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ȼȺɊɂȺɌɂȼɇɈɋɌɖ ɋɈȾȿɊɀȺɇɂə ɇȺɌɊɂə ɂ ɄȺɅɂə 
ȼ ȻɈȽȺɌɕɏ ɀȿɅȿɁɇɕɏ ɊɍȾȺɏ ɄɊɂȼɈɊɈɀɋɄɈȽɈ ȻȺɋɋȿɃɇȺ 
 

 

ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢ ɮɨɧɞɨɜɵɯ ɞɚɧɧɵɯ, ɪɟɡɭɥɶɬɚɬɨɜ ɫɨɛɫɬɜɟɧɧɵɯ 
ɧɚɛɥɸɞɟɧɢɣ, ɚɜɬɨɪɵ ɫɬɚɬɶɢ ɪɚɫɫɦɨɬɪɟɥɢ ɜɥɢɹɧɢɟ ɩɪɨɰɟɫɫɨɜ ɫɟɞɢɦɟɧɬɚɰɢɢ, ɞɢɚɝɟ-
ɧɟɡɚ, ɞɢɧɚɦɨɬɟɪɦɚɥɶɧɨɝɨ ɦɟɬɚɦɨɪɮɢɡɦɚ, ɧɚɬɪɢɟɜɨɝɨ ɦɟɬɚɫɨɦɚɬɨɡɚ, ɝɢɩɟɪɝɟɧɟɡɚ, 

ɬɟɯɧɨɝɟɧɟɡɚ ɧɚ ɜɵɧɨɫ ɢ ɧɚɤɨɩɥɟɧɢɟ ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ ɜ ɛɨɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞɚɯ Ʉɪɢ-
ɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ. 

 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ. ɓɟɥɨɱɢ ɜ ɫɨɫɬɚɜɟ 
ɛɨɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣ-
ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɵ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɯɥɨɪɢɞɚ-
ɦɢ ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ – ɝɚɥɢɬɨɦ ɢ ɫɢɥɶɜɢɧɨɦ,– ɚ 
ɬɚɤɠɟ ɫɢɥɢɤɚɬɚɦɢ (ɜ ɪɭɞɚɯ ɪɚɡɧɵɯ ɦɟɫɬɨɪɨɠ-
ɞɟɧɢɣ – ɝɢɞɪɨɫɥɸɞɚɦɢ, ɤɚɥɢɣ-ɫɨɞɟɪɠɚɳɢɦɢ 
ɝɥɢɧɢɫɬɵɦɢ ɦɢɧɟɪɚɥɚɦɢ, ɷɝɢɪɢɧɨɦ, ɪɢɛɟɤɢ-
ɬɨɦ, ɬɟɬɪɚɮɟɪɪɢɛɢɨɬɢɬɨɦ, ɫɟɥɚɞɨɧɢɬɨɦ ɢ ɞɪ.). 
ɋɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɳɟɥɨɱɟɣ ɜ ɩɟɪɟɫɱɟɬɟ 
ɧɚ Na2O+K2O ɜ ɪɭɞɚɯ ɪɚɡɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ 
ɢ ɫɨɫɬɚɜɚ ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɦɟɧɟɟ 0,1 ɞɨ ɛɨɥɟɟ 3 

ɦɚɫ.%. 
ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɛɨɥɟɟ 135 ɥɟɬ ɪɚɡɪɚɛɨɬɤɢ 

ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɨɬɦɟɱɚɟɬɫɹ ɭɫɬɨɣɱɢɜɚɹ ɬɟɧ-
ɞɟɧɰɢɹ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɨɞɟɪɠɚɧɢɹ ɳɟɥɨɱɟɣ ɜ 
ɪɭɞɚɯ: ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ Na2O+K2O ɜ ɩɟɪɢɨɞ 
1945-50 ɝɝ. ɫɨɫɬɚɜɥɹɥɨ ɨɤɨɥɨ 0,11 ɦɚɫ.%; ɜ 
1965-70 ɝɝ. ɞɨɫɬɢɝɥɨ 0,23 ɦɚɫ.%; ɜ 1985-90 ɝɝ. 
– 0,25 ɦɚɫ. %; ɜ 2000-05 ɝɝ. – 0,27 ɦɚɫ.%. ȼ 
2014 ɝ. ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɜɵɫɢɥɨ 
0,30 ɦɚɫ.%, ɱɬɨ ɜ ɬɪɢ ɪɚɡɚ ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɝɨ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɫɭɦɦɵ ɨɤɫɢɞɨɜ ɳɟ-
ɥɨɱɟɣ ɜ ɠɟɥɟɡɨɪɭɞɧɨɦ ɫɵɪɶɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɢɪɨɜɨɝɨ ɪɵɧɤɚ. 

ɉɪɨɰɟɫɫɵ ɜɵɧɨɫɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɳɟɥɨɱɟɣ 
ɜ ɛɨɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞɚɯ ɧɟɨɞɧɨɤɪɚɬɧɨ ɩɨ-
ɜɬɨɪɹɥɢɫɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ 
ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. Ɇɟɫɬɨɪɨɠ-
ɞɟɧɢɹ ɛɨɝɚɬɵɯ ɪɭɞ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɜɨɣɫɬɜɟɧɧɨɣ ɤɚɠɞɨɦɭ ɢɡ 
ɧɢɯ ɫɬɚɞɢɣɧɨɫɬɶɸ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɩɪɨɹɜɥɟ-
ɧɢɣ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɛɭɫɥɨɜɢɜɲɢɯ 
ɦɢɝɪɚɰɢɸ ɳɟɥɨɱɟɣ. 

ɓɟɥɨɱɢ ɨɬɧɨɫɹɬɫɹ ɤ ɜɪɟɞɧɵɦ ɩɪɢɦɟɫɹɦ ɛɨ-
ɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ: ɢɯ ɜɵɫɨɤɚɹ ɯɢɦɢɱɟɫɤɚɹ 
ɚɝɪɟɫɫɢɜɧɨɫɬɶ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɹɜ-
ɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɧɚɪɭɲɟɧɢɹ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨ-
ɰɟɫɫɨɜ, ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɚɝɪɟɝɚ-
ɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɞɟɪɠɚɧɢɟ ɳɟɥɨɱɟɣ ɹɜ-
ɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 
ɪɭɞ. ɇɚ ɩɪɨɬɹɠɟɧɢɢ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɬɪɟɛɨɜɚɧɢɹ 
ɤ ɪɭɞɚɦ ɩɨ ɷɬɨɦɭ ɩɨɤɚɡɚɬɟɥɸ ɜɨɡɪɨɫɥɢ, ɩɪɟɞɟ-
ɥɶɧɨɟ ɫɭɦɦɚɪɧɨɟ ɫɨɞɟɪɠɚɧɢɟ Na2O+K2O ɜ ɪɭ-
ɞɚɯ ɨɩɪɟɞɟɥɟɧɨ ɜ 0,1 ɦɚɫ.%. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɞɥɹ 
ɤɚɠɞɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚ-
ɫɫɟɣɧɚ ɧɟɨɛɯɨɞɢɦɨ ɜɵɹɜɢɬɶ ɝɥɚɜɧɵɟ ɬɪɟɧɞɵ 
ɦɢɝɪɚɰɢɢ, ɜɵɧɨɫɚ ɢ ɧɚɤɨɩɥɟɧɢɹ ɧɚɬɪɢɹ ɢ ɤɚ-
ɥɢɹ ɢ ɧɚ ɷɬɨɣ ɨɫɧɨɜɟ ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɦɢɧɢɦɢɡɚɰɢɢ ɫɨɞɟɪɠɚɧɢɹ ɳɟɥɨɱɟɣ ɜ ɫɨɫɬɚɜɟ 
ɬɨɜɚɪɧɵɯ ɪɭɞ. ɗɬɨ ɨɩɪɟɞɟɥɹɟɬ ɧɚɭɱɧɭɸ ɢ ɩɪɢ-
ɤɥɚɞɧɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɧɨɣ ɚɜɬɨɪɚɦɢ 
ɪɚɛɨɬɵ. 

ɐɟɥɶ ɚɜɬɨɪɨɜ ɫɨɫɬɨɹɥɚ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɪɨɥɢ 
ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɫɨɛɵɬɢɣ, ɜɵɡɜɚɜɲɢɯ ɦɢɝɪɚɰɢɸ, 
ɜɵɧɨɫ ɢ ɧɚɤɨɩɥɟɧɢɟ ɳɟɥɨɱɟɣ ɜ ɛɨɝɚɬɵɯ ɠɟɥɟ-
ɡɧɵɯ ɪɭɞɚɯ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ. 
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ɂɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ ɪɚɛɨɬɵ. 
ɂɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɟɡɭɥɶɬɚɬɵ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ 
ɢ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɧɚɛɥɸɞɟɧɢɣ ɚɜɬɨɪɨɜ ɫɬɚɬɶɢ, ɚ 
ɬɚɤɠɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɟ ɞɚɧɧɵɟ ɢ ɦɚɬɟɪɢɚɥɵ ɢɡ 
ɮɨɧɞɨɜɵɯ ɢɫɬɨɱɧɢɤɨɜ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɧɚɰɢɨ-
ɧɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, Ʉɪɢɜɨɪɨɠɫɤɨɣ ɤɨɦ-
ɩɥɟɤɫɧɨɣ ɝɟɨɥɨɝɢɱɟɫɤɨɣ ɩɚɪɬɢɢ, Ʉɪɢɜɨɪɨɠ-
ɫɤɨɝɨ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɤɨɦɛɢɧɚɬɚ, ɪɭɞɧɢɤɚ «ɋɭ-
ɯɚɹ ɛɚɥɤɚ», ɋɟɜɟɪɧɨɝɨ ɢ ɐɟɧɬɪɚɥɶɧɨɝɨ ɝɨɪɧɨ-
ɨɛɨɝɚɬɢɬɟɥɶɧɵɯ ɤɨɦɛɢɧɚɬɨɜ, Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ 
ɢɧɫɩɟɤɰɢɢ ɤɚɱɟɫɬɜɚ ɠɟɥɟɡɨɪɭɞɧɨɝɨ ɫɵɪɶɹ 
«ȽɂɄ ɘɠɪɭɞɚ». ɉɪɢ ɧɚɤɨɩɥɟɧɢɢ, ɨɛɨɛɳɟɧɢɢ 
ɢ ɚɧɚɥɢɡɟ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ ɢ ɯɢɦɢɱɟɫɤɢɯ 
ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɫɬɚɧɞɚɪɬɧɵɟ ɢ ɚɞɚɩ-
ɬɢɪɨɜɚɧɧɵɟ ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɰɢɮɪɨɜɨɣ ɢɧ-
ɮɨɪɦɚɰɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɯ ɨɛɫɭɠɞɟ-
ɧɢɟ. Ⱥɧɚɥɢɡ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ, ɝɟɨɥɨɝɢɱɟ-
ɫɤɢɯ, ɩɟɬɪɨɯɢɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɩɪɢɜɟɥ ɚɜɬɨ-
ɪɨɜ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɧɚɤɨɩɥɟɧɢɟ ɢ ɜɵɧɨɫ ɧɚɬɪɢɹ 
ɢɡ ɪɭɞɧɵɯ ɬɟɥ ɩɪɨɢɫɯɨɞɢɥ, ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ, ɜ 
ɫɜɹɡɢ ɫ ɩɪɨɹɜɥɟɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɝɟɨɥɨɝɢɱɟ-
ɫɤɢɯ ɩɪɨɰɟɫɫɨɜ: ɫɟɞɢɦɟɧɬɚɰɢɹ, ɞɢɚɝɟɧɟɡ, ɞɢ-
ɧɚɦɨɬɟɪɦɚɥɶɧɵɣ ɦɟɬɚɦɨɪɮɢɡɦ, ɧɚɬɪɢɟɜɵɣ 
ɦɟɬɚɫɨɦɚɬɨɡ, ɝɢɩɟɪɝɟɧɟɡ. 

