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Annotation

This work presents a theoretical model that describes physical reality as a system of inter-
connected wave processes organized according to the principles of resonance and fractal scalabil-
ity. Within this framework, elementary particles are treated as stable standing wave configurations
in an energy-saturated medium, while interactions between them are interpreted as manifestations
of a unified resonant mechanism.

Mass, electric charge, and gravitation are interpreted as characteristics of wave structures
arising from the formation of stable resonant states. Fundamental physical constants are considered
as parameters that define the conditions of interaction at a given level of description.

Particular attention is given to the fractal organization of physical processes, in which dif-
ferent scale levels are connected through the laws of wave dynamics. It is shown that transitions
between levels involve changes in system parameters (scales, frequencies, effective interaction
speeds), while preserving their functional relationships.

The work introduces a distinction between the physical structure of a system and its ob-
servable representation. It is shown that observed reality is determined by the conditions of reso-
nant interaction and the level of interpretation, which leads to limitations of the observable picture
and to a possible dependence of its description on the parameters of the perceptual system.

The proposed model does not contradict existing physical theories but treats them as effec-
tive descriptions within their respective scale levels. The work is theoretical in nature and aims to
provide a unified interpretative framework linking microscopic and macroscopic phenomena
within a common wave-based and fractal perspective.

Keywords: wave structure of matter; resonance; fractal structure; frequency levels; scal-
ing; standing waves; nature of mass; electric charge; gravitation; fundamental constants; interpre-

tation of physical parameters; level of perception; observable reality
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Methodological Principles and Scope of Interpretation of the Model

This section formulates the key principles that define the domain of applicability and the
mode of interpretation of the proposed model.

The proposed approach is not intended to replace existing physical theories. Rather, it is
considered as an interpretative layer that allows known results to be connected within a unified
conceptual framework. All experimentally confirmed relations and mathematical models are pre-
served and treated as particular cases corresponding to specific levels of description.

Within this approach, physical reality is not viewed as a static geometric structure, but as
a system of interrelated processes. In this context, frequency is used as a fundamental characteristic
describing the state of the system.

Concepts such as length, time, and mass are not treated as primary. They are introduced as
a result of the chosen mode of description, based on the comparison of parameters of wave pro-
cesses. In particular, time may be interpreted as the counting of repetitions of a cyclic process,
while the notion of a dimension arises as a consequence of the need for an unambiguous descrip-
tion of the system’s state. The attempt to represent a cyclic process in a linear form leads to a loss
of phase information, which requires the introduction of additional coordinates.

As the structure of processes becomes more complex, dependencies arise in which system
parameters change in a nonlinear manner. This allows for a representation in which different phys-
ical quantities can be considered as manifestations of a unified sequence formed through the scal-

ing of frequency relations. Within this work, the following formal relation is used:

n
v, =Vi ,n€EN

which defines transitions between levels of description and allows physical quantities to be inter-

preted as different manifestations of a single underlying process.

If we apply this dependence to our physical perception of the World, then:
* vo — base frequency (observer)
e n=1 — first dimension — Time (Order)
* n=second dimension — Space (Structure)

third dimension — Mass (Intensity)

A more detailed exposition of this approach is presented in the work “Emergence of Di-

mensions and Perception of Fractality” https://zenodo.org/records/19688973 .

Within the model, the speed of light is interpreted as the maximum speed of interaction
propagation within a given level. Its invariance is preserved within that level, but does not neces-

sarily extend to comparisons between processes belonging to different levels of description.



Elementary particles are treated as stable wave configurations possessing finite spatial
structure. Their representation as point-like objects arises as an effective description associated
with observational limitations and the nature of interactions.

The observed physical picture is determined by conditions of resonant coherence and there-
fore represents a limited projection of a more general dynamics. Processes that are not in resonance
with the given level are unlikely to manifest in observation, despite their possible existence. This
question requires further investigation.

Fundamental physical constants are interpreted as parameters characterizing a specific
level of organization of wave processes. Their values reflect conditions of resonant coherence and

are not regarded as universal outside the context of the corresponding level of description.



1. Introduction

Modern fundamental physics has achieved significant success in describing a wide range
of phenomena. Quantum mechanics and general relativity provide highly accurate descriptions of
processes within their respective domains of applicability. However, unifying these theories into
a single consistent system, as well as fully understanding the nature of fundamental constants,
remain open problems.

Additional difficulties are associated with the interpretation of concepts such as mass, elec-
tric charge, and gravity, as well as with the existence of observed cosmological phenomena, in-
cluding dark matter and dark energy, whose nature still lacks a generally accepted explanation.

A separate issue is the absence of a universal description of the structure of matter capable
of consistently covering both microscopic and cosmological scales within a single principle.

This paper proposes an alternative theoretical approach based on the concept of the wave
nature of matter and the fractal organization of physical processes.

The main hypothesis is that matter at all scales can be interpreted as a set of stable standing
wave structures arising in a unified energy-saturated medium, considered as the physical vacuum.

Interactions between these structures are interpreted as manifestations of a universal reso-
nance mechanism that determines both the dynamics of individual particles and their collective
properties.

Within this approach, observed elementary particles can be considered as localized wave
configurations, whose internal structure may be partially inaccessible to direct observation due to
scale limitations and the nature of interactions.

A key distinction of the proposed approach is the interpretation of an elementary particle
not as a point-like object, but as an extended standing wave structure.

In the standard quantum mechanical picture, the spatial properties of a particle are de-
scribed through probability distributions, while the particle itself is considered a localized object.
This paper adopts an alternative position: the wave configuration is interpreted as a physically real
structure possessing a definite geometry and spatial scale.

In this approach, the observed probabilistic picture can be viewed as an effective descrip-
tion arising from the interaction and constraints of the measurement process, rather than as a fun-
damental property of the particle itself.

This allows linking the geometric characteristics of the wave structure with observable
physical quantities, such as mass and electric charge, treating them as derived properties of stable
wave regimes.

Within this interpretation, the transition to the standard quantum mechanical description is

preserved and can be achieved by introducing an effective "point-likeness" associated with a
7



region of informational opacity, while the extended wave structure determines the probability dis-
tribution of interaction.

The aim of this work is to develop a theoretical and mathematical model in which:

+ the structure and properties of stable elementary particles (neutrino, electron, neutron, proton)

are described through wave configurations;

+ mass and electric charge are interpreted as characteristics of stable wave regimes;

» fundamental physical constants are interpreted through the properties of the wave medium;

» gravitational interaction is considered as a special case of a universal resonance mechanism;

« possible interpretations of quantum entanglement and cosmological effects (dark matter, dark

energy) are discussed within the framework of fractal scaling.

The proposed approach does not negate existing physical theories, but rather regards them
as limiting effective descriptions within a more general wave dynamics.

The goal is not to replace existing physics, but to attempt to provide a unified conceptual
language capable of linking disparate levels of description of nature.

In contrast to the traditional approach, where physical quantities are introduced as inde-
pendent entities with fixed dimensions, this work considers the possibility of their emergence as
different levels of description of a single process.

In this context, dimensions act not as initial characteristics, but as a result of the chosen
observational scale.

Additional clarification

The term "longitudinal component of the electromagnetic wave" is used hereafter. This
does not imply the introduction of a new type of electromagnetic radiation. This term is used to
denote the internal structure of the wave process associated with the energy distribution in the

wavefront region and the finite spatial extent of the wave packet.



2. Postulates

The foundation of the proposed wave model of matter and the fractal structure of the Uni-

verse rests on the following postulates:

Postulate 1 — Primacy of energy
Energy is the fundamental physical entity that determines the existence and dynamics of
all physical processes and objects. All observed phenomena are forms of its spatiotemporal organ-

ization.

Postulate 2 — Wave nature of matter
Matter consists of stable localized wave (standing) configurations in a continuous energy-

saturated medium, which can be regarded as the physical vacuum.

Postulate 3 — Resonance as the universal mechanism of interactions
All physical interactions between stable wave structures are realized through the mecha-
nism of resonant matching of their dynamic characteristics (frequency, phase, and spatial struc-

ture).

Postulate 4 — Fractal hierarchy of scales
The structure of matter and physical processes exhibits self-similarity under changes in the
scale of description, where the transition between scales is accompanied by a change in the effec-

tive parameters of the system while preserving the overall structural dynamics.

Postulate 5 — Parametric nature of physical quantities
Observed physical quantities (mass, charge, characteristic size, and others) are parameters
of the effective description of wave structures at a given scale level and are not absolute charac-

teristics of objects. These parameters may transform during transitions between scale levels.

Postulate 6 — Observational limitation and information horizon
The observed structure of physical objects is determined by the limitations of information
transfer and interaction between scale levels. When extreme conditions are reached, a region

emerges in which the internal structure becomes inaccessible to external observation.



Postulate 7 — Unified nature of fundamental interactions
All fundamental interactions (gravitational, electromagnetic, weak, and strong) are differ-
ent manifestations of a single resonance mechanism of interaction of wave structures, distin-

guished by their characteristic scales and matching regimes.
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3. Conceptual foundations of the model

3.1. Wave representation of matter and the medium

Within the framework of the model, it is assumed that physical objects can be described as
stable wave configurations arising in a continuous energy-saturated medium. Such a medium is
considered as a carrier of wave dynamics, in which the localization of energy leads to the formation
of stable structures interpreted as particles.

From the perspective of this approach, the properties of matter are determined not by point-

like objects, but by the configuration of the wave field and its resonant regimes.

3.2. Fractality as a principle of scale self-similarity
Fractality in this model is understood as the property of preserving structural similarity of
dynamic processes when transitioning between different scales of description.
It is important to distinguish between:
. the physical system as such;
. and its effective description at a given scale.
A change of scale leads to a change in observable parameters (characteristic sizes, frequen-

cies, effective interaction speeds), but does not require the introduction of new fundamental laws.

3.3. Longitudinal component of the wave process

Within this work, an extended description of the electromagnetic wave process is intro-
duced, in which a longitudinal component is considered as an element of the local wave structure.

By "longitudinal wave" in this model is meant not a separate type of fundamental field, but
a component of the wave process associated with the spatiotemporal inhomogeneity of the wave-
front and the finite spatial extent of the energy localization region.

In other words, it is not a new interaction that is being considered, but an alternative de-
composition of the structure of an already known wave process, in which a component character-
ized by directionality along the local gradient of energy density is distinguished.

Such a representation is used as a model approximation that allows describing the processes

of energy localization and the formation of stable wave nodes.

3.4. Resonance as a universal mechanism of interaction
Interactions between wave structures in the model are interpreted as the result of resonant

matching of their characteristics.
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Resonance is considered as the basic mechanism of energy transfer and redistribution in
the system, determining the stability or decay of wave configurations.
Thus, fundamental interactions can be described through the conditions for matching the

frequency and phase parameters of wave structures.

3.5. Informational limitation and observational horizons

The model introduces the concept of effective limited access to the internal structure of a
system when observed from another scale.

This means that under certain conditions, the internal dynamics of the system become in-
accessible to direct reconstruction at the external level of description, leading to the emergence of
an effective "observation horizon."

Within this approach, such regions are considered as structures with extreme informational

opacity arising from the dynamics of energy localization and scale limitations of interactions.

3.6. Functional analogy of structures at different scales

Based on the above principles, the existence of functionally similar structures at different
scales of material organization is allowed.

It is emphasized that this is not about the identity of physical objects, but about the simi-

larity of their dynamic properties within the corresponding level descriptions.

3.7. Black hole as a limiting regime of informational opacity

Within the framework of the model, a universal concept of a black hole is introduced as a
limiting state of a wave system in which the possibility of reconstructing the internal structure
from external observational data is lost.

