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/1/ YcTaHOBKa BAC~CA rrpeucTaBnHeT co6oa KHHeMaTnqecKnna 
cenapaTop npo~yKTOB peaKUH~ nonHero cnHHHHR. padoTan~~ Ha nyqKe 
THxenNX HOHOB ~HKnoTpoHa Y400 RHP OMHM. Cerrapa~HH HUep oTuaqn OT 
rryqKa 6oM6apunpyDmHX HOHOB H upyrnx WoHOBhlX npouyKTOB 
ocy~eCTBRH8TCH axpoMaTH\!:8CKOH CHCT8MOH, COCTOHme~ H3 Tpex 

SlleKTpOCTaTHqecKHX ne~neKTOpOB. llponyKThl peaKUH0 ITOllHOrO CRHHHHH 
~KYCHpyDTCH TpHITIT8TOM SIT8KTpOMarHHTH~ ITHH3 B TipHeMHoe ycTpOHCTBO, 

paCTIOITOX8HH08 B W0KaiTbHOH ITITOCKOCTH cenapaTopa, Ha paCCTOHHHH 12 
MeTpOB OT MHW8HH· llepBNa BapHaHT ~8T8KTHpynmero ycTpOHCTBa 
cenapaTopa rrpencTaBnHn co6oa onHoueTeKTOpHMa Monynh, nonpo6Ho 
OITHCaHHMa B pa60Te/2/. ijneHTH~HKaUHH HyKnHaOB npOH8BOaHnacb MeTOaOM 

/2 3/ 
a-a H '"JrJJ..pO OT.lla\IJ.I-a.'~ KOppeJUIU,Idt ' . flpH HCCJI8.llOBaHHH 5I,ll8pHbiX 

peaKUH~ ITOITHOrO CJIH~HH B odrraCTH TpaHCaKTHHHJl.Hb~ COCTaBHhlX HJJ..ep, 

nonepeqHoe C8\!:8HH8 odpa30BaHHH KOTOphlX COCTaBITH8T B8JIHqHHY 1 MKdH H 

M8Hhlli8, a nepHOJl.M rrorrypacnana - OT Jl.OJieH MHKpOC8KYHJl. Jl.O H8CKOJibKHX 

C8KYH.ll, CTaHOBHTCH cymeCTB€HHO~ 3a~aqa ITOBhlill€H~~ Hane%HOCTH 

BbineneHHJI KoppeJIJIUMH ~ HneHTMWRKaiJ,HH HYKJmnoB. C 3TOtl U€11bKl dbl1IYI 

pa3pa6oTaH~ HOB~ neTeKT~pyKl~YIH Monynb H 3JI€KTpOHHKa, IT03BOJIJIKl~He 

3HaqHT€11hHO paclliHpHTh B03MOXHOCTH ~IT~ TipOBe~eHHR 3KCITepHM€HTOB Ha 

cerrapaTope BAC~CA. 
1 . ilETEKTilPY!lllOOI MO.liYI!b 

ITpneMHoe ycTpOHCTBO cerrapaTopa rrpencTaBnHeT co6oa Monyrrh, 
BKnvqavmHa B ce6H ~Ba speMHnponeTHhlX ueTeKTOpa BTOpHqHhlX arreKTpOHOB 
CMCP1 H MCP2) ~JIJI H3MepeHHR Bp€M€HH nponeTa anep-nponyKTOB peaKIJ,HH 

H CdOpKy H3 C€MH HJIH BOChMH TIOJiynpoBOnHHKOBb~ neTeKTOpOB, 

IT03BOIT~D~X H3Mep~Th B€JIJ.IqHHY 3HeprHH Rnep OTnaqH, a TaKX€ a-qaCTHU. 

H OCKOJIKOB CITOHTaHHOrO neneHHH, o6pa3yD~XCJI TipH pacnane 

HMITnaHTHpoBaHHhlX B neTeKTop Hnep. McnonhsyvTCH nn6o 
ITOBepXHOCTH0-6apbepHhle neTeKTOphl THITa Si(Au) ( pnc.1al, llH60 
TIOJiynposonHHKOB~€ neTeKTOphl, H3rOTOBJI€HHhl€ M€TO~OM ITJiaHapHOH 

TexHonorHH (pac.Io). BnaronapH npensapHTenhHOMY oT6opy H oxrraxneHHD 
so speMH pa6oT~ no 265K aHepreTnqecKoe pasperneHne neTeKTopos 
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BEAM 

I 

a) b) 

Active area ;35cm2 Active area 35cm2 

Energy Resolution <35 keY Energy Resolution 25 keY 
with cooling with cooling 

ff "' 

"' /' 
. ....._ ./' 
Max diam 75 mm 

Max diam 85 mm 

Puc. 1- nonynpOBO.UHHKOBbie .neTeKTOpN' HCTIOJJb3yeMble 

Ha cenapaTope Bac»nuca. 

.-

- -A 
E=-IEI i z 

so 110 -4 kV 
~ 

2 

x-ax1s 

lL 
z-axis 

E= 1"fi iz 
B= 1Bi ix 

- _,._ I B= IBii, EY.ITI'ER 1 ........ I 
Mf ANODE 

500 

3.6 MO 

180 kO 

3.6 MO 

660 kO 

-2.4 kV 

PHc.2. CxeMa BpeMHnponeTHoro neTeKTOpa Ha OCHOBe MMKpOKaHaJibHhlX 
TIJiaCTMH. 
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cocTaBnReT 25+35 K3B. B Ka~eCTBe BpeMHnporreTHhlX 

