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ɉɨ ɞɚɧɧɵɦ ɫɨɜɪɟɦɟɧɧɵɯ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ (ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ, ɫɩɟɤ-
ɬɪɚɥɶɧɨɝɨ ɢ ɞɪ. ɦɟɬɨɞɨɜ ɚɧɚɥɢɡɚ) ɜ ɫɨɫɬɚɜ ɬɜɺɪɞɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɜɚɪɨɱɧɨɝɨ ɚɷɪɨɡɨɥɹ (ɌɋɋȺ), ɨɛɪɚ-
ɡɭɸɳɟɣɫɹ ɩɪɢ ɫɜɚɪɤɟ ɩɨɤɪɵɬɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ, ɜɯɨɞɹɬ ɨɫɧɨɜɧɵɟ (Mn, Fe, Si, K, Na, Ca, Mg, Ti, Al, Cr, 

Ni, F) ɢ ɩɪɢɦɟɫɧɵɟ (As, Cu, Rb, Sn, Zr, Sr, Nb, Mo, Ag, Sb, Ba, Pb), ɚ ɬɚɤɠɟ ɫɥɨɠɧɵɟ ɫɦɟɫɢ ɦɟɬɚɥɥɨɜ, 
ɩɪɨɫɬɵɯ ɢ ɫɥɨɠɧɵɯ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ ɢ ɲɩɢɧɟɥɟɣ MnFe2O4, CaFe2O4, (Fe,Mn)OFe2O3, Ʉ2ɋr2Ɉ7, 

Na2Cr2O7, Fɟ3O4 ɢ ɞɪ., ɮɬɨɪɢɞɨɜ (NaF, KF, K3FeF6, K2SiF6, CaF2 ɢ ɞɪ.), ɫɢɥɢɤɚɬɨɜ (ɋɚSiO3, -Si-Ɉ-Si-Ɉ-

Si-, Fe2[SiO4], Ɇn2[SiO4] ɢ ɞɪ.). ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɫɬɚɥɟɣ ɞɥɹ ɫɜɚɪɤɢ ɝɨɪɧɨɲɚɯɬɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ (35Ʌ, 45Ʌ, 110Ƚ13Ʌ, 35ɏȽɋɅ, 30ɏȽɋȺ), ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚ-
ɧɢɟɦ ɦɚɪɝɚɧɰɚ (11…14,5 %) ɢ ɞɪɭɝɢɯ ɥɟɝɢɪɭɸɳɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɫɜɚɪɨɱɧɵɣ ɚɷɪɨɡɨɥɶ ɨɛɥɚɞɚɟɬ ɩɨ-
ɜɵɲɟɧɧɨɣ ɬɨɤɫɢɱɧɨɫɬɶɸ. ɋɜɟɞɟɧɢɹ ɨ ɜɚɥɨɜɵɯ ɜɵɞɟɥɟɧɢɹɯ ɫɜɚɪɨɱɧɨɝɨ ɚɷɪɨɡɨɥɹ ɢ ɟɝɨ ɯɢɦɢɱɟɫɤɨɦ 

ɫɨɫɬɚɜɟ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ ɫɚɧɢɬɚɪɧɨ-ɝɢɝɢɟɧɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɭɫɥɨɜɢɣ ɬɪɭɞɚ ɪɚɛɨɱɢɯ, ɡɚɧɹɬɵɯ ɧɚ ɫɜɚ-
ɪɨɱɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɢ ɫɜɟɞɟɧɢɹ ɩɨɥɭɱɚɸɬ, ɩɪɢɦɟɧɹɹ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟ-
ɬɨɞ ɚɧɚɥɢɡɚ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɜɵɩɨɥɧɟɧɢɹ ɢ ɫɥɨɠɧɨɫɬɶɸ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟ-
ɪɢɦɟɧɬɚ, ɩɨɷɬɨɦɭ ɨɱɟɧɶ ɜɚɠɧɨ ɭɦɟɬɶ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɫɜɚɪɳɢɤɨɜ ɛɟɡ ɜɵɩɨɥɧɟɧɢɹ ɫɩɟ-
ɰɢɚɥɶɧɵɯ ɨɩɵɬɨɜ ɩɭɬɺɦ ɫɨɡɞɚɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɚɷɪɨɡɨɥɹ.  

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɜɚɪɨɱɧɨɝɨ ɚɷɪɨɡɨɥɹ ɛɵɥɢ ɜɵɛɪɚɧɵ 

ɫɬɚɥɢ 30ɏȽɋȺ, 14ɏȽ2ȺɋȾ ɢ 14Ƚ2Ⱥɋ ɢ ɫɜɚɪɨɱɧɚɹ ɩɪɨɜɨɥɨɤɚ ɋɜ-08Ƚ2ɋ ɢ ɋɜ-08ȽɋɆɌ, ɤɚɤ ɧɚɢɛɨɥɟɟ 
ɱɚɫɬɨ ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɫɜɚɪɤɢ ɝɨɪɧɨɲɚɯɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɇɚɦɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɦɚɫɫɨɜɵɟ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɬɪɟɯ ɷɥɟɦɟɧɬɨɜ (Fe, Mn, Si), ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ ɌɋɋȺ, ɩɪɢ ɫɜɚɪɤɟ ɡɚɞɚɧɧɵɦɢ ɩɪɨɜɨɥɨɤɚ-
ɦɢ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɞɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ. Ɇɨɞɟɥɶ, ɩɨɡɜɨɥɹɸɳɚɹ ɩɪɨɜɨ-
ɞɢɬɶ ɪɚɫɱɟɬ ɫɨɫɬɚɜɚ ɌɋɋȺ, ɩɪɟɞɥɨɠɟɧɚ ɚɜɬɨɪɚɦɢ [1,2]. ȼ ɨɫɧɨɜɟ ɦɨɞɟɥɢ ɩɨɥɨɠɟɧɨ ɭɪɚɜɧɟɧɢɟ, ɩɨɡɜɨ-
ɥɹɸɳɟɟ ɭɱɟɫɬɶ ɪɚɜɧɨɜɟɫɧɨɟ ɢɫɩɚɪɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɢɡ ɪɚɫɩɥɚɜɚ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɢ ɧɟɪɚɜɧɨɜɟɫɧɵɣ 

(ɜɡɪɵɜɧɨɣ) ɩɟɪɟɯɨɞ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɚɷɪɨɡɨɥɶ. 

  ,1 ä
ii

ë
ii

í
i CCC      (1) 

ɝɞɟ  í
iC  - ɤɨɧɰɟɧɬɪɚɰɢɹ i-ɝɨ ɷɥɟɦɟɧɬɚ ɜ ɌɋɋȺ, 

  ë
iC  - ɤɨɧɰɟɧɬɪɚɰɢɹ i-ɝɨ ɷɥɟɦɟɧɬɚ ɜ ɪɚɫɩɥɚɜɟ (ɜ ɫɨɫɬɚɜɟ ɩɪɨɜɨɥɨɤɢ), 

  ä
iC  - ɤɨɧɰɟɧɬɪɚɰɢɹ i-ɝɨ ɷɥɟɦɟɧɬɚ ɜ ɧɚɫɵɳɟɧɧɨɦ ɩɚɪɟ ɧɚɞ ɪɚɫɩɥɚɜɨɦ, 

  i  - ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɚɷɪɨɡɨɥɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɞɨɥɸ 

ɧɟɮɪɚɤɰɢɨɧɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɫɨɫɬɚɜɚ ɌɋɋȺ [2]. 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɭɪɚɜɧɟɧɢɟ ɢ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɭɪɨɜɧɹ ɢ ɫɨɫɬɚɜɚ 
ɌɋɋȺ, ɚ ɬɚɤɠɟ ɢɫɯɨɞɹ ɢɡ ɭɪɚɜɧɟɧɢɣ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ ɜ ɩɚɪɟ ɜ ɫɨɨɬ-
ɜɟɬɫɬɜɢɟ ɫ ɪɚɛɨɬɚɦɢ [3,4], Ʌɟɜɱɟɧɤɨ [2] ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ  ɞɥɹ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ (Fe, Mn, Si) ɩɪɢ ɪɚɡɧɨɣ ɦɨɳɧɨɫɬɢ ɞɭɝɢ. ɂɫɯɨɞɹ ɢɡ ɩɨɥɭɱɟɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɜ [2] ɩɪɟɞɥɚ-
ɝɚɟɬɫɹ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜɧɹ ɌɋɋȺ ɞɥɹ ɩɪɨɜɨɥɨɤ ɞɪɭɝɢɯ ɫɨɫɬɚɜɨɜ ɢ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ 
ɦɨɳɧɨɫɬɢ ɞɭɝɢ. ȼ ɪɚɛɨɬɟ [1] ɩɪɢɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɨɫɬɚɜɚ ɌɋɋȺ ɢ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ ɜ ɧɚɫɵɳɟɧɧɨɦ ɩɚɪɟ. ɂɫɯɨɞɹ ɢɡ ɫɦɵɫɥɚ ɜɜɟɞɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ , ɟɝɨ ɡɧɚɱɟ-
ɧɢɹ, ɩɨ ɧɚɲɟɦɭ ɦɧɟɧɢɸ, ɞɨɥɠɧɵ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ ɧɭɥɹ ɞɨ ɟɞɢɧɢɰɵ, ɨɞɧɚɤɨ ɚɜɬɨɪɵ, ɢɫɯɨɞɹ ɢɡ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɪɚɫɱɟɬɚ, ɩɨɥɭɱɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ.  

