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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

Хɢɦɢɱɟɫɤɚя ɤɨɪɪɨɡɢя ɦɟɬɚɥɥɨɜ – ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɟɬɚɥɥɚ ɫ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɨɣ, ɩɪɢ ɤɨɬɨɪɨɦ: 

• ɨɤɢɫɥɟɧɢɟ ɦɟɬɚɥɥɚ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ 
ɤɨɦɩɨɧɟɧɬɚ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɵ ɩɪɨɬɟɤɚɸɬ ɜ ɨɞɧɨɦ ɚɤɬɟ; 

• ɧɟ ɜɨɡɧɢɤɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ; 
• ɩɪɨɬɟɤɚɟɬ ɦɟɯɚɧɢɡɦ ɝɟɬɟɪɨɝɟɧɧɨɣ ɨɤɢɫɥɢɬɟɥɶɧɨ-

ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɪɟɚɤɰɢɢ. 

Ɋɚɡɥɢɱɚɸɬ:  
•ɯɢɦɢɱɟɫɤɭɸ ɤɨɪɪɨɡɢɸ ɜ ɠɢɞɤɨɫɬɹɯ-ɧɟɷɥɟɤɬɪɨɥɢɬɚɯ; 
•ɯɢɦɢɱɟɫɤɭɸ ɝɚɡɨɜɭɸ ɤɨɪɪɨɡɢɸ. 

Жɢɞɤɨɫɬɢ-ɧɟɷɥɟɤɬɪɨɥɢɬɵ — ɷɬɨ ɧɟɷɥɟɤɬɪɨɩɪɨɜɨɞɧɵɟ ɠɢɞɤɢɟ 
ɤɨɪɪɨɡɢɨɧɧɵɟ ɫɪɟɞɵ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ (ɠɢɞɤɢɣ ɛɪɨɦ, ɪɚɫɩɥɚɜɥɟɧɧɚɹ 
ɫɟɪɚ ɢ ɞɪ.) ɢ ɨɪɝɚɧɢɱɟɫɤɨɝɨ (ɧɟɮɬɶ, ɤɟɪɨɫɢɧ, ɛɟɧɡɨɥ ɢ ɞɪ.) 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ. 

Ƚɚɡɨɜɚя ɤɨɪɪɨɡɢя ɩɪɨɬɟɤɚɟɬ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ ɝɚɡɚɯ ɢ 
ɩɚɪɚɯ ɚɝɪɟɫɫɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɤɨɝɞɚ ɢɫɤɥɸɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ 
ɤɨɧɞɟɧɫɚɰɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ.  

Ƚɚɡɨɜɵɟ ɤɨɪɪɨɡɢɨɧɧɵɟ ɚɝɟɧɬɵ: Ɉ2, ɋɈ2, SO2, H2O (ɩɚɪɵ), H2S, Cl2 ɢ 
ɬ.ɩ. 
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2.1. ɍɠɫɧɩɟɣɨаɧɣɲɠɬɥаɺ ɝɠɫɩɺɭɨɩɬɭɷ 

ɰɣɧɣɲɠɬɥɩɤ ɥɩɫɫɩɢɣɣ ɧɠɭаɦɦɩɝ  
ɉɟɪɜɨɩɪɢɱɢɧɚ ХК ɦɟɬɚɥɥɨɜ: ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɜ 
ɪɚɡɥɢɱɧɵɯ ɫɪɟɞɚɯ ɩɪɢ ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ, ɬ.ɟ. ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɟɪɟɯɨɞɚ Ɇɟ ɜ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɟ ɨɤɢɫɥɟɧɧɨɟ 
(ɢɨɧɧɨɟ) ɫɨɫɬɨɹɧɢɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɚ: Ɇɟ + ɈК ɫɪɟɞɵ = ɉɊ, ɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɭɦɟɧɶɲɟɧɢɟɦ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɨɬɟɧɰɢɚɥɚ 
ɷɬɨɣ ɫɢɫɬɟɦɵ. 

ΔGP,T > 0  -  кɨɪɪɨɡɢя ɧɟвɨɡɦɨɠɧа 

ΔGP,T < 0  - кɨɪɪɨɡɢя вɨɡɦɨɠɧа 

ΔGP,T = 0  - ɪавɧɨвɟɫɢɟ ɫɢɫɬɟɦы 

ΔGP,T = ΔGP,T – RT*lnKp 

  

ΔG0
298 = ΔH0

T – TΔS0
T , 
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ɉɪɢɦɟɪ! ɍ ɩɪɨɫɬɵɯ (ɱɢɫɬɵɯ) ɜɟɳɟɫɬɜ                            , 
ɚ ɭ ɨɤɫɢɞɨɜ                     . 
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2.2. Ɋɦɠɨɥɣ ɩɥɣɬɦɩɝ ɨа ɧɠɭаɦɦаɰ  

ɋɬɚɞɢɢ ɨɛɪɚɡɨɜɚɧɢя  

ɨɤɢɫɧɨɣ ɩɥɟɧɤɢ: 

3) ɩɥɟɧɤɚ ɨɤɢɫɥɨɜ 

1) ɚɞɫɨɪɛɰɢɹ 

 2) ɯɟɦɨɫɨɪɛɰɢɹ 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 
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2.3 ɋɩɬɭ ɭɩɦɴɣɨɶ ɪɦɠɨɩɥ 

ɋɯɟɦɚ ɢɨɧɧɨ-ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɪɨɫɬɚ 
ɬɨɥɳɢɧɵ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ (δ) ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɞɟɬɚɥɢ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ, ɪɚɜɧɵɦ l: 

ɚ – ɨɞɧɨɜɪɟɦɟɧɧɨ ɜ ɨɛɨɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ, rɞɢɮɮ O2- ≈ rɞɢɮɮ Mz+; 

ɛ – ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɦɟɬɚɥɥɚ, rɞɢɮɮ O2- > rɞɢɮɮ Mz+; 

ɜ – ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɝɚɡɨɜɨɣ ɫɪɟɞɵ, rɞɢɮɮ O2- < rɞɢɮɮ Mz+. 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 



