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1. BBELJ.EHI1E 

,[(.Jut nOHHMaHHtl MeXaHH3Ma B3aHMO,lJ.eHC'l'BHij aAPOHOB C tl.llpaMH npe,lJ., 

CTaanReT HHTepec 3KcnepHMeHTa.(IbHOe H3yqeHHe MHO:>KeCTBeHHOCTH, "M. 

nynbcHpIX H yrnOBl:,IX xapaKTep"CTHK BTOPHqHblX qaCTHU :s 3THX B3aHMO

,lJ.eHCTBl;fRx. B HaCTQRIUee BpeMR HMeeTCR MHoro ,lJ.aHHbIX nQ B3aHMO,lJ.eH

CTBHIO 3apR:>KeHHb1X aAPOHOB C R,lJ.paMH H npaKTi'lqeCKH OTCYTCTBYIOT aHa.(IO

rHqHble ,lJ.l:lHHble no cOy,lJ.apeHHRM HeHTpoHoB. B CBR3H C 3THM B nocne,lJ.Hee 

BpeMR HaqMH CHCTeMll,THqeCKH HSyqll,TbCR npoueccbI o6pa30B3liHR 6bICTPblX 

HeHTpol:iOB (p 2: 1 r3B/c) B R,lJ.epHbIX COY,lJ.apeHHRX H HX e3al;fMO,lJ.eHCTBHR 

C HYKnOHaMH H tl.llpaMH (CM., HanPHMep;' 11 ). B HacTORIUeH pa60Te H3y

qalOTCR B3aHMO,lJ.eHCTBHR C npOTOHaMH H R,lJ.paMH yrnepo,lJ.a HeihpoHoB 

C p 4,2 r3B/c, o6pa30BaHHbIX B pe3ynbTaTe B3aHMO,lJ.eHCTBHR ,lJ.eHTpOHoB 

C p '" 4,2 r3B/c HYKnOH C nponaHOM (CaH ) C nOMOIUblO 2-MeTpoBoH 

nponaHOBOH KaMepbI. B ::nOH pa60Te B OCHOB~OM 6Y,lJ.YT pacCMaTpHBaTbCR 

06pa30BaHHe H B3aHMO,lJ.eHCTBHR TaK Ha3bIBaeMbiX HeHTpoHoB-CneKTaTOpOB 

(HnH cTpHnnHHroB), KOTopble npaKTHqeCKH He npHHHMMH yqaCTHR B 

nepBHqHOM d (C HS>-B3aHMO,lJ.eHCTBHH H n03TOMY HMelOT P n S 4,2 r3B/c. 
a 

2. 3KCTIEPI1MEHTAflhHblA MATEPI1Afl 

3KcnepHMeHTMbHbIH MaTepHM nonyqeH npH o6nyqeHHH 2-MeTPOBOH 

npOnaHOBOH nY3bIpbKOBOH KaMepbl ,lJ.eHTpoHaMH C P = 4,2 r3B/c Ha HYKJIOH 

Ha cHHxpo<pa30TpoHe flB3 OI1HI1. LJ.Ba»<AbI 6blJIO npocMoTpeHo OKono 

26 TblCRq CTepeocHHMKOB AnR HaXO)K,lJ.eHHR KaK nepBH1ffiblX B3aHMO,lJ.eH

CTBHH ,lJ.eHTpoHoB C nponaHOM (C H1:\)' TaK H BTOPH1ffibIX 3Be3,lJ., o6pa30BaHa 
HbIX HeHTpMbHblMH qaCTHuaMH ( n" -3Be3,lJ.). TIpaaHJIa npocMoTpa 3THX 

cTepeocHHMKOB 6blJIH cne,lJ.YIOIUHMH. B 3<p<peKTHBHOM 06'beMe KaMepbI 

oT6HPMHCb TonbKO TaKHe CTepeOCHHMKH, Ha KOTOPblX qHCnO nepBH1ffiblX 

3Be3,lJ. C nch ~ 2 6blJIO He 60nbwe .D.BYX, H perHCTpHpoBMHCb Bce BTOPHq

Hble "n" -3Be3,lJ.bI C nch ~ 3 (3,lJ.eCb - qHCnO BTOPHqHblX 3apR:>KeHHbIXn ch 
qaCTHU B 3Be3,lJ.e) • 3¢KPeKTHBHocTb HaxO)K,lJ.eHHR 3Be3,lJ. B ,lJ.BOHHOM npocMoTpe 

