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NUCLEAR BINDING ENERGY AND DENSITY DISTRIBUTION
OF Pb ISOTOPES IN A SKYRME - HARTREE - FOCK METHOD

In this study, nuclear ground-state properties of spherical nuclei, such as the total energy, nucleon local density, and
nucleon local potential of Pb isotopes (especially 2%4-24Pb) are investigated by using Hartree - Fock method. The
calculations have been performed by using Skyrme set parameters, especially SLy4, SkM*, Z;, and SllI set parameters.
The calculation results have been compared to the related experiment results and the calculation results of the other
researchers. All parameters used in this study are in good agreement with the results of the related experiments and the
other researchers. In Pb nucleus, it is also obtained from this study that the total energy, mass radius, neutron radius,
neutron skin thickness, neutron density, neutron density width, proton potential depth, and proton potential width
increase accordingly with the increase of neutron number. In other hand, proton density and neutron potential decrease
accordingly with the increase of neutron number. The increase of neutron number has minimum effect to the widths of

proton density and neutron potential.
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Introduction

It is commonly known that lead (Pb) has four
stable isotopes, i.e. 2Pb, 2°°Pb, % ’Pb, and 2°®Pb.
204pp js entirely a primordial nuclide and is not a
radiogenic nuclide. The next three isotopes, 2%°Pb,
207pp, and 2%Pb, represent the ends of three natural
decay chains: the uranium series (or radium series),
the actinium series, and the thorium series,
respectively. In burn-up process, **?Pb and 2°Pb are
the products of 2°Th series. The #*Pb, !°Pb, and
206ppy are the products of 2U series.

28ppy has an unusually low neutron capture cross-
section (even lower than that of deuterium in the
thermal spectrum) that makes it interesting to be
applied in lead-cooled fast reactors [1]. The unique
features of *®®Pb lead to the economy of neutrons,
hardening the neutron spectra, and other profitable
factors [2]. It implies that Pb isotopes become very
interesting to be investigated further, especially its
ground-state properties.

The far-from-stability nuclei have attracted many
scientists in recent years, especially observation
about the new nuclear structure phenomena, such as
the neutron halo and the neutron skin in light nuclei.
Theoretically, microscopic mean-field approaches
have been very successful in describing ground-state
properties of nuclei to explain the experiment
results. One of the methods that can be used is
Skyrme - Hartree - Fock (SHF) method, where this
model has been proven very successful for
microscopic description of many nuclear properties
near the stable line, such as the nuclear ground-state,
collective motion, fission barrier, giant resonance,
and heavy-ion collision. With a few adjusting

parameters in effective interactions, one can
guantitatively reproduce experiment data of nuclei
near the stable line by the SHF model [3 - 5].

Nuclear structure investigations of some isotopes
had been conducted by some researchers. The
nuclear structure of the Be, Cr, and Cu isotopes have
been investigated by Tel et al. using SHF method
[6]. Radii and Density of "*°B Isotopes have been
also calculated by Tel et al. by using effective
Skyrme force [7]. SHF method has been used by
Alzubadi et al. to study the microscopic approach of
nuclear structure for some Zr isotopes [8]. The aims
of this study are to calculate numerically the ground-
state energies of Pb isotopes (especially **?**Pb) by
using the SHF method with Skyrme set parameters
(especially SLy4, SkM*, Z;, and SlIl) and to
simulate the local density as well as the local
potential for both proton and neutron. The density
distribution and nucleus radii are very important
information to understand about nuclear structure. It
can be used in scattering research to calculate the
microscopic cross-section. Such data is needed in
nuclear reactor analysis. Another purpose of this
study is to investigate the effect of the increase of
neutron number in Pb nucleus.