ɋɨɝɥɚɫɧɨ [3,4] ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɧɚɫɵɳɟɧɧɨɦ ɩɚɪɟ ɧɚɞ ɪɚɫɩɥɚɜɨɦ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭ-
ɱɟɧɚ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ ɞɚɜɥɟɧɢɹ ɩɚɪɨɜ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɪɚɫɩɥɚɜɚ. Ɇɨɥɶɧɵɣ ɫɨɫɬɚɜ ɧɚ-
ɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 
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i PPP / , ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɚɪɚ i-ɝɨ ɷɥɟɦɟɧɬɚ, ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 
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iM ][  - ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɚ ɜ ɪɚɫɩɥɚɜɟ (ɜ ɩɪɨɜɨɥɨɤɟ). 
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ɝɞɟ  ii でH ,  - ɬɟɩɥɨɬɚ ɢɫɩɚɪɟɧɢɹ ɷɥɟɦɟɧɬɚ ɢ ɩɨɫɬɨɹɧɧɚɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧ-

ɧɨ, ɤɨɬɨɪɵɟ ɛɟɪɭɬɫɹ ɢɡ ɬɚɛɥɢɱɧɵɯ ɞɚɧɧɵɯ, ɥɢɛɨ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɞɚɧɧɵɯ ɨ ɞɚɜɥɟɧɢɢ ɩɚɪɨɜ ɷɥɟɦɟɧ-

ɬɨɜ ɩɪɢ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. 
Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɟɪɟɜɨɞɢɬɫɹ ɜ ɦɚɫɫɨɜɭɸ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ 
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ɝɞɟ  iA  - ɚɬɨɦɧɚɹ ɦɚɫɫɚ ɡɚɞɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ. 
Ɉɩɪɟɞɟɥɟɧɧɵɟ ɧɚɦɢ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ ɜ ɩɚɪɟ ɧɚɞ ɪɚɫɩɥɚɜɨɦ ɪɚɫɯɨɞɹɬɫɹ ɫ ɪɟ-

ɡɭɥɶɬɚɬɚɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ Ʌɟɜɱɟɧɤɨ ɜ [2], ɱɬɨ ɦɵ ɫɜɹɡɵɜɚɟɦ ɫ ɫɭɳɟɫɬɜɟɧɧɵɦ ɪɚɫɯɨɠɞɟɧɢɟɦ ɫɩɪɚ-
ɜɨɱɧɵɯ ɞɚɧɧɵɯ, ɭɤɚɡɚɧɧɵɯ ɪɚɡɧɵɦɢ ɚɜɬɨɪɚɦɢ. 

Ʌɟɜɱɟɧɤɨ, ɬɚɤɠɟ, ɩɪɟɞɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ  ɨɬ 
ɦɨɳɧɨɫɬɢ ɞɭɝɢ, ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɌɋɋȺ ɩɪɢ ɜɚɪɶɢɪɨɜɚ-
ɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɤɢ. Ɉɞɧɚɤɨ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɱɟɫɬɶ ɜɥɢɹɧɢɟ ɦɨɳɧɨɫɬɢ ɞɭɝɢ ɧɚ ɤɨɧɰɟɧɬɪɚɰɢɸ 

