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BBe;qeHHe 

··J.1ccne:noaaH»e·· .iteneH»'si · sr.nep ~ ,. · sblsaaHHoro · pesoHaHcHwm Hei1TpoHaMH 
npe.ncTasnsieT · s'Hatl~TeJibliE>Ie 'SKcnepili.!eH£aJibHbre. ··£py.nHOCTH ·.no .. cp.asH'eliHI:J 
c .neneHHeM · TenJIOBb!Wf HeHTpOHaMH ••. B nepayJJ ; 'oqepe.nb; STO · CBSISaHO. ·. C 
TeM, 'lTO fiOTOKH. pe30HaHCHbiX HeHTpOHOB .. OT cymeCTBYDIUHX~HCTO'lHHKOB··B 
10- 1000•pas cnaeiee a cetleHHSI asaHMo.nel1cTBHsr.npHMepiro:a -100 pas 
HWJKe 1 'leM · CetleHHSI ' MSI TenJIOBbiX .. HeHTpOHOB; · B CHJiy .. · STOI'O ; CKOpOCTb 
CtleTa · COCibiTHH ,!leJieHHSI OKa3biBaeTCSI .. Ha ypOBHe ·. 0 .1 "' .. 10 · HMnYJibCOB . B 
CeKyH.!lY , B . paC'leTe Ha·::1 ·,: MI' · ,!leJI.Rl!lei'OCSI Bel!leCTBa •: KpoMe STOI'O;;; Ha 
npaKTHKe <;_BCer.na :., HMeeT :MeCTO 4?0H 1 • CBSI3aHHbtH' c·: .. a.-pacna,!lOM. H 
cnoHTaimbiM :~ ·.neneHHeM :. sr.nep. · oeipasttoa, .\ 'KoTopble.·.:orpaH»'lHBaJJT . npe.nen 
'lYBCTBHTeJibHOCTH npHMeHSieMOH annapa Typbl •.. ,IIJisr· CiOJibllli1HCTBa .. aKTHHH.ltOB 
BepOSITHOCTb ··· a.-pacna.na · Ha · HeCKOJibKO. i:Jopsr,ItKOB .. BeJIH'lHHbl' npeBbllllaeT 
BepO.RTHOCTb CfiOHTaHHOI'O' '.neJieHHSI :• ·2;p11 ypOBHe" y.neJibHOH aKTHBHOCTH 
66pasuoa:· _Cio_iie~ 107 . a.-pa.cna.n/_ (c x \Mr) · 'ycnoa»sr · al>LneneH»fi ·co~biTHH 
Bb!HYJK.neHHOI'O ,!leJieHHSI C npHMeHeHHeM Tpa,!lHUHOHHbiX cpe.ncTB pe3KO 
yxy.nwaiOTCSI H3-3a OTHOCWreJI&H6r6 • . . yse'Jx'H'leHHSI. sepO.RTHOCTH 
MHOI'OKpaTHb!X Hano)KeHWH. COcSb!TJ1:H a.-pacna.na''if l!HSKOI'O 'sHepJ:,'eTifqecKo'ro 
paspeweHiisr .zie.TeKTopoa. · · HecidoTpsr · • Ha ·· pRit iiep ~' •: _: npJ.i:H.i!Ti.rx -~' ripi.-1 
»3MepeH»srx oeipasuos 241Arn, ypoaeHb. y.nenbHoi1 aKT»ailoci»'''l~ 2x108.' a!. 
pacna.n/(c x MI') oKasancsr, no-a»~»MOMYI ripe,neJibHbiM .nnsr TaK»x 
,!leTeKTOpOB 1 KaK JiaBHHHbtH CtleT'lHK/l/ 1 HMfiYJibCHaSI HOHH3aUHOHHa.R 
KaMepa ·c nJIOCKOnapaJIJieJibHb!Wf SJieKTpO,!laMH/2/ HJIH CUHHUHJIJI.RUHOHHbtH 
,!leTeKTOp/J/ B CO'leTaHHH C · Tpa.nHUHOHHOH SJieKTpOHHKOH pei'HCTpauHH 
COCib!THH .neneHH.R. , .• . :•., '.--, .. . . · 

