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The energies of excited rotational-vibrational states of deformable,
axially symmetric even-even nuclei with quadrupole and octupole
deformations have been studied. The variation of the nucleus
deformation magnitude with the growth of the spin and the
energy of a level has been taken into account. The ratios between
the energies of excited levels with positive and negative parities
and the energy of the first excited level with spin 2% in the basic
band of the nuclei concerned have been calculated.

1. Introduction

Nuclei with quadrupole and octupole deformations
are known to possess two rotational bands with
opposite parities [1-6]. Between the levels belonging
to bands with opposite parities, there occur strong
dipole transitions which are caused by the presence
of polarization-induced electric dipole moment in those
nuclei [2-6]. The parameters of quadrupole, (2, and
octupole, 33, deformations in these nuclei are of the same
order of magnitude [1-7].

Atomic nuclei with octupole deformation possess
two minima of the potential energy which correspond
to opposite values of the parameter of octupole
deformation (3 and are characterized by the two-fold
level degeneration which is eliminated due to a tunnel
transition through the potential barrier separating the
Bs3- and —f5-configurations [2,3,8]. In this case, nuclear
states with positive parity are described by a symmetric
|+)-combination of wave functions in the +/5-potential
wells, while nuclear states with negative parity by
an antisymmetric combination |—) of those functions
[2,3, 8]. Besides the main vibrational band 0, 2%, 4T,
and so on, the band 17, 37, 57, ... with the spin
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projection K = 0 onto the nucleus symmetry axis was
also observed for all nuclei with quadrupole and octupole
deformations [2,3,8-11].

The properties of nuclei with octupole and
quadrupole deformations have been widely studied in
the framework of geometric, algebraic, and microscopic
approximations (see review [7] and the references
therein). In the algebraic model [12], the corresponding
wave functions of the main and excited bands consist
of components which, in addition to quadrupole bosons,
include or do not include dipole bosons and are related
with mononuclear or cluster components, respectively.
In works [13,14], the algebraic model, which included
octupole bosons in addition to dipole ones, was
considered, and the low-lying states of actinides with
negative parity were described. In those models, the
relative distance between the centers of mass of clusters
under mass asymmetry is a key collective coordinate for
the description of bands with alternating parity.

In the framework of the cluster model, the energies
of levels belonging to the bands with alternating
parity have been considered in work [15] for low and
intermediate values of angular momenta and in the
algebraic approximation. But, in this work, the maximal
spin values for levels with alternative parity were equal
to 127 for isotopes 232U, 234U, 236U, and 23%U; 17~ for
isotopes 22°Ra, 2??Ra, 224Ra, and 226Ra; and 207 for
isotopes 229Pu, 22?Pu, ??*Pu, and ??°Pu. At the same
time, the experimental data are available for levels with
alternative parity and higher spin values which cannot
be described by the given model.

A large body of experimental data has been
accumulated for nuclei with quadrupole and octupole
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deformations [2,3]. Hence, the problem of the description
of energy level locations in the even and odd parity
bands, which would take into account the shape
modification of a nucleus at its excitation, including
states with high spins, seems challenging.

The excited high-spin states of atomic nuclei
arise owing to either the collective rotation or the
arrangement of the angular momenta of individual
nucleons along the nuclear symmetry axis [8, 16, 17].
The availability of high-spin states due to rotation
can originate from the coupling between multipole
deformations of the nuclear surface and its rotation [8].
In works [18-23], the models of forced rotation and
varying inertia moment were used to study the energy
levels of atomic nuclei with high spins. In those models,
only rotational states with high spins were examined.
But, as the rotation frequency increases, the nuclear
deformation increases due to the action of centrifugal
effects, similarly to the behavior of the vibrational-
rotational interaction in molecules (8,24, 25].

In this connection, the researches of high-spin states
of atomic nuclei, which take into account — in the
geometric approximation — the coupling between the
rotational motion of a nucleus and nuclear surface
vibrations characterized by different multipolarities
seem topical.

2. Energy Levels and Wave Functions

Consider how the phenomenological nonadiabatic
collective theory describes energy levels in even and
odd bands [26-28]. Let an axially symmetric even-
even nucleus with quadrupole and octupole deformations
execute fs- and (3-vibrations and rotate around an axis
perpendicular to the symmetry one.