Theory
Skyrme - Hartree - Fock

The most convenient force used in the description
of the ground-state properties of nucleus is the
phenomenological Skyrme force first proposed by
Skyrme [9]. According to this effective interaction,
the force of a zero-range, density, and momentum-
dependent can be approximated as
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VJ=VJ,+V]J,. The total energy follows the form  where B represents the state, R, is the radial wave
of: function, j; is the angular momentum, I, is the
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where Esiyme 1S the Skyrme interaction energy, Ecoul
is the Coulomb interaction energy, Epair is the
nucleon interaction pairing energy, and Ecwm is the
correction for the spurious center-of-mass motion of
the mean field. In other hand, the densities in
spherical representation are expressed as
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In this study, the selected Skyrme force
parameters are SLy4 [12], SKM* [13], Z, [4], and
Sl [14]. These Skyrme set parameters are widely
used in the calculation of the ground-state properties
of some nuclei using Hartree - Fock method [7, 11,
15, 16]. The SKM* force parameters are based on
fits of the fission barriers of heavy deformed nuclei
and the correction of saturation properties in infinite
iso-scalar nuclear matter [13]. The SLy4 forces are
described for neutron stars, supernovae, and the
neutron-rich nuclei [12]. The SlII is obtained by the
adjustment of Skyrme interaction parameters
through the binding energy and charge radii fittings
of some semi-magic nuclei [14]. The Z, is obtained
by the adjustment of Skyrme interaction parameters
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using the mean of the least-squares fitting technique,
which optimizes the force parameters such that the
Hartree - Fock calculations reproduce the experi-

mentally determined nuclear ground-state properties,
e.g. binding energy, radii, and surface width [4].

Table 1. The SLy4 [12], SkM* [13], Zs [4], and SI11 [14] set parameters for Skyrme interaction

Parameter SLy4 SkM* Zs Sl
to -2488 -2645 -1983.76 1128.75
ty 486.82 410 362.252 395
tz -546.3 -135 -104.27 -95
t3 13777 15595 11861.4 14000
Xo 0.834 0.09 1.1717 0.45
X1 -0.344 0 0 0
X2 -1 0 0 0
X3 1.354 0 1.762 1
ty 123 130 123.69 120
o 0.167 0.167 0.25 1
Hartree - Fock Method 0 0
q:§Bq§+U +U,Sqlo, 9
The single-particle Hartree - Fock equation for the Where
radial wave function R; can be expressed as [10]:
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The Uls,U|

is the form factor of the one-body spin-

[ where the first term represents the direct Coulomb
and the second term

represents the exchange

orbit potential, U, is the Coulomb potential, and
U, is the potential of nucleon. Coulomb interaction
is well-known part of the nucleus Hamiltonian. The

Coulomb energy density can be expressed as [3, 17]
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Coulomb. Because of consuming too much time to
evaluate the exchange part exactly (and also it gives
small contribution), Coulomb-exchange part is
treated in the so-called Slater approximation. The
contribution of pairing energy to the total energy can
be calculated as

s e

Beq

(14)

where the pairing matrix elements Gy are
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constant for each type of nucleon (G, = 22 I\A/Iev

_ 29MeV

and G, = , where A is the total nucleon

number of a nucleus) and w; is the pairing weights

of the proton and neutron, which can be calculated
by using

(15)

where

Aq
— =5 fw 1-w, . (16)
Gq Bezq i B

The A, is the pairing gap, ¢, is the single-

B
particle energy of state B, and ¢, is the Fermi

energy. The detail explanation of pairing energy can
be found in the following references [10, 16]. The
root-mean-square (rms) radii of charge, mass,
neutron and proton can be defined as the following

formula [6, 18]
r,=(r2): =| [, F a%F|?| [, T dﬂz
A7)

and the neutron skin thickness can be defined as the
difference between the neutron rms radius and the
proton rms radius as [6, 19]

N
N

t=r,—r,. (18)

Result and Discussion
Total Energy and Radii Calculations

Calculation results of total energy for each
nucleus used in this study are presented in Table 2. It
can be seen in Table 2 that the total energies
calculated by Z, are in very good agreement with the

related experiment results where the discrepancies
are in the range of 0.008 - 0.243 %, followed by
SkM* results as the second best fit with 0.618 -
0.934 % of discrepancies. Next, SLy4 results, as the
third best fit, have the discrepancies of about 1.127 -
1.526 %, followed by SlII results, as the fourth best
fit, with 1.261 - 1.541 % of discrepancies.

