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Abstract. The process of anodic dissolution of α-brass alloy, depending on the composition and con-

centration of electrolyte NaC1, NaC1O4, Na2SO4, NaNO3 is considered. The number of anions to in-

tensify the active anodic oxidation of α-brass 2
4SO  < Cl  < 

4ClO  < 
3NO  is substantiated. The re-

gions of the passivation and full α-brass passivation in chloride and sulphate solutions are determied. 
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ȼɜɟɞɟɧɢɟ 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɦɟɞɧɵɟ ɫɩɥɚɜɵ ɹɜɥɹɸɬɫɹ 
ɬɟɯɧɢɱɟɫɤɢ ɜɚɠɧɵɦɢ ɫɩɥɚɜɚɦɢ ɜ ɦɚɲɢɧɨ-
ɫɬɪɨɢɬɟɥɶɧɨɣ, ɷɥɟɤɬɪɨɧɧɨɣ, ɚɜɢɚɰɢɨɧɧɨɣ ɢ 

ɞɪɭɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. ɋɥɨɠɧɨ-
ɫɬɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɚɧɨɞɧɨɣ ɨɛɪɚɛɨɬɤɟ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɞɧɵɯ ɫɩɥɚɜɨɜ, ɬɪɟɛɭɸɬ ɞɟ-
ɬɚɥɶɧɨɝɨ ɢɡɭɱɟɧɢɹ ɚɧɨɞɧɨɝɨ ɩɨɜɟɞɟɧɢɹ ɥɚɬɭ-
ɧɟɣ ɜ ɪɚɫɬɜɨɪɚɯ ɷɥɟɤɬɪɨɥɢɬɨɜ ɪɚɡɥɢɱɧɨɝɨ 
ɫɨɫɬɚɜɚ. ɋɨɜɪɟɦɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɩɪɨɦɵɲɥɟɧ-

ɧɨɫɬɢ, ɫɟɥɶɫɤɨɝɨ ɯɨɡɹɣɫɬɜɚ ɫɜɹɡɚɧɨ ɫ ɧɟɨɛɯɨ-
ɞɢɦɨɫɬɶɸ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɢɫɬɵɯ ɜɨɞ ɢ ɩɨ-

ɫɥɟɞɭɸɳɟɝɨ ɫɛɪɨɫɚ ɜ ɜɨɞɧɵɟ ɨɛɴɟɤɬɵ ɨɱɢ-

ɳɟɧɧɵɯ ɞɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɤɚɱɟɫɬɜɚ ɫɬɨɱ-
ɧɵɯ ɜɨɞ. Ⱥɧɬɪɨɩɨɝɟɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɜɨɞ-

ɧɵɟ ɨɛɴɟɤɬɵ ɧɚɫɬɨɥɶɤɨ ɜɵɫɨɤɨ, ɱɬɨ ɦɟɯɚ-
ɧɢɡɦ ɫɚɦɨɨɱɢɳɟɧɢɹ ɜɨɞɨɟɦɨɜ ɫɬɚɧɨɜɢɬɫɹ 
ɦɚɥɨɷɮɮɟɤɬɢɜɧɵɦ, ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨ-
ɞɨɬɨɤɨɜ ɨɬɧɨɫɢɬɫɹ ɤ ɡɚɝɪɹɡɧɟɧɧɵɦ ɢ ɱɪɟɡɜɵ-

ɱɚɣɧɨ ɡɚɝɪɹɡɧɟɧɧɵɦ. 

 

Ɍɟɯɧɨɝɟɧɧɭɸ ɨɩɚɫɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵ-

ɲɚɟɬ ɫɛɪɨɫ ɜ ɩɪɨɦɵɲɥɟɧɧɵɣ ɫɬɨɤ ɛɨɥɶɲɢɯ 
ɨɛɴɟɦɨɜ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɯ ɪɚɫɬɜɨɪɨɜ. Ɍɚɤɢɟ ɪɚɫɬɜɨɪɵ ɫɛɪɚɫɵɜɚɸɬ 
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ɩɪɟɞɩɪɢɹɬɢɹ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɢ ɩɪɢɛɨɪɨ-
ɫɬɪɨɢɬɟɥɶɧɨɣ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɝɞɟ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɟɯɧɨɥɨɝɢɢ ɬɪɚɜɥɟɧɢɹ ɦɟɬɚɥ-
ɥɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ ɡɚɥ-
ɩɨɦ ɩɨɫɬɭɩɚɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɨɤɫɢɱ-
ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɞɢ (I), (II). ɇɚɧɨɫɢɬɫɹ ɧɟ-
ɩɨɩɪɚɜɢɦɵɣ ɭɳɟɪɛ ɨɤɪɭɠɚɸɳɟɣ ɩɪɢɪɨɞɧɨɣ 

ɫɪɟɞɟ.  
 

