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ɊȿɎȿɊȺɌ 
 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɇɨɞɟɥɶɧɚɹ ɨɰɟɧɤɚ 

ɩɨɬɟɪɢ ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɤɥɟɬɨɤ ɯɜɨɣɧɵɯ» ɫɨɞɟɪɠɢɬ 34 ɫɬɪɚɧɢɰɵ 
ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 18 ɢɥɥɸɫɬɪɚɰɢɣ, 1 ɬɚɛɥɢɰɭ, 53 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ. 

ɄȺȼɂɌȺɐɂə ɁȺɆȿɊɁȺɇɂə-ɈɌɌȺɂȼȺɇɂə, ɗɆȻɈɅɂə, 
ɌɊȺɏȿɂȾȺ, ɄɋɂɅȿɆȺ, ȽɈȾɂɑɇɈȿ ɄɈɅɖɐɈ, ɌɊȺɏȿɂȾɈȽɊȺɆɆȺ, 
ȼɈȾɈɉɊɈȼȿȾȿɇɂȿ. 

Ɉɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɬɪɚɯɟɢɞɨɝɪɚɦɦɵ ɝɨɞɢɱɧɵɯ ɤɨɥɟɰ. 
ɐɟɥɶ ɪɚɛɨɬɵ — ɜɵɹɫɧɢɬɶ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɝɨɞɢɱɧɨɟ 

ɤɨɥɶɰɨ ɫɨɫɬɨɢɬ ɢɡ ɜɨɞɨɩɪɨɜɨɞɹɳɢɯ ɤɥɟɬɨɤ ɪɚɡɧɨɝɨ ɞɢɚɦɟɬɪɚ, ɜɥɢɹɟɬ ɧɚ 
ɩɪɨɰɟɧɬ ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɫɜɹɡɢ ɫ ɡɚɦɟɪɡɚɧɢɟɦ-ɨɬɬɚɢɜɚɧɢɟɦ ɜɨɞɵ ɜ 
ɩɪɨɜɨɞɹɳɢɯ ɤɥɟɬɤɚɯ. 

Ɂɚɞɚɱɢ: 1) ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɩɨɬɟɪɢ 
ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɤɥɟɬɨɤ ɤɫɢɥɟɦɵ ɜ ɫɜɹɡɢ ɫ ɡɚɦɟɪɡɚɧɢɟɦ-ɨɬɬɚɢɜɚɧɢɟɦ ɜɨɞɵ 
ɤɚɤ ɮɭɧɤɰɢɢ ɢɯ ɞɢɚɦɟɬɪɚ, 2) ɫɪɚɜɧɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɩɨɬɟɪɸ 
ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɝɨɞɢɱɧɵɯ ɤɨɥɟɰ, ɤɨɬɨɪɵɟ ɫɨɫɬɨɹɬ ɢɡ ɪɚɡɧɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. 

ɋɨɡɞɚɧɢɟ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ 
ɫɪɚɜɧɟɧɢɟ ɝɨɞɢɱɧɵɯ ɤɨɥɟɰ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ, ɬɚɤ ɤɚɤ ɧɚ 
ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɸ ɬɨɥɶɤɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɧɟ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɨɞɢɱɧɵɯ ɤɨɥɟɰ. 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɩɨɬɟɪɢ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɨɜɨɞɹɳɢɯ ɷɥɟɦɟɧɬɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɬɪɚɯɟɢɞɨɝɪɚɦɦɵ ɟɟ ɩɨɬɟɪɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɨɠɟɬ ɧɟ ɦɟɧɹɬɶɫɹ, 
ɢ, ɧɚɨɛɨɪɨɬ, ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɧɚɱɚɥɶɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɜɭɯ ɬɪɚɯɟɢɞɨɝɪɚɦɦ 
ɩɪɨɰɟɧɬ ɩɨɬɟɪɢ ɢɯ ɩɪɨɜɨɞɢɦɨɫɬɢ ɪɚɡɧɢɬɫɹ. 
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Ʉɫɢɥɟɦɚ, ɜɨɞɨɩɪɨɜɨɞɹɳɚɹ ɬɤɚɧɶ ɞɟɪɟɜɶɟɜ, ɢɦɟɟɬ ɞɜɟ ɨɫɧɨɜɧɵɯ 
ɮɭɧɤɰɢɢ: ɨɛɟɫɩɟɱɟɧɢɟ ɜɨɞɨɣ ɮɨɬɨɫɢɧɬɟɡɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɧɚɤɨɩɥɟɧɢɹ 
ɭɝɥɟɪɨɞɚ ɢ ɦɟɯɚɧɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ. Ⱦɥɹ ɞɟɩɨɧɢɪɨɜɚɧɢɹ ɭɝɥɟɪɨɞɚ 
ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɰɟɫɫɚ ɮɨɬɨɫɢɧɬɟɡɚ ɞɟɪɟɜɶɹɦ ɬɪɟɛɭɟɬɫɹ ɩɨɫɬɨɹɧɧɵɣ ɩɪɢɬɨɤ 
ɜɨɞɵ. ɋɤɨɪɨɫɬɶ ɷɜɚɩɨɬɪɚɧɫɩɢɪɚɰɢɢ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɩɪɨɜɨɞɢɦɨɫɬɢ 
ɤɥɟɬɨɤ ɤɫɢɥɟɦɵ: ɱɟɦ ɛɨɥɶɲɟ ɢɯ ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɦɟɪ, ɬɟɦ ɛɨɥɶɲɟ ɜɨɞɵ ɛɭɞɟɬ 
ɩɪɨɯɨɞɢɬɶ. Ɉɞɧɚɤɨ, ɞɟɪɟɜɨ ɧɟɦɢɧɭɟɦɨ ɬɟɪɹɟɬ ɩɪɨɜɨɞɢɦɨɫɬɶ ɜ ɬɟɱɟɧɢɢ ɫɜɨɟɣ 
ɠɢɡɧɢ. ɉɨɷɬɨɦɭ ɞɥɹ ɦɧɨɝɨɥɟɬɧɢɯ ɪɚɫɬɟɧɢɣ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɟɧ ɜɬɨɪɢɱɧɵɣ 
ɪɨɫɬ – ɨɛɪɚɡɨɜɚɧɢɟ ɧɨɜɵɯ ɩɪɨɜɨɞɹɳɢɯ ɤɥɟɬɨɤ.  

Ƚɥɚɜɧɨɣ ɭɝɪɨɡɨɣ ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɟɪɟɜɶɟɜ, ɪɚɫɬɭɳɢɯ ɜ ɫɟɜɟɪɧɵɯ 
ɲɢɪɨɬɚɯ, ɹɜɥɹɸɬɫɹ ɡɚɦɨɪɨɡɤɢ. ɐɢɤɥɵ ɡɚɦɟɪɡɚɧɢɹ-ɨɬɬɚɢɜɚɧɢɹ ɜɨɞɵ ɜ 
ɩɪɨɜɨɞɹɳɢɯ ɷɥɟɦɟɧɬɚɯ ɤɫɢɥɟɦɵ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɢɯ ɞɢɫɮɭɧɤɰɢɢ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɡɚɦɟɞɥɟɧɢɸ ɪɨɫɬɚ ɢɥɢ ɞɚɠɟ ɝɢɛɟɥɢ ɪɚɫɬɟɧɢɹ. ɗɬɨɬ ɪɢɫɤ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɞɢɚɦɟɬɪɚ ɤɥɟɬɤɢ. 

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɛɟɢɯ ɮɭɧɤɰɢɣ ɢ ɭɱɟɬɚ ɪɢɫɤɚ ɞɢɫɮɭɧɤɰɢɢ ɝɨɞɢɱɧɵɟ 
ɤɨɥɶɰɚ ɞɨɥɠɧɵ ɫɨɫɬɨɹɬɶ ɢɡ ɤɥɟɬɨɤ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɭɱɟɧɵɟ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ 
ɢɫɩɨɥɶɡɭɸɬ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɦɟɬɨɞɵ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɱɚɫɨɜ ɞɥɹ ɢɯ ɩɪɨɜɟɞɟɧɢɹ ɢ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ɇɨ ɝɥɚɜɧɵɣ ɢɯ ɧɟɞɨɫɬɚɬɨɤ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɟɜɨɡɦɨɠɧɨɫɬɢ ɨɰɟɧɤɢ ɩɨɬɟɪɢ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɝɨɞɢɱɧɵɯ ɤɨɥɟɰ. 

ɐɟɥɶ ɪɚɛɨɬɵ — ɜɵɹɫɧɢɬɶ, ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɝɨɞɢɱɧɨɟ 
ɤɨɥɶɰɨ ɫɨɫɬɨɢɬ ɢɡ ɜɨɞɨɩɪɨɜɨɞɹɳɢɯ ɤɥɟɬɨɤ ɪɚɡɧɨɝɨ ɞɢɚɦɟɬɪɚ, ɜɥɢɹɟɬ ɧɚ 
ɩɪɨɰɟɧɬ ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɫɜɹɡɢ ɫ ɡɚɦɟɪɡɚɧɢɟɦ-ɨɬɬɚɢɜɚɧɢɟɦ ɜɨɞɵ ɜ 
ɩɪɨɜɨɞɹɳɢɯ ɤɥɟɬɤɚɯ. 

Ɂɚɞɚɱɢ: 1) ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɦɟɬɨɞ ɨɰɟɧɤɢ ɩɨɬɟɪɢ 
ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɤɥɟɬɨɤ ɤɫɢɥɟɦɵ ɜ ɫɜɹɡɢ ɫ ɡɚɦɟɪɡɚɧɢɟɦ-ɨɬɬɚɢɜɚɧɢɟɦ ɜɨɞɵ 
ɤɚɤ ɮɭɧɤɰɢɢ ɢɯ ɞɢɚɦɟɬɪɚ, 2) ɫɪɚɜɧɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɩɨɬɟɪɸ 
ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɪɚɡɥɢɱɧɵɯ ɝɨɞɢɱɧɵɯ ɤɨɥɟɰ, ɤɚɠɞɨɟ ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɢɡ 
ɪɚɡɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɥɟɬɨɤ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ. 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪы 
 

1.1 Ɇɟɯɚɧɢɡɦ ɬɪɚɧɫɩɨɪɬɚ ɜɨɞы ɨɬ ɤɨɪɧɟɣ ɤ ɤɪɨɧɟ 
  
Ⱦɥɹ ɮɨɬɨɫɢɧɬɟɡɚ ɞɟɪɟɜɶɹɦ ɬɪɟɛɭɟɬɫɹ ɩɨɞɧɢɦɚɬɶ ɜɨɞɭ ɢɡ ɩɨɱɜɵ, ɝɞɟ ɩɨ 

ɤɨɪɧɹɦ ɱɟɪɟɡ ɫɬɜɨɥ ɨɧɚ ɩɨɩɚɞɚɟɬ ɜ ɤɪɨɧɭ ɤ ɥɢɫɬɶɹɦ. ɉɨ ɫɨɜɪɟɦɟɧɧɵɦ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɩɨɞɴɟɦ ɜɨɞɵ ɨɬ ɤɨɪɧɟɣ ɤ ɤɪɨɧɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɦɟɯɚɧɢɡɦɭ 
ɫɰɟɩɥɟɧɢɹ-ɧɚɬɹɠɟɧɢɹ (Dixon, et al., 1895). ɉɨɞɴɟɦ ɜɨɞɵ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 
ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɦ ɞɚɜɥɟɧɢɢ. ɋɨɥɧɟɱɧɵɣ ɫɜɟɬ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɷɧɟɪɝɢɟɣ ɦɨɥɟɤɭɥɵ ɜɨɞɵ ɜ ɩɨɪɚɯ-ɤɚɩɢɥɥɹɪɚɯ ɦɢɤɪɨɜɨɥɨɤɨɧ ɰɟɥɥɸɥɨɡɵ, ɷɬɚ 
ɷɧɟɪɝɢɹ ɩɪɟɜɨɫɯɨɞɢɬ ɫɤɪɵɬɭɸ ɬɟɩɥɨɬɭ ɩɚɪɨɨɛɪɚɡɨɜɚɧɢɹ, ɢ ɜɨɞɨɪɨɞɧɵɟ ɫɜɹɡɢ 
ɧɚ ɝɪɚɧɢɰɟ ɜɨɞɚ-ɜɨɡɞɭɯ ɜ ɦɢɧɢɫɤɟ ɪɚɡɪɵɜɚɸɬɫɹ. Ʉɚɩɢɥɥɹɪɧɵɟ ɫɢɥɵ 
ɩɪɟɩɹɬɫɬɜɭɸɬ ɜɨɡɜɪɚɬɭ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɜɧɭɬɪɶ ɤɥɟɬɤɢ ɫ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɢ 
ɜɨɞɚ ɧɢɠɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɨɤɚɡɵɜɚɟɬɫɹ ɩɨɞ ɨɬɪɢɰɚɬɟɥɶɧɵɦ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɢɦ ɞɚɜɥɟɧɢɟɦ. ɉɨɷɬɨɦɭ ɬɪɚɧɫɩɨɪɬ ɜɨɞɵ ɜ ɞɟɪɟɜɟ ɩɪɢɧɹɬɨ 
ɧɚɡɵɜɚɬɶ ɩɚɫɫɢɜɧɵɦ, ɬɚɤ ɤɚɤ ɞɥɹ ɩɨɞɴɟɦɚ ɜɨɞɵ ɤ ɮɨɬɨɫɢɧɬɟɡɢɪɭɸɳɢɦ 
ɷɥɟɦɟɧɬɚɦ ɞɟɪɟɜɨ ɧɟ ɡɚɬɪɚɱɢɜɚɟɬ ɫɨɛɫɬɜɟɧɧɨɣ ɷɧɟɪɝɢɢ. 

ɋɚɦɨɟ ɧɢɡɤɨɟ ɞɚɜɥɟɧɢɟ ɧɚ ɞɢɫɬɚɥɶɧɨɦ ɤɨɧɰɟ (ɥɢɫɬɶɹ). ɗɬɨ 
ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɩɟɪɟɞɚɟɬɫɹ ɜɧɢɡ ɞɨ ɜɨɞɵ ɜ ɩɨɱɜɟ ɱɟɪɟɡ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɭɡɤɢɟ ɧɚɩɨɥɧɟɧɧɵɟ ɜɨɞɨɣ ɤɚɧɚɥɵ ɤɥɟɬɨɱɧɵɯ ɫɬɟɧɨɤ (ɩɨɪɵ) ɢ ɱɟɪɟɡ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɟɟ ɲɢɪɨɤɢɟ ɤɚɧɚɥɵ ɩɪɨɜɨɞɹɳɢɯ ɷɥɟɦɟɧɬɨɜ ɤɫɢɥɟɦɵ 
(ɫɨɫɭɞɵ ɢ ɬɪɚɯɟɢɞɵ) (Bohm, 1893; Dixon, et al., 1895; Tyree, et al., 1994; 
Sperry, et al., 1996; Tyree, 1997; Cochard, et al., 2000; Tyree, et al., 2002). 

