
Ofib8AMH8HHbiM 
MHCTMTYT 
RABPHbiX 

MCCI8AOB8HMM 

AY6Ha 

Pl5-82-478 

B.r.3HHOB, n.H.COMOB, B.B.~HRb4eHKOB 

METO~"KA ODPE~EnEH"H DAPAMETPOB 
DPOUECCA MHO*ECTBEHHOrO 

MIDOHHOrO KATAn"3A 

HanpaeJleHo e lKypHaJl "npH6opbl H TeXHHKa 3KcnepHMeHTa" 

1982 



XapaxTepHOA oco6eHHOCTbD MDOHHOro KBT~Si peaKUHA CKHT838 HSQ

TOTIOB BO,ItOpo,na JlBJIR6TCJt ero MHOrOKp8THOCTb I' 2 • 3TO TI03BOJIJt8T HBM8THTb 

no.IIHllA IlHKJI H3M8peHRA ROHCTaHT., X8paRT6pH3ynnHX RHHeT:Imy npo1.1,ecca. 

/3Jeope~eCKOe p8CCMOTpeHRe KHH6THKH RBTa~sa npoBe,IteHO B pa6o-
Te , B KOTOpoA no~eHH BHpaX6HKJt ,nnJt BHXO,ItOB H BpeMeHHHX pacnpe-

,ne~eHHA ITpO.nyRTOB pe8K1.1,HA CKHT638 B MVOHHHX MO~eKy~ax. 

HanpBMep, BpeMeHHoe pacnpe,neJieHHe aKTOB RBT~sa pe8K1.1,HH I) 

t("l + t.- t.tj4 _,. '1He + 2,n, + ~ (I) 

HMeeT mm 

drt/dt= )._ -e(>-o+wH.~H,..)t 
H~ I 

(2) 

a HX Cpe~JtJt MHOXeCTBeHHOCTb 

K == >-- H('l I ( >- 0 + w H. \HI") . (3) 

BllpallteHHJt (2), (3) HOpMHpoB8HH Ha 'IHC~O MilOHOB, HHHI.I,HHpOB8BIIIHX peaR

IJ;Jm. ilpz BHBO,ne llTID: B!ip8llt6HRA J'IT6HO, 'iT§' Jt,nepHM peaKUHJt ( t + t ) 
npoTeRBeT MI'HOBeHHO, T. e. ee CKOpocn )._H. Y> )-0 , ~ H/'l 141. 

B peam,HHX aRcnep.HMeHTaJibHHX yc~oBHJtX npo.nyxTH peaKl.I,HA MDOHHoro 

RBT~sa perHcTpHpJ'DTCJt c ~KTHBHOCTbD E~ I. ]erKo noKasaTb, 'iTO 

BpeMeHHoe pacnpe.ne~eHHe Bcex (T.e. no~eHHHX 6es BBe.neHHJt .norro~-
J ' ·n::JJ.brtJ:LA .11. !J>n t: !'"' o:::.., u • uv !"" 1 ~ap~inv~pnvU~nA a~~Vn ~~aJLn~O ""-·---

UJ"""'C.OJ. 

HM6Tb BH,n 

clfL ~~ /dt = 
\ - ( A0 .,. W '\ ) tt~ i, e_ tt I tij< !: 

' 

(4) 

a HX BHXO.It (" 8KCITepHM6HTMbH8Jt MHOllteCTB6HHOCTb") 

n_ ~en -= E. >--u,., I ( >-o +- wl.t -'\._Lf") J 

(5) 

T. e. C TO'l:HOCTbD ,ItO HOINHJ>OBO'l:HOrO MHOX:B:TeJIJt COBIT8,ll;810T C "qHSH'l:ec

KHMH" Blipallt6HHJIMH (2) H (3). 
KaR MOXHO BH,n6Tb H3 B!ipallt6HHA (4) H (5), HCIT0~30B8HH8 HX B 

8H~3e llKCITepHMeHTaJibHHX .ItaHHHX ll03BOJIJteT HeATH ~b TipOH3B6,It8HHJt 

(J.)H >-tt,. H £, )\.H/'4 , T.e. ,nnJt H638BHCHMOrO onpe,ne~eHHJt RBZ,lJ;OA HS 

BeJIH'mH W H , >,_,H.tf He06XO,nHMO 3H8Tb ~RTHBHOCTb perHCTpaiJ;Jm (, • 

I) fume Mli 6:¥eM ITOJiloSOBaTbCJt o6111enpJii:HJlTI:OOI o6osHa'l:etmJlMl'l: .A 0 = 
= 4,55·I05 

c- - cKopocn pacna,n;a MllOHa; .A Ufo4 - CROpoCTb o6pa.sol38HH.H 

MMexyJI t. -t f'1 ; w~t- - BepoJtTHOCTb npl!t.7IliDl8JilU MllOHa K SUIJ1Y reJIIIIJt B pe-
8KII,lD! (I ) • 

r;.:-:: ..... -~" .. 
jU ::>·". . 

