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HCTOYHUK CUHXPOTPOHHOI'O U3JIYYEHUS TPETBEIO TIOKOJIEHUSA
B OUAHN '

Bananvicun H.H., Berowuyxuid 11.9., Kaowweackui B.I'., Kobey B.B., Mewxoa H.H.,
Moposoe H.A., Cudopos I'.H., Cucaxsan A.H., Cuipecun E.M., Tumxosa H.B.,
Iupkoa I'.[., FOpxos M.B. (OHSH), Anmoxun E.H., Bobawi IT1./7., Kyaunanos I'H.,
Jlesuues E.B., Mesenyes H.A., Cxpunckuil A.H. (HSID um. I'A. Bydxepa CO PAH),
Muxaiiaun B.B., Konobanos B.H. (HHHA® MIY), Joxc I., Maac P.,
ean Muddenvxon I'., Cneam . (NIKHEF, Hudeprandot)

32 noC/JeHNE S IET AOCTHTHYTH 3HAYHTEJIBHHE PE3YJ/IBTATH B PA3BUTHA HCTOUHHKOB
CHHXPOTPOHHOTO M3JIyU€HHS TPETHEro MOKOJICHHUS. Berynuam B CTpOii 6O/IbIIME HAKOMH-
renbEbie Koabua APS (CHIA) u SPRING-8 (Sinonus), B CTaguu myCKa HaKOMHTEIb SLS
(IIIpeiiapus). B HAKOMMTEABHOM KOJBLE ESRF (European Synchrotron Radiation

Facility, T'peno6ns, ®paHupus) SpKOCT CHHXPOTPOHHOIO HITyUEHMS YBEJIMUEHA C 10'8 no
1020 ¢oron/(c: mm2-mpan?-0,1% m.n.). CTosb BHCOKAs SIPKOCTB JOCTHIAETCSt 6saronaps uc-
MO/Ib30BAHMIO OHAY/ISTOPOB, BCTPOCHHHIX B HAKOMMTE/IBHOM KOJBLC. B muanasoHe 3HEprvmM
anekTpoHoB ot 0,5 110 3 ['9B spKOCTh CAHXPOTPOHHOTO H3TYYECHHS, BEIXOASIICTO U3 TIOBOPOTHBHIX
MATHUTOB, COCTaBJISET 2 10'2-5.10% ¢oron/(c-»m2-mpan2-0,l% II.IL) , H3 OHAYJASTOpa —
3-10!8 mmn/(c-mz-mpanz-o,l% OLIL.), ¥3 BHITiEpa (ISt Pa3/TMYHBIX HCTOUHHKOB) —
3-10'2-1,5-10'6 goron/ (c-MMZ-Mpanz-O,l% m.m.). PasMep 3JIEKTPOHHOIO My4YKa B CO-
BPEMEHHBIX MCTOYHHKAX CHHXPOTPOHHOTO H3/1y YE€HHUS 61130K K {UPaKLNOHHOMY TIPENENY,
TP AOCTHXCHHH KOTOPOTO YMEHEIICHHE Pa3MEPa HCTOUHHKA yXE HE NIOBHIIACT €10 SPKOCTE.

Yckopurensanit kommuieke JIDJICH (Ily6HeHCKH 3MEKTPOHHHIA CHHXPOTPOH) CO3.a-
ercst Ha 6ase YCKOPHTENbHOrO KoMmmiekca HanuoHaIbHOrO MHCTHTYTa spepHoi (PH3MKH H
dusukn sricoknx dnepruit NIKHEF (Amcrepaawm, Tosutaranst) , KOTOPH MO COVIALICHHIO
Mexny HAIMH B 1999 r. 61 AEMOHTHPOBAH U NEPENAH B Oy6uy [1]. YckopuTeabHBI KOMI-
nexc NIKHEF Bxmiouaer B cebs 3MeKTpOHHH nuHeiinnii yckoputear MEA (Medium
Energy Accelerator) Ha 3HEPIHIO JJIEKTPOHOB 700 M3B u HakomuTesbHOE KOibIo AmPS
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(Amsterdam Pulse Stretcher) ¢ MakcuManbHO#M 3Heprueit anekTpodos 900 MsB npn Toke
HaxomneHnHoro myuka 200 MA. B npoexte IDJICH smneitnuit yckopureas» MEA nnanupy-
€TCH MCIIOJb30BATh B PEXHMME HAKOIMIEHHS 3JIEKTPOHOB, HO NPH 3TOM YHCJIO YCKOPSAIOMIMX
cexuuit Gyner ysesuueno ¢ 23 no 25 u 6yner dopcuposan pexum paborst BU-renepaTopos.
B pe3ysbTaTe MOXHO GyAET NOBBICHTb SHEPrHIO AeKTpoHOB 1o 800 MoB.

Haxonureas saexrpodos JI3JICH nnanupyercs co30aTh € HCIOAb30BAHUEM JJIEMEHTOB
Koabia AmPS, usmenus ero ontuky. Koabuo 6yaer JOMOMHEHO OHAYJISTOPOM C BHICOKOMH
SPKOCTBIO M CBEPXNPOBOASLIMM BHITJICPOM, F€HEPHPYIOIIAM BHICOKOIHEPIETHYECKOE PEHT-
reHoBckoe uanyuenue. Ilpeanonaraerca ysenmuuts 3Hepruio snaextpono B JIIJICU no
1,2 I'B nyrem Mopudukanuu aunoabHeXx MarHuToB AmPS. Ha HakonmTensHOM Koable
NIaHHpyeTCcs YCTaHOBUTh nBe BU-cramium, oxHa us Koropuix Gymer paborath Ha yacrote
476 MT'u, apyras Ha yacToTe JMHEHHOrO yckoputeas 2856 MI'u. Oto nossoauT noayyars
KOPOTKHE 3JIEKTPOHHBIE CIYCTKH (2,5 MM) [UIst BpEMEHHOH MO IUAHM MHTCHCHBHOCTH CHH-
XPOTPOHHOIO M3JyMYEeHHs B IIMPOKOM AMANa3oHe BpeMeHM. OTHMM U3 BO3MOXHHKX Hanpas-
JICHWI [AbHENIIEro pasBUTHSA KOMILIEKCA MOXET ObITh HCHOB30BAHME 3JICKTPOHHOTO ITy4Ka
MEA 1ns nasepos Ha CBOOOAHBIX 3JIEKTPOHAX.

