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ȼ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɦ ɩɨɫɨɛɢɢ ɩɪɢɜɨɞɹɬɫɹ ɨɩɢɫɚɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ 
ɩɨ ɨɫɧɨɜɧɵɦ ɬɟɦɚɦ ɤɭɪɫɚ ɨɛɳɟɣ ɢ ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ – ɯɢɦɢɱɟɫɤɨɣ 
ɬɟɪɦɨɞɢɧɚɦɢɤɟ, ɯɢɦɢɱɟɫɤɨɣ ɤɢɧɟɬɢɤɟ ɢ ɯɢɦɢɱɟɫɤɨɦ ɪɚɜɧɨɜɟɫɢɢ, ɮɚɡɨɜɵɦ 
ɪɚɜɧɨɜɟɫɢɹɦ, ɷɥɟɤɬɪɨɯɢɦɢɢ, ɪɚɫɬɜɨɪɚɦ ɢ ɚɞɫɨɪɛɰɢɢ. Ʉɚɠɞɨɣ ɥɚɛɨɪɚɬɨɪɧɨɣ 
ɪɚɛɨɬɟ ɩɪɟɞɲɟɫɬɜɭɟɬ ɤɪɚɬɤɨɟ ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɜɜɟɞɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɞɚɸɬɫɹ 
ɨɫɧɨɜɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ, ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɫɜɨɣɫɬɜɚ ɜɟɳɟɫɬɜ ɢ 
ɩɪɨɰɟɫɫɨɜ, ɤɚɫɚɸɳɢɯɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɵ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ.  
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ɉɊȿȾɂɋɅɈȼɂȿ 

 
         ɏɢɦɢɹ ɹɜɥɹɟɬɫɹ ɧɚɭɤɨɣ ɧɟ ɬɨɥɶɤɨ ɬɟɨɪɟɬɢɱɟɫɤɨɣ, ɧɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɢ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ. ɉɨɷɬɨɦɭ ɥɚɛɨɪɚɬɨɪɧɵɟ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 
ɜɚɠɧɟɣɲɟɟ ɡɜɟɧɨ ɜ ɢɡɭɱɟɧɢɢ ɯɢɦɢɢ. Ʌɚɛɨɪɚɬɨɪɧɵɣ ɩɪɚɤɬɢɤɭɦ ɧɚɩɪɚɜɥɟɧ ɧɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɩɨɞɬɜɟɪɠɞɟɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɨɥɨɠɟɧɢɣ ɤɭɪɫɚ ɯɢɦɢɢ, 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɭ ɫɬɭɞɟɧɬɨɜ ɭɱɟɛɧɵɯ ɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɡɧɚɧɢɣ, ɭɦɟɧɢɣ ɢ 
ɤɨɦɩɟɬɟɧɰɢɣ. 
         Ɂɚɞɚɱɢ, ɩɨɫɬɚɜɥɟɧɧɵɟ ɩɟɪɟɞ ɫɬɭɞɟɧɬɚɦɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɪɚɛɨɬ, ɧɚɰɟɥɟɧɵ ɧɚ: 
         -ɨɛɨɛɳɟɧɢɟ, ɫɢɫɬɟɦɚɬɢɡɚɰɢɸ, ɭɝɥɭɛɥɟɧɢɟ, ɡɚɤɪɟɩɥɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɡɧɚɧɢɣ ɩɨ ɯɢɦɢɢ; 
          - ɮɨɪɦɢɪɨɜɚɧɢɟ ɭɦɟɧɢɣ ɩɪɢɦɟɧɹɬɶ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɧɢɹ ɧɚ ɩɪɚɤɬɢɤɟ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɟɞɢɧɫɬɜɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɢ ɩɪɚɤɬɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ; 
         - ɡɚɤɪɟɩɥɟɧɢɟ ɬɚɤɢɯ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨ ɡɧɚɱɢɦɵɯ ɤɚɱɟɫɬɜ, ɤɚɤ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɫɬɶ, ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ, ɬɨɱɧɨɫɬɶ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ, ɬɜɨɪɱɟɫɤɚɹ 
ɢɧɢɰɢɚɬɢɜɚ. 
         ɉɪɢɧɹɬɵɟ ɜ ɌɍɋɍɊɟ ɭɱɟɛɧɵɟ ɩɥɚɧɵ ɩɪɟɞɩɨɥɚɝɚɸɬ ɮɪɨɧɬɚɥɶɧɭɸ ɮɨɪɦɭ 
ɨɪɝɚɧɢɡɚɰɢɢ ɫɬɭɞɟɧɬɨɜ ɧɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɡɚɧɹɬɢɹɯ, ɤɨɝɞɚ ɜɫɟ ɫɬɭɞɟɧɬɵ ɝɪɭɩɩɵ 
ɜɵɩɨɥɧɹɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɞɧɭ ɢ ɬɭ ɠɟ ɪɚɛɨɬɭ.  
        ɋɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɵɩɨɥɧɹɟɦɵɟ ɥɚɛɨɪɚɬɨɪɧɵɟ ɪɚɛɨɬɵ ɩɨɡɜɨɥɹɸɬ ɫɬɭɞɟɧɬɚɦ ɜ 
ɪɟɚɥɶɧɨɣ ɨɛɫɬɚɧɨɜɤɟ ɩɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɦɟɬɨɞɢɤɚɦɢ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, 
ɩɪɨɫɥɟɞɢɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɢɫɫɥɟɞɨɜɚɬɶ ɜɥɢɹɧɢɟ 
ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɬɨ ɢɥɢ ɢɧɨɟ ɹɜɥɟɧɢɟ, ɭɫɬɚɧɨɜɢɬɶ ɫɜɨɣɫɬɜɚ ɨɬɞɟɥɶɧɵɯ 
ɜɟɳɟɫɬɜ, ɢɯ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɢ ɤɚɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ȼ ɯɨɞɟ 
ɥɚɛɨɪɚɬɨɪɧɵɯ ɡɚɧɹɬɢɣ ɭ ɫɬɭɞɟɧɬɨɜ ɮɨɪɦɢɪɭɸɬɫɹ ɧɚɜɵɤɢ ɩɪɨɜɟɞɟɧɢɹ 
ɯɢɦɢɱɟɫɤɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɫɛɨɪɤɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɧɟɫɥɨɠɧɵɯ ɩɪɢɛɨɪɨɜ, ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɭɦɟɧɢɹ (ɧɚɛɥɸɞɟɧɢɟ, ɫɪɚɜɧɟɧɢɟ, 
ɚɧɚɥɢɡ, ɭɫɬɚɧɨɜɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ, ɮɨɪɦɭɥɢɪɨɜɚɧɢɟ ɜɵɜɨɞɨɜ ɢ ɨɛɨɛɳɟɧɢɣ, 
ɨɮɨɪɦɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ), ɫɨɛɥɸɞɟɧɢɟ ɬɟɯɧɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 
        Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ, ɧɚɩɪɚɜɥɟɧɢɣ ɢ ɩɪɨɮɢɥɟɣ ɩɨɞɝɨɬɨɜɤɢ 
ɫɬɭɞɟɧɬɨɜ ɜ ɌɍɋɍɊɟ ɫɜɹɡɚɧɨ ɫ ɢɡɭɱɟɧɢɟɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɚɬɟɪɢɚɥɨɜ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɬɟɯɧɨɥɨɝɢɣ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɢ ɷɥɟɤɬɪɨɧɧɨ-ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ, ɜɤɥɸɱɚɹ ɬɟɯɧɨɥɨɝɢɸ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɧɬɟɝɪɚɥɶɧɵɯ ɦɢɤɪɨɫɯɟɦ ɢ ɧɚɧɨɬɟɯɧɨɥɨɝɢɸ. ɉɨɷɬɨɦɭ ɜɚɠɧɨɣ 
ɨɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɜɤɥɸɱɟɧɢɟ ɜ ɤɭɪɫ ɨɛɳɟɣ ɯɢɦɢɢ ɪɹɞɚ ɜɨɩɪɨɫɨɜ 
ɮɢɡɢɱɟɫɤɨɣ ɯɢɦɢɢ, ɤɨɬɨɪɵɟ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɫɧɨɜɭ 
ɦɧɨɝɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɦɩɨɧɟɧɬɨɜ ɢ 
ɫɬɪɭɤɬɭɪ ɷɥɟɤɬɪɨɧɧɨɣ ɬɟɯɧɢɤɢ. 
         ɉɨɫɨɛɢɟ ɫɨɫɬɨɢɬ ɢɡ ɲɟɫɬɢ ɨɫɧɨɜɧɵɯ ɪɚɡɞɟɥɨɜ: ɯɢɦɢɱɟɫɤɚɹ ɬɟɪɦɨɞɢɧɚɦɢɤɚ, 
ɯɢɦɢɱɟɫɤɚɹ ɤɢɧɟɬɢɤɚ ɢ ɯɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ, ɮɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ, 
ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ, ɪɚɫɬɜɨɪɵ, ɚɞɫɨɪɛɰɢɹ. Ʉɚɠɞɵɣ ɪɚɡɞɟɥ ɧɚɱɢɧɚɟɬɫɹ 
ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɜɜɟɞɟɧɢɟɦ ɞɥɹ ɨɛɴɹɫɧɟɧɢɹ ɨɫɧɨɜɧɵɯ ɩɨɧɹɬɢɣ ɢ ɨɫɨɛɟɧɧɨɫɬɟɣ, 
ɤɚɫɚɸɳɢɯɫɹ ɬɟɦɵ ɞɚɧɧɨɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ. Эɬɚ ɜɜɨɞɧɚɹ ɱɚɫɬɶ, ɧɟ ɡɚɦɟɧɹɹ, 
ɤɨɧɟɱɧɨ, ɭɝɥɭɛɥɟɧɧɭɸ ɩɪɨɪɚɛɨɬɤɭ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɭɱɟɛɧɢɤɭ, 
ɩɨɡɜɨɥɹɟɬ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɛɨɥɟɟ ɱɟɬɤɨ ɢ ɤɨɧɤɪɟɬɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɦɟɫɬɨ ɢ ɪɨɥɶ ɬɨɝɨ 
ɢɥɢ ɢɧɨɝɨ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ (ɨɩɵɬɚ) ɜ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɤɚɧɜɟ ɞɚɧɧɨɝɨ 



ɪɚɡɞɟɥɚ ɤɭɪɫɚ ɯɢɦɢɢ. ɉɨɫɥɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɜɜɟɞɟɧɢɹ ɜ ɤɚɠɞɨɦ ɪɚɡɞɟɥɟ 
ɩɪɢɜɨɞɢɬɫɹ ɩɟɪɟɱɟɧɶ ɤɨɧɬɪɨɥɶɧɵɯ ɜɨɩɪɨɫɨɜ ɞɥɹ ɫɚɦɨɩɪɨɜɟɪɤɢ ɭɫɜɨɟɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. 
         Ʌɚɛɨɪɚɬɨɪɧɵɣ ɩɪɚɤɬɢɤɭɦ ɪɚɫɫɱɢɬɚɧ ɧɚ ɫɚɦɨɫɬɨɹɬɟɥɶɧɭɸ ɪɚɛɨɬɭ ɫɬɭɞɟɧɬɨɜ. 
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɧɟɦ ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɚ ɬɟɯɧɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɨɩɵɬɨɜ, ɦɟɬɨɞɢɤɚ ɨɛɪɚɛɨɬɤɢ ɢ ɚɧɚɥɢɡɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ, ɫɜɹɡɶ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɦɚɬɟɪɢɚɥɨɦ. 
         ȼ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɭɱɟɛɧɢɤɚ ɩɨ ɯɢɦɢɢ ɞɥɹ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɤ 
ɥɚɛɨɪɚɬɨɪɧɵɦ ɪɚɛɨɬɚɦ, ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦ ɭɱɟɛɧɵɦ ɩɨɫɨɛɢɟɦ: 
ɑɢɤɢɧ ȿ.ȼ.,ɏɢɦɢɹ: ɍɱɟɛɧɨɟ ɩɨɫɨɛɢɟ – Ɍɨɦɫɤ: ɌɍɋɍɊ, 2005. Ʉɪɨɦɟ ɬɨɝɨ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɱɟɛɧɢɤɢ, ɭɤɚɡɚɧɧɵɟ ɜ ɫɩɢɫɤɟ ɪɟɤɨɦɟɧɞɨɜɚɧɧɨɣ ɥɢɬɟɪɚɬɭɪɵ, 
ɩɨɦɟɳɟɧɧɨɦ ɤ ɤɨɧɰɟ ɧɚɫɬɨɹɳɟɝɨ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɨɝɨ ɩɨɫɨɛɢɹ. 
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
ȼȼȿȾȿɇɂȿ 

 

ɉɪɚɜɢɥɚ ɪɚɛɨɬɵ ɜ ɯɢɦɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ 

 

         Ɉɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɥɚɛɨɪɚɬɨɪɧɵɯ ɡɚɧɹɬɢɣ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɝɥɭɛɨɤɨɟ ɭɫɜɨɟɧɢɟ 
ɡɚɤɨɧɨɜ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɨɥɨɠɟɧɢɣ ɯɢɦɢɢ, ɡɚɤɪɟɩɥɟɧɢɟ ɜ ɩɚɦɹɬɢ ɮɚɤɬɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɢɨɛɪɟɬɟɧɢɟ ɧɚɜɵɤɨɜ ɜ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɦ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

ɉɪɢ ɪɚɛɨɬɟ ɜ ɯɢɦɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɫɬɭɞɟɧɬ ɞɨɥɠɟɧ ɫɨɛɥɸɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɩɪɚɜɢɥɚ: 
1.  ɉɟɪɟɞ ɤɚɠɞɨɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɨɣ ɫɥɟɞɭɟɬ ɢɡɭɱɢɬɶ ɨɬɧɨɫɹɳɢɣɫɹ ɤ 

ɷɬɨɣ ɪɚɛɨɬɟ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ, ɩɪɨɱɟɫɬɶ ɩɨɥɧɨɟ ɨɩɢɫɚɧɢɟ ɩɨɪɹɞɤɚ 
ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɢ ɭɹɫɧɢɬɶ ɬɟɯɧɢɤɭ ɟɟ ɜɵɩɨɥɧɟɧɢɹ. 

2.  ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɬɨɱɧɨ ɫɨɛɥɸɞɚɬɶ ɩɨɪɹɞɨɤ ɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɩɵɬɨɜ, ɭɤɚɡɚɧɧɵɯ ɜ ɪɭɤɨɜɨɞɫɬɜɟ. 

3.  ȼɫɟ ɥɚɛɨɪɚɬɨɪɧɵɟ ɪɚɛɨɬɵ ɩɪɨɜɨɞɹɬɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɨ, ɥɢɛɨ ɜ ɫɨɫɬɚɜɟ 
ɩɨɞɝɪɭɩɩɵ ɢɡ 2-3 ɫɬɭɞɟɧɬɨɜ. 

4.  ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɦɟɪɵ ɩɪɟɞɨɫɬɨɪɨɠɧɨɫɬɢ: 
ɚ) ɜɫɟ ɨɩɵɬɵ ɫ ɹɞɨɜɢɬɵɦɢ ɢɥɢ ɧɟɩɪɢɹɬɧɨ ɩɚɯɧɭɳɢɦɢ ɜɟɳɟɫɬɜɚɦɢ 
ɩɪɨɜɨɞɢɬɶ ɜ ɜɵɬɹɠɧɨɦ ɲɤɚɮɭ (ɩɨɞ ɬɹɝɨɣ!); 
ɛ) ɨɫɬɨɪɨɠɧɨ ɨɛɪɚɳɚɬɶɫɹ ɫ ɨɝɧɟɨɩɚɫɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ, 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɤɢɫɥɨɬɚɦɢ, ɳɟɥɨɱɚɦɢ ɢ ɞɪɭɝɢɦɢ ɨɩɚɫɧɵɦɢ 
ɜɟɳɟɫɬɜɚɦɢ; 
ɜ) ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɨɛɢɪɤɢ ɨɛɹɡɚɬɟɥɶɧɨ ɩɨɥɶɡɨɜɚɬɶɫɹ ɫɩɟɰɢɚɥɶɧɵɦ 
ɞɟɪɠɚɬɟɥɟɦ; ɧɚɝɪɟɜɚɹ ɩɪɨɛɢɪɤɭ ɫ ɠɢɞɤɨɫɬɶɸ, ɧɟɥɶɡɹ ɞɟɪɠɚɬɶ ɟɟ 
ɨɬɜɟɪɫɬɢɟɦ ɤ ɫɟɛɟ ɢɥɢ ɤ ɪɚɛɨɬɚɸɳɟɦɭ ɪɹɞɨɦ, ɬɚɤ ɤɚɤ ɩɪɢ ɜɫɤɢɩɚɧɢɢ 
ɠɢɞɤɨɫɬɢ ɦɨɠɟɬ ɩɪɨɢɡɨɣɬɢ ɟɟ ɪɚɡɛɪɵɡɝɢɜɚɧɢɟ; 
ɝ) ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɝɚɡɨɜ ɧɚ ɡɚɩɚɯ ɧɟ ɩɨɞɧɨɫɢɬɶ ɩɪɨɛɢɪɤɭ, ɜ ɤɨɬɨɪɨɣ ɨɧ 
ɜɵɞɟɥɹɟɬɫɹ, ɤ ɧɨɫɭ, ɚ ɨɳɭɳɚɬɶ ɡɚɩɚɯ ɢɡɞɚɥɢ, ɧɚɩɪɚɜɥɹɹ ɟɝɨ ɫɬɪɭɸ 
ɞɜɢɠɟɧɢɟɦ ɪɭɤɢ ɨɬ ɩɪɨɛɢɪɤɢ ɤ ɫɟɛɟ; 
ɞ) ɩɪɢ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɪɚɫɬɜɨɪɨɜ ɢɡ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɤɢɫɥɨɬ ɫɥɟɞɭɟɬ 
ɤɢɫɥɨɬɭ ɜɥɢɜɚɬɶ ɜ ɜɨɞɭ, ɧɨ ɧɟ ɧɚɨɛɨɪɨɬ! Ɉɫɨɛɟɧɧɨ ɨɫɬɨɪɨɠɧɵɦ ɧɚɞɨ 
ɛɵɬɶ ɩɪɢ ɪɚɡɛɚɜɥɟɧɢɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ; 
ɟ) ɢɫɩɨɥɶɡɨɜɚɧɧɵɟ ɜ ɨɩɵɬɚɯ ɤɢɫɥɨɬɵ ɫɥɟɞɭɟɬ ɜɵɥɢɜɚɬɶ ɧɟ ɜ ɪɚɤɨɜɢɧɭ, ɚ 
ɜ ɫɩɟɰɢɚɥɶɧɵɟ ɛɚɧɤɢ, ɫɬɨɹɳɢɟ ɜ ɜɵɬɹɠɧɨɦ ɲɤɚɮɭ 
ɠ) ɧɚɥɢɜɚɬɶ ɢɥɢ ɩɟɪɟɥɢɜɚɬɶ ɠɢɞɤɢɟ ɪɟɚɤɬɢɜɵ ɫɥɟɞɭɟɬ ɧɚɞ ɫɩɟɰɢɚɥɶɧɵɦ 
ɥɨɬɤɨɦ; ɩɪɢ ɫɥɭɱɚɣɧɨɦ ɩɪɨɥɢɬɢɢ ɠɢɞɤɢɯ ɪɟɚɤɬɢɜɨɜ ɧɚ ɫɬɨɥ (ɦɢɦɨ 
ɥɨɬɤɚ) ɫɥɟɞɭɟɬ, ɢɫɩɨɥɶɡɭɹ ɪɟɡɢɧɨɜɭɸ ɩɟɪɱɚɬɤɭ ɢ ɜɥɚɠɧɭɸ ɬɪɹɩɤɭ, 
ɜɵɬɟɪɟɬɶ ɩɪɨɥɢɬɭɸ ɠɢɞɤɨɫɬɶ, ɫɩɨɥɨɫɧɭɬɶ ɬɪɹɩɤɭ ɜɨɞɨɣ ɢɡ-ɩɨɞ ɤɪɚɧɚ ɢ 
ɜɵɬɟɪɟɬɶ ɫɬɨɥ ɧɚɫɭɯɨ; 
ɡ) ɜɡɹɬɭɸ ɜ ɢɡɛɵɬɤɟ ɠɢɞɤɨɫɬɶ ɧɟ ɪɚɡɪɟɲɚɟɬɫɹ ɜɵɥɢɜɚɬɶ ɨɛɪɚɬɧɨ ɜ 
ɫɤɥɹɧɤɭ, ɱɬɨɛɵ ɧɟ ɡɚɝɪɹɡɧɹɬɶ ɪɟɚɤɬɢɜ; ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ ɢɡ ɛɚɧɨɤ 
ɫɥɟɞɭɟɬ ɛɪɚɬɶ ɥɨɠɟɱɤɨɣ ɢɥɢ ɲɩɚɬɟɥɟɦ. 

          5. ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɫɥɟɞɭɟɬ ɫɨɞɟɪɠɚɬɶ ɜ ɩɨɪɹɞɤɟ ɢ ɱɢɫɬɨɬɟ, 
ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɚɛɨɬɵ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɬɳɚɬɟɥɶɧɨ ɭɛɪɚɬɶ, ɢɫɩɨɥɶɡɨɜɚɧɧɭɸ 
ɥɚɛɨɪɚɬɨɪɧɭɸ ɩɨɫɭɞɭ ɜɵɦɵɬɶ ɢ ɫɥɨɠɢɬɶ ɜ ɥɨɬɨɤ. 



          ɉɪɢ ɪɚɛɨɬɟ ɜ ɯɢɦɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ 
ɧɚ ɦɟɪɵ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɚ ɜ ɫɥɭɱɚɟ ɩɨɪɟɡɚ ɪɭɤ ɫɬɟɤɥɨɦ, ɨɠɨɝɨɜ ɝɨɪɹɱɢɦɢ 
ɩɪɟɞɦɟɬɚɦɢ ɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɤɢɫɥɨɬɚɦɢ ɢ ɳɟɥɨɱɚɦɢ ɧɭɠɧɨ ɧɟɦɟɞɥɟɧɧɨ 
ɨɤɚɡɚɬɶ ɩɟɪɜɭɸ ɦɟɞɢɰɢɧɫɤɭɸ ɩɨɦɨɳɶ. 
 

Ɇɟɪɵ ɨɤɚɡɚɧɢɹ ɩɟɪɜɨɣ ɦɟɞɢɰɢɧɫɤɨɣ ɩɨɦɨɳɢ 

 

1.ɉɪɢ ɪɚɧɟɧɢɢ ɫɬɟɤɥɨɦ ɧɭɠɧɨ ɭɛɟɞɢɬɶɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɜ ɪɚɧɤɟ ɫɬɟɤɥɚ, ɡɚɬɟɦ 
ɛɵɫɬɪɨ ɨɛɬɟɪɟɬɶ ɤɨɠɭ ɜɨɤɪɭɝ ɪɚɧɤɢ ɜɚɬɨɣ, ɫɦɨɱɟɧɧɨɣ ɫɩɢɪɬɨɦ, ɫɦɚɡɚɬɶ 
ɣɨɞɨɦ ɢ ɡɚɛɢɧɬɨɜɚɬɶ ɩɨɪɚɧɟɧɧɨɟ ɦɟɫɬɨ. 
2. ɉɪɢ ɬɟɪɦɢɱɟɫɤɢɯ ɨɠɨɝɚɯ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɨɛɨɠɠɟɧɧɨɟ ɦɟɫɬɨ ɩɪɢɫɵɩɚɬɶ 
ɞɜɭɭɝɥɟɤɢɫɥɨɣ (ɩɢɬɶɟɜɨɣ) ɫɨɞɨɣ ɢ ɩɪɢɥɨɠɢɬɶ ɛɢɧɬ, ɫɦɨɱɟɧɧɵɣ ɜɨɞɨɣ. 
Ɇɨɠɧɨ ɧɚ ɨɛɨɠɠɟɧɧɨɟ ɦɟɫɬɨ ɧɚɥɨɠɢɬɶ ɤɨɦɩɪɟɫɫ ɢɡ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ 
ɪɚɫɬɜɨɪɚ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɢɥɢ ɫɦɚɡɚɬɶ ɦɚɡɶɸ ɨɬ ɨɠɨɝɨɜ. 
3.ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɧɚ ɥɢɰɨ ɢɥɢ ɪɭɤɢ ɛɪɵɡɝ ɤɢɫɥɨɬ ɢɥɢ ɳɟɥɨɱɟɣ ɧɭɠɧɨ 
ɧɟɦɟɞɥɟɧɧɨ ɨɛɥɢɬɶ ɩɨɪɚɠɟɧɧɨɟ ɦɟɫɬɨ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɞɵ (ɦɵɬɶ 
ɩɨɞ ɤɪɚɧɨɦ), ɚ ɡɚɬɟɦ: 
      ɚ) ɩɪɢ ɨɠɨɝɟ ɤɢɫɥɨɬɚɦɢ ɩɪɨɦɵɬɶ 2%-ɧɵɦ ɪɚɫɬɜɨɪɨɦ ɩɢɬɶɟɜɨɣ ɫɨɞɵ ɢɥɢ 
ɫɥɚɛɵɦ ɪɚɫɬɜɨɪɨɦ ɧɚɲɚɬɵɪɧɨɝɨ ɫɩɢɪɬɚ; 
     ɛ) ɩɪɢ ɨɠɨɝɟ ɳɟɥɨɱɚɦɢ ɩɪɨɦɵɬɶ 1%-ɧɵɦ ɪɚɫɬɜɨɪɨɦ ɭɤɫɭɫɧɨɣ ɢɥɢ 
ɥɢɦɨɧɧɨɣ ɤɢɫɥɨɬɵ. 
4. ɉɪɢ ɩɨɩɚɞɚɧɢɢ ɤɢɫɥɨɬɵ ɢɥɢ ɳɟɥɨɱɢ ɜ ɝɥɚɡ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɦɵɬɶ ɝɥɚɡ 
ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɜɨɞɵ, ɚ ɡɚɬɟɦ: 
     ɚ) ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɤɢɫɥɨɬɵ ɩɪɨɦɵɬɶ ɪɚɡɛɚɜɥɟɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɩɢɬɶɟɜɨɣ 
ɫɨɞɵ; 
     ɛ) ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɳɟɥɨɱɢ ɩɪɨɦɵɬɶ ɫɥɚɛɵɦ ɪɚɫɬɜɨɪɨɦ ɛɨɪɧɨɣ ɤɢɫɥɨɬɵ. 
 

Ɉɬɱɟɬ ɩɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ 

 
       ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ ɫɬɭɞɟɧɬɵ ɨɮɨɪɦɥɹɸɬ 
ɨɬɱɟɬ ɩɨ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ. Ɉɛɹɡɚɬɟɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɞɨɩɭɫɤɚ ɤɚɠɞɨɝɨ 
ɫɬɭɞɟɧɬɚ ɤ ɜɵɩɨɥɧɟɧɢɸ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɡɚɱɬɟɧɧɨɝɨ 
ɨɬɱɟɬɚ ɩɨ ɩɪɟɞɵɞɭɳɟɣ ɪɚɛɨɬɟ ɢ ɩɪɨɜɟɪɤɚ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɤ 
ɬɟɤɭɳɟɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ. Ɉɬɱɟɬ ɦɨɠɟɬ ɛɵɬɶ ɨɮɨɪɦɥɟɧ ɜ ɪɭɤɨɩɢɫɧɨɦ 
ɜɢɞɟ ɢ ɞɨɥɠɟɧ ɛɵɬɶ ɫɤɪɟɩɥɟɧ ɜ ɜɢɞɟ ɞɨɤɭɦɟɧɬɚ. Ɉɫɧɨɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ 
ɨɬɱɟɬɚ ɹɜɥɹɸɬɫɹ: 
       1. Ɍɢɬɭɥɶɧɵɣ ɥɢɫɬ, ɫɨɞɟɪɠɚɳɢɣ ɧɚɡɜɚɧɢɟ ɜɭɡɚ, ɤɚɮɟɞɪɵ, ɧɚɡɜɚɧɢɟ ɢ 
ɧɨɦɟɪ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ, ɧɚɢɦɟɧɨɜɚɧɢɟ ɞɢɫɰɢɩɥɢɧɵ, ɩɨ ɤɨɬɨɪɨɣ 
ɜɵɩɨɥɧɟɧɚ ɪɚɛɨɬɚ, ɧɨɦɟɪ ɝɪɭɩɩɵ, ɮɚɦɢɥɢɢ ɫɬɭɞɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ 
ɩɨɞɝɪɭɩɩɭ, ɞɚɬɭ ɢɫɩɨɥɧɟɧɢɹ, ɮɚɦɢɥɢɸ ɩɪɟɩɨɞɚɜɚɬɟɥɹ, ɝɨɞ. 
       2. Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ, ɤ ɤɨɬɨɪɨɣ ɨɬɧɨɫɹɬɫɹ: 
        ɚ) ɰɟɥɶ ɪɚɛɨɬɵ; 
        ɛ) ɩɟɪɟɱɟɧɶ ɩɪɢɛɨɪɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ, ɪɢɫɭɧɨɤ (ɫɯɟɦɚ) ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɜ 
ɪɚɛɨɬɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
       ɜ) ɩɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ (ɫ ɭɤɚɡɚɧɢɟɦ ɤɨɧɤɪɟɬɧɵɯ ɞɟɣɫɬɜɢɣ); 
       ɝ) ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ (ɧɚɛɥɸɞɚɟɦɵɟ ɹɜɥɟɧɢɹ, ɭɪɚɜɧɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ 
ɪɟɚɤɰɢɣ, ɪɚɫɱɟɬɵ, ɫɯɟɦɵ, ɝɪɚɮɢɤɢ, ɬɚɛɥɢɰɵ); 



       ɞ) ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ (ɜɵɹɜɥɟɧɢɟ ɯɚɪɚɤɬɟɪɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ, 
ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɨɩɵɬɚ ɫ ɬɟɦ, ɱɬɨ ɞɨɥɠɧɨ ɛɵɥɨ ɩɨɥɭɱɢɬɶɫɹ 
ɫɨɝɥɚɫɧɨ ɬɟɨɪɟɬɢɱɟɫɤɢɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ, ɩɨɩɵɬɤɢ ɨɛɴɹɫɧɢɬɶ ɧɚɛɥɸɞɚɟɦɵɟ 
ɪɚɫɯɨɠɞɟɧɢɹ). 
        3. ȼɵɜɨɞɵ ɩɨ ɪɚɛɨɬɟ.  
        ɉɨɞɨɛɧɚɹ ɫɬɪɭɤɬɭɪɚ ɨɬɱɟɬɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ ɤɚɤ ɧɚ ɜɫɸ 
ɥɚɛɨɪɚɬɨɪɧɭɸ ɪɚɛɨɬɭ ɜ ɰɟɥɨɦ, ɬɚɤ ɢ ɧɚ ɨɬɞɟɥɶɧɵɟ ɨɩɵɬɵ, ɟɫɥɢ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɬɚɤɢɯ ɨɩɵɬɨɜ ɛɭɞɟɬ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ 
ɜɵɜɨɞɵ ɞɟɥɚɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɨɩɵɬɭ ɜ ɨɬɞɟɥɶɧɨɫɬɢ. 
       ȼ ɤɨɧɰɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɡɚɧɹɬɢɹ ɤɚɠɞɵɣ ɫɬɭɞɟɧɬ ɜ ɫɨɫɬɚɜɟ ɩɨɞɝɪɭɩɩɵ 
ɡɚɳɢɳɚɟɬ ɫɜɨɣ ɨɬɱɟɬ ɩɟɪɟɞ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ. ɉɪɢ ɡɚɳɢɬɟ ɩɪɟɩɨɞɚɜɚɬɟɥɶ 
ɡɚɞɚɟɬ ɫɬɭɞɟɧɬɚɦ ɜɨɩɪɨɫɵ ɩɨ ɫɜɹɡɢ ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɥɚɛɨɪɚɬɨɪɧɨɣ 
ɪɚɛɨɬɵ ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɢɡɜɟɫɬɧɵɦɢ ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɩɨɥɨɠɟɧɢɹɦɢ, ɡɚɤɨɧɚɦɢ, 
ɫɜɨɣɫɬɜɚɦɢ ɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɢɫɫɥɟɞɭɟɦɵɯ ɜɟɳɟɫɬɜ ɢ ɩɪɨɰɟɫɫɨɜ. ɉɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɜ ɩɪɨɰɟɫɫɟ ɡɚɳɢɬɵ ɜɨɡɦɨɠɧɚ ɞɟɦɨɧɫɬɪɚɰɢɹ ɩɪɟɩɨɞɚɜɚɬɟɥɸ 
ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɯɨɞɚ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ ɢɥɢ ɩɨɥɭɱɟɧɧɨɝɨ 
ɪɟɡɭɥɶɬɚɬɚ. 
 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1. ɏɢɦɢɱɟɫɤая ɬɟɪɦɨɞɢɧаɦɢɤа 

 

1.1. Ɍɟɪɦɨɞɢɧаɦɢɱɟɫɤɢɟ ɩɪɢɧɰɢɩɵ ɨɩɢɫаɧɢя ɫɢɫɬɟɦ ɢ  
ɩɪɨɰɟɫɫɨɜ 

 

ɗɧɬɚɥɶɩɢɹ. 

ɋɨɝɥɚɫɧɨ ɩɟɪɜɨɦɭ ɡɚɤɨɧɭ ɬɟɪɦɨɞɢɧɚɦɢɤɢ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɟɪɟɞɚɧɧɨɟ 

ɫɢɫɬɟɦɟ (Q), ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ (∆U) ɢ ɧɚ 

ɫɨɜɟɪɲɟɧɢɟ ɪɚɛɨɬɵ (Ⱥ).  

Q =  ∆U +  Ⱥ 

ȼɨ ɜɪɟɦɹ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɱɚɫɬɨ ɟɞɢɧɫɬɜɟɧɧɵɦ ɜɢɞɨɦ ɪɚɛɨɬɵ 

ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ ɩɪɨɬɢɜ ɫɢɥ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ (ɪɚɛɨɬɚ ɩɨ ɪɚɫɲɢɪɟɧɢɸ ɝɚɡɚ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ) Ⱥ = ɪ∆V. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɢɡɨɛɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ (ɪ = 

ɫɨɩst): 

Qɪ =  ∆U +  ɪ∆V 

Ⱦɥɹ ɢɡɨɯɨɪɧɨɝɨ ɩɪɨɰɟɫɫɚ (V = ɫɨɩst), ɟɫɥɢ ɨɬɫɭɬɫɬɜɭɸɬ ɜɫɟ ɜɢɞɵ ɪɚɛɨɬɵ (Ⱥ 

= 0): 

Qv = ∆U 

Ⱦɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɨɛɚɪɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɫɩɨɥɶɡɭɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ 

ɮɭɧɤɰɢɸ, ɧɚɡɵɜɚɟɦɭɸ ɷɧɬɚɥɶɩɢɟɣ ɇ = U +  ɪV. Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɩɟɪɟɞɚɧɧɨɟ 

ɫɢɫɬɟɦɟ ɢɥɢ ɨɬɧɹɬɨɟ ɨɬ ɧɟɟ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ, ɱɢɫɥɟɧɧɨ ɪɚɜɧɨ 

ɢɡɦɟɧɟɧɢɸ ɷɧɬɚɥɶɩɢɢ Qɪ =  ∆ɇ.  

Ɍɟɩɥɨɜɵɦ ɷɮɮɟɤɬɨɦ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɧɚɡɵɜɚɸɬ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, 

ɩɨɝɥɨɳɚɟɦɨɝɨ ɢɥɢ ɜɵɞɟɥɹɟɦɨɝɨ ɜ ɩɪɨɰɟɫɫɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ. Ⱦɥɹ 

ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ (ɜɵɞɟɥɟɧɢɟ ɬɟɩɥɚ ɫɢɫɬɟɦɨɣ) ∆ɇ < 0, ɞɥɹ 

ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɣ (ɩɨɝɥɨɳɟɧɢɟ ɬɟɩɥɚ ) ∆ɇ > 0.  

ɍɫɥɨɜɢɹ ɩɪɢ ɤɨɬɨɪɵɯ ɜɫɟ ɭɱɚɫɬɜɭɸɳɢɟ ɜ ɪɟɚɤɰɢɢ ɜɟɳɟɫɬɜɚ ɧɚɯɨɞɹɬɫɹ ɜ 

ɫɬɚɧɞɚɪɬɧɵɯ ɫɨɫɬɨɹɧɢɹɯ (ɪ = 101,325 ɤɉа), ɧɚɡɵɜɚɸɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ. ɋɬɚɧɞɚɪɬɧɚɹ ɷɧɬɚɥɶɩɢɹ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 1 

ɦɨɥɹ ɞɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ ɧɚɡɵɜɚɟɬɫɹ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɬɚɥɶɩɢɟɣ 

ɨɛɪɚɡɨɜɚɧɢɹ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ (∆ɇ0, ɤȾɠ/ɦɨлɶ), ɷɧɬɚɥɶɩɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɫɬɵɯ 

ɜɟɳɟɫɬɜ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɨɣ ɧɭɥɸ.  



ɏɢɦɢɱɟɫɤɢɟ ɭɪɚɜɧɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɭɤɚɡɚɧɵ ɢɡɦɟɧɟɧɢɹ ɷɧɬɚɥɶɩɢɢ (ɬɟɩɥɨɜɵɟ 

ɷɮɮɟɤɬɵ ɪɟɚɤɰɢɣ), ɧɚɡɵɜɚɸɬɫɹ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɦɢ. 

Ɉɫɧɨɜɧɵɦ ɡɚɤɨɧɨɦ ɬɟɪɦɨɯɢɦɢɢ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧ Ƚɟɫɫɚ: ɬɟɩлɨɜɨɣ ɷɮɮɟɤɬ 

хиɦиɱɟɫɤɨɣ ɪɟаɤɰии (ɬ.ɟ. иɡɦɟɧɟɧиɟ ɷɧɬалɶɩии ɫиɫɬɟɦɵ) ɡаɜиɫиɬ ɬɨлɶɤɨ ɨɬ 

ɧаɱалɶɧɨɝɨ и ɤɨɧɟɱɧɨɝɨ ɫɨɫɬɨɹɧиɹ (ɷɧɬалɶɩии) ɭɱаɫɬɜɭɸɳих ɜ ɪɟаɤɰии ɜɟɳɟɫɬɜ 

и ɧɟ ɡаɜиɫиɬ ɨɬ ɩɪɨɦɟɠɭɬɨɱɧɵх ɫɬаɞиɣ (ɩɭɬи ɩɪɨɬɟɤаɧиɹ) ɩɪɨɰɟɫɫа.  

ɂɡ ɡɚɤɨɧɚ Ƚɟɫɫɚ ɜɵɬɟɤɚɸɬ ɞɜɚ ɜɚɠɧɵɯ ɫɥɟɞɫɬɜɢɹ:  

ɋɥɟɞɫɬɜɢɟ 1. Ɍɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɪɚɜɟɧ ɫɭɦɦɟ 

ɷɧɬɚɥɶɩɢɣ ɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɡɚ ɜɵɱɟɬɨɦ ɫɭɦɦɵ ɷɧɬɚɥɶɩɢɣ 

ɨɛɪɚɡɨɜɚɧɢɹ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ ɫ ɭɱɟɬɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ (ɱɢɫɥɨ ɦɨɥɟɣ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɟɚɤɰɢɢ ɜɟɳɟɫɬɜ).  

 

ɉɪɢɦɟɪ 1. 

Ɉɩɪɟɞɟɥɢɬɶ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɪɟɚɤɰɢɢ: 2МР(ɤ) + ɋɈ2(ɝ) = 2МРɈ(ɤ) + ɋ 

(ɝɪɚɮɢɬ), ɟɫɥɢ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɫɬɚɧɞɚɪɬɧɵɟ ɷɧɬɚɥɶɩɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɋɈ2 ɢ МРɈ 

ɪɚɜɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ -393,5 ɢ -601,8 ɤȾɠ/ɦɨлɶ, ɬɟɩɥɨɬɚ ɨɛɪɚɡɨɜɚɧɢɹ МР ɢ ɋ 

(ɝɪɚɮɢɬ) ɪɚɜɧɵ 0 (ɩɪɨɫɬɵɟ ɜɟɳɟɫɬɜɚ).  

Ɋɟɲɟɧɢɟ: 

∆ɇ0 = 2∆ɇ0
МРɈ  - ∆ɇ0

ɋɈ 2
 = 2(-601,8) + 393,5 = -810 ɤȾɠ  

 

ɋɥɟɞɫɬɜɢɟ 2. ȿɫɥɢ ɢɡɜɟɫɬɧɵ ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɪɹɞɚ ɪɟɚɤɰɢɣ, ɬɨ ɦɨɠɧɨ 

ɨɩɪɟɞɟɥɢɬɶ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɞɪɭɝɨɣ ɪɟɚɤɰɢɢ, ɜ ɤɨɬɨɪɭɸ ɜɯɨɞɹɬ ɜɟɳɟɫɬɜɚ ɢ 

ɫɨɟɞɢɧɟɧɢɹ, ɜɯɨɞɹɳɢɟ ɜ ɭɪɚɜɧɟɧɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɢɡɜɟɫɬɟɧ. ɉɪɢ 

ɷɬɨɦ ɫ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫɚɦɵɟ ɪɚɡɥɢɱɧɵɟ 

ɚɪɢɮɦɟɬɢɱɟɫɤɢɟ ɞɟɣɫɬɜɢɹ (ɫɥɨɠɟɧɢɟ, ɜɵɱɢɬɚɧɢɟ, ɭɦɧɨɠɟɧɢɟ, ɞɟɥɟɧɢɟ), ɤɚɤ ɫ 

ɚɥɝɟɛɪɚɢɱɟɫɤɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ. 

 

ɉɪɢɦɟɪ 2. 

ȼɵɱɢɫɥɢɬɶ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ N2Ɉ(ɝ), ɟɫɥɢ ɢɡɜɟɫɬɧɵ 

ɬɟɩɥɨɜɵɟ ɷɮɮɟɤɬɵ ɫɥɟɞɭɸɳɢɯ ɪɟɚɤɰɢɣ: 

1) ɋ (ɝɪɚɮɢɬ) + 2N2Ɉ (ɝ) = ɋɈ2 + 2N2(ɝ),  ∆ɇ0
1 = -557,5 ɤȾɠ; 

2) ɋ (ɝɪɚɮɢɬ) + Ɉ2(ɝ) = ɋɈ2(ɝ),   ∆ɇ0
2 = -393,5 ɤȾɠ. 



Ɋɟɲɟɧɢɟ: 

Ɂɚɩɢɲɟɦ ɬɟɪɦɨɯɢɦɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɹ N2Ɉ ɢɡ ɩɪɨɫɬɵɯ 

ɜɟɳɟɫɬɜ: 

3) N2(ɝ) + 1/2Ɉ2 = N2Ɉ(ɝ),    ∆ɇ0
3 =  ? 

ɍɪɚɜɧɟɧɢɟ (3) ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ ɭɪɚɜɧɟɧɢɣ (1) ɢ (2), ɟɫɥɢ ɨɛɟ ɱɚɫɬɢ 

ɭɪɚɜɧɟɧɢɹ (1) ɭɦɧɨɠɢɬɶ ɧɚ (-1/2), ɚ ɨɛɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɹ (2) ɭɦɧɨɠɢɬɶ ɧɚ (1/2), ɚ 

ɡɚɬɟɦ ɫɥɨɠɢɬɶ ɥɟɜɵɟ ɢ ɩɪɚɜɵɟ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɣ ɢ ɫɨɤɪɚɬɢɬɶ ɨɞɢɧɚɤɨɜɵɟ 

ɷɥɟɦɟɧɬɵ ɜ ɨɛɟɢɯ ɱɚɫɬɹɯ ɭɪɚɜɧɟɧɢɹ:  

1) 1/2ɋɈ2(ɝ) + N2(ɝ) = 1/2ɋ(ɝɪɚɮɢɬ) + N2Ɉ (ɝ); 

2) 1/2ɋ (ɝɪɚɮɢɬ) +1/2Ɉ2(ɝ) = 1/2ɋɈ2(ɝ) 

ɉɨɫɥɟ ɭɤɚɡɚɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ: 

3) N2(ɝ) + 1/2Ɉ2 = N2Ɉ(ɝ)  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ∆ɇ0
3 ɚɧɚɥɨɝɢɱɧɵɟ ɞɟɣɫɬɜɢɹ ɩɪɨɜɟɞɟɦ ɫ ɬɟɩɥɨɜɵɦɢ 

ɷɮɮɟɤɬɚɦɢ ɨɛɨɢɯ ɭɪɚɜɧɟɧɢɣ: 

∆ɇ0
3 = -1/2 ∆ɇ0

1 + 1/2∆ɇ0
2 = 1/2·557,5 - 1/2·393,5 = 82,0 ɤȾɠ/ɦɨлɶ  

Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɪɟɚɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ (ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 

ɞɚɜɥɟɧɢɢ ɢɥɢ ɨɛɴɟɦɟ) ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Ʉɢɪɯɝɨɮɚ:  

 T

P dTCHH
298

0
298

0
1 ,  ɝɞɟ 

0
TH  - ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ,  
0
298H  - ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɩɪɢ Ɍ = 298 К.  

∆ɋɪ ɞɥɹ ɭɫɥɨɜɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɢ: аȺ + bȼ = ɫɋ + НD ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɬɚɤ:        ,)()()()( BPAPDPCPP bCaCdCcCC   ɝɞɟ 

ɋɪ(Ⱥ),, ɋɪ(ȼ), ɋɪ(ɋ), ɋɪ(D) – ɡɧɚɱɟɧɢɹ ɦɨɥɶɧɵɯ ɬɟɩɥɨɟɦɤɨɫɬɟɣ ɞɥɹ ɜɟɳɟɫɬɜ; 

Ⱥ, ȼ, ɋ, D; a, b, c, d – ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɷɬɢɯ ɜɟɳɟɫɬɜ.  

 

Ɍɟɩɥɨɟɦɤɨɫɬɶ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɧɚɝɪɟɜɚ ɟɞɢɧɢɰɵ ɤɨɥɢɱɟɫɬɜɚ 

ɜɟɳɟɫɬɜɚ ɧɚ ɟɞɢɧɢɰɭ ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɡɵɜɚɟɬɫɹ ɬɟɩɥɨɟɦɤɨɫɬɶɸ. Ɋɚɡɥɢɱɚɸɬ 

ɭɞɟɥɶɧɭɸ, ɦɨɥɶɧɭɸ, ɢɫɬɢɧɧɭɸ, ɫɪɟɞɧɸɸ ɬɟɩɥɨɟɦɤɨɫɬɶ.  

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɬɵ, 

ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ ɧɚɝɪɟɜɚ 1 ɝ ɜɟɳɟɫɬɜɚ ɧɚ 1 К.  



Ɇɨɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ ɬɟɩɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɵɦ 

ɞɥɹ ɧɚɝɪɟɜɚ 1 ɦɨлɹ ɜɟɳɟɫɬɜɚ ɧɚ 1 К.  

ɋɪɟɞɧɹɹ ɬɟɩɥɨɟɦɤɨɫɬɶ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɧɚɝɪɟɜɚ 

ɟɞɢɧɢɰɵ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɨɬ Ɍ1 ɞɨ Ɍ2.  

12 TT

Q
C 

 

ɂɫɬɢɧɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
dT

dQ
Cиɫɬ  ,  

ɝɞɟ dQ, НɌ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɟɫɤɨɧɟɱɧɨ ɦɚɥɵɟ ɩɪɢɪɚɳɟɧɢɹ ɬɟɩɥɨɬɵ ɢ 

ɬɟɦɩɟɪɚɬɭɪɵ.  

ɋɜɹɡɶ ɦɟɠɞɭ ɫɪɟɞɧɟɣ ɢ ɢɫɬɢɧɧɨɣ ɬɟɩɥɨɟɦɤɨɫɬɶɸ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜɵɪɚɠɟɧɢɟɦ: 

 2

112

1
T

T

иɫɬdTC
TT

C  

Ɋɚɡɥɢɱɚɸɬ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɞɚɜɥɟɧɢɢ ɋɪ ɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ 

ɨɛɴɟɦɟ ɋV.  

ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɪ = const Qp = ∆H, ɚ ɩɪɢ V =  const QV = ∆U 

P
P dT

dH
C 


                        

V
P dT

dU
C 


  

ɋɜɹɡɶ ɦɟɠɞɭ ɋɪ ɢ ɋV ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ:  

ɋɪ - ɋV = R,  ɝɞɟ  

R = 8,314 Ⱦɠ/ɦɨлɶ∙К (ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ). 

 

ɗɧɬɪɨɩɢɹ. 

ɇɚɩɪɚɜɥɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɪɨɬɟɤɚɟɬ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɜɦɟɫɬɧɵɦ ɞɟɣɫɬɜɢɟɦ ɞɜɭɯ ɮɚɤɬɨɪɨɜ: 1) ɬɟɧɞɟɧɰɢɟɣ ɤ ɩɟɪɟɯɨɞɭ 

ɫɢɫɬɟɦɵ ɜ ɫɨɫɬɨɹɧɢɟ ɫ ɧɚɢɦɟɧɶɲɟɣ ɜɧɭɬɪɟɧɧɟɣ ɷɧɟɪɝɢɟɣ (ɢɥɢ ɷɧɬɚɥɶɩɢɟɣ) ∆ɇ<0 

ɢ 2) ɬɟɧɞɟɧɰɢɟɣ ɤ ɞɨɫɬɢɠɟɧɢɸ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɬ.ɟ. 

(ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ ɱɚɫɬɢɰ ɫɢɫɬɟɦɵ).  

Ɇɟɪɨɣ ɜɟɪɨɹɬɧɨɫɬɢ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɧɚɡɵɜɚɸɬ ɷɧɬɪɨɩɢɸ S: 

S =  RlnW, 

ɝɞɟ R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ;  



W – ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɜɟɪɨɹɬɧɨɫɬɶ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɤɚɤ ɱɢɫɥɨ 

ɦɢɤɪɨɫɨɫɬɨɹɧɢɣ, ɜɯɨɞɹɳɢɯ ɜ ɫɢɫɬɟɦɭ (ɱɢɫɥɨ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɨɠɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ 

ɤɚɠɞɨɣ ɱɚɫɬɢɰɵ ɫɢɫɬɟɦɵ), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɞɚɧɧɨɟ ɦɚɤɪɨɫɨɫɬɨɹɧɢɟ 

(ɬɟɦɩɟɪɚɬɭɪɭ, ɨɛɴɟɦ, ɞɚɜɥɟɧɢɟ). 

Эɧɬɪɨɩɢɹ ɹɜɥɹɟɬɫɹ ɦɟɪɨɣ ɯɚɨɬɢɱɧɨɫɬɢ (ɪɚɡɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ) ɫɢɫɬɟɦɵ ɢ 

ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɩɟɪɟɯɨɞɟ ɜɟɳɟɫɬɜɚ ɢɡ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɜ ɠɢɞɤɨɟ, ɚ ɢɡ ɠɢɞɤɨɝɨ ɜ 

ɝɚɡɨɨɛɪɚɡɧɨɟ ɫɨɫɬɨɹɧɢɟ, ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɤɪɢɫɬɚɥɥɨɜ, ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɝɚɡɨɜ, ɩɪɢ 

ɯɢɦɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɯ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɭɜɟɥɢɱɟɧɢɸ ɱɢɫɥɚ ɱɚɫɬɢɰ, ɢ ɩɪɟɠɞɟ 

ɜɫɟɝɨ ɜ ɝɚɡɨɨɛɪɚɡɧɨɦ ɫɨɫɬɨɹɧɢɢ (∆S>0). 

ɇɚɩɪɨɬɢɜ, ɜɫɟ ɩɪɨɰɟɫɫɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɶ ɫɢɫɬɟɦɵ 

ɜɨɡɪɚɫɬɚɟɬ (ɤɨɧɞɟɧɫɚɰɢɹ, ɩɨɥɢɦɟɪɢɡɚɰɢɹ, ɫɠɚɬɢɟ, ɭɦɟɧɶɲɟɧɢɟ ɱɢɫɥɚ ɱɚɫɬɢɰ), 

ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɬɪɨɩɢɢ (∆S<0). 

ɉɪɢɦɟɪ 3. 

ɇɟ ɩɪɨɢɡɜɨɞɹ ɜɵɱɢɫɥɟɧɢɣ, ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɤ ɢɡɦɟɧɟɧɢɹ ɷɧɬɪɨɩɢɢ ɜ 

ɫɥɟɞɭɸɳɢɯ ɪɟɚɤɰɢɹɯ: 

1) Nɇ4NɈ3(ɤ) = N2Ɉ(ɝ) + 2ɇ2Ɉ(ɝ); 
2) 2ɇ2(ɝ) + Ɉ2(ɝ) = 2ɇ2Ɉ(ɝ);  
3) 2ɇ2(ɝ) + Ɉ2(ɝ) = 2ɇ2Ɉ(ɠ). 
Ɋɟɲɟɧɢɟ.  

ȼ ɪɟɚɤɰɢɢ (1) 1 ɦɨɥɶ ɜɟɳɟɫɬɜɚ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɪɚɡɭɟɬ 3 

ɦɨɥɹ ɝɚɡɨɜ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ∆S>0. ȼ ɪɟɚɤɰɢɹɯ (2) ɢ (3) ɭɦɟɧɶɲɚɟɬɫɹ ɤɚɤ ɨɛɳɟɟ 

ɱɢɫɥɨ ɦɨɥɟɣ, ɬɚɤ ɢ ɱɢɫɥɨ ɦɨɥɟɣ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ, ɬɚɤ ɱɬɨ ∆S2 < 0 ɢ ∆S3 < 0. 

ɉɪɢ ɷɬɨɦ ∆S3 ɢɦɟɟɬ ɛɨɥɟɟ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ, ɱɟɦ ∆S2, ɬɚɤ ɤɚɤ 

)()( 22 ɝOHɠOH
SS  .  

ɂɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɩɪɢ ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ɨɩɪɟɞɟɥɹɟɬɫɹ:  

ɩɪɢ ɩɥɚɜɥɟɧɢɢ - 
ɩл

ɩл

Ɍ
S

 , ɩɪɢ ɢɫɩɚɪɟɧɢɢ - 
иɫɩ

иɫɩ

Ɍ
S

 , ɝɞɟ  

∆ɇɩл ɢ ∆ɇиɫɩ. ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɞɟɥɶɧɵɟ ɬɟɩɥɨɬɵ ɩɥɚɜɥɟɧɢɹ ɢ ɢɫɩɚɪɟɧɢɹ.  

