
ɏɚɪɢɬɨɧɨɜ ȼ.Ɇ. 

Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– № 2 (36).– 2016 ɪ. 79 
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ɏɚɪɢɬɨɧɨɜ ȼ.Ɇ. 
 

əɄȱɋɇɂɃ ɆȱɇȺɅɖɇɂɃ ɋɄɅȺȾ ȱɅɖɆȿɇȱɌɍ 
Ɂ ɆȺȽɆȺɌɂɑɇɂɏ ɌɂɌȺɇɈȼɂɏ ɊɍȾ ɁȺ ɉɊȺȼɂɅȺɆɂ Ʌ.ɉɈɅȱɇȽȺ 

 

 

Ɂɚ ɩ’ɹɬɶɦɚ ɩɪɚɜɢɥɚɦɢ Ʌɚɣɧɭɫɚ ɉɨɥɿɧɝɚ ɬɚ ɮɚɤɬɨɪɨɦ ɬɨɥɟɪɚɧɬɧɨɫɬɿ ɩɟɪɟɜɿɪɟɧɚ 
ɣ ɩɿɞɬɜɟɪɞɠɟɧɚ ɡ ɪɿɡɧɢɦ ɫɬɭɩɟɧɟɦ ɿɦɨɜɿɪɧɨɫɬɿ ɦɨɠɥɢɜɿɫɬɶ ɜɯɨɞɠɟɧɧɹ ɞɨ ɫɤɥɚɞɭ ɿɥɶ-
ɦɟɧɿɬɭ ɤɚɥɶɰɿɣ-ɬɢɬɚɧɨɜɨɝɨ, ɤɚɥɶɰɿɣ-ɤɪɟɦɧɿєɜɨɝɨ, ɦɚɝɧɿɣ-ɤɪɟɦɧɿєɜɨɝɨ ɦɿɧɚɥɿɜ, ɚ ɬɚɤɨɠ 
ɤɚɪɟɥɿɚɧɿɬɭ, ɤɨɪɭɧɞɭ, ɟɫɤɨɥɚʀɬɭ, ɟɤɚɧɞɪɸɫɫɢɬɭ, ɬɢɬɚɧɚɬɭ ɧɿɤɟɥɸ, ɧɿɨɛɚɬɭ ɡɚɥɿɡɚ, ɨɤ-
ɫɢɞɭ ɫɤɚɧɞɿɸ ɬɚ ɰɢɪɤɨɧɚɬɿɜ ɡɚɥɿɡɚ, ɦɚɪɝɚɧɰɸ, ɦɚɝɧɿɸ, ɰɢɧɤɭ, ɧɿɤɟɥɸ, ɤɚɥɶɰɿɸ. 
 

 

ȼ ɩɨɩɟɪɟɞɧɿɣ ɫɬɚɬɬɿ Д5Ж ɚɜɬɨɪ ɩɨɤɚɡɚɜ ɦɨɠ-
ɥɢɜɿɫɬɶ ɜɢɞɿɥɟɧɧɹ ɜ ɫɤɥɚɞɿ ɿɥɶɦɟɧɿɬɭ ɪɚɡɨɦ ɡ 
ɤɨɧɫɬɢɬɭɰɿɣɧɢɦɢ ɦɿɧɚɥɚɦɢ (ɿɥɶɦɟɧɿɬ, ɝɟɣɤɿɥɿɬ, 
ɩɿɪɨɮɚɧɿɬ ɿ ɝɟɦɚɬɢɬ) ɞɨɞɚɬɤɨɜɢɯ – ɤɚɪɟɥɿɚɧɿɬ 
V2Ɉ3, ɤɨɪɭɧɞ AХ2Ɉ3, ɟɫɤɨɥɚʀɬ Cr2Ɉ3, ɟɤɚɧɞɪɸ-
ɫɫɢɬ ГЧTТɈ3, ɬɢɬɚɧɚɬ ɧɿɤɟɥɸ ІТTТЇ3, ɧɿɨɛɚɬ 
ɡɚɥɿɡɚ FО2+ІЛɈ3, ɨɤɫɢɞ ɫɤɚɧɞɿɸ SМ2O3 – ɬɚ ɣɦɨ-
ɜɿɪɧɢɯ ɦɿɧɚɥɿɜ: ɤɚɥɶɰɿɣ-ɬɢɬɚɧɨɜɨɝɨ CКTТɈ3, 

ɤɚɥɶɰɿɣ-ɤɪɟɦɧɿєɜɨɝɨ CКSТЇ3, ɦɚɝɧɿɣ-

ɤɪɟɦɧɿєɜɨɝɨ MРSТЇ3, ɚ ɬɚɤɨɠ ɰɢɪɤɨɧɚɬɿɜ ɿɡ 
ɡɚɝɚɥɶɧɨɸ ɮɨɪɦɭɥɨɸ Ɇɟ2+ГrɈ3, ɞɟ Ɇɟ2+ – Fe, 

MЧ, MР, ГЧ, ІТ, ɋɚ. ɉɿɞɝɪɭɧɬɹɦ ɞɥɹ ɬɚɤɨɝɨ 
ɩɪɢɩɭɳɟɧɧɹ ɫɬɚɥɚ ɨɰɿɧɤɚ ɪɿɡɧɢɰɿ ɿɨɧɧɢɯ ɪɚɞɿ-
ɭɫɿɜ ɿ ɦɿɠɚɬɨɦɧɢɯ ɜɿɞɫɬɚɧɟɣ ɞɥɹ ɿɡɨɦɨɪɮɧɢɯ 
ɩɚɪ, ɩɪɟɞɫɬɚɜɥɟɧɢɯ ɦɿɧɟɪɚɥɨɭɬɜɨɪɸɜɚɥɶɧɢɦɢ 
ɣ ɞɨɦɿɲɤɨɜɢɦɢ ɯɿɦɿɱɧɢɦɢ ɟɥɟɦɟɧɬɚɦɢ ɡɚ 15%-

ɦ ɩɪɚɜɢɥɨɦ ȼ.Ɇ.Ƚɨɥɶɞɲɦɿɞɬɚ ɬɚ ɣɨɝɨ ɦɨɞɢɮɿ-
ɤɚɰɿɹɦɢ ȼ.ɋ.ɋɨɛɨɥєɜɚ ɿ Ɉ.ɋ.ɉɨɜɚɪɟɧɧɢɯ. 

Ɇɟɬɨɸ ɰɿєʀ ɫɬɚɬɬɿ є ɨɰɿɧɤɚ ɦɨɠɥɢɜɨɫɬɿ ɜɢ-
ɞɿɥɟɧɧɹ ɧɚɡɜɚɧɢɯ ɦɿɧɚɥɿɜ ɡɚ ɩ’ɹɬɶɦɚ ɤɪɢɫɬɚɥɨ-
ɯɿɦɿɱɧɢɦɢ ɩɪɚɜɢɥɚɦɢ Ʌ.ɉɨɥɿɧɝɚ. 

ȼ 1928 ɪ. Ʌɚɣɧɭɫ ɉɨɥɿɧɝ ɧɚ ɨɫɧɨɜɿ ɟɦɩɿɪɢɱ-
ɧɢɯ ɞɚɧɢɯ ɜɢɜɿɜ ɩ’ɹɬɶ ɩɪɚɜɢɥ, ɹɤɿ ɭɡɚɝɚɥɶɧɸ-
ɸɬɶ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɛɭɞɨɜɢ ɿɨɧɧɢɯ ɬɚ ɿɨɧɧɨ-

ɤɨɜɚɥɟɧɬɧɢɯ ɫɬɪɭɤɬɭɪ ɿ ɹɤɿ ɜɢɤɨɧɭɸɬɶɫɹ ɞɥɹ 
ɛɿɥɶɲɨɫɬɿ ɤɪɢɫɬɚɥɿɜ Д2-4]. 

ɉɟɪɲɟ ɩɪɚɜɢɥɨ Ʌ.ɉɨɥɿɧɝɚ є ɭɡɚɝɚɥɶɧɟɧ-
ɧɹɦ ɩɨɩɟɪɟɞɧɿɯ ɩɪɚɜɢɥ Ɇɚɝɧɭɫɚ (1922) ɿ Ƚɨ-
ɥɶɞɲɦɿɞɬɚ (1926). ɍ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡ ɧɢɦ, ɭ 

ɳɿɥɶɧɢɯ ɭɩɚɤɨɜɤɚɯ ɤɪɢɫɬɚɥɿɜ ɧɚɣɤɪɭɩɧɿɲɿ ɤɚ-
ɬɿɨɧɢ ɪɨɡɬɚɲɨɜɚɧɿ ɜ ɤɭɛɨɨɤɬɚɟɞɪɢɱɧɨɦɭ ɤɨ-
ɨɪɞɢɧɚɰɿɣɧɨɦɭ ɩɨɥɿɟɞɪɿ (Ʉɉ), ɚ ɞɪɿɛɧɿ – ɜ ɬɪɢ-
ɤɭɬɧɨɦɭ; ɤɨɨɪɞɢɧɚɰɿɣɧɿ ɱɢɫɥɚ, ɜɿɞɩɨɜɿɞɧɨ, 12 ɿ 
3. ȼɢɡɧɚɱɚєɬɶɫɹ ɰɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ ɪɚɞɿɭɫɿɜ 
ɤɚɬɿɨɧɭ ɣ ɚɧɿɨɧɭ. Ⱦɥɹ ɤɭɛɨɨɤɬɚɟɞɪɢɱɧɨɝɨ Ʉɉ 
ɡɧɚɱɟɧɧɹ rɤ / rɚ ɛɥɢɡɶɤɟ ɞɨ 1,00, ɚ ɞɥɹ ɬɪɢɤɭɬ-
ɧɨɝɨ Ʉɉ – ɞɨ 0,16. əɤɳɨ ɠ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
ɪɚɞɿɭɫɿɜ ɤɨɥɢɜɚєɬɶɫɹ ɜ ɿɧɬɟɪɜɚɥɿ 0,41-0,73, 

ɧɚɣɛɿɥɶɲ ɜɿɪɨɝɿɞɧɢɦ є ɨɤɬɚɟɞɪɢɱɧɢɣ Ʉɉ, ɬɨɛ-
ɬɨ ɤɨɨɪɞɢɧɚɰɿɹ ɤɚɬɿɨɧɭ ɫɬɚɧɨɜɢɬɶ 6; ɜ ɿɧɬɟɪɜɚ-
ɥɿ 0,73-1,00 – ɤɭɛɿɱɧɢɣ Ʉɉ, Ʉɑ = 8. 

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ ɪɚɞɿɭɫɿɜ ɿɨɧɿɜ ɞɥɹ ɨɤ-
ɬɚɟɞɪɢɱɧɨɝɨ ɩɨɥɿɟɞɪɭ ɿɥɸɫɬɪɭєɬɶɫɹ ɝɟɨɦɟɬɪɢ-
ɱɧɢɦɢ ɪɨɡɪɚɯɭɧɤɚɦɢ (ɪɢɫ. 1). ȼ ɩɪɹɦɨɤɭɬɧɨɦɭ 
ɬɪɢɤɭɬɧɢɤɭ ȼȺD ɝɿɩɨɬɟɧɭɡɚ ȼD ɞɨɪɿɜɧɸє: 

 

2ra+2rɤ,                                    (1) 

ɤɚɬɟɬɢ ɨɞɧɚɤɨɜɿ, ʀɯ ɞɨɜɠɢɧɚ ɞɨɪɿɜɧɸє 2ra; ɬɨɞɿ, 
ɡɚ ɬɟɨɪɟɦɨɸ ɉɿɮɚɝɨɪɚ, ɞɨɜɠɢɧɭ ɝɿɩɨɬɟɧɭɡɢ 
ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɹɤ 

                               (2) 

ɉɪɢɪɿɜɧɹɜɲɢ ɜɢɪɚɡɢ (1) ɿ (2) ɨɬɪɢɦɭєɦɨ ɪɿ-
ɜɧɹɧɧɹ: 

2ra+2rɤ = ( )·2ra.                   (3) 

ɉɨɞɿɥɢɜɲɢ ɨɛɢɞɜɿ ɱɚɫɬɢɧɢ ɪɿɜɧɹɧɧɹ (3) ɧɚ 
2ra, ɨɬɪɢɦɭєɦɨ: 

rɤ/ra = ( )-1 = 0,41. 



əɤɿɫɧɢɣ ɦɿɧɚɥɶɧɢɣ ɫɤɥɚɞ ɿɥɶɦɟɧɿɬɭ ɡ ɦɚɝɦɚɬɢɱɧɢɯ ɬɢɬɚɧɨɜɢɯ ɪɭɞ ɡɚ ɩɪɚɜɢɥɚɦɢ Ʌ.ɉɨɥɿɧɝɚ 

80  Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– №2 (36).– 2016 ɪ. 

ɐɟ є ɦɿɧɿɦɚɥɶɧɢɦ ɡɧɚɱɟɧɧɹɦ ɜɿɞɧɨɲɟɧɧɹ 
ɪɚɞɿɭɫɿɜ ɿɨɧɿɜ ɞɥɹ ɨɤɬɚɟɞɪɢɱɧɨɝɨ ɩɨɥɿɟɞɪɭ. 

ɇɚ ɞɭɦɤɭ ɚɜɬɨɪɚ, ɪɨɡɪɚɯɭɧɤɢ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɪɨɡɦɿɪɿɜ ɤɚɬɿɨɧɭ ɣ ɚɧɿɨɧɭ ɞɥɹ 
Ʉɉ = 6 ɫɥɿɞ ɩɪɨɜɨɞɢɬɢ ɡ ɿɧɲɨɝɨ ɪɚɤɭɪɫɭ ɨɤɬɚ-
ɟɞɪɢɱɧɨɝɨ ɩɨɥɿɟɞɪɭ. Ɋɨɡɝɥɹɧɭɬɢɣ ɜɢɳɟ ɪɨɡɪɚ-
ɯɭɧɨɤ ɫɬɨɫɭєɬɶɫɹ ɨɤɬɚɟɞɪɢɱɧɨɝɨ ɩɨɥɿɟɞɪɭ, 
ɹɤɢɣ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɿɨɧɿɜ ɬɪɶɨɯ ɲɚɪɿɜ – ɩɨ ɨɞ-

ɧɨɦɭ ɡ ɜɟɪɯɧɶɨɝɨ ɣ ɧɢɠɧɶɨɝɨ ɬɚ ɱɨɬɢɪɶɨɯ – ɿɡ 
ɫɟɪɟɞɧɶɨɝɨ. ɉɪɨɬɟ ɜ ɳɿɥɶɧɢɯ ɭɩɚɤɨɜɤɚɯ ɨɛɨɯ 
ɪɿɡɧɨɜɢɞɿɜ – ɤɭɛɿɱɧɿɣ ɿ ɝɟɤɫɚɝɨɧɚɥɶɧɿɣ (ɪɢɫ. 2), 
ɨɤɬɚɟɞɪɢɱɧɢɣ ɤɨɨɪɞɢɧɚɰɿɣɧɢɣ ɩɨɥɿɟɞɪ ɨɪɿєɧ-
ɬɨɜɚɧɢɣ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨ ɜɿɧ ɫɤɥɚɞɚєɬɶɫɹ ɡ 
ɞɜɨɯ ɫɭɫɿɞɧɿɯ ɲɚɪɿɜ – ɩɨ ɬɪɢ ɚɧɿɨɧɢ ɡ ɤɨɠɧɨɝɨ. 
Ɍɨɞɿ, ɝɟɨɦɟɬɪɢɱɧɿ ɪɨɡɪɚɯɭɧɤɢ ɛɭɞɭɬɶ ɦɚɬɢ ɜɢ-
ɝɥɹɞ (ɪɢɫ. 3). 

