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).\0KT0P qJII3HKO-MaTeMaTHtJeCKIIX HayK, CTapurnii HaytJHhlH COTpY.rt:HHK 

A.B. Cepoa 

O6maJI xapaKTepucn1Ka pa6oThJ 

AKTVanhHOCTh TeMhI uccne11oaaHUJI. IloJianeHHe nylJK0B nernux pem1THBHCT

CKUX H)J,ep 0TKpbIBaCT H0Bble B03M0)KH0CTH )],JI.ff. HCCJie,noaaHUH CTPYKTYPhl H,npa. O,n

HOII 113 TaKUX 3a,naq HBJIHCTCJI myqem1e K0JIJICKTUBHhIX CTerreHeii cao60.nh1 B B036y)K

.neHHhIX JI.rt:pax, a K0T0phIX 0T,neJibHbJe rpyrrrrbl HYKJI0H0B ae,nyT ce6H KaK C0CT8B

JIHIOIIJ,llC KJiaCTephi [ 1]. CoapeMeHHhie MeTO,nhI rroJiyqeHUH rryqKQB penJITHBHCTCKHX 

JI,nep II03B0JIHIOT rr3yqaTh pa3JIHqHhJe HX H30T0Ilhl, BKJIIOqag pa,nuoaKTHBHhJe (KaK rrpu 

Henocpe.ncTBeHH0M ycKopeHHH, TaK H B KaqecTBe npo.nyKT0B tpparMeHTalIHH). 

B1,1.nenettue u nccne.noaaHue cpe.nn acero pa3ttoo6pa3HH s:,nepHhIX aJauMo.neii

CTBHii rrepn4JeprrqecKHX rrpo11ecc0B II03B0JIHIOT rronyqaTh Ba)KHYIO umpopMaIIUIO 0 

B036y)K,neHHhIX C0CT0JIHHHX JI.rt:ep Ha.rt: rroporaMU pacrra,noa Ha HYKJI0Hbl rrpH 3Hepnrnx 

BbIIIIe 1 A f::iB. B TaKHX B3aHMO,neiiCTBHJlX HCCne,nyeMbJe s:,npa rronyqaIOT BeCbMa Ma

JlhJe JHaqeHHH ::ittepruH B036y)K,neHHJI a6JIH3H 3HepreTHqecKnx rroporoa pa3aana c o6-

pa3oaaHneM pa3JUllJHbJX KOHqmrypa11nii JI,nepHbIX qJparMeHTOB. ,UaHHhie 0 rettepa1111u 

attcaM6neii: 4JparMeHTOB M0ryr 6hITb BOCTpe6oaaHbI B HerrpJIMbJX II0J:(X0).\aX H.rt:epHOH 

aCipOqll13HKH, a TaK)Ke B CIIeHapHHX HyKJieOCHHTe3a Ha 0CH0Be MH0roqacn1qHoro 

CJIHJIHHJI. 

Ilepu4JepuqeCKHe B3aHM0,neiiCTBHJl 0TJIJlqaeT o6pa30BaHHe Y3KIIX CTpyii cppar

MeHT0B JI,npa-cHapJI,na C cyMMapHbIM 3apJI,n0M II 6apHOHHbIM qncJI0M 6JIH3KHM K HX 

3HatJeHHJIM )],JIH rrepBHlJH0r0 JI,npa. HcrrOJib30BaHne MeT0,ll,HKH H,nepHblX 3MYJibCHH 

o6ecrretJHBaeT B03M0)KH0CTb Ha6n10.neHHH H cneKTp0CK0ilHH K0HeqHhIX COCTOJlHHH 

Cipyii 51/WPHhIX qiparMeHTOB B HCCJie).\0BaHHHX qiparMeHTallHH JierKHX JI.nep npu pe

JIJITHBHCTCKHX 3HeprnJix. Cao.n:H paccMoipettne nccne.nyeMbIX rrpou;eccoa K attan1ny 

yrnoBhIX pacnpe.neneHnii: tJacTn11-qiparMeHTOB nepanqHoro H.rt:pa (fnaaa 1 ), H.rt:epHaJI 

3MYJibCHJl II03B0JIJieT o6ecrrequTb yrnoaoe pa3peIIICHHe CJie)],0B peJIJITHBHCTCKHX 

cpparMeHTOB )],O 10-4 
- 10-3 pa,!1,. 

Uen1, HacToHmeii pa6oTbI JaKnIOtJanach B uccne)],oBaHntt cTpyKTYPHhIX oco6ett

HocTeii: H,nep 9Be, npmIBJIJl!OIUHXCJl B nepuqieptttJeCKOH qiparMeHTaIIHH Ha H.rt:pax <Jio

T03MYJihCHH npH 3HeprIIH 1.2 A r3B. Ih acero MHoroo6pa3HJl B03M0)KHhIX KaHanoa 

qiparMeHTau;uu 
9
Be, HJyqannc1, co6uTHJI corrpoao)K,na10muecJI o6pa3oaaHHeM .nayx a

qacTHII - cpparMeHTOB rrepanqttoro JI.rt:pa[l, 2]. 

HoBH3Ha u nayqnaH ueHH0CTh pa6oTbI. ,r:(uccepTaIIHOHHaJI pa6oTa II0CBHIUena 

orrucanmo anepa1,1e BhrnonttenHoro Hccne.noaaHHH caoiicTB H.rt:pa 
9
Be KaK 2a+n cue-



TeMbI, npmrnmIIOll.(HXCH B nepncpepnqecKOH cppan.teHTaIUIJI Ha H)lpax cpOTO:JMyn1,cnn 

npu penHTHBUCTCKHX :JHeprHHX. 

Tiony,:1eHHI,Ie pe3ynbTaTl,l MoryT 61,1Tb Ba:lKHl,I MH IIOHHMamrn npnpO)ll,l nepn

cpepnqeCKHX H)lepHbIX peaKUHll II pa3BHTIIH MO)lenbHl,IX npe)lCTaBnem1ii O Mexamn

Max )laHHI,IX B3aIIMO)leHCTBIIH npn B1,ICOKHX 3Hepnrnx. 

HayqHo-npaKTnqecKaH 3HaquMOCTI, IIOJlyqeHHI,IX pe3yn1,TaTOB 3aKJ1IOqaeTCH B 

TOM, qTQ OHII MOryT 61,JTI, IIOJ1e3H1,l npn nnaHIIpOBaHIIII HOBl,IX 3KCIIepuMeHTOB IIO 

nccne)lOBaHHIO B3aHMOtJ,eiicTBnii penHTHBHCTCKHX H)lep. TionyqeHHbie B 3KCIIepnMeH

Te )laHHbie, MoryT 61,1T1, ncnon1,30BaH1,1 npn IIccne)loBaHnn cpparMeHTaUIIII 6onee 

cnmKHbIX H)lep (Na-CIICTeM). 

Anpo6aun11 pa60Tl,l. Pe3yJ11,TaTl,I, lI3JlO)I(eHHI,Ie B )llICCepTaUHOHHOH pa6oTe, 

npe)lCTaBn11nrrc1, Ha coBMeCTHOM ceMIIHape JIB3 H JI<l>lJ OIUIH (,ll;y6Ha, 2006); Ha 8-

0M [5] (,Uy6Ha, 2005) II 9-0M [6] (Mo)lpa-fapMOHIIH, CnOBaKIIH, 2006) Me)l()lyHapo)l

Hl,IX coBemaHIIHX «Relativistic nuclear physics from hundreds of MeV to TeV»; Ha 

Me,K)lyHapo)lHOM cnMII03HyMe no <pH3HKe :JK30TIIqecKnx H)lep «EXON06» [3] (XaH

TbI-MaHcniicK, 2006); Ha «XVIII International A.M. Baldin Seminar on High Energy 

Physics problem» (,ll;y6Ha, 2006); Ha Me,K)lyHapo,nHOM coBemaHHH «Relativistic nu

clear physics from Nuclotron to LHC energies» (KneB, 2007); Ha Me)I()lyHapo,nHoii 

KOHcpepeHu1m no cpII3HKe H)lepa «NUCLEUS-2007» (BopoHe)K, 2007); Ha 20-oii Me

)K)lyHapO)lHOH K0Hcpepem-1nrr «The 20th European Conference on Few-Body Problems 

in Physics» (ilnJa, 2007). OcHOBHbie pe3yn1,rnT1,I nccne)loBaHHH ony6nIIKOBaH1,1 B 

pa6ornx [1-8]. 

OfaeM ll crpyKzypa pa60T1,l. ,D;nccepTaUIIOHHM pa6orn COCTOHT H3 BBe)leHirn, 

TJ)eX rnaB, 3aKmoqeHIIH, CIIIICKOB ny6JIIIKaunii, JIIITepazyp1,1 ll npIIJlO)KeHIIH. ilOJ1Hblll 

ofo,eM )lllCCepTaI.\Hll COCTaBJIHeT 88 CTJ)aHIII-1, BKJ1IOqa11 9 rn6nrru, 21 pIICYHOK II CIIll

COK mnepaTyp1,1 ll3 147 HanMeHOBaHIIH. 
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ABTOp 3auuuuaer: 

1. Pe3yJil,TaTI,l H)leHTmpHKaUHOHHI,IX npoue)lyp no onpe)leJieHIIIO xapaKTepHCTIIK 

nepm1qH1,IX TpeKOB H)lep 9Be H TJ)eKOB o6paJyIOll.(IIXCH a-qaCTllI-1 B H)lepHOll 

::i1v1yn1,c1m. 

