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1. Kurchatov Center of Synchrotron Radiation and
Nanotechnology (KCSRNT) includes:

1) Dedicated Source of Synchrotron Radiation with

- electron storage ring “Siberia-1” (VUV and Soft X-ray) and
- electron storage ring “Siberia-2” (X-ray radiation)

« 2) The Shared Centre of SR in priority goals:
- nanotechnology and material science,
- biotechnologies,
- live systems,
- microsystem technology.

Structure of the Shared Centre of SR:
3 experimental VUV stations,

10 experimental station of X-ray range,
new SR stations.



1. Linac
E = 80 MeV
I1=0.2A
AE/E =0.005
T=18 ns

Frep =1Hz
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2. Siberia-1 storage ring

E = 450 MeV

1=0.2-0.3 A (single bunch)
C=8.68m

B=15T

T,=29 ns

Trep=25s

3. Siberia-2 storage ring
E = 2500 MaB

1 =0.3 A (multibunch)
C=12413m

B=17T

T,=414ns

t=5hrs




l!}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
1=0.2 A, AE/E =0.005
T<15Hc,Frep =1Tu




!!__',l’ Small storage ring «SIBERI A-1»

First SR beam from BM,
1982, bld.140.
Injector - Linac «Jet»

» E=0.45 GeV, I=200 mA (340mA-max)
» Crit. Phot. En. - 0.21 keV (VUYV, Soft X-ray)

» Diameter -2.75m

» Hor. emittance - 8107 m-rad

» Life time (100MA) —1-1.5 hrs

» Stand. Bunch length -30 cm

> SR pulse duration - 2.35 ns (FWHM)

> SR pulse frequency -34.52 MHz



A
‘:-/b Dedicated storage ring «SIBERIA-2y

SR Source in X-ray spectrum
»E =2.5GeV, I =100-300 mA

»BMs critical energy - 7.2 keV 39 SR channels - project
»Diameter - 40m SR pulse duration — 0.14 ns(FWHM)
>Hor. emittance -9:108 m-rad SR sequence period - 5.5 + 414 ns

»>Life time (100 mA) — 10 ~ 14 hrs
»Stand. bunch length — 1.84 cm




The accelerator complex in KCSR

Siberia-2 optical functions and DA
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Main parameters of Siberia-1 and Siberia-2 rings

Parameter
Energy
Circumference
Optical structure
Superperiods
Bet. tunes: nx, ny
Mom.compaction
Damping x ,y, s, ms
Hor. emittance
RF harmonic
Energy spread
Dipole field: By
ID space

Bunch length:
sigma (without IDs)
SR pulse duration
SR pulse spacing

Siberia-2

2.5 GeV
124.13 m
Modified DBA
6

7.772; 6.692
0,0104

3.04; 3.17; 1.49
78-98 nm-rad
75

0,000953
17T
2x3m(eta=0)
5x3.2m(eta#0)

1.84 cm
0.14 ns FWHM
5.5-414 ns

Tthe accelerator
complex in KCSR

Siberia-1
0.45 GeV
8.68 m
FODO

1

0.793; 0.895
1,64

7.15; 7.15; 3.57
880 nm-rad
1

0,00034
15T

30 cm
2.35 ns FWHM
28.9 ns



2. The work of accelerator
complex— SR sources



SIBERIA-1 WORK AS A BOOSTER
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SIBERIA-2 WORK FOR THE USERS
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II.II? The accelerator complex work in KCSR
- Collective longitudinal instability at SIBERIA-2

a): The picture of the bunch filling at the injection into Siberia-2.

b), ¢): The modulation due to collective mode instability losses during an energy ramping.

Hionw 10, 2006



Improvement of SIBERIA-2 parameters
(2003-2007)
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Work of accelerator facility in 2007

Parameter Siberia-1 Siberia-2
Working time, hrs 3989 3895
Injection time, hrs: 486 (12%) 200 (5%)
Stored current, mA <434.3 <309.7
Experiment time, hrs: 219 (6%) 1653 (42%)
Accel. current, mA <339.4 <209.9
Average current, mA 67 74

Total doze, A*hrs 225 527

Doze of 2008, A*hrs 15 126
Energy ramp. number 1417 446

Best Life time, 0:38 (173) 12:50 (202)
hrs:min (current, mA) 1:20 (100) 32:50 (50)




A distribution of relative shares of the basic
works spent on KCSR in 2002 — 2007 in %
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For repairing mainly RF equipment we have
lost 15 % (42 shifts) of time in 2007



X-ray stations (Storage ring SIBERIA-2)

Homep
Cranuus IlosiHOE Ha3BaHMe CTAHIMHU
KaHaJ1a
PeHTreHoBCcKOE KUHO CraHuus 1711 CKOPOCTHOW MaJIOYTJIOBOHM TU(PAKTOMETPUH
CT™M CraH1Ms MaJoyIJIOBOI'O PacCesiHUS
I'amma Cranuus uccienoBanus GoTosIEPHBIX peaKkunit
CraHIMs KOMIUIEKCHBIX MCCIIEJOBAHUN 110 MEUIIMHCKOM
Menuana
JTMarHOCTUKE
benox Cranuus 6e1KoBo# Kpuctamiorpapuu
PKOM CraH1Ms peHTI€HOBCKOW KpHcTaiorpaduu u (pu3n4eckoro
MaTepHuaoBeIeHUS
PE®PA CraHuust peHTI€HOBCKON peppaKkiIMOHHON ONTHUKH
EXAFS ®uyopecuentHbiii EXAFS cniektpometp
JINT'A Crannus riay0oKol peHTTeHOBCKOM JTuTorpadun
I[1PO CraHuus Npeun3uoOHHON PEHTI€HOBCKON ONTHUKH