OKa3MaCb paaHoH 99%. Bcero HaH,lJ,eHO 4396 nepBHqHblX H 438 "n·~3Be3,lJ.. 
113 Bcex "n"-3Be3,lJ. 404 H3MepeHbi BMeCTe C KOOpAHHaTaMH nepBH1ffiblX 

3Be3-U, H nonyqeHbl HMnynbcHbIe H yrnoBbIe xapaKTepHCTHKH BTOPHqHblX 

qaCTHU B HHX. B 34 C06blTHRX H3-3a nnoxoro KaqeCma cTepeocHHMKOB 

3TOro 6blJIO C,lJ.enaTb Henb3R, H Ha HX nOTeplO BBO,lJ.HJIaCb COOTBeTCTByIOIUaH 

nonpaaKa. 
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HCnOJlb3Yft :O;aHHble pa60TbI 121 , MbI BBeJIH nOnpaBKH Ha KOJlHtJecTBO no

TepftHHbIX npH npoCMOTpe HeynpyrHX d(C3HS ) -B3aHMO:o;eiicTBHH, H HX 

06w.ee IlliCJlO COCTaBHJlO 4903 C06b1THft. nOcJle H3MepOOHft B BbI6paHHoii 

3¢I<peKTHBHOii 06JlaCTH OKa3aJIOCb 4845 nepBH'lHbIX H 353 "n' ~3Be3:O;. H3 Hait: 

:O;eHHhIX "n"-3Be3:O; BbIneJIeHbI TaKHe, KOTopble MO)KHO OTHeCTH K B3aHMo:o;eii 

CTBHIO cneKTaTopHhIX HeiiTpoHOB (On.~ 2°) C P = 4,2 r3B/c. K HHM 6hIJlH 

oTHeceHbI 93 "n" -3Be3:O;bI, npoCTpaHCTBeHHbW yrOJl 0 "BbIJleTa" KOTOPhIX 

6hlJl Ons:::' 2° nQ OTHOIlIeHHIO K nepBH'lHOM 3Be3:o;e*/31 • HCnOJlb30aaHHe 

HMnyJlbCHhIX X8,paJ(TepHcTHK BTOPH'lHbIX 3apmKeHHbIX tJaCTHU B "n"-3Be3:o;ax 

B noM CJlYllae He :o;aeT :o;onOJIHHTeJIbHOii HH<POPM~HH ]J;Jlft BbI:O;eJIetlHH ns' 

3. XAPAI('fEPHCTHKI1 HEl1TPOHOB-CnEKTATOPOB 

.llJlft nOJlY'leHHft :O;aHHblX 0 :O;OJlH HeiiTpoHoB-CneIQ'aTOpOB H HX xapaK

TepHGTHK B nC- H np -B3aHMc;):o;eiicTBHftl!: He06xo:O;HMO YtJeCTb KOHelllihle 

pa3MePhI :O;eTeKTopa -- 3<p<peKTHBHOii 06JlacTH KaMepbI, TO ecTb BaeCTH 

Ta~ Ha3hIBaeMhIe reOMeTpHlIecKHe "Beca" perHCTp~HH .. n .... 3Be3:O;: 

