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HCTOYHHUK CMHXPOTPOHHOI'O U3JIYYEHHSA TPETBEIO ITOKOJIEHUS
B OMSIH

bananvikun H.H., Benowuykuil I1.®., Kadviwesckuii B.I'., Kobey B.B., Mewkxos H.H.,
Mopo3zoe H.A., Cudopoe I H., Cucakan A.H., Ceipecun E.M., Tumxkosa H.B.,
Hlupkos I [., FOpxoe M.B. (OHSH), Aumoxun E.H., Bo6awui IT./[., Kyaunanoe I'.H.,
Jeauues E.b., Mesenyea H.A., Cxpunckuii A.H. (HI® um. I'H. Bydkepa CO PAH),
Muxatinun B.B., Konobanoe B.H. (HHHSA® MIY), Jwkc I'., Maac P.,
ean Muddenvkon I'., Cneam 4. (NIKHEF, Hudepaandst)

3a nocaeaHue 5 JET JOCTHIHYTH 3HAUHTENBHBIE PE3Y/IbTATH B PA3BUTHH MCTOYHHKOB
CHHXPOTPOHHOTO M3JyYEHHS TPEThEro MOKOeHus. Berynuam B crpoii Gonbmue HaKOmM-
reabHbie Konbua APS (CIIIA) u SPRING-8 (Snonmns), B cranuu nycka Hakonuteas SLS
(IIBeiiuapna). B Hakonurensnom koasue ESRF (European Synchrotron Radiation

Facility, I'peno6ms, ®panums) SpKOCTh CHHXPOTPOHHOMO Mamyuenus ysenwuena ¢ 10'® go
102 thoron/ (c-mm2-mpan2+0,1% m.n.). Crons BrcoKas SIPKOCTB AocTHraercs 6aaronaps uc-
NOb30BAHMIO OHY/ISATOPOB, BCTPOCHHBIX B HAKOMMTE/JIBHOM KOJBLE. B muanasone sHeprum
asekTporos ot 0,5 1o 3 I'sB spKOCTb CHHXPOTPOHHOIO H3/TYYEHHS!, BRIXOMSIIETO U3 TIOBOPOTHBIX
MaruuTos, coctasaser 2+ 1012-5-1019 doror / (c-mm2-mpan?-0,1% m.n.), u3 orayasTOpa —
3-10'8 (bmvu/(c-m:z-upanz-o,l % mLm.), w3 Burmiepa (41 PA3IMYHBIX HCTOYHMKOB) —
3:10'2-1,5-10'6 ¢01'0H/(c-MM2-Mpa.u2-0,l% m.m.). PasMep aseKTpoHHOrO myuka B CO-
BPEMEHHBIX ICTOYHHKAX CHHXPOTPOHHOTO H3/IyueHns 61M30K K AudpakLIMOHHOMY npeney,
TIPA AOCTHXXEHMH KOTOPOrO YMEHBIIEHHE PA3MEPa HCTOUHHKA YK€ HE MOBLIIAET €ro IPKOCT.

Yckopureabunii kommieke JJICH ([lyGHeHCKHit 9/1€KTPOHHBIA CHHXPOTPOH) CO3Aa-
ercst Ha 6ase yCKOPHTENbHOrO Komruiekca HauMoHabHOrO MHCTHTYTA SAepHOM (DM3HKH K
¢usukn soicoknx snepruit NIKHEF (Amcrepnam, Fonnasams), KoTophiil o coriameHnio
mexay Humu B 1999 r. 611 nemorTHpOBaH M nepeaad B Jy6uy [1 ). YckopHTenbHBIH KOMIT-
aekc NIKHEF Bkmouaer B ce6s oneKTpoHHBIN nMHHEHK yckoputreas MEA (Medium
Energy Accelerator) Ha snepruio snektposos 700 MaB u HakomuresnsHOE Koabuo AmPS
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(Amsterdam Pulse Stretcher) ¢ makcumanpHO# sHeprueit snekTpoHos 900 MaB npu Toke
HakonsieHHoro nyuka 200 MA. B npoekre I9JICH auneitnbiit yckopuresas MEA mwianupy-
€TCsl MCTIOJIB30BATh B PEXHMME HAKOIUIEHHS IEKTPOHOB, HO MPH ITOM YHCJIO YCKOPSIONIMX
cexuui Oyaer ysesmueno ¢ 23 no 25 u 6yner dopcuposan pexum paborst BU-rereparopos.
B peayabrare MOXHO OyaeT MOBLICHTH SHEPruI0 3AeKTPoHOB A0 800 MoB.

Hakonurens anextporos [13JICU nnauupyercs co3naTh C HCIOIb30BAHHEM 2JIEMEHTOB
koabua AmPS, namenus ero ontuky. Konbuo Gyaer momoaHeHo OHAYJASTOPOM C BBICOKOM
SPKOCTbIO M CBEPXNPOBOASIIMM BHITJIEPOM, F€HEPUPYIOLIMM BHICOKOIHEPreTHYECKOE PEHT-
reHoBckoe manyuenue. [Ipeanmonaraercs yBesmumth SHepruio anektpoHos B JIDJICU no
1,2 T'sB nyrem moaucpukauuu aunoabHeix MarautoB AmPS. Ha nakonmrensHom kosawue
IIAHAPYeTCs YCTaHOBUTh ABe BU-cTranumn, ogna u3 Koropeix Oyaer paborats Ha yacToTe
476 MI'u, apyras Ha uacrore AuHEHHOrO yckoputeas 2856 MI'u. 1o nossoauT moayyats
KOPOTKHE 9/ICKTPOHHBIE CTYCTKH (2,5 MM) /i BPEMEHHOM MOIY/ISILIHA HHTEHCUBHOCTH CHH-
XPOTPOHHOTO M3JyUEHHs] B IIMPOKOM Auana3oHe BpemeHn. OXHUM M3 BO3MOXHBIX HATIPAB-
JICHWH Ia/TbHEHIIEro PA3BATHS KOMILIEKCA MOXKeT ObiTh HCIOIB30BAHME JIEKTPOHHOTO MY YKa
MEA nns nasepoB Ha cBOOOAHBIX 3JEKTPOHAX.

