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[poexTt "Jy6uenckmit anekTponnn cunaxpotpor” (A3JICU) nMeer nensio
coaganne B O6befMHEHHOM HHCTHTYTE AJEPHHIX UCCIeAOBAHUN HCTOYHHKA CHH-
XPOTPOHHOI'C M3Jy4€HHS TPETHEro IOKOJeHUA. OTO MO3BOJIUT OTKPHTH B MEH-
CTHTYTEe LIHPOKHH CIeKTp HCCAeJOBaHHI: KaK (pyHAaMeHTaIbHHX — B 06JacTi
pu3MKY, XHMIH, 6HONOTHM, MeJHLNHBI, TaK M IPUKJIAIHHX, HalpaBJleHHHX Ha

- pa3BHTIE IPHHIHIHAILHO HOBHX TEXHOJOTMI BO MHOIHX 06acTAX TEeXHUKH H
NPOMBILLIEHHOCTH, BK/II0Yad Hpo6eMbl 0XpaHbl OKPYJKakolllell CPeAH U 30POBbA
yenoseka. Uctounuk J13JICH coagaeTcs Ha 6ase oGopyaoBaHus yCKOPHTETLHOTO
KoMruekca, nepefasaemoro B OWAN us Hammonanenoro nuctutyTa gepnoit du-

‘auky o ¢nauky seicokux suepruit (NIKHEF), Amcrepgam, Hugepaangst.

Dubna Electron Synchrotron Project

V.A.Arkhipov et al.



The project ”Dubna Electron Synchrotron” (DELSY) is ‘aimed to construct
a synchrotron radiation source of the third generation at the Joint Institute for
Nuclear Research. This will allow one to'open at the Institute a broad spectrum
of researches, both fundamental — in the field of physics, chemistry, biology,
medicine — and applied, directed on the development of new technologies in many
areas of technology and industry, including problems of environment protection
and human health. The DELSY synchrotron radiation source will be constructed
on the base of the accelerator facility, which is transferred to JINR from -the
Institute for Nuclear Physics and High Energy Physics (NIKHEF), Amsterdam,
the Netherlands.

Bsenenne

Henwio npoekta J3JICU aBaserca cosjanne B O6mbeHEHHOM MHCTHTYTE sJ{ePHBIX
HCC/eJOBaHUI UCTOYHHKA CHHXPOTPOHHOIO H3ayHeHHA (CH). Io ceoum mapameTpam
O3JICU 6yaeT npeicTaBIAThb coboii . ucmounux CH mpemvezo noxosenus. [as nH-
CTHTYTa 5TO HOBOE IIepCHeKTHBHOE HaNpaBleHue, OHO 3T BO3MOKHOCTD pacuIMpeHus.
cymectBytomux B OUAN HCCAeOBaHUIl Mo (u3NKe KOHAEHCHPOBAHHBIX CPell 1 aTOM-
HOIl (uauKe, SHOJOTUM U MeJHUIIHE, XMMHUU I I'e0JIOrHH, npob6aeMaM DKOJOTUH (moHu-
TOPHHT OKDY¥aIolliell cpejbl), a TaKXe Pa3BUBaeT HOBblE TEXHOIOIHH, OCHOBANHELC Ha
HCIOAb30BAHEY CHHXPOTPOHHOTO H3.IydYeHHs, Takue KaK MHKpOMeXaHHWKa M JHTOrpa-
¢us, TEXHOIOrHA MAaTePUaloB U MeTallyprus. Hcrounnk cosjaeTcsd Ha 6ase YCKOpH-
TeIbHOrO KoMiutekca HalnuoHalbHOro MHCTHTYTa AJepHOH (pH3NKH U UMK BBHICOKHX
suepruit NIKHEF (Amcrepgam, Hugepaanger) [1]. YexopuTenbubiil KOMIIEKC NIKHEF
BKJIIOYAeT B ce6s DIeKTPOHHLIHA JHHEHHBIN YCKOPUTeEIb MEA (Medium Energy Acceler-
ator) [2] ma anepruio aaexTponoB 700 MbsB (raba. 1) n HakonuTelbHOE KOJAbIO AmPS

v

(Amsterdam Pulse Stretcher) ¢ MaKcHMaJIbHOI 3HEPrUel 51eKTPOHOB 900 M5B npu Toke
HaKoIlIeHHoro my4dka 250 MA [3].

Ha 6ase mociaefHero IJIaHUPYETCA CO3JaTh HAKOMUTENb snextponos JADJICU. Tipu
>ToM nepuMeTp AmPS 6yeT yMeHbllleH IOYTH B [I0ATOPa pa3a H 3HAUNTENLHO HIMEHEH
ero onTuka (Ta6a. 2). DTo NO3BOJAET Ha MOPAJOK CHU3NTH SMHUTTAHC MyHKa A3JICH
no cpaBHeHHIo ¢ IyYKoM AmPS 1, COOTBETCTBEHHO, PE3KO YBEIMHTE APKOCTH HAKOMiI-
rens xak ucrounuka CH. KpoMe Toro, npenonaraeTcs 3aMeTHO YBeAUYUTh SHEPTilo
anextpounos B JDJICH, goBeas ee go 1,2 'sB. 3To MoKeT 6bITh JOCTUI'HYTO NPH He-
3HAYUTEeJALHOH MOAN(UKANUN JUIOIBLHBIX MarHUTOB AmPS.

CIeKTp  CHHXPOTPOHHOTO M3Ay4YeHHs U3 MOBOPOTHBIX MarHUTOB JDJICH npoctu-
paeTcA OT MHGPPAKPAcCHOro JO MATKOTO PeHTTeHOBCKOTO M3AYMeHHA. Ycranoska ”Mu-
HH-OHYAATOpa” B HAaKONMUTEAbLHOM KOJbIE NBJICH yBeauuuT APKOCTb UCTOYHHKA 10
3108 d)OTOH/C/MMz/MpaAz/O, 1% w. 1., 4TO Ha 5 NOPAAKOB MpPEBLINaeT CAHXPOTPOH-
HOe M3JIyYeHHe U3 NOBOPOTHHIX MaruuTos. VcnoabaoBaHue CBepXIPOBOJALIEro BUr/epa
¢ HanpsXeHHOCTbIO MarHuTHoro noas 10 Ta oGecneduT reHepauuio XKeCcTKOro peHT-
PeHOBCKOTO MaJyteHns ¢ dHeprueil y-kBanTop 20-50 koB. Bce aTo u genaer A3JICH
UCTOUHUKOM CUNIPOMPOHHOZO UBAYNEHUA MPEMBEZO NOKOAEHUA.

151 NCHOB30BAHUA CHHXPOTPORHOFO M3y YEHNS, T€HEPUPYEMOTro B IOBOPOTHBIX MAr-
HUTax, IpeAnonaraeTca cozfanie 10 cTaHmuil, paboTaoUUX B 06JaCTH CHEKTPA OT HH-
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(bpakpacHOTO [0 MATKOrO PEHTIEeHOBCKOTO MadyHeHua. 6-8 cramnuit 6yayT cosjaHbl
1A ucnoabsopanud CH us Buriepa u ongyaaropa. C HX IOMOIIBIO ILIAHUPYETCA HMETh
notoxk CH, 61u3Kkuil Mo APKOCTH U CHEKTPY K U3JYy4eHHIO U3 NOBOPOTHHIX MarHUTOB B
HaKOIMUTEILHBIX Kodblax, pafoTarwmux npu sHeprun 2-3 ['sB. OTo fgenaeT npoekT KoH-
KyPeHTOCIIOCOGHEIM O CPaBHEHHIO ¢ MCTOYHUKAMH ¢ Gojiee BLICOKOMN dHEPruell 3/1eKTpo-
#oB. C Apyroil CTOPOHHI, IPOEKT 3HAYUTENLHO JONOJHAET BO3MOXHOCTH ABYX APYTHX
nentpoB CH; cymecrsyiomux B Poccunt, — Cubupckoro CHHXpOTPOHHOI'O paHaliioH-
woro nentpa (UAD um. I''11.Byakepa, Hoocubupck) [4] u ” Kyp4aTOBCKOr0 HCTOYHUKA
cunxpotponnoro uaaydenns” (PHIL ”Kypuarosckuil nHetutyT”, MockBa) [5] B o61acTu
uHGpaKpacHoro, yJIbTpaduoIeTOBOrO H MATKOI'O PEeHTTeHOBCKOI'O U3y 4eHNd.