,IIpyi'HM BH,!lOM pacna.na, orpaHH'lHBiltOUiHM''" "'Y.BCTBHTeJibHOCTh . np» 
H3MepeHHH CetleHHH ,!leJieHHSI~ .RBJI.ReTCSI CfiOHTaHHOe ,neJieHHe sr.nep 
oeipasua. O'leHb s4?!lleKT»BHbli1 cnocoei ·no.naan~H»SI cl?oHa TaK»x coeib!THH -
HCfiOJib30BaHHe TeXHHKH, BpeMSinpoJieTHb!X H3MepeHHH Ha HMfiYJibCHb!X 
HCTO'lHHKaX HeHTpOHOB. ,B STOM CJiytlae 4?0H 1 CBSISaHHbtH CO CfiOHTaHHbiM 
.neneHHeM, »MeeT pa'aHoMepHoe apeMeHHoe ... pacnpe.neneH»e, a 
pacnpe.neJieHHe COCibiTHH ,!leJieHI1.R, . Bbl3BaHHb!X i •· HeHTpOHaMH, HMeeT 
onpe.neneHHYD apeMeHHYD ·'. cTpyKTYPY, Koppen»poaaHHYD c »MnYJibCaMH 
HCTO'lHHKa HeHTpOHOB •. , J.1MnyJibCHbre. 'JicTO'lHHKH, HeHTpOHOB/4- 51 cnoco6Hbl 
C03,!laBaTb. HMfiYJibCbl C WHpifHOH OT HeCKOJibKHX MHKpOCeKyH,n .!10 
HecKoJib»x ·•· • coTeH n»kocel<:yH.n ~ .. · B • ·c»ny nocne.nH·ero •··· oeicTo.RTenbcTaa 
l!eo6xo.n»Mo ::. :. ·. ::: a.neKEia THee· apeMeHHoe :.:. ;pasp.eweH»e · »cnonb syeMb!X 
,!leTeKTOpOB. • { ·:... ~ _<::; '> 

Pe3DMHpysr BbiCKa3aHHble Bb!We CC06palKeHHSI 1 MOJKHO C!llOpM;rJIHpOBaTb 
CJie,!lyD!IlHe TpeiSOBaHHSI, KOTOpb!M ,!lOJIJKeH Y.!lOBJieTBOpS!Tb ,!leTeKTOp ,!lJISI 
H3MepeHH.R Ce'leHHH ,!leJieHH.R H30TOfiOB C Bb!COKHM 3HatleHHeM y.neJibHOH a.-
pa,!lHOaKTHBHCCTH: 

Bb!COKaSI s!ll!lleKTHBHOCTb B~,!leJieHHSI OCKOJIKOB .neJieHHSI Ha !lloHe CX
'laCTHU; 
- BbiCOKaSI s!ll!lleKTHBHOCTb pei'HCTpauHH OCKOnKOB ,!leJieHHSI; 

~hci:;~:·.o;:~~~tl t;~ryr A 
U::Jtiidl iCtJ!~l~~an! I 

1 6'1SSlHOTEKA 1 ............... ~-
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.·a~~-:neTet~~fi~~~~;tf{~~i~i~~!a~~~Jo?t~ihpo•:::~be~h-'j 
sasitcKT OT , -- cKOpoCTM .itpEl'H~a . 3.iui~TpOHOB J.l -

. sneKTpOBaMK. -, llpM: 3TOM speMR liapacTaHM.Il !l>pOHTa , MnynbCa OKa3blBaeTC.R 
Ha yposHe HecKon&KMx coTeH . nMKOCeKYH.It. HMeR :a BM.ItY_ nporpCiMMy 
ilswepeHMR_ ce'!eHMH neneHM.R 23'u~ 237Np, 213Am M _ ~41AID. pesoHaHcHhiMM 
HeHTPGHcOOr, a ._-~alal:e 'MCCne,ItOB;;lHMe M:3owepHoro ,~te'JieHH.R, 242~ M 2uAril, , B :.-. .... c~~~~;tf:,z:~~.~~;~~~~t!~~9~~-. 
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_npoOera BnR nerKOrO OCKOnJ<:a. (KpMBaR_l], TJDJ:e.itOJ:'O. OCKOnKa:, {KpMBa.R 
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KOHC'1'pYX~ IImiK H SJI~~~OHHaR_annapa'l:'ypa . ; ~ -: ~J ~-rc1,. ./_ -~-- -------
!' 