OcHOBHHE napameTpsl HakomureabHoro Konpua JDJICH 6e3 BiIMAHMS BCTPOCHHHIX
YCTPOKCTB CJICAYIOIME:

Iepumerp, M . . . 136,04
Panuyc KpHBH3HbI TPAEKTOPHH B NOBOPOTHBIX MArHUTAX, M . . . 3,3
T'opu3oHTa bHAs/BEPTUKATbHAS )
4acToTa GeTaTPOHHBIX KOJAEOaHMIT . . . 9,44/3,42
Koadduuuent pacumnpenns opoursl . . . 5,03-107%
XpoMaTHUHOCTL (rOpU3OHTANbHAS/ BEPTHKANbHAS) . . . -22,2/-12,6
TOK HaKOIUIEHHBIX 3JIEKTPOHOB, MA . . . 300
TOpU3OHTARBHBIN SMUTTAHC, HM . . . 11,4
Yacrora yckopsioulero Hanpsxkenus, MINy . . . 476
PaBHOBECHAS UIHHA 3MEKTPOHHONO CryCcTKa, MM . . . 8,67
Homep rapmoHuky . . . 216
ITotepu Ha HanyueHue 3a 06OPOT B NOBOPOTHLIX MarTHMTaxX, k3B . . . 55,7

CHHXPOTPOHHOE M3JIy4eHHE U3 NIOBOPOTHBIX MATHUTOB H BCTPOEHHBIX YCTPOHCTB Ha-
xonurteapHoro xoabua JAIJICH. [TapaMeTpsl CHHXPOTPOHHOIO H3JIYUEHHSI U3 MOBOPOTHHX
marauros JIJICHU (puc. 1) no3BondoT peaansoBaTh

ITHPOKYIO MPOrPaMMy MCCIEAOBAHMI O aTOMHOM, ¢o- E t10"] 4
TO3/IEKTPOHHOM CIIEKTPOCKONMH, JIOMHHECIICHIMH B 00~ 2 ¢.o"

JACTH BAKyYMHOTO YJbTPa(HOJETOBOTO M3NYUEeHHS, o ,/ P
(hHU3HKE PEHTTeHOMIOMIUHOGMOPOB U CUHHTHHISTOPOB, g 110" ?
(hAI0OPECIEHTHOM CIIEKTPOCKOMHH GHOMOTHYECKHX 00b- £ 510"

€KTOB C BHICOKMM BPEMEHHBM Pa3pEIICHUEM B 00JIaCTH % )

HU3KOIHEPreTHUECKOTO PEHTICHOBCKOrO Manyuenus. 2 10

Jing 3roro mIaHMpyeTcd CO3AaTh BOCEMb KAHAJMIOB CHH- ;3 S0

XPOTPOHHOIO M3JiyueHus. Byaer cospan Merposoruyec- 110" . i \
KMl KaHaJ 1 (POTOMETPHYECKHX M3MEPEHHMH JETEK- 0,01 W 8" to*

TOpOB M [O3UMETPOB, IPMMEHIEMBEIX BO MHOrHX obJsa-

P uc. 1. ITotox $oTOHOB CHHXPOTPOHHOTO
CTSX HAYKM U TEXHHKH, B TOM UHCIE B KOCMMYCCKHX  ,onvuenus u3 nOBOPOTHBIX MArHHTOB
uccaenopanusax. [lapaMeTpH CHHXPOTPOHHOIO M3Nyue- JIJJICH: /—4 — BHeprus 3neKTPOHHOTO

HAS U3 noBopoTHEX MarauToB JDJICU TakoBm: myuxa 0,8, 1, 1,2, 1,8 T'3B cooTeeTcTBEHHO
Dueprusa anekTponos, ISB . . . 1,8 1,2 1 0,8

Tok nyuxa, MA . . . 300

TOpH30HTANbHBI/ BEPTUKANBHBIA IMUTTAHC, HM . . . 25/0,25 11,43/0,114 7,72/0,078 4,94/0,049
CootHowenvie S-byHKuUMI B TOUKE HAMYUYEHHH, M . . . 1,618/8,288

Kpurtnueckas aueprus $orvoHos, k3B . . . 6,46 1,16 0,80 0,51
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KpuTHueckas JJIMHA BOJIHBI, HM .

[Honanasg MOWHOCT, KBT . . .

YraoBas IIOTHOCTh MOIMHOCTH, Br/mMpan . . .
Tlorok doroHos, doTon/(c-Mpan-0,1% m.n.) . ..

MakcuManbHas IpKoCTh,

.. 0,192 1,068 1,538 2,403
139,4 16,69 9,66 4,94
22,18 2,66 1,54 0,79
8,65-10  577-10'2  4,81-10'  2,53-10"
3,3-10"

doton/(c-Mm2-mpan?-0,1% m.n.) ...

140?
510"

110"
510"

"‘0"
510"

F, dpoton/(c-mpan.- 0,1% w.n}

11

o
0,01 1, 10 10

0
E.38

P u ¢. 2. Tlotok oTOHOB M3 BUF-
mepa komruekca JIJICH

CrniekTp H3MydeHHs U3 BUTTJIEPA AHAJIOTHYEH CIIEKTPY M3~
JyYEHHUS M3 MOBOPOTHONO MAaTHHTA, ONHAKO HEPrust (JOTOHOB
3leCh CYIECTBEHHO BHIE (MPOMOPLAOHANBLHA MArHUTHOMY
nono). Mcnosp3oBaHue CBEPXMPOBOASMIETO TPEXNIOMIOCHOTO
purmiepa («wHdTepa») ¢ HANPAXECHHOCTHIO MATHUTHOIO 1OJIS
10 Ta ofecnieuuT reHEPALIMIO BHICOKOIHEPrETHUYECKONO PEHT-
reHoBCKOro uanyuenus (puc. 2). ITapaMeTpsl CHHXpPOTPOHHOIO
n3nryuenus u3 surraepa I9JICH crenyrommue:

Dueprus anextTporos, I'3B . . . 1,2
Kputuueckas aHeprus (poToHOB, K3B . . . 9,58
KpuTHueckas JUIMHA BOJIHbI, HM . . . 0,13
Monxas MOWHOCTL, KBT . . . 12,32
InoTHOCTL MOWHOCTH, Br/MM? . . . 639
Hotok dotoHos, doton/(c-Mpan-0,1% w.n.) . .. 1,73-108
TLnoTHOCTS noToKa, oton/(c-mpan?-0,1% m.m) . . . 2,5-108
MakcHmaibHas SpKocTs, doton/(c-mm?-mpan®-0,1% w.n) ... 5,3-101
TapaMeTp OHAYASTOPHOCTH . . . 280,3

ByneT co3naHO MECTh KAHAJOB 1A paboThl C BHICOKOIHEPTETHYECKHM PCHTTCHOBCKMM
nsayyenneM u3 Burraepa JIOJICHU. Ono 6yneT ucnob3oBaHO /IS CTPYKTYPHBIX HCCAENO-

.
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P u c. 3. 3asucumocTs noroka dpo-
ToHos (1-s1, 3-9, 5-8 rapMOHHKH)
0T 3HEPrUK HOTOHOB (M3MEHSAETCH
NpH NEpeCTpoiKe 3a30pa OHAY /s~
" Topa B MHTEpBane o1 4 no 10 Mm)

BaHMIt GHOMOrMYECKHX OOBEKTOB C BPEMEHHKIM Pa3peIICHUEM,
PEHTIEHOBCKOM MHKPOCKONHNH, HCCIEAOBAHMS JIIOMUHECLEHT-
HBIX KPHCTAJUIOB U NOJTy4YEHHS FEHEPALlHH TBEPAOTEbHBIX JIa-
3epoB MPH HAKAYKE CHHXPOTPOHHHIM M3JyYeHHEM B o0iactu
BHAMMOIO YJAbTPa(HONETOBOrO M3JTyYCHHS, HCCIEOOBAHUMA B
obacti Méccbay3pOBCKOii CIIEKTPOCKOITHH C BPEMEHHEIM pas-
pemenneM, EXAFS-criekTpockonun, KpHcrauiorpadun.
OcoBeHHOCTb H3JYUYEeHUs H3 OHAY/IATOpa — JIHHEHHAA 110-
JISPU30BAHHOCTD VIS 3aJAHHOM YAaCTOTH M3My4yeHHs. Makcu-
MYM MOIIHOCTH M3/TyYEHHSI JOCTHTAETCA Ha IEPBO TaPMOHHKE,
BCE UETHHIC TAPMOHHMKH NOAaBjeHH. V3aMeHAs 3a30p B OHAY-
JIATOPE WM IAPAMETP OHAYJISTOPHOCTH, MOXHO H3MEHSTDb MO~
TOKX CHMHXPOTpOHHOro uamyueHus (puc. 3). Ilapamerps cun-
XPOTPOHHOrO M3nyueHus u3 oHayasropa IDJICHU raxkosm:

Dueprus anekTporos, IBB . . . 1,2
3a30p OHRYASTOPA, MM . . . S
Kputnueckas sHeprvs ¢oTonos, k3B . . . 0,64
KpuTHueckas JUIMHA BOJIHBI, HM . . . 0,19
TMorok doronos, dotou/(c-mMpan-0,1% w.m.) . .. 3,2-10"%
ILnoTHOCTS NOTOKA, (oton/(c-mpan?-0,1% mw.n) . . . 6,3-10"7
MakcuManbhas Spkocts, doton/(c-mm2-mpan®-0,1% mn) ... 1,97-107

Ha nepsoM 3Tane IUIAHMPYETCS CONAHME ABYX KAHAJIOB IS PaGOTH C U3NydEHHEM
u3 ongynastopa JDJICU. Usnyuenue MOXHO MCIONB30OBATD AJIst HCCIEAOBAHUMA B obnacru
METPOJIOTHH U (POTOMETPHH, KPHCTA/UTOrpacu, PEHTTEHOBCKOH rosiorpadum, s Hakauku
TBEPHOTEIHHX Ja3€POB B 001aCTH BUAMMOIO YJIbTPaHONETOBONO H3IyYeHHS.
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CTpykTypa U OCHOBHBIE napaMeTpbl HAKONMUTEAbHOro Koubua JAJJICU. MaruutHas
crpykrypa JQJICHU paspaGorana, Hcxons M3 CASAYIOWUX 00WMX TPeGOBaHMIL

HCIO0JIF30BAHNE MArHUTHBHIX 3JIEMEHTOB HAKONHTEJBHOIO KoJbla AmPS;

JOCTHXEHHE MUHMMAJbHOTO SMMTTAHCA NPH AMHAMHYECKON aneprype, obecneunBao-
et 5¢hheKTHBHYI0 HHXEKLHIO M BHICOKOE BpPEMS XHU3HH HAKOIUIEHHBIX 3JIEKTPOHOB;

MaKCHMAJIbHASA SPKOCTh CO BCTPOEHHHEIX YCTPOICTB.

IOna ODJICU 6wina BeOGpaHa CHMMETPHYHAS CTPYKTYpPa M3 UeTHIPEX KBaApaHToB [2].
B xauectBe 6a30BOro BHIOpaH BAPMAHT, B KOTOPOM KBAaAPAHT COCTOMT M3 JJEMEHTA MEpH-
OXMUYHOCTH, COrJacymomed suyelKH, NPAMOJHHENHOrO MPOMEXYTKA IJS BCTPOEHHBIX
YCTPOMCTB, COMIACYIOLIEH SuedKH, AEMEHTA MEPUOTUUYHOCTH. KBaapaHT ABjsIeTCs axpo-
martom. Habern ¢as GerarpoHHBX KoseGaHuMit B 3/1€eMEHTE NEPHONMYHOCTH DPABHBI
u, = 0,432, By = 0,15-2. HaGer ¢aspl 0 TOPU30OHTANMN ONPEAENIETCS YCIOBHEM MH-

HuMHU3auud smMurraica. Haber ¢assl no Beprukanu pis o0ecneueHns Majoi XpoMaTHYHOCTH
AoxeH OBITh CPABHUTENBHO HeGombmmM, [ KOPPEKLMH XPOMATHUHOCTH MCMOIb3YIOTCS
JABa ceMencTBa CEKCTYINIOJNbHBIX JIHH3.

