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CanaMOB Ll.l1., n!ITOB H.l1., Ea3H8T M.l1. P4 - 12283 

KynoHOBCKoe cMernaaaHHe no uaocnaHy B Hapax 

LlaH Kp8TKHil 0030p HCcneaOBSHHil KynOHOBCKOrO CM8lliHB8HH!I !lll8pHbJX 

COCTO!IHHil no H30CnHHY. 0CHOBHDe BHHM8HH8 yaenHeTC!I MHKpOCKOnHqeCKOMy 

noaxoay, B KOTOpOM CM8lliHB8HHe no H30CnHHY BbJ3biB8eTC!I CTporo TOnbKO 

C8MOCOrnaCOB8HHblM KynoHOBCKHM noTeHUHanOM. npuMeCH no H30CnHHY 

onpeaenHJOTCH qepea MaTpnqHbJe aneMeHTbJ ~epMHeBCKHX pacnanoa uao6apu-

qecKux coCTOHHHli. AHanuaapyJOTCH qucneHHbJe pacqeTbJ xapaKTepucruK 

H30oapuqeCKHX COCTO!IHHil' H ljlepMH8BCKHX nepeXOllOB B cpellHHX H T!I}J(enbJX 

c~epuqecKux Hllpax. 

PaooTa BhmonHeHa B Jla6opaTopuu TeopeTuqecKoil ~H3HKH 011Hl1. 

npeUpHHT 00b8/IHHeHHOrO HHCTHTyTa !lll8pHbiX HCCneAOBSHHil, Lly6H8 )979 

Salamov D,I., Pyatov N,l,, Baznat M,I. P4 - 12283 

Coulomb Mixing in Nuclei 

A brief review of the Coulomb mixing in nuclei is given, At
tention is paid to the microscopic approach in which the isospin 
mixing of nuclear states is caused by the self-consistent Coulomb 
potential, The isospin impurities in this approach are defined 
through the matrix elements of the Fermi decay of the isobaric 
states to the parent-nucleus ground state. An analysis is given 
for the numerical calculations of characteristics of isobaric states 
and Fermi transitions in medium and heavy spherical nuclei, 

· The investigation has been performed at the I,aboratory of 
Theoretical Physics, JINR, 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 

BBE,l(EHHE 

3JieKTpOMarHBTHble CBJibl CMeWBBaiOT JI,nepHble COCTOJIHHJI no 

B30CnHHY- lfCCJie,noBaHHJI npHMeceii H CBJI3aHHbiX C HHMH 3<W>eKTOB 

npOBO,nHJIHCb BO MHOrHX pa6oTax. B 3TOB pa6oTe ,naeTCJI KpaTKHB 

063op OU.eHOK npHMeceii no H30CnBHY B MaKpOCKOnH'IeCKHX H MHKpo

CKOnB'IeCKHX no.nxo.nax H paccMaTpHBaiOTCJI Janpe~eHHble no HJo

cnHHY H csepxpaJpeweHHble clJepMHescxae nepexo,nbl. 06cy)K,naeTcJI 

H30CnHHOBaJI CTpyKTypa aHaJIOrOBbiX COCTOJIHHB. )J.eTaJibHOe o6Cy)K

,neHHe HeKOTOpbiX H3 ynOMJIHYTbiX npo6JieM MO)KHO HaRTH B p.11,ne 

He,naBHHX 0630pOB /1-4/ 

1. Ol{EHKH H30CllHHOBb/X llPHMECEH 

B OCHOBHbiX COCTORHHJIX 

B ra,npo,naHaMH'Iecxoii Mo,nena nonaraeTcJI, 'ITO npHMecb HJo

cnaHa T = TO ; 1, r ,ne T
0 

~ (N - Z)/ 2, B OCHOBHOM COCTOJIHHH 

JI,npa B03HHKaeT H3- 3a KYJIOHOBCKOrO CMeWHBaHHJI ero C MOHOnOJib

HbiM H30BeKTOpHbiM soJ6y)K,neHBeM. OueHKa 3HeprHH 3Toro B03-

6y)K,neHHJI ,naHa B MOHOrpaclJHH /5/: 

-1~ 
ET + 1 -no A M3R 

() 

/1/ 

lloJiy'leHa OUeHKa npHMeCH H30CnHHa T
0 

j 1 B OCHOBHOM COCTOJIHHH 

B BH,ne MI. 

1 
P(T ; l) = T ~ 

0 0 
· 3,5 · 10-7 z 2 A 2.-:3 /2/ 
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Bo Be ex cpe,II,HBX B TJI)I(emo~x CTa6BJibHbiX .11,11,pax c A> 40 BeJIB'IBHa 

npBMeca, cor nacHo /2/,He npeBblwaeT /0,1-0,3/*-

B 060JIO'Ie'IHOH MO,II,eJIB n I npBMeCB BJOCnBHa To+ 1 B OCHOBHOM 

COCTOJIHBB 06JIJaHbl BBpTyaJibHbiM nepexo,ll,a.M npOTOHOB C JanoJI· 

HeHHbiX ypOBHeH (,v::; (,F) ) Ha CB060,11,Hble COCTOJIHBJI BbiWe· 

Jie)l(all.IBX o6ono'leK (, ~, > t F) n). llony'leHHble oueHKH npHMeceii 

npeBblwaroT /2/ npHMepHo Ha nop.11,11,oK. 

OcHOBHbiM He,II,OCTaTKOM o6ono'le'IHbiX oueHoK JIBJIJieTCJI To, 

'ITO B HHX He Y'IBTbiBaJOTCJI KOppeJIJIUHH HYKJIOHOB. Y'leT KOppeJIJI· 

uaii: c IiOMOillbJO npaBHJI cy.MM/.3/ npHBO,II,HT K y.MeHbWeHBJO o6onoqeq

Hb1X oueHoK npaMeceii B 2-5 paJ. 

