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ɀɢɜɚɹ ɤɥɟɬɤɚ (ɫɯɟɦɚ)



Ɇɢɬɨɯɨɧɞɪɢɹ



ɆɢɬɨɯɨɧɞɪɢɹɆɢɬɨɯɨɧɞɪɢɹ



Ɇɢɬɨɯɨɧɞɪɢɢ ɜɡɪɨɫɥɨɝɨ ɱɟɥɨɜɟɤɚ
ɩɨɝɥɨɳɚɸɬ ɜ ɞɟɧɶ 400 ɥ Ɉ2, ɱɬɨ ɩɨ
ɷɧɟɪɝɢɢ ɜ 104 ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɬɨɬ ɠɟ
ɜɟɫ ɦɚɫɫɵ ɋɨɥɧɰɚ. 
ɉɪɢ ɷɬɨɦ ɨɛɪɚɡɭɟɬɫɹ 40 ɤɝ ȺɌɎ.
ɉɥɨɳɚɞɶ ɜɧɭɬɪɟɧɧɟɣ ɦɟɦɛɪɚɧɵ
ɦɢɬɨɯɨɧɞɪɢɣ ɱɟɥɨɜɟɤɚ 14000 ɦ2.
ɇɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ
ɜ ɷɬɨɣ ɦɟɦɛɪɚɧɟ 200 ɤȼ/ɫɦ.



Ⱦɵɯɚɧɢɟ ĺ ȺɌɎĺ ɪɚɛɨɬɚ





Ɂɥɨɜɟɳɚɹ ɪɨɥɶ ɚɤɬɢɜɧɵɯ
ɮɨɪɦ ɤɢɫɥɨɪɨɞɚ: ɜɵɡɵɜɚɸɬ
ɫɚɦɨɭɛɢɣɫɬɜɨ ɦɢɬɨɯɨɧɞɪɢɣ

(ɦɢɬɨɩɬɨɡ) ɢ ɤɥɟɬɨɤ (ɚɩɨɩɬɨɡ), 
ɫɚɦɨɥɢɤɜɢɞɚɰɢɸ ɨɪɝɚɧɨɜ
(ɨɪɝɚɧɨɩɬɨɡ) ɢ ɨɪɝɚɧɢɡɦɨɜ

(ɮɟɧɨɩɬɨɡ).



ɋɬɚɪɟɧɢɟ – ɷɬɨ
ɩɨɫɬɟɩɟɧɧɨɟ ɨɫɥɚɛɥɟɧɢɟ
ɮɭɧɤɰɢɣ ɨɪɝɚɧɢɡɦɚ

ɫ ɜɨɡɪɚɫɬɨɦ

ɈɉɊȿȾȿɅȿɇɂȿ ɋɌȺɊȿɇɂə



ɉɟɫɫɢɦɢɫɬɢɱɟɫɤɚɹ: 

ɫɬɚɪɟɧɢɟ – ɧɚɤɨɩɥɟɧɢɟ ɫɥɭɱɚɣɧɵɯ ɩɨɥɨɦɨɤ ɜ
ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɟ, ɤɚɤɨɜɨɣ ɹɜɥɹɟɬɫɹ ɠɢɜɨɣ ɨɪɝɚɧɢɡɦ.

Ɉɩɬɢɦɢɫɬɢɱɟɫɤɚɹ: 

ɫɬɚɪɟɧɢɟ – ɡɚɤɥɸɱɢɬɟɥɶɧɵɣ ɷɬɚɩ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ
ɪɚɡɜɢɬɢɹ ɨɪɝɚɧɢɡɦɚ, ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɣ ɜ ɝɟɧɨɦɟ.

«ɇɢɤɨɝɞɚ ɧɟ ɩɨɜɟɪɸ, ɱɬɨ ɥɨɲɚɞɶ ɢ ɬɟɥɟɝɚ ɫɬɚɪɟɸɬ ɨɞɢɧɚɤɨɜɨ!»

Ⱥ. Ʉɨɦɮɨɪɬ

Ⱦɜɟ ɬɨɱɤɢ ɡɪɟɧɢɹ ɧɚ ɫɬɚɪɟɧɢɟ



Ɉɫɨɛɶ ɧɟ ɬɨɥɶɤɨ ɝɢɛɧɟɬ ɜɫɥɟɞɫɬɜɢɟ ɫɚɦɵɯ
ɧɟɡɧɚɱɢɬɟɥɶɧɵɯ ɫɥɭɱɚɣɧɨɫɬɟɣ, ɞɟɣɫɬɜɭɸ-
ɳɢɯ ɬɵɫɹɱɚɦɢ ɪɚɡɧɵɯ ɫɩɨɫɨɛɨɜ, ɧɨ ɟɳɟ ɢ
ɫɚɦɨɣ ɟɟ ɩɪɢɪɨɞɨɣ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɤ ɫɦɟɪɬɢ, 

ɟɫɥɢ ɷɬɚ ɫɦɟɪɬɶ ɫɥɭɠɢɬ
ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɜɢɞɚ.

