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A MICROSCOPIC TWO-CLUSTER MODEL
OF PROCESSES IN 6Li

Abstract. Structure of bound and resonance states and dynamics of different processes in 6Li are investigated
within a microscopic two-cluster model. The model is an algebraic version of the resonating group method which
correctly treats the Pauli principle and makes use of the oscillator basis to expand a wave function of a two-cluster
system. Within this model the nucleus €Li is considered as two-cluster a + d system. Dynamics of the two-cluster
system is totally governed by a semi-realistic nucleon-nucleon potential. We study interaction of @i with electrons
and photons. Form factors of elastic scattering of electron are determined for two nucleon-nucleon potentials. We
also study the density distribution of protons and neutrons in 6Li. We demonstrate that the model used correctly
reproduces form factors for the ground state of &.i. Our results are compatible with results of other microscopic
models. The capture reaction a + d = @i + y are investigated in detail. The astrophysical S-factor of the reaction is
obtained at low-energy region.

Keywords: cluster model, light nuclei, capture reaction, density distribution.

1. Introduction. In this paper we consider in more detail the structure of 6Li. We will consider the
processes initiated by the interaction of 6.i with electrons and photons. Interaction of electrons with @Li
will be represented by a form factor of the electrons elastic scattering from the 6Li ground state.
Interaction of photons with 6Li will be represented by a cross section of the 6Li photodisintegration
Y +6Li = a + d, or by a cross section and the astrophysical S-factor of the radiative capture reaction
a+d=46a.i+y. Itiswell known that the radiative capture reaction a + d = 6Li + y is very important for the
astrophysical applications.

To achieve these goals we apply a two-cluster microscopic model. This model is so-called the
algebraic version of the resonating group method formulated in Refs. [1], [2]. The main peculiarity of the
algebraic version is that it employs a full set of oscillator functions to describe the relative motion of the
interacting clusters in bound and continuous spectrum states. In Ref. [3], which includes many important
details of formulation and implementations of the algebraic version of the resonating group, this model
was applied to study the lightest nuclei of the p-shell represented by the dominant two-cluster
configuration. It was shown that this model reproduces the main features of the nucleus e, 5Li, 6Li, 7Li,
7Be and 8Be. In the present paper we concentrate our attention on some interesting features of 6Li which
have not been considered in Ref. [3].

2. Two-cluster model. The total wave function describing the state of two-cluster systems within the
resonating group method can be represented as:

W = A{[q>1{A1) "2{A2)]sxpds{q)}, 1)
where Ni(”~i) is a wave function describing the internal motion of Alnucleons which comprise the first
cluster, 2(A2) is a wave function describing the internal motion of A2nucleons which comprise the
second cluster. Both functions depend on the spatial, spin and isospin coordinates of individual nucleons.

86


https://doi.org/10.32014/2020.2518-1726.69
mailto:knurto@mail.ru
mailto:venera_baggi@mail.ru
mailto:kzo1994@mail.ru

ISSN 1991-346X Series physico-mathematical. 4. 2020

And both functions are antisymmetric with respect to a permutation of any pair of nucleons. It is assumed
within the resonating group method that these functions are known. There are some simple methods how
to construct such functions. Contrary to the functions ~i(”~i) and ” 2(”2), the wave function”/s(q) which
describes the relative motion of two clusters is unknown and has to be determined by solving dynamical
equations of the resonating group method. This function is a function of the Jacobi vector q, which
determines the distance between clusters.

Within the algebraic version of the resonating group method, the wave function is
decomposed into an infinite series of the three-dimension harmonic oscillator wave functions ¢n(q, r0):

= '"n=n0 Cnb”nb(. Y>To), (2)

where CnL is the expansion coefficient, ¢ is the modulus ofthe vector g. The explicit form ofthe oscillator
functions on(.4Yro) can be found in Ref. [3]. As oscillator functions form a complete set of orthonormal
functions, then any wave function of a two-cluster system can be expanded over these functions. In the
framework of the algebraic version of the resonating group method, the wave function (1) of two-cluster
system, by taking into account Eq. (2), can be represented as a generalized Fourier series

% = bn=n0cmn b, 3)

it also yields the dynamical equations for the expansion coefficients as a set of the linear algebraic
equations

Zm=n0[{nL |h| ML) - E «Snm] CnL = 0, 4)
where H is the many-particle Hamiltonian of the nucleus, E is the total energy of the nuclear system, and

ArL = A{<PI("]) )} (5)

is the many-particle, cluster oscillator function.

