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IY"' Jlc}epHbiX UCCJtec)oaaHUU t(y6Ha 

' ' 

HacTOHll{aH pa6oTa IIOCBHll{CHa HCCJIC.IJ;OBaHHIO MCXaHHJMa 
pe~KUHH 2:lN(3He,p)24/Va, 22 Ne.eHe,a) 21 Ne .!I HJMepeHHIO 
.nnclJclJepe.HUHaJihHbiX H IIOJIHbiX celfCHHH peaKUHH B HHTepna.rie 
2,9·- 4,1 MJ-B. )lo na.cTonmen'pa6oThl nccne.nonanne nnx 
peaKUHH npono.nHJIOCb B o6nacTH 1~eprnif ~ 60JiblllHX 9M JB/1-4/, 
r.ne OCHOBHOC BHHMaHHC y.IJ:CJISIJlOCb aUilJ!H3Y yrJIOBbiX 
pacnpe,neneHHH C UCJlbW IIOJIVlfCHHH CIICKTpOMeTpHlfCCKOH 

. HHclJopMaUHH 0 KOHClfHbiX Hllpa~ 24 Na H 
21 

Nc. 

1. MET0Jf/1KA H3MEPEHHi1 

. ' 3" . . 
Pa6oTa Bbiiionnena na nylfKC nonoa He 1JICKTpocTaT·n-

qecKoro renepaTopa 3r-5 OHRH. Hccnc.noniumH npoao.nn-
, '• . . .. - . 

JIHCb Ha raJOBOH MHIUCHH, KOTopaH HaiiOJIUHJiaCb. HCOHOM 
c o6orauieHHCM 22N-800fo 110 naane.HHH 50 Top. J13MepeHHR 

-·.·KpHBbiX. B036ym.neHHH H .yrnoBhiX pacnpeneJ1CHH~ a -qacTHU 
. ' ') ;. . 

H IIPOTOHOB H3 peilKUHH IIpOH'3BO.:IHJ10Ch o'.:tHOBpCMCHHO IIHTblO 
nonepXHOCTHo-6apbepHbiMH .neTCKTop;nlll, 'ycTaHOBJICHHbiMH · 
B KaM'cpe pacceHHHH. O,nnn H3 HHX, iwHIITOp, ycTaHaBJIHBaJICH
no.n YfJIOM 30°. OcTaJihHhiC pacnona rannch na: KponrnTeiine, · 
KOTOpbiH MOr Bpam_aTbCH OTHOCHTCJihHO OCH KaMepbl, 
o6ecneqnnan HJMepem!n yrnoB"hiX pacnpe.nenennii ·a nnTep
nane yr.rion 2 .; 165° B n.c. 3nepreTIIlfCCKOe paJpernenne· 
Ka:>K.noro H3 cneKTpoMeTpHlfCCKIIX Kananon cocTaBnHno-50 + 
60 KJB .nnn E a=. 5~5 · M J B. ,li.a HHhie no ,nllclJcl>epcnuna_nhnhiM 
CClfeHHHM R yrJIOBbiM pacnpCliCJICIIUHM IIOJ1)'43.'1i1Ch BhllfHC~ 
ne·nueM nnomann 1neprcTIIlfCC:t-:oro cnc~-~pa cool"nel-cTBYIO
mer,o Kana~TJa pear111111 ··3a BhtlJCTOM clJoua. I13-3a· nannlfHJI 
B HCOIIC npHMCCII 14N H3 Jlll•1:1epCIIU113Jll,HhlX CC'lCHHHH yr
JIOBhl~ pacnpc.nc.TieHuii pcaKmm 22 NeHc,p) 