TipMM€HR8TCR CHCTeMa H3 .UBYX WHpOKOarrepTypHb~ ( )lHaMeTp 

.ll8T8KTOpoB 

90 MM J 

.U€T8KTOpOB Ha OCHOB€ npHMOyronhHbiX MHKpOK3H3J1bHb~ ITJI3CTHH 

micro-channel plates ) pa3MepoM 70*90 MM, 
2

p11c.2. B Ka\IeCTBe 

3MHTT8pOB HCTIOJ1b3YDTCR TOHKHe ( 20+30 MKr/CM ) KOJ1J10.UH8Bhl8 HJIH 

MaR"napoBbre nneHKH c HanblJieHHbiM crroeM Au c :::.: 10 MKr/cM2 ) . THxenbiM 

ViOH HJ1H 5I.Up0 OT.ll3'.1H, ITpOXO.llRlli.H€ ~epe3 3MHTTep, BhidHB3DT 3J18KTpOHbi, 

KOTOpbie nocne ycKopeHHR B npoMeJKyTKe 3MHTTep-ceTKa JlO 3HeprHH 4 K3B 

COdHpaKJTCH MarHHTHbiM TIOJieM (:::.: 40 rc) Ha ITOB8pXHOCTh nepBoM 

MHKpoKaHaJibHoH rrnacTHHbl. llnH yBeJIH~eHHH 3W¢eKTHBHOCTH perHcTpauu:u: 

Pa2pewanmee 

flponeTHaH 

CdOp 3JI8KTpOHOB OCYIU8CTBJI5I€TC5! C odeHX CTOpOH 3MHTTepa. 

BpeMH Bp8M5IITpOJI8THOti CHCT8Mbl .UJIR R.Uep OTli.3\IH ~. 5 HC. 

da3a COCT3BJ1R8T 50 CM. 3¢¢€KTHBHOCTb perHCTpaUHVi nponyKTOB 

H pacceHHHbiX HOHOB ny~Ka Cl1CT8MOt1: Bp8MHrrpOJI8THbiX .U8T8KTOpOB ?:99. 9%. 
YcTaHOBKa BpeMHnporreTHbiX neTeKTopoB naeT B03MO*HOCTb pa3nenl1Th 

5I)lpa OT.ll3\IH - npo.UyKTbl peaKUHM TIOJIHOfO CJIH5IH115I 11 ¢QH, CB5I33HHbill C 

HH3K03HepreTH~8CKOM ( <)0 MsB )_ KOMITOH8HTOt1: nyqKa doMdap.UHPYDIUHX 

HOHOB H .npyrHMVi ipoHOBbiMM ITpO.llYKTaMH. KpoMe TOrO, H3JIH\IH8 CHrHaJia OT 

JIKJdoro H3 .U8T8KTOpOB BTOpW.IHbiX 3JI€KTpOHOB CJTYXHT 33ITp8TOM )lJI5I 

perHCTpaUHVi B a-Tp3KT3X, IT03BOJI5I5I, T3KHM odpa30M, 3H3\IHT€J1bHO 

yny"4wHTb ipoHOBhre ycnoBH5I npH H3MepeHHH o:-crreKTpOB "B nytiKe". · Ha 

pRC.3 npKB€JI8Hbi THITH"t.iHbi8 CIT8KTpbl "BpeMH rrponeTa 3HeprRSI" .II.JI.H 
peaKUHii eCT- W+22Ne (pi!C.3a) H ecT. Dy+40Ar (pi!C.3<l). 

ITo.npodHoe TeXHHtiecKoe orrHcaHHe H rrpHHUHIT padoTbi dnoKoB, 

padOTaKJIUHX B 3JI€KTpOHHOH CHCT8M8 OTdOpa COdbiTHfi H per:HcTpaUHH 

3KCrrepu:MeHTaJibHOH t-~H<PopMaUHH cenapaTopa BAC11.1U1CA, H31IOX€Hbi B pa6oTe 
/4/ . 

· B H3CT05Illi€M padoTe npHBO.Il.l1TC.H OITHC3HHe odmero npHHUHTia 

OpraHt-I33UHt1 H3M8p8HHt1: t1 OdpadOTKH H H8KOTOpbi8 pe3yJibT3Tbl IT8pBblX 

3KCII8pHM€HTOB· 

2. C!lEKTPOMETPWlECKVlE TPAKTbl 

3JieKTpOHHbi8 dnOKJ.I, )laKlili,He CIT8KTpOM€TpH"48CKYKl HHipopM3UHKl. 

pa3M€IU€Hbi B Kp€MTe, paCITOJIOX8HHOM B H8TIOCp8JlCTB€HHO:tf dJii130CTH OT 

ITpH€MHOfO YCTpOHCTBa, Ha paCCT05IHHH OKOJIO 100 MeTpOB OT pa6oTanmeH 

B pe~Me on-line 3BM IBM PC/AT. KpeHT odcnyxu:BaeTC.H KOHTpOJIJiepoM 

KK001/5/ B co"t!eTaHHH c dnoKaMH, annapaTHO o6ecnetiHBaDIUHMH 

HeOdXO.UHMyD norl1KY OT0opa COdb!THH ITO 3a.UaHHbiM KpHTepH51M COBITa.UeHH£i 

H aHTllCOBITa.II.€HHH-
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a-pacnaAa ~/HJIM CTIOHTaHHOrO ~8fl8HHH ~CIT01Ib3Y~TCH BOC8Mb O~MHaKOB~X 

CII8KTpOM8Tpliti8CKMX TpaKTOB ITO O.llHOMY Ha KaJK,Ubi~ ~eTeKTOp. 

5JIOK-cXeMa O~Horo TpaKTa ITpMBe~eHa Ha pY:!C. 4. KaJK,Ubli1 TpaKT COCTOHT 

~o aapRAo~BCTBHT~Horo npenyc~n~TenR TIY ' r¢p=10~40 He, B 
3aBHCHMOCTY:I OT 8MKOCTH )l8T8KTOpa )} HaCTpOeHHOrO TaKHM 06pa30M, \ITO 

OH MO~eT pa00T8Tb C neTeKTOpOM OOTibWOH ( no 1000 nW) eMKOCT~ " 
/6/ 

cneKTpoMeTpY:!tiecKoro ycHnHTenH CY-4K YcHnHTeJib nepe~enaH TaKHM 

06pa30M, tl:TO HM88T ~Ba CII8KTpOM8TpW18CKHX BbiXO.Ua C COOTHOW8HH8M 

K03WRUH8HTOB YCHJI8HHH Ha BbiXO)laX 1:10. 8TO TI03BOJIH8T pacwHpHTb 

,IUt:aTia30H H3M8p5I8Mb1X 3Heprl1ti )lO 150 M3B, He BBO.ll5! .IWTIOflHliT8JibHbill 

TpaKT TipH O.UHOBpeMeHHOM H3MepeHHH CHrHaJIOB OT a-pacna.UOB H 

CITOHTaHHOrO )l8fl8HH5!, OTflHtl:aD~Y:IXCH ITO aMITflHTy.Ue B 5+10 pa3. 

