UDC 539.14

THEORETICAL DESCRIPTION OF NUCLEONS PAIRED CORRELATIONS OF
EVEN-EVEN NUCLEI IN THE ADIABATIC THREE-PARTICLE MODEL

R. M. Plekan, V. Yu. Pojda, 1. V. Khimich
Uzhgorod National University, Department of Nuclear Physics and Elementary Particles, Uzhgorod, Ukraine

A hyperspherical adiabatic approach (HAA) has been suggested to find the energy spectrum of even-even atomic
nuclei modelled by a spherically symmetric even-even core plus two valence nucleons in the external shell. The
adiabatic three-particle model of nucleus for the case of the spherically symmetric and axially symmetric nucleus has
been obtained. The so-called adiabatic three-particle model is based on the assumption on the separability of the motion
of valence nucleons into the high-speed motion of nucleons over the angular variables and the adiabatic (slow-speed)
motion of nucleons along the hyperradius R. The efficiency of the adiabatic approach is illustrated by the example of
the numerical calculations of the energy spectrum of low-lying excited states of the even-even atomic nuclei *He, 'Be,
e, 18c, 180, ®Ne, “Ca, and **Ni, which possess two valence nucleons in the shell.

1. Introduction

The difficulties of the mathematical character, which arise in a process of the solution of the Schrodinger
equation for stationary states of atomic nuclei, stimulates us to search the different approximate methods and
the model approaches of its solution. The most familiar of them are: the shell model [1], the Hartree - Fock
method [2], the superfluid nuclei model [3], the K-harmonic method [4], the interacting bosons model [5],
the unitary correlation operator method (UCOM) [6], the Monte Carlo shell model [7] and others. It is well
known that each of these methods has its characteristic advantages and accordingly some limitations.

The angular and radial correlations of nucleons and the pairing effects for nucleons of the same sort play
an important role in the formation of excited states of nuclei and appear, particularly, in the presence of gaps
in the energy spectra of excited states of even-even nuclei and in their absence in the spectra of odd and odd-
odd nuclei. Thus, it is necessary to develop another method for the calculation of the wave functions and the
energy spectra of stationary states of even-even nuclei, which would go beyond the limits of the one-nucleon
Hartree - Fock approach [2]. As it is known the pair correlations of nucleons of the same sort, which result
particularly in the existence of superfluid states of nuclei [8], are considered most logically and correctly in
the superfluid model of nucleus [9, 10] within the secondary quantization formalism.

In the present paper, we suggest to consider the pair correlations between nucleons in the potential
approach in the framework of the adiabatic three-particle model of nuclei [11 - 14], based on the assumption
of separability of the motion of valence nucleons of a nucleus into the high-speed movement in angular

variables, i.e. on the sphere S°(£2) and the adiabatic (low-speed) movement of nucleons along the
hyperradius R and on the introduction of the notion of adiabatic potential term of nucleons U ,(R) which is
convenient for the description. We recall that the adiabatic three-particle model of nuclei is based on the
assumption of the existence of an average self-consistent field in the model of independent particles with
taking into account a short-range residual interaction of valence nucleons.

The further development and application of the adiabatic approach in nuclear theory to the investigation
of the energy spectrum of both spherical and deformed even-even nuclei within the framework of the
adiabatic three-particle model of nuclei and with consideration of the Coulomb interaction between valence
protons besides the strong one are considered to be topical now.

2. Description of the Energy Spectrum of Stationary States of a Spherical Nucleus

A theoretical description of the energy spectrum of excited states of nuclei, which are modelled by a
spherically symmetric even-even "core" plus two nucleons on the outer unfilled shell, was carried out in [11 -

14] within the HAA method. For the ;X nucleus with two valence nucleons, the description of nucleus in

HAA method is carried out in terms of collective variables, whose role is played by the hyperradius R,
hyperangle «

R=(5*+n")", a=arctg(r/n) (1

and usual spherical angles 7 = {¢,,0.}, i=1,2.
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In the adiabatic three-particle model of nuclei, the effective self-consistent field is modelled by the static
spherically symmetric Woods - Saxon potential [15]
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where R, =r,4"* and the projection of isotopic spin ¢, = +1/2: "-" should be taken for a proton and "+" for a

neutron.
If there are two valence protons on the external shell, then the Coulomb potential V;, can be modelled, for

the sake of simplicity, as [15]

Ve=20(n), (3)
where
[3 1[4]2]&(2—2) .
P Y sk
V()= f( 22)’% * @)
e \z—
p s >Ry

Here, V, (1;) is the potential energy of interaction between the i-th proton and the Coulomb field of the

uniformly charged sphere.

