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The interior structure of nucleus of the chemical element lead is given in the form of shell sequence of polyhedrons.

This sequence represented with the help of some arithmetic progression of positive numbers, which connects with

hypothesis of α-particles synthesis of nuclei. Other chemical elements also are considering with this point of view.

On the graph of abundance of chemical elements in Solar system picks correspond to these elements. In the work the

Table of numbers of nucleons in nuclei of these elements is proposed and we obtain combinatoric type of polyhedrons,

which considering as shells of these chemical elements.

PACS: 21.60-n,21.45.+v, 98.80.ft

1. INTRODUCTION

The chemical element lead is remarkable element
thanks to that its isotopes finish three radioactive
rows under α-decay with numbers 4n, 4n+ 2, 4n+ 3
of nucleons in nuclei, see [1]

Th232 = Pb208 + 6He4 → 4n,

U235 = Pb207 + 7He4 → 4n+ 3,

U238 = Pb206 + 8He4 → 4n+ 2.

The forth radioactive row which corresponds to
numbers 4n+1 does not exist at Nature, because was
consist from elements with short time of life, except
bismuth Bi209.

Writing expressions have only symbolic sense be-
cause the equality of right and left parts has place
only for numbers of nucleons, but does not correct
for protons. Correct notation must be following

Th232
90 = Pb20882 + 4He4 + 8n,

U235
92 = Pb20782 + 5He4 + 8n,

U238
92 = Pb20682 + 5He4 + 12n.

It is interesting question: what is the property
of lead (Plumbum) isotopes nuclei due which the ra-
dioactive decay finished? By this cause in literature
one writes that the nucleus Pb208 is two-times magic:
82 protons and 126 neutrons. But it is not explana-
tion. It is pertinent to put the question: why natural
radioactivity exists?

Here remember the words of M.Curie at her book
”Radioactivité” [2] that the cause of atomic decay can
be at intrinsic structure or on the influence of exte-
rior factors. One supposed that such exterior factor
could be some ultra penetrate rays with source in
cosmic space or inside earth (Pierre Curie, M.Curie,
J.Perren).

Also, why the radioactivity of radium is more
stronger than of uranium ?

E.Rezerford in his lecture ”Some cosmical aspects
of radioactivity” [3] pointed to that illumination of
radium is almost at 2 millions times larger than ac-
tivity of uranium.

2. INTRINSIC STRUCTURE OF
NUCLEUS Pb208

Consider the intrinsic structure of nucleus Pb208 un-
der supposition that it synthesis was with the help of
α-particles which consequently were united at shells.
Early at the work [4] we proposed the following com-
position for nuclei Ar36, Ca40, Fe56

(2+3+4)4 = 36 → Ar36, (2+3+5)4 = 40 → Ca40,

(2 + 3 + 4 + 5)4 = 56 → Fe56,

Writing above expressions correspond to shell
structure of nuclei.Representatively, that these ele-
ments due the graph of abundance of the elements
in the Solar system have larger abundance between
close to them by atomic weight. Similar expansions
we write for other light elements and for few heavy
nuclei. And it interesting to remark that for corre-
spondent heavy nuclei the graph of the abundance
also has peaks. This approach we use now under
consideration of Pb208.
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It has place

(3+ 4+5+6+7+8+9+10)4 = 208 → Pb208, (1)

To every number m in brackets some shell cor-
responds at the form of Polyhedron with 4m ver-
texes. This polyhedron is been constructed by m
α-particles. Every such shell is closed, that means,
that every such shell can not be complemented by
other nucleons. Because such shell are completed, so
nucleons in it are strongly connected. At thorium
Th232 nucleus the six α-particles are outside of ex-
ternal shell of Pb208 and they do not make next com-
plete shell. Therefore these α-articles can separate
from the nucleus.

Remark that for the polyhedrons at the construc-
tion the following condition has place: if S is its the
surface area and V is the volume then the fraction

S3

V 2

has minimal value between polyhedrons with same
combinator kind. At our work [4] chapter 6 we con-
nected this question with half empirical H.Bethe-
C.F.Weizsäcker formula for nuclear energy.

Consider nuclei of Pb207 and Pb206. Its numbers
of nucleons differ of Pb208 on 1 and 2 respectively.
We suppose that the construction of these nuclei is
almost same as Pb208, but from some shell Pb208 1 or
2 nucleons are derived respectively.This receding does
not affect strongly on the stability of the nucleus.