1. HcnoapsoBanue cunxpoTponnoro usaydenus [13JICU

Cobpemennsle ucroguukn CH xapakTepusyoTcs SKCTPEMANbHO BBEICOKON APKOCTHIO,
JOCTILKMMON Ha MyYKaX JeKTPOHOB C MaJbIM 3MHTTAHCOM, H HalN4HeM B HaKONUTele
BUr/IEPOB (XKecTKoe H3JydeHHe) N OHAYIATOPOB (ApKocTs ucTounnka). B I9JICH mpeg-
[oJaraeTcA IOAYYUTh BJAeKTPOHHBI MYYOK ¢ SMUTTaHcoM 10 HM Ipu 5Hepruy 3J1eKTpo-
HoB 1,2 I'sB.

Tlporpamma uccresosaruit Ha [JOJICH cTpouTes ¢ yueToM 0COGeHHOCTEH CIEKTPallb-
HBIX xapakTepucTUK CH U3 NOBOPOTHBIX MarHNTOB, OHAYJIATOPA M BUIMIEpa.

CH u3 nosopomubir saznumos [JIJCH obaagaeT 10CTaTOYHO BBICOKOU HHTEHCHB-
HOCTBIO KaK B yaAbTpadHoJeTOBOH, TAK U B HH(ppakpacHoH obaacTn. MHoro4ncieHHbe
NpUMEHEHUSA STOI0 U3JAYYEeHH MOrYT OBITh PealH30BaHbl B (GU3NKe KOHJEHCHPOBAHHBIX
cpell, pU3HKE TOJAYIPOBOAHNKOB M CBEPXIPOBOJHUKOB, B GUOXUMHM U MeJULUHe, B pa-
JHOMETPHH M B psje Apyrux obiacreil.

* XKecmroe CH u3 euzaepa c sHeprueit y-kpantos 0,5-50 k3B u oHOYAAMOPa MOXKET
6LITH HCHOMB30BAHO B JUTOrpacdMi C BHICOKHM paspellleHHeM, B MHKDOMeXaHUKe, A/
EXATFS-cnexTpockonuu, peHTrenorpaduu, Tonorpadui, 6eJKoBol ANPaKINI U B pafe
APYrHX HanpaBIeHUil. ‘

Ondyasamop, pasMelleHHBI B IPAMOINHENHON CeKIMM HAKOMHTEABHOrO KOJbIA, MO-
XKeT GbITh Henoab3oBaH Kak A1a EXAFS- ~CIEKTPOCKOINIL, TaK U J1A [IPOTEUHOBON KpH-
naﬁﬂorpatbnu XapakTepHas sHeprua CH ua OHAYAATOPA COCTABIAAET 150 aB- 3 xoB
IpH MakcHMaibHol ApkocTn 3 - 1018 goron/c/mm’ /Mpag?/0,1% ur. m.

HemasoBaXkHa BpeMeHHas Cpr1\Typa CH nakonuteas AIJICHU. anky.mpyloumn
IYyYOK HMeeT g0 223 CryCTKOB, NPOTAXEHHOCTH KOTOPHIX ONpejendeT JINTeIbHOCTh
BemaeckoB CU — nopajka 30 nukocekyH . BoaMoxeHn 0JHOCTYCTKOBBIH PexXuM. ’

'1.1.  Dusuxa xoudencuposannwviz cped u sdepras dusuxa

[as uccregoBanui B 061acTH (DU3UKH KOHAEHCHPOBAHHBIX Cpej IAHNPYETCA CO3JaTh
3-4 xanana CH us nosopomubiz maznumoe u ucnoabsosath CU u3 Buriepa n oHgyias-
Topa. . ,
Jas HccaefoBaHUNA 3J€KTPOHHOH CTPYKTYpPBl KJIAaCTepOB, TOHKHX MJEHOK IVIaHUpY-
€TCA CO3JaHie KaHajla co CIIeKTpoMeTpoM, paboTalouiuM B guanasore 3~200 3B..

Hcnons3opanne aAuneiino noaspusosannoro CH B auanazone snepruit 5-50 3B mo-
3BOJAET U3YYATh ONTHYECKHE XaPaKTePUCTHKH aHM30TPOIHBIX KpHCTa.nJIOB C TIOMOHIBIO
MoHoxpoMaTopa ¢ paspemednem 0,1 3B.




. MArKoe peHTIeHOBCKOE M3JydeHHe U3 IOBODOTHBIX MAarHUTOB 3 peKTUBHO MOXeT
GLITH NCIIOJABL30BAHO [IA MCCAeNOBaHUA MYIKpOCprKTypr BemeCTBa Ha Ha,qMonenymp-
HOM ypOBHe B AnanasoHe AauH soan A < 100 A.

© T110OTBOPHBEIM BapUaHTOM PEHTTeHOBCKOH MHUKPOCKOIMH ABIAETCA CKaHUpYIOMiad
MUKPOCKOIHA. TloTOK 4-KBaHTOB, OTpaHM4eHHbI Auadparmoil, najaeT Ha 6IM3KO pac-
OMOXKEHHBI} 06pasel], I PerHCTPUPYETCH Pe3yIbTAT B3aUMOAEHCTBUA Y-KBaHTOB C Ma~
TepuaioM o6pasna. CylllecTBEHHBIM INPEHMYIIECTBOM CKaHNpYIolllell peHTreHOBCKON
CIIEKTPOCKOINHN ABAAETCA BOBMOXHOCTD PerucTpanuit 3¢pdexTon B3aUMOJENCTBUA U3TY-
4eHNA ¢ 06pa3loM, YTO IO3BOJAET HONYIUTEH 6oJlee HOIHYIO undopmanuio o6 obpasle.

Mecmxoe CH u3 suzaepa u ondyaamopa MOXeT GBITH UCHOIL3OBAHO JJIA JUTOIpa-
¢un c BeIcOKUM paspemenneM (A ~ 8-20 A, E = 1,5-0,6 xoB). UcnoapsoBanne Tex-

'HHKM TIy6OKOll ANTOrpadbuy ¢ HCIOAb30BaHMeM GP3rTOBCKOM JU(pPaKTOMETpUN NO3BO-

JAeT IIPOBECTH HCCAeJOBaHUA BHICOKOTEMIEPATyPHOIl CBEPXIIPOBOAMMOCTH, OBEPXHOCT-
ol qudppy3un 3epeH U KOppO3UH.

CTpyKTypHbIe H3MeHEHUs B MeTallIaX IPH NX Pa3pylIeHNH, TPOTeKaHne XUMHIECKHX
peakuui B TBepJiOM Teie, ¢pasoBEIe IEPeXO/ibl IPW CBEPXBBICOKOM JaBJIeHHH MOTYT GBHITB
HCCeJOBAHbI Ha J3JICH ¢ nomomubio MeToja peHTFeHOBCKOH Jugpakuvy.

CH u3 suzaepa u ondyadmopa IIAHUPYETCA UCMIOAL30BATE TAKXKe 111 EXAFS- CHeKT-
POCKONNU, PeHTrenorpadmu, Tonorpzubnn, A MCCAeJOBaHAA CTPYKTYPHI NOJYNPOBOJ-
HUKOB U B psjie APYTUX HanpaB/ieHH.