 
1.2 ɋɬɪɨɟɧɢɟ ɜɨɞɨɩɪɨɜɨɞящɟɣ ɬɤɚɧɢ 
 
ɏɜɨɣɧɵɟ ɨɬɥɢɱɚɸɬɫɹ ɦɟɧɶɲɢɦ ɪɚɡɦɟɪɨɦ ɤɥɟɬɨɤ ɜɨɞɨɩɪɨɜɨɞɹɳɟɣ 

ɬɤɚɧɢ. ȼɨɞɨɩɪɨɜɨɞɹɳɚɹ ɬɤɚɧɶ ɯɜɨɣɧɵɯ, ɞɪɟɜɟɫɢɧɚ, ɫɨɫɬɨɢɬ ɢɡ ɤɥɟɬɨɤ ɞɜɭɯ 
ɬɢɩɨɜ: ɬɪɚɯɟɚɥɶɧɵɯ ɢ ɩɚɪɟɧɯɢɦɧɵɯ. Ɍɪɚɯɟɚɥɶɧɵɟ ɤɥɟɬɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɬɪɚɯɟɢɞɚɦɢ. Ɂɪɟɥɚɹ ɤɫɢɥɟɦɚ ɛɨɥɟɟ ɱɟɦ ɧɚ 90% ɫɨɫɬɨɢɬ ɢɡ ɬɪɚɯɟɢɞ - ɦɟɪɬɜɵɯ 
ɤɥɟɬɨɤ ɜ ɜɢɞɟ ɩɨɥɵɯ ɬɪɭɛɨɤ, ɧɚɩɨɥɧɟɧɧɵɯ ɜɨɞɨɣ (ɗɫɚɭ, 1969; ɑɚɜɱɚɜɚɞɡɟ, 
1979). Ɍɪɚɯɟɢɞɵ “ɪɨɠɞɚɸɬɫɹ” ɧɚɩɨɥɧɟɧɧɵɦɢ ɢ ɞɨɥɠɧɵ ɬɚɤɢɦɢ ɨɫɬɚɜɚɬɶɫɹ, 
ɱɬɨɛɵ ɜɵɩɨɥɧɹɬɶ ɫɜɨɸ ɮɭɧɤɰɢɸ ɩɨ ɬɪɚɧɫɩɨɪɬɭ ɜɨɞɵ (Venturas, et al., 2017). 

Ɍɪɚɯɟɢɞɵ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɩɨɪɚɦɢ. ɍ ɯɜɨɣɧɵɯ ɞɪɟɜɟɫɧɵɯ 
ɪɚɫɬɟɧɢɣ ɜ ɩɨɪɚɯ ɢɦɟɟɬɫɹ ɬɨɪɭɫ, ɬ.ɟ. ɭɬɨɥɳɟɧɢɟ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɩɨɪɨɜɨɣ 
ɦɟɦɛɪɚɧɵ, ɤɨɬɨɪɨɟ ɧɟɫɤɨɥɶɤɨ ɲɢɪɟ ɨɬɜɟɪɫɬɢɹ ɨɤɚɣɦɥɟɧɧɨɣ ɩɨɪɵ (ɪɢɫ. 1) 
(Venturas, et al., 2017). 
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Ɋɢɫɭɧɨɤ 1 – ɦɟɠɤɥɟɬɨɱɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫ ɩɨɪɚɦɢ ɢ ɦɟɦɛɪɚɧɵ ɩɨɪ. (Ⱥ) 
ɉɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɫɨɫɭɞɢɫɬɵɦɢ ɤɥɟɬɤɚɦɢ ɫɬɜɨɥɚ ɝɢɛɪɢɞɚ ɬɨɩɨɥɹ (Populus trichocarpa * 

deltoides). ɍ ɩɨɪ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɮɨɬɨ ɭɞɚɥɟɧɵ ɦɟɦɛɪɚɧɵ; ɍ ɩɨɪ ɜ ɫɟɪɟɞɢɧɟ ɪɢɫɭɧɤɚ 
ɦɟɦɛɪɚɧɵ ɫɨɯɪɚɧɟɧɵ, ɧɨ ɨɬɫɭɬɫɬɜɭɟɬ ɩɨɪɨɜɚɹ ɝɪɚɧɢɰɚ, ɧɚɩɪɚɜɥɟɧɧɚɹ ɥɢɰɨɦ ɤ 

ɧɚɛɥɸɞɚɬɟɥɸ; ȼ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ ɩɨɪɵ ɨɬɨɛɪɚɠɚɸɬ ɚɩɟɪɬɭɪɭ ɩɨɪ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ 
ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ (ɩɨɤɚɡɚɧɨ ɫɬɪɟɥɤɚɦɢ). Ɏɨɬɨɝɪɚɮ: Lenka Plavcova. (ȼ) ɉɨɜɟɪɯɧɨɫɬɶ 
ɩɨɪɨɜɨɣ ɦɟɦɛɪɚɧɵ ɩɨɤɪɵɬɨɫɟɦɟɧɧɵɯ (Acer platanoides) ɫ ɝɨɦɨɝɟɧɧɨɣ ɩɟɪɮɨɪɚɰɢɟɣ. 
Ɏɨɬɨɝɪɚɮ: Brendan Choat. ɉɨɪɨɜɚɹ ɦɟɦɛɪɚɧɚ ɯɜɨɣɧɵɯ (Picea glauca) c ɬɢɩɢɱɧɨɣ ɞɥɹ 
ɯɜɨɣɧɵɯ ɫɬɪɭɤɬɭɪɨɣ ɬɨɪɭɫ-ɦɚɪɝɨ. Ɏɨɬɨɝɪɚɮ: Amanda Schoonmaker. Ɇɚɫɲɬɚɛ ɤɚɠɞɨɣ 

ɮɨɬɨɝɪɚɮɢɢ ɭɤɚɡɚɧ ɜ ɥɟɜɨɦ ɧɢɠɧɟɦ ɭɝɥɟ (Venturas, et al., 2017) 

 

ȼ ɩɨɩɟɪɟɱɧɨɦ ɫɟɱɟɧɢɢ ɮɨɪɦɚ ɬɪɚɯɟɢɞ ɜ ɫɟɦɟɣɫɬɜɟ ɋɨɫɧɨɜɵɯ ɱɚɳɟ 
ɜɫɟɝɨ ɧɚɩɨɦɢɧɚɟɬ ɩɪɹɦɨɭɝɨɥɶɧɢɤ, ɪɟɠɟ ɩɹɬɢ- ɢɥɢ ɲɟɫɬɢɭɝɨɥɶɧɢɤɢ, ɨɞɧɚɤɨ 
ɩɨɩɟɪɟɱɧɵɣ ɪɚɡɦɟɪ ɬɪɚɯɟɢɞ ɢ ɫɨɫɭɞɨɜ ɩɪɢɧɹɬɨ ɧɚɡɵɜɚɬɶ ɞɢɚɦɟɬɪɨɦ.  

Ⱦɥɢɧɭ ɬɪɚɯɟɢɞɵ ɜɞɨɥɶ ɫɬɜɨɥɚ ɞɟɪɟɜɚ ɧɚɡɵɜɚɸɬ ɚɤɫɢɚɥɶɧɵɦ ɪɚɡɦɟɪɨɦ. 
Ɋɚɞɢɚɥɶɧɵɣ ɢ ɬɚɧɝɟɧɬɚɥɶɧɵɣ ɞɢɚɦɟɬɪ ɬɪɚɯɟɢɞɵ – ɷɬɨ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɨɞɧɨɣ 
ɫɪɟɞɢɧɧɨɣ ɥɚɦɟɥɥɵ ɞɨ ɫɥɟɞɭɸɳɟɣ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɟ ɤ ɧɟɦɭ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɬɚɧɝɟɧɬɚɥɶɧɵɣ ɢ ɪɚɞɢɚɥɶɧɵɣ ɞɢɚɦɟɬɪɵ ɬɪɚɯɟɢɞɵ ɜɯɨɞɹɬ 
ɪɚɡɦɟɪɵ ɤɥɟɬɨɱɧɵɯ ɫɬɟɧɨɤ ɢ ɜɟɥɢɱɢɧɚ ɬɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɝɞɟ ɩɪɨɯɨɞɢɬ ɜɨɞɚ 
(ɥɸɦɟɧ).   

  
1.3 Ʉɚɜɢɬɚɰɢя ɢ эɦɛɨɥɢя ɜ ɩɪɨɜɨɞɧɢɤɚɯ 
 
ɉɨɞɧɢɦɚɹɫɶ ɜ ɫɬɜɨɥɟ ɞɟɪɟɜɚ ɩɨɞ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ, ɜɨɞɚ 

ɧɚɯɨɞɢɬɫɹ ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ. ȼɨɞɚ ɩɪɟɛɵɜɚɟɬ ɜ ɠɢɞɤɨɦ 
ɫɨɫɬɨɹɧɢɢ, ɧɨ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɩɨɦɢɦɨ ɠɢɞɤɨɣ ɮɚɡɵ ɦɨɝɭɬ 
ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɝɚɡɨɜɵɟ ɩɭɡɵɪɢ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɧɚɡɵɜɚɟɬɫɹ ɤɚɜɢɬɚɰɢɟɣ. ȿɫɥɢ 
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ɞɚɜɥɟɧɢɟ ɜ ɬɚɤɨɦ ɩɭɡɵɪɟ ɛɨɥɶɲɟ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ ɞɚɜɥɟɧɢɹ 
ɨɤɪɭɠɚɸɳɟɣ ɟɝɨ ɜɨɞɵ, ɬɨ ɨɧ ɪɚɡɪɚɫɬɚɟɬɫɹ ɢ ɡɚɧɢɦɚɟɬ ɜɟɫɶ ɨɛɴɟɦ ɥɸɦɟɧɚ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɞɢɫɮɭɧɤɰɢɢ ɩɪɨɜɨɞɹɳɟɣ ɤɥɟɬɤɢ. Ɍɚɤɨɟ ɹɜɥɟɧɢɟ ɧɚɡɵɜɚɟɬɫɹ 
ɷɦɛɨɥɢɟɣ (Sperry, et al., 1988; Pittermann, et al., 2006; Sevanto, et al., 2012; 
Venturas, et al., 2017). 

Ɋɚɡɞɟɥɹɸɬ ɞɜɚ ɜɢɞɚ ɤɚɜɢɬɚɰɢɢ (ɪɢɫ. 2): ɤɚɜɢɬɚɰɢɹ ɡɚɦɟɪɡɚɧɢɹ-
ɨɬɬɚɢɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɩɪɨɢɫɯɨɞɢɬ ɜɨ ɜɪɟɦɹ ɪɟɡɤɨɝɨ ɩɟɪɟɩɚɞɚ ɬɟɦɩɟɪɚɬɭɪ 
(Sucoff, 1969; Ewers, 1985; Pittermann, et al., 2003; Mayr, 2007) ɢ ɤɚɜɢɬɚɰɢɹ, 
ɧɚɡɵɜɚɟɦɚɹ ɜɨɞɧɵɦ ɫɬɪɟɫɫɨɦ, ɤɨɬɨɪɚɹ ɩɪɨɢɫɯɨɞɢɬ ɜɨ ɜɪɟɦɹ ɡɚɫɭɲɥɢɜɵɯ 
ɩɟɪɢɨɞɨɜ ɩɪɢ ɧɟɞɨɫɬɚɬɤɟ ɜɨɞɵ (Sperry, et al., 1988). 

 

 

Ɋɢɫɭɧɨɤ 2 – Ⱦɢɚɝɪɚɦɦɚ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɜɢɞɨɜ ɷɦɛɨɥɢɢ ɫ ɩɪɢɧɰɢɩɢɚɥɶɧɨ 
ɪɚɡɥɢɱɧɵɦɢ ɩɭɬɹɦɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɭɡɵɪɟɣ ɜ ɬɪɚɯɟɢɞɟ: ɜɨɞɧɵɣ ɫɬɪɟɫɫ ɢ ɰɢɤɥɵ 

ɡɚɦɟɪɡɚɧɢɹ ɨɬɬɚɢɜɚɧɢɹ. ɉɪɢ ɜɨɞɧɨɦ ɫɬɪɟɫɫɟ ɜɨɡɞɭɯ ɩɨɩɚɞɚɟɬ ɜ ɩɪɨɜɨɞɧɢɤ ɢɡ ɫɨɫɟɞɧɢɯ 
ɩɪɨɜɨɞɧɢɤɨɜ, ɩɪɢ ɡɚɦɟɪɡɚɧɢɢ-ɨɬɬɚɢɜɚɧɢɢ ɩɭɡɵɪɢ ɝɚɡɚ ɨɛɪɚɡɭɸɬɫɹ ɜ ɫɚɦɨɦ ɩɪɨɜɨɞɧɢɤɟ. 

ȼɧɢɡɭ ɩɟɪɟɱɢɫɥɟɧɵ ɝɥɚɜɧɵɟ ɩɪɢɱɢɧɵ ɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɹ (Langan, et al., 1997) 

 
1.3.1 Ʉɚɜɢɬɚɰɢя, ɜыɡɜɚɧɧɚя ɜɨɞɧыɦ ɫɬɪɟɫɫɨɦ 
 
ɗɦɛɨɥɢɹ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɧɟɞɨɫɬɚɬɤɚ ɜɨɞɵ ɜ ɤɫɢɥɟɦɟ, ɨɛɴɹɫɧɹɟɬɫɹ 

ɝɢɩɨɬɟɡɨɣ “ɷɣɪ-ɫɢɞɢɧɝ” (“air-seeding” hypothesis) (Sperry, et al., 1988). Ʉɨɝɞɚ 



8 
 

ɝɚɡɨɜɵɟ ɩɭɡɵɪɢ ɢɡ ɷɦɛɨɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ (𝑃௔ = Ͳ) ɩɨɩɚɞɚɸɬ  ɜ 
ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɣ, ɧɚɩɨɥɧɟɧɧɵɣ ɠɢɞɤɨɫɬɶɸ, ɩɪɨɜɨɞɧɢɤ ɤɫɢɥɟɦɵ (𝑃𝑥 < Ͳ) 
ɱɟɪɟɡ ɦɟɦɛɪɚɧɵ ɩɨɪ, ɬɨɬ ɡɚɩɨɥɧɹɟɬɫɹ ɜɨɡɞɭɯɨɦ. ȼɨɞɚ ɩɪɢ ɷɬɨɦ ɜɵɬɟɫɧɹɟɬɫɹ 
ɢɡ ɥɸɦɟɧɚ ɢ ɩɪɨɧɢɤɚɟɬ ɜ ɤɥɟɬɨɱɧɵɟ ɫɬɟɧɤɢ ɩɪɨɜɨɞɧɢɤɚ. Ɋɚɡɧɢɰɚ ɞɚɜɥɟɧɢɣ, 
ɬɪɟɛɭɟɦɚɹ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɜɨɡɞɭɲɧɨɝɨ ɩɭɡɵɪɹ ɱɟɪɟɡ ɢɞɟɚɥɶɧɭɸ 
ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɦɟɦɛɪɚɧɭ ɩɨɪɵ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɢɡ ɭɪɚɜɧɟɧɢɹ: 
 
    𝑃௠𝑖௡ = − ͶГ cosሺ𝜃ሻܦ௖   (1) 

 
ɝɞɟ  𝑃௠𝑖௡ – ɧɚɢɛɨɥɟɟ ɧɢɡɤɨɟ ɞɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɫɨɡɞɚɬɶ ɦɟɧɢɫɤ, Г – 
ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ (ɇ/ɦ), 𝜃 – ɤɨɧɬɚɤɬɧɵɣ ɭɝɨɥ ɦɟɠɞɭ ɠɢɞɤɨɫɬɶɸ ɢ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɤɚɩɢɥɥɹɪɚ ɢ ܦ௖ – ɞɢɚɦɟɬɪ ɤɚɩɢɥɥɹɪɚ (ɦ) (Venturas, et al., 2017). 

