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Hcc~e~OBSHHH ~epHHX peSRUHl npe~CTaBBHDT 60nDIDO~ HHTepec 
~nR H3y~eHHH ROHKpeTHHX CBO~CTB ~ep H CTpyRTypH ~. 

IIp!it HH3RiiiX aHepriU!X 60M6ap~pyiXIlBX ~acTHn peaRWIH Ha JierRKX 
H,IUlaX MHIIIeHH MOryT npoTeRaTl> ~epe3 ~OJirOlm:syi!IHe COCTO.R:IUUI npoMe
myTO~HOrO ~. 3TH COCTOHHKS XSpaRTepH3yDTCH Ha~~HeM pe3~HX 
pesoHaHCOB B ~<Pt>epeHnHaJILHHX H no~ax ce~eHHHX peaRnHa. Hccne~o
BSHKS ~epHHX peSRnHI, B ROTOpHX B ROHe~HOM COCTOHHHH noJiy'!aDTC.R 
TpH qacTHJ:lH, CpaBHHTenbHO He~aBHO TSR:Ite CT~ npe,IJ,MeTOM llOBilllleHHo
ro BHHMB.HHH RSR CO CTOpoHH 3RcnepHMeHTaTOpOB, TaR lit TeopeTHROB.TIO 
CpaBHeHHD C peaRuaHMiit C o6pa30BSHHeM ~X '!aCTKU TeopeTH'!eCROe 
paCCMOTpeHHe peSRilJitl C BH~eTOM Tpex lit 60Jiee 'iaCTKU 3HS'IHTenbHO 
c~oJtHee. KpOMe yBeJIJAeHHH 'ii!CJIB. He3aBI!cHMHX RHHeMaTH'!eCRHX nepe
MeHHwc (HanpHMep, ~o nHTH, B cnyqae BHJieTa Tpex qacTKU) ,cJIOlltHOCTH 
B 1!3yqeHJitl! RBSHTOBO-MeXaHH'!eCRiiiX ClitCTeM lit3 HeCROnhRHX '!aCTHU B03-
HHRaDT npH llOllHTRe ~eTa B3aHMO~eiCTBH8 BCeX 9TiiiX qacTHU. TeM He 
MeHee, ~OIJ>!SnHH, no.nyqaeMaH H3 HCC~e~OBSrurli T8RiiiX peaRUi!M, ORa-
3HBaeTCH HHTepecHOI lit BaJtHO« ~nR llOHHMSHHH MHOrliiX acneRTOB ~epHoa 
qllit3HRH, HanpHMep, TaRJiiX, RSR BOnpoc 0 PO~ Tpex'laCTH'!HHX CHJI B 
MHOro'laCTH'!HOM B3SiitMO~eiCTBiitlit, 0 napayeTpe pacceHHHH ~BYX qaCTiitU, 
o xapaRTepe noTeHnRS~OB napHoro B3aHMO~elcTBRH H T.n. 

PemeKie 3TiiiX npo6~eM CTSHeT B03MO:ItHHM C llOJJy'ieHHeM ~OCTSTO'!HO 
06mHpHHX 9KCnepHMeHTSnbHHX ~aHHHX no peSRnRHM C BHXO~OM Tpex 'iaCTiitU 
B KOHe'IHOM COCTOHHHH. 

B HacTOJIIIIel pa6oTe Rcc~e.u.yeTcH peaRUJitH 11B(P ,3d..) c nenDll 
zsyqeHHH BHCOROB036y~eHHWC COCTOHHHa COCTSBHOrO ~pa 12C lit nonyqe
HiitH RBSHTOBHX XSpaRTepHCTBK 9TKX COCTOHH!ita. 

B cnyqae ~epHHX peSRnHa C o6pa30BaHHeM ~:syx qacTHU B ROHe'!HOM 
COCTOHHHH B3aHMO~eiCTBHe MO:IteT npoTeKSTb He qepe3 MeXaHH3M o6pa3o
BSHHH cocTaBHoro ~. a nyTeM npSMoro nponecca (cpHB, BH6HBaHHe, 
llO~BaT H T.n,), neTaJILHOe H3y'!eHiite qJyHK~ B036y~eHHH H yrJIOBHX 
pacnpe~e~eHHI npo,D,yRTOB TaKiitX ~epHHX peSRUHA ~aeT B03MOlltHOCTD no
JIY'!aTD ueHHYD HaqJOPManRD ~na TeopeTH'!ecRoro aHa~sa npoueccoB ~eP
Horo B3alitMO~eiCTBHH. H3 B03MO:ItHHX npouecCOB B3aHMo~eaCTBiitH ycKopeH
HbiX HOHOB re~-3 C ~lit 60pa npH Hlit3KiiiX 9HeprHHX M~O lit3y'!eHH 
~eSRUiitlit C BHXO~OM npOTOHOB. HSMH HCC~e~OBSHH peaRUJitH 

11B(~e,P0 ) 13C; 
0s(~e,P0 ) 1 2c; 10s(3He,f1 )12c B ueJIHX nonyqeHHH cBe~eHHI o MexaaHa

Me peSRnHI, a TaRJle ~OllMHHTeJILHOa H$PMSUiitlit 06 ypoBHHX COCTaBHHX 
~ep 14 J{ lit 13 J( • 
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)tHcceprartH.Ii COCTOHT H3 BBe~eHHH, IlJJTll! rJiaB H 3aRJI))I{eHH.Ii. 
fJiaBa l HOCHT o6sopHH~ Xapa.KTep. B He~ ~aeTC.Ii RpaTKHft o6sop 

pa6oT no Hsyqeau ~epH!DC peaR~ c B!lJleTOM Tpex qacTan. YxasYre
eTC.Ii Ha BaXBYD ponb BSaHMo~eMCTBH.Ii ~BYX (HS Tpex) qacTHU jlROHeq
HOM cocTo.IIIDm. KpaTRO HSJiaraeTC.Ii Mo~enb M.~~r~aJia - BaTcoaa I. IIpH
BO~HTC.Ii o6sop pa60T no HsyqeHHD peaR~ C BYJieTOM Tpex qacTHn, He
ROTOp!DC peaR~, WlllHX qepes COCTaBHble ~pe. 14 ]{ H 13 J( , HB.R6o
Jlee no~po6ao paccMaTpHBam'C.Ii peaRitHH 11B(P , 3~) ; 11B(3He,P)13c ; 
1~(~e,P)12C. AHallHs npe,101IeCTBYIJillriX pa60T Be,neTC.Ii RaR C TOqRJil 
speHH.Ii MeTO~H nonyqeHH.Ii 3RCnepHMeHTanbHbiX pesynbTaTOB, TaR H HX 
npHro~ocTH ~JI.Ii ~anbae~mero TeopeTHqecxoro aaaMsa. 

