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06~a5I xapaKTepI1CTI1Ka pa6oThI 
AKTYaJJbHOCTb npo6J1eMbI. 

Hoabie aKcnepMMeHTa.JihHDie ycTaHOBKII (DRIBs B JINR, SPIRAL B GANIL, 

FAIR a GSI H RlBF B RIKEN) cym.ecTBeHHO pacmHp.moT B03MO>KHOCTH CHHTe3a 

51,D.ep, y,n;a..rreHHbIX OT ,D.OJIHHbl 6eTa-CTa6HJibHOCTH H crroco6cTBYIOT H3y"'IeHHIO KOpOT

KOiKHBJDWX H,ZJ;ep B na6opaTOpHbIX ycJIOBIDIX. <l>H3HKa 51,D.ep c CHJlbHOH HeiiTpOHHO

npOTOHHOH aCHMMeTpHeti OKa3hraaeTCH CB513aHHOH c IIlHpOKHM KpyroM HHTepeCHbIX 

3a,n.aq, cpeAJi KOTOpbIX npe,D.CK83aIDie 3BOJIIO~H CTpyKTypbI H,ZJ;pa npH H3MeHemrn: 

COOTHOIDeIDIH Me>K,Ziy 'IHCJIOM rrpOTOHOB II HeiiTpOHOB, T.ITO oco6eHHO Ba>KHO ,D.illl acT

POcPH3M'leCKHX npHJIO>KeHH:it, B ... IaCTHOCTH, ,D.JIH M3yt.Iemur CBH3H a:,n;epHbIX rrpou;ec

coa c HyKneocRHTe30M 3JieMeHTOB, conpoao>K,D.aIO~HM KOJIJiaIIc MaccHBHblX 3Be3,n;. 

~.Tlll COBpeMeHHoti 3KCIIepHMeHTa.JlbHOll lI TeopeTHt.IeCKOH H,D.epHOH cPH3JIKH CBO:itCTBa 

.H,D.epHbIX B036y>K,n;emlli B6Jrn3lI 6eTa-HeCTa6liJibHbIX ,l\Ba)K,Ll,bl MarwieCKHX H,ZJ;ep (78Ni 

H 132Sn) HCKJIIO'IHTeJibHO aa>K:Hb! ,n.JIB pemeHHH npo6neMbI ormcaHHR r-rrpou;ecca, 

OTBeTCTBeHHOro 3a o6pa30B8HHe 6oJiee IIOJIOBHHbI T.H>KeJibIX .H,ll.ep II3BeCTHbIX B rrpH

po,n.e. c ,n.pyroit CTOpOHbI, CBO:tiCTBa HeHTpoHHo-,n.ecj)H~THbIX ,D.Ba>K,D.bI Marn ~reCKHX 

g,rr,ep (48Ni II 100Sn) CB.H3aH.bI c aCTP0cPH3HqeCKHMH YCJIOBH.HMH 6bICTporo p-npo~ecca 
a caepXHOBb!X II Tana. <l>JH,n.aMeHTa.JihHbIH acneKT npo6neMbI CB.H3a.H c H3yt.IemrnM 

3BOJIIO~ CTPYKTYPbI .H,D.pa c H3MeHemrnM KBaHToaoro ... ni:cna H30CITHHa, 'ITO Tpe-

6yeT pa3BHTHH caMOCOrJiaCOBaHHbIX IlO,D,XO,D.OB c HCIIOJib30BaHHeM pean.HCTM'ieCKOro 

3¢¢eKTHBHoro B3aHMo,n;e:tkTBHH HYKJIOHOB. 

Xopomo H3BeCTHbI ycnex:a MHKpOCKOm1qecKHX MeTO,ll,OB B H3yt.zeHHH HH>KatimHX 

H BbICOKOJie>KaJ.I.J,IDC, nma rHraHTCKHX pesoHaHCOB, KOJIJieKTHBHbIX BH6pa~OHHhIX 

COCTO.HHH"ti B aTOMHblX 51,D.Pax B6JUI3li JUIHHH 6eTa-CTa6HJibHOCTH. 0,n.HHM H3 OCHOB

HbIX IlO,lI.XO,D.OB rrpH omwamnI KOJIJieKTHBHbIX B036y:>K,n;emm HBJI.HeTCH npH6JIH>Ke

HHe cnyqaliHbIX cpa.3 (TI C<I>). B paMKax IT C<P BOJIHOBbie <j>yHKrr.1rn o,n;Ho¢oHOHHhIX 

COCTO.HHHit .HBJI.HIOTC.H cyneprr03HIJ,Hei:i ,l\BYXKBa3HqacTH'iHblX KOHcPMrypa:u:nlt Pac

CMaTpHBa.H TOJibKO O,D;HO<j>OHOHHbie B036y>K,D.eHmI, y,rr,aeTC.H IIOJIY'iHTb ,D;OCTaTO'iHO 

TO"tJ:HOe li cPH3Hl.J.eCKl1 HCHOe om1cami:e B036y>K,n.eHHH npH HH3KHX, rrpoMe>KyToq

HbIX H BbICOKHX 3HeprHHX B "'i€THO-qeTHbIX H,ZJ;pax. 0,n.HaKO aHrapMOHHqHOCTb crreK