VUV and Soft X-ray Stations (Storage ring SIBERIA-1)

Homep
Crannus ITosiHOE Ha3BaHMe CTAHIMU
KaHaJ1a
OOC Crannus GOTOAIEKTPOHHOM CIIEKTPOCKOIHH
CIIEKTP CraHuus CIEKTPOCKONUHU KOHJIEHCUPOBAHHOTO COCTOSIHUS

JIOKYC CraHnus JIOMAUHECLIEHTHBIX U OIITHYECKUX UCCIIEI0BAHUI


http://www.kcsr.kiae.ru/stations/k1.3a.php
http://www.kcsr.kiae.ru/stations/k1.3b.php
http://www.kcsr.kiae.ru/stations/k3.1.php
http://www.kcsr.kiae.ru/stations/k4.3.php
http://www.kcsr.kiae.ru/stations/k4.4.php
http://www.kcsr.kiae.ru/stations/k4.6.php
http://www.kcsr.kiae.ru/stations/k5.6.php
http://www.kcsr.kiae.ru/stations/k6.2.php
http://www.kcsr.kiae.ru/stations/k6.3.php
http://www.kcsr.kiae.ru/stations/k6.6.php
http://www.kcsr.kiae.ru/stations/d4.1.php
http://www.kcsr.kiae.ru/stations/d4.2.php
http://www.kcsr.kiae.ru/stations/d4.3.php

U’ 3. Modernization of
accelerator complex systems

- Insertion devices - specialized SR source *)
SC wigglers (undulators)

- RF systems *) :
Generators, cavities, RF control,

- Automation control system (KCSR),
- Electron beam diagnostics *):
Measurement of tunes,

NMR
Beam Position Monitors

*) In collaboration with BINP SB RAS



A SC Wiggler installation on SIBERIA-2:
%7 B=7.5T, 19+2 poles (KCSR RSC KI+BINP SD RAS, 25.12.2007)

MPSCW: NbTi coils First SR from SC

wiggler

(June 7, 2008)

B=3 T, Ee=2.5 3B,
le=25 MA,

COD 8X~1mMmm
(unipolar power
units 11 u 12)

E=2.5GeV, 1=0.1-0.3 A
B=3-7.5T, Npoles=19+2
Awig =164 mm

Eph crit. = 31.2 keV

Flux = (1014-1012)
ph/s/0.1%BW

Eph =5 - 200 keV .
SR beam: Ac=1A°,

©®x max = + 23.5 mrad e 3 _'. S \/Y
otot (100 mA) = 36.5 KUV - ' P=1.46 kW,
tot (100 mA) = 36.5 SC wiggler installed in dispersion-free straight ®max=9.4 mrad

Ltot = 2400 mm section of SIBERIA-2

SR from SC wiggler on screer4




SR Spectral Flux and Brightness
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Wiggler influence on general beam parameters in Siberia-2.

Parameters Without With one With two
wiggler wiggler wiggler 7.5 T
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
AQx,z
Radiation loss per 685 keV 1045 keV 1410 keV
turn
Orbit compaction 0.01036 0.01036 0.01036
factor
Energy dispertion, 0.000953 0.00142 0.00160
op/E
Damping times: 3.15, 3.02, 1.48 2.05, 1.99, 1.50, 1.47,
Tyt Ty Tg ms 0.98 ms 0.73 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)




Modernization of RF system of Siberia-1

(KCSR + BINP)

Reliability of work and increase of accelerator voltage to shorten

ejected beam at 450 MeV

1. 15.11.07- 28.12.07
It was installed and run :

A new RF generator 34.5 MHz, 30 kV, 20 kW
A new RF control electronics

A new RF computer control.

2. Upgrade of RF cavity 12xV- 30V is planed
on summer 2009



!!oy Modernization of RF systems of Siberia-2: (KCSR + BINP)

Reliability of work and increase of accelerator voltage

2 new 181 MGZ cavities installed
at Siberia-2 storage ring
dispersion-free straight section

Reasons: Deterioration of the RF-equipment
(a leak H20-in protective vacuum of cavity);
The work of SC wigglers increases the
energy spread and demands much higher
accelerating RF voltage.

15.11.07- 28.12.07

- Replacement 181 MGz cavity Ne 2 on 2 new
ones:

- New RF control electronics,

- 2 New feeders,

- New RF computer control for automation
processes.



Plan for SIBERIA-2: To operate with 3 new 181 MGz cavity in 2009.
To increase sum accelerator voltage up to 2 MV for reliability work

with 2 SC wiggler on 7.5 T.

1328

21172

600
“ﬁ New cavity parameters
—% D
M-
@% Gap voltage 0— 1000 kV
g} . Transit factor 0,905
367 | Quality 40.000
! ’ ’ Characteristic impedance  133.5 Ohm
7 : 7 gl ﬁ Shunt impedance 5.3 MOhm
, Fundamental frequency 181.1 MGz
% Frequency tune range 320 kGz
> Speed of cavity tuning 5 kGz /sec
- | Power dissipated in cavity
at V=I MV 95 kBm




IUI? Lifetime at Siberia-2
A4

December 2007- Mars 2008. Opening vacuum volume of Siberia-2, installation of new RF cavities and
SC wiggler, improvement of vacuum conditions by photo-stimulated gas desorption with SR,
accelerator facilities tuning with new RF systems and cavities.

