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V.P. Platonov, G.V. Fedorov. Dokl. Math.,99:3 (2019), 277-281.

ʇʣʘʪʦʥʦʚ ɺ.ʇ.,ʌʝʜʦʨʦʚɻ.ɺ. ʏʝʙʳʰʝʚʩʢʠʡʩʙʦʨʥʠʢ, ʊ.20 (2019), ˉ1, 246-258.

ʍʆʏ ʆʙʬʰʦʧ-ʡʪʪʤʞʝʧʛʙʫʞʤʵʪʣʡʢ ʡʦʪʫʡʫʬʫ ʪʡʪʫʞʥʦʴʮ ʡʪʪʤʞʝʧʛʙʦʡʢ ʉɹʆ

ɺʥʝʩʝʥʚʢʣʘʜʚ ʨʝʰʝʥʠʝʢʣʘʩʩʠʯʝʩʢʦʡʧʨʦʙʣʝʤʳ

ʧʝʨʠʦʜʠʯʥʦʩʪʠʥʝʧʨʝʨʳʚʥʳʭʜʨʦʙʝʡɻ ʣʝʤʝʥʪʦʚ

ʛʠʧʝʨʵʣʣʠʧʪʠʯʝʩʢʠʭʧʦʣʝʡ,ʧʦʩʪʘʚʣʝʥʥʦʡʚXIX ʚʝʢʝʚ

ʨʘʙʦʪʘʭɸʙʝʣʠ̫ʏʝʙʳʰʸʚʘ. ɺ2019 ʛ. ʵʪʘʧʨʦʙʣʝʤʘʙʳʣʘ

ʧʦʣʥʦʩʪʴʶʨʝʰʝʥʘʜʣʷɻ ʣʣʠʧʪʠʯʝʩʢʠʭʧʦʣʝʡʩʧʦʣʝʤ

ʨʘʮʠʦʥʘʣʴʥʳʭʯʠʩʝʣʚʢʘʯʝʩʪʚʝʧʦʣʢ̫ʦʥʩʪʘʥʪ. ʆʩʦʙʝʥʥʦ

ʫʜʠʚʠʪʝʣʴʥʳʡʨʝʟʫʣʴʪʘʪʙʳʣʧʦʣʫʯʝʥʜʣ ʢ̫ʚʘʜʨʘʪʠʯʥʳʭ

ʨʘʩʰʠʨʝʥʠʡ,ʦʧʨʝʜʝʣʷʝʤʳʭʢʫʙʠʯʝʩʢʠʤʠʤʥʦʛʦʯʣʝʥʘʤʠ

Ὃὼ ὥὼ ὦὼ ὧὼὨ : ʩʫʱʝʩʪʚʫʝʪʪʦʣʴʢʦʪʨʠ

ʢʫʙʠʯʝʩʢʠʭʤʥʦʛʦʯʣʝʥʘ,ʢʚʘʜʨʘʪʥʳʡʢʦʨʝʥʴʠʟʢʦʪʦʨʳʭ

ʨʘʟʣʘʛʘʝʪʩʷʚʧʝʨʠʦʜʠʯʝʩʢʫʶʥʝʧʨʝʨʳʚʥʫʶʜʨʦʙʴ.
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ɹʝʟʨʦʜʥʳʭ ʉ. ʀ. ʋʩʧʝʭʠ ʤʘʪʝʤ. ʥʘʫʢ. ï2018. ïʊ. 73. ï̄  6 (444). ïʉ. 2-91.

BezrodnykhS. I., BogatyrevA., GoreinovS., GrigorôevO.Journal of Computational and Applied Mathematics, 2019. Vol. 361. P. 271ï282.

ʍʁʏ çʁʦʭʧʩʥʙʫʡʣʙ ʡ ʬʨʩʙʛʤʞʦʡʞè ʉɹʆ

ʅʙʜʦʡʫʦʧʞ ʨʧʤʞ ʛʚʤʡʠʡ 

ʩʙʪʨʙʝʙʷʲʞʜʧʪʸ ʫʧʣʧʛʧʜʧ ʪʤʧʸ 

ʛ ʧʚʤʙʪʫʡ ʨʞʩʞʪʧʞʝʡʦʞʦʡʸ

ʈʩʡʥʞʩ ʩʞʱʞʦʡʸ  ʨʩʧʚʤʞʥʴ 

çʣʩʧʬʝʡʦʜʙè ʛ ʧʚʤʙʪʫʡ ʪ ʬʠʣʡʥ 

ʨʞʩʞʱʞʢʣʧʥ: (a) ʣʧʦʭʧʩʥʦʙʸ ʪʞʫʣʙ 

ʛʧ ʛʪʞʢ ʧʚʤʙʪʫʡ, (b) ʪʞʫʣʙ ʛʚʤʡʠʡ 

ʬʠʣʧʜʧ ʨʞʩʞʱʞʢʣʙ

ɼʘʥʦʧʦʣʥʦʝʨʝʰʝʥʠʝʧʦʩʪʘʚʣʝʥʥʦʡʝʱʝ

ʚ XIX ʚʝʢʝʧʨʦʙʣʝʤʳʘʥʘʣʠʪʠʯʝʩʢʦʛʦ

ʧʨʦʜʦʣʞʝʥʠʛ̫ʠʧʝʨʛʝʦʤʝʪ-ʨʠʯʝʩʢʠʭ

ʬʫʥʢʮʠʡ ʧʨʦʠʟʚʦʣʴʥʦʛʦʯʠʩʣʘ

ʧʝʨʝʤʝʥʥʳʭ. ʕʪʦʪʨʝʟʫʣʴʪʘʪʧʦʣʫʯʝʥʩ

ʧʦʤʦʱʴʶʪʝʭʥʠʢʠʠʥʪʝʛʨʘʣʘʪʠʧʘʄʝʣʣʠʥʘ

ï ɹʘʨʥʩʘʩʦʩʧʝʮʠʘʣʴʥʳʤʚʳʙʦʨʦʤ

ʢʦʥʪʫʨʘʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʉʦʟʜʘʥʥʘʷ

ʪʝʦʨʠʘ̫ʥʘʣʠʪʠʯʝʩʢʦʛʦʧʨʦʜʦʣʞʝʥʠʷ

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʭʬʫʥʢʮʠʡʥʘʭʦʜʠʪ

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝʧʨʠʣʦʞʝʥʠʷ,ʚʪʦʤʯʠʩʣʝ

ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʤʁʘʛʥʠʪʥʦʛʦ

ʧʝʨʝʩʦʝʜʠʥʝʥʠʷʚʉʦʣʥʝʯʥʳʭʚʩʧʳʰʢʘʭʠ

ʢʧʨʦʙʣʝʤʝʚʳʯʠʩʣʝʥʠʷʝʤʢʦʩʪʝʡʩʣʦʞʥʳʭ

ʢʦʥʜʝʥʩʘʪʦʨʦʚ.
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ʈʝʰʝʥʘʧʦʩʪʘʚʣʝʥʥʘʷʚ
XIX ʚ. ʟʘʜʘʯʘɼʘʨʙʫʦʙ
ʦʧʠʩʘʥʠʠʚʩʝʭʧʦʚʝʨʭʥʦʩʪʝʡ
ʚʪʨʸʭʤʝʨʥʦʤʚʝʱʝʩʪʚʝʥʥʦʤ
ʧʨʦʩʪʨʘʥʩʪʚʝ,ʢʦʪʦʨʳʝ
ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤ
ʩʚʦʡʩʪʚʦʤ: ʯʝʨʝʟʢʘʞʜʫʶ
ʪʦʯʢʫʧʦʚʝʨʭʥʦʩʪʠʤʦʞʥʦ
ʧʨʦʚʝʩʪʠʧʦʜʚʝʦʢʨʫʞʥʦʩʪʠ,
ʮʝʣʠʢʦʤʣʝʞʘʱʠʝʚ ʵʪʦʡ
ʧʦʚʝʨʭʥʦʩʪʠ.

M. Skopenkov, R. Krasauskas. MathematischeAnnalen(2019),  373, 1299-1327

ʆʙʯʡʧʦʙʤʵʦʴʢ ʡʪʪʤʞʝʧʛʙʫʞʤʵʪʣʡʢ ʬʦʡʛʞʩʪʡʫʞʫ çɻʴʪʱʙʸ ʱʣʧʤʙ ʶʣʧʦʧʥʡʣʡè

ɾʛʣʤʡʝʧʛʴ (ɾ) ʡ ʣʤʡʭʭʧʩʝʧʛʴ(ʊ) ʫʩʙʦʪʤʸʯʡʧʦʦʴʞ ʨʧʛʞʩʮʦʧʪʫʡ, ʡ ʯʡʣʤʡʝʙ ɽʙʩʚʬ (D)

ʇʦʣʫʯʝʥʘʧʦʣʥʘʷʢʣʘʩʩʠʬʠʢʘʮʠʷʧʦʚʝʨʭʥʦʩʪʝʡʩʦʧʠʩʘʥʥʳʤʠʚʳʰʝʩʚʦʡʩʪʚʘʤʠ. ɼʦʢʘʟʘʥʦ,ʯʪʦʝʩʣʠ

ʧʦʚʝʨʭʥʦʩʪʴʩʦʜʝʨʞʠʪʩʝʤʝʡʩʪʚʦʧʘʨʦʢʨʫʞʥʦʩʪʝʡ,ʧʨʦʭʦʜʷʱʠʭʯʝʨʝʟʢʘʞʜʫʪʁʦʯʢʫʧʦʚʝʨʭʥʦʩʪʠʠ

ʘʥʘʣʠʪʠʯʝʩʢʠʦʪʥʝ ʟyʘʚʠʩʷʱʠʭ,ʪʦʪʘʢʫʧʁʦʚʝʨʭʥʦʩʪʴʤʦʞʥʦʝʩʪʝʩʪʚʝʥʥʳʤʠʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ

ʦʪʦʞʜʝʩʪʚʠʪʴʩʦʜʥʦʡʠʟʪʨʸʭʢʣʘʩʩʠʯʝʩʢʠʭʧʦʚʝʨʭʥʦʩʪʝʡ: ɽʚʢʣʠʜʘ,ʂʣʠʬʬʦʨʜʘʠʣʠɼʘʨʙʫ.

ʈʝʰʝʥʠʝʟʘʜʘʯʠʠʤʝʝʪʚʘʞʥʦʝʟʥʘʯʝʥʠʝʚʘʨʭʠʪʝʢʪʫʨʝ.
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ʈʝʰʝʥʘʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷʧʨʦʙʣʝʤʘʚʦʩʩʪʘʥʦʚʣʝʥʠʷ

ʘʣʛʦʨʠʪʤʦʚʠʟʙʠʥʘʨʥʦʛʦʢʦʜʘʩ ʚʦʟʤʦʞʥʦʩʪʴʶʠʭ

ʧʦʩʣʝʜʫʶʱʝʡʚʝʨʠʬʠʢʘʮʠʠ. ɸʢʪʫʘʣʴʥʦʩʪʴʧʨʦʙʣʝʤʳ

ʦʙʫʩʣʦʚʣʝʥʘʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʨʦʩʪʦʤʩʣʦʞʥʦʩʪʠ

ʩʦʚʨʝʤʝʥʥʦʛʦʧʨʦʛʨʘʤʤʥʦʛʦʦʙʝʩʧʝʯʝʥʠʷ(ʇʆ),ʢʦʪʦʨʳʡ

ʩʚʷʟʘʥʩ ʫʚʝʣʠʯʝʥʠʝʤʦʙʲʝʤʘʢʦʜʘ,ʘ ʪʘʢʞʝʩ

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤʪʝʭʥʦʣʦʛʠʡʝʛʦʟʘʱʠʪʳʦʪʦʙʨʘʪʥʦʡ

ʠʥʞʝʥʝʨʠʠ. ʈʘʟʨʘʙʦʪʘʥʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ

ʧʨʦʤʝʞʫʪʦʯʥʦʝʧʨʝʜʩʪʘʚʣʝʥʠʝ,ʧʦʟʚʦʣʷʶʱʝʝ

ʝʜʠʥʦʦʙʨʘʟʥʦʧʨʦʚʦʜʠʪʴʘʥʘʣʠʟʙʠʥʘʨʥʦʛʦʢʦʜʘ

ʨʘʟʣʠʯʥʳʭʧʨʦʮʝʩʩʦʨʥʳʭʘʨʭʠʪʝʢʪʫʨ,ʧʨʠʤʝʥʷʝʤʳʭʚ

ʥʘʩʪʦʣʴʥʳʭʢʦʤʧʴʶʪʝʨʘʭʠ ʩʝʨʚʝʨʘʭ,ʤʦʙʠʣʴʥʳʭ

ʫʩʪʨʦʡʩʪʚʘʭ,ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʤʦʙʦʨʫʜʦʚʘʥʠʠ.

ʈʘʟʨʘʙʦʪʘʥʳʛʨʘʬʦʚʳʝʤʦʜʝʣʠ,ʘʣʛʦʨʠʪʤʳʠʤʝʪʦʜʳ

ʨʘʙʦʪʳ,ʧʦʟʚʦʣʷʶʱʠʝʢʘʯʝʩʪʚʝʥʥʦʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ

ʦʙʨʘʪʥʫʶʠʥʞʝʥʝʨʠʶʙʠʥʘʨʥʦʛʦʢʦʜʘʧʦʥʘʙʦʨʘʤʪʨʘʩʩ

ʜʣ ʚ̫ʩʝʭʩʣʦʝʚʇʆ,ʨʘʟʚʝʨʥʫʪʦʛʦʚ ʠʩʩʣʝʜʫʝʤʦʡ

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡʩʠʩʪʝʤʝ.

V. A. Padaryan, A.B. Bugerya, I.I. Kulagin, M.A. Solovyev, A.Y. Tikhonov. 2019 IvannikovMemorial Workshop (IVMEM), 24 October 2019

ʁʦʪʫʡʫʬʫ ʪʡʪʫʞʥʦʧʜʧ ʨʩʧʜʩʙʥʥʡʩʧʛʙʦʡʸ ʡʥ. ɻ.ʈ.ʁʛʙʦʦʡʣʧʛʙʉɹʆ 

ʈʝʟʫʣʴʪʘʪʳʨʝʘʣʠʟʦʚʘʥʳʚ ʚʠʜʝʢʦʤʧʣʝʢʩʘ
ʧʨʦʛʨʘʤʤʥʳʭʩʨʝʜʩʪʚïʩʨʝʜʘrʥʘʣʠʟʘʙʠʥʘʨʥʦʛʦʢʦʜʘ
ʊʈɸʃ,ʚʥʝʜʨʝʥʥʦʡʚʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭʠʢʦʤʤʝʨʯʝʩʢʠʭ
ʫʯʨʝʞʜʝʥʠʷʭ,ʟʘʥʠʤʘʶʱʠʭʩʷʩʝʨʪʠʬʠʢʘʮʠʝʡʠ
ʨʘʟʨʘʙʦʪʢʦʡʙʝʟʦʧʘʩʥʦʛʦʇʆ. ʈʝʟʫʣʴʪʘʪʳʥʝʠʤʝʶʪ
ʘʥʘʣʦʛʦʚʚʈʦʩʩʠʠ.
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ʈʘʟʨʘʙʦʪʘʥʤʘʨʰʨʫʪʧʨʦʝʢʪʠʨʦʚʘʥʠʷʩʭʝʤʥʘʙʘʟʝ
ʨʝʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭʩʠʩʪʝʤʥʘ ʢʨʠʩʪʘʣʣʝ(ʈʉʥʂ),
ʩʦʩʪʦʷʱʠʡʠʟʢʦʤʧʣʝʢʩʘʥʦʚʳʭʤʝʪʦʜʦʚʠʘʣʛʦʨʠʪʤʦʚ
ʧʦʚʳʰʝʥʥʦʡʵʬʬʝʢʪʠʚʥʦʩʪʠ.
ʈʘʟʨʘʙʦʪʘʥʥʳʡʤʘʨʰʨʫʪʚʢʣʶʯʘʝʪʚ ʩʝʙʥ̫ʦʚʳʝ

ʧʦʜʭʦʜʳʢʨʝʰʝʥʠʶʪʦʧʦʣʦʛʠʯʝʩʢʠʭʟʘʜʘʯʥʘɻ ʪʘʧʘʭ
ʜʝʢʦʤʧʦʟʠʮʠʠ,ʨʘʟʤʝʱʝʥʠʷʣʦʛʠʯʝʩʢʠʭʵʣʝʤʝʥʪʦʚʠ
ʪʨʘʩʩʠʨʦʚʢʠʤʝʞʩʦʝʜʠʥʝʥʠʡ, ʘʪʘʢʞʝʜʘʝʪʚʦʟʤʦʞʥʦʩʪʴ
ʙʳʩʪʨʦʡʘʜʘʧʪʘʮʠʠʢʠʟʤʝʥʝʥʠʷʤʘʨʭʠʪʝʢʪʫʨʳʈʉʥʂ.
ʕʪʠʧʦʜʭʦʜʳʧʦʟʚʦʣʷʶʪʫʩʢʦʨʠʪʴʩʠʥʪʝʟʢʨʫʧʥʳʭ
ʩʣʦʞʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭʙʣʦʢʦʚʚ ʙʘʟʠʩʝ
ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡʣʦʛʠʢʠʚʫʩʣʦʚʠʷʭʩʦʚʤʝʱʝʥʠʷʥʘ
ʦʜʥʦʤʢʨʠʩʪʘʣʣʝʨʘʟʥʦʦʙʨʘʟʥʳʭʩʭʝʤʦʪʝʭʥʠʯʝʩʢʠʭ
ʨʝʰʝʥʠʡ,ʘ ʪʘʢʞʝʩʠʥʪʝʟɻʣʝʤʝʥʪʦʚʩʠʩʪʝʤʥʘ
ʢʨʠʩʪʘʣʣʝ. ʇʨʠʤʝʥʝʥʠʝʧʦʣʫʯʝʥʥʳʭʨʝʟʫʣʴʪʘʪʦʚ
ʧʦʟʚʦʣʠʣʦʥʘ 10-15% ʧʦʚʳʩʠʪʴʵʬʬʝʢʪʠʚʥʦʩʪʴ
ʠʩʧʦʣʴʟʦʚʘʥʠʷʪʦʧʦʣʦʛʠʯʝʩʢʠʭʨʝʩʫʨʩʦʚʈʉʥʂʮʝʣʝʚʦʛʦ
ʥʘʟʥʘʯʝʥʠʷ.

Gavrilov S.V., ZheleznikovD.A., ZapletinaM.A., V. M. Khvatov, ChochaevR.Z., Enns V.I. Russian Microelectronics, 2019, Vol. 48, Issue 3, pp. 176-186. 

ʁʦʪʫʡʫʬʫ ʨʩʧʚʤʞʥ ʨʩʧʞʣʫʡʩʧʛʙʦʡʸ ʛ ʥʡʣʩʧʶʤʞʣʫʩʧʦʡʣʞ ʉɹʆ

ɹʣʦʢ-ʩʭʝʤʘ ʤʘʨʰʨʫʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ  ʩʭʝʤ ʥʘ ʙʘʟʝ ʈʉʥʂ



ˡ˕˔˕ˤ˒˞˗˕˒ 
˕  ˡ˕˔˕˗˛-˟˒ˢ˚˕ˤ˒˞˗˕˒

˚ˍˠ˗˕
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˔ˍ˜ˠ˞˗ ˝˒˚˟ː˒˚˛ˏ˞˗˛˖ ˛ˎ˞˒˝ˏˍ˟˛˝˕˕ Ⱥ˞˜˒˗˟˝-˝ːȻ 
˕ ˜˒˝ˏ˨˒ ˝˒˔ˠ˘˩˟ˍ˟˨

13 ʠʶʣʷ2019ʩʦʩʪʦʷʣʩʷʫʩʧʝʰʥʳʡʟʘʧʫʩʢʩʢʦʩʤʦʜʨʦʤʘ

ɹʘʡʢʦʥʫʨʨʦʩʩʠʡʩʢʦʡʦʨʙʠʪʘʣʴʥʦʡʘʩʪʨʦʬʠʟʠʯʝʩʢʦʡ

ʦʙʩʝʨʚʘʪʦʨʠʠçʉʧʝʢʪʨ-ʈɻè,ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡʜʣʧ̫ʦʩʪʨʦʝʥʠʷ

ʧʦʣʥʦʡʢʘʨʪʳɺʩʝʣʝʥʥʦʡʚʨʝʥʪʛʝʥʦʚʩʢʦʤʜʠʘʧʘʟʦʥʝʵʥʝʨʛʠʡ

0,3-30ʢʵɺ. ɺʩʦʩʪʘʚʦʙʩʝʨʚʘʪʦʨʠʠʚʭʦʜʷʪʜʚʘʨʝʥʪʛʝʥʦʚʩʢʠʭ

ʪʝʣʝʩʢʦʧʘ: eROSITA(ɻʝʨʤʘʥʠʷ)ʠART-XC(ʈʦʩʩʠʷ). ART-XCï

ʧʝʨʚʳʡʨʝʥʪʛʝʥʦʚʩʢʠʡʪʝʣʝʩʢʦʧʢʦʩʦʛʦʧʘʜʝʥʠʷ,ʚʬʦʢʘʣʴʥʦʡ

ʧʣʦʩʢʦʩʪʠʢʦʪʦʨʦʛʦʫʩʪʘʥʦʚʣʝʥʳʫʥʠʢʘʣʴʥʳʝʨʝʥʪʛʝʥʦʚʩʢʠʝ

ʜʝʪʝʢʪʦʨʳʥʘʦʩʥʦʚʝʪʝʣʣʫʨʠʜʘʢʘʜʤʠʷ.çʉʧʝʢʪʨ-ʈɻèïʦʜʥʘʠʟ

ʣʫʯʰʠʭʨʝʥʪʛʝʥʦʚʩʢʠʭʦʙʩʝʨʚʘʪʦʨʠʡʥʘʙʣʠʞʘʡʰʠʝ10-15ʣʝʪ,

ʩʧʦʩʦʙʥʘʩʜʝʣʘʪʴʧʦʣʥʳʡʦʙʟʦʨʥʝʙʘʩ ʨʝʢʦʨʜʥʦʡ

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ,ʚʜʝʩʷʪʢʠʨʘʟʧʨʝʚʦʩʭʦʜʷʱʝʡʜʨʫʛʠʝ

ʦʙʩʝʨʚʘʪʦʨʠʠ.

