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ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ NaBH4, ɱɬɨ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɨɛɭɫɥɨɜɥɟɧɨ ɦɚɥɨɣ ɞɨɫɬɭɩɧɨɫɬɶɸ 
ɩɨɜɟɪɯɧɨɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɞɥɹ ɚɞɫɨɪɛɰɢɢ ɝɢɞɪɢɪɭɟɦɨɝɨ ɜɟɳɟɫɬɜɚ. 

Ɇɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɜɫɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ Pd-ɫɨɞɟɪɠɚɳɢɟ ɤɨɦɩɨɡɢɬɵ 
ɩɨɥɢɚɧɢɥɢɧɚ ɜ ɛɨɥɶɲɟɣ ɢɥɢ ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɩɪɨɹɜɢɥɢ ɤɚɬɚɥɢɬɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ 
ɩɪɢ ɷɥɟɤɬɪɨɝɢɞɪɢɪɨɜɚɧɢɢ ɤɪɨɬɨɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɨɛɧɚɪɭɠɢɜ ɬɟɦ ɫɚɦɵɦ 
ɩɪɨɦɨɬɢɪɭɸɳɢɣ ɷɮɮɟɤɬ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɺ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɦ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɧɚ 
Cu ɤɚɬɨɞɟ. ɉɪɢ ɷɬɨɦ ɭɫɬɚɧɨɜɥɟɧɨ ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɩɚɥɥɚɞɢɹ ɜ 
ɤɨɦɩɨɡɢɬɚɯ ɉȺɧɢ, ɞɨɩɢɪɨɜɚɧɧɨɝɨ PdCl2, ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɢɯ ɜ ɤɚɱɟɫɬɜɟ 
ɷɥɟɤɬɪɨɤɚɬɚɥɢɡɚɬɨɪɨɜ.  
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ɉɨɪɨɲɤɢ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɢ ɰɢɪɤɨɧɢɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɢɡɞɟɥɢɣ. Ɉɧɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɬɟɯ ɨɛɥɚɫɬɹɯ, ɝɞɟ 
ɧɟɨɛɯɨɞɢɦɵ ɜɵɫɨɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ, ɩɥɨɬɧɨɫɬɢ, ɬɜɟɪɞɨɫɬɢ, ɩɪɨɱɧɨɫɬɢ 
ɩɪɢ ɢɡɝɢɛɟ, ɫɬɨɣɤɨɫɬɢ ɤ ɤɨɪɪɨɡɢɢ ɢɡɞɟɥɢɣ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɢ ɢ ɞɪ. Ɂɧɚɱɢɬɟɥɶɧɨ 
ɭɥɭɱɲɢɬɶ ɫɜɨɣɫɬɜɚ ɤɟɪɚɦɢɤɢ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɧɨɩɨɪɨɲɤɨɜ. 

ɇɚɢɛɨɥɟɟ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦɢ ɦɟɬɨɞɚɦɢ ɫɢɧɬɟɡɚ ɧɚɧɨɩɨɪɨɲɤɨɜ ɹɜɥɹɸɬɫɹ 
ɯɢɦɢɱɟɫɤɢɣ ɢ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɢɣ. ɏɢɦɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ 
ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɤɫɢɞɧɵɯ ɩɨɪɨɲɤɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɜɭɯɫɬɚɞɢɣɧɵɣ 
ɩɪɨɰɟɫɫ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɫɢɧɬɟɡɟ ɩɪɟɤɭɪɫɨɪɚ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɟɝɨ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɨɣ ɞɨ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɤɫɢɞɨɜ [1–3]. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɜ 



ɋɟɤɰɢɹ 2. Ɍɟɯɧɨɥɨɝɢɢ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɧɨɜɨɝɨ ɩɨɤɨɥɟɧɢɹ 
 

