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06mllil xapaKTepHCTHKa pa6oTbl 

A1anyaJ1&Hocm& me.M&t, 

Bo3Mo:x<:nocTb ycKopenm1 pannoaKTHBHbIX mi:ep (P51) II03BOJI»:eT 

3uaqnTeJibno pacnmpHTb Kpyr nccnenonaHHH n mi:epttoii q:>H3HKe, n 

qacTHOCTH, OTKpblBaIOTCH HOBbie rrepcneKTHBbl B H3yqenHH CYpyKTYPbl 

mi:epttoii MaTepuH, a TaK::Ke MexaHH3MOB mi:epnbIX peaKUHH. B rrocnennHe 

I'O}lbl OJlHHM H3 HHTeHCHBHO pa3BHBaIOlllHXCH nanpaBJieHHeM , B 

Hccnenonamrnx HBJI»:eTca myqettne peaKUHH ynpyroro H Heynpyroro 

pacceattnii pa3JlnqHbIX P51, peaKUHH cnHanna-neneHna H cnn»:HHH

ucnapemrn ueiiTponon non neiicrnneM P.51. 

51.upa, naneKO OTCToamne OT rpaHHUbl mi:epHOH CTa6HJibHOCTH, 

06nana10T neo6b1qnbIMH CBOHCTBaMH, B qacTHOCTH, y HHX MO::KeT 

npOHBJIHTbCH HeHTpOHHOe HJIH npOTOHHOe . raJIO, T.e. aHOMaJlbHO 

nporn::KeHnoe pacnpeneneHHe HYKJIOIIOB: O.UHHM H3 3cpq:>eKTHBHbIX 

cnoco6on 3on.unponanH»: nnoTHOCTH pacnpenenenna HYKJIOHOB na 

nepecpep1m mi:pa H anpo6auuu TeopeTnqecKux Mo,n:eneii, yqHTbma10mnx 

cyruecTBOBattne rano, aBJI»:eTCH HccnenonanHe ynpyroro pacceaHHH 3THX 

mi:ep npu 3nepnm HecK<''lbKO nec»:TKOB M3B/ A Ha pa3JIHqHbIX MHIIIeHax. 

PeaKUHH CJIHHHHH, nn.uyuuponaHHbie panHoaKTHBHbIMH MpaMH C 

3Heprneii n6ml3H H HH::Ke KYJIOHOBCKOI'O 6apbepa, HBJIHIOTCH MaJIO

H3yqeHHblMH H oco6eHHO HHTepecHblMH. B 3TOH o6nacrn 3Heprnii 

ceqeHne CJIHHHHH onpenenaeTCH B OCHOBHOM BKJian_oM OT neynpyrnx 

KaIIaJIOB n BKJianOM OT peaKUHH nepe,uaq, 3TH KaHaJibl peaKUHH oqeui, 

qyncTBHTeJibHbl K CTpyKyYpe B3aHMO.UeHCTBYIOIUHX mi:ep. TaK HanpHMep, · 

MH peaKUHH 11Li + 208
Pb npencKa3bmaeTca cHJibHoe (Ha necKOJibKO 

nopMKOB) yneJIHqenHe ceqeuH»: CJIHHHHH npH 3HeprnH E:m < Bcoul B 

OCHOBHOM 3a cqeT B036y:x<:nenHH MarKOH MO.Ubl .UHilOJlbHOI'O pe3onattca. 

PeaKUIIH CJIHHHllH-neneHHH HHTepecTHbl TeM, qTo xoporno 

H3yqeHHble MO.Ubl neJieHHH COCTaBHbIX mi:ep, nonyqeHHblX B pa3HbIX 

KOM6HHaunax c IlOMOIUbIO IlYtJKOB CTa6HJibHbIX H pa.nnoaKTHBHbIX _ mi:ep, 

MO)KHO HCilOJib30BaTb }lJIH nccnenonanHH CBOHCTB P51. 

llponeneHHe nono6HbIX 3KnepHMeHTOB na panHoaKTHBHblX nyqKax 

OCJIO::KHeHo ueJibIM pmi:oM o6cTOHTeJibCTB: l)_ HHTeHCHBHOCTH IIYtJKOB 

•';•11 ,.,., T'"' ·-, • " 
t.;,.,;,.'lc..,.S.1~.1., IH':!1., 

i1!,-!~ ~.i }t ~\ 
ff;l1iEr

1 
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HeBI,ICOKII II KaK npaBIIJIO HaXO,WITC.ll B npe,uenax 10
2
-105 c-

1
; 2) 

nonepeqm,1ii: pa3Mep nyqKa IIMeeT ceqeHIIe HecKOJibKO cM
2
; 3) nyqoK PH 

co.uep)KIIT npIIMeCII paJJIIIqHbJX II30TOnOB Ha yponne 2-10%. B CB.ll3II C 

3TIIM, ,ueTeKTIIpyromIIe CIICTeMbl ,IlOJI)KHbl o6ecneqIIBaTb: 

1) noco6bITIIii:Hoe II3MepenIIe npoqmn.a nyqKa PH II 06pa3ywmIIxc.a 

npO.Il}'KTOB peaKUIIH no.a IIX ,ueii:CTBIIeM ,IlJI.ll BOCCTaHOBJieHirn KUHeMaTIIKH 

B3aIIMO,IleHCTBIIii:; 

2) BbICOKYIO pa3pernaromyw cnoco6nocTb cppaIMeHTOB no A, Z u E .IlJIH 

noco6bITIIii:Hoii: H.IleHTIIq>IIKaUIIII; 

3) pemcTpaUIIIO PH II npO,Il}'KTOB .a.uepHbIX peaKUHH no.a HX .ueii:CTBIIeM B 

6om,rnoM TeJiecHOM yme. 

AKTYaJibHOCTb ,uaHHoii: pa60Tb1 onpe,uen.aeTc.a npe)K.Ile ncero TeM, 

qTo 6bIJIII pa3pa60TaHbl II peaJIH30BaHbl HOBbie MeTO,Ilbl pemcTpaUHH 

nyqKOB PH II IIpO.Il}'KTOB .a.uepHbIX peaKuuii: . IIO,Il HX .ueii:cTBHeM, 

y.uoBJiernop.aromIIe nceM nepeqIIcneHHbIM Tpe6onaHu.aM, a TaK)Ke 

IIOJiyqeHbl HeKOTOpbie Ily<IKII PH C IIOMOmbIO HMeromuxc.a IIOHIIO

OIITIIqecKIIX CIICTeM Ha ycKopIITeJI.ax JUIP Y-400 II Y-400M II npoBe,IleHbI 

nepBbie 3KcnepIIMeHTbI C 3THMII pa,u;IIoaKTIIBHI,IMII IIY'fKaMII. 

aeJlb pa6ombt: 

1. IIonyqeHIIe nyqKoB pa.uIIoaKTHBllbIX .a.uep nu3KIIX (::;10 M::iB/A), II 

cpe,IlHIIX (~30 M::iB/ A) ::inepmii: n peaKUII.llX c T.ll)KeJiblMII HOHaMH c 

IICIIOJib30BaHIIeM IIMeromuxc.a IIOHHO-OIITIIqecKIIX CIICTeM na ycKopuTeJI.aX 

Y-400 II Y-400M JUIP OIDili. 
2. Pa3pa6oTKa 3KCIIepuMellTaJibHOH MeTO,IlHKII, II03BOmIIOmeii: IIpOBO,IlHTb 

H,IleHTIIq>IIKaUIIIO IIOHH3HpywmIIx II3JlyqeHIIH (3ap.a)KeHHbie qacTIIUbl, y
KBallTbI II Heii:TpOHbI) B 60JibllIOM TeJieCHOM yme C xopOIIIHM 3HepreTII-

qecKIIM pa3perneHIIeM II BbICOKOH ::icpcpeKTIIBIIOCTbIO pemcTpaUIIII. . 