ITITI1K CibiJia CMOHTMpOBaHa . BHYTP!.i ;BaK_YYMHOro . U!.in!.iH.!lpa J.i MOrna 
coneplKaTb no 10 cnoea nen.RlllerocR.BelllecTaa KaK noKasaHo Ha p!.iCYHKe 
2. B SKcnep!.iMeHTax iicnonbsosan!.icb o,nHopo.nH~>~e·:n'o·•·Tonll1l1He (<1 Mr/cm2 

cno!.i a 4JopMe Kpyrnoro nRTHa :.!lHaMeTp9M- - 60~100 --MM. .B Ka'!eCTBe 
paCio'!ero rasa !.icnonbsoaanacb cMecb 90%Ar + 10%CH4 npH naaneHJ.iH 
600-700• TOpp. PaCCTORH!.ie, .. MelK.!ly sneKTpo,naMH: CibiJIO. Bbl6paHo:·paBHbiM ,.5· 
MM, a paeio'!ee HanplilKeHiie .: 400 ·a. · - ·· · ' · ·' · 

-~1 

··.!.:'!-. 

:\ -! :~· . -,~; 

P!.ic •. 2. CxeMaT!.i'!eCKJ.i)\1 .'!epTelK MHorocno)\iHow _ IIITI1K c_ .MHllleHJ.iRMH. !.is 234u !.i 
23.~.0 ,. -~ - ,, j. ::;·~_: ·.' -:..:;i:: ~:t .~··~ 1:~:;:•t~C-;~~,·-·· -~·;:· '- I~C~:L . 

. ~·.:~~.:c _1: t. <c·.:::::•· .. ..,"~-.:: ·~·,., .. < J ::::,·:::~·r:> .• • :"'"'' ~-'', .:: .. Yc.·..:·~-"""~·"· 
_ . , , <l>y~KUJ10HanbHa.R"CXeMa flJ:le.!lYC::H:IIHT,enR, npe,ncTaBneHa.,. Ha. p!.iCYHKe .4. 

OcHOBHhiM .. sneMeHTOM . .., 'STOW CXeMbl: .. sui.ril:rii~ci(,- wi1poi<orio.1Io'ciiiie'. 'yci!miTe.im • 
TOKa ~- ~. e·~~ . ~CHn!.iT~,rlH. 'c HH3Km4 .. -~XO):I~Wi ' conpoTiianeH~eM •1• :, BbDio;:iHble:' 
c!.iriian~>~ · · Taimx:'" yc!.i.im.renew·--- noaTopRioT ·. _no·'. 4Jopiie .: .. iiil'nynbcbi :.ToKa'; 
ablssaliH~>~e· per;;cTpi:ui,iiew- ·_ sap.i!'xcei-uib!x ~- '-..adHu: -:': Ha-~' _pJ.icyH'Ke·:· .: 3_:· 
npe.ncTasneHa _ 6noK-:cxeMa !.i3Mep!.iTenbHOw annapaTypY. --~:-'_" -- ·:; 

,,..:,•;>-.'·-:; 1 ~\.f ,,·_,._;i.;,lz \,'"-.\';~_! ,1,-,•l,>·'· -~·"' ,~:~-;~,-,~: ~--f...,V--·"~.'"·~-~ ~ ... ~.1~<1 · 
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P!.ic. 3 ~ ·.' <I>yHKU!.iOHanbHa.R -. cxe!da· npenyc!.inHTen·R 
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P~c~ 4. -~YHKUHOHan&HaSI" cxeua · sneKTpOHHOH. annapaTypbt . 