OcHoBHBIC MapameTpsl HakomuTeabHOrO Koabua JIDJICU Ges BAMSHUS BCTPOEHHBIX
YCTPOMCTB CIAEAYIOMuUeE:

[Mepumerp, M . . . 136,04
Panuyc KpMBM3HBI TPAEKTOPHH B MOBOPOTHBIX MATHUTAX, M . . . 3,3
lopuaoHTabHas/BEPTHKANbHAS

yacToTa GeTaTpoHHBIX KoJebaHmii . . . 9,44/3,42
Koaddpmumenr pacumpenns opourst . . . 5,03-107
XpoMaTHuHoCTh (ropu3oHTaNLHAS/ BEPTUKALHAS) . . | -22,2/-12,6
Tok HAKOMJIEHHBIX 3JIEKTPOHOB, MA . . . 300
TOpH3OHTAIBHBIN BMHTTAHC, HM . . . 11,4
Yacrota yckKOpsioiiero Hanpsaxeums, MIy . . . 476
PannosecHas JUIMHA JEKTPOHHONO CryCcTKa, MM . . . 8,67
Homep rapmonukm . . . 216
Ilotepu na manyuenue 3a 060pPOT B MOBOPOTHLIX MAarHuTax, kaB . . . 55,7

CHHXpOTPOHHOE M3JTyYeHHe U3 NOBOPOTHbIX MArHUTOB H BCTPOEHHbIX YCTPOMCTB Ha-
konureabHoro koasua JA3JICH. [Tapamerpsl CHHXPOTPOHHOIO M3AYUEHHS M3 MOBOPOTHBIX
marguToB [I3JICHU (puc. 1) mossoasior peanu3oBaTh
IHUPOKYI0 NPOrpaMMy HCCAENOBAHMH MO aTOMHOH, ¢ho-
TO3/IEKTPOHHOM CIIEKTPOCKOMUH, JTIOMHHECLEHIMM B 00-
JIACTH BAKYYMHOTO yJAbTPAa()HOJETOBOr0 M3JYYEHHS,
¢usmke peHTreHOMIOMHHOMOPOB M CUMHTHLISTOPOR,
(haroopecueHTHO# CreKTPOCKOnuM GHOMOTHYecKUuX 065-
€KTOB C BEICOKHM BPEMCHHBIM pa3peieHueM B obaactu
HHM3KOIHEPreTHYECKOT0 PEHTTeHOBCKOTO H3Jy4eHHS.

110"
5.10"1

110"
5.40"

110"

F, ovon/(c-mpan- 0,1% w.n.)

10
510" 4
Jns 3T0r0 MAAHMPYETCS CO34ATh BOCEMb KAHAJIOB CHH-
XpOTPOHHOro nanyueHus. Byaer cospan meTponornuec- 140" 5
KHil KaHaa st (POTOMETPHYECKMX M3MEPEHUM JeTeK- 0,01 W 3310’ 10!

TOPOB U J03MMETPOB, NMPHUMEHSIEMbBIX BO MHOTMX 00Ja-

P uc. 1. TToTox hOTOHOB CHHXPOTPOHHOIO
CTAX HAYKH M TCXHHKH, B TOM YHCJIE€ B KOCMHUYECCKHMX M3/IyuYeHMs W3 NOBOPOTHBIX MATHWTOB
HCCIEA0BAHMA X, I'IapaMeTpH CHHXPOTPOHHOIO H3JY4€- J3JICU: /—4 — 3Heprus 31EeKTPOHHOrO

HHSA W3 NOBOpOoTHEIX MarauToB [I2JICH Takoshi: nyuka 0,8, 1, 1,2, 1,8 3B cooteercTeeHHo
Dueprus anekTpoHos, I'3B . . . 1,8 1,2 1 0,8

Tok nyuka, MA . . . 300

TOpH3OHTANBHLIA/ BEPTUKANBHBIA SMUTTAHC, HM . . . 25/0,25 11,43/0,114 17,72/0,078 4,94/0,049
CootHomenue S-pyHKUMIA B TOUKE HATYUeHHs, M . . . 1,618/8,288

Kputuueckas sueprus ¢oronos, kaB . . . 6,46 1,16 0,80 0,51
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KpuTHueckas JIMHA BOJIHBI, HM .

ITonnas MOWHOCTD, KBT . . .

YrI0Ba8 NJIOTHOCTB MowHocTH, Br/mpan . . .
Iorok doroxos, doton/(c-mpan-0,1% wm.n.) . ..

MakcHMabHas pKOCTh,

i 0,192 1,068 1,538 2,403
139,4 16,69 9,66 4,94
22,18 2,66 1,54 0,79
8,65-107  5,77-107  4,81-107  2,53-10%
3,3-10"

doron/(c-mm?-mpan?-0,1% w.n.) . . .

1-10:'
5107

110"
590"

10"
5.10"

F, poron/(c-mpan.- 0,1% w.n.)

110 v
0,01 1, 10? 10!

0
E,3B

P u c. 2. Tlotok OTOHOB M3 BHr-
rnepa kommaekca JIDJICH

CnekTp Ma/Jy4CHHS H3 BHTITJIEPA AHAJIOTHYEH COEKTPY H3-
JIYYEHHS U3 TIOBOPOTHOTO MArHMTA, OMHAKO JHEPrus (POTOHOB
3Aech CYNECTBEHHO BhiIE (MPOMOPLHMOHAIBHA MArHHTHOMY
nomo). Mcnons3oBanne CBEPXMPOBOASLIErO TPEXMOMIOCHOIO
purraepa («undrepa») ¢ HANPSXKEHHOCTHIO MATHUTHOTO MO/
10 Tha ofecneunT reHepauuio BHICOKOIHEPreTHYECKOr0 PEHT-
reHOBCKOTO uanyueHus (puc. 2). [TapaMeTpsl CHHXPOTPOHHOTO
nanyuenns u3 purriaepa [I3JICH caenyromme:

Dueprus anextpouos, I'GB . . . 1,2
Kputnueckas sueprus (otoHos, k3B . . . 9,58
KpuTHueckas AJMHA BOJHBI, HM . . . 0,13
IMonHas MOWHOCTD, KBT . . . 12,32
TnothocTs MomuocTH, Br/mm? . . . 639
Torok chororos, doton/(c-Mpan-0,1% m.n.) . .. 1,73:10"
ILnotHocts noToka, doton/(c-mpan®-0,1% m.m) . . . 2,5-10%
MakcumanbHas Sproctb, doton/(c-mm?-mpan?-0,1% mn) ... §3-10"
ITapaMeTp OHIYJAATOPHOCTH . . . 280,3

ByzneT co3JaH0 MEecTb KAHAJM0B it paGOTH € BHICOKOIHEPTETHYECKMM PEHTIEHOBCKHM
nanyyennem u3 surraepa JDJICH. Ono Gyner ucnonb30BaHO A/Is CTPYKTYPHBIX MCCEN0-

|u'll

T

F, doton/(c-mpan- 0,1% w.n.)
=

s10* 110! 210" E,9B

P u c. 3. 3asucumocTb notoka ¢o-
ToHOB (1-1, 3-51, 5-a rapMOHMKH)
0T aHepriv POTOHOB (M3MEHsIETCH
NpH NepecTpoiike 3a3opa OHIY1s-
TOpa B MHTEpBaAeE OT 4 10 10 Mm)

DHeprus 3neKTpoHOB, I'9B . . .

Kputuueckas sueprus ¢oronos, k3B . . .
KpuTtHueckas JUIMHA BOJHBI, HM . . .

IMorox doronos, doron/(c-mpan-0,1% m.n.) . ..
ILiotHocts notoka, dorou/(c-mpan?-0,1% w.n.) . . .

paHui GMoMOornYecKuX 0ObEKTOR C BpEMEHHBIM PAa3pElICHHEM,
PEHTTEHOBCKOW MHKPOCKOIMHMH, MCCJIEAOBAHUS JIIOMHMHECLEHT-
HBIX KPHCTAJLJIOB M MOJYy4YEHAS M€HEPALMy TBEPAOTEIbHBIX JIa-
3EpOB NPH HAKAYKE CHHXPOTPOHHBIM M3aydyeHHeM B obnacT
BHAMMONO Y/bTPaHONETOBOrO M3TYUCHHS, MCCACNOBAHMI B
obnactn MéccGayspoBCKOil CIEKTPOCKOMAH ¢ BPEMEHHBIM pas-
pemenuem, EXAFS-cnekTpockonuu, kpucraaiorpadum.
OcobeHHOCTh M3TyUSHUS U3 OHAYISTOPA — JMHEHHAS 1o~
N9PU30BAHHOCTb ANA 3aJAHHON YACTOTH M3MyyeHns. Makcu-
MYM MOLIHOCTH H3/TyYEHHSI AOCTMIAeTCs HA NIepBOi rapMOHMKE,
BCE UETHBIE rapMOHMKM noaaejeHsl. MameHsis 3asop B oHAy-
JSTOPE WM NAPAMETP OHAYASTOPHOCTH, MOXKHO H3MEHSATD M0-
TOK CHHXpOTpoHHOro manyuenus (puc. 3). Ilapamerpn cuu-
XPOTPOHHOrO M3nyuenns us oupyastopa IIJICHU rakoss:

1.2
3a30p OHOYNATOPA, MM . . . 5

0,64

0,19

3,2-10"%

6,3-10"7
MaxkcumansHas apkocts, doton/(c-mm?-mpan?-0,1% mn) ...  1,97-10"

Ha nepsoM 3tane nJaHMpYeTCsl CO3NAHHME ABYX KAHAJIOB i pabOTHI C M3Ny4YCHHEM
n3 onayasTopa JDJICU. MsnyueHne MOXHO MCNONb30BATh ISl MCCAeN0BaHui B obnacT
METPOJIOTMH M (POTOMETPUH, KpHCTANNOrpacun, PEHTIEHOBCKO# ronorpacduu, s Hakauku
TBEPHOTENbHBIX Ja3epoB B 061aCTH BHAMMOrO YJbTPacdhHoNEeTOBOrO M3/IyUYeHHS.
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CTpyKTypa U OCHOBHbIE MapaMeTpbl HakonureabHoro Koabua JI3JICH. MarantHas
crpykrypa 12JICU paspaborana, ucxons M3 caeayomux obwux tpeGopaHmii:

HCIOJIb30BAHNE MAaTHHTHBIX 9JIEMEHTOB HAKOMMTENIBHOIO Kosiblia AmPS;

JOCTHXEGHNE MHHMMAJBHOIO SMHTTAHCA NPH AWHAMHYECKOI aneprype, obecneunBaio-
el GPEKTHBHY 0 WHXEKLHMIO M BHICOKOE BPEMS )KH3HHM HAKOIUIEHHBIX 9/1EKTPOHOB;

MaKCHMAaJIbHAs SPKOCTh CO BCTPOEHHBIX YCTPOMCTB.

Ina I3JICH 6bina BeibpaHa CMMMETPHUHAS CTPYKTYpa M3 UeTHIpeX KBagpaHToB [2].
B xauectBe 6a30Boro BHIOpaH BAPMAHT, B KOTOPOM KBaAPAHT COCTOMT M3 3JIEMEHTA Mepu-
OAMYHOCTH, COrJIACYIOUIEH S4YeiKH, MPAMONMHEHHOrO MPOMEXYTKA AJS BCTPOCHHBIX
YCTPOMCTB, COrJIACYIOIIEH sYeiKH, d/JeMeHTa nepuoanyHoctH, KeagpanT asngserca axpo-
matom. HaGern a3 GeraTpoHHbix KoneGaHUN B 3/J€MEHTE NEPHONUYHOCTH PABHHI
#, = 0,43-2m, L 0,15-2x. Haber ¢assl M0 rOpH30HTAIH ONPEAENAETCS YCJOBHEM MH-

HaMu3auuy sMatradca. HaGer caswl o Beprrkanm asis obecrneyeHns Maaoi X pOMaTHUHOCTH
aonxeH ObITh cpaBHUTENbHO HeGoabmuM, [I/19 KOPPEKUHH XPOMATHYHOCTH HCIOJIb3YIOTCS
ABA CEMEUCTBA CEKCTYMOJbHBIX JUH3,