To construct matrix elements of Hamiltonian and other operators of physical importance we employ
the technique of the generating functions [4]. The generating functions of two-cluster system is the Slater
determinant constructed from single-particle Brink orbitals. A single-particle Brink orbital is connected
with Gaussian functions:

(L Rj) =exp {-(r, -Rj)2 (2b2)}, (6)

where rt is a coordinate of the ith nucleon (i = 1, 2, ..., A) and Rj (j = 1, 2) is a generator parameter
representing center of mass of jth cluster. After elimination of a wave function of the center of mass
motion, we obtain the translationally invariant generating function of A nucleons system. We denote this
function as ® (), where R is the generator coordinate associated with relative position of clusters in the
space and equals

B =" Ne - BTr]. <>

By using properties of the determinant functions, we can easy calculate the kernel of the Hamiltonian
(or the generating matrix elements ofthe Hamiltonian)

{R\H\LL, = IH| @ (i1)), (8)
the norm kernel
<AIA) = (@ ()P (1)) ©)

and the generating matrix elements of other operators.
The important feature of the generating function @ (i1), as was shown in Ref. [4], is that it generates
an infinite set of cluster oscillator functions (5)

o
®(K) =Z Z awk2M+lyw {LLnb . (10)

n=01L,M
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To extract the necessary cluster oscillator function tynL from the generating function we use the
following procedure

1 1 /[ H\2tcH
(w

Thus we need to integrate over the unit vector R with the weight YEM(i4) and then differentiate 2n + L

times with respect to R. After differentiation we have to put R = 0. Such a projecting procedure can be
applied directly to the matrix elements of the kernel of the Hamiltonian

1 1 / d r
Ql=iTl>=~ T 7)!bl romy () (12)
n n / \2m+L
XJ 1 (£)\ i dRYZu (s) (A Hﬂl $1)|B=8=c
amL(2m + L)\\dRJ J LM 1 nNR=R=0'

We use this procedure to construct matrix elements of proton and neutron form factors and operator
of electromagnetic transitions, which we need to calculating cross sections of the capture reactions or
photodisintegration reactions.

3. Definition of form factor and density distribution. The proton and neutron form factors are
determined as the matrix elements

Fpig) = (13)
PnCu) = {"E]JAPM\3$E]*)> (14)
calculated with a wave function describing a bound states of a nucleus. Here the operators Fp and Fn
are
1A
FP=2~(1 + exP , (15)
i=i
1 a
Fn=27" (1- Mexp{;(ar*)}, (16)
i=i
and the operators ~(1 + and ~(1—'Q) are projection operators on proton and neutron state,

respectively.
The proton and neutron density distribution are determined as

Dp(r) = (*B/AMAZILi(L + T2) 5 (r-ri)|*B/A |, (17)

Dn(r) = bxej*\*=i(1 - S(r-ri)\VWiEn\, (18)

To calculate Fp(q), m(q), Dp(r) and Dn(r), one needs to perform in Egs. (13), (14), (17) and (18)
integrations over all spatial, spin and isospin coordinates.

For numerical calculations of properties of the 6Li nucleus, we selected two nucleon-nucleon
potentials: the Minnesota potential (MP) [5] and the modified Hasegawa-Nagata [6, 7] potential (MHNP).
This is done in order to study the dependence of calculated quantities of 6Li on the shape of selected
nucleon-nucleon potentials.

Here, we are not going to discuss the wave function of the ground state of 6Li as it was discussed in
Ref. [3]. And we will not present wave functions or phase shifts of the elastic scattering of deuterons from
an alpha particle as they were presented in Ref. [3]. It is necessary to note that phase shifts of the elastic
a + d scattering and the parameters of resonance state are in a good agreement with the experimental data.
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4. Form factor and density distribution. Within the two-cluster model used, the total isospin T = 0
for 6Li, thus the neutron form factor coincides with the proton form factor. This can be deduced from the
definitions of the proton and neutron form factors Egs. (13) and (14). And this is why the proton, neutron
and mass density distributions are also identical. Thus we display only the proton form factor and proton
density distribution. The proton density distributions D(r) obtained with MP and MHNP are display in
figure 1 There is a substantial difference in the proton density distributions for these potential at small
distances r. The proton density distribution in the ground 1+ state of 6Li calculated with MP and MHNP.
The proton form factor F(q) for elastic scattering of electrons from the 1+ground state of 6Li are shown in
figure 2. As we can see, the first minimum of the form factor are in the same point of the transferred
momentum ¢ for both potentials. As it is well known the range of small values of q associated with the
root-mean-square radius of 6Li, which has approximately the same value for MP and MHNP [8, 9].

