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Pa3Bura Heanuabaruueckas KOJUIEKTUBHAsE MOJEIb TSIKENIBIX HEAKCHAJIbHBIX YETHO-YETHBIX
sep ¢ KBaJpPYyNOJbHOM M OKTYNOJbHOM aedopmanusMu. Ilonepeynsie KBagpynoibHbIE U OK-
TYTOJIbHBIE KOJIEOAHMsI TIOBEPXHOCTH Spa YUUTHIBAIOTCS 3()(EKTHBHO, a MPOAOJILHbIE KOJle-
0aHMs yYUTHIBAIOTCS JUHAMHYECKH. Ha OCHOBE NpeuIoKeHHON MOJENHN MOyYeHO aHAJUTH-
YEeCKOE BBIPAKEHNE JUISI SHEPTUH YPOBHEH KOJUIEKTUBHBIX COCTOSHHH, COZlep Kaliee ATk MO-
TOHOYHBIX ITAPaMETPOB. DTH MAPAMETPHI ONPEIEISIFOTCS U3 CPABHEHMSI TEOPETHUECKUX M DKC-
MIEPUMEHTAIBHBIX JAHHBIX. YTJIOBAas 4acTh MOJSPHBIX KOOPAMHAT HCIIOIb30BAaHA B KAaueCTBE
napaMeTpa A1 PaBHOBECHOTO IOJIOKEHHs YETHO-ueTHOTO siapa. IlomyueHo xopoiee omnuca-
HHUE KOJJIEKTUBHBIX COCTOSHHMH yrast-mojioc NEPEMEHHOM YETHOCTH TSKEIBIX HEaKCHAIbHBIX
deTHO-ueTHBIX sytep: UNd, 194155 m, 172y, 228230230y 232234236238y 1y 240py, |

Kiawuesble ciioBa: HeaIII/Ia6aTI/I‘IeCKa$I KOJIJICKTHUBHAsA MO/JCJIb, KBAZIPYIIOJIbHBIC U OKTYIIOJIbHBIC ne(bop-
Maluu, HCAKCUAJIbHOCTb, yrast—nonoca.

A nonadiabatic collective model of nonaxial even-even nuclei with quadrupole and octupole
deformations is developed. Transverse quadrupole and octupole deformations are taken into
account effectively. And longitudinal deformations are taken into account dynamically. On the
basis of the proposed model, an analytical expression for the level energy is obtained contain-
ing five adjustable parameters, which are determined from a comparison of theoretical and ex-
perimental data. The angular part of the polar coordinates is used as a parameter of an equili-
brium state of an even-even nucleus. A good description of the collective states of the yrast-
band with alternating parity of heavy nonaxial even-even nuclei “’Nd, "“*'**Sm, '*Yb,
228,230,232Th, 232,234,236,238U and 24OPu is obtained.

Keywords: nonadiabatic collective model, quadrupole and octupole deformations, nonaxiality, yrast-
band.

I. Introduction

Most of the atomic nuclei are deformed in the
ground state. The charactheristics of most deformed
nuclei have revealed that they have axially symmetric
prolate or oblate shapes. However, atomic nuclei
have a stronger tendency to deform into prolate
shapes than into oblate ones [1, 2]. In Ref. [3] a sys-
tematic study of even-even nuclei was performed
within relativistic mean field theory with axial defor-
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mation. The ground state properties of about 2000
even-even nuclei from Z = 8 to Z = 120 have been
studied and all possible deformations of each nuclide
have been examined. The possible appearance of de-
formation beyond the axial kind, such as triaxial or
even higher order multipole deformations have been
suggested.

The fundamental properties of the nuclear shape
are expressed by the parameter quadrupole deforma-

Vol.23, No.4, pp.8-18, 2021



Effective triaxiality of even-even nuclei with quadrupole and oktupole deformation 9

tion 3, and asymmetry parameter y [4]. The parame-
ter B, is related to the intrinsic quadrupole moment
and describes the magnitude of departure from the
spherical shape along given axis. At y = 0 and y=mn/3
it corresponds to the axially symmetric prolate and
oblate shapes, respectively. The intermediate values
of vy, within 0<y<w/3, give the triaxial shapes [4-6].