B MBKpocxonaqecxax pac'leTax xynoHoBcxoro c.MeWHBaHHJI no 

BJOCnHHy Ba)I(HO npOBO,II,HTb COrJiaCOBaHHe HJOBeKTOpHOrO noTeH· 

uaana c JcPcl>eKTBBHbiMB HJOBeKTOPHbiMH canaMH !S• 91 • B npoTHBHOM 

CJiy'lae MOryT B03HBKaTb ,II,OnOJIHBTeJibHble H30CnHHOBble npHMeCB 

3a C'leT HapyweHBJI H30TOnB'IeCKOH CHMMeTpHH Jl,ll,epHbiX CHJI. 

liOJibWHHCTBO CYil.leCTBYIOil.IHX MHKpOCKOnB'IeCKHX pacqeTOB, B KO· 

TOpbiX Y'IBTbiBaJIBCb .Me)I(HyKJIOHHble KOppeJIJIUHB, npOBe,ll,eHO 6e3 

cornacoBaHBJI noTeHuaana a can /eM., Hanp.,/10· 13/ /. B pa6oTe 19/ 

6biJIO noxaJaHo, 'ITO ca.MocornacoBaHHbiH yqeT xoppen.IIUHH arpaeT 

O'leHb Ba)I(HYIO pOJib npB OnBCaHHH Janpell.leHHbiX no HJOCnHHY 

npoueccoB. 

0T.MeTBM TaK)I(e 'IYBCTBHTeJibHOCTb 3Ha'leHHH HJOCnHHOBbiX npH· 

Meceii K clJopMe KYJIOHOBCKOrO noTeHUHaJia. 06bi'IHO HCnOJib3YIOT 

KyJIOHOBCKHH noTeHUHaJI paBHOMepHo 3ap.ll)l(eHHOH cclJepbl pa,II,Hyca 

Rc 

v c (r) = 

( Z- 1)e 2 3 1 r 2 

~ ~<:~::;::·,: :~.R}l· 
r S Rc 

/3/ 

r,11,e e - 3ap.11,11, npoToHa. Ca.MocornacoBaHHble pac'leTbl 19/ noxaJaJIB, 

'ITO npBMeCb HJOCnHHa T0 t-1 B OCHOBHOM COCTOJIHBB MeHJieTCJI 

npHMepHO KaK R~. Cyll.leCTBYIOil.laJI B HaCTOJIIl.lee Bpe.MJI OTHOCH· 

TeJibHO ae6oJibWaJI Heonpe,ll,eJieHHOCTb B Bbl6ope 3Toro napaweTpa 

npHBO,II,HT K 3Ha'IHTeJibHOH Heonpe,ll,eJieHHOCTH BeJIB'IHHbl npHMeCeH. 

4 

l136aBHTbCJI OT 3TOH HeOnpe,ll,eJieHHOCTH MO)I(HO TOJlbKO, eCJIH HCnOJib-

30BaTb BMeCTO /3/ CaMOCOrJiaCoBaHHbiH KYJIOHOBCKHH noTeHUHaJI, 

noJiy'leHHbiH H3 ,II,BYX'IaCTH'IHbiX KyJIOHOBCKBX CHJI, 

- 2Z-1 1 ->,) ->, 
v (r) = e ---- r ------- p (r dr' 

c z tr-r~'l p /4/ 

r,11,e Pp - npoTOHHaJI nnoTHOCTb. HB)I(e o6cy)l(,ll,aJOTCJI pe3yJibTaTbl, 

nony'leHHble B caMocor nacoBaHHOM no,II,XO,II,e. 

2. CAMOCOF JIACOBAHHAJI M0,4EJib 

B CaMOCOrJiaCoBaHHOM OnBCaHHB ycTaHaBJIHBaeTCJI TeCHaJI CB.Il3b 

Me)l(,ll,y H30BeKTOpHbiM nOTeHUHaJIOM B H30BeKTOpHbiMH B3aHMO,II,eH

CTBHJIMH. C 3TOH ueJibiO HCnOJib3yeTCJI CnOHTaHHOe HapyWeHHe 

H30TOnH'IeCKOH CHMMeTpHH npB HaJIH'IHB B 060JIO'Ie'IHOM noTeHUHaJie 

HJOBeKTopHoro cnaraeMoro BH,II,a 

U
1
(r,tz)=V1 f(r)tz' tz 

1/2, n 
l 

-1/2. p /5/ 

KOTOpoe He KOMMYTHpyeT C T ± KOMnOHeHTaMH nOJIHOro H30CnHHa 

CHCTe.Mbl H, CJie,II,OBaTeJibHO, npHBO,II,HT /nOMHMO 3JieKTpo.MarHHTHbiX 

CHJI/ K CMeWHBaHHIO COCTOJIHHH no B30CnHHy. HapyweHHa.ll CHM· 

MeTpHJI BOCCTaHaBJIHBaeTCJI nyTeM ,II,06aBJieHHJI K 060JIO'Ie'IHOMy 

noTeHUHaJiy OCTaTO'IHbiX B3aHMO,II,eHCTBHH h 1, TaKHX, 'IT06bl 

[U 1 + h 1 , T 
1
J = 0, 11 = 0, ± 1. /6/ 

B pa6oTe 19/ acnoJib3oBaJIHCb cenapa6eJibHble cHJibl, y,II,OBJieTBOp.llro

ll.IHe 3TOMY yCJIOBHIO 

Vt + 
h = ---- ~ (F -a x) (F -a x ), 

1 2 X ll ll 11•0 ll ll•O 
/7/ 

A 
F = ~ f (r k )(t ) k 

ll k=l ll 
/8/ 
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npB npoB3BOllbH~x 3HaqeaBBX napaMeTpa x· BenBqaaa napaMeTpa 

