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Ho HacTosmero BpemeHH momyucHHE OpsAMOH CTPYKTYPHOH HH(PODMAOHMH O COCTOSHHH
BEMIECTBA BO BpeMd OBICTPONPOTEKAIOWMX NPOLNECCOB M AMHAMHKE €I0 H3MCHEHHS 6r110
HEBO3MOXKHO. IJTO CACPKHBANO PAsBHTHE TEOPHH GBHICTPONPOTEKAIOMAX XHMHUECKHX peakumii u
TPOLICCCOB, ~TPOHMCXOMAMAX B BEIIECTBE INPH NPOXONKACHHH (POHTA BIPHIBHOM  BOIHEL
Hcnonb3oBanue BO3MOXHOCTEH CHHXPOTPOHHOIO H3Ty4CHAS TO3BONAT TONY4aTh HELOCTYIHYIO
panee mHpopMaumoo. OaHAKO ATS JOCTHKEHHS HAHOCEKYHJJHOIO AHAra3oHa BPEMEH, HeoGXoamMo
OELIO 06BEAMHATE YCHITHA CIEMHANTHCTOB (DH3HKH YCKOpHTE/ICH, PaAHO3ICKTPOHUKH, aBTOMATH3AIHH
OKCHIEPUMEHTA, JH(pPAKIUHOHHOTO IKCIIEPHMEHTA, XAMHH TBEPOro TeNa, (u3muku B3pHIBa.
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Puc. 1. A) Cxematianoe u306pakenne CTALMOHAPHOH K BO3GYKICHHOM y1apoM OpOHTAMH 3ICKTPOHOB
8 BOITI-3. CH u3 BHITIEpa PACIPOCTPAHSETCS 1O PA3IHHEIM TPACKTOPHAM B 3aBHCHMOCTH OT TOTO, TIO
KOKO# OpOuTe ABHTAKOTCS 3/EKTPOHEL. B) Tpaexropus opburs anexrponos mocne yAapa (moXas3aHsl JBa
000poTa, mOCHE KOTOPBIX 3IEKTPOHbI BO3BPAIIAIOTCA HA CTAUMOHAPHYX opOury).Beratpommsie
KojiebaHus BO30YKAAIOTCA NIEPBEIM YAApOM ¥ KOMIIEHCHPYIOTCS BTOPBIM.
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Puc. 2. Cxema “‘in situ” madpakiMOHHOrO SKCIEPHUMEHTA IS MCCACAOBAHHS
(asoBeIx npeBpalleHAR BO BpeMs B3pHIBA C HCIIONB30BAHHEM IIMPOKOrO IMy4Ka
CH. IMyuox 3a | Hc oOmyuaer Bech oOpasell, Mo KOTOPOMY PacnpOCTPAHSACTCA
JETOHAIIMOHHAA  BojHa. llpoweammii  nepBmusbii  mydox, MYPP =
au(pardpoBaHHOE H3NY4EHHE OT pPa3HBIX Y4YacTKoB oOpasma, (umeromme
paznmuuHbli asoBbIH COCTAB), NPOHAS CENapHPYIOUMH BBIXOZHOHM KOILTUMATOD,
PECHCTPHPYETCS PA3THIHEIMH YIACTKaMH 2-X KOOPAHHATHOrO AETEKTOPA.

Pa3spaboTka CrelMaIbHBIX PEKUMOB HAKONHTENs. BBUT BhIOMHEH TeopeTHueckui pacder [1]
PEHTTEHOONTHYECKON CXeMbl (OJHOKDATHBIH M MHOrOKDATHBIH BBIBOX «YAApOM» Iy4YKa SMACKTPOHOB CO
CTALHOHAPHOH OPOMTHI HAKOITHTEA) IS

. peanu3aniH BPEMEHHOTO PaspelICHHs B

o @ 250 mc (Puc.l.) m mpoBeAeH TECTOBBIH

‘! & skcriepument Ha BOIMI-3 [2]. Ha

% ‘, * = : ’ BOII-4 3KCrIepAMEHTATLHO ONPEAEIeH
,

TIOPOT MHOT'O CTYCTKOBOH HEYCTOHYHMBOCTH
JUI OLCHKH BO3MOXHOCTH peaiH3aluH

4/IMa3Bl
*
M0

IKCIEPHAMEHTA c BPEMEHHBIM
paspemenueM 5,4 He.
PaspaGorica CHEHATbHbIX
yCTpOHCTB reHepauHH CH.
Teoperuueckn mnpopaboran mpoexr [l1]
Cunx poTponnoe OHAYATOpA Ans peanasanun

BpeMeHHOro paspernenns 5,4 He. Caenana
TEOpEeTHUECKAasd OlEHKA BO3MOXKHOCTH
HOCTIOKEHHA IIMKOCEKYHAHOTO
BPEMEHHOTO paspeLIcHuA npH
HCTIONb30BAHUH H3/Iy4CHHS OT OJHOI0
Hanua (Puc.5.).

