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АɇɇɈɌАɐɂə 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ɇɨɥɟɤɭɥɹɪɧɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɢ 

ɮɢɥɨɝɟɧɢɹ ɞɟɪɟɜɨɪɚɡɪɭɲɚɸɳɢɯ ɝɪɢɛɨɜ ɪɨɞɚ Armillaria, ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ ɊɎ» ɫɨɞɟɪɠɢɬ 50 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 96 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 12 ɪɢɫɭɧɤɨɜ, 6 ɬɚɛɥɢɰ (ɜɤɥɸɱɚɹ ɉɪɢɥɨɠɟɧɢɟ). 

ɐɟɥɶ ɪɚɛɨɬɵ – ɜɢɞɨɜɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ 28 ɫɢɛɢɪɫɤɢɯ ɢ 

ɞɚɥɶɧɟɜɨɫɬɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɝɪɢɛɨɜ ɪɨɞɚ Armillaria  ɩɨ 3 ɝɟɧɟɬɢɱɟɫɤɢɦ 

ɦɚɪɤɟɪɚɦ. 

Ɉɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɨɛɪɚɡɰɵ ɝɪɢɛɨɜ ɪɨɞɚ Armillaria. 

ɉɪɟɞɦɟɬ ɢɫɫɥɟɞɨɜɚɧɢɹ – ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɫɜɹɡɢ ɨɛɪɚɡɰɨɜ. 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɪɟɞɢ ɜɢɞɨɜ 

Armillaria ɧɚɛɥɸɞɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɜ ɫɬɟɩɟɧɢ ɩɚɬɨɝɟɧɧɨɫɬɢ ɢ 

ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜ Armillaria ɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦ ɞɥɹ ɨɰɟɧɤɢ ɪɢɫɤɚ 

ɡɚɛɨɥɟɜɚɧɢɹ ɞɟɪɟɜɶɟɜ. ɉɨɫɥɟɞɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɥɨɤɭɫɨɜ ȾɇɄ ɞɥɹ ɬɨɱɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɜɢɞɨɜ 

ɝɪɢɛɨɜ. ȼɚɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɢ ɢ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ 

ɜɢɞɨɜɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ Armillaria ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ 

ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɚɪɤɟɪɨɜ ɪɚɧɟɟ ɧɟ ɩɪɨɜɨɞɢɥɚɫɶ. 

ȼ ɢɬɨɝɟ ɛɵɥɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɜɫɟ 28 ɨɛɪɚɡɰɨɜ, ɫɨɛɪɚɧɧɵɟ ɧɚ 

ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɢ ɢ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ. Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢɦɟɧɧɨ 

ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɧɵɯ ɬɪɺɯ ɦɚɪɤɟɪɨɜ ɩɨɡɜɨɥɢɥ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ 

ɨɩɪɟɞɟɥɢɬɶ ɜɢɞɨɜɭɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɲɬɚɦɦɨɜ. ɂɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ 

ɨɬɧɨɫɹɬɫɹ ɤ 4 ɪɚɡɧɵɦ ɜɢɞɚɦ, 18 ɢɡ 28 ɨɛɪɚɡɰɨɜ ɨɬɧɨɫɹɬɫɹ ɤ ɜɢɞɭ A. borealis. 

ɍɪɨɜɟɧɶ ɩɚɬɨɝɟɧɧɨɫɬɢ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ȽȿɇȿɌɂɑȿɋɄɂȿ ɆȺɊɄȿɊɕ, ɎɂɅɈȽȿɇɂə, 

ɂȾȿɇɌɂɎɂɄȺɐɂə ȼɂȾɈȼ, ɆȺɊɄȿɊɇɕȿ ɉɈɋɅȿȾɈȼȺɌȿɅɖɇɈɋɌɂ 
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Ƚɪɢɛɵ ɪɨɞɚ Armillaria (Ɉɩɺɧɨɤ) – ɨɞɧɢ ɢɡ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɥɟɫɧɵɯ ɷɤɨɫɢɫɬɟɦ. Ɉɧɢ ɜɵɩɨɥɧɹɸɬ ɜɚɠɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ 

ɮɭɧɤɰɢɢ ɪɚɡɥɨɠɟɧɢɹ ɦɟɪɬɜɨɣ ɞɪɟɜɟɫɢɧɵ, ɩɪɢ ɷɬɨɦ ɱɚɫɬɨ ɫɬɚɧɨɜɹɬɫɹ 

ɫɟɪɶɺɡɧɵɦ ɩɚɬɨɝɟɧɚɦɢ, ɜɵɡɵɜɚɹ ɛɟɥɭɸ ɤɨɪɧɟɜɭɸ ɝɧɢɥɶ ɭ ɞɪɟɜɟɫɧɵɯ 

ɪɚɫɬɟɧɢɣ. ɋɪɟɞɢ ɜɢɞɨɜ Armillaria ɧɚɛɥɸɞɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɟ ɪɚɡɥɢɱɢɹ ɜ 

ɫɬɟɩɟɧɢ ɩɚɬɨɝɟɧɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, A. ostoyae ɢ A. mellea ɫɱɢɬɚɸɬɫɹ ɫɢɥɶɧɨ 

ɩɚɬɨɝɟɧɧɵɦɢ, ɬɨɝɞɚ ɤɚɤ ɬɚɤɢɟ ɜɢɞɵ, ɤɚɤ A. sinapina, A. gallica, ɢ A. cepistipes –

ɦɟɧɟɟ ɩɚɬɨɝɟɧɧɵɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɨɱɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜ Armillaria 

ɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦ ɞɥɹ ɨɰɟɧɤɢ ɪɢɫɤɚ ɡɚɛɨɥɟɜɚɧɢɹ ɞɟɪɟɜɶɟɜ. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɚɪɤɟɪɨɜ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɜɢɞɵ ɝɪɢɛɨɜ ɢɫɩɨɥɶɡɭɹ 

ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɩɪɢɡɧɚɤɢ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟɜɨɡɦɨɠɧɨ, ɩɨɬɨɦɭ ɱɬɨ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɨɞɨɜɵɯ ɬɟɥ ɡɚɱɚɫɬɭɸ ɩɟɪɟɤɪɵɜɚɸɬɫɹ ɦɟɠɞɭ ɪɨɞɫɬɜɟɧɧɵɦɢ 

ɜɢɞɚɦɢ. Ƚɟɧɟɬɢɱɟɫɤɢɟ ɦɚɪɤɟɪɵ ɩɨɡɜɨɥɹɸɬ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ɪɚɡɥɢɱɚɬɶ 

ɜɢɞɵ ɝɪɢɛɨɜ ɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɝɟɧɟɬɢɱɟɫɤɢɣ ɦɨɧɢɬɨɪɢɧɝ ɭɪɨɜɧɹ ɩɚɬɨɝɟɧɧɨɫɬɢ 

ɜ ɩɨɩɭɥɹɰɢɹɯ. 

ɉɨɫɥɟɞɧɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ ɜɚɠɧɨɫɬɶ ɢɡɭɱɟɧɢɹ ɮɢɥɨɝɟɧɢɢ 

Armillaria  ɫ  ɩɪɢɦɟɧɟɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɥɨɤɭɫɨɜ ȾɇɄ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɰɟɥɶɸ 

ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 28 ɫɢɛɢɪɫɤɢɯ ɢ 

ɞɚɥɶɧɟɜɨɫɬɨɱɧɵɯ ɨɛɪɚɡɰɨɜ Armillaria ɩɨ ɦɚɪɤɟɪɧɵɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ 

ITS, IGS, TEF1α ɞɥɹ ɜɢɞɨɜɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɞɚɧɧɨɣ ɰɟɥɢ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

• Ɏɨɪɦɢɪɨɜɚɧɢɟ ɛɚɡɵ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɦɚɪɤɺɪɨɜ ITS, 

TEF1a, IGS ɢɡɜɟɫɬɧɵɯ ɜɢɞɨɜ Armillaria   



• ɉɨɫɬɪɨɟɧɢɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɞɟɪɟɜɶɟɜ ɧɚ ɨɫɧɨɜɟ ɜɫɟɯ ɬɪɟɯ ɦɚɪɤɟɪɨɜ ɢ 

ɩɨ ɨɬɞɟɥɶɧɵɦ ɦɚɪɤɟɪɚɦ 

• ɋɨɩɨɫɬɚɜɥɟɧɢɟ ɞɚɧɧɵɯ ɮɢɥɨɝɟɧɢɢ ɫɨ ɫɬɟɩɟɧɶɸ ɜɢɪɭɥɟɧɬɧɨɫɬɢ ɢ 

ɝɟɨɝɪɚɮɢɱɟɫɤɢɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟɦ 

ɇɨɜɢɡɧɚ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɜɢɞɨɜ 

Armillaria ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɢ ɢ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɧɟɫɤɨɥɶɤɢɯ ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɚɪɤɟɪɨɜ ɩɪɨɜɨɞɢɥɚɫɶ ɜɩɟɪɜɵɟ.  

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɥɚɛɨɪɚɬɨɪɢɢ ɥɟɫɧɨɣ 

ɝɟɧɨɦɢɤɢ ɋɎɍ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ «Ƚɟɧɨɦɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɫɧɨɜɧɵɯ 

ɛɨɪɟɚɥɶɧɵɯ ɥɟɫɨɨɛɪɚɡɭɸɳɢɯ ɯɜɨɣɧɵɯ ɜɢɞɨɜ ɢ ɢɯ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ 

ɩɚɬɨɝɟɧɨɜ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ», ɮɢɧɚɧɫɢɪɭɟɦɨɝɨ ɉɪɚɜɢɬɟɥɶɫɬɜɨɦ ɊɎ 

(ɞɨɝɨɜɨɪ №14.Y26.31.0004), ɢ ɱɚɫɬɢɱɧɨ ɛɚɡɨɜɵɦɢ ɩɪɨɟɤɬɚɦɢ Ɏɂɐ Ʉɇɐ ɋɈ 

ɊȺɇ № 0356-2019-0024 ɢ № 0287-2019-0002. 

Ⱥɜɬɨɪ ɪɚɛɨɬɵ ɜɵɪɚɠɚɟɬ ɢɫɤɪɟɧɧɸɸ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɤ.ɛ.ɧ. 

Ʉɪɭɬɨɜɫɤɨɦɭ Ʉ. ȼ. ɡɚ ɧɚɭɱɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ, ɞ.ɛ.ɧ. ɂ. ɇ. ɉɚɜɥɨɜɭ ɡɚ 

ɩɪɟɞɨɫɬɚɜɥɟɧɧɵɟ ɨɛɪɚɡɰɵ, ɤ.ɛ.ɧ. Ɉɪɟɲɤɨɜɨɣ ɇ. ȼ. ɡɚ ɫɟɤɜɟɧɢɪɨɜɚɧɢɟ ȾɇɄ, ɚ 

ɬɚɤɠɟ ɜɫɟɦ ɫɨɬɪɭɞɧɢɤɚɦ ɤɚɮɟɞɪɵ ɝɟɧɨɦɢɤɢ ɢ ɛɢɨɢɧɮɨɪɦɚɬɢɤɢ  ɡɚ ɭɱɚɫɬɢɟ ɜ 

ɨɛɫɭɠɞɟɧɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɢ ɰɟɧɧɵɟ ɫɨɜɟɬɵ. 

  



ʝ˔ːˑвːаˢ ча˔˕˟ 

 

1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ 

 

1. 1 Аɤɬɭɚɥɶɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɟɧɟɬɢɱɟɫɤɢɯ ɦɚɪɤɟɪɨɜ ɝɪɢɛɨɜ 

 

Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɢɫɩɨɥɶɡɭɸɳɢɟ ɞɚɧɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɢɞɨɜ 

Armillaria  [1,  2 , 3 4], ɚ ɬɚɤ ɠɟ ɞɥɹ ɜɵɹɫɧɟɧɢɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɫɜɹɡɟɣ 

ɜɢɞɨɜ ɫ ɪɚɡɧɵɯ ɱɚɫɬɟɣ ɫɜɟɬɚ [5, 6]. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜɧɭɬɪɟɧɧɹɹ 

ɬɪɚɧɫɤɪɢɛɢɪɭɟɦɚɹ ɫɩɟɣɫɟɪɧɚɹ ɨɛɥɚɫɬɶ (ITS) ɢ ɦɟɠɝɟɧɧɚɹ ɫɩɟɣɫɟɪɧɚɹ ɨɛɥɚɫɬɶ 

(IGS-1) ɛɵɥɢ ɩɨɥɟɡɧɵ ɜ ɢɡɭɱɟɧɢɢ ɜɡɚɢɦɨɫɜɹɡɢ ɜɢɞɨɜ ɢɡ Ⱥɮɪɢɤɢ [7], ɘɠɧɨɣ 

Ⱥɦɟɪɢɤɢ [8], Ⱥɜɫɬɪɚɥɚɡɢɢ [9],  ɋɟɜɟɪɧɨɣ Ⱥɦɟɪɢɤɢ [10] ȿɜɪɨɩɵ [11] ɢ Ⱥɡɢɢ 

[12]. Ʉɪɨɦɟ ɬɨɝɨ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɹ ɱɚɫɬɢ ɝɟɧɚ ɮɚɤɬɨɪɚ ɷɥɨɧɝɚɰɢɢ 

ɬɪɚɧɫɤɪɢɩɰɢɢ ɚɥɶɮɚ (TEF1α) ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɹɩɨɧɫɤɢɯ ɢ ɟɜɪɨɩɟɣɫɤɢɯ ɢɡɨɥɹɬɨɜ [13]. 

Ɋɨɞ Armillaria (ɜɤɥɸɱɚɹ ɬɟɫɧɨ ɫɜɹɡɚɧɧɵɣ ɫ ɧɢɦ ɪɨɞ Desarmillaria), ɜ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɤɥɸɱɚɟɬ ɛɨɥɟɟ 40 ɨɮɢɰɢɚɥɶɧɨ ɨɩɢɫɚɧɧɵɯ ɜɢɞɨɜ ɩɨ ɜɫɟɦɭ 

ɦɢɪɭ ɢ ɢɝɪɚɟɬ ɰɟɧɬɪɚɥɶɧɭɸ ɪɨɥɶ ɜ ɞɢɧɚɦɢɤɟ ɞɪɟɜɟɫɧɵɯ ɷɤɨɫɢɫɬɟɦ [14]. 

Ȼɨɥɶɲɨɟ ɜɢɞɨɜɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɢ ɲɢɪɨɤɨɟ ɝɟɨɝɪɚɮɢɱɟɫɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɷɬɨɝɨ ɪɨɞɚ, ɜɟɪɨɹɬɧɨ, ɛɵɥɚ ɨɛɟɫɩɟɱɟɧɚ ɫɨɱɟɬɚɧɢɹɦɢ ɧɟɫɤɨɥɶɤɢɯ ɮɚɤɬɨɪɨɜ: 

 1. ȼɵɫɨɤɚɹ ɩɥɚɫɬɢɱɧɨɫɬɶ ɤ ɭɫɥɨɜɢɹɦ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȼɢɞɵ Armillaria 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɜ ɪɚɡɥɢɱɧɵɯ ɝɟɨɥɨɝɢɱɟɫɤɢɯ ɭɫɥɨɜɢɹɯ: ɨɧɢ ɜɫɬɪɟɱɚɸɬɫɹ ɧɚ 

ɪɚɡɧɵɯ ɜɵɫɨɬɚɯ (ɤɚɤ ɢ ɧɚ ɭɪɨɜɧɟ ɦɨɪɹ, ɬɚɤ ɢ ɧɚ ɛɨɥɶɲɢɯ ɜɨɡɜɵɲɟɧɢɹɯ) ɢ ɧɚ 

ɪɚɡɧɵɯ ɬɢɩɚɯ ɩɨɱɜ [15].  