For the simplification of further calculations, we can represent the residual strong interaction of valence
nucleons between themselves as the potential with zero interaction radius with regard to the repulsion of
nucleons at short distances [15]

Vo) =Vl =g (32106 —5). )

nthn

The repulsion of nucleons is characterized by the term p( ) which denotes the total one-particle

density of nucleons. The relative contribution of repulsion is defined by the g ( g> 0) . Such a choice of the

residual interaction simplifies the algorithm of the energy spectrum computation, because it allows one to
calculate, in the explicit analytic form, the matrix elements of this interaction and does not distort, possibly,
the real situation. In the future, more realistic models of the interaction should be developed.

In the case of valence protons, their Coulomb interaction

Vo =1="—=7 (6)
7 =7
must be added to (5).
The spin-orbital interaction of the i-th nucleon is given by
=W 5). W=7, ™)
s , r

Thus, in the framework of the adiabatic three-particle model of nuclei in terms of collective variables (1),
the potential energy V' (R,.Q) of the system under study is given by

V(R,Q)=U,(Reosa)+W,(Reosa) (1, -5, )+ U, (Rsina) + W, (Rsina)(L, -5, ) + Vo + Voo (8)

We note that using the Hamiltonian with central two-particle and spin-orbital one-particle interactions for
a spherical nucleus corresponds to the so-called intermediate coupling approximation.
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As was shown in works [11 - 14], the problem of determination of the energy spectrum for spherical
atomic nuclei in the framework of the adiabatic three-particle model of nuclei is reduced to solving the two
following problems.

In the first place, it is the problem of determination of adiabatic potential terms U, (R ) of nucleons of the
nucleus and the corresponding basis functions @, (R,.Q) . This can be done by a numerical solution of the

system of differential equations for the variable o (h=m, =1),

d 11 +) L +1 iy
D LD 0| o ks T VA Rl R0, ©)

cossar  sin‘a frrt
where the coefficients @{%), (R,a) which appear in the decomposition [11] of the @, (R, £2)

o), (R,a) =sinacosa @), (R,a). (10)

j]jlll
System (9) is supplemented by the boundary conditions that ensure a boundedness of the function
¢, (R,0) at zero and the validity of the Pauli principle:

q)i'f;‘z)lllz (R,(Z = 0) = 09
¢;531112 (R’ a) |a:7{/4: (_1)j_jl_j2+1 Q;;uj?lzll (R’ﬂ/z - a) |a=7r/4 ’ (1 1)
apih, (Ra)/ datl,_ = (=172 gl (R @) O |

Jiiahly a=n/4"" iy a=r/4 *

Thus, we can find the adiabatic terms U, (R) and basis functions @, (R,£2) by solving system (9) with

boundary conditions (11). The expansion of the full wave function of the system % (R,{2) in the
hyperspherical adiabatic basis {@,(R,£2)} looks

¥ (R,2)=R7"?> F(R)P,(R,0). (12)

Secondly, we must determine the radial functions F, (R ) and the energy spectrum £ of bound states of

nucleons through a numerical solution of the system of differential equations for the variable R

d’ 1 d d
{—dRz — 2 FUR) —2E}F”(R) + Z{H;I!I,(R)Fﬂ,(R) +QW,(R)d—R1~;, (R) +Cm[QW(R)Fﬂ,(R)J} =0. (13)
V%
The radial functions £, (R) satisfy the boundary conditions
F(0)=F, (0)=0. (14)

max

In numerical calculations, we substitute the interval (0,00] of R by a finite interval [O,R ] and truncate

system (13) to that with a finite number of equations. Using the adiabatic approximation, in which expansion
(12) contains only diagonal matrix elements, reduces system (13) to a single equation.