Hzmepenne MJIOTHOCTH
peliecTsa. DBBINONMHEH TEOPETHUYECKHH
pacyer BO3MOKHOCTH  JHHAMHYECKOrO
ONpejEneHAs TUIOTHOCTH BELIECTBA €
HCTIONB30BAHMEM  TOTHXPOMATHYECKOrO

]I‘JJI!‘IEHEG I

O AHOKO0O P HHA THBII neTem'np]

Puc.3. Cxema “in situ” uccreqoBaHus
JCTOHAHOHHOrO (PPOHTA M CHHTE3A ATMA30B
METOaMH MAJIOYTI0BOIO PEHTI €HOBCKOIO PACCEAHHA
(MYPP) 1 peHTreHOBCKOH AU(pPaKIye C
HCIIONB30BAHAEM Y3KOTO ITyuKa.
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usnmyqenus. Hammcauo nporpammuoce ofecrieucHne s o6paboTKH SKCIEPHMEHTANBHBIX PE3Y/IbTATOB.
[Tposeaensr TecToBEe sKeepuMeHTE! ¢ paspewcarem 250 He ¢ ykam myakom CH (Puc.3.). Ipennoxena
cxema ¢ Henonmb3osanuem mupokoro myuka CH ana peanusammm paspewenms B 1 e (Puc2) u
MHKOCEKYHIHOro paspemmernns (Puc. 5.).

PaspaGoria meropa manoyrniosoro pentrenoBckoro paccesnusi (MYPP)  Bbicokoro
BPEMEHHOr'0 pa3perueHnst. BEIOTHEH TeOPETUIECKHI PACHET PEHTTCHOONTHHIECKOH CXEMEI PErHCTPaLHH
MaIoyTI0BOTO PeHTTeHOBCKOro paccesnms (MYPP) ¢ nernonbsosaniem MONMMXPOMATHIECKOrO HATyYeH s
JVIsL HCCIICAOBARMS OBICTPONPOTEKAIOLIHX MPOLIECCOB (II0 CXeMe Y3KOro | IIMpOKOro 1iy4kos CH — Puc. 2-
3).

Harorosnen npororan ycranoeku MYPP ¢ ucmons3osanme TIONMHAXPOMATHIECKOTO M3MYyHEHHS HA
kapane CH BOIMI-3. TlpoBexeHer TeCTOBBIC OSKCHEPHMEHTHI A ONPEACTEHHS BOIMOKHOCTEH
HCTONL30BAHHA  OMMXPOMATHIECKOrO M KBA3HMOHOXPOMATHYECKOTO H3NY4EHHs IS PETHCTPALHH
MVYPP.

I[lpoBeaeHBl TECTOBBIE OKCHEPHMEHTHI /st
ONMpPEAENCHAA BO3MOMKHOCTEH HCIIONB30BAHMA 110~
NAXPOMATAYECKOr0 H  KBa3HMOHOXPOMATHYECKOrO
H3ITy9eHHs JU1d peructpauas MYPP.

Paspaboraso mporpammuoe obecrieuenns s
anama3a JaHAbX MYPP nonyuenHsix Ha nommxpo-

MYPP

0.8 MaTHYECKOM H3ITy4CHHH.
0.0 Paspaborxa meronoB nccnenoBanus usme-
& 03 HEHHsl ATOMHOH CTPYKTYpbI BO Bpemsi GbicTpo-
g ; g 5 MPOTEeKAKIIHX npoueccos. Brmonuen Teopern-
X ‘““"B _— T HECKHH PAcueT PEHTTEHOONTHYCCKOH CXEMBI PErH-
e CTpaniH AM(ParnpoBaHHOrO PEHTTEHOBCKOrO H3My-
HEHHA C HCIONb30BAHHEM TOMHXPOMATHYECKOTO
Puc.4. Bpemennas 3aBucuMocTs H3ITydeHAS TS HCCIEAOBAHMSA OBICTPOMPOTEKAOMIHX
TJIOTHOCTH B3PHIBYATKH COCTABA TPOTHII- MPOLECCOB (110 CXEME Y3KOro i MHpOKOro my4kos CH

rekcoren (po - HavanbHas IIOTHOCTB) B = Puc. 2:3),

HHTErpanbHOro curuana MY PP npu IIpoBeaeHEl TECTOBEIE 3KCTIEPHMEHTHI IS
TIPOXOJKIEHHA JETOHALMOHHOTO (hPOHTA. OUPEACICHHUA  BOSMOMXHOCTEH  HCIIOME30BAHHA

NOTHXPOMATHYECKOTO M KBA3HMOHOXPOMATHYECKOTO

VBNY4eHWd U1 peTHCTpaumH  Au(paxiuy,
Paspaboraso nporpamMmHoe oBeciedeHus 11 aHATH3a JAHHBIX. . [poBeaerbr MOAETBHEIE SKCTIEPHMEHTSI
C HCTIONb30BAHUEM MOHOKPHCTAIIHYECKHX 00pasLoB.