Ⱥɪɬɭɪ ɒɨɩɟɧɝɚɭɷɪ
«Ɇɢɪ ɤɚɤ ɜɨɥɹ ɢ
ɩɪɟɞɫɬɚɜɥɟɧɢɟ», 

1818



Alfred Russel Wallace



Ɋɨɞɢɬɟɥɢ, ɩɪɨɢɡɜɟɞɹ ɞɨɫɬɚɬɨɱɧɨɟ
ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɨɦɤɨɜ, ɫɬɚɧɨɜɹɬɫɹ
ɩɨɦɟɯɨɣ ɞɥɹ ɷɬɢɯ ɩɨɬɨɦɤɨɜ, ɤɨɧɤɭɪɢɪɭɹ ɫ
ɧɢɦɢ ɡɚ ɩɢɳɭ. 
ȿɫɬɟɫɬɜɟɧɧɵɣ ɨɬɛɨɪ ɜɵɛɪɚɤɨɜɵɜɚɟɬ
ɪɨɞɢɬɟɥɟɣ ɢ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɞɚɟɬ
ɩɪɟɢɦɭɳɟɫɬɜɨ ɬɟɦ ɪɚɫɚɦ, ɩɪɟɞɫɬɚɜɢɬɟɥɢ
ɤɨɬɨɪɵɯ ɭɦɢɪɚɸɬ ɩɨɱɬɢ ɫɪɚɡɭ ɠɟ ɩɨɫɥɟ
ɬɨɝɨ, ɤɚɤ ɩɪɨɢɡɜɟɥɢ ɩɨɬɨɦɫɬɜɨ.

Ⱥɥɶɮɪɟɞ Ɋɚɫɫɟɥ ɍɨɥɥɟɫ, ɢɡ ɩɢɫɶɦɚ
ɤɨɧɰɚ 60-ɯ–ɧɚɱɚɥɚ 70-ɯ ɝɨɞɨɜ XIX ɜɟɤɚ



Über die Dauer des Lebens
August Weismann,

Professor of Zoology at the 
University

of Freiburg in Breisgau
Lecture to Association of

German Naturalists, 
September 1881



ə ɪɚɫɫɦɚɬɪɢɜɚɸ ɫɦɟɪɬɶ ɧɟ ɤɚɤ ɩɟɪɜɢɱɧɭɸ
ɧɟɨɛɯɨɞɢɦɨɫɬɶ, ɚ ɤɚɤ ɧɟɱɬɨ, ɩɪɢɨɛɪɟɬɟɧɧɨɟ
ɜɬɨɪɢɱɧɨ ɜ ɩɪɨɰɟɫɫɟ ɚɞɚɩɬɚɰɢɢ. ə ɩɨɥɚɝɚɸ, ɱɬɨ
ɠɢɡɧɶ ɢɦɟɟɬ ɮɢɤɫɢɪɨɜɚɧɧɭɸ
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɧɟ ɩɨɬɨɦɭ, ɱɬɨ ɩɨ ɩɪɢɪɨɞɟ
ɫɜɨɟɣ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɧɟɨɝɪɚɧɢɱɟɧɧɨɣ, ɚ ɩɨɬɨɦɭ, 
ɱɬɨ ɧɟɨɝɪɚɧɢɱɟɧɧɨɟ ɫɭɳɟɫɬɜɨɜɚɧɢɟ
ɢɧɞɢɜɢɞɭɭɦɨɜ ɛɵɥɨ ɛɵ ɪɨɫɤɨɲɶɸ ɛɟɡ ɤɚɤɨɣ-
ɥɢɛɨ ɩɪɨɢɫɬɟɤɚɸɳɟɣ ɢɡ ɧɟɟ ɜɵɝɨɞɵ...
ɂɡɧɨɲɟɧɧɵɟ ɢɧɞɢɜɢɞɭɭɦɵ ɧɟ ɬɨɥɶɤɨ

ɛɟɫɩɨɥɟɡɧɵ ɞɥɹ ɜɢɞɚ, ɧɨ ɞɚɠɟ ɜɪɟɞɧɵ, 
ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɡɚɧɢɦɚɸɬ ɦɟɫɬɨ ɬɟɯ, ɤɬɨ ɡɞɨɪɨɜ.



