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JlMHTpHee B.Jl. H ap . 7 - 12290 

CTapTOBbti! lleTeKTOp HB OCHOBe Mi!KpOKBHBnbHblX nnacTHH 

OnHcan eapHaHT cTapToeo~o aeTexTopa anH HccneaoeaHHA no MeToay 

Bp9M9HH nponeTa, H3rOTOaneHHbtA H8 OCHOBe MHKpOK8H8nbHblX nnaCTHH. 

npHeeaeHbl pe3 y nbT8Tbl >13MepeH>IH e~o epeMeHHblX xapaKTepi!CT>!K. PacCMOT

peHa nOCT8HOBK8 3KCnepHM8HT8 anSI onpeaeneHHH M8CC npOllYKTOB Slll8pHb!X 

peaKUHH C nOMOWblO M8TOllHKH R3MepeHHSI no epeMeHH nponeTa, B KOTOpOA 

>!Cnonb3Y8TCSI llBHHblH CTapTOBblll ll8TeKTOp. 

Pa6oTa BbtnOnHeHa B na6opaTOpi!H HllepHblX peaKUHil OIH!VI. 

npenpHHT 06h8llKH8HHO~O HHCTHTyTa H.ll8pHb!X HCCne.llOB8HIIll, ,ay6Ha 1979 

Dmitriyev V.D. et at, 7 - 12290 

A Start Detector Using Microchannel Plates 

A startdetektor for time-of-flight experiments using micro
channel plates is presented. The timing properties of the detector 
are characterized. As an example (or the mass identification of 
nuclear reaction products on the basis of a time-of-flight measu
rements, an experiment has been performed utilizing the zero

time detector described. 

The investigation has been performed at the Laboratory 

of Nuclear Reactions, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubno 1979 
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BaJKHoii xapaxTepHCTHxoii npou;ecca B3aHMO.IJ.eiicTBH.II.D.BYX cJio)I(

HhlX .II.IJ.ep .IIBJI.IIeTC.II pacnpe.D.eJieHHe o6pa3yw~xc.11 npH 3TOM npo

.D.YKTOB no MaccaM. .lioJihwoe MHoroo6pa3He xaHaJioB peaxu;Hii, 

npHBO.D..IIlllHX K o6pa30BaHHW npO.IJ.YKTOB B WHpOKOM .D.Hana30He MaCe, 

a TaK)I(e npHCYTCTBHe HeHTpOHHOrO H raMMa-I!JOHa, npe.IJ.b.IIBJI.IIeT 

oco6ble Tpe6ooaHH.II x pa3peweHHW perHcTpHpywmeii annapaTyphl 

no Macce. B 3THX yCJIOBH.IIX O.D.HHM H3 HaH60Jiee 34KlJeKTHBHO HC

nOJib3yeMbiX . MeTO.IJ.OB onpe.IJ.eJieHH.II MaCChi .IIBJI.IIeTC.II BpeM.IInpo

JieTHbiH MeTO.D., B KOTOpOM onpe.IJ.eJieHHe MaCChi ocymeCTBJI.IIeTC.II 

nyTeM H3MepeHH.II opeMeHH nponeTa qacTHu;eii Ja~aHHoro paccTo.II

HH.II npH H3BeCTHOM JHa'leHHH 3HeprHH: M= 2~t _ PaJpeweHHe 
s 

no Macce so opeM.IInponeTHOM MeTo.D.e onpe.IJ.eJI.IIeTC.II 3HepreTH-

qecxHM H BpeMeHHhlM pa3peweHHeM OHCTeMbl /eCJIH npeHe6peqb 

TO'IHOCTbW B H3MepeHHH npoJieTHOH 6a3b1/: 

(''\M )2 = ( L\ E ) 2 t ( 2 1\t ) : 
M E t. 