PeHTreHoBCcKas MUKPOCKOINA € UCHO/Ib30BaHHEM CH ua €8EPINPO60JAUES0 6ULAEPA
N03BOAUT paGoTaTh B 061acTi K-KpaeB NMOTJOLIEHHs CPeAHHX H TAXKENBIX JIeMEHTOB
(A = 0,5-20 A), IpUCYTCTBYIOLIMX B ofpasie. B skcnepnMenTe M3MepAeTCA 3aBUCH-
MOCTD Ko }HI[UEeHTA MOr/IOMEH! MOHOXPOMATHYECKOI O PEHTI eHOBCKOI'O U3J1yYEHUA B
BellleCTBe OT dHEPruM Najaiomero manydenuda. [locieansas BLIGHpaeTCA TaKOMH, YTOOBI
OHa TpeBHIIIala SHEPTHIO CBA3N JEKTPOHA, HAXOAAMEr OCA Ha BHyTpeHHeH oGosotke. B
3TOM caydae 3bPeKTHBHOCTD nepejjaii SHEPTHH OT PEHTTeHOBCKOTO KBaHTa 3/eKTPOHY
3aBHCAT U OT PACHONOXeHNsA 6an3/iexalux (Ha paccTOAHAN HeCKOJBKUX aHICTPEMOB)
coceJjHUX aTOMOB. Bapbupys 5Hepruio INajaioliero MydKa H perucTpUpys MHTEHCHB-
HOCTb Na/IAlOWIEro ¥ MPOMIEAIIero CKBO3b obpasel] MYYKOB, HAXOAAT MX Pa3HOCTh —
HHTeHCHBHOCTE IOIVIOIeHHOI 0 UaayyeHud. Ilo ee 3aBHCHMOCTH OT SHEPruy MajaloLero
[yIKa MOXHO ONPE/ieNTE NOOKEHHE OKPYKAIOUUX aTOMOB. [Ipu MOHOXPOMATHYHOCTH
31y eHNA AE ~ 3-4 5B aas 7-KBaHTOB C sHeprueil E, = 5-15 kaB YAAETCA H3MePATh
pacrooxeHHe aTOMOB C TOYHOCTBIO nopajka 0,02 A.

OunM 13 Bo3MOXHEIX npuMeHennit CU us suzaepa ABJICH B afepHOil (pU3NKe MO-
KeT GLITb MOJydYeHHe Y3KOHAIpPAaBIEHHBIX NMy4KOB MeccGayspoBckux KBaHToB. Cxema
nmo/y4eHns: TaKUX KBaHTOB IpeJnofaraeT 6parroBckoe OTPaKeHue oT KpUCTalia-MOHO-
XpoMaTopa, cojiepXKalllero Aipa MeccGayspoBcKoro u3orona. Kpucraiindeckas cTpyK-
Typa onpejeaseT HAIpaBIeHHOCTh NOTOKa KBAHTOB, a Pe3OHAHCHOCTB AJlepHOro pacce-
AHNA ¥ HCHOJb30BaHNEe TOHKOI'O KpUCTalla obecledBaoT NpenMyLIeCTBEHHOe OTpakKe-
HHe MOJe3HLIX KBAHTOB. Y3KOHaIpaBJeHHble IIyYKE MeccOaydpOBCKHX KBAHTOB IIO3BO-
AAIOT [IPOBOANTE HCCAeJOBaHHA KOINEKTHBHBIX AJ€PHBIX BO36yXKJeHUH H aHAIM3 Mar-
HUTHOU CTPYKTYpHI obpasna.
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1.2. Buoaozusa u meduyuna

CURZPOMPOHHOE UBAYNEHUE U3 NOGOPOMMHLIT MAZHUMOE NPEAIONATaeTCA UCIOAb30-
BaTh JJIA HcCledoBaHUM B GHOJOTHA U MegunuHe. IIpuMeHeHNe PEHTI€HOCTPYKTYPHOrO
aHalu3a MO03BOJAET U3YYUTh nepuojidecKue HaJMOJEKYIAPHbE CTPYKTYPHl, B 4aCTHO-
CTH, TAKHX 6HOIOTHYeCKUX 06bEKTOB, KaK MbllieYHbie BoloKHa. [Ipumenenne CH snaun-
TeJIbHO CHUXKAET BpPeMA SKCIO3MIUH 6J1arojaps BEICOKOH APKOCTH M BBIGOPY ONTHMalb-
HOIl ATHHBI BOMHEL. B pe3ayipTaTe CTaHOBUTCA BO3MOXHOMN CheMKa JUHAMAKH CTPYKTYp-
HBIX IEPECTPOEK JKUBHIX 06BeKTOB [6].

. CH u3 noBOpPOTHHIX MarHUTOB C JIMHON BOJHHI mopaaka 100 A npuMeHAeTcd JJIA
HCCleOBaHU - JUHAMHKY G€IKOB, CIEKTPOCKONNHA GUOTOJIUMEPOB.

CH co cmekTpoM, NPOCTHPAOIMMCA OT HH(GPAKPAaCHOTO A0 BHIUMOILO ,qnanaaona
(A ~ 3 mxm-5000 A), HallfeT NpuMeHeHHe B GuoMeJUINHE, MUKPOXUPYPIHH ¥ (hOTOTe-
pamm :

0H8y/mmop AIJICH moxeT 6bITb HCHOJbL30BaH B Kpuctauiorpadun 6ejakKa u uccie-
JIOBaHUAX CTPYKTYPbl OPraHN49ecKHX MOJEKYJL.

ecmxoe CH ceeprnpogodaujezo suz.aepa MOXeT OHITh HCIIONB30BAHO ana gudpak-
IIIOHHOI 0 ‘aHaJU3a CTPYKTYPHl 6e/IKOB.

Ha JDJICH niaHnpyeTcs co3janye CTAHIUHI C MaJOyrIoBbIM pacceanneM (SAXS) jaa
HCCIeJOBAHUI pa3sMepoB CTPYKTYPHBIX eNHHI B GHOJOTHYECKUX NOJINMEPHBIX IIEHKaX.

Mpumenenue EXAFS-cnekTpockonuu JaeT BO3MOXHOCTDb MCCJEJOBaHUA CTPYKTYPEI
aKTHUBHBIX 1IeHTPOB GelKOoB.

PenTrenogayopecieHTHEIR aHAN3 NpeJNoJaraeTca UCIoIb30BaTh LI ONpejeeHud
5/eMEHTHOTO COCTABa Pal/HuHBEIX 06pas’loB, B TOM 4HCIe H OHOJOTMYECKUX OOGBEKTOB,
HAIpHMep, MHKDPOdJIeMeHTHOro aHaiusa xpopu. Hcmoanzopanne CH nosBoaut snauu-
TelbHO CHU3UTL BpeMs BKCIIO3MIMA M YMEHBIINTb pajuallioHHYIO HArpysky obpasua
1O CPABHEHHIO C NPUMeHEHHEeM PaJHOaKTHBHBIX H30TONOB M PEHTIeHOBCKMX TPYGOK, a
NP1 | MCNOABL3OBAHUH OHJYJIATOPHOI'O U3MyYeHUs — H3GeXaTb JOMOIHUTEIbHOH MOHO-
xpoMaTnsanun. Boabyxjenue ¢iyopecueHInn JAnHeliHo monspuzosanubiM CU pesko
yMeHbIIaeT (oH, onpefeideMblil YIPYTUM W KOMITOHOBCKHM paccesnueM. Passutue
MeTo/a PeHTreHo(IyOPeCHeHTHOTO deMeHTHoro atammsa Ha CU mokasano uenbiit paj
NPEHMYLIECTB: BBICOKYIO YyBCTBHUTEIbHOCTh, MaJblil 06HEM M Bec U3y4aeMoro o6beKTa
(0,1-0,3 MKT), TaHOPaMHOCTb H3MePEHNA, Hepa3pylaLIYIo NPOLeAyPY U3MePeHUd 1 Ma-
JyI0 pafHAlMOHHYIO HACPY3KY, BO3MOXHOCTE M3MepPeHHs NMOBEPXHOCTHOrO 1 06heMHOr o
pacrpejeJeHus JIeMeHTOB, SKCIPECCHOCTD NMOMy4eHHA Pe3yAbTaTOB U BO3MOXHOCTB. Op-
raHu3aliH MacCOBOr0 aBTOMATH3HMPOBAHHOTO 31eMeHTHOI O aHalN3a B NPHKJIaJHBIX HC-
CAeJOBAaHUAX B MeAHIIHE. =