5 

2.4 Кɦаɬɬɣɯɣɥаɱɣɺ ɪɦɠɨɩɥ ɨа ɧɠɭаɦɦаɰ ɪɩ ɭɩɦɴɣɨɠ 

1. Ɍɨɧɤɢɟ (ɧɟɜɢɞɢɦɵɟ) – ɞɨ 400 Å = 40 ɧɦ 

2. ɋɪɟɞɧɢɟ (ɞɚɸɳɢɟ ɰɜɟɬɚ ɩɨɛɟɠɚɥɨɫɬɢ) – 400÷5000 Å = 40÷500 ɧɦ  

3. Ɍɨɥɫɬɵɟ (ɜɢɞɢɦɵɟ)  > 5000 Å = 500 ɧɦ  

ɋɜɨɣɫɬɜɚ ɡɚɳɢɬɧɵɯ ɩɥɟɧɨɤ ɧɚ ɦɟɬɚɥɥɚɯ: 

1. ɋɩɥɨɲɧɨɫɬɶ 
2. Ȼɟɫɩɨɪɢɫɬɨɫɬɶ 
3. ɏɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ ɤ ɚɝɪɟɫɫɢɜɧɨɣ ɫɪɟɞɟ 
4. ȼɵɫɨɤɚɹ ɬɜɟɪɞɨɫɬɶ 
5. ȼɵɫɨɤɚɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ 
6. ȼɵɫɨɤɚɹ ɚɞɝɟɡɢɹ 
7. Ȼɥɢɡɤɢɣ ɤ ɦɟɬɚɥɥɭ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 
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2.5 Ɏɬɦɩɝɣɠ ɬɪɦɩɳɨɩɬɭɣ ɪɦɠɨɩɥ ɨа ɧɠɭаɦɦаɰ 

ɍɫɥɨɜɢɟ ɫɩɥɨɲɧɨɫɬɢ ɉɢɥɥɢɧɝɚ-Ȼɟɞɜɨɪɫɚ: Ɇɨɥɟɤɭɥɹɪɧɵɣ ɨɛɴɟɦ 
ɫɨɟɞɢɧɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɟɝɨ ɢɡ ɦɟɬɚɥɥɚ ɢ ɨɤɢɫɥɢɬɟɥɹ (VɈК), ɞɨɥɠɟɧ 
ɛɵɬɶ ɛɨɥɶɲɟ ɨɛɴɟɦɚ ɦɟɬɚɥɥɚ, ɢɡɪɚɫɯɨɞɨɜɚɧɧɨɝɨ ɧɚ ɨɛɪɚɡɨɜɚɧɢɟ 
ɦɨɥɟɤɭɥɵ ɫɨɟɞɢɧɟɧɢɹ (VМɟ):      Vɨɤ>VМе. 

α – ɮɚɤɬɨɪ ɫɩɥɨɲɧɨɫɬɢ ɉɢɥɥɢɧɝɚ-Ȼɟɞɜɨɪɫɚ 

α< 1 - ɧɟɫɩɥɨɲɧɵɟ ɩɥɟɧɤɢ. 

1,0 < α  < 2,5   - ɫɩɥɨɲɧɵɟ ɩɥɟɧɤɢ ɫ ɡɚɳɢɬɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

α ≥ 1 - ɫɩɥɨɲɧɵɟ ɩɥɟɧɤɢ. 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

α<1 1,0<α<2,5 α>>2,5 
Ʉ, Li, Na, Ba, Ra, 

Mg 
Al, Zn, Ti, Cr, Cu, 

Fe, Ta, Be 
W, Mo 

ɉɪɢɦɟɪ! 



№ 
ɇɚɡɜɚɧɢɟ, 

ɨɛɨɡɧɚɱɟɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ 

Ɉɩɢɫɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɏɨɪɦɭɥɚ 

1 Гɥɭɛɢɧɧɵɣ 

Kɉ 

ɝɥɭɛɢɧɚ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ (ɉ) ɜ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ (t), ɦɦ/ɝɨɞ. 

2 Иɡɦеɧеɧɢя 
ɬɨɥɳɢɧɵ ɩɥеɧɤɢ 

Kh 

ɂɡɦɟɧɟɧɢɟ ɬɨɥɳɢɧɵ ɨɛɪɚɡɭɸɳɟɣɫɹ ɧɚ 
ɦɟɬɚɥɥɟ ɩɥɟɧɤɢ ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡɢɢ (Δh) ɜ 
ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ (t), ɦɦ/ɝɨɞ. 

3 Иɡɦеɧеɧɢя ɦɚɫɫɵ, 

 

ɂɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɛɪɚɡɰɚ ɦɟɬɚɥɥɚ (Δm) ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɤɨɪɪɨɡɢɢ, ɨɬɧɟɫɟɧɧɧɨɟ ɤ ɟɞɢɧɢɰɟ 
ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ (S) ɢ ɟɞɢɧɢɰɟ 
ɜɪɟɦɟɧɢ (t),            . 

4 Ɉɛɴеɦɧɵɣ, 
Кɨɛɴёɦɧ 

Ɉɛɴёɦ ɩɨɝɥɨɳɟɧɧɨɝɨ ɢɥɢ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɚ ɝɚɡɚ (ΔV), 
ɨɬɧɟɫɟɧɧɵɣ ɤ ɟɞɢɧɢɰɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ 
(S) ɟɞɢɧɢɰɟ ɜɪɟɦɟɧɢ (t),           . 

5 Мехɚɧɢчеɫɤɢɣ, 
Кσ 

ɂɡɦɟɧɟɧɢɟ ɤɚɤɨɝɨ-ɥɢɛɨ ɩɨɤɚɡɚɬɟɥɹ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɦɟɬɚɥɥɚ ɡɚ 
ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ ɤɨɪɪɨɡɢɨɧɧɨɝɨ 
ɩɪɨɰɟɫɫɚ, ɜɵɪɚɠɟɧɧɨɟ ɜ ɩɪɨɰɟɧɬɚɯ, %. 

