AnopeHn moaenu

* KanKkKoB moaen,

OMKsoHeHuUe — A0peHu EM momeHmu
* Cnoect moaen,
* KONEeKTMBHU CbCTOAHUA.
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AopeHa maca u
eHeprma Ha CBbp3BaHe

Z
2 2 2 é Be. ~ 10 — 100 keV 6
N, Z = Marom -2 i ! 10
R e = Tarow & = S © +Z< m(N,Z) = A*1000 MeV

B(N, 2y = {Zm, + Nm, - [Mypom - Zme]}c2
B (N, Z) = {Z (m, +m,) +Nmn—m,7,‘}c2
B (N, Z2) = {Zm(lH) + Nm, —mA}c2

1

m (;Xy) = [Zm(lH) + Nm, - ;B (N, Z)|]

|

@: (Zm (‘Hy + Nm, - m (2Xy)) ¢

EHepreTnyHmAT oCTaTbK/M3NULLILK OT 0O6pa3yBaHETO Ha sSiApPEHa CBbp3aHa cuctema
Cyb6aTtomHa cm3auka/2014 - 9




EHeprmna Ha cBbp3BaHe

B/A kaTo pyHKUUA Ha A

Average binding energy per nucleon (MeV)
I

0

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

1 B/A ~ const =

J=3s

0 30 60

Cyb6aTtomHa cm3auka/2014 - 9

30 120 150 180
MNMumber of nucleons in nucleus

210

240

270

=8.0(8) MeV

B K1)

B~A

Han-bnn3ku cbceamn



[lony-emnupuyHa macoBa popmyna

1930 Von Weizsacker— Te4yHoO-kankoB moaen

(A-22)7]
2/3 -1/3
B (N, Z) =|ay.1 Al|-|asurs A -lac 2 (2-1) A -|a sym + O
2 _A203 3 e? Z (Z2-1) A
15.5 MeV S~R*~A S
16.8 MeV 3 47meoRo  AYE 2N
0.72 MeV 23 MeV

15 Camo 4 cTabunHu
HeYeTHO-HeYeTHU aapa:
2H 6Lj 10B 14N
—_ ) ) ]
c
E 10 + ap A3/4 83 yerun N u 2
Lé 6 = { 0 8a N mnm Z HedyeTHO
S ~ap A3/ sa HeweTHN N 11 Z
()]
=
N -
< 5 a,= 34 MeV
(a )]

Cy6atomna dmank#914-9100 150 200 250 5



“AcumeTpunyeH” yneH

PROTON NEUTRON « proton
WELL WELL o neutron
| z=12 N=1
j: s v Level spacing AE. EDOVI CTBbIKAN AE 34a ﬂa

|
1 l

LLLLLLTT
oo
A

i

*

ce NpexBbpnv p—n:

1,1,3,3,5,5,7...

l Change two protons to two neutrons

Z=10 N=14

- -

Energy increase=2AE.

N3menenne Ha eHeprusdra B equHunuy AE:
1, 2,5, 8, 13, 18, 25, 32...

l Change two more protons to neutrons

e Bl N-Z=2, 4,6, 8, 10, 12, 14, 16 (A=const)

:',: -'--:\:k Energy increase=2x3AE. T.C. AE:sym - [(N-Z)2 /8]* AE’

AE~A1l—> - a_.

i

=

) o
Lo

998
l

(A-22)?

I
ﬁm

A

l Change two more protons and the next energy increase is 2x5AE.
And so on...

Cyb6aTtomHa cm3auka/2014 - 9



JINHMA Ha cTabUNHOCT
M (Z, A) = Zm, +Nm, - B (Z, A) / c?

A—1/3

{aM(z,A” [m, -m,] + a. +4 agm A 1
\ 0Z ) a-= t =0 Zmin = 5T 1
=cons 2a.A1/3 + 8agy, Al 2 1+ T A?2a. /agm
a<a0 A a>s0 A
HeuetHo A Zmin — — Zmin <
2 2
il YeTtHo A
--57La

fn—spt+te+y
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[PaHUUM Ha A4PEHOTO CblLlecTByBaHe

Oenene (3a sapa c A > 230) ,;—-;;:a--;;;?-:
e »
5 Z2[A ~ 41 5
A A-1 B e ~
S = B ZXN - B Z—1XN = — ”j ~ . /
’ ( ) ( ) ( 0Z )N=const ‘ L}
82
S =0 | /,/ ‘
4 : -
N:Z £ - - ,’,—-
’// - e /
d //
50 - - H—’/ ___________
i aF Sn=
i - _ B
28 —= : ,,"’ Sp, = B (Asz) - B (A 1ZxN—1) = (_)
‘ -~ 82 ON Z=const
Z
8 28 50
2~ 20
2 8 N
Cyb6aTtomHa cm3auka/2014 - 9 g



SapeH cnuH U YeTHOoCT.
EnekTpoMarHUTHU aapeHu mMoMeHTU
U MeTOAM 3a U3MEePBAHETO UM

Cyb6aTtomHa ¢pmnauka/2014 - 9



H,ﬂ,pEH bl/1IOB MOMEHT N YEeTHOCT

LleHTpaneH noteHunan
-

- - —_—
J =1+ s
(3%)y =8*3 (3+1)
<jz>=<lz+sz>=hmj mj=_jr _j"'lr °--/j_1rj
=m; £1/2 m;=+1/2,+3/2,+5/2, ... 3 =1+1/2 mmm 1-1/2

Iy = M) + Mg =

R A I° = AT (I+1)
I:Zjl I, = mh = .ﬁij m= -1, -I+1. ..
i=1

ako A e yetHo — |, e o — | e 1m0

I-1, I (2I +1)

] € nonyusso 4mcno
ako A e HeueTHO — |, e monyusnmo — | € momyusno

Y (2) = 7 (-F) qTo= %
T = 71 .70 .7T3. ... 0y

AnpenusT civH | 1 sApeHaTa 4eTHOCT 7T ca II100aTHN XapaKTEPUCTHKH Ha
SIPOTO KaTo 1151710, T.€. TPSAOBA Aa ce pa3miexkaar (ONpeaeisaT eKCIEPUMEHTAIHO)
KaTO XapaKTEePUCTUKH HA ¢HA YaCTHIIA.