 

 
 

Ɋɢɫ. 1. Ƚɪɚɮɿɱɧɟ ɜɢɜɟɞɟɧɧɹ ɩɟɪɲɨɝɨ ɩɪɚɜɢɥɚ Ʌ.ɉɨɥɿɧɝɚ ɞɥɹ ɨɤɬɚɟɞɪɢɱɧɨɝɨ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ 
ɩɨɥɿɟɞɪɭ. 

1, 2– ɿɨɧɢ ɨɤɫɨɝɟɧɭ: 1 – ɿɨɧ ɡ ɧɢɠɧɶɨɝɨ ɬɚ ɜɟɪɯɧɶɨɝɨ ɲɚɪɿɜ ɳɿɥɶɧɨʀ ɭɩɚɤɨɜɤɢ; 2 – ɿɨɧɢ ɡ ɫɟɪɟɞ-
ɧɶɨɝɨ ɲɚɪɭ; 3 – ɿɨɧɢ ɞɜɨ-, ɬɪɢ- ɚɛɨ ɱɨɬɢɪɢɜɚɥɟɧɬɧɢɯ ɟɥɟɦɟɧɬɿɜ (Fe2+, Mn, Mg, Zn, Ni, Fe3+, Al, 

Cr, V3+, Sc, Ti, Si, Zr ɬɚ ɿɧ.). 
 

 

 
 

Ɋɢɫ. 2. ɉɪɢɧɰɢɩɨɜɿ ɫɯɟɦɢ ɤɭɛɿɱɧɨʀ (ɚ) ɬɚ ɝɟɤɫɚɝɨɧɚɥɶɧɨʀ (ɛ) ɳɿɥɶɧɨʀ ɭɩɚɤɨɜɨɤ. 
1-4 – ɚɧɿɨɧɢ: 1 – ɚɧɿɨɧɢ ɩɟɪɲɨɝɨ ɲɚɪɭ (ɲɚɪ Ⱥ); 2 – ɚɧɿɨɧɢ ɞɪɭɝɨɝɨ ɲɚɪɭ (ɲɚɪ ȼ); 3 – ɚɧɿɨɧɢ 

ɬɪɟɬɶɨɝɨ ɲɚɪɭ (ɲɚɪ ɋ – ɬɿɥɶɤɢ ɞɥɹ ɤɭɛɿɱɧɨʀ ɭɩɚɤɨɜɤɢ); 4 – ɿɨɧɢ ɲɚɪɭ, ɳɨ ɩɨɜɬɨɪɸє ɩɟɪɲɢɣ 
(ɡɧɨɜɭ ɲɚɪ Ⱥ). 

 



ɏɚɪɢɬɨɧɨɜ ȼ.Ɇ. 

Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– № 2 (36).– 2016 ɪ. 81 

 

 
 

Ɋɢɫ. 3. Ƚɪɚɮɿɱɧɟ ɜɢɜɟɞɟɧɧɹ ɩɟɪɲɨɝɨ ɩɪɚɜɢɥɚ Ʌ.ɉɨɥɿɧɝɚ ɞɥɹ ɨɤɬɚɟɞɪɢɱɧɨɝɨ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ 
ɩɨɥɿɟɞɪɭ, ɹɤɢɣ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɿɨɧɿɜ ɞɜɨɯ ɫɭɫɿɞɧɿɯ ɲɚɪɿɜ ɝɟɤɫɚɝɨɧɚɥɶɧɨʀ ɳɿɥɶɧɨʀ ɭɩɚɤɨɜɤɢ. 

1 – ɿɨɧ ɨɤɫɨɝɟɧɭ ɡ ɲɚɪɭ ȼ; 2 – ɿɨɧ ɨɤɫɨɝɟɧɭ ɡ ɲɚɪɭ Ⱥ; 3 – ɿɨɧɢ ɞɜɨ-, ɬɪɢ- ɚɛɨ ɱɨɬɢɪɢɜɚɥɟɧɬɧɢɯ 
ɟɥɟɦɟɧɬɿɜ (Fe2+, Mn, Mg, Zn, Ni, Fe3+, Al, Cr, V3+, Sc, Ti, Si, Zr ɬɚ ɿɧ.). 

 

 

Ɂ ɰɶɨɝɨ ɪɚɤɭɪɫɭ ɤɚɬɿɨɧ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɹɤ 
ɨɤɪɭɠɧɿɫɬɶ ɡ ɪɚɞɿɭɫɨɦ rɤ ɜɩɢɫɚɧɚ ɧɟ ɜ ɤɜɚɞɪɚɬ 
(ɞɢɜ. ɪɢɫ. 1), ɚ ɜ ɬɪɢɤɭɬɧɢɤ Ⱥȼɋ ɡɿ ɫɬɨɪɨɧɨɸ 
2rɚ. Ɍɨɞɿ ɪɚɞɿɭɫ ɤɚɬɿɨɧɚ rɤ ɛɭɞɟ ɜɢɡɧɚɱɚɬɢɫɶ ɡɚ 
ɮɨɪɦɭɥɨɸ: 

,                           (4) 

 

ɚ ɜɿɞɧɨɲɟɧɧɹ rɤ/ra ɛɭɞɟ ɞɨɪɿɜɧɸɜɚɬɢ  
 

 
 

Ɋɨɡɪɚɯɨɜɚɧɟ ɡɧɚɱɟɧɧɹ є ɛɥɢɡɶɤɢɦ ɞɨ ɫɟɪɟɞ-
ɧɶɨɚɪɢɮɦɟɬɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɡɝɚɞɚɧɨɝɨ ɜɢɳɟ 
ɿɧɬɟɪɜɚɥɭ ɞɥɹ ɨɤɬɚɟɞɪɢɱɧɨɝɨ Ʉɉ: 
(0,41+0,73)/2=0,57. 

ȼ ɫɬɪɭɤɬɭɪɿ ɿɥɶɦɟɧɿɬɭ, ɹɤ ɜɿɞɨɦɨ, ɤɚɬɿɨɧɢ 
ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɨɤɬɚɟɞɪɢɱɧɿɣ ɤɨɨɪɞɢɧɚɰɿʀ, ɬɨɦɭ, 
ɡɚ ɩɟɪɲɢɦ ɩɪɚɜɢɥɨɦ Ʌ.ɉɨɥɿɧɝɚ, ɞɿɥɟɧɟ ɡɧɚɱɟɧɶ 
ɿɨɧɧɢɯ ɪɚɞɿɭɫɿɜ ɤɚɬɿɨɧɿɜ ɿ ɚɧɿɨɧɭ, ɩɨɜɢɧɧɨ ɛɭɬɢ 
ɛɥɢɡɶɤɢɦ ɞɨ 0,58. ȼɢɤɨɪɢɫɬɚɜɲɢ ɞɚɧɿ ɩɪɨ ɮɿ-

ɡɢɱɧɿ ɿɨɧɧɿ ɪɚɞɿɭɫɢ ɫɢɫɬɟɦɢ Ɋ.Ⱦ.ɒɟɧɧɨɧɚ ɿ 
ɑ.Ɍ.ɉɪɭɿɬɬɚ, ɛɭɥɨ ɜɢɹɜɥɟɧɨ ɳɨ ɞɿɚɩɚɡɨɧ ɡɧɚ-
ɱɟɧɶ rɤ/ra ɞɥɹ ɯɿɦɿɱɧɢɯ ɟɥɟɦɟɧɬɿɜ, ɬɢɩɨɜɢɯ ɞɥɹ 
ɫɤɥɚɞɭ ɿɥɶɦɟɧɿɬɭ – Ɍɿ4+, Fe2+, Mg, Mn2+, Fe3+, 

ɫɬɚɧɨɜɢɬɶ 0,556-0,782 (ɬɚɛɥ. 1). Ȼɥɢɡɶɤɿ ɡɧɚ-
ɱɟɧɧɹ ɩɨɤɚɡɧɢɤɚ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ, ɨɬɪɢɦɚɧɿ 
ɞɥɹ ɛɿɥɶɲɨɫɬɿ ɯɿɦɿɱɧɢɯ ɟɥɟɦɟɧɬɿɜ, ɹɤɿ ɜɿɞɩɨɜɿ-
ɞɚɸɬɶ ɡɚ ɧɚɹɜɧɿɫɬɶ ɭ ɫɤɥɚɞɿ ɿɥɶɦɟɧɿɬɭ ɞɨɞɚɬɤɨ-
ɜɢɯ ɿ ɣɦɨɜɿɪɧɢɯ ɦɿɧɚɥɿɜ – Nb4+, Ni2+, Zn2+, 

Cr3+,V3+, Sc3+, Zr4+. Ɂɚ ɦɟɠɿ ɜɢɡɧɚɱɟɧɨɝɨ ɞɿɚɩɚ-
ɡɨɧɭ ɜɢɯɨɞɢɬɶ ɡɧɚɱɟɧɧɹ ɜɿɞɧɨɲɟɧɧɹ ɪɨɡɦɿɪɿɜ 
ɿɨɧɿɜ Al3+/O2- ɿ Si4+/O2-, ɹɤɿ є ɦɟɧɲɢɦɢ, ɚ ɬɚɤɨɠ 
ɋɚ2+/O2-, ɳɨ є ɜɢɳɢɦ. Ⱦɨ ɦɿɧɿɦɚɥɶɧɨɝɨ ɡɧɚ-
ɱɟɧɧɹ rɤ/ra, ɬɢɩɨɜɨɝɨ ɞɥɹ 6-ʀ ɤɨɨɪɞɢɧɚɰɿʀ, ɧɚ-
ɛɥɢɠɚєɬɶɫɹ ɥɢɲɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɪɨɡɦɿɪɿɜ 
ɤɪɟɦɧɿɸ ɿ ɨɤɫɨɝɟɧɭ – 0,435. 

Ɉɬɪɢɦɚɧɟ ɡɧɚɱɟɧɧɹ є ɛɿɥɶɲ ɛɥɢɡɶɤɢɦ ɞɨ 
ɪɨɡɪɚɯɨɜɚɧɢɯ ɡɧɚɱɟɧɶ ɩɨɤɚɡɧɢɤɚ rɤ/ra ɡɚ ɮɿɡɢɱ-
ɧɢɦɢ ɪɚɞɿɭɫɚɦɢ ɯɿɦɿɱɧɢɯ ɟɥɟɦɟɧɬɿɜ (ɬɚɛɥ. 1). 
Ɉɫɨɛɥɢɜɨ ɧɚɛɥɢɠɟɧɿ ɡɧɚɱɟɧɧɹ ɞɥɹ ɬɢɬɚɧɭ, ɞɜɨ- 

ɿ ɬɪɢɜɚɥɟɧɬɧɨɝɨ ɡɚɥɿɡɚ ɭ ɧɢɡɶɤɨɫɩɿɧɨɜɨɦɭ ɫɬɚ-
ɧɿ. 



əɤɿɫɧɢɣ ɦɿɧɚɥɶɧɢɣ ɫɤɥɚɞ ɿɥɶɦɟɧɿɬɭ ɡ ɦɚɝɦɚɬɢɱɧɢɯ ɬɢɬɚɧɨɜɢɯ ɪɭɞ ɡɚ ɩɪɚɜɢɥɚɦɢ Ʌ.ɉɨɥɿɧɝɚ 

82  Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– №2 (36).– 2016 ɪ. 

Ⱦɥɹ ɨɰɿɧɤɢ ɦɨɠɥɢɜɨɫɬɿ ɿɫɧɭɜɚɧɧɹ ɜ ɫɬɪɭɤ-
ɬɭɪɿ ɿɥɶɦɟɧɿɬɭ ɨɤɬɚɟɞɪɢɱɧɨɝɨ ɩɨɥɿɟɞɪɭ, ɡɚɫɟ-
ɥɟɧɨɝɨ ɤɚɬɿɨɧɚɦɢ, ɚɜɬɨɪ ɜɢɤɨɪɢɫɬɚɜ ɮɚɤɬɨɪ 
ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ ɧɚɛɥɢɠɟɧɧɹ fm-n, ɹɤɢɣ ɦɚɬɟɦɚ-
ɬɢɱɧɨ ɪɨɡɪɚɯɨɜɭɜɚɜɫɹ ɡɚ ɮɨɪɦɭɥɨɸ (rɤ/ra-

0,58)/0,58)*100; ɭ ɜɢɩɚɞɤɭ ɤɨɥɢ rɤ/ra ɦɟɧɲɟ ɡɚ 

0,58, ɪɨɡɪɚɯɭɧɨɤ ɩɪɨɜɨɞɢɜɫɹ ɡɚ ɮɨɪɦɭɥɨɸ 
(0,58-rɤ/ra)/rɤ/ra)*100. Ɂɧɚɱɟɧɧɹ fm-n ɞɥɹ ɿɥɶɦɟ-
ɧɿɬ-, ɝɟɣɤɿɥɿɬ-, ɩɿɪɨɮɚɧɿɬ- ɿ ɝɟɦɚɬɢɬ-

ɭɬɜɨɪɸɜɚɥɶɧɢɯ ɯɿɦɿɱɧɢɯ ɟɥɟɦɟɧɬɿɜ, ɧɚɣɱɚɫɬɿ-
ɲɟ ɧɟ ɩɟɪɟɜɢɳɭɸɬɶ 20%, ɜɢɤɥɸɱɟɧɧɹɦ є ɡɚɥɿ-
ɡɨ ɿ ɦɚɪɝɚɧɟɰɶ ɭ ɜɢɫɨɤɨɫɩɿɧɨɜɨɦɭ ɫɬɚɧɿ. 

