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The effect of quadrupole deformation (8,) on heavy ion fusion is a fact that is well recognized phenomenon. In addition to the influence
of quadrupole deformation (83;), the potential impact of hexadecapole deformation (84) on sub-barrier fusion has been a topic of frequent
discussion. Recently, a theoretical analysis was performed to examine the impact of hexadecapole deformations (84), employing the
simplified coupled channels code CCFUS, which incorporates static deformations. In this study, we analyze the effect of the B4 of the
target nucleus on fusion cross sections within the framework of the 3S-CMD model. For this purpose, we have chosen the reactions '°0
+ 154Sm and '°0 + !74Yb. The present research has calculated the fusion cross sections using the SBPM model as well. The calculated
fusion cross sections using 3S-CMD model and SBPM are compared with each other as well as experiment.

Keywords: Deformed nuclei; Quadrupole; Hexadecapole; Fusion cross sections; Classical microscopic approaches; Heavy-ion
reactions
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1. INTRODUCTION

The study of hexadecapole deformation (84)of deformed body is essential for understanding the creation of superheavy
elements (SHEs). Thus, the deformation associated with the hexadecapole may considerably modify the height of the
fusion barrier. This consequently affects the fusion probability and, as a result, the likelihood of superheavy elements
(SHEs) [1] formation. Theoretically, it has been proposed that a hexadecapole deformation (B4) could facilitate fusion,
resulting in the formation of superheavy elements (SHEs), depending on the chosen reaction partners [2]. Moreover, it
is expected that hexadecapole deformation (84) will have a meaningful impact on the fusion process. The fusion barrier
distributions derived from experimental findings demonstrate that fusion reactions are notably influenced by quadrupole
deformation (,) and even by minor adjustments in hexadecapole deformation (54) [3].

Recently, a theoretical analysis focused on the importance of hexadecapole deformation (84) was performed using the
simplified coupled channels code CCFUS, which incorporates static deformations. The predictions highlight considerable
changes in the fusion cross sections. Positive values of B4 are expected to enhance fusion while negative values will
decrease it with respect to the B84 = 0 system [4, 5].

The process of experimentally obtaining hexadecapole deformation (84) is challenging, with results that depend
heavily on the chosen models and considerably vary with significant inaccuracies. Conceptually, the method that combines
macroscopic and microscopic perspectives [6, 7] has been utilized to compute the deformation of nuclei in their ground state.
In the present work, we modify the “STATIC” code [8] to calculate hexadecapole deformation (84). The hexadecapole
deformation and the other ground-state properties are calculated using this code. By using the obtained ground-state
properties, fusion cross sections have been calculated in 3S-CMD [9] and SBPM [9] model. During the approach stage
of a heavy-ion collision, the higher deformation (in this study hexadecapole deformation) of the nucleus near the fusion
barrier changes the barrier parameters, which in turn affect fusion cross-section calculations. Therefore, the effect of
deformation on fusion cross-section calculation is studied for Spherical + Deformed systems and is discussed in detail in
this article.

The motivation of this study is to find the impact of hexadecapole deformation of various target nuclei keeping the
projectile nucleus same on fusion cross sections in 3S-CMD model. Fusion cross sections have been calculated for 1°0 +
1545m and 90 + "*Yb systems. As long as the doubly magic '°O nucleus is thought of to be spherical, it is expected that
any effects of nuclear shapes on fusion cross sections will arise solely from the target nuclei.

The structure of this study is outlined as follows: Section 2 contains calculation details which include calculation of
NN-potential, construction of the nuclei in ground state,evaluation of fusion cross sections together with a brief summary
of the models which is used to find fusion cross sections. Section 3 provides a summary of the results obtained through
the dynamic simulation. The final section gives the conclusion of the findings.
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2. CALCULATION DETAILS
2.1. Nucleon-Nucleon potential

The NN potential utilized in this research is a soft-core Gaussian potential, which is entirely phenomenological and
can be described by the following equation [10],

2
C 5
Vn(rj) ==Vo [l - —|exp (-], (D
Ljj T,
where, Vq, C and r( are respectively, the depth parameter, repulsive-core radius and range parameter. The parameters V),
C and rj are chosen so that the NN-potential reproduces gross characteristics of the nuclei in their ground state such as the
ground state binding energy, the rms radius etc.
The Coulomb potential between protons
1.44

(MeV), 2

ij

Ve (rj) =

is also added to the nuclear potential.