Ɋɟɲɟɧɢɟ ɷɬɢɯ ɩɪɨɛɥɟɦ ɫɜɹɡɚɧɨ ɫ ɫɨɜɟɪɲɟɧ-

ɫɬɜɨɜɚɧɢɟɦ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ ɨɱɢɫɬɤɢ ɩɪɢ-

ɪɨɞɧɵɯ ɢ ɫɬɨɱɧɵɯ ɜɨɞ ɢ ɩɨɢɫɤɨɜ ɧɨɜɵɯ ɬɟɯ-
ɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɭɦɟɧɶ-
ɲɢɬɶ ɚɧɬɪɨɩɨɝɟɧɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɜɨɞɧɵɟ 
ɨɛɴɟɤɬɵ, ɜɨɜɥɟɱɶ ɜ ɜɨɞɨɨɛɨɪɨɬ ɧɟɤɨɧɞɢɰɢɨɧ-

ɧɵɟ ɜɨɞɵ, ɨɛɟɫɩɟɱɢɬɶ ɷɤɨɥɨɝɢɱɟɫɤɭɸ ɛɟɡ-
ɨɩɚɫɧɨɫɬɶ ɩɨɬɪɟɛɢɬɟɥɟɣ ɜɨɞɵ ɢ ɩɨɜɵɫɢɬɶ 
ɭɪɨɜɟɧɶ ɠɢɡɧɢ ɧɚɫɟɥɟɧɢɹ ɜ ɱɚɫɬɢ ɨɛɟɫɩɟɱɟɧɢɹ 
ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɣ ɜɨɞɨɣ. 

 

Ⱦɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɧɟɝɚɬɢɜɧɵɯ ɩɨɫɥɟɞ-

ɫɬɜɢɣ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɫɯɟɦ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɬɢɥɢɡɚɰɢɸ 

ɰɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɪɟɝɟɧɟɪɚɰɢɸ ɨɬɪɚɛɨ-
ɬɚɧɧɵɯ ɬɪɚɜɢɥɶɧɵɯ ɪɚɫɬɜɨɪɨɜ. ȼ ɫɜɹɡɢ ɫ 
ɷɬɢɦ ɨɱɟɧɶ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɩɪɨɰɟɫɫɨɜ ɯɢɦɢɱɟɫɤɨɝɨ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨ-
ɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɫɩɥɚɜɨɜ ɦɟɞɢ ɜ ɪɚɫɬɜɨɪɚɯ 
ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɇɟɫɦɨɬɪɹ ɧɚ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɨɪɟɬɢɱɟ-
ɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɨ ɚɧɨɞɧɨɦɭ ɪɚɫɬɜɨɪɟɧɢɸ 

ɫɩɥɚɜɨɜ [1–11], ɨɫɬɚɟɬɫɹ ɦɧɨɝɨ ɧɟɪɟɲɟɧɧɵɯ 
ɜɨɩɪɨɫɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɧɟɬ ɨɞɧɨɡɧɚɱɧɨɣ 

ɬɪɚɤɬɨɜɤɢ ɚɤɬɢɜɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɫɩɥɚɜɨɜ, 
ɫɨɩɪɨɜɨɠɞɚɸɳɟɝɨɫɹ ɢɡɦɟɧɟɧɢɟɦ ɩɨɜɟɪɯ-
ɧɨɫɬɧɨɝɨ ɫɥɨɹ. Ⱥɧɨɞɧɨɟ ɨɤɢɫɥɟɧɢɟ ɥɚɬɭɧɟɣ ɜ 
ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɥɨɜɢɹɯ ɥɢɦɢɬɢɪɭɟɬɫɹ ɪɚɫ-
ɬɜɨɪɟɧɢɟɦ ɦɟɞɧɨɣ ɤɨɦɩɨɧɟɧɬɵ [1–3], ɫ ɱɟɦ 

ɫɜɹɡɚɧɨ ɫɟɥɟɤɬɢɜɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɰɢɧɤɚ. 
ɍɜɟɥɢɱɟɧɢɟ ɱɢɫɥɚ ɜɚɤɚɧɫɢɣ ɜ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 
ɫɥɨɹɯ ɥɚɬɭɧɟɣ ɢ ɢɫɤɚɠɟɧɢɟ ɢɯ ɤɪɢɫɬɚɥɥɢɱɟ-
ɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɚɤɬɢɜɧɨɫɬɢ 

ɦɟɞɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢ ɢɡɦɟɧɟɧɢɸ ɷɥɟɤɬɪɨ-
ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɥɚɬɭɧɟɣ. ɉɪɢ ɞɨɫɬɢɠɟ-
ɧɢɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɰɟɫɫɚ ɫɟɥɟɤ-
ɬɢɜɧɨɫɬɶ ɭɦɟɧɶɲɚɟɬɫɹ, ɢ ɪɚɫɬɜɨɪɟɧɢɟ ɫɬɚɧɨ-
ɜɢɬɫɹ ɪɚɜɧɨɦɟɪɧɵɦ [5–7]. 