10
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E!'IEKTpOMa THUTHN MOMEHTU

> v >
r , r Kakeu ca ctatuyHmte EM noneta cb3gaBaHu OT SAPOTO B TOYKaA r ganede ot
|z - 2" | aapoTo? Kak pearmpa 94poTo, ako My Bb3encTeame ¢ BbHWHO EM none?
@ —® o (') - 3apsAo0Ba NITLTHOCT
i‘ r X 3 ( ') - MJTbTHOCT Ha AOPEHUTE TOKOBE
1 47 r}
Knacuuecko pasrnexnaHe: = Yom (8, @) You (8'/ 0")
p : :'E. _ i’,_. 1 2A+1 2t
B =AU i - | | T m >
(%) = vxA& (2) - r -z
2 o, > r, = r
i 2 Lo J (r ) dr
> - > * ' ' 2 2, 2
S N ERT I JZ{zhlrm Yom (87 0) Yin (8", 0"} (T') AL
MM MarHUTeH A-nofneH MOMEHT
4 1 >
"A 2 -> ->
Yom (€, ¢)Jr Yﬁm(e',m')j(r')dlr'
4 7

EﬂeKTpl/IL-IeH A-NONIeH MOMEHT

i ! Yom (6, "Ayr (o p(Z') dz
= r " ) r' r'
4NZZA+1 rA+l 2m (p)f - ( ) ( )

Cy6atomHa cmauka/2014 - 9 11




AKO 3anasmm camo

1 1 1 1
NbpBUTeE 3 Y/JeHa B - - = = — x
Pa3BUTUETO NO | r -r' | Vr2+r'2 -2rr' cos6 °© \/ L2 .
1+ (r_) -2 =— cos6
MaJIKuA * ‘
napameTsp r’/r, TO: 1 1 r' \2 r' 3 r'\? r )
z—[l——i(.{—\. —2—cose‘i+—i{.{—\. —2—cos6\i]
r 2 (\ ) r ) 8 (\r) r J
ENekTpu4yHM MOMEHTH
dr' = EnekTpuyeH kBagpynoneH MOMeHT

fp (;")r' cosodr' + 13 p(;')r'zé (3cos26—1) dr' + ...
r

A=1 A=2

->

p(E') =eZy” (£') ¢ (2")

e (Z")z'tll(r')dl:?' =j$* (-z') (~zn) ¥y (-z')az' = —jlll* (Z") z' (Z")dli" =0

Cy6aTtomHa ¢m3nka/2014 - 9 12



EnektpuyeH KBagpynosieH MOMEHT

eQ=efw*(f')(32'2—r'2)¢r(f')d11?' [Q] = [S] =D
BbTpelleH — aeduHnpaH cnpamMo ocTa Ha aapeHa cumeTpusa (z') [€eQ] = e[S] = eb

Q=0

Q>0
COPEPUYHO

—

- - — g

BBLbHLWHO none

E = Jp (i)'.'") Vext (]-'.)") d];'." X @ZVgyt (0) + Jp (i)")z' [GVL(;')] d]]-:)" + J.p (J-;')z‘2 [az‘;GZ—t'iz”)] le_;'

> > \ 9z }z'=0 5 )z' 0
uMnuHapudHa cumetpus 4 = Egye E, - 1 (€0 ') (i cos? 6" - i] l{(3 Vext
\ 2 2]\ 8z'2 ), =0
CnekTpocKonuyeH — aeuHmpaH crnpsiMo BbHLLHA OC
cos6 = 1z = T E 1 e0 3m;? - I (I + 1) 0% Vext
(o3 VI .,.l..I...l._._-.\./Iv (I+1) @ 4 (52 2T (I+1) 0z '2 Jz'=0



MarHmTHn MOMEeHTH

= O, KpbroeBn ctauMoHapHMW TOKOBE, HAMa MarHnTH1U 3apaan

Bwx, Hanp. rn. MynTUnosiHu MOMEHTU B
EnektpoguHamuka (Xp. NMonoB), YHuB. n3g., 1995r.