2. Ilpo11e,1wpy u pe3yn1,TaT1,I onpe)leneHIIH yrnoB BblJleTa a-qacTIIII, 06paJyIOmIIxc11 

s nepncpepIIqecKoii cpparMeHTaUllII 9Be➔2a Ha H)lpax ::i1v1yn1,c1III. 

3. Pe3yn1,TaTbl aHanII3a yrnOBI,IX II HMIIYJibCHJ,IX cneKTJ)OB a-qacTIII-1, CBil)leTen1,cT

BYIOll.(IIe, qrn nopH)lKa 81 % co61,1rnii <pparMeHTaUHH 9Be➔ 2a conpoBO)K)laIOTCH 

IIcny'cKaHneM a-qacTnu, H3 npoMe)KyToqHoro H)lpa 8Be, Haxo)l11meroc11 B o+, 2+ 

COCTOJIHHHX npn6JIII3HTeJibHO C O)lIIHaKOBbIMll BecaMH. 

4. B1,1BO)lbl H3 pe3yJIJ,TaTOB aHanH3a oco6eHHOCTei1 B3aIIMO)lettCTBlllI peAATHBHCT

CKIIX 11,nep 9Be C H)lpaMH cpOTO:JMYJibCHH. 

Co)lep)Kam1e )lncceprnunn 

Bo BBe.ueHHll IIpOBO)lIITCJl KpaTKllll ofoop TeopernqecKHX npe)lCTaBJieHnii, CBH-

3aHHhIX co CTJ'YKTYPHhIMII oco6eHHOCTlIMII Jl)lpa 
9
Be; o6cy)l()laeTCH B03MO)I(HOCTI, Ha-

6mo)leHHJl KaHana qiparMeHTaUHll )laHHOro 11,npa B )lBe a-qaCTHUhI B KOHeqHQM co

CTOHHIIII, conpoBo)l()laIOmerocH o6paJoBaHIIeM npoMe,KyToqHoro · Hecrn6nn1,Horo 

ll30TOIIa 8Be B 0+ ll 2+ COCTOHHHHX. 

B nepsoM naparpaqie (§B. l )npuso)llITCH KpaTKHii ofoop ponn H30Tona 
8
Be B 

n3yqeHIIll CBOHCTB Na-H)lep. Bo BTOPOM naparpacpe (§B.2) onnc1,rnaIOTCJI MO)leJibHhie 

npe,ncTaBneHHH, CBJI3aHHbie co CTJ'YKTYPHl,IMll oco6eHHOCTHMII ll)lpa 
9
Be KaK 2a+n 

CIICTeMbl. B TPeTJ,eM II qeTBepTOM naparpacpax (§B.3, §B.4) BBe)leHHJI npHBO)lUTCH 

ofoop 3KCnepnMeHTaJ1J,Hl,IX pe3yJioTaTOB no myqeHllIO cpparMeHTal.\lill lI.lWP 
12

C, 
160 

B qJOTO:JMYJIJ,CIIII, paccMaTPHBaIOTClI HeKOTop1,Ie nO)lXO)ll,I K o6bHCHeHHIO nepnqiepn

qecKHX B3aHMO)leHCTBIIH npH cpparMeHTaI.\IIH nernnx penHTHBHCTCKIIX H)lep B :JMynh

CHH. B IIHTOM naparpacpe (§B.5) )laH KpaTKllll ofoop CTarncrnqecKOH MO)leJIH cppar

MeHTaIIHH. IIIecTOH naparpacp (§B.6) IlOCBHll.(eH IIOCTaHOBKe 3a)laqn :JKcnepnMeH

TaJIJ,HOro lICCJle)lOBaHHH. 

B nepBOH rnaBe paccMaTPIIBaIOTCJl oco6eHHOCTII MeTO)lllKH 3KcnepnMeHTa, 

CBH3aHHhle C lICIIOJI!,30BaHneM Jl)lepHblX qJOTO:JMyn1,cIIi1; o6cy)l()laIOTClI a)leKBaTHOCTb 

MeTO)lllKII K IICCJie)lOBaHHIO KJlacTepHblX CTeneHeii CB060)lhl BO <pparMeHTaUHII 
9
Be, 

MeTO)ll,l CKaHnpoBaHHH 3MYJIJ,CHOHHbIX cnoeB, H)leHTHQmKaUIIOHHl,le II lI3MepnTeJ1J,

Hbie npoue)lyp1,1; npIIBO)lHTCH 3KCnepIIMeHTaJIJ,HJ,le )laHHJ,Ie MeTO)lllqecKoro xapaKTe

pa, CBH3aHHbie C 3a)laqei1 UCCJle)lOBaHIIH KaHana cpparMeHTaUIIH 
9Be➔2a. 

B nepBOM naparpa<pe (§l.l) IIplIBO)lHTCH HeKOTOpMe )laHHbie 06 o6nyqeHHlI 

::iMyn1,cnii JI,npal\m 9Be c ::iHeprneii l.2 A f:JB. ilyqoK penHTHBHCTCKIIX H)lep 
9
Be 61,m 

10 9 · 9 
nonyqeH B peaKunn qiparMeHTaunn B--t Be. ,D;on11 H)lep Be B nytJKe cocma11na 

67%, OCTaJI!,HI,Ie 33% npIIXO)llIJIIICb Ha H30TOIIhI He, Li. 3MyJihCHOHHaH CTOTIKa, lIC

Il0Jlh3yeMM npu 3KCII03III.\HH, COCTO»Jia ll3 15 3MYJlhCIIOHHhlX cnoeB Tuna EP-2 C 

pa3MepaMn l O X 20 CM2 ll TOJIIUHHOH 600 MKM. ilo)lroTOBKa CTOIIKII H)lepHUX :JMYJlh-
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Cllll Il TI0CT3KCn03IIUil0HHaH XllMnqecKaH o6pa6oTKa 3M)'JlbCII0HHblX CJI0eB 6bmlI 

TaK)Ke Bhlll0JIHeHbI B na6opaTOpn11 JIB3 OIUUI. 

O1mcaHne npoueAyphl CKattnpoBaHIIH 3MYJibCH0HHhlX cnoeB )].aeTCH BO BT0pOM 

naparpaq>e (§1.2) nepB0H rnaBbl. B pe3yJibTaTe CKaHHp0BaHilH Haii)].eHO 362 co6hITilll 

qiparMeHTau1m H,ll.pa 
9
Be, HAYlll.HX c o6pa3oBamieM ABYX <pparMeHTOB He B nepe,ll.HeM 

K0Hyce <pparMeHTaunu. B CTaTHCTHKe aHanmnpyeMhlX B3aHMO)].eiicTBHii npe,ll.CTaB

neHbl co6bITHH q>parMeHTaunn Ha pa3nnqHhIX HApax 3MYJihCHH - rpynn H, CNO, 

AgBr (q>oTO B Tipnno)KeHnn pa60Th1). 

OueHKa BennqnHhl OTHOCHTeJibHhIX 3HepreTUqeCKHX TI0Teph, COCTaBJIHIOill;aH B 

cpe,ll.HeM (4±2)% ,ll.JIH H,ll.pa 9Be, npu np0XO)K)].eHHH BemecTBa 3MYJibCilil, npHB0,ll.IlTCH 

B TPeTbeM naparpaq>e (§ 1.3). PaccqUTaHHble y)J.eJihHbie H0HH3aUHOHHhie noTepn )J,JIH 

»)].pa 
9
Be npn :meprnn 1.2 A f3B cocTaBJIHIOT (7.2-8.0) M3BIMM AM BhimeyKaJaHH0-

ro cocTaBa EP-2 npn nnoTH0crnx B npe,ll.enax 3.5 - 4.0 r/cM3• B yKa3aHH0M naparpa

q>e npHBO)J,IlTCH KJiaccn<pnKall,IlH TPeKOB 3apH)KeHHbIX qaCTHU B 3MYJibCillI. 

B qeTBepTOM naparpaq>e (§ 1.4) onnchrnaeTc» npoueAypa onpe,ll.eneHn» 3apMa 

pen»TilBHCTCKOro H,ll.pa no OCTaBJieHH0My TPeKy B 3MYJibCilll, IlCTIOJib3YH MeTO)J, cqeTa 

o-:meKTPOHOB. CpaBtteHne pacnpe,ll.enettnii BeJIIIqHHbl N& /100 MKM ,ll.JIH nepBnqHblX 

TPeKoB 
9
Be II 

8
B no3B0JIHeT C,ll.enaTb BhIB0A, qTo MeT0AIIKa H)J.epHhlX 3MYJihCIIil: o6ec

neqIIBaeT B03MO)KHOCTh Ha,ll.e:amo pa3,ll.enIITh TPeKH qaCTIIU c Z=4 n Z=5 B 3MYJihCIIHX 

0,ll.Horo C0CTaBa npII CX0)KlIX 3HeprIIHX nyqKoB. 