6 Иɡɦеɧеɧɢя 
эɥеɤɬɪɢчеɫɤɨɝɨ 

ɫɨɩɪɨɬɢɜɥеɧɢя, КR 

ɂɡɦɟɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɨɛɪɚɡɰɚ ɡɚ ɨɩɪɟɞɟɥɟɧɧɨɟ ɜɪɟɦɹ 
ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, %. 7 

2.6 Кɣɨɠɭɣɥа ɰɣɧɣɲɠɬɥɩɤ ɥɩɫɫɩɢɣɣ ɧɠɭаɦɦɩɝ  
ɉɨɤɚɡɚɬɟɥɢ ɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 
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Ɋɨɫɬ ɩɨɪɢɫɬɨɣ (ɧɟɡɚɳɢɬɧɨɣ) ɩɥɟɧɤɢ 

ɋɬɚɞɢɢ: 

ɚ) ɉɟɪɟɧɨɫ ɨɤɢɫɥɢɬɟɥɹ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ 
«ɦɟɬɚɥɥ-ɝɚɡ». # Ɉ2 

ɛ) Ⱥɞɫɨɪɛɰɢɹ ɨɤɢɫɥɢɬɟɥɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ 

              Ɇɟ (ɬ) + Ɉ2 (ɝ) = Ɇɟ (ɬ) / 2Ɉ (ɚɞɫ) 

ɜ) Ɋɟɚɤɰɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɢɫɥɚ 

mɆɟ (ɬ) + (mn/2) Ɉ(ɚɞɫ) = mɆɟn+ + (mn/2) Ɉ2- =  
= ɆɟmOmn/2 (ɬ) 

ɝ) Ɉɬɜɨɞ ɩɪɨɞɭɤɬɨɜ ɤɨɪɪɨɡɢɢ ɢɡ ɪɟɚɤɰɢɨɧɧɨɣ ɡɨɧɵ 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

2.7 Заɥɩɨɶ ɫɩɬɭа ɪɦɠɨɩɥ 
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ɋɬɚɞɢɢ: 

ɚ) ɉɟɪɟɯɨɞ ɦɟɬɚɥɥɚ ɜ ɮɨɪɦɟ ɢɨɧɨɜ ɢ ɷɥɟɤɬɪɨɧɨɜ ɢɡ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ ɜ ɨɤɢɫɟɥ:  Мɟ(T)=Мɟn+ + ne 

ɝ) Ⱥɞɫɨɪɛɰɢɹ ɤɢɫɥɨɪɨɞɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɨɤɢɫɧɨɣ ɩɥɟɧɤɢ 

МɟmOmn/2(Ɍ) + Ɉ2(ɝ) = МɟmOmn/2(Ɍ) / 2Ɉ(ɚɞɫ) 

ɞ) ɢɨɧɢɡɚɰɢɹ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɤɢɫɥɨɪɨɞɚ: 
Ɉ(ɚɞɫ) + 2ɟ = Ɉ2- 

ɟ) ɩɟɪɟɦɟɳɟɧɢɟ ɢɨɧɨɜ Ɉ2- ɜ ɫɥɨɟ ɨɤɢɫɥɚ MemOmn/2     

ɜ) ɉɟɪɟɧɨɫ ɤɢɫɥɨɪɨɞɚ ɤ ɩɨɜɟɪɯɧɨɫɬɢ 
ɪɚɡɞɟɥɚ «ɨɤɢɫɧɚɹ ɩɥɟɧɤɚ-ɝɚɡ». # ɜɨɡɞɭɯ 

ɛ) ɩɟɪɟɦɟɳɟɧɢɟ ɢɨɧɨɜ Мɟn+ ɢ ɷɥɟɤɬɪɨɧɨɜ ɜ 
ɫɥɨɟ ɨɤɢɫɥɚ MemOmn/2 

ɠ) ɪɟɚɤɰɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɨɤɢɫɥɚ: 
Мɟn+ + mn/2 O2- = MemOmn/2(Ɍ) 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

Ɋɨɫɬ ɫɩɥɨɲɧɵɯ (ɡɚɳɢɬɧɵɯ) ɩɥɟɧɨɤ 



Ɂɚɤɨɧ ɪɨɫɬɚ 
ɬɨɥɳɢɧɵ ɩɥɟɧɤɢ 

ɍɪɚɜɧɟɧɢɟ ɫɤɨɪɨɫɬɢ 
ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ 

Ʉɨɨɪɞɢɧɚɬɵ 
ɥɢɧɟɣɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɢɧɬɟɝɪɚɥɶɧɨɟ 

Ʌɢɧɟɣɧɵɣ 

ɉɚɪɚɛɨɥɢɱɟɫɤɢɣ 

Ʌɨɝɚɪɢɮɦɢɱɟɫɤɢɣ 

ɉɪɢɦɟɱɚɧɢɟ.k',k" ɢ k'" – ɧɟɤɨɬɨɪɵɟ ɩɨɫɬɨɹɧɧɵɟ. ȿɫɥɢ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɧɟ ɛɵɥɨ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ, ɬɨ ɩɨɫɬɨɹɧɧɵɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
А=В=ɋ=0. 
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Ɂɚɤɨɧɵ ɪɨɫɬɚ ɨɤɢɫɧɵɯ ɩɥɟɧɨɤ ɧɚ ɦɟɬɚɥɥɚɯ 

ɋɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɜɨ ɜɪɟɦɹ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ v 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɪɨɫɬɚ ɬɨɥɳɢɧɵ δ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ ɡɚ 
ɜɪɟɦɹ t: 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 
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Ɂɚɤɨɧɵ ɪɨɫɬɚ ɨɤɢɫɧɨɣ ɩɥɟɧɤɢ : 
1 – ɥɢɧɟɣɧɵɣ;  
2 – ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ;  
3 – ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ. 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

ɉɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ (α<0) 
K > Na > Ba > Ca > Mg 

ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ  

ɉɨ ɩɚɪɚɛɨɥɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ 
W < Fe < Co < Cu < Ni 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɤ ɝɚɡɨɜɨɣ ɤɨɪɪɨɡɢɢ (ɜɨɡɞɭɯ) 
Mn, Be, Zn, Ti  