The collective spectra of atomic nuclei with axi-
al symmetry quadrupole and octupole deformations
(y=0, n=0, and K=0, and [3,, B5 are free dynamical va-
riables) are characterized by rotational bands with al-
ternating parity [7-14]. In Ref. [14] the yrast- and
non-yrast bands with alternating parity of deformed
axial even-even nuclei within a collective model with
nonadiabatically coupled quadrupole and octupole
degrees of freedom were described. The structure of
the yrast- and first non-yrast alternating parity se-
quences in the rare-earth nuclei BONg, 152154gm,
I54Gd, 15Dy, 19219Er and the actinides 2224236238
were reproduced satisfactorily. Where the hamilto-
nian of the axial-symmetry even-even nuclei has an
exact /(/+1) dependence and the observed or esti-
mated deviations from such a simple energy depen-
dence is actual task. It should be noted that in the ex-
periments [15] one can observe energy bands, which
cannot be explained within the framework of the nuc-
lei models with axially symmetric multipole deforma-
tions [8-14], for example, the spectrum of y-band
energy levels [16, 17].

In Ref. [18] the approach triaxial rotator model
(in the case K-mixing, K are the projections of the
angular momentum on the third axes of the intrinsic
frames) was used for description energy levels with
alternating parity of even-even nuclei: ******Th,
230232.234236.538(] and **°Pu with triaxial quadrupole and
octupole deformations (y-, n-deformations), in the re-
gion actinides. In this consideration the deformation
parameters are constants whose values Boett, Yetf, P3eff
and ner effectively determine a rigid triaxial rotor.
Therefore, the purpose of the present work is to de-
velop the model of atomic nuclei with triaxial-
quadrupole and octupole deformations, i.e. B, PB; are
free dynamical variables, and y=Y., N=N.r and K=0.
This model allows one to describe other energy bands
observed in experiments with heavy ions [15]. As it
will be seen below the implemented analysis allows
us to make a conclusion about the relevance of the
applied model formalism.

II. Model of axial quadrupole-octupole vibra-
tions and triaxial rotations

The general theory of quadrupole and octupole
excitation of even-even nuclei is determined by the
Hamilton operator, which contains seven dynamical
variables: deformation parameter [, (p,>0) and
asymmetry parameter y (0<y<n/3) of the quadrupole
oscillations; deformation parameter B; (B;>0) and
asymmetry parameter 1 (0<n<n/2) of the octupole os-
cillations; Eulerian angles 6, (0<0,<2w), 0, (0<0,<mn),
0; (0<0;<2m) are determine rotation of the nucleus
relative to the laboratory system [18]:

A A

H=T, +T, +T, +T, +T, +VB,.5y.0), (1)
where

B = %Biﬁ[ﬁ ’ 5132] (2)

@3=_%; oPs (B ’ 6BJ ©

== ;Zz Bl siioy) ;[sin(m%j, @

ch 272@%( ne ”)%j ©

Expressions (2), (3), (4) and (5) are kinetic ener-
gy of operators ,, s, Y and 1 vibrations, respective-
ly; V(Ba, Bs, ¥, n) — potential energy of above men-
tioned vibrations and

3 h2[2
=2

=1 i

(6)

is the rotational energy operator, here /; (i=1,2,3) are
the components of the angular momentum operator. J;
are the components of the quadrupole and octupole
moment of inertia. In the general case, they depend
on the parameters of the mass and the quadrupole and
octupole deformations B,, 3,, Y and Bs, B3, 1, respec-
tively. General solution of Schrodinger equation with
hamiltonian (1) is a very complicated. Therefore
different simplifications are used. One such model is
the analog of Davydov-Chaban model [16, 17], where
variables y and n are replaced by their effective val-
ues Vet and Merr. Then, the hamiltonian (1) takes the
following form:

A

H

total

:f[;z +j\;33 r0t+V(B25B3 (7)

where f“ﬁz and ]A“B are determined by equations (2) and

Q).
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In this case rotational energy operator (6) de-
pends on the effective values y.e and 1.