3HepreTH'Iecxoe pa3peweHHe onpe.IJ.eJI.IIeTC.II .D.eTeKTHPYWlllHM 

ycTpOHCTBOM H MO)I(eT .D.OCTHraTb, HanpHMep 

.D.Jl.ll perHCTpaQHH npO.D.YKTOB HOHH3aQHOHHbiX 

DpH HCDOJlb30BaHHH 

xaMep, 0,5~ 1 11 . Ha 

puc. 1 npe.IJ.cTaBJieHa JaBHCHMOCTb pa3peweHH.II no MaccaM OT 

3HeprHH Ha HYKJIOH perHCTpHpyeMOrO npO.D.YKTa npH pa3JIH'IHbiX 

opeMeHHhiX paJpeweHH.IIX .D.eTexTopoo /3HepreTH'Iecxoe pa3pewe

HHe ~ 3TOM CJiyqae npHH.IITO paBHbiM 0,5~ H npoJieTHa.ll 6a3a - 1 M/. 
113 puc. 1 BH.D.HO, 'ITO .D.JI.II noJiy'leHH.II 1~-Horo Maccoooro paJ

peweHH.II .D.JI.II qacTHll c 3HeprHeii 1 M3B/HyKA. Heo6xo.D.HMO HMeTb 

BpeMeHHOe pa3peweHHe He Xy)l(e 0,5 HC. Ba)I(HbiM 3JieMeHTOM 

BpeM.IIDpOJieTHOH MeTO.D.HKH .IIBJI.IIeTC.II CTapTOBbiH .D.eTeKTOp, KOTO

pbiH .IJ.OJl)l(eH 06Jia.D.aTb BbiCOKHM BpeMeHHbiM pa3peweHHeM, MHHH-

MaJibHbiMH TOpM03HbiMH DOTep.IIMH npH perHCTpao;HH T.ll)l(eJibiX npo-
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~ t = 1HC 
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PUC. 1. 3a6UCUMOCBb OBHOCUReAbHOZO MQCC060ZO pa3peWeHUA om 
3Hepzuu HQ HYKAOH peZUCJfpUpyeMOZO npOOYKRQ npu pa3AU'IHbiX 
apeMeHHbiX pa3peweHUAX annapa•ypbl /3HepzeRu'lecKoe pa3pewe
Hue - O,Stfo, npoAeBHaA 6a3a - 1 M/. 

.nyKTOB peaKUHH, HH3KOH 'IYBCTBHTeJibHOCTbiO K ~OHY nerKHX 'lac

THU H CTOHKOCTbiO K pa.nHal.{HOHHbiM DOBpe:lK_neHH.IIM. He OCTaHaB

JIHBa.IICb Ha xapaKTepHCTHKaX pa3JIH'IHbiX THDOB CTapTOBbiX _neTeK

TOpOB, no_npo6HO OnHCaHHbiX B JIHTepaTypef2 ,3 .', OTMeTHM JIHWb _nsa 

H3 HHX, B HaH60JibWeH Mepe y_nosJieTBOp.IIIO~HX C~OPMYJIHpOBaHHbiM 
/ 4 / 

BbiWe YCJIOBH.IIM: 3TO TaK Ha3biBaeMble JiaBHHHble C'leT'IHKH H 
/ 3 5 / v 

_neTeKTOpbl BTOpH'IHbiX 3JieKTpOHOB ' • JlaBHHHbiH _neTeKTOp npe.n-

CTaBJIJieT co6oil nnocxonapaJIJieJibHWH xou.neucaTop, nnacTHHaMH 

KOTOporo .IIBJI.IIIOTC.II _nse opraHH'IeCKHe MeTaJIJIH3HpOBaHHble DJieH

KH. JibiCTpO HapaCTCliO~HH CHrHaJI 3JieKTpOHHOH JiaBHHbl, B03HHKaiO

Il.{HH npu npoxo:lK.neHHH raJosoro o6"beMa c'!eT'IHKa '!aCTHUeil, uc

nonbJyeTC.II .nn.11 speMeuuwx OTMeToK. BpeMeuuoe pa3peweuue, 

noJiy'leHHOe C nOMO~biO JiaBHHHbiX C'leT'IHKOB, COCTaBJI.IIeT 

400-600 nKc 14( 0_nHaKO HX HCDOJib30BaHHe B Ka'!eCTBe CTapTOBbiX 

.neTeKTOpOB _nJIJI perHCTpal.{HH T.II)KeJIWX npo_nyKTOB peaKI.{HH orpa

HH'IeHO H3-3a OTHOCHTeJibHO BbiCOKHX TOpM03HbiX DOTepb B OKHaX 
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H 06"beMe C'leT'fHKa /CYMMapHa.ll TOJI~HHa 400 MKZ/CM 2 j, a TaK

:lKe .noBOJibHO CJIO:lKHOH CHCTeMbl raJOBOrO JaDOJIHeHH.II . 

