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CUBUPCKUN LHEHTP CHHXPOTPOHHOI'O W3JIYYEHUS: HATIPABJIEHUS 1
PE3YJIbTATbBI

A.W.Aruapos, B.M.Ayapuenko, B.B.Baprimes, H A Bunokypog, IT.J]. Bo6asiit, E.JLT onbabepr,
K.B.3onorapes, H.B.Kopanerxo, B.1.Konaparses, B.H.Kopuyraros, AN KouayGeii,
" H Kynunanos, H A Mesennes, C.B. Murunckuii, C. . Muuuses, C.B.Merrauyenko,
A.J1 Huxonenxko, A JI.Opemixos, B.E INaruenko, B.® ITurmopus, A H.Cxpunckuii, B.IT. Tonouxo,
M.I".®eporos, A.B. @umungenko, B.M Llykanos, B.A Yepros, M.A Illepomos, B.A Illkapy6a.

Cubupcruti yenmp cunxpomponnozo usnysenus, 630090 Hosocubupck, np. Ax. Jlaspenmoesa 11,
Poccusn

Cubupckmii IEHTDP CHHXPOTPOHHOTO H3Ny4eHHA, OpPraHH30BaHHENI Ha 6ase nabopaTopuii
HMucruryra speproli dusmkn um. M Byakepa CO PAH, kak u B NPEXHHE TOABI, ABJIAETCH
OCHOBHBIM MECTOM TIPOBE/ICHHS HCC/IEAOBAHMM ¢ CHHXPOTPOHHEIM H3IyIeHHEM (CH) u nazepamnm
Ha cBoboxmeix onektponax (JICJ) B Poccmm. Cubupckumit memtp sBisercs OTKPBITBIM sl
Poccuiickux u sapyGexmmix mccnemosarened. Ha Bpems mposenesus pabor nyukm CH,
OKCHEPUMEHTANBHEIC CTAHIHH M Apyras Heo0XoAMMas —ammaparypa NpeaoCTaBIfiOTCA
HCCIIEI0BATENBCKUM TpymmaM 6Ge3Bo3Me3aHo.

OcHoBHBIMK HanpaBneHusMH  JestenbHOCTH  CHOHpCKOro OEHTPA CHHXPOTPOHHOI'O
H3ITYYCHAS SBISFOTCS::

- TPOBCACHHE HCCNCAOBAHHH M pa3pabOTKa HOBBIX TEXHONOTHH C HMCHONB30BAHHEM
CHHXPOTPOHHOrO H3NMy4eHuA Hakonutened BOIMI-2M, BAIIIT-3 u BII1T1-4,

- CO3MaHHE OSKCTEPHMCHTANBHOro obopynoBamusa ans paborst ¢ CU (kamamsl, onrka,
MOHOXPOMATOPHI, JETEKTOPHI);

- paspaboTka ¥ CO3MaHAE HAKOMHTEICH — CIICIHATH3UPOBARAEIX HCTOYHHKOB CH,

- paspaboTka W CO3JaHHE BHIT/ICPOB H OHIYIIATOPOB,

- CO3JaHME 1a3epoB Ha CBODOAHBIX 37ekTponax ¥ CHOHpCKoro uenTpa hOTOXHMUH.

- 00yueHue H mpodeccHOHATbHAS IOATOTOBKA CTYAEHTOB M ACIHPAHTOR.

IxcnepumentanbHas 6asa. Mccnenosanma B 06macTH  BakyyMmHOro yAbTPa(HONETOBOrO H

MSATKOrO PEHTr€HOBCKOTO H3My4eHHs MPOBOAATCA Ha Hakomwmrene BIIMI-2M (0.7 I'sB), ans

paboThl B PEHTIEHOBCKO# 061aCTH HCIOTE3yeTCs CHHXPOTPOHHOE HM3My4eHue HakonuTemss BOIT -

3 (2 I'sB); HaumMHAOT OCBAMBATHCS HOBBIE KAHAIEI JKECTKOrO pentrena va BAIM-4M (6 I'sB). na

paboThl ¢ CHHXPOTPOHHBIM H3mydeHHeM B 1998 — 1999 rr. Brgensnocs ma Hakommrene BIII-

2M ~ 1200 4acos/rox u ma BOIII-3 ~ 3000 wacos/roa. B macrosmee Bpems Llentp pacnonaraer

CIEAYIOMHEME CTAHUHAMH IS SKCTIEPHMEHTOB C CHHXPOTPOHHBEIM H3TYHCHHEM.




BOIIIII-2M

3P1 MeTpooras B MATKOM PEHTTeHOBCKOM H3IyueHHH (paboraer)
| 4P, 6P, | CramynmpoBaHHas rasoas doronecopbums (SSC-1, SSC-2, SSC-3) - (paborator)
2P
BOIIII-3

Kanan | Cranmas

CH

0 LIGA-rexnonorns—2 (HoBas cTaHums Ha KaHane 11-momrocHOro BUTITIEPA, CO3AACTCA,
TECTHPYETCS)

2 JladpakroMeTpHs ¢ BEICOKAM paspeluCHHEM H aHOMATbHOE PACCCAHHC (pabotaer)

3 PentrerodiyopecueRTHBIH 3NEMEHTHEIH aHam3—1 (MoAepHH3APOBAHA, paboraer).

4 Pasnocraas aarsorpadus (mepesocurcs #a BOII-4)

4 Jlnbpaxromerprs B obmactr 30 — 34 k3B (HoBas cTaHmMs, paboraer).

5a PeHTreHOBCKAS MEKPOCKOIHS B MEKpoTOoMorpadus (speMeHHO HE UCITOJTb3YETCH).

de PerTrenodIyopeceHTHBIH 3IeMEHTHEI aHamu3—2 (Co3naercs, TECTAPYETCSA)
Msyuenwe npoLecCOB B3PhIBA M _CHHTE3a A/IMa30B B3PLIBOM (paGoraer).

