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Abstract

Relevance. The relevance of the study and the corresponding results is based on the need for digital transfer
of scientific physical and mathematical devices for modelling the studied objects and phenomena of the real
world into a digital programme environment, which forms a powerful research tool with the possibility of
multi-reading and multi-vector calculation and forecasting of the nature and qualities of simulated elements
of the physical world with a different scientifically based configuration of the initial data. The quality and
reliability of digital models depend on the quality and completeness of consideration of various physical aspects
in the simulated research objects and phenomena. Therefore, it is appropriate and relevant to formulate the
initial iteration of digital transfer — the creation of a dependence-correlation apparatus. The second aspect that
confirms the relevance of the current study is the fact that there is no integral model of the electron: currently,
the world scientific community knows models describing individual characteristics and elements of the studied
elementary particle, but there are no models describing the electron as an integral object.

Purpose. The purpose of the study is to develop a model of an electron associated with a simulated vacuum
using appropriate analogue models from recognised fundamental studies.

Methodology. The study uses the methods of analogue Dirac models, spinor field models, the six-dimensional
space-time model of the Bartini world, and the Planck oscillator model.

Results. Based on the results of experiments and physical and mathematical transformations in the current
study, by integrating elements of the Ehrenfest paradox theory into the above models and basic elements of
physical science, a complete model of the electron was formulated, which not only received a description of
spatial and energy characteristics, but also allowed assessing the oetiological and morphological features of the
development of the elementary particle, and individual physical and correlation dependencies were established.

Conclusions. First, the Hubble constant is necessary as a vacuum parameter in modelling elementary particles;
second, the Hubble constant is included in the equation of the classical electron radius; and third, based on
model calculations, the hypothesis of differences between the electron, muon, and tauon is proposed
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Introduction

The relevance of the study follows from the trends in
the development of the scientific sphere, which strives
for deep diffusion involvement in the research envi-
ronment of digital programme modelling tools, which
provides not only a more structured and holistic phys-
ical picture of any phenomenon or process of manifes-
tation of the real world, but also allows achieving the
ability to predict the development of the studied ob-
jects with an acceptable degree of confidence. The ba-
sis of the qualitative transition of analogue processes to
digital programme modelling (within the framework
of global trends of the 4th iteration of the industrial
progress of the multi-industry activity field) is a math-
ematical model adequate to real physical processes
and conditions, the formula expressions and depen-
dencies of which are the basis for the development of
a software and digital model of objects and processes
that carry out digital transfer. Software modelling of
any physical phenomena and processes is as qualitative
and adequate as the defined formula dependencies
describing the studied aspects of real-world manifes-
tations are more accurately and empirically converg-
ing. In the horizon of scientific research on the prob-
lems of simulation of electrons and electron-related
processes, it is worth noting the studies by C. Lamy
(on the possibility of using artificial neural networks
for modelling non-local electron transport in plas-
ma) [1], B. Tang (on numerical modelling of the pro-
cesses of suprathermal electron transport in the solar
wind) [2], X. An (on modelling the effects of bound
electrons in the process of model studies of particles in
a cell) [3], Y. Liu (on toroid modelling of electron loss
processes flowing out of a 3D field in the organisation
of research in the international experimental thermo-
nuclear reactor (ITER)) [4], X. Li (on modelling the
processes of acceleration and electron transfer in the
early pulsed phase of a solar flare) [5], “Modelling of
non-local electron transport in laser-driven double-ab-
lation fronts” [6], “Relaxation of electron beams/strahls
in solar outflows: observations vs. modelling” (on the
correlated analysis of the results of modelling and
full-scale measurements of electron beam/strahl relax-
ation processes in solar flows) [7], H. Funaba (on the
study of the Thomson scattering effect in modelling
and estimating electron temperature) [8], D. Vatan-
sever et al. (on modelling surfaces that emit electrons
when boundary layers are immersed in plasma) [9],
V. Lazurik (on the investigation of semi-empirical
models of electron beam control in radiation technol-
ogies) [10], O. Linder (on self-matching modelling
of electron run-up during breakdowns in Tokamak
(ITER)) [11], L. Adhikari (on modelling the process
of heating protons and electrons in a fast solar wind)
[12], M. Wibowo (on modelling the dynamics of ul-
tra-fast electrons in strong magnetic fields using re-
al-time electronic structure methods) [13], Y. Huang
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(on modelling strong electron heating by radio fre-
quency waves at EAST) [14], Z. Wang (on real-time
modelling and estimation of the total electron content
in the vertical global ionosphere using hourly IGS
data) [15]. When analysing these specialised publi-
cations, it was found that in modern physics, electron
models only describe its properties. Known electron
models do not answer questions about the structure
of the electron, the nature of the electric charge, the
nature of the fine structure constant, and the relation-
ship between electron parameters and vacuum param-
eters. Building a model of an electron, in the study of
which it is possible to establish new physical patterns,
is an urgent task. As part of the current study, when
modelling an electron in combination with vacuum
modelling, oetiological and morphological features of
the generation of the studied elementary particles are
established, which provides a more complete physical
picture of reality.