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɭɞɟɥɶɧɭɸ 

ɬɟɩɥɨɟɦɤɨɫɬɶ ɩɨ ɮɨɪɦɭɥɟ: dT
T

C
S

T

T

P 2

1

(ɞɥɹ 1 ɦɨɥɹ ɜɟɳɟɫɬɜɚ).  



ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɨɛɴɟɦɚ ɝɚɡɚ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɷɧɬɪɨɩɢɹ 

ɜɨɡɪɚɫɬɚɟɬ
1

2ln
V

V
RS  , ɝɞɟ V2>V1, ɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɚɜɥɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ 

2

1ln
p

p
RS  . 

ȿɫɥɢ ɩɪɨɢɫɯɨɞɢɬ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɨɡɪɚɫɬɚɧɢɟ 

ɨɛɴɟɦɚ, ɪɨɫɬ ɷɧɬɪɨɩɢɢ ɞɥɹ 1 ɦɨɥɹ ɜɟɳɟɫɬɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

1

2ln
2

1
V

V
RdT

T

Cp
S

T

T

  . 

ɉɪɢ ɫɦɟɲɟɧɢɢ ɞɜɭɯ ɝɚɡɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɞɚɜɥɟɧɢɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ:  

2

21
2

1

21
1 lnln

V

VV
Rn

V

VV
RnS

 , 

ɝɞɟ    n1 ɢ n2 – ɱɢɫɥɨ ɦɨɥɟɣ; 

V1 ɢ V2 – ɨɛɴɟɦɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɝɚɡɨɜ. 

ɋɬɚɧɞɚɪɬɧɵɟ ɡɧɚɱɟɧɢɹ ɷɧɬɪɨɩɢɣ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ ɢ ɫɨɟɞɢɧɟɧɢɣ 0
298S  

ɞɚɸɬɫɹ ɜ ɫɩɪɚɜɨɱɧɵɯ ɬɚɛɥɢɰɚɯ. Ɋɚɡɦɟɪɧɨɫɬɶ ɷɧɬɪɨɩɢɢ Ⱦɠ/ɦɨлɶ∙К.  

Ⱦɥɹ ɷɧɬɪɨɩɢɢ ɫɩɪɚɜɟɞɥɢɜɨ ɭɬɜɟɪɠɞɟɧɢɟ, ɚɧɚɥɨɝɢɱɧɨɟ ɪɚɫɫɦɨɬɪɟɧɧɨɦɭ 

ɜɵɲɟ ɩɟɪɜɨɦɭ ɫɥɟɞɫɬɜɢɸ ɡɚɤɨɧɚ Ƚɟɫɫɚ ɞɥɹ ∆ɇ: ɢɡɦɟɧɟɧɢɟ ɷɧɬɪɨɩɢɢ ɫɢɫɬɟɦɵ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ (∆S) ɪɚɜɧɨ ɫɭɦɦɟ ɷɧɬɪɨɩɢɣ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɡɚ 

ɜɵɱɟɬɨɦ ɫɭɦɦɵ ɷɧɬɪɨɩɢɣ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ, ɫ ɭɱɟɬɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ.  

 

ȼɬɨɪɨɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ 

ȼ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦɚɯ (Q = 0, Ⱥ = 0, U = ɫɨɩst) ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɢɞɭɬ 

ɬɨɥɶɤɨ ɬɟ ɩɪɨɰɟɫɫɵ, ɤɨɬɨɪɵɟ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ ɪɨɫɬɨɦ ɷɧɬɪɨɩɢɢ ɫɢɫɬɟɦɵ, ɬ.ɟ. ∆S 

> 0. ɋɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 

ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɷɧɬɪɨɩɢɢ, ɬ.ɟ. ɩɪɢ ∆S = 0. 

 

ɗɧɟɪɝɢɹ Ƚɢɛɛɫɚ 

Ⱦɜɢɠɭɳɟɣ ɫɢɥɨɣ ɩɪɨɰɟɫɫɚ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɩɪɢ ɩɨɫɬɨɹɧɧɵɯ ɞɚɜɥɟɧɢɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɟ ɦɨɠɟɬ ɛɵɬɶ ɥɢɛɨ ɫɬɪɟɦɥɟɧɢɟ ɫɢɫɬɟɦɵ ɩɟɪɟɣɬɢ ɜ ɫɨɫɬɨɹɧɢɟ ɫ 

ɧɚɢɦɟɧɶɲɟɣ ɷɧɟɪɝɢɟɣ, ɬ.ɟ. ɜɵɞɟɥɢɬɶ ɬɟɩɥɨɬɭ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ (∆ɇ < 0), ɥɢɛɨ 



ɫɬɪɟɦɥɟɧɢɟ ɫɢɫɬɟɦɵ ɩɟɪɟɣɬɢ ɜ ɫɨɫɬɨɹɧɢɟ ɫ ɧɚɢɛɨɥɶɲɟɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ 

ɜɟɪɨɹɬɧɨɫɬɶɸ, ɬ.ɟ. ɭɜɟɥɢɱɢɬɶ ɷɧɬɪɨɩɢɸ (∆S > 0). 

Ɏɭɧɤɰɢɟɣ ɫɨɫɬɨɹɧɢɹ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɬɪɚɠɚɸɳɟɣ ɜɥɢɹɧɢɟ ɨɛɨɢɯ 

ɭɩɨɦɹɧɭɬɵɯ ɮɚɤɬɨɪɨɜ (∆ɇ < 0, ∆S > 0) ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɨɬɟɤɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ 

ɩɪɨɰɟɫɫɨɜ, ɫɥɭɠɢɬ ɷɧɟɪɝɢɹ Ƚɢɛɛɫɚ, ɫɜɹɡɚɧɧɚɹ ɫ ɷɧɬɚɥɶɩɢɟɣ ɢ ɷɧɬɪɨɩɢɟɣ 

ɫɨɨɬɧɨɲɟɧɢɟɦ: 

G = ɇ – ɌS. 

Ⱦɥɹ ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɪɚɜɧɨ 

∆G = ∆ɇ - Ɍ∆S. 

Эɧɟɪɝɢɸ Ƚɢɛɛɫɚ ɨɛɪɚɡɨɜɚɧɢɹ ɜɟɳɟɫɬɜɚ ɨɬɧɨɫɹɬ ɤ 1 ɦɨɥɸ ɜɟɳɟɫɬɜɚ ɢ 

ɨɛɵɱɧɨ ɜɵɪɚɠɚɸɬ ɜ ɤȾɠ/ɦɨлɶ; ɩɪɢ ɷɬɨɦ ∆G0 ɨɛɪɚɡɨɜɚɧɢɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ 

ɦɨɞɢɮɢɤɚɰɢɢ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɨɣ ɧɭɥɸ.  

Ʉɪɢɬɟɪɢɟɦ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɫɬɢ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ɩɪɢ ɥɸɛɵɯ ɭɫɥɨɜɢɹɯ 

ɹɜɥɹɟɬɫɹ ɭɦɟɧɶɲɟɧɢɟ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ (∆G < 0). ɋɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫ 

ɩɪɨɬɟɤɚɟɬ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɫɢɫɬɟɦɚ ɧɟ ɞɨɫɬɢɝɧɟɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɷɧɟɪɝɢɢ 

Ƚɢɛɛɫɚ (Gmin). ɉɨɫɥɟ ɷɬɨɝɨ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ 

ɪɚɜɧɨɜɟɫɢɹ (∆G = 0).  

ȼ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ ɫɨɫɬɚɜ ɪɟɚɤɰɢɨɧɧɨɣ ɫɦɟɫɢ, ɧɚɩɪɢɦɟɪ, ɜ ɫɢɫɬɟɦɟ 

Ⱥȼ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɝɚɡɨɨɛɪɚɡɧɵɯ ɢɥɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ Ⱥ ɢ 

ȼ. Ʉɨɧɰɟɧɬɪɚɰɢɢ ɷɬɢɯ ɜɟɳɟɫɬɜ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ 

ɪɚɜɧɨɜɟɫɢɢ, ɧɚɡɵɜɚɟɬɫɹ ɪɚɜɧɨɜɟɫɧɵɦɢ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ. ɋɨɨɬɧɨɲɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɣ ɋȼ/ɋȺ ɜɵɪɚɠɚɟɬɫɹ ɤɨɧɫɬɚɧɬɨɣ ɪɚɜɧɨɜɟɫɢɹ: 

A

B
C C

C
K  . 

ȿɫɥɢ ɪɟɚɝɟɧɬɵ Ⱥ ɢ ȼ ɝɚɡɨɨɛɪɚɡɧɵɟ, ɬɨ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɧɨ 

ɜɵɪɚɡɢɬɶ ɱɟɪɟɡ ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɜɧɨɜɟɫɧɵɯ ɩɚɪɰɢɚɥɶɧɵɯ ɞɚɜɥɟɧɢɣ ɝɚɡɨɜ:  

A

B
P P

P
K   

ɪȺ ɢ ɪȼ – ɩɚɪɰɢɚɥɶɧɵɟ ɞɚɜɥɟɧɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ Ⱥ ɢ ȼ.  

ɉɚɪɰɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ – ɞɚɜɥɟɧɢɟ ɤɨɦɩɨɧɟɧɬɚ ɝɚɡɨɜɨɣ ɫɦɟɫɢ, ɤɨɬɨɪɨɟ ɨɧ 

ɢɦɟɥ ɛɵ ɩɪɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɢ ɟɦɭ ɨɛɴɟɦɚ, ɡɚɧɢɦɚɟɦɨɝɨ ɜɫɟɣ ɫɦɟɫɶɸ ɝɚɡɨɜ.  

Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɄɊ ɫɜɹɡɚɧɚ ɫɨ ɫɬɚɧɞɚɪɬɧɨɣ ɷɧɟɪɝɢɟɣ Ƚɢɛɛɫɚ ɪɟɚɤɰɢɢ 

ɩɪɨɫɬɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ:  



PT KRTG ln0  .\ 

 

1.2 Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ 
 

1. ɑɬɨ ɧɚɡɵɜɚɸɬ ɬɟɩɥɨɜɵɦɢ ɷɮɮɟɤɬɚɦɢ ɪɟɚɤɰɢɢ? ȼ ɤɚɤɢɯ ɫɥɭɱɚɹɯ 
ɭɪɚɜɧɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɧɚɡɵɜɚɸɬ ɬɟɪɦɨɯɢɦɢɱɟɫɤɢɦɢ? 

2. Ʉɚɤɢɟ ɭɫɥɨɜɢɹ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɩɪɢɧɢɦɚɸɬ ɜ ɬɟɪɦɨɞɢɧɚɦɢɤɟ ɜ 
ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɵɯ? 

3. ɑɬɨ ɬɚɤɨɟ ɷɧɬɚɥɶɩɢɹ ɫɢɫɬɟɦɵ? 
4. ɉɪɢ ɤɚɤɢɯ ɭɫɥɨɜɢɹɯ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɇ ɪɚɜɧɨ ɬɟɩɥɨɬɟ, 

ɩɨɥɭɱɚɟɦɨɣ ɢɡ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ? 
5. Ɂɚɜɢɫɢɬ ɥɢ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ? 
6. Ⱦɚɬɶ ɮɨɪɦɭɥɢɪɨɜɤɭ ɡɚɤɨɧɚ Ƚɟɫɫɚ. 
7. ɇɚɡɜɚɬɶ ɫɥɟɞɫɬɜɢɹ, ɜɵɬɟɤɚɸɳɢɟ ɢɡ ɡɚɤɨɧɚ Ƚɟɫɫɚ. 
8. ɑɬɨ ɬɚɤɨɟ ɷɧɬɪɨɩɢɹ ɫɢɫɬɟɦɵ ? 
9. Ʉɚɤ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɜɬɨɪɨɣ ɡɚɤɨɧ ɬɟɪɦɨɞɢɧɚɦɢɤɢ? 

 10. Ɉɬ ɱɟɝɨ ɡɚɜɢɫɢɬ ɷɧɬɪɨɩɢɹ ɫɢɫɬɟɦɵ ? 
 11. ɑɟɦɭ ɪɚɜɧɚ ɷɧɬɪɨɩɢɹ ɢɞɟɚɥɶɧɨɝɨ ɤɪɢɫɬɚɥɥɚ ɩɪɢ ɚɛɫɨɥɸɬɧɨɦ ɧɭɥɟ ? 
 12. Ʉɚɤ ɢɡɦɟɧɹɟɬɫɹ ɷɧɬɪɨɩɢɹ ɩɪɢ ɢɫɩɚɪɟɧɢɢ, ɤɨɧɞɟɧɫɚɰɢɢ, ɭɜɟɥɢɱɟɧɢɢ 
ɞɚɜɥɟɧɢɹ, ɮɚɡɨɜɵɯ ɩɟɪɟɯɨɞɚɯ ? 
 13. ɑɬɨ ɧɚɡɵɜɚɟɬɫɹ ɷɧɟɪɝɢɟɣ Ƚɢɛɛɫɚ ? 
 14. Ʉɚɤɨɜɨ ɭɫɥɨɜɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɥɢ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ 
ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɚ ? 
 15. ɉɪɢ ɤɚɤɨɦ ɫɨɨɬɧɨɲɟɧɢɢ U  ɢ ST  ɚ) ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɬɫɹ ɜ 
ɪɚɜɧɨɜɟɫɢɢ, ɛ) ɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɧɚɩɪɚɜɥɟɧ ɜ ɫɬɨɪɨɧɭ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɣ ɢɥɢ 
ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɣ ? 
 16. ȼɨɡɦɨɠɧɨ ɥɢ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ ɩɪɨɬɟɤɚɧɢɟ ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 
ɚ) ɩɪɢ 0S , ɛ) ɩɪɢ  .0S  
 17. ɑɟɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɟɞɟɥ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢ ɤɚɤɨɜɨ ɭɫɥɨɜɢɟ 
ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɫɢɫɬɟɦɵ ? 
 
 
 
 
 
 

1.3 ɊɍɄɈȼɈȾɋɌȼɈ Ʉ ɅȺȻɈɊȺɌɈɊɇɈɃ ɊȺȻɈɌȿ “ɈɉɊȿȾȿɅȿɇɂȿ 
ɌȿɉɅɈȼɈȽɈ ɗɎɎȿɄɌȺ ɊȿȺɄɐɂɂ ɇȿɃɌɊȺɅɂɁȺɐɂɂ” 

 

ɐɟɥɶ ɪɚɛɨɬɵ: Ɉɩɪɟɞɟɥɢɬɶ ɢɡɦɟɧɟɧɢɟ ɷɧɬɚɥɶɩɢɢ ɫɢɫɬɟɦɵ (ɬɟɩɥɨɜɨɣ 
ɷɮɮɟɤɬ) ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ. Ⱦɨɤɚɡɚɬɶ ɫɩɪɚɜɟɞɥɢɜɨɫɬɶ ɡɚɤɨɧɚ Ƚɟɫɫɚ ɩɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɜ ɨɞɧɭ ɢ ɞɜɟ ɫɬɚɞɢɢ. 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɤɚɥɨɪɢɦɟɬɪ, ɦɟɪɧɵɟ ɰɢɥɢɧɞɪɵ, ɨɞɧɨɦɨɥɹɪɧɵɣ 
ɪɚɫɬɜɨɪ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ (1 Ɇ), ɞɜɭɦɨɥɹɪɧɵɣ (2 Ɇ) ɪɚɫɬɜɨɪ ɟɞɤɨɝɨ ɧɚɬɪɚ, 
ɫɟɤɭɧɞɨɦɟɪ. 



 Ʉɚɥɨɪɢɦɟɬɪ (ɪɢɫ1) ɫɨɫɬɨɢɬ ɢɡ ɧɚɪɭɠɧɨɝɨ ɫɬɚɤɚɧɚ 1 (ɤɨɧɞɟɧɫɚɬɨɪɧɚɹ ɛɚɧɤɚ), 
ɡɚɤɪɵɬɨɝɨ ɤɪɵɲɤɨɣ 2 ɫ ɨɫɟɜɵɦ ɨɬɜɟɪɫɬɢɟɦ. ȼ ɨɬɜɟɪɫɬɢɟ ɤɪɵɲɤɢ ɩɨɦɟɳɚɟɬɫɹ 
ɫɬɚɤɚɧ ɦɟɧɶɲɟɝɨ ɞɢɚɦɟɬɪɚ 3, ɜ ɤɪɵɲɤɟ ɤɨɬɨɪɨɣ ɩɨɦɟɳɟɧɵ ɜɨɪɨɧɤɚ 4 ɢ 
ɬɟɪɦɨɦɟɬɪ 5. 

  
 Ɋɢɫɭɧɨɤ 1.1 – Ʉɚɥɨɪɢɦɟɬɪ 

 
ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɤɢɫɥɨɬɵ ɢ ɨɫɧɨɜɚɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɪɟɚɤɰɢɹ 

ɧɟɣɬɪɚɥɢɡɚɰɢɢ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɩɨɥɭɱɚɸɬɫɹ ɫɨɥɶ ɢ ɜɨɞɚ. Ɋɟɚɤɰɢɹ 
ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɬɟɩɥɨɜɵɦ ɷɮɮɟɤɬɨɦ, ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ, ɩɨɜɵɲɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɨɜ. 

 
 ɈɉɕɌ 1. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ, 

ɩɪɨɜɨɞɢɦɨɣ ɜ ɞɜɟ ɫɬɚɞɢɢ. 
 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: 
ɚ) ɉɟɪɜɚɹ ɫɬɚɞɢɹ ɨɩɵɬɚ. 
ȼ ɦɟɪɧɵɟ ɰɢɥɢɧɞɪɵ ɧɚɥɢɬɶ: ɜ ɨɞɢɧ – 40 ɦɥ ɪɚɫɬɜɨɪɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɜ 

ɞɪɭɝɨɣ 20 ɦɥ ɪɚɫɬɜɨɪɚ NaOH. ɇɚɥɢɬɶ ɪɚɫɬɜɨɪ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɜ ɫɬɚɤɚɧ 3 ɱɟɪɟɡ 
ɜɨɪɨɧɤɭ. Ɉɩɪɟɞɟɥɢɬɶ ɧɚɱɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ Ɍ1 ɪɚɫɬɜɨɪɚ ɤɢɫɥɨɬɵ ɜ 
ɤɚɥɨɪɢɦɟɬɪɟ. ȼɵɥɢɬɶ ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɪɚɫɬɜɨɪ NaOH ɜ ɤɚɥɨɪɢɦɟɬɪ ɱɟɪɟɡ 
ɜɨɪɨɧɤɭ ɢ ɡɚɫɟɱɶ ɜɪɟɦɹ. ɉɪɨɢɡɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ ɱɟɪɟɡ 
ɤɚɠɞɵɟ 5–10 ɫ ɜ ɬɟɱɟɧɢɟ 2  3 ɦɢɧɭɬ, ɡɚɬɟɦ ɩɪɨɞɨɥɠɚɬɶ ɡɚɦɟɪɵ ɬɟɦɩɟɪɚɬɭɪɵ 
ɱɟɪɟɡ 30 ɫ ɟɳɟ ɜ ɬɟɱɟɧɢɟ 2  3 ɦɢɧɭɬ. 
 
 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɧɟɫɬɢ ɧɚ ɝɪɚɮɢɤ, ɨɬɥɨɠɢɜ ɧɚ ɨɫɢ 
ɨɪɞɢɧɚɬ ɬɟɦɩɟɪɚɬɭɪɭ, ɚ ɧɚ ɨɫɢ ɚɛɫɰɢɫɫ – ɜɪɟɦɹ. ɇɚ ɪɢɫ. 1.2 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪɧɵɣ 
ɜɢɞ ɷɬɨɝɨ ɝɪɚɮɢɤɚ. ɉɪɨɢɡɜɨɞɹɬ ɷɤɫɬɪɚɩɨɥɹɰɢɸ ɩɥɚɜɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɩɟɪɟɯɨɞɚ 
ɬɟɦɩɟɪɚɬɭɪɵ ɤɨɧɟɱɧɨɝɨ ɩɟɪɢɨɞɚ ɤ ɦɨɦɟɧɬɭ ɧɚɱɚɥɚ ɪɟɚɤɰɢɢ (ɲɬɪɢɯɨɜɚɹ ɥɢɧɢɹ). 
Эɬɚ ɜɟɥɢɱɢɧɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ Ɍɤ– ɤɨɧɟɱɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɨɰɟɫɫɚ ɫ ɭɱɟɬɨɦ 
ɬɟɩɥɨɨɛɦɟɧɚ ɤɚɥɨɪɢɦɟɬɪɚ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. 
 



Ɋɢɫɭɧɨɤ 2 – Ƚɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɜɪɟɦɟɧɢ 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɪɚɫɱɟɬɨɜ ɜɟɥɢɱɢɧɚ 
ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ  Ɍɤ=Ɍɤ–Ɍɧ. 

ɇɚ ɞɚɧɧɨɣ ɫɬɚɞɢɢ ɨɩɵɬɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɨɛɴɟɦɵ ɪɚɫɬɜɨɪɨɜ ɤɢɫɥɨɬɵ ɢ 
ɨɫɧɨɜɚɧɢɹ ɩɨɞɨɛɪɚɧɵ ɬɚɤ, ɱɬɨɛɵ ɧɚ 1 Ɇɨɥɶ ɤɢɫɥɨɬɵ ɩɪɢɯɨɞɢɥɫɹ 1 Ɇɨɥɶ 
ɨɫɧɨɜɚɧɢɹ. Ɋɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ: 

H2SO4+NaOH=NaHSO4+H2O,  H1. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɩɨɥɭɱɚɟɬɫɹ ɤɢɫɥɚɹ ɫɨɥɶ ɢ ɜɨɞɚ ( ɩɨ 1 ɦɨɥɸ). 

ɛ) ȼɬɨɪɚɹ ɫɬɚɞɢɹ ɨɩɵɬɚ. 
ȼ ɦɟɪɧɵɣ ɰɢɥɢɧɞɪ ɧɚɥɢɬɶ ɟɳɟ 20 ɦɥ ɪɚɫɬɜɨɪɚ NaOH, ɚ ɡɚɬɟɦ ɩɟɪɟɥɢɬɶ ɜ 

ɤɚɥɨɪɢɦɟɬɪ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɞɨɜɨɞɹ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɬɜɨɪɚ ɜ ɤɚɥɨɪɢɦɟɬɪɟ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ NaOH ( ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ). Ɂɚɫɟɱɶ ɜɪɟɦɹ ɢ ɫɧɹɬɶ 
ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ. Ɋɟɚɤɰɢɹ ɧɚ ɷɬɨɣ ɫɬɚɞɢɢ ɩɪɨɬɟɤɚɟɬ 
ɩɨ ɭɪɚɜɧɟɧɢɸ: 

NaHSO4+NaOH=Na2SO4+H2O,  H2. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɧɨɪɦɚɥɶɧɚɹ ɫɨɥɶ ɢ ɜɨɞɚ (ɩɨ 1 ɦɨɥɸ). 

Ɂɚɞɚɧɢɟ: 
1. ɉɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤɢ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɜɪɟɦɟɧɢ ɢ ɨɩɪɟɞɟɥɢɬɶ 

ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ  Ɍ ɞɥɹ ɨɛɟɢɯ ɫɬɚɞɢɣ ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ. 
2. Ɂɚɧɟɫɬɢ ɪɟɡɭɥɶɬɚɬɵ ɨɩɵɬɚ ɜ ɬɚɛɥɢɰɭ. 

Ɍɚɛɥɢɰɚ 
 

Ɉɩɵɬ 
Ɉɛɴɟɦ ɪɚɫɬɜɨɪɚ  

V, ɦɥ 
Ɋɚɡɧɨɫɬɶ 
ɬɟɦɩɟɪɚɬɭɪ Ɍ, 0ɋ 

ɉɥɨɬɧɨɫɬɶ 
ɪɚɫɬɜɨɪɚ 
d, ɝ/ɦɥ 

ɍɞɟɥɶɧɚɹ 
ɬɟɩɥɨɟɦɤɨɫɬɶ 
CV1 Ⱦɠ/ɝɄ 

Ɍɟɩɥɨɜɨɣ 
ɷɮɮɟɤɬ H, ɤȾɠ H2SO4 NaOH 

1 
 

ɚ 40 20  1,031 1,54  
ɛ – 20  1,034 1,65  

2 40 40  1,034 1,65  
 

 ɈɉɕɌ 2. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɷɮɮɟɤɬɚ ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ, 
ɩɪɨɜɨɞɢɦɨɣ ɜ ɨɞɧɭ ɫɬɚɞɢɸ. 

 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ:  ȼɵɥɢɬɶ ɢɡ ɤɚɥɨɪɢɦɟɬɪɚ ɪɚɫɬɜɨɪ, ɨɫɬɚɜɲɢɣɫɹ ɨɬ 
ɩɪɟɞɵɞɭɳɟɝɨ ɨɩɵɬɚ ɢ ɩɪɨɦɵɬɶ ɫɬɚɤɚɧ 3 ɤɚɥɨɪɢɦɟɬɪɚ. ȼ ɤɚɠɞɵɣ ɢɡ ɞɜɭɯ ɦɟɪɧɵɯ 
ɰɢɥɢɧɞɪɨɜ ɧɚɥɢɬɶ ɩɨ 40 ɦɥ ɪɚɫɬɜɨɪɚ ɤɢɫɥɨɬɵ ɢ ɨɫɧɨɜɚɧɢɹ. ɇɚɥɢɬɶ ɜ ɤɚɥɨɪɢɦɟɬɪ 
ɪɚɫɬɜɨɪ ɤɢɫɥɨɬɵ ɢ ɡɚɦɟɪɢɬɶ ɟɝɨ ɧɚɱɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ. ȼɵɥɢɬɶ 
ɩɪɢɝɨɬɨɜɥɟɧɧɵɣ ɪɚɫɬɜɨɪ NaOH ɜ ɤɚɥɨɪɢɦɟɬɪ ɢ ɫɧɹɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ 
ɪɚɫɬɜɨɪɚ ɨɬ ɜɪɟɦɟɧɢ ɩɪɨɰɟɫɫɚ. Ʉɨɧɰɟɧɬɪɚɰɢɢ ɢ ɨɛɴɟɦɵ ɪɚɫɬɜɨɪɨɜ ɤɢɫɥɨɬɵ ɢ 



ɨɫɧɨɜɚɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɞɨɛɪɚɧɵ ɬɚɤ, ɱɬɨ ɧɚ 1 ɦɨɥɶ ɤɢɫɥɨɬɵ ɩɪɢɯɨɞɢɬɫɹ 2 
ɦɨɥɹ ɨɫɧɨɜɚɧɢɹ, ɢ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɩɨ ɭɪɚɜɧɟɧɢɸ: 

H2SO4+2NaOH=Na2SO4+2H2O,  H3 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɤɰɢɢ ɨɛɪɚɡɭɟɬɫɹ 1 ɦɨɥɶ ɧɨɪɦɚɥɶɧɨɣ ɫɨɥɢ ɢ 2 ɦɨɥɹ ɜɨɞɵ. 

Ɂɚɞɚɧɢɟ: 
1. ɉɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɜɪɟɦɟɧɢ ɢ ɨɩɪɟɞɟɥɢɬɶ 

ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ ɞɥɹ ɞɚɧɧɨɝɨ ɨɩɵɬɚ. 
2. Ɂɚɧɟɫɬɢ ɪɟɡɭɥɶɬɚɬɵ ɨɩɵɬɚ 2 ɜ ɬɚɛɥɢɰɭ. 
3. ȼɵɱɢɫɥɢɬɶ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɞɥɹ ɜɫɟɯ ɨɩɵɬɨɜ 

(ɇ1, ɇ2, ɇ3) ɩɨ ɮɨɪɦɭɥɟ: ɇ=VdCT250,001, 
ɝɞɟ V – ɨɛɴɟɦ ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫɨɥɢ, ɦɥ; 

d – ɩɥɨɬɧɨɫɬɶ ɞɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɝ/ɦɥ; 
ɋ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɪɚɫɬɜɨɪɚ, ɞɠ/(ɝɄ); Ɍ – ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɪɚɡɧɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪ ɞɨ ɪɟɚɤɰɢɢ ɢ ɩɨɫɥɟ ɪɟɚɤɰɢɢ, 

0ɋ; 25 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱɟɬɚ ɬɟɩɥɨɬɵ ɪɟɚɤɰɢɢ ɧɚ ɨɞɢɧ ɥɢɬɪ ɳɟɥɨɱɢ, ɜɡɹɬɨɣ 
ɞɥɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɤɢɫɥɨɬɵ; 0,001 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɫɱɟɬɚ (Ⱦɠ ɜ ɤȾɠ). 

4. ȼɵɱɢɫɥɢɬɶ ɫɭɦɦɚɪɧɭɸ ɬɟɩɥɨɬɭ ɇ1+ɇ2 ɪɟɚɤɰɢɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ. 
5. ɋɪɚɜɧɢɬɶ ɡɧɚɱɟɧɢɟ ɫɭɦɦɚɪɧɨɣ ɬɟɩɥɨɬɵ ɪɟɚɤɰɢɢ ɇ1+ɇ2 ɫɨ ɡɧɚɱɟɧɢɟɦ ɇ3 ɢ ɫɞɟɥɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɵɜɨɞɵ. 
6. ȼɵɱɢɫɥɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɨɲɢɛɤɭ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɬɵ ɪɟɚɤɰɢɢ ɩɨ 

ɮɨɪɦɭɥɟ 

Kɨɲ = 
  


H H H

H

3 1 2

3

100%
  ( )

. 

7. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɫɩɪɚɜɟɞɥɢɜɨɫɬɢ ɡɚɤɨɧɚ 
Ƚɟɫɫɚ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 
2 ɏɢɦɢɱɟɫɤая ɤɢɧɟɬɢɤа. ɏɢɦɢɱɟɫɤɨɟ ɪаɜɧɨɜɟɫɢɟ 

 
2.1 ɏɢɦɢɱɟɫɤая ɤɢɧɟɬɢɤа 

ɏɢɦɢɱɟɫɤɚɹ ɤɢɧɟɬɢɤɚ ɢɡɭɱɚɟɬ ɦɟɯɚɧɢɡɦ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɢ ɮɚɤɬɨɪɵ, 
ɜɥɢɹɸɳɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɢɯ ɩɪɨɬɟɤɚɧɢɹ.  

Ɋɟɚɤɰɢɢ ɦɨɝɭɬ ɛɵɬɶ ɝɨɦɨɝɟɧɧɵɦɢ ɢ ɝɟɬɟɪɨɝɟɧɧɵɦɢ. Ƚɨɦɨɝɟɧɧɵɟ ɪɟɚɤɰɢɢ 
ɩɪɨɬɟɤɚɸɬ ɜ ɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ (ɧɚɩɪɢɦɟɪ, ɜ ɝɚɡɨɜɨɣ ɫɪɟɞɟ ɢɥɢ ɠɢɞɤɨɦ ɪɚɫɬɜɨɪɟ). 
Ƚɟɬɟɪɨɝɟɧɧɵɟ ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɜ ɧɟɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ – ɦɟɠɞɭ ɜɟɳɟɫɬɜɚɦɢ, 
ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɡɧɵɯ ɮɚɡɚɯ (ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ, ɝɚɡɨɜɨɣ ɢ ɠɢɞɤɨɣ, ɞɜɭɦɹ 
ɬɜɟɪɞɵɦɢ ɢ ɬ.ɞ.). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɨɦɨɝɟɧɧɵɟ ɪɟɚɤɰɢɢ ɩɪɨɢɫɯɨɞɹɬ ɪɚɜɧɨɦɟɪɧɨ ɜɨ 
ɜɫɟɦ ɨɛɴɟɦɟ, ɡɚɩɨɥɧɟɧɧɨɦ ɪɟɚɝɟɧɬɚɦɢ, ɝɟɬɟɪɨɝɟɧɧɵɟ – ɬɨɥɶɤɨ ɧɚ ɧɟɤɨɬɨɪɵɯ 
ɝɪɚɧɢɱɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ, ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ.  

ɋɤɨɪɨɫɬɶɸ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɧɚɡɵɜɚɟɬɫɹ ɱɢɫɥɨ ɷɥɟɦɟɧɬɚɪɧɵɯ ɚɤɬɨɜ 
ɪɟɚɤɰɢɢ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɜ ɟɞɢɧɢɰɟ ɨɛɴɟɦɚ (ɜ ɫɥɭɱɚɟ 
ɝɨɦɨɝɟɧɧɨɣ ɪɟɚɤɰɢɢ). ɋɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɨɛɵɱɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɢɡɦɟɧɟɧɢɟɦ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɚɤɨɝɨ-ɥɢɛɨ ɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɥɢ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ 
ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ. Ɉɛɵɱɧɨ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɜɵɪɚɠɚɸɬ ɜ ɦɨлɶ/л·ɫ.  

ȼ ɯɨɞɟ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɟɳɟɫɬɜ ɦɟɧɹɸɬɫɹ 
ɧɟɩɪɟɪɵɜɧɨ. ɉɨɷɬɨɦɭ ɜɚɠɧɨ ɡɧɚɬɶ ɜɟɥɢɱɢɧɭ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ, ɬ.ɟ. ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. Ɉɧɚ ɜɵɪɚɠɚɟɬɫɹ ɩɪɨɢɡɜɨɞɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɨ ɜɪɟɦɟɧɢ: 


d

dC . 

ȿɫɥɢ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɨɰɟɧɢɜɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɞɧɨɝɨ ɢɡ 
ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ, ɬɨ ɩɪɨɢɡɜɨɞɧɚɹ ɛɟɪɟɬɫɹ ɫɨ ɡɧɚɤɨɦ ɩɥɸɫ.  

ȼ ɝɟɬɟɪɨɝɟɧɧɵɯ ɪɟɚɤɰɢɹɯ ɦɝɧɨɜɟɧɧɚɹ ɢɥɢ ɢɫɬɢɧɧɚɹ ɫɤɨɪɨɫɬɶ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɜɵɪɚɠɟɧɢɟɦ 
d

dCS , ɝɞɟ dCS – ɢɡɦɟɧɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɞɧɨɝɨ 

ɢɡ ɜɟɳɟɫɬɜ (ɝɚɡɚ ɢɥɢ ɠɢɞɤɨɫɬɢ), ɢɡɦɟɪɹɟɦɨɣ ɤɨɥɢɱɟɫɬɜɨɦ ɦɨɥɟɣ ɷɬɢɯ ɜɟɳɟɫɬɜ, 
ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɟɞɢɧɢɰɭ ɪɟɚɤɰɢɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɦɨлɶ/ɫɦ2). 

ɋɤɨɪɨɫɬɶ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, 
ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ, ɨɩɪɟɞɟɥɹɟɦɵɯ ɬɟɦɩɟɪɚɬɭɪɨɣ, ɚɝɪɟɝɚɬɧɵɦ 
ɫɨɫɬɨɹɧɢɟɦ ɢɥɢ ɫɬɟɩɟɧɶɸ ɢɡɦɟɥɶɱɟɧɧɨɫɬɢ (ɞɥɹ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦ), ɧɚɥɢɱɢɟɦ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɣ, ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɪɚɡɥɢɱɧɵɯ 
ɢɡɥɭɱɟɧɢɣ.  

Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɣ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɤɨɧɨɦ ɞɟɣɫɬɜɢɹ ɦɚɫɫ: 

ɉɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɤɨɪɨɫɬɶ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɩɪɹɦɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɩɪɨɢɡɜɟɞɟɧɢɸ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɜɡɹɬɵɯ 
ɜ ɫɬɟɩɟɧɹɯ, ɪɚɜɧɵɯ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɦ ɤɨэɮɮɢɰɢɟɧɬɚɦ ɜ ɭɪɚɜɧɟɧɢɢ 
ɪɟɚɤɰɢɢ.  

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɪɟɚɤɰɢɢ аȺ + bB ĺ cC + dD ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ 
ɡɚɤɨɧɚ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ ɢɦɟɟɬ ɜɢɞ:  

b
B

a
A CKC  , 



ɝɞɟ υ – cɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ; 
ɋȺ ɢ ɋȼ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɟɚɝɟɧɬɨɜ Ⱥ ɢ ȼ; 
а, b – ɫɬɟɯɢɦɟɬɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜ ɭɪɚɜɧɟɧɢɢ ɪɟɚɤɰɢɢ; 
К – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɫɬɢ, ɧɚɡɵɜɚɟɦɵɣ ɤɨɧɫɬɚɧɬɨɣ ɫɤɨɪɨɫɬɢ 

ɪɟɚɤɰɢɢ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɩɪɢɪɨɞɵ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɬɟɦɩɟɪɚɬɭɪɵ, ɧɚɥɢɱɢɹ 
ɤɚɬɚɥɢɡɚɬɨɪɚ, ɧɨ ɧɟ ɡɚɜɢɫɹɳɢɣ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɟɚɤɰɢɢ ɜɟɳɟɫɬɜ.  

Ɂɚɤɨɧ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ ɫɩɪɚɜɟɞɥɢɜ ɬɨɥɶɤɨ ɞɥɹ ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɯ ɩɨ 
ɫɜɨɟɦɭ ɦɟɯɚɧɢɡɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɝɚɡɚɯ ɢɥɢ ɜ ɪɚɡɛɚɜɥɟɧɧɵɯ 
ɪɚɫɬɜɨɪɚɯ ɢ ɧɟ ɭɱɢɬɵɜɚɟɬ ɧɚɥɢɱɢɟ ɜɟɳɟɫɬɜ ɜ ɬɜɟɪɞɨɣ ɮɚɡɟ. ɇɚɩɪɢɦɟɪ, ɫɤɨɪɨɫɬɶ 
ɪɟɚɤɰɢɢ Si(ɬ) + O2(ɝ) ĺ SiO2(ɬ) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ:  

2OCK  , 
ɝɞɟ υ – ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ;  
К – ɤɨɧɫɬɚɧɬɚ ɫɤɨɪɨɫɬɢ; 

2OC - ɤɨɧɰɟɧɬɪɚɰɢɹ Ɉ2 ɜ ɝɚɡɨɨɛɪɚɡɧɨɣ ɮɚɡɟ ɧɚɞ ɪɟɚɤɰɢɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. 
Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɚɜɢɥɨɦ ȼɚɧɬ-Ƚɨɮɮɚ: ɫɤɨɪɨɫɬɶ ɛɨɥɶɲɢɧɫɬɜɚ ɪɟɚɤɰɢɣ ɩɪɢ ɩɨɜɵɲɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɚɠɞɵɟ 10 ɝɪɚɞɭɫɨɜ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 2÷4 ɪɚɡɚ. 
Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɷɬɨɝɨ ɩɪɚɜɢɥɚ ɢɦɟɟɬ ɜɢɞ: 

10
12

1

2

TT

T

T
 


, 

ɝɞɟ 
1T  ɢ 

2T  ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɩɪɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ1 ɢ 
ɤɨɧɟɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Ɍ2; 

γ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ ɨɬ 2 ɞɨ 4.  

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɨɬ 
ɬɟɦɩɟɪɚɬɭɪɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ Аɪɪɟɧɢɭɫɚ: 

RT

E A

eAK
 , 

ɝɞɟ Ⱥ – ɩɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ;  
ȿȺ – ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɪɟɚɤɰɢɢ;  
Ɍ –ɬɟɦɩɟɪɚɬɭɪɚ: 
R – ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɝɚɡɨɜɚɹ ɩɨɫɬɨɹɧɧɚɹ.  
ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ ɪɟɚɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɪɶɟɪ 

ɦɟɠɞɭ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦɢ ɦɨɥɟɤɭɥɚɦɢ, ɤɨɬɨɪɵɣ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɡɚɜɢɫɢɬ ɨɬ 
ɩɪɢɪɨɞɵ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ  

ɑɟɦ ɛɨɥɶɲɟ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ, ɬɟɦ ɦɟɧɶɲɟ (ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ) 
ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ – ɷɬɨ ɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɚɹ 
ɷɧɟɪɝɢɹ, ɤɨɬɨɪɨɣ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɱɚɫɬɢɰɵ ɞɥɹ ɨɫɥɚɛɥɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɜ 
ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜɚɯ ɢ ɞɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥ ɨɬɬɚɥɤɢɜɚɧɢɹ ɦɟɠɞɭ ɷɥɟɤɬɪɨɧɧɵɦɢ 
ɨɛɨɥɨɱɤɚɦɢ ɩɪɢ ɫɛɥɢɠɟɧɢɢ ɦɨɥɟɤɭɥ ɢ ɚɬɨɦɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɜɟɳɟɫɬɜ.  

ɉɪɟɞɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɦɧɨɠɢɬɟɥɶ Ⱥ ɜ ɭɪɚɜɧɟɧɢɢ Ⱥɪɪɟɧɢɭɫɚ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɤɨɧɫɬɚɧɬɭ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɩɪɢ ȿȺ=0, ɬ.ɟ. ɜ 
ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɫɟ ɦɨɥɟɤɭɥɵ ɜ ɫɢɫɬɟɦɟ ɪɟɚɤɰɢɨɧɧɨɫɩɨɫɨɛɧɵ ɢ ɜɫɟ ɫɨɭɞɚɪɟɧɢɹ 
ɦɨɥɟɤɭɥ – ɷɮɮɟɤɬɢɜɧɵ.  

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɨɡɪɚɫɬɚɟɬ ɫɪɟɞɧɹɹ ɤɢɧɟɬɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ 
ɦɨɥɟɤɭɥ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɱɢɫɥɨ ɦɨɥɟɤɭɥ ɫ ɷɧɟɪɝɢɟɣ, ɛɨɥɶɲɟɣ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ ɢ, 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɱɢɫɥɨ ɯɢɦɢɱɟɫɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɦɨɥɟɤɭɥ.  



ɋɧɢɡɢɬɶ ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ ɢ ɩɨɜɵɫɢɬɶ ɫɤɨɪɨɫɬɶ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 
ɜɨɡɦɨɠɧɨ ɬɚɤɠɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. ɉɪɢ ɜɜɟɞɟɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ 
ɯɢɦɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɭɫɥɨɠɧɹɟɬɫɹ, ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɫɬɚɞɢɣ, ɤɚɠɞɚɹ ɢɡ 
ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɛɨɥɟɟ ɧɢɡɤɭɸ ɷɧɟɪɝɢɸ ɚɤɬɢɜɚɰɢɢ, ɱɟɦ ɫɬɚɞɢɢ ɩɪɨɰɟɫɫɚ ɜ 
ɨɬɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ. 

 
2.2 ɏɢɦɢɱɟɫɤɨɟ ɪаɜɧɨɜɟɫɢɟ 

ȿɫɥɢ ɩɪɢ ɯɢɦɢɱɟɫɤɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɯɨɬɹ ɛɵ ɨɞɧɨ ɢɡ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ 
ɪɚɫɯɨɞɭɟɬɫɹ ɩɨɥɧɨɫɬɶɸ, ɪɟɚɤɰɢɸ ɫɱɢɬɚɸɬ ɧɟɨɛɪɚɬɢɦɨɣ, ɩɪɨɬɟɤɚɸɳɟɣ ɞɨ ɤɨɧɰɚ. 
Ʉ ɧɟɨɛɪɚɬɢɦɵɦ ɪɟɚɤɰɢɹɦ ɩɪɢɧɹɬɨ ɨɬɧɨɫɢɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɜɟɳɟɫɬɜɚɦɢ, 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɵɯ ɨɛɪɚɡɭɸɬɫɹ ɨɫɚɞɤɢ, ɝɚɡɵ ɢ ɦɚɥɨɞɢɫɫɨɰɢɢɪɭɸɳɢɟ ɜɟɳɟɫɬɜɚ. 
ɇɚɩɪɢɦɟɪ,  

BaCl2 + NaSO4 ĺ BaSO4Ļ + 2NaCl.  
Ɇɧɨɝɢɟ ɯɢɦɢɱɟɫɤɢɟ ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɨɛɪɚɬɢɦɨ. ɂɯ ɨɫɨɛɟɧɧɨɫɬɶ 

ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɨɧɢ ɢɞɭɬ ɧɟ ɞɨ ɤɨɧɰɚ, ɜ ɫɢɫɬɟɦɟ ɜɫɟɝɞɚ ɨɫɬɚɟɬɫɹ (ɜ ɛɨɥɶɲɟɦ 
ɢɥɢ ɦɟɧɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ) ɤɚɠɞɨɟ ɢɡ ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ. ɇɚɩɪɢɦɟɪ:  

322 23 NHNH  . 
Ɋɟɚɤɰɢɸ, ɩɪɨɬɟɤɚɸɳɭɸ ɜ ɩɪɚɜɭɸ ɫɬɨɪɨɧɭ (ĺ) ɧɚɡɵɜɚɸɬ ɩɪɹɦɨɣ; ɚ ɜ ɥɟɜɭɸ 

(←) – ɨɛɪɚɬɧɨɣ. ȿɫɥɢ ɜ ɫɢɫɬɟɦɟ ɫɤɨɪɨɫɬɶ ɩɪɹɦɨɣ ɪɟɚɤɰɢɢ v  ɪɚɜɧɚ ɫɤɨɪɨɫɬɢ 
ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɢ v , ɫɨɫɬɨɹɧɢɟ ɫɢɬɟɦɵ ɧɚɡɵɜɚɸɬ ɯɢɦɢɱɟɫɤɢɦ ɪɚɜɧɨɜɟɫɢɟɦ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɢɧɟɬɢɱɟɫɤɢɦ ɭɫɥɨɜɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɹɜɥɹɟɬɫɹ 
ɪɚɜɟɧɫɬɜɨ: vv   

ɋɨɝɥɚɫɧɨ ɡɚɤɨɧɭ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ ɫɤɨɪɨɫɬɢ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɣ 
ɞɥɹ ɫɢɫɬɟɦɵ, ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɛɭɞɭɬ ɪɚɜɧɵ:  

dDcCbBaA  , 
b
B

a
A CCK  1 ,                      d

D
c
C CCK  2 , 

ɝɞɟ К1, К2 – ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɞɥɹ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɣ;  
ɋȺ, ɋȼ, ɋɋ, ɋD – ɪɚɜɧɨɜɟɫɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɟɳɟɫɬɜ Ⱥ, ȼ, ɋ, 

D. 

ȼ ɫɨɫɬɨɹɧɢɢ ɯɢɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ b
B

a
A CCK 1 = d

D
c
C CCK 2  ɜɟɥɢɱɢɧɚ, 

ɪɚɜɧɚɹ ɨɬɧɨɲɟɧɢɸ ɤɨɧɫɬɚɧɬ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɫɤɨɪɨɫɬɟɣ 
2

1

K

K
KC   ɧɚɡɵɜɚɟɬɫɹ 

ɤɨɧɫɬɚɧɬɨɣ ɪɚɜɧɨɜɟɫɢɹ. Ɉɧɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɱɟɪɟɡ ɪɚɜɧɨɜɟɫɧɵɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ b
B

a
A

d
D

c
C

C CC

CC
K 

 . 

Эɬɨ ɜɵɪɚɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɡɚɩɢɫɶɸ ɡɚɤɨɧɚ ɞɟɣɫɬɜɢɹ ɦɚɫɫ ɞɥɹ 
ɨɛɪɚɬɢɦɨɣ ɪɟɚɤɰɢɢ.  

ɏɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ, ɨɬɜɟɱɚɸɳɟɟ ɪɚɜɟɧɫɬɜɭ ɫɤɨɪɨɫɬɟɣ ɩɪɹɦɨɣ ɢ 
ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɣ (   ), ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɢɫɬɟɦɵ 
ɩɪɢ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɵɦ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɫɨɯɪɚɧɹɸɬɫɹ 
ɩɨɫɬɨɹɧɧɵɦɢ ɩɚɪɚɦɟɬɪɵ, ɩɪɢ ɤɨɬɨɪɵɯ ɪɚɜɧɨɜɟɫɢɟ ɭɫɬɚɧɨɜɢɥɨɫɶ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ 
ɭɫɥɨɜɢɣ ɪɚɜɧɨɜɟɫɢɟ ɧɚɪɭɲɚɟɬɫɹ ɢ ɫɦɟɳɚɟɬɫɹ ɜ ɩɪɚɜɭɸ ɢɥɢ ɥɟɜɭɸ ɫɬɨɪɨɧɭ. ɑɟɪɟɡ 
ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɫɢɫɬɟɦɚ ɜɧɨɜɶ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɜɟɫɧɨɣ, ɬ.ɟ. ɨɧɚ ɩɟɪɟɯɨɞɢɬ ɢɡ 
ɨɞɧɨɝɨ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɞɪɭɝɨɟ. ȿɫɥɢ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ 
ɯɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ ɧɚɪɭɲɚɟɬɫɹ ɬɚɤ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɩɪɹɦɨɣ ɪɟɚɤɰɢɢ ɫɬɚɧɨɜɢɬɫɹ 



ɛɨɥɶɲɟ ɫɤɨɪɨɫɬɢ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɢ (   ), ɬɨ ɪɚɜɧɨɜɟɫɢɟ ɫɦɟɳɚɟɬɫɹ ɜɩɪɚɜɨ. 
ȿɫɥɢ ɠɟ ɪɚɜɧɨɜɟɫɢɟ ɧɚɪɭɲɚɟɬɫɹ ɬɚɤ, ɱɬɨ ɫɤɨɪɨɫɬɶ ɩɪɹɦɨɣ ɪɟɚɤɰɢɢ ɫɬɚɧɨɜɢɬɫɹ 
ɦɟɧɶɲɟ, ɱɟɦ ɫɤɨɪɨɫɬɶ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɢ (   ), ɬɨ ɪɚɜɧɨɜɟɫɢɟ ɫɦɟɳɚɟɬɫɹ ɜɥɟɜɨ. 
ɇɚɩɪɚɜɥɟɧɢɟ ɫɦɟɳɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɧɰɢɩɨɦ Ʌɟ 
ɒɚɬɟɥɶɟ: ɟɫɥɢ ɧɚ ɫɢɫɬɟɦɭ, ɧɚɯɨɞɹɳɭɸɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɨɤɚɡɚɬɶ ɜɧɟɲɧɟɟ 
ɜɨɡɞɟɣɫɬɜɢɟ, ɬɨ ɪɚɜɧɨɜɟɫɢɟ ɫɦɟɳɚɟɬɫɹ ɜ ɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɤɨɬɨɪɨɟ 
ɨɫɥɚɛɥɹɟɬ эɮɮɟɤɬ ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ.  

ɋɦɟɳɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɨ ɢɡɦɟɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɞɧɨɝɨ ɢɡ ɪɟɚɝɟɧɬɨɜ, ɞɚɜɥɟɧɢɹ.  

ɉɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ 
ɷɧɞɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ (∆H > 0). Эɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɩɪɢ ɷɬɨɦ ɪɚɜɧɨɜɟɫɢɟ 
ɫɦɟɳɚɟɬɫɹ ɜɩɪɚɜɨ ɬɨɝɞɚ, ɤɨɝɞɚ ɩɪɹɦɚɹ ɪɟɚɤɰɢɹ ɢɞɟɬ ɫ ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɨɬɵ. 
ɂɦɟɧɧɨ ɜ ɷɬɨɦ ɩɪɨɹɜɥɹɟɬɫɹ ɩɪɨɬɢɜɨɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦɵ ɨɤɚɡɚɧɧɨɦɭ ɢɡɜɧɟ 
ɜɨɡɞɟɣɫɬɜɢɸ (ɩɨɜɵɲɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɵ). ɇɚɨɛɨɪɨɬ, ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ 
ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ (∆H < 0) ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɟɬɫɹ. 
Эɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɜɧɨɜɟɫɢɟ ɷɤɡɨɬɟɪɦɢɱɟɫɤɨɣ 
ɪɟɚɤɰɢɢ ɫɦɟɳɚɟɬɫɹ ɜɥɟɜɨ, ɬ.ɟ. ɜ ɫɬɨɪɨɧɭ ɩɨɝɥɨɳɟɧɢɹ ɬɟɩɥɨɬɵ ɢ ɭɦɟɧɶɲɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ.  

ɋɦɟɳɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧɨ ɢɡɦɟɧɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ; ɞɨɛɚɜɥɟɧɢɟɦ ɜɟɳɟɫɬɜɚ ɜ ɪɚɜɧɨɜɟɫɧɭɸ ɫɢɫɬɟɦɭ ɢɥɢ 
ɜɵɜɨɞɨɦ ɟɝɨ ɢɡ ɫɢɫɬɟɦɵ. ɉɨ ɩɪɢɧɰɢɩɭ Ʌɟ ɒɚɬɟɥɶɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ ɪɚɜɧɨɜɟɫɢɟ ɦɟɧɹɟɬɫɹ ɜ ɫɬɨɪɨɧɭ, 
ɤɨɦɩɟɧɫɢɪɭɸɳɭɸ ɢɡɦɟɧɟɧɢɟ, ɬ.ɟ. ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɞɧɨɝɨ ɢɡ 
ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ – ɜ ɩɪɚɜɭɸ ɫɬɨɪɨɧɭ, ɚ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɞɧɨɝɨ ɢɡ 
ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ – ɜ ɥɟɜɭɸ.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɨɦ Ʌɟ ɒɚɬɟɥɶɟ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ 
ɪɚɜɧɨɜɟɫɢɟ ɫɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɨɛɪɚɡɨɜɚɧɢɹ ɦɟɧɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɣ 
ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ ɜ ɝɚɡɨɜɨɣ ɫɦɟɫɢ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ ɫɬɨɪɨɧɭ ɭɦɟɧɶɲɟɧɢɹ 
ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ. ɇɚɩɪɢɦɟɪ, ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ 

322 23 NHN   ɪɚɜɧɨɜɟɫɢɟ ɛɭɞɟɬ ɫɦɟɳɚɬɶɫɹ ɜɩɪɚɜɨ, ɜ ɫɬɨɪɨɧɭ ɦɟɧɶɲɟɝɨ 
ɱɢɫɥɚ ɦɨɥɟɣ ɝɚɡɨɨɛɪɚɡɭɸɳɢɯ ɜɟɳɟɫɬɜ. ɇɚɨɛɨɪɨɬ, ɩɪɢ ɜɧɟɲɧɟɦ ɜɨɡɞɟɣɫɬɜɢɢ, 
ɜɵɡɵɜɚɸɳɟɦ ɩɨɧɢɠɟɧɢɟ ɞɚɜɥɟɧɢɹ, ɪɚɜɧɨɜɟɫɢɟ ɫɦɟɳɚɟɬɫɹ ɜɥɟɜɨ ɜ ɫɬɨɪɨɧɭ 
ɨɛɪɚɡɨɜɚɧɢɹ ɛɨɥɶɲɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɣ ɝɚɡɚ, ɱɬɨ ɩɪɨɬɢɜɨɞɟɣɫɬɜɭɟɬ ɜɧɟɲɧɟɦɭ 
ɜɨɡɞɟɣɫɬɜɢɸ ɢ ɜɵɡɵɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ.  
 