2. ȼɢɞɵ Armillaria ɦɨɝɭɬ ɨɫɜɚɢɜɚɬɶ ɧɨɜɵɟ ɩɢɳɟɜɵɟ ɪɟɫɭɪɫɵ, ɢɫɩɨɥɶɡɭɹ 

ɪɚɡɥɢɱɧɵɟ ɷɤɨɥɨɝɢɱɟɫɤɢɟ ɫɬɪɚɬɟɝɢɢ. Ɉɧɢ ɪɚɫɩɪɨɫɬɪɚɧɸɬɫɹ ɧɚ ɦɟɪɬɜɨɣ 



ɞɪɟɜɟɫɢɧɟ (ɧɚɩɪɢɦɟɪ, ɧɚ ɤɨɪɧɹɯ, ɩɧɹɯ ɢ ɨɛɥɨɦɤɚɯ) ɦɧɨɝɢɯ ɞɪɟɜɟɫɧɵɯ ɩɨɪɨɞ 

ɩɪɢɪɨɞɧɵɯ ɢ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɷɤɨɫɢɫɬɟɦ [16]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɞɢɧ ɢ ɬɨɬ ɠɟ 

ɨɪɝɚɧɢɡɦ (ɬɨ ɟɫɬɶ ɦɢɰɟɥɢɣ, ɨɛɥɚɞɚɸɳɢɣ ɨɞɧɢɦ ɢ ɬɟɦ ɠɟ ɝɟɧɨɬɢɩɨɦ) ɦɨɠɟɬ 

ɫɨɯɪɚɧɹɬɶɫɹ ɧɚ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ ɭɱɚɫɬɤɟ ɜ ɬɟɱɟɧɢɟ ɫɦɟɧɵ ɧɟɫɤɨɥɶɤɢɯ 

ɩɨɤɨɥɟɧɢɣ ɞɟɪɟɜɶɟɜ ɢ ɞɨɫɬɢɝɚɬɶ ɜɨɡɪɚɫɬɚ ɛɨɥɟɟ ɬɵɫɹɱɢ ɥɟɬ [17, 18]. 

ɇɟɤɨɬɨɪɵɟ ɜɢɞɵ Armillaria ɹɜɥɹɸɬɫɹ ɮɚɤɭɥɶɬɚɬɢɜɧɵɦɢ ɩɚɪɚɡɢɬɚɦɢ, 

ɫɩɨɫɨɛɧɵɦɢ ɩɨɪɚɠɚɬɶ ɧɟ ɬɨɥɶɤɨ ɨɫɥɚɛɥɟɧɧɵɟ, ɧɨ ɢ ɡɞɨɪɨɜɵɟ ɞɪɟɜɟɫɧɵɟ 

ɪɚɫɬɟɧɢɹ [19]. ɉɚɪɚɡɢɬɢɪɨɜɚɧɢɟ ɞɟɪɟɜɚ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɛɟɥɨɣ 

ɤɨɪɧɟɜɨɣ ɝɧɢɥɢ ɢ, ɜ ɤɨɧɰɟ ɤɨɧɰɨɜ, ɟɝɨ ɝɢɛɟɥɢ.  

3. ȼɢɞɵ Armillaria ɢɫɩɨɥɶɡɭɸɬ ɷɮɮɟɤɬɢɜɧɭɸ ɫɬɪɚɬɟɝɢɸ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ. 

Ʌɨɤɚɥɶɧɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɤɚɤ ɱɟɪɟɡ ɪɢɡɨɦɨɪɮɵ, ɬɚɤ ɢ ɱɟɪɟɡ 

ɤɨɪɧɟɜɵɟ ɤɨɧɬɚɤɬɵ. Ɋɢɡɨɦɨɪɮɵ ɹɜɥɹɸɬɫɹ ɩɨɞɡɟɦɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ 

ɞɢɚɦɟɬɪɨɦ 1-5 ɦɦ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɜɢɞɵ Armillaria ɡɚɧɢɦɚɸɬ ɨɤɪɭɠɚɸɳɭɸ 

ɩɨɱɜɭ ɢ ɨɫɜɚɢɜɚɸɬ ɧɨɜɵɟ ɩɢɳɟɜɵɟ ɪɟɫɭɪɫɵ. Ɉɛɪɚɡɨɜɚɧɢɟ ɪɢɡɨɦɨɪɮɨɜ 

ɫɱɢɬɚɟɬɫɹ ɫɬɪɚɬɟɝɢɟɣ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɥɚ ɜɢɞɚɦ Armillaria ɩɨɥɭɱɢɬɶ 

ɤɨɧɤɭɪɟɧɬɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ. ɉɨɦɢɦɨ ɪɢɡɨɦɨɪɮɨɜ, ɩɪɹɦɨɣ ɤɨɧɬɚɤɬ ɦɟɠɞɭ 

ɤɨɪɧɹɦɢ ɩɨɡɜɨɥɹɟɬ ɦɢɰɟɥɢɸ, ɩɪɢɫɭɬɫɬɜɭɸɳɟɦɭ ɜ ɡɚɪɚɠɟɧɧɵɯ ɤɨɪɧɹɯ, 

ɢɧɮɢɰɢɪɨɜɚɬɶ ɡɞɨɪɨɜɵɟ ɤɨɪɧɢ ɫɨɫɟɞɧɢɯ ɞɟɪɟɜɶɟɜ [20, 21] (ɪɢɫɭɧɨɤ 1). 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɧɚ ɛɨɥɶɲɢɟ ɪɚɫɫɬɨɹɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 

ɱɟɪɟɡ ɛɚɡɢɞɢɨɫɩɨɪɵ [22]. 

 



 

Ɋɢɫɭɧɨɤ 1 – ɫɯɟɦɚɬɢɱɟɫɤɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ Armillaria 

1) Ȼɚɡɢɞɢɨɫɩɨɪɵ ɩɪɨɪɚɫɬɚɸɬ ɧɚ ɞɟɪɟɜɟ, ɨɛɪɚɡɭɹ ɝɚɩɥɨɢɞɧɵɣ (n) ɦɢɰɟɥɢɣ 

(ɝɟɬɟɪɨɬɚɥɥɢɱɟɫɤɢɣ ɜɢɞ) ɢɥɢ ɞɢɩɥɨɢɞɧɵɣ (2n) ɦɢɰɟɥɢɣ (ɝɨɦɨɬɚɥɥɢɱɟɫɤɢɣ 

ɜɢɞ); 2) ɍ ɝɟɬɟɪɨɬɚɥɥɢɱɟɫɤɢɯ ɜɢɞɨɜ ɩɨɫɥɟ ɫɩɚɪɢɜɚɧɢɹ ɨɛɪɚɡɭɟɬɫɹ 

ɞɢɩɥɨɢɞɧɵɣ ɦɢɰɟɥɢɣ. Ʉɚɤ ɭ ɝɟɬɟɪɨɬɚɥɥɢɱɟɫɤɢɯ, ɬɚɤ ɢ ɭ ɝɨɦɨɬɚɥɥɢɱɟɫɤɢɯ 

ɜɢɞɨɜ ɞɢɩɥɨɢɞɧɵɣ ɦɢɰɟɥɢɣ ɤɨɥɨɧɢɡɢɪɭɟɬ ɞɪɟɜɟɫɧɵɣ ɫɭɛɫɬɪɚɬ; 3) ɡɞɨɪɨɜɵɟ 

ɞɟɪɟɜɶɹ ɡɚɪɚɠɚɸɬɫɹ ɱɟɪɟɡ ɤɨɪɧɟɜɵɟ ɤɨɧɬɚɤɬɵ ɫ ɩɨɪɚɠɟɧɧɵɦɢ ɞɪɟɜɶɹɦɢ, ɥɢɛɨ 

ɱɟɪɟɡ ɪɢɡɨɦɨɪɮɵ, ɜɵɪɚɫɬɚɸɳɢɦɢ ɢɡ ɩɨɪɚɠɟɧɧɨɝɨ ɞɟɪɟɜɚ; 4) Armillaria 

ɩɪɨɧɢɤɚɟɬ ɜ ɤɨɪɧɟɜɭɸ ɫɢɫɬɟɦɭ ɢ ɧɢɠɧɢɣ ɫɬɟɛɟɥɶ ɡɚɪɚɠɟɧɧɵɯ ɞɟɪɟɜɶɟɜ, 

ɜɵɡɵɜɚɹ ɝɧɢɟɧɢɟ ɤɚɦɛɢɹ; 5) ɉɥɨɞɨɧɨɫɹɳɢɟ ɬɟɥɚ ɪɚɡɜɢɜɚɸɬɫɹ ɧɚ ɦɟɪɬɜɨɦ ɢɥɢ 

ɭɦɢɪɚɸɳɟɦ ɞɟɪɟɜɟ ɢ ɜɵɫɜɨɛɨɠɞɚɸɬ ɛɚɡɢɞɢɨɫɩɨɪɵ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ 

[23]. 

 

1.2  ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɜɢɞɨɜ 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜ ɝɪɢɛɨɜ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ, ɢ ɡɚ ɦɧɨɝɢɟ ɝɨɞɵ 

ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɪɚɡɥɢɱɧɵɟ ɤɨɧɰɟɩɰɢɣ ɜɢɞɨɜ [24, 25]. ȼ ɫɢɫɬɟɦɚɬɢɤɟ 



Armillaria ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɢ ɤɨɧɰɟɩɰɢɢ ɪɚɡɞɟɥɟɧɢɹ ɜɢɞɨɜ:  ɦɨɪɮɨɥɨɝɢɱɟɫɤɚɹ, 

ɛɢɨɥɨɝɢɱɟɫɤɚɹ ɢ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɚɹ. ȼɫɟ ɨɧɢ ɢɦɟɸɬ ɫɜɨɢ ɨɝɪɚɧɢɱɟɧɢɹ ɢ ɦɨɝɭɬ 

ɞɚɜɚɬɶ ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɪɟɡɭɥɶɬɚɬɵ. ɇɟɞɨɫɬɚɬɤɢ ɨɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜ ɧɚ ɨɫɧɨɜɟ 

ɦɨɪɮɨɥɨɝɢɢ ɩɥɨɞɨɜɵɯ ɬɟɥ (ɛɚɡɢɞɢɨɤɚɪɩɨɜ) ɜ ɬɨɦ, ɱɬɨ ɩɥɨɞɨɜɵɟ ɬɟɥɚ 

ɨɛɪɚɡɭɸɬɫɹ ɧɟɪɟɝɭɥɹɪɧɨ ɢ ɧɟɞɨɥɝɨɜɟɱɧɵ. Ȼɨɥɟɟ ɬɨɝɨ, ɭ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ 

ɩɥɨɞɨɜɵɟ ɬɟɥɚ ɬɪɭɞɧɨ ɢɧɞɭɰɢɪɨɜɚɬɶ in vitro, ɢ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɝɭɬ ɧɟ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ  ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɩɥɨɞɨɧɨɫɹɳɢɯ ɬɟɥ, ɫɨɛɪɚɧɧɵɯ ɧɚ ɩɪɢɪɨɞɟ 

[26]. Ʉɪɨɦɟ ɬɨɝɨ, ɦɚɤɪɨ- ɢ ɦɢɤɪɨɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɥɨɞɨɜɵɯ ɬɟɥ ɲɢɪɨɤɨ 

ɩɟɪɟɤɪɵɜɚɸɬɫɹ ɦɟɠɞɭ ɪɨɞɫɬɜɟɧɧɵɦɢ ɜɢɞɚɦɢ, ɬɚɤɢɦɢ ɤɚɤ A. cepistipes, 

A. gallica ɢ A. nabsnona [27] ɢɥɢ A. ostoyae ɢ A. gemina [28].  

Ȼɨɥɶɲɢɧɫɬɜɨ ɜɢɞɨɜ Armillaria ɢɦɟɸɬ ɝɟɬɟɪɨɬɚɥɥɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ 

ɫɩɚɪɢɜɚɧɢɹ (ɬɨɥɶɤɨ ɝɚɦɟɬɵ ɞɜɭɯ ɪɚɡɧɵɯ ɝɚɩɥɨɢɞɧɵɯ ɦɢɰɟɥɢɟɜ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɩɨɥɚ ɦɨɝɭɬ ɫɥɢɜɚɬɶɫɹ ɢ ɨɛɪɚɡɨɜɵɜɚɬɶ ɡɢɝɨɫɩɨɪɭ), ɢ ɦɟɠɞɭ 

ɜɢɞɚɦɢ ɫɭɳɟɫɬɜɭɸɬ ɪɟɩɪɨɞɭɤɬɢɜɧɵɟ ɛɚɪɶɟɪɵ [29]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɛɢɨɥɨɝɢɱɟɫɤɨɟ (ɫɟɤɫɭɚɥɶɧɨɟ) ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɜɢɞɨɜ Armillaria ɢɧɬɟɧɫɢɜɧɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɫ 1970-ɯ ɝɨɞɨɜ [30, 31]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɶɲɢɧɫɬɜɨ ɢɡɜɟɫɬɧɵɯ 

ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɢɞɨɜ Armillaria ɨɩɪɟɞɟɥɹɥɢɫɶ ɧɚ ɨɫɧɨɜɟ ɫɟɤɫɭɚɥɶɧɨɣ 

ɫɨɜɦɟɫɬɢɦɨɫɬɢ. Ɉɞɧɚɤɨ ɛɢɨɥɨɝɢɱɟɫɤɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜ ɢɦɟɟɬ ɪɹɞ 

ɫɟɪɶɟɡɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ. Ⱥɥɥɨɩɚɬɪɢɱɟɫɤɢɟ ɜɢɞɵ ɦɨɝɭɬ ɞɟɦɨɧɫɬɪɢɪɨɜɚɬɶ 

ɧɟɩɨɥɧɵɟ ɪɟɩɪɨɞɭɤɬɢɜɧɵɟ ɛɚɪɶɟɪɵ, ɧɚɩɪɢɦɟɪ, A. cepistipes ɢ A. sinapina [32, 

33].  

ȼ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɛɥɚɝɨɞɚɪɹ ɛɵɫɬɪɨɦɭ ɩɪɨɝɪɟɫɫɭ ɜ ɦɟɬɨɞɚɯ, 

ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɚɧɚɥɢɡɟ ȾɇɄ, ɢ ɞɨɫɬɭɩɧɨɫɬɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 

ɫɟɤɜɟɧɢɪɨɜɚɧɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ, ɨɩɪɟɞɟɥɟɧɢɟ ɜɢɞɨɜ ɝɪɢɛɨɜ ɫ 

ɩɨɦɨɳɶɸ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɨɛɪɟɥɨ ɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ 

[34]. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɨɧɨ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɜ ɢɡɭɱɟɧɢɢ 

ɫɢɫɬɟɦɚɬɢɤɢ Armillaria. Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 

ɮɢɥɨɝɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɨɞɧɨɝɨ ɝɟɧɚ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɨɬɪɚɠɚɟɬ ɷɜɨɥɸɰɢɨɧɧɭɸ 

ɢɫɬɨɪɢɸ ɜɢɞɚ ɢ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɢɡ-ɡɚ ɝɨɦɨɩɥɚɡɢɢ ɢɥɢ 



ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɬɨɩɨɥɨɝɢɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ 

ɞɟɪɟɜɶɟɜ ɦɨɠɟɬ ɛɵɬɶ ɧɟɤɨɧɝɪɭɷɧɬɧɨɣ [35]. ɗɬɭ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɜ 

ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɢɡɛɟɠɚɬɶ, ɢɫɩɨɥɶɡɭɹ ɦɧɨɝɨɥɨɤɭɫɧɵɣ ɩɨɞɯɨɞ [36]. 