Here, the term "black hole" is used not only in the astrophysical sense, but as a class of
phenomena that share a common structural feature — the presence of a boundary beyond which
information about the internal dynamics becomes inaccessible to the external level of description.

In physical interpretation, the black hole is a particular case of such a regime, realized in a
gravitational field where an event horizon arises as a geometric boundary of causal connection.

Within the model, analogous limiting regimes can also arise at other scales if the dynamics
of a wave configuration lead to an effective localization of energy that exceeds the possibility of

external reconstruction of the system's internal structure.
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3.8. Methodological note on dimensions

Within this work, a dimensionless representation of physical quantities is used. This may
be perceived as a deviation from the traditional approach, in which dimensions are an integral part
of physical equations.

However, in the proposed model, dimensions are considered not as fundamental properties
of physical objects, but as derived characteristics that arise at the stage of forming a system of
measurements.

This approach is discussed in detail in a separate work, "The Birth of Dimensions" (Ze-

nodo: https://zenodo.org/records/19380194), where it is shown that numerical relationships can be

considered primary, and dimensions — as a consequence of the choice of standards and observa-
tion scales.

In this sense, the dimensionless form of notation used in this work does not negate the
physical content of the quantities, but corresponds to a more basic level of description that precedes
the introduction of units of measurement.

If necessary, the transition to the standard dimensional form can be performed by introduc-
ing appropriate standards; however, to identify invariant relationships and fractal dependencies, it

is more convenient to use a dimensionless representation.
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4. Mathematical interpretation of the fractal structure and transitions be-

tween levels

4.1. Levels of description as a system of effective parameters

Within the framework of the model, a discrete hierarchy of scales for describing physical
systems is introduced, denoted by a level index n € Z. Each level corresponds to a distinct effective
description of the same physical dynamics with its own set of parameters.

A key proposition is that physical quantities (mass, charge, characteristic size, and other
observable parameters) in this model are not absolute characteristics of objects, but are considered
as parameters of the level of description.

Within a fixed level n, these parameters are invariant and determine the observable physics

at that scale.

4.2. Distinction between intra-level invariance and inter-level transformations

Within a single level of description, standard physical self-consistency holds: all measura-
ble quantities remain stable and consistent with each other.

However, during the transition between levels n — n#1, it is not the physical objects
themselves that change, but rather the way they are effectively described.

Thus, two types of invariance are introduced:

+ Intra-level invariance — the preservation of physical laws at a fixed scale;

+ Inter-level transformation — the change of description parameters when the observation

scale changes.

4.3. Fractal scale transition operator

The transition between levels is formalized through a scaling operator F acting on the set
of system parameters:

F:{Pn} - {Pn + 1}

where {P,} is the set of effective parameters of the system at level n.

The operator F reflects the change in description scale and determines how the system
parameters transform during the transition between levels.

It is assumed that the structure of the operator possesses the property of self-similarity, i.e.,

it retains its functional form at all levels.
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4.4. Loss of information and the formation of an observation horizon

During the transition between levels of description, a partial loss of information about the
internal structure of the system occurs, due to the limited resolving power of the new scale.

This loss of information is not a physical destruction of the system, but rather an effect of
description reduction, in which some internal degrees of freedom become unobservable.

Within the model, such boundaries are interpreted as a universal class of limiting regimes
of informational inaccessibility, corresponding to the concept of a black hole as an observation
horizon (black hole).

Thus, the observation horizon arises as a consequence of the transition between levels of

description, not as a unique property of a specific astrophysical object.

4.5. Connection of the fractal transition with the resonance structure

The preservation of connectivity between levels is ensured by the resonant nature of inter-
actions in the system.

It is assumed that stable configurations at different scales maintain structural correspond-
ence through the matching of frequency and phase characteristics.

This makes it possible to interpret different levels as self-similar realizations of a single

wave dynamics.

4.6. Physical meaning of scaling

Thus, scaling in the model should be understood not as a change in physical objects, but as
a change in the level of their description. Physical quantities remain invariant within a level, but
transform during transitions between levels according to the fractal operator F, which reflects the
change in the degree of detail of the observed structure.

The observed structure of an object is determined not only by its internal state, but also by
the scale of interaction through which the observation is made. Consequently, the limitation of
information transfer is an invariant property of the fractal structure and arises as a result of the
finite resolving power of the interaction between levels.

Depending on the observation scale, this limitation can be interpreted either as an internal
boundary of the applicability of the description, or as a physical object analogous to a black hole,
understood as a region of informational inaccessibility.

Thus, the distinction between "structure" and "collapse" is not absolute but scale-depend-

ent, and is determined by the conditions of observation.
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4.7. Interpretation of the '"'black hole' in terms of level transition

Within this model, a black hole can be interpreted as a limiting state that arises upon reach-
ing the boundary of applicability of the current level of description, at which the maximum limi-
tation of information transfer between scales occurs.

From this point of view, a black hole is not a separate physical entity, but represents a
universal regime associated with the transition between levels of the fractal structure.

In such a regime, the observable system loses resolvability of its internal structure and can
be described only through integral characteristics, which corresponds to the concept of a region of

informational opacity.
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5. Domains of interpretation of the model

The proposed model does not introduce new fundamental entities, but rather defines a uni-
fied principle for describing physical phenomena based on the scale-dependent nature of observa-
tion, the fractal structure of levels, and the limitation of information transfer.

Within this approach, a number of known physical effects can be considered as particular

manifestations of the general principles underlying the model.

5.1. Interactions as manifestations of a single mechanism

Within the framework of the model, fundamental interactions can be regarded as different
manifestations of a single mechanism of energy and momentum transfer in the medium.

The difference between gravitational, electromagnetic, strong, and weak interactions in this
case is determined by:

« the scale of consideration,

» the nature of the stable structures,

« the conditions of resonant matching between them.

Thus, interactions are interpreted not as initially independent entities, but as regimes of the
same process observed at different levels of description.

The constancy of the limiting speed of propagation of interactions (*c*) in this logic is
associated with the conditions of coordinated exchange, under which stable information transfer
within a given level is preserved.

Lorentz transformations, in turn, can be considered as a consequence of the change in the
structure of interaction when transitioning to moving systems, rather than as an initial geometric

property of spacetime.

5.2. Wave structure of particles and their properties

Particles in the model are considered as stable configurations of wave processes, whose
characteristics are determined by their internal structure.

In this context:

» mass can be interpreted as a characteristic of the stability and amplitude of the localized process,

» electric charge — as a consequence of the geometric features of the configuration,

 spin and polarization — as manifestations of the internal symmetry and dynamics of the struc-

ture.

Wave-particle duality in this approach does not require a separate explanation but arises as

a consequence of the fact that the observed "locality" is determined by the conditions of interac-

tion, while the structure itself remains distributed.
17



The photon, in turn, can be considered as a limiting case of such a structure, in which there

is no closed configuration providing localization at rest.

5.3. Quantum effects and system coherence

A number of quantum effects can be interpreted as manifestations of the coherence of pro-
cesses within a unified medium.

Quantum entanglement in this case is considered as a state of a coherent structure for which
the division into independent objects is an approximation arising at the observational level.

The limitation of information transfer plays a key role here: the observed "instantaneity"
of correlations is not due to a violation of causality, but rather because the corresponding connec-
tion is not described in terms of spatial separation within a given level.

Similarly, effects such as fine spectral shifts can be regarded as a result of the interaction

of local structures with changes in the medium manifesting at the corresponding scale.

5.4. Scale effects and cosmological manifestations

At large scales, the same principles lead to the interpretation of cosmological phenomena
as consequences of the fractal structure.

Observed effects attributed to dark matter and dark energy can be considered as manifes-
tations of:

« inhomogeneity of energy distribution,

» limitations of information transfer,

« and differences between levels of description.

In this context, the concept of a region of informational opacity plays a special role.

Such regions are characterized by the fact that within them, the standard description of
interactions loses its applicability, and information transfer is limited. Depending on the observa-
tion scale, they can be interpreted either as boundaries of applicability of the model or as physical
objects.

In particular, black holes can be considered as a special case of such a regime, in which the
ultimate degree of information limitation is achieved.

From this point of view, the event horizon represents not only a geometric boundary but
also a transition between different regimes of description, which is consistent with the previously

introduced concept of scale dependence of observable structures.
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5.5. Connection between quantum and classical descriptions

The model, by its nature, eliminates the rigid distinction between quantum and classical
descriptions.

Discrete objects are interpreted as stable structures arising in a continuous medium, while
their interactions obey laws that, in the limit of a large number of degrees of freedom, lead to
classical behavior.

Thus, the difference between quantum and classical regimes is not fundamental but scale-

dependent.
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6. Potentially testable consequences of the model

The proposed model formulates a number of consequences that can be tested experimen-
tally or through the analysis of observational data. These consequences are not direct predictions

in the strict sense, but indicate directions in which the model can be confirmed or refined.

6.1. Scale correspondences and structural similarity

If the fractal principle is applicable to physical structures, one can expect the existence of
scale-invariant relationships between objects at different levels.

This may manifest itself in:

« similarities in density distributions,

 the presence of characteristic scale coefficients,

 the recurrence of structural patterns.

Individual coincidences of parameters (for example, when comparing microscopic and as-
trophysical objects) may be considered as indications of a possible connection, but require sys-

tematic statistical verification to rule out random coincidences.

6.2. Role of environmental conditions in the characteristics of quantum systems

The model assumes that the properties of local structures may depend on the environmental
conditions in which they exist, including energy density and interaction characteristics.

This may manifest itself in:

« variations of observable parameters under different conditions,

« the sensitivity of quantum systems to external fields and surroundings.

Experimental verification may involve high-precision measurements of the characteristics

of particles and atomic systems under different gravitational and energetic conditions.

6.3. Limitation of information transfer and its observable effects

A key element of the model is the limitation of information transfer associated with the
level of description.

This may manifest itself in:

« the existence of limits on measurement precision,

« features of quantum correlations,

» the boundaries of applicability of local descriptions.

In particular, quantum entanglement can be considered as one of the regimes in which the

limitation of information transfer manifests itself in a nontrivial way.
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6.4. Scale interpretation of compact astrophysical objects

Within the framework of the model, compact objects (including black holes) can be con-
sidered as regions in which the ultimate limitation of information transfer is achieved.

This leads to the following testable aspects:

« analysis of the properties of the event horizon as a boundary of description,

« investigation of radiation and dynamics near such regions,

« comparison of observed characteristics with models of transitions between levels.

6.5. Resonant properties of extended systems

If physical structures have a wave nature, then macroscopic objects can be expected to
exhibit characteristic frequency regimes.

This is consistent with:

 observed oscillatory regimes (e.g., seismic),

« wave propagation in extended media.

Further research may be directed at identifying the relationship between the geometry of

objects and their oscillation spectrum.

6.6. Possible variability of effective constants

Within the proposed model, the fine-structure constant o can be interpreted not as a funda-
mental unchanging constant, but as an effective coefficient characterizing the degree of manifes-
tation of the electromagnetic interaction under given environmental conditions.

Since in the model the interaction of particles is considered as a result of the operation of
the energetic medium, o may reflect not only the internal properties of the wave structures them-
selves, but also the parameters of the surrounding space. In particular, the gravitational field, by
changing the local characteristics of the medium (such as energy density and spacetime geometry),
can potentially affect the observed effectiveness of the electromagnetic interaction.

In this sense, a can be regarded as a parameter dependent on background conditions, rather
than a strictly universal constant. At the same time, under ordinary conditions (near the Earth's
surface), the possible variability of a remains below the threshold of experimental sensitivity, cre-
ating the illusion of its absolute constancy.

