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でぎとぴごé 2: ぞだゑぼぎ ぜんどぎづごんずぼ ご びごぜごぶぎでとごぎ どぎびぞだずだゎごご 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɟ ɢ ɬɟɯɧɢɤɟ ɭɞɟɥɹɟɬɫɹ ɜɵɫɨɤɨɞɢɫ-
ɩɟɪɫɧɵɦ ɩɨɪɨɲɤɚɦ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ. ɉɪɢɦɟɧɟɧɢɟ ɢɯ ɧɚɫɬɨɥɶɤɨ ɲɢɪɨɤɨ, ɱɬɨ ɨɯɜɚɬɵɜɚɟɬ 
ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɨɬɪɚɫɥɢ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɧɨɫɢɬɟɥɟɣ ɤɚɬɚɥɢ-

ɡɚɬɨɪɨɜ, ɫɨɪɛɟɧɬɨɜ, ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɬɟɤɥɚ ɢ ɤɟɪɚɦɢɤɢ, ɥɚɤɨɜ ɢ ɤɪɚɫɨɤ, ɨɝɧɟɭɩɨɪɨɜ, ɧɚɩɨɥɧɢɬɟɥɟɣ ɩɨ-
ɥɢɦɟɪɨɜ ɢ ɬ.ɞ. [1].  

Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɹɜɥɹɟɬɫɹ ɨɤɫɢɞ ɬɢɬɚɧɚ. Ⱦɚɧɧɵɣ ɨɤɫɢɞ ɩɨɥɭɱɚɸɬ ɢɡ ɬɢɬɚɧɚ – ɨɞɧɨ-
ɝɨ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɜ ɩɪɢɪɨɞɟ ɷɥɟɦɟɧɬɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɷɬɨɬ ɦɟɬɚɥɥ ɨɬɤɪɵɥɢ ɟɳɟ 
ɜ 1791 ɝ., ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɨɫɧɨɜɵ ɫɩɥɚɜɨɜ 
ɧɚɱɚɥɢɫɶ ɥɢɲɶ ɜɨ ɜɬɨɪɨɣ ɩɨɥɨɜɢɧɟ XX ɜɟɤɚ ɩɨɫɥɟ ɭɫɩɟɯɨɜ, ɞɨɫɬɢɝɧɭɬɵɯ ɜ ɨɛɥɚɫɬɢ ɦɟɬɚɥɥɭɪɝɢɢ ɯɢ-

ɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɫɩɥɚɜɨɜ [2]. 

ɋɭɳɟɫɬɜɭɟɬ ɨɝɪɨɦɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɩɨɪɨɲɤɨɜ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ, ɛɚɡɢɪɭɸɳɢɯ-
ɫɹ ɧɚ ɝɚɡɨɮɚɡɧɨɦ, ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɦ, ɬɟɪɦɢɱɟɫɤɨɦ ɢ ɞɪɭɝɢɯ ɩɪɨɰɟɫɫɚɯ. Ɋɚɡɜɢɜɚɸɬɫɹ ɞɟɬɨɧɚɰɢɨɧɧɵɣ 

ɫɢɧɬɟɡ ɢ ɷɥɟɤɬɪɨɜɡɪɵɜ. ɇɚɢɛɨɥɟɟ ɯɨɪɨɲɨ ɢɡɭɱɟɧɧɵɦɢ ɹɜɥɹɸɬɫɹ ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɨɫɚɠɞɟɧɢɢ ɢɡ 
ɪɚɫɬɜɨɪɨɜ ɫɨɥɟɣ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɝɢɞɪɨɥɢɡɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɥɭɱɚɬɶ ɝɢɞɪɚɬɢɪɨɜɚɧɧɵɟ ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ 
ɜ ɜɢɞɟ ɝɟɥɟɣ, ɨɛɥɚɞɚɸɳɢɟ ɜɵɫɨɤɨɣ ɞɢɫɩɟɪɫɧɨɫɬɶɸ ɢ ɪɚɡɜɢɬɨɣ ɩɨɪɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ [3]. 