94 

ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ ɜɚɪɶɢɪɨɜɚɬɶ ɦɨɪɮɨɥɨɝɢɸ (ɪɚɡɦɟɪ ɢ ɮɨɪɦɭ), ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ 
ɫɬɪɭɤɬɭɪɭ ɢ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɨɥɭɱɚɟɦɵɯ ɱɚɫɬɢɰ (ɜ ɫɥɭɱɚɟ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɯ 
ɫɢɫɬɟɦ). Ɉɫɧɨɜɧɵɟ ɩɪɟɢɦɭɳɟɫɬɜɚ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɟɪɟɞ ɞɪɭɝɢɦɢ – ɧɢɡɤɚɹ 
ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ ɡɚɞɚɧɧɨɝɨ ɫɨɫɬɚɜɚ ɜ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ. Ɉɞɧɚɤɨ, ɧɚɪɹɞɭ ɫ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ, ɷɬɨɬ ɦɟɬɨɞ ɢɦɟɟɬ ɢ 
ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ – ɩɨɪɨɲɤɢ, ɩɨɥɭɱɚɟɦɵɟ ɬɚɤɢɦ ɫɩɨɫɨɛɨɦ, ɢɦɟɸɬ ɜɵɫɨɤɭɸ 
ɫɬɟɩɟɧɶ ɚɝɪɟɝɚɰɢɢ ɢ ɚɝɥɨɦɟɪɚɰɢɢ ɩɪɨɞɭɤɬɨɜ ɨɫɚɠɞɟɧɢɹ ɢ ɩɪɨɤɚɥɢɜɚɧɢɹ ɨɫɚɞɤɨɜ, ɚ 
ɬɚɤɠɟ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɪɚɡɦɟɪɨɜ, ɤɚɤ ɩɟɪɜɢɱɧɵɯ ɱɚɫɬɢɰ, ɬɚɤ ɢ ɚɝɥɨɦɟɪɚɬɨɜ. 
ɑɚɫɬɢɱɧɨ ɭɫɬɪɚɧɢɬɶ ɨɩɢɫɚɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ ɦɨɝɭɬ ɦɟɬɨɞɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɛɵɫɬɪɵɦ 
ɭɞɚɥɟɧɢɟɦ ɪɚɫɬɜɨɪɢɬɟɥɹ [4]. 

ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 
ɢ ɭɫɬɚɧɨɜɤɭ Nano Spray Dryer B-90 [5]. ɗɬɚ ɭɫɬɚɧɨɜɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ 
ɫɢɧɬɟɡɚ ɧɟɛɨɥɶɲɢɯ ɩɚɪɬɢɣ ɱɢɫɬɵɯ ɩɨɪɨɲɤɨɜ. Ɋɚɧɟɟ ɧɚɦɢ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɭɫɩɟɧɡɢɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ. Ⱦɥɹ 
Al2(SO4)3  ɢ ZrO2  ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɦɟɫɬɨ ɪɚɫɬɜɨɪɨɜ, ɫɭɫɩɟɧɡɢɣ, ɩɨɥɭɱɟɧɧɵɯ 
ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ, ɚɩɩɚɪɚɬ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 
ɝɪɚɧɭɥɵ (ɪɢɫ. 1), ɩɪɢ ɷɬɨɦ ɢɯ ɫɬɪɭɤɬɭɪɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɨɥɟɟ ɪɵɯɥɚɹ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ 
ɜ ɫɥɭɱɚɟ ɨɛɪɚɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɟɟ ɬɨɧɤɨɞɢɫɩɟɪɫɧɵɣ ɨɫɚɞɨɤ. Ɉɞɧɚɤɨ, ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɩɪɨɞɭɤɬɚ, ɩɨɥɭɱɚɟɦɨɝɨ ɢɡ ɪɚɫɬɜɨɪɚ, ɜ ɩɨɪɨɲɤɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɦ ɢɡ ɫɭɫɩɟɧɡɢɢ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɪɢɦɟɫɧɚɹ ɮɚɡɚ ɚɥɸɦɢɧɚɬɚ ɧɚɬɪɢɹ 
(ɬɚɛɥ. 1). ȼ ɩɨɪɨɲɤɚɯ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ɢ ɚɥɸɦɢɧɢɹ (ɬɚɛɥ. 2) ɩɪɢɫɭɬɫɬɜɭɸɬ ɬɚɤɠɟ 
ɩɪɢɦɟɫɢ ɯɥɨɪɚ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɩɨɪɨɲɤɢ, ɩɨɥɭɱɚɟɦɵɟ ɢɡ ɪɚɫɬɜɨɪɨɜ, ɫɨɞɟɪɠɚɬ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɬɨɥɶɤɨ ɰɟɥɟɜɨɣ ɩɪɨɞɭɤɬ [6, 7]. 