April - June: KCSR worked for SR
users at 2.5 GeV with 5-80 (100)

‘-O-tau*lo,Ahr — lTuHeiHbIn (tautlo,Ahr) ‘

mA in multibunch mode; the SC ’ ] L] ﬂ
. . ¥ =0.0074x +0.1318
wiggler was switched on. " Rl =0.9016 i
_ 2000-June 2006 //;'5%
Product of (lo*tau) & Stored Doze ) , ’//
1.8 . ¥ ume »
e April-September 2008 /» ) L
L - N T L+
g N> st
_;f ) 0‘\/ 1 // :: T
3 o0s A /] /F/ d
0.4 A ily . i
0.2 L 4
0 | OTH?
0 2 4 6 8 10 12 14 16 18 20 50 100 150 200 20
Stored Doze, A*hrs
0.5
Doze 18 A-hrs, 100 mA, life time=14 hrs Doze 175 A-hrs, 100 mA, life time=14 hrs

Linear behaviour of the product of an initial electron beam current /0 and a time
interval tau (from 10 to 10/e) versus total SR doze collected at 2.5 GeV by the vacuum
chamber from the beginning of SR work. It is shown that SR stimulated gas desorption
coefficient which is proportional to 1/(tau*Io) is 10 time less in 2008 then 2003.



Nearest tasks to solve “wiggler problem”

1. Commissioning of the wiggler at maximum magnetic field

1.1 High accurate geodesy.

1.2. Codes for wiggler — storage ring SIBERIA-2 joint operation in different mode.
1.3. Understanding of large liquid He consumption. Now — 2 l/day...

2. Study and compensation of wiggler influence on e-beam
2.1. Optimal operation regimes excluding electron beam losses.

2.2. The increase of injection efficiency, now it is smaller in a factor ~ 1.5 than
early.

2.3. The increase of e-beam lifetime in case of total SR power growing.

2.4. Control angle-space location of high power SR beam from wiggler with a
help of correctors of SIBERIA-2.

3. Safety extraction of intense and power SR beam through the 3-ports
front-end absorber

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

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

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




Extraction of SR from SC wiggler
into 3 photon lines
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3 new SR stations are making and are projecting for
SR from SC wiggler :

1. X-ray structure analysis: (-17 £ 1) mrad;
2. STRESS: up to 150 keV A¢c = 0.4 A, P =940 W/mrad, (0 + 1) mrad;
3. RS-MCD: (13.3 = 1)mpan
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Power density angle distribution of SR from 19-pole SC wiggler

E=2.5 GeV, I=0.1A, B=7.5T

dP {
dO | mrad

Bm/mpag 1000

1. XSA:

(-17 £ 1) mrad,
Ac = 0.58 A,

P =650 W/mrad

2. STRESS:

Up to 150 keV,
Ac = 04 A,

P =940 W/mrad,
(0 £1) mrad;

3. RS-MCD:
(13.3 = 1)mrad,
Ac = 054,

P =760 W/mrad

}=4.22.E3[G6V].Bm 7] 1[4]1-(0/0©, ) -N

poles




4. Plans of Kurchatov SR Center
development

4.1. Enlargement with additional building, essential
increasing of the useful surfaces for SR beam
lines and experimental stations.

4.2. Technical upgrade of accelerator facilities with
the targets:

- Transformation of SR source in new quality state, it means to
reach the parameters of SR source 2.5-3 generation (¢, = 110 nm-

rad)
- Installation of new bright insertion devices: wigglers, undulators

4.3. Creation of new SR Stations
Equipping by new scientific and experimental apparatus and
measurement instrument



l- 4.1. Additional building , an enlargement of experimental
area, reconstruction of existing building

2007-2009!?

Before After
reconstru | reconstruc
ction tion
Experimental 950 4 850
hall area, m?
Office area, 512 4 643
m2
..: Total surface, 6 026 16 756
. m?
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4.2 OcHOBHbIe 3ada4yu MexHU4YeCKOo20 repesoopyXeHuUs1 UCMOYHUKa
CMU c uyenvio nepesooa Kypuamoeckozo ucmounuxa CH ¢ kauecmeenHno Hogoe
cocmoanue — ucmounux CH 2.5-3-20 nokonenus:

- co30aHue onmu4eckolu cmpykmypbl ucmo4yHuka CH, nozeonsrouweu
noebicumb criekmparsbHyro sipkocmb CU rno cpasHeHuUro ¢
cywecmeyrouw,um 0o 100 pa3s;

- UCKITI0YeHue nepuodu4ecKoz20 "nepeHakonsieHusl” 3jieKmpoHoe e
ucmo4Huke CU CUBUPb-2, komopoe npepbieaem rnosib308aHue
ny4ykom CU, u co3daHue a¢hgpekma «6eCKOHEe4YHO20» 8PEMEHU XU3HU
ny4yKka 3J71eKmpoHO8;

- yeesiuyeHUe cmabusibHOCMu rMPocmMpaHCcCMeeHHO20 MOJIOXKEeHUSs
¢hOMOHHbIX ny4ykoe u3 Cubupu-2;

- yeesiu4eHue HadexxHocmu pabombl CUHXPOMPOHHO20 UCMOYHUKa —
Hoeasi mexHuKa, yny4ueHue cmabunu3sayuu UCmMOYHUKO8 nNumaHusi,
co3daHue cucmembl mepmMocmabunusayuu

- YMeHbUWeHUe aMummaHca, co3daHue 03MOXXHOCMU MoJly4eHUs!
OughpaKyUOHHO - 0O2PaHUYEHHO20 U3JTyYeHUsl;




b
= YeenuyeHue cnekmpanbHou sipkocmu e 100 pa3
- YMeHbweHue amummaHca CUBUPU-2

B Hacmosuwee spems HamyparibHbiu amummaHc CUBNPU-2
&, = 98 HM-pao.