3. IlpIIMeHeHIIe 3KCIIepIIMeHTaJibHOH MeTO,IlHKII ,IlJI.ll pemcTpaUIIII 

,IlIIcnepmpoBaHHbIX nyqKOB pa.uuoaKTIIBHbIX .a.uep B pe)KIIMe "MeqeHbIX 

aTOMOB" II npoBe,IleHIIe 3KcnepuMeHTOB no II3yqeHIIIO .a.uepHblX peaKUIIH 

no.a .ueii:crnIIeM 3K30TIIqecKIIX .a.uep. 

4. Hccne.uonaHIIe cnoii:crn pa.uuoaKTIIBHbIX .a,uep 6He, 9Li, 7Be, 8B B 

peaKUIIHX ynpyroro " neynpyroro pacceHHH.ll Ha ymepO,IlHOH MHIIIeHII npu 

::inepmHX 9 II 40 M::iB/A. lf3yqeHIIe ::icpcpeKTa neii:TpOHOH rny6bI (skin-

2 

)I 

::icpcpeKTa) y .a.uep 6He ll peaKUHHX CJIIUIHIIH-,IleJIemrn II CJill.llHIIH

IICIIapemrn neijTponon npn cpamIemm ceqem111 peaKu11ii err, cr4n ,IlJia 
6H 209B· 4H 209B· 6 6 CIICTeM e + 1 11 e t l ll Jill311 II Bbllll,e KYJIOIIOBCKOro apbepa. 

Hay•ma.Jt H08U3Ha: 

1. BnepBbie pa3pa60Tallbl II C03,Ilallbl CUllHTIIJIJIHUHOHllblC ,IleTeKTOpbI C 

6oJibrnoii: nnoma.uhIO pemcTpau1111 na ocnone Csl(Tl) 0200x15MM
2 

u 

<D3Y-173, 06na.ua10mue llbICOKIIM ::inepren1qecKHM pa3perne1111eM 11 

cnoco611ocTbIO 11.uenTmpuuuponaTb nerK11e 3apa)Ke111IbIe qacnmbI no 

cpopMe IIMilYJibCa llblClleq11namrn. 

.2. Bnepllble npe.IlJIO)Kell llhICOK03cpcpeKTllllllblll anropnTM ::mepren1qecKofi 

Kan116ponK11 Csl(Tl) ,ueTeKTopon .IlJI.a rnnpoKoro .u11ana3011a no Z II A c 

11cnOJib30llan11eM nyqKOll pa.uuoaKTllllllblX H.Ilep. 

3. IloKa3aHO, qTo cneKTpOMeTp na OCIIOlle necKOJlbKIIX n0311UIIOIIIIO

qyncTllllTCJiblll,IX JiallHllllbIX cqeTqHKOB 11 <::sl(Tl) ,IleTeKTOpa o6ecneqnnaeT 

::icpcpeKTHllllYIO noco6bITHIIIIYfO pemc·rpaumo, n03llOJIHIOIUYIO npoBO.IlHTb 

3KCIIep11MeHThl C pa.u11oaKTHllllblMll nyqKaMn. 

4. YcTanonneno, qTo nMemmneca 11011no-0I1T11qecK11e cncTeMbI QDDQ 

(Y-400) 11 D3Q2D2Q (Y-4.00M) y,uollJlernop.amT ocuonHbIM Tpe6onamm,1 

.IlJIH IIOJiyqemrn, TpancnopntpOllKII H oq11cTKH neKOTOpbIX pa.unoaKTllllllblX 

nyqKOB " MOryr 6bITb IICIIOJib30llaIIbl ,IlJI.ll npone.uemrn 3Kcnep11MeHTOll C 

pa.uuoaKTIIBHbIMII nyqKaMII. 

4. C IICIIOJlb30Ban11eM pa3pa6oTallllbIX MCTO.llllK nnepm,Ie 6bIJIH ll3Mepenbl 

cpyi1Kuu11 no36y)K.Ilemrn .uene1111.a 11 peaKUIIHX 
4
'
6
He + 209

Bi u6JIH3H II Bbirne 

Be, a TaK)Ke 113Mepeno ceqeIme peaKu1m 
209

Bi(
6
He,4n)211 At. 

llpaKlllll'leCKa.Jl lJeHHOClllb pa6011lbt: 

1. Pa3pa6oTaIIIlbiii Mem.u cnemc6opa MO)KeT 6hITb np11Me11en wrn npyi,Ix 

CUIIIITHJIJI.llUHOIIIlblX ,IlCTCKTOpOB c 6oJiblIIOll IlJIOIUa,IlbIO pemCTpUUIIII. 

2. Ilpe.IlJio)Kellllblfi anropllTM :::mepreTuqecKofi Kan116po1.1K11 MO)KeT 6bITb 

pacnpocTpaueu na 60JibllIH11c110 lleTeKTopon ua ocuone ucopraunqecKux 

CUHIITIIJIJI.llTOpon. 

3. II011yqe1111b1e ::icnepnMeUTaJibllbie pe3yJihTaTbI .IJJIH peaKunii 
209

Bi(
6
He;f) 

209B.(6 )211 II 1 He,4n At npellCTaBJIHIOT mnepec rorn anpo6auun TeopeT11•Icc-

KHX MO.Ue11eii, onnc1,rnmom11x CTPYKTypY ueiiTpo11011361,rroq11Mx a,ucp 
6He. 
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Ha 3llUJUlllY BblHOC.JllllC.Jl cJ1edy10UJlle 1wJ1o»ceH1l.Jl: 

1. Co3,IlaHile MeTO.IUIKII, Il03BOJUIIOlUeH npOBO.IJ.IITb 3KcnepI1MeHTbl C 

nyqKaMH pa.uttoaKTHBHbIX .lUlep B peA<IIMe "MeqeHbIX aTOMOB". 

lleTeKTHpyiomrui: CIICTeMa BbI.D.epA<IIBaeT npe.uenbHYIO 3arp)'3KY .uo 105 c- 1 II 

MOA<eT pa6oTaTb C m1cnepmpoaam1bIM noTOKOM qacTHU, IlpOCTpaH

CTBennoe pa3pernenne BTOpHqnoro nyqKa B X-,Y-nnocKocrnx cocTaBJUleT 

nop.lUI.Ka 1 MM, a 311epren1qecKoe pa3pernettIIe - ne X}"A<e 3% .II.JUI qacTHU 

c 311epmeii 10 M3B/ A. 