Tpa HH3KOJle:>KaIIJ,HX BM6paI.J,HOHHbIX COCTO.HHHH H npo6JieMa OilHCaHM.H H,ZJ;epHbIX xa

paKTepHCTHK, CBH3aHHbIX c ¢parMeHTau;1mtt O,l\HOcPOHOHHbIX COCTOHHH:H, TaKHX KaK 

BepOHTHOCTH 3JieKTpOMarHHTHbIX rrepexo,D.OB Me>K,D.y HH3KOJ1€>I<a~HMH BH6pau;HOH

J l bl Ml1 COCTO.HHHRMH, Cet.IeHH.H cPOTOIIOrJio~eHH.H, rmrpHHbI rHraHTCKHX pesoHaHCOB, 

npHBO,D;.HT K Heo6xo,n;HMOCTH rrncTb CBH3b npOCTbIX qaCTHt.IHO-,D.bipO'iHbIX KOHcPH

rypaI.J,HH (lplh) c 6onee CJIOiKHbIMH, npe:>K,n.e BCero ,D.BYXcPOHOHHbIMU HJIH 2p2h

KOHcPHrypaIJ,H.HMH. HanpliMep, a pa3JIH'IBhIX peam13au;HHX MeTo,n;a 6o3oHHbIX pa.3-

Jio:>KeHHfi, KBa3lfqacTHqno-¢oHOHHOH MO,D.eJIB (K<I>M) H TeOpirn R,II.epHbIX IIOJiett 3Ta 

npo6JieMa 6bIJia pemeHa nyTeM yqfaa qaCTH OCTaTO'IHbIX B3aHMO,rr,e:HCTBlill, OT6po

meHHbIX npH BbI"IHCJieHHH O,ll;HOcPOHOHHbIX COCTO.HHH1t Cne,uyeT TaK>Ke OTMeTHTb 

OCHOBaHHbie Ha TeopHH KOH€'iHbIX ¢epMU-CHCTeM IlO,D,XO,D.bI: MO,D.eJib yqfaa 2p2h

KOH¢nrypan,Rfi R MHOro<j>OHOHHbiit BapHaHT MeTo,n.a CBH3aHHbIX KaHaJIOB. 
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QqeHb rronyJI.HpHbIM B nocne,n,rree BpeMH CTaJIO HCIIOJib30BaHHe KBa3HqacTHqHoro 

II C<I> c nepeJUITHBHCTCKHMH 3¢¢eKTHBHhIMH ~yx-qacTIPIHbIMH CHJiaMH HJIH c:ana

MH, rronrrnHHhIMH H3 pemITHBHCTCKIDC J1arpam1rnaHoB. TaKHe pacqeThI He Tpe6y

IOT BBe,D,eHHH HOBblX rrapaMeTpOB, TaK KaK OCTaToqrroe B3aHMO,lJ,etiCTBHe rrony"<IeHO 

caMOCOrJiaCOBaHHbIM o6pa30M c TeM .>Ke caMhIM cl>YHK~HOHaJIOM IlJIOTHOCTH 3Hep

rHH KaK H cpe,n;rree IIOJie. Y"<IeT CBH3H Me)K,lzy rrpoCTbIMH H CJIO.>KHbIMH KOHqmry

pa~IDIMH rrpiiBO,lJ,HT K 6bICTpOMY yaemI"'!eHIIIO pa3Mepoa KOHcPHrypa.IJ,HOHHOrO npo

CTpaHCTBa, c KOTOpbIM IIpHXO,lJ,HTCH HMeTh ,n;eno B peanHCTHqeCKliX Bbl"'!HCJiemrnx. 

c ,n,pyro~ CTOpOHbI, HCITOJlh30Bam1e cenapa6eJihHOH cl>opMbI OCTaTO"'IHOrO B3a:HMO

,n;eliCTBHH Il03BOJIHeT o6o~TH 3TY Tpy,n;HOCTb H npoBO,lJ,HTb BblqHcJieHHH He3aBHCH

MO OT pa3Mepa KOHqmrypaIJ,HoHHoro npoCTpaHCTBa. HarrpHMep, K<PM rro3BOJIHeT 

,n,eJiaTb ,lJ,OCKOHaJibHble rrpe,lJ,CKa3amrn: HH3K03HepreTH"teCKOI'O crreKTpa COCTOHHHit B 

.sr,n,pax c pa3BHThIM cnapHBamrnM, HO npH 3TOM Tpy,n;Ho 3KCTparroJIHpoBaTb n apaMeT

pbI MO,n;eJibHOrO raMHJibTOHJilaHa B 3KcnepnMeHTaJlbHO He,n;ocTyIIHhie o6nacTH a,n;ep. 

9Ta Tpy,n;rrocTb 6bma rrpeo,n;onerra c noMo~ro npou;e,n;yphI cenapa6eJu13au;1rn ocTa

TO"!Horo B3aHMo.n;eikTB1u1, nonyqerrHoro H3 acl>cl>eKTHBHhIX CJilJI CKnpMa. B paMKax 

3TOro no,n;xo,n;a OCTaTO'l:.J:HOe B3aHMO,lJ,e:HCTBHe npe,n;cTaBJIHeTCH B BH,n;e CHJI Jla~ay

M11r ,n;ana, r.n;e napaMeTpbr .ITaH.n;ay Bhrpa:maroTCH -qepes napaMeTpbI CHJI CKHpMa. 