HaMH B Ka'leCTBe CTapTOBOrO _neTeKTOpa 6biJI Bb16paH _neTeKTOp 

CO BTOpH'IHOH 3MHCCH e H 3JieKTpOHOB, KOTOpble perHCTpHpOBaJIHCb 

C DOMO~biO MHKpOKaHaJibHbiX DJiaCTHH /MKll/. CxeMa TaKoro CTap

TOBOrO .neTeKTopa onucaua B pa6oTe 1 5 1 H npe.ncTasneHa Ha puc. 2. 

BTopH'IHble 3JieKTpOHbl, Bbi6HTble npo.nyxTaMH H3 TOHKOH ~OJibrH, 

YCKOp.IIIOTC.II _no 3HeprHH OKOJIO 1 K3B, a JaTeM nosopa'IHBaiOTC.II 

MarHHTHbiM noneM ua 180°. Ycxopeuue 3JieKTpouos ocy~eCTBJI.IInocb 
cnel.{HaJibHOH CeTKOH H3 6epHJIJIHeBOH 6pOH3bl C waroM 1 MM H npo-

3pa'IHOCTbiO ,. 80~. MarHHTHoe none coa.nasanocb c noMO~biO 

3JieKTpOMarHHTa . llpHMeHeHHe 3JieKTpOMarHHTa nOJBOJIHJIO nJiaBHO 

perynHpOBaTb BeJIH'IHHY nOJI.II B npe.nenax OT 30 .no 60 Fc. Pa36poc 

no speMeHH nponeTa 3JieKTPOHOB OT ~onbrH .no MKll onpe.nen.HJIC.II 

yrJiaMH BbiJieTa HX H3 ~OJibrH. YCKOpeHHe 3JieKTpOHOB C nOMO~biO 

CeTKH n03BOJI.IIJIO yMeHbWHTb yrJIOBYIO _nucnepCHIO BTOpH'IHbiX 3JieKT-

AETEJ<TOP BTOPHYHbiX 

3AEJ<TPOHOB C MKn MArH~T 

r\-- --- _L, ... 
I 0H 

~ 

~ I 
I 
I 

nYTb 
OlPArMEHTOB 

~I<OM~MATOP 

I 
I 
I 
I 

I I~ I 

Lf-\----~ 
CDOAbrA YCKOP~KllltAfl CETKA 

Puc. 2. CxeMai!IU'IeCKOe U306paJICeHue Clllap111060ZO oemeKmopa co 
amopu'IHoil 3Muccueil 3AeKmpoHoa Ha ocHoae MKll. 
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poHOB. OcTaTO'IHa.ll yrnoBa.ll ,IJ.Hcnepcs.ll yMeHLwanacb nyTeM sc

