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KHH'ISKOB B.C. P4 - 8526 

3Hepi'HH H !jlopM!jlaKTOphl SIJlpa yrnepOJl8 C y'IeTOM p8JlH8ilbHblX 
Kone6aaull. anb!jla-KnacTepoa 

MeToJloM reaepaTopaoll. KOOPilHHBThi c 9!jl!jleKTHBHhiMH ayKnoa-HyK-

! 

.. 

noHHbiMH cunaMH BonKoaa H EpuaKa-EoeKepa pacc'IHTSHhi 9Hepi'HH 

apamaTenbHhlX COCTOSIHHll SIJlpa 12 C C y'IeTOM pallHBnbHhlX KOne6aHHJI. anb!jla-1 l' 
KnaCTepOB, Y'IeT TSKHX KOne6aHHll ITOHH*SeT 9Hepi'H~ CBSI3H SIJlpa yrnepOJl8 
u yny'I111aeT cornacue pacc'IuTaaaoro crreKTpa c 9KCrrepuMeHTOM, BhiSIBneao 
anuSIHHe Kone6aaull. palluanbaoro Tuna anb!jla-KnacTepoa aa aapSIIlOBhiil. !jlopM-

!jlaKTOp ynpyi'OI'O pacceSIHHSI 9neKTpOHOB, 

fipenpHHT 06'be,QHHeHHOrO HHCTHTyTa Jl,nepHbiX HCCJJe,QOBaHHJi 

,ll;y6Ha 1975 

Kinchakov V.S. P4 - 8526 

Energies and Charge Form Factors of. the Nucleus 
Carbon with Radial Oscillations of Alpha-Clusters 
Applied 

By the method of generator coordinate with effec-
tive nucleon-nucleon forces of Volkov and Brink -
Boeker ,with radial oscillations alpha-clusters applied, 
energies of rotational states of the-nucleus 

12 c are 
calculated. This method,with radial oscillations applied, 
reduces the binding energy of the nucleus carbon, improves 
concord calculated spectrum with experiment. The influence 
of radial oscillations of alpha-clusters on the charge 
form factor of the elastic electron scattering was found. 

Preprint of the Joint Institute for Nuclear Research 

Dubna 1975 

1. fiODblTKa 3KCDepHMeHTanbHO 06'LJICHHTb Ha6mo,D.aeMblH 

4!opM4!aKTOp pacceJIHHJI 3neKTpOHOB C B036y)I(,IJ.eHHeM 0 + 
ypoBHJI JI,D.pa 

12 C /7,68 M 3B/ Ha OCHOBe npe,D.CTaBneHHJI 

3TOrO COCTOJIHHJI KaK rapMOHH'IeCKHX KOne6aHHH anb4!a ·'laC· 

THU pa,D.HanbHOrO THDa, COXpaHJIIOmHX CHMMeTpHIO OCHOBHOrO 

COCTOJIHHJI /paBHOCTOpOHHHH TpeyronhHHK/, He npHHecna 

ycnexa Ill . He,D.aBHO 6hlno noxaJaHo 121 , 'ITO xopowee 

cornacHe C 3KCDepHMeHTanbHblM 4!opM4laKTOpOM 0+ ·co· 

CTOJIHHJI MO)KHO nony'IHTb B TOR )Ke anb4!a • 'laCTH'IHOH MO,D.enH, 

ecnH B Ka'leCTBe DOTeHUHana BlaHMO,D.eHCTBHJI Me)K,D.y anh4!a • 

'laCTHUaMH Bbl6paTb He 6eCKOHe'IHYIO OCUHnnJITOPHYIO JIMy, 

a peanHCTH'IeCKHii noTeHuHan, Y'IHTblBaroma.ii OTTanKHBaHHe 

anb4!a • 'laCTHU Ha ManblX paCCTOJIHHJIX. 