Thus, the model allows for the existence of small but fundamentally measurable deviations
of o under different gravitational or energetic conditions, which opens up the possibility of exper-

imental verification.
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7. Mathematical model of the structure of elementary particles in space

Introduction

In this chapter, an attempt is made to construct a simplified mathematical framework in
which elementary particles are considered as stable standing wave configurations with a discrete
number of nodes. This approach allows linking the observable characteristics of particles with the
geometry of their wave structure and with scaling processes during transitions between fractal
levels.

The goal is not to construct a complete quantitative theory of elementary particles. The
main aim is to show that even the simplest geometric relationships applied to wave structures can
yield values of physical parameters comparable to observed ones. The results obtained should be
regarded as an indication of a possible deep connection between the geometry of wave processes
and the fundamental characteristics of matter.

In physics, what is observed is not abstract objects in themselves, but their interaction with
space, manifested through the distribution of energy and momentum. In this sense, any elementary
particle within this model is interpreted as a localized wave structure — a stable energy distribution
possessing a definite geometry. Accordingly, characteristics such as mass and charge are consid-
ered as integral properties of this structure: mass as a measure of energy localization, charge as a
characteristic of the interaction of the wave configuration with an external field.

To substantiate the representation of an elementary particle as a wave structure, this work
uses Appendices 1, 2, and 3. The principle of scalability (fractality) under conditions of a finite
speed of propagation of interactions is discussed in Appendix 6.

Within this chapter, attention is limited to four observable stable particles — the neutrino,
electron, proton, and neutron (as well as their antiparticles). It is assumed that these particles may
correspond to the simplest stable wave configurations. This assumption is model-based and does
not exclude the existence of more complex or less stable states.

Although the free neutron is unstable, in this model it is considered as a quasi-stationary
wave structure that maintains its integrity over a finite interval of time. Its instability may be re-
lated to features of its internal dynamics, including the possible presence of a rotational component
of energy distribution.

As a basic assumption, it is taken that a decrease in the characteristic wavelength corre-
sponds to an increase in energy and, consequently, in the effective mass of the structure. This is
consistent with the general properties of standing waves, where an increase in the number of nodes
leads to an increase in energy and a decrease in the characteristic scale.

The observational fact that only some particles (e.g., the electron and proton) possess an

electric charge is interpreted as a possible consequence of differences in the structure of wave
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configurations, in particular their symmetry properties. Within the model, it is assumed that this
may correspond to the parity of the number of nodes, although this claim requires further refine-
ment.

Special attention is given to the comparison of particle masses. In particular, the difference
between the neutron mass and the proton mass is interpreted not as a direct contradiction of the
model, but as an indication of a possible influence of internal dynamic processes on the observed
value of mass. This difference may be associated with additional forms of energy motion within
the structure, which manifest in experiment as a contribution to the effective mass.

The principle of formation of wave structures of particles is discussed in Appendix 3.
Broader conceptual issues, including the origin of interactions, are addressed in a separate work,

"Reflections: Faith, Unbelief. Spirit and Matter" (https://zenodo.org/records/19260065).

It should be noted that this work uses a non-traditional approach to the question of dimen-
sions: in a number of relationships, dimensionless combinations based on characteristic frequency
parameters are considered. This is related to the assumption of the primacy of wave processes and
frequency relations over introduced systems of units. At the same time, numerical estimates are
compared with quantities expressed in the SI system.

This approach is preliminary and requires further development. Possible grounds for such

consideration are discussed in the work "The Birth of Dimensions" (https://zenodo.org/rec-

ords/19380194), which attempts to relate physical quantities to more fundamental frequency rela-

tionships.

7.1 Relationship between dimensions and weight

7.1.1 Initial data:

To describe an elementary particle as a wave structure, consider an electromagnetic dis-
turbance that has finite spatial extent and internal structure. Within the model, such a structure is
interpreted as a stable configuration of a wave process.

The description employs a decomposition of the wave process into two interrelated com-
ponents, which can be conditionally interpreted as:

« longitudinal — characterizing the spatial distribution and extent of the structure,

 transverse — associated with the amplitude characteristics and energy distribution.

Here, the term "longitudinal component" is used in an extended sense and does not intro-
duce a new type of wave; rather, it reflects the consideration of the same electromagnetic structure

from the viewpoint of its spatial localization and finite "thickness" of the front.
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As a basic assumption, it is accepted that the characteristic speed of propagation of inter-
actions in such a structure is limited by the speed of light cc, which corresponds to the fundamental
limit on the transmission of disturbances in space.

For a simplified description, a representation is introduced in which the wave process can
be considered as having two interrelated components responsible for:

« the spatial scale of the structure,

« the energy characteristic (associated with the energy density).

It is assumed that these components are not independent but are linked through the common
limitation on the speed of propagation of disturbances. In a simplified model, this can be expressed
by the relation:

vy +vp = ¢

where v, and v,, are effective components characterizing the distribution of the wave pro-
cess between the spatial and energy components.

This relation should not be understood as a decomposition of the particle's velocity in
space, but rather as a model representation of the balance between the geometry of the structure
and its energy content.

The quadratic form of this relation is chosen because we are dealing with independent con-
tributions to the common limitation associated with the propagation of disturbances. In such situ-
ations, a Euclidean metric naturally arises, where summation is performed over the squares of the
components.

A similar approach is used, for example, when considering independent components of
velocity or energy, where the contribution of each component is determined by its square. Within
this model, this relation should be considered not as a strict physical equality, but as a minimal
geometric approximation reflecting the balance between different aspects of the wave process.

It is interesting to note that the appearance of quadratic relations in this context is consistent
with a more general view of the nonlinearity of wave processes. In particular, the work "The Birth

of Dimensions" (https://zenodo.org/records/19380194) introduces the idea of forming new levels

of description as a result of the superposition of wave structures ("wave upon wave"), which nat-
urally leads to quadratic and higher power-law dependencies.

In this sense, the relation used here can be regarded as a special case of a more general
principle, according to which observable quantities arise as a result of the nonlinear interaction of
basic processes.

Thus, within the framework of this approach, the geometric parameters of the wave con-
figuration turn out to be directly related to the energy distribution, which provides a basis for

establishing a relationship between size and mass.
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The connection to mass is introduced through the well-known relation between energy and
mass, which allows the energy component of the wave structure to be interpreted as an effective
mass.

(Note: In this section, for simplicity of mathematical expressions, emphasis is placed on
numerical relationships, and physical dimensions are omitted in some cases. The values used are

consistent with the SI system. Restoring dimensions requires separate consideration.)

7.1.2 Derivation of Limiting Sizes and Masses for Standing Waves

For a stable standing wave structure to exist, different regions of this structure must be able
to remain in an interconnected state. Within the framework of the model under consideration, this
means that the characteristic time for the propagation of interaction inside the structure must be
comparable to its size.

In other words, the maximum size of a wave configuration is limited by the condition that
the disturbance manages to "coordinate" its various parts over a finite time.

If we denote the characteristic interaction time as At, then the limiting size of the structure
can be estimated as:

L ~ cAt
In the simplest case, when the interaction is considered as a process with a single charac-

teristic component, a natural limitation is the condition:
1
At ~ —
c
However, within this model, the wave process is considered as having two interrelated
components (spatial and energetic), which leads to a stricter constraint on the characteristic inter-
action time. The minimal estimate is taken as:
1
At ~ C_z
Such an assumption should be considered as a model one, reflecting the need to simulta-

neously coordinate different aspects of the wave structure.

Then the maximum characteristic size of a standing wave is estimated as:
1 1

Lpax ~C-— ==
max c2 c
1. Limiting Sizes (L)
Thus, the maximum size of a stable wave structure is determined as:

1

L. ~—
max c

25



The minimum size can be estimated by applying a similar reasoning to the internal structure
of the wave. If we consider the nesting of wave configurations, the characteristic scale decreases

proportionally to the same factor:
1

Lmin ~ S
C2

Consequently, the range of possible sizes of stable standing waves can be estimated as:

1 1
—<L<-
c? c

This result should be considered as an estimate that sets the order of magnitude.

2. Limiting Masses (M)

Within the model, mass is associated with the energy of the wave structure. Energy, in turn,
is determined by the amplitude distribution of the wave, which in this case has a spatial geometry
close to spherical.

As a characteristic factor accounting for geometry, a coefficient 2x is introduced, reflecting
the circular structure of the wave process.

Then the energy range can be estimated as:

Using the relation between energy and mass:
E = Mc?

we obtain the range for mass:

Thus, both size and mass turn out to be power-law related to the speed of light.
It is important to note that the ratio of the limiting values in each range is determined by
the same quantity:

Lmax Mmax

Loin  Mmin
This indicates the possibility of a power-law nature of quantization of states within the
framework of the model.
3. Connection with Fundamental Constants
It is interesting to note that the expression:
2T
C4
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is numerically close to the value of Planck's constant:

h ~ 6.63 x 10734

whereas:
2T
— = 7.76 x 10734
c
Similarly:
1
Pl h

Such a coincidence may be considered as an indication of a possible connection between
fundamental constants and the geometry of wave processes.

At the same time, the obtained values should not be interpreted as an exact derivation of
Planck's constant. Rather, it is a matter of the simplest relations based on the limitation of the
propagation speed of interactions leading to quantities of the same order.

Possible discrepancies may be related to the fact that real physical systems take into ac-
count more complex effects, including the distribution of energy in space and the interaction of
different parts of the wave structure.

This issue requires separate consideration and is beyond the scope of the current section.

7.1.3 Quantization of Nodes and Parameters of Elementary Particles

1. Condition for Node Formation

For the formation of stable standing wave nodes, it is necessary to coordinate various com-
ponents of the wave process. Within the previously introduced model, this can be interpreted as a
balance between the components responsible for the spatial distribution and the energy character-
istic of the structure.

In a simplified representation, the stability condition can be associated with a uniform con-
tribution of these components. This corresponds to a situation where their effective "projections”
are comparable:

Uy ~ Uy

In polar representation, this condition leads to the relation:

cos O ~ sin@

which is realized for angles of the form:

o="4+ Lez
—2 "

Thus, a finite number of symmetric directions are distinguished on the circle, for which the

component balancing condition is satisfied.
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This suggests that stable nodal structures are formed only for a limited number of config-
urations corresponding to the simplest symmetric cases.

Within the model, four basic configurations arise naturally, which can be associated with
wave structures having a small number of nodes.

This statement should be considered as a model assumption reflecting the system’s ten-
dency toward the simplest stable symmetric states.

Physically, this means that a stable node arises when the wave structure ensures a uniform
distribution of energy among different directions. When one of the components strongly domi-
nates, the system either transitions into a propagation regime (without forming a standing struc-
ture) or becomes unstable.

2. Principle of Power-Law Quantization

It was previously shown that the characteristic ranges of sizes and masses are determined
by power-law dependencies on the speed of light. This suggests that discrete states within these
ranges may also be formed according to a power law.

As a model assumption, a finite number of characteristic levels corresponding to the most
stable configurations of the wave structure is introduced. To describe the transition between them,
it is convenient to introduce an additional "scale step," which can be interpreted either as the ap-
plicability boundary of the current description level or as a transition to the next fractal level.

In the simplest version, this leads to the introduction of an effective number of divisions of
the range equal to five, where four correspond to stable configurations and the fifth to a transitional
state.

With this approach, the scaling of parameters can be described by a power-law factor of

the form:
c \1/5
k=(37)

This expression should be considered as a model parameter defining the characteristic step
between levels.