The Schrédinger equation describing —excited
rotational-vibrational states can be written down as
follows [27]:

>

A=2,3

(6)\7 )>
2BA ﬁA 96 (ﬂA o )t

R2I(I + 1)U7 (By, 6)
6(B2f3 + Bs33)

V (B2, B3) U7 (B, 0) = ErVr (5, 0), (1)

where B) are the mass parameters, I is the nuclear
spin, V(fB2,03) is the potential energy of quadrupole

ISSN 0503-1265. Ukr. J. Phys. 2008. V. 53, N 2

and octupole vibrations of the nuclear surface; and ¥ =
¥1,U9,93 are the Euler angles that describe a spatial
orientation of the nucleus. We seek the solutions of the
Schrédinger equation (1) in the form

UE (B2, B3,0) = (B2fB3) 1 0F (Bo, Bs) | IMO, £), (2)

where the function |IMO,+) describes the rotation of
an axially symmetric even-even nucleus with the spin
projection M onto the axis Z, and K = 0. In the general
case, the function |[IM K, £) looks like [3,10]

21 +1

IMK,4) = (| ——
MBS %) =\ | 6020 T ore0)

x [D]IVIK(O) * (_1)IDJI\/I,7K(9)] ) (3)

where do is the Kronecker symbol, and DI, (6) is the
Wigner spherical function.

From Eq. (3), one can see that |IMO0,+) # 0 if
I =0,24,..., and [IMO,—-) # 0 for I = 1,3,5,
Equation (1) gives rise to the equation for the wave
functions @Ii(ﬂg, 0B3):

h? d*®7 (B2, Bs)
2B,  dp2

_ﬁdz‘bzi(52753)+
5B, d2
R2I(I +1)

_RII+1) N )
6B + Baf) | OF (B2, 33) = 0.

(4)

Here, it is convenient to pass to the polar coordinates o
and € [2,3]:

B2 =/ B/Bayocose, (3=

V(B2,03) — E

v/ B/Bsosine,

B2+B3 s v
B=221T78 < _T<e< =,
5 , 0<0 < o0, 2_6_2 (5)
Then, Eq. (4) reads
R [d> 14d 1d*)
Y Lzaz o do azsz] 7o)+
R2I(I +1)
|:6BO'2 + V(O’, E) — E?::| q)}t((f, 8) =0. (6)

In nuclei with octupole deformation, there are two
minima of the potential energy which are located at
(89, 89) and (B9, —f9) [or, equivalently, at (og,c0) and
(00, —€0)]- Expanding the potential energy V in a power
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series of a displacement of either of those equilibrium
positions and neglecting the crossed terms, we obtain the
following expression for V in the vicinity of the minima
located at (oo, +20) [2—4]:

V(o,e) =V (o) + %(5 Feo) (7)

In this case, the variables in Eq. (6) can be separated:
7 (0,€) = Fi (0)xu(e F o), (8)

where the functions x, (¢ + ¢,) and Fif (o) satisfy the
equations

d*x, (e Feo) 2B . 5
— = + T +e, + ?(5$50) Xv(eFep)=0
(9)
and
R [#F (o) ()]
2B do? odo
hZI(I + 1) Ey + +
[%+V(U):FCTQ—E1 Fr(o) =0, (10)
respectively. The eigenvalues of Eq. (9) are
2
igV:(V+§)hw87 We =/ Oe/B, V:O71,2,....
(11)

Note that the tunneling brings about the splitting of
oscillator levels. The quantity 2¢, is the splitting of the
doubly degenerate v-th level which occurs owing to the
tunnel transition between nuclear forms with opposite
values of the octupole deformation parameter [2,3].

For Eq. (10) to be solved, it is necessary to choose
firstly the dependence V(o) for the potential energy.
In the collective phenomenological theory, the choice
of the potential energy is one of the most complicated
problems. The expression for the potential energy is
often selected so that it should reflect certain key
features obtained from microscopic calculations and, at
the same time, contain a small number of parameters;
these parameters are determined from a comparison of
the results of theoretical calculations with experimental
data.