 

2.3 Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ 
 

1. ɑɬɨ ɬɚɤɨɟ ɫɤɨɪɨɫɬɶ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ, ɜ ɤɚɤɢɯ ɟɞɢɧɢɰɚɯ ɨɧɚ 
ɢɡɦɟɪɹɟɬɫɹ? 

2. Ʉɚɤɢɟ ɮɚɤɬɨɪɵ ɜɥɢɹɸɬ ɧɚ ɫɤɨɪɨɫɬɶ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ? 
3. ɋɮɨɪɦɭɥɢɪɨɜɚɬɶ ɡɚɤɨɧ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ? 
4. Ʉɚɤɨɜ ɮɢɡɢɱɟɫɤɢɣ ɫɦɵɫɥ ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ, ɨɬ ɱɟɝɨ ɨɧɚ ɡɚɜɢɫɢɬ? 
5. Ʉɚɤ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɩɪɚɜɢɥɨ ȼɚɧɬ Ƚɨɮɮɚ ? 
6. ɑɬɨ ɩɨɤɚɡɵɜɚɟɬ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɨɪɨɫɬɢ? 
7. ɉɨɱɟɦɭ ɫɤɨɪɨɫɬɶ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɜɨɡɪɚɫɬɚɟɬ ɫ ɩɨɜɵɲɟɧɢɟɦ 

ɬɟɦɩɟɪɚɬɭɪɵ? Ɉɛɴɹɫɧɢɬɶ ɫɭɳɧɨɫɬɶ ɭɪɚɜɧɟɧɢɹ Ⱥɪɪɟɧɢɭɫɚ. 



8. Ʉɚɤ ɢɡɦɟɧɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɷɧɟɪɝɢɢ 
ɚɤɬɢɜɚɰɢɢ? Ɉɬɱɟɝɨ ɡɚɜɢɫɢɬ ɷɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ? 

9. ɑɬɨ ɧɚɡɵɜɚɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦ ɪɚɜɧɨɜɟɫɢɟɦ? 
10. ɑɬɨ ɬɚɤɨɟ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ? 
11. Ʉɚɤɢɦ ɜɧɟɲɧɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ ɦɨɠɧɨ ɫɦɟɫɬɢɬɶ ɯɢɦɢɱɟɫɤɨɟ 

ɪɚɜɧɨɜɟɫɢɟ? ȼ ɤɚɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɫɦɟɳɚɟɬɫɹ ɪɚɜɧɨɜɟɫɢɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɬɟɦɩɟɪɚɬɭɪɵ, ɤɨɧɰɟɧɬɪɚɰɢɢ, ɞɚɜɥɟɧɢɹ? 

12. Ʉɚɤ ɮɨɪɦɢɪɭɟɬɫɹ ɩɪɢɧɰɢɩ Ʌɟ-ɒɚɬɟɥɶɟ ? 
 
 

2.4 ɊɍɄɈȼɈȾɋɌȼɈ  Ʉ  ɅȺȻɈɊȺɌɈɊɇɈɃ ɊȺȻɈɌȿ  «ɋɄɈɊɈɋɌɖ 
ɏɂɆɂɑȿɋɄɂɏ ɊȿȺɄɐɂɃ.  ɏɂɆɂɑȿɋɄɈȿ  ɊȺȼɇɈȼȿɋɂȿ» 

 

ɐɟɥɶ ɪɚɛɨɬɵ: ɭɫɬɚɧɨɜɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ ɜɥɢɹɧɢɹ 
ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɮɚɤɬɨɪɨɜ. 
 

ɈɉɕɌ 1. ȼɥɢɹɧɢɟ ɩɪɢɪɨɞɵ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. 
 

                ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɦɟɬɚɥɥɚɦɢ. 

 

Ɋɟɚɤɬɢɜɵ: ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɟ ɰɢɧɤ ɢ ɨɥɨɜɨ, ɨɞɧɨɦɨɥɹɪɧɵɣ ɪɚɫɬɜɨɪ 
ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ (ɫɨɥɹɧɨɣ) ɤɢɫɥɨɬɵ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ ɞɜɟ ɩɪɨɛɢɪɤɢ ɧɚɥɢɬɶ ɩɨ 1 ɦɥ 1Ɇ ɪɚɫɬɜɨɪɚ 
ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ. ȼ ɨɞɧɭ ɢɡ ɧɢɯ ɨɩɭɫɬɢɬɶ ɤɭɫɨɱɟɤ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ 
ɨɥɨɜɚ, ɜ ɞɪɭɝɭɸ – ɬɚɤɨɣ ɠɟ ɩɨ ɪɚɡɦɟɪɚɦ ɤɭɫɨɱɟɤ ɰɢɧɤɚ. ɋɪɚɜɧɢɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɜɵɞɟɥɟɧɢɹ ɩɭɡɵɪɶɤɨɜ ɝɚɡɚ. 

Ɂɚɞɚɧɢɟ: ɋɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ ɤɢɫɥɨɬɵ 
ɫ ɰɢɧɤɨɦ ɢ ɨɥɨɜɨɦ. ɋɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɜɥɢɹɧɢɢ ɩɪɢɪɨɞɵ ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ 
ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. 
 

 ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɰɢɧɤɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɤɢɫɥɨɬɚɦɢ. 
 

Ɋɟɚɤɬɢɜɵ: ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɰɢɧɤ, ɨɞɧɨɦɨɥɹɪɧɵɟ ɪɚɫɬɜɨɪɵ 
ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ HCl , ɫɟɪɧɨɣ 42SOH , ɭɤɫɭɫɧɨɣ COOHCH3  ɤɢɫɥɨɬ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼɡɹɬɶ ɬɪɢ ɩɪɨɛɢɪɤɢ ɢ ɧɚɥɢɬɶ ɜ ɧɢɯ ɩɨ 1 ɦɥ 
ɪɚɫɬɜɨɪɨɜ ɜɫɟɯ ɤɢɫɥɨɬ ɨɞɢɧɚɤɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ: ɜ ɩɟɪɜɭɸ – ɭɤɫɭɫɧɨɣ, ɜɨ 
ɜɬɨɪɭɸ – ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ, ɜ ɬɪɟɬɶɸ – ɫɟɪɧɨɣ. ȼɨ ɜɫɟ ɩɪɨɛɢɪɤɢ ɜɧɟɫɬɢ ɩɨ 
ɨɞɢɧɚɤɨɜɨɦɭ ɤɭɫɨɱɤɭ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ ɰɢɧɤɚ. ɋɪɚɜɧɢɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 
ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɜ ɤɚɠɞɨɣ ɢɡ ɩɪɨɛɢɪɨɤ. 

Ɂɚɞɚɧɢɟ: ɇɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɰɢɧɤɚ ɫ ɭɤɫɭɫɧɨɣ, 
ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɚɦɢ. ɋɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɜɥɢɹɧɢɢ ɩɪɢɪɨɞɵ 
ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. 
 

ɈɉɕɌ 2 ȼɥɢɹɧɢɟ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. 
 

 ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɧɢɬɪɚɬɚ ɫɜɢɧɰɚ 23 )(NOPb  ɢ ɣɨɞɢɞɚ ɤɚɥɢɹ KI. 

 



ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɋɭɯɢɟ ɤɪɢɫɬɚɥɥɵ 23 )(NOPb  ɢ KI, ɮɚɪɮɨɪɨɜɚɹ 
ɫɬɭɩɤɚ, ɩɟɫɬɢɤ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ ɫɬɭɩɤɭ ɩɨɦɟɫɬɢɬɶ ɫɭɯɢɟ ɤɪɢɫɬɚɥɥɵ 23 )(NOPb  ɢ 
KI ɢ ɨɫɬɨɪɨɠɧɨ ɢɯ ɩɟɪɟɦɟɲɚɬɶ. ɉɪɨɫɥɟɞɢɬɶ, ɢɡɦɟɧɢɬɫɹ ɥɢ ɰɜɟɬ ɫɦɟɫɢ ɤɪɢɫɬɚɥɥɨɜ 
ɫɨɥɟɣ. ɉɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɬɳɚɬɟɥɶɧɨ ɪɚɫɬɟɪɟɬɶ ɩɟɫɬɢɤɨɦ. ɉɪɨɫɥɟɞɢɬɶ ɢɡɦɟɧɟɧɢɟ 
ɰɜɟɬɚ ɫɦɟɫɢ ɤɪɢɫɬɚɥɥɨɜ. ȼ ɫɦɟɫɶ ɞɨɛɚɜɢɬɶ ɧɟɫɤɨɥɶɤɨ ɤɚɩɟɥɶ ɜɨɞɵ ɢ ɩɪɨɫɥɟɞɢɬɶ 
ɢɡɦɟɧɟɧɢɟ ɹɪɤɨɫɬɢ ɨɤɪɚɫɤɢ. 

ɋɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɣ ɢ ɨɬɜɟɬɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɜɨɩɪɨɫɵ: 
ɚ) ɩɪɨɢɫɯɨɞɢɬ ɥɢ ɪɟɚɤɰɢɹ ɩɪɢ ɨɫɬɨɪɨɠɧɨɦ ɫɦɟɲɢɜɚɧɢɢ  ɫɨɥɟɣ? 
ɛ) ɤɚɤ ɢɡɦɟɧɹɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɨɤɪɚɫɤɢ ɫɦɟɫɢ ɤɪɢɫɬɚɥɥɨɜ ɢ ɫɤɨɪɨɫɬɶ 

ɪɟɚɤɰɢɢ ɩɪɢ ɬɳɚɬɟɥɶɧɨɦ ɪɚɫɬɢɪɚɧɢɢ ɷɬɢɯ ɜɟɳɟɫɬɜ? 
ɜ) ɤɚɤ ɢ ɩɨɱɟɦɭ ɢɡɦɟɧɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɜ ɫɦɟɫɶ 

ɜɨɞɵ? 
ɋɞɟɥɚɬɶ ɜɵɜɨɞɵ ɩɨ ɜɫɟɦ ɫɬɚɞɢɹɦ ɨɩɵɬɚ. 

 
 ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɚɪɛɨɧɚɬɚ ɤɚɥɶɰɢɹ ɫ ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ 

ɤɢɫɥɨɬɨɣ. 
 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɩɪɨɛɢɪɤɢ, ɤɚɪɛɨɧɚɬ ɤɚɥɶɰɢɹ (ɦɟɥ, ɦɪɚɦɨɪ) 
3CaCO  ɜ ɤɭɫɨɱɤɚɯ ɢ ɩɨɪɨɲɤɟ, ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɣ ɪɚɫɬɜɨɪ ɯɥɨɪɨɜɨɞɨɪɨɞɧɨɣ 

ɤɢɫɥɨɬɵ HCl . 
ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ ɨɞɧɭ ɩɪɨɛɢɪɤɭ ɩɨɦɟɫɬɢɬɶ ɧɟɫɤɨɥɶɤɨ ɤɭɫɨɱɤɨɜ 
3CaCO , ɜ ɞɪɭɝɭɸ – ɩɨɪɨɲɨɤ 3CaCO , ɬɨɝɨ ɠɟ ɤɨɥɢɱɟɫɬɜɚ. ȼ ɨɛɟ ɩɪɨɛɢɪɤɢ 

ɧɚɥɢɬɶ ɩɨ 5–10 ɦɥ ɤɢɫɥɨɬɵ. 
 ɉɪɨɫɥɟɞɢɬɶ, ɜ ɤɚɤɨɣ ɢɡ ɩɪɨɛɢɪɨɤ ɪɟɚɤɰɢɹ ɩɪɨɬɟɤɚɟɬ ɛɨɥɟɟ ɚɤɬɢɜɧɨ. 
ɋɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɢ ɫɞɟɥɚɬɶ ɜɵɜɨɞɵ ɨ ɜɥɢɹɧɢɢ ɫɬɟɩɟɧɢ ɢɡɦɟɥɶɱɟɧɢɹ 
ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɣ. 

8 
 
 

ɈɉɕɌ 3 Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɟɚɝɢɪɭɸɳɢɯ 
ɜɟɳɟɫɬɜ. 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɫ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ. 
 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɯɢɦɢɱɟɫɤɢɟ ɫɬɚɤɚɧɱɢɤɢ, ɩɪɨɛɢɪɤɢ, ɫɟɤɭɧɞɨɦɟɪ, 
ɪɚɫɬɜɨɪɵ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ 322 OSNa  (1:200) ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ 42SOH  
(1:200). 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ɉɪɨɜɟɫɬɢ ɜɧɚɱɚɥɟ ɤɚɱɟɫɬɜɟɧɧɵɣ ɨɩɵɬ, ɞɥɹ ɷɬɨɝɨ ɜ 
ɩɪɨɛɢɪɤɭ ɧɚɥɢɬɶ 1 ɦɥ ɪɚɫɬɜɨɪɚ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɢ ɞɨɛɚɜɢɬɶ 1–2 ɤɚɩɥɢ 
ɪɚɫɬɜɨɪɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. Ɋɟɚɤɰɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɬɟɤɚɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜ ɬɪɢ 
ɷɬɚɩɚ: 

   





2232

32322

4242322

)3

)2

)1

SOOHSOH

SSOHOSH

SOHSOHOSNa

 

ɉɟɪɜɚɹ ɢ ɬɪɟɬɶɹ ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɦɝɧɨɜɟɧɧɨ, ɧɨ ɜɬɨɪɚɹ 
ɢɞɟɬ ɧɚɢɛɨɥɟɟ ɦɟɞɥɟɧɧɨ, ɹɜɥɹɟɬɫɹ ɥɢɦɢɬɢɪɭɸɳɟɣ. ɂɦɟɧɧɨ ɫɤɨɪɨɫɬɶɸ ɜɬɨɪɨɣ 



ɪɟɚɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɜ ɰɟɥɨɦ. ɉɨɹɜɥɟɧɢɟ ɫɜɨɛɨɞɧɨɣ 
ɫɟɪɵ ɜ ɯɨɞɟ ɷɬɨɣ ɪɟɚɤɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɥɭɛɨɜɚɬɨɝɨ ɨɬɬɟɧɤɚ 
(ɨɩɚɥɟɫɰɟɧɰɢɢ) ɚ ɡɚɬɟɦ ɩɨɦɭɬɧɟɧɢɹ ɪɚɫɬɜɨɪɚ. ȼɪɟɦɹ, ɩɪɨɯɨɞɹɳɟɟ ɨɬ ɫɥɢɜɚɧɢɹ 
ɪɚɫɬɜɨɪɨɜ ɞɨ ɡɚɦɟɬɧɨɝɨ ɩɨɦɭɬɧɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ ɜɫɟɣ ɪɟɚɤɰɢɢ, ɚ ɜɟɥɢɱɢɧɚ, 
ɨɛɪɚɬɧɚɹ ɷɬɨɦɭ ɜɪɟɦɟɧɢ, ɞɚɟɬ ɡɧɚɱɟɧɢɟ ɭɫɥɨɜɧɨɣ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ. 

ȼ ɬɪɢ ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɯ ɫɬɚɤɚɧɱɢɤɚ (ɢɥɢ ɩɪɨɛɢɪɤɢ) ɧɚɥɢɬɶ ɪɚɫɬɜɨɪ 
322 OSNa : ɜ ɩɟɪɜɵɣ–5 ɦɥ, ɜɨ ɜɬɨɪɨɣ–10 ɦɥ, ɜ ɬɪɟɬɢɣ–15 ɦɥ ɢ ɡɚɬɟɦ ɞɨɛɚɜɢɬɶ 

ɜɨɞɭ: ɜ ɩɟɪɜɵɣ–10 ɦɥ, ɜɨ ɜɬɨɪɨɣ–5 ɦɥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɭɞɭɬ ɩɪɢɝɨɬɨɜɥɟɧɵ ɬɪɢ 
ɪɚɫɬɜɨɪɚ ɫ ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ. ɍɫɥɨɜɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ 

322 OSNa  ɜ ɩɟɪɜɨɦ ɫɬɚɤɚɧɱɢɤɟ ɛɭɞɟɬ ɋ, ɜɨ ɜɬɨɪɨɦ 2ɋ, ɜ ɬɪɟɬɶɟɦ 3ɋ. 
ȼ ɬɪɢ ɩɪɨɛɢɪɤɢ ɧɚɥɢɬɶ ɩɨ 5 ɦɥ ɪɚɫɬɜɨɪɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. ɋɝɪɭɩɩɢɪɨɜɚɬɶ 

ɩɨɩɚɪɧɨ ɪɚɫɬɜɨɪɵ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɢ ɡɚɬɟɦ ɢɯ ɫɥɢɬɶ ɜɦɟɫɬɟ, 
ɨɬɦɟɱɚɹ ɩɪɢ ɷɬɨɦ ɜɪɟɦɹ ɧɚɱɚɥɚ ɪɟɚɤɰɢɢ (ɨɬ ɦɨɦɟɧɬɚ ɫɥɢɜɚɧɢɹ) ɞɨ ɩɨɹɜɥɟɧɢɹ 
ɝɨɥɭɛɨɜɚɬɨɣ ɨɩɚɥɟɫɰɟɧɰɢɢ – ɤɨɧɰɚ ɪɟɚɤɰɢɢ. 

 
Ɂɚɞɚɧɢɟ: 
 
1. Ɋɟɡɭɥɶɬɚɬɵ ɨɩɵɬɚ ɡɚɧɟɫɬɢ ɜ ɬɚɛɥɢɰɭ. 

 

 
№ 

ɪɚɫɬɜɨɪɚ 

 
Ʉɨɥɢɱɟɫɬɜɨ ɪɚɫɬɜɨɪɚ, ɦɥ 

ɍɫɥɨɜɧɚɹ 
ɤɨɧɰɟɧɬɪɚ- 

ɰɢɹ ɪɚɫɬɜɨɪɚ, 
C  

ȼɪɟɦɹ 
ɩɪɨɬɟɤɚ-

ɧɢɹ 
ɪɟɚɤɰɢɢ, 

ct,  

ɍɫɥɨɜɧɚɹ 
ɫɤɨɪɨɫɬɶ 
ɪɟɚɤɰɢɢ, 

1,
1  c
t

v  
42SOH  322 OSNa  OH 2

 

1 5 5 10 1   
2 5 10 5 2   

3 5 15 - 3   

 
2.ɉɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɪɟɚɝɢɪɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɝɞɟ ɧɚ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɥɨɠɢɬɶ ɭɫɥɨɜɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɪɚɫɬɜɨɪɚ 

322 OSNa , ɧɚ ɨɫɢ ɨɪɞɢɧɚɬ – ɭɫɥɨɜɧɭɸ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. 
3. ɋɞɟɥɚɬɶ ɜɵɜɨɞɵ ɢ ɨɬɜɟɬɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɜɨɩɪɨɫɵ: 
ɚ) ɤɚɤ ɩɨɜɵɲɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɜɥɢɹɟɬ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ? 
ɛ) ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɡɚɤɨɧ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ ɢ ɡɚɩɢɫɚɬɶ ɟɝɨ 

ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɞɚɧɧɨɣ ɪɟɚɤɰɢɢ? 
ɜ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ )(Cfv   (ɮɨɪɦɚ ɝɪɚɮɢɤɚ) 

ɡɚɤɨɧɭ ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ? 
ɝ) ɤɚɤɢɦ ɞɨɥɠɟɧ ɛɵɬɶ ɝɪɚɮɢɤ ɩɪɢ ɪɟɚɥɶɧɨɦ ɜɵɩɨɥɧɟɧɢɢ ɡɚɤɨɧɚ 

ɞɟɣɫɬɜɭɸɳɢɯ ɦɚɫɫ? 
 
 

ɈɉɕɌ 4 Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɫ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ. 

 



ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɩɪɨɛɢɪɤɢ, ɬɟɪɦɨɦɟɬɪ, ɫɟɤɭɧɞɨɦɟɪ, ɜɨɞɹɧɚɹ ɛɚɧɹ, 
ɪɚɫɬɜɨɪɵ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ (1:200) ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ (1:200). 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ ɬɪɢ ɩɪɨɛɢɪɤɢ ɧɚɥɢɬɶ ɩɨ 5 ɦɥ ɪɚɫɬɜɨɪɚ 
ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ, ɜ ɞɪɭɝɢɟ ɬɪɢ ɩɪɨɛɢɪɤɢ – ɩɨ 5 ɦɥ ɪɚɫɬɜɨɪɚ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. 
ɋɝɪɭɩɩɢɪɨɜɚɬɶ ɩɪɨɛɢɪɤɢ ɜ ɬɪɢ ɩɚɪɵ (ɬɢɨɫɭɥɶɮɚɬ ɧɚɬɪɢɹ – ɫɟɪɧɚɹ ɤɢɫɥɨɬɚ). 

ɉɨɦɟɫɬɢɬɶ ɩɟɪɜɭɸ ɩɚɪɭ ɩɪɨɛɢɪɨɤ ɫ ɬɟɪɦɨɦɟɬɪɨɦ ɜ ɫɬɚɤɚɧ ɫ ɜɨɞɨɣ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɱɟɪɟɡ 3–5 ɦɢɧɭɬ, ɤɨɝɞɚ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɨɜ 
ɜɵɪɨɜɧɹɟɬɫɹ, ɡɚɩɢɫɚɬɶ ɩɨɤɚɡɚɧɢɹ ɬɟɪɦɨɦɟɬɪɚ. ɋɥɢɬɶ ɫɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɨɤ ɜ 
ɨɞɧɭ, ɩɟɪɟɦɟɲɚɬɶ ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɜɫɬɪɹɯɢɜɚɧɢɟɦ ɢ, ɩɨɦɟɫɬɢɜ ɜ ɫɬɚɤɚɧ ɫ 
ɜɨɞɨɣ, ɭɫɬɚɧɨɜɢɬɶ ɜɪɟɦɹ ɨɬ ɧɚɱɚɥɚ ɪɟɚɤɰɢɢ ɞɨ ɩɨɹɜɥɟɧɢɹ ɫɥɚɛɨɣ ɨɩɚɥɟɫɰɟɧɰɢɢ. 

Ⱦɨɛɚɜɢɜ ɜ ɫɬɚɤɚɧ ɝɨɪɹɱɭɸ ɜɨɞɭ ɢɡ ɜɨɞɹɧɨɣ ɛɚɧɢ, ɞɨɜɟɫɬɢ ɬɟɦɩɟɪɚɬɭɪɭ 
ɜɨɞɵ ɧɚ 10 0ɋ ɜɵɲɟ, ɱɟɦ ɤɨɦɧɚɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɢ ɩɨɦɟɫɬɢɬɶ ɜ ɫɬɚɤɚɧ ɜɬɨɪɭɸ 
ɩɚɪɭ ɩɪɨɛɢɪɨɤ. ȼɵɞɟɪɠɚɬɶ ɩɪɨɛɢɪɤɢ ɜ ɜɨɞɟ ɫ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɟ ɦɟɧɟɟ 5 
ɦɢɧɭɬ ɫ ɬɟɦ, ɱɬɨɛɵ ɫɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɨɤ ɩɪɢɨɛɪɟɥɨ ɡɚɞɚɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ. ɉɪɢ 
ɷɬɨɦ ɫɥɟɞɭɟɬ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɡɚɞɚɧɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɜ ɫɬɚɤɚɧɟ, ɩɨɫɬɟɩɟɧɧɨ 
ɞɨɛɚɜɥɹɹ ɝɨɪɹɱɭɸ ɜɨɞɭ ɢɡ ɜɨɞɹɧɨɣ ɛɚɧɢ. ɋɥɢɬɶ ɫɨɞɟɪɠɢɦɨɟ ɨɛɟɢɯ ɩɪɨɛɢɪɨɤ ɜ 
ɨɞɧɭ ɢ ɩɨɦɟɫɬɢɬɶ ɟɟ ɜ ɫɬɚɤɚɧ ɫ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ. ɍɫɬɚɧɨɜɢɬɶ ɜɪɟɦɹ ɨɬ 
ɧɚɱɚɥɚ ɪɟɚɤɰɢɢ ɞɨ ɩɨɹɜɥɟɧɢɹ ɫɥɚɛɨɣ ɨɩɚɥɟɫɰɟɧɰɢɢ. ɉɪɨɞɟɥɚɬɶ ɚɧɚɥɨɝɢɱɧɵɣ ɨɩɵɬ 
ɫ ɬɪɟɬɶɟɣ ɩɚɪɨɣ ɩɪɨɛɢɪɨɤ, ɩɨɜɵɫɢɜ ɬɟɦɩɟɪɚɬɭɪɭ ɜɨɞɵ ɟɳɟ ɧɚ 10 0ɋ, ɬ.ɟ. ɧɚ 20 0ɋ 
ɜɵɲɟ ɤɨɦɧɚɬɧɨɣ. 

Ɂɚɞɚɧɢɟ: 
1. Ɋɟɡɭɥɶɬɚɬɵ ɧɚɛɥɸɞɟɧɢɣ ɡɚɧɟɫɬɢ ɜ ɬɚɛɥɢɰɭ. 
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2. ɉɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
3. ɋɞɟɥɚɬɶ ɜɵɜɨɞɵ ɢ ɨɬɜɟɬɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɜɨɩɪɨɫɵ: 

ɚ) ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɜɥɢɹɟɬ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ? 
ɛ) ɧɚɫɤɨɥɶɤɨ ɪɟɡɭɥɶɬɚɬɵ ɨɩɵɬɨɜ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɩɪɚɜɢɥɭ ȼɚɧɬ-Ƚɨɮɮɚ? 
ɜ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ )(Tfv   (ɮɨɪɦɚ ɝɪɚɮɢɤɚ) 

ɭɪɚɜɧɟɧɢɸ Ⱥɪɪɟɧɢɭɫɚ? 
ɝ) ɤɚɤɢɦ ɞɨɥɠɟɧ ɛɵɬɶ ɝɪɚɮɢɤ ɩɪɢ ɢɞɟɚɥɶɧɨɦ ɜɵɩɨɥɧɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ 

ɤɨɧɫɬɚɧɬɵ ɫɤɨɪɨɫɬɢ ɪɟɚɤɰɢɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ Ⱥɪɪɟɧɢɭɫɚ? 

 
ɈɉɕɌ 5. ȼɥɢɹɧɢɟ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. 

 

Ʉɚɬɚɥɢɬɢɱɟɫɤɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɪɨɞɚɧɢɞɚ ɠɟɥɟɡɚ 



 

Ɋɟɚɤɬɢɜɵ: ɪɚɫɬɜɨɪɵ ɪɨɞɚɧɢɞɚ ɤɚɥɢɹ KSCN , ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (ııı) 
3FeCl , ɫɭɥɶɮɚɬɚ ɦɟɞɢ 4CuSO , ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ 322 OSNa . 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɪɨɞɚɧɢɞɚ ɤɚɥɢɹ ɫ ɯɥɨɪɢɞɨɦ ɠɟɥɟɡɚ (ııı) ɨɛɪɚɡɭɟɬɫɹ 
ɦɚɥɨɞɢɫɫɨɰɢɢɪɨɜɚɧɧɨɟ ɜɟɳɟɫɬɜɨ ɤɪɨɜɚɜɨ-ɤɪɚɫɧɨɝɨ ɰɜɟɬɚ – ɪɨɞɚɧɢɞ ɠɟɥɟɡɚ (ııı). 

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɩɪɨɢɫɯɨɞɢɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɪɨɞɚɧɢɞɚ 
ɠɟɥɟɡɚ (ııı) ɞɨ ɪɨɞɚɧɢɞɚ ɠɟɥɟɡɚ (ıı), ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɪɚɫɬɜɨɪ ɨɛɟɫɰɜɟɱɢɜɚɟɬɫɹ: 

NaSCNOSNaSCNFeOSNaSCNFe  64223223 )(22)(2 . 
ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ ɩɪɨɛɢɪɤɭ ɧɚɥɢɬɶ 10 ɦɥ ɪɚɫɬɜɨɪɚ ɪɨɞɚɧɢɞɚ ɤɚɥɢɹ ɢ 

ɞɨɛɚɜɢɬɶ 1 ɦɥ ɪɚɫɬɜɨɪɚ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ 3FeCl . Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɪɚɫɬɜɨɪ 
ɪɨɞɚɧɢɞɚ ɠɟɥɟɡɚ (ııı) ɪɚɡɥɢɬɶ ɧɚ ɞɜɟ ɩɪɨɛɢɪɤɢ. 

ȼ ɨɞɧɭ ɢɡ ɩɪɨɛɢɪɨɤ ɜɧɟɫɬɢ 0,5 ɦɥ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɚɬɚ ɦɟɞɢ (ɤɚɬɚɥɢɡɚɬɨɪ). 
Ɂɚɬɟɦ ɜ ɨɛɟ ɩɪɨɛɢɪɤɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɨɛɚɜɢɬɶ ɩɨ 5 ɦɥ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ. 
Ɉɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɨɛɟɫɰɜɟɱɢɜɚɧɢɹ ɪɚɫɬɜɨɪɨɜ ɜ ɤɚɠɞɨɣ ɩɪɨɛɢɪɤɟ. 

Ɂɚɞɚɧɢɟ: ɋɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɟ ɨɛɪɚɬɧɨɣ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɪɨɞɚɧɢɞɨɦ ɤɚɥɢɹ 
ɢ ɯɪɨɪɢɞɨɦ ɠɟɥɟɡɚ (ııı). Ɂɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɪɨɞɚɧɢɞɚ 
ɠɟɥɟɡɚ (ııı) ɬɢɨɫɭɥɶɮɚɬɨɦ ɧɚɬɪɢɹ. ɋɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɜɥɢɹɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɧɚ 
ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ. 
 

 
 
ɈɉɕɌ 6. ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɟɚɝɢɪɭɸɳɢɯ ɢ ɨɛɪɚɡɭɸɳɢɯɫɹ ɜɟɳɟɫɬɜ ɧɚ 

ɯɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ. 
 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɩɪɨɛɢɪɤɢ, ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (ııı) 3FeCl  
(0,05ɇ ɢ ɧɚɫɵɳɟɧɧɵɣ), ɪɨɞɚɧɢɞɚ ɤɚɥɢɹ KSCN  (0,05ɇ ɢ ɧɚɫɵɳɟɧɧɵɣ), 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɯɥɨɪɢɞ ɤɚɥɢɹ KCl . 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (ııı) ɫ ɪɨɞɚɧɢɞɨɦ ɤɚɥɢɹ ɩɪɨɬɟɤɚɟɬ 
ɨɛɪɚɬɧɚɹ ɪɟɚɤɰɢɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɦɨɥɨɞɢɫɫɨɰɢɢɪɨɜɚɧɧɨɝɨ ɪɨɞɚɧɢɞɚ ɠɟɥɟɡɚ (ııı), 
ɢɦɟɸɳɟɝɨ ɹɪɤɭɸ ɤɪɨɜɚɜɨ-ɤɪɚɫɧɭɸ ɨɤɪɚɫɤɭ: 

KClSCNFeKSCNFeCl 3)(3 33  . 
ɋɦɟɳɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɥɟɝɤɨ ɧɚɛɥɸɞɚɬɶ ɩɨ ɢɡɦɟɧɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɨɤɪɚɫɤɢ ɪɚɫɬɜɨɪɚ. 
ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ ɩɪɨɛɢɪɤɭ ɧɚɥɢɬɶ ɩɨ 5 ɦɥ 0,05ɇ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (ııı) 

ɢ ɪɨɞɚɧɢɞɚ ɤɚɥɢɹ. ɋɨɞɟɪɠɢɦɨɟ ɪɚɡɥɢɬɶ ɧɚ ɱɟɬɵɪɟ ɩɪɨɛɢɪɤɢ. ȼ ɩɟɪɜɭɸ ɜɧɟɫɬɢ 3-4 
ɤɚɩɥɢ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɯɥɨɪɢɞɚ ɠɟɥɟɡɚ (ııı), ɜɨ ɜɬɨɪɭɸ ɬɚɤɨɟ ɠɟ ɤɨɥɢɱɟɫɬɜɨ 
ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɪɨɞɚɧɢɞɚ ɤɚɥɢɹ, ɜ ɬɪɟɬɶɸ – 2-3 ɥɨɩɚɬɤɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ 
ɯɥɨɪɢɞɚ ɤɚɥɢɹ. ɋɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɨɤ ɩɟɪɟɦɟɲɚɬɶ ɫɬɟɤɥɹɧɧɵɦɢ ɩɚɥɨɱɤɚɦɢ. 

Ɉɬɦɟɬɢɬɶ ɢɡɦɟɧɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɤɪɚɫɤɢ ɪɚɫɬɜɨɪɨɜ ɜ ɩɪɨɛɢɪɤɚɯ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɫɨɞɟɪɠɢɦɵɦ ɜ ɱɟɬɜɟɪɬɨɣ ɩɪɨɛɢɪɤɟ. 

Ɂɚɞɚɧɢɟ: Ɂɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɟ ɨɛɪɚɬɢɦɨɣ ɪɟɚɤɰɢɢ. ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɢɧɰɢɩɚ 
Ʌɟ-ɒɚɬɟɥɶɟ ɨɛɴɹɫɧɢɬɶ ɜɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɣ ɜɟɳɟɫɬɜ ɧɚ ɯɢɦɢɱɟɫɤɨɟ 
ɪɚɜɧɨɜɟɫɢɟ. 
 
 
 



3 Ɏаɡɨɜɵɟ ɪаɜɧɨɜɟɫɢя 

 

3.1 Гɨɦɨɝɟɧɧɵɟ ɢ ɝɟɬɟɪɨɝɟɧɧɵɟ ɫɢɫɬɟɦɵ 

Фɚɡɨɣ ɧɚɡɵɜɚɟɬɫɹ ɱɚɫɬɶ ɫɢɫɬɟɦɵ, ɨɞɢɧɚɤɨɜɚɹ ɜɨ ɜɫɟɯ ɬɨɱɤɚɯ ɩɨ 
ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɢ ɮɢɡɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɢ ɨɬɞɟɥɟɧɧɚɹ ɨɬ ɞɪɭɝɢɯ ɱɚɫɬɟɣ 
ɫɢɫɬɟɦɵ ɩɨɜɟɪɯɧɨɫɬɹɦɢ (ɝɪɚɧɢɰɚɦɢ ɪɚɡɞɟɥɚ.  

Ɋɚɡɥɢɱɚɸɬ ɫɢɫɬɟɦɵ ɨɞɧɨ- ɢ ɦɧɨɝɨɮɚɡɧɵɟ. ɋɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɨɞɧɨɣ 
ɮɚɡɵ, ɧɚɡɵɜɚɸɬɫɹ ɝɨɦɨɝɟɧɧɵɦɢ, ɢɡ ɞɜɭɯ ɢ ɛɨɥɟɟ ɮɚɡ – ɝɟɬɟɪɨɝɟɧɧɵɦɢ. 
ɇɚɩɪɢɦɟɪ, ɫɦɟɫɶ ɪɚɡɥɢɱɧɵɯ ɝɚɡɨɜ (ɜɨɡɞɭɯ) ɢɥɢ ɦɨɪɫɤɚɹ ɜɨɞɚ (ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ 
ɦɧɨɠɟɫɬɜɚ ɪɚɡɥɢɱɧɵɯ ɜɟɳɟɫɬɜ) ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɬɢɩɢɱɧɵɟ ɨɞɧɨɮɚɡɧɵɟ 
ɝɨɦɨɝɟɧɧɵɟ ɫɢɫɬɟɦɵ. ɉɪɢɦɟɪɨɦ ɝɟɬɟɪɨɝɟɧɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɫɥɭɠɢɬɶ 
ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ ɤɚɤɨɣ–ɥɢɛɨ ɫɨɥɢ ɫ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɧɟɦ ɬɜɟɪɞɵɯ ɤɪɢɫɬɚɥɥɨɜ 
ɷɬɨɣ ɫɨɥɢ.  

Ɋɚɜɧɨɜɟɫɢɹ ɜ ɝɟɬɟɪɨɝɟɧɧɵɯ ɫɢɫɬɟɦɚɯ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɟɪɟɯɨɞɨɦ ɢɡ ɨɞɧɨɣ ɮɚɡɵ 
ɜ ɞɪɭɝɭɸ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɧɚɡɵɜɚɸɬɫɹ ɮɚɡɨɜɵɦɢ. Ʉ ɢɯ ɱɢɫɥɭ 
ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɪɚɜɧɨɜɟɫɢɹ ɜ ɩɪɨɰɟɫɫɟ ɩɥɚɜɥɟɧɢɹ, ɢɫɩɚɪɟɧɢɹ, ɤɨɧɞɟɧɫɚɰɢɢ ɢ ɬ.ɩ. 
Ɏɚɡɨɜɵɟ ɪɚɜɧɨɜɟɫɢɹ, ɬɚɤ ɠɟ ɤɚɤ ɯɢɦɢɱɟɫɤɢɟ ɪɚɜɧɨɜɟɫɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɦɢɧɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɫɢɫɬɟɦɵ, ɨɬɫɭɬɫɬɜɢɟɦ ɢɡɦɟɧɟɧɢɹ ɷɬɨɣ 
ɷɧɟɪɝɢɢ (∆G = 0) ɢ ɪɚɜɟɧɫɬɜɨɦ ɫɤɨɪɨɫɬɟɣ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɩɪɨɰɟɫɫɨɜ.  

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɛɳɢɯ ɡɚɤɨɧɨɜ ɝɟɬɟɪɨɝɟɧɧɵɯ (ɮɚɡɨɜɵɯ) ɪɚɜɧɨɜɟɫɢɣ 
ɹɜɥɹɟɬɫɹ ɩɪɚɜɢɥɨ ɮɚɡ, ɭɫɬɚɧɨɜɥɟɧɧɨɟ ɚɦɟɪɢɤɚɧɫɤɢɦ ɮɢɡɢɤɨɦ Ⱦɠ.ɍ.Ƚɢɛɛɫɨɦ. 
ɋɨɝɥɚɫɧɨ ɷɬɨɦɭ ɩɪɚɜɢɥɭ, ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɢɫɬɟɦɟ ɱɢɫɥɨ ɮɚɡ Ф, ɱɢɫɥɨ ɧɟɡɚɜɢɫɢɦɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ Кɧ, ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ ɢ ɱɢɫɥɨ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ, 
ɜɥɢɹɸɳɢɯ ɧɚ ɪɚɜɧɨɜɟɫɢɟ ɫɢɫɬɟɦɵ ɩ, ɫɜɹɡɚɧɵ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ:  

ɋ = Кɧ – Ф + ɩ. 
ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɋ – ɷɬɨ ɱɢɫɥɨ ɭɫɥɨɜɢɣ (ɬɟɦɩɟɪɚɬɭɪɚ, ɞɚɜɥɟɧɢɟ, 

ɤɨɧɰɟɧɬɪɚɰɢɹ), ɩɪɨɢɡɜɨɥɶɧɨɟ ɢɡɦɟɧɟɧɢɟ ɤɨɬɨɪɵɯ ɜ ɢɡɜɟɫɬɧɵɯ ɩɪɟɞɟɥɚɯ ɧɟ ɦɟɧɹɟɬ 
ɱɢɫɥɚ ɢ ɜɢɞɚ ɮɚɡ ɫɢɫɬɟɦɵ. ɑɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɢɧɨɝɞɚ ɧɚɡɵɜɚɸɬ 
ɜɚɪɢɚɧɬɧɨɫɬɶɸ ɫɢɫɬɟɦɵ. ɉɨ ɱɢɫɥɭ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɫɢɫɬɟɦɵ ɪɚɡɞɟɥɹɸɬ ɧɚ 
ɢɧɜɚɪɢɚɧɬɧɵɟ (ɋ = 0), ɦɨɧɨɜɚɪɢɚɧɬɧɵɟ (ɋ = 1), ɩɨɥɢɜɚɪɢɚɧɬɧɵɟ (ɋ > 2).  

Ʉɨɦɩɨɧɟɧɬɵ Ʉ – ɷɬɨ ɨɬɞɟɥɶɧɵɟ ɯɢɦɢɱɟɫɤɢ ɨɞɧɨɪɨɞɧɵɟ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ 
ɜɯɨɞɹɬ ɜ ɫɢɫɬɟɦɭ, ɦɨɝɭɬ ɛɵɬɶ ɜɵɞɟɥɟɧɵ ɢɡ ɧɟɟ ɢ ɫɭɳɟɫɬɜɨɜɚɬɶ ɧɟɡɚɜɢɫɢɦɨ 
ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ.  

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɮɚɡɨɜɵɯ ɪɚɜɧɨɜɟɫɢɣ, ɤɨɝɞɚ ɜ ɫɢɫɬɟɦɟ ɧɟ ɩɪɨɢɫɯɨɞɢɬ 
ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɩɨɧɹɬɢɹ «ɤɨɦɩɨɧɟɧɬ» ɢ «ɧɟɡɚɜɢɫɢɦɵɣ ɤɨɦɩɨɧɟɧɬ» 
ɫɨɜɩɚɞɚɸɬ, ɬ.ɟ. Кɧ = К. Ɉɞɧɚɤɨ, ɟɫɥɢ ɜ ɫɢɫɬɟɦɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɮɚɡɨɜɵɦɢ 
ɩɪɟɜɪɚɳɟɧɢɹɦɢ ɩɪɨɢɫɯɨɞɢɬ ɯɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ, ɷɬɢ ɩɨɧɹɬɢɹ ɪɚɡɥɢɱɚɸɬɫɹ. ȼ 
ɨɛɳɟɦ ɫɥɭɱɚɟ ɱɢɫɥɨ ɧɟɡɚɜɢɫɢɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ Кɧ ɪɚɜɧɨ ɨɛɳɟɦɭ ɱɢɫɥɭ 
ɤɨɦɩɨɧɟɧɬɨɜ К ɡɚ ɜɵɱɟɬɨɦ ɱɢɫɥɚ ɭɪɚɜɧɟɧɢɣ ɧɟɡɚɜɢɫɢɦɵɯ ɪɟɚɤɰɢɣ, ɫɜɹɡɵɜɚɸɳɢɯ 
ɷɬɢ ɤɨɦɩɨɧɟɧɬɵ Ɋ, ɬ.ɟ. Кɧ = К – Ɋ.  

Ʉ ɜɧɟɲɧɢɦ ɮɚɤɬɨɪɚɦ, ɜɥɢɹɸɳɢɯ ɧɚ ɪɚɜɧɨɜɟɫɢɟ ɫɢɫɬɟɦɵ ɩ ɱɚɳɟ ɜɫɟɝɨ 
ɨɬɧɨɫɹɬ ɬɟɦɩɟɪɚɬɭɪɭ ɢ ɞɚɜɥɟɧɢɟ. ȿɫɥɢ ɜ ɫɢɫɬɟɦɟ ɢɦɟɸɬɫɹ ɝɚɡɵ, ɬɨ ɨɛɚ ɷɬɢɯ 
ɩɚɪɚɦɟɬɪɚ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɫɨɫɬɨɹɧɢɟ ɪɚɜɧɨɜɟɫɢɹ, ɬ.ɟ. ɩ = 2. ȿɫɥɢ ɜ 
ɫɢɫɬɟɦɟ ɝɚɡɨɜ ɧɟɬ, ɬɨ ɬɨɥɶɤɨ ɬɟɦɩɟɪɚɬɭɪɚ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɪɚɜɧɨɜɟɫɢɟ, ɬ.ɟ. ɩ = 1.  

 
 
 
 



3.2 Ⱦɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ. 
 

 Ɇɟɬɨɞ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. 
 

ȼ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦɚɯ ɩɟɪɟɦɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ, ɩɨɦɢɦɨ 
ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɞɚɜɥɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɛɨɢɯ ɤɨɦɩɨɧɟɧɬɨɜ. ɉɨɫɬɪɨɟɧɢɟ 
ɞɢɚɝɪɚɦɦ, ɨɬɪɚɠɚɸɳɢɯ ɜɫɟ ɷɬɢ ɩɚɪɚɦɟɬɪɵ, ɨɱɟɧɶ ɫɥɨɠɧɨ. ɉɨɷɬɨɦɭ ɧɚ ɩɪɚɤɬɢɤɟ 
ɩɨɥɶɡɭɸɬɫɹ ɛɨɥɟɟ ɭɩɪɨɳɟɧɧɵɦɢ ɩɥɨɫɤɢɦɢ ɞɢɚɝɪɚɦɦɚɦɢ, ɩɪɢɱɟɦ ɧɟɡɚɜɢɫɢɦɵɦɢ 
ɩɟɪɟɦɟɧɧɵɦɢ ɜɵɫɬɭɩɚɸɬ ɬɟɦɩɟɪɚɬɭɪɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɨɞɧɨɝɨ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ  
ɩɪɢ  ɩɨɫɬɨɹɧɫɬɜɟ ɞɚɜɥɟɧɢɹ. 

ȼ ɨɫɧɨɜɟ ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦ ɫɨɫɬɨɹɧɢɹ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɯ ɫɢɫɬɟɦ ɥɟɠɢɬ 
ɦɟɬɨɞ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɹɜɥɹɸɳɢɣɫɹ ɨɞɧɢɦ ɢɡ ɱɚɫɬɵɯ ɫɥɭɱɚɟɜ ɮɢɡɢɤɨ - 

ɯɢɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ, ɜɫɟɫɬɨɪɨɧɧɟ ɪɚɡɜɢɬɨɝɨ ɢ ɢɡɭɱɟɧɧɨɝɨ ɇ.ɋ.Ʉɭɪɧɚɤɨɜɵɦ. 
ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɨɫɬɨɢɬ ɜ ɭɫɬɚɧɨɜɥɟɧɢɢ ɡɚɜɢɫɢɦɨɫɬɢ 
ɦɟɠɞɭ ɢɡɭɱɚɟɦɵɦ ɫɜɨɣɫɬɜɨɦ ɢ ɫɨɫɬɚɜɨɦ ɫɢɫɬɟɦɵ. ɑɚɳɟ ɜɫɟɝɨ ɢɡɭɱɚɟɦɵɦ 
ɫɜɨɣɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ (ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ). ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɫɬɪɨɢɬɫɹ ɞɢɚɝɪɚɦɦɚ ɜ ɤɨɨɪɞɢɧɚɬɚɯ: ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 
(ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ) - ɩɪɨɰɟɧɬɧɵɣ ɫɨɫɬɚɜ ɤɨɦɩɨɧɟɧɬɨɜ.  Ɍɚɤɚɹ  ɞɢɚɝɪɚɦɦɚ  
ɧɚɡɵɜɚɟɬɫɹ ɞɢɚɝɪɚɦɦɨɣ ɩɥɚɜɤɨɫɬɢ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɟ ɨɫɧɨɜɧɵɟ ɦɟɬɨɞɢɤɢ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ: 
ɜɢɡɭɚɥɶɧɵɣ ɦɟɬɨɞ ɢ ɦɟɬɨɞ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹ. 

ȼɢɡɭɚɥɶɧɵɣ  ɦɟɬɨɞ ɫɜɨɞɢɬɫɹ ɤ ɬɨɦɭ, ɱɬɨ ɩɪɨɡɪɚɱɧɵɣ ɪɚɫɬɜɨɪ (ɪɚɫɩɥɚɜ) 
ɢɡɜɟɫɬɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɦɟɞɥɟɧɧɨ ɨɯɥɚɠɞɚɟɬɫɹ. ɉɪɢ ɩɨɹɜɥɟɧɢɢ ɡɚɦɟɬɧɵɯ ɧɚ ɝɥɚɡ 
ɩɟɪɜɵɯ ɤɪɢɫɬɚɥɥɨɜ ɨɬɦɟɱɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɟɦɩɟɪɚɬɭɪɚ. Ɂɚɬɟɦ ɫɢɫɬɟɦɚ 
ɦɟɞɥɟɧɧɨ ɧɚɝɪɟɜɚɟɬɫɹ ɢ ɨɬɦɟɱɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɫɱɟɡɧɨɜɟɧɢɹ ɤɪɢɫɬɚɥɥɨɜ. ɉɪɢ 
ɬɳɚɬɟɥɶɧɨɦ ɷɤɫɩɟɪɢɦɟɧɬɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɹɜɥɟɧɢɹ ɢ ɢɫɱɟɡɧɨɜɟɧɢɹ  ɤɪɢɫɬɚɥɥɨɜ 
ɪɚɫɯɨɞɹɬɫɹ ɦɟɧɟɟ, ɱɟɦ ɧɚ 0,1ɨɋ. 

Ɇɟɬɨɞ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹ ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɱɬɨ ɩɨɤɚ ɜ ɨɯɥɚɠɞɚɟɦɨɣ 
ɫɢɫɬɟɦɟ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɧɢɤɚɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɞɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɫ 
ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɶɸ (ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬ ɜɪɟɦɟɧɢ – 
ɥɢɧɟɣɧɵɣ). ɉɨɹɜɥɟɧɢɟ ɜ ɪɚɫɩɥɚɜɟ ɤɪɢɫɬɚɥɥɨɜ ɢɥɢ ɩɟɪɟɯɨɞ ɨɞɧɨɣ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɜ ɞɪɭɝɭɸ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɨɬɵ, 
ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɦɟɞɥɹɟɬɫɹ ɢɥɢ ɜɪɟɦɟɧɧɨ ɩɪɟɤɪɚɳɚɟɬɫɹ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɹɤɢɣ ɢɡɥɨɦ ɧɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɱɚɥɨ 
ɧɟɤɨɬɨɪɵɯ ɩɪɟɜɪɚɳɟɧɢɣ. Ɍɚɤɢɟ ɢɡɥɨɦɵ ɧɚ ɤɪɢɜɵɯ ɧɚɡɵɜɚɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦɢ 
ɡɚɞɟɪɠɤɚɦɢ. ɇɚ ɪɢɫ.3.2 ɩɨɤɚɡɚɧɵ ɬɢɩɨɜɵɟ ɤɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ. 

 
 
 
 
 
 
 

 
 

Р̛̭. ϯ.1 - К̛̬в̼е о̵л̙̌де̛̦я 

ɚ) ɞɥɹ ɱɢɫɬɨɝɨ ɜɟɳɟɫɬɜɚ (Ⱥ); 
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ɛ) ɞɥɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɦɟɫɢ ɞɜɭɯ ɜɟɳɟɫɬɜ (Ⱥ + ȼ); 
ɜ) ɞɥɹ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɞɜɭɯ ɜɟɳɟɫɬɜ (Ⱥ + ȼ). 
 

Ɍɨɱɤɢ ɢɡɝɢɛɚ ɤɪɢɜɵɯ (ɚ) ɢ (ɛ) ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɚɱɚɥɭ ɢ ɤɨɧɰɭ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɚ  Ɍɤɪ,  Ɍɧ ɢ Ɍɤ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɟɦɩɟɪɚɬɭɪɚɦ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɱɢɫɬɨɝɨ ɜɟɳɟɫɬɜɚ  ɢ ɬɟɦɩɟɪɚɬɭɪɚɦ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɦɟɫɟɣ ɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ. 

ɉɨɫɬɪɨɢɜ ɫɟɪɢɸ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɩɥɚɜɨɜ, ɢɦɟɸɳɢɯ ɪɚɡɥɢɱɧɵɣ 
ɩɪɨɰɟɧɬɧɵɣ ɫɨɫɬɚɜ ɤɨɦɩɨɧɟɧɬɨɜ, ɦɨɠɧɨ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨɫɬɶɸ ɩɨ ɢɡɥɨɦɚɦ 
ɤɪɢɜɵɯ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɨɜ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɞɢɚɝɪɚɦɦɭ  ɩɥɚɜɤɨɫɬɢ ɫɢɫɬɟɦɵ. 

 
 

Ⱦɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɦɟɫɢ ɫ ɩɪɨɫɬɨɣ 
ɷɜɬɟɤɬɢɤɨɣ (ɷɜɬɟɤɬɢɱɟɫɤɚɹ ɞɢɚɝɪɚɦɦɚ) 

 
Ⱦɨɩɭɫɬɢɦ, ɜɡɹɬɵ ɜɟɳɟɫɬɜɚ Ⱥ ɢ ȼ, ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɠɢɞɤɨɦ 

ɫɨɫɬɨɹɧɢɢ ɞɪɭɝ ɜ ɞɪɭɝɟ ɢ ɧɟ ɨɛɪɚɡɭɸɳɢɟ ɫɨɟɞɢɧɟɧɢɣ ɞɪɭɝ ɫ ɞɪɭɝɨɦ. ɂɦɟɟɬɫɹ 
ɧɟɫɤɨɥɶɤɨ ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɩɨ ɫɨɫɬɚɜɭ ɫɩɥɚɜɨɜ (ɪɢɫ. 3.2.ɚ). Ʉɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ 
ɪɚɫɩɥɚɜɨɜ ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ ɢɦɟɸɬ ɜɢɞ ɥɢɧɢɣ, ɢɡɨɛɪɚɠɟɧɧɵɯ ɧɚ ɪɢɫ. 3ɛ. 
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Ɋɢɫɭɧɨɤ 3.2 - ɉɨɫɬɪɨɟɧɢɟ ɞɢɚɝɪɚɦɦɵ ɫɨɫɬɨɹɧɢɹ ɩɨ ɤɪɢɜɵɦ ɨɯɥɚɠɞɟɧɢɹ 
ɚ) ɬɚɛɥɢɰɚ ɫɨɫɬɚɜɨɜ;   ɛ) ɤɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ ɫɨɫɬɚɜɨɜ; 

ɜ) ɞɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ. 
 
ɇɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɱɢɫɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ Ⱥ (ɤɪɢɜɚɹ 1, Ɋɢɫ.3.2.ɛ) 

ɜ ɬɨɱɤɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɟ Ɍɇ1, ɜɨɡɧɢɤɚɟɬ 
ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɥɨɳɚɞɤɚ, ɜɵɡɜɚɧɧɚɹ ɜɵɞɟɥɟɧɢɟɦ ɫɤɪɵɬɨɣ ɬɟɩɥɨɬɵ ɩɥɚɜɥɟɧɢɹ 
ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬɚ Ⱥ. Ɋɚɫɩɥɚɜ ɫɨɫɬɚɜɚ 2 ɫɨɞɟɪɠɢɬ ɞɜɚ ɤɨɦɩɨɧɟɧɬɚ 
(Ⱥ+ȼ). ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ Ɍɇ2  ɨɧ ɫɬɚɧɨɜɢɬɫɹ ɧɚɫɵɳɟɧɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɤɨɦɩɨɧɟɧɬɚ Ⱥ, ɢ ɢɡ ɧɟɝɨ ɜɵɞɟɥɹɸɬɫɹ ɤɪɢɫɬɚɥɥɵ ɜɟɳɟɫɬɜɚ Ⱥ. ɉɪɨɰɟɫɫ ɨɯɥɚɠɞɟɧɢɹ   
ɡɚɦɟɞɥɹɟɬɫɹ ɢ ɩɨɹɜɥɹɟɬɫɹ ɢɡɥɨɦ ɧɚ ɤɪɢɜɨɣ 2. Ƚɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɡɞɟɫɶ ɧɟ 
ɩɨɥɭɱɚɟɬɫɹ, ɬ.ɤ. ɜɫɥɟɞɫɬɜɢɟ ɜɵɞɟɥɟɧɢɹ ɜɟɳɟɫɬɜɚ Ⱥ ɪɚɫɩɥɚɜ ɫɬɚɧɨɜɢɬɫɹ 
ɨɛɨɝɚɳɟɧɧɵɦ ɜɟɳɟɫɬɜɨɦ ȼ, ɩɨɷɬɨɦɭ ɬɟɦɩɟɪɚɬɭɪɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɨɧɢɠɚɟɬɫɹ. 
ɉɨ ɦɟɪɟ ɞɚɥɶɧɟɣɲɟɝɨ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɨɧ ɨɛɨɝɚɳɚɟɬɫɹ ɜɟɳɟɫɬɜɨɦ ȼ ɢ ɩɪɢ 
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ɬɟɦɩɟɪɚɬɭɪɟ Ɍɇ5 ɫɬɚɧɨɜɢɬɫɹ ɧɚɫɵɳɟɧɧɵɦ ɨɛɨɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ Ⱥ ɢ ȼ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ ɜɵɞɟɥɹɸɬɫɹ ɢɡ ɪɚɫɩɥɚɜɚ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɜɢɞɟ ɦɟɥɤɢɯ ɤɪɢɫɬɚɥɥɨɜ ɱɢɫɬɵɯ ɬɜɟɪɞɵɯ ɮɚɡ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ 
ɜɟɫɶ ɪɚɫɩɥɚɜ ɧɟ ɡɚɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ. ɋɨɫɬɚɜ ɠɢɞɤɨɣ ɮɚɡɵ ɜ ɩɪɨɰɟɫɫɟ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɟɧɹɬɶɫɹ ɧɟ ɛɭɞɟɬ, ɬ.ɟ. ɜɟɫɶ ɫɨɫɬɚɜ (ɫɦɟɫɶ) ɡɚɫɬɵɜɚɟɬ  ɩɪɢ 
ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (Ɍɇ5 ) – ɤɪɢɜɚɹ ɨɯɥɚɠɞɟɧɢɹ ɞɚɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ 
ɭɱɚɫɬɨɤ, ɧɚɡɵɜɚɟɦɵɣ ɭɱɚɫɬɤɨɦ эɜɬɟɤɬɢɤɢ. 

Эɜɬɟɤɬɢɤɚ – ɷɬɨ ɫɦɟɫɶ ɢɡ ɞɜɭɯ ɢ ɛɨɥɟɟ ɤɨɦɩɨɧɟɧɬɨɜ, ɢɦɟɸɳɚɹ 
ɨɩɪɟɞɟɥɟɧɧɭɸ ɯɚɪɚɤɬɟɪɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɞɚɸɳɚɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɫɜɨɟɝɨ 
ɩɥɚɜɥɟɧɢɹ ɪɚɫɩɥɚɜ–ɪɚɫɬɜɨɪ, ɧɚɫɵɳɟɧɧɵɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ, 
ɜɯɨɞɹɳɢɯ ɜ ɟɝɨ ɫɨɫɬɚɜ. 

ȼɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɜɵɩɚɞɚɟɬ ɷɜɬɟɤɬɢɤɚ (tɷ), ɧɚɡɵɜɚɟɬɫɹ 
эɜɬɟɤɬɢɱɟɫɤɢɦ ɜɪɟɦɟɧɟɦ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɷɬɨ ɩɪɨɢɫɯɨɞɢɬ, 
эɜɬɟɤɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ. 

ɋɨɫɬɚɜɵ 3 ɢ 4 ɤɪɢɫɬɚɥɥɢɡɭɸɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ. Ɉɞɧɚɤɨ ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɧɢɯ ɫɬɚɧɨɜɢɬɫɹ ɧɢɠɟ ɢ ɫɨɫɬɚɜɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Ɍɧ3 

ɢ Ɍɧ4. Ɍɟɦɩɟɪɚɬɭɪɚ ɤɨɧɰɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ, ɬ.ɟ. ɨɞɢɧɚɤɨɜɚ (Ɍɇ5). 

Эɜɬɟɤɬɢɱɟɫɤɢɣ ɫɨɫɬɚɜ 5 ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ Ɍɇ5 

ɢ ɢɦɟɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɭɱɚɫɬɨɤ ɧɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ, ɤɚɤ ɢ ɱɢɫɬɵɟ 

ɤɨɦɩɨɧɟɧɬɵ (Ⱥ ɢ ȼ), ɩɨɬɨɦɭ ɱɬɨ ɢ ɫɨɫɬɚɜ ɪɚɫɩɥɚɜɚ, ɢ ɫɨɫɬɚɜ ɬɜɟɪɞɨɣ ɷɜɬɟɤɬɢɤɢ 

ɨɫɬɚɸɬɫɹ ɨɞɢɧɚɤɨɜɵɦɢ ɞɨ ɤɨɧɰɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

ȼ ɩɪɨɰɟɫɫɟ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ (ɤɪɢɜɚɹ 6) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ Ɍɇ6 

ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɱɢɫɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ȼ. ɉɨ ɦɟɪɟ ɟɝɨ ɜɵɞɟɥɟɧɢɹ 

ɬɟɦɩɟɪɚɬɭɪɚ ɩɚɞɚɟɬ, ɩɨɤɚ ɧɟ ɫɧɢɡɢɬɫɹ ɞɨ Ɍɇ5, ɨɩɹɬɶ ɨɬɜɟɱɚɸɳɟɣ ɫɨɫɬɚɜɭ 

ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɫɦɟɫɢ. ɇɚ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɱɢɫɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ȼ 

(ɤɪɢɜɚɹ 7) ɚɧɚɥɨɝɢɱɧɨ ɤɪɢɜɨɣ 1 ɜ ɬɨɱɤɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɬɟɦɩɟɪɚɬɭɪɵ Ɍɇ7, ɜɨɡɧɢɤɚɟɬ ɝɨɪɢɡɨɧɬɚɥɶɧɚɹ ɩɥɨɳɚɞɤɚ, ɜɵɡɜɚɧɧɚɹ ɜɵɞɟɥɟɧɢɟɦ 

ɬɟɩɥɚ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬɚ ȼ. 

Ɉɩɪɟɞɟɥɢɜ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɜɫɟɯ 

ɫɨɫɬɚɜɨɜ, ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɞɢɚɝɪɚɦɦɭ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ (ɪɢɫ. 3.2.ɜ). ɇɚ 

ɞɢɚɝɪɚɦɦɟ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɧɵɟ ɥɢɧɢɢ, ɨɛɥɚɫɬɢ ɢ ɬɨɱɤɢ: 

Ʌɢɧɢɹ Ⱥȿ – ɥɢɧɢɹ ɥɢɤɜɢɞɭɫɚ ɪɚɫɩɥɚɜɚ L(A+ B), ɧɚɫɵɳɟɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɨɦ Ⱥ, 

ɬ.ɟ.                                              L(A+ B)  S (A); 

Ʌɢɧɢɹ ȼȿ – ɥɢɧɢɹ ɥɢɤɜɢɞɭɫɚ ɪɚɫɩɥɚɜɚ L(A+ B), ɧɚɫɵɳɟɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɨɦ ȼ, 

ɬ.ɟ.                                             L(A+ B)  S (ȼ); 

Ʌɢɧɢɹ ȺȺ – ɥɢɧɢɹ ɫɨɥɢɞɭɫɚ ɤɨɦɩɨɧɟɧɬɚ  Ⱥ,  S(Ⱥ); 



Ʌɢɧɢɹ ȼȼ – ɥɢɧɢɹ ɫɨɥɢɞɭɫɚ ɤɨɦɩɨɧɟɧɬɚ  ȼ,  S(ȼ); 

Ʌɢɧɢɹ ɋȿ – ɥɢɧɢɹ ɜɵɦɨɪɚɠɢɜɚɧɢɹ ɷɜɬɟɤɬɢɤɢ, 

S (Ⱥ)  Lɷ (A +  B);       S (Ⱥ)  Sɷ (A +  B); 

Ʌɢɧɢɹ Dȿ – ɥɢɧɢɹ ɜɵɦɨɪɚɠɢɜɚɧɢɹ ɷɜɬɟɤɬɢɤɢ, 

S (B)  Lɷ (A +  B);          S (B)  Sɷ (A +  B); 

Ʌɢɧɢɹ Eȿ – ɥɢɧɢɹ ɱɢɫɬɨɣ ɷɜɬɟɤɬɢɤɢ ɛɟɡ ɩɪɢɦɟɫɟɣ Ⱥ ɢɥɢ ȼ, 

 S (Ⱥ) S(B) . 

Ɉɛɥɚɫɬɶ I – ɨɛɥɚɫɬɶ ɠɢɞɤɨɣ ɮɚɡɵ (ɪɚɫɩɥɚɜ ɤɨɦɩɨɧɟɧɬɨɜ Ⱥ ɢ ȼ), L(A+ B). 

Ɉɛɥɚɫɬɶ II – ɤɪɢɫɬɚɥɥɵ ɤɨɦɩɨɧɟɧɬɚ Ⱥ ɜ ɠɢɞɤɨɦ ɪɚɫɩɥɚɜɟ L(A+ B), 

S (Ⱥ) + L (A + B). 

Ɉɛɥɚɫɬɶ III – ɤɪɢɫɬɚɥɥɵ ɤɨɦɩɨɧɟɧɬɚ ȼ ɜ ɠɢɞɤɨɦ ɪɚɫɩɥɚɜɟ L(A+ B), 

S (ȼ) + L (A + B). 

Ɉɛɥɚɫɬɶ IV – ɤɪɢɫɬɚɥɥɵ ɤɨɦɩɨɧɟɧɬɚ Ⱥ ɢ ɤɪɢɫɬɚɥɥɵ ɷɜɬɟɤɬɢɤɢ  

S (Ⱥ) = Sɷ (A +  B). 

Ɉɛɥɚɫɬɶ V – ɤɪɢɫɬɚɥɥɵ ɤɨɦɩɨɧɟɧɬɚ ȼ ɢ ɤɪɢɫɬɚɥɥɵ ɷɜɬɟɤɬɢɤɢ  

S (ȼ) = Sɷ (A +  B). 

Ɍɨɱɤɚ Ⱥ – ɬɨɱɤɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɢɫɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ  Ⱥ,  L(A)  S (A). 

Ɍɨɱɤɚ ȼ – ɬɨɱɤɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɱɢɫɬɨɝɨ ɤɨɦɩɨɧɟɧɬɚ  ȼ,  L(ȼ)  S (ȼ). 

Ɍɨɱɤɚ ȿ – ɬɨɱɤɚ ɷɜɬɟɤɬɢɤɢ, ɜ ɪɚɜɧɨɜɟɫɢɢ ɧɚɯɨɞɹɬɫɹ ɬɪɢ ɮɚɡɵ: 

S (Ⱥ)  Lɷ (A +  B)  S (ȼ). 
Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɢɚɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɨɛɥɚɫɬɢ  I ɢ III ɯɚɪɚɤɬɟɪɢɡɭɸɬ 

ɩɟɪɟɯɨɞɧɵɟ ɫɨɫɬɨɹɧɢɹ ɢɡ ɠɢɞɤɨɣ ɮɚɡɵ L (A +  B) ɜ ɬɜɟɪɞɵɟ. Ⱦɥɹ ɷɬɢɯ ɨɛɥɚɫɬɟɣ 

ɯɚɪɚɤɬɟɪɧɨ ɧɚɥɢɱɢɟ ɞɥɹ ɪɚɫɩɥɚɜɚ ɥɸɛɨɝɨ ɫɨɫɬɚɜɚ ɱɟɬɤɨ ɪɚɡɥɢɱɚɸɳɢɯɫɹ 

ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ȼ ɬɨɱɤɟ ɷɜɬɟɤɬɢɤɢ ɬɚɤɨɝɨ ɪɚɡɪɵɜɚ 

ɬɟɦɩɟɪɚɬɭɪ ɧɟɬ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɨɞɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ (Ɍɇ5). 

 

 ɉɪɚɜɢɥɨ ɪɵɱɚɝɚ. 

Ⱦɢɚɝɪɚɦɦɚ ɩɥɚɜɧɨɫɬɢ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶɸ ɢ ɩɨɡɜɨɥɹɟɬ 

ɩɪɢ ɡɚɞɚɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɢɫɯɨɞɧɨɦ ɫɨɫɬɚɜɟ ɪɚɫɩɥɚɜɚ ɨɩɪɟɞɟɥɹɬɶ ɦɚɫɫɭ ɢ 



ɫɨɫɬɚɜ ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɷɬɨɦ ɬɜɟɪɞɵɯ ɢ ɠɢɞɤɢɯ ɮɚɡ. Ɋɚɫɫɦɨɬɪɢɦ ɷɬɨ ɧɚ 

ɤɨɧɤɪɟɬɧɨɦ ɩɪɢɦɟɪɟ. 

Ɂɚɞɚɱɚ. 

ɉɨ ɞɚɧɧɨɣ ɞɢɚɝɪɚɦɦɟ ɩɥɚɜɧɨɫɬɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ (Ⱥ+ȼ) 

(ɪɢɫ.3.3) ɨɩɪɟɞɟɥɢɬɶ ɦɚɫɫɭ ɢ ɫɨɫɬɚɜ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ 

ɨɯɥɚɠɞɟɧɢɢ ɠɢɞɤɨɝɨ ɪɚɫɩɥɚɜɚ ɦɚɫɫɨɣ 0,2 ɤɝ. ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 200 0ɋ. 

ɉɟɪɜɨɧɚɱɚɥɶɧɵɣ ɫɨɫɬɚɜ ɪɚɫɩɥɚɜɚ:  30%  ȼ  ɢ  70%  Ⱥ. 

 

 

 

 

 

 

 

 

Ɋɢɫ. 3.3 - Ⱦɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ (Ⱥ + ȼ) 

Ɋɟɲɟɧɢɟ. 

 ɉɨ ɡɚɞɚɧɧɵɦ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɫɨɫɬɚɜɭ ɫɬɪɨɢɦ ɧɚ ɞɢɚɝɪɚɦɦɟ ɬɨɱɤɭ Ɉ. Эɬɚ 

ɬɨɱɤɚ ɧɚɡɵɜɚɟɬɫɹ ɮɢɝɭɪɚɬɢɜɧɨɣ. ɑɟɪɟɡ ɧɟɟ ɩɪɨɜɨɞɢɦ ɥɢɧɢɸ, ɩɚɪɚɥɥɟɥɶɧɭɸ ɨɫɢ 

ɫɨɫɬɚɜɚ. Ɍɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɫ ɥɢɧɢɹɦɢ ɫɨɥɢɞɭɫɚ ȺȺ ɢ ɥɢɤɜɢɞɭɫɚ Ⱥȿ 

ɨɛɨɡɧɚɱɚɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɬɨɱɤɚɦɢ М  ɢ N. Эɬɢ ɬɨɱɤɢ ɧɚɡɵɜɚɸɬɫɹ ɬɨɱɤɚɦɢ  

ɫɨɨɬɜɟɬɫɬɜɢɹ. Ɉɬɪɟɡɨɤ МN ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ ɧɨɞɚ. Ɍɨɱɤɚ Ɉ ɞɟɥɢɬ ɧɨɞɭ ɧɚ ɞɜɚ 

ɨɬɪɟɡɤɚ – МɈ, ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ ɬɜɟɪɞɭɸ ɮɚɡɭ (ɩɪɢɥɟɝɚɸɳɟɝɨ ɤ ɥɢɧɢɢ ɫɨɥɢɞɭɫɚ), 

ɢ NɈ, ɨɬɜɟɱɚɸɳɟɝɨ ɡɚ ɠɢɞɤɭɸ ɮɚɡɭ (ɩɪɢɥɟɝɚɸɳɟɝɨ ɤ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ). 

ɉɪɚɜɢɥɨ ɪɵɱɚɝɚ: ɦаɫɫа ɬɜɟɪɞɨɣ ɜɵɤɪиɫɬаллиɡɨɜаɜɲɟɣɫɹ ɮаɡɵ 

ɨɬɧɨɫиɬɫɹ ɤ ɦаɫɫɟ ɜɫɟɣ ɫиɫɬɟɦɵ ɬаɤ ɠɟ, ɤаɤ ɧа ɞиаɝɪаɦɦɟ ɨɬɪɟɡɨɤ ɧɨɞɵ, 

ɩɪилɟɝаɸɳиɣ ɤ лиɧии лиɤɜиɞɭɫа (ɩлɟɱɨ ON), ɨɬɧɨɫиɬɫɹ ɤ ɞлиɧɟ ɜɫɟɣ ɧɨɞɵ  МN. 

Ⱥɧɚɥɨɝɢɱɧɨ, ɦаɫɫа ɠиɞɤɨɣ ɮаɡɵ ɨɬɧɨɫиɬɫɹ ɤ ɦаɫɫɟ ɜɫɟɣ ɫиɫɬɟɦɵ ɬаɤ ɠɟ, ɤаɤ 

ɧа ɞиаɝɪаɦɦɟ ɨɬɪɟɡɨɤ ɧɨɞɵ МN, ɩɪилɟɝаɸɳиɣ ɤ лиɧии ɫɨлиɞɭɫа (ɩлɟɱɨ МɈ), 

ɨɬɧɨɫиɬɫɹ ɤ ɞлиɧɟ ɜɫɟɣ ɧɨɞɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɨɛɨɡɧɚɱɢɬɶ ɦɚɫɫɭ ɜɫɟɣ 

ɫɢɫɬɟɦɵ – m, ɦɚɫɫɭ ɬɜɟɪɞɨɣ ɮɚɡɵ  mɌ,, ɦɚɫɫɭ ɠɢɞɤɨɣ ɮɚɡɵ mɠ, ɬɨ ɩɨɥɭɱɢɦ: 
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ɉɨ ɞɢɚɝɪɚɦɦɟ ɨɩɪɟɞɟɥɹɟɦ :     MN =  xN – xM = 40 

MO =  xo – xM  = 30 

NO =  xN – xo  = 10 

Ɉɬɫɸɞɚ :                      mT =  m 
MN
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=  0,2 
40
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=  0,05 (ɤɝ), 

mɠ =  m 
MN

МO
 = 0,2 

40

30
 = 0,15 (ɤɝ), 

ɢɥɢ, ɩɨɫɤɨɥɶɤɭ                            m =  mT +  mɠ 

mɠ =  m - mT = 0,2 – 0,05 = 0,15(ɤɝ). 

ɉɨɫɤɨɥɶɤɭ ɮɢɝɭɪɚɬɢɜɧɚɹ ɬɨɱɤɚ Ɉ ɧɚɯɨɞɢɬɫɹ ɜ ɨɛɥɚɫɬɢ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɤɨɦɩɨɧɟɧɬɚ Ⱥ, ɬɨ ɜɵɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɚɹɫɹ ɮɚɡɚ ɛɭɞɟɬ 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɱɢɫɬɵɣ ɤɨɦɩɨɧɟɧɬ Ⱥ (ɬ.ɟ. 100 % Ⱥ). ɋɨɫɬɚɜ ɠɢɞɤɨɣ ɮɚɡɵ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɟɤɰɢɟɣ ɬɨɱɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɧɚ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ (N) ɧɚ ɨɫɶ 

ɫɨɫɬɚɜɚ, ɬ.ɟ. 40% ȼ. 

Ⱦɪɭɝɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ ɩɪɚɜɢɥɚ ɪɵɱɚɝɚ: 

Маɫɫɵ ɫɨɫɭɳɟɫɬɜɭɸɳих ɮаɡ (mT  и mɠ,) ɨɬɧɨɫɹɬɫɹ ɦɟɠɞɭ ɫɨɛɨɣ 

ɨɛɪаɬɧɨ ɩɪɨɩɨɪɰиɨɧалɶɧɨ ɨɬɧɨɲɟɧиɸ ɨɬɪɟɡɤɨɜ ɧɨɞɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳих ɮаɡ (S 

и L). ɉɨɫɤɨɥɶɤɭ S =  MO, L =  NO, ɬɨ ɩɪɚɜɢɥɨ ɪɵɱɚɝɚ ɜɵɪɚɡɢɬɫɹ ɫɥɟɞɭɸɳɢɦ 

ɫɨɨɬɧɨɲɟɧɢɟɦ: 
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T  ,   ɨɬɫɸɞɚ ɜɬɨɪɨɣ ɜɚɪɢɚɧɬ ɪɚɫɱɟɬɚ: 
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mɠ =  m – mT = 0,2 – 0,05 = 0,15 (ɤɝ). 

 

Ɍɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ 



Ɍɜɟɪɞɵɣ ɪɚɫɬɜɨɪ – ɷɬɨ ɝɨɦɨɝɟɧɧɚɹ, ɨɞɧɨɮɚɡɧɚɹ, ɨɞɧɨɪɨɞɧɚɹ ɫɢɫɬɟɦɚ, 

ɫɨɫɬɨɹɳɚɹ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɱɚɫɬɜɭɸɳɢɯ ɜ 

ɨɛɪɚɡɨɜɚɧɢɢ ɤɪɢɫɬɚɥɥɚ ɢ ɪɚɜɧɨɦɟɪɧɨ (ɛɨɥɟɟ ɢɥɢ ɦɟɧɟɟ) ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɩɨ ɟɝɨ 

ɨɛɴɟɦɭ. 

ɋɭɳɟɫɬɜɭɟɬ ɬɪɢ ɫɬɪɭɤɬɭɪɧɵɯ ɬɢɩɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ: 

1) ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɡɚɦɟɳɟɧɢɹ, 
2) ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɜɧɟɞɪɟɧɢɹ, 
3) ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɜɵɱɢɬɚɧɢɹ. 
 

 Ɍɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɡɚɦɟɳɟɧɢɹ 

Эɬɨ ɬɚɤɢɟ ɫɩɥɚɜɵ, ɜ ɤɨɬɨɪɵɯ ɚɬɨɦɵ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɡɚɦɟɳɚɸɬ ɜ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ ɚɬɨɦɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ 

ɫɪɟɞɢ ɧɢɯ. ɋɯɟɦɭ ɨɛɪɚɡɨɜɚɧɢɹ ɷɥɟɦɟɧɬɚɪɧɨɣ ɹɱɟɣɤɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ 

ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɡɚɦɟɳɟɧɢɹ ɦɨɠɧɨ ɩɪɨɫɥɟɞɢɬɶ  ɧɚ ɪɢɫ. 3.4. 

 

 

 

 

 

 

 

Ɋɢɫ. 3.4 - ɋɯɟɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɡɚɦɟɳɟɧɢɹ. 

Ⱥ – ɚɬɨɦɵ ɪɚɫɬɜɨɪɢɬɟɥɹ,   ȼ – ɚɬɨɦɵ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ 

 

ȼ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɚɯ ɡɚɦɟɳɟɧɢɹ ɜɨɡɦɨɠɧɵ ɫɚɦɵɟ ɪɚɡɥɢɱɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ 

ɦɟɠɞɭ ɩɪɨɰɟɧɬɧɵɦ ɫɨɞɟɪɠɚɧɢɟɦ ɚɬɨɦɨɜ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ.  

Ⱦɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɡɚɦɟɳɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ 

ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɣ: 

1) ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢ ɪɚɫɬɜɨɪɢɬɟɥɹ 
ɞɨɥɠɧɵ ɛɵɬɶ ɛɥɢɡɤɢɦɢ, ɬ.ɟ. ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɪɟɲɟɬɨɤ 
ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵɦɢ (ɬɚɤɢɟ ɜɟɳɟɫɬɜɚ ɧɚɡɵɜɚɸɬɫɹ  
ɢɡɨɦɨɪɮɧɵɦɢ); 

2) ɪɚɡɦɟɪɵ ɚɬɨɦɨɜ ɢɥɢ ɢɨɧɨɜ ɨɛɨɢɯ ɜɟɳɟɫɬɜ ɧɟ ɞɨɥɠɧɵ ɪɟɡɤɨ 
ɨɬɥɢɱɚɬɶɫɹ (ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 10 – 15 %); 

3) Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɩɥɚɜɥɹɟɦɵɯ ɜɟɳɟɫɬɜ ɞɨɥɠɧɵ ɛɵɬɶ 
ɛɥɢɡɤɢɦɢ, ɬ.ɟ. ɫɩɥɚɜɥɹɟɦɵɟ ɷɥɟɦɟɧɬɵ ɞɨɥɠɧɵ ɩɪɢɧɚɞɥɟɠɚɬɶ ɤ ɨɞɧɨɣ 

Ⱥ 

Ⱥ Ⱥ 

Ⱥ Ⱥ 

Ⱥ 

Ⱥ Ⱥ 

Ⱥ 

ȼ Ⱥ 

Ⱥ Ⱥ 

ȼ 

Ⱥ Ⱥ 

+  n B 



ɝɪɭɩɩɟ ɉɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɷɥɟɦɟɧɬɨɜ ɢɥɢ ɤ ɫɦɟɠɧɵɦ 
ɪɨɞɫɬɜɟɧɧɵɦ ɝɪɭɩɩɚɦ. 

ɉɪɢɦɟɪɵ ɬɢɩɢɱɧɵɯ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɡɚɦɟɳɟɧɢɹ, ɷɬɨ ɫɩɥɚɜɵ: Au-Pt,   

Au – Ag,   Bi – Sb,   Cu – Ni   ɢ ɞɪ. 

 

Ɍɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɜɧɟɞɪɟɧɢɹ 

 

ȼ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɚɯ ɜɧɟɞɪɟɧɢɹ ɚɬɨɦɵ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɧɟ 

ɡɚɦɟɳɚɸɬ ɚɬɨɦɵ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜ ɭɡɥɚɯ ɟɝɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, ɚ 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɦɟɠɚɬɨɦɧɵɯ ɩɪɨɦɟɠɭɬɤɚɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ (ɜ 

ɦɟɠɞɨɭɡɥɢɹɯ). (Ɋɢɫ. 3.5). 

 

 

 

 

 

Ɋɢɫ. 3.5 - ɋɯɟɦɚ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ  ɪɟɲɟɬɤɢ  ɬɜɟɪɞɨɝɨ  ɪɚɫɬɜɨɪɚ  ɜɧɟɞɪɟɧɢɹ 

Ⱥ – ɚɬɨɦɵ ɪɚɫɬɜɨɪɢɬɟɥɹ,   ȼ – ɚɬɨɦɵ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. 

 

Ɍɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɜɧɟɞɪɟɧɢɹ ɨɛɵɱɧɨ ɨɛɪɚɡɭɸɬɫɹ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ 

ɷɥɟɦɟɧɬɨɜ ɫ ɦɚɥɵɦɢ ɚɬɨɦɧɵɦɢ ɪɚɞɢɭɫɚɦɢ (ɧɚɩɪɢɦɟɪ, H, N, C, B) ɜ ɦɟɬɚɥɥɚɯ 

ɩɟɪɟɯɨɞɧɵɯ ɝɪɭɩɩ. ȼɚɠɧɵɦ ɭɫɥɨɜɢɟɦ ɨɛɪɚɡɨɜɚɧɢɹ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɜɧɟɞɪɟɧɢɹ  

ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨɛɵ ɪɚɡɦɟɪɵ ɚɬɨɦɨɜ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɛɵɥɢ ɦɧɨɝɨ ɦɟɧɶɲɟ 

ɪɚɡɦɟɪɨɜ ɚɬɨɦɨɜ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɬ.ɟ. rA > > rB. Ɍɢɩɢɱɧɵɦ ɩɪɢɦɟɪɨɦ ɬɜɟɪɞɨɝɨ 

ɪɚɫɩɥɚɜɚ ɜɧɟɞɪɟɧɢɹ ɹɜɥɹɟɬɫɹ ɫɬɚɥɶ – ɫɩɥɚɜ, ɫɨɞɟɪɠɚɳɢɣ ɚɬɨɦɵ ɭɝɥɟɪɨɞɚ, 

ɜɧɟɞɪɟɧɧɵɟ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ ɠɟɥɟɡɚ. ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɬɢɩɚ ɜɫɟ ɬɜɟɪɞɵɟ 

ɪɚɫɬɜɨɪɵ ɢɦɟɸɬ ɚɬɨɦɚɪɧɵɣ ɯɚɪɚɤɬɟɪ: ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ ɬɜɟɪɞɨɝɨ 

ɪɚɫɬɜɨɪɚ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɥɢɲɶ ɚɬɨɦɵ, ɚ ɧɟ ɦɨɥɟɤɭɥɵ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ.  

 

 

Ɍɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɜɵɱɢɬɚɧɢɹ 
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ȼ 



Ɋɹɞ ɛɢɧɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɫɨɫɬɨɹɳɢɯ ɢɡ ɞɜɭɯ ɷɥɟɦɟɧɬɨɜ, ɧɚɩɪɢɦɟɪ, ZnS, 

ZnSe, HgS ɢ ɞɪ.) ɦɨɝɭɬ ɢɦɟɬɶ ɧɚɪɭɲɟɧɢɹ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ. Ɍ.ɟ. 

ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɷɥɟɦɟɧɬɨɜ ɜ ɫɨɟɞɢɧɟɧɢɢ ɦɨɝɭɬ ɛɵɬɶ 

ɧɟɰɟɥɨɱɢɫɥɟɧɧɵɦɢ. ɇɚɩɪɢɦɟɪ, ZnS0,96. Ɍɚɤɢɟ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, 

ɹɜɥɹɸɳɢɟɫɹ ɮɚɡɚɦɢ ɩɟɪɟɦɟɧɧɨɝɨ ɫɨɫɬɚɜɚ, ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɬɜɟɪɞɵɟ 

ɪɚɫɬɜɨɪɵ ɜɵɱɢɬɚɧɢɹ. ȼ ɫɬɪɭɤɬɭɪɚɯ ɧɨɪɦɚɥɶɧɨɝɨ ɛɢɧɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɚɬɨɦɵ 

ɨɛɨɢɯ ɷɥɟɦɟɧɬɨɜ ɱɟɪɟɞɭɸɬɫɹ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɢ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɜɫɟɦɭ 

ɨɛɴɟɦɭ ɫɩɥɚɜɚ (ɪɢɫ. 9ɚ). ȼ ɫɬɪɭɤɬɭɪɚɯ ɧɟɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɚɬɨɦɵ 

ɨɞɧɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ ɫɨɟɞɢɧɟɧɢɹ «ɜɵɩɚɞɚɸɬ» ɢɡ ɭɡɥɨɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ, 

ɨɫɬɚɜɥɹɹ ɩɭɫɬɨɬɵ ɢɥɢ ɜɚɤɚɧɫɢɢ  (ɪɢɫ. 9ɛ). 

 

Ɋɢɫ. 3.6 - ɋɯɟɦɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɛɢɧɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ Zn S : 

ɚ) ɛɟɡ ɧɚɪɭɲɟɧɢɹ ɫɬɟɯɢɨɦɟɬɪɢɢ;  ɛ) ɫ ɧɚɪɭɲɟɧɢɟɦ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ; 

[ ] – ɜɚɤɚɧɫɢɹ ɧɚ ɩɨɞɪɟɲɟɬɤɟ S. 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɫɬɟɯɢɨɦɟɬɪɢɢ ɨɛɭɫɥɨɜɥɟɧɵ 

ɧɟɞɨɫɬɚɬɤɨɦ ɨɞɧɨɝɨ ɢɡ ɚɬɨɦɨɜ (Ⱥ) ɜ ɛɢɧɚɪɧɨɦ ɫɨɟɞɢɧɟɧɢɢ Ⱥȼ, ɬɨ ɨɛɪɚɡɭɟɬɫɹ 

ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ ɜɵɱɢɬɚɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɧɚɥɢɱɢɟɦ ɜɚɤɚɧɬɧɵɯ ɭɡɥɨɜ ɧɚ 

ɩɨɞɪɟɲɟɬɤɟ Ⱥ. 

 

Ⱦɢɚɝɪɚɦɦɚ ɩɥɚɜɤɨɫɬɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɡɚɦɟɳɟɧɢɹ ɫ 

ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ  ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ. 

 

ɇɟɨɝɪɚɧɢɱɟɧɧɨɣ ɜɡɚɢɦɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɨɛɥɚɞɚɸɬ  

ɢɡɨɦɨɪɮɧɵɟ ɜɟɳɟɫɬɜɚ, ɢɦɟɸɳɢɟ ɨɞɢɧɚɤɨɜɵɣ ɬɢɩ ɢ ɨɛɳɢɟ ɩɚɪɚɦɟɬɪɵ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ.  

ɉɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡɨɦɨɪɮɧɵɯ ɫɦɟɫɟɣ ɨɛɪɚɡɭɟɬɫɹ ɥɢɲɶ ɨɞɧɚ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɮɚɡɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɫɦɟɲɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɨɛɚ 

ɤɨɦɩɨɧɟɧɬɚ – S(A+ B). Ɍɨ ɟɫɬɶ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɞɟɥɶɧɨɝɨ 

ɜɵɩɚɞɚɧɢɹ ɤɪɢɫɬɚɥɥɨɜ ɨɬɞɟɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. Ʉɚɠɞɵɣ ɜɵɩɚɞɚɸɳɢɣ ɤɪɢɫɬɚɥɥ 

ɫɨɞɟɪɠɢɬ ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ. 

Zn      S      Zn      S 

S      Zn      S      Zn 

Zn      S      Zn      S 

Zn      S      Zn      S 

S      Zn                   Zn 

Zn      S      Zn      S 
ɚ) ɛ) 



ɇɚ Ɋɢɫ.3.7 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɢɩɢɱɧɚɹ ɞɢɚɝɪɚɦɦɚ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ 

ɡɚɦɟɳɟɧɢɹ  ɫ  ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ  ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ. 

 

 

 

 

 

 

 

Ɋɢɫ. 3.7 - Ⱦɢɚɝɪɚɦɦɚ  ɩɥɚɜɤɨɫɬɢ  ɬɜɟɪɞɵɯ  ɪɚɫɬɜɨɪɨɜ  ɡɚɦɟɳɟɧɢɹ  ɫ 

ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ  ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ 

 

ɏɚɪɚɤɬɟɪɧɨɣ  ɨɫɨɛɟɧɧɨɫɬɶɸ ɞɢɚɝɪɚɦɦɵ ɹɜɥɹɟɬɫɹ ɩɥɚɜɧɨɫɬɶ ɥɢɧɢɣ, 

ɨɬɫɭɬɫɬɜɢɟ ɪɟɡɤɢɯ ɩɢɤɨɜ ɢ ɢɡɥɨɦɨɜ. Ʌɢɧɢɹ TȺLTB ɧɚɡɵɜɚɟɬɫɹ ɥɢɧɢɟɣ ɥɢɤɜɢɞɭɫɚ,  

ɥɢɧɢɹ  TA STB - ɥɢɧɢɟɣ  ɫɨɥɢɞɭɫɚ. Эɬɢ ɥɢɧɢɢ ɪɚɡɞɟɥɹɸɬ ɞɢɚɝɪɚɦɦɭ ɧɚ ɬɪɢ 

ɨɛɥɚɫɬɢ. 

Ɉɛɥɚɫɬɶ I – ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɠɢɞɤɢɣ ɪɚɫɩɥɚɜ  ɨɛɨɢɯ  ɤɨɦɩɨɧɟɧɬɨɜ  L(A+ B); 

Ɉɛɥɚɫɬɶ II – ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɟɪɟɯɨɞ ɠɢɞɤɨɝɨ ɪɚɫɩɥɚɜɚ ɜ ɬɜɟɪɞɵɣ ɪɚɫɬɜɨɪ  

L(A+ B)+  S(A+ B) ; 

Ɉɛɥɚɫɬɶ III – ɯɚɪɚɤɬɟɪɢɡɭɟɬ  ɬɜɟɪɞɵɣ  ɪɚɫɬɜɨɪ  S(A+ B). 

ɉɪɨɫɥɟɞɢɦ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɢ ɫɨɫɬɚɜɚ ɮɚɡ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɠɢɞɤɨɝɨ 

ɪɚɫɩɥɚɜɚ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɫɨɫɬɚɜɚ ɨɬ ɬɨɱɤɢ ɚ ɞɨ ɬɨɱɤɢ ɚ′. ȼ ɬɨɱɤɟ ɚ ɨɛɚ ɤɨɦɩɨɧɟɧɬɚ 

ɧɚɯɨɞɹɬɫɹ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɨɛɪɚɡɭɸɬ ɪɚɫɩɥɚɜ L(A+ B). ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ 

ɪɚɫɩɥɚɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ Ɍ1 ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɨɱɤɨɣ L1, 

ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ ɞɢɚɝɪɚɦɦɵ. Ɂɞɟɫɶ ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ, 

ɩɨɹɜɥɹɸɬɫɹ ɩɟɪɜɵɟ ɤɪɢɫɬɚɥɥɵ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. ɋɨɫɬɨɹɧɢɟ ɮɚɡ ɫɢɫɬɟɦɵ ɛɭɞɟɬ 

ɫɥɟɞɭɸɳɢɦ: S(A+ B)L(A+ B). ɉɪɢ ɷɬɨɦ ɫɨɫɬɚɜ ɤɪɢɫɬɚɥɥɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɪɨɟɤɰɢɟɣ ɬɨɱɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ S1 ɧɚ ɥɢɧɢɢ ɫɨɥɢɞɭɫɚ, ɬ.ɟ. b1, ɚ ɫɨɫɬɚɜ ɠɢɞɤɨɣ 

ɮɚɡɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɟɤɰɢɟɣ ɬɨɱɤɢ ɫɨɨɬɜɟɬɫɜɢɹ L1 ɧɚ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫɚ, ɬ.ɟ.  c1  

ɫɨɜɩɚɞɚɸɳɟɣ  ɫ b3. 
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ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ T2 ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɨɱɤɨɣ ɚ2. ɋɨɫɬɨɹɧɢɟ ɮɚɡ ɛɭɞɟɬ S(A+ B)+ L(A+ B). Ɇɚɫɫɵ 

ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɫɨɝɥɚɫɧɨ ɩɪɚɜɢɥɭ ɪɵɱɚɝɚ ɫɨɨɬɧɨɫɹɬɫɹ ɞɪɭɝ ɤ ɞɪɭɝɭ ɨɛɪɚɬɧɨ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɨɨɬɧɨɲɟɧɢɸ ɨɬɪɟɡɤɨɜ ɧɨɞɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɚɡ, ɬ.ɟ.      
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ɋɨɫɬɚɜ ɬɜɟɪɞɨɣ ɮɚɡɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɨɟɤɰɢɟɣ ɬɨɱɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ S2, ɬ.ɟ. b2, ɚ 

ɫɨɫɬɚɜ ɠɢɞɤɨɣ ɮɚɡɵ - ɩɪɨɟɤɰɢɟɣ ɬɨɱɤɢ ɫɨɨɬɜɟɬɫɬɜɢɹ L2, ɬ.ɟ. ɫ2. 

ɉɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ Ɍ3 ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɬɨɱɤɨɣ S3, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɥɢɧɢɢ ɫɨɥɢɞɭɫɚ. Ɂɞɟɫɶ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ 

ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ. ɋɨɫɬɨɹɧɢɟ ɮɚɡɵ ɫɢɫɬɟɦɵ - S(A+ B). ɀɢɞɤɨɣ ɮɚɡɵ ɩɪɢ 

ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɫɬɚɟɬɫɹ, ɚ ɫɨɫɬɚɜ ɬɜɟɪɞɨɣ  ɮɚɡɵ  

ɨɩɪɟɞɟɥɹɟɬɫɹ  ɩɪɨɟɤɰɢɟɣ  ɬɨɱɤɢ  S3  ɧɚ  ɨɫɶ  ɫɨɫɬɚɜɚ,  ɬ.ɟ.  b3. 

ɉɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɩɟɪɟɯɨɞɭ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ 

ɜ ɨɛɥɚɫɬɶ III, ɫɨɫɬɚɜ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɧɟ ɢɡɦɟɧɹɟɬɫɹ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɦɟɪɟ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɫɨɫɬɚɜ ɜɵɞɟɥɹɸɳɢɯɫɹ 

ɤɪɢɫɬɚɥɥɨɜ ɢɡɦɟɧɹɟɬɫɹ ɨɬ b1 ɤ b2  ɢ ɞɨ b3, ɚ ɫɨɫɬɚɜ ɠɢɞɤɨɣ ɮɚɡɵ ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɫ1 

ɤ ɫ2 ɞɨ ɫ3. Эɬɨ ɹɜɥɟɧɢɟ ɩɨɥɭɱɢɥɨ ɧɚɡɜɚɧɢɟ ɥɢɤɜɚɰɢɹ.  ȿɫɥɢ ɨɯɥɚɠɞɟɧɢɟ ɢɞɟɬ 

ɛɵɫɬɪɨ, ɬɨ ɨɛɪɚɡɭɟɬɫɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɦɟɫɶ ɤɪɢɫɬɚɥɥɨɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɪɚɡɧɨɝɨ 

ɫɨɫɬɚɜɚ. ȼɵɪɨɜɧɹɬɶ ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɪɢɫɬɚɥɥɨɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɜɨɡɦɨɠɧɨ  

ɩɭɬɟɦ  ɞɢɮɮɭɡɢɢ  ɩɪɢ  ɩɨɜɵɲɟɧɧɨɣ  ɬɟɦɩɟɪɚɬɭɪ 

 

3.3 ɄɈɇɊɈɅɖɇɕȿ  ȼɈɉɊɈɋɕ 

1. Ⱦɚɬɶ ɨɩɪɟɞɟɥɟɧɢɟ  ɝɨɦɨɝɟɧɧɵɦ ɢ ɝɟɬɟɪɨɝɟɧɧɵɦ ɫɢɫɬɟɦɚɦ. 
2. ɑɬɨ ɬɚɤɨɟ ɮɚɡɚ, ɧɟɡɚɜɢɫɢɦɵɣ ɤɨɦɩɨɧɟɧɬ, ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. 
3. Ʉɚɤ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɩɪɚɜɢɥɨ ɮɚɡ? 
4. ȼ ɱɟɦ ɫɭɳɧɨɫɬɶ ɦɟɬɨɞɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ? 
5. Ʉɚɤ ɩɨ ɤɪɢɜɵɦ ɨɯɥɚɠɞɟɧɢɹ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ? 
6. ɑɬɨ ɬɚɤɨɟ ɷɜɬɟɤɬɢɤɚ, ɷɜɬɟɤɬɢɱɟɫɤɢɣ ɫɨɫɬɚɜ? 
7. Ʉɚɤ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɩɪɚɜɢɥɨ ɪɵɱɚɝɚ? 
8. ɑɬɨ ɩɨɧɢɦɚɟɬɫɹ ɩɨɞ ɬɜɟɪɞɵɦ ɪɚɫɬɜɨɪɨɦ? 
9. ɇɚɡɜɚɬɶ ɬɢɩɵ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ, ɭɤɚɡɚɬɶ ɢɯ ɨɫɨɛɟɧɧɨɫɬɢ. 
10. Ʉɚɤɢɟ ɜɟɳɟɫɬɜɚ ɧɚɡɵɜɚɸɬ ɢɡɨɦɨɪɮɧɵɦɢ? 



11. ȼ ɱɟɦ ɨɫɨɛɟɧɧɨɫɬɢ ɞɢɚɝɪɚɦɦɵ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ? 

12. ɑɟɦɭ ɪɚɜɧɨ ɱɢɫɥɨ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɱɢɫɥɟ ɮɚɡ? 
 

 
3.4  ɊɍɄɈȼɈȾɋɌȼɈ  Ʉ  ɅȺȻɈɊȺɌɈɊɇɈɃ  ɊȺȻɈɌȿ 

«ȾɂȺȽɊȺɆɆȺ ɉɅȺȼɄɈɋɌɂ ȾȼɍɏɄɈɆɉɈɇȿɇɌɇɈɃ ɋɂɋɌȿɆɕ» 
 

ɐɟɥɶ ɪɚɛɨɬɵ: ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɫɬɪɨɢɬɶ 
ɞɢɚɝɪɚɦɦɭ ɩɥɚɜɤɨɫɬɢ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ. 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɫɟɦɶ ɩɪɨɧɭɦɟɪɨɜɚɧɧɵɯ ɩɪɨɛɢɪɨɤ ɫ ɱɢɫɬɵɦɢ 
ɜɟɳɟɫɬɜɚɦɢ ɧɚɮɬɚɥɢɧɨɦ (ɋ10ɇ8) ɢ ɞɢɮɟɧɢɥɚɦɢɧɨɦ ((ɋ6N5)2NH) ɢ ɫɦɟɫɹɦɢ ɷɬɢɯ 
ɜɟɳɟɫɬɜ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨɰɟɧɬɧɵɯ ɫɨɨɬɧɨɲɟɧɢɹɯ, ɬɟɪɦɨɦɟɬɪɵ ɜ ɤɚɠɞɨɣ 
ɩɪɨɛɢɪɤɟ, ɜɨɞɹɧɚɹ ɛɚɧɹ, ɫɬɚɤɚɧɵ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ɤɚɠɞɚɹ ɩɨɞɝɪɭɩɩɚ ɫɬɭɞɟɧɬɨɜ ɩɨɥɭɱɚɟɬ ɭ 
ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɩɨ 1 – 2 ɩɪɨɛɢɪɤɢ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦ ɫɨɫɬɚɜɨɦ ɫɦɟɫɢ ɢ ɱɢɫɬɵɯ 
ɜɟɳɟɫɬɜ (ɩɪɨɰɟɧɬɧɵɣ  ɫɨɫɬɚɜ  ɫɦɟɫɟɣ  ɭɤɚɡɚɧ  ɜ  ɬɚɛɥɢɰɟ). 

ɉɪɨɛɢɪɤɢ ɩɨɦɟɳɚɸɬ ɜ ɜɨɞɹɧɭɸ ɛɚɧɸ ɢ ɧɚɝɪɟɜɚɸɬ ɞɨ ɪɚɫɩɥɚɜɥɟɧɢɹ ɢɯ 
ɫɨɞɟɪɠɢɦɨɝɨ. Ɂɚɬɟɦ ɩɪɨɛɢɪɤɢ ɜɵɧɢɦɚɸɬ ɢɡ ɜɨɞɹɧɨɣ ɛɚɧɢ ɢ ɩɨɦɟɳɚɸɬ ɜ ɫɬɚɤɚɧ 
ɞɥɹ ɦɟɞɥɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ (ɉɪɢɦɟɱɚɧɢɟ : ɩɪɨɛɢɪɤɢ ɫ ɪɚɫɩɥɚɜɨɦ ɞɟɪɠɚɬɶ ɬɨɥɶɤɨ 
ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ). ȼɢɡɭɚɥɶɧɨ ɨɩɪɟɞɟɥɹɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɹɜɥɟɧɢɹ 
ɩɟɪɜɵɯ ɤɪɢɫɬɚɥɥɨɜ. ɋɧɨɜɚ ɩɨɦɟɳɚɸɬ ɩɪɨɛɢɪɤɢ ɜ ɜɨɞɹɧɭɸ ɛɚɧɸ ɢ ɧɚɝɪɟɜɚɸɬ 
ɫɨɞɟɪɠɢɦɨɟ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ 4 – 5ɨɋ ɜɵɲɟ, ɱɟɦ ɜɢɡɭɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɚɹ 
ɬɟɦɩɟɪɚɬɭɪɚ. ɋɧɨɜɚ  ɩɪɨɛɢɪɤɢ ɜɵɧɢɦɚɸɬ ɢɡ ɜɨɞɹɧɨɣ ɛɚɧɢ, ɩɨɦɟɳɚɸɬ ɜ ɫɬɚɤɚɧ ɢ 
ɮɢɤɫɢɪɭɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɱɟɪɟɡ ɤɚɠɞɵɟ 10 – 30 ɫɟɤɭɧɞ. ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɪɨɜɨɞɢɬɫɹ ɞɨ ɩɨɥɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ ɫɬɪɨɹɬɫɹ ɤɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɩɪɨɛɢɪɤɢ. 
ɉɪɢɦɟɪ ɩɨɫɬɪɨɟɧɧɨɣ ɤɪɢɜɨɣ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ Ɋɢɫ.3.8. 

 
 

 
 
 
 
 

 
 
 
 
 

Ɋɢɫɭɧɨɤ 3.8 - Ʉɪɢɜɚɹ ɨɯɥɚɠɞɟɧɢɹ 
 
 

ɉɨ ɤɪɢɜɵɦ ɨɯɥɚɠɞɟɧɢɹ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɪɚɫɩɥɚɜɚ. Ⱦɥɹ ɷɬɨɝɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɧɚɱɚɥɶɧɵɯ ɬɨɱɟɤ ɤɪɢɜɨɣ (4 – 5 ɬɨɱɟɤ), 
ɥɨɠɚɳɢɯɫɹ ɧɚ ɩɪɹɦɭɸ ɥɢɧɢɸ, ɫɨɟɞɢɧɢɬɶ ɦɟɠɞɭ ɫɨɛɨɣ. ɉɪɨɟɤɰɢɣ ɬɨɱɤɢ, ɜ 
ɤɨɬɨɪɨɣ ɤɪɢɜɚɹ ɨɯɥɚɠɞɟɧɢɹ ɨɬɯɨɞɢɬ ɨɬ ɩɪɹɦɨɥɢɧɟɣɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ (ɬɨɱɤɚ ɚ), 
ɬ.ɟ. ɬɨɱɤɢ, ɝɞɟ ɧɚɱɢɧɚɟɬɫɹ ɢɡɥɨɦ ɤɪɢɜɨɣ, ɭɤɚɠɟɬ ɬɟɦɩɟɪɚɬɭɪɭ ɧɚɱɚɥɚ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɂɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɥɭɱɟɧɧɵɟ 
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ɜɫɟɦɢ ɩɨɞɝɪɭɩɩɚɦɢ ɫɬɭɞɟɧɬɨɜ ɞɥɹ ɜɫɟɯ ɩɪɨɛɢɪɨɤ ɩɨɦɟɫɬɢɬɶ ɜ ɬɚɛɥɢɰɭ. ɋɪɚɜɧɢɬɶ 
ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɨɥɭɱɟɧɧɵɟ ɜɢɡɭɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟɧɢɹ. 
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ɉɭɬɟɦ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɨ ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚɱɚɥɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɭɫɬɚɧɨɜɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɤɨɧɰɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ⱦɥɹ ɱɢɫɬɵɯ ɜɟɳɟɫɬɜ ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɜɧɵ, ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɧɰɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɫɩɥɚɜɨɜ ɜ ɨɫɬɚɥɶɧɵɯ ɩɪɨɛɢɪɤɚɯ ɪɚɜɧɚ ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɧɚɱɚɥɚ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɤɚɤɨɣ-ɥɢɛɨ  ɢɡ ɩɪɨɛɢɪɨɤ (ɷɜɬɟɤɬɢɱɟɫɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ). 

Ɂɚɞɚɧɢɟ 

1. ɇɚ ɨɫɧɨɜɚɧɢɢ ɞɚɧɧɵɯ ɬɚɛɥɢɰɵ ɩɨɫɬɪɨɢɬɶ ɞɢɚɝɪɚɦɦɭ ɩɥɚɜɤɨɫɬɢ 
ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɨɣ ɫɢɫɬɟɦɵ ɧɚɮɬɚɥɢɧ – ɞɢɮɢɧɢɥɚɦɢɧ (ȾɎȺ). 

2. Ɋɹɞɨɦ ɫ ɞɢɚɝɪɚɦɦɨɣ ɜ ɫɬɢɥɢɡɨɜɚɧɧɨɦ ɜɢɞɟ ɩɨɫɬɪɨɢɬɶ ɤɪɢɜɵɟ 
ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɜɫɟɯ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɨɫɬɚɜɨɜ. 

3. Ɉɩɪɟɞɟɥɢɬɶ ɬɢɩ ɞɢɚɝɪɚɦɦɵ, ɭɤɚɡɚɬɶ ɟɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɧɚɡɜɚɧɢɹ 
ɯɚɪɚɤɬɟɪɧɵɯ ɥɢɧɢɣ ɢ ɬɨɱɟɤ. 

4. ɍɤɚɡɚɬɶ ɜɢɞɵ ɮɚɡ, ɱɢɫɥɨ ɤɨɦɩɨɧɟɧɬɨɜ, ɮɚɡ ɢ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɞɥɹ ɜɫɟɯ 
ɨɛɥɚɫɬɟɣ, ɨɝɪɚɧɢɱɟɧɧɵɯ ɥɢɧɢɹɦɢ ɢ ɧɚ ɥɢɧɢɹɯ. 

5. Ɉɩɪɟɞɟɥɢɬɶ ɦɚɫɫɭ ɢ ɫɨɫɬɚɜ ɬɜɟɪɞɨɣ ɢ ɠɢɞɤɨɣ ɮɚɡ ɩɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
10ɝ ɪɚɫɩɥɚɜɚ ɩɪɢ ɡɚɞɚɧɧɵɯ ɩɪɟɩɨɞɚɜɚɬɟɥɟɦ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɫɨɫɬɚɜɟ ɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 
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4.1 Ɉɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬаɧɨɜɢɬɟɥɶɧɵɟ ɪɟаɤɰɢɢ 

 

Ʌɸɛɚɹ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɚɹ ɪɟɚɤɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɩɪɨɰɟɫɫɨɜ 
ɨɤɢɫɥɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. Ɉɤɢɫɥɟɧɢɟ – ɷɬɨ ɨɬɞɚɱɚ ɷɥɟɤɬɪɨɧɨɜ ɜɟɳɟɫɬɜɨɦ, ɬɨ 
ɟɫɬɶ ɩɨɜɵɲɟɧɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ. ȼɟɳɟɫɬɜɚ, ɨɬɞɚɸɳɢɟ ɫɜɨɢ ɷɥɟɤɬɪɨɧɵ ɜ 
ɩɪɨɰɟɫɫɟ ɪɟɚɤɰɢɢ, ɧɚɡɵɜɚɸɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹɦɢ. ɇɚɩɪɢɦɟɪ,     Zn0 - 2ē ĺ Zn+2, 
Zn – ɹɜɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɦ.  

ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ – ɷɬɨ ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɤ ɜɟɳɟɫɬɜɭ ɢɥɢ 
ɩɨɧɢɠɟɧɢɟ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ ɷɥɟɦɟɧɬɚ. ȼɟɳɟɫɬɜɨ, ɩɪɢɧɢɦɚɸɳɟɟ ɷɥɟɤɬɪɨɧɵ, 
ɧɚɡɵɜɚɟɬɫɹ ɨɤɢɫɥɢɬɟɥɟɦ. ɇɚɩɪɢɦɟɪ, ɜ ɩɪɨɰɟɫɫɟ 0

222 HeH   ɨɤɢɫɥɢɬɟɥɟɦ 
ɛɭɞɟɬ ɢɨɧ ɇ+.  

ȼ ɯɢɦɢɱɟɫɤɢɯ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɹɯ ɩɪɨɰɟɫɫɵ 
ɨɤɢɫɥɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɚɧɵ. ȼ ɯɨɞɟ ɷɬɢɯ ɪɟɚɤɰɢɣ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶ 
ɨɬɞɚɟɬ ɫɜɨɢ ɷɥɟɤɬɪɨɧɵ ɨɤɢɫɥɢɬɟɥɸ. ɇɚɩɪɢɦɟɪ, ɜ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ ɭɝɥɟɪɨɞɚ 
ɤɢɫɥɨɪɨɞɨɦ ɷɥɟɤɬɪɨɧɵ ɩɟɪɟɦɟɳɚɸɬɫɹ ɨɬ ɭɝɥɟɪɨɞɚ ɤ ɤɢɫɥɨɪɨɞɭ: 
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0  OCOC . 
 
4.2 Гаɥɶɜаɧɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ 

ɍɫɬɪɨɣɫɬɜɚ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɰɟɫɫɵ ɨɤɢɫɥɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɪɚɡɞɟɥɟɧɵ ɢ 
ɨɛɟɫɩɟɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɯɨɞɚ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɤ ɨɤɢɫɥɢɬɟɥɸ 
ɩɨ ɩɪɨɜɨɞɧɢɤɭ (ɜɧɟɲɧɟɣ ɰɟɩɢ), ɧɚɡɵɜɚɟɬɫɹ ɝɚɥɶɜɚɧɢɱɟɫɤɢɦɢ эɥɟɦɟɧɬɚɦɢ (ȽЭ). 
ɉɪɢ ɷɬɨɦ ɜɨ ɜɧɟɲɧɟɣ ɰɟɩɢ ɜɨɡɧɢɤɚɟɬ ɧɚɩɪɚɜɥɟɧɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ – 
ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ, ɢ ɷɧɟɪɝɢɹ ɯɢɦɢɱɟɫɤɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ 
ɪɟɚɤɰɢɢ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ.  

ȼɫɹɤɢɣ ȽЭ ɫɨɫɬɨɢɬ ɢɡ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɥɢɬɨɜ ɢ ɩɨɝɪɭɠɟɧɧɵɯ ɜ ɧɢɯ ɞɜɭɯ 
ɷɥɟɤɬɪɨɞɨɜ – ɚɧɨɞɚ, ɧɚ ɤɨɬɨɪɨɦ ɜ ɯɨɞɟ ɪɟɚɤɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɨɤɢɫɥɟɧɢɟ, ɢ ɤɚɬɨɞɚ, 
ɧɚ ɤɨɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ.  

ɉɪɢ ɫɯɟɦɚɬɢɱɟɫɤɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ȽЭ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɷɥɟɤɬɪɨɞɨɦ ɢ 
ɪɚɫɬɜɨɪɨɦ ɨɛɨɡɧɚɱɚɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɨɣ ɱɟɪɬɨɣ, ɝɪɚɧɢɰɚ ɦɟɠɞɭ ɪɚɫɬɜɨɪɚɦɢ 
ɷɥɟɤɬɪɨɥɢɬɨɜ – ɞɜɨɣɧɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɱɟɪɬɨɣ. ɇɚɩɪɢɦɟɪ, ɫɯɟɦɚ ȽЭ, ɜ ɨɫɧɨɜɟ 
ɪɚɛɨɬɵ ɤɨɬɨɪɨɝɨ ɥɟɠɢɬ ɪɟɚɤɰɢɹ  

Zn + 2AgNO3 = Zn(NO3)2 + 2Ag. 
ɂɡɨɛɪɚɠɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ:  

(Ⱥɧɨɞ) Zn | Zn(NO3)2 || AgNO3 | Ag (Ʉɚɬɨɞ) 
ɢɥɢ ɜ ɭɩɪɨɳɟɧɧɨɣ ɮɨɪɦɟ: Ⱥ : Zn | Zn+2 || Ag+ | Ag- : Ʉ 

ɇɚ ɚɧɨɞɟ ɰɢɧɤ ɨɤɢɫɥɹɟɬɫɹ  Zn - 2ē ĺ Zn+2 ɢ ɜ ɮɨɪɦɟ ɢɨɧɨɜ ɩɟɪɟɯɨɞɢɬ ɜ 
ɪɚɫɬɜɨɪ, ɚ ɧɚ ɤɚɬɨɞɟ ɫɟɪɟɛɪɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ Ag+ + ē ĺ Ag ɢ ɜ ɜɢɞɟ ɦɟɬɚɥɥɚ 
ɨɫɚɠɞɚɟɬɫɹ ɧɚ ɷɥɟɤɬɪɨɞɟ. ɋɭɦɦɚɪɧɨɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɢɦɟɟɬ ɜɢɞ:  

Zn + 2Ag+ = Zn+2 + 2Ag 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ȽЭ, ɨɬɜɟɱɚɸɳɟɟ ɩɪɨɬɟɤɚɧɢɸ ɜ ɧɟɦ ɪɟɚɤɰɢɢ, 

ɧɚɡɵɜɚɟɬɫɹ эɥɟɤɬɪɨɞɜɢɠɭɳɟɣ ɫɢɥɨɣ (ɷ.ɞ.ɫ.) ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ ȿȽЭ.  
Э.ɞ.ɫ. ȽЭ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɪɚɡɧɨɫɬɶ ɞɜɭɯ ɷɥɟɤɬɪɨɞɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ φ , 

ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɬɜɟɱɚɟɬ ɪɟɚɤɰɢɢ, ɩɪɨɬɟɤɚɸɳɟɣ ɧɚ ɨɞɧɨɦ ɢɡ ɷɥɟɤɬɪɨɞɨɜ:  
ȿȽЭ = φɤ – φɚ. 

ɇɚɩɪɢɦɟɪ, ɞɥɹ ɫɟɪɟɛɪɹɧɨ-ɰɢɧɤɨɜɨɝɨ ɷɥɟɦɟɧɬɚ ɷ.ɞ.ɫ. ɜɵɪɚɠɚɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  



 2;
ZnZnAgAgȽЭE   

ɝɞɟ  2;
ZnZnAgAg

 - ɩɨɬɟɧɰɢɚɥɵ, ɨɬɜɟɱɚɸɳɢɟ ɷɥɟɤɬɪɨɧɧɵɦ ɩɪɨɰɟɫɫɚɦ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɫɟɪɟɛɪɹɧɨɦ ɢ ɰɢɧɤɨɜɨɦ ɷɥɟɤɬɪɨɞɚɯ.  
Ʉɪɨɦɟ ɬɨɝɨ, ɷ.ɞ.ɫ. ȽЭ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɱɟɪɟɡ ɢɡɦɟɧɟɧɢɟ ɷɧɟɪɝɢɢ 

Ƚɢɛɛɫɚ ɩɪɢ ɩɪɨɬɟɤɚɧɢɢ ɪɟɚɤɰɢɢ:  

Fn

G
EÃÝ 

 , 

ɝɞɟ ɩ – ɱɢɫɥɨ ɷɥɟɤɬɪɨɧɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɰɟɫɫɟ,  
F – ɩɨɫɬɨɹɧɧɚɹ Ɏɚɪɚɞɟɹ, ɩɨɤɚɡɵɜɚɸɳɚɹ ɫɭɦɦɚɪɧɵɣ ɡɚɪɹɞ, ɨɛɪɚɡɭɸɳɢɣɫɹ 

ɩɪɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ 1 ɦɨɥɹ ɜɟɳɟɫɬɜɚ (ɤɚɬɨɞɧɨɦ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɢɥɢ ɚɧɨɞɧɨɦ ɨɤɢɫɥɟɧɢɢ). F = 96484 Кл/ɦɨлɶ. Эɬɨ ɭɪɚɜɧɟɧɢɟ 
ɩɨɤɚɡɵɜɚɟɬ ɫɜɹɡɶ ɦɟɠɞɭ ɯɢɦɢɱɟɫɤɨɣ (∆G) ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ȿȽЭ ɮɨɪɦɚɦɢ ɷɧɟɪɝɢɣ. 
ɉɪɢ ɢɡɜɟɫɬɧɵɯ ɡɧɚɱɟɧɢɹɯ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ ɪɟɚɤɰɢɢ ∆G ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ 
ɜɟɥɢɱɢɧɭ ȿȽЭ ɢ ɧɚɨɛɨɪɨɬ. Эɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ φ ɦɟɬɚɥɥɚ ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ 
ɟɝɨ ɩɪɢɪɨɞɵ, ɧɨ ɬɚɤɠɟ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɣ ɢɨɧɨɜ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɚ ɢ 
ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. Эɬɨ ɜɵɪɚɠɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɇɟɪɧɫɬɚ:    

n

ÌåÌåÌåÌå
Ìå

ïF

RT
nn ln0 , 

ɝɞɟ 0
nМɟМɟ

  - ɫɬɚɧɞɚɪɬɧɵɣ ɷɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɤɚɤ 

ɩɨɬɟɧɰɢɚɥ ɞɚɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜɟɳɟɫɬɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 
ɷɥɟɤɬɪɨɞɧɨɦ ɩɪɨɰɟɫɫɟ, ɪɚɜɧɵɯ ɟɞɢɧɢɰɟ,   nМɟ  - ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɚ.  

ɉɪɢ Ɍ = 298 К, ɩɨɞɫɬɚɧɨɜɤɟ ɡɧɚɱɟɧɢɣ (R, F) ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ 
ɧɚɬɭɪɚɥɶɧɨɝɨ ɥɨɝɚɪɢɮɦɚ ɜ ɞɟɫɹɬɢɱɧɵɯ  nМɟln  = 2,3  nМɟlg  ɭɪɚɜɧɟɧɢɟ 
ɇɟɪɧɫɬɚ ɩɪɟɨɛɪɟɬɚɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ:    

n

ÌåÌåÌåÌå
Ìå

n
nn lg

059,00 . 

ȽЭ ɦɨɠɟɬ ɛɵɬɶ ɫɨɫɬɚɜɥɟɧ ɧɟ ɬɨɥɶɤɨ ɢɡ ɪɚɡɥɢɱɧɵɯ, ɧɨ ɢ ɢɡ ɨɞɢɧɚɤɨɜɵɯ 
ɷɥɟɤɬɪɨɞɨɜ, ɩɨɝɪɭɠɟɧɧɵɯ ɜ ɪɚɫɬɜɨɪɵ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɷɥɟɤɬɪɨɥɢɬɚ, 
ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɬɨɥɶɤɨ ɤɨɧɰɟɧɬɪɚɰɢɟɣ. Ɍɚɤɢɟ ȽЭ ɧɚɡɵɜɚɸɬɫɹ 
ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɵɦɢ. Э.ɞ.ɫ. ɬɚɤɨɝɨ ɷɥɟɦɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɭɪɚɜɧɟɧɢɸ: 

2

1lg
059,0

C

C

n
ÅÃÝ  , 

ɝɞɟ ɋ1 ɢ ɋ2 – ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɛɥɢɡɢ ɤɚɬɨɞɚ ɢ 
ɚɧɨɞɚ, ɩɪɢɱɟɦ ɋ1 > ɋ2.  

 
4.3 Эɥɟɤɬɪɨɥɢɡ 

Эɥɟɤɬɪɨɥɢɡɨɦ ɧɚɡɵɜɚɸɬ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɧɚ ɷɥɟɤɬɪɨɞɚɯ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ, ɩɨɞɚɜɚɟɦɨɝɨ ɨɬ ɜɧɟɲɧɟɝɨ 
ɢɫɬɨɱɧɢɤɚ. ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɪɚɳɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ 
ɷɧɟɪɝɢɸ ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ. Ɋɚɡɥɢɱɚɸɬ ɷɥɟɤɬɪɨɥɢɡ ɜ ɪɚɫɬɜɨɪɟ ɢ ɪɚɫɩɥɚɜɟ.  

 
ɗɥɟɤɬɪɨɥɢɡ ɜ ɪɚɫɩɥɚɜɟ 



ȼ ɪɚɫɩɥɚɜɚɯ ɪɚɡɥɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɬɟɪɦɢɱɟɫɤɚɹ ɞɢɫɫɨɰɢɚɰɢɹ ɫ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɚɬɢɨɧɨɜ ɢ ɚɧɢɨɧɨɜ, ɤɨɬɨɪɵɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɪɢɥɨɠɟɧɧɨɝɨ ɦɟɠɞɭ 
ɷɥɟɤɬɪɨɞɚɦɢ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɩɪɢɨɛɪɟɬɚɸɬ ɧɚɩɪɚɜɥɟɧɧɨɟ ɞɜɢɠɟɧɢɟ ɤ 
ɷɥɟɤɬɪɨɞɚɦ. ɇɚɩɪɢɦɟɪ, ɷɥɟɤɬɪɨɥɢɡ ɪɚɫɩɥɚɜɚ NaCl ɩɪɨɯɨɞɢɬ ɩɨ ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ: 

ɇɚ ɤɚɬɨɞɟ ɢɞɟɬ ɩɪɨɰɟɫɫ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɨɧɨɜ Na  +    K:  Na  +  +  ē → Na  0. 
ɇɚ ɚɧɨɞɟ – ɨɤɢɫɥɟɧɢɟ ɢɨɧɨɜ Cl - ɞɨ ɫɜɨɛɨɞɧɨɝɨ ɯɥɨɪɚ  Ⱥ:   Cl - - ē → ½Cl2. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɨɞɧɨɟ ɨɤɢɫɥɟɧɢɟ ɢ ɤɚɬɨɞɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɫɨɫɬɚɜɥɹɸɬ 

ɫɭɬɶ ɷɥɟɤɬɪɨɥɢɡɚ, ɩɪɢ ɷɬɨɦ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɩɟɪɟɯɨɞɢɬ ɜ ɷɧɟɪɝɢɸ 

ɯɢɦɢɱɟɫɤɢɯ ɩɪɟɜɪɚɳɟɧɢɣ. 

 

ɗɥɟɤɬɪɨɥɢɡ ɜ ɪɚɫɬɜɨɪɟ 

Ʉɚɬɨɞɧɵɟ ɢ ɚɧɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɪɚɫɬɜɨɪɟ ɷɥɟɤɬɪɨɥɢɬɨɜ ɛɭɞɭɬ ɛɨɥɟɟ 
ɫɥɨɠɧɵɦɢ, ɬ.ɤ. ɜ ɷɬɢɯ ɩɪɨɰɟɫɫɚɯ ɩɨɦɢɦɨ ɷɥɟɤɬɪɨɧɨɜ ɢ ɢɨɧɨɜ ɦɨɝɭɬ ɭɱɚɫɬɜɨɜɚɬɶ ɢ 
ɦɨɥɟɤɭɥɵ ɜɨɞɵ. ɋɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɤɚɬɨɞɧɵɯ ɢ ɚɧɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɷɥɟɤɬɪɨɥɢɡɚ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ. 

 
Ʉɚɬɨɞɧɵɟ ɩɪɨɰɟɫɫɵ 

ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɤɚɬɢɨɧɵ ɦɟɬɚɥɥɨɜ, 

ɜɨɡɦɨɠɧɵ ɬɪɢ ɫɥɭɱɚɹ: 

1) Ʉɚɬɢɨɧɵ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ, ɢɦɟɸɳɢɯ ɧɢɡɤɨɟ ɡɧɚɱɟɧɢɟ ɫɬɚɧɞɚɪɬɧɨɝɨ 
ɷɥɟɤɬɪɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (ɜ ɪɹɞɭ ɚɤɬɢɜɧɨɫɬɢ ɨɬ Li ɞɨ Al ɜɤɥɸɱɢɬɟɥɶɧɨ) ɧɟ 
ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɤɚɬɨɞɟ, ɚ ɜɦɟɫɬɨ ɷɬɨɝɨ ɢɞɟɬ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɦɨɥɟɤɭɥ ɜɨɞɵ: 

2H2O +  2ē = H2 +  2OH -. 
2) Ʉɚɬɢɨɧɵ ɭɦɟɪɟɧɧɨ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ, ɢɦɟɸɳɢɯ ɫɬɚɧɞɚɪɬɧɵɣ 

ɩɨɬɟɧɰɢɚɥ, ɦɟɧɶɲɢɣ, ɱɟɦ ɭ ɜɨɞɨɪɨɞɚ, ɧɨ ɛɨɥɶɲɢɣ, ɱɟɦ ɭ ɚɥɸɦɢɧɢɹ (ɜ ɪɹɞɭ 
ɚɤɬɢɜɧɨɫɬɟɣ ɨɬ Al ɞɨ H), ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɤɚɬɨɞɟ 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ. ɇɚɩɪɢɦɟɪ: 

Zn 2+  +  2ē =  Zn 0,          2H2O +  2ē = H2 +  2OH - . 
3) Ʉɚɬɢɨɧɵ ɩɚɫɫɢɜɧɵɯ ɦɟɬɚɥɥɨɜ, ɢɦɟɸɳɢɯ ɫɬɚɧɞɚɪɬɧɵɣ ɷɥɟɤɬɪɨɞɧɵɣ 

ɩɨɬɟɧɰɢɚɥ ɛɨɥɶɲɢɣ, ɱɟɦ ɭ ɜɨɞɨɪɨɞɚ (ɜ ɪɹɞɭ ɚɤɬɢɜɧɨɫɬɟɣ ɨɬ H ɞɨ Au), ɩɪɢ 
ɷɥɟɤɬɪɨɥɢɡɟ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɫɬɶɸ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɤɚɬɨɞɟ. ɇɚɩɪɢɦɟɪ: 

Cu 2+  +  2ē = Cu 0,           Au 3+  +  3ē = Au 0. 
ȿɫɥɢ ɠɟ ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɫɨɞɟɪɠɢɬ ɤɚɬɢɨɧɵ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ 

(ɧɚɩɪɢɦɟɪ  Ag+ , Cu2+ , Fe2+  ), ɬɨ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɜɵɞɟɥɟɧɢɟ ɢɯ ɧɚ ɤɚɬɨɞɟ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɩɨɪɹɞɤɟ ɭɦɟɧɶɲɟɧɢɹ ɜɟɥɢɱɢɧɵ ɫɬɚɧɞɚɪɬɧɨɝɨ ɷɥɟɤɬɪɨɞɧɨɝɨ 
ɩɨɬɟɧɰɢɚɥɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɟɬɚɥɥɚ: ɫɧɚɱɚɥɚ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɟɪɟɛɪɨ 

0
/ 0,8 )( Ag Ag ȼ   , ɡɚɬɟɦ ɦɟɞɶ 20

/ 0,34 )( Cu Cu ȼ    ɢ ɩɨɬɨɦ ɠɟɥɟɡɨ 
20

/ 0,44 )( Fe Fe ȼ   . 
 

Ⱥɧɨɞɧɵɟ  ɩɪɨɰɟɫɫɵ 

NaCl    T      Na  +  + Cl - 

 (-)  K 
АаАа+  



Ɉɫɨɛɟɧɧɨɫɬɢ ɢ ɯɚɪɚɤɬɟɪ ɚɧɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɡɚɜɢɫɹɬ ɤɚɤ ɨɬ ɩɪɢɪɨɞɵ ɚɧɢɨɧɚ, 
ɬɚɤ ɢ ɨɬ ɜɟɳɟɫɬɜɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɜɵɩɨɥɧɟɧ ɚɧɨɞ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɪɚɡɥɢɱɚɸɬ 
ɧɟɪɚɫɬɜɨɪɢɦɵɟ ɢ ɪɚɫɬɜɨɪɢɦɵɟ ɚɧɨɞɵ. 

Ʉ ɦɚɬɟɪɢɚɥɚɦ ɧɟɪɚɫɬɜɨɪɢɦɵɯ (ɧɟ ɨɤɢɫɥɹɸɳɢɯɫɹ) ɚɧɨɞɨɜ ɨɬɧɨɫɹɬɫɹ: ɭɝɨɥɶ, 
ɝɪɚɮɢɬ, ɩɥɚɬɢɧɚ, ɡɨɥɨɬɨ, PbO2. ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɫ ɧɟɪɚɫɬɜɨɪɢɦɵɦ ɚɧɨɞɨɦ 
ɜɨɡɦɨɠɧɵ ɫɥɟɞɭɸɳɢɟ ɫɥɭɱɚɢ: 

1) ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɛɟɫɤɢɫɥɨɪɨɞɧɵɯ ɤɢɫɥɨɬ ɢ ɢɯ ɫɨɥɟɣ 
(ɤɪɨɦɟ HF ɢ ɮɬɨɪɢɞɨɜ) ɭ ɚɧɨɞɚ ɪɚɡɪɹɠɚɸɬɫɹ ɚɧɢɨɧɵ ɷɬɢɯ ɤɢɫɥɨɬ. ɇɚɩɪɢɦɟɪ: 

2Cl - - 2ē = Cl2. 
2) ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɳɟɥɨɱɟɣ, ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɯ 

ɤɢɫɥɨɬ ɢ ɢɯ ɫɨɥɟɣ, ɚ ɬɚɤɠɟ HF ɢ ɮɬɨɪɢɞɨɜ ɩɪɨɢɫɯɨɞɢɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ 
ɨɤɢɫɥɟɧɢɟ ɜɨɞɵ (ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɢ ɤɢɫɥɵɯ ɫɪɟɞɚɯ) ɢɥɢ ɪɚɡɪɹɞɤɚ ɝɢɞɪɨɤɫɢɥɶɧɵɯ 
ɢɨɧɨɜ (ɜ ɳɟɥɨɱɧɵɯ ɫɪɟɞɚɯ) ɫ ɜɵɞɟɥɟɧɢɟɦ ɤɢɫɥɨɪɨɞɚ. ɇɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ 
ɝɢɞɪɨɥɢɡɚ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ H2SO4 ɧɚ ɚɧɨɞɟ ɢɞɟɬ ɨɤɢɫɥɟɧɢɟ ɜɨɞɵ: 

2H2O
 - - 4ē → O2 + 4H + . 

ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɪɚɫɬɜɨɪɚ ɳɟɥɨɱɢ NaOH ɧɚ ɚɧɨɞɟ ɢɞɟɬ ɪɚɡɪɹɠɟɧɢɟ 
ɝɢɞɪɨɤɫɢɥɶɧɵɯ ɢɨɧɨɜ:     4OH - - 4ē → O2 + 2H2O. 

ȼ ɫɥɭɱɚɟ ɷɥɟɤɬɪɨɥɢɡɚ ɫ ɪɚɫɬɜɨɪɢɦɵɦ ɚɧɨɞɨɦ ɨɤɢɫɥɹɟɬɫɹ (ɪɚɫɬɜɨɪɹɟɬɫɹ) 

ɫɚɦ ɦɚɬɟɪɢɚɥ ɚɧɨɞɚ. ɇɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ ɦɟɞɧɨɝɨ ɚɧɨɞɚ ɩɪɨɰɟɫɫ ɫɜɨɞɢɬɫɹ ɤ 

ɚɧɨɞɧɨɦɭ ɨɤɢɫɥɟɧɢɸ ɦɟɞɢ ɢ ɤ ɤɚɬɨɞɧɨɦɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɢɨɧɨɜ ɦɟɞɢ, ɬ. ɟ. ɤ 

ɩɟɪɟɧɨɫɭ ɦɟɞɢ ɫ ɚɧɨɞɚ ɧɚ ɤɚɬɨɞ. ɉɪɢ ɷɬɨɦ ɫɨɫɬɚɜ ɷɥɟɤɬɪɨɥɢɬɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

ɪɟɝɭɥɢɪɭɟɬɫɹ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɫɬɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ. 

ɉɪɢ ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɷɥɟɤɬɪɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɨɫɥɨɠɧɹɸɬɫɹ 
ɡɚ ɫɱɟɬ ɩɟɪɟɧɚɩɪɹɠɟɧɢɹ (ɩɨɥɹɪɢɡɚɰɢɢ) ɢ ɜɬɨɪɢɱɧɵɯ ɪɟɚɤɰɢɣ ɜ ɩɪɢɷɥɟɤɬɪɨɞɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ. 

Ɂɚɤɨɧ Ɏɚɪɚɞɟɹ. 

Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɪɨɰɟɫɫɨɜ ɷɥɟɤɬɪɨɥɢɡɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɡɚɤɨɧɨɦ Фɚɪɚɞɟɹ: ɦаɫɫа ɷлɟɤɬɪɨлиɬа, ɩɨɞɜɟɪɝɲɟɝɨɫɹ ɩɪɟɜɪаɳɟɧиɸ ɩɪи 
ɷлɟɤɬɪɨлиɡɟ, а ɬаɤɠɟ ɦаɫɫɵ ɨɛɪаɡɭɸɳихɫɹ ɩɪи ɷлɟɤɬɪɨлиɡɟ ɜɟɳɟɫɬɜ, ɩɪɹɦɨ 
ɩɪɨɩɨɪɰиɨɧалɶɧɵ ɤɨлиɱɟɫɬɜɭ ɷлɟɤɬɪиɱɟɫɬɜа, ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɪаɫɬɜɨɪ или 
ɪаɫɩлаɜ ɷлɟɤɬɪɨлиɬа, и ɷɤɜиɜалɟɧɬɧɵɦ ɦаɫɫаɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳих ɜɟɳɟɫɬɜ.  

Ɂɚɤɨɧ Ɏɚɪɚɞɟɹ ɜɵɪɚɠɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ:  

F

tIm
m Э  , 

ɝɞɟ m – ɦɚɫɫɚ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɢɥɢ ɩɨɞɜɟɪɝɲɟɝɨɫɹ ɩɪɟɜɪɚɳɟɧɢɸ 
ɜɟɳɟɫɬɜɚ, mЭ – ɟɝɨ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɦɚɫɫɚ, I – ɫɢɥɚ ɬɨɤɚ, t = ɜɪɟɦɹ, F – ɩɨɫɬɨɹɧɧɚɹ 
Ɏɚɪɚɞɟɹ (ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ 
ɩɪɟɜɪɚɳɟɧɢɹ ɨɞɧɨɝɨ ɷɤɜɢɜɚɥɟɧɬɚ ɜɟɳɟɫɬɜɚ).  

 
ȼɵɯɨɞ ɩɨ ɬɨɤɭ 

ɉɪɢ ɩɪɚɤɬɢɱɟɫɤɨɦ ɩɪɨɜɟɞɟɧɢɢ ɷɥɟɤɬɪɨɥɢɡɚ ɤɨɥɢɱɟɫɬɜɨ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɩɪɢ 
ɷɥɟɤɬɪɨɥɢɡɟ ɜɟɳɟɫɬɜɚ ɜɫɟɝɞɚ ɨɤɚɡɵɜɚɟɬɫɹ ɦɟɧɶɲɟ ɟɝɨ ɬɟɨɪɟɬɢɱɟɫɤɢ 
ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɚ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɪɚɫɯɨɞ ɬɨɤɚ ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɬɟɤɚɧɢɹ 
ɩɨɛɨɱɧɵɯ (ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ) ɩɪɨɰɟɫɫɨɜ ɨɛɵɱɧɨ ɩɪɟɜɵɲɚɟɬ ɟɝɨ ɤɨɥɢɱɟɫɬɜɨ, 
ɪɚɫɫɱɢɬɚɧɧɨɟ ɫɨɝɥɚɫɧɨ ɡɚɤɨɧɭ Ɏɚɪɚɞɟɹ. Ɉɬɧɨɲɟɧɢɟ ɦɚɫɫɵ ɩɪɚɤɬɢɱɟɫɤɢ 



ɩɨɥɭɱɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ (mɩɪ) ɤ ɦɚɫɫɟ, ɜɵɱɢɫɥɟɧɧɨɣ ɬɟɨɪɟɬɢɱɟɫɤɢ (mɬɟɨɪ) 
ɧɚɡɵɜɚɟɬɫɹ ɜɵɯɨɞɨɦ ɩɨ ɬɨɤɭ  η. 

100%.ɩɪ

ɬɟɨɪ

m

m
    

ȼɵɯɨɞ ɩɨ ɬɨɤɭ ɢɦɟɟɬ ɫɦɵɫɥ ɫɜɨɟɨɛɪɚɡɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɥɟɡɧɨɝɨ 
ɞɟɣɫɬɜɢɹ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɥɢɡɚ, ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɞɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ. 

 
4.4 Ʉɨɪɪɨɡɢя ɦɟɬаɥɥɨɜ 

Ʉɨɪɪɨɡɢɹ – ɷɬɨ ɪɚɡɪɭɲɟɧɢɟ ɦɟɬɚɥɥɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɟɝɨ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ. 

Ʉɨɪɪɨɡɢɹ – ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɵɣ ɩɪɨɰɟɫɫ ɢ ɩɪɨɬɟɤɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɷɧɟɪɝɢɢ 
Ƚɢɛɛɫɚ ɫɢɫɬɟɦɵ, ∆G < 0. Эɧɟɪɝɢɹ ɪɟɚɤɰɢɢ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɦɟɬɚɥɥɨɜ 
ɜɵɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ ɬɟɩɥɨɬɵ ɢ ɪɚɫɫɟɢɜɚɟɬɫɹ ɜ ɨɤɪɭɠɚɸɳɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

ɉɨ ɦɟɯɚɧɢɡɦɭ ɩɪɨɬɟɤɚɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɡɥɢɱɚɸɬ 
ɯɢɦɢɱɟɫɤɭɸ  ɢ  эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ  ɤɨɪɪɨɡɢɸ. 

 
ɏɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ 

ɏɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ – ɨɤɢɫɥɟɧɢɟ ɦɟɬɚɥɥɚ, ɧɟ ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ 
ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɜ ɫɢɫɬɟɦɟ. Ɍɚɤɨɣ ɦɟɯɚɧɢɡɦ ɧɚɛɥɸɞɚɟɬɫɹ 
ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɦɟɬɚɥɥɨɜ ɫ ɚɝɪɟɫɫɢɜɧɵɦɢ ɝɚɡɚɦɢ ɩɪɢ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
(ɝɚɡɨɜɚɹ ɤɨɪɪɨɡɢɹ) ɢ ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɠɢɞɤɢɦɢ ɧɟɷɥɟɤɬɪɨɥɢɬɚɦɢ (ɤɨɪɪɨɡɢɹ ɜ 
ɧɟɷɥɟɤɬɪɨɥɢɬɚɯ: ɬɨɥɭɨɥɟ, ɛɟɧɡɢɧɟ, ɧɟɮɬɢ ɢ ɬ. ɞ.). ɋɚɦɢ ɩɨ ɫɟɛɟ ɱɢɫɬɵɟ 
ɭɝɥɟɜɨɞɨɪɨɞɵ ɧɟ ɪɚɡɪɭɲɚɸɬ ɦɟɬɚɥɥɵ, ɢɯ ɤɨɪɪɨɡɢɣɧɨɟ ɞɟɣɫɬɜɢɟ ɨɛɭɫɥɨɜɥɟɧɨ 
ɧɚɥɢɱɢɟɦ ɩɪɢɦɟɫɟɣ, ɨɫɨɛɟɧɧɨ ɫɟɪɵ ɢ ɟё ɫɨɟɞɢɧɟɧɢɣ. ɉɪɢ ɫɝɨɪɚɧɢɢ ɬɨɩɥɢɜɚ 
ɫɨɟɞɢɧɟɧɢɹ ɫɟɪɵ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ SO2 ɢ SO3, ɹɜɥɹɸɳɢɦɢɫɹ ɤɨɪɪɨɡɢɣɧɨ-
ɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ. 

ɋɭɳɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɫɜɨɞɢɬɫɹ ɤ ɨɤɢɫɥɢɬɟɥɶɧɨ-
ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ, ɨɫɭɳɟɫɬɜɥɹɟɦɨɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɩɟɪɟɯɨɞɨɦ 
ɷɥɟɤɬɪɨɧɨɜ ɦɟɬɚɥɥɚ ɧɚ ɨɤɢɫɥɢɬɟɥɶ. ɇɚɩɪɢɦɟɪ, ɪɟɚɤɰɢɸ ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɥɥɨɜ 
ɤɢɫɥɨɪɨɞɨɦ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

nMe + m/2∙O2 = MenOm. 
ɏɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɜ ɚɬɦɨɫɮɟɪɟ ɤɢɫɥɨɪɨɞɚ ɦɨɠɟɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɛɨɥɶɲɢɧɫɬɜɨ 
ɦɟɬɚɥɥɨɜ. 

 
ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ 

Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ – ɷɬɨ ɪɚɡɪɭɲɟɧɢɟ ɦɟɬɚɥɥɚ ɜ ɫɪɟɞɟ 
ɷɥɟɤɬɪɨɥɢɬɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɚɧɨɞɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɢ ɤɚɬɨɞɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ. 

ɇɚ ɚɧɨɞɟ ɢɞɟɬ ɨɤɢɫɥɟɧɢɟ  Me - nē → Me n+ , ɧɚ ɤɚɬɨɞɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 
ɨɤɢɫɥɢɬɟɥɹ (Ɉx) Ox + nē → Red, ɝɞɟ Red – ɜɨɫɫɬɚɧɨɜɥɟɧɧɚɹ ɮɨɪɦɚ ɨɤɢɫɥɢɬɟɥɹ. 
ɉɪɨɰɟɫɫ ɚɧɨɞɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɦɟɬɚɥɥɚ ɢ ɫɨɫɬɚɜɥɹɟɬ ɫɭɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ 
ɤɨɪɪɨɡɢɢ. Ɉɤɢɫɥɢɬɟɥɹɦɢ ɩɪɢ ɤɨɪɪɨɡɢɢ ɫɥɭɠɚɬ ɦɨɥɟɤɭɥɵ ɤɢɫɥɨɪɨɞɚ  Ɉ2,  ɯɥɨɪɚ  
Cl2 ,  ɢɨɧɵ  H + ,  Fe 3+ ,  NO3 

-  ɢ  ɞɪ. ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢ ɤɨɪɪɨɡɢɢ ɧɚɛɥɸɞɚɟɬɫɹ 
ɢɨɧɢɡɚɰɢɹ (ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ) ɤɢɫɥɨɪɨɞɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜɨɞɵ:  
O2 + 2H2O + 4ē → 4OH -, ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɨɧɨɜ ɜɨɞɨɪɨɞɚ: 2H +  + 2ē → H2 .  ȼ 
ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɸɬ ɤɨɪɪɨɡɢɟɣ ɫ ɤɢɫɥɨɪɨɞɧɨɣ, ɚ ɜɨ ɜɬɨɪɨɦ – ɫ 
ɜɨɞɨɪɨɞɧɨɣ  ɞɟɩɨɥɹɪɢɡɚɰɢɟɣ. 



Ʉɪɨɦɟ ɚɧɨɞɧɵɯ ɢ ɤɚɬɨɞɧɵɯ ɪɟɚɤɰɢɣ, ɩɪɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 
ɩɪɨɢɫɯɨɞɢɬ ɞɜɢɠɟɧɢɟ ɷɥɟɤɬɪɨɧɨɜ ɜ ɦɟɬɚɥɥɟ ɢ ɢɨɧɨɜ ɜ ɷɥɟɤɬɪɨɥɢɬɟ. 

Эɥɟɤɬɪɨɥɢɬɚɦɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ, ɤɢɫɥɨɬ ɢ ɨɫɧɨɜɚɧɢɣ, ɦɨɪɫɤɚɹ 
ɜɨɞɚ, ɩɨɱɜɟɧɧɚɹ ɜɨɞɚ, ɜɨɞɚ ɚɬɦɨɫɮɟɪɵ, ɫɨɞɟɪɠɚɳɚɹ CO2, SO2, O2 ɢ ɞɪɭɝɢɟ ɝɚɡɵ. 

 
ɍɫɬɨɣɱɢɜɨɫɬɶ ɦɟɬɚɥɥɨɜ ɤ ɤɨɪɪɨɡɢɢ 

Ɉɬɧɨɲɟɧɢɟ ɦɟɬɚɥɥɨɜ ɤ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɡɧɚɱɟɧɢɹɦɢ ɢɯ ɧɨɪɦɚɥɶɧɵɯ ɷɥɟɤɬɪɨɞɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɵɦ ɜɫɟ 
ɦɟɬɚɥɥɵ ɞɟɥɹɬ ɧɚ 4 ɝɪɭɩɩɵ:  

Ⱥ – ɦɟɬɚɥɥɵ ɩɨɜɵɲɟɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ, ɨɬ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ ɞɨ ɤɚɞɦɢɹ (φ0 
≤ -0,4 ȼ), ɤɨɪɪɨɞɢɪɭɸɬ ɞɚɠɟ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ ɛɟɡ ɤɢɫɥɨɪɨɞɚ ɢ ɨɤɢɫɥɢɬɟɥɟɣ;  

Ȼ – ɦɟɬɚɥɥɵ ɫɪɟɞɧɟɣ, ɨɬ ɤɚɞɦɢɹ ɞɨ ɜɨɞɨɪɨɞɚ (φ0 = 0 ȼ), ɭɫɬɨɣɱɢɜɵ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ ɫɪɟɞɚɯ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɤɢɫɥɨɪɨɞɚ ɢ ɧɟɭɫɬɨɣɱɢɜɵ ɜ ɤɢɫɥɵɯ ɫɪɟɞɚɯ; 

ȼ – ɦɟɬɚɥɥɵ ɦɚɥɨɣ ɚɤɬɢɜɧɨɫɬɢ – Bi, Cu, Sb, As, Ag, Hg, Rh (φ0 ɨɬ 0 ɞɨ +0,8 
ȼ), ɜ ɨɬɫɭɬɫɬɜɢɟ ɤɢɫɥɨɪɨɞɚ ɢ ɞɪɭɝɢɯ ɨɤɢɫɥɢɬɟɥɟɣ ɭɫɬɨɣɱɢɜɵ ɧɟ ɬɨɥɶɤɨ ɜ 
ɧɟɣɬɪɚɥɶɧɵɯ, ɧɨ ɢ ɜ ɤɢɫɥɵɯ ɫɪɟɞɚɯ;  

Ƚ – ɛɥɚɝɨɪɨɞɧɵɟ ɦɟɬɚɥɥɵ Au, Pt, Pd, Ir – ɭɫɬɨɣɱɢɜɵɟ ɜɨ ɜɫɟɯ ɫɪɟɞɚɯ, ɤɪɨɦɟ 
ɤɢɫɥɵɯ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɫɢɥɶɧɵɯ ɨɤɢɫɥɢɬɟɥɟɣ.  

Ɋɹɞ ɦɟɬɚɥɥɨɜ, ɧɟɫɦɨɬɪɹ ɧɚ ɞɨɫɬɚɬɨɱɧɨ ɧɢɡɤɢɣ ɫɬɚɧɞɚɪɬɧɵɣ ɷɥɟɤɬɪɨɞɧɵɣ 
ɩɨɬɟɧɰɢɚɥ (Al, Zn, Ni, Ti, Ta, Cr), ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɤɨɪɪɨɡɢɣɧɨɣ ɫɬɨɣɤɨɫɬɶɸ 
ɛɥɚɝɨɞɚɪɹ ɫɤɥɨɧɧɨɫɬɢ ɤ ɩɚɫɫɢɜɚɰɢɢ – ɨɛɪɚɡɨɜɚɧɢɸ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ 
ɩɪɨɱɧɵɯ ɢ ɩɥɨɬɧɵɯ ɡɚɳɢɬɧɵɯ ɨɤɫɢɞɧɵɯ ɢ ɢɧɵɯ ɫɥɨɟɜ.  

ɇɟɤɨɬɨɪɵɟ ɢɨɧɵ, ɧɚɩɪɢɦɟɪ ɢɨɧɵ Cl-, ɧɚɨɛɨɪɨɬ ɚɤɬɢɜɢɡɢɪɭɸɬ ɦɟɬɚɥɥɵ, 
ɩɪɟɩɹɬɫɬɜɭɹ ɢɯ ɩɚɫɫɢɜɚɰɢɢ. ɉɪɢɱɢɧɨɣ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɚɞɫɨɪɛɢɪɭɸɳɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɢɨɧɨɜ Cl- ɧɚ ɦɟɬɚɥɥɟ ɢ ɜɵɫɨɤɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɯɥɨɪɢɞɨɜ ɦɟɬɚɥɥɚ. 
ɂɨɧɵ Cl-, ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɚɫɬɜɨɪɟɧɢɸ ɩɚɫɫɢɜɢɪɭɸɳɢɯ ɩɥɟɧɨɤ ɢ ɨɛɥɟɝɱɚɸɬ 
ɩɟɪɟɯɨɞ ɢɨɧɨɜ ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪ. ɉɨɷɬɨɦɭ, ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɪɚɫɬɜɨɪɟ ɢɨɧɨɜ Cl- ɢ 
ɞɪɭɝɢɯ ɚɤɬɢɜɚɬɨɪɨɜ, ɭ ɦɧɨɝɢɯ ɦɟɬɚɥɥɨɜ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɩɚɫɫɢɜɚɰɢɢ ɭɦɟɧɶɲɚɟɬɫɹ 
ɢɥɢ ɜɨɨɛɳɟ ɢɫɱɟɡɚɟɬ. ɇɚɩɪɢɦɟɪ, ɤɨɪɪɨɡɢɹ Al, ɞɚɠɟ ɩɨɤɪɵɬɨɝɨ ɩɚɫɫɢɜɢɪɭɸɳɟɣ 
ɩɥɟɧɤɨɣ Al2O3, ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɟɬɫɹ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ NaCl.  

 
Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɤɨɪɪɨɡɢɢ 

ȼɫɟ ɦɟɬɨɞɵ ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɭɫɥɨɜɧɨ ɞɟɥɹɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: 

ɚ)  ɥɟɝɢɪɨɜɚɧɢɟ  ɦɟɬɚɥɥɨɜ; 
ɛ)  ɡɚɳɢɬɧɵɟ  ɩɨɤɪɵɬɢɹ; 
ɜ)  ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ  ɡɚɳɢɬɚ; 
ɝ)  ɢɡɦɟɧɟɧɢɟ  ɫɜɨɣɫɬɜ  ɤɨɪɪɨɡɢɨɧɧɨɣ  ɫɪɟɞɵ; 
ɞ)  ɪɚɰɢɨɧɚɥɶɧɨɟ  ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ  ɢɡɞɟɥɢɣ. 

 
Ʌɟɝɢɪɨɜɚɧɢɟ  ɦɟɬɚɥɥɨɜ 

. ɉɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɜ ɫɨɫɬɚɜ ɫɩɥɚɜɚ ɜɜɨɞɹɬ ɤɨɦɩɨɧɟɧɬɵ, ɜɵɡɵɜɚɸɳɢɟ 
ɩɚɫɫɢɜɚɰɢɸ ɦɟɬɚɥɥɚ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ ɩɪɢɦɟɧɹɸɬ ɯɪɨɦ, ɧɢɤɟɥɶ, 
ɜɨɥɶɮɪɚɦ, ɤɪɟɦɧɢɣ, ɦɨɥɢɛɞɟɧ, ɚɥɸɦɢɧɢɣ. ɋɬɚɥɶ, ɥɟɝɢɪɨɜɚɧɧɚɹ ɬɚɤɢɦɢ 
ɩɪɢɦɟɫɹɦɢ, ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɨɣ ɠɚɪɨɫɬɨɣɤɨɫɬɶɸ ɢ ɠɚɪɨɩɪɨɱɧɨɫɬɶɸ, ɬ.ɟ. 
ɫɬɨɣɤɨɫɬɶɸ ɤ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ, ɚ ɬɚɤɠɟ ɩɨɜɵɲɟɧɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ 
ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. Ʌɟɝɢɪɭɸɳɢɟ ɞɨɛɚɜɤɢ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɨɤɢɫɥɹɸɬɫɹ ɷɧɟɪɝɢɱɧɟɟ, ɱɟɦ ɠɟɥɟɡɨ, ɢ ɨɛɪɚɡɭɸɬ ɩɪɢ ɷɬɨɦ ɩɥɨɬɧɵɟ ɡɚɳɢɬɧɵɟ 
ɩɥɟɧɤɢ ɨɤɫɢɞɨɜ. 



 
Ɂɚɳɢɬɧɵɟ  ɩɨɤɪɵɬɢɹ 

ɋлɨи, иɫɤɭɫɫɬɜɟɧɧɨ ɫɨɡɞаɜаɟɦɵɟ ɧа ɩɨɜɟɪхɧɨɫɬи ɦɟɬаллиɱɟɫɤих иɡɞɟлиɣ и 
ɫɨɨɪɭɠɟɧиɣ ɞлɹ ɩɪɟɞɨхɪаɧɟɧиɹ ɨɬ ɤɨɪɪɨɡии, ɧаɡɵɜаɸɬɫɹ ɡɚɳɢɬɧɵɦɢ 
ɩɨɤɪɵɬɢɹɦɢ. Ɂɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ ɞɟɥɹɬɫɹ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɢ 
ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɟ. 

ɇɟɦɟɬɚɥɥɢɱɟɫɤɢɟ ɦɨɝɭɬ ɛɵɬɶ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɦɢ. 
Ɂɚɳɢɬɧɨɟ ɞɟɣɫɬɜɢɟ ɢɯ ɫɜɨɞɢɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɤ ɢɡɨɥɹɰɢɢ ɦɟɬɚɥɥɚ ɨɬ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ. Ʉ ɨɪɝɚɧɢɱɟɫɤɢɦ ɨɬɧɨɫɹɬɫɹ ɥɚɤɨɤɪɚɫɨɱɧɵɟ ɩɨɤɪɵɬɢɹ, ɩɨɤɪɵɬɢɟ ɫɦɨɥɚɦɢ, 
ɩɥɚɫɬɦɚɫɫɚɦɢ, ɩɨɥɢɦɟɪɧɵɦɢ ɩɥɟɧɤɚɦɢ, ɪɟɡɢɧɨɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɤɪɵɬɢɣ ɩɪɢɦɟɧɹɸɬ ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ ɷɦɚɥɢ, 
ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ, ɫɨɟɞɢɧɟɧɢɹ ɯɪɨɦɚ, ɮɨɫɮɨɪɚ ɢ ɞɪ. ɇɟɨɪɝɚɧɢɱɟɫɤɢɟ ɷɦɚɥɢ ɩɨ 
ɫɜɨɟɦɭ ɫɨɫɬɚɜɭ ɹɜɥɹɸɬɫɹ ɫɢɥɢɤɚɬɚɦɢ, ɬ. ɟ. ɫɨɟɞɢɧɟɧɢɹɦɢ ɤɪɟɦɧɢɹ 

Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɡɚɳɢɬɧɵɟ ɩɨɤɪɵɬɢɹ ɩɨ ɯɚɪɚɤɬɟɪɭ ɢɯ ɩɨɜɟɞɟɧɢɹ ɩɪɢ 
ɤɨɪɪɨɡɢɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɤɚɬɨɞɧɵɟ ɢ ɚɧɨɞɧɵɟ. Ʉ ɤɚɬɨɞɧɵɦ ɩɨɤɪɵɬɢɹɦ 
ɨɬɧɨɫɹɬɫɹ ɬɚɤɢɟ, ɩɨɬɟɧɰɢɚɥɵ ɤɨɬɨɪɵɯ ɜ ɞɚɧɧɨɣ ɫɪɟɞɟ ɢɦɟɸɬ ɛɨɥɟɟ ɜɵɫɨɤɨɟ 
ɡɧɚɱɟɧɢɟ, ɱɟɦ ɩɨɬɟɧɰɢɚɥ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. ɉɪɢɦɟɪɨɦ ɤɚɬɨɞɧɵɯ ɩɨɤɪɵɬɢɣ ɧɚ 
ɫɬɚɥɢ ɦɨɝɭɬ ɫɥɭɠɢɬɶ Cu, Ni, Ag, Sn.  

Аɧɨɞɧɵɟ ɩɨɤɪɵɬɢɹ ɢɦɟɸɬ ɛɨɥɟɟ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɩɨɬɟɧɰɢɚɥ, ɱɟɦ ɦɚɬɟɪɢɚɥ 
ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. ɉɪɢɦɟɪɨɦ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɰɢɧɤ ɧɚ  

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ  ɡɚɳɢɬɚ 

Эɬɨɬ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɬɨɪɦɨɠɟɧɢɢ ɚɧɨɞɧɵɯ ɢɥɢ ɤɚɬɨɞɧɵɯ ɪɟɚɤɰɢɣ 
ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɋɭɳɧɨɫɬɶ ɡɚɳɢɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɡɚɳɢɳɚɟɦɨɟ 
ɢɡɞɟɥɢɟ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɩɨɥɸɫɭ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ɉɨɷɬɨɦɭ ɨɧɨ ɫɬɚɧɨɜɢɬɫɹ ɤɚɬɨɞɨɦ, ɚ ɚɧɨɞɨɦ ɫɥɭɠɢɬ,  ɤɚɤ  
ɩɪɚɜɢɥɨ,  ɡɚɡɟɦɥɟɧɧɵɣ  ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ  ɷɥɟɤɬɪɨɞ. 

ȿɫɥɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɞ, ɜɵɩɨɥɧɟɧɧɵɣ ɢɡ ɦɟɬɚɥɥɚ, ɢɦɟɸɳɟɝɨ 
ɛɨɥɟɟ ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɫɬɚɧɞɚɪɬɧɵɣ ɷɥɟɤɬɪɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ, ɩɪɢɫɨɟɞɢɧɢɬɶ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɡɚɳɢɳɚɟɦɨɦɭ ɢɡɞɟɥɢɸ, ɬɨ ɜɨɡɧɢɤɚɟɬ ɝɚɥɶɜɚɧɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ, 
ɜ ɤɨɬɨɪɨɦ ɪɨɥɶ ɚɧɨɞɚ ɜɵɩɨɥɧɹɟɬ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɷɥɟɤɬɪɨɞ, ɚ ɪɨɥɶ ɤɚɬɨɞɚ – 
ɡɚɳɢɳɚɟɦɨɟ ɢɡɞɟɥɢɟ. ɉɨɞɨɛɧɵɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɷɥɟɤɬɪɨɞɵ ɧɚɡɵɜɚɸɬ 
ɩɪɨɬɟɤɬɨɪɚɦɢ. Ⱦɥɹ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɨɥɶɲɟɣ ɱɚɫɬɶɸ ɢɫɩɨɥɶɡɭɸɬ ɦɚɝɧɢɣ ɢ ɟɝɨ 
ɫɩɥɚɜɵ, ɰɢɧɤ, ɚɥɸɦɢɧɢɣ. 

ɂɡɦɟɧɟɧɢɟ ɫɜɨɣɫɬɜ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɵ 

Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɚɝɪɟɫɫɢɜɧɨɫɬɢ ɫɪɟɞɵ ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɢɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ 
ɤɨɦɩɨɧɟɧɬɨɜ, ɨɩɚɫɧɵɯ ɜ ɤɨɪɪɨɡɢɨɧɧɨɦ ɨɬɧɨɲɟɧɢɢ. ɇɚɩɪɢɦɟɪ, ɜ ɧɟɣɬɪɚɥɶɧɵɯ 
ɫɪɟɞɚɯ ɤɨɪɪɨɡɢɹ ɩɪɨɬɟɤɚɟɬ ɫ ɩɨɝɥɨɳɟɧɢɟɦ ɤɢɫɥɨɪɨɞɚ. ȿɝɨ ɭɞɚɥɹɸɬ ɞɟɚɷɪɚɰɢɟɣ  
(ɤɢɩɹɱɟɧɢɟ, ɛɚɪɛɨɬɚɠ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ) ɢɥɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɫ ɩɨɦɨɳɶɸ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ (ɫɭɥɶɮɢɬɵ, ɝɢɞɪɚɡɢɧ ɢ ɬ. ɩ.). Ⱥɝɪɟɫɫɢɜɧɨɫɬɶ 
ɫɪɟɞɵ ɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ ɩɭɬɟɦ ɫɧɢɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɢɨɧɨɜ ɇ +  ɩɪɢ 
ɩɨɞɳɟɥɚɱɢɜɚɧɢɢ. 

Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬ ɢɧɝɢɛɢɬɨɪɵ –ɜɟɳɟɫɬɜɚ, ɩɪɢ 
ɞɨɛɚɜɥɟɧɢɢ ɤɨɬɨɪɵɯ ɜ ɫɪɟɞɭ, ɝɞɟ ɧɚɯɨɞɢɬɫɹ ɦɟɬɚɥɥ, ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬɫɹ 
ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɚ.  

ɫɟɪɭ, ɤɢɫɥɨɪɨɞ, ɧɚɩɪɢɦɟɪ, ɞɢɷɬɢɥɚɦɢɧ, ɮɨɪɦɚɥɶɞɟɝɢɞ, ɭɪɨɬɪɨɩɢɧ. 

Ɋɚɰɢɨɧɚɥɶɧɨɟ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟ ɢɡɞɟɥɢɣ 

Эɬɚ ɦɟɪɚ ɡɚɳɢɬɵ ɞɨɥɠɧɚ ɢɫɤɥɸɱɚɬɶ ɧɚɥɢɱɢɟ ɢɥɢ ɫɨɤɪɚɳɚɬɶ ɱɢɫɥɨ ɢ 
ɪɚɡɦɟɪɵ ɨɫɨɛɨ ɨɩɚɫɧɵɯ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɤɨɪɪɨɡɢɢ ɭɱɚɫɬɤɨɜ ɜ ɢɡɞɟɥɢɹɯ ɢɥɢ 



ɤɨɧɫɬɪɭɤɰɢɹɯ (ɫɜɚɪɧɵɯ ɲɜɨɜ, ɭɡɤɢɯ ɳɟɥɟɣ, ɤɨɧɬɚɤɬɨɜ ɪɚɡɧɨɪɨɞɧɵɯ ɩɨ 
ɷɥɟɤɬɪɨɞɧɵɦ ɩɨɬɟɧɰɢɚɥɚɦ ɦɟɬɚɥɥɨɜ ɢ ɞɪ.), ɚ ɬɚɤɠɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɬɶ 
ɫɩɟɰɢɚɥɶɧɭɸ ɡɚɳɢɬɭ  ɦɟɬɚɥɥɨɜ  ɷɬɢɯ  ɭɱɚɫɬɤɨɜ  ɨɬ  ɤɨɪɪɨɡɢɢ. 