2. Pa3pa6oTKa II pea.rm3aum1 MeTO.ua cneTOc6opa c BbICOKIIM Ko3cpqm

UHeIITOM o.unopo.unocTH .II.JUI CsI(TI) KplicTannon c 6onbrnoii nnoma.uhIO, a 

TaKA<e 3cp<peKTIIBHblH cnoco6 311epreTHqecKOH Kantt6poBKII CUIIHTIIJI

JIHUIIOllblX .ueTeKTOpOB C IlOMOlllblO nyqKa pa.uttoaKTIIBHbIX .lUlep .IJ.JIH 

qacn1u n nrnpoKOM .uuanaJone Z II A. 
3. Ilonyqenue nyqKOB pa.uuoaKTHBHbIX a.uep H3 peaKUHH cppaIMeHTaUHII, 

rny6oKoneynpyn~x nepe.uaq u peaKuuu rnna (p,2p) Ha I1Me10meik.a 

uonno-onrnqecKoii 6aJe ycKopHTeJieii JI51P Y-4OO .u Y4OOM. 

4. Pe3yJibTaTbl 3KcnepuMeHTOB. no ynpyroMy II neynpyroMy pacceHHHIO 
6H 9L· 7B sB -Pa.D.IIOaKTHBHbIX .lUlep e, I II e, Ha. yrnepO.IJ.HOH MHllleHII npu 

3nepnrnx 9 M3B/ A u 40 M3B/ A coorneTcrnettno, nonyqettHbie n 

.mrnnaJOHe yrnon ~cm=2°-3O°. Ifa anaJIH3a .uanIIbIX nonyqena HncpopMauua 

0 pacnpe.uenenuu neHTpOHHOH H npOTOIIIIOH IlJIOTHOCTeii .D.JIH 3THX .lUlep,' 

5. 3KcnepHMeHTanbHbie pe3yJibTaTbl no HCCJie,II.OBaHHIO ceqeuuii peaKUHH 

CJIHHIIHH-,Il.eJieHHH H CJIHHHHH-Xn, nonyqeHHbie C ucnOJib3OBanneM 

pa.uuoaKTHBIIOfO nyqKa 6He. B .uuanaJOHe 3Hepmii Ecm / Bcoul > 1.3 

H3Mepenbl ceqemrn peaKunii 209Bi(6He,f) II 209Bi(4He,f), a TaKA<e ceqenua 

.uene1rna B peaKuuax 208Pb(7Li,f) II 206Pb(7Li,f) (.IJ.JIH Tex A<e cocTaBHhIX 
213 215 · 209 . 6 211A c a.uep ' At). l13Mepeno ceqenue peaKUIIH B1( He,4n) t. .ueJian 

Bbrno.u, qTo Kanan IIcnycKamrn qeTb1pex neiITponon Menee qyncrnnTenen K 

npo.aBJieHHIO HettTpOHHOfO H36bITKa y .lUlep 6He B peaKUHH CJIIIHHIIH C 
209B. 

1, qeM Kanan .uenenu.a. 

Anpo6aqu.11 pa6011lbt: 
MaTepuanbI, noCJI}"A<HBlllHe OCHOBOH .uannofi .uuccepTaUIIH, 

,II.OKJia.D.bIBanUCb ua Me;K.IJ.ynapO,II.HbIX KOHcpepeHUHHX H conemauuax: 

4 
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1. IX Bceco103noii Koncpepenunn CocTOHHHe H nepcneKTHBbI pa3pa6oTKH 

H npnMeHeHml CUIIHTHJIJIHTOpOB H CUHHTHJIJUIUHOHHbIX JleTeKTOpOB 

(XapbKOB, 17-19 cenrn6p.a 1986). 

2. Workshop Multidetector Systems in Nuclear Physics (Varna, 16-23 

M~l~~- • 
3. International Conf. on New Nucl. Phys. with Advanced Techniques 

(lerapetra, Crete, Creece, 1991). 

4. Int. Nuclear Physics Conference (Weisbaden, Germany, 26 July - 1 

August 1992). 

5. Conemauun no .lUlepuoii cneKTpOCKonnn H CTpYKTYPe aToMnoro .lUlpa 

(lly6na, 20-23 anpen.a 19_93). 

6. Me;K.IJ.ynapo.unoii IIIKOJie-ceM1rnape no cpH3IIKe THA<eJihIX nonon (lly6na, 

Maii 1993). 

7. Fifth International Conf. on Nucleus-Nucleus Collisions (Taormina, 

Italy, 30 May - 4 June 1994). 

8. Low Energy Nuclear Dynamics (St.Petersburg, Russia, April 18-22 

1995). 

ClllpyKmypa u o6'beM pa6ombl 
llnccepTaum1 cocTOHT H3 nae.uenn.a, qeTbipex man, 3aKJIIOqenu.a n 

cnHCKa JIIITepazypbI. Ona co.uepA<HT 108 CTpaHHU MalllHHOnIICHOro 

TeKCTa, BKJIIOqllil B ce6.a 41 pncynoK, 18 Ta6Jrnu II cnHCOK JIHTepazypbl H3 

115 ua11MeH0BaHHll. 

lly6JlUKllf/UU 

OcnoBHbie pe3yJihTaTbl JlHCCepTaUHII ony6JIHKOBaHbl B 12 pa6ornx. 

CoJlep:>Kauue pa6on,1 

Bo ooe.ueuuu ccpopMynnpoBaHbl OCHOBHbie uenn IICCJieJlOBaHHH H 

onpe.ueneH Kpyr pemaeMbIX Ja.IJ.aq, 

B nepooii rnaoe paccMOTpeHbI ocnoBHbie crroco6b1 rronyqenn.a rryqKoB 

pa.unoaKTHBHbIX .lUlep, a HMeHHO, C HCnOJib3OBanneM peaKUHH 

cppaIMeHTaunn n ISOL MeTOJla. IlpnBeJlena nncpopMaun.a o KpynHbIX 

ycKOpHTeJlbHbIX KOMnJieKcax, me Y;Ke peaJIH3OBaHbl JlaHHbie Me'.I'O.Il.bl Hirn 

HaXO,II.HTCH B CTa.IJ.HH npoeKTa. 06cy;K.IJ.aIOTCH .upyme BO3MO:lKHbie crroco6bI 

noJiyqeHHH nyqKOB pa.uttoaKTHBHblX .lUlep, HarrpnMep, peaKUHH 
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MaJIOHYKJIOHHblX nepenaq, PaccMaTpHBaIOTC.ll nepcneKTHBbl HCCJien~~aHHH 

C nyqKaMH panHoaKTHBljblX xnep IIpII 3Heprnxx B6JIII3H II . BbIIIIe 

KYJIOHOBCKOIU 6apbepa. 06c)')KllaIOTC.ll paJJIH'IHbie cnoco6bI perncTpaUHH 

BTOpH'IHbIX 1IaCTHU llJI.ll IIOJiyqeHII.ll IIOJIHOH HH<popMUIIH 0 

IIpOCTpaHCTBeHHOM H 3HepreTH'leCKOM pacnpeneJieHII.llX ccpopMIIpOBaHHbIX 

nyqKOB panIIoaKTHBHblX xnep, IIpHMeH.llIOIUHeC.ll IIpH HaCTpOHKe 

cppaIMeHT-cenapaTopoB II B 3KCIIepHMeHTaX C pan11oaKTHBHblMH nyqKaMH. 