Now we will write Schrodinger equation with
hamiltonian (7):
|3 o &
LR
2B, B2 B> B3
{3 o o .
——[—_+—2}P;(B2333,9)+[Tm o®
2B;| B3 OB;  OP3

+V(B2,B3) W5 (B, B3,0) | = EF W5 (B2, s, 6).

We go to polar coordinates ¢ (0<c<c) and
€ (—n/2<e<n/2).

J, =cos’ (g)sin’ (v, — 237[) +sin’(g)

J, =cos’ (g)sin’ (v, — 43“) +sin’(g)

J, =cos’(g)sin’ (Vo) + sin’(g)sin’n o

We then consider the collective rotational mo-
tion of the nucleus separately from the other degrees
of freedom. If no further assumptions (e.g. axial
symmetry) are imposed, the corresponding energy
spectrum is described by the triaxial-rotor Hamilto-
nian (12). Taking into account the expressions (13),
(14) and (15) for J;, where J; explicitly depend on the
effective values of the quadrupole and octupole de-
formation parameters Yefr, Nef and €. As a first approx-
imation, we can use the effective value of this varia-
ble, i.e. &

Thus, implying

V7(0,6) = Fi (0)@7.(0), (16)

and using rigid rotor approximation, we rewrite Eq.
(8) as in Ref. [16]

| Ao =& |07.0) =0, (17)

where I, — energy of triaxial rotor [18-20] (see next
section). We will write Schrodinger equation with
hamiltomian in polar coordinates and by taking into
account € = g

Rl d 1d] [ne
—— ||+ +V(o)-Ef | F{ (0)=0.
{ ZB|:dGZ Gd6:| {4302 (@) 1}} 1

(18)
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B B . By + B;
=, |—aocosg, B3 =, [—osing, B=—-. (9
P2 ,/Bz Bs ,/33 5 )

2| d2 1d 1 d2
—— | — e —— |+
2B| d6? odo o2 de?

+| T +V(0,) 8" | ¥ (0.£,0) = 0.

(10)

The solution to equation (9) is very difficult.
Therefore, further we assume, that

oA

T = H,. 11
" 2Bc? (11

Here
H,=1}]JF+12]J3+12]J2, (12)
;cos2 Ny +sin’ 1, +;5sinneﬂ cosn,; |, (13)
2coszneff+sin2neff+;sinngﬁcosneff : (14)
(15)

1. Solution for the triaxial quadrupole-

octupole rotor

In the present work we consider the deformation
parameters as constants whose values Yefr, Meff, Eeff
effectively determine a rigid triaxial rotor [6, 15, 16].
Thus, we obtain the quadrupole-octupole moment of
inertia in a form depending on three arguments J; =
Ji(Yeft, Nefr, Ecff ). We take these arguments, Yefr, Neff, Eoff
as adjustable parameters. By introducing the reci-
procal inertia factors A« Yets, Nett, €eft )=1/[2J:(Yett, Nett,
)] (=1,2,3) we get the Hamiltonian (6) in the form

H,= Z?:1h2Ai (Yefr sMefr € )7 (19)

depending on the three parameters Yefr, Netf, €eff - Lhe
energy spectrum of the above determined triaxial
quadrupole-octupole rotor is obtained by diagonaliz-
ing the Hamiltonian (6) on the basis of the symme-
trized rotor functions with built-in parity [19]

1
|IMK > = /m (IMK [+(=1)| M - K),

(20)

where |IMK >=‘/%DA’JK (0) and M and K are the
T
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projections of the angular momentum / on the third
axes of the laboratory and intrinsic frames, respec-
tively. The eigenfunctions are obtained in the form

D5y (0) =>4, Cik 1)

The expansion coefficients implicitly depend on
the effective mass and deformation parameters

IMK ,+> |

C}K = C}K (Yeﬂ,neﬁ”,geﬁ”)-

1
(1484 ,)0+8¢,)

(IMK' +|H | IMK +) = \/

1
2

XI:SK’,K T (_1)171{ 81(',—/( ] + (A] - A2 )f(]aK) I:SK',K+2 T (_1)171{ 81(',—1(—2] +

For given angular momentum / the quantum
number t = 0, 1, 2,... (limited by K < ]) labels the

different eigenvalues E (/) of H, in ascending order.