Materials and Methods

To achieve the established goals and objectives,
the study uses recognised methods of microparti-
cle modelling based on the application of analogue
models implemented in accordance with the recom-
mendations of R. Gaudenzi [16], A.J. Daley [17],
V.V. Mdzinarishvili [18], S.D. Bass & E. Zohar [19],
D. Hangleiter [20]. The use of these analogue models
allowed involving in the process of target modelling
the recognised physical-theoretical and physical-em-
pirical formulations and dependencies, based on the
results of integration of which the corresponding
first-iterative calculations were performed. The electron
model was developed in the following methodological
sequence:

— the general parameters of the space-time contin-
uum are determined, in particular, the concept of the
density of matter determined using the gravitational
constant and the Hubble constant;

— the model of physical vacuum is developed us-
ing the conceptual basis and theoretical background
of P.A.M. Dirac models, spinor field models, di Bartini
model of six-dimensional spacetime (Bartini world),
and M.K.E.L. Planck oscillator model;

— the energy characteristics of the simulated vacuum
are determined, in particular, the meager spinor energy,
the electric field density, the energy due to the mag-
netic field, the oscillator energies, etc., the derived de-
pendences of which allowed formulating the electron
model (in particular, determining the spatial and energy
parameters of the electron and the parameters of the
membrane of the elementary particle under study);

— for the purpose of correlation and scientific eval-
uation of the developed model of the object under
study, the previous scientific experience in modelling
the electron as an elementary particle is established
with the allocation of an appropriate vector for the
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development of analogue modelling with a focus on
the model development directly for the studied atomic
element associated with the vacuum model, in particu-
lar, by R. Solomon (on establishing the correlative de-
pendence of the mass and Hubble constant of an elec-
tron on the environment) [21], G. Qu & G. Tatara (on
the study of massive electrons by P.A.M. Dirac) [22],
A. Uka & S. Nazarko (on the use of di Bartini models
in energy expression and the use of spatial parameters
to achieve unification based on the ideas of Einstein
and Wheeler) [23], H.P. Le (on quantum modeling of
Fokker — M.K.E.L. Planck degenerate electrons) [24],
L. Nash (on the dynamics of Euclidean space-time at the
M.K.E.L. Planck scale) [25], J. Walkowiak (on approxi-
mate atomic models for fast calculation of the Fokker —
M.K.E.L. Planck equation in thermonuclear plasma with
high Z impurities and superthermal electrons) [26];

— the parameters of the electron for which it is
advisable to perform modelling are determined;

— analogue models are used to develop an elec-
tron model with the appropriate definition of derived
quantities that establish the simulation quality and
physical parameters of the model;

— the energy parameters of the generated electron
model are calculated;

— a correlation is established between the parame-
ters of the simulated electron and Hubble’s fundamen-
tal studies, in particular, on the direct participation of
the Hubble constant in the development of the elec-
tron model.