21 ʦʢʪʷʙʨʷ2019 ʛʦʜʘʘʧʧʘʨʘʪʟʘʚʝʨʰʠʣʧʝʨʝʣʝʪʚ

ʦʢʨʝʩʪʥʦʩʪʴʪʦʯʢʠʣʠʙʨʘʮʠʠL2 ʩʠʩʪʝʤʳʉʦʣʥʮʝ-ɿʝʤʣʷ,ʘ8

ʜʝʢʘʙʨʷ2019ʛʦʜʘʦʙʩʝʨʚʘʪʦʨʠʷʥʘʯʘʣʘʚʳʧʦʣʥʝʥʠʝʩʚʦʝʡ

ʛʣʘʚʥʦʡʟʘʜʘʯʠïʧʨʦʚʝʜʝʥʠʝʯʝʪʳʨʝʭʣʝʪʥʝʛʦʦʙʟʦʨʘʚʩʝʛʦ

ʥʝʙʘʚʨʝʥʪʛʝʥʦʚʩʢʠʭʣʫʯʘʭ. ʊʝʩʪʦʚʳʝʥʘʙʣʶʜʝʥʠʷʧʦʜʪʚʝʨ-

ʜʠʣʠʚʳʩʦʯʘʡʰʠʝʟʘʷʚʣʝʥʥʳʝʭʘʨʘʢʪʝʨʠʩʪʠʢʠʧʨʠʙʦʨʦʚ.

ʁʦʪʫʡʫʬʫ ʣʧʪʥʡʰʞʪʣʡʮ ʡʪʪʤʞʝʧʛʙʦʡʢ ʉɹʆ, ʉʍʘʏ-ɻʆʁʁʖʍ,

ʆʈʇ ʡʥ. ʄʙʛʧʰʣʡʦʙ,  Max Planck Institute for Extraterrestrial Physics 9

ʉʞʦʫʜʞʦʧʛʪʣʧʞ ʡʠʧʚʩʙʟʞʦʡʞ ʯʞʦʫʩʙʤʵʦʧʢ 
ʧʚʤʙʪʫʡ ɼʙʤʙʣʫʡʣʡ ʛ ʝʡʙʨʙʠʧʦʞ 4-12 ʣʶɻ, 
ʨʧʤʬʰʞʦʦʧʞ ʫʞʤʞʪʣʧʨʧʥ ART-XC

ʉʞʦʫʜʞʦʧʛʪʣʧʞ ʡʠʧʚʩʙʟʞʦʡʞ ʭʩʙʜʥʞʦʫʙ 

ʚʤʡʠʣʧʢ ʜʙʤʙʣʫʡʣʡ ɺʧʤʵʱʧʞ ʅʙʜʞʤʤʙʦʧʛʧ 

ʇʚʤʙʣʧ, ʨʧʤʬʰʞʦʦʧʞ ʫʞʤʞʪʣʧʨʧʥ eROSITA. 

ʇʫʥʞʰʞʦʴ ʦʞʪʣʧʤʵʣʧ ʧʚʳʞʣʫʧʛ ʩʙʠʦʧʢ 

ʨʩʡʩʧʝʴ, ʩʙʪʨʧʤʧʟʞʦʦʴʮ ʛ ʶʫʧʢ ʜʙʤʙʣʫʡʣʞ, 

ʡ ʝʛʞ ʝʙʤʞʣʡʞ ʜʙʤʙʣʫʡʣʡ ʪ ʙʣʫʡʛʦʴʥʡ 

ʸʝʩʙʥʡ

ʆʙʩʝʨʚʘʪʦʨʠʷ çʉʧʝʢʪʨ-ʈɻè ʚʦ 
ʚʨʝʤʷ ʥʘʟʝʤʥʳʭ ʠʩʧʳʪʘʥʠʡ ʚ ʅʇʆ 

ʠʤ. ʃʘʚʦʯʢʠʥʘ

ʆʞʠʜʘʝʪʩʷ,ʯʪʦʙʫʜʝʪʦʙʥʘʨʫʞʝʥʦʧʦʨʷʜʢʘʩʪʘʪʳʩʷʯʤʘʩʩʠʚʥʳʭ

ʩʢʦʧʣʝʥʠʡʛʘʣʘʢʪʠʢ,ʥʝʩʢʦʣʴʢʦʤʠʣʣʠʦʥʦʚʩʚʝʨʭʤʘʩʩʠʚʥʳʭʯʝʨʥʳʭʜʳʨ,

ʩʦʪʥʠʪʳʩʷʯʟʚʝʟʜʩʘʢʪʠʚʥʳʤʠʢʦʨʦʥʘʤʠ,ʘʪʘʢʞʝʜʝʪʘʣʴʥʦʠʩʩʣʝʜʦʚʘʥʳ

ʩʚʦʡʩʪʚʘʛʦʨʷʯʝʡʤʝʞʟʚʝʟʜʥʦʡʠʤʝʞʛʘʣʘʢʪʠʯʝʩʢʦʡʧʣʘʟʤʳ.



˜˛˘˚ˍˬ ˗ˍ˝˟ˍ ˔ˏ˒˔ˑ˚˛ː˛ ˚˒ˎˍ ˏ ˝˒˚˟ː˒˚˛ˏ˞˗˕ˢ ˘ˠˤˍˢȟ 
˜˛˘ˠˤ˒˚˚ˍˬ ˏ ̋˒ ˔ˠ˘˩˟ˍ˟˒ ˜˛˘ˠː˛ˑ˛ˏ˨ˢ ˚ˍˎ˘˫ˑ˒˚˕˖ ˚ˍ Ⱥ˞˜˒˗˟˝-˝Ȼː

ʁʦʪʫʡʫʬʫ ʣʧʪʥʡʰʞʪʣʡʮ ʡʪʪʤʞʝʧʛʙʦʡʢ ʉɹʆ, ʉʍʘʏ-ɻʆʁʁʖʍ,ʆʈʇ ʡʥ. ʄʙʛʧʰʣʡʦʙ,  Max Planck Institute for Extraterrestrial Physics 10
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ʉʧʦʤʦʱʴʶ22-ʤʝʪʨʦʚʦʛʦʨʘʜʠʦʪʝʣʝʩʢʦʧʘ

ʈʊ-22 ʚʉʠʤʝʠʟʝʚʣʠʥʠʷʭʚʦʜʷʥʦʛʦʧʘʨʘʥʘ

ʯʘʩʪʦʪʝ22235 ʄɻʮ ʦʪʢʨʳʪʤʦʱʥʳʡ

ʛʘʣʘʢʪʠʯʝʩʢʠʡʢʠʣʦʤʘʟʝʨG25.65+1.05. ɺ

ʦʙʲʝʢʪʝʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʘʩʘʤʘʤ̫ʦʱʥʘʷʟʘ

ʚʩʠʁʩʪʦʨʠʶʥʘʙʣʶʜʝʥʠʡʜʚʦʡʥʘʷʚʩʧʳʰʢʘ,

ʚʦ ʚʨʝʤ ʢ̫ʦʪʦʨʦʡʧʣʦʪʥʦʩʪʴʧʦʪʦʢʘ

ʨʘʜʠʦʠʟʣʫʯʝʥʠʷʫʚʝʣʠʯʠʣʘʩʴʙʦʣʝʝʯʝʤʚ

1300 ʨʘʟ. ɺʧʝʨʚʳʝʚ ʤʠʨʝʧʦʣʫʯʝʥʘ

ʜʝʪʘʣʴʥʘʷʬʦʨʤʘʠʟʤʝʥʝʥʠʷʩʧʝʢʪʨʘʣʴʥʦʡ

ʧʣʦʪʥʦʩʪʠʧʦʪʦʢʘʠʟʣʫʯʝʥʠʷʠʩʪʦʯʥʠʢʘʚ

ʟʘʚʠʩʠʤʦʩʪʠʦʪʚʨʝʤʝʥʠ.

ʉʠʩʧʦʣʴʟʦʚʘʥʠʝʤʨʘʜʠʦʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ

ʩʦʩʚʝʨʭʜʣʠʥʥʦʡʙʘʟʦʡ(ʂʚʘʟʘʨ-ʂɺʆʠ

ʩʪʘʥʮʠʷʉʠʤʝʠʟ)ʧʨʦʚʝʜʝʥʳʥʘʙʣʶʜʝʥʠʷ

ʚʩʧʳʰʢʠʢʠʣʦʤʘʟʝʨʘ, ʢʦʪʦʨʳʝʧʦʜʪʚʝʨʜʠʣʠ

ʥʘʣʠʯʠʝʢʦʤʧʘʢʪʥʳʭʛʣʦʙʫʣʚ

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡʩʪʨʫʢʪʫʨʝʠʩʪʦʯʥʠʢʘ.

ʃʩʴʥʪʣʙʸ ʙʪʫʩʧʭʡʠʡʰʞʪʣʙʸ ʧʚʪʞʩʛʙʫʧʩʡʸ ʉɹʆ

˛ˎ˚ˍ˝ˠ˓˒˚˕˒ ˞ˍ˙˛ː˛ ˙˛˦˚˛ː˛ ˗˕˘˛˙ˍ˔˒˝ˍ 
ˏ ˚ˍ˥˒˖ ːˍ˘ˍ˗˟˕˗˒

L.N. Volvach, A.E. Volvach, at al. Monthly Notices of the Royal Astronomical Society: Letters, v. 482, Is. 1, 1 January 2019, L90ïL92.

ʃ.ʅ. ɺʦʣʴʚʘʯ, ɸ.ɽ. ɺʦʣʴʚʘʯʠ ʜʨ. ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʞʫʨʥʘʣ. 2019. ʊ.96. ˉ1. 

ʃʩʡʛʙʸ ʨʤʧʫʦʧʪʫʡ ʨʧʫʧʣʙ ʡʠʤʬʰʞʦʡʸ ʛʧ 

ʛʩʞʥʸ ʛʪʨʴʱʣʡ

ʁʠʧʚʩʙʟʞʦʡʞ ʡʪʫʧʰʦʡʣʙ ʦʙ ʝʤʡʦʞ ʛʧʤʦʴ 

870 mm  ʚʧʤʵʱʧʢ ʚʧʤʧʥʞʫʩʡʰʞʪʣʧʢ ʣʙʥʞʩʴ 

ʪʬʚʥʥʫʞʤʞʪʣʧʨʙ çAPEXè (ɹʫʙʣʙʥʙ, ʐʡʤʡ)

ʈʘʟʨʘʙʦʪʘʥʘʤʦʜʝʣʧɹʝʨʚʠʯʥʦʛʦʵʥʝʨʛʦʚʳʜʝʣʝʥʠʷ,ʥʘʦʩʥʦʚʝ

ʢʨʘʪʥʦʡʤʘʩʩʠʚʥʦʡʟʚʝʟʜʥʦʡʩʠʩʪʝʤʳ,ʚ ʢʦʪʦʨʦʡʚʨʝʟʫʣʴʪʘʪʝ

ʤʦʱʥʦʛʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦʚʦʟʤʫʱʝʥʠʷʧʨʦʠʩʭʦʜʠʪʩʙʨʦʩʦʙʦʣʦʯʢʠ

ʮʝʥʪʨʘʣʴʥʦʡʩʚʝʨʭʤʘʩʩʠʚʥʦʡʟʚʝʟʜʳ.



˞ˡ˒˝˕ˤ˒˞˗˕˖  ˟˛˗ˍ˙ˍ˗ː˘˛ˎˠ˞-ʄ2
˞  ˠˏ˒˘˕ˤ˒˚˚˨˙  ˙ˍː˚˕˟˚˨˙  ˜˛˘˒˙

ɺʚʝʜʝʥʚ ʵʢʩʧʣʫʘʪʘʮʠʶʨʦʩʩʠʡʩʢʠʡ

ʩʬʝʨʠʯʝʩʢʠʡʪʦʢʘʤʘʢɻʣʦʙʫʩ-ʄ2 ʩ

ʫʚʝʣʠʯʝʥʥʳʤʤʘʛʥʠʪʥʳʤʧʦʣʝʤ. ʇʨʠʨʦʩʪʝ

ʤʘʛʥʠʪʥʦʛʦʧʦʣʩ̫0.4 ʜʦ0.7 ʊʣʠʪʦʢʘ

ʧʣʘʟʤʳʩ0.2 ʜʦ0.33 ʄɸʧʨʠʥʝʠʟʤʝʥʥʦʤ

ʟʥʘʯʝʥʠʠʤʦʱʥʦʩʪʠʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ

ʥʘʛʨʝʚʘʠ ʟʘʧʘʩʘʫʩʪʦʡʯʠʚʦʩʪʠ

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦʩʫʱʝʩʪʚʝʥʥʦʝ(ʜʦ3-ʭ

ʨʘʟ)ʧʦʚʳʰʝʥʠʝʪʝʤʧʝʨʘʪʫʨʳʠ

ʵʥʝʨʛʦʟʘʧʘʩʘʧʣʘʟʤʳ. ɿʘʬʠʢʩʠʨʦʚʘʥʦ

ʜʚʫʢʨʘʪʥʦʝʫʚʝʣʠʯʝʥʠʝʚʨʝʤʝʥʠʫʜʝʨʞʘʥʠʷ

ʵʥʝʨʛʠʠʧʣʘʟʤʳ. ɺʧʝʨʚʳʝʥʘʩʬʝʨʠʯʝʩʢʦʤ

ʪʦʢʘʤʘʢʝʫʜʘʣʦʩʟɹʘʤʝʩʪʠʪʴʯʘʩʪʴ

ʠʥʜʫʢʮʠʦʥʥʦʛʦʪʦʢʘʨʘʟʨʷʜʘʪʦʢʦʤ,

ʫʚʣʝʢʘʝʤʳʤɺʏʚʦʣʥʘʤʠʧʨʦʤʝʞʫʪʦʯʥʦʛʦ

ʜʠʘʧʘʟʦʥʘʯʘʩʪʦʪ(2.45ɻɻʮ),ʟʘʤʝʜʣʝʥʥʳʤʠ

ʚʪʦʨʦʠʜʘʣʴʥʦʤʥʘʧʨʘʚʣʝʥʠʠ.

ʍʡʠʡʣʧ-ʫʞʮʦʡʰʞʪʣʡʢ ʡʦʪʫʡʫʬʫ ʡʥ. ɹ.ʍ. ʁʧʭʭʞ ʉɹʆ

12

ʊʩʙʛʦʞʦʡʞ ʛʩʞʥʞʦʡ 
ʬʝʞʩʟʙʦʡʸ ʶʦʞʩʜʡʡ ʨʩʡ 
ʦʡʠʣʡʮ ʡ ʛʴʪʧʣʡʮ 
ʥʙʜʦʡʫʦʴʮ ʨʧʤʸʮ

N.N. Bakharevet al. Plasma Physics Reports, 2019

ɻʦʞʱʦʡʢ ʛʡʝ ʫʧʣʙʥʙʣʙ ɼʤʧʚʬʪ-ʅ2

ʕʬʬʝʢʪ ʟʘʤʝʱʝʥʠʷ 

ʠʥʜʫʢʮʠʦʥʥʦʛʦ ʪʦʢʘ ʪʦʢʦʤ 

ʫʚʣʝʯʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʡ ʧʦ 

ʭʘʨʘʢʪʝʨʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʭʦʜʝ 

ʧʣʘʟʤʝʥʥʦʛʦ ʰʥʫʨʘ Upʧʨʠ 

ʥʝʠʟʤʝʥʥʦʤ ʧʦʣʥʦʤ ʪʦʢʝ 

ʧʣʘʟʤʳ Ip
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ʄʘʩʩʦʚʦʝʟʘʨʦʞʜʝʥʠʝʘʣʤʘʟʦʚʠʠʭʦʪʥʦʩʠʪʝʣʴʥʦʤʝʜʣʝʥʥʳʡʨʦʩʪʚ

ʧʨʦʜʫʢʪʘʭʢʘʨʙʦʥʠʟʘʮʠʠʧʨʠʪʝʤʧʝʨʘʪʫʨʘʭʜʦ2000 ʂʦʙʝʩʧʝʯʠʚʘʶʪ

ʙʣʘʛʦʧʨʠʷʪʥʳʝʫʩʣʦʚʠʜ̫ʣʷʨʘʟʤʝʨʥʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦʩʠʥʪʝʟʘ

ʥʘʥʦʘʣʤʘʟʦʚʦʪ1ī2 ʥʤʜʦʩʦʪʝʥʥʘʥʦʤʝʪʨʦʚʧʫʪʝʤʠʟʤʝʥʝʥʠʷ

ʪʝʤʧʝʨʘʪʫʨʳʩʠʥʪʝʟʘ.

E.A. Ekimov, et al. Carbon, 150, 436-438, 2019

ʊʡʦʫʞʠ ʦʙʦʧʙʤʥʙʠʧʛʡʠ ʚʩʧʥʡʩʧʛʙʦʦʧʜʧʙʝʙʥʙʦʫʙʦʙ C10H14Br ʨʩʡ 8 ɼʈʙ, ʛʩʞʥʸ ʪʡʦʫʞʠʙ 120 ʪ

ʁʦʪʫʡʫʬʫ ʭʡʠʡʣʡ ʛʴʪʧʣʡʮ ʝʙʛʤʞʦʡʢ ʡʥ. ʄ.ʍ. ɻʞʩʞʲʙʜʡʦʙ ʉɹʆ, ʍʡʠʡʰʞʪʣʡʢ ʡʦʪʫʡʫʬʫ ʡʥ. ʈ.ʆ. ʄʞʚʞʝʞʛʙ ʉɹʆ

ʍʆʁʏ çʃʩʡʪʫʙʤʤʧʜʩʙʭʡʸ ʡ ʭʧʫʧʦʡʣʙè ʉɹʆ

ɺʧʝʨʚʳʝ ʦʩʫʱʝʩʪʚʣʝʥ

ʤʘʩʩʦʚʳʡʩʠʥʪʝʟʥʘʥʦʘʣʤʘʟʦʚ

ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦʨʘʟʤʝʨʘ

ʤʝʪʦʜʦʤHPHT, ʦʪʢʨʳʚʘʶʱʠʡ

ʥʦʚʳʝʧʝʨʩʧʝʢʪʠʚʳʚʩʦʟʜʘʥʠʠ

ʦʜʥʦʨʦʜʥʳʭʧʦ ʩʚʦʡʩʪʚʘʤ

ʥʦʩʠʪʝʣʝʡʮʝʥʪʨʦʚʦʢʨʘʩʢʠ.

ʉʠʥʪʝʟʦʩʫʱʝʩʪʚʣʝʥʠʟ

ʛʘʣʦʛʝʥʠʨʦʚʘʥʥʳʭʘʜʘʤʘʥʪʘʥʦʚ,

ʘʣʤʘʟʦʧʦʜʦʙʥʘʷʩʪʨʫʢʪʫʨʘ

ʢʦʪʦʨʳʭʠʩʧʦʩʦʙʥʦʩʪʴʛʘʣʦʛʝʥʦʚ

ʥʘʩʳʱʘʪʫɹʛʣʝʨʦʜʥʳʝʩʚʷʟʠ

ʦʧʨʝʜʝʣʷʝʪʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʡ

çʘʣʤʘʟʥʳʡèʩʮʝʥʘʨʠʡʠʭ

ʢʘʨʙʦʥʠʟʘʮʠʠʧʨʠʜʘʚʣʝʥʠʠ8

ɻʇʘʠʪʝʤʧʝʨʘʪʫʨʘʭʚʳʰʝ900 K.
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ʇʨʝʜʣʦʞʝʥʠ ʨʝʘʣʠʟʦʚʘʥ
ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʡʤʝʪʦʜ
ʬʝʤʪʦʩʝʢʫʥʜʥʦʡʣʘʟʝʨʥʦʡʧʝʯʘʪʠ
ʬʦʪʦʥʥʳʭʵʣʝʤʝʥʪʦʚʚ ʧʣʸʥʢʘʭ
ʦʨʛʘʥʦ-ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ
ʧʝʨʦʚʩʢʠʪʦʚ(CH3NH3PbI3), ʥʝ
ʨʘʟʨʫʰʘʶʱʠʡʚ ʦʪʣʠʯʠʝʦʪ
ʤʝʪʦʜʦʚʣʠʪʦʛʨʘʬʠʠʠʭʦʧʪʠʯʝʩʢʠʝ
ʩʚʦʡʩʪʚʘʠ ʠʩʧʦʣʴʟʫʶʱʠʡ
ʞʠʜʢʦʩʪʥʦʝʠʣʠʠʦʥʥʦʝʪʨʘʚʣʝʥʠʝ.
ʄʝʪʦʜʧʦʟʚʦʣʷʝʪʠʟʛʦʪʘʚʣʠʚʘʪʴ

ʦʜʥʦʤʦʜʦʚʳʝʤʠʢʨʦʜʠʩʢʦʚʳʝ
ʣʘʟʝʨʳʩʤʠʥʠʤʘʣʴʥʳʤʨʘʟʤʝʨʦʤ
2 ʤʢʤʠ ʧʦʨʦʛʦʤʣʘʟʝʨʥʦʡ
ʛʝʥʝʨʘʮʠʠ~ 150 ʤʢɼʞ/ʩʤ2 ʧʨʠ
ʥʘʥʦʩʝʢʫʥʜʥʦʡʦʧʪʠʯʝʩʢʦʡ
ʥʘʢʘʯʢʝ.