While solving Eq. (10), the potential V(o) can be
presented in the form

Vio)= (o o0

h2

+ 552 (12)

where the quantities C' and oy determine the elastic
constant and the deformation parameter, respectively,
of an even-even nucleus with quadrupole and octupole
deformations at I = 0. Then, by introducing the function
¢F(0) which satisfies the boundary —conditions
¢F (0 — 0) =0 and ¢ (0 — o0) = 0, we obtain

Fli(a) _ @?(0)

. 13
i (13)
In this case, Eq. (10) reads
h? + +( +
—ﬁ_FWIy _EIV Y1 (G) =0, (14)
where
C R2I(I +1 v
wt = Co gz PIUIHD L€ (15)

2 6Bo2 o2

Provided I # 0, a second term in the effective po-
tential energy (15) differs from zero, which shifts the
equilibrium position and changes the elastic constant.
Expanding the function Wi (o) into a power series in o
and confining the expansion to the linear and quadratic
terms, expression (15) acquires the form

Cv:l:
Wi, (o) = W, (on,) + 21” (0 —on)? (16)
where
4
cE = C{l + (’i) [I(I+1) ;35,’,]}, (17)
pIu
II+1
whwr -0 =t | 5. (19)
+ 2
le/ 1
w L) = hw Y| +
IU(JI) 0{( \/ZLL )
p \>[I(I+1) ]
+ (= Feul ¢ (19)
(p?) [ 3 }
+ _ % S — i _LQ !
p[y - o 17 ,u o0 BC bl
2B C
E;, = ﬁgy7 wWo = E (20)
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Substituting expression (16) into Eq. (14), we find that

R a2 O )
{2Bda?+ 5 (0 =00

+[ET, - Wﬁ(alu)}}wi(ff) =0. (21)
Let us introduce a quantity
C % 3
Wi, = {i} =u{1+/i [I(I+1)¢2EL}} ;
CIU pIV
(22)
and a new variable
+ +
g:pilv(f %) TS (23)
H1,0Ip K1y
Let us assume that
+ + £
() = U ©ean {5 | (21)
Using expressions (21)—(23,) we obtain
d? d
— — 22— 42 UE(E) =0 25
{de gdf + QU} IV(E) ) ( )
where

q:t _ Efiy — lel:/(UIV) _ 1 wﬂ: — 07;5 (26)
v hw?:u 27 Iv B :

The function U (€) has
boundary conditions:

U (©) (—”i) —o,
£—0

+
2

to satisfy the following

2

£
UL (€)eg 2, =0.

The solutions of Eq. (25) can be selected in the form

(27)

URL(6) = N*H(9), (28)
where N+ are the normalizing coefficients,
o i G0 ook o (Foa
H () = [20(=q;)] ;O RN G
(29)
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is the Hermite function of the first kind, and T'(z) is the
gamma-function. The quantity ¢* in expression (29) is
a root of the transcendental equation

HY, (—pi’”) =0

v 12 %
stemming from boundary condition (27). This equation
has an infinite set of roots ¢ which are enumerated
in the ascending order as follows: qr, qf, qgt, and so
on [22]. The quantities pf, and u7, are determined
from Egs. (18) and (22) for every pair of parameters
g and e),. Here, p7, determines an increase of the
equilibrium deformation o, of the ground state of
an even-even nucleus with quadrupole and octupole
deformations, which accompanies the nucleus transition
into the Iv-states, so that ai = pliucro. The energies of
excited rotational-vibrational Iv-states are determined
— according to formulas (17)—(19) and taking expression
(26) into account — by the expression

1 4
EE = hw (qyi T 2> \/1 n (’i) [I(I+1) F 3¢, ]+

P1y

NI A

It is evident from this equation that the level energies
depend on three parameters, namely, wg, p, and . If
the energies of excited states are measured in units of
hwy for a given even-even nucleus, there remain only
two independent parameters, p and €/

(30)

By _ ox
/

ﬁ; = f]l/(u7sy)' (32)

The energy of the ground state of an even-even
nucleus, measured in Aw,-units, is determined by the
quantum numbers (I,v,¢%) = (0+,1,¢%). Hence, the
excitation energy for an even-even nucleus is equal to
the difference
A{':Iqu:t = f[l/q:t - fOlqi' (33)
For simplicity, it is convenient to analyze the ratio
between the excitation energy and the energy of the first
excited level

(34)
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rather than the excitation energy (33) itself. It is evident
that the ratios between the energies of excited levels (34)
in axially symmetric even-even nuclei with quadrupole
and octupole deformations are the functions of two
parameters, p and ).

To illustrate the results obtained, the dependences
of the ratio between the energies of excited levels with
positive and negative parities and the energy of the
first excited level in the main band with spin 27 on
the parameter p are depicted in the Figure for the
fixed parameter ¢, = 2.04. The Figure demonstrates
that the ratios between the energies of levels with
positive and negative parities diminish with increase
in the parameter p value, provided that the value of
the parameter e/, is fixed, which corresponds to the
formation of equidistant levels similar to the levels in
spherical nuclei.

