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YKA3
MPE3UJAEHTA POCCUHUCKON ®EJAEPALIMH

O 1onoAHHTENLHBIX MEPAX MO PEATHIAINH THAOTHOrO
NPOeKTA N0 COIIAHHID HALHOHAJLHOIO
HCC/IEI0BATENLCKOTO HeNTpa «KypaaToBeknii MHCTHTY T

B uensx nayunoro obecneyeHns YCTOHYHBOID TeXHONOTHYECKOTD
PA3BHTHA M MOJCPHH3AUHH TNPHOPHTETHHIX OTpaciel  IKOHOMHKH
NOCTAHOB IO

1. Mpunate npeanoxenue [Ipasurensersa Poceuiickoit @esicpauny,
Poccuiickoli  akagzeMus Hayk # [OCYAapcTBCHHON KOpropaumu 1o
aromHoi dHepruu «PocatoM» 00 yY4acTHH B NHJIOTHOM MPOEKTE 110
CO3/IAHHIO HAIHOHAILHOIO KCCACA0BaTeAbCKOTO LeHTpa «Kypuatosckui
HHCTHTYT» CICAYIOMHX OpraHu3atuii:

Yupewxaenue Poceuiickoi akanemun uayk [lerepSyprexuii unetiryt
aneproif Guanku umenn B.I1.Koncranruiosa PAH;

denepatbHoe  rocyJapcTBEHHOE  YHHTapHOoe  MpenpHATHE
«locysaperBenHblil Hayunbii uentp Poccuiickoil deaepaunn - MHCTHTYT
(H3HKH BBICOKHMX IHEPrHiin;

deacpansHoe  rocynapcTBEHHOE  YHHTApHOE  NpeanipusTie
«Focynapersennmii Rayynbiit uentp Poccuiickoii ®eaepauny - Uncruryr
Teopernueckoil 1 DkcnepuMenTaibhoi Ouinkmy.

2. VCTaHOBHTH, 4TO HAUMOHANBHBIA HCCIEA0BATENLCKHH WEHTP
«KypuaToBckuii HHCTHTYT» JONOAHHTENBHO K OCHOBHBIM HANPARICHHUAM
ASATENBHOCTH, onpeaesncHHmiM  Yxazom  [lpesuzmenra  Poccwiickoit
Denepaunn or 28 anpeas 2008 r. Ne 603 «O nuiortHoM npoexte no
CO3/aHHIO HALMOHANLHOTO HCcneaoBaTebekoro ueHTpa «Kypuarosckuii
HHCTHTYT», YYacTByeT OT HMeHH Pocchiickoit ®eaepauun B peanniauiu
COOTRETCTBYIOIHX MEAXIYHAPOAHBIX MPOSKTOB HA OCHOBAHHH PElLLCHHH
Npeanpenta Poceniickoll ®eaepaunn wan Tpasutenseta Poccuiickoi
Desiepaliin.




The law “About National Research Center
“Kurchatov Institute”

Was approved by RF State Duma on July 16, 2010
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| SC Wiggler
n = 0 straight LINAG,

“Siberia-17
(VUV and Soft X-ray,
booster)

“Siberia-2”
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According to the project 39 SR channels are predicted (front ends):
24 - from BMs, Ac=1.75 A, ¥x =+ 5 mrad;

10 - from 2 superconducting wigglers, Ac= (0.25-0.4) A;

5 - from MPWs with low magnetic field, Afund = (20 -1.7) A .




!' ',b Linear Accelerator

Andreev's structure — discs with radial supports and diaphragms with holes d=8.7 mm.
Work on captured power, standing microwave of 2856 MHz.