- IlpuMeHeHHe HHTEHCHBHOTO If MOHOXPOMATHY€ECKOT O CI/I u3 6uaJdepa Mo3BOAAET BHIl-
TH B MeAULHHCKON H 6GHOJOrMYECKOH PeHTreHOCKOMIH Ha CYHIeCTBEHHO HOBBIH ypo-
BeHb — PEe3KO MOJHATH YyBCTBUTENLHOCTH 6Jarojaps UCIOAb30BaHIIO Pa3HOCTHOI O Me-
TOJAa TpH PerHcTPaUHH PeHTreHOBCKHX CHHUMKOB. B nccresyeMblil o6beKT BBOAUTCA B
OYeHb MaJoll KOHIEHTPalUU BeleCTBO, MOBHIIAONlee KOHTPACTHOCTh, HAapUMep pac-
TBOp coan fioga (A =~ 0,3 A), JenaloTca JBa CHIMKA B MOHOXPOMaTHYeCKOM peHTre-
HOBCKOM M3JIydeHHII C-Pa3HLIMH SHEPrUAMH — B OJHOM cly4ae -Bblllle; a B JPyroM —
HIDKe SHepriH HoHm3auuu K-060109KH aTOMOB 3TOro BelllecTBa. B neppoM caywae fiog
CHJBHO IOTJIOLIAeT H3AydeHHe, BO BTOPoM — ciaabo. Brl4nTas HHTEHCHBHOCTH CUTHAJIOB
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0601X CHEMKOB, IIOAYYaloT KOHTpacTHYIo (oTorpaduio o6bekTa. MeTo] npeicTaB/ifeT
60JBIION HHTEpeC A PEHTIeHOCKONNY KPOBEHOCHBIX COCYJO0B.

1.8, Hoevie meTnoi02ul U METHUKAE

" Xecmxoe CH c sneprueit v-kpanTos 0,5-50 xoB u3 suzaepa u ondyaamopa MOXeT
6BITh UCTIOAB30BAHO B MUKpoMexaHuke. TummuHan gunna Boanel CU, TpeGyemas B Mu-
KPOMeXaHIKe, COCTAaBIAET A & 2 A(E ~ 6 xB). :

OJHUM U3 APKUX OpUMepoB ucnoab3oBanna CH B IpOMBIILIEHHOCTH ABJAETCA PEHT-
reHoBcKad JAuTorpadua — HaHeceHWE Ha MOBEPXHOCTH KPHCTAIOB IPOBOAAMINX IOKPHI-
THH 3a4aHHOM KOH(HIYDPAIUH, YTO MO3BOJIAET CO3/aBaTh Pas3iUiHBle CIOXKHBIE CXeMBL
MHKpO3JeKTPOHUKU. B OGBIYHON TEeXHOJOI'MH TaKoOro NpPOM3BOACTBA MCXOJHAA CTPYK-
Typa COCTOUT U3 Tpex CloeB — KpeMHHA, IpoBojuuKa u ¢poTopesucta. Ilocie sacpe-

4YHBaHUA Yepe3 MacKy-3KpaH ¢ OTBEPCTHAMMU JaHHOH (OpMBI POTOPE3UCT B MeCTax 3a- .

cBeTKH NpuobpeTaeT YCTOMINBOCTh K KHCIOTE M NIPA NOCAeAYIOLeM TPaBieHH! Npejo-

XpaHAeT NPOBOJHMK OT paspylleHnA. Tak Ha [MOBEPXHOCTH KPeMHNA BOZHHKAET CXeMa .

5MeKTPHYeCKHX CoefuHeHHH. MHHMMaJbHEIE pa3Mephl ee 3IeMEeHTOB OTrpaHH4eHHl Au-
dbpakuuell H3TyYeHUd, SKCIOHHpYomero ¢GboTOPE3UCT Ha OTBEPCTUAX MACKH, 4TO CO-
CTaBJfET HECKOIBKO JIMH BOJH. [l1A yJIbTpaduoJeTOBOro 3Jy4YeHHs Jazepa dTO pas-
Mep 1-2 MUKpOHa, 117 PEHTIeHOBCKOI0 CHHXPOTPOHHOI'0 H3JIyieHHs — Ha 1-2 nopajka
MeHbIle. DTO JaeT BO3MOXHOCTH PE3KO YBEIMYUTH GHICTPOJENCTBHE BBIMHCANTEILHON
TeXHUKH, 3¢ (PeKTUBHOCTDb JAEKTPOHHBIX CHCTEM perucTpanuu 1 o6paboTKI PasInYHbIX
CHTHAJOB. N

I[IpuMeHenne peHTreHoBCKol anTorpadun (A ~ 8-20 A, E ~ 1,5-0,6 xoB) noasoaset
c034aBaTh MHKPOGUILTPHl ¢ guameTpoM oTBepcTuit 0,2-0,4 MKM B J1aBCaHOBBIX ILIEH-
kax ToauHon 2-10 MxM. PUILTDH, clelaHHble 10 3TOH TeXHOMOTuH, 06.1a/ja10T COBep-
[IEHHO HOBBLIMH KadecTBaMi 10 CpaBHEHHIO ¢ (pUAbTPaMU, IPHI OTaBJANBaeMbIMU APYTHMHU
MeTOJaMI: OHM 06J1aJaloT BLICOKOH Npo3padHocThio (50%) u BEICOKOH 0HOPOJHOCTHIO.
UcnonbaoBalyue MeM6paH HaXoJUT LIMPOKOe NpHMeHeHHe B MUKpo6uoorny, MeuluHe,
skonorun. MeM6paHbl HCHIOAB3YIOT A1 CTEPUIN3AIUN M XpaHeH!sA POJYKTOB IINTaHUA,
[OCKOJILKY OHM IPENATCTBYIOT NMPOXOXKJeHUI0 MUKPOYAaCcTHL | 6aKTepui.

Jlurorpadua mMUPOKo UCHOAB3YeTCA TaKXKe JIA APOU3BOJACTBA AP PAKINOHHBIX JIHI
aas npubopos, paboTalomux B BUAMMOM CBeTe. .

KavecTBeHHO HOBBIE NepCIEKTUBEl OTKPHIBAIOTCA C MOABJEHHEM APKOI'O PeHTr eHOB-
CKOr'O M3Ny4YeHHA M3 OHAYJAATOPa Iepe] PEHTIeHOBCKON MHKporoJorpadueil. Baxubpim
JOCTOMHCTBOM roJiorpaduu ABIAeTCA BHICOKAA KOHTPACTHOCTL [OJOrPaMMBL: faxe JJ1d
oveHb c1abo MorJiolawIInx 1 cjaabo (pasocaBUralomux o6pas3los.

" MeToAbl PEHTIeHOCTPYKTYPHOIO aHaIH3a IHPOKO NMPUMEHAIOTCA A KOHTPOJA Co-
CTaBa BelIeCTB, HAIpuMep, B MeTallodHu3uke N B MeTallypruu. lcnombaoBaHue uH-
TeHcHBHBIX ucTodnnkoB CH pesako coxpalllaeT BpeMs DKCIO3NLIMH, a PerucTpauud Ipu
NOMOIIM KOOPAMHATHHIX AeTeKTOPOB CYleCTBeHHO o6ieryaeT oUNdPOBKY Pe3ylbTaToOB
1 pacunpPOBKY PEHTTeHOrPaMM.