The Table quotes experimental [29] and calculated
values obtained for the ratio between the energy of the
excited levels with positive and negative parities and the
energy of the first excited level with spin 27, as well
as the values for the parameters p and €/, and for the
roots qu7 qf, and qgt of the transcendental equation (30)
for 15OSIn7 154Dy7 162Dy7 232Th7 232U, 236U'7 and 238U
nuclei. The listed data make it evident that the root
of transcendental Eq. (30) is not an integer number for
150Sm and 54Dy nuclei (1 > 1/3), but it is an integer
number for other, heavier nuclei (u < 1/3) [30]. For
deformable nonaxial even-even nuclei with quadrupole
deformation, the roots of the transcendental equation

Dependences of the ratio between the energy of excited levels with
positive and negative parities and the energy of the first excited
level of the main band with spin 2% on the parameter p for a fixed

value of the parameter ¢, = 2.04

(30) were calculated earlier in works [26, 30]. For odd
nuclei, the energies of the excited levels with positive and
negative parities were calculated in work [31], but the
roots of the transcendental equation (30) were supposed
integer there.

Experimental and theoretical values of the ratio between the energies of excited levels and the energy of the first

excited level

Nuclei and q,,i Spin Energy q} Spin Energy
their parameters Theor. Exper. Theor. Exper.
1 2 3 4 5 6 7 8 9

1509m af =1.3x 1072 2+ 1 1 g =82x1073 3~ 2.58 3.21
u=0.51 g =5.7x 1073 4+ 2.32 2.32 gy =3.5x1073 5~ 3.78 4.07
e, =1 qq =2.3x 1073 6+ 3.80 3.83 g =1.4x1073 7 5.18 5.28
[3] ag =9.2x10* 8+ 5.39 5.50 gy =5.6x 107* 9~ 6.73 6.68

qg =3.6x10* 10t 7.07 7.29 qo =2.2x 1074 11~ 8.39 8.22

g =1.4x 1074 12+ 8.83 9.04 g5 =9.0x107° 13~ 10.12 9.86

qg =5.8x 1077 14+ 10.64 11.00 g =3.7x107° 15~ 11.91 11.72

g =24 x107° 16+ 12.49 12.89 gy =15%x107° 17— 13.76 13.79

g =1.0x 1074 18+ 14.39 14.76 gy =6.5x107° 19~ 15.64 16.00

qg =4.3x 1076 20t 16.32 16.74 gy =2.9%x 107 21— 17.57 18.28

154Dy qf =1.1x 1072 2+ 1 1 g =1.02 6T 7.46 4.96
pw=05 g =48 x 1073 4+ 2.41 2.23 g =101 8+ 9.34 6.47
e, =1 qg =1.9x 1073 6+ 4.01 3.66 af =1 10" 11.30 8.25
[26] qg =7.7x10* 8+ 5.75 5.22 gy =1.3x1072 1~ 1.80 4.24

qg =3.0x10~* 10t 7.59 6.89 gy =3.0x1073 5- 3.99 4.62
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Continue table