Electron gun: 40 kV, 4A, 18 ns
E= 80MaB, L=6m,
U=15 MeV/m, Rs=95 MHom/m,

Emittances < 10E-6 m-rad
| = 0.2 A, AE/JE =0.005
T<15Hc, Frep =114

Control room
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Small storage ring «SIBERIA-1»

First SR beam from
BM

1982, bld.140.
Injector - Linac «Jet»

» E=0.45GeV, | =200 mA (340mA-max)

» Crit. Phot. En. - 0.21 keV (VUV, Soft X-ray)
» Diameter -2.75m

> Hor. emittance - 8.8-107 m-rad

» Life time (100mA) —1-1.5 hrs

» Stand. Bunch length -30cm

» SR pulse duration - 2.35 ns (FWHM)
» SR pulse frequency - 34.52 MHz



A
‘Jb Dedicated storage ring «SIBERIA-2»

SR Source in X-ray spectrum

»E =2.5GeV,

» | =100-300 mA

»BMs critical energy — 7.2 keV

» Diameter - 40m
»Hor. emittance - (76-98) nm-rad
»Life time (100 mA) — 10+ 14 hrs
» Stand. bunch length — 1.84 cm
»39 SR beam lines (project)




Parameters of KCSR accelerators

Linac

E =80 MeV

|=0.2 A

L=6m

DE/E = 0.005
go=300 nm-rad

T=18ns

f . =1Hz

rep

Forinjector

SIBERIA-1

E = 80+450 MeV
| =0.2+0.3 A
(singlebunch)

C =8.68m

B=15T

€,0=800 nm-rad
To=29ns
Tep=25S

rep

L.=61 A, BMs

Booster, VUV and
soft X-ray source

SIBERIA-2

E =0.45+:2.5 GeV
|=0.1-0.3 A
(multibunch)
C=124.13m
B=17T
€,0=78+100 nm-rad
T,=414 ns
T=10+25 hrs
L.=1.75 A, BMs

%.=0.40 A, SCW

Dedicated SR source

0.1-2000A [1]




2. The work of accelerator
complex— SR sources




2. SIBERIA-1 WORK AS ABOOSTER
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2. Siberia-2 work with SR beams

Now SR from BMs only:
Eph =4-40keV, Flux = (2*1013-10) ph/s/0.1%BW.

For users on a twenty-four hour basis:
9 shifts per week, shift-12hours;

For accelerator physics: 1-2 shifts per week



2. Siberia-2 work with SR beams
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Work of KCSR with SR beams

Years

2005

2006

2007

2008

2009

Siberia-1:
experiment, hrs

238

236

205

471

634
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Siberia-2 work in first one-half of 2010 year

Total operation time, hrs: min 2265:53
EXPERIMENT
Duration, hrs: min 1369:53
% relative to total operation time 60%
Max. current, MA 148.0
Average current, MA 37
Total collected integral, A*hrs 740.4
Current integral per % year, A*hrs 76.2
Number of energy ramping 325
Life time at 100 mA, hrs: min 11:0
Life time at 50 mA, hrs: min 22:35
INJECTION
Duration, hrs: min 282:14
% relative to total operation time 12%
Max. current, MA 171.1
TUNING OF FACILITIES

Duration, hrs: min 198:26
% relative to total operation time 9%




Hours

The Siberia-2 work in 2010
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2 3. Modernization of
accelerator complex systems

3.1 Power supplies *)
3.2 Septum Siberia-1
3.3 RF systems %) :
Generators, cavities, RF control

3.4 Automation control system (KCSR)
3.5 Feedback system and ns generators (plan 2011)

*) In collaboration with BINP SB RAS
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3.1. Upgrade of magnetic system power supplies

(BINP and KCSR, 2005-2008)
Task:

Improving the electron and photon beam stability.
Upgrade:

-The new passive filters were installed in the power units of
BMs and quads,

-The new electronics for the power supplies were made. The
new electronics includes the active filters which guarantee
both the long time current stability and the ripples not worse
than +5-10-for quads, compared with £2-10-* we had.