24
Na· 11 

3 



22 Ne( -He.a) 21 Ne BhJqHTaJICH BKna.n- rpynn p 3 i H a o H3 
peaKUHH l'W+3He, nOCKOJihKY/B COOTBeTCTBHH C ~HHeMaTHKOH 
peaKUHH/ HM!!YJibChl 3THX rpynn perHCTpHpyiOTCH npHMepHO 
B Tex me Kauanax aMnJIHTy,nuoro anaJIH3aTopa, qTo H n:M
nynLCLI OCHOBHOH peaKUHH. IlonpaBKa onpe,nenHJiaCb H3 
npoBeneHHLIX naMH H3MepeHHH nn<P<Pepeuuna.riLHhiX ceqeJiuii 
H yrJIOBbiX pacnpeneileHHH peaKUHii14N(3He,pl60,14N(3He,a) 13N. 
CxeMa onLr~a, KOHCTPYKUHH MHIIIeneii,-6noK- cx(rM:a--perncT
pauuu HMnynLcoB, MeTonnKa H3Mepeunii H MeTonHKa pac
qeToB nn<P<PepeuunaJILHLIX ceqeunii H yrnoBLIX pacnpe.n;ene,. 
~HH auanotuqubl. ~onncaHHbiM paue'e ?sf. Onm6Ka B onpene
JieHHH 3He'prHH ±20 K3B. 'pa36poc no 3ueprHH nyqKa npH 
npoxmkneHHH · HM BXO,llHOrO- OKOIIIKa MHIIIeHH COCTaBJIHJI 
"'20 K3B. 

2. PE3YJibTATbl H3MEPEHHH H OHCY)K,4EHHE 

a/ PeaKIJUJl 22 Ne( 3He.,p.) 24Na 

i 
! 

Ha puc. 1 npune~eu THnH-.IHLIH 3HepreTuqecKHH cneKTppe- ·· 
aKUHH

22Ne( 3 
He, p) 

24Na,H3MepeHHLIH non yr!Io_M 135°np~ E3He = 
= 3,95 M3B. Ha puc. 2 H 3 npencTaBnenLi peJyJILTaTLI H3Me
peunii nli<P<Pepe:HnuanLHLix ceti(muiipeaKUHH 22Ne(3He,p) 24Na 
nJIH rpynn p O ; p 1, 2 , p 3 , p 4, 5 • l13MepeHHH npOBOnHJIHCh 
non yrnaMH 45, 90 H 135 ° B HHTepBane' 3Heprnii 2~9 -
4 M3B c IIIaroM no 3HeprHH 50 K3B. ,[(JIH HCKJIJOqeHHH 
OIIIH60K, CBHJaHHbiX c onpe.neneuneM: reoMeTpuqecKoro <Pai<-- . . . 
TOpa H qHCTOTbl nyqKa, BbiXOn npOTOHOB H3 peaKUHH HOp-
MHpOBaJICH no BhiXOJlY npOTOHOB peaKUHi~ - 2H( 3He, p)'a , 
nu<P<PepeuunanLHLie ceqenHH KoT'opoii H3BeCTHLI I si.CpenHHH 
KBanpaTHqHaH. OIIIH6Ka H3MepeHHH .D:HcPtiJepeHUHaJibHhiX ce'~ 
qeunii ue npeBbiiiiaeT 13o/o. Oua ciiaraeTcH H3 oiim6KH 
H3MepeHHH BhiXO,Ua peaKUHH C yqeTOM cPOHa /+12o/o/, OIIIH6KH 
onpeneneHIIH qncna HOHOB 3He,. na.naiOIUHX ua -MHIIIeni. /1 o/o/, 
OIIIH6KH onpeneJieHHSI qncna aTOMOB MHIIIeHH /0,5o/o/, OIIIH6KH 
HOPMHpOBKH / 4o/o/. 

Ha puc. 4 npencTaBneHLI pe3yJILTaTLI H3MepeHHSI yrno
BLIX pacnpeneJieHHH npoTOHOB H'3 HCCJienyeMOH peaKUHH 
nJIH COCTOSIHHH P1, 2 , -p 3 , P 4,5, Bh_InOJIHeHHhiX npH qeTblpex 
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i 
i. 