PaccMOTpeHbl cnoco6b1 nnenTII<pHKaUHH BTOpH'IHbIX qacTHU C 

HCIIOJib30BanHeM nonynpoBOllHHKOBbIX H CUHHTHJIJI.llUHOHHbIX neTeKTOpOB. 

BToprui: rnaoa IIOCB.llIUena OIIHCaHHIO npoueccoB JIIOMHHecueHUHH n 

opraHII'lecKHX II HeopraHII'lecKIIX CUIIHTIIJIJI.llTOpax non neiiCTBHeM 

paJJIII'IHbIX HOHII3HpYJOIUHX H3JiyqeHnii. Ilonpo6no npoaHaJIII3Hponanbl 

CBOHCTBa npouecca cne'leHH.ll, Jie:lKamne B OCHOBe nnenTH<pHKaUHH qacTIIU 

IIO cpopMe HMIIYJibCa BblCBe'IHBaHH.ll. 06c}')KJ{aIOTC.ll npeuMymecrna 11 

HenocTaTKH cpoccpII'l-neTeKTOpOB, COCTOHIUHX KaK npaBIIJIO 113 

KOMil03HUHH nByx CUHHTHJIJI.llTOpOB C CHJibHO OTJIH'laIOIUHMH BpeMeHaMH 

BbICneqnnaHH.ll. IlpnBenenbI cxeMbl c6opa HH<pOpMaUHH llJIH 

uneHTH<pHKaUHH qacTIIU CUHHTHJIJIHUHOHHbIM MeTOllOM. 06c)')KllaeTC.ll 

aJiropHTM 3HepreTn'lecKOH KaJIH6pOBKH neTeKTOpa Ha OCHOBe KpHCTaJIJia 

Csl(TI) npn MOMOIUH nyqKOB pannoaKTHBHbIX xnep. PacCMOTpeH!>I 

3cpcpeKTHBHOCTH perncTpaUHH HeHTpOHOB II raMMa-KBaHTOB llJIH 

HeKOTOpbJX H3BeCTHbIX CUHHTHJIJI.llTOpon B 3aBIICHMOCTH OT 3HeprnH. 

Pa3pa6oTaHilaH KOHCTpYJ(UH.ll CUHHHTHJIJIHUHOHHOro neTeKTOpa Ha 

ocHone KpHCTaJIJia Csl(TI) (0200x15 MM
2
) 11 cpOTO}'MHO:lKHTeJix <l>3Y-173 

(011JK = 150 MM) C 3<p<peKTHBHOH IlJIOIUa.D.bIO perncTpaUHH ~ 300 CM
2 

IlOKaJaHa Ha pnc.1. HcnOJib30BaHne nncpcpY3HOro OTpa:lKeHH.ll CBeTa BHyTp~ 

nycTOTeJioro CBeTo~ona Il03BOJIHJIO llOCTHTTIYTb . BblCOKYJO onttoponHOCTb 

CBeToc6opa B 3aBHCHMOCTH OT MeCTa nonanaHHH HOHH3HPYJOIUHX 

H3JlyqeHHH. Ha pnc.16 IlOKaJaHbl pe3yJibTaTbl HCIIbITaHHH paJJIH'IHbIX 

CBeTOBOllOB, nonyqeHHbie npn CKaHHpOBamrn KOJIJIHMHpOBaHHbIM aJib<pa

IICTO'IHIIKOM OT ueHTpa K Kpa10 Csl(TI) neTeKTopa. BunHo, 'ITO npn 

HenocpencrneHHOM coennHeHHH KpHCTaJIJia K <pOTO}'MHO:lKHTeJIIO 

aMiiJIH1'}'na cnmaJia <l>3Y pe3KO }'MeHbIIIaeTC.ll, Ha'IHHaH C R = 4 CM, 'ITO 

o6'bHCH.lleTC.ll llOCTaTO'IHO 6oJibIIIOH ~ 25% HeonttoponHOCTbIO <pOTOKaTOna. 
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P11c.l. KoncTp)'KUIDI neTeKTOpa na ocuoBe Kpncnuma Csl(Tl) (a) 

MOCTb CBeTOBblXO)la neTeKTOpa (B on1.en.) OT Mecrn nona)lamLSI 

H 3aBHCH

a '!aCTIII.{ 

.lI)UI pa3HOro nma CBeTOBOJJ.OB (6). . 

TpanHUHOIIIIO HCIIOJib3YJOIUHeCH CBeTOBOllbl H3 oprcTeKJia KaK C 

nncpcpY3HbIM, TaK II 3epKaJibHbIM OTpa:lKeUHeM cneTa OT ero 6oKOBblX 

CTOpOH naIOT HeonnoponHOCTb cnemc6opa ~ 50%. IlycTOTeJiblH cneTOBOll, 

IIpIIHUIIII neiiCTBII.ll KOToporo OCHOBaH ua MHOroKpaTHOM nepepacceHHHH 

CBeTa BHyTpll o6neMa, II03BOJIHJI IIOJiyqHTb BbICOKYfO paBIIOMepuoCTb 

cnemc6opa co Bceii nnoman11 (~UL :$; 6% ). · 3neprern'!ecKoe pa3pe11Ie1111e 

neTeKTOpa, . H3MepeHnoe nmi: KOJIJIHMHponaunbIX II H30TpODHOJieT.llIUHX 

aJibcpa '!aCTHU OT 
238

Pu (Ea= 5.5 M3B) HCTO'IHIIKa, coorneTcrnenno 

COCTaBHJIO 7% II 9%. YmtKaJibllaH cnoco6110CTb 3TOro neTeKTOpa 

HnenTII<pHUIIponaTb nenrne 3apH:lKeHUble '!aCTHUbl II raMa-KnaHhl, 

HCilOJih3Y.ll cnoiicrna KpncTaJIJia Csl(TI) - JanncuMocTb cpopMhI HMIIYJibca 

Bb1cne'l1rnamrn OT coprn qacTIIU, nnnua H3 p11c.2. CYTh MeTona, 

nonyqIInIIIero ua3na1111e anaJIH3 cpopMhI HMIIYJibca (A<l>H), JaKJ1101rneTcx n 

HHTerp11ponamm aMDJIHTYllhl CHmaJia <l>3Y n nnyx pa311hlX npeMeHIIblX 

HHTepBaJiaX II IlOCTpoemm COOTBeTCTBYJOIUeii nnyxMepHOH MaTpUUbl. Ha 

p11c.2 no ocu a6cu11cc OTJIO:lKeH. 3apxn Qs1ow, co6pa1111b1ii B HTepnane 

T1 = 0;0.4 MKC, a no ocn opmmaT - 3apxn Q1ail, co6panh1ii n T2 =l.5;2.0 

MKC. 3necb nepBaH UHcppa 03Ha'!aeT Janep:lKKY OTIIOCUTeJihllO na'lana 
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uapacrnnm1 cnmarra, a .BTopru1 - .II.JIHTeJihnocTb mnepBana nuTeqm

