
ɋɟɤɰɢɹ 4. ɏɢɦɢɹ. ɏɢɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ. 
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ȼɨɞɚ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɧɚ ɡɞɨɪɨɜɶɟ ɥɸɞɟɣ ɧɟ ɬɨɥɶɤɨ ɩɨɥɨɠɢɬɟɥɶɧɨɟ, ɧɨ ɢ 

ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɤɚɱɟɫɬɜɨɦ ɭɩɨɬɪɟɛɥɹɟɦɨɣ 
ɜɨɞɵ: ɟɟ ɨɪɝɚɧɨɥɟɩɬɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɨɩɪɟɞɟɥɹɟɦɵɦɢ ɰɜɟɬɨɦ, ɜɤɭɫɨɦ ɢ 
ɡɚɩɚɯɨɦ, ɚ ɬɚɤɠɟ ɯɢɦɢɱɟɫɤɢɦ ɢ ɛɚɤɬɟɪɢɚɥɶɧɵɦ ɫɨɫɬɚɜɨɦ [1].  

Ʉ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɡɚɝɪɹɡɧɢɬɟɥɹɦ ɜɨɞɵ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɠɟɥɟɡɨ, 
ɦɚɪɝɚɧɟɰ, ɧɢɤɟɥɶ (ɬɹɠɟɥɵɟ ɦɟɬɚɥɥɵ) ɫɭɥɶɮɢɞɵ, ɮɬɨɪɢɞɵ, ɫɨɥɢ ɤɚɥɶɰɢɹ ɢ ɦɚɝɧɢɹ, 
ɪɚɡɥɢɱɧɵɟ ɨɪɝɚɧɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ. ɇɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɞɥɹ 
ɨɱɢɫɬɤɢ ɩɢɬɶɟɜɨɣ ɜɨɞɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɜɚɪɰɟɜɵɣ ɩɟɫɨɤ, «ɝɨɪɟɥɚɹ 
ɩɨɪɨɞɚ» ɢ ɪɹɞ ɦɢɧɟɪɚɥɨɜ [2]. ɇɨ ɷɬɢ ɫɨɪɛɟɧɬɵ ɱɚɳɟ ɜɫɟɝɨ ɹɜɥɹɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɦɢ 
ɮɢɥɶɬɪɚɦɢ, ɤɨɬɨɪɵɟ ɧɟ ɫɩɨɫɨɛɧɵ ɭɥɚɜɥɢɜɚɬɶ ɪɚɫɬɜɨɪɢɦɵɟ ɜ ɜɨɞɟ ɩɪɢɦɟɫɢ. ɗɬɨ 
ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɜɟɞɟɧɢɹ ɜ ɤɨɦɩɥɟɤɫɧɭɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɫɬɚɞɢɢ – ɫɨɪɛɰɢɨɧɧɨɣ ɞɨɨɱɢɫɬɤɢ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɭɞɚɥɹɬɶ 
ɡɚɝɪɹɡɧɟɧɢɹ ɱɪɟɡɜɵɱɚɣɧɨ ɲɢɪɨɤɨɣ ɩɪɢɪɨɞɵ (ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɪɚɫɬɜɨɪɢɦɵɟ ɩɪɢɦɟɫɢ 
ɬɹɠɟɥɵɯ ɦɟɬɚɥɥɨɜ) ɩɪɚɤɬɢɱɟɫɤɢ ɞɨ ɥɸɛɨɣ ɨɫɬɚɬɨɱɧɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ [3,4]. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɩɪɢɦɟɧɟɧɢɟ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɨɛɪɚɛɨɬɚɧɧɨɝɨ 
ɭɥɶɬɪɚɡɜɭɤɨɦ ɢ ɩɨɫɬɨɹɧɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ, ɞɥɹ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɜɨɞɵ 
ɪɚɫɬɜɨɪɢɦɵɯ ɩɪɢɦɟɫɟɣ ɢɨɧɨɜ ɧɢɤɟɥɹ ɢ ɠɟɥɟɡɚ. 

ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɩɨɥɭɱɟɧɧɵɣ 
ɝɢɞɪɨɥɢɡɨɦ ɢɡ ɬɟɬɪɚɯɥɨɪɢɞɚ ɬɢɬɚɧɚ (S0), ɤɨɬɨɪɵɣ ɩɨɞɜɟɪɝɚɥɢ ɜɨɡɞɟɣɫɬɜɢɸ ɍɁ (22 
ɤȽɰ, 0,15 ȼɬ/ɫɦ2) ɢ ɩɨɫɬɨɹɧɧɨɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ (l = 12 ɫɦ, U = 200 ȼ) ɢ 
ɨɛɪɚɡɰɨɜ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ (S1-S3). ɉɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɫɨɪɛɟɧɬɚ ɛɵɥɢ 
ɚɩɪɨɛɢɪɨɜɚɧɵ ɧɚ ɦɨɞɟɥɶɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɫɨɞɟɪɠɚɳɢɯ 3,00 ɦɝ/ɥ ɢɨɧɨɜ ɠɟɥɟɡɚ ɢ ɢɨɧɨɜ 
ɧɢɤɟɥɹ 1,00 ɦɝ/ɥ. 