3HaqeHHHX 3HeprHH. H3MepeHHH npoBonunuch B HHTepBane 
yrnoB 15- -· 165°. B n.c. CP.ena.n.n KBanpaTHqHaH .owu6Ka 
H3MepeHHii yrnoBhiX pacnpeneneHHii, BKmoqaiOll\aH Kopunop 
OWH60K. H OmH6Ky HOpMHpOBKH .kpHBhiX no naHHbiM nu!lJ!lJe
peHUHanh~hiX ceqemrii non yrnoM 90 °, He npeBhiWaeT 15o/o. · 
KaK BHnHo H3 puc. 2 H 3, KPHBhie B036Y*neHHH, H3MepeHHhie · 
no.n yrnaMH 45, 90, 135 ° B n.c., c B03pacTaHHeM 3HeprH.H 
H3MeH.!iiOTCH HeMOHOTOHHO /HCKniOqe'HHe COCTaBnHeT nHWh 
rpynna p

3
, · H3MepeHmi..n non yrnoM 45 ° I. Ha6nionaiOll\Hec.n 

Ha KpHBhiX .B036y)K:UeHHH Ma.KCHMYMhl He -KOppenHpOBI;l-Hhl 
Me*.nY co6oii HH no yrnaM, HH no rpynnaM npoToHoB: HcKnro
qeHHe cocTaBn.neT wupoKHii MaKcHMYM npu E3He=3,55 M3B 
.nn.n rpynnhl p 

1 2
.0.n;HaKo, ·KaK 6yneT yKa3aHo B nanhHeiiweM,_ 

nOHBneHHe 3TOI'O MaKCHMyMa, no-BHnHMOMy, He CBH3aHO 
c npo.nBneHHeM rpynnhi ypoBHeii cocTaBHoro .n.npa 25 Mg c 

'3Heprueii B036Y*ileHHH 23,22 M3B. Bo3MOmHo, qTo noHB~ 
neHHe ero qacTHqHo CBH3aHo c cunhHOii HHTep!lJepeHuHeii 
npHMOI'O H KOMnayH.n;-npoueCCOB B3aHMO)l;eHCTBHH. 

YKa3aHHaH BhiWe oco6eHHOCTh noBeneHHH !PYHKUHH B03-
6y,K,n:eHH.H n03BOnHna H3Bneqb HHiiJOpMaUHIO 0 Bemi>IHHe KO
repeHTHOH WHpHHhi,KOTOpa.H H.IJ;eHTHlPHUHpyeTCH. CO cpe.n;HHM 
3HaqeHHeM nonHOH WHpHHhi ypOBHeii KOMnayHn- H.n;pa r, 

. Onpe.neneHHe . r npOH3BO)l;HnOCh' no aBTOKoppenHUHOH-
HOH lPYHKUHH /6/. . 

<a (E) - < a(E)>> 
C( E) = -'--------

<a (E)> 

<a( E+l)-<a (E+e )» 
--------

<a(E+c)> "/1/ 

r.ne < >- ycpe.n;HeHHe, B3HToe no HHTepBany.H3yq~eMoii 
3HeprHH, a( E), a (E.+ d - nu!lJ!lJepeHII'nanh:Hoe cel.J:eHHe npu. 
3HeprHH' E H E + E, cooTBeTCTBeHHO, E - war H3MepeHHii 

no 3HeprHH. 
Ailanil3 !lJyHKUHii uo36Y*AeHHH H yrnoBhiX pacnpe.neneHHii 

n03BOnHeT c.n;enaTb 3aKnroqeHHe 0 CnO)KHOCTH MeXaHH3Ma 
peaKUHH. HeMOHOT?HHhiii xapaKTep KPHBhiX B036Y*.neHHH, 
CHnhHaH .3aBHCHMOCTh yrnOBhiX pacripe;~;ene'HHH OT 3IieprHH - . . . '· - ~ d:- . . " . -·. 
yKa3hiBaeT Ha cyiiieCTBeHHYlO ponh MeXaHH3Ma COCTaBHOI'O 
.n.npa. · BMecTe ·c TeM, Ha6inonaloiueec·n' .nna· q)ynrr p1~~ ,. p3· 
yBeiJHqeHHe· C pOCTOM 3HeprHH .n;u!lJ!lJepeHUHanhHOI'O ceqe-

8 

)i 

i. 

l 

•. 

.. .. 
. HHH · no.n MarihiMH yrnaMH yJ<a3hiBaeT Ha Hanu~ne ·. onpe.ne
· ne!moro BKna.na 

3TOI'O BKna:n;a-(Y) 
np.nMoro MexaHH3Ma peaKUHH. · OueHKa 
npoBe.ne~a :rio.!lJopMyne /6/. · 

-, . ' 
·~ . 