x onpe,~~;enxeTCB cornacosaBBeM no XapTpB noTeauaana /5/ B B3a

BMO.D;eiicTBBH /7 I 

X= <OIF 
0 

IO>, /9/ 

r.D;e \0> - OCHOBBOe COCTOBHBe THna XapTpH-ciiOKa. 3Ta BenHqHHa 

3aBHCHT OT pacnpe,~~;eneHHB nnOTHOCTH H npBMO CBB3aHa C 3HeprBeH 

CBMMeTpHH B.D;pa 

(N- ~-~-
y = v 1 X = f3 CHMM. ---A- ' /10/ 

TeM caM~M H B3aHMo,~~;eB:cTBHB /7 I OKa3~BaiDTCB Hexsao 3aBHCBIIUIMH 

OT B30BeKTOpHOB nnoTHOCTH. Pa,~~;aanbHa.ll ~OpMa B3aHMO,II;eBCTBHH 

onpe,~~;enBeTCB ~YHKUBeH f(r). 

llpH yqeTe h l B,ll;epHaB qacTb raMHllbTOHHaHa OKa3~BaeTCB 

H30TOnBqecKH BHBapHaHTHOH /ecnB npeHe6peqb Man~MH 3~eKTaMH, 

CBB3aHH~MH C pa3nBqHeM MaCC HeBTpOHa H npOTOHa B KHHeTaqec

KOB 3HeprHB H MarHHTH~MB nonpasxaMH /1/ I, B cMeWHBaHBe no 

H30CnBHY 6y,~~;eT npOHCXO,II;HTb TOllbKO 3a cqeT KyllOHOBCKHX CHll. 

B ,~~;anbaeaweM paccMoTpeHBB OHH 3aMeHBIDTCB caMocornacosaa

H~M O.D;HoqacTaqH~M noTeHUBanoM I 4/. 

3. H30EAPHIJECKHE COCTOHHHJI 
H f/JEPMHEBCKHE EETA- llEPEXO)J,M 

llonH~H raMHllbTOHHaH MO,II;enH 

H=H 0 +h 1, /11/ 

BKnwqaiDIIUIB O,II;HOqaCTHqH~H raMHllbTOHHaH H0
,HCnOllb3yeTCB B Me

TO,II;e cnyqaaHoB: ~3~-/Cell/ ,~~;nx paccMoTpeHHB cneKTpa B3o6apaqec

JCBX O,II;H~OHOHH~X COCTOBHBH, nonyqeHH~X Ha KOppenBpOBaHHOM 
+

OCHOBHOM COCTOBHHB pO,II;HTellbCKOrO B,ll;pa Q i{jO>. 
B pa6oTe !9/ nonyqeH~ ypasHeHBB ,~~;nx 3HeprBB wK 3TBX coc

TOBHBH 

j"(wK) · <l>(wK) = 0, /12/ 

6 

_ E pn(n 0 -n pl 
j"(w ) = I [w (PI In)- (pllv lln)------------

K pn K c f - f - w 
p n K 

/13/ 

<l>(w K) = j" (-wK). /14/ 

3.D;eCb f p H f n- COOTBeTCTBeHHO O,II;HO'!aCTBqH~e npOTOHH~e H 

aeiiTpOHH~e 3HeprHB /co6cTBeHH~e 3aaqeHHB H0 
/,(PIIn) - npBse

.D;eHHble BHTerpan~ nepeKpbiTHB HeHTpOH- npOTOHH~X COCTOBHHH, 

(P I i v II n) - npase,~~;eaa~e aeiiTpoa- npoTOHH~e Ma Tpaqable 3ne-c 
MeHTbl caMocorna~osaaaoro xynoaoscxoro noTeauaana, Epn c 

"(fp-(n)(plln)- (PIIvc 1\n), Dn B np- qBcna 3anonHeHBB coc-

TOBHHB. CyMMBposaHBe s /13/ nposo.D;HTCB no seeM o,~~;HoqacTHqHbiM 

npOTOHH~M H HeHTpOHH~M COCTO.IIHBJIM •. 

lf3 ypaBHeHBJI /12/ cne,~~;yeT, qTo 83 OCHOBHOrO COCTOJIHHJI \0.> 
po,II;HTellbCKOrO .11,11;pa reHepHpyiDTCJI ,II;Be seTBH H306apaqecKHX 0+ 

COCTO.IIHHH. YpaBHeHHe j"(w K)=O OnHCbiBaeT COCTO.IIHH.II B .11,11;pe 

(N -1. Z +- 1) c T z ,_ T 
0

-1. Cpe,~~;a HHx, B qacTHOCTH, Haxo.D;HTC.II aaa

norosoe cocTOBHHe I ,~~;n.11 .11,11;ep c N > Zj. 3To nerxo BH.D;eTb, ecnH 

B /13/ nonO>KHTb 

(PI!vciln) -/\Ec<PIIn). /15/ 

Tor,~~;a nonyqaeTcB peweHHe c <uK~ AE c, r,~~;e AE c HMeeT CMblcn 

3HeprHH o,~~;aoqacTaqHoro xynoHoscKoro c,~~;sara. )l.n.11 Taxoro pewe

HHB nonyqeao s .'9 :: 

+ -
Q KIO> w =i'1Ec 

K 

= _ _!..::-.::-__ T _\0>. 
v'To 

/16/ 

)l.pyroe ypasHeHHe <l>(wK) • 0 onacblsaeT H3o6apHqecKae coc-

TOBHHB B B,u;pe (N ~ 1. Z -1) C T z -~TO + 1. Cpe,II;H HHX HeT aHa-

norosoro COCTOBHHJI, KaK H ,II;Oll>KHO 6b1Tb ,ll;ll.ll .11,11;ep C N ·' Z. 