5b JlubpakToMeTpus ¢ BpeMEHHEIM paspemenuem (paboraer).

5¢ Makpomoneky ispHas kpuctauiorpagus (paboraer).

5d Heympyroe paccesiHue, MAOyrioBoe paccesaue (paboraer).

6 JTIOMHMHECLEHIAS C BPEMEHHEIM PaspelieHueM (BPEMEHHO He HCTIONb3YeTCs).

7 LIGA-TexHomorns 1 crabunasanusa mojoxkenns nyuka CH (paboraer).
EXAFS-cnexrpockonus (paboraer)

10 Pentrenosckas nurorpadus (paboraer).

BII1I1-4M
3 JlndpaxroMeTpHs C BPEMEHHBIM PaspelieHHeM (Co3aeTcs, TECTHPYETCS)
7 neproaucnepcronnas | Jlays-audpakroMeTpus (Co30aeTCA, TECTHPYETCS)

IMepconan. OcHOBOH HAyYHO-TEXHHYECKOTO KOJLICKTHBA LlenTpa #BIAOTCA COTPYAHHKH
JlaGopaTopun CHHXPOTPOHHOIO H3IyYCHHS H piAza APYrux naboparopuit ISP Bmecte ¢
nocrosaao paboraromumu B Lenrpe CH w crposmemcs Lleatpe GoTOXHMHH COTPYAHMKAMH W3
meckonpkux apyrux mactatyroB CO PAH (MXTTaM, UXKul', UK, UHX). Hmenno 10T
TepCOHAN YHCIEHHOCThI0 Okono 100 uemosexk obecredmBacT paboTy MO OCHOBHBIM MPOCKTaM
llentpa u (YHKIMOHMPOBAHHE SKCICPHMEHTANBHBIX CTAHIMH. 3HAYATENBHO GonpmHi  Kpyr
HCCe0BaTeNiel MPOBOAAT CBOH JKcmepumenTh Ha crapmusx Llemrpa CH neproamveckw, B
mpejenax BBIACASEMOTrO HM BPEMEHH, 1-3 CMEHBI B HEACMIO A COTPYAHHKOB CO PAH wm
3ae3JaMH JJTHTEIBHOCTBIO OT OJHOM J0 HECKOIBKHX HEJEHb 11 HHOTOpOAHHX. B 1998 — 2000 r.r.
B paBoTax ydacTeoBano 80 HCCIIEIOBATENBCKUX IPYIN W3 74 OpraHH3aIHH Poccun, OmmkaEro H
Ja/bHEr0 3apyOekba.

OcHoBHble pe3yabTaThi pa6or Ha cranuusx B 1998-2000 r.r. B noxiage npuBOAMTCS aHATH3
HATIPABICHHMI X OCHOBHBIX PE3y/IbTaTOB paboT HA SKCIEPHMCHTANBHEIX CTAHIUAX B MEPHO MELY
neyms kon(epenumamu. Cpeu HAX MOXKHO Ha3BaTh CIIEAYIOLIMC.

Hauars! BCCe[0BaHAA H3MEHEHHH CTPYKTYPBI B3PBIBYATOrO BEILECTBA HEMOCPEACTBCHHO BO
BpeMst B3phiBa. MeTos mMO3BOMAET BO BpeMs B3PEIBA TONYyHYaTh CIIEyHOLIYIO urdopmammio: 1) o
QMHAMHKE W3MEHeHHs mioTHocTH BB; 2) o auHammke OOXKaTHS B3PHIBOM HCCIEAYEMOro
BeuiecTBa, 3) O pasBUTHH (UyKTyamHuii JNMEKTPOHHOH IUIOTHOCTH TIPH  [POXOXKACHHH
JETOHALMOHHOrO (PPOHTA; 4) 06 M3MEHEHHH KPHCTALIHYECKOH CTpyKkTyps! BB.

Peanusopas MeTox "ManoyrioBoe paccesHHE BBICOKOrO pPaspelieHHs’ ¢ HCIONb30BAHHEM
cxemsl Bomse-Xapra. Merox moxker paborare Bmiote mo $~0.05 HM-1 , YTO 3KBHBAJIEHTHO
PACCEAHHIO HA TIEPHOAMYECKUX CTPYKTypax pasmepom A0 130 am.



Merogom "grazing diffraction" Ha perTremoBckoMm myuke CH m3 BOIMI-3 mccnexorana
CIPYKTypa TpPaHHII MEXKAY METalIaMH, BO3HHKAIOUWEH IIPH XOJOAHOM Ta30AHHAMHYECKOM
HANbIJICHAHA MAKPOYACTHIT AMIOMHHKSA HA HHKEIICBYIO IIOAIOXKKY.

Hcenenosanace mponecchl camMopacipOCTPAHAKOMIErOCH BBICOKOTEMIIEPATYPHOTO CHHTE3a
(CBC). ITony4ena uadopManuy 0 HAYAIBHOH CTAJHH H MpoMeKyTouHEIX (hazax CBC peakumu.

