
ɉɢɪɨɝɨɜ Ȼ.ɂ., Ɍɪɭɧɢɧ Ⱥ.ɇ. ɏɨɥɨɲɢɧ ɂ.ȼ. 

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

 

 

 

 

 
ɍȾɄ 549.753.1 : 548.3 : 553.31 (470.21) 

 

ɉɢɪɨɝɨɜ Ȼ.ɂ., Ɍɪɭɧɢɧ Ⱥ.ɇ. ɏɨɥɨɲɢɧ ɂ.ȼ. 
 

ɇȿɄɈɌɈɊɕȿ ɑȿɊɌɕ ɄɊɂɋɌȺɅɅɈɏɂɆɂɂ ȺɉȺɌɂɌȺ 
ɄɈȼȾɈɊɋɄɈȽɈ ɄɈɆɉɅȿɄɋɇɈȽɈ ɆȿɋɌɈɊɈɀȾȿɇɂə 

 

 

ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɡɭɱɟɧɢɹ ɫɩɟɤɬɪɨɜ ɗɉɊ ɢ ɬɟɪɦɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɚɩɚɬɢɬɚ 
Ʉɨɜɞɨɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. ɍɫɬɚɧɨɜɥɟɧɚ ɢɯ ɫɜɹɡɶ ɫ ɜɵɞɟɥɟɧɧɵɦɢ ɦɨɪɮɨɫɬɪɭɤ-
ɬɭɪɧɨ-ɤɨɧɫɬɢɬɭɰɢɨɧɧɵɦɢ ɪɚɡɧɨɜɢɞɧɨɫɬɹɦɢ ɦɢɧɟɪɚɥɚ. ȼɵɹɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ 

ɢɡɦɟɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ ɩɚɪɚɦɚɝɧɢɬɧɨɝɨ ɰɟɧɬɪɚ F–-O–-F– ɜ 
ɤɨɧɬɭɪɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ – ɤɚɤ ɨɞɧɨɣ ɢɡ ɜɵɫɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɤɨɧɫɬɢɬɭɰɢɨɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɢɧɟɪɚɥɚ. Ɉɩɪɟɞɟɥɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɜɡɚɢɦɨɫɜɹɡɢ ɤɪɢɫɬɚɥɥɨɯɢɦɢɱɟ-
ɫɤɨɣ ɷɜɨɥɸɰɢɢ ɚɩɚɬɢɬɚ ɫ ɨɫɧɨɜɧɵɦɢ ɷɬɚɩɚɦɢ ɢ ɫɬɚɞɢɹɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɭɞɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. 

 

 

Ʉɨɜɞɨɪɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ 
ɛɚɞɞɟɥɟɢɬ-ɚɩɚɬɢɬ-ɦɚɝɧɟɬɢɬɨɜɵɯ ɪɭɞ ɪɚɫɩɨɥɨ-
ɠɟɧɨ ɜ ɸɝɨ-ɡɚɩɚɞɧɨɣ ɱɚɫɬɢ Ʉɨɥɶɫɤɨɝɨ ɩɨɥɭɨɫ-
ɬɪɨɜɚ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɢɦɟɧɧɨɝɨ ɦɚɫɫɢɜɚ ɭɥɶɬ-
ɪɚɨɫɧɨɜɧɵɯ, ɳɟɥɨɱɧɵɯ ɩɨɪɨɞ ɢ ɤɚɪɛɨɧɚɬɢɬɨɜ, 
ɩɪɢɭɪɨɱɟɧɨ ɤ ɭɱɚɫɬɤɭ ɫɨɱɥɟɧɟɧɢɹ ɦɚɫɫɢɜɨɜ 
ɩɨɪɨɞ ɢɣɨɥɢɬɨɜɨɣ ɢ ɩɢɪɨɤɫɟɧɢɬɨɜɨɣ ɫɟɪɢɣ. 
Ƚɥɚɜɧɚɹ ɡɚɥɟɠɶ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɩɪɨɦɵɲɥɟɧ-
ɧɚɹ ɨɬɪɚɛɨɬɤɚ ɤɨɬɨɪɨɣ ɧɚɱɚɥɚɫɶ ɜ 1962 ɝ., ɜ 
ɩɥɚɧɟ ɢɦɟɟɬ ɜɵɬɹɧɭɬɭɸ ɮɨɪɦɭ ɫɨ ɫɥɨɠɧɵɦɢ 
ɤɨɧɬɭɪɚɦɢ, ɩɪɨɫɬɢɪɚɟɬɫɹ ɜ ɫɭɛɦɟɪɢɞɢɨɧɚɥɶ-
ɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɧɚ 1,3 ɤɦ ɩɪɢ ɲɢɪɢɧɟ ɨɬ 0,8 
ɧɚ ɸɝɟ ɞɨ 0,2 ɤɦ ɧɟ ɫɟɜɟɪɟ, ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɦɟɥɤɢɦɢ ɛɨɤɨɜɵɦɢ ɬɟɥɚɦɢ-ɫɚɬɟɥɥɢɬɚɦɢ ɠɢɥɨ-
ɨɛɪɚɡɧɨɣ ɮɨɪɦɵ. Ɋɭɞɧɵɣ ɫɬɨɥɛ ɝɥɚɜɧɨɣ ɡɚɥɟ-
ɠɢ ɩɪɨɫɥɟɠɟɧ ɧɚ ɝɥɭɛɢɧɭ ɛɨɥɟɟ 1 ɤɦ. 

ɋɬɪɨɟɧɢɟ ɸɠɧɨɣ ɢɡɨɦɟɬɪɢɱɧɨɣ ɱɚɫɬɢ ɦɟɫ-
ɬɨɪɨɠɞɟɧɢɹ ɨɛɭɫɥɨɜɥɟɧɨ ɫɨɱɟɬɚɧɢɟɦ ɤɨɥɶ-
ɰɟɜɵɯ, ɞɭɝɨɨɛɪɚɡɧɵɯ ɢ ɪɚɞɢɚɥɶɧɵɯ ɪɚɡɪɵɜɧɵɯ 
ɧɚɪɭɲɟɧɢɣ. Ɉɬ ɩɟɪɢɮɟɪɢɢ ɜɧɭɬɪɶ ɬɟɥɚ ɡɞɟɫɶ 
ɮɢɤɫɢɪɭɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɫɦɟɧɚ ɚɩɚɬɢɬ-

ɮɨɪɫɬɟɪɢɬɨɜɵɯ ɪɭɞ ɚɩɚɬɢɬ-ɮɨɪɫɬɟɪɢɬ-

ɦɚɝɧɟɬɢɬɨɜɵɦɢ ɢ ɞɚɥɟɟ ɤ ɰɟɧɬɪɭ – ɪɚɡɧɨɨɛɪɚ-
ɡɧɵɦɢ ɤɚɪɛɨɧɚɬ-ɫɨɞɟɪɠɚɳɢɦɢ ɪɭɞɚɦɢ. Ʌɨɤɚ-
ɥɢɡɚɰɢɹ ɫɟɜɟɪɧɨɣ ɚɩɨɮɢɡɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɥɢ-
ɧɟɣɧɵɦ ɯɚɪɚɤɬɟɪɨɦ ɪɚɡɪɵɜɧɨɣ ɬɟɤɬɨɧɢɤɢ. 