ȼɧɭɬɪɢɜɢɞɨɜɚɹ ɢɡɦɟɧɱɢɜɨɫɬɶ ɝɟɧɨɜ ɬɚɤɠɟ ɢɧɨɝɞɚ ɦɨɠɟɬ ɧɚɪɭɲɚɬɶ 

ɬɨɩɨɥɨɝɢɸ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɞɟɪɟɜɚ. ɇɚɩɪɢɦɟɪ,  A. borealis, ɩɨ-ɜɢɞɢɦɨɦɭ, 

ɨɛɥɚɞɚɟɬ ɞɜɭɦɹ ɪɚɡɥɢɱɧɵɦɢ ɜɟɪɫɢɹɦɢ ɝɟɧɚ ɮɚɤɬɨɪɚ ɷɥɨɧɝɚɰɢɢ ɬɪɚɧɫɥɹɰɢɢ 1-

α (TEF1α), ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɞɜɚ ɧɟɪɨɞɫɬɜɟɧɧɵɯ ɤɥɚɫɬɟɪɚ [36].  

 

1.3 Ɏɢɥɨɝɟɧɢɹ 

ɋ 1990-ɯ ɝɨɞɨɜ ɮɢɥɨɝɟɧɢɹ ɪɨɞɚ Armillaria ɜ ɨɫɧɨɜɧɨɦ ɢɫɫɥɟɞɭɟɬɫɹ ɧɚ 

ɨɫɧɨɜɟ ɦɨɥɟɤɭɥɹɪɧɨ-ɝɟɧɟɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ. ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɦɟɠɝɟɧɧɨɝɨ 

ɫɩɟɣɫɟɪɚ 1 (IGS-1), ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ ɝɟɧɚɦɢ 28S ɢ 5S ɪɊɇɄ, ɚ 

ɬɚɤɠɟ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɚɧɫɤɪɢɛɢɪɭɟɦɨɝɨ ɫɩɟɣɫɟɪɚ (ITS), ɧɚɯɨɞɹɳɢɦɫɹ ɦɟɠɞɭ 

ɝɟɧɚɦɢ 18S ɢ 5.8S ɪɊɇɄ [37, 38]. ȼɩɨɫɥɟɞɫɬɜɢɢ Maphosa et al. [5] 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɝɟɧɚ TEF1α ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɮɢɥɨɝɟɧɢɢ Armillaria. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦɢ 

ɝɟɧɨɜ ɪɊɇɄ, TEF1α, ɩɨ-ɜɢɞɢɦɨɦɭ, ɞɚɟɬ ɥɭɱɲɟɟ ɪɚɡɞɟɥɟɧɢɟ ɜɢɞɨɜ ɬɚɤɢɯ ɤɚɤ 

A. gallica ɢ A. cepistipes ɢ ɞɪɭɝɢɯ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɯ ɜɢɞɨɜ [39,  40]. ȼ 

ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɦɭɥɶɬɢɥɨɤɭɫɧɵɟ ɮɢɥɨɝɟɧɢɢ ɧɚɱɚɥɢ ɜɵɬɟɫɧɹɬɶ ɦɨɧɨɝɟɧɧɵɟ 

[39, 36], ɬɚɤ ɤɚɤ ɨɧɢ ɛɨɥɟɟ ɬɨɱɧɨ ɨɩɢɫɵɜɚɸɬ ɷɜɨɥɸɰɢɨɧɧɭɸ ɢɫɬɨɪɢɸ ɪɨɞɚ.  

Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ, 

ɨɬɧɨɫɹɬ ɪɨɞ Armillaria ɤ ɩɨɪɹɞɨɤɭ Agaricales ɨɬɞɟɥɚ Basidiomycota,  ɜ ɤɨɬɨɪɨɦ 

ɨɧ ɨɛɪɚɡɭɟɬ ɫɟɦɟɣɫɬɜɨ Physalacriaceae ɜɦɟɫɬɟ ɫ ɞɪɭɝɢɦɢ ɪɨɞɚɦɢ [41]. 

Ɏɢɥɨɝɟɧɨɦɧɵɣ ɚɧɚɥɢɡ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 835 ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɝɟɧɚɯ, ɩɨɤɚɡɚɥ, 

ɱɬɨ Guyanagaster ɢ Cylindrobasidium ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢ 

ɛɥɢɡɤɢɦɢ ɪɨɞɚɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ Armillaria [42]. ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [43] ɢ 



[42] ɭɫɬɚɧɨɜɢɥɢ, ɱɬɨ ɪɚɡɞɟɥɟɧɢɟ ɪɨɞɨɜ Armillaria ɢ Guyanagaster ɩɪɨɢɡɨɲɥɨ 

40-50 ɦɢɥɥɢɨɧɨɜ ɥɟɬ ɧɚɡɚɞ.  

ɋ ɧɟɞɚɜɧɟɝɨ ɜɪɟɦɟɧɢ ɜ ɪɨɞɭ Armillaria ɪɚɡɥɢɱɚɸɬ ɞɜɟ ɝɪɭɩɩɵ:  

Desarmillaria, ɫɨɫɬɨɹɳɢɣ ɢɡ ɜɢɞɨɜ D. ectypa ɢ D. tabescens (ɪɚɧɟɟ A. ectypa ɢ 

A. tabescens) ɢ ɪɨɞɚ Armillaria, ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɜɢɞɵ [43]. 

 

1. 4 ȼɢɞɨɜɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ 

Ȼɚɡɚ ɞɚɧɧɵɯ Mycobank (http://www.mycobank.org/) ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɧɚɫɱɢɬɵɜɚɸɬ ɛɨɥɟɟ 70 ɜɢɞɨɜ Armillaria, ɧɨ ɬɨɥɶɤɨ ɨɤɨɥɨ 40 ɢɡ ɧɢɯ ɯɨɪɨɲɨ 

ɨɩɢɫɚɧɵ. ɇɟ ɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɢɦɟɟɬɫɹ ɤɚɪɬɢɧɚ 

ɝɥɨɛɚɥɶɧɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɢɞɨɜ Armillaria (ɪɢɫɭɧɨɤ 3), ɛɨɥɶɲɢɧɫɬɜɨ 

ɩɭɛɥɢɤɚɰɢɣ  ɜ ɨɫɧɨɜɧɨɦ ɩɨɫɜɹɳɟɧɵ ɢɡɭɱɟɧɢɸ ɜɢɞɨɜ ɢɡ ȿɜɪɨɩɵ ɢ ɋɟɜɟɪɧɨɣ 

Ⱥɦɟɪɢɤɢ. Ȼɨɥɟɟ ɬɨɝɨ, ɡɚɱɚɫɬɭɸ ɨɬɫɭɬɫɬɜɭɸɬ ɩɨɞɪɨɛɧɵɟ ɡɧɚɧɢɹ ɨɛ ɷɤɨɥɨɝɢɢ 

ɦɧɨɝɢɯ ɢɡ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɜɢɞɨɜ. 



 

Ɋɢɫɭɧɨɤ  2  – Ƚɟɨɝɪɚɮɢɱɟɫɤɨɟ ɪɚɫɩɪɨɫɬɚɪɟɧɟɧɢɟ ɜɢɞɨɜ ɝɪɢɛɨɜ Armillaria ɢ 

Desarmillaria [23]  

Ɂɧɚɤɨɦ * ɨɬɦɟɱɟɧɵ ɜɢɞɵ, ɨ ɤɨɬɨɪɵɯ ɫɨɨɛɳɚɟɬɫɹ ɬɨɥɶɤɨ ɜ ɤɨɧɤɪɟɬɧɨɦ 

ɝɟɨɝɪɚɮɢɱɟɫɤɨɦ ɪɚɣɨɧɟ, ɡɧɚɤ § ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɢɞɵ, ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ 

ɢɧɬɪɨɞɭɰɢɪɨɜɚɧɧɵɟ ɜ ɤɨɧɤɪɟɬɧɵɣ ɝɟɨɝɪɚɮɢɱɟɫɤɢɣ ɪɚɣɨɧ, # ɨɬɦɟɱɟɧɵ ɧɨɜɵɟ 

ɜɢɞɵ, ɨɠɢɞɚɸɳɢɟ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɨɩɢɫɚɧɢɹ. 

 

Ɉɞɧɨɣ ɢɡ ɜɚɠɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɢɞɨɜ Armillaria 

ɹɜɥɹɟɬɫɹ ɢɯ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɸ ɜ ɩɨɱɜɟ ɫ ɩɨɦɨɳɶɸ ɪɢɡɨɦɨɪɮɨɜ 

[44]. ɗɬɚ ɮɨɪɦɚ ɜɟɝɟɬɚɬɢɜɧɨɝɨ ɪɚɡɦɧɨɠɟɧɢɹ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɩɟɪɟɧɨɫɨɦ 

ɦɢɰɟɥɢɹ ɱɟɪɟɡ ɤɨɪɧɟɜɵɟ ɤɨɧɬɚɤɬɵ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɨɱɟɧɶ 

ɤɪɭɩɧɵɯ ɤɥɨɧɚɥɶɧɵɯ ɨɫɨɛɟɣ [45, 18]. Ɉɞɧɚɤɨ ɡɚɱɚɫɬɭɸ ɪɚɡɦɟɪ ɜɢɞɨɜ 

Armillaria ɫɨɫɬɚɜɥɹɟɬ ɦɟɧɟɟ ɨɞɧɨɝɨ ɝɟɤɬɚɪɚ [46, 47]. Ɋɚɡɦɟɪɵ ɜɢɞɨɜ ɨɬɱɚɫɬɢ 

ɫɜɹɡɚɧɵ ɫ ɢɯ ɪɚɡɧɵɦɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɪɨɥɹɦɢ. ɇɟɤɨɬɨɪɵɟ ɜɢɞɵ (ɧɚɩɪɢɦɟɪ, 



A.  gallica ɢ A. cepistipes) ɢɧɬɟɧɫɢɜɧɨ ɨɛɪɚɡɭɸɬ ɪɢɡɨɦɨɪɮɵ, ɛɥɚɝɨɞɚɪɹ 

ɤɨɬɨɪɵɦ ɨɧɢ ɛɵɫɬɪɨ ɪɚɫɲɢɪɹɸɬɫɹ ɜ ɩɨɱɜɟ ɢ ɡɚɯɜɚɬɵɜɚɸɬ ɧɨɜɵɟ ɩɢɳɟɜɵɟ 

ɪɟɫɭɪɫɵ [15]. Ⱦɪɭɝɢɟ ɜɢɞɵ (ɧɚɩɪɢɦɟɪ, A. mellea, A. ostoyae) ɨɛɪɚɡɭɸɬ ɦɟɧɶɲɟ 

ɪɢɡɨɦɨɪɮɨɜ, ɢ ɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɩɨɱɜɟ ɩɪɨɢɫɯɨɞɢɬ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ 

ɩɨɫɪɟɞɫɬɜɨɦ ɤɨɪɧɟɜɵɯ ɤɨɧɬɚɤɬɨɜ [48]. 

1.5 ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫɢɦɩɚɬɪɢɱɟɫɤɢɯ ɜɢɞɨɜ 

ɉɨɥɟɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɋɟɜɟɪɧɨɣ Ⱥɦɟɪɢɤɟ ɢ ȿɜɪɨɩɟ, 

ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ Armillaria ɦɨɝɭɬ ɜɫɬɪɟɱɚɬɶɫɹ ɜ ɨɞɧɨɦ ɢ ɬɨɦ ɠɟ 

ɥɟɫɧɨɦ ɧɚɫɚɠɞɟɧɢɢ. ɋɨɫɭɳɟɫɬɜɨɜɚɧɢɟ ɜɢɞɨɜ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 

ɫɚɩɪɨɬɪɨɮɧɵɯ ɫ ɩɚɪɚɡɢɬɢɱɟɫɤɢɦɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɱɚɫɬɨɟ ɹɜɥɟɧɢɟ. ɇɚɩɪɢɦɟɪ, 

A. cepistipes ɢɥɢ A. sinapina ɱɚɫɬɨ ɫɨɫɭɳɟɫɬɜɭɸɬ ɫ A. ostoyae, ɚ A. mellea ɫ 

A. gallica. ɗɬɨ ɹɜɥɟɧɢɟ ɦɨɠɟɬ ɨɬɪɚɠɚɬɶ ɷɜɨɥɸɰɢɸ ɪɚɡɧɵɯ ɷɤɨɥɨɝɢɱɟɫɤɢɯ 

ɪɨɥɟɣ ɜɢɞɨɜ ɢɡ-ɡɚ ɤɨɧɤɭɪɟɧɰɢɢ ɡɚ ɨɞɧɢ ɢ ɬɟ ɠɟ ɪɟɫɭɪɫɵ [49, 50, 51]. 

1.6 Ƚɟɧɟɬɢɱɟɫɤɢɣ ɦɚɪɤɟɪ ITS 

ITS (Internal transcribed spacer) – ɜɧɭɬɪɟɧɧɢɣ ɬɪɚɧɫɤɪɢɛɢɪɭɟɦɵɣ 

ɫɩɟɣɫɟɪ ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɦɟɠɞɭ ɝɟɧɚɦɢ ɦɚɥɨɣ ɢ ɛɨɥɶɲɨɣ ɫɭɛɴɟɞɢɧɢɰɚɦɢ 

ɪɢɛɨɫɨɦɚɥɶɧɨɣ ɊɇɄ (ɪɢɫɭɧɨɤ 3). ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ITS ɜɵɫɨɤɨ 

ɜɚɪɢɚɛɟɥɶɧɚ ɢ ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɨɬɥɢɱɚɬɶ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɟ ɨɪɝɚɧɢɡɦɵ. 

Ɇɚɪɤɟɪ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɥ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɚɜɢɥɶɧɨɣ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɢɞɨɜ ɞɥɹ ɛɨɥɶɲɨɝɨ ɱɢɫɥɚ ɝɪɢɛɨɜ [52]. ITS ɛɵɥ ɩɪɢɧɹɬ ɜ 

ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɦɚɪɤɟɪɚ ɞɥɹ ɝɪɢɛɨɜ. Ɉɞɧɚɤɨ ɬɳɚɬɟɥɶɧɨɟ ɢɡɭɱɟɧɢɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ITS ɜ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɛɚɡɚɯ ɞɚɧɧɵɯ ɧɭɤɥɟɨɬɢɞɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ (GenBank, EMBL ɢ DDBJ) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɷɬɚ ɨɛɥɚɫɬɶ ɧɟ 

ɨɞɢɧɚɤɨɜɨ ɢɡɦɟɧɱɢɜɚ ɜɨ ɜɫɟɯ ɝɪɭɩɩɚɯ ɝɪɢɛɨɜ [53]. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɞɥɹ 

ɧɟɤɨɬɨɪɵɯ ɪɨɞɨɜ Ascomycota, ɜɤɥɸɱɚɹ Penicillium, Aspergillus [54] ɢ Fusarium 

[55], ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ITS ɨɤɚɡɚɥɚɫɶ ɜɟɫɶɦɚ ɡɚɬɪɭɞɢɬɟɥɶɧɨɣ. 