Hsyuensr (azoobpazoBaHHe H CTPYKTypa CHHTE3HPOBAHHBIX IOMHKPHCTAIHYECKHX
o0pa3nos MacCHBHOM cBepXriposoasuei kepamuku Y Ba,CusOx (npu x =6.5 u 6.7) in situ.

HayaTel sKCrepEMEHTE Ha HOBOH CTAaHITHH TI0 HCCIEHOBAHHIO CTPYKTYPHI BELIECTBA NPU
BBICOKHX JIaBJICHHAX. BriepBric HCCe0BaHEI CTPYKTYpHEIEC (a30BBIE NPEBPALNCHHMSA NPH BHICOKHX
JAaBaeHHEAX B TpouHbBIX xamekoreHugax HgSe, Sy m HgTe, Si. Hauarer pabGorer m monydenst
MEPBBIE PE3YNBTATHl 10 M3YYECHHIO CTPYKTYPHI KJATPATOB — Ta30BBIX THAPATOB IPH BBICOKHX
JaBIECHAAX.

Meroxom POA-CHU rma BOIM-3 mccnej0BaHE CHIHANB MATCOKIMMATA B KEPHAX JOHHBIX
ocajxoB 03. baiixan Ha orpeske 780 Tricsy ner. B monyuenHBIX @yphe—CNEKTPAX IeOXHMHYECKHX
NaNeoOMHIAKATOPOB BBIAEIEHB mepuoasl Munaskosuua ot 19 go 413 Teic. mer. AHamwzom
cocTaBa KepHa JOHHHEIX 0caakoB Temenkoro osepa MeromoMm Ha cranumu POA-CH ma BIIIII-3
MONYYEHBI ITaJI€03aNACH KOHUEHTpAuH 27 TPAcCEepHBIX 3IEMEHTOB, COAEPKAINHE JAHHBIE O
CPEHErOJOBOM TEMIIEPATYpPE H IEPHOAAX LHKIOB CONHEYHOI aKTHBHOCTH 3a mocneanne 600 ner
¢ paspemennem 1.8 roza.

MetonoM nOTHXPOMATHYECKOH peHTreHoBCKas Tornorpaduu Ha BOI-3 B quanazone anaH
BonH oT 0,3 10 5A GBLTH IPOBEACHB! CHEMKH HECOBEPIICHHBIX IPHPOAHBIX KPHCTAIIOB AIMA30B.
OKCTIepHMEHTANBHBIE QAaHHBIE IO IUIACTHYECKH JAe()OPMHPOBAHHEIM alMas’aM CIIOCOGHBEI JaTh
YHHKANbHYIO HHOOpMAlLHIO 0 IapaMeTpax (TeMmepaTypa M JaBICHHE) ITyOHHHBIX NPOLECCOB B
MAHTHH 3eMJTH, TIPOHCXOAHBINHX B JAJICKOM IIPOILIOM, OKOJIO 1.5 Mu/mMapsa net Hasaz.

U3 amanusza SXAFS cnexTpoB, HOMyHMECHHEIX METOJOM TOMHOTO BBIXOJA 3JEKTPOHOB,
ONpPEIETEHB TAPAMETPhl MHKPOCTPYKTYPHI (MEKATOMHBIC PACCTOSHHS, KOOPAHHAIIMOHHKIE YHC/IA
H WX AaHHM30TPONHSA), YCTAHOBIEHA CBA3b M3MEHEHHH OSTHX napamerpoB ¢ Mopdonoruei
repmanuesbix ksaHToBhIX Towek (KT) ma Si (001) m npeamokeHsl afeKBaTHBIE CTPYKTYPHBIE
monema. Meromom EXAFS  ycranoBneHs! cTpyKTYph KOIIOMAOB HOBOTO THIA PYTEHHS, POAHS H
narmazad.  Kommomasl OTIMYArOTCS NOBBIMIEHHOH COPOLMOHHOM EMKOCTBIO MO BOAOPOAY H
MEPCHEKTHBHBI B KAYECTBE BOJOPOJOAKKYMYTHPYIOLIHX 3JIEMEHTOB.

Hccnenosansr mpoueccsl (popmMupoBaHHs (HILTPYIOMHX MHKPONOPHCTHIX PeryIsApHBIX
CTPYKTYp BO (TOpCOAEpKAMHX IUICHKAX METOAOM TPAMOTO YAAICHHS IMOMHMEPA IOA AeHCTBHEM
nyaka CH (nmpomecc abmanmm). IlpoBomeHs! HccaeaoBaHHA PafHALMOHHON MONMHMEPH3ALHH
mnenok Jlearmop-bnomkerr kucnor 23-reTpaka3swHOBOM M 2-IOKa3HHOBOH H HX MNa/UIAJHEBBIX
comed ¢ UETbI0  CO3JaHHMs  TONAMEPHBIX  MaTepUaloB,  OOMANAIOIAX  BHICOKOM
3NEKTPONPOBOHOCTRIO, CPABHAMOM MM  TIPEBBHIMIAIOMENH AIEKTPONPOBOAHOCTh METAJIOR.
PazpaGoran MeTox M mpoBeJEHA aTTECTAIHs PEHTTEHOBCKHX (PMIBTPOB 110 H3MEHEHHIO KOHTPAcTa
#a K wnm L- xpasx nornouenus 31eMeHTOB B 00JaCTH MATKOrO PEHTIEHOBCKOHTO M3y IEHHS.
PaspaboTka peHTreHOBCKHMX MAETEKTOPOB H PEHTreHOBCKOH ONTHKH. AKTHBHO BeEJETCH
pa3paboTKa AETEKTOpPAa BEICOKOTO YTJIOBOTO Pa3peIieHAs IS NOPOIIKOBOM audpaxromerpun 1]1-
160. HauaTo mcneITaHue MpOTOTHNA IETEKTOPAa BHICOKOTO BpeMeHHOro paspemenus 0J1-4-120 ¢
yrnooi anepryporr 120 rpamycos. IlpoBeaeHs! ycnemHbie HMCIBITAHHA OZHOKOOPAHHATHOH
HOHH3AIIHOHHOH KaMepHl, TPeJHAZHAYCHHOH U4 MEAMNLIMHACKOH amarsocTuka. Hagato cepmitnoe
npom3soncTso aerekropos O/1-3-350. Coan B KcIIyaTal#io | yCTaHOBIEH Ha KaHanme 5 BOI-3
AByXKoopauaHaTHEIHA gerexrop JE/I-5.

