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«Dramatic technological change is underway in the world. In terms of scale, it is
comparable to the periods of industrial revolutions and scientific discoveries that have

changed people’s lives drastically.»

Speech by the President of the Russian Federation Vladimir Putin
Meting of the Council for Science and Education February 8, 2018, Novosibirsk
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Nature-like technologies as a Grand Challenge D nenrore

We are on the threshold of a new stage in the development of civilization —
we move on to the development of new, bio-and nature-like technologies

Antagonism of technosphere and nature Nature-like technologies

Ideas Scientist

Research infrastructure

Highly developed research ) ug_h
infrastructure V'N ST [mdlsgcog vﬂer:yj]
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In accordance with the decree, the “Kurchatov Institute” is p v .

the leading scientific organization for the implementation of the®
Synchrotron and Neutron Research Development Program
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YTBEPAIEHA
noctadoenenHeym [IpapHTeNnBCTES
Poccriickol Pegepanan
oT 16 mapta 2020 r. Ne 287

[MPE3UEHTA POCCHMCKOW ®EOEPALIMH

T MMOTHTYT - TE MEY AN CTRAMM W MeeA

SETEPATBHAA HAYHYHO-TEXHHYECKAA MPOTPAMMA

PA3BHTHA CHHIDOTPOHHEIX H HEHTPOHHEIX HCCTe10BAHHIT
O Mepax 1o pasBHTHIO CHHXPOTPOHHBIX H Hel TPOHHBIX H HCCAeJ0BaTeNbCKoH HEGpPacTpyKTYphI Ha 2019 - 2027 roast
HeCTeT0BAHNI H HCCTeA0BATE TLCKOH HHPPACTPYRTYPLI
B Poceniiexoii @egepaynn

»
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MACIIOPT

B nemax KOMIIEKCHOTO pelleHHs 3a/a4 YCKOPEHHOTO PazBHTUA PeTepaTEHOl HAYIHO-TEXHHEYECKOR TPOrPaMMET
CHHXPOTPOHHEIX W HEHTPOHHHIX HCCleNoBaHHH, HeoOXoMHMBIX 113 PA3BHTHA CHEXPOTPOHHEIX H HeHTPOHHEIX HCCIEI0BAHHH
CO3JaHHA TIPOPBIBHBIX TEXHOMOTHI, a Takke oDECIEYSHHA COITAHWA H H HCCNeJOBATeNbCKoH HEGpacTpyETYpsl Ha 2019 - 2027 rogu
pasBHTHA  HCcnenoBaTenbekoit  wHbpacTpykTyps B Poccuiiekoll
MeepalMU MO0 CTAH OB J 1 10

1. Tlpasurenscry Pocculickoii ®enepannn: HammeHOBaHHES - degepanteHad HayIHO-TEXHHIECKAA IPOTPaMMA

a)B 3-MmecAuHwli cpok paspaSotate M yTrBepaHTE (DenepannHylo TIporpaMyE! PAIBHTHA CHHXPOTPOHHEIX H HEATPOHHEIX
HAYYHO-TEXHHYECKYH) — [POrpaMMy  pa3BHTHA  CHHXPOTPOHHBIX M HCCISI0BAHAH H HCCIEJ0BATEIBCKOR
HEHTPOHHBIX  HCCNENOBAHHH H  MeccleoBaTenbekoll  MHOPacTPyKTYphL HEDpAcTPVETYPE Ha 2019 - 2027 rogs
wa 2019 - 2027 roaei (npanee - [Iporpammal);

0) obecneunts npr pazpaborke 0 peannzannn [porpaMmer: Ocroranne - ¥Ea3 [lpesngenta Poccmiickoi $enepanmy l

onpejieNcHie OCHOBHBIX HAMpPaBICHHN HecaeIoBanii, Kacaiommxcs I pazpaboTRH or 25 mon 2019 . Ne 356 "0 mepax no paseHTHIO
pelienHd  MPHHUHINHAIEHO HOBBX (VHIAMEHTAILHEIX H  KPYIHHIX Hporpayer CHEXPOTPOHHEIX H HEHTPOHHEIX HCCIICIOBAHHE

-
Decree on the development of synchrotron- Federal program for the development of synchrotron Visit of Vladimir Putin
neutron research (25.07.2019) and neutron research until 2027 (16.03.2020) to the NRC “Kurehatov Institute” (10.04.2018)