We obtain the matrix elements of Hamiltonian
(6) between basis states (22) with different K values
in the following general form:

[(4 + AT +1)— (4 + 4, - 24,) K |x

(22)

(A = A) UL =K)[8 o £ (1) 8 4 |}

with

f([,K):%\/(1+K+2)(I+K+1)(I—K—1)(I—K) .

Since K, K' > 0 in (22), one has 84 _x # 0 only for K =

(23)

0, Ox _x.2 #0 only for K=0, 1,2, while 84 _x_, is

always zero. As a result Eq. (22) can be written in a simpler form

1 1

(IMK' +|F,| IMK +) = 2\/

(1484 0)0+8)

([ + AT =4+ 4, =2) K]
24)

XI:SK’,K * (_I)I_K SK',—K ] + 2(A1 - Az)[f(laK)BK',K+2 + f(la_K)SK',K—z * (_I)I_K 81<',-1<+2 :I}

Here we make the following important assump-
tions originally imposed in [13[:

(i) The quantum number K takes only even val-
ues (see also [12, 20]). Then in (21) the sum over K
runs from 0 to / in steps of 2.

(ii)) The (+) and (—) phases in (21) and (20),
which correspond to the 4 and B, classes of the rota-
tion group D,, are attributed to the positive and nega-
tive parity states, respectively.

Because of (i), the phase factor (—1)X = 1 can be
omitted in the matrix element expressions (22) and

®%,.(0) =7, (0) and |IMK,t>=|[MKn> = in

(21) and (20), respectively, where n== is the parity of
the rotation state. Also, according to (20) the n=(+)
parity corresponds to / = even angular momentum
states and m=(—) corresponds to / = odd ones, as in the
usual alternating-parity (octupole) bands. Therefore,
one has m = (—1)". Then the (+) and phase factors in
(22) and (24) can be omitted when alternating-parity
bands are considered. As a result the matrix element
(24) reads as

(24). According to (ii) one can write
C A 1 1
(IMK'n|H,|IMKTt)=—
2N (A48, 0)(1+8,,)

{|:(A1 +A)I(I+1)—(4, + 4, _2A3)K2:|x
(25)

X[SK’,K + SK’,—K ] + 2(A1 - Az)[f(laK)6K’,K+z + f(lﬂ_K)[6K',K—2 + 8K',—K+2 ]]}

Note that the right hand side of (25) does not in-
clude & explicitly, whereas as mentioned above, it is
implied by the value of I (even or odd). The lowest
eigenvalues E*°(I) and eigenfunctions Dy (eegy Of

the Hamiltonian correspond to the ground-state-band
for / =even, and to the lowest negative-parity band
for / =odd. In the same way the higher eigenfunc-
tions/eigenvalues with 1=1, 2, ... determine higher
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sets of positive- and negative-parity bands. In this
work we only consider the lowest (yrast) band struc-
ture with = 0.

IV. Radial Schrodinger equation
For defined solution (18) potential /(o) can offer
Go

V(0)=Vo(—+20)2,
Oy ()

(26)

where V; is potential energy in ground state. We
bring in designation

2BV,
X=——"0aC0".

Py (27)
Then we obtained following equation
0 10 s* Ef
—+———-—+—|F(0)=0 28
{Gx xox  x? x} () (28)

and taking into account boundary conditions for
Schrodinger equations we obtain

[x2+(2s—1—X)£+E}r—S—l/z}FJi(x)zoa (29)
ox ox

€71 1
S = —_ —_
g8 ut
where u is nonadiabatic parameter [16] and
pt= i
2BV,03 -

The eigenfunctions
Fif(x)= Nox®exp® F(-n,2s5 +1,x) |

N, is normalization coefficient, F(-n,2s+1,x) 1is
confluent hypergeometric function, » =0, 1, 2, ... are
quantum number of c-vibrations, where for n=0 the
energy levels correspond to yrast-band, and for n=1
the energy levels correspond to first non-yrast-band,
etc.