YCl1flHT8Jib HMeeT pa3,U8fl8HHb18 WcJpMHpOBKV! HHTerpHpOBaHHH H 

.UHWWepeHUHpOBaHJ15! CHrHaflOB· BftH ITOJiytl:eHHH HaHJIYtl:Wero 

3HepreTJ1'48CKOrO pa3p8lll8HHH Mbi HCITOJib30Bam1 T HHT:::T ,IJJ-iW::: C 1 +1 · 5) MKC · 

CHrHaflbi :61+:68 C 6biCTpbiX BbiXO.UOB YCHJIHTeJie:t1, HCTIOflb3Y€Mbi8 B CXeMe 

3anycKa H 6biCTporo OT6opa, l1M8DT OTpHUaTeflbHYD ITOJI5!pHOCTb H 

)lJIHT8JibHOCTb 0.3 MKC. 

ilOCKOJibKY OCKOJIKH )l8JI€Hli5! B "31I8KTpOHHOM CMblCJI8" OTJIH1..l:a~TC5! OT 

a-qacTHU TOJibKO aMITJIY:ITY.UOH HMTIYJibCOB , TO JIOrHKa perHCTpaUHH 3THX 

tl:aCTHU O)lHHaKOBa, C TOM JIHillb pa3HHUeti, tl:TO )lJIH a-tl:aCTHU 

HCITOJib3YDTCH BbiXO)lbl 1: 1 a ,nmr OCKOJIKOB ,Il,8JI8HH.51 BbiXO.Ubi 1o10 
ycMJIHTenei1 CY-4K H cooTBeTCTBeHHO nepBbiM 11 BTopo:H 

AM-24K. BbJxon nepBoro MYJJBT~nneKcopa noncoen~HeH 

aMnn~TynHo-u"¢POBbJX npeoopaooBaTeneH AUTIC<,, AUTI(\, 
BToporo MyJJBT~nneKcopa - KO Bxony AUTif. HBa AUTI 

MY JibT11ITJI8KCOpbi 

KO BXO,UaM Tp8X 

li AUITr, Bb!XO.U 

AUTIC<, H AUTI(\, 
MCIIOJib3YKlTC.51 .UJIH perHcTpau:vm nocrre.n.oBaTeJibHhiX 6biCTphiX o:-pacna.n.oB. 

f1pHHUHI1 perJ.WTpaUHM BC8X THITOB tiaCTM:U OI1HChiBaeTC5! HlilK8 · 

llllanaooHbJ AUTIO< ~ AUTir nepeKpb!BallTCR B oonacTH oHepr~il OT 15 MoB 
no 20 MoB TaKHM oopaooM, qTo np~ per~cTpau~~ TillOOro pacnana c 
3Hepr:Yieti M8HbW8 15 M3B OH 3aTIJ1CbiBa8TC5:i TOnbKO B O:-TpaKT; C 

OHeprM~ pacnana OT 15 no 20 MoB - ~ B O<-TpaKT ~ B TpaKT OCKOJIKOB, a 
np~ oHepr~~ pacnana oonBwe 20 MoB npo~cxon~T ero per~cTpau"H B 
TpaKT8 OCKOJIKOB li HaCbl!IJ,8HH8 a-TpaKTa · Cne,nyeT oco60 OTM8Tl1Tb, t!TO 

Kaa)lhlti Tl1IT tiaCTHU ( HaTipliM8p, O:-tl:aCTHUa, H.UpO OT.Uatl:H l1JI11 OCKOJIOK 

neneHH~ ) :YIMeeT cBoA cTporo onpeneneHHhlli AUD, H BKnntteHHe 
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j 50 \- Ne-like nuclei 
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Ar-like nuclei 

100 

Evaporation 
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Recoils Energy, MeV 

P!1c.3. CneKTpbl .. BpeMa 

20Ne+ecT.w Cal 
npoJJeTa - 8Heprlll!" 

II 40Ar+ecT.Dy (O). 
}J,JJ>r peaKLtll~ 

Pl!c.4. 5JJoK-cxeMa sJJeKTpoaaoro oOOpy}J.oBaHI!l! CIICTeMN Ha6opa 
HHWopMaUHH ( 0603HaGeHHH B T9KCTe ). 
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KOHKpeTHoro A!Ul onpe)leJIH9TCJf norHKoll ObiCTporo oToopa. 
nnR Ka~oro C06hlTHR 3aTIHCNBaDTCR 3HeprMR, KDA A6T6KTOpa M 

BpeMH npKXO)la coOhlTHlf. 
/7/ B KaqecTBe A!Ul Hcnorrboy~TCH OJIOKK ITA-24K . DpK 3TOM non Kon 

aHepniH tiaCTHUbt 3aHHMaDTCH 12 MJia,nwHx pa3p.H".llOB, a TPH cTapwMx 

pa3pSI,na ,nodaBJIHDTCR AJIH 3aTIHCH Ko,na .ll6T8KTOpa, B KOTOpOM 

3aperHcTpMpoBaHa tiaCTHUa- Kon neTeKTopa onpenenHeTCH no HOMepy 
Bxona cpa6oTaBwero MYJibTHnneKcopa cnenyn~M odpa3oM : no nepe.nHeMy 
q,poHTY cHrHarra "BpeMH npeoopaooBaHHH" BD oT A!Ul B cooTBeTCTBY~lllllll 

perHCTp MYJibTHTIJI8KCDpa 3aHOCMTCH KOA HOMepa KaHana, KOTOpM~ 

Bbl.D;aeTCSf Ha MarHCTpaJib ITO CHrHaJiy "Ml1f" OT. ,naHHOrO AUJl' IIplll i.fT8H~m 
TIOCJI8.D;Hero H B BM.D;e 3-x CTapWHX pa3pHAOB ,nodaBJIH8TCH K 12-
pa3pli)lHOMy KOilY aMITJIHTY)lhl. 

