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ɍȾɄ 546 

ȽɂȾɊɈɌȿɊɆȺɅɖɇɕɃ ɊȿȾɈɄɋ-ɋɂɇɌȿɁ ɄɈȻȺɅɖɌ-ɆȺɊȽȺɇȿɐ ɈɄɋɂȾɇɕɏ 
ШɉɂɇȿɅȿɃ (Co,Mn)(Co,Mn)2O4 
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Иɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ ɢɦ. ɚɤɚɞ. Ɇ.ɇɚɝɢɟɜɚ  
ɇɚɰɢɨɧɚɥɶɧɨɣ Ⱥɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ  

AZ 1143 Ȼɚɤɭ, ɩɪ.Ƚ.Ⱦɠɚɜɢɞɚ, 113; e-mail: itpcht@lan.ab.az 

*Ɉɬɞɟɥɟɧɢɟ ɯɢɦɢɢ ɮɚɤɭɥɶɬɟɬɚ ɢɫɤɭɫɫɬɜ ɢ ɧɚɭɤɢ Ɇɚɪɦɚɪɢɧɫɤɨɝɨ ɍɧɢɜɟɪɫɢɬɟɬɚ,  
ɋɬɚɦɛɭɥ-Ɍɭɪɰɢɹ 

 

ɉɪɨɜɟɞɟɧɨ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɢɬɪɚɬɨɜ ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ 
ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ ɜ ɢɧɬɟɪɜɚɥɟ  ɬɟɦɩɟɪɚɬɭɪ 180-270

0ɋ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 
ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɲɩɢɧɟɥɶɧɵɯ ɫɬɪɭɤɬɭɪ. Кɚɤ ɩɨɤɚɡɚɥɢ ɪɟɧɬɝɟɧɨ- 

ɞɢɮɪɚɤɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ, ɜ ɨɛɪɚɡɰɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ  
ɧɢɬɪɚɬɨɜ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ ɩɪɢ  ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ 1800ɋ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ, ɜ 
ɨɫɧɨɜɧɨɦ ɮɚɡɵ ɨɤɫɚɥɚɬɨɜ  ɦɟɬɚɥɥɨɜ. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 220-270

0ɋ ɨɫɧɨɜɧɵɦɢ 
ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɹɜɥɹɸɬɫɹ ɤɚɪɛɨɧɚɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɚɥɥɨɜ. ɉɪɢ 
ɩɪɨɤɚɥɤɟ ɩɪɢ 9000ɋ ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɫɦɟɫɢ ɧɢɬɪɚɬɨɜ 
ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ, ɩɨɥɭɱɚɟɬɫɹ ɲɩɢɧɟɥɶɧɚɹ ɮɚɡɚ  ɫɨɫɬɚɜɚ  (Co,Mn)(Co,Mn)2O4. 

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɲɩɢɧɟɥɶɧɨɣ 
ɮɚɡɵ ɫɨɫɬɚɜɥɹɥ 20.3 ɧɦ 

Кɥючɟɜɵɟ ɫɥɨɜɚ: ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɫɢɧɬɟɡ, ɨɤɫɢɞ ɤɨɛɚɥɶɬɚ, ɨɤɫɢɞ ɦɚɪɝɚɧɰɚ, 
ɲɩɢɧɟɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ 

 
ȼȼȿȾȿɇɂȿ 

           Ɉɤɫɢɞɵ ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ, 
ɫɩɨɫɨɛɧɵɟ ɤ  ɨɛɪɚɡɨɜɚɧɢɸ ɲɩɢɧɟɥɶɧɵɯ 
ɫɬɪɭɤɬɭɪ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɡ-ɡɚ ɫɜɨɢɯ 
ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɫɜɨɣɫɬɜ ɜ ɷɥɟɤɬɪɨɧɢɤɟ ɜ 
ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɞɨɜ ɞɥɹ ɛɚɬɚɪɟɣ [1-4], ɜ 
ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ [5,6], ɜ ɤɚɱɟɫɬɜɟ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ [7-9] ɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ 
[10-12] ɢ ɦɚɝɧɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [13-15]. 
            Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɢɡɜɟɫɬɧɵ 
ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɦɟɬɚɥɥɨɨɤɫɢɞ- 
ɧɵɯ ɧɚɧɨɤɨɦɩɨɡɢɬɧɵɯ ɱɚɫɬɢɰ : 1) ɦɟɯɚ- 
ɧɢɱɟɫɤɨɟ ɫɦɟɲɢɜɚɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɩɪɟɤɭɪɫɨɪɨɜ [16], ɩɢɪɨɥɢɡɧɨɟ ɪɚɫɩɵɥɟɧɢɟ 
[17], ɡɨɥɶ-ɝɟɥɶ ɪɚɡɥɨɠɟɧɢɟ[18,19] ɢ 

