢɹɥɵԕ ɚɣɧɚɥɵɦɞɚɪɞɵ ɲɚԕɵɪɚɞɵ. 

Ȼіɪіɧɲіɞɟɧ, ɤɚɪɬɨɩɬɵ ɧɟɦɟɫɟ ԥɦɢɹɧɞɵ ɛԝɡɛɚɣ ɛԧɬɟɥɤɟɧің ɚɭɵɡɵɧɚ ɬɵԑɭ 
ɦԛɦɤіɧ ɟɦɟɫɬіɝі ɫɢɹԕɬɵ, ɋɈ ɦɟɧ ɇ2  ɪɟɞɭɤɰɢɹɥɵԕ ɝɚɡɞɚɪɞɵң ɟɤіɚɬɨɦɞɵ 
ɦɨɥɟɤɭɥɚɥɚɪɵ ԧɡɞɟɪіɧің ԧɥɲɟɦɞɟɪіɧɟ ԕɚɪɚɣ ɤɪɢɫɬɚɥɥ ɬɨɪɵɧɚ ɤіɪɟ ɚɥɦɚɣɞɵ. 
Ɉɥɚɣ ɛɨɥɫɚ, ɨɥɚɪ ɤɪɢɫɬɚɥɥ ɬɨɪɵɧɵң ɬіɤɟɥɟɣ ɛԝɡɵɥɭɵɧ ɠԥɧɟ ɞɟɮɨɪɦɚɰɢɹɫɵɧ 
ɠɚɫɚɣ ɚɥɦɚɣɞɵ. ȿɤіɧɲіɞɟɧ, ɤɪɢɫɬɚɥɞɵ ɯɢɦɢɹɥɵԕ ɚɣɧɚɥɵɦɞɚɪ ɟң ɛɚɫɬɵɫɵ, 
ɫɵɪɬԕɵ ԕɚɛɚɬɬɚɧ ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ɝɚɡɞɵң ԕɚɬɵɫɭɵɧɫɵɡ ɬɟɦɩɟɪɚɬɭɪɚɧɵ 
ɤԧɬɟɪɭɞің ԥɫɟɪіɦɟɧ ɠԛɪɟɞі.  

Ɇɵɫɚɥɵ, ɠɨԑɚɪɵɞɚ ɤԧɪɫɟɬіɥɝɟɧɞɟɣ, ɬɟɦɩɟɪɚɬɭɪɚ ɠɨԑɚɪɵɥɚԑɚɧ ɫɚɣɵɧ, 
ɦɵɧɚɞɚɣ MnO2, Mn2O3, Fɟ2Ɉ3 ɬɨɬɵԕɬɚɪ ɞɢɫɫɨɰɢɚɰɢɹɫɵɧɵң ɫɟɪɩіɦɞіɥіɝі ԧɬɟ 
ԛɥɤɟɧ ɲɚɦɚԑɚ ɞɟɣіɧ ɤԧɛɟɣɟɞі, ɨɥ ɛɨɫ ɨɬɬɟɝіɧің ɬԥɪɬіɩɫіɡ (ɫɩɨɧɬɚɧɧɨ) ɛԧɥіɧɭіɧɟ 
ԥɤɟɥɟɞі. Ɉɫɵɞɚɧ, ɞɢɫɫɨɰɢɚɰɢɹ ɦɟɧ ɝɚɡɞɵ ԕɚɛɚɬɲɚɥɚɪɞɵң ɬɢіɫɬі ԕԝɪɚɥɭɵ ɫɚɥɦɚԕ 
ɚɭɵɫɬɵɪɭ ɦɟɯɚɧɢɡɦіɧің ɛɚɫɬɚɩԕɵ (ɛіɪіɧɲі) ɤɟɡɟңі ɛɨɥɚɬɵɧɞɵԑɵɧ 
ԕɨɪɵɬɵɧɞɵɥɚɭ ԕɢɵɧ ɟɦɟɫ. ɋɚɥɦɚԕ ɚɭɵɫɭɥɵԕ ɩɪɨɰɟɫɬің ɦɟɯɚɧɢɡɦіɧ ɨɫɵɥɚɣ 
ɬԛɫіɧɭɞɟɧ, 1991 ɠɵɥɵ ɨɫɵ ɤіɬɚɩɬɵң ɚɜɬɨɪɵɧɚ «Ɇɟɬɚɥɞɚɪ ɪɟɞɭɤɰɢɹɫɵɧɵң 
ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ-ɚɞɫɨɪɛɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦіɧ» ɬԝɠɵɪɵɦɞɚɭԑɚ ɦԛɦɤіɧɞіɤ ɬɭɞɵ.  

ȿɪɬɟɪɟɤɬɟ, ɚɞɫɨɪɛɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦɞі ɞɢɫɫɨɰɢɚɰɢɹɥɵԕԕɚ ɠɚɫɚɧɞɵ ԕɚɪɚɦɚ-
ԕɚɪɫɵ ԕɨɸ, ɝɚɡɞɵ ɪɟɞɭɤɰɢɨɧɟɪɥɟɪɞі ԕɨɥɞɚɧɭɞɵң ɟɪɟɤɲɟɥіɝіɧ ԝɫɵɧɭԑɚ ɠԥɧɟ 
ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧі ɬіɤɟɥɟɣ ԕɨɥɞɚɧɭɞɵ ɲɟɤɬɟɭɝɟ ԥɫɟɪіɧ ɬɢɝіɡɞі. 

Ȼіɪԕɚɬɚɪ: Fɟ2Ɉ3, FɟɈ, MnO ɬɨɬɵԕɬɚɪɵɧɵң ɠԥɧɟ ɛɚɫԕɚɥɚɪɵɧɵң 
ɞɢɫɫɨɰɢɚɰɢɹ ɫɟɪɩіɦɞіɥіɝіɧің ɫɚɧɞɵԕ ɲɚɦɚɫɵɧɵң ԧɬɟ ɚɡɞɵԑɵ, ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ 
ɦɟɯɚɧɢɡɦɞі ɠɨԕԕɚ ɲɵԑɚɪɭɞɵң ɛɚɫɬɵ ɚɪɝɭɦɟɧɬі ɛɨɥɞɵ. Ɉɫɵɧɞɚ, ɫɚɥɦɚԕ ɚɭɵɫɭ 
ɩɪɨɰɟɫіɧің ɠԛɡɟɝɟ ɚɫɵɪɵɥɭɵ ɬɨɬɵԕɬɚɧ ɨɬɬɟɝіɧің ɛɨɫ ɧɟɦɟɫɟ ɬԥɪɬіɩɫіɡ ɛԧɥіɧɟɬіɧ 
ɫɚɧɵɦɟɧ ԕɚɪɚɫɬɵɪɵɥɞɵ. ɒɵɧɞɵԑɵɧɞɚ, ɫɚɥɦɚԕ ɚɭɵɫɭ ɩɪɨɰɟɫіɧің ɠԛɡɟɝɟ 
ɚɫɵɪɵɥɭɵ 5.6-ɤɟɫɬɟɧің ɞɟɪɟɤɬɟɪі ɚɪԕɵɥɵ ɤԧɪɫɟɬіɥɝɟɧɞɟɣ, ɬɨɬɵԕɬɵң 
ɞɢɫɫɨɰɢɚɰɢɹɫɵ ɫɟɪɩіɦɞіɥіɝіɧің ɚɛɫɨɥɸɬɬі ɲɚɦɚɫɵɦɟɧ ɟɦɟɫ, ɛԧɥɲɟɤɬɟɪɞің 
ɧɟɦɟɫɟ ԕɚɛɚɬɬɵң ɬіɤɟɥɟɣ ɪɟɚɤɰɢɹɥɵԕ ɛɟɬіɧɞɟɝі ɨɬɬɟɝіɧің ɞɢɫɫɨɰɢɚɰɢɹ 
ɫɟɪɩіɦɞіɥіɝі ɦɟɧ ɩɚɪɰɢɚɥɞɵ ԕɵɫɵɦɵɧɵң ɚɣɵɪɦɚɫɵɦɟɧ ɛɚԑɚɥɚɧɚɞɵ. 

Ɍɨɬɵԕ ɞɢɫɫɨɰɢɚɰɢɹɫɵɧɵң ɫɟɪɩіɦɞіɥіɝі ( 2010
2

ɈɊ ) ԕɚɧɲɚɥɵԕɬɵ ɚɡ 
ɛɨɥԑɚɧɵɦɟɧ, ɨɧɵң ɪɟɚɤɰɢɹɥɵԕ ɛɟɬɬɟɝі ɩɚɪɰɢɚɥ-ɞɵ ԕɵɫɵɦɵ ɨɞɚɧ ɞɚ, ɦɵɫɚɥɵ, 
ɦɵɧɚ ɞɟңɝɟɣɞɟ 2110

2

ɈɊ  ɚɡ ɛɨɥɭɵ ɦԛɦɤіɧ. Ɉɧɞɚ 10
222
 ɈɈɈ ɊɊɊ  ɚɣɵɪɦɚɫɵ 

ɞɢɫɫɨɰɢɚɰɢɹɥɚɧԑɚɧ ɨɬɬɟɝіɧі ɬɨɬɵԕ ɛɟɬіɧɟɧ ɪɟɚɤɰɢɹ ɡɨɧɚɫɵɧɚ ԕɚɪɚɣ ɚɥɵɩ ɤɟɬɟɞі. 
Ȼԝɥ 

2ɈɊ  ɚɣɵɪɦɚɲɵɥɵԕɬɵ ɝɚɡ ɬԥɪіɡɞі ɫɢɹԕɬɵ ԕɚɬɬɵ ɪɟɞɭɤɰɢɨɧɟɪ ɞɟ ɲɵԑɚɪɚɞɵ. 
Ƚɚɡɞɵ ɪɟɞɭɤɰɢɨɧɟɪɥɟɪɞің ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɚɥɞɵɧɞɚԑɵ ɚɪɬɵԕɲɵɥɵԑɵɧ 

ɨɥɚɪɞɵң ԕɨɡԑɚɥԑɵɲɬɵԑɵɧɚ, ɹԑɧɢ ɦɨɥɟɤɭɥɹɪɥɵԕ ԕɨɡԑɚɥɵɫɵɧɵң ɟɪɤіɧɞіɝіɧɟ ɛɨɥɚ 
ɦɨɣɵɧɞɚɭ, ɪɟɚɝɟɧɬɬɟɪɞің ɬɚɛɢԑɚɬɵɧ ɦɨɥɟɤɭɥɹɪɥɵԕ ɞɟңɝɟɣɞɟ ɬԛɫіɧɭɞɟɧ ɲɵԑɚɞɵ. 
ȿɝɟɪ ɪɟɚɝɟɧɬɬɟɪɞің, ɫɨɧɵң іɲіɧɞɟ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɞɟ ɮɢɡɢɤɚɥɵԕ ɬɚɛɢԑɚɬɵɧ 
ɬɟɪɟңіɪɟɤ ԕɚɪɚɫɬɵɪɫɚԕ, ɨɧɞɚ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɫɬɚɬɢɤɚɥɵԕ ɤԛɣɝɟ ɠԥɧɟ ɬɟɤ ԑɚɧɚ 
ɞɢɮɮɭɡɢɹɥɵԕ ɬɚɫɵɦɚɥɞɚɭԑɚ ɚɪɧɚɥɦɚԑɚɧɞɵԑɵɧ ɛɚɣԕɚɭԑɚ ɛɨɥɚɞɵ. 

Ʉɟɡ ɤɟɥɝɟɧ ɠɚԑɞɚɣɞɚ, ɪɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪ ɠԛɣɟɧі ԕɵɡɞɵɪԑɚɧɞɚ 
ɛɚɫɬɚɥɚɬɵɧɞɵԕɬɚɧ, ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɚɧɚԑԝɪɥɵɦ ɛɟɥɫɟɧɞі ɠɚԑɞɚɣɞɚ ɛɨɥɚɞɵ. 
Ɉɧɵң ԕɨɡԑɚɥɵɫɵɧ, ɚɬɨɦɞɵԕ ɠԥɧɟ ɦɨɥɟɤɭɥɹɪɥɵԕ ɞɟңɝɟɣɞɟ ɟɦɟɫ, ɷɥɟɤɬɪɨɧɞɵԕ-
ɢɨɧɞɵԕ ɞɟңɝɟɣɞɟ ԕɚɪɚɫɬɵɪɭ ԕɚɠɟɬ. 
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Ʉԧɦіɪɬɟɝіɧің ɤɪɢɫɬɚɥɥ ɬɨɪɵɧɵң ɠɚɡɵԕɬɵԕ ɚɪɚɥɵԕ ɤɟңіɫɬіɝіɧɟɧ ɛɨɫ 
ɷɥɟɤɬɪɨɧɞɚɪɞɵң ɬԥɪɬіɩɫіɡ ɛԧɥіɧɭі ɠԥɧɟ ɷɥɟɤɬɪɨɧɞɚɪɞɵң ԧɬɤіɡɝіɲɬіɝі ɤԧɦіɪɬɟɝі 
ɦɟɧ ԕԝɪɚɦɵɧɞɚ ɤԧɦіɪɬɟɝі ɛɚɪ ɪɟɚɝɟɧɬɬɟɪ ɛԧɥɲɟɤɬɟɪіɧің ɚɣɧɚɥɚɫɵɧɞɚ 
ɷɥɟɤɬɪɨɧɞɵ ɛԝɥɬ ɠɚɫɚɣɞɵ, ɨɥ ɚɪԕɵɥɵ ԥɪɟɤɟɬɬɟɪі ԛɡіɥɝɟɧ ԕɚɛɚɬɬɚɪ ɚɪɚɫɵɧɞɚԑɵ 
ɟɞԥɭіɪ ɚɪɚԕɚɲɵԕɬɵԕɬɚ ɨɥ ɬɨɬɵԕɬɚɪɞɵң ɛɟɬіɧɟ «ɠɟɬɟɞі». ȿɝɟɪ ԕԝɪɚɦɵɧɞɚ 
ɤԧɦіɪɬɟɝі ɛɚɪ ɪɟɚɝɟɧɬɬɟɪɞің ɛԧɥɲɟɤɬɟɪі ɬɨɬɵԕɬɵ ɛԧɥɲɟɤɬɟɪɞің ԕɚɛɚɬɵɧɞɚ 
ɛɨɥɫɚ, ɨɧɞɚ ɠԛɣɟɧі ԕɵɡɞɵɪԑɚɧɞɚ ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵ, ɨɥɚɪ ԕɚɧɲɚɥɵԕɬɵ ɦɵԕɬɵ 
ɛɨɥɫɚ ɞɚ ԕɚɧɞɚɣ-ɞɚ ɛіɪ ɲɚɦɚԑɚ ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɚɬɵɧɞɵԑɵɧ ɛɚɣԕɚɭ ԕɢɵɧ ɟɦɟɫ. 
ɋɨɧɞɚ ɠԛɣɟɞɟ ɛіɪ ɠɚԑɵɧɚɧ – ɷɥɟɤɬɪɨɧɞɵ ɛԝɥɬɵ ɛɚɪ ɤԧɦіɪɬɟɝіɧің ɛԧɥɲɟɝі, ɚɥ 
ɛɚɫԕɚ ɠɚԑɵɧɚɧ – ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ɨɬɬɟɝіɧің ɚɬɨɦɞɚɪɵ ɛɚɪ ɬɨɬɵԕɬɵң ɛԧɥɲɟɝі 
ɩɚɣɞɚ ɛɨɥɚɞɵ. Ȼԝɥ ɪɟɚɤɰɢɹɧɵң ɛɚɫɬɚɥɭɵ ԛɲіɧ ɤɟɪɟɤɬіɧің ԧɡі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 
Ɉɬɬɟɝі ɚɬɨɦɞɚɪɵɧɵң  ԥɪԕɚɲɚɧ ɬɨɥɬɵɪɵɥɦɚԑɚɧ ɷɥɟɤɬɪɨɧɞɵ ԕɚɛɵɪɲɚԑɵ ɛɨɥɚɞɵ 
ɠԥɧɟ ɨɥɚɪ ɷɥɟɤɬɪɨɧɞɚɪɞɵ ԧɬɟ ɛɟɥɫɟɧɞі ɫіңіɪɟɞі: 

 
2Ɉ + 4 ɟ = 2Ɉ-2                                            (3.55) 

 
Ʉԧɦіɪɬɟɝі ɞɢɫɫɨɰɢɚɰɢɹɥɚɧԑɚɧ ɨɬɬɟɝі ɚɬɨɦɞɚɪɵɧɵң ɚɪɚɫɵɧɞɚ 

ɷɥɟɤɬɪɨɧɞɚɪɵɧ ɢɨɧɞɚɪ ɬԛɪіɧɞɟ ɠɨԑɚɥɬɚɞɵ 
 

ɋ – 4 ɟ = ɋ +4                                              (5.56) 
 
Ⱥɥ, ɤԧɦіɪɬɟɝі-ɤɚɬɢɨɧɧɵң ɚɪɚɫɵɧɞɚ, ɛԧɥɲɟɤɬɟɪɞің ԕɨɡԑɚɥɵɫɵɧ 

ɠɵɥɞɚɦɞɚɬɚɬɵɧ ɟɤіɧɲі ɮɚɤɬɨɪ ɟɫɟɛіɧɞɟ ɷɥɟɤɬɪɫɬɚɬɢɤɚɥɵԕ ɤԛɲ ɩɚɣɞɚ ɛɨɥɚɞɵ. 
Ɉɫɵ ԝɡɵɧɚ ɛɨɣɥɵԕ ɤԛɲɬің ԥɫɟɪіɦɟɧ ɦɵɧɚɞɚɣ  ɪɟɚɤɰɢɹ ɠԛɪɟɞі: 

 
  ɋ+4 + 2Ɉ-2 = ɋɈ2

                                        (5.57) 
 
(5.57) ɪɟɚɤɰɢɹɞɚԑɵ ɤɨɦɩɨɧɟɧɬɬɟɪɞің ɦɨɥɲɵɥɵԑɵɧɚɧ ɧɟɦɟɫɟ 

ɠɟɬіɫɩɟɭɲіɥіɝіɧɟ ɛɚɣɥɚɧɵɫɬɵ ɩɚɣɞɚ ɛɨɥɚɬɵɧ ɝɚɡɞɚɪɞɵң ɋɈ2 ɦɟɧ ɋɈ 
ɚɪɚԕɚɬɵɧɚɫɵ ԧɡɝɟɪɟɞі: 

 
ɋɈ2

  +  ɋ = 2ɋɈ                                     (5.58) 
 

ɀԛɣɟɞɟ ɩɚɣɞɚ ɛɨɥɚɬɵɧ ɷɥɟɤɬɪɫɬɚɬɢɤɚɥɵԕ ɤԛɲɬɟɪ ɛԧɥɲɟɤɬɟɪɞің 
ԕɨɡԑɚɥɵɫɵɧ ɷɥɟɤɬɪɨɧɞɚɪ ɦɟɧ ɢɨɧɞɚɪ ɞɟңɝɟɣіɧɞɟ ɝɚɡɞɚɪɞɵң ɦɨɥɟɤɭɥɹɪɥɵԕ 
ԕɨɡԑɚɥɵɫɵɧɚ ԕɚɪɚԑɚɧɞɚ, ԕɚɪԕɵɧɞɵɪɚԕ ɠԛɪɝіɡіɥɭіɧ ɲɚɪɬɬɚɣɞɵ. ɋɨɧɞɵԕɬɚɧ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝіɝɟ ɬɟɤ ԑɚɧɚ ɞɢɮɮɭɡɢɹɥɵԕ ԕɨɡԑɚɥɵɫɬɵ, ԥɫіɪɟɫɟ, ɬɨɬɵԕ-ɤԧɦіɪɬɟɝі 
ɠԛɣɟɫіɧɞɟ ԕɨɫɵɩ ɠɚɡɭ, ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɧɭɲі ԕɚɬɬɵ ɤɨɦɩɨɧɟɧɬɬɟɪɞің ɮɢɡɢɤɚɥɵԕ 
ɚɪɚԕɚɬɵɧɚɫɵɧ ɠɟɬɤіɥіɤɬі ɬԛɫіɧɛɟɭɞɟɧ ɲɵԕɬɵ. Ԕɚɪɚɫɬɵɪɵɥɚɬɵɧ ɠԛɣɟɞɟ 
ɛԧɥɲɟɤɬɟɪɞің ɚɪɚɫɵɧɞɚԑɵ ɞɢɮɮɭɡɢɨɧ-ɞɵԕ ɬɚɫɵɦɚɥɞɚɭɞɵң ԛɥɟɫіɧ ɟɫɟɩɤɟ ɠɚɥɩɵ 
ɚɥɦɚɭԑɚ ɛɨɥɚɞɵ. Ʉԧɪɫɟɬіɥіɩ ɨɬɵɪԑɚɧ ɦɟɯɚɧɢɡɦɞі ɛіɪɞɟɣ ɞԥɪɟɠɟɞɟ ɝɚɡɞɵ ɋɈ ɦɟɧ 
ɇ2 ɪɟɚɝɟɧɬɬɟɪіɧɟ ɞɟ ɠɚɬԕɵɡɭԑɚ ɛɨɥɚɞɵ. Ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɞɟɧ ɨɥɚɪ 
ɚɞɫɨɪɛɢɪɥɟɧɭіɦɟɧ, ɹԑɧɢ ɬɨɬɵԕɬɚɪɞɵң ɪɟɚɤɰɢɹɥɵԕ ɛɟɬіɧ ɠɚɛɭɵɦɟɧ 
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ɟɪɟɤɲɟɥɟɧɟɞі, ɨɥɚɪɞɵң ɛɟɬіɧɞɟ ɞɟ ɨɬɬɟɝіɧің ɯɟɦɨɫɨɪɛɢɪɥɟɧɝɟɧ ɠԥɧɟ 
ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ԕɚɛɚɬɬɚɪɵɧɵң ɚɫɬɵңԑɵ ɠɚԑɵ ɛɨɥɚɞɵ. 

Ɋɟɞɭɤɰɢɹɥɵԕ ɝɚɡ ɷɥɟɤɬɪɨɧɞɚɪɞɵң ɞɨɧɨɪɵ ɛɨɥԑɚɧɞɵԕɬɚɧ, ɨɫɵԑɚɧ ԝԕɫɚɫ 
ɞɚɣɵɧɞɵԕ ɚɣɧɚɥɵɦɞɚɪɵ ɠԛɪɟɞі: 
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Ԥɪі ԕɚɪɚɣ,  
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                                          (5.60) 

 
Ɉɫɵ ɠɚԑɞɚɣɞɚ ɢɨɧɞɚɪ ɤԧɦіɪɬɟɝіɦɟɧ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɝіɞɟɣ ɟɦɟɫ, ɠɚԕɵɧɵɪɚԕ 

ɚɪɚԕɚɲɵԕɬɵԕɬɚ ɛɨɥɚɞɵ. ɋɨɧɞɵԕɬɚɧ ɷɥɟɤɬɪɫɬɚɬɢɤɚɥɵԕ ɤԛɲɬɟɪ ɬɨɬɵԕ ɩɟɧ 
ɤԧɦіɪɬɟɝіɧің ԧɡɚɪɚ ԥɪɟɤɟɬіɧɞɟɝіɞɟɣ ɟɦɟɫ, ɚɧɚԑԝɪɥɵɦ ԕɵɫԕɚ ɚɪɚԕɚɲɵԕɬɵԕɬɚ ԥɫɟɪ 
ɟɬɟɞі. Ⱦɟɝɟɧɦɟɧ, ɬɚԑɵ ɞɚ ɞɢɫɫɨɰɢɚɰɢɹɦɟɧ ɛɚɣɥɚɧɵɫԕɚɧ ɪɟɚɤɰɢɹɧɵң ɬɟɩɟ-ɬɟңɞіɝі 
ɛɚɫɬɚɥɚɞɵ. ɀԛɣɟɞɟɝі ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɚɤɰɢɹɧɵң ɤɨɦɩɨɧɟɧɬɬɟɪіɧɟ ɛіɪɞɟɣ ԥɫɟɪ 
ɟɬɟɞі. Ɉɫɵ ɠɚԑɞɚɣɞɚ, ɟɤі ɬɨɬɵԕ – ɦɟɬɚɥɥ ɬɨɬɵԑɵ ɠԥɧɟ ɝɚɡ ɬԥɪіɡɞі ԧɧіɦɧің ɋɈ2 
ɧɟɦɟɫɟ ɇ2Ɉ ɬɨɬɵԑɵ ɛɨɥɚɞɵ. Ɇɟɬɚɥɞɚɪ ɬɨɬɵԕɬɚɪɵ ɦɟɧ ɪɟɚɤɰɢɹ ԧɧіɦɞɟɪі – ɋɈ2 
ɦɟɧ ɇ2Ɉ ԛɲɚɬɨɦɞɵ ɝɚɡɞɚɪɞɵң ɞɢɫɫɨɰɢɚɰɢɹɥɚɪ ɫɟɪɩіɦɞі-ɥіɝіɧің ɲɚɦɚɫɵ 
ɠɚԕɵɧɞɚԑɚɧ ɫɚɣɵɧ ɬɟɩɟ-ɬɟңɞіɤ ɛɚɫɬɚɥɚɞɵ. ȿɝɟɪ ɞɟ ɦɟɬɚɥɥ ɬɨɬɵԑɵɧɵң 
ɞɢɫɫɨɰɢɚɰɢɹ ɫɟɪɩіɦɞіɥіɝі ɋɈ-ɧɵң ɞɢɫɫɨɰɢɚɰɢɹ ɫɟɪɩіɦɞіɥіɝіɦɟɧ ɫɚɥɵɫɬɵɪɭԑɚ 
ɤɟɥɫɟ, ɪɟɚɤɰɢɹɧɵң ɬіɩɬі ɛɚɫɬɚɥɦɚɭɵ ɞɚ ɦԛɦɤіɧ. 

Ɇԥɥіɦɞɟɥіɩ ɨɬɵɪԑɚɧɧɚɧ, ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ-ɚɞɫɨɪɛɰɢɨɧɞɵԕ ɦɟɯɚɧɢɡɦ 
ɠԛɪɭіɧің ɦɵɧɚɞɚɣ ɬԥɪɬіɛі ɲɵԑɚɞɵ: 

1. Ɇɟɬɚɥɞɚɪ ɬɨɬɵԕɬɚɪɵɧɵң ɞɢɫɫɨɰɢɚɰɢɹɫɵ ɠԥɧɟ ɬɨɬɵԕɬɚɪ ɛԧɥɲɟɤɬɟɪіɧің 
ɛɟɬіɧɞɟɝі ɯɟɦɨɫɨɪɛɢɪɥɟɧɝɟɧ ɠԥɧɟ ɚɞɫɨɪɛɢɪɥɟɧ-ɝɟɧ ԧɡіɧің ɨɬɬɟɝіɫіɧің ԕɚɛɚɬ ɚɫɬɵ 
ɛԧɥіɝіɧің ɠɚɫɚɥɭɵ. 

2. Ԕɚɬɬɵ ɪɟɞɭɤɰɢɹɥɵԕ ɪɟɚɝɟɧɬɬɟɪɞің (ɋ) ɛɟɬіɧɞɟɝі ɷɥɟɤɬɪɨɧɞɵԕ ɷɦɢɫɫɢɹɫɵ 
ɠԥɧɟ ɛԧɥіɧɭі ɧɟɦɟɫɟ ɬɨɬɵԕɬɵԕ ɛԧɥɲɟɤɬɟɪɞің ɫɵɪɬԕɵ ɛɟɬіɧɟ ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ 
ɝɚɡɞɵ ɪɟɞɭɤɰɢɨ-ɧɟɪɥɟɪɞің ɦɨɥɟɤɭɥɚɫɵɧɞɚԑɵ ɜɚɥɟɧɬɬі ɷɥɟɤɬɪɨɧɞɚɪ 
ɨɪɛɢɬɚɫɵɧɵң ԧɡɝɟɪɭі. 

3. Ⱦɨɧɨɪɥɚɪɞɚɧ-ɪɟɞɭɤɰɢɹɥɵԕ ɪɟɚɝɟɧɬɬɟɪɞɟɧ ɚɤɰɟɩɬɨɪɥɚɪԑɚ-
ɞɢɫɫɨɰɢɚɰɢɹɥɚɧԑɚɧ ɚɞɫɨɪɛɢɪɥɟɧɝɟɧ ɠԥɧɟ ɯɟɦɨɫɨɪɛɢɪɥɟɧɝɟɧ ɨɬɬɟɝіɝɟ ԕɚɪɚɣ 
ɷɥɟɤɬɪɨɧɞɚɪɞɵң ԧɬɭі, ԕɚɪɚɦɚ-ԕɚɪɫɵ ɡɚɪɹɞɬɚɥԑɚɧ ɢɨɧɞɚɪɞɵң ɠɚɫɚɥɭɵ. 

4. ɂɨɧɞɚɪ ɚɪɚɫɵɧɞɚԑɵ, ɨɥɚɪɞɵң ɠɚԕɵɧɞɚɫɭɵɧ ɠԥɧɟ ɝɚɡɞɵң (ɋɈ, ɋɈ2) 
ɛɟɣɬɚɪɚɩ ɦɨɥɟɤɭɥɚɫɵɧɵң ɠɚɫɚɥɭɵɧ ɛɨɥɞɵɪɚɬɵɧ ɷɥɟɤɬɪɫɬɚɬɢɤɚɥɵԕ ɬɚɪɬɵɥɭ 
ɤԛɲɬɟɪіɧің ɩɚɣɞɚ ɛɨɥɭɵ. 

5. Ɇɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵ ɦɟɧ ɬɨɬɵԕɬɚɪɞɵң ɩɚɣɞɚ ɛɨɥɚɬɵɧ ɝɚɡ ɦɨɥɟɤɭɥɚɥɚɪɵ 
ɞɢɫɫɨɰɢɚɰɢɹɫɵɧɵң ɫɟɪɩіɦɞіɥіɝіɧ ɫɚɥɵɫɬɵɪɭ. )()( 222 ɆɟɈɈɋɈɈ ɊɊ   ɲɚɪɬɬɚɪɵɧɞɚ 
ɩɚɣɞɚ ɛɨɥɚɬɵɧ ɝɚɡ ɦɨɥɟɤɭɥɚɫɵ ɬɨɬɵԑɵɧɵң ɞɟɫɨɪɛɰɢɹɫɵ. 

Ƚɚɡɞɚɪ ԕԝɪɚɦɵ ɦɟɧ ɫɚɧɵɧɵң ԥɪі ԕɚɪɚɣ ԧɡɝɟɪɭі ԕɨɫɵɦɲɚ ɮɚɤɬɨɪɥɚɪԑɚ 
ɬԥɭɟɥɞі ɤɟɥɟɞі, ɦɵɫɚɥɵ, ɤԧɦіɪɬɟɝіɧің ɦɨɥɲɵɥɵԑɵ ɦɵɧɚԑɚɧ ԥɤɟɥɟɞі, ɫɨɧɞɵԕɬɚɧ 
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ɠԝɦɫɚɥɚɬɵɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɲɵԑɵɧɵ [98,99] ɠԝɦɵɫɬɚɪɞɚ ɤԧɪɟɫɟɬіɥɝɟɧ 
ԥɞіɫɬɟɦɟɦɟɧ ɟɫɟɩɬɟɥіɧɭ ɤɟɪɟɤ: 

 
ɋ + ɋɈ2 = 2ɋɈ                                     (5.61) 

 
ɋ + ɇ2Ɉ = ɋɈ + ɇ2                                                    (5.62) 

 
Ⱦɢɫɫɨɰɢɚɰɢɹɥɵԕ-ɚɞɫɨɪɛɰɢɨɧɞɵԕ ɦɟɯɚɧɢɡɦɧің ɤɟɥɬіɪіɥɝɟɧ ɬԥɪɬіɛі 

ɪɟɞɭɤɰɢɹɥɵԕ ɪɟɚɝɟɧɬɬɟɪɞің ɠԥɧɟ ɦɟɬɚɥɞɚɪ ɬɨɬɵԑɵɧɵң ɬԛɪіɧɟ ɠԥɧɟ ɤԛɣіɧɟ 
ɛɚɣɥɚɧɵɫɫɵɡ ɛɚɪɥɵԕ ɪɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɤɟ ԕɚɬɵɫɬɵ ɬɚɪɚɬɭԑɚ ɛɨɥɚɞɵ, ɹԑɧɢ 
ɤԧɛіɪɟɤ ɠɚɥɩɵɥɚɦɚɣ ɫɢɩɚɬ ɚɥɚɞɵ [100] . 

 

3.3.1 Ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɞɚɪɞɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ 
ɦɟɯɚɧɢɡɦі ɠԧɧіɧɞɟ [101]  

Ʉɟɣɛіɪ ɦɟɬɚɥɞɚɪɞɵ ɫɨңԑɵ ɬԛɪɥɟɧɭ ɫɚɬɵɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ԕɢɵɧ 
ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɞɟɩ ɚɬɚɭ ԕɚɛɵɥɞɚɧԑɚɧ. ɋr2O3, TiO2 ɫɢɹԕɬɵ ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵ 
ɠɟɬɤіɥіɤɬі ɠɨԑɚɪɵ ɯɢɦɢɹɥɵԕ ɛɚɣɥɚɧɵɫԕɚ ɢɟ. Ⱥɥɚɣɞɚ ɨɧɵң ɲɚɦɚɫɵ ɨɬɬɟɝі 
ɚɬɨɦɞɚɪɵɧɵң ɦɟɬɚɥɥ ɚɬɨɦɵɧɚ ԕɚɬɵɧɚɫɵɧɚ ɬԥɭɟɥɞі. Ɏɚɡɚɥɵԕ ɬԛɪɥɟɧɭ ɪɟɬɬіɥіɝі 
ɠԧɧіɧɞɟ Ⱥ.Ⱥ.Ȼɚɣɤɨɜɬɵң ɬɚɧɵɦɚɥ ɟɪɟɠɟɫіɧɟ ɫԥɣɤɟɫ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɤɰɢɹɥɚɪɵ 
Ɉ/Ɇɟ ɚɬɨɦɞɵԕ ԕɚɬɵɧɚɫɵɧɵң ɪɟɬɬіɤ ɚɡɚɸɵɦɟɧ ɠԛɪɟɞі. Ɍɟɪɦɨɞɢɧɚɦɢɤɚɥɵԕ 
ɬɚɥɞɚɭ ɛɚɪɵɫɵɧɞɚ ɦɟɬɚɥɞɚɪ ɜɚɥɟɧɬɬіɥіɝіɧің ԧɡɝɟɪɭіɧɟ ɫԥɣɤɟɫ, ɬɨɬɵԕɬɚɪɞɵң 
ɬԝɪɚԕɬɵ ɮɚɡɚɥɚɪɵ ԕɚɪɚɫɬɵɪɵɥɚɞɵ. Ɍɢɬɚɧ ɦɟɧ ɯɪɨɦ ɬɨɬɵԕɬɚɪɵ ԛɲіɧ 
ɬɟɪɦɨɞɢɧɚɦɢɤɚɞɚ ɤɟɥɟɫі ɮɚɡɚɥɵԕ ɬԛɪɥɟɧɭɥɟɪ ɪɟɬіɧ ԕɚɪɚɫɬɵɪɭԑɚ ɛɨɥɚɞɵ. 
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3332                                  (3.63)      

                                                       
Ɍԛɪɥɟɧɭ ɪɟɬɬіɥіɝі ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬɬɟɪіɦɟɧ ԥɪɟɤɟɬɬɟɫɭ ɤɟɡіɧɞɟ 

ɤԧɪɫɟɬіɥɝɟɧ ɦɟɬɚɥɞɚɪɞɵң ɪɟɞɭɤɰɢɹɥɚɧɭ ɦԛɦɤіɧɞіɝіɧ ɫɢɩɚɬɬɚɣɞɵ. Ɍԥɠіɪɢɛɟɞɟ 
ɩɚɣɞɚɥɚɧɵɥɚɬɵɧ ɝɚɡ ɬԥɪіɡɞі (ɋɈ, ɇ2) ɠԥɧɟ ԕɚɬɬɵ (ɋ) ɪɟɞɭɤɰɢɹɥɚԑɵɲɬɚɪ 
ɬɨɬɵԕɬɚɪԑɚ ԕɚɬɵɫɬɵ ԥɪɬԛɪɥі ԕɚɛіɥɟɬɬіɥіɤɬɟɪɝɟ ɢɟ ɛɨɥɚɞɵ. Ԥɪɟɤɟɬɬɟɫɭ ɧԥɬɢɠɟɫі 
ɟɤі ɮɚɤɬɨɪԑɚ ɬԥɭɟɥɞі: 1) ɬɨɬɵԕɬɵң ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɥіɝіɧɟ ɠԥɧɟ 2) ɪɟɚɝɟɧɬɬің 
ɪɟɞɭɤɰɢɹɥɚɭ ɩɨɬɟɧɰɢɚɥɵɧɚ. Ƚɚɡ ɠԥɧɟ ԕɚɬɬɵ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬɬɟɪіɦɟɧ 
ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫі ɞɢɫɫɨɰɢɚɰɢɹɥɵ – ɚɞɫɨɪɛɰɢɹɥɵ ɬɟɨɪɢɹԑɚ ɫԥɣɤɟɫ, ɬɨɬɵԕɬɚɪ 
ɞɢɫɫɨɰɢɚɰɢɹɫɵɦɟɧ ɠԥɧɟ ɪɟɞɭɤɰɢɹɥɚԑɵɲɬɚɪɞɵң ɷɥɟɤɬɪɨɧɞɵ ɷɦɢɫɫɢɹɫɵɦɟɧ 
ɠԛɡɟɝɟ ɚɫɵɪɵɥɚɞɵ  

 
6Ɇɟ2Ɉ3 ĺ 4Ɇɟ3Ɉ4 + Ɉ2 

 

Ɍɟɩɟ-ɬɟңɞіɤ ɤɨɧɫɬɚɧɬɚɫɵɦɟɧ ɛɚԑɚɥɚɧɚɞɵ 
 

6

4
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ɈɆɟ

ɈɈɆɟ
ɊɄ


 

                                          (3.64) 
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Ʉɨɧɞɟɧɫɚɰɢɹɥɚɧԑɚɧ Ɇɟ3Ɉ4 ɠԥɧɟ Ɇɟ2Ɉ3 ɮɚɡɚɥɚɪɵɧɵң ɚɤɬɢɜɬіɥіɝіɧ ɛіɪɥіɤɤɟ 
ɠԥɧɟ ɝɚɡ ɮɚɡɚɫɵɧɵң ɮɭɝɢɬɢɜɬіɥіɝіɧ ɩɚɪɰɢɚɥɞɵ ԕɵɫɵɦԑɚ 

2ɈɊ  ɬɟңɟɫɬіɪɟ ɨɬɵɪɵɩ, 
ɬɟɩɟ-ɬɟңɞіɤ ɤɨɧɫɬɚɧɬɚɫɵ 

2ɈɊ  ԕɵɫɵɦɵɧɚ ɧɟɦɟɫɟ ɬɨɬɵԕɬɵң ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ 
ɫɟɪɩіɦɞіɥіɝіɧɟ ɬɟң ɛɨɥɚɬɵɧɵɧ ɤԧɪɟɦіɡ. 