Boo6~e rosopJI, Heo6xo.D.HMOCTh BBe.D.eHHJI noTeHuHana 

C KOpOM Bbl3BaHa H TeM, 'ITO DpH BKnJO'IeHHH KOne6aHHH 

TaKOrO THDa B ,D.aHHYJO MO,D.enb · CTaHOBJITCJI cy~eCTBeHHblMH 

34MIJeKTbl aHTHCHMMeTpH3aUHH Me)I(,IJ.y HyKnOHaMH Hl palnH'I· 

HblX anb4la·'laCTHU. B 3TOH CBJI3H onpe,D.eneHHblH HHTepec 

npe,D.CTaBnJieT paCCMOTpeHHe 3TH X KOne6aHHH B anh4!a • Knac • 

TepHOH MO,D.enH 131, KOTOpaJI eCTeCTBeHHblM o6pa30M Y'IHTbl· 

BaeT Tai<yJO aHTHCHMMeTpH3aUHIO. 

2. <l>opManHJM, o6ecne'IHBaroma.ii opToroHanbHOCTb son· 

HOBblX 4!YHI<UHH COCTOJIHHJI anb4!a·I<nacTepHOrO JI,D.pa, BOJb· 

MeM Hl pa6oThl JipHHI<a 13 I . <l>yHI<UHH c Ja,D.aHHblM yrno· 

BblM MOMeblTOM H 'leTHOCTbiO npoei<THpyJOTCJI Hl BHyTpeHHero 

COCTOJIHHJI IU( R 1' R 2' R 3) > 

2.1+1 *J .. -+ -+ .... 
IUJMK1T >=---JdeDM~e)R(e)IU1T<R~>R2 ,R 3 ) >, /1/ 

8rr 2 

3 
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Ta6.JIHUa I 

11apa.MeTpll aqxpe.rtTMBHoro HYKJIOH-HY.KJIOHHoro 

B3a.HMO.D;9HCTBTIUI 

B1 Vz 
~(M3B) 389.5 60.0 

)lL(<f) 0.7 I.OI 
I 

YY1"(. -0.529 0.65 

~ (M38) !40.6 -60.0 

)A 04 (cp) !.4 !.8 

YY"'ex, 0.4864 0.65 

r.D;e BeKTOPLI R i onpe.D;emnoT nono>KeHHJI anLclla-KnacTepoa, 

OTHOCHTeJILHo ,.KoTopwx 'leTblpe HYKJIOHa HaXO.D;JITCJI a Is -
cocTOJIHHJIX, R(8) - onepaTop noaopoTa Ha yrJibl 3inepa, 

0 ~K - o6o6meHHLie cl!lepH'IeCKHe lilYHKQHH. 

B COOTBeTCTBHH C BbiWeCKa3aHHLIM B Ka'leCTBe reHepa

TOpHOH KOOp.D;HHaTLI Bb16HpaeM paCCTOJIHHe R OT :QeHTpa 

TpeyrOJILHHKa .1{0 :QeHTpa aJILI!la·KJiaCTepa. raMHJILTOHHaH 

,D;HarOHaJIH3yeTCJI Ha HeOpTOrOHaJILHOM 6a3HCe H pe3yJILTH

pyiOll(ee C06CTBeHHOe COCTOJIHHe 

1 t · i · , r c i c R) 1 u c R > > dR , 
JM TT J JM TT 

/2/ 

lt:JMTT(R)' c ~ b~IUJMKJR)>, /3/ 

r,IJ;e K03414lH:U:HeHTLI b ~ .I{JIJI HH>KaHWHX COCTOJIHHH onpe,D;eJIJI· 

IOTCJI H3 YCJIOBHH TO'Ie'!HOH CHMMeTpHH ( 0 3h) BHyTpeHHeH 

BOJIHOBOH lilYHK:U:HH, a C; - peweHHJI HHTerpaJILHOrO ypaB

HeHHJI XHJIJia- YHJIJiepa 

fd~'<UJM7ao;I~- Ei IUJMTTCR')>c;cR') =o, 

H h2 ~ 2 "' " T =---.:..'\711 2. \' .. - ' 
2M ioJ i<j lJ g 

V N N = l V f ( l - me + me P m) exp [ -e =r ,a 

2 
r 12 

-2-], 
11e 

/4/ 

/5/ 

/6/ 

r.D;e T g - KHHeTH'IeCKaJI 3HeprHJI .D;BH>KeHHJI :u:eHTpa Mace, a B 

Ka'leCTBe HYKJIOH HYKJIOHHoro 3414leKTHB7oro B3aHMO.D;eicT

BHJI B~6HpaJIHCL CHJILI BoJIKOBa M2 v2 /4 H lipHHKa, lioeKepa 

B 1 '
5

/ • IIapaMeTpLI CHJI yKa3aHLI a ma6A. 1. 