3.2 New output 30 kGs 100mks septum-magnet of
Siberia -1 (KCSR-INP)

b-h

’/////%//////A

Gz




Reasons of modernization, 2007:

Deterioration of the RF-equipment (a
leak H,O-in protective vacuum of cavity);

The work of SC wigglers increases the
energy spread and demands much

higher accelerating RF voltage: 22MV
(for SR from BMs+2 SCWs of 7.5 T, 2.5
GeV).




3.3 RF system of Siberia-2 upgrade
2007-2009 (KCSR + BINP)

Figure 1. Figure 2.

*Fig.1. (5.11- 28.12).2007. Replacement 181 MHz cavity Ne 2 on 2 new cavities:
New RF control electronics; 2 New feeders; New RF computer control for
automation processes.

*Fig.2. October 2009.The installation 3-rd new 181 MHz cavity instead of old one.
*Plan 2010: Tuning the RF feeders and the waveguides at (n+1/8)l.



3.3 Parameters of Siberia-2
and its RF system after upgrade, 2010

|| et
Siberia-2 storage Lelectrons

ring

First RF channel : Accelerating 2U1 kV 820
200 kW generator, Voltage
two cavities (Nel, ~ Shuntimpedance 27ZT? MOhm 8.6
Ne3) Power dissipated in 2P, kW 39
the cavities
Power transferred 2Py, kW 157
to the beam
Second RF Accelerating U, kV 680
channel: voltage
200 KW generator, Shuntimpedance ZT? MOhm 4.3
one cavity (Ne2) Power dissipated in P, kW 54
the cavity
Power transferred P,y kW 139

to the beam



3.4. NEW SYSTEM OPERATING CONTROL

Et
her
net

The network of operating
terminals consists of
- - [ CAN-Network }<::>£A3§gf£gsf J workstations under control

systems of MS Windows XP,
combined in local network
Ethernet.

Application server

Synchronization system

/ N\
“ “ Beam diagnostic system
“ Termocontrol
Programs of management

and diagnostics receive the
information from a database

/ N\ Vacuum Pump _
- =) 4—> power supply server on the basis of MS

SQL Server, where it arrives

from the application server.

All executing modules, ADC
@i . i. i. and DAC are united in a

A——S —————

Workstations

CAN-network.



3.5 Injection into Siberia-2

(multibunch mode)

1. Lifetime grows from 0.5-0.6 hrs (in one bunch 4 - 5 mA) to 1.2
— 1.5 hrs when total current increases with a number of
bunches at injection.

A saturation of lifetime is observed near 80 mA.

Higher RF voltage are required to dump the coherent
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amplifier

Modulator

Digital information
processor unit
Siberia-2 RF System
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4. IMPROVEMENT OF ELECTRON BEAM
PARAMETERS AT SIBERIA-2

4.1. COD CORRECTION
4.2. VERTICAL EMITTANCE REDUCTION

4.3. STABILIZATION of the SR BEAM VERTICAL POSITION

4.4. DIAGNOSTICS *): Measurement of tunes, NMR

4.5 Increasing of electron life time at Siberia-2




4.1. COD CORRECTION at SIBERIA-2

a) 24 BPM stations with < 10 micron accuracy.
COD: oy <0.10 mm, o, < 0.30 mm.

b) To find COD at the 72 quads azimuths the method of the gradient
changes is used with the correction coils existing on quadrupole lenses

poles. The transverse distances between neighboring BPMs centers
and quadrupole lenses axes are found and taken into account to
improve COD control.




I
4.2. VERTICAL EMITTANCE REDUCTION at SIBERIA -2

1. A correction of COD by using dipole correctors and a
change of skew - quadrupoles connection scheme have allowed
reducing a coupling factor of betatron oscillations essentially.

In fact, vertical emittance contribution arising
due to betatron coupling can be reduced till 0.03 (0.01)
% of the horizontal value.

2. Correction of vertical dispersive function (arising due to
errors in positions of lenses and COD of a vertical plane) has
allowed reducing its value on the azimuths of pickups more than
3.5 times. It has resulted in appreciable reduction of the vertical
size of an electron beam in BMs.