 
Ɍɚɛɥɢɰɚ 1. Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ ɩɪɨɞɭɤɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɫɨɥɟɣ ɚɥɸɦɢɧɢɹ ɢ ɰɢɪɤɨɧɢɹ 

ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ 

Ɍɢɩ ɋɨɫɬɚɜ ɪɚɫɬɜɨɪɚ Ɇɟɬɨɞ Ɏɚɡɨɜɵɣ ɫɨɫɬɚɜ 
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ZrOCl2 – H2O ɂɡ ɫɭɫɩɟɧɡɢɢ Mon. – 53% ; Tet. – 47 % 
 

Ɍɚɛɥɢɰɚ 2. Ɋɟɡɭɥɶɬɚɬɵ ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɢ ɰɢɪɤɨɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɢ (ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɵɣ ɚɧɚɥɢɡ) 

Ɍɢɩ ɋɨɫɬɚɜ ɪɚɫɬɜɨɪɚ Ɇɟɬɨɞ ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɦɨɥ, % 

Ⱥl2(SO4)3 –H2O ɂɡ ɪɚɫɬɜɨɪɚ (O) 51,25 (Al) 48,75  

A
l 2O

3 

Ⱥl2(SO4)3 –H2O–NɚOH  ɂɡ ɫɭɫɩɟɧɡɢɢ (O) 52,65 (Na) 1,08 (Al) 42,29 (C) 3,92 
(ɋl) 0,05 

ZrOCl2–H2O  ɂɡ ɪɚɫɬɜɨɪɚ (O) 57,64 (Y) 3,46 (Zr) 39,01  

Zr
O

2 

ZrOCl2–H2O – NH4OH  ɂɡ ɫɭɫɩɟɧɡɢɢ (O) 67,13 (Cl) 0,59 (Sr) 0,58 (Y) 0,22 
(Zr)31,48 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɭɫɩɟɧɡɢɣ ɨɤɫɢɞɨɜ ɚɥɸɦɢɧɢɹ ɢ ɰɢɪɤɨɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɶɲɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢ, ɫɧɢɠɚɹ ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɬɚ (ɮɚɡɨɜɵɣ ɫɨɫɬɚɜ, ɫɨɞɟɪɠɚɧɢɟ ɩɪɢɦɟɫɟɣ). 
ɍɫɬɪɚɧɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɜɨɡɦɨɠɧɨ ɩɭɬɟɦ ɨɩɬɢɦɢɡɚɰɢɢ ɫɨɫɬɚɜɨɜ ɫɭɫɩɟɧɡɢɣ. ȿɫɬɶ 
ɞɜɚ ɩɪɢɟɦɚ. ɉɟɪɜɵɣ – ɩɨɦɟɧɹɬɶ ɩɪɟɤɭɪɫɨɪ: ɦɵ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɢɬɪɚɬ 
ɚɥɸɦɢɧɢɹ, ɜɦɟɫɬɨ ɫɭɥɶɮɚɬɚ. ȼɬɨɪɨɣ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜɨɞɧɨ-ɫɩɢɪɬɨɜɵɯ ɪɚɫɬɜɨɪɨɜ, 
ɜɦɟɫɬɨ ɜɨɞɧɵɯ. ɇɚɩɪɢɦɟɪ, ɜɜɟɞɟɧɢɟ ɷɬɢɥɨɜɨɝɨ ɫɩɢɪɬɚ ɜ ɪɚɫɬɜɨɪ ɢɥɢ ɫɭɫɩɟɧɡɢɸ ɞɚɟɬ 
ɧɟɫɤɨɥɶɤɨ ɩɪɟɢɦɭɳɟɫɬɜ. ȼɨ-ɩɟɪɜɵɯ, ɩɨɥɭɱɚɟɬɫɹ ɛɨɥɟɟ ɱɢɫɬɵɣ ɩɪɨɞɭɤɬ, ɜɨ-ɜɬɨɪɵɯ, 
ɦɨɥɟɤɭɥɵ ɫɩɢɪɬɚ ɫɬɚɛɢɥɢɡɢɪɭɸɬ ɪɨɫɬ ɱɚɫɬɢɰ, ɬɚɤ ɤɚɤ ɹɜɥɹɸɬɫɹ ɩɨɜɟɪɯɧɨɫɬɧɨ-
ɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ. ɂɡ ɪɢɫ. 2 ɜɢɞɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɫɩɢɪɬɚ ɜ ɪɚɫɬɜɨɪ ɧɢɬɪɚɬɚ 
ɚɥɸɦɢɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɪɇ ɫɪɟɞɵ ɞɥɹ ɨɛɟɢɯ ɢɫɫɥɟɞɭɟɦɵɯ ɤɨɧɰɟɧɬɪɚɰɢɣ. ɉɪɢ 
ɷɬɨɦ, ɫɨɝɥɚɫɧɨ ɡɧɚɱɟɧɢɹɦ ɪɇ, ɥɭɱɲɭɸ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ ɢɦɟɸɬ ɡɨɥɢ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɹɦɢ ɫɩɢɪɬɚ ɦɟɧɟɟ 20 %. 