ɝɢɞɪɨɬɟɦɚɥɶɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɫɨɥɟɣ [20]. 
Ɂɧɚɱɢɬɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ  
ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɢɬɪɚɬɨɜ 
ɦɟɬɚɥɥɨɜ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ 
ɩɨɥɭɱɚɬɶ ɧɚɧɨɪɚɡɦɟɪɧɵɟ ɩɨɪɨɲɤɢ 
ɩɪɟɤɭɪɫɨɪɨɜ ɨɤɫɢɞɨɜ ɜ ɜɢɞɟ ɤɚɪɛɨɤɫɢɥɚɬɨɜ, 
ɤɚɪɛɨɧɚɬɨɜ ɢ ɞɪɭɝɢɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɬɚɥɥɨɜ 
[21]. 
            ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ 
ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɧɢɬɪɚɬɨɜ 
ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ ɜ 
ɢɧɬɟɪɜɚɥɟ  ɬɟɦɩɟɪɚɬɭɪ 180-2700ɋ ɫ ɰɟɥɶɸ 
ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɲɩɢɧɟɥɶɧɵɯ 
ɫɬɪɭɤɬɭɪ. 

 
ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇȺə ɑȺɋɌɖ 

 

           Мɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ 
           ɋɢɧɬɟɡ ɩɪɨɜɨɞɢɥɫɹ ɜ ɚɜɬɨɤɥɚɜɟ ɢɡ 
ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ, ɜ ɤɨɬɨɪɭɸ ɜɫɬɚɜɥɹɥɢ 

ɫɬɟɤɥɹɧɧɭɸ ɚɦɩɭɥɭ. ɇɢɠɟ ɩɪɢɜɨɞɢɬɫɹ 
ɬɢɩɢɱɧɚɹ ɦɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ. 
           ȼ ɫɬɟɤɥɹɧɧɭɸ ɚɦɩɭɥɭ ɡɚɝɪɭɠɚɥɨɫɶ 
0.5∙10-2 ɦɨɥɹ (1.45ɝ) ɧɢɬɪɚɬɚ ɤɨɛɚɥɶɬɚ 
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(Co(NO3)2∙6H2O, 0.5∙10-2 ɦɨɥɹ (1.43 ɝ) 
ɧɢɬɪɚɬɚ ɦɚɪɝɚɧɰɚ (Mn(NO3)2∙6H2O, 2 ɝ 
ɷɬɢɥɟɧɝɥɢɤɨɥɹ ɢ 6 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ 
ɜɨɞɵ. Ⱥɜɬɨɤɥɚɜ ɩɨɦɟɳɚɥɫɹ ɜ ɩɟɱɶ ɢ 
ɜɵɞɟɪɠɢɜɚɥɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 2200ɋ ɢɥɢ 
2700ɋ  ɜ ɬɟɱɟɧɢɟ 5 ɱɚɫɨɜ. ɉɨɥɭɱɟɧɧɵɣ 
ɨɫɚɞɨɤ ɨɬɞɟɥɹɥɫɹ ɨɬ ɪɟɚɤɰɢɨɧɧɨɝɨ 
ɪɚɫɬɜɨɪɚ, ɩɪɨɦɵɜɚɥɫɹ ɜɨɞɨɣ ɢ ɫɭɲɢɥɫɹ ɩɪɢ 
700ɋ. 
      ɉɨɥɭɱɟɧɧɵɟ ɩɨɪɨɲɤɨɨɛɪɚɡɧɵɟ ɨɛɪɚɡɰɵ 
ɩɪɨɤɚɥɢɜɚɥɢɫɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 9000ɋ. 
Ɋɟɚɤɰɢɨɧɧɵɣ ɪɚɫɬɜɨɪ ɭɩɚɪɢɜɚɥɫɹ ɜ ɜɚɤɭɭɦɟ 

