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nnR 3~~BKTl1BHOA pean113au1111 MBTOnl1Kl1 per11cTpau1111 MHOrOU11KllOBbIX 

aKTOB MIOOHHoro KaTan113a RnepHbIX peaKU11A Cl1HTB3a B neATep1111 m no 

KaHany 
µ --- dµ --- ddµ --- 3 He + n + µ (I) 

HaM11 6binl1 pa3pa60TaHW 11 C03naHW neTBKTOPhl HBATPOHOB -nonHor~ norno-

lllBHl1R 
12

] C o6'bBMOM CUl1HrnnnRTOPa NE-213 12 n ( r/> 31x16 cM
3

L C 11X 

nOMOlllblO npoeeneH U11Kn pa6oT C ra30BblM11 neATBPl1BBblMl1 Ml1WBHRMl1 BblCO

KOA nnOTHOCTl1 ( naeneH11e no 1, 5 K6ap) 
13

•
4
] • 8 pa6oTaX 

12
•
5
•
6
] HaMl1 

6binl1 nonpo6Ho 113Y'-IBHbl xapaKTep11CTl1Kl1 cneKTpOMBTpa, CBR3aHHbIB C ero 

3~~eKTl1BHOCTb10, aMnnl1TYnHLIM pa3pemeHl1BM, 3HBpreTl1'-IBCKOA Kan116poe

KOA 11 HBATPOH-raMMa pa3neneHl1BM. npoeenett11e aKTyanbHbIX B HaCTORlllBB 

BPBMR 3KCOBPl1MBHTOB
14

] no 113Y'-IBHl110 COl1HOBblX 3~~BKTOB B npouecce (1) 

noTpe6oeano 6onee TO'-IHOro 3HaHl1R BPBMBHHbIX xapaKTBPl1CTHK neTeKTO

poB. 8 3Tl1X 3Kcnepl1MBHTaX HaM Heo6xon11MO Bbl,llBnRTb 6bICTpb!B npouecCbl 

(20-30 He), o6ycnoeneHHbIB nepexonaMH MBll<nY YPOBHRMl1 CBBPXTOHKOA 

CTPYKTYPhl dµ.:aToMa, Ha ~OHB OTHOCl1TenbHO MenneHHbIX npoueccoB, onpe

nenRBMl,IX o6pa30BaHl1BM MIOOHHl,IX MOneKyn (1 MKCL 8 CBR311 C 3Tl1M HaMH 

6brn11 BbinOnHBHl,I KaK cneu11anbHl,IB 113MBPBHHR, TaK H Heo6x onHMbIB 

paC'-IBTbl. 

BpeMBHHOe pa3pemeH11e neTBKTopa onpenenRBTCR, B OCHOBHOM, nBYMR 

~aKTopaMl1. Bo-nepBl,IX ' pa36pOCOM BPBMBHl1 cpa6an1BaHl1R ~OPMHpOBa

TenR norn'-l~CKl1X 11~nynbCOB, o6ycnoeneHHoro pa36pocoM aMnnHTYn axon

HhIX c11ruanoe. l13MepeHl1R C pan11oaKTl1BHblM HCTO'-IHl1KOM Co
60 

B "CTaH

napTHOA" nocTaHOBKe CcxeMa 113MepeH11A npneeneHa Ha p11c. 1J n0Ka3a

nn, '-!TO 3TOT 3~~BKT np11eon11T K BPBMBHHOMY pacnpeneneHl110 fd(t) C 

m11p11HoA Ha nonyp1,1c0Te ecero 3,1 He (p11c. 2). 
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60Co 

PHc. 1. CxeMa H3MepeHHA BpeMeHHOro pa3pemeHHR HeATPOHHOro neTeK
Topa. C1 -neTeKTOP c TOHKHM CUHHTHnnRTOPOM; C2 -neTeKTOP 
HeATpOHOB nonHoro nornomeHHR: ~1.~2 -norHqecKHe ~opMHposa
TenH; ll3 - nHHHR Janep•KH; BAn - speMR - aMnnHTYnHhlA npe
o6pa30BaTenb; AH -aMnnHTYnHL~ aHanHJaTop. 