PenTrenockonus UWIHPOKO NpUMeHSeTCA B TeXHHKe A/ BHIABJICHUA CKPBITBIX jJedek-
TOB KOHCTPYKIMI, HanpuMep, BHYTPeHHNX TPellNH, PAKOBUH B MACCHBHBIX U3JENUAX U
[OJNMepOB, METAIOB U JPYT'HX MaTepUaJoB.
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.Jlng uenoro Kaacca 3ajad B GU3NKe, B KOCMHYECKUX HCCIeAOBaHUAX TpeGyeTcd ab-
COMIOTHAA KaIn6GpoBKa AeTeKTOPOB dleKTpoMaruuTHoro uaaydennd. CU c To4Ho onpe-
JeleHHBIMH [apaMeTpaMH NpeJCTaBAAeT A 3THX Heleil KadeCTBEHHO HOBble BO3MOX-
HOCTH, ‘ '

1.4. IHepcnexmusv pazsumuas JIJACH

IpoekT JDJICH npegycMaTpuBaeT B NepPCHEKTHBE PasBUTHE YCKOPUTEILHOTO KOM-
miexca. OIHO U3 BO3MOXHBIX HANpaBieHUH CBA3AHO C UCIONb30BaHWEM BJEKTPOHHOIO
anHaka MEA s renepanuy HE3KODHEPIHYHBIX MO3MTPOHOB, UCIOJb3YeMBIX B MHOI'O-
YHCACHHBIX NMPUJIOKEHHAX B TaKuX 00JacTAX, KaK (PU3NKaA KOHJEHCHPOBAHHBIX CpeN,
aTomHas ¢busnka u ¢usnka nosepxsoctu [7, 8]. Takoro poga mccaefoBaHuA BedyTcs
BO MHOTHX JaBGopaTOpHAX MUpa, u passuTHe akTueHOoCTH B OUAMN na 3TOoM Hanpabie-
HUM CYLECTBEHHO PACIIMPUT H JONONHAT JKCIepAMEHTaIbHblE HCCAeJOBAHMA 10 DU3NKeE
KOHIeHCHPOBAHHEBIX CpeJl, BLIIOHAEMblE HAa HMIIYILCHOM HellTpoHHOM peakTope UBP-2

[l pyrum npuMeHeHHeM dJeKTpoHHOro nydka MEA MoxeT OBITE Ja3ep Ha CBOGOAHBIX
SAEKTPOHAX. 'KoHCTpYKUMA JHHEHHOrO yCKOPUTeA NpeycMaTpUBaeT OTBOA NyUKa Ha
SHEpruHu 140 M»>B. BhiBeeHHBLIH NpU 3TOR 3HEPrUU IYYOK MOXeT OBITH MCIHOJL3OBAH B
Jasepe na cBOGOAHBIX 31€KTPOHAX JJIA IeHepaluy MHGPAKPACHOT O U3y eHHUs. Pa6oThl
10 CO3/JaHUIO Ja3epa Ha CBOGOAHBIX 31eKTPOHAX B MATKOH PEHTI €HOBCKON 06/1acTH THIA
RAFEL aaa DESY BegyTca B HacTosmlee BpeMA B paMKaX KoilaGopanuu OUAU un
DESY [9].

DNeKTPOHHEI Ny4oK, yupKyaupyomui B J2JICH, moxeT 6bITD HCIIOJB30BAH A Te-
HepaINn 7-KBAaHTOB XeCTKOrO PEHTIeHOBCKOI'O H3/Iy4eHnd c dHepruei mopaaka 1 MsB,
nosydaeMblX pH 06PaTHOM. KOMITOHOBCKOM Paccesnny [10]. Taxkoit TeHepaTop OCTpo-
HAIPaBJEHHOT'O PEHTTEeHOBCKOrO H3JIYyYeHHA IpeJcTaBaAeT HHTEepeC B ﬂ,qepHon d;manxe

‘CTpyKTypa 1 ocHoBHble mapameTpsl JIJICH

2.1. Huocexmop saexmponos

B kommaekce JIJICU aneKTpoHHBIA ny4oK (HopMUpYyeTCca H YyCKOPAETCA A0 SHEpPruu
800 M5B B auneiinom yckopureae MEA (ra6a. 1).

YckopAomas cHcTeMa JHHaKa COCTOUT u3 14 yckopswoomnx CTaHUUH, BKAIOYAIOMIMX
CBY-renepaTtopsl, dbujepbl M yckopaomue cekuun. CTPYKTYpHO JHHEHHBII ycKopu-
Telb COCTOHT U3 MHXKEKTOpa, TpPYNHHpPOBaTeld, YOINIepa, NpelBapUTelbHOTO IPYNIH-
poBaTe/s oHepruu (npe6antdepa), 6aHdepa, 23 YCKOPHTEJIBHBIX CEKIUil H KOMIpeccopa
CIeKTpa JHepriu. YCKOPUTe/IbHbIe CeKIuM cojepkaT 11 oJHOPOJHBIX 27 /3-cermMeHTOB
yBeJAUYeHHOrO. HMIegaHca. - Ha y4yacTke HHXeKTopa U Ha Ha4YaJbHOM YCKOPHTEILHOM
yyacTKe NIpH CPaBHUTEJIBHO MajblX SHEPTUAX 2/J1eKTPOHOB HCIOJAb3YIOTCA (OKyCUpPOBKa
 TPAHCIOPTHPOBKA MYYKa B IPOJOJILHOM MarHHTHOM HoJe coleHonsos. [laiee dokycu-
poBKa ocyllecTBAsAeTCsA Ay6GaeTaMil KBa Py IOJAbHEIX IUH3, YCTAHOBJACHHBIMH HAa Y43aCTKaX
Apeitca MeXAy NPOMeXYTOYHBIMH CTaHUNAMHE. [l1a yBelMdYeHNA SHEePrUH DJIeKTPOHOB
¢ 700 zo 800 M5B niaHupyeTca YCTAaHOBUTDL elle ABe JAJHHHBIE (3allacHBIE) YCKOPAIO-
mue cekuyuu. B kavecTse ycmaurenein CBY-MommHocTH HCNOAB3YIOTCA UMIYAbCHBIE KJH-
cTponsl, ofuH kauctpor VA938D ¢upmsl ”Bapnan”, IHTAOWMIT YCKOPUTEIbHbIE CeKIHN
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A0 u A01, yonnep, npeGaryep, GaHep U KAUCTPOHbI TH2129 dupmer ” ToMcon” 114 Beex
OCTaJbHBIX CEKIIUH. :

" Tabauna 1. TlapaMeTpHl 3IeKTPOHHOr O JIMHAKA MEA

ITapameTp ' PyTunneii  PopcnpoBaHHBIN
pexXuM | pexum
O6mee onucaHue :
Jauna, M ‘ 200
Omueprus snexTponHas, ['oB ' 0,7 0,8
YacToTa nopropenus, I'n 10 250
Tok my4Ka AUKOBBI, MA 20-40 60
cpejHuH, MKA 0,8 - 50
CpeanAs MOIIHOCTD My4Ka, KBT 0,56 34
HopManusopannstii sMutranc (1o),
- MM - Mpaj ' 25 25
JanTeasHOCTh NMITYABCA, MKC : 2 -3,
: BY-napaMeTphl yCKOpAOLIEH CUCTeMBl
BY-uacroTa, I'I'n 2,856
[pajuent yckopernsa, MoB/m 5-7 ‘
JlauTeasHOCTD NMITYJIBbCa, MKC 2 : 0,1-3,5
MoursocTs pesonaTopa, MBT 10 , 20
Yuco yCKOPUTENLHEIX CTaHIHH 14 (A00-A13)
Yyucno KANCTPOHOB 1 (VA938D)+12 (TH2129) -
Yucno MOJYAATOPOB . 12 (13)
JlIMHA YCKOPHTEAbHBIX CeKIUH, M 3%3,64+20%7,35

KoMnpeccop cleKTpa SHeprui
Pas6poc no aueprun AE/E, %

JI0 KoMIlpeccopa ' 1,0
mocJe KoMIIpeccopa 0,1

2.2 Haxonumeav AIJACH

MarsuTHasg CTPYKTypa HaKOMHTeldA JDJICH paspaboTaHa € y4eTOM CleJyIomuX
TpeGoBaHMIl: UCIOAb3OBaHHE MArHMTHBIX JJEMEHTOB HAKONHTENBLHOTO KOJbLA AmPS;
JAOCTUXKeHUe MHHMMAJBHO BO3MOXHOIO SMUTTAHCa NPH AUHAMHUYecKol anepType, obec-
neunBaomeil 3p¢eKTHBHYIO UHKEKIMIO H JOCTATOYHO BLICOKOE BPEMA KUIHH HAKOILIEH-
HBIX 5eKTPOHOB; o6ecledeHne MAKCHMAIbHON APKOCTH U3 BUIJEPA M OHAYJATOPA.

