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U$mmmhpb 1bJibmbn1.p pbm,p~ 

U2]uwum1hpJ! hl}}l.p."4_wb l; uimp.php. tip.2ml.J.uhp.nuf up.uhuip.}l.whhp.p. h 
l.J.1muuihp.uhp.p. mumuumup.p.mpiwug: U2]umuiwupmu umup.mumuu uhp.l.J.mimg"4_mu 
hu hp.qm uti2ml.J.wiP.u nhmqgp.muhp.p. ipnp.A.mp.mp.wqwu UlMJmhpuhp.'(! h up.wug 
p.p.wqmhwgumu dui.umhmq qmuimp."4_mb uip.wtiw}_m$umu, Wp.I]:Jmhw"4_huimpimh h 
Ul.Jl whhp.wcth2ui hm2"4_mp.quhp.g: q.p.uiwipnp.A.hp.p.g umm2P.hJ! mumuhmup.p.mu l; 
A -190 qmuq"4_mbmJP.h uip.p.n1.1pmu uimp.wb"4_wb Umui hp. up.ub.uip.p.m (SUSY) UnIJ:b.lJ!, 
np.g hhmp.m"4_np.n1p1mu l; uiml}iu qmu]umuib.ub.1 q b.hui-q b.hui tip.2ml.J.ub.p.p. qp.qn"4_mb 
tulip.qhuip.l.J. uwl.J.mJ.lllml.J.uhp.J!: 

bp.l.J.p.np.IJ: qp.uiwipnp.A.g "4_hp.mpb.p."4_mu l; 160 tip.2mlJ.P- mumuhwup.p.mpJWUJ!, np.J! 
hUJ.UUl).l°4_nLU l; tip.2ml.J.U1JP.U UlUUlIJ.Ul~p.qp.quiJmU UlUb.uwqwp.hnp. tip.2mqub.p.p.g Uhq]!: 
UJIJ: Uli2ml.J.p. l;hb.p.qhuip.q uwquiJ.llluil.J.hb.p.h oqhmu hu w"4_b.l}i iw"4. hwuqwhw1 cx­
WJJ.lUWu nb.wqg]l.wuhp.J!, p.uq 12CJ16Q nhwl.J.gP.wiP. wp.wqmpimhJ! pmJl l; uiwl}iu 
qhwhwuih1 bwup. wuUlIJ.hp.p. uiwp.P.pJ!: 

.@'hdm,ib UJPllb,mqm.bn1.1tJ111.b.1 

UP.2ml.J.uhp.p. qwnmg"4_wbpp. mumuumup.p.mp1muuhp.g 2wui qwp.hnp. b.h 
tip.2ml.J.w1P.u nhwqgp.wuhp.p. h uiwp.php. uimphp.p. umw2wguwu hwuwp.: UuihrJ.b-qb.1 
hu uiwp.php. up.2ml.J.w1P.u UD.IJ:hthhp.: 'Lp.wugp.g mub.uwuiwp.wb"4_wbu l;, op.p.uwq, 
qwpP.1w1P.u UnIJ:hlJ'!, np.J! huwp.w"4_np.n1pim.u ui"4_hg pwgwuip.h1 tip.2ml.J.p. qwui}l. 
l;uhp.qli-mu, pwjg }_qUlJ.l11Il.U19Ul°4. wuiwgmghi. ph p.u}_m np.n2 u:ti.2ml.J.uhp. muhu w"4_hl}i 
uhb l.J.wuiP. l;uhp.qp.w, pwu 2F2wl.J.w Ul.Jl tip.2ml.J.uhp.J!: UJIJ: p.uq ui.wuiO:umn"4_ umw2 
pm2"4_hg ub.q UlJl UD.IJ:hl ' Ftlllll.WhpuiJP.h UD.IJ:hlJ'!: U]u UD.IJ:hl}i u]l.2ngn"4_ umw2 hqmh 
unqmqwh p"4_hp.g (2, 8, 20, 28, 50, 82, 126) h uimp.q 11mp.A.w"4_, np. tip.2ml.J.hb.p.g, np.nup 
muhu UlJU p"4_n"4_ uip.nuinu qwu hb.Juip.nu, w"4_hl}i qm]mh ql}iuhu, pwu 2F2Ull.J.U1JPmU 
quih"4_11IJ. UlJl tip.2ml.J.uhp.: .Pwjg UlJU UUIJ:b.th mup. php.mpJmh. WJh uimp.php.ntp]mh W 
IJ:hm.u uip.nuinhp. h hhJuip.nup. tip.2h: U1uP.hpu hw2iUi W umu"4_mu l.J.m1nu1wu 
ipn]uwq11hgmp1mug: Uuiwg"4_mu f up.2ml.J.J:i.u hhJuip.nu qwu UJ.p.nuinh w"4_b.1mghhlJ! 
hw"4_mump. hm"4_wumqwu l;: :Pp.wqwhn1u IJ:Ul UIJIJ:uib.u }_l;, h wuimgm1gu miu l;, np. 
uqumb np.n2 qwp.qmpiUig' tip.2ml.J.mu UJ.p.nuinhub.p.p. m hhJuip.nhuhp.p. ictP."4.l! n}_ ph 
hm"4_wuwp. l;, U!Jl hh]Ulp.nuuhp.u muhu w"4.hl9ml.J.: U]U hwuqwuwhpg hm2iUi umuh1n"4. 
uquhgp.u uuihrJ.b-qh1 uimp.php. UUIJ:hthhp.: 'Lhp.l.J.m1mg"4_wb m2]umuimupub.p.n1u 
qwuiwp."4_mb hu hp.qm UUIJ:hthhp.p. "4_hp.mpb.p.JU11 mumuumup.p.mpimuuhp.g: 

3 



Umui.tp.Up:U:tuip.!J.wh 1980-wqwhtp.p.g wnw2 pwztlwb mtumia-1mh l;, np.J! 
hhwp.wtlnp.m:ra-Jmh l; IDWWU qwqUttmJ. tip.2mqhtp.p {1Ulll]Wq, qmp.IUJ.WhWt 
qwhiuwuitut1 {1lllDJW1!P- qthui-lJtb.Ul tip.2m11P- l;b.tp.qtuiplJ Uwqwp.qwqb.tp.]! 
oqmtltintl upw]b. pwn1w11P- UJmU wb.IJ:wub.tp.p.g (qnl]q-qm]q, lJtb.m-qmJq b. qm]q­
qtb.ui): Uju Umui.tp.up.utuip.!J.wb. ~mb.p. n~ up. J!W:J:hmb.mp. wnb.1mia-1mb. CERN-mu 
qwmwp.tlIUJ. mumub.wu!J.p.m.ia-1mb.b.tp.J:i. htm: Ub.tlwb.ntU]! umwgt1 t up.tip.m]b. UIJU 
ui.wuiO:umntl, np. qp.p.umtlmu th b.nt]b. up.utmp.J:i.wb.lip.]!: Uutb.wuiwp.wbtlwb 
pwnJWlJJ! A-190 mp.p.m]pnuI IJ:W 194,195Pt b. 195·196Au pwn1mqb. l;, np.p. titp.wptp.JWl 
qwuiwp.tlt1 t qJ:i.mwl)md.: 

