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Abstract

Present paper considers a structure model of discrete space-time, the properties of which are
determined by the substrate. As a substrate a 2-dimensional plane under no matter is chosen, the
surfaces of which are space and anti-space. A new concept called spacetron, considered as a
spatial element of the substrate, which is the basis for the subsequent formation of 4-dimensional
space-time, is proposed. Upper-level spacetrons are a hexagonal 2-dimensional packing, with
spacetrons of other levels (first, second, etc.) placed between them, followed by their
identification with electron-positron pairs, neutrinos and electromagnetic field quanta. It is shown
how the connectivity of space-time is determined by completely filling the substrate space with
spacestrons of different sizes, which allows us to consider the resulting 4-dimensional space-time
as a quasi-continuous medium. It is shown that in the case of contact interaction of space-time
substrate spacestrons, all of them can be given a spherical shape by partitioning the upper level
spacestrons into linked objects, called a loveton, which is a three-dimensional object, and an anti-
loveton, which is an anti-space object.

Within the framework of the computer model the mechanism of the appearance of matter in
space-time is considered. The appearance of matter takes place under the influence of energy
perturbations of space-time structural elements, causing the appearance of both free lovetons
(anti-lovetons) and other material objects.

Based on the analysis of the geometric position and dimensions of the substrate features
responsible for the formation of elementary particles and the electromagnetic field quantum
spectrum, the estimated masses of a number of elementary particles are determined and the
known particle masses are assigned to them. The masses of free lovetons and neutrinos are
evaluated on the basis of geometric relations between the sizes of particles on the basis of
electron masses. At least three varieties of neutrinos, which can be regarded as types of high-
energy y-quanta, are identified. The results of the work are valid and reliable because they are
based on known approaches of relativity theory and quantum physics, as well as on the
application of approximations adequate to the phenomena under study.
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AHHOTaIMA

B mpencraBierHOl paboTe paccMOTpeHa MOIETh CTPYKTYpPHl JHCKPETHOTO IIPOCTPAHCTBA-
BPEMEHH, CBOMCTBAa KOTOPOTO OMPEACISIOTCS IMOMJIOKKON. B KadecTBe MOIOKKH BhIOpaHa 2-
MEpHas TIOCKOCTh B OTCYTCTBHE MAaTEpPHUH, MOBEPXHOCTSIMU KOTOPOU SIBISIOTCS MIPOCTPAHCTBO U


http://teacode.com/online/udc/53/539.123.html

HquHbIM Bondarev V.G, Migal L.V. Computer modelling of material objects’ structure. Part I. Space- 15
PE 3yan A time // Research result. Information technologies. - T.7, Ne4, 2022