nonL3oBaHH.II 2- MHnnsMeTpOBoro meneBoro KOJIJIHMaTopa, pacno

nO)I(CHHOrO nepneH,IJ.HKyn.llpHO K ci>onbre. 3HaHHC BenH'IHH MarHHT

HOrO non.ll H 3HeprHH BTOpH'IHbiX 3nCKTpOHOB ll03BOn.lleT Onpe,IJ.enHTb 

BpeMeHHOH pa36poc BTOpH'IHbiX 3neKTpOHOB llpH HX TpaHCllOpTH

pOBKe oT cl>onLrH .11.0 MKII, KOTopbiB: cocTaBn.lln 200 nKc, T.e. 5~ 

oT nonHoro BpeMeHH TpaHcnopTspoBKH 3neKTPOHOB. B Ka'leCTBe 

HCTO'IHHKa BTOpH'IHbiX 3nCKTpOHOB HCllOnb30BanaCb yrnepO,II.Ha.ll 

ci>onbra TOJII.l(HHOH "'30 MKZ/CM 2. l:lscno BTOpH'IHbiX 3neKTpOHOB 6, 

3aBHCHT OT THna ci>onbrH, a TaK)I(C 34>cl>eKTHBHOrO 3ap.11,11.a q , MaCChi 

M H 3HeprHH E HaneTaromeB: qacTHUbl: 
q 2Nz 11a ./M' 6. - v 

y"F: 
r,IJ.e N- 'IHCnO aTOMOB BCI.l(CCTBa ci>onbrH B 1 CM~ Z- aTOMHbiH 

HOMep BemecTBa cl>onLrH. B HaweM cnyqae ,11.n.11 .11,11.ep '; : Xe c 3Hep

rseB: 1 M3B/HyKA. qscno BTOPH'IHbiX 3neKTPOHOB 6blno 6onee 100, 
16 1 

a HX 3HeprH.II COCTaBn.llna HeCKOnbKO ,ll;eC.IITKOB 3neKTpOH-BOnbT 

BTopH'IHble 3nexTpOHbl, xax y)l(e OTMeqanocb Bblwe, nocne ycKo

peHH.II B npocTpaHCTBe cl>onLra - MKII nona,~~;ans Ha MKII. Msxpo

xaHanbHble nnacTHHbl H3roTaBnHBaroTc.ll H3 cneusanbHoro cTexna 

C npHMeCbiO OKHCH CBHHUa H npe,II.CTaBn.IIIOT C060H ,II.HCK ,II;HaMeTpOM 

30·40 MM H TOnl.l(HHOH 1 MM, HMeiOI.l(HH CKB03Hble KaHanbl ,IJ.HaMeT

pOM 10 MKM. IIpo3pa'IHOCTb MKII cocTaBn.lleT 60~. 06e noBepx

HOCTH MKII noxpbiTbl npoBO.II..III.l(HM MeTannsqecKHM cnoeM. BTo

PH'IHbiH 3nexTpoH nona,IJ.aeT B KaHan MKII H Bbl3biBa.eT pa3MHO)I(eHHe 

3nexTpOHOB Ha cTeHxax MHKpoxaHana, noxpbiTbiX cneusanbHbiM 

MaTepsanOM C 6onbWHM BbiXO,II.OM BTOpH'IHbiX 3neKTpOHOB. ,IJ;n.11 o6-

pa30BaHH.II naBHHbl BTOpH'IHbiX 3neKTpOHOB Ha BHyTpeHHeH llOBepx

HOCTH xaHana x MKII npsKna,IJ.biBaeTc.ll Hanp.ll)l(eHse ,. 1 KB. Ko34>cl>s

useHT ycsneHH.II o,IJ.Hoil MKII cocTaBn.lleT 10
4
• ,LI;n.11 yBens'leHH.II xo34>-

4>suseHTa ycsneHH.II HaMH scnonb30BanacL c6opxa H3 .D.BYX MKII. 

B 3TOM cnyqae K034>cl>HUHeHT ycsneHH.II c6opKH COCTaBn.lln 10 
7

- 108. 

H3- 3a Manblx pa3MepoB MKII OHH o6na,IJ.aroT BpeMeHHbiM pa36po

coM He 6onee 100 nKc 1 3 ·~ 1,D;n.11 HOpManLHOro pe)I(HMa pa6oTbl MKII 

Tpe6yeTC.II BaxyyM 10-6 - 10-
7 

Top. 

IIonyqeHHble TaKHM o6pa3oM HMnynLcbl c MKII HMeroT ci>poHT 

HapacTaHH.II He Xy)l(e 1 HC. AMnnHTy,IJ.a HMnynbCa 3aBHCHT OT ,IJ.eTeK

THpyeMOrO HOHa H ,II.OCTHraeT BenH'IHHbl 150 MB ,IJ.n.ll HOHOB KCeHOHa 

H 3onoTa. Taxse HMnynLCbl He Tpe6yroT npe.D;BapsTenbHoro ycsne-

6 

HH.II, 'ITO ynyqwaeT BpeMCHHOe pa3peWeHHe, a TaK)I(e .IIBn.lleTC.II 

O.D.HHM H3 npesMymecTB MKII. 