« bornee «sspkue» onmu4yeckue cmpykmypbi «Cubupu-2»
Mo380JITFOM UMemb HamypaJsibHbIU 20PU30OHMasibHbIU
3MUMMaHCc ny4dka 3/;1IeKmpPoHoe8 Ha ypoeHe 4-6 HM-pad Ha
3Hepauu 1,3 3B, Ymo coomeemcmeyem napamMempam mak
Ha3bleaeMbix «ucmo4Hukoe CU 3-e20 rnokosieHuUsI».

« Hoeble onmu4yeckue cmpykmypbl Orii OCHOBHO20 KoJrlbua
«Cubupu-2» ¢ marnbiMu amummaHcamu (66 Hm-pad u 18 HM-pao
Ha 3Hepauu 2.5 '3B) umerom cpasHUmMesribHoO marsible
LuHamuyeckue anepmypsbl. Tpebyemcs UHXeKUUs Ha rnosiHou
3HepauU rny4yKkos8 ¢ masibiMu gha3oebiMu obbemamu.



The accelerator complex in KCSR

Strategy of the KCSR is to create the SR source of 2.5-3
generation on the Siberia-2 base.

Problems:

* A theoretical and experimental elaboration the magnetic optics with
small emittances near 17-20 nm-rad at the energy 2.5 GeV.

« The theoretical and experimental studies of the electron bunches
dynamics in the ring of Siberia-2 with small DA.

* Injection system modernization. Top up energy injection. Project of
Booster Synchrotron at the energy 1.35 — 2.5 GeV.

As results to increase a spectral brightness of SR



The accelerator complex in KCSR

Optics with 66 nm-rad horizontal emittance at 2.5 GeV:

« Six dispersion free straight sections.

« Large change of betatron frequencies: v,=7.85, v,=3.79.
 The natural chromaticities stay relatively small: =154, Qyz—l 1.7,
 The calculated dynamical apertures are as such as

—20 mm < DA <29 mm, -24 mm < DAy< 24 mm.
*  The structure “66nm-rad”do not require a modification of the “iron”.

Z ECrmm1l

Hmax = 35.1
26
24
DA-66 22 Zrmax = 26.8
MAD (1000) 20
OptICk i: dp/p = 0.00
1=
iz Turns
10
d=mimt ] errors o 1000
S—2 tpauss . %
s d¥toauss A o
wi=—rt Ranf 2
o X [ ]
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The accelerator complex in KCSR

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, vy=5.623,
« chromaticities 6,=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, €x = 4.8 nm-rad, €y = 0.048 nm-rad, A, =7 mm, A ~6A.

Z LCrmnml

Hmax = 39.7
26

24

DA‘18 22 Zmax = 26.2
MAD (1000) 20

is
Opt|Ck 16 dp/p = 0.00

12
d=mi=t ] errors 10 /e : Tuano
S tgauss . =
s d¥toauss a ’ o =
sri—irt Ranf 2

o L L Xl Crara ]

-3 o ) o 10 21, 3

Beta—-¥ = 14.12 n Beta—-Z = 6.87 n

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



.I.!-I.b PROJECT: Top-up energy injection scheme for
dedicated SR source SIBERIA-2 in RSC

Kurchatov Institute

Injection in SIBERIA-2: Linac 80 MeV, magnetic mirrow-Linac-160 MeV,
Booster Synchrotron 160-2500 MeV, Siberia-2 — 1000-2500 MeV;
Modernized injection scheme for SIBERIA-2 from 80 MeV Linac.



b

. 7 Advantages to operate with Linac
at 160 MeV instead of 80 MeV

 When injecting from 160 MeV Linac to BS:

- influence of remanent magnetic fields on the field quality in
magnetic element of BS falls down essentially;

- damping times of betatron and synchrotron oscillations in BS are
decreased in a factor 8, it is important during commissioning of
BS;

- stabilization problem of power supply at low current level are
solving more easily;

- magnetic field changes is decreased twice in a cycle of BS,

- Emittances of ejected electron beam from Linac are decreased
- in a factor 2



IDs which are discussed on SIBERIA-2
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Possible Insertion Devices planed on
SIBERIA-2

SR line Insertion device Max. Field | Numbe Photon Experimental station Nsuff{nﬁife:f
name Field, period, r of energy
T cm periods

K3.4, 2 SCW 2-4 5-6 25-30 20-40 keV Elem. analysis, X-ray 2

structure analysis (XSA),

K6.4 “Protein crystallography”
K4.4-1, 1 SCW 7.5 16.4 10 20-150 XSAM)égNSIS'l"SI/{%)S(SAFS - 3
K4.4-2, keV ’

K4.4-3 (200)
K1.4-2, 1 SCW 6 (7.5) 12-16.4 10 20-100 :“lf/lfoctl?in {{Y‘S}Taﬂographg’}’ 3
K1.4-3, keV ediana”, “Topography
K1.4-4
K2.1 1 warm wiggler 0.1-1 15 ~10 | 5.5-270 eV “Photo-electron 1
spectroscopy (PES)”,
metrology
K3.1 1 warm wiggler 0.1-1 15 ~10 5.5-270 eV “PES», metrology 1
(undulator) Variable <1
gap
K4.1 1 warm wiggler 0.1-1 15 ~10 | 5.5-270eV “PES», metrology !
Ke6.1 1 in-vacuum undulator 0.087 0.7 100- 2 Rigid j%ectlium, ; 1
. suppresse acKkground,
Variable 150 difgla)lction—limite?l source
gap 1.33
GeV
K5.1(7) Edge IR radiation <300 eV IR and VUV station, 1
metrology

