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ȼɜɟɞɟɧɢɟ 
 
ɍɪɨɜɟɧɶ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɦɟɬɚɥɥɚ ɫɜɚɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɩɚɪɨɩɪɨɜɨɞɨɜ ɬɟɩɥɨɷɧɟɪɝɟ-
ɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ 
ɬɟɩɥɨɭɫɬɨɣɱɢɜɵɯ ɩɟɪɥɢɬɧɵɯ ɫɬɚɥɟɣ 
(15ɏ1Ɇ1Ɏ, 12ɏ1ɆɎ), ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, 
ɱɟɦ ɦɟɬɚɥɥɚ ɩɚɪɨɩɪɨɜɨɞɨɜ, ɧɟ ɩɪɟɬɟɪɩɟɜɚɸ-
ɳɟɝɨ ɫɜɚɪɨɱɧɨɝɨ ɧɚɝɪɟɜɚ. ɋɭɳɟɫɬɜɟɧɧɭɸ 
ɪɨɥɶ ɜ ɢɯ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɢɝɪɚɟɬ ɫɬɪɭɤɬɭɪ-
ɧɵɣ ɮɚɤɬɨɪ. ɍɜɟɥɢɱɟɧɢɟ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ 
ɫɜɹɡɚɧɨ ɫ ɢɫɯɨɞɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɧɟɨɞɧɨɪɨɞ-
ɧɨɫɬɶɸ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɢɯ ɢɫ-
ɯɨɞɧɨɣ ɞɟɮɟɤɬɧɨɫɬɶɸ Д1, 2Ж. ɉɨɥɧɨɫɬɶɸ ɩɪɟ-