H HCCNeJOBATeNbCEOR HHPAcTPYETYPEL

MPHKIAMHEIX 3a7a4 B LENAX PEaIH3alHi NPHOPHTETHRIX HANpapieHui i
B Poccmitckoft $egepanun”

HAYUHO-TCXHOIOIHYCCKOTD  PAasBHTHA W JJOCTHRCHHA HAUHOHAILHBEIX
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Constructive interference between

sxnchrotron radiation and neutrons

Kurchatov complex of synchrotron and neutron research is of the few places in the
world where a neutron source is placed on the same ground as a synchrotron.
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Convergence of sciences and technologies N |RURCHATS

Synchrotronisourcesss

Kurchatov
institute

Cognitiveisciencellabsis

Large-scale facilities surrounded by scientific laboratories of NBICS center makes Kurchatov institute
a really unigue place in the whole world for fundamental and applied interdisciplinary researches
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The area of 17 000 m?
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Beamlines, methods and research directions

Crystallography, material science, structural chemistry
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Protein crystallography, molecular biology, medicine

PROTEIN
DIKSY
Langmuir
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PHASE
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Organic and hybrid multilayer
e NanoPES systems
* Langmuir %

Cultural heritage
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Neutron reactor IR-8
QY iNsTITUTE”

B Nuclear-physics channels
M Experimental channels

12
1 ...u N x. 11

1 — Ultra cold neutrons

2 — Nuclear spectroscopy

Sl ) Cold neutrons 3 — Stress analysis

_ . = hall 4 - Single crystals
3. W CNSAX . .

10 | +High pressure 5 — Inelastic scattering
. . *Reflectivity 6 — High pressure
s | N . 7 — Capillary optics
: ;& W -
R : 8 — n, Y —radiography

9 — Small angular scattering
10 — Cold neutrons source
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Megascience — metrology for modern technologies
9 gy g QY INsTITUTE"
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Design of oxidation catalysts based on Cu-Fe-Al
(without adding expensive precious metals Pd, Pt)

In-situ EXAFS
experiment:
the mechanism of

K - catalytic activity of a
Structural of materials new type of catalysts Waste incineration using

beamline is determined CO catalysts
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]
Standard methods

27(:0 . Ni zgcu | I > (reflectivity) are not
— bt e sensitive to the structure
8.9 g/cm®  8.92 g/cm?3 of the layers of Co and Cu!

Standing x-ray waves method

Magnetic structure on
the effect of giant
magnetoresistance

Ta ]
Ta 14.8 glem®
13.1 glem®

Co/Cu7.4 glem’

Co\Cu/Co\/Ta

Stoichiometry

The task of research:
How does the
nonmagnetic Cu layer
behave?

How are the Co layers

separated? RESULT: The island mechanism of Cu growth,
the formation of an alloy of CuCo

Depth, A
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Material science
QY InNSTITUTE"

Structural analysis of low-molecule compounds on the BELOK beamline

On the PROTEIN beamline more than 650 experiments on small molecules structure refinement
have been carried out, more than 300 structures have been refined, published more than 30 papers.
i
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Neutron visualization of the parts of gas-turbine engine
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Defect of printing

Tomographic projections
of the object made using
additive technologies
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Neutron tomography and strain analysis for additive technologies
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CMelleHMe HanpaBAeHHOCTU UCC/IeA0BaHUI OT OO BEKTOB HEXKUBOM K 0O bEKTaM XKMBOW NPUPOAbI

Mitcchondrial ATP synthase
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Extracting
Purification
Crystallization
Structure analysis_ ¥,

«

Cytochrome with nitritereductase (TvNiR) from < A &
the extremophilic bacterium Thioalkalivibrio nitratireducens. Resolution 1.5A
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Protein Structures - PDB
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A

50s subunit
IS shown

A. Local resolution variations of the structure.

B. An example of high-resolution features of the
cryo-EM density: H,0 molecules, Mg, holes in
aromatic pyrimidine ring. Mg?* and H,O positions
are taken from PDB 4YBB.