Cne.D;yJI lipHHKY H liopHCOBH'Iy/3/, 

-)' . ...., . ~ 

f dR C~ ( R) ~ ~ C ~ ( Rj) . 
J 

/7/ 

06nacTL HHTerpHpoaaHHJI B /7 I pa36HaanacL Ha 'leTLipe 

yqacTKa C HHTepaaJIOM B 0,6 - 0,8 cJ>M. TpeXMepHOe HHTe

rpHpOBaHHe no yrJiaM 3HJiepa npOH3BO.I{HJIOCL no CTaH,D;apTHOH 

nporpaMMe/6 / • Pe3yJILTaTLI .D;HaroHaJIH3a:QHH raMHJILTOHH

aHa noKa3aHLI Ha puc. 1 H 2. 
Ha puc. 1 npe.D;cTaaneHbl peweHHJI ypaaHeHHJI /4/ c cH

naMH V 2 .D;JIJI HH>KaHWHX Bpama TeJILHbiX COCTOJIHHH. BH.D;HO, 

5 
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Puc. 1. PeweHUJI ypaeHeHUJI /4/ 011.11 Huxailwux epaf14ameAb
HbiX COCIIOJIHUU JIOpa YZ(Iepooa. BepmUKOIIbHble CIIOII6UKU eCI/Ib 
3Ha'leHUJI OMnAUIIIYO C.t . B oaHHOM pac'leme ucnOIIb306011UCb 
CUAbl BoAKoea No 2. (rna =m r = 0,65) . 
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' 

qTo B cocTO.IIHH.IIX 3- , 4+ MaKCHMYM 4JyHKUHH CJ( R j) 6o

ITee nOITOrHH H HCCKOITLKO C~BHraeTC.II B CTOpOHY 60ITLWHX 

R no cpaBHCHHIO C TCM, qTO HMCCM ~IT.II OCHOBHOrO COCTO.II

HH.II. 

CpaaaeHHe noiTyqeaa~x B pe3yiTLTaTe ~HaroaaiTH3aUHH 

C06CTBCHH~X 3HaqeHHH ypaBHCHH.II /4/ C 3KCner.HMCHTaiTLH~M 
cneKTpoM, pacqeTaMH 6e3 yqeTa KOITe6aHHH 

71 H c pacqe

TaMH C yqeTOM "yriTOBLIX" KOITe6aHHH aiTL4Ja-KITaCTepoa/8/ 

~aao aa puc. 2. Xopowo BH~Ho, qTo yqeT KoiTe6aHHH aiTL!lla

KITacTepoa pa~HaiTLHoro THna yiTyqwaeT coriTacHe c 3Kcne

pHMCHTaiTLHLIM pacqeTHOrO CnCKTpa jcpaBH. nep

ByiO, BTopyiO H qeTBCPTYIO KOITOHKH puc. 2/ H 6oiTee qeM Ha 

1 M3B noHH>KaeT 3HeprHro CB.II3H .11~pa yriTepo~a. llpH cono-

cTaBITCHHH npoae~eHHLIX 3~CCL pacqeTOB C pe3yiTLTaTaMH /
8

/ 

CITe~yeT HMCTL BBH~y, qTo B pa6oTe / 8/ B raMHITLTOHHaHe 

yqHTLIBaiTOCL H KYITOHOBCKOC B3aHMO~CHCTBHC Me~y HyK

ITOHaMH. 3aMCTHM, O~HaKO, qTO BKITIOqeHHC, Hap.II~Y C ITHHei

HOH H TpeyroiTLHOH KoH!llHrypanHBMH aiTL!lla-KITacTepoa, co

CTO.IIHHH, npoMe>KyTOqHLIX MC>K~Y HHMH /"yriTOB~e" KOITe6a

HH.II/, npHBO~HT K CHITLHOMY nOHH>KCHHIO 3HeprHH ypOBH.II 3- /G/ 

/eM. TpCTLIO KOITOHKY pUC. 2/. 113 TOrO>KC pHCYHKa CITe~yeT, 
qTo HcnoiTL30BaHHe CHIT BoiTKOBa 'f 2 B ~aHHLIX pacqeTax 