. . 2 .. 
J- y .... 

C(()) 
N max . 

f . 

/2/ 

r .ne. C (()) onpe.nen.neTCH no !lJopMyne /.1/ ,Kor.na. E = 0 ; r.ne 
NTllK= ;[(2sa+ 1)(2sb+1)(2i + 1)(2j.+ 1)], 

sa, s b ~- i , j - cnHHhi nanaioll\eii H BhmeTaiOll\eii qacTHU, 
H)l;pa-MHWeHil: H. KOHeqHOI'O Hnpa COOTBeTCTBeHHO, Y- )l;OJIH 
MexaHH3~Hi. np.nMoro B3aHMoneiicTBHH. Pe JynhTa Thi pacqeTa 
f H y npHBe.n;eHhi B Ta6nuue ·i. · Pac'.wThinpoBo.numich .nn.n .. 
KpHBhiX B036y)KneHHH, II3MepeHHhiX non yrnoM .135_ 

0 
B n.C. 

Kai<:. BH.n;Ho H3 Ta6nHUhi, BKnan np.nMoro npouecca B3aHMO-: 
.n;eiiCTBHH B MeXaHH3M peaKUHH He npeBbUUaeT 40o/o. 

·.: · ·.-"' · licn:··on~JYH .JHaqeHue.,;.Y, MhicneJianu-~nonhiTKY onnca:
HHH ycpe.n;HeHHhiX .no 3HeprHH yrnoBhiX pacnpe.ri,ene.HHii rpynn 

· P 1, 2 'P
3 

no cTaTHCTHqec-Koii · TeopHH XayJ~_pa-<I>ew6axa/1/, 

.. 

Ta6mma 1 ·'";;, 

rpynna . ·- p f1,2 . p3 P4,5 
·0 

yron 135 . 135 135 ; 135 
-
' MaKe . ( - ) 51 88 68' 75'· r ·. KaB 
,..3pHKCOH , .. 

' < 

18 16 6 -
·N _MaKe 

·.• 

f 
y 1?. . 22. 37 - .. -

r MHH (KaB) • - 40:· 26 

x~.P, -· . .. - ..... ' 

HcnonhJOBaHue Tioii 1'eopnlf. npencTaBn.neTcH B03MO)KHhiM, 
nocKonhKY "nnoTHOCTh 'yjlOafleii cocTaBHoro .n.npa -· 25M~ .no
CTaT.OqHo BemrKa /B/ /HarrpHM.ep, npH E .'H& =· 3,5 M3B, pac_-,. 
CTOHHHe Me)K)l;y ypOBHHMH COCTaBrrHeT 0,57 K3B/. . . . 
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.. . . 
Ha. p_Hc. 5 npen:cTaBrreHbi _ycpen:l(eHHbie y~rroBbie pacnpe7, 

n:errenn~ .IIJIH rpynn npoTon(m Pt, 2 , p3 .IlyHKTHpHa.H KpHaa.H -: · 
pacqeTHbie · yrrroBbie pacnpenerreHHH, norryqeHHbie no MeTO.IlY 
XayJepa-4>em6axa. 3naqeim.H ~o3¢qmuHenToB TpancMHccmH 
Te =1-llJe 12 I 'Tie- K03cPcPHUHeHT OTpa:>KeHH.fl e -napuHaJib•. 
HOH BOJIHbi/, HCnOJibJyeMbiX B pacl.JeTaX .IlHcPciJepeHUHaJibHbiX · 
cel.JeHHii no MeTony. XayJepa-4>em6axa ( da/ rl 0) x-<P, 6biJIH 
nonyqeHbi no nporpaMMe. CAT 191 na 3BM CDC -1604A. 

d6 
dr? 

120 

120 

80 

22'3. 24·· 
Nee He,p12J Na 

E= 3,5 

250 

60. __ ..... 

- .... --.... _ - _.;..- fOO 
'~ ~ ..... ______ ,.., 

1,0 

50 
20 

O · . 20 1,0 -. 60 80. fOO 120 11,0 160 
e 

· 
22

Ne ( 
3
Me .~l4Na• 

£= 3,5 ~. 

