CTpyKTypa aTOMHBIX SAEP:
COBPEMEHHEIE MOACIIH

Yacts 2. Mogenb 000JI04€EK.
Yacts 3. [lapHbI€ KOpPEIALIMU HYKITIOHOB.



Pa3HOCTb mexay akcnepmmeHTaJibHbIMN 3Ha4YEHNAMU MaCC A4€epP
U NX MaCCaMm B MO4ETU )KI/I,EI,KOI7I Kaniaun

_20 | 40 60 N

(MeV)

Experimental shell effect, (Mgyp—Myquid drop)




3HepI'MFI oTaeneHuA HeﬁTpOHa B A4pPaxX C HEYETHbIM YNC/ZTOM HeﬁTpOHOB

N odd
- Sy (N, 2)=B(N, Z) - BIN-1,2) 7 ecen

N-Z=-1
/\/\/ N=2Z=1

10

S

Q

2

o |
5...
0oFr

3
0 10 20 3C 40 50 60 70 80 90 100 110 120 130 140 150 160

1 1] | | | .

2 8 20 28 - 50 82 126

T

7




25

— N
o o

IONISATION POTENTIAL (eV)
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ATOMHble 060/104YKHU

1

4

2 10 18 36 54 86

S 2R B b o vz
O 10 20 3 4 5 6 7 9 100
+++2p+ +3p*4s,3d * 4p - 5s5,4d -5p - 6s, 5d,4f - 6p- 7s,6d,5f
1s 28 3s

Closed shells calculated from the pure Coulomb potential.

Shell ¢ States (n + 1)/ Number of Total Exp.
N electrons
1 0 Is 2 2 2
2 0,1 2s, Ip 246 10 10
3 0,12 3s, 2p, Id 246410 28 18
4 01,23 d4s, 3p, 24, If 246410414 60 36
5 01,23, 110 54

Ss,4p, 3d, 2f, 1g 246410414418
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YPOBHU 3HEPTUU U YMCNA 3aNOJIHEHUA ANA ABYX NOTEHLMAN0B

a) npamoyrosibHaa sma  b) ocuMnnATOpHbLIN NOTEHUMaN
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- 20 i~ 34 hw J
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(a) (b)

E,=(N+}¥)hw, N=2n+I
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MoandpunumnpoBaHHbIN OCUUANATOPHbIN NoTeHuman (HunbccoH, 1955)

/7 (1) = [84}——18¢
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- O=N—2 20-Q2g 28 i
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| = —2s (2)= () 20y
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16
1% ] (2)= By —— 8 ()
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MarHMTHbIM MOMEHT HeYeTHbIX saep B moaenn obosouek

[MpOoTOHbI HenTpoHbl

OpbuTtanbHbit momeHT U, =g,/, g, =1  OpbutanbHbit MOmeHT i, =g/, g, =0
CnuHOBbIA MOMeHT 4, =g.5, g, =558  CnuHosbIi MOMeHT U, =g, g, =-3.82

—

CnuWH HeYeTHOro aapa = Yr10BOMY MOMEHTY HeyeTHoro HyknoHa I =j=1[1+s
MarHMTHbIM MOMEHT HEYETHOrO A4Pa = MAarHUTHOMY MOMEHTY HEYETHOrO HYK/IOHA

- - =1 - 1 PR -
p=gl+gs =5(gz +g ) +S)+§(g, —g )l —-5)=g,j

- 1 =, 1 = ) 1 1 (I—s)[+s+1)
. = — + + — — l — = 0. = — + + — —
g;J 2(gz g,)J 2(gz gl -5 )=>g, 2(gz g,) 2(gz g,) D

gs _gl
20 +1

I+

g, =g A j=[1%1/2

u=g,j  wu(hole)=pu(particle)
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=j+229, j=[+1/2

=j-229-1 j=1-1/2 x

U

My
u

My

j+1

HenTpoHbl

=191, j=I1+1/2 x

1912, j=1-1/2
j+1

Magnetic moment (ef/2M)

Magnetic moment (eh2M)

Odd-2Z
| | ] | |
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Nuclear spin
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9 ~C
i 0o a,
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] | 1 | i o
1/2 3/2 5/2 7/2 9/2