A 20 26 28
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Langmuir beamline
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Langmuir bath Fluorescence

Bioorganic detector
monolayer on
liquid surface
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Langmuir beamline: Experimental results
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| Transfer to solid substrate, Creating a multi-layer structure
Structural organization - the formation of a two-dimensional crystal monolayer
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Determination of the orientation of the fullerene-porphyrin dyad on the surface of the subphase

Fluorescence marker

Zn Zn distribution, rel. units
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Arachic acid on pure

solution
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9
£

12 13 14 15 16 17 18 19 20
Nanoparticles of magnetite, stabilized by
citric acid, core size is 6 nm

Intensity, rel.units

Monolayer of arachic acid

Lipid bilayer

Magnetite nanoparticles QRGPS : : : X0
11 12 13 14 15 16 17 18 19 20 2,1

Protein molequles Nanoparticles of cerium dioxide ,
stabilized by citric acid, core size is 6 nm
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Doxorubicin —
an anticancer drug

New data on the
Manal, molecular
X-ray reflectivity mechanisms of cell
damage under the

VLT
z;s/p/ action of

9.}
& h
EDP,

Doxorubicin have
been obtained

0 0 N ” A NN RN NN N N
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The optimal structure of the aptamer has been established
by SAX, CryoTEM and molecular simulation, suitable for
introduction into medical preparations used in neurosurgery

and the most effective diagnosis of glioblastoma.

Experimental measurements by X-ray reflectometry
and surface diffraction made it possible to obtain new
data on the molecular mechanisms of cell damage under

the action of antibiotics.
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Anna S. Kichkailo, Tatiana N. Zamay, Andrey A. Narodov et.al. Tumor Specific Aptamers Navigate
Intraoperative Margin Assessment in Glioblastoma Neurosurgery. 2018. Nature BME. z
28
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X-TOP beamline: Experimental results WY INsTITUTE"

Decalcification studies of bones Learning cognitive processes
in a long stay in space using x-ray tomography

Gecko vertebra after space flight Active centers in the brain of a
newborn mouse visualization
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Objects with an ornament from Slavic medieval parchments
the mound “Black grave” (X century)

X-Ray fluorescence 2D mapping
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X-RAY TOMOGRAPHY

Encolpion cross
~ 12th century

10.10.2020 LXX MexayHapoaHaa KoHdepeHuUa «Aapo—2020. ApepHaa pusmKa n pusmnka asnemeHTapHbIX Yactuy,. AaepHo-pusnyeckme TeXHONOrMmu» 31



- . IR e e
Investigation of cultural heritage ’p "KURCHATOV
VY insTITUTE"

Neutrons
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Scientific applications: from crystallography I"l
to nature-like technologies T W2
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rystallography and +

material science
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ey O

OnTuyeckuii nasep
(Hakayka)

PN1IC3
(n3meperue)
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Synchrotron and Reactor IR-8 modernization
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2.5 GeV current 150 mA
Energy:
25 eV- 150 keV
Phonon fluence:
1014-10!2 ph/c - mm?
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Engineering systems

| Synchrotron and *
reactor IR-8 SC wigglers
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sstems

modernization

The neutron flux at the
end of the horizontal

: channel -
[ Control em
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Modernization of Kurchatov synchrotron (2019-2022) Y Honrones

e Storage ring

« Magnet system (MBA structure)
* Vacuum system

« HF system

* Cooling system

* Insertion devices

 Booster Ring

* Linac

Injection in KSRS-2:

Linac 80 MeV

Magnetic mirror - Linac-160 MeV,
Booster Synchrotron:
E=160-2500 MeV

StorrKSRS-2: 2500 MeV
Emittance =~ 10 nm-rad
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Single partials structure Chemical reactions “movies”

One ulse one measurement Sayre/Gr ¥/ orithm to -
P @ ﬁvmumu\ngpam 8 = OnTUueckuii nasep

(Hakauka)

Particle injection g
&

XFEL wlse/o*@
14

At=0 S¢pc 10¢c At=156¢c

R. Neutze et al, Nature 406 (2000)

LN
= D
£63 7
.

