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Olil.QAfl XAPAKTEPHCTHKA PAliOTbl 

AKTVaJihHOCTb TeMbI. IlporpaMMbI pa3BHnrn cospeMeHHbIX 

ycKopHTeneii pa,nHoaKTHBHbIX HOHOB (GSI, MAFF, RIKEN, RIA) 

cymeCTBeHHO pacurnp.HIOT BO3MO)KHOCTH CHHTe3a HAep, YAaJieHHbIX 

OT AOJIHHbI ~-CTa6HJibHOCTH. IlpOABH)KeHHe B HOBbie o6JiaCTH 

HAepHOH terra incognita CTHMYJIHpyeT TeopeTHqecKHe HCCJieAOBaHH.H 

MepHbIX CHCTeM C He06b1qHI:,IM HYKJIOHHbIM COCTaBOM: OT 

HeiiTPOHHbIX 3Be3A - AO aTOMHbIX HAep c CHJibHOii ueiiTPOH

npoTOHHOii acHMMeTpHeii (NIZ>> 1 H <1 ). <l>yuAaMeHTaJibHbIH acneKT 

npo6JieMbI CB.H3aH C H3yqeHHeM 3BOJIIOIJ.HH CTPYKTYPbI Mpa C pOCTOM 

KBaHTOBOfO qHcJia H3OCIIHHa, qTo TPe6yeT pa3BHTH.H 

CaMOC02JlaC06aHHblX IIOAXOAOB B TeOpHH CHCTeM MHOfHX TeJI. )],JI.SI 

MepHo-aCTPOqJH3HqecKHX IIpHJIO)KeHHH, a TaK)Ke AJIH pa3pa60TKH 

3JieKTPOHAepHbIX CHCTeM TPaHCMYTaIJ.HH BbICOKOaKTHBHbIX HYKJIHAOB 

Ba)l{Ha ua,ne)l{Ha.H 3KcmpanO.ll5llJWl TeopeTHqeCKHX HAepHbIX AaHHbIX B 

3KCIIepm,IeHTaJibHO HeAOcryIIHbie o6nacrn HAepuoii KapTbI. 

AcTPOqJH3HqecKHii acneKT HCCJieAOBauHii Mep c BbICOKOii 

H30TOIIHqeCKOH acHMMeTpHeii o6ycJIOBJieH qiyuAaMeHTaJibHOH 

CB.H3bl0 MepHb~X npou.eccoB H HYKJieOCHHTe3a 3JieMeHTOB, 

conpOBO)l{AaIOmero KOJIJianc MaCCHBHbIX 3Be3A. B MOAeJI.HX 

HYKJieOCHHTe3a, IIOMHMO HeonpeAeJieHHOCTeii, BHOCHMbIX 

aCTPOqJH3HqecKHM cu.euapHeM, BCerAa IIpHCYTCTBYJOT norpeIIIHOCTH 

nporH03HpOBaHH.H HAepHbIX AaHHbIX AJIH HeCKOJibKHX TbIC_Hq 

3K3OTHqecKHX Mep. lfaMepeHH.H H TeopeTHqecKHe npeACKa3aHH.H 

Mace H ~-pacIIaAHbIX xapaKTepHCTHK HYKJIHAOB B6JIH3H ~

HecTa6HJibHbIX ABa)l{AbI-MarHqecKIIX HAep 
78

Ni, 
132

Sn Heo6XOAHMbI 

AJI.H peIIIeHHH npo6neMbI r-npou.ecca (fihICTPoro aCTPOqJH3HqecKoro 

HYKJieOCHHTe3a), OTBeTCTBeHHOfO 3a o6pa30BaHHe 6onee IIOJIOBHHbI 

T.Sl)KeJibIX Mep, H3BeCTHbIX . B IIpHpOAe. 3HaHHe MepHbIX 

xapaKTepHCTHK HYKJIHAOB H3 o6naCTH HeHTPOHHO-AeqJHIJ.HTHbIX 

ABa)l{AbI-MarHqecKHx Mep · 
48

Ni, 
100

S n Ba)l{Ho AJIH aHaJIH3a 6hICTPOro 

,p-npou.ecca B CBepxHOBbIX II THna. )],JI.SI KOJIHqecrBeHHoro 

061,.HCHeHH.H pacnpOCTPaHeHHOCTeii peAKHX ( o6oiiAeHHbIX) HYKJIHAOB, 

npoH3BOAHMbIX B p-npou.ecce, CJieAyeT yqHTbIBaTb peaKII.HH 

Heynpyroro pacce.HHH.H µ, 't'-HeHTPHHO 3a cqeT 3JieKTPOCJia6bIX 

HeiiTPaJibHbIX TOKOB H 3ax.BaTa 3JieKTPOHHbIX HeiiTPHHO 3a cqeT 

3apH)KeHHbIX TOKOB. 



Ha,n;e)l<HOe orrncam1e 3BOJIIOI.{IIII o6onoqeqHoii CTPYI<TyphI c 

poCTOM II30CIIIIHa H,n;pa TPe6yeT BhIXO,n;a 3a paMKII 

cpeHOMeHOJIOrIIqecKIIX MO,n;eneii, OCHOBaHHhIX Ha 3MIIIIpIIqecKIIX 

IIOTeHI.{IIaJiax cpe,n;Hero IIOJIH II crrapIIBaHIIH. O6ocHOBaHIIe IIX 

3KCTPaIIOJIHI.{IIII B o6JiaCTII H,n;ep C BhICOKOH II30TOIIIIqecKOH 

acIIMMeTPIIen· OTC)'TCTByeT. CTPoroe cooTHOIIIeHIIe Me)l{,n;y 

caMocornacoBaHHhIMII IIOJIHMII II 3aBIICHII.{IIM OT IIJIOTHOCTII 

3cpcpeKTIIBHhIM B3aIIMO,D;eHCTBIIeM B KOHeqHhIX cpepMII-CIICTeMax, 

y,n;ep)l{IIBaeMbIX BH)'TPeHHIIMII CIIJiaMII (Xo,n;eJih, <DaHHC 1973), 
II03BOJIHeT Ha cpyu,n;aMeHTaJihHOM ypOBHe OIIIICaTh rrepexo,n; OT 

CTa6IIJihHhIX I< 6eTa-HeCTa6IIJihHhIM . H,n;paM II cna6ocBH3aHHhIM 

KBaHTOBhIM CIICTeMaM B6JIII3II JIIIHIIH H)'KJIOHHOH HecTa6IIJihHOCTII. 

,n:o He,n;aBHero BpeMeHII ,ll;JIH rno6aJihHhIX pacqeTOB H,n;epHbIX 

Mace IICIIOJih30BaJIIICh 3MIIIIpIIqecKIIe MaCCOBhie cpopM)'JlhI, a 13-

pacrra,n; OIIIIChIBaJICH CTaTIICTIIqecKII IIJIII B IIOJI)'MIIKpOCKOIIIIqecKIIX 

rro,n;xo,n;ax C 3MIIIIpIIqecKIIMII IIOTeHI.{IIaJiaMII cpe,n;Hero IIOJIH II 

crrapIIBaHIIH II cxeMaTIIqeCKIIM 3cpcpeKTIIBHhIM NN-B3aIIMO,n;eHCTBIIeM. 

He CTaBIIJiaCb II 3a,n;aqa ca;rv.rocornacoBaHHOro OIIIICaHIIH 13-cIIJIOBOH 

Q))'HKI.{IIII B nrnpOKOM 3HepreTIIqecKOM IIHTepBane, BKJIIoqaH o6JiaCTh 

KOHTIIH)')'Ma, qTo Heo6xo,n;IIMO ,n;JIH pacqeTOB Ve-3axBaTa - rrpol.{ecca, 

o6paTHoro (3-pacrra,n;y. Ero ceqeHIIe orrpe,n;enHeTCH rronHoii 13-

CIIJIOBOH QJ)'HKI.{IIeii KaK B rrpe,n;enax, TaK II BHe 0KHa (3-pacrra,n;a. 

,n:o CIIX rrop rno6aJibHbie MIIKp0CKOIIIIqecKIIe pacqeTbl 

rrepno,n;oB 13-pacrra,n;a rrpoBO,D;IIJIIICh B rrpII6JIII)l{eHIIII pa3peIIIeHHhIX 

rrepexo,n;oB. 3KcrrepIIMeHTaJihHO 6bIJIO IIOKa3aHO (Fogelberg, 1983), 
qTo B o6nacTII 

132Sn BhICOK03HepreTnqecKIIH 13--pacrra,n; rrepBoro 

3arrpern (FF) MO)l{eT KOHKypIIpOBaTb C pacrra,n;oM faMOBa-Tennepa 

(GT). Oi{HaKO aHaJIII3)' pOJIII o6onoqeqHhIX 3cpcpeKTOB B 

BhICOK03HepreTIIqecKOM 13-pacrra,n;e He y,n;eJIHJIOCh ,ll;OCTaTOqHoro 

BHHMaHHH. He 6hrno II MIIKpOCKOrrIIqecKIIX pacqeTOB BKJia,n;oB GT n 

FF-rrepexo,n;oB B rrepIIO,ll;hl (3-pacrra,n;a H,n;ep B6JIII3II 3aIIOJIHeHHhIX 

HeiiTpOHHhIX o6onoqeK c N=50, 82, 126, Ba)l{HhIX ,ll;JIH r-rrpol.{ecca. 

llTaK, .He cymecTBOBaJIO IIO,ll;XO,ll;OB K rno6aJibHhIM pacqeTaM 

CKOpOCTeii peaKI.{IIH cna6oro B3aIIMO,n;eiiCTBIIH, OCHOBaHHhIX Ha 

caMocornacoBaHHOM OIIIICaHIIH OCHOBHhIX COCTOHHIIH H,n;ep, a 

MO,D;eJIII, rrpIIMeHHBIIIHeCH ,D;JIH pacqern CKOpOCTeii cna6bIX H,n;epHbIX 

rrpol.{eCCOB, MO)l(HO Ha3BaTh CXCMaTIIqHhIMII. 
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OcHOBHaH u:em. µuccepTaU:HH C0CT0HT B pa3BHTHH 
caMocornacoBa1111oro no~xo~a ~nH TeopeTnqecKoro 
npor1103npoBaHHH H~epHhlX Mace n cKopocTeM npoueccoB cna6oro 
B3aHMO~eMCTBHH 3K30TnqecKHX H~ep, H npnMeHeHHH ero K 
TeopeTnqecK0MY a11anH3y 3KcnepnMeHT0B Ha nyqKax p~H0aKTHBHhIX 
no110B n acrpoqJH3HqecKoMy Mo~ennp0Ba11n10 npoueccoB 
HYKile0CHHTe3a 3IleMeHT0B B CBepXHOBblX IJ Tnna. 

Hayqnan H0BHJna. B ~nccepTaunn pa3pa6orn11 no~xo~ K 
rno6an1,111,1M pacqeTaM CBOMCTB CTIHH-H30CTIHH0BbIX B036)')K~eHHM 
H~ep B paMKaX TeopHH Il0KallbH0ro 3HepreTnqecKoro Q.JYHKUHOHana 
Illl0TH0CTH (EDF). ,AnH caM0C0rnacoBaHH0ro onncaHHH 0CH0BHbIX 
cocT0HHHM ncnon1,30Ba111,1 HF+BCS n 0606me1111oe npn6nn)Ke11ne 
ToMaca-Cl>epMn c nHTerpanhHOM nonpaBKOH Crpyrn11cKoro (ETFSI). 