Havatsr paGoTsl 0 CO3AHHIO M NPUMEHEHHIO PEHTTEHOBCKHMX ITIAHAPHEIX BOIHOBOJOB C
foxoBol HakaukoH. Msrorosnensr Mo/Be/Mo BonaoBoasl ¢ Tommuaoi Be crnog 80 um u 120 um.
Msmeperuss va ESRF mnokazanu pexkopAHOE YCHICHHE IUIOTHOCTH BEIXOZHOIO mydka (IO
cpaBHeHHIO ¢ najaromEM) Gonee gem B 100 pa3 Ha sneprum 13 xoB. g oqHOMEpHOro ciy4as 310
3HAYCHHE HA TOpAnok Oomblne, ueM 3HAYEHHA, JOCTHIHYTHIE APYTHMH METOJAAaMH. Y CHEIHO
npoeeaeHsl Henbitagas Ha BOIIT-3 apyro# momadukammu BonHOBoga co crpykrypoit C/Be/C.
bruto monyueno ycuaenme Ha TE, mome B 300 pas ma seeprum 8 x3B. OrnmumrensHoi
0COOCHHOCTBIO BOJIHOBOAA ABNAETCA €r0 OJHOMOXOBOCTh. C LENBIO MONYHEHHA LMPKYIAPHO—
NONAPH30BAHHOTO  PEHTTEHOBCKOTO  M3NMY4EHHA JUIi  OKCIIPHMEHTOB 110  MArHHTHOMY



uupKyaspaoMy auxporsmy (MCD), mpoBeaeHsl 3KCIepUMEHTH 10 IpeoOpa3oBaHHIO JTHHEHHO—
HOASAPHU3OBAHHOTO M3IYYCHHA B LMPKYIAPHO IONAPH30BaHHOE. B KauecTsBe 4eTBEPTHBOIHOBOMH
NIACTHHKA GBI HCTIONMB30BAH MOHOKPHCTAIIT aIMasa.

PazpaGorka u co3ganue yckopureeii - ncrounukor CH. 3asepien BaXHbIN 3Tan B CO3AaHHH
Kypuarosckoro Mcrounnka Cumxporpornoro Manyuemma (KMCH, r. Mocksa) — nepsoro B
PoccHH crienMain3upOBaHHOTO YCKOPHTEIBHOTO KOMIUIEKCA, NMPEIHA3HAYCHHEIN [UId TeHEpaLHH
ny4koB cuHxporporHoro usnydeaus (CH). On 6bin nonHOCTEIO paspaboran u warorosneH B UAD
CO PAH u pasmewmen Ha Teppuropun PHL] “Kypuarosckmit maCcTHTYT . KOMIeke BKio4acT B
cebs aBa Hakommrens AmekrponoB: Cubupe—1 Ha 450 MdB m Cubupe—2 ma 2.5 I'sB. Ceiivyac
MaKCHMAJBHEIH TOK B HakoraTene CHOHpE-2 HA SHEPIHH MHXKCKIHH B MHOTOCTYCTKOBOM PEXKHME
cocrasiger 140 Ma, a B oguocrycrkoBoM — 60 Ma. MakcaManbHbIH TOK, YCKOPEHHBH 10 2.5 3B,
pocrar 78 Ma. 1 wosfpsa 1999 roma cocrosnace opmumaneras nporeaypa orkputas KHCH. B
2000 roxy mnammpyercsa paboTa Mo YBETHYEHHIO TOKA H BPEMEHH JKH3MH IyYKa B HAKOMHUTCIC
Cubups-2 Ha 28eprum 2.5 [5B.

B UAD um. I M. Byaxkepa CO PAH paspaborana B COpOSKTHPOBAHA MATHHTHAA CHCTEMA
ana ucroynrka CH Swiss Light Source (SLS). 3akazumk — Paul Scherer Institute, rop. Villigen,
Ilseiimapua.. MsroroBnensl ¥ mepenansl 3akasumky 300 KBaapynoNBHBIX H CEKCTYIOIBHBIX
MATHHTOB,

Corpynuukamu WP 6bina Bnepssie mpeanoxkena HoBas koHmenuus ucrounnka CH mHa
OCHOBE HE HAKOITHTEIS 3aps KEHHBIX YaCTHL, a MHKPOTpoHa—peKkyneparopa Paspaboran scku3nbii
NPOEKT HCTOYHHKA CHHXPOTPOHHOTO H3NMyueHHs 4erseproro rokonerus MARS c¢ mapamerpamu:
MaKCHMaJIbHas SHeprus 3NeKTpoHoB — 5 [3B, cpenuuit Tok 0 10 MA, ropu3oHTAIBHEIH 3MHTTAHC
meapme 0.01 Ampan, oTHOCHTeTbHBIH pa3bpoc smepruit B myuke — 0.001%. U3anyuenme us
opayasropos gmaEor 100 - 150 merpoB, ycTaHOBICHHBIX Ha TakoM YyCKopHTene, Oyaer
IPEBOCXOAATE 10 sipkocTH HeTouHHKH CH Tpersero mokonesms B auanasone miaH BoaH 0.1-4 am
Ha HECKOIBKO TOPSIKOB.