AorHKa 3aTiyCKOB M CHCTeMa dblCTporo OTdopa 

CxeMa oanycKa orreKTpOHHKH npe)lcTaBrreHa Ha pHc.4 H 5. Bee AUD 
HOpMaJibHo oaKphlTbi no peoepBHoi! WHHe P2 orroKOM KII-23K onoKoM 
3anycKa UHKJia H3MepeHHH- KpoMe 3TOrO, BCe Alffi dJIOKHpOBaHhl ITO 

pa3'beMaM "BnoK" Ha m~:ueBbiX naHeJI:iiX AUTI-
BnoK CJI-12K - ~BJJ~eTcH cyMMaTopoM ~MnynbcoB Bl~Bs c OhlCTpbiX 

BbiXD.UDB CY-4K R D.UHOBpeMeHHO HH.UHKaTopoM HaJio.lKeHH~- H,upo OT.IJ.a'Y.H 
H.U6HTH!%lHUHpyeTC.R" TID HamP-IHKl CliTHaJia COBTia,ll.eHH.R" "COBII" C 
"BpeMJJ:-aMIIJIIITY.I4a" KOHBepTopa DBA-2K 11 ObiCTporo cl!rHana c anoKa 
cyMMI!poBaHHH ObiCTphlx cllrHarroB 51 +BS CJ!-12K. a-pacna)lbl ~ ocKOJIKII 
.[leJieHH.R" perHcTpHpyK>TC:il npH YCJIOBHH aHTHCOBTia,UeHHR dbiCTporo CHrHaJia 
C IIOJiyTipOBO.UHHKOBbiX .U6T6KTOpOB I1 CHrHaJia C JIKJdoro Iti3 BpeM.HTipOJieTHbiX 
.[l6T6KTOpOB. HaJIH'Y.He CRrHaJia XOTH dbi C O.UHOro BpeM.HIIpOJieTHDrO 
.U9T6KTOpa 3aiipemaeT perHCTpaUHD HMTIYJibCOB B a-TpaKTe H f-TpaKTe H 
TI03BOJI5feT OTJIM'Y.HTb MMIIYJihCbi DT HMTIJiaHTHpOBaHHhlX .H.Uep OT.Ua"Y.H M 
HMTIYJihCbi OT HX TIOCJie.[lyDmHX pacna.UOB- 0praHM3aUM.R" COBIIa,UeHH~ 

ocymecTBJI.R"6TC.H C TIOMO~Kl CTI6UHaJibHO pa3padOTaHHO~ CHCT6Mhl dJIOKOB-
5JIOK KJ!-23K - onoK opraHH3aUHH aanycKoB. ITocrre npi!XO)la rrvooro 

HMIIYJibCa B JIOJiyiipOBO.UHHKOBbiit .[leTeKTOp CXeMa dbiCTporo OTdopa B 
3aBMCHMOCTM OT Ttma "Y.aCTHUbi reHepMpyeT Cl-irHaJJ "'J1ycK1" HJJH "J1ycK2" 
Do aToMy cl!rHarry KJI-23K reHepHpyeT cl!rHan TB HMITYJibc oanycKa 
UHKJJa H3MepeHH5f 3JieKTpOHHKH UMKJia TB. Era .UJIHTerrbHOCTh T 
nepeMeHHa.R", H3M6H.HeTC.R" reJIHIIO.[lOM H OdbNHO paBHa 200 MKC I1pH 
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3TOM no wto:~He P2 MarucTpanM KAMAK npolicxo.n;MT OTKpbrBaHMe Bcex Alill. 

O.n;Ha:tw, 1.,IT00bi KaKoi1-JIM0o AUIT 3aperMcTpMpoBaJI MMIIYIIbC 1 Heo6xo.n;MMO 

TaKJKe Hanwme .uonoiiHMTeJibHoro cTpo6a .umr AUIL 
perMCTpVipyeMCt.i '43CTI.1Ubl. 3TOT CTp06 0TKpbiB36T 

TOJibKO H3 3 MKC , \ITO .l1.38T .D;OIIOJIHliTeJibHYD 

H3BO.!J;OK 11 TIOMeX. 

COOTB8TCTBynmero Tl1IIY 

COOTB8TCTBYD~MH AUIT 
33il.lMTY OT B03MOJKHblX 

OPf AHI13Aill15! AMO)]MTY JIHbiX 113MEPEHHV! 

TiocKOJibKY B 113Y'43€MOt.i 06JiaCTI1 MHOrMe HYKJIM.D;bl I1M8DT nepMO.Ubi 

nonypacnana nopn.n;Ka 1+200 MKC, Owna pa3pa0oTaHa cneuMaiibHa~ cxeMa 

.un~ H3MepeHH~ TaKI1X pacnanoB. 

EcnM nocne 3anycKa 6noKoM Kfl-23K UMKna M3MepeHM~ TB no 

llMKJI3 dOJibWe He npMXO.UMT HM OllHOrO l-1MTIYJibCa, TO KOHTpOJIIIep 

TipOI13BO.UHT C'4MThlB3HMe l1 rrepenaqy MH¢QpM3UMM CO BCerO KpeWTa B 

KOHUa 

KKOO! 
38M. 