.. ..., ,.7t,tr_ 

.......... . .Jio/. 
.......... ,... ........ .,.. ..... _..__... .. 

20 1,0 60 so 100 120 ~~ f60 e 
Pile. 5. Ycpe~nenHbJe Jnaqe~~H yrnoBhiX pacnpe'.Il~nenHii 
.IlJIH pe&KUHii ~NeeHe, PI,2 ) 24 Na* H 22 Ne( 3 Hei p3f 24Na*. Yc~ 
pennenke npoBeneno B .zmanaJone 3Heprnii 3,34-3,65-M::JB. 
I cnrromna.H KpHBaH/. IIynKTHpiiaH KpHBa.H - pacl.JeTHbie 
JHa.'leHHH no MeTO.IIY Xay3epa-4>em6axa·. Ha ocH a6cuHcc -
yrorr B CHCTeMe ueHTpa MaCe. Ha OCH OP.IlHHaT - da/ d{l B' 
MKB/ cTepa,IJ;. 

OnTH"'eCKHe napaMeTpbl .IIJIH Bxonnoro KaHana, neo6xo:nHMbie 
nnH JHicqero:B, rionytiei-Ibi 3KcTpariomiuHeii napaMeTpoB, yKa ~
JaHHbiX B /to-11 ~ B o6rraCTbHarniix 3m!prHii. :iJ.nJlshiXO.IlHOro 
Kana·na n8.'pa~eTp~i pacc.qn'i .. biBilinich·: n.o 'clJo.pM'ynaM'' ·pa6oL 
. Tbl I 121~ p aCCl.JHTbiBae MhH:!. ytnoB.bie. pacnpene'.rie nii.R: IiopMn·-

. . • . ~ •. • •• ,_ . . • 1 .-. •• . ':. . .. • 

.10 

l 

~ 

' t l 

poBaJIHCb K ycpe,IIHeHHbiM no 3HeprHHM 3KCnepHMeHTaJibHbiM 
pacnpe,IJ;eneHHHM, H3 KOTOpbiX B TOl.JKe no_pMHpoBKH /135° I 
Bbll.JHTaJIC.fl BKJia)J. np.HMOro npouecca B3aHMO)J.eHCTBHH, pac:
Cl.JHTbiBaeMbiH no ¢opMyrre /2/ /B 3TOM - crrytl:ae ,IJ;aHHbie 
.B TOl.J:K'e HOpMH.pOBKH ripen:c;aBrr1noT. (da/ dQ) exp,COOTJ~eT
CTBYIOIUHe. MexaHHJMY cocTaBnoro 5in:pa/. Ycpe,IJ;nenHe yr
noBhiX pacnpe,IJ;errennii . npoBonHrrocb B .IlHana3one _3Heprnii 
3,34-3,65 M3B. OuenKa HH:>KHeii rpaHHUbi cpenneii niHPHHbi. 
YPOBHeii COCTaBHoro H,IIpa onpe,II;eJIHJiaCb no clJopMyne 

:.._ 

rMHH 

x-¢ 

. 2' 
D

0 
A 

8rr(2S 8 ·I 1)(2i + _1) 

(~a/on) x-ciJ -. 
<da/ dO> -3KCTI /3/ 

r,IJ;e < > o6o3naqaeT ycpen:nenHe no o6rracTH 3HeprHii 
3,34-3,65 M3B, <da/ d0>,3~cn - .'lKcnepHMenTaJibHoe Jna
qenHe .IIHcPciJepenunanb!Joro ceqenHH no.Il . yrnoM 1:i5°, H3 
KOToporo Bbil.JTen BKJia.II np.R:Moro npouecca, cornacno ¢op
Myne /2/ sa , i - cnmihi nanaromeii qacTHUbi H H)J.pa.o:MH
menH cooTBeTcTBenno, D0 - cpennee paccTOHHHe Me:>K.IlY 
ypoBHHMH CO cnHHOM 0,. A • )J.JIHHa BOnHbl )J,e-:SpoiiJI.H .IlJI.fl 
na,IJ;aiOIUeii l.JaCTHUbi. )J,aHltbie ·pacl.JeTa. f' MHH npe,IJ;CTaBJieHbl 
B Ta6JIHUe l. . x-clJ . . . 