ɉɪɟɨɛɥɚɞɚɸɳɢɦɢ ɜ ɧɟɣ ɹɜɥɹɸɬɫɹ ɪɭɞɵ ɮɨɪɫ-
ɬɟɪɢɬ-ɦɚɝɧɟɬɢɬɨɜɨɝɨ, ɚɩɚɬɢɬ-ɮɨɪɫɬɟɪɢɬ-

ɦɚɝɧɟɬɢɬɨɜɨɝɨ ɫɨɫɬɚɜɚ Д4, 10]. 

ȼ ɮɨɪɦɢɪɨɜɚɧɢɢ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɩɪɢɧɢɦɚ-
ɥɢ ɭɱɚɫɬɢɟ ɫɦɟɧɹɸɳɢɟɫɹ ɜɨ ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɵ 

ɦɚɝɦɚɬɢɡɦɚ ɢ ɛɨɥɟɟ ɩɨɡɞɧɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɧɚɥɨɠɟɧɧɵɯ ɹɜɥɟɧɢɣ ɚɩɚɬɢɬɢɡɚɰɢɢ ɢ ɤɚɪɛɨɧɚ-
ɬɢɡɚɰɢɢ ɫ ɚɤɬɢɜɧɵɦ ɩɪɨɹɜɥɟɧɢɟɦ ɤɨɧɬɚɤɬɨɜɨ-
ɝɨ ɦɟɬɚɦɨɪɮɢɡɦɚ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɝɢɩɟɪɝɟɧɧɵɯ 
ɢɡɦɟɧɟɧɢɣ. ɗɬɨ ɨɛɭɫɥɨɜɢɥɨ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ 

ɫɨɫɬɚɜɚ, ɫɬɪɭɤɬɭɪɵ, ɬɟɤɫɬɭɪɵ ɪɭɞ ɢ ɝɨɪɧɵɯ 
ɩɨɪɨɞ, ɪɚɡɧɨɨɛɪɚɡɢɟ ɦɨɪɮɨɫɬɪɭɤɬɭɪɧɵɯ, ɤɪɢɫ-
ɬɚɥɥɨɯɢɦɢɱɟɫɤɢɯ, ɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɪɭɞɨɨɛɪɚɡɭɸɳɢɯ ɦɢɧɟɪɚɥɨɜ ɢ, ɜ ɤɨɧɟɱɧɨɦ 
ɢɬɨɝɟ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 
ɩɪɨɦɵɲɥɟɧɧɨ ɜɚɠɧɵɯ ɦɢɧɟɪɚɥɨɜ ɜ ɟɞɢɧɨɣ, 
ɜɡɚɢɦɨɫɜɹɡɚɧɧɨɣ ɰɟɩɨɱɤɟ ɨɛɨɝɚɳɟɧɢɹ. 

ɍɧɢɤɚɥɶɧɚɹ ɦɧɨɝɨɷɬɚɩɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɟ-
ɪɟɪɚɛɨɬɤɢ ɤɨɦɩɥɟɤɫɧɵɯ ɪɭɞ Ʉɨɜɞɨɪɫɤɨɝɨ 

ȽɈɄɚ ɩɨɡɜɨɥɹɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɥɭɱɚɬɶ 
ɦɚɝɧɟɬɢɬɨɜɵɣ, ɚɩɚɬɢɬɨɜɵɣ ɢ ɛɚɞɞɟɥɟɢɬɨɜɵɣ 
ɤɨɧɰɟɧɬɪɚɬɵ. ɉɪɢɫɭɬɫɬɜɢɟ ɚɩɚɬɢɬɚ ɜ ɨɛɳɟɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɯɟɦɟ ɨɩɪɟɞɟɥɹɟɬ ɚɤɬɭɚɥɶ-
ɧɨɫɬɶ ɜɫɟɫɬɨɪɨɧɧɟɝɨ ɢɡɭɱɟɧɢɹ ɜɫɟɝɨ ɫɩɟɤɬɪɚ 
ɟɝɨ ɬɢɩɨɦɨɪɮɧɵɯ ɤɚɱɟɫɬɜ. 



ɇɟɤɨɬɨɪɵɟ ɱɟɪɬɵ ɤɪɢɫɬɚɥɥɨɯɢɦɢɢ ɚɩɚɬɢɬɚ Ʉɨɜɞɨɪɫɤɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