Undulator SR trajectory

Resonator 1  Magnet 1 Resonator 2 Magnet 2

Undulator

e ﬂ ﬂ ( ol ) ﬂ Sﬁ"ﬁtrajectory
U U 3 JH g i "

Resonator 1 Magnet 1 Resonator 2 Magnet 2
Puc.5. Cxema omaymstopa Ans peanmsamuu SKCHICPHMEHTA C HIHKOCEKYHIHBIM BPEMCHHBIM
paspenieHHeM
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PaspaGorka cucrem perncrpauun CH. IlpoBeneHo TecTHpoBaHHE PasHYHBIX TIO3HLHOHHO-
YYBCTBHTCIBHBIX JCTEKTOPOB Ui OLECHKH ((EKTHBHOCTH HMX WCIIONB30BAHMA [ HCCIEAOBAHMS
OBICTPOIPOTEKAIOMIMX HPOLECCOB. 1)3anoMuHaroMe peHTreHoBCKre 3kpansl  (Image Plate); 2) AsGa
(oroamonnas nureika; 3) Si dporoauoaHas MuHEHKA 4) IPUOOPHI C 3aPAIOBOM CBAZBIO.

Paspa6orana 10-kaHanbHas CHCTEMBI PErHCTPALAN MOAYIbHOM KOHCTpykumH. Teoperwuecku
HCCTIENOBaHA BO3MOKHOCTH CO3/JAHMS PEHTTEHOBCKHX MHOTOIEMEHTHEIX MYJIBTH-CIICKTPO30HATLHEIX
JIETEKTOPOB.

Teopermieckoe  paccMOTpeHa BO3MOXHOCTh  Pa3pabOTKH  PEHTTEHOBCKOTO —IETEKTOpa  C
paspemenmem nopsazka 0.1 He,

Hawara paspaborka n306paxaromero peHTreHOBCKOro criektpoMerpa Ha ocaose [T3C u orpaborka
METOJ0B €r0 NPUMEHEHHS TS PETHCTPALIMA MPOCTPAHCTBEHHOTO PACTIPEACIICHHS CIIEKTPa PacCesHHOTO
usnyuenus, Hagara reopermueckas paspaborka u306parkaromero CreKTpoMeTpa Ha OCHOBE KPyImHODOp-
marroro matpusoro [M3C s perrcrpaimn MIHOBEHHOTO IPOCTPAHCTBEHHOTO PACTIPEAEICHHSA CIIEKTPa
PACCEAHHOTO H3TY4ECHHSA

Paspaorka 3KCNepHMEHTANBLHBIX CTAHUMI H CHeUHanbHOH anmapartypel Paspaboran u
HCOBITAH TPOTOTHI 3KCTIEPHMMEHTANLHOM YCTAHOBKH JUISi HWCCIEAOBAHHS B3PHIBHBIX mporeccos. Ha
NPOTOTUIIE MOXKET ObITh Monydena HHpopManys: 1) 00 H3MEHEHHH IUIOTHOCTH B3PHIBYATOrO BEIIECTBA; 2)
00 M3MCHEHHM IUVIOTHOCTH BEUIECTBA BO BPeMsi oOMaTHs B3phIBOM; 3) 00 H3MEHEHMH (IyKTyauuH
BNEKTPOHHON IUioTHOCTH (0OpasoBaHMe W POCT BTOPHYHBIX 4YacTHL), 4) 00 H3MEHEHHH Xapakrepa
Au(paxmia Bo Bpems B3priBa ((hasoobpasosatue u (pa3oBsie IEpPExoAs!).

PaspaGoran npororan ycraHoBKH 1S HecaenoBasrs (hazoobpasoBaHus (KOHAEHCALHMA META/IA) B
Pa3pesKEHHOM ITa3Me OPH B3PHIBE HMITY/IECOM TOKA META/LTHYECKHX TIPOBOIOK.

PaspaGoran mpOTOTHNI YCTAaHOBKM Ui MCCICAOBAHHS H3MEHEHHS CTPYKTYPhl METATNIOB MpH
HCTIYTTbCHOM HAarpeBe TOKOM.