BnepBbie pa3BHT no~xo~ K 3apH~OB0-06MeHHhlM 
B036~eHHHM cBepxTeKyqnx H~ep B caMocornacoBaHHOM Teopnn 
K0Heq111,1x q_JepMH-CIICTeM (TKCl>C) C TQqHhlM yqeT0M 11enpep1,rn11oro 
cneKrpa, a11anornq111,1tt CQRPA c yqeT0M cnapnBaHIIH n 
3q_Jq_JeKTIIBHbIX cnn11-n3ocntt110B1,1x NN-B3aHMO~ettcTBHM B Ka11anax 
qacTMUa-~hlpKa (ph) H qacTMUa-qacTHUa (pp). Ifa aHanH3a cneKTp0B M 
Il0ilHpH3aUH0HHbIX xapaKTepHCTMK peaKUHM nepe3apH~KM (p,n), (p,n) 
11att~e11a K0HCTaHTa 3q_Jq_JeKTHBHoro cnMH-M3ocnttHoBoro NN
B3aMMo~ettcTBMH HYKH0H0B B KaHane qacTnua-qaCTMQa. 

. B paMKax EDF+CQRP A no~xo~a BnepBbie paccqnrn111,1 

neptto~1,1 ~-pacna~a ~nH :::::800 cq_JepnqecKMX H~ep, 11att6onee Ba)K111,1x 
~IlH ~MHaMMKM r-npouecca, a TaK)Ke ceqenHH 3aXBaTa 3IleKTp0HHhlX 
HettrpHHO ( aHTMHettrpmrn) Ha CTa6HilhHbIX tt necrn6Mllhlll,IX 

HettrpOHHO-H36hITOqHI,IX (~eqJHUHTHbIX) H~pax c Z ~ 26 Billl0Th ~o 
IlMHMM HettrpOHHOM (npOTOHHOH) ycrnttqHBOCTM. 

Pa3BHTa MMKp0CK0nHqecKaH M0~en1, yqern BKila~a nepexo~0B 

nepBoro 3anpern B nepno~1,1 ~-pacn~a. IloKa3aH MX onpe~enHIOIUHM 

BKila~ B nepH0~l,I ~-pacna~a ~ep B6IlM3M 3anon11e11111,1x HeMTpOHHbIX 
o6onoqeK c N = 82, 126. 

McnOilb30BaHMe H~epHbIX Mace M ceqeHHM 3axBaTa 
3IleKrp0HHbIX HettrpHHO ( aHTHHettrpHHO ), paccqMTaHHblX B paMKax 
ETFSI+CQRP A, no3BOilMil<> BnepBhle KonnqecTBe11110 061,HcHMTb 
3KcnepHMeHTallbHYIO pacnpocrpaHeHH0CTh pe~Koro H30T0na 138La 
( 138La/139La=10-4) B conneqnott cttcTeMe. 
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Ha JallJ,HTV BhlllBHraIOTCH cJiellymm,ue 

OCHOBHhie IlOJimKeHHH: 

1. B paMKax caMocornacoBaHHoro rrop;xo,na paJBIITO rrp1I6JJH)KeH1Ie 

,nm1 rno6aJihHhIX pacqeTOB CBOHCTB OCHOBHhIX COCTO.HHIIH II 

CKOpOCTeli rrpoueccoB CJia6oro B3alIMO,nei1:CTBII.H B aTOMHhIX .H,npax, 

y,naneHHhIX OT ,nOJIIIHhI CTa61IJihHOCTII. 

2. BrrepBhie ,nJI.H pacqeTa CBOHCTB 3ap.H,noBo-06MeHHhIX 

B036~eHIIH, B paMKax caMocornacoBaHHOH TK<l>C paJBIITa Mo,neJih 

C TOqHhIM yqeTOM o,nHoqacTIIqHOro KOHTIIHYYMa, crrap1IBaH1I.H C 

6JIOK1IpOBKOH HeqeTHOH KBaJIIqaCTIIUeH II 3cpcpeKTIIBHOro CIIIIH

II30CIIIIHOBOro NN-B3alIMo,nelicTBII.H B Kattanax pp II ph. 

3. Hali.nett HOBhIH Bap1IaHT CIIJI CKIIpMa SkSC 17, II03BOJI.HIOmlili 

OIIIICaTb CBOHCTBa HeHTpOHHOH MaTeplIII II paccqlITaTh B ETFSI-2 

rrp1I6JI1I)KeH1III .H,nepHbie . MaCChI c BhICOKOH ToqHOCThlO 

( cpe,nHeKBa,npaTIIqHoe OTKJIOHeHIIe q:>IITa K 1722 3KCrrep1IMeHTaJlhHO 

II3BeCTHhIM MaccaM - 720 K3B). B paMKax ETFSI-2 rrp1I6JI1I)KeH1I.H 

rrpe,ncKa3aHbI MaCChI 3KCIIep1IMeHTaJibHO HelI3BeCTHhIX HeifrpoHHO

H36bITOqHbIX .H,nep BIIJIOTh ,no JIIIHIIII HeHTPOHHOH ycToliqlIBOCTII. 

4. lfa TeopeT1IqecKoro aHaJIII3a crreKTPOB peaKUIIH rrepe3ap.H,nKII 

(p,n) II (n,p) IIplI rrpoMe)KYTOqHoli 3Heprn1I II IIX IIOJI.HpH3aQIIOHHhIX 

xapaKTeplICTIIK orrpe,neJieHa KOHCTaHTa 3cpcpeKTIIBHOro CIIIIH

II30CIIIIHOBOro NN-B3alIMO,nelicTBII.H TeOplIII KOHeqHhIX cpepMII

CIICTeM B KaHane qacT1IUa-qacT1IUa. 

PaccqlITaHhI cpaKTOpbI rro,naBJieHII.H IIOJIHOH CIIJihI ~+ -rrepexo,noB 

faMoBa-Tennepa B HeHTPOHHo-,necplIUIITHhIX .H,npax II c,neJiaH Bhrno,n o 

IIOTepe qacTII ~+ -CIIJihI B p.H,ne 3KCIIep1IMeHTOB, IICIIOJih3YIOmlix y
crreKTPOCKOIIIIIO BhICOKOro pa3perneHII.H. 
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5. B paMKax ETFSI+CQRPA nptt6mrn(eHH.SI npe.ncKa3aHhI nepHO.D.hI 

f3-pacna.na faM0Ba-Tem1epa )].JI.SI ~800 cqiepttqecKHX H OKOJIO

cqiepttqecKHX .si:.nep, BmKHhIX )].JI.SI MO.D.eJittpoBamrn r-npon;ecca, H 

ceqeHH.SI 3aXBaTa :rneKrpOHHhIX Hett:TpHHO H aHTHHeii:rp1rno ,[(JI.SI BCex 

CTa6HJihHhIX tt HecTa6HJihHhIX .si:.nep c Z ~ 26. 

BnepBhie IIOKa3aHa He06XO,[(HMOCTh yqera 3q>q>eKTHBHOro NN
B3aHMO,[(eHCTBirn B KaHane qacTHn;a-qacn1n:a ,[(JI.SI KOppeKTHOro 

OIIHCaHH.SI qeTHO-HeqeTHhIX 3q>q>eKTOB B neptto.nax f3-pacna.na. 

6. IIpe)].JIO)KeH HOBhIH MeTO,[( pacqeTa BKJia,[(OB nepeXO,[(OB nepBoro 

3anpera B nepIIO.D.hI f3-pacna.na. Ha ocHoBe HF+BCS+CQRPA 

pacqeTOB B6JIII3II 3aMKHyrhIX Heii:rpOHHhIX o6oJioqeK N = 50, 82, 126 
BIIepBhie IIOKa3aHa onpe.neJI.SIIOin;a.SI pOJih o6oJioqeqHhIX 3q>q>eKTOB B 

BhICOK03HepreTIIqecKOM f3-pacna.ne. 

C.neJiaH BhIBO,[( 0 ,[(OMIIHHpoBaHHII BhICOK03HepreTHqecKHX 

nepexo.noB nepBoro 3anpeTa )].JI.SI T.SI)KeJihIX 3K30THqecKHX .si:.nep c 

N~82, Z>50 H N=126, Z=60-70, Ba)KHhIX )].JI.SI aHanH3a r-npon:ecca 

HyruieOCIIHTe3a. IIpe,[(CKa3aHHhie nepHO,[(hI f3-pacna.na 

IlO,[(TBep)K,[(aIOTC.SI pe3yJihTaTaMH 3KCIIepIIMeHTOB B o6JiaCTH 

Hett:rpOHHO-H36hITOqHhIX II30TOIIOB 
133

-
138

Sn H 
215

-
218

Bi. 

7. IIpe)].CKa3aHHhie MaCChI .si:.nep tt CKOpOCTII CJia6hIX npon:eccoB 

HCIIOJih30BaHhI ,[(JI.SI acrpoq>II3HqecKoro MO,[(eJIHpOBaHH.SI r- H p
npon:eccoB HyKJieOCHHTe3a B CBepxHOBhIX II THIIa. lfayqeHo BJIH.SIHHe 

nepIIO,[(OB f3-pacna.na Ha pacnpocrpaHeHHOCTH HYKJIH,[(OB, 

paccqHTaHHhIX B pa3JIHqHhIX MO,[(eJI.SIX r-npon:ecca. 

BnepBhie IIOKa3aHO, qTO 3KCIIepIIMeHTaJihHa.SI pacnpocrpaneHHOCTh 

pe.nKoro II30TOIIa 
138

La B COJIHeqHoii: CHCTeMe 061,.SICH.SieTC.SI ero 

IIpOII3BO,[(CTBOM B peaKD;IIH 
138

Ba(v, e-). 
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IlpaKTuqecKaH neHHOCTh ,u11ccepTan1111. Pa3pa6oTaHHbie B 
.z:(IICCepTaIIIUI nporpaMMbI 11cnOJib30Ba.JIOCb .z:(JIR aHa.Jill3a 
3KCnep11MeHTOB no cnllH-1130CnllHOBbIM B036)')K.ll.eHIIRM aTOMHbIX 
R.z:(ep: B peaKIIIIRX (p,n), (n,p) np11 H113KIIX 3HeprnRX (<!>3M, O6HIIHCK; 
1988-90) 11 npoMe)K)'TOqHbIX 3HeprnRx (UICF; 1992), B peaKIIIIRX 
(
6Li, 6He) (KypqaTOBCKIIH MHCTIIT)'T; 1984). Ebm11 TaK)Ke BbIIIOJIHeHbI 

pacqerbI .ll.JIR pa3pa6oTKII In-F .z:(eTeKTopa conHeqHbIX Hettrp11Ho 11 

peaKTOpHbIX aHTIIHeHTpllHO (KypqaTOBCKIIH IIHCTHT)'T; 1995). 
Ilo.z:1xo.z:1, 6aJ11pyrom11iicR Ha caMocornacoBaHHOM orr11caH1111 

OCHOBHbIX COCTORHIIH, oco6eHHO 3cpcpeKTIIBeH .z:(JIR npe.z:(CKaJaHIIR 
xapaKTeplICTIIK cnlIH-1130CnllHOBbIX B036)')K.ll.eHIIH B R.z:(pax, 
y.z:1arreHHbIX OT .z:(OJIIIHbI CTa61IJibHOCTII. OH nplIMeHRJICR .z:(JIR aHa.JIH3a 
pe3yJibTaTOB II nocTaHOBKII HOBbIX 3Kcnep1IMeHTOB B o6naCTII 
HettTpOHHo-.z:1ecp1IIIHTHOro .ll.Ba)K.z:(bI-MarnqecKoro R.z:(pa 100Sn (GSI 
Collaboration; 1993), .ll.JIR attarru3a 3KCnep11MeHTOB B o6nacTu 146Gd 
(nIUI<I>; 1990). B HaCTORIIIee BpeMR pe3yJibTaTbI, nonyqeHHbie B 
.z:(HCcepTaIIHH, IICnOJib3)'IOTCJI .z:(JIR nocTaHOBKH HOBbIX 3KCnep1IMeHTOB 

no HCCJie.z:(OBaHHIO f3-pacna.z:(HbIX CBOHCTB HOBbIX HeHTpOHHO
H36bITOqHbIX HYKJIII.z:(OB B o6naCTH .z:(Ba)K.z:(bI-MarnqecKOro 78Ni, II B 
o6nacTII K <<BOCTOKy>> OT 208Pb (ISOLDE, CERN-IKS, Leuven 
Collaboration; 2003). 