HcnoJib3Y.H KB8il\PaTypHy10 ¢opMyny f ayccoaa nma ,n:na N TO"<JeK, MO:mHo ocTaTo-q

Hoe B3aHMO,ll.elicTaHe caecTH K cyMMe H3 N cenapa6enhHhIX 'IJieHoB. B ,lJ,MbHelimeM 

3TOT no,n;xo.n; 6bIJI o6o6~eH Ha cnyqafi BKJiroqeHHH napHbIX KOppe.rrnIJ,HH II 3¢cl>eKTOB 

CB.H3H co CJIO:iKHbIMH KOHcl>HrypaIJ,IDIMH. AKTHBHO HCII0Jlb3YIOTCH M aJibTepHaTHBHbie 

nyTH cl>aKTOp:asau,HH B3aHMo,n:eM:cTBHH CK:apMa, pa3BHTb1e a Mo,n;emI BH6pnpy10~e
ro IlOTeHU,HaJia HJIH B TOOPHH 3HepreTl'!l.J:eCKOro cl>YHKI1,HOHaJia TIJIOTHOCTH. 0TMeTHM, 

"<ITO pe3yJlbTaThI1 nonr1eHHhie c cenapa6enhHhIM rrpH6JIH)KemrnM ,lJ,JUI CHJI CKHpMa, 

O"<IeHh 6JIIDKH K pe3yJihTaTaM pac"<Iihoa c rroJIHbIM B3aHMO,ll.ettcTBHeM CKHpMa. 

ll;eJiblO pa60TbI: .HBJIHeTCH npHMeHeHHe cl>yHKI.l;HOHaJia IIJIOTHOCTH ::meprHH K 

HCCJie.n;oaaHIUO BJIHHHH.fl B3aHMO,lJ,eHCTBHH npOCTbIX H CJIO:>KHbJX KOHcl>Hrypau;H:H Ha 

MHOroo6pa:me CBOHCTB B036y:>K,n;eHHbIX COCTOHHHH cpe,n;HHX H TSDKeJibIX c¢epn-qe

CKHX H,n;ep c 60JibIIl.HM HeHTpOHHhlM H36bJTKOM B nrnpOKOM HHTepBane 3HeprHH B03-

6y)K,lJ,eHHif. 

Hay'1HWI HOBH3Ha pa6oTbI. 

c IlOMO~IO no,n;xo,n;a Ha OCHOBe KB83Jf<JacTH"'!HOro rrpH6JIH:>Kemrn CJiy"<IaHHbl X 

¢83 c HYKJIOH-HYKJIOHHhIMn CHJIB.MH CKHpMa HCCJie,n;oBaHa cl>parMeHTa!V'I.H o,n;Hocl>o

HOHHhIX COCTORmrlt cpe,ll.HHX H TH.>KMblX ccl>epH"'!eCKHX a,n;ep B lliHpOKOM HHTepaaJie 

3HeprHH B036y)K,lJ,eHHH • 

• IlOKa3aHo, 'ITO y<-I fu CJIO:iKHbIX KOHcl>nrypaU,HH no-pa3HOMY BmrneT Ha OilHCa

HHe xapaKTepHCTHKH rHraHTCKmc pe3oHaHCOB pa3HOH MYJihTHITOJibHOCTH. Y"<Ifu 

aHrapMOIIB<JeCKHX 3¢¢eKTOB CJia6o BJIHHeT Ha rrrn:pHHY rHraHTCKOrO ,LJ;HTIOJib

HOro pe30H8.HCa, B TO BpeMH KaK rrpH OIIHCaHHH IIIHpHHbl H30CKamI.pHoro rH

raHTCKOro KBa,n;pyrroJibHoro pe3oHaHca 3TOT a¢4>eKT .HBJUieTc.H onpe,n;emuo

~1M. 
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• YcTaHOBJieHo, "<ITO onpe,ll,e.nmoIIJ,rui ponh ,ll,ByxcPOHOHHbIX KOMITOHeHT B pac

npe,ll,eJiemm CHJibI El-rrepexo,n;os B Hli3K03HepreTHqecKo~ o6nacrH K cyIIJ,e

cTBeHHOM YBeJIHt:i:eHHH llIHPHH llHI'MH-)J.HilOJlbHOro pe30HaHca B Hei1TpOHHO

H36bIT01IHbIX H30TOnax Sn. 

• BnepBbie c CHJiaMH CKRpMa pacc'lJHTaHb1 BepoHTHOCTH E2- n Ml-nepexo,n;oB 

Me:>K,Lzy BH6pa~OHHhIMH KBa,n;pynOJibHblMli COCTOKHIDIMH. Ha npHMepe 90•92Zr 
H 92•94 Mo IIOK83aHO, 'iTO yqeT BKJia)J.a ,ll,BYXcPOHOHHbIX KOHcPHryp~ rrpHB0-

)1.HT K npaBHJibHOMY OIIHCaHHIO CBOitCTB HH3K03HepreTH'!eCKOrO crreKTpa KB8.)J.

pynoJibHblX so36y~emdt 

IlpaK.TH'lfeCKruI u,eHHOCTb pa60Tbl. 

P royJibTaTbI )J.liJCCepT~H, 683HpYIOID,Heca na caMocornacoBaHHOM no,n;xo,JJ,e c HC

noJib3oaamrnM a¢¢eKTHBHoro B3aHMO,u,elicTBIDI CKHpMa, MoryT npHMeHHThCH npn 

HCCJie,ll,OBaHHH CBOitCTB KOJIJieKTHBHblX B036y)l{,ll,emrH: B 51,ll,paX, y.n,aneHHblX OT ,n;o.rrn:

Hbl 6era-cTa6HJibHOCTH. 