B 3TOM cny1.1ae cnellynmM:f.i npMXOll~mM:f.i 

Vi3MepeHM~. MepTBoe BpeM~ B 3TOM 

BpeM9H9M1 He00XO,IU1MbiM .UJTJl Tiepe,Uat..U-I 

KKOOl qepe3 rraM~Tb TMrra FIFO B 3BM " 

HMIIYJibC H3'4:11H39T HOBblfi UMKJI 

cny1.1ae onpenen~eTcn TOIIbKO 

MH¢GpMaU"M Kp8HT-KOHTponnepoM 

COCT3BJI~eT ~0 MKC. 

Donee CJIO;KHbiM ~BJI~eTCJl cny1.1at1, Korna 33 BpeM~ UMKJia TB npMXO.UMT 

eme KaKo:f.i 1m6o HMnynbc. B 3TOM cnyt..~ae nanbHet.iwa;;r paOoTa 3aBMCHT OT 

TMna qacTMu. Bo3MO;t:Hbi cne.nynmMe BapHaHTbi paOoTbJ: 

1) ECJIVi nepB35I M BT0p35I '43CTMllbl MM6DT pa3HbT6 TViiTbi, HaTipHMep 

~.li.pO OT,na~M - a, ~.li.pO OT.li,a~H - OCKOJIOK ll8JI6HM5I, a - OCKOITOK ll6Il6HH~ 

Vi T-.U·, TO Ka~bill HMTIYIIbC perMcTpHpyeTc~ AUIT. cooTBeTCTBY~UlMM TMny 

'4aCTMUbl: 5lupo oT.u.atm - AUITr; a-t..~acTMUa - AUTIC\n; ocKoJioK neneHHH 

Aunr. nocne OKOH'4aHHR UHKna TB KOHTponnep KK001 nepenaeT HHWopMauHn 

B 3BM. B 3TOM cny~ae M B ormcaHHbiX HMXe BpeMH UHKrra TB MO;t:eT 

KOHUe 

Bp€MR 
YB6JIVI'4MB3TbC~, eCJIVi BTOpa5I Vi rrocne.nynmYJe ~aCTYlUb! TipMXO.li.RT B 

UHKna. Torna BpeMH T aBTOMaTvr~ecKvr npo.nneBaeTcH Ha 

perMcTpauvrvr 3TMX MMTiynbCOB cooTBeTCTBY~mHMM AUD. MepTBoe BpeMH B 

3TOM Cny~ae COCT3BJIJI6T - C50+TnpO.U.JieHVi~) MKC. 

2) EcnM o6a npHwenwMx 3a BpeM5I UMKna TB YlMnyrrbca npHHanne*aT 

R,npaM oTuaqYJ, TO rrepBhl:f.i HMrrynbc OyneT 3aperHcTpHpoBaH AUITr Vi, 

rrocKOJibKY He rrpenycMoTpeHo anbTepHaTMBHoro AUTI nn~ perHCTpaUMM ;;rnep 

OT.llat..IM, BTopo:f.i MMITYITbC Oy.ueT noTepRH. TaKeR ;t,:e npMHUHIT paOoTbi Vi npH 

perMcTpaUm1 llBYX nocne,noBaTenbHbiX 

Te~eHlle UYIKJia. OnHaKO cnenyeT OTM6TMTb, ~TO TaK K3K BepoRTHOCTb 
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TaKHX C06hlTH~ B HHTepBane 200 MKC Mana, 3TO rrpaKTHqecKH He ITpHBO)lHT 

K B03HHKHOB6HHD )lOITOITHHT6ITbHOrO MepTBOrO BpeMeHH H ITOTepH 

wnon~ecKo~ HHWopMaUHM· MepTBOe BpeMH B ooonx cny~aHx - 200+50 MKC· 
3) 1Imr perHcTpauHR nByx nocne.n;oBaTenhHbtX 6biCTphiX cx-pacnanoB co 

BpeMeHeM pacnana 1 MeHhWHM nnHTeJibHOCTH UHKna TB,npHMeH~eTca cHCTeMa 

no ABYX anbTepHaTHBHhlX AUIT AUIT~ H AUTiad. Tipn 3TOM nepBaH 
npnxoAHII(aH a-~acTnua perHCTpupyeTcH AUTI~ , H RMTiynhc "BpeMH 
npeoopaoOBaHHH" CBTIJ aTOro AUIT nocTynaeT B 6noK CJI-llK onoK 
o6pa6oTKH curHanoB BTI c cM.pRc.4 H 51. EcnR nocne aToro npnxoAHT 
BTopaH a-~aCTHUa c npR~eM He BaKHo, B KaKo~ aeTeKTOp l, TO AUTI~ 

oyaeT y~e oaKphlT,H 6noK CJJ-llK IIPH HaTIJ<~HH HMTiynbca BTI OT AUTI~ 

BhlAaCT cTpoo paopeweHRH Ha AUIT~, KOTOphl~ H oaperRcTpnpyeT BTopyD 
cx-qacTHUY. MepTBoe BpeMa nna perHcTpaUHH nocnenoBaTeJibHbiX 6bicTpbrx 

nap ~-ad COCTaBTIHeT C200+50+TnpoaneHHHlMKC, a AHH perHCTpaUHH ad 
BHYTPH napbr - T M~ ~2 MKC. TaKHM oopaooM, nepBhi~ a-pacnaa BHYTPH 

UHKJia TB Ha "annapaTHOM" ypoBHe ycnoBHO c~.unaeTcJI pacnanoM 

MaTepHHCKoro anpa, a BTopo~ - noqepHero. B nanhHe~weM, TaKHe napM 

cx-pacna)lOB 6ylJ.yT Ha3biBaTbCJI 6biCTpbiMH KOppem£UHJIMM ( TipH YCJIOBHH, 

1.!TO OHH npOM30WJIH B O)lHOM )l6T6KTOpe ). MeTOll H3MepeHHJI TMOo 

OIIHChlBaeTCH HH~e. C~HThlBaHHe KOHTponnepoM KK001 HHWopMaUHH C KpeHTa 
npOHCXOllHT TOJibKO ITOCJ16 KOHUa UHKJia TB. 