ɷɥɟɦɟɧɬɨɜ ɜ ɩɚɪɟ ɩɪɢ ɪɚɜɧɨɜɟɫɧɨɦ ɢɫɩɚɪɟɧɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɜɥɢɹɧɢɟ ɦɨɳɧɨɫɬɢ ɧɚ ɬɟɦɩɟ-
ɪɚɬɭɪɭ ɤɚɩɟɥɶ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ. Ɍɚɤɨɟ ɜɥɢɹɧɢɟ ɦɨɠɧɨ ɭɱɟɫɬɶ, ɡɚɩɢɫɚɜ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚ-
ɥɚɧɫɚ ɢ ɪɟɲɢɜ ɟɝɨ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟ ɬɪɢɜɢɚɥɶɧɨɣ ɡɚɞɚɱɟɣ, ɬɪɟɛɭɸɳɟɣ ɭɱɟɬɚ ɫɩɨɫɨɛɚ ɫɜɚɪɤɢ, ɩɚɪɚɦɟɬ-
ɪɨɜ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɜɚɪɤɢ ɢ ɫɟɱɟɧɢɹ ɩɪɨɜɨɥɨɤɢ, ɩɨ-
ɷɬɨɦɭ ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɥɢɲɶ ɨɰɟɧɨɱɧɨ. ȼ ɰɟɥɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɚ 
ɌɋɋȺ ɧɟɨɛɯɨɞɢɦɚ ɩɨɫɬɚɧɨɜɤɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɨɛɪɚɡɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɫɨ-
ɟɞɢɧɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ ɢ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɪɟɠɢɦɚ. 

ȼ ɭɩɪɨɳɟɧɧɨɦ ɜɢɞɟ, ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɦɨɞɟɥɶɸ Ʌɟɜɱɟɧɤɨ, ɦɵ ɩɪɟɞɥɚɝɚɟɦ ɢɡɦɟɧɢɬɶ ɜɵɪɚɠɟɧɢɟ 
(1) ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɧɟ ɧɚɪɭɲɚɥɫɹ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɢɫɤɨɦɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ 
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ɝɞɟ   - ɤɨɷɮɮɢɰɢɟɧɬ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɞɨɥɸ ɧɟɪɚɜɧɨɜɟɫɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ ɚɷɪɨɡɨɥɹ, ɩɨ 
ɫɦɵɫɥɭ ɛɥɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬɭ  ɜ ɪɚɛɨɬɚɯ [1,2], ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɢ ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɤɢ, ɨɞɢɧɚɤɨ-
ɜɵɣ ɞɥɹ ɜɫɟɯ ɢɫɤɨɦɵɯ ɷɥɟɦɟɧɬɨɜ. Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɟɠɚɬ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0 ɞɨ 1. 

 i  - ɤɨɷɮɮɢɰɢɟɧɬ ɧɟɮɪɚɤɰɢɨɧɧɨɫɬɢ ɫɨɫɬɚɜɚ ɚɷɪɨɡɨɥɹ ɩɪɢ ɧɟɪɚɜɧɨɜɟɫɧɨɦ ɟɝɨ ɮɨɪɦɢɪɨɜɚ-
ɧɢɢ, ɮɚɤɬɢɱɟɫɤɢ ɹɜɥɹɟɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɢɡɦɟɧɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɫɨɫɬɚɜɚ ɪɚɫɩɥɚɜɚ. Ʉɨɷɮɮɢɰɢɟɧɬ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɦ. 

ɋɥɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɫɨɫɬɚɜɚ ɌɋɋȺ ɩɨ ɩɪɢɜɟɞɟɧɧɨɦɭ ɜɵɪɚɠɟɧɢɸ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɥɢɱɢɢ 

ɞɜɭɯ ɧɟɢɡɜɟɫɬɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɪɟɠɢɦɚ ɫɜɚɪɤɢ, ɩɨɷɬɨɦɭ ɧɚɯɨɠɞɟɧɢɟ ɞɚɧɧɵɯ ɤɨɷɮ-

ɮɢɰɢɟɧɬɨɜ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɡɚɬɪɭɞɧɟɧɨ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚɦ ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɧɟɤɨɬɨɪɵɟ ɩɪɟɞ-