= (7E) (. r0dr = [T x (r)dr] xQFﬁ(W)F)F = W XT

—ji(ﬁ)(ﬁ. rOdr’

1 >
> > A =
0= — r' X (r') dr' MarHuTeH AunoneH MOMeHT
2
2 /3, 2 -> ->
11(?:) _ ko J (') ds _ Mo pxr
47( ) |% _— f'l 47-( r3

Cyb6aTtomHa cm3auka/2014 - 9



MarHmteH AMnoaeH MOMEHT

-> 1 > 2 /> - 1 > > > > 1 2 =g 2
u=?fr XJ(r)dlr =5J~p(r)r xvd1r=zkp(r)l dr
[Mpexon KbM KBAHTOBU ODEKTU
- e %
> > > > > 2> * (20 > 2
10 e(2) =ey (@yu(E) k= ogm [w(E)iv(z)az
e > > > h ' = !
w(i’.v): |--llz---> “z=—m[.!lf*(r')1zl/f(r')dlr'=2e—mm1 izllf(r) —mlflllf(r)
eh eh 1 Ba ODpoToHM
H = {—ml‘ = — 1 =q1lun/n g, = { P
\2m /a1 2m 0 3a HEyTPOHM
h
Mg = :—ﬁ = 5.7884 x10%ev/T HN T % = 3.1525 x 10 eV/T
BbTpeweH brnoB MOMEHT
s =1/2 (e, p, n) ) gs (p) = 5.5856912 (22)
H = Js S Uy g. = 2 gs (e ) = 2.0023
s g. (n) = -3.8260837 (18)

u < 6 py = camMo He COBOEHUTE HYKIOHM AONPUHACAT B MarHUTHUS MOMEHT Ha S4pPOTO
H=(911l + gss) ux/n

aKo pasrriexgame camMmo HAKOJIKO HYKITOHa

dopmanHo (HoO HEBL3MOXHO 3a peanunsaums): Hag “agka’ cbe CnuvH |
HAKOJKO

A
M =Z‘ [91,i i + Gs,iSi] Un/ B u=[grIc +Zl(gl,i 1i + gs,i S1)] bn /B

=Z/A
Cy6aTtomHa ¢m3nka/2014 - 9 Ir 15



B=VxA, E-—?qﬁ—i—?

V-B=V-(VxA)=0

. JA\ 0 _JB
?xE-?x(?qﬁ:—W)— d(?xA) ~ o

J(r', 1, ;
A(r,t)zi—;/ r’ }dar.

o [r—1|

1 P(ﬁ!tf) 34 u = i / r' ~ih T XV
L[, = fvr () (anenn)

o(r,t) =

MarHmTHuTe A-nNonHNM MOMEHTU ca HEHyINeBn CaMo 3a HEYETHU MYJTTUMOJTHOCTW.

1 g > > 4 1 e >
e {__Yoo(e (p)Yoo(G',<p')Jj(r')dlr'+—N—j {ZYlm(e,cp)Ylm(e,cp)}J(')dlr'+----
Tt r

J./‘\/‘:lﬂ'

3
ZYlm(e' @) Yin (', 0') = e
1

o 1 J(RY) (B2r)ad o+ ...

47'( 3

Cy6aTtomHa ¢m3nka/2014 - 9 16
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EpeKTUBHU AApEHN CnAU

AnpeH MHoroyacTu4eH Npobnem: aa ce onuLiaT CBOMCTBAaTa Ha siapeHaTa cuctema KaTo
KBAHTOBOMEXaHMYHa cucTemMa, u3rpageHa oT ronsaMm, HO KpaeH Opon curHo
B3aMMOeNcTBalLnM YacTuum — TpyaHa pabora...

H® (1,2, ...,A)=E®(1,2, ...,A)
{i} = {i‘)i, i, Si, _t)l}
A h2
B=T+V(,2, ...,B) = ) -—ANA+ V(,2, ..., A)
.1 2m

v(i,2, ...,A)

R
INg
<
c
z

BbTpe B A4p0OTO YNCTUTE HYKIEOH-HYKIEOHHN CUITN Ce N3MEHAT nopaan akrta, ye
B3aMMOOEWUCTBNETO NpOoTKYa B cpea Ha sapeHa matepusi, a He BbB BaKyym

e [la Ce OnuLlaT HYKNEeOH-HYKNEOHHUTE CUNU BbTpe B A4p0TO — MeToA Ha Bruckner (G-martpuua) —
npeHopmupa 4uctoto N-N B3auMmogencTeme, OTYMTAMKM cpegata U KOHUrypauuMoHHOTO
NPOCTPAHCTBO,;

«na ce noctynupa (dpeHomeHonormyeH noaxod) wnn pga ce Hamepu (Xaptpu-dok metoam)
cuna/noteHumnan, KOSITO BKIHOYBA OCHOBHUTE XapakKTEPUCTUKM HA YUCTOTO HYKITEOH-HYKITEOHHO
B3aMmoencTeue, onpeaensdiwiy nosegeHneTo Ha cmctemarta npu onpeneneHn ycnoBus,

Cy6aTtomHa ¢m3nka/2014 - 9 18



CpenHo none
(Moaen Ha He3aBMCUMM YacTULm)

B AOPOTO OTAENTHUTE HYKITEOHU CE€ OAbpPXKAaT KaTo HEB3aMMoaenNcTBally YacTuum,
ABUXewn ce B noTeHumnarn, redepmupaH ot BCUYKU TAX...

A 1 A A A
DL VK = 5' D'va, o} =), V(i)
: i=1 1=1

i<k=1 k#i
A A
" £2 72 A
H=Z__Ai+ V (i, k) =Z{—— i+V(i)\+ vV (i, k) - V (1)
7 2m lzdl — \ 2m ) 1;‘: ;
n .
Hres
(B ) L
Hy, = - A; + V (i = h
H=H + B o= ) ltam V@) = Ons
A i=1 A
hl(pl = el(pl E = Zel g(lr 2/ IA) - (pl(pZ (pA - H‘pl
i=1 i=1
| @1 (1) @1 (A)
AHTUCUMETPUYHOCT: (1,2, ...,A) =1 ..
| ¢a (1) pa (A)
HykneoHuTe nocrnegoBaTenHo 3anbrBaT eHepreTMYHW HUBa B CPEAHOTO fore. 19
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N36op Ha cpeaHOTO none