Bending magnets
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EX|st|ng SR stations




SR station in progress
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Proposed stations on

) IR, VUV and Soft X-ray
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Main trends of scientific program of KSCRNT

1. Diagnostics of Nanosystems and Materials

2. Organic and bioorganic nano-objects and

alive systems diagnostics
3. Development of technologies

4. Metrology




Thank for attention



1. /luarHocTMKa HAHOCKUCTEM U MATEPHUAJIOB - 1

Hay4ynas (TexHoJiornueckasi) mpoojaema JKCcNepUMEHTAIbHbIH JKCIepUMEHT. Craryc
MeTO/ CTAHUMS CTAHLNH
1.1.1. Hanognaraoctuka PentrenoBckas nudpaxims [IpennsnonHas AeHCTByeT

HU3KOPa3MEPHBIX CTPYKTYP
(TIICHKH, CIIOUCTBIE CTPYKTYPHI,

BBICOKOT'O pa3pelIcHHUs
(KOMITJIEKC METOJIOB).

PEHTT€HOBCKAs ONTUKA
«IIPO»

(Tex.
NepeBoOPYK.)

I.1. Peduexromerpus. «Pednexromerpus» IIPOEKT
HaHOIHATHOCTHKA CBEPXPEILIETKH, CTPYKTYPEI C

KBAaHTOBBIMH SIMaMH, HUTSMH, ["onorpagus «l"omorpadusn» MPOEKT
IIOBEPXHOCTH.

TOYKaMH, KpUCTAIIINYECKUC CTtosiurie peHTTEHOBCKHE «CPB» MPOEKT

JeQEeKThl U Ip.). BOJIHBI

1.1.2. MukpocKomusi MOBEPXHOCTH. DOTORICKTPOHHAS DIC - MUKPOCKOTT MIPOCKT

MUKPOCKOTIHS (72 «Cubupu-2»).
1.2.1. Onpenenenue CTM (cpennss AelcTByeT
I€OMETPUYECKUX MTAPAMETPOB " 00acTh CreKTpa) (Tex. )
aJIOyTJIOBOE paccesHHe nepeBoopy:KeHHE
HaHOC KT
TPYKIYP MYVYP (xecTkas MIPOEKT

(TOpBI, KJIaCTEePhl, HAHOYACTHIIBI, e ETE)

BBIJICJICHUS U TIP.).

1.2.2. Buzyanusanus CTpyKTyp AndpakuronHast PT-MT JleficTBYeT
1.2. BHYTPHU 00BEKTa. Tonorpagus, Tomorpadus. (Tex.
Hanonguarnocrtuka NEPEBOOPYIK.)
00BEMHBIX 1.2.3. JlokanbHasi peHTT€HOBCKAast CoxycupoBaHHbIC PE®PA el CTBYeT
CTPYKTYD. JUArHOCTUKA U MUKPOCKOIIHSL. PCHTTCHOBCKUE ITyHKH (Tex.

NepPeBOOPYiK.)

1.2.4. CtpykTypHas AMarHOCTUKA
IIPU SKCTPEMAaJIbHBIX BO3ICHCTBHSIX
(CBepXBBICOKHE JABIICHUS, B3PHIB,
PaIMOAKTHUBHOCTD U TIP.).

Hudpakuus, pagunorpadus
(>kecTKOe PEHTTeHOBCKOE
U3JIy4eHUE, IyYKH OOIbIION
SIPKOCTH)

«KecTkuit peHTTeH»

IPOEKT

1.2.5. Pagunanmmonnoe
MaTepUaJIOBEJICHHE.

O6paTHOE KOMIITOHOBCKOE
paccesiHue

«TAMMA»

MPOEKT




1. /luarHocTHKAa HAHOCHUCTEM U MATEPUAJTIOB-2

Hayunas (TexHojiornueckasi) npooJjema JKCIepUMEHTAIbHbII JKCnepUMeHTAIbHAS
Craryc craHuuu
MeTO/ CTAaHLUA

1.3.1. AToMHas cTpyKTypa .

PYKTypa, PentrenoctpykrypHsbiii anammu3 | «PCA» MPOEKT
3JIEKTPOHHAS MJIOTHOCTb.

. «ITopormkoBas
1.3.2. ®a30BbIl aHATH3. IMoporkoBas audpaxiys p HPOEKT
TP PAKITHSD

1.3.3. AToMHas CTpyKTypa neiicTByeT

1.3. ATomHadg 1
AIIEKTPOHHAS

CTPYKTYypa.

OJIMKANIIEro OKPYKEHHUSL.

EXAFS-cnexkrpockonus

«EXAFS-D»

(Tex. mepeBoOOPY:K.)

1.3.4. XuMuueckue CBs3H,
AICKTPOHHBIE COCTOSHHS,
aTOMHAasi CTPYKTYpa.

XANES - ciekrpockomnus

«XANES»

MIPOEKT

Pezonancnas qudpakuus

«PKD®M)»

AeHCTBYeT
(TeX. MepPeBOOPY:K.)