Bttt Bttt

AHTUNPOCTpPAHCTBO. [IpennokeHO HOBOE TOHATHE, TIOJIYYMBIIEE Ha3BaHHE CIEHCTPOH
(Spacetron), paccMaTpuBaeMOro Kak IPOCTPAHCTBEHHBIA JIIEMEHT TIOJUIOKKH, SBISIOLIMACS
OCHOBOM JIJISl TTOCIIEAYIOMIET0 (OPMHUPOBaHUS 4-MEPHOTO MPOCTpaHCTBa-BpeMeHH. CreiicTpOHbI
BEPXHETO YPOBHS MPEACTABISIIOT COOOH TeKCaroHAIBHYIO0 2-MEPHYIO YIIAKOBKY, C pa3MelleHHeM
MEXJIy HHMHU CIEHCTPOHOB JAPYTHX YpOBHEH (IEpBOro, BTOPOr0 W T.A.), C MOCIETYIOUINM
MIPOBEJCHIEM UX HISHTHU()HKAINH C AJIEKTPOH-TIO3UTPOHHBIMH TapaMH, HEUTPUHO W KBaHTAMHU
3JEKTPOMAarHUTHOro mnojs. Iloka3aHo, Kak CBSI3BHOCTh IPOCTPAHCTBA-BPEMEHU OINPEHEISICTCS
ITyTE€M TIOJIHOTO 3aIlOJHEHUS MOJI0KKH MPOCTPAHCTBA CIIEHCTPOHAMM PA3IUYHBIX Pa3MEPOB, UYTO
MO3BOJISIET CYUTATh BO3HUKAOIIEE 4-MepHOE MPOCTPAHCTBO-BPEMS KBa3WHETPEPHIBHOW CpEIOii.
ITokazaHo, 4TO B Cily4ae KOHTAKTHOI'O B3aUMOJCHCTBUS CIEHCTPOHOB MOJIOKKU IPOCTpPaHCTBA-
BPEMEHHU BCEM MM MOXET ObITh mpuaHa cdepuueckas GopMa MpH pa3AeieHUH CIEHCTPOHOB
BCPXHEI0O YPOBHA Ha CBA3AHHBIC MCEKIY CO6OI7[ O6’b€KTI)I, IMOJTYYUBIIUMC HAa3BaHHA JIaBTOH
(loveton), siBisirorerocst MPOCTPaHCTBEHHBIM OOBEKTOM, TaK W AHTHJIABTOH, IPEICTABIISIOIIETO
co00oi 00BEKT aHTUNPOCTpAaHCTBAa. B pamMkax KOMMBIOTEPHOH MOJAETH PaCCMOTPEH MEXaHW3M
BO3HHMKHOBCHUA MATCpHU B IPOCTPAHCTBC-BPECMCHMU. ITossBnenue MaTCpun MNpPOUCXOIUT IIOA
BO3JICUCTBHEM SHEPreTUUYECKUX BO3MYLIECHUN CTPYKTYPHBIX 3JIEMEHTOB MPOCTPAHCTBA-BPEMEHH,
BBI3BIBAIOIINX TIOSBICHHE KaK CBOOOMHBIX JIABTOHOB (AHTHJIABTOHOB), TaK © APYTUX
MaTepuaIbHBIX 00BEKTOB.

Ha ocHoOBe aHamM3a TreOMETPUYECKOTO TMOJOXKEHUS M PA3MEPOB 3JIEMEHTOB IOMJIOKKH,
OTBEUAIONINX 32 00pa3oBaHUE SJIEMEHTAPHBIX YACTHI[ W CIEKTPa KBAHTOB JJIEKTPOMArHUTHOTO
T0JIsI, OIpEJENEeHbl OIIEHOUHbIE MAacChl psAja 3JIEMEHTapHBIX YacTHIl, KOTOPHIM B COOTBETCTBHE
IIOCTAaBJICHbI U3BECTHBIC MACChl 4YaCTHII. Macchl CBO6OI[HLIX JJaBTOHOB H HCﬁTpHHO OLICHCHBI
HCXO0Is U3 T€OMETPUYECKUX COOTHOUICHUI MEXAYy pa3MepaMy YacTULl Ha OCHOBE y4Ye€Ta MAacCChl
3JIEKTpOHA. BhIsIBIEHO, MO KpalHEHd Mepe, TpU Pa3sHOBUAHOCTU HEUTPUHO, KOTOPHIE MOXKHO
paccMaTpuBaTh KaK BHUbI BBICOKOOHEPTECTUYCCKUX Y-KBAaHTOB. PG3YJ]LT3TBI paGOTLI SIBJISAIOTCS
000OCHOBaHHBIMH H JIOCTOBEPHBIMH, IIOCKOJIbKY WX TIOJIy4eHHE OCHOBAaHO HA W3BECTHBIX
MOIX0JIaX TEOPUH OTHOCHTEIHHOCTH M KBAHTOBOHM (DM3WKH, a TaKkKe TPUMEHEHHU MTPUOIIKEHUH,
AICKBATHBIX UCCICAYEMBIM ABJICHUSM.

KuroueBble cjioBa: MpoCTPaHCTBO; MOJUIOKKA; CHEHCTPOH; JIaBTOH, aHTUIPOCTPAHCTBO, Macca,
3JIEKTPOH; HEUTPUHO; KBAHT 3JIEKTPOMArHUTHOIO OJIS
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INTRODUCTION

The theory of relativity and quantum mechanics are considered to be the basis of the modern
physical picture of the world, and are directly related to changes in the fundamental concepts of space,
time and matter [1]. Within the framework of Einstein's general theory of relativity [2], it is believed that
the structure of space depends on the distribution of masses of material objects, and the properties of
space are determined by its geometry. As a rule, the space-time in question is considered as a continuum.
At the same time, in a number of works [3], space and time have come to be perceived as attributes of
matter, determined by its relations and interactions. However, nowadays, both in physics and in
philosophy, it has been established that space is also an entity independent of material bodies, as it can
exist empty, in the absence of physical bodies [4].