3a BpeMJI O)lHOrO UHKJia MOJK9T 6biTb 3aperHCTpHpOBaHO He 6onee 

qeTMpex qacTHU· B 3TOM cnyqae cxeMa pa6oTaeT 

cnenyeT noMHHTh, qTo 3a Bpe~a onHoro 

aHaJIOrH1.!HO O)lHaKO 

UHKna MoryT Ob!Th 
3aperHCTpHpOBaHbi TOJihKO OllHO anpo OT.llal.!H, OllHH OCKOJIOK )l9JI9HHJI H 

ABe a-~aCTHUhl,IIpH~eM HSSaEMCHMO OT TOrO,B KaKOM nop~e H B KaKHX 
)l9T9KTOpax 3TH qacTHUb! 3aperHCTpHpOBaHbi. 

MSMEPEHllE BPEMEHHhlK MHTEPBAJJOB M MHBMKAUHfi HAJJO~HMH 

TipHHUHII 
npHM9H9HHOMY 

H3MepeHHJI Bp9M€HH 
/2 / B pa6oTe . 

pacnaaa aHanorn~eH npHHURny, 
TipH H3M8peHHH xapaKTepHCTHK 

nocrrenoBaTeJibHhiX pacnanoB HYKJIHll~B c BpeMeHeM pacnana, cpaBHHMhiM c 

ATIHTenbHOCThD cneKTpoMeTpR~ecKHX HMnynhCOB ycHnHTenea CY-4K C1+5 
MKC ), B03M0~6H 3~KT qacTHqHoro HaJIOX€HHH HMTIYJihCOB H, 

CJI€)lOBaTeJibHO, HCKaMeHHH aMITJIHTYll HMITYflhCOB· KJia perHCTpaUHH TaKHX 

COOhlTH~ B CHOKe CJJ-12K ycTaHOBneH HH~HKaTOp Hano~eHJ<A, KOTOphlA 
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Bhi.UaeT Ha Mar~cTpaJib KAMAK KO.U, cooTBeTCTBYK>lllHH HOMepy .ueTeKTopa , B 

KOTOpOM npo~30WJIO HaJIO~eH~e. KpoMe 3TOro, HMTIYJibC, COOTBeTCTBYK>lllHH 

HHTepBany BpeMeHH MeX.Uy 3THM~ HMTIYJibCaM~ OT .U€T€KTOpOB ( 

H3Mep~eMOMy TIO pa3HOCTH BpeMeH COOTBeTCTBYKllllHX ~MTIYJibCOB C BhlxonoB 

B1+B8 ), H.UeT B c~eT~HK BpeMeHH C2 .un~ H3MepeH~~ BpeMeHH Hano~eH~~. 

KJI~ H3MepeHH~ Bp€M€HHh~ ~HTepBaJIOB B C~CTeMe ycTaHOBJieH 

KBapueBbiM reHepaTop KB-005 ~ wecTb wecTHa.uuaT~pa3pR.UHhiX cY:eT~HKOB 

KC-011. Bee c~eT~HKH, KpoMe c~eT~HKa C1 - c~eTY:HKa a6coJIDTHoro 

BpeMeH~, 3anycKaDTC~ HMnyJibCOM Ha~aJia UHKJia H3MepeHH~ TB. Ha 

C~6THbi€ BXO.Ubi BC€X C~€Tl.l:HKOB TIO.llaKlTC~ ~MTIYJibCbi C BbTXO,UOB reHepaTopa 

KB-005. nn~ H3MepeHHR adCOJIK>THOro BpeMeHH HCTIOJib3Y€TC~ Cl.l:€TY:HK C1 ( 

CM. pHC. 6a ) , Ha Cl.l:€TH~ BXO.ll KOTOporo H.UYT HMTIYJibCbi, 'I.JaCTOTY V 

KOTOpbiX MOJKHO M€H~Tb, M€H~5! TaKHM Odpa30M .Il1n1T€JibHOCTb Y13Mep~€MOrO 

HHTepBaJia H COOTB€TCTB€HHO MHHHMaJibHYKl UeHy KaHana. OdbiY:HO 

ycTaHaBJI~BaeTCR qacToTa v=104 . Ha Bxon "TiepeHoc" 3Toro cY:eTl.J:HKa 

nonaJOTCR HMnynhCbl Hatiana UHKJia TB. 11TaK, ecnH B Te"tl~HUe u~Kna TB 

3aperHCTp~pOBaHa TOJibKO O,UHa tiaCTHUa, TO eM TipHTIHCbiBaeTC.H TOJibKO 

adCOJIKlTHOe BpeMR C MHHHMaJibHOH UBHOM KaHaJia 1/V. TipH 3aTIOnHeHHH 

CY:eTl.l:HKa TipOHCXO.UHT ero OdHyJieHH€ H ll~KJI Cl.J:BTtiHKa Hal.l:~HaeTCH CHOBa. 

AdcOJIKlTHOe BpeM.H B .uanbH€~WeM BOCCTaHaBJIHBaeTCR rrpqrpaMMHHM 06pa30M 
TIO tiHCJIY TaKHX UHKJIOB· 

.l[JI.1I H3MepeHJII.H BpeMeHH BHYTPJII UHKJia - T · e · ec;m B T6'f{9ID:l.6 UHKJTa 

.UJIHTeJIDHOCTDKl T 3aper~cTp:MpoBaHo Oonee onHoti: l.l:aCTHUbl, cnyJKaT 

Cl.J:eTqHKH C3+C6. Ha :MX cqeTHbTe BXO.Ubl rrocTynar>T HMTIYJihCbT c nocTOHHHOti: 

'4aCTOToi1 1 MTU c eM. pHc.66 ). Ha BXO.U "Hal.l:ano H3MepeHHR" H.UYT 

HMIIYJibCbT TB. Ha Bxo.n "TiepeHoc" H.UYT HMTIYJTbCbl .. BpeMa npeodpa3oBaHHR" 

C OOTB6TCTBYJOUI.JIIX AllTI, 11, TaKHM odpa30M, KaJK.II.Oe TaKoe COdbTTJ.fe HM€€T 

.UBa BpeMBHH - a6COJIKlTHOe ( C MHHHMaJTbHOM U€HOM KaHana 1/V ) - BpeM.H 

HatiaJia UHKJTa H Bp€M.1I BHyTp11 UHKJia ( C UB.HOM KaHana 1 MKC ) . 