ChIJ:ntb.tlmb t wuli1 np. 2Pwbhp., hlitlinttip. b. Uii.a-!J.n1tip. u!J.2mlJb.tp.]! wnw2mgt1 th 
Utb 'llw1i.a-1mb.p. uip.IJ.Jmb.pmu b. huib.IJ:liuuigli1 lib. htmuiqui tip.2n1lJb.tp.p. u!J.hpliq]l. 
hp.up: U!J.2mqb.lip.p. hmuuip. qn1m.ia-1m.b. m.b.J:i. UI1IJ:li1 np.J! tb.ia-UlIJ:lllltU l;, np. 
u!J.2m.qb.lip.mu np.nz l;b.lip.qliuip.q uwqmp.qwliJ:i.g ulJuwb UP-2mq]! n1 pt mb.tb.n1u t 
ui.p.nmnb.mJ!J.b. m. b.tJmp.nb.mJP.b. pwziiin1u, WJl lJwqutlwb t Uib.n1u a-umuhJ:i.qb.tp.p.g: 
Ujb. tip.2m.qb.tp.]!, np.nb.p UIUIUJ.2n1.FJU1Up a-lJ1wuuitp. th IJ:WDb.ntU b. w. ub.ntu mquiui 
ui.p.nmnb. qwu b.t3uip.nb. qn~tlmu lib. a-huiuw1m.b tip.2m.qb.tp.: UJIJ:ui.J:i.u!J. u!J.2n11IJ:i. 
op.!J.b.wq lib.' sBe, 12C, 160 b. w11 b.: 

Uzbim111m1ij!}J. hQVUlAUlW 

Unw2J:i.b. qpuiwtjmp.d.p hUJ.UlIDUllJU l; 195,196pt FPP.Wluhtp.]! nupmqnbtt 
ui.p.nmnb.w1!J.b. $h2ntl b. uuiwhmt 19s.i96Au, w1b.nthtuib. uzwqt1ntl uuiwgtlwb 
wp.IJ.Jm.b.phlip.]!' tmtlwgb.tt l95Au l;b.tp.qtmpq UwlJwp.IJ:WlJb.lip.J:i. UJ.Wuiqtp.]!, b. WJU 
qp.p.wnlit 196Au tip.2m.liJ:i. l;b.tp.qtuip.q uuiqwp.qwqb.tp.]! uituwqwb.np.th hw2tlt1m. 
hwuwp., hb.wp.wtlnp.n1p3wh IJ:lilll.Pmu 1W$lit b.wb. 196Au l;b.tp.qtuiJ:i.q 
uwlJuip.qwqb.tp.]!, np.ui.liuq]l. hb.mp.wtlnp. Uib.P. hwutuwuilit l)mp.d.wp.wp.mqwb. 
Ulp.IJ.Jntb.pb.tp.p. hliui: 

11bnumm]puh JwnhmkPlPJJl'-AD 

I>b.1UJ. tu b.ztllig, Um.ui. tp.UJ:i.utmp.puib. ia-m.11 t uiwW.u np.n2t1 q tb.ui-qthm tip.2n11IJ:i. 
l;b.lip.qtuipq Uwqwp.qwlJhtp.]!' m.b.lib.wtntl tip.WJU plllD]WliJ:i. UIJl wb.IJ:wUhlip.p 
l;b.lip.qtmpq Uwqwp.qwqb.lip.]!: Unw2!J.b. qJ:i.mwl)mp.d.p wp.IJ.Jmb.phlip.]! htuiwqw3mu 
qwp.ttli t oquiwqnp.btt 196Au tip.2m1IJ:i. l;htp.qlimJ:i.q uwqwp.qwqb.lip.J:i. mi.J.litli 
uwhp.wuwub. mumub.wuJ:i.p.n1:ra-1wb. huiuwp.' Ul]l u!J.2mqw3J:i.b. ntwqgp.whtpp. 

uJ:i.2ngnlJ.: 
2.wutuwuiwb wnui2J:i.b. qJ:i.uiwl)mpd.J:i. liJ:i.p.wntUin1ia-1wb. htui' tpqpnp.IJ: 

qJ:i.uiwtjmp.d.p. WPIJ.Jmb.phtpb. mb.th mtllitli iw1h liJ:i.pwnn1u: 160 UP-2m1IJ:i. hu11fwp. 
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1W$tlwb l;b.lipqJ:i.wb.lip.J! qwpttli t liJ:i.p.wnt1 WUUlIJ.tp.p. uiwp.J:i.pJ! np.nzliW.u: UiuwW. 
hpub.uiqwb. PUIIJ.WIJ:PPl hwb.IJ:liuuib.n1u t WJb., np. n1 pn1np thlipqtuiJ:i.q 
uwlJwp.qwqhtpb. th hw3uib.J:i.: L:b.wp.mtlnp t liJ:i.pwnt1 a-w1puwh nliwqgp.uib.lip.J! 
UP-2mqb.lipb. m.un1ub.wup.p.tW.u b. pwgmuip.li1 ptpb. tip.2mqb.lip.p. wnw2mguuib. 
wp.mqntp]mb.b.tp.]! Utb 'llw3pmb.p.g htmn: 

q.)111m]puh bnpnl.liQDLlJ.D 

q.p_mwl)mpd.lipp. WpIJ.Jmb.pmU 1W$tllit th 195Au UP-2mliJ:i. uiwug b.np. mb.gnu.f b. 
mia- b.np tb.tp.qlimp.q umqmp.qwq tip.b.~b. 1.5 Ute{ tb.lip.qtuiJ:i.q uipp.ntJJ_a-J!, np.nb.p Uhb 
b.tp.IJ:p.ntU lib. mb.tb.n1u 196Au 1Ip.2mliJ:i. tb.tp.qtmp.q uwqwp.qwqb.lip.p. qmb.Iuwmtuuwb. 
ut2: 8wtlnp, tjmpp 196Pt(p,n) nliwqgJ:i.wb. mb.tp. up. pwhp. whqmu l)mpp. quiptlmbp, 
pwh 196Pt(p,2n) ntwqgp.uib. b. hb.wp.mtlnp. ltIJ.mtl 1W$lit 196Au tip.2mliJ:i. thtp.qtuiJ:i.q 
umlJwp.qmqhtp.]!: U]u l)mp.&.p. b.mlumui.wmp.mummqmh mzlumuimb.phtp.p. dwumhwlJ 
l)mp.d.mp.lJtlt1 t b.np. b. mp.wq Mesytec MADC-32 Ufcl-<I>, np.J! hmutumuiwpmp. wi.J.litli 
tdwb. t b. mb.P. wl.J.litli zmui ummpm1P.b. qmb.w{ hmutuuiuimb ORTEC ASPec-927 
Ufcl-<I>-J:i. htm, np.J! hmump.tlmU t imtlmqn11b.lip.p.g uliq]! y-O:ummqw1:ra-P. 
UUJ. liqmp.wuqnui.J:i.m1mu: Uui.wgmgtlt1 t, np. Mesytec MADC-32 Ufcl-<I> W. q]l.2mu 
ORTEC ASPec-927 Ufcl-<I>-!J.b.: 