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

ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ 
ɪɚɧɟɟ ɜɵɩɨɥɧɟɧɧɨɝɨ ɚɜɬɨɪɚɦɢ ɢɡɭɱɟɧɢɹ ɦɨɪ-
ɮɨɫɬɪɭɤɬɭɪɧɵɯ ɩɪɢɡɧɚɤɨɜ, ɤɨɧɫɬɢɬɭɰɢɨɧɧɵɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɢɧɟɪɚɥɚ (ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ 
ɚɧɚɥɢɡ, ɢɧɮɪɚɤɪɚɫɧɚɹ ɫɩɟɤɬɪɨɫɤɨɩɢɹ) ɫ ɩɪɢɜ-
ɥɟɱɟɧɢɟɦ ɦɟɬɨɞɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɬɨɩɨɦɢɧɟɪɚɥɨɝɢɢ, ɨɧɬɨɝɟɧɢɢ, ɦɢɧɟɪɚɥɨɝɢɱɟ-
ɫɤɢɦ ɨɛɨɫɧɨɜɚɧɢɟɦ ɩɪɢɪɨɞɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ ɚɩɚɬɢɬɚ Д6, 7, 8Ж. ȼ ɪɭɞɚɯ ɦɟɫɬɨɪɨɠɞɟ-
ɧɢɹ ɛɵɥɢ ɜɵɞɟɥɟɧɵ ɱɟɬɵɪɟ ɨɫɧɨɜɧɵɟ ɦɨɪɮɨɫ-
ɬɪɭɤɬɭɪɧɨ-ɤɨɧɫɬɢɬɭɰɢɨɧɧɵɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ 
ɚɩɚɬɢɬɚ. Ʉɚɱɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɹɫɶ ɩɨ ɤɨɦɩɥɟɤɫɭ 
ɩɪɢɡɧɚɤɨɜ, ɨɧɢ ɨɛɪɚɡɭɸɬ ɟɞɢɧɵɣ ɷɜɨɥɸ-
ɰɢɨɧɧɵɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɪɟɦɟɧɧɨɣ ɪɹɞ 
ɢɡɦɟɧɱɢɜɨɫɬɢ ɜ ɫɬɪɨɝɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɚɩɚ-
ɦɢ ɢ ɫɬɚɞɢɹɦɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, 
ɱɬɨ ɱɟɬɤɨ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɦɢ-
ɧɟɪɚɥɨɝɢɱɟɫɤɨɝɨ ɤɚɪɬɢɪɨɜɚɧɢɹ. Ȼɵɥɨ ɩɨɤɚɡɚ-
ɧɨ, ɱɬɨ ɤɫɟɧɨɦɨɪɮɧɵɟ ɜɵɞɟɥɟɧɢɹ ɚɩɚɬɢɬɚ I 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ ɚɩɚɬɢɬ-ɮɨɪɫɬɟɪɢɬɨɜɵɯ ɦɚ-
ɥɨɠɟɥɟɡɢɫɬɵɯ ɪɭɞɚɯ ɩɟɪɢɮɟɪɢɣɧɨɣ ɱɚɫɬɢ ɪɭɞ-
ɧɨɝɨ ɤɨɦɩɥɟɤɫɚ (ɡɨɧɚ «ɡɚɤɚɥɤɢ»); ɩɨɥɢɷɞɪɢɱɟ-
ɫɤɢɟ ɢɧɞɢɜɢɞɵ ɚɩɚɬɢɬɚ II – ɜ ɚɩɚɬɢɬɢɡɢɪɨɜɚɧ-
ɧɵɯ ɫɢɥɢɤɚɬ-ɫɨɞɟɪɠɚɳɢɯ ɪɚɡɧɨɜɢɞɧɨɫɬɹɯ 

ɤɨɦɩɥɟɤɫɧɵɯ ɪɭɞ, ɞɨɦɢɧɢɪɭɸɳɢɯ ɜ ɤɨɧɬɭɪɟ 
ɪɭɞɧɨɝɨ ɬɟɥɚ; ɜɵɞɟɥɟɧɢɹ ɚɩɚɬɢɬɚ III – ɜ ɡɨɧɟ 
ɤɚɪɛɨɧɚɬɢɬɨɜɨɝɨ ɹɞɪɚ, ɝɞɟ ɩɨɥɭɱɢɥɢ ɪɚɡɜɢɬɢɟ 
ɤɚɪɛɨɧɚɬ-ɫɨɞɟɪɠɚɳɢɟ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɤɨɦɩɥɟ-
ɤɫɧɵɯ ɪɭɞ; ɚɩɚɬɢɬɚ IV – ɜ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ 
«ɚɧɨɦɚɥɶɧɨɣ» ɡɨɧɟ ɤɚɪɛɨɧɚɬɢɬɨɜɨɝɨ ɹɞɪɚ, ɝɞɟ 
ɩɪɨɹɜɥɟɧɚ ɪɟɞɤɨɦɟɬɚɥɥɶɧɚɹ ɦɢɧɟɪɚɥɢɡɚɰɢɹ Д6, 

7]. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶ-
ɬɚɬɵ ɢɡɭɱɟɧɢɹ ɫɩɟɤɬɪɨɜ ɗɉɊ ɢ ɬɟɪɦɨɥɸɦɢɧɟ-
ɫɰɟɧɰɢɢ ɤɨɜɞɨɪɫɤɨɝɨ ɚɩɚɬɢɬɚ ɫ ɭɱɟɬɨɦ ɟɝɨ 
ɦɨɪɮɨɫɬɪɭɤɬɭɪɧɨɣ ɢ ɤɪɢɫɬɚɥɥɨɯɢɦɢɱɟɫɤɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. 

ɋɩɟɤɬɪɵ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɚɪɚɦɚɝɧɢɬɧɨɝɨ ɪɟ-
ɡɨɧɚɧɫɚ ɢɡɭɱɚɥɢɫɶ ɞɥɹ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 
ɨɛɪɚɡɰɨɜ ɦɢɧɟɪɚɥɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɟ ɩɪɢ ɩɨɦɨɳɢ ɪɚɞɢɨɫɩɟɤɬɪɨɦɟɬɪɚ Ɋɗ-1306, 

ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟ-
ɥɶɧɨɫɬɶɸ ɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɞɟɬɚɥɶɧɵɣ 
ɚɧɚɥɢɡ ɫɩɟɤɬɪɨɜ ɗɉɊ, ɢ Ɇɢɧɫɤ-12Ɇ, ɤɨɬɨɪɵɣ 
ɩɪɢ ɦɟɧɶɲɟɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɩɟɤɬɪɨɜ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɫɟɪɢɣɧɵɯ ɗɉɊ-

ɚɧɚɥɢɡɨɜ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɩɪɢ ɬɨɩɨɦɢɧɟ-
ɪɚɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ. 

Ɉɬɛɨɪ ɦɢɤɪɨɦɨɧɨɮɪɚɤɰɢɣ ɚɩɚɬɢɬɚ ɩɪɨɜɨ-
ɞɢɥɫɹ ɫ ɩɨɦɨɳɶɸ ɛɢɧɨɤɭɥɹɪɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ. 

ɗɬɨ ɩɨɡɜɨɥɹɥɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɫɬɪɭɤɬɭɪɧɨ-ɦɨɪɮɨɥɨɝɢɱɟɫɤɭɸ ɢɞɟɧɬɢɮɢɤɚɰɢɸ 
ɦɢɧɟɪɚɥɶɧɵɯ ɢɧɞɢɜɢɞɨɜ. Ȼɵɥ ɢɡɭɱɟɧ ɦɚɬɟɪɢɚɥ 

83 ɩɪɨɛɵ, ɪɚɜɧɨɦɟɪɧɨ ɨɬɨɛɪɚɧɧɵɯ ɜ ɤɨɧɬɭɪɟ 
ɪɭɞɧɨɝɨ ɬɟɥɚ. 