3. Determination of Particle Parameters

Using the introduced scale factor, expressions for the parameters of wave structures de-
pending on the number of nodes n can be written.

It is assumed that with an increase in the number of nodes:

« the characteristic size decreases,

« the energy characteristic (and, accordingly, the effective mass) increases.

Then, for the amplitude of the longitudinal component (associated with mass), one can

write:
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n
C\5
%) ,1<n<4

Similarly, for the characteristic wavelength:

2T

MO~C—4(

)\0~%(%)_%,1 <n<4

The estimated diameter of the wave structure can be evaluated as:
n+1
2 O

Thus, the parameters of wave configurations turn out to be related to the number of nodes

d0~

through a simple power law determined by the fundamental constant c.

The obtained expressions should be considered as estimates reflecting the general nature
of the dependence, rather than as exact formulas.

Remark
In this section, mass is understood as the amplitude characteristic of the longitudinal component
of the wave structure. The total mass of a particle as a complex system comprising several regions
with different energy densities will be discussed in subsequent sections.

Interpretation of the Obtained Size and Physical Properties

The obtained value do, which characterizes the size of the standing wave structure, is inter-
preted within this model as the full spatial scale of an elementary particle.

In contrast to the standard quantum mechanical interpretation, where a particle is consid-
ered a point-like object and its spatial characteristics are described through a probability distribu-
tion, this work adopts a different position: the particle is identified with the wave configuration
itself.

Thus, a standing wave is regarded not as an auxiliary mathematical construct, but as a
physically real structure possessing a definite geometry and extent.

The observed "fuzziness" of a particle's position in experiments can then be associated not
with the fundamental probabilistic nature of the object, but with the features of interaction and the
limitations of the measurement process.

The transition to the quantum mechanical interpretation within this model can be carried
out as follows: the region of informational opacity is taken as an effective "point-likeness", while
the extended standing wave structure is interpreted as a probability distribution of interaction.

In this approach, the probabilistic description is not a fundamental property of the particle,
but arises as a consequence of observational limitations and the features of interaction with its full

wave structure.
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It should also be noted that in the standard interpretation, fundamental characteristics such
as mass and electric charge are introduced as independent parameters not directly related to the
spatial structure of the object.

The proposed model adopts a different position: since the particle is identified with the
wave configuration, its physical properties can be interpreted as consequences of the geometry and
dynamics of this structure.

Thus, mass and electric charge are regarded not as primary, given quantities, but as derived
characteristics that arise as a result of the formation of a stable standing wave in the energy me-

dium.

7.2 Extreme States of Wave Structures: From Photons to Limits of Energy Com-
pression

In addition to the previously considered stable standing configurations associated with el-
ementary particles (with values n=1,2,3,4), the model also introduces limiting states characterized
by the values n=0, n=-1, and n=>5.

These states do not correspond to stable massive particles but can be interpreted as other
regimes of existence of wave processes — in particular, as propagating electromagnetic disturb-
ances (photons and classical waves) and limiting states of energy localization associated with tran-
sitions between fractal levels.

Thus, the considered set of n values makes it possible to cover both stable localized struc-
tures and boundary regimes corresponding to the transition between different forms of energy

manifestation.

7.2.1. States n=0 and n=-1: Photons and Electromagnetic Waves
States with n=0 and n=—1 within this model characterise electromagnetic radiation, partic-
ularly photons, and their transition to classical electromagnetic waves.
7.2.1.1 Limiting Wavelengths of the Photon
Using the previously obtained expression for the characteristic wavelength:
1,c —%
Mo~2(zm)
we can consider the limiting states of wave configurations corresponding to the values n=0
and n=-1.
These states do not correspond to stable standing waves (particles with mass) but can be
interpreted as boundary regimes associated with the propagation of electromagnetic radiation.
State n=0 (minimum characteristic wavelength of the photon)
30



In this case, we obtain:

Amin ~
Numerically:
Amin = 3.3-107°m
This state can be interpreted as the limit at which the wave structure does not yet form the
closed standing configuration characteristic of massive particles, but already possesses pro-
nounced localization. In this regime, the wave process is characterized by a high degree of spatial
energy concentration and can be considered as the limiting case of a directed quantum of radiation.
State n=—1n=-1 (maximum characteristic wavelength of the photon)

For this case:

1
5

1/2m
}\max ~ = (7)

Introduce the notation:

Then:

Numerically:
Amax = 1.1-107"m
This state can be interpreted as the limit at which the wave structure loses the features of a
localized quantum and transitions to more extended forms of propagation. In this regime, the en-
ergy is distributed more uniformly in space, and the behavior of the system approaches the classical
description of electromagnetic waves.
Thus, within the framework of the model, the photon can be considered as a wave config-
uration existing in the range:
1
1 1 /2m\5
-<a=-(5)
c c\c
where the lower bound corresponds to the maximally localized state, and the upper bound
corresponds to the transition to extended wave regimes.

The obtained estimates should be regarded as indicating characteristic scales, rather than

as rigid physical boundaries of the electromagnetic spectrum.
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7.2.1.2 Mechanism of Photon Birth

In standard physics, a photon arises during transitions between energy states of a system,
for example, when an electron transitions between levels in an atom. Such a transition is accom-
panied by a change in energy distribution and, as a rule, by the accelerated motion of charged
particles.

Within the framework of the proposed model, this process can be interpreted as a rapid
localized redistribution of energy density in space.

It is assumed that this redistribution has a directional character and can be represented as
the formation of a disturbance that has both spatial and energetic components.

In terms of the previously introduced decomposition, this corresponds to the simultaneous
emergence of:

+ alongitudinal component associated with the redistribution of energy density in the direction

of propagation,

» atransverse component manifesting as an electromagnetic field.

Here, these components are not independent processes but represent different aspects of a
single wave disturbance.

Since the process of photon formation occurs over a finite time and in a limited region of
space, the emerging wave structure does not have time to transition into a fully symmetric (closed)
configuration characteristic of standing waves.

As a result, an asymmetric, propagating wave configuration is formed, in which energy is
directed predominantly along the direction of emission.

Within the model, such a structure can be interpreted as an "open" wave shell, differing
from closed standing configurations.

Geometrically, this can be associated with an elongated forward shape reflecting the direc-
tionality of energy transfer. However, this representation should be considered as an illustrative
interpretation rather than an exact description of the photon's shape.

Thus, in this model, the photon arises as a transient regime of the wave process, in which

energy leaves the localized structure and transitions into a propagating state.

7.2.1.3 Properties of the Photon
Within the framework of the model under consideration, the properties of the photon can
be interpreted as a consequence of its wave nature and the features of its formation as a propagat-

ing, unclosed configuration.
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Zero Rest Mass

The absence of a closed standing structure capable of holding energy in a localized state
leads to the photon having no rest mass. In this interpretation, rest mass is associated with the
possibility of the existence of a stable localized configuration. Since the photon is a propagating
disturbance, such localization is absent, which is consistent with the observed property of zero rest
mass.

Energy, Momentum, and Directionality

Despite the absence of rest mass, the photon carries energy and momentum, which corre-
sponds to the well-known relation E=pc. Within the model, this can be related to the fact that the
wave structure of the photon is asymmetric and propagating, with a predominant transfer of energy
in one direction.

The previously introduced concept of longitudinal and transverse components should be
interpreted as a description of the energy distribution during propagation, rather than as the pres-
ence of independent components. In this sense, the directionality of the photon arises as a result of
the coordinated motion of the entire wave configuration.

The equivalence of mass E/c? in this model reflects not the presence of rest mass, but the
energy content of the propagating disturbance.

Spin

The spin of the photon in standard physics is associated with its polarization and the inter-
nal symmetry of the electromagnetic field. Within the proposed model, it can be assumed that spin
reflects features of the internal structure of the propagating wave, in particular, the nature of its
symmetry with respect to the direction of motion.

This can be interpreted as the presence of a certain "twist" or rotational component of the
wave process. However, this representation is qualitative in nature and requires a more rigorous
mathematical description.

Thus, the basic properties of the photon can be considered as a consequence of the fact that
it is not a closed standing structure, but a propagating wave disturbance located at the boundary

between localized and extended regimes of energy existence.

7.2.1.4 Transition to Classical Electromagnetic Waves

As the radiation frequency decreases (i.e., as the characteristic wavelength increases and
transitions to values n——1 and below), the process of changing the energy state of the source
becomes slower and more spatially extended.

Within the framework of the model, this means that the emerging wave disturbance loses
the pronounced localization characteristic of the photon as a quantum of radiation.
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In this regime, the spatial distribution of energy becomes more uniform, and the wave
structure approaches a continuous propagation process described by classical electrodynamics.

Geometrically, this can be interpreted as a transition from a localized "convex" wave con-
figuration to a more extended and smoothed form, where characteristic inhomogeneities become
small compared to the wavelength.

In this case, the directionality of the radiation is no longer determined by the internal struc-
ture of an individual wave disturbance, but by the boundary conditions of the source (e.g., the
geometry of the antenna) and the conditions of propagation in the medium.

Thus, in this model, the classical electromagnetic wave can be considered as a limiting case
that arises during the transition from discrete, localized wave states to a continuous regime of

energy distribution in space.

7.2.2 State n = 5: Energy Compression Limit and Fractal Transition

The state corresponding to n=5n=>5 represents, within the framework of the model, the op-
posite limiting case relative to propagating wave regimes (such as the photon).

Characteristics of the State

The previously introduced relation between the components of the wave process allows for
a situation in which the contribution associated with the energy component becomes dominant. In
the limiting case, this can be interpreted as a state in which the wave structure loses spatial extent
and is characterized by maximum energy concentration.

This state should be considered as a model limit rather than an observable configuration.

Size and Nature of the State

Using the previously introduced estimates, it can be assumed that the characteristic scale
of such a configuration turns out to be smaller than the minimum size characteristic of stable

standing waves (with n=1...4):
1
L< =
This indicates a transition to a regime in which the standard description of the wave struc-
ture within the current level ceases to be applicable. In this sense, this state can be interpreted as a
region of extreme energy concentration — analogous to the previously introduced region of infor-
mational opacity.
Connection with '""Pointlikeness'' and Quantum Description
Within the framework of the model, such regions can be considered as limiting centers of

energy localization, which at a higher level of description manifest as "point-like" objects. This

provides a way to qualitatively relate the concept of a point particle to the limitations of the wave
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description. In this approach, the use of wave functions in quantum mechanics can be regarded as
an effective way to describe the behavior of a system near such regions.

Connection with Gravitational Effects

Since the state under consideration is associated with a high concentration of energy, one
can expect that at corresponding scales, effects analogous to gravitational ones begin to play a role.
Within the model, this allows the interpretation of such states as sources of disturbances propagat-
ing in all directions and manifesting as collective oscillations of the medium.

At the macroscopic level, such processes can be associated with phenomena described as
gravitational waves or internal oscillations of massive systems. However, this interpretation is
qualitative in nature and requires further refinement.

Thus, the state n=5 can be considered as a limiting regime of the wave model, correspond-
ing to a transition beyond the applicability boundary of the current level of description.

Together with the states n=0 and n=-1, this allows the description of the full spectrum of
regimes — from maximally localized to fully propagating, including transition regions associated

with the fractal structure of space.

7.2.3 High-Energy Quanta from Nuclear Interactions (Gamma Radiation)

A special type of high-energy electromagnetic radiation — gamma quanta — can be inter-
preted within this model not only as a result of annihilation or transitions between energy levels,
but also as a consequence of deeper processes associated with the restructuring of the wave struc-
tures of nucleons (protons and neutrons).