 

Ɍɚɛɥɢɰɹ 1. 
Ɏɿɡɢɱɧɿ ɿɨɧɧɿ ɪɚɞɿɭɫɢ ɡɚ Ɋ.Ⱦ.ɒɟɧɧɨɧɨɦ ɿ ɑ.Ɍ.ɉɪɭɿɬɬɨɦ Д3Ж ɯɿɦɿɱɧɢɯ ɟɥɟɦɟɧɬɿɜ, 
ɩɪɢɫɭɬɧɿɯ ɭ ɫɤɥɚɞɿ ɿɥɶɦɟɧɿɬɭ ɬɚ ɡɧɚɱɟɧɧɹ ɮɚɤɬɨɪɭ ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ ɧɚɛɥɢɠɟɧɧɹ 

ɞɨ ɿɞɟɚɥɶɧɨʀ ɝɟɨɦɟɬɪɿʀ ɨɤɬɚɟɞɪɢɱɧɨɝɨ Ʉɉ 
ɏɿɦɿɱɧɿ 

ɟɥɟɦɟɧɬɢ 
rк, й rа, й rк/ra fm-n 

Ɍɿ4+ 0,75 1,24 0,605 4,31 
Fe2+ 

0,75ɧɫ 1,24 0,605 4,31 
0,92ɜɫ 1,24 0,742 27,93 

Mg 0,86 1,24 0,694 19,66 
Mn2+ 

0,81ɧɫ 1,24 0,653 12,59 
0,97ɜɫ 1,24 0,782 34,83 

Fe3+ 
0,69ɧɫ 1,24 0,556 4,32 
0,79ɜɫ 1,24 0,637 9,83 

Nb4+ 0,82 1,24 0,661 13,97 
Ni2+ 0,83 1,24 0,669 15,34 
Zn2+ 0,88 1,24 0,710 22,41 
Al3+ 0,67 1,24 0,540 7,41 
Cr3+ 0,76 1,24 0,613 5,69 
V3+ 0,78 1,24 0,629 8,45 
Sc3+ 0,89 1,24 0,718 23,79 
Si4+ 0,54 1,24 0,435 33,33 
Ca2+ 1,14 1,24 0,919 58,45 
Zr4+ 0,86 1,24 0,694 19,66 

 
rɤ ɿ rɚ – ɪɚɞɿɭɫɢ ɤɚɬɿɨɧɭ ɬɚ ɚɧɿɨɧɭ; ɧɫ – ɧɢɡɶɤɨɫɩɿɧɨɜɢɣ ɫɬɚɧ; ɜɫ – ɜɢɫɨɤɨɫɩɿɧɨɜɢɣ ɫɬɚɧ; fm-n – 

ɮɚɤɬɨɪ ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ ɧɚɛɥɢɠɟɧɧɹ, ɪɨɡɪɚɯɨɜɚɧɢɣ ɡɚ ɮɨɪɦɭɥɨɸ (rɤ/ra=0,58)/0,58)∙100; ɡɚ ɭɦɨɜɢ, 
ɹɤɳɨ rɤ/ra ɦɟɧɲɟ 0,58, ɪɨɡɪɚɯɭɧɨɤ ɩɪɨɜɨɞɢɜɫɹ ɡɚ ɮɨɪɦɭɥɨɸ (0,58 – rɤ/ra)/rɤ/ra)∙100. 

 

 

Ⱥɜɬɨɪ ɩɪɨɩɨɧɭє ɧɚɫɬɭɩɧɭ ɝɪɚɞɚɰɿɸ: 
fm-n<20% – ɨɤɬɚɟɞɪɢɱɧɢɣ ɩɨɥɿɟɞɪ ɭ ɫɬɪɭɤ-

ɬɭɪɿ ɿɥɶɦɟɧɿɬɭ ɥɟɝɤɨ ɭɬɜɨɪɸєɬɶɫɹ; 
20%<fm-n<30% – ɨɤɬɚɟɞɪɢɱɧɢɣ ɩɨɥɿɟɞɪ ɦɨ-

ɠɟ ɭɬɜɨɪɸɜɚɬɢɫɶ; 
fm-n>30% – ɭɬɜɨɪɟɧɧɹ ɨɤɬɚɟɞɪɢɱɧɢɯ ɩɨɥɿɟɞ-

ɪɿɜ ɭɫɤɥɚɞɧɟɧɟ. 
Ɉɰɿɧɢɜɲɢ, ɬɚɤɢɦ ɱɢɧɨɦ, ɦɨɠɥɢɜɿɫɬɶ ɭɬɜɨ-

ɪɟɧɧɹ ɨɤɬɚɟɞɪɢɱɧɢɯ ɩɨɥɿɟɞɪɿɜ ɡ ɨɤɫɨɝɟɧɭ ɿ ɯɿ-
ɦɿɱɧɢɯ ɟɥɟɦɟɧɬɿɜ – ɤɚɬɿɨɧɿɜ ɞɨɞɚɬɤɨɜɢɯ ɿ ɣɦɨ-
ɜɿɪɧɢɯ ɦɿɧɚɥɿɜ, ɚɜɬɨɪ ɜɢɹɜɢɜ, ɳɨ ɛɿɥɶɲɿɫɬɶ ɡ 
ɧɢɯ ɦɨɠɭɬɶ ɭɬɜɨɪɸɜɚɬɢɫɶ. Ʌɢɲɟ ɞɥɹ ɞɜɨɯ ɩɨ-
ɥɿɟɞɪɿɜ (SiɈ6 ɿ ɋɚɈ6) ɡɧɚɱɟɧɧɹ fm-n ɩɟɪɟɜɢɳɭє 
30%. 

ɋɬɪɭɤɬɭɪɚ ɿɥɶɦɟɧɿɬɭ ɨɩɢɫɭєɬɶɫɹ ɡɚɝɚɥɶɧɨɸ 
ɮɨɪɦɭɥɨɸ ȺȼɈ3, ɞɟ Ⱥ ɿ ȼ ɤɚɬɿɨɧɢ. Ⱦɥɹ ɫɩɨɥɭɤ 
ɬɚɤɨɝɨ ɫɤɥɚɞɭ, ɜɿɪɨɝɿɞɧɨ, ɫɥɿɞ ɜɪɚɯɨɜɭɜɚɬɢ 
ɭɫɟɪɟɞɧɟɧɢɣ ɜɩɥɢɜ ɡɧɚɱɟɧɶ ɪɚɞɿɭɫɿɜ ɤɚɬɿɨɧɿɜ 
ɧɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ rɤ/ra, ɬɨɛɬɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚ-
ɬɢ ɮɨɪɦɭɥɭ: 

                                    (5) 

 

ɞɟ  – ɫɟɪɟɞɧɶɨɚɪɢɮɦɟɬɢɱɧɟ 
ɡɧɚɱɟɧɶ ɿɨɧɧɢɯ ɪɚɞɿɭɫɿɜ ɤɚɬɿɨɧɿɜ Ⱥ ɿ ȼ; rɚ – 

ɡɧɚɱɟɧɧɹ ɿɨɧɧɨɝɨ ɪɚɞɿɭɫɭ ɚɧɿɨɧɭ. 
 



ɏɚɪɢɬɨɧɨɜ ȼ.Ɇ. 

Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– № 2 (36).– 2016 ɪ. 83 

Ɋɨɡɪɚɯɭɧɤɢ ɞɥɹ ɟɥɟɦɟɧɬɿɜ, ɭɬɜɨɪɸɸɱɢɯ 
ɤɨɧɫɬɢɬɭɰɿɣɧɿ ɦɿɧɚɥɢ ɿɥɶɦɟɧɿɬɭ, ɩɨɤɚɡɚɥɢ, ɳɨ 
ɫɩɿɥɶɧɟ ɜɿɞɧɨɲɟɧɧɹ ɪɨɡɦɿɪɭ ɬɢɬɚɧɭ ɿ ɧɢɡɶɤɨɫ-

ɩɿɧɨɜɨɝɨ ɡɚɥɿɡɚ ɞɨ ɪɨɡɦɿɪɭ ɨɤɫɨɝɟɧɭ ɫɬɚɧɨɜɢɬɶ 
0,605, ɞɥɹ ɩɚɪɢ ɬɢɬɚɧ-ɜɢɫɨɤɨɫɩɿɧɨɜɟ ɡɚɥɿɡɨ – 

0,673 (ɬɚɛɥ. 2). 
 

Ɍɚɛɥɢɰɹ 2. 
ȼɿɞɧɨɲɟɧɧɹ ɫɟɪɟɞɧɶɨɚɪɢɮɦɟɬɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɪɚɞɿɭɫɿɜ ɤɚɬɿɨɧɿɜ ɞɨ ɪɚɞɿɭɫɭ ɚɧɿɨɧɭ, 

ɹɤɿ ɫɤɥɚɞɚɸɬɶ ɨɫɧɨɜɧɿ, ɞɨɞɚɬɤɨɜɿ ɬɚ ɣɦɨɜɿɪɧɿ ɦɿɧɚɥɢ ɿɥɶɦɟɧɿɬɭ, ɮɚɤɬɨɪ ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ 

ɧɚɛɥɢɠɟɧɧɹ ɞɨ ɿɞɟɚɥɶɧɨʀ ɝɟɨɦɟɬɪɿʀ ɨɤɬɚɟɞɪɢɱɧɨɝɨ Ʉɉ ɿ ɮɚɤɬɨɪ ɬɨɥɟɪɚɧɬɧɨɫɬɿ 

Ɇɿɧɚɥɢ Ɏɨɪɦɭɥɢ   fm-n Ɂɧɚɱɟɧɧɹ ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪɚ 

ɿɥɶɦɟɧɿɬ 
Fe2+ɧМTТɈ3 0,605 4,31 0,71 

Fe2+ɜМTТɈ3 0,673 16,03 0,77 

ɝɟɣɤɿɥɿɬ MРTТɈ3 0,649 11,90 0,75 

ɩɿɪɨɮɚɧɿɬ 
Mn2+ɧМTТɈ3 0,629 8,45 0,73 

Mn2+ɜМTТɈ4 0,694 19,66 0,79 

ɝɟɦɚɬɢɬ 

Fe3+ɧМFe3+ɧМɈ3 0,556 4,32 0,71 

Fe3+ɜМFe3+ɜМɈ3 0,637 9,83 0,71 

Fe3+ɧМFe3+ɜМɈ3 0,597 2,93 0,75 

Fe3+ɜМFe3+ɧМɈ4 0,597 2,93 0,67 

ɤɚɪɟɥɿɚɧɿɬ V2Ɉ3 0,629 8,45 0,71 

ɤɨɪɭɧɞ Al2Ɉ3 0,54 7,41 0,71 

ɟɫɤɨɥɚʀɬ Cr2Ɉ3 0,613 5,69 0,71 

ɟɤɚɧɞɪɸɫɫɢɬ ГnTТɈ3 0,657 13,28 0,71 

ɬɢɬɚɧɚɬ ɧɿɤɟɥɸ NiTiO3 0,637 9,83 0,74 

ɧɿɨɛɚɬ ɡɚɥɿɡɚ 
Fe2+ɧМNЛɈ3 0,633 9,14 0,69 

Fe2+ɜМNЛɈ4 0,702 21,03 0,74 

ɨɤɫɢɞ ɫɤɚɧɞɿɸ Sc2O3 0,718 23,79 0,71 

Ca-ɌТ-ɦɿɧɚɥ CКTТɈ3 0,762 31,38 0,85 

Ca-Si-ɦɿɧɚɥ CaSiO3 0,677 16,72 0,95 

Mg-Si-ɦɿɧɚɥ MgSiO3 0,565 2,65 0,84 

ɰɢɪɤɨɧɚɬɢ 
(ɆɟГrɈ3) 

Fe2+ɧМГrɈ3 0,649 11,90 0,67 

Fe2+ɜМГrɈ3 0,718 23,79 0,73 

MРГrɈ3 0,694 19,66 0,71 

Mn2+ɧМГrɈ3 0,673 16,03 0,69 

Mn2+ɜМГrɈ3 0,738 27,24 0,75 

NТГrɈ3 0,681 17,41 0,70 

ГnГrɈ3 0,702 21,03 0,72 

CКГrɈ3 0,806 38,97 0,80 

 

 

Ɏɚɤɬɨɪ ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɫɬɚɧɨ-
ɜɢɬɶ, ɜɿɞɩɨɜɿɞɧɨ, 4,13 ɿ 16,03%. Ⱦɥɹ ɨɫɧɨɜɧɢɯ 
ɦɿɧɚɥɿɜ ɰɟɣ ɩɨɤɚɡɧɢɤ ɤɨɥɢɜɚєɬɶɫɹ ɜɿɞ 2,93 (ɝɟ-
ɦɚɬɢɬɨɜɢɣ ɦɿɧɚɥ ɡ ɬɪɢɜɚɥɟɧɬɧɢɦ ɡɚɥɿɡɨɦ ɭ ɪɿɡ-
ɧɨɫɩɿɧɨɜɨɦɭ ɫɬɚɧɿ) ɞɨ 19,66% (ɩɿɪɨɮɚɧɿɬɨɜɢɣ ɡ 
ɜɢɫɨɤɨɫɩɿɧɨɜɢɦ ɦɚɧɝɚɧɨɦ). Ɉɬɠɟ, ɦɨɠɟɦɨ 
ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ, ɳɨ ɨɤɬɚɟɞɪɢɱɧɿ ɩɨɥɿɟɞɪɢ ɜ 
ɫɬɪɭɤɬɭɪɿ ɨɤɫɢɞɿɜ ɬɢɩɭ ɿɥɶɦɟɧɿɬɭ, ɦɨɠɭɬɶ ɥɟɝ-
ɤɨ ɭɬɜɨɪɸɜɚɬɢɫɶ, ɨɫɤɿɥɶɤɢ ɮɚɤɬɨɪ ɦɨɪɮɨɥɨɝɿ-
ɱɧɨɝɨ ɧɚɛɥɢɠɟɧɧɹ ɧɟ ɩɟɪɟɜɢɳɭɜɚɬɢɦɟ ɩɪɢ 
ɰɶɨɦɭ 20%. 

ɋɟɪɟɞ ɞɨɞɚɬɤɨɜɢɯ ɿ ɣɦɨɜɿɪɧɢɯ ɦɿɧɚɥɿɜ ɡ 
ɞɜɨɦɚ ɬɢɩɚɦɢ ɤɚɬɿɨɧɿɜ ɥɟɝɤɨ ɦɨɠɭɬɶ ɭɬɜɨɪɸ-

ɜɚɬɢ ɨɤɬɚɟɞɪɢɱɧɢɣ Ʉɉ ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɜɯɨɞɢɬɢ 
ɞɨ ɫɬɪɭɤɬɭɪɢ ɿɥɶɦɟɧɿɬɭ ɡɚ ɩɟɪɲɢɦ ɩɪɚɜɢɥɨɦ 
Ʌ.ɉɨɥɿɧɝɚ ɤɚɪɟɥɿɚɧɿɬ, ɤɨɪɭɧɞ, ɟɫɤɨɥɚʀɬ, ɟɤɚɧɞ-
ɪɸɫɫɢɬ, ɬɢɬɚɧɚɬ ɧɿɤɟɥɸ, ɧɿɨɛɚɬ ɧɢɡɶɤɨɫɩɿɧɨɜɨ-
ɝɨ ɡɚɥɿɡɚ, Ca-Si-ɦɿɧɚɥ, MР-Si-ɦɿɧɚɥ, ɰɢɪɤɨɧɚɬɢ 
ɧɢɡɶɤɨɫɩɿɧɨɜɨɝɨ ɞɜɨɜɚɥɟɧɬɧɨɝɨ ɡɚɥɿɡɚ, ɧɿɤɟɥɸ, 
ɦɚɝɧɿɸ ɬɚ ɧɢɡɶɤɨɫɩɿɧɨɜɨɝɨ ɞɜɨɜɚɥɟɧɬɧɨɝɨ ɦɚ-
ɧɝɚɧɭ. 