1 [ 2 [ 3 4 5 6 7 8 9
af =1.2x10* 121 9.51 8.65 g5 =1.2x1073 7 5.52 5.87
qg =4.9x 1070 141 11.49 104 9 gy =4.8x 1074 9~ 7.21 7.24
g =2.0x 1075 16t 13.53 12.4 7 gy =6.9%x 1073 3~ 2.69 3.61
qg =8.5x 1076 181 15.61 14.5 4 g =1.9%x 1074 11~ 9.02 8.61
qg =3.7x 1076 20F 17.73 16.7 0 gy =7.6x107° 13~ 10.92 10.13
gy =1.6x 1076 22+ 19.89 1897 ¢y =3.1x107° 15~ 12.89 11.90
ag =7.6x10°7 24+ 22.08 21.39 ¢y =1.3x107° 17~ 14.97 13.87
g =3.6x1077 261 24.30 23.98 gy =5.5x1076 19~ 16.99 15.95
ag =1.8x 1077 28+ 26.54 26.0 6 gy =24%x 1076 21— 19.11 18.04
g =1.0x 1077 30+ 28.80 28.8 8 g =1.1x107° 23~ 21.26 20.18
@ =0 327% 31.09 31.2 0 gy =5.2%x 1077 25~ 23.44 22.47
34+ 33.39 33.8 2 gy =2.5x1077 27~ 25.66 24.91
36+ 35.70 36.4 9 gy =1.3x 1077 29— 27.90 27.54
q =1.1 ot 2.41 1.97 ¢y =1.0x 1077 31~ 30.16 30.35
g =1.08 2+ 3.93 2.71 g5 =0 33~ 32.44 33.31
g =1.04 4+ 5.66 3.74 g5 =0 35~ 34.74 36.04
162Dy a7 =0 2+ 1 1 6T 6.80 6.80
1 =0.205 4+ 3.29 3.29 8+ 11.40 11.42
el = 10t 16.99 17.05 11~ 34.35 31.05
[26] 12+ 23.45 23.58 g =1 ot 20.34 17.36
141 30.70 30.90 2t 21.47 18.02
16+ 37.64 38.91 4+ 24.05 19.53
181 47.21 47.56 6t 27.95 21.91
a5 =0 1~ 16.61 15.82 8+ 33.02 24.62
3~ 18.06 16.83 10t 39.13 28.04
5~ 20.63 18.82 12t 46.12 32.15
7 24.25 21.76 14+ 53.89 36.64
9~ 28.85 26.05
232Th qq =0 2+ 1 1 7 23.71 21.11
1w =0.21 4+ 3.28 3.28 9~ 28.14 25.29
e, =9 6t 6.74 6.74 11— 33.41 30.33
[26] 8t 11.26 11.27 13~ 39.44 36.12
10F 16.70 16.74 15~ 46.16 42.54
12+ 22.95 23.01 17~ 53.50 49.49
14+ 29.92 30.0 19~ 61.40 56.94
16+ 37.51 37.61 21— 69.80 64.85
16+ 37.51 37.61 23~ 78.65 73.20
18+t 45.65 45.78 25~ 87.93 81.98
20t 54.30 54.46 27~ 97.59 91.21
22+ 63.39 63.62 q =1 ot 18.09 14.78
24+ 72.89 73.24 2+ 19.23 15.67
261 82.76 83.29 4t 21.82 17.65
28+ 92.97 93.73 6+ 25.70 20.72
30+ 103.50 104.5 8+ 30.71 24.73
gy =0 1~ 16.32 14.46 10" 36.68 29.69
3~ 17.73 15.67 g = 1~ 35.52 21.15
5~ 20.21 17.89 3~ 37.09 22.38
2327 a7 =0 2+ 1 1 161 37.51 38.41
u=0.21 4+ 3.28 3.33 18+ 45.65 46.89
el =9 6t 6.74 6.78 20t 54.30 55.85
[26] 8+ 11.26 11.37 g =1 ot 18.09 14.52
10t 16.70 16.93 2t 19.23 15.43
12+ 22.95 23.36 4+ 21.82 17.63
14+ 29.92 30.55 6+ 25.70 20.70
8+t 30.71 24.94 7 23.71 19.23
10t 36.68 30.14 9- 28.14 23.76
g5 =0 1~ 16.32 11.83 11— 33.41 29.33
3~ 17.73 13.21 13~ 39.44 35.48
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Continue table

