
1 

Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɤɨɪɪɨɡɢɢ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ 
(ɨɬ ɤɨɪɪɨɡɢɢ ɫ ɤɢɫɥɨɪɨɞɧɨɣ ɞɟɩɨɥɹɪɢɡɚɰɢɟɣ) 

ɇɟɣɬɪɚɥɶɧɵɟ ɷɥɟɤɬɪɨɥɢɬɵ: 

• ɩɪɟɫɧɚɹ ɜɨɞɚ; 

• ɦɨɪɫɤɚɹ ɜɨɞɚ; 

• ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ ɫɨɥɟɣ; 

• ɝɪɭɧɬɵ.  
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Ɍɟɦɚ 4 – Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ ɦɟɬɚɥɥɨɜ 

Ɇɟɬɨɞɵ ɡɚɳɢɬɵ ɦɟɬɚɥɥɨɜ ɨɬ ɤɨɪɪɨɡɢɢ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ :  

1) ɩɪɢɦɟɧɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɭɫɬɨɣɱɢɜɵɯ ɦɟɬɚɥɥɨɜ ɢ 

ɫɩɥɚɜɨɜ:  

• ɫ ɩɨɜɵɲɟɧɧɨɣ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɭɫɬɨɣɱɢɜɨɫɬɶɸ (Ni, Cu ɢ Cu-ɫɩɥɚɜɵ ɜ ɦɨɪɫɤɨɣ 

ɜɨɞɟ; 

• ɫɤɥɨɧɧɵɯ ɤ ɩɚɫɫɢɜɢɪɨɜɚɧɢɸ (Al, Cr- ɢ Cr-Ni-

ɫɬɚɥɢ ɜ ɜɨɞɟ);  
• ɩɨɤɪɵɜɚɸщɢɯɫɹ ɡɚщɢɬɧɵɦɢ ɩɥɟɧɤɚɦɢ 

ɜɬɨɪɢɱɧɵɯ ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɯ ɩɪɨɞɭɤɬɨɜ 

ɤɨɪɪɨɡɢɢ  (Zn ɜ ɜɨɞɟ, Pb ɜ ɪɚɫɬɜɨɪɚɯ ɫɭɥɶɮɚɬɨɜ 

ɢ ɞɪ.);  
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Ɍɟɦɚ 4 – Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ ɦɟɬɚɥɥɨɜ 

Ɇɟɬɨɞɵ ɡɚɳɢɬɵ ɦɟɬɚɥɥɨɜ ɨɬ ɤɨɪɪɨɡɢɢ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ :  

2) ɭɞɚɥɟɧɢɟ ɢɡ ɷɥɟɤɬɪɨɥɢɬɚ ɞɟɩɨɥɹɪɢɡɚɬɨɪɚ — ɤɢɫɥɨɪɨɞɚ (ɞɟɚɷɪɚɰɢɹ ɢɥɢ 

ɨɛɟɫɤɢɫɥɨɪɨɠɢɜɚɧɢɟ ɩɢɬɚɬɟɥɶɧɨɣ ɜɨɞɵ ɩɚɪɨɜɵɯ ɤɨɬɥɨɜ ɢɥɢ ɜɨɞɵ 

ɨɯɥɚɠɞɚɸɳɢɯ ɫɢɫɬɟɦ);  

3) ɜɜɟɞɟɧɢɟ ɞɨɛɚɜɨɤ — ɩɚɫɫɢɜɚɬɨɪɨɜ (K2CrɈ4, 

NКNɈ2 ɢ ɞɪ.) ɢɥɢ ɩɥɟɧɤɨɨɛɪɚɡɨɜɚɬɟɥɟɣ 

(ɮɨɫɮɚɬɨɜ, ɩɨɥɢɮɨɫɮɚɬɨɜ, ɚɦɢɧɨɜ);  
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Ɍɟɦɚ 4 – Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ ɦɟɬɚɥɥɨɜ 

Ɇɟɬɨɞɵ ɡɚɳɢɬɵ ɦɟɬɚɥɥɨɜ ɨɬ ɤɨɪɪɨɡɢɢ ɜ ɧɟɣɬɪɚɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ :  

4) ɧɚɧɟɫɟɧɢɟ ɧɚ ɦɟɬɚɥɥɵ ɪɚɡɥɢɱɧɵɯ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ:  

• ɦɟɬɚɥɥɢɱɟɫɤɢɯ (ɧɚ ɫɬɚɥɶ — Zn, Cd, Ni, Sn, Pb ɢ ɞɪ.), 

• ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ (ɨɤɫɢɞɧɵɯ ɢ ɮɨɫɮɚɬɧɵɯ ɞɥɹ 

ɡɚɳɢɬɵ ɨɬ ɚɬɦɨɫɮɟɪɧɨɣ ɤɨɪɪɨɡɢɢ); 
• ɨɪɝɚɧɢɱɟɫɤɢɯ (ɥɚɤɨɤɪɚɫɨɱɧɵɯ, ɚɫɮɚɥɶɬɨ-ɛɢɬɭɦɧɵɯ, ɩɨɥɢɦɟɪɧɵɯ ɢ 

ɞɪ.);  

5) ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɡɚɳɢɬɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 

ɢɧɫɬɪɭɤɰɢɣ ɤɚɬɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ ɨɬ ɜɧɟɲɧɟɝɨ 

ɢɫɬɨɱɧɢɤɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ  ɢɥɢ ɩɪɢ ɩɨɦɨɳɢ 

ɩɪɨɬɟɤɬɨɪɨɜ ɩɪɢ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɚ ɜ ɚɤɬɢɜɧɨɦ  

ɫɨɫɬɨɹɧɢɢ, ɢɥɢ ɚɧɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ ɩɪɢ 

ɜɨɡɦɨɠɧɨɫɬɢ  ɩɚɫɫɢɜɚɰɢɢ ɦɟɬɚɥɥɚ.  
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Ɍɟɦɚ 4 – Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ ɦɟɬɚɥɥɨɜ 

Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɤɨɪɪɨɡɢɢ ɜ ɪɚɫɬɜɨɪɚɯ ɤɢɫɥɨɬ 
(ɨɬ  ɤɨɪɪɨɡɢɢ  ɫ  ɜɨɞɨɪɨɞɧɨɣ  ɞɟɩɨɥɹɪɢɡɚɰɢɟɣ) 

Ɇɟɬɨɞɵ ɡɚɳɢɬɵ:  

1) ɩɪɢɦɟɧɟɧɢɟ ɤɢɫɥɨɬɨɫɬɨɣɤɢɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ:   
• ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢ ɭɫɬɨɣɱɢɜɵɯ (# Pt ɢ Cu ɜ 

ɪɚɫɬɜɨɪɚɯ H2SO4 ɢ ɇɋ1), 

• ɩɚɫɫɢɜɢɪɭɸщɢɯɫɹ (# ɭɝɥɟɪɨɞɢɫɬɵɯ ɢ 

ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɜ 50-60%-ɧɨɣ 

HNO3, ɯɪɨɦɢɫɬɵɯ ɫɬɚɥɟɣ ɜ ɪɚɫɬɜɨɪɚɯ HNO3), 

• ɨɛɪɚɡɭɸщɢɯ ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɟ ɡɚщɢɬɧɵɟ 
ɩɥɟɧɤɢ (# ɠɟɥɟɡɨɤɪɟɦɧɢɫɬɵɯ ɫɩɥɚɜɨɜ ɜ 

ɪɚɫɬɜɨɪɚɯ HNO3, H2SO4, HCl, ɇ3ɊɈ4, ɫɬɚɥɟɣ ɜ 

ɤɪɟɩɤɨɣ H2SO4, Pb ɜ ɪɚɫɬɜɨɪɚɯ H2SO4, Fe ɢ Mg 

ɜ ɤɪɟɩɤɨɣ HF), 

• ɨɫɨɛɨ ɱɢɫɬɵɯ ɩɨ ɤɚɬɨɞɧɵɦ ɩɪɢɦɟɫɹɦ (# 

ɱɢɫɬɵɯ Fe, Al, Zn ɜ ɫɥɚɛɨɤɢɫɥɵɯ ɪɚɫɬɜɨɪɚɯ);  
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Ɍɟɦɚ 4 – Эɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɤɨɪɪɨɡɢɹ ɦɟɬɚɥɥɨɜ 