The eigenvalues

€1 1

Vi
+— }—g -2V, (30)
pt p

Energy levels in ground state:

Iz
Ef, =[1+—2}—3—2V0.
ne fp

Energy of the excited states is defined by follow-
ing expression

E,i:{2n+1+

©Academy of Sciences of Republic of Uzbekistan, 2021

€

Int

Ef =|2n+
ptoop?

1 1%
tE T e (D

Introduced following quantity 7wy =V, /p? is

energy factor [11, 14]. Then Eq. (31) can be written
as

E, ={2n+ i+%—i}hmo (32)
8
u

Int l,[ 2

In the presented approximation, the following
fitting parameters are used: %wg (in keV), verr (in de-
grees), Nerr (in degrees) and e (in degrees) and p
(dimensionless).

In general, the ranges of triaxiality parameters
are 0°<nr<90°, 0°<y.£<60° and —90°<g.£<90°.

Many approaches exist for calculating the
asymmetry parameter Yes from experimental obser-
vables such as Ry»,=FE4./Ey and B(E,). Davydov and
Filippov [6] used this ratio to determine y.r, as well
as Varshni and Bose estimated v by using the ratio
Ry [5]. And the calculation of y. from B(E,) values
leads to ambiguous values of y.s and more reliable
values are expected from the level energies [5]. But
an estimation of asymmetry parameters of quadrupole
and octupole deformations 1 and Y. Was not carried
out. The same attempt was made in Ref. [22], where
the experimental data for negative parity states in
*Th and ****U has been compared with the predic-
tions of three possible asymmetric rotor models: pure
quadrupole, pure octupole and mixed-
quadrupole/octupole.

A simple estimation of the influence of vy-
deformation mode can be done by assuming small
variations of the system around y = 0, as in the case
of the X(5) model [23]. In Ref. [9], the possible ways
of the influence of the y-deformation mode on the
collective motion can be estimated in the B,-f; space.
Further in this work, the possibility of taking into ac-
count the triaxiality of the octupole degree of free-
dom is noted. In present work we effectively take into
account triaxiality of the quadrupole and octupole de-
grees of freedom, i.e. we use quantities y.g and 1. as
adjustable parameters. This is developed of our work
for dynamical B, and 3; variables [18], where the pos-
sibility description of the yrast positive- and negative-
parity excitations of deformed even-even nuclei
through a collective rotation model is given in which
the nuclear surface is characterized with effective tri-
axial-quadrupole and octupole deformations.
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V. Results *%pu. In these figures (left plots) are presented a
The obtained values of the parameters: o comparison of the theoretical and experimental ener
. as well as the root-lfnean-s ua.re (I?_I\}(Igf)’ gy levels of the yrast-band. The theoretical results are
geefi;iatif(f;ns of the energy levels (in k(ele) between obtained by (31) with n=0. The behaviour theoretical
theory and experiment are given in the captions of energy levels of the yrast-band are presented for all
Fies. "2 for all considered even-even nuclei: nuclei is in a good agreement with experimental data.
154%66(} d, 155 m, 15Dy, 28230252 ), 2302223623817 54 ’ In present WOﬂf fitting parameters s, Yeff, Neff,
’ ’ ’ ’ g, W are determined by least squares method.
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L] x"\\ / L 1 54 -10000 | | I 2 i = +— Esperiment
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/= L]
0 ¥ L L g L ) ) 15000 . L . L .
0 3 6 9 12 15 18 21 4 8 12 16 20