By estimations, vertical emittance, arising due to
presence of a vertical dispersion, makes about 1 %
from horizontal one.




4.3. Stabilization of the SR beam vertical position

t, 4yachl



> 4.3. Stabilization of the SR beam vertical position
at SR stations with electro-optical feed-back system at 8 SR channels
(electronics for 15 channels is ready) and dipole corrections of the storage ring

SR beam drift is damped with an
accuracy of
+ 4-5 mkm
during work time
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4.4. Diagnostics

a) A new electronics for betatron tunes measurement was
run at Siberia - 1 and Siberia - 2 on January, 2009.

b) A new nuclear magnetic resonance (NMR) probe with
auxiliary electronics and control code was installed in testing
bending magnet of Siberia - 2 for accurate measuring the
magnetic field.

c) Electron energy stabilization in Siberia-2, NMR
electronics serves as a part of feedback system.




4.5 Increasing of electron life time at Siberia-2

Injection 450 MeV: < 30 min with 3 - 4 mA in single-bunch mode - is mainly determined
by Touschek effect in the presence of limiting the horizontal aperture.

The control of betatron oscillations coupling by two families of skew-quadrupoles.

An increase of lifetime was reached from 30% to 40% , thus reducing

the loss of current during the ramping process from 5 - 6% to 1.5 - 2%.

2.5 GeV: > 15 hrs at a current of 100 mA, determined by the vacuum conditions.
Beam lifetime r(f) at 2.5 GeV

107 ~ ; : 100

L~ _ . s " o ﬂ
£ C =5 _— PRI Note, that after closing the vacuum
L1062 "’-..."-“"“g To— 10 = chamber, for the achievement of life
iﬂ/ RS < time of 12 hours at the 100 MmA
d s e S electron current it was required to
o i, § collect an integrated doze of 16
1073 el ‘,,.,:,f,- A*hrs, that is 10 times less, than it
- # was required at the very beginning of
. SIBERIA-2 work with electron beam.

10* |

0.01 0.1 1.0 10 100

A-hours



T 4 5. Installation of Insertion Devices at Siberia-2

First SC wiggler, installation on 25 December 2007

" _.—-;""' —

MPSCW: NbTi coils

E=2.5GeV, 1=0.1-0.3A
B=3-75T, Npoles=19+2

AWig =164 mm

Eph Crit. = 31.2 keV

Flux = (1014-10%2)
ph/s/0.1%BW

EpPh=5-200keV .

®Xx max = + 23.5 mrad




5. First radiation from superconducting wiggler
(7 June 2008)
B=3 T, Ee=2.5 GeV, le=25 mMA

SR beam: Ac=1A°, P=1.46 kW, ®max=9.4 mrad




5. Commissioning of the SC Wiggler at Bm=7.5T, E= 2.5 GeV,
le =0.85 mA,, U1rf = U2rf =830 kV, lifetime = 20 hrs. (19.12.08)




5. Wiggler influence on general beam parameters in Siberia-2.

Parameters Without wiggler | With one wiggler | With two wiggler
75T 75T
Energy 2.5 GeV 2.5 GeV 2.5 GeV
Horizontal emittance 98 nm-rad 64.7 nm-rad 48.4 nm-rad
Betatron tune shifts, - 0; 0.05 0; 0.10
AQ,,
Radiation loss per turn 685 keV 1045 keV 1410 keV
Orbit compaction factor 0.01036 0.01036 0.01036
Energy dispersion, o./E 0.000953 0.00142 0.00160
Damping times: 3.15, 3.02, 1.48 2.05,1.99,0.98 | 1.50,1.47,0.73
Tys T,y Tg ms ms ms
RF-voltage amplitude 1.2 MV 1.61 MV 2.0 MV
(current value) (for the same (for the same
energy energy
acceptance) acceptance)