A.Zhizhchenko, at al. ACS Nano, 13(4), P. 4140-4147 (2019)

ʁʦʪʫʡʫʬʫ ʙʛʫʧʥʙʫʡʣʡ ʡ ʨʩʧʯʞʪʪʧʛ ʬʨʩʙʛʤʞʦʡʸ ɽɻʇ ʉɹʆ

ʊʮʞʥʙʫʡʰʞʪʣʧʞ ʨʩʞʝʪʫʙʛʤʞʦʡʞ ʨʞʰʙʫʡ ʝʡʪʣʧʛʧʜʧ ʥʡʣʩʧʤʙʠʞʩʙ ʠʙ ʧʝʡʦ ʤʙʠʞʩʦʴʢ 

ʡʥʨʬʤʵʪ ʛ ʭʧʩʥʞ ʣʧʤʵʯʙ (ʙ); ʬʛʞʤʡʰʞʦʦʧʞ ʊʖʅ ʡʠʧʚʩʙʟʞʦʡʞ ʡ ʭʧʫʧʜʩʙʭʡʸ 

ʬʨʧʩʸʝʧʰʞʦʦʧʜʧ ʥʙʪʪʡʛʙ 1ĭ1 ʪʥ2ʦʙʨʞʰʙʫʙʦʦʴʮ ʥʡʣʩʧʝʡʪʣʧʛ (ʚ) ʡ (ʛ);

ʧʝʦʧʥʧʝʧʛʴʢʪʨʞʣʫʩ ʤʙʠʞʩʦʧʢ ʜʞʦʞʩʙʯʡʡ ʞʝʡʦʡʰʦʧʜʧ ʥʡʣʩʧʝʡʪʣʙ ʨʩʡ ʧʨʫʡʰʞʪʣʧʢ 

ʦʙʦʧʪʞʣʬʦʝʦʧʢ ʦʙʣʙʰʣʞ (ʜ). 

ʅʘ ʚʨʝʟʢʘʭ:ʫʚʝʣʠʯʝʥʥʦʝʉʕʄ ʠʟʦʙʨʘʞʝʥʠʝ ʜʠʩʢʦʚʦʛʦ ʤʠʢʨʦʣʘʟʝʨʘ (ʚʥʠʟʫ) ʠ ʝʛʦ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʩʜʝʣʘʥʥʦʝ ʚ ʧʨʦʮʝʩʩʝ ʣʘʟʝʨʥʦʡ ʛʝʥʝʨʘʮʠʠ (ʚʚʝʨʭʫ).
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ʈʘʟʨʘʙʦʪʘʥʘʦʨʠʛʠʥʘʣʴʥʘʷʪʝʭʥʦʣʦʛʠʷ
ʣʘʟʝʨʥʦʡʠʥʞʝʥʝʨʠʠʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ
ʩʠʩʪʝʤ(ʃʀʄʉ)ʠ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʝ
ʢʦʤʧʣʝʢʩʳʜʣʚ̫ʳʜʝʣʝʥʠʷʠʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ
ʧʝʨʝʥʦʩʘʦʪʜʝʣʴʥʳʭʙʘʢʪʝʨʠʡ,ʢʣʝʪʦʢʠ ʠʭ
ʘʛʨʝʛʘʪʦʚʩ ʧʦʤʦʱʴʠʁʤʧʫʣʴʩʦʚʜʘʚʣʝʥʠʷ,
ʩʦʟʜʘʚʘʝʤʳʭʥʘʥʦʩʝʢʫʥʜʥʳʤʣʘʟʝʨʥʳʤ
ʠʟʣʫʯʝʥʠʝʤ. ʃʀʄʉʧʦʟʚʦʣʷʝʪʨʝʘʣʠʟʦʚʘʪʴ
ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʫʶʪʨʝʭʤʝʨʥʫʶʧʝʯʘʪʴ
ʞʠʚʳʤʠʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤʠʦʙʲʝʢʪʘʤʠ,
ʚʳʜʝʣʷʪʴʙʘʢʪʝʨʠʠ,ʪʨʫʜʥʦʢʫʣʴʪʠʚʠʨʫʝʤʳʝʠʣʠ
ʥʝʢʫʣʴʪʠʚʠʨʫʝʤʳʝʩʪʘʥʜʘʨʪʥʳʤʠʩʧʦʩʦʙʘʤʠ.
ʊʝʭʥʦʣʦʛʠʷʃʀʄʉ ʚʦʩʪʨʝʙʦʚʘʥʘʜʣʷ

ʚʳʜʝʣʝʥʠʷʙʠʦʣʦʛʠʯʝʩʢʠʘʢʪʠʚʥʳʭʚʝʱʝʩʪʚʠ
ʨʝʜʢʠʭʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ,ʩʠʥʪʝʟʘʥʦʚʳʭ
ʘʥʪʠʙʠʦʪʠʢʦʚ,ʩʦʟʜʘʥʠʷʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ
ʢʦʥʩʪʨʫʢʮʠʡ.

Cheptsov V.S., et al. Int. J. Bioprinting. - 2019. - Vol. 5 -ˉ 1. - P. 1ï12.

AntoshinA.A., et al. Bioprinting. Elsevier Ltd, - 2019. - Vol. 15. - P. e00052

ʁʦʪʫʡʫʬʫ ʭʧʫʧʦʦʴʮ ʫʞʮʦʧʤʧʜʡʢ ʍʆʁʏ çʃʩʡʪʫʙʤʤʧʜʩʙʭʡʸ ʡ ʭʧʫʧʦʡʣʙè ʉɹʆ 

ʊʮʞʥʙ ʨʞʰʙʫʡ ʥʡʣʩʧʣʙʨʤʸʥʡ

ʪ ʟʡʛʴʥʡ ʥʡʣʩʧʚʡʧʤʧʜʡʰʞʪʣʡʥʡ ʧʩʜʙʦʡʠʥʙʥʡ (ʙ); 

ʅʡʣʩʧʣʙʨʤʡʡ ʧʚʩʙʠʧʛʙʦʦʴʞ ʣʧʤʧʦʡʡ ʥʡʣʩʧʧʩʜʙʦʡʠʥʧʛ (ʚ); 

ʈʩʡʥʞʩ ʪʧʛʧʣʬʨʦʧʪʫʡ ʥʡʣʩʧʧʩʜʙʦʡʠʥʧʛ ʩʙʠʤʡʰʦʴʮ ʛʡʝʧʛ, ʛʴʝʞʤʞʦʦʴʮ 

ʡʠ ʧʚʩʙʠʯʙ ʨʧʰʛʴ ʪʫʙʦʝʙʩʫʦʴʥ 

ʡ ʩʙʠʩʙʚʧʫʙʦʦʴʥ ʪʨʧʪʧʚʙʥʡ (ʛ)
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ʅʘ ʫʩʪʘʥʦʚʢʝʆʂɸʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ

ʚʪʦʨʠʯʥʦʛʦʧʫʯʢʘʢʘʦʥʦʚʧʨʦʪʦʥʥʦʛʦ

ʩʠʥʭʨʦʪʨʦʥʘʋ-70 ʜʝʪʘʣʴʥʦʠʩʩʣʝʜʦʚʘʥ

ʨʘʩʧʘʜʟʘʨʷʞʝʥʥʦʛʦʢʘʦʥʘʥʘʤʶʦʥ,ʤʶʦʥʥʦʝ

ʥʝʡʪʨʠʥʦʠʢʚʘʥʪʛʘʤʤʘʠʟʣʫʯʝʥʠʷK+ Ÿ ɛ+ɜ

ɔ(ʢʘʥʘʣʣʝʧʪʦʥʥʦʛʦʨʘʩʧʘʜʘ).

ʅʘʙʣʶʜʝʥʦ95 ʪʳʩ. ʩʦʙʳʪʠʡʩɻ ʥʝʨʛʠʝʡɔ-

ʢʚʘʥʪʘ25 ʄʵɺ< E*ɔ < 150 ʄʵɺʚʩʠʩʪʝʤʝ

ʧʦʢʦʷʢʘʦʥʘ. ʀʟʫʯʝʥʠʝʧʣʦʪʥʦʩʪʠ

ʨʘʩʧʨʝʜʝʣʝʥʠʷʩʦʙʳʪʠʡʨʘʩʧʘʜʘʧʦʟʚʦʣʠʣʦ

ʦʙʥʘʨʫʞʠʪʴʜʝʩʪʨʫʢʪʠʚʥʫʶʠʥʪʝʨʬʝʨʝʥʮʠʶ

ʜʦʤʠʥʠʨʫʶʱʝʛʦʪʦʨʤʦʟʥʦʛʦʠʟʣʫʯʝʥʠʷʠ

ʩʪʨʫʢʪʫʨʥʦʛʦʠʟʣʫʯʝʥʠʷ. ʀʟʤʝʨʝʥʘʨʘʟʥʠʮʘ

ʚʝʢʪʦʨʥʦʡʠʘʢʩʠʘʣʴʥʦʡʢʦʥʩʪʘʥʪʨʘʩʧʘʜʘ:

FV-FA= 0,134Ñ0,021Ñ0,027.

ʕʪʦʟʥʘʯʝʥʠʝʦʪʣʠʯʘʝʪʩʷʦʪʧʨʝʜʩʢʘʟʘʥʠʷ

ʢʠʨʘʣʴʥʦʡʪʝʦʨʠʠʚʦʟʤʫʱʝʥʠʡFV-FA = 0,052

(ʨʘʟʣʠʯʠʝ2,3 ů),ʯʪʦʤʦʞʝʪʫʢʘʟʳʚʘʪʴʥʘ

ʥʝʦʙʭʦʜʠʤʦʩʪʴʤʦʜʠʬʠʢʘʮʠʠʪʝʦʨʠʠ.

ʁʦʪʫʡʫʬʫ ʭʡʠʡʣʡ ʛʴʪʧʣʡʮ ʶʦʞʩʜʡʢ ʡʥ. ɹ.ɹ. ʄʧʜʬʦʧʛʙ ʆʁʏ çʃʬʩʰʙʫʧʛʪʣʡʢ ʡʦʪʫʡʫʬʫè, 

ʁʦʪʫʡʫʬʫ ʸʝʞʩʦʴʮ ʡʪʪʤʞʝʧʛʙʦʡʢ ʉɹʆ 

˕˞˞˘˒ˑ˛ˏˍ˚˕˒  ˝ˍ˞˜ˍˑˍ  K+Ÿm+ ng̊ˍ  ˠ˞˟ˍ˚˛ˏ˗˒  ʆʂɸ

V.F. Obraztsov, V.I.Kravtsov, V.F. Kurshetsov. Eur. Phys. J. C (2019) 79: 635.

ʆʪʥʦʰʝʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʯʠʩʣʘ ʩʦʙʳʪʠʡ ʨʘʩʧʘʜʘ K+Ÿ ɛ+ ɜɔ  ʢ ʦʞʠʜʘʝʤʦʤʫ ʜʣʷ ʯʠʩʪʦʛʦ 

ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ x = 2 E*ɔ /mK(ʩʠʥʠʝ ʪʦʯʢʠ ʩ ʦʰʠʙʢʘʤʠ).ʂʨʘʩʥʘʷ 

ʢʨʠʚʘʷ ïʬʠʪʩ ʫʯʝʪʦʤ ʜʝʩʪʨʫʢʪʠʚʥʦʡ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʪʦʨʤʦʟʥʦʛʦ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʬʠʪʠʨʦʚʘʥʠʷʷʚʣʷʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʨʘʟʥʦʩʪʠ ʚʝʢʪʦʨʥʦʡ ʠ 

ʘʢʩʠʘʣʴʥʦʡ ʢʦʥʩʪʘʥʪ FV-FA= 0,134 Ñ0,021 Ñ0,027
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ʅʘʙʘʟʝʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦʀʥʩʪʠʪʫʪʘʂʘʨʣʩʨʫʵʚʨʘʤʢʘʭ

ʤʝʞʜʫʥʘʨʦʜʥʦʡʢʦʣʣʘʙʦʨʘʮʠʠʧʨʠʘʢʪʠʚʥʝʡʰʝʤʫʯʘʩʪʠʠ

ʩʦʪʨʫʜʥʠʢʦʚʀʗʀʈɸʅʟʘʚʝʨʰʝʥʦʩʦʟʜʘʥʠʝʫʩʪʘʥʦʚʢʠ

ʂɸʊʈʀʅ. ɺ ʦʩʥʦʚʝʫʩʪʘʥʦʚʢʠʣʝʞʠʪʠʜʝʷ

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦʩʧʝʢʪʨʦʤʝʪʨʘʩ ʘʜʠʘʙʘʪʠʯʝʩʢʦʡ

ʤʘʛʥʠʪʥʦʡʢʦʣʣʠʤʘʮʠʝʡ,ʧʨʝʜʣʦʞʝʥʥʘʷʨʦʩʩʠʡʩʢʠʤʠ

ʫʯʝʥʳʤʠɺ.ʄ. ʃʦʙʘʰʝʚʳʤʠʇ.ɽ.ʉʧʠʚʘʢʦʤʠʚʦʧʣʦʱʝʥʥʘʷ

ʨʘʥʝʝʥʘʫʩʪʘʥʦʚʢʝçʊʨʦʠʮʢʥ -ʁʤʘʩʩèʀʗʀʈɸʅ. ʅʘʥʝʡ

ʙʳʣʦʧʦʣʫʯʝʥʦʦʛʨʘʥʠʯʝʥʠʝʥʘʵʬʬʝʢʪʠʚʥʫʶʤʘʩʩʫ

ʵʣʝʢʪʨʦʥʥʦʛʦʘʥʪʠʥʝʡʪʨʠʥʦʥʘʫʨʦʚʥʝ2,05 ʵɺ,ʢʦʪʦʨʦʝʜʦ

ʧʦʩʣʝʜʥʝʛʦʚʨʝʤʝʥʠʧʨʠʟʥʘʚʘʣʦʩʴʣʫʯʰʠʤʚʤʠʨʝ.

ʋʩʪʘʥʦʚʢʘʂɸʊʈʀʅ,ʚʳʧʦʣʥʝʥʥʘʷʥʘ ʥʦʚʦʤ

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫʨʦʚʥʝ,ʧʦʟʚʦʣʠʣʘʧʦʜʥʷʪʴ

ʠʥʪʝʥʩʠʚʥʦʩʪʴʠʩʪʦʯʥʠʢʘʧʨʠʤʝʨʥʦʚ 170 ʨʘʟ. ɸʥʘʣʠʟ

ʧʝʨʚʦʛʦʯʝʪʳʨʝʭʥʝʜʝʣʴʥʦʛʦʮʠʢʣʘʠʟʤʝʨʝʥʠʡ,

ʧʨʦʚʝʜʝʥʥʳʭʚ 2019 ʛ., ʧʨʠʚʝʣʢ ʦʛʨʘʥʠʯʝʥʠʶʥʘ

ʵʬʬʝʢʪʠʚʥʫʶʤʘʩʩʫʵʣʝʢʪʨʦʥʥʦʛʦʘʥʪʠʥʝʡʪʨʠʥʦmɜ< 1 ʵɺ,

ʯʪʦʚʜʚʦʝʧʨʝʚʦʩʭʦʜʠʪʧʦ ʪʦʯʥʦʩʪʠʧʨʝʜʳʜʫʱʠʝ

ʣʘʙʦʨʘʪʦʨʥʳʝʨʝʟʫʣʴʪʘʪʳ,ʥʘʙʨʘʥʥʳʝʟʘʥʝʩʢʦʣʴʢʦʣʝʪ.

ʃʧʤʤʙʚʧʩʙʯʡʸKATRIN, 25 ʧʩʜʙʦʡʠʙʯʡʢ ʡʠ 6 ʪʫʩʙʦ, ʛʣʤʷʰʙʸ  ʁʦʪʫʡʫʬʫ ʸʝʞʩʦʴʮ ʡʪʪʤʞʝʧʛʙʦʡʢ ʉɹʆ

˜˛˘ˠˤ˒˚˛  ˚˛ˏ˛˒  ˛ː˝ˍ˚˕ˤ˒˚˕˒  ˚ˍ  ˙ˍ˞˞ˠ 

˪˘˒˗˟˝˛˚˚˛ː˛  ˍ˚˟˕˚˒˖˟˝˕˚˛  mn<1 ˪ˏ

Phys. Rev. Lett. 123, 221802 (2019)

ʉʧʝʢʪʨ ʵʣʝʢʪʨʦʥʦʚ ʨʘʩʧʘʜʘ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʪʨʠʪʠʷ ʅʊ ʚʙʣʠʟʠ 

ʛʨʘʥʠʯʥʦʡ ʪʦʯʢʠ, ʠʟʤʝʨʝʥʥʳʡ ʚ ʧʝʨʚʦʤ ʩʝʘʥʩʝ ʂɸʊʈʀʅ. ɺʚʝʨʭʫ: 

ʘʙʩʦʣʶʪʥʳʝ ʝʜʠʥʠʮʳ; ʚʥʠʟʫ: ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ, 

ʜʝʣʝʥʥʳʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʰʠʙʢʠ
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ɺʚʝʜʝʥʚ ʵʢʩʧʣʫʘʪʘʮʠʶʩʪʝʥʜçʀʩʧʘʨʠʪʝʣʴè,
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡʜʣʦ̫ʪʨʘʙʦʪʢʠʠʩʧʘʨʝʥʠʷʠʠʦʥʠʟʘʮʠʠ
ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦʚʝʱʝʩʪʚʘ,ʤʦʜʝʣʠʨʫʶʱʝʛʦʨʝʘʣʴʥʦʝ
ʦʪʨʘʙʦʪʘʚʰʝʝʷʜʝʨʥʦʝʪʦʧʣʠʚʦ(ʆʗʊ). ʈʝʘʣʠʟʫʝʤʳʝ
ʤʝʪʦʜʳʠʩʧʘʨʝʥʠʷ- ʠʥʜʫʢʮʠʦʥʥʳʡʥʘʛʨʝʚ,ʧʨʷʤʦʪʦʯʥʳʡ
ʥʘʛʨʝʚ,ʣʘʟʝʨʥʦʝʠʩʧʘʨʝʥʠʝ. ʈʘʩʯʝʪʥʘʷ
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ- ʜʦ1 ʢʛ/ʯʘʩ,ʯʪʦʜʦʩʪʘʪʦʯʥʦʜʣʷ
ʦʙʝʩʧʝʯʝʥʠʷʧʝʨʝʨʘʙʦʪʢʠʆʗʊ,ʧʨʦʠʟʚʦʜʠʤʦʛʦʚʩʝʤʠ
ʤʦʱʥʦʩʪʷʤʠʘʪʦʤʥʦʡɻ ʥʝʨʛʝʪʠʢʠʈʦʩʩʠʠ.
ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷʪʝʭʥʦʣʦʛʠʠʧʣʘʟʤʝʥʥʦʡʧʝʨʝʨʘʙʦʪʢʠ
ʆʗʊ,ʢʘʢʘʣʴʪʝʨʥʘʪʠʚʘʩʫʱʝʩʪʚʫʶʱʠʤʪʝʭʥʦʣʦʛʠʷʤ,
ʦʩʥʦʚʘʥʘʥʘʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʨʘʟʜʝʣʝʥʠʠʧʦʪʦʢʦʚ
ʦʜʥʦʟʘʨʷʜʥʳʭʠʦʥʦʚʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭʠ ʤʘʛʥʠʪʥʳʭ
ʧʦʣʷʭ,ʙʣʘʛʦʜʘʨʷʢʦʪʦʨʳʤʚʟʘʤʘʛʥʠʯʝʥʥʦʡʙʫʬʝʨʥʦʡ
ʧʣʘʟʤʝʩʟʘʜʘʥʥʳʤʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʨʘʩʧʨʝʜʝʣʝʥʠʝʤ
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦʧʦʪʝʥʮʠʘʣʘʦʩʫʱʝʩʪʚʣʷʝʪʩʷʨʘʟʜʝʣʝʥʠʝ
çʪʷʞʸʣʳʭèʠçʣʸʛʢʠʭèʢʦʤʧʦʥʝʥʪʦʚʆʗʊ.