In this study, the charge, mass, proton, and
neutron radii for each nucleus have been also
calculated. From Table 2 to Table 7, it can be seen
that all calculation results are in good agreement
with the experiment results as well as Tel et al.
results. For charge radius calculations (Table 3), it
can be seen that SKM* results are in very good
agreement with the experiment results, followed by
the results of SLy4, Slll, and Z,, respectively. For
proton radius of 2°®Pb (Table 5), the SIII result is the
best fit to the experiment result, followed by the
results of SLy4, SkM*, and Z,, respectively. For
neutron radius of 2®®Pb (Table 6), the SLy4 result is
the best fit to the experiment result, followed by the
results of SkM*, SllI, and Z, respectively.

In the neutron skin thickness calculation for %Pb
(Table 7), by using experiment result given in
Tables 5 and 6, it can be obtained theoretically that
the neutron skin thickness of 2®Pb is 0.06 fm. By
using this calculation result, it can be seen that the Z,
result is the best fit, followed by the results of SliI,
SLy4, and SkM*, respectively. It can be indicated that
the Z is good enough to explain surface phenomena.
In other hand, the Z, results are in contradiction with
the results of SlII, SLy4, and SKM* set parameters.
The results of SlII, SLy4, and SKM* are similar to
each other but the results of Z; are twice smaller than
the results of SlII and three times smaller than those
of SLy4 and SkM*. These contradictions need further
investigation. From those results, it can be seen that,
in Pb nucleus, the total energy, mass radius, neutron
radius, and neutron skin thickness increase with the
increase of neutron number. In contrast, the increase
of neutron number has smaller effect to the proton
radius compared to that of neutron.

Table 2. Calculation results for the total energy of Pb isotopes (all units are in MeV)

Exp. This study
Nucleus [2(?] SLy4 SKM* Z. Sil
2ph | -1607.506 | -1586.060 | -1592.495 | -1605.806 | -1585.495
25ph | -1614.238 | -1594.414 | -1601.143 | -1614.083 | -1593.442
M6ph | -1622.324 | -1602.639 | -1609.630 | -1622179 | -1601.122
Zph | -1629.062 | -1610.687 | -1617.891 | -1630.062 | -1608.520
Z6ph | -1636.430 | -1617.492 | -1624.806 | -1636.816 | -1614.805
29ph | -1640.367 | -1621.865 | -1630.219 | -1641.434 | -1619.592
Z0ph | -1645.552 | -1625.307 | -1634713 | -1645233 | -1623.488
Zph | -1649.387 | -1628.557 | -1639.007 | -1648.830 | -1627.145
oph | 1654514 | -1631.721 | -1643.186 | -1652.358 | -1630.699
oph | -1658.240 | -1634.846 | -1647.282 | -1655.817 | -1634.196
ZWph | -1663.200 | -1637.009 | -1651.319 | -1659.241 | -1637.660
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Table 3. Calculation results for charge radius of Pb isotopes (all units are in fm)

This study Tel et al. [18]

Nucleus g0 T Sk Zo Sl | SIl_ | SkM* Exp. [21]
24pp | 5505 | 5495 | 5.427 | 5559 | 5555 | 5494 | 5.4803 =0.0014
25pp | 5509 | 5500 | 5.432 | 5564 - - 5.4828 = 0.0015
2%pp | 5513 | 5505 | 5436 | 5570 | 5566 | 5503 | 5.4902=0.0014
2Py | 5517 | 5509 | 5.440 | 5575 - - 5.4943 £ 0.0014
2ph | 5522 | 5514 | 5445 | 5581 | 5578 | 5513 | 5.5012+0.0013
2pp | 5529 | 5520 | 5451 | 5588 - - 5.51+0.0014
20pp | 5535 | 5526 | 5455 | 5595 - - 5.5208 = 0.0016
2pp | 5541 | 5531 | 5460 | 5.603 - - 5.529%0.0017
2%pp | 5547 | 5536 | 5.464 | 5610 - - 5.5396 = 0.0019
7pp | 5552 | 5541 | 5469 | 5.617 - - -
29pp | 5558 | 5546 | 5.473 | 5625 - - 5.5577 = 0.0023