3HeprHH BpamaTeiTLHLIX ypOBHCH Be~eT K ITyqWHM pe3yiTLTa

TaM no cpaBHCHHIO C pe3yiTLTaTaMH, noiTyqeHH~MH ~IT.II CHIT 

lipHHKa, bOCKepa /eM. nepByiO, qeTBepTyiO, WCCTYIO KOITOHKH 

puc. 2/. ' 
Pe3yiTLTaTLI ~HaroaaiTH3aUHH raMHITLTOHHaHa noKa3LIBa-

IOT, qTo, KaK ~IT.II CHIT V 
2 

, TaK H ~IT.II CHIT B 1 pa~HaiTLHa.ll 

Mo~a ~BH>KCHH.II aecymecTseaaa ~IT.II onHcaHH.II BToporo 0 + 
COCTO.IIHH.II. 3TO MO>KCT 6LITL CITC~CTBHCM H HepearrHCTHqe

CKOH aCHMnTOTHKH O~HoqacTHqHLJX BOITHOBLIX 4JyHKUHHjgj, 

H ~e4JeKTOB BLI6paHH~X HYKITOH-HYKITOHH~X CHIT. B qaCTHOCTH, 

Hap.II~Y C npaBHITLHLIM npe~CKa3aHHCM 3HeprHH CB.113H Tpex 

H30ITHpOBaHH~X aiTL4Ja-qacTHU, HCnOITL3YCM~e HYKITOH-HyK

ITOHHLIC CHilLI ~aiOT Hey~OBITCTBOpHTCITLHOe 3HaqeHHC ee ~IT.II 

.11~pa 12 C • Pa~HaiTLHa.ll Mo~a ~BH>KCHH.II qyacTBHTeiTLHa K Ta

KOMY HC~OCTaTKY 3~CKTHBHOrO ~ByxqaCTHqaoro B3aHMO~ei
CTBH.II. B paMKaX C~eiTaHHLIX 3~CCL npH6ITH>KCHHH B B~6ope 
KaK ~ByxqaCTHqH~X CHIT, TaK H O~HoqacTHqHLJX BOITHOB~X 

4JyHKUHH BTOpoe 0 +. COCTO.IIHHC reaepHpyeTC.II "yriTOB~MH" 
KOITe6aHH.IIMH aiTLiila- KITacTepoB 18 I. 
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3. <l>opMcllaKTOpbl pacceJIHHJI 3JieKTpOHOB C B036y~eHHeM 
aJILclla- KJiaCTepHOrO JIApa B 6opHOBCKOM npH6JIIDKeHHH onpe

AeJIJIIOTCJI cllopMyJIOH 

2 ----- 2 2 
F~(q)=G(q)liLV4rr(2L+l)Jr pL(r)jL(qr)drl, /8/ 

rAe L - nepeAaHHbiH MOMeHT KOJIH'IeCTBa ABH:>KeHHJI, PL ( r) -

nepeXOAHaJI llJIOTHOCT~ /paCC'IHTbiBaJiaCL C llOMO~LIO BOJI
HOBLIX ciiYHKUHii /2/ I, jL ( qr) - ccllepaqecKaJI liJyHKUHJI Becce-

JIJI, G(q) y'IHTLIBaeT KOHe'IHLie pa3MepLI npoToHa H ABH:>KeHHe 
ueltTpa Mace aTOMHoro JIApa/10 7. 

<l>opMcllaKTOpLI ynpyroro pacceJIHHJI 3JieKTpOHOB Ha JIApe 

yrnepoAa, pacc'IHTaHHLie no cllopMyne /8/, H3o6pa:>KeHbl ua 
puc. 3/,cnnowHaJI, nyHKTHpHaJI H wTpaxnyHKTHpHaJI KPHBLie 
OTBe'laiOT y'leTy paAHaJILHLIX KOJie6aHHH AJIJI HYKJIOH- HYKJIOH
HLIX ABYX'IaCTH'IHLIX B3aHMOAeiicTBHH V2(ma=mr = 0,65) ; 
( m a= m r = 0, 55) H B 1 cooTBeTCTBeHHO/. JiOJILwoe 