~nlf perHCTpaUHH BpeMeHJII Hali0*6HHJf HMTIYJibCOB HM86TC.H Cl.l:8TtiHK 

C2. OH padoTaeTTaK ~e,KaK H cqeT'qftKH C3+C6,Ho B KatieCTBe c:MrHana 

"llepeHoc" cJJyl!G!T cl!rHaJJ c I!H.UI!KaTopa HaJJo"eHI!il C!l-12K. 

TaKHM odpa30M, Ka!C.ll.Oe COCibiT~e 

ITOCJI€.1I.OBaTenbHOCTJII (N+1) 16-pa3p.1I,IlHhlX CJIOB 

napaMeTpOB, Odbi'tiHO N=11 /, ITp11ti€M 
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IIOCfl€llOB3T€JibHOCTH COOTB€TCTByeT onpeneneHHOMY 

nocneAHee cnoBo, ¢opMMpyeMoe 6noKOM KH-23K, 
napaMeTpy, a 
COA€p><l!T p!!A 

npM3HaKoB. Bo3MO::mo y~~aHOBHTb no 4 npM3HaKOB - Hanpl1Mep, co0b1Tl1e .. 
"B IIJi..!Ke" u.mt "BHe IIYi..!Ka", 8CTb MMIIJflbC 6JIOKl1pOBKH HJIH H9T. 

Ilpe,liyCMOTpeHa B03MOJiCHOCTh pa6oTbi B pe><l!Me 6noKMpOBKM B'I-MOAYTI!!Topa 
UMKTIOTpOHa Y-400 OT 3BM, a TaKJiCe 6TIOKMpOBKM perMCTpMpyD~eA 

annapaTypbi oT B'I-MOiiYTI!!Topa. 
KpeHT-KOHTponnep KK001 nepe~aeT nocne~oBaTenbHOCTb 

16-pa3pHAHhiX cJioB B 6noK naMHTl1 FIFO KTI-16K c He3aBHCl1MhiMl1 3aiil1CbK> 

M tiT9Hl19M ll3HHhlX, KOTOpb!:ti: CJIYJKJ1T llJIH YM€HbW€HMH M9pTBOrO Bp9M€Hl1 

IIepe~atiH ~aHHhiX B 3BM nyTeM BbipaBHMBaHHH IIOTOKa HH¢QpMaUHI.f. 113 FIFO 

MH¢opMaUM!l '!epe3 ycMTIMT€Tib MOUlHOCTM KH-82K nepeAaeTCJI B 3BM '!epe3 
cneuManhHO paopa6oTaHHbiA MHTep~Ac "BJIEC-WJIEC" .MeTo,D; nepe,D;a'lli 
MH¢opMaUMM B 3BM TIOTIHOCTbD al!aJ.IOrll'i9H MeTOAY, OTIMCaHHOMY B / 2/ M 
6onee TIOllp06HO B/ 4/. 

ITPOfPAMHOE 05ECilE'IEHME 

TiporpaMMhi Hadopa M npenBapHTenbHOH o6padoTKI.J ~aHHhrx Hanu.caHhi Ha 
/2/ 

H3b!Ke Typdo-DaCK3Jib BepCI.JH 5. 0 H 3H3JIOrWIHhl OTIHC3HHblM B 

TiporpaMMbl TI03BOJIHK>T W0pMl1pOB3Tb B onepaTHBHO:ti: TI3MHTH 3BM BO BpeMH 

Ha6opa 18 OllHOM8pHblX 3HepreTHi..i€CKHX CITeKTpOB TIO 4096 K3H3JIOB 

Ka"Ab!J!, OAMH AByMepHHn 256•256 CTieKTp "BpeMJI TiponeTa-oHeprMJI" H 
OAMH AByMepHbiJI 256•256 CTI8KTp C<-C< KoppeTIJIUHJ! Ha AMCKe 3BM. J006ofi M3 
cneKTpoB no xenamm onepaTopa MOJKeT HHHU~atpoBaTbCH Ha nu.cnnee. 

Cyll.leCTBJeT CTaH~apTHbi:ti: Ha6op KO~_<iH~ .II.JIH ITOJib30B3TeJIH, IT03BOJI51Klll.lHH 

KOHTpOJU.JpOB3Tb XO.ll 3KCIIepHM€HTa. Bee CTI9KTpbi MOryT 6b!Tb 33TI:I1C3Hbl B 

WaJITibl- Bo BpeMJI Ha6opa MH¢opMaUMM B03MOJiCHO ycTaHOBMTb pa3TIH'!Hb18 
KpHTepHU. OTdOpa COdblTHH, HaiipHMep: llO 3HeprMH HflH/H ITO BpeM€H:I1 

nponeTa ~JIH R,llep OT.[laqH; ITO 3HeprHH ,UJIH Q-i..iaCTHU. 

¢a:A'nbi, CO,llep:lKall.lH€ CTieKTpbl, H ipa:A'Jibl C06blTHti MCTIOJib3JlOTC51 .UJIR 

nanbHeHmeH off-line o6pa6oTKH. 