ɞɨɬɜɪɚɬɢɬɶ ɫɬɪɭɤɬɭɪɧɭɸ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɢ 
ɞɟɮɟɤɬɧɨɫɬɶ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ, 
ɨɞɧɚɤɨ ɫɧɢɡɢɬɶ ɭɪɨɜɟɧɶ ɜɩɨɥɧɟ ɜɨɡɦɨɠɧɨ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 
ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɢɫ-
ɫɥɟɞɨɜɚɧɢɢ ɦɚɫɫɢɜɚ ɢɡ 90 ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ ɩɚɪɨɩɪɨɜɨɞɨɜ, ɢɦɟɸɳɢɯ ɧɚɪɚɛɨɬɤɭ 
ɫɜɵɲɟ 200 ɬɵɫ. ɱ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɚɡɪɭɲɚɟ-
ɦɨɫɬɶ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɪɚɫɩɪɟɞɟɥɹɟɬɫɹ 
(ɩɪɢɦɟɪɧɨ) ɜ ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ (%) ɩɨ 
ɦɟɬɚɥɥɭ ɲɜɚ – 15; ɩɨ ɭɱɚɫɬɤɭ ɫɩɥɚɜɥɟɧɢɹ –
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10; ɩɨ ɭɱɚɫɬɤɭ ɩɟɪɟɝɪɟɜɚ – 5; ɩɨ ɭɱɚɫɬɤɭ ɧɟ-
ɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ  70. ɉɪɢɜɟɞɟɧ-
ɧɚɹ ɫɬɚɬɢɫɬɢɤɚ ɛɥɢɡɤɚ ɤ ɬɨɣ, ɱɬɨ ɭɤɚɡɚɧɚ ɜ 
ɥɢɬɟɪɚɬɭɪɟ Д3Ж. Ɋɟɫɭɪɫ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫɜɚɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɩɚɪɨɩɪɨɜɨɞɨɜ ɜɫɥɟɞɫɬɜɢɟ ɢɯ 
ɫɬɪɭɤɬɭɪɧɨɣ ɢ ɯɢɦɢɱɟɫɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 
ɫɨɫɬɚɜɥɹɟɬ 0,6–0,8 ɪɟɫɭɪɫɚ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥ-
ɥɚ ɫɚɦɢɯ ɩɚɪɨɩɪɨɜɨɞɨɜ. ɗɤɨɧɨɦɢɱɟɫɤɢ ɨɛɨɫ-
ɧɨɜɚɧɧɵɦ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɪɟɫɭɪɫɚ ɫɜɚɪ-
ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɚɪɨɩɪɨɜɨɞɚ ɞɨ ɪɟɫɭɪɫɚ 
ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ  ɩɨɜɪɟɠɞɚ-
ɟɦɨɫɬɢ ɩɨ ɦɟɯɚɧɢɡɦɭ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɹ ɫɜɚɪ-
ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ Ɍɗɋ ɢɡ ɬɟɩɥɨɭɫɬɨɣɱɢɜɵɯ 
ɩɟɪɥɢɬɧɵɯ ɫɬɚɥɟɣ, ɷɤɫɩɥɭɚɬɢɪɭɸɳɢɯɫɹ ɜ 
ɭɫɥɨɜɢɹɯ ɩɨɥɡɭɱɟɫɬɢ, ɩɪɢ Ɍɷ ≤ 0,5Ɍɩɥ, ɨɝɪɚɧɢ-
ɱɟɧɧɨɦ (≤1%) ɩɥɚɫɬɢɱɟɫɤɨɦ ɞɟɮɨɪɦɢɪɨɜɚ-
ɧɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ ɢ ɩɪɨɚɧɚɥɢɡɢ-
ɪɨɜɚɬɶ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ ɜ 
ɫɬɪɭɤɬɭɪɟ α-ɮɚɡɵ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɢɡɭɱɟɧɢɹ 
ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɨɛɭɫɥɨɜɥɟɧɚ ɬɟɦ, ɱɬɨ ɩɨ-
ɜɪɟɠɞɚɟɦɨɫɬɶ ɫɬɪɭɤɬɭɪ ɧɚ ɭɱɚɫɬɤɚɯ ɫɜɚɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ ɩɪɨɢɫɯɨɞɢɬ ɪɚɧɶɲɟ ɢ ɢɧɬɟɧɫɢɜ-
ɧɟɟ, ɱɟɦ ɫɬɪɭɤɬɭɪɵ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ Д1, 2Ж.  
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 
ɂɡɭɱɢɬɶ ɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟ-
ɧɢɣ ɩɚɪɨɩɪɨɜɨɞɨɜ, ɩɪɨɪɚɛɨɬɚɜɲɢɯ ɛɨɥɟɟ  
200 ɬɵɫ. ɱ. ɍɫɬɚɧɨɜɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɜɪɟ-
ɠɞɚɟɦɨɫɬɢ ɨɬ ɢɫɯɨɞɧɨɣ ɫɬɪɭɤɬɭɪɵ ɢ ɫɬɟɩɟɧɢ 
ɟɟ ɫɬɪɭɤɬɭɪɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. 
 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɨɜɪɟɠɞɚɟɦɨɫɬɶ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɫɜɹɡɚɧɚ ɫ ɧɚɥɢɱɢɟɦ ɜ ɫɜɚɪɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɹɯ ɢɫɯɨɞɧɵɯ ɥɨɤɚɥɶɧɵɯ ɫɬɪɭɤɬɭɪ, 
ɝɞɟ ɫɚɦɚ ɫɬɪɭɤɬɭɪɚ ɹɜɥɹɟɬɫɹ ɥɢɛɨ ɛɪɚɤɨɜɨɱ-
ɧɨɣ, ɥɢɛɨ ɛɥɢɡɤɨɣ ɤ ɧɟɣ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɛɪɚɤɨ-
ɜɨɱɧɵɟ ɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɭɸɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɥɨɤɚɥɶɧɨɝɨ ɩɟɪɟɝɪɟɜɚ ɦɟ-
ɬɚɥɥɚ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɧɟ ɜɵɹɜɥɹɸɬɫɹ 
ɧɟɪɚɡɪɭɲɚɸɳɢɦɢ ɦɟɬɨɞɚɦɢ ɤɨɧɬɪɨɥɹ. Ʉɨɨɪ-
ɞɢɧɚɬɵ ɬɚɤɢɯ ɫɬɪɭɤɬɭɪ, ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 
ɲɬɚɬɧɨɦɭ ɩɪɨɰɟɫɫɭ ɫɜɚɪɤɢ, ɜɵɹɜɥɹɥɢ ɩɭɬɟɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɧɚɝɪɟɜɚ ɢɡɝɨɬɚɜ-
ɥɢɜɚɟɦɵɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ Д3–5Ж. Ɉɩɪɟ-
ɞɟɥɹɥɢ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ, ɨɛɟɫɩɟɱɢɜɚɸ-
ɳɢɣ ɨɛɪɚɡɨɜɚɧɢɟ ɜ ɫɬɪɭɤɬɭɪɟ ɦɟɬɚɥɥɚ ɲɜɚ 
ɭɞɥɢɧɟɧɧɵɯ ɡɟɪɟɧ α-ɮɚɡɵ (50–80 ɦɤɦ) ɢ ɰɟ-
ɩɨɱɟɤ ɢɡ ɪɚɜɧɨɨɫɧɵɯ ɭɤɪɭɩɧɟɧɧɵɯ ɡɟɪɟɧ 
(ɪɢɫ. 1). 

 
ɇɚ ɭɱɚɫɬɤɟ ɧɟɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɜɚɪɨɱɧɨɝɨ ɧɚɝɪɟɜɚ ɨɛɪɚɡɭ-
ɸɬɫɹ ɧɨɜɵɟ ɩɪɨɞɭɤɬɵ ɪɚɫɩɚɞɚ ɚɭɫɬɟɧɢɬɚ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɝɪɭɛɨɩɥɚɫɬɢɧɱɚɬɵɣ ɢɥɢ 
ɫɮɟɪɨɢɞɢɡɢɪɨɜɚɧɧɵɣ ɩɟɪɥɢɬ Д5Ж. 
 
Ɉɩɬɢɦɢɡɚɰɢɹ ɫɜɚɪɨɱɧɨɝɨ ɧɚɝɪɟɜɚ ɧɚ ɨɫɧɨɜɟ 
ɞɚɧɧɵɯ ɟɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɛɟɫɩɟɱɢɥɚ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɪɚɤɨɜɨɱɧɵɯ 
ɫɬɪɭɤɬɭɪ, ɚ ɬɚɤɠɟ ɩɨɡɜɨɥɢɥɚ ɭɦɟɧɶɲɢɬɶ ɢɫ-
ɯɨɞɧɭɸ ɫɬɪɭɤɬɭɪɧɭɸ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɫɜɚɪ-
ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɰɟɥɨɦ. 
 