ɉɨ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ 
Si, Al, Cr 

ɋɬɨɣɤɨɫɬɶ ɤ ɤɨɪɪɨɡɢɢ  

Ɂɚɤɨɧɵ ɪɨɫɬɚ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ ɧɚ ɬɢɬɚɧɟ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ Ɂɚɤɨɧ ɪɨɫɬɚ ɬɨɥɳɢɧɵ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɢ 

<350 ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ 

630–830 ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ 

>850 ɥɢɧɟɣɧɵɣ 
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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

2.8 ɇɨɩɞɩɬɦɩɤɨɶɠ ɭɩɦɬɭɶɠ ɪɦɠɨɥɣ 

Ɇɧɨɝɨɫɥɨɣɧɵɟ ɩɥɟɧɤɢ:  

• ɦɧɨɝɨɫɥɨɣɧɵɟ ɦɧɨɝɨɮɚɡɧɵɟ, 
• ɞɜɭɯɫɥɨɣɧɵɟ ɨɞɧɨɮɚɡɧɵɟ. 

ȿɫɥɢ ɦɟɬɚɥɥ ɨɛɪɚɡɭɟɬ ɫ ɨɤɢɫɥɢɬɟɥɶɧɵɦ 
ɤɨɦɩɨɧɟɧɬɨɦ ɜɧɟɲɧɟɣ ɫɪɟɞɵ ɩɪɢ 
ɞɚɧɧɵɯ ɭɫɥɨɜɢɹɯ (P, T) ɧɟɫɤɨɥɶɤɨ 
ɭɫɬɨɣɱɢɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɬɨ ɨɛɪɚɡɭɟɬɫɹ 
ɦɧɨɝɨɫɥɨɣɧɚя ɦɧɨɝɨɮɚɡɧɚя ɨɤɢɫɧɚя 

ɩɥɟɧɤɚ. 

ɋɯɟɦɚ ɞɜɭɯɫɥɨɣɧɨɣ, ɨɤɚɥɢɧɵ: 

ɚ – ɝɪɚɧɢɰɚ «ɦɟɬɚɥɥ-Mem1Ɉn1»,  

ɛ – ɝɪɚɧɢɰɚ «ɦɟɬɚɥɥ-Mem2Ɉn2», 

ɜ – ɝɪɚɧɢɰɚ «ɦɟɬɚɥɥ-Mem3Ɉn3»,  

ɝ – ɝɪɚɧɢɰɚ «Mem2Ɉn2-ɜозɞɭх (Ɉ2)». 
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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

ɉɪɢɦɟɪɵ ɦɧɨɝɨɫɥɨɣɧɵɯ ɬɨɥɫɬɵɯ ɩɥɟɧɨɤ: 

Cu / Cu2O / CuO / O2 

Fe / FeO / Fe3O4 / Fe2O3 / O2 

Mn / MnO / Mn3O4 / Mn2O3 / O2 

Ⱦɜɭɯɫɥɨɣɧɚɹ ɨɞɧɨɮɚɡɧɚɹ ɩɥɟɧɤɚ ɨɞɢɧ 
ɢ ɬɨɬ ɠɟ ɨɤɢɫɟɥ, ɧɨ ɩɪɢ ɷɬɨɦ ɫɨɫɬɨɢɬ ɢɡ 
ɞɜɭɯ ɫɥɨɟɜ: 

•ɜɧɭɬɪɟɧɧɟɝɨ ɩɨɪɢɫɬɨɝɨ, 
•ɧɚɪɭɠɧɨɝɨ ɤɨɦɩɚɤɬɧɨɝɨ. 

ɉɪɢɦɟɪɵ! Cu2O,  Cu2S, Co, NiO2 

ɋɬɚɞɢɢ ɮɨɪɦɢɪɨɜɚɧɢя 
ɦɧɨɝɨɫɥɨɣɧɵɯ ɬɨɥɫɬɵɯ ɩɥɟɧɨɤ: 

ɉɟɪɜɚɹ ɫɬɚɞɢɹ - ɨɤɢɫɥɟɧɢɟ ɱɢɫɬɨɝɨ 
ɦɟɬɚɥɥɚ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɨɦɩɚɤɬɧɨɣ 
ɨɞɧɨɫɥɨɣɧɨɣ ɨɤɚɥɢɧɵ. 

ȼɬɨɪɚɹ ɫɬɚɞɢɹ - ɨɤɢɫɥɟɧɢɟ ɦɟɬɚɥɥɚ, 
ɫɨɩɪɨɜɨɠɞɚɸɳɟɟɫɹ ɨɛɪɚɡɨɜɚɧɢɟɦ 
ɦɢɤɪɨɩɭɫɬɨɬ ɦɟɠɞɭ ɦɟɬɚɥɥɨɦ ɢ 
ɨɤɚɥɢɧɨɣ. ȼɧɭɬɪɟɧɧɢɣ ɫɥɨɣ ɨɤɚɥɢɧɵ 
ɫɬɚɧɨɜɢɬɫɹ ɪɵɯɥɵɦ, ɚ ɧɚɪɭɠɧɵɣ 
ɨɛɨɝɚɳɚɟɬɫɹ ɦɟɬɚɥɥɨɦ ɢ 
ɭɩɥɨɬɧɹɟɬɫɹ. 