ʇʚʳʞʝʡʦʹʦʦʴʢ ʡʦʪʫʡʫʬʫ ʛʴʪʧʣʡʮ ʫʞʥʨʞʩʙʫʬʩ ʉɹʆ

ɹʇ çʈʩʧʩʴʛè 

˞˟˒˚ˑ Ⱥ˕˞˜ˍ˝˕˟˒˘˩Ȼ ˑ˘ˬ  ˛˟˝ˍˎ˛˟˗˕ ˕˞˜ˍ˝˒˚˕ˬ  ˕  ˕˛˚˕˔ˍˣ˕˕ 
˗˛˚ˑ˒˚˞˕˝˛ˏˍ˚˚˛ː˛  ˏ˒˦˒˞˟ˏˍȟ 

˙˛ˑ˒˘˕˝ˠ˫˦˒ː˛  ˝˒ˍ˘˩˚˛˒  ˛˟˝ˍˎ˛˟ˍˏ˥˒˒  ˬˑ˒˝˚˛˒  ˟˛˜˘˕ˏ˛ 

R.A. Usmanov, at al. Plasma Sources Science and Technology. 2020. V.29  15004

ʉʤʠʨʥʦʚ ɺ.ʇ. ʠ ʜʨ. ʌʠʟʠʢʘ ʧʣʘʟʤʳ. 2019,  ʪ. 45,  ˉ5, ʩ. 452-456.
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ʉʦʟʜʘʥʘʩʠʩʪʝʤʘʘʜʘʧʪʘʮʠʠʛʨʘʬʠʯʝʩʢʦʛʦ
ʧʘʢʝʪʘʜʘʥʥʳʭ(ʉɸɻʇ)ʩʮʝʣʴʠʁʩʧʦʣʴʟʦʚʘʥʠʷ
ʮʠʬʨʦʚʦʡʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡʜʦʢʫʤʝʥʪʘʮʠʠ,
ʧʦʣʫʯʝʥʥʦʡʚʩʦʚʨʝʤʝʥʥʳʭCAD-ʩʠʩʪʝʤʘʭ,ʜʣʷ
ʨʝʘʣʠʟʘʮʠʠʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭʩʨʝʜʩʪʚ
ʩʦʧʨʦʚʦʞʜʝʥʠʷʞʠʟʥʝʥʥʦʛʦʮʠʢʣʘʠʟʜʝʣʠʷʚ
ʨʘʟʥʦʦʙʨʘʟʥʳʭʧʨʠʢʣʘʜʥʳʭʟʘʜʘʯʘʭ.
ʉɸɻʇʧʦʟʚʦʣʷʝʪʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤʨʝʞʠʤʝ

ʫʧʨʘʚʣʷʪʧɹʨʦʮʝʩʩʦʤʧʨʝʦʙʨʘʟʦʚʘʥʠʷ
ʪʨʝʭʤʝʨʥʦʡʤʦʜʝʣʠʢʦʩʤʠʯʝʩʢʦʛʦʘʧʧʘʨʘʪʘʠʟ
ʩʪʘʥʜʘʨʪʥʦʛʦʚʥʝʰʥʝʛʦʬʦʨʤʘʪʘCADʚʬʦʨʤʘʪ,
ʧʨʠʛʦʜʥʳʡʜʣ ʜ̫ʠʥʘʤʠʯʝʩʢʦʡʚʠʟʫʘʣʠʟʘʮʠʠ
ʨʝʘʣʠʩʪʠʯʥʳʭʩʮʝʥʢʦʩʤʠʯʝʩʢʦʛʦʢʦʨʘʙʣʷ.
ʉɸɻʇʚʥʝʜʨʝʥʘʚ ʧʨʦʮʝʩʩʵʢʩʧʣʫʘʪʘʮʠʠ
ʄʝʞʜʫʥʘʨʦʜʥʦʡʢʦʩʤʠʯʝʩʢʦʡʩʪʘʥʮʠʠʧʨʠ
ʨʘʟʨʘʙʦʪʢʝʫʯʝʙʥʦ-ʪʨʝʥʠʨʦʚʦʯʥʳʭʩʨʝʜʩʪʚ. ʇʨʠ
ʵʪʦʤʪʨʫʜʦʟʘʪʨʘʪʳʥʘʩʦʟʜʘʥʠʝʪʨʝʭʤʝʨʥʦʡ
ʤʦʜʝʣʠʪʨʘʥʩʧʦʨʪʥʦʛʦʢʦʩʤʠʯʝʩʢʦʛʦʢʦʨʘʙʣʷ
ʩʥʠʞʘʶʪʩʷʥʘ60%.

ʁʦʪʫʡʫʬʫ ʨʩʧʚʤʞʥ ʬʨʩʙʛʤʞʦʡʸ ʡʥʞʦʡ ɻ. ɹ. ʋʩʙʨʞʠʦʡʣʧʛʙ ʉɹʆ

˞˕˞˟˒˙ˍ  ˍˑˍ˜˟ˍˣ˕˕  ː˝ˍˡ˕ˤ˒˞˗˕ˢ  ˑˍ˚˚˨ˢ  ˑ˘ˬ  ˝ˍ˔˝ˍˎ˛˟˗˕ 
˟˝˒˚˕˝˛ˏ˛ˤ˚˨ˢ  ˞˝˒ˑ˞˟ˏ  ˗˛˞˙˕ˤ˒˞˗˕ˢ  ˗˛˙˜˘˒˗˞˛ˏ

ʊʦʣʦʢɸ.ɺ.ʠʜʨ.ʂʦʩʤʠʯʝʩʢʘʷʪʝʭʥʠʢʘʠʪʝʭʥʦʣʦʛʠʠ. 2019.ˉ3 (26).ʉ. 69-76.
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ˏ˨˞˛˗˛˪ˡˡ˒˗˟˕ˏ˚˛˒  ˞˒˙˒˖˞˟ˏ˛  ˘˫˙˕˚˛ˡ˛˝˛ˏ 
˚ˍ ̨˞ ˚˛ˏ˒ ˘˕˟˕˒ˏ˨ˢ ː˝ˍ˚ˍ˟˛ˏ Li5+XAXLa3-XM2O12:Ln

21

(A = Ca, Sr; M = Nb, Hf, Ta; Ln = Sm, Eu, Tb, Dy)

ʊʡʦʫʞʠʡʩʧʛʙʦʙ ʦʧʛʙʸ ʜʩʬʨʨʙ ʤʷʥʡʦʧʭʧʩʧʛ ʦʙ ʧʪʦʧʛʞ 

ʤʡʫʡʞʛʴʮ ʜʩʙʦʙʫʧʛ. ɻʛʞʝʞʦʡʞ ʝʡʪʨʩʧʠʡʸ ʛʴʠʴʛʙʞʫ 

ʤʷʥʡʦʞʪʯʞʦʯʡʷ ʪ ʚʤʡʠʣʡʥʡ ʣ ʚʞʤʧʥʬ ʯʛʞʫʬ ʯʛʞʫʧʛʴʥʡ 

ʣʧʧʩʝʡʦʙʫʙʥʡ.  ʖʫʧ ʨʧʠʛʧʤʸʞʫ ʪʧʠʝʙʛʙʫʵ ʧʪʛʞʫʡʫʞʤʵʦʴʞ 

ʨʩʡʚʧʩʴ ʝʦʞʛʦʧʜʧ ʪʛʞʫʙ ʪ çʫʞʨʤʴʥè ʪʛʞʰʞʦʡʞʥ, ʣʧʫʧʩʧʞ 

ʚʤʙʜʧʨʩʡʸʫʦʧ ʛʧʪʨʩʡʦʡʥʙʞʫʪʸ ʜʤʙʠʧʥ ʰʞʤʧʛʞʣʙ.

ʃʩʡʪʫʙʤʤʡʰʞʪʣʙʸ ʩʞʱʹʫʣʙ ʤʡʫʡʞʛʴʮ 

ʜʩʙʦʙʫʧʛ ʦʙ ʧʪʦʧʛʞ ʧʣʪʡʝʧʛ Nb, Hf, Ta, 

ʣʙʣ ʦʙʨʩʡʥʞʩ, ʡʠʧʚʩʙʟʹʦʦʧʜʧ 

ʣʬʚʡʰʞʪʣʧʜʧ ʜʩʙʦʙʫʙ Li5+xCaxLa3-xTa2O12

ʸʛʤʸʞʫʪʸ ʧʫʤʡʰʦʧʢ ʧʨʫʡʰʞʪʣʧʢ 

ʥʙʫʩʡʯʞʢ ʝʤʸ ʡʧʦʧʛ ʉʀʖ

ʇʨʦʚʝʜʝʥʳʩʧʝʢʪʨʘʣʴʥʦ-

ʣʶʤʠʥʝʩʮʝʥʪʥʳʝʠʩʩʣʝ-

ʜʦʚʘʥʠʷ4f-4f ʧʝʨʝʭʦʜʦʚ

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭʵʣʝʤʝʥʪʦʚ

ʚ ʤʘʪʨʠʮʝʣʠʪʠʝʚʳʭ

ʛʨʘʥʘʪʦʚʩʚʦʟʙʫʞʜʝʥʠʝʤʠʟ

ʋʌ-ʜʠʘʧʘʟʦʥʘʠʵʤʠʩʩʠʝʡʚ

ʚʠʜʠʤʦʤʜʠʘʧʘʟʦʥʝ.

ʆʧʨʝʜʝʣʝʥʳʦʧʪʠʤʘʣʴʥʳʝ

ʢʦʥʮʝʥʪʨʘʮʠʠʘʢʪʠʚʘʪʦʨʦʚ

ʜʣ ʧ̫ʦʣʫʯʝʥʠʷʚʳʩʦʢʦʵʬ-

ʬʝʢʪʠʚʥʳʭʣʶʤʠʥʦʬʦʨʦʚ

ʚʠʜʠʤʦʛʦʜʠʘʧʘʟʦʥʘʩʦʩʚʝ-

ʯʝʥʠʝʤʙʣʠʟʢʠʤʢʙʝʣʦʤʫ.

ʁʦʪʫʡʫʬʫ ʮʡʥʡʡ ʫʛʞʩʝʧʜʧ ʫʞʤʙ ʌʩʇʉɹʆ

Optical Materials, 87, 122 (2019); Mater. Res. Express, 6, 066201 (2019)
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ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘʚʳʩʦʢʦ-

ʯʫʚʩʪʚʠʪʝʣʴʥʘʷʤʦʣʝʢʫʣʷʨʥʘʷʄʈʊʥʘ

ʦʩʥʦʚʝʨʝʛʠʩʪʨʘʮʠʠʩʠʛʥʘʣʘʗʄʈ̫ ʜʝʨ
15N ʙʠʦʤʦʣʝʢʫʣʩ ʝʩʪʝʩʪʚʝʥʥʳʤ

ʩʦʜʝʨʞʘʥʠʝʤʠʟʦʪʦʧʘ15N (0.36%).

ʋʩʠʣʝʥʠʝʩʠʛʥʘʣʘʗʄʈʥʘ̫ ʜʨʝ15N

ʜʦʩʪʠʛʘʝʪʩʷʟʘ ʩʯʝʪʢʦʥʪʘʢʪʘ

ʧʘʨʘʚʦʜʦʨʦʜʘʠ N-ʛʝʪʝʨʦʮʠʢʣʘʥʘ

ʢʦʤʧʣʝʢʩʝʠʨʠʜʠʷʚʨʘʩʪʚʦʨʝ.

ʇʦʣʫʯʝʥʥʳʝʨʝʟʫʣʴʪʘʪʳʦʪʢʨʳʚʘʶʪ

ʥʦʚʳʝʧʝʨʩʧʝʢʪʠʚʳʜʣʷʨʘʟʚʠʪʠʷ

ʤʝʪʦʜʦʚʨʘʥʥʝʡʜʠʘʛʥʦʩʪʠʢʠ

ʨʘʟʣʠʯʥʳʭʟʘʙʦʣʝʚʘʥʠʡʠ

ʦʧʝʨʘʪʠʚʥʦʛʦʢʦʥʪʨʦʣʷʠʭʣʝʯʝʥʠʷʥʘ

ʦʩʥʦʚʝʜʝʪʘʣʴʥʦʛʦʠʩʩʣʝʜʦʚʘʥʠʷ

ʧʨʦʮʝʩʩʦʚʤʝʪʘʙʦʣʠʟʤʘin vivo.

˨͊͡ͺ͙͙͊ͣͨͪ͒ͤ(4-͙͙͙͙͊ͣͤͦͨͪ͒ͤύ ς͡ ͔͍͔͊ͪͫͭͤͤ͟·͚ ͔ͨͪͨ͊ͪ͊ͭΣ 
ͯͫͭͪ͊ͤΎΌ΅͙͚ ͙ͫͣͨͭͦͣ· ͔ͪ͊ͫͫΎ͎ͤͤͦͦ ͔ͫͪͦ͊͘͟͡

ˬ˙˝ 15N
[C]= 5ʅ,
ʚʞʠ ʬʪʡʤʞʦʡʸ
ʪʡʜʦʙʤʙ

Ĭ512

ˬ˙˝ 15N

[C]= 0,1ʄ,
ʫʩʠʣʝʥʠʝ 
ʩʠʛʥʘʣʘ ʚ
32000 ʨʘʟ

˙˝˟ 15N

ʁʠʧʚʩʙʟʞʦʡʞ ʩʙʪʫʛʧʩʙ ʛ ʙʥʨʬʤʞ 
ʨʧʤʬʰʞʦʧ ʠʙ 1 ʪʞʣʬʦʝʬʅʞʟʝʬʦʙʩʧʝʦʴʢ ʫʧʥʧʜʩʙʭʡʰʞʪʣʡʢʯʞʦʫʩ ʊʇ ʉɹʆ

Chem. Eur. J. 25 (2019) 12694-12697;  8465-8470

ʉʧʝʢʪʨʳ ʗʄʈ ʟʘʧʠʩʘʥʳ ʥʘ 

ʧʨʠʙʦʨʝ ʩ ʨʘʙʦʯʝʡ 

(ʧʨʦʪʦʥʥʦʡ) ʯʘʩʪʦʪʦʡ 

300 ʄɻʮ, ʄʈʊ ʠʟʦʙʨʘʞʝʥʠʷ 

ïʥʘ ʧʨʠʙʦʨʝ 400 ʄɻʮ.  

ʈʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʜʣʷ 

ʷʜʝʨ 15Nʩʦʩʪʘʚʣʷʝʪ  30.4 

ʄɻʮ ʠ 40.5 ʄɻʮ  

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.
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ʁʇʎ ʉɹʆ, ʁʎɺʍʅ ʊʇ ʉɹʆ, ʇʇʇ çʎɾʅɹè 

Heliyon, 5 (2019) e01173; mSphere(2020) e5:e00688-19

ʉʦʟʜʘʥʩʵʥʜʚʠʯʝʚʳʡʜʠʘʛʥʦʩʪʠʢʫʤ

çGalMAg-ʀʌɸè ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ

ʛʘʣʘʢʪʦʤʘʥʥʘʥʦʚʦʛʦʤʘʨʢʝʨʘ(ɻʄ)

ʦʧʘʩʥʝʡʰʝʛʦʛʨʠʙʢʦʚʦʛʦʟʘʙʦʣʝʚʘʥʠʷ-

ʠʥʚʘʟʠʚʥʦʛʦʘʩʧʝʨʛʠʣʣʸʟʘ, ʦʧʝʨʝʞʘʶʱʠʡ

ʧʦʩʧʝʮʠʬʠʯʥʦʩʪʠʣʫʯʰʠʡʟʘʨʫʙʝʞʥʳʡ

ʘʥʘʣʦʛ. ɺʧʝʨʚʳʝʧʨʦʚʝʜʸʥʩʠʥʪʝʟ

ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭʦʣʠʛʦʩʘʭʘʨʠʜʦʚ,

ʩʪʨʫʢʪʫʨʥʦʨʦʜʩʪʚʝʥʥʳʭʠʤʤʫʥʦ-

ʜʝʪʝʨʤʠʥʘʥʪʥʳʤʬʨʘʛʤʝʥʪʘʤɻʄ.

ʇʦʣʫʯʝʥʦʛʦʤʦʣʦʛʠʯʥʦʝʤʦʥʦʢʣʦʥʘʣʴʥʦʝ

ʘʥʪʠʪʝʣʦ,ʠʩʧʦʣʴʟʫʝʤʦʝʚʜʠʘʛʥʦʩʪʠʢʫʤʝ

ʚʤʝʩʪʝʩ ʩʠʥʪʝʪʠʯʝʩʢʠʤʫʛʣʝʚʦʜʥʳʤ

ʢʦʤʧʦʥʝʥʪʦʤ. ʅʘʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡʙʘʟʝ

ʆʆʆçʍɽʄɸèʦʨʛʘʥʠʟʦʚʘʥʦʧʨʦʠʟʚʦʜʩʪʚʦ

ʜʠʘʛʥʦʩʪʠʢʫʤʘ, ʢʦʪʦʨʳʡʠʩʧʦʣʴʟʫʝʪʩʷʚ

ʚʝʜʫʱʠʭʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭʣʝʯʝʙʥʳʭ

ʦʨʛʘʥʠʟʘʮʠʷʭʩʪʨʘʥʳ.



˟˒ˢ˚˛˘˛ː˕ˬ  ˜˝˛˕˔ˏ˛ˑ˞˟ˏˍ 
˜˝˛˟˕ˏ˛˟ˠ˝ˎˠ˘˒˚˟˚˨ˢ˜˝˕˞ˍˑ˛˗ 

˕  ˔ˍ˜ˠ˞˗  ˚˛ˏ˛ː˛  ˔ˍˏ˛ˑˍ

ʁʦʪʫʡʫʬʫ ʦʞʭʫʞʮʡʥʡʰʞʪʣʧʜʧ ʪʡʦʫʞʠʙ ʡʥ. ɹ.ɻ.ʋʧʨʰʡʞʛʙ ʉɹʆ, ʅɼʌ ʡʥ. ʅ.ɻ. ʄʧʥʧʦʧʪʧʛʙ, ʁʇʊ ʌʩʇʉɹʆ, 

ʆʁʁ çʋʩʙʦʪʦʞʭʫʵè, ʇʇʇ çʆʡʣʙ-ʈʞʫʩʧʫʶʣè 24

ʉʦʟʜʘʥʘʪʝʭʥʦʣʦʛʠʷʧʦʣʫʯʝʥʠʷʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ

ʧʦʣʠʦʣʝʬʠʥʦʚʩʫʩʧʝʥʟʠʦʥʥʦʡʧʦʣʠʤʝʨʠʟʘʮʠʝʡʩ

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤʨʘʟʨʘʙʦʪʘʥʥʳʭʚʀʅʍʉʈɸʅʥʘʥʦʨʘʟʤʝʨʥʳʭ

ʪʠʪʘʥ-ʤʘʛʥʠʝʚʳʭʢʘʪʘʣʠʟʘʪʦʨʦʚ.

ʇʦʣʫʯʝʥʥʳʝʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝʧʦʣʠʦʣʝʬʠʥʳ

(Mm>10 ʤʣʥ. ɼʘ) ʷʚʣʷʶʪʩʷɻʬʬʝʢʪʠʚʥʳʤʠ

ʧʨʦʪʠʚʦʪʫʨʙʫʣʝʥʪʥʳʤʠʧʨʠʩʘʜʢʘʤʠ(ʇʊʇ). ʇʨʠʤʝʥʝʥʠʝʇʊʇʚ

ʢʦʣʠʯʝʩʪʚʝ10 ppm ʧʦʟʚʦʣʷʝʪʩʫʱʝʩʪʚʝʥʥʦʧʦʥʠʟʠʪʴ

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴʚʧʦʪʦʢʝʧʝʨʝʢʘʯʠʚʘʝʤʦʡʥʝʬʪʠ,ʫʤʝʥʴʰʠʪʴ

ʛʠʜʨʘʚʣʠʯʝʩʢʦʝʩʦʧʨʦʪʠʚʣʝʥʠʝ,ʩʦʢʨʘʪʠʪʴʵʥʝʨʛʦʟʘʪʨʘʪʳʠ

ʫʚʝʣʠʯʠʪʴʧʨʦʧʫʩʢʥʫʶʩʧʦʩʦʙʥʦʩʪʴʪʨʫʙʦʧʨʦʚʦʜʘʥʘ20-25 %,ʘ

ʪʘʢʞʝʧʦʚʳʩʠʪʴʩʨʦʢɻʢʩʧʣʫʘʪʘʮʠʠʦʙʦʨʫʜʦʚʘʥʠʷ.

ɺʩʝʥʪʷʙʨʝ2019 ʛʦʜʘʥʘʪʝʨʨʠʪʦʨʠʠʦʩʦʙʦʡʵʢʦʥʦʤʠʯʝʩʢʦʡ

ʟʦʥçrɸʣʘʙʫʛʘèçʊʨʘʥʩʥʝʬʪʴèʟʘʧʫʩʪʠʣʘʧʝʨʚʳʡʚʈʦʩʩʠʠ

ʟʘʚʦʜʧʦʧʨʦʠʟʚʦʜʩʪʚʫʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦʧʦʣʠʛʝʢʩʝʥʘ

ʩʧʝʨʩʧʝʢʪʠʚʥʦʡʤʦʱʥʦʩʪʴʶʜʦ10ʪʳʩʷʯʪʦʥʥʚʛʦʜ.