~ ~Cfi0Jlb96Ban~ ~Ba BapaaHTa HCfiOnHeH~R BXO~HOPO yc~pQHCTBa 
yc~n~TenSI - O~H (A) Ha Oase ~HTe_rpan&HOH cxeMbl TRA1000 q,~pMbl 
LeCroy181 , a ,ttpyroH (B) - Ha Oase MenKocep~HHOH r~Op~.ttHOH 
~HTerpan&HOH CXeMbl. [lepe,ttH~e :- 4!pOHTbl_" BbtxO,ttHblX C~rHanoB YC~Jl~TeJISI 
TOKa np~ per~CTpaU~~ OCKOnKOB .tteneH~SI ~Men~ BblCOKy.D KPYT~3HY1 
KOTOpaSI saB~cena,. OT 0blCTpo.tte_HCTB~SI " -BXO,ttHOPO. YCTpOHCTBa 1'1 
OTHOCHTeJibHO Me.ttneHHlolH cna~ C fiOCTOSIHHOK BpeMeHH -,OKOJIO 40 nsec. 
H~e np~se.neHbl ocHOBHble napaMeTpbl BbiXO.ttHoro :· c~rHana ycHn~TeJISI .ttnSI 
npSIMOyron&HOPO BXC~HOPO CHPHana: 

BpeMSI __ HapacTaH~SI 
Ko3WWHU~eHT ycHneHHSI 
Bxo.ttHoe conpoTHBneH~e 

A 
26 HC 
39 MB/MKA 
8 OM 

B 
2 HC 
10 MB/MKA 
100 OM 

nocne: yc~nHTe.1I.r:i KopoTKI'IH HMTiyn&c ToKa'' o.nHospeM.eHHo nocTynan 
Ha BbiXO.tiHOH 3~TTepHblH fiOBTOp~TeJib 1'1 ~HTerpa Top TOKa. Ha BbiXOJte 
HHTerpaTopa TOKa 4?op~posancS1 l'IMnyn&c c _ KsasHrayccosoH,., 4?opMoH, 
aMnm1Ty,tta .KOTOporo 0Wta nponopUHOHa'n&Ha HHTerpaJty _ alio;:iHoro' _ToKa 
[llll1K .. sa:: 1speM...i;·· onpe.ne.irReMoe' 3JieMeHTa~ cxew.- BbiXO,ttHble CHrHanbl 
".HTerpai-~pa · riocTyn~JI~.- :lia ·- HopMan&Ho 3ao11oKI'IposaHHbl}f sxo.n •. AUn, 
KOToplolH .ne6m:>KHPOBa.ricSI BO . ,,, BpeMSI " nocTynneHHSI, . CTpoOa 
.tt.imTe.1I&HOCTbJO .. ,,,:.~c_: , .... ': .- ··· :•·r•.o:.; .. · ·':',, .. , ·• .. -~ 
2 MKc: CTpoO shq:ia0aTb1Ba·ncSI cneuHaJIH3HpOBaHHbiM. "6nOKOII4':· 
l1HTeHCI'IBHOCTb TaK~X CTpOOOB 0blna nponopUHOHaJI&Ha, C O,ttHOH CTOpOHbl1 , 

q~cny .neneH~H ~ qacTOTOH Hano~eH~H a-qacT~U - c .npyroH. l1sMepeH~e 

3Hepr~~ HeHTpOHOB 1 Bbl3biBaBIID!X ,tteJieH~e, np0~3BO~JIOCb no BpeMeH~ 
nponeTa c noMow&JO npeoOpasosaTenSI speMSI-Ko.tt. AnSI sanycKa 
npeo6pa3oBaTenSI ~cnon&3osa.ri~c& c~rHanbl, _.c~HxpoH~3~posaHHble co 
BCfibiWKOH I'ICTO'lH~Ka HeKTpoHoa··,:: .. (c~rHan:::· .-~'CTapT") .~ B KaqecTBe
CTonpsoro c~rHana . ~cnon&sosancSI. c~rHa:it ··- c . Bhixo.na o.ttHoKaHan&Horo 
.aHaJI~3aTopa. 