PaJBIITbIH B .z:(HCCepTaIIIIH nO.z:(XO.z:( aKTHBHO HCnOJib3yeTCR .z:(JIR 
acTpO!plI3HqecKIIX npIIJIO)KeHHH. Ha OCHOBe rno6arrbHbIX pacqeTOB 

nepIIO.z:(OB f3-pacna.z:(a II ceqeHHH 3axBaTa 3JieKTpOHHbIX HeHTplIHO 
( aHTIIHeHTplIHO) ccpopMHpOBaHbI pa3.z:(eJibI 3JieKTpOHHOH 6n6JIHOTeKn 
R.z:(epHbIX .z:(aHHbIX .z:(JIR acrpocpH3HqecKIIX rrpHJIO)KeHHH http://www
astro.ulb.ac.be {Ta6mIIIbI R.ll.epHbIX Mace: [Masses.ETFSI-2], 

Ta6nHIIbI rrepno.z:(OB f3-pacna.z:1a: [Beta-decay], Ta6nlIIIbI ceqeHnii 
3axBarn HeiirpnHo (amn-HettrpnHo): [Neutrino (anti-neutrino) cross 
sections]). 

Anpooannsi !IHCCepTaUHH. Pe3yJibTaTbI, BOIIie.z:(IIIHe B 
.z:(HCCepTaIIIIIO, .z:(OKJia,[{bIBa.JIHCb Ha ceMHHapax rHu; P<I> <!>3M 
(O6HIIHCK); PHU: · «KypqaTOBCKIIii HHCTHT)'T» (MocKBa); OIUIM 
(,ll;y6Ha); MHCTIIT)'Ta TeopernqecKOH II 3KCnep1IMeHTa.JlbHOH q>II31IKII 
(MoCKBa); MHCTHT)'Ta acrpocp1I31IKII (Ep10ccenb); MHCTIIT)'Ta TeopHII 
Mpa (Cn3TTJI, ClllA), MHCTIIT)'Ta Teop1Iu R.ll.pa (Opc3, <I>paHIIIIR), 
e)Kero.z:(HbIX coBeIIIaHIIRX no «CTpYKType R.ll.pa II R.ll.epHoi-i 
cneKTpOCKOnHII» (1989-1991 ); Me)K.z:(yttapO.z:(HbIX KOHcpepeHIIIIRX 
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"Nuclei Far from Stability" (1992, Bernkastel-Kues, Germany, 1995 
Aries, France); «Tours Conference on Nuclear Physics», (Tours, 
France, 1997, 2003); «Stellar abundances and nucleosynthesis» 
(CmTTn, ClllA, 2002), Ha IV-VI Me)K.z:(yttapO.ll.HbIX cnMn03HYMaX 
«Nuclei in the Cosmos» (1996, Notre Dame, USA; 1998, Volos, 

Greece; 2000, Aarhus, Denmark); Me)K.z:(yttapO.ll.HbIX cnMn031IYMax 
«Nuclear Many-Body Problem-2001» (Brijuni, Croatia, 2001), 

«Nuclear astrophysics» II «Nuclear Structure and Dynamics at the 
Limits», (Hirschegg , Austria, 1998, 2003), «Relativistic Nuclear 
Models for Physics of Radioactive Beams», (Bad-Honnef, Germany, 

2003), NSRT-03 (,lJ;y6Ha, 2003) n Ha e)Kero.n.HbIX Me)K.z:(yttapo.D.HbIX 
pa6oqnx coBemamrnx «Meeting of Nuclear Astrophysicists and 

Nuclear Physicists» (Brussels, 1993-2002). 

IlyoJIHKannn. BKJIJOqeHHble B .n.uccepTaIIHIO pe3yJibTaTbI 

orry6nnKoBaHhl B 24 pa6oTax n OTp3)KeHhl B o63opax [14, 23]. 

CrpyKTVpa H OO'heM nnccepTallHll. ,D;nccepTa:IIIIR COCTOHT H3 

BBe.ll,eHHR, IIRTII rnaB H 3aKJIJOqeHHR, co,nep)KHT 238 CTpaHIIII TeKcTa C 
41 pncyttKOM, 17 Ta6nnuaMH II 6n6nnorpa4>uqecKnii crrncoK 

JIHTeparypbI 113 267 HanMeHOBaHHH. 

CO,[(EP)KAHIIE ,IUICCEPTAI(IIII 

Bo eeeaeHHH o6cy)K.z:(aeTCR BJIHRHIIe TOqHOCTII pacqeTOB 

R.L{epHbIX Mace n nepno.n.oB f3-pacrra.n.a Ha Mo.n.enupoBaHne 
acrpocpII3HqecKoro HYKJieocnHTe3a. OTMeqeHa oco6aR ponb 
CaMOCornacoBaHHbIX IIO.ll,XO.ll,OB H yttHKa.JlbHaR B03MO)KHOCTb HX 
rrpoBepKH B 3KCnepnMeHTax Ha pa.ll,IIOaKTHBHbIX nyqKaX. 

Onpe.n.eneHbI OCHOBHbie 3a,[{atJH .n.nccepTaIIHH. 
QTMetJeHO, 'ITO HaH60JibIII)'IO <(R.L{epHO-q>H3HqecKyro» 

Heonpe.n.eneHHOCTb B Mo.n.ennpoBaHue npoueccoe HYKJieocuHTe3a 
BHOCRT MaCCOBbie q>OpM)'JibI. B qaCTO ncnOJib3yeMOH 3MII1Ip1IqecKOH 
<<MIIKpO-MaKpo» MO,[{enn (Finite Range Droplet Model; FRDM, 
Moeller, 1995) .IlOJIHaR 3HeprHR CBR3H pa3.ll,eJIReTCR Ha 
MaKpOCKonnqeCK)'IO H MHKpOCKOnnqecK)'IO qaCTII, He3aBHCIIMbIM 
o6pa30M napaMeTpH30BaHHble .ll,JIR R.ll,ep B6JIH3H JIHHHH 
CTa6HJibHOCTII. C pOCTOM H30TOIIIIqecKOH aCHMMeTplIH npe.ll,CKaJaHHR 
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FRDM H .D.pyrttx MO,D,eneiI pa:mttqa10Tc51, HO ,D,JI51 3MnHpHqecKHX 
MO,D,eneiI o6oCHOBaHHOCTh 3KCTpanOJI51l].HH HeoqeBH,D,Ha. 

,[(n51 Ha,D,e)I<HOH 3KCTPanOJI5IIJ.HH 51,D,epHhIX Mace cne,D,yeT 
o6paTHThC51 K IIOHCKY MaCCOBhIX <popMyn, OCHOBaHHhIX Ha 
yttHBepcanbHOM 3HepreTHqecKOM <pyttKI].HOHane IlJIOTHOCTH 
(narpamirnaHe, 3<p<peKTHBHOM NN-B3aHMO,D,eHCTBHH) C He60JihllIHM 
qHCJIOM napaMeTPOB, HaH,D,eHHhIX <pHTHpOBaHHeM paccqHTaHHhIX H 
3KCI1epHMeHTallhHhIX Mace ,l],JI51 orpaHHqeHHOro qHcna 51,D,ep (Xo,D,eJih, 
CanepIIITeiIH, 1982; <l>a51HC 1998; Bulgac, 2002) HJIH <pHTHpoBaHHeM 
KO BCeM 3KCnepHMeHTallhHhIM MaccaM (Pearson et al., 1995). 

PacqeThI Ta6JIHI]. 51,D,epHhIX Mace, OCHOBaHHhIX Ha 
3<p<peKTHBHOM NN-B3aHMO,D,eHCTBHH, <pHTHpOBaHHOM K 6onee qeM 
1800 3KCnepHMeHTallhHO H3MepeHHhIM MaccaM, 6hmH ,l],O He,D,aBHero 
BpeMeHH HeocYIIIeCTBHMhI B nptt6nm1<eHHH XapTPH-<l>oKa co 
cnapHBaHHeM EKlll (HF-BCS), a TeM 6onee B nptt6nmKeHHH XapTpH
<l>oKa-Eoron1060Ba-,z:i:e fHHeca (HFBG), H3-3a orpoMHoro 061>eMa 
BhJqHcneHHH. ,z:i:n51 MHKpocKonttqecKHX pacqeToB Hcnoni.30Banoch 
o6o6meHHOe npH6JimKeirne ToMaca-<l>epMH, c yqeTOM HHTerpanbHOH 
nonpaBKH CTPYTHHCKoro · - ETFSI (Extended Thomas-Fermi + 
Strutinski Integral) (Pearson et al., 1995). 3m BapHaIJ.HOHHoe 
npH6nmKeHHe K HF MeTo,D,y OTBeqaeT MaCCOBOH <popMyne «MHKpo
MaKpo» THna, O,D,HaKO CTeneHh KorepeHTHOCTH ee MHKpo- H 
MaKpocKonttqecKHX KOMIIOHeHT BhIIIIe, qeM B FRDM - o6e 3TH qacTH 
6a3HPYIOTC51 Ha e,D,HHOM 3<p<peKTHBHOM NN-B3aHMO,lJ,eHCTBHH CKnpMa. 
B no,D,xo,D,e ETFSI-1 51,D,epHhie Macchi onHChIBaIOTC51 c TOqHoCThIO, 
cpaBHHMOH c ToqHoCThIO B FRDM. O,D,HaKo cJIJihI CKJipMa SKSC4 
(Pearson et al., 1995), Jicrronh3yeMhie B MaccoBoii <popMyne ETFSI-1, 
npHBO,D,51T K KOJIJiancy HeHTpOHHOH MaTepJIH IIpH IlJIOTHOcrnx 
nop51,D,Ka 51,D,epHoii IIJIOTHOCTJI. EcTeCTBeHHO B03HJIKaeT 3a,D,aqa 
pa3pa6oTKJI HOBOH MaCCOBOH <popMynhl, rrpHMeHHMOH ,l],JI51 51,D,ep C 
3KcTpeManhHhIM HeHTPOHHhIM H36bITKOM H HeiiTPOHHhIX · 3Be3,D,. 