OcaoBHbie pe3yni.TaTbI, BbI,ZJ,BHraeMbte ~JUI 3~HTbI: 

1. B paMKax caMocornacoaaHHoro no,n;xo,ll,a c HCITOJib30BanneM cHJJ CKHpMa, y'!H
ThlBaa B38JiMO)I.eHCTBHe o~o- H ,u,ayx¢oHOHHbIX KOHcPHryp~Hit, HCCJie,LI.OBa

HbI nrraHTCKHe prooHaHCbI aneKTp:a1!ecKoro THna (nrranTCKHH El-pe30HaHc, 

nHrMM E l-prooHaHC H M30CKanapHbI:i:t E2-pe3oHaHc), a TaK)l{e IDI3KOJie)f(am.He 

2 + -COCTOHIDUI B c¢ep1r<JeCKHX .s:I,lij)ax. 

2. IlOKa3aHO, '!TO B3aHMO,LI.eikTBHe c ~YXcPOHOHHblMH COCTO.HHlUIMH HrpaeT onpe

)J.eJl.HIOIIJ,ylO poJlb B ¢opMHpoBaHHH pacnpe,n;eneHH5I El-CHJibI npH anepnrnx 

B036y)f()I,eHIDI Ex < 11 MaB H cyIIJ,eCTBeHHo yBe.rrn:'iRBaeT IIIHPHHY IIIITMH 

El-pe3oHaHca. B TO )Ke BpeM5I, ono cna6o BJIH.Her Ha mHpHHY rnraHTCKoro 

El-pe30HaHca, KOTOpaJI B OCHOBHOM BOCIIpOH3BO,ZJ:HTC.H y)f(e B O~OcPOHOHHOM 

(IIC<I>) npH6JIH)f(eHHH. ProynhTaTbI pacqeToB ,ll,JIH .H)I.ep 124•130•132Sn xopoIIIo 

cornacyIOTC5I c 9KCIIepHMeHTaJibHblMH .n,aHHblMH. 

3. illHpHHa H30CKa.mrpHoro E2-pe3oHaHca B OCHOBHOM onpe,n;enaeTC.H B3a.HMO.n,eii

CTBHeM O,ll,.HO- H ,ll,BYXcPOHOHHbI X COCTO.HHHH. 

4. Bnepabre B caMocornacoaaHHOM rro.n,xo,n:e c CHJiaMH CKHpMa M yq€ToM CB.H3H 

o,n:Ho- H ,n.syx¢oHOHHblX COCTOmn:dt HCCJie)l.OBaHa HH3KOJie)f(aIIJ,a5I 'iaCTb cneK

Tpa 2+-ypOBHeli, B TOM 'tlJ1:CJie COCTOHHIDI CMeIIIaHHott CHMMe'rpJUL B cornaCHM 

c 9KcnepHMeHTOM Teopn.a JK83hrnaer Ha cyIII.ecTBoaarure 2+-ypoBHeit cMernaH

HOtt CRMMeTplnI B 92Zr H 94Mo H HX OTCyTCTBHe B 90Zr H 92Mo. Teop1rn y,n:OBJie

TBOpHTeJlbHO OIIMCbIBaeT 3KCrrepFIMeHTa.JlbHhle ,n:aHHble 06 9Hepnrnx ypOBHeli 

H aepo.HTHOCT.HX E2- a Ml-nepexo,n:os. Be3 yq€Ta aHrapMOHH'ieCKllX 9¢cpeK

TOB ~eKBaTHO OilHCaTh HH3K09HepreTRqecKyro '!aCTb cneKTpa KBa,npynoJib

HbIX B036y)f()J,eHHit HeB03M0)f(H0. 
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Anpo6an;usi pa60Tb1. 
OcHOBHbie pe3YJihTaTbI ,IU1ccepTau,1m Heo.n:,HoKpaTHO .n:,oKJiaAI.IBaJIRCh H o6cy:>K

.n:,aJIHCb Ha ceM1rnapax Jia6opaTopHli TeopenrqecKoli qm.3HKH liM. H.H. Boromo6oaa 
OM5U1, 6bIJ1H npe,n;cTaBJieHhI Ha Me:>K.n:.yHapo.n:,HhIX coaeII.J,aJnrn:x no .H,n;epHo:tt crreK
TpocKonHn n CTPYKType aTOMHoro .H,n;pa ('Ye60Kcapb1 2009, CaHKT-I1eTep6ypr 2010, 
Bopoae:>K 2012) , Ha HaY"rno:tt ceCCHH HM.HY MM<I>M B 2010, 2011 H 2013, III Ha
I.I,HOHaJihHOH KOH<Pepeau;HH IIO Teope'l'HqeCKOH cPH3HKe (ByrrITeHH, PyMbIHIDI, 10-13 
HIOilll 2008 r .) ' feJihMroJihll;OBCKOH Me)K,llyHapo~oH: JieTHen IIIKOJie ''Teopu.H .HJU>a H 
acTpo<PH3nqecirne rrpHJIO:>Kemur' (,Ily6aa, 24 HIOJUI - 2 aBr ycTa 2011 r .), XVIII EB
ponettcKo:ti IIIKOJie no £,D;epHOtt cPH3HKe Ha rryqKax 3K30THqecKMX .H.n:,ep (IOBaCKIOJUI, 
<l>RHJIHH,D,IDI, 20-26 aaryCTa 2011 r .) , Me)K,IzyHapo.n:,HOH KOH¢epeHIJ;HH "CTpyKTypa 
.H):q)a H CMe)KHble npo6JieMhl11 (,lfy6Ha, 2 HIOJl.H - 7 HIOJIH 2012 r.) , MeJK,JzyHapo,nHOM 
ceMHHape no H.n:,epao:tt cPH3HKe JIT<I>- KLFTP (IIeKHH, KnTatt) H Ha ceMHHape B 
MacTnTyTe £,n;epHoit cPH3HKH TexawrecKoro yaHBepcnTeTa r. ,ll.apMIIITa.n:,•ra (fepMa
Ha.a). 