soo~-----------~ 
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PHc. 2. BpeMeHHOe pa3pemeHHe HeATPOHHoro neTeKTopa, H3MepeHHOe C 
HCTQqHHKOM Co60 

• 

KoHeqHaR BenHqHHa BpeMeHH nponeTa HeATpOHa OT MHmeHH no neTeK
TOpa (HeATpOH C 3HeprneA En= 2, 5 M3B H3 peaKUHH ( 1) npon~TaeT pacc
TORHHe 10 CM 3a 5 He )H pa36poc paCCTORHHA OT TQqKH o6pa30BaHHR 
HeATPOHa no ToqKH era nepsoro B3aHMoneACTBHR B neTeKTOpe npHBODRT 
K CMemeHHD HYnR BpeMeHH H nononHHTenbHOMY BpeMeHHOMY pa36pocy. BHn 
·cooTBeTCTBYDmeA ~YHKUHH pa3pemeHHR f n(t) 6bm HaAneH B X one Monem1-

2 

poBaHHR npoueccoB B3aHMoneACTBHR HeATPOHOB C semecTBOM MHWBHH, 
npoMe•YTQqHb~ cpen H B caMOM HeATpOHHOM neTeKTope. nnR 3TOA uenH 
6bma Hcnonb30BaHa nporpaMMa BhlqHcneHHR~1 3~~eKTHBHOCTH perHCTpaUHH 
HeATpOHOB c BKnnqeHHeM B Hee 6noKa noncqeTa BpeMeHH nponeTa HeAT
poHa. 8 cornaCHH C HamHMH oueHK6MH, cpenHee nono•eHHe YKa3aHHOA 
~YHKUHH OKa3anocb CMemeHHblM Ha 6t = 8 HC, a caMa OHa - acHMMeTpHq-n 
HOA. BenHqHHa aCHMMeTpHH 3aBHCHT OT nopora perHCTpauHH HeATpOHOB H 
yMeHbmaeTCR Cera B03pacTaHHeM. Ha pHc. 3 noKa3aHO pacqeTHOe Bpe
MeHHOe pacnpeneneHHe nnR nopora 150 K3B (3KBHBaneHTHaR 3HepruR 
3neKTPOHal. HJ PHCYHKa cnenyeT, qTo cpenHee 3HaqeHHe 6onbme HaH6o
nee sepoRTHoro npHMepHO Ha 1 HC, a mHpHHa Ha nonYBbICOTe COCTaBnReT 
un= 5,6 HC. 

,,, 
I 2,3 
0 

X 

11 .. 1,5 
:a 
,0 
0 

" 0 
r: 0,7 
" ~ 

1,0 
1 7 13 19 

Bpe11ou1 (BC) 

PHc.3. PacqerHaR ~YHKUHR speMBHHoro pa3peweHHR HeATPOHHoro neTeK
Topa, o6ycnoBJIBHHOrO KOHeqHbIM BpeMeHeM nponeTa HBATpoHa. 

HaKOHeU, CHCTeMa H3MepeHHR BpeMeHH C HeCHHXpOHH3HpOB6HHOA cepH
eA reHepaTopa C qacTOTOA 100 Mr~ xapaKTBPH3YBTCR annapaTYPHOA n11-
HHBA ( f.) B BHne TpeyronbHHKa c mHpHHOA Ha nonYBblCOTe 10 HC. 

CYMMapHaR ~YHKUHR BpeMeHHoro pa3pemeHHR f ( t) 6bma nonyqeHa ny
TeM csepTKH BCex Tpex ~YHKUHA: fd. f H f . CsepTKa ocymecrnnRnacb n a 
DBYMR cnoco6aMH - qHcneHHO c maroM 1 HC H MBTODOM MoHre-Kapno, pe-
3ynbTaThl OK63anHCb npaKTHqecKH COBnananmHMH. BHn ~YHKUHH f(t) no
Ka3aH Ha PHC. 4. no CBoeA ~OpMe OHa OKa3anacb 6nH3KOA K rayccosy 
pacnpeneneHHD co cpenHeKsanpaTHqHblM OTKnOHBHHBM u = 5, 6 HC. 