Nuclear spin




Bo36yKAeHHble COCTOAHMUA ABYX M30TOMNOB KMC/I0POa
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Bo36yKAeHHble COCTOAHMUA B ABaXAbl MAarM4eCcKOM CBUHLIE U B COCEAHUX AApaXx
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KBaapynosbHbI MOMEHT HEYETHbIX AA4ep B moaenn obonoyek

1/2
Onepatop Q=3z"-r>=r’ 16?7[] Y, (6,9)

N

€l .. AL 2j-1
Cpennee 3Hauenne O =| 7 = NI r*|NI), e =1,e =0
pexn 0 LJ<JJQ|JJ> Lj2]+2< P2 NI), e, =Le,

[Topsmok BemunHbl Q = <r2> ~R?>=0.0144"" barn
O(hole) = —Q( particle)

MonAapulauma octoBa A4pa BHELWIHMMM HYKNOHaMU

snpo 1209 lng 209B1126 1151n66 175Lu104
Cocrosmue wd,,, s, 7hy, (m2,,)  7/2
Qexp (bn) —-0.026 —-0.10 -0.46 0.86 5.68

Q,(bn)  —0.051 -0.051 -030 0.22 0.22
e, =0,,/0, 051 20 1.5 3.9 25.8
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[Monspusauma octoBa A4pa BHELIHMMU HYKIOHAMM
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Systematics of Electric Quadrupole Moments

"R s AR
o ZR° R

odd-N
“ odd-Z ﬂ

20~

15

Nuclear Deformat lons

Mosﬂy prolate (Q>0) heavy nuclei
Alr 25 n, 141951’1’ 1771'6’-"11 %27E!’
Q0: e.q., hole in spherical core >

ern not obvious. If such nuclei exist,

weak effect of hole for Q

ay

ﬁ@wmmmm
:ﬁéau&m -
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Q<0: e.q., exira particle around
spherical core. pattern recognizable

17 123 2005
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CpeaHee none aedpopMUPOBaAHHbIX A4Ep
J
X

N

yA

2
H= p—+%(wjx2 + @y’ +a)2222)— 2haw,kl -5 —haw,kul’
m

w; :w§[1+%5] w’ :wj(l—i5]
3 3

-1/6
0,0,0. = 0,0; = 0,(5), ©,(5)=414" [1—%52]

5:2‘/ B~0958, B= 106% B=02-03

Bonuosas Qynkuus ¥ =D}, (@)@, (q)




CamocorsiacoBaHHoe cpeagHee noJse

o

- {(‘D |H|®)- Zé}(pf (P, (p)} =

p.(p) i=123,.. - OpTOHOpMI/IpOBaHHaSI cucteMa G yHKIUH

I'amunisToHMan H = Zlea a, +— 2 G 47,4,
i,j,k,l

= [0/ (DT (P)p (p)dp, T = —Z%A, Vs = [0 (0)0, (0 (0,00, (00, (p)dpdp

OnepaTopbl POXKAEHUA N YHUYTOIKEHUSA HYKJIOHOB

+ + _ + .+ + o+ _ _
a’a,+aa =9, a'a +aa =0, aa +aa =0, al0)=0

BonHoBas PyHKLMA OCHOBHOIO COCTOSIHMA A4Pa

®= Hak|0> (@ | D)= H(OIakak|0>=



(@ |a/a, |®)=05,, (@ |a;aaa, | ®)=6,0,-06,0,
(© [H|D)= Zl,jcoj (P)To,(p)dp + EZM (L)@, (P W (pp ), (P, (p)dpdp'-
= i,]
IE v,
_EEM (PP, (P WV (p. P9, (P9, (p)dpdp'
i,j
[locne Bapuwanuu 110 (0: (0)

To, (p)+Zj¢j(p')V(p,p')¢,- (P, (p)dp'—z,fcaj(p')V(p,p')cav (P9, (p)dp'=¢€,0,(p)
Horenan Xaptpn: Uy (0)=, [9(0)W (0.0, (p)dp'=]V (p. p)R(p")dp'

A
OOmennbIl "moTeHIUan" doxa : UF(,O,,O'):Zqoj(p')V(p,p')goj (p)dp'