MarnuTHaA CTPYKTYpPa HAKONMTeILHOIo Koablla AmPS He yjoBIeTBOpAET 9THM Tpe-
Gopanuam [11]. Ilpexje Bcero, sMHTTaHC DIEKTPOHHOrO IyHYKa COCTABJIAET 160 BM,
YTO Ha MOPAJOK Bblllle, YeM B COBpPeMEHHBIX HAKOMUTENAX CH. 3aTteM OTHOCHTENbHO
HeBbicokaa sHeprua anextposos — 0,9 I'sB. Moaepuusanna MarHHTHON CTPYKTYDBI U
sneMenToB AmPS HanpaBiieHa Ha yBeandeHHe MaKCHMAaJbHON 3HEPIHU BJIEKTPOHOB N
yMeHblleHHe SMATTaHca ny4ka. Pemenue >Tux npotieM obcyxjaeTcad HUXKe.
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Puc.'1. CtpyxTypa u cTpykTypubie ¢yHxunu xoibia [JADJICH: a) nepuogmyeckasn
adellka, 6) coraacyiouiye A4eHKH M NPAMOJIMHERHAd CEKUMA A MHXKeKINH, B) COrva-
cylolmle A4efiKll H NPAMOMHHENHAA CeKIMA AN OHAYIATOPA, T') COracyIolle ﬂqéﬁ};h "
npAMoANHeHAA ceKiuA AJs BUTJEPa o o

Koabuo JADJCH cocToUT H3 4eTHIpeX CyNeprnepnooB. Kax bl cynepnepnos BKIO- -
4aeT NepBYIO COIIACYIOILYIO AYENKY, JBA dJeMeHTa NePHOAUYHOCTH U BTOPYIO COTMAcyIo-
uyio A4elKy. DJAeMeHT NMePHOJHYHOCTH (pHC. 1) COCTOMT U3 ABYX AMIOABHBIX MAIHHATOB '
H Tpex KBa/JpYyNOJbHBIX JHH3. ‘B ee cocTas Takike BXOJAT JABe CEKCTYNOABbHbIE JIHH3BL,
TpH KOMGHHHPOBAHHBIX OPH3OHTAJIbHBIX H BePTHKaJbHBIX KOPPEKTOpa OpGHTHI, TPH
HKALI-2IeKTPOja, TPH MAarHHTOPA3pAJHBLIX HACOCA MPOM3BOAHTEALHOCTBIO 60 J1/MuH,
OJMH 3KpaH-ToMHIHOGOP I BUAEOMOHUTOP A4 perucTpallil napaMeTpOB Iy4Ka Ha nep-
BOM 060pOTe, YHCTALHE DIEKTPOAB! A1A Yy aaeHIA HOHOB, 06Pa3yIOIUXCA IPH HOHU3a-
LIl ATOMOB OCTATOYHOI'O ra3a Iy4YKOM. ‘ ' ' '
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Ha6eru a3 6GeTaTpoHHBIX KojeGaHMi  Ha  DileMeHTe  IEPHOAUYHOCTH
paBHHI iy = 0,43-27, py = 0,15-27. Bribop Habera ¢pasbl o I'OPU3OHTAJIN ONpeAeNseTcA
W3 YCJIOBHA MUHMMH3AIMH SMATTaHCa. MeHpImMi 3SMUTTAHC MOXET GEITh MOMY'eH, eCiH
cHelaTh JUCIEPCHIO HeHYJIeBOH B MPAMOMMHEHHBIX NPOMEXYTKaX (Bursaep.u oHAYAATOP
BHIK/IIOYeHE], U3Jy4eHle TOJAbKO U3 NMOBOPOTHBIX MarHATOB). B 5TOM cilydae SMHTTAHC
MOXeT 6bITb yMeHbIeH fo 5—6 uM. CorJacyiomuil 31EMEHT CORepXKHUT ABa JMIOMBHBIX
MarHITa ¥ obecnednBaeT HYJAEBYIO JUCIEPCUIO B IPAMOJIMHENHON CeKIMMI.

YacToThl 6eTan0HHbIX KoMe6aHMil B HacToAllee BpeMd BHIOpaHBl  pap-
HeMu Q; = 9,58, Qy = 3,56. MakcuMaJdbHBIM CpajueHT B KBaJPYNOJbHBIX JUH3aX
NpeAIonaraeTcs YBeIUIuThb C 11 mo 20 Ta/m. CucTeMBbl OXJTaX[eHUA M MUTaHUA KBa-
APYNOJIBHBIX NH3 TIO3BOAAIOT 3TO CAeAaTh 6e3 JONOTHHTENbHON MOAePHUI AN

MaxkcuMatbHadA NpoeKTHaA SHeprua saektponos B IOJICH cocrasaser 1,2 I'sB, To-
rja Kak MakcnMmanbHad sHeprud B AmPS 6eura 0,9 I'sB. Y065l yBeanNTE SHEPTHUIO
51eKTPOHOB (NOAHATH MAarHUTHYIO XeCTKOCTb € 3 Ao 4 Ta-M), TpebyeTca HeKoTopas
MO/IepHU3AIMA THIOJIBHBEIX MarHHTOB.

Jl1 KoppeKIuI XpOMAaTHIHOCTH HCIIONB3YIOTCA /Ba ceMellCTBa CEKCTYMOAbHBIX JHH3.
YT06EI CKOPPEKTHPOBATH XPOMAaTHIHOCTb KOJIbIIA, ciibl cekcTynoneit B JOJICH gomxuer
6bITh yBeauyeHsl ¢ 49 go 120 Ta/m2. s oToro TpeGyeTca YCUINTDb OXAaxjeHUe CeK-
crynoneii. Kpome Toro, koandectso cekcrynoneil B J3JICH qomkno 6HITH yBeIUYEHO
Kak MHHMMYM Jo 48 mo cpaBHenumo ¢ 32 cekcrynonamu B AmPS.

CTpyKTypa NPAMOANHENHEIX yYaCTKOB KOJbIia B 3HAYUTEJbHON CTelleHH ONpees-
eTca TpeGoBaHneM MakcuMaibHol apkocTit CH 13 oHayaTOpa U BUTJEpa. Hauna gpei-
($OBEIX NIPOMEKYTKOB NPAMOJINHENHBIX Y4aCTKOB paBHa COOTBETCTBEHHO 7,2 u 5,3 M.
O u3 JAMHHBIX ApelOoBBIX IPOMEXYTKOB INIAHUPYETCA UCIONB30BATE 1A pasMellle-
HIA BHTJIepa U KuKepa, Apyroil — Aaa Asyx BY-crannuil n sToporo kukepa. B ognom u3
KOPOTKUX Jpeii(hOBbIX IPOMEXYTKOB 6y/JeT MoMelleH OHAYIATOP, B APYTOM — CENTYM.
Jna ontumumsanuu CU u3 Bursepa obe 6eTa-pyHKIUM B HEM JO/IKHBI GBHITH ,qOCTaTquo
maabiMi: Oz = 1,5 M n By = 2 M B UeHTpe.

Kukep umeer ganny 1,6 M, paccToaHue MeX Ay IVIaCTHHAMH 4 CM, HANpAXEHHOCTD
anekTpudeckoro noas 20 KB/CM Haber ¢a3 6eTaTpOHHEIX KoJeGaHHH Mex[y ABYMA
KUKepaMH B FODU3OHTAJBLHOH MJIOCKOCTH paBeH Apy = (2n + 1)m, MexAy KHKepoM

_u centyMoM Ap; = 2nw + n/4. TopusonTanbhan GeTa-pyHKUMA B CENTyMe paBHa

Bz = 25 M. YroJ OTKIOHeHHd IIPH MaKCHMalbHOM TOPU3OHTAIBHOM YAape KiKepa coCcTa-
BaseT 4,6 mpaJ (oHeprus snekTpoHos 0,8 I'aB), 4To obecnevnBaeT cMellenue 3aMKHYTOH
op6uTsl B o6nactn centyma Ha 24,6 mm. [lna nakonuteas [A9JICU neobxogumo paspa-
60TaTh HOBEI CeNITYM C YIMIOM OTKJOHEHNA nyyka Ha 120 Mpaj [pH SHEpruu HHKEKUHU
0,8 I'sB. [l1nHa cenTyMa cocTaBUT 1,2 M, TOMIHHA CENITYMHOrO HOXa — 3 MM.