1%1.C.I;i;,,;_ .,,;_ ;, :;;iCTc"fYT I 
Ol\"'.!/3\iX uc. a\:a;,nauno 

t:::.t,-tt:-:·1·~q,..,,;-c;u i_ 
l:;."il .. ;;/I a.•,v I i;;;.fl ·-~ __.... -
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PHc.4. CYMMapHaR li!YHKUHR BPBMBHHoro pa3pemBHHR 
/ 

8 3KCilBPHMBHTaX [3,
41 H3Y<laDTCR BPBMBHHl,IB pacnpeiteneHHR HBATPOHOB 

113 peaKUHH ( 1 ). 3TH pacnpeiteneHHR OilHC!,IBaDTCR B BHllB CYMMbl HB. 

CKOnbKHX 3KCnOHBHT C pa3nH<IH!,IMH noKa3aTenRMH Ak: 

F(A ,A,, ;t) = E A exp (-Ak t). 
k • k k 

(2) 

fllYHKUHR F(t) Hcnonb3YBTCR B aHanH3B H3MBPBHHl,IX pacnpeiteneHHA C 

uenbD HaXOlKllBHHR OilTHManbHI,~ 3Ha<ieHHA napaMBTPOB Ak H Ak.O<iBBHllHO, 

itnR cneKTPOB C noKa3aTenRMH A, 6nH3KHMH no nopRllKY BBnH<iHHhl C se

nH<IHHOA BPBMBHHOrO pa3pemeHHR, TBM 6onee npH BKnD<iBHHH B aHanH3 

Ha<ianbHOro yqacTKa cneKTpa (Manm BPBMBH), HB06XOllHMO Y<IHTbIBaTb 

li!YHKUHD BPBMBHHOro pa3pBWBHHR. C 3TOA uenbD Ml,! "CBepHynH" B!,JpaJKe

HHB (2) c rayccos1>1M pacnpeiteneHHBM. CsepTKa ocymecTBn11nacb Henoc

peitcTBBHHO B XOllB li!HTHPOBaHHR 3KCilBPHMBHTanbHhlX itaHHhlX no anropHT

MY (AnR npOCTOThl H3nOJKBHHR 3llBCb paccMaTpHBaBTCR nHmb OllHa 3KCno

HBHTa): 

z+SO 10 2 z 1/2 
Y =10 E EA exp(-At)exp[-(z -i-j+l) /2u ](l-0,llj-0,51 )(2n) u, 

m m 
i•O i•·

9 zm =10 m - t
0 

(HC) , {3 ) 

rite m - HOMep. "TBKY!llBrO" KaHana BPBMBHHoro KOllHPOBillHKa. B XOllB 

aHanH3a sapbHposanHCb HB TOnbKO 3H6<!BHHR li)H3H<IBCKHX napaMBTpOB, HO 

TaKJKB H 3Ha<ieHHR to H u.TaKHM o6pa30M, BllHHCTBBHHl,IM npeitnonoJKBHHBM 

CTHOCHTBnbHO <kYHKUHH BPBMBHHOro pa3pemeHHR 61,mo TO, l{TO OHa HMBBT 

BHll rayccosa pacnpeiteneHHR. nn11 nposepKH B03MOJKHoro snHRHHR HeKo

TopoA HBY<ITBHHOA acHMMBTPHH B f{t) Mhl npoll)HTHpoBanH cornacHO (3) 
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BPBMBHHLIB pacnpeiteneHHR, nony<iBHHl,IB MBTOllOM MoHTe-Kapno H pa3MbI