Ɇɟɬɚɥɥ ɬɨɬɵԑɵ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬіɦɟɧ ԥɪɟɤɟɬɬɟɫɤɟɧɞɟ, ɦɟɬɚɥɞɵң ɧɟɦɟɫɟ 
ɨɧɵң ɬԧɦɟɧɝі ɬɨɬɵԑɵ ɦɟɧ ɝɚɡ ɬԥɪіɡɞі ɬɨɬɵԕɬɵң ɬԛɡіɥɭі ɠԛɪɟɞі 
 

                                        Ɇɟ2Ɉ3 + ɋɈ = 2ɆɟɈ + ɋɈ2                                                   (3.65) 
                                            Ɇɟ2Ɉ3 + ɋ = 2ɆɟɈ + ɋɈ                                                      (3.66) 

 
Ʉԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, (3.67) ɪɟɚɤɰɢɹ ɛɨɣɵɧɲɚ ԛɲ ɚɬɨɦɞɵ ɬɨɬɵԑɵ ɋɈ3, ɚɥ 

(6.68) ɪɟɚɤɰɢɹ ɠԛɪɝɟɧ ɤɟɡɞɟ ɟɤі ɚɬɨɦɞɵ ɝɚɡ ɬɨɬɵԑɵ ɋɈ ɬԛɡіɥɟɞі. Ɋɟɞɭɤɰɢɹɥɚɭ 
ɪɟɚɤɰɢɹɫɵɧɵң ɚɪɵ ԕɚɪɚɣ ɠԛɪɭ ɦԛɦɤіɧɞіɝі, ɬԛɡіɥɝɟɧ ɦɟɬɚɥɞɚɪɞɵң ɬԧɦɟɧɝі 
ɬɨɬɵԕɬɚɪɵ ɦɟɧ ɝɚɡ ɬԥɪіɡɞі ɬɨɬɵԕɬɚɪɞɵң ɞɢɫɫɨɰɢɚɰɢɹ ɫɟɪɩіɦɞіɥіɤɬɟɪіɧің 
ԕɚɬɵɧɚɫɵɧɚ ɬԥɭɟɥɞі. ɋɚɥɵɫɬɵɪɦɚɥɵ ɬɚɥɞɚɭ ԛɲіɧ ɋɈ2 ɠԥɧɟ ɋɈ ɝɚɡɞɚɪɵɧɵң 
ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɬɟɩɟ-ɬɟңɞіɝіɧің ɤɨɧɫɬɚɧɬɚɫɵɧ ɤɟɥɟɫі ɪɟɚɤɰɢɹԑɚ ɤɟɥɬіɪɟɦіɡ 

 
                                            2ɋɈ2 ĺ 2ɋɈ +Ɉ2                                    (3.67) 
                                             2ɋɈ ĺ Ɉ2 + 2ɋ                                      (3.68) 

 
Ȼɟɪіɥɝɟɧ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɦɟɬɚɥɞɚɪɞɵң ɬԧɦɟɧɝі ɬɨɬɵԕɬɚɪɵɧɵң ɪɟɞɭɤɰɢɹɫɵ, 

ɨɧɵң ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɝі ɬԛɡіɥɟɬіɧ ɝɚɡ ɬԥɪіɡɞі ɬɨɬɵԕɬɚɪɞɵң 
ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɝіɧɟɧ ɠɨԑɚɪɵ ɛɨɥɭ ɲɚɪɬɵɧɞɚ ԑɚɧɚ ɦɟɬɚɥԑɚ ɞɟɣіɧ 
ɠɚɥԑɚɫɭɵ ɦԛɦɤіɧ. 1400Ʉ ɤɟɡіɧɞɟ ɋɈ2 ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɝі 

2OgP = -6,82 

ɠɟɬɟɞі. Ɉɫɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ MnO, CrO ɞɢɫɫɨɰɢɚɰɢɹ ɫɟɪɩіɦɞіɥіɝі 
2OgP = -16-18 

ԕԝɪɚɣɞɵ, ɛԝɥ ɋɈ2 ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɝіɧɟɧ ɛіɪɧɟɲɟ ɟɫɟ ɬԧɦɟɧ. 
ɋɨɧɞɵԕɬɚɧ, ɋɈ2  ɬԛɡіɥɭіɦɟɧ ɤԧɦіɪɬɟɝі ɬɨɬɵԑɵɦɟɧ MnO ɠԥɧɟ CrO ɚɪɵ ԕɚɪɚɣ 
ɪɟɞɭɤɰɢɹɫɵ ɦԛɦɤіɧ ɟɦɟɫ ɠԥɧɟ ɠԛɪɦɟɣɞі. Ȼԝɥ ɬɨɬɵԕɬɚɪ ɦɟɬɚɥԑɚ ɞɟɣіɧ, ɋɈ 
ɬԛɡіɥɭіɦɟɧ ɬɟɤ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ, ɫɟɛɟɛі ɋɈ 
ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɤɨɧɫɬɚɧɬɚɫɵ ɤԧɪɫɟɬіɥɝɟɧ ɦɟɬɚɥɥɞɚɪ ɦɨɧɨɬɨɬɵԕɬɚɪɵɧɵң 
ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɭ ɫɟɪɩіɦɞіɥіɝіɧɟɧ ɬԧɦɟɧ. Ɇɚɪɝɚɧɟɰ ɠԥɧɟ ɯɪɨɦ 
ɦɨɧɨɬɨɬɵԕɬɚɪɵɧɵң ɦɟɬɚɥԑɚ ɞɟɣіɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɧɭɵɧɚ ɬɚԑɵ 
ɛіɪ ԕɨɫɵɦɲɚ ɮɚɤɬɨɪ – ɤɚɪɛɢɞ ɬԛɡіɥɭі ԥɫɟɪ ɟɬɟɞі, ɨɥ ɨң ɠɵɥɭ ɷɮɮɟɤɬіɫіɦɟɧ 
ɠԛɪɟɞі 

                        4CrO + 5C = Cr + Cr3C + 4 CO                    (3.69) 
 

Ԝԕɫɚɫ ɪɟɚɤɰɢɹ ɬɢɬɚɧ ɪɟɞɭɤɰɢɹɫɵ ɤɟɡіɧɞɟ ɠԛɪɟɞі  
 

                                TiO + 2C=TiC + CO                              (3.70) 
 

Ⱥɥɚɣɞɚ ɤɚɪɛɢɞ ɬԛɡіɥɭі ԛɧɟɦі ɠɚԑɵɦɞɵ ɛɨɥɦɚɣɞɵ. ɀԛɣɟɞɟ ɛіɪ ɭɚԕɵɬɬɵ 
ɨɤɫɢɤɚɪɛɢɞ ɬԛɡіɥɭі, ɹԑɧɢ ɬɨɬɵԕɬɚɪ ɦɟɧ ɤɚɪɛɢɞɬɟɪɞің ԕɚɬɚɪ ɬіɪɲіɥіɤ ɟɬɭі ɨɪɵɧ 
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ɚɥɭɵ ɦԛɦɤіɧ. Ⱥɥɚɣɞɚ ɨɤɫɢɤɚɪɛɢɞ ɠԛɣɟɫіɧің ԕԝɪɚɦɵɧ, ɠԛɣɟɧі ɜɚɤɭɭɦɞɚ ɠɨԑɚɪɵ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ ԝɡɚԕ ԝɫɬɚɩ ɬԝɪɭ ɛɚɪɵɫɵɧɞɚ ɪɟɬɬɟɭɝɟ ɛɨɥɚɞɵ. 

 
                            (CrO) + [Cr3C] = 4Cr + CO                            (3.71) 
                              (TiO) + [TiC] = 2Ti + CO                            (3.72) 

 
ɉɪɨɰɟɫɬі ԛɞɟɬɭ ɠԥɧɟ ɨɤɫɢɤɚɪɛɢɞ ɬԛɡɭɲі ɦɟɬɚɥɞɚɪɞɵң ɪɟɞɭɤɰɢɹɥɚɧɭ 

ɬɢіɦɞіɥіɝіɧ ɚɪɬɬɵɪɭ ԛɲіɧ ɬɚԑɵ ɛіɪ ԕɨɫɵɦɲɚ ɮɚɤɬɨɪ ɛɚɪ - ɨɥ ɦɟɬɚɥɞɵԕ ɧɟɝіɡɞɟ 
ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɦɟɬɚɥɞɵң ɟɪіɝіɲɬіɝі. Ȼԝɥ ɮɚɤɬɨɪɞɵң ɩɚɣɞɚɥɚɧɵɥɭɵ, 
ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ɚɥɭɞɵ ԝɣɵɦɞɚɫɬɵɪɭ ɤɟɡіɧɞɟ ɬԥɠіɪɢɛɟɥіɤ ɦԥɧɝɟ ɢɟ. 

Ԥɪɬɟɤɬі ɦɟɬɚɥɥ ɤɚɪɛɢɞɬɟɪі ɛіɪ-ɛіɪіɧɟɧ ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɥіɝіɦɟɧ 
ɟɪɟɤɲɟɥɟɧɟɞі. Ɍɢɬɚɧ ɠԥɧɟ ɯɪɨɦ ɤɚɪɛɢɞɬɟɪіɧің ɠɨԑɚɪɵ ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɥіɝіɧің 
ɫɚɥɞɚɪɵɧɚɧ, (9) ɠԥɧɟ (10) ɪɟɚɤɰɢɹɥɚɪɵ ɚɫɚ ɛɚɹɭ ԧɬɟɞі. ɏɢɦɢɹɥɵԕ ɛɟɪіɤɬіɥіɝіɧің 
ԧɫɭіɧɟ ԕɚɪɚɣ ɦɟɬɚɥɥɞɚɪ ɤɚɪɛɢɞɬɟɪіɧ ɤɟɥɟɫі ɪɟɬɩɟɧ ɨɪɧɚɥɚɫɬɵɪɭԑɚ ɛɨɥɚɞɵ: Fe3C; 
Mn3C; V3C; Cr3C; Tiɋ. Ɇɟɬɚɥɞɚɪ ɤɚɪɛɢɞɬɟɪі ԕԝɪɚɦɵɧɞɚԑɵ ɤԧɦіɪɬɟɝіɧі ɟɪіɝɟɧ 
ɤԧɦіɪɬɟɝі ɞɟɩ ԕɚɛɵɥɞɚɣ ɨɬɵɪɵɩ, ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɤɰɢɹɥɚɪɵɧɞɚ ɨɧɵң 
ɚɤɬɢɜɬіɥіɝіɧ ɯɢɦɢɹɥɵԕ ɛɟɪіɤɬіɥіɝіɧɟ ɫԥɣɤɟɫ ɛɚԑɚɥɚɣɦɵɡ: ɦɟɬɚɥɥ ɤɚɪɛɢɞіɧің 
ɛɟɪіɤɬіɥіɝі ɬԧɦɟɧ ɛɨɥԑɚɧ ɫɚɣɵɧ, ɤԧɦіɪɬɟɝі ɚɤɬɢɜɬіɥіɝі ɫɨɧɲɚɥɵԕɬɵ ɠɨԑɚɪɵ 
ɛɨɥɚɞɵ. Ⱥɬɚɥԑɚɧ ɦɟɬɚɥɥ ɤɚɪɛɢɞɬɟɪіɧің ԕɚɬɚɪɵɧɞɚ ɚɫɚ ɛɟɥɫɟɧɞі ɤԧɦіɪɬɟɝі 
ɰɟɦɟɧɬɢɬɬɟ - Fe3C ɤɟɡɞɟɫɟɞі. Ɍɟɦіɪ ɤɚɪɛɢɞіɧің ɨɫɵ ɟɪɟɤɲɟɥіɝіɧɟ ɛɚɣɥɚɧɵɫɬɵ, 
ɥɟɝіɪɥɟɧɝɟɧ ɤɨɧɫɬɪɭɤɰɢɹɥɵԕ ɛɨɥɚɬ ɚɥɭɞɚ ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ ɩɚɣɞɚɥɚɧɭ 
ɬɟɯɧɨɥɨɝɢɹɫɵ ɠɚɫɚɥɞɵ. Ɍɟɯɧɨɥɨɝɢɹɥɵԕ ɩɪɨɰɟɫɫ ɲɚɪɬɬɚɪɵɧɚ ɫԥɣɤɟɫ 
ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ԝɣɵɦɞɚɫɬɵɪɵɥɞɵ. ɒɢɯɬɚ ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ ɦɟɧ 
ɯɪɨɦ ɠԥɧɟ ɬɢɬɚɧ ɥɟɝіɪɥɟɭіɲ ɦɟɬɚɥɞɚɪɵɧɵң ɬɨɬɵԕɬɚɪɵɧɚɧ ԕԝɪɚɥɞɵ. Ȼԝɥ 
ɠɚԑɞɚɣɞɚ ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧɵң ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɦԧɥɲɟɪіɧің ɟɫɟɛі, 
ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧɧɵң (100 ɝɪ.) ɬɚңɞɚɥԑɚɧ ɛіɪɥіɝіɧɞɟ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝі 
ɦԧɥɲɟɪіɧɟ ɠԛɪɝіɡіɥɞі. ɒɢɯɬɚɧɵң ɬɨɬɵԕ ԕԝɪɚɦɞɵ ɤɨɦɩɨɧɟɧɬіɧɞɟ ɛіɪɧɟɲɟ 
ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵ, ɦɵɫɚɥɵ FeO, MnO, Cr2O3 ɠԥɧɟ ɛɚɫԕɚɥɚɪ ɤɟɡɞɟɫɟɞі. Ɉɫɵ 
ɲɚɪɬɬɚɪɞɚ ɠԥɧɟ ɛɟɪіɥɝɟɧ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɬɟɦіɪɞің ɪɟɞɭɤɰɢɹɥɚɧɭ ɪɟɬі ɦɟɬɚɥɥ 
ɬɨɬɵԕɬɚɪɵɧɵң ɯɢɦɢɹɥɵԕ ԕɨɫɵɥɵɫɬɚɪɵɧɵң ɛɟɪіɤɬіɥіɝіɧɟ ɬԥɭɟɥɞі. Ɍɟɦɩɟɪɚɬɭɪɚ 
ԛɡɞіɤɫіɡ ɠɨԑɚɪɵɥɚԑɚɧ ɫɚɣɵɧ, ɹԑɧɢ ɪɟɞɭɤɰɢɹɥɚɧɭ ɪɟɚɤɰɢɹɫɵɧɵң ɠԛɪіɫіɧ 
ɲɟɤɬɟɦɟɝɟɧ ɤɟɡɞɟ, ɠɨԑɚɪɵɞɚ ɤԧɪɫɟɬіɥɝɟɧ ɬɨɬɵԕɬɚɪ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɦɟɧ 
ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɤɟɥɟɫі ɪɟɬɩɟɧ ɠԛɪɟɞі: ɚɥɞɵɦɟɧ ɬɟɦіɪ, ɫɨɫɵɧ ɦɚɪɝɚɧɟɰ ɠԥɧɟ 
ɯɪɨɦ. ȿɪіɝɟɧ ɤԧɦіɪɬɟɝіɧің ɦԧɥɲɟɪі ɚɥɞɵɦɟɧ ɬɟɦіɪɞің ɬɨɥɵԕ ɪɟɞɭɤɢɹɥɚɧɭɵɧɚ, 
ԕɚɥԑɚɧ ɦԧɥɲɟɪі ɦɚɪɝɚɧɟɰ ɩɟɧ ɯɪɨɦ ɪɟɞɭɤɰɢɹɫɵɧɚ ɠԝɦɫɚɥɚɞɵ. ɋɨɧɞɵԕɬɚɧ, 
ɟɧɝіɡіɥɟɬіɧ ɲɢɯɬɚɧɵң ɬɨɬɵԕɬɵ ɤɨɦɩɨɧɟɧɬіɧɞɟɝі ԥɪɬɟɤɬі ɦɟɬɚɥɞɚɪ ɬɨɬɵԕɬɚɪɵɧɵң 
ɫɚɧɞɵԕ ԕɚɬɵɧɚɫɵ ɦɚңɵɡɞɵ ɦԥɧɝɟ ɢɟ. ȿɧɝіɡіɥɝɟɧ ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧ ɬɨɥɵԑɵɦɟɧ 
ɪɟɞɭɤɰɢɹɥɚɭԑɚ ɠɟɬɟɬіɧ, ɚɥɞɵɧ-ɚɥɚ ɟɫɟɩɬɟɥɝɟɧ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɧің ɦԧɥɲɟɪіɧɟ 
ɫԥɣɤɟɫ ɬɨɬɵԕ ɤɨɦɩɨɧɟɧɬіɧің ɦԧɥɲɟɪіɧ ԕɨɫɭ ԕɚɠɟɬ. Ɇɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧ 
ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫі ɚɹԕɬɚɥԑɚɧ ɤɟɡɞɟ, ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɧің ԕɚɥɞɵԕ ɦԧɥɲɟɪі 
ɦɢɧɢɦɚɥɞɵ ɠԥɧɟ ɛɚɥԕɵɬɵɥɵɩ ɲɵԑɚɪɵɥɚɬɵɧ ɛɨɥɚɬ ԕԝɪɚɦɵɧɞɚԑɵ ɦԧɥɲɟɪіɧɟ 
ɫԥɣɤɟɫ ɤɟɥɭ ɤɟɪɟɤ. Ɉɫɵɥɚɣɲɚ, ɛɚɥԕɵɬɵɥɵɩ ɲɵԑɚɪɵɥɚɬɵɧ ɛɨɥɚɬɬɚ ɥɟɝіɪɥɟɭɲі 
ɦɟɬɚɥɞɚɪ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝі ɛɚɥɚɧɫɵɧɵң ɬɚɪɚɥɭɵɦɟɧ ɪɟɬɬɟɭɝɟ 
ɛɨɥɚɞɵ. Ɉɫɵ ɟɫɟɩɬɟɭ ԥɞіɫіɧɟ ɫԛɣɟɧɟ ɨɬɵɪɵɩ, ɮɪɚɤɰɢɹɫɵ 2,0 ɦɦ ɬԛɣіɪɲіɤɬɟɥɝɟɧ 
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ɲɨɣɵɧɧɚɧ, ɯɪɨɦ ɠԥɧɟ ɢɥɶɦɟɧɢɬ ɬɨɬɵԕɬɵ ɤɨɧɰɟɧɬɪɚɬɵɧɚɧ ɬԝɪɚɬɵɧ ɲɢɯɬɚ 
ɞɚɣɵɧɞɚɥɞɵ. ɀɚԕɫɵɥɚɩ ɚɪɚɥɚɫɬɵɪԑɚɧɧɚɧ ɤɟɣіɧ, ɲɢɯɬɚɧɵ ɝɟɪɦɟɬɢɤɚɥɵԕ 
ɡɟɪɬɯɚɧɚɥɵԕ ԝɹɲɵԕԕɚ ɟɧɝіɡɟɦіɡ ɠԥɧɟ ԕԝɛɵɪɥɵ ԕɵɡɞɵɪɭ ɩɟɲіɧɟ ɬɢɟɣɦіɡ. ɀԛɣɟ 
10-12°ɋ/ɦɢɧ ɠɵɥɞɚɦɞɵԕɩɟɧ 1100°ɋ ɞɟɣіɧ ԕɵɡɞɵɪɵɥɞɵ. ɀԛɣɟɧі 1100°ɋ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɝɚɡ ɛԧɥіɧɭ ɚɹԕɬɚɥԑɚɧԑɚ ɞɟɣіɧ ԝɫɬɚɣɞɵ, ɛԝɥ ɪɟɞɭɤɰɢɹɥɚɭ 
ɪɟɚɤɰɢɹɫɵɧɵң ɠɵɥɞɚɦɞɵԑɵɧɵң ɧɨɥɝɟ ɠɚԕɵɧɞɚɥɭɵɧ ɛіɥɞіɪɟɞі. Ɍɟɦɩɟɪɚɬɭɪɚɧɵ 
1100°ɋ ɠɨԑɚɪɵ 20-30°ɋ-ԕɚ ɚɪɬɬɵɪԑɚɧ ɤɟɡɞɟ ɝɚɡ ɛԧɥіɧɭі ԕɚɣɬɚ ɛɚɫɬɚɥɚɞɵ, ɛԝɥ 
ɯɪɨɦ ɠԥɧɟ ɬɢɬɚɧ ɬԥɪіɡɞі ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɬɨɬɵԕɬɚɪɞɵң ɪɟɞɭɤɰɢɹɥɚɧɭɵ 
CrOĺCr ɠԥɧɟ TiOĺTi ɫɚɬɵɫɵɧɞɚ ɚɹԕɬɚɥɦɚԑɚɧɞɵԑɵɧ ɤԧɪɫɟɬɟɞі. 

Ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɞɚɪ ɛіɪɭɚԕɵɬɬɚ ɤɚɪɛɢɞ ɬԛɡɭɲіɥɟɪ ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ. Ɇɵɫɚɥɵ, ԥɥі ɬɨɥɵԕ ɪɟɞɭɤɰɢɹɥɚɧɛɚԑɚɧ ɬɨɬɵԕɬɚɪԑɚ ԕɚɪɚɦɚɫɬɚɧ, 
ɯɪɨɦɧɵң ɛɨɫ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɫɵ ɤɟɥɟɫі ɪɟɚɤɰɢɹ ɛɨɣɵɧɲɚ ɠԛɪɟɞі  

 
                               Cr2O3+4C=Cr2C+3CO,                                        (3.73) 

 
Ɇɟɬɚɥɥ ɤɚɪɛɢɞіɧің ɬԛɡіɥɭ ɪɟɬі, ɟң ɚɥɞɵɦɟɧ ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɦɟɬɚɥɞɵң 

ɛɨɥɭɵɧ ɬɚɥɚɩ ɟɬɟɞі. (3.73)-ɲі ɪɟɚɤɰɢɹɧɵ, ɟɤі ɪɟɚɤɰɢɹɞɚɧ ԕԝɪɚɥԑɚɧ ɞɟɩ 
ԕɚɪɚɫɬɵɪԑɚɧɞɚ: 

             
                                       Cr2O3+C=2Cr+3CO,                                           (3.74) 
                                             2Cr+C=Cr2C                                                  (3.75) 

 
Ɋɟɚɤɰɢɹɧɵң ɦԝɧɞɚɣ ɪɟɬɬіɥіɝі ɬɟɤ ɪɟɞɭɤɰɢɹɥɚԑɵɲ-ɤԧɦіɪɬɟɝіɧің ɛɟɥɝіɥі ɛіɪ 

ɚɪɬɵԕ ɦԧɥɲɟɪі ɛɨɥԑɚɧɞɚ ɠԛɪɟɞі.  
 

3.4.2. Ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɦɟɬɚɥɥ ɪɟɞɭɤɰɢɹɫɵɧɵң ɤɢɧɟɬɢɤɚɫɵ 
Ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɮɢɡɢɤɚ-ɯɢɦɢɹɥɵԕ ԕɚɫɢɟɬɬɟɪі ɨɧɵң ԕԝɪɵɥɵɦɵɧɚ ɠԥɧɟ 

ɠԛɣɟɧің ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ԧɡɝɟ-ɪɟɞі, ɠԥɧɟ ɝɚɡ ɬԥɪіɡɞі 
ɪɟɞɭɤɰɢɨɧɟɪɥɟɪɝɟ ԕɨɣɵɥɚɬɵɧ ɬɚɥɚɩɬɚɪɞɚɧ ԧɡɝɟɲɟ, ɪɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɬі 
ԝɣɵɦɞɚɫɬɵɪɭԑɚ ԕɚɠɟɬɬі ɲɚɪɬɬɚɪ-ɞɵ ԥɞɟɭіɪ ɞԥɪɟɠɟɞɟ ɚɧɵԕɬɚɣɞɵ. Ȼіɪіɧɲіɞɟɧ, 
ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɝɚɡɞɵ ɬɚɫԕɵɧɞɚɪ ɫɢɹԕɬɵ, ɲɢɯɬɚ ԕɚɛɚɬɵɧɵң ɛɨɫ ɤɟңіɫɬіɝіɧ ɬɚɥɚɩ 
ɟɬɩɟɣɞі. ȿɤіɧɲіɞɟɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɲɢɯɬɚ ԕɚɛɚɬɵɧɞɚ ɚɥɞɵɧ-ɚɥɚ ɚɧɵԕɬɚɥԑɚɧ 
ɲɢɯɬɚɧɵң ɬɨɥɵԕ ɦɟɬɚɥɞɚɧɭɵɧɚ ԕɚɠɟɬɬі ɤԧɥɟɦɞɟ ɨɪɧɚɥɚɫɚ ɛɟɪɟɞі, ɛԧɥɟɤ ɧɟɦɟɫɟ 
ɲɢɯɬɚɦɟɧ ɛіɪɝɟ ɚɲɵԕ ɫɵɣɵɦɞɵ-ɥɵԕɬɚ ɟɲԕɚɧɞɚɣ ɲɵԑɵɧɫɵɡ ɬɚɫɵɦɚɥɞɚɧɚɞɵ. 
Ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ɨɫɵ ɟɪɟɤɲɟɥіɤɬɟɪі ɨɧɵң ɲɢɯɬɚɧɵ ɪɟɞɭɤɰɢɹɥɵԕ ɪɟɚɝɟɧɬ 
ɟɫɟɛіɧɞɟ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ԧңɞɟɭɝɟ ɩɚɣɞɚɥɚɧɭɵɧ ɠɟңіɥɞɟɬɟɞі. Ƚɚɡɞɵ ɪɟɚɝɟɧɬɤɟ 
ԕɚɪɚԑɚɧɞɚ, ɨɥ ɤɟɫɟɤɬɟɥɭɞі ɠԥɧɟ ɲɢɤіɡɚɬɬɵ іɪіɤɬɟɭɞі ɬɚɥɚɩ ɟɬɩɟɣɞі, ɤɟɪіɫіɧɲɟ 
ԝɫɚԕ ɠԥɧɟ ɞɢɫɩɟɪɫɬі ɦɚɬɟɪɢɚɥɦɟɧ ɬɢіɦɞі ԧɡɚɪɚ ԥɪɟɤɟɬɟɫɟɞі. Ɇіɧɞɟɬɬі ɤɟɫɟɤɬɟɭ 
ɦɟɧ ɲɢɤіɡɚɬɬɵ іɪіɥіɝіɧɟ ԕɚɪɚɣ іɪіɤɬɟɭ ɠԧɧіɧɞɟɝі ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɬɚɥɚɩɬɚɪɞɵң 
ɚɥɵɧɵɩ ɬɚɫɬɚɥɭɵɧɵң ɬԥɠіɪɢɛɟɥіɤ ɦɚңɵɡɵ ԧɬɟ ԛɥɤɟɧ. 

ɋɨɧɞɵԕɬɚɧ ɦɵɧɚɞɚɣ іɪі ɛԧɥіɦɞɟɪɞі – ɚɝɥɨɮɚɛɪɢɤɚ, ɛɚɪɥɵԕ 
ɤɨɦɦɭɧɢɤɚɰɢɹɥɵԕ ɠɟɥіɥɟɪі ɦɟɧ ԕɨɫɵɦɲɚ ԕԝɪɵɥɵɫɬɚɪɵɦɟɧ ɤԛɣɞіɪіɥɝɟɧ 
ɤɟɧɛԝɪɲɚԕɬɚɪ ԧɧɞіɪɭ ɮɚɛɪɢɤɚɫɵɧ ԧɧɞіɪіɫɬіɤ ɤɟɲɟɧɧɟɧ ɚɥɵɩ ɬɚɫɬɚɭԑɚ ɛɨɥɚɞɵ. 
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Ɉɞɚɧ ɛɚɫԕɚ, ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧі ɪɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪɞɟ ɬіɤɟɥɟɣ ԕɨɥɞɚɧɭ 
ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪɞɟ ɬіɩɬɟɧ ɠɚңɚ ɛɚԑɵɬɬɚɪ ɚɲɚɞɵ. 

Ⱥɞɫɨɪɛɰɢɨɧɞɵԕ-ɚɜɬɨɤɚɬɚɥɢɬɢɤɚɥɵԕ ɦɟɯɚɧɢɡɦɝɟ ԕɚɪɚԑɚɧɞɚ, ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝіɧің ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɦɟɧ ԧɡɚɪɚ ԥɪɟɤɟɬіɧ ɚɧɚԑԝɪɥɵɦ ɚɧɵԕ ɠԥɧɟ 
ɞԥɥɟɥɞɟɧɝɟɧ ɬɟɨɪɢɹɥɵԕ ɬԝɪԑɵɞɚɧ ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ-ɚɞɫɨɪɛɰɢɨɧɞɵԕ ɦɟɯɚɧɢɡɦ 
ɨɫɵ ɚɣɧɚɥɭɥɚɪɞɵң ɧɟɝіɡі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ԝɫɚԕ ɠԥɧɟ ɞɢɫɩɟɪɫɬі ɬɨɬɵԕɬɵ ɦɚɬɟɪɢɚɥɞɚɪ ɠɚңɚ ɬɟɨɪɢɹɥɵԕ ɟɪɟɠɟɥɟɪɝɟ 
ɫԥɣɤɟɫ, ɤɟɫɟɤɬɟɥɝɟɧɞɟɪɞің ɚɥɞɵɧɞɚ, ɤɢɧɟɬɢɤɚɥɵԕ ɠԥɧɟ ɠɵɥɭ ɚɥɦɚɫɭɲɵɥɵԕ 
ɩɪɨɰɟɫɬɟɪі ɛɨɣɵɧɲɚ ɚɪɬɵԕɲɵɥɵԑɵ ɛɚɪ. ɀɨԑɚɪɵɞɚ ɚɣɬɵɥԑɚɧɞɚɣ, ɠԛɣɟɧің ɛɚɫԕɚ 
ɛіɪɞɟɣ ɬɟɦɩɟɪɚɬɭɪɚ-ɫɵɧɞɚ ɬɨɬɵԕɬɵ ɦɚɬɟɪɢɚɥɞɵң ɞɢɫɩɟɪɫɬіɝіɧің ɞɟңɝɟɣі 
ɤԧɬɟɪіɥɝɟɧ ɫɚɣɵɧ, ԕɚɛɚɬɬɵң ɦɟɧɲіɤɬі ɪɟɚɤɰɢɹɥɵԕ ɛɟɬі, ɛԧɥɲɟɤɬің ɯɢɦɢɹɥɵԕ 
ɛɟɥɫɟɧɞіɥіɝі, ɬɨɬɵԕ ɞɢɫɫɨɰɢɚɰɢɹɫɵɧɵң ɫɟɪɩіɦɞіɥіɝі ɛіɪɧɟɲɟ ɪɟɬɤɟ ɤԧɛɟɣɟɞі. 
Ʉɟɫɟɤɬɟɥɝɟɧ ɲɢɤіɡɚɬ + ɝɚɡɞɵ ɬɚɫԕɵɧ ɠԛɣɟɫіɧɟɧ ɞɢɫɩɟɪɫɬі ɬɨɬɵԕɬɵ ɦɚɬɟɪɢɚɥɞɚɪ 
+ ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɠԛɣɟɫіɧɟ ԧɬɭ ɬɨɬɵԕɬɚɪɞɵң ɪɟɞɭɤɰɢɨɧɟɪɥɟɪɦɟɧ ԧɡɚɪɚ 
ԥɪɟɤɟɬіɧің ɫɢɩɚɬɵɧ ɬԛɩɤіɥіɤɬі ԧɡɝɟɪɬɟɞі.  

Ȼіɪіɧɲі ɠԛɣɟɞɟ ɮɢɡɢɤɚ-ɯɢɦɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪ ɲɢɤіɡɚɬ ɤɟɫɟɤɬɟɪіɧің 
ɚɣɧɚɥɚɫɵɧɞɚ ɪɟɚɤɰɢɹɧɵң ɤԧɩ-ԕɚɛɚɬɬɵ ԕɚɬɬɵ ԧɧіɦɞɟɪіɧ ɠɚɫɚɣ ɨɬɵɪɵɩ ɠԥɧɟ 
ɬɨɬɵԕɬɚɪɞɵң ɪɟɞɭɤɰɢɹɥɵԕ ɝɚɡɞɚɪɦɟɧ ԧɡɚɪɚ ԥɪɟɤɟɬіɧɞɟ ɞɢɮɮɭɡɢɹɥɵԕ ɤɟɞɟɪɝіɧің 
ɩɚɣɞɚ ɛɨɥɭɵɦɟɧ ɬɨɩɨɯɢɦɢɹɥɵԕ ɫɢɩɚɬ ɚɥɚɞɵ. ȿɤіɧɲі ɠԛɣɟɞɟ ɪɟɚɤɰɢɹɧɵң 
ɬɨɩɨɯɢɦɢɹɥɵԕ ɫɢɩɚɬɵ ɚɥɵɧɵɩ ɬɚɫɬɚɥɚɞɵ. 

Ԕɚɬɬɵ ɬɨɬɵԕɬɚɪɞɵң ɛԧɥɲɟɤɬɟɪі ɦɟɧ ɤԧɦіɪɬɟɝіɧің ɚɪɚɫɵɧɞɚԑɵ ɪɟɞɭɤɰɢɹɥɵԕ 
ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɪі ɤɢɧɟɬɢɤɚɥɵԕ ɞɟңɝɟɣɞɟ ɠԛɪɟɞі. Ɉɞɚɧ ɛɚɫԕɚ, ɝɚɡɞɵ 
ɪɟɞɭɤɰɢɨɧɟɪɥɟɪɞі ԕɨɥɞɚɧɭ ɞԥɪɟɠɟɫіɧɟ ԕɚɪɚԑɚɧɞɚ, ɦɟɬɚɥɥ ɪɟɞɭɤɰɢɹɫɵɧɞɚ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝіɧі ԕɨɥɞɚɧɭ ɞԥɪɟɠɟɫі ɟɤі ɟɫɟɞɟɧ ɚɪɬɵԕ. 

Ⱦɢɫɫɨɰɢɚɰɢɨɧɞɵԕ-ɚɞɫɨɪɛɰɢɨɧɞɵԕ ɦɟɯɚɧɢɡɦɞɟɪɝɟ ɫԥɣɤɟɫ, ɲɢɯɬɚ ɦɟɧ 
ԕԝɪɚɦɵɧɞɚ ɤԧɦіɪɬɟɝі ɛɚɪ ɦɚɬɟɪɢɚɥɞɚɪɞɵң ɞɢɫɩɟɪɫɬі ԕɚɛɚɬɬɚɪɵɧɵң, ԕɨɫɩɚɞɚԑɵ 
ɫɢɹԕɬɵ, ɚɪɚɥɚɫɩɚɣɬɵɧ ԕɚɛɚɬɬɚɪɵɧɞɚ ɞɚ ɠɟɬɤіɥіɤɬі ɠɨԑɚɪɵ ԕɨɡԑɚɥԑɵɲɬɵԑɵ 
ɛɨɥɚɞɵ. Ԥɪɛіɪ ԕɚɛɚɬɬɵң, ɬіɩɬі, ɛɟɥɝіɥі ɛіɪ ɚɪɚԕɚɲɵԕɬɵԕԕɚ ɛԧɥіɧіɩ ɤɟɬɤɟɧ 
ɠɚԑɞɚɣɞɚ ɞɚ ɫɟɪɩіɦɞіɥіɝі ɛɨɥɚɞɵ. Ɍɨɬɵԕɬɵ ԕɚɛɚɬɬɚ – ɞɢɫɫɨɰɢɚɰɢɹ ɫɟɪɩіɦɞіɥіɝі, 
ɚɥ ԕԝɪɚɦɵɧɞɚ ɤԧɦіɪɬɟɝі ɛɚɪ ɦɚɬɟɪɢɚɥ ԕɚɛɚɬɵɧɞɚ – ɷɥɟɤɬɪɨɧɞɵ ɷɦɢɫɫɢɹ 
ɫɟɪɩіɦɞіɥіɝі ɛɨɥɚɞɵ. ɛԝɥ ɫɟɪɩіɦɞіɥіɤɬɟɪ, ɬɟɦɩɟɪɚɬɭɪɚɧɵ ɤԧɬɟɪɝɟɧɞɟ ɨɥɚɪɞɵң 
ɚɪɚɫɵɧɞɚԑɵ ԧɡɚɪɚ ԥɪɟɤɟɬɬің ɧɚԕɬɵ ɛɚɫɬɚɥɭɵɧɚ ɠԥɧɟ ɩɪɨɰɟɫɬің ԥɪі ԕɚɪɚɣ 
ɞɚɦɭɵɧɚ ɠɟɬɤіɥіɤɬі ɟɞԥɭіɪ ɲɚɦɚԑɚ ɠɟɬɟɞі. 

Ԕɚɬɬɵ ɬɨɬɵԕɬɵ ɠԥɧɟ ԕԝɪɚɦɵɧɞɚ ɤԧɦіɪɬɟɝі ɛɚɪ ɮɚɡɚɧɵң ԧɡɚɪɚ ԥɪɟɤɟɬіɧің 
ɧԥɬɢɠɟɫі ɝɚɡɞɵ ɮɚɡɚɧɵң ɩɚɣɞɚ ɛɨɥɭɵ ɦɟɧ ɛԧɥіɧɭі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ƚɚɡɞɵң 
ԕԝɪɚɦɵ ɋɈ2 ɦɟɧ ɋɈ ɦԥɧɞɟɪіɦɟɧ ԕɚɬɚң ɲɟɤɬɟɥɝɟɧ. 

Ⱥɪɚɥɚɫ ɞɢɫɩɟɪɫɬі ԕɚɛɚɬɬɚɪɞɚԑɵ ɪɟɚɤɰɢɹɧɵң ɋɈ2 ɦɟɧ ɋɈ ɝɚɡ-ԧɧіɦɞɟɪіɧ 
ɟɥɟɭɥі ɛԧɥɟ ɛɚɫɬɚɭɵ ɬɟɦɩɟɪɚɬɭɪɚ 620’650 0ɋ ɠɟɬɤɟɧɞɟ-ɚԕ ɛɚɣԕɚɥɚɞɵ. 
Ɍɟɦɩɟɪɚɬɭɪɚɧɵ 850’900 0ɋ ɞɟɣіɧ ɤԧɬɟɪɝɟɧ ɫɚɣɵɧ ɝɚɡɞɵң ԕɚɪԕɵɧɞɵ ɛԧɥіɧɭі 
ɛɚɣԕɚɥɚɞɵ. Ȼԧɥіɧɝɟɧ ɝɚɡ ɋɈ2+ɋɈ ԕɨɫɩɚɫɵɧɚɧ ɬԝɪɚɞɵ, ɨɧɵң ԛɫɬіɧɟ ɋɈ2  ԕԝɪɚɦɵ 
ɲɢɯɬɚ ԕɨɫɩɚɫɵɧɵң ɞɢɫɩɟɪɫɬіɥіɝі ɦɟɧ ɬɟɦɩɟɪɚɬɭɪɚɫɵ ɤԧɬɟɪіɥɝɟɧ ɫɚɣɵɧ 
ɠɨԑɚɪɵɥɚɣɞɵ, ɨɥ ɬɨɬɵԕɬɚɪ ɞɢɫɫɨɰɢɚɰɢɹɫɵɧɵң ԛɞɟɦɟɥіɥі-ɝіɧɟ ɫԥɣɤɟɫ ɤɟɥɟɞі. 

Ɍԝɪɚԕɬɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɝɚɡɞɚԑɵ ɪɟɞɭɤɰɢɹɧɵң ɠɵɥɞɚɦɞɵԑɵ ɦɟɧ ɋɈ2 

ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ ɛɚɫɬɚɩԕɵ ɤɟɡɟңɞɟ ɦɟɬɚɥɥ ɪɟɞɭɤɰɢɹɫɵ-ɧɵң 0,35 ɞԥɪɟɠɟɫіɧɟ 
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ɞɟɣіɧ, ԥɪԕɚɲɚɧɞɚ ɠɨԑɚɪɵ ɛɨɥɚɞɵ. Ԥɪі ԕɚɪɚɣ, ɩɪɨɰɟɫɬің ɠɵɥɞɚɦɞɵԑɵ ɦɟɧ ɋɈ2 

ɦԥɧі ɚɡɚɹɞɵ, ɨɥ ɬɨɬɵԕɬɚԑɵ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɤԧɥɟɦіɧің ɠԥɧɟ ɚɧɚԑԝɪɥɵɦ ɛɟɪіɤ 
ɬɨɬɵԕɬɚɪ ɞɢɫɫɨɰɢɚɰɢɹɫɵ ɫɟɪɩіɦɞіɥіɝіɧің ɚɡɚɸɵɧɚ ɛɚɣɥɚɧɵɫɬɵ. Ƚɚɡɞɵ 
ɪɟɚɝɟɧɬɬɟɪɦɟɧ ɦɟɬɚɥɞɚɪɞɵң ɪɟɞɭɤɰɢɹɫɵɧɚɧ ɛԧɥɟɤ, ɬɨɬɵԕ-ɤԧɦіɪɬɟɝі ԕɚɬɬɵ 
ɮɚɡɚɥɵԕ ԕɚɛɚɬɬɚɪɞɚ ɞԥɥ ɢɡɨɬɟɪɦɢɹɥɵԕ ɪɟɞɭɤɰɢɹɧɵ ԝɣɵɦɞɚɫɬɵɪɭ ԕɢɵɧɵɪɚԕ. 
Ȼɟɪіɥɝɟɧ ɬɟɦɩɟɪɚɬɭɪɚɦɟɧ ɪɟɞɭɤɰɢɹɥɵԕ ɝɚɡɞɚɪɞɵ ԕɨɥɞɚɧԑɚɧɞɚԑɵɞɚɣ, ɲɢɯɬɚ 
ԕɚɛɚɬɵɧɞɚ ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɠɵɥɭ ɬɚɫɵԑɵɲ ɛɨɥɵɩ ɬɚɛɵɥɦɚɣɞɵ. Ԕԝɪɚɦɵɧɞɚ 
ɤԧɦіɪɬɟɝі-ɪɟɚɝɟɧɬі ɛɚɪ ɲɢɯɬɚɧɵң ԕɚɛɚɬɵɧ ɫɵɪɬԕɵ ɛɟɬі ɚɪԕɵɥɵ ɫɵɪɬԕɵ ɠɵɥɭ 
ԕɭɚɬɵɧɵң ɤԧɡіɦɟɧ (ɷɥɟɤɬɪԕɵɡɞɵɪɭ, ɵɫɬɵԕ ɝɚɡɞɵ ɬɚɫԕɵɧɦɟɧ ɠԥɧɟ 
ɛɚɫԕɚɥɚɪɵɦɟɧ) ԕɵɡɞɵɪɭ ԕɚɠɟɬ. ɋɨɧɞɵԕɬɚɧ ɠɵɥɭ ɤԧɡіɧɟɧ ɬɵԑɵɡ ԕɚɛɚɬ ɛɟɬіɧɟ 
ɠɵɥɭ ɛɟɪɭ ɬɟɤ ɟɤі – ɠɵɥɭ ԧɬɤіɡɝіɲɬіɤ ɩɟɧ ɫԥɭɥɟ ɬɚɪɚɬɭ ɠɨɥɞɚɪɵɦɟɧ ɠԛɡɟɝɟ 
ɚɫɵɪɵɥɚɞɵ. Ȼԝɥ ɠɟɪɞɟ ɤɨɧɜɟɤɬɢɜɬі ɠɵɥɭ ɚɭɦɚɫɭ ɬіɩɬі ɠɨԕ, ɫɟɛɟɛі, ɞɢɫɩɟɪɫɬі 
ɦɚɬɟɪɢɚɥɞɵң ɬɵԑɵɡ ԕɚɛɚɬɵ ɚɪԕɵɥɵ ɝɚɡɞɵ ɬɚɫԕɵɧɧɵң ԛɪɥɟɧɭ ɦԛɦɤіɧɲіɥіɝі 
ɛɨɥɦɚɣɞɵ. 

ɋɨɧɞɵԕɬɚɧ ɛɟɪіɥɝɟɧ tn ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɞɟɣіɧ, ԕɚɪɚɫɬɵɪɵɥɵɩ ɨɬɵɪԑɚɧ 
ɠԛɣɟɞɟɝі (ɧɟɝіɡіɧɟɧ ɠɵɥɭ ԧɬɤіɡіɝіɲɬіɤɩɟɧ) ɬɟɦɩɟɪɚɬɭɪɚ-ɧɵң ɬԛɡɟɥɭіɧɟ ɞɟɣіɧ 
ɛіɪɚɡ ɭɚԕɵɬ ԧɬɟɞі. Ɉɫɵ ɭɚԕɵɬ іɲіɧɞɟ ɠɵɥɭɞɵң ɫɵɪɬԕɵ ɛɟɬіɧɟɧ ɨɪɬɚɥɵԑɵɧɚ 
ԕɚɪɚɣ ɛɚԑɵɬɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɛіɪɬіɧɞɟɩ t0-ɞɟɧ tn-ɝɟ, ɹԑɧɢ: t0, t1, t2, t3… tn-ɝɟ ɞɟɣіɧ 
ԧɡɝɟɪіɫɤɟ ԝɲɵɪɚɣɞɵ. Ԥɪɛіɪ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɪɟɞɭɤɰɢɹɥɵԕ ɪɟɚɤɰɢɹɧɵң ɛɟɥɝіɥі ɛіɪ 
ɛԧɥіɝі ԧɬіɩ ɠɚɬɚɞɵ. ɀԛɣɟɧің ɛɚɪɥɵԕ ɠɟɪɥɟɪіɧɞɟ ɬɟɦɩɟɪɚɬɭɪɚ ɛɟɪіɥɝɟɧ 
ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɠɟɬɤɟɧɞɟ ɦɟɬɚɥɥ ɪɟɞɭɤɰɢɹɫɵɧɵң ɛɟɥɝіɥі ɛіɪ ɞԥɪɟɠɟɫі – ri - 
ɨɪɧɵԑɚɞɵ. ɋԧɣɬіɩ ɛɟɪіɥɝɟɧ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɦɟɬɚɥɞɵң ɧɚԕɬɵ ɪɟɞɭɤɰɢɹɫɵ – tn 
ɧԧɥɞɟɧ ɟɦɟɫ, ri - ɞԥɪɟɠɟɫіɧɟɧ ɛɚɫɬɚɥɚɞɵ. 