 
ɜ 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɩɚɪɨ-
ɩɪɨɜɨɞɚ ɫɜɟɠɟɝɨ ɩɚɪɚ (32560 ɦɦ) ɛɥɨɤɚ 
300 Ɇȼɬ, ɪɟɫɭɪɫ 180 ɬɵɫ. ɱ, Ɍɷ = 545 °ɋ; 
ɟ = 0,5 %; ɨɪ  25,5 Ɇɉɚ, 100: ɚ  ɨɫ-
ɧɨɜɧɨɣ ɦɟɬɚɥɥ; ɛ  ɦɟɬɚɥɥ ɲɜɚ; ɜ  ɦɟ-
ɬɚɥɥ ɭɱɚɫɬɤɚ ɧɟɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ. Ɋɭɱɧɚɹ ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɧɚ 
ɲɬɚɬɧɵɯ ɪɟɠɢɦɚɯ 

 
Ɂɧɚɧɢɟ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɫɤɨɥɶɠɟɧɢɹ ɜ 
ɫɬɪɭɤɬɭɪɟ α-ɮɚɡɵ ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 
ɫɩɨɫɨɛɵ ɩɨɜɵɲɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɨɜɪɟ-
ɠɞɚɟɦɨɫɬɢ ɩɨ ɦɟɯɚɧɢɡɦɭ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɹ, 
ɱɬɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɚɪɤɨɜɨɝɨ 
ɪɟɫɭɪɫɚ ɞɚɧɧɵɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɫɨɫɬɚɜ-
ɥɹɸɳɟɝɨ 0,6–0,8 ɪɟɫɭɪɫɚ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ.  
ɉɪɢ ɢɡɭɱɟɧɢɢ ɫɤɨɥɶɠɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɧɟ-
ɪɚɜɧɨɦɟɪɧɨɫɬɶ ɩɪɨɹɜɥɟɧɢɣ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɨɝɨ ɫɬɚɪɟɧɢɹ, ɱɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɭɱɚɫɬɤɨɜ, 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ ɪɚɡɥɢɱɧɨɣ  ɫɬɪɭɤɬɭɪɨɣ 
(ɪɢɫ. 2), ɬ.ɟ. ɞɥɹ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɧɚɩɥɚɜ-
ɥɟɧɧɨɝɨ ɢ ɦɟɬɚɥɥɚ ɡɨɧɵ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹ-
ɧɢɹ (ɁɌȼ). 
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ɋɥɟɞɵ ɫɤɨɥɶɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɧɢɡɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɥɡɭɱɟɫɬɢ, ɢɡɭɱɚɥɢ ɧɚ 
ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɰɨɜ ɫɜɚɪɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ, ɤɨɬɨɪɭɸ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɲɥɢɮɨ-
ɜɚɥɢ ɢ ɩɨɥɢɪɨɜɚɥɢ. ɉɨɥɨɠɟɧɢɟ, ɱɬɨ ɫɤɨɥɶ-
ɠɟɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɟɬ ɬɚɤɨɣ ɠɟ 
ɯɚɪɚɤɬɟɪ, ɤɚɤ ɢ ɩɨɞ ɧɟɣ, ɹɜɥɹɟɬɫɹ ɜɟɪɧɵɦ ɢ 
ɞɥɹ ɞɚɧɧɵɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. ɂɥɥɸɫɬɪɚ-
ɬɢɜɧɨ ɫɤɨɥɶɠɟɧɢɟ ɢɦɟɟɬ ɜɢɞ ɩɪɹɦɨɥɢɧɟɣɧɵɯ 
ɥɢɧɢɣ (ɪɢɫ. 2) ɢ ɩɪɨɢɫɯɨɞɢɬ ɜ ɡɟɪɧɚɯ α-ɮɚɡɵ 
ɩɨ ɩɥɨɫɤɨɫɬɹɦ д110ж, ɯɨɬɹ ɥɢɧɢɢ ɦɨɝɭɬ 
ɢɦɟɬɶ ɢ ɜɨɥɧɢɫɬɭɸ ɮɨɪɦɭ. 
 

 
 

Ɋɢɫ. 2. ɋɤɨɥɶɠɟɧɢɟ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢ-
ɨɧɧɨɝɨ ɫɬɚɪɟɧɢɹ ɚ  ɩɪɹɦɨɥɢɧɟɣɧɵɟ 
ɫɥɟɞɵ ɫɤɨɥɶɠɟɧɢɹ ɜ α-ɮɚɡɟ ɦɟɬɚɥɥɚ ɲɜɚ 
(ɫɩɥɚɜ 08ɏɆɎ), ɩɚɪɨɩɪɨɜɨɞɚ ɫɜɟɠɟɝɨ 
ɩɚɪɚ ɛɥɨɤɚ 300 Ɇȼɬ, ɪɟɫɭɪɫ 180 ɬɵɫ. ɱ, 
İ=0,5 %, Ɍɷ=545 ɋ, ıɪ=25,5 Ɇɉɚ, ɯ6000; 
ɛ  ɜɨɥɧɢɫɬɚɹ ɮɨɪɦɚ ɫɥɟɞɨɜ ɫɤɨɥɶɠɟɧɢɹ 
(ɭɱɚɫɬɨɤ ɧɟɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ), 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɨɛɪɚɡɟɰ, ɪɟɫɭɪɫ 
270 ɬɵɫ. ɱ, İ=1,2%, 8200 