ȼ ɩɪɨɰɟɫɫɟ ɫɟɞɢɦɟɧɬɚɰɢɢ ɩɪɨɢɫɯɨɞɢɥɨ 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɠɟɥɟɡɨɪɭɞɧɨɣ ɬɨɥɳɢ Ʉɪɢɜ-
ɛɚɫɫɚ, ɞɥɹ ɤɨɬɨɪɨɣ ɯɚɪɚɤɬɟɪɧɨ ɪɢɬɦɢɱɟɫɤɨɟ 
ɫɬɪɨɟɧɢɟ Д2, 3, 14, 15, 17, 18, 19Ж. Ɉɧɨ ɩɪɨɹɜɥɟ-
ɧɨ ɧɚ ɪɚɡɧɵɯ ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɢɯ ɭɪɨɜɧɹɯ: 

– ɞɥɹ ɠɟɥɟɡɨɪɭɞɧɨɣ ɫɚɤɫɚɝɚɧɫɤɨɣ ɫɜɢɬɵ – 

ɱɟɪɟɞɨɜɚɧɢɟɦ ɫɟɦɢ ɫɥɚɧɰɟɜɵɯ ɢ ɫɟɦɢ ɠɟɥɟ-
ɡɢɫɬɵɯ ɝɨɪɢɡɨɧɬɨɜ; 

– ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɢɯ ɝɨɪɢ-
ɡɨɧɬɨɜ – ɢɯ ɚɭɬɢɝɟɧɧɨɣ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɣ ɡɨ-
ɧɚɥɶɧɨɫɬɶɸ. 

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɨ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɠɟ-
ɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ ɢ ɫɥɚɧɰɟɜ ɫɚɤɫɚɝɚɧɫɤɨɣ 
ɫɜɢɬɵ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ, ɱɬɨ ɨɫɚɠɞɟɧɢɟ ɧɚɬɪɢɹ 
ɩɪɢ ɮɨɪɦɢɪɨɜɚɧɢɢ ɬɨɥɳɢ ɠɟɥɟɡɢɫɬɨ-

ɤɪɟɦɧɢɫɬɵɯ (ɠɟɥɟɡɢɫɬɵɟ ɝɨɪɢɡɨɧɬɵ) ɢ ɝɥɢɧɨ-
ɡɟɦ-ɠɟɥɟɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɵɯ (ɫɥɚɧɰɟɜɵɟ ɝɨɪɢ-
ɡɨɧɬɵ) ɢɥɨɜ ɫɚɤɫɚɝɚɧɫɤɨɣ ɫɜɢɬɵ ɩɪɚɤɬɢɱɟɫɤɢ 
ɧɟ ɩɪɨɢɫɯɨɞɢɥɨ. ɋɨɞɟɪɠɚɧɢɟ Na2Ɉ ɜ ɫɨɫɬɚɜɟ 
ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ ɢ ɫɥɚɧɰɟɜ, ɧɟ ɢɫɩɵɬɚɜ-
ɲɢɯ ɷɩɢɝɟɧɟɬɢɱɟɫɤɢɟ ɢɡɦɟɧɟɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɧɟ ɩɪɟɜɵɲɚɟɬ 0,05 ɦɚɫ.%. ɇɚɬɪɢɣ ɜ ɜɢɞɟ ɯɥɨ-
ɪɢɞɚ ɩɪɢɫɭɬɫɬɜɨɜɚɥ, ɜɟɪɨɹɬɧɨ, ɜ ɫɨɫɬɚɜɟ ɫɨɞɟ-
ɪɠɚɳɟɣɫɹ ɜ ɢɥɚɯ ɜɨɞɵ (ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. ɂɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɳɟɥɨɱɟɣ ɜ 
ɫɯɟɦɚɬɢɱɟɫɤɨɦ ɪɚɡɪɟɡɟ ɠɟɥɟɡɢɫɬɨ-

ɤɪɟɦɧɢɫɬɵɯ ɢ ɝɥɢɧɨɡɟɦ-ɠɟɥɟɡɢɫɬɨ-

ɤɪɟɦɧɢɫɬɵɯ ɨɫɚɞɤɨɜ. 
ɀɟɥɟɡɨ-ɫɨɞɟɪɠɚɳɢɟ ɨɫɚɞɤɢ: 1-4 – ɠɟɥɟɡɢ-

ɫɬɨ-ɤɪɟɦɧɢɫɬɵɟ: 1 – ɜɵɫɨɤɨɠɟɥɟɡɢɫɬɵɟ ɛɟɫ-
ɤɚɪɛɨɧɚɬɧɵɟ; 2 – ɠɟɥɟɡɢɫɬɵɟ ɛɟɫɤɚɪɛɨɧɚɬ-
ɧɵɟ; 3 – ɠɟɥɟɡɢɫɬɵɟ ɤɚɪɛɨɧɚɬ-ɫɨɞɟɪɠɚɳɢɟ; 
4 – ɤɚɪɛɨɧɚɬ-ɠɟɥɟɡɢɫɬɵɟ; 5-9 – ɝɥɢɧɨɡɟɦ-

ɠɟɥɟɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɵɟ: 5 – ɝɥɢɧɨɡɟɦ-

ɤɚɪɛɨɧɚɬ-ɠɟɥɟɡɢɫɬɵɟ; 6 – ɝɥɢɧɨɡɟɦ-

ɠɟɥɟɡɢɫɬɨ-ɤɚɪɛɨɧɚɬɧɵɟ; 7 – ɤɚɪɛɨɧɚɬ-

ɠɟɥɟɡɢɫɬɨ-ɝɥɢɧɨɡɟɦɧɵɟ; 8 – ɠɟɥɟɡɢɫɬɨ-

ɝɥɢɧɨɡɟɦɧɵɟ; 9 – ɝɥɢɧɨɡɟɦɧɵɟ ɫ ɩɪɢɦɟɫɶɸ ɠɟ-
ɥɟɡɚ. 

 

 

Ⱦɥɹ ɤɚɥɢɹ, ɧɚɩɪɨɬɢɜ, ɯɚɪɚɤɬɟɪɧɵ ɨɱɟɧɶ 
ɜɵɫɨɤɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ: ɫɨɞɟɪɠɚɧɢɟ Ʉ2Ɉ ɜ 
ɰɟɧɬɪɚɥɶɧɵɯ ɡɨɧɚɯ ɫɥɚɧɰɟɜɵɯ ɝɨɪɢɡɨɧɬɨɜ ɞɨɫ-
ɬɢɝɚɟɬ 3,0 ɢ ɛɨɥɟɟ ɦɚɫ.%. ɋ ɭɞɚɥɟɧɢɟɦ ɨɬ 
ɰɟɧɬɪɚɥɶɧɵɯ ɤ ɩɟɪɢɮɟɪɢɣɧɵɦ ɡɨɧɚɦ ɫɥɚɧ-
ɰɟɜɵɯ ɝɨɪɢɡɨɧɬɨɜ ɜɟɥɢɱɢɧɚ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ 
ɭɦɟɧɶɲɚɟɬɫɹ ɞɨ 0,3-0,7 ɦɚɫ.%. ȼ ɪɚɡɪɟɡɚɯ ɠɟ-
ɥɟɡɢɫɬɵɯ ɝɨɪɢɡɨɧɬɨɜ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɫɬɟɩɟɧ-
ɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ Ʉ2Ɉ ɨɬ ɢɯ ɩɟɪɢ-
ɮɟɪɢɣɧɵɯ (0,10-0,30 ɦɚɫ.%) ɤ ɰɟɧɬɪɚɥɶɧɵɦ 
(0,00-0,05 ɦɚɫ.%) ɡɨɧɚɦ. Ƚɥɚɜɧɵɦɢ ɦɢɧɟɪɚɥɚ-
ɦɢ-ɧɨɫɢɬɟɥɹɦɢ ɤɚɥɢɹ ɜ ɩɟɪɜɢɱɧɵɯ ɨɫɚɞɤɚɯ 
ɛɵɥɢ, ɜɟɪɨɹɬɧɨ, ɝɢɞɪɨɫɥɸɞɵ, ɤɚɥɢɣ-

ɫɨɞɟɪɠɚɳɢɟ ɝɥɢɧɢɫɬɵɟ ɦɢɧɟɪɚɥɵ. Ʉɚɤ ɢ ɧɚ-
ɬɪɢɣ, ɨɧ ɦɨɝ ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɜ ɜɢɞɟ ɪɚɫ-
ɬɜɨɪɢɦɵɯ ɫɨɥɟɣ ɜ ɫɨɫɬɚɜɟ ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɢɥɚɯ 
ɜɨɞɵ. 
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Ⱦɢɚɝɟɧɟɡ ɫɨɩɪɨɜɨɠɞɚɥɫɹ ɨɛɟɡɜɨɠɢɜɚɧɢɟɦ, 
ɭɩɥɨɬɧɟɧɢɟɦ ɠɟɥɟɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɵɯ, ɝɥɢɧɨ-
ɡɟɦ-ɠɟɥɟɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɵɯ ɢɥɨɜ, ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɟɦ ɢɯ ɜ ɨɫɚɞɨɱɧɵɟ ɝɨɪɧɵɟ ɩɨɪɨɞɵ – ɹɲ-
ɦɨɢɞɵ, ɥɢɞɢɬɵ, ɝɥɢɧɢɫɬɵɟ ɫɥɚɧɰɵ. ɋɨɞɟɪɠɚ-
ɧɢɟ ɞɪɭɝɢɯ (ɤɪɨɦɟ ɜɨɞɵ) ɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɜ ɫɨɫɬɚɜɟ ɨɫɚɞɨɱɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɹɥɨɫɶ. ɋɨɯɪɚɧɢɥɫɹ ɩɨɤɚ-
ɡɚɧɧɵɣ ɧɚ ɪɢɫ. 1 ɯɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚ-
ɧɢɹ ɳɟɥɨɱɟɣ ɜ ɫɨɫɬɚɜɟ ɠɟɥɟɡɢɫɬɵɯ ɩɨɪɨɞ. ɇɟ 
ɩɪɨɢɫɯɨɞɢɥɢ ɬɚɤɠɟ ɡɚɦɟɬɧɵɟ ɢɡɦɟɧɟɧɢɹ ɢɯ 
ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ. 