){Jill peaKnHH 11B(P ,3 clv) BCe npe,101JeCTBYilUlllle HCCJle~OBaHH.Ii 
npOBO~JlHCb B 06JiaCTH MalllDC 3Hepr~ npOTOHOB, npHMepHO ~0 
Ep=2,65 MaB, a nonYTRH TeopeTzqecxoA HHTepnpeTanHH axcnepHMeHTanb
HIDC pesy~TaTOB 61illH MaJIOycneWH!lKH, 

HBMH 6aJia nocTaBJleHa s~aqa ~eTa~ao Hccne~oBaTb perutnan 
11B(P,30..) npz pesoaaacHYX aaeprHHX Ep=2,65, 3.25, 3.75 MaB, qTo 
COOTBeTcTeyeT ypoBHHM COCTaBHOrO ~ 12C C 3HeprHilMH B030~eHHil 
18,37, 18.93 H 19,39 MaB ~ HHTepnpeTHPOBaTb nonyqeHH!le 3EcnepHMeH
TanbH!le ~aaHae aa ocHoBe 6onee o6~eA TeopRH MHoroqacTzqaoro pacceH
HHH, B ROTOpoft yqHT!iBaDTC.Ii ~eRT!i nonapaoro B3aHMO~eACTBH.Ii B 
xoaeqaOM cocTO.Iil:llm BCex Tpex cJ. -qacTau, o6pasylllliHXC.Ii B perutnHHI2- 7 I. 

B pa6oTax, noc~eHHIDC zsyqeHHD peaRnd (~e. P) aa 11B H 10.S, 
6ano noxasaao, qTo npz aaeprHRX aaneT~ qacTzn 6o~me 5,0 MsB, 
peaRitHH WT npeHMy~ecTBeHHo qepes npm.~oa nponecc. IT.PJI 6onee HHSRHX 
aaeprH.IiX MexaHHsM peaRUKA npe,ncTaBJI.IieTc.li 6onee cnomHHM. Ha~ c 
nponeccBMH cpYBa HJIH no,ItXreTa qacTHn 6onbmoA BR~ B pe8l(nan ~aeT 
MeXaHHSM COCTaBHOrO ~. B 3TOI 06JiaCTH MaJIYX 3HeprHa pe8l(nall! 
11B(~e,P) 13c H 1 ~(3He,P) 12c axcnepHMeHTaJ!DHO H TeOpeTzqecRH MallO 
HayqeHa, HMe~c.li ~aHHIDC HBHO ae~ocTaToqao ~JI.Ii aaaJIHsa nponeccoB 
B3aHMO,neiCTBH.Ii, HacTO~a.li pa6oTa B 3HaqHTeJ!DHOI Mepe BOCllOJ!H.IieT 
HMe~c.li npo6en B HCCJie~oBaHH.IiX peaxUKB (3He,P) Ha ~ 6opa . 

IIpoBe~eHHD HaMeqeHHOI nporpaMMY HCCJie.ztOBaH~ npe,101IeCTBOBaJIH 
B!i60p 11! T~aTenbHaH OTpa60TRa 3RCnepHMeHTaJ!DHOft MeTO~ npoBe~eHK.Ii 
H3MepeHHI. B aRcnePJiiMeHTax aeo6xo~o 6yno o6ecneqHTb xopomee aaep
reTzqecRoe paspemeHHe ,nJI.Ii perHcTpHpyeMIDC npo.nyxTOB ~epHYX peaxUKB, 
a B cnyqae lil.3Mepead ,neyXMepHYX cneRTpoB coBn~eHd cJ.. -qacTau zs 
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11 ( peaRnHH B P ,3d-.) - Oan aeooxo,n.l!ll BWCOK03tjxpeKTHBHillf BpeMeHHolf orOop 
coBna,neHHif npH OOJibmHX sarpysKax ( I04),{),{/CeK) no Kaz,nouy xaaany, 
HCKJIDqaDmHif ~OH CJiyqalfHbiX COBna,neHHif, 

HenpocryD s~aqy npe~cTaB4ffeT MeTo~a npHrOTOBJleHHH Mameael 
Hs 6opa, HMeJXQero TeMnepaTypy HcnapeHHH - 3000°C. 

OnHcaHlil.D npHMeHeHHoro HaMH aRcnepHMeHTanbHoro o6opy~OBaHHH, 
TeXH.W<e npHrOTOBJieHHH MHmeHe~, MeTO,nHRe npoBe,lJ.eHH.Ii H3MepeHli!A llOCB.Ii
~eHa BTOpall rJiaBa ~ccepTanRH. 

Hccne~OBaHH.Ii peaRitHH 11B(P ,3 J-.), 11B(~e,P) 13c H 1 ~(3He, p)I2c 
6!illH BblllOJ!HeHbl Ha 3JleRTpOCTaTzqecROM reHepaTope 3r-5 n86opaTOpHH 
HeATpoHHO~ <fJPI3HRH 0Mffi1. B 3RCnepHMeHTax npHMeMJiaCb CTanbHaH RaMepa 
pacce.liHHH nHJIH~zqecxo~ <fJOJ:fdY ,nHaMeTpOM 190 MM. MHmeHb ycTaaaBJlH
BaJiaCb B neHTpe RBMepy pacce.IJHM Ha ClleUKanbHOM H3011Hp0BaHHOM .n.ep
MaTeJle, ll03BO~eM MeH.IiTb yrOJl ee HaRJ!OHa OTHOCHTenbHO na.n.a~ero 
nyqxa, C llOMO~D ROJL11HMaTOpa ~JlHHOI 150 MM, ~aMeTp nyqRa OrpaHH'IH
BaJIC.Ii ~0 1 +1,5 MM, Ha C~eMHOA RpymRe RSMepy CMOHTPlpoBaHbl .ItBa RPOH
mTeftHa ,nJI.Ii ycTaHOBRH .n.eTeRTOPOB. Tip!! l!CCJle,nOBaHmri peaxrnm 11B(P,36.) 
cnenHanbHOe llOBOpoTHOe ycTpO~CTBO ll03BOJl.liJ!O HeSaBHCHMO ~JI.Ii Ra~oro 

,lJ.eTeRTOpa YCTaHaBJlHBaTb He06XO.ltl!MNi yron OTHOCl!TenbHO HanpaBJleHPI.Ii 
nyqxa 60M6ap.D.Hpy~ npoTOHOB B npe.n.enax 0°+180° ~JI.Ii o~oro ~eTeR
TOpa H -30°+ -180° - .ll.JI.Ii ~pyroro. 