ɇɿɨɛɚɬ ɡ ɜɢɫɨɤɨɫɩɿɧɨɜɢɦ ɡɚɥɿɡɨɦ, ɨɤɫɢɞ 
ɫɤɚɧɞɿɸ, ɰɢɪɤɨɧɚɬɢ ɡɚɥɿɡɚ ɬɚ ɦɚɧɝɚɧɭ ɭ ɜɢɫɨ-
ɤɨɫɩɿɧɨɜɨɦɭ ɫɬɚɧɿ, ɚ ɬɚɤɨɠ ɰɢɪɤɨɧɚɬ ɰɢɧɤɭ 
ɦɨɠɭɬɶ ɭɬɜɨɪɸɜɚɬɢ ɿɥɶɦɟɧɿɬɨɩɨɞɿɛɧɿ Ʉɉ. ɐɟ 
ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɜɿɞɨɦɨɫɬɿ ɩɪɨ ɿɫɧɭɜɚɧɧɹ ɬɚ ɞɨ-



əɤɿɫɧɢɣ ɦɿɧɚɥɶɧɢɣ ɫɤɥɚɞ ɿɥɶɦɟɧɿɬɭ ɡ ɦɚɝɦɚɬɢɱɧɢɯ ɬɢɬɚɧɨɜɢɯ ɪɭɞ ɡɚ ɩɪɚɜɢɥɚɦɢ Ʌ.ɉɨɥɿɧɝɚ 

84  Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– №2 (36).– 2016 ɪ. 

ɫɥɿɞɠɟɧɧɹ ɞɟɹɤɢɯ ɡ ɧɢɯ, ɧɚɩɪɢɤɥɚɞ, ɬɢɬɚɧɚɬɭ 
ɰɢɧɤɭ Д1Ж. Ⱦɜɨɦ ɿɡ ɿɦɨɜɿɪɧɢɯ ɦɿɧɚɥɿɜ – ɬɢɬɚɧɚ-
ɬɭ ɬɚ ɰɢɪɤɨɧɚɬɭ ɤɚɥɶɰɿɸ ɡɚ ɩɨɤɚɡɧɢɤɨɦ fm-n 

ɭɬɜɨɪɢɬɢ ɬɢɩɨɜɢɣ ɞɥɹ ɿɥɶɦɟɧɿɬɭ Ʉɉ ɫɤɥɚɞɧɨ. 
ɉɟɪɲɟ ɩɪɚɜɢɥɨ Ʌ.ɉɨɥɿɧɝɚ ɞɭɠɟ ɱɚɫɬɨ ɪɨɡɝ-

ɥɹɞɚɸɬɶ ɪɚɡɨɦ ɡ ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪɨɦ (ɚɛɨ ɮɚɤ-
ɬɨɪɨɦ ɬɨɥɟɪɚɧɬɧɨɫɬɿ) ȼ.Ɇ.Ƚɨɥɶɞɲɦɿɞɬɚ, ɹɤɢɣ 
є ɤɥɚɫɢɱɧɢɦ ɩɪɢɤɥɚɞɨɦ ɩɪɨɝɧɨɡɭ ɿɫɧɭɜɚɧɧɹ 
ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɢɩɭ ɡɚ ɜɿɞɧɨɲɟɧɧɹɦ ɪɚɞɿɭɫɿɜ 
ɤɚɬɿɨɧɿɜ ɿ ɚɧɿɨɧɭ ɜ ɤɪɢɫɬɚɥɚɯ ɬɢɩɭ ABX3, ɞɟ ɏ 
– ɚɧɿɨɧ. 

ȼ ɛɿɥɶɲɨɫɬɿ ɩɿɞɪɭɱɧɢɤɿɜ ɡ ɤɪɢɫɬɚɥɨɯɿɦɿʀ 
ɮɚɤɬɨɪ ɬɨɥɟɪɚɧɬɧɨɫɬɿ ɿɥɸɫɬɪɭɸɬɶ ɧɚ ɫɬɪɭɤɬɭɪɿ 
ɩɟɪɨɜɫɶɤɿɬɭ. Ƀɨɝɨ ɿɞɟɚɥɶɧɚ ɫɬɪɭɤɬɭɪɚ ɦɚє 
ɤɭɛɿɱɧɭ ɤɨɦɿɪɤɭ, ɜ ɹɤɿɣ ɚɬɨɦɢ A ɪɨɡɬɚɲɨɜɚɧɿ ɜ 
ɤɭɬɚɯ (Ʉɑ=12), B – ɜ ɰɟɧɬɪɿ (Ʉɑ=6), ɚ Б – ɜ 
ɰɟɧɬɪɿ ɝɪɚɧɟɣ. Ɉɫɤɿɥɶɤɢ ɤɨɦɿɪɤɚ ɦɚє ɮɨɪɦɭ 
ɤɭɛɭ, ɬɨ ɜɿɞɫɬɚɧɶ Ⱥ-ɏ ɩɨɜɢɧɧɚ ɛɭɬɢ ɜ √2 ɪɚɡɿɜ 

ɛɿɥɶɲɨɸ ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ȼ-ɏ, ɬɨɛɬɨ 

 

rA+rX = (rB+rX)  (6) 

 

Ɉɫɤɿɥɶɤɢ ɛɿɥɶɲɿɫɬɶ ɩɟɪɨɜɫɶɤɿɬɿɜ ɧɟ ɤɭɛɿɱɧɿ, 
ȼ.Ɇ.Ƚɨɥɶɞɲɦɿɞɬ ɞɨ ɮɨɪɦɭɥɢ (5) ɞɨɞɚɜ ɤɨɟɮɿ-
ɰɿєɧɬ t, ɹɤɢɣ ɧɚɡɜɚɜ ɮɚɤɬɨɪɨɦ ɬɨɥɟɪɚɧɬɧɨɫɬɿ, 
ɬɨɛɬɨ ɩɪɢɫɬɨɫɨɜɚɧɨɫɬɿ: 

 

rA+rX = t (rB+rX)  (7) 

 

Ɍɨɞɿ ɡ ɮɨɪɦɭɥɢ (6) ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪ ɜɢɡɧɚ-
ɱɚєɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ 

 

  (8) 

 

ɋɬɪɭɤɬɭɪɚ ɩɟɪɨɜɫɶɤɿɬɭ ɭɬɜɨɪɸєɬɶɫɹ ɡɚ ɭɦɨ-
ɜɢ, ɹɤɳɨ ɡɧɚɱɟɧɧɹ t ɤɨɥɢɜɚєɬɶɫɹ ɜ ɦɟɠɚɯ 0,90-

1,06 (ɪɨɡɪɚɯɭɧɤɢ ɡɚ ɡɧɚɱɟɧɧɹɦɢ ɤɥɚɫɢɱɧɢɯ 
ɿɨɧɧɢɯ ɪɚɞɿɭɫɿɜ). Ⱦɥɹ ɦɿɧɟɪɚɥɿɜ ɝɪɭɩɢ ɿɥɶɦɟɧɿ-
ɬɭ (ɝɟɣɤɿɥɿɬ, ɩɿɪɨɮɚɧɿɬ ɿ ɜɥɚɫɧɟ ɿɥɶɦɟɧɿɬ) ɮɚɤ-
ɬɨɪ ɬɨɥɟɪɚɧɬɧɨɫɬɿ ɤɨɥɢɜɚєɬɶɫɹ ɜ ɦɟɠɚɯ 0,76-

0,79. Ɍɨɛɬɨ, ɡɦɟɧɲɟɧɧɹ ɡɧɚɱɟɧɧɹ ɮɚɤɬɨɪɭ 
ɨɛɭɦɨɜɥɸє ɧɟɨɛɯɿɞɧɿɫɬɶ ɜɢɧɢɤɧɟɧɧɹ ɫɬɪɭɤɬɭ-
ɪɢ ɿɥɶɦɟɧɿɬɭ Д4]. ȼ ɬɚɛɥ. 2 ɧɚɜɟɞɟɧɿ ɡɧɚɱɟɧɧɹ 
ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪɭ, ɪɨɡɪɚɯɨɜɚɧɿ ɚɜɬɨɪɨɦ ɡ ɜɢ-
ɤɨɪɢɫɬɚɧɧɹɦ ɞɚɧɢɯ ɩɪɨ ɿɨɧɧɿ ɪɚɞɿɭɫɢ ɯɿɦɿɱɧɢɯ 

ɟɥɟɦɟɧɬɿɜ ɡɚ ɫɢɫɬɟɦɨɸ Ɋ.Ⱦ.ɒɟɧɧɨɧɚ ɿ 
ɑ.Ɍ.ɉɪɭɿɬɬɚ ɞɥɹ ɬɪɢɤɨɦɩɨɧɟɧɬɢɯ ɨɤɫɢɞɿɜ 
(ABX3) – ɨɫɧɨɜɧɢɯ, ɞɨɞɚɬɤɨɜɢɯ ɿ ɣɦɨɜɿɪɧɢɯ 

ɦɿɧɚɥɿɜ ɡɿ ɫɬɪɭɤɬɭɪɨɸ ɿɥɶɦɟɧɿɬɭ (ɤɨɨɪɞɢɧɚɰɿɣ-
ɧɚ ɮɨɪɦɭɥɚ – 6:6:4). Ɋɨɡɪɚɯɭɧɤɢ ɬɚɤɨɠ ɛɭɥɢ 
ɩɪɨɜɟɞɟɧɿ ɞɥɹ ɦɿɧɚɥɿɜ – ɩɪɨɫɬɢɯ ɨɤɫɢɞɿɜ ɡ ɮɨ-
ɪɦɭɥɨɸ Ⱥ2ɏ3, ɜɡɹɜɲɢ ɞɨ ɭɜɚɝɢ, ɳɨ ʀʀ ɦɨɠɧɚ 
ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢɝɥɹɞɿ AȺБ3 ɿ ɩɪɢɣɧɹɬɢ ɡɚ 
ɫɩɟɰɢɮɿɱɧɢɣ ɜɚɪɿɚɧɬ ɫɬɪɭɤɬɭɪɢ ABБ3. Ɉɫɨɛ-
ɥɢɜɨʀ ɭɜɚɝɢ ɡɚɫɥɭɝɨɜɭє ɝɟɦɚɬɢɬ. Ɂɚɜɞɹɤɢ ɦɨɠ-
ɥɢɜɨɫɬɿ ɿɫɧɭɜɚɧɧɹ ɣɨɝɨ ɿɨɧɿɜ ɭ ɜɢɫɨɤɨɫɩɿɧɨɜɨ-
ɦɭ ɬɚ ɧɢɡɶɤɨɫɩɿɧɨɜɨɦɭ ɫɬɚɧɿ, ɣɨɝɨ ɫɬɪɭɤɬɭɪɧɭ 
ɮɨɪɦɭɥɭ ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɱɨɬɢɪɦɚ ɜɚɪɿɚɧ-
ɬɚɦɢ. ɉɟɪɲɿ ɞɜɚ, ɤɨɥɢ ɿɨɧɢ ɡɚɥɿɡɚ ɜ ɫɬɪɭɤɬɭɪɿ 
ɝɟɦɚɬɢɬɭ ɦɚɸɬɶ ɨɞɧɚɤɨɜɢɣ ɫɩɿɧɨɜɢɣ ɫɬɚɧ, ɿɧɲɿ 
ɞɜɚ – ɤɨɥɢ ɜ ɫɬɪɭɤɬɭɪɿ ɩɪɢɫɭɬɧɿ ɿɨɧɢ ɜ ɪɿɡɧɨɦɭ 
ɫɩɿɧɨɜɨɦɭ ɫɬɚɧɿ, ɬɨɛɬɨ ɫɬɪɭɤɬɭɪɧɚ ɮɨɪɦɭɥɚ 
ɛɭɞɟ ABБ3. Ɉɞɢɧ ɡ ɰɢɯ ɜɚɪɿɚɧɬɿɜ – ɤɨɥɢ ɜ ɩɨ-
ɡɢɰɿʀ Ⱥ ɛɭɞɟ ɪɨɡɬɚɲɨɜɚɧɢɣ ɿɨɧ ɜɢɫɨɤɨɫɩɿɧɨɜɨ-
ɝɨ ɡɚɥɿɡɚ, ɚ ɜ ɩɨɡɢɰɿʀ ȼ – ɧɢɡɶɤɨɫɩɿɧɨɜɨɝɨ, ɿɧ-
ɲɢɣ ɜɚɪɿɚɧɬ – ɤɨɥɢ ɧɚɜɩɚɤɢ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɞɥɹ 
ɜɥɚɫɧɟ ɿɥɶɦɟɧɿɬɭ ɡɧɚɱɟɧɧɹ t-ɮɚɤɬɨɪɭ ɫɬɚɧɨɜ-
ɥɹɬɶ 0,71 ɿ 0,77, ɡɚɥɟɠɧɨ ɜɿɞ ɫɬɚɧɭ ɡɚɥɿɡɚ ɜ ɣɨɝɨ 
ɫɤɥɚɞɿ – ɧɢɡɶɤɨɫɩɿɧɨɜɨɝɨ ɚɛɨ ɜɢɫɨɤɨɫɩɿɧɨɜɨɝɨ. 
Ⱦɥɹ ɨɫɧɨɜɧɢɯ ɦɿɧɚɥɿɜ ɡɧɚɱɟɧɧɹ t ɤɨɥɢɜɚєɬɶɫɹ ɜ 
ɦɟɠɚɯ 0,67-0,79. Ⱦɥɹ ɜɫɿɯ ɞɨɞɚɬɤɨɜɢɯ ɦɿɧɚɥɿɜ 
ɡɧɚɱɟɧɧɹ ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪɭ ɩɨɬɪɚɩɥɹɸɬɶ ɫɚɦɟ 
ɜ ɰɟɣ ɞɿɚɩɚɡɨɧ. 