The explicit form of potentials (2) - (7) is given in [12, 13].

The efficiency of the HAA method in the framework of the adiabatic three-particle model of nuclei has
been illustrated by the example of numerical calculations of the energy spectra of even-even nuclei under
assumption of spherical symmetry of the field of nucleus. The calculated energies of excited states of
nucleons for the certain studied nuclei indicate the necessity to take into account the polarization effects for
the even-even core, i.e. to consider a deformation of the core field by nucleons from the external unfilled
shell.

3. Description of the Energy Spectrum of Stationary States of a Deformed Nucleus

In the calculations of stationary states of deformed nuclei, the Nilsson potential was used for a long time
as an effective potential of the average nuclear field of a core [16]. With the help of the Nilsson potential, a
rather simple scheme for the determination of the one-particle levels and corresponding wave functions of
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states of deformed nuclei was developed. However, the Nilsson potential has a number of essential
limitations. For example, it has infinite depth, which yields the improper behaviour of wave functions on the
nucleus boundary and outside it. Moreover, the spin-orbital interaction in the Nilsson's scheme is
independent of the mass number 4 and the deformation parameters.

Therefore, a more realistic finite anisotropic Woods - Saxon potential becomes recently to be widely used
in calculations of the energy spectrum of deformed nuclei [17, 18]. For the first time, the problem of
determination of one-particle levels and wave functions of states in a deformed Woods - Saxon potential was
investigated by Nemirovskii and Chepurnov in [17]. Later on, other methods of solving the Schrodinger
equation with anisotropic Woods - Saxon potential were proposed in the one-particle approximation [18].

It is necessary to note that the integral of motion for deformed nuclei with the form of an ellipsoid of
revolution is the projection K of the total angular momentum of a nucleon on the nucleus symmetry axis,
i.e. one-particle nucleon states are characterized by energy, parity, and projection K .

In the adiabatic three-particle model of nuclei, the stationary states of two valence nucleons in the
deformed nucleus field, which is simulated by the anisotropic Woods - Saxon potential, are determined [19]
from the Schrodinger’s equation

(o4

A+V-EW =0, (15)
2 21,

where the potential energy operator of the system is given by
V=U\G, B) 4V, (7,6, B) + Uy (7 ) 4V, (7,85, B) + Vo (5 F) 4V (T2 - (16)

Here, U, (7;, p ) is purely the nuclear potential energy of the i-th nucleon at the point 7 in the deformed

1

axially symmetric Woods - Saxon field:

U,.<r,.>=[—Vo+zm¥rzj(l+exp(wn (34 a7

ay

The radius R(6,, ) of the deformed axially symmetric field of a nucleus depends on the deformation
parameter £ and the angle 6, relative to the symmetry axis of a nucleus and is chosen as

R(G,,8) = Ry[1+ BT, (6,)]. (18)

As is well known, spin-orbital interaction operators in the case of the nuclear potential U,(7,, #) have the
form [17]

V;o(’_’;’&i’ﬂ):_/’{[ﬁiX&i].gradUi(’_’;’ﬂ)‘ (19)

In (15), we separate the spherically symmetric part of interaction and the additional term which sets a
deviation of the interaction symmetry from the spherical one. As a result, we obtain the equation

n’ n e e - e e - N, .-
(_54_2# AZ+V(l’i,O'l,Vz,O'z,ﬁ)—V(l’i,O’I,VZ,O'Z,ﬁ:0)+V(l’i,0'1,l"2,0'2,,3=0)+Vres(ri,}"2)—E)$U=0. (20)
1 2

It is convenient to seek for solutions of Eq. (20) in hyperspherical coordinates (1) in the form of a
superposition of solutions ¥,

Ye(R2)=Y > Cu¥.x(ROQ), 1)

of the stationary Schrodinger’s equation

" n
(54~
2 2p,

4, +V(7,6,,5,0,, f = 0)+V, (1,55) =&, ), =0 (22)
with the spherically symmetric potential V' (#,0,,7,,0,, =0).
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The stationary states
Yo =¥, (R =F,  (R)D,,(R,£2) (23)

of the corresponding spherical nucleus can be obtained from (22) according to the scheme introduced in [11 -
14] and briefly given in Section 2.