Classification Averaging Orientation Reconstruction
G. Huldt et al, J. Struct. Biol 144 (2003) J. Miao, Hodgson, Sayre, PNAS 98 (2001)
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Phase-contrast visualization Coherent imaging
High penetration depth of hard X-Rays High coherent flux at wavelenght ~1A

Constructive materials Hierarchical tomography N T e _
Cells, viruses
& J - J
e N 4 )
Méssbauer spectroscopy Biological Systems Research, Medicine
Using the resonance effect of isotopic nuclei Radiation Exposure Reduction

MRS g

R oo e wow  °’Fe-14.412 KaB
Ly [ - 1Ey - 21.541 KaB
% u ss*:? o 149Sm - 22 494 KaB

" 0 1195023879
161Dy - 25.651 K3B

he 11557, -
= 055200":? 50) 30 700 129| i 27.890 KaB

Counts (arb. u.)

'''''

Counts (arb. u.)

Living systemes,
Magnetic phenomena, earth science, Biotechnology Structural
superconductivity

| \ biology Radiology )
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Statistics (average per year)

> 300 accepted proposals (~ 60 organizations)
> 120 user groups CR =
> 3 500 hours of experimental time

> 25 000 hours total time of beamlines operation
> 150 publications Web of Science

Cultural Engineering Earth Sciences
Heritage 3% 0
Medicine_  go, | / 2%

4% N \

Life Sciences_

CbIKTbIBKap
o

Cankr-lMetepbypr

6% 6
Metodology A :;"r::: AT KpacHosp
6% rambypr o ? . 7 06“ O o
Structural ) ©  Kanmnunrpan Q’Camp, HoBocu6upck
Biology Ma.nterlal PocToB Ha gQHY
9% Soft sci el;lce b
Condensed Chemistry 13% e
Matter 15% o
6% _—
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The Grand challenges

—>

NEW MATERIALS AND
DIGITAL ECONOMY

Structure and properties of functional materials;

» Additive technologies;

microelectronics, spintronics, @ @

e Materials for
straintronics.

i O3 :

DEMOGRAPHY AND MEDICINE

* Protein crystallography;

H

e Structure of membranes, viruses;
* Molecular mechanisms of drug action;
* Structure of polymers;

* Development of systems for targeted drug
delivery.

NATIONAL SECURITY

* Materials for sensors and detectors;

* Fastprocesses of combustion;

* Cultural heritage.

10.10.2020

NATIONAL
RESEARCH CENTER

"KURCHATOV
INSTITUTE"

L]
Y

* Molecular and supramolecular structure of foodstuffs
Denaturation of plant and animal proteins;

Visualization of seeds of various crops.

G TERRITORY CONNECTIVITY AND SPACE
i EXPLORATION
%ED@ .

* Non-destructive weld inspection.

Construction materials for extreme conditions;

* Metrology for nature-like technologies;

» Diagnostics of components of adaptive neuromorphic systems
and memristic materials;

* Micro-and mesoporous systems and materials;
* Structure diagnostics of biotechnologies;
* Ecological monitoring.

ENERGETICS
* Superconductors and thermoelectric materials;

* Catalysis and chemical processes of energy generating;
* Materials for nuclear energy.
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KLUCHW nanenb =
e YenoBuA npoBeAeHUA UCCNeaoBaHnA
. Maprenxos MaHenb YNPaBneHNs cono sane MeTop nccnenosanus
Bnagumupoeu4 ‘ BeBpar
Online pere
CosaaHue 3aaBKn Cratuma
—B b—
1 . Havano bibpar
i JlwuHwid kabuner
& Moii npodmns o 0OBwan uHdopMaLMA: YEIXRUTE obLLWe cBeSHUA O NPOBOAMMOM MCCNENOBAHUM
@ 3anpawunsaemMesle napameTpel MCCNefoBaHUA
Tpebyemoe ny4koBOE BpeMa:
Mpegwigywan zaneka
- Haiitu - JHeprua:
0 CopepxaHue NpoekTa: Pasmep nyuka:

Hayunoe copepxanune

Pazpewenue:

ObocHOBaHWE BAMHOCTH

Ocobbie TpeboBaHMA:

Crparerus NpoBe0eHHA MCCNeOBaHNnA O

MNMpoekTHaA KOMaHAa: KTO yYacTBYeT B MCCNeA0BaHNN?

Cnucok Y4aCTHHKOE
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Contacts
Q7 insTiTUTE"

Website: http://kcsni.nrcki.ru

Head of the complex:
Nikita Marchenkov

Deputy head on users demands:
Roman Senin: senin_ra@nrcki.ru
+7 916 594 39 33
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