1 1

Figure 1. Theoretical and experimental energy levels of yrast-band with alternating parity (left) and ”staggering” pattern
(right) for **Gd with parameters: 710, =726.01 keV, 1=0.3666, £.4=0.00040, v=53.930, nes=85.520, RMS=72.73 keV.
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./ |1 | [ 1 I '\ fl i1 f
| 5000 - |1 I [ I II | I I I IlI
= yrast-band . | |1 |1 I 1 I | | | A
= / | | I | 11 1 I A
2 3000 f ,-’?\"J E |I II | I, | | {1 | | [ [ [
= v / = o | / I -
? X N g II I' [ I| [ 1] II| [l I'| [ N
5 1 1 | | | f
= 2000 f'\._.-’ J z [ | 1 YN .
2 . X / 5000 - I| II | 1| | || |I I| | | | f |/ \f
./ \- [ I| |I TR \ i : .
AN | || |/ \l I 2 .
1000 + n / \f J | | i
.\ "l\ .-"'lf \ /" 1 54 Sm - i || I|I Ii H - *— Experiment
V¥ |
0 L 1 L L " L L 48000 L L M .
0 3 6 9 12 15 18 21 4 8 12 16 20

1
Figure 2. The same as in Fig. 1, but for 159Sm with parameters: ® = 809.65 keV, p = 0.306, g.= 0.00240, y.£= 54.090,

Nett= 84.60, RMS =22.73 keV.
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15508 L ' | 4
504001 5 Theary - 3 - ] Sﬁ D}
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® L] ¥ 9 1z % (1] 2 4 " 13 16 0

Figure 3. The same as in Fig. 1, but for **Dy with #®=649.37 keV, p=0.4165, £.;=0.0025°, Y¢=54.09°, 1e=39.96°,
RMS=48.04 keV.
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Figure 4. The same as in Fig. 1, but for '°Gd with fitting parameters
Yett=54.98°, es=18.93°, RMS=31.81 keV.

: hoe=531.14 keV, p=0.3959, &.4=0.0039°,

4000 y J y y ‘ y T 5000 : . : .
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|
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Figure 5. The same as in Fig. 1, but for ***Th with fitting parameters: i ©e=500.98 keV, p=0.3217 £.=0.0003°,
Yerr=51.26", ner=61.81°, RMS=24.93 keV.
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I I

Figure 6. The same as in Fig. 1, but for 20Th with fitting parameters: h ®y=510.57 keV, p=0.3155 €05=0.0006°,
Yerr=53.14%, 1.;=84.98°, RMS=40.02 keV.
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Figure 7. The same as in Fig. 1, but for 2°U with fitting

Yer=52.75°, Ner=45.69°, RMS=5.87 keV.
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Figure 8. The same as in Fig. 1, but for BITh with fitting parameters: i ®,=504.33 keV, p=0.3078 £.4=0.0001°,

Yer=54.7°, Nes=14.8°, RMS=28.7 keV.
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Figure 9. The same as in Fig. 1, but for “?U with fitting parameters: ki ©5=268.23 keV, nu=0.5761, £.4=9.9391°,

Yer=56.57", Ne=35.38", RMS=107.17 keV
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Figure 10. The same as in Fig. 1, but for °U with fitting parameters: hw=566.06 keV, p=0.2785, £.=0.0062",
Yer=54.86", n.;=83.88", RMS=9.47 keV.
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Figure 11. The same as in Fig. 1, but for 38U with fitting parameters: i ©0;=589.89 keV, n=0.2684, £.=0.0003°,
Yerr=54.68", ne;=46.79°, RMS=30.28 keV.
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Figure 12. The same as in Fig. 1, but for **’Pu with fitting parameters: h =698.37 keV, p=0.24, £.4=0.0006°,
Yerr=54.11°, 1.5=39.55°, RMS=59.16 keV
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VI. Odd-even staggering structure

The detailed examination of the quadrupole-
octupole collectivity in the considered nuclei on the
basis of energy spectra as well as the assessment of
model descriptions obtained through both potentials
requires a more precise analysis of the APB (alternat-
ing parity band) structure [24]

Stag(l) = 6AE()—-4AE(I-1)
—AAE(IF1)+AE(I+2)+AE(I-2) (33)

with AE(]) = E({+1)—E(I). The quantity (33) is very
sensitive to the fine structure of the rotational spectra
and is capable of revealing some rather impressive
fluctuations A/=1 (zigzag behavior of the discrete
high-order energy derivative with respect to reference
zero as a function of angular momentum) in various
types of energy ranges of rotation and rotational os-
cillations. In Figs. (1)-(12) (right figs) presents the
behavour A/=1 staggering-effect.