__ ... ~) 

. l -.. · 6illo1W.- -:- C ~<. r. 



Henocpe~cTBeHHoe onpe~e~eHRe Be~H £ npe~cTaBnReTCR Kp8JHe 
~OXHO~ 38~a~e~. KaK llpa~O, B llO~OOHHX C~8RX 9q¢eKTHBHOCTb pac
C~THBaeTCR MeTO~OM MoHTe-Kapno C yqeTOM rrapaMeTpoB HC~e~eMOI'O rrpo
uecca H reoMeTpMH SKCITepHMeHT~HO~ YCT8HOBKH. nna peaKUKH (I) TaKHe 
pac~eTH ~OITO~HTe~HO OC~OmHHIDTCR TeM, ~TO 9HepreT~ec~ cneKTp 
HehpoHOB HOCHT llpOTmteHHH~ XSpaKTep. K TOM'J lite HMeDJt8.R:C.R: HHqKlp.!SUHJI 
0 B~e 9HepreT~eCKOI'O pacrrpe~~eHHR He~TpOHOB H3 (I) Heorrpe~e~eHHa 
H3-38 rrpOTHBOpe~HBHX CBe;teHR~ 0 BMa,IJ;e B38HMO~elcTBHI ( rL (1. ) 1! ( n d-.. ) 
B KOHe~OM COCTO.R:HHI! /5/. 

ITpe~cTaanHeTC.R: O~e~HHM, ~TO BHXO~ H BpeMeHHoe pacrrpe~e~eHHe 
Bcex HeiTpoHOB OTH~b He OTpalKSDT rro~oTy HHqKlpMSUKH o rrponecce noc
~e~oBaTe~Horo MDOHHOI'O KaTanH38. MOlltHO ~OITO~HTe~bHO H3Mep.R:Tb Bpe
MeHHoe pacrrpe~e~eHI!e "rrepBbiX11

, 
11 BTOpHX" H T.~. He~TpoHOB H 1!X BHXO~ 

~ BHXO~ 0~0~, ~OtffibiX H T.~. HehpoHOB. 0Ka3HBaeTC.R:,ITpH Hc
IT0~30BSHRH TaKoro po~a ~orro~Te~bHO~ HHqKlpMauaH oTna,n;aeT Heo6xo~
MOCTb B anpHOpHOM 3HaHHI! Be~HHH S (OH8 CaMS MOllteT OHTb HSJ~eHa 
H3 sHanzss aKcrrepHMeHT~HbiX ~aHHHX). ITpi! aTOM~ HesaBHCHMoro orr

pe~e~eHRII Be~ Wtt H )._H/'4 ~OCT8TO~O I!CllO~b30B8Tb Jimllb ~aHHHe 
0 BHXO~e I! BpeMeHHOM pacnpe~e~eHHI! "rrepBHX 11 H 0 BHXO~e 11 BTOpbiX" sape
I'HCTpHpoBB.HHHX HeiTpoHOB. 

CxeMa no~e~OBB.Te~Horo MDDHHoro KBT~sa peaKUHR (I) npHBe~eHa 
Ha p!iCyHKe. 1viOOH,OCB000lii,ll;aer.Ibd! B,pe~lll (I), 11MI'HOB6HHO" ( )...~ >"7).. 
' ' ~A~--,.~~ .j. AJ --~•• n -~-~•• ~~ Mo~~~~-~- ' JJ J 0 f 
I' "HI'( .... Vl;'V-VJ V.&. .... , " ..... .&. ... nit U ..., ............... VVT .............. ~ .... v ... .u.&u / 'i-1 .... ,,''• ~.~:! ... "!8 

KY~. 06osHa~ ~H~o tfi -aTOMOB, coxpa1iJll(IIli!XcR K ('4 i. -My aKTy peaK

UI!H CHHTesa, ~epes N~ • ~KUHI! N;. { 1:.) y~oMeTBOpRIDT cl!cTeMe 
ypaBH6HH~: 

r~e MH o6osHa~ 

>- =: >- c + >-t.t('-1 • 
PemeHHR aTol CI!CTeMH ~ rpa~oro y~oBHR N4 { 0) = I HMeDT ~ 

N 
· L-1 : j ).. t 

dt:)=((l-wtt)).H.t<J r· e j(i-f)j 

TaK KaK CKOpoCTb pearunm (I) )._~t. >>)..H.~ 1 >--o , TO BpeMeH
HOe pacrrpe~e~eHRe HeliTpoHOB Hs i. -ro BKTa pesronm CHHTess 

5 It) d ' ·' 'i. L·i i.-i ->-t; ~ = n .. {dt= "'t.t,.,tvdt.)= ~"ttf<{l-w,t) ! e ;(L-f)! {6) 

.. 