After the substitution of (21) to (20), multiplication of all terms of the equation by ‘P*,J,K, (R,€), and

integration over the whole region of hyperspherical coordinates, we obtain

g ;osnj ~E)C,8,,5, +§§CM< (Vi |V (76,7 G0 B)| ¥ i) = O, (24)
where
V(f.,&.fz,az,m=V(fl,&l,a,az,ﬂ)—V(ﬁ,al,a,&z,ﬂ=o>=le[ﬁ,-<f,-,ﬂ>+f,-m<f,-,a,-,ﬂ>], (25)
U,(i, 8) =U,(i, )~ U,(%. B =0), (26)
Vo (7,6, ) = V.., (7,6, ) =V, (7,6, f = 0). (27)

We can represent the spin-orbital addition I7w(;7; ,0,,15,0,, ) (27) in potential (25) as [17, 18]

V7,61 75.Gy B) = W, + Wy + W, (28)
where
2.1 0U.(r, )
W:— - JASEES _ 29
1 ;(i:] 7”,' or (pao_@ sin@pw‘%‘)’ (29)
21 au(r,p)
W - _ A& 5 30
2 l;rjzsinﬁi 20 P, 0, (30)
2.1 0U0.(r, )
W, = ——— D , 31
3 Z;”i 20, PO, (31
and
0
D, =—1h£, Py _—lhi, P, =—ih—. (32)

In (29)-(31), o0,.0,,0,

,, 18 the Pauli matrices which are given explicitly in [17].

In order to solve the system of equations (24) numerically, we need to know the matrix elements of the
potentials of both purely nuclear and spin-orbital interactions.

For the determination of matrix elements in (24), it is convenient to expand 17(171,5'1,72,5'2, f) in a series
in terms of spherical functions. For the nuclear terms of potential (25), we obtain

S IRV -
Am;
Respectively
W: 2B, (1@ I, (0:.0) (34)
i Am;

where the expansion coefficients 4, , (7,a,8) and B, (7,,a,) should be obtained numerically. In the

examined case of an axisymmetric nucleus, m, =m, =0.
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The system of homogeneous equations (24) has nonzero solutions if the determinant composed from the
coefficients of the unknowns C . equals zero. Expanding this determinant, we obtain an algebraic equation

for the determination of E .

By solving system (24) in the standard way, we can find the energy spectrum E of the deformed nucleus,
coefficients C , , and, hence, the corresponding wave functions of stationary states of the deformed nucleus.
We can obtain the unknown energy E of the deformed nucleus for f <<1 by the method of perturbation
theory with respect to the deformation parameter £ .

For the case of minor deformations £ <<1, we can consider the operator 17(;71,51,172,52, B) in Eq. (24) as
an operator of perturbation which represents the difference between a weakly deformed Woods - Saxon
potential with deformation parameter [ <<1 and a spherical Woods - Saxon potential. The energy of an
arbitrary level E , of a deformed nucleus in the first approximation of perturbation theory is given by

E= EV(LII) =&, t VnJK,nJK > (35)

1
where ¢,, is the energy of the j-th level of a spherically symmetric nucleus and V, ., is the unknown

matrix element of the operator V(7,5,,7,,5,,/). The explicit type of matrix elements V, sk (35) of the
operator V(7,5,,7,,5,,3) was given in [19].

As it is seen from formula (35), due to the axial symmetry of the Woods - Saxon potential, the energy
levels ¢, that were found for a spherically symmetric Woods - Saxon field split in the axially deformed
Woods-Saxon field into the energy levels that correspond to different values of the quantum number K of
the angular momentum projection J on the nucleus symmetry axis. That is, the degeneration 2J +1 in |K | is

removed, but the twofold degeneration of levels in the sign of K remains.