OpuH M3 OBYX «IJIMHHBIX» NPSMOJMHEHHBIX TIPO- i | ” i I F ‘ ] i I | 1 i
MEXYyTKOB (namHa 7,2 M) NAaHHPYETCS MCIOAb30BaTh L it g
s BHTTJIEPA W MHXKEKIMOHHOIO KHMKKepa, Apyroi —
ans BU-pesonaTtopoB m BTOporo kukkepa. B onnom m3
«KOPOTKHMX» NPAMOJUHEHHBIX MPOMEXYTKOB (AJIMHA
5,52 M) Oyper pasMerieH OHAYJIATOpP, B APYIOM — CeMn-
TYMHBIH Maraut. [lns ONTMMM3auMM CHHXPOTPOHHOIO
H3/JYUYEHHS M3 BHITVIEPA, 4 TAKXKE MMHHMH3ALHH BO3-
MYILEHM#, BHOCUMBIX BKJIIOUEHHBIM BHUITJIEPOM, IOpPH-
30HTA/IbHAS M BEPTUKAIbHAS B-(DYHKIMHU B LIEHTpE TIps-
MOJIMHEMHOrO MPOMEXYTKA [UIsl BUIT/IEPA BHIOPAHBL Ma-
JIBIMM: ﬁx =105 mu ﬂy = 2,8 M (puc. 4).

0,8
D,,m
0,6

Jlns noctuxenus 6OBUION0 BPEMEHM XKHU3HH MyUKa
HYXKHO MHUHUMU3MPOBATH BAUSIHUE PacCestHusi Ha atomax P v ¢. 4. Crpykrypubie yHkunn kean-
ocraToyHoro rasa. s aroro Beprukanbhada f-pynknug PANTA KO/PUA € NPIMOIHHEHNBM poME-

‘ KYTKOM [UIs BMITIEpa
B LEHTpPE NpPsSMOJMHEHOTO MPOMEXYTKA, CONEPXKAIIETO Sl Rl &
OHAYAATOP, A0MXHA OwTh Masoit. B Hakonurese || |” TiHd i I iyl
ODJICU [-yHKnmM B LEHTpPE MPSMOJHHEIHOrO mpo-

MEXYTKa C OHAYJAATOpOM BHOpame pasHeiMu 0 ;5 D 0.8

B, =14,55 muf, =098 M (puc. 5). Piu D,.m
«KopoTkHit» NpIMOJIMHEHHBIA TPOMEXKYTOK, MICH- A i

THYHBII OHIYJISITOPHOMY , COAEPXKHT YCTPOMCTBA JJISl HH-

XKEKUMH. 3aMKHYTas opouTa ¢ LWMPKYJIUPYIOWUM IIyu- 0,4

KOM MOABOMHUTCS K CENTYMY € MOMOWIBIO ABYX KHKKEPOB, ;|

PACIIONIOXKEHHBIX B IPOTHBOMOIOXHBIX MPSIMOJIHHEHHBIX 0,2

MPOMEXYTKAX H pa3aeJeHHbIX 1o (pase 6eTaTpOHHBIX KO-

nebaumit Ha 9.

BAHSIHME BCTPOEHHBLIX YCTPOHCTB Ha JMHEHHYIO %85 95 105 1158, m
ONTHKY, JHHAMHWYECKAA anepTypa U KOppeKUuHus 3aMK- P u c. 5. CrpykTypHbie PYHKUHMH KBaj-
Hy'roﬁ OpﬁldTbl. Ins pacuera BAMSHUSA BUTTJIEPA HA OM-  PAHTA KOJILUA C NPSIMONMHEHBIM NPOME-
THKY HAKOMHTEJIs OBLIM UCIIOIb30BAHEL PE3YJIBTATH Mar-  KYTKOM UIs OHRy/iISTOpa
HUTHBIX M3MEPEHMIL TIONA TPEXMOIIOCHOrO Burriepa ¢ nosem 10 Ta B nenTpanbHoOi yacTH,
paspaborannoro B UMD um. M. Byakepa CO PAH. [Ins yMeHbILEeHUs BIAUSHUS BATTIEPA
HAa MAarHMTHYIO CTPYKTYpPY «BOCCTAHOBJIEHHE» ONTHKHM NMpPOBEJEHO B ABa Jrama. CHavana
TyTEM BapuaLMK CHA B Ay6sieTe MpOMEXYTKA C BHIT/IEPOM ObLIO 0becrneueHo BHIOJHEHHE
yonosus @, = a, = 0 B uenrtpe surrsiepa. [1pu aT70M B ocTaNBHOM YacTh KoabUa B-byHKImn

OCTaABAJIUCh TAKMMH XK€, KAK U C BBIKJIWUCHHBIM BHITJIEPOM, HO YaCTOTHL 6CT3TDOHHHX KO-
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nebanmit Q, Qy M3MEHHIMCh BCIEACTBME M3MeHeHHs B-(DyHKIMA B NMPOMEXYTKE C BHT-

repom. 3atem Gbuia mpoBeneHa Koppekuus yactor GeTaTpoHHBIX KosebaHmii ¢ omHOBpE-
MEHHOI MuHMMHu3auuei pasbuenns S-byHkumit no scemy yckopuremo. [Ipu aTom Baps-
pOBANMCh CHJIBI BCEX CEMENCTB KBaapynosieil. B pesynbrate msmeHenue S-pynxkumit pns
CTPYKTYpHI C BKJIIOUEHHBIM BHIT/IEPOM COCTABHJIO 7 %, SMUTTAHC MEKTPOHHOIO MyyKa BO3-
poc ot 11,4 no 21,3 am. OKoHUATENBHBIA BHA CTPYKTYPHBIX (DyHKIMI KBaZipaHTa C BKJIIO-
yeHHBIM BHITJIEPOM TpeacTaBieH Ha puc. 6. Takas xe nponeaypa Obiia IPUMEHEHA TpH
pacueTe BJAMSHHS OHAYJSATOPA HA ONTHKY HAKOMMTENS
(0,75 Ta, 150 nepuonos, anuHa nepuoaa 2,25 cM). Ero
B/JMSTHNC 0KA3aJ10Ch 3aMeTHO c1abee: pasbuenne B-dyHk-
08 WMt cocrapnsier MeHee 1%, SMHTTAHC MyYKa YMEHb-
D,y BIICS 10 11,14 am.
| 0‘5 Ins adbdexTnsHoM nHXekunn npu sHepran 0,8 I'aB
" HeobXOmMMO MMETh AHHAMMYECKYIO anepTypy Mo ropu-
sontanu Gosbme 310, MOCKO/IBKY MpeAnonaraeTcs uc-