Ɍɢɩɢɱɧɵɣ ɫɩɟɤɬɪ ɚɩɚɬɢɬɚ Ʉɨɜɞɨɪɫɤɨɝɨ ɦɟ-
ɫɬɨɪɨɠɞɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. ȿɝɨ ɢɧɬɟ-
ɪɩɪɟɬɚɰɢɹ ɞɚɥɚ ɜɨɡɦɨɠɧɨɫɬɶ ɭɫɬɚɧɨɜɢɬɶ 
ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɚɝɧɢɬɧɵɟ ɰɟɧɬɪɵ, ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚ ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧɚ ɧɚ ɫɨɩɨɫɬɚɜɥɟɧɢɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ Р-ɮɚɤɬɨɪɨɜ ɫ 
ɢɡɜɟɫɬɧɵɦɢ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ Д1, 5]: F–

-O–-F– (g┴ = 2,054), OH–-O– (g┴ = 2,029), CO3
3– 

(g┴ = 2,003), ɢɧɨɝɞɚ SiO3
– (g┴ = 2,009). Ȼɥɢɡɤɢɣ 

ɫɨɫɬɚɜ ɢɨɧɧɵɯ ɪɚɞɢɤɚɥɨɜ ɨɩɢɫɚɧ ɞɥɹ ɚɩɚɬɢɬɚ 

Ɇɚɣɦɟɱɚ-Ʉɨɬɭɣɫɤɨɝɨ ɢɣɨɥɢɬ-ɤɚɪɛɨɧɚɬɢɬɨɜɨɝɨ 
ɤɨɦɩɥɟɤɫɚ Д2Ж, ɚ ɬɚɤɠɟ ɞɥɹ ɚɩɚɬɢɬɚ ɢɡ ɤɚɪɛɨɧɚ-
ɬɢɬɨɜ ɍɤɪɚɢɧɫɤɨɝɨ ɳɢɬɚ Д5]. 

 

 
 

Ɋɢɫ. 1. ɏɚɪɚɤɬɟɪɧɵɟ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ ɩɚ-
ɪɚɦɚɝɧɢɬɧɵɯ ɰɟɧɬɪɨɜ ɧɚ ɫɩɟɤɬɪɚɯ ɗɉɊ ɚɩɚ-
ɬɢɬɚ Ʉɨɜɞɨɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. 

 

 

ȼɨɡɧɢɤɧɨɜɟɧɢɟ ɩɚɪɚɦɚɝɧɢɬɧɵɯ ɰɟɧɬɪɨɜ 
ɫɜɹɡɚɧɨ ɫ ɪɚɡɜɢɬɢɟɦ ɜ ɢɨɧɧɨɣ ɱɚɫɬɢ ɫɬɪɭɤɬɭɪɵ 
ɦɢɧɟɪɚɥɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɢɡɨɦɨɪɮɧɵɯ ɡɚ-
ɦɟɳɟɧɢɣ. ȼɚɠɧɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɤɚɱɟɫɬɜɟɧ-



ɇɿɤɿɬɟɧɤɨ І.ɋ., ɋɭɩɪɭɧɟɧɤɨ Ɉ.Ȼ. 

Ƚɟɨɥɨɝɨ-ɦɿɧɟɪɚɥɨɝɿɱɧɢɣ ɜɿɫɧɢɤ Ʉɪɢɜɨɪɿɡɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ.– №2 (36).– 2016 ɪ. 15 

ɧɵɣ ɧɚɛɨɪ ɨɬɦɟɱɟɧɧɵɯ ɥɢɧɢɣ ɩɨɝɥɨɳɟɧɢɹ ɯɨ-
ɪɨɲɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɬɚɤɨɜɵɦɢ ɞɥɹ ɂɄ-ɫɩɟɤɬɪɨɜ 
ɚɩɚɬɢɬɚ ɤɨɦɩɥɟɤɫɧɵɯ ɪɭɞ, ɤɨɬɨɪɵɟ ɬɚɤɠɟ ɱɟɬ-
ɤɨ ɮɢɤɫɢɪɭɸɬ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɦɢɧɟ-
ɪɚɥɚ ɝɢɞɪɨɤɫɢɥ- ɢ ɤɚɪɛɨɧɚɬ-ɢɨɧɨɜ, ɭɤɚɡɵɜɚɸɬ 
ɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɝɢɞɪɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ ɫ ɤɢɫ-
ɥɨɪɨɞɨɦ Д8]. 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ ɪɚɞɢɤɚɥɚ 
F–-O–-F– ɨɤɚɡɚɥɚɫɶ ɞɨɫɬɚɬɨɱɧɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ 
(ɬɢɩɨɦɨɪɮɧɨɣ) ɞɥɹ ɜɵɞɟɥɟɧɧɵɯ ɧɚɦɢ ɪɚɧɟɟ ɜ 
ɩɪɟɞɟɥɚɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɦɨɪɮɨɫɬɪɭɤɬɭɪɧɨ-

ɤɨɧɫɬɢɬɭɰɢɨɧɧɵɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɚɩɚɬɢɬɚ Д6]. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɷɬɨɝɨ ɰɟɧɬɪɚ ɨɛɭɫɥɨɜɥɟɧɨ ɡɚ-
ɯɜɚɬɨɦ ɤɢɫɥɨɪɨɞɨɦ «ɞɵɪɤɢ» ɜ ɩɨɡɢɰɢɢ ɢɨɧɚ F– 

ɧɚ ɝɟɤɫɚɝɨɧɚɥɶɧɨɣ ɨɫɢ ɫɬɪɭɤɬɭɪɵ ɦɢɧɟɪɚɥɚ 
[3Ж. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɫɨɨɬɜɟɬɫɬ-
ɜɭɸɳɟɣ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ, 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ, ɞɟɮɢɰɢɬɨɦ ɩɪɢɫɭɬɫɬɜɢɹ 
ɝɚɥɨɝɟɧɚ. ɑɚɫɬɢɱɧɨɟ ɡɚɦɟɳɟɧɢɟ F ɧɚ Ї ɛɵɥɨ 
ɭɫɬɚɧɨɜɥɟɧɨ ɧɚɦɢ ɪɚɧɟɟ ɩɪɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 
ɂɄ-ɫɩɟɤɬɪɨɜ ɚɩɚɬɢɬɚ Д8Ж. ɐɟɧɬɪ F–-O–-F– ɨɤɚ-
ɡɚɥɫɹ ɧɚɢɛɨɥɟɟ ɫɬɚɛɢɥɶɧɵɦ ɢ ɛɵɥ ɭɜɟɪɟɧɧɨ 
ɩɪɨɹɜɥɟɧ ɧɚ ɜɫɟɯ ɢɡɭɱɟɧɧɵɯ ɫɩɟɤɬɪɚɯ ɗɉɊ 
ɚɩɚɬɢɬɚ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ, ɦɚɤɫɢɦɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫ-
ɬɶɸ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ ɪɚɞɢɤɚɥɚ F–-O–-F– ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɩɟɤɬɪɵ ɗɉɊ ɚɩɚɬɢɬɚ II 
(Jɫɪ.=21,38 ɨɬɧ. ɟɞ.) ɦɢɧɢɦɚɥɶɧɨɣ – ɫɩɟɤɬɪɵ 
ɚɩɚɬɢɬɚ III (Jɫɪ.=8,4 ɨɬɧ. ɟɞ.), ɱɬɨ ɜɩɨɥɧɟ ɭɞɨɜ-
ɥɟɬɜɨɪɢɬɟɥɶɧɨ ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɢɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɮɬɨɪɚ ɜ ɚɩɚɬɢɬɟ ɢɡ ɤɚɪɛɨɧɚɬ-

ɫɨɞɟɪɠɚɳɢɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɪɭɞ ɢ, ɫɨɨɬɜɟɬɫɬ-
ɜɟɧɧɨ, ɦɟɧɶɲɟɣ ɚɤɬɢɜɧɨɫɬɶɸ ɤɢɫɥɨɪɨɞɚ. Ⱥɧɚ-
ɥɨɝɢɱɧɨɟ ɭɦɟɧɶɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ F–-O–-F–-

ɰɟɧɬɪɨɜ ɜ ɚɩɚɬɢɬɟ ɢɡ ɤɚɪɛɨɧɚɬɢɬɨɜ ɩɨ ɫɪɚɜɧɟ-
ɧɢɸ ɫ ɚɩɚɬɢɬɨɦ ɢɡ ɜɦɟɳɚɸɳɢɯ ɫɢɥɢɤɚɬɧɵɯ 
ɩɨɪɨɞ ɨɬɦɟɱɚɟɬɫɹ ɜ ɪɚɛɨɬɟ Д5Ж. ɇɢɡɤɢɟ ɡɧɚɱɟ-
ɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɧɢɢ ɚɩɚɬɢɬɚ I (Jɫɪ.=8,25 

ɨɬɧ. ɟɞ.) ɢ ɩɨɜɵɲɟɧɧɵɟ ɞɥɹ ɚɩɚɬɢɬɚ IV 
(Jɫɪ.=14,6 ɨɬɧ. ɟɞ.) ɢɦɟɸɬ, ɜɟɪɨɹɬɧɨ, ɛɨɥɟɟ ɫɥɨ-
ɠɧɵɣ ɢ ɧɟɨɞɧɨɡɧɚɱɧɵɣ ɩɪɢɱɢɧɧɵɣ ɯɚɪɚɤɬɟɪ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɷɜɨɥɸɰɢɢ ɩɚ-
ɪɚɦɟɬɪɨɜ ɦɢɧɟɪɚɥɨɨɛɪɚɡɭɸɳɟɣ ɫɢɫɬɟɦɵ, ɱɬɨ ɜ 
ɢɬɨɝɟ ɩɪɟɞɨɩɪɟɞɟɥɢɥɨ ɫɩɟɰɢɮɢɤɭ ɝɟɧɟɡɢɫɚ 
ɤɚɠɞɨɝɨ ɢɡ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ 
ɦɢɧɟɪɚɥɚ. 

ȼɵɹɜɥɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɩɟɤɬɪɨɜ ɗɉɊ 
ɚɩɚɬɢɬɚ ɩɨɡɜɨɥɢɥɢ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɪɬɭ-ɫɯɟɦɭ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫ-

ɬɢ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ ɩɚɪɚɦɚɝɧɢɬɧɨɝɨ ɰɟɧɬɪɚ 
F–-O–-F– ɜ ɩɪɟɞɟɥɚɯ ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɪɢɫ. 2). 

 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚɬɢɱɟɫɤɚɹ ɤɚɪɬɚ ɩɪɨɫɬɪɚɧ-
ɫɬɜɟɧɧɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɧɢɢ 
ɩɨɝɥɨɳɟɧɢɹ F–-O–-F– ɫɩɟɤɬɪɨɜ ɗɉɊ ɚɩɚɬɢɬɚ. 

Ɉɛɥɚɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɧɢɢ ɩɨɝɥɨɳɟɧɢɹ (ɨɬɧ. ɟɞ.): 1 

– ɦɟɧɟɟ 10; 2 – ɨɬ 10 ɞɨ 15; 3 – ɛɨɥɟɟ 15; 

4 – ɤɨɧɬɭɪ ɦɟɫɬɨɪɨɠɞɟɧɢɹ; 5 – ɤɨɧɬɭɪ 
«ɚɧɨɦɚɥɶɧɨɣ» ɡɨɧɵ. 

 

 

ɇɚɢɦɟɧɶɲɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɥɢɧɢɢ ɨɬɦɟɱɚ-
ɟɬɫɹ ɞɥɹ ɚɩɚɬɢɬɚ ɢɡ ɩɟɪɢɮɟɪɢɣɧɨɣ ɱɚɫɬɢ ɪɭɞ-
ɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɝɞɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɚɩɚɬɢɬ-

ɮɨɪɫɬɟɪɢɬɨɜɵɟ ɦɚɥɨɠɟɥɟɡɢɫɬɵɟ ɪɭɞɵ ɡɨɧɵ 
«ɡɚɤɚɥɤɢ», ɫɨɞɟɪɠɚɳɢɟ ɚɩɚɬɢɬ I, ɢ ɞɥɹ ɚɩɚɬɢɬɚ 
ɢɡ ɤɚɪɛɨɧɚɬɢɬɨɜɨɝɨ ɹɞɪɚ (ɚɩɚɬɢɬ III). ɇɚɢ-
ɛɨɥɶɲɚɹ – ɞɥɹ ɚɩɚɬɢɬɚ ɢɡ ɚɩɚɬɢɬ-ɮɨɪɫɬɟɪɢɬ-

ɦɚɝɧɟɬɢɬɨɜɵɯ ɢ ɮɨɪɫɬɟɪɢɬ-ɦɚɝɧɟɬɢɬɨɜɵɯ ɪɭɞ 
(ɚɩɚɬɢɬ II), ɡɚɧɢɦɚɸɳɢɯ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨ-
ɥɨɠɟɧɢɟ ɜ ɫɬɪɨɟɧɢɢ ɪɭɞɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. ȼ 
«ɚɧɨɦɚɥɶɧɨɣ» ɡɨɧɟ ɩɪɨɫɥɟɠɢɜɚɟɬɫɹ ɧɟɡɧɚɱɢ-
ɬɟɥɶɧɵɣ ɪɨɫɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɧɢɢ F–-O–-F– 

ɚɩɚɬɢɬɚ. 