OrmcaHne npoue)].yphl IIJJ:eHTIIq>IIKall,IIIl Il30TOII0B He npIIB0JJ:IITCH B TIHTOM na

parpaq>e (§ 1.5) nepBoii rnaBhI. Pe3ynhTaThl KJiacc11q>11Kau1111 H30T0TIOB He IIMe10rn.eii

c» CTaTIICTIIKe 113 30 Il3MepeHIIH TI03B0JIHIOT C)].eJiaTb np116mI3IITeJibHYIO oueHKY )].OJIII 

a-qacTHU, COCTaBJIHIOill;YIO (77±16)% no OTHOllieHIIIO K .n:pyrnM B03MO)KHbIM II30T0-

naM 
3
He, 

6
He. KaK Il3BeCTH0, T0qH0CTb n,neHTilqlIIKall,IIII Il30T0TIOB He, B MeTO)].IIKe 

».n:epHblX 3MYJibCIIH no oueHKe MHOr0KpaTHOro KYJIOHOBCKoro pacce»HIIH, He,ll.OCTa-
. 9 4 

TQqHo BhIC0Ka. Tipe,ll.IIOJiaraeTCH, qTQ Kattan <pparMeHTall.IlII Be-t2 He+n C 3Hepre-

rnqecKIIM noporoM 1.57 M3B, AOJI)KeH ,ll.0MIIHIIpOBaTb B nep114>ep11qecKIIX B3aIIM0-

)].eiiCTBilHX (npII MaJibIX yrnax pa3JieTa q>parMeHTOB He) Ha,n KaHan0M 
9
Be-->

3
He+

4
He+2n, IIMeIOlll.IIM 3HepreT11qecK11ii nopor 22.15 M3B. TipII AaJihHeiimeM 

aHanll3e ,ll.aHHblX yrnOBbIX Il3MepeHIIH II o6cy)K,neHIIII pe3ynhTaTOB npe,nnonaraeM, 

qTQ BCe Il30TOnhI He B tta6paHHOH CTaTIICTHKe 362 co6hITilH q>parMeHTaUIIII 
9
Be-->2He HBJillIOTCH 

4
He. ,UaHHOe )].0IIyrn.eHIIe llBJilleTCH CTaH)lapTHhIM npn IICCne.n:o

Bamrnx <pparMeHTall,1111 B <pOT03MYJibCIIHX H,ll.ep,, IIMeIOlll.IlX HpKO-Bbipa)KeHffYIO Na

CTPYKTYPY (12
C, 

160). 
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B mecTOM naparpaq>e (§ 1.6) nepBoii rnaBbl npIIBO,ll.IITCH on11caHIIe npoue.nyphl 

II3MepeHHH yrnoB,Me)l(Ay cne,ll.aMII qacnIu B qlOT03MYJibCIIH. Ha pIICYHKe (1) npHBC

,ll.eH npIIMep BOCCTaHOBneHHhIX HanpaBneHnii BhmeTa (rny6IIHHOro - a, IIJIOCKOro - ~ 

yrnoB) napbl a-qacmu IIPII <pparMeHTal(HII 
9
Be-->2a no 113MepeHHhlM TOqKaM HU TPe

KaX. 

Y,JJm,e, 

'a. 

.,, 
H• 

PucyHoK 1 flpUMep BoccmaH06JleHHblX 11anpa6J1e1tuii 6blllema (y21106 a, ¢) a

•wcmul/, 06pa3y10u1uxcJ1 npu ppa2Me11mal/UU 9Be-->2a, no U3Mepe11Hb!Af mo'lKWH 11a 

mpe1<.ax. 

J!l J!l 
i::: i::: 

5150 5150 
c.., c.., 

100 A 100 

50 50 

~o 
. 9s'ii -40 -20 0 20 40 60 

a, x10·3 rad. 

Pucy1to1<. 2 PacnpeoeJ1e11UJ1 a-1Jacmu14 no y211aM a, ¢ e co6b1muJ1X ppa2Me11ma-

14uu 9Be--+2a. I'ucmo2pa.MJ.tbl - :J1<.c11epUMe11m, Map1<.epb1 - pe3yllbmambl cmamucmu-

1Jec1<.020 MOOeJIUp06aHUJI UCXOOJI U3 npeonollO:»CeHUJI O HOpMa!lbllOM 3aKoHe pacnpe

OCJleHUJI c napa1t1empa1>1u (0, ac), (0, a¢) OJIJI y2J106 au ¢ coonl6emcn16e1tuo. 

Pacnpe,ll.eneHnH a-qacTnU B peaKUIIllX 4>parMeHTaUIIII 
9Be➔2a. no yrnaM a., ~ 

npe,nCTaBJieHhl Ha pIICYHKe (2). TipII6JIII3IITeJibHO 95% 3HaqeHIIll II3MepeHIIH rny611H

HhlX II IIJI0CKIIX yrnoB a., ~ npnHa,nJie)KHT IIHTepBany (-30, 30) Mpa.n: II xapaKTepII3Y

IOTCH H0pManhHhIM 3aKOHOM pacnpe.n:erreHIIll C napaM~aMII (-0.4, 10.4) Mpa,n, (-0.3, 

10.1) Mpa,ll., CO0TBeTCTBeIIH0. Tiaparpaq> (§ 1. 7) II0CBHlll.eH TOqHOCTII Il3MepeHIIll yrnoB 

B 3MYJihCIIllX, o6nyqeHHbIX H,ll.paMII 9Be. TipII onpe,ll.eJieHIIII BeJIIIqJrn yrnoB 3KCIIep1I

MeHTaJibHble ToqKII, nonyqeHHbie npn II3Mepemrnx, annpOKCIIMHpOBaJilICb nOJIIIHO

MOM nepBoii CTCnCHll. Ko3!p!pHUHeHThl IIOJIHHOMa onpe,ll.eJIHJIIICb no MCTOAY Hall-

s 



MeHhllIHX KBa,npaTOB. Pacnpe.nenemrn Bem1qHH OTKilOHeHHil: !).y, !).z K00p,!1,HH3T 3KC

nepnMeHT3lihHhIX ToqeK OT COOTBeTCTByIOW.IIX KOOp,!1,HHaT ToqeK, onpe,nemieMhlX an

npOKCHMHPYIOW.HMll nOlIHHOM3Mll, no,nqnmieTCH HOpManhHOMY 33KOHY, qTo HBlIHeTCH 

no,nTBep)K,ne1meM npHMeHIIM0CTII MeTo,na HattMeHbllllIX KBa,npaT0B B .naHH0M cnyqae. 
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§ 80 
0 
0 

60 

40 
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0, x10-arad. 

PucynoK 3 PacnpeOeJ1e11ue co6b1muii </Jpa21>1e11ma1Juu 
9
Be-2a no eem111u11e 

om11ocumeJ1bllO npocmpa11cmee1111020 ywa H Me:J1Coy a-11acmutfaMU, 06pmy10ufUJ11UCR 

e peaKlJUU. Ha ecmaeKe - pacnpeOeJ1e11ue co6b1muii no ywy H 6 06J1acmu (0, 15.0) 

Mpao. 

ToqHOCTh lI3MepeHHH yrnoB a,$ ne)KHT B HHTepBane (1.1, 4.4) Mpa,n. 3HaqeHHe no

rpeIIIH0CTH H3MepeHH.H 0TH0CHTenhHhlX npocrpaHCTBeHHhlX yrnoB I1 naphl a-qacTHII, 

yCTaHOBlieHHOe B 3KCnepttMeHTe, He npeBhIUiaeT 1.6 Mpa,n. 

Bo BTopoil: rnaBe npHBO,!l,HTCH pe3ylihTaThl nccne,noBaTeJibCKOil: pa60ThI: yrno

Bbie xapaKTepHCTHKH TpeKOB a-qacTIIII, 3HepreT11qeCKHe H HMTiylihCHhie cneKTphl o6-

Pa3YIOW.HXCH a-qaCTHII, npoB0,!1,HTCH o6cy)K,neHHe .l(aHHi.1x 3KCnepHMeHTa, ,naeTCH HH

TepnpeTaIIH.H. IlOrIIKa H3lI0)KeHH.H CTPOHTCH TaKHM o6pa30M, qTo6hI KaK M0)KH0 non

Hee H3lIO)KHTh pe3ynhTaThl 3KCnepHMeHTa, OCBHTHB CBH3H Me)K.ny 0T,nenhHhIMH xapaK

TepHCTIIKaMn nccne.nyeMoro ipeHoMeHa. 