 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɥɟɞɨɜ 
ɫɤɨɥɶɠɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɮɢɡɢɱɟɫɤɢɯ ɭɫɥɨɜɢɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɜ ɬ. ɱ. ɩɭɫɤɨɜ-ɨɫɬɚɧɨɜɨɜ ɷɧɟɪ-
ɝɨɛɥɨɤɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɜɨɥɧɢ-
ɫɬɵɯ ɭɱɚɫɬɤɨɜ ɫɤɨɥɶɠɟɧɢɹ ɫɜɹɡɚɧɨ ɫ ɩɨɜɵ-
ɲɟɧɧɨɣ ɢɫɯɨɞɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ 
ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɢ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɦɟɫɬɧɨɝɨ 
ɩɟɪɟɝɪɟɜɚ, ɬ. ɟ. ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɜɵɲɟ ɩɪɟɞɟɥɶɧɨɣ 
ɞɥɹ ɞɚɧɧɵɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
 

ɉɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟɫ, ɤɪɨɦɟ ɫɥɟɞɨɜ ɫɤɨɥɶ-
ɠɟɧɢɹ, ɫɜɹɡɚɧɧɵɯ ɫ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɦɢ 
ɩɥɨɫɤɨɫɬɹɦɢ ɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɤɥɚɞɤɢ ɧɚ ɮɪɚɝɦɟɧɬɚɯ ɡɟɪɟɧ, ɚ ɬɚɤɠɟ ɧɚ 
ɭɱɚɫɬɤɚɯ ɢɯ ɫɬɵɤɚ (ɪɢɫ. 3, ɚ), ɝɞɟ ɦɨɝɭɬ ɧɚɯɨ-
ɞɢɬɫɹ ɢ ɤɨɚɝɭɥɢɪɭɸɳɢɟ ɤɚɪɛɢɞɵ ε23ω6, ɚ 
ɬɚɤɠɟ ɨɛɪɚɡɭɸɬɫɹ ɩɨɥɨɫɵ ɞɟɮɨɪɦɚɰɢɢ (ɩɨ-
ɥɨɫɵ ɫɛɪɨɫɚ) (ɪɢɫ. 3, ɛ). 
 
ɉɪɢɜɟɞɟɧɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɫɤɨɥɶɠɟɧɢɹ ɨɬɦɟ-
ɱɚɸɬɫɹ ɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɩɚɪɨɩɪɨɜɨɞɨɜ 
ɫɜɟɠɟɝɨ ɩɚɪɚ ɢɡ ɩɟɪɥɢɬɧɵɯ ɬɟɩɥɨɭɫɬɨɣɱɢɜɵɯ 
ɫɬɚɥɟɣ ɩɨɫɥɟ 150 ɬɵɫ. ɱ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɪɢ-
ɱɟɦ ɧɚ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢ-
ɧɟɧɢɣ ɤɨɥɢɱɟɫɬɜɨ ɢ ɮɨɪɦɚ ɫɥɟɞɨɜ ɬɚɤɠɟ ɛɭ-
ɞɭɬ ɨɬɥɢɱɚɬɶɫɹ. 
 

 
 

Ɋɢɫ. 3. ɍɱɚɫɬɨɤ ɧɟɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɢ ɁɌȼ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢɡ ɫɬɚɥɢ 
15Б1εХɎ. Ɋɟɫɭɪɫ 186 ɬɵɫ. ɱ, ɯ6000, Ɍɷ = 
= 545°ɋ; ɟ = 0,7 %; ɨɪ = 25,5 Ɇɉɚ: ɚ  
ɫɤɥɚɞɤɢ ɧɚ ɮɪɚɝɦɟɧɬɚɯ ɡɟɪɟɧ; ɛ  ɩɨɥɨɫɚ 
ɞɟɮɨɪɦɚɰɢɢ (ɫɬɪɟɥɤɚ) 