ɩɨɥɨɠɟɧɢɹ ɨɛ ɢɡɦɟɧɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ  ɨɬ ɦɨɳɧɨɫɬɢ ɞɭɝɢ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ ɢɡɦɟɪɟɧɢɹ 
ɫɨɫɬɚɜɚ ɌɋɋȺ ɜ ɪɚɛɨɬɟ [1] ɢ ɨɩɪɟɞɟɥɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɚ ɬɚɤɠɟ, ɩɨɧɢɦɚɹ, ɱɬɨ ɦɚɥɚɹ ɩɨɞɜɨɞɢɦɚɹ 
ɦɨɳɧɨɫɬɶ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɨɛɪɚɡɨɜɚɧɢɹ ɚɷɪɨɡɨɥɹ, ɦɵ ɩɪɢɧɹɥɢ 

ɢɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ   ɨɬ 0,7 ɞɨ 0,5 ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨɞɜɨɞɢɦɨɣ ɦɨɳɧɨɫɬɢ ɨɬ 4,5 ɤȼɬ ɞɨ 13 ɤȼɬ. 
ɉɪɢ ɬɚɤɨɦ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ i , ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ 
ɫɨɫɬɚɜɚ ɌɋɋȺ ɜ ɪɚɛɨɬɟ [1]. ɉɨɥɭɱɟɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɩɪɨɜɨɥɨɤɢ ɋɜ-08Ƚ2ɋ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɷɥɟɦɟɧɬɨɜ ɜ ɌɋɋȺ ɢɡ ɪɚɛɨɬɵ [1], ɚ ɬɚɤɠɟ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɧɚɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɧɚɫɵɳɟɧɧɨɦ 

ɩɚɪɟ ɩɪɢ ɪɚɜɧɨɜɟɫɧɨɦ ɢɫɩɚɪɟɧɢɢ ɞɥɹ ɦɨɳɧɨɫɬɢ 13 ɤȼɬ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
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Ɍɚɛɥɢɰɚ 1 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ 
ɗɥɟɦɟɧɬ Mo Ni Cr Mn Si Fe 

%,äiC  
0 12,72 0,13 23,83 5,47 57,85 

%,íiC  
- - - 15,66 7,54 76,78 

i  - - - 1,82 13,31 1,1 

 

ɂɫɯɨɞɹ ɢɡ ɥɢɧɟɣɧɨɫɬɢ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜ ɜɵɪɚɠɟɧɢɢ (5) ɨɬ ɦɨɳɧɨɫɬɢ, ɛɵɥɨ ɩɨɥɭ-
ɱɟɧɨ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɜ ɌɋɋȺ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɫɨɫɬɚɜɚ ɩɪɨɜɨɥɨɤɢ ɢ ɩɨɞɜɨɞɢ-

ɦɨɣ ɦɨɳɧɨɫɬɢ (ɩɨ ɚɧɚɥɨɝɢɢ ɫ [1,2], ɤɨɷɮɮɢɰɢɟɧɬ 0,68 ɢɡ ɷɬɢɯ ɪɚɛɨɬ ɧɚɦɢ ɧɟ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɜɜɢɞɭ 
ɧɟɢɡɜɟɫɬɧɨɫɬɢ ɟɝɨ ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ ɢ ɧɟ ɨɛɨɫɧɨɜɚɧɧɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬ).  

Ɋɚɫɱɟɬ ɫɨɫɬɚɜɚ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ ɜ ɌɋɋȺ ɩɨ ɜɵɪɚɠɟɧɢɸ (5) ɡɚɥɨ-
ɠɟɧ ɜ ɩɪɨɝɪɚɦɦɭ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ ɷɥɟɦɟɧɬɨɜ ɜ ɌɋɋȺ ɨɬ 
ɦɨɳɧɨɫɬɢ ɢ ɫɨɫɬɚɜɚ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɜɜɨɞɢɦɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɦ. ȼ ɩɪɨɰɟɫɫɟ ɨɬɥɚɞɤɢ ɩɪɨɝɪɚɦɦɵ 

ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɜɟ ɦɨɞɟɥɢ ɜɵɱɢɫɥɟɧɢɹ ɫɨɫɬɚɜɚ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɧɚɞ ɪɚɫɩɥɚɜɨɦ, ɨɩɢɫɚɧɧɵɟ ɜ 
[3]. ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɜɵɛɪɚɧɚ ɦɨɞɟɥɶ, ɨɩɢɫɚɧɧɚɹ ɜ ɩɟɪɜɨɣ ɱɚɫɬɢ (ɭɪɚɜɧɟɧɢɹ (2)-(4)).  