 

ȼ ɥɢɬɟɪɚɬɭɪɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, ɯɚɪɚɤɬɟɪɢɡɭɸ-

ɳɢɟ ɚɧɨɞɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɫɩɥɚɜɚ Cu–Zn ɜ 
ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ NaNO3, NaC1Ɉ4, NaCl ɢ 

Na2SO4. ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɚɫɫɢɜɢɪɭɸɳɢɯ-

ɫɹ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ ɨɫɨɛɟɧɧɨ ɜɚɠɧɵ ɩɨɥɹ-
ɪɢɡɚɰɢɨɧɧɵɟ ɢɡɦɟɪɟɧɢɹ, ɫ ɩɨɦɨɳɶɸ ɪɟɡɭɥɶ-
ɬɚɬɨɜ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɬɪɚɤɬɨɜɚɬɶ ɦɟɯɚɧɢɡɦɵ 

ɩɪɨɰɟɫɫɨɜ ɪɚɫɬɜɨɪɟɧɢɹ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ, 
ɜɥɢɹɧɢɟ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɢɯ ɷɥɟɤɬɪɨ-
ɯɢɦɢɱɟɫɤɨɟ ɪɚɫɬɜɨɪɟɧɢɟ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɤ-
ɬɭɚɥɶɧɨ ɢɡɭɱɟɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɦɟɯɚ-
ɧɢɡɦɚ ɚɧɨɞɧɨɝɨ ɨɤɢɫɥɟɧɢɹ ɫɢɫɬɟɦɵ Cu–Zn. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɤɨ-
ɧɨɦɟɪɧɨɫɬɟɣ ɚɧɨɞɧɨɝɨ ɨɤɢɫɥɟɧɢɹ α-ɥɚɬɭɧɟɣ 

ɜ ɪɚɫɬɜɨɪɚɯ ɪɚɡɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ.  
 

Ɂɚɞɚɱɢ ɪɚɛɨɬɵ ɪɚɛɨɬɵ ɫɨɫɬɨɹɬ ɜ ɢɡɭɱɟɧɢɢ 

ɜɥɢɹɧɢɹ ɫɨɫɬɚɜɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬ-
ɪɨɥɢɬɨɜ NaC1, NaC1Ɉ4, Na2SO4 ɢ NaNO3 ɧɚ 
ɚɧɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɧɚ α-ɥɚɬɭɧɹɯ. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɵ ɥɚɬɭɧɢ ɫɨɫɬɚɜɚ 
Cu39Zn ɢ Cu38Zn ɢ ɪɚɫɬɜɨɪɵ ɷɥɟɤɬɪɨɥɢɬɨɜ 
NaC1, NaC1Ɉ4, Na2SO4, NaNO3 ɪɚɡɥɢɱɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ. ɋɨɫɬɚɜɵ ɨɛɪɚɡɰɨɜ ɥɚɬɭɧɟɣ 

ɨɩɪɟɞɟɥɟɧɵ ɦɟɬɨɞɨɦ ɷɥɟɤɬɪɨɧɧɨ-ɡɨɧɞɨɜɨɝɨ 
ɦɢɤɪɨɚɧɚɥɢɡɚ. ɗɥɟɦɟɧɬɧɵɟ ɫɨɫɬɚɜɵ ɨɛɪɚɡɰɨɜ 
ɫɥɟɞɭɸɳɢɟ, %: ɞɥɹ Cu39Zn Cu – 60,954; Zn – 

38,99; ɞɥɹ Cu38Zn Cu – 61,3; Zn – 37,97; Al – 

0,24; Sn – 0,19. ɋɨɝɥɚɫɧɨ ɩɪɨɜɟɞɟɧɧɨɦɭ ɚɧɚ-
ɥɢɡɭ ɨɛɪɚɡɰɵ ɥɚɬɭɧɢ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɬ ɦɚɪɤɟ α-ɥɚɬɭɧɢ. 

 

Ⱥɧɨɞɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɥɚɬɭɧɟɣ Cu39Zn ɢ 

Cu38Zn ɜ ɜɨɞɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ NaC1, 

NaC1Ɉ4, Na2SO4, NaNO3 ɢɫɫɥɟɞɨɜɚɧɨ ɩɨɥɹɪɢ-

ɡɚɰɢɨɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨ-
ɬɟɧɰɢɨɫɬɚɬɚ ɉɂ-50-1.1 ɢ ɩɪɨɝɪɚɦɦɚɬɨɪɚ ɉɊ-8. 