Ɉɤɫɢɞ ɬɢɬɚɧɚ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ. Ɇɟɠɞɭ ɫɨɛɨɣ ɨɧɢ ɨɬɥɢɱɚɸɬɫɹ ɪɚɡ-
ɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɱɢɫɬɨɬɵ ɩɨɥɭɱɟɧɧɨɝɨ ɜɟɳɟɫɬɜɚ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɷɧɟɪɝɨɡɚɬɪɚɬɧɨɫɬɢ ɢ ɬ.ɩ. 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɚ ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɦɟɬɨɞɚ: ɫɟɪɧɨɤɢɫɥɵɣ ɢ ɯɥɨɪɧɵɣ. ɉɨɞɚɜɥɹɸɳɟɟ 
ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ (ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɢɣ, ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞ, ɷɥɟɤɬɪɨɜɡɪɵɜ) ɧɚ ɞɚɧɧɨɦ ɷɬɚ-
ɩɟ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɸɬɫɹ ɥɚɛɨɪɚɬɨɪɧɵɦɢ ɢ ɬɪɟɛɭɸɬ ɧɟɤɨɬɨɪɨɣ ɚɞɚɩɬɚɰɢɢ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɤɪɭɩɧɨ-

ɦɚɫɲɬɚɛɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ. 
ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɨɥɭɱɢɥɢ ɪɚɡɜɢɬɢɟ ɧɨɜɵɟ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɫɢɧɬɟɡɚ ɧɚɧɨɩɨɪɨɲ-

ɤɨɜ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɫɢɧɬɟɡ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ. 
Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ – ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɨɱɟɧɶ ɱɢɫɬɵɯ ɝɢɞɪɨɤɫɢɞɨɜ ɢ 

ɨɤɫɢɞɨɜ, ɚ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɷɥɟɤɬɪɨɥɢɡɚ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɢɪɨɜɚɬɶ 
ɩɨɪɨɲɤɢ ɫ ɡɚɞɚɧɧɨɣ ɞɢɫɩɟɪɫɧɨɫɬɶɸ, ɱɬɨ ɟɳɟ ɛɨɥɟɟ ɩɨɜɵɲɚɟɬ ɟɝɨ ɩɪɚɤɬɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ [3]. 

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɜɥɢɹɸɳɢɦɢ ɧɚ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɨɤɢɫɥɟɧɢɟ ɦɟɬɚɥɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢ-

ɟɦ ɬɨɤɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ, ɹɜɥɹɸɬɫɹ ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, ɤɨɧɰɟɧɬɪɚɰɢɹ ɢ ɩɪɢɪɨɞɚ ɷɥɟɤɬɪɨɥɢɬɚ, ɬɟɦɩɟɪɚ-
ɬɭɪɚ [1]. ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ ɧɚ 
ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɬɢɬɚɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɬɨɤɚ ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ. 

だäóïíÖóñ ~¡ïäñëó½ñÖöí 
ɉɪɨɜɨɞɢɥɚɫɶ ɫɟɪɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, ɜ 

ɯɨɞɟ ɤɨɬɨɪɵɯ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ 

ɫɤɨɪɨɫɬɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɨɬ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ ɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ. 
ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɟ (95°ɋ). ȼ ɤɚɱɟɫɬɜɟ ɷɥɟɤɬɪɨɥɢɬɚ 
ɜɵɫɬɭɩɚɥ ɯɥɨɪɢɞ ɧɚɬɪɢɹ (NaCl). Ʉɨɧɰɟɧɬɪɚ-
ɰɢɹ ɷɥɟɤɬɪɨɥɢɬɚ ɜɚɪɶɢɪɨɜɚɥɚɫɶ ɨɬ 3 ɞɨ 10% 

ɦɚɫɫ., ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ – ɨɬ 0,5 ɞɨ 2,5 Ⱥ/ɫɦ2. 

ɋɤɨɪɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɬɢɬɚɧɚ ɨɩɪɟɞɟɥɹɥɚɫɶ 
ɩɨ ɭɛɵɥɢ ɦɚɫɫɵ ɷɥɟɤɬɪɨɞɨɜ ɜɟɫɨɜɵɦ ɦɟɬɨ-
ɞɨɦ [4]. Ɋɚɫɬɜɨɪ ɷɥɟɤɬɪɨɥɢɬɚ ɝɨɬɨɜɢɬɫɹ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɧɚɜɟɫɤɭ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ, 
ɜɡɜɟɲɟɧɧɭɸ ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɜɟɫɚɯ, ɩɟɪɟ-
ɫɵɩɚɸɬ ɜ ɥɢɬɪɨɜɭɸ ɦɟɪɧɭɸ ɤɨɥɛɭ. Ⱦɨɥɢɜɚ-

 
Ɋɢɫ. 1. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

1 – ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɚɹ ɹɱɟɣɤɚ; 2 – ɩɪɢɛɨɪ Ʉɋ-2;  

3 – ɷɥɟɤɬɪɨɞɵ; 4 – ɢɡɦɟɪɢɬɟɥɶɧɨ-ɭɩɪɚɜɥɹɸɳɚɹ ɰɟɩɶ; 
5 – ɬɟɪɦɨɩɚɪɚ; 6 – ɬɟɪɦɨɫɬɚɬ 
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ɸɬ ɞɨ ɦɟɬɤɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɭɸ ɜɨɞɭ, ɩɪɢ ɷɬɨɦ ɩɨɫɬɨɹɧɧɨ ɩɟɪɟɦɟɲɢɜɚɹ ɪɚɫɬɜɨɪ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. 
ɉɥɨɬɧɨɫɬɢ ɪɚɫɬɜɨɪɨɜ ɫɨɥɢ ɛɟɪɭɬɫɹ ɢɡ ɫɩɪɚɜɨɱɧɢɤɚ [5] ɞɥɹ ɤɨɧɬɪɨɥɹ ɦɚɫɫɨɜɨɣ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨ-
ɥɢɬɚ. Ⱥɥɝɨɪɢɬɦ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɦɟɬɨɞɢɤɟ [6]. 

ɇɚ ɪɢɫ. 1 ɩɪɢɜɟɞɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɨ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦɭ ɨɤɢɫɥɟɧɢɸ ɬɢ-

ɬɚɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɟɝɨ ɨɤɫɢɞɨɜ. 
ȼ ɹɱɟɣɤɭ 1 ɡɚɥɢɜɚɸɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɨɛɴɟɦ ɪɚɫɬɜɨɪɚ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ, ɹɜɥɹɸɳɢɦɫɹ ɷɥɟɤɬɪɨɥɢ-

ɬɨɦ.  Ⱦɜɚ ɬɢɬɚɧɨɜɵɯ ɷɥɟɤɬɪɨɞɚ 3 ɬɳɚɬɟɥɶɧɨ ɡɚɱɢɳɚɸɬ ɧɚɠɞɚɱɧɨɣ ɛɭɦɚɝɨɣ, ɩɪɨɦɵɜɚɸɬ ɞɢɫɬɢɥɥɢɪɨ-
ɜɚɧɧɨɣ ɜɨɞɨɣ, ɷɬɢɥɨɜɵɦ ɫɩɢɪɬɨɦ ɢ ɫɭɲɚɬ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɨɣ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɨɩɪɟɞɟɥɟɧɢɹ ɭɪɨɜ-
ɧɹ ɩɨɝɪɭɠɟɧɢɹ ɷɥɟɤɬɪɨɞɨɜ ɜ ɷɥɟɤɬɪɨɥɢɬ ɧɟɨɛɯɨɞɢɦɨ ɫɞɟɥɚɬɶ ɧɚ ɧɢɯ ɨɬɦɟɬɤɢ. Ʉɚɠɞɵɣ ɢɡ ɷɥɟɤɬɪɨɞɨɜ 
ɜɡɜɟɲɢɜɚɸɬ ɢ ɩɨɦɟɳɚɸɬ ɜ ɹɱɟɣɤɭ ɩɚɪɚɥɥɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɭ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 1ɫɦ. ɗɥɟɤɬɪɨɥɢɬ ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨ ɧɚɝɪɟɜɚɸɬ ɞɨ 95 ºɋ. 