Ɏɨɪɦɢɪɭɟɬɫɹ ɨɤɢɫɧɚɹ ɩɥɟɧɤɚ ɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɧɨ ɪɚɡɧɚɹ ɩɨ ɫɬɪɭɤɬɭɪɟ!!! 
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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

2.9 Ɉаɪɫɺɡɠɨɣɺ  ɝ ɢаɴɣɭɨɶɰ ɪɦɠɨɥаɰ 

1) ɜɧɭɬɪɟɧɧɢɟ ɫɠɢɦɚɸɳɢɟ 

2) ɜɧɭɬɪɟɧɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɠɚɬɢɹ ɧɚ 
ɧɟɪɨɜɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ 

3) ɜɧɭɬɪɟɧɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɡɚɳɢɬɧɨɣ 
ɩɥɟɧɤɟ  

Ɇɟɬɚɥɥ αL, ·106 ɝɪɚɞ-1 Ɉɤɢɫɟɥ αL, ·106 ɝɪɚɞ-1 
Al 22,9 Al2O3 8,0 
Fe 11,2 FeO 13,4 
Ti 8,4 TiO2 8,2 

Mn 21,6 MnO 11,0 

4) ɦɟɯɚɧɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɪɚɛɨɬɟ 
ɞɟɬɚɥɢ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ  
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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

Ɍɢɩɵ ɪɚɡɪɭɲɟɧɢɣ ɨɤɢɫɧɵɯ ɩɥɟɧɨɤ ɩɪɢ ɢɯ ɪɨɫɬɟ ɧɚ ɦɟɬɚɥɥɚɯ: 

1) ɜɟɥɢɱɢɧɚ ɢ ɯɚɪɚɤɬɟɪ ɜɧɭɬɪɟɧɧɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɜɧɟɲɧɢɯ, 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ; 

2) ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɡɚɳɢɬɧɨɣ ɩɥɟɧɤɢ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɟɟ 
ɩɪɨɱɧɨɫɬɶ ɢ ɩɥɚɫɬɢɱɧɨɫɬɶ; 

3) ɫɰɟɩɥɟɧɢɟ ɡɚɳɢɬɧɨɣ ɩɥɟɧɤɢ ɫ ɦɟɬɚɥɥɨɦ; 

4) ɪɚɡɧɨɫɬɶ ɥɢɧɟɣɧɵɯ ɢ ɨɛɴɟɦɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɲɢɪɟɧɢɹ ɦɟɬɚɥɥɚ ɢ ɡɚɳɢɬɧɨɣ ɩɥɟɧɤɢ. 

Ɏɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɫɨɯɪɚɧɧɨɫɬɶ ɩɥёɧɨɤ: 

ɟ – ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ 
ɧɚ ɭɝɥɚɯ 

ɚ – ɩɭɡɵɪɢ ɛ – ɩɭɡɵɪɢ ɫ ɪɚɡɪɵɜɨɦ ɜ – ɦɢɤɪɨɩɭɡɵɪɢ 

ɝ – ɨɬɫɥɚɢɜɚɧɢɟ ɞ – ɫɞɜɢɝ 
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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

2.10 ɉɥɣɬɦɠɨɣɠ ɬɪɦаɝɩɝ 

Cɩɥɚɜ хМɟ + yMt: 

Me – ɦɟɧɟɟ ɛɥɚɝɨɪɨɞɧɵɣ ɦɟɬɚɥɥ,  
Mt – ɛɨɥɟɟ ɛɥɚɝɨɪɨɞɧɵɣ ɦɟɬɚɥɥ. 

ɍɫɥɨɜɧɨ ɪɚɡɞɟɥɹɸɬ ɧɚ ɬɪɢ ɨɛɥɚɫɬɢ 
ɤɨɧɰɟɧɬɪɚɰɢɣ: 

1) y>>ɯ – ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɭɟɬɫɹ ɬɨɥɶɤɨ ɨɤɢɫɧɨɟ ɫɨɟɞɢɧɟɧɢɟ Mt; ɧɨ ɜ 
ɧɟɦ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɨɟɞɢɧɟɧɢɹ Мɟ. 

2) ɯ>>ɭ – ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɭɟɬɫɹ ɬɨɥɶɤɨ ɫɨɟɞɢɧɟɧɢɟ Me ɜ ɱɢɫɬɨɦ ɜɢɞɟ, 
ɥɢɛɨ ɜ ɜɢɞɟ ɪɚɫɬɜɨɪɚ ɫ ɧɟɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɫɨɟɞɢɧɟɧɢɹ Mt; 

3) ɯ≈ɭ (ɫɪɟɞɧɹɹ ɨɛɥɚɫɬɶ ɤɨɧɰɟɧɬɪɚɰɢɣ). ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɝɭɬ 
ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ: 

ɚ) ɨɬɞɟɥɶɧɵɟ ɫɥɨɢ ɫɨɟɞɢɧɟɧɢɣ ɞɜɭɯ ɦɟɬɚɥɥɨɜ; 
ɛ) ɫɥɨɣ ɫɦɟɫɢ ɨɤɢɫɥɨɜ; 
ɜ) ɫɥɨɣ ɞɜɨɣɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɬɢɩɚ ɲɩɢɧɟɥɢ, ɧɚɩɪɢɦɟɪ MtMe2Ɉ4. 

ɒɩɢɧɟɥɢ –  ɝɪɭɩɩɚ ɦɢɧɟɪɚɥɨɜ ɫ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɨɣ, ɚɧɚɥɨɝɢɱɧɨɣ 
ɪɟɲɟɬɤɟ ɦɟɬɚɚɥɸɦɢɧɚɬɚ ɦɚɝɧɢɹ MgAl2Ɉ4. 
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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

Cɩɥɚɜ Ni + 4% ɋɝ, ɨɤɢɫɥɟɧɧɵɣ ɜ 
ɬɟɱɟɧɢɟ 2 ɱ ɩɪɢ 1200° ɋ:  

1 - ɜɧɟɲɧɟɟ ɨɤɢɫɥɟɧɢɟ; 
2 - ɜɧɭɬɪɟɧɧɟɟ ɨɤɢɫɥɟɧɢɟ. 

ȼɧɭɬɪɟɧɧɟɟ ɨɤɢɫɥɟɧɢɟ 

ɉɨɞɨɤɚɥɢɧɚ – ɫɥɨɣ, ɨɛɨɝɚɳɟɧɧɵɣ Mt ɢ 
ɫɨɞɟɪɠɚɳɟɝɨ ɪɚɫɬɜɨɪɟɧɧɵɣ ɤɢɫɥɨɪɨɞ 
ɢ ɱɚɫɬɢɰɵ ɨɤɢɫɥɚ Me. 