Heo6xo,IJ.HMO 3aMeTHTb, 'ITO BTopH'IHble 3nexTpoHbl, He nonaBwse 

B KaHan, Bbi6HBaroT H3 He'lyBCTBHTenbHOH 30Hbl MKII "TpeTH'IHble" 

3neKTp0Hbl, KOTOpble nocne llOBOpOTa B MarHHTHOM none, MOryT 

nonacTb Ha MKII, 'ITO npsBe,IJ.eT K no.IIBneHHJO 3a,IJ.ep)l(aHHoro HM

nynLca. ,D;n.11 ycTpaHeHH.II 3Toro 34>cl>eKTa nepe,11. c6opxoB: MKII ycTa

HaBnHBanaCb CeTKa, Ha KOTOpyro llO,IJ.aBanc.ll He()onbWOH /200 B/ 
nono)I(HTenLHbiH OTHOCHTenLHO nepBoil MKII noTeHusan. ' 

Y cxop.IIIOI.l(He noTeHusanbl Ha c6opxy MKII no,IJ.aBanHcb co cne

usanbHOrO pe3HCTOpHOrO ,IJ.enHTen.ll C HCllOnb30BaHHeM B Ka'leCTBe 

KOHTaKTOB Me.D.HbiX cl>onbr Tonl.l(HHOH 20 MKM·. C6opKa H3 .II.BYX MKII 

3axpenn.11nacL Ha ci>ToponnacTOBOM xapxace. OcHOBHble napaMeTpbl 

,IJ.aHHOrO CTapTOBOrO ,IJ.eTeKTopa yKa3aHbl B IIIU6AUije. 

,lJ;n.11 Bbl6opa OllTHManbHOrO pe)I(HMa pa60Tbl CTapTOBOrO ,IJ.e

TeKTOpa 6blnH llpOBe,IJ.eHbl H3MepeHH.II 34>cl>eKTHBHOCTH perHCTpaUHH 

£ 'lo 

100 ~ 
uch-p l t2.6td 

80 t-

GOt- ;1~\\ 
40 ~ I / \ . 
2or I \ \ uc-foil 

2.7 2.9 3.1 3.3 3.5 I<~ 
I I I I I 

Puc. 3. c~emHa~ xapaKmepucmuKa cmapiii060ZO oemeKmopa 6 3aeu

CUMOCIIIU 0111 Hanp~JtCeHU~ HU r/JOAbZe npu nOCIIIO~HHOM Hanp~JtCeHUU 

Ha MKII U npu nOCIIIO~HHOM MUZHUIIIHOM noAe /cnAOJUHa~ AUHU~ -

OaHHble noAy~eHbl 6e3 I<'OAAUMUIIIOpa, nyHKIIIUpHa~ AUHU~ - C I<'OA· 

AUMU11lOpoM/. 
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Ta611ut1a 

TiapaMeTphi 

4>onbra 

TomuHHa 
TioreHUHan 

YcKopeHHe sneKrpoaoB 

Y CKopmoruee aarrpsvKeHHe 
BpeMSI ycKopeHHSI 

Mar HHTHoe none 

BenH'iHHa H 
BpeMSI rpaacrropTHpOBKH 
sneKrpoHoB ao MKTI 

KonnHMarop 

ill HpHHa 3830pa 
BpeMeHHOM pa36poc 
t:tnSI t:18HHOM IUHpHHhl 3830pa 

M HKpoKaaanbHhre rrnac TH Hhi 

nHaMeTp 

T onruHHa c6opKH H3 t:IBYX MKTI 
Kos~~HUHeHT ycHneHHSI Ot:IHOM 
rrnacTHHhi rrpH aarrpmKeHHH 900 B 
BpeMSI ycHneHHSI 
nHaMeTp KaHanOB 

Aao.g 

nHaMeTp 
3a3op MKTI-aaoa 
Pa3HOCTb rroreHuHanoB MKTI-aaoa 
BpeMSI rrponera MKTI-aaoa 

Bemi'HIHa 

"'30 
3,1 

700-1000 
370* 

30-60 

4,3* 

2 

200* 

3,4 
1,5 

10 
2* 
10 

10 
0,1 
300 
180* 

BpeMSI GaaepMKH MeMt:ty rrpoxoMt:teHHeM 
HOHa 'iepe3 ~Onbi"Y H CHI"HanOM 
c aaoaa 7* 

Pacqeraoe 3Ha'ieHHe 
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EtHIHHUa 
H3MepeHHSI 