ɇɟɤɨɬɨɪɵɟ ɱɟɪɬɵ ɤɪɢɫɬɚɥɥɨɯɢɦɢɢ ɚɩɚɬɢɬɚ Ʉɨɜɞɨɪɫɤɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

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

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬɦɟɱɟɧɵ ɞɥɹ ɚɩɚɬɢɬɚ ɢɡ ɭɱɚɫ-
ɬɤɨɜ ɪɚɡɜɢɬɢɹ ɥɢɧɟɣɧɵɯ ɪɚɡɪɵɜɧɵɯ ɧɚɪɭɲɟ-
ɧɢɣ ɫɟɜɟɪɨ-ɡɚɩɚɞɧɨɝɨ ɢ ɫɭɛɲɢɪɨɬɧɨɝɨ ɩɪɨɫɬɢ-
ɪɚɧɢɹ, ɚ ɬɚɤɠɟ ɫɟɜɟɪɧɨɝɨ ɩɪɢɦɵɤɚɧɢɹ ɤ ɤɚɪɛɨ-
ɧɚɬɢɬɨɜɨɦɭ ɹɞɪɭ (ɪɢɫ. 2). 

Ʌɸɦɢɧɟɫɰɟɧɰɢɸ ɚɩɚɬɢɬɚ ɚɜɬɨɪɵ ɢɡɭɱɚɥɢ ɫ 
ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ «Ɍɟɪɦɨɥɸɦ» ɦɟɬɨɞɨɦ ɬɟɪ-
ɦɨɜɵɫɜɟɱɢɜɚɧɢɹ ɦɚɬɟɪɢɚɥɚ 31 ɦɨɧɨɦɢɧɟɪɚɥɶ-
ɧɵɯ ɮɪɚɤɰɢɣ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 400ɨɋ. 

Ɍɟɪɦɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɚɩɚɬɢɬɚ 
ɬɚɤɠɟ ɛɵɥɢ ɨɬɧɟɫɟɧɵ ɤ ɟɝɨ ɬɢɩɨɦɨɪɮɧɵɦ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚɦ. ȼ ɱɚɫɬɧɨɫɬɢ, ɚɩɚɬɢɬ ɢɡ ɫɢɥɢ-
ɤɚɬ-ɫɨɞɟɪɠɚɳɢɯ ɪɭɞ (ɚɩɚɬɢɬ I ɢ II) ɯɚɪɚɤɬɟɪɢ-
ɡɭɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɮɨɪɦɨɣ ɤɪɢɜɵɯ 
ɬɟɪɦɨɜɵɫɜɟɱɢɜɚɧɢɹ ɫ ɩɪɨɹɜɥɟɧɢɟɦ ɩɢɤɚ ɬɨɥɶ-
ɤɨ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (Tm ≈ 400ɨɋ). 
ɉɪɢɱɟɦ ɫɩɟɤɬɪɵ ɚɩɚɬɢɬɚ II ɨɬɥɢɱɚɸɬɫɹ ɛɨɥɟɟ 
ɢɧɬɟɧɫɢɜɧɵɦ ɫɜɟɱɟɧɢɟɦ (ɪɢɫ. 3). 

 

 
 

Ɋɢɫ. 3. ɏɚɪɚɤɬɟɪ ɬɟɪɦɨɥɸɦɢɧɟɫɰɟɧɬɧɵɯ 
ɤɪɢɜɵɯ ɚɩɚɬɢɬɚ. 

 

 

Ⱦɥɹ ɚɩɚɬɢɬɚ ɢɡ ɤɚɪɛɨɧɚɬ-ɫɨɞɟɪɠɚɳɢɯ ɪɭɞ 
(ɚɩɚɬɢɬ III ɢ IV) ɯɚɪɚɤɬɟɪɧɨ ɩɨɹɜɥɟɧɢɟ ɟɳɟ 

ɨɞɧɨɝɨ ɱɟɬɤɨɝɨ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɩɢɤɚ (Tm 

≈ 235ɨɋ), ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɢɡɨɦɨɪɮɧɵɦ ɜɯɨ-
ɠɞɟɧɢɟɦ MЧ ɜ ɩɨɡɢɰɢɹɯ CК ɜ ɫɟɦɟɪɧɨɣ ɤɨɨɪ-
ɞɢɧɚɰɢɢ Д9Ж. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɨɧɵ ɦɚɪɝɚɧɰɚ 
ɜɵɩɨɥɧɹɸɬ ɪɨɥɶ ɷɮɮɟɤɬɢɜɧɵɯ ɞɵɪɨɱɧɵɯ 
ɰɟɧɬɪɨɜ, ɩɟɪɟɯɨɞ ɤɨɬɨɪɵɯ ɜ ɞɜɭɯɜɚɥɟɧɬɧɨɟ 
ɫɨɫɬɨɹɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɫɜɨɛɨɠɞɟɧɢɟɦ 
ɷɧɟɪɝɢɢ. Ⱥɩɚɬɢɬ IV ɢɡ «ɚɧɨɦɚɥɶɧɨɣ» ɡɨɧɵ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬɫɹ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ 

ɫɜɟɱɟɧɢɹ. 

ȼɚɪɢɚɰɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɥɢɧɢɢ F–-O–-F– ɜ 
ɫɩɟɤɬɪɚɯ ɗɉɊ ɚɩɚɬɢɬɚ ɜɵɞɟɥɟɧɧɵɯ ɱɟɬɵɪɟɯ 
ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɫɨɝɥɚɫɭɸɬɫɹ ɫ ɢɡɦɟɧɱɢɜɨɫɬɶɸ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫɩɟɤɬɪɨɜ ɬɟɪɦɨɥɸɦɢɧɟɫɰɟɧ-
ɰɢɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɨɛɟ ɤɨɧɫɬɢɬɭ-
ɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɢɧɟɪɚɥɚ ɨɩɪɟɞɟɥɹ-
ɸɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɤɚɱɟɫɬɜɟɧɧɵɦ ɧɚɛɨɪɨɦ 
ɷɥɟɤɬɪɨɧɧɨ-ɞɵɪɨɱɧɵɯ ɞɟɮɟɤɬɨɜ, ɢɯ ɤɨɥɢɱɟɫɬ-
ɜɨɦ ɢ ɨɪɢɟɧɬɚɰɢɟɣ ɜ ɟɝɨ ɫɬɪɭɤɬɭɪɟ. 