• ɭ ɦɟɞɢ ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɟɟ Si, Bi, As, 
Mn, Ni, Sn, Ti, Zn, 

• ɭ ɫɟɪɟɛɪɚ – ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɟɝɨ 
ɦɧɨɝɢɦɢ ɦɟɬɚɥɥɚɦɢ, 

• ɭ ɧɢɤɟɥɹ – ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɟɝɨ Ⱥl, 
ɋr ɢɥɢ Fe.  

ɍɤɨɪɟɧɟɧɢɟ ɨɤɚɥɢɧɵ ɧɚ 
ɫɩɥɚɜɚɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɞɨɤɚɥɢɧɵ: 
ɚ - ɨɫɬɪɨɜɤɨɜɨɣ; 
ɛ – ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɨɣ. 
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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

1) ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɫɥɨɣ ɞɨɥɠɟɧ ɨɛɪɚɡɨɜɵɜɚɬɶ ɤɨɝɟɪɟɧɬɧɨɟ (ɫɰɟɩɥɟɧɧɨɟ) 
ɩɨɤɪɵɬɢɟ ɧɚ ɦɟɬɚɥɥɟ ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɬɚɤɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɤɚɧɚɥɨɜ 
ɞɢɮɮɭɡɢɢ, ɤɚɤ ɬɪɟɳɢɧɵ ɢɥɢ ɩɪɨɧɢɰɚɟɦɵɟ ɦɟɠɡɟɪɟɧɧɵɟ ɝɪɚɧɢɰɵ; 

2) ɫɤɨɪɨɫɬɢ ɞɢɮɮɭɡɢɢ ɤɚɬɢɨɧɨɜ (Мɟn+ ɢ Mtn+) ɢ ɚɧɢɨɧɨɜ ɜ ɷɬɨɦ ɫɥɨɟ 
ɞɨɥɠɧɵ ɛɵɬɶ ɦɚɥɵ;  

3) ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɨɤɢɫɥɵ ɧɟ ɞɨɥɠɧɵ ɨɛɪɚɡɨɜɵɜɚɬɶ ɥɟɝɤɨɩɥɚɜɤɢɯ ɷɜɬɟɤɬɢɤ.  

ɍɫɥɨɜɢɹ ɡɚɳɢɬɧɨɝɨ ɞɟɣɫɬɜɢɹ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɫɥɨёɜ: 

Ɉɤɢɫɥɟɧɢɟ ɫɬɚɥɢ ɏ25 ɛɟɡ ɞɨɛɚɜɤɢ (1) ɢ 
ɫ 0,9% ɢɬɬɪɢɹ (2) ɩɪɢ ɰɢɤɥɢɱɟɫɤɨɦ 
ɧɚɝɪɟɜɟ (1 ɱ ɩɪɢ 1200°ɋ, ɨɯɥɚɠɞɟɧɢɟ 
ɞɨ 23°ɋ ɢ ɬ.ɞ.) 
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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

2.11 Хɣɧɣɲɠɬɥаɺ ɥɩɫɫɩɢɣɺ ɧɠɭаɦɦɩɝ ɝ ɡɣɟɥɣɰ ɬɫɠɟаɰ  
ɇɟɷɥɟɤɬɪɨɥɢɬɵ: 

• ɠɢɞɤɢɣ ɛɪɨɦ, 
• ɪɚɫɩɥɚɜɥɟɧɧɚɹ ɫɟɪɚ, 
• ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ: 

oɨɪɝɚɧɢɱɟɫɤɢɟ ɪɚɫɬɜɨɪɢɬɟɥɢ (ɛɟɧɡɨɥ), 
oɠɢɞɤɨɟ ɬɨɩɥɢɜɨ (ɧɟɮɬɶ, ɤɟɪɨɫɢɧ, ɛɟɧɡɢɧ), 
oɫɦɚɡɨɱɧɵɟ ɦɚɫɥɚ. 

ɋɬɚɞɢɢ ɩɪɨɰɟɫɫɚ ɤɨɪɪɨɡɢɢ ɜ ɠɢɞɤɢɯ ɫɪɟɞɚɯ: 

1. Ⱦɢɮɮɭɡɢɹ ɪɟɚɝɟɧɬɚ (ɨɤɢɫɥɢɬɟɥɹ) ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ; 

2. ɏɟɦɨɫɨɪɛɰɢɹ ɪɟɚɝɢɪɭɸɳɢɯ ɱɚɫɬɢɰ ɧɚ ɦɟɬɚɥɥɟ; 

3. ɏɢɦɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ ɪɟɚɝɟɧɬɚ ɫ ɦɟɬɚɥɥɨɦ; 

4. Ⱦɟɫɨɪɛɰɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɦɟɬɚɥɥɚ; 

5. Ⱦɢɮɮɭɡɢɹ ɩɪɨɞɭɤɬɨɜ ɪɟɚɤɰɢɢ ɨɬ ɦɟɬɚɥɥɚ ɜ ɨɛɴёɦ 

ɧɟɷɥɟɤɬɪɨɥɢɬɚ. 



20 

ȼɥɢяɧɢɟ ɜɢɞɚ ɧɟɷɥɟɤɬɪɨɥɢɬɚ ɧɚ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ: 

ȼɢɞ 
ɧɟɷɥɟɤɬɪɨɥɢɬɚ 

ȼɥɢяɧɢɟ 

ɫɢɥɶɧɨɟ ɦɟɧɶɲɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ 

ɀɢɞɤɢɣ ɛɪɨɦ ɍɝɥɟɪɨɞɢɫɬɚɹ ɫɬɚɥɶ 
Ti 

Ni Fe 
Pb 
Pt 
Au 

Ɋɚɫɩɥɚɜɥɟɧɧɚɹ 
ɫɟɪɚ 

Cu 
Sn 
Pb 

ɍɝɥɟɪɨɞɢɫɬɚɹ ɫɬɚɥɶ 
Ti 

Al 

ɀɢɞɤɨɟ ɬɨɩɥɢɜɨ: 
ɧɟɮɬɶ 
ɛɟɧɡɢɧ 

ɤɪɟɤɢɧɝ-ɛɟɧɡɢɧ ɢ 
ɫɵɪɵɟ ɮɟɧɨɥɵ 

 
Co, Ni, Pb, Cu, Ag, Fe 

ɜɫɟ ɬɟɯɧɢɱɟɫɤɢ ɜɚɠɧɵɟ ɦɟɬɚɥɥɵ 
 

Fe, Cu, Mg, Zn (ɭɫɬɨɣɱɢɜɵ Al ɢ ɤɨɪɪɨɡɢɨɧɧɨɫɬɨɣɤɢɟ ɫɬɚɥɢ) 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 
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Ɋɚɡɪɭɲɟɧɢɟ ɦɟɬɚɥɥɨɜ ɜ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɪɟɞɚɯ ɫɤɥɚɞɵɜɚɟɬɫя ɢɡ: 