1.7 Ƚɟɧɟɬɢɱɟɫɤɢɣ ɦɚɪɤɟɪ IGS 

IGS (Intergrnic spacer) – ɦɟɠɝɟɧɧɵɣ ɫɩɟɣɫɟɪ, ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɦɟɠɞɭ 

ɦɧɨɠɟɫɬɜɨɦ ɬɚɧɞɟɦɧɨ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɤɨɩɢɣ ɝɟɧɨɜ ɪɊɇɄ [56]. Ƚɟɧɵ  ɪɊɇɄ 

ɝɪɢɛɨɜ ɬɚɧɞɟɦɧɨ ɩɨɜɬɨɪɹɸɬɫɹ, ɩɪɢɱɟɦ ɤɚɠɞɵɣ ɩɨɜɬɨɪ ɤɨɞɢɪɭɟɬ ɝɟɧɵ 18S 

(ɦɚɥɚɹ ɫɭɛɴɟɞɢɧɢɰɚ), 5.8S ɢ 26S (ɛɨɥɶɲɚɹ ɫɭɛɴɟɞɢɧɢɰɚ). ȼ ɤɚɠɞɨɦ ɩɨɜɬɨɪɟ 

ɫɭɳɟɫɬɜɭɸɬ ɞɜɟ ɨɛɥɚɫɬɢ: ɨɛɥɚɫɬɶ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɚɧɫɤɪɢɛɢɪɭɟɦɨɝɨ ɫɩɟɣɫɟɪɚ 

(ITS) ɢ ɨɛɥɚɫɬɶ ɦɟɠɝɟɧɧɨɝɨ ɫɩɟɣɫɟɪɚ (IGS). Ƚɟɧ 5S ɪȾɇɄ ɞɟɥɢɬ IGS ɧɚ ɞɜɟ 

ɦɟɧɶɲɢɟ ɨɛɥɚɫɬɢ - IGS1 ɢ IGS2 (ɪɢɫɭɧɨɤ 3). Ⱦɥɹ ɧɟɤɨɬɨɪɵɯ ɜɢɞɨɜ ɝɪɢɛɨɜ 

ɪɟɝɢɨɧ IGS ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɯ ɦɚɪɤɟɪɨɜ ɞɥɹ ɜɵɹɫɧɟɧɢɹ 

ɦɟɠɜɢɞɨɜɨɝɨ ɢ ɜɧɭɬɪɢɜɢɞɨɜɨɝɨ ɪɚɡɧɨɨɛɪɚɡɢɹ [57]. 

 

Ɋɢɫɭɧɨɤ 3 - ɋɯɟɦɚ ɨɛɥɚɫɬɢ  ɝɟɧɨɜ ɪɊɇɄ ɫ ɭɱɚɫɬɤɨɦ ɥɨɤɚɥɢɡɚɰɢɢ ITS ɢ IGS 

[58]. 

 

1.8 Ƚɟɧɟɬɢɱɟɫɤɢɣ ɦɚɪɤɟɪ TEF1α 

TEF1α (translation elongation factor 1α) – ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɤɨɦɩɥɟɤɫɚ 

ɷɭɤɚɪɢɨɬɢɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɷɥɨɧɝɚɰɢɢ 1, ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɟɣ ɤɨɬɨɪɨɝɨ 

ɹɜɥɹɟɬɫɹ ɨɛɥɟɝɱɟɧɢɟ ɭɞɥɢɧɟɧɢɹ ɚɦɢɧɨɤɢɫɥɨɬɧɨɣ ɰɟɩɢ ɩɨɥɢɩɟɩɬɢɞɚ ɜɨ ɜɪɟɦɹ 

ɩɪɨɰɟɫɫɚ ɬɪɚɧɫɥɹɰɢɢ [59]. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, TEF1α ɱɚɳɟ ɜɫɟɝɨ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɪɤɟɪɚ ɜ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɢ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɝɪɢɛɨɜ [60, 61]. 

 



1. 9 Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

Ɇɨɥɟɤɭɥɹɪɧɚɹ ɮɢɥɨɝɟɧɟɬɢɤɚ ɢɡɭɱɚɟɬ ɦɨɥɟɤɭɥɹɪɧɵɟ ɪɚɡɥɢɱɢɹ, 

ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ  ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ȾɇɄ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨɛ 

ɷɜɨɥɸɰɢɨɧɧɵɯ ɨɬɧɨɲɟɧɢɹɯ ɨɪɝɚɧɢɡɦɨɜ. ɋ ɩɨɦɨɳɶɸ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ 

ɚɧɚɥɢɡɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɪɨɰɟɫɫɵ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬɫɹ 

ɛɢɨɥɨɝɢɱɟɫɤɨɟ ɪɚɡɧɨɨɛɪɚɡɢɟ ɜɢɞɨɜ. Ɋɟɡɭɥɶɬɚɬ ɜɵɪɚɠɚɟɬɫɹ ɜ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɦ ɞɟɪɟɜɟ [62]. 

1.9.1 Ɇɟɬɨɞ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ (distance matrix) 
 

ȼ ɨɫɧɨɜɟ ɷɬɨɝɨ ɦɟɬɨɞɚ ɥɟɠɢɬ ɩɨɩɚɪɧɵɣ ɪɚɫɱɟɬ ɪɚɡɥɢɱɢɣ ɦɟɠɞɭ ɝɟɧɚɦɢ 

ɨɪɝɚɧɢɡɦɨɜ. ȼɫɟ ɝɟɧɵ ɫɪɚɜɧɢɜɚɸɬɫɹ ɩɨ ɤɚɠɞɨɦɭ ɧɭɤɥɟɨɬɢɞɭ, ɢ ɱɟɦ ɛɨɥɶɲɟ 

ɪɚɡɥɢɱɢɣ, ɬɟɦ ɛɨɥɶɲɟ ɛɭɞɟɬ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɜɢɞɚɦɢ. Ⱦɚɥɟɟ ɫɬɪɨɢɬɫɹ 

ɦɚɬɪɢɰɚ, ɜ ɤɨɬɨɪɭɸ ɡɚɧɨɫɹɬɫɹ ɜɫɟ ɡɧɚɱɟɧɢɹ ɞɥɹ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɩɚɪ 

ɫɪɚɜɧɢɜɚɟɦɵɯ ɝɟɧɨɜ ɢ ɬɚɤɚɹ ɦɚɬɪɢɰɚ ɪɚɫɫɬɨɹɧɢɣ ɹɜɥɹɟɬɫɹ ɜɯɨɞɧɨɣ 

ɢɧɮɨɪɦɚɰɢɟɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɞɟɪɟɜɚ. 

ɇɚɢɛɨɥɟɟ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɦɵɣ ɚɥɝɨɪɢɬɦ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ – ɷɬɨ ɦɟɬɨɞ 

ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ (neighbour joining), ɜ ɤɨɬɨɪɨɦ ɫɪɟɞɢ ɜɫɟɯ ɜɢɞɨɜ 

ɧɚɯɨɞɹɬɫɹ ɞɜɚ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɪɚɡɥɢɱɢɹɦɢ. Ⱦɚɧɧɵɟ ɷɬɢɯ ɞɜɭɯ ɜɢɞɨɜ ɜ 

ɦɚɬɪɢɰɟ ɪɚɫɫɬɨɹɧɢɣ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɞɚɥɶɧɟɣɲɟɦ ɚɧɚɥɢɡɟ. ȼɫɟ ɜɢɞɵ 

ɩɪɨɯɨɞɹɬ ɷɬɨɬ ɩɪɨɰɟɫɫ ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɧɚɣɞɟɧ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ ɞɟɪɟɜɚ. 

Ɍɚɤɨɣ ɚɥɝɨɪɢɬɦ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬ, ɧɟ ɬɪɟɛɭɟɬ ɛɨɥɶɲɢɯ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 

ɦɨɳɧɨɫɬɟɣ ɢ ɩɨɞɯɨɞɢɬ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɛɨɥɶɲɨɝɨ ɨɛɴɺɦɚ ɞɚɧɧɵɯ [63]. 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɷɬɨɝɨ ɦɟɬɨɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɫɥɟɞɭɸɳɟɟ: 

1. Ɇɟɬɨɞ ɜɫɟɝɞɚ ɜɵɞɚɟɬ ɞɟɪɟɜɨ ɫ ɟɞɢɧɫɬɜɟɧɧɵɦ ɜɨɡɦɨɠɧɵɦ ɜɚɪɢɚɧɬɨɦ 

ɜɟɬɜɥɟɧɢɹ. 

2. Ɋɚɫɱɟɬ ɪɚɫɫɬɨɹɧɢɣ ɩɪɨɛɥɟɦɚɬɢɱɟɧ, ɤɨɝɞɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 

ɞɢɜɟɪɝɢɪɨɜɚɧɵ ɢ ɢɦɟɸɬ ɦɧɨɝɨ ɪɚɡɪɵɜɨɜ ɜ ɜɵɪɚɜɧɢɜɚɧɢɢ. 

3. Ɉɬɪɢɰɚɬɟɥɶɧɵɟ ɞɥɢɧɵ ɜɟɬɜɟɣ ɧɟ ɹɜɥɹɸɬɫɹ ɡɧɚɱɢɦɵɦɢ. 

http://en.wikipedia.org/wiki/Neighbour_joining


 

 

Ɋɢɫɭɧɨɤ 1 – ɚɥɝɨɪɢɬɦ ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ (neighbour–joining) [64] 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɟɬɨɞɵ 

ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɤɪɚɣɧɟ ɪɟɞɤɨ, ɨɞɧɚɤɨ, ɢɯ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ 

ɞɥɹ ɛɵɫɬɪɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɞɟɪɟɜɶɟɜ ɜɢɪɭɫɨɜ ɢ ɛɚɤɬɟɪɢɣ 

[65]. 

1.9.2 Ɇɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɤɨɧɨɦɢɢ 

 

ɇɟ ɢɫɩɨɥɶɡɭɟɬ ɦɚɬɪɢɰɵ ɪɚɫɫɬɨɹɧɢɣ, ɜɦɟɫɬɨ ɷɬɨɝɨ ɪɚɛɨɬɚɟɬ ɫ ɧɚɛɨɪɚɦɢ 

ɫɨɫɬɨɹɧɢɣ ɩɪɢɡɧɚɤɨɜ. ɋɭɬɶ ɚɥɝɨɪɢɬɦɚ ɜ ɧɚɯɨɠɞɟɧɢɢ ɞɟɪɟɜɚ ɫ ɧɚɢɦɟɧɶɲɢɦ 

ɫɭɦɦɚɪɧɵɦ ɱɢɫɥɨɦ ɩɟɪɟɯɨɞɨɜ ɫɨɫɬɨɹɧɢɣ ɜɫɟɯ ɩɪɢɡɧɚɤɨɜ. ɉɪɢɧɰɢɩ 

ɧɚɢɛɨɥɶɲɟɣ ɷɤɨɧɨɦɢɢ ɨɩɪɟɞɟɥɹɟɬ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɟ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɟ 

ɞɟɪɟɜɨ, ɤɨɬɨɪɨɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɚɢɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɯɨɞɨɜ 

ɫɨɫɬɨɹɧɢɣ ɩɪɢɡɧɚɤɨɜ. ɉɟɪɜɵɣ ɷɬɚɩ ɚɧɚɥɢɡɚ — ɷɬɨ ɫɨɡɞɚɧɢɟ ɦɚɬɪɢɰɵ 

ɩɪɢɡɧɚɤɨɜ. Ʉɚɠɞɵɣ ɩɪɢɡɧɚɤ ɞɨɥɠɟɧ ɢɦɟɬɶ ɯɨɬɹ ɛɵ ɞɜɚ ɫɨɫɬɨɹɧɢɹ. 

ɋɨɫɬɨɹɧɢɹɦɢ ɩɪɢɡɧɚɤɨɜ ɦɨɝɭɬ ɛɵɬɶ ɧɭɤɥɟɨɬɢɞɵ ɢɥɢ ɚɦɢɧɨɤɢɫɥɨɬɵ ɜ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɨɡɢɰɢɹɯ ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɜɵɪɚɜɧɢɜɚɧɢɣ. Ʉɨɝɞɚ ɧɚ 

ɤɥɚɞɨɝɪɚɦɦɟ ɭ ɝɪɭɩɩɵ ɬɚɤɫɨɧɨɜ ɫɨɫɬɨɹɧɢɟ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɟɞɤɨɜɨɝɨ, ɬɨ ɷɬɨ ɢ 

ɛɭɞɟɬ ɫɱɢɬɚɬɶɫɹ ɩɟɪɟɯɨɞɨɦ ɫɨɫɬɨɹɧɢɹ [66].  

Ɇɢɧɭɫɵ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 



1. ɇɟ ɭɱɢɬɵɜɚɟɬɫɹ ɞɥɢɧɚ ɜɟɬɜɟɣ, ɤɨɬɨɪɚɹ ɨɬɨɛɪɚɠɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɡɚɦɟɧ 

ɧɭɤɥɟɨɬɢɞɨɜ. 

2. ɇɟ ɭɱɢɬɵɜɚɸɬɫɹ ɪɚɡɧɵɟ ɦɨɞɟɥɢ ɡɚɦɟɧɵ ɧɭɤɥɟɨɬɢɞɨɜ 

 

1.9.3 Ɇɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɦɨɞɟɥɹɯ ɷɜɨɥɸɰɢɢ 

 

Ɇɨɞɟɥɢ ɷɜɨɥɸɰɢɢ 

ɑɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɨɞɟɥɢ ɫɟɦɟɣɫɬɜɚ GTR (General Time–

Reversible) (Ɋɢɫ 4). Ʉ ɧɟɦɭ ɨɬɧɨɫɹɬɫɹ ɦɨɞɟɥɢ ɧɭɤɥɟɨɬɢɞɧɵɯ ɡɚɦɟɧ: JC69, K80, 

F81, HKY85, TN93, GTR. 

1. Jukes-Cantor (JC) 

Ɇɨɞɟɥɶ Ⱦɠɭɤɫɚ-Ʉɚɧɬɨɪɚ ɩɪɟɞɥɚɝɚɟɬ ɨɞɢɧɚɤɨɜɵɟ ɱɚɫɬɨɬɵ (25%) ɢ ɡɚɦɟɳɟɧɢɹ  

ɧɭɤɥɟɨɬɢɞɨɜ. Ɋɟɞɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚ ɪɟɚɥɶɧɵɯ ɞɚɧɧɵɯ. 

2. Felsenstein 1981 (F81) 

Ɋɚɫɲɢɪɟɧɧɚɹ ɦɨɞɟɥɶ Ⱦɠɭɤɫɚ–Ʉɚɧɬɨɪɚ. ɇɭɤɥɟɨɬɢɞɧɵɟ ɱɚɫɬɨɬɵ ɦɨɝɭɬ 

ɨɬɥɢɱɚɬɶɫɹ ɨɬ 25%, ɨɞɧɚɤɨ ɜɟɪɨɹɬɧɨɫɬɢ ɡɚɦɟɧ ɫɱɢɬɚɸɬɫɹ ɨɞɢɧɚɤɨɜɵɦɢ. 

3. Kimura 2  parameter (K80) 

Ⱦɨɩɭɫɤɚɟɬ ɨɞɢɧɚɤɨɜɵɟ ɱɚɫɬɨɬɵ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɧɭɤɥɟɨɬɢɞɨɜ. Ⱦɥɹ ɬɪɚɧɡɢɰɢɣ ɢ 

ɬɪɚɧɫɜɟɪɫɢɣ ɜɟɪɨɹɬɧɨɫɬɢ ɫɱɢɬɚɟɬ ɪɚɡɥɢɱɧɵɦɢ. 

4. Hasegawa-Kishino-Yano (HKY) 

ɉɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɜɜɟɞɟɧɧɵɟ ɜ ɦɨɞɟɥɹɯ 

F81 ɢ K80. ɇɭɤɥɟɨɬɢɞɧɵɟ ɱɚɫɬɨɬɵ, ɤɚɤ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɬɪɚɧɡɢɰɢɢ ɫ 

ɬɪɚɧɫɜɟɪɫɢɹɦɢ ɪɚɡɥɢɱɚɸɬɫɹ. 