Iosyuennnbie akcnepuMeHTANbHbIE Pe3yabTaThl. [ToNy4eHsl JAHHBIE O JHHAMHKE H3MCHEHHAS
IJIOTHOCTH 33 JACTOHALMOHHEIM (PPOHTOM B PasmHYHEIX B3PBIBUATHIX BELIECTBAX: 1) cruiaB TpoTwa -
TEKCOreH , 2) TpOTWN (HACKIMHOHW C PasNMYHOM IVIOTHOCTBIO IPECCOBKH M JIMTOH), 3) rekcoreH (mpu
PasHYHON IJIOTHOCTH HCXOMHOTO rekcoreHa), 3) okroren, 4) TOH, 5) tporan - rexcoren- amoMHHHIL.
OKCIEPHMEHTHl POBOMMITACH NPH PA3HOM NEOMETPHHM: LIIHHAPHYECKHHA B uiockmit BB, orpakenme
ACTOHALMOHHOH BOIHEI OT NPErpajibl, BCTPEYHEIE JETOHAHOHHBIC BOMHEI, B 3THX e KkcnepaMenTax u3
Aaxrsix MYPP nonyuena uadopmanus o passures (rykryamsi 3neKTpoHHO#M moTHOCTH (06pa3oBanHHe
H POCT BTOPHYHBIX YaCTHII).

B w4actHOCTH, B OTIMYME OT COBPEMEHHBIX TEOPETHYECKMX NPEACTABICHHM O PasBHTHH
XHUMHYECKHX IPEBPALICHAN HA JETOHALMOHHOM (poHTe B TBEpABIX BB, Mexanmveckn mepeHeceHHbIX 13
TEOPHH PA3BHTHA ACTOHALMH B ra3o00pasHex BB, Hamu o6HapyskeHO, YT0 CTPYKTYpHEIE IPEBPALICHHA HE
3AKaHYHBAIOTCH B 30HE XHMHMYECKOH PEaKIMM, a MPOJO/DKAIOTCS M 3a moBepxHocThio Yenmena - Jyre.
Tax, cornacHo TeoprH, Bee NPEBPAIICHHIA JO/DKHEI OBIIH 3aKOHYMTHCA Yepe3 Bpems nopaaka 100 He, a Bo
BCeX MccnenoBanHEIX BB, Mel ueTko Habmonaem peskwii pocr caraana MY PP B reuernn 1500 - 2500 =e.

Ilonyyensl yHHKaTbHEIE JAHHBIC O JWAAMHAKE DPA3BUTHS IUIOTHOCTH DA3MYHBIX BEIICCTB H
xapakrepe uamenenns MYPP npu yaaprom cixaman BO BpeMeHs NPOXOXKACHHS YAAPHOH BOMHHI (Y/bTpa
AWCTIEPCHBIH anMa3, HadyTaIHH, HHKEb - COASP KaLIas METAIOOPTraHHKa).

Pa6ora nognepiana PO®H, npoexrsr N 00-03-32521, 97-03-40021 u 98-02-17806.
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THE INSTRUMENTATION FOR “IN SITU” INVESTIGATION OF THE RAPID
STRUCTURE CHANGES DURING PHASE TRANSFORMATIONS WITH NANOSECOND
TIME RESOLUTION

B.P.Tolochko', 0.V Evdokov', N.Z Lyakhov', I.L.Zhogin', AN Aleshaev’, M.G.Fedotov?,
G.N.Kulipanov?, V.A Kiselev?, P.V.Logachev?, S.I.Mishnev?, N.A.Mezentcev’, M.A.Sheromov?’,
L.A Luk'yanchikov’, K.A.Ten®, V.M. Titov®, P.I.Zubkov*®

'Institute of Solid State Chemistry and Mechanochemistry, Novosibirsk-128, Russia
*Institute of Nuclear Physics, Novosibirsk-90, Russia
*Institute of Hydrodynamics, Novosibirsk-90, Russia

Till now reception of the direct structural information about a condition of substance in time of
fast processes and dynamics of its change was impossible. It constrained development of the theory of

fast chemical reactions and processes occurring in substance with passage of an detonation wave. Use
of opportunities synchrotron of radiation (SR) allow to receive the inaccessible earlier information.
However for achievement nanosecond resolution, it was necessary to unit efforts of experts of physics
of accelerators, electronics, automation of experiment, diffraction experiment, solid state chemistry ,
physics of explosion.

Kicker ]
s orbit
Pickup Wiggler
Electrons Electrons
trajectory before trajectory after
impacts two impacts

Kicker Kicker Kicker
Wiggler Wiggler

First turn Second turn
B)
Fig. 1. A) Schematic picture of the VEPP-3 storage ring with a standard and disturbed electron orbit. The

SR emitted from the stationary and disturbed orbits is also shows. B) The betatron oscillation was excited
by the first «impact» and damped by the second one.

The special modes of operation of the storage ring. The theoretical calculation was made [1]
for X-ray schema (singl- and multiple-change of the electron trajectory by "impact" of an electron
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Diffraction
from diamonds

Explosion
front

Synchrotron

Diffraction

radiation Explosive from explosive

Area detector

Fig. 2. The schema of the “in situ” diffraction investigation of the phase
transformation during explosion by wide SR beam. The radiation from one bunch (1
ns at VEPP-3, 0.1 ns at VEPP-4) is enough for investigation of the explosive =

product process.

beam from stationary orbit ) for realization 250 ns time resolution (Fig. 1). Test experiment on

VEPP-3 was

carried out [2]. On VEPP-4 a the multi - bunch mode was realised for preparation of the test

experimet with a time resolution 5,4 ns.