113 nOJlyqOOHblX :o;aHHblX no Ip 3HatJeHHe k 1,6 ± 0,1, 'ITO COBna:o;aeT C 

ou,eHKoH 3TOii BeJIHlJHHbI, nojfyqOOHOH :o;pyrHM cnoc060M B pa60Te 151. Ta

KHM 06pa30M, npftMbIe H3MepeHHft .. n "'3Be3:O; nOKa3bIBaJOT, 'ITO B cpe:O;HeM 

(60 ± 10) % HMnyJlbCa HeHTpoHa "YHOCftT" HeHTpaJIbHbIe qaCTHIJ,bI (HeH'rpO

PnIIbl H IT 
o-Me30HbI) npH = 4,2 r3B/c. 

nOCJle HaXO)f(,!:(eHHft Wi ]J;Jlft "n·~3Be3.ll MO'KHO Onpe.lleJIHTh .llomo (M 
cneKTaTopHblX HeHTpOHOB B d( C 3 Hs ) 'B3aHMo:o;eHCTBHftl!: npH Pd = 

4,2 r3B/c' HYKJIO»: 

I Wi 
~n 0,24 ± 0.02 • (4)

S N,38 (C3 Hs ) 

113 H30TOTIHqeCKOH cHMMeTpHH CH./lbHbIX B3aHMO.lleHCTBHH (~Jle.llyeT, 'ITO 

,a;OJlft npol'oHoB-cneKTaTopoB B 3THX B3aHMo:o;eHCTBHftX ~ p s '" ~ ns' OTcIO:o;a 

JlerKO nait:TH, 'ITO Cpe.llHee IlliCJlO npOB3aHMO.lleHCTBOBaBIlIlJX HYKJIOHOB B 

HaJIeTaJOIUeM .lleHTpoHe eOCTaBJlfteT 

L1 LO ·1W = [_. (1 exp (- -)1 , (1)L .L2 1 

r:o;e L 1- cpe]J;Hftft ]J;JlHHa CB060]J;Horo np06era HeiiTpoHa C HMnyJlbCOM Pn B 

nponaHe :0;0 Heynpyroro B3aHMo:o;eiicTBHft, KOTopoe BbIBO:O;HT ero H3 nytJKa, 

L 2 - Cpe:O;HftH :O;JlHHa CB060]J;Horo npo6era HeHTpoHa :0;0 06pa30BaHHft 3B83

:O;bI C ncb :'.1:3 H Lo - nOTeHQHaJIbHaH ]J;JlHHa np06era HeiiTpoHa B 3<p<peKTim

Hoii oooacTH KaMepbl.3HallOOHft L1 H L 2 3a:o;aJOTCft H3BecTHbIMH<popMYJlaMH: 

L1 '" 
1 1 

-::;-- (2)
in L2 = nell ~ 3 (C HS)

nCTn (C3 Hs nCTn 3 
, nch~ 3 

r:o;e n - 'lHCJlO MOJleKYJl nponaHa B 1 CM 3. 3HatJeHHft CetJeHHH CT~n H (Tn 

6PaJIHCb H3 pa60TbI /41 • )lJlft HeH'rpoHOB-cneKTaTOpoB (On:::' 2°, P ..ns 
'" 4,2 r3B/c) "Beca" cJla60 MeHfIlOTCft, H nOJTOMY HX <pJlYK.rYaQHeii MO'KHO 

npeHe6pelJb « Wns :> =12,5 ± 0,4). B 3TOM CJlytJae, TaK KaK HMnyJIbC 

HeiiTpoHa H3BeCTeH, npe:o;cTaBJlfteT HHTepec onpe:o;eJlHTb BeJIHlJHHY K03<p<PH

u,HOOTa (k) , KOTOPbW xapaKTepH3yeT COOTHOIlIeHHe Me)f(,!:(y P H cyMMapns 
HhlM HMnyJlbCOM Bcex 3apft)l(eHHbIX qaCTHu B "n"-3Be3:o;e: 

<tiN:> = 2~n + 2(1- 2~ns) = 1.52±O,06. (5) 
s 

qHCJlO dp- H dC-HeynpyrHx B3aHMO.lleHcTBHH onpe.lleJlHJlOCb H3 o6IUero 

qHCJla HaH:o;eHHblx d (C3 Hs )-B3aHMO.lleiicTBHH B COOTBeTCTBHH C H3BeCTHbIMH 

cetJeHHftMH CTin (dp) H CTin (dC)'21 • 113 C06bITHH C "n"-3B83.llaMH BbIneJlft 

JlHCb nG-B3aHMO.lleHCTBHft no CJle.llYIOIUHM KpHTepHftM: 

1) Q '" n+ - n_ f. 1, 


2) np :> 1, 


3) n~ :> 0, 


4) n_ 2:, 2. 