ʈʘʙʦʪʘʟʘʱʠʱʝʥʘʧʘʪʝʥʪʘʤʠʈʌ.
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ʁʦʪʫʡʫʬʫ ʣʙʫʙʤʡʠʙ ʡʥ. ɼ.ʃ. ɺʧʩʞʪʣʧʛʙ ʊʇ ʉɹʆ
ʈʝʟʫʣʴʪʘʪʳ ʟʘʧʘʪʝʥʪʦʚʘʥʳ 

ʈʘʟʨʘʙʦʪʘʥʘʪʝʭʥʦʣʦʛʠʷʩʞʠʛʘʥʠʷʨʘʟʣʠʯʥʳʭʚʠʜʦʚʪʦʧʣʠʚ

(ʪʚʝʨʜʳʭ,ʞʠʜʢʠʭ,ʛʘʟʦʦʙʨʘʟʥʳʭ)ʚʢʠʧʷʱʝʤʩʣʦʝʢʘʪʘʣʠʟʘʪʦʨʘ

ʛʣʫʙʦʢʦʛʦʦʢʠʩʣʝʥʠʷ. ʊʝʭʥʦʣʦʛʠʷʧʨʠʥʮʠʧʠʘʣʴʥʦʦʪʣʠʯʘʝʪʩʷʦʪ

ʛʦʨʝʥʠʷʚ ʪʨʘʜʠʮʠʦʥʥʦʤʧʦʥʠʤʘʥʠʠ- ʦʨʛʘʥʠʯʝʩʢʠʝʚʝʱʝʩʪʚʘ

ʦʢʠʩʣʷʶʪʩʷʥʘʧʦʚʝʨʭʥʦʩʪʠʪʚʝʨʜʳʭʢʘʪʘʣʠʟʘʪʦʨʦʚʙʝʟʦʙʨʘʟʦʚʘʥʠʷ

ʧʣʘʤʝʥʠ.ʇʨʝʠʤʫʱʝʩʪʚʘʪʝʭʥʦʣʦʛʠʠ:

-ʩʥʠʞʝʥʠʝʪʝʤʧʝʨʘʪʫʨʳʛʦʨʝʥʠʷʦʨʛʘʥʠʯʝʩʢʦʛʦʪʦʧʣʠʚʘʜʦ700Áʉ;

- ʧʦʚʳʰʝʥʠʝʢʦʵʬʬʠʮʠʝʥʪʘʧʦʣʝʟʥʦʛʦʠʩʧʦʣʴʟʦʚʘʥʠʷʪʝʧʣʦʪʳ

ʪʦʧʣʠʚʘʜʦʙʦʣʝʝʯʝʤ90%;

-ʚʦʟʤʦʞʥʦʩʪʴʧʨʦʚʝʜʝʥʠʷʧʨʦʮʝʩʩʘʚʘʚʪʦʪʝʨʤʠʯʝʩʢʦʤʨʝʞʠʤʝ;

-ʦʙʝʩʧʝʯʝʥʠʝʵʢʦʣʦʛʠʯʝʩʢʦʡʙʝʟʦʧʘʩʥʦʩʪʠʧʨʦʮʝʩʩʘ;

-ʦʪʩʫʪʩʪʚʠʝʟʥʘʯʠʪʝʣʴʥʦʛʦʠʟʙʳʪʢʘʚʦʟʜʫʭʘ;

-ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ;

- ʚʦʟʤʦʞʥʦʩʪʴʠʩʧʦʣʴʟʦʚʘʥʠʷʚʢʘʯʝʩʪʚʝʪʦʧʣʠʚʘʢʘʢʪʚʝʨʜʦʛʦ,

ʪʘʢʠ ʞʠʜʢʦʛʦʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦʩʳʨʴʷ,ʚ ʪʦʤʯʠʩʣʝʩʥʠʟʢʦʡ

ʢʘʣʦʨʠʡʥʦʩʪʴʶʠ ʚʳʩʦʢʦʡʟʦʣʴʥʦʩʪʴʶ(ʦʪʭʦʜʳ

ʫʛʣʝʦʙʦʛʘʱʝʥʠʷ,ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ,ʜʝʨʝʚʦʧʝʨʝʨʘʙʦʪʢʠʠ

ʩʝʣʴʩʢʦʛʦʭʦʟʷʡʩʪʚʘ,ʪʦʨʬ).

Åʃʧʦʯʞʦʫʩʙʯʡʡ ʛʩʞʝʦʴʮ ʛʞʲʞʪʫʛ ʦʡʟʞ 

ʈɽɻ 

Åʉʙʪʮʧʝ ʣʙʫʙʤʡʠʙʫʧʩʙ ʦʞ ʚʧʤʞʞ 0.5% /ʪʬʫʣʡ

Åʊʫʞʨʞʦʵ ʛʴʜʧʩʙʦʡʸ ʧʪʙʝʣʙ: ~ 99%

Åʀʧʤʙ: 4-5 ʣʤʙʪʪ ʧʨʙʪʦʧʪʫʡ

Åʌʪʫʙʦʧʛʣʡ ʨʩʧʡʠʛʧʝʡʫʞʤʵʦʧʪʫʵʷ 

Å 0.5-4.5 ʫʧʦʦ/ʰʙʪ ʨʧ ʪʬʮʧʥʬ ʛʞʲʞʪʫʛʬ

Åʈʩʧʞʣʫʦʙʸ ʥʧʲʦʧʪʫʵ ʨʞʩʛʧʢ ʧʰʞʩʞʝʡ:

Å56 000 ʫʧʦʦ ʧʪʙʝʣʧʛ ʛ ʜʧʝ

ʊʫʙʫʬʪ ʨʩʧʞʣʫʙ: ʧʨʦʠʟʚʝʜʝʥ ʧʨʦʙʥʳʡ ʧʫʩʢ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʡ ʦʯʝʨʝʜʠ (ʜʝʢʘʙʨʴ 2019 ʛ.) 
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ʃʙʩʫʙ ʰʞʫʛʞʩʫʡʰʦʴʮ ʧʚʩʙʠʧʛʙʦʡʢ 1: 2,5 ʅ 
ʫʞʩʩʡʫʧʩʡʡ ʉʍ ʡ ʨʩʡʤʞʜʙʷʲʡʮ ʙʣʛʙʫʧʩʡʢ 

˗ˍ˝˟ˍ  ˤ˒˟ˏ˒˝˟˕ˤ˚˨ˢ  ˛ˎ˝ˍ˔˛ˏˍ˚˕˖  ˙ˍ˞˥˟ˍˎˍ  1:2 500 000 

˟˒˝˝˕˟˛˝˕˕  ˝˛˞˞˕˖˞˗˛˖  ˡ˒ˑ˒˝ˍˣ˕˕

27

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤʨʝʟʫʣʴʪʘʪʦʚ

ʤʥʦʛʦʣʝʪʥʠʭʠʩʩʣʝʜʦʚʘʥʠʡʩʦʟʜʘʥʘ

ʢʘʨʪʘʯʝʪʚʝʨʪʠʯʥʳʭʦʪʣʦʞʝʥʠʡ

ʪʝʨʨʠʪʦʨʠʠʈʌʤʘʩʰʪʘʙʘ1:2,5 ʄ ʠ

ʧʨʠʣʝʛʘʶʱʠʭʛʣʫʙʦʢʦʚʦʜʥʳʭʘʢʚʘʪʦʨʠʡ.

ʂʘʨʪʘʩʦʩʪʘʚʣʝʥʘʥʘ ʦʩʥʦʚʝ

ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʦʡʆʙʱʝʡ

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡʰʢʘʣʢrʚʘʨʪʝʨʘ, ʚ

ʢʦʪʦʨʦʡʩʪʫʧʝʥʠʚʩʝʭʟʚʝʥʴʝʚ

ʥʝʦʧʣʝʡʩʪʦʮʝʥʘʩʢʦʨʨʝʣʠʨʦʚʘʥʳʩʦ

ʩʪʘʜʠʷʤʠʢʠʩʣʦʨʦʜʥʦ-ʠʟʦʪʦʧʥʦʡʰʢʘʣʳ.

ʂʘʨʪʘ̫ʚʣʷʝʪʩʷʥʦʚʝʡʰʝʡʥʘʫʯʥʦʡ

ʩʚʦʜʢʦʡʜʘʥʥʳʭʧʦ ʩʪʨʦʝʥʠʶ

ʯʝʪʚʝʨʪʠʯʥʦʛʦʧʦʢʨʦʚʘʈʦʩʩʠʠ.

ɻʪʞʩʧʪʪʡʢʪʣʡʢ ʦʙʬʰʦʧ-ʡʪʪʤʞʝʧʛʙʫʞʤʵʪʣʡʢ 
ʜʞʧʤʧʜʡʰʞʪʣʡʢ ʡʦʪʫʡʫʬʫ ʡʥʞʦʡ ɹ. ʈ. ʃʙʩʨʡʦʪʣʧʜʧ
ɻʣʘʚʥʳʝ ʨʝʜʘʢʪʦʨʳ: ʆ.ɺ. ʇʝʪʨʦʚ, ɸ.ʌ. ʄʦʨʦʟʦʚ
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ʁʦʪʫʡʫʬʫ ʦʞʭʫʞʜʙʠʧʛʧʢ ʜʞʧʤʧʜʡʡ ʡ ʜʞʧʭʡʠʡʣʡ ʊʇ ʉɹʆ, ʁʦʪʫʡʫʬʫ ʛʬʤʣʙʦʧʤʧʜʡʡ ʡ ʪʞʢʪʥʧʤʧʜʡʡ ɽɻʇʉɹʆ
BushenkovaN. et al. Journal of Geophysical Research, Solid Earth. ï2019. ïVol. 124. ïP. 9694-9713.

ʇʨʦʚʝʜʝʥʦʠʩʩʣʝʜʦʚʘʥʠʝʩʪʨʫʢʪʫʨʳʟʝʤʥʦʡʢʦʨʧrʦʜɸʚʘʯʠʥʩʢʦʡʛʨʫʧʧʦʡʚʫʣʢʘʥʦʚʥʘʂʘʤʯʘʪʢʝ

ʤʝʪʦʜʘʤʠʪʨʝʭʤʝʨʥʦʡʩʝʡʩʤʠʯʝʩʢʦʡʪʦʤʦʛʨʘʬʠʠ. ɺʳʷʚʣʝʥʦʥʘʣʠʯʠʝʤʘʛʤʘʪʠʯʝʩʢʠʭʢʘʤʝʨʧʦʜ

ɸʚʘʯʠʥʩʢʠʤʠʂʦʨʷʢʩʢʠʤʚʫʣʢʘʥʘʤʠʥʘʛʣʫʙʠʥʘʭ2ʢʤʠ7ʢʤʩʦʦʪʚʝʪʩʪʚʝʥʥʦʠʠʩʩʣʝʜʦʚʘʥʘʠʭʬʦʨʤʘ.

ʀʦʙʰʞʦʡʸʧʫʦʧʱʞʦʡʸVp/Vsʦʙʜʤʬʚʡʦʞ4ʣʥʦʡʟʞʬʩʧʛʦʸʥʧʩʡyʦʙʛʞʩʫʡʣʙʤʵʦʧʥʪʞʰʞʦʡʡʛʣʩʞʪʫʛʬʤʣʙʦʧʛɹʛʙʰʡʦʪʣʡʢʡ

ʃʧʩʸʣʪʣʡʢ. ɻʴʪʧʣʡʞʠʦʙʰʞʦʡʸVp/Vs~2.3 ʥʙʩʣʡʩʬʷʫʠʧʦʪɹʨʧʛʴʱʞʦʦʴʥʪʧʝʞʩʟʙʦʡʞʥʟʡʝʣʧʢʭʙʠ(ɹʩʙʪʨʤʙʛʧʛ,

ʭʤʷʡʝʧʛ)ʡʥʧʜʬʫʚʴʫʪɻʛʸʠʙʦʴʪʦʙʤʡʰʡʞʥʥʙʜʥʙʫʡʰʞʪʣʡʮʣʙʥʞʩ



˞˕˞˟˒˙ˍ ˜˝˛ː˚˛˔˚˛˖ ˛ˣ˒˚˗˕ ˞˛˞˟˛ˬ˚˕ˬ ˜˛˝˛ˑ  
˜˝˕ ˝ˍ˔˝ˍˎ˛˟˗˒ ˙˒˞˟˛˝˛˓ˑ˒˚˕˖
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ɼʧʩʦʴʢ ʡʦʪʫʡʫʬʫ ʃʧʤʵʪʣʧʜʧ ʦʙʬʰʦʧʜʧ ʯʞʦʫʩʙ  ʉɹʆ
ʂʦʟʳʨʝʚ ɸ.ɸ., ʉʝʤʝʥʦʚʘ ʀ.ʕ., ɸʚʝʪʠʩʷʥʀ.ʄ., ɼʤʠʪʨʠʝʚʉ.ɺ., ʐʝʩʪʦʚ ɸ.ɸ. 

ʈʘʟʨʘʙʦʪʘʥʘʩʠʩʪʝʤʘʧʨʦʛʥʦʟʥʦʡ
ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨ-
ʤʠʨʦʚʘʥʥʦʛʦʩʦʩʪʦʷʥʠʷʤʘʩʩʠʚʘ
ʧʦʨʦʜʚ ʦʢʨʝʩʪʥʦʩʪʠʟʦʥʳ
ʚʝʜʝʥʠ ʬ̫ʘʢʪʠʯʝʩʢʠʭʠ
ʧʣʘʥʠʨʫʝʤʳʭʧʦʜʟʝʤʥʳʭʛʦʨʥʳʭ
ʨʘʙʦʪʫʜʘʨʦʦʧʘʩʥʦʛʦʤʝʩʪʦ-
ʨʦʞʜʝʥʠç̫ʆʣʝʥʠʡʨʫʯʝʡè,
ʚʢʣʶʯʘʶʱʘʷʪʨʝʭʤʝʨʥʫʶ
ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʫʤʁʦʜʝʣʴ
(ʧʨʦʛʨʘʤʤʥʳʡʢʦʤʧʣʝʢʩ
SigmaGT, 6 ʤʣʥ. ʵʣʝʤʝʥʪʦʚ).
ʄʦʜʝʣʴʨʘʟʨʘʙʦʪʘʥʘʠʚʥʝʜʨʝʥʘ
ʚ ɸʆ çʉʝʚʝʨʦ-ɿʘʧʘʜʥʘʷ
ʌʦʩʬʦʨʥʘʷʂʦʤʧʘʥʠʷè

ʘ - 3Dʛʡʝ ʩʙʠʩʙʚʧʫʙʦʦʧʢ ʰʡʪʤʞʦʦʧʢ ʥʧʝʞʤʡ; 

ʙ -ʩʙʪʨʩʞʝʞʤʞʦʡʞ ʦʙʨʩʸʟʞʦʡʢ Űmaxʦʙ ʜʧʩ. +120 ʥ 

ʨʩʡ ʭʙʣʫʡʰʞʪʣʧʥ ʪʧʪʫʧʸʦʡʡ ʜʧʩʦʴʮ ʩʙʚʧʫ ʦʙ ʧʣʫʸʚʩʵ 2019ʜ.
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NAAD HRes

P95 SWH (HIRes)

ʇʦʣʷʨʥʳʝ 

ʮʠʢʣʦʥʳ

NAD: North Atlantic 

Downscaling 1979-2018

4!.r a^tTii,y.^ibgwgiaiyi

I ɸʪʤʦʩʬʝʨʥʳʝ U 

ʨʝʢʠ h

SAADHlRes                              V. n-

| ʆʙʤʝʥ

I ʦʢʝʘʥ-ʘʪʤʦʩʬʝʨʘ Ife,

70óW60*W 50*W 40*W 3OôW20*W 1O*W 0ó 10*E

[SC.........J.........-â
1ɼʠʥʘʤʠʢʘ 

ʦʢʝʘʥʘ
ðʯ--ððð

; ^50?'-
1

ɼʠʥʘʤʠʢʘ 

ʚʝʪʨʦʚʳʭ ʚʦʣʥ

ʉʦʟʜʘʥʘʫʥʠʢʘʣʴʥʘʷʪʨʝʭʤʝʨʥʘʷʤʦʜʝʣʜɹʠʥʘʤʠʢʠ
ʘʪʤʦʩʬʝʨʳʥʘʜʉʝʚʝʨʥʦʡɸʪʣʘʥʪʠʢʦʡ,ʢʦʪʦʨʘʷʧʦʣʫʯʠʣʘ
ʥʘʟʚʘʥʠʝRussian Academy of Sciences North Atlantic
Atmospheric Downscaling (RAS-NAAD). ɼʣʷɻ ʪʦʛʦʠʩʧʦʣʴ-
ʟʦʚʘʣʘʩʴʨʝʛʠʦʥʘʣʴʥʘʷʚʝʨʩʠʷʘʪʤʦʩʬʝʨʥʦʡʥʝʛʠʜʨʦ-
ʩʪʘʪʠʯʝʩʢʦʡʤʦʜʝʣʠʩʨʘʟʨʝʰʝʥʠʝʤ11 ʢʤʧʦʛʦʨʠʟʦʥʪʘʣʠ,
ʘʪʘʢʞʝʯʠʩʣʝʥʥʳʝʤʦʜʝʣʠʦʢʝʘʥʘʠʚʝʪʨʦʚʦʛʦʚʦʣʥʝʥʠʷ.
ʈʝʟʫʣʴʪʘʪʦʤʩʪʘʣʨʝʛʠʦʥʘʣʴʥʳʡʨʝʘʥʘʣʠʟʘʪʤʦʩʬʝʨʳ,
ʦʢʝʘʥʘʠʛʨʘʥʠʮʳʨʘʟʜʝʣʘʦʢʝʘʥ-ʘʪʤʦʩʬʝʨʘʚʉʝʚʝʨʥʦʡ
ɸʪʣʘʥʪʠʢʝ,ʧʦʢʨʳʚʘʶʱʠʡʧʝʨʠʦʜʩ1979 ʛ. ʧʦʥʘʩʪʦʷʱʝʝ
ʚʨʝʤʩ̫ʚʨʝʤʝʥʥʳʤʨʘʟʨʝʰʝʥʠʝʤ3 ʯʘʩʘ. ʉʤʦʜʝʣʠʨʦʚʘʥʳ
ʥʦʚʳʝʤʝʭʘʥʠʟʤʳʬʦʨʤʠʨʦʚʘʥʠʷʢʦʥʚʝʢʮʠʠʚʩʫʙʧʦʣʷʨʥʦʡ
ɸʪʣʘʥʪʠʢʝ; ʧʦʣʫʯʝʥʳʩʦʛʣʘʩʦʚʘʥʥʳʝʭʘʨʘʢʪʝʨʠʩʪʠʢʠ
ʧʦʪʦʢʦʚʦʢʝʘʥ-ʘʪʤʦʩʬʝʨʘ,ʜʠʥʘʤʠʢʠʮʠʢʣʦʥʦʚʠʧʝʨʝʥʦʩʘ
ʚʣʘʛʠʚʘʪʤʦʩʬʝʨʝʉʝʚʝʨʥʦʡɸʪʣʘʥʪʠʢʠ; ʦʮʝʥʝʥʧʝʨʝʥʦʩ
ʚʣʘʛʠçʘʪʤʦʩʬʝʨʥʳʤʠʨʝʢʘʤʠè,ʷʚʣʷʶʱʠʤʠʩʷʢʣʶʯʝʚʳʤ
ʤʝʭʘʥʠʟʤʦʤʬʦʨʤʠʨʦʚʘʥʠʷʵʢʩʪʨʝʤʘʣʴʥʳʭʢʣʠʤʘʪʠʯʝʩʢʠʭ
ʩʦʙʳʪʠʡʥʘ ɽʚʨʦʧʝʡʩʢʦʤʢʦʥʪʠʥʝʥʪʝ; ʫʩʪʘʥʦʚʣʝʥʳ
ʤʝʭʘʥʠʟʤʳʬʦʨʤʠʨʦʚʘʥʠʷʵʢʩʪʨʝʤʘʣʴʥʦʛʦʚʦʣʥʝʥʠʷʚ
ʦʢʝʘʥʝ.

ʁʦʪʫʡʫʬʫ ʧʣʞʙʦʧʤʧʜʡʡ ʡʥʞʦʡ ʈ.ʈ. ʑʡʩʱʧʛʙ ʉɹʆ

Gavrikovɸ., GulevS.K., et al. Journal of Applied Meteorology and Climatology, 2020
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ɺʧʝʨʚʳʝʫʩʪʘʥʦʚʣʝʥʦʟʥʘʯʠʪʝʣʴʥʦʝ
ʚʣʠʷʥʠʝʨʘʩʧʘʜʘʣʝʜʥʠʢʦʚʉʝʚʝʨʥʦʡ
ɸʤʝʨʠʢʠʠʂʘʤʯʘʪʩʢʦʛʦʧʦʣʫʦʩʪʨʦʚʘʥʘ
ʛʠʜʨʦʣʦʛʠʶʧʦʚʝʨʭʥʦʩʪʥʳʭʚʦʜʩʝʚʝʨʥʦʡ
ʯʘʩʪʠʊʠʭʦʛʦʦʢʝʘʥʘʠ ʢʣʠʤʘʪ
ʧʨʠʣʝʛʘʶʱʝʛʦʢʦʥʪʠʥʝʥʪʘʚʦ ʚʨʝʤʷ
ʪʝʨʤʠʥʘʮʠʠʧʦʩʣʝʜʥʝʛʦʦʣʝʜʝʥʝʥʠʷ.
ɼʘʥʥʳʝʠʟʦʪʦʧʥʦʛʦʩʦʩʪʘʚʘʢʠʩʣʦʨʦʜʘ
ʧʣʘʥʢʪʦʥʥʳʭʬʦʨʘʤʠʥʠʬʝʨ,ʩʢʦʨʨʝʢʪʠʨʦ-
ʚʘʥʥʳʝʥʘʠʟʤʝʥʝʥʠʷŭ18ʆʚʦʜʄʠʨʦʚʦʛʦ
ʦʢʝʘʥʘ,ʧʦʢʘʟʳʚʘʶʪʩʫʱʝʩʪʚʝʥʥʦʝ
ʚʣʠʷʥʠʝʨʘʩʧʘʜʘʂʦʨʜʠʣʴʝʨʩʢʦʛʦ
ʣʝʜʥʠʢʦʚʦʛʦʱʠʪʘʠʣʝʜʥʠʢʦʚʂʘʤʯʘʪʩʢʦʛʦ
ʧʦʣʫʦʩʪʨʦʚʘʥʘʩʨʝʜʫʠʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ
ʫʩʣʦʚʠʷʧʦʚʝʨʭʥʦʩʪʥʳʭʚʦʜʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʡʯʘʩʪʠʠʧʨʠʢʘʤʯʘʪʩʢʦʛʦʨʘʡʦʥʘ
ʊʠʭʦʛʦʦʢʝʘʥʘʚʩʣʝʜʩʪʚʠʝʧʫʣʴʩʘʮʠʡ
ʧʨʠʪʦʢʘʪʘʣʳʭʣʝʜʥʠʢʦʚʳʭʚʦʜʟʘ
ʧʦʩʣʝʜʥʠʝ20ʪʳʩʷʯʣʝʪ.