The special insertion devise development. The theoretically design of a undulator was made
priveusly [1] for realization time resolution ~ 1 ns. The theoretical estimation of a capability of

CHHXPOTPOHHOE
H3JIyeHHE
y >

peauus

O THOKOOPAMHATHEIA AETEKTOP

Fig.3. The scheme of “in situ” investigation of explosion detonation
front with SAXS and WAXS.
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reaching of a picosecond
time resolution was made

with using a radiation from
one bunch (Fig. 5).
Measurement of

substance density . The
theoretical calculation of
density measurement with
use of polychromatic SR
radiation was made. The
software for processing of
experimental data was
prepared. The test explosion
experiments  with  the
resolution 250 ns with a
narrow SR beam (Fig. 3)
was carried out. The schema
with use of a broad SR
beam for realization 1 ns

- time resolution (Fig. 2 and

with picosecond resolution
also (Fig. 5.) was offered for
realisation.




SAXS and WAXS with high time resolution. The theoretical calculation of the X-ray optic schemas
with use of polychromatic radiation for research fast processes (with narrow and broad beams SR -
Fig. 2-3) was made.

The prototype of the experimental station for white SR of VEPP-3 was manufactured. The test
experiments was carried out.  The sowtware for
the data analysis was developed.

:: 2 X-ray detectors developments. The 10-
2 15 channel modular detecting system was designed for
" : experiments.
v Different type of position sensitive
ia detectors was tested for an estimation of efficiency
£ 00 of their use for research of the fast processes: 1)
A o3 Image Plates; 2) AsGa photodiode strips; 3) Si a
08 , : o photodiode strips; 4) CCD.
0 4000 _ 8000 12000 The X-ray multi-element (1-dimentional
S and are) energy dispersive detector was
Fig.4. The time dependence of the density theoretically investigated . - : ;
change (z, is the initial density) and integral The X-ray detector with 0.1 ns time
SAXS intensity in detonation front in the resolution was theoretically investigated .
explosive 50/50 hexogen-trotyl. Experimental  stations  and  special

instrumentation. The special instrumentation was

developed for investigation of explosion. This is an

explosion chamber, detonation front sensors and position sensitive detectors (PSD), which were
synchronized with movement of electrons in the VEPP-3 and explosion.

The explosion chamber can operate with an amount of an explosive close to 20 g (the trotyl

equivalent). It has an entrance and exit windows for the primary SR beam and an exit windows for

Undulator SR trajectory
ot
Resonator 1  Magnet 1 Resonator 2 Magnet 2
Undulator

e ﬂ ﬂ L ol ] ﬂ SI?}rajéctory
L D et T 2%

Resonator 1 Magnet 1 Resonator 2 Magnet 2

Fig. 5. The proposed scheme of the undulator for picosecond time resolution: a) side
view, b) top view. The first resonator rotate electron bunch in vertical plane. Different
parts of the bunch emits parallel SR beams. Each beam has a time delay comparaiively to
neighbours beams. The second resonator rotate electron bunch back. The X-ray optic for
parallel SR beams with delays was described in literature [1,2].

SAXS and WAXS.

The prototype of the installation was designed for investigation the process of metal
condensation in the rarefied plasma after explosion of metal wires by a pulse of current .

The prototype of the installation was designed for structure of metals change investigation
during fast heating by a pulse of current.
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Experimental results. The density changes and SAXS data were received during explosion of
different explosive: 1) alloy trotyl - hexogen, 2) cast and powder (with different density) trotyl , 3)
hexogen, 3) octogen, 4) trotyl - hexogen - aluminum. Different geometry the experiments were used:
cylindrical and flat explosive, reflection of a detonation wave from a obstacle, two opposing
detonation waves.

In the first experiments the alloy hexogen - trotyl was used, because the product of explosion is
diamond powder. In this experiment the SAXS signal increased sharply for 1500 ns. It is an unusual
result, because the theory say that all chemical transformations must finish in ~100 ns. For other
explosives (with nonzero carbon — oxygen balance) the result approximately was the same. The
received information is very important for understanding the detonation mechanism and mechanism of
the diamond particles nucleation growth.

The unique data about density changes and SAXS behavior of different substances at a shock
compression waves was received (dispersible diamond, naphthalene, metalloorganic).