MKr/cM2 

KB 

B 
IIKC 

rc 

HC 

MM 

IIKC 

CM 
MM 

HC 
MKM 

MM 
CM 
B 
IIKC 

HC 

CD e 110 , ... 
T 
0 ,_ 
0 
0 140 
< 
0 
s 
T 

10, 

60 

2 

12c 

bJniCC . 

npoJJeTHa.ll 6aJa - 100 c.w 

~~Xe 
-; \HC 

197A 

~: 
61 70 72 74 1-:101~---:tll:-----"112':---,:'114'-1; Me ,So ,$2 ,$4 I 

BPEI'IA OPOAETA (MC) 

Puc. 4. Bpe.weHHOil cneKmp, nolly<~eHHblil epe.w.RnpolleiiiHbiM .wemo
oo.w Ha ny'IKe II.RXe/lbiX UOH06. 

a -qaCTHU OT HCTO'IHHKa 
241Am B JaBHCHMOCTH OT YCKOp.11101Uero 

Hanp.lllKeHH.II H paJHOCTH noTeHuHaJJoB Ha MKII. HJMepeHHe c'leT

HOB xapaxTepHCTHKH npoBOJJ.HJJOCb BpeM.IInponeTHOB MeTOJJ.HKOB npH 

HCDOJJbJOBaHHH B Ka'leCTBe "CTOD- J].eTeKTOpa" DOBepXHOCTHO- 6apb

epHoro .neTeKTopa Si (Au). CHrHaJJbl co cTapTOBoro .neTexTopa 

H .neTeKTopa, lllopMHPYJOIUero CHrHaJJ "cTon", nocTynaJJH qepeJ 

6biCTpbiB yCHJJHTeJJb, J].HCKpHMHHaTop Ha BpeM.II-aMDJJHTYJJ.HbiB KOH

BepTop. Ha puc. 3 noxaJaHbl HJMepeHHble TaKHM o6paJoM c'leTHble 

xapaKTepHCTHKH CTapTOBOrO J].eTeKTOpa B JaBHCHMOCTH OT Harrp.ll

lKeHH.II Ha llloJJbre. 

,lJ;JJ.II HCDbiTaHH.II CTapTOBOI"O J].eTeKTOpa 6biJJH DpOBeJ].eHbl HJ

MepeHH.II BpeMeHH npoJJeTa npOJJ.YKTOB .IIJ].epHbiX peaKUHB Ha ny'IKe 

T.lllKeJJbiX HOHOB yCKOpHTeJJ.II Jla6opaTOpHH .IIJ].epHbiX peaKUHB Y-300. 
CxoJJJJHMHpoBaHHbiB ny'IOK HOHOB 136 Xe, ycxopeHHbiX .no 3HeprHH 

150 M3B, yilpyro pacceHBanc.ll Ha JOJJOTOB MHWeHH. MHWeHb 

HJI"OTaBJJHBaJJaCb nyTeM HarrbiJJeHH.II TOHKOI"O CJJO.II JOJJOTa 

/50 MKZ/CM 2/ Ha yrnepOJJ.HYIO DOJ].JJOlKKy /40 MKZ/CM 2/. Taxa.11 

nocTaHOBKa 3KCnepHMeiiTa DOJBOJJ.IIJJa OJ].HOBpeMeHHO HJMep.IITb 
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3HeprHH H speMeHa nponeTa ynpyro pacceJIHHbiX noA yrnoM 45° 

OTHOCHTenbHO HanpasneHHJI nyqxa HOHOB KCeHOHa B .I!Aep OTAaqB 

3onoTa B yrnepoAa. CBrHan co CTapTosoro AeTexTopa B curHan 

"CTOll" C nonynpOBOAHBKOBOro AeTeKTOpa /Illl.IV' qepe3 BpeMeHHble 

TpaKTbl OABHaKOBOB 3aAep:>KKB llOAaBanBCb Ha BpeM.II-aMnnBTYAHbiH 

KOHBepTop. 11MnynbCbl C KOHBepTOpa B cneKTpOMeTpHqecKBH CBrHan 

c nn.n nocTynanB Ha ABYMepHbiH aHanB3aTop. 