In the general theory of relativity, when considering 4-dimensional space-time, it is not accepted to
take into account possible quantum effects. All known attempts to construct a model of both only
continuous or only discrete space and time have encountered contradictions, the solution of which has not
been found so far. It testifies rather to a certain tendency to the unity of continuous and discrete space-
time and consequently speaks not about wrongness of space and time continuity concepts, but about
necessity of synthesis of the last ones with discrete space-time concepts [5]. Clarification of space-time
essence at the present time is one of the most important tasks of fundamental physics.

In philosophy, it is customary to define space as a form of matter being, which expresses the extent,
structure, order of coexistence and ranking of material objects [6]. It should be noted that a fundamentally
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important problem in the study of space-time is the relation of space and time to matter. There are two
concepts on this question: substantive and relational [7]. The substantive concept assumes that space is an
independent entity, as if a special kind of substance, existing along with time, substance and physical
fields. According to the relational concept, space and time are not independent entities, but are formed by
the interaction of material objects [8]. The philosophical approach in the development of various ideas
about space-time and various aspects of this line of research can be found in Vyaltsev's monograph [9].

To describe space-time in terms of quantum physics a number of models have been proposed too, in
particular - string theory and loop gravitation [10, 11]. At the same time string theory has shown that
space-time is not a mathematical abstraction, necessary to describe the state of material objects, but an
entity which participates in interactions with objects located in space, while these objects, in turn, change
the parameters of space-time [12, 13]. However, recognizing that elementary particles may eventually be
the manifestation of the dynamics of some more fundamental objects, in most cases, continues to consider
space-time as separate from the rest of the matter, as something external, in which it is customary to place
matter. An important advantage of string theory is that there are no free parameters that need to be
adjusted to ensure agreement, as, for example, is required in the Standard Model [13].

The most developed and fruitful application of discrete space-time has turned out to be the
construction of the theory of loop quantum gravitation, where the assumption of one-dimensional
physical excitations of space-time on Planck scales is put forward [14]. According to this theory, space-
time, in contrast to its representation in the theory of relativity, is discrete. Space-time is considered to
consist of quantum cells, which are connected to each other, and by bundles of knots and entanglements
form elementary particles. Thus ribbon structures, for example in the Bilson-Thompson model [15], are
represented as entities consisting of the same matter as space-time itself, indicating belonging to the unity
of nature of space-time and matter. From the point of view of discrete space-time, the latter can also be
represented in the form of a crystal lattice, and both the speed of light and Planck’s constant have been
theorized using this approach [16].

Of particular interest is David Bohm's idea[17] of imagining the universe as a holographic structure
in which the hidden order of the new deep reality is analogous to the order of a hologram which needs to
be deciphered and deployed in space as a three-dimensional image. According to Mark Van Raamsdonk
[18] the infinite Anti-de-Sitter space-time (AdS- space-time) has an infinity boundary [18]. To represent
it, it is customary to use a distorted length scale allowing compressing infinite distance into finite one.
The boundary is similar to the surface of a continuous cylinder. In the latter case, the boundary has two
dimensions: spatial (the cylinder guide) and time (the cylinder form). The two-dimensional boundary
contains an implicative order, because the image encoded in interference patterns is a latent completeness
rolled up in space. The hologram, projected by the two-dimensional plane, already has an explicative
order, because it is an unfolded and visible version of the image.

David Bohm's view that space is real and there are many processes going on in it, as in the matter
moving in it, was developed in his ideas of an implicative ocean of energy. Matter does not exist
independently of this ocean, from so-called empty space, it is itself part of space. Matter is inseparable
from this ocean of energy and acts as a pattern of excitation. As Bohm [17] states: "This pattern of
excitation is relatively autonomous and produces relatively stable and repetitive visible projections in our
three-dimensional explicative order".