bp.qpllIJ: qJ:i.mml)mp.&.p. Ulp.IJ.Jntb.pmu 1U1$l{tg lip.l.J.m b.np. tb.tpqtmJ:i.l.J. umqmp.IJ:Ulq 
20 Ul;"<{ uip.p.n11ia-P.g pwp.d.p. tb.tp.qJ:i.w1nlJ.: Z.mztltltg 160 tip.2mliJ:i. p.b.tp.g!J.w1P. tl'nutb.mJ! 
UIJIJ: UP-2mqb.tp.p. hwump. b. mui.wgn1gtltg. np. J:i.uqwui.liu np.nz tb.tp.qtuiJ:i.lJ 
uwqwp.qwqb.lip.nu.f 160 tip.2ml.J.g m.b.p. 4a-umub.p.qp. qbw]ph 211.PUl]p mtup, np.h q 
hmb.qligb.nu.[ t utb J:i.b.lip.g!J.m1P. unutb.uip.: 

'11JU2Yl'Ql]llbn\;p]mh hkpJ.i.~ 1JijJQ}llt.bphli:oo 

'llm2mui.mb.n1p1mb. dwuwb.wq qb.tp.qw3wgtltb. tp.lJm qJ:i.mwl)mp.d.lip.p. qwuimp.uwb. 
utpllIJ:b.tp.]!, hm21.J.uip.qumb. utpllIJ:b.lip.]! b. ummgtlmb Ulp.IJ.Jnthpb.lip.]!: 
Umhllm:bmJmlltJJllh \]lJJ'ID.\Ollmbw 

Uziuwuimb.p]! quiqt!l.J.mb t b.tp.uibmp3mb.p.g, lnp.u qlluJ:i.g, tltp.2mpwb.p.g, 
UIIIJillUUlqb.lip.!J. b. b.quip.b.lip.p. gmb.liJ:i.g, hmUJ.wtlmUhlip.!J.g b. hIJ.mtLb.lip.p. guihqJ:i.g: 
U2bim111mbph ;pnijmMpu.\mll'JDt.hJ! 

'Lhpmbnt.p]Dl.h 

'Ltp.mbmp]ntb.ntt! b.qmp.mqptlmt! th uiwp.ptp. tLI1IJ:lithtp.p. qpp.wnt!mb. 
uip.p.mJ:ia-htp.g, hp.mug wnmtlt1mia-3mb.b.lip.g b. ptp.n1ia-3mb.b.tp.]!: U3b.nthtmb. 
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b.qwpuiqp.qnu.C hb. munu.Cb.wupptlrui tfruJ:htb.hpp qwpqwguwb. l)m11hp]!: 

UmlllhpU]:i.tihmp]l.wiP. hwuwp b.quipwqp.qmu lib. h]l.tib.wqwb. oqmwqnpffilrui 

u]l.tihmp]l.uib.hp]!: .Phpqwb hb. pwb.w&.b.hp l;b.hpqhmpq tiwlJ.wPllwlJ.b.hp]! hw2tlh1m 

hwtiwp: 'l..qwpwqp.qmti l; b.pwb.g qwpqwgntti]!: Umlllhpuptihmp]l.mJp hpup 

hwb.aji.uwgrui Interacting Boson Model (IBM)-]! lJ.p.pumhJli. t tip.m]b. qnyq-qm]q 

tip.2mqb.hp]l. hwuwp: U1b.mhhmb. WJb. qwpqwgtlhg b. quip&.wq Interaction Boson­

Fermion Model (IBFM), np]! J!'ilIJ:qp.qnuI tp b.wb. qhb.m qwpqwFtlntl tip.2mqb.hp, b. 

qhp2wlll hu Um.Ill hpUJ:i.uhmp]l.wb., npJ! lJ.p.pumhJli. l; q hb.m-q hb.m tip.2mqb.hp]l. hwuwp: 

L.qwpwqqmu l; hpqpnpq qp.mwl)mp&.]l. mun1tib.wuppn1.FJU1UJ! qhpwphprui cx­

lJ.1wumhpui]pb. tip.2mqb.hp]l. :pp.qp.qmquib. b.quipuiqli-p]!: Spqmu l; mhIJ.hlJ.ntFJmb. 

u]l.2mlJ.P- cx-tinqhJli. tiwupb., Fh ]1.b.~m l; cx-tiwub.]1.q]! umwh&.b.wb.mti uimu FhFb. 

u]l.2mqb.hp]l.g: 

Unm2!ib qinl.}u 

t.hpqw1wgqwb hb. b.w]ulJ.p.umu qwmwpqmb hhmwqnmntFJmb.b.hpg: .Phpqwh t 
mwpphp tip.2mlJ.w1pb. tinqh1b.hpp b.qwpuiqp.ntFJlll.U]!, b.puib.g lJ.p.pumntFJWb. 

umhuwb.b.hJ1J!: 

bp.ljpn.PI.l qim.Iu 

U2Juuiuiwb.p]! qwmwptl_ht l;, UUL.-]l. L.nmp '1wtip. .twuw1uuijluib.]l. ~wb.-11h 

q.Jlm:P mpll!P U1]1Wqwgmg2ntl: U]IJ: ]l.uq ll!Uluill:wnnq, m2Juuiuimb.p]l. hpqppnPll 

ql]umu b.hplJ.w1wgqmti t limb. UlJlmqwgmgW, uwupb. E'ilIJ:huib.nt]l mhIJ.hlJ.ntFJntb.: 

L.qwpwqp.qmti t b.pw ui2Jumuiwb.pw1]1.b. tihFllIJ:E• Fh ]l.b.~Uihu l; qwuiwpqmti 

u]l.2mqb.hp]l. mpmqwgmug qbm]pb. Ulj1Ulqmgn1g~n1u: t.mb. hhplJ.Ul]Ulgi.J.mu l; lJib.2hp.p 

uuihIJ.bntti]! b. qm]lquigmtig hpqm mhuwlJ.p. p.nb.m]]l.h UlIJ.P]mpb.hpmu (HIS - Helium 

Ion source b. MC-SNICS - Multi-Cathode Source of Negative Ions by Cesium Sputtering). 