Pe~yn~~a~ H~Mep~HHH 

Ha -p~CYHKe 5 np~Be.tteH cneKTp, nonyqeHHiolH B pe3yn&TaTe 
~3MepeH~K aMnJI~TY.tt OCKOnKoB .tteneHHSI··c fiOMOWb.JO: lliUfK C :4 '•enOS!~ 1'13 
OK~C~ 234U •T9JliiDIHOH OKOnO 0,.5 Mr/CM2 np~ 1'13MepeHHSIX napaMeTpOB 
pe3.oHaHCOB B qOnaCT~ 3HeprHH OT e~H~U .tto 500 3JieKTpOHBOJlbT ,ttnSI 
YKa3aHHoro ~3oTona. OOmee KonH'leCTBO 234U B qeTblpex MI'IWeHSIX· 

4 

.. 

f1 
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_COCTaBJISIJIO 50 Mr.' [loJfbeM. cneKTPa B o0naCTI'I ManblX aMIIJJHTY~ He MO:KeT .. 
0blTb nonHOCTb.JO CBSI3aH c perHCTpaUI'IeK co:sna.ttai:llltKX ' . BO speMeHH a
qacTHU. JlnSI ~OKa3aTeJlbCTBa·' 3Toro' YTBep:EJteHHSI . paCCMOTPI'IM 
COOTBeTCT:SY.JOIIti'IK spe!O!nponeT~ cneKTp, npe~CTaBneH~ Ha pHCYHKe 
6. Bbl,tte~B B 3TOM cneKTpe Cl'lnb~ _H3~0BaH~ ; pesoHaHC B paKOHe 
2000..:ro KaHana, MO~O nocTpOHTb .aMIIJJHTY~Oe : 'pacnpe.ttenemie, 
aHanorHqHoe npe~cTasneHHOMY aa pHCYHKe 5 ~ E=· yicasaH~ noJr&eM 
6bln 0bl noJIHOCTbJO CBR3aH C peri'ICTPaUI'IeK HanO:.:eiudi:!a..:qacTHU, .TO ~OJIJI. 
C00b1TI'IK B oOnaCTH MaJiblX ~~ -~OJI:KHa 6blna 6bl : Y,.eH&DIKTbCJl no 
cpasHeKI'I.JO · c · oi5~ ~Hcnoli coobl'i-mi s "pa:cnpe~eneHHM •. ·f>iufaKo · Ha~., cawow 

• .nene 3Ta ~onSI YMeH&DIKnac& JIHDib aa 30%. 0TCJO~a cne~eT, t~To ~e 
TpeTH C00blTHH 1'13 oOnaCTH ManblX aMIIJJHTY~ B cneKTpeiCBJl3aHbl C myMaNH 

npe.nycl'lnHTenx. Hcxo.ttSI HS npHBe~eHHiolX · ~aHHiolX · 6blno oueHeHo 
COOTHOmeH~e MelE,lzy'_ WOHOM H ,3WWeKTHBHOCTb.JO peri'ICTpaUI'IH OCKOJIKOB 
.neneHHSI npH paOoTe c BblCOKOaKTHBH~ oOpasuaMH B . saBHCHMOCTH OT 
nopora ~CKp~HaUHH. TaK, npH BenH'IHHe nopora OKOnO 7 M3B, Ha 109 

a-pacna.ttOB npHXO~noc& O~HO C00bl~e C aMIIJJHTY.ttOK.B oOnaCTH cneKTpa 
OCKOJIKOB .tteneH~SI;' a 3WWeKTHBHOCTb ' perHCTpauHH .. nocne~X ·. npH 3TOM 
COCTaBHJia 98%. [lpH :sen~qHHe nopora paBHOK.-- 12--· MsB y:.:e·.Ha ·.1010 

.. :a-::
pacna.ttOB npHXO~OCb 0~0 co6~e .tteneHHJl~ a 3WWeKTHBHOCTb 
perHCTpaUI'IH C00b1TI'IH ~eneHHJl npH STOM paBHSinac& ,94% •. TaKHM oOpaSOM, · 
npi'IMeHeH~e··. TOKOBblX "CHPHaJIOB'· C '06bl'lHbiMH- HOHH3aUI'IOHHbiMH', KaNepaMH 
n03BOJIReT. .i{OCTHPHYTb. TclKI'IX • ze · · -pe'syJibTclTOB1 - . KOTOpble .. ··~ paHee 
.nocT~ra~c& c npHMeHeHHeM nnocKonapannen&HiolX naBHHHblX ·cqeTtli'IKos.c .•. · 

.--_:_:N 

2S 

c' 

··: 

":r;;:_ ~~ 

~ I ~ . ,..,. . 