3) ɧɚɧɟɫɟɧɢɟ ɧɚ ɦɟɬɚɥɥɵ ɤɢɫɥɨɬɨɫɬɨɣɤɢɯ 
ɡɚщɢɬɧɵɯ ɩɨɤɪɵɬɢɣ:  

•ɦɟɬɚɥɥɢɱɟɫɤɢɯ (# Si ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɫɬɨɣɤɨɫɬɢ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ ɜ HNO3 ɢ 

HC1,  

•ɬɨɥɫɬɨɫɥɨɣɧɨɟ ɫɜɢɧɰɟɜɚɧɢɟ ɞɥɹ ɩɨɜɵɲɟɧɢɹ 

ɫɬɨɣɤɨɫɬɢ ɭɝɥɟɪɨɞɢɫɬɵɯ ɫɬɚɥɟɣ ɜ H2SO4,  

•ɩɥɚɤɢɪɨɜɚɧɢɟ ɭɝɥɟɪɨɞɢɫɬɵɯ ɢ 

ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɧɟɪɠɚɜɟɸɳɟɣ 

ɯɪɨɦɢɫɬɨɣ ɢɥɢ ɯɪɨɦɨɧɢɤɟɥɟɜɨɣ ɫɬɚɥɶɸ); 
•ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɨɪɝɚɧɢɱɟɫɤɢɯ 
(ɩɨɥɢɷɬɢɥɟɧɚ, ɮɬɨɪɨɩɥɚɫɬɚ, ɷɩɨɤɫɢɞɧɵɯ, 
ɤɚɭɱɭɤɨɜɵɯ);  
•ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ (ɤɢɫɥɨɬɨɫɬɨɣɤɢɯ ɷɦɚɥɟɣ). 

Ɇɟɬɨɞɵ ɡɚɳɢɬɵ:  

2) ɜɜɟɞɟɧɢɟ ɜ ɪɚɫɬɜɨɪɵ ɤɢɫɥɨɬ ɡɚɦɟɞɥɢɬɟɥɟɣ ɤɢɫɥɨɬɧɨɣ ɤɨɪɪɨɡɢɢ (# 

ɬɪɚɜɢɥɶɧɵɟ ɩɪɢɫɚɞɤɢ ЧɆ ɤ H2SO4 ɢ ɉȻ ɤ HC1 ɩɪɢ ɬɪɚɜɥɟɧɢɢ ɨɤɚɥɢɧɵ ɫ 

ɭɝɥɟɪɨɞɢɫɬɵɯ ɢ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ);  
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

ȼɧɭɬɪɟɧɧɢɟ ɮɚɤɬɨɪɵ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ 

1) Ɍɟɪɦɨɞɢɧɚɦɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɟɬɚɥɥɚ 

Мɟɬаɥɥ 
Ɍɜɟɪɞыɣ ɩɪɨɞɭɤɬ 

ɤɨɪɪɨɡɢɢ 

∆G298, 
ɤɤаɥ/ɝ-эɤɜ Ме 

Ag Ag2O +22,7 –1,1 

ɋu 

Cu(OH)2 +9,6 –14,2 

CuO +8,9 –14,9 

Cu2O +6,5 –17,3 

Ɋb PbO +1,5 –22,3 

Hg 
HgO +16,9 –6,9 

Hg2O +0,9 –22,9 

Al Al(OH)3 –33,6 –57,4 

Mg Mg(OH)2 –47,8 –71,6 

ɂɡɦɟɧɟɧɢɟ ɢɡɨɛɚɪɧɨ-ɢɡɨɬɟɪɦɢɱɟɫɤɢɯ ɩɨɬɟɧɰɢɚɥɨɜ ∆G298 ɤɨɪɪɨɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ (ɩɪɢ 
25°ɋ ɢ ɪɇ=7) 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

2) ɉɨɥɨɠɟɧɢɟ ɦɟɬɚɥɥɚ ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ ɷɥɟɦɟɧɬɨɜ Ⱦ.ɂ. Ɇɟɧɞɟɥɟɟɜɚ 

ɉɟɪɢɨɞɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɷɥɟɦɟɧɬɨɜ Ⱦ. ɂ. Ɇɟɧɞɟɥɟɟɜɚ 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

3) ɋɨɫɬɨɹɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ 

Ⱦɢɚɝɪɚɦɦɚ ȼёɥɟɪɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɩɨɜɟɞɟɧɢɟ ɫɬɚɥɶɧɨɣ 
ɤɚɧɚɬɧɨɣ ɩɪɨɜɨɥɨɤɢ ɞɢɚɦɟɬɪɨɦ 0,9 ɦɦ: 

1 – ɧɟɩɨɥɢɪɨɜɚɧɧɨɣ ɜ ɜɨɡɞɭɯɟ (ɤɪɢɜɚɹ ɭɫɬɚɥɨɫɬɢ),  
ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ (ɤɪɢɜɵɟ ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɚɥɨɫɬɢ): 2 – 

ɨɰɢɧɤɨɜɚɧɧɨɣ; 3 – ɩɪɨɬɟɤɬɢɪɨɜɚɧɧɨɣ ɰɢɧɤɨɦ; 4 – ɫɦɚɡɚɧɧɨɣ 
(ɬɨɥɳɢɧɚ ɛɢɬɭɦɧɨɣ ɫɦɚɡɤɢ 0,1 ɦɦ); 5 – ɩɨɥɢɪɨɜɚɧɧɨɣ; 6 — 

ɧɟɩɨɥɢɪɨɜɚɧɧɨɣ 

Ɉɛɪɚɛɨɬɤɚ ȼɪɟɦɹ ɞɨ ɧɚɱɚɥɚ ɤɨɪɪɨɡɢɢ, ɫɭɬ. 
Ɉɛɪɚɛɨɬɤɚ ɧɚɩɢɥɶɧɢɤɨɦ ɢɥɢ ɧɚ ɬɨɤɚɪɧɨɦ ɫɬɚɧɤɟ  10 

ɉɨɥɢɪɨɜɤɚ ɧɚɠɞɚɱɧɨɣ ɛɭɦɚɝɨɣ: 

№ 1 ɢɥɢ 2 

№ 1/0 ɢɥɢ 2/0 

№ 4/0 ɢɥɢ 5/0 

  

10 

12 

20 

ɉɨɥɢɪɨɜɤɚ ɫɭɤɧɨɦ 28 



10 

Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

4) Кɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɮɚɤɬɨɪ 

Ɏɢɝɭɪɵ ɬɪɚɜɥɟɧɢɹ ɧɚ ɪɚɡɥɢɱɧɵɯ ɡɟɪɧɚɯ 



11 

Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

5) Ƚɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ 

Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɤɨɪɪɪɡɢɢ ɬɜɟɪɞɵɯ 
ɪɚɫɬɜɨɪɨɜ ɋu+Ⱥu ɜ ɇNO3 ɩɥɨɬɧɨɫɬɶɸ 1,3 ɝ/ɫɦ3 

ɩɪɢ 90°ɋ ɨɬ ɫɨɞɟɪɠɚɧɢɹ Ⱥu 

Ɋɚɫɬɜɨɪ 
Ƚɪɚɧɢɰɚ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɚɬɨɦɧɵɟ ɞɨɥɢ n/8 ɚɬɨɦɧɨɣ ɞɨɥɢ 

Hg2Cl2 

Hg2(NO)3 

Hg(NO)3 

ɋɨɥɢ ɫɟɪɟɛɪɚ  
HgCl2 

ɉɢɤɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

(NH4)2S 

PbCl2 

HNO3 ɩɥɨɬɧɨɫɬɶɸ 1,3 ɝ/ɫɦ3 

ɧɟɬ 

ɧɟɬ 

ɧɟɬ 

0,08–0,15 

0,24 

0,22 

0,246–0,255 

0,245–0,255 

0,49–0,50 

– 

– 

– 

1/8 

2/8 

2/8 

2/8 

2/8 

4/8 

ɉɪɚɜɢɥɨ n/8 Ɍɚɦɦɚɧɚ: Ɋɟɡɤɨɟ ɢɡɦɟɧɟɧɢɟ 

ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɩɪɨɢɫɯɨɞɢɬ, ɤɨɝɞɚ 

ɤɨɧɰɟɧɬɪɚɰɢɹ ɥɟɝɢɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɞɨɫɬɢɝɚɟɬ 

1/8 ɚɬɨɦɧɨɣ ɞɨɥɢ, ɢɥɢ ɜɟɥɢɱɢɧɵ, ɤɪɚɬɧɨɣ ɷɬɨɦɭ 

ɱɢɫɥɭ, ɬ. ɟ. 2/8, 3/8, 4/8 ɢ ɬ. ɞ. ɚɬɨɦɧɨɣ ɞɨɥɢ. 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