PerHcTpallJd.li J...-qacTHn H3 peaRnHH 11B(P,3oL) ocy~ecTBMJiacb 
RpeMHHeBbiMH llOBepXHOCTHo-6apbepHHMH ~eTeRTOpaMH, 3HepreTHqecROe 
paspemeHHe ,lJ.eTeRTOpoB BMeCTe C 3JleRTpoHHO~ annapaTYpO~ npH perHCT
panHH ~ -qacTau c aaepr:ael 5,2 MaB oT tJ... -npenapaTa cocTaBMJ!O 
30+40 RaB. B cnyqae H3MepeaH~ cneRTpa dv -qacTHn H3 peaxnzH 
11B(P,3dv) lllHPHHa lll!Ra Ha llOJ!OBl!He BbiCOTbl .lJ.)lJI rpynrrn J..0 -qacTHU 
6biJia B npe.n.enax 100+120 R3B, BpeMeHHOtl OT60p 6YcTp!DC COBn~eHd 
ocy~eCTBJI.IiJlC.Ii B npe.zteJiaX 7+12 HCeR, B OCHOBY 6JlOR-CXeMH 3RCnepH
MeHTa~Horo 060py~OBaHH.Ii llOJ!OllteH npl!HitHfi OT_6opa "6!iCTpo-Me~Jl8HH!iX" 
COBn~eHd B coqeTaHHl! C ~eyXMeP!WM aMnllHTy~Ho-aMnJIHTy~HM aHaJIH3a.l, 
.IlM nonyqeHH.fi .neyXMepaoro cneRTpa 4096 xaaanoB aaaJlHsaTopa pacnpe
~eJUIJIHcb aa ~Be rpyililli: 64x64 HllH 32x128 RaaanoB, 

IlpoTOHbl H3 peaRitHH 11B(~e,P0) 13C l! 1 ~(3He,P) 12C perHcTp!!po
BaJIHCb C llOMO~D mecTH no;zynpoBO~OBHX .Si.. - ki. -.n.eTeRTOpoB, ,lleTeR
TOPbJ 6YJIH YCTaHOBJleHH Ha ~BYX RpOHmTeiiHax C yrJIOBW HHTepBaJIOM 
Me~ neHTpaMH ,neTeRTOpoB, paBHYM 30°. B~eHH8 ~eT8RTOpoB BORpyr 
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MKmeHH nosBonano HSMepHTD yrnoB~e pacnpe~eneHHH B ~anasoHe yrnoB 
o0 ~o 160°. Ce~MoA Heno~BH~ ~e:rex:rop yc:raHaBnHBancH no~ yrnOM 
90° R HaDpaBneHHD DyqRa H HCll0nb30BanCH B Ba'ieCTBe MOHHTOpa. 

B HCCJle~OBaHH.IIX TpexqacTH'iHOA peaRJlHH 6~ HCDOnD30BaH!l CaMo
no~e~~eCH MHWeHH as 6opa To~oA 50+80 MRr/cMf, nonyqaeM~e 
nyTeM pacn!l116HHH 6opa 6CT6CTB6HHOrO COCTaBa C DOMO~D sneRTpOHHOrO 
nyqxa. 
~ HSrOTOBneHHH MHIDeHeA HCllOnDSOBanaCD ycTaHOBBa C sneKTPOH

HOA nymKO~, cneUBanDHO CMOHTHpOBaHHaH ~ 3TO! nenH. ~ccne~OBaHRe 
peaxuaa 11B(3He,P)13c a 1C13<3fre,P) 12c npoasBO~nocb c MHIDeHHMa, 
asroToBneHH!lMa nyTeM oc~eHRH 6opa as cycneHsaa. Bnox-cxeMa sAeKT
poHHOl annapaTyp~ ~AH perHCTpaJlHH npoTOHOB COCTOHna H3 cne~~ 
3AeM6HTOB: 1) CD6RTpOM6TPH'i6CRHA RaHaA, 2) MOHHTOpH!lA RaHaA, 
3) RaHaA HHTerpaTOpa TORa. 

TipRMeHeHHaH MHOrORaHaADHaH CHCTeMa perHCTpanmH apOTOHOB D03Bo
nHna cymecTB6HHO CORpaTRTD BPeMH HSMepeHHA yrnOBilX pacnpe~eAeHHA. 
~CnOnD30BaHH6 TpaHSHCTOpHOA sneRTpOHRRH o6ecneqHBaJ10 BllCORYD ~onro
BpeMeHHyD c:rae!HnDHOCTD annapaTyps. PesynDTaTH HSMepeHHA c aHaAasa
TOpa qepes pacnpe~enHTenDHoe ycTpoAcTBO no~aBaAHCD Ha na~poneqaTD, 
r~onocTpORTenD H 3anHC!lBanHCD Ha MarHHTHYD A6HTY 38M. 

Tpe:rba rnaBa noc~eHa onacaHHD sxcnepRMeHTaKDHilX pesynDTaToB 
H M6TO~e HX 06pa60TRH. 

IlpH zccne~oBaHRiti peaxnaa 11B(P ,3d..) H3Mepeaa qJyHRilHH BOse!y-.n;e
HHH npa El'-= 120° ~ OCHOBHOrO COCTOHHHH ~ ~e B ~anasOHe 3Hep
raa na.naJ:llltitiX npoToHoB Ep=1,6+4,1 MsB c marOM no sHeprHR 10-f20 xsB. 
MeTO~OM ~BYXMepHoro aHanHsa H3M6PHnHCD 3Hepre:r~eCRHe cneRTPH COB-

a,neHitiA ~BYX c/...-qac:ran (Ills Tpex o6pasyDJii'[XcH B peaxuaa) npH pesoaaac
ol saeprHH npo:roHoBEP: 2,65; 3,25 H 3,75 MaB ~na pasnH'iHWX 
'lMC!HHanzA yrAOB Bb!AeTa nepBOA J... -'iaCTJill.Oi ( S( ) H BTOpoA J..-'iaCTIIlltll 

!, ) • BllnH HSMepeHH cneRTpll COBDa.ztem npH Ep=2,65 MsB - ~AH CeMH 
ROMCli :Hand yrAOB e,t H 9~ np!II Ep=3,25 MsB - ~AH ~eCHTIII Ill 3, 75 MsB -
~ ~Ba~TH ROMC!HHal.\HA yrAOB. 3J<Cll03Hn111H ~AH Ra-.n;oro H3M6peHHH CQ
CTaBAHna :10 'iaCOB. Tiepe~ Ra-.n;HM 1113M6peHH6M cneRTpa 0.. -0., -COBna.zte
H!IIA npOBO~JlOCD IIISM6peHHe ~yHRUHH BOSC!y-.n;eHRH B paAOHe B!le!paHHOrO 
pesOl. :aHca C TeM, 'iTOC!bl HaATIII TO'iHOe 3Ha'ieHHe peSOHaHCHOA 9HepriiiH 
npOTOHOB, COOTB6TCTBYDm6l ~aHHOA TO~He MHm6HIII H ee nOAOMeHHD OT
HOCHT6nDHO na.ztaJ:lUiero nyqxa. ~OR cnyqaJiHbiX COBna.,nem B ~XMepH!lX 
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cnexTpax cJ.. - J... -coBOa,neHHA onpe~enancH no MeTo~ "sa.nepxaaHsx" 
COBna.zteHIIIA. 