r, fm g fin'l
Figure 1- The proton density distribution in the ground Figure 2 - The proton form factor F(q) fromthe @i ground
1+state of @i calculated with the MP and MHNP state. Results are obtained with MP and MHNP
5. The capture reaction a + d = 6i +y. The cross section and astrophysical S factor of the reaction

a+d=6Li+yare calculated by employing the quadrupole transitions only. It has been repeatedly shown
that the quadrupole transitions from continuous spectrum states to the ground state of 6Li dominates in the
low energy region. Having calculated wave functions of the ground state of 6Li and continuous spectrum
states in the channel a + d, we then easily calculated the quadrupole transitions and cross section of the
capture reaction. The explicit formula for calculating the cross section of the capture reaction can be
found, for example, in Ref. [10, 11]. It is worthwhile noticing that the quadrupole transitions connect the
ground 1+ state with three states of the continuous spectrum, namely, Jn= 3+ Jn= 2+and Jn= 1+ Within
the present model, the total spin S is a good quantum number and S=1. Thus, the total orbital momentum
L is also a good quantum number. For the ground state L = 0, and for the scattering states Jn= 3+, Jn= 2+
and Jn = 1+the total orbital momentum L = 2. The spin-orbit interaction splits the state with the total
orbital momentum L = 2 on three states with the total angular momentum Jn= 3+ Jn= 2+and Jn= 1+ As
the total isospin of 6Li T=0, then the dipole transitions are forbidden in the long-wave approximation. It is
well-known, that the dipole transition operator in the long-wave approximation contains only the isovector
part, thus the dipole transitions are allowed for the nuclei with total isospin T > A.

In table 1we show the energy and width ofthe Jn= 3+, Jn= 2+and Jn= 1+ These resonance states, as
we can see later, play an important role in the capture reaction. It was shown in Ref. [3] that these
resonance states have a great impact on the cross section of the elastic a + d scattering. The energy E of
the resonance states are measured from the a + d threshold. Results of our calculation with the MP and the
MHNP are compared with the experimental data [12-14]. There is a fairly good agreement between the
theoretical and experimental data. As we can see, the MHNP provides more correct description of the 3+
2+and l+resonance state, than the MP.
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Table 1 - Experimental and theoretical values of the parameters of resonance states of @i

Potential L; /" E (MeV) I (MeV)
MHNP 2; 1+ 4.100 2.357
TN 3.063 1.013
ot 0.763 0.019
MP 2; 1+ 5.174 6.33
N 4.288 3.005
N 0.848 0.028
Experimental data 2; 1+ 4.176+0.050 1540.2
[12, 13] 2; 2+ 2.838 +0.022 130+ 100
2; 3+ 0.712 +0.002 0.024 +0.002

As was indicated above, all resonances in the 6Li nucleus mentioned in Table 1have the total orbital
momentum L = 2, which indicates the presence of a centrifugal barrier in these states. The effective barrier
in the a + d channels is complemented also by the Coulomb barrier. The spin-orbital forces increase the
effective attraction between clusters in the 3+ state and thus generates a very narrow resonance at low
energies. At this energy range, the width of the barrier is large which difficult to penetrate. This stipulates
the appearance of a very narrow (long-lived) resonance state. In the 1+ state, the spin-orbital forces,
contrary to the 3+ state, reduce the interaction of the alpha particle and the deuteron and push the
resonance state to a relatively larger energy, where the effective barrier is small. The spin-orbit forces
have small effect on the 2+state, as the consequence the resonance width is less than in the 1+ state, but
larger than in the 3+ state.

In figures 3 and 4 we display the partial and the total astrophysical S factors of the reaction
a +d=6Li+yas afunction ofthe energy E of relative motion of clusters alpha-particle and deuteron. One
can immediately notice a peak below the energy E = 1 MeV. This peak is associated with the narrow
3+ resonance state. The contribution to the partial and total S factors of wider 2+and 1+resonance states is
not so prominent. By comparing Fig. 3 and Fig. 4, we see explicitly how the astrophysical S factor of the
capture reaction a + d = @i + y depends on the shape of the nucleon-nucleon potentials used in our
calculations. It is important to note, that the transition from the 3+ continuous spectrum statesto the ground
state dominates at the low energy range 0 < E < 1 MeV. At the higher energies, the transition from the
2+continuous spectrum statesto the ground state is more prominent than the other transitions.

Figure 3- The astrophysical S-factors generated by the Figure 4 - The astrophysical S-factors of reaction
quadrupole transitions. Results are obtained with the a+d=@.i +y generated by the quadrupole transitions.
modified Hasegawa-Nagata potential Results are obtained with the potential of Minnesota

The astrophysical S factor of the capture reaction a + d = 6Li + y obtained by the theoretical or
experimental methods usually is approximated by the three terms expression:

S(E) = So+ SE + SE2. (19)
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For this aim we selected the energy interval 0 < E < 0.2 MeV. In Table 2 we display parameters of
the three terms fit to the calculated astrophysical S-factor of the capture reactions a + d = 6.i + y. In the
table we show partial astrophysical S-factors S (E; JJM~ J and the total S-factor

ST(E)= YjS(E, 1?*%), (20)
Zf
In our calculations this sum involves three partial astrophysical S-factors.