5. Tamura-Nei (TrN) 



ɉɪɟɞɩɨɥɚɝɚɟɬ ɪɚɡɥɢɱɧɵɟ ɱɚɫɬɨɬɵ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɧɭɤɥɟɨɬɢɞɨɜ. Ⱦɥɹ 

ɬɪɚɧɫɜɟɪɫɢɣ ɜɟɪɨɹɬɧɨɫɬɢ ɡɚɦɟɧ ɨɞɢɧɚɤɨɜɵ, ɧɨ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵ ɞɥɹ 

ɬɪɚɧɡɢɰɢɣ. 

6. General time reversible (GTR) 

ɂɫɩɨɥɶɡɭɟɬ ɪɚɡɥɢɱɧɵɟ ɱɚɫɬɨɬɵ ɧɭɤɥɟɨɬɢɞɨɜ ɢ ɪɚɡɥɢɱɧɵɟ ɱɚɫɬɨɬɵ ɡɚɦɟɧ 

ɧɭɤɥɟɨɬɢɞɨɜ. 

 

Ɋɢɫɭɧɨɤ 4 – Ɇɨɞɟɥɢ ɡɚɦɟɧ ɧɭɤɥɟɨɬɢɞɨɜ [11] 

 Ɍɨɥɳɢɧɚ ɫɬɪɟɥɨɤ ɨɬɨɛɪɚɠɚɟɬ ɫɤɨɪɨɫɬɢ ɡɚɦɟɳɟɧɢɹ ɱɟɬɵɪɟɯ ɧɭɤɥɟɨɬɢɞɨɜ, 

ɪɚɡɦɟɪɵ ɤɪɭɝɨɜ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɱɚɫɬɨɬɵ ɧɭɤɥɟɨɬɢɞɨɜ, ɤɨɝɞɚ ɩɪɨɰɟɫɫ 

ɡɚɦɟɳɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɜ ɪɚɜɧɨɜɟɫɢɢ. 

 

Ɉɞɢɧ ɢɡ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɵɯ ɦɟɬɨɞɨɜ ɜ ɩɨɫɬɪɨɟɧɢɢ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɞɟɪɟɜɶɟɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɦɨɞɟɥɹɯ ɷɜɨɥɸɰɢɢ – ɦɟɬɨɞ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ (Maximum Likelihood, ML). Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɞɟɪɟɜɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɨɞɟɥɢ ɡɚɦɟɧɵ ɧɭɤɥɟɨɬɢɞɨɜ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɤɨɬɨɪɨɣ 

ɜɩɨɫɥɟɞɫɬɜɢɢ ɛɭɞɭɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɜɟɪɨɹɬɧɨɫɬɢ. Ɍɚɤɠɟ ɜ ɩɨɫɬɪɨɟɧɢɢ 

ɞɟɪɟɜɶɟɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɢɧɚ ɜɟɬɜɢ ɢɥɢ ɷɜɨɥɸɰɢɨɧɧɚɹ ɞɢɫɬɚɧɰɢɹ ɦɟɠɞɭ 

ɬɚɤɫɨɧɚɦɢ. ȼɨ ɜɪɟɦɹ ɚɧɚɥɢɡɚ ɜɵɱɢɫɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɟ ɞɥɢɧɵ ɜɟɬɜɟɣ 

ɫ ɭɱɟɬɨɦ ɜɵɛɪɚɧɧɨɣ ɦɨɞɟɥɢ ɡɚɦɟɧ.  Ɂɚɬɟɦ ɜɟɪɨɹɬɧɨɫɬɢ ɜɟɬɜɟɣ ɞɟɪɟɜɚ 

ɭɦɧɨɠɚɸɬɫɹ, ɢ ɞɟɪɟɜɨ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ  ɧɚɢɛɨɥɶɲɭɸ ɜɟɪɨɹɬɧɨɫɬɶ, ɫɱɢɬɚɟɬɫɹ 

ɤɨɧɟɱɧɵɦ [67].  



Ȼɚɣɟɫɨɜɫɤɢɣ ɦɟɬɨɞ. Ʉɚɤ ɢ ɦɟɬɨɞ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ, ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɮɢɥɨɝɟɧɢɢ ɬɨɠɟ ɢɫɩɨɥɶɡɭɟɬ ɦɨɞɟɥɢ ɧɭɤɥɟɨɬɢɞɧɵɯ ɡɚɦɟɧ ɢ ɞɥɢɧɵ 

ɜɟɬɜɟɣ. Ɉɬɥɢɱɚɟɬɫɹ ɨɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ ɬɟɦ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɜ 

ɦɨɞɟɥɢ ɫɱɢɬɚɸɬɫɹ ɫɥɭɱɚɣɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ ɫɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹɦɢ, ɬɨɝɞɚ ɤɚɤ ɜ ɦɚɤɫɢɦɚɥɶɧɨɦ ɩɪɚɜɞɨɩɨɞɨɛɢɢ ɨɧɢ ɹɜɥɹɸɬɫɹ 

ɧɟɢɡɜɟɫɬɧɵɦɢ ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɧɫɬɚɧɬɚɦɢ. Ɍɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬ ɜɞɨɛɚɜɨɤ 

ɚɩɨɫɬɟɪɢɨɪɧɭɸ ɜɟɪɨɹɬɧɨɫɬɶ (posterior probablity), ɤɨɬɨɪɚɹ ɦɨɠɟɬ 

ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɤɚɤ ɧɚ ɨɫɧɨɜɚɧɢɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɬɚɤ ɢ ɩɨɥɭɱɟɧɧɵɯ 

ɪɟɡɭɥɶɬɚɬɨɜ ɚɧɚɥɢɡɚ.  Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɫɬɚɥ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɛɥɚɝɨɞɚɪɹ 

ɛɵɫɬɪɨɣ ɫɤɨɪɨɫɬɢ ɜɵɱɢɫɥɟɧɢɣ ɢ ɢɧɬɟɝɪɚɰɢɢ ɚɥɝɨɪɢɬɦɨɜ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɢ 

ɦɚɪɤɨɜɫɤɢɯ ɰɟɩɟɣ [68]. 

 

1.9.4 ɉɨɞɯɨɞɵ «ɫɭɩɟɪɞɟɪɟɜɚ» ɢ «ɫɭɩɟɪɦɚɬɪɢɰɵ» 

 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɮɢɥɨɝɟɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɧɨɠɟɫɬɜɚ ɝɟɧɨɜ 

ɫɭɳɟɫɬɜɭɸɬ ɞɜɚ ɩɨɞɯɨɞɚ. ɉɪɢ ɩɨɞɯɨɞɟ «ɫɭɩɟɪɞɟɪɟɜɚ» ɨɬɞɟɥɶɧɨ 

ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɤɚɠɞɵɣ ɝɟɧ, ɚ ɡɚɬɟɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ 

ɞɥɹ ɫɛɨɪɤɢ ɨɬɞɟɥɶɧɵɯ ɞɟɪɟɜɶɟɜ ɩɨ ɤɚɠɞɨɦɭ ɝɟɧɭ ɞɥɹ ɜɫɟɯ ɬɚɤɫɨɧɨɜ. Ɍɨ ɟɫɬɶ, 

ɫɭɩɟɪɞɟɪɟɜɨ ɷɬɨ ɨɞɧɚ ɤɥɚɞɨɝɪɚɦɦɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɸ ɢɡ ɫɟɛɹ ɤɨɦɛɢɧɚɰɢɢ 

ɦɟɧɶɲɢɯ ɞɟɪɟɜɶɟɜ, ɨɰɟɧɢɜɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɤɨɧɫɟɧɫɭɫɚ (Ɋɢɫɭɧɨɤ 5). Ɍɚɤɨɣ 

ɚɧɚɥɢɡ ɩɨɥɟɡɟɧ ɩɪɢ ɢɡɭɱɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɝɟɧɨɜ, ɨɞɧɚɤɨ ɫɥɚɛɨ 

ɷɮɮɟɤɬɢɜɟɧ ɜ ɨɰɟɧɤɟ ɫɬɚɧɞɚɪɬɧɵɯ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɜɡɚɢɦɨɨɬɧɨɲɟɧɢɣ. 



 

Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɨɬɨɛɪɚɠɟɧɢɹ ɦɟɬɨɞɚ «ɫɭɩɟɪɞɟɪɟɜɨ» [69]. 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɨɞɯɨɞɚ «ɫɭɩɟɪɦɚɬɪɢɰɵ» ɜɵɪɨɜɧɟɧɧɵɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɧɚɛɨɪɚ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɝɟɧɨɜ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɨɞɧɨ 

ɜɵɪɚɜɧɢɜɚɧɢɟ, ɢ ɮɢɥɨɝɟɧɢɹ ɫɬɪɨɢɬɫɹ ɧɚ ɨɛɴɟɞɢɧɟɧɧɵɯ ɜ ɨɛɳɭɸ ɦɚɬɪɢɰɭ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɯ (Ɋɢɫɭɧɨɤ 6). Ɍɚɤɨɣ ɩɨɞɯɨɞ ɹɜɥɹɟɬɫɹ ɦɨɳɧɵɦ ɦɟɬɨɞɨɦ 

ɞɥɹ ɨɛɴɟɞɢɧɟɧɢɹ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ 

ɨɬɧɨɲɟɧɢɣ ɬɚɤɫɨɧɨɜ.  

 

Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦɚɬɢɱɟɫɤɨɟ ɨɬɨɛɪɚɠɟɧɢɹ ɦɟɬɨɞɚ «ɫɭɩɟɪɦɚɬɪɢɰɵ» [66]. 



2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

2.1 ɋɛɨɪ ɨɛɪɚɡɰɨɜ 

28 ɨɛɪɚɡɰɨɜ ɝɪɢɛɨɜ ɪɨɞɚ Armillaria ɛɵɥɢ ɨɬɨɛɪɚɧɵ ɫ ɭɫɵɯɚɸɳɢɯ 

ɞɟɪɟɜɶɟɜ ɯɜɨɣɧɵɯ ɢ ɥɢɫɬɜɟɧɧɵɯ ɩɨɪɨɞ ɫ ɪɚɡɧɵɦɢ ɭɪɨɜɧɹɦɢ ɩɚɬɨɝɟɧɧɨɫɬɢ ɢ 

ɭɫɥɨɜɢɹɦɢ ɩɪɨɢɡɪɚɫɬɚɧɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɢ (Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ ɢ 

Ɋɟɫɩɭɛɥɢɤɚ ɏɚɤɚɫɢɹ) ɢ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ (ɋɢɯɨɬɷ-Ⱥɥɢɧɶ). Ɍɨɱɧɵɟ 

ɤɨɨɪɞɢɧɚɬɵ ɢ ɞɚɧɧɵɟ ɭɪɨɜɧɹ ɩɚɬɨɝɟɧɧɨɫɬɢ ɤɚɠɞɨɝɨ ɨɛɪɚɡɰɚ in situ ɢ in vitro 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Ɍɚɛɥɢɰɟ Ⱥ.1 ɜ ɉɪɢɥɨɠɟɧɢɢ.  

2.1 Ɉɩɪɟɞɟɥɟɧɢɟ ɭɪɨɜɧɹ ɩɚɬɨɝɟɧɧɨɫɬɢ  

ɍɪɨɜɟɧɶ ɩɚɬɨɝɟɧɧɨɫɬɢ in situ ɨɰɟɧɢɜɚɥɚɫɶ ɩɨ 3ɯ ɛɚɥɥɶɧɨɣ ɲɤɚɥɟ: 

1 – ɧɢɡɤɚɹ, ɭɫɵɯɚɧɢɟ ɞɟɪɟɜɶɟɜ ɜ ɧɢɠɧɟɦ ɹɪɭɫɟ; ɝɢɛɟɥɶ ɨɬɞɟɥɶɧɵɯ ɞɟɪɟɜɶɟɜ, 

ɤɚɤ ɩɪɚɜɢɥɨ, ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɝɪɭɩɩ; ɪɟɞɤɨ ɜɫɬɪɟɱɚɸɳɢɣɫɹ ɬɨɧɤɢɣ ɦɢɰɟɥɢɣ 

Armillaria ɧɚ ɤɨɪɧɹɯ. 

2 – ɫɪɟɞɧɹɹ, ɟɞɢɧɢɱɧɨɟ ɭɫɵɯɚɧɢɟ ɞɟɪɟɜɶɟɜ (ɢɥɢ ɧɟɛɨɥɶɲɢɟ ɝɪɭɩɩɵ ɞɨ 7 

ɞɟɪɟɜɶɟɜ), ɝɨɫɩɨɞɫɬɜɭɸɳɢɯ ɜ ɜɟɪɯɧɟɦ ɩɨɥɨɝɟ, ɜ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ ɫ 

ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɨɫɥɚɛɥɟɧɢɟɦ, ɩɨɫɬɟɩɟɧɧɵɦ ɨɩɚɞɟɧɢɟɦ 

ɯɜɨɢ; ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɣ ɦɢɰɟɥɢɣ Armillaria ɧɚ ɤɨɪɧɹɯ, ɪɟɞɤɨ 

ɩɨɞɧɢɦɚɸɳɢɣɫɹ ɜɵɲɟ ɤɨɪɧɟɜɨɣ ɲɟɣɤɢ. 

3 –  ɜɵɫɨɤɚɹ, ɭɫɵɯɚɧɢɟ ɞɟɪɟɜɶɟɜ, ɝɨɫɩɨɞɫɬɜɭɸɳɢɯ ɜ ɜɟɪɯɧɟɦ ɩɨɥɨɝɟ, ɛɟɡ 

ɩɪɢɡɧɚɤɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɫɥɚɛɥɟɧɢɹ; ɹɪɤɨ ɜɵɪɚɠɟɧɧɚɹ ɝɪɭɩɩɚ 

ɭɫɵɯɚɸɳɢɯ ɞɟɪɟɜɶɟɜ (˃ 7 ɞɟɪɟɜɶɟɜ); ɛɵɫɬɪɨɟ ɭɫɵɯɚɧɢɟ ɞɟɪɟɜɶɟɜ (ɜ ɬɟɱɟɧɢɟ 1 

ɝɨɞɚ); ɧɚɥɢɱɢɟ ɜɵɫɨɤɨ ɩɨɞɧɢɦɚɸɳɟɝɨɫɹ ɜɟɟɪɚ ɦɢɰɟɥɢɹ Armillaria. 

 

ɉɚɬɨɝɟɧɧɨɫɬɶ ɲɬɚɦɦɨɜ in vitro ɨɩɪɟɞɟɥɹɥɚɫɶ ɩɭɬɟɦ ɢɧɨɤɭɥɹɰɢɢ 

ɫɟɹɧɰɟɜ Abies sibirica ɱɢɫɬɵɦɢ ɤɭɥɶɬɭɪɚɦɢ ɩɚɬɨɝɟɧɚ ɢ ɨɰɟɧɢɜɚɥɚɫɶ ɢɯ ɝɢɛɟɥɶ 



ɧɚ 90 ɫɭɬɤɢ ɜɟɝɟɬɚɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɤɨɧɬɪɨɥɹ ɜɵɫɬɭɩɚɥɢ ɧɟɡɚɪɚɠɟɧɧɵɟ 

ɨɛɪɚɡɰɵ.  ȼɞɨɛɚɜɨɤ, ɢɧɨɤɭɥɢɪɨɜɚɥɢɫɶ ɱɟɪɟɧɤɢ Populus tremula, ɚ ɬɚɤ ɠɟ 

ɤɨɪɧɢ ɩɪɨɪɨɫɬɤɨɜ Picea abies ɢ ɨɰɟɧɢɜɚɥɚɫɶ ɫɬɟɩɟɧɶ ɧɟɤɪɨɡɚ. ɋɬɟɩɟɧɶ 

ɩɚɬɨɝɟɧɧɨɫɬɢ ɨɰɟɧɢɜɚɥɚɫɶ ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɩɨ ɬɚɤ ɠɟ ɩɨ 3ɯ ɛɚɥɥɶɧɨɣ ɲɤɚɥɟ: 

1) ɒɤɚɥɚ ɨɰɟɧɤɢ ɝɢɛɟɥɢ ɧɚ 90 ɫɭɬɤɢ ɜɟɝɟɬɚɰɢɢ ɫɟɹɧɰɟɜ Abies sibirica: 

 1 ɛɚɥɥ – ɧɚ 10 % ɜɵɲɟ ɤɨɧɬɪɨɥɹ;  

 2 ɛɚɥɥɚ – ɧɚ 20-30 % ɜɵɲɟ ɤɨɧɬɪɨɥɹ;  

 3 ɛɚɥɥɚ – ɧɚ 40-50 % ɜɵɲɟ ɤɨɧɬɪɨɥɹ. 