Remark that on the graph of abundance of chem-
ical elements Pb208 has considerably more larger
abundance than close to it elements and has more
larger relative abundance than Pb207, P b206, P b204.

The expression (1) can be at concordance with ex-
perimental dates about division of uranium nucleus
U235 by slow neutron. It is known the following
schema of division, which was obtained at the ex-
periments, see.[1], chapter 12

U235
92 + 1n → La14757 +Br8735 + 2n. (2)

Here n denotes a neutron. It is interesting to con-
sider intrinsic structure of elements which obtained
as result of division.We have for the nucleus bromine
Br87

(4 + 5 + 6 + 7)4− 1 = 87. (3)

Similar expression has place for lanthanum Ln147

(3 + 8 + 9 + 10)4 + 7× 4− 1 = 147. (4)

We see from (3), (4) that the products of the
division are composed from same shells as
U235.

It is surprising ! Probably the neutron of division
beat out the core of uranium in the form Br87. Be-
cause the shells are not solid bodies, so it possible for
this part to go out and the division of nucleus U235

in the space on two parts.

Remark, that in the nucleus of Pb208at the shells
with 3,4,5,6 and 7 α-particles contain 35 protons and
at the rest part 47.

Similar picture has place under the second version
of the division

U235
92 + 1n → Ba14056 +Kr9336 + 3n.

In this case it is possible to propose the following
division

Kr9336 : (1 + 4 + 5 + 6 + 7)4 + 1 = 93,

Ba14056 : (1 + 8 + 9 + 10)4 + 7× 4 = 140.

Consider the structure of radium nucleus, which
belongs to radioactive row begin from U238. We can
write

Ra22688 = Pb20682 + 3He4 + 8n.

We see,that the exterior shell of radium more
scarcity to closed shell than the uranium U238. Hence
it radioactivity is more larger.

3. SOME ANOTHER CHEMICAL
ELEMENTS

Write the list of some chemical elements with heavy
nuclei and their conjectural compositions. Let us to
go along peaks of the abundance graph

Ni60 → (1 + 2 + 3 + 4 + 5)4 = 60, -nickel
Zn64, Cu64 → (1 + 2+ 3+ 4+ 5)4 + 4 = 64,- zinc

and copper
Ge72 → (3 + 4 + 5 + 6)4 = 72,- germanium
Se80 → (2 + 3 + 4 + 5 + 6)4 = 80,- selenium
Kr84 → (1 + 2 + 3 + 4 + 5 + 6)4 = 84,- krypton
Sr88 → (4 + 5 + 6 + 7)4 = 88,- strontium
Zr90 → (4 + 5 + 6 + 7)4 + 2 = 90,- zirconium
Ru102 → (3+4+5+6+7)4+2 = 102,- ruthenium
Sn120 → (4 + 5 + 6 + 7 + 8)4 = 120,- tin
Te128 → (2+4+5+6+7+8)4 = 128,- technetium
Xe132 → (3 + 4 + 5 + 6 + 7 + 8)4 = 132,- xenon
Ba138 → (2 + 3 + 4 + 5 + 6 + 7 + 8)4− 2 = 138,-

barium
Ce140 → (2+3+4+5+6+7+8)4 = 140,-cerium
Gd156 → (4+5+6+7+8+9)4 = 156,-gadolinium
Pt196 → (4 + 5 + 6 + 7 + 8 + 9 + 10)4 = 196,-

platinum
Au197 → (4 + 5+ 6+ 7+ 8+ 9+ 10)4 + 1 = 197,-

gold
Pb208 → (3 + 4+ 5+ 6+ 7+ 8+ 9+ 10)4 = 208,-

lead

Pu244 → (3+4+5+6+7+8+9+10)4+9×4 = 244.-
plutonium.

The graph of abundance of the chemical elements
has peaks on majority of this set of elements, see the
Table III from [6]. It shows that their lager abun-
dance at comparison with close elements connected
with complete filling of their shells by α-particles.
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Last writing element- plutonium has very small
abundance and its exterior shell is not completed.

4. TWO TABLES

After my report on the seminar in my institute

FTINT my colleague Vasiliy Gorkaviy prepare the
following Table (Table 1) for sums A numbers from
arithmetic progressions with different start numbers
K and end numbers L, multiplied on the number 4.

