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ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ 

Ɋɟɝɢɨɧɚɥɶɧɵɣ ɷɬɚɩ Ɉɥɢɦɩɢɚɞɵ ɩɨ ɯɢɦɢɢ ɩɪɨɜɨɞɢɬɫɹ ɜ 2 ɬɭɪɚ. Ⱦɥɹ ɬɪɟɯ ɜɨɡɪɚɫɬɧɵɯ 

ɩɚɪɚɥɥɟɥɟɣ: 9-ɯ, 10-ɯ ɢ 11-ɯ ɤɥɚɫɫɨɜ ɩɨɞɝɨɬɨɜɥɟɧ ɨɬɞɟɥɶɧɵɣ ɤɨɦɩɥɟɤɬ ɡɚɞɚɧɢɣ 

ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɬɭɪɨɜ. ȼ ɡɚɞɚɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɬɭɪɚ ɜɯɨɞɢɬ 5 ɡɚɞɚɱ ɢɡ 

ɪɚɡɥɢɱɧɵɯ ɪɚɡɞɟɥɨɜ ɯɢɦɢɢ ɞɥɹ ɤɚɠɞɨɣ ɜɨɡɪɚɫɬɧɨɣ ɩɚɪɚɥɥɟɥɢ ɭɱɚɫɬɧɢɤɨɜ. ɉɪɢɱɟɦ ɜ ɤɚɠɞɨɦ 

ɤɨɦɩɥɟɤɬɟ ɡɚɞɚɧɢɣ ɟɫɬɶ ɩɨɨɳɪɢɬɟɥɶɧɵɟ ɢ ɞɢɮɮɟɪɟɧɰɢɪɭɸɳɢɟ ɡɚɞɚɱɢ. Ɂɚɞɚɧɢɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɬɭɪɚ ɩɨɫɬɪɨɟɧɨ ɤɚɤ ɧɟɛɨɥɶɲɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. ȼ ɧɟɦ ɫɨɞɟɪɠɢɬɫɹ 

ɩɨɞɪɨɛɧɚɹ ɢɧɫɬɪɭɤɰɢɹ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɢ ɨɩɢɫɚɧɵ ɩɪɚɜɢɥɚ ɨɮɨɪɦɥɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ.  

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɤɚɠɞɨɝɨ ɬɭɪɚ ɫɨɫɬɚɜɥɹɟɬ 5 (ɩɹɬɶ) ɚɫɬɪɨɧɨɦɢɱɟɫɤɢɯ ɱɚɫɨɜ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɚɬɢɤɢ ɡɚɞɚɱ ɩɨ ɤɥɚɫɫɚɦ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ: 

Ʉɥɚɫɫ

Ɂɚɞɚɱɚ 
1 2 3 4 5 

9 ɇɟɨɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 
Ɏɢɡɢɱɟɫɤɚɹ 

ɯɢɦɢɹ 

10 ɇɟɨɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 
Ɉɪɝɚɧɢɱɟɫɤɚɹ 

ɯɢɦɢɹ 

Ɏɢɡɢɱɟɫɤɚɹ 

ɯɢɦɢɹ 

11 ɇɟɨɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ Ɉɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ 
Ɏɢɡɢɱɟɫɤɚɹ 

ɯɢɦɢɹ 
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Зɚɞɚɧɢɹ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɬɭɪɚ 
 

© ɐɉɆɄ ȼɫɈɒ ɩɨ ɯɢɦɢɢ 
 

Дɟɜɹɬɵɣ ɤɥɚɫɫ 

Ɂɚɞɚɱɚ 9–1 

Ɉɛɪɚɡɟɰ ɫɩɥɚɜɚ ɤɚɥɢɹ ɫ ɟɳɟ ɨɞɧɢɦ ɳɟɥɨɱɧɵɦ ɦɟɬɚɥɥɨɦ ɦɚɫɫɨɣ 20,00 ɝ ɨɛɪɚɛɨɬɚɥɢ 

ɢɡɛɵɬɤɨɦ ɜɨɞɵ. ɉɪɢ ɷɬɨɦ ɜɵɞɟɥɢɥɨɫɶ 2,87 ɥ ɝɚɡɚ (ɢɡɦɟɪɟɧɨ ɩɪɢ 25,0 °C ɢ ɞɚɜɥɟɧɢɢ 

105,00 ɤɉɚ). 

1. Ɋɚɫɫɱɢɬɚɣɬɟ, ɤɚɤɨɣ ɦɟɬɚɥɥ ɜɯɨɞɢɥ ɜ ɫɩɥɚɜ ɫ ɤɚɥɢɟɦ, ɭɱɢɬɵɜɚɹ, ɱɬɨ ɦɨɥɶɧɚɹ ɞɨɥɹ ɧɢ 

ɨɞɧɨɝɨ ɢɡ ɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ ɧɟ ɩɪɟɜɵɲɚɟɬ 60 %. 

2. Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɤɚɥɢɹ ɜ ɫɩɥɚɜɟ. 

3. Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɚɫɫɭ FО3O4, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɜɨɫɫɬɚɧɨɜɢɬɶ ɞɨ ɠɟɥɟɡɚ 

ɜɵɞɟɥɢɜɲɢɦɫɹ ɝɚɡɨɦ. 

 

Ɂɚɞɚɱɚ 9–2 

ɉɪɢ ɫɠɢɝɚɧɢɢ ɜ ɤɢɫɥɨɪɨɞɟ ɧɟɢɡɜɟɫɬɧɨɝɨ ɫɟɪɟɛɪɢɫɬɨ-ɛɟɥɨɝɨ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ Ⱥ 

ɩɨɥɭɱɟɧ ɠɟɥɬɨɜɚɬɵɣ ɩɨɪɨɲɨɤ Ȼ (ɪɟɚɤɰɢɹ 1), ɤɨɬɨɪɵɣ ɪɚɫɬɜɨɪɢɥɢ ɜ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ 

(ɪɟɚɤɰɢɹ 2). Ɉɛɪɚɡɨɜɚɜɲɢɣɫɹ ɪɚɫɬɜɨɪ ɜɟɳɟɫɬɜɚ ȼ ɨɯɥɚɞɢɥɢ ɞɨ −20 °C. ɉɪɢ ɷɬɨɦ ɢɡ ɪɚɫɬɜɨɪɚ 

ɜɵɞɟɥɢɥɢɫɶ ɲɟɫɬɢɭɝɨɥɶɧɵɟ ɩɥɚɫɬɢɧɱɚɬɵɟ ɤɪɢɫɬɚɥɥɵ ɜɟɳɟɫɬɜɚ Ƚ, ɤɨɬɨɪɵɟ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɞɨ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɟɜɪɚɳɚɸɬɫɹ ɜ ɜɟɳɟɫɬɜɨ ȼ ɫ ɩɨɬɟɪɟɣ ɦɚɫɫɵ 38,1 % (ɪɟɚɤɰɢɹ 3). 

Ɋɚɫɬɜɨɪɢɦɨɫɬɶ ȼ ɩɪɢ 100 °C ɫɨɫɬɚɜɥɹɟɬ 40,6 ɝ ɜ 100 ɦɥ ɜɨɞɵ, ɩɪɢ 0 °C – 35,9 ɝ ɜ 100 ɦɥ ɜɨɞɵ, 

ɩɪɢ −20 °C – 30,4 ɝ ɜ 100 ɦɥ ɜɨɞɵ. 

1. Ɉɩɪɟɞɟɥɢɬɟ ɧɟɢɡɜɟɫɬɧɵɟ ɜɟɳɟɫɬɜɚ Ⱥ – Ƚ, ɧɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ. 

2. ɋɤɨɥɶɤɨ ɝɪɚɦɦɨɜ ɜɟɳɟɫɬɜɚ Ƚ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɢɡ 100 ɝ ɧɚɫɵɳɟɧɧɨɝɨ ɩɪɢ 100 °C 

ɪɚɫɬɜɨɪɚ ȼ ɩɭɬɟɦ ɨɯɥɚɠɞɟɧɢɹ ɟɝɨ ɞɨ −20 °C? 

 

Ɂɚɞɚɱɚ 9–3 

ɋɟɪɵɣ ɩɨɪɨɲɨɤ ɦɚɫɫɨɣ 18 ɝ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɪɚɡɥɚɝɚɟɬɫɹ ɫ ɜɵɞɟɥɟɧɢɟɦ ɝɚɡɚ ɛɟɡ ɰɜɟɬɚ ɢ 

ɡɚɩɚɯɚ, ɤɨɬɨɪɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɨɤɢɫɥɟɧɢɹ 10,8 ɝ ɦɚɝɧɢɟɜɨɣ ɫɬɪɭɠɤɢ. Ɍɜɟɪɞɵɣ ɨɫɬɚɬɨɤ, 

ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɨɪɨɲɤɚ, ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɜɨɞɨɣ ɨɛɪɚɡɭɟɬ 2 ɝ ɬɟɦɧɨɝɨ ɨɫɚɞɤɚ ɢ 

ɛɟɫɰɜɟɬɧɵɣ ɪɚɫɬɜɨɪ. ɉɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɚɫɬɜɨɪ ɧɢɬɪɚɬɨɦ ɫɟɪɟɛɪɚ ɜɵɩɚɞɚɟɬ 21,5 ɝ ɛɟɥɨɝɨ 

ɬɜɨɪɨɠɢɫɬɨɝɨ ɨɫɚɞɤɚ, ɧɟɪɚɫɬɜɨɪɢɦɨɝɨ ɜ ɤɢɫɥɨɬɚɯ.  

1. Ʉɚɤɨɜ ɫɨɫɬɚɜ ɫɟɪɨɝɨ ɩɨɪɨɲɤɚ? Ɉɬɜɟɬ ɩɨɞɬɜɟɪɞɢɬɟ ɪɚɫɱɟɬɚɦɢ. 

2. ɑɬɨ ɩɪɨɢɡɨɣɞɟɬ, ɟɫɥɢ ɨɞɧɭ ɱɚɫɬɶ ɩɨɪɨɲɤɚ ɜɧɟɫɬɢ ɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɭɸ ɫɨɥɹɧɭɸ 

ɤɢɫɥɨɬɭ, ɚ ɞɪɭɝɭɸ ɨɛɪɚɛɨɬɚɬɶ ɜɨɞɨɣ ɢ ɩɪɢɥɢɬɶ ɤ ɪɚɫɬɜɨɪɭ ɯɥɨɪɢɞɚ ɰɟɡɢɹ?  

3. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɜɫɟɯ ɭɩɨɦɹɧɭɬɵɯ ɜ ɭɫɥɨɜɢɢ ɪɟɚɤɰɢɣ (6 ɪɟɚɤɰɢɣ).  

ȼɫɟ ɨɩɢɫɚɧɧɵɟ ɩɪɟɜɪɚɳɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɫ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ ɜɵɯɨɞɨɦ. 
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Ɂɚɞɚɱɚ 9–4  

Ⱦɚɧɵ ɞɜɟ ɫɦɟɫɢ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɜɟɳɟɫɬɜ. ȼɫɟ ɷɬɢ 4 ɪɚɡɥɢɱɧɵɟ 

ɜɟɳɟɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɢɡ ɨɤɫɢɞɚ ɧɚɬɪɢɹ, ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ ɜɨɞɵ, ɢ ɧɚɡɵɜɚɸɬɫɹ 

ɫɨɞɚɦɢ. Ɋɚɜɧɵɟ ɦɚɫɫɵ ɫɦɟɫɟɣ ɪɚɫɬɜɨɪɢɥɢ ɜ ɪɚɜɧɵɯ ɨɛɴɟɦɚɯ ɜɨɞɵ ɢ ɨɬɬɢɬɪɨɜɚɥɢ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɨɣ ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫ ɢɧɞɢɤɚɬɨɪɨɦ ɦɟɬɢɥɨɜɵɦ ɨɪɚɧɠɟɜɵɦ (ɜ ɩɪɢɫɭɬɫɬɜɢɢ 

ɤɨɬɨɪɨɝɨ ɤɚɪɛɨɧɚɬ ɨɬɬɢɬɪɨɜɵɜɚɟɬɫɹ ɞɨ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ ɜɨɞɵ). ɇɚ ɬɢɬɪɨɜɚɧɢɟ ɤɚɠɞɨɝɨ 

ɪɚɫɬɜɨɪɚ ɭɲɥɨ 13,0 ɦɥ HCХ. ɉɨɫɥɟ ɷɬɨɝɨ ɚɧɚɥɨɝɢɱɧɵɟ ɪɚɫɬɜɨɪɵ ɨɬɬɢɬɪɨɜɚɥɢ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɨɣ ɬɨɣ ɠɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɫ ɮɟɧɨɥɮɬɚɥɟɢɧɨɦ (ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɤɚɪɛɨɧɚɬ ɨɬɬɢɬɪɨɜɵɜɚɟɬɫɹ 

ɞɨ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ). ɇɚ ɬɢɬɪɨɜɚɧɢɟ ɩɟɪɜɨɣ ɫɦɟɫɢ ɭɲɥɨ 10,7 ɦɥ, ɚ ɜɬɨɪɨɣ – 1,5 ɦɥ ɬɢɬɪɚɧɬɚ. 

Ɂɚɞɚɧɢɟ: 

1. ɉɪɢɜɟɞɢɬɟ ɮɨɪɦɭɥɵ ɢ ɧɨɦɟɧɤɥɚɬɭɪɧɵɟ ɧɚɡɜɚɧɢɹ ɱɟɬɵɪɟɯ ɜɟɳɟɫɬɜ, ɨɬɜɟɱɚɸɳɢɯ 

ɢɡɜɟɫɬɧɵɦ ɫɨɞɚɦ, ɚ ɬɚɤɠɟ ɬɪɢɜɢɚɥɶɧɵɟ ɧɚɡɜɚɧɢɹ ɫɚɦɢɯ ɫɨɞ. 

2. ɍɩɨɪɹɞɨɱɶɬɟ ɷɬɢ ɜɟɳɟɫɬɜɚ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ pH ɢɯ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ ɪɚɜɧɨɣ ɦɚɫɫɨɜɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ. 

3. Ʉɚɤɢɟ ɪɟɚɤɰɢɢ ɩɪɨɬɟɤɚɸɬ ɩɪɢ ɬɢɬɪɨɜɚɧɢɢ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ ɪɚɫɬɜɨɪɚ ɫɦɟɫɢ ɜɫɟɯ 

ɱɟɬɵɪɟɯ ɫɨɞ ɫ ɦɟɬɢɥɨɜɵɦ ɨɪɚɧɠɟɜɵɦ? ɋ ɮɟɧɨɥɮɬɚɥɟɢɧɨɦ? Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ 

ɪɟɚɤɰɢɣ. 

4. ɍɫɬɚɧɨɜɢɬɟ ɤɚɱɟɫɬɜɟɧɧɵɣ ɢ ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ (ɦɚɫɫ. %) ɫɨɫɬɚɜ ɫɦɟɫɟɣ, ɨ ɤɨɬɨɪɵɯ ɢɞɟɬ 

ɪɟɱɶ ɜ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ. 

 

Ɂɚɞɚɱɚ 9-5 

Ɂɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɬɟɩɥɨɬɚɯ ɫɝɨɪɚɧɢɹ ɚɥɤɚɧɨɜ 
Ɇɨɥɹɪɧɵɟ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɩɟɪɜɵɯ ɱɟɬɵɪёɯ ɩɪɟɞɟɥɶɧɵɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ (ɚɥɤɚɧɨɜ) 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ.  

ȼɟɳɟɫɬɜɨ 
Qɫɝɨɪ, 

ɤȾɠ/ɦɨɥɶ 
Ɇɟɬɚɧ CH4 800 

Эɬɚɧ C2H6 1500 

ɉɪɨɩɚɧ C3H8 2200 

Ȼɭɬɚɧ C4H10 2900 

 

1. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɩɨɥɧɨɝɨ ɫɝɨɪɚɧɢɹ ɷɬɢɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɤɢɫɥɨɪɨɞɟ. 

2. Ⱦɥɹ ɤɚɠɞɨɝɨ ɜɟɳɟɫɬɜɚ ɨɩɪɟɞɟɥɢɬɟ ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɜ ɪɚɫɱёɬɟ ɧɚ 1 ɝɪɚɦɦ. 

3. ɉɨɫɬɪɨɣɬɟ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɨɥɹɪɧɨɣ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɢ ɭɞɟɥɶɧɨɣ ɬɟɩɥɨɬɵ 
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ɫɝɨɪɚɧɢɹ ɚɥɤɚɧɨɜ ɨɬ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ ɦɨɥɟɤɭɥɟ ɭɝɥɟɜɨɞɨɪɨɞɚ. ɉɪɟɞɥɨɠɢɬɟ ɭɪɚɜɧɟɧɢɹ 

ɞɥɹ ɨɩɢɫɚɧɢɹ ɷɬɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ. 

4. ɉɪɢ ɫɝɨɪɚɧɢɢ 4,1 ɥ ɩɚɪɨɜ ɧɟɢɡɜɟɫɬɧɨɝɨ ɚɥɤɚɧɚ (ɢɡɦɟɪɟɧɨ ɩɪɢ 60 °ɋ ɢ 1 ɚɬɦ) 

ɜɵɞɟɥɢɥɨɫɶ 540 ɤȾɠ ɬɟɩɥɨɬɵ. Ɉɩɪɟɞɟɥɢɬɟ ɮɨɪɦɭɥɭ ɚɥɤɚɧɚ. 

5. Ɉɰɟɧɢɬɟ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ «ɚɥɤɚɧɚ», ɟɫɥɢ ɱɢɫɥɨ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɪɚɜɧɨ 

ɧɭɥɸ. ɑɟɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ? 
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Дɟɫɹɬɵɣ ɤɥɚɫɫ 

Ɂɚɞɚɱɚ 10-1 . 

ɏɢɦɢɱɟɫɤɢɣ ɷɥɟɦɟɧɬ Е ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɧɚ ɧɚɲɟɣ ɩɥɚɧɟɬɟ. ɇɚ ɫɯɟɦɟ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɢɦɢɱɟɫɤɢɟ ɩɪɟɜɪɚɳɟɧɢɹ ɜɟɳɟɫɬɜ, ɫɨɞɟɪɠɚɳɢɯ ɷɬɨɬ ɷɥɟɦɟɧɬ.  

Дɨɩɨɥɧɢɬɟɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ: 

ȼɟɳɟɫɬɜɚ Ⱥ ɢ ɋ – ɛɟɫɰɜɟɬɧɵɟ ɝɚɡɵ, ɢɯ ɩɥɨɬɧɨɫɬɢ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɜɧɵ 

1,432 ɝ/ɥ ɢ 4,647 ɝ/ɥ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

L – ɛɟɫɰɜɟɬɧɚɹ ɠɢɞɤɨɫɬɶ, ɞɵɦɹɳɚɹ ɧɚ ɜɨɡɞɭɯɟ, G – ɫɢɥɶɧɚɹ ɤɢɫɥɨɬɚ, ɜɟɳɟɫɬɜɨ D ɜɯɨɞɢɬ 

ɜ ɫɨɫɬɚɜ ɝɨɪɧɵɯ ɩɨɪɨɞ. 

Вɨɩɪɨɫɵ: 

1. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɜɫɟɯ ɭɤɚɡɚɧɧɵɯ ɩɪɟɜɪɚɳɟɧɢɣ. ɋɨɫɬɚɜ ɜɟɳɟɫɬɜ A, C 

ɩɨɞɬɜɟɪɞɢɬɟ ɪɚɫɱɟɬɨɦ. 

2. ɉɪɢɜɟɞɢɬɟ ɨɞɧɨ ɧɚɡɜɚɧɢɟ ɦɢɧɟɪɚɥɚ, ɢɦɟɸɳɟɝɨ ɫɨɫɬɚɜ D. 
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Ɂɚɞɚɱɚ 10–2 

Ȼɟɫɰɜɟɬɧɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ X1, ɫɨɞɟɪɠɚɳɟɟ ɦɟɬɚɥɥ X, ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦɨ 

ɜ ɜɨɞɟ. Ɉɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɪɟɚɝɟɧɬ ɜ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɯɢɦɢɢ. ȼ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɨɧɨ 

ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɛɢɧɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ Х2 (ɪɟɚɤɰɢɹ 1), ɫɨɞɟɪɠɚɳɟɟ 6,9 % ɤɢɫɥɨɪɨɞɚ ɩɨ ɦɚɫɫɟ. 

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ Х1 ɪɚɡɥɚɝɚɟɬɫɹ ɫ ɩɨɬɟɪɟɣ ɦɚɫɫɵ 36,5 % (ɪɟɚɤɰɢɹ 2).  

ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɢɨɫɭɥɶɮɚɬɚ ɧɚɬɪɢɹ ɤ ɪɚɫɬɜɨɪɭ Х1 ɧɚɛɥɸɞɚɟɬɫɹ 

ɨɤɪɚɲɢɜɚɧɢɟ ɪɚɫɬɜɨɪɚ ɜ ɤɪɚɫɧɵɣ ɰɜɟɬ, ɤɨɬɨɪɵɣ ɫɬɚɧɨɜɢɬɫɹ ɤɪɚɫɧɨɜɚɬɨ-ɤɨɪɢɱɧɟɜɵɦ ɢ ɱɟɪɟɡ 

ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ ɜɵɩɚɞɚɟɬ ɬɟɦɧɨ-ɤɨɪɢɱɧɟɜɵɣ ɨɫɚɞɨɤ ɜɟɳɟɫɬɜɚ Х3, ɫɨɞɟɪɠɚɳɟɝɨ ɜ ɫɜɨɟɦ 

ɫɨɫɬɚɜɟ ɞɜɚ ɪɚɡɥɢɱɧɵɯ ɚɧɢɨɧɚ (ɪɟɚɤɰɢɹ 3). ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɧɚ ɜɨɡɞɭɯɟ 1,1 ɝ Х3 ɞɨ 600 °C 

ɨɛɪɚɡɭɟɬɫɹ ɫɟɪɵɣ ɩɨɪɨɲɨɤ ɦɚɫɫɨɣ 0,9 ɝ (ɪɟɚɤɰɢɹ 4). 

1. Ɉɩɪɟɞɟɥɢɬɟ ɦɟɬɚɥɥ Х ɢ ɫɨɟɞɢɧɟɧɢɹ Х1, Х2, Х3. Ʉ ɤɚɤɨɦɭ ɤɥɚɫɫɭ ɫɨɟɞɢɧɟɧɢɣ ɨɬɧɨɫɢɬɫɹ 

ɜɟɳɟɫɬɜɨ Х3?  

2. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɜɫɟɯ ɭɩɨɦɹɧɭɬɵɯ ɪɟɚɤɰɢɣ. 

 

Ɂɚɞɚɱɚ 10-3 

ɏɢɦɢɤɭ Ʉɨɥɛɨɱɤɢɧɭ ɩɪɢɫɧɢɥɫɹ ɫɨɧ. Ɉɧ ɢ ɞɜɚ ɟɝɨ ɞɪɭɝɚ ɩɨɩɚɥɢ ɜ ɫɤɚɡɨɱɧɨɟ ɤɨɪɨɥɟɜɫɬɜɨ 

ɢ ɢɦ ɩɪɟɞɫɬɨɢɬ ɩɪɨɣɬɢ ɫɟɪɶɟɡɧɨɟ ɢɫɩɵɬɚɧɢɟ. Ɉɧɢ ɫɬɨɹɬ ɜɨɡɥɟ ɡɚɦɤɚ, ɭ ɤɚɠɞɨɝɨ ɜ ɪɭɤɚɯ 

ɩɭɫɬɚɹ ɯɢɦɢɱɟɫɤɚɹ ɫɤɥɹɧɤɚ. ȼ ɡɚɦɤɟ ɱɟɬɵɪɟ ɤɨɦɧɚɬɵ, ɨɞɢɧ ɜɯɨɞ ɢ ɬɪɢ ɜɵɯɨɞɚ (ɫɦ. ɫɯɟɦɭ 

ɡɚɦɤɚ).  Ʉɨɥɛɨɱɤɢɧ ɫ ɞɪɭɡɶɹɦɢ ɞɨɥɠɧɵ ɜɨɣɬɢ ɜ ɡɚɦɨɤ ɢ ɜɵɣɬɢ ɱɟɪɟɡ ɪɚɡɧɵɟ ɜɵɯɨɞɵ. Ʉɚɠɞɭɸ 

ɤɨɦɧɚɬɭ ɨɧɢ ɢɦɟɸɬ ɩɪɚɜɨ ɩɪɨɣɬɢ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɡ. ɉɪɢ ɷɬɨɦ ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɧɟɣ ɫɬɪɚɠɧɢɤ 

ɜɵɥɢɜɚɟɬ ɜ ɢɯ ɫɤɥɹɧɤɢ ɩɨ 10 ɦɥ ɬɨɝɨ ɪɚɫɬɜɨɪɚ, ɤɨɬɨɪɵɣ ɭɤɚɡɚɧ ɞɥɹ ɷɬɨɣ ɤɨɦɧɚɬɵ ɧɚ ɫɯɟɦɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɜɵɯɨɞɟ ɜ ɫɤɥɹɧɤɟ ɭ ɤɚɠɞɨɝɨ ɢɡ ɞɪɭɡɟɣ ɛɭɞɟɬ ɩɨ 20 ɦɥ ɪɚɫɬɜɨɪɚ 

ɧɟɢɡɜɟɫɬɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɫ ɧɟɢɡɜɟɫɬɧɵɦ ɡɧɚɱɟɧɢɟɦ pH. ȿɫɥɢ Ʉɨɥɛɨɱɤɢɧ ɢ ɟɝɨ ɞɪɭɡɶɹ ɧɟ 

ɪɚɫɫɱɢɬɚɸɬ ɡɧɚɱɟɧɢɹ pH ɫɜɨɢɯ ɪɚɫɬɜɨɪɨɜ ɢ ɧɟ ɨɬɜɟɬɹɬ ɧɚ ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ ɜɨɩɪɨɫɵ, ɬɨ 

ɧɚɜɫɟɝɞɚ ɨɫɬɚɧɭɬɫɹ ɜ ɫɤɚɡɨɱɧɨɦ ɤɨɪɨɥɟɜɫɬɜɟ ɢ ɧɟ ɜɟɪɧɭɬɫɹ ɞɨɦɨɣ. 

ɉɨɦɨɝɢɬɟ Ʉɨɥɛɨɱɤɢɧɭ ɢ ɟɝɨ ɞɪɭɡɶɹɦ ɩɪɨɣɬɢ ɢɫɩɵɬɚɧɢɟ! 

 

ɑɬɨɛɵ ɷɬɨ ɫɞɟɥɚɬɶ, ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɬɪɟɯ ɜɚɪɢɚɧɬɨɜ ɩɪɨɯɨɞɚ ɱɟɪɟɡ ɡɚɦɨɤ: 

1. ɇɚɩɢɲɢɬɟ ɦɨɥɟɤɭɥɹɪɧɨɟ(ɵɟ) ɭɪɚɜɧɟɧɢɟ(ɹ) ɯɢɦɢɱɟɫɤɨɣ(ɢɯ) ɪɟɚɤɰɢɢ(ɣ), 

ɩɪɨɬɟɤɚɸɳɟɣ(ɢɯ) ɜ ɫɤɥɹɧɤɟ, ɢɡ ɤɨɬɨɪɨɝɨ(ɵɯ) ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɦɨɥɟɤɭɥɹɪɧɵɣ ɫɨɫɬɚɜ 

ɩɪɨɞɭɤɬɨɜ ɷɬɨɣ(ɢɯ) ɪɟɚɤɰɢɢ(ɣ).   

2. Ɋɚɫɫɱɢɬɚɣɬɟ ɤɨɧɰɟɧɬɪɚɰɢɸ(ɢ) ɷɬɨɝɨ(ɢɯ) ɩɪɨɞɭɤɬɚ(ɨɜ). 

3. Ɉɬɜɟɬɶɬɟ ɧɚ ɜɨɩɪɨɫ, ɩɪɨɬɨɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɤɚɤɨɝɨ ɬɢɩɚ ɨɩɪɟɞɟɥɹɟɬ ɪɇ ɩɨɥɭɱɟɧɧɨɝɨ 

ɪɚɫɬɜɨɪɚ (ɤɢɫɥɨɬɚ, ɨɫɧɨɜɚɧɢɟ, ɚɦɮɨɥɢɬ, ɛɭɮɟɪɧɚɹ ɫɦɟɫɶ)? ɇɚɩɨɦɧɢɦ, ɱɬɨ ɫɨɝɥɚɫɧɨ 
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ɩɪɨɬɨɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ, ɤɢɫɥɨɬɚ – ɷɬɨ ɱɚɫɬɢɰɚ, ɨɬɞɚɸɳɚɹ ɩɪɨɬɨɧ (ɢɨɧ ɜɨɞɨɪɨɞɚ), 

ɨɫɧɨɜɚɧɢɟ – ɱɚɫɬɢɰɚ, ɩɪɢɧɢɦɚɸɳɚɹ ɩɪɨɬɨɧ, ɚɦɮɨɥɢɬ – ɱɚɫɬɢɰɚ, ɫɩɨɫɨɛɧɚɹ ɤɚɤ 

ɩɪɢɧɢɦɚɬɶ, ɬɚɤ ɢ ɨɬɞɚɜɚɬɶ ɩɪɨɬɨɧ, ɛɭɮɟɪɧɚɹ ɫɦɟɫɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ 

ɫɨɩɪɹɠɟɧɧɵɯ ɤɢɫɥɨɬɵ ɢ ɨɫɧɨɜɚɧɢɹ. 

4. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ(ɹ) ɞɢɫɫɨɰɢɚɰɢɢ ɫɨɥɢ(ɟɣ) ɢ ɫɨɤɪɚɳɟɧɧɨɟ(ɵɟ) ɦɨɥɟɤɭɥɹɪɧɨ-

ɢɨɧɧɨɟ(ɵɟ) ɭɪɚɜɧɟɧɢɟ(ɹ) ɪɚɜɧɨɜɟɫɢɹ(ɣ), ɨɩɪɟɞɟɥɹɸɳɟɝɨ(ɢɯ) ɪɇ ɪɚɫɬɜɨɪɚ. 

5. Ɂɚɩɢɲɢɬɟ ɜɵɪɚɠɟɧɢɟ(ɹ) ɞɥɹ ɤɨɧɫɬɚɧɬ(ɵ) ɷɬɨɝɨ(ɷɬɢɯ) ɪɚɜɧɨɜɟɫɢɹ(ɣ). 

6. Ɉɰɟɧɢɬɟ ɡɧɚɱɟɧɢɟ ɪɇ ɪɚɫɬɜɨɪɚ ɜ ɫɤɥɹɧɤɟ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ 

ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ. 

ɋɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ (ɤɨɧɫɬɚɧɬɵ ɤɢɫɥɨɬɧɨɫɬɢ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ): 

KdI = 6,9·10−3 

KdII = 6,23·10−8        

KdIII = 4,79·10−13                                                       

 

ВХОД Выход 1 

Выход 3 Выход 2 

0,30 М 
KOH 

0,14 М 
KOH 

0,20 М 
KOH 

0,10 М 
H

3
PO

4
 

Схема 
замка 
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Ɂɚɞɚɱɚ 10-4 

ɋɦɟɫɶ ɬɪɟɯ ɫɬɪɭɤɬɭɪɧɨ ɢɡɨɦɟɪɧɵɯ ɚɥɤɟɧɨɜ Ⱥ, ȼ ɢ ɋ ɜ ɢɡɛɵɬɤɟ ɜɨɞɨɪɨɞɚ ɨɛɳɢɦ 

ɨɛɴɟɦɨɦ 7,17 ɥ (ɧ. ɭ.) ɩɪɨɩɭɫɬɢɥɢ ɧɚɞ ɧɢɤɟɥɟɜɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. Ɋɟɚɤɰɢɹ 

ɩɪɨɲɥɚ ɧɚ 75 %, ɢ ɨɛɴɟɦ ɫɦɟɫɢ ɭɦɟɧɶɲɢɥɫɹ ɞɨ 5,15 ɥ (ɧ. ɭ.). ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɢɫɯɨɞɧɨɣ 

ɫɦɟɫɢ ɱɟɪɟɡ ɫɤɥɹɧɤɭ ɫ ɢɡɛɵɬɤɨɦ ɛɪɨɦɧɨɣ ɜɨɞɵ ɚɥɤɟɧɵ ɩɨɥɧɨɫɬɶɸ ɩɨɝɥɨɬɢɥɢɫɶ, ɢ ɦɚɫɫɚ 

ɫɤɥɹɧɤɢ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 10,1 ɝ. 

1. Ɋɚɫɫɱɢɬɚɣɬɟ ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɚɥɤɟɧɨɜ ɜ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ. 

2. ɍɫɬɚɧɨɜɢɬɟ ɦɨɥɟɤɭɥɹɪɧɭɸ ɮɨɪɦɭɥɭ ɚɥɤɟɧɨɜ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɨɥɟɤɭɥɵ ɋ ɯɢɪɚɥɶɧɵ (ɫɨɞɟɪɠɚɬ ɚɫɢɦɦɟɬɪɢɱɟɫɤɢɣ ɚɬɨɦ ɭɝɥɟɪɨɞɚ, 

ɢɦɟɸɳɢɣ 4 ɪɚɡɥɢɱɧɵɯ ɡɚɦɟɫɬɢɬɟɥɹ), ȼ ɢ ɋ – ɚɯɢɪɚɥɶɧɵ. ɉɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɟ 

ɤɚɬɚɥɢɡɚɬɨɪɚ (H2/Ni) Ⱥ, ȼ ɢ ɋ ɞɚɸɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɪɨɞɭɤɬ D, ɚ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ HBr 

ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɹɜɥɹɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ E. ȿɫɥɢ ɪɟɚɤɰɢɸ ɫ HBr ɩɪɨɜɨɞɢɬɶ 

ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɩɟɪɟɤɢɫɢ, ɬɨ ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɬɪɢ ɪɚɡɧɵɯ ɛɪɨɦɢɞɚ Ⱥ1, ȼ1 ɢ ɋ1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɷɬɨɦ ɛɪɨɦɢɞ ȼ1, ɩɨɥɭɱɟɧɧɵɣ ɢɡ ȼ, ɜ ɯɨɞɟ ɨɛɪɚɛɨɬɤɢ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɫɢɥɶɧɨɝɨ 

ɨɫɧɨɜɚɧɢɹ – ɬɪɟɬ-ɛɭɬɢɥɚɬɚ ɤɚɥɢɹ – ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɫɦɟɫɶ ȼ ɢ ɋ ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɋ. 

3. ɇɚɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɜɫɟɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɢɜɟɞɢɬɟ ɫɯɟɦɵ ɪɟɚɤɰɢɣ. 

4. Ⱦɥɹ ɤɚɤɨɝɨ ɢɡ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜɨɡɦɨɠɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɢɡɨɦɟɪɢɹ? ɇɚɩɢɲɢɬɟ 

ɢɡɨɦɟɪɵ ɢ ɧɚɡɨɜɢɬɟ ɢɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Z,E-ɧɨɦɟɧɤɥɚɬɭɪɵ. 

 

Ɂɚɞɚɱɚ 10-5 

Ɋɚɡɥɨɠɟɧɢɟ ɨɤɫɢɞɨɜ ɚɡɨɬɚ 

21,6 ɝ ɨɤɫɢɞɚ ɚɡɨɬɚ (V) ɩɨɥɧɨɫɬɶɸ ɪɚɡɥɚɝɚɟɬɫɹ ɜ ɚɬɦɨɫɮɟɪɟ 0,2 ɦɨɥɶ ɤɢɫɥɨɪɨɞɚ ɜ ɫɨɫɭɞɟ 

ɨɛɴɟɦɨɦ 10 ɥ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɪɟɚɤɰɢɢ ɞɚɜɥɟɧɢɟ ɜ ɫɨɫɭɞɟ 

ɭɜɟɥɢɱɢɥɨɫɶ ɜ 4 ɪɚɡɚ. ȼ ɫɨɫɭɞɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɯɢɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ: 

2NO + O2   2NO2. 
1. ȼ ɤɚɤɨɦ ɚɝɪɟɝɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ (ɬɜёɪɞɨɦ ɢɥɢ ɝɚɡɨɨɛɪɚɡɧɨɦ) ɧɚɯɨɞɢɬɫɹ ɨɤɫɢɞ ɚɡɨɬɚ (↑) 

ɩɪɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ? Ɉɛɨɫɧɭɣɬɟ ɨɬɜɟɬ ɫ ɩɨɦɨɳɶɸ ɪɚɫɱёɬɚ. 

2. Ɉɩɪɟɞɟɥɢɬɟ ɫɬɟɩɟɧɶ ɪɚɡɥɨɠɟɧɢɹ NO2, ɦɨɥɶɧɵɟ ɞɨɥɢ ɝɚɡɨɜ ɜ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɢ 

ɩɥɨɬɧɨɫɬɶ ɫɦɟɫɢ ɩɨ ɜɨɞɨɪɨɞɭ. 

3. ȼɨ ɞɪɭɝɨɦ ɨɩɵɬɟ ɜɡɹɥɢ ɢɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɚ ɚɡɨɬɚ (↑), ɨɫɬɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɧɟ 

ɢɡɦɟɧɢɥɢɫɶ. ȼ ɪɟɡɭɥɶɬɚɬɟ N2O5 ɪɚɡɥɨɠɢɥɫɹ ɩɨɥɧɨɫɬɶɸ, ɚ ɫɬɟɩɟɧɶ ɪɚɡɥɨɠɟɧɢɹ NO2 

ɫɨɫɬɚɜɢɥɚ 40 %. ɋɤɨɥɶɤɨ ɦɨɥɟɣ N2O5 ɛɵɥɨ ɜɡɹɬɨ ɢ ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɪɚɜɧɨɜɟɫɧɨɟ ɞɚɜɥɟɧɢɟ 

ɨɤɚɡɚɥɨɫɶ ɛɨɥɶɲɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ? 
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Ɉɞɢɧɧɚɞɰɚɬɵɣ ɤɥɚɫɫ 

Ɂɚɞɚɱɚ 11-1 

ɏɢɦɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ X ɢ Y ɨɛɪɚɡɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ 4 ɛɢɧɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹ.  

ɋɨɟɞɢɧɟɧɢɟ ω(Б), % ɐɜɟɬ 

Ⱥ 17,02 ɛɟɥɵɣ 

Ȼ 29,09 ɛɟɥɵɣ 

ȼ 45,07 ɠɟɥɬɵɣ 

Ƚ 55,17 ɨɪɚɧɠɟɜɵɣ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ Y ɨɛɪɚɡɭɟɬ ɯɥɨɪɢɞ ɢ ɤɚɪɛɨɧɚɬ, ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ.  

1. Ɉɩɪɟɞɟɥɢɬɟ ɧɟɢɡɜɟɫɬɧɵɟ ɜɟɳɟɫɬɜɚ.  

2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Ⱥ–Ƚ ɫ ɯɨɥɨɞɧɨɣ ɜɨɞɨɣ (ɪɟɚɤɰɢɢ 1–4), ɚ ɬɚɤɠɟ 

ɪɟɚɤɰɢɸ ɜɟɳɟɫɬɜ Ⱥ ɢ ȼ ɦɟɠɞɭ ɫɨɛɨɣ (ɪɟɚɤɰɢɹ 5).  

3. Ʉɚɤ ɯɢɦɢɱɟɫɤɢɦ ɩɭɬɟɦ ɨɬɥɢɱɢɬɶ Ⱥ ɨɬ Ȼ (ɨɞɧɚ ɪɟɚɤɰɢɹ 6)? 

 

Ɂɚɞɚɱɚ 11-2  

ɏɢɦɢɤɭ Ʉɨɥɛɨɱɤɢɧɭ ɩɪɢɫɧɢɥɫɹ ɫɨɧ. Ɉɧ ɢ ɞɜɚ ɟɝɨ ɞɪɭɝɚ ɩɨɩɚɥɢ ɜ ɫɤɚɡɨɱɧɨɟ ɤɨɪɨɥɟɜɫɬɜɨ 

ɢ ɢɦ ɩɪɟɞɫɬɨɢɬ ɩɪɨɣɬɢ ɫɟɪɶɟɡɧɨɟ ɢɫɩɵɬɚɧɢɟ. Ɉɧɢ ɫɬɨɹɬ ɜɨɡɥɟ ɡɚɦɤɚ, ɭ ɤɚɠɞɨɝɨ ɜ ɪɭɤɚɯ 

ɩɭɫɬɚɹ ɯɢɦɢɱɟɫɤɚɹ ɫɤɥɹɧɤɚ. ȼ ɡɚɦɤɟ ɩɹɬɶ ɤɨɦɧɚɬ, ɨɞɢɧ ɜɯɨɞ ɢ ɬɪɢ ɜɵɯɨɞɚ (ɫɦ. ɫɯɟɦɭ ɡɚɦɤɚ). 

Ʉɨɥɛɨɱɤɢɧ ɫ ɞɪɭɡɶɹɦɢ ɞɨɥɠɧɵ ɜɨɣɬɢ ɜ ɡɚɦɨɤ ɢ ɜɵɣɬɢ ɱɟɪɟɡ ɪɚɡɧɵɟ ɜɵɯɨɞɵ. Ʉɚɠɞɭɸ ɤɨɦɧɚɬɭ 

ɨɧɢ ɢɦɟɸɬ ɩɪɚɜɨ ɩɪɨɣɬɢ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɡ. ɉɪɢ ɷɬɨɦ ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɧɟɣ ɫɬɪɚɠɧɢɤ ɜɵɥɢɜɚɟɬ ɜ 

ɢɯ ɫɤɥɹɧɤɢ ɩɨ 10 ɦɥ ɬɨɝɨ ɪɚɫɬɜɨɪɚ, ɤɨɬɨɪɵɣ ɭɤɚɡɚɧ ɞɥɹ ɷɬɨɣ ɤɨɦɧɚɬɵ ɧɚ ɫɯɟɦɟ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɧɚ ɜɵɯɨɞɟ ɜ ɫɤɥɹɧɤɟ ɭ ɤɚɠɞɨɝɨ ɢɡ ɞɪɭɡɟɣ ɛɭɞɟɬ ɩɨ 30 ɦɥ ɪɚɫɬɜɨɪɚ ɧɟɢɡɜɟɫɬɧɨɝɨ 

ɫɨɫɬɚɜɚ ɢ ɫ ɧɟɢɡɜɟɫɬɧɵɦ ɡɧɚɱɟɧɢɟɦ ɪɇ. ȿɫɥɢ Ʉɨɥɛɨɱɤɢɧ ɢ ɟɝɨ ɞɪɭɡɶɹ ɧɟ ɪɚɫɫɱɢɬɚɸɬ ɡɧɚɱɟɧɢɹ 

ɪɇ ɫɜɨɢɯ ɪɚɫɬɜɨɪɨɜ ɢ ɧɟ ɨɬɜɟɬɹɬ ɧɚ ɧɟɤɨɬɨɪɵɟ ɞɪɭɝɢɟ ɜɨɩɪɨɫɵ, ɬɨ ɧɚɜɫɟɝɞɚ ɨɫɬɚɧɭɬɫɹ ɜ 

ɫɤɚɡɨɱɧɨɦ ɤɨɪɨɥɟɜɫɬɜɟ ɢ ɧɟ ɜɟɪɧɭɬɫɹ ɞɨɦɨɣ. 

ɉɨɦɨɝɢɬɟ Ʉɨɥɛɨɱɤɢɧɭ ɢ ɟɝɨ ɞɪɭɡɶɹɦ ɩɪɨɣɬɢ ɢɫɩɵɬɚɧɢɟ! 

ɑɬɨɛɵ ɷɬɨ ɫɞɟɥɚɬɶ, ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɬɪɟɯ ɜɚɪɢɚɧɬɨɜ ɩɪɨɯɨɞɚ ɱɟɪɟɡ ɡɚɦɨɤ: 

1. ɇɚɩɢɲɢɬɟ ɦɨɥɟɤɭɥɹɪɧɨɟ(ɵɟ) ɭɪɚɜɧɟɧɢɟ(ɹ) ɯɢɦɢɱɟɫɤɨɣ(ɢɯ) ɪɟɚɤɰɢɢ(ɣ), 

ɩɪɨɬɟɤɚɸɳɟɣ(ɢɯ) ɜ ɫɤɥɹɧɤɟ, ɢɡ ɤɨɬɨɪɨɝɨ(ɵɯ) ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɦɨɥɟɤɭɥɹɪɧɵɣ ɫɨɫɬɚɜ 

ɩɪɨɞɭɤɬɨɜ ɷɬɨɣ ɪɟɚɤɰɢɢ.   

2. Ɋɚɫɫɱɢɬɚɣɬɟ ɤɨɧɰɟɧɬɪɚɰɢɸ(ɢ) ɷɬɨɝɨ(ɢɯ) ɩɪɨɞɭɤɬɚ(ɨɜ). 

3. Ɉɬɜɟɬɶɬɟ ɧɚ ɜɨɩɪɨɫ, ɩɪɨɬɨɥɢɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɤɚɤɨɝɨ ɬɢɩɚ ɨɩɪɟɞɟɥɹɟɬ ɪɇ ɩɨɥɭɱɟɧɧɨɝɨ 

ɪɚɫɬɜɨɪɚ (ɤɢɫɥɨɬɚ, ɨɫɧɨɜɚɧɢɟ, ɚɦɮɨɥɢɬ, ɛɭɮɟɪɧɚɹ ɫɦɟɫɶ)? ɇɚɩɨɦɧɢɦ, ɱɬɨ ɫɨɝɥɚɫɧɨ 

ɩɪɨɬɨɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ, ɤɢɫɥɨɬɚ – ɷɬɨ ɱɚɫɬɢɰɚ, ɨɬɞɚɸɳɚɹ ɩɪɨɬɨɧ (ɢɨɧ ɜɨɞɨɪɨɞɚ), 
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ɨɫɧɨɜɚɧɢɟ – ɱɚɫɬɢɰɚ, ɩɪɢɧɢɦɚɸɳɚɹ ɩɪɨɬɨɧ, ɚɦɮɨɥɢɬ – ɱɚɫɬɢɰɚ, ɫɩɨɫɨɛɧɚɹ ɤɚɤ 

ɩɪɢɧɢɦɚɬɶ, ɬɚɤ ɢ ɨɬɞɚɜɚɬɶ ɩɪɨɬɨɧ, ɛɭɮɟɪɧɚɹ ɫɦɟɫɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ 

ɫɨɩɪɹɠɟɧɧɵɯ ɤɢɫɥɨɬɵ ɢ ɨɫɧɨɜɚɧɢɹ. 

4. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ(ɹ) ɞɢɫɫɨɰɢɚɰɢɢ ɫɨɥɢ(ɟɣ) ɢ ɫɨɤɪɚɳɟɧɧɨɟ(ɵɟ) ɦɨɥɟɤɭɥɹɪɧɨ-

ɢɨɧɧɨɟ(ɵɟ) ɭɪɚɜɧɟɧɢɟ(ɹ) ɪɚɜɧɨɜɟɫɢɹ(ɣ), ɨɩɪɟɞɟɥɹɸɳɟɝɨ(ɢɯ) ɪɇ ɪɚɫɬɜɨɪɚ. 

5. Ɂɚɩɢɲɢɬɟ ɜɵɪɚɠɟɧɢɟ(ɹ) ɞɥɹ ɤɨɧɫɬɚɧɬ(ɵ) ɷɬɨɝɨ(ɷɬɢɯ) ɪɚɜɧɨɜɟɫɢɹ(ɣ). 

6. Ɉɰɟɧɢɬɟ ɡɧɚɱɟɧɢɟ ɪɇ ɪɚɫɬɜɨɪɚ ɜ ɫɤɥɹɧɤɟ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ 

ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ. 

ɋɩɪɚɜɨɱɧɵɟ ɞɚɧɧɵɟ (ɤɨɧɫɬɚɧɬɵ ɤɢɫɥɨɬɧɨɫɬɢ ɮɨɫɮɨɪɧɨɣ ɤɢɫɥɨɬɵ): 

KdI = 6,9·10−3  KdII = 6,23·10−8  KdIII = 4,79·10−13 

 

 

 

Ɂɚɞɚɱɚ 11-3 

ɋɦɟɫɶ ɬɪɟɯ ɫɬɪɭɤɬɭɪɧɨ ɢɡɨɦɟɪɧɵɯ ɚɥɤɟɧɨɜ Ⱥ, ȼ ɢ ɋ ɜ ɢɡɛɵɬɤɟ ɜɨɞɨɪɨɞɚ ɨɛɳɢɦ 

ɨɛɴɟɦɨɦ 7,17 ɥ (ɧ. ɭ.) ɩɪɨɩɭɫɬɢɥɢ ɧɚɞ ɧɢɤɟɥɟɜɵɦ ɤɚɬɚɥɢɡɚɬɨɪɨɦ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. Ɋɟɚɤɰɢɹ 

ɩɪɨɲɥɚ ɧɚ 75 %, ɢ ɨɛɴɟɦ ɫɦɟɫɢ ɭɦɟɧɶɲɢɥɫɹ ɞɨ 5,15 ɥ (ɧ. ɭ.). ɉɪɢ ɩɪɨɩɭɫɤɚɧɢɢ ɢɫɯɨɞɧɨɣ 

ɫɦɟɫɢ ɱɟɪɟɡ ɫɤɥɹɧɤɭ ɫ ɢɡɛɵɬɤɨɦ ɛɪɨɦɧɨɣ ɜɨɞɵ ɚɥɤɟɧɵ ɩɨɥɧɨɫɬɶɸ ɩɨɝɥɨɬɢɥɢɫɶ, ɢ ɦɚɫɫɚ 

ɫɤɥɹɧɤɢ ɭɜɟɥɢɱɢɥɚɫɶ ɧɚ 10,1 ɝ. 

1. Ɋɚɫɫɱɢɬɚɣɬɟ ɫɭɦɦɚɪɧɵɣ ɨɛɴɟɦ ɚɥɤɟɧɨɜ ɜ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ. 

2. ɍɫɬɚɧɨɜɢɬɟ ɦɨɥɟɤɭɥɹɪɧɭɸ ɮɨɪɦɭɥɭ ɚɥɤɟɧɨɜ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɦɨɥɟɤɭɥɵ ɋ ɯɢɪɚɥɶɧɵ (ɫɨɞɟɪɠɚɬ ɚɫɢɦɦɟɬɪɢɱɟɫɤɢɣ ɚɬɨɦ ɭɝɥɟɪɨɞɚ, 
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ɢɦɟɸɳɢɣ 4 ɪɚɡɥɢɱɧɵɯ ɡɚɦɟɫɬɢɬɟɥɹ), ȼ ɢ ɋ – ɚɯɢɪɚɥɶɧɵ. ɉɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ ɜ ɩɪɢɫɭɬɫɬɜɢɟ 

ɤɚɬɚɥɢɡɚɬɨɪɚ (H2/Ni) Ⱥ, ȼ ɢ ɋ ɞɚɸɬ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɪɨɞɭɤɬ D, ɚ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ HBr 

ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɹɜɥɹɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ E. ȿɫɥɢ ɪɟɚɤɰɢɸ ɫ HBr ɩɪɨɜɨɞɢɬɶ 

ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɩɟɪɟɤɢɫɢ, ɬɨ ɛɭɞɭɬ ɩɨɥɭɱɟɧɵ ɬɪɢ ɪɚɡɧɵɯ ɛɪɨɦɢɞɚ Ⱥ1, ȼ1 ɢ ɋ1 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ɉɪɢ ɷɬɨɦ ɛɪɨɦɢɞ ȼ1, ɩɨɥɭɱɟɧɧɵɣ ɢɡ ȼ, ɜ ɯɨɞɟ ɨɛɪɚɛɨɬɤɢ ɫɩɢɪɬɨɜɵɦ ɪɚɫɬɜɨɪɨɦ ɫɢɥɶɧɨɝɨ 

ɨɫɧɨɜɚɧɢɹ – ɬɪɟɬ-ɛɭɬɢɥɚɬɚ ɤɚɥɢɹ – ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɫɦɟɫɶ ȼ ɢ ɋ ɫ ɩɪɟɨɛɥɚɞɚɧɢɟɦ ɋ. 

3. ɇɚɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɜɫɟɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɢɜɟɞɢɬɟ ɫɯɟɦɵ ɪɟɚɤɰɢɣ. 

4. Ⱦɥɹ ɤɚɤɨɝɨ ɢɡ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜɨɡɦɨɠɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɢɡɨɦɟɪɢɹ? ɇɚɩɢɲɢɬɟ 

ɢɡɨɦɟɪɵ ɢ ɧɚɡɨɜɢɬɟ ɢɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Z,E-ɧɨɦɟɧɤɥɚɬɭɪɵ. 

 

Ɂɚɞɚɱɚ 11-4 

ɑɬɨɛɵ ɨɛɥɟɝɱɢɬɶ ɫɬɪɚɞɚɧɢя, ɨɧ ɜɜёɥ ɟɣ ɚɜɟɪɬɢɧ 

Ɋ. ɋɬɚɭɬ «ɋ ɩɪɢɫɤɨɪɛɢɟɦ ɢɡɜɟɳɚɟɦ» 

ɇɚɩɪɢɦɟɪ, <Z>, ɤɨɬɨɪɵɣ ɥɟɝɤɨ ɞɨɫɬɚɬɶ. ȿɫɥɢ ɟɝɨ ɪɚɫɬɜɨɪɢɬɶ  

ɜ ɤɚɤɨɦ-ɧɢɛɭɞɶ…ɧɚɩɢɬɤɟ, ɨɧ ɩɨɱɬɢ ɧɟ ɞɚёɬ ɩɪɢɜɤɭɫɚ 

Ɋ. ɋɬɚɭɬ «Ɉɤɨɧɱɚɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ» 

Ⱦɟɣɫɬɜɭɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɚɜɟɪɬɢɧɚ ɹɜɥɹɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ Ⱥ, ɤɨɬɨɪɨɟ, ɤɚɤ ɢ ɜɟɳɟɫɬɜɨ Z, 

ɩɨɥɭɱɚɸɬ ɢɡ ɫɨɟɞɢɧɟɧɢɹ ȼ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ, ɧɚɩɪɢɦɟɪ, ɜ ɤɚɱɟɫɬɜɟ ɪɚɫɬɜɨɪɢɬɟɥɹ. ɉɪɢ 

ɨɛɪɚɛɨɬɤɟ ȼ ɩɪɨɫɬɵɦ ɜɟɳɟɫɬɜɨɦ ɏ2 ɨɛɪɚɡɭɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ C, ɤɨɬɨɪɨɟ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬ ɜ Ⱥ 

ɞɟɣɫɬɜɢɟɦ ɢɡɨɩɪɨɩɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. ȿɫɥɢ ɪɟɚɤɰɢɸ ȼ ɫ X2 ɩɪɨɜɨɞɢɬɶ ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɳɟɥɨɱɢ, 

ɨɛɪɚɡɭɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ D. ȿɝɨ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɚɤɠɟ, ɟɫɥɢ C ɨɛɪɚɛɨɬɚɬɶ ɤɪɟɩɤɨɣ ɳɟɥɨɱɶɸ. 

A ɯɨɪɨɲɨ ɪɚɫɬɜɨɪɢɦ ɜ ɛɟɧɡɨɥɟ ɢ ɫɩɢɪɬɟ ɢ ɭɦɟɪɟɧɧɨ ɜ ɜɨɞɟ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ 

Ⱥ ɜɵɲɟ 40 °C ɨɧ ɪɚɡɥɚɝɚɟɬɫɹ ɫ ɨɬɳɟɩɥɟɧɢɟɦ HX ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ E. ɋɨɟɞɢɧɟɧɢɟ Z (ɯɨɪɨɲɨ 

ɪɚɫɬɜɨɪɢɦɨ ɜ ɜɨɞɟ ɢ ɫɩɢɪɬɟ, ɦɚɥɨɪɚɫɬɜɨɪɢɦɨ ɜ ɛɟɧɡɨɥɟ) ɩɨɥɭɱɚɸɬ ɢɡ ȼ ɩɪɢ ɞɟɣɫɬɜɢɢ ɞɪɭɝɨɝɨ 

ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ Y2, ɤɨɬɨɪɨɟ ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɳɟɥɨɱɢ ɞɚɟɬ ɫɨɟɞɢɧɟɧɢɟ F, ɚɧɚɥɨɝɢɱɧɨɟ ɩɨ 

ɫɬɪɭɤɬɭɪɟ ɫɨɟɞɢɧɟɧɢɸ D. ɋɨɞɟɪɠɚɧɢɟ ɷɥɟɦɟɧɬɨɜ X ɢ Y ɜ ɫɨɟɞɢɧɟɧɢɹɯ A, C–F, Z ɞɚɧɨ ɜ 

ɬɚɛɥɢɰɟ.  

ɋɨɟɞɢɧɟɧɢɟ A C D E F Z 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ Х (Y), % 84,8 85,4 94,9 79,2 89,1 64,4 

 

1. ɇɚɩɢɲɢɬɟ ɫɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ A–F ɢ Z, ɷɥɟɦɟɧɬɵ X ɢ Y. Ɉɬɜɟɬ ɨɛɨɫɧɭɣɬɟ. 

2. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɩɪɟɜɪɚɳɟɧɢɹ ȼ ɜ ɋ. 

Ɂɚɞɚɱɚ 11-5 
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© ɐɉɆɄ ȼɫɈɒ ɩɨ ɯɢɦɢɢ 

ɉɨɥɭɱɟɧɢɟ ɫɜɟɪɯɱɢɫɬɨɝɨ ɧɢɤɟɥɹ 

ȼ ɧɢɤɟɥɟɜɵɣ ɫɨɫɭɞ ɨɛɴёɦɨɦ 20,2 ɥ ɜɜɟɥɢ ɦɨɧɨɨɤɫɢɞ ɭɝɥɟɪɨɞɚ, ɞɚɜɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɟ 30 °C ɫɨɫɬɚɜɢɥɨ 2,0 ɛɚɪ. ɋɨɫɭɞ ɧɚɝɪɟɥɢ ɞɨ 105 °C ɢ ɡɚɬɟɦ ɩɨɞɞɟɪɠɢɜɚɥɢ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ⱦɚɜɥɟɧɢɟ ɧɚɱɚɥɨ ɩɚɞɚɬɶ ɢ ɜ ɤɨɧɰɟ ɤɨɧɰɨɜ ɩɨɧɢɡɢɥɨɫɶ ɞɨ 1,0 ɛɚɪ. 

1. Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɩɪɨɬɟɤɚɸɳɟɣ ɜ ɫɨɫɭɞɟ ɪɟɚɤɰɢɢ ɢ ɧɚɣɞɢɬɟ ɞɚɜɥɟɧɢɹ ɜɟɳɟɫɬɜ ɜ 

ɩɨɥɭɱɟɧɧɨɣ ɝɚɡɨɜɨɣ ɫɦɟɫɢ. 

2. Ɋɚɫɫɱɢɬɚɣɬɟ ɩɥɨɬɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɣ ɫɦɟɫɢ ɩɨ ɜɨɡɞɭɯɭ. 

3. ɚ) Ɂɚɩɢɲɢɬɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ, ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɜ ɫɨɫɭɞɟ, ɢ 

ɨɩɪɟɞɟɥɢɬɟ ɟё ɡɧɚɱɟɧɢɟ. (Ɇɨɠɟɬɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɜɥɟɧɢɹ ɢɥɢ ɤɨɧɰɟɧɬɪɚɰɢɢ.)  

ɛ) ɂɡɦɟɧɢɬɫɹ ɥɢ ɷɬɨ ɡɧɚɱɟɧɢɟ, ɟɫɥɢ: a) ɧɚɱɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ CO ɫɨɫɬɚɜɢɬ 10,0 ɛɚɪ; 

ɛ) ɪɟɚɤɰɢɹ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 90 °C? 

4. ɉɨɥɭɱɟɧɧɭɸ ɝɚɡɨɜɭɸ ɫɦɟɫɶ ɩɟɪɟɧɟɫɥɢ ɜ ɞɪɭɝɨɣ ɪɟɚɤɬɨɪ, ɝɞɟ ɧɚɝɪɟɥɢ ɞɨ 250 °C. 

ɋɤɨɥɶɤɨ ɝɪɚɦɦɨɜ ɫɜɟɪɯɱɢɫɬɨɝɨ ɧɢɤɟɥɹ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ? 

6. ȿɫɥɢ ɛɵ ɩɪɢ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɨɫɭɞ ɛɵɥ ɫɞɟɥɚɧ ɧɟ ɢɡ ɧɢɤɟɥɹ, ɚ ɢɡ ɫɩɥɚɜɚ 

ɠɟɥɟɡɚ ɫ ɧɢɤɟɥɟɦ, ɬɨ ɤɚɤɢɦ ɛɵɥɨ ɛɵ ɤɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ: ɛɨɥɶɲɟ 1,0 ɛɚɪ, ɦɟɧɶɲɟ 1,0 ɛɚɪ 

ɢɥɢ ɪɨɜɧɨ 1,0 ɛɚɪ? Ʉɪɚɬɤɨ ɨɛɴɹɫɧɢɬɟ. ɍɱɬɢɬɟ, ɱɬɨ ɠɟɥɟɡɨ ɩɪɢ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɧɟ 

ɪɟɚɝɢɪɭɟɬ ɫ CO. 
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© ɐɉɆɄ ȼɫɈɒ ɩɨ ɯɢɦɢɢ 

Дɟɜɹɬɵɣ ɤɥɚɫɫ 

Ɂɚɞɚɧɢɟ: ȼɚɦ ɜɵɞɚɧɵ ɬɪɢ ɫɦɟɫɢ ɬɜɟɪɞɵɯ ɫɨɥɟɣ ɩɨ ɞɜɟ ɫɨɥɢ ɤɚɠɞɚɹ ɢɡ ɫɥɟɞɭɸɳɟɝɨ 

ɧɚɛɨɪɚ:  Ba(NO3)2, MnCl2, Pb(NO3)2, KI, NH4Cl, Na2CO3. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɥɟɣ ɟɫɬɶ ɱɟɬɵɪɟ 

ɪɟɚɝɟɧɬɚ. ɇɚ ɫɤɥɹɧɤɚɯ ɫ ɤɢɫɥɨɬɨɣ ɢ ɳɟɥɨɱɶɸ ɨɬɫɭɬɫɬɜɭɸɬ ɷɬɢɤɟɬɤɢ. ɂɫɩɨɥɶɡɭɹ ɞɜɚ ɢɡɜɟɫɬɧɵɯ 

ɪɟɚɝɟɧɬɚ, ɨɩɪɟɞɟɥɢɬɟ  ɫɤɥɹɧɤɢ ɫ ɤɢɫɥɨɬɨɣ ɢ ɳɟɥɨɱɶɸ, ɚ ɡɚɬɟɦ ɭɫɬɚɧɨɜɢɬɟ ɫɨɫɬɚɜ ɤɚɠɞɨɣ 

ɫɦɟɫɢ. ɇɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɚɝɟɧɬɨɜ  ɢ ɩɨ ɨɞɧɨɣ ɪɟɚɤɰɢɢ, 

ɤɨɬɨɪɚɹ ɩɨɞɬɜɟɪɠɞɚɟɬ ɨɬɤɪɵɬɢɟ ɤɚɠɞɨɣ ɫɨɥɢ. 

 

Ɋɟɚɤɬɢɜɵ: 2M NH3∙H2O, 2M NaOH, 1M H2SO4, 0,1Ɇ AgNO3, ɮɟɧɨɥɮɬɚɥɟɢɧɨɜɚɹ ɛɭɦɚɝɚ 

(ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɨɧɨɜ ɚɦɦɨɧɢɹ), ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ. 

 

Ɉɛɨɪɭɞɨɜɚɧɢɟ: ɛɸɤɫɵ ɫ ɡɚɞɚɱɚɦɢ (2 ɲɬ), ɲɬɚɬɢɜ ɫ ɩɪɨɛɢɪɤɚɦɢ (4–5 ɲɬ), ɲɩɚɬɟɥɶ, 

ɩɚɥɨɱɤɚ ɞɥɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ, ɩɪɟɞɦɟɬɧɨɟ ɫɬɟɤɥɨ, ɜɨɞɹɧɚɹ ɛɚɧɹ, ɩɢɩɟɬɤɚ ɞɥɹ ɨɬɛɨɪɚ ɩɪɨɛ, 

ɫɬɚɤɚɧ ɫ ɜɨɞɨɣ ɞɥɹ ɩɪɨɦɵɜɚɧɢɹ ɩɢɩɟɬɤɢ. 
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© ɐɉɆɄ ȼɫɈɒ ɩɨ ɯɢɦɢɢ 

Дɟɫɹɬɵɣ ɤɥɚɫɫ 

Ɂɚɞɚɧɢɟ: Ƚɥɸɤɨɡɚ – ɨɞɢɧ ɢɡ ɜɚɠɧɟɣɲɢɯ ɩɪɟɞɫɬɚɜɢɬɟɥɟɣ ɤɥɚɫɫɚ ɭɝɥɟɜɨɞɨɜ – 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɫɧɨɜɧɨɣ ɩɪɨɞɭɤɬ ɮɨɬɨɫɢɧɬɟɡɚ ɢ ɹɜɥɹɟɬɫɹ ɞɥɹ ɱɟɥɨɜɟɤɚ ɢ ɠɢɜɨɬɧɵɯ 

ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ. ȼɚɠɧɨ ɭɦɟɬɶ ɨɩɪɟɞɟɥɹɬɶ 

ɫɨɞɟɪɠɚɧɢɟ ɝɥɸɤɨɡɵ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ ɢ ɮɚɪɦɚɰɟɜɬɢɱɟɫɤɢɯ 

ɩɪɟɩɚɪɚɬɚɯ. 

ȼɚɦ ɩɪɟɞɫɬɨɢɬ ɨɩɪɟɞɟɥɢɬɶ ɫɨɞɟɪɠɚɧɢɟ ɝɥɸɤɨɡɵ ɜ ɜɵɞɚɧɧɨɦ ȼɚɦ ɪɚɫɬɜɨɪɟ ɦɟɬɨɞɨɦ 

ɩɟɪɦɚɧɝɚɧɚɬɨɦɟɬɪɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɢɠɟɩɪɢɜɟɞɟɧɧɨɣ ɦɟɬɨɞɢɤɨɣ. ȼ ɦɟɬɨɞɢɤɟ ɩɪɨɩɭɳɟɧɵ 

ɮɨɪɦɭɥɵ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɟɚɤɬɢɜɨɜ ɢ ɰɜɟɬɚ ɪɚɫɬɜɨɪɨɜ ɞɨ ɢ ɩɨɫɥɟ ɬɢɬɪɨɜɚɧɢɹ. ɉɨɞɭɦɚɣɬɟ, ɤɚɤ 

ɡɚɩɨɥɧɢɬɶ ɩɪɨɩɭɫɤɢ. 

Ɋɟɚɤɬɢɜɵ: KMnO4 ɪɚɫɬɜɨɪ (ɬɨɱɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɤɚɡɚɧɚ ɧɚ ɫɤɥɹɧɤɟ), 0,10 Ɇ 

Na2C2O4, 1 M H2SO4. 

Ɉɛɨɪɭɞɨɜɚɧɢɟ: ɦɟɪɧɚɹ ɤɨɥɛɚ ɨɛɴɟɦɨɦ 100 ɦɥ ɫ ɩɪɨɛɤɨɣ, ɩɢɩɟɬɤɚ Ɇɨɪɚ ɨɛɴɟɦɨɦ 10 ɦɥ 

(2 ɲɬ.), ɪɟɡɢɧɨɜɚɹ ɝɪɭɲɚ ɢɥɢ ɩɢɩɟɬɚɬɨɪ, ɱɢɫɬɵɣ ɫɭɯɨɣ ɫɬɚɤɚɧ ɨɛɴɟɦɨɦ 50 ɦɥ, ɦɟɪɧɵɣ 

ɰɢɥɢɧɞɪ ɨɛɴɟɦɨɦ 10–50 ɦɥ, ɛɸɪɟɬɤɚ ɨɛɴɟɦɨɦ 25 ɦɥ, ɷɥɟɤɬɪɨɩɥɢɬɚ ɢɥɢ ɩɟɫɱɚɧɚɹ ɛɚɧɹ, 

ɤɨɧɢɱɟɫɤɚɹ ɬɟɪɦɨɫɬɨɣɤɚɹ ɤɨɥɛɚ ɨɛɴɟɦɨɦ 100 ɦɥ, ɱɚɫɨɜɨɟ ɫɬɟɤɥɨ, ɪɟɡɢɧɨɜɵɟ ɧɚɩɚɥɶɱɧɢɤɢ. 

Ɇɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ: 

ȼɵɞɚɧɧɵɣ ȼɚɦ ɜ ɦɟɪɧɨɣ ɤɨɥɛɟ ɪɚɫɬɜɨɪ ɝɥɸɤɨɡɵ ɞɨɜɟɞɢɬɟ ɞɨ ɦɟɬɤɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ 

ɜɨɞɨɣ, ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɣɬɟ, ɦɧɨɝɨɤɪɚɬɧɨ ɩɟɪɟɜɨɪɚɱɢɜɚɹ ɤɨɥɛɭ. Ɉɬɛɟɪɢɬɟ ɩɢɩɟɬɤɨɣ 

ɚɥɢɤɜɨɬɭ ɪɚɫɬɜɨɪɚ ɝɥɸɤɨɡɵ ɨɛɴɟɦɨɦ 10 ɦɥ ɜ ɤɨɧɢɱɟɫɤɭɸ ɤɨɥɛɭ ɞɥɹ ɬɢɬɪɨɜɚɧɢɹ (ɟɫɥɢ ɲɚɪɢɤ 

ɩɢɩɟɬɤɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɨɝɪɭɡɢɬɶ ɤɨɧɱɢɤ ɩɢɩɟɬɤɢ ɜ ɪɚɫɬɜɨɪ, ɩɟɪɟɥɟɣɬɟ ɱɚɫɬɶ ɪɚɫɬɜɨɪɚ ɜ 

ɱɢɫɬɵɣ ɫɬɚɤɚɧ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɨɥɨɫɧɭɜ ɟɝɨ ɫɬɟɧɤɢ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɪɚɫɬɜɨɪɚ ɢ 

ɜɵɥɢɜ ɟɝɨ ɜ ɫɥɢɜ, ɢ ɜɨɡɶɦɢɬɟ ɚɥɢɤɜɨɬɭ ɩɢɩɟɬɤɨɣ ɢɡ ɫɬɚɤɚɧɚ). Ɇɟɪɧɵɦ ɰɢɥɢɧɞɪɨɦ ɩɪɢɥɟɣɬɟ ɤ 

ɪɚɫɬɜɨɪɭ ɜ ɤɨɧɢɱɟɫɤɨɣ ɤɨɥɛɟ з 10 ɦɥ …Дɩɪɨɩɭɫɤ № 1]. Ɂɚɩɨɥɧɢɬɟ ɛɸɪɟɬɤɭ ɪɚɫɬɜɨɪɨɦ 

…Дɩɪɨɩɭɫɤ № 2], ɧɟ ɡɚɛɵɜ ɜɵɝɧɚɬɶ ɢɡ ɧɨɫɢɤɚ ɜɨɡɞɭɯ, ɢ ɞɨɛɚɜɶɬɟ ɜ ɤɨɥɛɭ ɢɡ ɛɸɪɟɬɤɢ ɬɨɱɧɨ 10 

ɦɥ ɪɟɚɝɟɧɬɚ. Ɂɚɤɪɵɜ ɤɨɥɛɭ ɱɚɫɨɜɵɦ ɫɬɟɤɥɨɦ, ɧɚɝɪɟɣɬɟ ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɧɚ ɷɥɟɤɬɪɨɩɥɢɬɤɟ 

ɢɥɢ ɩɟɫɱɚɧɨɣ ɛɚɧɟ ɢ ɤɢɩɹɬɢɬɟ ɜ ɬɟɱɟɧɢɟ 3 ɦɢɧɭɬ. ȼɬɨɪɨɣ ɱɢɫɬɨɣ ɩɢɩɟɬɤɨɣ Ɇɨɪɚ ɞɨɛɚɜɶɬɟ ɜ 

ɝɨɪɹɱɢɣ (ɛɭɞɶɬɟ ɚɤɤɭɪɚɬɧɵ!) ɪɚɫɬɜɨɪ ɬɨɱɧɨ 10 ɦɥ …Дɩɪɨɩɭɫɤ № 3]. Ƚɨɪɹɱɢɣ ɪɚɫɬɜɨɪ 

ɧɟɦɟɞɥɟɧɧɨ ɬɢɬɪɭɣɬɟ ɪɚɫɬɜɨɪɨɦ …Дɩɪɨɩɭɫɤ № 4] ɞɨ ɢɡɦɟɧɟɧɢɹ ɨɤɪɚɫɤɢ ɫ …Дɩɪɨɩɭɫɤ № 5] ɧɚ 

…Дɩɪɨɩɭɫɤ № 6]. Ɂɚɮɢɤɫɢɪɭɣɬɟ ɪɟɡɭɥɶɬɚɬ ɬɢɬɪɨɜɚɧɢɹ ɜ ɪɚɛɨɱɟɣ ɬɟɬɪɚɞɢ. ɉɨɜɬɨɪɢɬɟ 

ɷɤɫɩɟɪɢɦɟɧɬ ɞɨ ɩɨɥɭɱɟɧɢɹ ɬɪɟɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 0,1 ɦɥ. 

ɍɫɪɟɞɧɢɬɟ ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ ɢ ɪɚɫɫɱɢɬɚɣɬɟ ɦɚɫɫɭ ɝɥɸɤɨɡɵ, ɜɵɞɚɧɧɨɣ ȼɚɦ ɜ ɦɟɪɧɨɣ ɤɨɥɛɟ. 
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ɂɬɚɤ, ɜɵɩɨɥɧɢɬɟ ɫɥɟɞɭɸɳɟɟ: 

1. Ɂɚɩɨɥɧɢɬɟ ɩɪɨɩɭɫɤɢ ɜ ɦɟɬɨɞɢɤɟ. Ɉɬɜɟɬ ɩɪɟɞɫɬɚɜɶɬɟ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ ɧɚ ɨɬɞɟɥɶɧɨɦ 

ɥɢɫɬɟ: 

ɉɪɨɩɭɫɤ №. ɉɪɨɩɭɳɟɧɧɚɹ ɮɨɪɦɭɥɚ 

1  

2  

3  

4  

 Ɉɤɪɚɫɤɚ 

5  

6  

2. ȼ ȼɚɲɟɣ ɪɚɛɨɱɟɣ ɬɟɬɪɚɞɢ ɡɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɢ 

ɨɩɪɟɞɟɥɟɧɢɢ ɝɥɸɤɨɡɵ. 

3. Ɉɬɜɟɬɶɬɟ ɧɚ ɜɨɩɪɨɫ, ɩɨɱɟɦɭ ɧɟɥɶɡɹ ɩɪɨɜɨɞɢɬɶ ɩɪɹɦɨɟ ɬɢɬɪɨɜɚɧɢɟ ɝɥɸɤɨɡɵ 

ɩɟɪɦɚɧɝɚɧɚɬɨɦ ɤɚɥɢɹ? 

4. Ɋɚɫɫɱɢɬɚɣɬɟ ɦɚɫɫɭ ɝɥɸɤɨɡɵ (ɝ), ɜɵɞɚɧɧɨɣ ȼɚɦ ɜ ɦɟɪɧɨɣ ɤɨɥɛɟ. 
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Ɉɞɢɧɧɚɞɰɚɬɵɣ ɤɥɚɫɫ 

Ɂɚɞɚɧɢɟ: 

ɑɚɫɬɶ 1 

Ɇɟɬɨɞ ɩɟɪɦɚɧɝɚɧɚɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɬɢɬɪɨɜɚɧɢɹ – ɷɬɨ ɨɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 

ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɢɯ ɫɨɞɟɪɠɚɧɢɣ ɪɚɡɥɢɱɧɵɯ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ. Ɉɧ 

ɨɫɧɨɜɚɧ ɧɚ ɬɢɬɪɨɜɚɧɢɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɟɣ ɩɟɪɦɚɧɝɚɧɚɬɨɦ ɤɚɥɢɹ. ɉɨɦɢɦɨ ɜɵɫɨɤɨɣ 

ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ, ɜɚɠɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɤɚɤ ɬɢɬɪɚɧɬɚ 

ɹɜɥɹɟɬɫɹ ɢɧɬɟɧɫɢɜɧɚɹ ɫɨɛɫɬɜɟɧɧɚɹ ɨɤɪɚɫɤɚ, ɱɬɨ ɫɧɢɦɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɥɹ 

ɜɢɡɭɚɥɢɡɚɰɢɢ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ ɬɢɬɪɨɜɚɧɢɹ ɤɚɤɨɝɨ ɥɢɛɨ ɢɧɞɢɤɚɬɨɪɚ – ɩɟɪɜɚɹ ɥɢɲɧɹɹ ɤɚɩɥɹ 

ɪɚɫɬɜɨɪɚ ɩɟɪɦɚɧɝɚɧɚɬɚ ɩɪɢɞɚɟɬ ɪɚɫɬɜɨɪɭ ɪɨɡɨɜɭɸ ɨɤɪɚɫɤɭ. Ɉɞɧɚɤɨ ɭ ɷɬɨɝɨ ɨɤɢɫɥɢɬɟɥɹ ɟɫɬɶ ɢ 

ɧɟɞɨɫɬɚɬɤɢ – ɜɨ-ɩɟɪɜɵɯ, ɧɟɜɨɡɦɨɠɧɨ ɩɪɢɝɨɬɨɜɢɬɶ ɪɚɫɬɜɨɪ ɫ ɬɨɱɧɨ ɢɡɜɟɫɬɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 

KMnO4 ɩɨ ɧɚɜɟɫɤɟ ɜɟɳɟɫɬɜɚ, ɚ ɜɨ-ɜɬɨɪɵɯ, KMnO4 ɧɟɭɫɬɨɣɱɢɜ ɜ ɪɚɫɬɜɨɪɟ, ɩɨɷɬɨɦɭ ɟɝɨ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ. ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ, ɧɚ 

ɩɪɚɤɬɢɤɟ ɩɨɫɬɭɩɚɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ – ɝɨɬɨɜɹɬ ɪɚɫɬɜɨɪ ɩɟɪɦɚɧɝɚɧɚɬɚ ɫ ɩɪɢɦɟɪɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ, ɚ ɡɚɬɟɦ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɩɟɪɦɚɧɝɚɧɚɬɨɦɟɬɪɢɱɟɫɤɨɝɨ 

ɬɢɬɪɨɜɚɧɢɹ, ɩɪɨɜɨɞɹɬ ɟɝɨ ɫɬɚɧɞɚɪɬɢɡɚɰɢɸ – ɬɢɬɪɭɸɬ ɪɚɫɬɜɨɪ ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɢɡɜɟɫɬɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɦɨɥɹɪɧɨɫɬɶ ɩɟɪɦɚɧɝɚɧɚɬɚ. ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ɤɨɧɰɟɧɬɪɚɰɢɹ 

ɜɨɫɫɬɚɧɨɜɢɬɟɥɹ ɬɚɤɠɟ ɧɟ ɢɡɜɟɫɬɧɚ, ɬɨ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɟɟ, ɢɫɩɨɥɶɡɭɹ ɫɬɚɧɞɚɪɬɧɵɣ ɪɚɫɬɜɨɪ 

ɞɪɭɝɨɝɨ ɨɤɢɫɥɢɬɟɥɹ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ȼɚɦ ɩɪɟɞɥɚɝɚɟɬɫɹ ɨɫɭɳɟɫɬɜɢɬɶ ɩɟɪɦɚɧɝɚɧɚɬɨɦɟɬɪɢɱɟɫɤɨɟ 

ɨɩɪɟɞɟɥɟɧɢɟ FeSO4. 

 

ɉɪɟɠɞɟ ɱɟɦ ɩɪɢɫɬɭɩɢɬɶ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ, ɨɬɜɟɬɶɬɟ ɧɚ ɧɟɫɤɨɥɶɤɨ 

ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɜɨɩɪɨɫɨɜ: 

1. ɉɨɱɟɦɭ ɧɟɜɨɡɦɨɠɧɨ ɩɪɢɝɨɬɨɜɢɬɶ ɪɚɫɬɜɨɪ ɫ ɬɨɱɧɨ ɢɡɜɟɫɬɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ KMnO4 ɩɨ ɧɚɜɟɫɤɟ ɜɟɳɟɫɬɜɚ? Ɉɬɜɟɬ ɩɨɞɬɜɟɪɞɢɬɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 

ɭɪɚɜɧɟɧɢɟɦ ɪɟɚɤɰɢɢ. 

2. ɉɪɨɬɟɤɚɧɢɟ ɤɚɤɨɣ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ 

KMnO4 ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ? Ɂɚɩɢɲɢɬɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ. 

3. Ⱦɥɹ ɭɫɩɟɲɧɨɝɨ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɟɪɦɚɧɝɚɧɚɬɨɦɟɬɪɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ 

FeSO4, ɩɨɦɢɦɨ ɫɚɦɨɝɨ ɩɟɪɦɚɧɝɚɧɚɬɚ, ɢɫɩɨɥɶɡɭɸɬ ɟɳɟ ɞɜɚ ɪɟɚɤɬɢɜɚ. Ʉɚɤ ȼɵ ɞɭɦɚɟɬɟ, 

ɤɚɤɢɟ ɷɬɨ ɪɟɚɤɬɢɜɵ? ȼɵɛɟɪɢɬɟ ɢɡ ɫɩɢɫɤɚ: Cr2(SO4)3, Fe2(SO4)3, H3PO4, H2SO4, MgSO4, 

MnSO4, Na2CO3, NaOH, Na2SO4. ȼɵɛɨɪ ɤɚɠɞɨɝɨ ɢɡ ɪɟɚɤɬɢɜɨɜ ɨɛɨɫɧɭɣɬɟ. 
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ɑɚɫɬɶ 2 

ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɞɜɟ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ FeSO4. ɂɫɩɨɥɶɡɭɹ ɷɬɢ 

ɦɟɬɨɞɢɤɢ, ɭɫɬɚɧɨɜɢɬɟ ɬɨɱɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ (ɦɨɥɶ/ɥ) KMnO4, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ȼɚɦɢ ɜ ɪɨɥɢ 

ɬɢɬɪɚɧɬɚ, ɢ ɫɨɞɟɪɠɚɧɢɟ FeSO4 (ɝ) ɜ ɜɵɞɚɧɧɨɦ ȼɚɦ ɪɚɫɬɜɨɪɟ (ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɫɭɥɶɮɚɬɚ ɠɟɥɟɡɚ 

(II) – 151,9 ɝ/ɦɨɥɶ). Ɂɚɩɢɲɢɬɟ ɦɨɥɟɤɭɥɹɪɧɵɟ ɭɪɚɜɧɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ 

ɪɟɚɤɰɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɯɨɞɟ ɨɩɪɟɞɟɥɟɧɢɹ. 

Ɋɟɚɤɬɢɜɵ: з 0,01 Ɇ KMnO4, K2Cr2O7 (ɫɬɚɧɞ. ɪɚɫɬɜɨɪ), 1M H2SO4 (ɪɚɫɬɜɨɪ № 1), 2M 

H3PO4 (ɪɚɫɬɜɨɪ № 2). 

Ɉɛɨɪɭɞɨɜɚɧɢɟ: ɦɟɪɧɚɹ ɤɨɥɛɚ ɨɛɴɟɦɨɦ 100 ɦɥ ɫ ɜɵɞɚɧɧɵɦ ɚɧɚɥɢɡɢɪɭɟɦɵɦ ɪɚɫɬɜɨɪɨɦ 

– 1 ɲɬ., ɩɪɨɛɤɚ ɞɥɹ ɦɟɪɧɨɣ ɤɨɥɛɵ – 1 ɲɬ., ɩɢɩɟɬɤɚ Ɇɨɪɚ ɧɚ 10 ɦɥ – 2 ɲɬ., ɪɟɡɢɧɨɜɚɹ ɝɪɭɲɚ 

ɢɥɢ ɩɢɩɟɬɚɬɨɪ – 1 ɲɬ., ɛɸɪɟɬɤɚ ɧɚ 25 ɦɥ – 1 ɲɬ., ɤɨɧɢɱɟɫɤɚɹ ɤɨɥɛɚ ɞɥɹ ɬɢɬɪɨɜɚɧɢɹ ɨɛɴɟɦɨɦ 

100 ɦɥ – 1 – 3 ɲɬ. 

Мɟɬɨɞɢɤɚ 1 

ȼɵɞɚɧɧɵɣ ɜ ɦɟɪɧɨɣ ɤɨɥɛɟ ɪɚɫɬɜɨɪ FeSO4 ɞɨɜɨɞɹɬ ɞɨ ɦɟɬɤɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ 

ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɸɬ. ȼ ɤɨɥɛɭ ɞɥɹ ɬɢɬɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɩɢɩɟɬɤɢ Ɇɨɪɚ ɜɧɨɫɹɬ 10,00 ɦɥ 

ɬɢɬɪɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ FeSO4, ɦɟɪɧɵɦ ɰɢɥɢɧɞɪɨɦ ɞɨɛɚɜɥɹɸɬ 10 ɦɥ H2SO4 (ɪɚɫɬɜɨɪ № 1) ɢ 2 ɦɥ 

H3PO4 (ɪɚɫɬɜɨɪ № 2) ɢ ɬɢɬɪɭɸɬ ɪɚɫɬɜɨɪɨɦ KMnO4 ɞɨ ɩɨɹɜɥɟɧɢɹ ɭɫɬɨɣɱɢɜɨɣ ɛɥɟɞɧɨ-ɪɨɡɨɜɨɣ 

ɨɤɪɚɫɤɢ. Ɍɢɬɪɨɜɚɧɢɟ ɩɨɜɬɨɪɹɸɬ ɞɨ ɩɨɥɭɱɟɧɢɹ ɬɪɟɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɧɟ ɛɨɥɟɟ ɱɟɦ 

ɧɚ 0,1 ɦɥ, ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ ɭɫɪɟɞɧɹɸɬ. Ʉɨɧɰɟɧɬɪɚɰɢɸ FeSO4 ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɨ ɮɨɪɦɭɥɟ: 

)FeSO(

)KMnO()KMnO(5
)FeSO(

4

44
4 V

Vc
c  , ɝɞɟ ɫ(KMnO4) – ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɢɪɚɧɬɚ, ɦɨɥɶ/ɥ; V(KMnO4) 

– ɡɚɬɪɚɱɟɧɧɵɣ ɨɛɴɟɦ ɬɢɬɪɚɧɬɚ, ɦɥ; V(FeSO4) – ɨɛɴɟɦ ɚɥɢɤɜɨɬɵ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ, ɦɥ. 

Мɟɬɨɞɢɤɚ 2 

ȼɵɞɚɧɧɵɣ ɜ ɦɟɪɧɨɣ ɤɨɥɛɟ ɪɚɫɬɜɨɪ FeSO4 ɞɨɜɨɞɹɬ ɞɨ ɦɟɬɤɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɢ 

ɬɳɚɬɟɥɶɧɨ ɩɟɪɟɦɟɲɢɜɚɸɬ. ȼ ɤɨɥɛɭ ɞɥɹ ɬɢɬɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɩɢɩɟɬɤɢ Ɇɨɪɚ ɜɧɨɫɹɬ 10,00 ɦɥ 

ɬɢɬɪɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ FeSO4, ɦɟɪɧɵɦ ɰɢɥɢɧɞɪɨɦ ɞɨɛɚɜɥɹɸɬ 10 ɦɥ H2SO4 (ɪɚɫɬɜɨɪ № 1) ɢ 2 ɦɥ 

H3PO4 (ɪɚɫɬɜɨɪ № 2). ɑɢɫɬɨɣ ɩɢɩɟɬɤɨɣ Ɇɨɪɚ ɜɧɨɫɹɬ 10,00 ɦɥ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ K2Cr2O7, 

ɫɦɟɫɶ ɩɟɪɟɦɟɲɢɜɚɸɬ. ɑɟɪɟɡ 2–3 ɦɢɧ ɧɟɩɪɨɪɟɚɝɢɪɨɜɚɜɲɢɣ FeSO4 ɨɬɬɢɬɪɨɜɵɜɚɸɬ ɪɚɫɬɜɨɪɨɦ 

KMnO4 ɞɨ ɩɟɪɟɯɨɞɚ ɨɤɪɚɫɤɢ ɢɡ ɡɟɥɟɧɨɣ ɜ ɫɟɪɨ-ɫɢɪɟɧɟɜɭɸ. Ɍɢɬɪɨɜɚɧɢɟ ɩɨɜɬɨɪɹɸɬ ɞɨ 

ɩɨɥɭɱɟɧɢɹ ɬɪɟɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɧɟ ɛɨɥɟɟ ɱɟɦ ɧɚ 0,1 ɦɥ, ɷɬɢ ɪɟɡɭɥɶɬɚɬɵ 

ɭɫɪɟɞɧɹɸɬ.  

Ɋɚɫɱɟɬ ɤɨɧɰɟɧɬɪɚɰɢɢ FeSO4 ɩɪɨɜɨɞɹɬ ɩɨ ɮɨɪɦɭɥɟ: 
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 , ɝɞɟ ɫ(KMnO4) – 



ȼɫɈɒ ɩɨ ɯɢɦɢɢ, III ɪɟɝɢɨɧɚɥɶɧɵɣ ɷɬɚɩ 
2014–2015 ɭɱɟɛɧɵɣ ɝɨɞ 

Зɚɞɚɧɢɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɬɭɪɚ 
 

20 
© ɐɉɆɄ ȼɫɈɒ ɩɨ ɯɢɦɢɢ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɬɢɪɚɧɬɚ, ɦɨɥɶ/ɥ; ɫ(K2Cr2O7) – ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɬɚɧɞɚɪɬɧɨɝɨ ɪɚɫɬɜɨɪɚ ɞɢɯɪɨɦɚɬɚ 

ɤɚɥɢɹ, ɦɨɥɶ/ɥ; V(KMnO4) – ɡɚɬɪɚɱɟɧɧɵɣ ɨɛɴɟɦ ɬɢɬɪɚɧɬɚ, ɦɥ; V(K2Cr2O7) – ɨɛɴɟɦ ɚɥɢɤɜɨɬɵ 

ɞɢɯɪɨɦɚɬɚ ɤɚɥɢɹ, ɦɥ; V(FeSO4) – ɨɛɴɟɦ ɚɥɢɤɜɨɬɵ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɪɚɫɬɜɨɪɚ, ɦɥ. 
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Дɟɜɹɬɵɣ ɤɥɚɫɫ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-1 (ɚɜɬɨɪɵ Ⱥɪɯɚɧɝɟɥɶɫɤɚя Ɉ. ȼ., Ⱦɨɥɠɟɧɤɨ ȼ.Ⱦ.) 

1. 2K + 2H2O = 2KOH + H2 

2Me + 2H2O = 2MeOH + H2  ɦɨɥɶ 122,0
298314,8

87,2105
)H( 2 


RT

PV
; 

ɦɨɥɶ 244,0122,02)ɦɟɬɚɥɥɨɜ(   

Ɇɫɪ.(ɫɩɥɚɜɚ) = 20 / 0,244 = 81,96 ɝ/ɦɨɥɶ.  

ɉɪɢɦɟɦ ɡɚ x ɦɨɥɶɧɭɸ ɞɨɥɸ ɤɚɥɢɹ, ɚ ɧɟɢɡɜɟɫɬɧɵɣ ɦɟɬɚɥɥ ɨɛɨɡɧɚɱɢɦ Ⱥ, ɬɨɝɞɚ:  

M(K) · ɯ + M(Ⱥ) · (1 – ɯ) = Ɇɫɪ,   ɨɬɤɭɞɚ   x = (M(A) – Mɫɪ) / (M(A) – M(K)) 

ɋɨɝɥɚɫɧɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɦɨɥɶɧɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɦɟɫɢ ɧɟ ɞɨɥɠɧɵ ɩɪɟɜɵɲɚɬɶ 

60%, ɫɥɟɞɨɜɚɬɟɥɶɧɨ,   0,4 < x < 0,6.  

ɬ.ɤ.  ɯ > 0,4   M(A) > Mɫɪ ɢ M(A) > M(K);  

ɬ.ɤ. Mɫɪ > M(K), ɜ ɫɥɭɱɚɟ M(A) < Mɫɪ ɢ M(A) < M(K), x > 1, ɱɟɝɨ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 

Ɋɟɲɢɦ ɧɟɪɚɜɟɧɫɬɜɚ: 

(M(A) – Mɫɪ) / (M(A) – M(K)) > 0,4, ɫɥɟɞɨɜɚɬɟɥɶɧɨ M(A) > (Mɫɪ – 0,4·M(K)) / 0,6 = 110,5 

(M(A) – Mɫɪ) / (M(A) – M(K)) < 0,6, ɫɥɟɞɨɜɚɬɟɥɶɧɨ M(A) < (Mɫɪ – 0,6·M(K)) / 0,4 = 146,3 

ɬɚɤɢɦ ɨɛɪɚɡɨɦ 110,5 < M(A) < 146,3.  Эɬɢɦ ɭɫɥɨɜɢɹɦ ɨɬɜɟɱɚɟɬ  ɐȿɁɂɃ. 

  Ʉ ɚɧɚɥɨɝɢɱɧɨɦɭ ɜɵɜɨɞɭ ɦɨɠɧɨ ɩɪɢɞɬɢ, ɪɭɤɨɜɨɞɫɬɜɭɹɫɶ ɫɥɟɞɭɸɳɢɦɢ ɫɨɨɛɪɚɠɟɧɢɹɦɢ: 

M(K) = 39,1 ɝ/ɦɨɥɶ, ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ M(A) ɞɪɭɝɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ 

81,96 ɝ/ɦɨɥɶ. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ Rb (M = 85,47 ɝ/ɦɨɥɶ) ɢɥɢ Cs (M = 132,91 ɝ/ɦɨɥɶ). 

Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ Rb ɛɥɢɡɤɚ ɤ Ɇɫɪ. ɢ ɟɝɨ ɞɨɥɹ ɞɨɥɠɧɚ ɛɵɬɶ ɛɨɥɶɲɟ 60%, ɱɬɨ 

ɩɪɨɬɢɜɨɪɟɱɢɬ ɭɫɥɨɜɢɸ. Ɂɧɚɱɢɬ, ɜɬɨɪɨɣ ɦɟɬɚɥɥ – ɐȿɁɂɃ. 

2. Ɇɨɥɶɧɚɹ ɞɨɥɹ Ʉ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: (K) = (M(Cs) – Mɫɪ) / (M(Cs) – M(K))=0,5431 

ω(K) = M(K) · ɯ / Ɇɫɪ · 100% = 25,9% ɢ  ω(Cs) = 100 – 25,9 = 74,1% 

Ɍɚɤɠɟ ɢɫɤɨɦɵɟ ɡɧɚɱɟɧɢɹ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɪɟɲɢɜ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ: 

M(K) · y + M(Cs) · (0,244 – y) = 20, ɝɞɟ y – ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ ɤɚɥɢɹ ɜ ɫɩɥɚɜɟ. 

y = (0,244·M(Cs) – 20) / (M(Cs) – M(K)) =  0,1325 ɦɨɥɶ ɤɚɥɢɹ,  

Ɇɨɥɶɧɚɹ ɞɨɥɹ ɤɚɥɢɹ ɫɨɫɬɚɜɥɹɟɬ (K) = (K) / ɨɛɳ = 54,3%, ɬ.ɟ. 0,4 < (K)  < 0,6,  

ɱɬɨ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ. 

m(Ʉ) = M(K) · y = 5,181 ɝ, ɚ ω(K) = m(Ʉ) / Ц(ɫɩɥɚɜɚ) · 100% = 25,9%  

3. Fe3O4 + 4H2 = 3Fe + 4H2O 

ν( Fe3O4) = ¼ν(H2) = 0,122/4 = 0,0305 ɦɨɥɶ 

m(Fe3O4) = 0,0305·231,5 = 7,06 ɝ 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

1. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ  ɦɟɬɚɥɥɨɜ ɫɩɥɚɜɚ ɫ ɜɨɞɨɣ  (ɭɪɚɜɧɟɧɢɹ 1 ɢ 2) 

     Ɋɚɫɱɟɬ ɱɢɫɥɚ ɦɨɥɟɣ ɜɨɞɨɪɨɞɚ 

     Ɋɚɫɱɟɬɵ ɢ ɨɛɨɫɧɨɜɚɧɢɟ ɬɨɝɨ, ɱɬɨ ɜɬɨɪɨɣ ɦɟɬɚɥɥ – ɰɟɡɢɣ 

2 ɛɚɥɥɚ 

3 ɛɚɥɥɚ 

6 ɛɚɥɥɨɜ 

2. Ɋɚɫɱɟɬ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɤɚɥɢɹ ɜ ɫɩɥɚɜɟ 3 ɛɚɥɥɚ 

3. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɨɤɫɢɞɚ ɠɟɥɟɡɚ ɫ ɜɨɞɨɪɨɞɨɦ 

Ɋɚɫɱɟɬ ɦɚɫɫɵ Fe3O4 

2 ɛɚɥɥ 

4 ɛɚɥɥɚ 

ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-2 (ɚɜɬɨɪɵ Ⱥ. Ⱥ. Ⱦɪɨɡɞɨɜ, Ɇ. ɇ. Ⱥɧɞɪɟɟɜ) 

1) ɋɟɪɟɛɪɢɫɬɨ-ɛɟɥɨɟ ɩɪɨɫɬɨɟ ɜɟɳɟɫɬɜɨ ɫɤɨɪɟɟ ɜɫɟɝɨ ɦɟɬɚɥɥ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɟɝɨ ɫɠɢɝɚɧɢɹ 

ɩɨɥɭɱɚɟɬɫɹ ɫɨɟɞɢɧɟɧɢɟ ɦɟɬɚɥɥɚ ɫ ɤɢɫɥɨɪɨɞɨɦ (Ȼ). ɉɪɨɞɭɤɬɨɦ ɪɚɫɬɜɨɪɟɧɢɹ ɜɟɳɟɫɬɜɚ Ȼ ɜ 

ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɟ ɹɜɥɹɟɬɫɹ ɫɨɥɶ ȼ – ɯɥɨɪɢɞ ɷɬɨɝɨ ɦɟɬɚɥɥɚ. ɂɡ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ 

ɪɚɫɬɜɨɪɚ ɫɨɥɢ ȼ ɨɛɪɚɡɭɟɬɫɹ ɨɫɚɞɨɤ Ƚ, ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɧɚɝɪɟɜɚɧɢɢ ɤɨɬɨɪɨɝɨ ɨɩɹɬɶ 

ɨɛɪɚɡɭɟɬɫɹ ɫɨɥɶ ȼ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ Ƚ – ɷɬɨ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬ ɧɟɢɡɜɟɫɬɧɨɣ ɫɨɥɢ ȼ. 

ɉɪɟɞɫɬɚɜɢɜ ɮɨɪɦɭɥɭ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚ ɤɚɤ ȼxH2O, ɩɨɥɭɱɚɟɦ 

18x / (18x + Ɇ(ȼ)) = 0,381 ɢɥɢ M(ȼ) = 29,24x.  

ɉɪɢ ɯ = 1, M(ȼ) = 29,24 ɝ/ɦɨɥɶ, ɱɬɨ ɦɟɧɶɲɟ ɚɬɨɦɧɨɣ ɦɚɫɫɵ ɯɥɨɪɚ.  

ɉɪɢ ɯ = 2, M(ȼ) = 58,5 ɝ/ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɥɹɪɧɨɣ ɦɚɫɫɟ NaCl. 

ɉɪɢ ɯ = 3, Ɇ(ȼ) = 87,7 ɝ/ɦɨɥɶ. ɋɨɥɶ ɦɨɠɟɬ ɫɨɞɟɪɠɚɬɶ ɨɞɢɧ ɚɬɨɦ ɯɥɨɪɚ, ɬɨɝɞɚ ɦɟɬɚɥɥ 

ɢɦɟɟɬ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ Ɇ = 52 ɝ/ɦɨɥɶ. Ɉɞɧɨɜɚɥɟɧɬɧɨɝɨ ɬɚɤɨɝɨ ɦɟɬɚɥɥɚ ɧɟɬ. Ⱦɥɹ ɞɜɭɯ ɚɬɨɦɨɜ 

ɯɥɨɪɚ ɜ ɫɨɫɬɚɜɟ ɫɨɥɢ ȼ ɩɨɥɭɱɚɟɦ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ ɦɟɬɚɥɥɚ M = 16,7 ɝ/ɦɨɥɶ. Ɍɚɤɨɝɨ ɦɟɬɚɥɥɚ 

ɧɟɬ. Ɍɪɢ ɚɬɨɦɚ ɯɥɨɪɚ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢ ɩɨɥɭɱɟɧɧɨɣ ɦɨɥɹɪɧɨɣ ɦɚɫɫɟ ȼ. 

ɋɟɪɟɛɪɢɫɬɨ-ɛɟɥɨɟ ɜɟɳɟɫɬɜɨ – ɦɟɬɚɥɥ ɧɚɬɪɢɣ. ɉɪɢ ɟɝɨ ɫɠɢɝɚɧɢɢ ɜ ɤɢɫɥɨɪɨɞɟ ɩɨɥɭɱɚɟɬɫɹ 

ɩɟɪɨɤɫɢɞ ɧɚɬɪɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Ⱥ – ɧɚɬɪɢɣ Na, Ȼ – ɩɟɪɨɤɫɢɞ ɧɚɬɪɢɹ Na2O2, ȼ – ɯɥɨɪɢɞ 

ɧɚɬɪɢɹ NaCl, Ƚ – ɞɢɝɢɞɪɚɬ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ NaCl·2H2O. 

ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ: 

1. 2Na + O2 = Na2O2 

2. Na2O2 + 2HCl = 2NaCl + H2O2 

3. NaCl2H2O = NaCl + 2H2O 

2) ȼ 100 ɝ ɧɚɫɵɳɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ NaCl ɩɪɢ 100 °C ɫɨɞɟɪɠɢɬɫɹ (100 · 40,6 / 140,6) = 28,9 ɝ 

ɫɨɥɢ. Ɇɚɫɫɚ ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ 100 − 28,9 = 71,1 ɝ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɧɚɫɵɳɟɧɧɨɝɨ ɩɪɢ 100 °C 

ɪɚɫɬɜɨɪɚ ɱɚɫɬɶ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɨɫɚɠɞɚɟɬɫɹ ɜ ɜɢɞɟ ɛɟɡɜɨɞɧɨɣ ɫɨɥɢ (ɞɨ 0 °C), ɩɨɫɤɨɥɶɤɭ 

ɞɢɝɢɞɪɚɬ ɥɟɝɤɨ ɪɚɡɥɚɝɚɟɬɫɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɞɨ 0 °C ɜ 71,1 ɝ ɜɨɞɵ 
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ɪɚɫɬɜɨɪɹɟɬɫɹ (35,9 · 71,1) / 100 = 25,5 ɝ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. ɉɭɫɬɶ ɢɡ ɪɚɫɬɜɨɪɚ ɜɵɞɟɥɢɬɫɹ x ɦɨɥɶ 

NaCl2H2O, ɬɨɝɞɚ 71,1 − 36ɯ – ɦɚɫɫɚ ɜɨɞɵ, ɨɫɬɚɜɲɚɹɫɹ ɜ ɪɚɫɬɜɨɪɟ ɩɪɢ −20 °C. Ɍɨɝɞɚ ɦɚɫɫɚ 

ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ, ɨɫɬɚɜɲɟɝɨɫɹ ɜ ɪɚɫɬɜɨɪɟ ɩɪɢ −20 °C, ɪɚɜɧɚ 25,5 − 58,5ɯ. ɋɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɟ 

ɧɚ ɨɫɧɨɜɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɩɪɢ −20 °C: 

30,4(71,1 − 36ɯ) / 100 = 25,5 − 58,5ɯ, 

ɨɬɤɭɞɚ ɯ = 0,082 ɦɨɥɶ, ɢɥɢ 7,75ɝ ɞɢɝɢɞɪɚɬɚ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

Ɉɩɪɟɞɟɥɟɧɢɟ Ⱥ, Ȼ, ȼ, Ƚ ɩɨ 2 ɛɚɥɥɚ 8 ɛɚɥɥɨɜ 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 3 ɩɨ 2 ɛɚɥɥɚ 6 ɛɚɥɥɨɜ 

Ɋɚɫɱɟɬ ɦɚɫɫɵ Ƚ 6 ɛɚɥɥɨɜ 

ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-3 (ɚɜɬɨɪɵ Ⱥ. Ⱥ. Ⱦɪɨɡɞɨɜ, Ɇ. ɇ. Ⱥɧɞɪɟɟɜ) 

1. Ȼɟɫɰɜɟɬɧɵɣ, ɛɟɡ ɡɚɩɚɯɚ ɝɚɡ, ɜɵɞɟɥɹɸɳɢɣɫɹ ɩɪɢ ɬɟɪɦɢɱɟɫɤɨɦ ɪɚɡɥɨɠɟɧɢɢ ɩɨɪɨɲɤɚ ɢ 

ɨɤɢɫɥɹɸɳɢɣ ɦɚɝɧɢɣ – ɤɢɫɥɨɪɨɞ. 

2Mg + O2 = 2MgO 

n(Mg) = 10,8 / 24 = 0,45 ɦɨɥɶ, ɡɧɚɱɢɬ n(O2) = 0,225 ɦɨɥɶ. 

Ȼɟɥɵɣ ɬɜɨɪɨɠɢɫɬɵɣ ɨɫɚɞɨɤ, ɩɨɥɭɱɚɸɳɢɣɫɹ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɢɬɪɚɬɚ ɫɟɪɟɛɪɚ – ɷɬɨ AgCl, 

ɟɝɨ n = 21,5 / 143,5 = 0,15 ɦɨɥɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɫɨɫɬɚɜ ɫɟɪɨɝɨ ɩɨɪɨɲɤɚ ɜɯɨɞɢɬ ɫɨɥɶ, 

ɫɨɞɟɪɠɚɳɚɹ ɧɟɢɡɜɟɫɬɧɵɣ ɦɟɬɚɥɥ, ɯɥɨɪ ɢ ɤɢɫɥɨɪɨɞ, ɤɨɬɨɪɭɸ ɨɛɨɡɧɚɱɢɦ ɤɚɤ MCХOx. 

ɉɨɥɭɱɚɟɦ n(Cl) : n(O2) = 0,15 : 0,225 = 1 : 1,5.  

ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɵɞɟɥɟɧɢɟ ɝɚɡɚ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɪɟɚɤɰɢɢ 

MClOx = MCl + (x/2)O2, Ɍɨɝɞɚ 1 : 0,5x = 1 : 1,5; ɨɬɤɭɞɚ x = 3. 

Ɋɚɡɥɨɠɟɧɢɸ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɯɥɨɪɚɬ. ɏɥɨɪɚɬɵ ɳɟɥɨɱɧɵɯ ɦɟɬɚɥɥɨɜ – ɛɟɥɵɟ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ ɩɨɪɨɲɤɢ. ɉɨ ɭɫɥɨɜɢɸ, ɪɚɡɥɨɠɟɧɢɟ ɩɪɨɲɥɨ ɤɨɥɢɱɟɫɬɜɟɧɧɨ, ɡɧɚɱɢɬ, ɜ ɫɦɟɫɢ 

ɛɵɥ ɤɚɬɚɥɢɡɚɬɨɪ. ɂɫɯɨɞɧɵɣ ɫɟɪɵɣ ɩɨɪɨɲɨɤ – ɫɦɟɫɶ, ɫɨɞɟɪɠɚɳɚɹ ɩɨɦɢɦɨ ɯɥɨɪɚɬɚ ɟɳɟ ɢ 

ɤɚɬɚɥɢɡɚɬɨɪ. Ɉɫɬɚɜɲɢɣɫɹ ɬɟɦɧɵɣ ɨɫɚɞɨɤ – ɷɬɨ ɢ ɟɫɬɶ ɤɚɬɚɥɢɡɚɬɨɪ, MnO2. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɦɚɫɫɚ MClO3 ɪɚɜɧɚ 18 − 2 = 16 ɝ. 

ɋɟɪɵɣ ɩɨɪɨɲɨɤ –ɫɦɟɫɶ ɯɥɨɪɚɬɚ ɧɚɬɪɢɹ ɢ ɤɚɬɚɥɢɡɚɬɨɪɚ MЧO2. 

n(MClO3) = 16/(M + 35,5 + 48) = 0,15 ɦɨɥɶ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ M = 23,1 . Эɬɨ ɧɚɬɪɢɣ. 

2. 2NaClO3 = 2NaCl + 3O2 (ɤɚɬɚɥɢɡɚɬɨɪ MnO2) 

3. NaCl + AgNO3 = AРCХĻ + NaNO3 

2. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɫɟɪɨɝɨ ɩɨɪɨɲɤɚ ɪɚɫɬɜɨɪɨɦ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɵ ɛɭɞɭɬ ɩɪɨɬɟɤɚɬɶ ɪɟɚɤɰɢɢ: 

4. NaClO3 + 6HCl = NaCl + 3Cl2 + 3H2O 
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5. MnO2 + 4HCl = MnCl2 + Cl2 + 2H2O (ɜɵɞɟɥɟɧɢɟ ɝɚɡɚ) 

6. CsCl + NaClO3 = CsClO3 + NaCl (ɜɵɩɚɞɟɧɢɟ ɛɟɥɨɝɨ ɨɫɚɞɤɚ) 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

ɨɩɪɟɞɟɥɟɧɢɟ n(O2) 2 ɛɚɥɥɚ 

ɨɩɪɟɞɟɥɟɧɢɟ n(Cl) 2 ɛɚɥɥɚ 

ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɜ ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ ɯɥɨɪɚɬ 4 ɛɚɥɥɚ 

ɧɚɯɨɠɞɟɧɢɟ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ ɯɥɨɪɚɬɚ 3 ɛɚɥɥɚ 

ɧɚɩɢɫɚɧɢɟ ɪɟɚɤɰɢɣ (ɪɚɡɥɨɠɟɧɢɟ ɯɥɨɪɚɬɚ, ɝɨɪɟɧɢɟ ɦɚɝɧɢɹ,  
ɪɟɚɤɰɢɹ ɫ ɧɢɬɪɚɬɨɦ ɫɟɪɟɛɪɚ) 3 ɛɚɥɥɚ 

ɧɚɩɢɫɚɧɢɟ ɪɟɚɤɰɢɣ ɫ ɫɨɥɹɧɨɣ ɤɢɫɥɨɬɨɣ – 2 ɪɟɚɤɰɢɢ ɩɨ 2 ɛɚɥɥɚ 4 ɛɚɥɥɚ 

ɧɚɩɢɫɚɧɢɟ ɪɟɚɤɰɢɣ ɫ ɯɥɨɪɢɞɨɦ ɰɟɡɢɹ 2 ɛɚɥɥɚ 

ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-4 (ɚɜɬɨɪɵ Ɇɚɫɨɭɞ ɋ., Ⱥɩяɪɢ ȼ.) 

1. ɂɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɡɚɞɚɱɢ, ɫɨɞɵ – ɷɬɨ ɧɚɬɪɢɟɜɵɟ ɫɨɥɢ ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ ɢ ɢɯ 

ɝɢɞɪɚɬɵ, ɚ ɬɚɤɠɟ ɝɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɢɡ ɨɤɫɢɞɚ ɧɚɬɪɢɹ ɢ ɜɨɞɵ. 

Ɏɨɪɦɭɥɵ ɢ ɧɚɡɜɚɧɢɹ ɱɟɬɵɪɟɯ ɜɟɳɟɫɬɜ, ɨɬɜɟɱɚɸɳɢɯ ɢɡɜɟɫɬɧɵɦ ɫɨɞɚɦ, ɚ ɬɚɤɠɟ ɧɚɡɜɚɧɢɹ 

ɫɚɦɢɯ ɫɨɞ ɫɥɟɞɭɸɳɢɟ: 

NaHCO3 – ɝɢɞɪɨɤɚɪɛɨɧɚɬ ɧɚɬɪɢɹ; ɩɢɳɟɜɚɹ ɢɥɢ ɩɢɬɶɟɜɚɹ ɫɨɞɚ 

Na2CO3 – ɤɚɪɛɨɧɚɬ ɧɚɬɪɢɹ; ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɚɹ ɫɨɞɚ 

Na2CO3·xH2O – ɝɢɞɪɚɬ ɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ; ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɨɞɚ (ɉɪɢɦɟɱɚɧɢɟ: 

ɞɨɩɭɫɤɚɟɬɫɹ ɧɚɩɢɫɚɧɢɟ ɥɸɛɨɝɨ ɤɨɧɤɪɟɬɧɨɝɨ ɝɢɞɪɚɬɚ: Na2CO3·10H2O, Na2CO3·7H2O ɢɥɢ 

Na2CO3·H2O) 

NaOH – ɝɢɞɪɨɤɫɢɞ ɧɚɬɪɢɹ; ɤɚɭɫɬɢɱɟɫɤɚɹ ɫɨɞɚ 

2. ɪɇ ɪɚɫɬɜɨɪɚ ɬɟɦ ɜɵɲɟ, ɱɟɦ ɛɨɥɶɲɟ ɜ ɧɟɦ ɛɭɞɟɬ ɤɨɧɰɟɧɬɪɚɰɢɹ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɨɜ, 

ɤɨɬɨɪɚɹ ɡɚɜɢɫɢɬ ɨɬ ɫɤɥɨɧɧɨɫɬɢ ɚɧɢɨɧɚ ɤ ɝɢɞɪɨɥɢɡɭ (ɟɝɨ ɨɫɧɨɜɧɵɯ ɫɜɨɣɫɬɜ) ɢ, ɩɪɢ ɩɪɨɱɢɯ 

ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ, ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɢɨɧɚ. ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɜɟɳɟɫɬɜ ɧɚɢɦɟɧɶɲɢɦɢ 

ɨɫɧɨɜɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɝɢɞɪɨɤɚɪɛɨɧɚɬ ɧɚɬɪɢɹ. ɉɪɢ ɪɚɜɧɵɯ ɦɚɫɫɨɜɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ Na2CO3 ɢ Na2CO3·xH2O ɦɨɥɹɪɧɨɫɬɶ ɪɚɫɬɜɨɪɚ ɩɟɪɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɛɭɞɟɬ 

ɛɨɥɶɲɟ (ɩɨɫɤɨɥɶɤɭ ɨɧɨ ɢɦɟɟɬ ɦɟɧɶɲɭɸ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ), ɩɨɷɬɨɦɭ ɪɇ ɟɝɨ ɪɚɫɬɜɨɪɚ ɛɭɞɟɬ 

ɜɵɲɟ. ɇɚɤɨɧɟɰ, ɫɚɦɵɦ ɫɢɥɶɧɵɦ ɨɫɧɨɜɚɧɢɟɦ ɹɜɥɹɟɬɫɹ NaOH, ɩɪɢ ɷɬɨɦ ɦɨɥɹɪɧɨɫɬɶ ɟɝɨ 

ɪɚɫɬɜɨɪɚ ɛɭɞɟɬ ɟɳɟ ɛɨɥɶɲɟ, ɩɨɫɤɨɥɶɤɭ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ NaOH ɦɟɧɶɲɟ, ɱɟɦ Na2CO3. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɢɣ ɪɹɞ: 
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NaHCO3 < Na2CO3·xH2O < Na2CO3 < NaOH 

3. ɋ ɦɟɬɢɥɨɜɵɦ ɨɪɚɧɠɟɜɵɦ: 

NaHCO3 + HCХ ĺ NКCХ + CO2 + H2O 

Na2CO3 + 2HCХ ĺ 2NКCХ + CO2 + H2O 

NКOH + HCХ ĺ NКCХ + H2O 

ɋ ɮɟɧɨɥɮɬɚɥɟɢɧɨɦ: 

Na2CO3 + HCХ ĺ NКCХ + NКHCO3 

NaOH + HCl ĺ NКCХ + H2O 

4. ɋɪɚɜɧɢɦ ɨɛɴɟɦɵ ɬɢɬɪɚɧɬɚ, ɡɚɬɪɚɱɟɧɧɵɟ ɧɚ ɬɢɬɪɨɜɚɧɢɟ ɤɚɠɞɨɣ ɫɦɟɫɢ ɫ ɦɟɬɢɥɨɜɵɦ 

ɨɪɚɧɠɟɜɵɦ (VɆɈ) ɢ ɫ ɮɟɧɨɥɮɬɚɥɟɢɧɨɦ (VɎɎ). ɉɨɫɤɨɥɶɤɭ ɧɢ ɜ ɨɞɧɨɦ ɫɥɭɱɚɟ ɧɟ ɢɦɟɟɦ 

ɪɚɜɟɧɫɬɜɚ VɆɈ = 2VɎɎ (ɤɨɬɨɪɨɟ ɜɵɩɨɥɧɹɥɨɫɶ ɛɵ ɩɪɢ ɬɢɬɪɨɜɚɧɢɢ ɪɚɫɬɜɨɪɚ, ɫɨɞɟɪɠɚɳɟɝɨ 

ɬɨɥɶɤɨ ɤɚɪɛɨɧɚɬ), ɬɨ ɧɟɬ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ Na2CO3 ɢ Na2CO3·xH2O. Ⱥ ɬɚɤ ɤɚɤ ɩɨ ɭɫɥɨɜɢɸ 

ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɫɟ 4 ɤɨɦɩɨɧɟɧɬɚ ɜ ɫɦɟɫɹɯ ɪɚɡɥɢɱɧɵ, ɬɨ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɬ ɢ ɫɦɟɫɢ, ɫɨɫɬɨɹɳɟɣ 

ɢɡ NaHCO3 ɢ NaOH. Ɂɧɚɱɢɬ, ɨɞɧɢɦ ɢɡ ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɤ ɫɦɟɫɢ 1, ɬɚɤ ɢ ɫɦɟɫɢ 2 ɹɜɥɹɟɬɫɹ 

ɤɚɪɛɨɧɚɬ ɧɚɬɪɢɹ ɢɥɢ ɟɝɨ ɝɢɞɪɚɬ. ɑɬɨ ɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɬɨɪɨɣ ɤɨɦɩɨɧɟɧɬ ɫɦɟɫɢ 1 ɢ 

ɫɦɟɫɢ 2? 

Ʉɚɤ ɛɵɥɨ ɫɤɚɡɚɧɨ ɜɵɲɟ, ɩɪɢ ɬɢɬɪɨɜɚɧɢɢ ɬɨɥɶɤɨ ɤɚɪɛɨɧɚɬɚ ɧɚɬɪɢɹ ɜɵɩɨɥɧɹɟɬɫɹ 

ɫɨɨɬɧɨɲɟɧɢɟ: VɆɈ = 2VɎɎ ɢɥɢ, ɱɬɨ ɬɨ ɠɟ ɫɚɦɨɟ, VɎɎ = VɆɈ − VɎɎ. ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɥɟɜɚɹ 

ɱɚɫɬɶ ɨɬɜɟɱɚɟɬ ɨɛɴɟɦɭ ɬɢɬɪɚɧɬɚ, ɩɨɲɟɞɲɟɦɭ ɧɚ ɬɢɬɪɨɜɚɧɢɟ ɤɚɪɛɨɧɚɬɚ ɞɨ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ, ɚ 

ɩɪɚɜɚɹ – ɨɛɴɟɦɭ ɬɢɬɪɚɧɬɚ, ɩɨɲɟɞɲɟɦɭ ɧɚ ɬɢɬɪɨɜɚɧɢɟ ɝɢɞɪɨɤɚɪɛɨɧɚɬɚ ɞɨ ɭɝɨɥɶɧɨɣ ɤɢɫɥɨɬɵ. 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɟɫɥɢ ɩɨɦɢɦɨ ɤɚɪɛɨɧɚɬɚ ɜ ɫɦɟɫɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɝɢɞɪɨɤɚɪɛɨɧɚɬ, ɬɨ ɛɭɞɟɦ ɢɦɟɬɶ 

ɧɟɪɚɜɟɧɫɬɜɨ VɎɎ < VɆɈ − VɎɎ, ɚ ɟɫɥɢ ɜ ɫɦɟɫɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɝɢɞɪɨɤɫɢɞ, ɤɨɬɨɪɵɣ ɜɦɟɫɬɟ ɫ 

ɤɚɪɛɨɧɚɬɨɦ ɬɢɬɪɭɟɬɫɹ ɩɨ ɮɟɧɨɥɮɬɚɥɟɢɧɭ, ɬɨ ɛɭɞɟɬ ɜɟɪɧɨ ɨɛɪɚɬɧɨɟ: VɎɎ > VɆɈ − VɎɎ. 

ɋɪɚɜɧɢɜɚɹ ɨɛɴɟɦɵ ɬɢɬɪɚɧɬɚ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɭɫɥɨɜɢɢ ɡɚɞɚɱɢ, ɩɪɢɯɨɞɢɦ ɤ ɜɵɜɨɞɭ, ɱɬɨ ɜ ɫɦɟɫɢ 

1 ɩɪɢɫɭɬɫɬɜɭɟɬ NaOH, ɚ ɜ ɫɦɟɫɢ 2 – NaHCO3. 

Ɉɫɬɚɟɬɫɹ ɜɵɹɫɧɢɬɶ, ɜ ɤɚɤɨɣ ɫɦɟɫɢ ɫɨɞɟɪɠɢɬɫɹ ɫɚɦ ɤɚɪɛɨɧɚɬ ɧɚɬɪɢɹ, ɚ ɜ ɤɚɤɨɣ – ɟɝɨ 

ɝɢɞɪɚɬ. ɑɬɨɛɵ ɷɬɨ ɫɞɟɥɚɬɶ, ɨɛɨɡɧɚɱɢɦ ɤɨɦɩɨɧɟɧɬ ɫɦɟɫɢ 1 ɡɚ X1, ɚ ɤɨɦɩɨɧɟɧɬ ɫɦɟɫɢ 2 – ɡɚ ɏ2. 

Ɍɨɝɞɚ, ɟɫɥɢ ɤɨɧɰɟɧɬɪɚɰɢɸ HCl (ɦɨɥɶ/ɥ) ɩɪɢɧɹɬɶ ɪɚɜɧɨɣ ɫ (ɬɨɱɧɚɹ ɜɟɥɢɱɢɧɚ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟ 

ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ, ɬɚɤ ɤɚɤ ɢɡ ɪɚɫɱɟɬɨɜ ɜɢɞɧɨ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɹ ɫɨɤɪɚɳɚɟɬɫɹ), ɬɨ: 











c

c

c

c

5,1)X(

13)NaHCO()X(2

7,10)NaOH()X(

13)NaOH()X(2

2

32

1

1

, ɝɞɟ ν – ɤɨɥɢɱɟɫɬɜɨ ɜɟɳɟɫɬɜɚ (ɦɦɨɥɶ). 

Ɉɬɫɸɞɚ ɧɚɯɨɞɢɦ: ν(X1) = 2,3c; ν(NaOH) = 8,4c; ν(X2) = 1,5c; ν(NaHCO3) = 10c. Ɍɨɝɞɚ 
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ɦɚɫɫɵ ɫɦɟɫɟɣ (ɦɝ) ɜɵɪɚɡɹɬɫɹ ɤɚɤ: m1 = M(X1)·2,3c + 40·8,4c, m2 = M(X2)·1,5c + 84·10c. 

ɉɨɫɤɨɥɶɤɭ ɩɨ ɭɫɥɨɜɢɸ m1 = m2, ɩɪɢɪɚɜɧɹɟɦ ɩɪɚɜɵɟ ɱɚɫɬɢ ɷɬɢɯ ɜɵɪɚɠɟɧɢɣ ɢ ɩɨɫɥɟ 

ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ: 2,3M(X1) = 1,5M(X2) + 504. ȿɫɥɢ ɩɪɢɧɹɬɶ ɏ2 = Na2CO3 

(M(X2) = 106), ɬɨ ɩɨɥɭɱɢɦ M(X1) = 288, ɱɬɨ ɛɥɢɡɤɨ ɤ ɦɨɥɹɪɧɨɣ ɦɚɫɫɟ ɞɟɤɚɝɢɞɪɚɬɚ ɤɚɪɛɨɧɚɬɚ 

ɧɚɬɪɢɹ Na2CO3·10H2O. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɫɦɟɫɢ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɤɚɱɟɫɬɜɟɧɧɵɣ ɫɨɫɬɚɜ:  

1) NaOH + Na2CO3·10H2O;  2) NaHCO3 + Na2CO3. 

ȼɵɱɢɫɥɢɦ ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɨɜ: 

1) 
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)NaOH(

232 



cc

c

  ɋɦɟɫɶ I 

2) 

% 9,15)CONa(

%, 1,84%100
10845,1106

1084
)NaHCO(
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c

 ɋɦɟɫɶ II 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

ɮɨɪɦɭɥɵ ɜɟɳɟɫɬɜ – 4 ɩɨ 0,5 ɛɚɥɥɚ 2 ɛɚɥɥɚ 

ɧɚɡɜɚɧɢɹ ɜɟɳɟɫɬɜ – 4 ɩɨ 0,5 ɛɚɥɥɚ 2 ɛɚɥɥɚ 

ɧɚɡɜɚɧɢɹ ɫɨɞ – 4 ɩɨ 0,5 ɛɚɥɥɚ 2 ɛɚɥɥɚ 

ɤɚɠɞɚɹ ɩɪɚɜɢɥɶɧɨ ɭɩɨɪɹɞɨɱɟɧɧɚɹ (ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ ɪɇ) ɩɚɪɚ ɫɨɫɟɞɧɢɯ 

ɱɥɟɧɨɜ ɪɹɞɚ – ɩɨ 0,5 ɛɚɥɥɚ 

1,5 ɛɚɥɥɚ 

 ɤɚɠɞɨɟ ɭɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ – 5 ɩɨ 0,5 ɛɚɥɥɚ 2,5 ɛɚɥɥɚ 

ɤɚɠɞɵɣ ɩɪɚɜɢɥɶɧɨ ɨɬɧɟɫɟɧɧɵɣ ɤɨɦɩɨɧɟɧɬ ɫɦɟɫɢ – 4 ɩɨ 1,5 ɛɚɥɥɚ 6 ɛɚɥɥɨɜ 

ɪɚɫɱɟɬ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɤɨɦɩɨɧɟɧɬɚ – 4 ɩɨ 1 ɛɚɥɥɭ 4 ɛɚɥɥɚ 

ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 9-5 (ɚɜɬɨɪɵ Ʉɚɪɝɨɜ ɋ. ɂ., ȿɪёɦɢɧ ȼ. ȼ.) 

1) ɍɪɚɜɧɟɧɢɹ ɫɝɨɪɚɧɢɹ ɭɝɥɟɜɨɞɨɪɨɞɨɜ ɜ ɤɢɫɥɨɪɨɞɟ: 

CH4 + 2 O2 = CO2 + 2 H2O 

C2H6 + 3,5 O2 = 2 CO2 + 3 H2O (ɢɥɢ 2 C2H6 + 7 O2 = 4 CO2 + 6 H2O) 

C3H8 + 5 O2 = 3 CO2 + 4 H2O 

C4H10 + 6,5 O2 = 4 CO2 + 5 H2O (ɢɥɢ 2 C4H10 + 13 O2 = 8 CO2 + 10 H2O) 

2) Ɍɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɧɚ 1 ɝɪɚɦɦ ɭɝɥɟɜɨɞɨɪɨɞɚ: 

 Q1 = 800 ɤȾɠ/ɦɨɥɶ / 16 ɝ/ɦɨɥɶ = 50 ɤȾɠ/ɝ 

 Q2 = 1500 ɤȾɠ/ɦɨɥɶ / 30 ɝ/ɦɨɥɶ = 50 ɤȾɠ/ɝ 

 Q3 = 2200 ɤȾɠ/ɦɨɥɶ / 44 ɝ/ɦɨɥɶ = 50 ɤȾɠ/ɝ 

 Q4 = 2900 ɤȾɠ/ɦɨɥɶ / 58 ɝ/ɦɨɥɶ = 50 ɤȾɠ/ɝ 

3) Ƚɪɚɮɢɤɢ: 
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Чиɫɥɨ аɬɨɦɨɜ ɭɝɥɟɪɨɞа
 

Ɇɨɥɹɪɧɵɟ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɚɥɤɚɧɨɜ ɥɢɧɟɣɧɨ ɡɚɜɢɫɹɬ ɨɬ ɱɢɫɥɚ ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɜ 

ɦɨɥɟɤɭɥɟ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɚɬɨɦɨɜ ɧɚ 1 ɬɟɩɥɨɬɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ 700 ɤȾɠ/ɦɨɥɶ. 

ɍɪɚɜɧɟɧɢɟ: 

Qɫɝɨɪ(n) = 100 + 700n (ɤȾɠ/ɦɨɥɶ). 

Ɉɛɴɹɫɧɟɧɢɟ: ɤɚɠɞɚɹ ɩɨɫɥɟɞɭɸɳɚɹ ɦɨɥɟɤɭɥɚ ɚɥɤɚɧɚ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɟɞɵɞɭɳɟɣ ɧɚ 

ɝɪɭɩɩɭ CH2, ɢ ɤɚɠɞɚɹ ɬɚɤɚɹ ɝɪɭɩɩɚ ɜɧɨɫɢɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨɜɵɣ ɜɤɥɚɞ ɜ ɬɟɩɥɨɬɭ 

ɫɝɨɪɚɧɢɹ. 

ɍɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɚɥɤɚɧɨɜ ɜ ɩɪɟɞɟɥɚɯ ɬɨɱɧɨɫɬɢ ɞɚɧɧɵɯ ɩɨɫɬɨɹɧɧɚ ɢ 

ɫɨɫɬɚɜɥɹɟɬ 50 ɤȾɠ/ɝ. ɍɪɚɜɧɟɧɢɟ: 

Qɭɞɟɥɶɧ = 50 ɤȾɠ/ɝ. 

4) ɇɚɣɞɟɦ ɦɨɥɹɪɧɭɸ ɬɟɩɥɨɬɭ ɫɝɨɪɚɧɢɹ ɧɟɢɡɜɟɫɬɧɨɝɨ ɚɥɤɚɧɚ: 

 (CnH2n+2) = PV / RT = 101,34,1 / (8,314333) = 0,15 ɦɨɥɶ 

 Qɫɝɨɪ = 540 / 0,15 = 3600 ɤȾɠ/ɦɨɥɶ 
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 100 + 700n = 3600 

 n = 5, ɮɨɪɦɭɥɚ ɚɥɤɚɧɚ – C5H12 (ɩɟɧɬɚɧ). 

5) ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɨɣ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ, ɬɟɩɥɨɬɚ ɫɝɨɪɚɧɢɹ ɞɥɹ ɧɭɥɟɜɨɝɨ ɱɢɫɥɚ 

ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ ɪɚɜɧɚ 

 Q(0) = Q(1) − 700 = 100 ɤȾɠ/ɦɨɥɶ. 

ɉɨɥɭɱɟɧɧɨɟ ɨɰɟɧɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɝɨɪɚɧɢɸ ɜɨɞɨɪɨɞɚ, ɩɨɫɤɨɥɶɤɭ  

ɟɫɥɢ ɜɵɱɟɫɬɶ ɢɡ CH4 ɝɪɭɩɩɭ CH2, ɬɨ ɩɨɥɭɱɢɬɫɹ H2. 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

1. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ – ɩɨ 1 ɛɚɥɥɭ ɡɚ ɤɚɠɞɨɟ ɩɪɚɜɢɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 4 ɛɚɥɥɚ 

2. Ɍɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ ɧɚ 1 ɝ – ɩɨ 1 ɛɚɥɥɭ ɡɚ ɤɚɠɞɨɟ ɩɪɚɜɢɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 4 ɛɚɥɥɚ 

3. ɉɪɚɜɢɥɶɧɵɣ ɝɪɚɮɢɤ – ɩɨ 2 ɛɚɥɥɚ, 
8 ɛɚɥɥɨɜ 

 ɡɚ ɤɚɠɞɨɟ ɩɪɚɜɢɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ – ɩɨ 2 ɛɚɥɥɚ 

4. Ɂɚ ɩɪɚɜɢɥɶɧɵɣ ɪɚɫɱёɬ ɬɟɩɥɨɬɵ ɫɝɨɪɚɧɢɹ– 1 ɛɚɥɥ, 
2 ɛɚɥɥɚ 

 ɡɚ ɩɪɚɜɢɥɶɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɮɨɪɦɭɥɵ ɚɥɤɚɧɚ – 1 ɛɚɥɥ 

5. Ɂɚ ɩɪɚɜɢɥɶɧɨɟ ɡɧɚɱɟɧɢɟ – 1 ɛɚɥɥ 
2 ɛɚɥɥɚ 

 ɡɚ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ ɧɚ ɜɨɩɪɨɫ – 1 ɛɚɥɥ 

 ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 
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Дɟɫɹɬɵɣ ɤɥɚɫɫ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-1 (ɚɜɬɨɪ Ⱦɨɥɠɟɧɤɨ ȼ. Ⱦ.) 

1. ȼɟɳɟɫɬɜɨ B ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɪɨɫɬɨɝɨ ɜɟɳɟɫɬɜɚ Е c Mg, ɬ. ɟ. ɢɦɟɟɬ 

ɫɨɫɬɚɜ MgxE, ɞɚɥɟɟ ɷɬɨ ɜɟɳɟɫɬɜɨ ɪɟɚɝɢɪɭɟɬ ɫ ɤɢɫɥɨɬɨɣ ɩɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ ɝɚɡ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɝɚɡ Ⱥ ɨɛɪɚɡɨɜɚɧ ɷɥɟɦɟɧɬɨɦ E ɢ ɜɨɞɨɪɨɞɨɦ (MgxE + 2xHCl = xMgCl2 + H2xE). ɂɡ 

ɩɥɨɬɧɨɫɬɢ ɝɚɡɚ ɩɪɢ ɧ. ɭ. ɜɵɱɢɫɥɹɟɦ ɟɝɨ ɦɨɥɹɪɧɭɸ ɦɚɫɫɭ: M = d · VM = 1,4323 · 22,4 = 

32,08 ɝ/ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ SiH4, ɩɨ ɦɨɥɹɪɧɨɣ ɦɚɫɫɟ ɩɨɞɯɨɞɢɬ ɬɚɤɠɟ N2H4, ɨɞɧɚɤɨ ɜ ɫɢɥɭ 

ɨɫɧɨɜɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɷɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɧɨ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɞɟɣɫɬɜɢɟɦ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɵ. 

D ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ A ɫ ɤɢɫɥɨɪɨɞɨɦ, ɢɡ ɱɟɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ D ɫɤɨɪɟɟ ɜɫɟɝɨ 

ɹɜɥɹɟɬɫɹ ɨɤɫɢɞɨɦ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ D ɫ F2, ɨɛɪɚɡɭɟɬɫɹ ɮɬɨɪɢɞ ɢɥɢ ɨɤɫɨɮɬɨɪɢɞ (ɬ. ɤ. D ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ O2), ɟɝɨ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ: M = d · VM = 4,647 · 22,4 = 104,09 ɝ/ɦɨɥɶ. Ȼɥɢɡɤɢɟ 

ɦɨɥɹɪɧɵɟ ɦɚɫɫɵ ɢɦɟɸɬ RbF, ZnF2, SiF4,POF3. Ɉɞɧɚɤɨ RbF, ZnF2 – ɬɜɟɪɞɵɟ ɫɨɟɞɢɧɟɧɢɹ ɜ ɫɢɥɭ 

ɢɨɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ ɫɜɹɡɢ. POF3 ɧɟ ɩɨɞɯɨɞɢɬ, ɬ. ɤ. ɜ ɷɬɨɦ ɫɥɭɱɚɟ E – ɮɨɫɮɨɪ, ȼ – ɮɨɫɮɢɞ 

ɦɚɝɧɢɹ, A – ɮɨɫɮɢɧ, ɚ D – HPO3, ɷɬɨ ɜɹɡɤɚɹ ɝɢɝɪɨɫɤɨɩɢɱɧɚɹ ɠɢɞɤɨɫɬɶ ɧɟ ɦɨɠɟɬ ɜɯɨɞɢɬɶ ɜ 

ɫɨɫɬɚɜ ɝɨɪɧɵɯ ɩɨɪɨɞ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɥɟɦɟɧɬ E – ɤɪɟɦɧɢɣ, B – Mg2Si, A – SiH4, D – SiO2, C – SiF4. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ Si c ɯɥɨɪɨɦ ɨɛɪɚɡɭɟɬɫɹ ɯɥɨɪɢɞ SiCl4 (L). Ʉɪɟɦɧɢɣ ɪɟɚɝɢɪɭɟɬ ɫ 

ɳɟɥɨɱɚɦɢ ɫ ɜɵɞɟɥɟɧɢɟɦ ɜɨɞɨɪɨɞɚ ɢ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɢɥɢɤɚɬɚ (I). «Ʉɪɟɦɧɢɟɜɚɹ ɤɢɫɥɨɬɚ» ɨɱɟɧɶ 

ɫɥɚɛɚɹ ɢ ɥɟɝɤɨ ɜɵɬɟɫɧɹɟɬɫɹ ɢɡ ɫɨɥɟɣ ɜ ɜɢɞɟ SiO2·xH2O (H). ɋɪɨɞɫɬɜɨ ɤɪɟɦɧɢɹ ɤ ɮɬɨɪɭ ɜɟɥɢɤɨ 

ɢ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɣ ɨɤɫɢɞ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɝɟɤɫɚɮɬɨɪɤɪɟɦɧɢɟɜɨɣ ɤɢɫɥɨɬɵ H2SiF6 (G). 