 
4.5 Ʉɨɧɬɪɨɥɶɧɵɟ  ɜɨɩɪɨɫɵ 

 

1. Ⱦɚɬɶ ɨɩɪɟɞɟɥɟɧɢɟ ɩɨɧɹɬɢɹɦ "ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ", 
"ɝɚɥɶɜɚɧɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ",  "ɷɥɟɤɬɪɨɥɢɡ". 

2. ȼ ɱɟɦ ɩɪɨɹɜɥɹɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɨɤɢɫɥɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 
ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɚɦ? 

3. Ʉɚɤ ɨɩɪɟɞɟɥɢɬɶ ɷɥɟɤɬɪɨɞɜɢɠɭɳɭɸ ɫɢɥɭ ɝɚɥɶɜɚɧɢɱɟɫɤɨɝɨ ɷɥɟɦɟɧɬɚ? 
4. Ʉɚɤɨɟ ɭɪɚɜɧɟɧɢɟ ɫɜɹɡɵɜɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɢ ɯɢɦɢɱɟɫɤɭɸ ɮɨɪɦɭ 

ɷɧɟɪɝɢɣ? 
5. ɑɬɨ  ɫɨɛɨɣ  ɩɪɟɞɫɬɚɜɥɹɟɬ  ɭɪɚɜɧɟɧɢɟ  ɇɟɪɧɫɬɚ? 
6. Ⱦɚɬɶ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɦɭ ɝɚɥɶɜɚɧɢɱɟɫɤɨɦɭ ɷɥɟɦɟɧɬɭ. 
7. ɑɬɨ  ɬɚɤɨɟ  ɷɥɟɤɬɪɨɥɢɡ ?  ȼɢɞɵ  ɷɥɟɤɬɪɨɥɢɡɚ? 
8. ȼ ɱɟɦ ɫɨɫɬɨɹɬ ɨɫɨɛɟɧɧɨɫɬɢ ɤɚɬɨɞɧɵɯ ɢ ɚɧɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ 

ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ? 
9. ȼ ɱɟɦ ɩɪɨɹɜɥɹɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɷɥɟɤɬɪɨɥɢɡɚ ɜ ɪɚɫɩɥɚɜɚɯ? 
10. ɋɮɨɪɦɭɥɢɪɨɜɚɬɶ  ɡɚɤɨɧ  Ɏɚɪɚɞɟɹ. 
11. Ʉɚɤɨɜ  ɮɢɡɢɱɟɫɤɢɣ  ɫɦɵɫɥ  ɢɦɟɟɬ  ɩɨɫɬɨɹɧɧɚɹ  Ɏɚɪɚɞɟɹ? 
12. ɑɬɨ  ɬɚɤɨɟ  ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ  ɷɤɜɢɜɚɥɟɧɬ  ɜɟɳɟɫɬɜɚ? 
13. Ⱦɚɬɶ  ɨɩɪɟɞɟɥɟɧɢɟ  ɩɨɧɹɬɢɸ  "ɜɵɯɨɞ  ɩɨ  ɬɨɤɭ". 
14. ɑɬɨ  ɬɚɤɨɟ  ɤɨɪɪɨɡɢɹ?   Ʉɚɤɨɜɵ  ɜɢɞɵ  ɤɨɪɪɨɡɢɢ? 
15. Ɉɬ  ɱɟɝɨ   ɡɚɜɢɫɢɬ  ɫɤɨɪɨɫɬɶ  ɯɢɦɢɱɟɫɤɨɣ  ɤɨɪɪɨɡɢɢ? 
16. ȼ ɱɟɦ ɨɫɨɛɟɧɧɨɫɬɶ  ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ  ɤɨɪɪɨɡɢɢ? 
17. Ʉɚɤɨɜɚ ɪɨɥɶ ɜɨɞɨɪɨɞɧɨɣ ɢ ɤɢɫɥɨɪɨɞɧɨɣ ɞɟɩɨɥɹɪɢɡɚɰɢɢ ɞɥɹ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ? 
18. Ɉɬ  ɱɟɝɨ  ɡɚɜɢɫɢɬ  ɭɫɬɨɣɱɢɜɨɫɬɶ  ɦɟɬɚɥɥɨɜ  ɤ  ɤɨɪɪɨɡɢɢ? 
19. Ʉɚɤɨɜɵ  ɜɢɞɵ  ɡɚɳɢɬɵ  ɦɟɬɚɥɥɨɜ  ɨɬ  ɤɨɪɪɨɡɢɢ? 
20. ɑɬɨ  ɬɚɤɨɟ  ɥɟɝɢɪɨɜɚɧɢɟ  ɦɟɬɚɥɥɨɜ? 
21. Ʉɚɤɨɜɵ  ɜɢɞɵ  ɡɚɳɢɬɧɵɯ  ɩɨɤɪɵɬɢɣ? 
22. ȼ  ɱɟɦ  ɨɫɨɛɟɧɧɨɫɬɢ  ɚɧɨɞɧɵɯ  ɢ  ɤɚɬɨɞɧɵɯ  ɡɚɳɢɬɧɵɯ  ɩɨɤɪɵɬɢɣ? 
23. Ʉɚɤɨɜɵ  ɩɪɢɧɰɢɩɵ  ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ  ɡɚɳɢɬɵ? 
24. ɑɬɨ  ɬɚɤɨɟ  ɩɪɨɬɟɤɬɨɪɧɚɹ  ɡɚɳɢɬɚ? 
25. Ʉɚɤɢɦɢ ɫɩɨɫɨɛɚɦɢ ɦɨɠɧɨ ɫɧɢɡɢɬɶ ɚɤɬɢɜɧɨɫɬɶ ɤɨɪɪɨɡɢɨɧɧɨɣ  ɫɪɟɞɵ? 
26. ɑɬɨ ɬɚɤɨɟ ɢɧɝɢɛɢɬɨɪɵ ɢ ɤɚɤɨɜɨ ɢɯ ɞɟɣɫɬɜɢɟ ɧɚ ɡɚɦɟɞɥɟɧɢɟ 

ɤɨɪɪɨɡɢɨɧɧɵɯ  ɩɪɨɰɟɫɫɨɜ? 
27. ȼ ɱɟɦ ɫɨɫɬɨɢɬ ɫɭɬɶ ɡɚɳɢɬɵ ɨɬ ɤɨɪɪɨɡɢɢ ɩɭɬɟɦ ɪɚɰɢɨɧɚɥɶɧɨɝɨ 

ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ  ɢɡɞɟɥɢɣ? 
 

 
 

4.6 ɊɍɄɈȼɈȾɋɌȼɈ Ʉ  ɅȺȻɈɊȺɌɈɊɇɕɆ  ɊȺȻɈɌȺɆ   
"ɗɅȿɄɌɊɈɅɂɁ"  ɂ  "ɄɈɊɊɈɁɂə ɆȿɌȺɅɅɈȼ" 

 

4.6.1 ɗɥɟɤɬɪɨɥɢɡ 
ɐɟɥɶ ɪɚɛɨɬɵ: Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɩɪɢ 

ɷɥɟɤɬɪɨɥɢɡɟ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɢ ɤɢɫɥɨɬ. 
 



ɈɉɕɌ 1. ɗɥɟɤɬɪɨɥɢɡ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ. 
 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɞɜɟ ɛɸɪɟɬɤɢ, ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɲɬɚɬɢɜ, 
ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɚɹ ɜɚɧɧɚ, ɝɪɚɮɢɬɨɜɵɟ ɷɥɟɤɬɪɨɞɵ, ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ, ɪɚɫɬɜɨɪ 
(1ɇ) ɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ Na2SO4, ɢɧɞɢɤɚɬɨɪ – ɦɟɬɢɥɨɪɚɧɠ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: Ɂɚɩɨɥɧɢɬɶ ɛɸɪɟɬɤɢ ɪɚɫɬɜɨɪɨɦ Na2SO4, ɜ ɤɨɬɨɪɵɣ 
ɞɨɛɚɜɥɟɧ ɦɟɬɢɥɨɪɚɧɠ, ɜɫɬɚɜɢɬɶ ɜ ɧɢɯ ɷɥɟɤɬɪɨɞɵ, ɩɨɦɟɫɬɢɬɶ ɜ ɷɥɟɤɬɪɨɥɢɬɢɱɟɫɤɭɸ 
ɜɚɧɧɭ ɫ ɪɚɫɬɜɨɪɨɦ Na2SO4 ɢ ɡɚɤɪɟɩɢɬɶ ɧɚ ɲɬɚɬɢɜɟ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.4. 

 
 
 
 
 
 
 
 
 
 
 

 
Ɋɢɫ. 4.1 – ɋɯɟɦɚ  ɷɥɟɤɬɪɨɥɢɡɚ 

 
ɋɨɟɞɢɧɢɬɶ ɷɥɟɤɬɪɨɞɵ ɫ ɢɫɬɨɱɧɢɤɨɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɧɚ 5-6 ȼ. ȼɤɥɸɱɢɬɶ 

ɬɨɤ ɢ ɡɚɦɟɬɢɬɶ ɜɪɟɦɹ ɧɚɱɚɥɚ ɨɩɵɬɚ ɢ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɪɚɫɬɜɨɪɚ ɜ ɛɸɪɟɬɤɟ ɫ 
ɤɚɬɨɞɧɵɦ ɷɥɟɤɬɪɨɞɨɦ. ɉɪɨɩɭɫɤɚɬɶ ɬɨɤ 8-10 ɦɢɧ, ɩɨɫɥɟ ɱɟɝɨ ɨɬɤɥɸɱɢɬɶ ɬɨɤ, 
ɡɚɩɢɫɚɬɶ ɜɪɟɦɹ ɢ ɨɩɪɟɞɟɥɢɬɶ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɪɚɫɬɜɨɪɚ ɜ ɛɸɪɟɬɤɟ. ɉɨ ɢɡɦɟɧɟɧɢɸ 
ɭɪɨɜɧɟɣ ɪɚɫɬɜɨɪɚ ɞɨ ɢ ɩɨɫɥɟ ɨɩɵɬɚ ɨɩɪɟɞɟɥɢɬɶ ɨɛɴɟɦ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɜɨɞɨɪɨɞɚ. 

Ɂɚɞɚɧɢɟ: ɋɨɫɬɚɜɢɬɶ ɫɯɟɦɭ ɷɥɟɤɬɪɨɥɢɡɚ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ Na2SO4, 
ɡɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɧɚ ɷɥɟɤɬɪɨɞɚɯ. Ɉɬɦɟɬɢɬɶ ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɤɢ 
ɦɟɬɢɥɨɪɚɧɠɚ ɜ ɤɚɬɨɞɧɨɦ ɢ ɚɧɨɞɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɭ ɷɥɟɤɬɪɨɞɨɜ ɢ ɨɛɴɹɫɧɢɬɶ 
ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɚ ɜɛɥɢɡɢ ɨɛɨɢɯ ɷɥɟɤɬɪɨɞɨɜ ɢ ɬɢɩ ɩɨɥɹɪɢɡɚɰɢɢ ɧɚ 
ɷɥɟɤɬɪɨɞɚɯ. ɉɨ ɤɨɥɢɱɟɫɬɜɭ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɜɨɞɨɪɨɞɚ ɪɚɫɫɱɢɬɚɬɶ ɤɨɥɢɱɟɫɬɜɨ 
ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɩɪɨɲɟɞɲɟɝɨ ɱɟɪɟɡ ɪɚɫɬɜɨɪ, ɫɢɥɭ ɬɨɤɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ, 
ɩɨɝɥɨɬɢɜɲɟɣɫɹ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ. (Ⱦɚɜɥɟɧɢɟ ɧɚɫɵɳɟɧɧɨɝɨ ɩɚɪɚ ɜɨɞɵ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 20ɋ ɩɪɢɧɹɬɶ ɪɚɜɧɵɦ 17,5 ɦɦ ɪɬ. ɫɬ.). 

 ɈɉɕɌ 2. ɗɥɟɤɬɪɨɥɢɡ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɚɬɚ ɦɟɞɢ ɫ ɧɟɪɚɫɬɜɨɪɢɦɵɦ ɚɧɨɞɨɦ. 
 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, U-ɨɛɪɚɡɧɚɹ ɬɪɭɛɤɚ, 
ɲɬɚɬɢɜ, ɝɪɚɮɢɬɨɜɵɟ ɷɥɟɤɬɪɨɞɵ, 30 % ɪɚɫɬɜɨɪ ɫɭɥɶɮɚɬɚ ɦɟɞɢ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: U-ɨɛɪɚɡɧɭɸ ɬɪɭɛɤɭ ɡɚɤɪɟɩɢɬɶ ɜ ɲɬɚɬɢɜɟ (ɪɢɫ.4.2) ɢ 
ɧɚɥɢɬɶ ɜ ɧɟɟ ɪɚɫɬɜɨɪ CuSO4. ȼ ɨɛɚ ɤɨɧɰɚ ɬɪɭɛɤɢ ɜɫɬɚɜɢɬɶ ɝɪɚɮɢɬɨɜɵɟ ɷɥɟɤɬɪɨɞɵ 
ɢ ɩɪɢɫɨɟɞɢɧɢɬɶ ɢɯ ɤ ɢɫɬɨɱɧɢɤɭ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ȼɤɥɸɱɢɬɶ ɬɨɤ (ɧɚɩɪɹɠɟɧɢɟ 2-
3ȼ) ɢ ɧɚɛɥɸɞɚɬɶ ɜɵɞɟɥɟɧɢɟ ɝɚɡɚ ɧɚ ɚɧɨɞɟ ɢ ɩɨɹɜɥɟɧɢɟ ɨɫɚɞɤɚ ɧɚ ɤɚɬɨɞɟ. ɑɟɪɟɡ 3-5 
ɦɢɧɭɬ ɜɵɤɥɸɱɢɬɶ ɬɨɤ, ɜɵɧɭɬɶ ɤɚɬɨɞ ɢ ɨɬɦɟɬɢɬɶ ɰɜɟɬ ɢ ɫɨɫɬɨɹɧɢɟ ɨɫɚɠɞɟɧɧɨɝɨ 
ɦɟɬɚɥɥɚ. 

 
 
 

- + 

+ 

 



 
Ɋɢɫ. 4.2 – ɋɯɟɦɚ ɷɥɟɤɬɪɨɥɢɡɚ ɫ ɧɟɪɚɫɬɜɨɪɢɦɵɦ ɚɧɨɞɨɦ 

 

Ɂɚɞɚɧɢɟ: ɋɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɧɚ ɷɥɟɤɬɪɨɞɚɯ. 
ɑɬɨ ɨɤɢɫɥɹɟɬɫɹ, ɱɬɨ ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ? Ʉɚɤɨɣ ɝɚɡ ɜɵɞɟɥɹɟɬɫɹ ɧɚ ɚɧɨɞɟ? 
Ɉɩɪɟɞɟɥɢɬɶ ɬɢɩ ɩɨɥɹɪɢɡɚɰɢɢ ɧɚ ɷɥɟɤɬɪɨɞɚɯ ɢ ɩɪɢɜɟɫɬɢ ɦɟɬɨɞɢɤɭ ɪɚɫɱɟɬɚ ЭȾɋ 
ɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢ ɷɥɟɤɬɪɨɥɢɡɟ. 
 

 
 ɈɉɕɌ 3. ɗɥɟɤɬɪɨɥɢɡ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɚɬɚ ɦɟɞɢ ɫ ɪɚɫɬɜɨɪɢɦɵɦ ɚɧɨɞɨɦ. 

 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, U-ɨɛɪɚɡɧɚɹ ɬɪɭɛɤɚ, 
ɲɬɚɬɢɜ, ɝɪɚɮɢɬɨɜɵɟ ɷɥɟɤɬɪɨɞɵ, 30 % ɪɚɫɬɜɨɪ ɫɭɥɶɮɚɬɚ ɦɟɞɢ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ɉɪɢɫɨɟɞɢɧɢɬɶ ɷɥɟɤɬɪɨɞ ɫ ɨɬɥɨɠɢɜɲɟɣɫɹ ɜ 
ɩɪɟɞɵɞɭɳɟɦ ɨɩɵɬɟ ɦɟɞɶɸ ɤ ɩɨɥɨɠɢɬɟɥɶɧɨɦɭ ɩɨɥɸɫɭ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ, ɞɪɭɝɨɣ 
ɷɥɟɤɬɪɨɞ - ɤ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɩɨɥɸɫɭ ɢ ɩɪɨɩɭɫɤɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɬɟɱɟɧɢɟ 
3-5 ɦɢɧɭɬ. Ɉɬɦɟɬɢɬɶ ɢɡɦɟɧɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɨɞɨɜ ɩɨɫɥɟ ɷɥɟɤɬɪɨɥɢɡɚ. 

Ɂɚɞɚɧɢɟ: ɋɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɧɚ ɷɥɟɤɬɪɨɞɚɯ. 
ɍɤɚɡɚɬɶ ɬɢɩ ɩɨɥɹɪɢɡɚɰɢɢ ɢ ɩɪɢɜɟɫɬɢ ɦɟɬɨɞɢɤɭ ɪɚɫɱɟɬɚ ЭȾɋ ɩɨɥɹɪɢɡɚɰɢɢ ɩɪɢ 
ɷɥɟɤɬɪɨɥɢɡɟ. 

 
 ɈɉɕɌ 4. ɇɢɤɟɥɢɪɨɜɚɧɢɟ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɵ. 

 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: U-ɨɛɪɚɡɧɚɹ ɬɪɭɛɤɚ, ɲɬɚɬɢɜ, ɝɪɚɮɢɬɨɜɵɣ ɫɬɟɪɠɟɧɶ, 
ɦɟɞɧɚɹ ɩɥɚɫɬɢɧɚ, ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ, ɪɚɫɬɜɨɪɵ: 15 % ɪɚɫɬɜɨɪ ɳɟɥɨɱɢ (NaOH), 
ɪɚɫɬɜɨɪ ɫɭɥɶɮɚɬɚ ɧɢɤɟɥɹ ɢ ɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ (50 ɝ NiSO4 ɢ 25 ɝ NH4Cl ɧɚ 1 ɥ 
ɜɨɞɵ). 

ɉɨɞɝɨɬɨɜɤɚ ɩɥɚɫɬɢɧɵ ɤ ɧɢɤɟɥɢɪɨɜɚɧɢɸ: ɉɨɥɨɫɤɭ ɦɟɞɢ ɫ 
ɩɪɢɤɪɟɩɥɟɧɧɨɣ ɤ ɨɞɧɨɦɭ ɤɨɧɰɭ ɦɟɞɧɨɣ ɩɪɨɜɨɥɨɤɨɣ ɬɳɚɬɟɥɶɧɨ ɨɱɢɫɬɢɬɶ 
ɧɚɠɞɚɱɧɨɣ ɛɭɦɚɝɨɣ, ɡɚɬɟɦ ɨɱɢɳɟɧɧɭɸ ɩɥɚɫɬɢɧɭ ɧɚ 1-2 ɦɢɧ ɨɩɭɫɬɢɬɶ ɜ ɫɬɚɤɚɧ ɫ 
15 % ɪɚɫɬɜɨɪɨɦ ɳɟɥɨɱɢ, ɨɛɟɡɠɢɪɢɜɚɹ ɟɟ. Ɉɛɟɡɠɢɪɟɧɧɭɸ ɩɥɚɫɬɢɧɭ ɨɩɭɫɬɢɬɶ ɧɚ 1-
2 ɦɢɧ ɜ 4 % ɪɚɫɬɜɨɪ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ ɫ ɰɟɥɶɸ ɨɱɢɫɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɨɬ 
ɨɤɫɢɞɨɜ. ɋɧɨɜɚ ɨɛɦɵɬɶ ɩɥɚɫɬɢɧɭ ɜɨɞɨɣ ɢ ɩɨɥɨɠɢɬɶ ɧɚ ɥɢɫɬ ɮɢɥɶɬɪɨɜɚɧɧɨɣ 
ɛɭɦɚɝɢ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ U-ɨɛɪɚɡɧɭɸ ɬɪɭɛɤɭ ɧɚɥɢɬɶ ɪɚɫɬɜɨɪ ɫɭɥɶɮɚɬɚ 
ɧɢɤɟɥɹ ɢ ɯɥɨɪɢɞɚ ɚɦɦɨɧɢɹ (ɯɥɨɪɢɞ ɚɦɦɨɧɢɹ ɞɨɛɚɜɥɹɸɬ ɞɥɹ ɫɨɡɞɚɧɢɹ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɢɫɥɨɬɧɨɫɬɢ). Ɂɚɤɪɟɩɢɬɶ ɬɪɭɛɤɭ ɜ ɲɬɚɬɢɜɟ ɢ ɨɩɭɫɬɢɬɶ ɷɥɟɤɬɪɨɞɵ ɜ 
ɪɚɫɬɜɨɪ. Ƚɪɚɮɢɬɨɜɵɣ ɷɥɟɤɬɪɨɞ ɫɨɟɞɢɧɢɬɶ ɫ ɩɨɥɨɠɢɬɟɥɶɧɵɦ ɩɨɥɸɫɨɦ (ɚɧɨɞɨɦ), ɚ 
ɦɟɞɧɵɣ ɷɥɟɤɬɪɨɞ (ɨɛɟɡɠɢɪɟɧɧɵɣ ɢ ɩɪɨɬɪɚɜɥɟɧɧɵɣ) – ɫ ɨɬɪɢɰɚɬɟɥɶɧɵɦ (ɤɚɬɨɞɨɦ). 
ɉɨɞɤɥɸɱɢɬɶ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɢ ɭɫɬɚɧɨɜɢɬɶ ɬɨɤ ɧɟ ɛɨɥɟɟ 0,1-0,2 Ⱥ. ɑɟɪɟɡ 
ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ ɧɚɛɥɸɞɚɬɶ ɩɨɤɪɵɬɢɟ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɵ ɫɥɨɟɦ ɧɢɤɟɥɹ. 

Ɂɚɞɚɧɢɟ: ɋɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɧɚ ɷɥɟɤɬɪɨɞɚɯ ɢ 
ɭɤɚɡɚɬɶ ɬɢɩ ɩɨɥɹɪɢɡɚɰɢɢ. 

 
 Ɉɩɵɬ 5.  ɗɥɟɤɬɪɨɥɢɡ  ɪɚɫɬɜɨɪɚ  H2SO4  ɫ  ɦɟɞɧɵɦ  ɚɧɨɞɨɦ. 

 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: U-ɨɛɪɚɡɧɚɹ ɬɪɭɛɤɚ, ɲɬɚɬɢɜ, 1ɇ ɪɚɫɬɜɨɪ H2SO4, 
ɝɪɚɮɢɬɨɜɵɣ ɢ ɦɟɞɧɵɣ ɷɥɟɤɬɪɨɞɵ, ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ. 



ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: Ɂɚɤɪɟɩɢɬɶ ɜ ɲɬɚɬɢɜɟ U-ɨɛɪɚɡɧɭɸ ɬɪɭɛɤɭ, ɧɚɥɢɬɶ ɜ 
ɧɟɟ 1ɇ ɪɚɫɬɜɨɪ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. Ɉɩɭɫɬɢɬɶ ɜ ɪɚɫɬɜɨɪ ɝɪɚɮɢɬɨɜɵɣ (ɤɚɬɨɞ) ɢ 
ɦɟɞɧɵɣ (ɚɧɨɞ) ɷɥɟɤɬɪɨɞɵ, ɩɨɞɤɥɸɱɢɬɶ ɢɯ ɤ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ. 

Ɉɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɜ ɧɚɱɚɥɟ ɨɩɵɬɚ ɧɚ ɤɚɬɨɞɟ ɜɵɞɟɥɹɸɬɫɹ 
ɩɭɡɵɪɶɤɢ   ɝɚɡɚ   (ɨɩɪɟɞɟɥɢɬɶ  ɤɚɤɨɝɨ),   ɡɚɬɟɦ   ɩɨ   ɦɟɪɟ ɨɤɪɚɲɢɜɚɧɢɹ  ɪɚɫɬɜɨɪɚ  ɜ  
ɝɨɥɭɛɨɣ ɰɜɟɬ ɫɤɨɪɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɝɚɡɚ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɤɚɬɨɞ 
ɧɚɱɢɧɚɟɬ ɩɨɤɪɵɜɚɬɶɫɹ ɫɥɨɟɦ ɦɟɞɢ. 

Ɂɚɞɚɧɢɟ: ɇɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɹ ɤɚɬɨɞɧɨɝɨ ɢ ɚɧɨɞɧɨɝɨ ɩɪɨɰɟɫɫɨɜ, ɨɛɴɹɫɧɢɬɶ 
ɧɚɛɥɸɞɚɟɦɵɟ ɹɜɥɟɧɢɹ. Ɉɩɪɟɞɟɥɢɬɶ ɬɢɩ ɩɨɥɹɪɢɡɚɰɢɢ. 

 
 

4.6.2. Ʉɨɪɪɨɡɢɹ ɦɟɬɚɥɥɨɜ 
 

ɐɟɥɶ ɪɚɛɨɬɵ: ɉɨɡɧɚɤɨɦɢɬɶɫɹ ɫ ɹɜɥɟɧɢɟɦ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ ɢ 
ɮɚɤɬɨɪɚɦɢ, ɨɫɥɚɛɥɹɸɳɢɦɢ ɢ ɭɫɢɥɢɜɚɸɳɢɦɢ ɷɬɨɬ ɩɪɨɰɟɫɫ. 
 

 ɈɉɕɌ 1. Ʉɨɪɪɨɡɢɹ ɩɪɢ ɤɨɧɬɚɤɬɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɚɥɥɨɜ. 
 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: V-ɨɛɪɚɡɧɚɹ ɫɬɟɤɥɹɧɧɚɹ ɬɪɭɛɤɚ, ɲɬɚɬɢɜ, ɪɚɫɬɜɨɪ 
ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɦɟɞɧɚɹ ɩɥɚɫɬɢɧɤɚ, ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ɰɢɧɤ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: Ɂɚɤɪɟɩɢɬɶ ɜ ɲɬɚɬɢɜɟ V-ɨɛɪɚɡɧɭɸ ɬɪɭɛɤɭ ɢ ɧɚɥɢɬɶ ɜ 
ɧɟɟ ɪɚɫɬɜɨɪ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. Ȼɪɨɫɢɬɶ ɜ ɧɟɟ ɤɭɫɨɱɟɤ ɰɢɧɤɚ. ɍɛɟɞɢɬɶɫɹ ɜ 
ɩɪɨɬɟɤɚɧɢɢ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɰɢɧɤɨɦ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ ɩɨ ɜɵɞɟɥɟɧɢɸ ɩɭɡɵɪɶɤɨɜ 
ɜɨɞɨɪɨɞɚ. ɉɨɦɟɫɬɢɬɶ ɜ ɬɪɭɛɤɭ ɦɟɞɧɭɸ ɩɥɚɫɬɢɧɤɭ ɬɚɤ, ɱɬɨɛɵ ɨɧɚ ɧɟ ɤɚɫɚɥɚɫɶ 
ɤɭɫɨɱɤɚ ɰɢɧɤɚ. ɍɛɟɞɢɬɶɫɹ ɜ ɨɬɫɭɬɫɬɜɢɢ ɪɟɚɤɰɢɢ ɦɟɠɞɭ ɦɟɞɶɸ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ 
(ɪɢɫ.4.3). ɉɪɢɤɨɫɧɭɬɶɫɹ ɦɟɞɧɨɣ ɩɥɚɫɬɢɧɤɨɣ ɤɭɫɨɱɤɚ ɰɢɧɤɚ ɢ ɭɛɟɞɢɬɶɫɹ ɜ 
ɩɪɨɢɡɨɲɟɞɲɢɯ ɢɡɦɟɧɟɧɢɹɯ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ ɜ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ. 
 

 
 
 
 
 
 
 

Ɋɢɫ. 4.3 –  ɋɯɟɦɚ  ɨɩɵɬɚ  ɩɪɢ  ɤɨɪɪɨɡɢɢ  ɪɚɡɥɢɱɧɵɯ  ɦɟɬɚɥɥɨɜ 
 

Ɂɚɞɚɧɢɟ: ɋɨɫɬɚɜɢɬɶ ɭɪɚɜɧɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ: 
1) ɰɢɧɤɚ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, 2) ɰɢɧɤɚ ɜ ɤɨɧɬɚɤɬɟ ɫ ɦɟɞɶɸ ɢ ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ. 
Ɉɛɴɹɫɧɢɬɶ, ɩɨɱɟɦɭ ɦɟɞɶ ɧɟ ɪɟɚɝɢɪɭɟɬ ɫ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ, ɚ ɜ ɤɨɧɬɚɤɬɟ ɫ ɰɢɧɤɨɦ 
ɧɚ ɦɟɞɢ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɜɨɞɨɪɨɞɚ. ɋɨɫɬɚɜɢɬɶ ɫɯɟɦɵ ɝɚɥɶɜɚɧɢɱɟɫɤɢɯ 
ɷɥɟɦɟɧɬɨɜ ɢ ɪɚɫɫɱɢɬɚɬɶ ɢɯ ЭȾɋ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ. ȼ ɤɚɤɨɦ ɫɥɭɱɚɟ ɢ ɩɨɱɟɦɭ 
ɤɨɪɪɨɡɢɹ ɰɢɧɤɚ ɩɪɨɬɟɤɚɟɬ ɛɨɥɟɟ ɚɤɬɢɜɧɨ? 
 

ɈɉɕɌ 2. Ⱦɟɣɫɬɜɢɟ ɢɨɧɨɜ, ɚɤɬɢɜɢɡɢɪɭɸɳɢɯ ɩɪɨɰɟɫɫ ɤɨɪɪɨɡɢɢ. 
 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɞɜɟ ɩɪɨɛɢɪɤɢ, ɲɬɚɬɢɜ, ɚɥɸɦɢɧɢɟɜɵɟ ɩɥɚɫɬɢɧɤɢ, 
ɪɚɫɬɜɨɪɵ ɫɭɥɶɮɚɬɚ ɦɟɞɢ, ɫɟɪɧɨɣ ɤɢɫɥɨɬɵ, ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: Ɂɚɤɪɟɩɢɬɶ ɜ ɲɬɚɬɢɜɟ ɞɜɟ ɩɪɨɛɢɪɤɢ ɢ ɩɨɦɟɫɬɢɬɶ ɜ 
ɧɢɯ ɩɨ ɚɥɸɦɢɧɢɟɜɨɣ ɩɥɚɫɬɢɧɤɟ. ȼ ɤɚɠɞɭɸ ɢɡ ɩɪɨɛɢɪɨɤ ɧɚɥɢɬɶ ɪɚɫɬɜɨɪ ɫɭɥɶɮɚɬɚ 

Cu 

Zn 
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ɦɟɞɢ, ɫɥɟɝɤɚ ɩɨɞɤɢɫɥɟɧɧɵɣ ɫɟɪɧɨɣ ɤɢɫɥɨɬɨɣ. ȼ ɨɞɧɭ ɢɡ ɩɪɨɛɢɪɨɤ ɞɨɛɚɜɢɬɶ 
ɧɟɫɤɨɥɶɤɨ ɤɚɩɟɥɶ ɪɚɫɬɜɨɪɚ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. 

Ɂɚɞɚɧɢɟ: ɋɪɚɜɧɢɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɟɚɤɰɢɢ ɜ ɨɛɟɢɯ ɩɪɨɛɢɪɤɚɯ ɩɨ 
ɚɤɬɢɜɧɨɫɬɢ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɧɚ ɩɥɚɫɬɢɧɤɚɯ. Ɉɛɴɹɫɧɢɬɶ ɪɟɡɭɥɶɬɚɬ ɨɩɵɬɚ ɢ 
ɫɨɫɬɚɜɢɬɶ ɫɯɟɦɭ ɞɟɣɫɬɜɢɹ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɝɚɥɶɜɚɧɨɩɚɪ. ɉɨɹɫɧɢɬɶ ɪɨɥɶ ɪɚɫɬɜɨɪɚ 
NaCl ɜ ɚɤɬɢɜɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɤɨɪɪɨɡɢɢ ɚɥɸɦɢɧɢɹ. 
 

Ɉɩɵɬ 3.  Ɂɚɳɢɬɚ  ɫɜɢɧɰɚ  ɩɪɨɬɟɤɬɨɪɨɦ – ɰɢɧɤɨɦ. 
 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɞɜɟ ɫɜɢɧɰɨɜɵɯ ɢ ɨɞɧɚ ɰɢɧɤɨɜɚɹ ɩɥɚɫɬɢɧɵ, ɞɜɟ U-
ɨɛɪɚɡɧɵɟ ɬɪɭɛɤɢ, 0,4ɇ ɪɚɫɬɜɨɪ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ, ɪɚɫɬɜɨɪ ɣɨɞɢɞɚ ɤɚɥɢɹ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ U-ɨɛɪɚɡɧɵɟ ɬɪɭɛɤɢ ɧɚɥɢɬɶ ɪɚɫɬɜɨɪ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɵ ɢ ɞɨɛɚɜɢɬɶ 10-15 ɤɚɩɟɥɶ ɣɨɞɢɞɚ ɤɚɥɢɹ. ȼ ɩɟɪɜɭɸ ɬɪɭɛɤɭ ɨɩɭɫɬɢɬɶ 
ɫɜɢɧɰɨɜɭɸ ɢ ɰɢɧɤɨɜɭɸ ɩɥɚɫɬɢɧɵ ɢ ɫɨɟɞɢɧɢɬɶ ɢɯ ɦɟɞɧɨɣ ɩɪɨɜɨɥɨɤɨɣ. ȼ ɞɪɭɝɭɸ 
ɬɪɭɛɤɭ ɨɩɭɫɬɢɬɶ ɬɨɥɶɤɨ ɫɜɢɧɰɨɜɭɸ ɩɥɚɫɬɢɧɭ. 

Ɂɚɞɚɧɢɟ: ɉɪɨɫɥɟɞɢɬɶ, ɜ ɤɚɤɨɣ ɬɪɭɛɤɟ ɪɚɧɶɲɟ ɢ ɢɧɬɟɧɫɢɜɧɟɟ ɩɨɹɜɢɬɫɹ 
ɠɟɥɬɵɣ ɨɫɚɞɨɤ ɣɨɞɢɞɚ ɫɜɢɧɰɚ. Ɂɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɜ ɨɛɨɢɯ 
ɫɥɭɱɚɹɯ. ɉɨɹɫɧɢɬɶ ɪɨɥɶ ɰɢɧɤɚ ɜ ɡɚɦɟɞɥɟɧɢɢ ɩɪɨɰɟɫɫɚ ɤɨɪɪɨɡɢɢ ɫɜɢɧɰɚ. 
ɋɨɫɬɚɜɢɬɶ ɫɯɟɦɭ ɞɟɣɫɬɜɢɹ ɝɚɥɶɜɚɧɨɩɚɪɵ ɢ ɨɛɴɹɫɧɢɬɶ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. 
 

ɈɉɕɌ 4.  Ⱦɟɣɫɬɜɢɟ  ɢɧɝɢɛɢɬɨɪɚ  ɧɚ  ɤɨɪɪɨɡɢɸ  ɰɢɧɤɚ. 
 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɞɜɟ ɩɪɨɛɢɪɤɢ, ɤɭɫɨɱɤɢ ɰɢɧɤɚ, ɪɚɫɬɜɨɪ (2ɇ) 
ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ, ɭɪɨɬɪɨɩɢɧ, ɫɩɢɪɬɨɜɤɚ (ɫɭɯɨɟ  ɝɨɪɸɱɟɟ). 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ ɞɜɟ ɩɪɨɛɢɪɤɢ ɧɚɥɢɬɶ ɩɨ 8-10 ɤɚɩɟɥɶ ɪɚɫɬɜɨɪɚ 
ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ. ȼ ɤɚɠɞɭɸ ɢɡ ɩɪɨɛɢɪɨɤ ɩɨɥɨɠɢɬɶ ɩɨ ɤɭɫɨɱɤɭ ɰɢɧɤɚ 
(ɠɟɥɚɬɟɥɶɧɨ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ). ɋɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɨɤ ɧɚɝɪɟɬɶ ɧɚ ɫɩɢɪɬɨɜɤɟ (ɞɥɹ 
ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ). ȼ ɨɞɧɭ ɢɡ ɩɪɨɛɢɪɨɤ ɞɨɛɚɜɢɬɶ 1-2 ɝ 
ɭɪɨɬɪɨɩɢɧɚ. 

Ɂɚɞɚɧɢɟ: ɉɪɨɫɥɟɞɢɬɶ, ɤɚɤ ɢɡɦɟɧɢɬɶɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ 
ɩɨɫɥɟ ɞɨɛɚɜɥɟɧɢɹ ɭɪɨɬɪɨɩɢɧɚ. ɇɚɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɢ ɨɤɢɫɥɟɧɢɹ 
(ɤɨɪɪɨɡɢɢ) ɰɢɧɤɚ. Ɉɛɴɹɫɧɢɬɶ ɞɟɣɫɬɜɢɟ ɢɧɝɢɛɢɬɨɪɚ ɧɚ ɫɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ 
ɤɨɪɪɨɡɢɢ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



5 ɊȺɋɌȼɈɊɕ 

 
5.1 Ɉɛɳɢɟ ɩɨɧɹɬɢɹ ɨ ɪɚɫɬɜɨɪɚɯ 

 
Ɋɚɫɬɜɨɪɚɦɢ ɧɚɡɵɜɚɸɬɫɹ ɨɞɧɨɮɚɡɧɵɟ ɝɨɦɨɝɟɧɧɵɟ ɫɦɟɫɢ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɧɟ 

ɦɟɧɟɟ ɱɟɦ ɞɜɭɦɹ ɤɨɦɩɨɧɟɧɬɚɦɢ. Ʉɨɦɩɨɧɟɧɬ ɪɚɫɬɜɨɪɚ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɨɝɨ 
ɜɵɲɟ ɞɪɭɝɢɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɹɜɥɹɟɬɫɹ ɪɚɫɬɜɨɪɢɬɟɥɟɦ. Ɋɚɫɬɜɨɪɢɬɟɥɶ ɫɨɯɪɚɧɹɟɬ 
ɫɜɨɟ ɮɚɡɨɜɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɪɚɫɬɜɨɪɚ. Ɋɚɡɥɢɱɚɸɬ ɝɚɡɨɜɵɟ, ɠɢɞɤɢɟ ɢ 
ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ. 

Ɉɞɧɨɪɨɞɧɨɫɬɶ ɪɚɫɬɜɨɪɨɜ ɞɟɥɚɟɬ ɢɯ ɩɨɯɨɠɢɦɢ ɧɚ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. 

ȼɵɞɟɥɟɧɢɟ ɬɟɩɥɚ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɜɟɳɟɫɬɜ ɬɨɠɟ ɭɤɚɡɵɜɚɟɬ ɧɚ 

ɢɡɜɟɫɬɧɨɝɨ ɪɨɞɚ ɯɢɦɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɪɚɫɬɜɨɪɟɧɧɵɦ ɜɟɳɟɫɬɜɨɦ ɢ 

ɪɚɫɬɜɨɪɢɬɟɥɟɦ. Ɉɬɥɢɱɢɟ ɠɟ ɪɚɫɬɜɨɪɨɜ ɨɬ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 

ɱɬɨ ɫɨɫɬɚɜ ɪɚɫɬɜɨɪɨɜ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ, ɚ ɫɨɫɬɚɜ ɯɢɦɢɱɟɫɤɢɯ 

ɫɨɟɞɢɧɟɧɢɣ ɩɨɫɬɨɹɧɟɧ. ɇɟɩɨɫɬɨɹɧɫɬɜɨ ɫɨɫɬɚɜɚ ɪɚɫɬɜɨɪɨɜ ɩɪɢɛɥɢɠɚɟɬ ɢɯ ɤ 

ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɦɟɫɹɦ, ɨɞɧɚɤɨ ɨɧɢ ɪɟɡɤɨ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɧɢɯ ɫɜɨɟɣ 

ɨɞɧɨɪɨɞɧɨɫɬɶɸ. 

 
ɋɚɦ ɩɪɨɰɟɫɫ ɪɚɫɬɜɨɪɟɧɢɹ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɜ ɠɢɞɤɨɫɬɢ ɩɪɨɬɟɤɚɟɬ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ʉɨɝɞɚ ɬɜɟɪɞɨɟ ɜɟɳɟɫɬɜɨ ɜɧɨɫɢɬɫɹ ɜ ɠɢɞɤɨɫɬɶ, ɨɬ ɟɝɨ 

ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɨɫɬɨɹɧɧɨ 

ɨɬɪɵɜɚɸɬɫɹ ɨɬɞɟɥɶɧɵɟ ɦɨɥɟɤɭɥɵ. Ȼɥɚɝɨɞɚɪɹ ɞɢɮɮɭɡɢɢ ɨɧɢ ɪɚɜɧɨɦɟɪɧɨ 

ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɉɬɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥ ɨɬ 

ɩɨɜɟɪɯɧɨɫɬɢ ɜɟɳɟɫɬɜɚ ɜɵɡɵɜɚɟɬɫɹ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɢɯ ɫɨɛɫɬɜɟɧɧɵɦ 

ɤɨɥɟɛɚɬɟɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ, ɚ ɫ ɞɪɭɝɨɣ – ɩɪɢɬɹɠɟɧɢɟɦ ɫɨ ɫɬɨɪɨɧɵ ɦɨɥɟɤɭɥ 

ɪɚɫɬɜɨɪɢɬɟɥɹ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɢɞɟɬ ɢ ɨɛɪɚɬɧɵɣ ɩɪɨɰɟɫɫ – ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ. 

ɉɟɪɟɲɟɞɲɢɟ ɜ ɪɚɫɬɜɨɪ ɦɨɥɟɤɭɥɵ, ɭɞɚɪɹɹɫɶ ɨ ɩɨɜɟɪɯɧɨɫɬɶ ɟɳɟ ɧɟ 

ɪɚɫɬɜɨɪɢɜɲɟɝɨɫɹ ɜɟɳɟɫɬɜɚ, ɫɧɨɜɚ ɩɪɢɬɹɝɢɜɚɸɬɫɹ ɤ ɧɟɦɭ ɢ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ɟɝɨ 

ɤɪɢɫɬɚɥɥɨɜ. ɋɨ ɜɪɟɦɟɧɟɦ ɧɚɫɬɭɩɚɟɬ ɬɚɤɨɣ ɦɨɦɟɧɬ, ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɪɚɫɬɜɨɪɟɧɢɹ 

ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɣ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ɍɨɝɞɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ ɩɟɪɟɫɬɚɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ, ɬ.ɟ. ɪɚɫɬɜɨɪ ɫɬɚɧɨɜɢɬɫɹ 
ɧɚɫɵɳɟɧɧɵɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪ – эɬɨ ɬɚɤɨɣ ɪɚɫɬɜɨɪ, ɤɨɬɨɪɵɣ 
ɦɨɠɟɬ ɧɟɨɩɪɟɞɟɥɟɧɧɨ ɞɨɥɝɨ ɨɫɬɚɜɚɬɶɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ ɫ ɢɡɛɵɬɤɨɦ 
ɪɚɫɬɜɨɪɹɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. 

 
 



5.2 Ʉɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɨɜ 
 
Ʉɨɧɰɟɧɬɪɚɰɢɟɣ ɧɚɡɵɜɚɸɬ ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ (ɦɨлɶ) ɢɥɢ ɦɚɫɫɵ (ɝ) 

ɜɟɳɟɫɬɜɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɪɚɫɬɜɨɪɟ, ɤ ɨɛɴɟɦɭ ɢɥɢ ɦɚɫɫɟ ɪɚɫɬɜɨɪɚ ɥɢɛɨ 
ɪɚɫɬɜɨɪɢɬɟɥɹ. 

Ɋɚɫɬɜɨɪɵ ɫ ɛɨɥɶɲɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧɚɡɵɜɚɸɬɫɹ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ, ɫ ɦɚɥɨɣ – ɪɚɡɛɚɜɥɟɧɧɵɦɢ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ 
ɫɥɟɞɭɸɳɢɟ  ɫɩɨɫɨɛɵ ɜɵɪɚɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɨɜ. 

Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ (ɦɨɥɹɪɧɨɫɬɶ) ɋ – ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 
ɜɟɳɟɫɬɜɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɪɚɫɬɜɨɪɟ (ɜ ɦɨлɶ), ɤ ɨɛɴɟɦɭ ɪɚɫɬɜɨɪɚ (ɜ ɦ3, ɞɦ3 ɢɥɢ л)  
 

MV

m
C M  , ɝɞɟ m – ɦɚɫɫɚ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ; 

       M – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ; 
       V – ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ. 
Ɇɨɥɹɪɧɨɫɬɶ ɨɛɵɱɧɨ ɜɵɪɚɠɚɸɬ ɜ ɦɨлɶ/л ɢɥɢ Ɇ. ɉɪɢ MC M 1  – ɪɚɫɬɜɨɪ 
ɧɚɡɵɜɚɸɬ ɨɞɧɨɦɨɥɹɪɧɵɦ, ɩɪɢ MC 01,0  – ɫɚɧɬɢɦɨɥɹɪɧɵɦ. 
 Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ эɤɜɢɜɚɥɟɧɬɚ (ɧɨɪɦɚɥɶɧɨɫɬɶ) ɋN – ɷɬɨ 
ɨɬɧɨɲɟɧɢɟ ɱɢɫɥɚ ɝɪɚɦɦ – ɷɤɜɢɜɚɥɟɧɬɨɜ ɜɟɳɟɫɬɜɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɪɚɫɬɜɨɪɟ 
(ɷɤɜɚɥɟɧɬɧɚɹ ɦɚɫɫɚ), ɤ ɨɛɴɟɦɭ ɷɬɨɝɨ ɪɚɫɬɜɨɪɚ 

   
Vm

m
C

э
N  ,  ɝɞɟ m –ɦɚɫɫɚ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɝ); 

       mэ – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɦɚɫɫɚ (ɝ/ɦɨлɶ); 
       V – ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ (л). 
ɇɚ ɩɪɚɤɬɢɤɟ ɧɨɪɦɚɥɶɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɜɵɪɚɠɚɸɬ ɜ ɦɨлɶ\л ɢɥɢ ɇ (N). ɉɪɢ 

HC N 1,0  ɪɚɫɬɜɨɪ ɧɚɡɵɜɚɸɬ ɧɨɪɦɚɥɶɧɵɦ, ɩɪɢ HC N 1,0  – 
ɞɟɰɢɧɨɪɦɚɥɶɧɵɦ. 

 ɋɜɹɡɶ ɦɟɠɞɭ ɦɨɥɹɪɧɨɫɬɶɸ ɢ ɧɨɪɦɚɥɶɧɨɫɬɶɸ NM C
Z

C
1 , ɝɞɟ 

Z

1
 – 

ɷɤɜɢɜɚɥɟɧɬ ɜɟɳɟɫɬɜɚ.  
 ɉɨɥɶɡɭɹɫɶ ɧɨɪɦɚɥɶɧɵɦɢ ɪɚɫɬɜɨɪɚɦɢ, ɥɟɝɤɨ ɡɚɪɚɧɟɟ ɪɚɫɫɱɢɬɚɬɶ, ɜ ɤɚɤɢɯ 
ɨɛɴɟɦɧɵɯ ɨɬɧɨɲɟɧɢɹɯ ɨɧɢ ɞɨɥɠɧɵ ɛɵɬɶ ɫɦɟɲɚɧɵ, ɱɬɨɛɵ ɪɚɫɬɜɨɪɟɧɧɵɟ 
ɜɟɳɟɫɬɜɚ ɩɪɨɪɟɚɝɢɪɨɜɚɥɢ ɛɟɡ ɨɫɬɚɬɤɚ. Ɍɚɤ ɤɚɤ ɜɟɫɨɜɵɟ ɤɨɥɢɱɟɫɬɜɚ ɪɟɚɝɢɪɭɸɳɢɯ 
ɜɟɳɟɫɬɜ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɢɯ ɷɤɜɢɜɚɥɟɧɬɧɵɦ ɦɚɫɫɚɦ, ɬɨ ɞɥɹ ɪɟɚɤɰɢɢ ɜɫɟɝɞɚ 
ɧɭɠɧɨ ɛɪɚɬɶ ɬɚɤɢɟ ɨɛɴɟɦɵ ɪɚɫɬɜɨɪɨɜ, ɤɨɬɨɪɵɟ ɫɨɞɟɪɠɚɥɢ ɛɵ ɨɞɢɧɚɤɨɜɨɟ ɱɢɫɥɨ 
ɝɪɚɦɦ–ɷɤɜɢɜɚɥɟɧɬɨɜ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ. ɉɪɢ ɨɞɢɧɚɤɨɜɨɣ ɧɨɪɦɚɥɶɧɨɫɬɢ 
ɪɚɫɬɜɨɪɨɜ ɷɬɢ ɨɛɴɟɦɵ, ɨɱɟɜɢɞɧɨ, ɛɭɞɭɬ ɪɚɜɧɵ ɦɟɠɞɭ ɫɨɛɨɣ, ɩɪɢ ɪɚɡɥɢɱɧɨɣ – 
ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɧɨɪɦɚɥɶɧɨɫɬɹɦ, ɬ.ɟ. 

1

2

2

1

C

C

V

V  , 

ɝɞɟ V1 ɢ V2 – ɨɛɴɟɦɵ ɡɚɬɪɚɱɢɜɚɟɦɵɯ ɧɚ ɪɟɚɤɰɢɸ ɪɚɫɬɜɨɪɨɜ, ɋ1 ɢ ɋ2 – ɢɯ 
ɧɨɪɦɚɥɶɧɨɫɬɢ. 
 Ɇɨɥɹɥɶɧɨɫɬɶ b – ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ 
ɪɚɫɬɜɨɪɟ (ɦɨɥɶ), ɢ ɦɚɫɫɟ ɪɚɫɬɜɨɪɢɬɟɥɹ (ɤɝ). ɇɚɩɪɢɦɟɪ (KOH/H2O)=2 ɦɨлɶ/ɤɝ. 



 Ɇɨɥɹɪɧɚɹ ɞɨɥɹ N – ɨɬɧɨɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜɚ ɨɞɧɨɝɨ ɢɡ 
ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɫɬɜɨɪɚ ɤ ɨɛɳɟɦɭ ɤɨɥɢɱɟɫɬɜɭ ɜɟɳɟɫɬɜɚ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ 
ɪɚɫɬɜɨɪɟ. Ɇɨɥɹɪɧɚɹ ɞɨɥɹ ɧɟɤɨɬɨɪɨɝɨ ɤɨɦɩɨɧɟɧɬɚ i ɜ ɪɚɫɬɜɨɪɟ Ni ɨɛɵɱɧɨ 
ɜɵɪɚɠɚɟɬɫɹ ɜ ɩɪɨɰɟɧɬɚɯ (%). 
 Ɍɢɬɪ ɪɚɫɬɜɨɪɚ Ɍ – ɦɚɫɫɚ ɜɟɳɟɫɬɜɚ (ɝ), ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ 1 ɫɦ3 (1 ɦл) 
ɪɚɫɬɜɨɪɚ. ɇɚɩɪɢɦɟɪ, 02,0)( HClT  ɝ/ɦл, ɬ.ɟ. ɜ 1 ɦл ɪɚɫɬɜɨɪɚ ɫɨɞɟɪɠɢɬɫɹ 0,02 ɝ 
HCl. 
 Ɇɚɫɫɨɜɚɹ ɞɨɥɹ   – ɨɬɧɨɲɟɧɢɟ ɦɚɫɫɵ ɞɚɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɜ ɪɚɫɬɜɨɪɟ ɤ 
ɦɚɫɫɟ ɜɫɟɝɨ ɪɚɫɬɜɨɪɚ. Ɇɚɫɫɨɜɚɹ ɞɨɥɹ ɜɵɪɚɠɚɟɬɫɹ ɨɛɵɱɧɨ ɜ ɩɪɨɰɟɧɬɚɯ ɢ 
ɩɨɤɚɡɵɜɚɟɬ, ɫɤɨɥɶɤɨ ɝɪɚɦɦɨɜ ɞɚɧɧɨɝɨ ɤɨɦɩɨɧɟɧɬɚ ɫɨɞɟɪɠɢɬɫɹ ɜ 100 ɝ ɪɚɫɬɜɨɪɚ. 
 
           5.3 Ɋɚɫɬɜɨɪɢɦɨɫɬɶ 
         ɋɩɨɫɨɛɧɨɫɬɶ ɨɞɧɨɝɨ ɜɟɳɟɫɬɜɚ ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɞɪɭɝɨɦ ɩɪɢ ɡɚɞɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ ɧɚɡɵɜɚɟɬɫɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ. Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɜɫɟɝɞɚ ɪɚɜɧɚ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɫɬɜɨɪɚ. 
 ȼɫɹɤɢɣ ɪɚɫɬɜɨɪ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɨɬɨɪɨɝɨ ɩɪɢ ɡɚɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ ɦɟɧɶɲɟ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜɚ, ɹɜɥɹɟɬɫɹ ɧɟɧɚɫɵɳɟɧɧɵɦ. 
 ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɛɨɥɶɲɢɧɫɬɜɚ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ȼ ɉɪɢɥɨɠɟɧɢɢ 1 ɩɪɢɜɟɞɟɧɨ ɧɟɫɤɨɥɶɤɨ ɯɚɪɚɤɬɟɪɧɵɯ ɤɪɢɜɵɯ 
ɪɚɫɬɜɨɪɢɦɨɫɬɢ. 
 ɀɢɞɤɨɫɬɢ ɬɚɤɠɟ ɦɨɝɭɬ ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɠɢɞɤɨɫɬɹɯ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ 
ɧɟɨɝɪɚɧɢɱɟɧɧɨ ɪɚɫɬɜɨɪɢɦɵ ɨɞɧɚ ɜ ɞɪɭɝɨɣ, ɞɪɭɝɢɟ – ɜɡɚɢɦɧɨ ɪɚɫɬɜɨɪɢɦɵ ɥɢɲɶ ɞɨ 
ɢɡɜɟɫɬɧɨɝɨ ɩɪɟɞɟɥɚ. 
 ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɫ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɜɡɚɢɦɧɚɹ 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɠɢɞɤɨɫɬɟɣ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɚ 
ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɨɛɟ ɠɢɞɤɨɫɬɢ ɫɦɟɲɢɜɚɸɬɫɹ ɜ ɥɸɛɵɯ ɩɪɨɩɨɪɰɢɹɯ. 
 ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɢ ɠɢɞɤɨɫɬɟɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɝɚɡɨɜ ɫ 
ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɭɦɟɧɶɲɚɟɬɫɹ. ɇɚɩɪɢɦɟɪ, ɤɢɩɹɱɟɧɢɟɦ ɦɨɠɧɨ ɭɞɚɥɢɬɶ 
ɢɡ ɜɨɞɵ ɜɟɫɶ ɪɚɫɬɜɨɪɟɧɧɵɣ ɜ ɧɟɣ ɜɨɡɞɭɯ. 
 