Table 4. Calculation results for mass radius of Pb isotopes (all units are in fm)

Nucleus This study Tel et al. [18]
SLy4 SkM* Zs S Sl SkM*
204pp 5.534 5.529 5.403 5.573 5.567 5.527
205pp 5.542 5.537 5.408 5.580 - -
206pp 5.549 5.546 5.414 5.588 5.583 5.544
27pp 5.557 5.554 5.419 5.597 - -
208pp 5.565 5.563 5.425 5.605 5.603 5.562
209pp 5.578 5.575 5.435 5.617 - -
210pp 5.588 5.585 5.442 5.627 - -
211ph 5.599 5.595 5.449 5.637 - -
212pp 5.610 5.605 5.456 5.648 - -
213ph 5.621 5.616 5.463 5.658 - -
214ph 5.631 5.626 5.470 5.668 - -
Table 5. Calculation results for proton radius of Pb isotopes (all units are in fm)
This study Tel et al. [18] Exp.
Nucleus SLy4 SkM* Z. S S SkM* | [18, 22]
204ph 5.450 5.441 5.375 5.508 5.502 5.439 -
205pp 5.454 5.446 5.380 5.514 - - -
206pp 5.459 5.451 5.384 5.519 5.513 5.448 -
207pp 5.463 5.455 5.388 5.524 - - -
208pp 5.468 5.461 5.393 5.5631 5.528 5.460 5.5
209pp 5.476 5.467 5.400 5.538 - - -
210pp 5.482 5.473 5.404 5.545 - - -
211ph 5.488 5.478 5.410 5.552 - - -
212pp 5.494 5.484 5.414 5.559 - - -
213pp 5.500 5.490 5.420 5.566 - - -
214pph 5.507 5.495 5.425 5.573 - - -
Table 6. Calculation results for neutron radius of Pb isotopes (all units are in fm)
This study Tel et al. [18] Exp.
Nucleus SLy4 SKM* Zo S S SkM* | [18, 22]
204pp 5.589 5.587 5.421 5.615 5.61 5.585 -
205pp 5.599 5.597 5.427 5.625 - - -
205pp 5.608 5.608 5.434 5.634 5.628 5.606 -
207pp 5.618 5.618 5.439 5.643 - - -
208pp 5.627 5.628 5.446 5.654 5.65 5.627 5.56
209pp 5.642 5.643 5.457 5.667 - - -
210pp 5.656 5.656 5.466 5.679 - - -
211pp 5.669 5.668 5.474 5.691 - - -
212pp 5.682 5.681 5.482 5.702 - - -
213pp 5.695 5.693 5.490 5.714 - - -
214pp 5.707 5.705 5.498 5.725 - - -
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Table 7. Calculation results for neutron skin thickness of Pb isotopes (all units are in fm)

Nucleus This study Tel et al. [18]
SLy4 SkM* Zs Sl Sl SkM*
204pp 0.139 0.146 0.046 0.107 0.108 0.146
205pp 0.145 0.151 0.047 0.111 - -
205pp 0.149 0.157 0.050 0.115 0.115 0.158
207pp 0.155 0.163 0.051 0.119 - -
208py 0.159 0.167 0.053 0.123 0.122 0.167
209pp 0.166 0.176 0.057 0.129 - -
210pp 0.174 0.183 0.062 0.134 - -
211pp 0.181 0.190 0.064 0.139 - -
212pp 0.188 0.197 0.068 0.143 - -
213pp 0.195 0.203 0.070 0.148 - -
214pp 0.200 0.210 0.073 0.152 - -

3.2. The Density and the Potential of Nucleons

In this paper, it is also investigated the effect of
the increase of neutron number in Pb nucleus. First,
it is investigated the density and the potential of
nucleons calculated by SLy4, SKM*, Z,, and SlII set
parameters.