06e BeTBH 0 + B036y>K,II;eHHH CBJI3aH~ C pO,li;HTellbCKHM .ll,ll;pOM 

~pMHeBCKHMH nepeXO,II;aMH, npHqeM MaTpHqH~e 3lleMeHTbl nepexo

,11;08 no,~~;qHHBIDTCJI npaBHllY cyMM ,1!,9/ 

N-Z 1 2 2 "" 2 T =-------=--I(PI\n) (n -n )=I 1mK I- I IJI\K I ,/17/ 
0 2 2 pn n P . Kj" j" K<t> <I> 

r,11;e HH,II;eKC~ K ~f B K<l> 0603HaqaiDT COOTBeTCTBeHHO H3o6apaqeCKHe 

COCTOBHHB B B,ll;pax C T z = T0 - 1 H T0 · 1, B cnyqae cnpase,ll;nB-

7 



BOeTB 1151 pa3peweu 6eTa-paena.D. TOJibKO auanoroBoro eoeToJIHBJI, 
.D.JIJI KoToporo 

:JilKJ"IwKJ=!!Ec= y'T0 , 1181 

T.e. B 3TOM enyqae Bee H30fiapBqeeKBe eoeTOJIHBJI IH oeHOBHOe 

eoeTOJIHBe pO)J.HTeJibeKoro .II)J.pal eoxpaHJIIOT H30enBH. 

B o6IQeM enyqae MeHJIJOIQeroeJI no o6'beMy JI.D.pa KYJIOHoBeKoro 

noTeH~Bana IT. e. vc f. tiE c I OTJIHqHbl oT HYJIJI Bee MaTpBqHble 

3JieMeHTbl, XOT .II )J.Jl.ll aHaJIOrOBOrO eoeTOJIHHJI no- npe>KHeMy MO>KHO 

O>KB)J.aTb I:JilK~fl 2 
""T0 • 0TMeTHM, qTo nOJIBJieHBe H30fiapHqeeKHX 

eoeTOJIHHH e T z =TO + 1 B HX paena)J, Ha OeHOBHOe eoeTOJIHHe 

PO.D.BTeJibeKoro .II.IJ.pa OllKcp f 0) ~eJIHKOM o6JIJaHbl yqeTy Kop

peJIJI~Bii: B OeHOBHOM eoeTOJIHBB. 

Mo>KHo BblqHeJIBTb epe.IJ.Hee Juaqeuae KBa)J.paTa HJoenaua a oe

HOBHOM eOeTOJIHBB pO)J.BTeJibeKOrO .II)J.pa /9/ 

- 2-
<OIT IO>=T

0
(T

0
+ 1)+2P·(T

0
+1), 1191 

r.D.e P onpe)J.eJIJieT npBMeeb BJoenBHa T = T 0 t-1.3Ta aenaqHua eaJI

JaHa e npaBHJIOM eyMM I 1 7 I 

P=(T +1)-1 <0IT T+IO>=(T +1)-
1 1 I:JilK 1

2
. 

0 - - 0 Kcp <fJ 
1201 

TaKBM o6pa30M, B OTJIBqBe OT !13/, B eaMoeornaeoBaHHOM nO)J.XO)J.e 

B30enBHOBble npBMeeB B pO)J.HTeJibeKOM .II)J.pe onpe)J.eJIJIJOTeJI qepe3 

MaTpHqHble 3JieMeHTbl ~epMBeBeKHX nepeXO)J.OB H, eJie)J,OBaTeJibHO, 

B npBH~Bne MoryT paeeMaTpBBaTbeJI KaK MO)J,eJibHO He3aBHeHMble. 

YqeT KYJIOHOBeKoro eMeWBBaHHJI no B30enHHY B oeiiOBHOM eoe

TOJIHBH pO)J.BTeJibeKoro .II)J.pa B B aHaJiorOBOM eoeTOJIHBH MeHJieT 

aeJIBqBHY MaTpBquoro 3JieMeHTa 1181 eaepxpaJpeweuuoro ~epMBea-

eKor~ paena.IJ.a. 3To H3Meueuae Bblpa>KaJOT a BH.D.e nonpaBKH a ;3,6,10,11/ -
c 

2 
(:Jil KJ") AC = To(1- ac ). 1211 

Ofiblquo nonaraJOT, qTo auanoroaoe eoeTOJIHBe eo~ep~&T npBMeeB 

B30enBHa T0 -1, eBJI3aHHble e HH3KOJie>KaiQBMB eoeTOJIHBJIMB .II)J.pa 

e T z -" T0 -1. EenB npa 3TOM aruopHpoaaTb npHMeeB BJoenBHa 

8 

I 

1 
I 

TO + 1 B PO.D.HTeJibeKOM .II)J.pe IH B aHaJIOrOBOM eoeTOJIHBHI, TO 

aenBqBua a c > o. B paecMaTpaaaeMoii TeopBH auanoroaoe eoe

TOJIHBe ~OpMBpyeTeJI KaK !)oHOHHOe B036y)I()J,eHBe Ha KOppeJIBpOBaH

HOM OeHOBHOM eoeTOJIHBB pO)J.HTeJibeKoro .II)J.pa, KOTOpoe y>Ke eo)J,ep

>KBT npBMeeB BJoenBHa T 0 +- 1. 3TH npBMecB MoryT eoxpaHBTbeJI 

IH )J.a>Ke yBeJIBqHTbeJII B aHaJIOrOBOM eoeTOJIHBB, qTo eyiQeeTBeHHO 

nOBJIBJieT Ha BeJIBqBHY De· B03MO>KBaJI BeJIBqHHa MaTpHqHoro 3JieMeH

Ta eaepxpaJpeweuuoro nepexo.D.a orpauBqeua eaepxy npaaanoM 

eyMM 1171 
2 

1 1 m K 1 = T 
0 

+ (T + 1) . P. 
KJ J" 0 1221 

OTKy)J,a eJie)J.yeT orpaHBqeaHe Ha BeJIBqHHY De 

-1 
1 .2: De .2:- (T0 + 1) . T 

0 
. P. 