The proposed approach was continued in the work of Gerard 't Hooft [19]. His main idea is called
the holographic principle. According to this principle, whatever happens in the domain that we use as
space, can be represented as taking place on the surface surrounding that space. What is more, a
description of the world that exists on this boundary is not a quantum theory, but a deterministic theory,
which he is certain, will replace the quantum concept. A similar idea has also been proposed by Louis
Crane [20] in the context of background-independent approaches to quantum gravity. Crane suggested
that quantum mechanics is not a static description of the system, but a record of information that one
subsystem of the universe can have near the other through their interaction. He further suggested that
there is a quantum mechanical description associated with each way the universe is divided into two parts.
Quantum states do not live in one part or the other of space-time, but at the boundary between them.
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An attempt to unify space-time and matter in the framework of five-dimensional space was the
mathematical model of Theodor Kaluza [21], which contained the hypothesis of five-dimensionality of
physical space. Kaluza supposed that his theory points to the possibility of interpreting gravitation and
electricity as manifestations of some universal field. A supplement to Kaluza's hypothesis, was the
formulation of the conditions for the secrecy of the fifth dimension, expressed by Oskar Klein [22]. He
suggested that the structure of the physical space can contain both "extended" and "contracted"
dimensions. In this case additional (to three visible) dimensions are convolved to small dimensions.

When analysing these theories of space-time structure, it is easy to find associations that allow
space to be seen as some entity formed on the basis of another fundamental object. In other words, the
emergence of space-time points to its secondary nature. In this case, the structure of space-time is defined
by constructing it on a substrate [23]. The substrate must exist on the basis of something else.
Consequently, the substrate is a form of state of matter, which is considered not manifested and,
therefore, being in a passive state. Thus in [24] space-time is considered as a phenomenon appearing in a
special sub-quantum medium preceding it. At the same time matter cannot fill up space in any way, as it
is a form of existence of space itself [25]. In John Wheeler's quantum geometrodynamics [26] space-time
also arises. But with Wheeler, space is fundamental and space-time arises from it. However, in his
opinion, a 4-metric arises from a 3-metric defined on a 3-dimensional smooth manifold which acts as a
substrate in Wheeler-DeWitt's quantum gravity theory [27].

Concluding the analysis of space-time and matter interrelations it is possible to quote Einstein [28]:
"We come to a strange conclusion: it now begins to seem to us that space plays a primary role, while
matter must be derived from space, so to speak, at the next stage. Space absorbs matter. We have always
regarded matter as primary and space as secondary. Space, figuratively speaking, is now taking revenge
and 'eating' matter. We can add to this statement that it is not even fully understood what matter consists
of and how it arises. For this reason, the aim of the presented paper is to develop a model of discrete
4-dimensional space-time and matter that could accurately reflect the nature of the real world.

1. RESEARCH OBJECTIVE

The main components of the proposed model are space, time and matter. As an object of study, in
this case, we can consider real physical space-time, including its substrate.

At statement of the problem we will proceed from a number of known facts, as well as certain
conditions and restrictions:

1. Space-time is discrete and consists of elements which may differ in size and between which there
Is a certain relation organized on the basis of redistribution of quanta of energy.

2. At research of space-time structure issues related to permeability of matter, as well as charge
dependence of elementary particles are excluded from consideration.

3. The construction of the model of space-time structure is carried out without taking into account
dynamic effects.

4. On the basis of the chosen substrate, as which space can be considered if there is no matter, it is
possible to place its elements completely filling "voids™ in order to form a quasi-continuous space.

The main task facing us is to choose the right structure of a 4-dimensional space substrate and then
analyze the placement of spatial elements on it. Detailed formulation of the formulated problem allows us
to give a logically consistent description of the model of space-time and matter as a whole. Moreover, it
admits a variant in which matter, consisting of matter and fields forming our world, is not an independent
physical reality, but a specific structure included in the space-time substance itself.

2. MODELING
In our modeling, we will assume that a possible way of combining space-time and matter into a
single object is to consider a representation of space in which its geometric properties are defined
according to the choice of substrate.
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2.1 PRIMARY SPACE (SUBSTRATE)

First, let us pay attention to the fact that the space-time model of general relativity theory allows a
limiting transition to the case in which there is no matter, i.e. to the presence of empty space. Such
solutions of the Einstein equations [29] are obtained when the energy-momentum tensor in the considered
region of space is identically equal to zero. In this case, the curved space-time of general relativity
transforms to the flat space of the special theory of relativity - the Minkowski space.