Ⱥɜɝɭɫɬ ȼɟɣɫɦɚɧ
(1834-1914)



ɇɟ ɩɨɞɥɟɠɢɬ ɫɨɦɧɟɧɢɸ, ɱɬɨ
ɫɨɨɛɳɟɫɬɜɨ ɨɪɝɚɧɢɡɦɨɜ, 
ɜɤɥɸɱɚɸɳɟɟ ɦɧɨɝɨ
ɱɥɟɧɨɜ, ɜɫɟɝɞɚ ɝɨɬɨɜɵɯ
ɩɪɢɞɬɢ ɧɚ ɩɨɦɨɳɶ ɞɪɭɝ
ɞɪɭɝɭ ɢ ɩɨɠɟɪɬɜɨɜɚɬɶ
ɫɨɛɨɣ ɪɚɞɢ ɨɛɳɟɝɨ ɛɥɚɝɚ, 
ɨɞɟɪɠɢɬ ɩɨɛɟɞɭ ɧɚɞ
ɛɨɥɶɲɢɧɫɬɜɨɦ ɞɪɭɝɢɯ
ɫɨɨɛɳɟɫɬɜ ɢ ɷɬɨ ɛɭɞɟɬ
ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɬɛɨɪɨɦ.

ɑ. Ⱦɚɪɜɢɧ, 

«ɉɪɨɢɫɯɨɠɞɟɧɢɟ
ɱɟɥɨɜɟɤɚ», 1871 ɝ.



1972, J.F. Kerr, A.H. Wyllie and A.R. Currie. 
Apoptosis: A basic biological phenomenon

with wide-ranging implications in tissue

kinetics.

Br. J. Cancer, 26, 239-257.





ɉɪɢɦɟɪɵ ɧɟɫɬɚɪɟɸɳɢɯ ɫɭɳɟɫɬɜ

ɀɟɦɱɭɠɧɢɰɚ

(ɩɨ ȼ.ȼ. Ɂɸɝɚɧɨɜɭ)

ȼɨɡɪɚɫɬ
(ɝɨɞɵ)

ɑɢɫɥɨ
ɢɤɪɢɧɨɤ ɜ ɝɨɞ

ȼɨɡɦɨɠɧɨɫɬɶ ɝɨɥɨɞɚɧɢɹ
ɩɨ ɩɢɳɟ ɩɨ Ɉ2

30 1 ɦɥɧ 0,5 ɝ. 7 ɞɧɟɣ

130 9 ɦɥɧ 2 ɝ. 40 ɞɧɟɣ



Ƚɢɝɚɧɬɫɤɚɹ ɱɟɪɟɩɚɯɚ
ɫ Ƚɚɥɚɩɚɝɨɫɫɤɢɯ ɨɫɬɪɨɜɨɜ.

ɉɪɢɦɟɪɵ ɧɟɫɬɚɪɟɸɳɢɯ ɫɭɳɟɫɬɜ



ɉɪɢɦɟɪɵ ɧɟɫɬɚɪɟɸɳɢɯ ɫɭɳɟɫɬɜ

Ƚɪɟɧɥɚɧɞɫɤɢɣ ɤɢɬ



Ƚɨɥɵɣ ɡɟɦɥɟɤɨɩ
(Heterocephalus glaber, ɩɨ-
ɚɧɝɥɢɣɫɤɢ naked mole rat, 

ɨɬɤɪɵɬ ɗ. Ɋɸɩɩɟɥɟɦ ɜ 1842 ɝ)

ɉɪɢɦɟɪɵ ɧɟɫɬɚɪɟɸɳɢɯ ɫɭɳɟɫɬɜ





ɋɦɟɪɬɧɨɫɬɶ ɝɨɥɨɝɨ ɡɟɦɥɟɤɨɩɚ ɜ
ɧɟɜɨɥɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɨɡɪɚɫɬɚ.

R. Buffenstein

J. Gerontol.: BIOLOGICAL SCIENCES 2005, 
Vol. 60A, No. 11, 1369–1377
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ɋɬɚɪɟɧɢɟ ɤɚɤ ɩɪɨɝɪɚɦɦɚ, ɨɛɥɟɝɱɚɸɳɚɹ ɟɫɬɟɫɬɜɟɧɧɵɣ
ɨɬɛɨɪ, ɬɨ ɟɫɬɶ ɫɩɨɫɨɛɧɨɫɬɶ ɷɜɨɥɸɰɢɨɧɢɪɨɜɚɬɶ.