ɢ ɨɫɬɚɜɲɚɹɫɹ ɱɚɫɬɶ ɢɡɭɱɚɥɚɫɶ ɫ ɩɨɦɨɳɶɸ 
ɂɄ- ɢ ɍɎ-ɫɩɟɤɬɪɨɦɟɬɪɢɢ. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ, 
ɪɚɡɦɟɪɵ ɱɚɫɬɢɰ ɢ ɢɯ ɮɨɪɦɚ ɞɨ ɢ ɩɨɫɥɟ 
ɩɪɨɤɚɥɤɢ ɢɡɭɱɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ 
ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɞɢɮɪɚɤɬɨɦɟɬɪɚ  Bruker D2 
Phaser (Germany   ɢ ɫɤɚɧɢɪɭɸɳɟɝɨ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ Sigma VP(Carl 
Zeiss Jena). ɂɄ ɫɩɟɤɬɪɵ ɡɚɩɢɫɵɜɚɥɢɫɶ ɧɚ 
ɫɩɟɤɬɪɨɦɟɬɪɟ  FT  Nicolet-AS10(USA), 
ɷɥɟɤɬɪɨɧɧɵɟ ɫɩɟɤɬɪɵ ɩɨɝɥɨɳɟɧɢɹ - ɫ 
ɩɨɦɨɳɶɸ ɫɩɟɤɬɪɨɮɨɬɨɦɟɬɪɚ Evolution 60s. 

 
ɈȻɋɍɀȾȿɇɂȿ ɊȿɁɍɅɖɌȺɌɈȼ 

 
           ɉɪɟɜɪɚɳɟɧɢɟ ɧɢɬɪɚɬɨɜ ɤɨɛɚɥɶɬɚ ɢ 
ɦɚɪɝɚɧɰɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 220-2700ɋ ɜ ɚɜɬɨɤɥɚɜɟ 
ɩɪɨɬɟɤɚɟɬ  ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɨɜɵɲɟɧɢɹ 
ɞɚɜɥɟɧɢɹ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɟ ɜɟɥɢɱɢɧɵ 150 
ɚɬɦ. 
          Ʉɚɤ ɩɨɤɚɡɚɥɢ ɢɫɫɥɟɞɨɜɚɧɢɹ, 
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ ɪɚɡɥɨɠɟɧɢɟ ɧɢɬɪɚɬɨɜ 
ɦɟɬɚɥɥɨɜ  ɫ ɭɱɚɫɬɢɟɦ ɷɬɢɥɟɧɝɥɢɤɨɥɹ ɩɪɢ  
ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɢɠɟ 1800ɋ  ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɨɤɫɚɥɚɬɨɜ ɦɟɬɚɥɥɨɜ. ɋɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ,  ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ  ɨɤɫɚɥɚɬɨɜ  ɩɪɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɧɢɬɪɚɬɚ  ɧɢɤɟɥɹ ɫ 
ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ  ɜ  ɩɪɢɫɭɬɫɬɜɢɢ ɚɡɨɬɧɨɣ 
ɤɢɫɥɨɬɵ ɧɚɛɥɸɞɚɥɨɫɶ ɭɠɟ ɩɪɢ 1000ɋ [22]. 
ɉɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ (ɜɵɲɟ 
2000ɋ) ɨɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ 
ɹɜɥɹɸɬɫɹ ɤɚɪɛɨɧɚɬɵ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɨɣ: 

 
          Ⱦɚɧɧɵɟ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɞɢɮɪɚɤɬɨ- 
ɦɟɬɪɢɢ  ɢ ɂɄ ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɩɨɞɬɜɟɪɠ- 
ɞɚɸɬ ɩɪɢɜɟɞɟɧɧɭɸ ɫɯɟɦɭ. Ʉɚɤ ɩɨɤɚɡɚɥɢ 
ɪɟɧɬɝɟɧɨɞɢɮɪɚɤɬɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɜ 
ɨɛɪɚɡɰɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ  
ɧɢɬɪɚɬɨɜ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ ɩɪɢ  ɬɟɦɩɟɪɚɬɭɪɟ 
ɧɢɠɟ 1800ɋ ɨɛɧɚɪɭɠɢɜɚɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 
ɮɚɡɵ ɨɤɫɚɥɚɬɨɜ  ɦɟɬɚɥɥɨɜ (ɬɚɛɥ.). 
          ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 220-2700ɋ 
ɨɫɧɨɜɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ ɹɜɥɹɸɬɫɹ 
ɤɚɪɛɨɧɚɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɦɟɬɚɥɥɨɜ. ɇɚ 
ɪɢɫ. 1  ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ 
ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 
ɧɢɬɪɚɬɚ ɦɚɪɝɚɧɰɚ ɩɪɢ 2200ɋ, ɤɨɬɨɪɚɹ 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɚɪɛɨɧɚɬɭ ɦɚɪɝɚɧɰɚ 