Ɇɟɬɚɥɥ ɬɨɬɵԑɵɧɞɚԑɵ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ԕɚɥɞɵԕ ɫɚɥɦɚԑɵɧɵң ɚɡɚɸɵ 
ɤɪɢɫɬɚɥɥ ɬɨɪɵɧɵң ԕɚɣɬɚ ԕԝɪɵɥɭɵɧɚ ɫԥɣɤɟɫ ɚɬɨɦɞɵԕ ԕɚɬɵɧɚɫɬɵң Ɉ/Ɇɟ 
ɚɡɚɸɵɧɚ ԥɤɟɥɟɞі ɠԥɧɟ ԥɪɢɧɟ, ɦɟɬɚɥɥ ɦɟɧ ɨɬɬɟɝіɧің ɚɪɚɫɵɧɞɚԑɵ ɯɢɦɢɹɥɵԕ 
ɛɚɣɥɚɧɵɫ ɛɟɪіɤɬіɝі ԛɡɞіɤɫіɡ ɧɵԑɚɹ ɬԛɫɟɞі, ɨɥ ɞɢɫɫɨɰɢɚɰɢɹ ɫɟɪɩіɦɞіɥіɝіɧің 
ɚɡɚɸɵɧ ɛіɥɞіɪɟɞі. Ɉɫɵɞɚɧ, ɧɚԕɬɵɥɵ ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧɵң ԥɪɛіɪ ɚɬɨɦɞɵԕ Ɉ/Ɇɟ 
ԕɚɬɵɧɚɫɵɧɚ, ɪɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɫ ɠԛɪɭ ԛɲіɧ, ɚԑɵɦɞɚԑɵ ɚɬɨɦɞɵԕ ԕɚɬɵɧɚɫɬɵң 
ɬɨɬɵԕ ɞɢɫɫɨɰɢɚɰɢɹɫɵ ɫɟɪɩіɦɞіɥіɝіɧің ɠɟɬɤіɥіɤɬі ɦɚңɵɡɵ ɛɚɪ ɛɟɥɝіɥі ɛіɪ 
ɬɟɦɩɟɪɚɬɭɪɚ ɫԥɣɤɟɫ ɤɟɥɟɬіɧɞіɝі ɬɭɪɚɥɵ ԕɨɪɵɬɵɧɞɵ ɠɚɫɚɭ ԕɢɵɧ ɟɦɟɫ. Ⱥɬɨɦɞɵԕ 
Ɉ/Ɇɟ ԕɚɬɵɧɚɫɬɵң ɨɫɵ Ɍ1  ɬɟɦɩɟɪɚɬɭɪɚɞɚ ԥɪі ԕɚɪɚɣ ɚɡɚɸɵ ɞɢɫɫɨɰɢɚɰɢɹ 
ɫɟɪɩіɦɞіɥіɝіɧ ɪɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɫ ɬіɩɬі ɠԛɪɦɟɣɬіɧ ɞɟңɝɟɣɝɟ ɞɟɣіɧ ɬԧɦɟɧɞɟɭіɧɟ 
ԥɤɟɩ ɫɨԑɚɞɵ. 

Ȼԝɥ ɞɢɫɫɨɰɢɚɰɢɹɥɚɧԑɚɧ ɨɬɬɟɝіɧі ɯɟɦɨɫɨɪɛɢɪɥɟɧɝɟɧ ԕɚɛɚɬɚɫ-ɬɵɧɵң 
ɞɟңɝɟɣіɧɟɧ ԥɪі ɚɥɵɩ ɲɵԑɭԑɚ ԕɚɠɟɬɬі ɠԛɣɟ ɷɧɟɪɝɢɹɫɵɧɵң ɠɟɬɤіɥіɤɫіɡɞіɝіɧɟɧ 
ɛɨɥɚɞɵ. 

Ʉɪɢɫɬɚɥɥ ɬɨɪɥɚɪɵɧɞɚԑɵ ɯɟɦɨɫɨɪɛɢɪɥɟɧɝɟɧ ɨɬɬɟɝіɧің ԕɚɛɚɬɚɫɬɵɧ ɵɞɵɪɚɬɭ 
ɠԥɧɟ ɨɧɵң ɛԧɥіɝіɧ ԕԝɪɚɦɵɧɞɚ ɤԧɦіɪɬɟɝі ɛɚɪ ԕɚɛɚɬɬɵң ɷɧɟɪɝɟɬɢɤɚɥɵԕ ԧɪіɫіɧɟ 
ɬɟɛіɥɭ ԛɲіɧ ɠԛɣɟɝɟ ԕɨɫɵɦɲɚ ɷɧɟɪɝɢɹ ɠɟɬɤіɡɭ ԕɚɠɟɬ. ɒɵɧɞɵԑɵɧɞɚ ɞɚ ɫɨɥɚɣ 
ɛɨɥɚɞɵ. Ɍ1 ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɞɚ ɩɪɨɰɟɫɫ ɬɨԕɬɚԑɚɧɧɚɧ ɤɟɣіɧ, ɨɧɵң ɬɟɦɩɟɪɚɬɭɪɚɫɵɧ 
Ɍ2-ɝɟ ɞɟɣіɧ ɤԧɬɟɪɟ ɨɬɵɪɵɩ, ɠԛɣɟɝɟ ԕɨɫɵɦɲɚ ɷɧɟɪɝɢɹ ɠɟɬɤіɡɭ ɠɟɬɤіɥіɤɬі, ɫɨɧɞɚ 
ɤɪɢɫɬɚɥɥ ɬɨɪɵɧɵң ɫɵɪɬԕɵ ԕɚɛɚɬɚɫɬɵɧɚɧ ԥɪɟɤɟɬɬɟɫɟɬіɧ ɤɨɦɩɨɧɟɧɬɬɟɪ 



  

59 
 

ԕɚɛɚɬɬɚɪɵɧɵң ɚɪɚɫɵɧɞɚԑɵ ɤɟңіɫɬіɤɤɟ ɨɬɬɟɝі ɬɚɫɵɦɚɥɞɚɭ ɠɚɧɞɚɧɚɞɵ ɠԥɧɟ 
ɪɟɚɤɰɢɹ ɠɚңɚ ɤԛɲɩɟɧ ɠɚɥԑɚɫɚɞɵ. 

ɉɪɨɰɟɫɫ ɤɢɧɟɬɢɤɚɫɵɧɵң ɬɚԑɵ ɞɚ ɛіɪ ɟɪɟɤɲɟɥіɝі ɤԧɦіɪɬɟɝі-ɪɟɚɝɟɧɬ 
ԕɚɥɞɵԑɵɧɵң ɩɚɣɞɚ ɛɨɥԑɚɧ ɦɟɬɚɥɞɵ ɮɚɡɚɦɟɧ ɤɚɪɛɢɞ ɠɚɫɚɣ ɨɬɵɪɵɩ, ԧɡɚɪɚ 
ԥɪɟɤɟɬɬɟɫɭіɧɞɟ ɛɨɥɵɩ ɨɬɵɪ. Ʉɚɪɛɢɞɬің ɠɚɫɚɥɭɵ ԥɫіɪɟɫɟ, ɚɧɚԑԝɪɥɵɦ ɛɟɪіɤ 
ɬɨɬɵԕɬɚɪɞɵң – MnO, SiO2, Cr2O3, V2O3, TiO2 ɠԥɧɟ ɛɚɫԕɚɥɚɪɵɧɵң 
ɪɟɞɭɤɰɢɹɫɵɧɞɚ ɞɚɦɢ ɬԛɫɟɞі. 

Ɉɫɵ ɬɨɬɵԕɬɚɪɞɵң ɦɟɬɚɥɞɚɪɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɫɵɧɞɚ ɦɟɬɚɥɞɵ 
ɮɚɡɚɧɵң ɞɚɦɭɵɧɚ ԕɚɪɚɣ, ɤɚɪɛɢɞɬі ԕɨɫɵɥɵɫ ɠɚɫɚɣɞɵ. Ɇɟɬɚɥɞɵ, ɬɨɬɵԕɬɵ ɠԥɧɟ 
ɤɚɪɛɢɞɬі ɮɚɡɚɧɵң ɛіɪɦɟɡɝіɥɞɟ ɛɨɥɭɵ ɦԛɦɤіɧ. ɋɨɧɞɵԕɬɚɧ: Cr, V, Ti, Si 
ɦɟɬɚɥɞɚɪɵ ɨɤɫɢɤɚɪɛɢɞ ɠɚɫɚɭɲɵ ɦɟɬɚɥɞɚɪ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ɉɤɫɢɤɚɪɛɢɞɬі 
ɠԛɣɟɞɟ ɮɢɡɢɤɚ-ɯɢɦɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪɞің ԥɪі ԕɚɪɚɣ ɞɚɦɭɵ ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ 
ɪɟɠɢɦɝɟ ɛɚɣɥɚɧɵɫɬɵ. 

Ɍɟɦɩɟɪɚɬɭɪɚɧɵ ɤԧɬɟɪɭ ɦɟɬɚɥɥ ɦɟɧ ɨɬɬɟɝі ɚɪɚɫɵɧɞɚԑɵ ɯɢɦɢɹɥɵԕ 
ɛɚɣɥɚɧɵɫɬɵ ԥɥɫіɪɟɬɭɝɟ, ɹԑɧɢ ɞɢɫɫɨɰɢɚɰɢɹԑɚ ɠԥɧɟ ɦɵɧɚ ɪɟɚɤɰɢɹɧɵң ɠԛɪɭіɧɟ 
ɛɚԑɵɬɬɚɥԑɚɧ: 

 
Ɇɟɋ + ɆɟɈ = 2Ɇɟ + ɋɈ.                         (3.76) 

 
Ɉɤɫɢɤɚɪɛɢɞɬі ɠԛɣɟɧің іɲіɧɞɟ ɩɚɣɞɚ ɛɨɥԑɚɧ ɦɟɬɚɥɥ ɤɚɪɛɢɞі ɪɟɞɭɤɰɢɨɧɟɪ 

ɪɟɬіɧɞɟ ɛɨɥɚɞɵ. Ʉɚɪɛɢɞ ɠɚɫɚɭɲɵ ɦɟɬɚɥɞɚɪɞɵң ԧɡɞɟɪі ɪɟɞɭɤɰɢɨɧɟɪɥɟɪ ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ, ɦɵɫɚɥɵ, ɤԧɦіɪɬɟɝіɧің ɤɪɟɦɧɢɣ ɬɨɬɵԑɵɦɟɧ ԧɡɚɪɚ ԥɪɟɤɟɬі ɬɵɦ ɤԛɪɞɟɥі 
ɫɢɩɚɬ ɚɥɚɞɵ. 

 

2SiO2 ĺ 2SiO + Ɉ2;                                                    (3.77) 
Ɉ2 + 2ɋ = 2ɋɈ;                                       (3.78) 

SiO + ɋ = Si + ɋɈ;                                    (3.79) 
SiO2 + Si = 2 SiO;                                     (3.80) 

SiO + 2ɋ = Siɋ + ɋɈ;                                   (3.81) 
Siɋ + SiO = 2Si + ɋɈ.                                   (3.82) 

 
Ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɦɟɬɚɥɞɚɪɞɵң ɛɚɪɥɵԕ ɬɨɬɵԕɬɚɪɵɦɟɧ ɛɚɪɵɧɲɚ ɬɨɥɵԕ 

ɲɵԑɵɧɞɚɥɭɵ ɚɪԕɵɥɵ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɟɞі ɠԥɧɟ ɚԕɵɪɵɧɞɚ ɋɈ2 ɦɟɧ ɋɈ ɝɚɡɞɚɪɵɧ 
ɠɚɫɚɣɞɵ. Ɉɫɵ ɟɤі ɝɚɡɞɵң ԕɚɬɵɧɚɫɵ ɬɨɬɵԕɬɚɪ ɞɢɫɫɨɰɢɚɰɢɹɫɵ ɫɟɪɩіɦɞіɥіɝіɧің 
ɲɚɦɚɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ԧɡɝɟɪɟɞі. 

ɒɢɯɬɚɞɚԑɵ ɫɨɥ ɧɟɦɟɫɟ ɛɚɫԕɚ ɦɟɬɚɥɞɵң ɪɟɞɭɤɰɢɹɫɵɧɚ ԕɚɠɟɬɬі ɤԧɦіɪɬɟɝіɧің 
ɲɵԑɵɧɵɧ ɋɈ2 ɦɟɧ ɋɈ-ɧɵң ɤԛɬіɥɟɬіɧ ԕɚɬɵɧɚɫɵɧ ɟɫɟɩɬɟɣ ɨɬɵɪɵɩ ɚɧɵԕɬɚɭ 
ԕɚɠɟɬ. Ɉɫɵ ԕɚɬɵɧɚɫɬɵ ԕɚɬɟ ɬɚңɞɚɭ, ɤԧɦіɪɬɟɝіɧің ɚɪɬɵԕɲɵɥɵԑɵɧɚ ɧɟɦɟɫɟ 
ɦɟɬɚɥɥ ɪɟɞɭɤɰɢɹɫɵɧɵң ɬɨɥɵԕ ɠԛɪɦɟɭіɧɟ ԥɤɟɥɟɞі. 

Ʉԧɦіɪɬɟɝіɧің ɚɪɬɵԕɲɵɥɵԑɵ ɤԧɩ ɠɚԑɞɚɣɞɚ ɦɟɬɚɥɞɵң ɤԧɦіɪɬɟɤɬɟɧɭіɧɟ ɠԥɧɟ 
ɦɟɬɚɥɞɚԑɵ ɤɚɪɛɢɞ ɚɪɬɵԕɲɵɥɵԑɵɧɵң ɩɚɣɞɚ ɛɨɥɭɵɧɚ ԥɤɟɩ ɫɨԑɚɞɵ. Ɉɧɵң 
ɲɢɯɬɚɞɚ ɠɟɬіɫɩɟɭɲіɥіɝі ԕɨɠɞɚԑɵ ɦɟɬɚɥɥ ɬɨɬɵԑɵɧɵң ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧ 
ɤԧɛɟɣɬɟɞі. 
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Ɇɟɬɚɥɥ ɪɟɞɭɤɰɢɹɫɵɧɵң ɤɢɧɟɬɢɤɚɫɵ ɠԥɧɟ ɚɥɵɧɚɬɵɧ ɦɟɬɚɥɞɵң ɠԥɧɟ 
ԕɨɠɞɵң ԕԝɪɚɦɵ ɲɢɯɬɚɧɵң ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɫіɧің ɠԥɧɟ ɲɵԑɵɧɞɚɥɚɬɵɧ 
ɤԧɦіɪɬɟɝіɧің ɫɚɥɦɚԕɬɵԕ ԕɚɬɵɧɚɫɵɧɚ ɛɚɣɥɚɧɵɫɬɵ ɛɨɥԑɚɧɞɵԕɬɚɧ, ɲɢɯɬɚ 
ɫɚɥɦɚԑɵɧɵң ɛіɪɥіɝіɧɟ ԕɚɠɟɬɬі ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɫɚɧɵɧ ɚɥɞɵɧ ɚɥɚ ɛɨɥɠɚɭ ԧɬɟ 
ɦɚңɵɡɞɵ. Ɋɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɬɟɪɞɟ ɚɧɚԑԝɪɥɵɦ ɤԧɩ ԕɨɥɞɚɧɵɥɚɬɵɧ ɬɨɬɵԕɬɚɪ 
ɬɟɦіɪ ԕɚɬɚɪɵ – TiO2; V2O5; MnO2; Fe2O3;CoO2; NiO ɦɟɬɚɥɞɚɪɵɧɵң ɬɨɬɵԕɬɚɪɵ 
ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ɍɨɬɵԕɬɚɪɞɵң ɚɬɚɥԑɚɧ ԕɚɬɚɪɵɧɚɧ ɬɢɬɚɧ ɦɟɧ ɜɚɧɚɞɢɣ 
ɬɨɬɵԕɬɚɪɵ-ɧɵң Ɉ/Ɇɟ = 2 ɠԥɧɟ 2,5 ɬɟң ɛɨɥɚɬɵɧ ɚɬɨɦɞɵԕ ԕɚɬɵɧɚɫɵ ɲɵԑɚɞɵ. 
Ԕɚɥԑɚɧ ɛɚɪɥɵԕ ɬɨɬɵԕɬɚɪɞɵң ɚɬɨɦɞɵԕ ԕɚɬɵɧɚɫɬɚɪɵ Ɉ/Ɇɟ ɦɟɬɚɥɥ ɪɟɞɭɤɰɢɹɫɵɧɚ 
ԕɚɪɚɣ 1,5-ɧɚɧ ɧԧɥɝɟ ɞɟɣіɧ ɬԧɦɟɧɞɟɣɞі. 

Ɍԧɦɟɧɞɟ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɫԥɣɤɟɫ ɤɟɥɟɬіɧ ɦɟɬɚɥɥ ɛіɪɥіɝіɧɟ ɬɟңɞɟɫɬіɝі 
(ɛɚɥɚɧɫɵ) ɛɟɪіɥіɩ ɨɬɵɪ (3.1-ɤɟɫɬɟ). 

 
Ʉɟɫɬɟ 3.1 - Ɇɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧɞɚԑɵ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɬɟңɞɟɫɬіɝі (ɛɚɥɚɧɫɵ), 
ɤɝ/ɤɝ Ɇɟ 

 

Ɇɟɬɚɥɥ 
ɬɨɬɵԕɬɚɪɵ 

Ɇɟɬɚɥɥ ɛіɪɥіɝіɧɟ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɬɟңɞɟɫɬіɝі, ɤɝ/ɤɝ Ɇɟ 
Ti V Cr Mn Fe Co Ni 

Ɇɟ2Ɉ5 0,8333 0,7843 0,7692 0,7272 0,7143 0,6779 0,6779 
ɆɟɈ2 0,6670 0,6274 0,6153 0,5818 0,5714 0,5423 0,5423 
Ɇɟ2Ɉ3 0,5000 0,4705 0,4615 0,4363 0,4285 0,4067 0,4067 
Ɇɟ3Ɉ4 0,4444 0,4183 0,4102 0,3878 0,3809 0,3615 0,3615 
ɆɟɈ 0,3333 0,3137 0,3076 0,2909 0,2857 0,2711 0,2711 

 
V2O5 I  VO2 II  V2O3 III  V3O4 IV  VO V  V 

 
ɛіɪɬіɧɞɟɩ ɚɣɧɚɥɭɵɧɞɚ, ɜɚɧɚɞɢɣɞің ɠɨԑɚɪɵ ɬɨɬɵԑɵɧɵң ɛɚɪɥɵԕ ɝɚɡɞɚɥɚɬɵɧ 
ɨɬɬɟɝіɫіɧɟɧ ԥɪɛіɪ ɫɚɬɵɞɚ ɨɬɬɟɝіɧің ɫɚɧɵ ɦɵɧɚ ɬԥɪɬіɩɩɟɧ ɚɡɚɹɞɵ: 

 
Δ 

Oi 
I II III IV V Σ 
0,2000 0,2000 0,0666 0,1334 0,4000 1,0 

 
Ⱥɬɨɦɞɵԕ ԕɚɬɵɧɚɫɵ Ɉ/Ɇɟ = 2 ɬɟң ɫɨңԑɵ ɬԝɪɚԕɬɵ ɬɨɬɵԕɬɚɪ – TiɈ2 ɠԥɧɟ 

ɆnɈ2  ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ.  
 

ɆɟO2 I  Ɇɟ2O3 II  Ɇɟ3O4 III  ɆɟO IV  Ɇɟ 
 

ɛіɪɬіɧɞɟɩ ɚɣɧɚɥɭɵɧɞɚ ɠɨԑɚɪɵ ɬɨɬɵԕɬɵң ɛɚɪɥɵԕ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɫіɧɟɧ 
ɨɬɬɟɝіɧің ɫɚɧɵ ɦɵɧɚ ɲɚɦɚɞɚ ɚɡɚɹɞɵ: 

 

Δ Oi I II III IV Σ 
0,2500 0,0834 0,1666 0,5000 1,0 
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Ʉԧɩɬɟɝɟɧ ɬɨɬɵԕɬɚɪɞɵң ɛіɪɬіɧɞɟɩ ɚɣɧɚɥɭɵɧɞɚ ɚɬɨɦɞɵԕ ԕɚɬɵɧɚɫɵ ɬԝɪɚԕɬɵ 
ɛɨɥɚɞɵ, Ɉ/Ɇɟ = 1,5. 

 

Ɇɟ2O3 I Ɇɟ3O4 II ɆɟO III  Ɇɟ 
 

ɛɚɫɬɚɩԕɵ ɫɚɥɦɚԕɬɚɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɫɚɥɦɚԕɬɵԕ ԛɥɟɫі ɤɟɥɟɫі ɬԥɪɬіɩɩɟɧ 
ԧɡɝɟɪɟɞі: 

 
Δ Oi I II III Σ 

0,111 0,222 0,667 1,0 
 
Ɍɟɦіɪ ɦɟɧ ɦɚɪɝɚɧɟɰ ɬɨɬɵԕɬɚɪɵ ɠɨԑɚɪɵ ɬɨɬɵԕɬɚɪɞɚɧ ɆɟɈ ɞɟɣіɧ ԕɚɬɬɵ 

ɤԧɦіɪɬɟɝіɦɟɧ ɛɚɪɵɧɲɚ ԕɚɪԕɵɧɞɵ ɠԥɧɟ ɋɈ+ɋɈ2 ɝɚɡɞɚɪ ԕɨɫɩɚɫɵɧɞɚԑɵ ɋɈ2  
ɟɞԥɭіɪ ɛԧɥіɝіɧ ɠɚɫɚɣ ɨɬɵɪɵɩ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɟɞі. 

V2O5  ɬɨɬɵԑɵ V3O4  ɞɟңɝɟɣіɧɟ ɞɟɣіɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɫɨɥ ɫɢɹԕɬɵ ɋɈ2 

ɟɞԥɭіɪ ɛԧɥіɝіɧ ɠɚɫɚɣ ɨɬɵɪɵɩ ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɟɞі. 
Ʉɨɛɚɥɶɬ ɩɟɧ ɧɢɤɟɥɶ ɬɨɬɵԕɬɚɪɵ ɠɨԑɚɪɵ ɬɨɬɵԕɬɚɪɵɧɚɧ ɦɟɬɚɥɞɵԕ ɤԛɣіɧɟ 

ɞɟɣіɧ 100 % ɋɈ2  ɠɚɫɚɣ ɨɬɵɪɵɩ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ. 
V3O4, Cr2O3, TiO2 ɬɨɬɵԕɬɚɪɵ ɤԧɦіɪɬɟɝіɦɟɧ ԧɡɚɪɚ ԥɪɟɤɟɬіɧɞɟ ɬɟɤ ԑɚɧɚ ɋɈ 

ɠɚɫɚɣɞɵ. 
Ɋɟɞɭɤɰɢɹɧɵң ԥɪɛіɪ ɫɚɬɵɫɵɧɞɚ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝі ɟɤі ɫɚɥɦɚԕɬɵԕ ɛԧɥіɤɤɟ: 

ɋɈ2 ɦɟɧ ɋɈ ɠɚɫɚɣ ɨɬɵɪɵɩ ɛԧɥіɧɟɞі.  
ɋɈ2 ɝɚɡɵɧ ɠɚɫɚɭԑɚ ɲɵԑɵɧɞɚɥɚɬɵɧ ɦɟɬɚɥɥ ɬɨɬɵԑɵ ɨɬɬɟɝіɫіɧің ԛɥɟɫіɧ ɦɵɧɚ 

ɬɟңɞɟɭɦɟɧ ɚɧɵԕɬɚɭԑɚ ɛɨɥɚɞɵ: 
 

.
2

2

2

2
01 ɋɈɋɈ

ɋɈ


                                     (3.83) 

 
ɦԝɧɞɚԑɵ ɋɈ2 ɦɟɧ ɋɈ ɝɚɡɞɚɪɵɧɵң  ɋɈ2 + ɋɈ ԕɨɫɩɚɞɚԑɵ, ɹԑɧɢ ɪɟɚɤɰɢɹ 
ԧɧіɦіɧɞɟɝі ԕԝɪɚɦɵ, %. 

Ɉɫɵ ԧɪɧɟɤɬі ɟɫɤɟɪɟ ɨɬɵɪɵɩ, 1 ɤɝ ɲɢɯɬɚɞɚɧ ɚɥɵɧɚɬɵɧ ɦɟɬɚɥɞɵң 
ɪɟɚɤɰɢɹɫɵɧɚ ԕɚɠɟɬɬі ɤԧɦіɪɬɟɝіɧің ɦɟɧɲіɤɬі ɲɵԑɵɧɵɧ ɦɵɧɚ ɮɨɪɦɭɥɚ ɛɨɣɵɧɲɚ 
ɚɧɵԕɬɚɭԑɚ ɛɨɥɚɞɵ: 

 




 
ni

i

iiC OMemg
1

,01
2

0 5,0110  , ɤɝ/ɤɝ ɲɢɯɬɚ,              (3.84) 

ɦԝɧɞɚԑɵ ɬ0 – ɪɟɞɭɰɢɪɥɟɧɟɬіɧ ɦɟɬɚɥɞɵң ɛіɪɥіɝіɧɟ ɠɨԑɚɪɵ ɬɨɬɵԕɬɚɧ ɝɚɡɞɚɥɚɬɵɧ 
ɨɬɬɟɝіɧің ɦɟɧɲіɤɬі ɫɚɥɦɚԑɵ Ɇɟ; 

ΔOi – ɬɨɬɵԕ ɪɟɞɭɤɰɢɹɫɵɧɵң i ɫɚɬɵɫɵɧɞɚԑɵ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɛɚɪɥɵԕ 
ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɛԧɥіɝіɧɟɧ ԛɥɟɫі; 

γ01, i – ɪɟɞɭɤɰɢɹɧɵң i ɫɚɬɵɫɵɧɞɚ ɩɚɣɞɚ ɛɨɥɚɬɵɧ ɨɬɬɟɝіɧің ɫɚɥɦɚԕɬɵԕ ԛɥɟɫі. 
(3.84) ɬɟңɞɟɭіɧɟɧ ɲɢɯɬɚɧɵ ɦɟɬɚɥɞɚɭԑɚ ɤɟɬɟɬіɧ ɤԧɦіɪɬɟɝі-ɧің ɲɵԑɵɧɵ γ01,i  

ɤɨɷɮɮɢɰɢɟɧɬі ɤԧɛɟɣɝɟɧ ɫɚɣɵɧ ɚɡɚɹɬɵɧɞɵԑɵɧ ɤԧɪɟɦіɡ. 
ɋɨɧɵɦɟɧ ɠԛɣɟɧі ԕɵɡɞɵɪԑɚɧ ɤɟɡɞɟɝі ɩɪɨɰɟɫɬің ɠɚɥɩɵ ɦɟɯɚɧɢɡɦі [102]:  
1. Ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɛԧɥɲɟɤɬɟɪіɧің ɛɟɬіɧɞɟɝі ɷɥɟɤɬɪɨɧɞɵ ɫԥɭɥɟɥɟɧɭ ɠԥɧɟ  
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ɨɤɫɢɞɬі ɦɚɬɟɪɢɚɥɞɚɪɞɵң ɛɟɬіɧɞɟ ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪіɧің ɞɢɫɫɨɰɢɚɰɢɹɫɵ  
eCC 44   ; 2)2(22 OOMeOMe nmnm                                   (3.83) 

2. ɗɥɟɤɬɪɨɧɞɚɪɞɵң ɚԑɵɧɵɧ ɨɤɫɢɞ ɛԧɥɲɟɤɬɟɪɞің ɛɟɬіɧɟ ɬɚɫɵɦɚɥɞɚɭ, ɨң 
ɤԧɦіɪɬɟɝі ɢɨɧɞɚɪɵɧɵң ɠԥɧɟ ɬɟɪіɫ ɨɬɬɟɝі ɢɨɧɞɚɪɵɧɵң ɩɚɣɞɚ ɛɨɥɭɵ 

 
 

 
 
                                                                                                                      (3.84) 
 
 
 

3. Ȼɨɫ ɨɬɬɟɝі ɢɨɧɞɚɪɵɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɤɬі ɛԧɥɲɟɤɬɟɪɞің ɛɟɬіɧɟ ɬɚɫɵɦɚɥɞɚɭ  
 
 

                                                                                                                     (3.85) 
 

 

4. ɋɈ2 ɠԥɧɟ ɋɈ ɬԝɪɚɬɵɧ ɝɚɡ ɚԑɵɧɵɧɵң ԕɨɫɩɚɫɵɧ ԕɚɥɵɩɬɚɫɬɵɪɭ. 
 
Ԛɲіɧɲі ɛԧɥіɦ ɛɨɣɵɧɲɚ ɬԝɠɵɪɵɦ 

- Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɠԥɧɟ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ɪɟɞɭɤɰɢɹɥɚɩ ԧңɞɟɭɝɟ 
ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬɬɟɪɞің ɠɨԑɚɪɵ ɞԥɪɟɠɟɞɟɝі ɩɨɬɟɧɰɢɚɥɵ ԕɚɠɟɬɬіɝіɧɟ 
ɛɚɣɥɚɧɵɫɬɵ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧ ɩɚɣɞɚɥɚɧɭɞɵң ɬɟɨɪɢɹɥɵԕ ɦԛɦɤіɧɲіɥіɤɬɟɪі 
ԕɚɪɚɫɬɵɪɵɥɞɵ; 

- Ʉɟɲɟɧɞі ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɠԥɧɟ ɢɥɶɦɟɧɢɬɬɟɧ ɬɟɦіɪɦɟɧ ɛіɪɝɟ ɛɚɫԕɚ 
ԕɨɫɩɚɥɵ ɥɟɝіɪɥɟɭɲі ɦɟɬɚɥɞɚɪ – ɦɚɪɝɚɧɟɰ, ɯɪɨɦ, ɬɢɬɚɧ, ɜɚɧɚɞɢɣɞі ɪɟɞɭɤɰɢɹɥɚɭ 
ԛɲіɧ ɨɤɫɢɞɬіɤ ɲɢɯɬɚɧɵ ɠԥɧɟ ɤԧɦіɪɬɟɤɬі ɪɟɚɝɟɧɬɬі ɦɟɬɚɥɥ ɚɥɭԑɚ ɞɚɣɵɧɞɚɭ 
ɲɚɪɚɥɚɪɵ ԕɚɪɚɫɬɵɪɵɥɞɵ; 

- Ɇɟɬɚɥɞɚɪɞɵ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ɲɚɪɬɵ ɛɨɣɵɧɲɚ ɤɚɪɛɢɞ 
ɬԛɡіɥɦɟɭі ԛɲіɧ ɤԧɦіɪɬɟɝіɧің ɚɪɬɵԕ ɦԧɥɲɟɪі ɛɨɥɦɚɭ ԕɚɠɟɬ. ɋɨɧɞɵԕɬɚɧ ԕɢɵɧ 
ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɞɚɪ ɦɟɬɚɥɞɵԕ ɤԛɣɝɟ ɪɟɞɭɤɰɢɹɥɚɧɵɩ ɟɪіɬіɧɞіɝɟ ԧɬɟɞі, 
ɫԥɣɤɟɫіɧɲɟ ɤɚɪɛɢɞ ɬԛɡіɥɭ ɲɟɤɬɟɥɟɞі. ɉɪɨɰɟɫɬің ɠԛɪɭі ɤԧɩɬɟɝɟɧ ɮɚɤɬɨɪɥɚɪԑɚ 
(ɬɟɦɩɟɪɚɬɭɪɚ, ɪɟɚɝɟɧɬɬɟɪ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ, ɦɟɧɲіɤɬі ɪɟɚɤɰɢɹ ɛɟɬі ɠԥɧɟ ɬ.ɛ) 
ɬԥɭɟɥɞі. ɉɪɨɰɟɫɤɟ ɠɚԑɵɦɞɵ ԥɫɟɪ ɟɬɟɬіɧ ɤԧɪɫɟɬɤіɲɬɟɪɞі ɪɟɬɬɟɭ ɚɪԕɵɥɵ, ɨɧɵң 
ɬɢіɦɞіɥіɝіɧ ɠԥɧɟ ɚɥɵɧɚɬɵɧ ɦɟɬɚɥɥ ԧɧіɦіɧің ɫɚɩɚɫɵɧ ɚɪɬɬɵɪɭɞɚ ɟɥɟɭɥі 
ɠɟɬіɫɬіɤɤɟ ԕɨɥ ɠɟɬɤіɡɟɦіɡ.  

- Ʉɟɲɟɧɞі ɤɟɧɞіɤ ɦɚɬɟɪɢɚɥɞɚɪ – ɋԥɬɛɚɟɜ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵ, Ʉɚɱɤɚɧɚɪ 
ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɨɧɰɟɧɬɪɚɬɵɧɚɧ Fe, Mn, Cr, V ɠԥɧɟ Ti ɦɟɬɚɥɞɚɪɵɧ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝіɦɟɧ «Ⱦɢɫɫɨɰɢɚɰɢɹ-ɚɞɫɨɛɪɰɢɹɥɵԕ ɦɟɯɚɧɢɡɦ» ɧɟɝіɡіɧɞɟ ɪɟɞɭɤɰɢɹɥɚɭ 
ɩɪɨɰɟɫі ɛɚԑɚɥɚɧɞɵ. 

- Ʉɟɫɟɤ ɲɢɤіɡɚɬɬɵ ɝɚɡ ɚԑɵɧɵɦɟɧ ɦɟɬɚɥɞɚɧɞɵɪɭ ɤԧɪɫɟɬɤіɲɬɟɪіɧ ԕɚɬɬɵ 
ɮɚɡɚɞɚ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ɤԧɪɫɟɬɤіɲɬɟɪіɦɟɧ ɫɚɥɵɫɬɵɪɚ ɨɬɵɪɵɩ ɬіɤɟɥɟɣ 
ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің ɚɪɬɵԕɲɵɥɵԑɵ ɚɧɵԕɬɚɥɞɵ.  
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4 ɌԤɀІɊɂȻȿɅІɄ ɁȿɊɌɌȿɍɅȿɊ 

 

Тɚɡɚ ɬɢɬɚɧ ɬɨɬɵғɵɧ TiO2 Ιɚɬɬɵ ɤөɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢяɥɚɭ 
ɬΩɠіɪɢɛɟɥɟɪіɧ ɠΟɪɝіɡɭ. 

Ɍɟɨɪɢɹɥɵԕ ɡɟɪɬɬɟɭɥɟɪ ɛԧɥіɦіɧɞɟ ɤԧɪɫɟɬіɥɝɟɧɞɟɣ, ɢɥɶɦɟɧɢɬ ɠԥɧɟ ɬɢɬɚɧ-
ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ɪɟɞɭɤɰɢɹɥɚɩ ɛɚɥԕɵɬɭ ɦԥɫɟɥɟɫі TiO2 ɠɨԑɚɪɵ 
ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɦɟɧ ɛɚɣɥɚɧɵɫɬɵ. Ʉԧɪɫɟɬіɥɝɟɧ ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɵң ɧɟɝіɡɝі 
ɦɚɫɫɚɫɵɧ ɬɟɦіɪ ɠԥɧɟ ɬɢɬɚɧ ɬɨɬɵԕɬɚɪɵ ԕԝɪɚɣɞɵ. ɋɨɧɞɵԕɬɚɧ, ɟң ɛɚɫɬɵɫɵ ɬɟɦіɪ 
ɦɟɧ ɬɢɬɚɧɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің ɠԛɪіɫі ԕɵɡɵԑɭɲɵɥɵԕ ɬɭɞɵɪɚɞɵ. 
Ɉɫɵ ɦіɧɞɟɬɬің ԕɨɣɵɥɭɵɧɚ ɛɚɣɥɚɧɵɫɬɵ, ɯɢɦɢɹɥɵԕ ɬɚɡɚ ɬɨɬɵԕɬɚɪɞɵ 
ɩɚɣɞɚɥɚɧɵɥɚɧɵɩ ɚɥɞɵɧ-ɚɥɚ ɬԥɠіɪɢɛɟɥіɤ ɠԝɦɵɫɬɚɪ ɨɪɵɧɞɚɥɞɵ. 

Ɍɟɯɧɢɤɚɥɵԕ ɬɚɡɚ TiO2 ԕɨɫɬɨɬɵԑɵɧɵң 50 ɝɪ. ɦԧɥɲɟɪіɧ ɚԑɚɲ ɤԧɦіɪɞің 
ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɦԧɥɲɟɪіɦɟɧ ɚɪɚɥɚɫɬɵɪɞɵɦ. Ɏɪɚɤɰɢɹɫɵ 1,0 ɦɦ. ɤɟɦ ԕɨɫɩɚɧɵ 
ɤɜɚɪɰɬɵ ɬԛɬіɤɲɟɞɟɧ ɞɚɣɵɧɞɚɥԑɚɧ ɪɟɚɤɰɢɹɥɵԕ ԝɹɲɵԕԕɚ ɟɧɝіɡɟɞіɦ ɠԥɧɟ ɋɍɈɅ-
44 12Ɇ ԕԝɛɵɪɥɵ ɷɥɟɤɬɪ ɩɟɲіɧің ɪɟɚɤɰɢɹɥɵԕ ɡɨɧɚɫɵɧɚ ɨɪɧɚɬɚɦɵɧ. ɀԛɣɟ 
ɬɟɦɩɟɪɚɬɭɪɚɫɵɧ 10-12°ɋ/ɦɢɧ ɠɵɥɞɚɦɞɵԕɩɟɧ 1000 °ɋ ɞɟɣіɧ ɠɨԑɚɪɵɥɚɬɬɵɦ. 
Ɉԕɲɚɭɥɚɧԑɚɧ ԝɹɲɵԕ ɨɪɧɚɬɵɥԑɚɧ ɥɚɛɨɪɚɬɨɪɢɹɥɵԕ ɩɟɲ ɝɚɡ ɟɫɟɩɬɟɭіɲɩɟɧ ɠԥɧɟ 
ɝɚɡ ɬɚɥɞɚԑɵɲɩɟɧ ɛɚɣɥɚɧɵɫԕɚɧ. Ɍɟɦɩɟɪɚɬɭɪɚɧɵ ɠɨԑɚɪɵɥɚɬԕɚɧ ɤɟɡɞɟ ɝɚɡɞɵң 
ɛԧɥіɧɭ ɛɚɣԕɚɥԑɚɧ ɠɨԕ. 

Ƚɚɡɞɵң ɛԧɥіɧɭі ɤɟɥɟɫі ɪɟɚɤɰɢɹɥɚɪ ɠԛɪɭ ɦԛɦɤіɧɞіɝіɧɞɟ ԑɚɧɚ ɤԛɬіɥɞі 
 

TiO2+C=Ti+2CO                                            (4.1) 
ɧɟɦɟɫɟ 

TiO2+3C=Tiɋ+2CO                                         (4.2) 
 

Ɍɟɦɩɟɪɚɬɭɪɚ 1000°ɋ ԕɨɥ ɠɟɬɤɟɧɞɟ ɠԛɣɟɧі 20 ɦɢɧɭɬ ɨɫɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ 
ԝɫɬɚɩ ɬԝɪɚɦɵɡ. Ⱥɥɚɣɞɚ, ԕɵɡɞɵɪɭ ɛɚɪɵɫɵɧɞɚ ɞɚ, ɬɟɦɩɟɪɚɬɭɪɚɧɵ 1000°ɋ-ɬɚ 
ԝɫɬɚɩ ɬԝɪԑɚɧ ɤɟɡɞɟ ɞɟ ɝɚɡɞɵң ɛԧɥіɧɭі ɛɚɣԕɚɥԑɚɧ ɠɨԕ, ɛԝɥ ɬɢɬɚɧɧɵң 
ɪɟɞɭɤɰɢɹɥɚɧɭ ɪɟɚɤɰɢɹɥɚɪɵɧɵң ɚɣԕɵɧ ɤԧɪіɧіɫіɧің ɠɨԕɬɵԑɵɧ ɤԧɪɫɟɬɟɞі. 

 
Тɟɦіɪ ɬɨɬɵΙɚɪɵ ɦɟɧ ɬɚɡɚ TiO2 ɬɢɬɚɧ ɬɨɬɵΙɬɚɪɵɧ Ιɚɬɬɵ 

ɤөɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢяɥɚɭ ɬΩɠіɪɢɛɟɥɟɪіɧ ɠΟɪɝіɡɭ.  

