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   -      Cu(II), Ti(IV), 
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   .     
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    ,      
       

[AAm]:[AAc]:[CuCinnamatePhtpy]       
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  ,        FeCl3, 
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.  
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          , 
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 .        
  .  ,    

    . 

 

 
 1.      

: )    ,   
   , , )   , 

,    FeCl3. 
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1. Kulichikhin, V. G., Skvortsov, I. Y., Varfolomeeva, L. A. (2020). Compositions Based on 

PAN Solutions Containing Polydimethylsiloxane Additives: Morphology, Rheology, and 
Fiber Spinning. Polymers, 12(4), 815.   
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Charge transfer in 
oligonucleotides

Ruthenium – rhodium molecular 

complexes are used as donors and 

acceptors in experiments on electron 

transfer in DNA.

The donor and the acceptor are linked 

by a covalent bond to a DNA fragment 

containing 15 nucleotide pairs.

15

  

V.D. Lakhno, DNA Nanobioelectronics, Int. J. Quant. Chem., 2008

DNA nanowires
DNA nanobiochips
DNA nanomotors
DNA posistors
DNA tunneling diods
DNA transistors
DNA biosensors
DNA quantum computers
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DNA nanotechnologies

The properties of DNA selfconstruction can be used
for design of different structures

( .Dekker at al., Physics World, 2001)

18

DNA  FIELD  TRANSISTOR

K.-H.Yoo, D.H.Ha, et al, 
Phys.Rev.Lett., 2001,

87, 198102

source         drain

gate
E. Ben-Jacob et al, 
patent, 2007

17

Nanotransistor

The nanotransistor scheme is shown consisting of 
quantum dot  (QD) connected to electrodes L and R. 

G – denotes the gate electrod cannected to the 
potential VG. 

16
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Electrical transport through DNA molecules. 
Direct measurement

D.Porath et al, Nature, 403, (2000), 635
21

Hole injection into DNA

( Giese et al experiments )
20

19
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Logical gate XOR

v1 v2 p

1 1 0*

1 0 1

0 1 1

0 0 0

V. D. Lakhno, V. B. Sultanov. 
Mathematical biology and bioinformatics, 
2006, v.1 (1), pp. 123-126.

24

The measuring of current along the separated contour
diagnoses its change after hybridization
V. D. Lakhno, V. B. Sultanov. 
J. Chem. Theory Comput. 2007, 3, 703-705

Nanobiochip

23

DNA-based molecular devices

eEann BB ,3,2,1,
• Terahertz emitters of electromagnetic waves
• Nanoelements with negative differential conductivity 
• Nanoelements with absolute negative conductivity
• Multiphoton radiation detectors
• Cascade lasers

22
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2.     .
  

:       
 : 8 128 512 + 423 840 =  8 552 352,

 :TNi = 273.15 K, TN2 = 273.15 K
   : 1 150 000 , 1  = 2 
 : 102 102 1534 3

 
  (  20 20 )

   
,

   2.3  

27

1.     ( ):
     

26

DNA quantum cell

G-quadruplex

input output

inverter
A.B.Kotlyar, D.Porath et al. Nature nanotechnology, 2014, pp. 1040-1046.

25
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 Magnetically Accelerated Radiative Plasma Explorer 
(MARPLE)     

 

      
   

     

      
,    

30

4.  
 

  

Ablation Spallation

front side of the target rear side of the target

1) Femtosecond laser-induced ablation and surface morphology of 

metals

2) Propagation of ultrashort shock wave and spallation of metal

29
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   THERMOS
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    .  
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 . .
TH_Band –  TH_64gamma,  , 
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(  ),  ,  
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,    (TH_DBa).

  
TH_64gamma (THERMOS) 
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 BigData)
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, 

/
0

    

  
:

Tc = 8.9 ± 0.4 ;
Pc = 2.25 ± 0.7 ;

c = 2.75 ± 1.4 / 3;
Zc = 0.26 ± 0.13

•  -  
    

 ; 
•    

  
 

D.V. Minakov, M.A. Paramonov, 
P.R. Levashov, 
Phys. Rev. B 97, 024205 (2018)
AIP Advances 8, 125012 (2018)

. . , 
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In silico     –
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100M steps 800M steps
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(LAMMPS, 105 , 109 )

A. A. Gavrilov, V. Y. Rudyak, 
and A. V. Chertovich, Journal 
of Colloid and Interface 
Science, vol. 574, p. 393, 
2020. [ DOI ] 

V. Y. Rudyak, E. Y. Kozhunova, 
and A. V. Chertovich, 
Scientific reports, vol. 9, 
p. 13052, 2019. [ DOI ] 
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AMG2013 —  