1231 

0)J.HaKO nonpaBKa D c MO>KeT fibiTb B OTpa~aTeJibHOH, T.e. KYJIOHOB

eKBe npaMeeH no H3oenHHY MoryT )J,a>Ke yeKOpHTb pa3peweHHbiH 

nepexo.IJ.. 

4. PACf/ETM H OliCY)J(,l!EHHE PE3YJihTATOB 

qHeJieHHble paeqeTbl )J.JIJI e~epaqeeKHX JI)J.ep npOBO)J.BJIBeb e 

noTeH~BaJioM By.D.ea- Cai<eoua B napaMeTpB3a~HH qenypuoaa /141. 

Pa.D.BaJibHaJI JaBBeHMOeTb aJoei<aJI.RpHoro H HJOBei<Topuoro noTeu

~anoB nonaraeTeJI O.D.HHai<oBoii 

-1 
f(r)~[1+expa(r-R0 )1 , 

r.D.e a - napaMeTp .D.B~YJHoeTH, R0 =1 ,24 1/.3 tl>M. 

Bei<TOpHoro nOTeH~BaJia 

N- Z 
V 

1 
~ 2 T/ --p;_---v O 1 

1241 

rnyfiHHa HJO-

1251 

r.D.e V 0 =53,3 M3B, a H30Bei<TOpHbiH napaMeTp T/ onpe.D.eJIJieTeJI 

no 3HeprBB eHMMeTpBB JIBfiO no 3HeprHJIM cenapa~HH HYKJIOHOB 

Ia pafioTe qenypuoaa T/ =0,631. B uawBx paeqeTax npoBep.Rnaeb 
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'lyBCTBHTellbHOCTb pe3yllbTaTOB no OTHOWeHHJO K BapHaUBJIM a 

B Yf· KOTOpble onpe,D.ellJIIOT COOTBeTCTBeHHO pa,D.BanLHYIO ~i»opMy 

B KOHCTaHTY B30BeKTOpHblX CBn h 1. 

0,D.HO'IaCTB'IHblB 6a3BC BKnroqan BCe CBJI3aHHble COCTOJIHBJI 

a pe3oHaHchl a cnnowHoM cnexTpe /H>.nporpaMMa pacqeToB .uaHa 

B pa6oTei16(Tipa peweHBH ypasHeHHB 1121 y'IBThiBanHch ace qac

TB'IHO- ,D.blpO'IHble nepeXO,D.hl C B3MeHeHHeM y3nOBOrO KBaHTOBOrO 

qucna An =0, 1, 2, 'ITO o6ecneqaaaeT BhlnonHeHBe npasana cyMM 

117 I c TO'IHOCThiO I0,1-0,3Io/o. 
CaMocornacosaHae xynoHoscxoro noTeHuuana npoao.uanoch Me

TO.D.OM HHTepaUHB, npB'IeM B Ka'leCTBe BCXO,D.HhiX HCnOllh30BallHCh 

. O,D.HO'IaCTB'IHble npOTOHHble BOllHOBble li»YHKUBH, Bhi'IHCneHHble C 4leHO" 

MeHOllOrH'IeCKHM KynoHOBCKBM noTeHUHanOM 131 npH RcccR(fMeTO,D. 

6blCTpO CXO,D.HTCJI, 06hi'IHO ,D.OCTaTO'IHO 3-4 HTepaUHB. 

Pe3ynhTaThl pacqeTOB vc. pacnpe.ueneHHJI nnoTHOCTH npoToHoB 

p (r). HOpMHpOBaHHOB ycnOBHeM 
p 

417 { p P ( r) r 2 d r ~- z, 1261 

H cneKTpa H306apH'IeCKHX COCTOJIHHB JI,D.pa 
208 

Ph noKa3aHhl Ha 

puc. 1. CyiUeCTBeHHOe OTllH'IHe caMocornacoaaHHOrO ve OT q,eHo

MeHonoruqecxoro Ha6nro.uaeTcJI TOnLKO B o6beMe JI,D.pa. ,[l.o HeKoTo

poB: CTeneHH 3TO pa3nH'IHe MO~HO KOMneHCHpOBaTh yMeHbWeHHeM 

Rc Ha 5-10o/o. Pacnpe.ueneHHe nnoTHOCTH npoTOHOB o'leHb cna6o 

MeHJieTCJI npH B3MeHeHHH KynOHOBCKOrO nOTeHUHana. 0TMeTHM, 

KCTaTH, 'ITO HCnOllb30BaHHhiB HaMH noTeHUHan By.uca-CaKCOHa 

.uosonLHO xopowo aocnpoH3BO.D.HT I 3a ucxnro'leHHeM o6nacTH Manhlx 

r I 3Mnupuqecxyro 3apJI.D.OByro nnoTHOCTh. Bhi'IHcneHHoe 3Ha'leHHe 

cpe,uHexsa.upaTH'IHoro pa.uuyca .un11 208 Pb 

<r 2> 112 = I 417 Z - 1 { p (r) · r 4 dr 1 1/2 
= 5,527 II>M 

p p 
1271 

xopowo cornacyeTCJI c 3KCnepHMeHTanbHhiM /1713HaqeHHeM 

5,5141281 fi>M. AHanorH'IHhle Ka'leCTBeHHhle BhiBO,D.hl nony'leHhl B ,D.llJI 

,upyrux cpe.D.HHX H TJI~enhlx c4lepuqecxux JI,D.ep. 