2.2. Construction of nuclei in their ground state

Nuclei in the ground state are generated through the “STATIC” procedure, which starts with a random distribution of
nucleon positions within a defined spherical radius. Subsequently, the total potential energy of these nucleon configurations
is minimized cyclically by making slight displacements to the coordinates of each nucleon.

Total BE is the total potential energy and Ry is calculated from all the nucleon positions. The quadrupole
deformation parameter () is calculated from the expression [11],

~ [iex [, R(90°)
B2 = 5 (1 Ry ) 3)

where, R (90°) is the length of the two equal axes perpendicular to the symmetry axis and Ry is the rms radius of the
spherical nucleus.

For the given nucleus if its symmetry axis is greater than Ryps, R (90°) < Ry in eq. (3) and hence the 8, of that
nucleus is positive (prolate deformation). Similarly, if the symmetry axis of the given nucleus is less than Ry, R (90°) >
Rims in eq. (3) and hence the 3, of that nucleus is negative (oblate deformation).

The hexadecapole deformation parameter (34) is calculated from the expression

R(90) [

in terms of rms radius of the nucleus and R(90°) which is the length of the axes along the direction of any one of the
principal axes perpendicular to the symmetry axis.

The ultimate configuration of nucleon placements leads to a stable nucleus. Considering that for A > 5, there
may be multiple local minima in the binding energy, a nucleus is chosen that demonstrates the highest binding energy
from a diverse range of configurations (the most-bound nucleus) [12]. Alternatively, a configuration that bears a strong
resemblance to the properties of the experimental ground state is chosen [13].

A parameter set Vo = 1155 MeV, C = 2.07 fm, ry = 1.2 fm is used in the present calculation which produces the
ground state characteristics of the colliding nuclei is shown in Table 1.

16

3)

|

Table 1. The characteristics of the produced nuclei in their ground state.

Calculated Experimental
B.E. RMS B> Ba B.E. RMS B> Ba
(Mev) (fm) (Mev) (fm)
150 -125.36 2.47 0.15 -0.08 -127.62 2.73 0.00 -0.12
154Sm -1375.86 5.46 0.20 -0.11 -1266.94 5.12 0.27 0.10
174yb -1478.90 5.71 0.12 -0.06 -1406.60 5.41 0.28 -0.05

Fig. 1 shows the ground state characteristics of all the configurations of the '°0, 1>*Sm and '"#Yb nuclei generated
by the “STATIC” method. Among the large set of generated configurations for the nuclei, those that exhibit ground state
properties closely aligned with experimental values are chosen for collision calculations. These systems are indicated by
bigger open circle and triangle in Fig. 1.
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Figure 1. Ground state characteristics of the '°0, 1>*Sm and !"*Yb nuclei generated by the “STATIC” method. O and A
indicate the ground state characteristics of the nuclei used in the present study.

2.3. Analysis of fusion cross sections involving hexadecapole deformation

Calculations of fusion cross sections have been performed for numerous reactions that involve nuclei displaying
various collective degrees of freedom. Different models have been employed to calculate the fusion cross sections, such
as Time Dependent Hartree Fock (TDHF) [14, 15], classical trajectory methods [16], and the coupled channel calculation
software referred to as CCFULL [17]. However, methods based on quantum mechanics at the microscopic scale, such as
TDHEF calculations, are very compute-intensive, and CCFULL calculations, which are static, do not reflect the effects of
dynamical reorientation.

The barrier parameters at b = 0 (indicating a head-on collision) which corresponds to a specific collision energy and
the initial orientation of the two nuclei, are derived from a dynamically generated ion-ion potential. With these parameters,
fusion cross-section is calculated using Wong’s formula [18],

R2 hiwg Ecm—-V
Otus (Bom) = 2]]35CM In {1 +exp (Z”CMTOB)} : (5)

where Vg denotes the height of the barrier, Rp represents the radius of the barrier, and wy signifies the oscillator frequency
associated with the peak of the barrier. The method used to find barrier parameters affects the fusion cross-sections.

The calculations of heavy-ion fusion cross sections have been performed using SBPM and 3S-CMD methods within
the context of classical approximations. '°0 + 1>*Sm and 60 + !74Yb reaction has been studied in this approach with the
potential parameter set P4 (Vo = 1155 MeV, C = 2.07 fm and rg = 1.2 fm ). The %0 + 1>*Sm system has been well studied
in SBPM model in ref. [10] and in CRBD model in ref. [11] using the same NN potential parameter set P4.