Table 2 - Parameters of three-term fitting of the calculated astrophysical S-factor of the reaction a+ d = @i +y.

Potential Transition 0 5, 52

MHNP A 3.092X10-1. 10.923X10-D 7.455X10-9
24N 1+ 2.035X10-11 7.878X10-D 4.370X10-9
1+ 1+ 1.214X10-1 4.716X10-D 2.593X10-9
Total 6.341X10-11 23517X1Q-D 14.418X10-9

The total astrophysical S factor obtained in our model is in a fairly good agreement with the available
experimental data and is also compatible with results of other theoretical two- and three-cluster models.

6. Conclusions. We have applied a two-cluster microscopic model to study structure of the nucleus
6Li. This nucleus was represented as a two-cluster configuration a + d, which determines the main
properties of 6Li at the low energy region. Two well-known nucleon-nucleon potentials were employed to
study properties of 6Li and their dependence on the shape of the potentials. The present model correctly
reproduced the main features of bound and scattering states in 6Li.

We have calculated the form factor ofthe elastic scattering of electron from the ground state of 6Li. It
was shown that at region of the small values of the transferred momentum q the form factor F(q) slightly
depends on the shape of the nucleon-nucleon potentials, however for large values of the momentum q the
shape of the potentials has the large impact on the form factor. As for the proton density distribution D(r),
the shape ofthe nucleon-nucleon potentials has noticeable impact at the region of small distances r.

We have also studied the dynamics of the capture reaction a + d = 6Li + y at small energy region
which is of a great importance for the different astrophysical applications. We have calculated the partial
and total astrophysical S factor S(E) of the reaction. We have demonstrated how the low-lying resonance
states 3+, 2+and 1+ contribute to astrophysical S factor ofthe capture reaction. It was shown that our model
provides a satisfactory description ofthe S factor in the range of energy 0 < E < 1MeV.
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H. Kamxurutosl, H.)K. Taknbaesl, B.C. Bacunescknii2, 3.M. AkxxMToBal B.O. *ypmaTanueBal

139n-dapabm atbiHAarbl Kasak ynTTbik yHuBepcuTeT AnimaTbl, KasakcTtaH;
Zoronto60oB aTblHAArbI TEOPUSANBLL, PU3MKa MHCTUTYTHI, KneB, YkpanHa

*bbAEM MNKPOCKOMUANbLL EKIKINACTEP/1IK YAEPIC YNTICI

AHHOTauma. XXywmbicTa 6aiinaHbICKaH X3He Pe30HaHCTbl KyWnepaLl, KypbllbiMbl, COHbIMEH 6ipre "bbaen
aptYpni Y[epic AMHAMUKACbl MUKPOCKOMUANbBIK eLwlKknacTep/iX Yri ascbiHAa 3epTTenreH. byn Tacwwiaw, Herisi
abinitio >x3He eLKNACTEP/LW >KyAeHL) TOMKbIHABIK (YHKUMANapbiH OCUMANMATOP/LIK Henm3fe >kwtey YmA
KONJaHaTbIH Pe30HaHCTbl Ton 3araHw, anrebpanbik Hyckacbl (PT3AH). 6Li Macenecll KapacTtblpy 6acTankbl
HYKNeoCMHTe3 Ke3ellHAe 6Li LWbINYbIHbIL HEen3n peakuuacbl CaHanaTbiH paguvauusanbik  Kaprny peakuuscol
TyprbiCblHaH TyblHAalAbl. OCbl M3cesere el Ke3kKapacTbl KOMAaHy eTe KaxeT, eiiTkew @GLi pagnauusanbik kapmy

91



News ofthe National Academy ofsciences ofthe Republic ofKazakhstan

peakuyuAcbIHAA a/1Thl e3apa 3peKeTTeceTLl HyKIoHAap 6ap, onap CalKeciHLLe anTbl AeHe KaTbicaTblH Kypaeni ecenTi
Tyablpagbl. PTOAH kypangapsl 6yn MaceneHi ew geHe ecebiHe: anba-6enLlek a x3sHe cyTen U30TOoMbl AenTepuii
d-re asaiita anagbl. Mayny NpUHLUMMIH XK3HE aHTUCUMMETPU3aLLMSHbI ECKEPMEN, e3apa 3peKeTreceTiH KnacTepnepaiH
TONMKbIHABIK (PYHKUMACBIH FapPMOHUKa/IbIK OCLMANMATOP PYHKUMACBIHBIH 6a3MCTep XMbIHTbINb! 60libIHLIA XIKTEeyre
MYMKIHLIK Gepeay Byn e3 KeseriHe ecenTeyfi efdyip >KEHINLETYre >sHe >XYMbIC COHbIHAA TaX1pubenw
M3/liIMETrep Heri3iHAE CINKEC HATUXKENEPre KO/ XETLU3Yre MyMKiHAiK 6epgi.