Ɉɛɳɚɹ ɱɟɪɬɚ
ɧɟɫɬɚɪɟɸɳɢɯ ɠɢɜɨɬɧɵɯ: 

ɭ ɧɢɯ ɧɟɬ ɜɪɚɝɨɜ.



Ⱦɥɹ ɫɟɦɹɢɡɜɟɪɠɟɧɢɹ ɫɚɦɰɚ ɛɨɝɨɦɨɥɚ ɬɪɟɛɭɟɬɫɹ
ɨɛɟɡɝɥɚɜɢɬɶ. ɗɬɭ ɷɤɡɟɤɭɰɢɸ ɩɪɨɢɡɜɨɞɢɬ ɫɚɦɤɚ. 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɫɚɦɟɰ ɛɨɝɨɦɨɥɚ ɦɨɠɟɬ ɫɬɚɬɶ
ɨɬɰɨɦ ɬɨɥɶɤɨ ɪɚɡ ɜ ɠɢɡɧɢ, ɚ ɫɥɟɞɭɸɳɢɣ ɜɵɩɥɨɞ
ɞɟɬɟɧɵɲɟɣ ɛɭɞɟɬ ɢɦɟɬɶ ɭɠɟ ɞɪɭɝɨɝɨ ɨɬɰɚ. 

Ɍɟɦ ɫɚɦɵɦ
ɩɨɜɵɲɚɟɬɫɹ
ɪɚɡɧɨɨɛɪɚɡɢɟ
ɩɨɬɨɦɫɬɜɚ ɢ, ɫɬɚɥɨ
ɛɵɬɶ, ɭɫɤɨɪɹɟɬɫɹ
ɷɜɨɥɸɰɢɹ. 

Ɏɟɧɨɩɬɨɡ ɤɚɤ ɨɫɨɛɟɧɧɨɫɬɶ ɫɟɤɫɭɚɥɶɧɵɯ
ɨɬɧɨɲɟɧɢɣ ɛɨɝɨɦɨɥɨɜ



Ɉɛɪɚɬɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ
ɠɢɡɧɢ ɦɥɟɤɨɩɢɬɚɸɳɢɯ ɢ ɩɬɢɰ ɨɬ ɫɤɨɪɨɫɬɢ
ɨɛɪɚɡɨɜɚɧɢɹ H2O2 ɩɪɢ ɨɛɪɚɬɧɨɦ ɩɟɪɟɧɨɫɟ

ɷɥɟɤɬɪɨɧɨɜ ɜ ɞɵɯɚɬɟɥɶɧɨɣ ɰɟɩɢ.

Lambert et al., 2007
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ɉɪɨɧɢɤɚɸɳɢɟ ɢɨɧɵ.
Liberman E.A., Topali V.P., Tsofina L.M., Yasaitis A.A. and Skulachev V.P. 

Nature 222, 1076-1078, 1969



D.E. Green
The electrochemical

model for energy 

coupling in 

mitochondria.

Biochim. Biophys. 
Acta 346, 27-78, 
1974



ɋɟɜɟɪɢɧ ɋ.ȿ., ɋɤɭɥɚɱɟɜ ȼ.ɉ., 

əɝɭɠɢɧɫɤɢɣ Ʌ.ɋ.

Ȼɢɨɯɢɦɢɹ, 35, 1250-1257 (1970)

Ƚɢɩɨɬɟɡɚ ɨ ɦɨɥɟɤɭɥɟ-ɷɥɟɤɬɪɨɜɨɡɟ:



MitoQ: ɩɪɨɧɢɤɚɸɳɢɣ ɚɧɬɢɨɤɫɢɞɚɧɬ,
ɚɞɪɟɫɨɜɚɧɧɵɣ ɜ ɦɢɬɨɯɨɧɞɪɢɢ

ɚɧɬɢɨɤɫɢɞɚɧɬ ɂɨɧ
ɋɤɭɥɚɱɟɜɚ

MitoQ

G.F. Kelso, C.M. Porteous, G. Hughes, E.C. Ledgerwood, A.M. Gane, 

R.A.J. Smith and M.P. Murphy Ann. N.Y. Acad. Sci. 959, 263-274, 2002
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ɉɪɨɨɤɫɢɞɚɧɬɧɵɟ
ɫɜɨɣɫɬɜɚMitoQ