ToqIJOCTh pacqeTOB CKOpOCTeH peaKI].HH cna6oro 
B3aHMO,D,eHCTBH51 TaIOKe CKa3hIBaeTC51 Ha MO,D,enttpoBaHHH r-npol].ecca. 
3TJI xapaKTepJICTHKH qYBCTBJITeJihHhI K ,D,eTall51M CTPYKTyphl 51,D,pa. 
TaK, rreptto,D, 13-pacrra,D,a no 6hICTPOMY GT-KaHany orrpe,D,en51eTC51 
3HepreTHqecKHM pacrrpe,D,eneHHeM Manoii · ,D,OJIH {l-2 % ) 
6e3MO,D,eJihHOro npaBJIJia CYMM 11Ke,D,hl 3(N-Z). Pa3JIHqHhie MO,D,eJIH 
,D,aIOT CHJlhHhIH pa36poc nepHO,l],OB 13-pacrra,D,a, rrpaKTHqecKH He 
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HapyIIIa.51 rrpaBJina CYMM. Pa36poc 0IJ.eHoK oco6eHHO BeJIHK wrn 
c<pepttqecKHX Mep B6JIH3H 3anonHeHHhIX HeiiTPoHHhIX o6onoqeK 
N=50, 82, 126, onpe,D,eIDIIOII].JIX BpeM51 npoTeKaHH51 r-npol].ecca. Yqe-r 
BKJia,D,a nepexo,D,oB nepBoro 3anpe-ra wrn Mep B6JIH3JI N=82, 126 
npJIBO,l],JIT K eme 6onee CJIJihHhIM pa3JIHqJI5JM B 01].eHKax BpeMeHH0rO 

MaCIIITa6a r-npoIJ.ecca. OTMeqeHo, 'ITO npH pacqe-rax rrepHo,D,OB 13-
pacrra,D,a TaIOKe cne,D,ye-r K0liTp0JIJipoBaTh 3Heprn10 rnraHTCK0ro 
pe3oHaHca faMoBa-TeJIJiepa (GTRf MHaqe nepJIO,D,hI j3-pacrra,D,a H 
ceqeHH51 3axBaTa tteiiTPHHo M0rYT CYIIJ.eC'rBeHHo JICKIDKaThC51. 

rnaBa 1 rrocB51IIJ.eHa pa3pa6oTKe nptt6Jrn)KeHJI51 K 
caMocornacoBaHH0MY rro,D,X0,D,y K pacqe-raM MepHhIX Mace JI 
cKopocTeii rrpoIJ.eccoB cna6oro B3aJIMo,D,eiiC'rBJI51. 

B pa.3,D,ene 1.1 ,D,aH IIO,D,p06Hhlli o63op MJIKpOCK0IIJiqecKHX 
II0,l],XO,l],0B K 13-CHJIOBOH !p)'HKI].JIJI. IIepBhie MHKp0CKOIIHqec.KHe 
rno6anhHhie 01].eHKH rrepJI0,l],0B 13--pacrra,D,a 6bIJlll BhIIIOJIHeHhI B 
TPexypoBHeBoii: RP A-Mo,D,enH (f anoHOB, JhorncrattcKHii, 1981) co 
CIIHH-H30CIIJIHOBhIM B3aJIMO,lJ,eHCTBHeM JlaH,D,ay-M11r,D,ana (rrapaM~ 

g' orrpe,D,en51JIC51 JI3 ycnoBJI51 SU(4)-cn:MM~n:n:). B pa6ornx (Klapdor
Kleingrothaus et al., 1990) HCII0Jih30BaJIHCh 3apMOB0-06MeHHoe 
KBa.Jn:qacrn:qttoe npn:6nH)KeHHe cnyqaiittoii: q>a3hI (QRP A), 
3MIIn:pn:qecKHe MaCC0Bhie . <pOpMYilhI H Il0TeHI].HaJihl cpe,D,Hero Il0JI51, 
cenapa6enhHOe NN-B3an:Mo,D,eiiC'rBHe B KaHanax qaCTHIJ.a-,l1,hipKa (ph) 
JI qacTHI].a-qacTHI].a (pp). PacqeThl BhIIlOJIH51JIHCh B npH6JIH)KeHHH 
pa3peIIIeHHhIX GT-nepexo,D,OB. 

YnpomeHHhIH Bapn:aHT aHanornqttoii M0,D,enn:, B K0TopoM 
HCKJIIOqanoch 3<p<peKTHBHOe NN-B3aHMO,D,eiicTBHe B Ka.Hane pp, 
npHMeH51JIC51 ,D,JI51 pacqe-roB noJIHhIX rn6nn:IJ. nepn:o,D,OB 13-pacna,D,a 
(Moeller, 1997). <l>aKTHqecKH, Hcnonh3oBanoch BCS+RP A 
npH6JIH)KeHHe, HapyIIIa10mee 0(8) CHMM~HIO QRPA 'ypaBHeHHH 
(Kerman, 1961; Flowers, 1961). Eonee Pa3YMHhiii cnoco6 
HCKJIIOqeHJI51 pp-B3aHMO,D,eHC'rBJI51 CB0,D,HTC51 K RP A npH6JIH)KeHHIO 
6e3 yqern BCS cnapHBaHH51, 'ITO cooTBeTC'rBYeT CHMM~HH SU(4). 

lfoKJI10qaTh pp-B3aHMO,D,eHC'rBHe H3 QRP A ypaBHeHHii npH 
coxpatteHHH napHhIX BCS KoppeJI51I].Hii HeKoppeKTH0. Bo-nepBhIX, 
pp-B3aHMO,D,eHCTBHe CYIIJ.eC'rBeHH0 Il0,D,aBJI51eT Bep051TH0CTH 13+ -
pacna,D,a (Vogel, 1988; Faessler, 1988) H nepH0.D.hI 13--pacna,D,a 
(Eop30B H ,D,p., 1989). Bo-BTOphIX, ,D,yX0Bhle 3<p<peKThI, B03HHKaIOll].He. 
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3a cqeT Hapyrnemrn CllMMeTpllll QRP A, npHBO,Z:VIT K ycm1eHHIO (.uo 

HeCKOJibKllX nop51,llKOB) qeTHO-HeqeTHhIX pa3JIHqnii nepn0,llOB w
pacna.ua C0Ce,llHllX ll30T0il0B, qTo He IlO,llTBep)l{',llaeTC51 
3KCnepnMeHTaJibHbIMll ,llaHHbIMll, B qacTH0CTll, H0BbIMll ,llaHHbIMll, 
IlOJiyqeHHhIMll ,llJI51 HeHTPOHHO-ll36bITOqHhIX ll30TOil0B 0JI0Ba 
(Shergur et al., 2002) n Bi (De Witte et al., 2003) Ha RILIS CERN. 

B pa3,lleJie 1.2 ll3JI0)KeH IlO,llX0,ll K 0CHOBHbIM C0CT051Hll51M B 
Teopnn JI0KaJihH0ro 3HepreTnqecKoro q>yttKUHOHaJia IlJI0TH0CTll 
(EDF). BhI6paHo npn6JIH)KeHne .um.1 IlJIOTHOCTll 3Hepnrn cnapnBaHH51. 

B pa3,lleJie 1.3. pa3BHBaeTC51 npn6JIH)KeHne ,llJI51 onncaHH51 
CilllH-ll30CilllH0BbIX B036~eHnii (Eop30B ll .up., 1996). CnHHOB0-
3aBHC51ll.llle (T-HeqeTHhie) KOMnoHeHThI EDF cJia6o BJIH51IOT Ha 
CBOHCTBa OCH0BHbIX COCTOHHHH, onpe,lleJIHeMbie CKaJI51pHblMll (T
qeTHhIMll) KOMilOHeHTaMll EDF. Ilo3TOMY He3aBHCllMO OT llCXO,llH0ro 

q>yttKUHOHaJia ,llJI51 QRPA pacqeTOB BbI6paHo yttHBepCaJibH0e CIIllH
ll30CllllH0B0e NN-B3anMo.ueiicrnne TK<l>C, xoporno onnchrna10mee 
MarHHTHbie CBOHCTBa ll CilllH-ll30CllllH0Bhie q>yttKUllll OTKJIHKa 51,llep. 

B no.uxo.ue EDF+CQRPA KOHCTaHTa JlaH.uay-Mnr.uaJia g' ,llJI51 TaKoro 
B3anMo.ueiicTBll51, Haii.ueHHM H3 3HepreTnqecKoro IIOJIO)KeHnH GTR B 
H,llpe 

208
Pb, 6JIH3Ka K H3BeCTHOMY 3MrrnpnqecKoMy 3HaqeHHIO. 

OTMeqeHo, qTo yttHBepCaJibH0CTb CllllH-ll30CIIllHOBOro 
B3allMO,lleHCTBll51 (He3aBHCHMOCTb OT A) rrp0HBJI51eTCH Jllllllb ,llJI51 
QRPA Ha noJIHOM O,llHoqacTnqHoM 6a3nce. ,[(JIH ncrr0Jih30BaHH51 
3TOro npenMymecTBa BnepBbie pa3BllT MeTO,ll TOqHoro yqeTa 
HerrpepbIBHoro crreKTPa B 3a,llaqe QRPA ,llJI51 3ap51,llOBo-o6MeHHhIX 
Bo36~eHnii B CBepxTeKyqnx H,llpax (Eop30B n .up., 1989). 

lfraK, B EDF+CQRP A MO,lleJin (3-cnJIOBM q>yttKUH51 
paccqnThIBaeTCH C Cal\WC0rJiacoBaHHeM 0CHOBHoro C0CT0HHll51 ll C 

yqeToM ph KOHTJIHYYMa, cnapnBaHn51, n 3q>q>eKTHBHhIX 
B3anMo.ueiicrnnii B KaHaJiax ph n pp. CrrnH-H3ocnnHoBoe 

3q>q>eKTHBHoe NN-B3anMo.ueiicrnne B KaHaJie ph: g'B(r12)+n+p 
xapaKTepn3yeTCH 6aJiaHCOM KOp0TKO,lleHCTBYIOll.lero OTTaJIKHBaHH51 g' 
ll ,llaJihHO,lleiiCTBYIOiUero O,llHOIIll0HH0ro ll p-Me30HH0ro npllT51)KeHll51. 
CnnH-ll30CilllHOBOe 3q>q>eKTHBHOe NN-B3allMO,lleiicTBHe B pp-KaHaJie, 

qacTO Ha3hIBaeMoe T=O crrapnBaHneM, BhI6paHo B cpopMe g; B(r12), 

aHaJI0rnqHoii T=l crrapnBaHHIO (CM. rn. 3). 
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HapyrnM rrpaBima C)'MM. P336poc oneH0K oco6eHHO BeJIHK .llJI51 
ccpepnqeCKHX 51,llep B6Jlll3H 3aD0ilHeHHhIX HeiirpoHHbIX o6onoqeK 
N=50, 82, 126, orrpe,lleJI51IOm;HX BpeWI npoTeKaHll51 r-nponecca. YqeT 
BKJia.ua nepexo.uoB nepBoro 3arrpera .llJI5I H,llep B6JIH3H N=82, 126 
rrpnB0.llHT K eme 6onee CllJibHhlM pa3nll'IIDIM B oneHKax BpeMeHHoro 

MacIIITa6a r-nponecca. OnrnqeHo, qro npn pacqerax nepno.uoB (3-
pacna.ua TaIOKe cne.uyeT K0ffTP0ilHp0BaTb 3HeprnIO rnraHTCK0ro 

pe3oHaHca raMoBa-Ten.nepa (GTR): llHaqe nepno,llhI fl-pacna.ua n 
ceqeHll51 3axBaTil He:irrpHHo M0iyr cymeCTBeHH0 HCKa)KaTbC51. 

n1aBa 1 nocB511I{eHa pa3pa6oTKe rrpn6nH)KeHll51 K 
caMocornacoBaHHOMY no.uxo.uy K pacqeTaM H,llepHI,IX Mace H 

cKopocTeii nponeccoB cna6oro B3aHMo.ueiiCTBll51. 
B pa3.uene 1. 1 )laH IIO,llp06HbIH o63op MHKPOCKOIIHqecKHx 