UAP CO PAH cosmecto ¢ xommaumeii Kawasaki Heavy Industries, Ltd. npomomxaer

pa3paboTKy MPOEKTa MCTOYHHKA CHHXpOTpoHHOro manyueHas NANO-HANA ana Snoruu. Dot
OPOEKT ABIASTCA IPHMEPOM (TIPOMEIILICHHOro» MasoOromkeTHOro Herouarka CH ¢ saeprueii 2.0
B, nepumerpom 107.5 M H BOCEMBEO NPAMONHHCHHBIMH TPOMEXYTKAMH IIHHON 4.5 M, rae
6yayr pasmemartscsa 3MeHKH H OHAYIATOphl. OKOHYATENHHOE PEINCHHUE II0 PEATH3ALMHA HPOCKTA
NANO-HANA Bamedero npuHaTh B cepeanse 2001 r.
Pazpaborka u cosganue Burraepos u ouayasitopos. B AP CO PAH B nocneanme romst
aKTHBHO Ppa3BHBACTCA INPOM3BOACTBO  CBEPXNIPOBOASIIAX BHITIEPOB C BBICOKOW HHIYKUHEH
maraaTHOro mond (or 7 mo 10.3 T). B 1998 roay mepssiii 7.5 T ceepxnpoBoasimpi BHrTICD OBLI
ycraHoBleH B yekopurensaoM uentpe LSU-CAMD (CILA), B 1999 6pina 3aBepmena pabora Haj
CO3JAHHEM OJHOBPEMEHHO ABYX CBEPXIIPOBOJSIIAX BATTIEPOB /11 YCKOPUTEIBHBIX IEHTPOB: 7.5
T ans BESSY-II (Germany) u 10.3 T gnsa SPring-8 (JAPAN). Bce Burrieps! B HACTOALIEE BpeMs
paboTaior B ykaszaHHbIX LeHTpax. Mcnone3oBaHue CHIPHOMONEBEIX BUITICPOB JACT BO3MOKHOCTD
CMCCTHTD CHEKTD H3NYUYCHHA Y>KC TOCTPOCHHBIX HCTOYHHKOB CH B Oonee KOPOTKOBOJIHOBYIO
00nacTe M 3HAYHTENBHO YBETHIHTE MOLIHOCTE H3TyYCHHS,

Kpome TOro, H3roToB/IeH, YCTAHOB/ICH H 3amylieH B paboTy 3MIHNTHYCCKUH BHITIED IS
reHepaLHN H3NYYeHHs ¢ MPOM3BONBHON mosspasaumest Ha Hakormrtene APS (Argonne National
Laboratory, CIIIA). HzroroBres H TeCTHPOBAH OHAYIATOP MIS [MONYYECHHS HPKYIIPHO
nonspazoBanHoro CH ¢ GeICTpHIM H3MEHEHHMEM 3HAKa MOIApusaudu Ais Hakonmrens APS
(Argonne National Laboratory, CIIIA). Bpems nepexnioyeHms 3HaKa MOMSPH3ALHU COCTABILET 5
mc. B 1999 r. oraynsarop ycranoeneH Ha APS. CnpoekTHpPOBaHEI H H3rOTOBIEHHI 110 3akasy Duke
University 4 3neKTpOMarHHTHBIX OHAYNATOPa, KKIBIH ¢ ATHHOH 4 merpa, mepmoaoM 12 cM m
nonem 0.4 T. bmaromaps pa3aensHOMY IHTAHHIO KATYIIEK, CO3JAIOIIAX TOPH3OHTAIBHBIC H
BEPTHKAJIBHBIC IO/, HMEETCS BO3MOKHOCTh HCHONL30BATh 3TH OHAYIATOPbI, KaK IUIAHAPHBIE,
UTHITHYECKHE HITH CITHPANBHBIE. :

Co3spanue nazepos Ha ceoboaubix 3nekTpoHax v Cubupckoro nenrpa doroxumuu. Pabors no
cozmanmio JICI B Poccnm Beayres, B ocHoBHOoM, B UAAD CO PAH, rae mony4eHo MHOrO BasKHBIX
9KCMNEPHMEHTAIPHBIX H TEOPETHYECCKHX pE3ynpTaToB B 3ToM oOnacta. KoHuenumsa cosmaHHs



mouoro JICI (100 xBr) UK amanazona ma Gase MHKpoTpoHa-pekymeparopa, paspaboTaHHas B
UA®, npusnana maunbonee mepenekTBHOM GomsmmHCTEOM criemmanmcTos. Ha 6ase aroro JICD B