ɂɨɧɵ ɋɤɭɥɚɱɟɜɚ

0,5 ɧɦ

Ʉɚɬɢɨɧ
ɬɟɬɪɚɮɟɧɢɥɮɨɫɮɨɧɢɹ
(«ɦɨɥɟɤɭɥɚ-ɷɥɟɤɬɪɨɜɨɡ»). 
1969, «Nature»: ɨɬɤɪɵɬɢɟ
ɩɪɨɧɢɤɚɸɳɢɯ ɢɨɧɨɜ ɜ
ɇɂɂ ɎɏȻ ɢɦ. 

Ȼɟɥɨɡɟɪɫɤɨɝɨ ɆȽɍ.

SkQ1 – ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨ-
ɚɞɪɟɫɨɜɚɧɧɵɣ
ɚɧɬɢɨɤɫɢɞɚɧɬ (ɤ ɦɨɥɟɤɭɥɟ-
ɷɥɟɤɬɪɨɜɨɡɭ ɩɪɢɫɨɟɞɢɧɟɧ
«ɝɪɭɡ» - ɚɧɬɢɨɤɫɢɞɚɧɬ
ɩɥɚɫɬɨɯɢɧɨɧ). 2005, 

ɉɚɬɟɧɬ ɊɎ ʋ2318500.



Ƚ. Ʉɨɪɲɭɧɨɜɚ



[Ʉɚɬɢɨɧ], Ɇ

ɉɪɨɧɢɤɚɸɳɢɟ ɤɚɬɢɨɧɵ ɝɟɧɟɪɢɪɭɸɬ ɞɢɮɮɭɡɢɨɧɧɵɣ
ɩɨɬɟɧɰɢɚɥ ɧɚ ɛɢɫɥɨɣɧɵɯ ɥɢɩɢɞɧɵɯ ɦɟɦɛɪɚɧɚɯ

(ɂ.ɂ. ɋɟɜɟɪɢɧɚ)



SkQ1 ɜɨɫɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɞɵɯɚɬɟɥɶɧɨɣ ɰɟɩɶɸ
ɦɢɬɨɯɨɧɞɪɢɣ

(Ɇ.ɘ. ȼɵɫɨɤɢɯ)



Ⱥɧɬɢ- ɢ ɩɪɨ-
ɨɤɫɢɞɚɧɬɧɚɹ

ɚɤɬɢɜɧɨɫɬɶ SkQ1, 
SkQ3 ɢMitoQ
ɜ ɦɢɬɨɯɨɧɞɪɢɹɯ
ɫɟɪɞɰɚ ɤɪɵɫɵ.

(Ɇ.ɘ. ȼɵɫɨɤɢɯ)



SkQ ɫɩɟɰɢɮɢɱɟɫɤɢ ɩɪɨɤɪɚɲɢɜɚɟɬ
ɦɢɬɨɯɨɧɞɪɢɢ ɜ ɤɥɟɬɤɚɯ HeLa

(Ȼ.ȼ. ɑɟɪɧɹɤ)



SkQ ɬɨɪɦɨɡɢɬ ɚɩɨɩɬɨɡ ɮɢɛɪɨɛɥɚɫɬɨɜ
ɱɟɥɨɜɟɤɚ, ɜɵɡɜɚɧɧɵɣ H2O2

(Ȼ.ȼ. ɑɟɪɧɹɤ)



Ⱥ. ɉɚɧɬɟɥɟɟɜɚ

SkQ1 ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ
ɠɢɡɧɢ ɝɪɢɛɚ ɩɨɞɨɫɩɨɪɵ



O. Ɏɢɥɟɧɤɨ

SkQ1 ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ
ɠɢɡɧɢ ɪɚɱɤɨɜ Cereodaphnia affinis



E. ɉɚɫɸɤɨɜɚ

SkQ1 ɭɜɟɥɢɱɢɜɚɟɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ
ɠɢɡɧɢ ɦɭɯ Drosophila melanogaster



Effect of SkQ1 on mortality rate of  D.melanogaster

Days

Control

E. Pasyukova



(ȼ.ɇ. Ⱥɧɢɫɢɦɨɜ)

50



Ʉɨɧɬɪɨɥɶɧɚɹ ɦɵɲɶ. 
630 ɞɧɟɣ.

(ȼ.ɇ. Ⱥɧɢɫɢɦɨɜ)

Ɇɵɲɶ, 0.5 nM SkQ.
630 ɞɧɟɣ.