Ha pac.I nORasaH ~BYXMepH!lA cneRTP <J... -cJ... -COBDa.zteHHl H ero 
npoexnmz Ha OCIIl E~ H E!:, ~AH I<OMC!HHanHA yrnoB ~r= 70° H a;=90° 
npH pesCftllicHOM sHa'ieHRiti aaepru E~ = 3, 75 MaB. Ha ~BYXMepHOM 
cnexTpe HaHeceaa pacc'iHTaHHaH ~arpaMMa ~n2naf8l. 

3RcnepHMeHTaKDHHe ~XMepHHe cneRTPH, HSMepeHHHe np111 sa.,naHH!lX 
pesOHaHCHHX 9HeprRRX npOTOHOB H B!le!paHHO! ROMC!HHana.H yrnOB 9~ III 9:, 
npeoClpaSOBI.IBaJU!Cb B np06KUHH Ha OCH 3HeprHH nepBoR :II BTOpO~ d.- -'iaC
T:HU. C 3TOA U6nDD npoBO~nocJ. cyMMHPOBaHHe OTC'i6TOB B I<aHanax, 
ne~ Ha ~arpaMMe ,UaJIHua. TionyqeaHHe TaRHM cnocoe!OM sHepreTH'ie
CRHe pacnpe~eneHRH 6.. -'iaCTHn cpaBHHBaJIHCD c pac'ieTaMH ceqeHH~, 
nonyqeHH!lX Ha OCHOBe TeOpHH MHOrO'iaCTIII'iHOrO pacceHHHH C Y'i6TOM no
napHOrO B38.HMO~e!CTBHH BC6X Tpex d.. -'iaCTHU B ROH6'iHOM COCTOHHHH. 

. TipH HCCAe~OBaHRiti peaxnd (~e,P) Ha elope 6!lnH HSMepeH!l ~HR
JlHH BOSCly~eHI/IH ~AH r~nn npOTOHOB· P0 H3 peaRUHH 11B(~e,P) 1 C, 
P0 H P1 -as peaxURiti ''Vs(3He,P)12c ~AH mecTH saaqem yrnoa OTHo
ca:renDHO na.naJ:lUiero ny'il<a: 10°, 40°, 70°, 90°, 120° a 150° n.c.R. 
B HHTepBB.Ae SHeprHA E3He = 1, 5+4 ,3 MsB C marOM no SHeprHH 50 KsB. 
k'lsMeReHHHe ~HHUHH BOSClyllt,IIeHRH ~AH rpynn P 0 H P1 H3 peaxuzz 
1C13( He,P)1 C noxasaH!l Ha pac.2. 0mH6RH IIISMepeHHA qJyHRUHA BOSC!y~
~eHHH BBAD'iaDT B cee!H: 

a) OmHC!Ry B HSMepeHRiti TOI<a ± 1%; 
6) CTaTHCTH'i6CRYD OmHC!Ry H OmHClRy ~eAeHHH nHRa Ha cneRTpe 

qacTHU ±7%• 
YrAOBHe pacnpe~eneHHH npo:roHOB HSMepHnHCD B KHTepaane yrnoB 

oT 10° ~o 160° n.c. qepes xa-.n;He 10°. B oe!nacTH sHeprHi E3He= 
1,5+4,3 MsB 6!lnH H3M6peH!l no nHTHa.ztuaTH yrnoB~ pacnpe~eneHHA 

~AH R~oro KaHana peaRnHH. 
Ha ~Hc.3 noxasaHH yrnOB!le pacnpe~eneHHH ~nH rpynnll P0 Hs 

peaRUKIII C13(3He,P) 12C. B HSMepeHHJIX yrnOB!lX pacnpe~eneHHA BllXO~ 
npo~RTOB peaRURiti no~ 3a,ItaHHbiM yrnOM 8 HOft.!HpoBaJlCH Ha OTC'i6T!l 
MOHHTopa, ycTaHOBneaaoro no~ yrnOM 90° n.c • .UZ®epeHnaanDHHe ceqe
HHH Aa60paTOpHOA CHCTeM!l B CHCTeMy U6HTpa Mace nepeBO~AHCD no 
CT~apTHOA nporpaMMe "ITOYP" (nporpaMMa oe!paClOTRH yrAOBbiX pacnpe~e
neHH!). llporpaMMa "TIOYP" TaRJte ocymecTBAHna no~OHHY yrnoB!lX pac
npe~eneHHA (no MeTo~ HaHMeHl>max R~paToB) B B~e pasnoxeHRH no 
nonHHOMBM Jle~: 
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:H .Q.) = ~~ = ~J.. L o..~. P~. l CMSL) 
I< (I) 

K - BORHOBOe q~cno BO BXO~HOM KaHane; 
Q~ - ROa@>HUHeHTH npH nOJmHOMax JieJKaH)ijla. 

KpHTepzeM ~M OUeHRZ BHCmero nop~a nOJmHOMOB Jie&aH)ijla, ROTo
p~ cne~oBano yqecTh npz o6pa6oTRe ~aHHHX, cnyXHna Haanyqmaa no~
roHRa TeOpeTzqecRO~ RPRBO~ no~ SRCllepHMeHTanbHHe TO~RH (MHHRMYM 
pacnpe~eneHKH), a TaRMe B03MOMHOCTh no~eHKa TaRO~ SRCTpallOnffUKH 
yrnoBHX pacnpe~eneHH~ B o6nacTh yrnoB, r~e yrnoBHe pacnpe~eneHRH 
He H3MepRnHCh, qTOOH OHa OTpazana 06mHH XapaRTep H3MeHeHH~ ~~e
peHUHanbHHX Ce'!eHl'!H OT yrna Jll, BO BCRROM cnyqae, He npHBO~na R 
HeWJII3H'leCRHM 3Ha'leHHRM STHX ceqe~ npJII yrne 0° R 180°. 

B qeraeproa rnaae B RpaTROM ~e Hsno~eHH ocHOBHHe nono~eHRH 
Teopzz MHOrO'laCTR'lHOrO pacceRHKa R RHHeMaTRRa peaRUHH C o6pa30Ba
HHeM Tpex qacTHU, OTMe~aDTCR RHHeMaTK'!eCRHe OC06eHH6CTH STRX peaR
UH~ H KpaTKO OCBeUUieTCR MeTO~ ~arpa.MM ,l(anana. I!poBe~eH aHanzs H 
oocy~eHJI!e aRcnepRMeHTanhHHX pesynhTaTo~ no;PeaR~ 11B(P,36.). Ha 
OCHOBe TeOpHH MHOroqacTK'!HOrO pacceRH~2-7 paccqzTHBanHCh ceqeHHR 
ct~G/ d E,tdst,dst.~, c:J...-dv -COBn~eH~H H3 peaRUHH 11B(P,3dv) ~M 

pesoHaHcHHX aHeprHH npoTOHOB Ep=2,65, 3,25 H 3,75 MaB. 