ʋʡʮʧʧʣʞʙʦʪʣʡʢ ʧʣʞʙʦʧʤʧʜʡʰʞʪʣʡʢ ʡʦʪʫʡʫʬʫ ʡʥ. ɻ.ʁ. ʁʤʵʡʰʞʛʙ ɽɻʇ ʉɹʆ

Gorbarenko S.A., Shi X., Zou J. at al. Global and Planetary Change. 2019. V. 172. P. 33-44. 

ʊʩʙʛʦʞʦʡʞ ʡʠʥʞʦʞʦʡʢ ʣʤʡʥʙʫʙ ʡ ʧʣʩʬʟʙʷʲʞʢ ʪʩʞʝʴ ʛ ʪʞʛʞʩʦʧʢ ʰʙʪʫʡ 
ʋʡʮʧʜʧ ʧʣʞʙʦʙ ʡ ɺʞʩʡʦʜʧʛʙ ʥʧʩʸ ʠʙ ʨʧʪʤʞʝʦʡʞ 20 ʫʴʪ. ʤʞʫ ʪ 
ʣʤʡʥʙʫʡʰʞʪʣʡʥʡ ʡʠʥʞʦʞʦʡʸʥʡ ʊʞʛʞʩʦʧʜʧ ʨʧʤʬʱʙʩʡʸ

(ɸ) -ŭ18Oʣʝʜʦʚʦʛʦ 

ʢʝʨʥʘ ɻʨʝʥʣʘʥʜʠʠ ʠ 

ʩʪʘʣʘʛʤʠʪʦʚ ʢʠʪʘʡʩʢʠʭ 

ʧʝʱʝʨ. 

(ɺ), (D), (E)-

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ŭ18O

ʧʣʘʥʢʪʦʥʥʳʭ 

ʬʦʨʘʤʠʥʠʬʝʨ ʠʟ 

ʢʦʣʦʥʦʢ 12 KLʠ 41-2, 

ʦʪʦʙʨʘʥʥʳʭ ʚʙʣʠʟʠ 

ʂʘʤʯʘʪʢʠ, 

ɸʣʷʩʢʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠ 

ɹʝʨʠʥʛʦʚʘ ʤʦʨʷ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ



˪˙˜˕˝˕ˤ˒˞˗˛˒ ˙˛ˑ˒˘˕˝˛ˏˍ˚˕˒ ˗˘˕˙ˍ˟ˍ ˜˝˛˥˘˛ː˛ȡ 
˝˒˗˛˚˞˟˝ˠ˗ˣ˕ˬ ˙˒ˢˍ˚˕˔˙ˍ ˕˔˙˒˚˒˚˕ˬ ˗˘˕˙ˍ˟ˍ 

ˏ ˞˝˒ˑ˚˒˙ ˜˘˒˖˞˟˛ˣ˒˚˒

32

ʇʨʝʜʣʦʞʝʥʥʦʚʳʡ ʧʦʜʭʦʜʜʣʷ
ʠʩʩʣʝʜʦʚʘʥʠʷʧʨʠʯʠʥʢrʣʠʤʘʪʠʯʝʩʢʦʛʦ
ʧʝʨʝʭʦʜʘʩʨʝʜʥʝʛʦʧʣʝʡʩʪʦʮʝʥʘ(ʇʉʇ,ʦʢʦʣʦ
1 ʤʣʥʣʝʪʥʘʟʘʜ),ʢʦʛʜʘʨʝʛʫʣʷʨʥʳʝ
ʢʦʣʝʙʘʥʠʷʩʧʝʨʠʦʜʦʤ41 ʪʳʩ. ʣʝʪʩʤʝʥʠʣʠʩʴ
ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʤʠ100-ʪʳʩʷʯʝʣʝʪʥʠʤʠ
ʧʠʣʦʦʙʨʘʟʥʳʤʠʢʦʣʝʙʘʥʠʷʤʠʛʣʦʙʘʣʴʥʦʛʦ
ʢʣʠʤʘʪʘ. ʅʘ ʦʩʥʦʚʝʘʥʘʣʠʟʘʜʘʥʥʳʭ,
ʠʟʚʣʝʯʝʥʥʳʭʠʟ ʜʦʥʥʳʭʦʪʣʦʞʝʥʠʡ
ʯʝʪʚʝʨʪʠʯʥʦʛʦʧʝʨʠʦʜʘ,ʧʦʩʪʨʦʝʥʘ
ʜʠʥʘʤʠʯʝʩʢʘʷʤʦʜʝʣʴɻʪʦʛʦ̫ʚʣʝʥʠʷ.
ʋʩʪʘʥʦʚʣʝʥʦ,ʯʪʦʇʉʇ ʥʝ ʩʚʷʟʘʥʩ
ʚʘʨʠʘʮʠʷʤʠʦʨʙʠʪʘʣʴʥʳʭʧʘʨʘʤʝʪʨʦʚɿʝʤʣʠ
ʠ 100-ʪʳʩʷʯʝʣʝʪʥʠʝʣʝʜʥʠʢʦʚʳʝʮʠʢʣʳ
ʚʦʟʥʠʢʣʠʚʩʨʝʜʥʝʤʧʣʝʡʩʪʦʮʝʥʝʙʣʘʛʦʜʘʨʷ
ʠʟʤʝʥʝʥʠʩʁʦʙʩʪʚʝʥʥʦʡʜʠʥʘʤʠʢʠ
ʢʣʠʤʘʪʠʯʝʩʢʦʡʩʠʩʪʝʤʳɿʝʤʣʠ.

ʁʦʪʫʡʫʬʫ ʨʩʡʣʤʙʝʦʧʢ ʭʡʠʡʣʡ ʉɹʆ

Mukhin, D., Gavrilov, A., Loskutov, E., Kurths, J., & Feigin, A. 2019. Scientific Reports 2019 9:1, 9(1), 7328
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ʅʘ ʦʩʥʦʚʝʜʘʥʥʳʭʤʥʦʛʦʣʝʪʥʝʛʦʤʦʥʠʪʦʨʠʥʛʘ

ʢʨʠʦʣʠʪʦʟʦʥʳʚʩʝʚʝʨʥʳʭʨʝʛʠʦʥʘʭɽʚʨʦʧʝʡʩʢʦʡʯʘʩʪʠ

ʠ ɿʘʧʘʜʥʦʡʉʠʙʠʨʠʚʧʝʨʚʳʝʩʚʳʩʦʢʦʡʩʪʝʧʝʥʴʶ

ʜʦʩʪʦʚʝʨʥʦʩʪʠʫʩʪʘʥʦʚʣʝʥʦ,ʯʪʦʜʝʛʨʘʜʘʮʠʷʤʝʨʟʣʦʪʳ

ʚʩʣʝʜʩʪʚʠʝʢʣʠʤʘʪʠʯʝʩʢʠʭʠʟʤʝʥʝʥʠʡʧʨʠʦʙʨʝʪʘʝʪʚ

ʶʞʥʳʭʪʫʥʜʨʦʚʳʭʠ ʣʝʩʦʪʫʥʜʨʦʚʳʭʣʘʥʜʰʘʬʪʘʭ

ʤʘʩʩʦʚʳʡʭʘʨʘʢʪʝʨ. ɺʨʝʟʫʣʴʪʘʪʝʘʥʘʣʠʟʘʠʟʤʝʥʝʥʠʷ

ʪʝʤʧʝʨʘʪʫʨʳʢʨʠʦʣʠʪʦʟʦʥʳʩ 2007 ʧʦ2016 ʛʛ.,

ʫʩʪʘʥʦʚʣʝʥʦʧʦʚʳʰʝʥʠʝʪʝʤʧʝʨʘʪʫʨʳʛʨʫʥʪʘʚʟʦʥʝ

ʩʧʣʦʰʥʦʡʚʝʯʥʦʡʤʝʨʟʣʦʪʳʚʙʣʠʟʠʛʣʫʙʠʥʳʥʫʣʝʚʦʡ

ʛʦʜʦʚʦʡʘʤʧʣʠʪʫʜʳʥʘ0,39 Ñ0,15ÁC.ʅʘʠʙʦʣʝʝʘʢʪʠʚʥʦ

ʦʪʪʘʠʚʘʥʠʝʤʝʨʟʣʦʪʳʧʨʦʪʝʢʘʝʪʩʚʝʨʭʫʩʦʩʢʦʨʦʩʪʴʶ

ʜʦ0,6 ʤ/ʛʦʜ. ɺ ʟʦʥʝʁʞʥʦʡʪʫʥʜʨʳʝʛʦʩʢʦʨʦʩʪʴ

ʩʦʩʪʘʚʣʷʝʪʧʦʢʘ0,1 ʤ/ʛʦʜ. ɺʟʦʥʝʪʠʧʠʯʥʦʡʪʫʥʜʨʳ

ʢʨʠʦʣʠʪʦʟʦʥʘʦʩʪʘʝʪʩʷʩʪʘʙʠʣʴʥʦʡʠ,ʧʦ-ʚʠʜʠʤʦʤʫ,

ʙʫʜʝʪʩʦʭʨʘʥʷʪʴʩʷʝʱʝʦʢʦʣʦ10-20ʣʝʪ.

ʁʦʪʫʡʫʬʫ ʥʞʩʠʤʧʫʧʛʞʝʞʦʡʸ ʊʇ ʉɹʆ, ʁʦʪʫʡʫʬʫ ʣʩʡʧʪʭʞʩʴ ʀʞʥʤʡ ʊʇ ʉɹʆ,  ʋʷʥʞʦʪʣʡʢ ʜʧʪʬʦʡʛʞʩʪʡʫʞʫ, ʁʦʪʫʡʫʬʫ 

ʜʞʧʶʣʧʤʧʜʡʡ ʉɹʆ, ʈʬʲʡʦʪʣʡʢ ʦʙʬʰʦʴʢ ʯʞʦʫʩ ʉɹʆ, ʃʧʥʡ ʦʙʬʰʦʴʢ ʯʞʦʫʩ ʉɹʆ

Nature Communications (2019) 10:264 

ɿʝʣʝʥʳʤ ʮʚʝʪʦʤ ʛʴʝʞʤʞʦʴ ʩʞʜʡʧʦʴ, ʛ ʣʧʫʧʩʴʮ ʡʠʥʞʦʞʦʡʸ ʥʞʩʠʤʧʫʴ ʦʞ 
ʨʩʡʛʧʝʸʫ ʣ ʣʙʰʞʪʫʛʞʦʦʴʥ ʡʠʥʞʦʞʦʡʸʥ. 

ɾʝʣʪʳʤʧʫʥʞʰʞʦʴ ʩʞʜʡʧʦʴ ʪ ʦʙʰʡʦʙʷʲʞʢʪʸ ʝʞʜʩʙʝʙʯʡʞʢ ʥʞʩʠʤʧʫʴ ʡ 
ʪʦʡʟʙʷʲʞʢʪʸ ʦʞʪʬʲʞʢ ʪʨʧʪʧʚʦʧʪʫʵʷ ʧʪʦʧʛʙʦʡʢ ʡ ʭʬʦʝʙʥʞʦʫʧʛ.
ʆʨʘʥʞʝʚʳʤʛʴʝʞʤʞʦʴ ʩʞʜʡʧʦʴ, ʛ ʣʧʫʧʩʴʮ ʨʩʧʡʪʮʧʝʡʫ ʙʣʫʡʛʦʙʸ 

ʝʞʜʩʙʝʙʯʡʸ ʥʞʩʠʤʧʫʴ ʡ ʧʨʬʪʣʙʦʡʞ ʞʞ ʣʩʧʛʤʡ. ʃʩʬʨʦʴʞ ʜʧʩʧʝʙ ʦʙʮʧʝʸʫʪʸ ʛ 
ʠʧʦʞ ʩʡʪʣʙ, ʛʧʠʥʧʟʦʴ ʦʞʝʧʨʬʪʫʡʥʴʞ ʝʞʭʧʩʥʙʯʡʡ ʡ ʩʙʠʩʬʱʞʦʡʸ 

ʪʧʧʩʬʟʞʦʡʢ. 
ʉʝʨʳʡ ʮʚʝʪ ðʧʚʤʙʪʫʡ ʛʦʞ ʣʩʡʧʤʡʫʧʠʧʦʴ



˗˛˚˟˝˛˘˩ ˜˛ˑˏ˛ˑ˚˨ˢ ˬˑ˒˝˚˛-˕ ˝ˍˑ˕ˍˣ˕˛˚˚˛-˛˜ˍ˞˚˨ˢ 
˛ˎ˧˒˗˟˛ˏ ˕ ˜ˍ˝ˍ˙˒˟˝˛ˏ ˪˗˛˞˕˞˟˒˙ 

34

ʉʦʟʜʘʥʳʧʦʠʩʢʦʚʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ
ʢʦʤʧʣʝʢʩʠʪʝʭʥʦʣʦʛʠʷʜʣʷɻʬʬʝʢʪʠʚʥʦʛʦ
ʢʦʥʪʨʦʣʧ̫ʦʜʚʦʜʥʳʭ̫ʜʝʨʥʦ- ʠ
ʨʘʜʠʘʮʠʦʥʥʦ-ʦʧʘʩʥʳʭʦʙʲʝʢʪʦʚʠ
ʧʘʨʘʤʝʪʨʦʚʵʢʦʩʠʩʪʝʤʚ ʤʝʩʪʘʭ
ʥʘʭʦʞʜʝʥʠʷʦʙʲʝʢʪʦʚ.
ʂʦʤʧʣʝʢʩʚʢʣʶʯʘʝʪʥʝʦʙʠʪʘʝʤʳʝ

ʧʦʜʚʦʜʥʳʝʘʧʧʘʨʘʪʳ,ʦʙʦʨʫʜʦʚʘʥʥʳʝ
ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʦʡ,ʬʦʪʦ-ʪʝʣʝʚʠʟʠʦʥʥʦʡʠ
ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʡʘʧʧʘʨʘʪʫʨʦʡ.
ʕʪʦʧʦʟʚʦʣʠʣʦʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴʦʩʦʙʦ
ʦʧʘʩʥʳʝʚʳʩʦʢʦʘʢʪʠʚʥʳʝʦʙʲʝʢʪʚr
ʩʦʩʪʘʚʝʟʘʭʦʨʦʥʝʥʠʡʪʚʝʨʜʳʭ
ʨʘʜʠʦʘʢʪʠʚʥʳʭʦʪʭʦʜʦʚʚʂʘʨʩʢʦʤʤʦʨʝ
(ʅʦʚʘʷɿʝʤʣʷ,ʟʘʣʠʚɸʙʨʦʩʠʤʦʚʘ),ʚʪʦʤ
ʯʠʩʣʝʨʝʘʢʪʦʨʥʳʡʦʪʩʝʢɸʇʃʂ-19,
ʦʮʝʥʠʪʴʠʭʩʦʩʪʦʷʥʠʝʠʚʦʟʜʝʡʩʪʚʠʝʥʘ
ʘʨʢʪʠʯʝʩʢʫʶʵʢʦʩʠʩʪʝʤʫ.

ʁʦʪʫʡʫʬʫ ʧʣʞʙʦʧʤʧʜʡʡ ʡʥʞʦʡ ʈ.ʈ. ʑʡʩʱʧʛʙ ʉɹʆ

ʈʠʤʩʢʠʡ-ʂʦʨʩʘʢʦʚ ʅ.ɸ., ʌʣʠʥʪ ʄ.ɺ., ʠ ʜʨ.  ʆʢʝʘʥʦʣʦʛʠʷ.  2019. ʊ.59. ˉ4. ʉ. 679-683

ʈʧʡʪʣʧʛʧ-ʡʪʪʤʞʝʧʛʙʫʞʤʵʪʣʙʸ ʫʞʮʦʧʤʧʜʡʸ ʡ ʩʞʠʬʤʵʫʙʫʴ ʞʞ ʨʩʡʥʞʦʞʦʡʸ: 
1 ðʜʡʝʩʧʤʧʣʙʯʡʧʦʦʧʞ ʡʠʧʚʩʙʟʞʦʡʞ ʩʞʙʣʫʧʩʦʧʜʧ ʧʫʪʞʣʙ ɹʈʄ ʃ-19; 2 -ɺʆʈɹ 
çɻʡʝʞʧʥʧʝʬʤʵè; 3 ðʛʡʝʞʧʣʙʝʩ çʨʙʤʬʚʙ ʩʞʙʣʫʧʩʦʴʢ ʧʫʪʞʣ ɹʈʄ ʃ-19è; 4 ð
ʜʡʝʩʧʤʧʣʙʯʡʧʦʦʧʞ ʡʠʧʚʩʙʟʞʦʡʞ ʪʛʙʤʣʡ ʣʧʦʫʞʢʦʞʩʧʛ ʪ ʛʴʪʧʣʧʙʣʫʡʛʦʴʥʡ 

ʩʙʝʡʧʙʣʫʡʛʦʴʥʡ ʧʫʮʧʝʙʥʡ; 5 ðʋʆʈɹ çɼʆʇʅè ʪ ʜʙʥʥʙ-ʪʨʞʣʫʩʧʥʞʫʩʧʥ ʉʖʅ-35-2; 6 
ðʠʙʩʞʜʡʪʫʩʡʩʧʛʙʦʦʴʞ ʪʨʞʣʫʩʴ ʡ ʥʧʲʦʧʪʫʡ ʝʧʠʴ ʧʫ 0,014 ʝʧ 47,0 ʥʣʀʛ/ʰ
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˝ˍ˞˥˕ˡ˝˛ˏˍ˚˨ ˙˛˘˒˗ˠ˘ˬ˝˚˨˒ ˛˞˚˛ˏ˨ ˎ˕˛˘˫˙˕˚˒˞ˣ˒˚ˣ˕˕  
˙˛˝˞˗˕ˢ ˛˝ːˍ˚˕˔˙˛ˏ ODONTOSYLLIS

ɺʧʝʨʚʳʝʦʧʨʝʜʝʣʝʥʳʩʪʨʫʢʪʫʨʳ

ʪʨʝʭʢʣʶʯʝʚʳʭʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ

ʢʦʤʧʦʥʝʥʪʦʚʙʠʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ

ʩʠʩʪʝʤʳʤʦʨʩʢʠʭʧʦʣʠʭʝʪOdontosyllis

undecimdonta: ʣʶʮʠʬʝʨʠʥʘ,

ʦʢʩʠʣʶʮʠʬʝʨʠʥʘ(Green), ʘ ʪʘʢʞʝ

ʧʨʦʜʫʢʪʘ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʛʦ

ʦʢʠʩʣʝʥʠʣ̫ʶʮʠʬʝʨʠʥʘ(Pink)

ʢʠʩʣʦʨʦʜʦʤ. ʇʦʢʘʟʘʥʦ,ʯʪʦ

ʦʢʩʠʣʶʮʠʬʝʨʠʥOdontosyllis ʷʚʣʷʝʪʩʷ

ʝʜʠʥʩʪʚʝʥʥʳʤʠʟʠʟʚʝʩʪʥʳʭʜʣʷ

ʤʦʨʩʢʠʭʣʶʤʠʥʝʩʮʝʥʪʥʳʭʦʨʛʘʥʠʟʤʦʚ

ʧʝʨʚʠʯʥʳʤʵʤʠʪʪʝʨʦʤʟʝʣʝʥʦʛʦʩʚʝʪʘ.

ʁʦʪʫʡʫʬʫ ʚʡʧʧʩʜʙʦʡʰʞʪʣʧʢ ʮʡʥʡʡ ʡʥ. ʙʣʙʝʞʥʡʣʧʛ ʅ.ʅ. ʑʞʥʸʣʡʦʙ ʡ ʗ.ɹ. ʇʛʰʡʦʦʡʣʧʛʙʉɹʆ

KotlobayAA, YampolskyI.V., at al. Proc Natl AcadSci USA. 2019; 116(38): 18911-18916. 
36

ʅʧʤʞʣʬʤʸʩʦʴʢ ʥʞʮʙʦʡʠʥ ʚʡʧʤʷʥʡʦʞʪʯʞʦʯʡʡ 
ʬ ʥʧʩʪʣʡʮ ʨʧʤʡʮʞʫ Odontosyllisundecimdonta



ˏ˜˒˝ˏ˨˒ ˜˛˗ˍ˔ˍ˚˛ ˡˠ˚˗ˣ˕˛˚˕˝˛ˏˍ˚˕˒ 
))) ˡ˛˝˙˨ ˝ˠˎ˕˞˗˛ˏ ˚˛ˏ˛˙ ˏˍ˝˕ˍ˚˟˒ ˣ˕˗˘ˍ ˗ˍ˘˩ˏ˕˚ˍ

ʆʙʥʘʨʫʞʝʥʥʦʚʳʡʚʘʨʠʘʥʪʮʠʢʣʂʘʣʴʚʠʥʘ,

ʨʝʘʣʠʟʫʶʱʠʡʩʷʧʨʠʬʠʢʩʘʮʠʠʫʛʣʝʢʠʩʣʦʪʳʠ

ʧʨʝʚʨʘʱʝʥʠʷʝʝʚʦʨʛʘʥʠʯʝʩʢʠʝʩʦʝʜʠʥʝʥʠʷʚ

ʪʝʨʤʦʬʠʣʴʥʦʡʭʝʤʦʣʠʪʦʘʚʪʦʪʨʦʬʥʦʡʙʘʢʪʝʨʠʠ

Thermodesulfobium acidiphilum. ʋ ʜʘʥʥʦʛʦ

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʥʝʦʙʳʯʥʳʤʦʢʘʟʘʣʩʷ

ʢʣʶʯʝʚʦʡʬʝʨʤʝʥʪʮʠʢʣʘʂʘʣʴʚʠʥʘ

ʨʠʙʫʣʦʟʦʙʠʩʬʦʩʬʘʪʢʘʨʙʦʢʩʠʣʘʟʘ/ʦʢʩʠʛʝʥʘʟʘ

(ʈʫʙʠʩʂʆ). ɼʦʥʘʩʪʦʷʱʝʛʦʚʨʝʤʝʥʠʩʯʠʪʘʣʦʩʴ,

ʯʪʦʠʟʪʨʸʭʢʘʨʙʦʢʩʠʣʠʨʫʶʱʠʭʬʦʨʤʈʫʙʠʩʂʆ

ʪʦʣʴʢʦʜʣI̫ʠIIʬʦʨʤʫʯʘʩʪʚʫʶʪʚʘʚʪʦʪʨʦʬʠʠ,

ʚʪʦʚʨʝʤʢ̫ʘʢIII ʬʦʨʤʘʘʩʩʦʮʠʠʨʦʚʘʣʘʩʴ

ʠʩʢʣʶʯʠʪʝʣʴʥʦʩʤʝʪʘʙʦʣʠʟʤʦʤʥʫʢʣʝʦʪʠʜʦʚʠ

ʩʯʠʪʘʣʘʩʴʠʩʢʣʶʯʠʪʝʣʴʥʦʘʨʭʝʡʥʦʡ. ɺʥʦʚʦʤ

ʞʝ ʚʘʨʠʘʥʪʝʮʠʢʣʘThermodesulfobium

acidiphilum ʨʘʙʦʪʘʝʪʠʤʝʥʥʦIII ʬʦʨʤʘ. ʕʪʦ

ʦʪʢʨʳʪʠʝʧʦʟʚʦʣʷʝʪʧʨʦʣʠʪʴʥʦʚʳʡʩʚʝʪʥʘ

ʧʦʥʠʤʘʥʠʝʵʚʦʣʶʮʠʠʧʫʪʝʡʦʙʨʘʟʦʚʘʥʠʷ

ʦʨʛʘʥʠʯʝʩʢʦʛʦʚʝʱʝʩʪʚʘʥʘʧʣʘʥʝʪʝ.