If a nucleon is considered as a complex standing wave configuration consisting of several
interconnected regions of increased energy density, then during intense interactions (e.g., in nu-
clear reactions), a redistribution of this structure may occur, accompanied by the release of local-
ized energy disturbances.

Such disturbances can be interpreted as separate fragments of the wave process possessing
the following characteristics:

 They carry significant energy associated with the local energy density inside the original struc-

ture.

+ Their characteristic spatial scales are comparable to the sizes of nucleons (on the order of

1071%...1071¢ m), which corresponds to the high-energy range of radiation.

+ Being formed during a rapid redistribution of energy, such wave configurations do not have

time to transition into a symmetric or closed state. As a result, a propagating disturbance arises

with a pronounced directionality of energy transfer.
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+ Despite possible localization, such structures do not satisfy the conditions for stable standing
waves (considered for n=1...4n=1...4) and therefore cannot exist as particles with rest mass.
Their energy is realized in the form of a propagating quantum of radiation.

Thus, gamma radiation in this model can be considered as a result of the transition from
complex localized wave structures to propagating regimes during their restructuring at the nucleon
level.

Unlike radiation arising from electronic transitions, gamma quanta are associated with
deeper levels of matter organization, which is reflected in their higher energy and smaller charac-
teristic scales.

At the same time, their corpuscular properties can be interpreted as a consequence of the
high degree of energy localization at the moment of formation, whereas their wave nature mani-
fests itself in the process of further propagation.

The detailed internal structure of such excitations is not fixed within the framework of this
work, since it depends on the specific conditions of formation and requires a more precise descrip-

tion.

7.3 Features of Elementary Particles in the Wave Model

Within the framework of the proposed model, stable elementary particles can be associated
with the simplest standing wave configurations characterized by a small number of nodes.

Four basic configurations are considered as a model correspondence, which can be related
to the observed stable particles — the neutrino, electron, neutron, and proton.

In this mapping, the numbers of nodes n=1,2,3,4 are assigned to the aforementioned parti-
cles, with an increase in n associated with the increasing geometric complexity of the wave struc-
ture and changes in its energy characteristics.

Such a representation makes it possible to interpret the properties of particles as a conse-
quence of the geometry and dynamics of the corresponding wave configurations, without intro-
ducing them as independent primary parameters.

It should be emphasized that this correspondence is of a model nature and reflects the aim
of identifying the simplest stable regimes of the wave process that can be compared with observed

particles.

7.3.1 Neutrino (n=1)
Structure and size: For n=1, the simplest standing wave configuration with a minimal
number of nodes is formed. According to the relations obtained in Section 7.1.3, this state is char-

acterized by the largest wavelength Ao and, accordingly, the largest size of the wave structure
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among the particles under consideration. Within this model, this size is interpreted as the full spa-
tial scale of the particle.

Mass: The neutrino corresponds to the minimum value of the wave configuration ampli-
tude Mo, which manifests as an extremely small mass.

Interaction: Despite the significant spatial scale of the wave structure, the neutrino hardly
interacts with matter. Within the model, this may be related to the extremely low energy density
distributed throughout its wave configuration. In other words, given its large characteristic size
and small mass, the energy density of such a structure turns out to be significantly lower than that
of most observed particles. Interaction with denser objects then becomes extremely inefficient,
since there is insufficient energy localization necessary for a meaningful exchange. Thus, the neu-
trino can be regarded as an extended but energetically "rarefied" wave structure, which leads to its
weak interaction with matter.

Internal dynamics: The configuration with n=1 is characterized by the absence of a stable
symmetric structure, which leads to a dynamic redistribution of energy inside the wave system.
This may manifest as an internal circulation or rotation of energy density.

Charge: The absence of electric charge is interpreted as a consequence of an odd number
of nodes and the lack of a stable boundary configuration necessary for the formation of a directed
electromagnetic interaction.

Quantum entanglement (a possible interpretation): Within the framework of the model,
states with an odd number of nodes are characterized by internal dynamic imbalance, which can
lead to the formation of correlated states upon their creation. In this sense, the neutrino, as a con-
figuration with n=1, may also possess properties analogous to quantum entanglement. However,
due to its extremely weak interaction with matter, the experimental registration of such effects

appears to be substantially more difficult.

7.3.2 Electron (n = 2)

Structure and charge: For n=2, a standing wave configuration with an even number of
nodes is formed. Within the model, such configurations are characterized by a more symmetric
energy distribution compared to the n=1 state. It is assumed that this symmetry leads to the for-
mation of a stable boundary structure capable of providing directed electromagnetic interaction,
which is interpreted as the presence of electric charge.

Nature of charge: In this model, electric charge is associated with the work performed by
the energy medium during the formation of the boundary half-wave of the standing structure. Since
this work turns out to be invariant for elementary wave configurations, this provides a natural

explanation for the quantization and universality of the elementary charge.
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Mass and size: Compared to the n=1 state, the configuration with n=2 is characterized by
a smaller wavelength A and a smaller characteristic size do, along with an increase in amplitude
Mo. This corresponds to an increase in the energy density of the wave structure and manifests as

an increase in mass and a strengthening of interaction with surrounding matter.

7.3.3 Neutron (n = 3)

Structure and internal dynamics: For n=3, a standing wave configuration with an odd
number of nodes is formed. Within the model, such states are characterized by a violation of the
symmetry of energy distribution necessary for the formation of a stable boundary structure. This
may lead to the emergence of internal dynamics — circulation or redistribution of energy inside
the wave system, similar to the n=1 state, but with a significantly higher energy density.

Charge: The absence of electric charge is interpreted as a consequence of an odd number
of nodes and the lack of a stable boundary configuration that would provide directed electromag-
netic interaction.

Mass and size: Compared to the electron, the configuration with n=3 is characterized by a
smaller wavelength Ao and a smaller size do, along with an increase in amplitude Mo, which corre-
sponds to an increase in energy density.

A peculiarity arises here: the experimentally observed mass of the neutron is slightly
greater than the mass of the proton, despite the fact that within the basic wave model (taking into
account only the standing wave amplitude) the opposite relationship is expected.

Within the proposed interpretation, this discrepancy may be related to the additional in-
ternal dynamics of the system. The energy associated with internal redistribution or circulation
of energy density may manifest in interactions as a contribution to the effective (observed) mass.

Thus, the observed mass of the neutron may reflect not only the "geometric" component
related to the amplitude of the wave structure, but also a dynamic contribution arising from its
internal state.

Quantum entanglement: For states with an odd number of nodes, the presence of internal
dynamic imbalance is assumed, which may lead to the formation of correlated states upon their
creation. In particular, during the formation of neutron—antineutron pairs, such systems may be in
a coordinated state, which manifests as quantum entanglement and can influence their further evo-

lution and decay.
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7.3.4 Proton (n =4)

Structure and charge: For n=4, a standing wave configuration with an even number of
nodes is formed. Similarly to the n=2 state, such configurations are characterized by a more sym-
metric energy distribution and the presence of a stable boundary structure that provides directed
electromagnetic interaction. This is interpreted as the presence of electric charge.

Sign of charge: Within the model, it is assumed that the sign of the charge is determined
by the direction or phase orientation of the boundary half-wave formation process. For the n=2
and n=4 states, these configurations turn out to be opposite, which may lead to a difference in the
sign of the electric charge of the electron and the proton.

Mass and size: The configuration with n=4 is characterized by the smallest wavelength Ao
and the smallest size do among the considered states, with the maximum value of amplitude Mo.
This corresponds to the highest energy density and manifests as the maximum mass and high sta-
bility of the particle.

Stability: Unlike states with an odd number of nodes, the n=4 configuration possesses a
more stable symmetry and the absence of pronounced internal dynamic imbalance. This may be
associated with the high stability of the proton and its resistance to decay under ordinary condi-

tions.

7.3.5 General Principle: Internal Dynamics and Charge

The conducted analysis allows us to identify a general pattern: for stable wave configura-
tions with a small number of nodes, there is a difference in the nature of their interaction with the
surrounding environment.

In particular, states with an odd number of nodes (n=1,3) are characterized by the presence
of internal dynamics — circulation or redistribution of energy inside the wave structure.

For states with an even number of nodes (n=2,4), a more symmetric configuration with a
stable boundary structure is formed, which leads to the appearance of electric charge and directed
electromagnetic interaction.

Thus, within the framework of the model, one can speak of two different ways in which
the wave structure manifests itself: through internal dynamics or through the formation of bound-
ary interaction. These mechanisms reflect different regimes of interaction of the particle with the

energy medium.
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7.3.6 Pair Production of Particles

In accordance with the law of energy conservation, the formation of wave structures from
the energy medium must occur while preserving the total characteristics of the system. This leads
to the fact that particle production is considered a pair process (particle—antiparticle).

Within this model, the difference between such pairs can be associated with the opposite
orientation of the internal dynamics of the wave structure or with the opposite direction of for-
mation of the boundary configuration, which manifests as a difference in the sign of charge.

For neutral particles (e.g., neutrino—antineutrino or neutron—antineutron), this difference
may be expressed in opposite directions of internal energy circulation.

Such correlated states at birth can lead to the formation of coordinated systems, which is
interpreted as a manifestation of quantum entanglement.

Thus, the properties of elementary particles within the model naturally follow from their
representation as standing wave configurations with different numbers of nodes.

This allows us to consider the set of observed particles as a manifestation of a limited

number of stable wave regimes.

7.3.7 The Nature of Quarks and the Origin of Fractional Charges in the Wave
Model

7.3.7.1 The Quark as an Element of the Wave Structure

As established earlier, stable elementary particles within the framework of the model rep-
resent standing waves with a number of nodes n, consisting of n+1 half-waves. Each half-wave
corresponds to a localized region of energy density variation, formed by the invariant work of
space.

The stability of the particle is ensured by the integrity of the entire wave configuration and
the consistency of its internal resonance. Individual half-waves cannot exist as independent ob-
jects, since their isolation would lead to the destruction of the entire structure.

In experiments with high energy transfer (e.g., in deep inelastic scattering processes), it is
observed that the particle behaves as if it consists of localized interaction centers. In the Standard
Model, these objects are interpreted as quarks.

Within the proposed model, such observations can be interpreted differently: quarks are
not fundamental point-like particles, but rather manifestations of the internal structure of the stand-
ing wave — localized segments or combinations of half-waves that manifest as separate objects

during interaction.
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Thus, a quark can be considered as a quasiparticle corresponding to a localized region of
the hadron's wave structure, possessing effective interaction characteristics.

The introduction of the concept of an effective charge for such segments is related to the
distribution of the total work of the wave structure. Although the total charge of the particle is
determined by its full configuration, an interaction density distribution may arise inside it, mani-
festing as fractional effective values.

This approach naturally allows one to interpret the phenomenon of confinement: an attempt
to isolate an individual segment of the structure leads to the destruction of the resonant state and

requires energy sufficient to form a new stable wave configuration (e.g., a hadron pair).

7.3.7.2 Mechanism of Deep Inelastic Scattering and the Role of Helicity

To understand the processes associated with probing the internal structure of hadrons, as
well as the differences in the interaction of neutrinos and antineutrinos with various components
of hadrons, we consider the mechanism of deep inelastic scattering within the framework of the
wave model.

Relativistic localization of the probe: Probe particles (electrons, muons, neutrinos) used
in experiments are accelerated to relativistic speeds. At the same time, their effective de Broglie
wavelength decreases to scales comparable to the characteristic sizes of hadrons (~107'* m) and
smaller. Within the wave model, this means that the effective interaction region contracts, allowing
one to probe local regions of the hadron's wave structure — individual segments or half-waves.