THDH'IHaJI 3aBBCBMOCTb xapaKTepHCTHK H306apH'IeCKHX COCTOJI" 

HHB OT a B Yf noKa3aHa Ha puc. 2 ,D.llJI JI,D.ep 66 Zn H 66Ga.Cpe,D.He

KBa,D.paTH'IHhiB pa.uuyc <r (; > L'2 cna6o yMeHLwaeTcJI c pocToM YJ 

H a. Pa3HOCTh JHepruB: flo.w aHanorosoro H aHTHaHanorosoro locHos

Horol B JI,D.pe 66Qa, KaK B K034»4»BUBeHT f3(:l1MM. B 3HeprBH CBM-
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1 

i 
q 

1 

M3B 
24 

20 

16 

<f>M-3 

0,4 
0,2 

' 

2 4 6 't, Ci)H 

4 JC Pp 

2 4 6 't, q>H 

M38 

20 

10 

0 

t, ft 
-=======:.. 7,3 

~8,6 

'7,8 

~5.0 
.... 5.3 

5,5 

~ 5,1 
'5.4 

5,6 

"'""'"'" 2osTI 

T =23 z 

~ 0 

~ 
~ 
a· 
• -

M 
N 

M 

...... -a.. 

. -
N 
N 

• 
~ 

-
208pb 

loilt,--__ 
3,4,rl~; 
42'-
4:2 -''1iiii 

2,2, 

6,7 ~=== 6.3 ~ 
5.6 "---5.5 / 
4,7 

2o88 ; 

Tz= 21 

Puc.1. Ca.MocozAacoeaHHblil vc /cruwuma.R AUHU.R/ u iPeuo.MeHOAOZU'Iec
Kuil /3/ KYAOHoecKue nolleHI#UOAbl e .Ri:Jpe 208 Pb. Hwr:e noKa3aHbl coo•

ee•c•eYKJUIUe UM pacnpei:JeAeHU.R nAOIIHOCIIU npOIIOH06, KOBOpble cpae· 
HU60KJIIC.R C 3KCnepu.MeHIIOAbHbiMU i:JaHHbiMU 117 I no pacnpei:JeAeHUKJ 
3ap.Ri:Ja /eepBuKaAbHble np.RMble/. Cnpaea noKa3aH cneKIIP u3o6apu'lec
KUX o+ COCIIO.RHUU. Bee pac'iellbl npoeei:JeHbl npu a =1,6 <f>M- 1 U Yf = 
=0,63 . 

.MeTpBB Jl,D.pa 66 Zn,cna6o 3aBHCJIT OT a, HO DOKa3hiBaiOT CBllbHYIO 

3aBBCBMOCTb OT T/• 'ITO ll03BOnJieT pe3KO orpaHB'IBTb B03MO:lKBhle 

3Ha'leBBJI noro napaweTpa Ia 66 Zn 11 "' 0,63 npa a =1,6 <f>M -l I 
no 3KcnepaweaTanhBOB aenH'IBHe flo.w. 

HcnonL30BaHae· cawocornacoaauuoro xynouoacxoro noTeuuaana 

ll03BOnBnO B36aBBTLCJl OT CHllLHOB 3aBBCBMOCTB P B 8 c OT R c 

H fionee Ha,Ue~HO B3Y'IBTL 3aBBCBMOCTh 3TBX BenB'IHH OT a H T/• 

06e BenB'IBHhl, KaK BB,D.HO 83 puc. 2, cna6o 3aBBCJIT OT li»op.Mhl 

DOTeHUBana Ia B3aBMO,D.eHCTBHiil. Ilpaweca DO H30CDBHy P(T O + 1) 

yweHLWaiOTCJl C pocTOM T/• T.e. C ycaneHBeM KOppenJIUHB B OCHOB" 

HOM COCTO.aHBB. KynOHOBCKaJI nonpaaKa 8c B .M.3. CBepXpa3peweHHOrO 

c)epwaeacxoro nepexo.ua, uao6opoT, pacTeT c yaenuqeuuew .,.,. 
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qiH t <'Z2 >'/2 p 3KCn. 
4,0 1///11 ll////////4 
3,9 ------.....- ---------
3,8 L..-_ __._ __ ...____:-'-:--:-

1,5 1,6 cJ.., •w' 

M] 6W 4,5 
--------------

4,0 !!!!!IUI!I!IU!!I!!!!U~!'.~ih 
3,5 I I I • 

M3B 

26 

24 

22 

15 1,6 J-,~H' 1 

ftcHHH. 

-------------

1,5 1,6 d., 4'H'
1 

% riT•LI 0,4 

------
0,3 

-----:::::-:::: 
t I I • 

1,5 1,6 d., 4>H"
1 

% t 8 ~- ~------------
0,3 I I I • 

9,0 t lo~ ft 
8,5 

8,0 

7,5 

1,5 1,6 d.. ~I(" I 

1,5 1,6 J.., ·H·I 

Puc.2. 3aeucuMOC111b p11oa xapaKmepucmuK 110pa 6 6Zn 0111 napaMempa 

OUdi{Jy3HOC111U a npu 3HQ'I€HUJIX U306€K1110pHOZO napaMe111pa 'I =0,6 
/cnAOIUHbl€ AUHUU/ U 0,7 jnyHK111UpHbl€ AUHUU/. 3KcnepUM€H111QAbHble 