 

1) ɒɤɚɥɚ ɨɰɟɧɤɢ ɧɟɤɪɨɡɚ ɱɟɪɟɧɤɨɜ Populus tremula: 

 1 ɛɚɥɥ  –  ɬɨɱɟɱɧɵɣ ɧɟɤɪɨɡ ɨɤɨɥɨ ɬɨɱɤɢ ɢɧɨɤɭɥɹɰɢɢ; 

 2 ɛɚɥɥɚ – ɭɦɟɪɟɧɧɵɣ ɧɟɤɪɨɡ, ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨ ɨɬ ɬɨɱɤɢ 

ɢɧɨɤɭɥɹɰɢɢ;  

 3 ɛɚɥɥɚ – ɦɚɫɲɬɚɛɧɵɣ, ɫɥɢɹɧɢɟ ɧɟɤɪɨɬɢɱɟɫɤɢɯ ɡɨɧ ɫɨɫɟɞɧɢɯ ɬɨɱɟɤ 

ɢɧɨɤɭɥɹɰɢɢ. 

 

2) ɒɤɚɥɚ ɨɰɟɧɤɢ ɧɟɤɪɨɡɚ ɤɨɪɧɢ ɩɪɨɪɨɫɬɤɨɜ Picea abies: 

 1 ɛɚɥɥ – ɧɟɤɪɨɡ ɤɨɪɧɟɣ ɭ 10-20 % ɩɪɨɪɨɫɬɤɨɜ;  

 2 ɛɚɥɥɚ – 25-40 %;  

 3 ɛɚɥɥɚ – ɛɨɥɟɟ 40 %. 

 

2.3 ɉɨɥɭɱɟɧɢɟ ɧɭɤɥɟɨɬɢɞɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɦɚɪɤɟɪɨɜ 

ȾɇɄ ɜɵɞɟɥɹɥɚɫɶ ɢɡ ɱɢɫɬɵɯ ɤɭɥɶɬɭɪ ɢɡɨɥɹɬɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɚɛɨɪɚ 

DNeasy Plant Mini Kit (Qiagen Inc. Germantown, MD) ɢ ɚɦɩɥɢɮɢɰɢɪɨɜɚɥɚɫɶ ɫ 

ɩɨɦɨɳɶɸ ɉɐɊ (ɩɪɨɝɪɚɦɦɚ ɉɐɊ ɩɪɢɜɟɞɟɧɚ ɧɢɠɟ ɜ ɬɚɛɥɢɰɟ 1) ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɪ ɩɪɚɣɦɟɪɨɜ, ɭɤɚɡɚɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 2. 



Ɍɚɛɥɢɰɚ 1 – ɉɪɨɝɪɚɦɦɚ ɩɪɨɜɟɞɟɧɢɹ ɉɐɊ ɪɟɚɤɰɢɢ 

95 °C 15 ɦɢɧ 

94 °C 1 ɦɢɧ 

50 °C 1 ɦɢɧ 

72 °C 1 ɦɢɧ 

ɋɨ 2-ɝɨ ɲɚɝɚ ɩɨ 4-ɵɣ 
ɩɨɜɬɨɪɢɬɶ 35 ɰɢɤɥɨɜ 

72 °C 20 ɦɢɧ 

16 °C ɛɟɫɤɨɧɟɱɧɨ 
 

Ɍɚɛɥɢɰɚ 2 – ɉɪɚɣɦɟɪɵ ɞɥɹ ɦɚɪɤɟɪɧɵɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɝɪɢɛɨɜ 

№ 

ɩɚɪɵ 

ɇɚɡɜɚɧɢɟ 

ɩɪɚɣɦɟɪɚ 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ (5'->3') ɂɫɬɨɱɧɢɤ 

1 ITS1  TCCGTAGGTGAACCTGCGG  
[70] 

1 ITS4  TCCTCCGCTTATTGATATGC  

2 ITS1-F  CTTGGTCATTTAGAGGAAGTAA  
[71] 

2 ITS4-B  CAGGAGACTTGTACACGGTCCAG  

3 EF595F CGTGACTTCATCAAGAACATG 
[72] 

3 EF1160R CCGATCTTGTAGACGTCCTG 

4 Arm EF1-a-FOR GGAACTGGTGAGTTCGAAGCC 
[73] 

4 Arm EF1-a-REV AGACGGAGAGGCTTGTCG GAG 

5 IGS1 LR12R CTGAACGCCTCTAAGTCAGAA 
[74] 

5 IGS1 O–1 AGTCCTATGGCCGTGGAT 

 

ɇɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ITS, TEF-1a ɢ IGS 28 ɨɛɪɚɡɰɨɜ 

ɝɪɢɛɨɜ ɛɵɥɢ ɫɟɤɜɟɧɢɪɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚɬɨɪɚ ABI 

Genetic Analyzer 3130xl (Applied Biosystems, Foster City, USA) ɜ ɨɬɞɟɥɟɧɢɢ 

ɥɟɫɧɨɣ ɝɟɧɟɬɢɤɢ ɢ ɫɟɥɟɤɰɢɢ ɥɟɫɧɵɯ ɞɟɪɟɜɶɟɜ ɭɧɢɜɟɪɫɢɬɟɬɚ Ƚɺɬɬɢɧɝɟɧɚ 

(Ƚɟɪɦɚɧɢɹ)  



Ȼɥɚɝɨɞɚɪɹ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɦ ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɩɪɨɜɟɞɟɧɧɵɦ ɡɚ 

ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ ɪɚɡɧɵɦɢ ɝɪɭɩɩɚɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɟɣ, ɛɵɥɢ ɧɚɤɨɩɥɟɧɵ ɞɚɧɧɵɟ 

ɩɨ ɝɟɧɟɬɢɱɟɫɤɢɦ ɦɚɪɤɟɪɧɵɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɹɦ ɦɧɨɝɢɯ ɜɢɞɨɜ ɝɪɢɛɨɜ  

Armillaria ɜ ɦɟɠɞɭɧɚɪɨɞɧɨɣ ɛɚɡɟ ɞɚɧɧɵɯ GenBank 

(www.ncbi.nlm.nih.gov/genbank/). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ, 

ɤɪɨɦɟ ɫɨɛɪɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɢ ɢ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ, 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɧɭɤɥɟɨɬɢɞɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɦɚɪɤɟɪɨɜ ɢɡɜɟɫɬɧɵɯ  

ɜɢɞɨɜ Armillaria, ɜɡɹɬɵɟ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ GenBank. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɩɪɨɜɟɫɬɢ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢ ɬɟɦ ɫɚɦɵɦ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɧɟɢɡɜɟɫɬɧɵɟ 

ɨɛɪɚɡɰɵ. 

ȼ ɚɧɚɥɢɡ ɛɵɥɢ ɜɤɥɸɱɟɧɵ 8 ɜɢɞɨɜ Armillaria ɢ 1 ɜɢɞ 

ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɨɝɨ ɜɢɞɚ Guyanagaster necrorhizus ɜ ɤɚɱɟɫɬɜɟ ɜɧɟɲɧɟɣ 

ɝɪɭɩɩɵ (ɬɚɛɥɢɰɚ 3). ȼ ɪɟɡɭɥɶɬɚɬɟ, ɤɚɠɞɵɣ ɜɢɞ Armillaria ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ 

ɧɟɫɤɨɥɶɤɢɦɢ ɲɬɚɦɦɚɦɢ. ɇɨɦɟɪɚ ɞɨɫɬɭɩɚ ɧɭɤɥɟɨɬɢɞɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɜɫɟɯ ɬɪɟɯ ɦɚɪɤɟɪɨɜ ɤɚɠɞɨɝɨ ɲɬɚɦɦɚ ɢ ɢɯ ɝɟɨɝɪɚɮɢɹ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ Ⱥ.2 ɜ ɉɪɢɥɨɠɟɧɢɢ. 

Ɍɚɛɥɢɰɚ 3 – Ʉɨɥɢɱɟɫɬɜɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɲɬɚɦɦɨɜ ɫ ɫɟɤɜɟɧɢɪɨɜɚɧɧɵɦɢ 

TEF1a, ITS, IGS ɜ ɛɚɡɟ ɞɚɧɧɵɯ GenBank 

ȼɢɞ 
Кɨɥɢɱɟɫɬɜɨ 

ɲɬɚɦɦɨɜ  

A. borealis 4 

A. gallica 10 

A. cepistipes 12 

A. mellea 8 

A. tabescens 6 

A. sinapina 4 

A. ostoyae 11 

A. nabsnona 4 

G. necrorhizus 1 
ȼɫɟɝɨ 60 

 

http://www.ncbi.nlm.nih.gov/genbank/


2. 4 Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

Ɇɧɨɠɟɫɬɜɟɧɧɨɟ ɜɵɪɚɜɧɢɜɚɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɩɨ ɤɚɠɞɨɦɭ 

ɨɬɞɟɥɶɧɨɦɭ ɦɚɪɤɟɪɭ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɩɪɨɝɪɚɦɦɟ Ugene v. 34.0 [75] ɫ ɩɨɦɨɳɶɸ 

ɚɥɝɨɪɢɬɦ ɜɵɪɚɜɧɢɜɚɧɢɹ MUSCLE, ɤɨɬɨɪɵɣ ɫɨɡɞɚɟɬ ɜɵɫɨɤɨɬɨɱɧɵɟ 

ɦɧɨɠɟɫɬɜɟɧɧɵɟ ɜɵɪɚɜɧɢɜɚɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ [76]. Ɉɩɪɟɞɟɥɟɧɢɟ 

ɩɨɡɢɰɢɣ ɤɨɞɨɧɨɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɛɟɥɨɤ-ɤɨɞɢɪɭɸɳɟɣ ɝɟɧɚ TEF1a 

ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɩɪɨɝɪɚɦɦɟ Mega7 [77]. Ⱦɚɥɟɟ, ɜɫɟ ɬɪɢ ɜɵɪɚɜɧɢɜɚɧɢɹ 

ɤɨɧɤɚɬɟɧɢɪɨɜɚɥɢɫɶ, ɬ.ɟ. ɫɨɟɞɢɧɹɥɢɫɶ ɜ ɨɞɢɧ ɮɚɣɥ ɜ ɩɪɨɝɪɚɦɦɟ Seaview v. 3.2 

[78].  

Ɍɚɤ ɤɚɤ ɤɚɠɞɵɣ ɥɨɤɭɫ ɢɦɟɟɬ ɨɬɞɟɥɶɧɭɸ ɷɜɨɥɸɰɢɨɧɧɭɸ ɢɫɬɨɪɢɸ, 

ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ ɥɨɤɭɫɚ ɪɚɫɫɱɢɬɚɬɶ ɫɜɨɸ ɦɨɞɟɥɶ 

ɷɜɨɥɸɰɢɢ. Ʌɭɱɲɢɟ ɦɨɞɟɥɢ ɷɜɨɥɸɰɢɨɧɧɵɯ ɡɚɦɟɧ ɜ ɜɵɪɚɜɧɢɜɚɧɢɢ, ɫɨɫɬɨɹɳɢɦ 

ɢɡ ɬɪɟɯ ɦɚɪɤɟɪɨɜ,  ɧɚɯɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ PartitionFinder2  v. 2.1.1 [79] ɧɚ 

ɨɫɧɨɜɚɧɢɢ AIC (ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɤɪɢɬɟɪɢɣ Ⱥɤɚɢɤɟ) [80]. Ʌɭɱɲɢɟ ɦɨɞɟɥɢ 

ɞɥɹ ɨɬɞɟɥɶɧɵɯ ɜɵɪɚɜɧɢɜɚɧɢɣ ɦɚɪɤɟɪɨɜ ɨɩɪɟɞɟɥɹɥɢɫɶ ɫ ɩɨɦɨɳɶɸ 

ModelFinder [81]. PartitionFinder2 ɪɚɡɞɟɥɢɥ ɜɵɪɚɜɧɢɜɚɧɢɟ ɧɚ 3 ɱɚɫɬɢ 

(TEF1a_1, TEF1a_3), (ITS, TEF1a_2) ɢ  IGS. Ɇɨɞɟɥɶ TRNEF+I+G ɛɵɥɚ 

ɜɵɹɜɥɟɧɚ ɤɚɤ ɧɚɢɥɭɱɲɚɹ ɞɥɹ ɧɚɛɨɪɚ (TEF1a_1, TEF1a_3), ɦɨɞɟɥɶ K81UF+I+G  

ɞɥɹ (ITS, TEF1_2) ɢ TRN+G ɞɥɹ IGS. Ⱦɥɹ ɨɬɞɟɥɶɧɵɯ ɜɵɪɚɜɧɢɜɚɧɢɣ ɦɚɪɤɟɪɨɜ 

ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɥɭɱɲɢɟ ɦɨɞɟɥɢ: TNe+G4  ɞɥɹ TEF1α ɢ 

HKY+F+G4 ɞɥɹ ITS ɢ IGS. 

ɉɨɫɬɪɨɟɧɢɟ ɞɟɪɟɜɶɟɜ ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ c ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ IQ-TREE 

v 1.6.12, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɦɟɬɨɞɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɪɚɜɞɨɩɨɞɨɛɢɹ [82]. Ɋɚɫɱɟɬ 

ɩɨɞɞɟɪɠɤɢ ɭɡɥɨɜ ɞɟɪɟɜɚ ɨɫɭɳɟɫɬɜɥɹɥɢ ɩɪɨɝɪɚɦɦɨɣ ɧɚ ɨɫɧɨɜɟ 1000 ɪɟɩɥɢɤ 

ɛɭɬɫɬɪɷɩɚ. 

Ⱦɥɹ ɩɨɢɫɤɚ ɝɪɭɩɩ ɲɬɚɦɦɨɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɞɢɧ 

ɨɪɝɚɧɢɡɦ, ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɦɚɬɪɢɰɚ ɩɨɩɚɪɧɨɝɨ ɝɟɧɟɬɢɱɟɫɤɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɛɢɛɥɢɨɬɟɤɢ R seqinr [83].  