(ɪɨɞɨɯɪɨɡɢɬ). ȼ ɂɄ ɫɩɟɤɬɪɟ ɷɬɨɝɨ ɨɛɪɚɡɰɚ  
ɩɪɢɫɭɬɫɬɜɭɸɬ ɩɨɥɨɫɵ ɩɨɝɥɨɳɟɧɢɹ,  
ɯɚɪɚɤɬɟɪɧɵɟ  ɞɥɹ ɤɚɪɛɨɧɚɬɚ ɦɚɪɝɚɧɰɚ ɩɪɢ   
1405 ɫɦ-1  ɢ 860 ɫɦ-1. ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ 
ɱɚɫɬɢɰ, ɧɚɣɞɟɧɧɵɣ ɢɡ ɞɢɮɪɚɤɬɨɝɪɚɦɦ ɫ 
ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ Ⱦɟɛɚɹ-ɒɟɪɪɟɪɚ: 
  
                      D=kλ/βcosθ,      
                                                                                        
 ɝɞɟ D- ɞɢɚɦɟɬɪ ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ,    λ –
ɞɥɢɧɚ ɜɨɥɧɵ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨɢɡɥɭɱɟɧɢɹ,  β- 
ɲɢɪɢɧɚ ɩɢɤɚ ɧɚ ɞɢɮɪɚɤɬɨɝɪɚɦɦɟ, k- 
ɤɨɧɫɬɚɧɬɚ ɒɟɪɪɟɪɚ  ɪɚɜɧɚɹ 0.89, ɫɨɫɬɚɜɥɹɥ 
58.5 ɧɦ.   
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Ɋɢɫ.1. Ɋɟɧɬɝɟɧɨɜɫɤɚɹ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɦ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɧɢɬɪɚɬɚ ɦɚɪɝɚɧɰɚ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ ɩɪɢ 2200ɋ (5ɱɚɫɨɜ).   

                                              
 

Ɋɢɫ.2. Ɋɟɧɬɝɟɧɨɜɫɤɚɹ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɦ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɧɢɬɪɚɬɚ ɦɚɪɝɚɧɰɚ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ ɩɪɢ 2200ɋ(5 ɱɚɫɨɜ) ɢ   ɩɪɨɤɚɥɟɧɧɨɝɨ ɩɪɢ  
9000ɋ.    
 
ɉɨɫɥɟ ɩɪɨɤɚɥɤɢ ɷɬɨɝɨ ɨɛɪɚɡɰɚ ɩɪɢ 9000ɋ 
ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ ɮɚɡ Mn2O3 ɢ Mn3O4 (ɪɢɫ.2) 
ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɜɵɱɢɫɥɟɧɧɵɣ ɫ 
ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ Ⱦɟɛɚɹ-ɒɟɪɪɟɪɚ 
ɫɨɫɬɚɜɥɹɥ 47.6 ɧɦ. 

          ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɫɦɟɫɢ ɧɢɬɪɚɬɨɜ 
ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ ɩɪɢ 2200ɋ  ɧɚ 
ɞɢɮɪɚɤɬɨɝɪɚɦɦɚɯ ɩɪɨɞɭɤɬɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɧɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɮɚɡɚ ɤɚɪɛɨɧɚɬɚ ɤɨɛɚɥɶɬɚ, 
ɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɥɢɲɶ ɤɚɪɛɨɧɚɬ ɦɚɪɝɚɧɰɚ 
(ɪɢɫ.3). 
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Ɋɢɫ.3. Ɋɟɧɬɝɟɧɨɜɫɤɚɹ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɦ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɫɦɟɫɢ  ɧɢɬɪɚɬɨɜ ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ ɩɪɢ 2200ɋ(5 ɱɚɫɨɜ).    
      