MiniFE —   
LULESH —  -  

UMT2013 —   (  )
SNAP —   (  )

MCB —  -  (  )

C ollaboration
O ak
R idge NL
A rgonne NL
L ivermore NL

 DOE  
 

 

   

Los Alamos NL
Sandia NL

Partnership for Advanced Computing in Europe (PRACE):

Unified European Applications Benchmark Suite

ALYA
Code_Saturne

CP2K
GADGET
GPAW

GROMACS
NAMD
NEMO
PFARM

QCD
Quantum Espresso

SHOC
SPECFEM3D
TensorFlow

14      , 
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1.    MD-GRAPE

      

GPU-

2. Intel     

   Intel 

Xeon Phi,       

 

3.       

Nvidia  GPU-   AMD  Intel.   

     2021-2022  

(         )

 

 -5  «  HPC- »

   
(high-throughput ab initio calculations)

: 509 . -
= 15 . -  (!)

2503 SCF-
5214  
171370   
11525 ab initio  

Kahle, L., Marcolongo, A., & Marzari, N. (2020). High-throughput computational screening for solid-state Li-ion 
conductors. Energy & Environmental Science, 13(3), 928-948.
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 50

(  
2017 .)

   

1      
– 100  

102
76

Intel Xeon E5-
2697Av4; 

Intel Xeon Phi 7290 12 http://www.jscc.ru

2   
 

 
- 40  18,8

Intel Xeon E5-2697v4
14 http://parallel.uran.ru/

3  
 

 
– 60  81

Intel Xeon E5-
2697Av4;

Intel Xeon Phi 7290 41 http://www2.sscc.ru/

4  
 

  
- 40  72,6

Intel Xeon E5-2695v4
26 http://www.hpc.icc.ru/

5   
 

   
– 20  55

IBM Power8 + NVidia 
Tesla P100 -

http://lits.ccfebras.ru/dat
acenter/obshhie-
svedeniya.html

6  
 

   
– 40  56,3

Intel Xeon E5-2698v4
37 https://cc.dvo.ru/

+   2016 
+

+

+

+

+

 : 36 .  = 315 . -    (2/3   )

  ,

 

    

     
  ,     .

     ,     , 
      , 

. .     MD, ab initio, CFD. 

    ,     
       . 

      .

   –   LINPACK    Top500, 
     .

   , 
    . 

 -  –    
     .

   ( )  
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Angara

EDR
FDR

   FDR/EDR
(      2 )

Stegailov, V., Dlinnova, E., Ismagilov, T., Khalilov, M., Kondratyuk, N., Makagon, D., ... & Timofeev, A. (2019). Angara interconnect makes 
GPU-based Desmos supercomputer an efficient tool for molecular dynamics calculations. The International Journal of High Performance 
Computing Applications, 33(3), 507-521.

30

 
(32   GPU- ,     4-   )

     ,
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Bull eXascale Interconnect
(BXI)

Tofu D Interconnect
Sunway Interconnect

Slingshot Interconnect

 : 
 

Angara

EDR

FDR

   FDR/EDR
(   - -      )
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2001   :

:  ,   

 « »,   
   ,  

Dow Chemical
Company

Minnesota Mining and 
Manufacturing Co.

National Institute of
Standards and Technology

Army Research 
Laboratory

American 
Chemical Society

American Institute
of Chemical Engineers

   thinkmate.com
( 2017)

  
IRUS17 (   )
2 x Intel Xeon E5-2699 v4 per node
with Intel Omni-Path

 (RIB):
2136412 atoms

 (MEM):
81743 atoms

Stegailov, V., Dlinnova, E., Ismagilov, T., Khalilov, M., Kondratyuk, N., Makagon, D., ... & Timofeev, A. (2019). Angara interconnect makes 
GPU-based Desmos supercomputer an efficient tool for molecular dynamics calculations. The International Journal of High Performance 
Computing Applications, 33(3), 507-521.
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V. Pisarev, N. Kondratyuk. Prediction of viscosity-density dependence of liquid 
methane+ n-butane+ n-pentane mixtures using the molecular dynamics method 
and empirical correlations. Fluid Phase Equilib. 501 (2019).