3epTrenin )aTkaH Xyie JMHAMUKACh! TONbITbIMEH HYKOH-HYK/TOH/LIK NOTEHLMANbIMEH aHbIKTanabl. HaTuxke-
CiHZe A4ponblK 3cepnecyfi cunatTay YLWiH el HYKMOH-HYKIOHAbIK NOTEeHLMa KOAaHbINAbl: MOAU(MKaLManaHraH
Xacerasa-Harara noteHumansl (MXHIT) »x3aHe MuHHecoTa noTeHumansl. MogugukaumsanaHraH Xacerasa-Hararta
MOTEHUMANbI XKYN HYKNOH-HYKMOHABLIK 3Ceprecy YW anbiC apakallblKTbIKTapAa TapTbiIbICTbl X3He XakbIH
apakallbIKTbIKTapaa Teb6inicTi >kakcbl Lbirapdbl. byn noTeHuman kenTereH argaiga, aran alTkaH4a, >KeLs
AAPONApAbIH 3HEPTMAHBIH KeH AMana3oHblHAA Lalblpay MaNiMEeTrepiH cunatTayfa, 31eKTPOMarHWUTIiK Kacuet-
TEPLIH >K3He >KeHiN A4ponapblHbIH KaTbICYbl apKblibl eTETIH YAepicTepai cunatray ywil KongaHabl. MuHHecoTa
MOTEHLMa/bl CNMH-0P6UTANBbIK KOMMOHEHT 6ap YL raycc (yHKLUMUACbIMEH aHbIKTaaapl.

YKYMbICTBIH Herisri MaKcaTbl - 3KCMepyMeHTabl TypAe Pe3oHaHCTbl KYWAnepi 6aKbinaHraH, acTpousnKabik
5 M3B 3Heprusra >xakblH TEMEHN 3Hepruanbl MHTePBanaa i >KeHin a4po peakumanapbiHAarbl S4P0NbIK KYLWTepAiH
acepi MeH TaburaTbiH 3epTTey. YKacanraH XyMbICTbIH MaKcaTbl OChIH/ali Pe3oHaHCTHIK KYVoi TeOpUsnbIK ecenTey.

Knactepmk YAriHiH apTbIKLWbIbITbI, 3epTrenin )aTkaH 6elueKkTep, onapablH KypblibiMbl Kelibip xargainapia
HasapfaH TbiC Kanybl MYMKIH HYKIOHAAPAbIH S4PO/bIK YaKbITbiHbIH KOHIOMepaumanapbl enwemi TYpiHge
yCbiHbINAbl. COHbIMEH KaTap, 3epTrenreH sgponap 6ipkatap KbI3blKTbl cunatTamanapra ve 6ongsl. Pagnauusnbik
Kapny peakuuscbliHaarbl €Li f4pocbliHAa Y3aK TOMKbIHAAPAbIH XakKbiHAayblHa 6aiinaHbICTbl AWNOMbLX aybICybl
MYMKIH 601Mafpl, COH/bIKTaH TEK KBaAPYNONabIK aybiCybl YLUIH 3epTTeynep XYprisingi.

LWpeauHrep TeHAeynepiH Wellyfe KONLaHbaTbiH LeKapabIK LWapTTapabl eHri3in, oCUUANATOPIbIK (yHKUMS-
napablH 6asucTepi 6GoibIHWA KNacTepik Ko3ranbiCreH canbiCTbipManbl TYpAeri TONKbIHAbIK - (yHKLMAnapabl
anrebpanbik hopmaga xIkteyre KYpgeni nHTerpaigsl-guddepeHumanblik ecenteynepai KennpL, XeHin sgponap-
[bIH BalinaHbiCKaH X3He KBasnbaiinaHbickaH KYWAnepiH ecenTey YLUiH pe30OHaHCTbI TOMTap 3AraHil anre6pabik
HycKacbl KonfaHbingbl. OHbIH 3pTYPAi HYKOH-HYKNOHAbIK MOTEHUMaNblH KOMAaHy apKblibl acTpogn3nKanbiK
S-thakTopnapbl MeH LaLlbIpay (hazanapbl Typasbl MaiMeTrep a/biHAbl, ONap KeLHHEH eHaenai

Pe3oHaHCTbI TOMTap 3f4iCiHIH anrebpanblK HYCKacbiH KOMAaHy apKbiibl anblHraH S-thaktopnap TYpiHgeri
TEOPUANBIK HITWXKeNnep TaXIPU6emK M3NiMeTTepMeH Ca/bICTbIPbIIAbl, COfAH KeliH 3410 MeH 3KCNepuMeHT
H3TMKeNepi Xakcbl CaiKec.