ɗɤɫɩɟɪɢɦɟɬɬіɤ ɠԝɦɵɫɬɵң ɧԥɬɢɠɟɥɟɪі ɠɚɪɢɹɥɚɧԑɚɧ [103-104]. 
ɉɪɨɤɚɬɬɵԕ ɨɤɚɥɢɧɚ ɬԛɪіɧɞɟɝі ɬɟɦіɪ ɬɨɬɵԕɬɚɪɵ ɦɟɧ TiO2 ɫԥɣɤɟɫіɧɲɟ 

70ɝɪ’30ɝɪ. ɦɚɫɫɚɥɵԕ ԕɚɬɵɧɚɫɬɚ ɩɚɣɞɚɥɚɧɵɥԑɚɧ ɬԥɠіɪɢɛɟɥɟɪ ɠԛɪɝіɡіɥɞі. 
Ɍɨɬɵԕɬɵ ɤɨɦɩɨɧɟɧɬɬɟɪ ԕɨɫɩɚɫɵɧ ɚԑɚɲ ɤԧɦіɪɞің ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɠԝɦɫɚɥɚɬɵɧ 
ɲɵԑɵɧ ɦԧɥɲɟɪіɦɟɧ ɚɪɚɥɚɫɬɵɪɞɵɦ. Ɏɪɚɤɰɢɹɫɵ 1,0 ɦɦ. ɤɟɦ ɚɥɵɧԑɚɧ ɬɨɬɵԕ-
ɤԧɦіɪɬɟɝі ԕɨɫɩɚɫɵɧ ɬԥɠіɪɢɛɟɥіɤ ԝɹɲɵԕԕɚ ɟɧɝіɡɞіɦ ɠԥɧɟ ɋɍɈɅ-044 12Ɇ2 
ɩɟɲіɧің ɪɟɚɤɰɢɹɥɵԕ ɡɨɧɚɫɵɧɚ ɨɪɧɚɥɚɫɬɵɪɞɵɦ. Ȼіɪіɧɲі ԧɬɤіɡіɥɝɟɧ ɬԥɠіɪɢɛɟɝɟ 
ɫԥɣɤɟɫ ɠɵɥɞɚɦɞɵԕɩɟɧ ɠԛɣɟɧі ԕɵɡɞɵɪɭ ɤɟɡіɧɞɟ, ɬɟɦɩɟɪɚɬɭɪɚ 600°ɋ-ԕɚ ɠɟɬɤɟɧɞɟ 
ɝɚɡɞɵң ɛԧɥіɧɭі ɛɚɣԕɚɥɞɵ. Ƚɚɡ ɬɚɥɞɚɭɵ ɤԧɪɫɟɬɤɟɧɞɟɣ, ɛԧɥіɧɟɬіɧ ɝɚɡ, ɦɟɬɚɥɞɵ 
ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧɟɧ ɚɥɵɧԑɚɧ ԧɧіɦ - ɋɈ ɠԥɧɟ ɋɈ2 ɝɚɡɞɚɪɵ ɛɨɥɵɩ 
ɬɚɛɵɥɞɵ. Ɍɟɦɩɟɪɚɬɭɪɚɧɵ ɠɨԑɚɪɵɥɚɬԕɚɧ ɫɚɣɵɧ, ɝɚɡ ɛԧɥіɧɭ ɠɵɥɞɚɦɞɵԑɵ 
ԝɥԑɚɹɞɵ, ɨɥ 1000-1050°ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɦɚɤɫɢɦɭɦԑɚ ɠɟɬɬі. Ⱥɪɵ ԕɚɪɚɣ 1150 °ɋ 
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ɲɚɦɚɫɵɧɞɚԑɵ ɬɟɦɩɟɪɚɬɭɪɚɧɵ 30 ɦɢɧ. ɛɨɣɵ ԝɫɬɚɩ ɬԝɪɞɵɦ. ɍɚԕɵɬ ԧɬɤɟɧ ɫɚɣɵɧ, 
ɝɚɡ ɛԧɥіɧɭ ɠɵɥɞɚɦɞɵԑɵ ɚɡɚɣɞɵ ɠԥɧɟ ɦɟɬɚɥɞɚɧɞɵɪɭ ɩɪɨɰɟɫіɧің ɫɨңɵɧɚ ԕɚɪɚɣ 
ɧɨɥɝɟ ɞɟɣіɧ ɬԛɫɬі, ɛԝɥ ɬɟɦіɪ ɪɟɞɭɤɰɢɹɫɵɧɵң ɚɹԕɬɚɥԑɚɧɞɵԑɵɧ ɛіɥɞіɪɞі. Ɍɢɬɚɧ 
ɬɭɪɚɥɵ ɚɣɬɚɬɵɧ ɛɨɥɫɚԕ, ɛԝɥ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɨɧɵң ɬɟɤ ɚɡ ɛԧɥіɝі ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ. 

Ɇɟɬɚɥɞɚɧԑɚɧ ԧɧіɦ ԛɥɝіɥɟɪіɧ ɬɨɥɵԕ ɫɭɵɬɵɩ ԝɹɲɵԕɬɚɧ ɚɥɞɵɦ, Ɍɚɦɦɚɧ 
ɩɟɲіɧɞɟ ɚɥɭɧɞɵ ɬɢɝɟɥɞɟ ɛɚɥԕɵɬɬɵɦ. Ȼɚɥԕɵɬɵɥɵɩ ɚɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪіɧің 
ɬɚɥɞɚɭɵ 4.1 ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ. 

 
Ʉɟɫɬɟ 4.1 – Ȼɚɥԕɵɬɵɥɵɩ ɚɥɵɧԑɚɧ ɦɟɬɚɥɞɵң ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ  
 

Ⱥɬɚɭɵ   ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 
[S] [P] [C] [Ti] [Cr] [Mn] [Si] 

ɋɵɧɚԕ №2 0.014 0,095 0,31 0,29 0,24 0,27 0,3 
ɋɵɧɚԕ №3 0,015 0,08 0,3 0,3 0,24 0,27 0,51 
ɋɵɧɚԕ №4 0,015 0,08 0,3 0,29 0,23 0,26 0,6 

 
Еɪіɝɟɧ ɤөɦіɪɬɟɝіɦɟɧ TiO2 ɪɟɞɭɤɰɢяɫɵ. 

Ɋɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬ ɪɟɬіɧɞɟ ɲɨɣɵɧ ɩɚɣɞɚɥɚɧɵɥԑɚɧ ɬԥɠіɪɢɛɟɥіɤ 
ɡɟɪɬɬɟɭɥɟɪ ɨɪɵɧɞɚɥɞɵ. ɒɢɯɬɚɞɚԑɵ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɥ ɛіɪɥіɝіɧɟ 
ɧɟɝіɡɞɟɥіɩ ɟɫɟɩɬɟɥɝɟɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪіɧɟ ɠԝɦɫɚɥɚɬɵɧ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝіɧің ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɦԧɥɲɟɪіɧ ɚɧɵԕɬɚɞɵɦ. Ɋɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬ 
ɪɟɬіɧɞɟ ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ ԕɨɥɞɚɧɵɥɚɬɵɧɞɵԕɬɚɧ, ԕɚɧɲɚ ɲɨɣɵɧ 
ɠԝɦɫɚɥɚɬɵɧɞɵԑɵɧ ɟɫɟɩɬɟɞіɦ. ɇԥɬɢɠɟɫіɧɞɟ, 100ɝɪ.’12ɝɪ. ɦɚɫɫɚɥɵԕ ԕɚɬɵɧɚɫɩɟɧ 
ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ ɦɟɧ ɯɢɦɢɹɥɵԕ ɬɚɡɚ TiO2 ɲɢɯɬɚɫɵ ɞɚɣɵɧɞɚɞɵɦ. 
Ⱥɥɵɧԑɚɧ ɠԥɧɟ ɞɚɣɵɧɞɚɥԑɚɧ ɲɢɯɬɚɧɵ, ɝɚɡ – ɪɟɚɤɰɢɹ ԧɧіɦɞɟɪі - ɋɈ, ɋɈ2 

ɝɚɡɞɚɪɵɧ ɲɵԑɚɪɭ ԛɲіɧ ɤɜɚɪɰɬɵ ɲɵɧɵɞɚɧ ɠɚɫɚɥԑɚɧ ɝɟɪɦɟɬɢɤɚɥɵԕ ԝɹɲɵԕԕɚ 
ɟɧɝіɡɞіɦ. Ɇɟɬɚɥɞɚɧɞɵɪɭ 1150°ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɠԛɪɝіɡіɥɞі ɠԥɧɟ ɨɫɵ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɝɚɡɞɵң ɟɥɟɭɥі ɛԧɥіɧɭі ɚɹԕɬɚɥԑɚɧԑɚ ɞɟɣіɧ ԝɫɬɚɩ ɬԝɪɞɵɦ, ɛԝɥ 
ɬɟɦіɪɞің ɬɨɥɵԕ ɪɟɞɭɤɰɢɹɫɵ ɦɟɧ ɥɟɝіɪɥɟɭɲі ɦɟɬɚɥɞɚɪ ɬɨɬɵԕɬɚɪɵɧɵң ɛіɪ 
ɛԧɥіɝіɧің ɪɟɞɭɤɰɢɹɫɵɧɵң ɚɹԕɬɚɥɭɵɧ ɤԧɪɫɟɬɟɞі. Ɇɟɬɚɥɞɚɧԑɚɧ ɬԛɣіɪɲіɤɬɟɪɞі 
ɝɟɪɦɟɬɢɤɚɥɵԕ ԝɹɲɵԕɬɚ ɫɭɵɬɚɞɵ, ɚɪɵ ԕɚɪɚɣ 1650-1700 °ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ 
ɛɚɥԕɵɬɭ ɩɟɲіɧɞɟ ɛɚɥԕɵɬɬɵɦ. Ȼɚɥԕɵɬɵɥɵɩ ɚɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪіɧің ɬɚɥɞɚɭɵ 
4.2 ɤɟɫɬɟɞɟ ɤɟɥɬіɪіɥɝɟɧ. 

 
Ʉɟɫɬɟ 4.2 – Ȼɚɥԕɵɬɵɥɵɩ ɲɵԑɚɪɵɥԑɚɧ ɦɟɬɚɥɞɵң ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ  
  

Ⱥɬɚɭɵ   ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 
[ɋ] [Mn] [Si] [Ti] [Cr] [S] [P] 

ɋɵɧɚԕ №8 0,26 0,28 0,40 1,55 0,3 0,14 0,08 
ɋɵɧɚԕ №9 0,27 0,3 0,41 1,4 0,3 0,14 0,095 
ɋɵɧɚԕ №10 0,26 0,3 0,39 1,5 0,3 0,14 0,09 

 
Кɟшɟɧɞі ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧɚɧ ɦɟɬɚɥɥ ɬɨɬɵΙɬɚɪɵɧ ɟɪіɝɟɧ 

ɤөɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢяɥɚɭ. 

Ʉɟɥɟɫі ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭ ԛɲіɧ, ɲɢɯɬɚ ɤɟɲɟɧɞі ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧɚɧ 
ɠԥɧɟ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɞɟɧ ɠɚɫɚɥɞɵ. Ʉɨɧɰɟɧɬɪɚɬ ~0,074 ɦɦ. ɮɪɚɤɰɢɹɫɵɧɚ ɞɟɣіɧ 
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ԝɧɬɚԕɬɚɞɵɦ ɠԥɧɟ ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ ɛɨɣɵɧɲɚ ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɧ ɪɟɞɭɤɰɢɹɥɚɭ 
ɤɟɡіɧɞɟ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪіɧ ɚɧɵԕɬɚɞɵɦ. Ȼԝɥ ɤɟɡɞɟ, ɬɨɬɵԕɬɚɪɞɵң 
Fe2O3 - Feɦɟɬ ɞɟɣіɧ, MnO2 – MnO ɞɟɣіɧ, V2O5 - V2O3 ɞɟɣіɧ ɠԥɧɟ TiO2 - Ti2O3 ɞɟɣіɧ 
ɛіɪіɧɲі ɫɚɬɵɥɵ ɝɚɡɞɚɥɭɵɧɚ ɤԧңіɥ ɚɭɞɚɪɵɥɞɵ. Ɍɨɬɵԕɬɚɪɞɵң Cr2O3 – Cr ɞɟɣіɧ, 
V2O3 - V ɞɟɣіɧ ɠԥɧɟ Ti2O3 - Ti ɞɟɣіɧ ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɩɪɨɰɟɫɬің ɫɨңԑɵ ɫɚɬɵɫɵɧɞɚ 
ɠԛɪɟɞі. Ʉɟɲɟɧɞі ɲɢɯɬɚɞɚɧ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ɛɚɥɚɧɫɵ ɠԥɧɟ ɲɨɣɵɧɞɚ ɟɪіɝɟɧ 
ɤԧɦіɪɬɟɝіɧің ɫԥɣɤɟɫ ɦԧɥɲɟɪіɧің ɟɫɤɟɪіɥɭіɦɟɧ, 1-2,0 ɦɦ ɮɪɚɤɰɢɹɥɵ 100 ɝɪ. 
ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧԑɚ ɟɧɝіɡіɥɟɬіɧ ɦɚɫɫɚ ɚɧɵԕɬɚɞɵɦ. 100 ɝɪ. ɬԛɣіɪɲіɤɬɟɥɝɟɧ 
ɲɨɣɵɧ ɦɟɧ 45 ɝɪ. ɬɨɬɵԕɬɵ ɤɨɦɩɨɧɟɧɬɬɟɪɞɟɧ ɬԝɪɚɬɵɧ ԕɨɫɩɚɧɵ 1150 °ɋ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɦɟɬɚɥɞɚɧɞɵɪɞɵɦ. Ɍԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ ɦɟɧ ɬɨɬɵԕɬɵ 
ɤɨɦɩɨɧɟɧɬɬɟɪ ɚɪɚɫɵɧɞɚ ԥɪɟɤɟɬɬɟɫɭ ɩɪɨɰɟɫіɧің ɤԧɪɫɟɬɤіɲɬɟɪі ɦɟɧ ɷɤɫɩɟɪɢɦɟɧɬɬі 
ɠԛɪɝіɡɭ ɭɚԕɵɬɵɧ ԛɡɞіɤɫіɡ ɬіɪɤɟɞіɦ (ɤɟɫɬɟ - 4.3).  

 
Ʉɟɫɬɟ 4.3 – ɋԥɬɛɚɟɜ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ 
ɤɟɡіɧɞɟɝі ɷɤɫɩɟɪɢɦɟɧɬɬің ɧԥɬɢɠɟɥɟɪі [107] 

 
№ 
ɩ/ɩ 

ȼɪɟɦɹ, 
ɦɢɧ 

T,  
ºC 

Vɝɚɡɚ, 
ɥ 

ɋɨɫɬɚɜ 
ɝɚɡɚ, % 

  ɋɈ ΔɈ ,   

ɝ 

 2 ɋɈΔɈ ,  

ɝ 

ΔɈ i, 
ɝ 

ΔɈ , 
ɝ 

R Wɜ·10-

3, 
ɦɢɧ-1 

CO2 CO 
1 0 850 ɇɚɱɚɥɨ ɜɵɞɟɥɟɧɢɹ ɝɚɡɚ 

2 10 900 0,3 12 87 0,056 0,186 0,242 0,242 0,051 0,0051 
3 11 955 0,23 23 77 0,075 0,126 0,201 0,443 0,093 0,0038 
4 10 990 0,22 30 70 0,094 0,11 0,204 0,647 0,136 0,0043 
5 8 1020 0,3 22 78 0,094 0,167 0,261 0,908 0,191 0,0069 
6 9 1045 0,4 11 89 0,063 0,254 0,317 1,225 0,258 0,007 
7 8 1065 0,3 8 92 0,034 0,197 0,231 1,456 0,307 0,006 
8 7 1080 0,36 8 92 0,041 0,236 0,277 1,733 0,365 0,008 
9 5 1090 0,29 5 95 0,02 0,197 0,217 1,956 0,412 0,0094 

10 5 1100 0,22 3 97 0,009 0,152 0,161 2,111 0,444 0,0064 
11 6 1110 0,31 6 94 0,027 0,21 0,237 2,348 0,494 0,008 
12 7 1120 0,54 4 96 0,031 0,37 0,401 2,749 0,579 0,012 
13 8 1130 0,63 2,5 97,5 0,023 0,44 0,463 3,212 0,676 0,012 
14 8 1140 0,59 5 95 0,042 0,4 0,442 3,654 0,769 0,012 
15 10 1150 0,27 3 97 0,012 0,187 0,199 3,853 0,811 0,004 
16 10 1160 0,42 4,5 95,5 0,027 0,286 0,313 4,166 0,877 0,006 
17 10 1170 0,45 5 95 0,032 0,31 0,342 4,508 0,949 0,007 
18 8 1170 0,2 6,5 93,5 0,018 0,134 0,152 4,66 0,98 0,003 

 
Ⱥɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪіɧің ɬɚɥɞɚɭɵ 4.4 ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ. 
 

Ʉɟɫɬɟ 4.4 - Ⱥɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪіɧің ɯɢɦɢɹɥɵԕ ɬɚɥɞɚɭɵ. 
 

Ⱥɬɚɭɵ  ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 
[S] [P] [C] [Ti] [Mn] [Si] 

ɋɵɧɚԕ  №5 0.014 0,095 0,26 0,63 0,27 0,3 
ɋɵɧɚԕ  №6 0,015 0,08 0,3 0,62 0,27 0,3 
ɋɵɧɚԕ  №7 0,015 0,08 0,3 0,63 0,26 0,3 
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4.4 ɤɟɫɬɟɫіɧɟɧ ɤԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɷɥɟɦɟɧɬɬɟɪɞің Cr, 
Si, Ti ɚɭԕɵɦɞɵ ɛԧɥіɝі ɦɟɬɚɥԑɚ ԧɬɟɞі, ɛԝɥ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɧің ԕɢɵɧ 
ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵɦɟɧ ԥɪɟɤɟɬɬɟɫɭ ɪɟɚɤɰɢɹɫɵɧɵң ɬɢіɦɞіɥіɝіɧ 
ɤԧɪɫɟɬɟɞі. 

 
ΨɪɬΟɪɥі Ιɚɬɵɧɚɫɬɚғɵ ɬɨɬɵΙɬɵ ɤɨɦɩɨɧɟɧɬɬɟɞің Ιɨɫɩɚɫɵɧ Ιɚɬɬɵ 

ɤөɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢяɥɚɭ 

Ɍԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭ ԛɲіɧ ɲɢɯɬɚ ԕԝɪɚɦɵɧ, ɋԥɬɛɚɟɜ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵ 
ɦɟɧ ɩɪɨɤɚɬɬɵԕ ɨɤɚɥɢɧɚɞɚɧ, ɤɟɥɟɫі ɦɚɫɫɚɥɵԕ ԕɚɬɵɧɚɫɬɚ ɞɚɣɵɧɞɚɞɵɦ: 0,50-0,50; 
0,40-0,60; 0,30-0,70. ɒɥɚɤɬɵң ɫԝɣɵԕ ԕɨɡԑɚɥԑɵɲɬɵԑɵɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭ ԛɲіɧ, 
ɲɢɯɬɚ ԕԝɪɚɦɵɧɚ ɤԛɣɞіɪіɥɝɟɧ ԥɤɬɚɫɬɵң (CaO = 93 %) ɲɚԑɵɧ ԛɥɟɫіɧ ԕɨɫɬɵɦ. 

Ԕɚɪɚɫɬɵɪɵɥɵɩ ɨɬɵɪԑɚɧ ɦɚɫɫɚɥɵԕ ԕɚɬɵɧɚɫɬɚɪɞɚԑɵ ɋԥɬɛɚɟɜ ɢɥɶɦɟɧɢɬ 
ɤɨɧɰɟɧɬɪɚɬɵ ɦɟɧ ɩɪɨɤɚɬɬɵԕ ɨɤɚɥɢɧɚ ԕɨɫɩɚɫɵɧɵң ɨɪɬɚɲɚɥɚɧԑɚɧ ɯɢɦɢɹɥɵԕ 
ԕԝɪɚɦɵ 4.5 ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ. 

 
Ʉɟɫɬɟ 4.5 – Ԕɚɪɚɫɬɵɪɵɥɵɩ ɨɬɵɪԑɚɧ ɦɚɫɫɚɥɵԕ ԕɚɬɵɧɚɫɬɚɪɞɚԑɵ ɋԥɬɛɚɟɜ 
ɤɨɧɰɟɧɬɪɚɬɵ ɦɟɧ ɩɪɨɤɚɬɬɵԕ ɨɤɚɥɢɧɚ ɲɢɯɬɚɫɵɧɵң ɨɪɬɚɲɚɥɚɧԑɚɧ ɯɢɦɢɹɥɵԕ 
ԕԝɪɚɦɵ  
 
Ɇɚɫɫɚɥɵԕ 
ԕɚɬɵɧɚɫɵ 

ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 
Fe FeO MnO SiO2 CaO MgO V2O5 TiO2 Cr2O3 Al2O3 P S ɩɩɩ 

ɋɵɧɚԕ № 11 
0,50-0,50 

50,08 22,40 0,50 2,9 0,25 0,165 0,11 24,82 0,14 0,625 - 0,017 3,86 

ɋɵɧɚԕ № 12 
0,40-0,60 

53,60 23,56 0,46 2,32 0,20 0,13 0,088 19,86 0,088 0,50 - - 3,09 

ɋɵɧɚԕ № 13 
0,30-0,70 

57,11 24,74 0,42 1,74 0,15 0,10 0,066 14,89 0,066 0,37 - 0,016 2,32 

   
4.5 ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ ɲɢɯɬɚɧɵң ԛɲ ɬԛɪі ɛɨɣɵɧɲɚ, ɟɤі ɫɚɬɵɥɵ 

ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ɠԛɪɝіɡɞіɦ. Ȼіɪіɧɲі ɫɚɬɵɞɚ ɲɢɯɬɚɧɵ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ 
ɦɟɬɚɥɞɚɧɞɵɪɭ ɛɨɣɵɧɲɚ ɠԝɦɵɫɬɚɪ ɨɪɵɧɞɚɞɵɦ. ȿң ɛɚɫɬɵɫɵ, ԕɚɬɬɵ ɟɪɤіɧ 
ɤԧɦіɪɬɟɝіɦɟɧ ɬɟɦіɪɞі ɬɨɥɵԕ ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ԕɚɠɟɬɬі ɚԑɚɲ ɤԧɦіɪɞің 
ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɲɵԑɵɧɵɧ ɚɧɵԕɬɚɞɵɦ. ɒɢɯɬɚɧɵң ɬɨɬɵԕɬɵ ɛԧɥіɝіɧ ɚԑɚɲ 
ɤԧɦіɪɦɟɧ ɚɪɚɥɚɫɬɵɪɞɵɦ ɠԥɧɟ ɨɥɚɪɞɵ 1,0 ɦɦ. ɬԧɦɟɧ ɮɪɚɤɰɢɹԑɚ ɞɟɣіɧ 
ԝɧɬɚԕɬɚɞɵɦ. Ԥɪɛіɪ ɤԧɦіɪɬɟɤɬі ɲɢɯɬɚɧɵ 250 ɝɪ. ɦԧɥɲɟɪɦɟɧ, ɞɢɚɦɟɬɪі 35 ɦɦ. 
ɤɜɚɪɰ ɬԛɬіɤɲɟɞɟɧ ɠɚɫɚɥԑɚɧ ɨɬԕɚ ɬԧɡіɦɞі ɨԕɲɚɭɥɚɧԑɚɧ ԝɹɲɵԕԕɚ ɠԛɤɬɟɞіɦ. 
ɒɢɯɬɚɫɵ ɛɚɪ ԝɹɲɵԕɬɵ 500 ºɋ ɞɟɣіɧ ԕɵɡɞɵɪɵɥԑɚɧ ɋɍɈɅ – 044 12-Ɇ2 ԕԝɛɵɪɥɵ 
ԕɵɡɞɵɪɭ ɩɟɲіɧɟ ɟɧɝіɡɞіɦ. Ⱥɪɵ ԕɚɪɚɣ ԕɵɡɞɵɪɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧ 10-15 ºɋ/ɦɢɧ 
ɠɵɥɞɚɦɞɵԕɩɟɧ 1000 ºɋ ɞɟɣіɧ ɠɨԑɚɪɵɥɚɬɬɵɦ, 1000 ºɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ 30 ɦɢɧ 
ɭɚԕɵɬ ɛɨɣɵ ԝɫɬɚɩ ɬԝɪɞɵɦ. Ɋɟɞɭɤɰɢɹɥɚɭ ɪɟɚɤɰɢɹɫɵ ԧɧіɦɞɟɪі - ɝɚɡɞɚɪɞɵң 
(ɋɈ2+ɋɈ) ɛԧɥіɧɟ ɛɚɫɬɚɥɭɵ 620 ºɋ ɤɟɡіɧɞɟ ɛɚɣԕɚɥɞɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɠɨԑɚɪɵɥɚԑɚɧ 
ɫɚɣɵɧ ɝɚɡ ԕɚɪԕɵɧɞɵ ɛԧɥіɧɟ ɛɚɫɬɚɞɵ, ɬɟɦɩɟɪɚɬɭɪɚ 1000 ºɋ-ԑɚ ɠɟɬɤɟɧ ɤɟɡɞɟ 
ɝɚɡɞɵң ɛԧɥіɧɭ ɠɵɥɞɚɦɞɵԑɵ ɛɚɹɭɥɚɣɞɵ. Ɍɟɦіɪɞі ɦɟɬɚɥɞɚɧɞɵɪɭ ɩɪɨɰɟɫіɧің 
ɚɹԕɬɚɥԑɚɧɞɵԑɵɧ ɝɚɡɞɵң ɛԧɥіɧɭі ɚɹԕɬɚɥԑɚɧɵ ɛɨɣɵɧɲɚ ɬіɪɤɟɞіɦ. 1000 ºɋ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ 15 ɦɢɧ ԝɫɬɚɩ ɬԝɪԑɚɧɧɚɧ ɤɟɣіɧ, ɦɟɬɚɥɞɚɧԑɚɧ ԛɥɝіɥɟɪɞі ɫɭɵɬɬɵɦ 
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ɠԥɧɟ ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵɧ ɬɚɥɞɚɞɵɦ, ɨɥɚɪɞɵң ɧԥɬɢɠɟɥɟɪі 4.6 ɤɟɫɬɟɞɟ 
ɤԧɪɫɟɬіɥɝɟɧ. 

 
Ʉɟɫɬɟ 4.6 – Ɇɟɬɚɥɞɚɧԑɚɧ ɦɚɬɟɪɢɚɥ ԛɥɝіɥɟɪіɧің ԕԝɪɚɦɵ  
 

Ɇɟɬɚɥɞɚɧԑɚɧ 
ɲɢɯɬɚ ԛɥɝіɥɟɪі 

ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 
Feɨɛɳ Feɦɟɬ FeO MnO SiO2 CaO V2O5 TiO2 S P C 

0,50-0,50 64,20 62,90 1,68 0,62 3,72 0,32 0,14 30,9 0,020 - 0,45 
0,40-0,60 69,50 68,20 1,70 0,59 3,0 0,26 0,115 25,8 0,022 - 0,52 
0,30-0,70 74,54 73,0 2,00 0,54 2,27 0,20 0,086 19,40 0,023 - 0,48 

 
Ɇɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɧің 150 ɝɪ.-ɞɵԕ ԛɥɝіɥɟɪіɧ ɞɚɣɵɧɞɚɞɵɦ. Ԥɪɛіɪ 

ɦԧɥɲɟɪɥɟɧɝɟɧ ɲɢɯɬɚԑɚ ԕԝɪɚɦɵɧɞɚ 4,0 % [ɋ] ɛɨɥɚɬɵɧ 1-2 ɦɦ ɮɪɚɤɰɢɹɥɵ 100 ɝɪ. 
ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ ɟɧɝіɡɞіɦ. Ɇɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɧің ɬԛɣіɪɲіɤɬɟɥɝɟɧ 
ɲɨɣɵɧɦɟɧ ԕɨɫɩɚɫɵɧ ɚɪɚɥɚɫɬɵɪɞɵɦ ɠԥɧɟ ɞɢɚɦɟɬɪі 50 ɦɦ ɤɜɚɪɰɬɵ ɬԛɬіɤɲɟɞɟɧ 
ɠɚɫɚɥԑɚɧ ɨɬԕɚ ɬԧɡіɦɞі ɨԕɲɚɭɥɚɧԑɚɧ ԝɹɲɵԕԕɚ ɟɧɝіɡɞіɦ. Ԝɹɲɵԕɬɵ ɲɢɯɬɚɦɟɧ 
ɛіɪɝɟ ɠԝɦɵɫɲɵ ɤɚɦɟɪɚɧɵң 1600 ºɋ ɞɟɣіɧ ԕɵɡɞɵɪɵɥɵɥɚɬɵɧ RHTV 120-150/16 
ɠɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ԕԝɛɵɪɥɵ ɩɟɲіɧɟ ɨɪɧɚɥɚɫɬɵɪɞɵɦ. Ɍɟɦɩɟɪɚɬɭɪɚ 1150 
ºɋ-ԕɚ ɞɟɣіɧ ɠɨԑɚɪɵɥɚԑɚɧ ɤɟɡɞɟ ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɞɚɪɞɵ - Mn, Cr 
ɠԥɧɟ Ti ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɤɰɢɹɫɵɧɵң ԧɧіɦі - ɝɚɡɞɵң ɛԧɥіɧɟ ɛɚɫɬɚɞɵ. Ɍɟɦɩɟɪɚɬɭɪɚ 
ɠɨԑɚɪɵɥɚԑɚɧ ɫɚɣɵɧ ԕԝɪɚɦɵ ɋɈ ɝɚɡɵɧɚɧ ԕԝɪɚɥɚɬɵɧ ɝɚɡ ɛԧɥіɧɭ ɠɵɥɞɚɦɞɵԑɵɧɵң 
ɚɪɬɭɵ ɛɚɣԕɚɥɞɵ. Ɍɟɦɩɟɪɚɬɭɪɚɧɵ 1165 ºɋ ɞɟɣіɧ ɠɟɬɤіɡіɩ, ɠԛɣɟɧі ɨɫɵ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ 15 ɦɢɧ ɚɪɚɥɵԑɵɧɞɚ ԝɫɬɚɩ ɬԝɪɞɵɦ. Ƚɚɡɞɵң ɲɵԑɭɵ ɬɢɬɚɧɧɵң 
ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɧɭɵ (4.11) ɪɟɚɤɰɢɹɫɵ ɛɨɣɵɧɲɚ ɠԛɪɟɬіɧɞіɝі 
ɬɭɪɚɥɵ ɚԕɩɚɪɚɬɬɵ ɛɟɪɟɞі. 

 
TiO2+2Fe3C=6[Fe]·[Ti]+2COĹ,                                       (4.11) 

 
Ȼԧɥіɧɝɟɧ ɋɈ ɝɚɡɵɧɵң ɦԧɥɲɟɪі ɛɨɣɵɧɲɚ ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɬɢɬɚɧ ɦɟɧ 

ɲɵԑɵɧɞɚɥԑɚɧ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɧің ɦԧɥɲɟɪіɧ ɚɧɵԕɬɚɣɞɵ. 
 

   COCOTi VVg  071,14,222/48 , ɝɪ, (4.12) 

    COCOC VVg  5357,04,22/12 , ɝɪ. (4.13) 

 
ɦԝɧɞɚԑɵ, 1,071 – Ti ɦԧɥɲɟɪі ɝɪ /ɞɦ3 ɋɈ;  

0,5357 – ɤԧɦіɪɬɟɝі ɦԧɥɲɟɪі ɝɪ/ɞɦ3 ɋɈ 
Ɋɟɚɤɰɢɹɧɵң ɝɚɡ ɬԥɪіɡɞі ɋɈ ԧɧіɦіɧің ɛɟɥɝіɥɟɧɝɟɧ ԕɨɫɵɧɞɵ ɦԧɥɲɟɪі, ԛɲ 

ɩɨɡɢɰɢɹ ɛɨɣɵɧɲɚ 4,9-5,3 ɞɦ3 ɚɪɚɥɵԑɵɧɞɚ ɨɪɧɚɥɚɫɚɞɵ. ɀɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ 
ɪɟɞɭɤɰɢɹɥɚɭɞɚɧ ɤɟɣіɧ ɩɟɲɬі ɫɭɵɬɬɵɦ. ɋɭɵɬɵɥԑɚɧ ԝɹɲɵԕɬɚɧ ɪɟɞɭɤɰɢɹɥɚɩ-
ɦɟɬɚɥɞɚɧɞɵɪɭ ɩɪɨɰɟɫіɧің ԧɧіɦɞɟɪіɧ ɲɵԑɚɪɞɵɦ. Ԥɪɛіɪ ɲɵԑɚɪɵɥԑɚɧ ԛɥɝіɧі 3 ɬ 
ԕɵɫɵɦɦɟɧ ɩɪɟɫɫɬɟɩ, ɩɪɟɫɫɬɟɥɝɟɧ ɦɟɬɚɥɞɚɧԑɚɧ ɦɚɬɟɪɢɚɥɞɵ Ɍɚɦɦɚɧ ɩɟɲіɧɞɟ 
1600 ºɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɛɚɥԕɵɬɬɵɦ. Ԕɚɪɚɫɬɵɪɵɥɵɩ ɨɬɵɪԑɚɧ ԥɪɛіɪ ɧԝɫԕɚ 
ɛɨɣɵɧɲɚ ɦɟɬɚɥɥ ԛɥɝіɥɟɪі ɛɚɥԕɵɬɵɥɵɩ ɲɵԑɚɪɵɥɞɵ. Ɇɟɬɚɥɞɚɪɞɵ ɦɚɫɫ-
ɫɩɟɤɬɪɨɦɟɬɪɢɹɥɵԕ ɬɚɥɞɚɭ ɧԥɬɢɠɟɥɟɪі 4.7. ɤɟɫɬɟɞɟ ɤɟɥɬіɪіɥɝɟɧ. 
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Ʉɟɫɬɟ 4.7 – Ɍɢɬɚɧɞɵ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭɞɚɧ ɤɟɣіɧ ɛɚɥԕɵɬɵɥɵɩ 
ɚɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪіɧің ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ  

 
ɉɨɡɢɰɢɹɫɵ 
ɛɨɣɵɧɲɚ ɦɟɬɚɥɥ 
ԛɥɝіɥɟɪі  

ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 

[C] [Mn] [Cr] [V] [Ti] [Si] [S] [P] 

0,50-0,50 0,42 0,69 0,14 0,13 6,04 0,25 0,018 0,04 
0,40-0,60 0,48 0,47 0,09 0,08 5,93 0,28 0,016 0,03 
0,30-0,70 0,45 0,40 0,07 0,06 5,76 0,22 0,015 0,03 

 
Ʉԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, ɛɚɥԕɵɬɵɥɵɩ ɚɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪіɧің ɯɢɦɢɹɥɵԕ 

ԕԝɪɚɦɵ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ԕԝɪɚɦɵɧɚ ɫԥɣɤɟɫ ɤɟɥɟɞі, ɤԧɦіɪɬɟɝі ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ 
0,42-0,48 % ɚɪɚɥɵԑɵɧɞɚ ɚɭɵɬԕɢɞɵ. 

Ɋɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬі ԕɚɬɬɵ ɛɨɫ ɤԧɦіɪɬɟɝі ɦɟɧ ɬɨɬɵԕɬɵ ɤɨɦɩɨɧɟɧɬɬɟɪ 
ɚɪɚɫɵɧɞɚ ԥɪɟɤɟɬɬɟɫɭ ɩɪɨɰɟɫіɧің ɤɢɧɟɬɢɤɚɥɵԕ ɤԧɪɫɟɬɤіɲɬɟɪі ɦɟɧ ɷɤɫɩɟɪɢɦɟɧɬ 
ɭɚԕɵɬɵɧ ԛɡɞіɤɫіɡ ɬіɪɤɟɞіɦ. Ɍԥɠіɪɢɛɟ ɧԥɬɢɠɟɫі 4.8 ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ [107]. 

  
Ʉɟɫɬɟ 4.8 - ɋԥɬɛɚɟɜ ɤɨɧɰɟɧɬɪɚɬɵɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɥɟɝі 
ɷɤɫɩɟɪɢɦɟɧɬɬің ɧԥɬɢɠɟɥɟɪі 

 
№ 
ɩ/ɩ 

ȼɪɟɦɹ, 
ɦɢɧ 

T,  
ºC 

Vɝɚɡɚ, 
ɥ 

ɋɨɫɬɚɜ 
ɝɚɡɚ, % 

  ɋɈ ΔɈ ,   

ɝ 

 2 ɋɈΔɈ ,  

ɝ 

ΔɈ i, 
ɝ 

ΔɈ , 
ɝ 

R Wɜ·10-

3, 
ɦɢɧ-1 

CO2 CO 
1 2 3 4 5 6 7 8 9 10 11 12 
1 0 600 ɇɚɱɚɥɨ ɜɵɞɟɥɟɧɢɹ ɝɚɡɚ 
2 18 700 1,2 21,0 79,0 0,676 0,360 1,036 1,036 0,05 0,002 
3 9 770 1,15 18,0 82,0 0,673 0,296 0,969 2,005 0,098 0,005 
4 7 820 1,2 19,0 81,0 0,694 0,325 1,019 3,024 0,148 0,007 
5 6 860 1,35 19,0 81,0 0,781 0,366 1,147 4,171 0,204 0,009 
6 5 890 1,35 18,5 81,5 0,786 0,357 1,143 5,314 0,259 0,011 
7 4 915 1,25 17,0 83,0 0,741 0,303 1,044 6,358 0,31 0,013 
8 4 940 1,4 16,5 83,5 0,835 0,330 1,165 7,523 0,367 0,014 
9 5 960 1,65 15,5 84,5 0,996 0,365 1,361 8,884 0,43 0,013 

10 5 980 1,6 16,0 84,0 0,960 0,366 1,326 10,21 0,5 0,014 
11 5 1000 1,7 13,0 87,0 1,056 0,316 1,372 11,582 0,565 0,013 
12 4 1015 1,5 14,0 86,0 0,921 0,300 1,221 12,803 0,625 0,015 
13 5 1030 1,6 7,0 93,0 1,062 0,160 1,222 14,025 0,684 0,012 
14 5 1045 1,75 6,5 93,5 1,168 0,162 1,33 15,355 0,749 0,013 
15 5 1060 1,4 2,0 98,0 0,980 0,040 1,02 16,375 0,799 0,01 
16 9 1080 1,3 4,0 96,0 0,891 0,074 0,965 17,34 0,846 0,005 
17 17 1100 1,05 1,0 99,0 0,742 0,015 0,757 18,097 0,883 0,002 
18 15 1130 0,9 1,0 99,0 0,636 0,013 0,649 18,746 0,914 0,002 
19 12 1150 0,9 3,0 97,0 0,623 0,038 0,661 19,407 0,947 0,003 
ȼɵɞɟɪɠɤɚ 15 ɦɢɧɭɬ 
20 15 1165 0,8 1,0 99,0 0,565 0,011 0,576 19,983 0,98 0,002 

 

Тɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧɵɧ ɪɟɞɭɤɰɢɥɚɭ ɩɪɨɰɟɫіɧ ɡɟɪɬɬɟɭ. 

ɗɤɫɩɟɪɢɦɟɧɬɬіɤ ɠԝɦɵɫɬɵң ɧԥɬɢɠɟɥɟɪі ɯɚɥɵԕɚɪɚɥɵԕ ɛɚɫɩɚɥɚɪɞɚ 
ɠɚɪɢɹɥɚɧɞɵ [105-106].  
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ɗɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭ ɲɢɯɬɚɫɵ Ʉɚɱɤɚɧɚɪ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬіɤ 
ɤɨɧɰɟɧɬɪɚɬɵ ɦɟɧ ɚԑɚɲ ɤԧɦіɪіɧің ԕɨɫɩɚɫɵɧɚɧ ɞɚɣɵɧɞɚɥɞɵ. Ɂɟɪɬɬɟɭ ԥɞіɫɬɟɦɟɫі 
ɠɨԑɚɪɵɞɚ ɠɚɫɚɥԑɚɧ ɷɤɫɩɟɪɢɦɟɧɬɬіɤ ɠԝɦɵɫɬɚɪɵɧɚ ɫԥɣɤɟɫ ɠԛɪɝіɡіɥɞі. 

 
Ʉɟɫɬɟ 4.9 - Ⱥɥɵɧԑɚɧ ɦɟɬɚɥɞɚɧԑɚɧ ɛɨɥɚɬ ԛɥɝіɥɟɪіɧің ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ 

 
Ⱥɬɚɭɵ  ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 

[S] [P] [C] [V]  [Ti] [Mn] 
ɋɵɧɚԕ  №14 0.006 0,07 0,26 0,36 0.6 0,12 
ɋɵɧɚԕ  №15 0,007 0,07 0,25 0,35 0,5 0,1 
ɋɵɧɚԕ  №16 0,0065 0,06 0,24 0.36 0,6 0,11 

 
Ʉɟɫɬɟ 4.10 - Ⱥɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪіɧің ɬɚɥɞɚɭɵ 
 

Ⱥɬɚɭɵ  ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 
[S] [P] [C] [V]  [Ti] [Mn] 

ɋɵɧɚԕ  №17 0.006 0,07 0,26 0,43 0.6 0,14 
ɋɵɧɚԕ  №18 0,007 0,07 0,25 0,42 0,6 0,13 
ɋɵɧɚԕ  №19 0,0065 0,06 0,24 0.43 0,6 0,11 

 

Мɨɧɨшɢɯɬɚɞɚɧ ɪɟɞɭɤɰɢяɥɚɩ ɛɚɥΙɵɬɭ Ωɞіɫі ɛɨɣɵɧшɚ ɛɨɥɚɬ ɚɥɭ 
ɩɪɨɰɟɫіɧ ɡɟɪɬɬɟɭ.  

Ɂɟɪɬɬɟɭ ɛɚɪɵɫɵɧɞɚ ɚɥɵɧԑɚɧ ɧԥɬɢɠɟɥɟɪ ɠɚɪɢɹɥɚɧԑɚɧ [104-105].  
Ɂɟɪɬɬɟɭ ɤɟɡіɧɞɟ ɲɢɯɬɚ ɞɚɣɵɧɞɚɥԑɚɧ ɤɨɦɩɨɧɟɧɬɬɟɪɞің ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ 

4.11-ɲі ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ 
 

Ʉɟɫɬɟ 4.11 – Ⱥɥɵɧԑɚɧ ɲɢɯɬɚɧɵң ɨɪɬɚɲɚ ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ 
 

Ʉɨɦɩɨɧɟɧɧɬɬɟɪɞің 
ɚɬɚɭɥɚɪɵ  

ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 

Fe FeO MnO Cr
2
O

3
 TiO

2
 V

2
O

5
 SiO

2
 Al

2
O

3
 CaO MgO S P C 

Ⱥɝɥɨɦɟɪɚɰɢɹɥɵԕ 
ԕɚɥɞɵԕ ɠԥɧɟ 

ɩɪɨɤɚɬɬɵԕ 
ɨɤɚɥɢɧɚ ԕɨɫɩɚɫɵ 

0,6:0,4 

58,78 21,96 0,62 0,30 0,41 0,31 4,96 1,90 6,48 1,74 0,03 0,07 - 

 
Ɇɟɬɚɥɞɚɧɞɵɪɵɥԑɚɧ ɬԛɣіɪɲіɤɬɟɪɞің ɯɢɦɢɹɥɵԕ ɬɚɥɞɚɭ ɧԥɬɢɠɟɥɟɪі 4.12-

ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ. 
 