IIpe~onaranoch, qTo npz STRX aHeprHRX peaRUHR npoTeKaeT ~epes 
pesoHaHCHHe COCTORHHR R.IUJa 12C B Onpe~eneHHOM SHepreTK'!eCROM co-• CTORHHH E C MOMeHTOM 1 H ~eTHOCThiO :If • 

PaCC'l'ITaHHHe ,ll;M pasHHX 3Haqemtl! r;r cneRTPH cpaBHHBanHCh c 
SRCnepZMeHTanhHO Jll3MepeHHHMH. 

Hs pesynhTaTOB cpaBHeHl'!R aRcnepHMeHTanhHHX ~HHHX c pacqeraMH 
MOEHO OHnO nony'lHTh HaHOOnee BepoRTHHe 3HaqeHHR CllHHa H '!eTHOCTH 
cocraEHoro R.IUJa 12c. 

B cnyqae pesoHaHca npH Ep=2,65 MaB (aHeprHR Bosoy~eHHR 
18,37 MaB) .no HacToRmero BpeMeHH 3Ha'leHHR cnHHa H qerHocTH aroro 
COCTORHHR H~eKHO He Y.CTaHOBneHH. 

B paHHHX paOoTa/9•101 61inH nonyqeHH 3Ha'leHHH .1Jr=2+.ITpH .n;pyrQ).! 
TeoperaqecROM no.n;xo.nefll/ R aHanasy rex Me aRcnepHMeHTanhHHX .n;aHHHX 
OHnz yRasaHH 3HaqeHHR 1 Jr = 3-. HymHo OTMeTHTh, '!TO aTH pesy nhTaTH 
OTHOCHnHCh R CJly'laRM HaOJliO~eHZR TOnhRO O.n;HOrO nRRa B cneRTpe J..-J.,

COBna,n;eHHH. KaR BHRCHl'!JlOCh R3 .n;anhHeHIDHX HamHX HCCJle,IJ;OBaHKa, TaKHe 
H3MepeHHR ORa3HBa!OTCR MallO qyBCTBHTenbHHMH R pasJmqHHM npe~OllO~e
HHRM CilHHa H 'leTHOCTJII COCTaEHoro R)ijla. HaHOOJlee HHTepecHHMH RBJlRIDT-
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CR TaRHe ROMOHHa~ yrllOB, ROr,n;a H3 pacqeTOB RHHeMaTRRH OU,IJ;aJOTCR, 
no RpaHHea Mepe, .n;Ba nHRa, Ho TaKHX HSMepeHRH OHno c.n;enaHo Mano R 
OHl'l He aHi!Ui3JilpOBa!Ul:Ch • 

HaMJII 121 OHJm Jll3MepeH!i cneRTPH coBn~eHza J.. -qacTzu zs peaR
~ 11B(P,3.::~..) npz aHeprHH na.n;a.mtHX npoToHOB Ep=2,65 MaB ~M ceMR 
pasJmqHHX ROMOli!HaUHit yrnoB 9,1- H 9}, BRJlllqaff CllyqaH HaOJliO,n;eHKa 
cneRTpOB C ~BYMR lll!KBJ(H; ceqeHHR c.PG/ dE~ dSL ,d~.l. paccqJIITHBanRCh 
~M 'leTHpex 3HaqeHd fir COCTaBHoro R.IUJa 12C 11T=2+,3-,0+ J1I r. 
HaH6onee y.n;oBJ1eTBOpHTenbHHe COBDa.n;eHHH 3RcnepZMeHTanbHHX pesynhTa
TOB C ~cqeTaMH nonyqaDTCR B npe~OJlOKeKHH CilHHa H qeTHOCTH YPOBHR 
R.IUJa 1 C(I8,37 MaB) 11f=2+ H 3-. ,l(eranhHoe paccMoTpeHze pesynbTa
TOB ilO,IJ;rOHRH 9RCnepHMeHTanhHHX ~aHHHX ,ll;M BCeit o6JlaCTH BHOpaHHHX 
ROM6HHaUHH yrllOB ll03BOMeT cqHTaTh, '!TO HaHOOnee npe~oqTHTenbHO 
3HaqeHHe CllRHa H qeTHOCTH 9TOrO ypOBHR R.IUJa 12C, paBHOe 2+. 

B aaanase aRcnepHMeHTanhHHX ,n;aHHHX npz ~p=3,25 MaB pesynhTaTH 
pacqeTa OHJUi BlillORHeHH. B n~e~nOJlOMeHHH pasnzqHHX 3Ba'leHKa CnHHa H 
qeTHOCTH COCTaBHoro R,IWa 1 C(18,39 MaB) :r:rr = o+, 1-, 2+,3-,4+,2-. 
Hs pesynhTaTOB cpaEHeHHH y.n;anoch HCRJl!OqHTh saaqeHHH 1Jr=4+,1-,3-,2-. 

3HaqeHKH 1,-=0+ H 2+ .n;aDT llpaRTK'!eCKH COBna~a!lU(ae pe3ynbTaTH 
~M ROMOHHauHH yrnoB, ROTOpYe 6ynz ,IJ;OCTHrHyTH B HaCTORmRX H3Mepe
HHRX. Heo.n;H03HaqHOCTh B BY60pe 3HaqeHHii CnHHa H qeTHOCTH COCTaBHo
ro ~pa 12c B cnyqae pesoHaHca npH EP=3,25 MaB MoxeT o6~RcHRThCR 
CJle~~H npH'lHHaMH: 

Bo-nepBHX, B HB.IllHX aRcnepHMeHTax He y.n;anoch peaJmaOBaTb cnyqaiii, 
Ror.n;a cneRTP coBn~eHHa cocTOHT He H3 o.n;Horo nHRa, a 6onee cnoxeH ~ 

noroYy 6onee 'lYBCTBHreneH R pa311K'lHHM npe~onoxeHHRM cnHHa Jll 
qeTHOCTH. (Kor.n;a H3 RHHeMaTHRH OXH,IJ;aJlCR cneRTp COBn~eHHH C ,IJ;BYMR 
nHRaMH, TO BTopoa nHR no aHeprHH coBn~an c aHepraeA ynpyroro pac
ceRHHR npOTOHOB Ha MHmeHH). 

Bo-BTopHX, pesoHaHC npz Ep=3,25 MaB O'leHh cna6Hit Jll pacnonolKeH 
MeW .nBYMR OOnhmHMH H .n;oBOnhHO mHPORHMR pesoHaHCaMH npH Ep=2, 65 H 
3,75 MaB, .n;nR ROTOPHX onpe,n;eJleHH saaqeHHR ~~=2+. He RCRJliO'leHO, qro 
xapaKTep cneRTPOB coBna.n;eHaa B pesoHaHce npH EP=3,25 MaB onpe.n;enReT
CR He TOnhRO napaMeTpaMH 3TOrO pe30HaHCa, HO R B03MO~YM BR~OM 
.n;Byx ~pyrHX. 