5.4 ɗɧɟɪɝɟɬɢɤɚ ɪɚɫɬɜɨɪɟɧɢɹ 
 
 Ɋɚɫɬɜɨɪɟɧɢɟ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɜ ɠɢɞɤɨɫɬɹɯ ɨɛɵɱɧɨ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɫɬɜɨɪɚ ɩɨɧɢɠɚɟɬɫɹ. Ɉɞɧɚɤɨ ɧɟɤɨɬɨɪɵɟ 
ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ ɪɚɫɬɜɨɪɹɸɬɫɹ ɫ ɜɵɞɟɥɟɧɢɟɦ ɬɟɩɥɚ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ 
ɪɚɫɬɜɨɪɟɧɢɢ ɜ ɜɨɞɟ 432 ,, CuSOCOKNaOH  ɩɪɨɢɫɯɨɞɢɬ ɡɚɦɟɬɧɨɟ ɩɨɜɵɲɟɧɢɟ 
ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɠɢɞɤɨɫɬɟɣ ɢ ɜɫɟɯ ɝɚɡɨɜ ɬɚɤɠɟ 
ɜɵɞɟɥɹɟɬɫɹ ɬɟɩɥɨ. 
 Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɩɨɝɥɨɳɟɧɧɨɝɨ ( ɢɥɢ ɜɵɞɟɥɟɧɧɨɝɨ) ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ 
ɨɞɧɨɝɨ ɦɨɥɹ ɜɟɳɟɫɬɜɚ, ɧɚɡɵɜɚɟɬɫɹ ɬɟɩɥɨɬɨɣ ɪɚɫɬɜɨɪɟɧɢɹ ɷɬɨɝɨ ɜɟɳɟɫɬɜɚ. 
 ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟɧɢɟ ɟɝɨ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɨɥɟɤɭɥ (ɢɥɢ ɢɨɧɨɜ) ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɬɪɟɛɭɸɳɟɟ ɡɚɬɪɚɬɵ ɷɧɟɪɝɢɢ. ɉɨɷɬɨɦɭ ɪɚɫɬɜɨɪɟɧɢɟ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɩɨɝɥɨɳɟɧɢɟɦ ɬɟɩɥɚ. ȿɫɥɢ ɠɟ ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɧɚɛɥɸɞɚɟɬɫɹ ɨɛɪɚɬɧɵɣ ɷɮɮɟɤɬ, 
ɬɨ ɷɬɨ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɪɚɫɬɜɨɪɟɧɢɟɦ ɩɪɨɢɫɯɨɞɢɬ ɯɢɦɢɱɟɫɤɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɢ ɪɚɫɬɜɨɪɹɟɦɵɦ ɜɟɳɟɫɬɜɨɦ, ɩɪɢ ɤɨɬɨɪɨɦ 
ɬɟɩɥɚ ɜɵɞɟɥɹɟɬɫɹ ɛɨɥɶɲɟ, ɱɟɦ ɟɝɨ ɪɚɫɯɨɞɭɟɬɫɹ ɧɚ ɪɚɡɪɭɲɟɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ 
ɪɟɲɟɬɤɢ. 



 
 

              5.5 ɋɨɥɶɜɚɬɵ, ɝɢɞɪɚɬɵ ɢ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɵ 
 
 ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɦɧɨɝɢɯ ɜɟɳɟɫɬɜ ɢɯ ɦɨɥɟɤɭɥɵ ɫɜɹɡɵɜɚɸɬɫɹ ɫ ɦɨɥɟɤɭɥɚɦɢ 
ɪɚɫɬɜɨɪɢɬɟɥɹ, ɨɛɪɚɡɭɹ ɨɫɨɛɨɝɨ ɪɨɞɚ ɫɨɟɞɢɧɟɧɢɹ – ɫɨɥɶɜɚɬɵ. ȼ ɱɚɫɬɧɨɦ ɫɥɭɱɚɟ, 
ɤɨɝɞɚ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɹɜɥɹɟɬɫɹ ɜɨɞɚ, ɷɬɢ ɫɨɟɞɢɧɟɧɢɹ ɧɚɡɵɜɚɸɬɫɹ ɝɢɞɪɚɬɚɦɢ, ɚ 
ɫɚɦ ɩɪɨɰɟɫɫ ɢɯ ɨɛɪɚɡɨɜɚɧɢɹ – ɝɢɞɪɚɬɚɰɢɟɣ.. 
 ɋɨɥɶɜɚɬɵ ɬɟɦ ɭɫɬɨɣɱɢɜɟɟ, ɱɟɦ ɛɨɥɟɟ ɩɨɥɹɪɧɵ ɬɟ ɢ ɞɪɭɝɢɟ ɦɨɥɟɤɭɥɵ. 
ɉɨɫɤɨɥɶɤɭ ɢɡ ɨɛɵɱɧɵɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɧɚɢɛɨɥɶɲɟɣ ɩɨɥɹɪɧɨɫɬɶɸ ɨɛɥɚɞɚɸɬ 
ɦɨɥɟɤɭɥɵ ɜɨɞɵ, ɬɨ ɧɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɦɢ ɹɜɥɹɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɝɢɞɪɚɬɵ. ɉɪɢ 
ɜɵɩɚɪɢɜɚɧɢɢ ɪɚɫɬɜɨɪɨɜ ɝɢɞɪɚɬɵ ɨɛɵɱɧɨ ɪɚɡɥɚɝɚɸɬɫɹ. ɇɨ ɢɧɨɝɞɚ ɝɢɞɪɚɬɧɚɹ ɜɨɞɚ 
ɧɚɫɬɨɥɶɤɨ ɩɪɨɱɧɨ ɫɜɹɡɚɧɚ ɫ ɦɨɥɟɤɭɥɚɦɢ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɱɬɨ ɩɪɢ 
ɜɵɞɟɥɟɧɢɢ ɟɝɨ ɢɡ ɪɚɫɬɜɨɪɚ, ɨɧɚ ɜɯɨɞɢɬ ɜ ɫɨɫɬɚɜ ɟɝɨ ɤɪɢɫɬɚɥɥɨɜ. Ɍɚɤɢɟ 
ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɨɛɪɚɡɨɜɚɧɢɹ, ɜ ɩɨɫɬɪɨɟɧɢɢ ɤɨɬɨɪɵɯ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɭɱɚɫɬɜɭɸɬ 
ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɟ ɟɞɢɧɢɰɵ, ɩɨɥɭɱɢɥɢ ɧɚɡɜɚɧɢɟ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɨɜ, ɚ 
ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ ɧɢɯ ɜɨɞɚ – ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɣ ɜɨɞɨɣ. Ɉɫɨɛɟɧɧɨ ɥɟɝɤɨ 
ɨɛɪɚɡɭɸɬɫɹ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɵ ɪɚɡɥɢɱɧɵɯ ɫɨɥɟɣ. 
 ɋɨɫɬɚɜ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɨɜ ɢɡɨɛɪɚɠɚɸɬ ɮɨɪɦɭɥɚɦɢ, ɩɨɤɚɡɵɜɚɸɳɢɦɢ, ɤɚɤɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɤɪɢɫɬɚɥɥɢɡɢɪɭɟɦɨɣ ɜɨɞɵ ɫɨɞɟɪɠɢɬ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬ. ɇɚɩɪɢɦɟɪ, 
ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬ ɫɟɪɧɨɤɢɫɥɨɣ ɦɟɞɢ (ɦɟɞɧɵɣ ɤɭɩɨɪɨɫ), ɫɨɞɟɪɠɚɳɢɣ ɨɞɧɭ ɝɪɚɦɦ-
ɦɨɥɟɤɭɥɭ 4CuSO ɢ ɩɹɬɶ ɝɪɚɦɦ–ɦɨɥɟɤɭɥ ɜɨɞɵ, ɢɡɨɛɪɚɠɚɟɬɫɹ ɮɨɪɦɭɥɨɣ 

OHCuSO 24 5  ; ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬ ɫɟɪɧɨɤɢɫɥɨɝɨ ɧɚɬɪɢɹ (ɝɥɚɭɛɟɪɨɜɚ ɫɨɥɶ) – 

ɮɨɪɦɭɥɨɣ OHSONa 242 10  ɢ ɬ.ɞ. 
 ɉɪɢ ɧɚɝɪɟɜɟ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬ ɪɚɡɥɚɝɚɟɬɫɹ ɧɚ ɛɟɡɜɨɞɧɭɸ ɫɨɥɶ ɢ ɜɨɞɭ. ȼ 
ɡɚɦɤɧɭɬɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɦɟɟɬɫɹ ɪɚɜɧɨɜɟɫɢɟ: 

OHCuSOOHCuSO 2424 55  . 
 ɉɪɢ ɤɚɠɞɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɨɫɬɨɹɧɢɸ ɪɚɜɧɨɜɟɫɢɹ ɨɬɜɟɱɚɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ 
ɪɚɜɧɨɜɟɫɢɟ ɨɛɪɚɡɨɜɚɜɲɟɝɨɫɹ ɜɨɞɹɧɨɝɨ ɩɚɪɚ, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɟɬɫɹ ɞɚɜɥɟɧɢɟɦ ɩɚɪɚ 
ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚ. ɋ ɩɨɜɵɲɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɜɧɨɜɟɫɢɟ ɫɞɜɢɝɚɟɬɫɹ ɜ 
ɫɬɨɪɨɧɭ ɨɛɪɚɡɨɜɚɧɢɹ ɛɟɡɜɨɞɧɨɣ ɫɨɥɢ; ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɛɟɪɟɬ ɩɟɪɟɜɟɫ 
ɨɛɪɚɬɧɚɹ ɪɟɚɤɰɢɹ. 
  

5.6 ɉɟɪɟɧɚɫɵɳɟɧɧɵɟ ɪɚɫɬɜɨɪɵ 
 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ɛɨɥɶɲɢɧɫɬɜɚ ɜɟɳɟɫɬɜ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ 
ɭɦɟɧɶɲɚɟɬɫɹ, ɩɨɷɬɨɦɭ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɝɨɪɹɱɢɯ ɧɚɫɵɳɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ ɢɡɛɵɬɨɤ 
ɪɚɫɬɜɨɪɢɦɨɝɨ ɜɟɳɟɫɬɜɚ ɨɛɵɱɧɨ ɜɵɞɟɥɹɟɬɫɹ ɜ ɜɢɞɟ ɤɪɢɫɬɚɥɥɨɜ. Ɉɞɧɚɤɨ, ɟɫɥɢ 
ɨɯɥɚɠɞɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ ɢ ɨɫɬɨɪɨɠɧɨ, ɡɚɳɢɬɢɜ ɩɪɢ ɷɬɨɦ ɪɚɫɬɜɨɪ 
ɨɬ ɜɨɡɦɨɠɧɨɝɨ ɩɨɩɚɞɚɧɢɹ ɜ ɧɟɝɨ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɢɡɜɧɟ, 
ɬɨ ɜɵɞɟɥɟɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɦɨɠɟɬ ɢ ɧɟ ɩɪɨɢɡɨɣɬɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɥɭɱɢɬɫɹ 
ɪɚɫɬɜɨɪ, ɫɨɞɟɪɠɚɳɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɱɟɦ ɟɝɨ 
ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɧɚɫɵɳɟɧɢɹ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɍɚɤɢɟ ɪɚɫɬɜɨɪɵ ɧɚɡɵɜɚɸɬɫɹ 
ɩɟɪɟɧɚɫɵɳɟɧɧɵɦɢ. ȼ ɫɩɨɤɨɣɧɨɦ ɫɨɫɬɨɹɧɢɢ ɨɧɢ ɦɨɝɭɬ ɝɨɞɚɦɢ ɨɫɬɚɜɚɬɶɫɹ ɛɟɡ 
ɢɡɦɟɧɟɧɢɹ. ɇɨ ɫɬɨɢɬ ɬɨɥɶɤɨ ɛɪɨɫɢɬɶ ɜ ɪɚɫɬɜɨɪ ɤɪɢɫɬɚɥɥɢɤ ɬɨɝɨ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɨɟ 
ɜ ɧɟɦ ɪɚɫɬɜɨɪɟɧɨ, ɤɚɤ ɬɨɬɱɚɫ ɠɟ ɜɨɤɪɭɝ ɧɟɝɨ ɧɚɱɢɧɚɸɬ ɪɚɫɬɢ ɞɪɭɝɢɟ ɤɪɢɫɬɚɥɥɵ ɢ 
ɱɟɪɟɡ ɤɨɪɨɬɤɨɟ ɜɪɟɦɹ ɜɟɫɶ ɢɡɛɵɬɨɤ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ 



ɜɵɤɪɢɫɬɚɥɥɢɡɨɜɵɜɚɟɬɫɹ. ɂɧɨɝɞɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɧɚɱɢɧɚɟɬɫɹ ɨɬ ɩɪɨɫɬɨɝɨ 
ɫɨɬɪɹɫɟɧɢɹ ɪɚɫɬɜɨɪɚ, ɚ ɬɚɤɠɟ ɨɬ ɬɪɟɧɢɹ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ ɨ ɫɬɟɧɤɢ ɫɨɫɭɞɚ, ɜ 
ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɪɚɫɬɜɨɪ. ɉɪɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜɵɞɟɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ, ɫɨɫɭɞ ɫ ɪɚɫɬɜɨɪɨɦ ɡɚɦɟɬɧɨ ɧɚɝɪɟɜɚɟɬɫɹ. 
 

5.7. ɄɈɇɌɊɈɅɖɇɕȿ ȼɈɉɊɈɋɕ 

 

1. ɑɬɨ ɧɚɡɵɜɚɟɬɫɹ ɪɚɫɬɜɨɪɨɦ? 
2. Ʉɚɤɢɟ ɫɭɳɟɫɬɜɭɸɬ ɬɢɩɵ ɪɚɫɬɜɨɪɨɜ? 
3. ɑɬɨ ɬɚɤɨɟ ɧɟɧɚɫɵɳɟɧɧɵɣ, ɧɚɫɵɳɟɧɧɵɣ ɢ ɩɟɪɟɫɵɳɟɧɧɵɣ ɪɚɫɬɜɨɪɵ? 
4. ɇɚɡɜɚɬɶ ɨɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɜɵɪɚɠɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɨɜ. 
5. ɑɬɨ ɬɚɤɨɟ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɢ ɨɬɱɟɝɨ ɨɧɚ ɡɚɜɢɫɢɬ? 
6. ɑɬɨ ɧɚɡɵɜɚɟɬɫɹ ɬɟɩɥɨɬɨɣ ɪɚɫɬɜɨɪɟɧɢɹ? 
8. ɉɨɱɟɦɭ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɨɞɧɢɯ ɜɟɳɟɫɬɜ ɜ ɜɨɞɟ ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɵɲɚɟɬɫɹ, ɚ 
ɞɪɭɝɢɯ – ɩɨɧɢɠɚɟɬɫɹ? 
9. Ⱦɚɬɶ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɥɶɜɚɬɚɦ, ɝɢɞɪɚɬɚɦ, ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚɦ. 
 
 
 
5.8 ɊɍɄɈȼɈȾɋɌȼɈ Ʉ ɅȺȻɈɊȺɌɈɊɇɈɃ ɊȺȻɈɌȿ  “ɊȺɋɌȼɈɊɕ” 

 

ɐɟɥɶ ɪɚɛɨɬɵ: ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɫɬɜɨɪɟɧɢɹ ɠɢɞɤɢɯ ɢ ɬɜɟɪɞɵɯ 
ɜɟɳɟɫɬɜ. ɍɫɬɚɧɨɜɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɂɡɭɱɟɧɢɟ ɦɟɬɨɞɚ ɨɱɢɫɬɤɢ ɜɟɳɟɫɬɜ ɩɨɥɢɬɟɪɦɢɱɟɫɤɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ. 

ȼɵɪɚɛɨɬɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢɟ ɧɚɜɵɤɢ ɩɨ ɩɪɢɝɨɬɨɜɥɟɧɢɸ ɪɚɫɬɜɨɪɨɜ ɫ ɡɚɞɚɧɧɨɣ 
ɦɚɫɫɨɜɨɣ ɞɨɥɟɣ, ɦɨɥɹɪɧɨɣ ɢ ɧɨɪɦɚɥɶɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ. 

 
Ɉɩɵɬ 1. ɂɡɦɟɪɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɜɟɳɟɫɬɜ. 
ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɬɟɪɦɨɦɟɬɪ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɧɢɬɪɚɬ ɚɦɦɨɧɢɹ 

,34 NONH  ɝɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ NaOH, ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ. 
ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ. ȼ ɞɜɟ ɩɪɨɛɢɪɤɢ ɧɚɥɢɬɶ ɞɨ 1/3 ɢɯ ɨɛɴɟɦɚ 

ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɢɡɦɟɪɢɬɶ ɟɟ ɬɟɦɩɟɪɚɬɭɪɭ. ȼ ɩɟɪɜɭɸ ɩɪɨɛɢɪɤɭ 
ɧɚɫɵɩɚɬɶ ɨɤɨɥɨ 1 ɝ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɧɢɬɪɚɬɚ ɚɦɦɨɧɢɹ, ɪɚɫɬɜɨɪɢɬɶ ɟɝɨ ɩɪɢ 
ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɢ ɢɡɦɟɪɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ. ȼɨ ɜɬɨɪɭɸ ɩɪɨɛɢɪɤɭ ɩɨɥɨɠɢɬɶ 2-3 
ɤɭɫɨɱɤɚ ɳɟɥɨɱɢ ɢ ɩɨɫɥɟ ɪɚɫɬɜɨɪɟɧɢɹ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɬɜɨɪɚ. 

ɋɮɨɪɦɭɥɢɪɨɜɚɬɶ ɜɵɜɨɞ ɨ ɬɟɩɥɨɜɨɦ ɷɮɮɟɤɬɟ ɪɚɫɬɜɨɪɟɧɢɹ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ. 
 
Ɉɩɵɬ 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɨɥɟɣ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɫɭɯɨɟ ɝɨɪɸɱɟɟ, ɞɟɪɠɚɬɟɥɶ ɞɥɹ ɩɪɨɛɢɪɨɤ, 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɧɢɬɪɚɬ ɧɚɬɪɢɹ NaNO3 ɢ ɯɥɨɪɢɞ ɧɚɬɪɢɹ NaCl, 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ, ɩɪɨɛɢɪɤɢ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ȼ ɩɪɨɛɢɪɤɭ ɧɚɥɢɬɶ ɨɤɨɥɨ 1 ɦл ɜɨɞɵ. ȼɧɟɫɬɢ 
ɧɟɫɤɨɥɶɤɨ ɤɪɢɫɬɚɥɥɨɜ ɧɢɬɪɚɬɚ ɧɚɬɪɢɹ ɢ ɩɟɪɟɦɟɲɚɬɶ ɞɨ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ 
ɫɨɥɢ. Ⱦɚɥɟɟ ɞɨɛɚɜɥɹɬɶ ɤɪɢɫɬɚɥɥɵ ɫɨɥɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɚ ɞɧɟ ɩɪɨɛɢɪɤɢ ɧɟ 
ɨɫɬɚɧɟɬɫɹ ɧɟɦɧɨɝɨ ɫɨɥɢ, ɧɟ ɪɚɫɬɜɨɪɹɸɳɟɣɫɹ ɩɪɢ ɩɟɪɟɦɟɲɢɜɚɧɢɢ. ɇɚɝɪɟɬɶ 
ɫɨɞɟɪɠɢɦɨɟ ɩɪɨɛɢɪɤɢ ɞɨ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɫɨɥɢ. ɉɪɨɞɨɥɠɚɬɶ ɞɨɛɚɜɥɹɬɶ 
ɧɢɬɪɚɬ ɧɚɬɪɢɹ ɜ ɝɨɪɹɱɢɣ ɪɚɫɬɜɨɪ ɞɨ ɩɨɥɭɱɟɧɢɹ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ. Ɉɯɥɚɞɢɬɶ 



ɪɚɫɬɜɨɪ ɜ ɯɨɥɨɞɧɨɣ ɜɨɞɟ. Ɉɬɦɟɬɢɬɶ ɜɵɞɟɥɟɧɢɟ ɤɪɢɫɬɚɥɥɨɜ ɫɨɥɢ. Ɍɨ ɠɟ ɩɪɨɞɟɥɚɬɶ 
ɫ ɤɪɢɫɬɚɥɥɚɦɢ NaCI ɜ ɞɪɭɝɨɣ ɩɪɨɛɢɪɤɟ. 

ɋɪɚɜɧɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɤɪɢɫɬɚɥɥɨɜ NaCI ɢ NaNO3 ɫ 
ɝɪɚɮɢɱɟɫɤɢɦɢ ɞɚɧɧɵɦɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɨɥɟɣ (ɉɪɢɥɨɠɟɧɢɟ 1). ɋɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɡɚɜɢɫɢɦɨɫɬɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɬɜɟɪɞɵɯ ɜɟɳɟɫɬɜ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. 

 
Ɉɩɵɬ 3. ɉɨɥɭɱɟɧɢɟ ɩɟɪɟɫɵɳɟɧɧɵɯ ɪɚɫɬɜɨɪɨɜ 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɜɨɞɹɧɚɹ ɛɚɧɹ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɟɧɬɚɝɢɞɪɚɬ 
ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ Na2S2O3∙5H2O, ɩɪɨɛɢɪɤɢ, ɫɬɟɤɥɹɧɧɚɹ ɩɚɥɨɱɤɚ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: ɉɪɨɛɢɪɤɭ ɧɚ 1/3 ɟɟ ɨɛɴɟɦɚ ɡɚɩɨɥɧɢɬɶ ɤɪɢɫɬɚɥɥɚɦɢ 
Na2S2O3∙5H2O ɢ ɞɨɛɚɜɢɬɶ ɨɞɧɭ ɤɚɩɥɸ ɜɨɞɵ. ɇɚɝɪɟɬɶ ɧɚ ɜɨɞɹɧɨɣ ɛɚɧɟ ɫɨɞɟɪɠɢɦɨɟ 
ɩɪɨɛɢɪɤɢ ɩɨ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɫɨɥɢ. Ɉɫɬɨɪɨɠɧɨ, ɧɟ ɞɨɩɭɫɤɚɹ ɜɫɬɪɹɯɢɜɚɧɢɹ, 
ɨɯɥɚɞɢɬɶ ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɧɚ ɜɨɡɞɭɯɟ ɞɨ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ. ȼ 
ɨɯɥɚɠɞɟɧɧɵɣ ɪɚɫɬɜɨɪ ɨɩɭɫɬɢɬɶ ɦɚɥɟɧɶɤɢɣ ɤɪɢɫɬɚɥɥɢɤ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ. 
Ɉɬɦɟɬɢɬɶ ɩɪɨɢɫɯɨɞɹɳɢɟ ɢɡɦɟɧɟɧɢɹ. 

ɋɧɨɜɚ ɪɚɫɩɥɚɜɢɬɶ ɫɨɥɶ ɜ ɜɨɞɹɧɨɣ ɛɚɧɟ. ɉɨɬɟɪɟɬɶ ɫɬɟɤɥɹɧɧɨɣ ɩɚɥɨɱɤɨɣ ɨ 
ɫɬɟɧɤɭ ɩɪɨɛɢɪɤɢ ɜ ɪɚɫɬɜɨɪɟ. Ɉɬɦɟɬɢɬɶ ɩɪɨɢɫɯɨɞɹɳɢɟ ɢɡɦɟɧɟɧɢɹ. ɋɞɟɥɚɬɶ 
ɜɵɜɨɞɵ. 

 

Ɉɩɵɬ 4. ɋɜɨɣɫɬɜɚ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɨɜ 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɲɬɚɬɢɜ, ɫɭɯɨɟ ɝɨɪɸɱɟɟ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ 
ɩɟɧɬɚɝɢɞɪɚɬ ɫɭɥɶɮɚɬɚ ɦɟɞɢ (II) CuSO4∙5H2O (ɦɟɞɧɵɣ ɤɭɩɨɪɨɫ), ɩɪɨɛɢɪɤɢ. 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ. ȼɧɟɫɬɢ ɜ ɩɪɨɛɢɪɤɭ ɧɟɫɤɨɥɶɤɨ ɤɪɢɫɬɚɥɥɨɜ ɦɟɞɧɨɝɨ 
ɤɭɩɨɪɨɫɚ. ɇɚɝɪɟɜɚɬɶ ɫɨɞɟɪɠɢɦɨɟ ɧɚ ɩɥɚɦɟɧɢ ɞɨ ɢɡɦɟɧɟɧɢɹ ɨɤɪɚɫɤɢ ɤɪɢɫɬɚɥɥɨɜ. 
ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɩɪɨɛɢɪɤɢ ɞɨɛɚɜɢɬɶ ɧɟɫɤɨɥɶɤɨ ɤɚɩɟɥɶ ɜɨɞɵ. Ɉɬɦɟɬɢɬɶ 
ɩɪɨɢɫɯɨɞɹɳɢɟ ɢɡɦɟɧɟɧɢɹ. ɋɞɟɥɚɬɶ ɜɵɜɨɞɵ. 

 
Ɉɩɵɬ 5. ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɚ ɳɟɥɨɱɢ 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɬɟɯɧɢɱɟɫɤɢɟ ɜɟɫɵ ɫ ɧɚɛɨɪɨɦ ɪɚɡɧɨɜɟɫɨɜ, ɬɟɪɦɨɦɟɬɪ, 
ɧɚɛɨɪ ɚɪɟɨɦɟɬɪɨɜ, ɰɢɥɢɧɞɪ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ, ɦɟɪɧɵɟ ɰɢɥɢɧɞɪɵ 100-
200 ɦл, ɫɬɚɤɚɧ ɨɛɴɟɦɨɦ 250 ɦл, ɝɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ NaOɇ (ɜ ɝɪɚɧɭɥɚɯ), 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ. 

Ɂɚɞɚɧɢɟ: ɉɪɢɝɨɬɨɜɢɬɶ 200 ɝ ɪɚɫɬɜɨɪɚ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ: 
4, 6,8,10,12,14% (ɤɚɠɞɚɹ ɩɨɞɝɪɭɩɩɚ ɫɬɭɞɟɧɬɨɜ ɩɨɥɭɱɚɟɬ ɨɬ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɡɚɞɚɧɢɟ 
ɧɚ ɩɪɢɝɨɬɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ). 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: Ɋɚɫɫɱɢɬɚɬɶ ɦɚɫɫɵ ɝɢɞɪɨɤɫɢɞɚ ɧɚɬɪɢɹ ɢ ɜɨɞɵ. ȼɡɜɟɫɢɬɶ 
ɧɚ ɜɟɫɚɯ ɪɚɫɫɱɢɬɚɧɧɭɸ ɦɚɫɫɭ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ NaOH ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɜɡɜɟɲɟɧɧɨɦ ɫɬɚɤɚɧɱɢɤɟ. Ɇɟɪɧɵɦ ɰɢɥɢɧɞɪɨɦ ɨɬɦɟɪɢɬɶ ɪɚɫɫɱɢɬɚɧɧɵɣ ɨɛɴɟɦ ɜɨɞɵ 
ɢ ɩɟɪɟɥɢɬɶ ɜ ɫɬɚɤɚɧ. Ɇɚɥɵɦɢ ɩɨɪɰɢɹɦɢ ɜɧɨɫɢɬɶ ɝɪɚɧɭɥɵ ɳɟɥɨɱɢ ɢ ɩɟɪɟɦɟɲɢɜɚɬɶ 
ɩɨɥɭɱɟɧɧɵɣ ɪɚɫɬɜɨɪ ɩɚɥɨɱɤɨɣ. ɉɨɫɥɟ ɩɨɥɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɳɟɥɨɱɢ ɨɯɥɚɞɢɬɶ 
ɪɚɫɬɜɨɪ ɞɨ 200 ɋ, ɩɟɪɟɧɟɫɬɢ ɜ ɰɢɥɢɧɞɪ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɢ ɚɪɟɨɦɟɬɪɨɦ 
ɨɩɪɟɞɟɥɢɬɶ ɩɥɨɬɧɨɫɬɶ ɞɚɧɧɨɝɨ ɪɚɫɬɜɨɪɚ. 

ɉɨ ɬɚɛɥɢɰɟ (ɉɪɢɥɨɠɟɧɢɟ 2) ɨɩɪɟɞɟɥɢɬɶ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɜ ɪɚɫɬɜɨɪɟ. 
Ɋɚɫɫɱɢɬɚɬɶ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ. Ɂɚɩɨɥɧɢɬɶ ɬɚɛɥɢɰɭ ɩɨ ɮɨɪɦɟ: 
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Ɋɚɫɫɱɢɬɚɬɶ ɦɨɥɹɪɧɭɸ ɢ ɧɨɪɦɚɥɶɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ. ɋɞɟɥɚɬɶ 
ɜɵɜɨɞɵ. 

 

Ɉɩɵɬ 6. ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɨɜ ɦɨɥɹɪɧɨɣ ɢ ɧɨɪɦɚɥɶɧɨɣ 
ɤɨɧɰɟɧɬɪɚɰɢɣ 

ɉɪɢɛɨɪɵ ɢ ɪɟɚɤɬɢɜɵ: ɬɟɯɧɢɱɟɫɤɢɟ ɜɟɫɵ ɫ ɧɚɛɨɪɨɦ ɪɚɡɧɨɜɟɫɨɜ (ɢɥɢ 
ɷɥɟɤɬɪɨɧɧɵɟ ɜɟɫɵ), ɧɚɛɨɪ ɚɪɟɨɦɟɬɪɨɜ, ɰɢɥɢɧɞɪ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 
ɪɚɫɬɜɨɪɨɜ, ɬɟɪɦɨɦɟɬɪ, ɦɟɪɧɚɹ ɤɨɥɛɚ ɨɛɴɟɦɨɦ 0.2 ɥ, ɜɨɪɨɧɤɚ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ 
ɞɟɤɚɝɢɞɪɚɬ ɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ Na2SO4∙10H2O. 

Ɂɚɞɚɧɢɟ: ɉɪɢɝɨɬɨɜɢɬɶ 0,2 ɥ ɪɚɫɬɜɨɪɚ ɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɢɡ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚ 
Na2SO4∙10H2. ɫ ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ Ɉ,1ɇ, 0,2 ɇ, 0,5ɇ, Ɉ,1Ɇ, 0,2Ɇ, 0,5Ɇ (ɤɚɠɞɚɹ 
ɩɨɞɝɪɭɩɩɚ ɫɬɭɞɟɧɬɨɜ ɩɨɥɭɱɚɟɬ ɨɬ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɡɚɞɚɧɢɟ ɧɚ ɩɪɢɝɨɬɨɜɥɟɧɢɟ 
ɪɚɫɬɜɨɪɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ). 

ȼɵɩɨɥɧɟɧɢɟ ɨɩɵɬɚ: Ɉɩɪɟɞɟɥɢɬɶ ɦɚɫɫɭ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ 
ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɡɚɞɚɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. 

ȼɡɜɟɫɢɬɶ ɧɚ ɜɟɫɚɯ ɪɚɫɫɱɢɬɚɧɧɭɸ ɦɚɫɫɭ ɫɨɥɢ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 0,01ɝ. ɑɟɪɟɡ 
ɜɨɪɨɧɤɭ ɜɫɵɩɚɬɶ ɧɚɜɟɫɤɭ ɫɨɥɢ ɜ ɦɟɪɧɭɸ ɤɨɥɛɭ ɧɚ 0,2 л ɢ ɪɚɫɬɜɨɪɢɬɶ ɫɨɥɶ ɫɧɚɱɚɥɚ 
ɜ ɧɟɛɨɥɶɲɨɦ ɨɛɴɟɦɟ ɜɨɞɵ, ɚ ɡɚɬɟɦ ɞɨɜɟɫɬɢ ɞɨ ɧɟɨɛɯɨɞɢɦɨɝɨ, ɩɨɞɥɢɜɚɹ ɜɨɞɭ. 

Ɉɩɪɟɞɟɥɢɬɶ ɩɥɨɬɧɨɫɬɶ ɩɪɢɝɨɬɨɜɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɫ ɩɨɦɨɳɶɸ ɚɪɟɨɦɟɬɪɚ. 
ɉɨ ɬɚɛɥɢɰɟ (ɉɪɢɥɨɠɟɧɢɟ 3) ɨɩɪɟɞɟɥɢɬɶ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɜɟɳɟɫɬɜɚ ɜ 

ɪɚɫɬɜɨɪɟ. Ɋɚɫɫɱɢɬɚɬɶ ɦɨɥɹɪɧɭɸ ɢ ɧɨɪɦɚɥɶɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɢ. Ɂɚɩɨɥɧɢɬɶ ɬɚɛɥɢɰɭ 
ɩɨ ɮɨɪɦɟ: 

 

ɋɆ ɢɥɢ ɋɇ    
 ɨɩɵɬɧɨɟ 

   
ɨɩɵɬɧɨɟ 

ɋɆ ɢɥɢ ɋH 
ɨɩɵɬɧɨɟ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ  
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ɋɞɟɥɚɬɶ ɜɵɜɨɞɵ. 
 



6 ȺȾɋɈɊȻɐɂə 

 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɫ ɝɚɡɨɜɨɣ ɮɚɡɨɣ ɢɥɢ 

ɪɚɡɛɚɜɥɟɧɧɵɦ ɪɚɫɬɜɨɪɨɦ ɜɵɡɵɜɚɟɬ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɢɟ ɨɞɧɨɝɨ ɢɡ ɜɟɳɟɫɬɜ 
(ɤɨɦɩɨɧɟɧɬɨɜ) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɜ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ, ɬ.ɟ. ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɚɡɚ 
ɢɥɢ ɤɨɦɩɨɧɟɧɬɚ ɪɚɫɬɜɨɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɜɨɡɪɚɫɬɚɟɬ. Ɍɚɤɨɟ ɹɜɥɟɧɢɟ 
ɧɚɡɵɜɚɟɬɫɹ ɚɞɫɨɪɛɰɢɟɣ. 

ȼɟɳɟɫɬɜɨ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɚɞɫɨɪɛɰɢɹ, ɧɚɡɵɜɚɟɬɫɹ 
ɚɞɫɨɪɛɟɧɬɨɦ, ɚ ɚɞɫɨɪɛɢɪɭɟɦɨɟ ɜɟɳɟɫɬɜɨ – ɚɞɫɨɪɛɚɬɨɦ. ɉɪɨɰɟɫɫ ɨɬɞɟɥɟɧɢɹ ɨɬ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɥɟɤɭɥ ɪɚɧɟɟ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ ɧɚɡɵɜɚɟɬɫɹ ɞɟɫɨɪɛɰɢɟɣ. 

Ⱥɞɫɨɪɛɟɧɬ ɩɨɝɥɨɳɚɟɬ ɢɡ ɨɛɴɟɦɧɨɣ ɮɚɡɵ ɬɟɦ ɛɨɥɶɲɟ ɜɟɳɟɫɬɜɚ, ɱɟɦ ɛɨɥɶɲɟ 
ɪɚɡɜɢɬɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ. ɉɨɜɟɪɯɧɨɫɬɶ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ 1ɝ ɚɞɫɨɪɛɟɧɬɚ, 
ɧɚɡɵɜɚɟɬɫɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ. Ⱥɤɬɢɜɧɵɟ, ɬ.ɟ. ɯɨɪɨɲɨ ɩɨɝɥɨɳɚɸɳɢɟ 
ɚɞɫɨɪɛɟɧɬɵ, ɨɛɥɚɞɚɸɬ ɜɟɫɶɦɚ ɡɧɚɱɢɬɟɥɶɧɨɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (ɫɦ. 
ɉɪɢɥɨɠɟɧɢɟ 5).  
 
 6.1 Ɍɢɩɵ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ 

 
ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɚɞɫɨɪɛɚɬɚ ɢ ɚɞɫɨɪɛɟɧɬɚ ɦɨɠɟɬ ɢɦɟɬɶ 

ɪɚɡɥɢɱɧɵɣ ɯɚɪɚɤɬɟɪ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɨɬɨɪɨɝɨ ɪɚɡɥɢɱɚɸɬ ɚɞɫɨɪɛɰɢɸ 
ɮɢɡɢɱɟɫɤɭɸ ɢ ɯɢɦɢɱɟɫɤɭɸ. 

ɉɪɢ ɮɢɡɢɱɟɫɤɨɣ ɚɞɫɨɪɛɰɢɢ ɷɧɟɪɝɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɠɞɭ ɚɞɫɨɪɛɚɬɨɦ ɢ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɛɭɫɥɨɜɥɟɧɚ ɫɢɥɚɦɢ ȼɚɧ–ɞɟɪ–ȼɚɚɥɶɫɚ, ɢ ɧɟ ɫɬɨɥɶ ɡɧɚɱɢɬɟɥɶɧɚ, 
ɱɬɨɛɵ ɢɡɦɟɧɢɬɶ ɮɢɡɢɤɨ–ɯɢɦɢɱɟɫɤɭɸ ɩɪɢɪɨɞɭ ɚɞɫɨɪɛɚɬɚ, ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɝɨ 
ɫɜɨɣɫɬɜɚ. Ʉ ɫɢɥɚɦ ȼɚɧ–ɞɟɪ–ȼɚɚɥɶɫɚ ɨɬɧɨɫɹɬɫɹ ɞɢɫɩɟɪɫɢɨɧɧɵɟ, ɨɪɢɟɧɬɚɰɢɨɧɧɵɟ 
ɢ ɢɧɞɭɤɰɢɨɧɧɵɟ ɫɢɥɵ. Ⱦɢɫɩɟɪɫɢɨɧɧɵɟ ɫɢɥɵ ɜɵɡɵɜɚɸɬɫɹ ɫɨɝɥɚɫɨɜɚɧɧɵɦ 
ɞɜɢɠɟɧɢɟɦ ɷɥɟɤɬɪɨɧɨɜ ɜ ɫɛɥɢɠɚɸɳɢɯɫɹ ɦɨɥɟɤɭɥɚɯ. ȼɫɥɟɞɫɬɜɢɟ ɞɜɢɠɟɧɢɹ 
ɷɥɟɤɬɪɨɧɨɜ ɦɨɥɟɤɭɥɵ ɨɛɥɚɞɚɸɬ ɮɥɭɤɬɭɢɪɭɸɳɢɦɢ (ɤɨɥɟɛɥɸɳɢɦɢɫɹ ɩɨ 
ɧɚɩɪɚɜɥɟɧɢɸ) ɨɬɤɥɨɧɟɧɢɹɦɢ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ, ɬ.ɟ. 
ɮɥɭɤɬɭɢɪɭɸɳɢɦɢ ɞɢɩɨɥɹɦɢ. ɉɪɢ ɫɛɥɢɠɟɧɢɢ ɦɨɥɟɤɭɥ ɞɜɢɠɟɧɢɹ ɷɬɢɯ 
ɮɥɭɤɬɭɢɪɭɸɳɢɯ ɞɢɩɨɥɟɣ ɩɟɪɟɫɬɚɸɬ ɛɵɬɶ ɧɟɡɚɜɢɫɢɦɵɦɢ, ɱɬɨ ɢ ɜɵɡɵɜɚɟɬ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɢ ɩɪɢɬɹɠɟɧɢɟ. Ɉɪɢɟɧɬɚɰɢɨɧɧɵɟ ɫɢɥɵ 
ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɨɥɹɪɧɵɯ ɦɨɥɟɤɭɥ ɚɞɫɨɪɛɚɬɚ ɢ ɚɞɫɨɪɛɟɧɬɚ ɢɥɢ 
ɩɪɢ ɚɞɫɨɪɛɰɢɢ ɩɨɥɹɪɧɵɯ ɦɨɥɟɤɭɥ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ, ɧɟɫɭɳɢɯ ɩɨɫɬɨɹɧɧɵɟ 
ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢɟ ɡɚɪɹɞɵ (ɢɨɧɵ, ɞɢɩɨɥɢ). ɂɧɞɭɤɰɢɨɧɧɵɟ ɫɢɥɵ ɨɛɭɫɥɨɜɥɟɧɵ 
ɩɨɹɜɥɟɧɢɟɦ ɜ ɚɞɫɨɪɛɢɪɭɸɳɢɯɫɹ ɦɨɥɟɤɭɥɚɯ ɞɢɩɨɥɶɧɵɯ ɦɨɦɟɧɬɨɜ, ɧɚɜɟɞɟɧɧɵɯ 
ɡɚɪɹɞɚɦɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɢɥɢ ɩɨɹɜɥɟɧɢɟɦ ɞɢɩɨɥɶɧɵɯ ɦɨɦɟɧɬɨɜ ɜ ɚɞɫɨɪɛɟɧɬɟ, 
ɧɚɜɟɞɟɧɧɵɯ ɚɞɫɨɪɛɢɪɭɸɳɢɦɢɫɹ ɩɨɥɹɪɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ. ȼɫɟ ɷɬɢ ɫɢɥɵ ɹɜɥɹɸɬɫɹ 
ɫɢɥɚɦɢ ɩɪɢɬɹɠɟɧɢɹ ɢ ɩɪɢ ɫɛɥɢɠɟɧɢɢ ɦɨɥɟɤɭɥ ɚɞɫɨɪɛɚɬɚ ɫ ɦɨɥɟɤɭɥɚɦɢ 
ɚɞɫɨɪɛɟɧɬɚ ɭɪɚɜɧɨɜɟɲɢɜɚɸɬɫɹ ɫɢɥɚɦɢ ɨɬɬɚɥɤɢɜɚɧɢɹ, ɛɵɫɬɪɨ ɜɨɡɪɚɫɬɚɸɳɢɦɢ 
ɧɚ ɤɨɪɨɬɤɢɯ ɪɚɫɫɬɨɹɧɢɹɯ. 



Эɧɟɪɝɟɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɚɞɫɨɪɛɢɪɭɟɦɵɯ ɱɚɫɬɢɰ ɭɞɨɛɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɫ 
ɩɨɦɨɳɶɸ ɞɢɚɝɪɚɦɦɵ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɚɞɫɨɪɛɢɪɭɟɦɨɝɨ ɚɬɨɦɚ (Ɋɢɫ. 6.1) 

ɉɨ ɦɟɪɟ ɩɪɢɛɥɢɠɟɧɢɹ ɱɚɫɬɢɰ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɥɨɠɤɢ (d0) ɨɧɢ ɦɨɝɭɬ 
ɚɞɫɨɪɛɢɪɨɜɚɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɢɧɢɦɭɦɨɦ ɤɪɢɜɨɣ 1 (ȿɮɚ). ȿɫɥɢ ɱɚɫɬɢɰɵ ɜ 
ɚɤɬɢɜɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢɦɟɸɬ ɧɟɤɨɬɨɪɨɟ ɯɢɦɢɱɟɫɤɨɟ ɫɪɨɞɫɬɜɨ ɤ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɬɨ ɨɧɢ ɯɟɦɨɫɨɪɛɢɪɭɸɬɫɹ ɩɨɫɥɟ ɩɪɢɨɛɪɟɬɟɧɢɹ ɢɦɢ ɷɧɟɪɝɢɢ 
ɚɤɬɢɜɚɰɢɢ ȿɚ (ɩɟɪɟɯɨɞ ɫ ɤɪɢɜɨɣ 1 ɧɚ ɤɪɢɜɭɸ 2). Ɍɨ ɟɫɬɶ ɫɧɚɱɚɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɮɢɡɢɱɟɫɤɚɹ ɚɞɫɨɪɛɰɢɹ (ɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɥɚɛɨɣ ɫɜɹɡɶɸ ȿɮɚ), ɡɚɬɟɦ – ɯɢɦɢɱɟɫɤɚɹ 
ɚɤɬɢɜɚɰɢɹ ɦɨɥɟɤɭɥɵ ɢ ɯɟɦɨɫɨɪɛɰɢɹ ɫ ɭɫɬɚɧɨɜɥɟɧɢɟɦ ɛɨɥɟɟ ɫɢɥɶɧɨɣ ɢ ɭɫɬɨɣɱɢɜɨɣ 
ɯɢɦɢɱɟɫɤɨɣ ɫɜɹɡɢ (ȿɯɚ). 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɢɥ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɨɧɢ ɦɨɝɭɬ 
ɛɵɬɶ ɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ ɢ ɧɟɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɱɚɫɬɢɰɵ 
ɫɜɨɛɨɞɧɨ ɩɟɪɟɦɟɳɚɸɬɫɹ (ɞɢɮɮɭɧɞɢɪɭɸɬ) ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ. 

ȿɫɥɢ ɮɢɡɢɱɟɫɤɢ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɦ ɱɚɫɬɢɰɚɦ, ɧɚɯɨɞɹɳɢɦɫɹ ɜ 
ɥɨɤɚɥɢɡɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɫɨɨɛɳɢɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɷɧɟɪɝɢɸ, ɬɨ ɨɧɢ ɩɟɪɟɣɞɭɬ 
ɜ ɧɟɥɨɤɚɥɢɡɨɜɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɨɷɬɨɦɭ ɫɩɨɫɨɛɧɨɫɬɶ ɮɢɡɢɱɟɫɤɢ 
ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɱɚɫɬɢɰ ɞɢɮɮɭɧɞɢɪɨɜɚɬɶ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 
ɩɨɜɵɲɟɧɢɟɦ ɟɟ ɬɟɦɩɟɪɚɬɭɪɵ. ɏɟɦɨɫɨɪɛɢɪɨɜɚɧɧɵɟ ɱɚɫɬɢɰɵ ɹɜɥɹɸɬɫɹ ɬɨɥɶɤɨ 
ɥɨɤɚɥɢɡɨɜɚɧɧɵɦɢ ɢ ɞɢɮɮɭɧɞɢɪɨɜɚɬɶ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟ ɦɨɝɭɬ. 

ɋɤɨɪɨɫɬɶ ɚɞɫɨɪɛɰɢɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɢɬ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ. ɉɪɢ 
ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɮɢɡɢɱɟɫɤɚɹ ɚɞɫɨɪɛɰɢɹ ɩɪɨɬɟɤɚɟɬ ɨɱɟɧɶ ɛɵɫɬɪɨ, ɫ 
ɜɨɡɪɚɫɬɚɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɤɨɪɨɫɬɶ ɟɟ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɩɪɢ ɜɵɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ ɧɚɱɢɧɚɟɬ ɜɨɡɨɛɥɚɞɚɬɶ ɞɟɫɨɪɛɰɢɹ, ɬ.ɟ. ɭɞɚɥɟɧɢɟ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ 
ɱɚɫɬɢɰ ɫ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɚɩɪɨɬɢɜ, ɯɟɦɨɫɨɪɛɰɢɹ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 
ɩɪɨɬɟɤɚɟɬ ɦɟɞɥɟɧɧɨ, ɧɨ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɟɟ ɫɤɨɪɨɫɬɶ ɛɵɫɬɪɨ 
ɜɨɡɪɚɫɬɚɟɬ, ɩɨɞɨɛɧɨ ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ. Эɧɟɪɝɢɹ ɮɢɡɢɱɟɫɤɨɣ 
ɚɞɫɨɪɛɰɢɢ ȿɮɚ – ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɚ ɢ ɫɨɢɡɦɟɪɢɦɚ ɫ ɬɟɩɥɨɬɨɣ ɤɨɧɞɟɧɫɚɰɢɢ 
(ɢɫɩɚɪɟɧɢɹ). ɇɚɩɪɢɦɟɪ, ɞɥɹ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɨɧɚ ɫɨɫɬɚɜɥɹɟɬ 8–15 



ɤȾɠ/ɦɨɥɶ, ɞɥɹ ɦɟɬɚɥɥɨɜ – 1040 ɤȾɠ/ɦɨɥɶ. Эɧɟɪɝɢɹ ɯɟɦɨɫɨɪɛɰɢɢ ɧɚɦɧɨɝɨ 
ɛɨɥɶɲɟ ɢ ɫɪɚɜɧɢɦɚ ɫ ɬɟɩɥɨɬɨɣ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ (50400 ɤȾɠ/ɦɨɥɶ). 

 
 6.2 ɂɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ 

 
Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɥɨɤɚɥɢɡɨɜɚɧɧɨɣ ɚɞɫɨɪɛɰɢɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɟɟ ɤɚɤ ɤɜɚɡɢɯɢɦɢɱɟɫɤɭɸ ɪɟɚɤɰɢɸ ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɢɫɬɟɦɟ. Ʉɚɤ 
ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɚɞɫɨɪɛɰɢɟɣ ɦɨɠɟɬ ɩɪɨɬɟɤɚɬɶ ɢ ɨɛɪɚɬɧɵɣ 
ɩɪɨɰɟɫɫ – ɞɟɫɨɪɛɰɢɹ. ɉɪɢ ɪɚɜɟɧɫɬɜɟ ɫɤɨɪɨɫɬɟɣ ɩɪɹɦɨɝɨ ɢ ɨɛɪɚɬɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɚɞɫɨɪɛɰɢɨɧɧɨɟ ɪɚɜɧɨɜɟɫɢɟ: 

Ɇɨɥɟɤɭɥɚ ɚɞɫɨɪɛɚɬɚ + ɋɜɨɛɨɞɧɨɟ ɦɟɫɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ  
Ʌɨɤɚɥɢɡɨɜɚɧɧɵɣ ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ. 

ȼ ɫɨɤɪɚɳɟɧɧɨɦ ɜɢɞɟ:  
Ⱥɦ +       , 

 
ɝɞɟ Ⱥɦ – ɦɨɥɟɤɭɥɚ ɝɚɡɚ; 
 

–ɫɜɨɛɨɞɧɨɟ ɦɟɫɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ;   
 
–ɥɨɤɚɥɢɡɨɜɚɧɧɵɣ ɚɞɫɨɪɛɰɢɨɧɧɵɣ ɤɨɦɩɥɟɤɫ.  
 
 

ȿɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɦɨɥɟɤɭɥ ɦɟɠɞɭ ɫɨɛɨɣ, 
ɬɨ ɪɚɜɧɨɜɟɫɢɟ ɜ ɷɬɨɣ ɫɢɫɬɟɦɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɢɞɟ ɤɜɚɡɢɯɢɦɢɱɟɫɤɨɝɨ 
ɭɪɚɜɧɟɧɢɹ ɋа + ɋɨ ↔ ɋаɞɫ , ɚ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɷɬɨɣ ɪɟɚɤɰɢɢ ɛɭɞɟɬ: 

o

аɞɫ
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аɞɫ

ɨа

аɞɫ
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Ƚ
Cp

C

ɋɋ
C

K   

ɝɞɟ ɨаɞɫ ɋɋ ,  – ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɧɹɬɵɯ ɢ ɫɜɨɛɨɞɧɵɯ ɦɟɫɬ; 
ɋɚ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɦɨɥɟɤɭɥ ɚɞɫɨɪɛɚɬɚ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚɹ ɞɚɜɥɟɧɢɸ ɝɚɡɚ, ɬ.ɟ.  

ɋɚ  ≈  ρ 




ɋ
ɋȽ

ɋ
ɋȽ ɨ

ɨ
аɞɫ ,  – ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɫɬɟɩɟɧɢ ɡɚɩɨɥɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 

ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ ɢ ɫɜɨɛɨɞɧɵɦɢ ɦɟɫɬɚɦɢ; C  – ɫɭɦɦɚɪɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɡɚɧɹɬɵɯ ɢ ɫɜɨɛɨɞɧɵɯ ɦɟɫɬ; ɪ – ɞɚɜɥɟɧɢɟ ɩɚɪɨɜ ɝɚɡɚ 
(ɚɞɫɨɪɛɚɬɚ). ɉɨɫɤɨɥɶɤɭ ɨаɞɫ ɋCC   ɢ ,1 ɨаɞɫ ȽȽ  ɬɨ 
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 Эɬɨ ɜɵɪɚɠɟɧɢɟ ɹɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɢɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ Ʌэɧɝɦɸɪɚ. 
Ɉɛɵɱɧɨ ɟɝɨ ɡɚɩɢɫɵɜɚɸɬ ɜ ɜɢɞɟ:  

.
1 ɪК

ɪК
ɋ
ɋȽ аɞɫ

аɞɫ 



 

 ɉɪɢ ɦɚɥɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ (ɞɚɜɥɟɧɢɢ) ɚɞɫɨɪɛɚɬɚ 1 pK  




ɋ
CȽ аɞɫ  pK   

 ɉɪɢ ɜɵɫɨɤɢɯ ɞɚɜɥɟɧɢɹɯ ɚɞɫɨɪɛɚɬɚ 1 pK  

 
 

Ⱥɦ 

 
 

Ⱥɦ 
 



ɋCаɞɫ ; 1аɞɫȽ  
 ȼɥɢɹɧɢɟ ɞɚɜɥɟɧɢɹ (ɤɨɧɰɟɧɬɪɚɰɢɢ) ɝɚɡɨɜ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɚɞɫɨɪɛɢɪɭɟɦɨɝɨ 
ɤɨɦɩɨɧɟɧɬɚ ɭɱɢɬɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɡɨɬɟɪɦ ɚɞɫɨɪɛɰɢɢ (Ɋɢɫ. 6.2). 

 ɉɪɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ ɝɚɡɨɜ (ɢɥɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɜɟɳɟɫɬɜ ɜ ɪɚɫɬɜɨɪɚɯ) 
ɚɞɫɨɪɛɰɢɹ ɜɨɡɪɚɫɬɚɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɞɚɜɥɟɧɢɸ (ɤɨɧɰɟɧɬɪɚɰɢɢ), ɬ.ɟ. ɢɡɨɬɟɪɦɵ 
ɢɦɟɸɬ ɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ. Ɂɚɬɟɦ ɜɨɡɪɚɫɬɚɧɢɟ ɡɚɦɟɞɥɹɟɬɫɹ ɢ, ɧɚɤɨɧɟɰ, ɤɨɝɞɚ 
ɧɚɫɬɭɩɚɟɬ ɩɪɟɞɟɥ ɧɚɫɵɳɟɧɢɹ, ɩɪɟɤɪɚɳɚɟɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɝɞɚ ɧɚɫɵɳɟɧɢɟ 
ɞɨɫɬɢɝɧɭɬɨ, ɞɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɞɚɜɥɟɧɢɹ (ɤɨɧɰɟɧɬɪɚɰɢɢ) ɩɪɚɤɬɢɱɟɫɤɢ ɭɠɟ 
ɧɟ ɜɥɢɹɟɬ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɝɚɡɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɨɬɟɪɦɚ 
ɚɞɫɨɪɛɰɢɢ Ʌɷɧɝɦɸɪɚ ɝɪɚɮɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɢɩɟɪɛɨɥɭ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢ 
ɩɪɢɛɥɢɠɚɸɳɭɸɫɹ ɤ ɩɪɟɞɟɥɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦɭ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɬɟɩɟɧɢ 
ɡɚɩɨɥɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ mȽ . ɉɪɢ ɷɬɨɦ 
ɤɨɥɢɱɟɫɬɜɨ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɜɟɳɟɫɬɜɚ (ɜ ɦɨɥɹɯ ɧɚ 1 ɝ ɚɞɫɨɪɛɟɧɬɚ), 
ɩɨɤɪɵɜɚɸɳɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ ɩɥɨɬɧɵɦ ɦɨɧɨɫɥɨɟɦ, ɧɚɡɵɜɚɟɬɫɹ ɟɦɤɨɫɬɶɸ 
ɦɨɧɨɫɥɨɹ. Ɂɧɚɹ ɩɥɨɳɚɞɶ S , ɡɚɧɢɦɚɟɦɭɸ ɨɞɧɨɣ ɦɨɥɟɤɭɥɨɣ ɢ ɩɥɨɬɧɨɫɬɶ ɦɨɧɨɫɥɨɹ 
аm ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɚɞɫɨɪɛɟɧɬɚ Sɭɞ. 

