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This paper studies regularities of proportional division, on the basis of which we show the
possibility of effective application of the golden section method to modeling regularities of
atomic systems and positioning of elements of noble gases of the periodic table. It is illustrated
that by partial reconstruction of the Mendeleev tables, the elements of noble gases can be
arranged along lines whose slope tangents in the coordinate system “the atomic number — the
relative atomic mass” are in close agreement with the sequence of inverse Fibonacci numbers.
It was shown that given the correct slope of axes, slope tangents of the corresponding lines does
not change.
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Introduction

The method of golden section (GS) of the whole system divided into two unequal parts was applied
for various modeling problems [1-16], including problems related to the modeling of atomic [1-2,9, 11] and
quantum [15, 16] systems. Thus, in [1,17-19], by means of the Cartesian axis system scaling, it was illustrated
that by partial reconstruction of the periodic system, the elements of noble gases can be arranged along lines
whose slope tangents in the coordinate system ‘the atomic number — the relative atomic mass’ are in close
agreement with the sequence of inverse Fibonacci numbers:

1t1t 21,358,131 (1)
This paper studies regularities of proportional division, on the basis of which we show the possibility
of effective application of the GS method to modeling regularities of atomic systems and arrangement of the
elements of noble gases of the periodic table [1,17-19].
The model of Bohr atom

It is known [20-21] that the mathematical model of structure arrangement using the GS method with
quantitative characteristics ¢, @ is:
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at the phase point with coordinates p = +1, g =—1. In the Cartesian plane p 0q, the axes of which divide
it into four quadrants, the point with coordinates p=+1, q=-1 is located in the second quadrant
p >0, g <0 in the phase direction
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-p+q+1=0, ©)
which is parallel to the first K =1 root straight line
~Kp+g+K?*=0, K=0,+1+2 +3,... (4)
and shifted right by a unity |Aq| =
Along the direction (4) modules
[p[=ldl =k, (5)
coincide, so in the second p >0, g <0 and the third p <0, g <0 quadrants the roots of a square three-
term
x>+ px—-q=0, (6)
are quadratically irrational and exhibit the GS properties (Fig. 1). As follows from this figure, in the first and

third quadrants there are areas with imaginary roots (6). Therefore, let us limit ourselves to the corresponding
analysis within the second quadrant.

p.p.—k.025.5
Fig. 1.

As we can see in Fig. 1, in the second quadrant, with continuous change of k along the direction (3)
(line 2), the roots satisfy the regularities:
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that is, the graph of the roots (p(k)+ is in the form of parabola 3 (given in Fig. 1 for a positive solution only).
A positive solution ®@ (k). in the third p(0, q¢0 quadrant related to ¢(k), of the equation [22-25]

k), = (®)
olk).
Therefore, now let us turn the solutions go( ) and d)(k) into
k k
o)== (-1+D(K)) - (k)= (+1+ D(K)) ©
and consider their plurality, for which the exact square is the discriminant:
D(k)=1+i=|v|2:>|v| >1. (10)
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The set of integers M corresponds to the set of values k,,

4
= =M >2. 11
M M 2 -1 ( )
In the interval from
k 4 k
|M=2:§ to k|, —0 (12)

the values of (12) form a nonlinearly descending sequence

kM:4'(11111111111111)

(13)

in which there is the difference between the two denominators of adjacent numbers. This is a decreasing
dependence, the graph of which is shown in Fig. 2. Given values k , functions ¢(M ) and ®(M ) are:
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Fig. 2.

The sequence (13) also includes a value k =1 corresponding to the classic golden section. The
differences between two denominators of adjacent numbers

8-3=5=3+2=3+2-],

15-8=7=5+2=3+2-2,

24-15=9=7+2=3+2-3,

35-24=11=9+2=3+2-4,

48-35=13=11+2=3+2-5,

63-48=15=13+2=3+2-6,...
change according to the integer law (3+2-M ). Given

(15)
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k =4/3, M=2) (2/3
k = 4/8, M=3| |24,
0.k, kK)=p(M)= 2 _1 k=4/15,-| -1£<M =4, |={2/5,
MHL 2 e aa M=5| |26,
and
M =2 ®(2)=2,
, M =3 ®(3)=1
o(M)=—¥ iy 2 M =4, &(4)=2/3,
oM) 2/(M+1) M-1 M =5, @(5)= 2/a.

the values of the solutions (14) form the series:

M 2 3 4 5 6 7 8 9 10

p(M) 2/3, 2/4, 2/5 2/6, 2/7, 2/8, 2/9, 2/10, 2/11,...

oM) 2 1 2/3 24 2/5 2/6 2/7 2/8 29
@(M) and ®(M ) satisfy the ratio
p(M)= o(M +2)

(16)

(17)

(18)

(19)

the implementation of which is confirmed in the form of Table 1, which shows the calculated first eleven
values of the functions @(M ) and @®(M ). The regularity of changing the numerical values of the

denominator in the sequence (18), as the difference between the values of the two adjacent denominators,
follows the law (15), as a series of natural numbers 1, 2, 3, 4,5, ..., transformed with constant coefficients.