(ȼ.ɇ. Ⱥɧɢɫɢɦɨɜ)

SkQ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɢɫɱɟɡɧɨɜɟɧɢɟ
ɷɫɬɪɚɥɶɧɵɯ ɰɢɤɥɨɜ ɭ ɦɵɲɟɣ



ȼɨɡɪɚɫɬ, ɞɧɢ

ȼɨɡɪɚɫɬɧɚɹ ɫɦɟɪɬɧɨɫɬɶ ɦɵɲɟɣ SHR ɩɨ
ɩɪɢɱɢɧɚɦ ɨɬɥɢɱɧɵɦ ɨɬ ɪɚɤɚ

(ȼ.ɇ. Ⱥɧɢɫɢɦɨɜ)



SkQ1 ɩɪɨɞɥɟɜɚɟɬ ɠɢɡɧɶ ɦɵɲɟɣ ɛɟɡ ɛɟɥɤɚ ɪ53 ɜ
ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɜ 1 200 000 ɪɚɡ ɦɟɧɶɲɢɯ, 
ɱɟɦ ɧɟɚɞɪɟɫɨɜɚɧɧɵɣ ɚɧɬɢɨɤɫɢɞɚɧɬ

N-ɚɰɟɬɢɥɰɢɫɬɟɢɧ.

(Ȼ.ɉ. Ʉɨɩɧɢɧ)



Ʉɨɧɬɪɨɥɶɧɵɟ ɢ ɨɩɵɬɧɵɟ ɦɵɲɢ

ɉɪɢɧɫɬɨɧ, ɋɒȺ

ɋɬɨɤɝɨɥɶɦ, 
ɒɜɟɰɢɹ

SkQ

ɛɟɡ SkQ

ɛɟɡ SkQ SkQ

(Ⱥ.Ɋɹɡɚɧɨɜ)

(Ȼ.Ʉɷɧɧɨɧ)
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ȼɨɡɪɚɫɬ, ɞɧɢ

SkQ1 ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɩɪɟɠɞɟɜɪɟɦɟɧɧɭɸ ɝɢɛɟɥɶ ɦɵɲɟɣ ɦɭɬɚɧɬɧɵɯ ɩɨ
ɤɨɪɪɟɤɬɨɪɫɤɨɣ ɮɭɧɤɰɢɢ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɵ (18ɨɋ)

I.Schabalina, R.Csikasz, B.Cannon, J.Nedergaard, A.Pustovidko, 

Z.Rozhdestrvenskaya, M.Vyssokikh, V.Skulachev
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ȼɨɡɪɚɫɬ, ɞɧɢ

ɜɵɠɢɜɚɧɢɟ
ɦɵɲɢ ɫ ɧɨɪɦɚɥɶɧɨɣ
ɞɜɢɝɚɬɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɶɸ

SkQ1

ɛɟɡ SkQ1

ɛɟɡ SkQ1

SkQ1

SkQ1 ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɩɨɹɜɥɟɧɢɟ ɫɬɭɩɨɪɚ ɭ ɦɵɲɟɣ, ɦɭɬɚɧɬɧɵɯ ɩɨ
ɤɨɪɪɟɤɬɨɪɫɤɨɣ ɮɭɧɤɰɢɢ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɵ

I.Schabalina, R.Csikasz, B.Cannon, J.Nedergaard, A.Pustovidko, 

Z.Rozhdestrvenskaya, M.Vyssokikh, V.Skulachev
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ȼɨɡɪɚɫɬ, ɞɧɢ

ɜɵɠɢɜɚɧɢɟ
ɦɵɲɢ ɫ ɧɟ ɨɛɥɵɫɟɜɲɟɣ
ɝɨɥɨɜɨɣ

SkQ1

ɛɟɡ SkQ1
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ɛɟɡ SkQ1

SkQ1

I.Schabalina, R.Csikasz, B.Cannon, J.Nedergaard, A.Pustovidko, 

Z.Rozhdestrvenskaya, M.Vyssokikh, V.Skulachev

SkQ1 ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɨɛɥɵɫɟɧɢɟ ɝɨɥɨɜɵ ɦɵɲɟɣ, ɦɭɬɚɧɬɧɵɯ ɩɨ
ɤɨɪɪɟɤɬɨɪɫɤɨɣ ɮɭɧɤɰɢɢ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ-ɩɨɥɢɦɟɪɚɡɵ
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SkQ1 ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɩɚɞɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɥɚ ɦɵɲɟɣ, 
ɦɭɬɚɧɬɧɵɯ ɩɨ ɤɨɪɪɟɤɬɨɪɫɤɨɣ ɮɭɧɤɰɢɢ ɦɢɬɨɯɨɧɞɪɢɚɥɶɧɨɣ ȾɇɄ-