 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɯɨɞɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɧɟ-
ɨɞɧɨɪɨɞɧɨɫɬɶ ɩɪɢ ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɥ-
ɡɭɱɟɫɬɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɡɥɢɱɧɵɣ ɭɪɨɜɟɧɶ 
ɞɟɮɨɪɦɚɰɢɢ ɤɚɤ ɨɬɞɟɥɶɧɵɯ ɡɟɪɟɧ, ɢɯ ɮɪɚɝ-
ɦɟɧɬɨɜ, ɬɚɤ ɢ  ɞɟɮɨɪɦɚɰɢɸ ɡɟɪɟɧ ɜ ɰɟɥɨɦ ɧɚ 
ɨɬɞɟɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 
ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɧɢɡɤɨɬɟɦ-
ɩɟɪɚɬɭɪɧɨɣ ɩɨɥɡɭɱɟɫɬɢ ɫɜɹɡɚɧɚ ɫ ɧɟɪɚɜɧɨ-
ɦɟɪɧɨɫɬɶɸ ɜɟɥɢɱɢɧɵ ɢ ɧɚɩɪɚɜɥɟɧɢɣ ɧɚɩɪɹ-
ɠɟɧɢɣ ɜ ɡɟɪɧɚɯ α-ɮɚɡɵ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɟɟ 
ɥɟɝɢɪɨɜɚɧɢɟɦ, ɧɚɥɢɱɢɟɦ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ 
ɤɚɪɛɢɞɧɵɯ ɜɵɞɟɥɟɧɢɣ, ɚ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ 
ɨɪɢɟɧɬɢɪɨɜɤɢ ɡɟɪɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɧɟɲɧɢɯ 
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ɫɢɥ Д2Ж. Ɋɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɚɪɛɢ-
ɞɨɜ, ɜ ɬ.ɱ. ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɯ Vω ɢ εШ2ω, ɜ 
ɮɪɚɝɦɟɧɬɚɯ ɡɟɪɟɧ ɫɬɪɭɤɬɭɪɵ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɧɚɥɨɠɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ 
ɞɟɮɨɪɦɚɰɢɸ ɬɚɤɢɯ ɮɪɚɝɦɟɧɬɨɜ. ɉɪɢ ɧɚɪɚ-
ɛɨɬɤɟ 150–180 ɬɵɫ ɱ ɞɟɮɨɪɦɚɰɢɹ ɩɪɟɢɦɭɳɟ-
ɫɬɜɟɧɧɨ ɧɨɫɢɬ ɥɨɤɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɩɪɨɢɫ-
ɯɨɞɢɬ ɜ ɨɫɧɨɜɧɨɦ ɜ ɮɪɚɝɦɟɧɬɚɯ, ɩɪɢɦɵ-
ɤɚɸɳɢɯ ɤ ɝɪɚɧɢɰɚɦ ɡɟɪɟɧ, ɱɬɨ ɦɨɠɟɬ 
ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɱɚɫɬɢɱɧɨɦɭ ɭɫɬɪɚɧɟɧɢɸ 
(ɪɚɡɦɵɜɚɧɢɸ) ɝɪɚɧɢɰ ɡɟɪɟɧ Д1, 2Ж, ɚ ɬɚɤɠɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɩɨɥɨɫ 
ɫɤɨɥɶɠɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɫɭɳɟɫɬɜɭɸ-
ɳɢɦ, ɬ.ɟ. ɞɟɣɫɬɜɭɸɳɢɦ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ 
ɡɟɪɧɚ α-ɮɚɡɵ. ɇɚɥɢɱɢɟ ɤɨɚɝɭɥɢɪɭɸɳɢɯ ɤɚɪ-
ɛɢɞɧɵɯ ɜɵɞɟɥɟɧɢɣ ε23ω6 ɫɩɨɫɨɛɫɬɜɭɟɬ ɭɜɟ-
ɥɢɱɟɧɢɸ ɤɨɥɢɱɟɫɬɜɚ ɫɢɫɬɟɦ ɫɤɨɥɶɠɟɧɢɹ. Ɂɚ-
ɦɟɬɢɦ, ɱɬɨ ɨɬ ɥɨɤɚɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɡɟɪɟɧ 
α-ɮɚɡɵ ɡɚɜɢɫɢɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɟɟ ɮɨɪɦɨɢɡ-
ɦɟɧɟɧɢɹ, ɬ.ɟ. ɨɛɪɚɡɨɜɚɧɢɟ ɮɪɚɝɦɟɧɬɨɜ. ɉɪɢ 
ɧɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ ɩɨɥɡɭɱɟɫɬɢ ɢɦɟɸɬ ɦɟ-
ɫɬɨ ɞɜɚ ɤɨɧɤɭɪɢɪɭɸɳɢɯ ɩɪɨɰɟɫɫɚ: ɭɩɪɨɱɧɟ-
ɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɟɟ ɪɚɡɭɩɪɨɱɧɟɧɢɟ. Ɉɬɦɟɱɚɟ-
ɦɨɟ ɩɨɫɥɟ 150 ɬɵɫ. ɱ ɧɚɪɚɛɨɬɤɢ ɧɢɜɟ-
ɥɢɪɨɜɚɧɢɟ ɞɟɮɨɪɦɚɰɢɢ α-ɮɚɡɵ ɫɜɹɡɚɧɨ ɫ ɟɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ, ɞɥɹ ɤɨɬɨɪɨɣ 
ɯɚɪɚɤɬɟɪɧɨ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɨɟ ɩɨ ɨɛɴɟɦɭ 
ɨɛɪɚɡɨɜɚɧɢɟ ɫɢɫɬɟɦ ɫɤɨɥɶɠɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚ-
ɟɦɨɟ ɪɚɜɧɨɦɟɪɧɨɫɬɶɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɵɞɟ-
ɥɟɧɢɣ εШ2ω ɢ ɨɫɨɛɟɧɧɨ Vω. 
 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɥɟɞɨɜ ɫɤɨɥɶɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ (ɦɟɬɨɞ ɪɟɩɥɢɤ) 
ɩɨɡɜɨɥɢɥɨ ɜɵɹɜɢɬɶ ɫɬɪɨɟɧɢɟ ɫɥɟɞɨɜ ɫɤɨɥɶ-
ɠɟɧɢɹ ɢ ɢɯ ɬɨɧɤɭɸ ɫɬɪɭɤɬɭɪɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ 
ɩɚɱɤɢ ɩɥɨɫɤɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚ-
ɜɢɬɶ ɭɬɨɱɧɟɧɧɨɣ ɫɯɟɦɨɣ (ɪɢɫ. 4). ɋɥɟɞɵ 
ɫɤɨɥɶɠɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɸɬ ɧɟɩɚɪɚɥɥɟɥɶɧɵɟ 
ɥɢɧɢɢ ɫɤɨɥɶɠɟɧɢɹ, ɨɛɪɚɡɭɸɳɢɟ ɷɥɟɦɟɧɬɚɪ-
ɧɵɟ ɫɬɭɩɟɧɶɤɢ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ 
ɨɬ ɫɬɪɭɤɬɭɪɵ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɜɪɟɦɟɧɢ 
(ɪɢɫ. 2). ɍɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ ɫɥɟɞɨɜ 
ɫɤɨɥɶɠɟɧɢɹ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɩɭɫ-
ɤɨɜ-ɨɫɬɚɧɨɜɨɜ ɷɧɟɪɝɨɛɥɨɤɨɜ, ɚ ɢɯ ɫɬɪɨɟɧɢɟ 
ɬɚɤɠɟ ɦɟɧɹɟɬɫɹ. ɉɨɜɵɲɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɵɲɟ ɪɚɫɱɟɬɧɨɣ (ɩɟɪɟɝɪɟɜ) ɭɜɟɥɢɱɢɜɚɟɬ ɱɢɫ-
ɥɨ ɷɥɟɦɟɧɬɚɪɧɵɯ ɩɥɨɫɤɨɫɬɟɣ ɜ ɭɠɟ ɫɭɳɟ-
ɫɬɜɭɸɳɢɯ ɫɥɟɞɚɯ ɫɤɨɥɶɠɟɧɢɹ, ɱɬɨ ɦɨɠɧɨ 
ɩɪɨɫɦɚɬɪɢɜɚɬɶ, ɤɚɤ ɩɨ ɜɧɟɲɧɟɦɭ ɜɢɞɭ, ɬɚɤ ɢ 
ɩɨ ɪɚɫɫɬɨɹɧɢɸ ɦɟɠɞɭ ɩɥɨɫɤɨɫɬɹɦɢ. 
 
ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɮɢɡɢɱɟɫɤɢɦ ɭɫɥɨɜɢɹɦ 
(Ɍɷ = 560 °ω, Pɷ = 25,5 Ɇɉɚ) ɜɵɹɜɢɥɢ, ɱɬɨ 
ɱɢɫɥɨ ɫɥɟɞɨɜ ɫɤɨɥɶɠɟɧɢɹ ɜ ɫɬɪɭɤɬɭɪɟ ɪɚɡ-
ɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɦɟɟɬ 
ɪɚɡɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ. ɇɚɢɛɨɥɶɲɚɹ ɢɧɬɟɧ-

ɫɢɜɧɨɫɬɶ ɜ ɫɬɪɭɤɬɭɪɟ ɭɱɚɫɬɤɚ ɧɟɩɨɥɧɨɣ ɩɟɪɟ-
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɝɞɟ ɧɨɜɵɟ ɩɪɨɞɭɤɬɵ ɪɚɫɩɚɞɚ 
ɚɭɫɬɟɧɢɬɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɝɥɨɛɭɥɹɪɢɡɢɪɨɜɚ-
ɜɚɧɧɵɣ ɩɟɪɥɢɬ (ɪɢɫ. 4) ɢ ɤɨɬɨɪɚɹ ɥɨɤɚɥɶɧɨ 
ɩɪɢɦɵɤɚɟɬ ɤ ɧɚɪɭɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜɚɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ. 
ɋɱɢɬɚɟɦ, ɱɬɨ ɞɥɹ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɱɢɫɥɚ ɢ ɪɚɫ-
ɩɪɟɞɟɥɟɧɢɹ ɫɥɟɞɨɜ ɫɤɨɥɶɠɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨ-
ɫɬɢ ɢ ɜ ɨɛɴɟɦɟ ɨɛɪɚɡɰɨɜ ɞɚɧɧɵɯ ɫɜɚɪɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ ɬɪɟɛɭɟɬɫɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɦɟɬɨɞɢɤ ɜɵɹɜɥɟɧɢɹ ɞɢɫɥɨɤɚɰɢɣ ɬɪɚɜɥɟɧɢɟɦ, 
ɬ.ɤ. ɢɡɜɟɫɬɧɨ, ɱɬɨ ɢɦɟɧɧɨ ɜ ɩɥɨɫɤɨɫɬɹɯ 
ɫɤɨɥɶɠɟɧɢɹ ɧɚɛɥɸɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɚɹ ɩɥɨɬ-
ɧɨɫɬɶ ɞɢɫɥɨɤɚɰɢɣ. 
 

 
 
Ɋɢɫ. 4. ɍɬɨɱɧɟɧɧɚɹ ɫɯɟɦɚ ɫɥɟɞɚ ɫɤɨɥɶɠɟɧɢɹ 

ɩɨ ɩɚɱɤɟ ɨɞɢɧɚɤɨɜɨ ɧɚɩɪɚɜɥɟɧɧɵɯ (ɧɟ 
ɩɚɪɚɥɥɟɥɶɧɵɯ) ɩɥɨɫɤɨɫɬɟɣ ɫɤɨɥɶɠɟɧɢɹ: 
Ȥ-ɭɝɨɥ ɦɟɠɞɭ ɩɨɫɥɟɞɧɟɣ ɩɥɨɫɤɨɫɬɶɸ ɢ 
ɨɫɶɸ ɨɛɪɚɡɰɚ; α-ɭɝɨɥ, ɜɵɱɢɫɥɟɧɧɵɣ ɢɡ 
ɞɚɧɧɵɯ ɢɡɦɟɪɟɧɢɹ ɲɢɪɢɧɵ (ɛ) ɢ ɜɵɫɨɬɵ 
(С) ɫɥɟɞɚ ɫɤɨɥɶɠɟɧɢɹ (ЭРα=С/b), ɩɪɢ α<Ȥ 