Therefore, the ratio 1+ 4/k = M ? is interesting because it is similar to the allowed atom’s internal energy

values in the Bohr model from number K :

me* 1
WEK)=-—F—
2n° K
Table 1.
M 2 3 4 5 6 7 8 9 10 11
kM) | 4 |4_ |4 _|4_ |4 _|4_|4_|4_|4_|4_
3 |8 15 24 35 48 | 63 | 80 99 120
=0,5| 0,267 =067 = 0,114 (083 | 0,063 =0,05| =0,04 | =0,033
¢(M) 0,667 0,5 0,4 0,333 0,286 0,25 0,222 0,2 0,182 0,167
q)(l\/l ) 2 1 0,667 0,5 0,4 0,333 0,286 0,25 0,222 0,2

(20)
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The graphic illustration of the diagram of the position of energy levels by law 1/M 2 is shown in Fig. 2

The periodic table of elements
It is known in atomic physics [25] that every period of elements from the second to the seventh is
terminated by an inert atom. Fig. 3 (a) presents the dependencies of the atomic masses of each element in a
given period as the fraction of the atomic mass of the last element of a given period, that is, an inert element.
Different slopes of direct linear dependencies for different periods of chemical elements prompted the author
[1,17-19] to think that it is possible to relate them to the regularities of inverse Fibonacci numbers:
t111111 1)
11235813
However, in our opinion, the author's conclusion is wrong and is caused by the choice of the scale on
coordinate axes. Indeed, to exclude its influence along the abscissa axis, we performed statistical processing
of the experimental data in Fig. 3(a) by the least squares method and revealed that the slopes of all rectilinear
dependences of the atomic masses of each element in a given period as the fraction of the atomic mass of the
last element of a given period, practically does not depend on the period number of the chemical elements

(Fig. 3(b))
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Fig. 3.
Conclusions

In this paper, on the basis of the known equation of the proportional division of a system parameter
into two unequal parts (golden section), we developed a recurrent model of atomic levels and positioning of
noble gases of the periodic table of elements. By processing the data in coordinate system ‘the atomic number
— the relative atomic mass’ by the least squares method, it was shown that given the correct slope of axes,
slope tangents of the corresponding lines does not change.
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I1. KocoOyubkmuii, M. Kapky/jboBcbka
Harmionansauii yHiBepcuTeT JIbBiBChKA MONTITEXHIKA

MOJIEJTIOBAHHSI ATOMHHUX CUCTEM TA NO3UIIIOHYBAHHSI
EJIEMEHTIB BJIAT'OPOJTHUX I'A3IB TEPIOJNMYHOI CUCTEMHU METO/IOM
MPOMOPLIMHOI'O MOALTY

© Kocobyywvruii I1.C., Kaprynvoscoka M.C., 2021

Y nauiii podoTi mocaimkeHi 3aKOHOMIpPHOCTI MPONOPIiiHOrO MOALTY, HA OCHOBI SIKHMX
MOKAa3aHA MOMKJIUBICTh KOPEKTHOI0 3aCTOCYBAHHSI MeETOAY 30JI0TOr0 mepepizy ajs
MO/J€eJII0BAHHSI 3AKOHOMIPHOCTE ATOMHHUX CHCTEM Ta MO3ULIIOBAHHS eJeMEHTIB 0J1aropogHux
rasiBe mepioauuHoi cucremu. IIpoiocTpoBaHo, MO0 HUIAXOM YACTKOBOI PEKOHCTPYKUII Yy
Tabauni MeHesieeBa ejieMeHTH OJaropoJHMX ras3iB MO)KHa pO3TALIYBATH B30BXK JIiHIii,
AOTHYHI HAXMIIY SIKHX y CHCTeMi KOOPAWHAT ' aTOMHHUI HOMep - BITHOCHA aTOMHA Maca' TiCHO
Y3ro/ZKYIOThCSl 3 OCiI0BHICTIO 00epHeHuX yuces Pidonayyi. I npu npaBuabHOMY HaxXuJIi ocei
AOTUYHI HAXUJY BiAMOBITHUX MPSIMUX He 3MIHIOIOTHCSI.

Kurouosi cioBa — 3osioTnii mepepi3, uncia @idoHayui, mponopuiiHuil moain, aTrom,
nepiogM4yHa cucremMa.
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