Ʉɟɫɬɟ 4.12 - Ɇɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɧің ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ  

 
Ʉɨɦɩɨɧɟɬ-
ɬɟɪɞің 
ɚɬɚɭɥɚɪɵ  

ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 

Feɨɛɳ  Feɦɟɬ  MnO  Cr
2
O

3
  TiO

2
  V

2
O

5
  SiO

2
  Al

2
O

3
  CaO  MgO  S  P  C  

Ɍԥɠіɪɢɛɟ 1 76,74 73,62 0,79 0,38 0,40 0,52 6,88 2,44 8,34 2,24 0,03 0,06 1,2 

Ɍԥɠіɪɢɛɟ 2 77,10 74,0 0,80 0,40 0,41 0,50 6,76 2,22 8,12 2,15 0,03 0,05 0,92 

Ɍԥɠіɪɢɛɟ 3 76,82 73,70 0,78 0,40 0,42 0,51 6,78 2,21 8,11 2,14 0,03 0,05 0,80 
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Ɍɚɥɞɚɭɞɵң ɧԥɬɢɠɟɥɟɪі 1100 °C ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɬɟɦіɪɞің ɬіɤɟɥɟɣ 
ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɠԥɧɟ ɯɪɨɦ ɦɟɧ ɜɚɧɚɞɢɣɞің ɬɟɤ ԕɚɧɚ ɠɨԑɚɪɵ ɬɨɬɵԑɵ ɛɨɥԑɚɧɵɧ 
ɤԧɪɫɟɬɟɞі. Ԕԝɪɚɦɵɧɞɚ ɬɟɦіɪ, ɦɚɪɝɚɧɟɰ, ɯɪɨɦ ɠԥɧɟ ɜɚɧɚɞɢɣ ɨɤɫɢɞɬɟɪі ɬіɡɛɟɤɬɟɣ 
ɮɚɡɚɥɵԕ ԧɡɝɟɪіɫіɧɟ ɧɟɝіɡɞɟɥіɩ ɠɚɫɚԕɬɚɥԑɚɧ ԥɞіɫɬɟɦɟ ɛɨɣɵɧɲɚ  ɦɟɬɚɥɥ ԕԝɪɚɦɞɵ 
ԕɨɫɩɚɧɵң ɛіɪɥіɝіɧɟɧ (100 ɝ) ɚɬɚɥԑɚɧ ɦɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ ɠԝɦɫɚɥɚɬɵɧ 
ɚԑɚɲ ɤԧɦіɪіɧің ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɲɵԑɵɧɵ ɚɧɵԕɬɚɥɞɵ. Ⱦɚɣɵɧɞɚɥԑɚɧ ɟɤі 
ɤɨɦɩɨɧɟɧɬ - ɤɟɧ ɦɟɧ ɚԑɚɲ ɤԧɦіɪіɧ 0,5 ɦɦ. ɮɪɚɤɰɢɹɫɵ ɬԛɡіɥɝɟɧɲɟ ԝɧɬɚԕɬɚɞɵɦ 
ɠԥɧɟ ɚɪɚɥɚɫɬɵɪɞɵɦ, ɨɞɚɧ ɤɟɣіɧ ɬɚɛɚԕɲɚɥɵ ɬԛɣіɪɲіɤɬɟɝіɲɬɟ ɬԛɣіɪɲіɤɬɟɥɟɬіɧ 
ԝɧɬɚԕ ɤԧɦіɪɬɟɤɬі ɬɟɦіɪ-ɤɟɧɞіɤ ɦɚɬɟɪɢɚɥ ɚɥɞɵɦ. Ȼɚɣɥɚɧɵɫɬɵɪɭɲɵ ɪɟɬіɧɞɟ 
ɦɟɥɚɫɬɵң ɫɭɥɵ ɟɪіɬіɧɞіɫі ɩɚɣɞɚɥɚɧɵɥɞɵ. Ɏɪɚɤɰɢɹɫɵ 6,0-12,0 ɦɦ. ɬԛɣіɪɲіɤɬɟɪ 
ɚɥɵɧɞɵ. 400 ° C ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɡɟɪɬɯɚɧɚɥɵԕ ɩɟɲɬɟ ɤɟɩɬіɪɝɟɧɧɟɧ ɤɟɣіɧ, ɤԧɩ 
ɠԛɤɬɟɦɟ ɤɟɡіɧɞɟ ɠɟɬɤіɥіɤɬі ɛɟɪіɤɬіɤɤɟ ԕɨɥ ɠɟɬɤіɡіɥɞі ɠԥɧɟ ɦɨɧɨɲɢɯɬɚɧɵң 
іɲіɧɞɟɝі ɦɚɫɫɚɚɥɦɚɫɭ ɩɪɨɰɟɫɬɟɪіɧ ԕɚɡіɪɝі ɤɟɡɞɟ ɛіɪ ɮɚɤɬɨɪ - ɠɵɥɭ ɛɟɪіɥіɫіɧің 
ԥɫɟɪіɦɟɧ ɠԛɡɟɝɟ ɚɫɵɪɭԑɚ ɛɨɥɚɞɵ. 

Ɇɨɧɨɲɢɯɬɚɧɵ ɞɢɚɦɟɬɪі Ø 40 ɦɦ ɨԕɲɚɭɥɚɧԑɚɧ ԝɹɲɵԕԕɚ ɠԛɤɬɟɩ ɋɍɈɅ -
044 12-M2 ԕԝɛɵɪɥɵ ɷɥɟɤɬɪ ɩɟɲіɧɟ ɟɧɝіɡɞіɦ. Ɉԕɲɚɭɥɚɧԑɚɧ ԝɹɲɵԕԕɚ ɠɚɥԑɚɧԑɚɧ 
ɝɚɡ ɲɵԑɭ ԕԝɛɵɪɵ ɝɚɡ ɟɫɟɩɬɟɝіɲɤɟ ɠԥɧɟ ɝɚɡ ɚɧɚɥɢɡɚɬɨɪԑɚ ԕɨɫɵɥɞɵ, ɝɚɡɞɵң 
ɲɵԑɵɦɵ ɦɟɧ ԕԝɪɚɦɵɧ ԛɧɟɦі ԧɥɲɟɭɝɟ ɠɚԑɞɚɣ ɠɚɫɚɥɞɵ, ɝɚɡ ɛԧɥіɧɭ 600°C ɤɟɡіɧɞɟ 
ɛɚɣԕɚɥɞɵ.  

ɀԛɣɟɧің ԕɵɡɞɵɪɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵ 18 °C / ɦɢɧ. ɠɵɥɞɚɦɞɵԕɩɟɧ 1000-
1100°C-ɝɟ ɞɟɣіɧ ɠɟɬɤіɡіɥɞі ɠԥɧɟ 30 ɦɢɧɭɬ ɨɫɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ԝɫɬɚɥɞɵ. 30 
ɦɢɧɭɬɬɚɧ ɤɟɣіɧ ɝɚɡɞɵң ɛԧɥіɧɭ ɠɵɥɞɚɦɞɵԑɵ CO2 ɦɚɡɦԝɧɵɧ ɲɚɦɚɦɟɧ 18% -ԑɚ 
ɞɟɣіɧ ԕɵɫԕɚɪɞɵ. Ⱥɬɦɨɫɮɟɪɚɥɵԕ ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɞɟɣіɧ ɫɭɵɬɵɥԑɚɧ ԝɹɲɵԕ ɩɟɲɬɟɧ 
ɚɥɵɧɞɵ. Ⱥɥɵɧԑɚɧ  ɦɟɬɚɥɥɞɚɥԑɚɧ ɚԕɲɵɥ ɫԝɪ ɬԛɫɬі ɦɚɬɟɪɢɚɥ ԕԝɣɵɥɞɵ. 

Ɇɚɬɟɪɢɚɥɞɚɪɞɵң ɦɟɬɚɥɞɚɧɞɵɪɵɥԑɚɧ ԛɥɝіɥɟɪі RHTV 120-150 / 16 ɠɨԑɚɪɵ 
ɷɥɟɤɬɪ-ɤɟɞɟɪɝі ɩɟɲіɧɞɟ ɛɚɥԕɵɬɵɥɞɵ. Ⱥɥɭɧɞɵ ɬɢɝɟɥɶɞɟɝі 130 ɝɪ. ɫɚɥɦɚԑɵ ɛɚɪ 
ɦɚɬɟɪɢɚɥɞɵң ɫɵɧɚɦɚɫɵ ɩɟɲɬің ɲɚɯɬɚɫɵɧɚ ɬԛɫіɪɞіɦ. Ɍɢɝɟɥɶ ԛɫɬіңɝі ɠɚԑɵɧɚɧ 
ɦɚɬɟɪɢɚɥ ԕɚɛɚɬɵɧɚ ɬɚɡɚɪɬɵɥԑɚɧ ɚɪɝɨɧ ɚԑɵɧɵ ԛɪɥɟɞіɦ. ɉɟɲ 1500-1550 ° C 
ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɞɟɣіɧ 32 °C / ɦɢɧ ɠɵɥɞɚɦɞɵԕɩɟɧ ԕɵɡɞɵ. ɋԝɣɵԕ ɮɚɡɚ ɩɚɣɞɚ 
ɛɨɥԑɚɧɞɚ, ɚɪɝɨɧɦɟɧ ԛɪɥɟɭɞі ɬɨԕɬɚɬɬɵɦ. 1550 °C ɬɟɦɩɟɪɚɬɭɪɚ 15 ɦɢɧɭɬ ɛɨɣɵ 
ɫɚԕɬɚɥɞɵ ɠԥɧɟ ɛɚɥԕɵɦɚɧɵң ԕɚɣɧɚɭɵ ɛɚɣԕɚɥɞɵ. Ȼɚɥԕɵɬɵɥԑɚɧ ɛɚɥԕɵɦɚɫɵ ɛɚɪ 
ɬɢɝɟɥɶ ɩɟɲɬɟɧ ɚɥɵɧɵɩ, ɚɭɚɦɟɧ ɫɚɥԕɵɧɞɚɬɵɥɞɵ ɠԥɧɟ ɫɵɧɞɵɪɞɵɦ. Ɇɟɬɚɥɥ 
ԕԝɣɦɚɫɵ ɲɥɚɤɬɚɧ ɬɚɡɚɥɚɩ, ɫɚɥɦɚԑɵ ԧɥɲɟɧɞі. 130 ɝ ɦɚɫɫɚɞɚԑɵ ɦɚɬɟɪɢɚɥɞɵң 
ԥɪɛіɪ ԛɥɝіɫіɧɟɧ ɚɥɵɧԑɚɧ ɦɟɬɚɥɞɵң ɫɚɥɦɚԑɵ ɫԥɣɤɟɫіɧɲɟ 102; 105; 104 ɝɪ. ɛɨɥɞɵ.  

Ⱥɥɵɧԑɚɧ ɦɟɬɚɥɥ ɫɵɧɚɦɚɥɚɪɵɧ ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ 4.13-ɤɟɫɬɟɞɟ ɤԧɪɫɟɬіɥɝɟɧ. 
 
Ɍɚɛɥɢɰɚ 4.13 – Ȼɚɥԕɵɬɵɥɵɩ ɚɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪіɧің ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ  

 
Ʉɨɦɩɨɧɟɬ-

ɬɟɪɞің 
ɚɬɚɭɥɚɪɵ  

ɏɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, % 

[C]  [Mn]  [Cr]  [V]  [Si]  [S]  [P]  

Ɍԥɠіɪɢɛɟ  1 0,80 0,61 0,27 0,31 0,15 0,03 0,04 

Ɍԥɠіɪɢɛɟ 2 0,48 0,62 0,28 0,41 0,18 0,03 0,03 

Ɍԥɠіɪɢɛɟ 3 0,45 0,60 0,29 0,32 0,16 0,03 0,03 
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4.1 Ɍԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ɧԥɬɢɠɟɥɟɪіɧ ɬɚɥɞɚɭ  
Ʉԛɪɞɟɥі ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɠԥɧɟ ɢɥɶɦɟɧɢɬɬі ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɵң ԕԝɪɚɦɵɧɞɚ 

ɬɟɦіɪɦɟɧ ɤɚɬɚɪ ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪі – MnO, Cr2O3, V2O5, 

TiO2 ɛɨɥɚɬɵɧɞɵԕɬɚɧ ɤԧɪɫɟɬіɥɝɟɧ ɦɟɬɚɥɞɚɪɞɵң ɠɚɥɩɵ ɪɟɞɭɤɰɢɹɥɚɧɭɵɧ ԕɚɦɬɭ 
ԛɲіɧ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬ ɬԛɪіɧɞɟ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧ ԕɨɥɞɚɧɭ ԕɚɛɵɥɞɚɧɞɵ. 
ɋɨɧɞɵԕɬɚɧ ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪɞің ԥɪ ɫɚɬɵɫɵɧɞɚ ɦɟɬɚɥɞɵң ɪɟɞɭɤɰɢɹɥɚɧɭɵ 
ɠɚɥɩɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɧɭɵɦɟɧ ɫɢɩɚɬɬɚɥɚɞɵ. Ɇɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵ ɦɟɧ ԕɚɬɬɵ 
ɤԧɦіɪɬɟɝі ɚɪɚɫɵɧɞɚ ԕɵɡɞɵɪɭ ɚɪԕɵɥɵ ɠԛɪɟɬіɧ ԕɚɬɬɵ ɮɚɡɚɥɵ ɪɟɚɤɰɢɹɥɚɪɞɚɧ ɟɤі 
ɬԛɪɥі ԑɚɧɚ ɝɚɡ – ɋɈ, ɋɈ2 ɛԧɥіɧіɩ ɲɵԑɚɬɵɧɞɵԑɵ ɚɧɵԕɬɚɥɚɞɵ. Ɍԥɠіɪɢɛɟ 
ɧԥɬɢɠɟɥɟɪіɧ ɬɚɥɞɚɭ ɟɪɟɤɲɟɥіɝі ɨɫɵ ɟɤі ɝɚɡɞɵң ɲɵԑɵɦɵɧɵң ɬɟɦɩɟɪɚɬɭɪɚ ɦɟɧ 
ɬɨɬɵԕ ɮɚɡɚɥɚɪɞɵң ɞɟңɝɟɣіɧɟ ɛɚɣɥɚɧɵɫɵɧ ɤԧɪɫɟɬɭ ɛɨɥɞɵ.  

Ⱦԥɫɬԛɪɥі ɬɟɨɪɢɹ ɛɨɣɵɧɲɚ ɦɟɬɚɥɞɵң ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɬɟɤ ɋɈ 
ɝɚɡɵɧɵң ɛԧɥіɧіɩ ɲɵԑɭɵɦɟɧ ɬԛɫіɧɞіɪіɥɟɞі. ɋɨɧɞɵԕɬɚɧ ɞɚ, ɨɫɵ ɬɟɨɪɢɹԑɚ ɫԛɣɟɧɟ 
ɨɬɵɪɵɩ  ɠɚɫɚԕɬɚɥԑɚɧ ɛɚɪɥɵԕ ɬɟɯɧɨɥɨɝɢɹ ɛɨɣɵɧɲɚ ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɦɟɬɚɥɞɚɪ 
ɤԧɦіɪɬɟɤɬɟɧɟɞі, ɹԑɧɢ ɲɨɣɵɧ ɚɥɵɧɚɞɵ. Ⱥɥɵɧԑɚɧ ɲɨɣɵɧɧɚɧ ɛɨɥɚɬ ɚɥɭ ԛɲіɧ 
ɤɨɧɜɟɪɬɟɪ ɩɟɲіɧɞɟ ɬɨɬɵԕɬɚɧɞɵɪɵɩ-ɛɚɥԕɵɬɭ ɩɪɨɰɟɫі ɦіɧɞɟɬɬі ɬԛɪɞɟ ԕɨɥɞɚɧɚɬɵɧ 
ɛɨɥɞɵ. Ԕɵɫԕɚɲɚ ɚɣɬԕɚɧɞɚ, іɪі ɟɤі ɫɚɬɵɥɵ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɤɟɲɟɧ ɛɚɪɥɵԕ 
ɞԛɧɢɟɠԛɡіɥіɤ ɦɟɬɚɥɥɭɪɝɢɹɞɚ ɨɪɵɧ ɚɥɚɞɵ.  

Ɍіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің ɝɚɡ ԧɧіɦɞɟɪі ɬɟɤ ɋɈ ԑɚɧɚ ɟɦɟɫ, ɋɈ2-ɞɟ 
ɛɨɥɚɬɵɧɞɵԑɵɧ ɟɫɤɟɪіɩ, ɲɢɯɬɚ ԕɨɫɩɚɫɵɧɚ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧ ɦԧɥɲɟɪіɧ 
ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɲɵԑɵɧɦɟɧ ԑɚɧɚ ɛɟɪɟɦіɡ, ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɞɟ ɚɪɬɵԕ 
ɤԧɦіɪɬɟɝіɧің ԕɚɥɞɵԑɵ ɫɚԕɬɚɥɚɞɵ, ɫɨɧɞɵԕɬɚɧ ɚɪɵ ԕɚɪɚɣ ɛɚɥԕɵɬɭ ɤɟɡіɧɞɟ 
ɚɥɵɧɚɬɵɧ ɦɟɬɚɥɥ ԕɨɪɵɬɩɚ ɤԧɦіɪɬɟɤɬɟɧɛɟɣɞі, ɬіɤɟɥɟɣ ɛɨɥɚɬ ɬԛɪіɧɞɟ ([C] = 0,50-
0,80%) ɲɵԑɚɞɵ. Ɇԝɧɞɚɣ ɬіɤɟɥɟɣ ԛɡɞіɤɫіɡ ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɩɪɨɰɟɫі 
ɦɟɬɚɥɥɭɪɝɢɹɧɵ ɟɤі ɫɚɬɵɥɵԕ ɤɟɲɟɧɧɟɧ ɛіɪɫɚɬɵɥɵ ɤɟɲɟɧɝɟ ɚɥɦɚɫɬɵɪɭԑɚ 
ɦԛɦɤіɧɲіɥіɤ ɛɟɪɟɞі.  

Ɇԝɧɞɚɣ ɬɟɯɧɨɥɨɝɢɹɧɵ ɠɚɫɚԕɬɚɭ ɦɟɬɚɥɞɚɪɞɵң ɬіɤɟɥɟɣ ɤԧɦіɪɬɟɝіɦɟɧ 
ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɦԧɥɲɟɪɞɟ ɪɟɞɭɤɰɢɹɥɚɧɭɵɧ ɧɚԕɬɵ ɠԥɧɟ ɠɨԑɚɪɵ ɞɟңɝɟɣɞɟ 
ɠԛɪɝіɡіɥɭіɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɭɝɟ ɬіɤɟɥɟɣ ɛɚɣɥɚɧɵɫɬɵ. Ɉɫɵԑɚɧ ɨɪɚɣ ɠɚɫɚɥɵɧԑɚɧ 
ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ɬɟɦіɪ ɠԥɧɟ ɨɞɚɧ ɛɚɫԕɚ ɥɟɝіɪɥɟɭɲі ɦɟɬɚɥɥ ɬɨɬɵԕɬɚɪɵ ɛɚɪ 
ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɠԥɧɟ ɢɥɶɦɟɧɢɬɬі ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ɦɟɬɚɥɞɚɧɞɵɪɵɩ 
ɪɟɞɭɤɰɢɹɥɚɣ ɛɚɥԕɵɬɭɵɧ ɬɚɥɞɚɭԑɚ ɚɪɧɚɥɚɞɵ.  

Ȼɚɪɥɵԕ ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪɞɟ ɦɟɬɚɥɞɚɪɞɵң ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɧɭɵɧɵң 
ɠɚɥɩɵ ɫɢɩɚɬɬɚɦɚɫɵ - ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɤɰɢɥɚɪɚɧɵң ɝɚɡ 
ԧɧіɦɞɟɪі – ɋɈ ɠԥɧɟ ɋɈ2 ɝɚɡɞɚɪɵɧɵң ɬԛɡіɥɭі, ɝɚɡɞɵң ԕԝɪɚɦɵ ɦɟɬɚɥɥ 
ɬɨɬɵԕɬɚɪɵɧɚɧ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪіɧɟ ɛɚɣɥɚɧɵɫɬɵ. Ɉɥɚɪ ɤɟɥɟɫі 
ɮɨɪɦɭɥɚɦɟɧ ɚɧɵԕɬɚɣɞɵ, ɝ.: 

 

            
2

-2
( ɋɈ ) 2ΔɈ=1,428510VCO  , ɝɪ.                                  (4.14) 

          ,107142.0 2
)( COVOCO  

 ɝɪ.                                       (4.15) 
 

Ɉɥɚɪɞɵң ԕɨɫɵɧɞɵɫɵ: 
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             2( ɋɈ) ( ɋɈ )ΔɈ=ΔɈ+ΔɈ, ɝɪ                                         (4.16) 
 

ɦԝɧɞɚԑɵ V – ɛɟɥɝіɥі ɛіɪ ɭɚԕɵɬ ɚɪɚɥɵԑɵɧɞɚ ɝɚɡ ɤԧɥɟɦі, ɞɦ3; 

2CO,CO– ɛԧɥіɧіɩ ɲɵԕԕɚɧ ɝɚɡɞɚԑɵ ɦԧɥɲɟɪі, %. 
ɋɵɧɚԕɬɚɪɞɵ, ɝɚɡ ɛԧɥіɧɭ ɚɹԕɬɚɥԑɚɧԑɚ ɞɟɣіɧ ɠɚɥԑɚɫɬɵɪɚɞɵ, ɛԝɥ ɛɟɪіɥɝɟɧ 

ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɧɟɦɟɫɟ ɷɥɟɤɬɪɥі ɩɟɲ ɬɟɦɩɟɪɚɬɭɪɚɫɵ 1150-1190ºɋ 
(ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɲɟɤɬɟɭ) ɠɟɬɤɟɧ ɤɟɡɞɟ Fe, Mn, Cr, V ɠԥɧɟ Ti ɚɣɬɚɪɥɵԕɬɚɣ 
ɬɨɥɵԕ ɧɟɦɟɫɟ ɲɟɤɬі ɪɟɞɭɤɰɢɹɫɵɧ ɛіɥɞіɪɟɞі. Ɍԥɠіɪɢɛɟ ɬɨԕɬɚɬɵɥԑɚɧ ɤɟɡɞɟ, 
ɠԛɣɟɝɟ ԕɚɣɬɚɞɚɧ ɬɚɡɚ Ar ɛɟɪɟɞі, ɚɥɦɚɥɵ ԕɚԕɩɚԕɬɚ ɤɟɥɬɟԕԝɛɵɪɞɵ ԧɥɲɟɭ 
ɠԛɣɟɫіɧɟɧ ɛɨɫɚɬɚɞɵ. Ar ɤɟɥɬɟԕԝɛɵɪ ɚɪԕɵɥɵ ɚɬɦɨɫɮɟɪԑɚ ɲɵԑɚɞɵ. Ɋɟɚɤɰɢɹ 
ɬԛɬіɤɲɟɫіɧ ɛɚɹɭ ԕɨɡԑɚɥɬɚ ɨɬɵɪɵɩ ɩɟɲɬɟɧ ɲɵԑɚɪɚɞɵ ɠԥɧɟ ɨɧɵ Ar 
ɚɬɦɨɫɮɟɪɚɫɵɧɞɚ ɛԧɥɦɟ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɚ ɞɟɣіɧ ɫɭɵɬɚɞɵ. Ʉԛɣɞіɪɭ ɧԥɬɢɠɟɫіɧɞɟ 
ɤԛɦіɫ-ɫԝɪ ɬԛɫɬі ɤɟɭɟɤɬі ɦɚɬɟɪɢɚɥɞɚɪɞɵ ɚɥɚɞɵ. Ɋɟɞɭɤɰɢɹɥɚɭ ɞԥɪɟɠɟɫі ɦɟɧ 
ɠɵɥɞɚɦɞɵԑɵɧ ɚɧɵԕɬɚɣɞɵ. 

ɒɢɯɬɚɧɵң ɪɟɞɭɤɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫіɧ ɤɟɥɟɫі ɮɨɪɦɭɥɚɦɟɧ ɚɧɵԕɬɚɣɞɵ, ɛіɪɥіɤ 
ԛɥɟɫі: 

R =ΔɈ /ΣɈɲ,                                               (4.17) 
 

ɦԝɧɞɚԑɵ ΔɈ  – ɋɈ ɠԥɧɟ ɋɈ2 ɬԛɪіɧɞɟ ɝɚɡɞɚɥɚɬɵɧ ɨɬɬɟɝіɧің ԕɨɫɵɧɞɵ ɦԧɥɲɟɪі; 
ΣɈɲ – ɝɚɡɞɚɥɚɬɵɧ ɲɢɯɬɚ ɨɬɬɟɝіɫіɧің ԕɨɫɵɧɞɵ ɦԧɥɲɟɪі. 
Ɋɟɞɭɤɰɢɹ ɠɵɥɞɚɦɞɵԑɵ ɤɟɥɟɫі ԧɪɧɟɤ ɛɨɣɵɧɲɚ ɚɧɵԕɬɚɥɚɞɵ, ɛіɪɥіɤ 

ԛɥɟɫі/ɦɢɧ: 
 ωR=ΔR/Δτ ,                                                (4.18) 

 
ɦԝɧɞɚԑɵ Δτ  – ɪɟɞɭɤɰɢɹ ɞԥɪɟɠɟɫіɧің ԧɡɝɟɪіɫіɧɟ ΔR = Ri+1 - Ri ɫԥɣɤɟɫ ɤɟɥɟɬіɧ 
ɭɚԕɵɬ ԧɫіɦі (ɦɢɧ). 

Ɋɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫіɧің ɤɢɧɟɬɢɤɚɫɵɧ ɚɧɵԕɬɚɣɬɵɧ, ԕɚɬɬɵ ɨɬɵɧɧɵң ɚɫɚ 
ɦɚңɵɡɞɵ ԕɚɫɢɟɬі ɨɧɵң ɪɟɚɤɰɢɹɥɵԕ ԕɚɛіɥɟɬɬіɥіɝі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ɀɨԑɚɪɵ 
ɪɟɚɤɰɢɹɥɵԕ ԕɚɛіɥɟɬɬіɥіɝіɧɟ ɢɟ ɪɟɞɭɤɰɢɨɧɟɪɦɟɧ ɠԝɦɵɫ іɫɬɟɭ ɤɟɡіɧɞɟ, 
ɦɟɬɚɥɞɚɧɞɵɪɭɞɵ ɚɫɚ ɬԧɦɟɧ ɬɟɦɩɟɪɚɬɭɪɚɥɚɪɞɚ ɠԥɧɟ ԕɵɡɞɵɪɭ ɩɪɨɰɟɫіɧің ԕɵɫԕɚ 
ɦɟɪɡіɦіɧɞɟ ɠԛɡɟɝɟ ɚɫɵɪɭԑɚ ɛɨɥɚɞɵ. 

1. Ɍɚɡɚ ɬɨɬɵԕɬɚɪ TiO2 ɩɟɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɧің ԕɨɫɩɚ ɲɢɯɬɚɧɵ ɪɟɞɭɤɰɢɹɥɚɧɭ 
ɦԛɦɤіɧɲіɥіɝіɧ ɬɟɤɫɟɪɭ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɨɧɰɟɧɬɪɚɬɵɧ ɨɞɚɧ ɚɪɵ ɡɟɪɬɬɟɭɝɟ 
ɛɚɪɵɫɵɧɞɚ ɩɚɣɞɚɥɚɧɵɥɞɵ.  Ɉɧɵң ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ԥɪɟɤɟɬɬɟɫɭ  ɪɟɚɤɰɢɹɫɵ 
ɬɟɤ ɠɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ԑɚɧɚ ɠԛɪɟɬіɧɞіɝі ɬɟɪɦɨɞɢɧɚɦɢɤɚɥɵԕ 
ɤԧɪɫɟɬɤіɲɬɟɪɞɟɧ ɛɟɥɝіɥі. Ȼіɪɚԕ ɬԥɠіɪɢɛɟɞɟ ԝɫɚԕɞɢɫɩɟɪɬі ɨɤɫɢɞɬі ԕɨɥɞɚɧɭɞɵң 
ɟɪɟɤɲɟɥіɝіɧ ɚɧɵԕɬɚɭ ԛɲіɧ ɨɧɵң ɤԧɦіɪɬɟɝіɦɟɧ 1000ºɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚԑɵ 
ԥɪɟɤɟɬɬɟɫɭі ɬɟɤɫɟɪіɥіɩ, ɪɟɞɭɤɰɢɹɥɵԕ ɪɟɚɤɰɢɹɧɵң ɠԛɪɦɟɣɬіɧɞіɝі ɚɧɵԕɬɚɥɞɵ.  

2. Ʉɟɥɟɫі ɬԥɠіɪɢɛɟɞɟ ɫɨɥ ɬɚɡɚ TiO2 ɨɤɫɢɞɤɟ ɩɪɨɤɚɬɬɵԕ ɨɤɚɥɢɧɚ ɠԥɧɟ ɞɟ 
ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɦԧɥɲɟɪɞɟ ɤԧɦіɪɬɟɝіɧ ɚɪɚɥɚɫɬɵɪɵɩ ɲɢɯɬɚ ɞɚɣɵɧɞɚɞɵԕ, 1150 
°ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɠɚɫɚɥԑɚɧ ɠԝɦɵɫɬɵ ԕɚɣɬɚɥɚɞɵԕ. Ɉɧɵң ɧԥɬɢɠɟɫіɧɞɟ ɬɟɦіɪɞің 
ɬɨɥɵԕ ɦɟɬɚɥɞɚɧɭɵ ɠԥɧɟ ԛɫɬіɧɟ ɬɢɬɚɧɧɵң ɦɟɬɚɥɥ ɮɚɡɚɫɵɧɞɚԑɵ ɦԧɥɲɟɪіɧің 0,63 
%-ԑɚ ɞɟɣіɧ ɠɟɬɤɟɧі ɛɚɣԕɚɥɞɵ. ɀԛɪɝіɡіɥɝɟɧ ɟɤі ɬԥɠіɪɢɛɟɧің ɚɣɵɪɦɚɲɵɥɵԑɵ 
ɟɤіɧɲі ɬԥɠіɪɢɛɟɞɟ ɦɟɬɚɥɞɚɧԑɚɧ ɬɟɦіɪ ɮɚɡɚɫɵ ԕԝɪɵɥɵɩ, ɨɥ ɛɚɫԕɚ ɦɟɬɚɥɥɞɚɪɞɵ 
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ɟɪіɬɤіɲ ɦɚɬɪɢɰɚԑɚ ɚɣɧɚɥԑɚɧɞɵԕɬɚɧ ɬɢɬɚɧ ɚɡ ɦԧɥɲɟɪɞɟ ɛɨɥɫɚ ɞɚ ɪɟɞɭɤɰɢɹɥɚɧɞɵ. 
Ȼԝɥ ɬԥɠіɪɢɛɟ ɬɟɦіɪ ɦɚɬɪɢɰɚɫɵɧɵң ɛɚɫԕɚ ɦɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɧɭɵɧɚ ԥɫɟɪ 
ɟɬɟɞіɧɞіɝіɧ ɞԥɥɟɥɞɟɞі.  

3. ɂɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ  ɦɟɧ ɩɪɨɤɚɬɬɵԕ ɨɤɚɥɢɧɚ ԕɨɫɵɥɵɩ ɠɚɫɚɥԑɚɧ 
ɲɢɯɬɚɧɵ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɤɰɢɹɫɵɧɵң ɠԛɪɭі ɤɟɥɟɫі 
ɠɚԑɞɚɣɥɚɪɦɟɧ ɬԛɫіɧɞіɪіɥɟɞі. Ɍɟɦіɪ ɦɟɧ ɬɢɬɚɧ ɬɨɬɵԕɬɚɪɵɧɵң ɯɢɦɢɹɥɵԕ 
ɛɟɪіɤɬіɥіɝі ɛɨɣɵɧɲɚ, ɨɥɚɪɞɵң ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɫɵ ɬɟɦɩɟɪɚɬɭɪɚɧɵң 
ԥɪɬԛɪɥі ɞɟңɝɟɣіɧɞɟ ɠԛɪɟɞі. Ɍɟɦіɪ, 1000 ºɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɦɟɬɚɥɞɵ ɤԛɣɝɟ ɞɟɣіɧ 
ɚɣɬɚɪɥɵԕɬɚɣ ɬɨɥɵԕ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ, ɚɥ ɬɢɬɚɧ TiO2 ɬɨɬɵԑɵɧɚɧ 1150 ºɋ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɟɧɞі ԑɚɧɚ ɪɟɞɭɤɰɢɹɥɚɧɚ ɛɚɫɬɚɣɞɵ. Ʉԧɪɫɟɬіɥɝɟɧ ɦɟɬɚɥɞɚɪɞɵң 
ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɧɭ ɤɢɧɟɬɢɤɚɫɵ ɦɟɧ ɬɟɦɩɟɪɚɬɭɪɚɥɵԕ ɞɟңɝɟɣіɧің ɦԝɧɞɚɣ 
ɚɣɵɪɦɚɫɵ, ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ԧңɞɟɭɞɟ ɛɟɥɝіɥі ɛіɪ ԕɢɵɧɞɵԕɬɚɪɞɵ 
ɬɭɞɵɪɚɞɵ. Ⱦɟɝɟɧɦɟɧ ɦіɧɞɟɬɬің ɛɟɥɝіɥі ɛіɪ ɞԥɪɟɠɟɝɟ ɞɟɣіɧ ɲɟɲіɥɭіɧɟ, ɦɟɬɚɥɞɵ 
ɬɟɦіɪɞɟ ɬɢɬɚɧɧɵң ɟɪіɝіɲɬіɝіɧ ɠԥɧɟ ɟɪіɬіɧɞіɞɟɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝі ɚɤɬɢɜɬіɥіɝі 
ɚɪɬɭɵɧɵң ɟɫɤɟɪіɥɭіɦɟɧ, ɬɢɬɚɧɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭɞɵң ɚɧɵԕɬɚɥԑɚɧ 
ɬԥɫіɥɞɟɦɟɫі ɚɪԕɵɥɵ ԕɨɥ ɠɟɬɤіɡɭɝɟ ɛɨɥɚɞɵ. 

ɒɢɯɬɚ ԕԝɪɚɦɵɧɞɚԑɵ ɬɟɦіɪ ɛɨɣɵɧɲɚ ɬɨɥɵԕ ɦɟɬɚɥɞɚɧԑɚɧɧɚɧ ɤɟɣіɧ, TiO2 
ɬɨɬɵԑɵ α – Feɦɟɬ ɦɟɬɚɥɞɵ ɮɚɡɚɫɵɦɟɧ ɛɚɣɥɚɧɵɫɬɚ ɛɨɥɚɞɵ ɠԥɧɟ ɫԥɣɤɟɫ 
ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɲɢɯɬɚ ԕԝɪɚɦɵɧɚ ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɬɢɬɚɧ ɬɟɦɪɞɟ ɠɚԕɫɵ 
ɟɪіɝіɲɬіɦɟɧ ɛɟɥɝіɥі, ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɬɢɬɚɧ ɬɟɦіɪ ɦɚɬɪɢɰɚɫɵɧɵң ԕԝɪɚɦɵɧɚ 
ɤіɪɟɞі. 

Ɇɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɤɰɢɹɫɵɧɵң ɞɚɦɭɵ ɬɟɦіɪ ɦɟɧ ɠɨԑɚɪԑɵ MnO2 – 
MnO ɞɟɣіɧ, V2O5 -V2O3 ɞɟɣіɧ ɬɨɬɵԕɬɚɪɵɧɵң ɪɟɞɭɤɰɢɹɥɚɭ ɬɟɦɩɟɪɚɬɭɪɚɫɵɧɵң 
ɠɨԑɚɪɵɥɚɭɵɦɟɧ ɛɚɣɥɚɧɵɫɬɵ. Ɍԥɠіɪɢɛɟɥіɤ ɞɟɪɟɤɬɟɪɞɟɧ ɤԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, 
ɛɟɪіɥɝɟɧ ɪɟɚɤɰɢɹɥɚɪ ɋɈ ԕɚɬɚɪ ɋɈ2 ɝɚɡɞɚɪɵɧɵң ɟɥɟɭɥі ɦԧɥɲɟɪɞɟ ɛԧɥіɧɭіɦɟɧ 
ɠԛɪɟɞі. Ⱥɪɵ ԕɚɪɚɣ ɚɫɚ ɠɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚɥɚɪ ɦɟɧ ԕɢɵɧ ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ 
MnO, Cr2O3, V2O3, TiO2 ɬɨɬɵԕɬɚɪɞɵң ɪɟɞɭɤɰɢɹɫɵ ɤɟɡіɧɞɟ ɧɟɝіɡіɧɟɧ ɋɈ ɝɚɡɵ 
ɛԧɥіɧɟɞі, ɋɈ2 ɦԧɥɲɟɪі ɧɨɥɝɟ ɞɟɣіɧ ɬԛɫɟɞі, ɛԝɥ ɞɢɫɫɨɰɢɚɰɢɹɥɚɭ ɫɟɪɩіɦɞіɥіɝіɧің 
ɤԛɪɬ ɬԧɦɟɧɞɟɭі ɦɟɧ ɬɨɬɵԕɬɚɪ ɛɟɪіɤɬіɝіɧің ɚɪɬɭɵɧ ɤԧɪɫɟɬɟɞі. Ⱦɟɝɟɧɦɟɧ, 
ɬԥɠіɪɢɛɟɥɟɪ ɧԥɬɢɠɟɥɟɪіɧің ɤԧɪɫɟɬɭі ɛɨɣɵɧɲɚ, ɛіɪ ɠɚԑɵɧɚɧ, ɬɟɤ ɬɨɬɵԕɬɚɪ 
ɞɢɫɫɨɰɢɚɰɢɹɫɵ ɠԥɧɟ ɟɤіɧɲі ɠɚԑɵɧɚɧ ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ ɛԧɥɲɟɤɬɟɪіɧің 
ɛɟɬіɧɞɟ ɷɥɟɤɬɪɨɧɞɵ ɷɦɢɫɫɢɹɫɵ ɟɫɟɛіɧɟɧ, ɪɟɚɤɰɢɹɥɚɪ ɠɟɬɤіɥіɤɬі ԕɚɪԕɵɧɞɵ ԧɬɟɞі. 
Ԧɡɚɪɚ ԥɪɟɤɟɬɬɟɫɟɬіɧ ɤɨɦɩɨɧɟɧɬɬɟɪ ԕɨɡԑɚɥɵɫɵɧ ɟɫɤɟɪɟ ɨɬɵɪɵɩ, ɪɟɚɤɰɢɹɥɚɪ 
ɤɟɥɟɫі ɪɟɬɩɟɧ ɠɚɡɵɥɭɵ ɦԛɦɤіɧ. 

 
m[Fe]2[C]+TiO2=m[Fe][Ti]+2CO                                   (4.19) 

 
Ɉɫɵ ɪɟɚɤɰɢɹɥɚɪɞɵң ԧɬɭ ɦɟɯɚɧɢɡɦі ɤɟɥɟɫі ɪɟɬɩɟɧ ɫɢɩɚɬɬɚɥɭɵ ɦԛɦɤіɧ  
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ɧɚɝɪɟɜ 23232                                        (4.21) 
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ɧɚɝɪɟɜ 222                                           (4.22) 

 2242 OeO                                                     (4.23) 
n[Fe]·3[C]4++3O2-≈2Cr~(p-1)Cr2O3=n[Fe]·2[Cr]+3CO                 (4.24) 

m[Fe]·2[C]4++2O2-≈Ti~(k-1)TiO2=m[Fe]·[Ti]+2CO                (4.25) 
 
 
ɀɚңɚ ԕɨɫɵɥɵɫɬɚɪɞɵң (ɦɨɥɟɤɭɥɚɥɚɪɞɵң) ɧɚԕɬɵ ɬԛɡіɥɭіɧің ɚɥɞɵɧɞɚ, ԥɞɟɬɬɟ 

ɷɥɟɤɬɪɨɧɞɚɪ ɦɟɧ ɢɨɧɞɚɪɞɵң ɚɫɚ ԝɫɚԕ ɠԥɧɟ ɠɟңіɥ ɛԧɥɲɟɤɬɟɪіɧің ԕɨɡԑɚɥɵɫɵ 
ɠԛɪɟɞі. Іɪɝɟɥі ԑɵɥɵɦ ɞɟɪɟɤɬɟɪіɧɟ ɫԥɣɤɟɫ, ɤɟɡ-ɤɟɥɝɟɧ ɯɢɦɢɹɥɵԕ ԕɨɫɵɥɵɫ 
ɞɢɫɫɨɰɢɚɰɢɹԑɚ ԝɲɵɪɚɣɞɵ. Ʉԧɩɬɟɝɟɧ ɯɢɦɢɹɥɵԕ ԕɨɫɵɥɵɫɬɚɪ (ɬɨɬɵԕɬɚɪ, 
ɫɭɥɶɮɢɞɬɟɪ, ɫɭɥɶɮɚɬɬɚɪ, ɤɚɪɛɨɧɚɬɬɚɪ) ɞɢɫɫɨɰɢɚɰɢɹ ɤɟɡіɧɞɟ ɝɚɡ ɬԥɪіɡɞі ɡɚɬɬɚɪ 
(O2, S2, SO2, CO2) ɛԧɥɟɞі. Ȼԝɥ ɝɚɡɞɚɪ ɤɪɢɫɬɚɥɞɵԕ ɬɨɪɞɚɧ ɤɟɧɟɬɬɟɧ ɛԧɥіɧɛɟɣɞі, 
ɚɞɫɨɪɛɰɢɹɥɚɧԑɚɧ ɠԥɧɟ ɯɟɦɨɫɨɪɛɰɢɹɥɚɧԑɚɧ іɲԕɚɛɚɬɬɚɪ ɚɪԕɵɥɵ ɛԧɥіɧɟɞі. 
Ɍіɤɟɥɟɣ ɞɢɫɫɨɰɢɚɰɢɹɥɚɧɚɬɵɧ ɤɪɢɫɬɚɥɞɵԕ ɬɨɪ ɛɟɬіɧɞɟ ɨɫɵ іɲԕɚɛɚɬɬɚɪɞɵң 
ɬԛɡіɥɭі ɫԧɡɫіɡ. ɋɨɧɞɵԕɬɚɧ ɠɚңɚ ɦɟɯɚɧɢɡɦ ɞɢɫɫɨɰɢɹ-ɚɞɫɨɪɛɰɢɹɥɵԕ ɞɟɩ ɚɬɚɥɚɞɵ. 
ȿɪіɝɟɧ ɤԧɦіɪɬɟɝі ɩɚɣɞɚɥɚɧɭ ɦɵɫɚɥɵɧɞɚ, ɞɢɫɫɨɰɢɚɰɢɹɥɵԕ-ɚɞɫɨɪɛɰɢɹɥɵԕ 
ɦɟɯɚɧɢɡɦ ԥɪɟɤɟɬі ɚɣԕɵɧ ɛɚɣԕɚɥɚɞɵ. ȿɪіɝɟɧ ɤԧɦіɪɬɟɝіɧі ɩɚɣɞɚɥɚɧɭɞɵң ԕɨɫɵɦɲɚ 
ɚɪɬɵԕɲɵɥɵԑɵ, ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧ ɦɟɬɚɥɥ ԧɡі ɠɟɤɟ ɮɚɡɚ ԕԝɪɦɚɣɞɵ, 
ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɫɚɣɵɧ ɛіɪɞɟɧ ɟɪіɬіɧɞіɝɟ ԧɬɟɞі. 

ɂɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ ɪɟɞɭɤɰɢɹɥɚɩ ԧңɞɟɭ ɛɨɣɵɧɲɚ ɠԛɪɝіɡіɥɝɟɧ 
ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ, ɚԑɚɲ ɤԧɦіɪɞɟ ɟɪɤіɧ ɤԧɦіɪɬɟɝіɧің ɨɪɧɵɧɚ ɟɪіɝɟɧ 
ɤԧɦіɪɬɟɝіɧі ɩɚɣɞɚɥɚɧɭ ɬɢіɦɞіɥіɝіɧ ɤԧɪɫɟɬɬі. Ɋɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬі ɪɟɬіɧɞɟ 4,0-4,5 
% ɟɪіɝɟɧ ɤԧɦіɪɬɟɝі ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɦɟɧ ɬԛɣіɪɲіɤɬɟɥɝɟɧ ɲɨɣɵɧ ɩɚɣɞɚɥɚɧɵɥɭɵ 
ɦԛɦɤіɧ. 

Ⱥɥɚɣɞɚ, ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧɚɧ ɬɢɬɚɧɧɵң ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɦɟɧ ɬɨɥɵԕ 
ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɚɣɬɚɪɥɵԕɬɚɣ ɠԛɡɟɝɟ ɚɫɵɪɵɥɭɵ ɦԛɦɤіɧ ɟɦɟɫ. ɋɨɧɞɵԕɬɚɧ 
ɲɢɯɬɚɞɚ TiO2 ɦɚɫɫɚɥɵԕ ԛɥɟɫіɧ ɲɟɤɬɟɭ ԛɲіɧ, ɲɢɯɬɚ ԕԝɪɚɦɵɧɚ ɩɪɨɤɚɬɬɵԕ 
ɨɤɚɥɢɧɚ ԕɨɫɵɩ ɬɟɦіɪ ɬɨɬɵԑɵɧɵң ɦɚɫɫɚɥɵԕ ԛɥɟɫіɧ ԝɥԑɚɣɬɭ ԕɚɠɟɬ.  
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 1- ԕɚɬɬɵ ɛɨɫ ɤԧɦіɪɬɟɝіɦɟɧ; 2 – ɲɨɣɵɧɧɵң ԕԝɪɚɦɵɧɞɚԑɵ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝі 

 
ɋɭɪɟɬ 4.1 - Fe ɪɟɞɭɤɰɢɹɥɚɧɭɵɧɵң ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɬԥɭɟɥɞіɥіɝі  

 
 

 
 

ɋɭɪɟɬ 4.2 - Ȼԧɥіɧіɩ ɲɵԕԕɚɧ ɝɚɡɞɵң ɋɈ2 ɦԧɥɲɟɪіɧің ɬɟɦɩɟɪɚɬɭɪɚԑɚ 
ɬԥɭɟɥɞіɥіɝі 
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ɋɭɪɟɬ 4.3 - Ɋɟɞɭɤɰɢɹ ɠɵɥɞɚɦɞɵԑɵɧɵң ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɬԥɭɟɥɞіɥіɝі  
 
4. ȿɤі ɤɨɦɩɨɧɟɧɬ - ɇɢɠɧɢɣ Ɍɚɝɢɥ ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɤɨɦɛɢɧɚɬɵɧɵң (ɇɌɆɄ) 

ɦɟɬɚɥɥɵ ԧɧɟɪɤԥɫіɩɬіɤ ԕɚɥɞɵԕɬɚɪɵ ɠԥɧɟ ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵɧɚ ɛɚɣɥɚɧɵɫɬɵ 
ɚɪɧɚɣɵ ɬɚңɞɚɥԑɚɧ. Ʉԧɪіɩ ɨɬɵɪԑɚɧɵɦɵɡɞɚɣ, ɚɝɥɨɦɟɪɚɬɬɵԕ ԕɚɥɞɵԕɬɚ CaO ɠԥɧɟ 
SiO2 ɤɨɧɰɟɧɬɪɚɰɢɹɥɚɪɵ ɠɨԑɚɪɵ ɠԥɧɟ ɩɪɨɤɚɬɬɵԕ ɨɤɚɥɢɧɚ ԕɨɫɩɚɫɵɧɞɚ CaO 
ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧɵң ɬԧɦɟɧɞіɝі ɛɚɣԕɚɥɚɞɵ. ɋɨɧɞɵԕɬɚɧ ɨɫɵ ɟɤі ɤɨɦɩɨɧɟɧɬɬің 
ԕɨɫɵɧɞɵɫɵ ԧɡɞіɝіɧɟɧ ɲɥɚɤɬɚɧɚɬɵɧ ɲɢɯɬɚ ԕԝɪɚɦɵɧ ɛɟɪɟɞі. Ⱥɝɥɨɦɟɪɚɬ ԕɚɥɞɵԑɵ 
0,6 ɦɟɧ ɩɪɨɤɚɬɬɵԕ ɨɤɚɥɢɧɚ 0,4 ɦɚɫɫɚɥɵԕ ԛɥɟɫ ԕɚɬɵɧɚɫɵɧɞɚ ԕɨɫɩɚɧɵң 
ɨɪɬɚɲɚɥɚɧԑɚɧ ԕԝɪɚɦɵ 4.11-ɲі ɤɟɫɬɟɞɟ ԝɫɵɧɵɥԑɚɧ ɠԥɧɟ ɦɟɬɚɥɞɵ ɪɟɞɭɤɰɢɹɥɚɩ-
ɛɚɥԕɵɬɭɞɵ ɬɟɯɧɨɥɨɝɢɹɫɵɧɚ ɫԥɣɤɟɫ ɤɟɥɟɬіɧ ɲɢɯɬɚɧɵң ɧɟɝіɡɞіɥіɝіɧ CaO / SiO2 = 
1.3 ɛɟɪɟɞі. Ⱥԑɚɲ ɤԧɦіɪ іɫ ɠԛɡіɧɞɟ ɲɥɚɤ ԕԝɪɚɣɬɵɧ ɨɤɫɢɞɬɟɪɞі ɟɧɝіɡɛɟɣɬіɧ ԕɚɬɬɵ 
ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬ.  

ɀԛɣɟɞɟ ɬɟɦɩɟɪɚɬɭɪɚ ɤԧɬɟɪіɥɝɟɧ ɫɚɣɵɧ, ɝɚɡɞɵң ɛԧɥіɧɭ ɠɵɥɞɚɦɞɵԑɵ ɚɪɬɬɵ, 
ɨɥ CO2 ɠԥɧɟ CO ɟɤі ɤɨɦɩɨɧɟɧɬіɧɟɧ ɬԝɪɚɞɵ.  

ɋɨɧɞɵԕɬɚɧ ɨɧɵң ɬɨɥɵԕ ԕԝɪɚɦɵɧ ɫɢɩɚɬɬɚɭ ԛɲіɧ CO2 ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧ 
ԧɥɲɟɭ ɠɟɬɤіɥіɤɬі ɛɨɥɞɵ. Ƚɚɡɞɚԑɵ ɋɈ2 ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ ɠԥɧɟ ɦɟɬɚɥɞɵң 
ɪɟɞɭɤɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫіɧің ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɬԥɭɟɥɞіɥіɝі 4.4-ɫɭɪɟɬɬɟ ɤԧɪɫɟɬіɥɝɟɧ. 

Ȼɚɫɬɚɩԕɵ ɦɨɧɨɲɢɯɬɚɧɵң ɬɨɥɵԕ ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɬɟңɞɟɭɦɟɧ ɚɧɵԕɬɚɥԑɚɧ 
ɝɚɡɞɚɧɞɵɪɵɥԑɚɧ ɨɬɬɟɝі ɦɟɧ ɤԧɦіɪɞің ɠɚɥɩɵ ɦɚɫɫɚɫɵɧɚ ɫԥɣɤɟɫ ɤɟɥɟɞі 
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ɦԝɧɞɚ ɋɈ, ɋɈ2 - ɨɫɵ ɝɚɡɞɚɪɞɵң ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ i-ɲі ɤԧɥɟɦɧің i-ɲі ԛɥɝіɫіɧɞɟ. 
Ɇɟɬɚɥɞɚɧɞɵɪɭ ɩɪɨɰɟɫіɧɟɧ ɤɟɣіɧ ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɟɫɟɩɬɟɥɝɟɧ ԕɚɬɬɵ 

ɤԧɦіɪɬɟɝіɧің ɦԧɥɲɟɪіɧің ɲɚɦɚɦɟɧ 0,8-1,2% ԕɚɥɚɞɵ, ɤɟɣіɧɧɟɧ ɆnO, Cr2O3, V2O3 
ɠԥɧɟ ɚɡɞɚɩ SiO2, TiO2 ɨɤɫɢɞɬɟɪіɧ ɠɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɪɟɞɭɤɰɢɹɥɚɭ ԛɲіɧ 
ɠԝɦɫɚɥɞɵ. Ɉɫɵԑɚɧ ɛɚɣɥɚɧɵɫɬɵ ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɞɟɪɞің ɨɫɵ ԛɥɝіɥɟɪіɧ ɛɚɥԕɵɬɭ 
ԛɥɤɟɧ ԕɵɡɵԑɭɲɵɥɵԕ ɬɭɞɵɪɞɵ. 
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1 – ɪɟɞɭɤɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫі; 2 – ɋɈ2 ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ 

 
ɋɭɪɟɬ 4.4 – Ƚɚɡ ԕԝɪɚɦɵɧɵң ɠԥɧɟ ɦɟɬɚɥɞɚɪɞɵң ɪɟɞɭɤɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫіɧің 

ԧɡɝɟɪɭ ɬԥɭɟɥɞіɥіɝі  
 

Ɇɨɧɨɲɢɯɬɚɞɚɧ ɛɚɥԕɵɬɵɥɵɩ ɚɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪі ԛɲ ɥɟɝіɪɥɟɭɲі 
ɦɟɬɚɥɦɟɧ - Mn, Cr ɠԥɧɟ V ɥɟɝіɪɥɟɧɝɟɧ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 
Ȼɨɥɚɬɬɚԑɵ ɥɟɝіɪɥɟɧɝɟɧ ɦɟɬɚɥɞɚɪɵɧɵң ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ ɦɨɧɨɲɢɯɬɚɧɵң 
ԕԝɪɚɦɵɧɚ ɛɚɣɥɚɧɵɫɬɵ. Ɇɨɧɨɲɢɯɬɚɧɵң ɦɟɬɚɥɥ ԕԝɪɚɦɞɵ ɤɨɦɩɨɧɟɧɬɬɟɪі ɪɟɬіɧɞɟ 
ԕԝɪɚɦɵɧɞɚ ɛɚԑɚɥɵ ɥɟɝіɪɥɟɭɲі ɷɥɟɦɟɧɬɬɟɪ ɤɟɡɞɟɫɟɬіɧ ԧɧɞіɪіɫɬіɤ ԝɫɚԕ 
ԕɚɥɞɵԕɬɚɪɞɵ ɩɚɣɞɚɥɚɭɵԑɚ ɛɨɥɚɞɵ. Ɇԝɧɞɚɣ ɠɢɧɚԕɬɚɥԑɚɧ ɠԥɧɟ 
ɩɚɣɞɚɥɚɧɵɥɦɚԑɚɧ ԕɚɥɞɵԕɬɚɪ ɤԧɩ.  

Ʉɨɦɩɨɧɟɧɬɬɟɪɞің ɦɚɫɫɚɥɵԕ ɤɨɷɮɮɢɰɢɟɧɬіɧ ɪɟɬɬɟɭ ɥɟɝіɪɥɟɧɝɟɧ 
ɦɟɬɚɥɞɚɪɞɵң ɨɤɫɢɞɬɟɪіɧің ɬɢіɦɞі ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧ ɛɟɥɝіɥɟɭɝɟ ɦԛɦɤіɧɞіɤ 
ɛɟɪɟɞі. Ԛɥɤɟɧ ɡɚɭɵɬɬɚɪɞɚ ɠԥɧɟ ɮɚɛɪɢɤɚɥɚɪɞɚ ɦɟɬɚɥɥ-ɨɤɫɢɞɬі ԧɧɟɪɤԥɫіɩɬіɤ 
ԕɚɥɞɵԕɬɚɪɞɵң ԥɪɬԛɪɥі ɠɢɧɚԕɬɚɥɭɵɧɵң ɧɟɦɟɫɟ ɬɢіɦɫіɡ ɩɚɣɞɚɥɚɧɵɥɭɵɧɵң 
ԕɚɡіɪɝі ɠɚԑɞɚɣɵ ԥɥɟɦɞіɤ ɩɪɨɛɥɟɦɚ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ԝɧɬɚԕ ɠԥɧɟ ɞɢɫɩɟɪɫɬі 
ɦɟɬɚɥɥ ԕԝɪɚɦɞɵ ԕɚɥɞɵԕɬɚɪɞɚɧ ɬԝɪɚɬɵɧ ɤԧɦіɪɬɟɝі ɛɚɪ ɦɨɧɨɲɢɯɬɚɧɵ ɞɚɣɵɧɞɚɭ 
ɦɟɧ ԧңɞɟɭ ɬɟɯɧɨɥɨɝɢɹɫɵɧ ɟɧɝіɡɭ ɫɚɩɚɥɵ ɛɨɥɚɬɬɚɪ ɦɟɧ ԕɨɪɵɬɩɚɥɚɪɞɵң 
ԕɚɥɞɵԕɫɵɡ ԧɧɞіɪіɫіɧ ɞɚɦɵɬɭ ɛɨɥɚɲɚԑɵɧ ɚɲɚɞɵ. 

Ɇɚɬɟɪɢɚɥɞɚɪɞɵԙ ԕԝɪɵɥɵɦɵɧ ɬɚɥɞɚɭ ԛɲіɧ JSM 5910 ɷɥɟɤɬɪɨɧɞɵ 
ɦɢɤɪɨɫɤɨɩɵ ɩɚɣɞɚɥɚɧɵɥɞɵ, ɨɥ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɹɥɵԕ ɠɚɡɵԕ ɞɟңɝɟɣɞɟ ɠԝԕɚ 
ԕԝɪɵɥɵɦɞɵ ɡɟɪɬɬɟɭ ԛɲіɧ ɚɪɧɚɥԑɚɧ, ɮɚɡɚɥɚɪɞɵң ɫɚɧɞɵԕ ɠԥɧɟ ɫɚɩɚɥɵԕ ԕԝɪɚɦɵɧ 
ɠԥɧɟ ɮɚɡɚɥɵԕ ɬԛɪɥɟɧɭɥɟɪ ɤɟɡіɧɞɟ ԕɚɥɞɵԕ ɤɟɪɧɟɭɞі ɚɧɵԕɬɚɣɞɵ. 

Ԕɨɧɞɵɪԑɵ ɧɟɝіɡі ɷɥɟɤɬɪɨɧɞɚɪ ɤԧɡі (ɡɟңɛіɪɟɤ) ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, ɨɥ 
ԕɵɡɞɵɪɵɥԑɚɧ ɬіɡɛɟɤɬɟɧ 10-4 ɦɦ. ɫɵɧ.ɛɚԑ. ɤɟɦ ԕɵɫɵɦԑɚ ɞɟɣіɧ ɚɣɞɚɥԑɚɧ ɤɚɦɟɪɚԑɚ 
ɷɥɟɤɬɪɨɧɞɚɪ ɚԑɵɧɵɧ ɲɵԑɚɪɚɞɵ. Ɇɢɤɪɨɫɤɨɩɬɵң ɨɩɬɢɤɚɥɵԕ ɫԝɥɛɚɫɵ 
ɛԧɥɲɟɤɬɟɧɟɬіɧ ԕɭɵɫ ɛɚԑɚɧ ɛɨɥɵɩ ɤɟɥɟɞі. Ȼɚԑɚɧɧɵң ɛіɪ ɠɚԑɵɧɚ ɷɥɟɤɬɪɨɧɞɵ 
ɡɟңɛіɪɟɤ ɨɪɧɚɥɚɫɬɵɪɵɥɚɞɵ, ɟɤіɧɲіɫіɧɞɟ – ɠɵɥɬɵɪ ɷɤɪɚɧ ɧɟɦɟɫɟ ɮɨɬɨɩɥɚɫɬɢɧɤɚ. 
ɗɥɟɤɬɪɨɧɞɵ ɡɟңɛіɪɟɤ ɩɟɧ ɷɤɪɚɧ ɚɪɚɫɵɧɞɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɬіɤ ɥɢɧɡɚɥɚɪ – ԕɵɫԕɚ 
ɮɨɤɭɫɬɵ, ɨɛɴɟɤɬɢɜɬі, ɚɪɚɥɵԕ ɠԥɧɟ ɩɪɨɟɤɰɢɹɥɵԕ ɪɟɬ-ɪɟɬіɦɟɧ ɨɪɧɚɥɚɫɚɞɵ. 
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ɗɥɟɤɬɪɨɧɞɵ ɡɟңɛіɪɟɤ ɷɥɟɤɬɪɨɧɞɚɪ ɤԧɡі ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ɉɥ ɜɨɥɶɮɪɚɦ 
ɤɚɬɨɞɵɧɚɧ, ɛɚɫԕɚɪɭ ɷɥɟɤɬɪɨɞɵ ɦɟɧ ɚɧɨɞɬɚɧ ɬԝɪɚɞɵ. Ʉɚɬɨɞ ɩɟɧ ɮɨɤɭɫɬɚɭɲɵ 
ɷɥɟɤɬɪɨɞ ɠɨԑɚɪɵ ɤɟɪɧɟɭɞɟ (40-60 ɤȼ) ɬԝɪɚɞɵ. ɗɥɟɤɬɪɨɧɞɵ ɡɟңɛіɪɟɤ ɠԝɦɵɫ 
іɫɬɟɩ ɬԝɪԑɚɧɞɚ, ɤɚɬɨɞ ɚɪԕɵɥɵ ɷɥɟɤɬɪ ɬɨԑɵɧ ɠіɛɟɪɟɞі. Ԕɵɡɞɵɪɵɥԑɚɧ ɜɨɥɶɮɪɚɦ 
ɫɵɦɵ ɷɥɟɤɬɪɨɧɞɚɪ ɲɵԑɚɪɚɞɵ. Ɏɨɤɭɫɬɚɭɲɵ (ɛɚɫԕɚɪɭɲɵ) ɷɥɟɤɬɪɨɞɬɵң 
ɩɨɬɟɧɰɢɚɥɵ, ɤɚɬɨɞɩɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ ɬɟɪіɫ ɦԥɧɝɟ ɢɟ. Ȼɚɫԕɚɪɭɲɵ ɷɥɟɤɬɪɨɞ ɩɟɧ 
ɤɚɬɨɞ ɚɪɚɫɵɧɞɚԑɵ ɷɥɟɤɬɪɥіɤ ԧɪіɫ ɠɢɧɚԕɬɚɭɲɵ ɥɢɧɡɚ ԕɵɡɦɟɬіɧ ɚɬԕɚɪɚɞɵ. 
ɗɥɟɤɬɪɨɧɞɚɪ ɛɚɫԕɚɪɭɲɵ ɷɥɟɤɬɪɨɞ ɫɚңɵɥɚɭɵ ɚɪԕɵɥɵ ɲɵԑɚɞɵ ɠԥɧɟ ɛɚɫԕɚɪɭɲɵ 
ɷɥɟɤɬɪɨɞ ɩɟɧ ɚɧɨɞ ɚɪɚɫɵɧɞɚԑɵ ɲɚɲɵɪɚɬԕɵɲ ɷɥɟɤɬɪ ԧɪіɫіɧің ԥɫɟɪіɧɟɧ ɠɨԑɚɪɵ 
ɠɵɥɞɚɦɞɵԕԕɚ ɞɟɣіɧ ԕɚɪԕɵɧɞɵɥɚɣɞɵ. Ȼɚԑɚɧ іɲіɧɞɟ ɷɥɟɤɬɪɨɧɞɚɪ ɢɧɟɪɰɢɹ 
ɛɨɣɵɧɲɚ ԕɨɡԑɚɥɚɞɵ. ɗɥɟɤɬɪɨɧɞɵ ɫԥɭɥɟɧің ԕɚɪԕɵɧɞɵɥɵԑɵ, ɤɚɬɨɞɬɵң ԕɵɡɭ ɬɨԑɵ 
ɦɟɧ ԛɞɟɦɟɥі ɷɥɟɤɬɪɨɞ ɤɟɪɧɟɭі ԧɡɝɟɪɝɟɧ ɤɟɡɞɟ ԧɡɝɟɪɟ ɚɥɚɞɵ. 

Ɍԥɠіɪɢɛɟɥіɤ ԛɥɝіɥɟɪɞі ɯɢɦɢɹɥɵԕ ɬɚɥɞɚɭ ԛɲіɧ SPECTROLAB Jr
CCD

 

ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵɧ ɬɚɥɞɚԑɵɲ ɩɚɣɞɚɥɚɧɵɥɞɵ – ԝɲԕɵɧɞɚ ɠԥɧɟ/ɧɟɦɟɫɟ 
ɞɨԑɚɞɚ ɫɩɟɤɬɪɞі ԕɨɡɞɵɪɭ ɠԥɧɟ ɠɚɪɬɵɥɚɣ ԧɬɤіɡɝіɲ CCD-ɞɟɬɟɤɬɨɪɥɚɪɵɦɟɧ, 
ɦɟɬɚɥɞɚɪ ɦɟɧ ԕɨɪɵɬɩɚɥɚɪɞɵң ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵɧ ɬɚɥɞɚɭ ԛɲіɧ ɚɪɧɚɥԑɚɧ 
ԛɫɬɟɥɞіɤ ɨɩɬɢɤɚɥɵԕ ɷɦɢɫɫɢɹɥɵԕ ɫɩɟɤɬɪɨɦɟɬɪ. ɇɟɝіɡɝі ɬɟɯɧɢɤɚɥɵԕ 
ɫɢɩɚɬɬɚɦɚɥɚɪɵ: ɬԝɬɵɧɚɬɵɧ ԕɭɚɬɵ ~ 1,2 ɤȼɬ; ɤɟɪɧɟɭ 220±20 ȼ, ɬɨԕ ɠɢіɥіɝі 50 Ƚɰ; 
Ar ɬɚɡɚɥɵԑɵ 99,998%; Ar ɲɵԑɵɧɵ ~ 300 ɥ/ɫɚԑ. 

Ԕԝɪɚɥ, Fe, Al, Cu ɠԥɧɟ Zn ɧɟɝіɡіɧɞɟ 20 ɞɟɣіɧ ɥɟɝіɪɥɟɭɲі ɷɥɟɦɟɧɬɬɟɪɞің (Cr, 
Mn, V, W, S, P, C, Nb, Mo, Ni, Ti, As ɠԥɧɟ ɬ.ɛ.) ԕɨɫɵɥɵɫɵ ɛɚɪ ԕɨɪɵɬɩɚɥɚɪɞɵң 
ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵɧ ɚɧɵԕɬɚɭԑɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. Ɂɟɪɬɬɟɥɟɬіɧ ԛɥɝіɥɟɪɞің ԧɥɲɟɦі 
ԛɥɤɟɧ ɛɨɥɭɵ ɦԛɦɤіɧ (ɤԧɥɞɟɧɟң ԕɢɦɚɫɵɧɞɚ 200 ɦɦ. ɞɟɣіɧ). 

Ɍɨɥɵԕ ɬɚɥɞɚɭ ɠԛɪɝіɡɭ 20 ɫɟɤɭɧɞ ɭɚԕɵɬ ɚɥɚɞɵ. Ԕԝɪɚɥɦɟɧ ɠԝɦɵɫ іɫɬɟɭ 
ԕɚɪɚɩɚɣɵɦ – ɫɵɧɚɦɚɧɵ ԝɲԕɵɧ ԛɫɬɟɥіɧɟ ԕɨɸ, ɫɵɧɚɦɚ ɧɨɦɟɪіɧ ɠɚɡɭ ɠԥɧɟ іɫɤɟ 
ԕɨɫɭ ɬɟɬіɝіɧ ɛɚɫɭ ɤɟɪɟɤ. Ɍɚɥɞɚɭ ɠԛɪɝіɡɭ ɤɨɦɩɶɸɬɟɪɦɟɧ ɛɚɫԕɚɪɵɥɚɞɵ. 
ɇԥɬɢɠɟɥɟɪ ɦɨɧɢɬɨɪ ɷɤɪɚɧɵɧɚ ɲɵԑɚɪɵɥɚɞɵ ɠԥɧɟ ɤɟɣіɧ ɫɬɚɬɢɫɬɢɤɚ ԛɲіɧ ɛɚɫɵɩ 
ɲɵԑɚɪɵɥɚɞɵ. Ɍɚɥɲɵԕ ɨɩɬɢɤɚɫɵɧɵң ɩɚɣɞɚɥɚɧɵɥɭɵ ɞԥɫɬԛɪɥі ɠԛɣɟɥɟɪɦɟɧ 
ɫɚɥɵɫɬɵɪԑɚɧɞɚ ԕԝɪɚɥɞɵң ɧɚԕɬɵɥɵԑɵ ɦɟɧ ɢɤɟɦɞіɥіɝіɧ ɤԛɪɬ ɚɪɬɬɵɪɚɞɵ. 

Ɇɟɬɚɥɥ ԛɥɝіɥɟɪіɞің ɷɥɟɤɬɪԧɬɤіɡɝіɲɬіɤ ԕɚɫɢɟɬі ɛɨɥɭ ɤɟɪɟɤ. Ԛɥɝіɧі ԝɲԕɵɧ 
ԛɫɬɟɥіɧɟ ɨɪɧɚɥɚɫɬɵɪɚɞɵ ɠԥɧɟ ɷɥɟɤɬɪ ɞɨԑɚɫɵɧ ɧɟɦɟɫɟ ԛɥɝі ɦɟɧ ɷɥɟɤɬɪɨɞ 
ɚɪɚɫɵɧɞɚԑɵ ɞɨԑɚɧɵ ԕɨɡɞɵɪɚɞɵ. Ȼԝɥ ɤɟɡɞɟ ɦɟɬɚɥɞɵң ɛіɪ ɛԧɥіɝі ɛɭɥɚɧɚɞɵ, ɚɥ 
ɛɭɞɚ ԛɥɝі ԕԝɪɚɦɵɧɞɚԑɵ ɛɚɪɥɵԕ ɷɥɟɦɟɧɬɬɟɪ ɤɟɡɞɟɫɟɞі. Ɉɫɵ ɷɥɟɦɟɧɬɬɟɪ 
ɚɬɨɦɞɚɪɵɧ ԕɨɡɞɵɪɭ ɧԥɬɢɠɟɫіɧɞɟ ɛɟɥɝіɥі ɛіɪ ɫɩɟɤɬɪɥіɤ ɫɵɡɵԕɬɚɪɦɟɧ ɠɚɪɵԕ 
ɫԥɭɥɟɥɟɧɟɞі, ɤɟɣіɧ ɨɫɵ ɠɚɪɵԕ ɤіɪɟ ɛɟɪіɫ ɚɪԕɵɥɵ ԧɬɟɞі, ɞɢɮɪɚɤɰɢɹɥɵԕ ɬɨɪԑɚ 
ɬԛɫɟɞі, ɫɩɟɤɬɪɝɟ ɛԧɥіɧɟɞі ɠԥɧɟ ɫԥɣɤɟɫ ԕɚɛɵɥɞɚԑɵɲɬɚɪԑɚ (ɮɨɬɨɷɥɟɤɬɪɨɧɞɵ 
ɤԧɛɟɣɬɤіɲɬɟɪɝɟ) ɬԛɫɟɞі. ɗɥɟɤɬɪɥіɤ ɞɚɛɵɥ ɬԛɪɥɟɧɟɞі, ɤɟɣіɧ ɞɚɛɵɥ ɲɚɦɚɫɵ 
ɛɨɣɵɧɲɚ ɤɚɥɢɛɪɥɟɭ ԕɢɫɵԕɬɚɪɵ ɤԧɦɟɝіɦɟɧ ɫԥɣɤɟɫ ɷɥɟɦɟɧɬɬің ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ 
ɚɧɵԕɬɚɥɚɞɵ. Ⱦɚɛɵɥɞɵ ԧңɞɟɭ ɛɚɪɵɫɵɧɞɚ ԕɚɠɟɬɬі ɬɚɥɚɩ ɟɬіɥɟɬіɧ ɬԛɡɟɬɭɥɟɪ 
ɟɧɝіɡіɥɟɞі (ɢɧɬɟɪɮɟɪɟɧɰɢɹɧɵ ɬԛɡɟɬɭ ɠԥɧɟ ɬ.ɫ.ɫ.). 

Ⱥɥɵɧԑɚɧ ɛɨɥɚɬ ԛɥɝіɥɟɪɞіԙ ԕԝɪɚɦɵɧɞɚԑɵ ɦɟɬɚɥɥ ɟɦɟɫ ɠԥɧɟ ɦɟɬɚɥɥ 
ԕɨɫɵɧɞɵɥɚɪɵɧ ɫɚɧɞɵԕ ɛɚԑɚɥɚɭ. Ȼɨɥɚɬ ԕԝɸ ԧɧɟɪɤԥɫіɛіɧɞɟ ɦɟɬɚɥɥ ɟɦɟɫ 
ԕɨɫɵɧɞɵɥɚɪ (ɆȿԔ), ԥɪɬԛɪɥі ɦɚɪɤɚɥɵ ɛɨɥɚɬ ɩɟɧ ԕɨɪɵɬɩɚɥɚɪɞɵң 
ɦɢɤɪɨԕԝɪɵɥɵɦɵ ɦɟɧ ɛɚɫɬɵ ɦɟɯɚɧɢɤɚɥɵԕ, ɮɢɡɢɤɚɥɵԕ ɠԥɧɟ ɯɢɦɢɹɥɵԕ 



  

79 
 

ԕɚɫɢɟɬɬɟɪіɧɟ ɟɥɟɭɥі ԥɫɟɪіɧ ɬɢɝіɡɟɬіɧɞіɝі ɦԥɥіɦ. Ⱥɥɚɣɞɚ ɬɟɤ ɛіɪ ɆȿԔ ɪɨɥі ԥɪɬԛɪɥі 
ɛɨɥɚɬ ɩɟɧ ԕɨɪɵɬɩɚɥɚɪ ԛɲіɧ ԥɪі ɬɟɪіɫ ԥɪі ɨң ɛɨɥɭɵ ɦԛɦɤіɧ. Ɇɟɬɚɥɥ ɟɦɟɫ 
ԕɨɫɵɧɞɵɥɚɪɞɵң ԥɫɟɪі ɨɥɚɪɞɵң ɫɢɩɚɬɬɚɦɚɥɚɪɵɧɚ (ԕԝɪɚɦɵ, ɦɨɪɮɨɥɨɝɢɹɫɵ, 
ԧɥɲɟɦі, ɦԧɥɲɟɪі, ɨɪɧɚɥɚɫɭɵ) ɠԥɧɟ ɚɥɵɧɚɬɵɧ ɛɨɥɚɬ ɫɚɩɚɫɵɧɚ ԕɨɣɵɥɚɬɵɧ 
ɬɚɥɚɩɬɚɪԑɚ ɬԥɭɟɥɞі ɛɨɥɚɞɵ. ɋɨɧɞɵԕɬɚɧ ɛɨɥɚɬɬɚ ɦɟɬɚɥɥ ɟɦɟɫ ԕɨɫɵɧɞɵɥɚɪɞɵң 
ɬԛɡіɥɭі ɦɟɧ ɬԥɪɬіɛіɧ ɛɚԕɵɥɚɭ, ɫɨңԑɵ ɛɨɥɚɬ ԧɧіɦіɧɟ ԕɨɣɵɥɚɬɵɧ ɬɚɥɚɩɬɚɪԑɚ ԕɨɥ 
ɠɟɬɤіɡɭ ԛɲіɧ ɛɨɥɚɬ ɛɚɥԕɵɬɭ ԧɧɞіɪіɫіɧің ɦɚңɵɡɞɵ ɦɚԕɫɚɬɬɚɪɵɧɵң ɛіɪі ɛɨɥɵɩ 
ɬɚɛɵɥɚɞɵ. Ɇԥɫɟɥɟɧ, ɠɨԑɚɪɵ ɫɚɩɚɥɵ ԕɵɦɛɚɬ ɛɨɥɚɬ ɦɚɪɤɚɥɚɪɵɧ (ɦɵɫɚɥɵ, 
ɦɨɣɵɧɬіɪɟɤ ɛɨɥɚɬ, ɚɪɧɚɣɵ ɤɨɪɪɨɡɢɹԑɚ ԝɲɵɪɚɦɚɣɬɵɧ ɛɨɥɚɬ, ԕɨɥɞɚɧɛɚɥɵ ɛɨɥɚɬ 
ɠԥɧɟ ɬ.ɛ.) ԧɧɞіɪɭɞɟ ɚɫɚ ɦɚңɵɡɞɵ. ɋɨɧɞɵԕɬɚɧ, ԕɨɥɞɚɧɵɫɬɚԑɵ ԥɞіɫɬɟɪɞі ɠɟɬіɥɞіɪɭ 
ɠԥɧɟ ɛɨɥɚɬ ԧɧɞіɪɭ ɬɟɯɧɨɥɨɝɢɹɫɵɧɵң ɬɢіɦɞіɥіɝіɧ ɚɪɬɬɵɪɭɞɚ ɛɨɥɚɬ ԛɥɝіɥɟɪіɧɞɟɝі 
ɦɟɬɚɥɥ ɟɦɟɫ ԕɨɫɵɧɞɵɥɚɪɵɧ ɧɚԕɬɵ ɛɚԑɚɥɚɭ ɠԥɧɟ ɫɢɩɚɬɬɚɭ ɦɚңɵɡɞɵ. 

Ɉɫɵԑɚɧ ɛɚɣɥɚɧɵɫɬɵ, ԕԝɣɵɥԑɚɧ ɤԛɣɞɟɝі ɛɨɥɚɬɬɚ ɦɟɬɚɥɥ ɟɦɟɫ 
ԕɨɫɵɧɞɵɥɚɪɞɵң ɩіɲіɧіɧ ԧɡɝɟɪɬɭ, ɤԧɥɟɦі ɦɟɧ ԧɥɲɟɦіɧ ɚɡɚɣɬɭԑɚ ɛɚԑɵɬɬɚɥԑɚɧ 
ɲɚɪɚɥɚɪ, ɛɨɥɚɬ ԧɧɞіɪіɫіɧɞɟ ɨɥɚɪɞɵң ɫɚɩɚɫɵɧ ɚɪɬɬɵɪɭ ԛɲіɧ ɦɚңɵɡɞɵ 
ɬԥɠіɪɢɛɟɥіɤ ɦԥɧɝɟ ɢɟ. 

Ȼɨɥɚɬɬɵң ɦɟɬɚɥɥ ɟɦɟɫ ԕɨɫɵɧɞɵɥɚɪɦɟɧ ɥɚɫɬɚɧɭ ɞԥɪɟɠɟɫіɧ ɚɫɚ ɫɟɧіɦɞі 
ɫɚɧɞɵԕ ɛɚԑɚɥɚɭ ɦɟɧ ɨɥɚɪɞɵң ɫɚɩɚɫɵɧ ɛɚԑɚɥɚɭ ԛɲіɧ, ɫɨңԑɵ ɠɵɥɞɚɪɵ ԛɲ 
ԧɥɲɟɦɞі (3D) ɡɟɪɬɬɟɭ ԥɞіɫɬɟɦɟɫі ԝɫɵɧɵɥԑɚɧ. Ȼԝɥ ԥɞіɫɬɟɦɟɧің ɦԥɧі, ɦɟɬɚɥɥ ɟɦɟɫ 
ԕɨɫɵɧɞɵɥɚɪɞɵ ɛԧɥіɩ ɚɥɭ ԛɲіɧ ɷɥɟɤɬɪɨɥɢɬɬіɤ ɷɤɫɬɪɚɤɰɢɹɧɵ ɩɚɣɞɚɥɚɧɭ, 
ɤɟɣіɧɧɟɧ ɬԝɧɛɚԑɚ ɬԛɫɤɟɧ ԥɪɬԛɪɥі ɮɚɡɚɥɵ ԕɨɫɵɧɞɵɥɚɪ ɛԧɥɲɟɤɬɟɪіɧ ɋɗɆ-ɝɟ 
ɡɟɪɬɬɟɭ ɛɨɥɵɩ ɤɟɥɟɞі. Ȼɟɣɦɟɬɚɥɥ ԕɨɫɵɧɞɵɥɚɪɵɧ ɡɟɪɬɬɟɭɞің ɦԝɧɞɚɣ ԥɞіɫɬɟɦɟɫі 
ɚɫɚ ɤɟɥɟɲɟɝі ɡɨɪ, ɫɟɧіɦɞі ɠԥɧɟ ɀɚɩɨɧɢɹ, Ɉңɬԛɫɬіɤ Ʉɨɪɟɹ, ȺԔɒ ɩɟɧ ɒɜɟɰɢɹɧɵң 
ɠɟɬɟɤɲі ɡɟɪɬɯɚɧɚɥɚɪɵɧɞɚ ɤɟңіɧɟɧ ɩɚɣɞɚɥɚɧɵɥɚɞɵ [108]. 

Ȼɨɥɚɬɬɵң ɫɚɩɚɥɵԕ ɤԧɪɫɟɬɤіɲɬɟɪіɧɟ ɤɟɪі ԥɫɟɪіɧ ɬɢɝіɡɟɬіɧ ɦɟɬɚɥɥ ɟɦɟɫ 
ԕɨɫɵɧɞɵɥɚɪ ɛɨɥɚɬ ԛɥɝіɥɟɪіɧɞɟ ԥɪɬԛɪɥі ɩіɲіɧɞɟ ɛɨɥɭɵ ɦԛɦɤіɧ. Ɉɥɚɪɞɵң ԧɥɲɟɦі 
ɛіɪɧɟɲɟ ɦɢɤɪɨɧɧɚɧ ɦɢɥɥɢɦɟɬɪɞің ɛіɪɧɟɲɟ ԛɥɟɫіɧɟ ɞɟɣіɧ ԧɡɝɟɪɟɞі. 

ɋɵɧɚԕ ɚɥɞɵɧɞɚ ɡɟɪɬɬɟɥɟɬіɧ ɛɨɥɚɬ ԛɥɝіɫіɧің ɛɟɬіɧ ɬɨɬɵԕ ԕɚɛɚɬɵɧɚɧ, ɤіɪɞɟɧ 
ɠԥɧɟ ɲɚңɧɚɧ ɬɚɡɚɥɚɞɵɦ. Ɇɟɬɚɥɥ ԛɥɝіɧі ɞɵɛɵɫɬɵԕ ɬɨɥԕɵɧɞɚɪ ԥɫɟɪіɦɟɧ 
ɚɰɟɬɨɧɦɟɧ, ɤɟɣіɧɧɟɧ ɛɟɧɡɢɧɦɟɧ ɲɚɣɞɵɦ. [109]. 

 

 
 

ɋɭɪɟɬ 4.4 -  Ԕԝɪɚɦɵ 3D-ԥɞіɫіɦɟɧ ɡɟɬɬɟɥɝɟɧ ɛɚɥԕɵɬɵɥɵɩ ɚɥɵɧԑɚɧ ɛɨɥɚɬ 
ԛɥɝіɫі 
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ɗɥɟɤɬɪɨɥɢɬɬіɤ ɷɤɫɬɪɚɤɰɢɹɞɚ ɡɟɪɬɬɟɥіɧіɩ ɨɬɵɪԑɚɧ ԛɥɝіɧің ɟɪɭ 
ɠɵɥɞɚɦɞɵԑɵɧ ɚɧɵԕɬɚɭ ԛɲіɧ, ԛɥɝіɧің ԧɥɲɟɦіɧ (12,03 ɯ 10,04 ɯ 8,75 ɦɦ) ԧɥɲɟɞіɦ 
ɠԥɧɟ ԛɥɝіɧің ɫɚɥɦɚԑɵɧ (6,7753 ɝɪ.) ɚɧɵԕɬɚɞɵɦ. Ɇɟɬɚɥɥ ɫɵɧɚɦɚɫɵɧ ɞԥɥɞіɤ ԛɲіɧ 
ɦɟɬɚɧɨɥɦɟɧ ɲɚɹɞɵɦ, ɚɫɩɚɩԕɚ ɛɟɤіɬіɩ ɠԥɧɟ ɚɭɚ ɚԑɵɧɵɧɦɟɧ ɤɟɩɬіɪɞіɦ. 