A B C D E L G H I 

SiH4 Mg2Si SiF4 SiO2 Si SiCl4 H2SiF6(p-p) SiO2·xH2O Na2SiO3 

 

ɍɪɚɜɧɟɧɢя ɪɟɚɤɰɢɣ: 

1) Mg2Si + 4HCl = SiH4 + 2MgCl2 

2) SiH4 + 2O2 = SiO2 + 2H2O 

3) Si + 2Mg = Mg2Si 

4) SiO2 + 2F2 = SiF4 + O2  

(ɜ ɯɨɞɟ ɷɬɨɣ ɪɟɚɤɰɢɢ ɜɵɞɟɥɹɟɬɫɹ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɷɬɨɦɭ OF2 ɜ ɭɫɥɨɜɢɹɯ 

ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɬɶɫɹ ɧɟ ɦɨɠɟɬ, ɬ. ɤ. ɬɟɪɦɢɱɟɫɤɢ ɧɟɭɫɬɨɣɱɢɜ) 

5) SiO2 + 2Mg = Si + 2MgO 
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6) Si + 2Cl2 = SiCl4 

7) SiF4 + 2HF(p-p) = H2SiF6(p-p) 

8) Si + 2NaOH + H2O = Na2SiO3 + 2H2 

9) Na2SiO3 + 2HCl + (x − 1)H2O = SiO2·xH2O + 2NaCl  

(SiO2, H2SiO3 ɢɥɢ H4SiO4 – ɧɟɜɟɪɧɨ, ɬ. ɤ. ɜ ɭɫɥɨɜɢɹɯ ɪɟɚɤɰɢɢ ɨɛɪɚɡɭɟɬɫɹ ɫɦɟɫɶ 

ɩɨɥɢɤɪɟɦɧɢɟɜɵɯ ɤɢɫɥɨɬ) 

10) SiO2·xH2O + 6HF(p-p) = H2SiF6(p-p) + (x + 2)H2O 

11) SiO2·xH2O = SiO2 + xH2O(ɝɚɡ) 

ɋɯɟɦɚ ɩɪɟɜɪɚɳɟɧɢɣ: 

 

2. Ɇɢɧɟɪɚɥɵ ɢɦɟɸɳɢɟ ɫɨɫɬɚɜ SiO2 – ɤɜɚɪɰ, ɤɪɢɫɬɨɛɚɥɢɬ, ɫɬɪɢɲɨɜɢɬ, ɬɪɢɞɢɦɢɬ, ɤɨɷɫɢɬ, 

ɝɨɪɧɵɣ ɯɪɭɫɬɚɥɶ ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ 1–11 ɩɨ 1,5 ɛɚɥɥɚ, 16,5 ɛɚɥɥɨɜ 

Ɋɚɫɱɟɬ ɦɨɥɹɪɧɨɣ ɦɚɫɫɵ (Ⱥ, C) ɩɨ 1,5 ɛɚɥɥɚ 3 ɛɚɥɥɚ 

ɇɚɡɜɚɧɢɟ ɦɢɧɟɪɚɥɚ 0,5 ɛɚɥɥɚ 

ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-2 (ɚɜɬɨɪɵ Ⱥ. Ⱥ. Ⱦɪɨɡɞɨɜ, Ɇ. ɇ. Ⱥɧɞɪɟɟɜ) 

1. ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɫɨɟɞɢɧɟɧɢɟ Х2 ɦɨɠɟɬ ɛɵɬɶ ɨɤɫɢɞɨɦ ɦɟɬɚɥɥɚ Х. Ɉɛɳɚɹ ɮɨɪɦɭɥɚ 

ɨɤɫɢɞɚ ɦɟɬɚɥɥɚ ɏOn, ɬɨɝɞɚ ɫɩɪɚɜɟɞɥɢɜɨ ɫɨɨɬɧɨɲɟɧɢɟ  

93,1/Ɇ(ɏ) : 6,9/16 = 1 : n; (1) 

ɝɞɟ Ɇ(Х) – ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɦɟɬɚɥɥɚ ɢ n = 0,5; 1; 1,5; 2; … ɉɪɟɨɛɪɚɡɭɹ (1), ɩɨɥɭɱɢɦ 

M(Х) = 215,9·n ɢ ɩɪɢ n = 0,5 ɩɨɥɭɱɚɟɦ Ɇ(ɏ) = 107,9 ɝ/ɦɨɥɶ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɥɹɪɧɨɣ 

ɦɚɫɫɟ ɫɟɪɟɛɪɚ.  
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Х – Ag, Х2 – Ag2O. 

ɇɚɝɪɟɜɚɧɢɟ ɫɨɥɟɣ ɫɟɪɟɛɪɚ ɨɛɵɱɧɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɫɫɬɚɧɨɜɥɟɧɢɸ ɦɟɬɚɥɥɚ. Ɍɨɝɞɚ M(X1) = 

M(Ag) / (1 − 0,365) = 170 ɝ/ɦɨɥɶ. Эɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɦɨɥɹɪɧɨɣ ɦɚɫɫɟ ɧɢɬɪɚɬɚ ɫɟɪɟɛɪɚ, ɤɨɬɨɪɨɟ 

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɯɢɦɢɢ. 

ɋɟɪɵɣ ɩɨɪɨɲɨɤ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ Х3 ɧɚ ɜɨɡɞɭɯɟ – ɷɬɨ ɦɟɬɚɥɥɢɱɟɫɤɨɟ 

ɫɟɪɟɛɪɨ. ȼ 1,1 ɝ Х3 ɫɨɞɟɪɠɢɬɫɹ 0,9 ɝ ɫɟɪɟɛɪɚ. ȼ ɪɚɫɱɟɬɟ ɧɚ 1 ɦɨɥɶ ɫɟɪɟɛɪɚ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ Х3 

= (108 · 1,1) / 0,9 = 132 ɝ/ɦɨɥɶ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ Х3 ɫɨɫɬɨɢɬ ɬɚɤɠɟ ɢɡ ɫɟɪɵ ɢ 

ɤɢɫɥɨɪɨɞɚ. Ɍɨɝɞɚ 132 = 108 + 32/2 + 16/2, ɬɨ ɟɫɬɶ ɩɪɨɫɬɟɣɲɚɹ ɮɨɪɦɭɥɚ Х3 – AgS1/2O1/2 ɢɥɢ 

Ag2SO. Эɬɨ ɦɨɠɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɫɦɟɲɚɧɧɨɣ ɫɨɥɢ ɞɜɭɯ ɚɧɢɨɧɨɜ – ɫɭɥɶɮɢɞɚ ɢ ɫɭɥɶɮɚɬɚ 

(ɫɭɥɶɮɢɬɚ ɬɚɦ ɛɵɬɶ ɧɟ ɦɨɠɟɬ, ɬɚɤ ɤɚɤ ɫɭɥɶɮɢɬɵ ɪɚɡɥɚɝɚɸɬɫɹ ɤɢɫɥɨɬɚɦɢ, ɚ ɜ ɪɟɚɤɰɢɢ 

ɨɛɪɚɡɨɜɚɧɢɹ ɫɨɥɢ ɩɪɨɢɫɯɨɞɢɬ ɜɵɞɟɥɟɧɢɟ ɤɢɫɥɨɬɵ) ɫɨɫɬɚɜɚ Ag2nSx(SO4)y. ɋɨɨɬɜɟɬɫɬɜɢɟ 

ɛɪɭɬɬɨ-ɮɨɪɦɭɥɟ AР2SO ɜɨɡɦɨɠɧɨ ɩɪɢ n = 4, x = 3, y = 1. Х3 – Ag8S3SO4. 

Х – Ag 

X1 – AgNO3 

X2 – Ag2O 

X3 – Ag8S3SO4 

2. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɣ: 

1. 2AgNO3 + 2NaOH  Ag2O + 2NaNO3 + H2O  

2. 2AgNO3  2Ag + 2NO2 + O2  

3. 8AgNO3 + 3Na2S2O3 + 3H2O  Ag8S3SO4 + 2Na2SO4 + 2NaNO3 + 6HNO3 ɢɥɢ  

 8AgNO3 + 3Na2S2O3 + 3H2O  4Ag2SO + 2Na2SO4 + 2NaNO3 + 6HNO3 

4. Ag8S3SO4 + 2O2  8Ag + 4SO2  

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

1. Oɩɪɟɞɟɥɟɧɢɟ Х ɢ Х1 – ɩɨ 2 ɛɚɥɥɚ 4 ɛɚɥɥɚ 

2. Ɂɚ ɨɩɪɟɞɟɥɟɧɢɟ Х2 2 ɛɚɥɥɚ 

3. Ɂɚ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɨɫɬɟɣɲɟɣ ɮɨɪɦɭɥɵ Х3 2 ɛɚɥɥɚ 

4. Ɂɚ 4 ɭɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ – ɩɨ 2 ɛɚɥɥɚ  8 ɛɚɥɥɨɜ 

5. Ɂɚ ɭɫɬɚɧɨɜɥɟɧɢɟ ɬɨɱɧɨɝɨ ɫɨɫɬɚɜɚ Х3 3 ɛɚɥɥɚ 

6. Ɂɚ ɨɬɧɟɫɟɧɢɟ Х3 ɤ ɫɦɟɲɚɧɧɵɦ ɫɨɥɹɦ 1 ɛɚɥɥ 

 ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-3 (ɚɜɬɨɪɵ Ⱥɩяɪɢ ȼ. ȼ., Ⱥɪɯɚɧɝɟɥɶɫɤɚя Ɉ. ȼ., ȿɦɟɥɶяɧɨɜ ȼ. ȿ.) 

ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɜ ɤɚɠɞɨɦ ɢɡ 3-ɯ ɫɥɭɱɚɟɜ ɩɪɨɢɫɯɨɞɢɬ ɞɜɭɤɪɚɬɧɨɟ ɪɚɡɛɚɜɥɟɧɢɟ ɜɫɟɯ 

ɜɟɳɟɫɬɜ ɜ ɫɦɟɫɢ. 

Вɵɯɨɞ 1 

1. 
ɦɨɥɶ/ɥ ɇ3PO4 + 3KOH = K3PO4 + 3H2O 
Ȼɵɥɨ  0,05  0,15     
ɉɪɨɪɟɚɝ. 0,05  0,15     
Ɉɫɬ., ɨɛɪɚɡ. 0  0  0,05   

 
2. Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ K3PO4 ɪɚɜɧɚ 0,05 ɦɨɥɶ/ɥ.  

3. PO4
3− – ɨɫɧɨɜɚɧɢɟ. 

4. K3PO4 ĺ 3K+ + PO4
3− 

    PO4
3− + H2O ⇄ HPO4

2− + OH− 

5. 0209,0
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6. ɂɡ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɥɢɡɚ ɪɚɜɧɵ ɦɟɠɞɭ 

ɫɨɛɨɣ ɢ ɪɚɜɧɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɝɢɞɪɨɥɢɡɨɜɚɜɲɢɯɫɹ ɢɨɧɨɜ ɫɨɥɢ. Ɉɬɫɸɞɚ:  
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ɉɭɫɬɶ ДOH−] = ɯ,    ɬɨɝɞɚ: 

0,0209(0,05 − ɯ) = ɯ2; 

ɯ2
 + 0,0209ɯ − 0,001045 = 0 

ɯ = 0,024 (−0,044 ɧɟ ɩɨɞɯɨɞɢɬ) 

pOH = −lg0,024 = 1,62, 

pH = 14 – 1,62 = 12,38 ≈ 12,4 

*ɉɪɢɧɢɦɚɟɬɫɹ ɢ ɪɟɲɟɧɢɟ ɛɟɡ ɭɱɟɬɚ ɜɤɥɚɞɚ ɩɪɨɝɢɞɪɨɥɢɡɨɜɚɜɲɢɯɫɹ ɢɨɧɨɜ ɫɨɥɢ. 

ɇɨ ɩɨɫɤɨɥɶɤɭ ɡɞɟɫɶ ɫɬɟɩɟɧɶ ɝɢɞɪɨɥɢɡɚ h = [OH−]/C(K3PO4) = 0,024·100/0,05 =48 %, ɡɚ ɨɰɟɧɤɭ 

ɡɧɚɱɟɧɢɹ ɪɇ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɚɟɬɫɹ 0,5 ɛɚɥɥɚ. 
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ɉɭɫɬɶ ДOH−] = ɯ,    ɬɨɝɞɚ: 

0,0209·0,05= ɯ2 

ɯ = 0,032 

ɪɈɇ = −ХР0,032 = 1,49, 

pH = 14 − 1,49 = 12,49 ≈ 12,5 

Вɵɯɨɞ 2 

1. 
ɦɨɥɶ/ɥ ɇ3PO4 + KOH = KH2PO4 + H2O 
Ȼɵɥɨ  0,05  0,07     
ɉɪɨɪɟɚɝ. 0,05  0,05     
Ɉɫɬ., ɨɛɪɚɡ. –  0,02  0,05   

ȾȺɅȿȿ 
ɦɨɥɶ/ɥ KH2PO4 + KOH = K2HPO4 + H2O 
Ȼɵɥɨ  0,05  0,02     
ɉɪɨɪɟɚɝ. 0,02  0,02     
Ɉɫɬ., ɨɛɪɚɡ. 0,03  –  0,02   

 
ɂɥɢ ɫɭɦɦɚɪɧɨɟ ɭɪɚɜɧɟɧɢɟ: 

ɦɨɥɶ/ɥ 5H3PO4 + 7KOH = 3KH2PO4 + 2K2HPO4 + 7H2O 
Ȼɵɥɨ  0,05  0,07       
ɉɪɨɪɟɚɝ. 0,05  0,07       
Ɉɫɬ., ɨɛɪɚɡ. –  –  0,03  0,02   

 

2.  Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ K2HPO4  ɪɚɜɧɚ 0,02 ɦɨɥɶ/ɥ. Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ KH2PO4  

ɪɚɜɧɚ 0,03 ɦɨɥɶ/ɥ. 

3. Ȼɭɮɟɪɧɚɹ ɫɢɫɬɟɦɚ.  ȼ ɷɬɨɣ ɫɢɫɬɟɦɟ K2HPO4 (HPO4
2−) ɢɝɪɚɟɬ ɪɨɥɶ ɫɨɩɪɹɠɟɧɧɨɝɨ 

ɨɫɧɨɜɚɧɢɹ, ɚ KH2PO4 (ɇ2PO4
−) – ɪɨɥɶ ɫɨɩɪɹɠɟɧɧɨɣ ɤɢɫɥɨɬɵ. 

4. 
 
KH2PO4 ĺ K+ + ɇ2PO4

−   

     K2HPO4 ĺ 2K+ + HPO4
2− 

Ɋɚɜɧɨɜɟɫɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɤɢɫɥɨɬɭ ɇ2PO4
− ɫ ɫɨɩɪɹɠɟɧɧɵɦ ɫ ɧɟɣ ɨɫɧɨɜɚɧɢɟɦ HPO4

2− ɜ ɜɨɞɧɨɦ 

ɪɚɫɬɜɨɪɟ, ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɢ ɤɚɤ ɞɢɫɫɨɰɢɚɰɢɹ, ɢ ɤɚɤ ɝɢɞɪɨɥɢɡ: 

ɞɢɫɫɨɰɢɚɰɢɹ:    ɇ2PO4
− ⇄ H+ + HPO4

2− 

ɝɢɞɪɨɥɢɡ: HPO4
2− + H2O ⇄ H2PO4

− + OH−   

* ɉɪɢɧɢɦɚɟɬɫɹ ɡɚɩɢɫɶ ɥɸɛɨɝɨ ɢɡ ɷɬɢɯ ɪɚɜɧɨɜɟɫɢɣ 

5. 
]PO[H

]][H[HPO

42

2
4

dII 
K , 

][HPO

]][OHPO[H
2
4

42
ɝ 

K  

* ɉɪɢɧɢɦɚɟɬɫɹ ɡɚɩɢɫɶ ɥɸɛɨɣ ɢɡ ɷɬɢɯ ɤɨɧɫɬɚɧɬ (ɬ. ɟ. ɪɚɫɱɟɬ ɦɨɠɧɨ ɜɟɫɬɢ ɩɨ ɥɸɛɨɦɭ ɢɡ 2-ɯ 
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ɪɚɜɧɨɜɟɫɢɣ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɧɫɬɚɧɬ. 

6. Ɋɚɜɧɨɜɟɫɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɝɢɞɪɨɮɨɫɮɚɬ-ɢɨɧɨɜ ɪɚɜɧɚ ɋɆ(KH2PO4) ɡɚ ɜɵɱɟɬɨɦ  

ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɞɢɫɫɨɰɢɢɪɨɜɚɜɲɢɯ ɢɨɧɨɜ ɇ2PO4
−, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɪɚɜɧɚ ДH+Ж, ɢ 

ɩɥɸɫ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɇ2PO4
−, ɤɨɬɨɪɵɟ ɨɛɪɚɡɨɜɚɥɢɫɶ ɡɚ ɫɱɟɬ ɝɢɞɪɨɥɢɡɚ HPO4

2−, ɪɚɜɧɚɹ 

[OH−Ж. Ⱥɧɚɥɨɝɢɱɧɨ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ HPO4
2− ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ, ɪɚɜɧɭɸ ДH+Ж, ɢ 

ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ, ɪɚɜɧɭɸ [OH−]. 

Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɪɨɰɟɫɫɚ (KdII = 6,23·10−8): 
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Ɏɚɤɬɢɱɟɫɤɢ, ɦɵ ɜɵɜɟɥɢ ɭɪɚɜɧɟɧɢɟ Ƚɟɧɞɟɪɫɨɧɚ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚɩɪɹɦɭɸ, ɧɟ 

ɡɚɬɪɚɱɢɜɚɹ ɜɪɟɦɟɧɢ ɧɚ ɟɝɨ ɜɵɜɨɞ. 

0,7176,0205,7
03,0

02,0
lg1023,6lglgppH 8

dII  
ɤ

ɫ

C

C
K  

ȿɫɥɢ ɪɚɫɱɟɬ ɜɟɫɬɢ ɩɨ ɭɪɚɜɧɟɧɢɸ ɝɢɞɪɨɥɢɡɚ, ɬɨ ɫɧɚɱɚɥɚ ɧɚɞɨ ɪɚɫɫɱɢɬɚɬɶ Ʉɝ: 
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97,6176,079,6
02,0

03,0
lg79,6

C

C
lgpK  ɪɈɇ

ɫ

ɤ
Ƚ         pH = 14 – 6,97 = 7,03 ≈ 7,0

 
 

Вɵɯɨɞ 3 

1. 

ɦɨɥɶ/ɥ ɇ3PO4 + 2KOH = K2HPO4 + 2H2O 
Ȼɵɥɨ  0,05  0,1     
ɉɪɨɪɟɚɝ. 0,05  0,1     
Ɉɫɬ., ɨɛɪɚɡ. –  –  0,05   

 
2.  Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ K2HPO4  ɪɚɜɧɚ 0,05 ɦɨɥɶ/ɥ.  

3. K2HPO4 ɹɜɥɹɟɬɫɹ, ɫɨɝɥɚɫɧɨ ɩɪɨɬɨɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ,  ɚɦɮɨɥɢɬɨɦ, ɬ. ɟ. ɚɧɢɨɧ ɷɬɨɣ ɫɨɥɢ 

ɦɨɠɟɬ ɩɪɨɹɜɥɹɬɶ ɫɜɨɣɫɬɜɚ ɤɢɫɥɨɬɵ (ɨɬɞɚɜɚɹ ɩɪɨɬɨɧ) ɢ ɫɜɨɣɫɬɜɚ ɨɫɧɨɜɚɧɢɹ (ɩɪɢɧɢɦɚɹ 

ɩɪɨɬɨɧ): 

4. K2HPO4 ĺ 2K+ + HPO4
2− 

HPO4
2−⇄ H+ + PO4

3−  HPO4
2− – ɤɢɫɥɨɬɚ. 

HPO4
2− + H2O ⇄ ɇ2PO4

− + OH−    ɝɢɞɪɨɥɢɡ,  HPO4
2− – ɨɫɧɨɜɚɧɢɟ  



ȼɫɈɒ ɩɨ ɯɢɦɢɢ, III ɪɟɝɢɨɧɚɥɶɧɵɣ ɷɬɚɩ 
2014–2015 ɭɱɟɛɧɵɣ ɝɨɞ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɬɭɪɚ 
 

35 
© ɐɉɆɄ ȼɫɈɒ ɩɨ ɯɢɦɢɢ 

5. KdIII = 
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6. Kɝ >> KdIII (ɛɨɥɟɟ ɱɟɦ ɧɚ 5 ɩɨɪɹɞɤɨɜ), ɡɧɚɱɢɬ ɦɵ ɦɨɠɟɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɪɇ ɩɨ ɪɚɜɧɨɜɟɫɢɸ 

ɝɢɞɪɨɥɢɡɚ. 
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ɉɭɫɬɶ ДOH−] = x, ɬɨɝɞɚ: 

1,6 · 10−7
 · 0,05 − 1,6 · 10−7ɯ = ɯ2 

ɯ2
 + 1,6 · 10−7ɯ − 8 · 10−9

 = 0 

x = 8,94 · 10−5 

pOH = − lg x = 4,05; ɪɇ = 14 − ɪɈɇ = 9,95 ≈ 10,0
 

*Ɇɨɠɧɨ ɫɱɢɬɚɬɶ ɢ ɩɨ ɭɩɪɨɳɟɧɧɨɣ ɮɨɪɦɭɥɟ: 
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Ɍɨɝɞɚ 57
ɫɝ 109,805,0106,1][OH   ɋK , ɪɈɇ =4,05, ɪɇ = 9,95 ≈ 10,0 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

№ ɑɬɨ ɨɰɟɧɢɜɚɟɬɫɹ 
ȼɵɯɨɞ 1 ȼɵɯɨɞ 2 ȼɵɯɨɞ 3 

ɛɚɥɥɵ 

1 ɍɪɚɜɧɟɧɢɟ(ɹ)  ɪɟɚɤɰɢɢ(ɣ) 0,5 1 0,5 
2 ɉɪɨɞɭɤɬ(ɵ) ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɞɭɤɬɚ(ɨɜ) 0,5 1 0,5 
3 Ɍɢɩ ɫɢɫɬɟɦɵ 1 1 1,5 
4 ɍɪɚɜɧɟɧɢɟ(ɹ) ɞɢɫɫɨɰɢɚɰɢɢ 0,5 1 0,5 
 ɍɪɚɜɧɟɧɢɟ(ɹ) ɪɚɜɧɨɜɟɫɢɹ 0,5 1 1 
5 ȼɵɪɚɠɟɧɢɟ(ɹ) ɞɥɹ ɤɨɧɫɬɚɧɬ(ɵ) ɪɚɜɧɨɜɟɫɢɹ 0,5 1 1 
 ɋɪɚɜɧɟɧɢɟ ɤɨɧɫɬɚɧɬ ɢ ɜɵɜɨɞ    1 
6 Ɉɰɟɧɤɚ ɡɧɚɱɟɧɢɹ ɪɇ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɥɨɝɚɪɢɮɦ.ɟɞ. 1,5* 1,5 1,5 

ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 
*ȿɫɥɢ ɪɟɲɟɧɢɟ ɛɟɡ ɭɱɟɬɚ ɜɤɥɚɞɚ ɩɪɨɝɢɞɪɨɥɢɡɨɜɚɜɲɢɯɫɹ ɢɨɧɨɜ ɫɨɥɢ, ɬɨ ɡɚ ɨɰɟɧɤɭ ɡɧɚɱɟɧɢɹ 

ɪɇ ɞɚɟɬɫɹ 0,5 ɛɚɥɥɚ. 
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Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-4 (ɚɜɬɨɪ ɋ. Ƚ. Ȼɚɯɬɢɧ) 

1. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ, ɨɛɨɡɧɚɱɢɜ ɤɚɤ ɚ – ɨɛɳɢɣ ɨɛɴɟɦ ɚɥɤɟɧɨɜ ɜ 

ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ: 

V, ɥ CnH2n + H2 ĺ CnH2n+2 

Ȼɵɥɨ a  7,17 − a  0 

ȼɫɬɭɩɢɥɨ ɜ ɪɟɚɤɰɢɸ 0,75a  0,75a  0,75a 

ɉɨɫɥɟ ɪɟɚɤɰɢɢ 0,25a  7,17 − 1,75a  0,75a 

Ʉɨɧɟɱɧɵɣ ɨɛɴɟɦ ɫɦɟɫɢ = 0,25ɚ + (7,17 - 1,75ɚ) + 0,75ɚ = 5,15. Ɍɨɝɞɚ ɚ = 2,693 ɥ  2,7 ɥ. 

2. Ɇ(CnH2n) = 10,1/(2,7/22,4) = 84, ɬɨ ɟɫɬɶ ɦɨɥɟɤɭɥɹɪɧɚɹ ɮɨɪɦɭɥɚ C6H12. 

3. Ɇɨɥɟɤɭɥɵ ɋ ɫɨɞɟɪɠɚɬ ɚɫɢɦɦɟɬɪɢɱɟɫɤɢɣ ɚɬɨɦ ɭɝɥɟɪɨɞɚ, ɬɨ ɟɫɬɶ ɚɬɨɦ ɫ ɱɟɬɵɪɶɦɹ 

ɪɚɡɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ. Ⱦɥɹ ɚɥɤɟɧɨɜ C6H12 ɷɬɨ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɞɥɹ 3-ɦɟɬɢɥɩɟɧɬɟɧɚ-1: 

 

ɉɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ ɋ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 3-ɦɟɬɢɥɩɟɧɬɚɧ. ɋɭɳɟɫɬɜɭɟɬ ɟɳɟ ɬɨɥɶɤɨ 2 ɫɬɪɭɤɬɭɪɧɨ 

ɢɡɨɦɟɪɧɵɯ ɚɥɤɟɧɚ, ɬɚɤɠɟ ɨɛɪɚɡɭɸɳɢɯ ɷɬɨɬ ɩɪɨɞɭɤɬ ɜ ɯɨɞɟ ɝɢɞɪɢɪɨɜɚɧɢɹ: 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɥɤɟɧɨɜ ɫ HBr ɧɟɜɨɡɦɨɠɧɨ ɪɚɡɥɢɱɢɬɶ Ⱥ ɢ ȼ, 

ɩɨɫɤɨɥɶɤɭ, ɫɨɝɥɚɫɧɨ ɭɫɥɨɜɢɸ, ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɜ ɪɟɚɤɰɢɹɯ ɜɫɟɯ ɬɪɟɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɹɜɥɹɟɬɫɹ ɛɪɨɦɢɞ Е. Ɉɞɧɚɤɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ HBr ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɩɟɪɟɤɢɫɢ (ROOR) ɩɪɨɬɟɤɚɟɬ 

ɩɪɨɬɢɜ ɩɪɚɜɢɥɚ Ɇɚɪɤɨɜɧɢɤɨɜɚ ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ: 

 

Ȼɪɨɦɢɞ ɋ1 ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɫɧɨɜɚɧɢɹ ɨɬɳɟɩɥɹɟɬ HBr, ɩɪɟɜɪɚɳɚɹɫɶ ɨɛɪɚɬɧɨ ɜ ɋ. Ɍɨɱɧɨ ɬɚɤ 

ɠɟ, ɜ ɬɪɟɬɶɟɦ ɜɚɪɢɚɧɬɟ ɨɬɳɟɩɥɟɧɢɟ HBr ɜɨɡɦɨɠɧɨ ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 
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ɢɫɯɨɞɧɨɝɨ ɚɥɤɟɧɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ Ⱥ1. Эɥɢɦɢɧɢɪɨɜɚɧɢɟ HBr ɜɨɡɦɨɠɧɨ ɞɜɭɦɹ 

ɩɭɬɹɦɢ ɬɨɥɶɤɨ ɞɥɹ ɩɪɨɞɭɤɬɚ ɜɬɨɪɨɣ ɪɟɚɤɰɢɢ: 

 

ɉɭɬɶ ɚ – ɷɬɨ ɨɛɵɱɧɨɟ ɷɥɢɦɢɧɢɪɨɜɚɧɢɟ ɩɨ ɩɪɚɜɢɥɭ Ɂɚɣɰɟɜɚ. Ɉɧ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɢɫɯɨɞɧɨɝɨ ɚɥɤɟɧɚ. ɉɭɬɶ b – ɷɥɢɦɢɧɢɪɨɜɚɧɢɟ «ɩɨ Ƚɨɮɦɚɧɭ». ɉɪɨɬɟɤɚɧɢɟ ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ ɩɨ 

ɷɬɨɦɭ ɩɭɬɢ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɬɪɟɬ-ɛɭɬɢɥɚɬ ɤɚɥɢɹ – ɨɛɴɟɦɧɨɟ ɨɫɧɨɜɚɧɢɟ. ɉɨɷɬɨɦɭ ɚɬɚɤɚ 

ɧɚ ɛɨɥɟɟ ɫɬɟɪɢɱɟɫɤɢ ɞɨɫɬɭɩɧɵɣ ɚɬɨɦ ɜɨɞɨɪɨɞɚ ɋɇ3 ɝɪɭɩɩɵ ɩɪɨɬɟɤɚɟɬ ɛɵɫɬɪɟɟ, ɱɟɦ ɚɬɚɤɚ ɧɚ 

ɦɟɧɟɟ ɞɨɫɬɭɩɧɵɣ ɜɨɞɨɪɨɞ ɝɪɭɩɩɵ ɋɇ. ɂɬɚɤ, ɫɬɪɭɤɬɭɪɵ ɫɨɟɞɢɧɟɧɢɣ: 

 

Ɉɫɧɨɜɧɨɣ ɩɪɨɞɭɤɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Ⱥ, ȼ ɢ ɋ ɫ HBr ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ: 

 

Эɬɨ ɪɟɡɭɥɶɬɚɬ ɨɛɵɱɧɨɝɨ ɷɥɟɤɬɪɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ HBr ɤ Ⱥ ɢɥɢ ȼ ɩɨ ɩɪɚɜɢɥɭ 

Ɇɚɪɤɨɜɧɢɤɨɜɚ. ɂɡ ɋ ɫɨɟɞɢɧɟɧɢɟ Е ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨ 

ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜɬɨɪɢɱɧɨɝɨ ɤɚɪɛɨɤɚɬɢɨɧɚ ɜ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɣ ɬɪɟɬɢɱɧɵɣ: 

 

4. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɨɦɟɪɵ ɜɨɡɦɨɠɧɵ ɞɥɹ ȼ: 
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ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

1 Ɋɚɫɱɟɬ ɨɛɴɟɦɚ ɚɥɤɟɧɨɜ 2 ɛɚɥɥɚ 

2 ɍɫɬɚɧɨɜɥɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɭɥɵ ɚɥɤɟɧɨɜ 2 ɛɚɥɥɚ 

3 ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ⱥ–Е – ɩɨ 2 ɛɚɥɥɚ. ɋɬɪɭɤɬɭɪɧɵɟ 

ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ⱥ1–ɋ1 – ɩɨ 1 ɛɚɥɥɭ 

13 ɛɚɥɥɨɜ 

4 ɉɪɚɜɢɥɶɧɨɟ ɭɤɚɡɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ ȼ – 1 ɛɚɥɥ. Ⱦɜɚ ɢɡɨɦɟɪɚ ɫ 

ɩɪɚɜɢɥɶɧɵɦ ɧɚɡɜɚɧɢɟɦ – ɩɨ 1 ɛɚɥɥɭ ɡɚ ɤɚɠɞɵɣ (ɟɫɥɢ ɟɫɬɶ ɢɡɨɦɟɪɵ, ɧɨ 

ɧɟɬ ɧɚɡɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ E/Z-ɧɨɦɟɧɤɥɚɬɭɪɵ, ɬɨ ɩɨ 0,5 ɛɚɥɥɚ) 

3 ɛɚɥɥɚ 

 ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 10-5 (ȿɪёɦɢɧ ȼ. ȼ., Ʌɢɫɢɰɵɧ Ⱥ. Ɂ.) 

 1.  ɉɪɢ ɩɨɥɧɨɦ ɪɚɡɥɨɠɟɧɢɢ 21,6 ɝ (0,2 ɦɨɥɶ) N2O5: 

  2N2O5  4NO2 + O2 

ɨɛɪɚɡɭɟɬɫɹ 0,4 ɦɨɥɶ NO2 ɢ 0,1 ɦɨɥɶ O2, ɜɫɟɝɨ ɜ ɫɦɟɫɢ ɫɬɚɥɨ 0,7 ɦɨɥɶ ɝɚɡɨɜ (ɜɤɥɸɱɚɹ ɢɫɯɨɞɧɵɟ 
0,2 ɦɨɥɶ O2). Ⱦɚɠɟ ɟɫɥɢ ɛɵ ɜɟɫɶ NO2 ɡɚɬɟɦ ɪɚɡɥɨɠɢɥɫɹ ɧɚ NO ɢ O2: 

  2NO2  2NO + O2, 

ɬɨ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɜ ɫɨɫɬɚɜɢɥɨ ɛɵ 0,9 ɦɨɥɶ, ɧɚ ɫɚɦɨɦ ɞɟɥɟ – ɦɟɧɶɲɟ, ɬɚɤ ɤɚɤ NO2 

ɪɚɡɥɚɝɚɟɬɫɹ ɨɛɪɚɬɢɦɨ.  
 ɉɨ ɭɫɥɨɜɢɸ, ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɜ ɩɨɫɥɟ ɪɟɚɤɰɢɢ ɭɜɟɥɢɱɢɥɨɫɶ ɜ 4 ɪɚɡɚ. ȿɫɥɢ ɛɵ N2O5 ɛɵɥ 
ɝɚɡɨɦ, ɬɨ ɜ ɤɨɧɟɱɧɨɣ ɫɦɟɫɢ ɞɨɥɠɧɨ ɛɵɥɨ ɛɵ ɫɨɞɟɪɠɚɬɶɫɹ 1,6 ɦɨɥɶ ɝɚɡɨɜ, ɱɬɨ ɧɟɜɨɡɦɨɠɧɨ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɫɯɨɞɧɵɣ N2O5 ɛɵɥ ɬɜёɪɞɵɦ. 
 