5) Ƚɪɚɧɢɰɵ ɭɫɬɨɣɱɢɜɨɫɬɢ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ 

Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɥɢɬɵɯ ɫɩɥɚɜɨɜ 
FО+Cr+ɋ ɜ 50 %-ɧɨɣ HNO3 ɩɪɢ 90°ɋ ɨɬ 

ɫɨɞɟɪɠɚɧɢɹ ɋr ɜ ɬɜɟɪɞɨɦ ɪɚɫɬɜɨɪɟ 

Ɋɨɦɛɢɱɟɫɤɚɹ ɫɜɟɪɯɫɬɪɭɤɬɭɪɚ ɮɚɡɵ CuAu 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

6) ɋɬɪɭɤɬɭɪɧɚɹ ɝɟɬɟɪɨɝɟɧɧɨɫɬɶ ɫɩɥɚɜɨɜ ɢ ɜɟɥɢɱɢɧɚ ɡɟɪɧɚ 

Ɍɪɢ ɫɥɭɱɚɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɚɧɨɞɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɩɥɚɜɚ: 
ɚ) ɚɧɨɞɧɚɹ ɮɚɡɚ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɜ ɜɢɞɟ 
ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜɤɥɸɱɟɧɢɣ; 
ɛ) ɚɧɨɞɧɚɹ ɮɚɡɚ, ɫɨɞɟɪɠɚɳɚɹɫɹ ɜ ɫɩɥɚɜɟ ɞɚɠɟ ɜ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ, ɪɚɫɩɪɟɞɟɥɟɧɚ ɬɚɤ, ɱɬɨ ɨɧɚ ɧɟɩɪɟɪɵɜɧɨ 
ɩɪɨɧɢɡɵɜɚɟɬ ɜɟɫɶ ɫɩɥɚɜ; 
ɜ) ɚɧɨɞɨɦ ɹɜɥɹɟɬɫɹ ɭɡɤɚɹ ɡɨɧɚ ɝɪɚɧɢɰɵ ɡɟɪɧɚ.  

1. ȼɥɢɹɧɢɟ ɚɧɨɞɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɩɥɚɜɚ  
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

6) ɋɬɪɭɤɬɭɪɧɚɹ ɝɟɬɟɪɨɝɟɧɧɨɫɬɶ ɫɩɥɚɜɨɜ ɢ ɜɟɥɢɱɢɧɚ ɡɟɪɧɚ 

Ɍɪɢ ɫɥɭɱɚɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɬɨɞɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɩɥɚɜɚ: 
ɚ) ɤɚɬɨɞɧɵɟ ɜɤɥɸɱɟɧɢɹ ɨɛɥɟɝɱɚɸɬ ɩɪɨɬɟɤɚɧɢɟ ɤɚɬɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɫɧɢɠɚɹ ɟɝɨ 
ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ (ɜ ɫɜɹɡɢ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɤɚɬɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ SK) ɢ ɬɟɦ ɫɚɦɵɦ 
ɭɜɟɥɢɱɢɜɚɸɬ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɫɩɥɚɜɚ; 
ɛ) ɜɜɟɞɟɧɢɟ ɤɚɬɨɞɧɵɯ ɩɪɢɦɟɫɟɣ ɜ ɨɫɨɛɨ ɱɢɫɬɵɟ ɦɟɬɚɥɥɵ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 
ɩɭɬɟɣ ɞɢɮɮɭɡɢɢ ɞɟɩɨɥɹɪɢɡɚɬɨɪɚ, ɬ.ɟ. ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɫɩɥɚɜɚ; 
ɜ) ɤɚɬɨɞɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɦɨɠɟɬ ɨɛɥɟɝɱɢɬɶ ɧɚɫɬɭɩɥɟɧɢɟ 
ɩɚɫɫɢɜɢɪɨɜɚɧɢɹ ɚɧɨɞɧɨɣ ɮɚɡɵ ɢ ɬɟɦ ɫɚɦɵɦ ɫɢɥɶɧɨ ɫɧɢɡɢɬɶ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ 
ɫɩɥɚɜɚ. 

2. ȼɥɢɹɧɢɟ ɤɚɬɨɞɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɩɥɚɜɚ  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɝɟɬɟɪɨɝɟɧɧɨɫɬɶ ɫɩɥɚɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɭɫɥɨɜɢɣ ɦɨɠɟɬ ɢɥɢ ɧɟ ɜɥɢɹɬɶ ɧɚ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɬɨɣɤɨɫɬɶ, ɢɥɢ 

ɭɜɟɥɢɱɢɜɚɬɶ, ɢɥɢ ɭɦɟɧɶɲɚɬɶ ɟё. 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

7) Ɇɟɯɚɧɢɱɟɫɤɢɣ ɮɚɤɬɨɪ  
Ɇɟɯɚɧɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ:  

• ɩɨ ɩɪɨɢɫɯɨɠɞɟɧɢɸ:  • ɩɨ ɯɚɪɚɤɬɟɪɭ:  

o ɜɧɭɬɪɟɧɧɢɟ 

o ɜɧɟɲɧɢɟ 

o ɩɨɫɬɨɹɧɧɵɟ 

o ɜɪɟɦɟɧɧɵɟ 

ɚ) ɩɨɧɢɠɚɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɟɬɚɥɥɚ, ɫɨɨɛɳɚɹ ɟɦɭ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɷɧɟɪɝɢɸ;  

ɛ) ɜɵɡɜɚɸɬ ɩɥɚɫɬɢɱɟɫɤɭɸ ɞɟɮɨɪɦɚɰɢɸ ɢ ɮɚɡɨɜɵɟ ɩɪɟɜɪɚɳɟɧɢɹ;  

ɜ) ɧɚɪɭɲɚɸɬ ɫɩɥɨɲɧɨɫɬɶ ɡɚɳɢɬɧɵɯ ɩɥɟɧɨɤ ɧɚ ɦɟɬɚɥɥɚɯ;  

ɝ) ɥɨɤɚɥɢɡɭɹɫɶ, ɭɫɢɥɢɜɚɸɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɝɟɬɟɪɨɝɟɧɧɨɫɬɶ ɦɟɬɚɥɥɚ. 

ɉɨɫɬɨɹɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɤɨɪɪɨɡɢɨɧɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ) 

ɉɨɫɬɨɹɧɧɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ 

ɭɜɟɥɢɱɢɜɚɸɬ ɫɤɨɪɨɫɬɶ ɨɛɳɟɣ ɤɨɪɪɨɡɢɢ 

ɦɟɬɚɥɥɚ ɢ ɱɚɫɬɨ ɭɯɭɞɲɚɸɬ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɪɪɨɡɢɢ, ɩɟɪɟɜɨɞɹ ɟɟ ɢɡ 

ɨɛɳɟɣ ɜ ɦɟɫɬɧɭɸ, ɜɵɡɵɜɚɹ ɜ ɱɚɫɬɧɨɫɬɢ 

ɤɨɪɪɨɡɢɨɧɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɪɪɨɡɢɢ 
Al ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɜ 

ɪɚɫɬɜɨɪɚɯ:  
1 – 3 % NaCl+1 % HCl;  

2 – 3% NaCl+0,2% H2O2 

o ɢɫɬɢɪɚɸɳɢɟ 

o ɤɚɜɢɬɚɰɢɨɧɧɵɟ 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

Ʉɨɪɪɨɡɢɨɧɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɦɟɬɚɥɥɨɜ ɩɨɞ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɜɨɡɞɟɣɫɬɜɢɟɦ 

ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɵ ɢ ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɨɛɪɚɡɨɜɚɧɢɟɦ ɬɪɟɳɢɧ ɜ ɩɥɨɫɤɨɫɬɹɯ, ɧɨɪɦɚɥɶɧɵɯ ɤ ɧɚɩɪɚɜɥɟɧɢɸ 

ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ. 

Ʉɨɪɪɨɡɢɨɧɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɦɚɪɝɚɧɰɨɜɢɫɬɵɯ 
ɫɬɚɥɟɣ ɩɪɢ ɨɞɧɨɨɫɧɨɦ ɪɚɫɬɹɠɟɧɢɢ ɫ ɩɨɫɬɨɹɧɧɨɣ 

ɦɚɥɨɣ ɫɤɨɪɨɫɬɶɸ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ  ɋɟɬɤɚ ɬɪɟɳɢɧ ɨɤɨɥɨ ɡɚɤɥɟɩɨɱɧɵɯ 
ɨɬɜɟɪɫɬɢɣ ɤɨɬɟɥɶɧɨɝɨ ɥɢɫɬɚ  

Ɋɚɡɪɵɜ ɨɛɟɱɚɣɤɢ ɤɨɬɟɥɶɧɨɝɨ ɛɚɪɚɛɚɧɚ ɩɨ 
ɡɚɤɥɟɩɨɱɧɨɦɭ ɲɜɭ, ɪɚɡɪɭɲɟɧɧɨɦɭ ɜ ɪɟɡɭɥɶɬɚɬɟ 

ɳɟɥɨɱɧɨɣ ɯɪɭɩɤɨɫɬɢ ȼɥɢɹɧɢɟ ɜɟɥɢɱɢɧɵ ɪɚɫɬɹɝɢɜɚɸɳɟɝɨ, ɧɚɩɪɹɠɟɧɢɹ 
ɧɚ ɤɨɪɪɨɡɢɨɧɧɨɟ ɪɚɫɬɪɟɫɤɢɜɚɧɢɟ ɧɟɨɬɨɠɠɟɧɧɨɣ 

ɥɚɬɭɧɢ ɦɚɪɤɢ Ʌ68 ɜ ɚɦɦɢɚɱɧɨɣ ɜɨɞɟ ɋɤɨɪɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɬɪɟɳɢɧ ɞɨ 10 ɦɦ/ɱ.  
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

ɉɟɪɟɦɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɤɨɪɪɨɡɢɨɧɧɚɹ ɭɫɬɚɥɨɫɬɶ) 
ɉɟɪɟɦɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɪɚɫɬɹɝɢɜɚɸɳɢɟ, ɩɟɪɜɨɝɨ ɪɨɞɚ), ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɡɵɜɚɸɬ ɹɜɥɟɧɢɟ ɭɫɬɚɥɨɫɬɢ ɦɟɬɚɥɥɨɜ.  

Ⱦɢɚɝɪɚɦɦɚ ȼёɥɟɪɚ: 
1 – ɭɫɬɚɥɨɫɬɢ;  

2 – ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɚɥɨɫɬɢ;  
Ⱥ-Ⱥ – ɩɪɟɞɟɥ ɭɫɬɚɥɨɫɬɢ;  

ȼ – ɭɫɥɨɜɧɵɣ ɩɪɟɞɟɥ 
ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɚɥɨɫɬɢ 

Ɇɚɬɟɪɢɚɥ 

ɍɫɥɨɜɧɵɣ ɩɪɟɞɟɥ 
ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɚɥɨɫɬɢ 

ɩɪɢ N=5∙107 ɰɢɤɥɨɜ, ɤɝɫ/ɦɦ2 

ɜ ɩɪɟɫɧɨɣ 
ɜɨɞɟ 

ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ 

ɇɢɤɟɥɟɜɚɹ 
ɫɬɚɥɶ: 0,25 % ɋ 

3,7 % Ni 

63 34 15,5 11,5 

ɏɪɨɦɢɫɬɚɹ 
ɧɟɪɠɚɜɟɸɳɚɹ 
ɫɬɚɥɶ: 

0,1 % ɋ 

13 % ɋr 

62 38 26 21 

Ⱦɸɪɚɥɸɦɢɧɢɣ 56 13 7,5 6 

ɋɬɚɥɶ: 
0,25 % ɋ 

1,6 % ɋr 

0,9 % Ⱥ1 

0,3 % Ɇɨ 

– 51 8 – 

Ɍɚ ɠɟ ɫɬɚɥɶ, 
ɚɡɨɬɢɪɨɜɚɧɧɚɹ 

– 58 39 – 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

ɉɨɜɵɲɟɧɢɟ ɫɬɨɣɤɨɫɬɢ ɦɟɬɚɥɥɨɜ ɩɪɨɬɢɜ ɤɨɪɪɨɡɢɨɧɧɨɣ 

ɭɫɬɚɥɨɫɬɢ ɞɨɫɬɢɝɚɸɬ: 

ɚ) ɭɫɬɪɚɧɟɧɢɟɦ ɜɪɟɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ, ɟɫɥɢ 

ɨɧɢ ɧɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ, ɚ ɫɥɭɱɚɣɧɵɟ;  

ɛ) ɫɨɡɞɚɧɢɟɦ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɦɟɬɚɥɥɚ 

ɫɠɢɦɚɸɳɢɯ ɧɚɩɪɹɠɟɧɢɣ, ɱɬɨ ɫɧɢɠɚɟɬ ɨɩɚɫɧɨɫɬɶ 

ɪɚɫɬɹɝɢɜɚɸɳɢɯ ɰɢɤɥɨɜ ɩɟɪɟɦɟɧɧɵɯ ɧɚɩɪɹɠɟɧɢɣ;  

ɜ) ɬɳɚɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ, 
ɧɚɩɪɢɦɟɪ ɩɨɥɢɪɨɜɤɨɣ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ 

ɞɟɮɟɤɬɨɜ ɧɚ ɧɟɣ (ɤɪɢɜɚɹ 5);  

ɝ) ɧɚɧɟɫɟɧɢɟɦ ɡɚɳɢɬɧɵɯ ɫɦɚɡɨɤ (ɤɪɢɜɚɹ 4), ɚɧɨɞɧɵɯ 

ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ – ɰɢɧɤɨɜɵɯ 

(ɤɪɢɜɚɹ 2) ɢɥɢ ɤɚɞɦɢɟɜɵɯ;  

ɞ) ɚɡɨɬɢɪɨɜɚɧɢɟɦ ɫɬɚɥɟɣ (ɫɦ. ɬɚɛɥ.);  

ɟ) ɭɞɚɥɟɧɢɟɦ ɤɚɬɨɞɧɨɝɨ ɞɟɩɨɥɹɪɢɡɚɬɨɪɚ – ɤɢɫɥɨɪɨɞɚ ɢɡ 

ɧɟɣɬɪɚɥɶɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɢɥɢ ɜɜɟɞɟɧɢɟɦ ɜ ɷɥɟɤɬɪɨɥɢɬ 

ɡɚɦɟɞɥɢɬɟɥɟɣ ɤɨɪɪɨɡɢɢ, ɧɚɩɪɢɦɟɪ ɩɚɫɫɢɜɚɬɨɪɨɜ ɜ ɜɨɞɭ 

ɢ ɜ ɧɟɤɨɬɨɪɵɟ ɧɟɣɬɪɚɥɶɧɵɟ ɷɥɟɤɬɪɨɥɢɬɵ;  

ɠ) ɤɚɬɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɟɣ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ  

ɢɥɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɬɟɤɬɨɪɚ. 

Ⱦɢɚɝɪɚɦɦɚ ȼёɥɟɪɚ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ 

ɩɨɜɟɞɟɧɢɟ ɫɬɚɥɶɧɨɣ ɤɚɧɚɬɧɨɣ ɩɪɨɜɨɥɨɤɢ 

ɞɢɚɦɟɬɪɨɦ 0,9 ɦɦ: 

1 – ɧɟɩɨɥɢɪɨɜɚɧɧɨɣ ɜ ɜɨɡɞɭɯɟ (ɤɪɢɜɚɹ 

ɭɫɬɚɥɨɫɬɢ),  
ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ (ɤɪɢɜɵɟ ɤɨɪɪɨɡɢɨɧɧɨɣ 

ɭɫɬɚɥɨɫɬɢ);  
2 – ɨɰɢɧɤɨɜɚɧɧɨɣ;  

3 – ɩɪɨɬɟɤɬɢɪɨɜɚɧɧɨɣ ɰɢɧɤɨɦ;  

4 – ɫɦɚɡɚɧɧɨɣ (ɬɨɥɳɢɧɚ ɛɢɬɭɦɧɨɣ ɫɦɚɡɤɢ 0,1 

ɦɦ);  
5 – ɩɨɥɢɪɨɜɚɧɧɨɣ;  

6 — ɧɟɩɨɥɢɪɨɜɚɧɧɨɣ 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

ɂɫɬɢɪɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ (ɤɨɪɪɨɡɢɹ ɩɪɢ ɬɪɟɧɢɢ) 