- HoBocubupcke cosmaercs LleHTp  (OTOXHMHYECKWMX — HCCIEAOBAHHH,  KOTOPHIi Oyaer

IPEAOCTABIATE H3MY4EHAE H KCIIEPHUMEHTANbHBIE CTAHLAH TS IIPOEKTOB HA KOHKYPCHOH OCHOBE.
Ilepsas ouepear yckopurens-pexyreparopa, TIAHHpyemas K samycky yxe B 2001 r., Bkmouaer
nonHomacmTabuyo BU-cucremy u mums oame obopor mydka. B a1oM BapmanTe OHA MO3BOMHT
TONY4HTE M3MydeHHe ¢ AnuHoH Bomasl 100 — 200 Mxm B MomEoCTEIO 10 5 KBT,

B oxtatpe 1999 r.8 Duke’s Free Elektron Laser Laboratory (CIIIA) Ha MarsuTHO# chcTeMe
OK-4, msroroenensoit B AI® u paborasureii panee ma Hakormrene BIIMI-3, a mo okoRuaHmn
pabor mnepesesennol B Yumpepcurer Duke, momyuena JICD-remepaums B YABTPAPHONETOBOIM
obnacTH ¢ peKOpAHO KOPOTKOH JyteHOM Bonuk! (1.937 T).

B npexabpe 1999 r. monyuyena renepaums ma JICD gansrero MK amamaszona (100 mxm) Ha
Gase 8-MsB mukporpona B KopefickoM MHCTHTYTE aTOMHOM 3HEpruH (KAERI), Tamxon, Kopes.
JICD coznan B pesynsrare corpyannuecrsa MSI® CO PAH u KAERI,

Pabomer Cubupckozo yenmpa CH nposeodames npu gunancoeoii noddepoicke Murnucmepemea
NPOMbIUAEHHOCY, Hayku u  mexHonozuit P®, Poccuiickozo gonoa  ghyndamenmansiuix
uccnedosanuii  (PODH), Cubupckozo omoenenus PAH (unmezpayuonnvie  npoexmui),
Meocoynapoonozo nayuno-mexnuyecxozo yeumpa (MHTL]) u INTAS.
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THE SIBERIAN SYNCHROTRON RADIATION CENTER: ACTIVITY AND RESULTS
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Siberian Synchrotron Radiation Center, Lavrentyev Av. 11, 630090 Novosibirsk, Russia.

Siberian Synchrotron Radiation Center (SSRC) organized on the base of laboratories of
Budker Institute of Nuclear physics SB RAS (Novosibirsk) remains the main site of synchrotron
radiation (SR) and free electron laser investigations in Russia. SSRC is the research center, which
is open and free of tax for the research teams from Russia and from abroad.



The plan for activity of the Siberian Synchrotron Radiation Center included the following
lines:

- performance of investigations and development of new technologies using synchrotron radiation
of the VEPP-2M, VEPP-3 and VEPP-4M storage rings,

- creation of experimental equipment for work with SR (beamlines, optics, monochromators and
detectors);

- designing and creation of the storage rings -- specialized SR sources, wigglers and undulators;

- creation of free electron lasers and the Siberian center of photochemistry,

- education and professional training of the students and post-graduates.

The basic equipment. The VUV and soft X-ray studies are carried out at a 0.7 GeV storage ring
VEPP-2M; SR from VEPP-3 (2 GeV) is used for the works in the X-ray range. In 1998 there are
started the works at the new X-ray and hard X-ray beamlines from VEPP-4M (6 GeV). In 1998-
1999, 1200 hours per year were allocated for experiments with synchrotron radiation at VEPP-2M
and 2820 hours at VEPP-3. Today’s list of the SSRC experimental stations includes:

VEPP-2M
3P1 Soft X-ray metrology (in operation)

4P, 6P, | SR stimulated gas photodesorption (SSC-1, SSC-2, SSC-3) - (in operation)
2P

VEPP-3

Beamli
ne

Experimental station

0 LIGA-technology-2 (the new station at the 11-pole wiggler (commissioning)
2 High resolution diffractometry and anomalous scattering (in operation)
3 X-ray fluorescent analysis—1 (in operation)
4 | Subtraction angiography (to be shifted to VEPP-4M)

4

5

5

30 to 34 KeV di metry (in operation) ¥
a X-ray microscopy and microtomography (stopped temporarily).
e X-ray fluorescent analysis-2 (under construction)
The change of the explosive substance structure in the course of explosion. (in
operation)
5b | Time resolved diffractometry (in operation)
5¢ Macromolecular crystalography (in operation)
5d Small angular scattering (in operation).
6 Time resolved luminescence (stopped temporarily).
7 LIGA-technology and stabilisation of the SR beam position (in operation)
8 EXAFS-spectroscopy (in operation)
10 X-ray lithography (in operation)
VEPP-4M
3 Time resolved diffractometry (under construction and testing)
7 Energy dispersive and Laue diffractometry _(under construction and testing)

Personnel. The team of the Center is mainly composed of the staff of the Synchrotron Radiation
Laboratory and some other Laboratories of Budker INP with some people from other Institutes of
the Siberian Branch (ISSC&M, Boreskov IC, ICK&C, IIC) working permanently at the SR Center
and Center of Photochemistry. .Just this team of about 100 people provides the operation according
to the basic projects of the Center and the maintenance of all the experimental stations. Quite a
large number of researchers carry out experiments at SR Center stations periodically within the
limit of the allocated time: 1-3 shifts per week for organizations of Siberian Branch and from one
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to several weeks for researchers from other cities. In 1998-2000, 80 research teams from 74
Institutions of Russia and from close and far abroad worked at the beamlines of SSRC.