5. SR Spectral Flux from 3-5-7.5 T SCW and
1.7 T BM. E=2.5 GeV, |1=0.1A

1,1_1 15 FPhoton flux: EII -"'TI_JII
1.071=10* 10
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5. Power density angle distribution of SR from 19-pole SC wiggler
E=25GeV,I=01A,B=75T

dP{ W
d®| mrad

}=4.22-E3[GeV]-Bm [T]-1[A]-y1- (070, ) "N oles

1. «XSA»:

(-17 £ 1) mrad,
Ac = 0.58 A,

P =650 W/mrad

2. «Hard X-Ray»
(0 £1) mrad,

Up to 150 keV,

A = 04 A,

P =940 W/mrad,

3. «RS-MCDw:
(13.3 + 1)mrad,
rc = 0.5A,

P =760 W/mrad




5. Extraction of SR from SC wiggler
Ines

Into 3 photon |

N}

20 meters
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X-Ray beam from 7.5T SCW at output of

three beam lines in the experimental hall
of Siberia-2 (16.12.2009)




New experimental stations on 7.5T SCW

 Now there is a progress in the creation of next 3 new
experimental station based on SR from 7.5 T SC wiggler:

« EXAFS/XANES and X-ray Magnetic Circular Dichroism
(XMCD): 6= (13.3 + 1) mrad, Ac = 0.5 A, P = 760 W/mrad -
K1.4.2;

+ Hard X-ray: Ac=0.4A, P=940 W/mrad, © = (0 £ 1) mrad —
K1.4.3;

« RSA - X-Ray Structure Analysis-: © =(-17 =+ 1) mrad, Ac=0.58
A, P = 650 W/mrad — K1.4.4.

 Here the SR power data correspond to 100 mA current and 2.5
GeV energy of the electron.




5. Safety extraction of intense and power SR beam through
the 3-ports

1. Upgrade of vacuum chamber between wiggler and front-end,
Installation additional SR absorbers;

2. The creation of high power density absorber of SR.

3. Installation of new 3 wiggler beam lines in tunnel of the ring and
experimental hall.




New experimental station and SR beam
lines from BMs at Siberia-2

« Under construction are 3 experimental stations and 3 SR
beamlines from the 1.7T BMs:

“PES” - Photoelectron Spectroscopy (PES, ARPES, NEXAFS)
— beam line K6.5,

“PHASE”- X-Ray precision optic-2 — beam line K2.3,

“NANOFAB-2” — micro- and nano-electro-mechanical systems

researches (MEMS and NEMS)- K2.6. These SR beamlines and
experimental stations are producing with a firm “NT-MDT”,
Zelenograd.




New SR beam line from BM at Siberia-1
(KCSR — NIIOFI)

* SR from 39 BM of Siberia-1 was conducted in
VUV experimental hall after the completion of

mechanical and vacuum works on the new

beam line D3.2.

* First metrology experiments were made by
NIIOFI and KCSR staff (beam sizes
measurements).



6. Development
of Kurchatov SR Center

6.1. Extension of KCSRNT with additional building was done —
Organization NBIC-Center .

6.2. Technical upgrade of accelerator facilities for reaching the
parameters of SR source of 2.5-3 generation (financial
problem).

6.3. Equipping by new IDs and creation of new SR Stations




6.2. Technical upgrade of accelerator
facilities (2008-7?)

1. An elaboration of the magnetic optics of Siberia-2 ring with small
emittances (g,~17-20 nm-rad, 2.5 GeV).
. More “brighter”optical structures permit to have g, = 4-6 nm-rad at 1.3 GeV, which
corresponds to “the 3-d generation SR sources” parameters.

. New optical structure of Siberia-2 storage ring with small natural emittance leads to
rather small Dynamic Apertures. Therefore the new injector with small phase volumes of
electron beam is required.