·;-.. . 
PHc.·. 5 · ~TY.ttHoe pacnpe~~neliHe ocKOJIKoa.'·~en~~" •• 234U; . nony-q·~~Hoe 
npH H3MepeiDISIX· ceqeHHH .JieneHHH 'pesoHaHCHbiMH-::HeKTpOHaMH;: a-aK~B-
HOCTb ~ei!H ·cocTaBJIMa . ;:OKOno": 2*10~'-·BK •. ;,),flo'· :ocliM:; OTJIOJii:eim 

· ~ •· • ' · • • ·• - r f 
OTHOCHTen&Hble Be~QI'IHbl.· .. v· 

··:rf:.'"l-
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PHc;·· 6. Pacnpe,neJieHHe· co5blTHi1 ·,neJieHH.fl 234U no· BpeMeHH npoJieTa •. ·~Bce 
BeJIH'iHHbl',J:laHbl B OTHOCHTeJibHblX e,J:tHHH'-laX. 

•' 
B ::saKJIJO'ieHHe c'.aBTOpbl C'iHTaJOT npH.fiTHblM · ,noJiroM no5Jiaro,napHTb 

B.~.·-.<t>ypMaaa ::sa nocTo.itaaoe •BHHMaHHe H;.no.n.nepJKKy· .r~aaaoi1 pa5oTbl,,r.-a 
TaKJKe 10. C.:·. 3aM.fiTHHHa ::sa:: MHOrO'iHCJieHHble fiJIO,J:lOTBOpHble · ;. ,l:IHCKYCCHH . H 
B.IO. KoHOBaJIOBa H ~. PyCKOBa sa noMo~b B no.r~roTOBKe ·K H3MepeHH.fiM. 

JlHTepaTypa. 

1. M.A. Kazerouni and F. Kappeler. Nucl. · ·Instr •. and Meth. 1979, 
164; 439. ' . ~ 

:.2.• -...J_,w. ·Behrens .. and •. J.W •.. Browne, Rep'ort· ··uCID:-17:324, · Lawrence 
. Livermore Laboratory, 1976 . . !_ • 
3. W. Hage, H. Hettinger, F. Kappeler, "S. Kumpf, .jand K •. Wisshak, 
Proc. 1st Technical Meeting on The nuclear trans-mutation of the 
actinides, Euratom..: Report EUR 5897 e, f'., Ispra 1977 '· p. 411. 
4. V.L.Aksenov, N~A.Dikansky, V .• L.Lomidze, ·A.V.Novokhatsky, 
Yu.P.Popov, V.T. Rudenko·,· A.~. ,Scrinsky and W~_r: Furman. Proposal 
for the Construction·; of-·the··, New·;Intense· Resonance Neutron' Source 
(IREN), JINR, E3-92-110, 1992~- Dubna. 
5. W.I. Furman, ISINN-5, V International Seminar on Interaction of 
Neutronswith'Nuclei,.Abstracts,.1997,: .. Dubna.:: . . 
6. J;F.: Zieqler,<J.P, .:Biersack.-and ·.U. Littmark. The.-ptoppi!_lg and" 
Range.-_of Ions,-,in Solids,.-Pergamon Press, :New. York,. 1985 •. "· . > ., 
-7. IO.n. raarpcKHi1, B.H. MapKoB, B.n. nepeJiblrHH •.. PerHcTpauHR .H 
. cneKTpOMeTpHR OCKOJIKOB ,l:leJieHH.fl. 3HeprOH3,l:la T, M. , 19 8·l.. •. . . . . 
8. LeCroy Research Systems, 1996 Catalog, LeCroy, New York, 1995. 
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