poBamu1. DbIJIO ycrnnoBJietto, qTo .II.JI.ll nannoro neTeKTopa HJleHTH

qmKaun.s: qacrnu MernnoM A<Dli naqnnaeTc.s: npH 3Hepm.s:x 

E > 1 M3B/ A. 3KcnepnMeHTaJibHO TaK)Ke 6bma onpenenena onTHMa.JibHaH 

KOHUeIITpaUH.ll aKTHBaTOpa TI (0.07 - 0.08 % OT 061,eMa) .II)l.ll KpHCTa.JIJIOB 

Csl(TI), ·- OT BeJIHqm1b1 KOTopoii cnm,uo 3aBncnT KaK 3HepreTnqecKoe 

pa3perneune, TaK H cnoco611ocTb pa3nemITh qacTHUbI MeTOJlOM A<Dli. 

Qtail I' 58 ··• 
2<1Ne( 9.1 AMYB) + Ni '(;sr,.P j · 

....... ~.~., . 

1000 .. :';. .· . ,a~;r, .. · ?:,?.1: 
':-_ ···:·· .:.'~-; ~-;;',fl'."";, Z ;;a. 3. 

:iti ,~/"" 500 

0 Q,.Jow 0 500 1000 

Pnc.2. fueHTHQJHKaUil.ll nenrnx 3ap.s:)KeHHhIX qacTHU H raMMa 
wN ssN- 450 KB3HTOB, HcnymeHIIbIX B peaKUHH e+ 1 U0ll yrnoM . 

licnOJib30Baune nyqKOB P5.l .II)l.ll 3HepreTHtJeCKOll KaJIH6poBKH 

CUHHTHJIJI.llUHOHilbIX neTeKTOpon yno6110 TeM, 'ITO 3Hepmn qacTHU 

JlHCKpeTHbl n onpenenenbl MamHTHbIM cneKTpOMeTpOM (cM. pHc.3). 

IlocKOJibKY cBeTOBhixon cumnnnn.s:Topa ecTb cpyuKun.s: L(E, A, Z), TO .II.JI.ll 

qacTHU C KOHKpeTHblM 3HatJenneM A H Z 3Hanne HX 3Hepmn naeT 

B03MO)KHOCTb onncaTb aHaJIHTH'IeCKHM Bbipa,KenneM aMUJIHTY,UY CHI1IaJIOB 

neTeKTopa. TaKa.s: KaJIH6poBKa Csl(TI) neTeKTopa c HCUOJib30BanneM 

nyqKOB PH 6bIJia cnenana .II)l.ll paJJIH'IllblX H30TOUOB B IIIHpOKOM 

nnanaJoue qacrnu (Z = 2+ 13). 3nepm.s: qacTHU TO'IHO onpenen.s:nacb 
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BbI6paHHbIM 3uaqe1rneM MarnHTHOH )KeCTKOCTH cneKTpOMeTpa Bp. 
licnoJib3YH Bbipa,Kenne .II.JI.ll cBeTOBhIXona Csl(TI) neTeKTopa : 

• . { 2 r E+a2Az
2

]} 
L(E,A,Z)=ao+al E-a3AZ 11 a2Az2 

ynarrocb BocnpoH3Becn1 Bee Karr116ponoqnb1e KpHBbie. 3nech napaMeTp1>1 ao 
H a1 03HatJaIOT UbenecTan H uaKJIOH KpHBbIX, H OHH 3aBIIC.llT TOJlbKO OT 

3JieKTpOHHKH, B TO BpeM.s: KaK 3MIInpnqecKn nonyqeHHbie napaMeTpbl a3 ~ 

a4 onpenen.s:IOTC.ll CBOHCTBaMH CaMOfO CUHHTHJIJI.llTOpa. 

E 
Cs! 

3000 

2500 

201!10 

J.501'1 

J.000 

51!10 

Ar,·:~.·.;;. 
:~ ... __ >. ,_i'°N~ "' ,,•·· ~A'FY' ' . :, ~' ~=~~ ~-

·' • ~~

2

c =---------
B 

~

· 10. 

-----;Be-
,._!Li~LI 

l.040 

0 540 •~'He 
J.541'1 2040 2:14e TOF 

Pnc.3. fueHTHQ_)Hl(aUil.ll IIPOll)'KTOB peaKUHII 36Ar (44 
MaB/A) + 58Ni, ccj)opMHpomtHHblX KaK nyqoK P..H 
MaIHHTHbIM cneKTpoMeTpoM LISE (Bp = 1.78 TM). 

Pa3pa6ornnna.s: H ncnbITanna.s: KOHCTpYKUH.s: Csl(TI) neTeKTopoB c 

6oJibllIOH IIJIOIUUJlblO pemcTpaunn IIOCJIYJKHJia OCHOBOH npH C03JlaHHH 

CUHHTHJIJI.llUHOHHOH 06onoqK11 MHOfOJleTeKTopnoii: 41t-yCTaHOBKH 

<DOEOC. 3TH .n:eTeKTOpbI 11cnOJib30Ba.JIHCb TaK)Ke npn co3Jtan1111 

MeTOJlHKH "MeqenHbIX aTOMOB", II03BOJIHBilleii: IIpOBOJlHTb 3KCIIepHMeHThl 

c nyqKaMH pannoaKTHBHhIX Mep. B Konue 3Toii: rnaBbI B Kaqecrne 

npHMepa IIOKa3aHbl 60JibIIIHe B03MO)KJIOCTH CUHHTHJIJI.llUHOHHOIO MeTo,n:a 
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v'7.r" 

pemcTpaUHII pa3ITHqHbIX H0HH3HpyroIUHX H3JlyqeHHH. PacCMOTpeHbl 

HecKOJibKO ::lKCnep11MeHTOB no H3yqeHHIO pe,nKHX MO)l pacna,na (qernepHoe 

)leJieHHe, MYJITHHeiiTpOHHbie KJiaCTepbI). 