Helicity as a manifestation of internal dynamics: As noted earlier, states with an odd
number of nodes (in particular, the neutrino with n=1) are characterized by internal dynamics —
a directed redistribution of energy inside the wave structure. This may manifest as helicity — the
orientation of the internal energy motion relative to the direction of particle propagation. Within
this interpretation, the neutrino and antineutrino can be regarded as states with opposite orientation
of this internal dynamics, which is consistent with the observed differences in their helicity.

Selectivity of interaction: When interacting with a hadron, the local structure of the wave
probe enters into resonant interaction with specific segments of the hadron's internal structure.
Experimentally, it is established that neutrinos and antineutrinos interact differently with hadron
components. Within the proposed model, this may be related to the fact that different segments of
the wave structure (corresponding to different "quark" components) possess different phase and
energy configurations. Depending on the orientation of the probe's internal dynamics (helicity), a
preferential interaction occurs with those regions of the structure for which the condition of great-

est consistency (resonance) is satisfied.

41



Physical interpretation of the process: The interaction leads to a local restructuring of
the hadron's wave structure, accompanied by a redistribution of energy and subsequent hadroniza-
tion. As a result, characteristic jets of particles are observed, corresponding to the decay of the
original structure into new stable configurations.

Thus, the observed selectivity of the interaction of neutrinos and antineutrinos can be in-
terpreted as a consequence of the different orientation of their internal wave dynamics and its
matching with the internal structure of the hadron. In this sense, the mathematical selection rules
used in the standard theory can be regarded as a reflection of a deeper wave mechanism.

A slightly different, more intuitive interpretation:

Helicity as a manifestation of internal rotation: As shown in Section 7.3.1, the neutrino
(n=1) is a particle with an odd number of nodes and, consequently, possesses internal dynamics
— a directed redistribution of energy inside the wave structure. The direction of this process de-
termines the helicity of the particle — the projection of its spin onto the direction of momentum.
For the neutrino, the spin is opposite to the momentum (left-handed helicity); for the antineutrino,
it is along the momentum (right-handed helicity). Thus, the difference between them can be inter-
preted as a difference in the direction of internal rotation.

In an intuitive picture, such dynamics can be described as the formation of a kind of "fun-
nel" of energy distribution along the direction of motion. For left-handed helicity (neutrino), one
can speak of a shift of the region of lower energy density forward and higher energy density back-
ward. For right-handed helicity (antineutrino), the pattern is opposite.

When interacting with a hadron (e.g., a proton or neutron), the structure of the incident
particle enters into resonant interaction with specific segments of the hadron's internal wave con-
figuration. Experimentally, it is established that neutrinos and antineutrinos interact differently
with hadron components. Within this interpretation, this can be related to the fact that different
regions of the hadron's wave structure (conventionally corresponding to different "quark" compo-
nents) possess different energy densities and phase configurations.

o The neutrino (left-handed helicity) predominantly interacts with regions of lower energy
density.

« The antineutrino (right-handed helicity) predominantly interacts with regions of higher
energy density.

In an intuitive model, this can be imagined as a process of local mutual compensation of
energy density changes, in which the system tends toward a state with a smaller gradient. As a
result, a restructuring of the hadron's wave structure (hadronization) occurs, accompanied by the

emission of interaction products and the formation of jets.
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Thus, the difference in the reactions of neutrinos and antineutrinos receives a clear physi-
cal explanation. The mathematical selection rules used in the standard theory can then be re-

garded as a reflection of this wave mechanism.

7.3.7.3 Quark Charges in the Proton and Neutron

7.3.7.3.1 Geometry of the Proton in Cross-Section

According to the wave model, the proton corresponds to a standing wave configuration
with four nodes, which leads to the formation of five half-waves. These half-waves represent re-
gions of alternating increase and decrease in energy density relative to some average level.

In three-dimensional space, such a structure can be approximately described as a radial
standing wave in which the energy density depends primarily on the distance from the particle's
center. In this case, regions of different density sign form a system of nested spherical shells.

To analyze the interaction of a probe with the internal structure of the proton, it is conven-
ient to consider a planar cross-section of this three-dimensional configuration. In such a cross-
section, the spherical shells appear as concentric annular regions.

As a result, the cross-section of the proton can be represented as a circle of radius RR,
inside which regions with alternating signs of energy density are located:

+ -+ - +

where the "+" sign denotes a region of increased energy density, and the "—" sign denotes
aregion of decreased energy density relative to the average level.

The center of the circle corresponds to the maximum energy density of the central half-
wave. As one moves away from the center, there is a sequential alternation of regions of increased
and decreased density.

For a simplified geometric analysis, assume that the characteristic radial scale of each half-
wave is approximately the same. In this approximation, the particle diameter D can be represented

as the sum of five equal intervals:

D
=3
Then the characteristic radii of the region boundaries can be given as:
d 3d 5d D
=y R TR

These radii define a sequence of concentric regions corresponding to different phases of
the wave structure.
It should be emphasized that this scheme is a simplified geometric representation of the

three-dimensional wave configuration. It does not claim to be an exact description of the energy
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density distribution, but is used as a tool for estimating the relative contributions of different re-

gions when interacting with an external probe.

7.3.7.3.2 Areas of the Annular Regions

In the previous section, the cross-section of the proton was represented as a system of con-
centric regions with alternating increased and decreased energy density, corresponding to the half-
waves of the standing structure.

Consider the interaction of a probe (e.g., a neutrino or antineutrino) with such a structure.
In deep inelastic scattering processes, the probe interacts with local regions of the particle's internal
configuration. The probability of interaction is determined both by the characteristics of the region
itself and by its geometric size.

In general form, the interaction probability can be represented as an integral over the cross-

sectional area:

P f Dine (0)S

where pini(x) is the effective interaction density, and dS is an area element.

In the approximation where the interaction density within a given region does not vary
significantly, the interaction probability can be considered proportional to the area of the corre-
sponding region:

PxS

Thus, the relative probabilities of probe interaction with different parts of the structure can
be estimated through the areas of the corresponding annular regions.

Within the simplified geometric model introduced earlier, the radial structure of the proton
is given by a sequence of half-waves of equal characteristic scale dd. Then the boundaries of the

regions are determined by the radii:

d 3d 5d
=3 nE=o =
The central region has radius rlrl, and the subsequent regions form rings between the cor-
responding radii.
The areas of these regions are:

Central region:

P (d)z_ﬂd2
L =T =T 5) T2
First ring:
. 3d\*  (dy? 9d* d? 8d? ,
so=n =) =n((5) - (3) )=n(F - F) =n7y = 2na
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Second ring:

. 5d\*  (3d\* 25d?  9d? 16d? ,
Ss=m(ry —rf)=m (7) —(7> =m0~ =" = 4nd

Total area:

1 25 mD?
Ssumzsl+52+s3:nd2<z+2+4>:nd2T:T

which corresponds to the area of a circle of radius D/2D/2, as it should.

The obtained values determine the relative fractions of the cross-section attributable to dif-
ferent regions of the wave structure. Accordingly, they determine the probabilities that the probe,
upon interaction, will be in a region with a given energy density.

These estimates can be compared with the results of deep inelastic scattering experiments,
where different contributions from the internal components of the proton are observed.

It should be emphasized that this scheme represents an approximate geometric model of

the cross-section and is used primarily for estimating the relative contributions of different regions.

7.3.7.3.3 Distribution of Signs and Interaction Probabilities
Within the framework of the wave model, regions with different energy densities may par-
ticipate differently in interactions with particles possessing different helicities.

In particular, the following interpretation can be considered:

« Regions of increased energy density (conventionally "positive" half-waves) predomi-
nantly participate in interactions with the antineutrino (right-handed helicity);

« Regions of decreased energy density (conventionally "negative" half-waves) predomi-
nantly participate in interactions with the neutrino (left-handed helicity).

In the geometric model of the proton cross-section used here:

« The central region and the outer ring (S: and S3) correspond to increased energy density;

« The intermediate ring (S2) corresponds to decreased energy density.

Then the effective area for interaction with the antineutrino can be estimated as:
2

Santi = 51+ 853 = E + 41d? = zndz
4 4
For the neutrino:
Sueiirp = Sz = 2md?
Assuming that the interaction probability is proportional to the area of the corresponding
region, we obtain:
Sani _ 17/4 17

Pantiz__

= = — =0.68
Seum  25/4 25
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Sneutr _ 2 _ 8 _ 032
Seum 25/4 25

P neutr —

Thus, the model yields a difference in interaction probabilities related to the internal struc-
ture of the proton and the nature of the energy density distribution.

It should be noted that this estimate is based on a simplified geometric model and the as-
sumption of uniform interaction density within each region. Nevertheless, it demonstrates that dif-
ferences in the behavior of neutrinos and antineutrinos may be associated with the geometry and
internal structure of the hadron.

In a more precise treatment, additional factors such as the energy density distribution within
the regions and the interaction dynamics must be taken into account; however, the proposed

scheme provides a qualitative and quantitative estimate of the effect.

7.3.7.3.4 Comparison with Experimental Data
In deep inelastic scattering experiments, characteristic jet charge values are observed,
which in the Standard Model are interpreted as contributions from quarks.

In particular, in an early experiment (1979, Fermilab), the following results were obtained:

+ For reactions with neutrinos (when a u-quark is knocked out), the average jet charge was:
Q=+0.65+0.12.

 For reactions with antineutrinos (when a d-quark is knocked out), the average jet charge was:
Q=-0.33+0.09.

Within experimental errors, these values are close to the fractional quark charges:

2 1

3 73

In the Standard Model, these results are interpreted as interactions with u- and d-quarks.

Within the wave model, an alternative interpretation of the origin of these contributions
can be proposed.

If the interaction of the probe with the internal structure of the proton is considered as a
random hit into one of the regions of the cross-section, then the probability of interaction with a
given region is determined by its geometric contribution. In this case, the relative interaction prob-
abilities are related to the area distribution of regions with different energy densities.

In the geometric model used, three regions correspond to increased energy density, and two
regions correspond to decreased energy density. This distribution leads to two characteristic inter-
action fractions — a larger one and a smaller one — which in order of magnitude are close to the

ratios

wl N
W =
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Thus, the fractional charge values observed in experiments can be interpreted as a mani-
festation of the geometric structure of the standing wave inside the proton.

In this interpretation, quarks are not considered as point-like fundamental objects but ap-
pear as effective interaction regions arising from the energy density distribution inside the wave
structure.

In particular:

« Regions of decreased energy density may correspond to an effective contribution of

order —=;
3
« Regions of increased energy density may correspond to contributions of order + g

In this case, the quark composition of the proton

uud

can be regarded as an effective description of the internal wave structure consisting of five

half-waves with alternating energy density distribution.

Reasons for possible discrepancies between the model and experiment:

The obtained estimates are approximate and may differ from experimental values for a

number of reasons:

1. Angular effects. The direction of the probe's momentum does not always coincide
with the radial structure, which changes the effective interaction region.

2. Interaction dynamics. The efficiency of energy transfer depends on the local density
and may enhance the contribution of denser regions.

3. Detection features. Detector limitations (aperture, sensitivity thresholds) affect the
statistics of observed events.

4. Probe energy. The effective size of the probe is determined by its de Broglie wave-
length. As the probe energy increases, the interaction becomes more localized, allow-
ing individual structural elements to be resolved. At lower energies, averaging over
several regions occurs, leading to deviations in the observed values.