Table 1. A = (K + ...+ L)4

L=2 L=3 L=4 L=5 L=6 L=7 L=8 L=9 L=10 L=11
K=1 12 24 40 60 84 112 144 180 220 264
K=2 8 20 36 56 80 108 140 176 216 260
K=3 12 28 48 72 100 132 168 208 252
K=4 16 36 60 88 120 156 196 240
K=5 20 44 72 104 140 180 224
K=6 24 52 84 120 160 204
K=7 28 60 96 136 180
K=8 32 68 108 152
K=9 36 76 120
K=10 40 84

We supposed together that every number A from
this table corresponds to some stable chemical ele-
ment with A number nucleons in nucleus, which the
abundance is larger between close elements or its
isotopes. At majority of cases it has place at really,

except last row and some isolated elements. At these
exceptional cases the number of nucleons in nucleus
is different from the number in the table only on 1 or
2 (Table 2) .

Table 2. Chemical elements with A nucleons in the nucleus

L=2 L=3 L=4 L=5 L=6 L=7 L=8 L=9 L=10 L=11

K=1 C12
6 Mg2412 Ca40

20 Ni6028 Kr8430 Cd11248 Nd14460 Ta181
73 Re22286 EOs265108

−1n −2n −1n

K=2 Ne2010 Ar3618 Fe5626 Br8035 Ar10847 Ce14058 Lu175
71 Po21684 EHf261

104

+1n −1n

K=3 C12
6 Si2814 Ti4822 Ge7232 Ru102

44 Xe13254 Tm169
69 Pb20882 Es25299

−2n −1n

K=4 O16
8 Ar3618 Ni6028 Sr8838 Sn120

50 Cd15664 Pt19678 Pu240
94

K=5 Ne2010 Ca44
20 Ge7232 Rh103

45 Ce14058 Hf180
72 Ra224

88

+1n

K=6 Mg2412 Cr5224 Kr8436 Sn120
50 Tb15965 T l20581

+1n −1n

K=7 Si2814 Ni6028 Mo9642 Ba138
56 Hf180

72

−2n

K=8 S32
16 Zn68

30 Ag10847 Eu152
63

K=9 Ar3618 As7533+!n Sn120
50

K=10 Ca40
20 Kr8436
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The table shows how synthesis process was going
and that for every number m in the round bracket
at (1) some complete shell corresponds. For ex-
ample, we have in the third line the following se-
quence C12, Si28, T i48, Ge72, ..., P b208. Therefore the
sequence of numbers in the round bracket in (1) is
given by Nature.

The following question appears naturally: have
two polyhedrons with same number of vertexes 4m
from (see Table 2) same combinatorial type, or are
similar each other or congruent ?

5. COMBINATORIAL TYPE OF THE
POLYHEDRONS

The symmetry condition gives for us the possibility
to construct combinatorial types of shell polyhedrons
almost uniquely. We represent α-particle as two tri-
angles with common edge. Between planes of these
triangles can be dihedral angel. Really, consider shell
with 10 α-particles. As 10=5+5, we can take 5 α-
particles on one half sphere at vertexes of 5 regular
polygon and other 5 α-particles on the second half
sphere, see Figure, where we represent the sphere by

stereographic projection on a plane. Then for the
number 9=3+3+3 we can take 3 α-particles along
equator at the vertexes of equilateral triangle, 3 α-
particles on the upper half sphere and 3 α-particles
on the lower half sphere.

For the number 8=4+4 we can take 4 α-particles
on the upper half sphere and 4 α-particles on the
lower half sphere using the vertexes of quadrates.

The shell with 7 α-particles is singular on our
opinion. Unique symmetric position of 7 α-particles
lies at vertexes of 7 regular polygon on the equator.
But upper half sphere and lower half sphere will be
almost empty. Therefore this shell will be weakly
connect with the next shell. Probably therefore un-
der division of U235 the gap of the nucleus takes place
on the shell with 7 α-particles.

At the case 6=3+3 we can take two equilateral
triangles on two half spheres by symmetric way. If
the shell has 4 α-particles then the polyhedron has
form on the Figure. The cases with 5 and 3 -particles
are given at my article [7].