O0OocHOBKa Ha NpUONMXXEHNETO Ha cpeaHo none

* CUITHOTO SiAPEHO B3anMMOOenCcTBne B 44p0OTO € OTHOCUTENHO “cnabo” (~2.2 MeV 2H)

- 0T R=1.2A3fm n R=1 fm = (A.V )V

[ap

.= 60% = 40 % ot agpeHuaT obem e

cBoboaeH, T.e. CblPUKOCHOBEHNATA M/y HYKJTEOHUTE Ca CaMO MNMOBBbPXHOCTHMWN,

* MNpuHuMn Ha MNaynu:

Cy6aTomHa cbwswka_/y(ﬁ -9

1020 opbuTu/s
6e3 yoap
0.4 fm 2fm
v/ '/ HartrysFok
r
e HOMEeHOTIOrM4YHun

N

V(r)A

_VO

PasmunBaHe Ha
NOBBbPXHOCTTA

-

20



N360p Ha cpeaHOTO none
* chepnyHO-CUMETPUYEH NoTeHUMan,

* HYKNeOoHUTEe BbB BbTPELIHOCTTa “ycelwlaTr aapeHnTe Cunu paBHOMEPHO OT BCUYKU
CTPaHu: (OV (r) /0K)0 = O

* AAPEeHUTE CUNN HapacTBaT OT NOBbPXHOCTTA (I=R,) KbM BbTPELLUHOCTTa Ha A4p0TO:

(OV (r) /Or),er, > O
* Nopagn KbCoaencTtBmeTo Ha AapeHnTe CUnn.

V(r) = 0 r> Ry

Fl.qpeHMTe noTeHUuunanu I1pVI6J1I/I3I/ITeJ1HO cnenBat noBegeHMeTo Ha AApeHaTa NI bTHOCT

r)= Vo
14 exp[(r—-R,)/a] V(r)‘

Vo= -50 MeV, R,=1.2AY3 a~0.5 fm

— Experiment

--  Mean Field Theory

() (e.fin™)




AHanormA cbC CTPYKTYpaTa

@

@

=

=i

B

H
§

F.
1=

Ha aTOMHaTa 06BMBKaA

ARG radives (am)

1%

10

REs

Padod 2| Pariod 3

—enod d

~enod B

Funad G

o oy

il

o

-

II""'"r--hzn

Af

10

iB

36
omic Mumbsar 2

Fad

1L

* 3aMbJIHEHUTE aTOMHU crioeBe hopMUpaT MHEPTHA CbPLIEBMHA,

* XUMWUYHUTE CBOWCTBA Ha eneMeHTUTe ce onpedensT OT eNeKTPOHUTE B
He3anb/IHEHUTE CNoeBe — BaneHTHN eNekTPOoHN;
* CBOVCTBaTa Ha aTOMUTE Ce U3MEHST NaBHO CbC 3anblBaHe Ha AadeH
CINOW, HO THPMAT PSA3bLK CKOK NPU NPEMUHABaHe OT €[VH CIOoW KbM APVYT.

* yycriaTta Ha 3anbrBaHe, NPu KOUTO ce HabnoaaBaT TakMBa CKOKOBE, Ce

Hapu4yaT Marmyecku;
B aToma cnoecrtaTta CTpyKkTypa ce hopmMupa OoT BLHLUHO norne

(KynoHoBOTO norsie Ha AA4pPOTO) AOKATO 3a CaMOTO AP0 BHLHLUHO
norsie He CblUeCcTBYyBa.

C' shell Madel of Atoms @/2014 -9
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EKcnepmMmeHTanHM A0KA3aTeNCTBA 3a CblLUECTBYBaHE Ha C/I0eCcTaTa
CTPYKTYpa B aTOMHUTE A4Pa

CobllecTByBaT N Marm4ecku ymcna 3a aapoTto?

1) Te4yHOo-KankoBUAT MOAESN HE MOXe Aa Bb3rnpoun3sene Mmarikm nIaMeHeHunsA B
eHeprmdaTa Ha CBbp3BaHe

120

N,Z =2, 8, 20, 28, 50, 82, 126
l 82

_r__

2]
of F et gt

(MeV)

Mass differences

Meutron number

WS AT SRt fuch Phys. 81(1966)1.

23



EKcnepmMmeHTanHM A0KA3aTeNCTBA 3a CblLUECTBYBaHE Ha C/I0eCcTaTa
CTPYKTYpa B aTOMHUTE A4Pa

2) OTHOCUTESNTHOTO pPa3npOCTpPaHEHNE HA U30TOoNNTE

= N,Z = 50, 82, 126

Relative Abundance

50 100 150 200
Mass Mumber A

Cyb6aTtomHa cm3auka/2014 - 9



EKCI'IepI/IMEHTafIHI/I A0Ka3aTe/iICTBa 3a CbleCTByBaHe Ha C/Z10ECTATA

CTPYKTYpa B aTOMHUTE A4pa

3) CeueHme 3a 3axBallaHe Ha HEYTPOHHU

N,Z = 28, 50, 82, 126

-
- F‘qli"':l aq

| / = / t Le *Fb
o .. |

I | BT T.I.i ' 8 ¥ogic numbers E

i ih-'lu 7R S E:.? |76

: T S N A S| N |
O 20 A4 E[':I B - 110 |4

N (Z-4eTHO)

Cyb6aTtomHa ¢pmnauka/2014 - 9
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EKcnepmMmeHTanHM A0KA3aTeNCTBA 3a CblLUECTBYBaHE Ha C/I0eCcTaTa
CTPYKTYpa B aTOMHUTE A4Pa