6Li AApOCkIH eKiknacTepnik XYV peTle KapacTbIpy Ke3iHfe TybIHAaTLIH Heri3ri MaceneHLy 6ipi - SAPOHbIH
3MIeKTPOHAAP MeH (hOTOHAAP 3peKeTTecyll 3epTrey. HaTwkeCiHAe el HYK/IOH-HYKNOHAbIK noTeHuman YLiH
cepniMAi 3NeKTPOH/b! LWallblpayablH opM-thakTopnapbl aHbIKTanabl. CoHAai-ak, SAPOHbIH KypblbIMbIH 3epTTey
YwwiH 6Li-geri NpoToH4ap MeH HelATPOHAAPAbIH ThirbI3AbIrbIHbLL TApaTybIH 3epTTeY KaXeT 60/7bl.

Pe30HaHCTbLIK TONTap 3A4raHLL, anrebpanblk HYCKacblH KongaHa OTbIpbIn, XYPrisiireH ecenteynep HaTUXeciHae
3NeKTPOHHBIH CepriMAi Lwalubipay (hopma KoadduumeHTa Bi AAPOCbIHBIH Hen3n KYVi YuwiH ecenTengi. OCbIHbIH
caigapblHaH, OGepifireH g WMMYAbCTIH a3 wamackl aimarbiHga F (q) opm-hakTop HYKIOH-HYK/TIOHAbIK
noTeHUManbIHaH 3/1Ci3 Tayenai eKeHgiri, anaiga q MMAynbCiHIH YIKeH M3HiHAe noTeHumanabiH dopmackl (opm-
(hakTopbliHA Kebipek acep eTe 6Gactagbl. [POTOH ThIrbi3AbIrbIHLW, D (r) Tapanybl HYK/IOH-HYK/IOHAbIK
NoTeHLMan4apblHbIH I apakallbiKTbIK a3 601raHa aiMakTa ailTap/blKTali 3cep eTeTiHiH KepcerTi. AnbiHraH aknapar
3epTrenin XaTkaH SAPOHbIH iLWKi KypbIbIMbIH KapacTbIpbin KaHa KoiMaii, COHbIMeH Gipre 3epTTey fepekTepiHae
KOMAAaHbINATbIH HYKNOH-HYKNOH/BIK NOTEHLUMa/bIHBIH TaburaTbl MeH cunaTramanapbl Typanbl aknapar 6epa”

TYViiH cesgep: knacTepnik YO, eHin saponap, Kapny peakLyACbl, Tapany Thirbi3fbirbl.

H. Kanmxurutosl, H. XX. Takubaesl B. C. Bacunescknii2, 3. M. Akxurntosal, B.O. KypmaHranuesal

1Ka3axCKuii HaLMOHabHbIA YHUBEPCUTET MMEeHN alb-dPapabu, Anmartsl, KasaxcTaH;
MHcTuTyT TeopeTnyeckoin dusmkmn umeHn Borontobosa, Kues, YkpanHa