References:

1. B.P.Tolochko, G.N Kulipanov, S.I.Mishnev, N.A Mezentcev. NIM-A, 2000, v.448, nom. 1/2, p.
228-233.

2. S.IMishnev, AN.Aleshaev, M.G.Fedotov, B.P.Tolochko. NIM-A, 2000, v.448, nom. 1/2, p. 234-
240,

Boris Tolochko  folochko@jinp.nsk.su

9-161
CHUCTEMA CTABWIM3AIIMM ITYYKOB CUHXPOTPOHHOI'O U3JIYUEHUS
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2 — Hremumym xumuu meepoozo mena CO PAH, 630128, Hosocubupck, Poccus

Jna  SKCIEPHMEHTOB  Ha
ny4Kax CHHXPOTPOHHOTO
H3TYYEHES (CH) BKHA
cTabHapHOCTE OpPOHTHL Tyuka 10
BEPTHKAJIbHOH KOOPAHHATE H YIJIY
B Mecte reHepamud CU B TedeHHE
BCero BpeMeHH pabortei. B 1O ke
BpeMsl H3BECTHO, 4TO OpOHTA myuKa
B BOIN-3 moxer m3MeHaTsCA CO
BPEMEHEM B  3aBHCHMOCTH  OT
TEMIEPATypel ~ MATHHTHEIX M

Puc.1. H3obpasxenne Ha TENEBH3HOHHOM MOHHTOPE

nyukoB CH u3 nosoporaoro marauta (BM) u S e SRR,
surraepa (W) AmnuaTyAa | H3MEHEHHA
BEPTHKAaJILHOH OpOHTHEI COCTABIsET
HECKONIBKO  MHJUIHMETPOB, a

M3MCHEHHE YIJIOB - MOPAAKA AONEH Mpaj, MOCTOSHHBIE BPEMEHH THX H3MEHEHHH OT HECKONBKHX
9acoB JI0 AECATKOB YaCOB.

Crabumazaums Op6HTHI MO H3MEPEHMAM C IOMOINBIO IHMKAN — ONEKTPOAOB HE OTBEYAET
tpeboBarmam skcriepumentos ¢ CH: Bo-mepBBIX, M3-3a HH3KOM TOYHOCTH, BO-BTOPHIX, H3-33
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MEXAHHYECKOH TPHEBA3KM MHKANOB K KOHCTPYKIHOHHBIM 37EMEHTaM HAKONHTENA, CTabHMIBHOCTH
op6HTEI IO OTHOIIEHHIO K MHKATIAM EIIe He 03HAYAET CTAOMILHOCTH TOUKH H3TyHEHHS.

Henocpencreennoe
ONPEACNEHHE TIONIOKEHHI IYIKOB
CHU Ha  OKCHEPUMEHTAIBHBIX
CTaHIMAX MOKET OBITh BBIIOJIHEHO
C MHKPOHHOH  TOYHOCTRIO U
NHUICHO HENOCTATKOB  CHCTEMBbI
NHKan - 37eKTpogoB. Mamepss
nonoxkenne mnyuakos CH, moxmo
i g : i ONpeJeIuTh KOOPAHHATY H IOl
Puc. 2. INpopunn myuxos CH m3 mosopoTHOro OPGHTHl SNEKTPOHOB B  TOUKE

maraara (BM) w Burrmepa (W), mocne ouudpoBka winyaenns.  TpPAIMUHOHHO  5T0

I13C - nerexTopoMm. Jenaerca o pesynbTaram

H3MEPEHHH IapaMeTPOB  OAHOr0
nyuka CH, HO mis 3T0ro HeOGXOAHMBI JIBa AETEKTOPA, PACHONIOKEHHEIX Ha Gombmoii Hase.

Mul OpeaIOKHIA CXeMy ONpPEeJENeHHA IapaMeTpoB OpOMTHI HA OCHOBAHHH W3MEPEHHI
nonoxkensss nyukoB CH w3 gByx pasnmudbIX ydacTkoB OpOHTHL 3nekTpoHOB. OnrHMmansHOE
HOJOKCHUE TOYEK H3NMYHCHHsS, BBIODAHHBIX [UIA JHArHOCTHKH OpOHTHI, Takoe, korjga Haber dasst
GeraTporHBIX KONeOaHMH MEXAy HEMHE nopsaaka 7t/2. OHOBPEMEHHOE H3MEPEHUE MONOMKEHHS 000X
nyukos CU no3BonsAeT onpeaenuTs BEPTUKANBHYIO KOOPHHATY M Yroji OpOHThHI 3MEKTPOHHOrO ITyJKa
B BHITIEpE CTaOMIH3HPOBATH MX, HCTIONB3ys ABa KOPpEKTOpa OpOMTH, Haber (asbl BEPTHKAIBHBIX
konebaHuil MEKAY KOTOPEIMH TOpsAKa T/2.

Ilpu peanuszamus NPEANOKEHHOH cHcTeMsl crabummsanmm Ha  Hakommtene BOIN-3
ucnonb3oBanuck nyukd CH 13 moBOpOTHOrO MAarHHTa M BUTTIEpA. JTH ABA MyYKa BHIBOASTCA B KAHAT
Ne 7 BOIMI-3 (Puc.1).