ɗɣɪ-ɫɢɞɢɧɝ ɜ ɯɜɨɣɧɵɯ ɢ ɩɨɤɪɵɬɨɫɟɦɹɧɧɵɯ ɧɟɦɧɨɝɨ ɪɚɡɥɢɱɟɧ ɢɡ-ɡɚ 
ɪɚɡɥɢɱɢɹ ɜ ɫɬɪɭɤɬɭɪɟ ɢɯ ɩɨɪɨɜɵɯ ɦɟɦɛɪɚɧ. ɉɨɪɵ ɯɜɨɣɧɵɯ ɢɦɟɸɬ ɬɨɪɭɫ ɢ 
ɤɨɥɶɰɨ ɜɨɤɪɭɝ ɬɨɪɭɫɚ, ɧɚɡɵɜɚɟɦɨɝɨ “ɦɚɪɝɨ” ɫ ɨɱɟɧɶ ɧɢɡɤɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ 
ɤ ɩɨɬɨɤɭ ɜɨɞɵ (Pittermann, et al., 2005). Ʉɨɝɞɚ ɩɪɨɜɨɞɧɢɤ ɩɨɞɜɟɪɝɚɟɬɫɹ 
ɷɦɛɨɥɢɢ, ɦɟɦɛɪɚɧɚ ɨɬɤɥɨɧɹɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɜɧɟɲɧɟɣ ɱɚɫɬɢ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ, 
ɨɬ ɷɦɛɨɥɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɜɨɞɧɢɤɚ, ɢ ɬɨɪɭɫ ɡɚɤɪɵɜɚɟɬ ɩɪɨɯɨɞ ɞɥɹ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɞɭɯɚ ɢɡ ɷɦɛɨɥɢɡɢɪɨɜɚɧɧɨɣ ɬɪɚɯɟɢɞɵ. Ɉɞɧɚɤɨ ɬɚɤɨɟ 
ɫɬɪɨɟɧɢɟ ɦɟɦɛɪɚɧ ɩɨɪ ɭ ɯɜɨɣɧɵɯ ɧɟ ɞɚɟɬ ɩɨɥɧɨɣ ɝɚɪɚɧɬɢɢ ɨɬ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɡɞɭɯɚ. ɋɨɜɪɟɦɟɧɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɜɨɡɦɨɠɧɵɯ 
ɦɟɯɚɧɢɡɦɚɯ ɩɪɨɯɨɠɞɟɧɢɹ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ ɩɨɪɵ ɬɪɚɯɟɢɞɵ 
ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɷɣɪ-ɫɢɞɢɧɝɚ ɨɬ ɞɚɜɥɟɧɢɹ (Cochard, et al., 2009; 
Delzon, et al., 2010). Ʉɨɥɢɱɟɫɬɜɨ ɷɦɛɨɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɡɧɚɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɜɨɞɧɢɤɟ (Cochard, et 
al., 2009; Delzon, et al., 2010; Jansen, et al., 2012; Bouche, et al., 2014).  

Ⱦɥɹ ɡɚɩɭɫɤɚ ɩɪɨɰɟɫɫɚ ɷɣɪ-ɫɢɞɢɧɝ ɬɪɟɛɭɟɬɫɹ ɧɚɥɢɱɢɟ ɭɠɟ 
ɷɦɛɨɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ (ɪɢɫ. 3). ɗɬɨ ɭɫɥɨɜɢɟ ɥɟɝɤɨ ɜɵɩɨɥɧɢɦɨ, ɬɚɤ 
ɤɚɤ ɞɟɪɟɜɨ ɩɨɫɬɨɹɧɧɨ ɩɨɞɜɟɪɠɟɧɨ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɜɪɟɠɞɟɧɢɹɦ (ɨɩɚɞɟɧɢɟ 
ɥɢɫɬɶɟɜ, ɮɢɡɢɨɥɨɝɢɱɟɫɤɨɟ ɫɬɚɪɟɧɢɟ ɤɨɪɧɟɣ, ɩɨɠɚɪɵ, ɲɬɨɪɦɵ ɢ ɞɪ.) (Venturas, 
et al., 2017). 
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Ɋɢɫɭɧɨɤ 3 – Ɇɟɯɚɧɢɡɦ ɷɣɪ-ɫɢɞɢɧɝ ɜ ɭɫɥɨɜɢɹɯ ɜɨɞɧɨɝɨ ɫɬɪɟɫɫɚ ɞɥɹ ɯɜɨɣɧɵɯ ɢ 

ɩɨɤɪɵɬɨɫɟɦɟɧɧɵɯ. Ɋɚɡɧɢɰɚ ɞɚɜɥɟɧɢɣ (𝛥𝑃) ɦɟɠɞɭ ɡɚɩɨɥɧɟɧɧɵɦ ɜɨɡɞɭɯɨɦ 
ɩɪɨɜɨɞɧɢɤɨɦ (𝑃௔ = Ͳ) ɢ ɩɪɢɥɟɝɚɸɳɢɦ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɦ ɩɪɨɜɨɞɧɢɤɨɦ, 

ɡɚɩɨɥɧɟɧɧɵɦ ɜɨɞɨɣ (𝑃𝑥 < Ͳ), ɡɚɫɬɚɜɥɹɟɬ ɦɟɦɛɪɚɧɭ ɩɨɪɵ ɨɬɤɥɨɧɹɬɶɫɹ ɢ ɡɚɫɥɨɧɹɬɶ 
ɩɪɨɯɨɞ ɱɟɪɟɡ ɩɨɪɭ. ȼ ɯɜɨɣɧɵɯ ɜɨɡɞɭɯ ɩɪɨɧɢɤɚɟɬ ɜ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɟ ɩɪɨɜɨɞɧɢɤɢ, 
ɤɨɝɞɚ 𝛥𝑃 ɛɨɥɶɲɟ ɞɚɜɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɜɵɞɟɪɠɚɬɶ ɩɨɪɚ, ɩɟɪɟɤɪɵɬɚɹ ɬɨɪɭɫɨɦ, 

ɢɥɢ ɤɨɝɞɚ 𝛥𝑃 ɜɟɥɢɤɚ ɧɚɫɬɨɥɶɤɨ, ɱɬɨɛɵ ɫɦɟɫɬɢɬɶ ɬɨɪɭɫ ɫ ɦɟɫɬɚ ɩɟɪɟɤɪɵɬɢɹ 
(Venturas, et al., 2017) 

 
1.3.2 Ʉɚɜɢɬɚɰɢя ɡɚɦɟɪɡɚɧɢя-ɨɬɬɚɢɜɚɧɢя 

 
 ɐɢɤɥɵ ɡɚɦɟɪɡɚɧɢɹ-ɨɬɬɚɢɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦ ɢɡ ɞɜɭɯ ɝɥɚɜɧɵɯ 

ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɷɦɛɨɥɢɢ ɩɪɨɜɨɞɹɳɢɯ ɷɥɟɦɟɧɬɨɜ 
ɤɫɢɥɟɦɵ ɞɪɟɜɟɫɧɵɯ ɪɚɫɬɟɧɢɣ (Mayr, 2007), ɢ ɜɵɡɜɚɧɵ ɨɧɢ, ɨɱɟɜɢɞɧɨ, 
ɩɟɪɟɩɚɞɚɦɢ ɬɟɦɩɟɪɚɬɭɪ. 

ɉɭɡɵɪɢ ɝɚɡɚ ɮɨɪɦɢɪɭɸɬɫɹ ɜɨ ɜɪɟɦɹ ɡɚɦɟɪɡɚɧɢɹ ɢ ɪɚɫɲɢɪɹɸɬɫɹ ɜɨ 
ɜɪɟɦɹ ɨɬɬɚɢɜɚɧɢɹ (thaw expansion hypothesis) (Sucoff, 1969; Ewers, 1985; 
Davis, et al., 1999; Pittermann, et al., 2003; Pittermann, et al., 2006; Mayr, 2007). 
ȼ ɩɟɪɢɨɞ ɡɚɦɟɪɡɚɧɢɹ ɬɪɭɞɧɨɪɚɫɬɜɨɪɢɦɵɣ ɜɨ ɥɶɞɭ ɜɨɡɞɭɯ ɜɵɞɟɥɹɟɬɫɹ ɢɡ ɜɨɞɵ, 
ɢ ɨɛɪɚɡɭɸɬɫɹ ɩɨɥɨɫɬɢ ɫ ɝɚɡɨɦ (Pittermann, et al., 2003; Pittermann, et al., 2006; 
Mayr, 2007; Sevanto, et al., 2012). ȿɫɥɢ ɥɟɞ ɬɚɟɬ ɫɥɢɲɤɨɦ ɛɵɫɬɪɨ, ɬɨ ɝɚɡ ɜ 
ɩɭɡɵɪɹɯ ɧɟ ɭɫɩɟɜɚɟɬ ɪɚɫɬɜɨɪɹɬɶɫɹ ɜ ɜɨɞɟ, ɢ, ɢɡ-ɡɚ ɛɨ̀ɥɶɲɟɝɨ ɞɚɜɥɟɧɢɹ ɜɧɭɬɪɢ 
ɝɚɡɨɜɵɯ ɩɭɡɵɪɟɣ, ɨɧɢ ɪɚɫɲɢɪɹɸɬɫɹ ɢ ɡɚɩɨɥɧɹɸɬ ɜɟɫɶ ɨɛɴɟɦ ɩɪɨɜɨɞɧɢɤɚ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɟɝɨ ɩɪɨɜɨɞɹɳɟɣ ɮɭɧɤɰɢɢ (Hacke, et al., 2001; Pittermann, et 
al., 2006; Sevanto, et al., 2012). 
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1.3.2.1 ɉɟɪɢɨɞ ɡɚɦɟɪɡɚɧɢя 
 
ȼ ɩɟɪɢɨɞ ɡɚɦɟɪɡɚɧɢɹ ɠɢɞɤɨɫɬɶ ɜ ɤɫɢɥɟɦɟ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɥɟɞ, ɚ 

ɜɵɞɟɥɢɜɲɢɟɫɹ ɢɡ ɧɟɟ ɝɚɡɵ ɮɨɪɦɢɪɭɸɬɫɹ ɜ ɩɭɡɵɪɢ. Ɇɟɯɚɧɢɡɦ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɷɬɢɯ ɩɭɡɵɪɟɣ ɨɩɪɟɞɟɥɹɟɬ, ɤɚɤ ɫɬɪɭɤɬɭɪɚ ɤɫɢɥɟɦɵ ɜɥɢɹɟɬ ɧɚ ɜɟɪɨɹɬɧɨɫɬɶ 
ɷɦɛɨɥɢɢ. ɋɭɳɟɫɬɜɭɟɬ 4 ɬɟɨɪɟɬɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɯ ɦɟɯɚɧɢɡɦɚ ɨɛɪɚɡɨɜɚɧɢɹ 
ɩɭɡɵɪɟɣ ɜɨ ɜɪɟɦɹ ɡɚɦɟɪɡɚɧɢɹ: ɝɨɦɨɝɟɧɧɚɹ ɧɭɤɥɟɚɰɢɹ, ɝɟɬɟɪɨɝɟɧɧɚɹ 
ɧɭɤɥɟɚɰɢɹ, ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɭɡɵɪɟɣ c ɩɨɦɨɳɶɸ ɫɟɝɪɟɝɚɰɢɢ ɝɚɡɨɜ ɢ  air-seeding 
(ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɨɡɞɭɯɚ ɨɬ ɷɦɛɨɥɢɡɢɪɨɜɚɧɧɨɣ ɬɪɚɯɟɢɞɵ ɤ 
ɮɭɧɤɰɢɨɧɢɪɭɸɳɟɣ ɱɟɪɟɡ ɫɜɹɡɵɜɚɸɳɢɟ ɢɯ ɩɨɪɵ) (Sevanto, et al., 2012). 

Ɍɚɤɠɟ ɧɭɠɧɨ ɪɚɡɥɢɱɚɬɶ ɬɟɪɦɢɧɵ нɭɤɥеация ɢ ɤавиɬация. ɉɪɢ 
ɤɚɜɢɬɚɰɢɢ ɩɭɡɵɪɢ ɝɚɡɚ ɨɛɪɚɡɭɸɬɫɹ ɢɡ ɠɢɞɤɨɣ ɮɚɡɵ ɜ ɦɟɫɬɚɯ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɢ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɚ ɧɭɤɥɟɚɰɢɹ - ɷɬɨ ɨɛɳɢɣ ɬɟɪɦɢɧ, 
ɨɛɨɡɧɚɱɚɸɳɢɣ ɩɪɨɰɟɫɫ ɫɩɨɧɬɚɧɧɨɝɨ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɜɨɣ ɮɚɡɵ ɜ ɨɛɴɟɦɟ 
ɜɟɳɟɫɬɜɚ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɟɣ ɮɚɡɵ. ȼ ɥɢɬɟɪɚɬɭɪɟ ɱɚɳɟ ɜɫɬɪɟɱɚɟɬɫɹ ɬɟɪɦɢɧ 
ɤавиɬация, ɧɨ ɷɬɨ ɥɢɲɶ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ нɭɤɥеации (Holtta, et al., 2002).  