ɉɚɪɚɦɟɬɪɵ ɩɨɬɟɧɰɢɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ: 
ɢɧɬɟɪɜɚɥ ɢɡɦɟɧɟɧɢɹ ɩɨɬɟɧɰɢɚɥɚ (ȿ), ȼ – –0,2   +2,0; ɫɤɨɪɨɫɬɶ ɪɚɡɜɟɪɬɤɢ ɩɨɬɟɧɰɢɚɥɚ (S), 

ȼ/ɫ – 2·10-2; ɬɟɦɩɟɪɚɬɭɪɚ ɷɥɟɤɬɪɨɥɢɬɚ (t), 0ɋ – 

25; ɷɥɟɤɬɪɨɞ ɫɪɚɜɧɟɧɢɹ – ɯɥɨɪɫɟɪɟɛɪɹɧɵɣ 

ɷɥɟɤɬɪɨɞ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ – ɩɥɚɬɢɧɨɜɵɣ. 

Ɂɧɚɱɟɧɢɹ ɩɨɬɟɧɰɢɚɥɨɜ ȿ ɷɥɟɤɬɪɨɞɨɜ ɩɪɢɜɟɞɟ-
ɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɜɨɞɨɪɨɞɧɨɝɨ 
ɷɥɟɤɬɪɨɞɚ. Ɍɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɬɟɧɰɢɚ-
ɥɚ  ±3·10–3 ȼ. ɉɨɝɪɟɲɧɨɫɬɶ ɭɫɬɚɧɨɜɥɟɧɢɹ ɩɨ-
ɥɹɪɢɡɭɸɳɟɝɨ ɬɨɤɚ ±2 %. 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ  

ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
 

ɉɚɪɚɦɟɬɪɵ ɚɧɨɞɧɨɣ ɢɨɧɢɡɚɰɢɢ ɫɩɥɚɜɨɜ 
Cu39Zn ɢ Cu38Zn ɜ ɪɚɫɬɜɨɪɚɯ NaNO3, NaC1Ɉ4, 
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NaC1, Na2SO4 ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɨɫɧɨɜɚɧɢɢ 

ɚɧɨɞɧɵɯ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ (ɪɢɫ. 1-4), 

ɩɨɥɭɱɟɧɧɵɯ ɧɚ ɫɬɚɰɢɨɧɚɪɧɨɦ ɷɥɟɤɬɪɨɞɟ  
ω = 0 ɨɛ/ɫ.  
 

 
Ɋɢɫ. 1. Ⱥɧɨɞɧɵɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ 

ɞɥɹ ɫɩɥɚɜɚ Cu39Zn ɜ ɪɚɫɬɜɨɪɚɯ NaNO3 

ɤɨɧɰɟɧɬɪɚɰɢɢ, ɦɨɥɶ/ɥ: 1 – 0,1; 2 – 0,25; 3 

– 0,5; 4 – 1,0; 5 – 2,0 

 

 
Ɋɢɫ. 2. Ⱥɧɨɞɧɵɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ 

ɞɥɹ ɫɩɥɚɜɚ Cu39Zn ɜ ɪɚɫɬɜɨɪɚɯ NaClO4 

ɤɨɧɰɟɧɬɪɚɰɢɢ, ɦɨɥɶ/ɥ: 1 – 0,1; 2 – 0,25; 3 

– 0,5; 4 – 1,0; 5 – 2,0 

 

ɏɚɪɚɤɬɟɪ ɪɚɫɬɜɨɪɟɧɢɹ ɫɩɥɚɜɚ α-ɥɚɬɭɧɢ ɜ 
ɷɥɟɤɬɪɨɥɢɬɚɯ NaNO3, NaC1Ɉ4 ɩɪɚɤɬɢɱɟɫɤɢ 

ɢɞɟɧɬɢɱɟɧ (ɪɢɫ. 1, 2), ɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɯɥɨ-
ɪɢɞɧɵɯ ɢ ɫɭɥɶɮɚɬɧɵɯ ɪɚɫɬɜɨɪɨɜ (ɪɢɫ. 3, 4). ȼ 

ɬɨ ɠɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ ɚɧɚɥɨɝɢɹ ɩɪɨɬɟɤɚ-
ɧɢɹ ɪɚɫɬɜɨɪɟɧɢɹ ɫɩɥɚɜɚ ɜ ɯɥɨɪɢɞɧɵɯ ɢ ɫɭɥɶ-
ɮɚɬɧɵɯ ɪɚɫɬɜɨɪɚɯ (ɪɢɫ. 3, 4), ɚ ɢɦɟɧɧɨ ɩɚɫ-
ɫɢɜɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɥɚɬɭɧɢ. Ⱥɤɬɢɜɧɨɫɬɶ 
ɪɚɫɬɜɨɪɟɧɢɹ α-ɥɚɬɭɧɢ ɜ NaNO3, NaC1Ɉ4  

(ɪɢɫ. 1, 2) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɩɨɜɵɲɟɧɢɟɦ 

ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ j ɜɨ ɜɫɟɦ ɡɚɞɚɧɧɨɦ ɢɧɬɟɪɜɚɥɟ 

ɩɨɬɟɧɰɢɚɥɨɜ (ȿ = 0-2,0 ȼ), ɚ ɜ ɷɥɟɤɬɪɨɥɢɬɚɯ 
NaC1, Na2SO4 ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɵ ɷɤɫɬɪɟɦɭɦɵ 

j (ɪɢɫ. 3, ɤɪɢɜɵɟ 1-5 ɢ ɪɢɫ. 4, ɤɪɢɜɵɟ 4-7). 
 

Ⱥɤɬɢɜɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɥɚɬɭɧɢ ɜ ɪɚɫɬɜɨɪɚɯ 
ɩɪɢ ɋCl

- = 0,5-2,0 ɦɨɥɶ/ɥ ɪɢɫ. 3 (ɤɪɢɜɵɟ 1-5) 

ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ ɩɨɬɟɧɰɢɚɥɨɜ ȿ = 0-

0,8 ȼ, ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ȿ ɧɚɫɬɭɩɚɟɬ ɩɚɫɫɢ-

ɜɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ α-ɥɚɬɭɧɢ. ȼ ɫɭɥɶɮɚɬɧɵɯ 
ɪɚɫɬɜɨɪɚɯ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ 2

4
SO
ɋ = 0,1-0,5 

ɦɨɥɶ/ɥ (ɪɢɫ. 4, ɤɪɢɜɵɟ 1-3) ɚɤɬɢɜɧɨɟ ɪɚɫɬɜɨ-
ɪɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɢɫɫɥɟɞɭɟ-
ɦɨɝɨ ɢɧɬɟɪɜɚɥɚ ɩɨɬɟɧɰɢɚɥɨɜ.  
ȼ ɪɚɫɬɜɨɪɚɯ ɩɪɢ 2

4
SO
ɋ = 0,75-1,5 ɦɨɥɶ/ɥ (ɪɢɫ. 

4, ɤɪɢɜɵɟ 4-7) ɩɪɨɢɫɯɨɞɢɬ ɚɤɬɢɜɧɨɟ ɪɚɫɬɜɨ-
ɪɟɧɢɟ ɞɨ ȿ = 0,8-1,3 ȼ, ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɩɨ-
ɜɵɲɟɧɢɢ ȿ ɧɚɛɥɸɞɚɸɬɫɹ ɦɚɤɫɢɦɭɦɵ ɩɥɨɬ-
ɧɨɫɬɢ ɬɨɤɚ j, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɳɢɟ ɨ ɧɚɫɬɭɩɥɟ-
ɧɢɢ ɩɚɫɫɢɜɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɚɧɨɞɚ. 
ɉɨɹɜɥɟɧɢɟ ɦɚɤɫɢɦɭɦɨɜ j ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸ-

ɳɢɯ ɤɪɢɜɵɯ (ɪɢɫ. 3, 4) ɜɵɡɜɚɧɨ  ɨɛɪɚɡɨɜɚɧɢ-

ɟɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɫɫɢɜɧɨɝɨ ɫɥɨɹ. 
 

Ɋɚɡɥɢɱɢɟ ɩɪɨɬɟɤɚɧɢɹ ɪɚɫɬɜɨɪɟɧɢɹ α-ɥɚɬɭɧɢ ɜ 
ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɷɥɟɤɬɪɨɥɢɬɚɯ ɨɛɴɹɫɧɹɟɬɫɹ 
ɬɟɦ, ɱɬɨ ɬɟɧɞɟɧɰɢɹ ɧɢɬɪɚɬ- ɢ ɩɟɪɯɥɨɪɚɬ-
ɢɨɧɨɜ ɤ ɤɨɦɩɥɟɤɫɨɨɛɪɚɡɨɜɚɧɢɸ ɧɟɡɧɚɱɢ-

ɬɟɥɶɧɚ ɢ ɜ ɨɛɴɟɦɟ ɪɚɫɬɜɨɪɚ ɭɫɬɨɣɱɢɜɵɯ ɤɨɦ-

ɩɥɟɤɫɨɜ ɫ ɤɚɬɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ ɧɟ ɨɛɪɚɡɭɟɬɫɹ. 
ȼɫɥɟɞɫɬɜɢɟ ɚɤɬɢɜɢɪɭɸɳɟɝɨ ɞɟɣɫɬɜɢɹ 

4ClO  ɢ 

3NO  ɢɨɧɨɜ ɤɨɦɩɨɧɟɧɬɵ α-ɥɚɬɭɧɟɣ ɜ ɪɚɫɬɜɨ-

ɪɚɯ NaC1Ɉ4 ɢ NaNO3 ɧɟ ɩɟɪɟɯɨɞɹɬ ɜ ɩɚɫɫɢɜ-
ɧɨɟ ɫɨɫɬɨɹɧɢɟ. ɉɪɢɫɭɬɫɬɜɢɟ ɠɟ ɜ ɪɚɫɬɜɨɪɟ 

Cl  ɢ 2
4SO  ɢɨɧɨɜ (ɩɪɢ ɜɵɫɨɤɢɯ ɤɨɧɰɟɧɬɪɚ-

ɰɢɹɯ) ɫɩɨɫɨɛɫɬɜɭɟɬ ɩɚɫɫɢɜɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ 

α-ɥɚɬɭɧɢ. 
 