ɩɨɥɢɦɟɪɚɡɵ

I.Schabalina, R.Csikasz, B.Cannon, J.Nedergaard, A.Pustovidko, 

Z.Rozhdestrvenskaya, M.Vyssokikh, V.Skulachev



ɉɨɤɚɡɚɬɟɥɢ ɦɢɧɟɪɚɥɶɧɨɣ ɦɚɫɫɵ ɤɨɫɬɟɣ ɭ ɤɪɵɫ OXYS
ɧɚ ɮɨɧɟ ɩɪɢɟɦɚ SkQ1.

ɇ.Ƚ. Ʉɨɥɨɫɨɜɚ



Ʌ.Ⱥ. Ɉɛɭɯɨɜɚ

SkQ1 ɬɨɪɦɨɡɢɬ ɢɧɜɨɥɸɰɢɸ ɬɢɦɭɫɚ ɭ ɤɪɵɫ OXYS



SkQ1 ɬɨɪɦɨɡɢɬ ɪɚɡɜɢɬɢɟ ɪɟɬɢɧɨɩɚɬɢɢ ɭ ɤɪɵɫ OXYS

ɇ.Ƚ. Ʉɨɥɨɫɨɜɚ



SkQ1 ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɢɫɱɟɡɧɨɜɟɧɢɟ
ɷɥɟɤɬɪɨɪɟɬɢɧɨɝɪɚɦɦɵ ɭ ɤɪɵɫ OXYS ɩɪɢ ɫɬɚɪɟɧɢɢ.

ɇ.Ƚ. Ʉɨɥɨɫɨɜɚ



SkQ1 ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɢɫɱɟɡɧɨɜɟɧɢɟ ɮɨɬɨɪɟɰɟɩɬɨɪɧɨɝɨ
ɫɥɨɹ ɫɟɬɱɚɬɤɢ ɭ ɤɪɵɫ OXYS ɩɪɢ ɫɬɚɪɟɧɢɢ.

ɂ.ɉ. ɏɨɪɨɲɢɥɨɜɚ-Ɇɚɫɥɨɜɚ
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Ⱦɟɣɫɬɜɢɟ ɚɧɬɢɨɤɫɢɞɚɧɬɨɜ ɧɚ ɪɚɡɜɢɬɢɟ ɞɢɫɬɪɨɮɢɢ ɫɟɬɱɚɬɤɢ ɭ ɤɪɵɫ
OXYS. ɉɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɜɵɪɚɠɟɧɧɨɫɬɶ ɩɚɬɨɥɨɝɢɱɟɫɤɢɯ ɢɡɦɟɧɟɧɢɣ ɜ

ɛɚɥɥɚɯ. ɉɪɢɟɦ ɩɪɟɩɚɪɚɬɨɜ ɫ ɜɨɡɪɚɫɬɚ 1,5 ɞɨ 3 ɦɟɫ.

ɇ.Ƚ.Ʉɨɥɨɫɨɜɚ



Ʌɟɱɟɛɧɵɣ ɷɮɮɟɤɬ ɤɚɩɟɥɶ SkQ1 
ɧɚ ɪɟɬɢɧɨɩɚɬɢɸ ɭ ɤɪɵɫ OXYS.