U2Juuimmb.pmu oqmmqnpffilht hh mmpphp m]l.ll!P- bpmqp.m]ph lJimFhFb.h]l: 
U]l.umumg]l.wb.hp]l. hwump oqmmqnpffilht l; TAL YS b. Geant4, ]l.uq mllJmtb.hpp 

u2wquwh hwump' ROOT b. RadWare: i?mhp nJl Geant4-E h ROOT-]! hmb.aji.uuib.ntti 

hh pmqtiw:J.>mb.qgp.nb.mt hp.mqp.hp, Ul]U pwdb.n1u b.qmpwqp.qmb hb. b.]lmhg 

qummgqwbp]! b. m2Juwmhgb.h1m tihFnqb.hp]!: 

bp.pDPI.l '11.Dtlu 

U]u q1mJuE b.h]lummti l; mnm2P-h qp.uiml)mjl&.pg uuimgqwb UlM.Jmb.puhp]! b. Ul]I} 
mpl}]mb.pb.hJlp ummgtimu hmtimp' qmpb.nJ1 mp111mb.pb.hp b.np ui]l.aji 
q hquijlllb.pqui]p h qhuihqmnphh]lp l;:J.>hlJ.mMmFJlUU qhpwphp1m1: <I>nj1&.p 
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mM.Jmhpmti oquimqnpffilht hb. q.hJ1tlmb.p.n1u]l. b. UJ:i.Uiqnb.-l.pppn1uw1]1.h 
11hmhqmnpb.hp: 

y-6:umuiqUlJFP. Ulll hqmpb.hp]! u2mlJ. h1m h1UUU1]1 imtl_mqn11b. hp.mqp.hp]l.g l; 
RadWare-g, npp umupb. b.hpqm1mgqmu 1:; npn2 hmuumnm mhIJ.hlJ.mFJn1b. b. qpmb.nq 

mllJuitb.hpp u2wlJ.timb. tihFllIJ:l!: 
U2]uwmmb.pmu lJ.p.pumtl_ht l; b.np m]l.aji Mesytec MADC-32 lliikl> (Ub.m1nq­

ffetlm1]1.b. <l>n]uui]llJ.p.~ ADC), n]lg 2mm mqhJli. umm~hJli. l;, mpmq l; b. mu]l. mqhJli. 2mm 
timuipui1]1.b. quib.uitb.hp: .Phpqmb l; qbw1b.n1F1mb. b. tmbruimquib.ntFJlUb. 
hmuhummntFJntb.J! m2]umphmu wuhb.mhm1mb.]l. ORTEC ASPec-927 Uiil"<I>-p hhm, 
npJ! hmtimpqmu l; imtlmqn11b.E y-6:ummqmwP. ulll hquipnulJ.nll!P-mimu: 

L.mb. ~mlJitlht hb. pn1np 11hmhqmnpb.hpp UlM.Jmb.mqhmntFJmb.b.h]l]!, pmb.]l. np 
mb.hpuidh2m c mb.hum1 imi.J. lllmuilJ.hpmgn1u uipl}]mhmqhmmp1mub.hJ1p 
qhpmph]l]Ull y-6:ummqUl]Fb.hp]l. h qhlJ.mJlnb.b.h]l]l. pmb.mqg 2mlJih1 qmpruimb.mtm 
hmtiuip: 

SllJmtb.hpp u2mlJ.timb. J!b.Fmgpmti ~wlJitlht hb. y-6:ummqmJFb.hp b. qnb.qhqgp.nu 
qhqmjlllb.b.hp b. hm2tltlh1 l; qnb.qhqgp.nb. qnpbmlJ.P-gE mb.gmub.hp]l. hwtimp: U]q 
qnpbmlJ.P-gE hmuhtimmh1ntl mhuuiqmb. mpl}]ntb.pb.h]l]l. hhm ll!Ul]lq l; qwp&.ht 
mb.gmub.hp]l. mhumlJ.E (El, Ml, E2 h IDJtb.): Mwb.m1ntl wb.gumb. qhp2b.mqmb. 
l;b.hpqhm]l.q timlJ.UlPllUllJ.P- Ulll]l.b.]! b. qm]qntFJmb.J! ', hb.mpmqn]l l; 11umb.n1u 
qmb.]ummhuht uqqpb.mqmb. l;b.hpqhm]l.q umlJ.mJlqmqp. uajib.J! h qm1qn1F1mb.J!: 
Ull!Pb.]l. mqhJli. 6:2qp.pm 2ml)m1ub.h]1p hmtiuijl mb.hpwdh2m l; ummb.mt wb.li.Jmb.m]]l.b. 
pw2]uwbmFJntb.]!, np]! gmqnp hb.mpmtJ.np ~tp mb.ht qhmhqmnpb.hp]l. UiwlJ.uiup 
lllIDmll:umntJ.: 

'l..qm]l 1-mti phptJ.mb l; mtiprui21UlJ.Ulb. l;b.h]lqhm]l.q timlJ.mp11wlJ.b.h]1p 
qmnmgi.J.mbpj! 195Au-]l. hmump upb.~b. 1.5 U~ m]l.pnt]!"'l!: ~mlJitl_ht l; UlUlU]! b.np 
mb.gmu, npnb.g]l.g pb.b.]l. hmtimp b.mh qnb.qhqgp.nb. qnpbmlJ.p.gu l; 2mlJitJ.h1 b. ml"' b.np 
l;b.hpqhm]l.q umlJ.mp11mlJ.: 

E=A[N1(N1 +5)+N2 (N2 +3)]+B[.E1(.E1 +4)+£2 (£2 +2)]+ 
B'[CT1 (CT1 +4)+CT1 (CT1 +2)+<Ji]+c[r1(r1 +3)+r2 (r2 +1)]+ (1) 

DL(L + 1)+ EJ(Jl + 1) 
U]b.nthhmb. oqmwqnpbhtntl ummgtJ.wb UlM.Jmb.pb.hp]! hb.UlJ1Ul1.J.nJ1 t 
Umlll hpu]l.tihuippui1]1. tip.2ngnq qmuiwph1 qmb.[ummhun1Ub.hp 196Au-p. hmuuip: '1m 

qmmmph1m hmtimJl oquiuiqnpffilmu l; tj_hp phptj_mb pmb.ui&.b.]!: .Pwb.m&.b. 1-mu A, B, 

B', C, D b. E-b. lllmpmuhmphp hb., puq N;, :U, m, n, L b. J-b. ptJ.mb.mm1]1.b. pi.J.hp hb.: 

Oqmuiqnpbhtntl 195Au-p. hmtiUl]l umwgtJ.mb l;b.h]lqhm]l.q timlJ.wMwlJ.b.hp]! 