IIO)lXO,llOB K fl-cllilOBOii q>ymmmt:. IlepBbie MHKPOCKOIIHqec~rne 

rno6aJihHbie oneHJ{H nepH0)lOB fl--pacna.ua 6bIIlH BhIII0ilHeHbI B 

rpexypOBHeBoii RPA-MO)leJIH (ranoHOB, JlIOTOCTaIICKHii, 1981) co 
CIIHH-ll30CIIHHOBhIM B3aHMO,lleiiCTBHeM JlaH,llay-MHr,naJia (rrapaMeTp 
g' onpe,neJI51IlCB m ycnoBll51 SU(4)-cHMMeTpHH). B pa6oTax (Klapdor
Kleingrothaus et al., 1990) HCIIOilb30BaJIHCI, 3apH,llOB0-06MeHHOe 
KB33nqacmqttoe npn6nll)KeHHe cnyqaii:Hoii: q>33hI (QRPA), 
3MIIHpnqecKHe MaCCOBhie q>OpMYilhl ll II0TeHnHan1,1 cpe,nHero II0JI51, 
cerrapa6en1,Hoe NN-B3aHMo,neii:crnne B KaHanax qacmna-,[(l,IpKa (ph) 
n qacmna-qacmna (pp). PacqeTh1 BhIB0JIHBJIHCh B npH6nn)KeHHH 

p33perneHHhIX GT-nepexo)loB. 
Y rrpom;eHHhIH Bapmurr aHaJIOrHqttOU: M0,llenH, B K0T0P0M 

llCKJIIOqanoc1, 3q>q>eKTHBHOe NN-B3aHMO,lleii:CTBHe B . KaHane pp, 
rrpHMeHBJICH .llJI5I pacqeToB IIOilHhIX Ta6JIHll rrepHO,llOB fl-pacrra.ua 
(Moeller, 1997). <l>aKTHqecKH, Hcrron1,30Banoc1, BCS+RP A 
npH6JIH)KeHHe, Hapyrna10mee 0(8) CHMMeTpllIO QRP A 'ypaBHeHnii: 
(Kerman, 1961; Flowers, 1961). Eonee p33YMffhIH crroco6 
HCKJIIOq~Hll51 pp-B3aHMO,neiicrnll51 CBO,[(HTCB K RP A rrpn6nll)KeHHIO 
6e3 yqeTa BCS crrapHBaHll51, qro cooTBeTCTBYeT CHMMeTpHH SU(4). 

McKJIIOqaTb pp-B3aHMO,lleU:CTBHe H3 QRP A ypaBHeHHii rrpH 
coxpaHeHHH napHhIX BCS KoppeJI511lHii: HeKoppeKTHo. Bo-rrepBhIX, 

pp-B3aHMO,lleiiCTBHe cymeCTBeHH0 no,naBJI51eT Bep0BTH0CTll fl+ -

pacna.ua (Vogel, 1988; Faessler, 1988) H nepH0,llhI fl·-pacrra.ua 
(Eop30B ll .up., 1989). Bo-BTOpbIX, ,llyXOBbie 3cpcpeKTbI, B03HHKaIOm;He. 
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3a cqeT HapyrneHH5.I CHMMeTpHH QRPA, npHBO)J.5.IT K ycttneHHIO ()J.o 

HeCKOilbKHX nop5.1)].KOB) qeTHO-HeqeTHbIX pa3nHqHii nepHO)J.OB tr
pacna)J,a coce)J,HHX H30TOilOB, qTo He IlO)J.TBep)K)],aeTC5.I 

3KCnepHMeHTallbHbIMH )J.aHHbIMH, B qacTHOCTH, HOBbIMH )J.aHHbIMH, 

nonyqeHHbIMH )J.Il5.I HeHTPOHHO-H36bITOqHbIX H30TOilOB onoBa 

(Shergur et al., 2002) H Bi (De Witte et al., 2003) Ha RILIS CERN. 

B pa3)].ene 1.2 H3IlO)KeH IlO)J.XO)J. K OCHOBHbIM COCT05.IHH5.IM B 

TeopHH IlOKallbHOro 3HepreTHqecKoro q>yttK)lHOHana IlllOTHOCTH 

(EDF). Bb16paHo npH6IlH)KeHHe )J.Il5.I IlllOTHOCTH 3HeprnH cnapHBaHH5.I. 

B pa3)].ene 1.3. pa3BHBaeTC5.I npH6IlH)KeHHe )J.Il5.1 OilHCaHJrn 

CilHH-H30CilHHOBbIX B036y)K)J.eHHH (6op30B H )J.p., 1996). CnHHOB0-

3aBHC5.lmHe (T-HeqeTHbie) KOMnoHeHTbI EDF cna6o BilH5.IIOT Ha 

CBOHCTBa OCHOBHbIX COCTOHHHH, onpe)J.en5.leMbie CKan5.!pHbIMH (T

qeTHbIMH) KOMnoHeHTaMH EDF. llo3TOMY He3aBHCHMO OT HCXO)J.Horo 

q>yttKilHOHana )J.Il5.1 QRPA pacqeTOB BbI6paHO yttHBepcanbHOe CilHH

H30CilHHOBOe NN-B3aHMO)J.eiicrnHe TK<l>C, xoporno onHCbIBaIOmee 

MarHHTHbie CBOHCTBa H CilHH-H30CilHHOBbie q>yttK)lHH OTKilHKa 5.1)].ep. 

B nO)J.XO)J.e EDF+CQRPA KOHcTaHTa JlaH)J.ay-Mttr)J.ana g' )J.Il5.I TaKoro 

B3aHMO)J.eiicTBH5.I, Haii)J.eHHa5.I H3 3HepreTHqecKoro nono)KeHH5.1 GTR B 

H)J.pe 
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Pb, 6niI3Ka K H3BeCTHoMy 3MnHpHqecKoMy 3HaqeHHIO. 

OTMeqeHO, qTo yttHBepcanbHOCTb CilHH-H30CilHHOBOro 

B3aHMO)J.eHCTBH5.I (He3aBHCHMOCTb OT A) np05.!Bil5.leTC5.I IlHIIIb )J.Il5.I 

QRPA Ha nonHOM O)J.HoqacTHqHoM 6a3Hce. .[(n5.1 Hcnonb30BaHH5.I 

3TOro npeHMymecrna BnepBbie pa3BHT MeTO)J. TOqHoro yqeTa 

HenpepbIBHOro cneKTPa B 3a)J.aqe QRPA )J.Il5.1 3ap5.!)J.OB0-06MeHHbIX 

B036y)K)J.eHHH B CBepXTeKyqHX 5.1)].pax (Eop30B H )J.p., 1989). 
HrnK, B EDF+CQRP A MO)J.enn J3-cHnOBa5.I q>yttKilH5.I 

paccqHTbIBaeTC5.I C caMocornacoBaHHeM OCHOBHOfO COCT05.IHH5.I H C 

yqeTOM ph KOHTHHYYMa, cnapHBaHH5.I, ll 3q>q>eKTHBHbIX 

B3aHMO)J.eiicTBHH B KaHanax ph H pp. CnHH-H3ocnnHoBoe 

3q>q>eKTHBHoe NN-B3aHMO)J.eiicTBHe B KaHane ph: g'B(r12)+n+p 
xapaKTepH3yeTC5.I 6anaHCOM KOpOTKO)J.eHCTBYJOmero OTTallKHBaHH5.I g' 
H )J.allbHO)J.eiicTBYJOiuero 0)].HOilHOHHOfO H p-Me30HHOfO npHT5.l)KeHH5.I. 

CnHH-H3ocnnHoBoe 3q>q>eKTHBHOe NN-B3aHMO)J.eiicTBHe B pp-KaHane, 

qacTO Ha3bIBaeMoe T=0 cnapHBaHHeM, BbI6paHO B q>OpMe g; B(r12), 

aHanornqHoii T=l cnapHBaHHIO (CM. rn. 3). 
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TaKHM o6pa30M, ueHOH BBe)J.eHH5.I KOHCTaHT g', g~ y)J.aeTC5.I 

yttHBepcanbHbIM o6pa30M OilHCaTb J3-cHilOBYJO q>yttKilHIO B IIIHpOKOM 

)J.Hana3oHe 5.1)].ep. 

.[(nH pacqeTOB J3-pacna)J.HbIX xapaKTepHCTHK 5.1)].ep: nepHO)J.a 

pacna)J,a, J3-MOMeHTOB H napuHanbHOro BpeMeHH )KH3HH 

HCilOilb30BaHbI nepeXO)J.Hbie IlllOTHOCTH TK<l>C 11 q>OpManll3M J3-

CHilOBOH q>yttKilHll 11 IlOKa3aHbI npeHMymecTBa TaKoro IlO)J.XO)J.a. 

B pa3)].ene 1.4 pa3pa6oTaHa MHKpOCKOilHqecKa5.I MO)J.ellb yqeTa 

BKila)J.a FF nepeXO)J.OB B nepHO)J.bl J3-pacna)J,a. MeTO)J. OCHOBaH Ha 

3aMeHe pen5.ITHBHCTCKHX onepaTopoB CX. (BeKTOpHbIH MOMeHT) H Ys 
(aKCHallbHbIH 3ap5.1)].) Ha onepaTOpbI, 3aBHC5.lmHe TOilbKO OT KOOp)J.HHaT 

H CillIHOB HYKflOHa. Y CilOBH5.I cornacoBaHHH npHBO)J.5.IT K CB5.13H J3-

MOMeHTOB (a) H (fr), Hatt)J,eHHOH B pafioTe {Ahrens, 1951) H3 

npaBHil CYMM, a B pafioTe {Morita, 1959) Ha OCHOBaHHll CVC. ,ll;n5.I 

MaTPHqHbIX 3IleMeHTOB Ys H (iif · r) TOqHoro COOTHOIIIeHH5.I HeT (H3-3a 

PCAC). OcHOBbIBa5.!Cb Ha npaBHnax CYMM, B caMocornacoBaHHOii 

TK<l>C nonyqeHo npH6nH)KeHHoe cooTHorneHHe, yqHTbIBaIOmee 

nepeHOpMHpOBKY Ys B 5.1)].epHOH cpe)J.e. ,ll;n5.I pe)J.yuHpOBaHHbIX 

BHeIIIHHX noneii rno6anbHbie pacqeTbI J3-pacna)J.HbIX xapaKTepHCTHK 

HeHTPOHHO-H36bITOqHbIX 5.1)].ep 3HaqHTellbHO ynpomaIOTC5.I. 

B pa3)].ene 1.5 B paMKax caMocornacoBaHHoro no)J.XO)J.a K J3-

cHnoBoii q>yttK)lHH pa3BHTa MO)J.ellb )J.Il5.I pacqeTOB ceqeHHH 

HeHTPHHHoro H aHTH-HettTPHHHoro 3axBaTa Ha aTOMHbIX 5.1)].pax. 

YqTeHbI MexaHH3MbI IAS-Bo36y)K)].eHH5.I, GT-Bo36y)K)J.eHirn H 

)J.eB036y)K)].eHH5.I B HecTa6HilbHbIX 5.1)].pax; nocne)J,Hee HrpaeT Ba)KHYJO 

ponb B HeiiTPOHHo-mfihIToqHbIX 5.1)].pax B6nH3H nHHHH HeiiTPOHHoii 

HeCTa6HilbHOCTH H B HeHTPOHHO-)J.eq>HilHTHbIX 5.1)].pax. 