ɇ.Ƚ.Ʉɨɥɨɫɨɜɚ



ɉɪɢɦɟɧɟɧɢɟ ɝɥɚɡɧɵɯ ɤɚɩɟɥɶ SkQ ɜ ɜɟɬɟɪɢɧɚɪɧɨɣ
ɩɪɚɤɬɢɤɟ ɞɥɹ ɥɟɱɟɧɢɹ ɪɟɬɢɧɨɩɚɬɢɣ

ȼɢɞ
ɠɢɜɨɬɧɨɝɨ

ɑɢɫɥɨ ɠɢɜɨɬɧɵɯ

Ⱦɨ ɥɟɱɟɧɢɹ ɉɨɫɥɟ ɥɟɱɟɧɢɹ

ɋɥɟɩɵɟ ɑɚɫɬɢɱɧɚɹ
ɩɨɬɟɪɹ
ɡɪɟɧɢɹ

ɋɭɦɦɚɪɧɨ ȼɨɡɜɪɚɳɟɧɢɟ
ɡɪɟɧɢɹ
ɫɥɟɩɵɦ
ɠɢɜɨɬɧɵɦ

ɍɥɭɱɲɟɧɢɟ
ɡɪɟɧɢɹ

Ɂɪɟɧɢɟ ɧɟ
ɭɥɭɱɲɢɥɨɫɶ

ɋɨɛɚɤɢ 58 19 77 46 19 12

Ʉɨɲɤɢ 27 9 36 17 5 14

Ʌɨɲɚɞɢ 4 18 22 4 18 0

ɋɭɦɦɚɪ-ɧɨ 89 46 135 67 42 26

(ȿ.ɉ. Ʉɨɩɺɧɤɢɧ)



ɉɪɢɡɧɚɤɢ ɫɬɚɪɟɧɢɹ ɦɥɟɤɨɩɢɬɚɸɳɢɯ, ɤɨɬɨɪɵɟ ɭɞɚɥɨɫɶ
ɡɚɦɟɞɥɢɬɶ, ɨɫɬɚɧɨɜɢɬɶ ɢɥɢ ɨɛɪɚɬɢɬɶ ɩɨɫɪɟɞɫɬɜɨɦ SkQ

1. ɍɜɟɥɢɱɟɧɢɟ ɫɦɟɪɬɧɨɫɬɢ ɫ ɜɨɡɪɚɫɬɨɦ.
2. Ⱦɢɫɬɪɨɮɢɹ ɫɟɬɱɚɬɤɢ.
3. Ʉɚɬɚɪɚɤɬɚ.
4. ɍɜɟɢɬ.
5. Ƚɥɚɭɤɨɦɚ.
6. ɂɧɮɚɪɤɬ ɩɨɱɤɢ. 
7. ɂɧɫɭɥɶɬ.
8. ɂɧɮɚɪɤɬ ɦɢɨɤɚɪɞɚ.
9. Ⱥɪɢɬɦɢɹ ɫɟɪɞɰɚ
10. Ɉɫɬɟɨɩɨɪɨɡ.
11. ɍɦɟɧɶɲɟɧɢɟ ɬɢɦɭɫɚ.
12. ȼɨɡɪɚɫɬɧɨɟ ɫɧɢɠɟɧɢɟ ɥɢɦɮɨɰɢɬɨɜ ɜ ɤɪɨɜɢ
13. ɍɦɟɧɶɲɟɧɢɟ ɩɨɥɨɜɨɣ ɦɨɬɢɜɚɰɢɢ ɫɚɦɰɨɜ.
14. ɇɚɪɭɲɟɧɢɟ ɩɨɥɨɜɨɝɨ ɰɢɤɥɚ ɫɚɦɨɤ.
15. Ɉɫɥɚɛɥɟɧɢɟ ɩɚɦɹɬɢ.
16. Ɋɚɤ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɢɧɚɤɬɢɜɚɰɢɟɣ ɪ53.
17. ɉɨɫɟɞɟɧɢɟ.
18. Ɉɛɥɵɫɟɧɢɟ.
19. ɍɯɭɞɲɟɧɢɟ ɡɚɥɟɱɢɜɚɧɢɹ ɪɚɧ. 
20. Ⱦɟɩɪɟɫɫɢɹ.
21. ɋɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɥɚ.



Ⱦɜɟ ɩɨɪɚɡɢɬɟɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ
ɞɟɣɫɬɜɢɹ SkQ

1) Ɇɧɨɠɟɫɬɜɟɧɧɨɫɬɶ ɦɢɲɟɧɟɣ.
2) ɑɪɟɡɜɵɱɚɣɧɨ ɧɢɡɤɢɟ ɞɟɣɫɬɜɭɸɳɢɟ
ɤɨɧɰɟɧɬɪɚɰɢɢ





"The Fountain of Youth" (Lucas Cranach, senior; 1546)



ɂɫɩɚɧɫɤɢɣ ɦɨɪɟɩɥɚɜɚɬɟɥɶ
ɤɚɩɢɬɚɧ Ʌɟɨɧ ɨɪɝɚɧɢɡɨɜɚɥ
ɷɤɫɩɟɞɢɰɢɸ ɜ ɩɨɢɫɤɚɯ
«Ɏɨɧɬɚɧɚ ɘɧɨɫɬɢ». 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɚ ɨɬɤɪɵɬɚ
Ɏɥɨɪɢɞɚ.



www.skq-project.ru