AHallH3 aRcnepRMeHTanhH!iX pesynhTaTOB npa Ep=3,75 MaB, qro 
COOTBeTCTBYeT B036y~eHH!l COCTORH~COCTaEHoro R)ijla 

12c C aHepraea 
E• = 19,39 MaB, npoBO~llCR Bnepme'.l3/ (pHc.4). 
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Pae~eT ee~eanil nponsBo~neR ~nR saa~eann ennaa H ~eTaoeTH 
eocTaBaoro-~pa 12c 1~= 1-,2+,3-,4+,o+. CpaBHenne aRenepnMeHTanL
HHX pesyn&TaTOB e pae~eTru~H llORa3UBaeT, ~TO XapaRTep eneRTpa eOB
na.n;eH!iiH xopomo BoenponsBO~Te.fi B npe,m:IonoJKeHHR sHa~eHHR 1'lf = 2+. 
Xopomee eornaene e ::menepnMeHTOM ~ 6on»mero na6opa ROM6RHaUHH 
·e~ H 0}, ROr~a qio~a eneRTPOB eOBn~eHHH eymeeTBeHHO M€H.fieTe.fi, 
~enaeT onpe~eneane emma n ~eTHoeTn,~·~oeTaTo~ao aa~elKHHM. 

11HTall rnaBa nocB.fiUlaeTe.fi aaam13y Iii o6cyJK~eHHIO peaRnRil 
.11B(3He,P o> 13c I!. 

1'1!(3He,P) 12c. Tipri:Be~eHI:l pae~eTH!:le iPOPMYnl:l H B 
RpaTROM BH~e nsnoJKeHH eTaTneTn~eeRaR Teogll.fl Xaysepa - ~em6axaf141, 
pesonanena.fi·TeOP.H.fi BnaTTa =-. Bn~enxapaa!1 I H Teopll.fl )U3YXHyKJIOHHoro 
epuBa Hbronea!167 B npH6nHJKeHHH nnoexnx BOnn. . 

B cpyHRUH.fiX BOs6ylK)I,emm peaRUHil rennsi-3 na ~pax 6opa-10 a 
6opa-'11 na6JIIO,ll;a€TCII pe30HaHeHaR eTpyKTypa. B TO lK€ BpeM.fi OTMe~aeT
C.fi onpe,lJ;eneHHa.fi ycTOH~HBOCTh qiO:pMU yrJIOBHX pacnpe~eneHJiiH OT 3HeP
rHH n~aiOmero ny~Ka. PaeeMoTpenne iPYHRUHfi BoaOyllt,ll;eHHR n yrnoBHX 
paenpe.neJieHHil npOTOHOB noKa31:lBaeT, ~TO Heene~eMHM peaRUHRM eBOH
eTBeHeH eJIOlKHHH MeXaHH3M B3aHMO,ll;etieTBH.fi. XapaRTep iiJYHKUHH ~oa6yllt
.nerum n XO.ll; yrnoBux pacnpe,ll;eneallti .ll;nR 6on»mHX yrnoB _(,ll;nR sa.naeti 
nonycqiepu) OTpa~eT eymeeTB6HH~ ERn~ OT M€XaHH3Ma eoeTaBHoro ~pa. 
Onpe,ll;eneH~a.fi yeTO~HBOCTh qiO:pMH yrnOBHX paenpe,ll;eJieHHfi BO BCeM· Hcene
,ll;OBaHHOM HHTepBaJie aneprnti, nx pesr<an an:asoTpomi:.fi "mepe,ll;-aaa~" B 
eHeTeMe U€HTpa l1H€pUHU CTaJ!lUl:B8J(JilWXe.fi ~aeTHU - OTnH~HTen&HI:le oeo6eH
HOeTH npRMHX .fi,ll;epHHX peaRUHH. 

Hexo,ll;.fi ns oTMe~enaux oeo6eaaoeTeil pea:Knnn,_aaaJIHs axenepHMeH
Tan&HHX pesyn&TaTOB npOBO,ll;HJie.fi e y~eTOM 3THX .ll;BYX B03MOlKHOeTeil ~ 
npRMHX npoueeCOB H MeXaHH3Ma COeTaBHOrO ~. _ 

-Ha oeHOBe Teopnn Xaysepa - ~em6axa HaMn ocymeeTBnRnacb no.ll;
roaxa yepe,ll;H€HHHX;YrJIOBHX paenpe,lJ;eJieHKH npoTOHOB ll3 peaRUHH 
11B(3He,P0)13cl17 • Yepe,ll;HeHn.fi npoBOMIJIUeh no naTepBany E-=1,6+4,3 
M:=B. Taxoe yepe~eaae no ~oBOn»Ho mupoKoMy HHTepBany 6uno onpaB,ll;a
no TeM, ~To xapaxTep yrnoBHX paenpe,ll;eneann aeeymeeTBeHHo MeH.fieTc.fi 
·e aaeprnen n~aiO!IIllX ~aeTnu, a nMelOTeH _n:amD pasJi:a~WI -B a6coJIRlTHHX · 
BenH~HHax ,ll;ll~eP.eHnRan&HHX ee~eHRil. Pae~eTH Bl:lllOnH.fiJIHeL no npor~
Me "\.I A !'lA " 87; nony~nT» y,ll;OBneTB9PHTen»Horo cormicHR pac~eTOB 
e axenepHMeHTOM ne y~anoc». 

.IJ:an»HetimHM maror.1 B · aaannae yrnoBHX pacnpe,ll;enellllH npoTOHOB 
~~JIOeL nenOn&30BaHRe peaOHaHCHOil TeOpHH ~epHHX peaKUHil. B peaKUHH 
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11 3 13 -B( He,P0} C HaMH na6JIIO,ll;anHc» peaonanel:l B qiyHKUU.fiX_BoadylK)I.eHn.fi 
npa E3 =2,4 n 3,0 MaB. 3TH peaonaaeh! MO~T OTB~~aT» ypoBH.fiM co
.eTaBHo~B ~ 14 J( c 9Hepr:a.fiMn BOa6yllt,ll;eHH.fi 22,6 n 23,0 MaB. -.IJ:M 
3TllX ypoBHefi . ll3B€CTHhl CllllH R 'l€THOCTL ~ j:lt' ,;.2-/19/, Y!criOnb3Y.fi 3TH 
napru.leTphl ypoBnen, n8Ma .. oeymeeT:aMnac» no,ll;roHKa yrnoBinc pacnpe,ll;e-