ɉɟɪɜɵɟ ɞɜɚ ɦɟɯɚɧɢɡɦɚ (ɝɨɦɨɝɟɧɧɚɹ ɢ ɝɟɬɟɪɨɝɟɧɧɚɹ ɧɭɤɥɟɚɰɢɹ) 
ɦɚɥɨɜɟɪɨɹɬɧɵ, ɬ.ɤ. ɨɧɢ ɬɪɟɛɭɸɬ ɞɚɜɥɟɧɢɹ ɜ ɬɪɚɯɟɢɞɚɯ ɩɨɪɹɞɤɚ 100 Ɇɉɚ, 
ɬɨɝɞɚ ɤɚɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɝɨɜɨɪɹɬ ɨ ɬɨɦ, ɱɬɨ ɪɟɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ ɜ 
ɩɪɨɜɨɞɹɳɢɯ ɤɥɟɬɤɚɯ ɢɦɟɟɬ ɩɨɪɹɞɨɤ 0,1-10 Ɇɉɚ (Taiz, et al., 2002; Sevanto, et 
al., 2012). 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɭɡɵɪɟɣ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɟɝɪɟɝɚɰɢɢ ɝɚɡɨɜ, ɜ ɨɬɥɢɱɢɢ ɨɬ 
ɞɜɭɯ ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɧɟ ɬɪɟɛɭɟɬ ɬɚɤɨɝɨ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ ɢ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɦ ɦɟɯɚɧɢɡɦɨɦ (Sevanto, et al., 2012). 

ȼɟɪɨɹɬɧɨɫɬɶ ɷɦɛɨɥɢɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ. ɇɨ 
ɨɛɵɱɧɨ ɜɵɞɟɥɹɸɬ ɪɚɡɦɟɪ ɩɪɨɜɨɞɧɢɤɚ (ɞɢɚɦɟɬɪ ɥɸɦɟɧɚ) ɢ ɞɚɜɥɟɧɢɟ ɜ 
ɤɫɢɥɟɦɟ (Davis, et al., 1999; Pittermann, et al., 2003; Pittermann, et al., 2006; 
Charrier, et al., 2014). Ɋɢɫɤ ɷɦɛɨɥɢɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɡɦɟɪɚ 
ɞɢɚɦɟɬɪɚ: ɱɟɦ ɛɨɥɶɲɟ ɞɢɚɦɟɬɪ, ɬɟɦ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɝɚɡɨɜ ɜ ɧɟɦ 
ɧɚɯɨɞɢɬɫɹ. ɉɪɢ ɛɨ̀ɥɶɲɟɦ ɤɨɥɢɱɟɫɬɜɟ ɝɚɡɨɜ ɨɛɪɚɡɭɸɬɫɹ ɩɭɡɵɪɢ ɛɨ̀ɥɶɲɟɝɨ 
ɪɚɡɦɟɪɚ, ɤɨɬɨɪɵɦ, ɞɥɹ «ɪɚɡɪɚɫɬɚɧɢɹ» ɬɪɟɛɭɟɬɫɹ ɦɟɧɶɲɟɟ ɨɬɪɢɰɚɬɟɥɶɧɨɟ 
ɞɚɜɥɟɧɢɟ(Pittermann, et al., 2006; Mayr, 2007; Sevanto, et al., 2012). 

ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɡɚɦɟɪɡɚɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɤɫɢɥɟɦɟ ɩɪɨɢɫɯɨɞɢɬ 
ɰɟɧɬɪɨɫɬɪɟɦɢɬɟɥɶɧɨ, ɞɜɢɝɚɹɫɶ ɨɬ ɫɬɟɧɨɤ ɬɪɚɯɟɢɞɵ ɤ ɰɟɧɬɪɭ ɥɸɦɟɧɚ. ȼɨɡɞɭɯ 
ɜɵɬɟɫɧɹɟɬɫɹ ɢɡ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɢ ɢ ɜ ɰɟɧɬɪɟ ɨɛɪɚɡɭɸɬɫɹ ɩɭɡɵɪɢ 
(Robson, et al., 1988; Pittermann, et al., 2006). Ɉɛɴɟɦ ɬɚɤɢɯ ɩɭɡɵɪɟɣ 
ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɨɛɴɟɦɭ ɜɨɞɵ, ɢɡ ɤɨɬɨɪɨɣ ɨɧɢ ɛɵɥɢ ɜɵɬɟɫɧɟɧɵ (ɪɢɫ. 4). 
Ɉɛɴɟɦ ɷɬɨɣ ɜɨɞɵ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɛɭɞɟɬ ɹɜɥɹɬɶɫɹ ɮɭɧɤɰɢɟɣ ɥɢɧɟɣɧɵɯ 
ɪɚɡɦɟɪɨɜ ɥɸɦɟɧɚ (Pittermann, et al., 2006). 
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Ɋɢɫɭɧɨɤ 4 – ɉɪɨɫɬɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɪɚɡɦɟɪɨɦ ɩɭɡɵɪɹ ɢ 

ɪɚɡɦɟɪɨɦ ɩɪɨɜɨɞɧɢɤɚ. D – ɞɢɚɦɟɬɪ ɩɪɨɜɨɞɧɢɤɚ, L – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ 
ɩɭɡɵɪɹɦɢ, ܦ௕ – ɞɢɚɦɟɬɪ ɩɭɡɵɪɹ 

 
ȼ ɞɪɭɝɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɪɚɛɨɬɟ (Sevanto, et al., 2012) ɞɟɥɚɟɬɫɹ 

ɞɨɩɭɳɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɜɢɠɟɧɢɹ ɡɚɦɟɪɡɚɧɢɹ ɜɧɭɬɪɢ ɬɪɚɯɟɢɞɵ. 
ɉɪɢɧɢɦɚɟɬɫɹ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɡɚɦɟɪɡɚɧɢɹ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɦɟɠɞɭ ɠɢɞɤɨɣ ɢ 
ɬɜɟɪɞɨɣ ɮɚɡɨɣ ɹɜɥɹɟɬɫɹ ɩɥɨɫɤɨɣ ɢ ɞɜɢɠɟɬɫɹ ɨɬ ɨɞɧɨɣ ɫɬɟɧɤɢ ɬɪɚɯɟɢɞɵ ɤ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ, ɱɬɨ ɜɟɞɟɬ ɡɚ ɫɨɛɨɣ ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜ ɜ ɟɳɟ 
ɧɟ ɡɚɦɟɪɡɲɟɣ ɱɚɫɬɢ ɬɪɚɯɟɢɞɵ, ɬ.ɤ. ɦɨɥɟɤɭɥɵ ɝɚɡɚ ɩɥɨɯɨ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜɨ 
ɥɶɞɭ. ɗɬɨ ɞɨɩɭɳɟɧɢɟ ɜɨɡɦɨɠɧɨ, ɢɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɪɚɡɦɟɪɚ ɩɪɨɜɨɞɹɳɟɣ 
ɤɥɟɬɤɢ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɪɹɞɤɨɜ ɦɟɧɶɲɟ ɪɚɡɦɟɪɚ ɫɬɜɨɥɚ ɞɟɪɟɜɚ, ɤɨɪɧɟɣ ɢɥɢ 
ɜɟɬɨɤ (ɡɚɦɟɪɡɚɧɢɟ ɤɫɢɥɟɦɵ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɪɚɞɢɚɥɶɧɵɦ: ɨɬ ɤɨɪɵ ɤ 
ɫɟɪɞɰɟɜɢɧɟ). ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɪɚɡɨɜɚɧɢɹ ɩɭɡɵɪɟɣ ɝɚɡɚ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɚɡɨɜ ɜ ɜɨɞɧɨɦ ɪɚɫɬɜɨɪɟ ɤɫɢɥɟɦɵ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɩɭɡɵɪɢ 
ɨɛɪɚɡɭɸɬɫɹ ɜɨ ɜɪɟɦɹ ɡɚɦɟɪɡɚɧɢɹ ɜ ɬɨɣ ɱɚɫɬɢ ɬɪɚɯɟɢɞɵ, ɤɨɬɨɪɚɹ ɟɳɟ ɧɟ 
ɡɚɦɟɪɡɥɚ, ɢ ɩɨ ɦɟɪɟ ɟɟ ɡɚɦɟɪɡɚɧɢɹ ɜɟɪɨɹɬɧɨɫɬɶ ɢɯ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɑɟɦ ɛɨɥɶɲɟ ɩɪɨɜɨɞɧɢɤ ɢ ɱɟɦ ɦɟɞɥɟɧɧɟɟ ɢɞɟɬ ɡɚɦɟɪɡɚɧɢɟ, ɬɟɦ 
ɛɨɥɶɲɟ ɢɡɧɚɱɚɥɶɧɨ ɜ ɧɟɦ ɝɚɡɚ ɢ ɬɟɦ ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ ɧɚ ɩɨɹɜɥɟɧɢɟ ɩɭɡɵɪɟɣ 
ɛɨɥɶɲɟɝɨ ɪɚɡɦɟɪɚ. ɉɪɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɡɚɦɟɪɡɚɧɢɹ ɤɨɥɢɱɟɫɬɜɨ 
ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɩɭɡɵɪɟɣ ɛɭɞɟɬ ɛɨɥɶɲɟ, ɧɨ ɢɯ ɪɚɡɦɟɪ ɛɭɞɟɬ ɦɟɧɶɲɟ, ɢ ɜɨ 
ɜɪɟɦɹ ɨɬɬɚɢɜɚɧɢɹ ɨɧɢ ɥɟɝɱɟ ɪɚɫɬɜɨɪɹɬɫɹ ɜ ɜɨɞɟ (ɪɢɫ. 5). 
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Ɋɢɫɭɧɨɤ 5 – ɋɬɚɰɢɨɧɚɪɧɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ, ɨɬɨɛɪɚɠɚɸɳɚɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ (С∗) ɜ ɬɪɚɯɟɢɞɟ ɩɨ ɟɟ ɨɛɴɟɦɭ ɜ ɪɚɡɧɵɟ ɩɪɨɦɟɠɭɬɤɢ 

ɜɪɟɦɟɧɢ ɡɚɦɟɪɡɚɧɢɹ (𝜏) (Sevanto, et al., 2012) 

 
ȼɚɠɧɨ ɬɚɤɠɟ ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɨɛɪɚɡɨɜɚɧɢɹ 

ɥɶɞɚ ɦɨɠɟɬ ɫɢɥɶɧɨ ɜɚɪɶɢɪɨɜɚɬɶɫɹ. Ʉɚɤ ɝɨɜɨɪɢɥɨɫɶ ɪɚɧɟɟ, ɜɨɞɧɵɣ ɪɚɫɬɜɨɪ ɜ 
ɤɫɢɥɟɦɟ ɧɚɯɨɞɢɬɫɹ ɜ ɦɟɬɚɫɬɚɛɢɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɬɟɦɩɟɪɚɬɭɪɚ 
ɧɭɤɥɟɚɰɢɢ ɥɶɞɚ ɢɦɟɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɢ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɨɜ 
ɨɪɝɚɧɢɱɟɫɤɢɯ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɜ ɷɬɨɦ ɪɚɫɬɜɨɪɟ. Ɋɚɡɦɟɪ ɱɚɫɬɢɰ 
ɫɩɨɫɨɛɧɵɯ ɩɨɩɚɫɬɶ ɜ ɬɪɚɯɟɢɞɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɦɟɪɨɦ ɩɨɪ (ɪɢɫ. 6). ɋɪɟɞɧɢɣ 
ɢɥɢ ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɩɨɪ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɪɚɡɦɟɪɭ ɫɚɦɨɣ ɬɪɚɯɟɢɞɵ 
(Wheeler, et al., 2005; Holtta, et al., 2011). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ 
ɬɨɦ, ɱɬɨ ɬɪɚɯɟɢɞɵ ɫ ɦɟɧɶɲɢɦ ɞɢɚɦɟɬɪɨɦ ɦɟɧɟɟ ɩɨɞɜɟɪɠɟɧɵ ɤɚɜɢɬɚɰɢɢ ɟɳɟ ɢ 
ɩɨɬɨɦɭ, ɱɬɨ ɨɧɢ ɬɪɟɛɭɸɬ ɩɨɧɢɠɟɧɢɹ ɞɨ ɛɨɥɟɟ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɞɥɹ 
ɡɚɦɟɪɡɚɧɢɹ (Lintunen, et al., 2013). 
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Ɋɢɫɭɧɨɤ 6 – (a) ɡɧɚɱɟɧɢɹ (݊ = 7Ͳ) ɬɟɦɩɟɪɚɬɭɪɚ ɧɭɤɥɟɚɰɢɢ ɥɶɞɚ ɜ ɜɨɞɟ ɜ ɞɟɪɟɜɶɹɯ ɢ 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɩɪɨɜɨɞɧɢɤɨɜ. ɋɚɦɵɟ ɭɡɤɢɟ ɩɪɨɜɨɞɧɢɤɢ ɛɵɥɢ ɧɚɣɞɟɧɵ ɜ ɯɜɨɣɧɵɯ, ɚ 
ɫɚɦɵɟ ɲɢɪɨɤɢɟ ɜ ɥɢɫɬɜɟɧɧɵɯ. ɉɭɧɤɬɢɪɧɚɹ ɥɢɧɢɹ – ɷɬɨ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɤɪɢɜɚɹ. (b) 

Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɬɟɦɩɟɪɚɬɭɪɨɣ ɧɭɤɥɟɚɰɢɢ ɥɶɞɚ ɢ ɪɚɞɢɭɫɨɦ ɨɥɟɞɟɧɟɥɵɯ 
ɱɚɫɬɢɰ. Ɍɟɦɩɟɪɚɬɭɪɚ ɧɭɤɥɟɚɰɢɢ ɥɶɞɚ ɫɱɢɬɚɟɬɫɹ ɞɨɫɬɢɝɧɭɬɨɣ, ɟɫɥɢ ɜɟɪɨɹɬɧɨɫɬɶ ɧɭɤɥɟɚɰɢɢ 
ɩɪɟɜɵɲɚɟɬ 0.5 ɜ ɦɢɧɭɬɭ ɞɥɹ ɨɛɪɚɡɰɚ ɨɛɴɟɦɨɦ 3 смଷ (ɰɢɥɢɧɞɪ ɫ ɪɚɞɢɭɫɨɦ 1 ɫɦ ɢ ɨɛɴɟɦɨɦ 

1 ɫɦ3) (Lintunen, et al., 2013) 

 
ȿɳɟ ɨɞɢɧ ɮɚɤɬɨɪ, ɜɥɢɹɸɳɢɣ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɷɦɛɨɥɢɡɢɪɨɜɚɧɧɵɯ ɬɪɚɯɟɢɞ 

– ɷɬɨ ɦɢɧɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɢ ɡɚɦɟɪɡɚɧɢɢ. ɉɪɨɰɟɧɬ ɩɨɬɟɪɢ 
ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɫɜɹɡɢ ɫ ɷɦɛɨɥɢɟɣ ɬɪɚɯɟɢɞ (PLC) ɩɨɫɥɟ ɰɢɤɥɚ ɡɚɦɟɪɡɚɧɢɹ-
ɨɬɬɚɢɜɚɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɩɨɧɢɠɟɧɢɟɦ ɦɢɧɢɦɚɥɶɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɡɚɦɟɪɡɚɧɢɢ (Charrier, et al., 2014). ȼɨɞɧɵɣ ɩɨɬɟɧɰɢɚɥ ɧɚ 
ɝɪɚɧɢɰɟ ɥɟɞ-ɠɢɞɤɨɫɬɶ ɩɨɧɢɠɚɟɬɫɹ ɫ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɫɨ ɫɤɨɪɨɫɬɶɸ 
ɩɪɢɦɟɪɧɨ -1Ɇɉɚ/Ʉ (Hansen, et al., 1988; Cavender-Bares, 2005; Charrier, et al., 
2014). ɗɮɮɟɤɬ, ɨɤɚɡɵɜɚɟɦɵɣ ɩɨɧɢɠɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɨɞɧɵɣ 
ɩɨɬɟɧɰɢɚɥ, ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɭɜɟɥɢɱɟɧɢɸ ɝɚɡɨɜɵɯ ɩɭɡɵɪɟɣ ɢɥɢ ɤ ɩɪɨɰɟɫɫɭ 
air-seeding (ɪɢɫ. 7). Ɉɞɧɚɤɨ, ɜɢɞɵ ɫ ɦɟɧɶɲɢɦ ɞɢɚɦɟɬɪɨɦ ɩɪɨɜɨɞɹɳɢɯ ɤɥɟɬɨɤ 
ɦɟɧɶɲɟ ɩɨɞɜɟɪɠɟɧɵ ɭɜɟɥɢɱɟɧɢɸ ɩɨɬɟɪɢ ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɩɨɧɢɠɟɧɢɟɦ 
ɬɟɦɩɟɪɚɬɭɪɵ (ɪɢɫ. 8) (Charrier, et al., 2014). Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɨɜɨɞɢɦɨɫɬɶ 
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ɤɥɟɬɨɤ ɤɨɪɧɟɣ ɜɢɞɚ Pinus contorta ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɦɟɧɹɟɬɫɹ ɩɪɢ ɩɨɧɢɠɟɧɢɢ 
ɦɢɧɢɦɚɥɶɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ ɡɚɦɟɪɡɚɧɢɢ ɞɨ – 15 °C (Pittermann, et al., 
2003). 