OnuH M3 OBYX «IJIMHHBIX» MPAMOJIMHEHHBIX Mpo- L !| Ll min
MEXYTKOB (niuHa 7,2 M) IUIAHHpPYETCS HMCIOMb30BATH I W T IR
IJ1 BHUITVIEPA W MHXEKIHUOHHOIO KHKKEpa, Apyrod —
ana BU-pe3oHaTOpPOB M BTOPOro KMKKepa. B ognom u3
«KOPOTKHX» NPAMOJHUHEHHBX MPOMEXYTKOB (IJIHHA
5,52 M) Gymer pa3sMelIeH OHAYAATOP, B APYIOM — CEM- |
TYMHBA MarHut. i ONTHMH3ALMM CHHXPOTPOHHOIO
HSJIy‘ICHKS[ H3 BHUITJIEPA, 4 TAKXE MHHHMH3alUHH BO3-
MYIICHHA, BHOCHMbIX BKJIIOYCHHBIM BHITJIEPOM, TOPH- o] i
30HTAJIbHASK ¥ BEPTHKAIbHAA S-DyHKIUM B HEHTDE NPsi-
MOJIMHEHOTO MPOMEXYTKA [I/Isl BUIT/IEpA BHOpaHK Ma-
auvu: = 1,05 mu ﬂy = 2,8 M (puc. 4). 0

30 0,8
B.m D, m

10,6

0,4

Ina mocruxenus 60bIIOr0 BPEMEHM XHU3HH MTyUKa
HY>XXHO MMUHUMH3UPOBATh BIMSHHUE PACCESHUS HA aToMax P w c. 4. Crpykrypubie dynkumn xsan-
OCTATOUHOIO ra3a. Hﬂf 3TOro BepTHKanbHas S-byHKuus ::’y’;?ofﬂ’:anir':ﬁ:::"""e"”"'” npome-
B LEHTPE MPSMOJIAHEHHOTO IPOMEXYTKA, COREPXKAMIETNO
OHAYJAATOP, AOAXHA G6HTH Manoii. B HakonmuTene h';ﬂ! st 'ﬁ,' il
IO3JICU B-dbyHKkumu B HEHTpe MPAMOMMHEHHOrO mpo-
MEeXyTKa C OHAYJAATOPOM BHOpaHH paBHHMH
B, =14,55 mu B, = 0,98 m (puc. 5). B

«KopoTkuit» npIMONMHEHHEIN TPOMEXYTOK, HACH-
THYHBIA OHAYJ/IATOPHOMY , COAEPXKHUT YCTPOMCTBA A HH-
XKEeKUMH. 3aMKHYTas OpOHTa ¢ UMPKYJHPYIOMHM IIyY-
KOM NOABOAUTCA K CEINITYMY € IOMOIIBIO ABYX KHKKEPOB,
PACIOIOXKEHHBIX B IIPOTHBONOJIOXHBIX MPIMOJHHEHHBIX
TIPOMEXKYTKAX M pasfeSIeHHBIX 1o (pase GeTaTPOHHBIX KO-
nebanmii Ha 9. 0 ] ] AN N

BausHHMe BCTPOEHHBIX YCTPOMCTB Ha JMHEHHYI0 85 95 105 1158, m
ONTHKY, AMHAMHUYECKAS anepTypa U KOPpPEeKUHUS 3aMK- P u ¢. 5. CrpyxTypusie GyHKUHH KBaA-
HyTOﬁ 0p6Wl‘bl. Ilnsa pacuera BANSHMS BUITJIEPA HA Oll-  PAHTA KOMBLA C NPAMONMHEHBIM NPOME-
THKY HaKOMUTEJIA ObUIH HCIIOIb30BAHK PE3YIBTATH MAr-  XKYTKOM [l OHIyAsTOpa
HUTHHIX H3MEPEHMI MOAA TPEXHOIOCHOTO BHUrTIepa ¢ nosieM 10 Tx B LeHTpaabHOM 4acTH,
paspaborannoro 8 UD um. T.U. Bynkepa CO PAH. Ins ymeHbLIEHHS BIMAHAS BHITIEPA
HAa MAarHUTHYIO CTPYKTYPY «BOCCTAHOBJICHHE» ONTHMKH NpOBEAEHO B ABa rana. CHavana
TMyTeM BapUaLiH CiI B fyO/ieTe NPOMEXYTKA C BUTTVIEPOM OBLTO 00ecrieueHo BHITOHEHHE
yoropus a, = @, = 0 B uentpe Burrnepa. I1pu 51oM B 0CTa/IBHOM YACTH KOILA S-DYHKUMA

30 0,8
D, M
0,6

0,4

+0,2

OCTABAJIKCh TAKHMH XK€, KaK H C BHIKJIOUCHHBHM BHITJICPOM, HO YaCTOTH 6e'ra'rpommx KO-
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nebaunit Q , Qy H3MEHWINCh BCIENCTBAE H3MeHEHHs [S-GyHKIHA B MPOMEXYTKE C BHI-

repoM. 3aTeMm Gbura MpoOBENEHa KOPPEKUHS YacToT BeTaTpOHHHIX KOJeOaHMiA C ONHOBpE-
MEHHOH MHHHMH3aumeil pasbuecnus f-OyHKUMA HO BCEMY YCKOPHTEIIO. IIpn 3TOM BapbH-
POBAJIMCh CHJIbL BCEX CEMEHCTB KBagpynoseii. B pesynprare M3MCHEHHE B-bysxumit ans
CTPYKTYPH C BKIIOYEHHHIM BHIT/IEPOM COCTABHJIO 7%, , SMATTAHC JIEKTPOHHOIO NMyYKa BO3-
poc ot 11,4 o 21,3 M. OkoHUaTebHA BHA CTPYKTYPHBIX ¢yHKuMi KBAAPAHTA C BKJIIO-
YeHHHM BHIT/ICPOM TNpeAcTaBieH Ha puc. 6. Takad xe mpoueaypa 6nis1a TpUMEHEHA NPH
pacueTe BAMSHHS OHAYJATOPA HA ONTHKY HAKOMHTEJS
(0,75 Tx, 150 nepuonos, amuHa nepuoaa 2,25 cM). Ero
BIMSHHE OKA3aJI0Ch 3aMeTHO ciabee: pasbuenne S-dynk-
uuii cocrasaser MeHee 1%, IMUTTAHC NMYYKa yMEHb-
mcs go 11,14 am.