J=1

YpaBHeHUE ANA BONHOBbIX PYHKUMM U SIHEPTUI HYKNOHOB
B CAMOCOr/1acoBaHHOM noJsie A4pa

{— %A +Uy (p)}qov (p)+ IUF (P, P, (p)dp'=€,9,(p)



CamocornacoBaHHbIM NOTEHLUMAN HEUTPOHOB M NPOTOHOB ANA aapa Sn-114

-

10 1+10

-10} {-10
§ -l o §
-40} {-40
-0} {-s0

KynoHoBckuit noreHmman V. (r) =




| lapHbI€ KOppETAIINA HYKIIOHOB

h2A+2VNN( AL YE Z[_MU )+2VNN( )_Z‘U(n)

i<j 1<J

=-3

V = V([ = O) + V(] = 2) + V([ = 3) + V(] = 4) +.... OcTtatoyHoe B3aumogeuncremne V

. JIBe yacTUILBI C I—O B Hoz[06onoql<e ]
¥0(.2)= ), C 9,0, (2)= 0m(D@(2), ¥ (1,2) ==Y ,(2.])
) =3

m==j

ComnpspKeHHOE MO BpeMEHH COCTOsiHHE @ (2) = (— )™ m(2)

Bo BTOpHYHOM KBAHTOBAaHUH @, — d,|0), @, — a:|0), mosTomy

= o 2 WZ G

'amuneronnan H=H,+H, =€, Z(ajm i T @ ) — GZa a_a_.a,

Jm=" jm =" jm"™" jm'
m>0 m,m'>0

Zajma]ma]majm Zamam‘O 28 -G(j+1/2)]¥Y,

\/]+1/ m,m'>0 u=1/2

H\PI:O — HO‘PI:O

HY,,, = 2‘9]'\{’1;&0



Metona bapaunHa-Kynepa-LLpudpdepa (meton BKLL)

[amunsronnan H = ng (aya,+a;a,)-GY a a;a;,a,. V,V'- OTHOYACTHYHBIE COCTOSHIS
1% vy'

Bapuaunonsas gynkums Wy = [ [ (U, +V,a;a;)|0) = ‘6>, a,|0)=a,|0)
Hopwmposxa (0[0) =(0|[TW, +¥,a,a,)U, +V,a7a))|0)=]W; +¥)=1, U+ =1

Yucno vacruy vetnoe Wy, =y, +¥, +¥, +..., HOHE ONPEIACICHO

3amaya ¢ (PUKCUPOBAHBIM YKMCJIOM YaCTHII :

minE (U,,V,) = min<6‘H —/12(0:% +aga;)

0)=n

6> IpH YCIOBUH <6‘Z(a: a,+a.a.)

BblumMcneHue cpeaHuUxX 3Ha4YEHUM

aa, 6> =(0|U, +V,aya,)a,a,(U, +V,a,a;)0)=V, <6 aa.

0)=7;

+ +
av a17a17av

0)=(0U, +7,a,a,)a;a}aa, (U, +V,a}a;)|0)=V;

a:a;aﬁ'av' 6> = <O‘(Uv + Vvaﬁav )a:a; (Uv + Vva:a; )(Uv' + Vv’aﬁ'av')aﬁ'av'(Uv' + Vv'a:'a;')‘ O> =

=UV,UJV,, ecu V£V

viv



OYHKUMOHAN U ero MMHUMKU3aLUUA
0)=2%(e, -V, -GYUV, YUV, -GV,

U, 9 A
A .4
J V) v

vV, 9 U,’