 2. ȼ ɤɨɧɟɱɧɨɣ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɫɨɞɟɪɠɢɬɫɹ 0,2  4 = 0,8 ɦɨɥɶ ɝɚɡɨɜ. ɉɭɫɬɶ x ɦɨɥɶ 
NO2 ɪɚɡɥɨɠɢɥɨɫɶ: 
  2NO2  2NO + O2, 

ɬɨɝɞɚ ɫɨɫɬɚɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ – ɫɥɟɞɭɸɳɢɣ: (0,4 − x) ɦɨɥɶ NO2, x ɦɨɥɶ NO ɢ (0,3 + x/2) 

ɦɨɥɶ O2. 

  (0,4 − x) + x + 0,3 + x/2 = 0,8. 

x = 0,2. ɋɨɫɬɚɜ ɫɦɟɫɢ: 0,2 ɦɨɥɶ NO2 (25 %), 0,2 ɦɨɥɶ NO (25 %), 0,4 ɦɨɥɶ O2 (50 %). 

 ɋɪɟɞɧɹɹ ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɫɦɟɫɢ: 
  Mɫɪ = 0,25  46 + 0,25  30 + 0,5  32 = 35 ɝ/ɦɨɥɶ. 
ɉɥɨɬɧɨɫɬɶ ɫɦɟɫɢ ɩɨ ɜɨɞɨɪɨɞɭ: DH2 = 35/2 = 17,5. 

 

 3. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɢɫɯɨɞɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ N2O5 ɜ ɤɨɧɟɱɧɨɣ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɫɬɚɧɟɬ 
ɛɨɥɶɲɟ ɜɟɳɟɫɬɜɚ, ɨɞɧɚɤɨ ɤɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɪɚɡɥɨɠɟɧɢɹ NO2 ɧɟ ɢɡɦɟɧɢɬɫɹ. ɉɨɫɤɨɥɶɤɭ 
ɨɛɴёɦ ɫɨɫɭɞɚ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɨɞɢɧɚɤɨɜɵɣ, ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɧɟ ɱɟɪɟɡ 
ɪɚɜɧɨɜɟɫɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɚ ɱɟɪɟɡ ɪɚɜɧɨɜɟɫɧɵɟ ɦɨɥɢ. ȼ ɩɟɪɜɨɦ ɨɩɵɬɟ: 


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  . 

 ɉɭɫɬɶ ɢɫɯɨɞɧɨɟ ɤɨɥɢɱɟɫɬɜɨ N2O5 ɜɨ ɜɬɨɪɨɦ ɨɩɵɬɟ ɛɵɥɨ a ɦɨɥɶ, ɬɨɝɞɚ ɩɨɫɥɟ ɟɝɨ 
ɩɨɥɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɜ ɫɨɫɭɞɟ ɫɨɞɟɪɠɚɥɨɫɶ 2a ɦɨɥɶ NO2 ɢ (a/2 + 0,2) ɦɨɥɶ O2. Ɂɚɬɟɦ 2a0,4 = 

0,8a ɦɨɥɶ NO2 ɪɚɡɥɨɠɢɥɨɫɶ ɧɚ NO ɢ O2 ɢ ɜ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɩɨɥɭɱɢɥɨɫɶ: 1,2a ɦɨɥɶ NO2, 

0,8a ɦɨɥɶ NO ɢ (0,5a + 0,2 + 0,4a) = (0,9a + 0,2) ɦɨɥɶ O2. ɉɨɞɫɬɚɜɥɹɟɦ ɷɬɢ ɪɚɜɧɨɜɟɫɧɵɟ 
ɤɨɥɢɱɟɫɬɜɚ ɜ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ: 

  . 

a = 0,778 ɦɨɥɶ. ȼ ɤɨɧɟɱɧɨɣ ɫɦɟɫɢ ɫɨɞɟɪɠɢɬɫɹ 1,2  0,778 = 0,933 ɦɨɥɶ NO2, 0,8  0,778 = 

0,622 ɦɨɥɶ NO ɢ 0,9  0,778 + 0,2 = 0,9 ɦɨɥɶ O2, ɜɫɟɝɨ – 2,455 ɦɨɥɶ. Ⱦɚɜɥɟɧɢɟ ɭɜɟɥɢɱɢɥɨɫɶ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ O2 ɜ 2,455 / 0,2 = 12,3 ɪɚɡɚ. 
 Ɉɬɜɟɬɵ: 

1. ȼ ɬɜёɪɞɨɦ. 
2. ɉɨ 25 % NO ɢ NO2, 50 % O2. ɉɥɨɬɧɨɫɬɶ ɩɨ ɜɨɞɨɪɨɞɭ – 17,5. 

3. 0,778 ɦɨɥɶ N2O5. ȼ 12,3 ɪɚɡɚ. 
 
ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

1. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ ɪɚɡɥɨɠɟɧɢɹ N2O5 – 1 ɛɚɥɥ 

 Ɋɚɫɱɟɬ ɤɨɧɟɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɣ ɜ ɫɥɭɱɚɟ ɬɜɟɪɞɨɝɨ ɢ ɝɚɡɨɨɛɪɚɡɧɨɝɨ N2O5 – 2 ɛɚɥɥɚ, 
 ɨɩɪɟɞɟɥɟɧɢɟ ɚɝɪɟɝɚɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ – 2 ɛɚɥɥɚ. 
  ɂɬɨɝɨ: 5 ɛɚɥɥɨɜ. 
2.  Ɋɚɫɱɟɬ ɤɨɧɟɱɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɦɨɥɟɣ – 1 ɛɚɥɥ 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ ɫɦɟɫɢ ɜ ɦɨɥɹɯ – 3 ɛɚɥɥɚ 

 Ɋɚɫɱɟɬ ɦɨɥɶɧɵɯ ɞɨɥɟɣ – 1 ɛɚɥɥ 

 Ɋɚɫɱɟɬ ɜɵɯɨɞɚ – 1 ɛɚɥɥ 

 Ɋɚɫɱɟɬ ɩɥɨɬɧɨɫɬɢ ɩɨ ɜɨɞɨɪɨɞɭ – 2 ɛɚɥɥɚ 

  ɂɬɨɝɨ: 8 ɛɚɥɥɨɜ. 
3.  ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɧɫɬɚɧɬɵ ɱɟɪɟɡ ɦɨɥɢ ɢɥɢ ɤɨɧɰɟɧɬɪɚɰɢɢ – 1 ɛɚɥɥ 

 Ɋɚɫɱɟɬ ɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɤɨɧɫɬɚɧɬɵ ɜ ɩɟɪɜɨɦ ɨɩɵɬɟ – 1 ɛɚɥɥ 

 Ɉɩɪɟɞɟɥɟɧɢɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫɨɫɬɚɜɚ ɱɟɪɟɡ ɢɫɯɨɞɧɨɟ ɤɨɥɢɱɟɫɬɜɨ N2O5 – 2 ɛɚɥɥɚ 

 Ɋɚɫɱɟɬ ɢɫɯɨɞɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ N2O5 ɱɟɪɟɡ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ – 2 ɛɚɥɥɚ 

 Ɋɚɫɱɟɬ ɨɬɧɨɲɟɧɢɹ ɞɚɜɥɟɧɢɣ – 1 ɛɚɥɥ 

  ɂɬɨɝɨ: 7 ɛɚɥɥɨɜ. 
ȼɫɟɝɨ 20 ɛɚɥɥɨɜ 

 

Ɉɞɢɧɧɚɞɰɚɬɵɣ ɤɥɚɫɫ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-1 (ɚɜɬɨɪɵ Ⱥ. Ⱥ. Ⱦɪɨɡɞɨɜ, Ɇ. ɇ. Ⱥɧɞɪɟɟɜ) 

2 2
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2
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2
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 =  =  = 0.4

(NO ) 1.2

a a
K

a

  




ȼɫɈɒ ɩɨ ɯɢɦɢɢ, III ɪɟɝɢɨɧɚɥɶɧɵɣ ɷɬɚɩ 
2014–2015 ɭɱɟɛɧɵɣ ɝɨɞ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɬɭɪɚ 
 

40 
© ɐɉɆɄ ȼɫɈɒ ɩɨ ɯɢɦɢɢ 

1. ɏɥɨɪɢɞ ɢ ɤɚɪɛɨɧɚɬ ɷɥɟɦɟɧɬɚ Y ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ, ɬ. ɟ. Y ɳɟɥɨɱɧɨɣ ɦɟɬɚɥɥ. Ʉ ɨɬɜɟɬɭ 

ɦɨɠɧɨ ɩɪɢɞɬɢ ɚɧɚɥɢɬɢɱɟɫɤɢ, ɡɧɚɹ, ɱɬɨ ɳɟɥɨɱɧɨɣ ɦɟɬɚɥɥ ɩɪɨɹɜɥɹɟɬ ɟɞɢɧɫɬɜɟɧɧɭɸ 

ɩɨɥɨɠɢɬɟɥɶɧɭɸ ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Ⱥ ɨɬɜɟɱɚɟɬ ɫɨɟɞɢɧɟɧɢɸ, ɜ ɤɨɬɨɪɨɦ 

ɧɟɦɟɬɚɥɥ ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɨɤɢɫɥɟɧɢɹ. Ɇɚɫɫɨɜɚɹ ɞɨɥɹ Y ɜ Ⱥ: ω(Y) 

 = 100 − ω(X) = 100 − 17,02 = 82,98 %. 

ɉɪɟɞɫɬɚɜɢɜ ɮɨɪɦɭɥɭ ɫɨɟɞɢɧɟɧɢɹ ɜ ɜɢɞɟ ɆnХ, ɝɞɟ n – ɜɚɥɟɧɬɧɨɫɬɶ ɧɟɦɟɬɚɥɥɚ,  

ɩɪɢ M = 7 (Li) ɢ 

 

n = 1; X = (7 / 0,8298) − 7 = 1,43 ɝ / ɦɨɥɶ 

n = 2; X = ((7 · 2) / 0,8298) − 7 · 2 = 2,87 ɝ/ɦɨɥɶ 

n = 3; X = ((7 · 3) / 0,8298) − 7 · 3 = 4,31 ɝ/ɦɨɥɶ 

ɩɪɢ M = 23 (Na) ɢ 

 

n = 1; X = (23 / 0,8298) − 23 = 4,72 ɝ / ɦɨɥɶ 

n = 2; X = ((23 · 2) / 0,8298) − 23 · 2 = 9,44 ɝ/ɦɨɥɶ 

n = 3; X = ((23 · 3) / 0,8298) − 23 · 3 = 14,15 ɝ/ɦɨɥɶ 

ɩɪɢ M = 39 (K) ɢ 

 

n = 1; X = (39 / 0,8298) − 39 = 8,00 ɝ/ɦɨɥɶ 

n = 2; X = ((39 · 2) / 0,8298) − 39 · 2 = 16,00 ɝ/ɦɨɥɶ ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɞɜɭɯɜɚɥɟɧɬɧɨɦɭ ɤɢɫɥɨɪɨɞɭ. 

n = 3; X = (39 · 3) / 0,8298 − 39 · 3 = 24,00 ɝ/ɦɨɥɶ 

ɩɟɪɟɛɨɪɨɦ, ɩɨɥɭɱɚɟɦ Х – ɤɢɫɥɨɪɨɞ, Ɇ – ɤɚɥɢɣ, n = 2. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, Х – ɤɢɫɥɨɪɨɞ, Y – ɤɚɥɢɣ. 

Ⱥ – K2O, Ȼ – K2O2, ȼ – KO2, Ƚ – KO3. 

 

ɉɨ ɞɪɭɝɨɦɭ ɫɩɨɫɨɛɭ ɢɡ ɞɚɧɧɵɯ ɡɚɞɚɱɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɢɧɞɟɤɫɵ ɜ ɮɨɪɦɭɥɚɯ 

ɧɟɢɡɜɟɫɬɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

 ω(X)% ω(Y)% ω(X)/ω(Y) ω(X)/ω(Y)/0,205 ω(Y)/ω(X) ω(Y)/ω(X)/0,813 ɮɨɪɦɭɥɚ 

Ⱥ 17,02 82,98 0,205 1 4,875 6 Y2X 

Ȼ 29,09 70,91 0,410 2 2,438 3 YX 

ȼ 45,07 54,93 0,820 4 1,219 1,5 YX2 

Ƚ 55,17 44,83 1,231 6 0,813 1 YX3 

 

Ɉɛɳɢɣ ɫɨɫɬɚɜ ɫɨɟɞɢɧɟɧɢɣ Ⱥ–Ƚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɤɚɤ YmXn. Ɍɚɤɠɟ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, 

ɱɬɨ m ɢ n ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɢɟ ɱɢɫɥɚ. ɉɨɩɪɨɛɭɟɦ ɢɯ ɨɩɪɟɞɟɥɢɬɶ. ɋɧɚɱɚɥɚ ɧɚɣɞёɦ 

ɦɚɫɫɨɜɭɸ ɞɨɥɸ Y. Ⱦɚɥɟɟ ɪɚɫɫɱɢɬɚɟɦ ɱɚɫɬɧɵɟ ω(X)/ω(Y) ɢ  ω(Y)/ω(X) ɢ ɪɚɡɞɟɥɢɦ  ɢɯ ɧɚ 

ɧɚɢɦɟɧɶɲɟɟ ɢɯ ɧɢɯ. Ɉɫɬɚɥɨɫɶ ɬɨɥɶɤɨ ɩɨɦɧɨɠɢɬɶ ɢ ɫɨɤɪɚɬɢɬɶ 5 ɢ 7 ɫɬɨɥɛɰɵ, ɱɬɨɛɵ 

ɩɨɥɭɱɢɥɢɫɶ ɪɚɡɭɦɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɢɧɞɟɤɫɨɜ.  Ɋɚɡɞɟɥɢɦ ɫɬɨɥɛɟɰ 7 ɧɚ 3 ɢ ɩɨɥɭɱɢɦ ɱɢɫɥɚ  

(2, 1, 1/2, 1/3 ), ɚ ɫɬɨɥɛɟɰ 5 ɧɚ 2 ɢ ɩɨɥɭɱɢɦ (1/2, 1, 2, 3). Ɍɨ ɟɫɬɶ, ɧɚɩɪɢɦɟɪ, ɜ ɫɨɟɞɢɧɟɧɢɢ Ⱥ 
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m/n = 2, ɚ n/m = 1/2 ɢ m = 2, n = 1. Ɏɨɪɦɭɥɚ Ⱥ – Y2X 

2. Ɋɟɚɤɰɢɢ ɫ ɜɨɞɨɣ: 

1)K2O + H2O = 2KOH 

2)K2O2 + 2H2O = 2KOH + H2O2 

3)2KO2 + 2H2O = 2KOH + H2O2 + O2 

4)4KO3 + 2H2O = 4KOH + 5O2. 

5)2KO2 + 2K2O = 3K2O2 

 

3. Ɉɬɥɢɱɢɬɶ Ⱥ ɨɬ Ȼ ɦɨɠɧɨ ɩɨ ɨɤɢɫɥɟɧɢɸ ɪɚɫɬɜɨɪɨɦ Ȼ ɩɨɞɤɢɫɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɢɨɞɢɞɚ 

ɤɚɥɢɹ (ɜɵɞɟɥɟɧɢɟ ɢɨɞɚ) ɢɥɢ ɩɨ ɨɛɟɫɰɜɟɱɢɜɚɧɢɸ ɩɨɞɤɢɫɥɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɟɪɦɚɧɝɚɧɚɬɚ 

ɤɚɥɢɹ: 

6ɚ) 2KI + K2O2 + 2H2SO4 = I2 + 2K2SO4 + 2H2O     ɢɥɢ 

6ɛ) 5K2O2 + 2KMnO4 + 8H2SO4 = 6K2SO4 + 5O2 +8H2O + 2MnSO4 

 

ɋɢɫɬɟɦɚ Ɉɰɟɧɢɜɚɧɢя: 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɟɳɟɫɬɜ, ɩɨ 2 ɛɚɥɥɚ ɡɚ ɤɚɠɞɨɟ ɢɡ 4 ɜɟɳɟɫɬɜ 8 ɛɚɥɥɨɜ 

ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: ɩɨ 2 ɛɚɥɥɚ (ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɜɨɞɨɣ ɢ  Ⱥ + ȼ) 10 ɛɚɥɥɨɜ 

Ɋɚɫɩɨɡɧɚɜɚɧɢɟ Ⱥ ɢ Ȼ 2 ɛɚɥɥɚ 

ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-2 (ɚɜɬɨɪɵ Ⱥɩяɪɢ ȼ. ȼ., Ⱥɪɯɚɧɝɟɥɶɫɤɚя Ɉ. ȼ., ȿɦɟɥɶяɧɨɜ ȼ. ȿ. 

ɉɨ ɭɫɥɨɜɢɸ ɡɚɞɚɱɢ ɜ ɤɚɠɞɨɦ ɢɡ 3-ɯ ɫɥɭɱɚɟɜ ɩɪɨɢɫɯɨɞɢɬ ɬɪɟɯɤɪɚɬɧɨɟ ɪɚɡɛɚɜɥɟɧɢɟ ɜɫɟɯ 

ɜɟɳɟɫɬɜ ɜ ɫɦɟɫɢ. 

Вɵɯɨɞ 1 

1. 
ɦɨɥɶ/ɥ ɇ3PO4 + 2KOH = K2HPO4 + 2H2O 
Ȼɵɥɨ  0,1  0,2     
ɉɪɨɪɟɚɝ. 0,1  0,2     
Ɉɫɬ., ɨɛɪɚɡ. –  –  0,1   

 

2.  Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ K2HPO4  ɪɚɜɧɚ 0,1 ɦɨɥɶ/ɥ.  

3. K2HPO4 ɹɜɥɹɟɬɫɹ, ɫɨɝɥɚɫɧɨ ɩɪɨɬɨɥɢɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ,  ɚɦɮɨɥɢɬɨɦ, ɬ. ɟ. ɚɧɢɨɧ ɷɬɨɣ ɫɨɥɢ 

ɦɨɠɟɬ ɩɪɨɹɜɥɹɬɶ ɫɜɨɣɫɬɜɚ ɤɢɫɥɨɬɵ (ɨɬɞɚɜɚɹ ɩɪɨɬɨɧ) ɢ ɫɜɨɣɫɬɜɚ ɨɫɧɨɜɚɧɢɹ (ɩɪɢɧɢɦɚɹ 

ɩɪɨɬɨɧ): 

4. K2HPO4 ĺ 2K+ + HPO4
2− 



ȼɫɈɒ ɩɨ ɯɢɦɢɢ, III ɪɟɝɢɨɧɚɥɶɧɵɣ ɷɬɚɩ 
2014–2015 ɭɱɟɛɧɵɣ ɝɨɞ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɬɭɪɚ 
 

42 
© ɐɉɆɄ ȼɫɈɒ ɩɨ ɯɢɦɢɢ 

HPO4
2− ⇄ H+ + PO4

3− HPO4
2−  – ɤɢɫɥɨɬɚ.   

HPO4
2− + H2O ⇄ ɇ2PO4

− + OH−    ɝɢɞɪɨɥɢɡ,  HPO4
2− – ɨɫɧɨɜɚɧɢɟ  

5. 
][HPO

]][PO[H
2
4

3
4

dIII 
K  = 4,79·10−13, 7

8

14

dII

w
2
4

42
ɝ 101,6

106,23

10

][HPO

]][OHPO[H 





 
K

K
K

 

6. Kɝ >> KIII (ɛɨɥɟɟ ɱɟɦ ɧɚ 6 ɩɨɪɹɞɤɨɜ), ɡɧɚɱɢɬ ɦɵ ɦɨɠɟɦ ɪɚɫɫɱɢɬɵɜɚɬɶ ɪɇ ɩɨ ɪɚɜɧɨɜɟɫɢɸ 

ɝɢɞɪɨɥɢɡɚ.   

][OH

][OH

][HPO

]][OHPO[H

ɫ

2

2
4

42
ɝ 







C

K
 

ɉɭɫɬɶ [OH−] = x, ɬɨɝɞɚ: 

1,6 · 10−7
 · 0,1 − 1,6 · 10−7x = x

2 

x2
 + 1,6 · 10−7x − 1,6 · 10−8

 = 0 

x = 1,26 · 10−4 

pOH = −lg x = 3,90;       ɪɇ = 14 − ɪɈɇ = 10,1
 

*Ɇɨɠɧɨ ɫɱɢɬɚɬɶ ɢ ɩɨ ɭɩɪɨɳɟɧɧɨɣ ɮɨɪɦɭɥɟ: 

ɫ

2

2
4

42
ɝ

][OH

][HPO

]][OHPO[H

C
K




 
 

Ɍɨɝɞɚ 47
ɫɝ 1026,11,0106,1ɋ][OH   K , ɪɈɇ = 3,9, ɪɇ = 10,1 

Вɵɯɨɞ 2 

1. 
Ɇɨɥɶ/ɥ ɇ3PO4 + 3KOH = K3PO4 + 3H2O 
Ȼɵɥɨ  0,1  0,3     
ɉɪɨɪɟɚɝ. 0,1  0,3     
Ɉɫɬ.,ɨɛɪɚɡ. 0  0  0,1   

 
2. Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ K3PO4  ɪɚɜɧɚ 0,1 ɦɨɥɶ/ɥ. 

3. PO4
3− – ɨɫɧɨɜɚɧɢɟ. 

4. K3PO4ĺ 3K+ + PO4
3− 

PO4
3− + H2O ⇄ HPO4

2−  + OH− 

5. 0209,0
1079.4

10

]][H[PO

]][H][OH[HPO
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]][OH[HPO
13

14

dIII
3
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2
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3
4

2
4

ɝ  








K
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K w

 

6. ɂɡ ɭɪɚɜɧɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɞɭɤɬɨɜ ɝɢɞɪɨɥɢɡɚ ɪɚɜɧɵ ɦɟɠɞɭ 

ɫɨɛɨɣ ɢ ɪɚɜɧɵ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɝɢɞɪɨɥɢɡɨɜɚɜɲɢɯɫɹ ɢɨɧɨɜ ɫɨɥɢ. Ɉɬɫɸɞɚ:  
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][OH

][OH

][PO

]][OH[HPO

ɫ
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
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ɉɭɫɬɶ ДOH−] = x, ɬɨɝɞɚ: 

0,0209(0,1− x) = x2 

x2 + 0,0209x − 0,00209 = 0 

x = 0,036 (−0,057 ɧɟ ɩɨɞɯɨɞɢɬ) 

ɪɈɇ = −lg 0,036 = 1,44,  pH = 14 − 1,44 = 12,56 ≈ 12,6 

*ɉɪɢɧɢɦɚɟɬɫɹ ɢ ɪɟɲɟɧɢɟ ɛɟɡ ɭɱɟɬɚ ɜɤɥɚɞɚ ɩɪɨɝɢɞɪɨɥɢɡɨɜɚɜɲɢɯɫɹ ɢɨɧɨɜ ɫɨɥɢ: 

ɇɨ ɩɨɫɤɨɥɶɤɭ ɡɞɟɫɶ ɫɬɟɩɟɧɶ ɝɢɞɪɨɥɢɡɚ h = [OH−]/ɋ(K3PO4) = 36 %, ɡɚ ɨɰɟɧɤɭ ɡɧɚɱɟɧɢɹ ɪɇ ɜ 

ɷɬɨɦ ɫɥɭɱɚɟ ɞɚɟɬɫɹ 0,5 ɛɚɥɥɚ. 

ɫ

2

3
4

2
4

ɝ
][OH

][PO

]][OH[HPO

C
K




   

ɉɭɫɬɶ ДOH−] = ɯ, ɬɨɝɞɚ: 

0,0209·0,1= x2 

046,0090,002 x
 

ɪɈɇ = −lg 0,046 = 1,34,  pH = 14 − 1,34 = 12,66 ≈ 12,7 

Вɵɯɨɞ 3 

1. 
ɦɨɥɶ/ɥ ɇ3PO4 + KOH = ɄH2PO4 + H2O 
Ȼɵɥɨ  0,1  0,16     
ɉɪɨɪɟɚɝ. 0,1  0,1     
Ɉɫɬ., ɨɛɪɚɡ. –  0,06  0,1   

ȾȺɅȿȿ 

ɦɨɥɶ/ɥ ɄH2PO4 + KOH = K2HPO4 + H2O 
Ȼɵɥɨ  0,1  0,06     
ɉɪɨɪɟɚɝ. 0,06  0,06     
Ɉɫɬ., ɨɛɪɚɡ. 0,04  –  0,06   

 
ɂɥɢ ɫɭɦɦɚɪɧɨɟ ɭɪɚɜɧɟɧɢɟ: 
 

Ɇɨɥɶ/ɥ 5H3ɊɈ4 + 8KOH = 2ɄH2ɊɈ4 + 3Ʉ2ɇɊɈ4 + 8H2O 
Ȼɵɥɨ  0,1  0,16       
ɉɪɨɪɟɚɝ. 0,1  0,16       
Ɉɫɬ.,ɨɛɪɚɡ. –  –  0,04  0,06   

 

 

2. Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ K2HPO4 ɪɚɜɧɚ 0,06 ɦɨɥɶ/ɥ. Ɇɨɥɹɪɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ KH2PO4  ɪɚɜɧɚ 
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0,04 ɦɨɥɶ/ɥ. 

3. Ȼɭɮɟɪɧɚɹ ɫɢɫɬɟɦɚ.  ȼ ɷɬɨɣ ɫɢɫɬɟɦɟ K2HPO4 (HPO4
2−) ɢɝɪɚɟɬ ɪɨɥɶ ɫɨɩɪɹɠɟɧɧɨɝɨ ɨɫɧɨɜɚɧɢɹ, 

ɚ. KH2PO4(ɇ2PO4
−) – ɪɨɥɶ ɫɨɩɪɹɠɟɧɧɨɣ ɤɢɫɥɨɬɵ 

4.  Kɇ2PO4 ĺ K+ + ɇ2PO4
− 

 K2HPO4 ĺ 2K+ + HPO4
2− 

Ɋɚɜɧɨɜɟɫɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɤɢɫɥɨɬɭ ɇ2PO4
− ɫ ɫɨɩɪɹɠɟɧɧɵɦ ɫ ɧɟɣ ɨɫɧɨɜɚɧɢɟɦ HPO4

2− ɜ ɜɨɞɧɨɦ 

ɪɚɫɬɜɨɪɟ, ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɢ ɤɚɤ ɞɢɫɫɨɰɢɚɰɢɹ, ɢ ɤɚɤ ɝɢɞɪɨɥɢɡ: 

ɞɢɫɫɨɰɢɚɰɢɹ:    ɇ2PO4
− ⇄ H+ + HPO4

2− 

ɝɢɞɪɨɥɢɡ: HPO4
2− + H2O ⇄ H2PO4

− + OH− 

* ɉɪɢɧɢɦɚɟɬɫɹ ɡɚɩɢɫɶ ɥɸɛɨɝɨ ɢɡ ɷɬɢɯ ɪɚɜɧɨɜɟɫɢɣ 

5. 
]PO[H

]][H[HPO

42

2
4

dII 
K , 

][HPO

]][OHPO[H
2
4

42
ɝ 

K
 

* ɉɪɢɧɢɦɚɟɬɫɹ ɡɚɩɢɫɶ ɥɸɛɨɣ ɢɡ ɷɬɢɯ ɤɨɧɫɬɚɧɬ (ɬ. ɟ. ɪɚɫɱɟɬ ɦɨɠɧɨ ɜɟɫɬɢ ɩɨ ɥɸɛɨɦɭ ɢɡ 2-ɯ 
ɪɚɜɧɨɜɟɫɢɣ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɨɧɫɬɚɧɬ). 
 

6. Ɋɚɜɧɨɜɟɫɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɞɢɝɢɞɪɨɮɨɫɮɚɬ-ɢɨɧɨɜ ɪɚɜɧɚ CɆ(KH2PO4) ɡɚ ɜɵɱɟɬɨɦ  

ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɞɢɫɫɨɰɢɢɪɨɜɚɜɲɢɯ ɢɨɧɨɜ ɇ2PO4
−, ɤɨɬɨɪɚɹ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɪɚɜɧɚ ДH+Ж, ɢ 

ɩɥɸɫ ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ ɇ2PO4
−, ɤɨɬɨɪɵɟ ɨɛɪɚɡɨɜɚɥɢɫɶ ɡɚ ɫɱɟɬ ɝɢɞɪɨɥɢɡɚ HPO4

2−, ɪɚɜɧɚɹ 

[OH−Ж. Ⱥɧɚɥɨɝɢɱɧɨ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɢɨɧɨɜ HPO4
2− ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ, ɪɚɜɧɭɸ ДH+Ж, ɢ 

ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ, ɪɚɜɧɭɸ [OH−]. 

Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɧɨɝɨ ɩɪɨɰɟɫɫɚ (KdII = 6,23·10−8): 
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Ɏɚɤɬɢɱɟɫɤɢ, ɦɵ ɜɵɜɟɥɢ ɭɪɚɜɧɟɧɢɟ Ƚɟɧɞɟɪɫɨɧɚ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɚɩɪɹɦɭɸ, ɧɟ 

ɡɚɬɪɚɱɢɜɚɹ ɜɪɟɦɟɧɢ ɧɚ ɟɝɨ ɜɵɜɨɞ. 
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                                                          ɪɇ = 14 – 6,614 = 7,39 ≈ 7,4
       

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя : 

№ ɑɬɨ ɨɰɟɧɢɜɚɟɬɫɹ ȼɵɯɨɞ 1 ȼɵɯɨɞ 2 ȼɵɯɨɞ 3 

ɛɚɥɥɵ 

1 ɍɪɚɜɧɟɧɢɟ(ɹ)  ɪɟɚɤɰɢɢ(ɣ) 0,5 0,5 1 

2 ɉɪɨɞɭɤɬ(ɵ) ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɨɞɭɤɬɚ(ɨɜ) 0,5 0,5 1 

3 Ɍɢɩ ɫɢɫɬɟɦɵ 1,5 1 1 

4 

 

ɍɪɚɜɧɟɧɢɟ(ɹ) ɞɢɫɫɨɰɢɚɰɢɢ 0,5 0,5 1 

ɍɪɚɜɧɟɧɢɟ(ɹ) ɪɚɜɧɨɜɟɫɢɹ 1 0,5 1 

5 ȼɵɪɚɠɟɧɢɟ(ɹ) ɞɥɹ ɤɨɧɫɬɚɧɬ(ɵ) ɪɚɜɧɨɜɟɫɢɹ 1 0,5 1 

 ɋɪɚɜɧɟɧɢɟ ɤɨɧɫɬɚɧɬ ɢ ɜɵɜɨɞ  1   

6 Ɉɰɟɧɤɚ ɡɧɚɱɟɧɢɹ ɪɇ ɞɨ ɞɟɫɹɬɵɯ ɞɨɥɟɣ ɥɨɝɚɪɢɮɦ.ɟɞ. 1,5 1,5* 1,5 

ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 

*ȿɫɥɢ ɪɟɲɟɧɢɟ ɛɟɡ ɭɱɟɬɚ ɜɤɥɚɞɚ ɩɪɨɝɢɞɪɨɥɢɡɨɜɚɜɲɢɯɫɹ ɢɨɧɨɜ ɫɨɥɢ, ɬɨ ɡɚ ɨɰɟɧɤɭ ɡɧɚɱɟɧɢɹ 

ɪɇ ɞɚɟɬɫɹ 0,5 ɛɚɥɥɚ. 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-3 (ɚɜɬɨɪ ɋ. Ƚ. Ȼɚɯɬɢɧ) 

1. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɫɱɟɬɚ ɫɨɫɬɚɜɢɦ ɬɚɛɥɢɰɭ, ɨɛɨɡɧɚɱɢɜ ɤɚɤ ɚ – ɨɛɳɢɣ ɨɛɴɟɦ ɚɥɤɟɧɨɜ ɜ 

ɢɫɯɨɞɧɨɣ ɫɦɟɫɢ: 

V, ɥ CnH2n + H2 ĺ CnH2n+2 
Ȼɵɥɨ a  7,17 - a  0 

ȼɫɬɭɩɢɥɨ ɜ ɪɟɚɤɰɢɸ 0,75a  0,75a  0,75a 
ɉɨɫɥɟ ɪɟɚɤɰɢɢ 0,25a  7,17 − 1,75a  0,75a 

Ʉɨɧɟɱɧɵɣ ɨɛɴɟɦ ɫɦɟɫɢ = 0,25ɚ + (7,17 − 1,75ɚ) + 0,75ɚ = 5,15. Ɍɨɝɞɚ ɚ = 2,693 ɥ  2,7 ɥ. 

2. Ɇ(CnH2n) = 10,1 / (2,7 / 22,4) = 84, ɬɨ ɟɫɬɶ ɦɨɥɟɤɭɥɹɪɧɚɹ ɮɨɪɦɭɥɚ C6H12. 