1) Ɋɚɫɬɜɨɪɟɧɢɟ ɬɜɟɪɞɨɝɨ ɦɟɬɚɥɥɚ ɜ ɠɢɞɤɨɦ; 

2) Ɍɟɪɦɢɱɟɫɤɢɣ ɩɟɪɟɧɨɫ ɦɚɫɫɵ; 

3) Ɇɟɠɤɪɢɫɬɚɥɥɢɬɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ; 

4) Ɉɛɪɚɡɨɜɚɧɢɟ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ ɦɟɠɞɭ 
ɬɜɟɪɞɵɦ ɢ ɠɢɞɤɢɦ ɦɟɬɚɥɥɨɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɮɮɭɡɢɢ; 

5) ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɪɢɦɟɫɹɦɢ ɜ ɠɢɞɤɨɦ ɦɟɬɚɥɥɟ. 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

Хɣɧɣɲɠɬɥаɺ ɥɩɫɫɩɢɣɺ ɧɠɭаɦɦɩɝ ɝ ɡɣɟɥɩɧɠɭаɦɦɣɲɠɬɥɣɰ ɭɠɪɦɩɨɩɬɣɭɠɦɺɰ 

Ɋɚɡɪɭɲɟɧɢɟ ɬɜɟɪɞɵɯ ɦɟɬɚɥɥɨɜ ɜ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɪɟɞɚɯ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɮɢɡɢɱɟɫɤɨɝɨ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɜɧɟɲɧɟɣ ɫɪɟɞɵ. 



22 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

1) Ɋɚɫɬɜɨɪɟɧɢɟ ɬɜɟɪɞɨɝɨ ɦɟɬɚɥɥɚ 

ɜ ɠɢɞɤɨɦ 

2) Ɍɟɪɦɢɱɟɫɤɢɣ ɢ ɢɡɨɬɟɪɦɢɱɟɫɤɢɣ 

ɩɟɪɟɧɨɫ ɦɚɫɫɵ  

3) Ɇɟɠɤɪɢɫɬɚɥɥɢɬɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ 

4) Ɉɛɪɚɡɨɜɚɧɢɟ ɬɜɟɪɞɵɯ 
ɪɚɫɬɜɨɪɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ  

ɉɪɢɱɢɧɵ: 
1) ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 

ɷɧɟɪɝɢɢ ɚɬɨɦɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 
ɦɟɠɤɪɢɫɬɚɥɥɢɬɧɵɯ ɡɨɧɚɯ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɚɬɨɦɚɦɢ ɜɧɭɬɪɢ ɤɪɢɫɬɚɥɥɨɜ; 

2) ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɞɢɮɮɭɡɢɢ 
ɥɟɝɤɨɪɚɫɬɜɨɪɢɦɨɝɨ ɷɥɟɦɟɧɬɚ ɩɨ ɝɪɚɧɢɰɚɦ 
ɡɟɪɟɧ, ɱɟɦ ɩɨ ɢɯ ɨɛɴɟɦɭ; 

3)  ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɠɢɞɤɢɯ ɦɟɬɚɥɥɨɜ ɫ 
ɩɪɢɦɟɫɹɦɢ, ɪɚɫɩɨɥɚɝɚɸɳɢɦɢɫɹ ɩɨ 
ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɢ ɞɪ.  

Ɉɛɪɚɡɭɸɳɢɣɫɹ ɫɥɨɣ ɬɜɟɪɞɨɝɨ ɪɚɫɬɜɨɪɚ ɢɥɢ 
ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɨɛɵɱɧɨ 
ɯɪɭɩɤɢɣ, ɱɬɨ ɫɧɢɠɚɟɬ ɩɥɚɫɬɢɱɧɨɫɬɶ ɜɫɟɝɨ 
ɢɡɞɟɥɢɹ. 
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Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

5) ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɪɢɦɟɫяɦɢ ɜ ɠɢɞɤɨɦ ɦɟɬɚɥɥɟ 

Кɢɫɥɨɪɨɞ ɩɪɢɜɨɞɢɬ ɤ:  
1) ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɜɨɣɧɵɯ ɨɤɢɫɥɨɜ (Na2Ɉ2)2∙FОO, 
Na2NТɈ2, Ʉ2ɆɨɈ4 ɢ ɞɪ.);  
2) ɚɛɫɨɪɛɰɢɢ ɤɢɫɥɨɪɨɞɚ ɬɜɟɪɞɵɦ ɦɟɬɚɥɥɨɦ;  
3) ɨɛɪɚɡɨɜɚɧɢɸ ɯɪɭɩɤɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, ɨɛɭɫɥɨɜɥɟɧɧɨɦɭ 
ɜɧɭɬɪɟɧɧɢɦ ɨɤɢɫɥɟɧɢɟɦ ɦɟɬɚɥɥɚ;  
4) ɭɫɢɥɟɧɢɸ ɬɟɪɦɢɱɟɫɤɨɝɨ ɩɟɪɟɧɨɫɚ ɦɚɫɫɵ.  

Ɋɚɡɪɭɲɟɧɢɟ ɬɜɟɪɞɵɯ ɦɟɬɚɥɥɨɜ ɠɢɞɤɢɦɢ ɭɫɢɥɢɜɚɸɬ ɢ ɞɪɭɝɢɟ ɩɪɢɦɟɫɢ, 
ɧɚɩɪɢɦɟɪ, N, H ɢ Cl. 