3.lleCh np tJHCJlO npoToHoB C ps:. 0,75 r3B/c, n~ IlliCJlO npoToHoB, 

BbIJleTaJOIUHX B 3a:o;HIOIO nOJlyc<pepy B Jl.C. KOOp.llHHaT, n_(n+)- qHCJlO OTpH

u,aTeJIbHO (nOJlO)I(HTeJlbHo) 3apft)l(eHHbIX qaCTHu, B 3Be3.lle. )locTaTO'IHO BbI

nOJlHeHHH XOTft 61.1 O]J;Horo H3 3THX YCJlOBHH, 'lT06bI OTHecTH C06bITHe K 

nC-B3aHMO.lleHCTBHftM. C HCnOJlh30BaHHeM 3THX KpmepHeB 6bIJlO BbI:o;eJleHO 

(73 ± 9) % nG-B3aHMO.lleHCTBHH, (27 ± 5)% np-cOY.llapeHHH. no H3BeCTHbIM 

CeqeHHftM nC- H np-B3aHMO.lleHCTBHH C ncb:?:. 3 npH p = 4,2 r3B/c 3Halle

HHft 3THX BeJIHqHH .llOJl'KHbI 6bITb paBHbIMH (79 ± 4) % H (21 ± 1) %, 'ITO 
... XOPOIlIO corJlacyeTCft C nOJlyqeHHbIMH HaMB pe3YJlbTaTaMH/3/ • B Ta6Jl.l 

-I> 
npHBe.lleHa cooTBeTcTBYIOIUaH CTaTHCTHKa C06bITHH ]J;Jlft pa3Horo THna B3aP n = k < I Pch :> (3)s HMo.lleHcTBHH. TaK KaK lIHCJlO nsp -B3aHMO.lleHcTBHH MaJIO, TO :O;Jlft cpaB... HeHHft MI.l HCnOJlb3yeM TaK)l(e :O;aHHble, nOJlyqeHHble B pe3YJlhTaTe paC'leTOB 

no JIYH:O;-MO:O;eJIH, KOTOPaH y:O;OBJleTBOPHTeJIbHO onHCbIBaeT HYKJIOH-HYKJIOH*IJpu OzpaHulleuuu On s:. 3 ° - N = 114, OouaKo 8 3TOM C/lYllae UMeeTCH.
n HbIe B3aHMO.lleHCTBHft npH 3THX 3HeprHftX 14.61 .
60JlbWaR npUMeCb, }. 90%,npo83OUMOoeUCT808a8WUX ueUTpoU08 C On = 2 ° + 3°1.31 
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Ta6l1u14a 1 
CTaTHCTHKa C06bITHH C YlleTOM "BeeoB" 

,lUlR "n' ~3Be3.ll. 