  

2018: 2019:

2,2,4-

1. Johns Hopkins, ARL
M. Cunha and M. Robbins
2. JIHT RAS, HSE, MIPT
N. Kondratyuk and V. Pisarev
3. NIST, Akron
J. Elliot and others
4. Shanghai Jiao Tong Univ.
Z. Gong and H. Sun
5. Univ. of Bath
B. Levy and C. Herdes
6. Imperial College London
E. Müller and others
7. Univ. North Dakota
J. Delhommelle and others 

1. JIHT RAS, HSE, MIPT
N. Kondratyuk and V. Pisarev
2. Shanghai Jiao Tong Univ.
Z. Gong and H. Sun
3. Johns Hopkins, ARL
M. Cunha and M. Robbins
4. CalTech
T. Cheng and W. Goddard 3rd

1,1-

V. Pisarev, N. Kondratyuk. Prediction of viscosity-density dependence 
of liquid methane+ n-butane+ n-pentane mixtures using the 
molecular dynamics method and empirical correlations. Fluid Phase 
Equilib. 501 (2019). Calculation of viscosities of branched alkanes 
from 0.1 to 1000 MPa by molecular dynamics methods using compass 
force field. Fluid Phase Equilib. 498, 151 (2019). 

2018  2019



115

  

 5-     
    (  

   )    
    
  0.5  1 ,  5  10   50  100 

        
  .

       
    ,   

      
  ( , ).

1.        , 
     

       .

2.         
 .

3.     ,   
  ,     

  .

4.      ,  
       

 . 

5.          
     (   

, ). 

6.         
     . 



116

6

-

C

–



117

: 
[Chen et al., 2011] [Niu & Oganov, 2019]

: Mazhnik & Oganov (J. Appl. Phys. 2019)

~300,000 & >500,000 

–

-
–
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Davies & Oganov (2018) 
data mining 

Sn5S4Cl2 24.7 , Sn4SF6 5.1 , 
Cd4SF6 0.2 , Cd5S4Cl2 33.3 .

[Kruglov & Oganov, Phys. Rev. B, 2020]

“

[Mazhnik & Oganov, J. Appl. Phys. 2020]
–
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ISC-1
Predicted: Blatov et al., Glass Phys. Chem. 2010

D-

Synthesized in 2018:

-

Blatov et al., 2020, submitted

224 

Parents < 0.2 eV

43T16-CA, HV = 91.16 
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-

KFeO2
= 0.025 Sm/cm at 900 K

ED = 0.55 eV
Tiling 
method

ED = 0.14 – 0.50 

2D 

ED < 
0.33 

0.50 eV

15

3D-

14

Scanning Electron Microscopy 
picture

Modeling results

Atomic-force 
microscopy
pictures

Zeolite MFI
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–
. Natoms Variants CPU time

1 1 1 sec.
10 1011 103 yrs.
20 1025 1017 yrs.
30 1039 1031 yrs.

USPEX
(Oganov & Glass, 
J.Chem.Phys. 2006)

J. Maddox
(Nature, 1988)

2011 2018

Faraday Discussions (2018) Nature Reviews Materials (2019)

USPEX 
(Universal Structure Predictor: Evolutionary Xtallography)

http://uspex-team.org

•
•>7000 .

•

[Oganov A.R., Glass C.W., J.Chem.Phys. 124, 244704 (2006)]

Au8Pd4



122

[Shen & Oganov, 2015; Zhang & Oganov, 2017; Yu & Oganov, 2017]

HfN10: >23P21/c-LiN5: 
>14

Immm-Li13N ([Li]+[NLi12]- ):
>14

Na3Cl, Na2Cl, Na3Cl2, NaCl, NaCl3, NaCl7
[Zhang W., Oganov A.R., et al. Science 342, 1502-1505)]

NaCl3

Na-Cl

[Zhang, Oganov, et al., Science (2013)]
[Saleh & Oganov, PCCP (2015)]

Na2Cl.
C

Na3Cl.



123

Tc=135 K (Schilling, 1993) T. Cui, 2014) 
H3S c Tc~200 K. 

USPEX H-S

- Th-H [Semenok & Oganov, JPCL, 2018]
[Semenok & Oganov, Curr. Opin. Solid State & Mater. Sci., 2020]

LaH10: @
(Somayazulu et al., 2019).

Th Ac 

ThH10: Tc=241 K 
(Kvashnin & Oganov, 2018).

!
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max TC

Atomic number

Atomic number

max TC

TC ~ 250-260 K
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[Yu & Oganov, Phys. Chem. Chem. Phys., 2018]

Si-O
[Lepeshkin & Oganov, J. Phys. Chem. Lett. 2019]

: SiO2, Si2O3
: Si4O18

Si-O
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• USPEX http://uspex-team.org ( 
• ToposPro http://topospro.com
• MLIP http://mlip.skoltech.ru
• AMULET http://amulet-code.ru
• http://lab11.imet-

db.ru/ru/main.asp?databases

• ABINIT http://abinit.org
• FHI-aims https://aimsclub.fhi-berlin.mpg.de/

(Allahyari & Oganov, NPJ Computational Materials, 2020)

1 10 20

[Allahyari & Oganov, NPJ Computational Materials, 2020]
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