əɱɟɣɤɭ ɩɨɞɤɥɸɱɚɸɬ ɤ ɢɡɦɟɪɢɬɟɥɶɧɨ-ɭɩɪɚɜɥɹɸɳɟɣ ɰɟɩɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɪɟɝɭɥɹɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ 
ɢ ɩɨɤɚɡɵɜɚɸɳɢɯ ɩɪɢɛɨɪɨɜ (ɚɦɩɟɪɦɟɬɪɚ ɢ ɜɨɥɶɬɦɟɬɪɚ). Ɍɟɦɩɟɪɚɬɭɪɚ ɜ ɹɱɟɣɤɟ ɢɡɦɟɪɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɬɟɪɦɨɩɚɪɵ ɢ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɜɬɨɪɢɱɧɨɝɨ ɩɪɢɛɨɪɚ. 
ȼɤɥɸɱɚɸɬ ɭɫɬɚɧɨɜɤɭ ɜ ɫɟɬɶ, ɫ ɩɨɦɨɳɶɸ ɪɟɨɫɬɚɬɚ ɪɟɝɭɥɹɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ, ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɡɚɞɚɧ-

ɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɨɤɚ ɢ ɩɨɞɞɟɪɠɢɜɚɸɬ ɟɝɨ ɧɟɢɡɦɟɧɧɵɦ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɉɞɧɨɜɪɟɦɟɧɧɨ 
ɧɚɱɢɧɚɸɬ ɨɬɫɱɟɬ ɜɪɟɦɟɧɢ. ȼɫɟ ɩɨɤɚɡɚɧɢɹ ɩɪɢɛɨɪɨɜ (ɬɨɤ, ɧɚɩɪɹɠɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ) ɪɟɝɢɫɬɪɢɪɭɸɬ ɱɟɪɟɡ 
ɤɚɠɞɭɸ ɦɢɧɭɬɭ ɜ ɬɟɱɟɧɢɟ ɞɟɫɹɬɢɦɢɧɭɬɧɨɝɨ ɢɧɬɟɪɜɚɥɚ, ɚ ɡɚɬɟɦ ɱɟɪɟɡ ɤɚɠɞɵɟ ɩɹɬɶ ɦɢɧɭɬ. 

ȼ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɥɢɡɚ ɜɢɡɭɚɥɶɧɨ ɧɚɛɥɸɞɚɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɩɭɡɵɪɶɤɨɜ ɜɨɞɨɪɨɞɚ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 

ɷɥɟɤɬɪɨɞɨɜ ɢ ɨɛɪɚɡɨɜɚɧɢɟ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɨɤɫɢɞɨɜ ɬɢɬɚɧɚ, ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɩɨɦɭɬɧɟɧɢɢ ɪɚɫɬɜɨɪɚ ɢ 

ɜɵɩɚɞɟɧɢɢ ɨɫɚɞɤɚ ɜ ɜɢɞɟ ɝɨɥɭɛɨɜɚɬɨ-ɫɟɪɵɯ ɯɥɨɩɶɟɜ. 
ȼ ɤɨɧɰɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɥɚɜɧɨ ɜɵɜɨɞɹɬ ɪɟɝɭɥɹɬɨɪɨɦ ɧɚɩɪɹɠɟɧɢɹ ɫɬɪɟɥɤɢ ɩɨɤɚɡɵɜɚɸɳɢɯ ɩɪɢɛɨ-