ȼɵɹɜɥɟɧɚ ɱɟɬɤɚɹ ɜɡɚɢɦɨɫɜɹɡɶ ɩɚɪɚɦɟɬɪɨɜ 
ɫɩɟɤɬɪɨɜ ɗɉɊ ɢ ɬɟɪɦɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɚɩɚɬɢɬɚ 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɝɟɨɥɨɝɨ-

ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɜɢɞɚɦɢ ɤɨɦɩɥɟɤɫɧɵɯ ɪɭɞ, ɚ 
ɬɚɤɠɟ ɫ ɢɯ ɩɪɢɭɪɨɱɟɧɧɨɫɬɶɸ ɤ ɥɢɧɟɣɧɵɦ (ɚɩɚ-
ɬɢɬ II) ɢ ɤɨɥɶɰɟɜɵɦ (ɚɩɚɬɢɬɵ III ɢ IV) ɪɚ-
ɡɪɵɜɧɵɦ ɧɚɪɭɲɟɧɢɹɦ, ɱɬɨ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, 
ɡɚɤɪɟɩɥɹɟɬ ɮɢɤɫɚɰɢɸ ɜɵɞɟɥɟɧɧɵɯ ɪɚɡɧɨɜɢɞ-
ɧɨɫɬɟɣ ɚɩɚɬɢɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɚ ɫ ɩɨɡɢɰɢɣ 

ɨɧɬɨɝɟɧɢɢ – ɢ ɜɨ ɜɪɟɦɟɧɢ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɩɟɤɬɪɵ ɗɉɊ ɢ ɬɟɪɦɨ-

ɜɵɫɜɟɱɢɜɚɧɢɹ ɧɨɫɹɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɣ ɬɢɩɨ-
ɦɨɪɮɧɵɣ ɯɚɪɚɤɬɟɪ, ɩɨɞɱɟɪɤɢɜɚɸɬ ɢ ɞɨɩɨɥɧɹ-
ɸɬ ɫɜɟɞɟɧɢɹ ɨ ɩɪɢɧɰɢɩɢɚɥɶɧɨɦ ɪɚɡɥɢɱɢɢ ɩɪɢ-
ɪɨɞɵ ɜɵɞɟɥɟɧɧɵɯ ɪɚɧɟɟ ɚɜɬɨɪɚɦɢ ɦɨɪɮɨɫɬɪɭ-
ɤɬɭɪɧɨ-ɤɨɧɫɬɢɬɭɰɢɨɧɧɵɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ ɦɢ-
ɧɟɪɚɥɚ, ɭɤɚɡɵɜɚɸɬ ɧɚ ɫɩɟɰɢɮɢɤɭ ɭɫɥɨɜɢɣ ɢ 
ɦɟɯɚɧɢɡɦɚ ɝɟɧɟɡɢɫɚ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ, ɩɨɞɬɜɟɪ-
ɠɞɚɸɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɢɡɭɱɟɧɢɹ ɤɪɢɫɬɚɥɥɨɯɢɦɢɱɟɫɤɨɣ 
ɷɜɨɥɸɰɢɢ ɚɩɚɬɢɬɚ Ʉɨɜɞɨɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟ-
ɧɢɹ. 

ɅɂɌȿɊȺɌɍɊȺ 
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ɉɂɊɈȽɈȼ Ȼ.ȱ., ɌɊɍɇȱɇ Ɉ.Ɇ., ɏɈɅɈɒɂɇ ȱ.ȼ. Ⱦɟɹɤɿ ɪɢɫɢ ɤɪɢɫɬɚɥɨɯɿɦɿʀ ɚɩɚɬɢɬɭ Ʉɨ-
ɜɞɨɪɫɶɤɨɝɨ ɪɨɞɨɜɢɳɚ. 

Ɋɟɡɸɦɟ. Ɂɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɜɢɜɱɟɧɧɹ ɫɩɟɤɬɪɿɜ ȿɉɊ ɿ ɤɪɢɜɢɯ ɬɟɪɦɨɥɸɦɿɧɟɫɰɟɧɰɿʀ ɚɩɚɬɢɬɭ Ʉɨ-
ɜɞɨɪɫɶɤɨɝɨ ɪɨɞɨɜɢɳɚ, ɪɨɡɝɥɹɧɭɬɿ ɨɫɨɛɥɢɜɨɫɬɿ ɤɪɢɫɬɚɥɨɯɿɦɿɱɧɨʀ ɧɟɨɞɧɨɪɿɞɧɨɫɬɿ ɦɿɧɟɪɚɥɭ. ɋɩɟɤ-
ɬɪɢ ȿɉɊ ɮɿɤɫɭɸɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɿ ɫɦɭɝɢ ɩɨɝɥɢɧɚɧɧɹ ɩɚɪɚɦɚɝɧɿɬɧɢɯ ɰɟɧɬɪɿɜ F–-O–-F– (g┴ = 

2,054), OH–-O– (g┴ = 2,029), CO3
3– (g┴ = 2,003), ɪɿɞɲɟ SiO3

– (g┴ = 2,009). ɇɚɣɛɿɥɶɲ ɿɧɮɨɪɦɚɬɢɜ-



ɇɟɤɨɬɨɪɵɟ ɱɟɪɬɵ ɤɪɢɫɬɚɥɥɨɯɢɦɢɢ ɚɩɚɬɢɬɚ Ʉɨɜɞɨɪɫɤɨɝɨ ɤɨɦɩɥɟɤɫɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

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

ɧɨɸ є ɥɿɧɿɹ ɩɨɝɥɢɧɚɧɧɹ ɿɨɧɧɨɝɨ ɪɚɞɢɤɚɥɭ F–-O–-F–, ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɹɤɨʀ ɜɢɹɜɢɥɚ ɱɭɬɥɢɜɿɫɬɶ ɞɨ ɪɿɡ-
ɧɨɜɢɞɭ ɚɩɚɬɢɬɨɜɨʀ ɦɿɧɟɪɚɥɿɡɚɰɿʀ, ɳɨ ɞɨɡɜɨɥɢɥɨ ɫɤɥɚɫɬɢ ɤɚɪɬɭ-ɫɯɟɦɭ ʀʀ ɩɪɨɫɬɨɪɨɜɨʀ ɦɿɧɥɢɜɨɫɬɿ 
ɜ ɦɟɠɚɯ ɪɨɞɨɜɢɳɚ. ɉɚɪɚɦɟɬɪɢ ɤɪɢɜɢɯ ɬɟɪɦɨɥɸɦɿɧɟɫɰɟɧɰɿʀ ɬɚɤɨɠ ɜɿɞɧɟɫɟɧɿ ɞɨ ɬɢɩɨɦɨɪɮɧɢɯ: 
ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɨɡɜɨɥɹє ɱɿɬɤɨ ɿɞɟɧɬɢɮɿɤɭɜɚɬɢ ɦɨɪɮɨɫɬɪɭɤɬɭɪɧɨ-ɤɨɧɫɬɢɬɭɰɿɣɧɿ ɪɿɡɧɨɜɢɞɢ 
ɚɩɚɬɢɬɭ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: Ʉɨɥɶɫɶɤɢɣ ɩɿɜɨɫɬɪɿɜ, Ʉɨɜɞɨɪɫɶɤɟ ɪɨɞɨɜɢɳɟ, ɛɚɞɞɟɥɟʀɬ-ɚɩɚɬɢɬ-ɦɚɝɧɟɬɢɬɨɜɿ 
ɪɭɞɢ, ɚɩɚɬɢɬ, ȿɉɊ-ɫɩɟɤɬɪɢ, ɬɟɪɦɨɥɸɦɿɧɟɫɰɟɧɰɿɹ, ɤɪɢɫɬɚɥɨɯɿɦɿɹ. 