hb.Ulj11Utl_nj1 l; nJ1ll2h1 ll!Ulpmtihmphp]!: U]b.nthhmb. UlJl} ll!UlPUltihuiph]lllq hb.Ul]1Ulqnp 

l; qummgh1196Au-]l. l;b.hpqhuipq tiuilJ.mMmlJ.b.hp]!: 
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"LlJ.uiJl l. 'll.wmlJ.hJllJ.uib hh 195Au l;hh]lqhmp.q uwlJ.wMwlJ.hhJlJ! l.Cp.h~h 1.5 Ubl 
mp.]1111.JF: 'ihuiwqbh]llllJ. ui.wmlJ. hJllJ.uib hh Ul]h whgmuhh]lh m l;hh]lqhmP.lJ. 

uwlJ.uiJlIJ:uilJ.hhJlJ!, n]lllhp ~hh IJ:P-mtlh1 pw19 WJIJ: uihgmuhhJlJ! h uwlJ.uiMwlJ.hhJlJ! 
IJ:P-mtlht hh hw]ulJ.p.hmu: Uh whg'b.IJ:hwm whgmuhh]lJ! h l;hh]lqhmp.q 

uwlJ.wMuilJ.hh]lJ! up.h~h uiJu tlmJl&.J! hw1mhp. l;p.h, p.uq qui]llfp]l whg'b.IJ:huiut 
whgmuhh]lJ! h l;hh]lqhmp.q uwlJ.wMwlJ.hh]lh ui1u ui2]uwmwhpmu hh ~wip.tJ.wb 

8 

J!uihp ll]l hhwJluilJ.n]llll.FJnth ~ hii.ht ~wtP.ht 196Au-p. l;hh]lqhmp.q 
uwlJ.wJlIJ:wlJ.hhJlJ!, wui.w ui1h hwtihtiuimlJ.ht 1; hw]ulJ.p.hnu.C qui\Jlui]ltl_uib tlmJlO.P. 
W]lIJ:]mhphhJlP. hh\Jl: UJlIJ..JmhpmtI u\JluiglJ.ht 1;, nJl hw2tltlwb l;hh]lqh\Jlp.q 
uwlJ.uiJlIJ:uilJ.hhJlJ! uilJ.h-Ui 1wtl hh huitIJ!hlJ.hmu tlmJ1&.U1J1UlJlU1lJ.uih UlJlIJ..JmhphhJlP. hh\Jl: 
"Lqui]l 2-mu phJllJ.uib 1; UlJIJ: hwtihuui\Jlllt.FJmhJ!: 

U]1IJ:]mhpmu u\JluigtJ.mtI 1;, n]l l95Au-p. huiuui]l l.Cp.h~h 1250 qt<l \JlP.]lnt.JFJ! 
hhUl]lUllJ.ll]l 1; hui2tlht l;hh]lqh\JlP.lJ. uuiqui]lIJ:quihh]l]! l.Cp.h~h 80 lJ. t'{ A2\Jlll1.FJU1Up, p.uq 
196Au-p. huitiuiJl 1.Cp.h~h 600 qt<l l;hh]lqh\Jlp.q \Jlp.]lnt.JFI! 120 qt<l A2\Jlll1.FJuitip: 
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'' !.l .:: ' ::;' •----. .• 

·· ....... _ 
,.. 
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.-1,Tll..J~--•• 

J~·~ ..... 
/ 

"LlJ.uiJl 2. 'll.uiuilJ.hJllJ.uib 1; 196Au-p. uihuwqwh l;hh]lqh\Jlp.q uwqui]lIJ:UllJ.hhJlP. h 
hw]ulJ.p.hmu lJ.uimuiJllJ.uib tlmJl&.hwqwh UlJlIJ..JmhphhJlP. hwuhUuiUlllt.FJmhg: 

~PPIUl cnnl.}u 

U3u qIJumu hh]llJ.UlJuigtJ.wb l:ih 13C(4He,n) nhwqgp.w3ntJ. qp.mwipnJl&.P. 
hw]uwui.ui\Jl]lUlUUlUllJ.wh w2IiiwmuihphhJlJ!• up.umuwgp.whh]lJ! h Ul]lIJ:]mhphh]lJ!: 

U]U tlmJl&.J! lJ.U1UlU1Jlhtli.u oq\Jluiqn]lblJ.ht 1; 2ll]lU 32x32 2uiip.p. DSSD (Double-sided 
Silicon Strip Detector) IJ:hlJlhlj_lJlll]l, J.li.gpwlJ.nJllJ.uib pnhhh]l q]luihghtm h mwuhh]lqm 
hhii.mlJ. ugp.h\Jlp]JUl\Jlll]l qhmhq\Jlll]lhh]l' hh]Ul]lllhhh]l]! q]1Whgh1m huitiui]l: 
C'b.IJ:huihnt.]1 lJ.whuithh]lp. FP.tl!! DSSD-p. hwtiui]l 256 t: U]u uiupllll2 qwhw1hhJ1P. 
hwl.CuiJl uihhJluid"h2\Jl l;]1 lJ.wmuiJlht ~wip.uiq]lmtI: '1Jlui huiuuip. oqmuiqnJlblJ.ht 1; 

ui.mtUUl]l h CX-UlIJPJill.]l: 'll.mtUUl]lJ! oqmuiqn]lbtJ.ht 1;, nJlui.huq}l. umuigtJ.p. UlUJ!Illl.2 
mp.]lllt.Jia-mu 2WtPUlq]lUU1h lJ.nJlP. \Jlhupg, pulJ. a-Ull]FJill.]lJ!' ll]llll. huq}l. UlJIJ: qn]lg 
lUlJlnLUUlJP.h mhuppg ipn]uwlJ.hJllll.tlli- l;hh]lqh\Jlp.q mhupp.: .8ntn]l qwhuithhJlP. hwuui]l 
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qpp.wmj_wb iwp.m.ul! hq ht t 0.02 V - 3 V, ]mq cx-wrtpJntP.1! llwnwqwna-ht t hp.qm. 
tb.hp.qpwJml. cx-uwub.p.q (3182.8 q~ l.J. 5476.0 q~): 

g 
I!! 
.S! 
i5 
e; 
~ 

30..--~~~~~~~~~~~~~~~~~-.,-~--. 

~ rder 
. 