FrolovE.N.,Pimenov N.V., Bonch-Osmolovskaya E.A., at al. Proc. Natl. Acad. Sci. USA. 2019. V. 116 (37). P. 18638-18646 37
ʍʁʏ ɺʡʧʫʞʮʦʧʤʧʜʡʡ ʉɹʆ

ʋʩʙʦʪʙʤʵʝʧʤʙʠʦʴʢʛʙʩʡʙʦʫ ʯʡʣʤʙ ʃʙʤʵʛʡʦʙ ʬ Thermodesulfobiumacidiphilum. 
ʏʝʨʥʳʝ ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʨʘʪʠʤʳʝ ʨʝʘʢʮʠʠ, ʩʠʥʠʝ ʥʘ ʥʝʦʙʨʘʪʠʤʳʝ. 
ʂʨʘʩʥʳʝ ʩʪʨʝʣʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʙʨʘʪʠʤʫʶ ʪʨʘʥʩʘʣʴʜʦʣʘʟʥʫʶʨʝʘʢʮʠʶ, 

ʦʪʩʫʪʩʪʚʫʶʱʫʶ ʚ ʢʘʥʦʥʠʯʝʩʢʦʤ ʮʠʢʣʝ ʂʘʣʴʚʠʥʘ. ʇʫʥʢʪʠʨʥʳʤʠ ʩʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʳ 
ʥʝʜʦʩʪʘʶʱʠʝ ʰʘʛʠ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʚʘʨʠʘʥʪʘ ʮʠʢʣʘ ʂʘʣʴʚʠʥʘ
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ʆʪʢʨʳʪʘʥʦʚʘʷʨʝʘʢʮʠʷ,ʧʦʟʚʦʣʷʶʱʘʷ

ʩʠʥʪʝʟʠʨʦʚʘʪʴʚʘʞʥʳʝʬʨʘʛʤʝʥʪʳʜʣʷ

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦʜʠʟʘʡʥʘ. ʇʨʦʮʝʩʩ

ʧʦʣʫʯʠʣʥʘʟʚʘʥʠʝçʛʠʜʨʘʟʦʩʦʯʝʪʘʥʠʝè.

ʇʦʜʦʙʨʘʥʫʥʠʚʝʨʩʘʣʴʥʳʡʢʘʪʘʣʠʟʘʪʦʨ

ʨʝʘʢʮʠʠʙʝʟʜʦʨʦʛʠʭʧʝʨʝʭʦʜʥʳʭ

ʤʝʪʘʣʣʦʚʠʦʧʪʠʤʠʟʠʨʦʚʘʥʘʤʝʪʦʜʠʢʘ

ʚʳʜʝʣʝʥʠʧ̫ʨʦʜʫʢʪʦʚ. ʈʝʘʢʮʠʷ

ʩʦʦʪʚʝʪʩʪʚʫʝʪʢʦʥʮʝʧʮʠʠçʟʝʣʝʥʦʡ

ʭʠʤʠʠè,ʪ.ʝ. ʥʝʛʘʪʠʚʥʦʝʚʣʠʷʥʠʝʥʘ

ʦʢʨʫʞʘʶʱʫʩʁʨʝʜʫʤʠʥʠʤʘʣʴʥʦ.

ʀʩʭʦʜʥʳʝʨʝʘʛʝʥʪʢrʦʤʤʝʨʯʝʩʢʠ

ʜʦʩʪʫʧʥʳʠ ʧʦʟʚʦʣʷʶʪʧʦʣʫʯʠʪʴʢʘʢ

ʩʦʚʝʨʰʝʥʥʦʥʦʚʳʝʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ

ʩʦʝʜʠʥʝʥʠʷ,ʪʘʢʠ ʪʝ,ʯʪʦʫʞʝ

ʧʨʠʤʝʥʷʶʪʩʷʧʨʠʩʠʥʪʝʟʝʜʨʫʛʠʭ

ʤʝʜʠʮʠʥʩʢʠʭʧʨʝʧʘʨʘʪʦʚʠʢʨʘʩʠʪʝʣʝʡ.

ʁʦʪʫʡʫʬʫ ʥʧʤʞʣʬʤʸʩʦʧʢ ʚʡʧʤʧʜʡʡ ʡʥ. ɻ.ɹ. ʖʦʜʞʤʵʜʙʩʝʫʙ ʉɹʆ

Solyev P.N., Kochetkov S.N. at al.Green Chemistry 2019 21: 6381-6389

˚˛ˏˍˬ ˝˒ˍ˗ˣ˕ˬ ˑ˘ˬ ˞˕˚˟˒˔ˍ 
ˡˍ˝˙ˍ˗˛˘˛ː˕ˤ˒˞˗˕ˢ ˜˝˒˜ˍ˝ˍ˟˛ˏ

ʅʘʧʠʤʝʨ, ʚʳʭʦʜ4-ʛʠʜʨʘʟʠʥʦʬʝʥʦʣʘ(ʧʨʦʤʝʞʫʪʦʯʥʳʡʧʨʦʜʫʢʪʚ

ʧʨʦʠʟʚʦʜʩʪʚʝʪʘʢʠʭʣʝʢʘʨʩʪʚ,ʢʘʢʠʥʜʦʤʝʪʘʮʠʥʠ

ʙʘʟʝʜʦʢʩʠʬʝʥ; ʝʛʦʮʝʥʘʜʦʩʪʠʛʘʝʪʥʝʩʢʦʣʴʢʠʭʩʦʪʝʥʜʦʣʣʘʨʦʚ

ʟʘʛʨʘʤʤ)ʫʚʝʣʠʯʠʣʩʷʚ ʜʚʘʨʘʟʘʧʦʩʨʘʚʥʝʥʠʶʩ

ʧʨʦʤʳʰʣʝʥʥʳʤʩʠʥʪʝʟʦʤ,ʜʦ95%, ʘ ʢʦʣʠʯʝʩʪʚʦʩʪʘʜʠʡ

ʩʦʢʨʘʪʠʣʦʩʴʩʯʝʪʳʨʝʭʜʦʜʚʫʭ
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ʆʪʢʨʳʪʳʦʜʥʦʢʣʝʪʦʯʥʳʝʦʨʛʘʥʠʟʤʳ,

ʧʨʦʷʩʥʷʶʱʠʝʧʨʦʠʩʭʦʞʜʝʥʠʝʨʘʩʪʝʥʠʡ

ʠʚʦʜʦʨʦʩʣʝʡʠʠʭʬʦʪʦʩʠʥʪʝʟʠʨʫʶʱʠʭ

ʦʨʛʘʥʝʣʣ. ʕʪʠʧʨʦʩʪʝʡʰʠʝʦʧʠʩʘʥʳʢʘʢ

ʥʦʚʳʡʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡʪʠʧRhodelphidia

ʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʦʙʦʡʭʠʱʥʳʭ

ʞʛʫʪʠʢʦʥʦʩʮʝʚ(ʧʠʪʘʶʪʩʷʜʨʫʛʠʤʠ

ʧʨʦʪʠʩʪʘʤʠ)ʩ ʢʨʫʧʥʳʤʠʛʝʥʦʤʘʤʠ,ʘ

ʪʘʢʞʝʨʝʣʠʢʪʦʚʦʡʧʝʨʚʠʯʥʦʡʧʣʘʩʪʠʜʦʡ,

ʢʦʪʦʨʘʷʫʯʘʩʪʚʫʝʪʚʙʠʦʩʠʥʪʝʟʝʛʝʤʘ.

ɻʝʥʝʪʠʯʝʩʢʠʨʦʜʝʣʴʬʠʩ(Rhodelphis)

ʷʚʣʷʝʪʩʷʙʣʠʞʘʡʰʠʤʨʦʜʩʪʚʝʥʥʠʢʦʤ

ʢʨʘʩʥʳʭʚʦʜʦʨʦʩʣʝʡʠ ʟʝʣʝʥʳʭ

ʨʘʩʪʝʥʠʡ,ʧʨʝʜʩʪʘʚʣʷʷʩʦʙʦʡ,ʧʦʩʫʪʠ,

ʦʜʥʦʢʣʝʪʦʯʥʦʝʭʠʱʥʦʝʨʘʩʪʝʥʠʝ,

ʠʤʝʶʱʝʝʦʯʝʥʜɹʨʝʚʥʝʝʩʪʨʦʝʥʠʝ

ʢʣʝʪʢʠ.

ʁʦʪʫʡʫʬʫ ʚʡʧʤʧʜʡʡ ʛʦʬʫʩʞʦʦʡʮ ʛʧʝ ʡʥ. ʁ.ɽ. ʈʙʨʙʦʡʦʙ ʉɹʆ

ʅʦʚʳʡ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʪʠʧ Rhodelphidia

Gawryluk R.M.R., Tikhonenkov D.V., Hehenberger E., Husnik F., Mylnikov A.P., Keeling P.J. Nature. 2019. V. 572. P. 240ï243.

ʆʪʢʨʳʪʠʝʦʟʥʘʯʘʝʪ,ʯʪʦʧʨʝʜʢʠʨʘʩʪʝʥʠʡʙʳʣʠʭʠʱʥʠʢʘʤʠ,

ʚʣʘʜʝʚʰʠʤʠʬʘʛʦʮʠʪʦʟʦʤ,ʪ.ʝ.ʟʘʛʣʘʪʳʚʘʣʠʢʣʝʪʢʠʩʚʦʠʭʞʝʨʪʚ
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ʁʦʪʫʡʫʬʫ ʛʴʪʱʞʢ ʦʞʩʛʦʧʢ ʝʞʸʫʞʤʵʦʧʪʫʡ ʡ ʦʞʢʩʧʭʡʠʡʧʤʧʜʡʡ ʉɹʆ

SysoevaO.V, et.al. Translational Psychiatry (2020)10:188

ˏ˨ˬˏ˘˒˚˕˒˔˚ˍˤ˕˙˨ˢ˕˔˙˒˚˒˚˕˖ˏ  ˏ˨˔ˏˍ˚˚˨ˢ 
˜˛˟˒˚ˣ˕ˍ˘ˍˢ  ˙˛˔ːˍ  ˠ  ˜ˍˣ˕˒˚˟˛ˏ  ˞  ˞˕˚ˑ˝˛˙˛˙  ˝˒˟˟ˍ 

ɺʧʝʨʚʳʝʚʳʷʚʣʝʥʟrʥʘʯʠʤʳʝ

ʠʟʤʝʥʝʥʠʷʚʚʳʟʚʘʥʥʳʭʧʦʪʝʥʮʠʘʣʘʭ

ʤʦʟʛʘʥʘ ʨʝʯʝʚʳʝʠ ʥʝʨʝʯʝʚʳʝ

ʩʪʠʤʫʣʳʫʧʘʮʠʝʥʪʦʚʩʩʠʥʜʨʦʤʦʤ

ʈʝʪʪʘ(ʉʈ). ʅʘʠʙʦʣʝʝ̫ʨʢʠʝ

ʠʟʤʝʥʝʥʠʷʢʘʩʘʣʠʩʴʧʦʟʠʪʠʚʥʦʛʦ

ʢʦʤʧʦʥʝʥʪʘʩʣʘʪʝʥʪʥʦʩʪʴʶ~200 ʤʩ

(ʈ2), ʢʦʪʦʨʳʡʙʳʣʩʥʠʞʝʥʫ11 ʠʟ12

ʧʘʮʠʝʥʪʦʚʩ ʉʈ. ʋʯʠʪʳʚʘʷ,ʯʪʦ

ʩʭʦʜʥʳʝʠʟʤʝʥʝʥʠʷʙʳʣʠʦʙʥʘʨʫʞʝʥʳ

ʚʞʠʚʦʪʥʳʭʤʦʜʝʣʷʭʉʈ,ʥʘʡʜʝʥʥʳʝ

ʥʘʨʫʰʝʥʠ ʤ̫ʦʛʫʪ ʩʣʫʞʠʪʴ

ʪʨʘʥʩʣʷʮʠʦʥʥʳʤʤʘʨʢʝʨʦʤʠʟʤʝʥʝʥʠʷ

ʨʘʙʦʪʳʤʦʟʛʘʧʨʠʉʈʠʠʩʧʦʣʴʟʦʚʘʪʴʩʷ

ʜʣ ʦ̫ʮʝʥʢʠʵʬʬʝʢʪʠʚʥʦʩʪʠʪʝʨʘʧʠʠ

ʵʪʦʛʦʟʘʙʦʣʝʚʘʥʠʷ. ʊʤʬʮʧʛʧʢ ʛʴʠʛʙʦʦʴʢ ʨʧʫʞʦʯʡʙʤ ʦʙ ʫʧʦʴ (Tone) ʡ ʭʧʦʞʥʴ (Phoneme) 

ʬ ʨʙʯʡʞʦʫʧʛ ʪ ʪʡʦʝʩʧʥʧʥ ʉʞʫʫʙ(RTT) ʡ ʠʝʧʩʧʛʴʮ ʡʪʨʴʫʬʞʥʴʮ (TD)
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ʁʦʪʫʡʫʬʫ ʭʡʠʡʧʤʧʜʡʡ ʡʥ. ʁ.ʈ. ʈʙʛʤʧʛʙ ʉɹʆ

ˡˠ˚˗ˣ˕˛˚ˍ˘˩˚ˍˬ  ˛˝ːˍ˚˕˔ˍˣ˕ˬ  ˞˜˕˚ˍ˘˩˚˛˖  ˘˛˗˛˙˛˟˛˝˚˛˖ 
˚˒˖˝˛˚˚˛˖  ˞˒˟˕  ˕  ˞˜˛˞˛ˎ˨  ˒˒  ˝˒ːˠ˘ˬˣ˕˕

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭʥʘ ʞʠʚʦʪʥʳʭʩ ʧʦʣʥʳʤ

ʧʦʚʨʝʞʜʝʥʠʝʤʩʧʠʥʥʦʛʦʤʦʟʛʘʫʩʪʘʥʦʚʣʝʥʦ,ʯʪʦʚʝʨʭʥʠʝ

ʩʝʛʤʝʥʪʳʧʦʷʩʥʠʯʥʦʛʦʫʪʦʣʱʝʥʠʷʷʚʣʷʶʪʩʷʢʣʶʯʝʚʳʤʠ

ʢʦʥʪʨʦʣʣʝʨʘʤʠʠʥʠʮʠʘʮʠʠʣʦʢʦʤʦʪʦʨʥʦʛʦʧʦʚʝʜʝʥʠʷ,ʘ

ʥʠʞʥʠʝʩʝʛʤʝʥʪʳʷʚʣʷʶʪʩʷʠʭʤʦʜʫʣʷʪʦʨʘʤʠ. ʇʨʠ

ʦʜʥʦʚʨʝʤʝʥʥʦʡʩʪʠʤʫʣʷʮʠʠʢʦʥʪʨʦʣʣʝʨʦʚʠʤʦʜʫʣʷʪʦʨʦʚ

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷʧʦʣʥʦʮʝʥʥʘʷʣʦʢʦʤʦʪʦʨʥʘʷʬʫʥʢʮʠʷʫ

ʞʠʚʦʪʥʳʭʩʧʦʣʥʳʤʧʦʚʨʝʞʜʝʥʠʝʤʩʧʠʥʥʦʛʦʤʦʟʛʘ

ʈʘʟʨʘʙʦʪʘʥʠʥʥʦʚʘʮʠʦʥʥʳʡʤʝʪʦʜʯʨʝʩʢʦʞʥʦʡ

ʵʣʝʢʪʨʠʯʝʩʢʦʡʤʫʣʴʪʠʩʝʛʤʝʥʪʘʨʥʦʡʩʪʠʤʫʣʷʮʠʠʩʧʠʥʥʦʛʦ

ʤʦʟʛʘ,ʦʙʝʩʧʝʯʠʚʘʶʱʠʡʣʦʢʦʤʦʪʦʨʥʦ-ʧʦʩʪʫʨʘʣʴʥʦʝ

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʫʧʘʮʠʝʥʪʦʚʩʧʦʚʨʝʞʜʝʥʠʝʤʩʧʠʥʥʦʛʦ

ʤʦʟʛʘ. ʋʩʪʘʥʦʚʣʝʥʦ,ʯʪʦʫʧʘʨʘʣʠʟʦʚʘʥʥʳʭʧʘʮʠʝʥʪʦʚ

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʘʷʵʣʝʢʪʨʠʯʝʩʢʘʷʩʪʠʤʫʣʷʮʠʷ

ʩʧʠʥʘʣʴʥʳʭʥʝʡʨʦʥʥʳʭʩʝʪʝʡʤʦʞʝʪʨʝʛʫʣʠʨʦʚʘʪʴ

ʤʳʰʝʯʥʳʡʪʦʥʫʩ,ʠʥʠʮʠʠʨʦʚʘʪʴʰʘʛʘʪʝʣʴʥʳʡʨʠʪʤ,ʠ

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʜʚʠʛʘʪʝʣʴʥʳʝʬʫʥʢʮʠʠ.

(ɸ) ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʘʨʘʜʠʛʤʘ ʩʪʠʤʫʣʷʮʠʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 
ʫ ʩʧʠʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʢʨʳʩʳ ʧʦʩʣʝ ʧʝʨʝʟʢʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ 

ʥʘ ʫʨʦʚʥʝ ʩʝʛʤʝʥʪʦʚ L2 ʠ S1. 
(ɹ) ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʩʭʝʤʘ ʨʝʛʫʣʷʮʠʠ ʣʦʢʦʤʦʮʠʠ.

(ɺ) ʕʬʬʝʢʪ ʯʨʝʩʢʦʞʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ ʩʧʠʥʥʦʛʦ ʤʦʟʛʘ ʫ 
ʧʘʨʘʣʠʟʦʚʘʥʥʦʛʦ ʧʘʮʠʝʥʪʘ, ʠʟʤʝʥʝʥʠʝ ʧʦʨʦʛʦʚ ʚʳʟʚʘʥʥʳʭ ʤʦʪʦʨʥʳʭ 
ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʤʳʰʮʘʭ ʥʦʛ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʚ ʧʦʣʦʞʝʥʠʠ ʩʪʦʷ ʠ ʩʠʜʷ. 
(ɻ) ʈʝʛʫʣʷʮʠʷ ʤʳʰʝʯʥʦʛʦ ʪʦʥʫʩʘ ʧʨʠ ʩʪʠʤʫʣʷʮʠʠ ʩʪʦʷ ʠ ʩʠʜʷ.  