Thus, the difference between the calculated and experimental values may reflect the degree

of interaction localization and serve as an indicator of the depth of inelastic scattering.
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7.3.8 Summary: Wave Interpretation of the Structure of Elementary Particles

The results considered in this section allow us to formulate a generalized representation of
elementary particles within the framework of the wave model.

Elementary particles can be regarded as stable standing wave structures characterized by
the number of nodes nn. This number determines their basic physical properties — mass, charac-
teristic size, and mode of interaction with the surrounding environment.

The key point here is the distinction between two types of internal organization:

« For odd n (neutrino, neutron), the presence of internal energy redistribution (rotation) is

characteristic, which leads to the absence of electric charge;

« Foreven n (electron, proton), the structure becomes symmetric, allowing electric charge

to manifest as a result of the boundary work of the wave configuration.

Thus, charge and internal dynamics appear as alternative ways of manifesting the same
wave nature.

An important consequence of the model is that the size of a particle is determined by its
entire standing wave structure, not by a point-like region. This allows the elementary particle to
be considered as a physically extended object, whose interaction with external systems depends
on the structure of the energy distribution inside it.

In this context, the concept of "point-likeness" used in quantum mechanics may be associ-
ated with a region of informational opacity, whereas the observed behavior of the particle is de-
scribed by its wave configuration.

Using the proton as an example, it has been shown that the internal structure of a standing
wave can be interpreted as a system of regions with different energy densities. The geometric
distribution of these regions determines the probabilities of interaction with an external probe.

This, in turn, makes it possible to propose an interpretation of quarks as effective interac-
tion regions arising from the structure of half-waves, and of the observed fractional charges as a
result of the geometric distribution of contributions inside the wave configuration.

Thus, the wave model allows one to connect:

« the geometry of the standing wave,

« the internal structure of the particle,

« the interaction probabilities,

- and the observed characteristics in experiments, within a unified description.

The obtained results are qualitative and quantitative in nature and are based on simplified
geometric assumptions. Nevertheless, they demonstrate that a number of properties of elementary

particles can be interpreted as consequences of their wave structure.
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Further development of the model requires refinement of the interaction dynamics and con-
sideration of transitions between different levels of description, which will be discussed in subse-

quent sections.

7.4 The Nature of Elementary Particles in the Wave Model

The representation of elementary particles as standing waves makes it possible not only to
describe their parameters but also to form visual images of their structure and interactions.

This section discusses qualitative interpretations that allow linking the geometry of wave
configurations with the observable properties of particles. It should be emphasized that the follow-
ing representations are illustrative in nature and do not replace a rigorous mathematical descrip-

tion, but rather complement it.

7.4.1. Idealised Model: Spherical Wave with Internal Structure

In the simplest, idealized representation, an elementary particle (within the framework of
the postulate on the wave nature of matter) can be considered as a spherical wave structure.

Inside this structure, regions of increased and decreased energy density alternate, forming
a system of half-waves that determine its internal organization. Such a structure reflects the con-
cept of a particle as an extended wave configuration rather than a localized point-like object.

In an intuitive approximation, such a structure can be imagined as an elastic object under-
going complex volumetric oscillations (for example, an analog of an elastic ball with internal wave
dynamics). It should be emphasized that this analogy is illustrative and is used solely for intuitive
understanding of the structure.

For neutral particles (with an odd number of nodes n, such as the neutrino and neutron), in
addition to the radial distribution of energy density, they are characterized by the presence of in-
ternal rotation or "twisting" of energy density along some axis. This property is associated with

their wave configuration and was discussed in Section 7.3.

7.4.2. The Real Particle: Interaction with the Medium, Spin, and Forces
In real conditions, the idealized spherical form of a particle's wave structure is inevitably
distorted.
« The formation of a particle as a wave formation is accompanied by changes in the energy
density of the surrounding environment (Postulate 1).
« Since a particle has a finite spatial scale, its wave boundary interacts with the surround-

ing environment, leading to local deformations and asymmetry of the structure.
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« The resulting dynamic distortions and asymmetry of the wave configuration can be con-
sidered in this model as one possible mechanism for the formation of spin properties. In
this interpretation, spin is not seen as an initially given abstract quantity, but as a char-
acteristic related to the geometry and internal dynamics of the wave structure. In partic-
ular, the difference in the nature of internal deformations and energy distribution may
lead to different manifestations of spin at different scale levels. It should be noted that
this mechanism is not the only possible one and requires further analysis.

« The asymmetry of shape and energy distribution also leads to the emergence of directed
interactions between particles, which within the framework of the model can be consid-

ered as a manifestation of the resonant matching of their wave structures.

7.4.3. Manifestation of the Work of Space: Charge and Internal Rotation

Within the framework of the proposed model, it is assumed that the formation of a standing
wave structure is associated with the work performed by the energy medium during the formation
of each half-wave. A detailed discussion of this principle is given in Section 7.6; here it is used at
the level of qualitative interpretation.

If we proceed from the assumption that such work is invariant for individual half-waves,
then the different ways in which it manifests itself in the particle's structure can lead to observable
physical properties. In particular, the model distinguishes two characteristic regimes:

» Charged particles (n even, e.g., electron and proton): The work of space manifests itself in
the form of a stable energy density gradient at the boundary of the wave structure. Such a gra-
dient can be interpreted as an electric charge. In this case, the quantization of charge is associated
with the invariant nature of the work expended in forming the boundary half-wave.

* Neutral particles (n odd, e.g., neutrino and neutron): In these cases, the work of space man-
ifests itself primarily in the internal organization of the structure — in the form of rotation or
"twisting" of the energy distribution. Such internal rotation does not lead to the formation of an
external density gradient and, accordingly, does not manifest as an electric charge.

Thus, within the model, charge and internal energy rotation can be regarded as different
forms of manifestation of the same process — the formation and maintenance of the particle's
wave structure.

Additional remark on the interaction of neutral particles

For particles with an odd number of nodes, which possess internal energy rotation, the

interaction may be more complex in nature compared to charged particles.
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When interacting with charged objects, the internal dynamics of energy distribution can
lead to an effective "drawing" of the particle into the interaction region, which is associated with
the redistribution of energy density in the surrounding environment.

The interaction between neutral particles themselves may then depend on the mutual ori-
entation of their internal dynamic structures. Within the framework of the model, this allows for
both effective attraction and repulsion, analogous to the behavior of systems with internal moments
(e.g., magnetic dipoles).

Such a dependence on the interaction configuration can lead to additional energy contribu-
tions, which in experiments manifest as a change in the effective characteristics of particles, in-

cluding their measured mass.

7.4.4. Particle Mass: A Dynamic Characteristic and the Influence of Internal Rota-

tion

Within the framework of the wave model, the mass of a particle is associated with the
energy distribution in its standing wave structure. The amplitude of the longitudinal component of
the wave, Mo, serves as a basic characteristic that determines the local energy density.

However, the observed mass is not reduced to the value of the amplitude in a single region.
It is determined by the complete configuration of the wave structure and can be considered as an
effective quantity that depends both on the amplitude and on the geometry and distribution of half-
waves in space.

When the state of motion of a particle changes, its wave configuration (characteristic size,
wavelength Ao) changes. Within the assumption of the invariance of the work associated with the
formation of half-waves, this leads to a redistribution of energy inside the structure and, conse-
quently, to a change in effective mass.

For neutral particles with an odd number of nodes, the internal dynamics of energy distri-
bution, manifesting as rotation or "twisting" of the structure, plays a significant role. The energy
of such internal motion contributes additionally to the observed characteristics of the particle.

Depending on the interaction conditions, this contribution can manifest itself differently.
When interacting with external fields or charged particles, it can yield an effective uniform change
in energy, whereas when neutral particles interact with each other, both enhancing and compen-
sating effects are possible, depending on the mutual orientation of their internal structures.

In experimental conditions where observed characteristics are determined by averaging
over different interaction configurations, such contributions can manifest as an additional compo-

nent of effective mass.
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Thus, the difference between the "geometric" mass associated with the standing wave am-
plitude and the experimentally observed mass may be due to the contribution of the internal dy-
namics of the wave structure. In particular, this can lead to deviations from simple dependencies
based only on the number of nodes and requires consideration of additional factors (see Section
7.7).

Overall, mass in this model is considered as an integral characteristic of the wave structure,
reflecting both its geometry and internal dynamics, as well as the conditions of interaction with

the surrounding environment.

7.5 Interference of Standing Waves (Particles)

Methodological note: invariance of work and the role of resonance

In classical physics, stable standing waves are usually considered as the result of imposing
boundary conditions in a confined space (e.g., in a resonator).

The proposed model uses a different interpretation. The confinement of the wave structure
is set not by external geometric boundaries, but by the conditions of resonant matching in an en-
ergy-saturated medium.

This means that the stability of a standing wave is determined not by the "presence of
boundaries," but by the possibility of a self-consistent energy distribution at a given interaction
speed.

Within this approach, the concept of invariant work associated with the formation of each
half-wave of a standing structure is introduced. This work is determined by the resonance condi-
tions and is assumed to be the same for all stable elementary configurations.

Such a representation is consistent with the approach outlined in the work "The Birth of

Dimensions" https://zenodo.org/records/19380194, where physical quantities are considered as

different levels of description of a single process, and their interrelation is nonlinear.
In this context:
« the "confinement" of the wave arises as a consequence of resonance,
« and the "work of space" is interpreted as the energy required to form and maintain a
stable wave configuration.
This allows mass, charge, and other characteristics to be considered as derivatives of a

single invariant process of wave structure formation.
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7.5.1 General principles of interaction of wave structures

Within the framework of this model, elementary particles are considered as stable standing
wave configurations (Postulate 2), formed in an energy-saturated medium (Postulate 1) and main-
tained through the resonant matching of their internal parameters (Postulate 3).

Such a wave structure is not a localized point, but represents an extended formation with a
distributed energy density. The stability of this structure is ensured by a balance between the wave
geometry, its dynamics, and the conditions of interaction with the medium.

In contrast to the classical representation of particles as solid objects, interaction in this
model is not reduced to mechanical collision or penetration. Direct superposition of two stable
standing waves without changing their internal structure is difficult, since each of them is a self-
consistent configuration that requires certain conditions for its existence.

The interaction between particles in this case is realized as a process of energy redistribu-
tion in the medium, leading to a change in their wave configurations. This process is determined
by the invariant work associated with the formation and maintenance of standing waves.

The system as a whole tends toward states in which the total work required to maintain the
configuration is minimal. This manifests itself in the form of observable force interactions:

« the approach of systems that leads to a decrease in total work is realized as attraction;

« configurations requiring additional work manifest themselves as repulsion;

« for structures with internal dynamics (e.g., internal energy rotation), the nature of the

interaction may depend on the mutual orientation of their configurations.

Thus, the interaction of particles in this model is not a local act of collision, but a process
of matching wave structures through the medium in which they exist.

This representation is key to understanding the phenomenon of interference, which is con-

sidered further as a special case of such matching under conditions of weakened direct interactions.

7.5.2 Conditions for the emergence of interference

Interference effects do not manifest under just any conditions of interaction of wave struc-
tures, but rather in special regimes where direct force interactions between particles and the me-
dium are weakened or of secondary importance.

Under ordinary conditions, particle interaction is determined by the redistribution of energy
between their wave structures and is accompanied by significant changes in configuration. How-
ever, in situations where the interaction is weak or limited, the resonant properties of the wave

structures themselves come to the fore.
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Such conditions include, in particular:

« the passage of particles through narrow slits;

« interaction with thin boundaries or surfaces;

« rarefied particle fluxes, in which their mutual influence is minimal.