OaHHble U3 pa6o111 /17,18/
1 

Ha puc. 2 noxaJauo TaK)f(e nose.n.eHHe log ft .n.m1 Janpe~.Qeu-

Horo no HJocnHHY pacna.n.a 66Ga • 66 zn. 3Ta senuquHa cna6o JaBHCHT 

OT TJ~ BMecTo OTMeqasweii:c.H paHee !9/cun~oHoii: JaBHCHMOCTH oT Rc 

Tenepb BbiJIBlleHa JaBHCHMOCTb OT 4JopM$aKTOpa H30BeKTOpHbiX 

CHll I JaBHCHMOCTb OT a I. r naBHbiH BKna.n. B OCHOBHOe COCTOJIHHe 
00Ga.n.aroT (n -1p) KOH$Hrypau;HH _ (2p ;~ , 2p St.! ) 0+ H (if ~h, 1f [);2 ) 0 ~> 
Bxna.n.w ux s M.J. nepexo.n.a'lJlK~- npoT&sonono)f(HOro JHaKa, qTo 
H o6ecneq&saeT MallOCTb M.3., KOTOpbiH, O.D.HaKO, CTaHOBHTCJI 

qyBCTBHTellbHbiM K MallbiM sapHaD;HJIM napaMeTpOB noTeHD;Hana. 

B paccMaTpusaeMOM cnyqae TeopH.II nerxo o6b.IICH.IIeT Ha6nro.n.aro· 

I.QYJOC.H/18/cun~ouyro Ja.n.ep)f(KY pacna.n.a 66 Ga. 

3Haqeuue logft ~ 8 nonyqeHO TaK)f(e H .n.n.11 Janpei.QeHuoro no 

HJocnHHY pacna.n.a 64 Ga ~ 64 Zn, qTo JuaquTen~ouo npeswwaeT 

JKcnepHMeuTanbHoe/19/ JHaqeuue 6,52. Pauee !9/Taxoe JHaqeHHe 

log ft y.n.asanocb nonyquTb Ja cqeT sapuau;uu xynoHoscxoro 

pa.D.Hyca I R c "" A 1/.3 4>M/. Tenepb o6b.IICHeHHe paJnuquJO Teopuu 

12 

H 3KCnepHMeHTa MO)f(HO HCKaTb Ha nyTH yqeTa cnapHBaTellbHbiX 

BJaHMO.D.eii:cTBHB s KaHane qacTuu;a-qacTuu;a. O.n.HaKo uenbJJI orpa

HHqHTbCJI TOllbKO yqeTOM CTaTHqeCKOrO cnapHBaHHJI,KaK B pa6o· 

Te 112/, nOCKOllbKY npH 3TOM OKa3biBaeTCJI HapyweHHOH H30TOnHqec • 

KaJI CHMMeTpH.II H nOJIBll.lleTCJI .D.OnOllHHTellbHbiH HCTOqHHK CMeWHBa· 

HHJI no HJocnHHY I )).pyraJI soJMO)f(HOCTb o6b.IICHeHHJI Ha6nro.n.aeMoro 

JHaqeHHJI log ft s pacna.n.e 64Ga o6cy)l(.lJ.anac~o s pa6oTe t.20f 

s KoTopoii npe.n.nonaranacb CTaTuqecKa.ll .n.e4JopMaD;HJI y pac· 

CMaTpHBaeMbiX .II.D.ep, O.D.HaKO He yqHTbiBallHCb KOppell.IID;HH. 

THnHqHbiH cneKTp H306apuqeCKHX COCTOJIHHH noKaJaH Ha puc. 1 
.lJ.ll.ll .II.D.pa 208 Pb. Pacna.n. 0 + COCTOJIHHH B 208Tl, o6pa30BaHHbiX 

-1 B OCHOBHOM (n P ) KOH$HrypaD;HJIMH, OKa3biBaeTCJI B03MO)f(HbiM 

TOllbKO Ja cqeT H30BeKTOpHbiX KOppen.IID;HH. CyMMapHO 3TH COCTOJIHHJI 

ucqepnwsaroT npHMepuo 0,45" npasuna cyMM I 17 I. AHanorosoe 

cocTOJIHHe s 208Bi ucqepnwaaeT 90,2" npasuna cyMM /T.e. 

be =9,8,/. CMeWHBaHHe no H30CnHHY aHanorOBOrO COCTOJIHHJI B OCHOB" 

HOM 06.113aHO rpynne BbiCOJCOlle)f(ai.QHX ypOBHeH B o6naCTH 3HeprHH 

25· 28 M3B, KOTOpble .D.aiOT BKna.n. nop.II.D.Ka 9, B npaBHllO CYMM 

/17 I. HHJKone)f(ai.QHe HJo6apuqecxue cocTO.IIHH.II .n.aroT OTHOCHTellbHO 

He60llbWHe npHMeCH no H30CnHHy, qTO cornacyeTCJI KaqeCTBeHHO 

C BbiBO.D.aMH pa60T '3 • 13/, 

PeJyn~oTaTbl pacqeTa p.11.n.a xapaKTepHCTHK ocHOBHbiX H aHanoro

awx COCTOJIHHH H306apHbiX Jl.lJ.ep npHBe.D.eHbl B IIU6A. 1. IlpaKTHqecKH 

so scex .H.D.pax sw6pauua.11 napaMeTpHJau;H.II noTeuu.uana By.n.ca

Caxcoua noJaon.HeT xopowo onucaTb JMnupuqecxue .n.auuble no 

cpe.D.HeKBa.D.paTHqHbiM pa.n.uycaM H 3HeprHH CHMMeTpHH. 