THII B38HMO d(CaHg) dC dp ns(CaHg) n sC nsp
.ll.eHCTBHH 

4845 3326 1519 1163 843 320NcoO • 
±70 ± 58 ±39 ±l20 ±105 ±61 

4. XAPAKTEPI1CTI1KI1 BTOPI1QHhIX QACTI1U B np- 11 

nC-B3AI1MOllEACTBWIX npl1 Pn =; 4,2 r3B/c 


B 3TOM pa3.ll.ene MbI npHBe.ll.eM .ll.aHHble no MHO:lKeCTBetiHOCTH BTOPHllHbIX 
llaCTHU H HX HMnynbcHbIM XapllKTepHCTHKaM B np- H nGB38HMO.ll.enCTBHRX 
npH ycnoBHH !lch ~ 3. JlnR CpaBHeHHH Hcnonb3YIOTcR paClleTbI no JIYH.ll.
MO.ll.enH (BepcHR 6.2) , npOBe.ll.eHHbIe Ha :.:JBM EC-1061 OI1.RI1.ll.nR np-B38HMO
neHCTBHH npH p n 4,2 r3B/c. no 3TOH MO.ll.enH 6bIDO CMo.ll.enHpOBaHO 
3,5 TbICRllH np-B38HMO.ll.eHCTBHH H nonYlleHb[ .ll.aHHbIe KaK .ll.nR Bcex Heynpy
rHX np -B38HMO.ll.eHCTBHH, TaK H .ll.nR np -coY.ll.apeHHH C n ch ~ 3. B Ta6n.2 
npHBe.ll.eHbl Cpe.ll.HHe MHO:lKeCTBeHHOCTH BTOpHllHblX llaCTHU B np- H nC
B38HMo.ll.eHCTBHHx H pe3ynbTaTbi paClleTOB no JIYH.ll.-MO.ll.enH. 

113 Ta6nHUbI BH,ll,HO, llTO llHCflO npoTOHOB B nC-B38HMO.ll.eHCTBHHX 3Ha
llHTenbHO 60nbwe, lleM B np-COY.ll.apeHHRX, llTO CBR3aHO B nepByIO Ollepe.ll.b 
C HX KaCKa,ll,HbIM pa3MHO:lKeHHeM B H.llpe yrnepO.ll.a (p p :.: 0,15 r3B/c). 
KpoMe Toro, H npoueecbI MHorOKpaTHoro B38HMo.ll.eHCTBHR HeiITpoHoB C 
H.llpaMH yrnepo.ll.a ("'N - 1,5) TaK:lKe .ll.aIOT BKna.ll. B YBenHlleHHe <np> H 
<nrr+> (CM. pa3.ll.en 3). B TO :lKe BpeMR <nrr-> B npe.ll.enax oWH60K O.ll.HHa

Ta611uija 2 
Cpe,ll,HHe MHO:lKeCTBeHHOCTH ~ > BTOPHllHbIX llaCTHU 


B HeynpyrHx np- H nC-B38HMo.ll.eHcTBHHx 


THn B38HMo <nrr + > < n - > <np >
.ll.eHCTBHH rr 

nC(nch.2! 3) 0,76 ± 0,10 0,93 ± 0,09 3,02 ± 0,15 
np(nc~ 3) 0,39 ± 0,10 1,03 ± 0,04 1,64 ± 0,10 
nprt.1 (nCh~ 3) 0,18 ± 0,06 1,02 ± 0,04 1,21 ± 0,04 
nPece(nM) 0,32 ± 0,04 0,32 ± 0,04 1,00 ± 0,04 

nnc~ g (CgHg) 0,66 ± 0,08 0,96 ± 0,07 2,64 ± 0,13 
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KOBO.D.JlR np- H nC-B3aHMO,ll,eHCTBHH. JIYH,ll,-MO,ll,enb Y,ll,OBneTBOpHTenbHO OnH
CbmaeT 3TH ,ll,aHHble ,ll,nR np -B3aHMO,ll,eHCTBHH c nell 2: 3.0TCIO,ll,a MO)f(HO 
ctUITaTb, tffO H ,ll,nR Bcex HeynpyrHx np -cOY,ll,apeHHH JIYH.ll.-MO,ll,enb ,ll,aer npa
BHnbHble OIJ,eHKH < n17± > H < np > * 