ɋɟɪɟɞ ɿɦɨɜɿɪɧɢɯ ɦɿɧɚɥɿɜ ɞɨ ɜɤɚɡɚɧɨɝɨ ɿɧɬɟ-
ɪɜɚɥɭ ɡɧɚɱɟɧɶ ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪɭ ɧɚɛɥɢɠɟɧɿ 
ɰɢɪɤɨɧɚɬɢ ɞɜɨɜɚɥɟɧɬɧɢɯ ɦɟɬɚɥɿɜ, ɡɚ ɜɢɤɥɸ-
ɱɟɧɧɹɦ ɰɢɪɤɨɧɚɬɭ ɤɚɥɶɰɿɸ. Ⱦɥɹ ɧɶɨɝɨ ɬɚ ɳɟ 
ɬɪɶɨɯ ɦɿɧɚɥɿɜ – ɤɚɥɶɰɿɣ-ɬɢɬɚɧɨɜɨɝɨ, ɤɚɥɶɰɿɣ-

ɤɪɟɦɧɿєɜɨɝɨ ɬɚ ɦɚɝɧɿɣ-ɤɪɟɦɧɿєɜɨɝɨ – ɡɧɚɱɟɧɧɹ 
ɮɚɤɬɨɪɭ t ɜɢɯɨɞɹɬɶ ɡɚ ɦɟɠɿ ɿɧɬɟɪɜɚɥɭ, ɜɫɬɚɧɨɜ-
ɥɟɧɨɝɨ ɞɥɹ ɨɫɧɨɜɧɢɯ ɦɿɧɚɥɿɜ, ɿ ɤɨɥɢɜɚɸɬɶɫɹ ɜ 
ɞɿɚɩɚɡɨɧɿ 0,80-0,95. ȼ ɡɜ’ɹɡɤɭ ɡ ɰɢɦ, ɚɜɬɨɪ ɪɨɡ-
ɪɚɯɭɜɚɜ ɡɧɚɱɟɧɧɹ ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪɭ ɞɥɹ ɰɢɯ 
ɦɿɧɚɥɿɜ, ɜɡɹɜɲɢ ɞɨ ɭɜɚɝɢ ɤɨɨɪɞɢɧɚɰɿɣɧɭ ɮɨɪ-
ɦɭɥɭ ɩɟɪɨɜɫɶɤɿɬɨɜɨʀ ɫɬɪɭɤɬɭɪɢ – 12:6:6. Ɂɧɚ-
ɱɟɧɧɹ ɮɿɡɢɱɧɢɯ ɿɨɧɧɢɯ ɪɚɞɿɭɫɿɜ ɤɚɥɶɰɿɸ, ɬɢɬɚ-
ɧɭ, ɤɪɟɦɧɿɸ, ɰɢɪɤɨɧɿɸ ɿ ɨɤɫɨɝɟɧɭ ɛɭɥɢ ɜɡɹɬɿ 
ɜɿɞɩɨɜɿɞɧɨ ɞɨ Ʉɑ, ɬɨɛɬɨ ɪɚɞɿɭɫ ɤɚɥɶɰɿɸ ɞɥɹ 
ɞɜɚɧɚɞɰɹɬɨʀ ɤɨɨɪɞɢɧɚɰɿʀ, ɚ ɪɚɞɿɭɫɢ ɜɫɿɯ ɿɧɲɢɯ 
– ɞɥɹ ɲɟɫɬɟɪɧɨʀ. Ɉɬɪɢɦɚɧɿ ɡɧɚɱɟɧɧɹ t ɞɥɹ ɋɚ-

Ɍɿ, ɋɚ-Sɿ ɿ ɋɚ-Zr ɦɿɧɚɥɿɜ ɫɤɥɚɥɢ, ɜɿɞɩɨɜɿɞɧɨ, 
0,97, 1,08 ɿ 0,92. Ⱦɥɹ ɦɚɝɧɿɣ-ɤɪɟɦɧɿєɜɨɝɨ ɦɿɧɚ-
ɥɭ ɡɧɚɱɟɧɧɹ ɮɚɤɬɨɪɭ t ɧɟ ɛɭɥɨ ɪɨɡɪɚɯɨɜɚɧɟ, 
ɨɫɤɿɥɶɤɢ ɜ ɫɢɫɬɟɦɿ Ɋ.Ⱦ.ɒɟɧɧɨɧɚ ɿ ɑ.Ɍ.ɉɪɭɿɬɬɚ 
ɜɿɞɫɭɬɧɿ ɜɿɞɨɦɨɫɬɿ ɩɪɨ ɮɿɡɢɱɧɢɣ ɿɨɧɧɢɣ ɪɚɞɿɭɫ 
ɦɚɝɧɿɸ ɜ ɞɜɚɧɚɞɰɹɬɿɣ ɤɨɨɪɞɢɧɚɰɿʀ. 



ɏɚɪɢɬɨɧɨɜ ȼ.Ɇ. 

Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– № 2 (36).– 2016 ɪ. 85 

Ɉɬɠɟ, ɤɚɥɶɰɿɣ-ɬɢɬɚɧɨɜɢɣ, ɤɚɥɶɰɿɣ-

ɤɪɟɦɧɿєɜɢɣ, ɤɚɥɶɰɿɣ-ɰɢɪɤɨɧɿєɜɢɣ ɿ, ɜɿɪɨɝɿɞɧɨ, 
ɦɚɝɧɿɣ-ɤɪɟɦɧɿєɜɢɣ ɦɿɧɚɥɢ ɡɿ ɫɬɪɭɤɬɭɪɨɸ ɩɟ-
ɪɨɜɫɶɤɿɬɭ ɦɚɸɬɶ ɡɧɚɱɟɧɧɹ ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪɭ, 

ɛɿɥɶɲ ɛɥɢɡɶɤɿ ɞɨ 1,0. əɤɳɨ ɠ ɜɨɧɢ ɦɚɬɢɦɭɬɶ 
ɫɬɪɭɤɬɭɪɭ ɿɥɶɦɟɧɿɬɭ, ɬɨ ɡɧɚɱɟɧɧɹ ɮɚɤɬɨɪɭ t 

ɛɭɞɟ ɩɪɨɦɿɠɧɢɦ ɦɿɠ ɿɞɟɚɥɶɧɢɦɢ ɿɥɶɦɟɧɿɬɨɦ ɿ 
ɩɟɪɨɜɫɶɤɿɬɨɦ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɛɿɥɶɲɿɫɬɶ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ 
ɚɜɬɨɪɨɦ ɦɿɧɚɥɿɜ ɦɨɠɭɬɶ ɩɪɢɣɦɚɬɢ ɫɬɪɭɤɬɭɪɭ 
ɿɥɶɦɟɧɿɬɭ ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɦɨɠɭɬɶ ɜɯɨɞɢɬɢ ɞɨ 
ɣɨɝɨ ɫɤɥɚɞɭ. Ɉɫɬɚɧɧɿ ɱɨɬɢɪɢ ɪɨɡɝɥɹɧɭɬɿ ɦɿɧɚɥɢ 
ɦɚɸɬɶ ɛɿɥɶɲɭ ɫɯɢɥɶɧɿɫɬɶ ɞɨ ɭɬɜɨɪɟɧɧɹ ɫɬɪɭɤ-
ɬɭɪɢ ɩɟɪɨɜɫɶɤɿɬɭ, ɚɥɟ ʀɯ ɜɯɨɞɠɟɧɧɹ ɞɨ ɫɤɥɚɞɭ 
ɿɥɶɦɟɧɿɬɭ ɬɚɤɨɠ ɦɨɠɥɢɜɟ, ɹɤɳɨ ɜɡɹɬɢ ɞɨ ɭɜɚɝɢ 
ɧɚɫɬɭɩɧɿ ɩɪɢɩɭɳɟɧɧɹ: 

– ɩɪɢɫɭɬɧɿɫɬɶ ɭ ɿɥɶɦɟɧɿɬɨɜɿɣ ɫɬɪɭɤɬɭɪɿ ɩɟ-
ɪɨɜɫɶɤɿɬɨɜɢɯ ɮɪɚɝɦɟɧɬɿɜ; 

– ɱɚɫɬɤɨɜɚ ɞɟɮɨɪɦɚɰɿɹ ɫɬɪɭɤɬɭɪɢ ɿɥɶɦɟɧɿɬɭ, 
ɨɛɭɦɨɜɥɟɧɚ ɫɭɬɬєɜɨɸ ɪɿɡɧɢɰɟɸ ɪɨɡɦɿɪɿɜ ɨɤɪɟ-
ɦɢɯ ɮɪɚɝɦɟɧɬɿɜ. 

Ⱥ.Ɉ.ɇɨɜɿɤɨɜɚ [2] ɧɚɝɨɥɨɲɭє, ɳɨ, ɧɟɡɜɚɠɚ-
ɸɱɢ ɧɚ ɜɢɤɨɪɢɫɬɚɧɧɹ ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪɭ ɞɥɹ 
ɨɩɢɫɭ ɫɬɪɭɤɬɭɪɢ ɿɥɶɦɟɧɿɬɭ, ɧɚɩɪɢɤɥɚɞ, ɭ ɪɨɛɨ-
ɬɿ Ʉ.ɑ.Ʌɿ, Ɋ.ɏɨɧɝɚ ɬɚ ɑ.TТКɧɚ, ɰɟɣ ɩɨɤɚɡɧɢɤ є 
ɦɟɧɲ ɜɚɝɨɦɢɦ ɩɿɞɝɪɭɧɬɹɦ, ɨɫɤɿɥɶɤɢ ɥɢɲɟ 
ɫɬɪɭɤɬɭɪɚ ɩɟɪɨɜɫɶɤɿɬɿɜ є ɬɢɦ ɭɧɿɤɚɥɶɧɢɦ ɜɢ-
ɩɚɞɤɨɦ ɬɪɢɤɨɦɩɨɧɟɧɬɧɨʀ ɫɩɨɥɭɤɢ, ɜ ɹɤɿɣ ɫɩɿɜ-
ɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɞɨɜɠɢɧɚɦɢ ɞɜɨɯ ɬɢɩɿɜ 
ɡɜ’ɹɡɤɿɜ ɨɞɧɨɡɧɚɱɧɨ ɡɚɞɚєɬɶɫɹ ɫɢɦɟɬɪɿєɸ. ȼ 
ɫɬɪɭɤɬɭɪɚɯ ɿɧɲɢɯ ɬɢɩɿɜ є ɡɦɿɧɧɿ ɤɨɨɪɞɢɧɚɬɢ 
ɩɨɡɢɰɿɣ ɚɛɨ ɡɦɿɧɧɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɩɚɪɚ-
ɦɟɬɪɚɦɢ ɝɪɚɬɤɢ, ɳɨ ɞɨɡɜɨɥɹє ɡɚɛɟɡɩɟɱɭɜɚɬɢ 
ɧɨɪɦɚɥɶɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɜ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚ-
ɡɨɧɿ ɿɨɧɧɢɯ ɪɚɞɿɭɫɿɜ ɤɚɬɿɨɧɿɜ. ɇɚɩɪɢɤɥɚɞ, ɜ 
ɝɟɤɫɚɝɨɧɚɥɶɧɿɣ ɫɬɪɭɤɬɭɪɿ ɿɥɶɦɟɧɿɬɭ ɚɛɨ α-

NaFeO2, ɡɦɿɧɸɸɱɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ М/К, ɮɨɪ-
ɦɚɥɶɧɨ ɦɨɠɧɚ ɪɨɡɬɚɲɭɜɚɬɢ ɦɿɠ ɲɚɪɚɦɢ ɚɧɿɨ-
ɧɿɜ ɤɚɬɿɨɧɢ ɪɿɡɧɨɝɨ ɪɨɡɦɿɪɭ – ɜɿɞ ɞɪɿɛɧɢɯ ɞɨ 
ɤɪɭɩɧɢɯ. 

Ⱥɜɬɨɪ ɰɿєʀ ɫɬɚɬɬɿ ɩɨɝɨɞɠɭєɬɶɫɹ, ɳɨ ɜɢɤɨɪɢ-
ɫɬɚɧɧɹ ɨɞɧɚɤɨɜɨɝɨ ɩɿɞɯɨɞɭ ɞɥɹ ɨɩɢɫɭ ɩɟɪɨɜɫɶ-
ɤɿɬɨɜɨʀ ɬɚ ɿɥɶɦɟɧɿɬɨɜɨʀ ɫɬɪɭɤɬɭɪɢ, ɧɟɡɜɚɠɚɸɱɢ 

ɧɚ ɬɟ, ɳɨ ɜɨɧɢ ɩɪɟɞɫɬɚɜɥɟɧɿ ɬɪɢɤɨɦɩɨɧɟɧɬɧɢ-
ɦɢ ɫɩɨɥɭɤɚɦɢ, ɜɢɦɚɝɚє ɛɿɥɶɲ ɲɢɪɨɤɨɝɨ ɬɥɭ-
ɦɚɱɟɧɧɹ ɮɚɤɬɨɪɭ ɬɨɥɟɪɚɧɬɧɨɫɬɿ. ɐɶɨɦɭ ɛɭɞɟ 
ɩɪɢɫɜɹɱɟɧɚ ɨɞɧɚ ɡ ɧɚɫɬɭɩɧɢɯ ɫɬɚɬɟɣ. 

Ⱦɪɭɝɟ ɩɪɚɜɢɥɨ Ʌ.ɉɨɥɿɧɝɚ ɜɢɦɚɝɚє ɞɥɹ 
ɫɬɚɛɿɥɶɧɨɫɬɿ ɫɬɪɭɤɬɭɪɢ ɥɨɤɚɥɶɧɨɝɨ ɛɚɥɚɧɫɭ 

ɜɚɥɟɧɬɧɨɫɬɟɣ, ɬɨɛɬɨ ɫɭɦɚ ɜɚɥɟɧɬɧɢɯ ɡɭɫɢɥɶ 
(ɜɿɞɧɨɲɟɧɧɹ ɜɚɥɟɧɬɧɨɫɬɿ ɚɬɨɦɚ ɞɨ ɣɨɝɨ ɤɨɨɪ-
ɞɢɧɚɰɿɣɧɨɝɨ ɱɢɫɥɚ) ɜɫɿɯ ɧɚɣɛɥɢɠɱɢɯ ɫɭɫɿɞɿɜ 
ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ ɩɨɜɢɧɧɚ ɞɨɪɿɜɧɸɜɚɬɢ 
ɚɛɨ ɛɭɬɢ ɩɪɢɛɥɢɡɧɨ ɪɿɜɧɨɸ ɣɨɝɨ ɜɥɚɫɧɿɣ ɜɚɥɟ-
ɧɬɧɨɫɬɿ. Ɂɚ ɰɢɦ ɩɪɚɜɢɥɨɦ ɡɚɩɨɜɧɟɧɧɹ ɫɭɫɿɞɧɿɯ 
ɩɨɡɢɰɿɣ ɡ ɜɿɞɯɢɥɟɧɧɹɦ ɜɿɞ ɥɨɤɚɥɶɧɨɝɨ ɛɚɥɚɧɫɭ 
ɛɿɥɶɲ ɧɿɠ ɧɚ 10-20% є ɞɭɠɟ ɭɫɤɥɚɞɧɟɧɢɦ. 

Ɇɚɬɟɦɚɬɢɱɧɨ 2-ɟ ɩɪɚɜɢɥɨ ɡɚɩɢɫɭɸɬɶ ɬɚɤ: 
 

,  (9) 

ɞɟ vɿ – ɜɚɥɟɧɬɧɟ ɡɭɫɢɥɥɹ i-ɤɚɬɿɨɧɭ, ɹɤɟ ɞɨɪɿ-
ɜɧɸє ɜɿɞɧɨɲɟɧɧɸ ɣɨɝɨ ɡɚɪɹɞɭ z+ ɞɨ ɤɨɨɪɞɢɧɚ-
ɰɿɣɧɨɝɨ ɱɢɫɥɚ Ʉɑ; z– – ɜɚɥɟɧɬɧɿɫɬɶ ɚɧɿɨɧɭ. 

 

Ⱦɥɹ ɛɚɝɚɬɶɨɯ ɩɪɨɫɬɢɯ ɿ ɞɟɹɤɢɯ ɫɤɥɚɞɧɢɯ 
ɫɬɪɭɤɬɭɪ ɰɟ ɩɪɚɜɢɥɨ ɜɢɤɨɧɭєɬɶɫɹ ɬɨɱɧɨ. Ɉɫɨɛ-
ɥɢɜɨ ɤɨɥɢ ɭɬɜɨɪɸɸɬɶɫɹ ɩɪɚɜɢɥɶɧɿ Ʉɉ, ɜ ɹɤɢɯ 
ɜɫɿ ɜɿɞɫɬɚɧɿ ɜɿɞ ɰɟɧɬɪɭ ɞɨ ɜɟɪɲɢɧ ɪɿɜɧɿ. 