4) KBagpynosiHn MOMEHTU

03| ]

0.2F

- N,Z = 8,20,28, 50, 82, 126

0ir

Mg/

i N D

81128 B2 126

_D'-'Jl.ll N N N S S — —

20 40 60 80 100 120 140

Reduced Quadrupole Moment

B
pa—

Cyb6aTtomHa cm3auka/2014 - 9 N (Z'quHO)



EKcnepmMmeHTanHM A0Ka3aTeNCTBa 3a CbllecTByBaHe Ha c/loecTaTa
CTPYKTYpa B aTOMHUTE A4Pa

5) EHeprumTe Ha NbpBUTE Bb30OYOEHN 27 CbCTOSAHUS B YETHO-YETHU sapa

[ LINES CONNECT ISOTOPES

2 | 1 | 1 | 1 | 1 | 1 1 1 | 1
0 20 40 &0 _ 80 . 1oo 120 140 160
Neutron Number W

<[
[ LINES CONNECT ISOTONES
s 1 s

2
o 20 &0 100

a0
Atomic Number Z

S. Raman et al., Atomic Data and Nuclear Data Tables 78, (2001)1
N,Z =2, 8,20,28, 50, 82, 126

I3aBoa: B 94pOTO ChbLLECTBYBa CrnoecTa CTPYKTypa, KOATO Ce acouumpa CcbC cnegHute
Marmdyeckm umcna 2, 8, 20, 28, 50, 82, 126 (Z7?). PasrmegaHute OO0 TYK
eKcrnepuMeHTanHn gaktm morat ga ce M3nosisBaT M 3a KpuUTepuu 3a cnoecrtarta
CTPYKTYypa. Bcekn agpeH mogen TpsadBa Aa Bb3npousBexaa Marmiyeckute ymcna.
Cy6aTtomHa ¢m3nka/2014 - 9 27



Cnoect moaen
(npubnukeHune Ha cpeagHo none)

LleHTpaneH noTteHumnan:

[MoTeHuman Ha Woods-Saxon
V(r)_ VO [— ﬁz ° (rzi) + +V(r)]z[1= EY
1+exp[(r—R,)/a] 2mr2 Or * Or’ 2mr?
A ¥ (r, 6, ) = R (x) Y (6, ¢)
V() > n? (R 2 dR) 1(1+1) n2
- i +——|+[V(r)+ ]R:ER
2m \ gr2 r dr) 2 mr2
1 ) S 1 52
{ (sin () i W }Y =2y
Sin (8) 086 |\ 06 ] sin? (6) 0¢?2
v, |—" 1Yy, (6, ¢) = A1 (1+1) Y1, (6, ¢)
1=0,1,2 ....(s, p, d ....)

y(r,6,¢) =R(x)Y (6,9) x(s) 1z:Y1,(6,d) =huvy (6, ¢)
u=-1,-1+1...1

(sz) =1‘12$(s+1)

(s.) =hm, m =z:1/2 3J=1+%
OsHaveHusi: Nl (37> =n"3(3+1)
3 =1+1/2 mum 1-1/2
181/ ,1P312:1P1s0, 1ds5p2 4 13y, 285, 175, (Jz) = (1, +s,) = hm,

.= =J, =J+1, ..
Cy6aT0MH%f&f3|’3v2nPa?5’O1%p]é2’ 19o12: 205, ™ It ) 28



be3KpanHa noTeHuMasHa AMa U XapMOHUYEH
chepuyeH ocumnnaTop

£lma OcuumnaTop
Rl = Nl jl (kr) R « F (—n, 1+ %; mﬁ(;)o r2)
n? 1,2 3 3
Eni = > a2 (gn) El =f1(1)0N(2n+l + ;) = A wy (N+;)
D(1)=2(21+1) D (N) = iozl' (21+1) = (N+1) (N+2)
10 2 8.38 4,11/2 3s,2d,1g 30 \
3,9/2 2p, 1f
1f
4_ .
’ ' 490 2,7/2 2s,1d 12 70
1d ¥40
34< 0= 33/ 1,5/2  1p 6
205 1 e >20
8 0,32 1s 2
D(I) (n’l) E/EO N, Elfiw, (N+1,1) D(N)
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MexanHHa dopma — |2

Llen — no-peanucTtnyHa dopma + nssectHa |2 sasmcmmoct Ha NN B3avmoaencrsue.

Pesyntat — cBans AOMbIHUTENHOTO U3paXkaaHe no pasnuyHn CTOMHOCTU Ha |

D()=2(21+1)
S E— 4,11/2_3s,2d.1g 30
2d ewnnnensniiiiiRREE
10—838'" . 1 1 --------
12 e _q_&}
2p 2 6 3,92 2p, 1f 20
| 0 ) T
1 et
 —
1 2 o 28 7S, 212 _2s1d _1°
S L aassseese — RN -
2 » 4:00 - il 10 Lwseeet"
| (e 37 1,5/2 1p 6
1 -"' ------------------- R
6*2-@5‘ """""
QR E— & ................ 032 _1s 2
N, Elfiw, (N+1,1) D(N)

n,l
Cy6tdvua ¢v§3v’||<)a/2014 B/E,
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CnnH-opbUTanHO B3aUMoaAENCTBUE

1 2 a
V(r) = -V + —ma)f,r2 - —1)_5)
2 h2
> 5 1./ 52 32 52, 1 22 2 42
l.s=;[(l+s)—l—s _E[j_l_s]
j=li1/2 jz=_jl _j+1l ---j

n, 1, j, J. (HorHemnl,, s;)