Ⱦɢɧɚɦɨɬɟɪɦɚɥɶɧɵɣ ɦɟɬɚɦɨɪɮɢɡɦ ɨɩɪɟ-
ɞɟɥɢɥ ɫɨɜɪɟɦɟɧɧɵɣ ɦɢɧɟɪɚɥɶɧɵɣ ɫɨɫɬɚɜ, 
ɫɬɪɭɤɬɭɪɭ, ɬɟɤɫɬɭɪɭ ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ ɢ 
ɫɥɚɧɰɟɜ. Ɉɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ ɦɟ-
ɬɚɦɨɪɮɢɡɦɚ ɡɚɜɢɫɢɥɨ ɩɪɟɨɛɥɚɞɚɧɢɟ ɜ ɟɝɨ ɩɪɨ-
ɞɭɤɬɚɯ ɦɚɝɧɟɬɢɬ-ɫɢɞɟɪɢɬ-ɯɥɨɪɢɬ-ɫɟɪɢɰɢɬɨɜɨɝɨ 
(ɡɟɥɟɧɨɫɥɚɧɰɟɜɚɹ ɮɚɰɢɹ) ɢɥɢ ɦɚɝɧɟɬɢɬ-

ɤɭɦɦɢɧɝɬɨɧɢɬ-ɛɢɨɬɢɬ-ɦɭɫɤɨɜɢɬɨɜɨɝɨ (ɷɩɢɞɨɬ-

ɚɦɮɢɛɨɥɢɬɨɜɚɹ ɮɚɰɢɹ) ɦɢɧɟɪɚɥɶɧɨɝɨ ɩɚɪɚɝɟ-
ɧɟɡɢɫɚ ɜ ɫɨɫɬɚɜɟ ɫɥɚɧɰɟɜ ɢ ɦɚɥɨɪɭɞɵɯ (ɫɢɥɢ-
ɤɚɬ-ɫɨɞɟɪɠɚɳɢɯ) ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ, ɫɥɚ-
ɝɚɸɳɢɯ ɩɟɪɢɮɟɪɢɣɧɵɟ ɡɨɧɵ ɠɟɥɟɡɢɫɬɵɯ ɝɨ-
ɪɢɡɨɧɬɨɜ. ɐɟɧɬɪɚɥɶɧɵɟ ɡɨɧɵ ɠɟɥɟɡɢɫɬɵɯ ɝɨ-
ɪɢɡɨɧɬɨɜ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɮɚɰɢɢ ɦɟɬɚɦɨɪ-
ɮɢɡɦɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɦɚɝɧɟɬɢɬ-

ɠɟɥɟɡɧɨɫɥɸɞɤɨɜɵɦ, ɠɟɥɟɡɨɫɥɸɞɤɨ-

ɦɚɝɧɟɬɢɬɨɜɵɦ, ɦɚɝɧɟɬɢɬɨɜɵɦ ɫɨɫɬɚɜɨɦ. 
ȼɵɡɜɚɜ ɫɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɦɢɧɟɪɚ-

ɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɠɟɥɟɡɢɫɬɵɯ ɩɨɪɨɞ, ɞɢɧɚɦɨɬɟɪ-
ɦɚɥɶɧɵɣ ɦɟɬɚɦɨɪɮɢɡɦ, ɩɨ ɦɧɟɧɢɸ ɛɨɥɶɲɢɧɫ-
ɬɜɚ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɧɟ ɫɨɩɪɨɜɨɠɞɚɥɫɹ ɡɚɦɟɬ-
ɧɨɣ ɦɢɝɪɚɰɢɟɣ ɜɟɳɟɫɬɜɚ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 
ɜɵɧɨɫɚ ɱɚɫɬɢ ɇ2Ɉ ɢ ɋɈ2), ɧɟ ɜɵɡɜɚɥ ɢɡɦɟɧɟ-
ɧɢɣ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢ-
ɬɨɜ ɢ ɫɥɚɧɰɟɜ Д1, 13, 14, 16Ж. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ 
ɰɟɥɨɦ ɫɨɯɪɚɧɢɥɚɫɶ ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫ. 1 
ɡɚɤɨɧɨɦɟɪɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɳɟɥɨ-
ɱɟɣ ɜ ɫɬɚɧɞɚɪɬɧɵɯ ɪɚɡɪɟɡɚɯ ɫɥɚɧɰɟɜɵɯ ɢ ɠɟɥɟ-
ɡɢɫɬɵɯ ɝɨɪɢɡɨɧɬɨɜ ɫɚɤɫɚɝɚɧɫɤɨɣ ɫɜɢɬɵ. 

ɍɬɨɱɧɟɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛ ɢɡɨɯɢɦɢɱɧɨɫ-
ɬɢ ɞɢɧɚɦɨɬɟɪɦɚɥɶɧɨɝɨ ɦɟɬɚɦɨɪɮɢɡɦɚ ɠɟɥɟɡɢ-
ɫɬɨ-ɤɪɟɦɧɢɫɬɨɣ ɮɨɪɦɚɰɢɢ ɩɪɟɞɥɨɠɢɥ ɨɞɢɧ ɢɡ 
ɚɜɬɨɪɨɜ ɧɚɫɬɨɹɳɟɣ ɫɬɚɬɶɢ Д6, 7Ж. ɉɨ ɟɝɨ ɦɧɟ-
ɧɢɸ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɥɫɹ ɯɢɦɢɱɟɫɤɢɣ 
ɫɨɫɬɚɜ ɩɨɪɨɞ, ɫɥɚɝɚɸɳɢɯ ɰɟɧɬɪɚɥɶɧɵɟ ɡɨɧɵ 
ɤɚɤ ɠɟɥɟɡɢɫɬɵɯ, ɬɚɤ ɢ ɫɥɚɧɰɟɜɵɯ ɝɨɪɢɡɨɧɬɨɜ. 
ȼ ɩɪɢɤɨɧɬɚɤɬɨɜɵɯ ɠɟ ɡɨɧɚɯ, ɞɥɹ ɤɨɬɨɪɵɯ ɯɚ-

ɪɚɤɬɟɪɧɵ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɝɟɨɯɢɦɢɱɟ-
ɫɤɢɯ ɝɪɚɞɢɟɧɬɨɜ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɩɥɚɫɬɨɜ, 

ɩɪɨɢɫɯɨɞɢɥɚ ɦɢɝɪɚɰɢɹ ɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧ-
ɬɨɜ ɩɨ ɩɪɢɧɰɢɩɭ ɛɢɦɟɬɚɫɨɦɚɬɢɱɟɫɤɨɝɨ ɜɡɚɢ-
ɦɨɞɟɣɫɬɜɢɹ ɯɢɦɢɱɟɫɤɢ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ 
ɧɟɪɚɜɧɨɜɟɫɧɵɯ ɬɨɥɳ Д10Ж. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɡɧɚ-
ɱɟɧɢɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɟɬɚ-
ɦɨɪɮɢɡɦɚ ɨɬ ɭɫɥɨɜɢɣ ɡɟɥɟɧɨɫɥɚɧɰɟɜɨɣ ɤ ɭɫɥɨ-
ɜɢɹɦ ɷɩɢɞɨɬ-ɚɦɮɢɛɨɥɢɬɨɜɨɣ ɮɚɰɢɢ ɜɨɡɪɚɫɬɚɥɚ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɢɧɦɟɬɚɦɨɪɮɢɱɟɫɤɨɣ ɦɢɝɪɚɰɢɢ 
ɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɗɬɨ ɩɪɢɜɟɥɨ ɤ ɪɚɫ-
ɲɢɪɟɧɢɸ ɡɚ ɫɱɟɬ ɩɪɢɤɨɧɬɚɤɨɜɵɯ ɱɚɫɬɟɣ ɠɟɥɟ-
ɡɢɫɬɵɯ ɝɨɪɢɡɨɧɬɨɜ ɡɨɧ ɩɨɜɵɲɟɧɧɨɝɨ ɫɨɞɟɪɠɚ-
ɧɢɹ ɤɚɥɢɹ ɜ ɪɚɡɪɟɡɚɯ ɠɟɥɟɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɨɣ 
ɮɨɪɦɚɰɢɢ (ɪɢɫ. 2). 

ɉɨɫɬɫɚɤɫɚɝɚɧɫɤɢɣ ɪɭɞɨɝɟɧɟɡ ɩɨ ɜɪɟɦɟɧɢ 
ɫɨɜɩɚɥ ɫ ɩɟɪɟɪɵɜɨɦ ɜ ɧɚɤɨɩɥɟɧɢɢ ɜɭɥɤɚɧɨɝɟɧ-
ɧɨ-ɤɥɚɫɬɨɝɟɧɧɵɯ ɨɫɚɞɤɨɜ ɤɪɢɜɨɪɨɠɫɤɨɣ ɫɟɪɢɢ 
ɩɨɫɥɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɚɥɟɨɩɪɨɬɟɪɨɡɨɣɫɤɨɣ 
ɫɚɤɫɚɝɚɧɫɤɨɣ ɫɜɢɬɵ. Ɉɛɪɚɡɨɜɚɧɢɟ ɪɭɞ ɩɪɨ-
ɢɫɯɨɞɢɥɨ ɜ ɝɢɩɟɪɝɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɜ ɫɜɹɡɢ ɫ 
ɪɚɫɬɜɨɪɟɧɢɟɦ ɤɜɚɪɰɚ ɢ ɜɵɧɨɫɨɦ ɤɪɟɦɧɟɡɟɦɚ ɢɡ 
ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ ɡɚ ɩɪɟɞɟɥɵ ɡɨɧ ɪɭɞɨɝɟ-
ɧɟɡɚ. ɇɚ ɯɨɞ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɜɥɢɹɥ ɫɨɫɬɚɜ 
ɚɬɦɨɫɮɟɪɵ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɨɜɚɥɫɹ ɨɬ-
ɫɭɬɫɬɜɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ 
ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɝɚɡɨɜ (ɦɟɬɚɧ, ɦɨɧɨɨɤɫɢɞ 
ɭɝɥɟɪɨɞɚ, ɚɦɦɢɚɤ) Д4Ж. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɵɧɨɫ 
ɤɪɟɦɧɟɡɟɦɚ ɢɡ ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ ɧɟ ɫɨɩ-
ɪɨɜɨɠɞɚɥɫɹ ɨɤɢɫɥɟɧɢɟɦ ɫɥɚɝɚɜɲɢɯ ɢɯ ɦɢɧɟɪɚ-
ɥɨɜ (ɦɚɝɧɟɬɢɬɚ, ɠɟɥɟɡɢɫɬɵɯ ɤɚɪɛɨɧɚɬɨɜ ɢ ɫɢ-
ɥɢɤɚɬɨɜ). 

Ʉɚɥɢɣ ɢ ɩɪɢɫɭɬɫɬɜɨɜɚɜɲɢɣ ɜ ɧɟɡɧɚɱɢɬɟɥɶ-
ɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɧɚɬɪɢɣ ɜɵɧɨɫɢɥɢɫɶ ɢɡ ɡɨɧ ɪɭ-
ɞɨɨɛɪɚɡɨɜɚɧɢɹ ɫɨɜɦɟɫɬɧɨ ɫ ɤɪɟɦɧɟɡɟɦɨɦ. Ɏɨ-
ɪɦɢɪɨɜɚɥɢɫɶ ɪɭɞɵ ɦɚɝɧɟɬɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫ 
ɩɪɢɦɟɫɶɸ ɞɪɭɝɢɯ ɦɢɧɟɪɚɥɨɜ, ɜɯɨɞɢɜɲɢɯ ɜ ɫɨ-
ɫɬɚɜ ɢɫɯɨɞɧɵɯ ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ (ɠɟɥɟɡ-
ɧɨɣ ɫɥɸɞɤɢ, ɤɚɪɛɨɧɚɬɨɜ, ɯɥɨɪɢɬɚ ɢ ɞɪɭɝɢɯ ɛɟ-
ɫɤɚɥɢɟɜɵɯ ɫɢɥɢɤɚɬɨɜ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɫɬɫɚ-
ɤɫɚɝɚɧɫɤɢɣ ɪɭɞɨɝɟɧɟɡ ɛɵɥ ɩɟɪɜɵɦ ɝɟɨɥɨɝɢɱɟ-
ɫɤɢɦ ɩɪɨɰɟɫɫɨɦ, ɜɵɡɜɚɜɲɢɦ ɦɚɫɲɬɚɛɧɭɸ ɦɢ-
ɝɪɚɰɢɸ ɳɟɥɨɱɟɣ, ɜɵɧɨɫ ɤɚɥɢɹ ɢɡ ɡɨɧ ɮɨɪɦɢ-
ɪɨɜɚɧɢɹ ɪɭɞɧɵɯ ɬɟɥ. 