 

 

ɉɂɊɈȽɈȼ Ȼ.ɂ., ɌɊɍɇɂɇ Ⱥ.ɇ., ɏɈɅɈɒɂɇ ɂ.ȼ. ɇɟɤɨɬɨɪɵɟ ɱɟɪɬɵ ɤɪɢɫɬɚɥɥɨɯɢɦɢɢ 
ɚɩɚɬɢɬɚ Ʉɨɜɞɨɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ. 

Ɋɟɡɸɦɟ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɡɭɱɟɧɢɹ ɫɩɟɤɬɪɨɜ ɗɉɊ ɢ ɤɪɢɜɵɯ ɬɟɪɦɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɚɩɚɬɢɬɚ 
Ʉɨɜɞɨɪɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɤɪɢɫɬɚɥɥɨɯɢɦɢɱɟɫɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫ-
ɬɢ ɦɢɧɟɪɚɥɚ. ɋɩɟɤɬɪɵ ɗɉɊ ɮɢɤɫɢɪɭɸɬ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ ɩɚɪɚɦɚɝɧɢɬ-
ɧɵɯ ɰɟɧɬɪɨɜ F–-O–-F– (g┴ = 2,054), OH–-O– (g┴ = 2,029), CO3

3– (g┴ = 2,003), ɪɟɠɟ SТO3
– (g┴ = 

2,009). ɇɚɢɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɨɣ ɹɜɥɹɟɬɫɹ ɥɢɧɢɹ ɩɨɝɥɨɳɟɧɢɹ ɢɨɧɧɨɝɨ ɪɚɞɢɤɚɥɚ F–-O–-F–, ɢɧɬɟɧ-
ɫɢɜɧɨɫɬɶ ɤɨɬɨɪɨɣ ɜɵɹɜɢɥɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɤ ɪɚɡɧɨɜɢɞɧɨɫɬɢ ɚɩɚɬɢɬɨɜɨɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ, 
ɱɬɨ ɩɨɡɜɨɥɢɥɨ ɫɨɫɬɚɜɢɬɶ ɤɚɪɬɭ-ɫɯɟɦɭ ɟɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɢɡɦɟɧɱɢɜɨɫɬɢ ɜ ɝɪɚɧɢɰɚɯ ɦɟɫɬɨ-
ɪɨɠɞɟɧɢɹ. ɉɚɪɚɦɟɬɪɵ ɤɪɢɜɵɯ ɬɟɪɦɨɥɸɦɢɧɟɫɰɟɧɰɢɢ ɬɚɤɠɟ ɨɬɧɟɫɟɧɵ ɤ ɬɢɩɨɦɨɪɮɧɵɦ: ɢɯ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟ ɩɨɡɜɨɥɹɸɬ ɱɟɬɤɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɦɨɪɮɨɫɬɪɭɤɬɭɪɧɨ-ɤɨɧɫɬɢɬɭɰɢɨɧɧɵɟ ɪɚɡɧɨ-
ɜɢɞɧɨɫɬɢ ɚɩɚɬɢɬɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ʉɨɥɶɫɤɢɣ ɩɨɥɭɨɫɬɪɨɜ, Ʉɨɜɞɨɪɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ, ɛɚɞɞɟɥɟɢɬ-ɚɩɚɬɢɬ-

ɦɚɝɧɟɬɢɬɨɜɵɟ ɪɭɞɵ, ɚɩɚɬɢɬ, ɗɉɊ-ɫɩɟɤɬɪɵ, ɬɟɪɦɨɥɸɦɢɧɟɫɰɟɧɰɢɹ, ɤɪɢɫɬɚɥɥɨɯɢɦɢɹ. 
 

 

PYROGOV B.I., TRUNIN Ɉ.Ɇ. KHOLOSHYN I.V. Some features of the crystal chemis-
try of apatite from Kovdor deposit. 

Summary. The results of the study of the ESR spectra and thermoluminescence curves of the apatite 

from baddeleyite-apatite-magnetite ores of Kovdor deposits were used to estimate the crystal chemical 

heterogeneity of the mineral. The deposit is located in the southwestern part of the Kola Peninsula with-

in the rock mass of ultrabasic, alkaline rocks and carbonatites of the same name. The presence of apa-

tite in the general technological scheme of complex ores processing specifies the relevance of studying 

the entire spectrum of its typomorphic characteristics. 

Studies, that were completed earlier, allowed the authors to identify four main varieties of apatite 

which form a single evolutionary spatiotemporal sequence. 

Absorption bands of paramagnetic centers F–-O–-F– (g┴ = 2.054), OH–-O– (g┴ = 2.003), CO3
3– (g┴ = 

2.009), sometimes SiO3
– (g┴ = 2.009) are specific for a typical ESR spectrum of the apatite from Kov-

dor deposits. Their generating is connected with the development of the relevant isomorphic replace-

ments in the structure of the mineral. The absorption line of the radical ion F–-O–-F– was the most in-

formative, its intensity revealed sensitivity to the variety of apatite mineralization. It allowed determin-

ing peculiarities of its spatial variability within the deposit. The lowest intensity of this line is charac-

teristic of the apatite from the peripheral part of the deposit where apatite-forsterite low-iron ores are 

common, as well as of the apatite from carbonatite core of the deposits. The greatest intensity of this 

apatite line is noticed for apatite-magnetite-forsterite and forsterite-magnetite ores occupying an inter-

mediate position in the structure of the ore complex. 

Thermoluminescence curve parameters have also been attributed to the typomorphic characteristics 

of the apatite. Their use allows clear identification of the morphological and constitutional variety of 

the mineral. The apatite from silicate-containing ores is characterized by a relatively simple form of the 

thermoluminescence curves with manifestation of maximum at high temperatures (about 400oC). An-



ɇɿɤɿɬɟɧɤɨ І.ɋ., ɋɭɩɪɭɧɟɧɤɨ Ɉ.Ȼ. 
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other clear low temperature (about 235ɨɋ) peak is characteristic for the apatite from carbonate-

containing ores, which is explained by isomorphic occurrence of Mn at Ca position in septenary coor-

dination. Manganese ions serve as effective hole centers which transition to the divalent state is accom-

panied by a release of energy. Curves of the apatite from the central part of the deposit have a higher 

intensity of luminescence. 

The results obtained have shown effectiveness and feasibility of a comprehensive study of crystal 

chemical evolution peculiarities of the apatite from the deposit. 

Key words: Kola peninsula, Kovdor deposit, baddeleyite-apatite-magnetite ores, apatite, ESR spec-

tra, thermoluminescence, crystal chemistry. 
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