Blixo~ HeiTpoHOB OT (. -I'O 8KT8 
""'. H L 

n.: = t h (t)dt = ( i-w*t) (>--H,.. 1 >.) 
C ITOMO~bD BHpBlKeHHR (?) MOmHO IT~Tb TaKllte 

BHXO~ O,D;HOKpaTHHX, ~yxpaTHIDC R T.~. peBKUI!I: 

(?) 

COOTHOWeHHR ,lJ,]Iii 

rttL): 1'1;.- t'l,i.·i = (~-wt.t{l)._i.H.f' (}..Gt-Wt.t.\t.r)/~T!. (8) 

T.e. COBITS~eT C {2), a ... 
K = ~ n.~ = 

L' t 
COBITa,IJ;aeT C (3). 

BHXO~ BCeX BKTOB peBKUI!I CHHTe3S 

frt(t)cH:: \Hf"/(A(J+WH)-Hf) 

Terrepb yqTeM KOHe~ ~KTHBHOCTb perHCTPauaz S< I. llpH 
9TOM.B03HKKSeT B03MOlKHOCTb, ~TO nepBHM 6y~eT saperHCTpHpoBBH HeiTpOH 

OT l- -I'O aRTS K8TanH38 llPH y~OBHI!, 'ITO HeiTpoHH OT rrpe~ 
L - 1 BKTOB pearonm He 6y~T asperzcTpzpoBB.HH. C yqeToM aToro Bpe
MeHHoe pacrrpe~e~eHHe rrepBHX 9Spei'HCTpHpoB8HHHX He!TpOHOB MOllteT OHTb 

rrpe~CTSMeHO B B~e CJMMH: 
S,1Kcnlt.) = E ~!(t) +(l-£)tE!,.it:)+U-£)[Es3lt)~ ... H =-

= E [511t) t- (t-£Ht(t.) +(I-E/ f, It) +-•" J = (9) 

""' i.·i = E?: (1-£) Lit) . 
... 1 

ITo~cTsM.R:R CD.D:S BHpallteHR.R: (6) ~ 5dt). rro~aeM B .R:BHOM ~e 

£;"" (t)= c;, ur "'d- [A,~ (<·•k<S;,ftf. <ro> 

BHxo~ rrepBHX saperHCTpHpoBaHHHX HeiTpoHOB 

n1)kC'l= ~5~nlt-)dt= E>--ufi/[>-o+(E·wlf-Ewtl)>-u.t<1· (II) 

3TO lite BMpaEeHHe MOllteT OHTb ITO~eHO C ITOM~bD qKlpMY~ {9), ec~ B 
Hee BMeCTO hIt) llO~CTaBHTh n ~ cor~SCHO (8). 

ilpH Bl:lBO~e BHpBJ~eHH.R: ,ItJlfi BHXO~S BTOpHX 3Spel'RCTpMpoB8HHHX BKTOB 
peBKUHII ~e~eT J'D!THB8Tb, ~TO MOryT ~eTeKTHpOBBTbC.R: HeiTpoHH H3 ~e

~ nap BKTOB KBTa~sa: 

(J,2.), (1,3)"· (1.i.); (2.,3),(2/-t)· .. (2)); ... 
CooTBeTcTBeHHo BHXO~ 

:~ 



r.ne P. rn 
- 6HHOMR8JIDH8.R BepoJITHOCTl> perRCTp8UHR m -C06llTIIA 1:13 L : 

llO.IJ;CTSBIIB B (I4) BllpW!t6HHR ,IJ;JIJI n,(i.) COrJIBCHO (8) H ,IJ;JIJ1 

corJIBCHO (I5), IIOJIY'IHM m 

lt~(rn)- [m(f-t,,JHf-1 _( >-o+~H )..H~) A~L__ 

.ll.rui m, = I 

I ).. -I' .... , .. (",) \\ lfY!d 
L · o 'w -u '-- tT /' ti(" j 

(I5) 

(I6) 

11,31((<~ (f)= ~ ).H,... { >-o1"WH 'Au,..) (I7) 

[ >-o + { £ • w,l- £ w11 ) >-.J~,-.] 1 

" n )KLn 
llo,ncTaBJIRR B (I3) Bl:lpaEBHHR (I7) I:I (II), ITOJIY'IHM ,IJ;JIJI 4 
COOTHOmeHHe (I2). 