Based on the results of modelling with the de-
velopment of an appropriate mathematical frame-
work (based on specialised physical and empirical
formulations and expressions), analytical conclusions
are formed regarding the scientific value of the de-
veloped model of an electron associated with vacuum
modelling and the presence of a correlative relationship
with recognised aspects of the physical picture of the
real world.

Results and Discussion
The space-time continuum is characterised by a critical
density of matter [21]:

p=3 M

8nG ’

where G - gravitational constant; H — Hubble con-
stant. (H =3-10"%¢"1 +4.10718¢c™),

Known models of physical vacuum:

— model proposed by P.A.M. Dirac, where vacuum
is considered as an environment consisting of pairs of
particles and antiparticles;

— models of spinor fields, where the vacuum is
considered an environment consisting of non-mass
spinors [22].

There is also a well-known theory of the
(3+3)-dimensional continuum (Bartini world), which
was developed by a prominent aircraft designer,
theoretical physicist, cosmologist, and philosopher

R.O. di Bartini [23]. He considered his six-dimensional
space-time to be quantum. As the quantum of space,
R.O. di Bartini [23] adopted the classical electron ra-
dius. Assuming that the vacuum is quantum, there is
an element of the microstructure of the vacuum - a
particle with a spin % , with localisation radius r, and a
density p equal in magnitude to the critical density of
the space-time continuum. The meager spinor energy is
equal to the product of the density by the volume of the
localisation sphere and the square of the speed of light:

H?rc?

W= 2)
This minuscule energy is equated with the mi-
nuscule energy of a vacuum quantum %H and after
algebraic transformations, the radius of the spherical
surface equal to the classical radius of the electron is

obtained:

l

= (2 ®
Classical electron radius r, — a fundamental
constant of the length dimension, which is included
in a number of equations of classical and quantum
electrodynamics. From equation (3), it is advisable
to express and perform a numerical calculation of the
Hubble constant, since only its approximate value is
known in physics. Calculated value: H ~ 3,5-107*8¢7*,
The modelling technique requires the estab-
lished formulas to be derived from other model con-
structions. For the first time, the membrane model of
the Electron was proposed by P.A.M. Dirac [22]. The
elementary charge in his model is evenly distributed
over the spherical surface of the membrane. Next, the
study considers the membrane model of an electron,
with the following model constructions. One spatial
coordinate from a three-dimensional space is col-
lapsed, compacted, and its thickness is minimised. The
resulting membrane has the following surface density:

CcH

o= €]
Equation (4) was obtained by multiplying the
critical density value p by the volume of a sphere with
a radius ¢/H and dividing the resulting mass by the
surface area of this sphere. The surface energy density
of the membrane correlates with the energy density of

the electric field of an electron:

w = ga, (5

where g — parameter with the acceleration dimension.
Electric field energy density:

2
w= 2 (6)
2
where E - electric field strength; ¢, — electric constant.
Thus, the parameters of the two-dimensional
electric field of an electron are correlated with the



parameters of a two-dimensional membrane. The
magnetic field of an electron is characterised by
one-dimensionality — the magnetic moment of the
electron (N.H.D. Bohr magneton) is projected in any
fixed direction, taking the value +ug. Thus, a one-di-
mensional continuum element is observed in three-di-
mensional space. The study provides a mechanical
analogy of the N.H.D. Bohr magneton. Let the tube
be fixed at one end in the swivel joint. A miniature
robot inside the tube captures freedom of movement
in one coordinate. For him, space is one-dimensional.
The observer in a three-dimensional space records dif-
ferent positions of the tube, which has two degrees of
freedom of rotational motion, and notes its constant
length. The realisation of an electron in a space-time
continuum is associated with the splitting of three-di-
mensional space into two-dimensional and one-di-
mensional. In this case, the charge sign is determined
by the symmetry variants of the space-time continuum.
Mass of a spherical membrane with radius r is equal
to 4nor?, and the energy corresponding to this mass
is equal to:

Hrécd
W, = T 7
This energy can be identified as conditioned by
an electric field. The value ¢/r, which has the dimen-
sion of the cyclic frequency, is denoted by the letter
w,. Then, by analogy with rotational motion, the energy
conditioned by the magnetic field:
h hc
Win =~ wo = E (8)
By analogy with an electromagnetic oscillator
or with an electromagnetic standing wave, where the
energy of the electric and magnetic fields are equal,
the right-hand sides of equations (7, 8) are equated,
and the equation (3) of the classical electron radius is
obtained from the resulting equality. The bar frequency
is determined by the equation:
= (5) ©)
Then, a compact formula for the electron is ob-
tained from equation (3):
wo = (Hw?)? (10)
Next, as an analogue, the study considers a model
of the rotational motion of a ring or cylindrical surface
rotating around its axis at a linear speed close to the
speed of light. In this case, there is a paradox of the
special theory of relativity, formulated by P. Ehrenfest
in 1909. The essence of the paradox is that the ve-
locity of each element of the ring is directed tangen-
tially and the ring must undergo Lorentz reduction in
length. Then, for an external observer, the ratio of the
ring length to its radius will not be equal to 2z and,
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accordingly, the positions of the Euclid geometry are
not met. However, when formulating the paradox, the
phenomenon of relativistic aberration of light was not
taken into account. From the special theory of relativ-
ity, it is known that the direction of light propagation
transverse to the velocity V will be for an external ob-
server at an angle 6 to the velocity V [27]. Then:

cos cos O = % an

The wavelength of light in this direction is re-
duced due to the C. Doppler effect. In the rotating ring
model, this is manifested by a reduction in the length
of the radius. Thus, in the relativistic case, the radius
of rotational motion, i.e., the radius along which the
centripetal force acts, is directed at an angle 0 to the
linear velocity of the ring elements and equal to:

1
R=R(1- Z—zz)z (12)
where R, — geometric radius of the ring.

The centre of a circle is not a point, but an inner
sphere with a radius 22, to which radius R is directed
tangentially (Figure 1).

v

-----

Figure 1. Concept diagram of a model environment
for determining electron parameters

Shortening the length of the radius of rota-
tional motion along which the centripetal force acts
can be defined as compressing or folding a single spa-
tial coordinate. When the ring moves with linear ac-
celeration, there are two possible options:

1. Acceleration with a “+” sign and the spatial
coordinate collapses.

2. Acceleration with a
dinate unfolds.

Obviously, by analogy with the model of a rotating
ring, in an electron and positron, there is a convolution
or sweep of one spatial coordinate and the implementa-
tion of a two-dimensional membrane. The acceleration
sign determines the charge sign of the particle.

Next, the study environment considers the os-
cillator model by M.K.E.L. Planck [28; 29]. Accord-
ing to Planck’s quantum hypothesis, the energy of an

« ”

sign and the spatial coor-
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oscillator can only take certain discrete values equal to an
integer number of elementary portions of energy — en-
ergy quanta. According to the theory of M.K.E.L. Planck,
the average value of the oscillator energy with frequency
v is determined by the equation [28; 29]:

hv , (13)

expexp (:—;) -1

(Ey) =

where k — Boltzmann constant; T — radiation tempera-
ture of the oscillator.

In accordance with law of W. Wien, the fre-
quency v is related to the radiation temperature by
the ratio [30]:

T=%, (14

c

where Wien’s constant b is determined by the equation:

hc

= 4,965k (15)

Thus, b=2.9-10° mK. Substituting equations (14)

and (15) into equation (13), the following is obtained
after algebraic transformations:

hv hv

(E) = o traes 5~

expexp (4,965) —1 143

(16)

The coefficient 1/143 was obtained for the
M.K.E.L. Planck oscillator model [28; 29]. Interestingly,
there is a similar coefficient for an electron. This is the
so-called fine structure constant:

1
a~— a7
That is, for an electron, the following equation
is valid:
(18)

myc? = ahw,

where m — the rest mass of the electron.