Basic results of the works at the experimental stations in 1998-2000. In the report there an
analysis of trends and basic results of works at experimental stations in the period between two
Conferences. Among them we can indicate the following:

Investigations commenced on the change of the explosive substance structure in the course
of explosion. The technique developed enables one to obtain the following information in the
course of explosion: 1) dynamics of ES density variation; 2) dynamics of explosive compression
of the substance studied; 3) development of electron structure fluctuations when passing the
detonation front; 4) variation of the ES crystal structure,

The method «Small-angle scattering with high resolution» was realized with the use of the
Bonze-Hart technique. The method is operational up to ~0.05 nm-1, which is equivalent to
scattering on periodical structures of up to 130 nm.

The structure of metal interface occurred at cold gasdynamic spraying of aluminum
microparticles onto the nickel substrate was studied on the SR X-ray beam from VEPP-3 with the
«grazing diffraction» technique.

Processes of the self-propagating high-temperature synthesis (SPHTS) were studied.
Information on the initial stage and intermediate phases of the SHS reaction is obtained. The phase
formation and structure of synthesized polycrystalline specimens of the massive superconducting
ceramics Yba,Cu;Oy are studied at x=6. 5 and 6.7 in situ.

Experiments started at a new station designed for studies of the structure of matter at high
pressures. The structural phase transitions were first studied at high pressures in triple
chalcogenides HgSe,; S, and HgTe, . S«. The work commenced and first results on the structure of
clathrates - gas hydrates at high pressures are obtained.

At VEPP-3 by the XFA-SR method the paleo-recordings were studied in cores of the Lake
Baikal sediments for the period of 780 000 years. Melankovich periods from 19 to 413 000 years
were separated in the obtained Fourier-spectra of geochemical paleo-indicators.For the Teletsky
Lake, paleo-recordings of concentrations of 27 tracer elements containing the data on the average
annual temperature and periods of solar activity cycles for the last 600 years with the 1.8 year
resolution were obtained at VEPP-3 by the analysis of the core composition of sediments with the
XFA-SR method. '

Shots of imperfect natural diamond crystals were performed at VEPP-3 within the
wavelength range 0.3-0.5 by the method of polychromic X-ray topography. Experimental data on
the elastically-deformed diamonds can provide the unique data on parameters (temperature and
pressure) of profound processes occurred about 1.5 billion years ago in the Earth Mantle.

From the analysis of SXAFS spectra obtained by the method of the total yield of electrons
the microstructure parameters (interatomic distances, coordination numbers and their anisotropy)
were determined, the correlation between the variation of these parameters and the morphology of
germanium quantum points (QP) at Si (001) was established, and adequate structural models were
suggested. New type structures of ruthenium, rhodium and palladium colloids were found. Colloids
are characteristic by their higher hydrogen sorption capability and could be promising hydrogen-
accumulating elements.

The processes of formation of filtering regular micro-porous structures in fluorine-
containing films by the method of polymer removal with the direct action of SR-beam (the process
of ablation) were studied. Studies of the radiation polymerization of Langmuir-Blodgett films of
23-tetracasine and 2-docasine acids and their palladium salts were performed with the aim of
‘producing polymer materials of high electrical conduction comparable or exceeding that of metals.
The method was developed and certification of X-ray filters was performed by the contrast change
at the L- and L-absorption edges of elements in the soft X-ray range.

Development of X-ray detectors and optics. The development of the high angular resolution
detector 1D-160 for the powder diffractometry is in good progress. The detector prototype OD-4-
120 with an angular aperture of 120 degrees is under test. The one-coordinate ionization chamber
designed for medical diagnostics has passed tests successfully. The serial production of OD-3-350
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detectors started. The two-coordinate detector DED-5 was installed at VEPP-3 (beamline-5) and
put into operation.

Works on the development and application of X-ray planar waveguides with a side pumping
started. INP manufactured Mo/Be/Mo waveguides with the thickness of Be-layer of 80 nm and 120
nm. ESRF measurements have shown the record exit beam density gain (compared to the incident
beam), more than 100 times higher at an energy of 13 keV. For one-dimensional case, this value
exceeds by an order of magnitude the values attained by other methods. Another version of the
waveguide with the C/Be/C structure was successfully tested at VEPP-3. The gain by a factor 300
was achieved at TE, mode at energy 8 keV. The characteristic feature of the waveguide is its single
mode.

Aiming at obtaining the circularly-polarized X-ray radiation for experiments on the magnetic
circular dichroism (MCD) the experiments were carried out on the transformation of the linearly-
polarized radiation into the circularly-polarized radiation. The diamond monocrystal was used as
1/4 -wave plate.

Development and construction of the accelerators - SR sources. An important stage in the
development of the Kurchatov SR Source (KSRS, Moscow) is completed. This is the first in Russia
accelerator complex especially designed for the generation of synchrotron radiation beams. The
project was completely developed and constructed at the Budker INP SB RAS and located at the
site of the Russian Research Center «Kurchatov Institute». The Complex comprises two electron
accelerators: Siberia-1 at 450 MeV and Siberia-2 at 2.5 GeV. At present, the maximum current in
Siberia-2 at the injection energy in the multi-bunch mode is 140 mA and in the single-bunch mode
60 mA. Maximum current accelerated up to 2.5 GeV was attained to be 78 mA. The official
procedure of the KSSR implementation was held on 1* November, 1999. In 2000, it is planned to
increase the current and lifetime of the beam at the Siberia-2 storage ring at energy 2.5 GeV.