           ȼ ɬɨ ɠɟ ɜɪɟɦɹ, ɚɧɚɥɢɡ ɫɨɫɬɚɜɚ ɷɬɢɯ 
ɨɛɪɚɡɰɨɜ  ɩɨɤɚɡɵɜɚɟɬ ɧɚɥɢɱɢɟ ɤɨɛɚɥɶɬɚ ɜ ɢɯ 
ɫɨɫɬɚɜɟ. ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ 
ɮɚɡɚ, ɫɨɞɟɪɠɚɳɚɹ ɤɨɛɚɥɶɬ, ɧɚɯɨɞɢɬɫɹ ɜ 
ɨɛɪɚɡɰɟ ɜ ɚɦɨɪɮɧɨɦ ɜɢɞɟ. Ⱦɚɧɧɵɟ 
ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 
(CEɆ) ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ 
ɫɤɚɡɚɧɧɨɦɭ. ɇɚ   ɷɥɟɤɬɪɨɧɨ-
ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɦ  ɢɡɨɛɪɚɠɟɧɢɢ  ɷɬɨɝɨ 
ɨɛɪɚɡɰɚ  ɜɢɞɧɵ ɲɚɪɨɨɛɪɚɡɧɵɟ ɝɥɨɛɭɥɵ 
ɪɚɡɦɟɪɨɦ 10-40 ɧɦ, ɫɨɫɬɚɜɥɟɧɧɵɟ ɢɡ 

ɬɟɬɪɚɷɞɪɨɜ, ɫɤɪɟɩɥɟɧɧɵɯ ɚɦɨɪɮɧɨɣ ɮɚɡɨɣ 
(ɪɢɫ.4). 
          ɉɪɢ ɩɪɨɤɚɥɤɟ ɩɪɢ 9000ɋ ɨɛɪɚɡɰɨɜ, 
ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɫɦɟɫɢ 
ɧɢɬɪɚɬɨɜ ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ, ɩɨɥɭɱɚɟɬɫɹ 
ɲɩɢɧɟɥɶɧɚɹ ɮɚɡɚ  ɫɨɫɬɚɜɚ  
(Co,Mn)(Co,Mn)2O4. ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ 
ɪɟɧɬɝɟɧɨɮɚɡɨɜɨɝɨ ɚɧɚɥɢɡɚ, ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ 
ɱɚɫɬɢɰ ɲɩɢɧɟɥɶɧɨɣ ɮɚɡɵ ɫɨɫɬɚɜɥɹɥ 20.3 ɧɦ 
(ɪɢɫ.5). ɗɥɟɤɬɪɨɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚ- 
ɠɟɧɢɟ ɷɬɨɝɨ ɨɛɪɚɡɰɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫ.6. 

 

 

a)                                                                                 ɛ) 

Ɋɢɫ.4.ɗɥɟɤɬɪɨɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɛɪɚɡɰɚ (ɚ ɢ ɛ), ɩɨɥɭɱɟɧɧɨɝɨ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɦɟɫɢ ɧɢɬɪɚɬɨɜ ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ  ɩɪɢ 2200ɋ (ɛ - ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɢ ɛɨɥɟɟ 
ɜɵɫɨɤɨɦ ɭɜɟɥɢɱɟɧɢɢ) . 
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Ɋɢɫ.5. Ɋɟɧɬɝɟɧɨɜɫɤɚɹ ɞɢɮɪɚɤɬɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɩɪɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɦ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɫɦɟɫɢ  ɧɢɬɪɚɬɨɜ ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ ɩɪɢ 2200ɋ ɢ 
ɩɪɨɤɚɥɟɧɧɨɝɨ ɩɪɢ  9000ɋ.   
  

                                   

 

Ɋɢɫ.6.  ɗɥɟɤɬɪɨɧɨɦɢɤɪɨɫɤɨɩɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɨɛɪɚɡɰɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ 
ɫɦɟɫɢ ɧɢɬɪɚɬɨɜ ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ  ɩɪɢ 2200ɋ ɢ ɩɪɨɤɚɥɟɧɧɨɝɨ ɩɪɢ 9000ɋ.  
 

          
          Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɟ 
ɪɚɡɥɨɠɟɧɢɟ ɧɢɬɪɚɬɨɜ ɤɨɛɚɥɶɬɚ ɢ ɦɚɪɝɚɧɰɚ 
ɩɪɨɢɫɯɨɞɢɬ ɱɟɪɟɡ ɫɬɚɞɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 
ɨɤɫɚɥɚɬɨɜ, ɤɚɪɛɨɧɚɬɨɜ ɢ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, 
ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɨɤɚɥɤɚ 
ɨɛɪɚɡɰɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɦ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɫɦɟɫɢ ɧɢɬɪɚɬɨɜ ɤɨɛɚɥɶɬɚ ɢ 