1949 - Maria Goeppert Mayer 1

Haxel, Jensen,Suess | 33z) = Ra1 (¥) Z (1 — 3 i Jz 1. SJ Y, (6, &) X2,
1963 — Ho6enoBa Harpaaa U2 T ) 2

> 5 1 52 -»2 2 | fl;,z !
123]33:) = 23 -1 -] |33 = —[3(3+1) -1 (1+1) - s (s+1)] IJJ>
J=1+ s 52 n2 1
6 "= = "= =
1.3]332) = [(2+3) () -raen - S (F)] 133> = —— 1332
-
J-’->s.. h? 1 1 1,3 . . f12(l+-1) . .
1.5133z) = - [(1-3) (e3) -raen - 2 ()] 1332) = - —— | 332
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CnnH-opbUTanHO B3aUMoaAENCTBUE

1 -1 1=1+1/2
V(r):—Vo+—mw§r2+a( Ba:_j v/ )
1+1 Ba j=1-1/2
1d, 4
v
1d(1=2) 104" ~2l+l 57

(N D)=2(21+1) i

ey 1ds), ;L 6
(n,Lj)  D@)=(2j+1)

Cyb6aTtomHa cm3auka/2014 - 9



Cxema Ha CbCTOAHUATA

[ MaBHM OCLUMNATOPHU CIioeBe

EOnHWMYHM | crioeBe

z
I
o

+ \ YeTHOCT Ha 84p0, OTroBapsLlia Ha 3anbiHEH [-CIoW
'.\ A
. . 3P\ 1; A 1
Comes o LR B = [[-DT = (-1 Zeh
. 3p v —/—1j -
\\ . 2—f - nl 'E_lhl-irz l=-1
T ’*ﬁ?,ﬁ 2] + 1 uspaxxgaHe —
wooN=a |3 :_;_E—hgd;;f 3anbITHEH j CNOW OTroBaps Ha YeTeH 6poi
i 1~ < —J35
T~ 2d T L72
el - ﬁ"‘r.—__]-gjr;g_ L'IaCTMLlM —
= = ‘*—,ﬁ_‘.zd
4 '8 2 [ e NOMOXWUTENHA YETHOCT
- N=3 __L___ 2 Lh--——2p,
SFo TRl ————ar MO
T: q1: -,@:ﬁﬁig CnuH Ha AOPO, OTroBap4dill Ha 3albJIHEH |-CJ10U
. ] 1dm Jz = (-3) + (-j+1) + ... (3-1) + 3 =0
= b= =._.-——-‘—
+ me=sfps———cgqq =TT 2"
a e J=0
-
R T | _L1p,,, OCHOBHOTO CBLCTOAHME Ha BCHKO £AA4pPO,
T TPz KOETO MMa B6pon HYKNEeOHWU, OTroBapsLWmM Ha
2> 3anbfIHEH IMaBeH WU eOVMHUYEH | Criown,
yo_N=0 ___|__1s _|{)__ Ay MMa CNUH-YETHOCT"
SHO + 12 " dos 2 Jﬂ — 0+
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EAHOYaCcTMYeH cnoect moaen

3a YETHO-HEYETHU aapa: 3anblHEHUTE |-CNOEBE He AaBaT NPUHOC B OOLLMA cnivH Ha 9apoTo J'=0*

— CBOWCTBATa Ha A4pOoTOo Le ce onpenensT oT nocrneaHus, HeYeTeH HYKNeoH

. . 40 Vs
ntj = J=j n=(-1)" 20Ca,(J7 =07)
vzt 32" l 7/2” 72" 7/2” 72" 2
"""'-1;. fp ;i “* | ¥ea 39Ca Yca 43cq 45cq 47cq 49c,
(28 ‘H‘%gm
72 5, Cayg Tpu-4yacTUYHN KOHUrypaLuu
m --Idjfl- o . . _ -
——2s L2 J=1+1+] J;p=0 > J=)5=
T~ld,
MeT-4acTUYHU KOHMUIypaLmK
-"""Iplf“z J=]+]+]+]+] ‘J:jlaSt
T ExcnepumeHTaneH dakT
@ OCHOBHOTO CbCTOSIHNE Ha BCUYKM YETHO-4ETHN aapa e 0F
s\

34



Bb3byaeHun cbcTtoAHMA

P1/2 —
P30 —
f5/2

a3/
to

Ngjm——

9/2

Cyb6aTtomHa ¢pmnauka/2014 - 9

E (MeV)

3.63

3.1
2.81

1.60

0.89

209g;

1/2~

3/2™
5/2~

13/2*

7/2~

9/2~
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AopeHn MmoMmMeHTU

MarHUTHUAT MOMEHT Ha HEYETHO AAPO ce onpenens oT rnocriegHns HyKITeoH B
CbCTOSHUE |, =

= = - ~ = = = - u 3 pd
U = <33z=3 1 Uz | 332=3) #=;N(911+9SS)

KBagpyrnosnHuaT MOMEHT Ha HEYETHO A4Pp0 ce onpenensd oT nocrnegHnsa HyKNeoH B
CbCTOSIHME |,=]

EQHOYaCTUYHUAT CNOECT Moaen € NPUNoXMM rnaBHO 3a sapa, Ynnuto bpon
HYKINEOHM € =1 No OTHOLLUEHNE Ha Marndeckute ymicna!
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KoN1eKTUBHUM CbCTOAHUA

Epalr_ 2 MeV
1hy,
1991 3s,,
1f5/2 2de
2p3/2 19,
2
Vi Syp — hyypy! |11 Il S_J < 1l = |27
5<j<6 &
#=5"-,6" 1

JJUJ

+i)e+

2+

KONeKkTUBHUTE CbCTOSAHUS Bb3HUKBAT B pe3yrnTtart Ha CMeCBaHE Ha

MHO>XECTBO HMBAa noAd Bb3OENCTBUE HA OCTaTb4YHOTO

B3aMmMoaencTeme — 3aryba Ha eqHo4YacTUYHNSA XapakTep, T.e.