JluHaMnyYecKaa alepTypa, BHIYMCIeHHas C MCIOAb30BaHHeM mporpamMmsl MAD f12],
paBHa 740, u 560y (puc. 2). TpebyeMas nns o¢pdbekTHBHON MHKEKUNN AUHAMUYeCKad
anepTypa, BHIpaXeHHas 4Yepe3 pa3Mep NMyYKa O, ONMUCHIBAETCH BhIpaXeHHeM

NpoS =50% +d+80%,

rae d— TOJIHHA HOXa celnTyMa, HHAEKCHl ¢ 1 1 OTHOCATCH K HUPKYyJUpylouieMy ¥ MH- .

XekTupyeMoMy nydkam. C y4eTOM 3Ha4eHMH SMUTTaHCOB umxekTUpyeMoro (18,3 um)
u nupkyaupyiomero (4,93 um npu sHeprun 0,8 ['3B) my4koB, TomuuHBL HOXa CeNTyMa
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Puc. 2. [nuHaMudeckas anepTypa, BblpaXeHHad B CTaHJAapTHBIX OTKJIOHEHUAX, AIA
BKJIOYEHHOT 0 (CIIOLIHAs KPUBad) U BHIKJIIOUYEHHOT O BUTVIepa (IyHKTHpPHasA KpI/IBa.ﬂ) JIu-
HOH COOTBeTCTBYIOT MHHHMAaJBHOM aMIIMTY A KoAeGaHuil YacTHll, 1Ipu KOTOpOIl IBHXKe-
HIle ellle yc'rontho AN BceX HadalbHBIX a3

3 MM I BeMYHHBI FOPH3OHTaIbHON GeTa-pyHkuun 25 M Heob6xogumo umeTs Ny >29. B
BepTIKaJAbHOH! NIOCKOCTH (BepTHKAJILHBIH SMITTAaHC HHXEKTHPYEMOro Ny4Ka paBeH ro-
PH3OHTaIbHOMY) Tpe6oBaHHA K AUHAMHYECKON amepType 3HadnTeabHo Marde: Ny >13.
Ecan, ¢ y4eToM norpelHocTel, JHHaMHYeCcKan anepTypa OKaXeTcA HeJoCTaTOYHOH, TO
oHa MOXeT GbITb yBelnYeHa MyTeM HCIOJAb3OBaHUA JONOIHHTEABHBIX CEKCTYNOMeH, pac-
NOAOXKEeHHBIX Ha Y49acTKax C JUCIHepciell, paBHON HY.IO.

s d4acTHL ¢ OTKJIOHeHHeM Io uMnyascy |Ap|=1% guHamudeckas amepTypa H3Me-
HAETCA He3HaYHTeNbHO, oHa paBHa 500; 11 480y.

2 3 Hp()()onbnaﬂ Yycmoduusocmy 3AEKMPOHHOZ0 nyuxa

B nakonutene [J3JICH npegxnonaraeTCﬂ HMeTb unpKy.rmpyronum 3JIeKTpOHHI>IH ny-
4ok ¢ TokoM o 300 MA. OcHoBHble po6JaeMbl ¢ (hOpMUPOBaHIEM TAKOr'0 Iy4YKa CBA3aHH
¢ ero ycToltunBocThio Ha sHepruu Hixkexkuun 0,8 5B n ¢ yckopeHneM o MaKCHMAaJbHOM
SHepriu 1,2 I'sB. B AmPS npu sHeprun mHxexnuu 0,6 I'sB MakcuMaibHBI HaKom-
AeHHBbI TOK cocTaBaai 250 MA. Ogmaho Mnmmnaamm 3MHTTcha B KOJblIle ,Z[SJICI/I
noTpeGobaa 3HAYHTEILHOTO, IO CPABHEHHIO C AmPS,  yMeHbILeHIA Kod(hdULIeHTa pac-
wnpenna op6utsl (B 5-6 pas, Taba. 2), 9TO B KOHEYHOM HTOre NMPHBOJUT K CHIIKEHUIO
IOPOroBOro TOKa JJA HPOJOILHOR HEYCTONYNBOCTH.

'mﬁaﬁma?ar&
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Ta6auna 2. OcHOBHEIE TapaMeTPH HAKOMNTEILHEIX xoxery AmPS u ADJICH

DneKTPOHHOE KOJBIIO AmPS JA2JICU
Dneprus >aeKTpoHoB, ['aB 0,9 1,2
Dneprua nExexmu, ['2B 0,7 0,8
TlepumeTp, M _ . 211,76 140,546
Paaunyc nosopoTa MAarHUTOB, M ) 33 . 3,3
Jlmmia OpAMOTUHENHEIX CEKIMI, M 32
IAVHHAA 7,2
KOpOTKasd 5,3
ITepuoa o6paleHnsa 2JeKTPOHOB, MKC 0,706 0,4685
YacToTH 6eTaTPOHHEIX KoJeGaHi: ropusoHTambHag 8,3 9,58
pepTHKaibHad 7,214 3,56
KosddunuenT pacumpesus opSATH 2,7- 1072 4,8 1073
XpoMaTH4HOCTD: ‘ ropusoHTaibHas  —15 -22,1
pepTUKaibHad 0,2 ' -17,5
Tox mmxexkumu, MA 10 .10
Tok HAKOILIEHHHX 3JeKTPOHOB, MA ‘ 250 300
FopuaoHTaIbHEI SMUTTAHC, HM 160 11,1
YacToTa yexopsaiomeir BH-cuctemsr, MIt 476 476
HoMmep rapmonuku 336 223
YacToTa CHHXPOTPOHHHIX KoJeGaHui 0,031 0,007
Maxkcumannioe BY-nHanpskenue, B 350 350
PaBHoMepHas JIMHa CCYCTKa, MM ‘ 15 8,67
Yucsio 3eMeEHTOB MarHUTHON CTPYKTYPHI: norsoponme MaruuTe 32 32
KBajpynom 68 64
cekcrynoau 32 >48

TloporoBsiit TOK NPOJOILHONR HEYCTORYNBOCTH B OJHOCTYCTKOBOM peXHMe OLEHUBA-
eTca usBecTHHIM KpuTepueM Kaitna~1llnenna—Byccapa:

I _ 2make/ ea?

bunch _|Z/_n| H .
rae a — Koap@HIMERT paclIMpeHus opbuTe, 0. — paBHOBeCHbIﬂ pa3bpoc 3JaeKTpo-
HOB TI0 3Hepruu, E, — 3Heprus 3JeKTPOHOB, |Z/n| — NpOJOAbHBIN UMIeJaHC NydKa B

nakonuTese. IloporoBeii TOK 414 h CCYCTKOB C [ayCCOBCKUM pachpejeleHueM, UHPKy-
Jmpyxoumx B KOJIbllg, 11O nopﬂ,qu BeN4UHbl PaBeH

2\/—@1 2raE, /ea 2\/marh
bunch = ' )
C. |Z/n| C.

rae h — nomep BY-rapmonuku, o — CpeAHeKBa,qpaTI/I‘iHaﬂ anuna crycrka, Ce — Ie-
puMeTp Koablla. JliA crycTka JIMHON oy, MeHblleil pajiyca BakyyMHOll Kamepbt b,
UMIeJaHC OlleHUBaeTcA cooTHoMeHneM [13]
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rie |Z | o — UMIEJaHC KaMephl. PacueTs! Jid raajkolt BaKyyMHOH KaMephl pafHycoM
b=3, 75 cmu uMIe]aHCOM |Z |0 = 10 OM NMOKa3BIBAIOT, YTO MOPOrOBBIM TOK JJIA MHOI'O-
CI‘YCTKOBOI‘O pexuma npu sHepruu umxeknuu 0,8 I'sB cocTapigeT npuMepHo 170 MA.
,[[Jm yBeandennsa Toka g0 300 MA Heo6XOAUMO CHU3UTH UMIIEJAHC JO IZ |0 = 5,7 OM nan
YBEIUYUTh HANpSXKeHUe KaMepbl BY g0 1 MB. Hpegnonarae'rca TaKXe PacCMOTpPETh

. BapHaHT C HepeCTpOI/IKOI/I OHTI/IKI/I YTO IIO3BOJUT YBEJIUYNTH ¢ U, COOTBETCTBEHHO, IIO-

pOFOBbII/I TOK Ha 3HePIrHn I/IH)KCKHI/II/I

3. CunxpoTpoHHOe U3Jy4eHHe

8.1,  Cunzpomponnoe u3ayuerue u3 no6OPOMHLIL MASHUMOSB

[apaMeTphl CHHXPOTPOHHOT O M3/y4eHHs U3 MoBOpOTHEIX MaruuToB JOJICH npuse-
JeHH B Taba. 3 u Ha puc. 3.