IMyaxkn CH ocnabnamuce QHIBTPaMHE | 1onajand Ha momuHOGop. OHH Moryr Habmoaarscs
BH3YATBHO ¢ moMompro TB - cHCTeMBl B BHAE ABYX NOPHM3OHTAJIBHO DPa3JENEHHBIX IIOJOC: neBas -
H3Ty4CHHE W3 MMOBOPOTHOrO MAarHHTa, mpasad - u3 BErriepa (Puc. 1). Msofpakenne myukos Ha
MOMHAHO(OpPE TPOEKTHPYeTCA 0OBEKTHBOM HA JBAa JHHEHHEIX npHOOpa ¢ 3apamoBoii ceassio (I13C).
06a I13C (c anexTpoHnKO# 0OpaM/eHus) CBI3aHBI C PAa3MEIIEHHOH BHE PaIHAHOHHO-0TIACHOM 30HBI
cucremort KAMAK mrataeiv kabenem. Cucrema pasmeniena B ogHoM kpeiite KAMAK u Bxmouaer
Gnox ynpasnenns I3C B0604, 10-paspsmmeni ALTT AILITI-101S [1] u xoMmuexkt moaymeir 24-x
paspaanoii KAMAK mukpo3BM "Oppenok”[2], nononsennsii Moaynem uarepdeiica Ethernrt.

[lym ompeaencHus KOOPAMHATBI UL MOJENBHOIO ONTHYECKOro M300pakeHms ocraBuan 1-
SMKM (B 3aBHCHMOCTH OT LUMPHHBI H SpKOCTH H3oOpaxenwus). [Ipu u3mepennn xoopauHaTe myuka CU
aror wyM yxyawancs go 10-30 Mxm, 4TO CBA3aHO CO 3HAYMTENBHOH (ropa3ao OonmbuueH, dem
ONTAMAJIEHAA) [APHHOH H300paXKeH s W ¢ HeKOTOphIM "ApokasmreM” myukos CH.

INepeuunaa xommeiorepHas obpaborka curHamoB ¢ [13C - nmHEEK MO3BONAET ONPEHETHTH
napameTpsl QYHKUHM pacrpeleneHus APKOCTH IS KKAOH M3 MONOC: MONMOKEHHE MAKCHMYMa,
WAPHHY, aMIUIHTYAY W BHTerpan noa ¢ysxuueit pacnpenenenuns (Puc.2). 3T gaHHBIE 10 CHCTEME
cea3m Ethernet nmepeaarorca B 9BM, ynparnsiomyso MarHATHOM cHcTeMo# Hakonurena BOITI-3.

INpu pacxoXIeHHH H3MEPEHHBIX H «ONMOPHHIX» (3amHMCaHHBIX B mamata JBM) nmonoxenmit
neatpos myukos CH 3BM paccumteiBacT W BBOAMT HOOAaBKH TOKOB B KOPPEKTOPHl CHCTEMBI
ynpagsieHss opbuToi. Tocne Heckonbkux Hrepanui nonoxenus nydkoB CH cxoagrcs k ornopHEIM
3HAYCHHAM H YAEP/KHBAIOTCA OKOMO HHX C TOYHOCTRIO ~ 10 MKM B TEYECHHE BCEro IKCHEPHMEHTA
(HEcKOmBKO YacoB - A0 cneAyromen Hikekuuy my4ka). CoorsercTByIomMe OWHOKH B BEPTHKAIBHOM
KOOpAHHATE H yrjie OpOHTH IMyYka B BHTTIIEPE COCTABIMIOT +2 MKM MKM H 1 Mxpaj. [Tpomesyrok
BPEMEHH MEXy HTCPALIAAMHA B HACTOAIIEE BPEMS COCTABIIAET OKOJIO 5 CEK, XOTA NpH HEOOX0AUMOCTH
OH MOKeT ObITh 3HAYHTEIbHO COKpaineH. OnopHEIe 3HaYeHuA monoxkenus ny4ukos CH BeiGupamuce mo
COTJIACOBAHHIO C NMOTPEOHTENAMH, NPH HEOOXOAMMOCTH OHH MOIYT OBITh H3MEHEHBI OMEPATOPOM,
ynpassomum Hakonutenem BIOII-3.
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Jlns Bu3yansHOro HabmrogeHHs 3a paboToi cucTeMbl 0OpaTHOH CBA3H HA OJHOM M3 ITyJIbTOBBIX
MOHHMTOPOB BELAETCHO OKHO, B KOTOPOM rpadHuecKH H LH(paMH MOKAa3aHO OTKIOHEHHE LEHTPOB
nyukoe CH or onopasix 3uadennit. Ecnu cucrema obpaTHO# cBA3H He paboTaeT, B OKHE MOABIACTCH
«KOJ OMHOKH» - YHCIO0, MOKA3bIBAOUICe NPHYHHY HEPaboTOCTIOCOOHOCTH (HEHCTIPABHOCTh WM HE
COOTBETCTBYIOWMH pexkumM ycraHosku BOTIIT-3).