2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 
Energy (keV) 

L,qwp. 3. '.Jwt}lwqp.uwb. hwuwp. oqmwqnp.bwb hp.hp tfhpru1hhP.1!· q,bwJP.b. (qwp.tip.p.), 
pwnwqmuw1P.b. (uwhm.2wqwqn1.Jb.) l.J. b.p.qm. qbwJP.b. (qwb.w~: 

'.Jwt}lwqp.uwb. hwuwp. oqmwqnp.blj_wb ll_hp.}! b.2tJ.wb UhpIUJ:b.b.p.}! 
hb.wp.wlj_npmp]ntb. b.b. mwl]lu 2wm iwtJ. b.qwp.wqp.ht l;b.hp.qpw]]l qw]un1ul! 
qwb.wtb.hp.]1 plj_p.g: U2]uwmwb.pm.u oqmwqnp.bll_b.t hb. up. pwb.p. mp.UJ.J:i. :pm.b.qgp.wb.b.p., 
np.UJ.huq]l qmb.lj_p. iwtJ.wqnt]b."(!: \.,qwp. 3-m.tf pb.p.lj_wb hb. qbw]]lb., pwnwqm.uwiP.b. b. 
hp.qm. qbwJP.b. :pm.b.qgp.wb.b.p.]1 uP.2ngnlj_ qwmwp.lj_wb ~wt}lwqp.m.ub.hp.}!: bp.qm. 
qbwJP.b.1! WJb. I}hUJ.Pb. 1;, hp.p WUJ!llll.2 mp.p.ntJFl! pwduib.lj_m.u t hp.qm. tfwu]l b. wtfb.b. 
uhqm.u ajimwp.qlj_m.tf t wnwM.p.b. qbwJ!J.b. :pm.hqg]lw' np.UJ. b.u ~wt}lwqp.uwb. 
:pm.b.qgp.w: t,qwp.m.u qwp.hl]l t mhub.b.1 np. wuhb.wt}lnpp. tb.hp.qhmp.q 2b.IJ.n1ul! 
WUJ!IllJ.2 m]lp.nt]pnttf umwglj_mtf t, hp.p wtfplllJ.2 mp.p.nlJJa-1! pwduib.lj_wb t hp.qm. tfwu]:i.: 

DSSD-P. mp.UJ.J:i. 11hmb.lJ.U1Ilp.b.hp.n1u hb.wp.wlj_np. t qp.wb.gh1 wq11wb.2wb. np.l.J.t 
iwp.p.g, IlJ.1.1! Hi UUlhIJ.btJ.b.1 l]lgpwlj_np.lj_wb uwub.p.qpg: U111UJ.J:i.up. wq11wb.2wb.b.b.p. 
wnw2wb.ntti hb., hp.p up. iwp.m.tf tfwub.p.qp umb.IJ.bwb iwp.nttf}! 2wm Uhb l;, np.1! 
tfwqwbm.u t hnuwb.p lJ.nIJ.PP. iwp.hp.n1u: Up.I]Jmb.pm.u lJ.IUJPP. iwp.b.p.p.g b.ntJb.UJ. b.u 
wq11wh2wb. t umwglj_m.u: U111UJ.J:i.up. wq11wb.2wb.1! qn~lj_m.tf t crosstalk: UJU 
IllIJ.IJ.mtib.hp.1! qwmwp.ll_ht b.b. l.J. um.mpwqp.ll_ht bp.wqp.hp.p. tfb.2, np.UJ. huq]l ~wt}llj_b.b. 

tb.hp.qb.mp.q tfwqwJ.l.I}wqb.hp.}!: 

10 

.} 

) 

) 
) 

13C(4He,n) nhwlJ.gP.wiP. wp.IJ:Jmb.pm.tf wnw2wb.n1tf t 160, np.1! qmb.lj_m.u t 4cx 
mp.nhuwb. uwqwp.qwqpg pwp.iip. tb.hp.qb.uip.q tfwqWJ.l.I}Wqnttf: U]b. qwp.llIJ. t uip.nhll_b.t 
tip. pwb.]1 iib.nlj_. 160....4 4He, 16Q .... .12C+4He qwtf 160-8Be+8Be: U2]uwuiwb.pp. b.UJ.WUlwqb. t 
m.um.ub.wuP.b.t 160 mp.nhntul! hp.qm. 8Be-p. tIJ:i.2ngnlj_: 160 l;b.b.p.qb.mp.q tfwquiJ.l.1lwqp 
uUJ.J:l.b.1! np.n2b.J.:Ilt hwtfwp. wb.hp.wdh2m t ~wt}lb.1 wb.lum.b.w1P.b. pw2IutJ.uibntp]ntb.}!: 
UJI} p.uq UJ.Wmllwnnlj_ qwmwp.ll_ht t up.um.uwgp.w Geant4-nlj_, np.UJ.huqp. umwglj_p. 
p.qnmp.nUJ. mp.nhtfwb. duiuwb.wq uib.li.Jm.b.w1P.b. pw2]ulj_wbn1p1m.b.}!: U]I} 
pw2:tutJ.wbntp]ntb.}! oqmwqnp.btJ.ht t t}lnp.iiwp.wp.wqwb. mtlJw1b.hp.}! u2wlJ.h1m 
duiuwb.wq wb.lum.b.w1P.b. pw2:tutJ.wbn1p1W.b. uh2: 

L,qwp. 4. 'IJ.wmq hp.lj_wb hb. DSSD qhmhquinp.b.hp.}! (lJ.wp.up.p. qbhp.nlj_) b. 
q b.b.mp.nb.n1u wnwb.gpb.hp.}! 10 utf ~wt}lnll_: 

U]:i..um.uwgP.wiP. tfwb.p.wtfwub. Wp.I]Jntb.pb.b.p.1! b.b.p.qw1wglj_m.u hb. b.p.p.nJ.l.1l qtlum.u: 
\.,qwp. 4-m.tf php.lj_wb b.b. qhmhlj_U1Ilp.hhp.}! (quip.tip.p. qbnll_), p.uq q hb.mp.nb.n1u php.lj_wb 
b.b. wnwb.gpb.hp.}! 10 utf ~wt}lnlj_: 

~hp.wqwnm.gh1ntJ. t}lnp.iiwp.wp.wqwb. 160-b. hb.wp.wlj_np. t qwnb.n1tf qwnm.gh1 
gp.tfwb. wb.luntb.}!: up.umuwgP.wiP. b. t}lnp.iiwp.wp.wqwb. Ulp.I]Jntb.pp. 
hwuhuwU1Il1p1m.hl! b.hp.IJ.wiwglj_wb t hqwp. 5-m.tf: L,qwp.p.g b.p.b.m.u t, np. 
up.um.uwg]lw1]1 b. t}lnp.iiwp.wp.wqwb. Wp.I]Jmb.pb.b.p.}! hwtfl!b.IJ.b.n1u b.b. 2wm iwll_, 
wiuP.b.pb. bp.wqpp.}! qwp.hl]l t qpp.wnht hw2tJ.wp.qb.hp. qwmwp.b.1m hwuwp.: 
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\,qmp. 5. 'llmmq lip.lj_mh 1: tlmp.&.p. mp.IJJmb.pnuf ~miJilj_mh mb.lJ.Jmb.m3p.b. 
pm2Iti1J.mhmp>3mb. hu11fliuuunmp>3mb.g Geant4-ml qmmmp.lj_mh up.umumgp.m3p. hlim: 

'<llip.2U1P1Db 

~lip.2mpmb.mu hmumnnm b.lip.qm3mgqmh lib. 'hp.qm qli.mmtlmp.&.lipp. 
1.UPIJ:lmb.pb.lip.g. miuP.b.pb. 1.UJb. mUbb.g, p.b.~ ~miJilJ.lit 1: 1.UJU m2ltimmmb.pb.lipp. 
gb.pmgpmu b. hmhajiumb.mu 1: b.npnt]p gmhp. l:b.li'hp.qli.mJP. U.P-2mqm3p.h :pp.qp.qm3p. 
phmqmlj_wnmu: 

UJ:un.1um1{blip.}1 gmblp.1u b.lip.qm3mglj_mu lib. mmlihmltinump3m3mhn1u plipqmh 
pn1np. UlllJnlUlllqhlip.p. qmpll: pb.n1p>mqp.lipg: 

'L1{mpbhp}l gmb1{n1u hlipqm3mglj_nuf lib. mm'hhmltinump3mb.nuf uimmq lipqmh pn1np. 
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Studying atomic nuclei based on symmetry and clusters models 

Abstract 

The structure studies of nuclei is the key part in the explanations of the 

development of matter after "Big Bang". Many models were developed to explain the 

structure of nuclei. They all have advantages and solve a lot of problems, but they 

also had disadvantages. Due to new models were developed. 