.rJiaBa 2 IlOCB5.l~eHa pa3pa6oTKe q>yttK)lHOHallOB IlllOTHOCTH 

)J.Il5.1 caMocornacoBaHHbIX pacqeTOB xapaKTepHCTHK OCHOBHbIX 

cocT05.IHHH 5.1)].ep. B HF-BCS npH6IlH)KeHHHH paccMaTPHBaIOTC5.I 

q>eHOMeHOilOfHqecKHH Il0KallbHbIH q>yttK)lHOHan IlllOTHOCTH CKHpMa 

H q>yttKUHOHan 6onee o6mero BH)J.a, npe)J.IlO)KeHHbIH <l>a5.!HCOM H )J.p., 

1984. ,ll;n5.I rno6anbHbIX pacqeToB OCHOBHbIX COCT05.IHHH pa3BHTO 

ycoBeprneHCTBOBaHHOe npH6IlH)KeHHe ToMaca-<l>epMH c 

HHTerpanbHoii nonpaBKoii CTPYTHHCKoro (ETFSI). 
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B pa3,n:ene 2.1 paccMOTpeH q>)'HKnHOHan DF3, pa3pa60TaHH1>1ii 
cneuHanbHO ,n:mI OTIHCaHmI OJ(HoqacnIqHJ,IX COCTOHHHH Heii'rpOHHO
II36blTOqffI,IX H,n:ep H HX pacna,n:Hl>IX xapaICTepHCTIIK. ToqHOCTI, 

pacqeTOB Mace B paMKax DF3 (c HCTIOilb30BaHHeM 
perynHpH3HpOBaHHOro cnapHBaHII5I) HeCKOilbKO HH)Ke, qeM J(nH 

ETFSI-2, o,n:HaKo q>)'HKnHOHan DF3 Ha,n:e)KHO onHc1>rnaer 

JKcnepHMeHTan1>Hble o,n:uoqacTHqH1,Ie :mepnm B 132Sn. HapM}' c 

CHilaMH eKHpMa, OH Ba)KeH J(AA pacqeroB nepHOJ(OB f3-pacna,n:a 
uatt6onee Ba)KH1,Ix ,n:nH r-npouecca Mep. 

B pa3,n:ene 2.2 KpaTKO npe,n:craBneH1>I ocHOBl>I ETFSI 

nptt6ntt)KeHHH K HF Mern,n:y H npe,n:no)KeH HOB1>1ii BapHaHT ETFSI-2, 

YCTPaHHIOmHii HeJ(OCTaTKH rrpe,n:1,mymHX BepCHH no,n:xo,n:a. 
ettn1>1 SkSe4 (Pearson et al., 1995) · rrpHBO.D:HT K 

Heq:>II3HqecKOMY Konnancy HeHTPOHHOH MaTepHH Y*e IIplI 
nnoTHOCTHX nopH,n:Ka MepHOH rrnOTHOCTH. KpHTHqeCKH 
npoaHanH3HpOBaHl>I pa3nHqHI,Ie BapHaHTbl B3aHMOJ(eHCTBHH eKHpMa 

II rrpe,n:no)KeH HOBl>IH BapHaHT SkSel 7, 06ecneqHBa10mttii 

o,n;HoBpeMeHHo: ycTOHqttBOCTI> HeiiTPOHHoii MaTepHH H orrTHMan1>Hoe 
OIIHCaHHe 3KCIIepHMeHTanbHO lI3BeCTHbIX Mace J(nH 1772 aTOMHbIX 

H,n;ep. MaccoBaH q:>OpMYna ETFSI-2 rrpHMeHHMa ,n:nH OIIIICaHHH Mep c 

JKCTPeMan1>H1>IM HeHTPOHHl>IM II361>rrKoM II .D:AA HeiiTPOHHl>IX 3Be3,n:. 
B paMKax MO.D:Hq>HUHpoBaHHoro rrptt6ntt)KeHHH ETFSI-2 

0Ka3bIBaeTCH B03M0)KHblM OIIHCaTb MepHble MaCCbl C 6on1,meii 

ToquocT1>10, qeM B paMKax ETFSI-1. epe,n:HeKBa,n:paTnqHoe 

OTKnOHeHHe OT 1722 lI3MepeHHbIX Mace J(nH Haii,n:eHHOro 

B3aHMo,n:eiicTBHH eKnpMa SkSel 7 (Borzov, 2000) coCTaBAAeT 

730 KJB, a ,n:nH (pa3HOCTHl>IX) BennqnH S0 , Q~ 630 H 690 K3B, 
COOTBeTCTBeHHO. epaBHeHHe C He,n:aBHO npoBe,n:eHHbIMH pacqeraMH 

H,n:epHbIX Mace B paMKax HF-Bes rro,n:xo,n:a (Goriely, 2001) H B 

paMKax HFBG rro.n:xo,n:a (Samyn, 2002) rroKa31>1BaIOT, ~o KaqecTBo 

q:>HTa K lI3BeCTHblM MpaM lI 3KCTPaIIOAAUHH K y,n:aneH.ffbIM. H,n:paM B 
ETFSI-2 no,n:xo,n:e 6nH3KH K HF-Bes H HFBG. B pa3,n:enax 2.3-2.4 

npoaHanH3HpoBaHl>I pe3yn1>TaT1,1 rno6an1>H1>1x pacqeroB Mace, 

,n;eq:>opMaunii, 3Heprnii oT,n:eneHHH ttyKnOHOB H rronH1>Ix 3Heprnii f3-
pacna,n;a B paMKax ETFSI-2 rro,n:xo,n:a. YKa3aHo, ~o pa3HOCTH 

0,[{HOqacTHqffI,IX 3Heprnii J(nH OCHOBHl>IX f3-rrepexo,n:oB B ETFSI 
npH6IlH)KeHHH 6nH3KlI K pacqeraM B paMKaX q:>)'HKnlIOHana DF3 lI K 
3KCnepHMeHTallbHl>IM o.zurnqaCTHqHI,IM 3HeprnHM B o6naCTH 132Sn. 
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TaKIIM o6pa30M, ueHOH BBe,n;eHIIH KOHCTaHT g', g~ y,n;aeTCH 

)'HIIBepcan1>HblM o6pa30M OilHCaTb (3-CIIIlOByJO q:>)'HKUHIO B IIIIIpOKOM 
,n;IIana30He H,n;ep. 

,[(nH pacqernB f3-pacrra,n;HblX xapaKTepIICTIIK H,n:ep: nepIIo,n;a 

pacrra,n;a, (3-MOMeHTOB lI napuIIanbHOro BpeMeHII )KlI3HH 

lICTI0ilb30BaHbl nepeXO,[{Hbie rrnoTHOCTH TK<I>e H clJopManH3M f3-
CIIIlOBOH q))'HKUHH H TIOKa3aHbl npeHMymecTBa TaKOro IIO,[{X0,[{a. 

B pa3,n;ene 1.4 pa3pa6oraHa MHKpocKonttqecKaH Mo,n;en1, yqera 

BKna,n;a FF nepexo,n;oB B neptto.n;1>1 f3-pacna,n;a. Mern,n; ocHOBaH Ha 

3aMeHe penHTHBHCTCKHX onepaTopoB a (BeKTOpHbIH MOMeHT) H Ys 
(aKCHanl>HbIH 3apH,n;) Ha orrepaTOpbI, 3aBIICHmne TOilbKO OT KO0p,n;HHaT 

II CTIHHOB HYKflOHa. Y cnOBHH cornacoBaHHH npHBO,[{HT K CBH3H f3-

MOMeHTOB (a) H (tr')", Haii,n;eHHOH B pa60Te (Ahrens, 1951) H3 

npaBHn CYMM, a B pa6oTe (Morita, 1959) Ha OCHOBaHHII eve. ,[(nH 

MaTPHqHl,IX 3neMeHTOB Ys lI (iif · r) T0qHoro C00THOllieHHH HeT (H3-3a 

PeAe). OcHOB1>IBaHC1> Ha npaBttnax CYMM, B caMocornacoBaHHOH 

TK<I>e rronyqeHo rrptt6ntt)KeHHOe cooTHomeHHe, yqttT1>1Ba10mee 

rrepeHOpMHpOBKY Ys B H,n;epHOH cpe,n;e. ,[I;nH pe,n;yuHpOBaHHbIX 

BHemHHX noneii rno6an1>H1>1e pacqeTbl f3-pacrra,n;HblX xapaKTepHCTHK 
HeHTPOHHO-H36blTOqHI,IX H,n;ep 3HaqlITeilbHO ynpomaIOTCH. 

B pa3,n;ene 1.5 B paMKax caMocornacoBaHHoro no,n;xo,n;a K f3-
CHilOBOH q>)'HKUHH pa3BHTa MO,n;en1, ,n;nH pacqeTOB ceqem1ii 

ueiiTPHHH0ro H aHTII-HeHTPHHHoro 3axBaTa Ha aTOMHbIX H,n;pax. 

YqTeHM MexaHH3Ml>I IAS-Bo36Y*J(eHHH, GT-Bo36Y*,n;eHHH n 
,n;eBo36Y*J(eHHH B uecra6nn1>H1>IX H,n:pax; nocne,n;Hee HrpaeT Ba)KHyIO 

pon1, B HeiiTPOHHO-H36blTOqH1,1x H,n;pax B6nH3H nHHHH HeiiTPOHHoii 

HeCTa6HnbHOCTH n B HeHTPOHHo-,n;eq:>HUHTHblX H,n;pax. 

rJiaBa 2 IIOCBHmeua pa3pa60TKe q:>)'HKUIIOHallOB nnoTHOCTH 
,[{AA caMocornacoBaHHbIX pacqeTOB xapaICTepHCTHK OCHOBHl>IX 

cocTOHHHH H,n:ep. B HF-Bes rrptt6ntt)KeHHHH paccMaTPIIBaIOTCH 
q:>eHoMeHonornqecKHH n0Kan1>H1>1ii q>)'HKUHOHan rrnoTHOCTH eKHpMa 
H q:>)'HKUHOHan 6onee o6mero BH,n;a, npe,n;no)KeHHblH <I>aHHCOM tt ,n;p., 
1984. ,[I;nH rno6anl>HblX pacqeT0B OCHOBHl>IX COCTOHHHH pa3BIITO 
ycoBepmeHCTBOBaHHOe npH6nH)KeHHe ToMaca-<I>epMH c 

HHTerpan1>Hoii norrpaBKoii eTPYTHHCKoro (ETFSI). 
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B pa.3,nene 2.1 paccMo-rpeH q>yttKIJ,IIOHaJJ DF3, pa3pa6oTaHHbiii 

CIIeIJ.IlaJJbHO ,nm1 OIIHCaHmI 0.[{HoqacTIIqHI,IX COCTO.HHIIH HeiiTPOHHO

ll36bITOqHI,IX .H,nep II IIX pacna,nHbIX xapaKTeplICTIIK. ToqHOCTI, 

pacqeTOB Mace B paMKax DF3 ( C IICIIOJ11,30BaHIIeM 

peryn.Hp1I31IpOBaHHOro cnaplIBaHH.H) HeCKOJlbKO HII)Ke, qeM .[{Jl.H 

ETFSI-2, o,nHaKo q>yttKIJ.IIOHaJJ DF3 Ha,ne)KHO on1Ic1,rnaeT 

3KCIIep1IMeHTaJJI,Hbie 0,[{HoqacTIIqHI,Ie 3Hepr1III B 
132

Sn. Hap.H,ny C 

CIIJJaMII CKIIpMa, OH Ba)KeH .[{J1.H pacqeTOB neplIO.[{OB ~-pacna,na 

HaI16onee BmKHbIX ,nn.H r-rrpou.ecca .H,nep. 