6/ PeaKIJUJl 
22 Ne ( 3 He, a) 21 Ne ' 

lfJMepeHbi
21 

.IIHcPclJepenuHanbHbie ceqenHH peaKUHH "" 
22 3H · · . Ne( :• a) . , Ne .IIJIH rpynn ·a 0~ '!:t H.- a 2 . non yrnaMH 45, 
90,, 135 B .JI.C. lf3MepeHHJI npOBO.lHJIHCb B HHTepBaJie 
3Heprnii 3,0 - 4,1; M3B c maroM no 3HeprHH 50. K3B. Pe! 
3YJibTaTbi H3Mepennii · npen:c'i'aBnenbi na pHc; 6. Cpe.IlHHH. 
Kaan:paTHl.JHaH omn6Ka H3MepeHHi ue rrpeabimaeT 15o/o. KaK 
BH.IlHO H3 pHCYHKa, KpHBbie B036y)K.IleHHH )J.JI.fl BCeX rpynn 
a :qaCTHU npH HeKOTOpbiX 3HeprHHX HMeiOT MaKCHMYMbi, 

·nOJIO:>KeHH.fl n· WHpHHbl KOTOpbiX He· KOppenHpyiOT'HO yrnaM 
H.· no 'a ·rpynnaM. lliHpOKHH. MaKCH~yM, Ha6JIIO,IJ;aiDIUHHCH 
na·' KpHBbiX ·. B·o36y:>K:rieHHH peaKtiHH 22 Ne{ 3He, i.J 24 Na · ,npH 
E3n~ 3,55 M3B /eM. pHc. 3/; na KPHBbiX Bo36y~eHHH .IlJI.H 
a ·rpynn OTCYTCTByeT. 3Ta OC06eHHOCTb KpHBbiX B036y:lf{-' .· 

II: 
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Pnc. 6 . .D:mlx!JepeHmram.Hhre celfeHHH peaKUHH Ne ( He, a) Ne 

· JJ;JIH. rpynn- a 0 , a 1 ·u a2 non· ·yrrra11.m- 45, 90,- 135 ° B rr.c. 
no OCH a6cuucc - 'lHeprnH B M'lB, no OCil OP.lllHaT - du/ dil 
B MKii/cTepaJJ;. -- ·. - . 
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J];eHHH ·.a -rpynn n03BOJIHJia npoBeCTH tiJJJ:JOKTyaUHOHHbiif.aHa-. ~ · · Max -~ 

JIH3 )J;JIH onpeJJ;eJieHHH cpeJJ;HeH IIIHPHHbl r 3pHKC • Me TO)]; 
pacqeTa. yKa3aH B · npeJJ;biJJ;YIUeM iiaparpatlJe. Pe3yJihTaThi 
npnBe,IJ;eHbl B Ta6JIHI.(e 2. KaK BH.UHO H3 Ta6JIHUbi, norry-Y:eHHhie 
3Hal{eHHH COrJiaCyiOTCH C pe3yJihTaTaMU; norryqeHHhiMH )J;JIH 

.22 3 . 24 . 
peaKUHH Ne( He, p) Na.- · · · 

Ha pnc~ 7 npnBe.rreHbi pe3yJihTaTbi H3MepeHnii yrrroBhiX 
pacnpeJJ;erreHHii-npn Tpex 3HalJeHHHX 3Heprnii ~JIH rpynn 
a