Ily6JIHKan;1111. Ilo Ma'I'ep11arraM ,ll;HCCepTaIJ;HH ony6m-rKOBaHO ceMb pa6oT. 113 
HHX "tJ:eThipe axo,rr,HT a crrHCOK BAK H .n:.ae - CHCTeMy u;HTnpoaamrn Web of Science. 

06'beM H CTPYKTypa ,rµrccepTaI.J;HH. ,lJ,HccepTaIJ;HH COCTOHT 113 BBe,n;eam1, qe
Tblpex rnaa H 3aKJiroqemrn. 
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Co,n;ep)l{aHHe pa6oTbI 

Bo BBe,n;eHHH o6ocHOBbIBaeTCH aKTYa.JibHOCTb TeMbI, cpopMHpyeTCH npe,U.MeT H 

n;eJib ,ll.HccepTan;mr, a TaK)f{e ,u.aercH KpaTKOe omrcaHHe co,u.ep)f{aHHH ,ll.HccepTar~~r. 

IlepeaH I'JiaBa HBJUleTCH BBO,!J.HOH .H IIOCBHIIJ,eHa KpaTKOMY onucruuuo TIO,!J.XO,ll.a, 

OCHOBaHHOro Ha KB83l'PiaCT~P-IHOM npH6JIH)f{8HHH CJiy'laii:HbIX ¢83 c cerrapa6eJibHbI

MlI CHJiaMH CKHpMa. 9Ta CXeMa pac'leTa rrpHMeH51eTCH ,ll.JIH HCCJie,LI,OBRHHH CBOiiCTB 

B036y>K,ll.eHHbIX COCTOHHHH ccpep1rqeCKHX H,u.ep B IIOCJie,n,yIO~HX rJiaBax. Cpe,!J.Hee 

rroJie onpe,ll.emieTC.H rryTeM pemeHHH yprumemrn XapTpu-tf>oKa c CHJiaMH CKnpMa. 

CrrapHBamre TpaKTyeTCH B rrpH6JIB)f{eHHH Bap,!J.HHa-Kynepa- Illpncpcpepa. CrreKTp 

O,lI,HO'IacTH"t:J:HbIX COCTOHHlill c y-qfaoM KOHTHHyyMa onpe..u.emieTCH ,ll.HaroHaIDl3a~eH: 

raMHJibTOHHaHa XapTpn-<I>oKa Ha 683Hce co6cTBeHHhIX cpyHK~ti: rapMOHH"-IecKoro 

oc~JIJIHTopa. OCTaTO'IHbie B3aHMo,n;e:HCTBHH B KaHa.rre 'IaGTHI.T,a-,u.brpKa H 'lacnrI.T,a

qacTHI.T,a MOI'YT 6bITb IlOJiy'IeHbl KaK BTOpbie npOH3BO,ll.Hbie cpyHKI.T,HOHa.rra IlJIOTHOCTH 

3HeprliH no HOpMaJibHOii: H rrapHOH IlJIOTHOCTH HyKJIOHOB, COOTBeTCTBeHHO. 0CTa

T0'9:HOe B3aHMo,n;eti:cTBHe npe,n;cTaBJIHeTc.H B BH,D;e cyMMhI N cerrapa6eJibHbIX 'IJie

HOB. B 3TOM cny"<lae raMHJibTOHHaH no cpopMe coBrra,n,aeT c raMHJibTommHOM KB83H

qacTH"!Ho-cpoHoHHoit MO)J;eJIH .H,n;pa, HO O,!J.HOKBa3HqacTH"IHbIH crreKTP H rrapaMeTpbI 

ocTaTO'rnoro B3aHMo,n;eticTBH.H BbI"!HcmnoTcH c cnJiaMH CKnpMa. ,LI.mi r-1eTa c.rro:>K

HbIX KOHcpHrypaI.T,Hiii: BOJIHOBbie <i>YHKI.\HH B036y:>K,ll.eHHbIX COCTO.HHHit MOryT 6bITb 

3aII.H.caHbl B Bli)l;e cyrreprr03HJ.\HH '{JieHOB c p83JIH'lHbIM "IHCJIOM cpoHOHHbIX orrepaTo

pOB. TaKHM o6p830M, BOJIHOBaH cpyHKn;HH B036y:>K,JJ;eHHoro COCTOHHHH 3aIIHCbIBaeTCH 

B BH,ll.e: 

'11v(,\µ) = [ ~ R(,\v)Qtµi 
1 

+ L p;;ii; (,\v) L c;iµ1 >.2µ2Qtµii1 Qt2µ2i2] IO), 
.>.1 ii .>.2i2 µi µ2 

r,rr.e Q!µi - onepaTop po)K,11.emrn cPOHOHa MYJibTHnOJihHOCTh >.. Y'ieT ::>Toti cBH3H He 

Tpe6yeT BBe,rr.eHM.H HOBbIX rrapaMeTpOB. 3..u.ecb TaK>Ke nony'IeHbl ypaBHeHHH ,ll;JI.H Ha

XO>K,LI,eHHH crreKTPOB B036y)J{,ll.eHHbIX COCTOHHHfi, OIIHChIBaeMbIX 3THMH BOJIHOBblMH 

<i>YHK~MH, a TaK)f{e caMHX BOJIHOBbIX cpyHKIJ,HH. 