B Ta6n. 3, 4 npHBe,ll,eHbI Cpe,ll,HHe 3Ha'leHIDI HeKOTopbIX HMnynbcHbIX 
H ~rnoBblx xapaRTepHcTHK BTOPH'lHbIX 'IaCTHIJ, B np-, nC- H n (CsHs )-B3aHMO
,ll,eHCTBHRX (n ell;;: 3). 3,ll,eCb )f(e ,ll,aHbI 3HaqeHIDI 3THX BenH'IHH, nonY'leH
Hble no JIYH,ll,-Mo)J,enH ,ll.J1R BI~eX Heynpyrnx np-B3aHMo.o.eHcTBHH H ,ll,nR up-co
y.rtapeHHH C n eh <:. 3. KaK BU,ll,HO H3 3THX Ta6nHIJ" nOnepe'IHble nMnynbcbI 
(P.L) nHOHOB Ii; npoToHoB B npe,ll,enax oUH:J60K cornaCYIOTCR C paC'IeTaMH 
no JIYH.ll.-MO,ll,enHI KaK H nOn\ible HMnYJlbCbI H <cos@n > ,ll,nR 1T--Me30HOB. 

OJHQCmenbHo 60nbllloH HMnYnbC npoTOHQB (Ta6n. 3) B np-B3aHMO)~ei1cTBH
RX CPR3aH C,ll,uCCOIJ,HaIJ,HeH flaneTaIOIUero HeiiTpoHa (n ~ p 17 , 'ITO XOpOlllO 
BH.ll.ffO B HMnY,IIbCHbIX cneRTpax npOTOHQB. B CBR3H C OTHOCmenbI-lO 60nb
lIlUM BKJ1a,ll,OM KaCICa,ll,Horo pa3MHO)f(eHHR npOTOHOB B nO-B3aHMO,ll,eHCTBHRX 
HX Cpe,ll,HHH HMnY,IIbC nOtffH B ,ll,Ba paaa MeHhllle, qeM B np,B3aHMO,ll,etIcTBHRX. 

Ta6llul/a 4 
YrnoBble xapaRTepHCTHKH BTOpH'lHbIX qaCTHIJ, 


B np- HnC-B3aHMO,ll,eHCTBHRX npH p 4,2 r3B/c 


THn B3aHMO
,ll,eiicTBIDI 

.<cos 01T+> <cosO ->1T <cOSl'lp> <0 0 <(J 0 > ,,  <0 0 '>p' 

nC (nell 2: 3) 0,45 ±0,07 0,65±0,06 0,56 ±0,04 60±5 44 ±5 49± 5 
np (neh 2: 3) 0,62±0,10 0,68±0,07 0,89±0,03 47 ±8 47 ±8 22±8 
npnp;:l\:h~ 3) O,68± 0,02 
nPeca<' nM ) O,63±0,02 0,68± 0,02 
~ 2s(CsHs)

ell 
0,48±0,06 0,66± 0,05 O,62±O,04 58±4 43±4 44±4 

TaKHM 06paaoM, B HacToRIUeH pa60Te nonyqeHbI npRMble 3KcnepH
MeHTaJ1bHble ,ll,aHHble no 06pa30BaHHIO HeHTpoHoB-cneKTaTopoB B d (C H )s s
cOY,ll,apeHIDIx H cpe,ll,HHe xapaRTepHcTHKH BTOPH'IHbIX 'IaCTUIJ, B up- H nGB3a
HMO,ll,eHCTBHRX npH p == 4,2 r3B/c. JIyH,ll.-MO,ll,enb y,ll,OBneTBopmenbHO onH
Cbmaer pe3ynbTaTbI no np-B3aHMO,ll,eHCTBHRM. 

ABTOPbI npH3HaTenhHbI yqaCTHHKaM COTpY,ll,HH'IeCTBa no HCCne,ll,OBaHHIO 
MHO)f(eCTBeHHbIX npOIJ,eCCOB 3a none3HbIe 06cY:>K.D:eHHR. 

* 30eCb <np > - cpeoHee 'lUCIlO nporOH06 C 0,15 <£. P <£. 0,75 r3B/c. H3 U30TD
nU'IeCKOU CUMMerpuu np-63auMooeucreuu clleoyer, 'lTD <n p> "" <nn > U <n +> == <n ~'>. 
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