Thus, to determine the energy spectrum of a deformed nucleus ;X in the framework of the considered
adiabatic three-particle model of nuclei, it is necessary, following works [11 - 14], to obtain the spectra of
levels ¢, and the corresponding wave functions of stationary states in the assumption of the spherical

symmetry of the field of a nucleus, and then to take into account the deformation of the nucleus field while
numericaly solving system (24).

3. Numerical Calculations of the Energy Spectra of Even-Even Nuclei

Below we illustrate the main points of the numerical calculation of the energy spectrum of the nuclei in
the framework of the adiabatic three-particle model of nuclei. It will be done on the example of low-lying
excited states of even-even nuclei °He, '"Be, '*C, '°C, "®Ne, '*0, **Ca, and *®Ni which possess two valence
nucleons in the external shell. For the simplification of calculations, we simulate the strong interaction of
valence nucleons by the spherically symmetric Woods - Saxon potential. For the valence protons, we also
consider the Coulomb interaction in addition to the strong one.

Accordingly to the asymptotic behavior of the terms U, (R) / R* investigated in [14] in detail, the

calculations of the energy spectra of nuclei °He, '°Be, '*C, '°C, "*Ne, '®0, **Ca, and **Ni under assumption of
the spherically symmetric field of a nucleus core were carried out as follows. Parameters of the

Woods-Saxon potential were selected in such a way that the potential terms U, (R) / R? of nuclei °He, '’Be,

e, 1C, ®Ne, 0, **Ca, and **Ni tend to the corresponding levels of isotopes with mass numbers less by unit
as R — oo . The values of the Woods - Saxon potential parameters for nuclei °He, 10Be, !, '°C, "®Ne, "*0,
“?Ca, and Ni defined in such a way are shown in Table 1. Then, following works [11 - 14], the spectra of
levels and the corresponding wave functions of stationary states were determined by using the determined
parameters of potentials. As the reference zero point, we took the energy when both valence nucleons were
in the ground state, i.e. zero reference point, we took the energy of the state where both valence nucleons
were in the ground state.

The results of calculations of the energy spectrum &,, of low-lying excited states of nuclei *He, '’Be, '*C,
'°C, "Ne, "0, *Ca, and **Ni under assumption of a spherically symmetric field are given in Table 2, and
their positions on the adiabatic potential terms U, (R) / R* of the nuclei are presented, respectively, by

straight lines in Figure. As a null, we took the energy of separation of two nucleons from nuclei °He, 'Be,
¢, C, BNe, 10, *Ca, and *Ni, respectively.

188



Table I. Parameters of the Woods - Saxon potential for nuclei *He, 10ge, 14C, 16C, ®Ne, 180, “*Ca and **Ni

Nucleus Vo, MeV vy, MeV Ry, fm ay, fm y, fm?
He 28.0 14.0 1.27 0.625 0.415
"Be 54.0 30.0 1.27 0.625 0.415
“c 45.5 26.0 1.27 0.625 0.415
e 52.6 31.0 1.27 0.6 0.6
"Ne 38.0 20.0 1.27 0.625 0.415
>Ni 51.5 32.5 1.27 0.6 0.6

Table 2. Results of calculations of the energy of nuclei He, '"Be, “C, '°C, ®*Ne, *0, “*Ca, and **Ni states under
assumption of the spherically symmetric Woods - Saxon potential