The experiment that are presented in this dissertation were carried out at the 

Nuclear Science Laboratory of the University of Notre Dame, IN, USA. The 11 MY FN 

Tandem was used to accelerate beam. Following work discuss two models and bring 

the experimental measurements that were done. 

One of the model is the SUSY (SuperSymmety) which does not have any 

relationship with the SUSY that was developed in the CERN. This is the model based 

on the symmetries to predict excited levels of the medium-heavy nuclei (A-190). The 

origin of the model is IBM (Interacting Boson Model) which was developed to study 

even-even nuclei. Later the model was extended to IBFM (Interacting Boson-Fermion 

Model), which also include the odd-A nuclei. Later with the IBFM and dynamical 

symmetries the model was extended to SUSY, which is useful to do predictions for 

odd-odd nuclei. 

The model describes the quartet of nuclei. In the quartet should be an even-even 

nucleus, odd-even and even-odd nuclei, and odd-odd nucleus. Historically, 

measuring the odd-odd nuclei excited levels were challenging, the model allows to 

use other members excited levels fit them with the theoretical equation and get the 

excitation energy dependence from quantum numbers of the excited state of the odd­

odd nuclei. The best example of the group that can be studied with SUSY is 194•195Pt, 
195•196Au quartet. The experiment in this work presents new experimental results for 
195Au studies and theoretical predictions for 196Au. 10 new transitions and 8 new 

excited levels were measured for the 195Au, which have big impact on 196Au level 

prediction. 

Second model is studying the a-clusters in the light nuclei. During the "Big 

Bang" only nuclei that were created were Hydrogen, Helium and Lithium. Later they 

become the building block to produce rest of the periodic table. 4He is very strong 

bounded nucleus and interacts very rare with other nuclei. The model was developed 

that assumes that in some excited levels the nuclei will not just consist of proton and 
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neutrons, but they will form the a-particles in the nuclei and the excited level should 
be discussed as a group of a-particles. 

The nuclei that completely clustered called a-conjugate nuclei. The best example 
is the 160 it consists of 4 a-particles. 160 is very important not just for the structure 
studies, but also for a-burning rates and 12C/160 rates, which is important to predict 
the age of stars. 

Previously was measured that the 160 has big momentum of inertia in some 
excited levels. That was explained that the 160 has linear a-chain structure. Second 
experiment was carried out to reveal that problem. The 160 was excited in such level 
in which it will break-up into 4a-particles. This work presents the experimental data 
analyzes preparations to find out the levels in which 160 breaks into two 8Be. 

The work describes calibration methods with the pulsar and a-sources. Different 
functions tested and the best calibration function was picked up. Simulations were 
done with the Geant4 package to find out the isotropic angular distribution which can 
be used during spin assignment. Comparison of Gean4 with the experimental results 
are presented in the current work. Other corrections like crosstalk and hit handling 
was done as well. The corrections were implemented into the scripts which will be 
used to calculate excited levels of 160 

At the end I would like to thank professors Ani Aprahamian, Wanpeng Tan and 
other members of the Nuclear Science Laboratory who helped me to do experiments 
and analyze datas. 
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MccneAOBBHMe aTOMHblX 11A8P Ha OCHOBe MOAeneH CMMMeTpH M 

KnacTepoa 

Pelto Me 

CTpyKTypHoe 111ccne,11.osaH111e 11,11.ep 11sn11eTc11 Knt0'1esb1M aneMeHTOM np111 
06b11CHeH111111 pa3BlllT11111 MaTep111111 nocne "5onbworo B3pb1sa". MHor111e Mo,11.en1.1 6b1n111 
pa3pa60TaHb1 AJlll 06b11CHeH11111 cTpyK"rypb1 11,11.ep. Bee OHlll 111Met0T cso111 npe111Myll.lecTsa 
Ill pewalOT MHOrO npo6neM, 0,11.HaKO OHi/i lllMelOT TatOKe CBOlll He,11.0CTaTKlll. noaTOMY 
6b1n111 pa3pa6oTaHbl HOBbJe Mo,11.en111. 

3Kcnep111MeHTb1, KOTOpb1e npe,11.crnsneHbl s HaCTOllll.letl ,11.1.1ccepTau,1.1111, 
nposo,11.111n111cb s Hay'IHOtl 11,11.epHoi.1 na6opaTOp1.1111 yH111sepc111TeTa HoTp-JJ,aM, "1H,11.111aHa, 
CWA. JJ,n11 ycKopeH11111 'laCTIAU. 6bin 111cnonb30BaH 11 MB FN TaH,11.eM. B ,11.aHHOi.1 pa6oTe 
paccMOTpeHbl ,11.se Mo,11.en111 111 np111se,11.eHbl aKcnep111MeHTMbHb1e pe3ynbTaTb1. 

0,11.Hoi.1 1113 MOp,enetl 11en11eTc11 CYC!.1 (CYnepC"1MMeTp11111), He 111Met0ll.laR HIAKaKoro 
OTHoweH11111 c CYC!.1, pa3pa60TaHHOi.1 B CERN. 3Ta Mop,enb, ocHoBaHHaR Ha 
ClllMMeTp111111, npeP,CKa3bJBaeT B036y>Kp,eHHble ypoBHlll cpep,He-Tll>KeJlblX 11p,ep (A-190). 
Mo,11.enb 11sn11eTC11 cnep,cTs111eM IBM (Interacting Boson Model), pC13pa60TaHHOH AJlll 
1A3Y'leHIAll 'leTHO-'leTHblX llAep. no3>Ke 3Ta MOAenb 6b111a pacw111peHa AO IBFM 
(Interacting Boson-Fermion Model), KOTopa11 TatOKe BKnJO'laeT s ce611 11Apa c 
He'leTHblM-A. no3>Ke MOAeilb IBFM Ill AlllHaMlll'lecK111e ClllMMeTp111111 6bJnlll pacw111peHbl AO 
CYC!.1 s u.en11x npep,cKa3aH11111 yposHetl He'leTHo-He'leTHblX llAep. 