In Figs. 1-5, for proton density (part a), at
r < 0.5 fm, the SLy4 obtained the largest results and
the SIII obtained the smallest results. In radius
2 - 6 fm, the Z, obtained the largest results and the
SHII obtained the smallest results. From neutron

Proton density, fm™

0.08

P Pb-204

_______ SLy4
+ SkM*
""""" Z-sigma
— Sl
10 12 14
Radius, fm

density (part b), at r < 0.5 fm, the Z, obtained the
largest results and the SLy4 obtained the smallest
results. In radius 2 - 6 fm, for both proton and
neutron, the Z; obtained the largest results and the
SlIl obtained the smallest results. The results of
SLy4 and SkM* are similar in this area. Proton
density has maximum value at r < 0.5 fm and
neutron density has maximum value in radius
2 - 5 fm. In radius 6 - 8 fm, the densities of proton
and neutron decreased drastically and it approached
to zero smoothly at r > 8 fm.

Neutron density, fm™

0.09 ™ SLy4

0.08 ‘ Z-sigma
0.07

0 2 4 6 8 Wb Wé 14
Radius, fm

Fig. 1. Local densities of proton (a) and neutron (b) of 2%Ph.

In this study, it has been taken the results of
SkM* set parameters to investigate the effect of the
increase of neutron number in Pb nucleus. In Fig. 6,
a, in region 0 - 6 fm, the proton density of 1®Pb is
the largest and **°Pb is the smallest. The proton
density widths of *"®Pb, 2®®Pb, and ?*°Pb are almost
similar. In Fig. 6, b, in region 2 - 4 fm, the neutron
density of ®Pb is the smallest and ?°Pb is the
largest. The neutron density width of ®Pb is the
smallest and **Pb is the biggest. It is indicated that
the increase of neutron number causes the decrease
of proton density and has minimum effect to the

156

proton density width. In contrast, the increase of
neutron number causes substantial effect for neutron
density, where the increase of neutron number
causes the increase of neutron density and its width.
In Fig.7, a, in region 0 - 4 fm, the proton
potential depth of 1®Pb is the shallowest and #*Pb is
the deepest. The proton potential width of *"®Pb is
the smallest and ?®Pb is the largest. In Fig. 7, b, in
region 2 - 4 fm, the neutron potential of *®Pb is the
deepest and **Pb is the shallowest. The neutron
potential widths of 1®Pb, 2P, and *°Pb are almost
similar to each other. It can be indicated that the
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depth and width of proton potentials increase with
the increase of neutron number. In other hand, the
increase of neutron number causes the decrease of

Proton de

nsity, fm=

0.08- T
0.07

0.06

Proton de

Fig. 2. Local densities of proton (a) and neutron (b) of 2°6Pb.

nsity, fm

Radius, fm

0.08 ;
0.07p-
0.06
0.05
0.04
0.03
0.02

0.01

0

a

Fig. 3. Local densities of proton (a) and neutron (b) of 2°Ph.

Wb Wé 14
Radius, fm

Proton density, fm™
0.08 . . ‘
Pb-212
------- SLy4 7
SkM*
- Z-sigma g
—sillI

Fig. 4. Local densities of proton (a) and neutron (b) of 22Pb.

WIO 1é 14
Radius, fm

neutron potential depth and has minimum effect to

the neutron potential width.

Neutron density, fm™

0.12 T

01} .