- }18Hll~ npOTOHOB np:a 3Heprll.fiX E3 .· =2,4 H 3,0 MaB no peaonanenoii Teo~ 
pun. llpa aTOM y~a.11oc» nony~:a~»~Y.ll;OBJieTBopnTeJIDaqe cornacae B xapaK
Tepe yrnoBHX paenpe,ll;eneHnii ~iir"-yrnoB 6on»me 90°. ,llJlii no,ll;rOHKR yrno
Bh!X pacnpe,ll;eneHJiiil BO BeeM HHTepBa.11e yr.110B OT 0° ,ll;O 180° ORa3a.110eb · 
i!eo6xo.I(I!MHM npe.I(no.1loJKeH:ae o npRMOM Mexann3Me BsirnMo,ll;e~cTBH.fi_. OueHKa 
B03MOl!tHOro BKn~a OT pasnnqHbiX MeXaHH3MOB npRMOrO-B3aUMO~e~CTBH.fi 
OCyl!JeCTBnRnacL Ha .. OeHOBe ~nenepCHOHHOH Teo pan np.fiMHX. ~epHHX pe~
nRi¥20/, IIpoBe,ll;eHHh!e oueaRn noKaaanH, ~To aan6onee Bepo.fiTHUM npo
ueeeoM .fiBn.fleTC.fi eph!B ~BYX HyRnOHOB. C ~eTOM npe~onaraeMHX ,ll;ByX 
MexaansMOB peaRUHR pae~eT ~epei1URan»nux ce~eiuril oeymec'rBnaneR 
no cpopMyJie 

W = We.+ Wct. , (2), 
r,ll;e '«c. - qaeTh_ ~ncpqiep~aunan»aoro ce~eHUH 0 eooTBeTeTBYIOUlaR 

.BKJI~ oT Mexann3Ma coeTaBHoro ~pa; 
\tJd.- BK~ OT npoueeca .ll;BYXHYRJIOHHoro cp.u:aa. 
Peayn»TaTu pac~eTOB ~M ~BYX yrnoBHX pacnpe,ll;e.1lenllti' B cpaBBeHHH 

e axcnepHM-eHTOM npnBe,ll;eHh! na -pne.5. ~o:pMyna ·(2) 6una npHMeHeHa K· 
aaaJIUay yrJIOBHX pacnpe,ll;eneaan BO BCeM naMepennoM HHTepBane ?HeprliiH 
ycKopeHHhlX qaCTHU. 

AnaJIHa yrnoBhiX pacnpe,ll;enellllH npoTOHOB .ll;n.fi ocHoBHoro ' ne»Boro 
BOa6yllt,ll;eHHOrO eoeTOSIHHI! ~pa 12C ll3 peaK,UI'lll 1<13(3He,P)12c 2I/ TaR- . 
JKe npoBO~Ine.fi na oeHOBe cTaT:acTn~eeRoil Teopna Xayaepa - ~emdaxa n 
no pesonaneno~_Teopnn BnaTTa- E~enxapna. Ha o~HoBe cTaTneTn~ecKofi 
Teopa.r ae y.ll;a.1loeh BOcnponaBeeT~ ,ll;aMre o6Ullle ~epTu yrnoBux pacnpe~ene
Hn".KaK OTMeqaJIOCb BNllie,oeHOBaHneM ~J!ll-npnMeHeHHR pe30HaHCHOI! TeOpHH 
.fiBHJIOe» HanH~Re ~e3ona.Heaofi eTPYRTYPhl B iiJyHKUHRX :BoaOyllt,ll;eHn.fi. B . · 
eny~ae peaxUHH 1'13(3He,P)12c pesonaneu aadJIIO~aJrne» npn aneprll.fiX · 
E3fle=2,2; 2,8; 3,7 MaB. Y!enon»ay.fi o6mee BHI@llieane ~ ~Rq4Jepenu;Ran»
noro ee~eHRR, ~aaaoe BJiaTTOM- B~enxapno~5/:~ peaonaaeah!X aaep
r:ail, HaMR 6um1 pace~:aTaHH xoacN?nUHeHThl paanoJKeHHR a~.. np.a nonHHOMax 
Jie~ B npe,m:IonollteHHH paaHHX saa~eHR~ emma. n ~eTnoeTH :f:lf cocTaB
noro Smpa 13 J-{ OT 1'lf = 3/2± ,ll;O 1:lf= 9/2±. D 3';'HX pae~eTax B03MOlKHHM 
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BK~OM npRMUX npoueccoB npeae6peranocL. PaccqaTaHHHe TaRRM o6pasOM 
Ro~a~eHTJl pasnoxeaag·cpaBHKBanKCL c aRcnepKMeHTanDHHMH saaqeHKH~ 
MH, aa~~eHHHMK OT pasnoxeHKH yrnoBUX pacnpe~eneHHA no nonaHOMaM 
ne~ MeTO~OM aaRMeHLmKX RBa~TOB. B pesynDTaTe TaRoro cpaBHe
HKH 6HnH onpe~eneHH B03MOKH&e saaqeHHH cnHHa R qeTHOCTH COCTaBHOrO 
SI.Jlpa 13 ){ ~nH pesoaaaca _npn E3He=2,2 MaB. 1:lf = 3/2+ ana 5/2+ n 
~.nst pesoaaaca E3He=2, 8 MaB - 11f = 5/2+ • .I\nH pesoaanca npn E3He=3, 7 
MaB onpe~eneane cnnaa n qeTHOCTH oKasa'nocL saTpy~TenDHHM. BosMox
ao,. qTo npR aTo~ aaeprnn yxe saatmTenDHyiO ponD nrpaiOT npRM&e npo-
ueccH, KOTOPHMH B pacqeTax MH npeae6~erana. . 

TipoBe~eHHHe KSMepeHKH peaR~~ 1 B(3He,P0)13C K 10s(3He,P)12c 
H aaanas 3KCnepKMeHTanLHUX pesynLTaTOB c~eTenDCTBYDT 0 cno~OM 
xapaKTepe B3aHMO~eacTBHH 3He c ~H 6opa. YrnoBHe pacnpe~eneHHH 
npoTOHOB H8nL3R y~OBneTBOpaTenLHO OUHCaTL B npe~onoxeHHH HaROro
na60 o~oro :KOH:KpeTaoro MexaHKsMa Barumo~e~cTBHH_. TI~n HK3RHX aaep
rnRX yc:KopeHHUX qacTHU npeo6~~ RBnHeTCR MeXaHH3M COCTaBHOrO 
~. c pocTOM aaepraa K KOHIJY Rccne~eMoro IDITepnana saMeTHWl 
BK~ aaqRaaiOT ~aBaTL npRM&e npouecc&. 

Ha OCHOBe nonyqeHHUX S:KcnepRMeHTanLHUX pesynDTaTOB B 3aKnD~e
!!!!!! npRBO~HTCH ll.'rOrR npo~enaHHOii pa60TH •. 