ɋ ɷɬɚɩɨɦ ɩɨɫɬɫɚɤɫɚɝɚɧɫɤɨɝɨ ɪɭɞɨɝɟɧɟɡɚ 
ɫɜɹɡɚɧɨ ɨɛɪɚɡɨɜɚɧɢɟ ɡɚɥɟɠɟɣ ɞɜɭɯ ɧɚɢɛɨɥɟɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɜ Ʉɪɢɜɨɪɨɠɫɤɨɦ ɛɚɫɫɟɣɧɟ 
ɜɢɞɨɜ ɛɨɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ: ɢɧɝɭɥɟɰɤɨɝɨ 
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80 ǏǱǺǷǺǯǺ-ǸȑǹǱǼǬǷǺǯȑȃǹǴǵчǮȑǽǹǴǶчǖǼǴǮǺǼȑǳȈǶǺǯǺчǹǬȂȑǺǹǬǷȈǹǺǯǺчǿǹȑǮǱǼǽǴǾǱǾǿі– №ч2 (34).– 2015 Ǽ. 

(ɩɥɨɳɚɞɧɚɹ ɤɨɪɚ ɜɵɜɟɬɪɢɜɚɧɢɹ) ɢ ɫɚɤɫɚɝɚɧɫ-
ɤɨɝɨ (ɥɢɧɟɣɧɚɹ). 

 

 
 

Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɳɟɥɨɱɟɣ ɜ 
ɫɨɫɬɚɜɟ ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ ɢ ɫɥɚɧɰɟɜ ɜ 
ɪɚɡɪɟɡɟ ɨɬ ɰɟɧɬɪɚ ɠɟɥɟɡɢɫɬɨɝɨ ɤ ɰɟɧɬɪɭ ɫɥɚ-
ɧɰɟɜɨɝɨ ɝɨɪɢɡɨɧɬɚ. 

Ɇɟɬɚɦɨɪɮɢɬɵ: I – ɮɚɰɢɢ ɡɟɥɟɧɵɯ ɫɥɚɧɰɟɜ; 
II – ɷɩɢɞɨɬ-ɚɦɮɢɛɨɥɢɬɨɜɨɣ ɮɚɰɢɢ. 

Ƚɨɪɧɵɟ ɩɨɪɨɞɵ: 1-4 – ɠɟɥɟɡɢɫɬɵɟ ɤɜɚɪ-
ɰɢɬɵ: 1 – ɠɟɥɟɡɧɨɫɥɸɞɤɨ-ɦɚɝɧɟɬɢɬɨɜɵɟ; 2 – 

ɦɚɝɧɟɬɢɬɨɜɵɟ; 3 – ɯɥɨɪɢɬ-ɫɢɞɟɪɢɬ-

ɦɚɝɧɟɬɢɬɨɜɵɟ (ɚ), ɛɢɨɬɢɬ-ɤɭɦɦɢɧɝɬɨɧɢɬ-

ɦɚɝɧɟɬɢɬɨɜɵɟ (ɛ); 4 – ɦɚɝɧɟɬɢɬ-ɯɥɨɪɢɬ-

ɫɢɞɟɪɢɬɨɜɵɟ (ɚ), ɦɚɝɧɟɬɢɬ-ɛɢɨɬɢɬ-

ɤɭɦɦɢɧɝɬɨɧɢɬɨɜɵɟ (ɛ); 5-9 – ɫɥɚɧɰɵ: 5 – ɯɥɨ-
ɪɢɬ-ɤɜɚɪɰ-ɫɢɞɟɪɢɬɨɜɵɟ (ɚ), ɛɢɨɬɢɬ-ɤɜɚɪɰ-

ɤɭɦɦɢɧɝɬɨɧɢɬɨɜɵɟ (ɛ); 6 – ɫɢɞɟɪɢɬ-ɤɜɚɪɰ-

ɯɥɨɪɢɬɨɜɵɟ (ɚ), ɤɭɦɦɢɧɝɬɨɧɢɬ-ɤɜɚɪɰ-

ɛɢɨɬɢɬɨɜɵɟ (ɛ); 7 – ɤɜɚɪɰ-ɯɥɨɪɢɬɨɜɵɟ (ɚ), 
ɤɜɚɪɰ-ɛɢɨɬɢɬɨɜɵɟ (ɛ); 8 – ɫɟɪɢɰɢɬ-ɤɜɚɪɰ-

ɯɥɨɪɢɬɨɜɵɟ (ɚ), ɦɭɫɤɨɜɢɬ-ɤɜɚɪɰ-ɛɢɨɬɢɬɨɜɵɟ 
(ɛ); 9 – ɯɥɨɪɢɬ-ɤɜɚɪɰ-ɫɟɪɢɰɢɬɨɜɵɟ (ɚ), ɛɢɨ-
ɬɢɬ-ɤɜɚɪɰ-ɦɭɫɤɨɜɢɬɨɜɵɟ (ɛ). 

 

 

ɇɚɬɪɢɟɜɵɣ ɦɟɬɚɫɨɦɚɬɨɡ. Ɉɤɨɥɨ 1,8 
ɦɥɪɞ. ɥɟɬ ɬɨɦɭ ɧɚɡɚɞ, ɬ. ɟ. ɱɟɪɟɡ 400 ɦɥɧ. ɥɟɬ 
ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɞɢɧɚɦɨɬɟɪɦɚɥɶɧɨɝɨ ɦɟɬɚ-
ɦɨɪɮɢɡɦɚ ɠɟɥɟɡɨɪɭɞɧɚɹ ɬɨɥɳɚ Ʉɪɢɜɨɪɨɠɫɤɨ-
ɝɨ ɛɚɫɫɟɣɧɚ ɜ ɫɨɫɬɚɜɟ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɍɤɪɚɢɧɫ-
ɤɨɝɨ ɳɢɬɚ ɢɫɩɵɬɚɥɚ ɩɪɨɰɟɫɫ ɬɟɤɬɨɧɨ-

ɦɚɝɦɚɬɢɱɟɫɤɨɣ ɚɤɬɢɜɢɡɚɰɢɢ. Ɉɞɧɢɦ ɢɡ ɟɝɨ 
ɩɪɨɹɜɥɟɧɢɣ ɛɵɥɚ ɦɢɝɪɚɰɢɹ ɩɨ ɨɛɪɚɡɨɜɚɜɲɢɦ-
ɫɹ ɪɚɡɥɨɦɚɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ ɭɝɥɟ-
ɤɢɫɥɨ-ɧɚɬɪɢɟɜɨɝɨ ɫɨɫɬɚɜɚ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɫɪɟɞɵ ɦɟɬɚ-
ɫɨɦɚɬɢɱɟɫɤɨɝɨ ɦɢɧɟɪɚɥɨɨɛɪɚɡɨɜɚɧɢɹ (ɫɨɫɬɚɜ 
ɜɦɟɳɚɸɳɢɯ ɝɨɪɧɵɯ ɩɨɪɨɞ ɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟ-
ɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɦɟɬɚɫɨɦɚɬɢɡɢɪɭɸɳɟɝɨ ɮɥɸɢ-
ɞɚ – ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, ɚɤɬɢɜɧɨɫɬɶ ɧɚɬɪɢɹ 

ɢ ɞɪɭɝɢɯ ɯɢɦɢɱɟɫɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɮɭɝɢɬɢɜ-
ɧɨɫɬɶ ɤɢɫɥɨɪɨɞɚ ɢ ɞɪ.), ɩɪɨɢɫɯɨɞɢɥɨ ɨɛɪɚɡɨ-
ɜɚɧɢɟ ɧɚɬɪɢɣ-ɫɨɞɟɪɠɚɳɢɯ ɫɢɥɢɤɚɬɨɜ (ɷɝɢɪɢɧɚ, 
ɪɢɛɟɤɢɬɚ, ɚɥɶɛɢɬɚ), ɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɞɤɢɯ 
ɫɥɭɱɚɹɯ ɩɪɢɫɭɬɫɬɜɢɹ ɜ ɪɚɫɬɜɨɪɚɯ ɤɚɥɢɹ – ɬɚɤ-
ɠɟ ɬɟɬɪɚɮɟɪɪɢɛɢɨɬɢɬɚ, ɫɟɥɚɞɨɧɢɬɚ. Ɂɚɦɟɳɟ-
ɧɢɸ ɩɨɞɜɟɪɝɚɥɢɫɶ ɦɚɝɧɟɬɢɬ, ɝɟɦɚɬɢɬ, ɤɭ-
ɦɦɢɧɝɬɨɧɢɬ, ɤɜɚɪɰ ɜɦɟɳɚɸɳɢɯ ɠɟɥɟɡɢɫɬɵɯ 
ɤɜɚɪɰɢɬɨɜ Д8, 9, 11, 14Ж. 

ɋɨɞɟɪɠɚɧɢɟ ɧɚɬɪɢɹ ɜ ɠɟɥɟɡɢɫɬɵɯ ɩɨɪɨɞɚɯ ɜ 
ɫɜɹɡɢ ɫ ɧɚɬɪɢɟɜɵɦ ɦɟɬɚɫɨɦɚɬɨɡɨɦ ɜɨɡɪɚɫɬɚɥɨ ɜ 
ɫɨɬɧɢ ɪɚɡ – ɞɨ ɛɨɥɟɟ 5 ɦɚɫ.% ɜ ɫɨɫɬɚɜɟ ɷɝɢɪɢ-
ɧɨɜɵɯ ɦɟɬɚɫɨɦɚɬɢɬɨɜ ɢ ɞɨ 3 ɦɚɫ.% ɜ ɫɨɫɬɚɜɟ 
ɪɢɛɟɤɢɬɨɜɵɯ ɦɟɬɚɫɨɦɚɬɢɬɨɜ. 

ȼ ɭɱɚɫɬɤɚɯ ɩɟɪɟɫɟɱɟɧɢɹ ɪɚɡɪɵɜɧɵɯ ɧɚɪɭ-
ɲɟɧɢɣ, ɡɨɧɚɯ ɛɪɟɤɱɢɪɨɜɚɧɢɹ ɜɦɟɳɚɸɳɢɯ ɠɟ-
ɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ ɜ ɫɜɹɡɢ ɫ ɩɪɟɨɛɥɚɞɚɧɢɢɟɦ 
ɢɧɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɧɚɞ ɞɢ-
ɮɮɭɡɢɨɧɧɵɦ ɦɟɬɚɫɨɦɚɬɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɫɨɩ-
ɪɨɜɨɠɞɚɥɫɹ ɜɵɧɨɫɨɦ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɤɪɟɦɧɟ-
ɡɟɦɚ ɡɚ ɩɪɟɞɟɥɵ ɡɨɧ ɦɟɬɚɫɨɦɚɬɢɱɟɫɤɢɯ ɩɪɟɨɛ-
ɪɚɡɨɜɚɧɢɣ ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɮɨɪɦɢɪɨɜɚɥɢɫɶ ɡɚɥɟɠɢ ɛɨɝɚɬɵɯ ɠɟɥɟɡ-
ɧɵɯ ɪɭɞ ɷɝɢɪɢɧ-ɦɚɝɧɟɬɢɬɨɜɨɝɨ, ɠɟɥɟɡɧɨɫɥɸɞ-
ɤɨ-ɷɝɢɪɢɧ-ɦɚɝɧɟɬɢɬɨɜɨɝɨ, ɪɢɛɟɤɢɬ-

ɦɚɝɧɟɬɢɬɨɜɨɝɨ, ɠɟɥɟɡɧɨɫɥɸɞɤɨ-ɪɢɛɟɤɢɬ-

ɦɚɝɧɟɬɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ (ɪɭɞɵ ɩɟɪɜɨɦɚɣɫɤɨɝɨ 
ɜɢɞɚ). 