0.06

0.02

10

12 14

0 2 4 6 :
Radius, fm
Neutron density, fm-3
0.12 T T
Pb-210
0.1 1

0.08(7

0.04

0.02

Neutron density, fm™
0.12 T T

10

12 14

Radius, fm

0.1

0.04
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Proton density, fm™

Neutron density, fm™

0.08 T

. . 0.12 :
Pb-214
------- SLyd ] oal < Pb-214 |
© SkM* iy SLyd
""""" Z-sigma " SkM*
—slll -si
0.08 Z-sigma 1
0.06 .
0.04 i
0.02 .
. . 0 ; ‘
10 12 14 0 2 4 6 8 10 12 14
Radius, fm Radius, fm

Fig. 5. Local densities of proton (a) and neutron (b) of 2Ph.
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Neutron density, fm™
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0.07F
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Proton potential, MeV
20 T T
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—Pb-208
o7 NN T Pb-220 |
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E 0.05 R
i 0.04 1
0.03 R
0.02 E
0.01 R
12 ° 10 12
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b
Fig. 6. Local densities of proton (a) and neutron (b) with SKM* set parameters.
Neutron potential, MeV
T 0 T T T
SkM* 1
------- Pb-178
—Pb-208
""" Pb-220 | |
_ T S N
Radius, fm Radius, fm
b

Fig. 7. Local potentials of proton (a) and neutron (b) with SKM* set parameters.
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Conclusion

It has been performed an investigation of nuclear
ground-state properties of spherical nuclei, such as
the total energy, nucleon local density, and nucleon
local potential of Pb isotopes (especially 2°?*Pb) by
using SHF method, with Skyrme set parameters,
especially SLy4, SkM*, Z,, and Sl set parameters.
All used parameters are in good agreement with the
results of the related experiments and the other
researchers. From this study, it is also obtained that,
in Pb nucleus, the total energy, mass radius, neutron

radius, neutron skin thickness, neutron density,
neutron density width, proton potential depth, and
proton potential width increase accordingly with the
increase of neutron number. In other hand, proton
density and neutron potential decrease accordingly
with the increase of neutron number. The increase of
neutron number has minimum effect to the widths of
proton density and neutron potential.

The authors are grateful to Prof. P. G. Reinhard
(Germany) for discussion and guide in using the
HAFOMN code.
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EHEPI'IA 3B’A3KY AJEP TA PO3INOALI I'YCTUHHA
B I3OTOITAX CBUHIIIO B METOJI CKIPMA - XAPTPI - ®OKA

Y 1mpOMy JOCHIIKEHHI BHBYEHO OCHOBHI BIIACTHBOCTI cepwyHHX smep, Taki SK CyMapHa €HEpris, JIOKaJbHa
I'yCTMHA HYKJIOHIB Ta JIOKaJIbHUH HYKJIOHHMI OTEHIIaT i30TONiB cBHHIIO (0co0muBo 2%4214Pb) 3a nomoMoror MeToxy
Xaptpi - @oka. Po3paxyHku O6yino BUKOHAHO 3 BUKOpPHCTaHHAM mapameTpiB Ckipma, 30kpema SLy4, SkM*, Zs Ta SIII.
PesynbraTi po3paxyHKiB MOPIBHIOIOTHCS 3 €KCIIEPUMEHTAILHUMH Pe3yJIbTaTaMH Ta pe3yJIbTaTaMH PO3PaxyHKIiB IHIIUX
JOCIHIHUKIB. YCi BHKOPUCTaHI MapaMeTpu N00pe y3TO/DKYIOTHCS 3 pe3ysibTaTaMH BiJIIOBIAHUX €KCHEPHMEHTIB Ta
IHIIKX PO3PaxyHKIB. 3 MOCHDKCHHS BUIUTUBAE, IO B 130TONMAX CBUHIKD CyMapHa €HEpris, MacoBUH paluiyc,
HEHTPOHHUI paniyc, TOBIIMHA HEHTPOHHOI MIKipH, HEWTPOHHA T'YCTHHA, ITMPHHA HEUTPOHHOTO PO3IOALTY, IIIMONHA Ta
[IMPHHA IPOTOHHOTO MOTEHIialy 3pOCTAIOTh i3 30LIbIIEHHSIM YHcIa HEUTPOHIB. 3 iHIIOro OOKY, TyCTHHA MPOTOHIB Ta
HEHTPOHHMI TOTEHIIaNn 3MEHIIYIOTHCS 13 30UIBIICHHSAM 4YHCIa HEHTPOHIB. 3O0INbIIEHHS KUIBKOCTI HEHWTpPOHIB
MiHIMaJIbHO BIUIMBA€ Ha NIMPUHY I'YCTHHHU MPOTOHIB Ta HEUTPOHHHH MOTEHITiAI.