Ɇɟɯɚɧɢɱɟɫɤɨɟ ɢɫɬɢɪɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɦɟɬɚɥɥ ɞɪɭɝɨɝɨ ɬɜɟɪɞɨɝɨ ɬɟɥɚ ɩɪɢ 

ɧɚɥɢɱɢɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɵ ɢɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫɚɦɨɣ 

ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɵ ɩɪɢɜɨɞɢɬ ɤ ɭɫɤɨɪɟɧɢɸ ɤɨɪɪɨɡɢɨɧɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ 

ɢɡɧɨɫɚ ɡɚɳɢɬɧɨɣ ɩɥɟɧɤɢ ɨɤɢɫɥɨɜ ɢɥɢ ɞɪɭɝɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨ ɫɪɟɞɨɣ. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɧɨɫɚ ɜ ɪɚɡɧɵɯ ɫɪɟɞɚɯ ɨɬ 
ɭɞɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɚɪɟ ɬɪɟɧɢɹ ɫɬɚɥɶ 

1X18H9T – ɫɬɚɥɶ 1Б18H9T: 
1 – ɜ ɜɨɡɞɭɯɟ;  

2 – ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ;  
3 – ɜ 3 %-ɧɨɦ ɪɚɫɬɜɨɪɟ NКOH; 
 4 – ɜ 10 %-ɧɨɦ ɪɚɫɬɜɨɪɟ NКOH 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

Кɚɜɢɬɚɰɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ ɧɚɪɭɲɚɟɬɫɹ ɫɩɥɨɲɧɨɫɬɶ 

ɞɜɢɠɭɳɟɝɨɫɹ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɢ ɨɛɪɚɡɭɸɬɫɹ ɩɭɡɵɪɢ. Ɂɚɬɟɦ ɨɧɢ ɫɨɤɪɚɳɚɸɬɫɹ ɢ 

ɢɫɱɟɡɚɸɬ. Эɬɨ ɹɜɥɟɧɢɟ ɩɪɨɬɟɤɚɸɳɟɟ ɜ ɠɢɞɤɨɫɬɧɨɦ ɩɨɬɨɤɟ, ɧɚɡɵɜɚɸɬ ɤɚɜɢɬɚɰɢɟɣ  

Ɋɚɡɥɢɱɧɵɟ ɦɨɞɟɥɢ ɡɚɯɥɨɩɵɜɚɧɢɹ ɤɚɜɢɬɚɰɢɨɧɧɨɝɨ ɩɭɡɵɪɶɤɚ 

ɉɨɜɵɲɟɧɢɹ ɤɨɪɪɨɡɢɨɧɧɨ-ɤɚɜɢɬɚɰɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ ɞɟɬɚɥɟɣ ɦɚɲɢɧ ɞɨɫɬɢɝɚɸɬ: 

ɚ) ɩɪɚɜɢɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɞɟɬɚɥɟɣ (ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɷɮɮɟɤɬɨɜ); 
ɛ) ɩɨɜɵɲɟɧɢɟɦ ɩɪɨɱɧɨɫɬɢ (ɬɜɟɪɞɨɫɬɢ) ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɫɩɥɚɜɚ 

(ɚɥɸɦɢɧɢɟɜɵɯ ɛɪɨɧɡ, ɯɪɨɦɢɫɬɨɣ, ɯɪɨɦɨɧɢɤɟɥɟɜɨɣ ɢ ɯɪɨɦɨɦɚɪɝɚɧɰɟɜɨɣ ɫɬɚɥɢ ɢ ɞɪ.);  

ɜ) ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ (ɞɪɨɛɟɫɬɪɭɣɧɵɦ ɧɚɤɥɟɩɨɦ, ɨɛɤɚɬɤɨɣ ɪɨɥɢɤɚɦɢ 

ɡɚɤɚɥɤɨɣ ɬɨɤɚɦɢ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɵ);  
ɝ) ɧɚɧɟɫɟɧɢɟɦ ɪɚɡɥɢɱɧɵɯ ɡɚɳɢɬɧɵɯ ɩɨɤɪɵɬɢɣ (ɧɚɩɥɚɜɤɨɣ ɛɨɥɟɟ ɫɬɨɣɤɢɯ ɫɩɥɚɜɨɜ, 
ɯɪɨɦɢɪɨɜɚɧɢɟɦ, ɫ ɩɨɦɨɳɶɸ ɚɪɦɢɪɨɜɚɧɧɵɯ ɷɩɨɤɫɢɞɧɵɯ ɩɨɤɪɵɬɢɣ ɢ ɞɪ.);  

ɞ) ɩɪɢɦɟɧɟɧɢɟɦ ɤɚɬɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ. 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

ȼɧɟɲɧɢɟ ɮɚɤɬɨɪɵ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ 

1) ȼɨɞɨɪɨɞɧɵɣ ɩɨɤɚɡɚɬɟɥɶ ɪɇ  ɪɚɫɬɜɨɪɚ 

ɉɹɬɶ ɝɪɭɩɩ ɦɟɬɚɥɥɨɜ: 

Ɉɫɧɨɜɧɵɟ ɬɢɩɵ ɤɪɢɜɵɯ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ К ɨɬ ɪɇ ɫɪɟɞɵ (ɞɨɛɚɜɤɢ ɇɋl ɢ NКOH) 

Ɇɟɬɚɥɥ Ⱥl Pb Sn Zn Bi Cu Fe 

pH 7 8 9 10 10 11 l4 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

2) ɋɨɫɬɚɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟɣɬɪɚɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ 

Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ ɨɬ ɩɪɢɪɨɞɵ ɪɚɫɬɜɨɪɟɧɧɨɣ ɫɨɥɢ 

ɢ ɟɟ ɤɨɧɰɟɧɬɪɚɰɢɢ:  

1) ɫ ɢɡɦɟɧɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɢɞɪɨɥɢɡɭɸɳɢɯɫɹ ɫɨɥɟɣ ɪɚɫɬɟɬ ɤɢɫɥɨɬɧɨɫɬɶ ɢɥɢ ɳɟɥɨɱɧɨɫɬɶ 

ɪɚɫɬɜɨɪɚ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɚ; 

2) ɟɫɥɢ ɪɚɫɬɜɨɪɟɧɧɚɹ ɜ ɜɨɞɟ ɫɨɥɶ ɨɛɪɚɡɭɟɬ ɫ ɩɟɪɜɢɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɚ ɩɥɟɧɤɭ 

ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɬɨ ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɚ 

ɭɦɟɧɶɲɚɟɬɫɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɤɨɪɪɨɡɢɟɣ ɜ ɜɨɞɟ; ɷɬɨɬ ɷɮɮɟɤɬ ɪɚɫɬɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɫɨɥɢ, ɧɨ ɨɛɵɱɧɨ ɞɨ ɢɡɜɟɫɬɧɨɝɨ ɩɪɟɞɟɥɚ;  

3) ɪɚɫɬɜɨɪɵ ɨɤɢɫɥɢɬɟɥɶɧɵɯ ɫɨɥɟɣ ɩɨɜɵɲɚɸɬ ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ, 
ɟɫɥɢ ɷɬɢ ɫɨɥɢ ɹɜɥɹɸɬɫɹ ɤɚɬɨɞɧɵɦɢ ɞɟɩɨɥɹɪɢɡɚɬɨɪɚɦɢ, ɢ ɷɮɮɟɤɬ ɭɫɤɨɪɟɧɢɹ ɪɚɫɬɟɬ ɫ 

ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɫɨɥɢ, ɧɨ ɟɫɥɢ ɨɧɢ ɩɚɫɫɢɜɢɪɭɸɬ ɦɟɬɚɥɥ, ɬɨ 

ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɫɢɥɶɧɨ ɫɧɢɠɚɟɬɫɹ ɩɨ ɞɨɫɬɢɠɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɚɫɫɢɜɚɬɨɪɚ; 

4) ɤɚɬɢɨɧɵ ɢ ɨɫɨɛɟɧɧɨ ɚɧɢɨɧɵ ɫɨɥɟɣ, ɚɞɫɨɪɛɢɪɭɹɫɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɪɪɨɞɢɪɭɸɳɟɝɨ ɦɟɬɚɥɥɚ 