TblB li!YHKUHBA t (t). 0Ka3anocb, l{TO HaAllBHHl,IB B XOllB aHanH3a 3Ha<ie

HHR li)H3Hl{BCKHX napaMBTPOB -aMnnHTYllhl H noKa3aTen11 3KCilOHBHThl OTnH

<iaDTCI! OT 3aitaHHl,a B nporpaMMB MOllBnHpOBaHHR BBnH<iHH HB 6onee, <IBM 

Ha 1 % • 
H3 BHita BL~aJKeHHR (3) cnBllYBT, <!TO CBBPTKa ocymecTBn11nacb IlYTBM 

l{HCnBHHOro CYMMHPOBaHHR c maroM 1 HC. Hcnonb30BaHHB mara CYMMHpo

BaHHR 2Hc H3MBHRBT KOHB<!Hb!B pB3YnbTaTbI He 6onee, <IBM Ha 1-2% ( itnR 
IlOKa3aTBnR 3KCilOHBHTbl 20-30 HC). nnR IlOBb~BHHI! CKOpOCTH o6pa60TKH 

H aBTOMaTH<IBCKOro KOHTponR anropHTMa CBBPTKH <IHCnBHHOB HHTerpHpo

BaHHB ( 3 l npoBOllHnOCb nHmb itnR HHTepsanos BPBMBHH I t - ~ I< 50 HC. 

llpH t >50 HC "BKnD<iancR" 06bl'IHblA ( 6e3 CBBPTKH) li!HT C HCnonb30BaHHBM 

Bl,~6JKBHHR (2). llpH 3TOM HB B03HHKano HHKaKHX npo6neM C/ "ClliHB6HHBM" 
I 

yqacTKOB cneKTpa, aHanH3HPYBMb~no pa3Hl,IM anropHTMaX. KaK OTMB<ianocb 

BLIIIlB, onpeiteneHHB HYnR BPBMBHH itnR H3MepeHHh!X crreKTPOB rrpOH3BO~H

JIOCb B X OllB aHan113a 3KCnepHMBHTanbHl,IX itaHHl,IX. llpH 3TOM llOCTHr anacb 

TOl{HOCTb HB XYJKB 0,2 HC. CMBillBHHB HYnll, o6ycnosneHHOB BPBMBHBM npo

neTa HBATpoHa, Y<IHTl,IBanocb aBTOMaTHl{BCKH. BaJKHO, <!TO npH 3TOM npo

HCXOitHna H KOPPBKTHPOBKa B03MOJKHoro CllBHra HYnR 3a C<IBT HBKOTOpb~ 

oco6BHHOCTBA UHKna KaTanH3a <KOHB<!HOB BPBMR TBpManH3aUHH MD-aTOMOB 

H llllBPHOA peaKUHH CHHTB3a~ 
8 TO JKB BPBMR Mhl nonaranH BaJKHbIM HMBTb B03MOJKHOCTb HB3aBHCHMoro 

onpeitenBHHR MOMBHTa BPBMBHH, COOTB8TCTBYID~ero OCTaHOBKB MDOHa B MH

WBHH <Ha<iano UHKna,. C 3TOA uenbD TBM >KB HBATpOHHl,IM llBTBKTOPOM 

perHCTpHposanHCb MB30PBHTrBHOBCKHB ;r-KBaHThl, o6ycnoBnBHHbIB OCTa
HOBK6MH MDOHOB B CTBHKaX MHWBHH{Ni,Cr), H H3MBpllnOCb HX BPBMBHHOB 

pacnpeiteneHHB. 3To itasano HaM B03MOJKHOCTb: 1) oc~eCTBJIRTb KOHTPOflb 

CTa6HnbHOCTH annapaTyp1,~ 2) nPaBHflbHO HHTepnpeTHPOB6Tb nonOJKBHHB 

HYnR BPBMBHH HBATpOHHI,~ cneKTPOB, B TOM l{HCne H itnR H3Y<IBHHR 311)

li)BKTOB TBpManH36UHH MDOHHhlX aTOMOB. 