1.3.5. DnexTpoHHbIE
CIEKTPHI, ONITUYECKUE U
PEHTIEHOONTHYECKHE
CBOMCTBA, MAarHUTHBIE U
aTOMHBIE CTPYKTYPHI,
XUMUYECKHE CBS3H U TIP.

WudpakpacHas cieKTpOCKOTHS

«Yuusepcanbabiii K-
CTaHIUS

MIPOEKT

Onrunueckas u BY®D

«CrexkTp»
(Ha «Cudupmn-1»).

AefCTBYET
(Tex. mepeBoOPY:K.)

CIIEKTPOCKOIIHS, JOKYC AeHCTBYeT
JIFOMUHECLCHIINA. (na «Cudupu-1»). (Tex. mepeBoOPYK.)
«SpectroLumi

(ma «Cubupu 2») fpoext
«D@IAC» AeHCTBYeT
D (na «Cubupu-1») (Tex. mepeBoOOPYy:K.)

criektpockorus (PIC)

«DIC - BBICOKOTO

paspereHus MIPOEKT
(1a «Cubupu 2»)

XANES (B 0011aCTH MATKOTO «YuusepcanpHas BY ©-

pentrena), ®3C ¢ yrioBeM U CTaHIUA MIPOEKT

CIIMHOBBIM Pa3pelIeHUEM.

(ma «Cubupu 2»)




2. JIMarHOCTHKA OPraHUYeCKUX U OMOOPraHNYeCKUX

HAHOOOBEKTOB M :KMBBIX CUCTEM

Hay4yHnasi (TexHoJioTM4YecKkas) mpoodJjema JKCNepUMEHTAJIbHBIN | JKCNIepUMeHTANbH | CTaTyc cTAaHIUM
METOJ asi CTaHIUs
2.1. ATOMHas CTpYKTypa MaKpOMOJIEKYJL. benkoBas «besok»» HefcTBYyeT
(6enku, BUPYCHI, PEPMEHTHI, U TIp.). KpucTamuiorpadus (Tex. mepeBOOPYK.)
2.2. JInarHoCTUKA HU3KOPA3MEPHBIX Pentrenodpyopectient | «Jlenrmropy» JleicTBYyeT B
HaHOCTPYKTYP B HATUBHOM COCTOSIHUU. HbII aHaJu3, CTAJHUM 3aMyCKa
(TJIEHKU HA TOBEPXHOCTH >KUJIKOCTH, pedaexkromeTpus, (Tex. mepeBOOPY:K.)
MeMOpaHBbI U TIp. ). MIOBEPXHOCTHAs
nudpaxius.

2.3. InarHocTHKa HaAMOJIEKYISIPHOMI MarnoyrnoBas «AUKCH» HeHCTBYyeT
CTPYKTYpBI OMOTKaHEH, B TOM YHCJIC B TudpaKIys C (Tex. mepeBOOPYK.)
TUHAMUKE. BPEMEHHBIM
(MpbIlIEYHAs TKaHb, SIUTEINH, CIIN3b, BOJOCHI U | Pa3pELICHUEM
mp.)
2.4. HoBrle MeTOIBI M€ TUIINHCKOUN Pedpakuunonnas «MEJIUAHA» nefcTByeT
UHTPOCKOIIUH paguorpadus, pazoBbii (Tex. mepeBoOOPYyK.)

KOHTpACT.




3. PazBuTHEe TEXHOJIOTHH.

Hayunas (TexHOJIOTHYECKaA)

. Ikcnepumenta | Craryc
npooJieMa JKCNEePUMEHTAJIbHBIA METO/
JbHafl CTAHIUA | CTAHIIUH
elCTByeT
3.1. MuxkpocucreMHas ['y0oKas pEeHTreHOBCKas TUuTorpadus T A )(lTex y
JIMTA :
TeXHHKA. ( ) )
TexXHOJIOrrs MOJIEKYJISIPHO-Ty4EBOU
3.2. MoJuekyJsipHOe TeX.
yasp DIIUTAKCUU B KOMIIJIEKCE C IIOBEPXHOCTHO- «BAKYYM» Ele )
HacJ1auBaHHE. qyBCTBUTEJILHBIMUA METOAAMHU JHATHOCTUKHU. P Py
55 TS HanoTtexHoornu Ha OCHOBE 30HIOBBIX
METOJIOB U CPOKYCHUPOBAHHBIX HOHHBIX
HAaHOKOHCTPYMPOBAaHUS A $oxycrp «HAHODADB» MPOEKT
MyYKOB B KOMILIEKCE C TOBEPXHOCTHO-
HeopraHquCKHX CHCTEM YYBCTBUTCJIIbHBIMHW MCTOJaMU TUArHOCTHUKHN.
3.4. TexXHOJIOr UK Texnonorus Jlenrmiopa-biokerr B
KOMILJIEKCE C IOBEPXHOCTHO- eificTByeT
HAHOKOHCTPYHMPOBAHUS p . y
qyBCTBUTEIbHBIMUA METOAAMHU JHUATHOCTUKHU. «JleHrMIop» (Tex.
OpraHu4YecKHux u HepeBoopyik.)
OMOOpPraHUYEeCKHX CUCTEM.
3.5. HoBble MeTODI PentreHoBckas tepanus ¢ UCIOJIB30BAaHUEM «Me THIHCKas
MEAMIMHCKOU TepaNuu. MOHOXPOMAaTHYECKUX ITyYKOB WJIH Te afmls_{[» MPOEKT
MHUKPOITYyYKOB. P
2.5. PeHTreHoBCcKHE METOABI y Komruiekce
. Pentrenodas3oBslii aHanu3 MUKPOOOpa3LoB
I 32124 IPOTUBOAEUCTBUSA N CYIIECTBYIOLIUX
T KpUMHHATHUCTUYECKIX TIeNIeH. CTAHH

Teppopu3My.