EHpaEeHKA (IQ)-(I2), (I6) BnOJIHe ,IJ;OCTaTO~O ,IJ;JIJ1 I:ICITOJil>SOBaHHR 

B aHaJIHse axcnepJ:IMeHTaJI»HHX .IJ;aHHHX c neJI»D HesaBRcHMoro onpe,neJieHJ:IR 

BeJIKtlliH WH H ). ~N. HaM npe,ncTaBJIReTCR HaJ:I60Jiee y,no6HI:lM npHMe

HKT.l> CJie,JJ;,YJJIUfit aJirOpi:ITM. 

I . Hs aHaJIHsa BpeMeHHoro pacnpe,neJieHKR nepBHX saperHcTp:HJ>OBaHHWC 

C06HTHA (IO) onpe,neJIReTCR BeJIKqKHS 

a.== >-o-r(tJo .. £-£wH)'Au~ · 
J«Ul )IC£n 

2. HcnOJII>SYR KSMepeHHHe 3H8'18HHR BeJIH'mH Q_, , fLj R nl. , 
C ilOMOIIU>D COOTHOill8HHR nt"" ( ~ o • W.l AHM )j (L. = n J<"" ( 1) = n/u.t- n/tt" 
IIOJIY'Ia8M Be.Jlil'lliHY 

1 

\ 
I 

3. Hs COOTHOmeH:HR 

1-wH .., n2.'k£vl / (n/l'>"''ilv 
HSXO,IJ;RTCR B8JIKqKH8 W f+ • 

4. ilO.IJ;CTaBJIRR STO 3H8'16HHe B BUpSXeHHe ,IJ;JIJ1 ~e RSB8CTHOA BeJIK-

'lKHI:l 6 -= ">.0 + Wll A Hf'-1 , HSXO,IJ;IDII >-H~ • 
TaKHM o6paSOM, HCKOMHe BeJIKqKHI:l tVH· H A HIU MOryT 6HTI> 

HSA.!J;eHH 6es HCilOJII>SOBaHHR ~KTHBHOCTI:I perHCTpauKH. 0'!eBK,IJ;HO, CaMS 

~KTKBHOCTl> TSKXe MO~eT 61:lTl> ilOJIY'I6H8 HCXO,IJ;R HS ilpoBe,IJ;eHHOrO aH8-

JIK38, 'ITO npe,ncTaBJIReT caMocTomenHHA HHTepec. CpaBHeHHe SToA BeJIK

'IHHH C COOTB6TCT~HMH p8C'16T8MH, B KOTOpHX HCilOJII>SYDTCR pas~e 

npe,nnoJio~eHHR o xapaxTepe aHepreTH'!ecxoro pacnpe,neJieH:HR HeATpoHOB Hs 

peaKUHR t + C , il08BOJIHT ITOJIY'IHT.l> CB6,IJ;6HHR 0 Bl<JI8,Ite ( f2 f2 )-H (fir/., )-
BSSHMO,IJ;eACTBHA B KOHe~OM COCTORHHH. 

CJie.BYeT yxasan, 'ITO Heo6xo,ItHMHM yCJioBHeM xoppeKTHoro onpe,neJie-

HHR BeJIH'lml W ff· H ). ffJII B nponecce (I) smJIJ!eTCR ITpaBHJII>HB.J'! ycTa-

HOBKa nopora perHCTpan:HH HeATpoHOB ,IJ;JIJI ~oro ,IJ;eTeKTOpa - SHepreTH

'16CKHA nopor ,n~eH 61:lT.l> HHZe MHHHMaJI.l>HO B08M~OA (HS KJ:IHeMaTHKH 

peaKUHR t + t. .... H~ + irL ) CYJdMBPHOA aHepro )J;ByX HeATpoHOB. 

llOJIY116HHHe HaMH Bl:lpaE6HHR (I0)-(I2), (I6) JierKO 0606maDTCR H 

,IJ;JIJ1 MllOHHOro K8T8Jiii38 B 'li:ICTOM ,neATepo. 06utee 88M6'laHH6 SaRJDJ'lSeTCR 

B TOM, liTO aqxpeKTl'IBHOe HCITOJil>SOBaHHe 9Tl'IX BllpallteHKI B 8H8Jiii8e 9KCne

pi:IM8HTaJII>HHX ,IJ;aHHWC BO~MO~O JIHIII.l> B TOM CJIY1186 , KOr,na 9RCneplD46HTSJib