B pa.3,nene 2.2 KpaTKO rrpe,ncTaBJJeHLI ocHOBbl ETFSI 

np1I6J11I)KeH1I.H K HF MeTo,ny II rrpe,nJJO)KeH HOBbIH Bap1IaHT ETFSI-2, 

YCTPaH.HIOII.llIH He.[{OCTaTKll rrpe,nbl,[{yrrIIIX Bepc1Iii rro,nxo,na. 

CIIJJbI SkSC4 (Pearson et al., 1995) nplIBOMT K 

Heq>II31IqecKOMY KOJJJJancy HeHTPOHHOH MaTeplIII Y*e IIplI 

IIJJOTHOCT.HX rrop.H,nKa .H,nepHOH IIJJOTHOCTII. Kp1ITIIqecKH 

npoaHaJJII31IpOBaHbI pa3JJIIqHI,Ie Bap1IaHTbl B3alIMO,neiiCTBH.H CKIIpMa 

II rrpe,nJJO)KeH HOBbiii Bap1IaHT SkSC 17, 06ecneq1IBa10m1Iii 

O.[{HOBpeMeHHO: ycToiiqlIBOCTI, HeiiTPOHHOH MaTeplIII II OIITIIMaJJbHOe 

OIIIICaHIIe 3Kcrrep1IMeHTaJJbHO II3BeCTHblX Mace .[{Jl.H 1772 aTOMHbIX 

.H,nep. MaccoBa.H q>opMyna ETFSI-2 rrp1IMeH1IMa ,nJJ.H on1IcaH1I.H .H,nep c 

3KCTPeMaJJbHbIM HeiiTPOHHbIM II36bITKOM II .[{Jl.H HeiiTPOHHblX 3Be3,[{. 

B paMKax M0.[{1Iq>1IIJ.1IpoBaHHOro rrp1I6J11I)KeHH.H ETFSI-2 

OKa3bIBaeTC.H B03MO)KHI,IM OIIIICaTb .H,nepHbie MaCCI,I C 60JJbIIIeii 

rnqHoCTbIO, qeM B paMKax ETFSI-1. Cpe,nHeKBa,npaT1IqHoe 

OTKJJOHeHile OT 1722 II3MepeHHblX Mace .[{Jl.H Haii,neHHOro 

B3alIMo,neiicTBII.H CKIIpMa SkSCl 7 (Borzov, 2000) coCTaBJJ.HeT 

730 K3B, a .[{Jl.H (pa3HOCTHbIX) BeJ11Iq1IH Sn, Q13 630 II 690 K3B, 

COOTBeTCTBeHHO. CpaBHeHIIe C He,naBHO rrpoBe,neHHbIMII. pacqeTaMII 

.H,nepHbIX Mace B paMKax HF-BCS rro,nxo,na (Goriely, 2001) II B 

paMKax HFBG rro,nxo,na (Samyn, 2002) rroKa3bIBaIOT, TIO KaqecrBo 

q>IITa K II3BeCTHbIM .H,npaM II 3KCTPaIIOil.HIJ.ll.H K y,naneHttbIM . .H,npaM B 

ETFSI-2 rro,nxo,ne 6JJII3KH K HF-BCS II HFBG. B pa3,nenax 2.3-2.4 

npoaHaJJII31IpOBaHbI pe3yJJLTaTbI rno6aJJbHbIX pacqeToB Mace, 

,neq>OpMaIJ.IIH, 3HepmH OT,[{eJJeHII.H HYKJJOHOB II IIOJJHbIX 3HepmH ~

pacna,na B paMKax ETFSI-2 no,nxo,na. YKa3aHo, qTO pa3HOCTII 

o,nHoqacT1IqH1,1x 3Hepmn .[{J1.H ocHOBHbIX ~-rrepexo,noB B ETFSI 

IIp1I6J11I)KeHI11I 6JJil3KII K pacqeTaM B paMKaX q>yttKIJ,IIOHaJJa DF3 II K 

3KCIIep1IMeHTaJJI,HbIM O.[{HoqacruqHI,IM 3Hepm.HM B o6naCTII 
132

Sn. 
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B rnaee 3 B paMKax pa3BIITOro EDF+CQRP A np1I6J11I)KeHI1.H 

IICCJJe.[{YIOTC.H CIIIIH-Il30CIIIIHOBbie B036Y*,[{eHII.H CTa61IJ1I,HI,IX .H,nep II 

II3 aHaJJII3a 3KCIIep1IMeHTaJJbHbIX ,naHHbIX orrpe,neJJ.HIOTC.H KOHCTaHTbl 

3q>q>eKTIIBHOro CIIIIH-II30CIIIIHOBOro NN-B3alIMO,neHCTBII.H B ph II pp
KaHanax. 

B pa3,nene 3.1 npe,nJJO)KeH MeTO,n orrpe,neneHII.H rrapaMeTPOB 

3q>q>eKTIIBHoro CIIIIH-II30CIIIIHOBOro NN-B3a1IMo,neHcTBm1 B KaHane 

qacT1IIJ.a-qacT1IIJ,a II3 COBMeCTHOro aHaJJII3a 3KCIIep1IMeHTaJJbHbIX 

,naHHbIX o pacnpe,nenemm CIIJJbI GT-nepexo,noB (p,n-1
) II (n,p-1), 

Il3BneqeHHOH Il3 JKcnep1IMeHTaJJbHbIX crreKTPOB peaKIJ.IIii 

nepe3ap.H.[{KII (p,n) II (n,p) TIIIIOB. I10Ka3aHO, qTo 3a cqeT IIOJJHOTI,I 

O,[{Hoqacn1qHoro 6a31ICa II He3aBIICIIMOCTH 3q>q>eKTIIBHbIX 

B3aHMo,neiicTBIIH TK<I>C B KaHanax pp II ph YBeJ11IquBaeTC.H pa3HOCTb 

Me)K.[{y 3q>q>eKTIIBHOH KOHCTaHTOH g'~, Haii,neHHOH H3 OIIIICaHII.H 

CIIeKTPOB peaKIJ.IIH (p,n), (n,p) H KpHruqecKOH KOHCTaHTOli pp 
B3a1IMo,neiicTB1I.H. TaKIIM o6pa30M, B CQRP A rrpu6J11I)KeH1III, 

ocHoBaHHOM Ha no,nxo,ne TK<I>C, MO)KHO ,nocTI1q1, 

YAOBJJeTBOplITeJJbHOro OIIIICaHII.H 3KCIIepHMeHTaJJI,HI,IX Bepo.HTHOCTeH 

GT-nepexo,noB B o6nacTII ycTOiiqlIBOCTII QRP A ypaBHeHHii. 

B pa.3,nene 3.2 B paMKax DWIA rrp1I6J11I)KeHH.H c 

MIIKpOCKOIIIIqecKHMII nepeXO.[{HbIMII IIJJOTHOCT.HMII paccqI1TaHbl 

crreKTPbI peaKIJ.Hii II IIOJJ.Hpll3aIJ.IIOHHLie xapaKTepIICTIIKII peaKIJ.IIH 

nepe3ap.HAKII (p,n), (n,p) npII npoMe)KYTOqH1,1x 3Hepm.Hx. C,nenaH 

BbIBO.[{ 06 onpe,neJJ.HIOII.leii pOJJII IIp.HMOro O.[{HOCTYIIeHqaToro 

MexaHH3Ma B036Y*,[{eHII.H B q>OpMHpOBaHIIII )KeCTKOH qacTII CIIeKTPa 

BbmeTaIOII.lIIX qacTIIIJ. II ,noM.I!_HIIPYIOmeM BKJJa,ne B036Y*.[{eHIIH crrI1H-

113ocnHHOBoii CHMM~HH. IlonyqeHO YAOBJ1eTBop1neJ1bHOe OIIIICaHHe 

CIIeKTPOB peaKIJ.HH rrepe3ap.H.[{KH TIIIIa (p,n), (n,p) H IIX 

IIOil.Hpll3aIJ.IIOHHbIX xapaKTepIICTIIK C napaMeTPaMII 3cpcpeKTHBHOro 

CIIIIH-Il30CIIIIHOBOro NN-B3aHMo,neiiCTBII.H B KaHane qacTIIIJ.a-qacTHIJ.a, 

Haii,neAHbIMII B pa3,nene 3 .1. 

B · pa3,nene 3.3 rrpoBe,neHbI MIIKpOCKorruqecKile DWBA 

pacqeTbl crreKTPOB peaKIJ.IIH rrepe3ap.H.[{KH (p,n), (n,p) rrpII HH3KHX 

3HeprI1.HX. . I10Ka3aHa He06XO.[{HMOCTb yqeTa 3q>cpeKTIIBHOro ; NN
B3aIIMO.[{eHCTBII.H B KaHane pp .[{Jl.H OIIHCaHH.H )KeCTKOH qacTII 

3KCIIepI1MeHTaJJbHbIX crreKTPOB. 

B pa3,nene 3 .4 c rrapaMeTPaMII 

Il30CIIIIHOBoro NN-B3aHMO,neiicTBH.H B 
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onpe,n:eneHHhlMlI B npe,n:bJ,n:)'llUIX pa:menax, paccqHTaHhI 

pacnpe,n:eneHIDI CHnhI GT-nepexo,n:oB B J3+-pacna,n:e HeiiTJ)OHHO
,n:e<pHUHTHhIX H.nep B o6naCTmc H)()Sn H 146Gd. IloKaJaHO cna6oe 

BnIDIHHe HeiiTJ)OH-npoTOHHoro BCS cnapHBaHIDI Ha 11onHyro cHny 

GT-11epexo,n:0B B J3+-KaHane. lfa cpaBHeHIDI C HamHMH pacqeTaMH 

CIIeKTJ)OB H IIOIDipH3aUHOHHbIX xapaKTepHCTHK peaKUHii 11epe3apH,Z{KH 
(p,n), (n,p) IIpH IIpOMe:>K)"fOqffbIX 3HepnUIX c,n:enaH BbIB0,n: 0 IIOTepe 

3HaqnTenhHOii qaCTH CHJihI GT-11epexo,n:0B B px,n:e 3Kc11epHMeHT0B 110 

J3+-paCIIa.n:y HeHTJ)OHHO-,n:eqJHUHTHbIX H,Z{ep, BII0CJie,n:CTBHH 
110,n:rnep:>K,n:eHHbIH 3KCIIepHMeHTaJibHO. 

rJiaBa 4 II0CBJ'.IIUeHa rno6aJibHblM pacqeTaM nepH0Jl:0B J3-
pacna,n:a H ceqeHHH 3ax:BaTa 3JieKTJ)0HHbIX HeHTJ)HHO, 0CH0BaHHbIM Ha 
caMocornacoBaHH0M 0IIHCaHHH 0CH0BHblX COCTOHHHH H,Z{ep. 
OTJIHqHTeJibHOH oco6eHHOCTbIO pacqeToB .HBIDieTC.8: HCII0ilb30BaHHe 
YffHBepcanbH0ro (He 3aBHcmuero OT A) CIIHH-H30CIIHH0B0ro NN
B3aHMo,n:eiiCTBIDI c napaMeTJ)aMH, onpe,n:eneHHhIMH H3 
3KCIIepHMeHTOB II0 peaKUIDIM nepe3apH,!UGI. TaKHM o6pa30M, IIp.8:Ma.H 
H0pMHp0BKa Ha H3yqaeMbie CK0pOCTH peaKUHii cna6oro 
B3aHMO,n:eiiCTBIDI 0TCyrCTByeT. 