2.4. Model Details

* SBPM Model : The ion-ion potential is formulated as a function of the center of mass separation (Rcym) of the two
nuclei, as derived from the impulse approximation (i.e., keeping the configuration of the nucleons in the two nuclei
frozen during their collision) [9]. The ion-ion potential consists of the total nuclear and Coulomb potentials that
exist between all nucleons of the two ions. The parameters Vg and Rp represent the outer maximum of the ion-ion
potential, while wp denotes the second derivative of this peak. This gives barrier parameters of head-on collision
for a given orientation of the two nuclei. Large numbers of such randomly chosen orientations of the two nuclei are
considered in this study. All the degree of freedom are explicitly neglected in this model.

* 3S-CMD Model : The simulation of heavy-ion collisions within the present classical approach (3S-CMD) occurs
in three sequential stages:
(1) Rutherford Trajectory Calculation: The two nuclei, treated as charged point particles, are directed along their
Rutherford trajectories with a defined collision energy (Ecyr) and impact parameter (b) until they attain a separation
of Rem = 2500 fm.
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(2) CRBD model Calculation: The two nuclei, considered as rigid bodies with a fixed arrangement of nucleon
positions in their ground state, are subsequently permitted to evolve further through the CRBD model [19]. This is
achieved by solving the translational and rotational equations of motion for their center of mass and the orientation
angles of their principal axes. The process of CRBD calculation is carried on until a relatively small separation of
Rewm = 50 fm is attained.

(3) CMD Calculation: The Rigid body constraints are relaxed at approximately Rcy = 50 fm, and the paths of all
the participating nucleons are calculated using the coupled Newton’s equations of motion for each particle within a
CMD framework [20].

3. RESULT AND DISCUSSION

160 + 134Sm : The 190 + '3*Sm system has been selected to investigate the impact of hexadecapole deformation, as
it has been extensively examined through both experimental [21] and theoretical approaches [10, 11]. The phase of the
collision as it approaches the barrier top is influenced by the center-of-mass energy, Ecy. Because barrier parameters are
the key components in fusion cross-section calculations, a detailed understanding of the variations in the ion-ion potential
V1, and the barrier parameters with respect to the collision energy Ecys is required.

Fig. 2 illustrates the ion-ion potential for the '°0 + >*Sm system, calculated with an initial Ry, = 2500 fm across
various collision energies (Ecy), while maintaining the same arbitrary initial orientation for each case. This figure
illustrates that both the barrier height Vg and the barrier radius Rp are influenced by the incident energy Ecy. Thus, it is
essential to determine the barrier parameters (Vg, Rp, wp) based on a specified initial orientation and a defined collision
energy. To determine the fusion cross section, it is essential to take the average of the barrier parameters across numerous
initial random orientations. The fusion cross-section obtained is specific to the fusion cross-section at that particular
collision energy only.
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Figure 2. Ion-ion potential V|, as a function of center-of-mass separation Rcy for 10 + 1*Sm system for different
collision energy Ecy but same arbitrary orientation.

The fusion cross-section of the '°0 + 3*Sm system is calculated in SBPM calculations, utilizing the NN potential
parameter set P4 (Vo = 1155 MeV, C = 2.07 fm and rg = 1.2 fm ) shown in Fig. 3 . This figure also shows the fusion
cross sections calculated for'®0 + *Sm system in 3S-CMD model with the same potential parameter set along with the
experimental data of ref. [21]. Fusion cross-section are calculated for '°0 + 1>*Sm system in 3S-CMD model for central
collisions (b =0). The '°O and '3*Sm nucleus are dynamically evolved as a rigid body till the target-projectile separation is
close to their barrier top (about 13 fm). At this separation the rigid body constraint on both the '°0 and '3*Sm are relaxed
for further evolution of the entire system. Comparison of fusion cross sections calculated by considering the quadrupole
deformation and hexadecapole deformation using both the models is also shown in Fig. 3.