 
Ɋɢɫɭɧɨɤ 7 – ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ ɦɟɯɚɧɢɡɦ ɷɦɛɨɥɢɢ ɡɚɦɟɪɡɚɧɢɹ-ɨɬɬɚɢɜɚɧɢɹ. ȼ 

ɭɦɟɪɟɧɧɨ ɞɟɝɢɞɪɢɪɨɜɚɧɧɵɯ ɨɛɪɚɡɰɚɯ ɩɟɪɟɞ ɡɚɦɟɪɡɚɧɢɟɦ ɩɪɢɫɭɬɫɬɜɭɸɬ ɡɚɩɨɥɧɟɧɧɵɟ 
ɜɨɡɞɭɯɨɦ (ɛɟɥɵɣ ɰɜɟɬ) ɫɨɫɭɞɵ (Ⱥ).  ȼɨ ɜɪɟɦɹ ɡɚɦɟɪɡɚɧɢɹ ɥɟɞ (ɫɟɪɵɣ ɰɜɟɬ) ɩɪɨɞɜɢɝɚɟɬɫɹ ɩɨ 

ɫɨɫɭɞɭ (ɩɨɤɚɡɚɧɨ ɫɬɪɟɥɤɚɦɢ). ȼɨɡɞɭɯ ɜɵɞɟɥɹɟɬɫɹ ɜɨɡɥɟ ɩɨɜɟɪɯɧɨɫɬɢ ɥɟɞ-ɠɢɞɤɨɫɬɶ ɢ 
ɥɨɤɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ (Ψ ≪ 0) ɫɬɢɦɭɥɢɪɭɟɬ ɩɪɨɰɟɫɫ air-seeding ɢɡ 
ɡɚɩɨɥɧɟɧɧɵɯ ɜɨɡɞɭɯɨɦ ɫɨɫɟɞɧɢɯ ɩɪɨɜɨɞɧɢɤɨɜ (ȼ). ɉɭɡɵɪɢ ɫ ɪɚɡɥɢɱɧɵɦ ɞɢɚɦɟɬɪɨɦ 

ɨɤɚɡɵɜɚɸɬɫɹ ɡɚɯɜɚɱɟɧɧɵɦɢ ɞɜɢɠɭɳɢɦɫɹ ɥɟɞɹɧɵɦ ɮɪɨɧɬɨɦ (ɋ) (Charrier, et al., 2014)  

 

Ɋɢɫɭɧɨɤ 8 – PLC (ɩɪɨɰɟɧɬ ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ɤɫɢɥɟɦɵ) ɩɨɫɥɟ ɞɟɝɢɞɪɚɰɢɢ ɞɨ 
ɜɨɞɧɨɝɨ ɩɨɬɟɧɰɢɚɥɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 12% PLC (ɤɨɧɬɪɨɥɶ), ɢ ɷɤɫɩɨɡɢɰɢɹ, 

ɨɬɨɛɪɚɠɚɸɳɚɹ  PLC ɩɨɫɥɟ ɰɢɤɥɚ ɡɚɦɟɪɡɚɧɢɹ-ɨɬɬɚɢɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɦɢɧɢɦɚɥɶɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ (−ͳͲ°С, −ʹͲ°С, −͵Ͳ°С, −ͶͲ°С). ɑɟɪɧɵɟ ɱɚɫɬɢ ɤɨɥɨɧɨɤ ɩɨɤɚɡɵɜɚɸɬ ɨɬɥɢɱɢɟ ɜ 

ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ (PLC) ɨɬ ɤɨɧɬɪɨɥɹ. Ȼɭɤɜɵ ɨɛɨɡɧɚɱɚɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɪɚɡɧɢɰɭ ɜ 
ɩɨɬɟɪɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɜɧɭɬɪɢ ɤɚɠɞɨɝɨ ɜɢɞɚ (Charrier, et al., 2014) 

 
ȼɨ ɜɪɟɦɹ ɡɚɦɟɪɡɚɧɢɹ ɜ ɨɫɬɚɜɲɟɣɫɹ ɧɟɡɚɦɟɪɡɲɟɣ ɱɚɫɬɢ ɥɸɦɟɧɚ ɧɚ 

ɝɪɚɧɢɰɟ ɥɟɞ-ɠɢɞɤɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɟ ɬɨɥɶɤɨ ɝɚɡɨɜ, ɧɨ ɢ 
ɞɪɭɝɢɯ ɪɚɫɬɜɨɪɟɧɧɵɯ ɜɟɳɟɫɬɜ (KCl, NaCl ɢ ɞɪ.) (Sevanto, et al., 2012; Charrier, 
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et al., 2014). ɗɬɚ ɤɨɧɰɟɧɬɪɚɰɢɹ ɭɜɟɥɢɱɢɜɚɟɬ ɞɚɜɥɟɧɢɟ ɜ ɤɫɢɥɟɦɟ, ɭɜɟɥɢɱɢɜɚɹ 
ɨɫɦɨɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɜ ɧɟɡɚɦɟɪɡɲɟɣ ɱɚɫɬɢ ɬɪɚɯɟɢɞɵ (Taiz, et al., 
2002). Ɍɪɟɛɭɟɦɨɟ (ɩɨɪɨɝɨɜɨɟ) ɡɧɚɱɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɞɥɹ ɦɟɯɚɧɢɡɦɚ air-
seeding  ɡɚɜɢɫɢɬ ɨɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɜɨɞɵ ɢ ɞɢɚɦɟɬɪɚ ɩɨɪ ɧɚ 
ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɟ (Sperry, et al., 1988; Holtta, et al., 2002). Ɍɚɤɨɟ ɞɚɜɥɟɧɢɟ 
ɛɭɞɟɬ ɬɪɟɛɨɜɚɬɶ ɤɨɧɰɟɧɬɪɚɰɢɸ ɫɨɥɟɣ ɩɨɪɹɞɤɚ 100-1000 ɦɨɥɶ/ɦ^3, ɢ ɦɨɠɟɬ 
ɛɵɬɶ ɥɟɝɤɨ ɩɨɥɭɱɟɧɨ ɩɪɢ ɢɯ ɪɚɫɬɜɨɪɟɧɢɢ ɜɨ ɜɪɟɦɹ ɡɚɦɟɪɡɚɧɢɹ (Sevanto, et al., 
2012). 

ȿɫɥɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɭɡɵɪɟɣ ɜɨ ɜɪɟɦɹ ɡɚɦɟɪɡɚɧɢɹ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ 
ɢɡ-ɡɚ ɭɜɟɥɢɱɟɧɢɹ ɞɚɜɥɟɧɢɹ ɜɨɞɵ ɜ ɤɫɢɥɟɦɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɪɚɫɬɜɨɪɟɧɢɹ ɫɨɥɟɣ, 
ɬɨ air-seeding – ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɣ ɦɟɯɚɧɢɡɦ (Pittermann, et al., 2003; 
Sevanto, et al., 2012). 
 

1.3.2.2 ɉɟɪɢɨɞ ɨɬɬɚɢɜɚɧɢя 
 
ɗɦɛɨɥɢɹ ɬɪɚɯɟɢɞ, ɜɵɡɜɚɧɧɚɹ ɰɢɤɥɚɦɢ ɡɚɦɟɪɡɚɧɢɹ-ɨɬɬɚɢɜɚɧɢɹ,  ɜ 

ɨɫɧɨɜɧɨɦ ɩɪɨɢɫɯɨɞɢɬ ɜɨ ɜɪɟɦɹ ɨɬɬɚɢɜɚɧɢɹ. ɉɨ ɝɢɩɨɬɟɡɟ ‘ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɩɭɡɵɪɟɣ’ (‘thaw‐expansion hypothesis’ ɢɥɢ ‘bubble formation hypothesis’ 
(Sucoff, 1969; Ewers, 1985; Davis, et al., 1999; Hacke, et al., 2001; Pittermann, et 
al., 2003; Pittermann, et al., 2006)) ɜɨ ɜɪɟɦɹ ɨɬɬɚɢɜɚɧɢɹ ɩɭɡɵɪɢ ɦɟɧɶɲɟ 
ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɡɦɟɪɚ ɪɚɫɬɜɨɪɹɸɬɫɹ ɜ ɠɢɞɤɨɫɬɢ. Ⱥ ɩɭɡɵɪɢ, 
ɱɟɣ ɪɚɡɦɟɪ ɛɨɥɶɲɟ ɤɪɢɬɢɱɟɫɤɨɝɨ, ɧɚɱɢɧɚɸɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɢ ɡɚɩɨɥɧɹɸɬ ɜɟɫɶ 
ɩɪɨɜɨɞɧɢɤ (ɪɢɫ. 9). Ɏɚɤɬɨɪɚɦɢ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ, ɪɚɫɬɜɨɪɢɬɫɹ ɥɢ ɩɭɡɵɪɶ, 
ɹɜɥɹɸɬɫɹ: ɟɝɨ ɜɧɭɬɪɟɧɧɟɟ ɞɚɜɥɟɧɢɟ (𝑃௕), ɟɝɨ ɞɢɚɦɟɬɪ ܦ௕, ɩɨɜɟɪɯɧɨɫɬɧɨɟ 
ɧɚɬɹɠɟɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɤɫɢɥɟɦɟ (Г) ɢ ɞɚɜɥɟɧɢɟ ɜ ɤɫɢɥɟɦɟ (𝑃𝑥). ɍɫɥɨɜɢɟ 
ɪɚɫɲɢɪɟɧɢɹ ɩɭɡɵɪɹ ɡɚɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (Davis, et al., 1999; 
Pittermann, et al., 2006; Venturas, et al., 2017):   

 
 𝑃𝑥 ൑ 𝑃௕ − ͶГܦ௕  (2) 

 
ɝɞɟ 𝑃௕ ɢ 𝑃𝑥 ɩɪɢɧɹɬɨ ɫɱɢɬɚɬɶ ɜ Ɇɉɚ, Г ɜ ɇ/ɦ, ܦ௕ ɜ ɦɟɬɪɚɯ, ɱɚɳɟ ɜ ɦɢɤɪɨɦɟɬɪɚɯ 
ɢɥɢ ɧɚɧɨɦɟɬɪɚɯ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɛɨɥɟɟ ɧɢɡɤɨɟ ɞɚɜɥɟɧɢɟ ɢ ɛɨɥɶɲɢɣ 
ɞɢɚɦɟɬɪ ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜɨ ɜɪɟɦɹ ɡɚɦɟɪɡɚɧɢɹ ɩɭɡɵɪɟɣ ɩɪɢɜɟɞɟɬ ɤ ɛɨɥɟɟ 
ɜɵɫɨɤɨɦɭ ɭɪɨɜɧɸ ɷɦɛɨɥɢɢ (Venturas, et al., 2017).  
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Ɋɢɫɭɧɨɤ 9 – ɭɹɡɜɢɦɨɫɬɶ ɤ ɷɦɛɨɥɢɢ, ɜɵɡɜɚɧɧɨɣ ɰɢɤɥɚɦɢ ɡɚɦɟɪɡɚɧɢɹ ɨɬɬɚɢɜɚɧɢɹ, ɡɚɜɢɫɢɬ ɨɬ 
ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɞɧɢɤɚ (ܦ௖) ɢ ɞɢɚɦɟɬɪɚ ɩɭɡɵɪɹ, ɧɚɩɨɥɧɟɧɧɨɝɨ ɜɨɡɞɭɯɨɦ (ܦ௕). Ʉɨɝɞɚ ɜɨɞɚ ɜ 
ɩɪɨɜɨɞɧɢɤɟ ɡɚɦɟɪɡɚɟɬ (ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ) ɪɚɫɬɜɨɪɟɧɧɵɣ ɜ ɧɟɣ ɜɨɡɞɭɯ ɨɬɞɟɥɹɟɬɫɹ ɨɬ ɜɨɞɵ ɢ 
ɨɛɪɚɡɭɟɬ ɩɭɡɵɪɢ. ȿɫɥɢ ɩɭɡɵɪɢ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɟɧɶɤɢɟ ɨɧɢ ɦɨɝɭɬ ɪɚɫɬɜɨɪɢɬɶɫɹ ɜ ɜɨɞɟ ɩɪɢ 

ɬɚɹɧɢɢ ɥɶɞɚ (ɫɢɧɢɟ ɫɬɪɟɥɤɢ), ɧɨ ɟɫɥɢ ɨɧɢ ɛɨɥɶɲɢɟ ɨɧɢ ɛɭɞɭɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɢɡ-ɡɚ 
ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɪɨɜɨɞɧɢɤɟ, ɩɨɤɚ ɨɧ ɧɟ ɛɭɞɟɬ ɷɦɛɨɥɢɡɢɪɨɜɚɧ (ɤɪɚɫɧɵɟ 

ɫɬɪɟɥɤɢ). ɉɪɨɜɨɞɧɢɤɢ ɛɨɥɶɲɟɝɨ ɞɢɚɦɟɬɪɚ ɫɢɥɶɧɟɟ ɩɨɞɜɟɪɠɟɧɵ ɤɚɜɢɬɚɰɢɢ ɡɚɦɟɪɡɚɧɢɹ-
ɨɬɬɚɢɜɚɧɢɹ (Venturas, et al., 2017) 

 
Ȼɨɥɟɟ ɛɵɫɬɪɨɟ ɨɬɬɚɢɜɚɧɢɟ ɫɨɡɞɚɟɬ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ 

ɷɦɛɨɥɢɡɢɪɨɜɚɧɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ. Ɍɚɤɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ 
ɨɬɬɚɢɜɚɧɢɹ ɢ ɷɦɛɨɥɢɟɣ ɫɭɳɟɫɬɜɭɟɬ, ɜɨɡɦɨɠɧɨ, ɩɨɬɨɦɭ, ɱɬɨ ɝɚɡɚɦ ɜ ɩɭɡɵɪɹɯ 
ɧɭɠɧɨ ɜɪɟɦɹ, ɱɬɨɛɵ ɪɚɫɬɜɨɪɢɬɶɫɹ ɜ ɜɨɞɟ (Sucoff, 1969), ɚ ɩɪɢ ɜɵɫɨɤɨɣ 
ɫɤɨɪɨɫɬɢ ɷɬɨ ɜɪɟɦɹ ɦɢɧɢɦɢɡɢɪɭɟɬɫɹ (Langan, et al., 1997; Venturas, et al., 
2017). 