A Configuration of MeV Eup [20], U(R)/R* for g,; [20], for
Nucleus "X nucleons S b » M€ MeV R=15fm,MeV | AlX MeV
1p35 1pan 0" 0 0 0.5575 0.8862
He 1ps5 1psn 2" 1.7985 1.797 1.1052 0.8862
1pis 1pis 0" 23114 - 1.2786 2.1426
1p3/2 1p3/2 0+ 0 0 -26.1048 -13.97
1psp 1psn 2+ 3.4706 3.368 -26.1048 -13.97
""Be 1p1 Ipis 0+ 6.1797 6.1793 -20.4006 -13.279
1ds; 1ds, 2+ 7.5396 7.542 -18.0282 -9.66
1ds; 1ds, 4+ 9.2702 9.27 -18.0282 -9.66
1p1/2 1p1/2 0+ 0 0 -8.3113 -4.9464
1dsp 1dsp 0+ 6.59 6.5894 -1.7639 -1.0926
e 1dsp 1dsp 2+ 7.0124 7.012 -1.7638 -1.0926
1dsp 1dsp 4+ 10.7367 10.736 -1.7633 -1.0926
1ds 1dsp 0+ 9.7461 9.746 0.6392 2.7396
1ds 1dsp 2+ 10.4261 10.425 0.6399 2.7396
1dsp 1dsp 0" 0 0 -1.5252 -1.2177
1dsp 1dsp 2" 1.7667 1.766 -1.5252 -1.2177
e 1dsp 1dsp 4 4.1329 4.142 -1.5252 -1.2177
251 28112 0" 3.0297 3.027 -1.8009 -1.9577
1ds 1dsp 0" 5.1212 - 2.0938 3.4393
1ds 1dsp 2" 6.1071 6.109 2.0938 3.4393
1dsp 1dsp 0" 0 0 -0.5921 -0.6
1dsp 1dsp 2" 1.8875 1.8873 -0.5912 -0.6
18N 1dsp 1dsp 4 3.3765 3.3762 -0.5901 -0.6
1ds 1dsp 0" 3.5766 3.5763 1.9102 4.04
1ds 1dsp 2" 3.6165 3.6164 1.9106 4.04
251 2812 0" 4.5889 4.59 -0.1446 -0.11
2p322p3n 0" 0 0 -11.096 -10.265
2p3n2p3n 2 1.4563 1.4545 -11.096 -10.265
SN 2p122pin 0" 2.9426 2.9424 -9.8904 -9.1524
15, 1f5, 0" 3.531 3.5309 -9.9832 -9.4965
15, 1f5, 2" 3.9018 3.8983 -9.9832 -9.4965
15, 1f5, 4 4.3043 4.299 -9.9832 -9.4965

The comparison foregoing of the adiabatic calculations of energy spectrum of nuclei with results of
calculations [21] another authors in frame diverse methods and models are evidence on good their
coincidence.
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4. Conclusions

It should be said that in the K-harmonic method the basic functions formulate in obvious look with the
help Jakobi polynoms and therefore the decomposition of wave function of stationary state with the help of
basic K-harmonics converges very slowly when R increases and it is necessary to take into account a large

number of K-harmonics in calculations. In our approach the basic functions @, (R,.Q) are obtained with the

help of the numerical solution of the system of differential equations for all values of parameter R and so we
can expect a fast convergence of the decomposition (12).
The investigation of a high-speed of the convergence of the adiabatic decomposition of a wave function

SU(R,_Q) of arbitrary stationary nuclear state and also the study of a contribution of channel coupling into

the energy levels E , it means that the dependence of values of levels from the number of N, equations of

the system (13), is the subject of our future investigations.

In future, for the numerical calculation of the energy spectrum of the stationary states of deformed nuclei,
it is necessary to develop a package of applied computer programs, which would give us a possibility to use
more realistic interaction potentials. With regard for the deformation of the nucleus core field and the spin-
orbital interaction (19), we hope to improve the accuracy of calculations of the energy spectra of deformed
nuclei.

Numerical calculations of the energy spectra of deformed nuclei in the framework of the adiabatic three-
particle model of nuclei are actual for further investigations. Thus, the adiabatic three-particle model of
nuclei developed by us allows one to carry out, in the potential approach, the adequate theoretical description
of pairing effects of nucleons and their angular and radial correlations which result, in particular, in the
creation of superfluid nuclear states.
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TEOPETUYECKOE OIIMCAHME ITAPHBIX KOPPEJISILIUI HYKJIOHOB YETHO-YETHBIX
B AIMABATHYECKOU TPEXYACTUYHOU MOJAEJIN