GerasimenkoY, PrestonC, ShahPK. J Neurophysiol. 2019;122(2):585-600; 

SayenkoD.,  RathM., GerasimenkoY. J Neurotrauma2019; 36(9):1435ï1450; 

Benavides FD, Jo HJ, GerasimenkoY, Perez MA. J Neurosci. 2020; 40(13): 2633-2643. 
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ʅʘ ʦʩʥʦʚʝʧʘʣʝʦʛʝʥʦʤʥʳʭʜʘʥʥʳʭ

ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘʠʩʪʦʨʠʷʟʘʩʝʣʝʥʠʷʉʠʙʠʨʠ

ʠ ɸʤʝʨʠʢʠʯʝʣʦʚʝʢʦʤʩʦʚʨʝʤʝʥʥʦʛʦʪʠʧʘ,

ʥʘʯʠʥʘʷʩʚʝʨʭʥʝʛʦʧʘʣʝʦʣʠʪʘ. ʆʧʨʝʜʝʣʝʥʳ

ʥʫʢʣʝʦʪʠʜʥʳʝʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠʮʝʣʳʭ

ʛʝʥʦʤʦʚ34 ʜʨʝʚʥʠʭʞʠʪʝʣʝʡʉʠʙʠʨʠ,ʚʢʣʶʯʘʷ

ʜʚʫʭʜʨʝʚʥʝʡʰʠʭʠʥʜʠʚʠʜʫʫʤʦʚ(ʚʦʟʨʘʩʪʦʤ

~32 ʪʳʩ. ʣʝʪ)ʩ ʩʘʤʦʡʩʝʚʝʨʥʦʡ

ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡʩʪʦʷʥʢʠʯʝʣʦʚʝʢʘʚɸʨʢʪʠʢʝ

(ʩʪʦʷʥʢʘʗʥʘRHS, ʉʝʚʝʨʥʘʷʗʢʫʪʠʷ). ʂʨʦʤʝ

ʵʪʦʛʦ,ʩʝʢʚʝʥʠʨʦʚʘʥʳʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ

ʛʝʥʦʤʳʜʨʝʚʥʠʭʞʠʪʝʣʝʡʏʫʢʦʪʢʠ(ʦʪ~9 ʜʦ~2

ʪʳʩ. ʣʝʪ),ʉʝʚʝʨʥʦʛʦʇʨʠʦʭʦʪʴʷ(~3 ʪʳʩ. ʣʝʪ),

ʇʨʠʤʦʨʴʷ(~7 ʪʳʩ. ʣʝʪ)ʠʇʨʠʙʘʡʢʘʣʴʷ(ʦʪ~6

ʪʳʩ.ʣʝʪʜʦʩʨʝʜʥʠʭʚʝʢʦʚ).

ʁʦʪʫʡʫʬʫ ʚʡʧʤʧʜʡʰʞʪʣʡʮ ʨʩʧʚʤʞʥ ʊʞʛʞʩʙ ɽɻʇ ʉɹʆ

42

ʀʩʪʦʨʠʷ ʟʘʩʝʣʝʥʠʷ ʉʠʙʠʨʠ ʠ ɸʤʝʨʠʢʠ ʯʝʣʦʚʝʢʦʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʠʧʘ, ʥʘʯʠʥʘʷ ʩ ʚʝʨʭʥʝʛʦ ʧʘʣʝʦʣʠʪʘ

Sikora M,  MalyarchukB. et al. Nature. 2019. Vol. 570(7760) P. 182-188
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ʁʦʪʫʡʫʬʫ ʨʩʧʚʤʞʥ ʶʣʧʤʧʜʡʡ ʡ ʶʛʧʤʷʯʡʡ ʡʥ. ɹ.ʆ. ʊʞʛʞʩʯʞʛʙ ʉɹʆ

˞˛˔ˑˍ˚  ˍ˟˘ˍ˞  ˪˗˛˞˕˞˟˒˙  ˙˛˚ː˛˘˕˕

ʈʝʟʫʣʴʪʘʪʳʜʦʣʛʦʚʨʝʤʝʥʥʳʭʠʩʩʣʝʜʦʚʘʥʠʡ

ʉʦʚʤʝʩʪʥʦʡ ʈʦʩʩʠʡʩʢʦ-ʄʦʥʛʦʣʴʩʢʦʡ

ʢʦʤʧʣʝʢʩʥʦʡʙʠʦʣʦʛʠʯʝʩʢʦʡʵʢʩʧʝʜʠʮʠʠʈɸʅ

ʠ ɸʢʘʜʝʤʠʠʥʘʫʢʄʦʥʛʦʣʠʠʦʙʦʙʱʝʥʳʠ

ʦʧʫʙʣʠʢʦʚʘʥʳʚ ʫʥʠʢʘʣʴʥʦʤçɸʪʣʘʩʝ

ʵʢʦʩʠʩʪʝʤʄʦʥʛʦʣʠʠè. ɺʵʪʦʤʥʝʠʤʝʶʱʝʤ

ʘʥʘʣʦʛʦʚʠʟʜʘʥʠʠʚ ʢʘʨʪʘʭʨʘʟʣʠʯʥʦʛʦ

ʤʘʩʰʪʘʙʘ(ʦʪ1:1000000 ʜʦ 1:20000),

ʦʪʨʘʞʝʥʦʩʦʩʪʦʷʥʠʝʧʨʠʨʦʜʥʳʭʵʢʦʩʠʩʪʝʤ

ʄʦʥʛʦʣʠʠʠ ʩʪʝʧʝʥʴʠʭʘʥʪʨʦʧʦʛʝʥʥʦʡ

ʥʘʨʫʰʝʥʥʦʩʪʠ, ʫʢʘʟʘʥʳʦʩʥʦʚʥʳʝʧʨʠʯʠʥʳ

ʥʝʛʘʪʠʚʥʳʭ̫ʚʣʝʥʠʡ,ʧʨʝʜʩʪʘʚʣʝʥʘ

ʘʢʪʫʘʣʴʥʘʷʠʥʬʦʨʤʘʮʠʷʦ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʤʩʦʩʪʦʷʥʠʠʄʦʥʛʦʣʠʠ.

Ecosystems of Mongolia. Atlas (GuninP.D. & SaandarM. Eds) / Adiya, B. Amarjargal, T.V. Amelinaet al. ðKMK Scientific Press Admon

Ulaanbatar-Moscow, 2019. ð264 p.
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ʉʧʪʪʡʢʪʣʡʢ ʦʙʯʡʧʦʙʤʵʦʴʢ ʡʪʪʤʞʝʧʛʙʫʞʤʵʪʣʡʢ ʥʞʝʡʯʡʦʪʣʡʢ ʬʦʡʛʞʩʪʡʫʞʫ ʡʥʞʦʡ ʆ.ʁ. ʈʡʩʧʜʧʛʙ

Pogorelyyet al., PLOS Biology, 2019

˜˛˘ˠˤ˒˚˕˒ ˙˛˚˛˗˘˛˚ˍ˘˩˚˛ː˛ˍ˚˟˕˟˒˘ˍ 
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ˍˠ˟˛˕˙˙ˠ˚˚˛ː˛ ˍ˚˗˕˘˛˔˕˝ˠ˫˦˒ː˛˞˜˛˚ˑ˕˘˕˟ˍ 

ʇʦʣʫʯʝʥʦʤʦʥʦʢʣʦʥʘʣʴʥʦʝ

ʘʥʪʠʪʝʣʦ,ʩʧʝʮʠʬʠʯʥʦʝʢ

ʢʦʥʩʝʥʩʫʩʥʦʤʫʊ-ʢʣʝʪʦʯʥʦʤʫ

ʨʝʮʝʧʪʦʨʫ,ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ

ʠʤʤʫʥʦʪʝʨʘʧʠʠʘʥʢʠʣʦʟʠʨʫʶʱʝʛʦ

ʩʧʦʥʜʠʣʠʪʘ(ʙʦʣʝʟʥʠɹʝʭʪʝʨʝʚʘ)-

ʫʥʠʢʘʣʴʥʳʡ,ʥʝʠʤʝʶʱʠʡʘʥʘʣʦʛʦʚʚ

ʤʠʨʝ,ʧʨʝʧʘʨʘʪ,ʦʙʣʘʜʘʶʱʠʡʨʷʜʦʤ

ʩʝʨʴʝʟʥʳʭʧʨʝʠʤʫʱʝʩʪʚʧʝʨʝʜ

ʠʩʧʦʣʴʟʫʝʤʳʤʠʩʝʛʦʜʥʷʘʥʪʠʮʠʪʦ-

ʢʠʥʦʚʳʤʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʤʠ

ʘʥʪʠʪʝʣʘʤʠ. ʇʨʝʧʘʨʘʪʦʙʝʩʧʝʯʠʚʘʝʪ

ʥʝʪʦʣʴʢʦʦʙʣʝʛʯʝʥʠʝʩʠʩʪʝʤʥʦʡ

ʚʦʩʧʘʣʠʪʝʣʴʥʦʡʨʝʘʢʮʠʠ,ʥʦ ʠ

ʫʩʪʨʘʥʷʝʪ ʧʝʨʚʦʧʨʠʯʠʥʫ

ʟʘʙʦʣʝʚʘʥʠʷʥʘʜʣʠʪʝʣʴʥʳʡʩʨʦʢ.

ˏ̝̠́̑̉́̂̆̌̎́ ̗̝̆̐ ˟-̘̋̌̆̓̏̎̏̄̏ ̗̑̆̆̐̓̏̑́ ɀ
̙̝̍̉̆̎ ̠̅̌ ̓̆̑́̐̉̉ ̂̏̌̆̈̎̉ ˎ̖̆̓̆̑̆̃́
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ʇʨʦʚʝʜʝʥʳʧʨʝʜʢʣʠʥʠʯʝʩʢʠʝʠʩʩʣʝʜʦʚʘʥʠʷ

ʥʦʚʦʛʦʤʝʪʦʜʘʧʦʚʳʰʝʥʠʷʙʠʦʣʦʛʠʯʝʩʢʦʡ

ʵʬʬʝʢʪʠʚʥʦʩʪʠʧʨʦʪʦʥʥʦʡʪʝʨʘʧʠʠʜʣʷ

ʣʝʯʝʥʠʦ̫ʧʫʭʦʣʝʚʳʭʟʘʙʦʣʝʚʘʥʠʡʩ

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʚʚʝʜʝʥʠʝʤʧʨʝʧʘʨʘʪʘ

ʘʨʘʙʠʥʦʟʠʜʮʠʪʦʟʠʥʘ(Aʨʘʎ). ʇʦʢʘʟʘʥʦ,ʯʪʦʧʨʠ

ʦʙʣʫʯʝʥʠʠʚ ʧʨʠʩʫʪʩʪʚʠʠʧʨʝʧʘʨʘʪʘʨʝʟʢʦ

ʧʦʚʳʰʘʝʪʩʯ̫ʘʩʪʦʪʘʚʦʟʥʠʢʥʦʚʝʥʠʷ

ʜʚʫʥʠʪʠʝʚʳʭ(ʥʝʨʝʧʘʨʠʨʫʝʤʳʭ) ʨʘʟʨʳʚʦʚ

ʩʧʠʨʘʣʠɼʅʂ. ʇʨʦʚʝʜʝʥʳʩʝʨʠʠʵʢʩʧʝʨʠʤʝʥʪʦʚ

ʩʤʦʜʝʣʴʥʳʤʠʞʠʚʦʪʥʳʤʠ(ʤʳʰʠʩʧʨʠʚʠʪʦʡ

ʦʧʫʭʦʣʴʤʁʝʣʘʥʦʤʳ),ʧʦʜʪʚʝʨʜʠʚʰʠʝ

ʩʫʱʝʩʪʚʝʥʥʦʝʟʘʤʝʜʣʝʥʠʝʨʘʟʚʠʪʠʷʦʧʫʭʦʣʠ.

ʇʦʣʫʯʝʥʧʘʪʝʥʪʥʘʠʟʦʙʨʝʪʝʥʠʝʥʦʚʦʛʦ

ʤʝʪʦʜʘʫʩʠʣʝʥʠʷʨʘʜʠʘʮʠʦʥʥʦʛʦʚʦʟʜʝʡʩʪʚʠʷ

ʥʘʞʠʚʳʝʢʣʝʪʢʠ.

ʇʚʳʞʝʡʦʞʦʦʴʢ ʡʦʪʫʡʫʬʫ ʸʝʞʩʦʴʮ ʡʪʪʤʞʝʧʛʙʦʡʢ, ʯʣ.-ʢ. ɽ.ɸ.ʂʨʘʩʘʚʠʥ ʠ ʜʨ., 

ʅʞʝʡʯʡʦʪʣʡʢ ʩʙʝʡʧʤʧʜʡʰʞʪʣʡʢ ʦʙʬʰʦʴʢ ʯʞʦʫʩ ʡʥ. ɹ.ʍ. ʏʴʚʙ, ʘʢ. ɸ.ɼ.ʂʘʧʨʠʥʠ ʜʨ. 

ʃʡʦʞʫʡʣʙ ʩʧʪʫʙ ʧʨʬʮʧʤʡ ʥʞʤʙʦʧʥʴ ʬ ʥʴʱʞʢ: ʧʚʤʬʰʞʦʡʞ 

ʨʩʧʫʧʦʙʥʡ ʛ ʨʡʣʞ ɺʩʶʜʜʙ ʛ ʝʧʠʞ 10 ɼʩ
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ʆʁʁ ʧʚʲʞʢ ʨʙʫʧʤʧʜʡʡ ʡ ʨʙʫʧʭʡʠʡʧʤʧʜʡʡ

ʅʘ ʦʩʥʦʚʝʜʘʥʥʳʭ,ʧʦʣʫʯʝʥʥʳʭʚ ʨʝʟʫʣʴʪʘʪʝʠʟʫʯʝʥʠʷ

ʤʝʪʠʣʠʨʦʚʘʥʠʷʧʨʦʤʦʪʦʨʥʳʭCpG-ʦʩʪʨʦʚʢʦʚʛʝʥʦʚʤʠʢʨʦʈʅʂʧʨʠ

ʨʘʢʝ̫ʠʯʥʠʢʦʚ(ʈʗ)ʠ ʨʘʢʝʤʦʣʦʯʥʦʡʞʝʣʝʟ(rʈʄɾ),ʚʧʝʨʚʳʝ

ʨʘʟʨʘʙʦʪʘʥʳ:

- ʪʝʩʪ-ʩʠʩʪʝʤʳʤʘʨʢʝʨʦʚ,ʧʦʟʚʦʣʷʶʱʠʝʧʨʦʚʦʜʠʪʴʨʘʥʥʶʶ

ʜʠʘʛʥʦʩʪʠʢʫʧʦʚʳʷʚʣʝʥʠʶ1-ʛʦʠʟ4-ʭʤʘʨʢʝʨʦʚʠʧʨʝʜʩʢʘʟʳʚʘʪʴ

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʡʧʨʦʛʥʦʟʨʘʟʚʠʪʠʷʈʗʧʦ

ʤʝʪʠʣʠʨʦʚʘʥʠʶ3-ʭʠʟ5ʤʘʨʢʝʨʦʚʠʟʩʠʩʪʝʤʳ;

- ʦʧʪʠʤʘʣʴʥʘʷʩʠʩʪʝʤʘʤʘʨʢʝʨʦʚ,ʧʦʟʚʦʣʷʶʱʘʷʚʳʷʚʣʷʪʴʈʄɾ

ʥʘ ʨʘʥʥʝʡʩʪʘʜʠʠʩ ʚʳʩʦʢʦʡʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ(91%) ʠ

ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ(88%), ʘʪʘʢʞʝʘʣʴʪʝʨʥʘʪʠʚʥʘʷʩʠʩʪʝʤʘʤʘʨʢʝʨʦʚʩ

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤʢʦʤʙʠʥʘʮʠʠʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʭʛʝʥʦʚ(APAF1, BAX,

BIM/BCL2L11, DAPK1) ʠ ʛʝʥʘMIR-125b-1. ʆʙʥʘʨʫʞʝʥʠʝ

ʤʝʪʠʣʠʨʦʚʘʥʠʷʭʦʪ ʙ̫ʳ ʦʜʥʦʛʦʛʝʥʘɻ ʪʦʡʩʠʩʪʝʤʚr

ʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʤʠʣʠʙʠʦʧʩʠʡʥʦʤʤʘʪʝʨʠʘʣʝʜʦʩʪʘʪʦʯʥʦʜʣʷ

ʦʪʥʝʩʝʥʠʷʦʙʨʘʟʮʘʦʙʩʣʝʜʫʝʤʦʡʧʘʮʠʝʥʪʢʠʢʈʄɾ.

FilippovaEA, et al. Mol Biol. 2019 May-Jun;53(3):421-429.

Braga EA et al. Bull Exp Biol Med. 2019 Dec;168(2):280-284. 

FilippovaEA et al., Bull Exp Biol Med. 2019;167(1):79-83,        ʇʘʪʝʥʪ ˉ 2703399

 
ɸ) ROC-ʢʨʠʚʘʷ ʩʠʩʪʝʤʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʈʗ: MIR-124a-1/3, MIR-

129-2, MIR-193a, MIR-107/ -137, AUC = 0.936;

B) ROC-ʘʥʘʣʠʟ ʩʠʩʪʝʤʳ ʜʣʷ ʧʨʦʛʥʦʟʘ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ ʈʗ: 

MIR-137, MIR-193a, MIR-1258, MIR-203, MIR-125b-1; AUC = 0.902.

ɸ) ROC-ʢʨʠʚʘʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʈʄɾ: MIR-124-1, MIR-125b-1, MIR-129-2, MIR-132, -148ʘ, MIR-

34b/c, MIR-9-3), 

B) ROC-ʢʨʠʚʘʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʈʄɾ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʙʝʣʦʢ-ʢʦʜʠʨʫʶʱʠʤʠ ʛʝʥʘʤʠ (APAF1, BAX, 

BIM/BCL2L11, DAPK1) ʠ ʛʝʥʦʤ MIR-125b-1



ʈʘʟʨʘʙʦʪʘʥʘʪʝʩʪ-ʩʠʩʪʝʤʘʜʣʷ

ʜʠʘʛʥʦʩʪʠʢʠʠ ʤʦʥʠʪʦʨʠʥʛʘʵʬʬʝʢ-

ʪʠʚʥʦʩʪʠʣʝʯʝʥʠʷʦʧʫʭʦʣʝʡʥʘʦʩʥʦʚʝ

ʘʥʘʣʠʟʘʮʠʨʢʫʣʠʨʫʶʱʝʡʚ ʢʨʦʚʠ

ʦʧʫʭʦʣʝʚʦʡɼʅʂ(ʮɼʅʂ). ʉʠʩʪʝʤʘʦʩʥʦ-

ʚʘʥʘʥʘʚʳʷʚʣʝʥʠʠʬʨʘʛʤʝʥʪʦʚʮɼʅʂʩ

ʤʫʪʘʮʠʷʤʠ,ʯʘʱʝʚʩʝʛʦʦʙʥʘʨʫʞʠʚʘʝʤʳʤʠ

ʚ ʩʦʣʠʜʥʳʭʦʧʫʭʦʣʷʭʨʘʟʣʠʯʥʳʭ

ʥʦʟʦʣʦʛʠʡ. ʉʦʟʜʘʥʘʧʘʥʝʣʴʜʣʪ̫ʘʨʛʝʪʥʦʛʦ

ʩʝʢʚʝʥʠʨʦʚʘʥʠʷ50 ʛʝʥʦʚ. ʅʘʦʩʥʦʚʝ

ʠʩʩʣʝʜʦʚʘʥʠʷ,ʚʢʣʶʯʘʚʰʝʛʦ271 ʧʘʮʠʝʥʪʘ

ʧʦʩʣʝʨʘʜʠʢʘʣʴʥʦʛʦʭʠʨʫʨʛʠʯʝʩʢʦʛʦ

ʣʝʯʝʥʠʷ,ʧʦʢʘʟʘʥʦ,ʯʪʦʧʨʠʦʪʩʫʪʩʪʚʠʠ

ʦʧʫʭʦʣʝʚʦʡʮɼʅʂʚʧʦʩʣʝʦʧʝʨʘʮʠʦʥʥʦʤ

ʧʝʨʠʦʜʝʪʦʣʴʢʦʫ 7,9% ʧʘʮʠʝʥʪʦʚ

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ,

ʪʦʛʜʘʢʘʢʧʨʠʝʝʥʘʣʠʯʠʠïʫ49%.

˟˒˞˟-˞˕˞˟˒˙ˍ  ˚ˍ  ˛˞˚˛ˏ˒  
ˣ˕˝˗ˠ˘˕˝ˠ˫˦˒˖ ˏ  ˗˝˛ˏ˕  ˛˜ˠˢ˛˘˒ˏ˛˖  ˑ˚˗

ʆʙʯʡʧʦʙʤʵʦʴʢ ʥʞʝʡʯʡʦʪʣʡʢ ʡʪʪʤʞʝʧʛʙʫʞʤʵʪʣʡʢ ʯʞʦʫʩ ʧʦʣʧʤʧʜʡʡ ʡʥ. ʆ.ʆ.ɺʤʧʮʡʦʙ

48Mikhail Fedyanin, et al. J ClinOncol38: 2020 (3559).

ˏ̠̌̉̎̉̆ ̘̠̎́̌̉̉ ̗ˑ˚˗̐̏ ̒̌̆ 
̗̏̐̆̑́̉̉ ̎́ ̜̝̃̇̉̃́̆̍̏̒̓

˛̘̠̅̎̏̄̏̅̉̎́ ̜̝̃̇̉̃́̆̍̏̒̓ ̂̆̈ 
̐̑̉̈̎́̋̏̃ ̂̏̌̆̈̎̉ȡ

̗ˑ˚(̠ɀ) - 87%

̗ˑ˚(̠+) - 57%    

Å˝́̋ ̌̆̄̋̏̄̏ 
Å˝́̋ ̘̍̏̌̏̎̏̊ ̜̇̆̌̆̈
Å˝́̋ ̇̆̌̔̅̋́
Å˝́̋ ̓̏̌̒̓̏̊ ̙̋̉̋̉
Å˝́̋ ̘̐̏̅̇̆̌̔̅̏̎̏̊ ̜̇̆̌̆̈

ˏ ̉̒̒̌̆̅̏̃́̎̉̆ ̟̘̃̋̌̆̎ ΨέΧ ̗̐́̉̆̎̓ȟ 
̜̋̏̓̏̑̍ ̐̑̏̃̆̅̆̎̏ ̝̑́̅̉̋́̌̎̏̆ 

̖̘̉̑̔̑̄̉̆̒̋̏̆ ̘̌̆̆̎̉̆ 

˜̝́̎̆̌ ̠̅̌ ̠̓́̑̄̆̓̎̏̄̏̒̆̋̃̆̎̉̑̏̃́̎̉
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