Onncattne oco6eHHOCTeil: yrnOBhIX xapaKTepHCTIIK a-qaCTIIII o6pa3yIOIIIIIXCH 

npn qiparMeHTaIIHII 9Be-2a HaqnHaeTCH co CBOHCTB cneKTpa OTHOCIITenhHhIX npo

CTpaHCTBeHHhIX yrnoB I1 Me)K)],y ttanpaBneHIIHMII pa3lieTa (§2.1 BTopoil: rnaBbI). Ha 

pucyHKe (3) npe.ncrnBneHo pacnpe.neneHIIe co6bITHii <jJparMeHTaIIIIH 
9
Be-2a no Be

nuqutte ornocuTelihHbro npocTpaHCTBeHHoro yrna :H. Tipu6ntt3IITenoHO 81 % co61,1-

rnii <pparMeHTallllll penHTUBUCTCKHX H)],ep 
9
Be, u.nymiix C o6pa30B3HlleM naphl a

qacTHII, MO)KH0 pa3)],eJIUTh no BenHquHe yrna IiJ Ha )],Be rpynrrbl C IIHTepBanaMU 3Ha-

6 

qeHIIH IiJ E (0, 10.5), (15.0, 45.0) ~Ipa.n, .l(lIH Ka)K,!1,0ro Il3 KOTOpbIX xapaKTepeH HOp

MailhHhIH 3aKOH pacnpe.neneHHH. Ha HHTepBailhl 3HaqeHuil: (10.5, 15) Mpa.n ll (45.0, 
114.0) Mpa.n (BepxHHH rpaH111Ia nocne.l(Hero IIHTepBana.onpe.l(enHeTCH MaKCHMaJihHhIM 

3KCnepuMeHTaJlhHhlM 3HaqemieM) npHX0,!1,HTCH OCTaBUIHeCH 19% CTaTIICTHKH co6bI

Tllll. 

~ 
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Pucy110K 4 PacnpeoeJ1e11ue a-11acmu1J, . 06pa1y10u1uxcR npu <jJpa2Me11mai1uu 
9Be-2a, no BeJ1u11u11e nollRpHozo ywa u. HaKJlOHHO 3aiumpuxoeamtaR zucmo2p(lMJl.1a 

- a-11acmu1Jbl c om11ocumeJ1bHbZMU npocmpa11cmee1111b1Mu ywaMu H E (0, 10.5) Mpao. 

BepmuKMbllO 3aiumpuxoea1111aR 2ucmo2paMMa - 6-11acmutfbl c H E (10.5, 114.0) 

Mpao. CnJ1oiu11aR 2ucmo2paA-tMa - cyA«tapnoe pacnpeoeJ1e11ue. 

YqeT pacnpe.l(eJieHHH co6hITIIH no BeJiuquHe OTHOCIITeJihHoro npOCTpaHCTBeH

HOro yrna I1 TI03B0ll.HeT TIOHHTh oco6eHHOCTII 0,!l,HoqacTIIqHI,IX pacnpe.neneHIIH no

lIHpHbIX yrnoB BhllieTa a-qaCTHII (§2.2), npe)],CTaBneHHhIX Ha pucyHKe (4). AHanII3 

)],aHHhIX nOKa3an, qTo Ha1myqmee npu6n11)KeH11e '.:lKcnepnMeHTanhHOro pacnpe.nene

HIIH Ha6n10.naeTcH K cyMMe peneeBCKIIX pacnpe,nenem1ii c napaMeTpaMn cro1=(6.8±0.4) 

Mpa,n, 0"02=(16.4±0.8) Mpa.l(. Ba)l(HbIM pe3ylihTaT0M HBlIHeTCH TOT qiaKT, qTo pa36ue

Hlle CTaTUCTIIKII yrnoB 0, ocymeCTBlIHlIOCh no IIpHHa,nne)KHOCTH a-qacTIIII K O,!l,HOMY 

II3 ,!1,BYX UHTepBanOB 3HaqeHIIil: 0THOCIITelihHhIX npocTpaHCTBeHHhIX yrnoB I1 (p11c. 3). 

Tipn '.:!TOM HHTepBanbI yrnoB I1 (10.5, 15.0), (15.0, 45.0), (45.0, 114.0) Mpa.n 6bllIH 

o6'he,!l,HHeHhI B 0,!l,HH ,nm1 6on1,rneii CTaTHCTHKH. Pacnpe,neneHHe a-qacTHII no BeJIH

quHe IlOJIHpHoro yrna 0 MO)KeT CBlI,!l,eTeJihCTBOBaTh 0 HanHqnH HeCKOJihKIIX nyTeil: 

o6pa30BaHIIH a-nap, Ha6JIIO)],aeMbIX B KOHeqHOM COCTOHHHH np11 qiparMeHTallllll 
9Be➔2a. 

B naparpa<pe (§2.3) BTopoil: rnaBhI aHann3upyeTCH pacnpe,neneHue a-qacTIIII no 

Bem1q1rne nonepeqttoro HMnynLca, onpe,nenHeMoro <jJopMynoii ( 1 ). 

Pr= Po· A ·sin(O) (1) 
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B Bbipa)Kemrn (1) CHMBOJibI p0, An H - HMIIYJibc, npnxo,z:v1mniic11 na o,n:irn HYKJIOH, 

MaCCOBOe 'lHCJIO qiparMeHTa H IIOJIHpHblH yroJI BbIJieTa, COOTBeTCTBeHHO. Ha pucynKe 

(Sa) rrpe,LICTaBneno pacnpe,!l;enenne a-'laCTHlf no nonepe'IHOMY HMIIYJibCY PT B na6o

paTOpHoii CIICTeMe. IlocKoJihKY B o6nacrn yrnoa 0E(0, 80.8) Mpa.!1; ornornemie 

sin(n)/n➔ l, TO BHelllHlIH BHLI PrcIIeKTpa He OTJIH'laeTCH OT CIIeKTpa rromIpHbIX yr

JIOB 0. 

!l 

~ 80 

" 
a) 

!l 
C: 

~ 150 
<> 

100 

b) 

100 150 200 250 300 -350 400 450 °o 50 100 150 200 250 300 350 400 450 

P1 , MeV/c P~, MeV/c 

PucyHoK 5 Pacnpeoe.ne11ue 6-•wcmutf, no 6eJ1U'lu11e nonepe'l11020 wmy1lbca Pr 6 

.na6opamopuoii cucme111e (a) u no nonepe'lHOAty wtnyllbCY P•r 6 cucmeMe tfe111npa 

/1,(GCC napbl a-l/QC/lllll{ (b). HaKllOI/HO 3atumpuX06QHHble 2Ucmo2pa11tMbl - a-<tacmUl{bl 

C omHOCU/lleJlbHblMU 11pocmpa11cnl6eHl/bl.Jltll yZ!laMu lf E (0, 10.5) Mpao. BepmUKQJlbl/0 

3QU1111pUX06Qllllble 2UCl1102paMJttbl - a-l/aCllllll{bl C lf E (} 0.5, 114.0) lttpao. C1tllOUll/ble 

211cmo2pa1ttMbl - CY,M.11Wp11ble pac11peoe.nel/UR. I'opU30Hl1tallbHOii lU111pUX06KOii 6blOe

JleHa zpynna a-<tacmuq c yz.nrutu H E (15.0, 45.0) Mpao - (b). llRaeuaR c1mowuaR 

Kpll6aR (a) - pac'lem Pr a-<tacmutf no cmamucmu'lecKou At<ioe.nu, OllR CJZy•wR ucnyc

KClllllR a-<tacmlllf U3 ROpa 9Be, npep&z6ucmaR - ucnycKa11ue a-<tacnml{ u3 Rapa 
8
Be 6 2+ 

COCl1l0RllUll. 

Pacnpe,L1enem1e a-<IaCTHII no PT B na6opaTOpnoii cucTeMe TaK,Ke MO)KeT 6bITh 

npe,LICTaBJieHO B BH,ll,e cyMMbl peneeBCKHX pacnpe,ll,eJieHnii C napaMeTPaMH 

o 1(PT)=(52±3) M3B/c, o 2(PT)=(l25±6) M3B/c n TaKHM )Ke ornocnTeJibHbIMH aecaMH. 

,Unll IIHTepnpernunn pacnpe,LleJieHHH a-qacTnII no PT B na6opaTOpHoii: cncTeMe nc

rronbJoaanacb CTaTHCTH'leCKaH MO,LleJib qiparMeHTaIIHH, npe,LIJIO)KeHHOH <l>ern6axoM, 

foJih,LIXa6epoM H XyanroM (<l>fX). Cornacno ,L1annoii MO)l.eJIH, 3aBHCHMOCTh ,ll,HCIIep

cHH cl F HMIIYJihCHoro pacnpe,ll,enemrn ,ll,JIH ippan.teHTa c MaccoBhIM 'll!CJIOM AF· H,Llpa 
2· 

Ao OT L\tlCIIepcnn HMnyJibCHOro pacnpe)J.eJieHHH HYKJIOHOB B p,aHHOM Hp,pe CJ o onpe-

,LleJil!eTCH napa60JIH'leCKHM 3aKOHOM fOJib)l.Xa6epa (2). 