Ɍɚɤɠɟ ɜ ɩɪɨɝɪɚɦɦɭ ɡɚɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢ ɭɞɟɥɶɧɨɝɨ ɜɵɞɟɥɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬɨɜ ɌɋɋȺ ɧɚ ɨɫɧɨɜɟ ɡɚɢɦɫɬɜɨɜɚɧɧɵɯ ɢɡ ɪɚɛɨɬɵ [2] ɭɪɚɜɧɟɧɢɣ 
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ɝɞɟ Ñïç UI   - ɦɨɳɧɨɫɬɶ ɫɜɚɪɨɱɧɨɣ ɞɭɝɢ, ɤȼɬ; 

 Ka ,0  - ɤɨɷɮɮɢɰɢɟɧɬɵ ɥɢɧɟɣɧɨɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɡɚɜɢɫɢɦɨɫɬɢ  ɭɞɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɨɛɪɚɡɨ-
ɜɚɧɢɹ ɌɋɋȺ ɨɬ ɦɨɳɧɨɫɬɢ ɞɭɝɢ. 

;/,/ ¡ÇÇGVG ëii       (7) 

ɝɞɟ pG  - ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɪɚɫɩɥɚɜɥɟɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɝ/ɦɢɧ. 

Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɢɹ ɫɨɫɬɚɜɚ ɌɋɋȺ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɞɥɹ ɬɪɟɯ ɦɟɬɚɥɥɨɜ (Mn, Si, 

Fe) ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 1-6. ɂɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɜɟɞɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɞɚɧ-

ɧɵɦɢ, ɩɨɥɭɱɟɧɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɜ [2]. 
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Ɋɢɫ. 3. Ʉɨɧɰɟɧɬɪɚɰɢɹ ɠɟɥɟɡɚ ɜ ɌɋɋȺ  
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Ɋɢɫ. 4. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɦɚɪɝɚɧɰɚ 
 ɜ ɌɋɋȺ ɨɬ ɦɨɳɧɨɫɬɢ ɞɭɝɢ 
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Ɋɢɫ. 6. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɠɟɥɟɡɚ ɜ ɌɋɋȺ 

ɨɬ ɦɨɳɧɨɫɬɢ ɞɭɝɢ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢɜɟɞɺɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɵɞɟɥɟ-
ɧɢɹ ɦɚɪɝɚɧɰɚ, ɠɟɥɟɡɚ ɢ ɤɪɟɦɧɢɹ ɜ ɌɋɋȺ ɦɚɤɫɢɦɚɥɶɧɚ ɩɪɢ ɦɨɳɧɨɫɬɢ ɞɭɝɢ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 8000 ɞɨ 
12000 ȼɬ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɨ ɜɵɛɨɪɟ ɪɟɠɢɦɚ ɫɜɚɪɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɭɱɢɬɵɜɚɹ ɨɫɨɛɟɧ-

ɧɨɫɬɶ ɫɦɟɲɟɧɢɹ ɌɋɋȺ ɩɪɢ ɞɜɭɯ ɮɢɡɢɱɟɫɤɢɯ ɹɜɥɟɧɢɹɯ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ, ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɤɨɪɪɟɤɬɧɨɟ 
ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɫɨɫɬɚɜɚ ɌɋɋȺ, ɩɨɡɜɨɥɹɸɳɟɟ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɜɚɥɨɜɵɟ ɜɵɞɟɥɟɧɢɹ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɜɵɞɟɥɟɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɚɷɪɨɡɨɥɹ. Ɉɞɧɚɤɨ, ɜɜɢɞɭ ɧɚɥɢɱɢɹ ɜ ɦɨɞɟɥɢ ɞɜɭɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɡɚɜɢɫɹɳɢɯ ɨɬ 
ɪɟɠɢɦɚ ɫɜɚɪɤɢ, ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɯ ɨɩɪɟɞɟɥɟɧɢɟ ɡɚɬɪɭɞɧɟɧɨ. Ⱦɥɹ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ 
ɷɬɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɚ ɩɨɫɬɚɧɨɜɤɚ ɬɟɩɥɨɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ, ɭɱɢɬɵɜɚɸɳɟɣ ɨɛɪɚ-
ɡɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɮɚɡ. ɗɬɚ ɦɨɞɟɥɶ ɦɨɝɥɚ ɛɵ ɨɩɢɫɚɬɶ ɧɟɪɚɜɧɨɜɟɫɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɫɜɚɪɨɱɧɨɝɨ ɚɷɪɨɡɨɥɹ ɢ ɟɝɨ ɞɨɥɸ ɜ ɜɵɞɟɥɹɟɦɨɦ ɚɷɪɨɡɨɥɟ. Ɇɵ ɫɱɢɬɚɟɦ, ɱɬɨ ɞɥɹ ɤɨɪɪɟɤɬɧɨɝɨ ɩɪɨɝɧɨɡɢ-

ɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɭɪɚɜɧɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɤɚɩɟɥɶ ɪɚɫɩɥɚɜɚ ɨɬ ɩɪɢ-

ɥɨɠɟɧɧɨɣ ɦɨɳɧɨɫɬɢ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɬɚɤɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ 
ɛɚɥɚɧɫɚ, ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɯ ɜɟɥɢɱɢɧ. 

Ⱦɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɩɨɥɨɠɢɬɶ ɧɚɱɚɥɨ ɪɚɡɪɚɛɨɬɤɢ ɫɥɨɠɧɨɣ ɦɨɞɟɥɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɜɚ-
ɪɨɱɧɨɝɨ ɚɷɪɨɡɨɥɹ, ɩɨɡɜɨɥɹɸɳɟɣ ɭɱɟɫɬɶ ɫɩɨɫɨɛ ɫɜɚɪɤɢ, ɟɺ ɪɟɠɢɦ ɢ ɜɧɟɲɧɢɟ ɭɫɥɨɜɢɹ. 

Ʌɢɬɟɪɚɬɭɪɚ 
1. ɉɨɞɝɚɟɰɤɢɣ, ȼ.ȼ., Ƚɨɥɨɜɚɬɸɤ, Ⱥ.ɉ., Ʌɟɜɱɟɧɤɨ Ɉ.Ƚ. Ɉ ɦɟɯɚɧɢɡɦɟ ɨɛɪɚɡɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɚɷɪɨɡɨɥɹ ɢ 

ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɟɝɨ ɫɨɫɬɚɜɚ ɩɪɢ ɫɜɚɪɤɟ ɜ CO2 // Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɜɚɪɤɚ. – 1989. – ʋ8. – ɋ. 9-12. 

2. Ʌɟɜɱɟɧɤɨ Ɉ.Ƚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɭɪɨɜɧɹ ɜɵɞɟɥɟɧɢɹ ɫɜɚɪɨɱ-
ɧɨɝɨ ɚɷɪɨɡɨɥɹ ɩɪɢ ɞɭɝɨɜɨɣ ɫɜɚɪɤɟ // ɋɜɚɪɨɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. – 2001. – ʋ7. – ɋ. 25-27. 

3. Ȼɭɤɢ, Ⱥ.Ⱥ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ. [Ɍɟɤɫɬ]./ Ⱥ.Ⱥ. Ȼɭɤɢ – 

Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1991. – 287 ɫ. 



 

 

 

 

 

 

ɋɟɤɰɢɹ 2: Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɤɨɥɨɝɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 

 90

4. Ɇɟɬɚɥɥɭɪɝɢɹ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ. ɉɪɨɰɟɫɫɵ ɜ ɞɭɝɟ ɢ ɩɥɚɜɥɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ. [Ɍɟɤɫɬ]./ ɉɨɞ ɪɟɞ. ɉɨɯɨɞ-
ɧɢ ɂ.Ʉ. – Ʉɢɟɜ: ɇɚɭɤɨɜɚ ɞɭɦɤɚ, 1990. – 224 ɫ. 

5. Ⱦɚɧɢɷɥɶɫ, Ɏ., Ɉɥɛɟɪɬɢ, Ɋ. Ɏɢɡɢɱɟɫɤɚɹ ɯɢɦɢɹ. [Ɍɟɤɫɬ]/ Ɏ. Ⱦɚɧɢɷɥɶɫ, Ɋ. Ɉɥɛɟɪɬɢ – Ɇ.: Ɇɢɪ, 1978. – 645 ɫ. 
6. ɋɚɦɫɨɧɨɜ, Ƚ. ȼ. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ. ɑɚɫɬɶ I. Ɏɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. ɋɩɪɚɜɨɱɧɢɤ. [Ɍɟɤɫɬ]./Ƚ.ȼ. 