ILns sddexTusHOl MHXexuy npu suepruu 0,8 I'sB
HeoOX0nMMO MMETh AMHAMHMUYECKYIO anepTypy MO TopH-
sontamu Gosbie 310,, MOCKOJIbKY NPEANONATAETCS HC-

nosb3oBarth centyM AmPS ¢ Toxmunoii Hoxa 3 M. [1pu
snepruu 1,2 I'sB auHaMuueckas aneprypa N0/KHA OuTH
Bonbiue, ueM 2lax IU1S YACTHLL C HYJIEBHIM OTKJIOHCHHEM

HMITyJIbCa. PacyeTsl ¢ MCIO/b30BAHUEM IPOrPaMMbL
MAD [3] mokasand, uTO AJS CTPYKTYPH C BHKJIIOYCH-
HHM BHTT/IEDOM M OHEyasTopoM Ges yuera ommbok u
NpH HyJIEBOM OTKJOHEHMH MMITYJbCA NMHAMHYECKAS
aneprypa coctasiser 990, u 87ay npy sxepruu 1,2 I'aB

P u c. 6. CTpyxrypHble dDYHKUMHN KBaA-
paHTa KOJbUA € BKJIKOUEHHBIM BHUITJICPOM
(puc. 7). dns yacTHI, C OTKJIOHEHHEM MO HMIYJbCY

N, 1 Ap = +1% pacueTHas IMHAMHYECKAS aTIEPTYPa YMCHb-

8 0-““-._ maeTcd Ao 7lax H Slay, JUIS YACTHIL ¢ OTKJIOHEHHEM N0
N , uMnyJiscy Ap = —1% — no 700, n 790y COOTBETCTBEH-
601 AN Ho. TIpH BK/IIOUEHHOM BHIT/IEPE AUHAMMYECKAs anep-
5 /‘.\ Typa cHuxaercs 1o 640, u 86ay, MpH BKJIIOUEHHOM OH-
40+ W) nynsrope — no 700, n 780 . B obonx cryyasx AWHA-

204 : \ MHYeckas anepTypa A0CTaToOYHA A/ YAOBJICTBOPHTEb-

W 2 HOTMO BPEMEHM XM3HH. BO3MOXHHEIA NMyTh YBEJHYCHHS

. . A i , AMHAMAYECKON anepTypsl — YCTAHOBKA AOMOJHHTE/Ib-

0 20 40 60 80y 100 HHX CEMECTB CEKCTYMOIEN B IPOMEXYTKAX C HYJICBOH
*¥  pucnepcueif.

P u c. 7. [uuampueckas aneprypa bes OCHOBHBIMM MCTOYHMKAMH OIIHGOK 3aMKHYTOH Op-
yuera OwMOOK, BBIPAXEHHAS B CTAHAAPT-

HbIX OTKJIOHEHMSX, /IR CTPYKTYpbi 6e3 GUTH TS TOPH3OHTAILHOMN ILUTOCKOCTH HAKOMATEIBHOIO
BCTPOEHHBIX YCTPOWCTB (1), ans cTpykTy-  KOJBLA IPJICU apasiorcst OMOKH OIS B AHMOABHBIX
bl C BKJIOHEHHBIM OHIYASTOPOM (2) M MarHMTaX (HECTAGMJIBHOCTH MCTOUHHKOB NMHUTAHHS) H
BUTTAIEPOM (3) COOTBETCTREHHO CMEIEHHe KBAAPYNONBHBX JMH3 1O TOPH3OHTAJH, A
BEPTHKA/NBHOMN TUIOCKOCTH — CMEMICHAE KBAAPYNOJIBHHX JIMH3 O BEPTHKANMH M NOBOPOT
AMMOMBHEX MaTHATOB BOKPYT TIPOOJIBHOM OCH. OmuOKH B 3EMEHTAX CTPYKTYDPH 3a1aBa-
JIMCH CAYYaiHBM 06pa3oM, CPENHEKBANPATHYHEE OTK/JIOHEHUS TAKOBH: CMEIICHNE KBANPY -
MoMbHEX AuH3 200 MKM, HOBOPOT AMMOJBHEIX MAarHMTOB BOKPYT NPOMOJIBHOK OCH 1 Mpan,

AOMYCK Ha MarHWTHOE M0/I€ B AMMOJIBHHX MarHATax — 5-1074.

Jinis KOppeKIMH 3aMKHYTON OpOHTH 6bLTH NMPEAIOXEHH JBE CXEMHL. B nepsoit cxeme
ucnoap308aan 40 KOppPEeKTHPYIOMMX MarHUTOB JUIS TOPHM30HTANBHOM IVIOCKOCTH (TPH AN
COTIACYIOIMX SUEEK M ABA AJIS NEpUOAMUECKUX) ¥ 32 KOPPEKTHPYIOMMX MATHHTA /IS BEp-
THKANBHON TUIOCKOCTH (MO ABA B COIVIACYIOIIMX M NMEPHONMYECKHX SUEHKaXx). Ina BTOpoO#
CXeMBl KOPPEKIMH HCIIO/Ib30BaJH 24 KOPPEKTHPYIOIMX MATHHTA I TOPH30HTAMBLHOM ILIOC-
KOCTH (1B JUTSL COTNIACYIOMHX SUEEK M OHH JUIs IEPHONUUYECKUX) MO 32 XOppeKTHPYIOUHX



ATOMHAS{ 3HEPIH4, T. 91, BBIII. 4, OKTAEPb 2001 305

MAarHMTa /1 BEpTHKAJIBHOM ILUIOCKOCTH (110 ABA B COIVIACYIOIMX M IEPHOAHUYECKHX SUEHKAX) .
B ofenx cxemax Koppekuuu 48 aTYMKOB MOJOXEHHS NyYka (MO TPH B COMACYIOWMX M
[EPHORMYECKUX SIYEHKaX).