The physical nature of the fine structure con-
stant in modern physics is unknown. There is also no
comprehensive knowledge of the structure of the elec-
tron. Therefore, it is premature to comment on the
obtained ratios of physical quantities. Next, the study
calculates physical quantities that have the dimension
of limit frequencies. A well-known equation that is
required for calculations [31; 32]:

(19)

e? = admeyhc

where e — elementary charge.
As a result of algebraic transformations, the
following is obtained from equation (5):

= go
2 g
e?  gcH
amert G
(20)
ahe _ g
G

Equation f = 9¢7 has a frequency dimension.

Values of f within the lowest and highest possible fre-
quencies in nature:

H<f<uw, 21

Then the possible frequencies in the mathemat-
ical model of the oscillator are within:
(Hw,)? < E < (Hw3)* (22)

The frequency of the upper limit corresponds
to the frequency of the fermium energy quantum. It is
known that in particle accelerators, an electron can be
given an energy not exceeding 294 GeV [33]. This is
the value of the fermium energy of the weak interac-
tion. Numerical calculations in the first approximation
confirm the ratio. Next, the study considers the nature
of the lower frequency limit.

Analysing the spectra of galaxies, E.P. Hubble [34]
concluded that most galaxies are moving away from
us at speeds proportional to their distance. Galaxies
are moving away not only from our galaxy, but also
from each other. The universe bound by the law of
E.P. Hubble, the same for an observer located at any
point in space. The fundamental fact of observation
is that the absorption lines in the spectra of nearby
galaxies are shifted towards the red part of the spec-
trum [34].

Two types of redshift are known: Doppler and
gravitational. In the 1920s, the general theory of rel-
ativity was not yet as widespread as it is now. There-
fore, it is natural that observers interpreted the red
shift in the spectra of galaxies as Doppler. But in mod-
ern cosmological theories, the expansion of the uni-
verse is related to the curvature of the space-time con-
tinuum, which is equivalent to a gravitational field.
The Doppler and gravitational redshifts are equivalent
when deriving the E.P. Hubble law [34] and are de-
scribed by the equation:



v = (1 —HTI) Vo (23)
where v, — frequency of light emitted by the object; v -
frequency of light reaching the observer; [ — distance
from the object to the observer.

The equivalence of Doppler and gravitational
redshifts allows introducing into theoretical calculations
a value with the dimension of the potential of the
gravitational field [35]:

a+o)=(1-%) (24)

The distance r=I[ from a compact object with
mass M is determined, on which the potential of its
gravitational field is equal to:

a+e)=(1-5) (25)

c?r

From equations (24, 25), the following is ob-
tained:

(26)

1

GM\2

= (3
cH

Next, the study determines at what value of r
the mass of a microparticle has the value:

Gh \s
r= ()
Equation (27) is substituted into equation (26)
and after algebraic transformations:

1

_ (Gh\s

r= (ch)

The formula for the classical electron radius in

the third model construction is obtained. The Planck
mass is expressed by the equation:

27

(28)

1

= (2 =2 2
The distance r, is defined for Plank mass:
n= (%); = - 1 (30)

B (Hwp)?

The denominator in equation (30) is the value of
the lower limit of the frequency f in equation (22). Inter-
estingly, the surface density of a membrane with a Planck
mass and a spherical surface radius r, amounts to 2o.

Elementary particles (electrons, muons, and
tauons) belong to the class of leptons. It is a well-known
hypothesis that muons and tauons are states of an ex-
cited electron. The main provisions of the theory of the
six-dimensional world developed by R.O. di Bartini
are used as a basis for model constructions [23]. In
this model, in addition to the usual Cartesian coordi-
nates of three-dimensional space, R.O. di Bartini [23]
proposed to consider the same three-dimensional time
model with three orthogonal coordinate axes. Phys-
ical phenomena of the microcosm, in particular, the
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crushing of elementary particles into quarks, suggest
the application of the theory of R.O. di Bartini [23]
in particle physics. In the (3+3)-dimensional contin-
uum of the microcosm, it is possible to implement the
addition of mutually perpendicular velocity fluctu-
ations. Analogue models with calculations based on
the formulas of relativistic addition of velocities are
published in [36].