Hayunas (TexHosornueckasi)
npoodjaema

4. MeTtpoJiorus

BKCHepI/IMeHTaJILHI)Iﬁ METOA

JKCNePUMEHTAIbHASA
CTAHLMS

Craryc
CTAaHLUH

4.1.
CnexTpopaanoMeTpuIecKoe
obecrieueHne paboT B 00JacTH
HAHOTEXHOJOT UM,
MaTepHuaIoBEICHUS, )KUBBIX
CHCTEM M TEXHOJIOTHUM JBOMHOTO
Ha3HAYCHUS.

OnTudecKkue MeTOIbI
dbopMupoBaHus MyYKa.

«Mertposornueckas
CTaHIIUS B IMANa30HE
HNK-BY Dy

(ra «Cubupu 2»)

MPOEKT

PeHTreHoonTu4ecKkrne METOIbI
dbopMHUpOBaHUS MTyUKa.

«Mertposoruueckas
CTaHIIMUS B IMANA30HE
BY® - msarkuii
PEHTTEeH»

(Ha «Cubupu 2»)

MPOEKT

PeHTreHoonTu4ecKkre METO bl
dbopMHpoOBaHUs MMydKa

MertpoJiornueckas

CTaHLIMS B TAANA30HE

MSTKWAWA PEHTTEH -

JKECTKUN PEHTTEHA»
Ha «Cubupu 2»

MPOEKT




lNepeyeHb pabom rno mex. nepesooOpPyXKeHUI KaHas108
U 3KcriepuMeHmarsbHbIX cmaHyuu

- OCHAIIIEHHUE CYIIECTBYIONINX IKCIIEPUMEHTAIbHBIX CTAHITUN COBPEMEHHBIM
MCCIIEI0OBATEIbCKUM 000PYyI0BaHUEM U MPUOOpaMH;

- OCHAIIEHHUE COOPYIKAEMBIX IKCIEPUMEHTAIbHBIX cTaHIIUM (TIpoekT 215-085)
COBPEMEHHBIM UCCIIE0BATEIbCKUM 000PYI0BaHUEM U MPUOOPAMH /17151 PEIIICHMUS
3a71a4 HAHOMHYCTPUH;

- co3ganue Ha 0aze ncrounnka CH HOBBIX YHUKAJIbHBIX HAYYHBIX CTAHIIMHN IS
pa3BUTHS PaOOT B HAHOMHYCTPHH;

- co3iaHue 1 gopadboTtka kaHaioB BbeiBoja CU u3 manoro Hakonutenst (MH): BY ®@-
3an Ha kaHane /['3.1 u [1'3.2, 14.1,/14.2,]14.3;

- moocHareHue kanaioB BeiBoga CU Gonbiioro Hakonurens (bH): BY® kananst u3
bH, UK kanansl (nHppakpacHoro uznyuenus) u3 bH, MP kanassl (MsSrkoro
PEHTTe€Ha) U3 MOBOPOTHBIX MarHUTOB bH, KaHaJIbI )K€CTKOr0 PEHTIEeHA U3
moBOpOTHBIX MarHuTOB BH, kaHanb! BeiBO0B CU U3 crienu3nydarenieii — BUTTIEPOB,
onTuyeckue kaHnaisl u3 bH;

- CO3JIaHME HOBBIX (26 1IT) U J0OOOpYyAOBaHUE CyIIeCTBYIOMMX (11 1mIT) 31U THBIX
CBHUHIIOBBIX JOMMKOB JJIsI SKCIICPUMEHTAIbHBIX CTAHIIUI;

- CO3JIaHME HOBBIX (26 1mIT) U J000OpyAOBaHME cyliecTBYIomUX (111mT) 60KCOB
(IOMMKOB) 9KCIIEPUMEHTATOPA;

- CO3/IaHUE HOBBIX U J000OPYI0BaHUE CYIIECTBYIOIIUX BaAKYYMHBIX CHCTEM.




* YCTaHOBJIEHHAs CyMMapHas MOIIHOCTb
norpeourenc — 2,2 MBT,

» MakcumanbHo notpedasemas — 3,7 MBT.,

* ['omoBou pacxon 3aekTpodHepruu 3100
MBT*q,



Pesxum paOOThI U TPYAOBBIC
pPECYPCHI

* - PEXHM paOOThI — KPYTJIOCYTOUYHBIN 3-4 CMEHBI 110 6
4aCOB MaKCHMYM IISIThIO CMEHHBIMHU OpUTagaMu;

* - HapaOOTKa B rojly Ha MOJb30BATEICU CHHXPOTPOHHOTO
U3JIYYECHUS — 'TIYYKOBOE BPEMSI' COCTABIISIET:
MakcuMaiabHas — 5040 gacoB, minanupyemas — 4200
4aCOB,;

* - CIHMCOYHBIM COCTaB padOTAIOIIETO ITEpCOHAJIA
coctaBisieT 1784denoBek (88 4eir. B MAKCUMAaJIbHY IO
CMEHY), B TOM YHCJIE HHKECHEPHO-TEXHUYECKUE
paboTHHKHM — 1274en; pabouune- 51 4emoBeK.