30
Bym

20 4

0.4 noapsoBath centyM AmPS ¢ ronmmHOI HOXa 3 MM. [Tpn
sHepruu 1,2 '3B nuHaMuueckas anepTypa Qo/KHA ObITh

- Gonbme, uem 210, 1S YACTHIL C HYIEBHIM OTKJIOHCHHEM

0,2
HMIyasca. PacyeTsl ¢ MCIOJIb30BAHHEM INPOTPaMME
MAD [3] noka3ann, YTO A/s CTPYKTYPH C BHIKJIIOUEH-
HBIM BHTTJIEPOM M OHAayJasitopom Ge3 yuera ommbok w
NMpH HYJIEBOM OTKJOHEHHMH HMMITYJIbCA JAMHAMHYECKAs
aneprypa cocrasaser 990, u 870y npu oHeprum 1,2 I'3B

T T 0
50 60 70 80 $§,mMm

P u c. 6. CrpyktypHbie pyHKUMM KBaj-
PAHTa KOJIbLA C BKJAKUYCHHbIM BHITJIEPOM
(puc. 7). [lns yacTHi, ¢ OTKJOHEHHEM IO HMITYJbCY
N, Ap = +19%, pacueTHass ITMHAMAYECKAS ANEPT MEHB-

1 ypay
g01 maercs 70 710, u Slay, OIS YaCTHI C OTKJIOHEHHEM T10

umnysscy Ap = —1% — no 700, u 790)» COOTBETCTBEH-
60 HO. IIpn BKJIIOUEHHOM BHITJEpE OAHHAMHYECKAS amep-

Typa cHuXaercs 10 640, n 86cry, MpPH BKJIOUYEHHOM OH-
404

pynstope — 1o 700, u 780y. B obonx cayyasx nuHa-
MHYECKAd aMepTypa AOCTATOYHA JIS YIOBJETBOPHTEb-
HOrO BPEMEHM XXHM3HH. BO3MOXHBIM MyTh YBEJIHUECHHS
5 OMHAMMYECKOH AMEPTYpbl — YCTAHOBKA JIOTIOTHUTEb-
20 40 60 80 N 100 HBIX CEMENCTB CEKCTYIOJIEN B TIPOMEXYTKAaX C HYJIEBOH
2 aucnepcueit.
P ¥ c 7. Rymmamoczad anoprype Ges OCHOBHBIMH MCTOUHHMKAMH OIMOGOK 3aMKHYTO Op-
yuera ook, BbIpaXKeHHas B CTAHAAPT-
HBIX OTKNOHEHMSX, Asl CTPYKTYphi Gea OUTH 1S TOPU30HTAJIBHOM JIOCKOCTH HAKOMUTE/IBHOTO
BCTpOeHHbIX yeTpokicts (1), wns crpykry-  Koabua JJICU sBasioTcs ommbOKy nosist B AUIOIBHBIX
Pbl C BKJIOYEHHBIM OHAYAsTOpoM (2) M MarHuTax (HECTaOMIBHOCTH MCTOYHMKOB NMHTAHUS) M
BiTatpoM. (B SoorscrcTacing CMEMIEHHE KBAAPYMONbHBIX JIMH3 1O N'OPU3OHTANH, AJIS
BEPTHKAJIBHOM TUIOCKOCTH — CMEIIEeHHE KBAaJPYMNOJIbHHIX JHH3 1O BEPTHKAJIH H MOBOPOT
IMMOMbHBIX MAPHUTOB BOKPYT NMPOAoAbHOM ocu. Ommbku B s/neMeHTaX CTPYKTYpH 3anaBa-
JIACH CIyyaWHBIM 00pa3oM, CpeqHEKBAAPATHYHBIE OTKJIOHEHHS TAKOBHI: CMEIIEHUE KBaaApy-
noabHeX AuH3 200 MKM, NOBOPOT JUMOJBHBIX MAarHMTOB BOKPYT MPOAOILHOM ocu 1 Mpan,
NOMYCK HA MATHUTHOE NOJIE B JMNOJBHEIX MarHMTax — 5-1074,

s KOppeKknMH 3aMKHYTOH opOMTH OBLIM TpeanoXeHH ABe cxeMbl. B nmepsoii cxeme
ucnonb3oBasu 40 KOPPEKTHPYIOMMX MArHUTOB IJIS TOPH30HTANBHOM IJIOCKOCTH (TpH IUIs
COIVIACYIOIIMX SYEEK M OBA IS MEPUOAMUYECKHX) M 32 KOPPEeKTHPYIOIMX MarHuTa JJis Bep-
TUKAMBHOI MJOCKOCTH (MO ABA B COIVIACYIOIIMX H MEPHOAMYECKMX sueiikax). Jlaa Bropoi
CXEMBI KOPPEKIIHH UCTIOAB30BAH 24 KOPPEKTHPYIOLIMX MATHNTA /I NTOPA30HTAIbHOM ML10C-
KOCTM ((BA AJ/Ist COMJIACYIOIIMX STUEEK M OIMH IS IEPHOAMYECKHX) N0 32 KOPPEKTHPYIOMHUX

20+
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MArHuTa A8 BepTHKAJBHOI MJIOCKOCTH (IO ABA B COMVIACYIOUIMX ¥ MEPHORMUYECKHX TUCHKAX) .
B obenx cxemax koppekuuu 48 NaTUMKOB NMOJIOXKEHHS My4Ka (10 TPH B COMVIACYIOIHX H
NepHOAMUECKUX STUEHKaX).