2 2AF(Ao-AF) 
O'F=O'o 

A0 -1 
(2) 

8 

) 

) 

) 

) 

BeJIH'lirna CJo MO,KeT 6bITb oueHeHa no BeJIJI'lHHe <l>epMH HMIIYJibCa PF KaK 

CTo = PF I .J5. 06cy)Kp,eHHe OHTOJIOrH'leCKOro CTaryca H,ll,epHbIX npoueccoB B paMKax 

,LlaHnoii Mo,L1enn BhIXOP.HT 3a paMKH ,ll,anttoii: pa60ThI. HeTPYLIHO 3aMeTHTh, 'ITO npe,Ll

nono)KeHIIe B paMKax CTaTHCTH'leCKOH MO,LleJIII (cI>fX) 06 ucnycKaHIIH a-qacrnu, 

ipparMeHTnpyIOIIl,HM H,LlpOM 9Be He n03BOJIHeT o6oHCHIITh Ha6JIIO,L1aeMbIH BIi,[\ PT

pacrrpe,LleJieHIIH a-'laCTlllf B na6opaTOpHoii CHCTeMe. CrrJIOillHaH IIJiaBHaH KpnBaH, 

npnBe,LleHHaH Ha pncyHKe (Sa), - paC'leT PT a-'laCTHlf no CTaTHCTHtJeCKOH MO,LleJIH, 

rrpn ncnycKamm a-qacTHlf H3 H,Llpa 9Be. TeopeTn'leCKoe 3Ha'lemIe o(PT)=l28.8 

M3B/c 6JIH3KO K nony'leHHOMY 3KcnepnMeHTaJihHO 3Ha'leHIIIO o 2(PT)=(l25±6) M3B/c 

AAA a-qacrnu c I1 E (10.5, 114) Mpa,ll,. ,[l,JuI Prpacnpe,ll,eneHHH u-qiparMeHTOB, np11-

Ha.!l;Jie)Kam11x K rpyrrrre C OTHOCIITeJibHblMH II rrpOCTPaHCTBeHHblMH yrnaMH I1 E (0, 

10.5) Mpa,LI, sem111nHa napaMeTPa peneescKoro pacrrpe,LleJiemrn - o 1(PT)=(52±3) 

M3B/c. MmKHO noKaJaTb, 'ITO COOTBeTCTBYIO~ee 3Ha'leHne BeJIH'lHHbI 00=(34±2) 

M3B/c II npe,LITIOJIO)KHTh, tJTO a-qacTHlfbl ncnycKalOTCH LIPYrHM o6oeKTOM - H,LlpOM 
8Be, o6pa3yIOUlHMCH npn qiparMeHTalfHII 9Be➔8Be➔2a (3apH)KeHHaH KOMTIOHeHTa 

KaHana). CooTBeTCTBYIOlllHe pa3Mepbl o6oeKTa, H3 KOToporo ocymeCTBJIHeTCH BbIJieT 

6-'laCTHif COCTaBJIHeT R=(5.9±0.4) qJM. Xorn ,[\aHHhIH pe3yJihTaT HBJIHeTC}l Ka'leCTBeH

HOii oueHKOH, BeJIHtJHHa o6nacTH R=(5.9±0.4) cpM 6JIH3Ka K BHrnepOBCKOMY npe,LleJiy 

,LIJIH OCHOBHOfO COCTOHHHH 
8
Be (01 Rw=S.7 qJM. 

Ecnn a-qiparMeHThl, npHHa,!l;J1e)Ka!Il,He K rpyrrne C OTHOCHTeJibHblMH JI npo

CTpaHCTBeHHhIMH yrnaMH II E (0, 10.5) MpaJJ:, o6pa3yIOTCH npn qiparMeHTaIIIIH 
9Be➔8Be➔2a qepe3 OCHOBHOe COCTOHHHe (O+) H,!1,pa 8Be, 6bIJJO 6bI JIOrtt'lHblM rrpe,LI

IIOJIO)KHTh, tJTO a-'laCTHifhl C I1 E (10.5, ll4.0) Mpa,!1; o6pa3yIOTCH 'lepe3 nepBoe 803-
+ 8 8 2+ 6y)K,ll,eHHOe COCTOHHHe (2 ) H,Llpa Be. Ilpe.D,TIOJIO)KIIB, tJTO pa,ll,Hyc R,Llpa Be B co-

CTO.l!HHH R=2.49 qJM, TeopeTtt'lecKoe 3Ha11ettue peneescKoro napaMeTPa .L\nH PT

pacnpep,eneHH.ll a,-qacrnu, IIcnycKaeMhIX 8Be B 2+ - o(PT)=l 19.8 M3B/c, 'ITO TaK )Ke 

6nH3KO K 3KcnepnMeHTaJihHOMY 3Ha'leHnIO o 2(PT)=(l25±6) M3B/c. Ecnu orpaHII'lHT

CH co6hITIIHMH c II E (15.0, 45.0), TO 3Ha'leHne o 2(PT) H3MeHIITCH - o'i(PT)=(l 10±7) 

M3B/c. IlpepbIBHCTaH Kpnaax pucyHKa (lla) - pac'!eT PT no crnTHCTH'lecKoii MO,!l,eJin 

npH ncnycKaHHH a-tJaCTHif H3 H,Llpa 8Be B 2+ COCTOHHHH. CJie,LIOBaTeJibHO, BbIIllenpn

Be,[\eHHOfO attanma Prpacnpe,ll,eJieHnH u-11acTHif B na6opaTopnoij cucTeMe He.D,ocrn

TO'lHO )J.JIH 3aKJIIO'leHHH O «MexaHH3Me» o6pa3oBamrn a-'laCTHif npn ippan,,reHTalfllH 
9Be➔2a C I1 E (10.5, 114) Mpa,LI. B .D,OnOJIHeHHH K CKa3aHHOMY, Heo6XO,LIHMO Y'lHTbl-

9 



BaTh HaJIIflme «nepeHOCHOro» nonepetJHoro IIMnynhca, nonyqaeMoro qiparMeHTII

py10m;uM HAPOM npu B3aUMO,D;eHCTBHII C MHIUeHblO (CM. rnaBy 3). 

Pacnpe,11;enemie a-'faCTIII.( no nonepe'IHOMY HMnynhcy P\ B cncTeMe ueHTPa 

Mace a-napbI npe.11:crnBneHo Ha pncyHKe (Sb) . .51BnHHCb, no cyTII, cne,11;CTBHeM pacnpe

.11:enemrn: co6b1Tuil. no OTHOCHTellbHOMY npoCTPaHCTBeHHOMY yrny H, pacnpe,11;eneHne 

a-tJaCTHI.( no P\ MO)KeT cn~HTb OTIIpaBHOH TO'JKOH AilH 3KBHBaneHTHOH cxeMbl pac

cy)K,ll;eHIIH npu ll3Il0)KeHIIll pe3yllbTaTOB ,D;aHHOro nccrre,11;0BaHUH. 

B qernepTOM naparpaqie (§2.4) BTopoil. rnaBbI aHaJIU3upyeTcH pacrrpe.11:eneHue 

a31IMYTallbHblX yrnoB nap a-'faCTUI.(. Bu,11; A8HHoro pacripe,11;eneHUH Ha COOTBeTCTBYeT 

curyauuu CTaTIICTH'feCKII He3aBUCIIMOfO ncnycKaHUH a-'faCTll AilH co6bITHH, xapaK

Tepu3ymmuxcH I1 E (10.5, 114.0) Mpa,11;. Ha qiopMy pacnpe,11;eneHIIH no napHOMY aJu

MYTaJibHOMY yrny, MO)KeT TaK)Ke BillIHTb HaJIII'flie «nepeHOCHOfO)) nonepe'IHOro IIM

nynbca, nonyqaeMoro qiparMeHTHpyIOID:IIM HAPOM npu B3aUMO,D;eHCTBllll C MIIIIIeHbIO. 

Oco6eHHO HpKO BilllHHUe nepeHOCH0r0 HMnyITbCa AOil)KHO CKa3hIBaTbCH AilH co6bITIIH 

xapaKTepU3YIOID;HXCH BellH'fllHOH OTHOCHTellbHOfO np0CTpaHCTBeHHOfO yrna I1 E(0, 

l 0.5) Mpa.n. ,[(pyruM, TaK)Ke B03MO)l(HbIM, qiaKTOpOM MO)KeT 6bITb npuo6peTeHIIe yr

noaoro MOMeHTa qiparMeHTupymm;uM H.D;pOM. Heo6xo,nUMO Y'fllTbIBaTb ,naHHbie B03-

MO)KHOCTU npll lIHTepnpeTal(UlI pe3ynbTaTOB. 

AHaJIH3y pacnpe.neneHUH co6b!THH no Bellll'JUHe 3Heprull B036~,D;eHUH Q2a, 

onpe,11;enHeMoro qiopMynoil.(3) [2), nocBHIUeH nHTbIH naparpacp (§2.5) BTOpoii rnaBbl. 