BwqHClleHHble 3HaqeHHJI npHMeceii P(T O + 1) B OCHOBHbiX co· 

CTOJIHHJIX BCeX .II.D.ep, KPOMe 208 Pb, B 2·5 pa3 BbiWe rH.D.PO.lJ.HHaMH· 

qecKOH ou;eHKH /2/. 3TO CBJI3aHO, BB.li.BMO, C TeM, qTO Hawa 

MO.D.ellb npe.n.cKa3biBaeT .ll.llJI H30BeKTOpHOrO MOHOnOllbHOrO B036y)l(· 

.n.eHHJI s TaKHX •.n.pax JuaquTen~ouo weu~owyro JHepruro I ""25 M 3B/, 
qeM ru.n.po.n.uuawuxa. B 208 Pb, o.n.uaxo, uawa ou;euxa /cw. puc. 1/ 
6nH3Ka K rH.D.PO.li.HHaMHqecKOH. ll03TOMY cpaBHHMbiMH OKaJallHCb 

H ou;eHKH P(T 0 + 1). 
C .Q.pyroii CTOpOHbl, npHBe.D.eHHble B IIU6A. 1 3HaqeHHJl npHMeCeH 

noqTH s 5 pa3 weu~owe o.n.uoqacTuquoii ou;enKH n < qTo JIBnJieTCJl 

cne.D.CTBHeM yqeTa KOppenJlD;HH. Ba)f(HOCTb yqeTa KOppenJID;HH OTMe· 

qanac& TaK)f(e B pa6oTe 131. 
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B •a6.11. 1 npHBe.D,eHLI BLI'IHCJieHHwe JHa'leHHJI JHeprHH aHanoro

soro cocTOJIHHJI wAC /co6cTBeHHoe JHa'leHHe HI OTHOCHTeJihHO 

pO.D,HTeJihCJCOro JI.D,pa H cpe.D,Heii: 3HeprHH JCYJIOHOBCJCOrO C.D,BHra 

~E0 ,0Dpe.D,eJIJieMOB COOTHOWeHHeM /l,9 •221 : 

1 -
~E c = <0\[T+, [H,T_]]\0> / <0\[T _, T+ ]\0>"' -2T--- l (p\\n)(p\\V0 \\n)(n0 -n P). 

0 pn 

/28/ 
06e BeJIH'IHHLI OJCaJLIBaJOTCJI CHCTeMaTH'IeCJCH HIDt<e JJCCnepHMeH

TaJibHOB 3HeprHH JCYJIOHOBCJCOrO C.D,BHra~&0,npH'IeM pa3JIH~He pac

TeT c pocTOM A. )J,eTaJihHOe o6cy)I(.D,eHHe paJJIH'IHJI L\EcH lk"0 co.D,ep· 

)I(HTCJI a pa6oTe 141. B HecaMocornacosaHHOM no.D.XO.D.e MO)I(HO nony

'IHTb npaBHJihHYJO 3HeprHJO aHaJIOrOBOrO COCTOJIHHJI JIH60 DO.D.rOHJCOB 

napaMeTpa HJOBeJCTOpHLIX CHJI npH ~HJCCHpOBaHHOM H30BeJCTOpHOM 

noTeHuHaJie /xax a pa6oTe 11 31' ,JIH6o sapHaUHeii: rny6HHLI H3osexTop· 

HOrO DOTeHUHaJia DpH ~HJCCHpOBaHHOM napaMeTpe CHJI /JCaJC B pa· 

6oTel241 I. O.D,Haxo cne.D,yeT noMHHTh, 'ITO JHeprHJI xynoHoscxoro 

C.D,BHra ~H3H'IeCJCH .li,OJI)I(Ha onpe.D,eJIJITbCJI 3JieJCTpOMarHHTHLIMH CHJia· 

MH. fipH CaMOCOrJiaCOBaHHOM ODHCaHHH wAC H L\E
0 

BeCbMa CJia6o 

3aBHCJIT OT ~OpMLI H JCOHCTaHTLI H30BeJCTOpHLIX CHJI, 'ITO OTMe'laJIOCh 

B pa6oTe !.l~fiOJTOMY TeopeTH'Iecxoe o6'hJICHeHHe Ha6JIJO.D,aeMwx !\&0 

DOJCa OCTaeTCJI OTJCpLITOB npo6neMOB. 

B nocne.D,Heii: xonoHxe •a6.11. 1 npHBe.D,eHw BLI'IHcneHHwe 3Ha'le· 

HHJI nonpasxH a c x csepxpa3peweHHLIM ~epMHeBCJCHM nepexo.D,aM. 

)J,JIJI HeJCOTOPLIX JI.D,ep DOJiy'leHLI OTPHUaTeJihHLie 3Ha'leHHJI o c 

JCaJC CJie.D,CTBHe y'leTa JCOppeJIJillHB B OCHOBHOM COCTOJIHHH. BeJIH'IHHa 

H 3HaJC nonpasxH .D.OBOJihHO ycTOB'IHBLI x He6oJihWHM sapHaUHJIM 

napaMeTpOB a H TJ /CM. puc. 2/, O.D,HaJCO CYIJleCTBeHHO 3aBHCJIT OT 

JCOJIH'IeCTBa y'IHTLIBaeMwx pe3oHaHCHLIX yposHeii:. HanpHMep, ecnH 

DpOBeCTH paC'IeTLI C y'leTOM TOJihJCO CBJI3aHHLIX COCTOJIHHB, TO .li,JIJI 
50Mn nonyqaeTCJI 3Ha'leHHe 8 c ~ -0,07~, a .D,JIJI 

54Co • 3Ha'leHHe 

a c"'-0,7~. AHaJiorH'IHaJI 3aBHCHMOCTh WACH Be OT BJCJIJO'IeHHJtpe3o-

HaHCHbiX ypOBHeii: DOJCa3aHa B •a6.11. 1 .li,JIJI 208Pb. fiOJTOMY 6onee 

Ha.D,e)I(HWe oueHJCH a c Tpe6yJOT TO'IHoro y'leTa cnnoWHoro cnexTpa. 
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