 
Ɋɢɫ. 3. Ⱥɧɨɞɧɵɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ 

ɞɥɹ ɫɩɥɚɜɚ Cu38Zn ɜ ɪɚɫɬɜɨɪɚɯ NaCl 

ɤɨɧɰɟɧɬɪɚɰɢɢ, ɦɨɥɶ/ɥ: 1 – 0,1; 2 – 0,25; 3 

– 0,5; 4 – 1,0; 5 – 2,0 



ВеȟȠник ХНАДУ, вып. 70, 2015 

 
86 

 

 
Ɋɢɫ. 4. Ⱥɧɨɞɧɵɟ ɩɨɥɹɪɢɡɚɰɢɨɧɧɵɟ ɤɪɢɜɵɟ 

ɞɥɹ ɫɩɥɚɜɚ Cu39Zn ɜ ɪɚɫɬɜɨɪɚɯ Na2SO4 

ɤɨɧɰɟɧɬɪɚɰɢɢ, ɦɨɥɶ/ɥ: 1 – 0,1; 2 – 0,25; 3 

– 0,5; 4 – 0,75; 5 – 1,0; 6 – 1,25; 7 – 1,5 

 

ȼ ɪɚɫɬɜɨɪɚɯ NaNO3, NaC1Ɉ4 ɢ NaC1  

(ɪɢɫ. 1-3) ɭɜɟɥɢɱɟɧɢɟ ɭɝɥɨɜ ɧɚɤɥɨɧɚ j, ȿ-

ɤɪɢɜɵɯ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɭɜɟɥɢɱɟɧɢɸ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɚɧɢɨɧɨɜ ɜ ɪɚɫɬɜɨɪɟ, ɱɬɨ ɫɨɩɪɨ-
ɜɨɠɞɚɟɬɫɹ ɪɨɫɬɨɦ ɫɤɨɪɨɫɬɢ ɪɚɫɬɜɨɪɟɧɢɹ ɦɟ-
ɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵ [6]. 

 

ȼ ɫɭɥɶɮɚɬɧɵɯ ɪɚɫɬɜɨɪɚɯ (ɪɢɫ. 4) ɭɜɟɥɢɱɟɧɢɟ 
ɭɝɥɨɜ ɧɚɤɥɨɧɚ j, ȿ-ɤɪɢɜɵɯ ɧɚɛɥɸɞɚɟɬɫɹ ɬɨɥɶ-
ɤɨ ɜ ɪɚɫɬɜɨɪɚɯ ɫ ɤɨɧɰɟɧɬɪɚɰɢɟɣ 2

4SO  ɢɨɧɨɜ 
0,1-0,5 ɦɨɥɶ/ɥ (ɤɪɢɜɵɟ 1-3), ɚ ɩɪɢ ɞɚɥɶɧɟɣ-

ɲɟɦ ɭɜɟɥɢɱɟɧɢɢ ɫɨɞɟɪɠɚɧɢɹ ɚɧɢɨɧɚ (ɤɪɢɜɵɟ 
5-7) ɭɝɨɥ ɧɚɤɥɨɧɚ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ. 
 

Ȼɨɥɟɟ ɚɤɬɢɜɧɨɟ ɪɚɫɬɜɨɪɟɧɢɟ ɥɚɬɭɧɢ ɧɚɛɥɸ-

ɞɚɟɬɫɹ ɜ ɧɢɬɪɚɬɧɵɯ ɪɚɫɬɜɨɪɚɯ (ɪɢɫ. 1), ɱɬɨ 

ɩɨɞɬɜɟɪɠɞɚɸɬ ɡɚɜɢɫɢɦɨɫɬɢ 
E
j

Δ
Δ

 ɨɬ ɤɨɧɰɟɧ-

ɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ (ɪɢɫ. 5). Ʉɪɢɜɚɹ 1 (ɪɢɫ. 5) 

ɢɦɟɟɬ ɛɨɥɶɲɢɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɭɱɚɫɬɤɚ ɚɤɬɢɜ-
ɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ 