It is evident from Fig. 3 that the fusion cross sections calculated for quadrupole deformation and hexadecapole
deformation in the SBPM model agrees well with the experimental data as well as with each other at higher energy
levels. At lower energy levels, the SBPM calculations tend to overestimate the experimental fusion cross-sections for both
the deformations. Fusion cross sections calculated for the hexadecapole deformations are highly overestimated with the
experimental data whereas fusion cross sections calculated for the quadrupole deformations are slightly overestimated with
the experimental data at lower energy side. Fusion cross sections calculated for quadrupole deformation and hexadecapole
deformation in 3S-CMD model are highly overestimated with the experimental data at all energy levels. At lower energy
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Figure 3. Comparison of fusion cross sections calculated for quadrupole and hexadecapole deformation using SBPM and
3S-CMD model with experimental fusion cross sections for 10 + 3*Sm system.

side, the fusion cross section calculated quadrupole deformation and hexadecapole deformation in 3S-CMD model shows
same trend as in SBPM calculation.

At low collision energy levels, the duration of interaction between the colliding nuclei becomes longer. This causes
the reorientation of the deformed '>*Sm in relation to the spherical 160 nucleus. However, the extent of reorientation is
small because the target nucleus (**Sm) is medium heavy and has large moment of inertia. As mentioned in ref. [11], at
lower energy the fusion cross sections calculated using CRBD model and SBPM model shows small difference. Because
the CRBD model only considered rotational degree of freedom. This research calculates the fusion cross sections through
the 3S-CMD model, which incorporates both the long-range rotational excitation (reorientation effect) and the vibrational
excitations that occur in proximity to or within the barrier and this could be one of the reason in difference of fusion cross
sections between SBPM and 3S-CMD model.

Additionally, the fusion cross sections calculated using 3S-CMD model overestimated at all energies with the
experimental fusion cross sections. In order to examine this anomaly, we carry out an examination of the ground state
properties of the nuclei involved in the above calculations. Ground state properties of the nuclei used in present calculation
are shown in the Table 1.

From the Table 1, it is noted that experimentally determined values of /3, indicate that %O is spherical while the 10
nucleus generated in present study is being prolate (8, = 0.157). The experimental S, value for '3*Sm is positive while
the calculated B4 value is negative. Calculated rms radius of '°O nucleus is found to be smaller than the experimental rms
value by about 10 % while that for 13*Sm is larger by about 6 %. Thus, the smaller dimensions of the lighter nucleus, when
combined with the larger dimensions of the heavier nucleus, contribute to an overestimation of the fusion cross sections
for this particular reaction.

Trot for non-rigid case with Ecyp = 100 MeV and b = 0 fm are shown in Fig. 4. Atb = 0 fm, Ty is higher initially but
soon it reduces to very low values because for central collision T,ot(1°0) and T, (13*Sm) dissipates very soon as shown
in Fig. 4. The light prolate '°O acquire comparatively high T, initially on the contact with the heavy-medium deformed
1545 m but it dissipates soon to very low level.

Fig. 5 shows the total vibrational excitation energy (Tyip) of °O + 3*Sm system at b = 0.0 fm. From the Fig. 4
and Fig. 5 we can see that for the central collision 1545m acquire a small Ty, but large Ty, resulting from the maximum
change in the internal potential energy (binding energy) of the '3*Sm.

160 + '74Yb : In order to clearly bring out the effect of hexadecapole deformation on fusion cross sections, we replace
the medium-heavy target nucleus (!3*Sm) with heavy nucleus (7#Yb) with same projectile (!°0). In this system both the
projectile and target nuclei having prolate quadrupole deformation with 8, = +0.157 (°0) and 8, = +0.123 ('’#Yb). For
160 4+ 174YDb system, the mass asymmetry between '°0 and '74Yb is somewhat greater than that observed between 'O
and '3*Sm. The ground state configuration of generated nuclei are shown in Fig. 1 and the ground state properties of the
generated nuclei are shown in Table 1. From the Table 1, it has been observed that the binding energy and rms radius of
174YDb nucleus are overestimate by 5% where as quadrupole deformation parameter 3, is reduced by 1%. The experimental
and calculated B4 value is negative for both the projectile and target nuclei.

Fusion cross-sections for '°0 + 174Yb system is calculated using SBPM and 3S-CMD model are shown in Fig. 6.
From this figure it is clear that the fusion cross sections calculated using SBPM model with quadrupole and hexadecapole
deformation shows good agreement at higher energies with the experimental data while below the barrier energies it
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Figure 4. Total rotational kinetic energy (Tyo) of '°0 + 13*Sm system at b = 0.0 fm.
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Figure 5. Total vibrational excitation energy (Ty,) of '°0 + 1*Sm system at b = 0.0 fm.

over estimates the experiment. The result of fusion cross sections calculated using 3S-CMD model with quadrupole and
hexadecapole deformation are close to the experiment at higher energies. At sub-barrier energies, the fusion cross sections
calculated using 3S-CMD model with both the deformations are highly overestimated.