 
ȼɵɹɜɥɟɧɨ, ɱɬɨ ɱɢɫɥɨ ɝɪɭɛɵɯ ɫɥɟɞɨɜ ɫɤɨɥɶ-
ɠɟɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ ɫɜɚɪɧɨɝɨ ɫɨ-
ɟɞɢɧɟɧɢɹ ɩɨɫɥɟ ɧɚɪɚɛɨɬɤɢ 180 ɬɵɫ. ɱ ɨɬɥɢɱɚ-
ɟɬɫɹ. ɇɚɩɪɢɦɟɪ, ɧɚ ɭɱɚɫɬɤɟ ɧɨɪɦɚɥɢɡɚɰɢɢ 
ɁɌȼ ɢɥɢ ɜ ɨɫɧɨɜɧɨɦ ɦɟɬɚɥɥɟ (ɫɬɚɥɶ 
15ɏ1Ɇ1Ɏ) ɢɯ ɛɭɞɟɬ ɦɟɧɶɲɟ, ɱɟɦ ɧɚ ɭɱɚɫɬɤɟ 
ɧɟɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɜ ɦɟɬɚɥɥɟ 
ɲɜɚ (ɫɩɥɚɜ 08ɏɆɎ). Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭɤɚɡɚɧ-
ɧɵɟ ɪɚɡɥɢɱɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɢɫɯɨɞɧɨɣ 
ɫɬɪɭɤɬɭɪɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸ ɫɜɚɪɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ, ɜɵɬɹɧɭɬɨɣ ɮɨɪɦɨɣ ɢ ɝɪɚɧɢɰɚɦɢ 
ɡɟɪɟɧ α-ɮɚɡɵ, ɚ ɬɚɤɠɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɤɚɪ-
ɛɢɞɧɵɯ ɜɵɞɟɥɟɧɢɣ. 
 
ɍɫɬɚɧɨɜɥɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɹ ɫ 
ɢɫɯɨɞɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ 
ɧɚɥɢɱɢɟɦ ɫɥɟɞɨɜ ɫɤɨɥɶɠɟɧɢɹ ɜ ɡɟɪɧɚɯ α-
ɮɚɡɵ. ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɜ ɫɬɪɭɤɬɭɪɟ ɭɱɚɫɬɤɚ 
ɧɟɩɨɥɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɨɜɵɟ ɩɨɪɰɢɢ 
ɪɚɫɩɚɜɲɟɝɨɫɹ ɚɭɫɬɟɧɢɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ 
ɫɮɟɪɨɢɞɢɡɢɪɨɜɚɧɧɨɝɨ ɩɟɪɥɢɬɚ, ɬɨ ɡɚɪɨɠɞɟ-
ɧɢɟ ɩɨɪ ɪɚɡɦɟɪɨɦ 0,05–0,10 ɦɤɦ ɩɪɨɢɫɯɨɞɢɬ 
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ɩɪɢ ɧɚɥɢɱɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɪɭɛɵɯ ɫɥɟɞɨɜ 
ɫɤɨɥɶɠɟɧɢɹ ɢ ɥɨɤɚɥɶɧɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟ-
ɮɨɪɦɚɰɢɢ (ɭɫɪɟɞɧɟɧɧɨɣ) İ ≥ 0,7 %. ɉɨɫɥɟ 
ɧɚɪɚɛɨɬɤɢ 190 ɬɵɫ. ɱ ɪɚɡɦɟɪɵ ɩɨɪ ɜ ɫɬɪɭɤɬɭ-
ɪɟ ɞɚɧɧɨɝɨ ɭɱɚɫɬɤɚ ɭɜɟɥɢɱɢɥɢɫɶ ɞɨ 1,1–
2,0 ɦɤɦ ɩɪɢ ɩɥɨɬɧɨɫɬɢ ɞɨ 700 ɩɨɪ/1ɦɦ2. ȼ 
ɚɧɚɥɨɝɢɱɧɨɣ ɫɬɪɭɤɬɭɪɟ, ɝɞɟ ɩɪɨɞɭɤɬɨɦ ɪɚɫ-
ɩɚɞɚ ɚɭɫɬɟɧɢɬɚ ɹɜɥɹɟɬɫɹ ɫɨɪɛɢɬ, ɫɥɟɞɵ 
ɫɤɨɥɶɠɟɧɢɹ ɦɟɧɟɟ ɝɪɭɛɵɟ, ɚ ɫɪɟɞɧɢɟ ɪɚɡɦɟɪɵ 
ɩɨɪ ɫɨɫɬɚɜɥɹɸɬ 0,5–0,9 ɦɤɦ ɩɪɢ ɢɯ ɩɥɨɬɧɨ-
ɫɬɢ ɞɨ 400 ɩɨɪ/1ɦɦ2. 
 