0
;a

1 
H a

2 
B HIITepBarre yrrro~ 15-165° B rr.c.:CpeJJ;HH~ KBaJJ;

paTH'IHaH OWH6Ka H3MepeHHH He npeBbiWaeT 17o/o.. . 
~KaK BH)J;HO H3 pHCYHKa, -yrJIOBbie p~cnpeJJ;eJieHH'H JJ;JIH 

rpynn ao H a 2 HMeiOT tlJopMy' 6JIH3KYIO K CHMMeTpH'IHOH 
OTHOCHTeJibHO 90 ° • _.D:JIH rpynnbi a1 'OHO CHJibHO H3MeHHeTCH 
c a·3MeHeHneM 3ueprnn. Bee 3TO roBopHT o 6orrhwoii porrn · · 
MexaHH3Ma ~coc'TaBuoro' Hnpa B peaKUHH :ri ~a{n ocnoBaHHe 
jy'IHTbiBaH 60JibWYIO nJIOTHOCTh ypoBHeii COCTaBHOrQ iJJ;pa 
2 5 Mg / npoH3BeCTH onncaun~. ycpe.nneJIUbiX no 3Hepqm yr
rioBhiX pacnpeJJ;erreHnii no cTaTHCTH'Iecxoii TeopnnXay3epa
<I>ew6axa. 

· PacqeTbl npoBO)lHJIHCb c 'ncnoni.3oBanneM ,nrrH Bxo.nnoro 
KaHana TaKnx iKe napaMerpoB onTnqecKoro noTeHunarra, 'ITO 
n ,nnH peaKunn 22 Ne( 3He, p) 24Na. IlapiiMeTpbi onTnqecKoro · 
noTeHUHaJia )J;JIH BbiXO)J;HOrO a -KaHana B3HThl H3 pa60Thl/ 4~ 
Pe3yJihTaTbi no.nronKH ycpe.nneHHoii no. 3Heprnn KpHBOii 
yr.rioBhiX pacnpe.nerreHH:ii /ycpenHeHbi yrrroBhie pacnpe.nerre
HHH npil 3HeprnHx 3,54; 3,64; · 3,91 M3B/ npnBe.nenhi Ha 
pnc. 7. KaK BHJJ;HO H3 pncyl!Ka, xopowee cornacne iiorryqeHo 
TOJibKO .)J;JIH rpynnbl a 0 , MHHHMaJihHhie _3llalJeHHH f , pac
ClfHTaHHhie COrJiaCHO tiJopMyJie /3/ C HCnOJib30BaUHeM ycpe,n-

00 

HeHnoii KpHBoii yrrroBbiX pacnpe.neneHnii . .n;rrH rp)rrrnhi a0 , 

az , npe.n;cTaa,iieHbi B Ta6rrnue 2.. · 

J-13 .Ta6JIHUbi BH)lliO, 'ITO r·, norryqeHHbie oGOHMH MeTo
JJ;aMH,- .corJiaCYIOTCH MeiKITY co6oii /IIanoMIIHM, qT:o. MeTOJJ; 
Xay3epa-<I>ew6axa JJ;aeT HHiKHIOIO rpaHHUY 3Toii BeJIH'IHHhi/. 
HecKOJlbKO 3aBhiWeHHOe 3JialJeHHe r, norryqeHIIO~ U3 tll_n:roK
TyaUHOHIIOrO aHaJIH3a, B03MOiKHO, HBJIHeTCH pe3yJihTaTOM 
6orrhworo mara H3MeHeHHH 3neprnn ann 3nepreTHlfecKoro 
pa36poca nyqKa Ha MHWeHH. 06e 3TH npHlfHHbi npHBO)J;HT 
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Pnc. 7. YrnoBLie pacnpe.neneHHH.peaKUHH . Ne( He,ci.) Ne 
.niui rpynn .ao·· a, H a2 .nnH E3H = 3,54, 3,69 H 3,91 M3B. 
B Hlf)f(Heii qacTn rpa¢nKa npnae.n€HLI ycpe.nHeHHLie B .nnana-
30He. 3Heprnli 3,54-3.91 M3B yrnoaLre pacnpe.neneHHH 
peaKUHH ,ilJIH 3THX )f(e a -rpynn. fio OCH·.Op.J.HHaT·- du/df! .B 
Mldi/cTepaA. 
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·K crna:>Knaannio Kpuaoii Bo36y)f(,neHnH· n, · cooraeTCTBenno, 
K pocTy f' .· 

Ta6nnua 2 

Cpe.nnne 
WHpHHhi r ( KaB): ab 'ft ~2 

r MBKC . 
86 3pHKCOH 84 ·sa 

rMHH 
x-tfl ··78 44_ 

3. llOJIHbiE CEl/EHHJI 

B Ta6nnue · 3 npnse.neHLI 3HatieHHH nonHLIX ceq{mnii 
peaKUHH 

22 
Ne( He,p) :uNa Ami rpynn p 1,2' p 3 H peaKUHH 

2
2 Ne, ( 3He, a) 