B TpeT&eii rnaee npHBe)leHbl OCHOBHbie xapaKTepHCTHKH MarnHTHOI'O 

cneKTpOMeTpa LISE uau110HaJibHOH na6opaTOp1rn GANIL (<l>paHum1) 11 

nonyqaeMbie Ha HeM HHTeHCHBHOCTH HeKOTOpbIX nyqKOB pa,n11oaKTHBHbIX 

a,n:ep. On11caHbI ::iKcnep11MeHTaJibHbie MeTO)lbI nonyqeHm1 nyqKoB P5I Ha 

ycKopHTem1x. Y-400 11 Y-400M J15IP OIUIH, peanll3oBaHHbie Ha 6aJe 

HMeIOIUHXCH HOHHo-onrnqecKHX CHCTeM Ha Kauanax BblB0)la CTa6HJibHbIX 

nyqKOB UHKJIOTpOHOB. HcnOJib30BaHHe peaKUHH rny6oKOHeynpyrnx 

nepe,naq . 11B(20 M::iB/A) + 181Ta ,nnx nonyqeHHH nyqKoB P5I Ha 

ycKOpHTeJie Y-400 M0THBHpyeTCH TeM, qTQ MaKCHMaJibHblll BblXO)l 

npO,nyKTOB 3TOH peaKUHH Ha BblXO)le cneKTpOMeTpa nonyqaeTCH npH 

3Hepmxx BTopnqHbIX qacTHU B ,n11anaJ0He 7-9 M::iB/ A. 3TO 

o6cTOHTeJibCTBO HanIJI0 CB0e npHMeHeHHe npH H3yqeHHH peaKUHH 

CJIHHHHH-,neJieHHH no,n ,neiicTBHeM P5I 6He np11 ::iHepmxx B6JIH3H 

KYJI0HOBCKOI'O 6apbepa. 

Ta6llUlJa 1. Xapa,anepucmwm cenapupy10u,ux K.aHa.JlOB 

D3Q2D2Q (Y-400M) u Q2DQ (Y-400). 

D3Q2D2Q Q2D 
-

HoMHHaJihHrui: Manrnmrui: :lKeCTK0CTh Bo, T·M 3.9 1.5 

IJII,HbIX JIHH3, MM 70 110 

fop113, / BePTIIKaJThllblH YrJI,OBOH aKCeIITaHC, Mnll,l{ +6/8 ± 20 I 20 

,Iii aKcerrTauc, MM·Moan ± 30 I 40 ± 235/157 
,ii aKCeIITanC, MCTeo 0.15 1.25 

'JibCHhll1 aKceIITanc Ap/o, % ± 1.0 ± 1.05 
PaJMeP nytIKa na Kouequoii cboK. llJI0CK0CTII, m?. 20x10 30x20 

,llirn MarnHTHOI'O Kauana Ha ycKOpHTeJie Y-400M nOKa3aHbl 

rrpenMymecrna ncnoJib30BaU:nx npoH3BOMIUeii peaKu1111 7Li(35 M3B/ A) + 
CH2 no cpaBueu1110 c peaKu11eii 

14
N(40 M::iB/A) + 181Ta ,nnx nonyqeu11x 

nyqKa 
6
He. TaK Hanp11Mep, HHTeHCHBHOCTb nyqKa 

6
He B peaKUHH cpbrna 

npOTOHa MO)KeT npeB0CX0)lllTb 6onee qeM B 100 HHTeHCHBHOCTb 3TOI'O 

nyqKa, )lOCTHraeMyro C HCnOJib30BauneM peaKUHH cppaIMeHTaUHH. 

10 

Ycrnnmmeno, qTo nMeiomueca uonuo-orrn1qecKue cncTeMbI QDDQ (Y-

400) u D3Q2D2Q (Y-400M) y,noBJieTB0pHIOT OCIIOBilblM Tpe6oBaIIIIHM MH 

nonyqemrn:, oq11cTKH u TpancnoprnpoBKH. nyqKon P51. XapaKTepncTnKn 

crreKTp0MeTp0B np1me,nenh1 n rn6mme 1. 

B ::lTOll mane onlICaHbl TaK,Ke 3Kcnepm,teHTaJibllbie ycTaHOBKH, 

K0Topb1e pa60Tan11 n pe:lKHMe "MeqenhIX aToMon". lleTeKTHpyromax 

CHCTeMa no3BOJUIJla npoB0)lllTb noco6bITHllHYJO pemcTpau1m qacTHU npn 

113yqemm pa3JIHqnux peaKUHH II0)l ,neiiCTBHeM · nyqKOB pa,nnoaKTHBHbIX 

x,nep. Ha puc.4 cxeMaTuqno noKaJan npunmm pa6oTbI ycrnnonKu MH 

(.S,cp)elast 

• (&,<p)prim X3Y3 

it: l X1r~r2 
p~~ 
5x5 cm 

PPAC3(4) 
13xl3 cm 

E,A,Z 

CsI(Tl) 

20xl.5 cm 

FEU-173 

Pnc.4. CxeMa YCTaII0BKII, nOJBOJIHIOIIIelf llp0B0lUITb 
ll3Mepemrn B pe:lKIIMe "Meqe11bIX aTOMOB". 

npoBe)leHHH ::lKCnepHMeHTOB no ynpyroMy pacceHHHIO pa,nnoaKTHBllbIX 

a,n:ep 6He 11 9Li na yrnepo,nnoii M11111e1m. Tiepnhle mia no3uu11onno

qyncrn11TeJibHhIX JiaBHIIllblX cqeTq11Ka (TiqilC), HaXO.IUUUHeCH Me,K,ny 

co6oii na paCCTOHHHII 40 CM, HCIIOJlb30BaJIHCb )J.JIH nocnpoH3Be)leIIHH 

npocTpancrnennoii KapTHHbI )lBH:lKeIIHH qacn1u )lo M11111e11u. '.:ho 

no3B0JIHJI0 onpe)leJIHTb HX uaqaJibllblll yroJI 11ona,na1111x na MUIIIeHb C 

Toq~10CTbJO 0.5°. Tpen1ii naBHHHhiii cqerqnK H3Mepan HCKOMbIH yiu11 

ynpyroro paccexmrn: qacTHU B n11ana3011e yrnon 0cm ~ 5+42° c Toq11ocTb10 

11 



~0 = ±2°. HnenrncpnKaum1 qacTHU H H3Mepe1me ux 3Heprnii: c pa3pe

rnenneM ~FJE::::: 3% (Epa = 9 M3B/A) ocymecTBJianacb Csl(TI) .neTeK

TopoM, IIaXOMIUHMCX 3a IlqJIC3. 