1 [ 2 [ 3 [ 4 [ 5 [ 6 [ 7 [ 8 [ 9
5~ 20.21 15.90
2367 ag =0 2+ 1 1 g5 =0 1~ 13.34 15.21
© =0.195 4+ 3.30 3.30 3~ 14.90 16.47
el =17 6t 6.85 6.85 5~ 17.61 18.75
[26] 8+ 11.54 11.54 7 21.45 22.15
10t 17.28 17.28 9~ 26.32 26.55
12+ 23.98 23.98 11~ 32.18 31.96
14+ 31.55 31.53 13— 38.93 38.36
16+ 39.90 39.81 15~ 46.51 45.62
18+ 48.95 48.73 17~ 54.83 53.72
20t 58.65 58.19 19— 63.84 62.48
22+ 68.94 68.13 21~ 73.48 71.88
24+ 79.75 78.52 q?’ =1 ot 23.48 20.34
261 91.06 89.37 2+ 24.59 21.34
28+ 102.83 100.62 4+ 27.15 23.16
30T 115.01 112.30
238y ag =0 2+ 1 1 1~ 14.97 15.13
n =0.203 4+ 3.30 3.30 3~ 16.45 16.28
el = 6t 6.81 6.84 5~ 19.07 18.40
[26] 8+ 11.44 11.53 7 22.77 21.50
10t 17.07 17.27 9~ 27.47 25.62
12+ 23.60 23.97 11~ 33.09 30.70
14+ 31.93 31.51 13— 39.55 36.72
16+ 38.98 39.81 15— 46.78 43.67
181 47.68 48.78 17~ 54.70 51.35
20t 56.96 58.30 19— 63.24 59.87
22+ 66.76 68.30 21— 72.39 69.12
24+ 77.04 78.70 23~ 82.18 78.99
26t 87.76 89.45 q;r =1 ot 21.09 20.65
28+ 98.89 100.57 2+ 22.22 21.54
30+ 110.38 112.57 4+ 24.79 23.49
From the Table, it is also evident that the 7. P.A. Butler and W. Nazarewicz, Nucl. Phys. A 533, 249
experimental and calculated values of the ratio between (1991).
the energies of the excited levels with positive and 8. A. Bohr and B.R. Mottelson, Nuclear Structure, Vol. 2:
negative parities are in good agreement with one Nuclear Deformations (Benjamin, New York, 1975).
another, especially for uranium isotopes, including their 9. Yu.V. Porodzinskii and E.Sh. Sukhovitsii, Yadern. Fiz. 59,
high-spin states. 247 (1996).
Thus, it follows from the results of our researches 10. S.Sharipov, M.S. Nadirbekov, and S.K. Nuriev, Izv. RAN 69,
reported above that the proposed variant of the model 128 (2005).
developed in works [2-4] satisfactorily describes the 11. S. Sharipov and M.S. Nadirbekov, Uzb. Fiz. Zh. 3, 12, (1998).
spe(-:t.rurp of energy levels with pOSlt.lve. and negative 12. N.V. Zamfir and D. Kusnezov, Phys. Rev. C 63, 054306
parities in deformable even-even nuclei with quadrupole (2001).
and octupole deformations. 13. A.A. Raduta, D. Ionescu, I.I. Ursu, and A. Feassler, Nucl.
Phys. A 720, 43 (2003).
1. S. Aberg'7 H. Flocard, and W. Nazarewicz, Annu. Rev. Nucl. 14. F. Iachello and D. Jackson, Phys. Lett. B 108, 151 (1982).
Part. Sci. 40, 439 (1990).
2.  A.Ya. Dzyublik and V.Yu. Denisov, Ukr. Fiz. Zh. 37, 1770 15. T.M. Shneidman, G.G. X Adamian, ~N.V.  Antonenko,
(1997). R.V. Jolos, and W. Sheid, Phys. Rev. C 67, 014313
2003).
3. A.Ya. Dzyublik and V.Yu. Denisov, Yadern. Fiz. 56, 30 ( )
(1993). 16. E. Nadzhakov, Fiz. Elem. Chast. At. Yadra 10, 1294 (1979).
4. V.Yu. Denisov and A.Ya. Dzyublik, Nucl. Phys. A 589, 17  17. Sh. Brianson and I.N. Mikhailov, Fiz. Elem. Chast. At. Yadra
(1995). 13, 246 (1982).
5. D. Bonatsos et al., Phys. Rev. C 71, 064309 (2005). 18. M. Muller-Veggian, H. Beuscher, D.R. Haenni et al., Nucl.
6. D. Bonatsos et al., Phys. Lett. B 633, 474 (2006). Phys. A 417, 189 (1984).
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OBEPTAJIbHO-KOJINBAJIBHI 3BY/1>KEHI CTAHI
ITAPHO-ITAPHUX AJEP 3 KBAIPYIIOJIbBHOIO
TA OKTVYIIOJIBHOIO JE®OPMALIAMU

1. Iapinos, M.C. Hadupbexos, I A. FOrdawesa
Pezmowme

Hocninzkeno eHeprii 06epTajibHO-KOJIMBAJIbHUX 30Y12KEHUX CTaHIB
aKCHAJIbHO-CUMETPUIHUX IapHO-MAPHUX SIAEP 3 KBaJAPYIIOILHOIO
Ta OKTYHOJIbHOIO Jedopmaliissmu. BpaxoBaHo 3MiHy BeJIMYUHU Jie-
dopmariil sigpa 3i 36inbIIeHHsAM CcIiHy Ta eHepril piBHiB. O6unce-
HO BijHOIIEHHsI eHepril 30y >KeHuX PiBHIB JOAATHOI Ta Bijl'€eMHOI
HmapHOCTi 10 eHeprii mepmoro 36y mKeHoro piBHsa 3i crinom 21 oc-
HOBHOI II0JIOCH BUIIIEBKA3aHUX JIED.
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