CTOUMOCTD

Oo6mmaa croumoctsb ¢ HAC — 8,59 mupa.
pyoO. B TOM 4ucJie:

« CMP -0,77 mapa. pyoJiei;
 oOopyaoBaHue — 6,91 miapa. pyoJieu
(Briarovass Oycrep 500 muiH. pyo.)
 mnpouue 3arparsbl — 0,91 Mmupa. pyoJei.



1999 r

1999-2006 rr.

2006-2007 rr.

2008-2011 rr.

KypuaToBckuii

Du3nYecKnil 3aImycK

BbiBoa Ha MPOEKTHbIE

- Kpeiicepckmuii pe:xum

- TexHu4Yeckoe nepeBoopyKeHHUe - -

ucrouynunk CU napaMeTpsbl padoThI nosbinieHue sspkoctu B 100 pas.
- IlepBbIi -Ilepexoa B pa3psii HCTOYHMKOB
CBEePXNPOBOAAIIMI TpeThero NoKoJeHusl.
BUTITJIEp - OcHaleHne BUITJIepPaMH U
- Konnenuus OHIYJIATOPAMH
MOJAEPHHU3AIUHN
IKCcIepuMenTa Kommnuiekce s3xcnnepuMeHTAJBHBIX - [leHTp KOJLJIEKTUBHOTO - Komnjiekc cranmui sl «<HaHO-» U
JbHbIE craHumii 1-it ouepenn 10JIL30BaHMA. «HAHO-0HO0» HAYK
CTAHU UM - IlepBBIe - Komnekcnr «Hanogao» nns
crnenuaaIu3upoBaHHbIE HAHOTEXHOJIOTHI
CTAHIIUHM 1JIsl KHAHO» HAYK
HccnenoBanus JdeMOHCTpaLlMOHHBIE Pa3Butne MmeToauk HauaJio uccienoBanuii B KoMmnjiekcHbIE HCCIeI0BAHUS |
" pa3pabdoTKu JIKCIEPUMEHTBI HnccJaea0BaHMI 00/1aCTH «HAHO-» M KHAHO- Pa3padoTKHU B 00JIACTH «HAHO-» «HAHO-

010» HayK.

010» B pe:knMe KOJLUIEKTUBHOIO
MO0JIb30BAHMS, CO3IaHHE HOBBIX
TEXHOJIOT M.

W
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B cooTBeTcTBUM ¢ TeXHUYECKUM 3aJlaHUEM Ha pa3padO0TKy MPOEKTa TEXHUYECKOTO
nepeBoopyxeHuss KMCH, pazmeniaemMoro B KOpnyce TEXHOJOTHYECKUX UCCIICA0BaHUM (31aH1e
348), ynpaBiieHHe NPOU3BOACTBOM, OpTraHU3allMOHHAs CTPYKTYpa yIIPaBiICHUs, OPTraHU3aLIMs
YCJIOBUU TpyJia padoumX U CIIy>KalllUX, PEXKUM pabOThI, YUCIECHHBIN U TPOPECCUOHATBLHO-
KBaJU(PUKAITMOHHBINA COCTaB PaOOTAIOIINX, YACIIO U OCHAIIICHHOCTh pa00UYHX MECT COXPaHSIETCS
U OCTaeTcsl 0€3 U3MEHEHUS B COOTBETCTBUU C MIPUHSATHIMU PEHICHUSIMHU 110 MPOEKTY
"Pacmmpenne u peKOHCTPYKIUs dkcniepuMenTainbHoro 3aia KUCHU" (mudp 215-085-00).

B ToMm yucie:

- peXUM PabOThI — KPYIJIOCYTOUHBIN 3-4 CMEHBI 110 6 4aCOB MAaKCUMYM MSThIO CMEHHBIMU
Opurajgamu;

- HapabOTKa B TOJIy Ha MOJb30BATEJICH CHHXPOTPOHHOTO U3Iy4YeHHUS — "TTyYKOBOE Bpems"
cocrasisaeT: MakcuManibHas — 5040 yacos, manupyemasi — 4200 yacos;

- CIIMCOYHBIN cocTaB paboraroiiero nepconana 3aanus 348 cocrtapisier 1784enoBek (88 ven. B
MaKCUMaJIbHYIO CMEHY), B TOM YHCJIE€ MHKCHEPHO-TEXHUYECKUE paOOTHUKHU — 1274en; pabouue-
51 yenogek.

[TocTOsSTHHO TPUKOMaHIUPOBOYHBIN MEPCOHAI JUIsl TPOBEeACHUs padoT Ha "myukax" — 50
4esioBeK (3 cMeHHbIe Opurajibl), 18 yenoBek B MAKCUMAJIbHYIO CMEHY.

CrpourtenbHble TApAMETPhI 10 JAHHOMY MPOEKTY CIETYIOIIHE:
- o01ast riomaab 3aanus 348 1Mo NPoeKTy paciIupeHust U peKoHCTpyKiuu (215-085) —
16930M2;

- TUIOIIAab 31aHus 348 mojsexkaias TEXIepeBOOPYKEHUIO — 7585,5M2.
[IpoeKTOM TEXHUYECKOTO MEPEBOOPYKEHUS MPETYCMOTPEHO pa3MelieHue 000pya0BaHus,
pUOOPOB U aIMapaTyphl B CYIIECTBYIONIUX TEXHOJOTHUECKUX TTOMEIIECHUAX, OOJIbIIas 4acTh
KOTOPBIX 33JICCTBOBAHA MPAKTUYECKHU 0€3 PEKOHCTPYKIIUHU.
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