The fusion cross sections corresponding to a particular collision energy in the 3S-CMD calculation are derived by
averaging the orientations of the fusion cross sections determined through Wong’s formula, utilizing barrier parameters
specific to that energy simulation. About 500 initial random orientation were considered for Ecy > 80 Mev and 1000 for
Ecm < 80 MeV.

As the reorientation and vibrational effects are likely to be prominent at collision energies near the Coulomb barrier,
it is essential to investigate fusion cross-sections at energy levels that are significantly below the lowest Ecyy indicated
in ref. [14] . To effectively highlight both the effect of reorientation + vibration, fusion cross-sections are calculated in
3S-CMD for energies as low as 60.0 MeV, which is significantly lower than the minimum energy used in experiment [14].
For Ecym at 59.5 MeV, an analysis of 2000 randomly selected initial orientations indicates that there is no pocket present in
the ion-ion potential. Consequently, the fusion cross section is considered to be zero for Ecy < 59.5 MeV in the 3S-CMD
calculation.

From Fig. 6, it has been observed that at higher energy levels, the variation in fusion cross-sections computed using
the SBPM and 3S-CMD models is small. When energy levels decrease, the fusion cross-sections calculated from the
3S-CMD model show an enhancement compared to those obtained from the SBPM, where all dynamic effects are explicitly

ignored. The shift from the SBPM calculations is clearly a result of the reorientation + vibrational effect occurring in the
3S-CMD model.
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Figure 6. Comparison of fusion cross sections calculated for quadrupole and hexadecapole deformation using SBPM and
3S-CMD model with experimental fusion cross sections for 1°0 + 174Yb system.

Since the target nucleus ('7#Yb) used in the above calculation is heavy and has principal moment of inertia components
I, = 3474.112 u fm?; I, = 3826.939 u fm? and I3 =3902.096 u fm?, the extent of reorientation is small as shown in Fig.
7. The principal moment of inertia components of projectile nucleus (°0) are I} = 59.182 u fm?; I, = 68.651 u fm? and
I3 = 68.806 u fm?. The evolution of these two nuclei begins at a distance of 2500 fm, influenced by the Coulomb field of
each other. The reorientation of the deformed '"#Yb nucleus at different collision energies is shown in Fig. 7 , where the
initial orientation angle is set at By = 0, ag = 0, yp = 0 and Rj, = 2500 fm. This figure clearly indicates that the extent

1.0 T T T T

160,174y,

0.8

04

Extent of reorientation Ap (in degree)

02

0.0 Lt 1 1 1
60 70 80 90

ECM MeV)

Figure 7. Extent of reorientation AS at the barrier top against Ecy for 1°0 + 174Yb system.

of reorientation of the '’#Yb nucleus is less than 1°, even at the lowest energy of 60 MeV. The reorientation value of the
deformed nucleus, 74Yb, is too small to have a significant effect on the fusion cross-sections. Therefore, the enhancement
in fusion cross sections in 3S-CMD model with SBPM model is due to the vibrational excitations which occur close to the
barrier or inside of it.
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4. CONCLUSIONS

The above study explains the effect of hexadecapole deformation (84) on fusion cross sections of different systems
in heavy ion collision. Although quadrupole deformation (;) is the most commonly examined type of deformation in
nuclear fusion reactions, hexadecapole deformation (84) can also significantly influence fusion cross sections, particularly
in systems where higher-order deformations play a crucial role.

From the above study, it is clear that the fusion cross section calculated with the quadrupole deformation shows
smaller enhancement at lower energies than the fusion cross sections calculated with the hexadecapole deformation with
the experiment. At higher energies heavy mass nucleus system (i.e., '°0 + 174Yb) gives better agreement with experiment
than the medium-heavy mass nucleus system (i.e., '°0 + 13Sm).