OpbuTy pacCuMTHIBA/IHM C BRIKJIIOUEHHON M BKIIOUEHHOM CHCTEMON KOPPEK LM [IPH SHEP-
ruu anektponHoro myuka 1,2 I'aB. Paccumrano 50 BapuanToB HaGopa ommbox. Makcu-
MAJBHOE OTKJIOHEHHME OPOMTHI MPH BHIKJIIOUEHHOH CHCTEME KOPPEKIMHA COCTABHJIO B OJIHOM
M3 BAPMAHTOB 15 MM [/1s1 TOPH3OHTANBHON MIOCKOCTH M 20 MM — /IS BEPTHKaJbHOH. B
onsoM BapuanTe u3 50 CHHXPOTPOH 0KAa3a/Csd HEYCTOHYMBHIM M3-3a CYMMOBOIO pe30HaHCa
CBA3M. ;

ITpH BKIIOUEHHOU CHCTEME KOPPEKLMKM MAKCHMAIbHOE OTKJIOHEHHE OPOHTHI COCTABHIO
I/ TOpU30HTaIBHOI niockoctr 1,8 MM B nepsoii cxeme koppekuun (40 KoppekTHpyOmuX
MATHUTOB) M 3 MM BO BTOpOIl (24 KOpPEKTHPYIOMMX MATHWATA), IJISl BEPTHKAJIbHOH ILIOC-
kocti — 0,99 mm. Makcumanbras cuna koppektopos 0,84 Mpan B nepsoi cxeme KOppeKIUH
u 0,74 Mpan BO BTOpPOIi, UTO COOTBETCTBYET CHJIE KODPEKTHPYIO- N,
MX MATHKTOB. DMHUTTAHC MYUKa MEHAETCH HE3HAUUTE/bHO. i

Juuamuueckasi aneprypa Npv BKJIIOUEHHOM CHCTEME KOp-
pekuuu Obiia paccuuTana aas AByx Habopos ommbok. B nepsom
M3 HHX BO3HHMKAET MakcuMasabHoe no BceM 50 BApHaHTAM OTKJIO- 40
HEeHue opOuThl, BO BTOPOM — THIIOBOE (CpegHee no BAPHAHTAaM)
oTkJoHenne opOutel. [JuHAaMUuecKas aneprypa Ajs 9THX ABYX
Habopos cocrasuia 670, QIay u 700, 880y COOTBETCTBEHHO /1

60
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nepsoi cxemsl Koppekuan (40 KOppeKTOPOB 1 TOPH30HTAJIbHOM

N P u c. 8. [lnnamuueckas anep-
MAOCKOCTH M 32 Ans BEPTHKAJIbHOM) M 58c7x, IOan H 64ax, A P

Typa ¢ yueTom ommbok, Bbipa-

950y VIS BTOPOM CXeMBl Koppekuun (24 KOppeKTOopa AJist TOPU-  KEHHAs B CTAHAAPTHBIX OTKI0-
Henusix (40 xoppekTopoB ans

30HTAJBHON TUIOCKOCTH M 32 ans Beprukanboi). Takum obpa-
30M, MHHUMAJIbHAS AMHAMUYECKAd aneprypa B MECTE pacroJio-
XEHHS CENTYMHOrO MATHUTA COCTABASET 24 MM, UTO JOCTATOUYHO
aas opranmsanun 9ddekTHBHOM HHXeKkuuA. [Ipu BKIOUEHHOM

rOPH30HTAJIBHONH NJIOCKOCTH,
32 pns BEPTHKANBHOW), ANS
CTPYKTYPbI ¢ MAKCHMAJIbHbIM
OTKJIOHEHHEM OPOUTBI M BKJTIO-

yeHHpIM Burraepom (1), co
cpenHuM (2) M MAKCUMAJIBHBIM
CTPYKTYphl ¢ HAG0POM OIWHMOOK, AAIMHM MAKCHMAIbHOE MO  orkionenuem opburs (3) co-

50 sBapuantam oTkaoHeHue opbuts (puc. 8). OTBETCTBEHHO

IepcnekTvBbl passuTus komnaekca JA3JICH. Hpeumymennom BHIOPAHHOM MAarHUT-
HOM CTPYKTY Phl SIBJSICTCS BO3MOXKHOCTD JaIbHEHIIEH MOIEPHU3aMH HAKOIUTEIbHOTO KOJIb-
13 C LEJbI0 YBEAMYATH SHEPTUIO M XKECTKOCTh CHHXPOTPOHHOTO M3ayuenns. [lns sToro npea-
HOMAraeTcs B KaX/JI0M KBaJpaHTE BOCEMb PEry/isipHBIX MOBOPOTHBIX MArHUTOB 3AMEHUTh HA
CHELHNATLHBIE, KOTOPHIC BHIMOHEHBI 10 TEXHOMIOTHH, padpaboranHoil B USID um. I'.W. Byn-
kepa CO PAH. D11 MArHUTHL MMEIOT KOHIIEHTPATOPHI MO/ HA MOCTOSHHBIX MATHUTaX, YTO
NO3BOJSIET YBEJMUMTh MATHMTHOE moJsie B 3asope A0 3—4 Tn 6e3 mcnonb3oBaHus CBEPX-
MPOBOAMMOCTH. BHEApEHHE TAKMX MArHMTOB MOBHICHT SHEpPrui0 yckopurens ao 1,8 I'aB n
CABMHET MAKCHMYM CIEKTPA CHHXPOTPOHHOTO W3JyuYeHHsl M3 OBOPOTHBIX MAarHMTOB B 00-
Jaacth sHepruu poroHos ~6 kaB.