Ha puc. 4 npeACTasneHbl pe3ynbTaTbl B3MepeHHJI speMeHHoro 

pa3peweHHJI HCllOnb3yeMOH CHCTeMbl "cTapTOBbiH AeTeKTOp - Illl_n". 

113 nonyqeHHblx AaHHbiX cneAyeT, qTo speMeHHoe pa3peweHBe AaH

HOii BpeM.IInponeTHOH CHCTeMbl nyqwe 1 HC. 0AHaKO 3TO BpeMeHHOe 

Et {M38) 

7 . 

-39 l-1>6 

·26 k5 

·13 l-23 

~0 

12c 

~ ~ 

136Xe 

197 
Au 

\ 
8J 120 160 200 

BPEMfl nPOIIETA •• 

197 
Au 

108 

80 

53 

26 

240 

Puc. 5. -3aeucuMOCIIIb 3Hepzuil npooyKmoe jynpyzo pacce.RHHbiX 
UOH06 KCeHoHa U .ROep OIIIOU'IU 30/IOIIIa U YZ/Iepooa/ 0111 epeMeHU 
npo11e111a /npoAemHa.R 6a3a - 1 M/. 

TO 

pa3peweHHe orpaHHqeHo xax 6onLWBM speMeHeM HapacTaHHJI cHr

aana "CTOll" C Ilil_n, TaK H 3HepreTHqecKHM pa36pOCOM nyqxa 

BOHOB /2*/. TaKOMy 3HepreTHqecKOMY pa36pocy COOTBeTCTByeT 

pa36poc BO BpeMeHH nponeTa qacTH~ 61._= 1 %, qTQ COOTBeTCTByeT 
t 

nonyqeHHbiM AaHHbiM. 

,nn.11 onpeAeneHHJI co6cTBeHHoro speMeHHoro pa3peweHHJI cTap

Tosoro AeTeKTopa 6blno nposeAeHo H3MepeHHe speMeHHoro cnexT

pa C llOMOWbiO ABYX BAeHTHqHbiJL CTapTOBbiX AeTeKTOpOB npH npo

XO:>KAeHHH qepe3 HHX a -qaCTH~ OT HCTOqHHKa 241Am . BpeMeHHOe 

pa3peweHHe, OTHeCeHHOe K OAHOMY AeTeKTOpy, COCTaBHnO 250 nKC. 

0AHaKO An.ll 6onee T.II:>KenbiX qaCTH~ 3TO pa3peweHHe AOn>KHO 6b1Tb 

nyqwe, T.K. B 3TOM cnyqae ynyqwaeTC.II OTHOWeHHe CHrHan/WYM 

H3- 3a ysenHqeHH.II qHcna BTOpHqHbiX JneKTpOHOB. C llOMOWbiO 

OllHCaHHOH BbiWe CHCTeMbl "cTapTOBbiH AeTeKTOp - Ilil_n" 6blnO 

npoBeAeHO H3MepeHHe 3aBHCHMOCTH 3HeprHH npOAYKTOB, o6pa3yro

WHXC.II npH ynpyrOM pacce.IIHHH HOHOB KCeHOHa Ha 30nOTe, OT 

BpeMeHH nponeTa. 113 puc. 5 BHAHO, qTo H3MepeHHe BpeMeHH npo

neTa C HCTIOnb30BaHHeM AaHHOrO CTapTOBOrO AeTeKTOpa ll03BO

n.lleT qeTKO BbiAenHTb llPOAYKTbl pa3nHqHbiX Mace. 

ABTOpbl Bblpa:>KaiOT 6naroAapHOCTb r .H.<I>neposy H IO.IJ..Ora

HeC.IIHY 3a llOCTaHOBKY 3aAaqH H llOCTO.IIHHOe BHHMaHHe K AaHHOH 

pa6oTe. Mbi npH3HaTenbHbl TaK:>Ke B.r .Cy66oTHHY 3a none3Hble 

3aMeqaHHJI, P.r.KannaxqHesoii, <I>.CTapH H B.I1.HocoKHHY 3a no

MOwb B H3MepeHH.IIX H o6pa60TKe 3KCnepHMeHTanbHblX AaHHbiX, 

a TaK:>Ke 3._n.IloKpOBCKOH Ja llOMOWb B o<!JopMneHHH HaCTO.IItneH 

pa6oTbi. 
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