B pa3,n:ene 4.1 B paMKax ETFSI-2+CQRPA npn6nIDKeHIDI 

pacc~aHbl nepH0Jl:bl J3-pacna,n:a ~800 OKOJIOC<pepnqecKHX (J32~0,l) 

H.nep (Borzov, 1997-2000). OcHOBHoe BHHMaHHe y,n:eneHo J3-pacna.n:y 
BIDKHbIX .Zl:IDI aHanH3a r-npouecca H.nep B6nmn 3aMKHyrLIX 
HeHTJ)OHHbIX o6onoqeK c N=50, 82, 126. 3TH .H,n:pa ,n:oCTaTOqff0 

y,n:aneHbl OT JIHHHH J3-CTa6HnbHOCTH, HO. 60Jibilla.H HX qacTb eme He 

CilHillK0M 6JIH3Ka K rpaHHUaM HeHTJ)OHHOH yCToiiqnBOCTH (Sn~-
3 M3B > 11~ 1 M3B). Ilpn6JIIDKeHHe cpe,n:Hero II0IDI ,n:eiiCTBHTeJibHO, H 
cnapHBaHHe eme M0)KeT OIIHChIBaTbcH B paMKax BCS no,n:xo,n:a. 
HaJinqHe 3aMKHYfbIX HeiiTJ)OHHbIX o6onoqeK npHB0.ll:HT K 
C<pepnqHoCTH <pOpMbI 3THX H,Z{ep. OHH npeHMymeCTBeHH0 

HCIIblTbIBaIOT BbICOK03HepreTHqecKHii J3-pacna,n: raMOBa-TeJIJiepa 

HJIH!H J3-paCIIa,n:hl nepBoro 3aIIpeTa. Bee 3TO .l{eJiaeT 0IIHCaHHe J3-
pacna,n:a H.nep B paMKax CQRP A no,n:xo,l{a .l{OCTaT0qff0 Ha,n:e)KHbIM. B 
OTnnqne OT H3BeCTHblX pacqeToB (Moeller, 1997, 2003), qeTHo
HeqeTHoe noBe,l{eHHe nepno,n:oB, paccqHTaHHblX B EIFSI+CQRP A 

14 

,n:n51 qenoqeK H30T0I10B B6JIH3H N=50, 82, 126 xoporno cornacyeTC51 c 
H0BbIMH 3KCIIepHMeHTaJII,HbIMH ,n:aHHbIMH (Shergur, 2002). 

Ha ocHoBe HF-BCS rn6n11q 51,n:epHux Mace (Goriely, 2001) 
6brn11 TaK)Ke 11poBe,n:eHbI caMocornacoBaHHbie HF+BCS+CQRPA 
pacqeTbI CKopocTeii 11poqecc0B cna6oro B3am,10,n:eiicrn1rn (Borzov, 

2001, 2003). CornacHe Z-3aBHCHMOCTH 11epH0)J.0B f3-pacna,n:a c 
aHanor11qHblMH pacqeTaMH B MynhTHKOH<pHrypaqHOHHOH M0)J.eJIH 
o6onoqeK (Martinez-Pinedo, 1999-2000) H B HFB+QRP A (Engel, 
1999) CBII)J.eTeJibCTByeT 0 11epcneKTHBH0CTH pa3BHT0ro MeTo,n:a )J.JI51 
acTpO!pH3HqecKHX IIpHJIO)KeHHH. 

B pa3,n:ene 4.2 npHBe,n:eHbl pe3yJibTaTbl CHCTeMaT11qeCKHX 
HF+BCS+CQRP A pacqeTOB BKJia,n:oB BblC0K03HepreT11qecK11x 
nepexo,n:oB r aMoBa-Te.qnepa 11 nepexo,n:oB 11epBoro 3anpern B 

nepH0)J.bI f3-pacna,n:a .H,n:ep B6JIH3H 3aMKHyrhIX Heii:TpOHHbIX o6onoqeK 
N = 50, 82, 126. B11epBbie noKaJaHa onpe,n:en51IOI.Qa51 pon1, 

o6onoqeqHI,IX 3<p<peKTOB B BbIC0K03HepreTHqecK0M f3-pacna.n:e II 
c,n:enaH BblB0)J. 0 )J.0MHHHp0BaHHH BbIC0K03HepreTI1qecKHX 11epexo,n:0B 

nepBoro 3anpern B o6nacrnx 51,n:ep c N~82, Z>50 II N=l26, Ba)KHbIX 
,n:n51 aHaJIH3a r-npoqecca HYKJieocHHTe3a B CBepxHOBhIX II Tilna. 
Ha,n:e)KHOCTb 3TIIX npe,n:CKa3aHIIH 61,rna II0)J.TBep)K)J.eHa, B qacTH0CTH 
H0BbIMH ,n:aHHbIMH, nonyqeHHbIMH )J.JI51 HeHTJ)OHHO-H36bITOqHI,IX 

Il30T0II0B Sn (Shergur et al., 2002). PacqeTbI nepno,n:on f3-pacna,n:a B 
o6naCTH N=126 IICII0Jib30BaJIHCb )J.JI51 aHaJIH3a 3KcnepnMeHT0B Ha 
H3oTonax Bi (DeWitte et al., 2003), BhmonHeHHhIX Ha RILIS CERN. 

IloKa3aHa CIIJibHa51 qYBCTBHTeJibH0CTb nepII0)J.0B f3-pacna.n:a K 
CHMMeTJ)IIII IICII0Jib3yeMblX MO,n:eneii: CTJ)YKTYPbl 51,n:pa. 

B pa3,n:ene 4.3 npe,n:crnBneHhI ocHoBaHHhie Ha ETFSI 
npH6JIH)KeHIIII rno6anbHbie pacqeTbl ceqeHIIH HeHTJ)HHHOro II 

aHTIIHeHTJ)HHHoro 3aXBaTa B 51,n:pax C z ~ 26, pacnoJI0)KeHHbIX Me)K)J.y 
rpaHHllaMII npoTOHHOH II HeHTJ)OHHOH HeycToiiqIIBOCTH (Borzov, 
1999). ·rroKaJaHo, qm yqeT ,n:eBo36y)K)J.eHil51 Heo6xo,n:IIM B 
HeHTJ)OHHO-H36bITOqHI,IX 51,n:pax B6JIIl3II JIHHHII HeHTJ)OHHOH 
HecTa6IIJibHOCTII II B HeHTJ)OHHO-,n:e<pilllHTHblX 51,n:pax. CeqeHil51 
3aXBaTa 3JieKTJ)0HHbIX HeHTJ)HHO 51,n:paMH MeHee qYBCTBHTeJibHbl K pp
B3aIIMO,n:eiiCTBIIIO II Moryr paccqIITbIBaTbC51 B paMKax RPA. O,n:HaKo B 

RPA pacqernx ( v-A)-ceqeHIIH (Hektor et al., 2000) o,n:HoqacrnqHue 
II0TeHl.lilaJibl napaMeTJ)Il30BaJIIICI, 113 no,n:roHKH 3HeprIIH Il306ap-
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aHanoroBoro cocT05IHH5l (IAS) B 51.l(pax cpe.nHero Beca. 3To He 

ycTpam1eT TPY.l(HOCTeii MHKpocKonnqecKoro onncaHH5l IAS n K TOMY 

)Ke ncKa)KaeT GT-cmIOBbie <pyttKIJHH. 3Heprnn IAS cne.nyeT 

paccqnTbIBaTb IlOJIHOCTblO caMocorJiacoBaHHO, a .l(JI5l OIJeHOK ( v-A)
ceqeHHM MO)KHO HCTIOJib30BaTb CHCTeMaTHKY KYJIOHOBCKHX C.l(BHrOB. 

B rJiaBe 5 xapaKTepHCTHKH OCHOBHbIX npoIJeCCOB CJia6oro 

B3anMo.neiicTBH5l 6ern-pacna.na n 3axBaTa :meKrpOHHbIX HeiiTPHHO, 

npe.ncKa3aHHbie B paMKax ETFSI+CQRP A no.nxo.na, ncnoJib3YIOTC5l 

.l{JI5l MO,l(eJinpoBaHH5l r II p-npoIJeCCOB. 

B pa3.nene 5.1 npoBe,l{eHbI pacqeibl r-npoIJecca B 

KaHOHnqecKoii Mo.nenn, a+r Mo.nenn n B MO.l{enn <<HeiiTPHHO

HH.l(YIJHpoBaHHoro BeTPa». IIpoaHaJIH3HpOBaHO BJIH5IHHe 51.l(epHbIX 

.l{aHHbIX Ha pacnpe.l{eneHH5l KOHIJeHTPaIJnii HYKJIH.l{OB, o6pa3YIOIIJHXC5l 

B r-npoIJecce HYKJieocnHTe3a (Borzov, 2000). IIoKa3aHo, qrn B 

Mo.nenn <<HeiiTPHHO-HH.l(YIJHPOBaHHoro BeTPa» nepno.l{bI ~-pacna.na 
onpe.nen5IIOT TpaeKTOpHIO r-npOIJecca B OTJJHqne OT KaHOHnqecKOM 

MO.l{enn, r.ne OHM perynnpyipT o6IIJnii noTOK MaTepnana r-npoIJecca K 
6onee BbICOKHM Z. . 

B pa3.nene 5 .2 npoBe,l{eHbI pacqeTbI o6pa30BaHH5l H30TOTIOB B 

MaCCHBHbIX 3Be3,l(ax B TepM05l.l(epHOM Il HeMTPHHHOM p-npoIJeccax 

HYKJieOCHHTe3a. IlOKa3aHo, qTo .l(JI5l o61,5ICHeHH5l H30TOTIHqecKHX 

pacnpOCTPaHeHHOCTeii pe.l(KHX 3JieMeHTOB B COJIHeqHoii CHCTeMe 

npHHIJHTIHaJibHO Ba)KeH yqeT peaKIJHM HeiiTPHHH0-51.l{epHoro 

pacce5IHH5l II 3aXBaTa. 3TO IlO.l(TBep)K,l(aeT H,l{eIO O He06XO.l{HMOCTH 

yqeTa peaKIJHM Heynpyroro pacce5IHH5l II 3axBaTa HeiiTpHHO II aHTH

HeMTPHHO B pacqernx p-npoIJecca (,lJ;oMoraIJKHii, Ha.l{e)KHH 1977; 

Woosley, 1990). BnepBbie ,l{aHO KOJIHqecTBeHHOe o61,5ICHeHne 

aHOMaJibHOM pacnpocTPaHeHHOCTH H30Tona 
138

La (138La/139La=10"4
) B 

COJIHeqHoii CHCTeMe, IlO.l(TBep)K.l(eHHOe He3aBHCHMbIMH pacqeTaMH 

(Heger et al., 2003). OTMeqeHa Ba)KHOCTb 3KCnepnMeHTaJibHbIX 
~ ~ th 13s 139L H3MepeHHH ceqeHHH 'i-'OTOpacIIJenneHH5l ' a, KOTOpbie 

Il03BOJIHJIH 6bI onpe.neJIHTb OTHOCHTeJibHbIM BKJia.l( TepM05l.l{epHoro II 

HeMTPHHHoro KaHaJIOB B npOH3BO.l(CTBO 0.l(HOro H3 Han6onee pe.l{KHX 
H30TOTIOB B COJIHeqHoii CHCTeMe. 
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B 3a1rn10qeHHH no.npo6Ho npe.ncTaBJieHbI OCHOBHbie 

pe3ynbTaTbI .l{ttcceprnIJHH H o6cY*.l(eHhI HanpaBnemrn .l(aJibHeiirnero 

pa3BHTH5l ,l{aHHoro npoeKTa. B IlpHJIO~eHHH npnBe,l(eH CTIHCOK 

OCHOBHbIX COKpaIIJeHHH, HCTIOJib3yeMbIX B .nnccepTaIJHH. 
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