P. M. Ilnekan, B. IO. Iloiina, U. B. Xumuu

IIpemtoxen rumnepchepudeckuii aauadaTHIeCKUid MOAXOM Ul HAXOXICHHMS SHEPreTHYECKOro CIEKTpa YeTHO-
YCTHbIX ATOMHBIX ﬂ,uep, KOTOpre MO[leJ'll/IpleTCH COOTBETCTByIOIJ_[I/IM C(i)epl/l‘ieCKO-Cl/IMMeTpI/l‘iHblM YCTHO-YCTHBIM
OCTOBOM IUIFOC JIBa BAJICHTHBIX HYKJIOHA BO BHelrHed oOosouke. ChopmynupoBaHa aguadaTudeckas TPeX4acTHUHAS
MOJIENIb spa Ha Ciaydaid chepuyecKo-CHMMETPHUYECKOTO0 M aKCHAIbHO-CUMMETPUYECKOTO J1e(OPMUPOBAHHOTO SIIIPa,
KOTOpast 0asupyercs Ha MPEINONIOKEHUN 00 OTICICHUM TBI)KCHHUS BAICHTHBIX HYKJIIOHOB Ha OBICTPOE JIBMXKCHUE IO
VIJIOBEIM TEPEMEHHBIM W aauadarhdyeckoe (MEUICHHOE) MBWKCHHE BJIONb Tumeppamuyca R. DPQPEKTHBHOCTH
aana0aTH9YecKoro IMOAXOAa WIIIOCTPUPYETCS Ha TNpUMepax YHCICHHOrO pacdera SHEPreTHYEeCKOr0 CIEKTpa
HU3KOJIC)KANTNX BO30Y>KICHHBIX COCTOSHHN YEeTHO-YETHBIX ATOMHBIX SIep ®He, '°Be, “C, '°C, ®0, "®Ne, “Ca,™Ni,
KOTOPBIE COJIEPIKAT /1B BAICHTHBIX HYKJIOHA BO BHELIHEH 000JI0UKe.

TEOPETUYHHI ONMUC MAPHUX KOPEJISIIN HYKJIOHIB ITAPHO-IIAPHUX SIIEP
B AJIABATHYHIN TPUYACTHHKOBIIA MOJIEJII

P. M. [Inekan, B. IO. Iloiiga, 1. B. Ximiu

3arnpornoHoBaHo TinepcepuyHuil aniadaTHyHUK MiAXiA A1 3HAXOJDKEHHSI €HEPIeTUYHOro CIEeKTpa NapHO-TapHUX
ATOMHUX sIJIep, 1110 MOJIENIIOIOTHCS BiIIOBIIHIM c(hepUIHO-CUMETPHYHAM NapHO-TIAPHUM OCTOBOM IUTIOC JIBa BaJIECHTHI
HYKJIOHH B 30BHiIIHIHA 00010HII. CHOopMyIp0BaHO aiabaTHdHy TPUYACTHHKOBY MOJEIb S/Ipa ISl BUMAAKY cheprdHo-
CHMETPUYHOTO Ta aKCiaJIbHO-CHMETPHYHOTO JIeOPMOBAHOTO sIpa, sika 0a3yeThCs HA IPHUITYIICHHI IIPO BiTOKPEMIICHHS
PYXy BaJICHTHUX HYKJIOHIB Ha IIBUAKHNA pyX IO KyTOBUX 3MIHHHX Ta aAia0aTWYHUN (MOBUTRHHIA) PYyX Y3HOBXK
rineppaniyca R. EdexTtuBHicTh aniabaTHYHOTO MiAXOAY UIFOCTPYEThCS HA NPUKIANaX UYHUCEIBHOTO PO3PaXYHKY
EHEPIeTHYHOTO CIIEKTPa HM3bKOJIEXKAUNX 30y/UKEHHX CTaHiB mapHo-napHux atromuux saep ‘He, 'Be, ¢, 15, "o,
18Ne, 42Ca,5 SNi, SK1 MICTSITh JBa BaJICHTHI HYKJIOHU B 30BHIMIHIA OOOJIOHII.
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