Op6HuTY PaCCUMTHBAIH C BHIKTIOYEHHOI H BKIIOUEHHOM CHCTEMOM KOPPEKIIMH [P SHEP-
ruu nekTpoHHoro myuyka 1,2 I'sB. Paccunrano 50 papuantoB nabopa omuGok. Maxkcu-
MaJIbHOE OTKJIOHEHUE OPOMTH MPH BHIKJIIOUEHHOM CHCTEME KOPPEKIH COCTABHIO B OTHOM
M3 BAPHAHTOB 15 MM 11l TOPM3OHTANBHOM ILIOCKOCTH M 26 MM — nia BepTHKanbHOM, B
OXHOM BapHaHTE U3 50 CHMHXPOTPOH OKA3aJCs HEYCTOMUMBHIM H3-33 CyMMOBOTO PE30HAHCA
CBSI3H. )

Ipu BRIIOUEHHOI CHCTEME KOPPEKIMH MAKCHMAJIBHOE OTKJIOHEHHE OPOMTH COCTABHJIO
1151 TOPU3OHTAJILHOM IIockocTH 1,8 MM B nepBoit cxeme koppekuun (40 KOppekTHpYIOIKX
MarHUTOB) M 3 MM BO BTOpOIl (24 KOPPEKTHPYIOIMX MATHHTA), JUI1 BEPTMKAJIbHOM MLIOC-
koct — 0,99 MmM. MakcumanbHas cuna koppexropos 0,84 Mpan B neppoii cxeMe KOppeKiun
u 0,74 Mpan Bo BTOpPOIA, YTO COOTBETCTBYET CHJIE KOPPEKTHPYIO- N,
IUX MATHHUTOB. DMHTTAHC MyuKa MEHSETCS HE3HAYMTEbHO. a0

JuuaMuueckas aneprypa Npd BKIIOYEHHOM CHCTEME KOp-~
pexkuuu Obl1a paccuMTaHa A/ AByX HaGopos omuGok. B mepsom
K3 HAX BO3HMKAET MAKCUMAJIbHOE 1O BceM 50 BAPHAHTAM OTKJIO- 40/
HEHHE OpPOMTHI, BO BTOPOM — THIOBOE (CpelHEee 0 BaApHAHTaM)
OTKNOHEHUE opOuTH. JluHaMuueckas aneprypa Aast 3THX ABYX
Habopos cocTaBuaa 67ax, 910y " 700x, 880y COOTBETCTBEHHO JUIA

60

201

W 40 60 80y 100
kY] ) x
nepBoif cxeMbl Koppekunn (40 KOppeKTOPOB IJist rOPH3OHTAIbHOM

. P uc. 8. lunamuueckas anep-
MWIOCKOCTH M 32 mna BepTHKaabHOH) M 580 o IOchy n 640 o A P

TYpa ¢ yueroM outMGoK, Bbipa-

950y JUISl BTOPO# CXEMBI KOppeknuH (24 KOppPEeKTOopa JJIS TOPH-  KEHHas B CTAHAAPTHDBIX OTKNO-
. 32 . T o6 Henuax (40 xoppekTopos ans
SOHTaJIbHOM OCK uun AJIs BEPT MKaIbHOH) . Takum pa- rOpH3OHTAAbHOM MJIOCKOCTH,

30M, MMHHMAJIbHAS IMHAMHYECKAS amnepTypa B MECTE PACIONO- 32 ans BeprMkanbHoM), ans
XKEHHUS CEIITYyMHOTO MAarHUTa COCTABJSIET 24 MM, UTO JOCTATOYHO  CTPYKTYpPbl C MaKCHMAJLHBIM
ans opranusaumu 3ddekTuBHOM HHXEeKUMH. [IpH BKIIOUCHHOM  OTKIOHEHMEM OPOHTE! M KO-

BUIT/JIEpE AMHAMAYECKAS ameprypa cocTaBmna 620 , 87c, pag “eHHbiM surraepom (1), co
X y cpenHnM (2) U MaKCUMAJIBHBIM

CTPYKTYPH ¢ HabopoM OmMGOK, A3IOMAM MAKCHMAJBHOE IO  oTkNOHEHMEM opburtst (3) co-
50 BapnanTaM oTKJIOHEHHME OpOMTH (pHC. 8). “  OTBETCTBEHHO .

IlepcnexTusbl paseutuda komnaekca JIJICH. I'Ipelmymecrsom BROPAaHHO! MarHUT-
HOM CTPYKTY pbl SIBJIIETCS BO3MOXHOCTD AaIbHENIIEH MOXEPHU3ALMH HAKOMMUTEIBHOIO KOJIb-
13 C LEJIbIO YBEJIWYUTH SHEPTHIO U XECTKOCTh CHHXPOTPOHHOTO Manyudenus. s atoro npex-
10J1IaraeTcs B KaXXAOM KBAZPAHTE BOCEMb PEryasPHHIX MOBOPOTHHX MArHUTOB 3aMEHUTH HA
creiHagbHbe, KOTOPhIE BRIIOMIHEHb [0 TeXHO/oruy, pa3paboranHoit 8 U um, I'U. Byx-
kepa CO PAH. OTH MarHutThl MMEIOT KOHIERTPATOPH NMO/A HA MOCTOSHHBIX MATHHTAX, YTO
NO3BOJISIET YBEJHUMTh MAarHMTHOE NoJje B 3asope A0 3—4 Tn 6e3 ucrmoab3oBaHMs CBEpPX-
npoBogUMOCTH. BHepenne Takux MarHMTOB NOBHICHT 3HEpruio yckopurens xo 1,8 I'sB u
CABHHET MAKCUMYM CIIEKTPAa CHHXPOTPOHHOIO H3AYYEHHS M3 NOBOPOTHHX MAarHMTOB B 00-
nactb 3Heprud GoTOHOB ~6 K3B.