 

  
 

ɋɭɪɟɬ 4.5– Ԛɥɝіɧің ԧɥɲɟɦɞɟɪіɧ 
ԧɥɲɟɣɬіɧ ɚɫɩɚɩ 

 
ɋɭɪɟɬ  4.6 – Ɂɟɪɬɬɟɥɟɬіɧ ɦɟɬɚɥɥ 

ԛɥɝіɫіɧің ɫɚɥɦɚԑɵ 
 

 
 

ɋɭɪɟɬ 4.7 - ȿɪіɬɭ ԥɞіɫіɦɟɧ ɦɟɬɚɥɥ ԛɥɝіɥɟɪіɧ ɡɟɪɬɬɟɭɝɟ ɚɪɧɚɥԑɚɧ ԕԝɪɵɥԑɵ  

Ԕɨɧɞɵɪԑɵԑɚ ɛɟɤіɬіɥɝɟɧ ԛɥɝіɧі ɚɪɧɚɣɵ ɷɥɟɤɬɪɨɥɢɬ 10% ȺȺ ɫԝɣɵԕɬɵԕɬɵң 
ɛɟɬɬіɤ ɞɟңɝɟɣіɧɟɧ ɲɚɦɚɦɟɧ 3,5 ɦɥ ɬԧɦɟɧ ɛɚɬɵɪɞɵɦ ɠԥɧɟ ԕɨɧɞɵɪԑɵɧɵ іɫɤɟ 
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ԕɨɫɬɵɦ (ɫɭɪɟɬ 4.7). 45-60 mA ɬɨԕ ɩɟɧ 150 ɦȼ ɤɟɪɧɟɭ (800 ɧɟɦɟɫɟ 1200 ɤɭɥɨɧ 
ɡɚɪɹɞɵɦɟɧ) ɛɟɪɭ ɤɟɡіɧɞɟ ɡɟɪɬɬɟɥіɧіɩ ɨɬɵɪԑɚɧ ԛɥɝіɧің ɦɟɬɚɥɞɵԕ ɧɟɝіɡіɧің ɟɪɭі 
ɠԛɪɟɞі. Ȼɨɥɚɬ ԛɥɝіɫі ɟɪɢɞі, ɚɥ ԕɨɫɵɧɞɵɥɚɪ ɲɵɧɵ ɵɞɵɫɬɵң ɬԛɛіɧɟ ɲԧɝɟɞі. 

ɗɥɟɤɬɪɨɥɢɬɬіɤ ɟɪіɬɭɞɟɧ ɤɟɣіɧ, ɬԝɧɛɚɧɵ ɩɨɥɢɤɚɪɛɨɧɚɬ ɫԛɡɝіɲі (0,05-5ɦɤ 
ԧɥɲɟɦɞі ɚɲɵԕ ɤɟɭɟɤɬɟɪі ɛɚɪ ԕɚɛɵԕɲɚ) ɚɪԕɵɥɵ ԧɬɤіɡɟɞі. Ɇɟɦɛɪɚɧɚɥɵ 
ԕɚɛɵԕɲɚɥɵ ɫԛɡɝіɲɬɟɪ ɛɟɬіɧɟ ɛԧɥіɧіɩ ɚɥɵɧԑɚɧ ԕɨɫɵɧɞɵɥɚɪɞɵ (ɦɟɬɚɥɥ ɠԥɧɟ 
ɦɟɬɚɥɥ ɟɦɟɫ) ɋɗɆ ɤԧɦɟɝіɦɟɧ 300 – 10000 ɞɟɣіɧ ԛɥɤɟɣɬɭ ɤɟɡіɧɞɟ ɡɟɪɬɬɟɣɦіɡ 
(ɫɭɪɟɬ 4.8). Ɂɟɪɬɬɟɥіɧіɩ ɨɬɵɪԑɚɧ ɬԝɧɛɚ ɛɟɬіɧің ɠɚɥɩɵ ɚɭɞɚɧɵ ɲɚɦɚɦɟɧ 0,6 ɦ2 

ɞɟɣіɧ ɛɨɥɚɞɵ. 

 
 

ɋɭɪɟɬ 4.8 –ɗɥɟɤɬɪɨɥɢɬɬіɤ ɷɤɫɬɪɚɤɰɢɹɥɚɭɞɚɧ ɤɟɣіɧ ɫԛɡɝіɲ  ԕɚԑɚɡ ɛɟɬіɧɞɟɝі 
ɤɥɚɫɬɟɪɥɟɪ ԕɨɫɵɧɞɵɥɚɪɵɧɵң ɬɢɩɬіɤ ɋȿɆ-ɤɟɫɤіɧі, ɯ200 

 
Ɂɟɪɬɬɟɥіɧɧіɩ ɨɬɵɪԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɫіɧің ɫɚɥɦɚԑɵ ɷɤɫɬɪɚɤɰɢɹ ɛɚɪɵɫɵɧɞɚ 

6,7753 ɝɪ-ɧɚɧ 6,6574 ɝɪ. ɞɟɣіɧ ɚɡɚɣɞɵ, ɞɟɦɟɤ, 0,118 ɝɪ. ɦɟɬɚɥɥ ɟɪіɞі. Ȼԝɥ ɤɟɡɞɟ 
ɫԛɡɝіɲ ɛɟɬіɧɞɟ 0,118 ɝɪ ɛɟɣɦɟɬɚɥɥ ԕɨɫɵɧɞɵɥɚɪɵɧɵң ɬԝɧɛɚɫɵ ɬԛɡіɥɞі. Ɏɚɡɚɥɵԕ 
ԕԝɪɚɦɵ ɛɨɣɵɧɲɚ ԕɨɫɵɧɞɵɥɚɪ ɥɟɝіɪɥɟɭіɲі ɦɟɬɚɥɞɚɪԑɚ ɠɚɬɚɞɵ. 

4.9 ɠԥɧɟ 4.10 ɫɭɪɟɬɬɟ ɬɚɛɢԑɚɬɵ ԥɪɬԛɪɥі ԕɨɫɵɧɞɵɥɚɪɞɵң ɦɨɪɮɨɥɨɝɢɹɫɵɧ 
ɤԧɪɭɝɟ ɛɨɥɚɞɵ. 

 

  
 

ɋɭɪɟɬ  4.9– Ȼɨɥɚɬ ԛɥɝіɞɟɝі ɦɨɪɮɚɥɨɝɢɹɫɵ ԥɪɬԛɪɥі ɬɢɬɚɧ ԕɨɫɵɧɞɵɥɚɪɵɧɵң 
ɦɨɪɮɨɥɨɝɢɹɫɵ, ɯ5000 ԛɥɤɟɣɬɭ ɤɟɡіɧɞɟ 



  

82 
 

  

  

  

  

 
ɋɭɪɟɬ 4.10 – Ȼɨɥɚɬ ԛɥɝіɞɟɝі ɯ3000 ԛɥɤɟɣɬіɥɝɟɧ ԕɨɫɵɧɞɵɥɚɪ 

ɦɨɪɮɨɥɨɝɢɹɫɵ, ɠԥɧɟ ԕɨɫɵɧɞɵɥɚɪɞɚ ɷɥɟɦɟɧɬɬɟɪ ɬɚɪɚɥɭɵ  
 
ɋɗɆ ɞɟɪɟɤɬɟɪіɧ ԧңɞɟɭ ɤԧɪɫɟɬɭі ɛɨɣɵɧɲɚ, ɡɟɪɬɬɟɥɝɟɧ ɛɨɥɚɬ ԛɥɝіɫі ɦɟɬɚɥɥ 

ɠԥɧɟ ɦɟɬɚɥɥ ɟɦɟɫ ԕɨɫɵɧɞɵɥɚɪɵɦɟɧ ɥɚɫɬɚɧԑɚɧ. ɉіɲіɧі ԥɪɬԛɪɥі ɤԧɩɬɟɝɟɧ, ɤɟɣɞɟ 
ɞԧɪɟɤі, ɬіɤɟɧɟɤ ԕɨɫɵɧɞɵɥɚɪ ɤɟɡɞɟɫɟɞі.  
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Ɂɟɪɬɬɟɭ ɧԥɬɢɠɟɥɟɪі, ɫɤɚɧɟɪɥɟɭ ɷɥɟɤɬɪɨɧɞɵ ɦɢɤɪɨɫɤɨɩɬɵ ԕɨɥɞɚɧɵɩ 
ԛɲԧɥɲɟɦɞі (3D) ɡɟɪɬɬɟɭ ԥɞіɫіɧің ɬɢіɦɞіɥіɝіɧ ɤԧɪɫɟɬɟɞі. Ԥɞіɫ - ɥɚɫɬɚɧɭ 
ɞԥɪɟɠɟɫіɧің ɫɟɧіɦɞі ɫɚɧɞɵԕ ɫɢɩɚɬɬɚɦɚɥɚɪɵɧ ɚɥɭԑɚ ɠԥɧɟ ɛɨɥɚɬ ɫɚɩɚɫɵɧ 
ɛɚԑɚɥɚɭԑɚ ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. Ɇԝɧɞɚɣ ɡɟɪɬɬɟɭɥɟɪ, ԕɨɪɵɬɩɚɥɚɪɞɵ ɬɚɡɚɥɚɭ, 
ɥɟɝіɪɥɟɭ, ɛɚɥԕɵɬɭ ɠԥɧɟ ԕԝɸ ɩɪɨɰɟɫɬɟɪіɧің ɬɟɯɧɨɥɨɝɢɹɫɵɧ ɨңɬɚɣɥɚɧɞɵɪɭɞɵң 
ԑɵɥɵɦɢ-ɧɟɝіɡɞɟɥɝɟɧ ɬԥɫіɥɞɟɦɟɫі ԛɲіɧ ɧɟɝіɡ ɛɨɥɵɩ ɤɟɥɟɞі. 

Ʉɟɲɟɧɞі ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɠԥɧɟ ɪɟɞɭɤɰɢɹɥɚɭɲɵ ɪɟɚɝɟɧɬɬɟɧ ɬԝɪɚɬɵɧ 
ɲɢɯɬɚɞɚɧ ɛɚɥԕɵɬɵɥɵɩ ɲɵԑɚɪɵɥԑɚɧ, ɬɚɛɢԑɢ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬɬɵң ɦɟɬɚɥɞɵԕ 
ɧɟɝіɡіɧ ɷɥɟɤɬɪɨɥɢɬɬіɤ ɟɪіɬɭ ԥɞіɫіɦɟɧ ɚɧɵԕɬɚɥԑɚɧ ɦɟɬɚɥɥ ɟɦɟɫ ԕɨɫɵɧɞɵɥɚɪɞɵң 
ɯɢɦɢɹɥɵԕ ԕԝɪɚɦɵ, ɩіɲіɧ, ԧɥɲɟɦі ɦɟɧ ɫɚɥɵɫɬɵɪɦɚɥɵ ɦԧɥɲɟɪі ɡɟɪɬɬɟɞіɦ. 
Ɇɟɬɚɥɞɵԕ ɦɚɬɟɪɢɚɥɞɚɪɞɚ ɦɟɬɚɥɥ ɟɦɟɫ ԕɨɫɵɧɞɵɥɚɪɞɵ ɷɥɟɤɬɪɨɥɢɬɬіɤ ɛԧɥіɩ ɚɥɭ 
ԥɞіɫіɧ ɠԥɧɟ ɚɥԑɚɧ ɬԝɧɛɚɧɵ ɫɤɚɧɟɪɥɟɭ ɷɥɟɤɬɪɨɧɞɵ ɦɢɤɪɨɫɤɨɛɵɧɞɚ ɡɟɪɬɬɟɭ ԥɞіɫіɧ 
ԛɣɥɟɫɬіɪɭ ɬɢіɦɞі. 

Бɨɥɚɬ Οɥɝіɫіɧ ɪɟɧɬɝɟɧ-ɮɥɭɨɪɟɫɰɟɧɬɬіɤ ɬɚɥɞɚɭ. Ȼɨɥɚɬ ԛɥɝіɫіɧ ɪɟɧɬɝɟɧ-
ɮɥɭɨɪɟɫɰɟɧɬɬіɤ ɬɚɥɞɚɭ (ɊɎɌ) – ɷɥɟɦɟɧɬɬіɤ ԕԝɪɚɦɵɧ ɚɥɭ ɦɚԕɫɚɬɵɦɟɧ ɡɚɬɬɵ 
ɡɟɪɬɬɟɭ, ɹԑɧɢ ɷɥɟɦɟɧɬɬіɤ ɬɚɥɞɚɭɞɵң ɡɚɦɚɧɚɭɢ ɫɩɟɤɬɪɨɫɤɨɩɢɹɥɵԕ ԥɞіɫɬɟɪіɧің 
ɛіɪі. Ɉɧɵң ɤԧɦɟɝіɦɟɧ ԥɪɬԛɪɥі ɷɥɟɦɟɧɬɬɟɪɞі ɬɚɛɭԑɚ ɛɨɥɚɞɵ. ɊɎɌ ԥɞіɫі 
ɡɟɪɬɬɟɥіɧɟɬіɧ ɦɚɬɟɪɢɚɥɞɚ ɪɟɧɬɝɟɧ ɫԥɭɥɟɫіɦɟɧ ɫԥɭɥɟɥɟɧɞіɪɭ ɤɟɡіɧɞɟ ɬɭɵɧɞɚɣɬɵɧ 
ɫɩɟɤɬɪɞі ɠɢɧɚɭ ɠԥɧɟ ɬɚɥɞɚɭԑɚ ɧɟɝіɡɞɟɥɝɟɧ. ɀɨԑɚɪɵ ɷɧɟɪɝɟɬɢɤɚɥɵԕ 
ɮɨɬɨɧɞɚɪɦɟɧ ԥɪɟɤɟɬɬɟɫɭ ɤɟɡіɧɞɟ ɡɚɬ ɚɬɨɦɞɚɪɵ ԕɨɡɞԑɚɧ ɤԛɣɝɟ ԧɬɟɞі, ɛԝɥ 
ɷɥɟɤɬɪɨɧɞɚɪɞɵң ɬԧɦɟɧɝі ɨɪɛɢɬɚɥɶɞɚɧ ɚɫɚ ɠɨԑɚɪɵ ɷɧɟɪɝɟɬɢɤɚɥɵԕ ɞɟңɝɟɣɝɟ ɬіɩɬі 
ɚɬɨɦ ɢɨɧɞɚɧɭɵɧɚ ɞɟɣіɧ ԧɬɭі ɬԛɪіɧɞɟ ɤԧɪіɧɟɞі. Ⱥɬɨɦ ԕɨɡԑɚɧ ɤԛɣɞɟ ɚɡ ɭɚԕɵɬ 
ɲɚɦɚɦɟɧ ɛіɪ ɦɢɤɪɨɫɟɤɭɧɞ ɛɨɥɚɞɵ, ɨɞɚɧ ɤɟɣіɧ ɬɵɧɵɲ ԕɚɥɵɩԕɚ (ɧɟɝіɡɝі ɤԛɣіɧɟ) 
ԕɚɣɬɚ ɨɪɚɥɚɞɵ. Ȼԝɥ ɤɟɡɞɟ ɫɵɪɬԕɵ ԕɚɛɵԕɲɚɥɚɪ ɷɥɟɤɬɪɨɧɞɚɪɵ ɬԛɡіɥɝɟɧ ɛɨɫ 
ɨɪɵɧɞɚɪɞɵ ɬɨɥɬɵɪɚɞɵ, ɚɥ ɷɧɟɪɝɢɹɧɵң ɚɪɬɵԕ ɦԧɥɲɟɪі ɧɟ ɮɨɬɨɧ ɬԛɪіɧɞɟ 
ɲɵԑɚɪɵɥɚɞɵ, ɧɟ ɷɧɟɪɝɢɹ ɫɵɪɬԕɵ ԕɚɛɵԕɲɚɧɵң ɛɚɫԕɚ ɷɥɟɤɬɪɨɧɵɧɚ ɛɟɪіɥɟɞі. 
Ɇԝɧɞɚ ԥɪɛіɪ ɚɬɨɦ ԕɚɬɚң ɬԛɪɞɟ ɛɟɪіɥɝɟɧ ɦԥɧɝɟ ɢɟ ɷɧɟɪɝɢɹɧɵ ɮɨɬɨɧɦɟɧ 
ɲɵԑɚɪɚɞɵ, ɦɵɫɚɥɵ ɬɟɦіɪ ɪɟɧɬɝɟɧ ɫԥɭɥɟɥɟɪіɦɟɧ ɫԥɭɥɟɥɟɧɭ ɤɟɡіɧɞɟ Ʉα = 6,4 ɤɷȼ 
ɮɨɬɨɧɞɚɪɵɧ ɲɵԑɚɪɚɞɵ. Ⱥɪɵ ԕɚɪɚɣ, ɫԥɣɤɟɫіɧɲɟ ɷɧɟɪɝɢɹ ɦɟɧ ɤɜɚɧɬ ɦԧɥɲɟɪі 
ɛɨɣɵɧɲɚ ɡɚɬ ԕԝɪɵɥɵɦɵɧ ɚɧɵԕɬɚɣɞɵ. ɋԥɭɥɟɥɟɧɭ ɤԧɡі ɪɟɬіɧɞɟ ɪɟɧɬɝɟɧ 
ɬԛɬіɤɲɟɥɟɪі ɧɟɦɟɫɟ ԕɚɣɫɵ-ɛіɪ ɷɥɟɦɟɧɬɬɟɪɞің ɢɡɨɬɨɩɬɚɪɵ ɩɚɣɞɚɥɚɧɵɥɭɵ ɦԛɦɤіɧ. 
ɋԥɭɥɟɥɟɧɭ ɢɡɨɬɨɩɬɚɪɵɧ ɤіɪɝіɡɭ ɠԥɧɟ ɲɵԑɚɪɭԑɚ ԥɪɛіɪ ɦɟɦɥɟɤɟɬɬің ԕɨɹɬɵɧ ԧɡ 
ɬɚɥɚɩɬɚɪɵ ɛɨɥɚɬɵɧɞɵԕɬɚɧ, ɪɟɧɬɝɟɧ-ɮɥɭɨɪɟɫɰɟɧɬɬіɤ ɬɟɯɧɢɤɚ ԧɧɞіɪіɫіɧɞɟ ɫɨңԑɵ 
ɭɚԕɵɬɬɚ ɪɟɧɬɝɟɧ ɬԛɬіɤɲɟɫіɧ ɩɚɣɞɚɥɚɧɭԑɚ ɬɵɪɵɫɚɞɵ. 

Ⱦɟɬɟɤɬɨɪԑɚ ɬԛɫɤɟɧɧɟɧ ɤɟɣіɧ, ɮɨɬɨɧ ɤɟɪɧɟɭ ɢɦɩɭɥɶɫіɧɟ ɬԛɪɥɟɧɟɞі, ɨɥ 
ɟɫɟɩɬɟɭіɲ ɷɥɟɤɬɪɨɧɢɤɚɦɟɧ ɟɫɟɩɬɟɥɟɞі ɠԥɧɟ ɦԥɧі ɤɨɦɩɶɸɬɟɪɝɟ ɛɟɪіɥɟɞі. 
Ⱥɥɵɧԑɚɧ ɫɩɟɤɬɪ ɲɵңɞɚɪɵ ɛɨɣɵɧɲɚ, ԛɥɝіɞɟ ɤɟɡɞɟɫɟɬіɧ ɷɥɟɦɟɧɬɬɟɪɞі ɫɚɩɚɥɵ 
ɚɧɵԕɬɚɭԑɚ ɛɨɥɚɞɵ. Ɋɟɧɬɝɟɧ-ɮɥɭɨɪɟɫɰɟɧɬɬіɤ ԥɞіɫ ԧɧɟɪɤԥɫіɩɬɟ, ԑɵɥɵɦɢ 
ɡɟɪɬɯɚɧɚɥɚɪɞɚ ɤɟңіɧɟɧ ɩɚɣɞɚɥɚɧɵɥɚɞɵ. Ԕɚɪɚɩɚɣɵɦɞɵɥɵԑɵ, ɷɤɫɩɪɟɫɫ-ɬɚɥɞɚɭ 
ɦԛɦɤіɧɞіɝі, ɧɚԕɬɵɥɵԑɵ, ɤԛɪɞɟɥі ɫɵɧɚɦɚ ɞɚɣɵɧɞɚɭ ɠɨԕɬɵԑɵ ɚɪԕɚɫɵɧɞɚ ɨɧɵ 
ԕɨɥɞɚɧɭ ɫɚɥɚɥɚɪɵ ɤɟңɟɸɞɟ. 

Ɍԛɫіɪɭ PAM 30-g ɦɢɤɪɨɡɨɧɞ-ɦɢɤɪɨɫɤɨɩ ɚɩɩɚɪɚɬɵɧɞɚ ɠԛɪɝіɡіɥɞі. 
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ɋɭɪɟɬ  4.11 – Ɇɟɬɚɥɥ ԛɥɝіɫі 
 

ɋɭɪɟɬ 4.12 – Ɍԛɫіɪɭ ɨɛɥɵɫɵ, ɯ 400 
ԛɥɤɟɣɬɭ 

 
Ԕɚɪԕɵɧɞɵɥɵԕ ɝɪɚɮɢɝі ԕɚɪԕɵɧɞɵɥɵԕɬɵң ɛɚɪɥɵԕ ɦԥɧɞɟɪі ɫɵɹɬɵɧɞɚɣ ɟɬіɩ, 

ԕɚɪԕɵɧɞɵɥɵԕ ɨɫі ɛɨɣɵɧɲɚ ɥɨɝɚɪɢɮɦɞіɤ ɲɤɚɥɚɞɚ ɬԝɪԑɵɡɞɵɦ. 
 

 
 

ɋɭɪɟɬ 4.13 – Ԕɚɬɬɵ ɮɚɡɚɥɵ ɪɟɞɭɤɰɢɹɥɚɭɞɚɧ ɤɟɣіɧ ɦɟɬɚɥɥ ԛɥɝіɫіɧің 
ɷɧɟɪɝɟɬɢɤɚɥɵԕ ɫɩɟɤɬɪі 

 
Ⱥɪɝɨɧ ɫɵɡɵԑɵ  - ɛԝɥ ɬɚɫɵɦɚɥɞɚԑɵɲ ɝɚɡ ɫɚɥɞɚɪɵɧɚɧ. Ɉɥ ɟɫɤɟɪіɥɦɟɣɞі. 

Ȼɟɥɝіɥɟɧɛɟɝɟɧ ɲɵңɞɚɪ – ɛԝɥ ɷɥɟɦɟɧɬɬɟɪɞің ɛɟɬɬɚ-ɫɵɡɵԕɬɚɪɵ. 
ɋɚɩɚɥɵԕ ɬɚɥɞɚɭ: Ti, Cr, Fe,Mn, V. Ɇɟɬɚɥɥ  
 

Ʉɟɫɬɟ 4.16 – Ɉɫɵ ԛɥɝіɧің ɫɚɧɞɵԕ ɬɚɥɞɚɭɵ  
 

ɗɥɟɦɟɧɬɬɟɪ: Ti V Cr Fe Mn 

Ʉɨɧɰɟɧɬɪɚɰɢɹɥɚɪ: 0.6 0.1 0.3 98.7 0.3 
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ɋɭɪɟɬ  4.14 – Ɇɟɬɚɥɥ ԛɥɝіɫі 
 

ɋɭɪɟɬ  4.15 – Ɍԛɫіɪɭ ɨɛɥɵɫɵ,  ɯ 400 
ԛɥɤɟɣɬіɥɝɟɧ 

 
Ʌɨɝɚɪɢɮɦɞіɤ ɲɤɚɥɚɫɵ ԕɚɪԕɵɧɞɵɥɵԕ ɛɚɪɥɵԕ ɦԥɧɞɟɪі ɫɵɹɬɵɧɞɚɣ 

ԕɚɪԕɵɧɞɵɥɵԕ ɨɫі ɛɨɣɵɧɲɚ ɬԝɪԑɵɡɵɥɞɵ. 
 

 
 

ɋɭɪɟɬ 4.16 – Ԕɚɬɬɵ ɮɚɡɚɥɵ ɪɟɞɭɤɰɢɹɥɚɭɞɚɧ ɤɟɣіɧ ɦɟɬɚɥɥ ԛɥɝіɫіɧің 
ɷɧɟɪɝɟɬɢɤɚɥɵԕ ɫɩɟɤɬɪі 

 
Ⱥɪɝɨɧ ɫɵɡɵԑɵ  - ɛԝɥ ɬɚɫɵɦɚɥɞɚԑɵɲ ɝɚɡԑɚ ɛɚɣɥɚɧɵɫɬɵ ɠԥɧɟ ɟɫɤɟɪіɥɦɟɣɞі. 

Ȼɟɥɝіɥɟɧɛɟɝɟɧ ɲɵңɞɚɪ – ɛԝɥ ɷɥɟɦɟɧɬɬɟɪɞің ɛɟɬɬɚ-ɫɵɡɵԕɬɚɪɵ. 
 
Ʉɟɫɬɟ 4.17 – Ɉɫɵ ԛɥɝіɧің ɫɚɧɞɵԕ ɬɚɥɞɚɭɵ  

 
ɗɥɟɦɟɧɬɬɟɪ: Ti V Cr Mn Fe 

Ʉɨɧɰɟɧɬɪɚɰɢɹɥɚɪ: 0.88 0.1 0.3 0.44 98.28 
 

Бɨɥɚɬ Οɥɝіɫіɧ ɪɟɧɬɝɟɧɬ-ɮɚɡɚɥɵΙ ɬɚɥɞɚɭ. Ȼɚɪɥɵԕ ɨɫɵ ɩɪɨɰɟɫɬɟɪɞɟ 
ɦɚɬɟɪɢɚɥɞɚɪɞɵ ɩɚɣɞɚɥɚɧɭɞɵң ɚɧɵԕɬɚɭɲɵ ɮɚɤɬɨɪɵ ɨɥɚɪɞɵң ɯɢɦɢɹɥɵԕ ɠԥɧɟ 
ɮɚɡɚɥɵԕ ԕԝɪɚɦɵ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ʉɪɢɫɬɚɥɥ ɞɟɧɟɧің ɮɚɡɚɥɵԕ ԕԝɪɚɦɵɧ 
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ɚɧɵԕɬɚɭɞɵң ɡɚɦɚɧɚɭɢ ԥɞіɫɬɟɪіɧің ɛіɪі ɪɟɧɬɝɟɧɞі-ɮɚɡɚɥɵԕ ɬɚɥɞɚɭ (ɊɎɌ) ԥɞіɫі 
ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. ɊɎɌ ɧɟɝіɡіɧɟ ɤɪɢɫɬɚɥɞɵԕ ɬɨɪԑɚ ɪɟɧɬɝɟɧɞі ɫԥɭɥɟɥɟɪɞің 
ɞɢɮɪɚɤɰɢɹɥɚɧɭ ԕԝɛɵɥɵɫɵ ɫɚɥɵɧԑɚɧ. ɋɚɩɚɥɵ ɠԥɧɟ ɫɚɧɞɵԕ ɮɚɡɚɥɵԕ ɬɚɥɞɚɭ 
ɨɪɵɧɞɚɭ ԛɲіɧ ɡɚɦɚɧɚɭɢ ɪɟɧɬɝɟɧɞі ɚɩɩɚɪɚɬɭɪɚ – ɪɟɧɬɝɟɧɞіɤ ɞɢɮɪɚɤɬɨɦɟɬɪɥɟɪ 
ɩɚɣɞɚɥɚɧɵɥɚɞɵ, ɨɥ ɬɚɥɞɚɭɞɵ ɠɵɥɞɚɦ ɠԥɧɟ ɠɨԑɚɪɵ ɧɚԕɬɵɥɵԕɩɟɧ ɠԛɪɝіɡɭɝɟ 
ɦԛɦɤіɧɞіɤ ɛɟɪɟɞі. 

Ɋɟɧɬɝɟɧɞі-ɮɚɡɚɥɵԕ ɬɚɥɞɚɭɞɵң (ɊɎɌ) ɧɟɝіɡɝі ɦіɧɞɟɬі, ɡɟɪɬɬɟɥɟɬіɧ ԛɥɝіɞɟɧ 
ɛɟɪіɥɟɬіɧ ɞɢɮɪɚɝɪɚɦɦɚɧɵ ɬɚɥɞɚɭ ɧɟɝіɡіɧɞɟ ԕɨɫɩɚɞɚ ɤɟɡɞɟɫɟɬіɧ ԥɪɬԛɪɥі 
ɮɚɡɚɥɚɪɞɵ ɚɧɵԕɬɚɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ԕɨɫɩɚɞɚ ɡɚɬɬɵң ɚɧɵԕɬɚɥɭɵ ɨɧɵң 
ɠɚɡɵԕɬɵԕɚɪɚɥɵԕ ԕɚɲɵԕɬɵԑɵɧ ɠɢɧɚɭ ɠԥɧɟ ɪɟɧɬɝɟɧɨɝɪɚɦɦɚɞɚ ɫԥɣɤɟɫ 
ɫɵɡɵԕɬɚɪɞɵң ɫɚɥɵɫɬɵɪɦɚɥɵ ԕɚɪԕɵɧɞɵɥɵԑɵ ɛɨɣɵɧɲɚ ɠԛɪɝіɡіɥɟɞі. 

Ʉɨɝɟɪɟɧɬɬі ɲɚɲɵɪɚɬɵɥԑɚɧ ɪɟɧɬɝɟɧ ɫԥɭɥɟɥɟɪі ԧɡɚɪɚ ɢɧɬɟɪɮɟɪɚɰɢɹɥɚɣɞɵ, 
ɛԝɥ ɤɟɡɞɟ ɪɟɧɬɝɟɧɞі ɫԥɭɥɟɥɟɧɭɞің ɞɢɮɪɚɤɰɢɹɥɵԕ ɬɨɪ ԕɵɡɦɟɬіɧ ɤɪɢɫɬɚɥɞɵԕ ɬɨɪ 
ɚɬԕɚɪɚɞɵ, ɫɟɛɟɛі ɤɪɢɢɫɬɚɥɞɵң ɠɚɡɵԕɬɵԕ ɚɪɚɥɵԕ ԕɚɲɵԕɬɵԕɬɚɪ ɫԥɭɥɟɥɟɧɭ 
ɬɨɥԕɵɧɵɧɵң ԝɡɵɧɞɵԑɵɧɚ ɫԥɣɤɟɫ ɤɟɥɟɞі. 

Ɍԛɫіɪɭ D8 Advance (Bruker) ɚɩɩɚɪɚɬɵɧɞɚ ɠԛɪɝіɡіɥɞі, α-Cu, ɬԛɬіɤɲɟ ɤɟɪɧɟɭі 
40 ɤɜ, ɬɨԕ 40 ɦɚ. Ⱥɥɵɧԑɚɧ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ ɞɟɪɟɤɬɟɪіɧің ԧңɞɟɥɭі ɦɟɧ ɠɚɡɵԕɬɵԕ 
ɚɪɚɥɵԕ ԕɚɲɵԕɬɵԕ ɟɫɟɛі EVA ɛɚԑɞɚɪɥɚɦɥɵԕ ԕɚɦɬɭ ɤԧɦɟɝіɦɟɧ ɠԛɪɝіɡіɥɞі. 
ɋɵɧɚɦɚɥɚɪɞɵң ɬԛɫіɧɞіɪіɥɭі ɦɟɧ ɮɚɡɚɥɚɪɞɵң ɚɧɵԕɬɚɥɭɵ, PDF-2 Ԝɧɬɚԕ 
ɞɢɮɪɚɤɬɨɦɟɬɪɢɹɥɵԕ ɞɟɪɟɤɬɟɪ ɛɚɡɚɫɵɧɵң ɩɚɣɞɚɥɚɧɵɥɭɵɦɟɧ Search/match 
ɛɚԑɞɚɪɥɚɦɚɫɵ ɛɨɣɵɧɲɚ ɠԛɪɝіɡіɥɞі. 

Ɇɟɬɚɥɥ ԛɥɝіɫі ɛɨɣɵɧɲɚ ɚɥɵɧԑɚɧ ɪɟɧɬɝɟɧ-ɮɚɡɚɥɵԕ ɫɚɪɚɩɬɚɦɚɧɵң 
ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɫɵ 4.17 – 4.19 ɫɭɪɟɬɬɟɪɞɟ ɤԧɪɫɟɬіɥɝɟɧ. 
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Iron Titanium Vanadium - V(TiFe) 
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ɋɭɪɟɬ 4.17– Ɇɟɬɚɥɥ ԛɥɝіɫіɧің ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɫɵ  
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Ʉɟɫɬɟ 4.18 – Ⱥɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɫіɧің ɮɚɡɨɜɵɣ ɫɚɪɚɩɬɚɦɚɫɵ  
 

  
 

Iron Vanadium - V3Fe2 - S-Q 3.5 
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ɋɭɪɟɬ 4.19– Ɇɟɬɚɥɥ ԛɥɝіɫіɧің ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɫɵ  
 
Ʉɟɫɬɟ 4.19 – Ⱥɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɫіɧің ɮɚɡɨɜɵɣ ɫɚɪɚɩɬɚɦɚɫɵ  

 
Ԕɨɫɵɥɵɫ ɚɬɚɭɵ Ɏɨɪɦɭɥɚ  S-Q% 
Ɍɟɦіɪ  Fe 44.2 
Ɍɟɦіɪɥі ɬɢɬɚɧ FeTi 35.6 
Ɍɟɦіɪ-ɬɢɬɚɧɞɵ ɜɚɧɚɞɢɣ V(TiFe) 12.7 
Ɍɟɦіɪɥі ɬɢɬɚɧ Fe9.64Ti0.36 4 
Ɍɟɦіɪɥі ɜɚɧɚɞɢɣ V3Fe2 3.5 

 

Ԕɨɫɵɥɵɫ ɚɬɚɭɵ Ɏɨɪɦɭɥɚ  S-Q% 
Ɍɟɦіɪ  Fe 34.2 
Ʉԧɦіɪɬɟɤɬі ɬɟɦіɪ C0.12Fe1.88 29.7 
Ɍɟɦіɪ-ɬɢɬɚɧ FeTi 26.2 
Ɍɟɦіɪ-ɬɢɬɚɧɞɵ ɜɚɧɚɞɢɣ V(TiFe) 9.9 
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Iron Titanium - Fe9.64Ti0.36 - S-Q 5.2 %

Iron - Fe - S-Q 94.8 %

N 3

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

1300

1400

1500

1600

2 Theta

4 10 20 30 40 50 60 70 80 90

d
=

2
.0

2
2
3

d
=

1
.4

3
0
7

d
=

1
.1

6
8
7

 
 

ɋɭɪɟɬ 4.20 – Ɇɟɬɚɥɥ ԛɥɝіɫіɧің ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɫɵ 
 
Ʉɟɫɬɟ 4.20 – Ⱥɥɵɧԑɚɧ ɦɟɬɚɥɥ ԛɥɝіɫіɧің ɮɚɡɨɜɵɣ ɫɚɪɚɩɬɚɦɚɫɵ  
 
Ԕɨɫɵɥɵɫ ɚɬɚɭɵ Ɏɨɪɦɭɥɚ  S-Q% 
Ɍɟɦіɪ  Fe 94.8 
Ɍɟɦіɪɥі ɬɢɬɚɧ Fe9.64Ti0.36 5.2 

 

Ɇɟɬɚɥɞɚ ɋ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ ɠɨԑɚɪɵ ɛɨɥԑɚɧ ɠɚԑɞɚɣɞɚ, ɰɟɦɟɧɬɢɬ ɤɚɪɛɢɞ: 
Ti3C; Cr3C; MnC ɮɚɡɚɥɚɪɵ ɛɨɥɭɵ ɦԛɦɤіɧ. Ⱥɥɚɣɞɚ, ɛіɡɞің ԛɥɝіɞɟ ɤԧɦіɪɬɟɝі 
ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ [C] 1,0% ɤɟɦ ɠԥɧɟ Fe ɟɪіɬіɧɞіɫіɧɞɟ ɤɟɡɞɟɫɟɞі. ɋɟɛɟɛі, ɬɟɦіɪ 
ɛɚɪɥɵԕ ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɦɟɬɚɥɞɚɪɞɵ Cr, Mn, Ti, V ɟɪіɬɭɞің ɠɨԑɚɪɵ ԕɚɛіɥɟɬіɧɟ ɢɟ 
ɠԥɧɟ ɧɟɝіɡ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ⱦɢɮɪɚɤɬɨɝɪɚɦɦɚ ɞɟɪɟɤɬɟɪіɧɟɧ ɤԧɪіɧіɩ ɬԝɪԑɚɧɞɚɣ, ɛɚɪɥɵԕ ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ 
ɥɟɝіɪɥɟɭɲі ɦɟɬɚɥɞɚɪ ɛɨɥɚɬ ԛɥɝіɫіɧɞɟ ɟɪіɝɟɧ. 

 

Ɍԧɪɬіɧɲі ɛԧɥіɦ ɛɨɣɵɧɲɚ ɬԝɠɵɪɵɦ 

- Ɇɟɬɚɥɞɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɫі ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪіɧɟɧ ɨɬɬɟɝіɧің 
ɤԧɦіɪɬɟɝіɦɟɧ ԕɨɫɵɥɵɩ ɝɚɡԑɚ ɚɣɧɚɥɭɵ ɚɪԕɵɥɵ ɠԛɪɭіɧɟ ɛɚɣɥɚɧɵɫɬɵ ɦɟɬɚɥɞɚɪɞɵң 
ɪɟɞɭɤɰɢɹɥɚɧɭ ɞԥɪɟɠɟɫі ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪіɦɟɧ ɚɧɵԕɬɚɥɚɞɵ; 

- Ⱦɚɣɵɧɞɚɥԑɚɧ ɤԧɦіɪɬɟɤɬі ɲɢɯɬɚɧɵң  ԕԝɪɚɦɵɧɞɚԑɵ Fe, ɋr, V, Ti ɢ Mn-ɦɟɧ 
ɨɤɫɢɞ ɬԛɪіɧɞɟ ɛɚɣɥɚɧɵɫԕɚɧ ɠɚɥɩɵ ɨɬɬɟɝіɧің 98%-ɧ ԕԝɪɚɣɞɵ. Ⱥɥ 1150-1200ºɋ 
ɬɟɦɩɟɪɚɬɭɪɚ ɢɧɬɟɪɜɚɥɵɧɞɚ ɝɚɡɞɚɥԑɚɧ ɨɬɬɟɝіɧің ɦԧɥɲɟɪі 85-87%-ԑɚ ɤԧɬɟɪіɥɞі; 

- ɛԧɥіɧіɩ ɲɵԑɚɬɵɧ ɝɚɡɞɚԑɵ ɋɈ2 – ɧің ɟң ԛɥɤɟɧ ɦԥɧі ɬɟɦɩɟɪɚɬɭɪɚ 1100ºɋ 
ɠɟɬɤɟɧ ɤɟɡɞɟ ɛɚɣԕɚɥɚɞɵ, ɬɟɦɩɟɪɚɬɭɪɚ 1100ºɋ ɠɨԑɚɪɚ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɨɫɵ ɝɚɡɞɵң 
ԕɚɥɵɩɬɵ ɦԧɥɲɟɪɤ ɛіɪɬіɧɞɟɩ ɬԧɦɟɧɞɟɣɞі, ɫɟɛɟɛі ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪіɧің ɠɨԑɚɪɵ; 
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- ɠɚɥɩɵ ɪɟɞɭɤɰɢɹ ɠɵɥɞɚɦɞɵԑɵɧɵң ɧɚԕɬɵ ɚɣԕɵɧ ɷɤɫɬɪɟɦɭɦɵ ɮɚɡɚԑɚ ɠԥɧɟ 
ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɛɚɣɥɚɧɵɫɬɵ, ɛіɪɚԕ 900-1050ºɋ ɬɟɦɩɟɪɚɬɭɪɚɥɚɪ ɢɧɬɟɪɜɚɥɵɧɞɚ 
ɪɟɞɭɤɰɢɹ ɠɵɥɞɚɦɞɵԑɵ ɟɥɟɭɥі ɬԛɪɞɟ ɚɪɬɚɞɵ ɠԥɧɟ 1165ºɋ ɬɟɦɩɟɪɚɬɟɪɚɞɚ ԧɡіɧің 
ɟң ɤіɲі ɦԥɧіɧɟ ɢɟ ɛɨɥɚɞɵ. Ȼԝɥ Fe ɪɟɞɭɤɰɢɹɥɚɧɭɵɧɵң ɚɹԕɬɚɥɭɵɧɚ ɛɚɣɥɚɧɵɫɬɵ 
ɪɟɞɭɤɰɢɹ ɠɵɥɞɚɦɞɵԑɵɧɵң ɬԧɦɟɧɞɟɝɟɧɞіɝіɧ ɤԧɪɫɟɬɟɞі. 
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5 ɌɂɌȺɇ-ɆȺȽɇȿɌɂɌ ɀԤɇȿ ɂɅɖɆȿɇɂɌ ɄɈɇɐȿɇɌɊȺɌɌȺɊɕɇ 
ԦԘȾȿɍ ɌȿɏɇɈɅɈȽɂəɋɕɇ ɀȺɋȺԔɌȺɍ  

 
Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɠԥɧɟ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ ԧңɞɟɭ ɤԛɪɞɟɥіɥіɝі ɦɟɧ 

ɦԥɫɟɥɟɫі ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɚ ɬɢɬɚɧ ɬɨɬɵԑɵɧɵң ɠɨԑɚɪɵ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧɚ 
ɛɚɣɥɚɧɵɫɬɵ. Ɉԑɚɧ ԕɨɫɚ ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɵң ɟɤі ɬԛɪіɧɞɟ ɞɟ ɬɟɦіɪ ɦɟɧ ɜɚɧɚɞɢɣ 
ɬɨɬɵԕɬɚɪɵ ɤɟɡɞɟɫɟɞі, ɨɥɚɪɞɵң ɦɟɬɚɥɥ ɛɚɥԕɵɦɚɫɵ ɬԛɪіɧɞɟ ɛԧɥіɧіɩ ɚɥɵɧɭɵ 
ɦɚңɵɡɞɵ ɬԥɠіɪɢɛɟɥіɤ ɦԥɧɝɟ ɢɟ. 

Ⱦɨɦɧɚ ɩɟɲіɧɞɟ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬɟɪɞі ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɵɩ, ɜɚɧɚɞɢɣ 
ԕԝɪɚɦɞɵ ɲɨɣɵɧ ɲɵԑɚɪɵɥɚɞɵ, ɤɟɣіɧɧɟɧ ɜɚɧɚɞɢɣɞі ɤɨɧɜɟɪɬɟɪ ɲɥɚɤɬɚɪɵɧɚ 
ԧɬɤіɡіɩ ɠԥɧɟ ɨɧɵ ɲɥɚɤɬɚɧ ɛԧɥіɩ ɚɥɚɬɵɧ ɬɟɯɧɨɥɨɝɢɹ ԥɡіɪɥɟɧɝɟɧ. 

ɂɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɬɟɯɧɨɥɨɝɢɹɫɵ ɞɚ, 
ԕԝɪɚɦɵɧɞɵ ԕɨɫɩɚ ɦɟɬɚɥɞɚɪ ɛɨɥɚɬɵɧ ɲɨɣɵɧɞɵ ɠԥɧɟ ɬɢɬɚɧ ɦԧɥɲɟɪі ɠɨԑɚɪɵ 
ɲɥɚɤɬɵ ɛɚɥԕɵɬɵɩ ɚɥɭɦɟɧ ɛɚɣɥɚɧɵɫɬɵ. Ɋɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɬɟɯɧɨɥɨɝɢɹɫɵɧɵң 
ɟɤі ɧԝɫԕɚɫɵɧ ɬɚɥɞɚԑɚɧ ɤɟɡɞɟ, ɬɢɬɚɧɞɵ TiO2-ɧɚɧ ɪɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫі ɦɟɧ 
ɛɚɥԕɵɬɵɥɵɩ ɚɥɵɧɚɬɵɧ ɦɟɬɚɥɞɵ ɬɢɬɚɧɦɟɧ ɥɟɝіɪɥɟɭ ɦԛɦɤіɧɞіɝі ɩɪɚɤɬɢɤɚɞɚ 
ԕɚɪɚɫɬɵɪɵɥɦɚԑɚɧ. 

Ɍԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ɧԥɬɢɠɟɥɟɪіɧің ɬɚɥɞɚɭɵɧɵң ɤԧɪɫɟɬɭі ɛɨɣɵɧɲɚ, 
ɬɟɦіɪ ɦɟɧ ԕɨɫɩɚ ɦɟɬɚɥɞɚɪ – ɜɚɧɚɞɢɣ, ɦɚɪɝɚɧɟɰ, ɯɪɨɦ ɦɟɬɚɥɥ ɛɚɥԕɵɦɚɫɵɧɞɚ 
ɠɟɬɤіɥіɤɬі ɬɨɥɵԕ ɪɟɞɭɤɰɢɹɥɚɧɚɞɵ. Ɉԑɚɧ ԕɨɫɚ, ɬɢɬɚɧɧɵң ɚɡ ɛԧɥіɝі ɬіɤɟɥɟɣ 
ɪɟɞɭɤɰɢɹԑɚ ԝɲɵɪɚɣɬɵɧɵ ɠԥɧɟ ɦɟɬɚɥɥ ɛɚɥԕɵɦɚɫɵɧɵң ɟɪіɬіɧɞіɫіɧɟ ԧɬɟɬіɧі 
ɤԧɪɫɟɬіɥɞі. Ɍɢɬɚɧɧɵң ɬіɩɬі ɚɡ ɦԧɥɲɟɪі (0,30-0,50) ɛɨɥɚɬ ɫɚɩɚɫɵɧɚ ɟɥɟɭɥі ԥɫɟɪіɧ 
ɬɢɝіɡɟɞі. Ɉɫɵ ɬԝɪԑɵɞɚɧ, ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɠԥɧɟ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧ 
ԧңɞɟɭɞің ɚɫɚ ԝɬɵɦɞɵ ɠԥɧɟ ɬɢіɦɞі ɬɟɯɧɨɥɨɝɢɹɫɵ ɠɚɫɚɥɞɵ. 

Ɋɟɞɭɤɰɢɹɥɚɭ ɩɪɨɰɟɫɬɟɪіɧің ɬɢіɦɞіɥіɝі ɚɬɚɥԑɚɧ ɤɨɧɰɟɧɬɪɚɬɬɚɪ ɧɟɝіɡіɧɞɟ 
ɲɢɯɬɚ ɞɚɣɵɧɞɚɭ ɬɟɯɧɨɥɨɝɢɹɫɵɧ ɠɚɫɚɭɞɚɧ ɛɚɫɬɚɥɚɞɵ. 

Ȼɟɪіɥɝɟɧ ɞɢɫɫɟɪɬɚɰɢɹɥɵԕ ɠԝɦɵɫɬɵң «Ɍɟɨɪɢɹɥɵԕ ɡɟɪɬɬɟɭɥɟɪ» ɛԧɥіɦіɧɞɟ 
ɛɚɹɧɞɚɥԑɚɧ ɦɟɬɚɥɞɚɪ ɪɟɞɭɤɰɢɹɫɵɧɵң ɦɟɯɚɧɢɡɦі ɦɟɧ ɤɢɧɟɬɢɤɚɫɵ ɠԧɧіɧɞɟɝі 
ɬɟɨɪɢɹɥɵԕ ɬԝɠɵɪɵɦɞɚɦɚɥɚɪԑɚ ɫԛɣɟɧɫɟɤ, ɲɢɯɬɚ ɞɚɣɵɧɞɚɭ ɤɟɡіɧɞɟ ɠԛɣɟɧің ɊɀȻ 
(ɪɟɚɤɰɢɹɥɵԕ ɠɚɧɚɫɭ ɛɟɬі) ɫɢɹԕɬɵ ɤԧɪɫɟɬɤіɲі ԕɚɦɬɚɦɚɫɵɡ ɟɬіɥɟɞі. ɋɨɧɞɵԕɬɚɧ, 
ɛɟɪіɥɝɟɧ ɦɚɫɫɚɥɵԕ ԕɚɬɵɧɚɫɩɟɧ ɲɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧ ɬɚңɞɚԑɚɧɧɚɧ ɤɟɣіɧ, ԕɨɫɩɚ 
1,0 ɦɦ ɤɟɦ ɮɪɚɤɰɢɹɫɵɧɚ ɞɟɣіɧ ԝɫɚԕɬɚɭԑɚ ԝɲɵɪɚɣɞɵ. Ȼԝɥ ԛɲіɧ ɚɥԑɚɲԕɵ ɲɢɤіɡɚɬ 
ɤɨɦɩɨɧɟɧɬɬɟɪіɧ ԝɫɚԕɬɚɩ ɞɢɫɩɟɪɫɬі ɦɚɬɟɪɢɚɥ ɚɥɵɧɚɞɵ.  

ɒɢɯɬɚɧɵң ɦɚɫɫɚɥɵԕ ԕɚɬɵɧɚɫɵɧ ɚɧɵԕɬɚɭ ɤɟɡіɧɞɟ, ɚɧɵԕɬɚɭɲɵ 
ɤɨɦɩɨɧɟɧɬɬɟɪɞің ɛіɪі ɛɚɣɵɬɵɥԑɚɧ ɤԧɦіɪ ɧɟɦɟɫɟ ɚԑɚɲ ɤԧɦіɪ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ, 
ɨɧɵң ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɲɵԑɵɧɵ ɛԧɥіɧіɩ ɚɥɵɧɚɬɵɧ ɛɚɪɥɵԕ ɦɟɬɚɥɞɚɪɞɵң, ɨɧɵң 
іɲіɧɞɟ ɬɢɬɚɧ ɬɨɬɵԑɵɧɵң ɛɟɪіɥɝɟɧ ɛԧɥіɝіɧің ɪɟɞɭɤɰɢɹɥɚɧɭɵɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі. 
Ԕɨɥɞɚɧɵɫɬɚԑɵ ԧɧɞіɪіɫɬіɤ ɚɝɪɟɝɚɬɬɚɪɞɚ ɞɢɫɩɟɪɫɬі ɤɟɧ-ɤԧɦіɪ ԕɨɫɩɚɫɵɧɵң 
ɪɟɞɭɤɰɢɹɥɚɧɭ ɩɪɨɰɟɫіɧ ɠԛɡɟɝɟ ɚɫɵɪɭ ԛɲіɧ, ɨɧɵ ɠɟɧɬɟɤɬɟɭ ԕɚɠɟɬ. 
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ɋɭɪɟɬ 5.1 – ɒɢɯɬɚ ɤɨɦɩɨɧɟɧɬɬɟɪіɧɟ ɚɪɧɚɥԑɚɧ ɛɭɧɤɟɪɥɟɪ 
 

 
 

ɋɭɪɟɬ 5.2 – ɗɥɟɤɬɪ-ɜɢɛɪɚɰɢɹɥɵԕ ԝɫɚԕɬɚԑɵɲ 
 
ɒɢɯɬɚ ɤԧɥɟɦіɧɞɟ ԥɪɛіɪ ɤɨɦɩɨɧɟɧɬ ɛіɪɞɟɣ ɬɚɪɚɥɭɵ ԛɲіɧ ɲɢɯɬɚ 

ɤɨɦɩɨɧɟɧɬɬɟɪі ԧɬɟ ɠɚԕɫɵ ɚɪɚɥɚɫɬɵɪɵɥɭɵ ɤɟɪɟɤ. ɇԥɬɢɠɟɫіɧɞɟ ɠԛɣɟ 
ɦɟɬɚɥɞɚɧԑɚɧ ɤɟɡɞɟ ɪɟɞɭɤɰɢɹɥɵԕ ɩɪɨɰɟɫɬің ɛɚɪɥɵԕ ɤԧɥɟɦɞɟ ɛіɪɤɟɥɤі ɠԛɪɭіɧ 
ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі. 
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ɋɭɪɟɬ 5.3 - Ⱥɪɚɥɚɫɬɵɪԑɵɲ 
 
Ԕɨɫɩɚɧɵ ɠɟɧɬɟɤɬɟɭɞің ɚɫɚ ԕɨɥɚɣɥɵ ɬԥɫіɥі, ɛɚɣɥɚɧɵɫɬɵɪɭɲɵ 

ɧɢɬɪɨɰɟɥɥɸɥɨɡɚ ɥɚɤ (ɇɐɅ) ɟɪіɬіɧɞіɫіɧ ԕɨɫɭɦɟɧ ɠԥɧɟ ɚɪɚɥɚɫɬɵɪɭ ɚɪԕɵɥɵ ɦɟɧ 
ɬԛɣіɪɲіɤɬɟɭ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. Ɍɚɛɚԕɲɚɥɵ ɧɟɦɟɫɟ ɛɚɪɚɛɚɧɞɵ ɬԛɣіɪɲіɤɬɟɝіɲɬɟ 
ɬԛɣіɪɲіɤɬɟɭ ɧԥɬɢɠɟɫіɧɞɟ 8,0-30,0 ɦɦ ɮɪɚɤɰɢɹɥɵ ɤɟɧ-ɤԧɦіɪ ɠɟɧɬɟɤɬɟɪіɧ ɚɥɭԑɚ 
ɛɨɥɚɞɵ. Ʉɟɧ-ɤԧɦіɪ ɠɟɧɬɟɤɬɟɪіɧ ɬԛɣіɪɲіɤɬɟɭ ԛɲіɧ ɬɚɛɚԕɲɚɥɵ ɬԛɣіɪɲіɤɬɟɝіɲ 
ԕɨɥɞɚɧɵɥɚɞɵ. 

 

 
 

ɋɭɪɟɬ 5.4 – Ɍɚɛɚԕɲɚɥɵ ɬԛɣіɪɲіɤɬɟɝіɲ 
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Ɉɥɚɪԑɚ ԕɚɠɟɬɬі ɦɟɯɚɧɢɤɚɥɵԕ ɛɟɪіɤɬіɥіɤɬі ɛɟɪɭ ԛɲіɧ, ɲɢɤі ɤɟɧ-ɤԧɦіɪ 
ɠɟɧɬɟɤɬɟɪіɧ ɤɟɩɬіɪɭ ɩɟɲіɧɞɟ 300-400°ɋ ɬɟɦɩɟɪɚɬɭɪɚɞɚ ɤɟɩɬіɪɭ ԕɚɠɟɬ. 

 

  
 

ɋɭɪɟɬ 5.7 – Ʉɟɩɬіɪɭ ɩɟɲі 
 
Ʉɟɩɬіɪіɥɝɟɧ ɠԥɧɟ ɛɟɪіɤɬɟɧɞіɪіɥɝɟɧ ɤɟɧ-ɤԧɦіɪ ɠɟɧɬɟɤɬɟɪі ɛіɪɟɝɟɣ 

ɦɟɬɚɥɥɭɪɝɢɹɥɵԕ ɫɢɩɚɬɬɚɪɵɧɚ ɢɟ ɛɚɫɬɚɩԕɵ ɞɚɣɵɧɞɚɥԑɚɧ ɲɢɤіɡɚɬ ɛɨɥɵɩ ɤɟɥɟɞі. 
Ⱦԥɫɬԛɪɥі ɬɟɯɧɨɥɨɝɢɹɞɚ ɩɚɣɞɚɥɚɧɵɥɚɬɵɧ ɤɟɫɟɤɬɟɥɝɟɧ ɠԥɧɟ ɮɥɸɫɬɟɥɝɟɧ 

ɚɝɥɨɦɟɪɚɬɬɚɪɦɟɧ ɠԥɧɟ ɠɟɧɬɟɤɬɟɪɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ, ɞɚɣɵɧɞɚɥԑɚɧ ɤɟɧ-ɤԧɦіɪ 
ɠɟɧɬɟɤɬɟɪіɧің ԕԝɪɚɦɵɧɞɚ, ԕԝɪɚɦɵ ɧɚԕɬɵ ɟɫɟɩɬɟɥɝɟɧ ɛɨɥɚɬ, ɦԥɫɟɥɟɧ ɥɟɝіɪɥɟɧɝɟɧ 
ɛɨɥɚɬ ɚɥɵɧɭɵɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɬіɧ ɛɚɪɥɵԕ ԕɚɠɟɬɬі ɤɨɦɩɨɧɟɧɬɬɟɪ ɦɟɧ ɪɟɚɝɟɧɬɬɟɪ 
ɛɨɥɚɞɵ. Ɇɟɬɚɥɞɚɧɞɵɪɭ ɦɟɧ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫɬɟɪі ԛɲіɧ ԧɧɟɪɤԥɫіɩɬіɤ ɲɚɯɬɚɥɵ 
ɧɟɦɟɫɟ ԕԝɛɵɪɥɵ ɩɟɲɤɟ [110] ɠԛɤɬɟɭ ɤɟɡіɧɞɟ ɟɲԕɚɧɞɚɣ ԕɨɫɩɚɥɚɪɞɵ (ɤɨɤɫ, ɤԧɦіɪ, 
ɮɥɸɫ) ԕɚɠɟɬ ɟɦɟɫ, ɬɟɤ ɛіɪ ԑɚɧɚ ԥɪɟɤɟɬ - ɛɟɪіɥɝɟɧ ɬɟɦɩɟɪɚɬɭɪɚԑɚ ɞɟɣіɧ 
ԕɵɡɞɵɪɵɥɭɵ ɤɟɪɟɤ. 

ɀɨԑɚɪɵɞɚ ɤԧɪɫɟɬіɥɝɟɧ ɮɪɚɤɰɢɹɥɵ ɤɟɧ-ɤԧɦіɪ ɠɟɧɬɟɤɬɟɪі ɠɟɬɤіɥіɤɬі ɠɚԕɫɵ 
ɝɚɡ ԧɬɤіɡɝіɲɬіɝіɧɟ ɢɟ ɠԥɧɟ ɲɚɯɬɚɥɵ ɩɟɲɬɟ ɲɢɯɬɚ ԕɚɛɚɬɬɚɪɵ ɵɫɬɵԕ ɝɚɡ 
ɚԑɵɧɵɦɟɧ (ɕȽȺ) – ɠɵɥɭɬɚɫɵɦɚɥɞɚԑɵɲɩɟɧ (ɕȽɌ) ԛɪɥɟɧɟ ɚɥɚɞɵ. Ʉɟɧ ɤԧɦіɪ 
ɠɟɧɬɟɤɬɟɪіɧ ɦɟɬɚɥɞɚɧɞɵɪɭ ɠԥɧɟ ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦ ɚɥɭ ԛɲіɧ ɤіɪɟ ɛɟɪіɫɬɟ 1400°ɋ 
ɛɚɫɬɚɩԕɵ ɬɟɦɩɟɪɚɬɭɪɚɦɟɧ ɕȽɌ ԛɪɥɟɭ ɠɟɬɤіɥіɤɬі. Ԛɪɥɟɧɟɬіɧ ɕȽɌ ɠԥɧɟ ɲɚɯɬɚɥɵ 
ɩɟɲ іɲіɧɞɟ ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭɞɵң ɝɚɡ ɬԥɪіɡɞі ԧɧіɦɞɟɪіɧің ԕԝɪɚɦɵ 
ɛіɪɞɟɣ ɛɨɥɚɞɵ ɠԥɧɟ ɤɟɥɟɫі ɤԧɪɫɟɬɤіɲ ɛɨɣɵɧɲɚ CO2 ɠԥɧɟ CO ɤɨɧɰɟɧɬɪɚɰɢɹɥɵԕ 
ԕɚɬɵɧɚɫɵɦɟɧ ɫɢɩɚɬɬɚɥɚɞɵ 
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                                    (5.1) 

 
Ƚɚɡɞɚɪɞɵң ɦԝɧɞɚɣ ԕɨɫɩɚɫɵ ɤɟɧ-ɤԧɦіɪ ɲɢɯɬɚɫɵɧɞɚ ɦɟɬɚɥɞɚɪɞɵ ɬіɤɟɥɟɣ 

ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɤɰɢɹɥɚɪɵ ԛɲіɧ ɛɟɣɬɚɪɚɩ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ ɠԥɧɟ ɩɪɨɰɟɫɫ 
ɛɚɪɵɫɵɧɚ ɟɲɛіɪ ԥɫɟɪіɧ ɬɢɝіɡɛɟɣɞі. 

Ƚɚɡɞɚɪ ԕɨɫɩɚɫɵ ɲɚɯɬɚɥɵ ɩɟɲɬің ɤɨɥɨɲɧɢɝі (ɫɚɥԑɵɲɵ) ɚɪԕɵɥɵ ɲɵԑɚɞɵ, 
ɲɚң ԝɫɬɚɭ ɦɟɧ ɝɚɡɞɚɪɞɵ ɵɥԑɚɥɞɵ ɬɚɡɚɥɚɭ ɫɤɪɭɛɛɟɪɥɟɪіɧің ɨɪɧɚɥɚɫɭ ɪɟɬі 
ɛɨɣɵɧɲɚ ɬɚɡɚɥɚɧɚɞɵ ɠԥɧɟ ɟɤі ɚԑɵɧԑɚ: 1) ԕɵɡɞɵɪɭ ԕɨɧɞɵɪԑɵɫɵ ɚɪԕɵɥɵ ɕȽɌ 
ɬԛɪіɧɞɟ ԕɚɣɬɚɪɵɦԑɚ; 2) ɡɚɭɵɬɬɵң ɝɚɡɞɚɪ ɝɚɡ ԕԝɛɵɪɵɧɚ ɛԧɥіɧɟɞі.  

ɒɚɯɬɚɥɵ ɩɟɲɬің ɚɫɬɵɧɚɧ ɲɵԑɚɪɵɥɚɬɵɧ ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦ, ɚɪɵ ԕɚɪɚɣ 
ɨԕɲɚɭɥɚɧԑɚɧ ɲɥɸɡ ɤɚɦɟɪɚɥɚɪɵ ɚɪԕɵɥɵ ɛɚɥԕɵɬɭ ɚɝɪɟɝɚɬɵɧɚ ɬԛɫɟɞі, ɦԝɧɞɚ 
ɦɟɬɚɥɞɵң ɛɚɥԕɵɬɵɥɭɵ ɦɟɧ ɛɨɥɚɬ ɩɟɧ ɲɥɚɤ ɛɚɥԕɵɦɚɥɚɪɵɧɵң ɲɵԑɚɪɵɥɭɵ 
ɠԛɪɟɞі. Ɇɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɧің ɚɪɬɵԕ ɦԧɥɲɟɪі ɛɨɥԑɚɧ ɠɚԑɞɚɣɞɚ, ɨɧɵң ɛіɪ ɛԧɥіɝі 
ɲɥɸɡ ɤɚɦɟɪɚɥɚɪɵ ɚɪԕɵɥɵ ɠɢɧɚԕɬɚɭɲɵ ɛɭɧɤɟɪɝɟ ɬԛɫɟɞі. 

ɀɚɫɚԕɬɚɥԑɚɧ ɬɟɯɧɨɥɨɝɢɹɧɵң ɞԥɫɬԛɪɥі ɬɟɯɧɨɥɨɝɢɹɞɚɧ ɩɪɢɧɰɢɩɢɚɥɞɵ 
ɟɪɟɤɲɟɥіɝі ɤɟɥɟɫі ɤԧɪɫɟɬɤіɲɬɟɪɦɟɧ ɤԧɪɫɟɬіɥɝɟɧ. 

1) ɤɨɤɫ ɲɵԑɵɧɵɧ ɠԥɧɟ ɨɫɵԑɚɧ ɛɚɣɥɚɧɵɫɬɵ ɤɨɤɫɨɯɢɦԧɧɞіɪіɫіɧ ɬɨɥɵԕ 
ɠɨɹɞɵ; 

2) ɤɨɧɜɟɪɬɟɪɞɟ ɛɨɥɚɬɬɵ ɬɨɬɵԕɬɵɪɵɩ ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧ ɠԥɧɟ ɨɧɵɦɟɧ ԕɨɫɚ 
ɤɨɧɜɟɪɬɟɪɥі ɲɥɚɤɩɟɧ ɛɚԑɚɥɵ ɦɟɬɚɥɞɚɪɞɵң ԛɣіɧɞіɝɟ ɠɨԑɚɥɭɵɧ ɠɨɹɞɵ; 

3) ɤɟɧ-ɤԧɦіɪ ɠɟɧɬɟɤɬɟɪіɧ ԛɡɞіɤɫіɡ ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɩɪɨɰɟɫіɧɟɧ 
ɛԧɥіɧɟɬіɧ ɝɚɡ ɚԑɵɧɞɚɪɵ ɦɟɧ ɬԛɡіɥɟɬіɧ ԕɚɬɬɵ ԕɚɥɞɵԕɬɚɪɞɵ ɬɨɥɵԕ ɠԥɧɟ ɬɢіɦɞі 
ɩɚɣɞɚɥɚɧɵɥɭɵɧ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі (ɫɭɪɟ - 5.8). 

Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬ ɠԥɧɟ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɬɚɪɵɧɚɧ ɬɢɬɚɧɧɵң ԕɢɵɧ 
ɪɟɞɭɤɰɢɹɥɚɧɚɬɵɧɞɵԑɵɧ ɠԥɧɟ ɨɧɵң ɚɡ ɛԧɥіɝіɧ ɪɟɞɭɤɰɢɹɥɚɩ ɛɨɥɚɬɬɵ ɥɟɝіɪɥɟɭ 
ԕɚɠɟɬɬіɥіɝіɧ ɟɫɤɟɪɟ ɨɬɵɪɵɩ, ɬɟɯɧɨɥɨɝɢɹɧɵң ɟɤіɧɲі ɧԝɫԕɚɫɵ ɠɚɫɚɥɞɵ, ɨɥ ɞɚ ɤɟɧ-
ɤԧɦіɪ ɠɟɧɬɟɤɬɟɪіɧ ɞɚɣɵɧɞɚɭɞɚɧ ɛɚɫɬɚɥɚɞɵ. 

ȿɝɟɪ ɫɢɩɚɬɬɚɥԑɚɧ ɬɟɯɧɨɥɨɝɢɹ ɛɨɣɵɧɲɚ ɲɢɯɬɚɧɵң ɬɨɬɵԕɬɵ ɛԧɥіɝіɧің 
ԕԝɪɚɦɵɧɚ ɤԧɦіɪɬɟɝі ԕԝɪɚɦɞɵ ɪɟɞɭɤɰɢɨɧɟɪɞің ɫɬɟɯɢɨɦɟɬɪɢɹɥɵԕ ɟɫɟɩɬɟɥɝɟɧ 
ɦԧɥɲɟɪі ɟɧɝіɡіɥɟɬіɧ ɛɨɥɫɚ, ɨɧɞɚ ɟɤіɧɲі ɧԝɫԕɚɞɚ ɰɟɦɟɧɬɢɬɬің ɧɟɦɟɫɟ ɬɟɦіɪɞɟ 
ɟɪіɝɟɧ ɤԧɦіɪɬɟɝіɧің 4,0-4,5% ɞɟңɝɟɣіɧɞɟ ɬԛɡіɥɭі ԛɲіɧ ԕɚɠɟɬɬі, ɨɧɵң ɚɪɬɵԕ 
ɦԧɥɲɟɪі ɟɧɝіɡіɥɟɞі. Ɍԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ɧԥɬɢɠɟɥɟɪіɧің ɤԧɪɫɟɬɭі ɛɨɣɵɧɲɚ, 
ɬɟɦіɪɞɟ ɟɪіɝɟɧ ɤԧɦіɪɬɟɝі, ɟɪɤіɧ ɤԧɦіɪɬɟɝіɝɟ ԕɚɪɚԑɚɧɞɚ, TiO2 ԕɚɬɵɫɬɵ ɚɫɚ ɬɢіɦɞі 
ɪɟɞɭɤɰɢɨɧɟɪ ɛɨɥɵɩ ɬɚɛɵɥɚɞɵ. 

Ɉɥɚɪɞɵң ɚɣɵɪɦɚɲɵɥɵԑɵ ɤɟɥɟɫіɞɟɣ, ɟɪɤіɧ ɤԧɦіɪɬɟɝіɦɟɧ TiO2 ɬɨɬɵԑɵɧɚɧ 
ɬɢɬɚɧɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ, ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭɞɵң ɚɪɵ ԕɚɪɚɣ ɠԛɪіɫіɧɟ 
ɤɟɞɟɪɝі ɤɟɥɬіɪɟɬіɧ TiC ɤɚɪɛɢɞі ɬԛɡіɥɟɞі ɠԥɧɟ ɩɪɨɰɟɫɫ ɬɟɠɟɥɟɞі; ɚɥ ɟɪіɝɟɧ 
ɤԧɦіɪɬɟɝіɦɟɧ ɪɟɞɭɤɰɢɹɥɚɭ ɤɟɡіɧɞɟ ɨɪɵɧ ɛɚɫɭ ɪɟɚɤɰɢɹɫɵ ɠԛɪɟɞі, ɹԑɧɢ ɬɢɬɚɧɧɵң 
ɪɟɞɭɤɰɢɹɥɚɧԑɚɧ ɦɟɬɚɥɞɵԕ ɚɬɨɦɵ ɬɟɦіɪ ɦɚɬɪɢɰɚɫɵɧɞɚ ɟɪɢɞі ɠԥɧɟ ɨɧɵң 
ɪɟɞɭɤɰɢɹɥɚɧɭ ɪɟɚɤɰɢɹɫɵ ɫɨɥɞɚɧ ɨңԑɚ, ɹԑɧɢ ɚɪɵ ԕɚɪɚɣ ɞɚɦɭ ɠɚԑɵɧɚ ԕɚɪɚɣ 
ɵԑɵɫɬɵɪɵɥɚɞɵ. Ɉɫɵɥɚɣɲɚ, ɛɨɥɚɬɬɚ ɬɢɬɚɧ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ ɦɟɧ ɨɧɵң ɥɟɝіɪɥɟɧɭ 
ɞԥɪɟɠɟɫіɧің ɚɭԕɵɦɞɵ ɠɨԑɚɪɵɥɚɭɵɧɚ ԕɨɥ ɠɟɬɤіɡɭɝɟ ɛɨɥɚɞɵ. 
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ɋɭɪɟɬ 5.8 – Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɩ ɥɟɝіɪɥɟɧɝɟɧ 

ɛɨɥɚɬ ɚɥɭ ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɫԝɥɛɚɫɵ 
 
ɒɢɯɬɚ ԕԝɪɚɦɵɧɚ ɟɧɝіɡіɥɟɬіɧ ɤԧɦіɪɬɟɝі ԕԝɪɚɦɞɵ ɪɟɞɭɤɰɢɹɥɚɭ ɪɟɚɝɟɧɬіɧің 

ɚɪɬɵԕ ɦԧɥɲɟɪі ɛɚɥԕɵɬɵɥɵɩ ɲɵԑɚɪɵɥɚɬɵɧ ɦɟɬɚɥɞɚ ɤԧɦіɪɬɟɝі 
ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧɵң ԧɡɝɟɪɭіɧɟ ԥɫɟɪ ɟɬɩɟɣɞі, ɫɟɛɟɛі ɤԧɦіɪɬɟɝіɧің ɚɪɬɵԕ 
ɦԧɥɲɟɪіɦɟɧ ɤɟɧ-ɤԧɦіɪ ɠɟɧɬɟɤɬɟɪі ɤԧɦіɪɬɟɝі ԕԝɪɚɦɞɵ ɠɟɧɬɟɤɬɟɪɞің ɠɚɥɩɵ 
ɦɚɫɫɚɫɵɧɵң ԛɥɟɫіɧ ԑɚɧɚ ԕԝɪɚɣɞɵ ɠԥɧɟ ɨɧɞɚԑɵ ɤԧɦіɪɬɟɝіɧің ɚɪɬɵԕ ɦԧɥɲɟɪі 
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ɬɢɬɚɧ ɪɟɞɭɤɰɢɹɫɵɧɚ ɲɵԑɵɧɞɚɥɚɞɵ. ɀɟɧɬɟɤɬɟɪɞің ɨɫɵ ԛɥɟɫіɧɟɧ ɛɚɥԕɵɬɵɥɵɩ 
ɲɵԑɚɪɵɥɚɬɵɧ ɦɟɬɚɥɞɚ ɬɢɬɚɧ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵ [Ti]1, ɛɚɥԕɵɬɵɥɚɬɵɧ ɦɟɬɚɥɞɵң 
ԕɨɫɵɧɞɵ ɦԧɥɲɟɪіɧɞɟɝі ɨɪɬɚɲɚ ɤɨɧɰɟɧɬɪɚɰɢɹɫɵɧɚɧ [Ti]2 ɛіɪɲɚɦɚ ɠɨԑɚɪɵ 
ɛɨɥɚɞɵ.  

ɋɨɧɞɵԕɬɚɧ, ɠɟɧɬɟɤɬɟɪɞің ɛіɪɥіɤ ɦɚɫɫɚɫɵɧɞɚ ɤԧɦіɪɬɟɝіɧің ɚɪɬɵԕ 
ɦԧɥɲɟɪіɦɟɧ ɠɟɧɬɟɤɬɟɪɞің ɦɚɫɫɚɥɵԕ ԛɥɟɫі ɤɟɥɟɫі ԕɚɬɵɧɚɫɩɟɧ ɚɧɵԕɬɚɥɚɞɵ 

 

,                                         (5.2) 

 

ȿɝɟɪ [Ti]1=2,0% ɠԥɧɟ [Ti]2=0,5%, ɨɧɞɚ 1 ɬ ɤɟɧ-ɤԧɦіɪ ɠɟɧɬɟɤɬɟɪіɧɞɟ 
ɤԧɦіɪɬɟɝіɧің ɚɪɬɵԕ ɦԧɥɲɟɪіɦɟɧ ɤɟɧ-ɤԧɦіɪ ɠɟɧɬɟɤɬɟɪіɧің ɦɚɫɫɚɥɵԕ ԛɥɟɫі 
γɢɡɛ=0,5/2=0,25 ԕԝɪɚɣɞɵ. 

ɀɚɫɚԕɬɚɥԑɚɧ ɬɟɯɧɨɥɨɝɢɹ ɛɨɣɵɧɲɚ ɬɟɯɧɨɥɨɝɢɹɥɵԕ ɫԝɥɛɚ ɠɚɫɚɥɞɵ, ɨɥ 5.8-
ɲі ɫɭɪɟɬɬɟ ɤԧɪɫɟɬіɥɝɟɧ.  
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ɋɭɪɟɬ 5.9 – Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɵ ɪɟɞɭɤɰɢɹɥɚɩ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ 

ɚɥɭ ɚɩɩɚɪɚɬɬɵԕ ɫԝɥɛɚɫɵ 
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Ȼɟɫіɧɲі ɛԧɥіɦ ɛɨɣɵɧɲɚ ɬԝɠɵɪɵɦ 

Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɠԥɧɟ ɢɥɶɦɟɧɢɬ ɤɨɧɰɟɧɬɪɚɬɵɧ ԧңɞɟɭɞің ԛɡɞіɤɫіɡ 
ɪɟɞɭɤɰɢɹɥɚɩ-ɛɚɥԕɵɬɭ ɬɟɯɧɨɥɨɝɢɹɫɵ ɠɚɫɚԕɬɚɥɞɵ. Ɍɟɯɧɨɥɨɝɢɹ ԛɡɞіɤɫіɡ ɠԛɪɟɬіɧ 
ԛɲ ɫɚɬɵɞɚɧ ɬԝɪɚɞɵ: 1) ɲɢɯɬɚɧɵ ɞɚɣɵɧɞɚɭ; 2) ɤԧɦіɪɬɟɤɬі ɲɢɯɬɚɧɵ 
ɦɟɬɚɥɞɚɧɞɵɪɭ; 3) ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɞі ɛɚɥԕɵɬɭ. 

Ԥɥɟɦɞіɤ ɬɟɯɧɨɥɨɝɢɹɥɚɪ ɛɨɣɵɧɲɚ ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɞɟɪɞі ɬɟɤ ԕɚɧɚ 
ɷɥɟɤɬɪɥіɤ ɞɨԑɚɥɵ ɩɟɲɬɟɪіɧɞɟ ɛɚɥԕɵɬɚɞɵ. Ԝɫɵɧɵɥɵɩ ɨɬɵɪԑɚɧ ɬɟɯɧɨɥɨɝɢɹɧɵң 
ɟɪɟɤɲɟɥіɝі ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦ ɨɬɵɧɞɵԕ ɷɧɟɪɝɢɹ ɛɨɣɵɧɲɚ ɛɚɥԕɵɬɵɥɚɞɵ. 
Ɉɬɵɧɧɚɧ ɲɵԑɚɬɵɧ ɷɧɟɪɝɢɹɧɵң ԕԝɧɵ ɷɥɟɤɬɪ ɷɧɟɪɝɢɹɫɵɧɚɧ ɲɵԑɚɬɵɧ 
ɷɧɟɪɝɢɹɧɵң ԕԝɧɵɧɚɧ 4 ɟɫɟ ɬԧɦɟɧ. ɋɨɧɞɵԕɬɚɧ ɚɥɵɧԑɚɧ ɦɟɬɚɥɞɵң ԧɡіɧɞіɤ ԕԝɧɵ 
ɟɤі ɟɫɟ ɬԧɦɟɧ.  

Ԝɫɵɧɵɥɵɩ ɨɬɵɪԑɚɧ ɬɟɯɧɨɥɨɝɢɹɞɚ ɦɟɬɚɥɞɚɧɞɵɪɭ ɩɪɨɰɟɫіɧ ɠԛɪɝіɡɭɝɟ 
ɚɪɧɚɥԑɚɧ ɠɚңɚ ԕԝɛɵɪɥɵ ɩɟɲɬі ɩɚɣɞɚɥɚɧɭ ɬɭɪɚɥɵ ɢɧɧɨɜɚɰɢɚɥɵԕ ɩɚɬɟɧɬ (- № 
31705. ɋɩɨɫɨɛ ɦɟɬɚɥɥɢɡɚɰɢɢ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɫɵɪɶɹ ɜ ɬɪɭɛɱɚɬɨɣ ɩɟɱɢ ɢ 
ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɟɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ) ɚɥɵɧɞɵ. 
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ԔɈɊɕɌɕɇȾɕ 

 
Ⱦɢɫɫɟɪɬɚɰɢɹɥɵԕ ɠԝɦɵɫɬɵԙ ɧԥɬɢɠɟɥɟɪі ɛɨɣɵɧɲɚ ԕɵɫԕɚɲɚ 

ԕɨɪɵɬɵɧɞɵ.  
1. Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɵ ԧңɞɟɭ ɬɟɯɧɨɥɨɝɢɹɥɚɪɵɧɚ ɲɨɥɭ 

ɠɚɫɚɥɞɵ, ɨɥɚɪɞɵң ɠɟɬіɫɬіɤɬɟɪі ɦɟɧ ɤɟɥɟɲɟɝі ɤԧɪɫɟɬіɥɞі; 
2. Ɍɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɨɧɰɟɧɬɪɚɬɵɧɵң ԕԝɪɚɦɵɧɞɚԑɵ ɬɟɦіɪ ɠԥɧɟ ɯɢɦɢɹɥɵԕ 

ɦɵԕɬɵɥɵԑɵ ɠɨԑɚɪɵ ɦɟɬɚɥɥ ɨɤɫɢɞɬɟɪіɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɬіɤɟɥɟɣ ɪɟɞɭɤɰɢɹɥɚɭ 
ԥɞіɫɬɟɦɟɫі ɠɚɫɚԕɬɚɥɞɵ; 

3. Ɍɟɨɪɢɹɥɵԕ ɠԥɧɟ ɷɤɫɩɟɪɢɦɟɧɬɬіɤ ɡɟɪɬɬɟɭɥɟɪ ɧԥɬɢɠɟɥɟɪі ɫɚɪɚɩɬɚɥɵɩ 
ɩɪɨɰɟɫɬің ȾȺɆ-ɦɟɯɚɧɢɡɦі ɚɪԕɵɥɵ ɠԛɪɟɬіɧɞіɝі ɚɧɵԕɬɚɥɞɵ; 

4. Ɍɟɦіɪɞің ɠԥɧɟ ɥɟɝіɪɥɟɭɲі ɦɟɬɚɥɞɚɪɞɵң ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ ɬіɡɛɟɤɬɟɣ-
ɮɚɡɚɥɵԕ ɪɟɞɭɤɰɢɹɥɚɧɭ ɩɪɨɰɟɫіɧің ɤɢɧɟɬɢɤɚɥɵԕ ɤԧɪɫɟɬɤіɲɬɟɪі ɤɟɫɟɤɬі 
ɲɢɤіɡɚɬɬɚɪɞɵң ɝɚɡɛɟɧ ɪɟɞɭɤɰɢɹɥɚɧɭ ɩɪɨɰɟɫіɧің ɤԧɪɫɟɬɤіɲɬɟɪіɦɟɧ 
ɫɚɥɵɫɬɵɪԑɚɧɞɚ ɬɢіɦɞі ɟɤɟɧɞіɝі ɚɧɵԕɬɚɥɞɵ; 

5. Ʉԧɦіɪɬɟɝіɦɟɧ ɠɨԑɚɪɵ ɞԥɪɟɠɟɞɟ ɦɟɬɚɥɞɚɧԑɚɧ ɬɟɦіɪ ɠԥɧɟ ɥɟɝіɪɥɟɭɲі 
ɦɟɬɚɥɞɚɪɞɵң ɪɟɞɭɤɰɢɹɥɚɧɭɵ ɚɪԕɵɥɵ ɦɟɬɚɥɞɚɧԑɚɧ ԧɧіɦ ɚɥɵɧɞɵ; 

6. Ɇɟɬɚɥɞɚɧԑɚɧ ԧɧіɦɞɟɪɞі ɠɨԑɚɪɵ ɬɟɦɩɟɪɚɬɭɪɚɞɚ Ɍɚɦɦɚɧ ɩɟɲіɧɞɟ 
ɪɟɞɭɤɰɢɹɥɚɣ-ɛɚɥԕɵɬɭ ɚɪԕɵɥɵ ɬɚɛɢԑɢ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ɚɥɵɧɞɵ. 

Ԕɨɣɵɥԑɚɧ ɦіɧɞɟɬɬіԙ ɬɨɥɵԕ ɲɟɲіɥɭі. Ɍɟɨɪɢɹɥɵԕ ɠԥɧɟ ɷɤɫɩɟɪɢɦɟɧɬɬіɤ 
ɡɟɪɬɬɟɭɥɟɪ ɧԥɬɢɠɟɫіɧɞɟ ɬіɤɟɥɟɣ ɥɟɝіɪɥɟɧɝɟɧ ɛɨɥɚɬ ɚɥɭ ɠɚңɚ ɬɟɯɧɨɥɨɝɢɹɫɵ 
ɠɚɫɚԕɬɚɥɞɵ.  

ɇԥɬɢɠɟɥɟɪɞі ɧɚԕɬɵ ɩɚɣɞɚɥɚɧɭ ɬɭɪɚɥɵ ԝɫɵɧɵɫɬɚɪɞɵ ɠԥɧɟ ɛɚɫɬɚɩԕɵ 
ɞɟɪɟɤɬɟɪɞі ԥɡіɪɥɟɭ. Ⱦɢɫɫɟɪɬɚɰɢɹɞɚ ɫɢɩɚɬɬɚɥԑɚɧ ɡɟɪɬɬɟɭɥɟɪ ɦɟɧ ԥɞіɫɬɟɦɟɥɟɪɞің 
ɬɟɨɪɢɹɥɵԕ ɠԥɧɟ ɷɤɫɩɟɪɢɦɟɧɬɬіɤ ɧԥɬɢɠɟɥɟɪі ԧɧɞіɪіɫ ԧɧіɦɞіɥіɝіɧ ɚɪɬɬɵɪɚɞɵ, 
ɠɚңɚ ɬɟɯɧɪɨɥɨɝɢɹɧɵ ԕɨɥɞɚɧɭ ɬɢɬɚɧ-ɦɚɝɧɟɬɢɬɬі ɤɨɧɰɟɧɬɪɚɬɬɚɪɞɚɧ ɬіɤɟɥɟɣ 
ɬɚɛɢԑɢ ɥɟɝіɪɥɟɧɝɟɧ ɠɨԑɚɪɵ ɫɚɩɚɥɵ ɛɨɥɚɬ ɚɥɭɞɵ ԕɚɦɬɚɦɚɫɵɡ ɟɬɟɞі.  

Ɉɫɵ ɫɚɥɚɞɚԑɵ ɟԙ ɠɚԕɫɵ ɠɟɬіɫɬіɤɬɟɪɦɟɧ ɫɚɥɵɫɬɵɪԑɚɧɞɚ ɨɪɵɧɞɚɥɚɬɵɧ 
ɠԝɦɵɫɬɵԙ ԑɵɥɵɦɢ ɞɟԙɝɟɣіɧ ɛɚԑɚɥɚɭ. Ɉɪɵɧɞɚɥԑɚɧ ɬɟɨɪɢɹɥɵԕ ɠԥɧɟ 
ɬԥɠіɪɢɛɟɥіɤ ɡɟɪɬɬɟɭɥɟɪ ԕɢɵɧ ԧңɞɟɥɟɬіɧ ɤɟɲɟɞі ɤɟɧɞіɤ ɦɚɬɟɪɢɚɥɞɚɪɞɵң 
ɨɤɫɢɞɬɟɪіɧɟɧ Fe, Mn, V, Cr ɠԥɧɟ Ti ɦɟɬɚɥɞɚɪɵɧ ԕɚɬɬɵ ɤԧɦіɪɬɟɝіɦɟɧ 
ɪɟɞɭɤɰɢɹɥɚɭ ɦԛɦɤіɧɞіɝіɧ ɤԧɪɫɟɬɟɞі. 
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