 
,Amɭɞ NSаS    

ɝɞɟ NȺ – ɱɢɫɥɨ Ⱥɜɨɝɚɞɪɨ. 
 ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ (Ɍ1 Ɍ2 , ɪɢɫ. 6.2) ɚɞɫɨɪɛɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɧɢɠɚɟɬɫɹ – ɢɡɨɬɟɪɦɚ ɚɞɫɨɪɛɰɢɢ Ɍ1 ɢɞɟɬ ɧɢɠɟ ɢɡɨɬɟɪɦɵ Ɍ2  ɢ 
ɫɬɟɩɟɧɶ ɡɚɩɨɥɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɦɢ ɦɨɥɟɤɭɥɚɦɢ Ƚ1 ɞɨɫɬɢɝɚɟɬɫɹ 
ɩɪɢ ɛɨɥɶɲɟɦ ɜɧɟɲɧɟɦ ɞɚɜɥɟɧɢɢ (ɪ1ɪ2 , ɪɢɫ. 6.2). 
 Ƚɚɡɵ, ɨɛɥɚɞɚɸɳɢɟ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ 
ɤɢɩɟɧɢɹ, ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɫɢɥɶɧɟɟ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ. 
 Ⱦɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɚɞɫɨɪɛɰɢɢ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɭɪɚɜɧɟɧɢɹ. 
ɇɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɦ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟ Фɪɟɣɧɞɥɢɯɚ: 



 

n
аɞɫ ɪаC

1 , 
 
ɝɞɟ ɚ, n – ɷɦɩɢɪɢɱɟɫɤɢɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɩɨɫɬɨɹɧɧɵɟ ɞɥɹ ɫɢɫɬɟɦɵ ɩɨɜɟɪɯɧɨɫɬɶ–
ɚɞɫɨɪɛɚɬ ɩɪɢ ɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɪɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɹɯ (ɜ ɭɫɥɨɜɢɹɯ ɫɪɟɞɧɟɝɨ ɢ 
ɜɵɫɨɤɨɝɨ ɜɚɤɭɭɦɚ) ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɪɨɫɬɨɟ ɫɨɨɬɧɨɲɟɧɢɟ  

 
,ɪаCаɞɫ   

 
ɝɞɟ ɚ – ɷɦɩɢɪɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɪ – ɞɚɜɥɟɧɢɟ ɝɚɡɚ. 
 ɂɡɨɬɟɪɦɵ ɚɞɫɨɪɛɰɢɢ ɞɥɹ ɪɚɫɬɜɨɪɨɜ ɚɧɚɥɨɝɢɱɧɵ ɢɡɨɬɟɪɦɚɦ ɞɥɹ ɝɚɡɨɜ, ɢ ɞɥɹ 
ɧɢɯ ɫɩɪɚɜɟɞɥɢɜɨ ɜɵɪɚɠɟɧɢɟ: 

,аɋɋаɞɫ   
 
ɝɞɟ ɋ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. 
 Ɉɞɧɚɤɨ ɩɪɢ ɚɞɫɨɪɛɰɢɢ ɜɟɳɟɫɬɜ ɢɡ ɪɚɫɬɜɨɪɨɜ ɤɪɨɦɟ ɪɚɫɬɜɨɪɟɧɧɨɝɨ 
ɜɟɳɟɫɬɜɚ ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɟɳɟ ɢ ɦɨɥɟɤɭɥɵ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɢɫɤɚɠɟɧɢɸ ɜɢɞɚ ɢɡɨɬɟɪɦ. 
 Ⱥɞɫɨɪɛɰɢɹ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜɟɳɟɫɬɜɚ ɜ ɞɚɧɧɨɦ ɪɚɫɬɜɨɪɢɬɟɥɟ. 
Ɉɛɵɱɧɨ ɫɢɥɶɧɟɟ ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɢɡ ɪɚɫɬɜɨɪɨɜ ɬɟ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɟɧɶɲɟ 
ɪɚɫɬɜɨɪɢɦɵ ɜ ɞɚɧɧɨɦ ɪɚɫɬɜɨɪɟ. Ⱥɞɫɨɪɛɢɪɭɟɦɵɟ ɜɟɳɟɫɬɜɚ ɜɥɢɹɸɬ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɦɚɱɢɜɚɧɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɬɜɨɪɨɦ. ȼɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɫɢɥɶɧɨ ɭɦɟɧɶɲɚɸɬ ɩɨɜɟɪɯɧɨɫɬɧɨɟ 
ɧɚɬɹɠɟɧɢɟ, ɧɚɡɵɜɚɸɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɨ–ɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ (ɉȺȼ). Ɉɞɧɢɦ 
ɢɡ ɩɪɢɦɟɪɨɜ ɉȺȼ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ ɦɨɸɳɢɟ ɫɪɟɞɫɬɜɚ, ɧɚɩɪɢɦɟɪ, 
ɦɵɥɨ. 
 
 6.3  Ɉɫɨɛɟɧɧɨɫɬɢ ɚɞɫɨɪɛɰɢɢ ɜɟɳɟɫɬɜ ɢɡ ɪɚɫɬɜɨɪɨɜ 

 
 ȿɫɥɢ ɪɚɫɬɜɨɪɟɧɧɨɟ ɜɟɳɟɫɬɜɨ ɚɞɫɨɪɛɢɪɭɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ 
ɚɞɫɨɪɛɟɧɬɚ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ, ɱɟɦ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɬɨ ɚɞɫɨɪɛɰɢɹ 
ɧɚɡɵɜɚɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨɣ. ȿɟ ɜɟɥɢɱɢɧɚ ɬɟɦ ɛɨɥɶɲɟ, ɱɟɦ ɪɚɡɧɨɫɬɶ ɩɨɥɹɪɧɨɫɬɟɣ 
ɦɟɠɞɭ ɚɞɫɨɪɛɟɧɬɨɦ ɢ ɪɚɫɬɜɨɪɢɬɟɥɟɦ. Ʉ ɧɟɩɨɥɹɪɧɵɦ ɚɞɫɨɪɛɟɧɬɚɦ ɩɪɢɧɚɞɥɟɠɚɬ 
ɭɝɨɥɶ, ɝɪɚɮɢɬ, ɬɚɥɶɤ ɢ ɞɪ. Ʉ ɩɨɥɹɪɧɵɦ ɚɞɫɨɪɛɟɧɬɚɦ ɨɬɧɨɫɹɬɫɹ ɫɟɥɢɤɚɝɟɥɶ, 
ɪɚɡɥɢɱɧɵɟ ɝɥɢɧɵ. ɉɨɥɹɪɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ – ɜɨɞɚ, ɧɟɩɨɥɹɪɧɵɣ – ɛɟɧɡɨɥ. 
 ȼɨɡɦɨɠɧɵ ɱɟɬɵɪɟ ɬɢɩɚ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɪɢɫ. 6.3). 
 



 
 Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 6.3, ɦɚɤɫɢɦɚɥɶɧɚɹ ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɚɞɫɨɪɛɰɢɹ ɛɭɞɟɬ 
ɧɚɛɥɸɞɚɬɶɫɹ ɬɨɥɶɤɨ ɜ ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ (ɛ) ɢ (ɝ). 
 ȼ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ (ɛ) ɦɨɥɟɤɭɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨ ɚɤɬɢɜɧɨɝɨ ɜɟɳɟɫɬɜɚ 
(ɉȺȼ) ɫɜɨɢɦɢ ɩɨɥɹɪɧɵɦɢ ɝɪɭɩɩɚɦɢ ɜɬɹɝɢɜɚɸɬɫɹ ɜ ɩɨɥɹɪɧɵɣ ɪɚɫɬɜɨɪɢɬɟɥɶ, ɚ 
ɧɟɩɨɥɹɪɧɵɦ – ɜ ɧɟɩɨɥɹɪɧɵɣ ɚɞɫɨɪɛɟɧɬ, ɫɥɟɞɫɬɜɢɟɦ ɱɟɝɨ ɹɜɥɹɟɬɫɹ ɫɬɪɨɝɚɹ 
ɜɟɪɬɢɤɚɥɶɧɚɹ ɨɪɢɟɧɬɚɰɢɹ ɢɯ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ, ɬ.ɟ. ɨɛɪɚɡɨɜɚɧɢɟ 
ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɥɨɹ. 
 ȼ ɚɞɫɨɪɛɰɢɨɧɧɨɣ ɫɢɫɬɟɦɟ (ɝ) ɦɨɥɟɤɭɥɵ ɉȺȼ ɫɜɨɢɦɢ ɩɨɥɹɪɧɵɦɢ ɝɪɭɩɩɚɦɢ 
ɨɪɢɟɧɬɢɪɭɸɬɫɹ ɜ ɫɬɨɪɨɧɭ ɚɞɫɨɪɛɟɧɬɚ, ɚ ɧɟɩɨɥɹɪɧɵɦɢ – ɜ ɧɟɩɨɥɹɪɧɵɣ 
ɪɚɫɬɜɨɪɢɬɟɥɶ, ɨɛɪɚɡɭɹ ɬɚɤɨɣ ɠɟ ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɵɣ ɫɥɨɣ (ɪɢɫ. 3.ɝ). ɑɬɨ ɤɚɫɚɟɬɫɹ 
ɚɞɫɨɪɛɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɚ) ɢ (ɜ), ɬɨ ɜ ɤɚɠɞɨɣ ɢɡ ɧɢɯ ɧɟɩɨɥɹɪɧɵɟ ɝɪɭɩɩɵ ɦɨɥɟɤɭɥ 
ɉȺȼ ɜɵɬɚɥɤɢɜɚɸɬɫɹ, ɚ ɩɨɥɹɪɧɵɟ ɜɬɹɝɢɜɚɸɬɫɹ ɪɚɫɬɜɨɪɢɬɟɥɟɦ ɢ ɚɞɫɨɪɛɟɧɬɨɦ, ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɟ ɦɨɠɟɬ ɭɫɬɚɧɨɜɢɬɶɫɹ ɢɯ ɫɬɪɨɝɚɹ ɜɟɪɬɢɤɚɥɶɧɚɹ ɨɪɢɟɧɬɚɰɢɹ ɧɚ 
ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɮɚɡ, ɚ ɩɨɬɨɦɭ ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɚɞɫɨɪɛɰɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ 
ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ (ɚ). ȼ ɫɢɫɬɟɦɟ (ɜ) ɚɞɫɨɪɛɰɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɩɪɟɨɛɥɚɞɚɟɬ 
ɧɚɞ ɚɞɫɨɪɛɰɢɟɣ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɚɞɫɨɪɛɰɢɸ ɧɚɡɵɜɚɸɬ 
ɨɬɪɢɰɚɬɟɥɶɧɨɣ. 
 

6.4  Ⱥɞɫɨɪɛɰɢɹ ɷɥɟɤɬɪɨɥɢɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬɜɚ 

 
 ɇɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɚɞɫɨɪɛɰɢɢ ɷɥɟɤɬɪɨɥɢɬɨɜ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɵɯ ɚɞɫɨɪɛɟɧɬɨɜ ɹɜɥɹɸɬɫɹ ɟɟ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɢ ɨɛɦɟɧɧɵɣ 
ɯɚɪɚɤɬɟɪ. ɋɩɟɰɢɮɢɱɧɨɫɬɶ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɚɧɧɨɝɨ ɚɞɫɨɪɛɟɧɬɚ 
ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɚɬɢɨɧɵ ɢ ɚɧɢɨɧɵ. Ɏɚɤɬɨɪɵ, 
ɨɛɭɫɥɚɜɥɢɜɚɸɳɢɟ ɫɩɟɰɢɮɢɱɧɨɫɬɶ ɚɞɫɨɪɛɰɢɢ ɷɥɟɤɬɪɨɥɢɬɨɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 
ɡɧɚɤɨɦ ɡɚɪɹɞɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ, ɜɚɥɟɧɬɧɨɫɬɶɸ ɢɨɧɨɜ, ɜɟɥɢɱɢɧɨɣ ɢɯ 
ɪɚɞɢɭɫɚ ɢ ɫɬɟɩɟɧɶɸ ɫɨɥɶɜɚɬɚɰɢɢ. 
 Ɂɧɚɤ ɡɚɪɹɞɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɞɫɨɪɛɟɧɬɚ ɡɚɜɢɫɢɬ ɨɬ ɩɪɢɪɨɞɵ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ 
ɪɚɫɬɜɨɪɢɬɟɥɶ – ɬɜɟɪɞɵɣ ɚɞɫɨɪɛɟɧɬ ɢ ɨɬ ɭɫɥɨɜɢɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɚɞɫɨɪɛɟɧɬɚ. ȼ 



ɤɚɱɟɫɬɜɟ ɚɞɫɨɪɛɟɧɬɚ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ 
ɭɝɨɥɶ. Эɬɨ – ɩɨɪɢɫɬɨɟ ɜɟɳɟɫɬɜɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɭɝɥɟɪɨɞɚ ɫ ɧɟɛɨɥɶɲɢɦ  
ɤɨɥɢɱɟɫɬɜɨɦ ɩɪɢɦɟɫɟɣ ɤɨɬɨɪɵɟ ɢɝɪɚɸɬ ɨɱɟɧɶ ɜɚɠɧɭɸ ɪɨɥɶ ɩɪɢ ɚɞɫɨɪɛɰɢɢ. 
ɉɪɨɰɟɫɫ ɚɤɬɢɜɢɪɨɜɚɧɢɹ ɭɝɥɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɟɝɨ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɛɟɡ ɞɨɫɬɭɩɚ 
ɜɨɡɞɭɯɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɢɡ ɭɝɥɹ ɭɞɚɥɹɸɬɫɹ ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɧɟɦ ɫɦɨɥɵ ɢ 
ɩɨɜɵɲɚɟɬɫɹ ɩɨɪɢɫɬɨɫɬɶ. 
 ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɨɛɪɚɛɨɬɤɢ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ ɦɨɠɟɬ 
ɚɞɫɨɪɛɢɪɨɜɚɬɶ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɤɢɫɥɨɬɵ (ɛɟɡɡɨɥɶɧɵɣ ɭɝɨɥɶ, ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 8000 ɋ) ɢɥɢ, ɧɚɨɛɨɪɨɬ, ɨɫɧɨɜɚɧɢɹ (ɭɝɨɥɶ, ɧɚɝɪɟɬɵɣ ɞɨ 450–5000 
ɋ). Эɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɭɝɥɹ ɩɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ 
ɨɛɪɚɡɭɸɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ – ɨɤɢɫɥɵ, ɢɦɟɸɳɢɟ ɨɫɧɨɜɧɨɣ ɢɥɢ ɤɢɫɥɵɣ 
ɯɚɪɚɤɬɟɪ. 
 Ⱥɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ – ɝɢɞɪɨɮɨɛɧɵɣ ɧɟɩɨɥɹɪɧɵɣ ɚɞɫɨɪɛɟɧɬ, ɨɧ ɯɨɪɨɲɨ 
ɚɞɫɨɪɛɢɪɭɟɬ ɧɟɩɨɥɹɪɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ, ɚ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ ɨɧ ɹɜɥɹɟɬɫɹ 
ɯɨɪɨɲɢɦ ɢɯ ɚɞɫɨɪɛɟɧɬɨɦ (ɪɢɫ 6.3.ɛ). 
 ɇɚ ɜɟɥɢɱɢɧɭ ɚɞɫɨɪɛɰɢɢ ɢɨɧɨɜ ɜɥɢɹɟɬ ɢɯ ɜɚɥɟɧɬɧɨɫɬɶ ɢ ɫɬɟɩɟɧɶ 
ɫɨɥɶɜɚɬɚɰɢɢ. Эɬɨ ɜɥɢɹɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɩɪɚɜɢɥɚɦɢ: 

1) ɱɟɦ ɜɵɲɟ ɜɚɥɟɧɬɧɨɫɬɶ ɢɨɧɚ, ɬɟɦ ɛɨɥɶɲɟ ɟɝɨ ɚɞɫɨɪɛɰɢɹ ɩɪɢ ɞɚɧɧɵɯ 
ɭɫɥɨɜɢɹɯ; 

2) ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɜɚɥɟɧɬɧɨɫɬɢ ɢɨɧɨɜ ɢ ɨɞɢɧɚɤɨɜɵɯ ɭɫɥɨɜɢɹɯ ɥɭɱɲɟ 
ɚɞɫɨɪɛɢɪɭɸɬɫɹ ɬɟ ɢɨɧɵ, ɪɚɞɢɭɫ ɤɨɬɨɪɵɯ ɜ ɫɨɥɶɜɚɬɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ 
ɦɟɧɶɲɟ. 

ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɞɢɭɫɚ ɢɨɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫɬɟɩɟɧɶ ɟɝɨ ɝɢɞɪɚɬɚɰɢɢ, ɬ.ɟ. 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɚɞɢɭɫ ɢɨɧɚ ɜ ɝɢɞɪɚɬɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɭɦɟɧɶɲɚɟɬɫɹ 
ɚɞɫɨɪɛɰɢɹ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ. 

ȼ ɚɞɫɨɪɛɰɢɢ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɨɛɦɟɧ ɢɨɧɚɦɢ. 
 

 6.5 Ʉɨɧɬɪɨɥɶɧɵɟ ɜɨɩɪɨɫɵ 
1. ɑɬɨ ɬɚɤɨɟ ɚɞɫɨɪɛɰɢɹ, ɞɟɫɨɪɛɰɢɹ, ɚɞɫɨɪɛɟɧɬ, ɚɞɫɨɪɛɚɬ? 
2. ɉɨɹɫɧɢɬɶ ɦɟɯɚɧɢɡɦ ɮɢɡɢɱɟɫɤɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɚɞɫɨɪɛɰɢɢ? 
3. Ʉɚɤ ɢ ɩɨɱɟɦɭ ɬɟɦɩɟɪɚɬɭɪɚ ɜɥɢɹɟɬ ɧɚ ɮɢɡɢɱɟɫɤɭɸ ɢ ɯɢɦɢɱɟɫɤɭɸ ɚɞɫɨɪɛɰɢɢ? 
4. ɑɬɨ ɨɩɪɟɞɟɥɹɟɬ ɢɡɨɬɟɪɦɚ ɚɞɫɨɪɛɰɢɢ Ʌɷɧɝɦɸɪɚ? 
5. ɑɬɨ ɬɚɤɨɟ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɚɞɫɨɪɛɟɧɬɚ? 
6. Ʉɚɤ ɚɞɫɨɪɛɰɢɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ ɢ ɪɚɫɬɜɨɪɢɦɨɫɬɢ  

ɜɟɳɟɫɬɜɚ? 
7. ɑɬɨ ɬɚɤɨɟ ɩɨɜɟɪɯɧɨɫɬɧɨ-ɚɤɬɢɜɧɵɟ ɜɟɳɟɫɬɜɚ? 
8. ɑɬɨ ɬɚɤɨɟ ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɢ ɨɬɪɢɰɚɬɟɥɶɧɚɹ ɚɞɫɨɪɛɰɢɹ? 
9. ɑɬɨ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ ɚɞɫɨɪɛɰɢɢ ɢɨɧɨɜ? 
10. ɉɪɢɜɟɫɬɢ ɩɪɢɦɟɪɵ ɷɮɮɟɤɬɢɜɧɵɯ ɚɞɫɨɪɛɟɧɬɨɜ. ɑɟɦ ɨɛɴɹɫɧɹɟɬɫɹ ɢɯ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ? 
 
 
 
 
 
 
 
 



6.6 ɊɍɄɈȼɈȾɋɌȼɈ Ʉ ɅȺȻɈɊȺɌɈɊɇɈɃ ɊȺȻɈɌȿ «ȺȾɋɈɊȻɐɂə» 

 

 ɐɟɥɶ ɪɚɛɨɬɵ 

ɉɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɞɫɨɪɛɰɢɢ ɢɡ ɪɚɫɬɜɨɪɨɜ ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɩɨɫɪɟɞɫɬɜɨɦ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɭɝɥɹ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɫɬɪɨɢɬɶ ɢɡɨɬɟɪɦɭ ɚɞɫɨɪɛɰɢɢ 
ɪɚɫɬɜɨɪɨɜ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɚɤɬɢɜɢɪɨɜɚɧɧɨɦ ɭɝɥɟ ɜ 
ɤɨɨɪɞɢɧɚɬɚɯ: ɜɟɥɢɱɢɧɚ ɚɞɫɨɪɛɰɢɢ – ɪɚɜɧɨɜɟɫɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ. ɉɪɢɦɟɧɹɹ 

ɭɪɚɜɧɟɧɢɟ Ɏɪɟɣɧɞɥɢɯɚ, ɧɚɣɬɢ ɤɨɧɫɬɚɧɬɵ а ɢ ,
1
n

 ɜɯɨɞɹɳɢɟ ɜ ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɢ 

ɤɨɥɢɱɟɫɬɜɟɧɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ. ɋɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɯɚɪɚɤɬɟɪɟ 
ɚɞɫɨɪɛɰɢɢ ɢ ɜɨɡɦɨɠɧɨɫɬɹɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ. 
 
  ɇɟɨɛɯɨɞɢɦɵɟ ɪɟɚɤɬɢɜɵ, ɩɨɫɭɞɚ 

 

1) ɪɚɫɬɜɨɪɵ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɪɚɡɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ; 
2) ɪɚɫɬɜɨɪ ɝɢɞɪɨɨɤɢɫɢ ɧɚɬɪɢɹ 0,1ɇ; 
3) ɫɩɢɪɬɨɜɵɣ ɪɚɫɬɜɨɪ ɮɟɧɨɥɮɬɚɥɟɢɧɚ 0,2 %, ɩɢɩɟɬɤɚ; 
4) ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ ɭɝɨɥɶ; 
5) ɦɟɪɧɵɟ ɤɨɥɛɨɱɤɢ ɨɛɴɟɦɨɦ 100 ɦɥ; 
6) ɤɨɧɢɱɟɫɤɢɟ ɤɨɥɛɨɱɤɢ ɞɥɹ ɬɢɬɪɨɜɚɧɢɹ, ɩɪɨɛɤɢ ɤ ɧɢɦ; 
7) ɜɨɪɨɧɤɢ ɫɬɟɤɥɹɧɧɵɟ ɞɥɹ ɮɢɥɶɬɪɨɜɚɧɢɹ; 
8) ɮɢɥɶɬɪɵ ɛɭɦɚɠɧɵɟ; 
9) ɦɟɪɧɵɟ ɰɢɥɢɧɞɪɵ ɧɚ 50, 100 ɦɥ; 
10) ɩɢɩɟɬɤɢ ɫ ɪɟɡɢɧɨɜɵɦ ɲɥɚɧɝɨɦ ɢ ɝɪɭɲɟɣ; 
11) ɛɸɪɟɬɤɢ; 
12) ɮɚɪɮɨɪɨɜɵɟ ɫɬɭɩɤɢ, ɩɟɫɬɢɤɢ. 
 

 ɉɪɢɝɨɬɨɜɥɟɧɢɟ ɪɚɫɬɜɨɪɨɜ ɝɢɞɪɨɨɤɢɫɢ ɧɚɬɪɢɹ ɢ ɭɤɫɭɫɧɨɣ  
 ɤɢɫɥɨɬɵ ɪɚɡɥɢɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ 

 

ȼɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɛɨɬɵ ɪɚɫɬɜɨɪɵ ɝɨɬɨɜɹɬɫɹ ɨɱɟɧɶ ɬɳɚɬɟɥɶɧɨ ɢ 
ɚɤɤɭɪɚɬɧɨ ɥɚɛɨɪɚɧɬɨɦ ɧɟɡɚɞɨɥɝɨ ɞɨ ɩɪɨɜɟɞɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ. 

Ⱦɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 1 л 0,1ɇ ɪɚɫɬɜɨɪɚ NaOH ɧɟɨɛɯɨɞɢɦɨ ɜɡɹɬɶ ɧɚɜɟɫɤɭ 
ɫɜɟɠɟɝɨ ɬɜɟɪɞɨɝɨ NaOH ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 4,0 ɝ, ɩɨɦɟɫɬɢɬɶ ɜ ɦɟɪɧɭɸ ɤɨɥɛɭ, 
ɪɚɫɬɜɨɪɢɬɶ ɜɧɚɱɚɥɟ ɜ ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɢ ɞɨɜɟɫɬɢ 
ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ ɞɨ ɦɟɬɤɢ ɨɞɧɨɥɢɬɪɨɜɨɣ ɦɟɪɧɨɣ ɤɨɥɛɵ. Ɋɚɫɬɜɨɪ ɫɥɟɞɭɟɬ ɡɚɤɪɵɬɶ 
ɩɪɨɛɤɨɣ, ɱɬɨɛɵ ɨɧ ɧɟ ɧɚɫɵɳɚɥɫɹ ɭɝɥɟɤɢɫɥɨɬɨɣ ɢɡ ɜɨɡɞɭɯɚ. Ɋɚɫɬɜɨɪɵ ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɵ ɝɨɬɨɜɹɬ ɢɡ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ 99,8 % ɤɢɫɥɨɬɵ (=1,0503 ɝ/ɦл, 17,45 
ɦɨлɶ/л). ȼɧɚɱɚɥɟ ɝɨɬɨɜɹɬ ɪɚɫɬɜɨɪ ɫɪɚɜɧɢɬɟɥɶɧɨ ɛɨɥɶɲɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ. 
Ɋɚɫɫɱɢɬɚɟɦ, ɤɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɧɟɨɛɯɨɞɢɦɨ 
ɜɡɹɬɶ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 100 ɦл 2ɇ ɪɚɫɬɜɨɪɚ. 
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ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 100 ɦɥ 2ɇ ɪɚɫɬɜɨɪɚ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ 
ɧɟɨɛɯɨɞɢɦɨ ɜɡɹɬɶ 11,5 ɦл ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɢ ɪɚɡɛɚɜɢɬɶ ɟё 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɞɨ ɦɟɬɤɢ ɜ 100 ɦл ɦɟɪɧɨɣ ɤɨɥɛɵ. 
Рɚɫɬɜɨɪɵ ɪɚɛɨɱɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɝɨɬɨɜяɬ ɩɭɬɟɦ ɪɚɡɛɚɜɥɟɧɢя. 
В ɬɚɛɥ.6.1 ɩɪɢɜɟɞɟɧɵ ɤɨɥɢɱɟɫɬɜɚ 2ɇ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥя ɩɪɢɝɨɬɨɜɥɟɧɢя ɪɚɫɬɜɨɪɨɜ 0,4ɇ; 0,3ɇ; 0,2ɇ; 
0,25ɇ; 0,1ɇ; 0,05ɇ; 0,01ɇ. Ɉɛɴɟɦɵ ɪɚɛɨɱɢɯ ɪɚɫɬɜɨɪɨɜ 100 ɦɥ. 

 
 Тɚɛɥɢɰɚ 6.1. Кɨɥɢɱɟɫɬɜɚ 2Н ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬы (ɯ1,2,3…7), 
ɧɟɨɛɯɨɞɢɦыɟ ɞɥя ɩɪɢɝɨɬɨɜɥɟɧɢя ɪɚɡɛɚɜɥɟɧɧыɯ ɪɚɫɬɜɨɪɨɜ 
ɇɨɦɟɪ 

ɤɨɥɛɨɱɤɢ 
Ʉɨɥɢɱɟɫɬɜɨ 

2ɇ ɦл ɤɢɫɥɨɬɵ 
Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɩɨɥɭɱɟɧɧɨɝɨ 
ɪɚɫɬɜɨɪɚ, ɇ 

Ɏɨɪɦɭɥɚ 
ɞɥɹ ɪɚɫɱɟɬɚ 

1 0,50 0,01  

5,0
2

01,0100

1

1




x

x
 

2 1,00 0,02 
3 2,50 0,05 
4 5,00 0,10 
5 100 0,20 
6 12,5 0,25 
7 15,0 0,30 
8 20,0 0,40 
 
 ɏɨɞ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ 

 

ɉɨɥɭɱɢɜ ɭ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɤɨɥɛɨɱɤɭ ɫ ɪɚɫɬɜɨɪɨɦ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ, 
ɨɩɪɟɞɟɥɹɸɬ ɟɟ ɧɚɱɚɥɶɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɟɬɨɞɨɦ ɬɢɬɪɨɜɚɧɢɹ. 

Ɂɚɬɟɦ, ɜɡɹɜ ɨɩɪɟɞɟɥɟɧɧɵɣ ɨɛɴɟɦ ɷɬɨɣ ɤɢɫɥɨɬɵ ɢ ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɭɝɥɹ, ɩɪɨɜɨɞɹɬ ɩɪɨɰɟɫɫ ɚɞɫɨɪɛɰɢɢ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɜɪɟɦɟɧɢ. Ⱦɥɹ ɛɨɥɟɟ ɛɵɫɬɪɨɝɨ ɭɫɬɚɧɨɜɥɟɧɢɹ ɚɞɫɨɪɛɰɢɨɧɧɨɝɨ ɪɚɜɧɨɜɟɫɢɹ ɤɨɥɛɭ 
ɫɥɟɞɭɟɬ ɜɫɬɪɹɯɢɜɚɬɶ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɷɬɨɝɨ ɜɪɟɦɟɧɢ ɭɝɨɥɶ 
ɨɬɮɢɥɶɬɪɨɜɵɜɚɸɬ ɢ ɨɩɪɟɞɟɥɹɸɬ ɫɧɨɜɚ ɤɨɧɰɟɧɬɪɚɰɢɸ ɤɢɫɥɨɬɵ ɩɨɫɥɟ ɚɞɫɨɪɛɰɢɢ 
(ɪɚɜɧɨɜɟɫɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ). 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ: 
1) ɨɬɦɟɪɢɬɶ 50 ɦл ɤɢɫɥɨɬɵ ɦɟɪɧɵɦ ɰɢɥɢɧɞɪɨɦ ɢ ɜɵɥɢɬɶ ɟɟ ɜ ɤɨɧɢɱɟɫɤɭɸ 

ɤɨɥɛɭ (ɩɪɨɧɭɦɟɪɨɜɚɧɧɭɸ № 1); 
2) ɩɨɦɟɫɬɢɬɶ ɜ ɧɟё 1 ɝ ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɭɝɥɹ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɢɡɦɟɥɶɱɢɜ ɟɝɨ 

ɜ ɮɚɪɮɨɪɨɜɨɣ ɫɬɭɩɤɟ, ɡɚɤɪɵɬɶ ɤɨɥɛɭ ɩɪɨɛɤɨɣ ɢ ɜɫɬɪɹɯɢɜɚɬɶ ɜ ɬɟɱɟɧɢɟ 30 ɦɢɧ.; 
3) ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɷɬɢɦ ɧɭɠɧɨ ɜɡɹɬɶ 10 ɦл ɢɫɯɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ ɤɢɫɥɨɬɵ, 

ɩɨɦɟɫɬɢɬɶ ɜ ɞɪɭɝɭɸ ɤɨɧɢɱɟɫɤɭɸ ɤɨɥɛɭ (ɩɪɨɧɭɦɟɪɨɜɚɧɧɭɸ № 2), ɞɨɛɚɜɢɬɶ ɞɜɟ 
ɤɚɩɥɢ ɮɟɧɨɥɮɬɚɥɟɢɧɚ ɢ ɨɬɬɢɬɪɨɜɚɬɶ ɤɢɫɥɨɬɭ ɪɚɫɬɜɨɪɨɦ ɳɟɥɨɱɢ (0,1ɇ) ɞɨ 
ɩɨɹɜɥɟɧɢɹ ɭɫɬɨɣɱɢɜɨɣ ɪɨɡɨɜɨɣ ɨɤɪɚɫɤɢ (ɩɨɱɬɢ ɤɪɚɫɧɨɣ). ȼ ɧɚɱɚɥɟ ɬɢɬɪɨɜɚɧɢɹ 
ɦɨɠɧɨ ɞɨɛɚɜɥɹɬɶ ɩɨ 0,4–0,5 ɦл ɳɟɥɨɱɢ ɞɥɹ ɪɚɫɬɜɨɪɨɜ № 5, 6, 7, 8, ɩɨɫɥɟ ɤɚɠɞɨɝɨ 
ɞɨɛɚɜɥɟɧɢɹ ɳɟɥɨɱɢ ɜɫɬɪɹɯɢɜɚɬɶ ɤɨɥɛɨɱɤɭ ɫ ɪɚɫɬɜɨɪɨɦ. ȼ ɤɨɧɰɟ ɬɢɬɪɨɜɚɧɢɹ, 
ɤɨɝɞɚ ɨɤɪɚɫɤɚ ɧɚɱɢɧɚɟɬ ɩɨɹɜɥɹɬɶɫɹ ɡɚɦɟɬɧɨ, ɧɨ ɢɫɱɟɡɚɟɬ ɱɟɪɟɡ 0,5–1,0 ɫ, ɪɚɫɬɜɨɪ 
ɝɢɞɪɨɤɫɢɞɚ ɞɨɛɚɜɥɹɬɶ ɤɚɩɥɹɦɢ. ɉɪɢ ɬɢɬɪɨɜɚɧɢɢ ɪɚɫɬɜɨɪɨɜ № 1, 2, 3, 4 
ɝɢɞɪɨɨɤɢɫɶ ɧɚɬɪɢɹ ɜ ɤɨɥɛɨɱɤɭ ɫ ɤɢɫɥɨɬɨɣ ɞɨɛɚɜɥɹɬɶ ɨɱɟɧɶ ɨɫɬɨɪɨɠɧɨ ɧɚ 
ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɬɢɬɪɨɜɚɧɢɹ, ɬ.ɟ. ɨɬɞɟɥɶɧɵɦɢ ɤɚɩɥɹɦɢ. 



Ʉɨɧɰɟɧɬɪɚɰɢɸ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ: 
     ,2211 VCVC       (1) 

ɝɞɟ  ɋ1 – ɧɨɪɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɤɢɫɥɨɬɵ, ɦɨлɶ/л; 
 V1 – ɨɛɴɟɦ ɤɢɫɥɨɬɵ, ɜɡɹɬɨɣ ɞɥɹ ɬɢɬɪɨɜɚɧɢɹ, ɦл; 
 ɋ2 – ɧɨɪɦɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɢɞɪɨɨɤɢɫɢ ɧɚɬɪɢɹ, ɦɨлɶ/л; 
 V2 – ɨɛɴɟɦ ɝɢɞɪɨɨɤɢɫɢ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɧɚ ɧɟɣɬɪɚɥɢɡɚɰɢɸ ɤɢɫɥɨɬɵ, ɦл. 
 Ɍɢɬɪɨɜɚɧɢɟ ɫɥɟɞɭɟɬ ɩɪɨɜɟɫɬɢ ɞɜɚɠɞɵ ɢ ɜɡɹɬɶ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 
ɝɢɞɪɨɨɤɢɫɢ ɧɚɬɪɢɹ, ɧɟɨɛɯɨɞɢɦɨɣ ɧɚ ɬɢɬɪɨɜɚɧɢɟ. 
ɉɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɢɫɯɨɞɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɩɨ ɮɨɪɦɭɥɟ (1). 
 4) ɩɨɫɥɟ ɭɫɬɚɧɨɜɥɟɧɢɹ ɢɫɯɨɞɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ, ɩɪɨɜɟɫɬɢ 
ɮɢɥɶɬɪɨɜɚɧɢɟ ɭɝɥɹ ɫ ɤɢɫɥɨɬɨɣ, ɩɟɪɜɵɟ ɩɨɪɰɢɢ ɮɢɥɶɬɪɚɬɚ ɭɞɚɥɢɬɶ ɢ ɨɩɪɟɞɟɥɢɬɶ 
ɦɟɬɨɞɨɦ ɬɢɬɪɨɜɚɧɢɹ ɪɚɜɧɨɜɟɫɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɩɨɫɥɟ 
ɚɞɫɨɪɛɰɢɢ, ɜɡɹɜ ɢɡ ɤɨɥɛɵ 10 ɦɥ ɮɢɥɶɬɪɚɬɚ ɢ, ɞɨɛɚɜɢɜ ɜ ɧɟɝɨ ɞɜɟ ɤɚɩɥɢ 
ɮɟɧɨɥɮɬɚɥɟɢɧɚ (ɬɨɠɟ ɞɜɚɠɞɵ). 
 Ɋɟɡɭɥɶɬɚɬɵ ɡɚɧɟɫɬɢ ɜ ɬɚɛɥ. 6.2. 
 

Т̌̍л̶̛̌ 6.Ϯ. Фо̬̥̌ ̌̚п̛̛̭, ̬е̚ул̽т̌тов, получе̵̦̦̼ п̛̬ т̛т̬ов̛̛̦̌ 

№  
ɤɨɥɛɨɱɤɢ ɫ 
ɢɫɯɨɞɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰ
ɢɟɣ  

ɭɤɫɭɫɧɨɣ 
ɤɢɫɥɨɬɵ 

Ɋɟɡɭɥɶɬɚɬɵ    ɬɢɬɪɨɜɚɧɢɹ 
ɞɨ ɚɞɫɨɪɛɰɢɢ ɩɨɫɥɟ ɚɞɫɨɪɛɰɢɢ 

ɨɛɴɟɦ  
ɜɡɹɬɨɝɨ 

ɪɚɫɬɜɨɪɚ 
ɤɢɫɥɨɬɵ, 

ɦɥ 
V1 

ɨɛɴɟɦ  
ɢɡɪɚɫɯɨɞɨɜ
ɚɧɧɨɝɨ 0,1 
ɪɚɫɬɜɨɪɚ 

ɳɟɥɨɱɢ, ɦɥ 
V2 

ɤɨɧɰɟɧɬɪɚɰ
ɢɹ 

ɤɢɫɥɨɬɵ, 
ɦɨɥɶ/ɥ 

Cиɫх 

ɨɛɴɟɦ  
ɜɡɹɬɨɝɨ 

ɪɚɫɬɜɨɪɚ 
ɤɢɫɥɨɬɵ, 

ɦɥ 
V1 

ɨɛɴɟɦ  
ɢɡɪɚɫɯɨɞɨɜ
ɚɧɧɨɝɨ 0,1 
ɪɚɫɬɜɨɪɚ 

ɳɟɥɨɱɢ, ɦɥ 
V2 

ɤɨɧɰɟɧɬɪɚɰ
ɢɹ 

ɤɢɫɥɨɬɵ, 
ɦɨɥɶ/ɥ 
Cɪаɜɧ 

1 10   10   
2 10   10   
3 10   10   
4 10   10   
5 5   5   
6 5   5   
7 5   5   
8 5   5   

 ɉɪɢɦɟɱɚɧɢɟ: ɤɚɠɞɚɹ ɛɪɢɝɚɞɚ ɫɬɭɞɟɧɬɨɜ (3 ɱɟɥɨɜɟɤɚ) ɢɫɫɥɟɞɭɟɬ ɪɚɫɬɜɨɪ 
ɨɞɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɪɟɡɭɥɶɬɚɬɵ ɜɫɟɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɧɨɫɹɬɫɹ ɜ ɞɚɧɧɭɸ ɬɚɛɥɢɰɭ. 
ȼ ɨɬɱɟɬɚɯ ɩɨ ɪɚɛɨɬɟ ɨɛɹɡɚɬɟɥɶɧɨ ɭɤɚɡɵɜɚɟɬɫɹ ɧɨɦɟɪ ɤɨɥɛɨɱɤɢ ɫ ɪɚɫɬɜɨɪɨɦ 
ɤɢɫɥɨɬɵ, ɤɨɬɨɪɭɸ ɢɫɫɥɟɞɭɟɬ ɞɚɧɧɚɹ ɛɪɢɝɚɞɚ. 
 ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɪɚɫɱɟɬɚ: 

1) ɧɚɱɚɥɶɧɵɟ ɢ ɪɚɜɧɨɜɟɫɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɭɤɫɭɫɧɨɣ ɤɢɫɥɨɬɵ ɨɩɪɟɞɟɥɢɬɶ 
ɩɨ ɮɨɪɦɭɥɟ (1); 

2) ɜɵɱɢɫɥɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɣ ɤɢɫɥɨɬɵ Ƚ ɩɨ ɮɨɪɦɭɥɟ: 

    ,1000 V
m

ɋC
Ƚ ɪаɜɧиɫх     (2) 

ɝɞɟ  ɋиɫх, ɋɪаɜɧ – ɢɫɯɨɞɧɵɟ ɢ ɪɚɜɧɨɜɟɫɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ ɤɢɫɥɨɬɵ, 
ɦɨɥɶ/ɥ; 
 V – ɨɛɴɟɦ ɤɢɫɥɨɬɵ (0,05 ɥ); 
 m – ɦɚɫɫɚ ɚɞɫɨɪɛɟɧɬɚ (1 ɝ); 



3) ɧɚɣɬɢ ɥɨɝɚɪɢɮɦ ɡɧɚɱɟɧɢɣ ɪɚɜɧɨɜɟɫɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ ɪɚɫɬɜɨɪɨɜ ɢ 
ɥɨɝɚɪɢɮɦɵ ɡɧɚɱɟɧɢɣ ɚɞɫɨɪɛɢɪɨɜɚɧɧɵɯ ɤɨɥɢɱɟɫɬɜ  ɤɢɫɥɨɬɵ; 

4) ɜɵɱɢɫɥɢɬɶ ɜɟɥɢɱɢɧɭ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɚɞɫɨɪɛɰɢɢ (Ƚɨɬɧ %) ɩɨ ɮɨɪɦɭɥɟ: 

     ,100% 
иɫх

ɪаɜɧиɫх
ɨɬɧ ɋ

ɋɋ
Ƚ     (3) 

 Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɡɚɩɢɫɚɬɶ ɜ ɬɚɛɥ.6.3 
 
Ɍɚɛɥɢɰɚ 6.3. Ɏɨɪɦɚ ɡɚɩɢɫɟɣ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɪɚɫɱɟɬɟ 

 

ɇɨɦɟɪɚ 
ɪɚɫɬɜɨɪɨ

ɜ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɤɢɫɥɨɬɵ, ɦɨлɶ/л Ⱥɞɫɨɪɛɰ

ɢɹ Ƚ, 
ɦɨлɶ/л 

lg Cиɫх lg Ƚ 

Ɉɬɧɨɫɢɬɟ
ɥɶɧɚɹ 

ɚɞɫɨɪɛɰɢ
ɹ, Ƚɨɬɧ% 

 

ɞɨ 
ɚɞɫɨɪɛɰɢ

ɢ 
ɋиɫх 

ɩɨɫɥɟ 
ɚɞɫɨɪɛɰɢ

ɢ 
ɋɪаɜɧ 

       

 
 5) ɩɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ ɩɨɫɬɪɨɢɬɶ ɢɡɨɬɟɪɦɭ ɚɞɫɨɪɛɰɢɢ, ɨɬɤɥɚɞɵɜɚɹ ɧɚ 
ɨɫɢ ɨɪɞɢɧɚɬ ɡɧɚɱɟɧɢɟ ɚɞɫɨɪɛɰɢɢ Ƚ, ɚ ɧɚ ɨɫɢ ɚɛɫɰɢɫɫ – ɡɧɚɱɟɧɢɟ ɋиɫх; 
 ɉɨɫɬɪɨɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ Ƚɨɬɧ ɨɬ ɋиɫх. 
 6) ɨɩɪɟɞɟɥɢɬɶ ɝɪɚɮɢɱɟɫɤɢ ɤɨɧɫɬɚɧɬɵ ɭɪɚɜɧɟɧɢɹ Ɏɪɟɣɧɞɥɢɯɚ ɞɥɹ ɪɚɫɬɜɨɪɨɜ 

,/1

C
n

иɫхa
m

x   

ɝɞɟ: 
m

x
 – ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ, ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɟ ɦɚɫɫɨɣ ɚɞɫɨɪɛɟɧɬɚ 

 ɋ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɪɚɫɬɜɨɪɚ; 
 а ɢ n – ɤɨɧɫɬɚɧɬɵ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɚɞɫɨɪɛɰɢɢ.  
ɉɨɫɬɪɨɢɬɶ ɢɡɨɬɟɪɦɭ ɚɞɫɨɪɛɰɢɢ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬɚɯ (ɪɢɫ. 6.4) 

C
n

a
m

x
lg

1
lglg   



 Ⱦɥɹ ɷɬɨɝɨ ɜɧɚɱɚɥɟ ɪɚɫɫɱɢɬɚɬɶ ɷɬɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨ ɞɜɭɦ ɡɧɚɱɟɧɢɹɦ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɢɦ ɡɧɚɱɟɧɢɹɦ ɚɞɫɨɪɛɰɢɢ, ɚ ɡɚɬɟɦ, ɫɨɫɬɚɜɢɜ 
ɫɢɫɬɟɦɭ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ ɩɪɹɦɨɣ (ɢɡ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɯ ɤɨɨɪɞɢɧɚɬ), ɧɚɣɬɢ ɭɝɥɨɜɨɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɹɦɨɣ (ɤɨɷɮɮɢɰɢɟɧɬ 
n

1
 ɭɪɚɜɧɟɧɢɹ Ɏɪɟɣɧɞɥɢɯɚ). Ɂɚɬɟɦ, ɜɡɹɜ ɨɞɧɨ 

ɢɡ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ, ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ а. 
 ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɪɚɫɱɟɬɨɜ ɫɞɟɥɚɬɶ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɵɜɨɞɵ. 
 

 
 
 
 
 
 
 

 
 ɊȿɄɈɆȿɇȾɍȿɆȺə ɅɂɌȿɊȺɌɍɊȺ 
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ɉɊɂɅɈɀȿɇɂə 

 
ɉɪɢɥɨɠɟɧɢɟ 1  

Ʉɪɢɜɵɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɫɨɥɟɣ 

 

 



ȼɟɳɟɫɬɜɨ Ɋɚɫɬɜɨɪɢɦɨɫɬɶ (ɜ ɝ ɧɚ 1л ɜɨɞɵ) ɜɟɳɟɫɬɜɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
Ɍɟɦɩɟɪɚɬɭɪɚ (ɜ 0ɋ) 

0 10 20 30 40 50 

BaCl2 316 337 362 387 412 437 

CuSO4 142 172 205 244 287 337 

K2Cr2O7 46,8 77,5 124,8 182 259  

KNO3 131 212 316 460 639 855 

K2SO4 71,8 93 111 130 148 165,5 

MgSO4 255 304 351 397 447 504 

NaCl 357 357 359 361 364 368 

NaNO3 727 799 876 961 1049 1141 

Pb(NO3)2 364  522  694  

 
ȼɟɳɟɫɬɜɨ 60 70 80 90 100 

BaCl2 464  522  582 

CuSO4 395  555  770 

K2Cr2O7 455,6  730,1  1000 

KNO3 1101 1375 1688 2049 2436 

K2SO4 182  214  241 

MgSO4 548 592 548  502 

NaCl 372 375 381 387 394 

NaNO3 1247  1490  1760 

Pb(NO3)2 880  1074  1273 
 
 
 
 

ɉɪɢɥɨɠɟɧɢɟ 2 

Ɇɚɫɫɨɜɵɟ ɞɨɥɢ ɤɢɫɥɨɬ ɢ ɳɟɥɨɱɟɣ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ 

ɢ ɢɯ ɩɥɨɬɧɨɫɬɢ ɩɪɢ 20 0ɋ 

Ɇɚɫɫɨ-
ɜɚɹ ɞɨ-
ɥɹ, % 

ɉɥɨɬɧɨɫɬɶ ɪɚɫɬɜɨɪɨɜ, ɤɝ/ɦ3 

H2SO4 HCl HNO3 H3PO4 CH3COOH NaOH ɄɈɇ NH4O

H 

1 1005 1003 1004 1004 1000 1010 1007 994 
2 1012 1008 1009 11009 1001 1021 1017 990 
3 1018 1013 1015 1015 1003 1032 1026 985 
4 1025 1018 1020 1020 1004 1043 1035 981 
5 1032 1023 1026 1026 1006 1054 1044 977 
6 1039 1028 1031 1031 1007 1065 1053 973 
7 1045 1033 1037 1037 1008 1076 1062 969 
8 1052 1038 1043 1043 1010 1087 1072 965 
9 1059 1043 1049 1049 1011 1098 1081 961 
10 1066 1047 1054 1054 1013 1109 1090 958 
12 1080 1057 1066 1066 1015 1131 1109 850 
14 1095 1068 1078 1078 1018 1153 1128 943 



16 1109 1078 1090 1090 1021 1175 1148 936 
18 1124 1088 1103 1103 1024 1197 1167 930 
20 1139 1098 1115 1115 1026 1219 1186 923 
22 1155 1108 1128 1128 1029 1241 1206 916 
24 1170 1119 1140 1140 1031 1263 1226 910 
26 1186 1129 1153 1153 1034 1285 1247 904 
28 1202 1139 1167 1167 1036 1306 1267 898 
30 1219 1149 1180 1180 1038 1328 1288 892 
35 1260 1174 1214 1214 1044 1380 1341  
40 1303 1198 1246 1246 1049 1430 1396  
45 1348  1278 1278 1053 1478 1452  
50 1395  1310 1310 1058 1525 1511  
55 1445  1339 1339 1061    
60 1498  1367 1367 1064    
65 1553  1391 1391 1067    
70 1611  1413 1413 1069    
75 1669  1434 1434 1070    
80 1727  1452 1452 1070    
85 1779  1469 1469 1069    
90 1814  1483 1483 1066    
92 1824  1487 1487 1064    
94 1831  1491 1491 1062    
96 1836  1495 1495 1059    
98 1836  1501 1501 1055    
100 1831 • 1513 1513 1050    

 
 
 
 

ɉɪɢɥɨɠɟɧɢɟ 3  
Ɇɚɫɫɨɜɵɟ ɞɨɥɢ ɫɨɥɟɣ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɢ ɢɯ ɩɥɨɬɧɨɫɬɢ ɩɪɢ 20 °ɋ 
 

Ɇɚɫɫɨɜɚɹ 
ɞɨɥɹ, % 

ɉɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ, ɤɝ/ɦ3 
CaCl2 CuSO4 MgSO4 NaCl Na2CO3 Na2SO4 

1 1007 1009  1005 1009 1008 
2 1015 1019 1019 1013 1019 1016 
4 1032 1040 1039 1027 1040 1035 
6 1049 1062 1060 1041  1054 
8 1066 1084 1082 1056 1082 1072 

10 1084 1107 1103 1071  1092 
12 1102 1131 1126 1086 1124 1111 
14 1120 1155 1148 1101 1146 1131 
16 1139 1180 1172 1116  1151 
18 1158 1206 1200 1132   
20 1178  1220 1148   

 
 
 
 
 
 



                                                                                      ɉɪɢɥɨɠɟɧɢɟ 4 

ɋɬɟɩɟɧɶ ɞɢɫɫɨɰɢɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɨɜ ɜ 0.1 ɧ. ɪɚɫɬɜɨɪɚ ɩɪɢ 18 "ɋ 

Ⱦɥɹ ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɩɪɢɜɟɞɟɧɵ ɢɯ ɤɚɠɭɳɢɟɫɹ ɫɬɟɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ. 
ɑɢɫɥɚ ɞɥɹ ɦɧɨɝɨɨɫɧɨɜɧɵɯ ɤɢɫɥɨɬ ɨɬɧɨɫɹɬɫɹ ɤ ɩɟɪɜɨɣ ɫɬɭɩɟɧɢ ɞɢɫɫɨɰɢɚɰɢɢ. 
 

Ʉɢɫɥɨɬɚ ɋɬɟɩɟɧɶ 
ɞɢɫɫɨɰɢɚɰɢɢ, % 

Ɉɫɧɨɜɚɧɢɟ. 
ɋɨɥɶ. 

ɋɬɟɩɟɧɶ 
ɞɢɫɫɨɰɢɚɰɢɢ, % 

HNO3 92 KON 89 

HCl 91 NaOH 84 

HBr 90 Ba(OH)2 80 

HI 90 Ca(OH)2 78 

H2SO4 58 NH4OH 1,3 

H3PO4 36 K
+
A

–
(NaCl) 83 

H2SO3 20 K
+

2A
2–

(Na2SO4) 75 

CH3COOH 1,3 K
2+

A
–

2(BaCl2) 75 

H2CO3 0,17 K
+

3A
3–

(Na3PO4) 65 

H2S 0,07 K
3+

A
–

3(AlCl3) 65 

H2BO3 0,01 K
2+

A
2–

(CuSO4) 40 

HCN 0,007    
 
 

 

 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɞɫɨɪɛɟɧɬɨɜ                                                     ɉɪɢɥɨɠɟɧɢɟ 5 

 
Ⱥɞɫɨɪɛɟɧɬ Ⱦɢɚɦɟɬɪ ɩɨɪ, 

A


 

Ɉɛɴɟɦ ɩɨɪ, 
ɦɥ/ɝ 

ɍɞɟɥɶɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ, 

ɦ2/ɝ 
Ⱥɥɸɦɨɫɢɥɢɤɚɬɧɵɣ 
ɤɚɬɚɥɢɡɚɬɨɪ 

66 0,68 417 

Ȼɨɤɫɢɬ 68 0,28 162 
Ɉɤɢɫɶ ɚɥɸɦɢɧɢɹ 
ɚɤɬɢɜɢɪɨɜɚɧɧɚɹ 

60 0,45 295 

—  «  — 61 0,17 112 
—  «  — 98 0,19 78 

ɋɢɥɢɤɚɝɟɥɶ 21 0,4 762 
ɍɝɨɥɶ ɚɤɬɢɜɢɪɨɜɚɧɧɵɣ 22 0,4 729 

—  «  — 57 0,69 479 
—  «  — 30 0,48 692 

 
 