1 Ne AJIH rpynn a 0, at H a2 • Onn nonyqeHbi 
HHTerpnpoaaHneM yrnoaLrx pacnpe.neneHnii a HHTep~ane 
yrnoa 15-165 °. CpeAHHH KBa.n'paTH'IHaH ornn6Ka H3MepeHHii 
He ripeBLrwaeT 180/o. KaK BH.UHO H3 Ta6nuuLI ,.rionnoe ceqe-' 
HHe. peaKUHH C BbiXO.ilOM ITpOTOHOB npeBOCXOAHT. 3-5 pa3 
BeJIH'IHHbi ceqeHuii a - rpynn .nnH Tex )f(e 3Hepruii. 3Toro( 
cneAosano O)f(H,naTb H3 npasnn. oT6opa no.H3ocminy. B ce
'leHHe; peaKUHH 2~ Ne( 3He, a) 24 Ne MoryT BHOCHTb BKJiaA 
COCTOHHHH COCTaBHOrO H.npa C H30TOITHireCKHM' CllHHOM T = • 
= 1/2 H . T= 3/2, B TO BpeMH KaK B pea~UHH 22 Ne(3He,a)21Ne
JIHWb COCTOHHHH C T =: l/2. 0TMeTHM,. 'ITO K03$$HUHeHTbl 
ITpOHHuaeMOCTH .ilJIH rpynn ITpOTOHOB H a -qacTHU B BbiXOA· 
HOM KaHane B npe.nenax IOo/o paBHbl Me)f(,ny co6oii /:s0,98 
AJIH f = 0, r.ne e - op6nTaJibHbiH MOMeHT/, .. 'ITO HCKJUO'IaeT 
06'bHCHeHHe cymeCTBYIOlllero pa3JIH'IHH B cetieHHHX' 3a C'leT 
BJIHHHHH :noro K03¢4JHUHeHTa. . 
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4. · 3AKJIIOTJEHHE 

3KcrrepHMeHTaJibHhie pe3yJihTaTbi i:roKa3hiBaiOT, qTo pe
aKu;HH · 22 Ne( 3He; al1 Ne B :iH'eprel-n.qecKoM.:H!iTepBane:E = 
= 2,9 -· 4, 1 M3B. rrpoTeKaeT B OCHOBHOM qepe3 MeXaHH3M 

·· · - · I · · ~:l 3 24 •. 
o6pa3oBaHHH coc~a~moro .H.npa;B peaKUHH Ne( He, p) Na 
cymecTByeT _BKna.n rrpHMoro rrpou;ecca. BenHqHHa 3Toro 
BKna.na He rrpeBhrwaeT 35 ~.:400/o Ha 3a,nHHX .yrnax H3Mepe
HHH. lh qlJIIDKTyau;HoHHoro aH:anH3a H pacqinoB.IIoMeTo,ny 
Xay3epa_-:<llem6axa Haii.neHo, qTo 3HaqeHHe cpe,nHeii IIIHPHHhi 
ypoBHeH ( r) COCTai:moro H,npa~ :IS Mg ,nna HHTepBana 3HeprHH 
B036y:>K,neHHH 23-24 M3B Haxo,nHTCH B rrpe.nenax OT 50 .no 
90 K3B. Tioniihre ceqeHHH peaKUHH, rronyqeHHhie HHTerpHpo
BaHHeM yrnoBbiX pacrrpe,neneHHH B HHTepBan'e yrnoB 15 -

· 165° ,nnH peaKu;HH 22 Ne( 3 ll.eif) :1
4 Na,B 3-5· pa3 6onhwe 

ceqeHHH peaKu;HH 21v~( 3 He, a) Ne. 
ABTOpbi IIPHHOCHT rny6oKyiO 6naro,napHOCTh c:JI.rony-

6eBy H M.B.CaBeHKOBOH 3a IIOMOII.J;b B pa6oTe. 
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