Jpyroii BOSMOXHOCTBIO Pa3BUTHS KOMIUIEKCA SIBIASETCS CO3NAHME CEMEMCTBA J1a3epoB
Ha cBobonHEIX anekTpoHaX. Jlunednmit yckopurens J3JICH criocobeH yckopsTh 3MEKTPOHB
no sneprun 800 M5B nipu cpegHeil MOIIHOCTH NYYKa B JECATKH KHJIOBATT, YTO ACJAET BO3-
MOXHHM CO3HAHME YHHKAJbHOTO KOMILIEKCA JIA3€POB HAa CBOGOAHBIX 3NIEKTPOHAX, mepe-
KPHBAIONIEr0 JUANA30H BOJHH OT AaJIbHET0 HH(PPAKPACHOTO A0 HH3KOIHEPTETHYECKOTO PEHT-
reHoBckoro. Manyuenne ¢ gaunoit Bosan 0,2—100 MkM GyRyT reHepupoBaTh Jazepsl Ha
CBOOOHBIX JIEKTPOHAX, PACMOJOXEHHHE HEMOCPEACTBEHHO B TYHHENIE yCKOpUTENAd. YkKa-
3aHHBNMA OUana3oH MoxeT OuTh nepekpuT Tpems JICD-reneparopamu, MUKOBAs MOLIHOCTD
BHXOIHOTO H3/IyYEHHs KOTOPHX GyAeT paBHa HECKOJBKMM MEraBaTTaM IIPH CPEAHEN MOI-
HOCTH B HECKOIBKO BaTT [4 ). Texunueckue xapaxTepucTuky obopynoBaHus GAH3KH K Xa-
PAKTEPHUCTHKAM KOMIUIEKCA J1a3€POB HA CBOOOAHHX 3JIEKTPOHAX, IOCTPOEHHOIO B HCCJIEN0-
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pareabckoM nerrpe FELI (Ocaka, Snonus) [§5]. BaxHo OTMETHTH, YTO HCHOJb30BAHHE
HMEIOMUXCS NOMELICHH 3aHHS JHHEHHOTO YCKOPHTEJIs [O3BOJMT MAKCHMaIbHO GHICTPO
BBECTH B CTPOii 1a60paTOpHH MOJB30BATENEH U3/TyUCHAS.

FeHepaLys KOPOTKOBOJTHOBOIO KOME€PEHTHOrO H3aydeHust GymeT BOSMOXHA MpH OJHO-
KPATHOM NPOXOXXEHHH 3JIEKTPOHHOIO MyYKa JIMHEHHOTO YCKOPHTEIS OIJICH uepes paun-
Hbi#t OHIy.15TOp. OTCYTCTBHE 3€PKaJ O3BOIHT MOAYYATh W3TyYeHNE OOO0H AMHHEL BONHH
mo penrreHosckoro [6). Takas cxema monyunna nassanue SASE FEL (Self Amplified
Spontaneous Tmission Free Tlectron Laser). bau3kas no napaMeTpamM yCTaHOBKA CTPOUTCS
B Hacrosmee BpeMs B DESY (Tam6ypr, ®PT) [7, 8 ]. OueHkM NOKa3nBaIOT, YTO IPH SHEPIHU
3nexTpoHHoro nyuka 1 T'sB MHHMMAaabHAS JUIHHA BOJHBI B KOMILTEKCE JO3JICH cocraBur
0k010 5 uM. IlepecTpoiika SHEPruM JHHEHHOIO YCKOPHTEIS JACT BO3MOXHOCTD ILUIABHO Me-
PEKPHTh IUANA30H AIMHBL BOAHH OT 5 0 200 HM. [IMKOBast MOIIHOCTD H3/MYYCHHS COCTABHT
2—3 I'Br npu cpenseit MOMHOCTH B HECKOJIBKO BATT. [10 CPaBHEHMIO C MCTOUHHKOM CHH-
XPOTPOHHOTO M3JyUEHHs TPETHETO NMOKOJIEHHS NHKOBAs SPKOCTh M3JYUCHHS BO3PACTET B
107 pas. B nansHeiimem sHeprus nuHeitHoro yckopureas JI9JICHU moxer 6BITH yBETHUEHA
1o 2 I'aB npu coorBetcTByomei Moaudukauun cucremut CBU-nuranus. B pesyprare mu-
HMMAJIbHAS AJIHHA BOJHE MoXeT 6uTh posemeHa mo 1 um [4].

OueHKH NOKa3biBawT, yto obopynosanne JIJICHU moxer 6ure MomudHIMpPOBaHO B
HeJSX PaclIMpPEHHd €ro BO3MOXHOCTEH KaK HCTOYHMKA CHHXPOTPOHHOTO M3/MYYCHHS YET-
BEPTOIO MOKOJICHHS B AMATA30HE [UIMHBI BOJIHH OT HAJBHErO HH(PaKpacHoro 10 1—3 Hm.
B ocroBHOM Moxuukauus Gyner CBA3aHa C YCTAHOBKOH OHAYJ/ISTOPOB M CHJIBHOTOYHBIX
MHXEKTOpOB JHHeiTHoro yckoputens. s xommiexca JICI-reneparopos TpeGoBaHMA K Ma-
paMeTpaM IyyKa CPABHUTEIBHO MATKHE: MHKOBHIA TOK B CTYCTKE JOKEH COCTABJIATh HE-
CKOJIBKO AECATKOB amiep Npu HopManau3osaHHoM smutTaHce 20—30 mm-pan. Tako# uH-
XEKTOp MOXeT GHTh peanu3osaH u60 C MPAMEHEHHEM TEXHHKH Cy6rapMOHMUECKHMX
CBY-rpynnuposareneit, o ¢ ycranoskoil CBU-nymxu ¢ dporoxaronom. [lns renepamum
KOPOTKOI JUIMHH BOJHH B ofHomnpoxoaHoM JICI-ycummrene TpeGyercs Goabmuil MUKOBBIA
TOK, UTO JOCTHFAETCH NOTOJHUTE/IBHOK YCTAHOBKOM MMCTIEPCHOHHBIX CEKLHMM (6aHy-KOMII-
PECCOpOB) B YCKOPHTEJIBHOM TPaKTe.

Heo6xoauMo OTMETHTB, YTO YIOMSHYTHE MPUEMbI YBEJTHYEHHS MAKOBOTO TOKA YCHENIHO
peasn30BaHH HA NPAKTHKE,

3akmouenne. Ha ocHose s1emenTOB yckopurensoro komiuiekca NIKHEF npencras-
J9eTCs BO3MOXHBIM c037aTh B OMSIU HCTOUHHK CHHXPOTPOHHOIO M3/IyYEHHS TPEThEro no-
koserns JIQJICU kak HCTOYHMK CHHXPOTPOHHOIO H3JTyUCHHS BHICOKOM IPKOCTH B IIHPOKOM
CIEKTPaIbHOM JHANa3oHe — OT Aanexoro nadpakpacHoro (100 MxM) 10 BHICOKO3HEpreTA-
YyecKkoro peHTreHoBckoro (50 k3B). 3To CymecTBEHHO paclMpPHT MPOrpaMMy HayYHBIX HC-
CJIEIOBAHUI MHCTUTYTA.