JIpyroit BO3MOXHOCTBIO Pa3BMTHSI KOMILIEKCA ABJISETCH CO3NAHME CEMEHCTBA J1a3EpoB
Ha cBoboxHbIX aekTponax. Jluneitnsii yckopureas [IJICU cnocober ycKOpsSTh 31€KTPOHbI
no snepruu 800 MaB npu cpenHei MOLHOCTH NYYKa B IECITKH KHJIOBATT, UTO AEI4€ET BO3-
MOXHBIM CO3JAHME YHMKA/JbHONO KOMIUIEKCA JIa3epOB HA CBOOOJHBIX 3JNEKTPOHAX, TEpe-
KPHIBAIOIIEr0 IMANA30H BOJIHBL OT A3/ IbHEr0 WH(PAK paCHOIO 10 HU3KOZHEPTETHYECKOrO PEHT-
reroBckoro. Manyuenue ¢ aauuoi BoaHs 0,2—100 Mxm OynyT reHepupoBaTh Ja3epsl Ha
CBOBONHBIX 2/IEKTPOHAX, PACIHOJOXEHHBIE HEMOCPEACTBEHHO B TYHHEJIE YCKOpHTEas. YKa-
3aHHBII AHANIA30H MOXeT ObiTh nepekpuT Tpems JICO-reHepaTopaMu, NMUKOBAS MOLIHOCTh
BEIXOJJHOTO M3/IyUCHMsI KOTOPHIX OyAeT paBHA HECKOJIBKMM MEraBaTTaM IpH CpPeqHeil Mouml-
HOCTH B HECKO/IbKO BAaTT [4]. Texnuueckue xapakTepucTHKM obopynosanua 61M3KM K Xa-
PaKTEPUCTHKAM KOMILIEKCA J1a3€POB HA CBOOOAHBIX J/1EKTPOHAX, TIOCTPOSHHOIO B HCCIEN0-

BUIIJIEPE AMHAMHUECKAs aneprypa cocrasuna 62c i 870y oI
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atensckom neHtpe FELI (Ocaka, Anoums) [5]. BaxxHo OTMETHTB, 4TO MCHO/Ib30BAHHME
MMEIOLIMXCS TIOMELIEH il 30aHMS IMHEHHOTO YCKOPHTEs NMO3BOIMT MAKCHMAIBHO GHICTPO
BBECTH B CTPOit J1aOOpaTOpHH MOJb30BATENECH H3/TYUCHHS.

Tenepanys KOPOTKOBOJHOBOIO KOFEPEHTHONO M3/TyuyeHusi GyAeT BO3SMOXHA MPH OQHO-
KPATHOM MPOXOXAECHHH HIEKTPOHHOTO MYYKa JIHHEWHOTO yCKOPUTENA IDJICH uepes panH-
Hblit OHAyAsTOp. OTCYTCTBHE 3ePKAJ MO3BOJIAT NOJIYYaTh H3NyUeHHE MO0 JIMHEL BOIHE
no pentrenosckoro [6]. Takas cxema monyumna Haspamue SASE FEL (Self Amplified
Spontaneous Tmission Free Tlectron Laser). Bimskas no napamMeTpaM yCTAHOBKA CTPOHTCS
B Hacroamee Bpems B DESY (FamGypr, ®PT) [7, 8 ]. Ouenkn nokasuBaloT, UTO MPH SHEPrHH
anexTponHoro nyuka 1 ['sB mumumanshas mimHa BomHe B Kommuekce [IDJICH cocrasut
okosio § um. [lepecTpoiika 9HEPruM JTMHEHHONO YCKOPHTEIS AACT BO3MOXHOCTD TLIABHO Me-
PEKPHITh AMANA30H AMHbL BOHBL 0T 5 10 200 M. [TukoBas MOLIHOCTD M3/TyYEHMS COCTABAT
2—3 I'BT npu cpenHeil MOIIHOCTH B HECKOJIBKO BATT. [1o CpaBHEHMIO C HCTOYHHMKOM CHH-
XPOTPOHHOTO M3/yY€HHsl TPETHErO NOKO/ICHHS IMMKOBAsl SAPKOCTb M3Jy4YECHHs BO3PACTET B

107 pas. B nansueitmem suneprus auneitnoro yckopurens IDJICH moxer Guith ysennuena
ao 2 I'aB npu coorsercTBytomeit Mmogudukauuu cucremsl CBU-nuranus. B peaynsrate Mu-
HHMMAJBHAS AJIMHA BOJHBEL MOXeT ObiTh mosegena mo 1 um [4].

OueHkH nokaseiBaioT, uyto obopynosarmne JDJICU moxer GeTh MOTM(HUIMPOBAHO B
LEASX PACHIMPEHMS €r0 BO3MOXXHOCTEH KaK MCTOYHMKA CHHXPOTPOHHOIO M3NYyYCHMS YEeT-
BEPTOIO MOKO/IEHHSA B AMATIA30HE JATMHBI BOJIHBL OT Aa/bHero mHppakpacHoro a0 1—35 um.
B ocHoBHOM mommdukanus Oyaer CBsf3aHa C YCTAHOBKOM OHAY/ISTOPOB M CHJIbHOTOYHBIX
MHXEKTOPOB JiMHelHOro yckoputens. [Ins komnaekca JICI-renepatopos TpeboBanus K ma-
paMeTpaM Myyka CPABHHTEJBHO MSATKHE: MHKOBBIM TOK B CIYCTKE JOJ/UKEH COCTAB/IATH He-
CKOJIBKO JECATKOB aMmep npu HopmanusosaHHoM smutrtance 20—30 mm-pan. Takoit un-
XEKTOp MOXeT ObTh peann3oBaH JuG0 C NPUMEHEHMEM TEXHHMKH CyGrapMOHMUYECKMX
CBUY-rpynnuposaresneit, mmbo ¢ ycranoskoit CBU-mymku ¢ porokaronom. [lns reHepanun
KOPOTKO# I/TMHEI BOJHBL B ogHonpoxoaHoM JICD-ycunurene Tpebyercs Gonbiunit nUKOBbIH
TOK, UTO AOCTHraercs AONOJIHMTENbHON YCTAHOBKOM AMCTIEPCHOHHBIX CeKumii (Ganu-komm-
PEccopoB) B YCKOPHTEHHOM TPAKTE.

Heo6xoauM0 OTMETHTB, UTO YNIOMSHYTHIE IPHEMbI YBETHYEHHS TMKOBOIO TOKA YCMIENIHO
peasn30BaHLl HA MPaKTHKE.

3akmoueHue. Ha ocHoBe anementos yckopurensHoro kommiekca NIKHEF npencras-
JISIETCS BO3MOXHBIM c03aaTh B OMA M HCTOUHMK CHHXPOTPOHHOTO M3IyUEHHS TPETHETO MO~
koaenns IDJICU kak ACTOYHMK CHHXPOTPOHHOTO M3JIy4YEHHS BHICOKOH SPKOCTH B IIMPOKOM
CMEKTPaJbHOM IManasoHe — OT Aasiekoro uappakpacHoro (100 MKM) 10 BHICOKOIHEPreTH-
yeckoro pedrreHosckoro (50 kaB). 3To cymecTBeHHO pacIMPHT NPOrpaMMy Hay4YHBIX MC-
CNefoBAHUI MHCTHUTYTA.

