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ʂʦʥʬʝʨʝʥʮʠʷ.  

Â ɼʦʩʨʦʯʥʳʡ ʵʢʟʘʤʝʥ 
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Systems biology. A Textbook. Klipp et al. 
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*ʊʨʦʬʠʯʝʩʢʠʝ 

 ʩʝʪʠ 

ʊʨʦʬʠʯʝʩʢʠʝ ʩʚʷʟʠ ʚ ʤʦʨʩʢʦʤ ʩʦʦʙʱʝʩʪʚʝ 

ʆʩʥʦʚʳ ʵʢʦʣʦʛʠʠ. 1979 



Image processing and 3D reconstruction

of HIV-1 CA hexameric tubular assembly. 

Simulation System Size (Number of atoms) Hexamers-12 Pentamers 64,423,983 

Length of the simulation (ns) 100

Gongpu Zhao et al. Mature HIV-1 capsid structure by cryo-electron microscopy and

all-atom molecular dynamics 3 0 MAY 2 0 1 3 | VO L 4 9 7 | N AT U R E | 6 4 3



ɼʠʥʘʤʠʯʝʩʢʘʷ ʩʠʣʦʚʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʙʠʦʤʦʣʝʢʫʣʳ ʚ ʦʪʚʝʪ ʥʘ 

ʚʥʝʰʥʝʝ ʥʘʧʨʷʞʝʥʠʝ 

ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

in vitro ʠ in silico  

Kononova et al., Biophys J. 2013; J Am 

Chem Soc. 2014;   

 

2016 

1015 ʘʤʠʥʦʢʠʩʣʦʪ 

ɺʨʝʤʷ ï 30-60 ʤʩ 

Fluctuating Nonlinear Spring Model of 

Mechanical Deformation of Biological 

Particles 
 

Olga Kononova1,2, Joost Snijder3, Yaroslav Kholodov2,4, Kenneth A. 

Marx1, Gijs J., L. Wuite3, Wouter H. Roos5*, Valeri Barsegov1,2* 

 

1 Department of Chemistry, University of Massachusetts, Lowell, 

Massachusetts, United States of America, 
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3 Natuur- en Sterrenkunde and LaserLab, Vrije Universiteit, Amsterdam, 

The Netherlands,  

4 Institute of Computer Aided Design Russian Academy of Science, 

Moscow, Russia,  

5 Moleculaire Biofysica, Zernike instituut, Rijksuniversiteit Groningen, 

Groningen, The Netherlands 



ȧɎɔɑɔɉɎɝɋɗɐɆɥ ɗɎɗɘɋɒɆ: ɆɒɇɖɔɍɎɥ Ɏ ɑɎɗɘɔɋɊ 

Ambrosia artemisiifolia L. 
XIX Ɉɋɐ ï ȫɈɖɔɕɆ  
Ɉ 1910ɛ ï Ʉɉ ȶɔɗɗɎɎ 

Ɉ 1940ɛ ï ɈɍɖɡɈ ɎɓɈɆɍɎɎ 
ɗ 1980ɛ ï ɓɡɓɋɞɓɎɏ ɕɋɖɎɔɊ 

Zygogramma suturalis F. 
1978 ï ȷɘɆɈɖɔɕɔɑɢɗɐɎɏ ɐɖɆɏ 

1984 ï ȷɋɈɋɖɓɡɏ ȰɆɈɐɆɍ 
1989 ï ȵɆɑɋɆɖɐɘɎɐɆ 

Ȫ.ɇ.ɓ. ȴ.Ȩ. ȰɔɈɆɑɋɈ 
(ȭȮȳ ȶȦȳ, ȷ-ȵɋɘɋɖɇəɖɉ) 
ȦɈɘɔɖ ɇɎɔɒɋɘɔɊɆ  

ɕɔɊɆɈɑɋɓɎɥ ɆɒɇɖɔɍɎɎ  
ɕɔɑɡɓɓɔɑɎɗɘɓɔɏ 

 2 

ʖ.ʊʶʪʶʥʦʚ ʠ ʜʨ. 