 

3 Ɋɟɡɭɥɶɬɚɬɵ  
 

3.1 Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɞɟɪɟɜɶɹ 

ȼɫɟɝɨ ɛɵɥɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɨ 28 ɢɡɨɥɹɬɨɜ ɝɪɢɛɨɜ Armillaria, 

ɫɨɛɪɚɧɧɵɯ ɧɚ ɭɫɵɯɚɸɳɢɯ ɞɟɪɟɜɶɟɜ ɯɜɨɣɧɵɯ ɢ ɥɢɫɬɜɟɧɧɵɯ ɩɨɪɨɞ ɫ ɪɚɡɧɵɦɢ 

ɭɪɨɜɧɹɦɢ ɩɚɬɨɝɟɧɧɨɫɬɢ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɢ (Ʉɪɚɫɧɨɹɪɫɤɢɣ ɤɪɚɣ ɢ 

Ɋɟɫɩɭɛɥɢɤɚ ɏɚɤɚɫɢɹ) ɢ Ⱦɚɥɶɧɟɝɨ ȼɨɫɬɨɤɚ (ɋɢɯɨɬɷ-Ⱥɥɢɧɶ).  ɉɨɫɬɪɨɟɧɢɟ 

ɨɛɳɟɝɨ ɞɟɪɟɜɚ ɩɨ ɬɪɟɦ ɦɚɪɤɟɪɚɦ ITS, IGS, TEF1α ɪɚɫɩɪɟɞɟɥɢɥɨ 28 ɨɛɪɚɡɰɨɜ 

ɩɨ 5 ɤɥɚɞɚɦ ɢɡɜɟɫɬɵɯ ɜɢɞɨɜ ɢ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ ɩɨɞɞɟɪɠɤɢ ɜɟɬɜɟɣ (Ɋɢɫɭɧɨɤ 

7). 5 ɨɛɪɚɡɰɨɜ ɫɝɪɭɩɩɢɪɨɜɚɥɢɫɶ ɜ ɤɥɚɞɭ A. cepistipes, 2 ɨɛɪɚɡɰɚ ɩɨɩɚɥɢ ɜ 

ɤɥɚɞɭ A. gallica,  3 – ɜ A. ostoyae. ȼɢɞ A.  borealis ɨɛɪɚɡɨɜɚɥ 2 ɤɥɚɞɵ: ɨɞɧɭ 

ɛɨɥɶɲɭɸ, ɜ ɤɨɬɨɪɭɸ ɜɨɲɥɢ 17 ɨɛɪɚɡɰɨɜ, ɢ ɦɚɥɟɧɶɤɭɸ, ɤɭɞɚ ɩɨɩɚɥ 1 ɨɛɪɚɡɟɰ. 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɪɚɡɰɨɜ ɬɚɤ ɠɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 3. 

Ɍɚɛɥɢɰɚ 3 – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɪɚɡɰɨɜ ɩɨ ɤɥɚɞɚɦ ɧɚ ɞɟɪɟɜɟ, ɩɨɫɬɪɨɟɧɧɨɦ ɩɨ 

ɬɪɟɦ ɦɚɪɤɟɪɚɦ 

Кɥɚɞɚ Ɉɛɪɚɡɰɵ 

A. cepistipes 14, 13, 22, 11, 2 

A. gallica 7, 8 

A. ostoyae 12, 10, 9 

A. borealis 
20, 18, 3, 4, 21, 6, 28, 5, 23, 27, 26, 

25, 15, 19, 1, 24, 16 

A. botealis 2 17 

 

  



ɂɡɴɹɬɨ 7ɫɬɪɚɧɢɰ.  



4 Ɉɛɫɭɠɞɟɧɢɹ 

 

ɐɟɥɶ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɡɨɥɹɬɨɜ Armillaria ɛɵɥɚ ɞɨɫɬɢɝɧɭɬɚ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɧɚ ɨɫɧɨɜɟ ɬɪɟɯ ɦɚɪɤɟɪɨɜ. 

Ɉɛɪɚɡɰɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜɢɞɵ A. borealis, A. gallica, A. ostoyae ɢ A. cepistipes, 

ɤɨɬɨɪɵɟ ɪɚɧɟɟ ɛɵɥɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɵ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɢ ɩɨ 

ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɦ ɩɪɢɡɧɚɤɚɦ [84].  

Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɞɟɪɟɜɶɹ ɩɨɥɭɱɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɬɪɟɯ ɦɚɪɤɟɪɧɵɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɯɨɪɨɲɨ  ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɥɢ ɜɫɟ ɨɛɪɚɡɰɵ. Ⱦɟɪɟɜɶɹ, 

ɩɨɫɬɪɨɟɧɧɵɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ITS ɢ IGS, ɧɚɩɪɨɬɢɜ,  ɞɚɜɚɥɢ ɫɦɟɲɚɧɧɵɟ 

ɤɥɚɞɵ, ɬɚɤɢɟ ɤɚɤ A. ostoyae / A. borealis ɢ A. gallica / A. cepistipes / A. sinapina, 

ɬ.ɟ. ɷɬɢ ɜɢɞɵ ɩɪɟɞɫɬɚɜɥɹɥɢɫɶ ɨɞɧɨɣ ɝɪɭɩɩɨɣ. ɗɬɨ ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ ɬɟɦ, ɱɬɨ 

A. ostoyae ɢ A. borealis ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɹɜɥɹɸɬɫɹ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɦɢ ɜɢɞɚɦɢ. 

ȼɨɡɦɨɠɧɵɦɢ ɨɛɴɹɫɧɟɧɢɹɦɢ ɢɯ ɷɜɨɥɸɰɢɨɧɧɨɝɨ ɫɪɨɞɫɬɜɚ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ 

ɫɨɯɪɚɧɟɧɢɟ ɩɪɟɞɤɨɜɨɝɨ ɩɨɥɢɦɨɪɮɢɡɦɚ, ɬɚɤ ɢ ɝɢɛɪɢɞɢɡɚɰɢɹ ɦɟɠɞɭ ɜɢɞɚɦɢ 

[85]. Armillaria gallica, A. cepistipes ɢ A. sinapina ɬɚɤɠɟ ɹɜɥɹɸɬɫɹ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɦɢ ɜɢɞɚɦɢ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢ ɨɱɟɧɶ 

ɩɨɯɨɠɢ [86]. Ɏɢɥɨɝɟɧɢɹ ɧɚ ɨɫɧɨɜɟ TEF1α ɞɚɥɚ ɥɭɱɲɭɸ ɜɢɞɨɜɭɸ 

ɞɢɮɮɟɪɟɧɰɢɚɰɢɸ ɫɪɟɞɢ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɯ ɞɟɪɟɜɶɟɜ, ɩɨɫɬɪɨɟɧɧɵɯ ɩɨ 

ɨɬɞɟɥɶɧɵɦ ɦɚɪɤɟɪɚɦ. ɉɪɟɞɵɞɭɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɚɤ ɠɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ TEF1α 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɥɭɱɲɭɸ ɜɚɪɢɚɛɟɥɶɧɨɫɬɶ, ɱɟɦ ɪɚɣɨɧɵ ITS ɢ IGS [86, 44, 40]. 

Ɉɞɧɨɣ ɢɡ ɨɫɨɛɟɧɧɨɫɬɟɣ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɨɝɨ ɞɟɪɟɜɚ ɧɚ ɨɫɧɨɜɟ TEF1α, ɚ 

ɬɚɤ ɠɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯ ɦɚɪɤɟɪɨɜ, ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɢɡɨɥɹɬɵ A. borealis 

ɨɛɪɚɡɨɜɚɥɢ ɞɜɟ ɤɥɚɞɵ. ɉɨɞɨɛɧɨɟ ɹɜɥɟɧɢɟ ɧɚɛɥɸɞɚɥɨɫɶ ɢ ɜ ɞɪɭɝɢɯ 

ɢɫɫɥɟɞɨɜɚɧɢɹɯ. ɂɧɬɟɪɟɫɧɨ, ɱɬɨ ɷɬɢ ɞɜɟ ɝɪɭɩɩɵ ɧɟ ɢɦɟɥɢ ɝɟɨɝɪɚɮɢɱɟɫɤɢɯ 

ɫɜɹɡɟɣ [87, 88]. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɨɛɟ ɤɥɚɞɵ ɬɚɤ ɠɟ  ɢɦɟɸɬ ɫɦɟɲɚɧɧɭɸ 

ɝɟɨɝɪɚɮɢɸ ɢ ɫɨɞɟɪɠɚɬ ɤɚɤ ɟɜɪɨɩɟɣɫɤɢɟ, ɬɚɤ ɢ ɚɡɢɚɬɫɤɢɟ ɲɬɚɦɦɵ. ɗɬɨ 

ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ A. borealis ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɞɜɭɦɹ 

ɪɚɡɧɵɦɢ ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɦɢ ɥɢɧɢɹɦɢ, ɥɢɛɨ ɬɨ, ɱɬɨ A. borealis ɢɦɟɟɬ ɞɜɟ 



ɜɟɪɫɢɢ ɝɟɧɚ TEF1α, ɤɨɬɨɪɵɟ ɩɪɨɹɜɥɹɸɬɫɹ ɜ ɜɢɞɟ ɧɟɪɨɞɫɬɜɟɧɧɵɯ ɤɥɚɫɬɟɪɨɜ ɜ 

ɮɢɥɨɝɟɧɢɢ [89]. 

Armillaria borealis ɨɤɚɡɚɥɫɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɜɫɬɪɟɱɚɸɳɢɦɫɹ ɜɢɞɨɦ. Ɉɧ 

ɜɫɬɪɟɱɚɥɫɹ ɤɚɤ ɧɚ ɞɟɪɟɜɶɹɯ ɫ ɦɢɰɟɥɢɟɦ ɧɚ ɤɨɪɧɹɯ, ɪɟɞɤɨ ɩɨɞɧɢɦɚɸɳɢɣɫɹ 

ɜɵɲɟ ɤɨɪɧɟɜɨɣ ɲɟɣɤɢ, ɫ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɨɫɥɚɛɥɟɧɢɟɦ, 

ɬɚɤ ɢ ɧɚ ɞɟɪɟɜɶɹɯ ɛɟɡ ɩɪɢɡɧɚɤɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɨɫɥɚɛɥɟɧɢɹ ɫ ɧɚɥɢɱɢɟɦ 

ɜɵɫɨɤɨ ɩɨɞɧɢɦɚɸɳɟɝɨɫɹ ɜɟɟɪɚ ɦɢɰɟɥɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɚɧɧɵɣ ɜɢɞ, ɩɨ-

ɜɢɞɢɦɨɦɭ, ɹɜɥɹɟɬɫɹ ɩɪɟɨɛɥɚɞɚɸɳɢɦ ɜɢɞɨɦ Armillaria ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɢ. 

ȼɬɨɪɨɣ ɩɨ ɱɚɫɬɨɬɟ ɜɫɬɪɟɱɚɟɦɨɫɬɢ ɜɢɞ A. cepistipes ɛɵɥ ɢɡɨɥɢɪɨɜɚɧ 

ɬɨɥɶɤɨ ɫ ɦɟɫɬ ɭɫɵɯɚɧɢɹ ɞɟɪɟɜɶɟɜ ɜ ɧɢɠɧɟɦ ɹɪɭɫɟ, ɝɢɛɟɥɶ ɨɬɞɟɥɶɧɵɯ ɞɟɪɟɜɶɟɜ 

ɧɟ ɨɛɪɚɡɨɜɵɜɚɥɚ ɝɪɭɩɩ. ɇɚ ɤɨɪɧɹɯ ɜɫɬɪɟɱɚɥɫɹ ɪɟɞɤɢɣ ɢ ɬɨɧɤɢɣ ɦɢɰɟɥɢɣ. 

Ⱦɚɧɧɵɟ ɨ ɞɨɦɢɧɢɪɨɜɚɧɢɢ A. borealis ɢ A. cepistipes ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɪɚɛɨɬɵ, ɩɪɨɜɟɞɟɧɧɨɣ ɪɚɧɟɟ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɋɢɛɢɪɢ ɫ ɩɨɦɨɳɶɸ 

ɦɟɬɨɞɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜɢɞɨɜ ɧɚ ɨɫɧɨɜɟ ɬɟɫɬɨɜ ɫɟɤɫɭɚɥɶɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ 

(mating test)  [90]. 

ɂɡɨɥɹɬɵ ɜɢɞɚ A. ostoyae, ɤɨɬɨɪɵɣ ɞɚɜɧɨ ɩɪɢɡɧɚɧ ɚɝɪɟɫɫɢɜɧɵɦ 

ɩɟɪɜɢɱɧɵɦ ɩɚɬɨɝɟɧɨɦ, ɜɫɬɪɟɱɚɥɢɫɶ ɬɨɥɶɤɨ ɜ ɦɟɫɬɚɯ ɭɫɵɯɚɧɢɹ ɞɟɪɟɜɶɟɜ, 

ɝɨɫɩɨɞɫɬɜɭɸɳɢɯ ɜ ɜɟɪɯɧɟɦ ɩɨɥɨɝɟ, ɛɟɡ ɩɪɢɡɧɚɤɨɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɨɫɥɚɛɥɟɧɢɹ ɢ ɫ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦɢ ɝɪɭɩɩɚɦɢ ɭɫɵɯɚɸɳɢɯ ɞɟɪɟɜɶɟɜ. Ɍɚɤ ɠɟ 

ɧɚɛɥɸɞɚɥɨɫɶ ɛɵɫɬɪɨɟ ɭɫɵɯɚɧɢɟ ɞɟɪɟɜɶɟɜ (ɜ ɬɟɱɟɧɢɟ 1 ɝɨɞɚ) ɢ ɧɚɥɢɱɢɟ ɜɵɫɨɤɨ 

ɩɨɞɧɢɦɚɸɳɟɝɨɫɹ ɜɟɟɪɚ ɦɢɰɟɥɢɹ, ɱɬɨ ɬɚɤ ɠɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɢ ɢɡɨɥɹɬɨɜ 

A. borealis.  

ɂɡ-ɡɚ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɩɚɬɨɝɟɧɧɨɫɬɢ ɢ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɨɪɚɧɟɧɢɹ 

A. ostoyae, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɦɧɨɝɨɱɢɫɥɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɬɨɝɨ ɜɢɞɚ [91, 

92]. Ʉ ɫɨɠɚɥɟɧɢɸ, ɩɨɞɪɨɛɧɵɟ ɡɧɚɧɢɹ ɨɛ ɷɤɨɥɨɝɢɢ A. borealis ɩɨɤɚ 

ɨɬɫɭɬɫɬɜɭɸɬ. ɉɨɥɟɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɥɢ, ɱɬɨ A. borealis ɡɚɱɚɫɬɭɸ 

ɹɜɥɹɟɬɫɹ ɦɟɧɟɟ ɩɚɬɨɝɟɧɧɵɦ, ɱɟɦ A. ostoyae,  ɢ ɬɨ, ɱɬɨ A. borealis ɪɟɠɟ 

ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɟɪɜɢɱɧɵɯ ɚɬɚɤɚɯ ɧɚ ɠɢɜɵɟ ɞɟɪɟɜɶɹ [93, 94]. ɉɨ-ɜɢɞɢɦɨɦɭ, 



A. borealis ɜɪɟɦɹ ɨɬ ɜɪɟɦɟɧɢ  ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɜɬɨɪɢɱɧɵɣ ɩɚɬɨɝɟɧ, ɡɚɪɚɠɚɹ ɢ, ɜ 

ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ, ɭɛɢɜɚɹ ɞɟɪɟɜɶɹ, ɤɨɬɨɪɵɟ ɛɵɥɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɨɫɥɚɛɥɟɧɧɵɦɢ ɞɪɭɝɢɦɢ ɚɛɢɨɬɢɱɟɫɤɢɦɢ ɢɥɢ ɛɢɨɬɢɱɟɫɤɢɦɢ ɮɚɤɬɨɪɚɦɢ [93].  

ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɩɚɬɨɝɟɧɧɨɫɬɢ ɢ A. borealis 

ɨɝɪɚɧɢɱɟɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɡɜɨɥɹɸɬ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ A. borealis 

ɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦ ɢɥɢ ɦɟɧɟɟ ɜɢɪɭɥɟɧɬɧɵɦ, ɱɟɦ A. ostoyae ɜ ɨɬɧɨɲɟɧɢɢ 

ɩɪɨɪɨɫɬɤɨɜ ɯɜɨɣɧɵɯ [95], ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ ɜ 

ɨɬɧɨɲɟɧɢɢ ɢɡɭɱɟɧɢɹ ɩɚɬɨɝɟɧɧɨɫɬɢ in vitro ɫɢɛɢɪɫɤɢɯ ɢɡɨɥɹɬɨɜ A. borealis. 