The magnetic system for the Swiss Light Source (SLS, Paul Scherer Institute, Willigen ) was
developed and designed at the Budker INP SB RAS. 306 quadrupole and sextupoles magnets were
manufactured and delivered to the customer.

A new concept of SR-source based on the microtoron-recuperator (not accelerator-based)
~ was first suggested at the Budker INP. The sketch project of the SR source of the 4™ generation
(MARS) was developed with the following parameters: maximum electron energy - 5 GeV, mean
current is up to 10 mA, horizontal emittance is 0.01 nm rad, and relative energy spread in a beam
is 0.001%. Radiation from 100-150 m long undulators installed at such anaccelerator will exceed
by several orders of magnitude the bright ness of SR-sources of the third generation within the
wavelength range 0.1-4 nm.

INP SB RAS jointly with the Kawasaki Heavy Industries, Ltd continues the development of
the NANO-HANA SR Source. This project is an example of the «industrial» low-budget SR
Source with an energy of 2.0 GeV, circumference of 107.5 m, and 8 straight sections of 4.5 m long
each, where wigglers and undulators will be located. The final decision on the realization of the
NANO-HANA Project is expected in the middle of 2001.

Development and construction of the wigglers and undulators. In recent years at INP, the
production of superconduting wigglers with highgly inductive magnetic field (from 7 to 10.3 T) is
being developed quite actively. In 1998, the first 7.5 T wiggler was installed at the Accelerator
Center LSU-CAMD (USA). In 1999, the construction of simultaneously two superconducting
wigglers for accelerator center was completed: a 7.5 T wiggler for BESSY-II (Germany) and 10.3
T wiggler for SPring-8 (Japan). At present, all the wigglers are being operated in these centers.
The use of strong-field wigglers enables one to shift the radiation spectrum of available SR
Sources to the shorter-wave region and increase substantially the radiation power.

In addition, the helical wiggler for generation of synchrotron radiation with an arbitrary
polarization was constructed, installed and put into operation at the APS storage ring (Argonne
National Laboratory, USA). The undulator designed for APS to obtain the elliptically polarized SR
with the fast change of the polarization sign was manufactured and tested. The time of reswitching
the polarization sign is 5 ms. In 1999, the undulator is installed at APS. By the order of the Duke
University, four electromagnetic undulators with a period of 12 cm and field of 0.4 T are designed
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and constructed. Because of the individual power supply of coils producing horizontal and vertical
fields these undulators can be used as the planar, elliptical, or helical ones.

Development and construction of the free electron lasers and the Siberian Center of
Photochemistry. In Russia, the works on the development of FELs is mainly performed at the
Budker INP SB RAS where many important experimental and theoretical results in this field are
obtained. The concept of a powerful FEL (100 kW) on the base of the microtron-recuperator
developed at INP was recognized by majority of specialists as the most promising concept. The
FEL based Center of Photochemical Research is being created in Novosibirsk to provide radiation
and experimental stations for projects on the base of competition. The first stage of the accelerator-
recuperator including the full-scale RF-system and only one revolution of a beam is planned to be
commissioned already in 2001. The first stage make it possible to produce 5 kW beam of 100 - 200
pum IR region.

In October, 1999, at Duke’s Free Electron Laser Laboratory (USA) the FEL-generation in
the ultraviolet range was obtained with a record short wavelength (1.937 A) on the magnetic
system OK-4 constructed and operated earlier at INP (VEPP-3) and transferred to the Duke
University upon the completion of work at INP.

In December, 1999, lasing was achieved in the far IR range FEL (100 mkm) based on a 8
MeV microtoron at the Korean Institute of Atomic Energy (KAERI), Taejon, R.Korea. The FEL
was constructed jointly by INP and KAERI
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KYPYATOBCKUI NUCTOYHUK CUHXPOTPOHHOT'O U3JIYYEHUS

B.I" Crankeuy
PHI] "Kypuamoeckuit Hnemumym"

Kypuaroscknii Hcrounmk Cumxporponnoro Msnyuenma (KMCH) npeanasmaven s
nposeaerns skcnepumenTos ¢ CU B mmamasone ammn Bons 0,1-2000 amrcrpem. Vcranoeka
BKJIIOYAET B CeOf HAKOMMTENb - CHENHATH3HPOBAHHBIA HWCTOYHHK CHHXPOTPOHHOTO HM3IyYCHHS
"Cubups-2" ¢ snepruei snexrporos 2.5 3B u Oycrepubii cuaxporpor-umkekrop "Cuabups-1" ¢
sHepruei snexrporos 450 M>B B kauectBe HesaBmcmmoro umcrounumka CHU B amamasone
BaKyyMHOI0 yIbTpa(hHONneTa H MATKOTO PEHTIEHA.

OcHOBHEIE SKCTIEPHMEHTANBHBIE TTAPAMETPHI HAKONHTENCH B HACTOALIEE BPEMS:

"Cubupn-1" "Cubupp-2"

Jueprus, MsB 450 2500
OxpysxHOCTB, M 8,6832 124,13
KonuuecTBo sueek 2 6
KonauecTBo CEKIMii IOA BCTABHLIE YCTPOMCTBA 9

Tok B ogaOGaHYEBOM pexume, MA 59 20

Tok B MHOroOaH4YEBOM pexkumMe, MA 142 72
I"opH30HTaIBHBIA IMMHTAHC, M-paj 8,6:107 9-10°*
Yacrora BY, MI'g 35,4 181,14
Bpems xn3nn, ¥ 4 1
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