In the present approach the staggering effect ob-
served in the alternating-parity bands appears as the
result of two model features:

i) association of the parity of the observed rota-
tion states (the +/— phases in (21) and (20)) with the
parity of the angular momentum values,

ii) mixing the different K-modes due to the as-
sumed triaxial deformations.

We remark that in all considered alternating
parity bands, the odd-even staggering does not vanish
in the observed region of angular momenta. It is
known that the vanishing staggering corresponds to a
situation in which the odd and even angular momen-
tum of level sequences (with negative and positive
parities) appear ordered in a single nonperturbed col-
lective “octupole” band. The latter corresponds to the
presence of stable quadrupole-octupole deformation.
In the presently considered alternating parity bands,
however, this does not happen and the observed
band-structures are associated with the soft” vibra-
tional-rotational quadrupole-octupole deformations.

VII. Conclusion

In this paper, we present a model description of
the energy levels of the yrast-band with the alternat-
ing-parity spectra of heavy even-even nuclei in the
framework of the non-adiabatic collective approach
applied in the case of quadrupole-octupole deforma-
tions. The Schrodinger equation is solved for the Da-
vidson potential. Analytical expressions for the ener-

gy spectrum and wave functions of the collective
states of an even-even nucleus are obtained. The
model description of the energy levels with alternat-
ing parity in the nuclei under consideration shows, on
the whole, good agreement with the experimental da-
ta.

We note that the nuclei under consideration have
a y-band with large spin. In addition, the simultane-
ous description of energy levels of alternating and the
identical parity, namely descriptions of yrast-, first
non-yrast- and y-bands, are the subject of future
work.
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Keaapynone Ba OKTyHnojib AedopMalUsiIaHTaH
KYPT-KypT AAposapHUHT 3PPeKTHB HOAKCHA-
JINTH

M.C. Hagup6exos, O.A. Bo3apos

V3P @A SI0U VYnyrbexk maxapuacu, 100214, TomkeHT,
Y36ekucToH

KBaznpynosp Ba OKTynosib jAehopMalysuIaHyBYd OFUp HO-
akcuan  Kypr-kydT  SApOJAPHUHT  HO-aaAMabATHK
KOJUICKTUB MOJCIIM PUBOXKIAHTUPHIIU. SIIpO CHPTHHUHT
KBaJIpyIojb Ba OKTYNOJb KyHJAJaHI TeOpaHUIUIaph
s¢¢dextuB, Oyimama TeOpaHMIIUIApU 3Ca  JTUHAMHUK
paBumpa xucobra omuHAM. Takiamd H>TUiaraH MOIENb
acocuJa OFHMp HO-akcHan KypT-Ky(dr srposapHHHT
YHFOHTaH XOJIaTJapy DHEPreTUK CaTXJIAPUHHMHT aHaJIaTHK
kypunumgarn wudomacu onuHau. by wudoma Hazapui
XUCOONANUTApHA  JKCIIEPUMEHTaNl  HaTIKamap OwiaH
COJIMIITHPHUII OpKaJM aHUKIaHyBYM OemrTa Hazapui
napamerpiapra Oormuk. KyT0 KoopauHATaTapUHHHT
Oypuak KUCMH IKyQT-Ky()T SIPOHHHT  MYyBO3aHAT
Ba3WATHHU  Oenrwnaiauran  mapamerp — cudaruia
¢dolimananunan. PUBOXIaHTHpPWITaH MOJENb  aCOCHIA
ISON, 152150g 172y, 2282302327 232234236238() pa 20py
OFHp HO-aKCHaT KyPT-Ky(DT SAPOJAPHUHT YHFOHTaH
XOJIATJIADUHUHT yrast-1ojioca 3HEPreTHK CaTXJIapH SXIIN
TaBCU(IIAH/IN.

Kanut cy3nap: HoanmabaTHK KOJUICKTUB MOJENb, KBAAPYyTOIb
Ba OKTYTIOMb AeopManusiiap, yrast-ronoca.
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