MaruuTHas CTpyKTYpa, paspaborannas ans Hakonureas J3JICH na ocHoBe 31€EMEHTOB
AmPS, nacT BO3MOXHOCTh YCTAHOBHMTH BHrT/iep MarHMTHHIM nosem 10 Ta m ongynsTop.
JlusaMuyeckas aneprypa A0cTaTouna ans ek THBHOM MHXEKIMH M JOCTHXKEHUS HEeol-
XOZMMOTO BpeMeHHM Xu3HU, CHCTEMA KOPPEKLHH 3aMKHYTOH OpOMTHI MO3BOJISET HCTIOIb30-
BaTh HMEIOLIMECS OUIMOJbHBIE KOPPEKTOPHI.

Peanuaanmsi mporpaMMsl CO3aHMS JIa3€POB HA CBOGONHBIX 5JEKTPOHAX MO3BOJMT CO-
30aTh YHHBEDPCAJBHBIA Ja3€pHbIH LEHTP, HE MMEIOIMIA AHAJIONOB B MHMPE IO AHANA30HY
IUIABHOM MEPECTPOMKM JJTMHB BOJHBI W3TYUEHHS, OT JAJIEKOr0 MH(PaKpacHOro A0 HU3KO-
JHepreTMyeckoro pentrenosckoro. Mcnonbzosanue nanyuenns JICD, cHHXpPOHH3OBAHHOIO
C MMIY/IbCAMH CHHXPOTPOHHOrO M3nyuenus n3 Hakonuteas [IIJICH, smaumrensHo pac-
NIMPHAT KUCCIEN0BAHMS CHHXPOTPOHHOIO M3IyJYEHHS.
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HEUTPOHO3AXBATHAS TEPAIIMS TEIUJIOBBIMU HEATPOHAMU
HA UPT MUOU

3aiiyea K.H., [Topmnog A.A., Caskun B.A. (MH®H ), Kynaxos B.H., Xoxnoe B.@.,
Hleino H.H. (FrHL P® — Hucmumym 6uogusuxu), Baincon A.A.,
Kosnoackas H.I'., Mewepuxosa B.B., Mumun B.H., Spmonenko C.I1.

(Onkonozuveckui Hayunvil yenmp PAMH)

HeliTpoHo3axBaTHAs Tepamus SIBISETCI METONOM, CIIOCOOHBIM MOBBICHTH 3DdeKTHB-
HOCTh pPaJHOTEPANMM, — OHA W30MpATeNbHO MOPAXAET OMYXOJb NPH COXPAHEHMH KJETOK
HOpMa/bHOM TKaHU. CyIMHOCTh METOAA MPOCTA: B OMYXO/Ib BBOAST MPENapar, CoaepXKammi
G0p, rafoIMHMI WIH APYTHE 3EMEHTHI, 001anarouue G0JIbIIHM CEYEHHEM 3aXBATA TEIIOBLIX
HEWTPOHOB. B pe3y/abrare 3aXBaTa TEMIOBLIX HENTPOHOB B OMYXOJM BO3HMKAET BTOPUUHOE
H3MYUEHHE, KOTOPOE M MOPaXkaeT Onyxo/esbie KaeTku. [1oaToMy 3TOT METOA MHTEHCHBHO
pasBHBAETCH.

Ileperie S5KCOEPUMEHTH MO0 HEUTPOHO3AXBATHOM TEPanMM HA OeIBIX KPHICAX C MEpPEBHU-
BaeMbIMH onyxossiMu (capkoma Encena u C-45) nva UPT MU®U ¢ ucnonb3osanuemM ra-
TONMHHEICOAEPXKAIEro npenapata Maruesuct gpupmsl «[llepunr» (Fepmanus) Geunm npose-
nensl B 1993 r, [1]. Dror npenapar, npuMeHsEMBINA B KauecTBe KOHTpPAacTHOro B IMP-aun-
ATHOCTHKE OMyX0Jeil Mo3ra, cnoco0eH HAKAIUIMBATBCA B TKAHAX omyxoad, Ero ssomuiu
HENOCPEACTBEHHO B OIMYXO0J/1b, KOHLUEHTPALMIO U BpeMs o0iyuyenus moabupanu Takum 00-
pasoM, uto B peayabtate y 80 %, kpsic Habmonanu noHyo pesopdumio omyxosu (puc., 1, 2),
[lepBbie SKCNEPHMEHTHI IPOBOAMIM MPH HHM3KOM MJIOTHOCTHM MOTOKA TEIUIOBbIX HEMTPOHOB
(~108 ¢c"'-cM™2) m Ha dose mommoro COIYTCTBYIO- 067p
mero ¢orouHoro usayuenns nyuka (1,2 cI'p/c), xoro- ‘
poe SIBJISIETCS I1apasuTHBIM.

OcHoBHas uesnb HacToswWeH paboTsl — npoBenaeHNnE
KOMIVIEKCHBIX TNPEAKJIMHUYECKUX MCCAECHOBAHMM HEHT-
pOHO3axBaTHOM Tepanud. [Ipu 3ToM BHIOpaHO Hampas-
NEHUE MCCACAOBAHHMNM, KOTOPOE AACT BO3MOXHOCTH Je-
YHTH 3/I0KAYECTBEHHYIO MEJIAHOMY, TaK KaK My4YOK TEM-
10BBIX HEWTPOHOB addekTnsHO 06pabaTeiBaeT omyxoH,
TOKAAM30BaHHBIE BOJIM3H MOBEPXHOCTH Teja (yXe Ha
rayOuHEe ~2 CM OH YMEHbIIAETCS B 2 pasa).

> 1 ¢. 1. Cxema 3KCnepruMeHTa HEMTPOHO3aXBATHOM TEPANHM OMmyXoei
(pbiC: | — Onyxosb; 2 — NYYOK TEMJOBbIX HEHTPOHOB; 3 — KOXa