Ey(7,)=(0|H'

oE'
14

14

14

=4(g, - )V, —ZGZUV,VV.[UV -V, (I; ): 0

YpaBHeHUAa ana onpepeneHmna U nV

2, - DUV, —AU*-V*)=0
{(V UV, =AU; =V7) A=GS U,

1/2 1/2
Uvz{l(ngv_’iﬂ , sz{l[l—gv_’iﬂ E, =, - 1)+~
2| E 2| E

14



YpaBHeHunA Ana onpepeneHma A un A

1
A+ A

A 2
ASOLUN=OLa T s

”:2;’42 an\/(g V_/}

XmnoTteHunan mnm sHeprna depmu

oE,

n

Y ci10BUE TOCTOSTHCTBA YK CJIa YaCTHUIL

J (E,—An)=0
on

E
Omnpenenenve A= 9,
on



BepoATHOCTb 3aMo0/IHEHUA OA4HOYACTUYHbIX COCTOAHUM

<’(\)J|av+azv|6>:VV2:l 1- &4

2l Je, -2+~

Nucleon Distribution 2 < n < 26

2d., 2d., 2d., 2d.,, 2d,,

3s,, —m8 — 3s, —m —— 35, —m8 — 3s,, —m8 — 3s

Thy, ————  1hy, ————  Thy, ————  Thy, sesesesmmse Th,0 sessessen

1gm 1ng 19?{2 = — 1grf2 - 1gm -

2d5u'd —_——— 2d5."2 e — i — o — 2d5'|z — e — i — 2d5,2 —— i — i — i — 2d5.'2 = —— i —
n=2 nN=6 n=10 n=20 n =26

2d31'2 2d'_uz zd'_-uz 2d3rz 2d1'2

35S, 35, 3s,,, 3s., 3s.,.

Thi 1hy Thi Thyy Thy,

1 g?a'E 1 g?.fE 1 g?.rz 1 g?.'Z

2d52 l 2d 7] 2d 52 2d ]

|
-
Occupation Probability




Huswee Bo36YyXKAEeHHOE COCTOsIHME

Bonuopas pynkuus ¥, =(-V,+U a,a; )H U, +V,a;a;)|0), <6“Pzﬂ) =0

VU

. * + — 172 * + 772
MarpuyHbie 3JIEMEHTHI ; (‘I‘Zﬂ la,a, |‘I’2ﬂ)—V , (‘Pzﬂ |a,a, |‘P2ﬂ)—Uﬂ,

14

* + 4+ _ 2 '—
(\leu | av av avvavv | ‘leu )_ UV VVUV'VV' I/IHI/I VV ) eCHI/I V - V
k

(‘I’zﬂ a‘ara-a |‘P2ﬂ)=—UVVVU V (‘I’;ﬂ|a;a;aﬂaﬂ|‘1’2ﬂ)=U2

v v S u ulop M

DHeprusi BO30YkKAeHUs (‘Pzﬂ |H'|'Y,, )- <6 | H| 6> =

=2(e, ~ AU~V +4AU V, =2/(e, ~1)* + A =2A

[Mpon3Bo/ibHOE BO3OYX/AEHHOE COCTOAHME
0

Bonnosas pynxuus ¥, =a,a; H(UV +V,a a. )‘ 0>, <6‘ ‘Pﬂ,()
VEULLK

MatpuyHbI€ JIEMEHTBI (‘PM la,a, |‘ch)_ (‘PM la a, | ‘{’M) 1,
* + _+ _ * + _+ _
(‘PM |a, a;a,a, |‘PM)— (‘PM | a,a,aza, |‘PM)— 0

(¥, | H',,)- (0|1

0)=(g,—~ AU, -V)+(e,~ DU -V))+
+2A0U0, )V, +UV)=E, +E,



3ano/IHeHME 0AHOYACTUYHbIX YPOBHEN ANA OCHOBHOIO U
BO30OYyKAEHHbIX COCTOAHUM

ground state decorrelated pair broken pair

AN,
\\\\\\\\\\\\

1
> occupation
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HeueTHOE YNCIO HEMTPOHOB UM MPOTOHOB
¥, =a;H(UV +V a al) <O“Pﬂ)=0

VEL

va,[¥,)=1

(¥, |H ¥

D= {0fH

0)=(e, - DU~V +2AU, ¥, = (e, ~ )+ =A

=1{B(N-2,Z)-3B(N-1,2)
+3B(N,Z)-B(N+1,Z)}

n

=1{B(N,Z-2)-3B(N,Z-1)
+3B(N,Z)-B(N,Z+1)}

P

L 113l sl e b abaaaalaaagl
100 110 120 130 140 150

(1247 MeV, even-even
0=<:0, even-odd, odd-even
-1247"2 +2047 MeV, odd-odd