Another, but non symmetric way, gives the repre-
sentation 7=5+1+1. Then 5 α-particles lie on equa-
tor at vertexes of 5 regular polygon and 1 α-particle
lies at North Pole and 1 one at the South Pole.

∧
16 6α− particles 7α− particles

8α− particles 9α− particles 10α− particles

Representation the sphere by stereographic projection on a plane
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ÃÅÎÌÅÒÐÈ×ÅÑÊÎÅ ÑÒÐÎÅÍÈÅ ßÄÅÐ ÑÂÈÍÖÀ È ÍÅÊÎÒÎÐÛÕ ÄÐÓÃÈÕ

ÕÈÌÈ×ÅÑÊÈÕ ÝËÅÌÅÍÒÎÂ

Þ.À.Àìèíîâ

Âíóòðåííÿÿ ñòðóêòóðà ÿäðà õèìè÷åñêîãî ýëåìåíòà ñâèíöà äàíà â âèäå ïîñëåäîâàòåëüíîñòè îáîëî÷åê

ìíîãîãðàííèêîâ. Ýòà ïîñëåäîâàòåëüíîñòü ñòðîèòñÿ ñ ïîìîùüþ íåêîòîðîé àðèôìåòè÷åñêîé ïðîãðåññèè

ïîëîæèòåëüíûõ ÷èñåë, êîòîðàÿ ñâÿçàíà ñ ãèïîòåçîé α-÷àñòè÷íîãî ñèíòåçà ÿäåð. Äðóãèå õèìè÷åñêèå

ýëåìåíòû òàêæå ðàññìîòðåíû ñ ýòîé òî÷êè çðåíèÿ. Íà ãðàôèêå ðàñïðîñòðàíåííîñòè õèìè÷åñêèõ ýëå-

ìåíòîâ â Ñîëíå÷íîé ñèñòåìå ýòèì ýëåìåíòàì ñîîòâåòñòâóþò ïèêè. Â ðàáîòå ïðåäëîæåíà òàáëèöà ÷èñåë

íóêëîíîâ â ÿäðàõ ýòèõ ýëåìåíòîâ, à òàêæå ñîîòâåòñòâóþùàÿ òàáëèöà ýëåìåíòîâ. Ïîëó÷åí êîìáèíàòîð-

íûé òèï ìíîãîãðàííûõ îáîëî÷åê, âõîäÿùèõ â ñîñòàâ ÿäåð.

ÃÅÎÌÅÒÐÈ×ÍÀ ÁÓÄÎÂÀ ßÄÅÐ ÑÂÈÍÖÞ ÒÀ ÄÅßÊÈÕ IÍØÈÕ ÕIÌI×ÍÈÕ

ÅËÅÌÅÍÒIÂ

Þ.À.Àìiíîâ

Âíóòðiøíÿ áóäîâà ÿäðà õiìi÷íîãî åëåìåíòà ñâèíöþ ïðåäñòàâëåíà ó âèãëÿäi ïîñëiäîâíîñòi îáîëîíîê

ó ôîðìi ìíîãîãðàííèêiâ. Öÿ ïîñëiäîâíiñòü ïîâ'ÿçàíà ç ïåâíîþ àðèôìåòè÷íîþ ïðîãðåñi¹þ äîäàòíèõ

÷èñåë, êîòðà ìà¹ âiäíîøåííÿ äî ãiïîòåçè α-÷àñòêîâîãî ñèíòåçó ÿäåð. Iíøi õiìi÷íi åëåìåíòè òàêîæ ðîçã-

ëÿíóòi ç öi¹¨ òî÷êè çîðó. Íà ãðàôiêó ïîøèðåííÿ õiìi÷íèõ åëåìåíòiâ ó Ñîíÿ÷íié ñèñòåìi öèì åëåìåíòàì

âiäïîâiäàþòü ïiêè. Ó ðîáîòi çàïðîïîíîâàíà òàáëèöÿ ÷èñåë íóêëîíiâ â ÿäðàõ öèõ åëåìåíòiâ, à òàêîæ

òàáëèöÿ âiäïîâiäíèõ åëåìåíòiâ. Îòðèìàíî êîìáiíàòîðíèé òèï ìíîãîãðàííèõ îáîëîíîê, ÿêi íàëåæàòü

äî ñêëàäó ÿäåð.
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