2. New Injection system. Project of Booster Synchrotron at the energy
0.08(0.16)+ 2.5 GeV implies atop up energy injection from BS and the small
emittance of injected beam:

- to exclude the periodic store process of electrons at low energy in Siberia-2 ring,
which a) breaks the use of SR beams and, b) leads to many troubles in a process of the
electron energy ramping in storage ring when working with SCWs and other IDs;

- to reach the effect of “continuous” lifetime of electron beam;

- to work with much higher stability of the photon beams space position;
- to increase the reliability of SR source by new techniques, more stabilized power
supplies;




< 6.2.1. Optics with 18 nm-rad horizontal emittance at 2.5 GeV

Calculations:
« non-zero dispersion in all sections of Siberia-2,
«  betatron tunes v,=9.708, v,=5.623,
«  chromaticities £, =—21.4, 6,~—19.7,

*  dynamical apertures (-19 mm < DA < 25mm, —-12mm < DA < 12 mm).
N.B. It is possible a diffraction-limited radiation in vertical direction from the mini-
undulator with rather short wavelength:

E~1.33 GeV, Ex = 4.8 nm-rad, €y = 0.048 nm-rad, A, =7 mm, A, =6A.

Z Crmm)
Xmax = 39.7

Znax = 26.2
dp/p = 0.00

Turns
L1000

=== In errors
T tgauss
s I¥toauss
wi—rt Ranf

-30 20 o 10
Beta-X = 14.12 n» Beta-Z =

The “18 nm-rad” structure implies a modernization of the injection system and an
optimization of the sextupole magnets positions on the ring.



6.2.2. PROJECT BS-1: Top-up energy injection
scheme for dedicated SR source SIBERIA-2

Injection in SIBERIA-2:

Linac 80 MeV - magnetic mirror - Linac-160 MeV,
Booster Synchrotron 160-2500 MeV,

Siberia-2 — 2500 MeV
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Straight sections
~ 2.6 m long

Injection energy

12 s-periods, 24 BMs, 60 Qs, 46 Ss,
12 straights 2.6m

80-160 MeV

Extraction energy

2.5 GeV

Circumference

110.9 m

Cycling frequency

1Hz

Emittance

52.6 nm-rad

Momentum
compaction

0.0107

Betatron tunes: Q,/Q,

6.83/4.57

Chromaticity: x,/x,

-14.12/-8.89

R.m.s. energy spread

9x10+4

Energy loss per turn

622 keV

Damping times: t,.t,,tg

3.08, 2.97, 1.46
ms

Beam current

20 mA

RF frequency

181.13 MHz

346 4.62 5.7
Azimuth, [m]

6.93

1 -

8.08

Harmonic number

268

Synchrotron tune: Q,

0.092




Feriods 2
Length  [m] Bh.70Y

Tunex h.1B8583
Tuney' 2.35161
Chrama -0.644
Chram®y’ -4.451
Alpha [xE-3] 32.241

Jx 256422
Energy  [Gev] =500

Emit=o 90.142
dEfMurn  [ke%] bZ1.4
Espread [xE-3] 190
Taux 0.693
Tauy 1.5E1
Tauk 3.440
START
0.000
15.342
0.0000
4277
0.0000
0.0001

:xBooster

synchrotron

0=3,2m |

0=3.2m




Tunex R.18583
Tune' 2.35161
Chromes -5.544
Chromy -4.451
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6.2.2. Linear Accelerator Energy Doubling
from 80 MeV up to 160 MeV

G =106 Trvw | [(G;= 101 Tiim |
| } (G5t

.3 |
»

1 — 80 MeV Linac operating at standing wave;

2 — Isochronous achromatic magnetic mirror on 80 MeV;
3a —40keV electron gun with spherical cathode;

3b — 40keV electron gun with hollow cathode.
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6.3. Insertion devices —
specialized SR source




6.3 Main parameters of planed insertion devices
and Plan of IDs location at Siberia-2

IDs Bma | Au, Np | Eph SR station,
XT | mm planed
1 7.5 164 |10 | 4-200 RSA, RS-MCD,
SCW keV Hard X-Ray
3 3.0 44 35 |5-40 Belok-1, Belok-
SCW 2, Lengmuir-2,
Y Standing X-Ray
3 0.36 | 80 51 | 5.5- PES microscop,
NCW 270eV | PES-SH Resol.,
Spectro-Lumi,
VUV, MR
Mini- [ 0.75 |7 30 |2-7 1.3 GeV: X-Ray
U 0 holograph
keV S
IR - - - 0.1- IR, VUV, Soft-
ER 350eV | X-Ray