Ɍɚɛɥɢɰɚ 1. Ɉɛɪɚɡɰɵ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɩɨɞɜɟɪɝɧɭɬɵɟ ɨɛɪɚɛɨɬɤɟ ɭɥɶɬɪɚɡɜɭɤɨɦ ɢ 
ɩɨɫɬɨɹɧɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ ɜ ɫɪɟɞɟ ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɨɥɢɬɨɜ 

ʋ, 
ɩ/ɩ 

Ɉɛɨɡɧɚɱɟɧɢɟ 
ɨɛɪɚɡɰɚ 

ɋɪɟɞɚ ɨɛɪɚɛɨɬɤɢ 

1 Ɉɛɪɚɡɟɰ S0 ɧɟ ɩɨɞɜɟɪɝɚɥɫɹ ɨɛɪɚɛɨɬɤɟ  
2 Ɉɛɪɚɡɟɰ S1 ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ (ɦɟɠɷɥɟɤɬɪɨɞɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ) 
3 Ɉɛɪɚɡɟɰ S2 ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ (ɭ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɝɨ 

ɷɥɟɤɬɪɨɞɚ) 
4 Ɉɛɪɚɡɟɰ S3 ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹ ɜɨɞɚ (ɭ ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɝɨ 

ɷɥɟɤɬɪɨɞɚ) 
 
Ʉɨɧɰɟɧɬɪɚɰɢɸ ɩɪɢɦɟɫɟɣ ɜ ɢɫɯɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɢ ɩɨɫɥɟ ɫɨɪɛɰɢɢ 

ɤɨɧɬɪɨɥɢɪɨɜɚɥɢ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɦɟɬɨɞɢɤ ɮɨɬɨɤɨɥɨɪɢɦɟɬɪɢɢ: ɢɨɧɵ ɠɟɥɟɡɚ 
ɜ ɳɟɥɨɱɧɨɣ ɫɪɟɞɟ ɨɛɪɚɡɭɸɬ ɨɤɪɚɲɟɧɧɨɟ ɜ ɠɟɥɬɵɣ ɰɜɟɬ ɤɨɦɩɥɟɤɫɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫ 
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ɫɭɥɶɮɨɫɚɥɢɰɢɥɨɜɨɣ ɤɢɫɥɨɬɨɣ, ɢɨɧɵ ɧɢɤɟɥɹ ɧɚɯɨɞɢɥɢ ɩɪɢ ɩɨɦɨɳɢ 
ɞɢɦɟɬɢɥɝɥɢɨɤɫɢɦɚ, ɤɨɬɨɪɵɣ ɨɤɪɚɲɢɜɚɟɬ ɢɨɧ Ni2+ ɜ ɪɨɡɨɜɵɣ ɰɜɟɬ [5,6]. 

Ⱦɚɧɧɵɟ ɩɨ ɫɨɪɛɰɢɢ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ, 
ɨɛɪɚɛɨɬɚɧɧɵɟ ɭɥɶɬɪɚɡɜɭɤɨɦ ɢ ɩɨɫɬɨɹɧɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ, ɭɥɭɱɲɚɸɬ 
ɫɨɪɛɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɞɨ 1.35 ɪɚɡ ɞɥɹ ɫɨɪɛɰɢɢ ɤɚɬɢɨɧɨɜ ɠɟɥɟɡɚ ɢ 1.72 ɪɚɡɚ ɞɥɹ 
ɫɨɪɛɰɢɢ ɤɚɬɢɨɧɨɜ ɧɢɤɟɥɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ɇɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ, ɱɬɨ ɫɧɢɠɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɟɣ ɜ ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɨɛɦɟɧɧɵɯ ɪɟɚɤɰɢɣ ɦɟɠɞɭ ɪɚɫɬɜɨɪɟɧɧɵɦɢ ɜ ɜɨɞɟ ɤɚɬɢɨɧɚɦɢ ɦɟɬɚɥɥɨɜ ɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɨɛɪɚɛɨɬɤɢ ɭɥɶɬɪɚɡɜɭɤɨɦ ɢ ɩɨɫɬɨɹɧɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ. 
 