Pe3YflbTaTbI H3MBPBHHA, BbinOflHBHHl,IX B XOllB npoitonJKHTBnbHoro ( 150 

qacoB) ceaHca Ha YCKOPHTene, CBHllBTBflbCTBYDT O TOM, l{TO CTa6Hnb

HOCTb HYnR BPBMBHH annapaTYPbl, BKnD<iaR llBTBKTOP HBATpOHOB H CHCTB · 

MY H3MBPBHHR BPBMBHH, 6bma HB XYJKB, <IBM 0, 2 HC. nnR mHpHHbl li!YHKUHH 

pacnpeiteneHHR nonYlfBHbl 3Ha<ieHHR, 6nH3KHB K OlKHllaBMblM H3 MBTOllH<IBC· 

KHX HCCneitoBaHHA. 

Ha PHCYHKB 5 noKa3aHo 3KCIT8pHM8HTaJibH08 BP8M8HH08 pacnpeitenBHHB 
HBATpOHOB H3 peaKUHH (1). flHHHBA o603Ha<ieHa annpoKCHMHPYP!llaR li!YHK

UHR BHlla ( 3 l, ; r llB itnR li!YHKUHH F 6panacb CYMMa TPBX 3KCnOHBHT C no-

5 
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Pttc,5. BpeMeHHOA cneKTp HeAT~0H0B H3 peaKUHH (1), H3MepeHHblA B 

3KCIT03HUHH C ll<HllKHM neATeptteM: a) HaqanhHaR qaCTb cneKTpa 

(no 150 He), 6) IT0ITHbm cneKTp. 

6 

Ka3a TeITRMH A 1 = 40 MKC _,. A2 = 0, 5 MKC-1 ( HCK0Mble napaMeTpbJ) H A 3 = 5 
MKC-

1
• llnR 'UblCTPOA" 3KCIT0HeHTbl, Hatt6onee HHTepeCH0A C TQqKH 3peHHR 

~H3HKH H3yqaeMoro npouecca, nonyqeHa ToqHocTh B onpeneneHHH ee 

aMITITHTYllbl H noKa3aTenR, paBHaR 2-3% ,3To IT03B0ITHIT0 nonyqHTb H0Bhle 

Ball<Hble pe3YITbTan1 H3yqeHHR CITHH0BblX 3~~eKT0B B pe30HaHCH0M o6pa3o

BaHHH MIO0HHhlX M0neKyn neATepHR 141 • 

ABTOPbl Bblpal!<aklT 6naroZ1apHOCTb C. A. HBaHOBCKOMY, C. 6. Kapnosy tt 

0. A. IOpHHY 3a IT0M0Wb npH nposeneHHH pa6onr. 

IlttTepaTypa 

1. 3HHOB B.r.·.coMOB Il.ij •• ~HnbqeHKOB H.B. IlpenpHHT 0HHH PIS-82-47~ 
llY6Ha, 1982; ATOMHaR 3HeprnR, 1985, T. 58, c. 190. 

2. Dzhelepov V.P. et al. Nucl. Instr. & Meth.,1988, v.A269, p.634. 
3. Bystritsky V.M. et al. in Muon Catalyzed Fusion, Sanibel Islanded, S.E. 

Jones,J.Rafelsky,H.J.Monkhorst (AIP Conf. Pros.No.Bl), New-York 
Am.lnst.Phys.(1989), p.17. 

4. Dzhelepov V.P. et al. Preprint JINR, ElS-91-181, Dubna,1991. 
5. Filchenkov V.V., Marczis L., Communications JINR, EIJ-88-566, Oubna, 1988. 
6. Filchenkov V.V., Konin A.O., Rudenko A.I. Nucl.Instr.& Meth., 1990, 

v.A294, p.504. 

PyK0TTl1Cb nocTyn11Jia B l13~aT0J!bCKl1H 0T,!llJJI 

22 anpeJIR I99I ro.ria. 
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, , muonfc ;molecule 1forma:t~on of deuterium.:~:Jt5 is< shown;that 
. J~e)pata_m~ter~ ,?f,'<t_h~:• sh:ort:

1
ff feti- c_?rilp~h~nt· .. ( -r '=)'20"-30 ps 

of the neutron,;spectra·.were measured· with an. accuracy-of 
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