Ⱦɥɹ ɪɭɞɧɵɯ ɬɟɥ ɯɚɪɚɤɬɟɪɧɚ ɦɢɧɟɪɚɥɨɝɢɱɟ-
ɫɤɚɹ ɡɨɧɚɥɶɧɨɫɬɶ (ɪɢɫ. 3). ɐɟɧɬɪɚɥɶɧɵɟ ɡɨɧɵ 
ɫɥɨɠɟɧɵ ɪɭɞɚɦɢ ɷɝɢɪɢɧ-ɦɚɝɧɟɬɢɬɨɜɨɝɨ, ɠɟɥɟ-
ɡɧɨɫɥɸɞɤɨ-ɷɝɢɪɢɧ-ɦɚɝɧɟɬɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ ɫ 
ɫɨɞɟɪɠɚɧɢɟɦ Na2O ɞɨ 3 ɦɚɫ.% ɢ K2O ɞɨ 0,5 
ɦɚɫ.%. ɉɟɪɢɮɟɪɢɣɧɵɟ ɡɨɧɵ ɢɦɟɸɬ ɪɢɛɟɤɢɬ-

ɦɚɝɧɟɬɢɬɨɜɵɣ, ɠɟɥɟɡɧɨɫɥɸɞɤɨ-ɪɢɛɟɤɢɬ-

ɦɚɝɧɟɬɢɬɨɜɵɣ ɫɨɫɬɚɜ; ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɨɜ 
ɳɟɥɨɱɟɣ ɡɞɟɫɶ ɫɨɫɬɚɜɥɹɟɬ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɨ 
2 ɢ ɞɨ 0,5 ɦɚɫ.%. 

Ƚɢɩɟɪɝɟɧɟɡ. ȼɵɲɟ ɨɬɦɟɱɚɥɨɫɶ, ɱɬɨ ɬɪɚɧɫ-
ɮɨɪɦɚɰɢɹ ɫɭɛɝɨɪɢɡɨɧɬɚɥɶɧɨ ɡɚɥɟɝɚɸɳɢɯ ɩɥɚ-
ɫɬɨɜ ɞɨɧɧɵɯ ɨɫɚɞɤɨɜ ɜ ɫɥɨɠɧɨ ɩɨɫɬɪɨɟɧɧɭɸ 
ɫɤɥɚɞɱɚɬɭɸ ɫɬɪɭɤɬɭɪɭ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣ-
ɧɚ, ɝɨɪɨɨɛɪɚɡɨɜɚɧɢɟ, ɞɢɧɚɦɨɬɟɪɦɚɥɶɧɵɣ ɦɟ-
ɬɚɦɨɪɮɢɡɦ ɡɚɜɟɪɲɢɥɢɫɶ ɨɤɨɥɨ 2,2 ɦɥɪɞ. ɥɟɬ 
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ɧɚɡɚɞ Д2Ж. ɉɨɫɥɟ ɷɬɨɝɨ Ʉɪɢɜɨɪɨɠɫɤɢɣ ɛɚɫɫɟɣɧ 
ɜ ɫɨɫɬɚɜɟ ɍɤɪɚɢɧɫɤɨɝɨ ɳɢɬɚ (ɍɓ) ɫɭɳɟɫɬɜɨ-
ɜɚɥ ɜ ɭɫɥɨɜɢɹɯ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɝɨ ɪɟɠɢɦɚ, ɤɨ-
ɬɨɪɵɣ ɛɵɥ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ ɩɪɟɪɜɚɧ ɜ ɤɨɧɰɟ 
ɩɚɥɟɨɝɟɧɚ ɢ ɧɚɱɚɥɟ ɧɟɨɝɟɧɚ ɜ ɫɜɹɡɢ ɫ ɬɪɚɧɫɝ-
ɪɟɫɫɢɟɣ ɜ ɩɪɟɞɟɥɵ ɸɠɧɨɣ ɱɚɫɬɢ ɍɓ ɪɟɥɢ-
ɤɬɨɜɵɯ ɛɚɫɫɟɣɧɨɜ ɨɤɟɚɧɚ Ɍɟɬɢɫ. 

 

 
 

Ɋɢɫ. 3. ɂɡɦɟɧɟɧɢɟ (ɩɨ ɪɚɡɪɟɡɭ Ⱥȼ) ɫɨɞɟɪ-
ɠɚɧɢɹ ɠɟɥɟɡɚ ɢ ɨɤɫɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ 
ɫɯɟɦɚɬɢɱɟɫɤɨɦ ɪɚɡɪɟɡɟ ɡɨɧɚɥɶɧɨɣ ɡɚɥɟɠɢ ɪɭɞ 
ɩɟɪɜɨɦɚɣɫɤɨɝɨ ɜɢɞɚ. 

1 – ɪɭɞɵ ɷɝɢɪɢɧ-ɦɚɝɧɟɬɢɬɨɜɵɟ; 2 – ɪɭɞɵ 
ɪɢɛɟɤɢɬ-ɦɚɝɧɟɬɢɬɨɜɵɟ; 3 – ɤɜɚɪɰɢɬɵ ɦɚɝ-
ɧɟɬɢɬɨɜɵɟ (ɩɟɪɜɢɱɧɵɟ, ɞɨɪɭɞɨɝɟɧɧɵɟ); 4 – 

ɥɢɧɢɢ ɫɥɨɢɫɬɨɫɬɢ ɢɫɯɨɞɧɵɯ ɦɚɝɧɟɬɢɬɨɜɵɯ 
ɤɜɚɪɰɢɬɨɜ ɢ ɪɭɞɧɵɯ ɦɟɬɚɫɨɦɚɬɢɬɨɜ; 5 – ɪɚ-
ɡɪɵɜɧɵɟ ɧɚɪɭɲɟɧɢɹ; 6 – ɝɪɚɧɢɰɵ ɦɟɬɚɫɨɦɚ-
ɬɢɱɟɫɤɢɯ ɡɨɧ. 

 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɜ ɬɟɱɟɧɢɢ ɛɨɥɟɟ 2 ɦɥɪɞ ɥɟɬ 
ɛɨɝɚɬɵɟ ɠɟɥɟɡɧɵɟ ɪɭɞɵ ɢ ɜɦɟɳɚɸɳɢɟ ɢɯ ɩɨ-
ɪɨɞɵ ɠɟɥɟɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɨɣ ɮɨɪɦɚɰɢɢ Ʉɪɢɜ-
ɛɚɫɫɚ ɩɨɞɜɟɪɝɚɥɢɫɶ ɝɢɩɟɪɝɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ. 
ȼ ɤɨɪɟ ɜɵɜɟɬɪɢɜɚɧɢɹ ɠɟɥɟɡɨɪɭɞɧɨɣ ɬɨɥɳɢ 
ɩɪɨɢɫɯɨɞɢɥɨ ɪɚɫɬɜɨɪɟɧɢɟ ɢ ɜɵɧɨɫ ɤɚɬɢɨɧɨɜ (ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɵɯ – ɧɚɬɪɢɹ ɢ 
ɤɚɥɢɹ) ɢɡ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɦɢɧɟɪɚɥɨɜ 
– ɷɝɢɪɢɧɚ, ɪɢɛɟɤɢɬɚ, ɛɢɨɬɢɬɚ, ɬɟɬɪɚɮɟɪɪɢɛɢɨ-
ɬɢɬɚ, ɫɟɥɚɞɨɧɢɬɚ ɢ ɞɪ. Д2, 3, 5, 12Ж. 

ȼ ɫɨɫɬɚɜɟ ɩɪɟɞɟɥɶɧɨ ɜɵɜɟɬɪɟɧɧɵɯ ɪɭɞ ɜɫɟɯ 
ɜɢɞɨɜ ɫɨɞɟɪɠɚɧɢɟ Ʉ2Ɉ+Na2Ɉ ɧɟ ɩɪɟɜɵɲɚɟɬ 
0,1-0,2 ɦɚɫ.%. ɋ ɝɥɭɛɢɧɨɣ ɜ ɫɜɹɡɢ ɫ ɭɦɟɧɶɲɟ-
ɧɢɟɦ ɫɬɟɩɟɧɢ ɢɯ ɝɢɩɟɪɝɟɧɧɵɯ ɢɡɦɟɧɟɧɢɣ ɜɟ-
ɥɢɱɢɧɚ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡ-
ɪɚɫɬɚɟɬ, ɨɫɨɛɟɧɧɨ ɷɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɪɭɞ ɩɟɪ-
ɜɨɦɚɣɫɤɨɝɨ ɜɢɞɚ (ɪɢɫ. 4). 

 

 
 

Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɫ ɝɥɭɛɢɧɨɣ ɫɨɞɟɪɠɚɧɢɹ 
ɫɭɦɦɵ ɨɤɫɢɞɨɜ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɜ ɫɨɫɬɚɜɟ 
ɪɢɛɟɤɢɬ-ɷɝɢɪɢɧ-ɦɚɝɧɟɬɢɬɨɜɵɯ ɪɭɞ ɩɟɪɜɨɦɚɣ-
ɫɤɨɝɨ ɜɢɞɚ. 

1 – ɨɫɚɞɨɱɧɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɤɚɣɧɨɡɨɹ; 2 – 

ɦɟɬɚɤɥɚɫɬɨɥɢɬɵ ɢ ɞɨɥɨɦɢɬɨɜɵɟ ɦɪɚɦɨɪɵ 
ɝɞɚɧɰɟɜɫɤɨɣ ɫɜɢɬɵ; 3-5 – ɪɭɞɵ ɢ ɝɨɪɧɵɟ ɩɨɪɨ-
ɞɵ ɫɚɤɫɚɝɚɧɫɤɨɣ ɫɜɢɬɵ: 3 – ɤɜɚɪɰɢɬɵ ɦɚɝɧɟ-
ɬɢɬɨɜɵɟ, ɠɟɥɟɡɧɨɫɥɸɞɤɨ-ɦɚɝɧɟɬɢɬɨɜɵɟ ɩɹ-
ɬɨɝɨ ɢ ɲɟɫɬɨɝɨ ɠɟɥɟɡɢɫɬɵɯ ɝɨɪɢɡɨɧɬɨɜ ɫɚɤ-
ɫɚɝɚɧɫɤɨɣ ɫɜɢɬɵ; 4 – ɫɥɚɧɰɵ ɝɪɚɧɚɬ-ɛɢɨɬɢɬ-

ɤɜɚɪɰ-ɤɭɦɦɢɧɝɬɨɧɢɬɨɜɵɟ, ɝɪɚɧɚɬ-ɤɜɚɪɰ-

ɛɢɨɬɢɬɨɜɵɟ ɬɪɟɬɶɟɝɨ-ɩɹɬɨɝɨ ɫɥɚɧɰɟɜɨɝɨ ɝɨ-
ɪɢɡɨɧɬɚ ɫɚɤɫɚɝɚɧɫɤɨɣ ɫɜɢɬɵ; 5 – ɪɭɞɵ ɪɢ-
ɛɟɤɢɬ-ɷɝɢɪɢɧ-ɦɚɝɧɟɬɢɬɨɜɵɟ; 6 – ɥɢɧɢɢ ɧɟɫɨɝ-
ɥɚɫɧɨɝɨ ɡɚɥɟɝɚɧɢɹ ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɢɯ ɝɨɪɢɡɨ-
ɧɬɨɜ ɢ ɫɜɢɬ; 7 – ɥɢɧɢɢ ɫɨɝɥɚɫɧɨɝɨ ɡɚɥɟɝɚɧɢɹ 
ɫɜɢɬ, ɫɬɪɚɬɢɝɪɚɮɢɱɟɫɤɢɯ ɝɨɪɢɡɨɧɬɨɜ, ɪɭɞɧɵɯ 
ɬɟɥ. 