Mo,11.enb on111cb1saeT KsapTeT 11,11.ep. B KsapTeTe AOn>KHbl 6b1Tb 'leTHO-'leTHble, 
He'leTHO-'leTHb1e, 'leTHO-He'leTHble 111 He'leTHo-He'leTHb1e 11,11.pa. Tpa.a.111u.1110HHO 
1113MepeH11111 B036y>K,D,eHHblX ypoBHeH He'leTHO-He'leTHblX llAep AOBOJlbHO CJlO)KHbl. 
MoAenb no3eonRer 111cnonb30BaTb so36y>KJ1.eHHb1e yposH111 Apyr111x 'lneHOB KBapTeTa, 
np111cnoco6111Tb I/IX K TeopeTIA'leCKlllM ypaeHeHlllllM Ill nony'llllTb 3aBlllClllMOCTb 3Hepr111111 
B036y>KP.eHlllll OT KBaHTOBblX 'llllCen B036y>KP.eHHOro COCTOllHJ/111 He'leTHO-He'leTHblX 
llAep. Ily'IWlllM np111MepOM rpynn, KOTOpb1e MOryT 6b1Tb 1113y'leHbl c noMOlllblO CYC!.1, 
llBnlleTCll KBaprer 194

•
195Pt, 195

•
196Au. 3Kcnep111MeHT, BblnOnHeHHblH B paMKax ,D,aHHOH 

pa6orb1, npe,11.cTaBJ111er HOBb1e pe3ynbraTbl 111ccnep,osaH111i.1 195Au 111 Teopern'lecK111e 
npep,CKa3aHlllll AJlll 196Au. JJ,n11 195Au 6blnlll 1113MepeHbl 10 HOBblX nepeXOAOB Ill 8 HOBblX 
B036y>KP.eHHblX ypoeHetl, KOTOpble OKa3blBalOT 60J1bWOe BfllllllHIAe Ha npeACKa3aHlllll 
ypoeHei.1 196Au. 

BTOpa11 MOAenb 1113y'laeT a-Knacrepb1 s 11erK111x R,11.pax. Bop,opoA, ren111tl 111 n111rntl 
6blfllll ep,lllHCTBeHHblMlll 11ApaMlll, KOTOpble o6pa30BaJ1111Cb B pe3yJ1bTaTe "50J1bWOrO 
B3pb1Ba". no3>Ke OHi/i CTaJllll CTpo111TenbHblMlll 6noKaMlll AJlll nony'leHJ/111 OCTaJlbHblX 
aneMeHTOB Ta6Jll!ILl,bl MeH,11.eneesa. 4He O'leHb CTa61AJ1bHOe llAPO Ill AOBOJlbHO peAKO 
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e3ai.1MOAfMCTeyeT c ApyrnM11 HApaM11. MoAenb npep.nonaraer, '!TO HeKoropb1e 

B036yH!AeHHble ypoBHl1 ffApa COCTOffT He TOJlbKO 113 npOTOHOB 11 HeiihpOHOB, HO 

06pa3y10T TaK>Ke a-Yacrnl.lbl, 11 eo36yH1AeHHb1e ypoeH11 H,11,ep cneA)'eT paccMaTp11eaTb 

e KaYecree rpynnb1 a-"laCrnl.l. 

nonHOCTblO K11acrep1130BaHble ffApa Ha3blBalOTCff a-conpff>KeHblMl1. H&111y'IW"1M 

np11MepOM TaKoro ffApa ffBJJAeTCff 160, KOTOpblH COCTOl1T 113 4 a-'laCTl11.l. 160 
npeACTBaBJJffeT 11HTepec He TOJlbKO c TO'IKl1 3peHl1ff 113y"leHl1ff CTpyKrypbl, HO 11 AJJll 

onpeAeJJeH"1ff CKopocrn a-C>Kl1raHl1ff 11 12C /160, '!TO O'leHb Ba>KHO AJJll npeACKa3aHl1R 

eo3pacTa 3Be3A. 

npOBeAeHHble paHee 113MepeH11ff nOKa3aJJl1, '!TO 160 11MeeT 601lbWOH MOMeHT 

11Hepl.l"11-1 B HeKOTOpblX B036yH!AeHHblX ypoBHRX. 3rnM 06bffCHffJJaCb Jllo1He£1HaA 

crpyKrypa a-L1ene£1 e 160. 
8Topo£1 3Kcnep1-1MeHT 6b111 npoeeAeH c L1eJ1b10 Bb111e11eH11ff aro£1 npo611eMb1. B 

3Kcnep11MeHTe ffAPa 160 B036YH!Aa1111Cb AO onpeAeJJeHHOro ypoBHR, np11 KOTOpOM OHO 

pacnaAaJJOCb Ha 4 a-Yacrnl.lbl. B pa6ore npeACTaBJJeHbl 3Kcnep11MeHTaJJbHb1e AaHHb1e 

aHaJJl130B npenapaTOB, 'IT06bl BblffCHlffb ypOBHl1, B KOTOpblX 160 pa3611eaeTCff Ha ABa 
8Be. 

Pa6oTa om1cb1eaer MeTOAbl Kan116poeK11 c nynbCapOM 11 a-11CTO'IHl1KOB. 

Pa31111'!Hb1e cpyHKl.ll1"1 npoeepeHbl 11 11yywa11 cpyHKl.l11ff Kan116poeK11 noAXearnm1. 

MoAe1111poeaH11e 6b1110 CAeJJaHo c naKeroM Geant4, 'IT06b1 eb111cH11Tb 1130TponHoe 

yrnoeoe pacnpeAeJ1eH11e, KOTopoe MO>Ker 6b1Tb 11cno11b3oeaHo e XOAe cn11H 3aAaH"1ff. 

CpaeHeH11e Gean4 c 3Kcnep11MeHTaJJbHblM"1 pe3y11bTaTaM11 npeACTaeneHbl e TeKyw,e£1 

pa6oTe. Apyrne nonpaBK1-1, KaK nepeKpeCTHble n0Mex1-1 11 x11r o6pa6orK1-1 6b1110 

CAeJJaHO, a TaK>Ke. nonpaBKl1 6bl1111 peanl130BaHbl 6 Cl.leHap1111, KOTOpble 6yA)'T 

11cno11b30BaTbCff AJJA pacYera so36y>K,qeHHb1x ypoeHe£1 160. 
B 3aKJ110"leH11e ff xo'ly no611ar0Aap11Tb npocpeccopa Ani Aprahamian, Wanpeng 

Tan 11 Apyrnx '!JJeHoe Hay'!HO-ffAepH0£111a6opaTop1o111, KOTOpb1e MHe n0Moran11 np11 

npoBeAeHl1"1 3KCnep1o1MeHTa Ill aHaJJlll3e nonyYeHHblX ,11,aHHblX. 

ll(hf 
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