MNKPOCKOMMNYECKAA ABYKNACTEPHAA MOJE/b NMPOLIECCOB B i

AHHOTaums. CTPyKTypa CBSi3aHHbIX W PE30HAHCHbIX COCTOSHWIA, a TakKe AMHAaMUKa pas/IMyHbIX MPOLEeCcCoB B
@i 6bUIM MccnenoBaHbl B JAHHON paboTe B pamKax MMKPOCKOMMYECKON ABYXKMacTepHoi mogenn. OCHOBOM
[laHHOro noaxoja sBnsATca ab initio n anrebpanyeckas Bepcus mMeTofa pesoHupyrowmx rpynn (ABMPI), uto
NCMONb3yeT  OCUMANATOPHYIO OCHOBY A1 Pas/ioKeHWs BOMHOBOM  (PYHKUWMW  [OBYXK/ACTEPHOR  CUCTEMbI.
PaccmoTpeHve npo6sieMbl @i MPOMCXOAMT C MO3MLMM peakuMu pagualMOHHOIO 3axBaTa, KOTopas SBASETCH
OCHOBHOV peakuyveli nNpoucxoxaeHws @i B mepuog MepBUYHOIO HYK/IEOCMHTe3a. VICMonb3oBaHMe 3TUX ABYX
MoAXOA0B K JaHHOR 3ajaye KpaiiHe HeOOXOAMMbI, TaK Kak B peakuuy paguauyoHHOro 3axsarta 6Li mpucyTCTBYeT
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LUECTb B3aMMOZAENCTBYIOLLMX MeXy COBOI HYK/IOHOB, YTO CO3LAET BECbMa CMOXHYH 3afady C y4acTMeM LLecTU
Ten. VIHCTpymeHTbl ABMPIT No3BONSAIOT COKPATUTL AaHHYIO 3afady [0 paCCMOTPeHUs ABYX Ten: a/b(ia YacTulbl a u
n3otona Bogopoga gevitepms d. He npeHe6peras npuHumnom 3anpeTa Maynu 1 aHTUCUMMETpU3aLMER, LaHHbINA
NOAX0[, NO3BOASET PA3NOXKNUTb BOHOBYH (DYHKLIMIO B3aMMOZEACTBYIOLLMX KacTepoB No Habopy 6a3vcoB qyHKLuI
rapMOHMYECKOro OCLMANATOPa. 3TO B CBOK OYepefb MO3BOMUIO B 3HAYUTENbHOM CTENeHW YNpOCTUTb PacyeTbl U
NONYYUTb Pe3yNbTaTbl, KOTOPbIE N0 OKOHYaHWIO PaboTbl BblIM CONOCTAB/IEHbI C 3KCMNEPUMEHTAIbHBIMU JaHHBIMMN.

[nHammka e umccnefyeMoil cucTeMbl MOAHOCTbIO OMpedensnach MonypeanucTUYHbIM HYKNOH-HYKIOHHbIM
noTeHuuanoMm. BcneacTBum 3TOro 418 ONMCaHWS SAEPHOr0  B3aVMOLENCTBMS WCMO/b30BAINCh [ABa HYK/OH-
HYK/OHHbIX MOTEHUMana: MOAMMMLMPOBaHHbINA noTeHuman Xacerasbl-Haratbl (MMXH) n noTeHuman MyHHeCOTBI.
MogaunhuvumpoBaHHbIi NoTeHUman Xacerasbl-Haratbl 415 NapHOr0 HYKNOH-HYK/IOHHOMO B3aMMOAEWCTBUSA XOPOLLO
BOCNPOU3BOAWA NPUTSKEHNE HA GO/bLUMX PACCTOSHWAX W OTTaNKMBaHWE Ha MasnblX PacCcToAHWAX. MpumeHsncs
[aHHbI NOTEHUMaN BO MHOTMX Cy4asX, B YacCTHOCTW [NA ONUCAHWA JaHHbIX MO PAaCCEAHUIO Nerkux sgep B
LUMPOKOM [Mana3oHe 3Hepruid, 3NeKTPOMarHUTHbIX CBOMCTB W MPOLIECCOB C y4yacTvem nerkux sgep. MoTteHuman
MWHHECOTbI B CBOKO 0Yepedb OMpefenseTcs TPeMs rayccoBbiMU (YHKLMAMU C MPUCYTCTBMEM CMIUH-OpPOUTaNbHOM
KOMIMOHEHTBI.

OcHOBOIi 3afaum faHHOl paboTbl 6bINO UCCNeLOBaHME XapakTepa v BAUSHWS S4EPHbIX CUIT B peakLmax erknx
Agep 6Li, Npy KOTOPbIX B WHTEPBasie HU3KUX 3HEPrWii 6IM3KOMY K acTpotmsnyeckum 3sHeprusm o 5 MaB,
3KCMepUMeHTaIbHO HabMAaMCh Pe30HaHCHbIe cOCTOsHUA. Llenbio )Ke npogenaHHon paboTebl BblT TEOPETUYECKMIA
pacyeT Takoro pe3oHaHCHOr0 COCTOSHUS.

MpenMyLLecTBOM KNacTepHOW MOAeNU SBAANOCH TO, YTO MCCMedyemble YacTULpl MPeAcTaBisincL B BUAE
[0BO/IbHO YCTOMUMBLIX MO MEpKam SEPHOTO BPEMEHW HYKIOHHbIX KOHIJIOMepauuii, BHYTPeHHel CTPYKTYpOi
KOTOPbIX B HEKOTOPbIX CMy4asxX MOXHO Oblno npeHebpeus. K ToMmy >xe uccrnegyemble sgpa 06nagann psgom
MHTEPECHbIX XapakTepucTuk. Tak sgpo @i B peakumy pagmauMoOHHOIO 3axBaTa W3-3a [A/IMHHOBO/HOBOIO
NPUOAVKEHNS HE MOr/I0 UMeTb AMMNOSbHBIA Nepexof, B CBA3M C YeM WCCNeAOBaHMA MPOBOAWUCL NWLb AN
KBaJpyno/bHOro rnepexoga.