Ʉɨɨɪɞɢɧɚɰɿɣɧɚ ɮɨɪɦɭɥɚ ɿɥɶɦɟɧɿɬɭ, ɹɤ ɛɭɥɨ 
ɩɨɤɚɡɚɧɨ ɜɢɳɟ, ɦɚє ɜɢɝɥɹɞ 6:6:4 (ȺȼɈ3). Ɍɨɛ-
ɬɨ, ɤɚɬɿɨɧɢ ɜ ɩɨɡɢɰɿɹɯ Ⱥ ɿ ȼ ɦɚɸɬɶ ɲɟɫɬɟɪɧɭ 

ɤɨɨɪɞɢɧɚɰɿɸ, ɚ ɨɤɫɨɝɟɧ – ɱɟɬɜɟɪɧɭ. Ɉɬɠɟ, ɧɚ-
ɜɤɨɥɨ ɣɨɝɨ ɚɬɨɦɚ ɪɨɡɬɚɲɨɜɚɧɿ ɞɜɚ ɚɬɨɦɢ ɬɢɬɚ-
ɧɭ ɿ ɞɜɚ ɚɬɨɦɢ ɡɚɥɿɡɚ. Ɍɨɞɿ ɡɚ ɮɨɪɦɭɥɨɸ (9) 
ɜɚɥɟɧɬɧɿɫɬɶ ɨɤɫɨɝɟɧɭ ɞɨɪɿɜɧɸє: z– = 

2∙(2/6)+2∙(4/6)=2/3+4/3=6/3=2. Ⱦɥɹ ɿɧɲɢɯ ɨɫ-
ɧɨɜɧɢɯ ɦɿɧɚɥɿɜ ɞɪɭɝɟ ɩɪɚɜɢɥɨ Ʌ.ɉɨɥɿɧɝɚ ɬɟɠ 
ɜɢɤɨɧɭєɬɶɫɹ: 

1) ɞɥɹ ɝɟɣɤɿɥɿɬɭ ɣ ɩɿɪɨɮɚɧɿɬɭ ɪɨɡɪɚɯɭɧɤɢ 
ɚɧɚɥɨɝɿɱɧɿ ɧɚɜɟɞɟɧɢɦ ɞɥɹ ɿɥɶɦɟɧɿɬɭ; 

2) ɞɥɹ ɝɟɦɚɬɢɬɭ (Fe2O3), ɮɨɪɦɭɥɭ ɹɤɨɝɨ ɦɨ-
ɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɹɤ FeFeO3, ɤɨɨɪɞɢɧɚɰɿɣɧɚ 
ɮɨɪɦɭɥɚ ɚɧɚɥɨɝɿɱɧɚ ɿɥɶɦɟɧɿɬɨɜɿɣ (6:6:4), ɬɨɞɿ 
z– = 2∙(3/6)+2∙(3/6) = 4∙1/2=2 – ɬɟɠ ɜɿɞɩɨɜɿɞɚє 
ɜɚɥɟɧɬɧɨɫɬɿ ɨɤɫɨɝɟɧɭ. 

ȼ ɡɜ’ɹɡɤɭ ɡ ɬɢɦ, ɳɨ ɭ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɞɨɞɚ-
ɬɤɨɜɢɯ ɿ ɣɦɨɜɿɪɧɢɯ ɦɿɧɚɥɿɜ ɜɚɥɟɧɬɧɨɫɬɿ ɤɚɬɿɨ-
ɧɿɜ ɚɧɚɥɨɝɿɱɧɿ ɿɥɶɦɟɧɿɬɭ ɚɛɨ ɝɟɦɚɬɢɬɭ, ɞɪɭɝɟ 
ɩɪɚɜɢɥɨ Ʌ.ɉɨɥɿɧɝɚ ɞɥɹ ɧɢɯ ɬɟɠ ɩɨɜɧɿɫɬɸ ɜɢ-
ɤɨɧɭєɬɶɫɹ, ɬɨɛɬɨ ʀɯ ɜɯɨɞɠɟɧɧɹ ɞɨ ɫɬɪɭɤɬɭɪɢ 

ɿɥɶɦɟɧɿɬɭ ɧɟ ɛɭɞɟ ʀʀ ɪɭɣɧɭɜɚɬɢ. 
Ɍɪɟɬє ɩɪɚɜɢɥɨ Ʌ.ɉɨɥɿɧɝɚ ɩɨɥɹɝɚє ɭ ɡɧɢ-

ɠɟɧɧɿ ɫɬɿɣɤɨɫɬɿ ɤɪɢɫɬɚɥɿɱɧɢɯ ɫɬɪɭɤɬɭɪ ɡɚ 
ɧɚɹɜɧɨɫɬɿ ɫɩɿɥɶɧɢɯ ɪɟɛɟɪ, ɚ ɨɫɨɛɥɢɜɨ ɫɩɿɥɶɧɢɯ 
ɝɪɚɧɟɣ ɭ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɩɨɥɿɟɞɪɚɯ, ɳɨ ʀɯ ɫɤɥɚ-
ɞɚɸɬɶ. ɉɪɚɜɢɥɨ ɛɚɡɭєɬɶɫɹ ɧɚ ɬɨɦɭ ɝɟɨɦɟɬɪɢɱ-
ɧɨɦɭ ɮɚɤɬɿ, ɳɨ ɜɿɞɫɬɚɧɶ ɦɿɠ ɤɚɬɿɨɧɚɦɢ, ɹɤɿ 
ɪɨɡɬɚɲɨɜɚɧɿ ɜ ɰɟɧɬɪɚɯ ɫɭɫɿɞɧɿɯ Ʉɉ, ɛɭɞɟ ɪɿɡ-



əɤɿɫɧɢɣ ɦɿɧɚɥɶɧɢɣ ɫɤɥɚɞ ɿɥɶɦɟɧɿɬɭ ɡ ɦɚɝɦɚɬɢɱɧɢɯ ɬɢɬɚɧɨɜɢɯ ɪɭɞ ɡɚ ɩɪɚɜɢɥɚɦɢ Ʌ.ɉɨɥɿɧɝɚ 
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ɧɨɸ ɜ ɡɚɥɟɠɧɨɫɬɿ, ɱɢ ɦɚɸɬɶ ɜɨɧɢ ɫɩɿɥɶɧɿ ɜɟɪ-
ɲɢɧɢ, ɚɛɨ ɪɟɛɪɚ, ɚɛɨ ɩɥɨɳɢɧɢ. ɇɚɣɦɟɧɲɚ ɜɿɞ-
ɫɬɚɧɶ ɛɭɞɟ, ɤɨɥɢ ɫɩɿɥɶɧɢɦɢ є ɝɪɚɧɿ ɩɨɥɿɟɞɪɿɜ, 
ɧɚɣɛɿɥɶɲɚ – ɡɚ ɭɦɨɜɢ ɫɩɿɥɶɧɨɫɬɿ ɜɟɪɲɢɧ. ɇɚ-
ɩɪɢɤɥɚɞ, ɹɤɳɨ ɞɥɹ ɨɤɬɚɟɞɪɢɱɧɢɯ ɩɨɥɿɟɞɪɿɜ ɡɿ 
ɫɩɿɥɶɧɢɦɢ ɜɟɪɲɢɧɚɦɢ ɜɿɞɫɬɚɧɶ ɦɿɠ ɤɚɬɿɨɧɚɦɢ 
ɩɪɢɣɧɹɬɢ ɡɚ ɨɞɢɧɢɰɸ, ɬɨ ɞɥɹ ɩɨɥɿɟɞɪɿɜ ɡɿ ɫɩɿ-
ɥɶɧɢɦɢ ɪɟɛɪɚɦɢ ɣ ɝɪɚɧɹɦɢ ɜɿɞɫɬɚɧɶ ɡɦɟɧ-
ɲɢɬɶɫɹ ɿ ɫɬɚɧɨɜɢɬɢɦɟ, ɜɿɞɩɨɜɿɞɧɨ, 0,71 ɿ 0,58. 
Ⱦɥɹ ɬɟɬɪɚɟɞɪɢɱɧɢɯ ɩɨɥɿɟɞɪɿɜ ɡɧɚɱɟɧɧɹ ɦɿɠɤɚ-
ɬɿɨɧɧɨʀ ɜɿɞɫɬɚɧɿ, ɜɿɞɩɨɜɿɞɧɨ, ɛɭɞɭɬɶ 1,00, 0,53 ɿ 
0,33. Ɉɱɟɜɢɞɧɨ, ɳɨ ɡɚ ɭɦɨɜɢ ɬɚɤɨɝɨ ɡɛɥɢɠɟɧɧɹ 
ɤɚɬɿɨɧɢ ɛɭɞɭɬɶ ɜɿɞɲɬɨɜɯɭɜɚɬɢ ɨɞɢɧ ɨɞɧɨɝɨ ɿ 
ɬɚɤɿ ɫɬɪɭɤɬɭɪɢ ɛɭɞɭɬɶ ɧɟɫɬɚɛɿɥɶɧɢɦɢ. ȱɥɸɫɬ-
ɪɚɰɿєɸ 3-ɝɨ ɩɪɚɜɢɥɚ є SiO4-ɬɟɬɪɚɟɞɪɢ, ɹɤɿ ɩɨ-
єɞɧɭɸɬɶɫɹ ɨɞɢɧ ɡ ɨɞɧɢɦ ɭ ɛɿɥɶɲɨɫɬɿ ɫɬɪɭɤɬɭɪ 
ɫɢɥɿɤɚɬɿɜ ɥɢɲɟ ɜɟɪɲɢɧɚɦɢ. 

ɉɪɨɬɟ, ɡ ɬɪɟɬɶɨɝɨ ɩɪɚɜɢɥɚ Ʌ.ɉɨɥɿɧɝɚ ɿɫɧɭ-
ɸɬɶ ɜɢɤɥɸɱɟɧɧɹ. ɇɚɩɪɢɤɥɚɞ, ɩɨɥɿɬɢɩɧɿ ɦɨɞɢ-
ɮɿɤɚɰɿʀ ɞɜɨɨɤɫɢɞɭ ɬɢɬɚɧɭ – ɪɭɬɢɥ (ɪɢɫ. 4), ɛɪɭ-
ɤɿɬ ɿ ɚɧɚɬɚɡ. ȼ ʀɯ ɫɬɪɭɤɬɭɪɚɯ ɌТЇ6-ɨɤɬɚɟɞɪɢ 

ɦɚɸɬɶ, ɜɿɞɩɨɜɿɞɧɨ ɞɜɚ, ɬɪɢ ɬɚ ɱɨɬɢɪɢ ɫɩɿɥɶɧɢɯ 
ɪɟɛɪɚ. ɓɟ ɨɞɧɟ ɜɢɤɥɸɱɟɧɧɹ – ɤɨɪɭɧɞ (ɪɢɫ. 5). 
ȼ ɣɨɝɨ ɫɬɪɭɤɬɭɪɿ ɨɤɬɚɟɞɪɢ AХЇ6 ɩɨєɞɧɭɸɬɶɫɹ 
ɪɟɛɪɚɦɢ ɜ ɤɿɥɶɰɹ (ɲɿɫɬɶ ɜ ɨɞɧɨɦɭ ɤɿɥɶɰɿ), ɜɧɚ-
ɫɥɿɞɨɤ ɱɨɝɨ ɜɢɧɢɤɚє ɝɟɤɫɚɝɨɧɚɥɶɧɢɣ ɜɿɡɟɪɭɧɨɤ 
ɩɥɨɫɤɨʀ ɫɿɬɤɢ. ɋɭɫɿɞɧɿ ɫɿɬɤɢ ɦɚɸɬɶ ɩɚɪɢ ɝɪɚɧɨ-

ɩɨɜ’ɹɡɚɧɢɯ ɨɤɬɚɟɞɪɿɜ, ɳɨ ɨɛɭɦɨɜɥɸє ɜɢɧɢɤ-
ɧɟɧɧɹ ɡɢɝɡɚɝɨɩɨɞɿɛɧɢɯ ɥɚɧɰɸɝɿɜ, ɜɢɬɹɝɧɭɬɢɯ 
ɜɡɞɨɜɠ ɨɫɿ ɫ. ɇɚɜɟɞɟɧɿ ɩɪɢɤɥɚɞɢ ɩɨɤɚɡɭɸɬɶ, 
ɳɨ ɜ ɫɬɪɭɤɬɭɪɿ ɦɿɧɟɪɚɥɭ ɦɨɠɭɬɶ ɿɫɧɭɜɚɬɢ ɤɨ-
ɨɪɞɢɧɚɰɿɣɧɿ ɩɨɥɿɟɞɪɢ ɡɿ ɫɩɿɥɶɧɢɦɢ ɪɟɛɪɚɦɢ 
ɚɛɨ ɝɪɚɧɹɦɢ, ɚɥɟ ɜ ɬɚɤɨɦɭ ɜɢɩɚɞɤɭ Ʉɉ ɡɚɡɧɚ-
ɸɬɶ ɬɚɤɨʀ ɞɟɮɨɪɦɚɰɿʀ, ɫɩɪɢɱɢɧɹє ɦɚɤɫɢɦɚɥɶɧɭ 
ɜɿɞɫɬɚɧɶ ɦɿɠ ɤɚɬɿɨɧɚɦɢ. Ɂɞɿɣɫɧɸєɬɶɫɹ ɰɟ ɡɚ 
ɪɚɯɭɧɨɤ ɡɦɟɧɲɟɧɧɹ ɞɨɜɠɢɧɢ ɫɩɿɥɶɧɢɯ ɪɟɛɟɪ. 
ɇɚɩɪɢɤɥɚɞ, ɞɨɜɠɢɧɚ ɪɟɛɪɚ ɩɪɚɜɢɥɶɧɨɝɨ ɤɢɫ-
ɧɟɜɨɝɨ ɨɤɬɚɟɞɪɭ ɜ ɫɬɪɭɤɬɭɪɿ ɛɿɥɶɲɨɫɬɿ ɨɤɫɢɞɿɜ 
ɤɨɥɢɜɚєɬɶɫɹ ɜ ɦɟɠɚɯ 2,7-2,9 й, ɚ ɜ ɫɬɪɭɤɬɭɪɿ 
ɤɨɪɭɧɞɭ ɞɨɜɠɢɧɚ ɪɟɛɟɪ ɨɤɬɚɟɞɪɿɜ, ɳɨ ɦɚɸɬɶ 
ɫɩɿɥɶɧɿ ɝɪɚɧɿ, ɫɬɚɧɨɜɢɬɶ 2,5 й. 