Let's assume that the empty space must have no more than three dimensions. In other words, we
should choose either 2-dimensional or 3-dimensional space as a substrate. Immediately note that it is
undesirable to use one-dimensional space due to the lack of possibility of obtaining unambiguous
relations between its elements. On the basis of this solution to the Einstein equations, let us choose a 2-
dimensional plane as a substrate [30]. We assume that the surfaces of this plane can contain two layers,
one referring to space and the other to anti-space. This choice of the substrate as a given plane is
schematically illustrated in figure 1, which shows a flat space that is infinitely extended (only part of it is
shown).

Fig. 1. Layout of a part (region) of primary space (on a cross section of this plane two layers can be seen,
one referring to space and the other to anti-space)
Puc. 1. Maket yacTtu (006JaCTH) IEPBUYHOTO MPOCTPAHCTBA (HA MOMEPEYHOM Cpe3e JaHHOM MIO0CKOCTH
BUJIHBI JIBA CJIOSI, OIMH U3 KOTOPHIX OTHOCUTCS K MPOCTPAHCTBY, a APYroil — K aHTUIPOCTPAHCTBY )

2.2 "FILLING IN" THE SUBSTRATE

Let us assume that the basis of the space chosen as the substrate is discrete elements into which the
entire 2-dimensional plane provided by them is divided. As such discrete elements we choose disks of
different sizes, each of which, hereinafter referred to as a spacetron (Fig. 2).

Fig. 2 Graphical representation of the spacestron
(shown with tilt for ease of presentation of the spatial layers)
Puc. 2 I'paduyeckoe npencraBieHre CrielicTpoHa
(,IL]'DI YILO6CTB3. NMpEACTABJICHUA MPOCTPAHCTBCHHLIX CJIOCB IOKAa3aHO C HaKJ’IOHOM)

The spacestron introduced as a substrate element will be defined as a massless object with a
boundary between the spatial and anti-spatial layers inside, with interaction with other spacestrons by
contacting them with each other.

We divide the spacestrons, depending on their position and size, into separate levels. We assign the
largest spacetrons to the top level, the first level to those with a slightly smaller size, the second level to
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those with a smaller size, and so on. The upper level is the main one and represents a set of spacetrons
forming a dense hexagonal packing of elements in the form of disks. The first level consists of
spacestrons located in between the upper level spacestrons in such a way that they must necessarily touch
at least three upper level spacestrons. Subsequent smaller spacestrons, in a similar manner, sequentially
fill all remaining unoccupied "voids" between the already placed higher level spacestrons (Fig. 3).

Fig. 3. Schematic spacestrons arrangement forming a quasi-continuous medium
(shown without anti-space)
Puc. 3. Cxema pacronoxeHus CelcTpOHOB, OPMHUPYIONINX KBA3UHETIPEPBIBHYIO CPEITy
(mokazaHo Oe3 ydyera aHTUIIPOCTPAHCTBA)

Consistently dividing the substrate into spacestrons of lower levels, we can lead the situation to an
almost complete filling of the entire plane forming the substrate of the space-time being formed.

Thus, we introduce a principally new model of the structure of the space-time substrate which, on
the one hand, is discrete in its structure and, on the other hand, due to a complete filling of the provided
region on the substrate, it can be considered as a quasi-continuous medium.

2.3 THE MANIFESTATION OF SPACE-TIME

Between all the objects making up the various levels of spacestrons, we can make identification
according to real physical entities. Thus, we will a priori define the first-level spacestrons as virtual
electron-positron pairs, while the spacestrons from the second to the fourth level will be regarded as
neutrino-antineutrino pairs. The rest of the set of spacestrons allows us to attribute them to the elements
generating quanta of the electromagnetic field.

Each of the upper-level spacestrons, in turn, can be subdivided into two independent objects, one of
which we will call a loveton, represented as an element of space, and the other as an anti-loveton, already
an element of anti-space. It is the appearance of lovetons as elements of space-time, which are already
arranged in explicative order, that transforms the 2-dimensional plane into 4-dimensional space-time, and
the lovetons themselves, together with anti-lovetons, form a dense cubic lattice [31], making space-time
discrete with a unit cell size comparable to the size of lovetons (anti-lovetons) themselves (Fig. 4).