B qernepToii maee npnneneuh1 3KcnepttMeHTaJihHhie naHHhie no yrrpyroMy 
6H 9L. - , paccexmno pamwaKTHBllhIX anep e H 1 Ha yrneponHon MHIIIeHH npu 

3Heprnn 9 M3B/ A, a TaK)Ke nannue no KBa3nyrrpyroMy paccexHHIO anep 
7Be n 8B Ha 12C npn 311epnrn 40 M3B/ A, noJIYt.fe11m1e c ncnon1,3OBaHtteM 

pa3pa6ornm11,1x MeTOJlHK. 3KcnepHMCHThI no paccexmno anep 6He H 9Li 

npoBOJlIIJIIICh Ha ycKOpIITeJie Y-400 c IIOMOIUhIO YCTaHOBKH, IIOKa3aHHOH 

Ha pI1c.4. Urrx onncamrn paccexHHH 3TIIX anep II H3MepeuuoM JlilanaJoHe 

yrnoB 0cm::::: 5+30° 61,ma. n1,16pa11a OIITH'-leCKaH MO}leJib, OIIIICblllaIOIUaH 
6L· 12C 9 11L. 12C r JIIITepaT)'pHbie .naHllbie I+ II ' I+ , vhIJIO ycrnnoru1e11O, '-ITO JlJIH 

• . 6 
BhIHBJieHIIH oco6enuocTeii n cel.feHIIII yrrpyroro paccex1mx He no 

OTIIOIIIeHHIO K 6Li 11eo6XOJlHMO cymecrnemIO pacrnilpIITh nuana3OH 

Il3MepxeMhIX yrnou. Ilpn aHanll3e paccex1mx anep 9Li 06napy-...Ke11a 

11eo.n1103na'-IUOCTb Il BbI6ope napaMeTpOB onTil'-leCKOro noTeHUHaJia, TaK 

KaK na11u1,1e MO)KIIO onIICaTb noTellUilaJiaMH H3 Pa3JIH'-IHhIX ceMeiicTB. 

3KcnepnMeHThI no KBa3HyrrpyroMy paccexunio xnep 7Be II 8B 11a 

yrnepo.nHoii MHIIIeHH npono.nunuc1, na cneKTpOMeTpe LISE (GANIL). 

Ceqenux yrrpyroro paccexmrn 3TIIX anep 6hmH H3MepenhI B .nuana3oue 

yrnoB 0cm::::: 2+ 18° C. IlblCOKOH TO'-IHOCTbIO ~3 .~ ± 0.5°. 3TO .I(OCTHranOCb 

3a cl.feT 6onee TO'-lnoro onpeneneHIIH 11aqan1,Horo yrna nommannx PH Ha 

MHllleHb (paCCTOHHile Me,KJly IlqJICl II IJqJIC2 6blJIO 110 CM), a TaK)Ke 

3a C'-leT HCilOJib3OBamrn CIICTeMbl CTpHnOilhIX nonyrrpono.nHIIKOBblX 

.neTeKTOpOB BMeCTO IJqJIC3 (CM. JJIIC.4). ff3 aHaJIIl3a nOJIYl.feHHhIX .I(aHHhIX 

61,mo BhICKa3ano npennoJio,KeHne o cymecrnonaHIIII npoTOHHoro raJIO y 

xnep 8B. 

OOJiblllaH '-laCTb 3TOH rnan1,1 nocnxrueHa IICCJie.nonaHHHM no 

BbIHBJieHHIO oco6em10cTeii npoueccon .neneHHH n peaKUIIHX 209Bi(6He,t), 
209B'(4H t) . 2osPb(1Li t) 206Pb(1Li t) I e, no cpanneHIIIO C peaKUHHMH ' ' ' ' B 

KOTOpbIX o6pa3YJOTCH OJlHII II Te ,Ke cocTaBHbie anpa 215 At n 213 At. KpoMe 

rnro, 61,mo Il3Mepeno ceqe1me peaKUIIII 209Bi(6He,4n)211 At. <l>YHKUIIII 

6 - 209B•(4 6H t) B03 Y'...KJlelrnH nene1ma JlJIH peaKUHH 1 ' e, Il3MepHJIIICh B 

.I(I1ana3O11e 3Heprnii: Ecm IBcoul = 1.3+ 1.5. 3KcnepI1MeHTaJihHaH npoue.nypa 
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3aKJIIO'-laJiaCb B cne.nymrueM. MHorocJIOHHaH CTOnKa, COCTOHIUaH . H3 

MIIIIIeHeii 209Bi( ~ 1 MrlcM2), TpeKOBhlX .neTeKTOpon OCKOJIKOB .neneHHH 

(noJIH3THJieH-nI1p~cpranaT) n nornomTeJieii: ~11eprnn (Al <pOJihrn 

TOJIIUHHoii OT 60 no 200 MKM), ycrn11aBJII1nanacb Me,KJly .UBYMH ~E-E 

Si(Li) neTeKTOpaMH 11 06JIYt.fanac1, oqmueHHhIM rryqKoM 6He. 

IlonyrrpoBOJlHHKOBbie neTeKTOpbl o6ecrre'-IIIBaJIH MOIIHTOpnponanne 

panuoaKTIIBHOro IIYt.fKa, a TaK)Ke JlOIIOJIHIITeJibHOe IIOHH,KeI11Ie 3HeprnI1 

IlYl.fKa 3a C'-leT Bb16opa TOJIIUIIHhl ~ .neTeKTOpa (300 MKM nplI o6nyqenHII 

Ha ycKop1ITeJie Y-4OO II 4125 MKM - na Y-4OOM). Ilocne JlJIIITeJihnoro 

o6JIYt.feHIIH (20 qacon II 6onee) IIJiaCTIIKOBbie ,n:eTeKTOpbl II3BJieKaJIIICh, 

o6pa6aTblllaJIIICb n pacrnope NaOH II paccMaTplIBaJIHCb non MHKpOCKOIIOM 

JlJIH u.neHTIIqJIIKaUIIII OCKOJIKOB .neJieHIIH, a BHCMYTOBbie MIIIIIeHII 

aHaJIII3IlpOBaJIIICh na cneKTpOMeTpe pe.UKIIX co6hITIIH C ueJibIO 

o6nap~eHIIH Hane.neHHOH aJibCpa-aKTIIBHO~Tll ' 211Po (KaK pe3yJihTaT 

IICllapeHIIH 4-x neii:TpOHOB Il3 COCTaBHOI'O anpa II IIOCJie.nyroruero K-
3axnarn). TaKIIM o6pa30M, B 0.I(HOM. o6JIYl.feHHII o.nnonpeMeHHO 

Il3MepHJIIICh qJYHKUIIH B036y:;l(JleHIIH ,n:eJieHIIH II ceqeHIIH IICilYCKaHIIH 

l.feTbipex neii:Tponon n .nI1ana3O11e 3Heprnii: 20 < Ecm <100 M3B. 0TJII1'-II1e 

3KCnep1IMeHTaJihHOH npoue,n:ypbl IIPII Il3MepeHIIII <pYHKIIH B036y:;l(JleHHH 

.nenen1Ia n peaKunxx 
206

·208Pb( 7Li,t) 3aKJIIO'-laJIOCh JIHIIIh n TOM, '-ITO 

MOHHTopnponanne IlYl.fKa ocymecTBJIHJIOCh TpaJllIUHOHHhlM cnoco6oM no 

paccexnmo IIYl.fKa 7Li na TOHKoii 30JIOToii, <pOJibre, a n Kal.fecrne TpeKOBhIX 

.neTeKTOpOB OCKOJIKOB .neneHIIH llplIMeHHJICH Jiacpcan, Bhmep)KHBaIOIUIIH 

- 1013 
HHTeipaJihHblH IIOTOK qacTHU .no . 