 

 
ɚ      ɛ 

 

Ɋɢɫ. 4. ɋɬɪɭɤɬɭɪɚ ɪɭɬɢɥɭ: ɚ – ɲɚɪ ɝɟɤɫɚɝɨɧɚɥɶɧɨʀ ɳɿɥɶɧɨʀ ɭɩɚɤɨɜɤɢ, ɫɤɥɚɞɟɧɨʀ ɡ ɨɤɬɚɟɞɪɢɱ-
ɧɢɯ ɩɨɪɨɠɧɢɧ; ɪɿɡɧɿ ɜɿɞɬɿɧɤɢ ɫɿɪɨɝɨ – ɡɚɫɟɥɟɧɿ ɬɢɬɚɧɨɦ ɩɨɪɨɠɧɢɧɢ (ɜɨɧɢ ɜɢɬɹɝɧɭɬɿ ɜɞɨɜɠ ɨɫɿ 
ɞɪɭɝɨɝɨ ɩɨɪɹɞɤɭ); ɛ – ɲɚɯɨɜɢɣ ɩɨɪɹɞɨɤ ɡɚɫɟɥɟɧɢɯ ɨɤɬɚɟɞɪɢɱɧɢɯ ɩɨɥɿɟɞɪɿɜ. 

 

 

Ɉɫɤɿɥɶɤɢ ɿɥɶɦɟɧɿɬ ɿ ɤɨɪɭɧɞ ɦɚɸɬɶ ɩɨɞɿɛɧɭ 
ɫɬɪɭɤɬɭɪɭ, ɚ ɜɫɿ ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɚɜɬɨɪɨɦ ɞɨɞɚɬ-
ɤɨɜɿ ɬɚ ɣɦɨɜɿɪɧɿ ɦɿɧɚɥɢ ɿɡɨɫɬɪɭɤɬɭɪɧɿ ɡ ɧɢɦɢ, 

ɬɪɟɬє ɩɪɚɜɢɥɨ Ʌ.ɉɨɥɿɧɝɚ ɧɟ ɜɢɤɥɸɱɚє ɦɨɠɥɢ-
ɜɨɫɬɿ ʀɯ ɜɯɨɞɠɟɧɧɹ ɞɨ ɦɿɧɚɥɶɧɨɝɨ ɫɤɥɚɞɭ ɿɥɶ-
ɦɟɧɿɬɭ. 

ɑɟɬɜɟɪɬɟ ɩɪɚɜɢɥɨ ɉɨɥɿɧɝɚ – ɜɢɫɨɤɨɜɚɥɟ-
ɧɬɧɿ ɬɚ ɧɟɤɪɭɩɧɿ ɤɚɬɿɨɧɢ ɧɚɦɚɝɚɸɬɶɫɹ ɧɟ 
ɦɚɬɢ ɫɩɿɥɶɧɢɯ ɚɧɿɨɧɿɜ. Ɍɨɛɬɨ, ɹɤɳɨ ɜ ɫɬɪɭɤɬɭɪɿ 
ɿɫɧɭɸɬɶ ɞɟɤɿɥɶɤɚ ɜɢɞɿɜ ɤɚɬɿɨɧɿɜ, ɬɨ ɤɚɬɿɨɧɢ ɡ 
ɦɚɥɢɦɢ ɤɨɨɪɞɢɧɚɰɿɣɧɢɦɢ ɱɢɫɥɚɦɢ ɿ ɛɿɥɶɲ ɜɢ-
ɫɨɤɢɦ ɡɚɪɹɞɨɦ ɫɯɢɥɶɧɿ ɞɨ ɭɩɚɤɨɜɤɢ, ɜ ɹɤɿɣ ʀɯ 

ɤɨɨɪɞɢɧɚɰɿɣɧɿ ɩɨɥɿɟɞɪɢ ɦɚɥɢ ɛ ɧɚɣɦɟɧɲɭ ɤɿ-
ɥɶɤɿɫɬɶ ɫɩɿɥɶɧɢɯ ɜɟɪɲɢɧ. 

ȼ ɫɬɪɭɤɬɭɪɿ ɿɥɶɦɟɧɿɬɭ ɬɚ ɦɿɧɚɥɿɜ, ɳɨ ɪɨɡɝ-
ɥɹɞɚɸɬɶɫɹ ɹɤ ɦɨɠɥɢɜɿ ɜ ɣɨɝɨ ɫɤɥɚɞɿ, ɩɪɢɫɭɬɧɿ 
ɤɚɬɿɨɧɢ ɥɢɲɟ ɬɪɶɨɯ ɜɚɪɿɚɧɬɿɜ ɜɚɥɟɧɬɧɨɫɬɿ – 

ɞɜɨ-, ɬɪɢ- ɬɚ ɱɨɬɢɪɢɜɚɥɟɧɬɧɿ. ȼɫɿ ɤɚɬɿɨɧɢ ɦɚ-
ɸɬɶ ɨɞɧɚɤɨɜɭ (ɲɟɫɬɟɪɧɭ) ɤɨɨɪɞɢɧɚɰɿɸ. Ɉɬɠɟ, 
ɱɟɬɜɟɪɬɟ ɩɪɚɜɢɥɨ ɉɨɥɿɧɝɚ ɧɟ ɡɚɩɟɪɟɱɭє ɜɯɨ-
ɞɠɟɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɿ ɣɦɨɜɿɪɧɢɯ ɦɿɧɚɥɿɜ ɞɨ 
ɫɬɪɭɤɬɭɪɢ ɿɥɶɦɟɧɿɬɭ. ɉɨ-ɩɟɪɲɟ, Ʉɑ=6 є ɧɟ ɡɨ-
ɜɫɿɦ ɦɚɥɨɸ ɤɨɨɪɞɢɧɚɰɿєɸ – ɦɟɧɲɟ ɡɚ ɧɟʀ є 
Ʉɑ=4 ɬɚ Ʉɑ=3. ɉɨ-ɞɪɭɝɟ, ɤɨɨɪɞɢɧɚɰɿɣɧɿ ɩɨɥɿ-



ɏɚɪɢɬɨɧɨɜ ȼ.Ɇ. 
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ɟɞɪɢ ɦɿɧɚɥɿɜ ɡ ɬɪɢɜɚɥɟɧɬɧɢɦɢ ɤɚɬɿɨɧɚɦɢ (ɳɨ є 
ɧɟ ɞɭɠɟ ɜɢɫɨɤɨɸ ɜɚɥɟɧɬɧɿɫɬɸ) ɡɚɫɟɥɟɧɿ ɤɚɬɿɨ-
ɧɚɦɢ ɨɞɧɨɝɨ ɜɢɞɭ. ɉɨ-ɬɪɟɬє, ɭ ɜɢɩɚɞɤɭ ɡɛɿɥɶ-
ɲɟɧɧɹ ɜɚɥɟɧɬɧɨɫɬɿ (ɩɪɢɫɭɬɧɿɫɬɶ ɭ ɫɬɪɭɤɬɭɪɿ 
ɱɨɬɢɪɢɜɚɥɟɧɬɧɢɯ ɤɚɬɿɨɧɿɜ), ɜɨɧɢ ɦɚɸɬɶ ɫɩɿɥɶɧɿ 
ɚɧɿɨɧɢ ɥɢɲɟ ɜ ɨɞɧɿɣ ɩɥɨɳɢɧɿ – ɩɚɪɚɥɟɥɶɧɨ 

ɨɫɹɦ ɚ ɿ b, ɬɨɛɬɨ ɜ ɦɟɠɚɯ ɨɞɧɨɝɨ ɲɚɪɭ ɳɿɥɶɧɨʀ 
ɭɩɚɤɨɜɤɢ, ɚ ɦɿɠ ɲɚɪɚɦɢ (ɜɡɞɨɜɠ ɨɫɿ ɫ) – ɜɢɫɨ-
ɤɨɜɚɥɟɬɧɿ ɤɚɬɿɨɧɢ ɧɟ ɦɚɸɬɶ ɫɩɿɥɶɧɢɯ ɚɧɿɨɧɿɜ, 
ɨɫɤɿɥɶɤɢ ɲɚɪɢ ɡ ɱɨɬɢɪɢɜɚɥɟɧɬɧɢɦɢ ɤɚɬɿɨɧɚɦɢ 
ɩɿɞɫɬɟɥɹɸɬɶɫɹ ɣ ɩɟɪɟɤɪɢɜɚɸɬɶɫɹ ɲɚɪɚɦɢ ɡ 
ɞɜɨɜɚɥɟɧɬɧɢɦɢ. 

 

 
ɚ ɛ ɜ 

 

 
ɝ ɞ 

 

Ɋɢɫ. 5. ɋɬɪɭɤɬɭɪɚ ɤɨɪɭɧɞɭ (ɚ, ɛ, ɝ) ɬɚ ɿɥɶɦɟɧɿɬɭ (ɜ, ɞ): ɚ – ɛɭɞɨɜɚ ɲɚɪɭ, ɫɤɥɚɞɟɧɨɝɨ ɡɚɫɟɥɟɧɢ-
ɦɢ ɨɤɬɚɟɞɪɢɱɧɢɦɢ ɩɨɪɨɠɧɢɧɚɦɢ; ɛ, ɜ – ɡɢɝɡɚɝɨɩɨɞɿɛɧɿ ɤɨɥɨɧɤɢ ɨɤɬɚɟɞɪɢɱɧɢɯ ɩɨɥɿɟɞɪɿɜ ɡ ɿɨɧɚɦɢ 
ɚɥɸɦɿɧɿɸ (ɛ) ɬɚ ɬɢɬɚɧɭ ɣ ɡɚɥɿɡɚ (ɜ) ɜ ɫɟɪɟɞɢɧɿ; ɝ, ɞ – ɫɯɟɦɚ ɡɚɩɨɜɧɟɧɧɹ ɨɤɬɚɟɞɪɢɱɧɢɯ ɩɨɪɨɠɧɢɧ 
ɳɿɥɶɧɨʀ ɝɟɤɫɚɝɨɧɚɥɶɧɨʀ ɭɩɚɤɨɜɤɢ ɜ ɫɬɪɭɤɬɭɪɿ ɤɨɪɭɧɞɭ (ɝ) ɬɚ ɿɥɶɦɟɧɿɬɭ (ɞ). 

ɉɨɥɿɟɞɪɢ: ɫɿɪɿ – AlO6-ɨɤɬɚɟɞɪɢ; ɡɟɥɟɧɿ – FeO6-ɨɤɬɚɟɞɪɢ; ɫɢɧɿ – ɌɿɈ6-ɨɤɬɚɟɞɪɢ; Ⱥ ɿ ȼ – ɲɚɪɢ 
ɿɨɧɿɜ ɨɤɫɨɝɟɧɭ ɜ ɳɿɥɶɧɿɣ ɝɟɤɫɚɝɨɧɚɥɶɧɿɣ ɭɩɚɤɨɜɰɿ. 

 

 

ɉ’ɹɬɟ ɩɪɚɜɢɥɨ Ʌ.ɉɨɥɿɧɝɚ – ɱɢɫɥɨ ɪɿɡɧɢɯ ɡɚ 
ɤɨɧɫɬɪɭɤɰɿєɸ ɫɬɪɭɤɬɭɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ (Ʉɉ) 
ɧɚɦɚɝɚєɬɶɫɹ ɞɨɫɹɝɧɭɬɢ ɦɿɧɿɦɭɦɭ. 

Ɂ ɧɚɜɟɞɟɧɨʀ ɜɢɳɟ ɿɧɮɨɪɦɚɰɿʀ (1-ɟ ɩɪɚɜɢɥɨ ɿ 
ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪ) ɜɢɯɨɞɢɬɶ, ɳɨ ɛɿɥɶɲɿɫɬɶ ɡɚ-
ɩɪɨɩɨɧɨɜɚɧɢɯ ɞɨɞɚɬɤɨɜɢɯ ɿ ɣɦɨɜɿɪɧɢɯ ɦɿɧɚɥɿɜ 
ɭ ɫɤɥɚɞɿ ɿɥɶɦɟɧɿɬɭ ɦɨɠɭɬɶ ɭɬɜɨɪɸɜɚɬɢ ɨɤɬɚɟɞ-
ɪɢɱɧɿ ɩɨɥɿɟɞɪɢ ɬɚ ɿɥɶɦɟɧɿɬɨɜɭ ɫɬɪɭɤɬɭɪɭ. ȼɿɞ-
ɩɨɜɿɞɧɨ, ɜɫɿ ɜɨɧɢ ɦɨɠɭɬɶ ɜɯɨɞɢɬɢ ɞɨ ɫɤɥɚɞɭ 
ɿɥɶɦɟɧɿɬɭ, ɧɟ ɩɨɪɭɲɭɸɱɢ ɩ’ɹɬɨɝɨ ɩɪɚɜɢɥɚ 

Ʌ.ɉɨɥɿɧɝɚ. Ɍɨɛɬɨ, ɡɚɝɚɥɶɧɚ ɫɬɪɭɤɬɭɪɚ ɛɭɞɟ 
ɫɤɥɚɞɚɬɢɫɶ ɥɢɲɟ ɡ ɨɞɧɨɝɨ ɬɢɩɭ ɤɨɨɪɞɢɧɚɰɿɣ-
ɧɢɯ ɩɨɥɿɟɞɪɿɜ. ȼɢɤɥɸɱɟɧɧɹɦ ɦɨɠɭɬɶ ɫɬɚɬɢ ɋɚ-

Ɍɿ-, Ca-Si-, Mg-Si- ɿ ɋɚ-Zr-ɦɿɧɚɥɢ, ɡɚ ɭɦɨɜɢ ɳɨ 
ɜɨɧɢ ɛɭɞɭɬɶ ɜɯɨɞɢɬɢ ɞɨ ɫɬɪɭɤɬɭɪɢ ɿɥɶɦɟɧɿɬɭ 
ɹɤ ɮɪɚɝɦɟɧɬɢ ɡ ɩɟɪɨɜɫɶɤɿɬɨɜɨɸ ɛɭɞɨɜɨɸ. ȼ 

ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɡɚɝɚɥɶɧɚ ɫɬɪɭɤɬɭɪɚ ɛɭɞɟ ɦɚɬɢ 
ɞɜɚ ɬɢɩɢ Ʉɉ – ɨɤɬɚɟɞɪ ɿ ɤɭɛɨɨɤɬɚɟɞɪ. 

ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɬɟ, ɳɨ ɩ’ɹɬɟ ɩɪɚɜɢɥɨ ɛɚɝɚ-
ɬɶɦɚ ɞɨɫɥɿɞɧɢɤɚɦɢ ɫɩɪɢɣɦɚєɬɶɫɹ ɛɿɥɶɲɟ ɹɤ 

ɡɚɝɚɥɶɧɚ ɬɟɧɞɟɧɰɿɹ, ɜɢɤɨɧɚɧɧɹ ɣɨɝɨ ɞɨɞɚє ɚɪ-
ɝɭɦɟɧɬɚɰɿʀ ɩɪɢ ɜɢɪɿɲɟɧɧɿ ɩɢɬɚɧɧɹ ɩɪɨ ɦɨɠɥɢ-
ɜɿɫɬɶ ɜɯɨɞɠɟɧɧɹ ɞɨ ɫɤɥɚɞɭ ɿɥɶɦɟɧɿɬɭ ɬɨɝɨ ɱɢ 
ɿɧɲɨɝɨ ɦɿɧɚɥɭ. 