3. Ɇɨɥɟɤɭɥɵ ɋ ɫɨɞɟɪɠɚɬ ɚɫɢɦɦɟɬɪɢɱɟɫɤɢɣ ɚɬɨɦ ɭɝɥɟɪɨɞɚ, ɬɨ ɟɫɬɶ ɚɬɨɦ ɫ ɱɟɬɵɪɶɦɹ 

ɪɚɡɧɵɦɢ ɡɚɦɟɫɬɢɬɟɥɹɦɢ. Ⱦɥɹ ɚɥɤɟɧɨɜ C6H12 ɷɬɨ ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɞɥɹ 3-ɦɟɬɢɥɩɟɧɬɟɧɚ-1: 

 

ɉɪɢ ɝɢɞɪɢɪɨɜɚɧɢɢ ɋ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 3-ɦɟɬɢɥɩɟɧɬɚɧ. ɋɭɳɟɫɬɜɭɟɬ ɟɳɟ ɬɨɥɶɤɨ 2 ɫɬɪɭɤɬɭɪɧɨ 

ɢɡɨɦɟɪɧɵɯ ɚɥɤɟɧɚ, ɬɚɤɠɟ ɨɛɪɚɡɭɸɳɢɯ ɷɬɨɬ ɩɪɨɞɭɤɬ ɜ ɯɨɞɟ ɝɢɞɪɢɪɨɜɚɧɢɹ: 
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ɇɚ ɨɫɧɨɜɚɧɢɢ ɪɟɡɭɥɶɬɚɬɚ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɚɥɤɟɧɨɜ ɫ HBr ɧɟɜɨɡɦɨɠɧɨ ɪɚɡɥɢɱɢɬɶ Ⱥ ɢ ȼ, 

ɩɨɫɤɨɥɶɤɭ, ɫɨɝɥɚɫɧɨ ɭɫɥɨɜɢɸ, ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ ɜ ɪɟɚɤɰɢɹɯ ɜɫɟɯ ɬɪɟɯ ɭɝɥɟɜɨɞɨɪɨɞɨɜ 

ɹɜɥɹɟɬɫɹ ɛɪɨɦɢɞ Е. Ɉɞɧɚɤɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ HBr ɜ ɩɪɢɫɭɬɫɬɜɢɟ ɩɟɪɟɤɢɫɢ (ROOR) ɩɪɨɬɟɤɚɟɬ 

ɩɪɨɬɢɜ ɩɪɚɜɢɥɚ Ɇɚɪɤɨɜɧɢɤɨɜɚ ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ: 

 

Ȼɪɨɦɢɞ ɋ1 ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɫɧɨɜɚɧɢɹ ɨɬɳɟɩɥɹɟɬ HBr, ɩɪɟɜɪɚɳɚɹɫɶ ɨɛɪɚɬɧɨ ɜ ɋ. Ɍɨɱɧɨ ɬɚɤ 

ɠɟ, ɜ ɬɪɟɬɶɟɦ ɜɚɪɢɚɧɬɟ ɨɬɳɟɩɥɟɧɢɟ HBr ɜɨɡɦɨɠɧɨ ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ 

ɢɫɯɨɞɧɨɝɨ ɚɥɤɟɧɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ Ⱥ1. Эɥɢɦɢɧɢɪɨɜɚɧɢɟ HBr ɜɨɡɦɨɠɧɨ ɞɜɭɦɹ 

ɩɭɬɹɦɢ ɬɨɥɶɤɨ ɞɥɹ ɩɪɨɞɭɤɬɚ ɜɬɨɪɨɣ ɪɟɚɤɰɢɢ: 

 

ɉɭɬɶ ɚ – ɷɬɨ ɨɛɵɱɧɨɟ ɷɥɢɦɢɧɢɪɨɜɚɧɢɟ ɩɨ ɩɪɚɜɢɥɭ Ɂɚɣɰɟɜɚ. Ɉɧ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ 

ɢɫɯɨɞɧɨɝɨ ɚɥɤɟɧɚ. ɉɭɬɶ b – ɷɥɢɦɢɧɢɪɨɜɚɧɢɟ «ɩɨ Ƚɨɮɦɚɧɭ». ɉɪɨɬɟɤɚɧɢɟ ɷɥɢɦɢɧɢɪɨɜɚɧɢɹ ɩɨ 

ɷɬɨɦɭ ɩɭɬɢ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ ɬɪɟɬ-ɛɭɬɢɥɚɬ ɤɚɥɢɹ – ɨɛɴɟɦɧɨɟ ɨɫɧɨɜɚɧɢɟ. ɉɨɷɬɨɦɭ ɚɬɚɤɚ 

ɧɚ ɛɨɥɟɟ ɫɬɟɪɢɱɟɫɤɢ ɞɨɫɬɭɩɧɵɣ ɚɬɨɦ ɜɨɞɨɪɨɞɚ ɋɇ3 ɝɪɭɩɩɵ ɩɪɨɬɟɤɚɟɬ ɛɵɫɬɪɟɟ, ɱɟɦ ɚɬɚɤɚ ɧɚ 

ɦɟɧɟɟ ɞɨɫɬɭɩɧɵɣ ɜɨɞɨɪɨɞ ɝɪɭɩɩɵ ɋɇ. ɂɬɚɤ, ɫɬɪɭɤɬɭɪɵ ɫɨɟɞɢɧɟɧɢɣ: 

 

Ɉɫɧɨɜɧɨɣ ɩɪɨɞɭɤɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Ⱥ, ȼ ɢ ɋ ɫ HBr ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ: 
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Эɬɨ ɪɟɡɭɥɶɬɚɬ ɨɛɵɱɧɨɝɨ ɷɥɟɤɬɪɨɮɢɥɶɧɨɝɨ ɩɪɢɫɨɟɞɢɧɟɧɢɹ HBr ɤ Ⱥ ɢɥɢ ȼ ɩɨ ɩɪɚɜɢɥɭ 

Ɇɚɪɤɨɜɧɢɤɨɜɚ. ɂɡ ɋ ɫɨɟɞɢɧɟɧɢɟ Е ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɟɝɪɭɩɩɢɪɨɜɤɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨ 

ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜɬɨɪɢɱɧɨɝɨ ɤɚɪɛɨɤɚɬɢɨɧɚ ɜ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɵɣ ɬɪɟɬɢɱɧɵɣ: 

 

4. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɨɦɟɪɵ ɜɨɡɦɨɠɧɵ ɞɥɹ ȼ: 

 

 

ɋɢɫɬɟɦɚ Ɉɰɟɧɢɜɚɧɢя: 

1 Ɋɚɫɱɟɬ ɨɛɴɟɦɚ ɚɥɤɟɧɨɜ 2 ɛɚɥɥɚ 

2 ɍɫɬɚɧɨɜɥɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɮɨɪɦɭɥɵ ɚɥɤɟɧɨɜ 2 ɛɚɥɥɚ 

3 ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ⱥ–Е – ɩɨ 2 ɛɚɥɥɚ. ɋɬɪɭɤɬɭɪɧɵɟ 

ɮɨɪɦɭɥɵ ɫɨɟɞɢɧɟɧɢɣ Ⱥ1–ɋ1 – ɩɨ 1 ɛɚɥɥɭ 

13 ɛɚɥɥɨɜ 

4 ɉɪɚɜɢɥɶɧɨɟ ɭɤɚɡɚɧɢɟ ɫɨɟɞɢɧɟɧɢɹ ȼ – 1 ɛɚɥɥ. Ⱦɜɚ ɢɡɨɦɟɪɚ ɫ 

ɩɪɚɜɢɥɶɧɵɦ ɧɚɡɜɚɧɢɟɦ – ɩɨ 1 ɛɚɥɥɭ ɡɚ ɤɚɠɞɵɣ (ɟɫɥɢ ɟɫɬɶ ɢɡɨɦɟɪɵ, ɧɨ 

ɧɟɬ ɧɚɡɜɚɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ E/Z-ɧɨɦɟɧɤɥɚɬɭɪɵ, ɬɨ ɩɨ 0,5 ɛɚɥɥɚ) 

3 ɛɚɥɥɚ 

 ɂɌɈȽɈ 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-4  (ɚɜɬɨɪ ɂ. ȼ. Ɍɪɭɲɤɨɜ): 

1. ȿɫɬɶ ɧɟɫɤɨɥɶɤɨ ɩɪɨɫɬɵɯ ɜɟɳɟɫɬɜ, ɫɨɫɬɨɹɳɢɯ ɢɡ ɞɜɭɯɚɬɨɦɧɵɯ ɦɨɥɟɤɭɥ: H2, N2, O2 ɢ 

ɝɚɥɨɝɟɧɵ. ɉɨɫɤɨɥɶɤɭ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ Ⱥ ɨɬɳɟɩɥɹɟɬɫɹ HX, ɚ F ɩɨ ɫɬɪɭɤɬɭɪɟ 

ɚɧɚɥɨɝɢɱɟɧ D, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ Х ɢ Y – ɝɚɥɨɝɟɧɵ. Ɍɨɝɞɚ ɮɨɪɦɭɥɭ Ⱥ ɦɵ ɦɨɠɟɦ 

ɧɚɩɢɫɚɬɶ ɜ ɨɛɳɟɦ ɜɢɞɟ RHXn+1, ɚ ɮɨɪɦɭɥɭ Е – RXn. ɂɡ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɏ ɜ ɫɨɟɞɢɧɟɧɢɹɯ Ⱥ ɢ Е 

ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɚɬɨɦɧɭɸ ɦɚɫɫɭ ɝɚɥɨɝɟɧɚ ɏ (MX) ɱɟɪɟɡ ɦɚɫɫɭ ɨɫɬɚɥɶɧɵɯ ɚɬɨɦɨɜ ɜ ɦɨɥɟɤɭɥɟ Е: 

(MR) ɢ ɜ Ⱥ (MR+1): 0,792 = nMX / (nMX + MR) ɢ 0,848 = (n + 1)MX / {(n + 1)MX + MR + 1}. Ɉɬɫɸɞɚ 

MX = 1,77MR + 5,58. Ⱦɥɹ X = Cl (MX = 35,5) MR = 16,9 ( 17), ɱɬɨ ɧɟ ɢɦɟɟɬ ɮɢɡɢɱɟɫɤɨɝɨ 

ɫɦɵɫɥɚ, ɭɱɢɬɵɜɚɹ, ɱɬɨ Ⱥ ɢ Е ɞɨɥɠɧɵ ɫɨɞɟɪɠɚɬɶ ɚɬɨɦ(ɵ) ɭɝɥɟɪɨɞɚ. Ⱦɥɹ ɏ = F ɢ I ɪɟɲɟɧɢɹ 

ɬɨɠɟ ɧɟɬ. Ɉɞɧɚɤɨ ɞɥɹ ɏ = Br ɩɨɥɭɱɚɟɦ ɪɚɡɭɦɧɵɣ ɨɬɜɟɬ MR = 42 (ɬɨɝɞɚ n = 2 ɢ ME = 202). Эɬɨ 

ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɋ3ɇ6, ɩɨɫɤɨɥɶɤɭ ɫɨɟɞɢɧɟɧɢɟ ɋ3ɇ6Br2 ɧɟ ɦɨɠɟɬ ɨɛɪɚɡɨɜɚɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
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ɨɬɳɟɩɥɟɧɢɹ ɦɨɥɟɤɭɥɵ HBr ɨɬ A. Ɂɧɚɱɢɬ, ɮɨɪɦɭɥɚ ɨɫɬɚɬɤɚ R: ɋ2ɇ2Ɉ. ɂɬɚɤ, Х = Br, Е ɢɦɟɟɬ 

ɮɨɪɦɭɥɭ ɋ2ɇ2Br2O, ɚ Ⱥ – ɋ2ɇ3Br3O. ɉɪɨɞɨɥɠɚɹ ɪɚɫɱёɬɵ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɱɬɨ ɫɨɟɞɢɧɟɧɢɟ 

D ɢɦɟɟɬ ɮɨɪɦɭɥɭ CHBr3. Ɉɧɨ ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɝɚɥɨɮɨɪɦɧɨɣ ɪɟɚɤɰɢɢ, 

ɜ ɤɨɬɨɪɭɸ ɜɫɬɭɩɚɸɬ ɨɛɵɱɧɨ ɦɟɬɢɥɤɟɬɨɧɵ, ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɝɚɥɨɝɟɧɚ ɢ ɳɟɥɨɱɢ 

ɩɪɟɜɪɚɳɚɸɳɢɟɫɹ ɜ (ɬɪɢɝɚɥɨɝɟɧɨɦɟɬɢɥ)ɤɟɬɨɧɵ, ɤɨɬɨɪɵɟ ɩɪɢ ɚɬɚɤɟ ɝɢɞɪɨɤɫɢɞ-ɢɨɧɚ 

ɪɚɫɳɟɩɥɹɸɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ HCHal3 ɢ ɚɧɢɨɧɚ ɤɢɫɥɨɬɵ. (ɏɨɬɹ ɪɟɚɤɰɢɹ ɷɬɚ ɧɟɢɡɜɟɫɬɧɚ 

ɛɨɥɶɲɢɧɫɬɜɭ ɲɤɨɥɶɧɢɤɨɜ, ɜɵɜɨɞ ɨ ɫɬɪɭɤɬɭɪɟ ɜɟɳɟɫɬɜɚ D ɨɞɧɨɡɧɚɱɧɨ ɫɥɟɞɭɟɬ ɢɡ ɦɚɫɫɨɜɨɣ 

ɞɨɥɢ ɛɪɨɦɚ). Ɍɨɝɞɚ ɜ ɫɨɟɞɢɧɟɧɢɢ Е ɬɚɤɠɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɝɪɭɩɩɚ CBr3 (ɬɟɦ ɛɨɥɟɟ, ɧɚɥɢɱɢɟ ɩɪɢ 

ɨɞɧɨɦ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɚɬɨɦɚ ɛɪɨɦɚ ɢ ɝɪɭɩɩɵ Ɉɇ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɨɬɳɟɩɥɟɧɢɹ HBr ɞɚɠɟ ɩɪɢ 

ɩɨɧɢɠɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, Ⱥ – 2,2,2-ɬɪɢɛɪɨɦɷɬɚɧɨɥ, Br3CCH2OH, ɚ Е – 2,2-

ɞɢɛɪɨɦɭɤɫɭɫɧɵɣ ɚɥɶɞɟɝɢɞ, Br2CHCHO (ɩɪɨɞɭɤɬ ɢɡɨɦɟɪɢɡɚɰɢɢ ɧɟɫɬɚɛɢɥɶɧɨɝɨ ɟɧɨɥɚ 

Br2C=CHOH). ɋɨɟɞɢɧɟɧɢɟ ȼ – ɷɬɚɧɨɥ ɢɥɢ ɭɤɫɭɫɧɵɣ ɚɥɶɞɟɝɢɞ. Ɉɞɧɚɤɨ ɜ ɤɚɱɟɫɬɜɟ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɫɩɢɪɬ, ɬ. ɟ. ȼ – C2H5OH. Ⱥ ɨɛɪɚɡɭɟɬɫɹ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 

ɋ. ɋ ɭɱɟɬɨɦ ɫɨɞɟɪɠɚɧɢɹ ɛɪɨɦɚ ɜ ɋ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɦɨɥɟɤɭɥɹɪɧɭɸ ɮɨɪɦɭɥɭ ɤɚɤ 

ɋ2HBr3O, ɬɨ ɟɫɬɶ Br3CCHO – ɬɪɢɛɪɨɦɭɤɫɭɫɧɵɣ ɚɥɶɞɟɝɢɞ, ɢɥɢ ɛɪɨɦɚɥɶ. ɉɨɫɤɨɥɶɤɭ F ɢɦɟɟɬ 

ɫɬɪɭɤɬɭɪɭ, ɚɧɚɥɨɝɢɱɧɭɸ ɫɬɪɭɤɬɭɪɟ D, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɷɬɨ ɞɪɭɝɨɣ ɝɚɥɨɮɨɪɦ, CHY3. 

ɂɡ ɫɨɞɟɪɠɚɧɢɹ ɜ ɧёɦ ɝɚɥɨɝɟɧɚ ɫɥɟɞɭɟɬ, ɱɬɨ Y = Cl, ɚ Y2 = Cl2. Ɇɨɠɧɨ ɬɚɤɠɟ ɩɪɟɞɩɨɥɨɠɢɬɶ, 

ɱɬɨ Z, ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɋ, ɫɨɞɟɪɠɢɬ ɝɪɭɩɩɭ ɋɋl3, ɨɞɧɚɤɨ ɫɨɞɟɪɠɚɧɢɟ ɯɥɨɪɚ ɧɟ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

ɮɨɪɦɭɥɨɣ Cl3CCHO, ɚ ɬɪɟɛɭɟɬ MZ  165,5, ɬɨ ɟɫɬɶ ɨɬɥɢɱɚɟɬɫɹ ɧɚ 18, ɱɬɨ ɪɚɜɧɨ ɦɚɫɫɟ 

ɦɨɥɟɤɭɥɵ ɜɨɞɵ. ȿɞɢɧɫɬɜɟɧɧɵɣ ɫɩɨɫɨɛ ɞɨɛɚɜɢɬɶ ɦɨɥɟɤɭɥɭ ɜɨɞɭ – ɩɪɢɫɨɟɞɢɧɟɧɢɟ ɟɟ ɩɨ ɫɜɹɡɢ 

C=O ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ Cl3CCH(OH)2. Ɍɚɤɭɸ ɦɨɥɟɤɭɥɭ ɧɚɡɵɜɚɸɬ ɯɥɨɪɚɥɶɝɢɞɪɚɬ. Ɉɧɚ ɭɫɬɨɣɱɢɜɚ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ ɱɬɨ, ɫɨɝɥɚɫɧɨ ɩɪɚɜɢɥɭ Эɥɶɬɟɤɨɜɚ–Эɪɥɟɧɦɟɣɟɪɚ, ɫɨɟɞɢɧɟɧɢɹ ɫ ɞɜɭɦɹ ɝɪɭɩɩɚɦɢ 

OH ɭ ɨɞɧɨɝɨ ɚɬɨɦɚ ɭɝɥɟɪɨɞɚ ɧɟ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɨɣɱɢɜɵ. Ɉɬɥɢɱɢɟ ɯɥɨɪɚɥɹ ɜ ɬɨɦ, ɱɬɨ ɬɪɢ 

ɷɥɟɤɬɪɨɧɨɚɤɰɟɩɬɨɪɧɵɯ ɚɬɨɦɚ ɯɥɨɪɚ ɫɨɡɞɚɸɬ ɧɚ ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɝɪɭɩɩɵ Cl3C ɡɧɚɱɢɬɟɥɶɧɵɣ 

ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ, ɱɬɨ ɞɟɫɬɚɛɢɥɢɡɢɪɭɟɬ ɦɨɥɟɤɭɥɭ Cl3CCHO, ɜ ɤɨɬɨɪɨɣ ɧɚ ɤɚɪɛɨɧɢɥɶɧɨɦ 

ɚɬɨɦɟ ɭɝɥɟɪɨɞɚ ɬɚɤɠɟ ɢɦɟɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ. ɉɨɫɤɨɥɶɤɭ ɜ ɝɢɞɪɚɬɟ 

ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ ɧɚ «ɤɚɪɛɨɧɢɥɶɧɨɦ» ɚɬɨɦɟ ɦɟɧɶɲɟ, ɞɟɫɬɚɛɢɥɢɡɚɰɢɹ ɬɚɤɨɝɨ ɝɢɞɪɚɬɚ 

ɦɟɧɶɲɟ, ɱɬɨ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɚɛɢɥɶɧɨɫɬɶ ɯɥɨɪɚɥɶɝɢɞɪɚɬɚ, ɦɧɨɝɨ ɥɟɬ ɢɫɩɨɥɶɡɨɜɚɜɲɟɝɨɫɹ ɜ 

ɤɚɱɟɫɬɜɟ ɫɧɨɬɜɨɪɧɨɝɨ. (Ɉɛɨɫɧɨɜɚɧɢɟ ɪɟɲɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɨ ɢ ɧɚ ɞɪɭɝɢɯ ɚɪɝɭɦɟɧɬɚɯ; 

ɩɪɢɧɢɦɚɟɬɫɹ ɥɸɛɨɟ ɪɚɡɭɦɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ) 

ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ: 
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2. 4 Br2 + C2H5OH = Br3CCHO + 5 HBr 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя : 

1 ɋɬɪɭɤɬɭɪɧɵɟ ɮɨɪɦɭɥɵ A–F, Z ɢ ɷɥɟɦɟɧɬɵ X ɢ Y – ɩɨ 2 ɛɚɥɥɚ 

(ȼ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɪɚɡɭɦɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɩɪɚɜɢɥɶɧɵɟ ɫɬɪɭɤɬɭɪɵ 

ɨɰɟɧɢɜɚɸɬɫɹ ɜ 1 ɛɚɥɥ) 

18 ɛɚɥɥɨɜ 

2 ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ 2 ɛɚɥɥɚ 

 ɂɌɈȽɈ: 20 ɛɚɥɥɨɜ 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 11-5 (ɚɜɬɨɪ ȿɪёɦɢɧ ȼ. ȼ.) 

 1. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɨɛɪɚɡɭɟɬɫɹ ɬɟɬɪɚɤɚɪɛɨɧɢɥ ɧɢɤɟɥɹ: 

  Ni(ɬɜ) + 4CO(ɝ)  Ni(CO)4(ɝ) 

Ʉɨɥɢɱɟɫɬɜɚ ɜɟɳɟɫɬɜ ɞɨ ɢ ɩɨɫɥɟ ɪɟɚɤɰɢɢ: 

  0(CO) = PV / RT = 200  20,2 / (8,314303) = 1,6 ɦɨɥɶ, 

  (CO) + (Ni(CO4)) = 100  20,2 / (8,314378) = 0,64 ɦɨɥɶ 

ɉɭɫɬɶ ɜ ɪɟɚɤɰɢɸ ɜɫɬɭɩɢɥɨ x ɦɨɥɶ Ni, ɢɡɪɚɫɯɨɞɨɜɚɥɨɫɶ 4x ɦɨɥɶ CO, ɨɛɪɚɡɨɜɚɥɨɫɶ x ɦɨɥɶ 

Ni(CO)4. 

  1,6 − 4x + x = 0,64 

x = 0,32. ȼ ɪɚɜɧɨɜɟɫɧɨɣ ɫɦɟɫɢ ɫɨɞɟɪɠɢɬɫɹ (1,6 − 40,32) = 0,32 ɦɨɥɶ CO ɢ 0,32 ɦɨɥɶ Ni(CO)4. 

Ⱦɚɜɥɟɧɢɹ ɨɛɨɢɯ ɝɚɡɨɜ ɪɚɜɧɵ ɢ ɫɨɫɬɚɜɥɹɸɬ ɩɨɥɨɜɢɧɭ ɨɬ ɨɛɳɟɝɨ ɞɚɜɥɟɧɢɹ, ɬ. ɟ. ɩɨ 0,5 ɛɚɪ. 

 2. ɋɦɟɫɶ ɷɤɜɢɦɨɥɹɪɧɚɹ, ɩɨɷɬɨɦɭ ɟё ɦɨɥɹɪɧɚɹ ɦɚɫɫɚ ɪɚɜɧɚ ɫɪɟɞɧɟɦɭ ɚɪɢɮɦɟɬɢɱɟɫɤɨɦɭ 

ɨɬ ɦɨɥɹɪɧɵɯ ɦɚɫɫ ɤɨɦɩɨɧɟɧɬɨɜ: 

  Mɫɪ = (28 + 171) / 2 = 99,5 ɝ/ɦɨɥɶ, 

  Dɜɨɡɞ = 99,5 / 29 = 3,55 

 3. ɚ) ȼ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ ɜɯɨɞɹɬ ɬɨɥɶɤɨ ɞɚɜɥɟɧɢɹ ɝɚɡɨɨɛɪɚɡɧɵɯ ɜɟɳɟɫɬɜ: 

   

ɢɥɢ ɢɯ ɤɨɧɰɟɧɬɪɚɰɢɢ: 

 [Ni(CO)4] =  / V = 0,32 / 20,2 = 0,016 ɦɨɥɶ/ɥ,  

 [CO] = [Ni(CO)4] = 0,016 ɦɨɥɶ/ɥ,  

   

Ʉɨɧɫɬɚɧɬɚ ɪɚɜɧɨɜɟɫɢɹ ɧɟ ɢɡɦɟɧɢɬɫɹ ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɞɚɜɥɟɧɢɢ 10,0 ɛɚɪ, ɧɨ ɛɭɞɟɬ ɞɪɭɝɨɣ ɩɪɢ 



4
4 4
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ɬɟɦɩɟɪɚɬɭɪɟ 90 °C. 

 4. ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 250 °C ɬɟɬɪɚɤɚɪɛɨɧɢɥ ɧɢɤɟɥɹ ɩɨɥɧɨɫɬɶɸ ɪɚɡɥɚɝɚɟɬɫɹ: 

  Ni(CO)4 = Ni + 4CO 

 (Ni) = (Ni(CO)4) = 0,32 ɦɨɥɶ. 

 m(Ni) = 0,3259 = 18,9 ɝ. 

 5. ɋɚɦɵɣ ɬɪɭɞɧɵɣ ɜɨɩɪɨɫ. ȿɫɥɢ ɜ ɝɟɬɟɪɨɝɟɧɧɨɣ ɪɟɚɤɰɢɢ ɬɜёɪɞɨɟ ɜɟɳɟɫɬɜɨ ɭɱɚɫɬɜɭɟɬ ɜ 

ɜɢɞɟ ɪɚɫɬɜɨɪɚ, ɬɨ ɟɝɨ ɦɨɥɶɧɚɹ ɞɨɥɹ ɜɯɨɞɢɬ ɜ ɤɨɧɫɬɚɧɬɭ ɪɚɜɧɨɜɟɫɢɹ: 

   

ɉɨɫɤɨɥɶɤɭ x(Ni) < 1, ɬɨ p(Ni(CO)4) / p(CO)4 < 8. Эɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɵɯɨɞ ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ 

Ni(CO)4 ɛɭɞɟɬ ɦɟɧɶɲɟ, ɱɟɦ ɫ ɱɢɫɬɵɦ ɧɢɤɟɥɟɦ, ɩɨɷɬɨɦɭ ɤɨɧɟɱɧɨɟ ɞɚɜɥɟɧɢɟ ɛɭɞɟɬ ɜɵɲɟ, ɱɟɦ 

1,0 ɛɚɪ. 

 Эɬɨɬ ɠɟ ɨɬɜɟɬ ɦɨɠɧɨ ɞɚɬɶ ɢ ɛɟɡ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɢɧɰɢɩɚ Ʌɟ 

ɒɚɬɟɥɶɟ. Ɋɚɫɫɦɨɬɪɢɦ ɪɚɜɧɨɜɟɫɢɟ ɫ ɱɢɫɬɵɦ ɧɢɤɟɥɟɦ: Ni(ɬɜ) + 4CO(ɝ)  Ni(CO)4(ɝ). ȿɫɥɢ 

ɭɦɟɧɶɲɢɬɶ ɞɨɥɸ ɧɢɤɟɥɹ, ɬɨ ɷɬɨ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɫɦɟɳɟɧɢɸ ɪɚɜɧɨɜɟɫɢɹ ɜɥɟɜɨ, ɬ. ɟ. 

ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɨɬɟɤɚɧɢɹ ɪɟɚɤɰɢɢ. 

 

Ɉɬɜɟɬɵ. 

1. CO ɢ Ni(CO)4 – ɩɨ 0,5 ɛɚɪ. 

2. Dɜɨɡɞ = 3,55. 

3. Kp = 8,0 (Kc = 2,5104). ɚ) ɇɟ ɢɡɦɟɧɢɬɫɹ. ɛ) ɂɡɦɟɧɢɬɫɹ. 

4. 18,9 ɝ. 

5. Ɉɛɳɟɟ ɪɚɜɧɨɜɟɫɧɨɟ ɞɚɜɥɟɧɢɟ ɛɭɞɟɬ ɛɨɥɶɲɟ 1,0 ɛɚɪ. 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

1. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ – 1 ɛɚɥɥ 

Ɋɚɫɱёɬ ɪɚɜɧɨɜɟɫɧɵɯ ɞɚɜɥɟɧɢɣ – ɩɨ 2 ɛɚɥɥɚ ɤɚɠɞɨɟ 

(ɟɫɥɢ ɩɪɨɜɟɞёɧ ɪɚɫɱёɬ ɬɨɥɶɤɨ ɤɨɥɢɱɟɫɬɜ ɜɟɳɟɫɬɜɚ – ɬɨ ɩɨ 1 ɛɚɥɥɭ ɤɚɠɞɨɟ) 

  ɂɬɨɝɨ: 5 ɛɚɥɥɨɜ. 

2.  Ɇɨɥɹɪɧɚɹ ɦɚɫɫɚ ɫɦɟɫɢ – 2 ɛɚɥɥɚ 

 ɉɥɨɬɧɨɫɬɶ ɩɨ ɜɨɡɞɭɯɭ – 1 ɛɚɥɥ 

  ɂɬɨɝɨ: 3 ɛɚɥɥɚ. 

3.  ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɤɨɧɫɬɚɧɬɵ ɱɟɪɟɡ ɞɚɜɥɟɧɢɹ ɢɥɢ ɤɨɧɰɟɧɬɪɚɰɢɢ – 2 ɛɚɥɥɚ 

4
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 Ɂɧɚɱɟɧɢɟ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ – 1 ɛɚɥɥ 

(0,5 ɛɚɥɥɚ – ɟɫɥɢ ɞɚɜɥɟɧɢɟ ɜɵɪɚɠɟɧɨ ɧɟ ɜ ɛɚɪɚɯ ɢɥɢ ɦɨɥɶ/ɥ, ɚ ɜ ɥɸɛɵɯ ɞɪɭɝɢɯ ɟɞɢɧɢɰɚɯ). 

ȿɫɥɢ ɞɥɹ ɤɨɧɫɬɚɧɬɵ ɪɚɜɧɨɜɟɫɢɹ ɞɚɧɨ ɧɟ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɟ, ɧɨ ɢ ɪɚɡɦɟɪɧɨɫɬɶ – ɨɰɟɧɤɚ ɧɟ 

ɫɧɢɠɚɟɬɫɹ. 

 Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɨɬ ɞɚɜɥɟɧɢɹ – 1 ɛɚɥɥ 

 Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ – 1 ɛɚɥɥ 

  ɂɬɨɝɨ: 5 ɛɚɥɥɨɜ. 

4.  ɍɪɚɜɧɟɧɢɟ ɪɚɡɥɨɠɟɧɢɹ – 1 ɛɚɥɥ 

ɉɪɚɜɢɥɶɧɵɣ ɪɚɫɱёɬ ɩɨ ɭɪɚɜɧɟɧɢɸ ɪɟɚɤɰɢɢ (ɞɚɠɟ ɫ ɧɟɩɪɚɜɢɥɶɧɵɦ ɢɫɯɨɞɧɵɦ ɤɨɥɢɱɟɫɬɜɨɦ 

Ni(CO)4) – 2 ɛɚɥɥɚ 

  ɂɬɨɝɨ: 3 ɛɚɥɥɚ. 

5. ɉɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ ɫ ɥɸɛɵɦɢ ɪɚɡɭɦɧɵɦɢ ɚɪɝɭɦɟɧɬɚɦɢ – 4 ɛɚɥɥɚ. 

ȼɫɟɝɨ 20 ɛɚɥɥɨɜ 
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Дɟɜɹɬɵɣ ɤɥɚɫɫ 

ɊЕɒЕɇɂЕ 

(ɚɜɬɨɪ: ɋɚɦɨɪɭɤɨɜɚ Ɉ. Ʌ.) 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɤɥɹɧɨɤ ɫ ɤɢɫɥɨɬɨɣ ɢ ɳёɥɨɱɶɸ 
ɉɟɪɟɧɨɫɢɦ ɧɟɫɤɨɥɶɤɨ ɤɚɩɟɥɶ ɪɚɫɬɜɨɪɚ ɢɡ ɫɤɥɹɧɤɢ ɫ ɨɩɪɟɞɟɥɹɟɦɵɦ ɪɟɚɤɬɢɜɨɦ ɜ 

ɱɢɫɬɭɸ ɩɪɨɛɢɪɤɭ ɢ ɞɨɛɚɜɥɹɟɦ ɤ ɧɟɦɭ ɩɨ ɤɚɩɥɹɦ ɪɚɫɬɜɨɪ AgNO3, ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ 

ɜɵɩɚɞɟɧɢɟ ɨɫɚɞɤɚ. ȿɫɥɢ ɜɵɩɚɜɲɢɣ ɨɫɚɞɨɤ ɛɭɪɨɝɨ ɰɜɟɬɚ, ɬɨ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜ ɫɤɥɹɧɤɟ 

ɧɚɯɨɞɢɬɫɹ NaOH, ɟɫɥɢ ɛɟɥɵɣ ɢɥɢ ɫɟɪɨɜɚɬɵɣ, – ɬɨ H2SO4 . ɉɪɢ ɷɬɨɦ ɩɪɨɬɟɤɚɸɬ ɪɟɚɤɰɢɢ: 

 

2NaOH + 2AgNO3 = Ag2OĻ + NaNO3 + H2O 

Ɉɫɚɞɨɤ Ag2OĻ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɢɡɛɵɬɤɟ ɚɦɦɢɚɤɚ. 

Ag2O + 2NH3∙H2O = 2 [Ag(NH3)2]OH + H2O 

H2SO4 + 2AgNO3 = Ag2SO4Ļ + 2HNO3 (ɨɫɚɞɨɤ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ ɢ ɢɡɛɵɬɤɟ 

ɚɦɦɢɚɤɚ) 

 
Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɚ ɫɦɟɫɟɣ 

Ɍɚɤ ɤɚɤ ɜɚɪɢɚɧɬɨɜ ɫɦɟɫɟɣ ɦɨɠɟɬ ɛɵɬɶ ɨɱɟɧɶ ɦɧɨɝɨ, ɬɨ ɦɵ ɩɪɢɜɟɞɟɦ ɪɟɚɤɰɢɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɤɚɠɞɨɣ ɫɨɥɢ ɢ ɪɚɫɫɦɨɬɪɢɦ ɜɚɪɢɚɧɬɵ ɚɧɚɥɢɡɚ ɧɟɤɨɬɨɪɵɯ ɫɦɟɫɟɣ. 

ɉɪɨɜɟɞɟɧɢɟ ɥɸɛɨɝɨ ɚɧɚɥɢɡɚ ɧɚɱɢɧɚɸɬ ɫ ɪɚɫɬɜɨɪɟɧɢɹ ɜɟɳɟɫɬɜɚ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɤɚɬɢɨɧɨɜ ɢ 

ɚɧɢɨɧɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɬɟɪɹɧɵ ɜ ɜɢɞɟ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɬɜɨɪɟɧɢɹ ɢ ɞɚɥɶɧɟɣɲɟɣ 

ɪɚɛɨɬɵ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɷɬɨ ɦɨɝɭɬ ɛɵɬɶ ɢɨɧɵ NH4
+ ɢ CO3

2−.  