SCwiggler B=30T
dE =5- 26 keV

wiggler B=0.36 T
dE=25-1500eV

SCwiggler B=75T
dE=20- 200 keV

wiggler B=0.36 T
dE=4-1200eV

N+

Undulator B=0.75 T
dE=2-T7keV

SCwigglerB=30T
o i dE=5-26keV

SCwiggler B=30T
dE = 5-40 keV

‘ Edge Radiation
beamline
dE=0.1-350eV

wiggler B=0.36 T
dE=5-270eV



6.3. Edge radiation on Siberia-2

10% - <

ER

SR

, phot/s/(0.1%BW)
H
o

ER and SR fluxes




6.1. Enlargement of experimental
hall of KCSR was done

August 2009



I'-y 6.1. Additional building , reconstruction of existing building,
essential increasing of the useful surfaces for SR beam lines and
experimental stations.

it P
- e
p— '
2007-2009
Before After
18 reconstruc | reconstruc
b i I tion tion
. .., Experimental 950 4 850
T i T hall area, m2
i f"&: “ e . ~ Office area, m? 512 4 643
Total surface, 6 026 16 756
iy
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New area for staff and users S=16 000 m2.

Maaw Ho omm. +7.050

MaoH Ha omM. +11.250
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3-d floor ,

User's rooms

2-d floor,

Offices, laboratories, conference-hall



«Combination of modern technologies,
(microelectronics,...) with “constructions” principles of living
nature (biloobjects)

*Development of Hybrid materials
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Clean rooms







Cranuus
PenTtreHoBckoe KHHO

CT™M

Jlenrmrop

Menunana
benok
PK®OM

PE®PA
EXAFS
JINTA
[1PO

Cranuus
OOC
CIIEKTP
JIOKYC

IToiHOE HA3BaHHE CTAHIINH

CraHuus 17151 CKOPOCTHOM MaJIOyIIOBOH 1HU(paKTOMETPUU

CTaHI_II/ISI MaJIOYTJIOBOT'O PaCCEAHUA

CTaHI_II/ISI HCCIICA0OBaHUA 6I/IOOpI‘aHI/I‘-IeCKI/IX IIJICHOK Ha
IMOBEPXHOCTH KUAKOCTHU

CTaHI_II/ISI KOMIIJICKCHBIX I/ICCJ'IeI[OBaHI/Iﬁ 10 MCI[PII.IPIHCI(Oﬁ
JHUArHOCTHUKE

Cranuus 6enkoBoi Kpuctamiorpaduu

CraHuMs peHTTeHOBCKON KpHcTaiorpaduu 1 (pu3n4ecKoro
MaTepHaJIOBENCHUS

CraHuMs peHTTeHOBCKON pepakIIMOHHONW ONTHKHI
OnyopecuentHsiii EXAFS ciektpomerp
Cranuus niryOOKoi peHTIe€HOBCKOM JUTOrpaguu

CTaHI_II/ISI HpeHHSHOHHOﬁ pCHTFCHOBCKOﬁ OIITUKH

ITo1tHOE Ha3BaHHeE CTAHIMH
Crannus poTO3IEKTPOHHON CIIEKTPOCKOITHHI

CTaHI_II/ISI CIICKTPOCKOIIMH KOHACHCUPOBAHHOI'O COCTOAHU A

CTaHI_II/ISI JJFIOMHUHCCIHCHTHBIX U OIITHYCCKUX I/ICCJ'IGI[OBaHI/Iﬁ




OCHOBHBIC Hay4YHEIC HAIPABIICHUS

HaHOIlI/IaFHOCTI/IKa N MAaTEPHAJTOBCACHHUE (aToMHas CTPYKTYDpa,
MaKpPOMOJIEKYJIIpHAsA CTPYKTYpa, HAHOIUICHKH, T€TEPOCTPYKTYPhI, CBEPXPELIETKH,
HAHOKJIACTEPHI, MEIKOAUCIIEPCHBIE CPEBI, KBAHTOBBIE TOUKH, PaAUallIOHHbBIE
ne(hEeKThI, YIIepoaHble HAHOCTPYKTYPhl, HAHOKOMITO3UTHI U TIP.)