Tabauna 3. ITapamerprm CH u3s nosopoTHEIX MarHuTor [J3JICH

OHeprud s1ekTpoHoB, ['9B

[lapameTpsl : 1,2 1 . 0,8
Kpurnueckas sneprusa CH, h:-)B 1,16 0,67 0,34
Motok CU, dorton/c/mpaa/0,1% m.o. 7-1012 4,7-10%% 3.10%2
Apxocts CHU, doton/c/mm’ /Mpag?/0,1% mm. 2-10'% 8.10'3  3,91.10'3
[ioTHOCTE MowHocT CHU, BT/Mpa,a2 2,8 1,6 0,73
Jluneiinaa naotHocTs Momuoctn CH, Br/mpagy 2,4 1,2 0,45
Mommnocts CH, kBt 16,6 8 3,24

8
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.
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E, keV

Puc. 3. 3aBHCHMOCTBL APKOCTH CHHXPOTPOHHOIO H3.1y4eHus OT DHEPrHH Q)OTOHOB
E, —1 2B, 1=0,3A

19



9.2, Cunzpomponnoe U3Ayuente ondYALmopa ASJICH -

MHUHR-OHAYIATOP AAUHOH 2,5 M, cok150' »ﬁépno’,ann pemeTxu (Taba. 4), yCTaHOBJEH-
HBIIl B IPAMOJMHENHON CEKIMH HAKONHTeENd JIDJICH, no3BoIUT MOMYYUTh APKOCTH Ha
nATH NopAAKoB Bblme ApkocTu CU u3 IOBOPOTHEIX MarHuTOB. Hcnonb3oBanue MIHH-
OHJYAATOPOB B HACTOSIIeE BPeMs CTAHOBHTCA BCe Hollee IONMYIAPHDIM, Takue OHAYJA-
TOpHl YCTAHOBJIEHE!, B YaCTHOCTH, Ha ESRF u SPRINGS8. OHnu 103B0ASIOT JOCTHYb BbI-
COKOit APKOCTH IIPH OTHOCHTEIBHO KOPOTKOH JTHHE npaMoaugeitnol cexmun (Taba. 5).

Ta6auna 4. IapaMeTpE MUHH-OHAYIATOPOB

Uctoynuk CU ‘ NSLS-PSGU NSLS-IVUN JA3JICH

[leproa pemeTKH, MM 16 11 15
3azop MeX/Ay MarHUTaMu, MM 6 3 5
AnepTypa, MM 3 3 3
MaruuTHOoe moxe, Ta 0,623 0,678 0,75

Ta6auna 5. [JapamMeTps MUHH-OHAYIATOPA A3DJICHU

DHeprus 21eKTpoHoB, ['2B

[TapameTpHl 0,7 09 1 1,2
Sneprua ¢goTtonos CH

Ha NepBoli rapMoHHKe, KB 0,2 0,32 0,4 0,08
Iotox CH Ha ocu oHAYJAATOPA,

1016 ¢>0T0H/C/Mpa,q2/0, 1% mr.m. 12 1,7 22 3
Apxocts CH Ha ocu oHAYAATOPA,

10'8 porton/c/mm’ /Mpag?/0,1% wn. 1,2 1,7 2.2 3
IIaoTHOCTS MotzocTH, BT/Mpaz? 45 110 160 310
Mounnocts, BT 59 97 120 173

HpKOCTb CHHXPOTPOHHOI'O U3JydeHusa U3 oHayaaTopa JocTHraeT BeJUYHUHBI

2

3108 poTon/c/Mm /Mpan?/0,1% mn., u, KaK NoKasbiBaeT CpaBHEHHE C APYTHMM HC-
Tounukamu CH, JOJICU moxeT 6HITh OTHeCeH K HCTOYHMKaM CH 3-ro nokoJsesusd.
DHeprusa ¢OTOHOB IepBOil FAPMOHUKU COOTBETCTBYET 0,58 kaB, TpeTbell rapMOHUKH —

1,76 k3B. PocT sMuTTaHCa 51eKTPOHHOI O My4Ka IPHBOANT K 3HAYUTEALHOMY CHUKEHIIO

apkocru CH (puc. 4). Beamduna >MuTTaHCa, IPH KOTOPOM APKOCTH OTpPaHHHABALTCA
aubpakuueit CU, coOTBETCTBYET 3 HM. :

3.8. Cunzpomponnoe u3ayuenue u3 6uU24€pPa

CBepxnpoBogAlIMil BUrJIep ¢ MarHUTHEIM TOJEM J0 10 Tx renepupyeT notoxk CH ¢
sueprueit gporonos 20-50 koB (Tabx. 6, 7, puc. 5) [14].
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HbI
HC-
HA.

50:0]
TrcA

1 c

1e+18

B, ph/s/mrad*2/imm*240.1%bw

Photon eneray, keV

Puc. 4. fIpkocts CU u3 ougyasropa JIJICH aaa nepsoii rapMOHUKH: €z€y = 10/1 um
(cinomnan kpusas), €-6y = 0 (nyskTHpHas kpusas), E. = 1,2 I'sB, I = 300 mA

Tabauna 6. ITapameTpu cBepxnpoBogsiero suriepa JI3JICH

Iepuog, cm 30
IMo/Haa JaMHA, CM 100
Yucno nepnojon 1
Hose B nenTpaabHoM gunode, Ti 10
INose B 60KOBHIX AumOAAX, i 2
3azop noad, MM 50
Onpayastopusi gaxktop, K 252

Yraosoit pas6poc CH us suraepa (2K /), mpag 210

. Ta6auua 7. ITapamerpw CU u3 csBepxnposogaimero suriaepa I3JCH

JHeprua 37eKTpoHoB, 5B

[apaMeTphl 0,8 ' 1,2 1

Kpurnyeckas sHeprus, koB 3,83 8,6 6

Motok CH, poton/c/mpan’/0,1% uwn. - 9-10% 2.10" 1,4-101
* Apkocts CU, doton/c/mm’/Mpas?/0,1% mn. 3,83-101% 2.101 8.1083

[laoTHOCTH MolIHOCTH, BT/Mpas? 36 181 87

JluHeliHaA MIOTHOCTL MolHOCTH, BT/Mpaj 175 542 341

MomuocTts, kBT . : 3,07 - 6,9 4.8
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Puc. 5. Basucumocts Apkoctu CU w3 suriaepa JSJICU oT oHeprum (pOTOHOB:

a) E.=0,8 5B, I=0,3A;6) E.=1,2T3B, I=0,3A

SakiaodeHne

Coapanne ucrounnka CU TpeTbero nokonenns B [y6ue no3soanT 3Ha4HTeAbHO 060-
raTuTh Hay4Hyo nporpammy OUAN u gacT BO3MOXHOCTE PaclNpUTh OKCIEpHMeHTalb-
Hble MCCAEAOBAHAA B 06IacTH. GHIMKU KOHJEHCHPOBAHHBIX CPeJl I aTOMHOH QU3UKH, B
6UOIOTAN 1 MeULIMHE, B XMMHH U [E0JOTHH, a TaKKe Pa3BUTh HOBblE TEXHOIOT 1N Ha Gase
CH. Peanmzauus 5TOro IpoeKTa NpejcTaBisieT 3HAYNTENbHBIN UHTEpec [ HaywHOro
coo61IecTBa I MPOMBIILIEHHOCTH cTpaH-y4acTHun OUAN.
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