H8.R MH~eCTBeHHOCT.l> nm•t'l >- I, T.e.,KaK CJie.nyeT 113 ifloiMYJIH (5), 
npH E. A+f/4 I). 0 5 I (BeJUI'IHH8 wfl_ M8JI8) HJIH ,IJ;JIJI .neATepHR npH 

E >.r.ld!! j).. 0 ~ I. .ll.rui MllOHHoro KBTaJIHsa peaKUHR (I) yxasaHHoe yc

JIOBJ:Ie MOJteT 61:lT.l> COOJI!Ql(eHO ,IJ;JIJI D,IJ;Roro TpHTHR, r.ne }.. HM~3. ro6 c -I /3/' 
Wlli raaoo6paSHOrO TJli:IT:HR np!i ,IJ;aBJI9Hllil p :> 100 aTM. 

CxeMa noCJie,noBaTeJII>Horo MllOHHoro KBTaJIH3a pe8KUJIH CHHTesa W tT. 

ABTOpl:l B~DT 6Jiaro,napHOCTb B.M.EucTPHUKOMY 11 A.l.KoBBHy sa 

noJiesHI:le o6cYE,IJ;eHRR. 

;; 
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AAepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaA ~3HKa AAepH~X peaKliHH 
npH HH3KHX 3HeprHAX 

16. ~03HMeTpHA H ~3HKa 3a~HTW 

17. TeopHA KOHAeHCHp08aHHOrO COCTOAHHA 

18. HcnonbsoaaHHe pesynbTaToB H MeTOA08 
~YHAaMeHTanbHWX ~3H4eCKHX HCCneA08aHHH 
8 CMelKHWX o6nacTAX HBYKH H TeXHHKH 

19. EiH04>H3HKa 

3HH08 B.r., CoM08 fl.H., ~HOb4eHK08 B.B. MeTOAHKa onpeAeneHHA P15-82-478 
napaMeTpoa npollecca MHOll!ecT8eHHoro M~OHHoro KaTanH3a 

PacCMOTpeH npOlleCC MHOll!eCT8eHHOrO M~OHHOrO KaTaOH3a peaKliHH t + t ... 4He +2n 
H HaMe4eH nOnH~H liHKO H3MepeHHH KOHCTaHT, xapaKTepH3y~~HX KHHeTHKy npOlleCCa. 
nony4eH~ B~pall!eHHA AnA 8~XOAa nepB~X, 8TOp~X H T.A. 3aperHCTpHpOBaHH~X 

aKTOB nocneAOBaTenbHOrO M~OHHOrO KaTanH3a peaKliHH H apeMeHHOe pacnpeAeneHHe 
AnA nepB~X 3aperHCTpHpOBaHH~X aKTOB 3TOH peaKliHH. HcnOOb30BaHHe 3THX B~pa
ll!eHHH npH o6pa60TKe 3KCnepHMeHTanbH~X AaHH~X n03BOnHT 060HTHCb 6e3 npHane-
4eHHA 3¢1lleKTHBHOCTH perHCTpaliHH HCCneAyeMOH peaKliHH, 4TO CY!IleCTBeHHO nOBblwa
eT T04HOCTb H HaAeli!HOCTb OnpeAeneHHA KOHCTaHT M~H~OrO KaTanH3a. nony4eHH~e 
pe3yflbTaT~ nerKO 06061Jla~TCA H AnA KaTaflH3a peaKliHH CHHTe3a d+dAnR YCflOBHH, 
KOrAa cpeAHRR MHOll!eCTBeHHOCTb 3TOH peaKliHH M::: 1. 

Pa6oTa a~nonHeHa 8 fla6opaTOPHH AAePHwx npo6neM OH~H. 

Liuuv 'v".U.' 5u111UV L..N., ri i(...iu::IIK.uv ·v:v·. Ut:Lt:llllilldliun Ul Lne 
Multiple Muon Catalysis Process Parameters 

The process of successive, multiple muon catalysis of the t+t ... "He+2n 
reaction is studied. In order to determine the constants characterized the 
kinetics of this process the full cycle of the measurements is suggested. 
The expression for yield of the first, second, etc., detected acts of suc
cessive muon catalysis are delivered. The use of these expressions makes 
it possible to exclude the detection efficiency of the studied reaction in 
the analysis of experimental data and to improve the accuracy and confidence 
in determing the muon catalysis constants. The obtained results may be 
applied to muon catalysis of d+d reaction if the mean multiplicity of this 
react ion M~.l· 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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