Ɍɚɤɠɟ ɩɨɬɟɪɹ ɩɪɨɜɨɞɢɦɨɫɬɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɤɨɥɢɱɟɫɬɜɨɦ ɰɢɤɥɨɜ 
ɡɚɦɟɪɡɚɧɢɹ-ɨɬɬɚɢɜɚɧɢɹ. Ȼɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ ɦɨɠɟɬ ɭɜɟɥɢɱɢɬɶ 
ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɩɭɡɵɪɟɣ ɤɪɢɬɢɱɟɫɤɨɝɨ ɪɚɡɦɟɪɚ (Mayr, et al., 2003; 
Mayr, et al., 2010). 

 
1.3.3 Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɨɩɢɫɚɧɢɟ эɦɛɨɥɢɢ 
 
ȼɥɢɹɧɢɟ ɷɦɛɨɥɢɢ ɧɚ ɩɪɨɜɨɞɢɦɨɫɬɶ ɢɡɦɟɪɹɟɬɫɹ ɱɟɪɟɡ ɭɦɟɧɶɲɟɧɢɟ 

ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɩɪɨɜɟɞɟɧɢɹ (hydraulic conductance) (݇ = ɩɨɬɨɤ / ɪɚɡɧɢɰɚ 
ɞɚɜɥɟɧɢɣ) ɩɨɬɨɤɚ ɜɨɞɵ ɩɨɞ ɞɚɜɥɟɧɢɟɦ ɜ ɨɛɪɚɡɰɟ ɤɫɢɥɟɦɵ. Ƚɢɞɪɚɜɥɢɱɟɫɤɨɟ 
ɩɪɨɜɟɞɟɧɢɟ ɦɨɠɧɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɬɶ ɥɢɧɟɣɧɵɦ ɪɚɡɦɟɪɨɦ ɩɪɨɜɨɞɧɢɤɚ ɢ 
ɩɨɥɭɱɢɬɶ ɩɪɨɜɨɞɢɦɨɫɬɶ (hydraulic conductivity) (ܭℎ = ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ / 
ɝɪɚɞɢɟɧɬ ɞɚɜɥɟɧɢɹ), ɞɚɥɟɟ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɩɪɨɜɟɞɟɧɢɟ ɱɟɪɟɡ ɩɥɨɳɚɞɶ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɩɪɨɜɨɞɧɢɤɚ (ܭ𝑠 = ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɱɟɪɟɡ ɩɥɨɳɚɞɶ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ / ɝɪɚɞɢɟɧɬ ɞɚɜɥɟɧɢɹ), ɬɚɤɠɟ ɦɨɠɧɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɬɶ 
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ɞɢɫɬɚɥɶɧɨɣ ɨɛɥɚɫɬɶɸ ɥɢɫɬɚ (ܭ𝐿 = ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɱɟɪɟɡ ɞɢɫɬɚɥɶɧɭɸ ɨɛɥɚɫɬɶ 
ɥɢɫɬɚ / ɝɪɚɞɢɟɧɬ ɞɚɜɥɟɧɢɹ). ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, ɩɨ ɤɚɤɨɦɭ ɪɚɡɦɟɪɭ ɢɞɟɬ 
ɫɬɚɧɞɚɪɬɢɡɚɰɢɹ (ܭ = ℎܭ , ,ௌܭ  𝐿), ɱɚɫɬɨ ɢɞɟɬ ɧɨɪɦɢɪɨɜɤɚ ɤ ɧɚɱɚɥɶɧɨɦɭܭ 
ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɩɪɨɜɨɞɢɦɨɫɬɢ ɞɨ ɷɦɛɨɥɢɢ (ܭ௠௔𝑥). ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɩɨɬɟɪɹ ɩɪɨɜɨɞɢɦɨɫɬɢ (PLC) (percentage loss of hydraulic conductivity) 
ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ (Venturas, et al., 2017):  

 
 𝑃ܥܮ = ͳͲͲ ∗ ሺͳ −  ௠௔𝑥ሻܭܭ

(3) 

 
ȿɫɥɢ ɤ ɩɨɬɟɪɟ ɩɪɨɜɨɞɢɦɨɫɬɢ ɩɪɢɜɨɞɹɬ ɰɢɤɥɵ ɡɚɦɟɪɡɚɧɢɹ ɨɬɬɚɢɜɚɧɢɹ 

(freeze-thaw events), ɬɨ ɞɨɛɚɜɥɹɟɬɫɹ ɧɢɠɧɢɣ ɢɧɞɟɤɫ “FT” (Pittermann, et al., 
2006): 

 
 𝑃ܥܮ𝐹் = ͳͲͲ ∗ ሺͳ −  ௠௔𝑥ሻܭ𝐹்ܭ

(4) 

 
Ɍɚɤ ɤɚɤ ɷɦɛɨɥɢɹ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɞɧɢɤɚ, ɚ 

ɩɪɨɜɨɞɢɦɨɫɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɱɟɬɜɟɪɬɨɣ ɫɬɟɩɟɧɢ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɞɧɢɤɚ, 
ɩɪɨɰɟɧɬ ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢɧɨɝɞɚ ɡɚɩɢɫɵɜɚɸɬ ɤɚɤ: 

 
𝑦ݐ𝑖ݒ𝑖ݐܿݑ݀݊݋ܿ 𝑓݋ ݏݏ݋݈ %  = ͳͲͲ ∗ ሺͳ − 𝛴ሺ݀ ൒ ݀௖ሻସ/𝛴݀ସሻ, (5) 

 
ɝɞɟ  ݀௖ – ɩɪɨɢɡɜɨɥɶɧɨ ɜɵɛɪɚɧɧɵɣ ɞɢɚɦɟɬɪ ɤɚɜɢɬɚɰɢɢ, 𝛴ሺ݀ ൒ ݀௖ሻସ – ɫɭɦɦɚ 
ɞɢɚɦɟɬɪɨɜ ɛɨɥɶɲɢɯ, ɥɢɛɨ ɪɚɜɧɵɯ ɞɢɚɦɟɬɪɭ ɤɚɜɢɬɚɰɢɢ, ɜɨɡɜɟɞɟɧɧɚɹ ɜ 
ɱɟɬɜɟɪɬɭɸ ɫɬɟɩɟɧɶ (Davis, et al., 1999). 
 

1.3.4 Ɇɟɬɨɞы ɫɨɡɞɚɧɢя ɢ ɢɡɦɟɪɟɧɢя ɩɨɬɟɪɢ ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ  
 
ɋɭɳɟɫɬɜɭɟɬ ɪɹɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ ɩɨ ɫɨɡɞɚɧɢɸ ɩɨɬɟɪɢ 

ɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ (air dehydration, air injection, 
centrifugation ɢ ɞɪ.) ɢ ɪɹɞ ɦɟɬɨɞɨɜ ɩɨ ɢɡɦɟɪɟɧɢɸ ɩɨɬɟɪɢ ɩɪɨɜɨɞɢɦɨɫɬɢ 
(acoustic emissions, air flow ɢ ɞɪ.) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɨɪɦɭɥ (3), (4), (5) 
(Venturas, et al., 2017). Ɍɚɤɠɟ ɟɫɬɶ ɩɨɩɵɬɤɢ ɨɩɢɫɚɬɶ ɤɚɜɢɬɚɰɢɸ ɡɚɦɟɪɡɚɧɢɹ-
ɨɬɬɚɢɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɬɟɨɪɢɢ ɧɭɤɥɟɚɰɢɢ (Holtta, et al., 2002; Sevanto, et al., 
2012; Lintunen, et al., 2013). ɇɨ ɞɥɹ ɪɚɫɱɟɬɚ ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɬɪɟɛɭɟɬɫɹ ɪɚɫɩɨɥɚɝɚɬɶ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɧɚɱɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
(ɫɤɨɪɨɫɬɶɸ ɡɚɦɟɪɡɚɧɢɹ, ɬɟɤɭɳɟɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɫɨɥɟɣ ɢ ɝɚɡɨɜ ɢ ɞɪ.), ɤɨɬɨɪɵɟ  
ɫɥɨɠɧɨ ɢɡɦɟɪɢɬɶ. 
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1.4 Ʉɨɦɛɢɧɚɰɢя ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 

ɤɫɢɥɟɦы 
 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɜɨɞɨɩɪɨɜɟɞɟɧɢɹ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ 

ɩɪɨɜɨɞɧɢɤɚ, ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɞɹɳɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ (ɥɸɦɟɧɚ) ɢ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢ 
ɭɫɬɪɨɣɫɬɜɚ ɩɨɪ, ɤɨɬɨɪɵɦɢ ɫɜɹɡɧɵ ɩɪɨɜɨɞɧɢɤɢ (Pittermann, et al., 2006a; 
Sperry, et al., 2006a; Lachenbruch, et al., 2014). ȼɨɞɚ ɜɫɬɪɟɱɚɟɬ ɦɟɧɶɲɟɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɞɜɢɠɟɧɢɢ ɱɟɪɟɡ ɥɸɦɟɧ, ɱɟɦ ɩɪɢ ɞɜɢɠɟɧɢɢ ɱɟɪɟɡ 
ɫɜɹɡɭɸɳɢɟ ɩɨɪɵ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɛɨɥɶɲɟɣ ɞɥɢɧɟ ɩɪɨɜɨɞɧɢɤɚ ɜɨɞɚ 
ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɩɨɪɵ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡ, ɢ ɨɛɳɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɭɦɟɧɶɲɚɟɬɫɹ. ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɷɦɛɨɥɢɢ ɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɜɨɞɨɩɪɨɜɟɞɟɧɢɹ ɨɩɢɫɵɜɚɟɬɫɹ ɝɢɩɨɬɟɡɨɣ “ɭɫɬɨɣɱɢɜɨɫɬɶ 
ɩɪɨɬɢɜ ɷɮɮɟɤɬɢɜɧɨɫɬɢ” (“safety vs. efficiency” tradeoff): ɬɟ ɫɜɨɣɫɬɜɚ, ɤɨɬɨɪɵɟ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɤɚɜɢɬɚɰɢɢ, ɜ ɬɨɠɟ ɜɪɟɦɹ ɭɦɟɧɶɲɚɸɬ 
ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ ɩɪɨɜɨɞɢɦɨɫɬɶ (ɪɢɫ. 10) (Hacke, et al., 2001; Gleason, et al., 
2015; Venturas, et al., 2017). Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɪɚɧɟɟ, ɫ ɭɜɟɥɢɱɟɧɢɟɦ 
ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɞɧɢɤɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɪɢɫɤ ɷɦɛɨɥɢɢ, ɩɪɢ ɷɬɨɦ 
ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɶ ɬɚɤɠɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɞɢɚɦɟɬɪɭ ɩɪɨɜɨɞɧɢɤɚ, ɧɨ 
ɜɨɡɜɟɞɟɧɧɨɦɭ ɜ ɱɟɬɜɟɪɬɭɸ ɫɬɟɩɟɧɶ (ɭɪɚɜɧɟɧɢɟ ɏɚɝɟɧɚ-ɉɭɚɡɟɣɥɹ) (Sperry, et 
al., 2006a).  

Ɇɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɧɚ ɭɪɨɜɧɟ ɬɤɚɧɢ ɞɟɪɟɜɨ ɦɨɠɟɬ 
ɞɨɛɢɬɶɫɹ ɨɩɪɟɞɟɥɟɧɧɵɦ ɨɬɧɨɲɟɧɢɟɦ ɱɢɫɥɚ ɩɪɨɜɨɞɧɢɤɨɜ ɪɚɡɧɨɝɨ ɪɚɡɦɟɪɚ 
(Lachenbruch, et al., 2014).  