Bo BTopou rnaee aHMH3HpyIOTCH pesyJihTaTbr pac'IeToB sJieKTpM'IeCKHx rH

raHTCKHX MYJibTHIIOJibHhIX pesoHaHCOB B c¢epn'leCKHX H,n;pax. IToKasaHo, 'ITO y"tJ:eT 

CJIO>KHhIX KOHcpHrypaIJ,HH no-pa3HOMY BJIHHeT Ha onucaHHe xapaKTepHCTHK rJITaHT

CKHX pesoHaHCOB. IlaparpacP 2.1 IlOCBH~eH orrpe,n;eJieHHIO pa3JIH'IHOrO TJma rrpaBHJI 

cyMM, KOTOpbie II03BOJI.HIOT ou,eHHTb CTerreHb KOJIJieKTHBH3aU,HH ruraHTCKHX MYJib

THilOJibHblX pe3oHaHCOB H onpe,n;eJIHTb o6naCTh ux JIOKa.JIH3au.mr. B pas,u.eJie 2.2 
HCCJie,n:,oBaHa T0'9:HOCTh rrpm.~e,nyphl HCKJII0'9:eHIDI ,IzyXOBOI'O COCTO.HHIUI B pacnpe,n;e

Jiemm CHJibI El-rrepexo,n;oB B rrpH6Jin::>Kemm CJIY"!atilibrx ¢83 c cerrapa6eJIH3oBaH

HhIM B3aHMO,u.e:HcTBHeM CKHpMa. Ha npnMepe ,!J.Ba>K,n,bl Marn'iecrrnx .H,n;ep 100•132Sn 
H 208Pb npo,u.eMOHCTpHpOBaHO, 'lITO HCKJIIO"t:J:emrn ,u.yxosoro COCTOHHIDI Ba)l<HQ ,ll,JI.H 
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Pnc. 1: El-cHJiosrur cpyHKu,1u1 ,n.Jrn 124- 132Sn. JieaM 'IacTb (a) - pacqeT a KBa3H

qacTH'IHOM TIC<I>; rrpa:aa51 qacTb (6) - pacqeT c yq8ToM CB5!3H c ~yx¢oHOHHh1MH 
cocTO.HHIDIMH. BecoBa5I ¢YHKII.HH - JiopeHu,eBCKa.H cPYHKI.J;HH c rrapaMeTpOM ycpe,n.

HeHH5! !::. = 1 M3B. 

KOppeKTHOI'O OTIHCaHIUI ,ll.HilOJibHbIX B036y)K,ll,eHHii B HU3K03HepreT11qeCKOil o6JiaCTH. 

Pact.J:eThI BhmOJIHeHbI B o,n.HocpoaoHHoM rrpa6mr)Kemm. B pa3,n.eJJe 2.3 IDrmeTc5I 

BJIHHHHe 2p2h-KoHqm:rypau,Hli Ha HHTeI'paJibHhie xapaKTepHCTHKH rnraHTCKHX ,ll.H

IIOJibHhIX pe3oHaHcoa ( f,LI.P) a HeliTpoHHO-H36bITO'IHhIX H30Torrax 124- 132Sn. Pacqe

ThI BhIIIOJJHeHbI c cm1aMH CKHpMa B KaHaJie qacTHn;a-,n.hrpKa H 3aBHC.HIIJ;eM OT ITJIOT

HOCTH KOHTRKTHblM B3aHMOJI.eiiCTBHeM B KamtJie '-IaCTHIJ,a-"tfaCTHIJ,a. TIOKa3aHo, "ITO 

yt.J:eT B3aJIMO,u;eitCTBIDI KBa3H'IaCTHIJ. c cPOHOHaMII rrpHBO,ll.HT K 3HaqHTeJibHOMY rrepe

pacrrpe.rr.eJieHJno CHJihI El-rrepexo,n.oB (p11c. 1). ilpH 3TOM paCC'IHTaHHhie HHTerpaJih

Hbie xapaKTepHCTHKH r,LI.P xopomo comacylOTCH c SKCnepnMeHTaJlbHhIMH .rr.aHHbIMH. 

TioKa3aHo, 'ITO CMellIHBaHHe npOCTblX H CJIO)KHblX KOHcpHrypau,nH: CJ1a60 BJIH.HeT Ha 

nrnp:aHy f,LI,P, r)I.e MaKCHMMbHoe ymnpemrn cocTaBHJIO 7% a 124Sn. B pas,n.eJie 2.4 

aHMH3HPYIOTC.H HHTerpaJihHhie xapaKTepHCTHKH H30CKaJIHpHbIX n1raHTCKHX KBa)I,

PYIIOJlbHhIX pe30HaHCOB (fKP) a HeiiTpOHHO-H36bITO'IHhIX 132Sn 11 208Pb . ,LI.Jrn 3THX 

H,ll.ep rrpe,1J;CKa3aHa 3Hal.J:HTeJibHaH ¢parMeHTaIJ,1Uf CHJlhl H30CKaJJHpHOI'O rKP. Ynm
peHne rKP COCTaBJI5IeT 2303 B 1328n Ii 430% B 208Pb. IlpH 3TOM IIOJly'IeHO xopornee 