I 

M 2a = [2(m~ + Ea1Ea2 - Pa1Pa2 cos( 012 ))F 
Q2a =M2a -2·ma 

(3) 

B Bbipa)KeHHlI (3) CIIMBOilbl M2a, ma - 3qJqJeKTIIBHaH lIHBapuaHTHaH MaCCbl a-napbl, 

Macca a-tJaCTUI.(bl COOTBeTCTBeHHO. He TPYAHO BII,D;eTb (pncyHOK (6)), 'ITO pacnpe,11;e

neHHH 'co6hlTIIH no Bellll'fHHe 3Hepruu B036y)K,D;eHIIH Q2u AilH rpynn C lI E (0, 10.5) II 

I1 E (15.0, 45.0) Mpa,11; TaK)Ke Ka'feCTBCHHO pa3ITII'fHhl. Pe3yllhTaTbl CBIIAeTCilbCTBYIOT, 

'ITO pacnpe.neneHIIe no BellII'fHHe Q26 npII6nII3IITellbHO AilH (75±10)% co6bITHH Cyr

IlOM 11 E (0, 10.5) Mpa,11; xapaKTepII3YeTCH 3Ha'feHIIeM <Q25>=86±4 K3B C 

cr(Q25)=48±2 K3B, 6JIII3KIIM no BeJIII'JIIHe K 3Ha'feHHIO OCHOBHOro COCTOHHHH (O+) HA

pa 
8
Be - 92 K3B. ,[(rrH co6bITIIH c yrnoM lI E (15.0, 45.0) Mpa.n 3Ha'femIe 

<Q25>=3.l±0: 11 M3B H cr(Q26)=1.30±0.08 M3B, 'ITO 6iIH3KO no BenH'fHHe K 3Ha'Ie

HIIJO nepBoro B036y)K,D;eHHOro COCTOHHHH (2J H,D;pa 8Be -3 M3B, C IIlliplIHOH r -1.5 

M3B. Co6bITllH, xapaKTepmymmnecH llHTeparuiaMII 0TH0CHTellbHbIX npoCTPaHCTBeH

HbIX yrnoB M E (10.5 - 15.0), M E (45.0 - 114.0) Mpa,11; MOryT 6bITb CBH3aHbl c o6pa-

lO 

l 

30BaHIIeM 5He II 8Be B (4+) C0CT0HHIIU C0OTBeTCTBeHH0. ,[(nH nocne.nHeH rpyrrnbl co-

6blTIIH c 11 E (45.0 - 114.0) Mpa.n cymecTBeHHbIM CTaHOBIITCH TO'JHOCTb u,neHTmtm

Kal(UU II30TOTI0B He, K0TopaH B MeTO.D;IIKe H.nepHbIX 3MYilbCIIH HeA0CTaTO'IH0 BbICOKa. 

,l!l 
§ 
8 150 

100 

50 

Oo 2 4 6 8 10 12 
Q2", MeV 

Pucy110K 6 PacnpeoeJ1e11ue co6b1mui'1 ppa2111e11ma11uu 9Be-+2a no BeJ/U'IUHe 

::mepzuu Q26 napbl a-l/acmui1, 06pa3y10u1uxcR e peaK11uu. BepmuKaJlbJto 3au11npuxo

ea1111M 2ucmo2pa111111a coomeemcmeyem co661mwvu c om11ocumeJ1bHbll1tu npocmpa11-

cmee1111b1MU y2J1ClMU H E (15.0, 45.0) 111pao. Ha ecmaeKe - pacnpeoeJ1em1e co6b1muu 

no Q26 e 06J1acmu yZJZoe H E(O, 15. 0) 111pao. HaKJ1011110 3awmpuxoea1111aR zucmo-

2paA111ta - co6bllnuR c om11ocumenb11b1111u npocmpa11cmee1111b1Atu yZJZaAtu l1 E (0, 10.5) 

Atpao. CnllOlU/lafl 2ucmo2pClMAta - cyA111tap11oe pacnpeoeJ1e11ue. 

B mecTOM rraparpaqie (§2.6) npoB0AUTCH COTIOCTaBileHIIH 3KCnepuMeHTaJlbHbIX 

pe3yllhTaT0B ,D;aHHOro 3KCnepIIMeHTa, C paHee nonytJeHHblMII ,naHHbIMU no II3ytJeHHIO 

B, 3MYilbCIIII qiparMeHTal(IIU penHTIIBIICTCKUX H,D;ep 12C➔3a, 160➔4a, ynOMUHa10mu

MIICH B ,naHHOH pa6oTe. TIOMIIMO YKaJaHHOH Bblllle npaKTU'IeCKOH l(eHH0CTH, pe3ynh

TaTbl ,D;aHHOH pa60Tbl M0ryT 6bITb norre3Hbl npu II3y'IeHIIH qiparMCHTal(HII 6onee 

CJIO)l(Hb!X «o6bCKTOB» (H,D;ep) npOHBJIHIOID:llX CBOHCTBa Na-CIICTCM. 

B TOeTbeii rrraBe onIICbIBaeTCH BKila,[( B Kaqecrne MHllleHII pa3JIII'JHbIX rpynn 

HAep 3MYIThCHII (H, CNO, AgBr ), B wccrre.nyeMhiii KaHaJI qiparMeHTal(mI 
9
Be-+2a. 

O6cy)K,D;alOTCH oco6eHHOCTH HMTIYilbCHbIX cneKTpOB nap U-'JaCTHU B 3aBUCHM0CTII OT 

H,npa MHilleHH. 

B nepB0M naparpacpe (§3.1) TpeTbell rnaBhl o6cy)l(AaeTCH BKJJaA pa3Illl'JHbIX 

rpynn H,D;ep 3MYilLCHH B Hccne,11;yeML1ii KaHaJI cpparMeHTal(HH 
9
Be-+2a. Cno)l(Hbltt co

cTaB qJOT03MYilbCHll He TI03B0ilHeT 0AH03Ha'JH0 OTBeTHTh Ha B0!Ipoc, C KaKIIM HAP0M 

rrpOII30lllllO B38HMO,D;eHCTBlle HaJieTammeii 'IaCTHUbl. Jlttlllb HCIT0ilb3YH .norronHH-
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TeJlbHbie KplITepIIII OT6opa, OKa3bIBaeTCll B03MO)KHbIM, OJJ,HOBpeMeHHO 113yqaTb B3au

MOJJ,ellCTBIIll Ha pmmI'IHhIX rpynnax llJJ.ep 3MYJJhCIIII H, CNO, AgBr. Pacnpe.n;eneHue 

co6bITIIii qiparMeHTaUHll 
9Be➔2a, B 3aBHCHMOCTII OT senuquHbl 0THOCIITeJlhHOro 

npocTpattcTBeHHoro yrna II Me)KJJ.Y napou a-qacrnu H conpoB0)KJJ,eHHll qiparMeHTaMn 

MHllleHH, npHBe,[.leHO B Ta6nnue (1). CnMBOJiaMn nb, Ilg, lls - o603Ha'leHO COOTBeTCT

BeHHO 'IHCJIO TpeKOB b-, g-, S-'laCTIIU, IICXOJJ,JUUHX II3 BeplIIHHbl B3aHMOJJ,el!CTBHJL Oc

HOBHOI!. oco6eHHOCThIO pacnpe,L1enemrn llBJllleTCll npeo6naJJ,aHne ( ::,:40%) co6bnnii 

qiparMeHTaUIIH 
9Be➔2a, B KOTOpblX OTCYTCTBYIOT CJie,[.lbl qiparMeHTaUHtl llJJ,ep MHlIIe

HU (nb=ng=n,=0). 

Ta6J1u14a 1 PacnpeiJeJ1eHue co6b!lnuii ppa2MeHma14uu 9Be~2a no 'lUCJlY u muny 

conpoeo:J1ciJa,ou1ux ppa2J1teHmoe ROpa MuuteHu. 

H, 
Mpa,!1 

HS:10.5 

10.5<H 
S:15.0 

15.0<H 
S:45.0 

H>45.0 

n.=o I ng=l n.=o 
nb=O nb=O 11b=3 

10 I 

n,=O (n,;tO) 

n8=0 n,=O n.=o nh>2 
nb=4 Ilb=5 11b=6 (ng>'O) 

2 I 18 
5 
3 

llHCJIO 

ng>l n8=0 n8=0 Ilg=! co6UTHH 

nb=O nb=l nb=2 nb=l 

3 17 7 I 132 
6 l) (I) (32 
2 

144 I 27 I 5 I 7 I 2 I I I 33 I 5 I 39 I 13 I 7 I 283 
CyMMa I (32) (6) (4) (2) (-) (-) (10) (3) (10) (10) (2) (79 

,[(aHHblll Tlln co6b1Tllll HMeeT cneu;HaJibHOe Ha3BaHue - «6enbie» 3Be3JJ,bl. ,[(onll 

co6bITIIII conpOBO)K,[.lalOIIl;IIXCll o6pa3oBaHneM JIIIBHeBblX (s) qacTHII; COCTaBJllleT 

:::;22%. B3anMoJJ,eiicrnnll 9Be-Em c nh=0 (nb+ng=0) MoryT 6bITh orneceHhI K co6bITHllM 

qiparMeHTau;uII Ha 11npax qioTO:JMynhcnn rpynnhI AgBr. Co6hITIIll 
9Be➔2a, conpo

BO)KJJ,aJomuecll ng= I, nb=0 MO~ 6bITb IIHTepnpeTupoBaHhl KaK B3aIIMOJJ,eiiCTBllll Ha 