 

 
Ɋɢɫɭɧɨɤ 10 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɚɧɚɬɨɦɢɟɣ 

ɩɪɨɜɨɞɧɢɤɚ ɢ ɤɨɦɩɪɨɦɢɫɫɨɦ ɦɟɠɞɭ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɷɦɛɨɥɢɢ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɧɚ 
ɭɪɨɜɧɟ ɜɫɟɝɨ ɞɟɪɟɜɚ (Lintunen, et al., 2013)  
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Ɍɚɤɠɟ ɜɨɞɨɩɪɨɜɨɞɹɳɚɹ ɬɤɚɧɶ ɢ ɨɬɞɟɥɶɧɨ ɤɚɠɞɵɣ ɩɪɨɜɨɞɧɢɤ ɞɨɥɠɧɵ 
ɨɛɥɚɞɚɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ. Ʉɚɠɞɵɣ ɩɪɨɜɨɞɧɢɤ ɜ ɨɬɞɟɥɶɧɨɫɬɢ 
ɞɨɥɠɟɧ ɛɵɬɶ ɭɫɬɨɣɱɢɜ ɤ ɦɟɯɚɧɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɬɚɤ ɤɚɤ ɜɨɞɚ ɜɧɭɬɪɢ 
ɧɟɝɨ ɧɚɯɨɞɢɬɫɹ ɩɨɞ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ ɢ ɟɫɬɶ ɪɢɫɤ ɞɟɮɨɪɦɚɰɢɢ. 
ɑɬɨɛɵ ɩɪɨɬɢɜɨɫɬɨɹɬɶ ɜɧɭɬɪɟɧɧɟɦɭ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɞɚɜɥɟɧɢɸ, ɫɬɟɧɤɢ 
ɩɪɨɜɨɞɧɢɤɨɜ ɤɫɢɥɟɦɵ ɭɤɪɟɩɥɟɧɵ ɥɢɝɧɢɧɨɦ ɢ ɨɛɥɚɞɚɸɬ ɞɜɭɫɥɨɣɧɨɣ 
ɫɬɪɭɤɬɭɪɨɣ (ɪɢɫ. 11) (Hacke, et al., 2001a). ɉɪɨɱɧɨɫɬɶ ɞɜɨɣɧɨɣ ɫɬɟɧɤɢ ɦɟɠɞɭ 
ɫɨɫɟɞɧɢɦɢ ɩɪɨɜɨɞɧɢɤɚɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ “ɨɬɧɨɲɟɧɢɟɦ ɬɨɥɳɢɧɵ-ɤ-ɲɢɪɢɧɟ” 
(“thickness-to-span ratio”): ɬɨɥɳɢɧɚ ɞɜɨɣɧɨɣ ɫɬɟɧɤɢ (t) ɞɟɥɟɧɧɚɹ ɧɚ ɲɢɪɢɧɭ 
ɥɸɦɟɧɚ (b) (Sperry, et al., 2006a; Venturas, et al., 2017). ɍɫɬɨɣɱɢɜɨɫɬɶ ɤ 
ɷɦɛɨɥɢɢ ɱɚɫɬɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɫɨɨɬɧɨɲɟɧɢɟɦ ሺݐ/ܾሻଶ (Lachenbruch, et al., 2014). 
ɑɬɨɛɵ ɩɨɞɞɟɪɠɢɜɚɬɶ ɞɚɧɧɭɸ ɩɪɨɱɧɨɫɬɶ, ɩɪɢ ɛɨɥɟɟ ɲɢɪɨɤɨɦ ɥɸɦɟɧɟ ɛɭɞɟɬ 
ɛɨɥɟɟ ɬɨɥɫɬɚɹ ɞɜɨɣɧɚɹ ɫɬɟɧɤɚ. ȼɢɞɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɨɱɟɧɶ ɧɢɡɤɨɝɨ 
ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɤɫɢɥɟɦɟ ɛɟɡ ɤɚɜɢɬɚɰɢɢ, ɢɦɟɸɬ ɜɵɫɨɤɨɟ ɨɬɧɨɲɟɧɢɟ 
ɬɨɥɳɢɧɵ-ɤ-ɲɢɪɢɧɟ ɢ ɛɨɥɟɟ ɩɥɨɬɧɭɸ ɫɬɪɭɤɬɭɪɭ, ɜɢɞɢɦɨ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ 
ɤɨɥɥɚɩɫɚ ɩɪɨɜɨɞɧɢɤɚ (Venturas, et al., 2017).  
 

Ɋɢɫɭɧɨɤ 11 – ɉɪɢ ɭɫɥɨɜɢɹɯ ɜɨɞɧɨɝɨ ɫɬɪɟɫɫɚ ɩɪɨɜɨɞɧɢɤ ɦɨɠɟɬ ɩɨɞɜɟɪɝɧɭɬɶɫɹ 
ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɜɪɟɠɞɟɧɢɹɦ, ɟɫɥɢ ɨɧ ɧɟ ɛɭɞɟɬ ɡɚɳɢɳɟɧ ɨɧ ɪɚɫɬɹɝɢɜɚɸɳɟɝɨ 
(ɩɪɟɞɩɨɥɚɝɚɸɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ) ɢ ɢɡɝɢɛɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ʉɨɥɢɱɟɫɬɜɨ 

ɢɡɝɢɛɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɜɵɞɟɪɠɚɬɶ ɩɪɨɜɨɞɧɢɤ, ɡɚɜɢɫɢɬ ɨɬ ɬɨɥɳɢɧɵ 
ɤɥɟɬɨɱɧɵɯ ɫɬɟɧɨɤ (t) ɢ ɲɢɪɢɧɚ ɥɸɦɟɧɚ (b). ȿɫɥɢ ɞɚɜɥɟɧɢɟ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ, ɩɪɨɜɨɞɧɢɤ 

ɦɨɠɟɬ ɞɟɮɨɪɦɢɪɨɜɚɬɶɫɹ ɢɥɢ ɦɨɠɟɬ ɩɨɣɬɢ ɩɪɨɰɟɫɫ ɷɣɪ-ɫɢɞɢɧɝ ɱɟɪɟɡ ɨɛɪɚɡɨɜɚɜɲɢɟɫɹ 
ɬɪɟɳɢɧɵ ɜ ɤɥɟɬɨɱɧɵɯ ɫɬɟɧɤɚɯ (Venturas, et al., 2017) 

 
Ʉɫɢɥɟɦɚ ɞɨɥɠɧɚ ɨɛɥɚɞɚɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɩɨɬɨɦɭ ɱɬɨ 

ɩɨɦɢɦɨ ɜɨɞɨɩɪɨɜɟɞɟɧɢɹ ɜ ɟɟ ɡɚɞɚɱɢ ɜɯɨɞɢɬ ɨɩɨɪɧɚɹ ɮɭɧɤɰɢɹ ɞɟɪɟɜɚ. 
ɀɟɫɬɤɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɨɥɨɠɢɬɟɥɶɧɨ ɤɨɪɪɟɥɢɪɭɸɬ ɫ ɩɥɨɬɧɨɫɬɶɸ (Green, 
et al., 1999; Rosner, et al., 2007; Niklas, et al., 2010). Ⱥ ɩɥɨɬɧɨɫɬɶ ɜ ɫɜɨɟ ɜɪɟɦɹ 
ɡɚɜɢɫɢɬ ɨɬ ɞɢɚɦɟɬɪɚ ɥɸɦɟɧɚ, ɬɨɥɳɢɧɵ ɤɥɟɬɨɤ, ɬɢɩɚ ɤɥɟɬɨɤ (ɧɚɩɪɢɦɟɪ, 
ɪɚɧɧɹɹ ɞɪɟɜɟɫɢɧɚ) ɢ ɫɨɞɟɪɠɚɧɢɹ ɥɢɝɧɢɧɚ. ɉɥɨɬɧɨɫɬɶ ɞɪɟɜɟɫɢɧɵ ɹɜɥɹɟɬɫɹ 



20 
 

ɭɞɨɛɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɩɨ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɤɨɫɜɟɧɧɨ ɨɰɟɧɢɜɚɬɶ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ (ɪɢɫ. 11) (Lachenbruch, et al., 2014). 

 

 
Ɋɢɫɭɧɨɤ 11 – ɉɥɨɬɧɨɫɬɶ ɢ ɨɛɴɟɦ ɩɭɫɬɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜɥɢɹɸɬ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ 

ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɩɪɟɠɞɟ ɜɫɟɝɨ ɱɟɪɟɡ ɢɯ ɤɨɪɪɟɥɹɰɢɸ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɢ 
ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɬɪɨɟɧɢɹ ɤɥɟɬɨɤ ɢ ɬɤɚɧɟɣ (ɤɪɚɫɧɵɟ ɫɬɪɟɥɤɢ), ɚ ɧɟ ɧɚɩɪɹɦɭɸ (ɤɪɚɫɧɵɟ 

ɩɟɪɟɱɟɪɤɧɭɬɵɟ ɫɬɪɟɥɤɢ) (Lachenbruch, et al., 2014) 

 
ȼ ɝɨɞɢɱɧɨɦ ɤɨɥɶɰɟ, ɤɚɤ ɩɪɚɜɢɥɨ, ɟɫɬɶ ɱɚɫɬɶ ɤɥɟɬɨɤ ɫ ɛɨɥɟɟ ɧɢɡɤɨɣ 

ɩɥɨɬɧɨɫɬɶɸ ɢ ɱɚɫɬɶ ɤɥɟɬɨɤ ɫ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ. Ɍɚɤɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɵɜɚɸɬ ɬɪɚɯɟɢɞɨɝɪɚɦɦɵ (ɪɢɫ. 12). 
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Ɋɢɫɭɧɨɤ 12 – Пɴɬɰɩɴ ɬɫɰɩɱɩɱɬʃ ɴɤɨɬɤɯʀɱɿɹ 

ɴɤɫɰɩɴɲɦ ɮɯɩɶɲɮ ɬ ɶɲɯщɬɱɿ ɮɯɩɶɲɻɱɲɭ 

ɵɶɩɱɮɬ ɦɱɷɶɴɬ ɧɲɨɬɻɱɲɧɲ ɮɲɯʀɺɤ 

ɯɬɵɶɦɩɱɱɬɺɿ, ɬɫɰɩɴɩɱɱɿɹ ɵ ɳɲɰɲщʀʂ ɵɬɵɶɩɰɿ 

ɤɱɤɯɬɫɤ ɬɫɲɥɴɤɪɩɱɬɭ. В ɦɩɴɹɱɩɭ ɻɤɵɶɬ 

ɴɬɵɷɱɮɤ ɳɴɬɦɩɨɩɱɤ ɸɲɶɲɧɴɤɸɬʃ ɳɲɳɩɴɩɻɱɲɧɲ 

ɵɴɩɫɤ ɬɵɵɯɩɨɷɩɰɲɭ ɨɴɩɦɩɵɬɱɿ (Вɤɧɤɱɲɦ, ɬ 

ɨɴ., 2008). 

 

 
Ɋɢɫɭɧɨɤ 13 – Пɴɬɰɩɴ ɬɫɰɩɱɩɱɬʃ ɳɯɲɶɱɲɵɶɬ 

ɨɴɩɦɩɵɬɱɿ ɦɱɷɶɴɬ ɧɲɨɬɻɱɲɧɲ ɮɲɯʀɺɤ 

ɯɬɵɶɦɩɱɱɬɺɿ, ɬɫɰɩɴɩɱɱɿɹ ɵ ɳɲɰɲщʀʂ ɵɬɵɶɩɰɿ 

ɤɱɤɯɬɫɤ ɬɫɲɥɴɤɪɩɱɬɭ (ȼɚɝɚɧɨɜ, ɢ ɞɪ., 2008)  
 
ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɷɮɮɟɤɬɢɜɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɜɨɞɵ ɜ 

ɞɟɪɟɜɟ ɬɪɟɛɭɟɬɫɹ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɢɣ ɨɛɴɟɦ ɩɭɫɬɨɣ ɱɚɫɬɢ ɤɥɟɬɨɤ ɤɫɢɥɟɦɵ 
ɞɥɹ ɥɭɱɲɟɝɨ ɜɨɞɨɩɪɨɜɟɞɟɧɢɹ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɟɪɟɜɨ ɞɨɥɠɧɨ ɨɫɬɚɜɚɬɶɫɹ 
ɭɫɬɨɣɱɢɜɵɦ ɤ ɢɡɦɟɧɟɧɢɹɦ ɭɫɥɨɜɢɣ ɜɧɟɲɧɟɣ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ 
ɤ ɩɨɬɟɪɟ ɜɨɞɨɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɤ ɦɟɯɚɧɢɱɟɫɤɢɦ ɩɨɜɪɟɠɞɟɧɢɹɦ ɢɥɢ 
ɞɟɮɨɪɦɚɰɢɹɦ. ȼɵɞɟɥɹɸɬ ɩɹɬɶ ɦɟɯɚɧɢɡɦɨɜ ɧɚ ɭɪɨɜɧɟ ɤɥɟɬɤɢ, ɬɤɚɧɢ, 
ɨɪɝɚɧɚ/ɪɚɫɬɟɧɢɹ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɬɚɤɨɝɨ ɛɚɥɚɧɫɚ (ɪɢɫ. 14) (Lachenbruch, et al., 
2014): 

1) ɦɨɪɮɨɥɨɝɢɹ ɤɥɟɬɤɢ: ɢɡɦɟɧɟɧɢɟ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɨɜ ɤɥɟɬɤɢ;  
2) ɪɚɡɞɟɥɟɧɢɟ: ɢɡɦɟɧɟɧɢɟ ɩɪɨɩɨɪɰɢɣ ɬɤɚɧɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ 

ɪɚɡɧɵɯ ɮɭɧɤɰɢɣ; 
3) ɜɵɪɚɜɧɢɜɚɧɢɟ: ɢɡɦɟɧɟɧɢɟ ɨɫɟɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤɥɟɬɨɤ ɜ ɬɤɚɧɢ; 
4) ɪɚɫɩɪɟɞɟɥɟɧɢɟ: ɢɡɦɟɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɪɨɩɨɪɰɢɣ ɬɤɚɧɟɣ ɜ 

ɨɪɝɚɧɟ ɢɥɢ ɪɚɫɬɟɧɢɢ;  
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5) ɝɟɨɦɟɬɪɢɹ: ɢɡɦɟɧɟɧɢɟ ɞɢɫɬɪɢɛɭɰɢɢ ɬɤɚɧɟɣ ɜ ɨɪɝɚɧɟ ɢɥɢ 
ɪɚɫɬɟɧɢɢ. 

 

 
Ɋɢɫɭɧɨɤ 14 – Ɇɟɯɚɧɢɡɦɵ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɜɨɣɧɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɧɚ 

ɪɚɡɧɵɯ ɭɪɨɜɧɹɯ ɪɚɫɬɟɧɢɹ: ɤɥɟɬɤɚ, ɬɤɚɧɶ, ɨɪɝɚɧ/ɪɚɫɬɟɧɢɟ ɰɟɥɢɤɨɦ (Lachenbruch, 
et al., 2014) 

 
ɂɡ ɷɬɢɯ ɦɟɯɚɧɢɡɦɨɜ ɪɚɫɫɦɨɬɪɢɦ ɧɟɦɧɨɝɨ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɬɟ, ɤɨɬɨɪɵɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɚɫɲɬɚɛɟ ɤɥɟɬɤɢ ɢ ɬɤɚɧɢ. 
ɇɚ ɭɪɨɜɧɟ ɨɬɞɟɥɶɧɨɣ ɤɥɟɬɤɢ ɤɫɢɥɟɦɵ ɛɚɥɚɧɫ ɦɟɠɞɭ ɞɜɨɣɧɨɣ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶɸ ɞɨɫɬɢɝɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɨɫɨɛɟɧɧɨɫɬɹɦ ɤɥɟɬɨɤ (ɱɚɫɬɨɬɚ ɢ 
ɝɟɨɦɟɬɪɢɹ ɩɨɪ), ɮɨɪɦɨɣ ɤɥɟɬɨɤ (ɞɢɚɦɟɬɪ ɥɸɦɟɧɚ, ɬɨɥɳɢɧɚ ɤɥɟɬɨɱɧɨɣ ɫɬɟɧɤɢ, 
ɪɟɥɶɟɮ ɩɨɜɟɪɯɧɨɫɬɢ ɥɸɦɟɧɚ) (ɪɢɫ. 14). 