AR ERE NN
B A X XXX R

Fig. 4 Layout of a 4-dimensional space-time domain
(in 3-dimensional representation without the holographic component)
Puc. 4 Maket o61acTi 4-MepHOTO TTPOCTPAHCTBA-BPEMEHH
(B 3-MepHOM TipencTaBieHnd 6e3 yueTa roJorpaguaeckoil COCTaBISIONICH )

y)))
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In the bound state, the lovetons together with anti-lovetons form structural units of space-time consisting
of contacting loveton-anti-loveton pairs. It is such loveton-anti-loveton pairs that are the basis for
manifestation of the holographic space-time component. It is more correct to consider that in our
representation of space-time structure, being in a state with no matter and, accordingly, must be
stationary, since in this case the space is absolutely empty. However, it is possible [32] that in such space-
time state too virtual particles already appear, which, in turn, can turn into real particles and antiparticles
if there is some sufficient energy interaction.

3. RESULTS AND DISCUSSION

To confirm the results of the performed simulation of the space-time structure, we first define the
ratio of the space-time radii for both particles and quanta of the electromagnetic field. For this purpose we
will connect the mass of an n-particle my with its dimension r, in 4-dimensional space [31]

m, = p=r,* (1)
2

where p is the particle density.

Here the lack of particle density data does not allow us to use formula (1) directly to calculate
particle masses, but at the same time we can use the results of calculations of the ratio of the masses of
the i-th and j-th particles

m; = m;(r;/17)* (2)

On the basis of the above mentioned approach let us try to obtain estimates of the masses of the
particles in question. For this purpose, as has been suggested earlier, we shall assume that the first level
spacetron is an electron-positron pair. As the basis we take the mass of the electron (positron), which has
a value of about 0.511 meV. Now, using Descartes' formula [33] for the particle curvature one can
determine the ratio of the electron radius re and the loveton radius r.: re/r. = 0.1547 (here we take the
loveton radius to be unity). In this case the loveton has a mass according to formula (2) equal to m_ =
892.18 meV. The obtained value of the loveton mass is quite close to the experimental value of the proton
mass, which is a value of about 938 meV [34]. It is instructive to recall that the proton is considered a
compound particle; hence, the mass of the loveton must be somewhat less than the proton mass, which is
the case in our case.

Similarly, for the largest neutrino (let's denote it as neutrino-2, according to its level) we obtain a
value of about 7.9 eV. The value obtained is of nearly the same order of magnitude as is known for the
upper bound of the neutrino mass estimate, which is close to 1.1 eV according to present data [34]. Let’s
pay attention to the existence of two more spacetron levels with radii close to neutrino-2 for which one
can similarly calculate their masses, obtaining values of 0.68 eV and 0.11 eV, respectively. These
neutrinos can be designated neutrino-3 and neutrino-4.

In the analysis of lower level spacestrons, which we will also consider as space elements, there may
appear particles which are transitional between neutrinos and y- particles. Such particles have a Compton
wavelength intermediate between neutrino-4 and y- particles. Let's pay attention to the number of possible
particles of a given level. As the number of particles of a given radius increases according to the formula:
N = 3", where n is the level number, the number of these particles will already exceed the value of a few
hundred with respect to the lovetons and electrons, and their masses are estimated to be two orders of
magnitude smaller than the masses of the previously considered neutrinos. Consequently, these particles
can already be considered more related to y- particles than to neutrinos. Of course, it must be taken into
account that the masses of the loveton and neutrinos obtained from the proposed geometrical
considerations, as well as those similarly determined for the electromagnetic field quanta, may represent
only approximate values due to the presence of any additional physical properties, such as the elasticity
property.