BOJJ.opoJJ,e 3MYJJhCIIII (rpynna H). IIocKOJihKY, pe3yJibTaT KnaccnqrnKau;un onpeJJ,en11-

eTcl! TIIIlOM Ha6mo,L1aeMbIX qiparMeHTOB llJJ,ep MHlIIeHII TO, B rpynny B3aHMO,LleiicTBIIII 

Ha ll,Llpax H, IlOMHMO 1H, MOryT BXOJJ,HTb co6hITHll c 6onee Tl!)KeJiblMH qiparMeHTaMH 

MHllleHII, BHelIIHe BbirJll!JJ,l!IIl;IIe KaK g-'laCTIIUbl. Bee )Ke IlO,LlaBJlllJOIIl;all qaCTb g

'laCTllll; o6pa30BaHa l!JJ,paMH 0TJJ,a'lll, rnaBHbIM o6pa30M npoTOHaMH. Han60JiblIIall 

TPY.LIHOCTb B ,LlaHHOH KJlaCCIIqJIIKall;HII COCTOIIT B pa3JJ,eJieHIIll co6bITllll no rpynnaM 

CNO II AgBr, no npH'IIIHe TOro, 'ITO nHTepnpernu1111 co6bITIIii c nh> 1 TPe6yeT JJ.O

nonH1nenbHoro amuuna csoii:cTB, 06pa3y10m11xc11 qiparMeHTOB MHllleHII. llccneJJ,osa

HIIe yKa3aHHOH npo6neMbl He l!BJllleTCll 3al].aqe11 l].aHHOH pa6oTbl. TeM caMbIM, JJ,OC

rynHal! CTaTHCTHKa H3 362 co6bITHH 9Be➔2a M0)KeT 6bITb npn6JIH3HTeJibHO pacnpe-
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AeneHa no rpynnaM H, CNO+AgBr B cooTHOllleHnH 1: 10. Ce'leHne llAPO-l!JJ,epHoro 

B3aIIMOAeii:cTBIIll W1; l!JJ,pa 9Be (A;=9) c .HApOM 3Mynhcnn A. MO)KeT 6bITh ou;eHeHo Ha 

OCH0BaHIIII COOTHOllleHIIll Epal].Ta-TIHTepca (4), rJJ,e Ro=l.45 q_)M. 

W,; = tr · R; · A,3 + A;3 - l.17 ( 
I I )2 

(4) 

I1p11seJJ,eHHOe Bbtpa)Kettne ( 4) no3BOJllleT ou;ettIITh OTHOCnTenhHYIO sepollTHOCTh 

P(9Be-Em) B3aIIMOJJ,eiiCTBII.H .HJJ,pa 9Be C pa3HbIMH KOMnOHeHTaMII 3MyJll,CIUI. Pe3yJlh

TaTbl pacqeT0B no3B0JJ.HJOT nony'IHTh P(9Be-H)=10.4%, P(9Be-(AgBr+CNO))=89.6%. 

i 40 
g a) 

~ 

" 5 B 
u 

b) 

01 100 200 300 'i'i@=z sAo 
Pr,...,. MeV/c 

PucyHoK 7 PacnpeoeJ1enue co6b1muii no eeJ1utJu11e cyMAtapno20 nonepe1Jno20 

ll.Ml1YllbCa Prsum napbl a-ttacmu11 Ollfl 2py1111 AgBr (nh=O) - (a), H - (b). CnllOUL1taR 2UC

mo2paMMa (a) OJIR ecex co6bzmuii 2pynnb1 AgBr, 1taKJ10HHO 3azump11xoeaHHaR 211cmo-

2paMMa Ollfl - 80% co6b1mut'i U3 iJa1moii 2pynnb1. I'ucmo2pa.MAta (b) - pacnpeiJeJ1enue 

Ollfl 88% co6b1muii 2py1111b1 H. Kpueb1e ua <jJpa2J.teHmax (a), (b) - 2papuK11 oJ,cuoae

AtblX pacnpeoeJ1eHuii. 

CTOIIT OTMeTIITb, 'ITO Ha6n10naeMoe COOTBeTCTBHe Me)KJJ,y .n;oneil co6bITIIH, OT

HeCeHHblX K onpel].eneHHOMy Tttny, II OTHOCIITeJlbHOII Bep0llTH0CTbIO, l!BJllleTCll Jllllllb 

npn6ntt3HTeJlbHbIM. ilOMHMO npoueccoB, CB.H3aHHbIX C .HJJ,epHbIM B3aIIMOJJ,eHCTBJieM 

HMeIOT MeCTO :meICTp0MafHHTHhie B3aHMOJJ,eHCTBIUI. ll3y'leHIIe BIWaJJ,a pa3Jlll'IHblX 

«MexaHH3MOB» B nepnqiep11qeCKHe npouecCbl npH qiparMeHTall;IIH pemITHBIICTCKHX 

.HJJ,ep .HBJilleTCll OTl].eJibHOH 3HaqHMOII TeMOII JJ,Jl.H uccneJJ,OBaHIIH, TPe6y10meil Il0MHM0 

3KCnepnMeHTaJibHbIX ou;eHOK COl].ep)KaTeJlbH0ro TeopeTII'leCK0ro aHaJIH3a, q'fo BbIXO

JJ,IIT 3a paMKH l].aHHOII pa60Tbl. 

OnttcaHHIO 3aBHCHM0CTb pacnpe.n;eneHHll nonepe'IHbIX HMnynhCOB nap a

qaCTHI]. OT .HJJ,pa-MHllleHII 3MYJlbCHII nOCBl!IIl;eH BTOpOH naparpaqi (§3.2) TPeTheii rna

Bbl. B qacTH0CTH, Ha6n10JJ,aIOTC.H pa3nnqne B pacnpeJJ,enemrnx cyMMapHbIX nonepeq

HhIX HMnynbC0B P1sum nap a-'laCTHU: JJ,Jl.H co6bITIIii Ha ll,!].pax rpynn H, AgBr (nh=0). 

Ha p11cyttKe (7) npeACTasneHbI pacnpeAenemrn co6bITHii no Benwrntte cyMMapHoro 
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ITonepeqHoro HMITYJihca PTsum naphI a-tJaCTHll ,1:1m1 rpyITIT AgBr (nh=0) - (14a), H -

(14b). Ha6mo,naeMoe KaqecrneHH0e pa3Jiuque B cpopMe pacnpe,neJiemiii M0)KeT CBH

,11eTeJihCTB0BaTh 0 pa3HHQe KHHeMaTUtJeCKHX ycJIOBHll o6pa3oBaHHH a-ITap, B peaKQH

HX Ha yKa3aHHhIX rpyITITaX H,nep. 

ITpu6JIH3HTeJihHO, 80% B3anMo,neiicTBHii Ha H,npax rpyITIThI AgBr, KaHaJia 
9Be➔2a xapaKTepH3YIOTCH ,l:IJIH PTsum BeJinqnHoii ITapaMerpa peJieeBCKoro pacnpe,11e

JieHHH c;AgB,(PTsum)=(77±7) M3B/c. TaKoe 3HaqeHHe ,1:1aHH0ro ITapaMeTpa 061,HCHHMO, 

B paMKax, ynoMHHamnett:CH paHee, CTaTHCTHqecKOH M0,[leJIH. IIpe,11noJIOJKHTeJihHO, 

BenuqnHa PTsum M0JKeT onpe,1:1eJIHThCH He,nocTaIOU\HM noITepeqHbIM HMITYJihC0M <<He

B11,D:HM0ro» B 3MYJihCHH Heii:TpoHa KaHaJia 
9Be➔2a+n. CoorneTcrny10mee 3HaqeHne 

KopmI H3 ,nucrrepcHH O'n HMITYJihCHOro pacnpe):leJieHHH HeiirpOHOB, ):\0JIJKHO 6hITh 

paBHO 06cy)KL1aeMoii B rnaae 2, BeJinqnHe c:;0=81 .4 M3B/c (rrpn pa,1:1nyce HL\pa 
9
Be -

R=2.52 cjJM). OcTaJihHhie 20% co6hITHH rpynrrhI AgBr, no-BH,!IHM0MY, CBH3aHhI c, pac

ceHHHeM Ha «60JihWHe yrnhl» napbl U-tJaCTHll KaK QeJioro B pe3yJihTaTe 3JleKip0Mar

HHTH0ro HJlH .n.ncppaKQHOHHOro npouecca C O'AgBr(PTsum)=(267±45) M3B/c. 

PacITpe,11eneHne 88% co6hITHH ITO BeJIHtJHHe PTsum .[IJIH rpynnhI H, xapaKTepH-

3yeTCH BeJIHqnHoii crn(PTsum)=(126±23) M3B/c. Ilo-BHL\HMOMY, 3a pa3BaJI 
9Be➔2a B 

peaKQHlI Ha npoTOHe OTBeqaeT 3aMeTH0 6oJiee ((JKCCTKHH MexaHH3M» B3aHMOL(eiicT

BHH, qeM 3a peaKQHH Ha H,1:1pax rpyrrnhI AgBr. 