Armillaria gallica ɛɵɥ ɢɡɨɥɢɪɨɜɚɧ ɜ ɦɟɫɬɚɯ ɭɫɵɯɚɧɢɹ ɞɟɪɟɜɶɟɜ ɜ 

ɧɢɠɧɟɦ ɹɪɭɫɟ ɫ ɪɟɞɤɨ ɜɫɬɪɟɱɚɸɳɢɦɫɹ ɬɨɧɤɢɦ ɦɢɰɟɥɢɟɦ ɧɚ ɤɨɪɧɹɯ, ɥɢɛɨ ɜ 

ɦɟɫɬɚɯ ɫ ɟɞɢɧɢɱɧɵɦ ɭɫɵɯɚɧɢɟɦ ɞɟɪɟɜɶɟɜ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɨɫɥɚɛɥɟɧɢɟɦ ɢ 

ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɦ ɦɢɰɟɥɢɟɦ ɧɚ ɤɨɪɧɹɯ. Ⱦɚɧɧɵɣ ɜɢɞ ɫɱɢɬɚɟɬɫɹ ɫɚɩɪɨɬɪɨɮɨɦ 

ɤɚɤ ɢ ɟɝɨ ɛɥɢɡɤɨɪɨɞɫɬɜɟɧɧɵɣ ɜɢɞ A. cepistipes. Ɋɚɧɟɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 

ɜɢɞɵ, ɩɪɨɞɭɰɢɪɭɸɳɢɟ ɦɨɧɨɩɨɞɢɚɥɶɧɨ ɪɚɡɜɟɬɜɥɟɧɧɵɟ ɪɢɡɨɦɨɪɮɵ ɤɚɤ 

A. gallica ɢ A. cepistipes, ɹɜɥɹɸɬɫɹ ɦɟɧɟɟ ɚɝɪɟɫɫɢɜɧɵɦɢ, ɱɟɦ ɜɢɞɵ ɫ 

ɞɢɯɨɬɨɦɢɱɟɫɤɢ ɪɚɡɜɟɬɜɥɟɧɧɢɟɦ ɪɢɡɨɦɨɪɮɨɜ (A. mellea, A. borealis ɢ 

A. ostoyae) [95]. 

ȼ ɷɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɲɬɚɦɦɵ 11 ɢ 10 (A. ostoyae ɢ A. cepistipes 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ) ɛɵɥɢ ɢɡɨɥɢɪɨɜɚɧɵ ɫ ɫɨɫɟɞɧɢɯ ɞɟɪɟɜɶɟɜ. Ɉ ɫɨɫɭɳɟɫɬɜɨɜɚɧɢɢ 

ɧɟɫɤɨɥɶɤɢɯ ɪɚɡɧɵɯ ɜɢɞɨɜ Armillaria ɧɚ ɛɥɢɡɤɨɪɚɫɩɨɥɨɠɟɧɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ 

ɪɚɧɟɟ ɫɨɨɛɳɚɥɨɫɶ, ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɨ A. cepistipes ɢ A. ostoyae [96]. 

Ɉɫɬɚɥɶɧɵɟ ɲɬɚɦɦɵ, ɫɨɛɪɚɧɧɵɟ ɧɚ ɫɨɫɟɞɧɢɯ ɞɟɪɟɜɶɹɯ, ɨɤɚɡɚɥɢɫɶ ɨɞɧɢɦɢ ɢ 

ɬɟɦɢ ɠɟ ɨɪɝɚɧɢɡɦɚɦɢ. 

  



Заˍˎˡчˈːˋˈ 

 

ȼɩɟɪɜɵɟ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɝɟɧɟɬɢɱɟɫɤɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɫɢɛɢɪɫɤɢɯ ɢ 

ɞɚɥɶɧɟɜɨɫɬɨɱɧɵɯ ɨɛɪɚɡɰɨɜ ɪɨɞɚ Armillaria. Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɢɦɟɧɧɨ 

ɧɚ ɨɫɧɨɜɟ ɫɨɟɞɢɧɟɧɧɵɯ ɬɪɺɯ ɦɚɪɤɟɪɨɜ ɩɨɡɜɨɥɢɥ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ 

ɨɩɪɟɞɟɥɢɬɶ ɜɢɞɨɜɭɸ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ.  Ɉɛɪɚɡɰɵ 

ɨɬɧɨɫɹɬɫɹ ɤ 4 ɪɚɡɧɵɦ ɜɢɞɚɦ, 18 ɢɡ 28 ɨɛɪɚɡɰɨɜ ɨɬɧɨɫɹɬɫɹ ɤ ɜɢɞɭ A. borealis. 

ɍɪɨɜɟɧɶ ɩɚɬɨɝɟɧɧɨɫɬɢ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɥɢɬɟɪɚɬɭɪɧɵɦɢ ɞɚɧɧɵɦɢ. 

Ɏɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɞɟɪɟɜɶɹ ɧɚ ɨɫɧɨɜɟ ɬɪɟɯ ɦɚɪɤɟɪɨɜ, ɚ ɬɚɤ ɠɟ 

ɨɬɞɟɥɶɧɨɝɨ ɦɚɪɤɟɪɚ TEF1α ɨɛɪɚɡɨɜɚɥɢ ɞɜɟ ɤɥɚɞɵ A. borealis. ɇɨ ɧɚ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɧɟɜɨɡɦɨɠɧɨ ɨɬɜɟɬɢɬɶ ɧɚ ɜɨɩɪɨɫ, ɫɭɳɟɫɬɜɭɟɬ ɥɢ ɚɫɫɨɰɢɚɰɢɹ ɦɟɠɞɭ ɥɢ 

ɪɚɡɞɟɥɟɧɢɟɦ ɜɢɞɚ ɧɚ ɞɜɟ ɤɥɚɞɵ ɢ ɫɬɟɩɟɧɶɸ ɩɚɬɨɝɟɧɧɨɫɬɢ. Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɷɬɨɝɨ 

ɜɨɩɪɨɫɚ ɧɟɨɛɯɨɞɢɦɵ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɵɟ ɬɚɤɫɨɧɨɦɢɱɟɫɤɢɟ ɢ ɷɤɨɥɨɝɢɱɟɫɤɢɟ 

ɢɫɫɥɟɞɨɜɚɧɢɹ ɞɥɹ ɩɪɨɜɟɪɤɢ ɬɨɝɨ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɥɢ ɷɬɢ ɞɜɟ ɤɥɚɞɵ ɨɬɞɟɥɶɧɵɟ 

ɮɢɥɨɝɟɧɟɬɢɱɟɫɤɢɟ ɥɢɧɢɢ. 
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ȼɨɫɬɨɤ, 
ɋɢɯɨɬɷ-
Ⱥɥɢɧɶ 

A.cepistipes 
 

N44°31.637' E135°16.513' Abies 
nephronlepis 
(Trautv. Ex 
Maxim.) 
Maxim. 

ɟɞ 1 1 0 0 

14 ɑɟɪɧɵɣ ɂɸɫ A.cepistipes 
 

N54°30.643’ E88°49.912’ Pinus sibirica 
Du Tour 

ɟɞ 1 2 1 2 

15 ɋɢɫɢɦ A.borealis 
 

N54°38.714' E93°18.074' Picea 
obovata 
Ledeb. 

16,1 3 3 3 3 

16 Ɍɚɲɬɵɩ-
Ɇɚɬɭɪ 
 

A.borealis 
 

N52°26.098’ E88°56.428’ Abies sibirica 
Ledeb. 

20.4 3 3 3 2 

17 Ⱦɟɧɞɪɚɪɢɣ A.borealis N55°58.3’ E92°37.5’ Pinus sibirica 
Du Tour 

ɟɞ 3 2 2 2 

18 ɉɭɝɚɱɟɜɨ A.borealis 
 

56°0.644' 92°36.342' Pinus 
sylvestris L. 

1,1 3 3 3 3 

19 ɋɢɫɢɦ, 
ɓɟɬɢɧɤɢɧɨ 

A.borealis 
 

N54°31.347' E93°23.904' Abies sibirica 
Ledeb. 

20,2 3 3 2 2 

20 ɋɢɫɢɦ 
 

A.borealis 
 

N54°41.258' E93°11.737' Abies sibirica 
Ledeb. 

14.6 3 3 2 3 

21 Ʉɚɪɚɭɥɤɚ A.borealis 
 

N55°58.1’ E92°37.1’ Populus 
tremula L. 

0.1 2 3 3 3 

22 Ⱦɚɥɶɧɢɣ 
ȼɨɫɬɨɤ, 
ɋɢɯɨɬɷ-
Ⱥɥɢɧɶ 

A.cepistipes 
 

N44°31.637' E135°16.513' Abies 
nephronlepis 
(Trautv. Ex 
Maxim.) 
Maxim. 

ɟɞ 1 1 0 0 

23 ɋɢɫɢɦ A.borealis 
 

N54°38.714' E93°18.074' Picea 
obovata 
Ledeb. 

16,1 3 3 3 3 

24 Ʉɚɪɚɭɥɤɚ  A.borealis 
 

55°58.348' 92°36.474' Betula 
pendula Roth 

ɟɞ. 2 2 2 2 



 

25 ɉɭɝɚɱɟɜɨ A.borealis 
 

56° 1.669' 92°34.331' Pinus 
sylvestris L. 

0,4 3 3 3 2 

26 ɉɭɝɚɱɟɜɨ A.borealis 
 

56° 1.727' 92°34.803' Populus 
tremula L. 

0,4 3 3 3 2 

27 ɋɢɫɢɦ 
 

A.borealis 
 

N54°41.258' E93°11.737' Abies sibirica 
Ledeb. 

31.8 3 3 2 2 

28 ɋɢɫɢɦ 
 

A.borealis 
 

N54°41.021' 

 

E93°12.368' Abies sibirica 
Ledeb. 

25.5 3 3 2 2 

 

Ɍɚɛɥɢɰɚ Ⱥ.2 – ɇɨɦɟɪɚ ɞɨɫɬɭɩɚ ɦɚɪɤɟɪɨɜ ɤɚɠɞɨɝɨ ɲɬɚɦɦɚ ɢɡ ɛɚɡɵ ɞɚɧɧɵɯ GenBank 

Вид Шта̥̥ tef1 ITS IGS Источ̦ик 

A. tabescens 

HAt1S5 HQ285906.1 HQ232292.1 HQ232284.1 Укра̛̦а 

HAt5S3 HQ285908.1 HQ232294.1 HQ232286.1 Укра̛̦а 

HAt2S5 HQ285907.1 HQ232293.1 HQ232285.1 Укра̛̦а 

96_1_8 AB510804.1 AB510867.1 AB510823.1 Япо̛̦я 

2006-20-01  AB510807.1 AB510887.1 AB510839.1 Япо̛̦я 

96_3_3 AB510805.1 AB510868.1 AB510824.1 Япо̛̦я 

A. mellea 

A_12 AB510801.1 AB510864.1 AB510820.1 Япо̛̦я 

89-07 AB510796 AB510852.1 AB510808 Япо̛̦я 

94-7 AB510799 AB510863 AB510819 Япо̛̦я 

94-10-1 AB510798 AB510857 AB510813 Япо̛̦я 

94-68 AB510803 AB510858 AB510814 Япо̛̦я 

97-6 AB510797 AB510856 AB510812 Япо̛̦я 

94_5 AB510802.1 AB510880.1 AB510833.1 Япо̛̦я 

A_10 AB510800.1 AB510860.1 AB510816.1 Япо̛̦я 

A.gallica 

NA4 AB510761.1 AB510881.1 AB510834.1 Япо̛̦я 

E5 HQ285905.1 HQ232291.1 HQ232283.1 Фра̶̛̦я 

Y11DS1 JN657484.1 JN657457.1 JN657430.1 Укра̛̦а 

E4 JN657479.1 JN657452.1 JN657425.1 Фра̶̛̦я 

E6 JN657480.1 JN657453.1 JN657426.1 Фра̶̛̦я 

BRNM 706835 EU251390.1 EU257718.1 EU636240.1 ˋе̵̛я 

HY2a JN657482.1 JN657455.1 JN657428.1 Укра̛̦а 

HY1 JN657481.1 JN657454.1 JN657427.1 Укра̛̦а 

C1AS JN657483.1 JN657456.1 JN657429.1 Укра̛̦а 

NA13 AB510760.1 AB510890.1 AB510842.1 Япо̛̦я 

A. cepistipes 

90_10_12 AB510790.1 AB510862.1 AB510818.1 Япо̛̦я 

94_46_01 AB510793.1 AB510898.1 AB510849.1 Япо̛̦я 

BRNM 695717 EU251396.1 EU257716.1 EU257710.1 ˋе̵̛я 

S11AE JN657478.1 JN657451.1 JN657424.1 Укра̛̦а 

BRNM 706814 EU251395.1 EU257715.1 EU257709.1 ˋе̵̛я 

B3 JN657472.1 JN657445.1 JN657418.1 Ф̛̦ля̦д̛я 

B2 HQ285902.1 HQ232288.1 HQ232280.1 Ф̛̦ля̦д̛я 

Y16AE JN657476.1 JN657449.1 JN657422.1 Укра̛̦а 

https://www.ncbi.nlm.nih.gov/nuccore/AB510801.1
https://www.ncbi.nlm.nih.gov/nuccore/AB510820.1


 

C13AE JN657474.1 JN657447.1 JN657420.1 Укра̛̦а 

B5 JN657473.1 JN657446.1 JN657419.1 Итал̛я 

C19AS2 JN657475.1 JN657448.1 JN657421.1 Укра̛̦а 

C5CS1  JN657477.1 JN657450.1 JN657423.1 Укра̛̦а 

A. ostoyae  

C4 JN657487.1 JN657460.1 JN657433.1 Фра̶̛̦я 

Y17DS JN657488.1 JN657461.1 JN657434.1 Укра̛̦а 

2002_66_03 AB510781.1 AB510896.1 AB510847.1 Япо̛̦я 

NC8 AB510782.1 AB510897.1 AB510848.1 Япо̛̦я 

C2 JN657486.1 JN657459.1 JN657432.1 Фра̶̛̦я 

BRNM 706815 EU251400.1 EU257717.1 EU257711.1 ˋе̵̛я 

HpAg1  JN657489.1 JN657462.1 JN657435.1 Укра̛̦а 

C5 HQ285903.1 HQ232289.1 HQ232281.1 Фра̶̛̦я 

88-01-19 AB510784 AB510859 AB510815 Япо̛̦я 

91-01-10 AB510785 AB510865 AB510821 Япо̛̦я 

D20 JN657490.1 JN657463.1 JN657436.1 ˌве̶̜ар̛я 

A. borealis 

A618  JN657496.1 JN657469.1 JN657442.1 ˌве̶̜ар̛я 

A1 JN657494.1 JN657467.1 JN657440.1 Ф̛̦ля̦д̛я 

A5 JN657495.1 JN657468.1 JN657441.1 Гер̥а̛̦я 

A722 JN657497.1 JN657470.1 JN657443.1 ˌве̶̜ар̛я 

A. nabsona 

00-16-4 AB510765.1 AB510883.1 AB510835.1 Япо̛̦я 

NB4 AB510764 AB510900 AB510851 Япо̛̦я 

00-4-4 AB510762 AB510876 AB510830 Япо̛̦я 

00-3-1 AB510766.1 AB510899.1 AB510850.1 Япо̛̦я 

A. sinapina 

96-7-1  AB510774.1 AB510873.1 AB510827.1 Япо̛̦я 

05-7-1 AB510775 AB510886 AB510838 Япо̛̦я 

05-13-2 AB510776 AB510884 AB510836 Япо̛̦я 

05-46-1 AB510778 AB510889 AB510841 Япо̛̦я 

G. necrorhizus RAK 31 KU289108.1 KU170948.1 KU254225.1 Га̜а̦а 

 

 