All next levels of spacestrons, as it has been mentioned before, we will refer to the particles of the

electromagnetic field spectrum. If we take into account that y-particles, like neutrinos, have a large
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penetrating power, it is possible to consider the possibility that neutrinos can be specific high-energy y-
quanta, devoid of the electric component [35]. Thus, let us compare the value of the top value of the
Compton wavelength of y-particles with the value of the spacestrons of the fifth and further levels. At
present, the experimentally determined maximum energy of y-quanta is 1.42 PeV, which is a value of the
order of 2-:1072° m [36], for the upper limit of the Compton wavelength [36]. To estimate the masses of
quanta of electromagnetic fields we can use the expression for the mass of the i-th quantum mg of the
electromagnetic field

my = h/cA (3)

where h is Planck’s constant, A is the Compton wavelength, c is the speed of light.
All the results of calculations of the masses of the considered elementary particles and gamma-
guanta have been summarized in one general table (Table).
Table
Masses of elementary particles and gamma rays quantum
Tabnuya
Maccel QJICMCHTAPHBIX Y4CTUI] U TAMMa-KBAHTOB

Ratio of Estimated | Experimental
No . ) .. . . Number of contacts,
Particle particle radii, particle particle mass,
level N
rn/re mass, meV meV
0 Loveton 1.0 892.18 938.3
1 Electron 0.1547 0.511 0.511 3
2 Neutrino-2 0.0628 7.94-10°° <1.1-10°® 9
3 Neutrino -3 0.0340 0.68-10° 18
4 Neutrino-4 0.0213 0.11-10° 81
5 Neutrino-5 / Gamma-5 0.0109 7,25-10° <0.7-101 243
6 | Gamma-6 0.0037 9.25-10! 729
7 | Gamma-7 0.0018 5.61-1012 2187
8 | Gamma-8 0.0006 7.81-10 6561

* The number of contacts is undetermined for the top-level loveton.

From the results of the study one can state a number of corollaries which allow one to compare
them with the currently known facts. First, the number of existing types of neutrinos associated with
leptons is probably randomly close to the number of neutrino variants proposed in this model. Secondly,
the nature of the birth and annihilation of elementary particles, in the framework of this model, can be
seen as a breaking of the bond between the loveton-anti-loveton or electron-positron pair. Third,
considering that the dimensions of the loveton and electron differ only about six times, perhaps their real
linear dimensions are small enough to be comparable to the Planck length and not to the proton size.
Fourth, the existing Standard Model is possibly responsible for a deeper level of electromagnetic
interaction. This is indicated by the presence of fractional values of charges in it and also by the existence
of the confinement phenomenon which does not allow for the decay of lovetons and electrons.

4. CONCLUSION

In the present paper a model of space-time structure is considered, representing it as a quasi-
continuous medium, whose properties are determined by the presence of primary space (substrate). A flat
2-dimensional space in the absence of matter was chosen as a substrate. The proposed model made it
possible, by partitioning the substrate structure into separate spatial elements (spacestrons), to both obtain
a set of lovetons and identify the elements composing them with the elementary particle masses and
electromagnetic field quanta.

The main results of the work are as follows:
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1. The presented model of the structure of quasi-continuous space-time is based on the hypothesis
about the presence of a 2-dimensional substrate of space in no matter.

2. It is shown that in the case of contact interaction all elements of space can be given either disk
(spacestrons) or spherical (lovetons) shape.

3. New notions, such as spacestrons and lovetons, are proposed. Upper-level spacetrons can be
represented in the form of a hexagonal packing, followed by the placement between them of spacetrons of
other levels having different dimensions and relating to the possibility of their identification with the
electron-positron pairs, neutrinos and quanta that make up the electromagnetic field.

4. Based on the analysis of the geometric positions and dimensions of the substrate elements
responsible for the formation of elementary particles and the electromagnetic field quanta spectrum, were
determined the estimated masses of a number of elementary particles, which correspond to the known
masses of particles.

5. The existence of at least three varieties of neutrinos is revealed.

The obtained results allow us to hope to consider the whole spectrum of masses of subnuclear
particles and electromagnetic field quanta, based on the energy interaction of such elements as lovetons
and electrons, which are the basis of the structure of space-time. This concept can be confirmed in that on
the basis of this concept it is possible to see in a new way the nature of elementary particles and, as will
be shown later, to determine their masses with sufficiently high accuracy.

The elucidation of the essence of space-time is one of the most important problems of fundamental
physics. The solution to this problem will, in the future, help to determine ways to solve some of the
problems of physics and give the key to a new physical theory.
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