Let in the relativistic case be mutually perpen-
dicular fluctuations in the velocity of a material point
at the same oscillation frequency and phase difference.
Setting the values of the speeds at which circular mo-
tion can be implemented:

V, = ¢ sin sin wt 3D
V, = ¢ cos cos wt (32)
V, = c cos cos wt (33)

where ¢ — speed of light in a vacuum.

In accordance with the law of relativistic addi-
tion of velocities, the resulting velocity when adding
mutually perpendicular vibrations is equal to:

1
VEVE\2
= (w24 =25 (34)

Substituting equations (31) and (32) into equa-
tion (34), and after algebraic transformations, the fol-
lowing is obtained:

1
V, =c(1—0.25"sin*2wt)? (35)

Therefore, the resulting linear velocity of circular
motion is pulsating.

In the case of relativistic addition of mutually
perpendicular velocity fluctuations along three Carte-
sian coordinate axes, the resulting velocity is equal to:

1

+ By (36)

VEVE  VEVE VEVZ

VT:(VXZ-’-VyZ-’-VZZ_ cy_ 2 };2

Substituting the values of velocities from equa-

tions (31-33) into equation (36) and after algebraic
calculations, the following is obtained:

1
V, = c(1 — 0.25sin? 2wt * cos*wt)z (37)

Pulsations of the resulting velocities in ana-
logue models give an idea of the nature of the excited
states of the electron, which are manifested in the im-
plementation of the muon and tauon.

Conclusions
In the current study, in accordance with the formulated
goal and the identified scientific problem regarding
the absence of electron models in the scientific space
(moreover, in combination with the vacuum model),
proper results were obtained.

With the help of a multilocal literature review,
it is established that currently existing mathematical
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and physical models carry out model reproduction of
only certain characteristics of the studied elementary
particle, while the entire object of research (electron)
(according to scientific research in the current chrono-
metric horizon) is not reproduced in any of the relevant
specialised studies in the digital model environment.

It is established that modelling with the devel-
opment of an appropriate mathematical framework
(through algebraic transformations) for a certain sci-
entific aspect under study (development of an integral
electron model) can be carried out using analogue
models and corresponding recognised scientific re-
sults of modelling spinor fields, modelling six-dimen-
sional space-time, and modelling an oscillator.

Using recognised scientific results, a model of
the electron is created that reproduces not only its
spatial and energy characteristics, but also determines
the oetiological and morphological features of the gen-
eration of the elementary particle under study, which

provides a more complete physical picture of reality.

When modelling the electron in combination
with vacuum modelling, it became obvious that the
constant is a vacuum parameter necessary for mod-
elling and calculating elementary particles. The sim-
ulation results allow going beyond the paradigms of
modern physics. It becomes obvious that elementary
particles are not just material objects in the void of
vacuum, but are created as a result of its splitting,
crushing, oscillating movements, and interaction with
vacuum quanta.

The prospect of further development of models
consists in visual modelling of elementary particles
made up of quarks as oscillating systems in which the
distance between the components is a multiple of A/4
and the transfer of the obtained physical and mathe-
matical framework to a digital program environment
for the development of an already direct electronic
model of the elementary particle under study.
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AHoTania