3NOɋ = 0,25-0,5 ɦɨɥɶ/ɥ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚ-

ɱɟɧɢɹ 
E
j

Δ
Δ

 ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɢɨɧɚ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɤɪɢɜɵɦɢ 2-4 ɧɚ ɷɬɨɦ ɠɟ ɪɢɫɭɧ-

ɤɟ. ɇɚ ɤɪɢɜɵɯ 1, 3 (ɪɢɫ. 5) ɜ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧ-

ɬɪɚɰɢɣ ɷɥɟɤɬɪɨɥɢɬɚ 0,1-0,25 ɦɨɥɶ/ɥ ɢɦɟɸɬɫɹ 

ɭɱɚɫɬɤɢ ɫ ɩɨɫɬɨɹɧɧɵɦ ɡɧɚɱɟɧɢɟɦ 
E
j

Δ
Δ

,ɱɬɨ 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɪɚɜɧɨɦɟɪɧɨɦ ɭɫɤɨɪɟɧɢɢ 

ɪɚɫɬɜɨɪɟɧɢɹ ɫɩɥɚɜɚ ɩɪɢ ɨɬɦɟɱɟɧɧɵɯ ɤɨɧɰɟɧ-

ɬɪɚɰɢɹɯ ɚɧɢɨɧɚ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɟɝɨ ɩɪɢɪɨɞɵ. 

 

Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɢ 
E
j

Δ
Δ

 ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɷɥɟɤɬɪɨɥɢɬɚ C ɩɪɢ ȿ = +0,95 ȼ ɞɥɹ ɪɚɫ-
ɬɜɨɪɨɜ: 1 – NaNO3; 2 – NaClO4; 3 – NaCl; 

4 – Na2SO4 

 

 

ȼ ɨɛɥɚɫɬɢ ɤɨɧɰɟɧɬɪɚɰɢɣ, ɦɨɥɶ/ɥ: NaNO3 ≈ 

0,25-0,5; Na2SO4 ≈ ɞɨ 0,5; NaCl ≈ 0,25-0,5; 

NaClO4 ≈ ɞɨ 0,25 ɫɤɨɪɨɫɬɶ ɪɚɫɬɜɨɪɟɧɢɹ α-

ɥɚɬɭɧɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. Ɉɞɧɚɤɨ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ ɯɨɞ ɤɪɢɜɵɯ ɦɟɧɹ-
ɟɬɫɹ. ȼɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɪɚɫɬɜɨɪɟɧɢɹ ɥɚ-
ɬɭɧɢ ɡɚɦɟɞɥɹɟɬɫɹ ɫ ɪɨɫɬɨɦ ɤɨɧɰɟɧɬɪɚɰɢɢ 

NaNO3 ɢ NaCl (ɤɪɢɜɵɟ 1, 3 ɪɢɫ. 5). Ɍɚɤɨɣ ɠɟ 
ɯɚɪɚɤɬɟɪ ɪɚɫɬɜɨɪɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɢ ɜ ɪɚɫ-
ɬɜɨɪɚɯ NaClO4 (ɪɢɫ. 5, ɤɪɢɜɚɹ 2). ɉɨɫɥɟ ɧɟɤɨ-
ɬɨɪɨɝɨ ɡɚɦɟɞɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜ ɨɛɥɚɫɬɢ ɤɨɧ-

ɰɟɧɬɪɚɰɢɣ 
4ClOɋ = 0,25-0,5 ɦɨɥɶ/ɥ ɫ ɪɨɫɬɨɦ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɚɧɢɨɧɚ 
4ClO  ɧɚɛɥɸɞɚɟɬɫɹ 

ɞɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ ɪɚɫɬɜɨ-
ɪɟɧɢɹ. ȼ ɪɚɫɬɜɨɪɚɯ Na2SO4 (ɪɢɫ. 5, ɤɪɢɜɚɹ 4) 

ɩɨɫɥɟ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɪɚɫɬɜɨɪɟɧɢɹ ɥɚɬɭɧɢ ɜ 
ɨɛɥɚɫɬɢ ɧɢɡɤɢɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 2

4
SO
ɋ = 0,1-

0,25 ɦɨɥɶ/ɥ ɨɬɦɟɱɟɧɨ ɡɚɦɟɞɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɫ 
ɩɨɜɵɲɟɧɢɟɦ 2

4
SO
ɋ . 

ɍɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɚɧɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɪɚɫ-
ɬɜɨɪɟɧɢɹ α-ɥɚɬɭɧɟɣ ɜ ɪɚɫɬɜɨɪɚɯ, ɫɨɞɟɪɠɚɳɢɯ 
ɢɨɧɵ 

4ClO , 
3NO , Cl  ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɨ-

ɬɟɤɚɧɢɟɦ ɚɧɚɥɨɝɢɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ɜ ɫɭɥɶɮɚɬ-
ɧɨɦ ɷɥɟɤɬɪɨɥɢɬɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɨ 
ɩɨɜɟɞɟɧɢɟɦ ɦɟɞɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɥɚɬɭɧɢ 

ɩɪɢ ɟɟ ɪɚɫɬɜɨɪɟɧɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɭɜɟ-
ɥɢɱɟɧɢɸ ɚɤɬɢɜɧɨɫɬɢ ɪɚɫɬɜɨɪɟɧɢɹ α-ɥɚɬɭɧɢ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɚɧɢɨɧɵ ɦɨɠɧɨ ɪɚɫɩɨɥɨɠɢɬɶ 
ɜ ɪɹɞ: 
 

2
4SO  < Cl  < 

4ClO  < 
3NO . 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɪɹɞɚ, 
ɧɚɢɛɨɥɶɲɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɚɫɬɜɨɪɟɧɢɹ ɥɚɬɭɧɢ 

ɢɦɟɸɬ ɧɢɬɪɚɬ-ɢɨɧɵ, ɧɚɢɦɟɧɶɲɭɸ – ɫɭɥɶɮɚɬ-
ɢɨɧɵ, ɹɜɥɹɸɳɢɟɫɹ ɢɧɝɢɛɢɬɨɪɨɦ ɤɨɪɪɨɡɢɢ ɧɟ 
ɬɨɥɶɤɨ ɞɥɹ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ, ɧɨ ɢ ɞɥɹ α-

ɥɚɬɭɧɟɣ. 

 

ȼɵɜɨɞɵ 

 

– ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ ɯɚɪɚɤɬɟɪɚ ɩɪɨɬɟɤɚɧɢɹ 
ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɫɩɥɚɜɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɫɨɫɬɚɜɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ. ɋɤɨ-
ɪɨɫɬɶ ɚɧɨɞɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ α-ɥɚɬɭɧɢ ɭɜɟɥɢ-

ɱɢɜɚɟɬɫɹ ɜɨ ɜɫɟɣ ɤɨɧɰɟɧɬɪɚɰɢɨɧɧɨɣ ɨɛɥɚɫɬɢ 

ɷɥɟɤɬɪɨɥɢɬɨɜ NaNO3 ɢ NaC1Ɉ4 ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɷɥɟɤɬɪɨɥɢɬɨɜ NaC1 ɢ Na2SO4, ɜ ɤɨɬɨɪɵɯ 
ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɚɹ ɩɚɫɫɢɜɚɰɢɹ 
ɫɩɥɚɜɨɜ. Ɉɛɨɫɧɨɜɚɧ ɪɹɞ ɚɧɢɨɧɨɜ ɩɨ ɢɧɬɟɧ-

ɫɢɮɢɤɚɰɢɢ ɚɤɬɢɜɧɨɝɨ ɚɧɨɞɧɨɝɨ ɨɤɢɫɥɟɧɢɹ α-

ɥɚɬɭɧɢ: 2
4SO  < Cl  < 

4ClO  < 
3NO , ɩɨɞ-

ɬɜɟɪɠɞɚɸɳɢɣ ɢɧɝɢɛɢɪɭɸɳɟɟ ɞɟɣɫɬɜɢɟ 
ɫɭɥɶɮɚɬ-ɢɨɧɨɜ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɱɢɫɬɵɯ ɦɟɬɚɥ-
ɥɨɜ, ɧɨ ɢ ɞɥɹ α-ɥɚɬɭɧɟɣ; 

– ɭɫɬɚɧɨɜɥɟɧɵ ɡɧɚɱɟɧɢɹ ɩɨɬɟɧɰɢɚɥɨɜ ɩɚɫɫɢ-

ɜɚɰɢɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɧɚɱɢɧɚɟɬɫɹ ɩɟɪɟɯɨɞ ɦɟ-
ɬɚɥɥɚ ɢɡ ɚɤɬɢɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɩɚɫɫɢɜɧɨɟ 
ɩɪɢ ɚɧɨɞɧɨɦ ɪɚɫɬɜɨɪɟɧɢɢ α-ɥɚɬɭɧɢ ɜ ɷɥɟɤ-
ɬɪɨɥɢɬɚɯ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ. Ɉɩɪɟɞɟɥɟɧɨ, 
ɱɬɨ ɜ ɯɥɨɪɢɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɫ ɭɜɟɥɢɱɟɧɢɟɦ 

ɋCl
- ɧɚɛɥɸɞɚɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɩɚɫɫɢɜɚɰɢɹ 

ɥɚɬɭɧɢ, ɞɥɹ ɫɭɥɶɮɚɬɧɵɯ ɪɚɫɬɜɨɪɨɜ ɫ ɪɨɫɬɨɦ 

2
4

SO
ɋ  ɨɬɦɟɱɟɧɨ ɡɚɬɪɭɞɧɟɧɢɟ ɩɚɫɫɢɜɚɰɢɢ; 
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