ɋɚɦɫɨɧɨɜ – Ɇ.: Ɇɟɬɚɥɥɭɪɝɢɹ, 1976. – 600 ɫ. 
7. Ʉɚɪɚɩɟɬɶɹɧɰ, Ɇ.ɏ., Ʉɚɪɚɩɟɬɶɹɧɰ, Ɇ.Ʌ. Ɉɫɧɨɜɧɵɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɟ ɤɨɧɫɬɚɧɬɵ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ 

ɢ ɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. [Ɍɟɤɫɬ]./Ɇ.ɏ. Ʉɚɪɚɩɟɬɶɹɧɰ, Ɇ.Ʌ. Ʉɚɪɚɩɟɬɶɹɧɰ – Ɇ.: ɏɢɦɢɹ, 1968. – 472ɫ. 
8. ɏɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ. [Ɍɟɤɫɬ]./ ɩɨɞ ɪɟɞ. Ɋ. Ⱥ. Ʌɢɞɢɧ, ȼ. Ⱥ. Ɇɨɥɨɱɤɨ, Ʌ. 

Ʌ. Ⱥɧɞɪɟɟɜɚ.  – Ɇ: ɏɢɦɢɹ, 2000. – 480 ɫ. 
9. ɋɜɨɣɫɬɜɚ ɷɥɟɦɟɧɬɨɜ. ɋɩɪɚɜɨɱɧɢɤ. [Ɍɟɤɫɬ]./ ɉɨɞ ɪɟɞ. Ⱦɪɢɰɚ Ɇ.ȿ. – Ɇ.: Ɇɟɬɚɥɥɭɪɝɢɹ, 1985 – 672 ɫ. 
10. Ʉɚɪɚɩɟɬɶɹɧɰ, Ɇ.ɏ. ɏɢɦɢɱɟɫɤɚɹ ɬɟɪɦɨɞɢɧɚɦɢɤɚ [Ɍɟɤɫɬ]./Ɇ.ɏ. Ʉɚɪɚɩɟɬɶɹɧɰ – Ɇ.: ɏɢɦɢɹ, 1975. – 584 ɫ. 

 

 

COMPUTER SIMULATION OF CARDIAC ELECTRICAL ACTIVITY USING AN 

ELECTROCARDIOGRAPH ON NANOSENSORS 

M.G. Grigoriev, PhD student 

National Research Tomsk Polytechnic University, 30, Lenin av., Tomsk, 634050, Russia 

E-mail: Mishatpu@mail.ru 

Introduction. According to World Health Organization (WHO), over 17 million people worldwide 

die annually from cardiovascular diseases (CVDs). Moreover, according to WHO, an estimated number of 

almost 23.6 million people will die from CVDs by 2030. In 2012, 1 million 232 thousand 182 people died 

from CVDs in Russia (Fig.1) [1, 2, 3, 4, 5]. 

 

 
Fig. 1. WHO report on CVDs for 2012 

 

Electrocardiographic (ECG) method is a most common method to examine the state of a patient’s 

cardiovascular system in various medical institutions. ECG is referred to as the method of functional diag-

nostics with a quantitative evaluation of the research results. The first cardiographic research was carried out 

by the Scottish scientist Alexander Muirhead in the late 19th century [6, 7]. 

Analysis of manufactures. A body is known to be a 3-D conductor. The cardiac activity results in 

electromagnetic field generation, which can be measured from the body surface. The field is constantly 

changing under heart excitation and characteristics of the field depend on the moving direction of the excita-

tion wave passing through the heart. The analysis of the electromagnetic field allows us to consider the se-

quence of atrial and ventricular excitation. 

Lots of companies are trying to solve this problem, but just some of them managed to succeed. The 

analysis proved the absence of the hardware and software complexes for mass application (in departments of 

functional diagnostics and cardiology, in hospitals and clinics, in ambulances, as well as in private medical 

practice, and at home) to be used in a non-invasive detailed study of the heart by registering low-amplitude 

potentials of the heart from the surface of the human body without filters and cardiac cycle averaging. Such 

devices are presented in Table 1. 