OblJIO ycTaHOBJieHO (CM. pHc.5), '-ITO B ll3yqaeMOM .I(IIana3OHe 

3Heprnii: ceqen1Ie .n:eneHna crt(E) n peaKUIIH 209Bi(6He,t) n 3-4 pa3a 

npenbIIIIaeT JIHTepaTYIJHhie .nannhie crt(E) n peaKUHH 
4
He + 209Bi, n TO 

npeMH KaK <pYHKUIIH B036y:;l(JleHHH .neJieHIIH, IIOJIYt.feHnhle JlJIH COCTaBHblX 

anep 215 At II 213 At n peaKUIIHX 206
•
208Pb(7Li,t), connanlI n npe,n:enax 

3KcnepnMeHTaJibHbIX OIIIH6oK. H3Mepennoe ceqenne 0'4n = 925 ± 323 M6 

MH peaKUIIII 6He + 209Bi connano no a6coJIIOTnoii: neJIH'-lHHe n npe.nenax 

oIIIn6oK c JIHTepaTYIJHhIMH .nannbIMII MH 209Bi(4He,4n)209 At peaKUHH. Ha 

OCHOBaHIIH aHaJIIl3a nonyqeHHhlX .naHHblX 6bIJIO BblCKa3aHO 

npe,n:nOJIO)KeHHe O BO3MO::iKHOM cymecrnonaHHH .ne<papMaUHH 
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(cTaTir'lecKoii HJIH nnna1mqecKoii) y g_uep 
6
He, npmnmenne KOTopoii 

nan6onee OIUYTHMO B Kana.rre nenenmi: • 
.. f 

(mil) 

113 

112 

111 

11• 

.... He+ 219 ■ i 
T ...........,....-+-< 

+ 

+ 
+ 

+ 
+ 

.......l,......~ ... 

fit
l,."1'F l + + + + 

+ 

lu.. + + + 
11f!1+ 

"' •He - U-411M 
~ •He- U-411 
• .,.He- LJ',11 
+ .. He -Hrna·;·,u- A.I. H 

,-p. -'l.l .• li3., T.41, 
1,s.1,, c.1414. 

11
-~1 31 -41 s1 •• 71 E * (MeV) 

PHc.5. '.3KcnepIIMeHTaJThHO HJMepemu,1e cpyHKUHII B03-

6~emrn .nenenIDI B peaKUIDIX 
4

•
6
He + 209Bi. 

B :iaKmoqeuuu npencTaBJieHI,I ocHOBH1>1e pe3yJI1>TaT1>1, nonyqen111>1e B 

nannoii )lHCCepTaUHOHHOH pa6oTe. 

Ocuoou&1e pe3yJI&TaT&I nuccepTauuu 

1. BnepBbie pa3pa6oTaHbl H C03)laHbl CUHHTHJIJIHUHOHHble )leTeKTOpbl na 

ocnoBe Csl(TI) c 60JI1>IIIoii nJIOIUaJlhIO pemcTpaUHH, no3BOJIHIOtµHe 

pemCTpHpOBaTb Jienrne 3apH:lKeHHbie qacTHUbI C 3Hepmeii 1-65 M3BI A H 

raMMa-KBattTbI c E1 < 8 M3B c BbICOKHM 3HepreTH'leCKHM pa3peIIIeHHeM 

(.6.FJE22+60MsB/A ~ 2.l+0.7%). 
2. IIpe)lJio:lKeH BhICOK03cpcpeKTHBHhIH anropHTM 3ttepreTH'lecKoii 

KaJIH6poBKH CUHHTHJIJIHUHOHHOro )leTeKTOpa C HCilOJib30BaHHeM IlYlJKOB 

PaJlHOaKTHBHbIX Mep. OnTHMH3aUHH MeTO)la H)leHTHcpHKaUHH 3apH:lKeH

HbIX qacTHU no cpopMe HMilYJibCa BblCBe'IHilaHHH Il03BOJIHJia paCIIIHpHTb 

14 

. )lHaila30H pemcTpnpyeMbIX qacTHU 3THM MeTO)lOM )lO Z=7 BKJIIO'UITeJibHO 

(npH cpnKCHpOB~IlllH 3Uepmn qacTHU MafHHTllbIM cneKTpOMeTpOM). 

3. Ha 6a3e TpeX Il03HUHOIIII0-'1YflCTBHTeJibHbIX JiaBHHHblX C'leT'IHKOB H 

Csl(TI) neTeKTOpa pa3pa6ornu cneKTpOMeTp, npeJltta3Ha'letttthIH MH 

noco6hlTHHIIOH pemcTpaUHH nyqKOil paJlHOUKTHilllbIX g_uep, a TaK:lKe 

npOJlYKTOil xnepHblX peaKUHH IlO)l HX neiiCTBHeM. 

4. IIoKa3auo, 'ITO Ka11an1>1 n1>1Bona MH crn6m11>111>1x nyqKoB UHKJioTpotton . 

Y-400 11 Y-400M MO:lKHO ncnon1>3onaTb MH nonyqemrn neK0Top1>1x 

nyqKOil PaJlllOUKTHBllbIX g_uep. B 'IUCTIIOCTH, )lJIH nonyqemrn nyqKa HOHOB 
6
He 6bIJIH HCCJie)lOBUHbl pa3JIH'lllble peaKUHH II ycTal!OBJieHO, 'ITO )lJIH 

)lOCTH:lKemrn BbICOKOH IUITeHCHBIIOCTH uenecoo6pa3HO HCilOJib30IlUTb 

nepnn'ln1>1ii nyqoK nouon · JIHTHH npn 06nyqe1mn nonoponoconep:lKaIIIeii 

MHIIIenn. 

5. C IICilOJib30BanueM pa3pa60TallllbIX MeTO)lllK H C03JlUHHOro cneKTpO

MeTpa Ha'laTbl IICCJie)l0BUIIIUl H)lepllbIX peaKUIIU non nettCTBHeM 

paJlHOUKTHilHbIX IlYlJKOB. B 'laCTIIOCTll; 61>um HCCJie)lOilaHbl peaKUIIII 
6H 9L. SB -ynpyroro pacceHHIUI H0H0B e, I II na yrnepO)lH0H Mlllllel!H. 

EnaronapH nonyqe1111oif )l0CTaTO'IH0 IlbICOKOll IIHTeHCHilHOCTli nyqKa 

HOIIOil 
6
He (~ 104 

c-
1
) nnepBbie famn H3MepeHbl cpynKUHII Il036Y:lK)leIIHH 

nenemrn n peaKunn 
209

Bi(
6
He,f), a TaK:lKe nponeneuo 3Kcnep11Me11TaJihttoe 

HCCJie)l0ilUHH.e Kauana ncnycKamui: 'leTbipex nettTpOIIOB CJ4n(E) Il peaKUHH 
6H 209B. - -· e + I C 0)llIOBpeMeiiH0H pemcTpauneu 0CKOJIKOB )leJICIIIIH. 
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