 

ȼɢɫɧɨɜɤɢ 

ɉɟɪɲɟ ɬɚ ɩ’ɹɬɟ ɩɪɚɜɢɥɚ Ʌ.ɉɨɥɿɧɝɚ ɜɢɤɨɧɭ-
ɸɬɶɫɹ ɞɥɹ ɛɿɥɶɲɨɫɬɿ ɦɿɧɚɥɿɜ; ɭɫɤɥɚɞɧɟɧɢɦ ɛɭ-
ɞɟ ɜɯɨɞɠɟɧɧɹ ɞɨ ɫɬɪɭɤɬɭɪɢ ɿɥɶɦɟɧɿɬɭ ɬɢɬɚɧɚɬɭ 
ɣ ɰɢɪɤɨɧɚɬɭ ɤɚɥɶɰɿɸ, ɚ ɬɚɤɨɠ ɰɢɪɤɨɧɚɬɭ ɜɢɫɨ-
ɤɨɫɩɿɧɨɜɨɝɨ ɦɚɪɝɚɧɰɸ. Ɂɧɚɱɟɧɧɹ ɬɨɥɟɪɚɧɫ-

ɮɚɤɬɨɪɭ ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɥɟɝɤɨɝɨ 



əɤɿɫɧɢɣ ɦɿɧɚɥɶɧɢɣ ɫɤɥɚɞ ɿɥɶɦɟɧɿɬɭ ɡ ɦɚɝɦɚɬɢɱɧɢɯ ɬɢɬɚɧɨɜɢɯ ɪɭɞ ɡɚ ɩɪɚɜɢɥɚɦɢ Ʌ.ɉɨɥɿɧɝɚ 

88  Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– №2 (36).– 2016 ɪ. 

ɜɯɨɞɠɟɧɧɹ ɞɨ ɫɤɥɚɞɭ ɿɥɶɦɟɧɿɬɭ ɛɿɥɶɲɨɫɬɿ ɡɚ-
ɩɪɨɩɨɧɨɜɚɧɢɯ ɞɨɞɚɬɤɨɜɢɯ ɬɚ ɣɦɨɜɿɪɧɢɯ ɦɿɧɚ-
ɥɿɜ, ɡɚ ɜɢɤɥɸɱɟɧɧɹɦ ɤɚɥɶɰɿɣ-ɬɢɬɚɧɨɜɨɝɨ, ɤɚɥɶ-
ɰɿɣ-ɤɪɟɦɧɿєɜɨɝɨ, ɦɚɝɧɿɣ-ɤɪɟɦɧɿєɜɨɝɨ ɬɚ ɤɚɥɶ-
ɰɿɣ-ɰɢɪɤɨɧɿєɜɨɝɨ. Ⱦɪɭɝɟ, ɬɪɟɬє ɿ ɱɟɬɜɟɪɬɟ ɩɪɚ-
ɜɢɥɚ ɜɢɤɨɧɭɸɬɶɫɹ ɛɟɡ ɜɢɤɥɸɱɟɧɶ. 

 

ɅɂɌȿɊȺɌɍɊȺ 
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ɏȺɊɂɌɈɇɈȼ ȼ.Ɇ. əɤɿɫɧɢɣ ɦɿɧɚɥɶɧɢɣ ɫɤɥɚɞ ɿɥɶɦɟɧɿɬɭ ɡ ɦɚɝɦɚɬɢɱɧɢɯ ɬɢɬɚɧɨɜɢɯ 
ɪɭɞ ɡɚ ɩɪɚɜɢɥɚɦɢ Ʌ.ɉɨɥɿɧɝɚ. 

Ɋɟɡɸɦɟ. ȼ 1928 ɪɨɰɿ Ʌɚɣɧɭɫ ɉɨɥɿɧɝ ɧɚ ɨɫɧɨɜɿ ɟɦɩɿɪɢɱɧɢɯ ɞɚɧɢɯ ɜɢɜɿɜ ɩ’ɹɬɶ ɩɪɚɜɢɥ, ɹɤɿ ɭɡɚɝɚ-
ɥɶɧɸɸɬɶ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɛɭɞɨɜɢ ɿɨɧɧɢɯ ɬɚ ɿɨɧɧɨ-ɤɨɜɚɥɟɧɬɧɢɯ ɫɬɪɭɤɬɭɪ, ɿ ɹɤɿ ɜɢɤɨɧɭɸɬɶɫɹ ɞɥɹ 
ɛɿɥɶɲɨɫɬɿ ɤɪɢɫɬɚɥɿɜ. ɉɟɪɟɜɿɪɤɚ ɦɨɠɥɢɜɨɫɬɿ ɿɫɧɭɜɚɧɧɹ ɜ ɫɤɥɚɞɿ ɿɥɶɦɟɧɿɬɭ ɿɧɲɢɯ ɦɿɧɚɥɿɜ ɤɪɿɦ 
ɝɟɣɤɿɥɿɬɭ, ɩɿɪɨɮɚɧɿɬɭ ɿ ɝɟɦɚɬɢɬɭ, ɩɨɤɚɡɭє, ɳɨ ɩɟɪɲɟ ɿ ɩ’ɹɬɟ ɩɪɚɜɢɥɚ, ɚ ɬɚɤɨɠ ɡɧɚɱɟɧɧɹ ɬɨɥɟ-
ɪɚɧɫ-ɮɚɤɬɨɪɭ ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɥɟɝɤɟ ɜɯɨɞɠɟɧɧɹ ɛɿɥɶɲɨɫɬɿ ɞɨɞɚɬɤɨɜɢɯ ɿ ɣɦɨɜɿɪɧɢɯ ɦɿɧɚɥɿɜ. ȼɢ-
ɤɥɸɱɟɧɧɹ ɫɬɚɧɨɜɥɹɬɶ – ɤɚɥɶɰɿɣ-ɬɢɬɚɧɨɜɢɣ, ɤɚɥɶɰɿɣ-ɤɪɟɦɧɿєɜɢɣ, ɦɚɝɧɿɣ-ɤɪɟɦɧɿєɜɢɣ ɿ ɤɚɥɶɰɿɣ-

ɰɢɪɤɨɧɿєɜɢɣ ɦɿɧɚɥɢ. Ⱦɪɭɝɟ, ɬɪɟɬє ɿ ɱɟɬɜɟɪɬɟ ɩɪɚɜɢɥɚ Ʌ.ɉɨɥɿɧɝɚ ɜɢɤɨɧɭɸɬɶɫɹ ɛɟɡ ɜɢɤɥɸɱɟɧɶ. 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɬɢɬɚɧɨɜɿ ɪɭɞɢ, ɿɥɶɦɟɧɿɬ, ɦɿɧɚɥɶɧɢɣ ɫɤɥɚɞ, ɩɪɚɜɢɥɚ Ʌ.ɉɨɥɿɧɝɚ, ɬɨɥɟɪɚɧɫ-

ɮɚɤɬɨɪ 

 

 

ɏȺɊɂɌɈɇɈȼ ȼ.ɇ. Ʉɚɱɟɫɬɜɟɧɧɵɣ ɦɢɧɚɥɶɧɵɣ ɫɨɫɬɚɜ ɢɥɶɦɟɧɢɬɚ ɢɡ ɦɚɝɦɚɬɢɱɟ-
ɫɤɢɯ ɬɢɬɚɧɨɜɵɯ ɪɭɞ ɩɨ ɩɪɚɜɢɥɚɦ Ʌ.ɉɨɥɢɧɝɚ. 

Ɋɟɡɸɦɟ. ȼ 1928 ɝɨɞɭ Ʌɚɣɧɭɫ ɉɨɥɢɧɝ ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɦɩɢɪɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɜɵɜɟɥ ɩɹɬɶ ɩɪɚɜɢɥ, 
ɨɛɨɛɳɚɸɳɢɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɫɬɪɨɟɧɢɹ ɢɨɧɧɵɯ ɢ ɢɨɧɧɨ-ɤɨɜɚɥɟɧɬɧɵɯ ɫɬɪɭɤɬɭɪ, ɢ ɤɨɬɨɪɵɟ 
ɜɵɩɨɥɧɹɸɬɫɹ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɤɪɢɫɬɚɥɥɨɜ. ɉɪɨɜɟɪɤɚ ɜɨɡɦɨɠɧɨɫɬɢ ɜɯɨɠɞɟɧɢɹ ɜ ɫɨɫɬɚɜ ɢɥɶɦɟ-
ɧɢɬɚ ɞɪɭɝɢɯ ɦɢɧɚɥɨɜ ɤɪɨɦɟ ɝɟɣɤɢɥɢɬɚ, ɩɢɪɨɮɚɧɢɬɚ ɢ ɝɟɦɚɬɢɬɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɟɪɜɨɟ ɢ ɩɹ-
ɬɨɟ ɩɪɚɜɢɥɚ, ɚ ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ ɬɨɥɟɪɚɧɫ-ɮɚɤɬɨɪɚ ɩɨɞɬɜɟɪɠɞɚɸɬ ɥɟɝɤɨɟ ɜɯɨɠɞɟɧɢɟ  ɛɨɥɶ-
ɲɢɧɫɬɜɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢ ɜɟɪɨɹɬɧɵɯ ɦɢɧɚɥɨɜ. ɂɫɤɥɸɱɟɧɢɹ ɫɨɫɬɚɜɥɹɸɬ –– ɤɚɥɶɰɢɣ-

ɬɢɬɚɧɨɜɵɣ, ɤɚɥɶɰɢɣ-ɤɪɟɦɧɢɟɜɵɣ, ɦɚɝɧɢɣ-ɤɪɟɦɧɢɟɜɵɣ ɢ ɤɚɥɶɰɢɣ-ɰɢɪɤɨɧɢɟɜɵɣ ɦɢɧɚɥɢ. ȼɬɨɪɨɟ, 
ɬɪɟɬɶɟ ɢ ɱɟɬɜɟɪɬɨɟ ɩɪɚɜɢɥɚ Ʌ.ɉɨɥɢɧɝɚ ɜɵɩɨɥɧɹɸɬɫɹ ɛɟɡ ɢɫɤɥɸɱɟɧɢɣ. 



ɏɚɪɢɬɨɧɨɜ ȼ.Ɇ. 

Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– № 2 (36).– 2016 ɪ. 89 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɢɬɚɧɨɜɵɟ ɪɭɞɵ, ɢɥɶɦɟɧɢɬ, ɦɢɧɚɥɶɧɵɣ ɫɨɫɬɚɜ, ɩɪɚɜɢɥɚ Ʌ.ɉɨɥɢɧɝɚ, ɬɨɥɟ-
ɪɚɧɫ-ɮɚɤɬɨɪ 

 

 

KHARYTONOV V.M. Qualitative minal composition of ilmenite from magmatic 
titanium ores in accordance with the rules of L.Poling. 

Summary. The 1st rule of L.Poling states that the octahedral coordination polyhedra (OCP),that are 

typical for ilmenite structure, have cation radius relation to the radius of the anion (rk/ra) in the range 

of 0.41-0.73. Basing on geometric calculations, the author proposes to admit the value of this 

parameter to be equal 0.58. For chemical elements, representing the main minals of ilmenite (Ɍɿ4+, 

Fe2+, Mg2+, Mn2+, Fe3+) the value of rk/ra is in the range of 0.556-0.782. The values obtained for the 

elements that represent the majority of the additional and probable minals – Nb4+, Ni2+, Zn2+, Cr3+,V3+, 

Sc3+, Zr4+ are close to it. The values of the ratio of the radii Al3+/O2– and Si4+/O2– (lower of the interval) 

and ɋɚ2+/O2– (up of the interval) are outside the interval. 

To assess the probability of the presence of OCP in ilmenite the author has proposed to apply the 

factor of the morphological approach (fm-n), calculated using the formula (rk/ra-0.58)/0,58)∙100. If 

rk/ra was less than 0.58, the formula ((0.58-rk/ra)/(rk/ra))∙100 was used. fm-n values for ilmenite, 

geikielite, pyrophanite and hematite forming elements do not exceed 20%, except for Fe2+high spin and 

Mn2+high spin. Provided fm-n is <20% – OCP in ilmenite structure is easily formed; at 20%<fm-

n<30% – OCP is possible to be formed; when fm-n is >30% – OCP formation is complicated. It was 

found that most of the considered chemical elements may form OCP, with the exception of two 

polyhedra – SiɈ6 and ɋɚɈ6 – formation of which is difficult. 

The author also filfilled the definition of fm-n taking into account the arithmetic mean value of the 

radii of the cations, as the ilmenite structure is described by the formula ȺȼɈ3, where A and B are 

cations. As a result, it turned out that all major minals are characterized by fm-n value not exceeding 

20%. Ilmenite structure can easily include the following additional and probable minals V2Ɉ3, Al2Ɉ3, 

Cr2Ɉ3, ZnTiɈ3, NiTiO3, Fe2+low-spinNbɈ3, CaSiO3, MgSiO3, Fe2+low-spinZrɈ3, MgZrɈ3, Mn2+low-

spinZrɈ3, NiZrɈ3. Minals Fe2+high-spinNbɈ4, Sc2O3, Fe2+high-spinZrɈ3, Mn2+high-spinZrɈ3, ZnZrɈ3 

can form OCP. Formation of two probable minals typical for OCP ilmenite such as titanate and calcium 

zirconate is difficult by value fm-n. 

The 1st rule of L.Poling is often treated together with t-factor (tolerance factor). Its value for the 

main minals varies between 0.67-0.79. The values of this index also fall into this range for all the 

additional and most probable minals. For minals CaZrɈ3, CaSiO3, CaTiɈ3, MgSiO3 values of t-factor 

are above the upper limit of the interval. 

The 2nd L.Poling rule requires local balance of valences for the stability of the structure. For 

additional and probable minals this rule is generally followed fully because their cations valences are 

similar to ones of the main minals of ilmenite. 

The 3rd rule of L.Poling postulates a decrease in crystalline structures resistance given that there 

are common edges and faces in coordination polyhedrons forming them. Since ilmenite has a stable 

structure in case of common edges and faces of OCP, and all of the proposed additional and probable 

minals have a similar structure to it, the third rule does not exclude the possibility of their becoming a 

part of ilmenite as minals. 

The 4th rule of L.Poling reads as follows: highly valent and medium-sized cations do not tend to 

have common anions. Two-, three-, and tetravalent cations are present in the structure of ilmenite and 

the considered minals. They all have the same coordination. The fourth rule of L.Poling does not 

exclude the occurrence of additional and probable minals in the ilmenite structure because: 1) the 

coordination number equal 6 is not a very small coordination; 2) for the minals with trivalent cations 

coordination polyhedra are populated with cations of one type; 3) tetravalent cations have common 

anions in a single plane. 
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The 5th L.Poling rule states that the number of structural coordination polyhedra of various designs 

tends to a minimum. Most of the proposed minals in the composition of ilmenite can form OCP and 

ilmenite structure, that is why it will consist of only one type of coordination polyhedra. 

Thus, the test on the possibility of entering other minals into ilmenite except geikielite, pyrophanite 

and hematite shows that the first and the fifth rules, as well as the values of t-factor confirm an easy 

comprisal of most of additional and probable minals in its composition. The exception is calcium-

titanium, calcium-silicon, magnesium-silicon, and calcium-zirconium minals. The second, third and 

fourth rules of L.Poling are fulfilled without exception. 
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