Ɋɢɫ. 1 – ɊɗɆ-ɢɡɨɛɪɚɠɟɧɢɹ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (a) ɢ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ 
(ɛ), ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɩɵɥɢɬɟɥɶɧɨɣ ɫɭɲɤɨɣ ɢɡ ɫɭɫɩɟɧɡɢɣ, ɫɮɨɪɦɢɪɨɜɚɧɧɵɯ 

ɦɟɬɨɞɨɦ ɨɛɪɚɬɧɨɝɨ ɨɫɚɠɞɟɧɢɹ 

(a) (ɛ) 
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ɋ (C2H5OH), ɨɛ.%

ɪɇ

0 20 40 60 80 1000 2000 3000 4000 5000 6000
2,6

2,8

3,0

3,2

pH

t (min)

  20% C2H5OH (II)
 20% C2H5OH (I)
  20% C2H5OH (III)
  50% C2H5OH (I)
   50% C2H5OH (II)
    50% C2H5OH (III)

 Ɋɢɫ. 2 – ɂɡɦɟɧɟɧɢɟ pH 0,1 Ɇ ɢ 1 Ɇ ɪɚɫɬɜɨɪɨɜ ɧɢɬɪɚɬɚ ɚɥɸɦɢɧɢɹ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɫɩɢɪɬɚ ɜ ɪɚɫɬɜɨɪɟ (ɚ) ɢ  ɜɪɟɦɟɧɢ (ɛ). 
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ɋ 1975 ɝɨɞɚ ɢɡɜɟɫɬɧɚ ɛɢɨɢɧɟɪɬɧɨɫɬɶ ɤɟɪɚɦɢɤɢ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ [1]. Ʉ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɷɬɨɣ ɤɟɪɚɦɢɤɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɵɫɨɤɭɸ ɩɪɨɱɧɨɫɬɶ ɢ ɜɵɫɨɤɭɸ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɧɚ ɢɫɬɢɪɚɧɢɟ. Ɉɤɫɢɞ ɰɢɪɤɨɧɢɹ ɬɚɤ ɠɟ ɹɜɥɹɟɬɫɹ ɛɢɨɦɚɬɟɪɢɚɥɨɦ, 
ɢɦɟɸɳɢɦ ɩɟɪɫɩɟɤɬɢɜɧɨɟ ɛɭɞɭɳɟɟ ɩɨɬɨɦɭ, ɱɬɨ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ 
ɩɪɨɱɧɨɫɬɶ ɢ ɬɪɟɳɢɧɨɫɬɨɣɤɨɫɬɶ [1,2].  Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɦɟɞɢɰɢɧɟ ɜ ɧɚɫɬɨɹɳɟɟ 
ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɢ ɤɟɪɚɦɢɤɚ ɧɚ ɨɫɧɨɜɟ ɫɦɟɫɢ ɷɬɢɯ ɨɤɫɢɞɨɜ, ɬɚɤɚɹ 
ɤɟɪɚɦɢɤɚ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɬɚɤ ɤɚɤ ɨɛɥɚɞɚɟɬ ɩɨɜɵɲɟɧɧɵɦɢ 
ɮɢɡɢɱɟɫɤɢɦɢ, ɯɢɦɢɱɟɫɤɢɦɢ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ 
ɭɞɟɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɸ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɥɢɱɧɨɣ ɩɨɪɢɫɬɨɫɬɢ [1,2,3 ɢ ɞɪ.]. ɉɪɢ ɷɬɨɦ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɢɝɧɨɪɢɪɭɟɬɫɹ ɜɥɢɹɧɢɟ ɦɚɥɵɯ ɤɨɥɢɱɟɫɬɜ (ɞɨ 0,5 ɦɚɫ.%) ɩɨɪɨɨɛɪɚɡɭɸɳɢɯ 
ɞɨɛɚɜɨɤ, ɩɪɢ ɜɜɟɞɟɧɢɢ ɤɨɬɨɪɵɯ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɦɨɝɭɬ ɦɟɧɹɬɶɫɹ ɧɟɨɞɧɨɡɧɚɱɧɨ. 