MarsuTHas CTPYKTYpa, pazpaboranHas gns Hakonutens JIJICH na ocHOBe a1eMeHTOB
AmPS, nacT BO3MOXHOCTh YCTAHOBHTb BHrTIep MarHHTHbIM noneM 10 Ta u osmyssrop.
JluHaMuuecKas aneprypa JOCTATOMHA WSt 3DMEKTHBHONA MHXKEKIMM M JOCTHXEHUS HEob-
XOAMMOIO BPEMEHH XH3HH. CHCTEMa KOPPEKLMHA 3aMKHYTON OPOMTH MO3BOISIET HCIO/IB30-
BaTh MMEIOIMECS AUNOJLHBE KODPEKTOPHI.

Peannsauss nporpaMMbl CO3NaHNAS JIa3epOB HAa CBOOOXHHX 3JICKTPOHAX MO3BOJIMUT CO-
37aTh YHMBEDCA/IbHHI JA3EPHHI LEHTP, HE HMEIOMMI aHANOrOB B MHpPE IO JHANA30HY
IUIaBHOM MEPECTPOMKY JUTMHH BOJHH M3Jy4YeHHs, OT AajeKoro HHGPAaKpaCHOro 10 HU3KO-
9HEPreTHYECKOrO PeHTreHoBcKoro. Mcnonb3opanne nanyueHus JICO, CHHXPOHH30BAHHOTO
C MMNY/IBCAMH CHHXPOTPOHHOrO ManyueHus u3 Hakomutens NDJICH, snaumrensHO pac-
IMIMPUT HCCAEHOBAHMS CHHXPOTPOHHOIO H3JIYUEHHS.
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HENTPOHO3AXBATHAS TEPATIUS TEIIJIOBBIMHA HEMTPOHAMU
HA UPT MUOHU

3aiiyee K.H., Topmnog A.A., Caskun B.A. (MHDH ), Kyraxoe B.H., Xoxnoa B.D.,
Hleiino H.H. (FTHL P@ — Hucmumym 6uogusuxu), Baincon A.A.,
Koznoackas H.I., Mewepuxosa B.B., Mumun B.H., Apmonenxo C.1I.

" (Onkonozuueckuil nayunvlii yenmp PAMH)

He#lTpoHo3axBaTHAas TEPAnus SBASETCS METOAOM, CIOCOOHEIM MOBHICHTH 3¢pexTHs-
HOCTb PANHOTEPANHH, — OHA M3OHPATENBLHO MOPAXAET OMYXOJb TMPH COXPAHEHHH KJETOK
HOpMasbHOIM TKaHK. CymHOCTh METOAA MPOCTA: B OMYXO/b BBOAST IPENApaT, COOepXaIui
60p, rafoIMHMIA WM APYTHE 3JIEMEHTDI, 00anaomue 601bIIMM CEYEHHEM 3aXBATA TEIUIOBBIX
HeUTpoHOB. B peayJibTaTe 3aXBaTa TEILIOBHX HEATPOHOB B OMYXOJIH BOSHHKAET BTOPHYHOE
HM3/IyYeHHE, KOTOpOE M NMOPaXXaeT OMyXoJeBHe Kierkn. [1oaToMy 3TOT METOX HHTEHCHBHO
pa3BHBAETCS.

Tlepsre 5KCNEPUMEHTH O HEMTPOHO3aXBATHOM Tepanuu Ha OeJbX KPHCAX C NepeBH-
BaeMBMu onyxonsamu (capkoma Excena u C-45) va UIPT MUOU c ucnonv3oBanueM ra-
AOAMHMICOAEPXAanIEro npenaparta Maruesuct pupmul «Illepunr» (l'epmanug) 6eu1u mpose-
nensl B 1993 r. {1 ). D10t npenapar, npuMeHSEeMHIiT B Ka4eCTBE KOHTPACTHOrO B AMP-au-
arHoCTHKE OmyXoJiedl Mo3ra, cnoco0eH HAaKaIIMBATLCA B TKAHAX OMyxoad. Ero ssoxmsim
HEMOCPEACTBEHHO B ONYXO/b, KOHUEHTPALMIO M BpeMs O0JyJYeHH s, Ioa0upann TakuM o6-
pasoM, uyto B peayabrare y 80% kpnic Habmoganu nosHyo pezopoumio onyxoan (puc. 1, 2).
IlepBHEe 5KCIEPUMEHTH MPOBOAKMAN NPH HM3KOM ILUIOTHOCTH MOTOKA TEIJIOBHIX HEHTPOHOB
(~108 ¢c"l-cM™® u Ha hoHE MOIIHOIO COMyTCTBYIO-
mero ¢orounoro uaayuedus nyuka (1,2 cI'p/c), xoro-
poe SIBJISETCS Mapa3HTHBIM.

OcHoBHag Uetb HACTOSmEHd paboTH — MpoBeJEHHE
KOMILUIEKCHBIX HOPEAKJIMHHYECKHX HCCIAEROBAHMM HEMNT-
ponozaxsarHoil Tepanuu. [Ipu 5ToM BHOpaHO Hampas-
JICHHE HCCAENOBaHMif, KOTOpOE AACT BO3MOXHOCTDb Jie-
YNThb 3JI0KAYECTBEHHYIO MENAAHOMY, TaK KaK My4OK Tell-
JIOBHIX HeHTpoHOB 3¢hekTHBHO 00pabaTHBAET OMyXO/H,
JIOKQIM30BAHHHE BOJIM3M MOBEPXHOCTH Tena (yXe Ha
rmy6uHe ~2 CM OH yMeHbIIaercd B 2.pasa).

P n c. 1. CxeMa 3kCnepHMMEHTa HEHTPOHO3aXBATHOM TEPANTHM OMyX0es
KpbiC: /| — omnyxoJib; 2 — My4OK TenAoBbIX HEHTPOHOB; 3 — KOXa
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