ɪɨɜ ɧɚ ɧɨɥɶ, ɨɬɤɥɸɱɚɸɬ ɭɫɬɚɧɨɜɤɭ ɨɬ ɫɟɬɢ. ɗɥɟɤɬɪɨɞɵ ɩɪɨɦɵɜɚɸɬ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ, ɫɧɢɦɚɹ 
ɨɫɬɚɬɤɢ ɨɤɫɢɞɚ ɳɟɬɤɨɣ ɢɥɢ ɮɬɨɪɨɩɥɚɫɬɨɜɨɣ ɩɚɥɨɱɤɨɣ, ɫɭɲɚɬ ɮɢɥɶɬɪɨɜɚɥɶɧɨɣ ɛɭɦɚɝɨɣ ɢ ɜɡɜɟɲɢɜɚɸɬ. 

ɋɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɬɢɬɚɧɚ ɪɚɫɫɱɢɬɵɜɚɥɢ ɞɥɹ ɤɚɠɞɨɝɨ ɷɥɟɤɬɪɨɞɚ ɨɬɞɟɥɶɧɨ ɩɨ ɫɥɟ-
ɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
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ɝɞɟ q− ɫɤɨɪɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɷɥɟɤɬɪɨɞɨɜ, ɝ/ɫɦ2·ɱ; ǻɆ − ɫɭɦɦɚɪɧɚɹ ɩɨɬɟɪɹ ɦɚɫɫɵ ɷɥɟɤɬɪɨɞɨɜ, ɝ; 
S − ɪɚɛɨɱɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɷɥɟɤɬɪɨɞɨɜ, ɫɦ2; t − ɜɪɟɦɹ ɷɥɟɤɬɪɨɥɢɡɚ, ɱ. 

づñ£Ü¿áöíö▲ ó óê ÜßïÜ¢ÑñÖóñ 
ɂɫɫɥɟɞɨɜɚɧɢɹ ɤɢɧɟɬɢɤɢ ɪɚɡɪɭɲɟɧɢɹ ɬɢɬɚɧɚ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɢɧɬɟɪɜɚɥɟ ɩɥɨɬɧɨɫɬɟɣ ɬɨɤɚ ɨɬ 0,5 

ɞɨ 2,5 Ⱥ/ɫɦ2. ɗɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɭɠɟ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 0,5 Ⱥ/ɫɦ2 ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɨɤɢɫɥɟ-
ɧɢɟ ɦɧɨɝɢɯ ɦɟɬɚɥɥɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɤɚɤ ɩɨɤɚɡɚɥɢ ɩɪɟɞɵɞɭɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ [1],  

ɩɪɨɬɟɤɚɟɬ ɫ ɧɢɡɤɨɣ ɫɤɨɪɨɫɬɶɸ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɪɨɜɟɞɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɦɟɧɟɟ 0,5 

Ⱥ/ɫɦ2 ɹɜɥɹɟɬɫɹ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɵɦ. ɉɪɢ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɪɚɜɧɨɣ 2,5 Ⱥ/ɫɦ2 ɧɚɛɥɸɞɚɟɬɫɹ ɛɵɫɬɪɵɣ ɪɚɡɨ-
ɝɪɟɜ ɷɥɟɤɬɪɨɥɢɬɚ, ɷɬɨ ɬɪɟɛɭɟɬ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɢɧɬɟɧɫɢɜɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɫɢɫɬɟɦɵ ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɨ-
ɜɵɲɟɧɢɹ ɟɟ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɤɢɩɟɧɢɹ ɪɚɫɬɜɨɪɚ.  

ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɬɢɬɚɧɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɟɪɟɦɟɧɧɨɝɨ 
ɬɨɤɚ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɚ ɷɥɟɤɬɪɨɥɢɬɚ ɩɪɨɜɨɞɢɥɢɫɶ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 
ɪɚɫɬɜɨɪɵ, ɫɨɞɟɪɠɚɳɢɟ ɨɬ 3 ɞɨ 10% ɦɚɫ. ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

 

Ɍɚɛɥɢɰɚ 1 

ȼɥɢɹɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɷɥɟɤɬɪɨɥɢɬɚ  
ɧɚ ɫɤɨɪɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɬɢɬɚɧɚ, ɝ/ɫɦ2·ɱ 

Ʉɨɧɰɟɧɬɪɚɰɢɹ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ, Ⱥ/ɫɦ2 

3 % ɦɚɫ 5 % ɦɚɫ 10 % ɦɚɫ 
0,5 0,001 0,001 0,001 

1 0,003 0,002 0,001 

1,5 0,004 0,003 0,002 

2 0,007 0,006 0,005 

2,5 0,014 0,015 0,017 
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ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥ ɩɨɫɬɪɨɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɬɢɬɚɧɚ 
ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɷɥɟɤɬɪɨɥɢɬɚ (ɪɢɫ. 2).  

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɩɪɨɱɢɯ ɪɚɜɧɵɯ ɭɫɥɨɜɢɹɯ ɭɜɟɥɢɱɟɧɢɟ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢ-

ɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɬɢɬɚɧɚ. ɉɨɥɭɱɟɧɧɵɟ ɨɞɧɨɡɧɚɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɨɬ ɩɥɨɬɧɨɫɬɢ 

ɬɨɤɚ ɛɵɥɢ ɨɠɢɞɚɟɦɵ, ɩɪɢɱɟɦ ɧɟ ɬɨɥɶɤɨ ɩɨ ɬɨɦɭ, ɱɬɨ ɚɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɪɢ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦ ɨɤɢɫɥɟɧɢɢ ɞɪɭɝɢɯ ɦɟɬɚɥɥɨɜ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ [1]. Ʉɚɤ ɢɡɜɟɫɬɧɨ, 
ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɟɞɢɧɢɰɭ ɩɨɜɟɪɯ-
ɧɨɫɬɢ ɷɥɟɤɬɪɨɞɚ, ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɟɪɜɵɦ ɡɚɤɨɧɨɦ Ɏɚɪɚɞɟɹ ɦɚɫɫɟ ɩɪɨɪɟɚ-
ɝɢɪɨɜɚɜɲɟɝɨ ɜɟɳɟɫɬɜɚ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – ɦɚɫɫɟ ɨɤɢɫɥɟɧɧɨɝɨ ɬɢɬɚɧɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɜɟɥɢɱɟɧɢɟ 
ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɷɥɟɤɬɪɢɱɟɫɬɜɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɱɟɪɟɡ ɪɚɛɨɱɭɸ ɩɨ-

ɜɟɪɯɧɨɫɬɶ ɷɥɟɤɬɪɨɞɨɜ, ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɞɨɥɠɧɨ ɫɨɩɪɨɜɨɠɞɚɬɶɫɹ ɭɜɟɥɢɱɟɧɢɟɦ ɩɨɬɟɪɢ ɦɚɫɫɵ. 

 

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɬɢɬɚɧɚ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ 
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1. ɉɨɤɚɡɚɧ ɦɟɬɨɞ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɨɤɢɫɥɟɧɢɹ ɧɚ ɩɟɪɟɦɟɧɧɨɦ ɬɨɤɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɨɤɫɢɞɚ ɬɢɬɚɧɚ. 
2. ɂɫɫɥɟɞɨɜɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ ɬɢɬɚɧɚ ɨɬ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 

ɤɨɧɰɟɧɬɪɚɰɢɹɯ ɯɥɨɪɢɞɚ ɧɚɬɪɢɹ. 
3. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɪɚɡɪɭɲɟɧɢɹ 

ɬɢɬɚɧɨɜɵɯ ɷɥɟɤɬɪɨɞɨɜ. 
Ʌɢɬɟɪɚɬɭɪɚ. 

1. Ʉɨɪɨɛɨɱɤɢɧ ȼ.ȼ. ɉɪɨɰɟɫɫɵ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ ɨɤɫɢɞɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɯɢɦɢ-
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