 

 

Ɍɟɯɧɨɝɟɧɟɡ. Ɍɟɯɧɨɥɨɝɢɹ ɩɨɞɡɟɦɧɨɣ ɪɚɡɪɚ-
ɛɨɬɤɢ ɦɟɫɬɨɪɨɠɞɟɧɢɣ Ʉɪɢɜɛɚɫɫɚ ɩɪɟɞɭɫɦɚɬ-
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ɪɢɜɚɟɬ ɨɛɪɭɲɟɧɢɟ ɫɜɨɞɨɜ ɩɨɥɨɫɬɟɣ, ɨɛɪɚɡɭɸ-
ɳɢɯɫɹ ɩɪɢ ɜɵɟɦɤɟ ɪɭɞɧɨɣ ɦɚɫɫɵ, ɮɨɪɦɢɪɨɜɚ-
ɧɢɟ ɩɪɨɜɚɥɨɜ, ɝɥɭɛɢɧɚ ɤɨɬɨɪɵɯ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɩɪɟɜɵɲɚɟɬ 1000 ɦ. ɗɬɨ ɜɵɡɵɜɚɟɬ ɡɧɚɱɢ-
ɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɞɜɢɠɟɧɢɢ ɩɨɞɡɟɦɧɵɯ 
ɜɨɞ. Ʉɨɧɬɪɨɥɢɪɭɟɦɵɟ ɩɨɥɨɠɟɧɢɟɦ ɩɨɞɡɟɦɧɵɯ 
ɜɵɪɚɛɨɬɨɤ ɲɚɯɬ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɨɣ ɜɨɪɨɧɤɢ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɫɬɭɩɥɟɧɢɟ ɜ ɧɢɯ ɩɨɞɡɟɦɧɵɯ 
ɜɨɞ ɢɡ ɜɨɞɨɧɨɫɧɵɯ ɝɨɪɢɡɨɧɬɨɜ ɤɚɣɧɨɡɨɣɫɤɨɝɨ 
ɨɫɚɞɨɱɧɨɝɨ ɱɟɯɥɚ ɢ ɦɚɫɫɢɜɚ ɚɪɯɟɣ-

ɩɪɨɬɟɪɨɡɨɣɫɤɢɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɝɨɪɧɵɯ ɩɨ-
ɪɨɞ. ȼ ɫɨɫɬɚɜɟ ɢɯ ɨɛɨɢɯ ɩɪɢɫɭɬɫɬɜɭɸɬ ɝɨɪɧɵɟ 
ɩɨɪɨɞɵ, ɨɛɨɝɚɳɟɧɧɵɟ ɳɟɥɨɱɚɦɢ. 

ɋɪɟɞɢ ɩɨɪɨɞ ɨɫɚɞɨɱɧɨɝɨ ɱɟɯɥɚ ɤ ɧɢɦ ɨɬɧɨ-
ɫɹɬɫɹ ɩɟɫɤɢ ɩɚɥɟɨɝɟɧ-ɧɟɨɝɟɧɨɜɨɝɨ ɜɨɡɪɚɫɬɚ, 
ɫɨɞɟɪɠɚɳɢɟ ɫɟɞɢɦɟɧɬɨɝɟɧɧɵɟ ɝɚɥɨɝɟɧɢɞɵ ɧɚ-
ɬɪɢɹ ɜ ɦɟɧɶɲɟɣ ɦɟɪɟ ɤɚɥɢɹ (ɝɚɥɢɬ, ɫɢɥɶɜɢɧ). 
ɋɪɟɞɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɞ ɩɨɜɵɲɟɧɧɨɣ 
ɫɨɥɟɧɨɫɬɶɸ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɬɪɟɳɢɧɧɵɟ ɢ 
ɤɚɪɫɬɨɜɵɟ ɜɨɞɵ, ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɬɨɥɳɟ ɞɨɥɨ-
ɦɢɬɨɜɵɯ ɦɪɚɦɨɪɢɡɨɜɚɧɧɵɯ ɢɡɜɟɫɬɧɹɤɨɜ ɝɞɚɧ-
ɰɟɜɫɤɨɣ ɫɜɢɬɵ. 

ȼ ɫɜɹɡɢ ɫ ɞɪɟɧɢɪɨɜɚɧɢɟɦ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟ-
ɫɤɢɦɢ ɜɨɪɨɧɤɚɦɢ ɜɨɞɵ ɫ ɩɨɜɵɲɟɧɧɨɣ ɫɨɥɟɧɨ-
ɫɬɶɸ ɩɨɫɬɭɩɚɸɬ ɜ ɝɨɪɧɵɟ ɜɵɪɚɛɨɬɤɢ, ɧɚɤɚɩɥɢ-
ɜɚɸɬɫɹ ɜ ɞɨɛɵɜɚɟɦɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞɚɯ. Ɇɚɤ-
ɫɢɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɳɟɥɨɱɟɣ ɯɚɪɚɤɬɟɪɧɚ 

ɞɥɹ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɛɨɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞ 
ɸɠɧɨɣ ɱɚɫɬɢ ɋɚɤɫɚɝɚɧɫɤɨɝɨ ɠɟɥɟɡɨɪɭɞɧɨɝɨ 
ɪɚɣɨɧɚ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ. ɋɭɦɦɚɪɧɨɟ 
ɫɨɞɟɪɠɚɧɢɹ ɨɤɫɢɞɨɜ ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ ɜ ɢɯ ɫɨɫ-
ɬɚɜɟ ɪɭɞ ɞɨɫɬɢɝɚɟɬ 0,5 ɦɚɫ.%. 

 

ȼɵɜɨɞɵ 

1. Ɇɢɝɪɚɰɢɹ, ɜɵɧɨɫ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚɬɪɢɹ ɢ 
ɤɚɥɢɹ ɜ ɛɨɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞɚɯ Ʉɪɢɜɨɪɨɠ-
ɫɤɨɝɨ ɛɚɫɫɟɣɧɚ ɩɪɨɢɫɯɨɞɢɥɢ ɜ ɫɜɹɡɢ ɫ ɝɟɨɥɨ-
ɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ, ɨɛɭɫɥɨɜɢɜɲɢɦɢ 

ɫɨɜɪɟɦɟɧɧɵɣ ɫɨɫɬɚɜ ɪɭɞ: ɫɟɞɢɦɟɧɬɚɰɢɟɣ, 

ɞɢɚɝɟɧɟɡɨɦ, ɞɢɧɚɦɨɬɟɪɦɚɥɶɧɵɦ ɦɟɬɚɦɨɪɮɢɡ-
ɦɨɦ, ɧɚɬɪɢɟɜɵɦ ɦɟɬɚɫɨɦɚɬɨɡɨɦ, ɝɢɩɟɪɝɟɧɟɡɨɦ. 

2. ɋɨɞɟɪɠɚɧɢɟ ɳɟɥɨɱɟɣ ɜ ɫɨɫɬɚɜɟ ɪɭɞ ɢɡɦɟ-
ɧɹɟɬɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ: ɨɬ 0 ɞɨ ɛɨɥɟɟ 3 
ɦɚɫ.%. Ʉɨɥɟɛɚɧɢɹ ɫɜɹɡɚɧɵ ɫ ɨɫɨɛɟɧɧɨɫɬɹɦɢ 
ɩɪɨɬɟɤɚɧɢɹ ɜ ɪɭɞɧɵɯ ɬɟɥɚɯ ɧɚɡɜɚɧɧɵɯ ɝɟɨɥɨ-
ɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. 

3. ɋɪɟɞɧɟɟ ɫɨɞɟɪɠɚɧɢɟ Na2Ɉ+Ʉ2Ɉ ɜ ɫɨɫɬɚɜɟ 
ɞɨɛɵɜɚɟɦɵɯ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɨɜɚɪɧɵɯ ɚɝ-
ɥɨɦɟɪɚɰɢɨɧɧɵɯ ɪɭɞ ɞɨɫɬɢɝɚɟɬ 0,5 ɦɚɫ.%, ɱɬɨ ɜ 

5 ɪɚɡ ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ɫɭɦɦɚɪɧɨɝɨ ɫɨɞɟɪɠɚ-
ɧɢɹ ɨɤɫɢɞɨɜ ɳɟɥɨɱɟɣ ɜ ɫɨɫɬɚɜɟ ɠɟɥɟɡɨɪɭɞɧɨɝɨ 
ɫɵɪɶɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɦɢɪɨɜɨ-
ɝɨ ɪɵɧɤɚ. 

4. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɦɢɝɪɚɰɢɢ, ɜɵɧɨɫɚ ɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɳɟɥɨɱɟɣ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ 
ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɫɧɢɠɟɧɢɹ ɢɯ ɫɨɞɟ-
ɪɠɚɧɢɹ ɜ ɫɨɫɬɚɜɟ ɬɨɜɚɪɧɵɯ ɛɨɝɚɬɵɯ ɠɟɥɟɡɧɵɯ 
ɪɭɞ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ. 
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ɧɚɞ 3 ɦɚɫ.%. Ɇɿɝɪɚɰɿɹ, ɜɢɧɟɫɟɧɧɹ ɬɚ ɤɨɧɰɟɧɬɪɚɰɿɹ ɥɭɝɿɜ ɭ ɪɭɞɚɯ ɜɿɞɛɭɜɚɥɢɫɶ ɭ ɡɜ’ɹɡɤɭ ɡ ɪɿɡɧɢɦɢ 

ɝɟɨɥɨɝɿɱɧɢɦɢ ɩɪɨɰɟɫɚɦɢ: ɫɟɞɢɦɟɧɬɚɰɿєɸ, ɞɿɚɝɟɧɟɡɨɦ, ɞɢɧɚɦɨɬɟɪɦɚɥɶɧɢɦ ɦɟɬɚɦɨɪɮɿɡɦɨɦ, ɧɚ-
ɬɪɢєɜɢɦ ɦɟɬɚɫɨɦɚɬɨɡɨɦ, ɝɿɩɟɪɝɟɧɟɡɨɦ. ȼ ɪɟɡɭɥɶɬɚɬɿ ɫɟɞɢɦɟɧɬɚɰɿʀ ɬɚ ɞɿɚɝɟɧɟɡɭ ɫɮɨɪɦɭɜɚɥɚɫɶ 
ɪɢɬɦɿɱɧɨ ɩɨɛɭɞɨɜɚɧɚ ɬɨɜɳɚ ɡɚɥɿɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɨʀ ɮɨɪɦɚɰɿʀ Ʉɪɢɜɛɚɫɭ ɡ ɧɢɡɶɤɢɦ (ɡɚɡɜɢɱɚɣ, ɧɟ 
ɛɿɥɶɲɟ 0,05 ɦɚɫ.%) ɜɦɿɫɬɨɦ Na2O ɜ ɫɤɥɚɞɿ ʀʀ ɨɫɚɞɨɜɢɯ ɭɬɜɨɪɟɧɶ. Ȼɥɢɡɶɤɢɦ ɛɭɜ ɬɚɤɨɠ ɜɦɿɫɬ K2O 