ʇʦʧʫʣʷʮʠʦʥʥʘʷ ʚʦʣʥʘ 

ʘʤʙʨʦʟʠʝʚʦʛʦ 

ʣʠʩʪʦʝʜʘ 

ɺʦʣʥʘ ʘʤʙʨʦʟʠʝʚʦʛʦ ʣʠʩʪʦʝʜʘ, ʢʨʠʚʘʷ I, ʠ 

ʚʦʣʥʘ ʧʦʨʘʞʝʥʥʦʩʪʠ ʘʤʙʨʦʟʠʠ (%), ʢʨʠʚʘʷ 

II. 1 ï ʨʘʩʯʝʪ ʧʦ ʤʦʜʝʣʠ, 2,3 ï ʜʘʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ  

ɸʣʝʢʩʝʝʚ ɺ.ɺ., ʂʨʳʰʝʚ ʀ.ʀ., ʉʘʟʳʢʠʥʘ ʊ.ɻ. 

ʌʠʟʠʯʝʩʢʦʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʢʦʩʠʩʪʝʤ, 1992 
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ȶɆɗɕɖɔɗɘɖɆɓɋɓɎɋɆɒɇɖɔɍɎɎɈ2010-ɛɉɉ.
4

ȴɜɋɓɐɆɍɆɗɔɖɋɓɓɔɗɘɎɚɎɘɔɜɋɓɔɍɔɈȦɍɔɈɗɐɔɉɔɖɆɏɔɓɆȶɔɗɘɔɈɗɐɔɏɔɇɑɆɗɘɎ

ȵɑɔɘɓɔɗɘɢɗɋɒɥɓɆɒɇɖɔɍɎɎɈɕɔɝɈɋïɔɘ24 Ɋɔ127 ɞɘ. ɓɆɐɈ.ɒ.

(ȰɔɈɆɑɋɈɎɊɖ. 2013, 2014; ȰɔɈɆɑɋɈ, ȸɤɘɤɓɔɈ2014; ȦɖɛɎɕɔɈɆɎɊɖ. 2014)

ʗʚʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʜʠʥʘʤʠʢʠ 

ʈʘʩʩʤʦʪʨʝʥʠʝ ʢʘʢ ʩʣʫʯʘʡʥʳʭ 

(ʜʠʬʬʫʟʠʦʥʥʳʭ), ʪʘʢ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʧʦʪʦʢʦʚ ʧʦʧʫʣʷʮʠʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʩʪʠʤʫʣʠʨʫʝʤʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 

ʧʠʱʝʚʦʛʦ ʨʝʩʫʨʩʘ 

 

ʋʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ  - ʚʳʜʝʣʝʥʠʝ 

ʥʝʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʨʘʩʪʝʥʠʡ ʫʯʘʩʪʢʦʚ 

ɺʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʧʦʧʫʣʷʮʠʠ ʬʠʪʦʬʘʛʘ 
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ɹʶʩʪ ɺʝʨʛʠʣʠʷ ʫ ʚʭʦʜʘ ʚ ʝʛʦ 

ʩʢʣʝʧ ʚ ʅʝʘʧʦʣʝ 

ʀʤʷ ʧʨʠ ʨʦʞʜʝʥʠʠ: 

ʇʫʙʣʠʡ ɺʝʨʛʠʣʠʡ ʄʘʨʦʥ 

ɼʘʪʘ ʨʦʞʜʝʥʠʷ: 

15 ʦʢʪʷʙʨʷ  70 ʜʦ ʥ. ʵ. 

ʄʝʩʪʦ ʨʦʞʜʝʥʠʷ: ʄʘʥʪʫʠ 

ɼʘʪʘ ʩʤʝʨʪʠ: 

21 ʩʝʥʪʷʙʨʷ  19 ʜʦ ʥ.ʵ. 