Knrouogi crosa: Xaptpi - Dok, TOKalbHa T'YCTUHA, HEPTis 3B’ 3Ky s/1ep, i30TOIMH CBHHIIIO, B3aeMois Ckipma.
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Qusuyeckuil ghaxyremem, banoyuneckuii mexnonoeuveckutl uncmumym, bBanoyne, HUnoonesus
*QTBeTCTBEHHBI aBTOp: Yacyulianto@gmail.com

SHEPTHUA CBA3U AAEP U PACIIPEJEJIEHUE IIVIOTHOCTH
B N30TOIMAX CBUHIIA B METOJE CKUPMA - XAPTPH - ®OKA

B »ToM wuccnemoBaHMM W3y4YeHbl OCHOBHBIE CBOMCTBa cepuyeckux sjaep, Takue Kak CyMMapHas OSHeprus,
JIOKaJIbHas TUIOTHOCTh HYKJIOHOB M JIOK&JIbHBIH HYKIOHHBIH IMOTEHIMAN M30TONOB CBHMHIA (ocobenHo 204214Ph) ¢
HOMOIIIBI0 MeTo/ia XapTpH - Moka. PacueTs! ObLIM BBITIOIHEHBI C HCIOIb30BaHMEM mapaMeTpoB CKUpMa, B YaCTHOCTH
SLy4, SKM*, Zs u SIII. Pe3ynpTarsl pacueToB CPAaBHUBAIOTCS C DKCIICPUMEHTAIBHBIMU PE3yJIbTATAMH U PE3yIbTaTaMu
JIpyTHX pacdeToB. Bce HCIONb30BaHHBIE MapaMeTpbl XOPOIIO COTIACYIOTCSI C Pe3yJbTaTaMU COOTBETCTBYIOLIMX
SKCIEPUMEHTOB M JpPyrux pacyeTroB. M3 mHccienoBaHUs BBITEKAeT, YTO B H30TOMNAX CBMHIA CyMMapHas JHEprus,
MacCOBBIH pasnyc, HEUTPOHHBIN paauyc, TOIIMHA HEUTPOHHOMN KOXKH, HEUTPOHHAS MJIOTHOCTH, IIUPUHA HEUTPOHHOTO
pacripeziesieHus, TIyOMHA ¥ IIUPUHA TIPOTOHHOTO TTOTEHIMANA YBEIHMUMBAIOTCS IPH yBEIMUYCHUH YHcia HelTpoHoB. C
JPYTOH CTOPOHBI, INIOTHOCTH MPOTOHOB M HEHTPOHHBIN MOTEHIINAT YMEHBIIAIOTCS MTPH yBEIMUYCHUH YHCIa HEHTPOHOB.
YBenuueHne yrciaa HeWTPOHOB MUHUMAJIBHO BJIMSET Ha MIMPUHY IFIOTHOCTH ITPOTOHOB U HEHTPOHHBIM MOTESHIHAI.

Knrouesvie cnosa: Xaptpu - @Ok, J0KaJIbHAsA IIOTHOCTb, SHEPTHUS CBSI3U SAEP, U30TOIBI CBUHIA, B3aUMOJEHCTBIE
Ckupma.
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