ORCID
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APPENDIX A CALCULATION OF HEXADECAPOLE DEFORMATION (854)

The nuclear surface can be characterized by the radius vector? in the direction (0, ¢) as given below [23],

0 A
R(0.4) =Ro [1+ Y >y (6.9)], (©)

A=0 u=-1

where Ry is the radius of the spherical nucleus, and the terms containing a,, represent the expansion of any general
function of the angles (6, ¢) in terms of the complete set of spherical harmonics Yfl (6, ¢). For the deformed partner,
we shall restrict ourselves to only axially symmetric deformations of nucleus characterized by nuclear quadrupole and
hexadecapole deformation parameters 8, and B4 respectively. In this case the nucleus can only rotate around an axis
perpendicular to the symmetry axis. In terms of these, the radius of a deformed system is written as,

R(6) =R [1+B2YY (0, 9) + BsY) (6, 9)]

1 /5 2 3 /1 4 2
iV (3cos 0 — 1)) + Ba (E p (35005 6 — 30cos“6 + 3))
where,

Ry in the present study is taken as rms radius of the nucleus.
Y9 (8, ¢)=£\/§ (3cos?0 — 1)

ZRO 1+,32

>

Y960, ¢) = 13—6\/% (35cos*6 — 30cos?6 + 3)
R () is the magnitude of the radius vector of the nucleus at an angle § with respect to the symmetry axis of the
nucleus. Substituting 6 = 90° in the eq. (7), we get,

R(90) = R |1 - s (%\/g) + By (136\/;(3))1
wfrE sl

or

R(90) [ 9 1
Ro —l—ﬂz( E)-'_ﬂ“(ﬁ ;)

9 [1] _|R(90) 5
ﬁ“(m p Ry 1+'Bz(\/16n
which gives an expression for the hexadecapole deformation parameter 34 as
16 R(90) 5
=|— - 7 _ 1 -
Ba (9\/;) Ry +ﬁ2( 167r)l’ ®)

in terms of rms radius of the nucleus and R(90°) which is the length of the axes along the direction of any one of the
principal axes perpendicular to the symmetry axis.
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BIIJINB FEKCAIIEKAHOJIBHOi I[E(I)OPMAHIi HA ITONEPEYHI ITEPEPI3N CUHTE3Y JEAKNX
CO®EPUYHUX + JE®POPMOBAHUX CUCTEM Y MOJEJII 3S-CMD
Jlxirnama Iareas', Bimya Karapis®
' Bip Hapmao, Vuisepcumem Iligdennozo I'ydacapamy, Cypam - 395007, T'yoxcapam, Indis
2Kagpedpa pizuxu, Hayxosuii konedxnc Ammanarnd Capaceami, Cypam - 395006, I'ydxcapam, Inois

BrumiB kBaapymnonsHoi Aepopmarii (87) Ha CHHTE3 BAXKHUX 10HIB € 10o0pe BigomMuMm siBuieM. OKpiM BIUIMBY KBaJpyHOJIbHOI Tedopmartii
(82), MOTEHIIAHMIA BIUTMB reKcaieKarnoibHoi AedopMariii (84) Ha cy60ap’ epHuii cuHTe3 OYB PeJMETOM YacTHX 00roBopeHs. HelropaBHo
6yJ10 IPOBEICHO TEOPETUYHMIA aHATI3 /111 BABYEHH: BIUIMBY TeKca/JeKarnoibHux aedopMattiii (84) 3 BAKOPUCTAHHSM CIIPOILEHOTO KOy
3B’ s13anux kaHaniB CCFUS, sikuii BpaxoBye craTvuHi aedopMartiii. ¥ LbOMY TOC/IIKEHHI MU aHaIi3yeEMO BIUIMB 4 LIJIbOBOIO siApa
HA TIepepisy CUHTe3y B paMKax Mogjeli 3S-CMD. [{ns mporo mu obpam peakuii '°0 + 3*Sm ta 190 + 174Yb. ¥ npomy nocimxensi
Tepepi3y CHHTE3Y TaKOX PO3paxoBaHo 3a Joromorow moneni SBPM. PospaxosaHi nepepisu cuHTe3y 3a gornoMorown mozen 3S-CMD
ta SBPM nOpiBHIOIOTBECS MiK 00010, a TAKOK 3 €KCIIEPHIMEHTOM.

Kuarwouosi cioBa: deghopmosani siopa; keadpynonwv,; zexcadexanons, nepepizu CUHmesy, KAACUUHI MIKPOCKONIUHI NiOX0OU; peakuil
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