ɧɢɤɟɥɹ ɷɬɢɥɟɧɝɥɢɤɨɥɟɦ, ɩɪɢɜɨɞɢɬ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɧɚɧɨɪɚɡɦɟɪɧɵɯ (20-40 ɧɦ) 
ɩɨɪɨɲɤɨɜ  ɲɩɢɧɟɥɢ ɫɨɫɬɚɜɚ 
(Co,Mn)(Co,Mn)2O4. ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 
ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ ɧɢɬɪɚɬɚ ɦɚɪɝɚɧɰɚ ɢ ɟɝɨ 
ɩɪɨɤɚɥɤɢ ɩɨɥɭɱɚɟɬɫɹ ɫɦɟɫɶ ɨɤɫɢɞɨɜ Mn2O3  ɢ 
Mn3O4  ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɱɚɫɬɢɰ 8ɧɦ.  

 

Эɬɚ ɪɚɛɨɬɚ ɛɵɥɚ ɩɨɞɞɟɪɠɚɧɚ ɧɚɭчɧɵɦ ɮɨɧɞɨɦ SOCAR (ɝɪɚɧɬ ɨɬ 15.10.2014 ɝ. № 07) ɢ 
ɝɪɭɩɩɨɣ ɧɚɭчɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɩɪɨɟɤɬɨɜ  Мɚɪɦɚɪɢɧɫɤɨɝɨ Уɧɢɜɟɪɫɢɬɟɬɚ (ɝ. 
ɋɬɚɦɛɭɥ) (ɧɨɦɟɪ ɩɪɨɟɤɬɚ FEN-A-120514-0152). 
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HYDROTHERMAL REDOX-SYNTHESIS OF COBALT-MANGANESE 

SPINEL OXIDES (Co,Mn)(Co,Mn)2O4 
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Istanbul-Turkey 

 
Hydrothermal reduction of metal nitrates by ethylene glycol in the range of temperatures 180-270

0ɋ with a 

view of obtaining nano-dimensional spinel structures has been studied. According to X-ray diffractometric 

measurements, samples that came as a result of nitrate reduction by ethylene-glycol at temperatures lower 

than 180
0ɋ reveal largely phases of metal oxalates. At temperatures 220-270

0ɋ, main products of the 

reaction are carbonates of appropriate metals. When calcinating samples which obtained as a result of the 

reduction of cobalt and manganese nitrate mixture at 900
0ɋ, authors succeeded to get a spinel phase of 

(Co,Mn)(Co,Mn)2O4. According to the X-ray-phase analysis, an average size of spinel phase particles made 

up 20.3 nm. 

Keywords: hydrothermal synthesis, cobalt oxide, manganese oxide, spinel structures 

 
 

(Co,Mn)(Co,Mn)2O4 KOBALT-MANQAN OKSİD ŞPİNELLERİNİN HİDROTERMAL 
REDOKS-SİNTEZİ 

 

A.A.Cavadzadə, Ə.Ə.Məcidov, 
*B.Yalçın, S.A.Ağayeva, P.A.Fətullayeva, M.Q.Abbasov  

 
Иɧɫɬɢɬɭɬ ɤɚɬɚɥɢɡɚ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɨɣ ɯɢɦɢɢ  ɢɦ. ɚɤɚɞ. Ɇ.ɇɚɝɢɟɜɚ 

ɇɚɰɢɨɧɚɥɶɧɨɣ Ⱥɇ Ⱥɡɟɪɛɚɣɞɠɚɧɚ 

AZ 1143 Ȼɚɤɭ, ɩɪ.Ƚ.Ⱦɠɚɜɢɞɚ, 113; e-mail: itpcht@lan.ab.az 

 
Nano ölçülü şpinel struktur  almaq məqsədi ilə 180-270

0ɋ temperatur intervalında kobalt və 
manqan nitratlarının etilenqlikolla hidrotermal reduksiyası  aparılmışdır. RF-analizin  nəticələrinə 
görə  220-270

0ɋ temperaturda reaksiyanın məhsullarını əsasən karbonatlar  təşkil edir. Kobalt və 
nikel nitratın reduksiya nəticəsində alınmış qarışığını 9000

C temperaturda  közərtilməsi nəticəsində 
(Co,Mn)(Co,Mn)2O4 tərkibli şpinel faza alınır. 
Açar sözlər: hidrotermal sintez, kobalt osid, nikel oksid, şpinel strukturu. 
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