ɜ ɫɤɥɚɞɿ ɨɫɚɞɤɿɜ ɡɚɥɿɡɢɫɬɢɯ ɝɨɪɢɡɨɧɬɿɜ, ɭ ɨɫɚɞɤɚɯ ɫɥɚɧɰɟɜɢɯ ɝɨɪɢɡɨɧɬɿɜ ɣɨɝɨ ɤɿɥɶɤɿɫɬɶ ɩɟɪɟɜɢ-
ɳɭɜɚɥɚ 3 ɦɚɫ.%. Ⱦɢɧɚɦɨɬɟɪɦɚɥɶɧɢɣ ɦɟɬɚɦɨɪɮɿɡɦ ɧɟ ɫɭɩɪɨɜɨɞɠɭɜɚɜɫɹ ɩɨɦɿɬɧɨɸ ɦɿɝɪɚɰɿєɸ 
ɪɟɱɨɜɢɧɢ (ɡɚ ɜɢɤɥɸɱɟɧɧɹɦ ɜɢɧɨɫɭ ɱɚɫɬɢɧɢ ɇ2Ɉ ɿ ɋɈ2). ɉɨɫɬɫɚɤɫɚɝɚɧɫɶɤɢɣ ɝɿɩɟɪɝɟɧɧɢɣ ɪɭɞɨɝɟɧɟɡ 
ɨɛɭɦɨɜɢɜ ɭɬɜɨɪɟɧɧɹ ɛɚɝɚɬɢɯ ɦɚɝɧɟɬɢɬɨɜɢɯ ɪɭɞ ɭ ɡɜ’ɹɡɤɭ ɡ ɪɨɡɱɢɧɟɧɧɹɦ ɤɜɚɪɰɭ ɬɚ ɜɢɧɟɫɟɧɧɹɦ 
ɤɪɟɦɧɟɡɟɦɭ ɿɡ ɡɚɥɿɡɢɫɬɢɯ ɤɜɚɪɰɢɬɿɜ ɡɚ ɦɟɠɿ ɡɨɧ ʀɯ ɡɪɭɞɟɧɿɧɧɹ. Ɉɞɧɨɱɚɫɧɨ ɜɿɞɛɭɜɚɥɨɫɶ ɜɢɧɟɫɟɧɧɹ 
ɥɭɝɿɜ ɡ ɞɿɥɹɧɨɤ ɮɨɪɦɭɜɚɧɧɹ ɪɭɞɧɢɯ ɩɨɤɥɚɞɿɜ. ɇɚɬɪɿєɜɢɣ ɦɟɬɚɫɨɦɚɬɨɡ ɜ ɭɦɨɜɚɯ ɩɟɪɟɜɚɠɚɧɧɹ ɿɧ-
ɮɿɥɶɬɪɚɰɿɣɧɨɝɨ ɦɚɫɨɩɟɪɟɧɨɫɭ ɧɚɞ ɞɢɮɭɡɿɣɧɢɦ ɫɭɩɪɨɜɨɞɠɭɜɚɜɫɹ ɜɢɧɟɫɟɧɧɹɦ ɤɪɟɦɧɟɡɟɦɭ ɡ ɜɢɯɿɞ-
ɧɢɯ ɡɚɥɿɡɢɫɬɢɯ ɤɜɚɪɰɢɬɿɜ ɿ ɭɬɜɨɪɟɧɧɹɦ ɟɝɿɪɢɧ-ɦɚɝɧɟɬɢɬɨɜɢɯ, ɪɢɛɟɤɿɬ-ɦɚɝɧɟɬɢɬɨɜɢɯ ɛɚɝɚɬɢɯ 
ɪɭɞ ɡ ɜɢɫɨɤɢɦ ɜɦɿɫɬɨɦ ɥɭɝɿɜ – Na2Ɉ ɞɨ ɩɨɧɚɞ 3 ɦɚɫ.%, Ʉ2Ɉ ɞɨ 0,5 ɦɚɫ.%. Ƚɿɩɟɪɝɟɧɟɡ ɩɪɨɬɹɝɨɦ 
ɩɨɧɚɞ 2 ɦɥɪɞ. ɪɨɤɿɜ ɿɫɧɭɜɚɧɧɹ ɍɤɪɚʀɧɫɶɤɨɝɨ ɳɢɬɚ ɜ ɭɦɨɜɚɯ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɝɨ ɪɟɠɢɦɭ ɨɛɭɦɨɜɢɜ 
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ɪɨɡɱɢɧɟɧɧɹ ɣ ɜɢɧɟɫɟɧɧɹ ɧɚɬɪɿɸ ɬɚ ɤɚɥɿɸ ɡ ɤɨɪɢ ɜɢɜɿɬɪɸɜɚɧɧɹ ɡɚɥɿɡɨɪɭɞɧɨʀ ɬɨɜɳɿ. ȼ ɪɟɡɭɥɶɬɚɬɿ 
ɜ ɫɤɥɚɞɿ ɫɭɱɚɫɧɢɯ ɿɧɬɟɧɫɢɜɧɨ ɜɢɜɿɬɪɟɧɢɯ ɛɚɝɚɬɢɯ ɪɭɞ ɜɦɿɫɬ Ʉ2Ɉ+Na2Ɉ ɧɟ ɩɟɪɟɜɢɳɭє 0,1 ɦɚɫ.%. 
ȼɢɞɨɛɭɬɨɤ ɛɚɝɚɬɢɯ ɪɭɞ Ʉɪɢɜɛɚɫɭ ɧɚ ɝɥɢɛɢɧɿ 1300-1500 ɦ ɫɭɩɪɨɜɨɞɠɭєɬɶɫɹ ɭɬɜɨɪɟɧɧɹɦ ɧɚɜɤɨɥɨ 
ɲɚɯɬ ɝɿɞɪɨɝɟɨɥɨɝɿɱɧɢɯ ɥɿɣɨɤ. ɍ ʀɯ ɦɟɠɚɯ ɩɿɞɡɟɦɧɿ ɜɨɞɢ ɩɪɨɦɢɜɚɸɬɶ ɜɦɿɫɧɿ ɝɿɪɫɶɤɿ ɩɨɪɨɞɢ, ɪɨɡɱɢ-
ɧɹɸɬɶ ɩɪɢɫɭɬɧɿ ɜ ɧɢɯ ɥɭɝɢ, ɩɟɪɟɜɿɞɤɥɚɞɚɸɬɶ ʀɯ ɭ ɜɢɫɨɤɨɩɨɪɢɫɬɢɯ ɛɚɝɚɬɢɯ ɪɭɞɚɯ ɧɢɠɧɿɯ ɝɿɩɫɨ-
ɦɟɬɪɢɱɧɢɯ ɝɨɪɢɡɨɧɬɿɜ ɲɚɯɬ. ɍ ɡɜ’ɹɡɤɭ ɡ ɰɢɦ ɜɦɿɫɬ Ʉ2Ɉ+Na2Ɉ ɜ ɫɤɥɚɞɿ ɜɢɞɨɛɭɬɢɯ ɬɨɜɚɪɧɢɯ ɪɭɞ 
ɞɨɫɹɝɚє 0,5 ɦɚɫ.%, ɳɨ ɜ 5 ɪɚɡɿɜ ɜɢɳɟ ʀɯ ɞɨɩɭɫɬɢɦɨɝɨ ɜɦɿɫɬɭ ɜ ɡɚɥɿɡɨɪɭɞɧɿɣ ɫɢɪɨɜɢɧɿ ɡɚ ɜɢɦɨɝɚɦɢ 
ɫɜɿɬɨɜɨɝɨ ɪɢɧɤɭ. Ɋɟɡɭɥɶɬɚɬɢ ɜɢɜɱɟɧɧɹ ɦɿɝɪɚɰɿʀ, ɜɢɧɟɫɟɧɧɹ ɣ ɤɨɧɰɟɧɬɪɚɰɿʀ ɥɭɝɿɜ ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨ-
ɜɭɜɚɬɢ ɩɪɢ ɪɨɡɪɨɛɰɿ ɬɟɯɧɨɥɨɝɿʀ ɫɧɢɠɟɧɧɹ ʀɯ ɜɦɿɫɬɭ ɜ ɬɨɜɚɪɧɢɯ ɛɚɝɚɬɢɯ ɡɚɥɿɡɧɢɯ ɪɭɞɚɯ. 

Кɥɸɱɨɜɿ ɫɥɨɜɚ: ɡɚɥɿɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɚ ɮɨɪɦɚɰɿɹ, Ʉɪɢɜɨɪɿɡɶɤɢɣ ɛɚɫɟɣɧ, ɛɚɝɚɬɿ ɡɚɥɿɡɧɿ ɪɭɞɢ, ɦɿ-
ɧɟɪɚɥɨɝɿɹ, ɧɚɬɪɿɣ, ɤɚɥɿɣ. 

 

 

ȻȿɊȿɁȺ Ⱦ.ȼ., ȿȼɌȿɏɈȼ ȼ.Ⱦ., ȾȿɆɑȿɇɄɈ Ɉ.ɋ., ȿȼɌȿɏɈȼȺ Ⱥ.ȼ. ȼɚɪɢɚɬɢɜɧɨɫɬɶ 
ɫɨɞɟɪɠɚɧɢɹ ɧɚɬɪɢɹ ɢ ɤɚɥɢɹ ɜ ɛɨɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞɚɯ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ. 

Ɋɟɡɸɦɟ. ɓɟɥɨɱɢ ɜ ɫɨɫɬɚɜɟ ɪɚɡɧɵɯ ɩɨ ɭɫɥɨɜɢɹɦ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɦɢɧɟɪɚɥɶɧɨɦɭ ɫɨɫɬɚɜɭ ɛɨ-
ɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞɚɯ Ʉɪɢɜɨɪɨɠɫɤɨɝɨ ɛɚɫɫɟɣɧɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɥɨɪɢɞɚɦɢ (ɝɚɥɢɬɨɦ, ɫɢɥɶɜɢɧɨɦ) 
ɢ ɫɢɥɢɤɚɬɚɦɢ (ɷɝɢɪɢɧɨɦ, ɪɢɛɟɤɢɬɨɦ, ɬɟɬɪɚɮɟɪɪɢɛɢɨɬɢɬɨɦ, ɫɟɥɚɞɨɧɢɬɨɦ, ɝɢɞɪɨɫɥɸɞɚɦɢ, ɤɚ-
ɥɢɣ-ɫɨɞɟɪɠɚɳɢɦɢ ɝɥɢɧɢɫɬɵɦɢ ɦɢɧɟɪɚɥɚɦɢ). ɋɨɞɟɪɠɚɧɢɟ ɳɟɥɨɱɟɣ ɜ ɩɟɪɟɫɱɟɬɟ ɧɚ Na2O+K2O ɜ 
ɫɨɫɬɚɜɟ ɪɭɞ ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɦɟɧɟɟ 0,1 ɞɨ ɛɨɥɟɟ 3 ɦɚɫ.%. Ɇɢɝɪɚɰɢɹ, ɜɵɧɨɫ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɳɟɥɨ-
ɱɟɣ ɜ ɪɭɞɚɯ ɩɪɨɢɫɯɨɞɢɥɢ ɜ ɫɜɹɡɢ ɫ ɪɚɡɧɵɦɢ ɝɟɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɰɟɫɫɚɦɢ: ɫɟɞɢɦɟɧɬɚɰɢɟɣ, ɞɢɚɝɟɧɟ-
ɡɨɦ, ɞɢɧɚɦɨɬɟɪɦɚɥɶɧɵɦ ɦɟɬɚɦɨɪɮɢɡɦɨɦ, ɧɚɬɪɢɟɜɵɦ ɦɟɬɚɫɨɦɚɬɨɡɨɦ, ɝɢɩɟɪɝɟɧɟɡɨɦ. ȼ ɪɟ-
ɡɭɥɶɬɚɬɟ ɫɟɞɢɦɟɧɬɚɰɢɢ ɢ ɞɢɚɝɟɧɟɡɚ ɫɮɨɪɦɢɪɨɜɚɥɚɫɶ ɪɢɬɦɢɱɧɨ ɩɨɫɬɪɨɟɧɧɚɹ ɬɨɥɳɚ ɠɟɥɟɡɢɫ-
ɬɨ-ɤɪɟɦɧɢɫɬɨɣ ɮɨɪɦɚɰɢɢ Ʉɪɢɜɛɚɫɫɚ ɫ ɧɢɡɤɢɦ (ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɛɨɥɟɟ 0,05 ɦɚɫ.%) ɫɨɞɟɪɠɚɧɢɟɦ 
Na2O ɜ ɫɨɫɬɚɜɟ ɟɟ ɨɫɚɞɨɱɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ. Ȼɥɢɡɤɢɦ ɛɵɥɨ ɬɚɤɠɟ ɫɨɞɟɪɠɚɧɢɟ K2O ɜ ɫɨɫɬɚɜɟ 
ɨɫɚɞɤɨɜ ɠɟɥɟɡɢɫɬɵɯ ɝɨɪɢɡɨɧɬɨɜ, ɜ ɨɫɚɞɤɚɯ ɫɥɚɧɰɟɜɵɯ ɝɨɪɢɡɨɧɬɨɜ ɟɝɨ ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɜɵɲɚɥɨ 3 

ɦɚɫ.%. Ⱦɢɧɚɦɨɬɟɪɦɚɥɶɧɵɣ ɦɟɬɚɦɨɪɮɢɡɦ ɧɟ ɫɨɩɪɨɜɨɠɞɚɥɫɹ ɡɚɦɟɬɧɨɣ ɦɢɝɪɚɰɢɟɣ ɜɟɳɟɫɬɜɚ (ɡɚ 
ɢɫɤɥɸɱɟɧɢɟɦ ɜɵɧɨɫɚ ɱɚɫɬɢ ɇ2Ɉ ɢ ɋɈ2). ɉɨɫɬɫɚɤɫɚɝɚɧɫɤɢɣ ɝɢɩɟɪɝɟɧɧɵɣ ɪɭɞɨɝɟɧɟɡ ɨɛɭɫɥɨɜɢɥ ɨɛ-
ɪɚɡɨɜɚɧɢɟ ɛɨɝɚɬɵɯ ɦɚɝɧɟɬɢɬɨɜɵɯ ɪɭɞ ɜ ɫɜɹɡɢ ɫ ɪɚɫɬɜɨɪɟɧɢɟɦ ɤɜɚɪɰɚ ɢ ɜɵɧɨɫɨɦ ɤɪɟɦɧɟɡɟɦɚ ɢɡ 
ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ ɡɚ ɩɪɟɞɟɥɵ ɡɨɧ ɢɯ ɨɪɭɞɟɧɟɧɢɹ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɩɪɨɢɫɯɨɞɢɥ ɜɵɧɨɫ ɳɟɥɨɱɟɣ 
ɢɡ ɭɱɚɫɬɤɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɭɞɧɵɯ ɬɟɥ. ɇɚɬɪɢɟɜɵɣ ɦɟɬɚɫɨɦɚɬɨɡ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɨɛɥɚɞɚɧɢɹ ɢɧ-
ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɧɚɞ ɞɢɮɮɭɡɢɨɧɧɵɦ ɫɨɩɪɨɜɨɠɞɚɥɫɹ ɜɵɧɨɫɨɦ ɤɪɟɦɧɟɡɟɦɚ ɢɡ 
ɢɫɯɨɞɧɵɯ ɠɟɥɟɡɢɫɬɵɯ ɤɜɚɪɰɢɬɨɜ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɷɝɢɪɢɧ-ɦɚɝɧɟɬɢɬɨɜɵɯ, ɪɢɛɟɤɢɬ-

ɦɚɝɧɟɬɢɬɨɜɵɯ ɛɨɝɚɬɵɯ ɪɭɞ ɫ ɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɳɟɥɨɱɟɣ – Na2Ɉ ɞɨ ɛɨɥɟɟ 3 ɦɚɫ.%, Ʉ2Ɉ ɞɨ 
0,5 ɦɚɫ.%. Ƚɢɩɟɪɝɟɧɟɡ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɛɨɥɟɟ 2 ɦɥɪɞ. ɥɟɬ ɫɭɳɟɫɬɜɨɜɚɧɢɟɦ ɍɤɪɚɢɧɫɤɨɝɨ ɳɢɬɚ ɜ 
ɭɫɥɨɜɢɹɯ ɤɨɧɬɢɧɟɧɬɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɨɛɭɫɥɨɜɢɥ ɪɚɫɬɜɨɪɟɧɢɟ ɢ ɜɵɧɨɫ ɳɟɥɨɱɟɣ ɢɡ ɤɨɪɵ ɜɵɜɟɬɪɢ-
ɜɚɧɢɹ ɠɟɥɟɡɨɪɭɞɧɨɣ ɬɨɥɳɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɫɨɫɬɚɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɬɟɧɫɢɜɧɨ ɜɵɜɟɬɪɟɧɧɵɯ ɛɨ-
ɝɚɬɵɯ ɪɭɞ ɫɨɞɟɪɠɚɧɢɟ Ʉ2Ɉ+Na2Ɉ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,1 ɦɚɫ.%. Ⱦɨɛɵɱɚ ɛɨɝɚɬɵɯ ɪɭɞ ɧɚ ɝɥɭɛɢɧɟ 
1300-1500 ɦ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɨɤɪɭɝ ɲɚɯɬ ɝɢɞɪɨɝɟɨɥɨɝɢɱɟɫɤɢɯ ɜɨɪɨɧɨɤ. ȼ ɢɯ ɝɪɚ-
ɧɢɰɚɯ ɩɨɞɡɟɦɧɵɟ ɜɨɞɵ ɩɪɨɦɵɜɚɸɬ ɜɦɟɳɚɸɳɢɟ ɝɨɪɧɵɟ ɩɨɪɨɞɵ, ɪɚɫɬɜɨɪɹɸɬ ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ 
ɧɢɯ ɳɟɥɨɱɢ, ɩɟɪɟɨɬɥɚɝɚɸɬ ɢɯ ɜ ɜɵɫɨɤɨɩɨɪɢɫɬɵɯ ɛɨɝɚɬɵɯ ɪɭɞɚɯ ɧɢɠɧɢɯ ɝɢɩɫɨɦɟɬɪɢɱɟɫɤɢɯ ɝɨ-
ɪɢɡɨɧɬɨɜ ɲɚɯɬ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫɨɞɟɪɠɚɧɢɟ Ʉ2Ɉ+Na2Ɉ ɜ ɫɨɫɬɚɜɟ ɞɨɛɵɜɚɟɦɵɯ ɬɨɜɚɪɧɵɯ ɪɭɞ 
ɞɨɫɬɢɝɚɟɬ 0,5 ɦɚɫ.%, ɱɬɨ 5 ɪɚɡ ɜɵɲɟ ɞɨɩɭɫɬɢɦɨɝɨ ɢɯ ɫɨɞɟɪɠɚɧɢɹ ɜ ɠɟɥɟɡɨɪɭɞɧɨɦ ɫɵɪɶɟ ɩɨ 
ɬɪɟɛɨɜɚɧɢɹɦ ɦɢɪɨɜɨɝɨ ɪɵɧɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɦɢɝɪɚɰɢɢ, ɜɵɧɨɫɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɳɟɥɨɱɟɣ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɬɟɯɧɨɥɨɝɢɢ ɫɧɢɠɟɧɢɹ ɢɯ ɫɨɞɟɪɠɚɧɢɹ ɜ ɬɨɜɚɪɧɵɯ ɛɨ-
ɝɚɬɵɯ ɠɟɥɟɡɧɵɯ ɪɭɞɚɯ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɠɟɥɟɡɢɫɬɨ-ɤɪɟɦɧɢɫɬɚɹ ɮɨɪɦɚɰɢɹ, Ʉɪɢɜɨɪɨɠɫɤɢɣ ɛɚɫɫɟɣɧ, ɛɨɝɚɬɵɟ ɠɟɥɟɡ-
ɧɵɟ ɪɭɞɵ, ɦɢɧɟɪɚɥɨɝɢɹ, ɧɚɬɪɢɣ, ɤɚɥɢɣ. 
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BEREZA D.V., EVTEKHOV V.D., DEMCHENKO O.S., EVTEKHOVA A.V. Variability of 
sodium and potassium content in high-grade iron ores of the Kryvyi Rih basin. 

Summary. Alkali in high-grade iron ores of the Kryvyi Rih basin are represented by chlorides (hal-

ite and silvite) and silicates (aegirine, riebeckite, tetraferribiotite, celadonite, hydromica, potassium 

bearing clayey minerals). Alkali content in Na2O+K2O equivalent in high grade ores of various origin 

and mineral composition ranges from less than 0.1 to more than 3 mass.%. The average content of al-

kali oxides in mined ores has increased from 0.11 to more than 0.30 mass.% throughout last 70 years, 

which is three times more than their impurity limitation in iron ore raw material according to the world 

market standards. To determine the possibility of lowering alkali content in ores it is necessary to study 

their mineralogical nature. 

Migration, withdrawal and concentration of alkali in ores occurred mainly in connection with the 

following geological processes: sedimentation, diagenesis, dynamothermal metamorphism, sodium 

metasomatosis, hypergenesis. 

In the process of sedimentation, formation of Kryvbass ferriferous rock mass having typical rhyth-

mic structure, took place. It is manifested through alternation of schistose and ferruginous horizons and 

zonal structure of horizons. Very low Na2Ɉ content (not more than 0.05 mass.%) was typical for ferru-

ginous chert (ferruginous horizons) and aluminous ferruginous chert (schistose horizons) sediments. 

Ʉ2Ɉ content was very variable: it did not exceed 0.05 mass.% in ferruginous chert sediments, it reached 

3 mass.% in aluminous ferruginous chert ones. 

Diagenesis was accompanied by dehydration, consolidation of ferruginous chert, aluminous ferru-

ginous chert sediments, their transformation into sedimentary rocks. Chemical components content (ex-

cept water) in sedimentary formations did not change substantially. 

Dynamothermal metamorphism has determined contemporary mineral composition, structure, tex-

ture of ferruginous quartzites and schists. But it was not accompanied by noticeable migration of matter 

(excluding partly withdrawal of ɇ2Ɉ ɢ ɋɈ2 ), did not cause considerable alterations of chemical com-

position of ferruginous rocks comparing to initial sediments. 

Postsaksagan ore genesis was coincident in time with continental perturbation between formation of 

the Saksaganska and Gdantsivska suite rock mass. Ores formation took place under hypergenous con-

ditions in the connection with quartz dissolution and silica withdrawal from ferruginous quartzites out-

ward ore genesis zones. Because of the absence of oxygen in the atmosphere and high content of re-

duced gases (CH4, CO, NH3) ores have preserved magnetite, micaceous hematite-magnetite, silicate-

magnetite composition of primary ferruginous quartzites. Potassium and sodium were withdrawn from 

ore genesis zones together with silica. The postsaksagan ore genesis was the first geological process 

that caused migration of alkali, potassium withdrawal from the zones of ore bodies formation. 

Sodium metasomatosis was caused by penetration of sodium carbonate solutions into the rock mass 

of banded iron formation. Metasomatic process was accompanied by withdrawal of dissolved silica 

outside the zone of metasomatic transformations of ferruginous quartzites at the areas of higher perme-

ability of ferruginous rocks in connection with predominance of infiltration mass transfer over diffusion 

one. Deposits of high-grade iron ores of aegirine-magnetite, micaceous hematite-aegirine-magnetite, 

riebeckite-magnetite, micaceous hematite-riebeckite-magnetite composition having high content of al-

kali: Na2Ɉ up to more than 3 mass.%, Ʉ2Ɉ up to 0.5 mass.% were formed. 

Hypergenesis. The Kryvyi Rih basin of the Ukrainian Shield has existed under conditions of conti-

nental regime for more than 2 billion years. High-grade iron ores and enclosing rocks of banded iron 

formation were subjected to hypergene transformations. Solution and withdrawal of active cations, in-

cluding sodium and potassium, in the crust of weathering of the iron ore rock mass took place. It result-

ed in the fact that Ʉ2Ɉ+Na2Ɉ content does not exceed 0.1 mass.% in intensively weathered high grade 

ores of all types. 
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Technogenesis. At present high-grade iron ores are being excavated from the depth of 1300-1500 m. 

Hydrogeological sinks formed around mines disturb the dynamics of aquifers. Falling on the lower 

production horizons of mines ground waters are washing occurring upper rocks, dissolving alkali con-

tained in them. Sodium and potassium are being accumulated in ores. Their maximal concentration (up 

to 0.5 mass.%) is typical for highly porous high grade iron ores of the southern part of the Saksa-

ganskyi iron ore region of the Kryvyi Rih basin. 

Key words: banded iron formation, the Kryvyi Rih basin, high-grade iron ores, sodium, potassium. 
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