OTKJIOHeHHe CllJIOWHOH H WTpHXllYHKTHpHOH KpHBLIX OT 3KC
nepHMeHTaJILHOrO cllopMiiJaKTOpa eCTL CJieACTBHe 3aBb1WeH
HLIX 3Ha'leHHH cpeAHeKBaApaTH'IHLIX paAHYCOB JIApa yrnepoAa 
AJIJI can V2 (rna( r)=0,65)H B 1 /eM. ma6A. 2/. Jlyqwee cornacae 

paCC'IHTaHHOrO cllopMcllaKTOpa C 3KCnepHMeHTaJILHO Ha6JIID
AaeMLIM HMeeT MeCTO AJIJI 3414JeKTHBHOrO B3aHMOAeHCTBHJI C 

KOMnoueHTOii o6MeHHLIX CHJI Maiiopaua c m a = m r = 0, 55 
/nyHKTHpHaJI KpHBaJI/. TaKoe H3Meueuae napaMeTpa o6MeH
uoro B3aHMOAeHCTBHJI npHBOAHT OAHOBpeMeHHO K "c:>KaTHIO" 
cneKTpa H B03pacTaHHIO a6COJIIOTHOH BeJIH'IHHbl 3HeprHH 

CBJI3H I cpaeH. 'leTaepTyiD H nJITYID KOJIOHKH puc. 2/. 
TaKHM o6pa3oM, npoBeAeHHLiii 3AeCL y'leT paAHaJILHLIX 

Kone6auaii npHBOAHT K uapyweHHID xopowero cornacHJI Teope
TH'IecKoro 4JopMcllaKTopa ynpyroro pacceJIHHJI 3JieKTpouoa 
C 3KCnepHMeHTaJILHLIMjgj , B 3TOH CBJI3H OTMeTHM, 'ITO 

"peaJILllble" HYKJIOH-HYKJIOHHLie CHJILI AOJDKHbl npHBOAHTL K 

llOBeAeHHIO 

c j il- il 
0
> ~ o oi- il0 > , /9/ 

rAe R 
0 

onpeAeJIJieT paauoaecuoe nono:>KeHHe anLclla-KnacTe

pa, o - AeJILTa-cllyHKUHJI ,IJ;apaKa. 
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1 2 ~ q (¢lM-1) 

Puc. 3. tl>opM(JaKmop ynpyzozo pacce.RHUJI 3AeK11lpoHoe Ha 
JICJpe YZAepo(Ja, paCC'IU111QHHblll C y'le1IIOM paCJUQAbHbiX KOAe-
6aHUU aAr.(Ja- KAac•epoe. CnAOJUHa.R, nyHKIIUpHa.R u JUIIpux· 
nyHKIIUpHaJI KpU6ble 01116e'la10111 Y'lellly KOAe6aHUU CJAJI CUA 
BoAKoea Jfi2 (ma=mr =0,65), u (rna= mr =0,55) u CUA 
EpuHKa, EoeKepa coo•eemcmeeHHo. 

Ta6nau.a 2 
3Ha'leHB.II cpe,nHeKaa,npaTB'IHLIX pa,naycoa .11,npa yrnepo.na, 
paCC'IBTaHHLie C y'leTOM pa.naanLHLIX KOne6aHBB anLciJa
KnaCTepOB, .nn.11 pa3nB'IHLIX HyKnOH·HyKnOHHLIX CHn. 3Kcne
pBMeHTanLHLIB cpe.nHeKaa.npaTB'IHLiii pa.nayc .11.npa yrnepo.na-

2,37 4Mc 

NN- CIIJDl \k(tn~t_= Wh_::0.65) 81 Vz ( me:\ =mt.=o.ss) 

R. (t2.c > 2.?8 3.00 2.49 
I -- -- --- --- ~......-.-
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B 3aKmo'leHae aaTop BLipa)l(aeT 6naro.napHOCTL E.B.HHo
DBHY 3a CTHMynapyrollUie 6ece.nLI, B.K.JlyKL.IIHOBY B IO.C.Ilo
mo - 3a none3HLie o6cy)I()J;eHB.II. 
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