ɢ ɢɡɦɟɧɹɹ ɫɬɪɨɟɧɢɟ ɞɜɨɣɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɥɨɹ ɢɥɢ ɪɚɡɪɭɲɚɹ ɡɚɳɢɬɧɭɸ ɩɚɫɫɢɜɧɭɸ ɩɥɟɧɤɭ, 
ɦɨɝɭɬ ɜɥɢɹɬɶ ɧɚ ɩɪɨɬɟɤɚɧɢɟ ɷɥɟɤɬɪɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ, ɚ 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɢɡɦɟɧɹɬɶ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ; 

5) ɫɨɥɢ, ɨɛɪɚɡɭɸɳɢɟ ɫ ɢɨɧɨɦ ɤɨɪɪɨɞɢɪɭɸɳɟɝɨ ɦɟɬɚɥɥɚ ɤɨɦɩɥɟɤɫɵ, ɫɢɥɶɧɨ ɫɦɟɳɚɸɬ 

ɩɨɬɟɧɰɢɚɥɵ ɚɧɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɨɬɪɢɰɚɬɟɥɶɧɭɸ ɫɬɨɪɨɧɭ ɢ ɨɛɥɟɝɱɚɸɬ ɩɪɨɬɟɤɚɧɢɟ ɚɧɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ, ɭɦɟɧɶɲɚɹ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ ɩɨɥɹɪɢɡɚɰɢɸ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɫɤɨɪɨɫɬɢ 

ɤɨɪɪɨɡɢɢ ɞɨ ɧɟɤɨɬɨɪɨɝɨ ɩɪɟɞɟɥɚ.  
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

2) ɋɨɫɬɚɜ ɢ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟɣɬɪɚɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɤɢɫɥɨɪɨɞɚ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ 
ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɜɟɳɟɫɬɜ ɩɪɢ 25°ɋ 

(ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɱɢɫɬɨɣ ɜɨɞɟ ɩɪɢɧɹɬɚ ɡɚ 100%) 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

3) ɂɧɝɢɛɢɬɨɪɵ (ɡɚɦɟɞɥɢɬɟɥɢ) ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ  

ɂɧɝɢɛɢɬɨɪɚɦɢ, ɢɥɢ ɡɚɦɟɞɥɢɬɟɥɹɦɢ, ɤɨɪɪɨɡɢɢ ɧɚɡɵɜɚɸɬ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɪɢ 

ɜɜɟɞɟɧɢɢ ɢɯ ɜ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɪɟɞɭ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɡɚɦɟɬɧɨ ɫɧɢɠɚɸɬ 

ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɚ ɢɥɢ ɫɩɥɚɜɚ. 

Ⱥɞɫɨɪɛɢɪɭɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 
ɤɨɪɪɨɞɢɪɭɸɳɟɝɨ ɦɟɬɚɥɥɚ: 

• ɷɥɟɤɬɪɨɫɬɚɬɢɱɟɫɤɢ (ɚɞɫɨɪɛɰɢɹ ɢɨɧɨɜ ɢ 

ɩɨɥɹɪɧɵɯ ɦɨɥɟɤɭɥ ɡɚ ɫɱɟɬ ɤɭɥɨɧɨɜɫɤɢɯ 

ɫɢɥ ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɡɧɚɤɟ ɡɚɪɹɞɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɚ), 
• ɫɩɟɰɢɮɢɱɟɫɤɢ (ɚɞɫɨɪɛɰɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨ 

ɚɤɬɢɜɧɵɯ ɢɨɧɨɜ ɢ ɦɨɥɟɤɭɥ ɡɚ ɫɱɟɬ 

ɦɨɥɟɤɭɥɹɪɧɵɯ ɜɚɧ-ɞɟɪ-ɜɚɚɥɶɫɨɜɫɤɢɯ 

ɫɢɥ),  
• ɯɢɦɢɱɟɫɤɢ (ɯɟɦɨɫɨɪɛɰɢɹ ɢɨɧɨɜ ɢ 

ɦɨɥɟɤɭɥ ɡɚ ɫɱɟɬ ɜɚɥɟɧɬɧɵɯ ɫɢɥ 

ɯɢɦɢɱɟɫɤɨɝɨ ɫɪɨɞɫɬɜɚ), 
• ɚɞɫɨɪɛɰɢɹ ɜɫɥɟɞɫɬɜɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 

ɞɟɣɫɬɜɢɹ ɪɚɡɧɵɯ ɫɢɥ.  

ɉɨ ɩɪɢɪɨɞɟ: 

• ɢɨɧɧɵɦɢ (ɤɚɬɢɨɧɧɨɝɨ ɬɢɩɚ, 
ɚɧɢɨɧɧɨɝɨ ɬɢɩɚ);  

• ɦɨɥɟɤɭɥɹɪɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ.  

ɉɨ ɦɟɯɚɧɢɡɦɭ ɬɨɪɦɨɡɹɳɟɝɨ 
ɞɟɣɫɬɜɢɹ: 
• ɚɧɨɞɧɵɟ,  
• ɤɚɬɨɞɧɵɟ,  
• ɷɤɪɚɧɢɪɭɸɳɢɟ 

(ɩɥɟɧɤɨɨɛɪɚɡɨɜɚɬɟɥɢ),  
•  ɫɦɟɲɚɧɧɵɟ.  

ɉɨ ɫɨɫɬɚɜɭ:  
• ɧɟɨɪɝɚɧɢɱɟɫɤɢɟ 

• ɨɪɝɚɧɢɱɟɫɤɢɟ  
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

Ⱥɧɨɞɧɵɟ ɢɧɝɢɛɢɬɨɪɵ ЭɏɄ ɦɟɬɚɥɥɨɜ – ɨɤɢɫɥɢɬɟɥɢ (ɩɚɫɫɢɜɚɬɨɪɵ): ɤɢɫɥɨɪɨɞ, 
ɧɢɬɪɢɬɵ, ɯɪɨɦɚɬɵ ɢ ɞɪ.; ɡɚɦɟɞɥɹɸɬ ɤɨɪɪɨɡɢɸ, ɩɚɫɫɢɜɢɪɭɹ ɦɟɬɚɥɥɵ, ɬ. ɟ. ɡɚɬɪɭɞɧɹɹ 

ɩɪɨɬɟɤɚɧɢɟ ɚɧɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ.  

ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɩɥɟɧɨɱɧɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɡɚɦɟɞɥɹɸɳɟɝɨ ɞɟɣɫɬɜɢɹ ɯɪɨɦɚɬ-

ɢɨɧɚ ɧɚ ɤɨɪɪɨɡɢɸ ɠɟɥɟɡɚ: 

1 — ɚɬɨɦɵ ɠɟɥɟɡɚ; 2 — ɦɨɥɟɤɭɥɵ ɨɤɢɫɥɚ;  

3 — ɢɨɧɵ ɠɟɥɟɡɚ; 4 — ɯɪɨɦɚɬ-ɢɨɧɵ 

ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɤɢɫɥɨɪɨɞɚ ɧɚ ɫɤɨɪɨɫɬɶ 

ɤɨɪɪɨɡɢɢ ɠɟɥɟɡɚ ɜ 
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ 

ɩɪɢ 25° ɋ 

ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
NaNO, ɧɚ ɤɨɪɪɨɡɢɸ 

ɦɚɥɨɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ 
(τ=21 ɫɭɬɤɢ) ɜ ɪɚɫɬɜɨɪɟ 

7,5 ɝ/ɥ NaCl  

ɩɪɢ 15 ɢ 30°ɋ 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

Ʉɚɬɨɞɧɵɟ ɢɧɝɢɛɢɬɨɪɵ ЭɏɄ ɦɟɬɚɥɥɨɜ – ɜɟɳɟɫɬɜɚ, ɩɨɜɵɲɚɸɳɢɟ ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ 

ɤɚɬɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ ɢɯ ɚɞɫɨɪɛɰɢɢ ɧɚ ɤɚɬɨɞɧɵɯ ɭɱɚɫɬɤɚɯ; ɫɨɥɢ ɢɥɢ ɨɤɢɫɥɵ 

ɦɵɲɶɹɤɚ ɢ ɜɢɫɦɭɬɚ (ɧɚɩɪɢɦɟɪ, AsCl3, As2O3, ȼТ2(O4)3), ɠɟɥɚɬɢɧ, ɚɝɚɪ-ɚɝɚɪ ɢ 

ɦɧɨɝɢɟ ɞɪ. ɨɪɝɚɧɢɱɟɫɤɢɟ ɜɟɳɟɫɬɜɚ ɡɚɦɟɞɥɹɸɬ ɤɨɪɪɨɡɢɸ ɜ ɪɚɫɬɜɨɪɚɯ ɧɟɨɤɢɫɥɹɸɳɢɯ 

ɤɢɫɥɨɬ, ɩɨɜɵɲɚɹ ɩɟɪɟɧɚɩɪɹɠɟɧɢɟ ɜɨɞɨɪɨɞɚ.  

ȼɥɢɹɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɠɟɥɚɬɢɧɚ ɧɚ 
ɤɨɪɪɨɡɢɨɧɧɵɟ ɩɨɬɟɪɢ ɠɟɥɟɡɚ ɜ 2-ɧ H2SO4  

ɜ ɬɟɱɟɧɢɟ 22,5 ɱ 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

Эɤɪɚɧɢɪɭɸɳɢɟ ɢɧɝɢɛɢɬɨɪɵ ЭɏɄ ɦɟɬɚɥɥɨɜ, ɚɞɫɨɪɛɢɪɭɹɫɶ ɧɚ ɦɟɬɚɥɥɟ, ɨɛɪɚɡɭɸɬ 

ɯɟɦɨɫɨɪɛɰɢɨɧɧɵɣ ɫɥɨɣ ɢɥɢ ɡɚɳɢɬɧɭɸ ɩɥɟɧɤɭ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɩɪɨɞɭɤɬɨɜ, 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɹ ɫ ɩɟɪɜɢɱɧɵɦɢ ɩɪɨɞɭɤɬɚɦɢ ɤɨɪɪɨɡɢɢ. 

Эɮɮɟɤɬɢɜɧɨɫɬɶ ɞɟɣɫɬɜɢɹ ɢɧɝɢɛɢɬɨɪɨɜ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ 

ɩɪɢɧɹɬɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɜɟɥɢɱɢɧɨɣ ɡɚɳɢɬɧɨɝɨ ɞɟɣɫɬɜɢɹ Z (%) ɢɥɢ ɡɚɳɢɬɧɨɝɨ 

ɷɮɮɟɤɬɚ γ: � = ��0
− ��1��0

∙ 100% � = ��0��0

 

ɝɞɟ Ʉm0 – ɫɤɨɪɨɫɬɶ ɪɚɫɬɜɨɪɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɟ ɛɟɡ ɢɧɝɢɛɢɬɨɪɚ; 

Ʉm1 – ɫɤɨɪɨɫɬɶ ɪɚɫɬɜɨɪɟɧɢɹ ɦɟɬɚɥɥɚ ɜ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɟ ɫ ɢɧɝɢɛɢɬɨɪɨɦ. 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

4) ɋɬɢɦɭɥɹɬɨɪɵ (ɭɫɤɨɪɢɬɟɥɢ) ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ  

ɋɬɢɦɭɥɹɬɨɪɚɦɢ ɢɥɢ ɭɫɤɨɪɢɬɟɥɹɦɢ ɤɨɪɪɨɡɢɢ ɧɚɡɵɜɚɸɬ ɜɟɳɟɫɬɜɚ, ɤɨɬɨɪɵɟ ɩɪɢ 

ɜɜɟɞɟɧɢɢ ɜ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɪɟɞɭ ɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɭɜɟɥɢɱɢɜɚɸɬ 

ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ.  

Ⱥɧɨɞɧɵɟ ɫɬɢɦɭɥɹɬɨɪɵ — ɷɬɨ ɜɟɳɟɫɬɜɚ, ɩɨɜɵɲɚɸɳɢɟ ɫɤɨɪɨɫɬɶ ɚɧɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ: 

ɚ) ɚɤɬɢɜɧɵɟ ɢɨɧɵ (ɧɚɩɪɢɦɟɪ, ɋl-, ȼr-, I-), ɚɞɫɨɪɛɢɪɭɹɫɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɚɫɫɢɜɧɨɣ ɨɤɢɫɧɨɣ 

ɩɥɟɧɤɢ, ɜɵɬɟɫɧɹɸɬ ɢ ɡɚɦɟɳɚɸɬ ɜ ɧɟɣ ɢɨɧɵ ɤɢɫɥɨɪɨɞɚ, ɞɟɥɚɹ ɟё ɪɚɫɬɜɨɪɢɦɨɣ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɭɫɤɨɪɟɧɢɟɦ ɚɧɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɥɢ ɨɛɥɟɝɱɚɟɬ ɟɝɨ 

ɩɪɨɬɟɤɚɧɢɟ ɜɫɥɟɞɫɬɜɢɟ ɢɡɦɟɧɟɧɢɹ ɫɤɚɱɤɚ ɩɨɬɟɧɰɢɚɥɚ ɜ ɞɜɨɣɧɨɦ ɫɥɨɟ;  

ɛ) ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɬɟɥɢ (ɧɚɩɪɢɦɟɪ, NH3, CN-), ɫɜɹɡɵɜɚɹ ɢɨɧɵ ɪɚɫɬɜɨɪɹɸɳɟɝɨɫɹ ɦɟɬɚɥɥɚ ɜ 

ɫɥɚɛɨɞɢɫɫɨɰɢɢɪɨɜɚɧɧɵɟ ɤɨɦɩɥɟɤɫɵ, ɫɢɥɶɧɨ ɭɦɟɧɶɲɚɸɬ ɢɯ ɚɤɬɢɜɧɨɫɬɶ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɩɨɧɢɠɚɸɬ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɟɬɚɥɥɨɜ ɢ ɚɧɨɞɧɭɸ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɭɸ 

ɩɨɥɹɪɢɡɚɰɢɸ. 

Кɚɬɨɞɧɵɟ ɫɬɢɦɭɥɹɬɨɪɵ — ɷɬɨ ɜɟɳɟɫɬɜɚ, ɭɜɟɥɢɱɢɜɚɸɳɢɟ ɫɤɨɪɨɫɬɶ ɤɚɬɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ ɦɟɬɚɥɥɨɜ: 

ɢɨɧɵ ɦɟɬɚɥɥɨɜ ɫ ɩɟɪɟɦɟɧɧɨɣ ɜɚɥɟɧɬɧɨɫɬɶɸ (ɧɚɩɪɢɦɟɪ, Fe3+↔FО2+, Cu2+↔Cu+) 

Fe3+(ɜɨɞɧ) + ɟ = Fe2+(ɜɨɞɧ) 
Fe2+(ɜɨɞɧ) + 1/2Ɉ2 + 2H+(ɜɨɞɧ) = FО3+(ɜɨɞɧ) + ɇ2Ɉ 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

5) ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɥɢɬɚ  

ȼɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɧɚɫɵɳɟɧɧɨɣ ɤɢɫɥɨɪɨɞɨɦ ɜɨɞɨɩɪɨɜɨɞɧɨɣ 
ɜɨɞɵ ɧɚ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ ɫɬɚɥɢ (ɨɞɧɨɞɧɟɜɧɵɟ ɢɫɩɵɬɚɧɢɹ) 

ȼɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɦɨɪɫɤɨɣ ɜɨɞɵ ɧɚ ɫɤɨɪɨɫɬɶ ɤɨɪɪɨɡɢɢ 
П ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ (ɢɫɩɵɬɚɧɢɹ ɜ ɬɟɱɟɧɢɟ 38 ɞɧɟɣ) 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

6) Ɍɟɦɩɟɪɚɬɭɪɚ  

Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ 
П ɠɟɥɟɡɚ ɜ 18%-ɧɨɣ HCl ɨɬ 

ɬɟɦɩɟɪɚɬɭɪɵ 

Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɉ ɠɟɥɟɡɚ ɜ 
ɜɨɞɟ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ:  

1 — ɡɚɤɪɵɬɚɹ ɫɢɫɬɟɦɚ; 
2 — ɨɬɤɪɵɬɚɹ ɫɢɫɬɟɦɚ 

Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɤɨɪɪɨɡɢɢ ɰɢɧɤɚ ɜ  
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɨɬ  ɬɟɦɩɟɪɚɬɭɪɵ  
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

7) Ⱦɚɜɥɟɧɢɟ  

Ɉɫɧɨɜɧɵɟ ɩɪɢɱɢɧɵ ɭɫɤɨɪɹɸɳɟɝɨ ɜɥɢɹɧɢɹ ɞɚɜɥɟɧɢɹ ɧɚ ЭɏɄ ɦɟɬɚɥɥɨɜ: 

ɚ) ɢɡɦɟɧɟɧɢɟ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɝɚɡɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɤɨɪɪɨɡɢɨɧɧɨɦ 

ɩɪɨɰɟɫɫɟ, ɧɚɩɪɢɦɟɪ ɭɫɤɨɪɟɧɢɟ ɤɨɪɪɨɡɢɢ ɫɬɚɥɢ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɩɪɢ 

ɩɨɜɵɲɟɧɢɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ, ɤɢɫɥɨɪɨɞɚ ɢɥɢ ɭɝɥɟɤɢɫɥɨɬɵ;  

ɛ) ɨɛɥɟɝɱɟɧɢɟ ɩɪɨɰɟɫɫɨɜ ɝɢɞɪɨɥɢɡɚ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜ ɜɨɞɟ ɫɨɥɟɣ;  

ɜ) ɩɨɹɜɥɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɦɟɬɚɥɥɟ. 

8) Кɨɧɬɚɤɬ ɫ ɞɪɭɝɢɦɢ ɦɟɬɚɥɥɚɦɢ  

Ʉɨɧɬɚɤɬ ɜ ɨɛɵɱɧɵɯ ɭɫɥɨɜɢɹɯ 

ȼɥɢɹɧɢɟ ɤɨɧɬɚɤɬɨɜ ɫ ɞɪɭɝɢɦɢ ɦɟɬɚɥɥɚɦɢ ɧɚ 
ɤɨɪɪɨɡɢɸ ɞɸɪɚɥɸɦɢɧɢɹ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ 

Ʉɨɧɬɚɤɬ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɦɨɠɧɨɝɨ 
ɩɚɫɫɢɜɢɪɨɜɚɧɢɹ 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

9) ȼɧɟɲɧɢɟ ɬɨɤɢ  

ȿɫɥɢ ɱɟɪɟɡ ɤɨɪɪɨɞɢɪɭɸɳɢɣ ɦɟɬɚɥɥ ɩɪɨɩɭɫɤɚɬɶ ɩɨɫɬɨɹɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 

ɬɨɤ (ɚɧɨɞɧɨɝɨ ɢɥɢ ɤɚɬɨɞɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ) ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ, ɬ. ɟ. 

ɩɨɥɹɪɢɡɨɜɚɬɶ ɦɟɬɚɥɥ ɚɧɨɞɧɨ ɢɥɢ ɤɚɬɨɞɧɨ, ɬɨ ɛɭɞɭɬ ɧɚɛɥɸɞɚɬɶɫɹ ɬɚɤɢɟ ɠɟ 

ɹɜɥɟɧɢɹ ɤɚɤ ɢ ɩɪɢ ɚɧɨɞɧɨɣ ɢɥɢ ɤɚɬɨɞɧɨɣ ɩɨɥɹɪɢɡɚɰɢɢ, ɜɵɡɜɚɧɧɨɣ 

ɤɨɧɬɚɤɬɢɪɨɜɚɧɢɟɦ ɤɨɪɪɨɞɢɪɭɸɳɟɝɨ ɦɟɬɚɥɥɚ ɫ ɞɪɭɝɢɦ, ɛɨɥɟɟ 

ɷɥɟɤɬɪɨɩɨɥɨɠɢɬɟɥɶɧɵɦ ɢɥɢ ɛɨɥɟɟ ɷɥɟɤɬɪɨɨɬɪɢɰɚɬɟɥɶɧɵɦ ɦɟɬɚɥɥɨɦ.  

10) Ȼɥɭɠɞɚɸɳɢɟ ɬɨɤɢ  

ɋɯɟɦɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ ɦɟɯɚɧɢɡɦ 
ɛɥɭɠɞɚɸɳɢɯ ɬɨɤɨɜ 
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Ɍɟɦɚ 5 – Ɂɚɳɢɬɚ ɦɟɬɚɥɥɨɜ ɨɬ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɤɨɪɪɨɡɢɢ 

11) ɍɥɶɬɪɚɡɜɭɤ  

ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɭɥɶɬɪɚɡɜɭɤɚ ɧɚ ɤɨɪɪɨɞɢɪɭɸɳɢɣ ɜ ɷɥɟɤɬɪɨɥɢɬɟ ɦɟɬɚɥɥ ɷɬɨɣ ɫɢɫɬɟɦɟ 

ɫɨɨɛɳɚɟɬɫɹ ɛɨɥɶɲɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɷɧɟɪɝɢɹ ɢ ɦɨɝɭɬ ɧɚɛɥɸɞɚɬɶɫɹ, (ɩɪɢ ɞɨɫɬɚɬɨɱɧɨɣ 

ɦɨɳɧɨɫɬɢ ɧɚɥɚɝɚɟɦɨɝɨ ɭɥɶɬɪɚɡɜɭɤɚ) ɹɜɥɟɧɢɹ ɤɚɜɢɬɚɰɢɢ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɟɫɹ ɦɟɫɬɧɵɦ 

ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɪɚɡɪɹɞɨɦ (ɫɬɟɧɤɢ ɤɚɜɢɬɚɰɢɨɧɧɵɯ ɩɭɡɵɪɶɤɨɜ ɧɟɫɭɬ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɡɚɪɹɞ, ɚ 

ɤɚɩɟɥɶɤɢ ɠɢɞɤɨɫɬɢ ɜ ɧɢɯ — ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɡɚɪɹɞ) ɢ ɦɟɫɬɧɵɦɢ ɩɟɪɟɩɚɞɚɦɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢ 

ɞɚɜɥɟɧɢɹ. 

12) Ɉɛɥɭɱɟɧɢɟ   

ȼɥɢɹɧɢɟ γ-ɢɡɥɭɱɟɧɢɹ ɧɚ ɤɨɪɪɨɡɢɸ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɚɥɸɦɢɧɢɹ ɜ 1-ɧ H2SɈ4 ɩɪɢ 

25°ɋ: 1 – ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɨɛɥɭɱɟɧɢɹ; 2 – 

ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɩɪɨɞɭɤɬɨɜ ɪɚɞɢɨɥɢɡɚ 
ɫɪɟɞɵ; 3 – ɛɟɡ ɨɛɥɭɱɟɧɢɹ 

Ⱦɟɣɫɬɜɢɟ ɢɡɥɭɱɟɧɢɹ ɧɚ ɦɟɬɚɥɥɵ – ɧɚɪɭɲɟɧɢɟ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɩɪɢ ɭɩɪɭɝɢɯ 

ɫɬɨɥɤɧɨɜɟɧɢɹɯ ɫ ɹɞɪɚɦɢ ɚɬɨɦɨɜ ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ ɢ 

ɩɪɢ ɬɟɪɦɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 

ɢɡɦɟɧɟɧɢɸ ɪɹɞɚ ɫɜɨɣɫɬɜ: ɩɨɧɢɠɟɧɢɸ ɩɥɚɫɬɢɱɧɨɫɬɢ 

ɢ ɜɨɡɪɚɫɬɚɧɢɸ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɥɚɫɬɢɱɟɫɤɨɣ 

ɞɟɮɨɪɦɚɰɢɢ, ɪɨɫɬɭ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɭɫɤɨɪɟɧɢɸ 

ɩɪɨɰɟɫɫɨɜ ɞɢɮɮɭɡɢɢ, ɢɧɢɰɢɢɪɨɜɚɧɢɸ ɮɚɡɨɜɵɯ 

ɩɪɟɜɪɚɳɟɧɢɣ ɜ ɦɟɬɚɥɥɟ.  

Ⱦɟɣɫɬɜɢɟ ɢɡɥɭɱɟɧɢɹ ɧɚ ɤɨɪɪɨɡɢɨɧɧɭɸ ɫɪɟɞɭ 

(ɪɚɞɢɨɥɢɡ) ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫɨɦ ɢɨɧɢɡɚɰɢɢ ɢ 

ɜɨɡɛɭɠɞɟɧɢɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɝɥɨɳɟɧɢɹ ɷɧɟɪɝɢɢ 

ɢɡɥɭɱɟɧɢɹ, ɱɬɨ ɢɡɦɟɧɹɟɬ ɯɢɦɢɱɟɫɤɢɣ ɩɨɬɟɧɰɢɚɥ 

ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɪɟɞɵ ɢ ɩɪɢɜɨɞɢɬ ɤ ɪɚɫɩɚɞɭ ɦɨɥɟɤɭɥ 

ɧɚ ɚɬɨɦɵ ɢ ɪɚɞɢɤɚɥɵ. 