ɇɚ ɭɪɨɜɧɟ ɬɤɚɧɢ ɫɭɳɟɫɬɜɭɟɬ ɞɜɚ ɦɟɯɚɧɢɡɦɚ: ɪɚɡɞɟɥɟɧɢɟ ɢ 
ɜɵɪɚɜɧɢɜɚɧɢɟ. ɉɨɞ ɪɚɡɞɟɥɟɧɢɟɦ ɩɨɧɢɦɚɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɩɪɨɩɨɪɰɢɣ ɬɤɚɧɢ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɪɚɡɧɵɯ ɮɭɧɤɰɢɣ (ɪɢɫ. 13, 14). Ɋɚɡɞɟɥɟɧɢɟ ɩɨɹɜɥɹɟɬɫɹ ɜ 
ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɨɞɢɧ ɧɚɛɨɪ ɤɥɟɬɨɤ (ɧɚɩɪɢɦɟɪ, ɫɨɫɭɞɢɫɬɵɟ ɷɥɟɦɟɧɬɵ) 
ɨɬɜɟɱɚɟɬ ɜ ɨɫɧɨɜɧɨɦ ɡɚ ɨɞɧɭ ɮɭɧɤɰɢɸ (ɞɨɫɬɚɜɤɭ ɜɨɞɵ) ɚ ɞɪɭɝɨɣ ɧɚɛɨɪ ɤɥɟɬɨɤ 
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(ɧɚɩɪɢɦɟɪ, ɥɢɛɪɢɮɨɪɦɨɜɵɟ ɜɨɥɨɤɧɚ) ɜ ɨɫɧɨɜɧɨɦ ɨɬɜɟɱɚɟɬ ɡɚ ɞɪɭɝɭɸ 
ɮɭɧɤɰɢɸ (ɩɨɞɞɟɪɠɤɚ ɫɬɜɨɥɚ ɞɟɪɟɜɚ). ȼɬɨɪɨɣ ɦɟɯɚɧɢɡɦ, ɤɥɟɬɨɱɧɨɟ 
ɜɵɪɚɜɧɢɜɚɧɢɟ – ɷɬɨ ɢɡɦɟɧɟɧɢɟ ɭɝɥɚ ɫɨɟɞɢɧɟɧɢɹ ɤɥɟɬɨɤ ɦɟɠɞɭ ɫɨɛɨɣ ɜ ɬɤɚɧɢ. 
Ʉɥɟɬɨɱɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɦɨɠɟɬ ɭɦɟɧɶɲɢɬɶ ɩɟɪɟɞɚɱɭ ɜɨɞɵ ɬɨɥɶɤɨ ɩɨ 
ɚɤɫɢɚɥɶɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ (Lachenbruch, et al., 2014). 
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ɂɡɴɹɬɨ ɜ ɫɜɹɡɢ ɫ ɚɜɬɨɪɫɤɢɦɢ ɩɪɚɜɚɦɢ c 23 ɩɨ 30 ɫɬɪɚɧɢɰɭ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



25 
 

 
 

ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈЧɇɂɄɈȼ 
 

1. Bohm J. Kapillaritat und Saftsteigen [Journal] // Berichte der Deutschen 
Botanischen Gesellschaft. - 1893. - 11. - pp. 506-515. 

2. Bouche P. S. [et al.] A broad survey of hydraulic and mechanical safety in 
the xylem of conifers [Journal] // Journal of Experimental Botany. - 2014. - 
65. - pp. 4419-4431. 

3. Cavender-Bares J. Impacts of Freezing on Long Distance Transport in 
Woody Plants [Journal] // Vascular Transport in Plants. - 2005. - pp. 401-
424. 

4. Charrier G. [et al.] Freeze-Thaw Stress: Effects of Temperature on 
Hydraulic Conductivity and Ultrasonic Activity in Ten Woody Angiosperms 
[Journal] // Plant Physiology. - 2014. - 164. - pp. 992-998. 

5. Cochard H. [et al.] Cryo-scanning electron microscopyobservation of vessel 
content during transpiration in walnut petioloes. Facts or artifacts? 
[Journal] // Plant Physiology. - 2000. - 124. - pp. 1191-1202. 

6. Cochard H. [et al.] New Insights into the Mechanisms of Water-Stress-
Induced Cavitation in Conifers [Journal] // Plant Physiology. - 2009. - 151. - 
pp. 949-954. 

7. Davis S. D. and Sperry J. S. Hacke, U. G. The relationship between xylem 
conduit diameter and cavitaion caused by freezing [Journal] // American 
Journal of Botany. - 1999. - pp. 1367-1372. 

8. Delzon S. [et al.] Mechanism of water‐stress induced cavitation in conifers: 
bordered pit structure and function support the hypothesis of seal capillary‐
seeding [Journal] // Plant, Cell & Environment. - 2010. - 33. - pp. 2101-
2111. 

9. Dixon H. H. and Joly J. On the acsent of sap [Journal] // Phylosophycal 
Transaction of the Royal Society of London. - 1895. - 186. - pp. 563-676. 

10. Ewers F. W. Xylem Structure and Water Conduction in Conifer Trees, Dicot 
Trees, and Lianas [ɀɭɪɧɚɥ] // IAWA Bulletin. - 1985 ɝ.. - 6. - ɫɬɪ. 309-317. 

11. Feild T. S. and Brodribb T. Stem water transport and freeze-thaw xylem 
embolism in conifers and angiosperms in Tasmanian treeline heath 
[Journal] // Oecologia. - 2001. - 127. - pp. 314-320. 

12. Gleason S. M. [et al.] Weak tradeoff between xylem safety and xylem‐
specific hydraulic efficiency across the world's woody plant species 
[Journal] // New Phytologist. - 2015. - 209. - pp. 123-136. 



26 
 

13. Green D.W., Winandy J.E. and Kretschmann D.E. Mechanical properties of 
wood. [Book Section] // Wood handbook : wood as an engineering 
material.. - 1999. 

14. Hacke U. G. and Sperry J. S. Functional and ecologican xylem anatomy 
[Journal] // Perspectives in Plant Ecology, Evolution and Systematics. - 
2001. - 4/2. - pp. 97-115. 

15. Hacke U. G., Sperry J. S. and Pockman W. T. Trends in wood density and 
structure are linked to prevention of xylem implosion by negative pressure 
[Journal] // Oecologia. - 2001a. - 126. - pp. 457-461. 

16. Hansen J. and Beck E. Evidence for Ideal and Non-Ideal Equilibrium 
Freezing of Leaf Water in Frosthardy Ivy (Hedera helix) and Winter Barley 
(Hordeum vulgare) [Journal] // Ecophysiology. - 1988. - 101. - pp. 76-82. 

17. Holtta T. [et al.] Relationships between Embolism, Stem Water Tension, and 
Diameter Changes [Journal] // Journal of Theoretical Biology. - 2002. - 
215. - pp. 23-38. 

18. Holtta T., mencuccini M. and Nikinmaa E. A carbon cost-gain model 
explaing the observes patterns of xylem safety and efficiency [Journal] // 
Plant, Cell and Environment. - 2011. - 34. - pp. 1819-1834. 

19. Jansen S. [et al.] Plasmodesmatal pores in the torus of bordered pit 
membranes affect cavitation resistance of conifer xylem [Journal] // Plant, 
Cell & Environment. - 2012. - 35. - pp. 1109-1120. 

20. Lachenbruch B. and McCulloh K. A. Traits, properties, and performance: 
how woody plants combine hydraulic and mechanical functions in a cell, 
tissue, or whole plant [Journal] // New Phytologist. - 2014. - 204. - pp. 747-
764. 

21. Langan S. J., Ewers F. W. and D. Davis S. Xylem dysfunction caused by 
water stress and freezing in two species of co-occuring chapparal shrubs 
[Journal] // Plant, Cell and Environment. - 1997. - 20. - pp. 425-437. 

22. Lintunen A. Hölttä T., Kulmala M. Anatomical regulation of ice nucleation 
and cavitation helps trees to survive freezing and drought stress [ɀɭɪɧɚɥ] // 
Nature. - Helsinki : [ɛ.ɧ.], 19 June 2013 ɝ.. 

23. Lintunen A., Holtta T. and Kulmala M. Anatomical regulation of ice 
nucleation and cavitaion helps trees to survive freezing and drought stress 
[Journal] // Scientific Reports. - 2013. 

24. Mayr Cochard, Ameglio, Kikuta Embolism Formation during Freezing in 
the Wood of Picea abies [Journal] // Plant Physiology. - 2007. 

25. Mayr S. and Sperry J. S. Freeze-thaw induced embolism in Pinus contorta: 
Centrifuge experiments validate the "thaw-expansion" hypothesis but 



27 
 

conflict with ultrasonic data. [Journal] // New Phytologist. - 2010. - 18. - pp. 
1016-1024. 

26. Mayr S., Gruber A. and Bauer H. Repeated freeze-thaw cycles induce 
embolism in drought stressed conifers (Norway spruce, stone pine) 
[Journal] // Planta. - 2003. - 217. - pp. 436-441. 

27. Niklas K. J. and Spatz H. Worldwide correlations of mechanical properties 
and green wood density [Journal] // American Journal of Botany. - 2010. - 
97. - pp. 1587-1594. 

28. Pittermann J. [et al.] Inter-tracheid pitting and the hydraulic efficieny of 
conifer wood: the role of tracheid allometry and cavitation protection 
[Journal] // American Journal of Botany. - 2006a. - 93. - pp. 1265-1273. 

29. Pittermann J. [et al.] Torus-Margo Pits Help COnifers Compete with 
Angiosperms [Journal] // Science. - 2005. - 310. - p. 1924. 

30. Pittermann J. and Sperry J.S. Analysis of Freeze-Thaw Embolism in 
Conifers. The Interaction between Cavitation Pressure and Tracheid Size 
[Journal] // Plant Physiology. - 2006. - pp. 374-382. 

31. Pittermann J. and Sperry J.S. Tracheid diameter is the key trait determining 
the extent of freezing-induced embolism in conifers [Journal] // Tree 
Physiology. - 2003. - 23. - pp. 907-914. 

32. Pratt R. B. and Jacobsen A. L. Conflicting demands on angiosperm xylem: 
Tradeoffs among storage, transport, and biomechanics. [Journal] // Plant, 
Cell & Environments. - 2017. - 40. - pp. 897-913. 

33. Robson D. J., Mchardy W. J. and Petty J. A. Freezing in Conifer Xylem: II. 
PIT ASPIRATION AND BUBBLE FORMATION [Journal] // Journal of 
Experimental Botany. - 1988. - 39. - pp. 1617-1621. 

34. Rosner S. [et al.] Hydraulic and mechanical properties of young Norway 
spruce clones related to growth and wood structure [Journal] // Tree 
Physiology. - 2007. - 27. - pp. 1165-1178. 

35. Sean M. Gleason Mrk Westboy, Steven Jansen Weak tradeoff between 
xylem safety and xylem-specific hydraulic efficiency across the world's 
woody plant species [Journal]. - [s.l.] : New Phytologist, 2015. - 209. 

36. Sevanto S., Holbrook N. M. and Ball M. C. Freeze/thaw-induced embolism: 
probability of critical bubble formation depends on speed of ice formation 
[Journal] // Frontiers in Plant Science. - 2012. 

37. Shulte P. Computational fluid dynamics models of conifer bordered pits 
show how pit structure affects flow. [Journal] // New Phytologist. - 2011. - 
Vol. 193. - pp. 721-729. 

38. Siau J.F. Transport processes in wood. [Book]. - Berlin etc. : Springer 
Verlag, 1984. - p. 356. 



28 
 

39. Sperry J. S. [et al.] New evidence for large negative xylem pressure and their 
measurement by the pressure chamber method. [Journal] // Plant, Cell and 
Environment. - 1996. - Vol. 19. - pp. 427-436. 

40. Sperry J. S. and Tyree M. T. Mechanism of Water Stress-Induced Xylem 
Embolism [Journal] // Plant Physiology. - 1988. - 88. - pp. 581-587. 

41. Sperry J. S., Donnelly J. R. and Tyree M. T. Seasonal Occurence of Xylem 
Embolism in Sugar Maple (Acer saccharum) [Journal] // American Journal 
of Botany. - 1988. - pp. 1212-1218. 

42. Sperry J. S., Hacke U. G. and Pitterman J. Size and fucntion in conifer 
tracheids and angiosperm vessels [Journal] // American Journal of Botany. - 
2006a. - 93. - pp. 1490-1500. 

43. Sucoff E. Freezing of Conifer Xylem and the Cohesion-Tenstion Theory 
[Journal] // Physiologya Plantarum. - 1969. - 22. - pp. 424-431. 

44. Taiz L. and Zeiger E. Plant Physiology [Book]. - [s.l.] : Sinauer Associates, 
2002. - 3rd. 

45. Tyree M.T. and Zimmermann M.H. Xylem Structure and the Ascent of Sap. 
[Book]. - Berlin etc. : Springer-Verlag, 2002. - p. 139. 

46. Tyree Melvin T. The Cohesion-Tension theory of sap ascent: current 
controversies. [Journal] // Journal of Experimental Botany. - 1997. - 315 : 
Vol. 48. - pp. 1753-1765. 

47. Venturas M. D., Sperry J. S. and Hache U. G. Plant xylem hydraulics: What 
we understand, current research, and future challenges [Journal] // Journal of 
Integrative Plant Biology. - 2017. - 59. - pp. 356-389. 

48. Wheeler J. K. [et al.] Inter-vessel pitting and cavitation in woody Rosaceae 
and other vesselled plants: a basis for safety versus efficiency trade-off in 
xylem transport [Journal] // Plant, Cell & Environment. - 2005. - 28. - pp. 
800-812. 

49. Zwieniecki M. A., and Holbrook, N. M. Bordered pit structure and vessel 
wall surface properties. Implications of embolism repair. [ɀɭɪɧɚɥ] // Plant 
Physiology. - 2000 ɝ.. - 123. - ɫɬɪ. 1015-1020. 

50. ȼɚɝɚɧɨɜ ȿ. Ⱥ, Ʉɪɭɝɥɨɜ ȼ.Ȼ. ɢ ȼɚɫɢɥɶɟɜ ȼ.Ƚ. Ⱦɟɧɞɪɨɯɪɨɧɨɥɨɝɢɹ 
[Ʉɧɢɝɚ]. - Ʉɪɚɫɧɨɹɪɫɤ : [ɛ.ɧ.], 2008. 

51. ɉ. Ɋɟɣɜɧ Ɋ. ɗɜɟɪɬ, ɋ. Ⱥɣɤɯɨɪɧ "ɋɨɜɪɟɦɟɧɧɚɹ ɛɨɬɚɧɢɤɚ" [Ʉɧɢɝɚ]. - 
Ɇɨɫɤɜɚ : "Ɇɢɪ", 1990. - Ɍ. 2. 

52. ɑɚɜɱɚɜɚɞɡɟ ȿ. ɋ. Ⱦɪɟɜɟɫɢɧɚ ɯɜɨɣɧɵɯ. [Ʉɧɢɝɚ]. - Ʌɟɧɢɧɝɪɚɞ : ɇɚɭɤɚ, 
1979. - ɫɬɪ. 190 . 

53. ɗɫɚɭ Ʉ. Ⱥɧɚɬɨɦɢɹ ɪɚɫɬɟɧɢɣ [Ʉɧɢɝɚ]. - Ɇɨɫɤɜɚ : Ɇɢɪ, 1969. - ɫɬɪ. 564. 
 
 