AKTyaJbHICTb. AKTYaJIbHICTb JOCTIZKEHHS Ta BiATIOBIAHUX pe3y/bTaTiB GOPMYyeThCs 3 ypaXyBaHHAM HEOOXiTHOCTI
3aiticHeHHs U PoBOro TpachepuHra HayKOBUX Hi3MKO-MaTeEMaTUYHUX allapaTiB MO/IETIOBAaHHS IOCTIIKYBaHUX
00’eKTiB Ta SBUII peaJbHOTO CBITY B IU(pOIporpaMHe cepeZoBUIIE, 0 GOPMYeE MOTYKHIM AOCTIAHUIBKUH
iHCTPYMEHT MOK/IHBICTIO 6araToiTepalliiHoOro Ta pisHOBEKTOPHOT'0 OOUMCIEHHS Ta IPOTHO3YBaHHSA XapaKTepy Ta
SIKOCTEM 3MO/Ie/TbOBaHUX eJIeMeHTIB GisIHOI KapTUHU CBITY 3 Pi3HOI0 HayKOBO OOT'PYHTOBAHOIO KOH}Irypailieto
BUXIZIHUX JaHUX. SIKiCTh Ta AOCTOBipHiCTb ITUPOBUX MOAeeH 3aleKUTh Bifl IKOCTi Ta TIOBHOTU BpaxXyBaHH
pisHuX (Qi3MYHUX acleKTiB B MOJENIbOBAaHUX AOCTIAHUIIBKAX O0’€KTax Ta fABHUINAX. BiATak, AOULIPHUM Ta
aKTyaJbHUM € GOpMY/TIOBaHHS IMTOYATKOBOI iTepallii 1[dppoBOro TpaHCPEPUHTY — CTBOPEHHS 3a/leKHiCTHO-
KOpeJsIiiHoro amapaTy. JIpyrdM acleKToM, L0 3acBiguye aKTyaJabHICTh MMOTOYHOTO AOCTI/KEHHS € (akT
BiZCyTHOCTI IIiTicHOI MoZiesli eJIeKTPOHY: Hapasi y CBIiTOBill HayKOBilf CIINIBHOTI BiZloMi MOZeJi, [0 OMUCYIOTh
OKpEeMi XapaKTEPUCTHUKU Ta eJleMeHTH JOCTiIKyBaHOl eleMeHTapHOi YaCTUHKH, ITPOTe MO/IETi, 1o onucyBasia 6
€JIEKTPOH SIK ITiTiCHUI 00’'€KT — BiICyTHI.

Meta. MeTa cTaTTi — po3pobKa Mojiesli eIeKTPOHY, 1110 TTOB’sI3aHa 3 MO/IeIbOBaHUM BaKyyMOM 3 BUKOPHUCTAHHIM
BiATIOBIIHMX aHAJIOTOBUX MO/ieJiel BU3HAHUX QpyHAaMEeHTaIbHUX HAYKOBUX IIpallb.

MeTozosoria. B moToyHOMy ZAOCIiZP)KeHHI BUKOPHCTaHI METOJM aHAJOTOBUX AipaKOBHX Mozesel, mozenei
CITIHOPHUX MOJIiB, MOZENb IIECTUBUMIPHOTO MPOCTOPY-4acy OapTiHiBCHKOTO CBiTY Ta MOZEJh IUIAaHKIBCHKOTO
OCLIUJIAATODY.

PesynbraTi. 3a pesyibTaTaMU AOCTiAIB Ta Gi3MKO-MaTeMaTUIHUX TpaHCHOpPMAIliil y TOTOYHOMY JOCTi/PKEeHH]
MIUIXOM iHTerpaliii eleMeHTiB Teopii epeHdecTChKOTO MapafoKCy B 3a3HavueHi BUIle Moziesli Ta 6a30Bi eleMeHTH
¢isnyHOi Hayku chopMynoBaHa IliCHA MOJENb €JIeKTPOHY, sSKa He JIUIIe OTpUMaja OMKC IPOCTOPOBUX Ta
€HEPTeTUYHUX XapaKTePUCTUK, a H JO3BOJNWIA OL[iHUTH eTiosoro-Mopdosoriui ocobiuBocTi popMyBaHHS
JOCTiZKYBAHOI eJleMeHTapHOI YaCTUHKY, a TAK0XK BCTAHOBJIEHI OKpeMi (i3MKO-KOPEeJIALiiTHI 3a1eKHOCTI.

BucHoBku. [To-niepiie, xab610Ba mocTiiiHa HeoOXifHA K TapaMeTp BaKyyMy IIpU MOZETIOBaHHI eJleMEHTapHUX
YaCTUHOK, MO-IpyTe, XabioBa MOCTiliHAa BXOAUTH 0 GOPMYyIU KJIACHYHOTO pajiyca eJeKTPOHa, MO-TPeTe, Ha

OCHOBI pO3paxyHKiB Moziesieli 3aIIpOIIOHOBAHA TiNoTe3a BiAMiHHOCTEH eJIeKTpOHAa, MIOOHA i Ta0OHa
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