A0pOTO Ce AbPXKM KaTo KBaHTOB chnyna!

ExkcnepumeHTaneH akT — NnbpBOTO Bb30yaEHO
CbCTOSAHME B MOBEYETO OT YETHO-YETHUTE aapa € 2*

a3Ho Bb36y>|<p,aHe Ha rpyna (Mnu BCUYKKN) HYKITEOHU

Cy6aT0MHa qow CI*;I)Ka/201

130
50Sngo
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AnpeHu Bubpaumm B chepmnyHu aapa

R, = 1.2a"°

A
R (t) = Ro[l + Z Za;w (t) Y (8, 9]

A>1 u=-A

gy — OMMCBA OMXaTerNHN OBUKEHNS
@, — OMUCBa TpaHcnauusa Ha sapoTo

A < A3 Ho cblecTBeHM ca camo A=2, 3,( 4)

L

W
o

o

5

W
i

ML
i

Y 33 — OKTYIIOJIHH

Y oo - B BUOpanuu Y5, - Y BUOpauuu



AppeHa pepopmauus

HabnogeHue: sgpara, 3a kouto N 1 Z ca mexay Marm4yeckute 4yucria umar
roneMu KBagpynosiHu MOMeHTH

[onemu, cTaunMoHapHU OTKNOHEHUS OT cpepudHa popma — cTaTUdHa gedhopmMaums

R =Ro[1l + ;awyz“ (6, )| {oeu} — (B, ¥, 61, % 6}

Oy, = Oy = O ‘brnu Ha Ounep
BbTpellHa koopanHaTHa cuctema o = BCos (¥)
nsbpaHa no rrnaBHNUTE OCWU Ha SOPOTO 1
Qpp = Oz = —— B Sin (Y¥)
{8,y} — napameTpu Ha Hill-Wheeler V2
7T b4 _ Vi
SRe1 = R(—,0) - R =& fBCos (¥) Yoo (=, 0) + —— BSin (¥) ¥a0 (=, 0)] -
2 \ 2 ,\/2 2
5 1 [15 5 (V3
= Ro[‘ —— B Cos (¥) +—\/7— BSin(X)] =RO(B\/75 (V3 Sin(w)—\/‘— Cos (Y)n =
\ 16 7w 2 4 v ) \ 47 \ 2 ))
{ 5, 2wy 2 ]
= R, /3\/7— (S:Ln (—) Sin (y) +Cos (—) Cos (x)) =
\ 4 7t 3 3 )

= Ry i(B iCos(w ——)}

Cy6aTtoMHa cunamka/2014 - 9 | 4 7 \ 3 40



AppeHa gepopmauns
R(%, 0) _ R, = Rc,/B\/ri Cos [y - 27

6Rx=1 =
47 \ 3 )

T 5 27 4 7T AR
6Ry=2=R(—,—)—RO=ROB\/V—COS{7+ | B = — - —

2 2 4 r \ 3 ) 3 5 Ry

7 5 AR — ekcueHTpuuuTeT
OR.-3 = R (Z’ 0) - R =R B e Cos (¥) Ha enuncarta

Prolate nedopmaums / Oblate necropmaryms

B>0, ¥y=20

Rl - R2 < RO
R3 > R1,2, R3 >

OBLATE

PROLATE



Tpnocesu popmu

Y
6R: / (RoBVS5/ 4] 0 300 60°  180°
. i\fgﬁ R, -1/2 0  +1/2 +1/2
3V 5 R R, -1/2 -0.866 -1  +1/2
OR, 1 +0.866 +1/2 -1

y =120°, B>0-
prolate doopma, oc
Ha cumeTpusa X

Yy =60° B<
— oblate

c¢opma, oc H
cumeTpua Y

JlyHacKa KOHBeHUuA
5> 0,
0° (prolate) = ¥ < 60°(oblate)
y = 30° - MakcumanHa
TpuaxmanHocT

“\\"r

3

AnTepHaTMuBHa KOHBEHLUMUSA

0° (ax. cum)< y < 30° (Tpmnax.)
y=0° B>0

y =180° B<0-
oblate dhopma, oc

B >0 -prolate
Ha cumeTpus Z — prolate
y =-60° B<O0 copma, oc B <0 -oblate
y =-120°, B>0- — oblate Ha cumeTpums
prolate chopma, oc copma, oc Ha Z

Cyagametpua Y ¥ cumeTpus X

42



KBagpynoiHN MOMEHTU

3
[ » ®p e QO = —_—
- a a a «\/-5 7T

B Q, <0 -oblate

Cyb6aTtomHa ¢pmnauka/2014 - 9

RZzB (1 + 0.16 )

Q, > 0 - prolate



Obnactn Ha aepopmupaHm aAapa

Moller Chart of Nuclides 2000
Quadrupole Deformation

F126

Deformation
<-().1

I:l 001 to 0.0
|:| .0 o 0]

0.1 to 0.2
0.2 to 0.3
W o:

E Stable

Cyb6aTtomHa cm3auka/2014 - 9
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-
H = Trot Trot = —_«7‘(‘)2 ¢t = g W
1 2
Trot = !
~ 5 27
-—> - ~ .ﬁ ~2 hz
¢t —AI H= —1I E= —1I(I+1)
2 g 2 7
YeTHO-4eTHO 94p0 — OCHOBHOTO CbCTOAHME € 07
| = 0%, 2%, 4+, .... — poTaunOHHa nBmLa
R4/2 = 3.276
164 E(0*)=0
12* 2082.7 E(2*) = 91.4 keV = 6(/%/29) (72129) = 15.2 keV

E(4*) = 299.4 KeV  E(4%) = 20(7%/2.) =305 KeV
E(6*) = 614.4 KeV  E(6%) = 42(72/2.7) =640 KeV

10* 1518.1
E(8*) = 1024.6 KeV E(8%) = 72(72/2.9) =1097 KeV
2
2 h
8+ 1024.6 4 ig5q = — MRS (1 + 0.31B8) = ~ 6 keV
5 M=mA 2 g
6+ 614.4 9 7 ~ a3 72
7 fluid = —— MRy f3 — ~ 90 keV
4 299.5 8 2.

CYG%LMWQ_glA Ry/j2 = Eg;/Ep; = 20/6 = 3.33 (3)




AanabaTtnyHo npubaunxKeHme

2 R
Exin-sp ® 20 MeV tgp =

'\[2 Ekin—sp / m

10 £fm 10 £fm

— ~

c+/ 40 MeV / 938 MeV c0.2

N 2 2 7th 2 y;thc 2 7197 (Mev £fm) 10
1 N vib = — = = = ~
Ev:|.b 1 MeV w Evib CEvib cl (MeV)

27T 27T 27
Erot ~ 100 keV trot = — - T — = — —

w V Eror / 7 Eror / (B2 /20 (keV))

27h 2 71197 ( MeV fm) _20
— — =~ 10 " s
45 (keV) c 45 (keV)

tsp < tyib < Trot

H

= H

EaHo4yacTn4yHO Bb30yXxaaHe + porauus
BubpaunoHHO BL30OyXaaHe + poTtauus

Cyb6aTtomHa ¢pmnauka/2014 - 9

sp + I'Ivib + Hrot + §<
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PoTauuu n sBnbpauumn Ha aepopmmpaHun aapa

Potaumata ce pasBuBa Bbpxy BUOPAUMOHHO CbCTOAHME (A4POTO BUOpMpa OKOMo

paBHoBecHaTa cu aedopmupaHa dopma). BubpaunoHHus oHOH ce pasrnexaa Kato
OOMbIHUTENHA YacTulla, KOATO JaBa KOHCTaHTEH MPUHOC B eHeprusita U brnoBuUTe
MOMEHTM Ha HMBaTa OT poTauMoHHaTa UBMULA.

E = Ej ( = Evib) + E ot (I)

E, - eHeprusa Ha BbTPELIHOTO Bb3OyXaaHe
-
J () -bINOB MOMEHT Ha BbTPELUHOTO
Bb30yXaaHe
Erot = —
T

- - - - — —>
I =R+ J R=1-J3

E = E;;+ (nhw) + [T (I+1) - K(K+1)]

T

Cy6aTtomHa cunsnka/2014 - 9 47



(- n y-usnum B gepopmmnpaHm aapa

A=2 = I=2(K=0, 2)

X K=2
»l I=K, K+1, K+2....I=>AI=1|

—| ~ I'mapa Ha uBUIIaTa
I, = 2, E, = E (I;) = Ey = 1 MeV

> A2
E = E; + [I (I+1) - 6]
2 7y
I=2, 3, 4,
K=0
X I=0, 2, 4.... AT =2
ﬁﬂ\ I'maBa Ha MBMLIIATA
I, = 0, E, = E (I,) = Eg 2 1MeV
f12
,E = E; + I (I+1)
ya 2 7
I=0,2, 4, .
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1+ 2464 W°

gt 2069
gt 1707
4+ 1470
A 1315
o+ 1246
B uBuua

TR = 43f12/MeV

[B- U y-mBmuUM B Aec

DOPMUPAHU 94pa

Mpumep — 1%4Er (Z=68, N=96)

2511
g+ 2074
gt 1729
a+ 1476
2t 1375
o 1246

Cyb6atomHa ¢un3mka/2014 - 9

o+ 1668

ot 1517
gt 1094 & 1092
g+ 614 35t 637
4% 299 &% 303
VAl 91 Z* a1
o o ot 0

GS unBumua

JGgs = 33h2/MeV

2350

ot 2184
gt 1977 2064
gt 1744 1506
7+ 1544 7F 1576
st 1359 5t 1376
B+ 1197 5* 1204
4+ 1059 4+ 1060
zt 946 Zt Q46
zr 860 Z* 860

Yy uBMua

74 = 354%/MeV
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(- n y-usnum B gepopmmnpaHm aapa

Cyb6atomHa c¢u3umkal/20°

Er=1+ band.
{21+ 5230.5
{19+ 4500.0
{13+) 4364.3

Ka=0+ G5 band.
(22+) 56515
(20+) | 48634
(18+) J 41212
(16+) | 3411.2
En=0+, £ aand

14+ ) 2702.56

10+ 24627
12+ 208270
10+ J1518.06
g+ 1102450
6+ | 61437
4+ 200 .43
2+ T o138
0+ ™~ 0.0
164,

68
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