1. 0Tpa6oTaaa MeTo~a nsMepeHKH ~BYXMepaux cne:KTPOB coBUa~e
HRii ~-qacTll.U ll.3 pBaKUKH C 06pa30BaHKeM Tpex qaCTHU·B ROHeqHOM co
CTOHHHH, BH6paHHaH MeTo~a il03BOnHeT perRcTpaUHJO npo~:KTOB peaRuna 
c BHCORKM aaepreTaqecKKM H BpeMeHHHM paapemeHHRUH H npaueaaua K ~py

·rRM 3RCnepHMeHT~I, B ROTOpUX o6paayeTCH HeCKOnLRO qacTHU B ROHeq-
HOM COCTOHHHH, 

2.-0Tpa60TaHa ~eKTHBHaH MeTo~a RSMepeHHH ~HK~~ BOS6y~e
HHH a yr JIOBUX pacnpe~enead npo~RTOB JI.D;epaux peaRuna c npliMeaeHKeM 
nonynpOBO~HHKOBUX ~eTeRTOpOB H.MHOrO:KaHanLHO:i!: cneRTpoMeTpHqe?KOii 
annapaTYpH,. . . . 

3. TipoBe~eHH ~eT~nDHHe asMepeHKH peaRUiiR 11B(P,3ol.) B pesoaaa
cax npH Ep=2,65; .3,25; 3,75 MaB •. liJsMepeHHH B peaoaaacax 3,25 R 
3,75 MaB npoBe~eHH BUepn&e. 

4._l1ony-qeaa&e aKcnepHMeHTanDHHe ,wlHHHe no peaRUHH 11B(P,3J..) 
npoaaanRsaponaa& aa ocHOB~ TeopHR MHoroqacTaqaoro pacceHHHH c y-qe
TOM nonapaoro B3aHMO~eiiCTBHH BCeX Tpex 'laCTKU B ROH8'lHOM COCTOHHHH, 
B pesynLTaTe npoBe~eaaoro aaanasa nonyqea& saaqeaiH cilRaa a qeTHo
CTH ypoBHeii cocTaillioro ~ 12c c aaepriDIMa :Bos6y~eaHH 18,37; 
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_18,93; 19,39 MaB, ROTOp&e O:KasaJIKCL paBlillMH 2+, 0+ H 2+, 
.COOTBeTCTBeHHO, 

5. Tio:Ka3aao, 'iTO Bh16paaaaH MeTo~a aaamJ:Sa peaKrum 11B(P,3d.) 
XOpOmO BOCUPOHSBO~T SKCUepRMeHTanLHHe ~aHHhle H llpHN.eHHMa nnH llOJiy
qeHll.H He:KOTOpUX RBaHTOBhlX XapaRTepHCTHK COCTaBHoro gnpa, 

6, Tipone~eHhl neTanLHHe HSMepeimR ~YHR~il B03clylK,Il;eHRH H yrJIOBhlX • 
~cn~eneJieHRii ~poTOHOB a3 peaR~il 11B( He,P0)13c, 10s(3He,P0)12c :a· 

Dsc He,P1>12c B RHTepnane aaeprBM E3He = 1,5+4,3 MaB, ROTopue ~o 
HaCTORmero BpeMeHH clhlnll. Mano HCCJie~OBaHhl, 

7, llpOBe~eH aHanH3 SRCilepHMeHTanLHUX naHHhlX Ha OCHOBe COOTBeT
CTBYJOOUDC TeopeTaqecrmx npe~cTaBJieHll.il: cTaTRCTRqecRoil TeopHH Xaysepa 
- ~em6axa, pesoaaacaoil Teopaa EJiaTTa - ERneaxapaa a Teopaa ~BYXHYR
noaaoro cp&na HLIOHca. 

8. lloRasaao, qTo cTaTRCTHqecKaH Teopll.H He nos:BoMeT nocnpous
BecTR naxe orlmRe 'lePThl yrJIOBhlX pacnpe~eneaHii. Y~onneTBOPHTenLaoe 
onRcaaae a:KcnepHMeHTanLHhlX ~aHHhlX B OT~enLHhlX cJiy'laRX ynaeTcR nony
qll.TL Ha OCHOBe pesoHaHCHOil TeOpHll. ll. TeOpHll. ~BYXHyKJIOHHOro cpllBa B 
npe~oJ!oxemm cnoJKHoro xapaKTepa nsaHMo~e:i!:cTBHR reJIKR-3 c JI.npaMU 
6opa (uexaHR3M cocTanaoro·a~pa H npauue npo~ecchl), 

9 • .I\nH COCTaBHHX R,IJ;ep 14 J{ ll. 13 J{ yToq~eHhl .HnH onpe~eneHhl 
B03MOlKHh1e.sHaqeHHH CilHHa ll. 'leTHOCTH He:KOTOphlX ypoBHe:i!: B 06J1aCTH 
BllCOKHX SHeprll.H B03cly~eHHHo 

Oc~BHoe co~ep~ae MaTepaanon ~ccepTauaa ony6JIH:KOBaHO B 
paeloTax/I2,!3,I7,2I/. · 

" 
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Pnc. I • .n:syn~epHutt cneKTP d--J.. - co:sna;zteHHtt ns peaK[(HH IIB(P ,3~). 
J( - t~ncno co:sna;zteHna :a o;ztHOM KaHane aHannsaTopa. J{~ -

HOMep KaHana, E23 , E31 , E12 - OTHOCHTe~bH!le 3HeprHH co
OTBeTCTBYD~ett napu dl- tJSCTH[( B SaBHCHMOCTll OT 3HeprHH 
nep:solt cJ.. - tJaCTllr(ll (E}) lti..j (0~) M . 1\..i.d (2+)- YKa3LI
BaDT Ha nonollteHHH pesoHaHco:s :ssaHMo;ztel'lcT:sHH nap dv- tJac
THU tj B OCHOBHOM" co+) M nep:BOM B036yE;zteHHOM (2+) coc
TOHHIIHX 8Be • Yrnu 91 H 9:~, OTCtJHT!lBallTCH OT Hanpa:sneHHH 
na;ztruo~ero nyt~Ka npoTOHOB, G,- :a :sepxHett nonycl})epe, a,~..

B HlllitHelt. 
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PHC. 2 ~ B036YJK.neHIDI 1!3 peaRUJ1!I ;IC1J(3He,P)I2c 
~ ocHoBHoro H nepBoro ~os6YJK,I~;eHHoro 

-cocToHHntt JI,IJ;pa 12c. 
' ( ct.G/ ct.Sl.:·.:. I! oTHoc~TeJibHLIX e.l(HHMU~; yron - i=l 
Jia6<ipaioplion cHcTeMe) · · · · 
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0,4 3,0 MeV 
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40 80 120 '160 ec/1 

Pnc. 4 CneKTPH coBna~eHH~ ~BYX ~--~acTHit n pac~eT ce~enn~ 
MH paaJIH~HHX SHa~eHn~ cnnHa n ~eTHOCTH H;l{pa I2c. 

131 = 0+ ..,. mTpnx-nyHKTnpi . . . 
:rll = 2+ - cnJiomnaH JIIDinH; 
j:ll = 3- - ~OitHO~ mTpnx-nyHKTnp; 
111 = 4+ - mTpHXOB8H JIHHHH. 
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