Ɍɚɛɥɢɰɚ 2. ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ (Į, %) ɩɪɢɦɟɫɟɣ ɤɚɬɢɨɧɨɜ ɠɟɥɟɡɚ ɩɨɫɥɟ ɢɯ 
ɫɨɪɛɰɢɢ ɧɚ ɨɛɪɚɡɰɚɯ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɛɨɬɤɨɣ ɭɥɶɬɪɚɡɜɭɤɨɦ ɢ 

ɩɨɫɬɨɹɧɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ  
TiO2 ɜ H2O TiO2 

Ɉɛɪɚɡɰɵ ɫɨɪɛɟɧɬɚ S1 S2 S3 S0 

Į, % 24 ɱ 42,3 45,3 52,3 38,7 

 
Ɍɚɛɥɢɰɚ 3. ɋɬɟɩɟɧɶ ɢɡɜɥɟɱɟɧɢɹ (Į, %) ɩɪɢɦɟɫɟɣ ɤɚɬɢɨɧɨɜ ɧɢɤɟɥɹ ɩɨɫɥɟ ɢɯ 

ɫɨɪɛɰɢɢ ɧɚ ɨɛɪɚɡɰɚɯ ɞɢɨɤɫɢɞɚ ɬɢɬɚɧɚ, ɩɨɥɭɱɟɧɧɵɯ ɨɛɪɚɛɨɬɤɨɣ ɭɥɶɬɪɚɡɜɭɤɨɦ ɢ 
ɩɨɫɬɨɹɧɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ 

TiO2 ɜ H2O TiO2 
Ɉɛɪɚɡɰɵ ɫɨɪɛɟɧɬɚ S1 S2 S3 S0 

Į, % 24 ɱ 81,2 76,0 78,6 47,3 

 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɤɚɡɚɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɞɢɨɤɫɢɞɚ 

ɬɢɬɚɧɚ ɜ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɚɯ ɧɚ ɫɤɨɪɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɩɪɢɦɟɫɟɣ ɤɚɬɢɨɧɨɜ ɠɟɥɟɡɚ ɢ 
ɧɢɤɟɥɹ ɢ ɫɨɪɛɰɢɨɧɧɭɸ ɟɦɤɨɫɬɶ ɫɨɪɛɟɧɬɚ. 
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ɉɨɬɪɟɛɧɨɫɬɶ ɦɟɞɢɰɢɧɫɤɨɣ ɩɪɚɤɬɢɤɢ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɟɤɚɪɫɬɜɟɧɧɵɯ 
ɪɚɫɬɟɧɢɣ ɢ ɩɪɟɩɚɪɚɬɨɜ ɧɚ ɢɯ ɨɫɧɨɜɟ ɛɵɥɚ ɜɫɟɝɞɚ.  ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɟɧɧɨ 
ɜɨɡɪɨɫ ɢɧɬɟɪɟɫ ɤ ɪɚɫɬɢɬɟɥɶɧɵɦ ɩɨɥɢɫɚɯɚɪɢɞɚɦ (ɉɋ), ɱɬɨ ɫɜɹɡɚɧɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫ 
ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ  ɢɯ ɮɚɪɦɚɤɨɥɨɝɢɱɟɫɤɨɣ ɚɤɬɢɜɧɨɫɬɢ (ɩɪɨɬɢɜɨɜɨɫɩɚɥɢɬɟɥɶɧɚɹ, 
ɝɢɩɨɥɢɩɢɞɟɦɢɱɟɫɤɚɹ, ɚɧɬɢɚɧɝɢɨɝɟɧɧɚɹ, ɩɪɨɬɢɜɨɹɡɜɟɧɧɚɹ, ɩɪɨɬɢɜɨɨɩɭɯɨɥɟɜɚɹ) [1]. 

Ɉɞɧɢɦ ɢɡ ɷɬɚɩɨɜ ɫɨɡɞɚɧɢɹ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɹɜɥɹɟɬɫɹ ɢɯ 
ɫɬɚɧɞɚɪɬɢɡɚɰɢɹ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ,  ɨɫɧɨɜɧɵɦ ɝɚɪɚɧɬɨɦ ɢɯ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɩɪɢ 
ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ. 
Ɉɞɧɢɦ ɢɡ ɩɚɪɚɦɟɬɪɨɜ ɫɬɚɧɞɚɪɬɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɟɣ ɜ 
ɥɟɤɚɪɫɬɜɟɧɧɨɦ ɫɪɟɞɫɬɜɟ. 