ȼ ɰɟɥɨɦ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɥɟɞɨɜ ɫɤɨɥɶɠɟ-
ɧɢɹ, ɜ ɬ.ɱ. ɝɪɭɛɵɯ, ɡɚɜɢɫɢɬ ɨɬ ɢɫɯɨɞɧɨɣ 
ɫɬɪɭɤɬɭɪɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ, ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɤɨɬɨɪɨɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɫɜɚɪɨɱɧɵɦ ɧɚɝɪɟɜɨɦ, ɮɢɡɢɱɟɫɤɢɦɢ ɭɫɥɨɜɢɹ-
ɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɧɚɪɚɛɨɬɤɢ. ɋɥɟɞɨɜɚɬɟɥɶ-
ɧɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɥɭɱɟɧɢɟ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɞɚɧɧɵɯ ɫɬɚɥɟɣ ɫ ɜɨɡ-
ɦɨɠɧɨ ɦɟɧɶɲɟɣ ɫɬɪɭɤɬɭɪɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨ-
ɫɬɶɸ. 

 
ȼɵɜɨɞɵ 

 
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɬɪɭɤɬɭɪɵ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢ ɟɟ ɩɨɜɪɟɠɞɚɟɦɨɫɬɶ 
ɩɨɫɥɟ 180 ɬɵɫ. ɱ ɧɚɪɚɛɨɬɤɢ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚ-
ɜɢɫɢɬ ɨɬ ɢɫɯɨɞɧɵɯ ɤɚɱɟɫɬɜɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ ɫɚɦɨɣ ɫɬɪɭɤɬɭɪɵ, ɚ ɬɚɤɠɟ ɨɬ ɫɬɟɩɟɧɢ ɟɟ 
ɫɬɪɭɤɬɭɪɧɨɣ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ. 
 
ɉɨɤɚɡɚɧɨ, ɱɬɨ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɦɨɞɟɥɢɪɨ-
ɜɚɧɢɹ ɫɜɚɪɨɱɧɨɝɨ ɧɚɝɪɟɜɚ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ 
ɫɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɫ ɭɥɭɱɲɟɧɧɵɦɢ ɤɚɱɟ-

ɫɬɜɟɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢɫɯɨɞɧɨɣ 
ɫɬɪɭɤɬɭɪɵ ɢ ɭɦɟɧɶɲɟɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɧɟ-
ɨɞɧɨɪɨɞɧɨɫɬɶɸ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

 
1. ɏɪɨɦɱɟɧɤɨ Ɏ.Ⱥ. Ɋɟɫɭɪɫ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟ-

ɧɢɣ ɩɚɪɨɩɪɨɜɨɞɨɜ / Ɏ.Ⱥ. ɏɪɨɦɱɟɧɤɨ. – 
Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 2002.  352 ɫ. 

2. Ɂɟɦɡɢɧ ȼ.ɇ. ɀɚɪɨɩɪɨɱɧɨɫɬɶ ɫɜɚɪɧɵɯ ɫɨ-
ɟɞɢɧɟɧɢɣ / ȼ.ɇ. Ɂɟɦɡɢɧ. – Ʌ.: Ɇɚɲɢɧɨ-
ɫɬɪɨɟɧɢɟ, 1972.  268 ɫ. 

3. Ⱦɦɢɬɪɢɤ ȼ.ȼ. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟ-
ɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɜ ɪɚɫɩɥɚɜɟ ɫɜɚɪɨɱɧɨɣ 
ɜɚɧɧɵ / ȼ.ȼ.  Ⱦɦɢɬɪɢɤ //ɋɜɚɪɨɱɧɨɟ ɩɪɨ-
ɢɡɜɨɞɫɬɜɨ.  1998.  №8.  ɋ. 19–21. 

4. Ⱦɦɢɬɪɢɤ ȼ.ȼ. ɑɢɫɥɟɧɧɵɟ ɪɟɲɟɧɢɹ ɤɪɚɟ-
ɜɵɯ ɡɚɞɚɱ ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɞɭɝɨɜɨɣ ɫɜɚɪɤɢ 
ɧɚ ɨɫɧɨɜɟ ɫɯɟɦɵ Ƚɚɥɟɪɤɢɧɚ / ȼ.ȼ. Ⱦɦɢɬ-
ɪɢɤ, ȼ.Ɇ. Ʉɚɥɢɧɢɱɟɧɤɨ // Ⱦɨɩɨɜɿɞɿ ɧɚɰɿ-
ɨɧɚɥɶɧɨʀ ɚɤɚɞɟɦɿʀ ɧɚɭɤ ɍɤɪɚʀɧɢ.  2002. 
 №5.  ɋ. 101–108. 

5. Ⱦɦɢɬɪɢɤ ȼ.ȼ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ 
ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɬɟɩɥɨɭɫɬɨɣɱɢɜɵɯ 
ɩɟɪɥɢɬɧɵɯ ɫɬɚɥɟɣ / ȼ.ȼ. Ⱦɦɢɬɪɢɤ // Ⱥɜ-
ɬɨɦɚɬɢɱɟɫɤɚɹ ɫɜɚɪɤɚ.  2000.  №4.   
ɋ. 27–29. 

 
 
 
 
 
Ɋɟɰɟɧɡɟɧɬ: Ⱦ.Ȼ. Ƚɥɭɲɤɨɜɚ, ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ., 
ɏɇȺȾɍ. 

 
 
 
 
 
 
 
 
 