Anrebpanyeckas Bepcus MeTOfa Pe3OHMPYIOLMX TPYMn WUCMoNb3oBanach [/1 PacyeToB, CBA3AHHLIX U
KBa3MCBA3aHHbIX COCTOSHUIA B NIETKMX f4paX, NPUBOAA COXKHbIE MHTErpanbHO-AMddepeHLMaIbHbIE BbIYUCIEHMSA K
anrebpanmyeckoin opme MEeTOAOM Pa3fIOKEHUA BOMHOBOW (PYHKLWMW OTHOCWUTENIbHOIO ABWXKEHWS KNacTepos Mo
6asncam OCUMNNATOPHBIX (YHKLWIA W, BBOLAA TpaHWuHble YCM0BMA, MO KOTOPbIM 6yfeT pelatbcs ypaBHeHWe
LWpeanHrepa. Ero pelleHue ¢ UCMOMb30BAHUEM Pa3/INUHbIX HYKIOH-HYK/IOHHbIX MOTEHLUMAN0B a0 AaHHble Mo
acTpou3nyecKUM S-hakTopam 1 pazam paccesHus, KOTopble B NOCNEACTBUMN Bblnv 06paboTaHbl.

TeopeTnyeckve pe3ynbTaTbl B BUAe S-(DaKTOPOB, MOJYYEHHBLIX MYTEM pPacyeToB C WCMO/b30BaHUEM
anrebpanmyeckoin BepcuMM MeTOZa Pe3OHMPYHOLMX FPYNN CPaBHUBAIUCL C IKCMEPUMEHTANbHBIMU JaHHbIMW, NOC/e
yero 6b1710 NONYYEHO XOpoLLee COOTBETCTBME Pe3y/bTaToB MeTOAA C IKCNEPUMEHTOM.

OfHOM M3 OCHOBHbIX 33afay BO3HMKAMOLLEl MpW paccMOTpeHuM fgpa 6Li Kak [BYX-KMacTepHON CUCTEMbI
ABMIAETCA M3y4yeHVe B3aVMOLEWCTBMA AAHHOr0 fApa C 3MeKTpoHamu W oToHamu. Bcneacteue atoro 6biu
onpegeneHbl GopM-hakTopbl YNPYroro paccesHns 3NeKTPOoHa ANs ABYX HYKNOH-HYK/IOHHBIX MOTEHLMAN0B. Takke
[N1S MccnefoBaHNs CTPYKTYPbI 54pa HY>XKHO 6bl10 M3yuunTh pacnpeaenieHre naoTHOCTY NPOTOHOB U HEATPOHOB B ALi.

B pesynbTate MpoOBOAMMBIX PacyeTOB C MCMOMAb30BAHWMEM airebpanyeckoil BepCcUM METOAA Pe30HUPYHOLLIMX
rpynn (opmM-hakTop ynpyroro paccesiHus 3eKTPOHa BbIYMC/EH M3 OCHOBHOrO COCTOAHWA fapa 6Li. Bcneactaue
3TOro 6b110 NOKa3aHo, YTO B 06/1aCTV Ma/IbIX 3HAYEHWIA NepesaHHOro uMnynbca q dopm-gakrtop F(q) cnabo 3asucen
OT (POPMbI HYKNOH-HYKIOHHBIX NOTEHLMAN0B, OAHAKO Npy 60MbLIMX 3HAYEHUAX UMMYAbca  opMa NoTeHLManoB
CTana UMeTb 6onbLUee BAUAHME Ha PopM-thakTop. PacnpeseneHne NaoTHOCTU NPOTOHOB D(r) nokasano, 4to opma
HYK/TOH-HYK/IOHHbIX MOTEHLMA/IOB 0Ka3blBAET 3aMETHOE BNMAHME B 06/1aCTK, KOrAa PacCcTosiHMe I BbIIo Maslo.

MonyuyeHHas MH(OpMAaLMA NO3BOAWAA HEe TOMIbKO PacCMOTPETb BHYTPEHHIOW CTPYKTYpY UCCNeAyemMoro s4pa,
HO TakXe fJana CBefeHUs O MPUPOLEe W XapakTepuCTUKax, WCMOMb3yeMblX B AaHHbIX WCCMELOBaHWA HYK/OH-
HYK/OHHbIX NOTEHLMaNax.

Kntouesble cnoBa: KnacTepHas MOfenb, flerkue aapa, peakums 3axsara, NioTHOCTb pacrpeseneHus.
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