Ha6mo,1:1aeMoe pa3Jinqne B cneKTpax rroITepeqHhIX HMITYJihCOB nap a-qacTHll 

,[IJlH co6b!THH Ha pa3Hh!X rpynnax H,l:lep, CBH,[leTCJlhCTByeT 0 HCipllBHaJihH0M «Mexa

HH3Me» B3aHMO,lleHCTBIIH ITpHB0,[IHIUero K pa3BaJIY 
9Be➔2a Ha H,llpax 3MYJihCllll • .Dhl

JI0 6bI rrpeJK.[leBpeMeHHhlM ,[ICJiaTh KaK11e-JI1160 3aKJIIOqeHllH OTH0CllTCJihH0 ,[IOMllHll

poBaHHH (L\JIH 0T,[ICJlhHhlX rpyrrrr C06hITHH 
9Be➔2a) KaK0fO-T0 0,D:HOro «MeXaHll3Ma» 

cpparMeHTaQlHI 3JieKTpoMarHHTH0fO HJIH H,[lepHoro. 

B IpeTheM naparpacpe (§3.3) IpCThell rnaBhl paccMaipnBaIOTCH oco6eHHOCTll 

pacnpe,1:1eJiem1n: IT0ITepetJHh!X HMIIYJihC0B nap U-tJaCTIIll B 3aBHCllM0CTlI OT BeJilltJlIHhI 

OTHOCHTeJibH0ro npocrpaHCTBCHHOfO yrna ,[IJlH B3allMO,[ICHCTBllll Ha H,[lpax Ag, Br 

3MYJihCIIH. ,[l,JIH IT0,llaBJIHIOl1(ero 60JihWllHCTBa (80%) co6b!TllH q>parMeHTaQllH 
9Be➔2a Ha H,1:1pax AgBr Ha6mo,11aeTCH OTCYTCTBlle pa3JIHtJHii B ITapaMerpax pacITpe

,1:1enem1ii BenuqnH cyMMapHh!X II0ITepeqHhlX HMIIYJihCOB PTsum npH pa36HeHHH no 

rpynnaM c 0 E(0, 10.5) Mpa,1:1 n 0 E(l0.5, 114.0) Mpa):I. Mo)KHO rrpe,l:IIIOJl0)KHTh, 'ITO 

,[IJlH 0601Ix Bh!WeyKa3aHHh!X cnyqaeB BeJinq11Ha PT,um MOJKeT TaK)Ke onpe,1:1eJIHThCH He

.D.0CTa!OIIIHM nonepeqHhlM IIMnyJihC0M HCHTPOHa [2]. 
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B 3aKJIIOqeHHH ccpopMyn11poBaHhl 0CH0BHhie pe3yJihTaThI ,1111ccepm11110HHOH 

pa60ThI. 

1. .Enaro.uapH HMeIOII.(CHCH B03M0)KH0CTH ITO cpopMnpoBamno H nccne.uoBaHHIO nyq

K0B JierKHX peJIHTHBHCTCKllX H,Uep Ha HyKJIOTpOHe OHJIH, BnepBbie 6bIJIO Bhl

n0JIHeHO HCCJie,noBaHIIe CBOHCTB H,11pa 
9
Be KaK 2a+n CHCTeMhl, npoHBJIHIOIIIllXCH 

B nepncpepuqecKoii cpparMeHTaQHll Ha ·H,1:1pax qJOT03MYJihCllH npn 3Hepru11 1.2 A 

faB. 

2. AHaJill3 pe3yJihTaT0B 3KCITep11MeHTa ocymecTBJieH Ha 6oJihIIIOll ,[\JIH MeTO,l\HKll 

HL\CpHhlX 3MYJlhCllll CTaTIICTHKe - 362 cofihmrn nepncpep11qecKOH cpparMeHTaQHII 
9Be➔2a Ha H,npax rpynrr H, CNO, AgBr. 

3. YrnOBhie n HMIIYJihCHh!e xapaKTepncTHKll a-qacTHQhl n II0,[laBJIHIOII.(eM 6onh

IIIHHCTBe CJiyqaeB n0JIHOCThIO onpe,neJIHIOTCH noITa,llaHneM co6bITHH B 0,1\HY 113 

rpyITIT no senuquHe 0TH0c11TeJihH0ro ITpocrpaHcTBeHH0ro yrna 0. BepxHHH rpa

HIIQa ,[IOCTHrHYTOH TQqHQCTII II3MepeHllH yrnoB BhIJICTa a-qacTllll C0CTaBIIJia 4.4 

Mpa,1:1. 

4. Pe3yJihTaThl CBHL\CTeJihCTBYIOT, 'ITO nopH,UKa 81% co6hITHH cpparMeHTaQIIII 
9Be➔2a, conpoBo)K.l(aIOTCH ncrrycKaHneM a-qacnu~, II3 npoMe)KyT0qHoro H,npa 
8
Be, HaX0,l:IHIIICfOCH B 0\ 2+ C0CTOHHIIHX ITp1I6JIH3llTCJlhHO C 0,D:IIHaK0BhIMH Beca

Mll. 

5. B 3KcnepnMeHTe ycTaHOBJICH0, 'ITO .D.JIH rpynn co6hITIIH, 0THCCCHHhIX K B3aHM0-

,nett:CTBllHM Ha H,l:lpax H, AgBr, Ha6JIIO,[laeTCH TCH,[\eHQIIH K pocry cyMMapHoro 

nonepeqHoro IIMnynhca PTsum napbl a-tJaCTllll C yMeHhIIICHHCM A1 H,l:lpa-MHIIIeHH. 

6. ,[viH 80% co6b1THii rpynnhI AgBr pacnpe.n.eneHne BeJIHtJHH cyMMapHoro none

peqHoro HMITYJihCa PTsum ITap a-qacTHll MO)KeT 6hITh HHTepITpernpoBaHO He,noc

TaIOIQIIM nonepetJHh!M HMnyJihC0M HCHipOHa - cpparMeHTa H,l:lpa 
9
Be. Pe3yJihTa

Thl CBH,[ICTCJihCTBYIOT, 06 0TCYTCTBIIH 3HaqIIMOH pa3HIIQhI B 3HatJeHIIHX napaMeT

poB pacnpe,11eneHHH BeJIIIqIIH Ptrsum .rlJlH co6hITHH Ha H,1:1pax rpymihI AgBr, OTH0-

CHIIIllXCH K pa3HhIM rpyITnaM no BeJilltJHHe yrna 0. EhIJIO 61,I ITpe)K.l(eBpeMeHHhIM, 

0,[IHaK0, ,nenaTh KaK11e-nu60 3aKJIIOtJeHllH 0TH0CllTeJihH0 ,[I0MllHHpoBaHllH ,[IJIH OT

,neJihHhIX rpyITn co6bITIIH 
9Be➔2a KaKOfO-TO o,n:Horo «MeXaHII3Ma» cpparMCHTa

QHH. ,[viH no.n.o6Hh!X 01\CH0K Heo6xo,nHM co.uep)KaTeJihHh!H TeopeTHqecKHH aHa

JIH3, 'ITO BhIXO,D:HT 3a paMKH .L(aHHOH pa60Thl. 

7. IlonyqeHHhie B 3KCnepHMeHTe ,[laHHhIC 06 yrnoBhIX 11 llMIIYJihCHhIX CIICKTpax a

qacTllII, o6pa3yIOIIIllXCH IIplI cpparMeHTaQHH 
9Be➔2a, M0rYT 6hITh llCII0Jih30Ba

Hhl ITPll 0QeHKe p0Jill 
8
Be B 6onee CJI0)KHhIX Na-CllCTeMax. 
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B npuno)KeHHII npuBe.r1em,1 !poTOrpaqmII co61,nuii cpparMeHTaum1 9Be➔2a 

npII pa:mll'IHOM conpoBO)K.[\eHHH cpparMeHTaMII H,L\ep 3MYllbCIIH (pHCYHOK (8)). 
. . ' '- .. ,•.•-· •,s·-•~-;,,••· .. , .• ; ... , " -' t ,1-i? i; • i'\;; ,r ,,,,.-i(,~½t"iif~•- / 1· 

,,: ... I1,tfi,,•,,'. ~1i;,;.,; ,.' ·l·. 
·. ,.. -' · ~~\_~ '-4' it' ~,ft' .::,.~'½r _. - . 

rtL?. '.~Jk! '"'" ~~1-,;,,,a;;,;,,;;.~; '"""'}~,Jir'.'f ~ \ 1' 
Pucy110K 8 (IJ5) Co6b1mue <fipa2Me11ma1Juu 9Be->2a, conpoeo;)ICoa1014uecR 06-

paweamte.M 0011011 g-'-lacmUIJbl, pacnoJ10;)1Ce1111oii, npaKmu'-tecKu, noo npRJ.1b1.M yZJ10.111. 

Ha <jJomozpa<jJuu om'-temllzt6o euo11bz eepwu11a 63aw..woeiicmBztR (I. V.), 11a nepece'-te-

11uu nepBll'-11/0W mpe1<.a u mpeKa g-'-tacmUIJbl u «y3KaR» a-napa, 06pa3y10u1aRcR npu 

</Jpa,?A,te11mai1uu Ropa 9Be c 311epzueii 1.2 A I'3B. 
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