1. Barpakoe A.M., Kozak B.P. IIpenprat U@ CO AH CCCP 85-9. Hosocubupck, 1985
2. Tluckynos I'.C., Tapapsmnxua C.B. Asromerpus, 1986, N4, c.32.

THE STABILIZING SYSTEM OF SYNCHROTRON RADIATION BEAMS OF THE VEPP-3
STORAGE RING

A.N.Aleshaev', M.G.Fedotov', N.G.Gavrilov' , S.I.Mishnev', V.E.Panchenko', V.F.Pindyurin',

1.V.Poletaev', B.P.Tolochko® .

Fig.1. The images of SR beams from bending magnet (BM)
and wiggler (W) at stabilization system TV monitor.
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W
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Fig. 2. The example of the SR beams density
distribution from bending magnet (BM) and
wiggler (W) registrated by CCD.
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The experiments with synchrotron radiation (SR) needs the beam stability during the long time.
At the same time it is known, that electron orbit in the VEPP-3 can vary with time depending on
temperature of magnet and constructional elements. The amplitude of the vertical orbit variation is

about several millimeters, and the
angles changes - approximately of
parts of mrad; times constants of
these changes varies between few
up to tens hours.

The orbit stabilization by the
pick-up electrodes measurements
does not satisfy requirements of SR-
experiments: firstly because of low
accuracy, secondly, because of the
mechanical fastening of pick-ups to
the constructional elements of the
storage ring; the stability of orbit

with respect to pick-up have not
yet means the stability of the
radiation point.

The direct determination of
the SR-beams position on
experimental  stations  maybe
performed with microns accuracy
and deprived of the shortages of
the -pick-up-electrodes system.
Measuring the position of the SR-
beams it is possible to determine
the coordinate and angle of the



electrons orbit in the radiation point. Traditionally it is made by the results of the measurements of one
SR-beam parameters, but for it two detectors on the big baseline are required.

We suggested the scheme of the orbit's parameters determination based on the SR-beams position
measurements from two different points of the electron orbit. The optimal position of the radiation
points, chosen for the orbit diagnostics, is such when betatron oscillation out of phase by /2 between
them. The simultaneous measurement of the position of both SR-beams permits to determine the
vertical coordinate and angle of the electron orbit in the wiggler and stabilize them using two orbit
correctors. The vertical betatron oscillation out of phase between correctors must be near 7/2.

In realization of this stabilization scheme at the VEPP-3 were used SR-beams one from the
turning magnet and the second from wiggler. These two beams are carried out into beamline number
7 of the VEPP (Fig.1). SR-beam was weakened by filters and directed on phosphorous. TV-systems
was used for visualization of two beams (Fig.1): left - radiation from the turning magnet, right - from
wiggler. The image of the beams on phosphorous was projected by lens onto two linear charge
connected devices (CCD). Both CCD with its electronics were connected with located outside of a
radioactively-dangerous zone CAMAC-system located outside of a radioactively-dangerous zone. The
system was placed in one CAMAC-crate and includes the CCD B0604 control block, 10-bits ADC
“ADC-101S” [1] and the set of modules for 24-bits microcomputer 'Odrenok’ [2] complemented by
the Ethernet interface.

The error of coordinates determination for model optical image was 1-5um (depending on width
and the brightness of image). At measurement the coordinates of SR-beam this error was aggravated
up to 10-30um, that connected with considerable (much larger, than optimal) width of images and
with some 'vibration' of SR-beams. 7 :

The preliminary computer processing of signals from CCD’s permits to determine parameters of
the functions of brightness distribution for both beams: position of maximum, width, amplitude and
integral intensity under distribution function (Fig.2). These data was transferred via Ethernet link into
computer, controlling the magnetic system of the VEPP-3.

When system detect some shift of the beams positions from 'reference' one (written into
computer memory) the last computer calculates additives currents for correctors and return the beams
back step by step during several iterations. The accuracy of positions of the SR-beams was near 10pum
during experiment (a few hours - till the next injection of electron beam at VEPP-3). Corresponding
mistakes of vertical coordinate and angle of the beam orbit in wiggler appears about +2pum and +1
prad. Time interval between iterations procedures is about 5 sec, though it maybe considerably
decreased. The reference position of the SR-beams were chosen by consultation with SR users.

The special windows at the panel monitors in VEPP-3 control room was intend for visual
observation of this feedback system. It show the shift of the SR-beams from the “reference” position
in graphic and digital forms. If feedback system doesn't operate, in window appears 'error code' - the
number, indicating the reason of a error.
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