ʈʦʜ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

ʜʨʝʚʥʝʨʠʤʩʢʠʡ ʧʦʵʪ 

http://ru.wikipedia.org/wiki/70_%D0%B4%D0%BE_%D0%BD._%D1%8D.
http://ru.wikipedia.org/wiki/70_%D0%B4%D0%BE_%D0%BD._%D1%8D.
http://ru.wikipedia.org/w/index.php?title=19_%D0%B4%D0%BE_%D0%BD.%D1%8D.&action=edit&redlink=1
http://ru.wikipedia.org/w/index.php?title=19_%D0%B4%D0%BE_%D0%BD.%D1%8D.&action=edit&redlink=1


*ɂɑɗɨ ɘɚɐɑɗɔɜɚɎɌəɔɫ - 

ɛɚəɔɘɌəɔɑ 

 
 

Âʏʝʣʦʚʝʯʝʩʢʠʡ ʤʦʟʛ (ʢʘʢ ʠ 
ʢʦʤʧʴʶʪʝʨ) ʨʘʙʦʪʘʝʪ ʩ ʤʦʜʝʣʷʤʠ 

 

Âʇʦʥʷʪʴ ï ʟʥʘʯʠʪ ʧʦʩʪʨʦʠʪʴ çʚ 
ʛʦʣʦʚʝè ʤʦʜʝʣʴ ʧʨʠʨʦʜʥʦʛʦ 
ʷʚʣʝʥʠʷ, 

Âʞʠʚʦʡ ʩʠʩʪʝʤʳ, 

Âʯʝʣʦʚʝʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʠ ʧʨʦʯ. 

 

 

Âçʇʦʥʷʪʴ ï ʟʥʘʯʠʪ, ʧʨʦʩʪʠʪʴè 
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Âʤʦʜʝʣʴ ï ʵʪʦ çʢʦʧʠʷè 
ʦʙʲʝʢʪʘ, 

Âʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ 
çʙʦʣʝʝ ʫʜʦʙʥʘʷè 

ʂʦʤʧʴʶʪʝʨ 

ʨʘʙʦʪʘʝʪ ʥʝ ʩ 

ʨʝʘʣʴʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʘ ʩ 

ʤʦʜʝʣʴʶ 

ʇʨʘʢʪʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʤʦʜʝʣʠ 



*ʇʨʠʤʝʨʳ ʤʦʜʝʣʝʡ 

 

Âʇʦʨʪʨʝʪ ʜʘʤʳ 

ʂʘʢ  ʧʦʥʷʪʴ 

ʚʳʨʘʞʝʥʠʝ  

 

çʍʫʜʦʞʥʠʢ ʠ ʝʛʦ 

ʤʦʜʝʣʴ?è 

ʄʘʥʠʧʫʣʷʮʠʠ 

 ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

 ʠ ʚʦ ʚʨʝʤʝʥʠ 



*

ȵɔɕəɑɥɜɎɥ ɊɖɔɍɔɚɎɑɑɡ 

ʂʘʞʜʘʷ ʥʘʫʢʘ ʠʤʝʝʪ ʩʚʦʠ ʤʦʜʝʣʠ 



*



*ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʦʧʠʩʳʚʘʶʪ  ʮʝʣʳʡ ʢʣʘʩʩ 

ʧʨʦʮʝʩʩʦʚ ʠʣʠ ʷʚʣʝʥʠʡ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʭʦʜʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʠʣʠ ʷʚʣʷʶʪʩʷ 

ʠʟʦʤʦʨʬʥʳʤʠ. 

 çʆʙʣʘʩʪʴ ʟʥʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʘʫʢʦʡ, 

ʢʦʛʜʘ ʦʥʘ ʚʳʨʘʞʘʝʪ ʩʚʦʠ ʟʘʢʦʥʳ ʚ ʚʠʜʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡè 

 
ɻʘʣʠʣʝʡ    ʇʫʘʥʢʘʨʝ    ʄʘʨʢʩ 