HaHoTexHoJ0rNM (MOJIEKYJISIpPHO-JTy4Y€eBas SIIUTAKCHS, TEXHUKA JIeHrMIOpa-
biokerT u nip.)

buorexnosorum ( 6enxosas xpucramiorpadus, GHOOpPraHMYECKUE INICHKH HA

MIOBEPXHOCTH KUJIKOCTH U TIp.)
MukpocucreMHass TEXHUKA (JIUT'A — TeXHOTOTH)

(I)yHI[aMEHTaJI])HI:Ie HUCCJICIOBAHUS (MaTepUalibl IPU CBEPXBBICOKUX
JABJICHUSIX, KKOCMUYECKHUE» KPUCTAILIbI, PCHTTC€HOBCKAsl ONTUKA U TIP.)




MockBa u MO:
HNucTuryT Kpn:Tc;;;olll"patlmn PAH. H ep e q e H b

MockoBcKHi FOCyAapCTBEHHbIH YHUBEPCHTET.

MBTY um. Baymana, Mocksa. 2
OWSH, rlyGma. opraHm3anmu —
M®TU, r. JoaronpyaHblii.

MHU®U, r. MockBa.

HMHeTHTYT cTanu M c1aBoB, MockBa. H OJI b3 O B aT e.]-[ ei/i

HMHcTuryT 31eMeHTOOpPrannyeckux coenuHennii PAH, Mockga.

HMHCeTHTYT TEeopeTHYecKoi M KcIiepuMeHTalbLHOol Onodgusnku PAH, ITymmuHo.

HMHcTutyT 0011eli 1 Heopranuyeckoii xumuu PAH, MockBa; KH C HI/IHT
HNucturyt buopusuku Kiaerku PAH

Poccuiicknii onkoJiornyeckuii Hay4nbii neHtp um. H.H. Bioxuna

HHUMU IlyabMoHOJIOTHI

Hucruryr O6meii u Heoprannveckoii Xumuu PAH.

Hayunblii neHTp BojiokoHHOM onTuku PAH, MockBa

I'YII MocHITIO "Panon", Mockga;

T'ocynapcTBeHHBI HAYYHO-HCCJIEI0BATEIbLCKUI MHCTUTYT PeIKHX MeTal10B, MocKBa.
Acconmnanus "Acnekrt".

HWHCTHTYT cy1e0HOM IKCIIEPTHU3bI.

Hay4Ho-Hcc/1e10BaTeIbCKOr0 HEHTPA 110 H3YYeHUIO0 CBOICTB IIOBEPXHOCTH U Bakyyma, MockBa.
HT-MUT, r. 3e1enorpan.

®UAH, r. Mocksa.

BHUHNO®U, r. MockBa

HHWU Bunomeaunnnckoit Xumnu PAMH umMm. B. H. OpexoBuua

BHUMHM um. BouBapa, MockBa.




III Beicuine Kypchl AJIs1 MOJIOABIX YUYEHBIX, ACIMPAHTOB U CTYACHTOB
crapmux Kypcos crpad CHI' o coBpeMeHHBIM MeTO1aM HCCJIe0BAHMS
HAHOCHCTEM U MaTepuasioB ""CHHXPOTPOHHBbIEC M HEMTPOHHBIE MCCJIEI0OBAHUA
Hanocuctem (CUH-nano-2010)".
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Thank you for your attention