OIIHCamie 3KCrrepHM€HTaJibHbIX ,n.aHHhlX JI.JIH 208Pb. TioKasaHO, "ITO paCC"'IHTaHHaH 

3Heprm1 H30CK8JI.HpHOrO fKP ,LI.JI.ff 6eTa-HecTa6HJibHOro H,u;pa 132Sn 6JII13Ka K 3MIIli

pH"IeCKOH CHCTeMaTHKe 63A- 1/ 3 M3B. Pe3yJibTaTbI ,n,aHHoro pa3JI.e.Tia yKa3bIBaIOT Ha 

TO, "ITO CMeIIIHBaHHe 0,ll.HO- H ,lI.BYXcPOHOHHbIX KOHcPHrypau,1di rrpHBO)I,HT K Kap,n,n

HaJJbHOMY rrepepacrrpe,n;eneHHro CHJihI E2-rrepexo,n,oB H c~eCTBeHHOMY yaeJm-qemuo 

mapHHbI H30CKaJISipHoro E2-pesoHaaca. 

ll;eJiblO Tp9TbeH rJiaBbI HBJIHeTC.H onpe,n;eJieHHe pomI 2p2h-KOHcPHrypau;1rfi B 

onHCaHHH xapaKTepnCTHK n11rMH-JI.HrrOJihHoro pesoHaaca (TI.LI;P) . BoJibmofi o6'beM 

HOBbIX 3KCnepHMeHTaJibHbIX )I,aHHhIX 0 CBOliCTBaX HH3K03HepreTH'-IeCKOro cneKTpa 
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1--B036y)K,n;eHm1: B HeiiTpOHHO-H36bITOqHbIX H30TOIIax OJIOBa 124•130•132Sn CTHMymr

pGBaJI BbI6op 3TOH o6JiacTH H,n;ep ,n;JI5I HCCJie,n;oBaHHit Pro,n;eJI 3.1 HOCHT BBO,n;Hhlfi 

xapaKTep H pacKpbrnaeT aKTYaJibHOCTb TeMbI. B pa3,n:.eJie 3.2 paccMaTp1rnaeTc.H pac

npe,n:.eJieHHe CHJibI El-rrepexo,n,oa ,n;mr u;eIIO""IKH H30Torroa onoBa ,n,o 3HeprHli B03-

6y)K,n,eHllil rropH,n;Ka 10+ 11 M3B. Pacc'il!TaHHbie xapaKTepHCTHKH cpaBHHBaIOTCH c 

3KcrrepHMeHTaJibHbIMH ,n,aHHbIMH, H3BJie"lleHHhIMH H3 pa3JI.HqHbIX pe~Hit B qacT

HOCTH, npoaHaJIH3HpOBaHbl 9KCnepHMeHTaJibHbie ,n;aHHble no HeyrrpyroMy pacceHHHIO 

cpoTOHOB Ha 124Sn, rro3aom110I.Il,lie o6HapJ)KHTh TOHKyro CTPYKTYPY II,lly CpaBHe

mrn c 3KCrrepHMeHTOM IIOKa3bIBaeT, 'ITO pacqfabI c BOJIHOBO:ti cpyHKu;HeH: B036yJK

,n,eHHbIX COCTO.HHHH, co,n;ep)Ka~eH: O,IJ;HO- H ,n;ayxcpOHOHHbie KOMilOHeHThI, I103BOJIHIOT 

Ka'1eCTBeHHO onHChIBaTh 9KcrrepHMeHTaJihHhm crreKTp (pHc. 2). B pa.3,n;ene 3.3 onpe

,n,eneH HHTepaaJI 3Heprm1: B036y)K,n,emdi, r,n,e JIOKaJIH3oBaH II,LI.P. 9TOT HHTepaan 

MO)KHO H,lJ,eHTHcpHWfpOBaTb ITO pa3JIH"llHOMy noae,n;emuo HeliTpOHHbIX If rrpOTOHHbIX 

nepexo,n;HhIX IlJIOTHOCTeli, TaK KaK IIIITMH El-pe3oHaHc OTJIH'-IaeT .apKo BbrpaJKeH

HbIH MaKCHMYM HeliTpOHHOH nepexo,n;Ho:li IIJIOTHOCTH BHe ~a. TaKaH KapTHHa co

OTBeTCTByeT KOJie6aHHIO HeH:TpOHHOrO H36bITKa OTHOCHTeJibHO OCTOBa, COCTO.Hlll;ero 

H3 paBHOro '-IHcna Hei!:TpOHOB H rrpoTOHOB. HeliTpOHHbie H npOTOHHhre nepexo,n,Hbre 

IlJIOTHOCTH ,ll,JUI COCT05IHHti cpopMHpyIO~HX r,IT.P HaxOMTC5I B IIpOTHBOcpa3e. B pa3-

,n,ene 3.4 IIOKa.3aHo, t.{TO OCHOBHOH BKJia,rr. B BepOHTHOCTb B036y)K,D,emt51 1--COCT051HHH 

B o6JiaCTH II,IT.P ,n;aIOT 0,11,HOcpOHOHHble KOMITOHeHTbI BOJIHOBOH cpyHKIJ;HH, 0,1I.HaKO ,LI.ml 

KOJIHqeCTBeHHoro orrncamrn ¢parMeHTarJ.HH CHJibI El-rrepexo,n;oB, o6Hapy>KeHH0:0: B 

9KCrrepHMeHTe, Heo6xo~MO Y'1HTblBaTb B3aHMO,IJ,eitcTBHe KBa.3Ht.{aCTHIJ, c cpOHOHaMH. 