PE3YHbTAT~ 3KCTIEPMMEHTOB 

Ilpli odpadOTK€ IIOHJi..ieHHbJX AaHHl-JX B03HliKaeT 3a,naqa 

a-CTI€KTpOB C pa3nHqHblli ,UeTeRTOpOB, 

XOpOllie:A' KaJil16pOBKH ,U€T9KTOpOB 

'!TO H€B03MO:lKHO 

II 

CJMMHpOBaHMR 

Bb!IIOJIHHTb 6e3 

TpaKTOB. 
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KanMdpOBKa BH8WHHM O-HCTO~HHKOM M0~8T TipHBOllHTb K OWHdKe, CBH33HHO~ 

C HanHqHeM MepTBOrO CllOR Ha TIOBepXHOCTH ll8T8KTOpa. IT03TOMY B 

3KCIT8pHM8HT3X lliTR K3ITHdpOBKH Mhl HCTIOITb3Y8M a-paCTI3llhl Hnep, 

HMTIITaHTHpOBaHHhlX B ll8T8KTop. 3TO IT03BOITH8T TaK~e H3dexaTb OWHdKH 

K3ITHdpOBKH, CBH33HHO~ C SHeprHe~ OTnaqH HMTIITaHTHpOBaHHOrO HOHa ITpH 

HCTIYCKaHHH HM a-qacTHUhl- 3Ta M8TOAHK3 IT03BOITH8T npOBOAHTb 

KanHopoBKH B rnHpOKOM <oT 4.5 MaB ~o 9 MaB l ~HaiTaaoHe aHeprHa 

a-pacrrana , qTQ HBITH8TCH 3aTpynHHT8llbHhlM B crryqae BCllonDSOBaHR& 

BH8WHerO HCTOGHHKa- Ha PHC-7 ITpHB8ll8H THITHqHhlfi CyMMapH~ a-cneKTP 
ITpo~yKTOB peaKUHH 208Pb+20Ne. KaK BH~Ho Ha pHcyHKa, ITpH xoporno 

cnenaHHoa KanHOpoBKe, paaperneHHe <>25+30 KaB , nony<~aeMoe I(R!! 

HenpocyMMMPOB3HHb~ CIT8KTpOB, COXpaHH8TCH H B cyMMapHb~- KarrHdpOBKa 

CITeKTpOB om ITpOBOI(HTC!! Herrocpe~CTBeHHO ITO OI(HOMepHhlM CITeKTpaM H 

OillHOKa KanHOpoBKH B oonacTH 6+9 MaB He ITpeBhlWaeT 15 KaB, a B 

odrraCTH 17+18 MsB, COOTB8TCTBYD~e~ ITHKaM ITOJIHOrO cyMMHpOBaHHR1- He 

Oonee 40+50 KaB. KaJJHOpOBKa CITeKTpOB ad ITpOBOI(HTC!! ITO a-a CITeKTpaM 

OhlcTpblli KOppeJJ!!UH~ ( 0+200 MKC ). BBH~y TOrO, qTo om H ad-TpaKThl 

OTITM~a~Tc~ TOIThKO AUIT, rrepBoHa~anhHO rrpennorrara~TCR onHHaKOBhle 

KaRHOpOBKH ~JJ!! om H Oti- TpaKTOB· nn!! om-nHHHH, HMeD~eR yi(OOHYD 

uenoqKy OhlCTphlX a-paciTai(OB < HanpHMep, 222Th HJJH 221 Th B cny<~ae 
peaKUHH 208Pb+20Ne l, cTpOHTC!! a-a cneKTp OhlcTphlx KoppenauHR. M3. 

3Toro crreKTpa rrorry~aDTCR onHoMepHhle ad-crreKTphl nrrR 

~eTeKTOpa,ITO KOTOphlM H ITpOH3BO~HTC!! KaJJHOpOBKa Dti-TpaKTOB. 

TaK KaK dOJibWHHCTBO O.-JIHHHti B CITeKTpax ad "pa3Ma3aHbi" DO 

Ha-aa oopaTHoro BhlJJeTa nocne~yDUU!X Ob!CTphlX ( Tl/2~1+3 

Ka~oro 

O~HaKo, 

3HeprHH 

MKC' ) 

a-~aCTHU, HJIH xe rrpOHCXOnHT qaCTHqHoe HITH ITOJIHOe cyMMHpOBaHHe UJIH 

a-qacTHU C T1 /2~1 MKC OWHOKa KaJJHOpOBKH I(JJ!! Oti-TpaKTOB 

COCTaBJJ!!eT 50+70 KaB. Ha pHC-8 npe~cTaBJJeH om-ad CITeKTp OhlCTphlX 

KOppeJJ!!UHa BO BpeMeHHOM OKHe 0+200 MKC I(JI!! peaKUHH 208pb+20Ne. 

MepTBoe BpeM!! ~JJ!! OhlCTpblli ad-qacTHU onpel(eJJ!!JJOCb H3 cpaBHeHHH 

cqeTa )(IT!! a-nHHHR 221 Th ( Ea1•8.15 MaB, E~•8.47 MaB l B OI(HOMepHOM 

ciTeKTpe H c<JeTa ~JJ!! STHX JJHHHR B cneKTpax OhlCTphlX KOppeJJ!!UH~ 

CM-pHc.7-8 l. 0HO OKaaaJJOCb paBHb~ TM<>2 MKC . Ha pHC-9 npHBe~eHo 

BpeMeHHoe pacnpe~eneHHe I(JJ!! a-qacTHU 217Ra < Ea=8.99 MaB l, 

H3MepeHHOe B HaillHX 8KcrrepHMeHTax. flOJJy'leHHaH BeJJH'IHHa T1/ 2=1.8:0.1 

MKCeK HaXOI(HTC!! B XOpOWeM COrJJaCHH C TaOnHqHoa ( T1/ 2=1.6:0.2 MKC 

l/S/. 8TO ~OKaahlBaeT CITOCOOHOCTb ~eTeKTHpyD~ea aiTITapaTyphl H3M8p!!Tb 
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BpeMeHa EH3HH H aHeprHH a-pacrrana c xoporne~ 

~Hana3oHe BenHqHH, qTo aBnaeTca cymecTBeHHbm B aKcnepHMeHTax no 
R3yqeHHD CBO~CTB TH~enMX aneMeHTOB-
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