ȼ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɜɟɳɟɫɬɜɚɯ, ɩɨɥɭɱɚɟɦɵɯ ɢɡ ɪɚɫɬɢɬɟɥɶɧɨɝɨ ɢ ɠɢɜɨɬɧɨɝɨ 
ɫɵɪɶɹ, ɨɫɧɨɜɧɵɦɢ ɩɪɢɦɟɫɹɦɢ ɹɜɥɹɸɬɫɹ ɫɨɩɭɬɫɬɜɭɸɳɢɟ ɩɪɢɪɨɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ 
(ɚɥɤɚɥɨɢɞɵ, ɮɟɪɦɟɧɬɵ, ɛɟɥɤɢ, ɝɨɪɦɨɧɵ ɢ ɞɪ.). Ɇɧɨɝɢɟ ɢɡ ɧɢɯ ɨɱɟɧɶ ɫɯɨɞɧɵ ɩɨ 
ɯɢɦɢɱɟɫɤɨɦɭ ɫɬɪɨɟɧɢɸ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɫ ɨɫɧɨɜɧɵɦ ɩɪɨɞɭɤɬɨɦ 
ɷɤɫɬɪɚɤɰɢɢ. Ɉɩɪɟɞɟɥɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɛɟɥɤɚ ɩɪɨɜɨɞɹɬ ɜ ɥɟɤɚɪɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜɚɯ, 
ɜɵɞɟɥɟɧɧɵɯ ɢɡ ɩɪɢɪɨɞɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. Ⱦɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɛɟɥɤɨɜɵɯ 
ɜɟɳɟɫɬɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɟɬɨɞɵ ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɟ ȽɎ 12.   

Ɇɟɬɨɞ Ʌɨɭɪɢ ɨɬɥɢɱɚɟɬɫɹ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ, ɧɨ ɨɩɪɟɞɟɥɟɧɢɸ 
ɦɟɲɚɸɬ ɦɧɨɝɢɟ ɜɟɳɟɫɬɜɚ (ɧɭɤɥɟɢɧɨɜɵɟ ɤɢɫɥɨɬɵ, ɧɭɤɥɟɨɬɢɞɵ) [2]. ȼ ɩɨɫɥɟɞɧɟɦ 
ɫɥɭɱɚɟ ɩɪɢɦɟɧɹɸɬ ɦɟɬɨɞ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɨɫɚɠɞɟɧɢɟɦ ɛɟɥɤɚ.  Ɂɚɜɢɫɢɦɨɫɬɶ 
ɩɨɝɥɨɳɟɧɢɹ ɛɟɥɤɚ ɨɬ ɟɝɨ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɟɥɢɧɟɣɧɚɹ, ɨɞɧɚɤɨ, ɜ ɨɛɥɚɫɬɢ ɦɚɥɵɯ 
ɤɨɧɰɟɧɬɪɚɰɢɣ ɟɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɥɢɧɟɣɧɨɣ [2]. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɪɨɜɨɞɹɬ ɩɨ 
ɤɚɥɢɛɪɨɜɨɱɧɨɦɭ ɝɪɚɮɢɤɭ, ɩɨɫɬɪɨɟɧɧɨɦɭ ɩɨ ɪɚɫɬɜɨɪɚɦ ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɛɪɚɡɰɚ ɛɟɥɤɚ, 
ɤɨɬɨɪɵɣ ɜɨɫɩɪɨɢɡɜɨɞɹɬ ɩɪɢ ɤɚɠɞɨɦ ɚɧɚɥɢɡɟ. Ɇɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɛɢɭɪɟɬɨɜɨɣ ɪɟɚɤɰɢɢ 
ɛɟɥɤɨɜ ɫ ɫɨɥɹɦɢ ɦɟɞɢ(II) ɜ ɳɟɥɨɱɧɨɦ ɪɚɫɬɜɨɪɟ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 
ɮɨɫɮɨɪɧɨɦɨɥɢɛɞɟɧɨ-ɜɨɥɶɮɪɚɦɨɜɨɝɨ ɪɟɚɤɬɢɜɚ (ɢɥɢ ɪɟɚɤɬɢɜɚ Ɏɨɥɢɧɚ) ɜ 
ɝɟɬɟɪɨɦɨɥɢɛɞɟɧɨɜɵɣ ɤɪɚɫɢɬɟɥɶ ɫ ɦɚɤɫɢɦɭɦɨɦ ɩɨɝɥɨɳɟɧɢɹ ɩɪɢ ɞɥɢɧɟ ɜɨɥɧɵ 750 ɧɦ 
ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɤɢɫɥɟɧɢɹ ɚɪɨɦɚɬɢɱɟɫɤɢɯ ɚɦɢɧɨɤɢɫɥɨɬ ɛɟɥɤɚ. Ɋɚɡɜɢɬɢɟ ɨɤɪɚɫɤɢ 
ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɭɦɚ ɱɟɪɟɡ 20-30 ɦɢɧ. ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɜ ɞɚɥɶɧɟɣɲɟɦ 