ɇɚɱɢɧɚɟɦ ɪɚɛɨɬɭ ɫ ɩɪɨɜɟɪɤɢ ɧɚ ɋɈ3
2−. ɇɚ ɩɪɟɞɦɟɬɧɨɟ ɫɬɟɤɥɨ ɩɨɦɟɳɚɟɦ ɧɟɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɦɟɲɚɧɧɨɣ ɩɪɨɛɵ ɢ ɤɚɩɚɟɦ H2SO4. ȿɫɥɢ ɜ ɚɧɚɥɢɡɢɪɭɟɦɨɦ 

ɜɟɳɟɫɬɜɟ ɟɫɬɶ ɢɨɧɵ CO3
2−, ɬɨ ɩɪɨɛɚ ɧɚɱɧɟɬ ɜɫɩɟɧɢɜɚɬɶɫɹ, ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɜ ɨɛɴɟɦɟ. Эɬɨ 

ɡɧɚɱɢɬ, ɱɬɨ ɜɵɞɟɥɹɟɬɫɹ ɝɚɡ CO2Ĺ (ɪɟɚɤɰɢя 1, ɫɦ. ɧɢɠɟ). ɉɪɢ ɪɚɫɬɜɨɪɟɧɢɢ ɩɪɨɛɵ ɜ ɜɨɞɟ ɬɚɤɠɟ 

ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɜɵɞɟɥɟɧɢɟ ɝɚɡɚ. Ɂɧɚɱɢɬ, ɱɬɨ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɦɵ 

ɨɛɧɚɪɭɠɢɥɢ ɫɨɥɶ Na2CO3. ȼɫɟ ɢɧɞɢɜɢɞɭɚɥɶɧɵɟ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɞɚɧɵ ɜ ɡɚɞɚɧɢɢ 

ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɜɨɞɟ. ȿɫɥɢ ɤɚɪɛɨɧɚɬɚ ɜ ɫɦɟɫɢ ɧɟɬ, ɧɨ ɟɫɬɶ Pb(NO3)2, ɬɨ ɩɪɢ ɟɟ ɪɚɫɬɜɨɪɟɧɢɢ 

ɛɟɡ ɧɚɝɪɟɜɚɧɢɹ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɤɪɨɦɟ ɫɦɟɫɢ ɫ Ba(NO3)2 ɜ ɩɪɨɛɢɪɤɟ ɛɭɞɟɬ ɨɫɬɚɜɚɬɶɫɹ ɨɫɚɞɨɤ 

ɝɚɥɨɝɟɧɢɞɨɜ ɫɜɢɧɰɚ – ɛɟɥɵɣ ɜ ɫɥɭɱɚɟ PbCl2, ɤɨɬɨɪɵɣ ɪɚɫɬɜɨɪɹɟɬɫɹ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ ɩɪɨɛɢɪɤɢ 

ɧɚ ɜɨɞɹɧɨɣ ɛɚɧɟ ɢ ɜɵɩɚɞɚɟɬ ɜɧɨɜɶ ɩɪɢ ɨɯɥɚɠɞɟɧɢɢ ɪɚɫɬɜɨɪɚ (ɪɟɚɤɰɢя 2). Эɬɨ ɩɨɡɜɨɥɹɟɬ 

ɨɛɧɚɪɭɠɢɬɶ ɫɨɥɶ Pb(NO3)2. ȿɫɥɢ ɜ ɚɧɚɥɢɡɢɪɭɟɦɨɣ ɩɪɨɛɟ ɟɫɬɶ KI, ɬɨ ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ 

ɪɚɫɬɜɨɪɚ ɦɵ ɭɜɢɞɢɦ ɨɛɪɚɡɨɜɚɧɢɟ ɠёɥɬɵɯ ɤɪɢɫɬɚɥɥɨɜ PbI2 (ɪɟɚɤɰɢя 3), ɱɬɨ ɬɚɤɠɟ ɫɥɭɠɢɬ 

ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɩɪɢɫɭɬɫɬɜɢɹ ɜ ɫɦɟɫɢ ɫɨɥɢ Pb(NO3)2. Ⱦɪɭɝɢɟ ɩɪɨɜɟɪɨɱɧɵɟ ɪɟɚɤɰɢɢ ɞɥɹ ɷɬɨɣ 
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ɫɨɥɢ ɛɭɞɭɬ ɪɚɫɫɦɨɬɪɟɧɵ ɧɢɠɟ. 

ɑɬɨɛɵ ɧɟ ɩɨɬɟɪɹɬɶ ɢɨɧ NH4
+, ɩɪɨɜɨɞɢɦ ɪɟɚɤɰɢɸ ɟɝɨ ɨɩɪɟɞɟɥɟɧɢɹ. Ȼɟɪɟɦ ɱɢɫɬɭɸ 

ɩɪɨɛɢɪɤɭ, ɩɟɪɟɧɨɫɢɦ ɜ ɧɟɟ ɧɟɛɨɥɶɲɭɸ ɱɚɫɬɶ ɪɚɫɬɜɨɪɟɧɧɨɣ ɩɪɨɛɵ, ɞɨɛɚɜɥɹɟɦ ɜ ɧɟё 10–15 

ɤɚɩɟɥɶ ɪɚɫɬɜɨɪɚ NaOH ɢ ɧɚɤɪɵɜɚɟɦ ɩɪɟɞɦɟɬɧɵɦ ɫɬɟɤɥɨɦ, ɤ ɤɨɬɨɪɨɦɭ ɩɪɢɤɪɟɩɥɟɧɚ ɜɥɚɠɧɚɹ 

ɮɟɧɨɥɮɬɚɥɟɢɧɨɜɚɹ ɛɭɦɚɝɚ. ɉɨɦɟɳɚɟɦ ɩɪɨɛɢɪɤɭ ɜ ɜɨɞɹɧɭɸ ɛɚɧɸ. ȿɫɥɢ ɜ ɩɪɨɛɟ ɟɫɬɶ ɢɨɧ 

ɚɦɦɨɧɢɹ, ɬɨ ɱɟɪɟɡ ɧɟɫɤɨɥɶɤɨ ɦɢɧɭɬ ɮɟɧɨɥɮɬɚɥɟɢɧɨɜɚɹ ɛɭɦɚɝɚ ɨɤɪɚɫɢɬɫɹ ɜ ɦɚɥɢɧɨɜɵɣ ɰɜɟɬ 

(ɪɟɚɤɰɢя 4). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɵ ɨɛɧɚɪɭɠɢɥɢ ɫɨɥɶ NH4Cl. Ɋɚɫɬɜɨɪɢɜ ɩɪɨɛɭ ɢ ɩɪɨɜɟɞɹ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ, ɜɵɩɨɥɧɹɟɦ ɪɟɚɤɰɢɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɞɨɤɚɡɚɬɶ ɩɪɢɫɭɬɫɬɜɢɟ 

ɞɪɭɝɢɯ ɫɨɥɟɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɫɯɟɦɭ ɚɧɚɥɢɡɚ ɧɟɤɨɬɨɪɵɯ ɫɦɟɫɟɣ. 

 

ɉɪɢɦɟɪ 1. ɋɦɟɫɶ: Pb(NO3)2, NH4Cl 

ɇɚɱɢɧɚɟɦ ɪɚɛɨɬɭ ɫ ɬɳɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɩɪɨɛɵ, ɟё ɪɚɫɬɜɨɪɟɧɢɹ ɢ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ. ɉɪɨɜɟɪɹɟɦ ɩɪɨɛɭ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɤɚɪɛɨɧɚɬ-ɢɨɧɚ. Ɍɚɤ ɤɚɤ 

ɜɵɞɟɥɟɧɢɹ ɝɚɡɚ ɧɟ ɧɚɛɥɸɞɚɟɦ, ɬɨ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɫɨɥɶ Na2CO3 ɨɬɫɭɬɫɬɜɭɟɬ. ȼ ɱɢɫɬɭɸ 

ɩɪɨɛɢɪɤɭ ɨɬɛɢɪɚɟɦ ɱɚɫɬɶ ɩɪɨɛɵ, ɞɨɛɚɜɥɹɟɦ ɜɨɞɵ, ɩɟɪɟɦɟɲɢɜɚɟɦ ɢ ɧɚɛɥɸɞɚɟɦ ɱɚɫɬɢɱɧɨɟ 

ɪɚɫɬɜɨɪɟɧɢɟ ɩɪɨɛɵ. ɉɪɨɛɢɪɤɭ ɧɚɝɪɟɜɚɟɦ ɧɚ ɜɨɞɹɧɨɣ ɛɚɧɟ ɢ ɧɚɛɥɸɞɚɟɦ ɩɨɥɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ 

ɩɪɨɛɵ. ɉɪɢ ɨɯɥɚɠɞɟɧɢɢ ɪɚɫɬɜɨɪɚ ɧɚɛɥɸɞɚɟɦ ɜɵɩɚɞɟɧɢɟ ɛɟɥɨɝɨ ɨɫɚɞɤɚ (ɪɟɚɤɰɢя 2). Эɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɫɦɟɫɢ ɫɨɥɢ Pb(NO3)2. Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɧɚɲɢɯ ɜɵɜɨɞɨɜ 

ɨɬɞɟɥɹɟɦ ɪɚɫɬɜɨɪ ɨɬ ɨɫɚɞɤɚ. Ʉ ɨɫɚɞɤɭ ɞɨɛɚɜɥɹɟɦ ɧɟɦɧɨɝɨ ɜɨɞɵ, ɫɧɨɜɚ ɧɚɝɪɟɜɚɦ ɢ ɤ ɝɨɪɹɱɟɦɭ 

ɪɚɫɬɜɨɪɭ ɞɨɛɚɜɥɹɟɦ ɩɨ ɤɚɩɥɹɦ H2SO4. ɇɚɛɥɸɞɚɟɦ ɜɵɩɚɞɟɧɢɟ ɨɫɚɞɤɚ PbSO4 (ɪɟɚɤɰɢя 5), 

ɤɨɬɨɪɵɣ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɢɡɛɵɬɤɟ ɳɟɥɨɱɢ (ɪɟɚɤɰɢя 6) (BaSO4 – ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ). Эɬɨ ɟɳё ɪɚɡ 

ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɢɫɭɬɫɬɜɢɟ ɜ ɫɦɟɫɢ ɫɨɥɢ Pb(NO3)2 ɢ ɨɬɫɭɬɫɬɜɢɟ Ba(NO3)2. Ȼɟɪɟɦ ɧɨɜɭɸ 

ɩɨɪɰɢɸ ɪɚɫɬɜɨɪɚ ɢ ɨɬɤɪɵɜɚɟɦ ɢɨɧ ɚɦɦɨɧɢɹ ɤɚɤ ɛɵɥɨ ɨɩɢɫɚɧɨ ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ 

ɢɫɩɵɬɚɧɢɹɯ (ɪɟɚɤɰɢя 4). ɉɨ ɩɨɤɪɚɫɧɟɧɢɸ ɮɟɧɨɥɮɬɚɥɟɢɧɨɜɨɣ ɛɭɦɚɝɢ ɞɟɥɚɟɦ ɜɵɜɨɞ ɨ 

ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɩɪɨɛɟ ɢɨɧɚ ɚɦɦɨɧɢɹ, ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɫɨɥɢ NH4Cl .  

 

ɉɪɢɦɟɪ 2. ɋɦɟɫɶ: Ba(NO3)2, KI 

ɇɚɱɢɧɚɟɦ ɪɚɛɨɬɭ ɫ ɬɳɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɩɪɨɛɵ, ɟё ɪɚɫɬɜɨɪɟɧɢɹ ɢ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ. ɉɪɨɜɟɪɹɟɦ ɩɪɨɛɭ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɤɚɪɛɨɧɚɬ-ɢɨɧɚ. Ɍɚɤ ɤɚɤ 

ɜɵɞɟɥɟɧɢɹ ɝɚɡɚ ɧɟ ɧɚɛɥɸɞɚɟɦ, ɬɨ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɫɨɥɶ Na2CO3 ɨɬɫɭɬɫɬɜɭɟɬ. ȼ ɱɢɫɬɭɸ 

ɩɪɨɛɢɪɤɭ ɨɬɛɢɪɚɟɦ ɱɚɫɬɶ ɩɪɨɛɵ, ɞɨɛɚɜɥɹɟɦ ɜɨɞɵ, ɩɟɪɟɦɟɲɢɜɚɟɦ ɢ ɧɚɛɥɸɞɚɟɦ ɩɨɥɧɨɟ 

ɪɚɫɬɜɨɪɟɧɢɟ ɩɪɨɛɵ. ɑɚɫɬɶ ɪɚɫɬɜɨɪɟɧɧɨɣ ɩɪɨɛɵ ɩɟɪɟɧɨɫɢɦ ɜ ɱɢɫɬɭɸ ɩɪɨɛɢɪɤɭ ɢ ɩɪɨɜɟɪɹɟɦ ɟё 

ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɢɨɧɨɜ ɚɦɦɨɧɢɹ. Ɍɚɤ ɤɚɤ ɮɟɧɨɥɮɬɚɥɟɢɧɨɜɚɹ ɛɭɦɚɝɚ ɧɟ ɩɨɤɪɚɫɧɟɥɚ, ɞɟɥɚɟɦ 
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ɜɵɜɨɞ ɨɛ ɨɬɫɭɬɫɬɜɢɢ ɢɨɧɨɜ ɚɦɦɨɧɢɹ. ɉɟɪɟɧɨɫɢɦ ɜ ɱɢɫɬɭɸ ɩɪɨɛɢɪɤɭ ɧɨɜɭɸ ɩɨɪɰɢɸ ɩɪɨɛɵ ɢ 

ɞɨɛɚɜɥɹɟɦ ɩɨ ɤɚɩɥɹɦ ɪɚɫɬɜɨɪ H2SO4. ɇɚɛɥɸɞɚɟɦ ɜɵɩɚɞɟɧɢɟ ɛɟɥɨɝɨ ɨɫɚɞɤɚ (ɪɟɚɤɰɢя 7), 

ɤɨɬɨɪɵɣ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɢɡɛɵɬɤɟ ɤɢɫɥɨɬɵ, ɪɚɫɬɜɨɪɟ ɚɦɦɢɚɤɚ ɢ ɳёɥɨɱɢ. Эɬɨ ɦɨɠɟɬ ɛɵɬɶ 

ɬɨɥɶɤɨ ɨɫɚɞɨɤ BaSO4. Ɂɧɚɱɢɬ ɦɵ ɨɬɤɪɵɥɢ ɫɨɥɶ Ba(NO3)2. Ɍɟɩɟɪɶ ɦɵ ɦɨɠɟɦ ɩɨɫɬɭɩɢɬɶ ɞɜɭɦɹ 

ɫɩɨɫɨɛɚɦɢ – ɷɬɨ ɨɬɞɟɥɢɬɶ ɨɫɚɞɨɤ ɨɬ ɪɚɫɬɜɨɪɚ ɢɥɢ ɜɡɹɬɶ ɧɨɜɭɸ ɩɨɪɰɢɸ ɪɚɫɬɜɨɪɚ ɩɪɨɛɵ ɢ 

ɞɨɛɚɜɢɬɶ ɪɚɫɬɜɨɪ AgNO3. Ɉɬɞɟɥɹɟɦ ɨɫɚɞɨɤ, ɚ ɤ ɪɚɫɬɜɨɪɭ ɞɨɛɚɜɥɹɟɦ AgNO3. ɇɚɛɥɸɞɚɟɦ 

ɜɵɞɟɥɟɧɢɟ ɨɫɚɞɤɚ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɠёɥɬɭɸ ɨɤɪɚɫɤɭ (ɪɟɚɤɰɢя 8). ɀёɥɬɵɣ ɨɫɚɞɨɤ – AgI. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɦɵ ɨɬɤɪɵɥɢ ɫɨɥɶ KI.  

 

ɉɪɢɦɟɪ 3. ɋɦɟɫɶ: Na2CO3, MnCl2 

ɇɚɱɢɧɚɟɦ ɪɚɛɨɬɭ ɫ ɬɳɚɬɟɥɶɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɩɪɨɛɵ, ɟё ɪɚɫɬɜɨɪɟɧɢɹ ɢ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ. ɉɪɨɜɟɪɹɟɦ ɩɪɨɛɭ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɤɚɪɛɨɧɚɬ-ɢɨɧɚ. ɇɚ 

ɩɪɟɞɦɟɬɧɨɟ ɫɬɟɤɥɨ ɩɨɦɟɳɚɟɦ ɱɚɫɬɶ ɩɪɨɛɵ ɢ ɞɨɛɚɜɥɹɟɦ ɧɟɫɤɨɥɶɤɨ ɤɚɩɟɥɶ H2SO4 . ɇɚɛɥɸɞɚɟɦ 

ɜɫɩɟɧɢɜɚɧɢɟ ɩɪɨɛɵ ɢ ɜɵɞɟɥɟɧɢɟ ɝɚɡɚ (ɪɟɚɤɰɢя 1). ȼɵɞɟɥɹɟɬɫɹ ɝɚɡ CO2. Эɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɦɵ 

ɨɬɤɪɵɥɢ ɫɨɥɶ Na2CO3. ȼ ɱɢɫɬɭɸ ɩɪɨɛɢɪɤɭ ɨɬɛɢɪɚɟɦ ɱɚɫɬɶ ɩɪɨɛɵ, ɞɨɛɚɜɥɹɟɦ ɜɨɞɵ, 

ɩɟɪɟɦɟɲɢɜɚɟɦ ɢ ɧɚɛɥɸɞɚɟɦ ɨɛɪɚɡɨɜɚɧɢɟ ɛɟɥɨɝɨ ɨɫɚɞɤɚ (ɪɟɚɤɰɢя 9). ɑɚɫɬɶ ɪɚɫɬɜɨɪɟɧɧɨɣ 

ɩɪɨɛɵ ɩɟɪɟɧɨɫɢɦ ɜ ɱɢɫɬɭɸ ɩɪɨɛɢɪɤɭ ɢ ɩɪɨɜɟɪɹɟɦ ɟё ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɢɨɧɨɜ ɚɦɦɨɧɢɹ. 

Ɏɟɧɨɥɮɬɚɥɟɢɧɨɜɚɹ ɛɭɦɚɝɚ ɧɟ ɩɨɤɪɚɫɧɟɥɚ, ɩɨɷɬɨɦɭ ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɢɨɧɵ ɚɦɦɨɧɢɹ 

ɨɬɫɭɬɫɬɜɭɸɬ. ɑɟɪɟɡ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɡɚɦɟɱɚɟɦ, ɱɬɨ ɨɛɪɚɡɨɜɚɜɲɢɣɫɹ ɨɫɚɞɨɤ ɧɚɱɢɧɚɟɬ ɛɭɪɟɬɶ, ɚ 

ɡɚɬɟɦ ɫɬɚɧɨɜɢɬɫɹ ɱɟɪɧɵɦ (ɪɟɚɤɰɢя 10). Ɇɵ ɨɬɤɪɵɥɢ ɫɨɥɶ MnCl2 .  

 

ɉɪɨɜɟɪɨɱɧɵɟ ɪɟɚɤɰɢɢ ɧɚ ɫɨɥɢ 

 

1. Na2CO3 + H2SO4 = Na2SO4 + CO2Ĺ + H2O 

2. Pb(NO3)2 + 2NH4Cl (MnCl2) = PbCl2Ļ + 2NH4NO3 
 ɛɟɥɵɣ 

3. Pb(NO3)2 + 2KI = PbI2Ļ + 2KNO3 
 ɠёɥɬɵɣ 

4. NH4Cl + NaOH = (tº, ɮ-ɮ) NH3Ĺ + NaCl + H2O  

(ɮɟɧɨɥɮɬɚɥɟɢɧɨɜɚɹ ɛɭɦɚɝɚ ɨɤɪɚɲɢɜɚɟɬɫɹ ɜ ɦɚɥɢɧɨɜɵɣ ɰɜɟɬ) 

5. Pb(NO3)2 + H2SO4 = PbSO4Ļ + 2HNO3 

6. PbSO4 +4NaOH = Na2[Pb(OH)4] + Na2SO4 

7. Ba(NO3)2 + H2SO4 = BaSO4Ļ + 2HNO3 

(ɨɫɚɞɨɤ ɧɟɪɚɫɬɜɨɪɢɦ ɜ ɤɢɫɥɨɬɟ, ɳёɥɨɱɢ ɢ ɪɚɫɬɜɨɪɟ ɚɦɦɢɚɤɚ) 
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8. KI + AgNO3 = AРIĻ + KNO3 
 ɠёɥɬɵɣ 

9. MnCl2 + 2NaɈH (NH3∙H2O) = Mn(OH)2Ļ + 2NКCХ 
 ɛɟɥɵɣ 

10. 2Mn(OH)2 + O2 = 2MnO(OH)2Ļ (ɛɭɪɟɟɬ ɧɚ ɜɨɡɞɭɯɟ) 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

Ɉɬɤɪɵɬɢɟ ɫɨɥɟɣ: 6 ɫɨɥɟɣ ɩɨ 3 ɛɚɥɥɚ = 18 ɛɚɥɥɨɜ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɤɥɹɧɨɤ ɫ ɤɢɫɥɨɬɨɣ 

ɢ ɳɟɥɨɱɶɸ: 2 ɫɤɥɹɧɤɢ ɩɨ 2 ɛɚɥɥɚ = 4 ɛɚɥɥɚ 

Ɋɟɚɤɰɢɢ ɨɛɧɚɪɭɠɟɧɢɹ: 8 ɪɟɚɤɰɢɣ ɩɨ 1 ɛɚɥɥɭ = 8 ɛɚɥɥɨɜ 

ɂɬɨɝɨ: 30 ɛɚɥɥɨɜ 

 

Ɋɟɤɨɦɟɧɞɭɟɦɵɟ ɜɚɪɢɚɧɬɵ ɫɦɟɫɟɣ: 

1 ɜɚɪɢɚɧɬ Pb(NO3)2, NH4Cl Ba(NO3)2, KI Na2CO3, MnCl2 

2 ɜɚɪɢɚɧɬ Na2CO3, MnCl2 Pb(NO3)2, NH4Cl Ba(NO3)2, KI 

3 ɜɚɪɢɚɧɬ Ba(NO3)2, KI Na2CO3, MnCl2 Pb(NO3)2, NH4Cl 
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Дɟɫɹɬɵɣ ɤɥɚɫɫ 

ɊЕɒЕɇɂЕ 

(ɚɜɬɨɪɵ: Ⱥɩɹɪɢ ȼ.ȼ., ɋɚɦɨɪɭɤɨɜɚ Ɉ.Ʌ.) 

1. 

ɉɪɨɩɭɫɤ № 
ɉɪɨɩɭɳɟɧɧɚɹ 

ɮɨɪɦɭɥɚ 

1 H2SO4 

2 KMnO4 

3 Nɚ2C2O4 

4 KMnO4 

 Ɉɤɪɚɫɤɚ 

5 Ȼɟɫɰɜɟɬɧɚɹ 

6 Ɋɨɡɨɜɚɹ 

2. 

5C6H12O6 + 24KMnO4 + 36H2SO4 = 30CO2 + 24MnSO4 + 12K2SO4 + 66H2O 

2KMnO4 + 5Nɚ2C2O4 + 8H2SO4 = 10CO2 + 2MnSO4 + K2SO4 + 5Na2SO4 

 

3. Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɝɥɸɤɨɡɵ ɞɨ ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ ɜɨɞɵ ɧɟɨɛɯɨɞɢɦ 

ɢɡɛɵɬɨɤ ɩɟɪɦɚɧɝɚɧɚɬɚ ɤɚɥɢɹ ɢ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɤɨɧɬɚɤɬɚ ɫ ɨɤɢɫɥɢɬɟɥɟɦ. Эɬɢ ɬɪɟɛɨɜɚɧɢɹ ɧɟ 

ɜɵɩɨɥɧɹɸɬɫɹ ɜ ɫɥɭɱɚɟ ɩɪɹɦɨɝɨ ɬɢɬɪɨɜɚɧɢɹ. 

 

4. Ɋɚɫɱɟɬ ɦɚɫɫɵ ɝɥɸɤɨɡɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɭɪɚɜɧɟɧɢɹ 

ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ. 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

1. Ɂɚɩɨɥɧɟɧɢɟ ɩɪɨɩɭɫɤɨɜ ɜ ɦɟɬɨɞɢɤɟ: 6 ɩɪɨɩɭɫɤɨɜ ɩɨ 2 ɛɚɥɥɚ = 12 ɛɚɥɥɨɜ 

2. ɍɪɚɜɧɟɧɢɹ ɪɟɚɤɰɢɣ: 2 ɭɪɚɜɧɟɧɢɹ ɩɨ 2 ɛɚɥɥɚ = 4 ɛɚɥɥɚ 

3. Ɉɬɜɟɬ ɧɚ ɜɨɩɪɨɫ: 2 ɛɚɥɥɚ 

4. ɉɪɚɜɢɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɝɥɸɤɨɡɵ: 

Ʉɪɢɬɟɪɢɟɦ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ (Δm, ɝ) ɦɟɠɞɭ 

ɪɟɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɦɚɫɫɵ ɝɥɸɤɨɡɵ ɢ ɜɟɥɢɱɢɧɨɣ, ɩɨɥɭɱɟɧɧɨɣ ɭɱɚɫɬɧɢɤɨɦ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 

ɫɥɟɞɭɸɳɟɣ ɬɚɛɥɢɰɟɣ: 

 



ȼɫɈɒ ɩɨ ɯɢɦɢɢ, III ɪɟɝɢɨɧɚɥɶɧɵɣ ɷɬɚɩ 
2014-2015 ɭɱ.ɝɨɞ 

Ɋɟɲɟɧɢɟ ɡɚɞɚɧɢɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɬɭɪɚ 
 

57 
© ɐɉɆɄ ȼɫɈɒ ɩɨ ɯɢɦɢɢ 

Δm, ɝ Ȼɚɥɥɵ 

≤ 0,005 12 

0,005–0,007 11 

0,007–0,010 10 

0,010–0,015 8 

0,015–0,030 6 

> 0,030 4 

ɂɬɨɝɨ: 30 ɛɚɥɥɨɜ 
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Ɉɞɢɧɧɚɞɰɚɬɵɣ ɤɥɚɫɫ 

ɊЕɒЕɇɂЕ 

(ɚɜɬɨɪ: Ⱥɩɹɪɢ ȼ.ȼ.) 

ɑɚɫɬɶ 1 

1. Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɪɚɫɬɜɨɪɚ ɫ ɬɨɱɧɨ ɢɡɜɟɫɬɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɟɣ KMnO4 ɩɨ ɧɚɜɟɫɤɟ ɜɟɳɟɫɬɜɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ, 

ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɩɪɨɬɟɤɚɧɢɟɦ ɪɟɚɤɰɢɢ ɪɚɡɥɨɠɟɧɢɹ: 

Ɍɜɟɪɞɵɣ ɩɟɪɦɚɧɝɚɧɚɬ ɤɚɥɢɹ ɪɚɡɥɚɝɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ: 

2KMnO4  K2MnO4 + MnO2 + O2Ĺ. 

2. ɉɟɪɦɚɧɝɚɧɚɬ ɤɚɥɢɹ ɪɟɚɝɢɪɭɟɬ ɫ ɜɨɞɨɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɭɪɚɜɧɟɧɢɟɦ: 

4KMnO4 + 2H2O  4KOH + 4MnO2Ļ + 3O2Ĺ. 

3. Эɬɢɦɢ ɪɟɚɤɬɢɜɚɦɢ ɹɜɥɹɸɬɫɹ H2SO4 ɢ H3PO4. ɋɟɪɧɚɹ ɤɢɫɥɨɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɢɫɥɨɬɧɨɫɬɶ 

ɫɪɟɞɵ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɩɟɪɦɚɧɝɚɧɚɬ-ɢɨɧɨɜ ɞɨ ɢɨɧɨɜ 

Mn2+ ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɝɢɞɪɨɥɢɡɚ ɨɛɪɚɡɭɸɳɢɯɫɹ ɜ ɩɪɨɰɟɫɫɟ ɬɢɬɪɨɜɚɧɢɹ ɢɨɧɨɜ Fe3+; 

ɮɨɫɮɨɪɧɭɸ ɤɢɫɥɨɬɭ ɞɨɛɚɜɥɹɸɬ ɞɥɹ ɫɜɹɡɵɜɚɧɢɹ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɯ ɢɨɧɨɜ Fe3+, 

ɩɪɢɞɚɸɳɢɯ ɪɚɫɬɜɨɪɭ ɛɭɪɵɣ ɰɜɟɬ, ɜ ɛɟɫɰɜɟɬɧɵɣ ɤɨɦɩɥɟɤɫ, ɱɬɨ ɨɛɥɟɝɱɚɟɬ ɮɢɤɫɚɰɢɸ 

ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ ɬɢɬɪɨɜɚɧɢɹ ɢ ɭɜɟɥɢɱɢɜɚɟɬ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ. 

 

ɑɚɫɬɶ 2 

Ⱦɚɧɧɚɹ ɡɚɞɚɱɚ ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɩɪɢɜɟɞɟɧɧɵɯ ɜ 

ɦɟɬɨɞɢɤɚɯ 1 ɢ 2 ɮɨɪɦɭɥ. ɉɨɫɤɨɥɶɤɭ ɤɨɧɰɟɧɬɪɚɰɢɹ ɠɟɥɟɡɚ (II) ɢ ɜ ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɪɚɫɬɜɨɪɟ – 

ɟɫɬɶ ɜɟɥɢɱɢɧɚ ɩɨɫɬɨɹɧɧɚɹ, ɦɵ ɦɨɠɟɦ ɩɪɢɪɚɜɧɹɬɶ ɞɜɚ ɷɬɢɯ ɜɵɪɚɠɟɧɢɹ, ɨɛɨɡɧɚɱɢɜ ɡɚ 

V1(KMnO4) ɢ V2(KMnO4) – ɫɪɟɞɧɢɟ ɨɛɴɟɦɵ ɬɢɬɪɚɧɬɚ, ɩɨɲɟɞɲɟɝɨ ɧɚ ɬɢɬɪɨɜɚɧɢɟ ɩɨ ɦɟɬɨɞɢɤɟ 

1 ɢ 2, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 

)FeSO(

)OCrK()OCrK(6)KMnO()KMnO(5

)FeSO(

)KMnO()KMnO(5

4

722722424

4

414

V

VcVc

V

Vc  . 

Ɉɬɤɭɞɚ 
))KMnO()KMnO((5

)OCrK()OCrK(6
)KMnO(

4241

722722
4 VV

Vc
c  . 

ɉɨɫɥɟ ɧɚɯɨɠɞɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɬɢɬɪɚɧɬɚ, ɪɚɫɫɱɢɬɵɜɚɟɦ ɤɨɧɰɟɧɬɪɚɰɢɸ ɫɭɥɶɮɚɬɚ 

ɠɟɥɟɡɚ ɜ ɚɧɚɥɢɡɢɪɭɟɦɨɦ ɪɚɫɬɜɨɪɟ ɩɨ ɥɸɛɨɣ ɢɡ ɮɨɪɦɭɥ, ɩɪɢɜɟɞёɧɧɵɯ ɜ ɦɟɬɨɞɢɤɚɯ. Ɇɚɫɫɭ 

ɫɭɥɶɮɚɬɚ ɠɟɥɟɡɚ ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: )FeSO(ɤɨɥɛɵ)()FeSO()FeSO( 444 MVcm  . 

ɍɪɚɜɧɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɯɨɞɟ 

ɨɩɪɟɞɟɥɟɧɢɹ: 
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10FeSO4 + 2KMnO4 + 8H2SO4  5Fe2(SO4)3 + 2MnSO4 + K2SO4 + 8H2O 

6FeSO4 + K2Cr2O7 + 7H2SO4  3Fe2(SO4)3 + Cr2(SO4)3 + K2SO4 + 7H2O 

 

ɋɢɫɬɟɦɚ ɨɰɟɧɢɜɚɧɢя: 

ɑɚɫɬɶ 1 

1. ɉɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ – 1 ɛɚɥɥ 

    ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ – 1 ɛɚɥɥ 

2. ɍɪɚɜɧɟɧɢɟ ɪɟɚɤɰɢɢ – 1 ɛɚɥɥ 

3. ȼɵɛɨɪ ɪɟɚɤɬɢɜɨɜ – ɩɨ 1 ɛɚɥɥɭ ɤɚɠɞɵɣ = 2 ɛɚɥɥɚ 

    Ɉɛɨɫɧɨɜɚɧɢɟ ɜɵɛɨɪɚ ɪɟɚɤɬɢɜɨɜ – ɩɨ 1 ɛɚɥɥɭ ɤɚɠɞɨɟ = 2 ɛɚɥɥɚ 

ȼɫɟɝɨ ɡɚ ɱɚɫɬɶ 1 – 7 ɛɚɥɥɨɜ 

 

ɑɚɫɬɶ 2 

1. ɉɪɚɜɢɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɥɶɮɚɬɚ ɠɟɥɟɡɚ: 

Ʉɪɢɬɟɪɢɟɦ ɨɰɟɧɤɢ ɹɜɥɹɟɬɫɹ ɜɟɥɢɱɢɧɚ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ (Δm, ɝ) ɦɟɠɞɭ 

ɪɟɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ ɦɚɫɫɵ ɫɭɥɶɮɚɬɚ ɠɟɥɟɡɚ ɢ ɜɟɥɢɱɢɧɨɣ, ɩɨɥɭɱɟɧɧɨɣ ɭɱɚɫɬɧɢɤɨɦ, ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɥɟɞɭɸɳɟɣ ɬɚɛɥɢɰɟɣ: 

Δm, ɝ Ȼɚɥɥɵ 

≤ 0,03 21 

0,03–0,05 20 

0,05–0,07 18 

0,07–0,10 16 

0,10–0,15 12 

> 0,15 8 

2. ɍɪɚɜɧɟɧɢɹ ɨɤɢɫɥɢɬɟɥɶɧɨ-ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɪɟɚɤɰɢɣ – ɩɨ 1 ɛɚɥɥɭ ɤɚɠɞɨɟ = 2 ɛɚɥɥɚ 

ɂɬɨɝɨ: 30 ɛɚɥɥɨɜ 

 

 