Каɝɣɭаɱɣɩɨɨɩ-ɸɫɩɢɣɩɨɨɩɠ ɝɩɢɟɠɤɬɭɝɣɠ ɡɣɟɥɣɰ ɧɠɭаɦɦɩɝ  

Эɪɨɡɢя — ɷɬɨ ɢɡɧɨɫ ɢ ɜɵɛɢɜɚɧɢɟ ɱɚɫɬɢɰ, ɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɬɜɟɪɞɨɝɨ 
ɦɟɬɚɥɥɚ ɩɨɞ ɜɥɢɹɧɢɟɦ ɩɨɬɨɤɚ ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ.  
Кɚɜɢɬɚɰɢя — ɪɚɡɪɭɲɟɧɢɟ ɬɜɟɪɞɨɝɨ ɦɟɬɚɥɥɚ ɩɨɞ ɦɢɤɪɨɭɞɚɪɧɵɦ 
ɜɨɡɞɟɣɫɬɜɢɟɦ ɠɢɞɤɨɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɪɟɞɵ. 
Кɚɜɢɬɚɰɢя — ɷɬɨ ɭɫɬɚɥɨɫɬɧɵɣ ɩɪɨɰɟɫɫ, ɩɪɨɬɟɤɚɸɳɢɣ ɜ ɦɢɤɪɨɨɛɴɟɦɚɯ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɬɜɟɪɞɨɝɨ ɦɟɬɚɥɥɚ.  
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2.12 Вɦɣɺɨɣɠ ɝɨɠɳɨɣɰ ɣ ɝɨɮɭɫɠɨɨɣɰ ɯаɥɭɩɫɩɝ ɨа ɰɣɧɣɲɠɬɥɮɹ 
ɥɩɫɫɩɢɣɹ ɧɠɭаɦɦɩɝ 

1) Ɍɟɦɩɟɪɚɬɭɪɚ 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɧɫɬɚɧɬɵ 
ɫɤɨɪɨɫɬɢ ɯɢɦɢɱɟɫɤɨɣ ɪɟɚɤɰɢɢ 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ 
ɨɤɢɫɥɟɧɢɹ ɠɟɥɟɡɚ ɧɚ ɜɨɡɞɭɯɟ  

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

ȼɧɟɲɧɢɟ ɮɚɤɬɨɪɵ 

ɭɪɚɜɧɟɧɢɟ 
Ⱥɪɪɟɧɢɭɫɚ: 
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2) ɋɨɫɬɚɜ ɝɚɡɨɜɨɣ ɫɪɟɞɵ 

Ƚɚɡɨɜɚɹ ɤɨɪɪɨɡɢɹ ɧɟɤɨɬɨɪɵɯ 
ɦɟɬɚɥɥɨɜ ɜ Ɉ2, ɇ2Ɉ, ɋɈ2 ɢ SɈ2 
ɩɪɢ 700 ɢ 900° ɋ ɡɚ 24 ɱ  

Ⱦɚɧɧɵɟ ɨ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ (%) ɫɬɚɥɢ ɫ 0,17% ɋ ɨɬ 
ɫɨɫɬɚɜɚ ɝɚɡɨɜɨɣ ɫɪɟɞɵ ɩɪɢ 900°ɋ (ɩɨ 
Ƚɚɬɮɢɥɞɭ): 
ɑɢɫɬɵɣ ɜɨɡɞɭɯ ……………………100  
ɑɢɫɬɵɣ ɜɨɡɞɭɯ + 2% SɈ2 ……… . 118  
ɑɢɫɬɵɣ ɜɨɡɞɭɯ +5% ɇ2Ɉ…………134  
Ʉɢɫɥɨɪɨɞ ………………………….200  
ȼɨɡɞɭɯ+5% SɈ2 +5% ɇ2Ɉ……….. 276   

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 



26 

3) Ⱦɚɜɥɟɧɢɟ ɝɚɡɨɜ 

Ʉɨɧɰɟɧɬɪɚɰɢɨɧɧɵɟ ɝɪɚɞɢɟɧɬɵ ɜ ɨɤɢɫɢ ɰɢɧɤɚ ɢ ɡɚɤɢɫɢ ɦɟɞɢ ɩɪɢ 
ɞɚɜɥɟɧɢɢ ɤɢɫɥɨɪɨɞɚ: 1 - 0,1 ɚɬɦ; 2 - 0,001 ɚɬɦ; Ⱥ – ɝɪɚɧɢɰɚ 
ɨɤɢɫɟɥ-ɦɟɬɚɥɥ; Ȼ - ɝɪɚɧɢɰɚ ɨɤɢɫɟɥ-ɝɚɡ  

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 
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4) ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢя ɝɚɡɨɜɨɣ ɫɪɟɞɵ 

ȼɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɞɚɜɥɟɧɢɹ ɝɚɡɚ (20% ɋɈ2 + 20% ɇ2Ɉ + 60% N2) ɧɚ ɫɪɟɞɧɸɸ 
(2 ɱ) ɫɤɨɪɨɫɬɶ ɨɤɢɫɥɟɧɢɹ ɫɬɚɥɟɣ ɪɹɞɚ ɦɚɪɨɤ ɩɪɢ ɪɚɡɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, °ɋ: 
1 - ɫɬɚɥɶ 60; 2 - 60ɋ2; 3 – ɍ10Ⱥ; 4 - ɒɏ15  

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

5) Ɋɟɠɢɦ ɧɚɝɪɟɜɚ 
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1) ɋɨɫɬɚɜ ɫɩɥɚɜɚ 

2) ɋɬɪɭɤɬɭɪɚ ɦɟɬɚɥɥɚ 

3) Ⱦɟɮɨɪɦɚɰɢя ɦɟɬɚɥɥɚ 

4) Хɚɪɚɤɬɟɪ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ 

ɦɟɬɚɥɥɚ 

Теɦа 2 – Хɢɦɢчеɫɤая ɤоɪɪоɡɢя ɦеɬаɥɥов 

ȼɧɭɬɪɟɧɧɢɟ ɮɚɤɬɨɪɵ 