Tipo,n;eMOHCTPHPOBaHo, t.{TO B3aHMO,D,eti:CTBHe O,D;HO- II ,rr,ayxcpOHOHHbIX KOHcp11rypa

I.C{:f:i OTBeTcTBeHHO 3a cpopMnpoaamrn mHpHHbI II~P. 
qeTBepTCUI rJiaBa IIOCBH~eHa H3y-qeHHIO CBOttCTB HH3K03HepreTHt.{eCKOrO crreK

Tpa KBa,rr.pyrroJihHbIX B036yJK,n;eHHH c :=>HeprMeli ,n;o 4 MsB. B ':IaCTHOCTH, c CHJiaMH 

CKHpMa pacc':IHTbIBaroTcH aepo51THOCTH E2- M Ml-rrepexo,n,oB Me:>K,ey BH6pa~oHHbr

MH KBa,n;pynoJlbHhIMH coCTO.HHHHMu. BepOHTHOCTH M 1-rrepexo,n;oa qyacTBHTeJlbHhI 

K OTHOIII€HHIO BKJia,D;OB Heil:TpOHHblX H rrpOTOHHbIX KOHcpHrypau;Hti:, t.{TQ II03BOJI5IeT 

orrpe,n;eJrn.Tb H30CKaJI.HPHYIO liJIH H30BeKTOPHYIO n pHpO,lJ,.Y COCTOHHHit. Cym;eCTBOBa

Hlfe H30BeKTOpHbIX COCTOHH.mt, o6na.,n.arom;mc CMemaHHOH IlpOTOH-HeH:TpOHHOH CHM

MeTpllii, rrpe,1I.CKa3aHO B M0)1.eJIH B3aHM0,1I.eHCTBYIOIII,HX 6030HOB, B KOTOpofi 9TH co

CTOHHHH o6H3aHbI CBOHM IIpOHCXO)K,ll,€HHeM ,ll,BHJKemrIO HYKJIOHOB TOJihKO B BaJieHT

HbIX no,n;o6oJio'1Kax. HaH6onee xopomo u3yqeHbI KaK TeopeTR"lleCKH, TaK H 9KcrrepH

MeHTaJibHO CBOfiCTBa COCTOHHHH CMemaHHO:t1: rrpOTOH-Heil:TpOHHO:ti CHMMeTp1rn B 92Zr 
H 94Mo. 11crrOJib3Y51 e,lI.M.Hbitt Ha6op rrapaMeTpOB, rrpOH3Be,n;eHbI pac'-:IihbI ,Ll;JIH H,n;ep 
90

•
92 Zr H 92

•
94Mo. Pe3YJibTaTbI pacqeToB ,n;eM0HcTpHpy10T rro.HBJieHHe HU3KoneJKam;Hx 

U30BeKTOpHblX KOJIJieKTHBHbIX COCT051HHR B 92Zr, 94Mo H OTCYTCTBHe HX B 90Zr, 92Mo. 

TioKa3ruro, t.JTO ,1I.JIH npaBHJibHoro on11.camrn cneKTpa Heo6xo,n;:aMo yqecTh B3aHMO

,n:.eti:cTBHe Me:lK,IJ,Y O,ll,HO- H ,D;ByxcpoHOHHbIMH KOHcpHrypaIJ;H.HMH BOJIHOBOH cpyHKIJ;IDI. 

Ilpe,n;CTaBJieHHhiti: aH8JIH3 CTPYKTYPbI HHJKa.iimmc KBa,IJ,pynonhHbIX Bo36y)K,!J,eH11t!: B 
92Zr H 94Mo ITOKa3aJI, ':ITO OHa 6JIH3Ka K CTPYKType, noJiy':IeHHOR paHee B K<I>M. TipH 

9TOM ,lJ,OCTl:ffHYTO xopomee corJiaCHe c 3KCnepHMeHTaJibHblMH ,n;aHHbIMH. 3aMeTHM, 
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Puc. 2: P acrrpe,a;eneHlie CHJihI El-riepexo,a;oB B 124Sn: H3BJie'l!eHHoe H3 ( "f, "Y')-peaKIJ,HH 

- (a); pacrrpe,n;eJieHHe CHJibl B O,ll;HOcPOHOHHOM npH6JIH:>K€HHH - (6); p€3JJibTaTbl pac

'iEITa c BOJIHOBOit cPJHKIJ,Heit, co,n,ep:>Kam;ett OAifO- H ,ll.BYXcPOHOHHbie KOHcPH:rypa1w11 

- (a). 

'-ITO pe3yJibTaTbI pac'l!eTOB A.JUI .H)J,ep H3 ~yrott o6nacni:, B ':IaCTHOCTH 134Xe, TaK:>Ke 

IIPOAeMOHCTpHpOBaJIH IIOHBJieHlfe KBa,Lij)JIIOJibHbIX COCTO.HHHit CMelIIaHHOH rrpOTOH

nettTpOHHOH CHMMeTpHH. 0)1,HaKO nonyqeno TOJlbKO Ka':IeCTBeHHOe cornac1rn c 3KC

nepHM€HTa.JibHbIMH AaHHbIMH. 

B 3aKJIIO'JeHHH npHBeA€HbI OCHOBHbie pe3yJibTaThl ,D;HCCepTaU,HH, BbJ:ABHraeMbie 

AJI.H 3 am;HTbI. 
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