In these cases, the wave structure of the particle is not destroyed, but undergoes defor-
mation due to the boundary conditions of the medium. Slits or obstacles act not as solid barriers in
the classical sense, but as regions that change the conditions of resonant matching.

If the characteristic size of the obstacle becomes comparable to the particle's wavelength,
its wave structure cannot maintain its original configuration and is forced to rearrange in accord-
ance with the new conditions. This leads to the appearance of multiple allowed propagation states
after passing the obstacle.

It is important to note that under these conditions, the behavior of the particle is determined
not by a single trajectory, but by a set of possible configurations, each corresponding to a specific
way of matching the wave structure with the surrounding environment.

Thus, interference arises in those regimes where:

« the wave structure of the particle is preserved during interaction;

« the boundary conditions of the medium significantly affect its configuration;

« the system allows several stable or quasi-stable propagation regimes.

These conditions lay the foundation for the formation of an interference pattern, which is
further considered as a result of the resonant selection of allowed states.

Intuitive interpretation of interaction with a slit

For a visual understanding of the interaction of a particle's wave structure with the bound-
aries of a slit, a simplified analogy can be used.

The particle and the edges of the slit can be imagined as structures with a certain "internal
geometry." When passing through the slit, their interaction resembles the contact of uneven sur-
faces or the interlocking of complex shapes, similar to how elements with a toothed structure in-
teract.

As aresult of such interaction, the wave configuration of the particle changes, leading to a
spread in the directions of its further propagation.

However, this analogy is only illustrative. Unlike mechanical interlocking, the actual pro-
cess is determined by the resonant matching of the particle's wave structure with the environmental

conditions, which leads to the formation of an ordered interference pattern.
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7.5.3 Interference as a result of resonant selection

In the classical description, interference is considered as a result of wave superposition, in
which amplitudes are added taking into account phase relationships.

Within the framework of the proposed model, this phenomenon can be interpreted as a
result of the resonant selection of allowed propagation configurations of a particle's wave structure
in a medium.

After passing through a system of slits, the wave structure of the particle finds itself in
conditions where there is not a single possible mode of further propagation, but many. These
modes differ in phase characteristics and spatial configuration.

However, not all such states are stable. Propagation is primarily realized in those directions
in which the particle's wave structure maintains coherence with the medium, i.e., is in a state of
constructive resonance.

In directions where this coherence is disrupted, the wave structure cannot be maintained
without additional energy expenditure, and the corresponding states are suppressed.

As aresult, an alternating pattern of regions is observed on the screen:

 regions of increased hit density, corresponding to stable resonant configurations (inter-

ference maxima);

« regions of decreased hit density, corresponding to suppressed or mismatched states (in-

terference minima).

Thus, the interference pattern arises not as a result of the superposition of independent
waves, but as a consequence of the selection of stable propagation modes of the particle's wave
structure under conditions defined by the boundary configurations of the medium.

In this case, the intensity distribution coincides with the results obtained within the frame-

work of standard wave description, but receives a different physical interpretation.

7.5.4 Connection with the probabilistic description in quantum mechanics

In quantum mechanics, interference effects are described using the wave function, the
squared modulus of which determines the probability of detecting a particle in a given region of
space.

Within the framework of the proposed model, such a description can be interpreted as an
effective way of accounting for the many possible propagation configurations of a particle's wave
structure.

As shown above, after interacting with boundary conditions (e.g., slits), the particle does
not move along a single trajectory but realizes a set of allowed propagation regimes determined

by the conditions of resonant matching with the medium.
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Each such regime corresponds to a certain probability of realization, depending on the de-
gree of stability of the corresponding configuration.

In this context:

« the wave function can be considered as a mathematical representation of the set of pos-

sible states of the particle's wave structure;

« its squared modulus corresponds to the probability of realization of particular stable

propagation configurations;

« the interference pattern reflects the distribution of these probabilities, determined by the

resonance conditions.

Thus, the probabilistic description is not introduced as a fundamental property of the par-
ticle, but arises as a result of incomplete knowledge about the specific realized configuration of its
wave structure and the conditions of its interaction with the medium.

At the same time, the mathematical apparatus of quantum mechanics remains applicable
and correct, but receives an additional physical interpretation in terms of extended wave structures

and their resonant interaction.

7.5.5 Conclusion

Thus, within the framework of the proposed model, interference effects are considered as
a consequence of the resonant interaction of extended wave structures of particles with the energy
medium and the boundary conditions set by the experimental configuration.

The observed interference pattern reflects the distribution of stable propagation regimes
realized under given conditions and can be described using the standard mathematical apparatus
of quantum mechanics.

The proposed approach does not change the results of calculations, but supplements them
with a physical interpretation in which the behavior of particles is determined by their internal
wave structure and the conditions of its matching with the medium.

Thus, interference receives an intuitive explanation as a special case of the general princi-

ple of resonant interaction of wave configurations.
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7.6 Work as the Basis of Charge: A Geometrical Interpretation

In the previous sections, it has been shown that, within the framework of the proposed
model, elementary particles represent stable standing wave configurations (Postulate 2), formed
in an energy-saturated medium (Postulate 1) and maintained through resonant matching (Postulate
3).

The formation of such a structure requires a redistribution of energy in the medium. This
process can be characterized as the work associated with the creation and maintenance of the wave
configuration.

As noted earlier, stable standing waves can be represented as a set of half-waves. Each such
half-wave corresponds to an elementary act of structure formation and, accordingly, can be asso-
ciated with a certain amount of work.

A key question arises:

Can this work be invariant in nature and be related to fundamental physical quantities,
in particular — to the electric charge?

Within the framework of the proposed model, space is considered not as a passive geomet-
ric arena, but as an active energy-saturated medium in which wave processes occur (Postulate 1).

In this context, the following property is key:

space as a medium does not distinguish between the individual wave processes occur-
ring within it.

In other words, if the formation of a standing wave is considered as a local process of
energy redistribution, then from the point of view of the medium itself:

« there are no "privileged" regions,

« there are no "special" half-waves,

- there are no differences between identical acts of energy localization.

This property can be illustrated by an analogy with pressure in a fluid: in a homogeneous
medium, the pressure on the walls of a spherical volume is the same in all directions, regardless of
the choice of observation point.

Transferring this to the wave model:

each act of formation of an elementary part of a wave structure (a half-wave) must
be accompanied by the same amount of work on the part of the medium.

If this were not the case, then:

« local energy imbalances would arise in the system,

« which would lead to a spontaneous redistribution of energy,

 and, ultimately, to a violation of the stability of the structure.
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Thus, the invariance of work per elementary act of wave formation is not an assumption,
but a consequence of:

« the homogeneity of the medium,

- the absence of distinguished directions,

 and the law of conservation of energy.

7.6.1. Geometric nature of the invariant work of a half-wave

Consider a standing wave as a set of half-waves with characteristic wavelength Ao and am-
plitude Mo describing the energy density distribution.

If we assume that the profile of one half-wave can be approximated by a sinusoidal func-
tion, then the amount of work associated with the formation of one half-wave can be estimated as
an integral over its spatial profile:

Ao/2 i 21X MO ' Ao
S=f Mo-sm(—)dx=
0 A T

Within the framework of this model, this quantity is interpreted as the work W expended
on the formation of one half-wave:
M, 0/10
T Tn

Substituting the expressions for amplitude and wavelength obtained earlier (Section 7.1.3),
we obtain:
W o c™>
or, in numerical form:
W =2c>
The obtained expression for the work per half-wave is not introduced arbitrarily, but fol-
lows from the geometric description of the elementary act of energy localization while preserving
the invariance of work.
The invariance of W is primary, while the dependencies of Mo and Ao are secondary.
It is important to emphasize that in this expression the dependence on the number of nodes
n cancels out, indicating the invariant nature of this quantity within the model.
Thus, regardless of the specific configuration of the standing wave (number of nodes), each
half-wave is formed with the same amount of work.
This property is key: it allows W to be considered as a fundamental characteristic of the

process of wave structure formation, potentially related to observable physical quantities.
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7.6.2 From invariant work to physical charge: the role of symmetry and the bound-

ary of the structure

If we assume that the formation of each half-wave is accompanied by the same amount of
work on the part of the energy medium, a fundamental question arises:

how can this work manifest itself in the external interaction of a particle?

The internal structure of a standing wave has a high degree of symmetry. The half-waves
located inside the particle alternate in sign of energy density and, due to this symmetry, largely
compensate for each other's contribution when considering external interaction. Such internal ele-
ments of the structure participate in the formation of the stability of the configuration but do not
create a directional effect in the external space.

A different situation arises for the boundary region of the wave structure.

The boundary half-wave represents a transition between the localized wave configuration
and the surrounding energy medium. In this region, the full symmetry of the structure is broken,
since one side of the half-wave interacts with the internal part of the particle, while the other in-
teracts directly with the medium.

As aresult, it is precisely the boundary half-wave that becomes the element through which
the invariant work expended on the formation of the structure can manifest itself in external inter-
action.

From this point of view, the electric charge can be interpreted as an effective manifestation
of the invariant work localized at the boundary of the wave structure, where the full symmetry of
the energy distribution is broken.

The sign of the charge is determined by the nature of the boundary transition:

« ifaregion of increased energy density relative to the medium is realized at the boundary,

one sign of charge arises;

« if aregion of decreased density, the opposite sign arises.

Thus, charge in this model is not an independent fundamental quantity, but arises as a con-
sequence of the geometry and boundary conditions of the wave configuration while preserving the

invariant work.
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7.6.3 Directional manifestation of work and the effective magnitude of charge

Let us consider how the invariant work localized on the boundary half-wave manifests
itself during the interaction of two particles.

In the absence of interaction, the wave structure of a particle can, in the first approximation,
be considered as symmetric about its center. The work associated with the formation of the half-
waves is distributed in all directions in space.

However, when two particles interact, the situation changes. In this case, a direction of
interaction is distinguished — the line connecting the centers of their wave structures.

Along this direction, not the entire symmetric structure of work manifests itself, but only
that part of it which is oriented toward the other particle. In other words, during the interaction, it
is not the full spherically symmetric distribution that is realized, but rather its effective directional
component.

This can be interpreted as follows:

« the boundary half-wave forms a distribution of work in all directions;

« 1in the presence of a second particle, a selection of the interaction direction occurs;

« only that part of the distribution that projects onto this direction participates in the ex-

ternal interaction.

Thus, the effective quantity determining the strength of the interaction is associated not
with the total work, but with its directional component.

In the simplest symmetric case, such a directional component can be estimated as a fraction
of the full distribution, which leads to a reduction in the effective value compared to the full geo-
metric quantity.

It is important to emphasize that this reduction is not arbitrary, but reflects a geometric fact:
when transitioning from an isotropic distribution to an interaction along a distinguished direction,
only a part of the complete structure is taken into account.

Taking this into account, a quantity can be introduced that characterizes the effective geo-
metric manifestation of charge, defined as the directional component of the invariant work local-
ized on the boundary half-wave.

This quantity sets the scale of the interaction, but by itself is not yet the observable physical
charge, since the actual interaction also depends on the properties of the medium in which the

perturbation propagates.
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7.6.4 The role of the medium and the physical meaning of the fine-structure con-

stant

In the previous section, it was shown that the invariant work localized on the boundary
half-wave can manifest itself in external interaction as a directional component. This quantity sets
the geometric scale of the interaction, but by itself does not yet determine the observed value of
the electric charge.

The reason for this is that the interaction between particles does not occur in a vacuum, but
in an energy medium that possesses its own properties.

Within the framework of the proposed model, the propagation of the perturbation associ-
ated with the boundary half-wave and its effect on another particle is determined not only by the
geometry of the structure, but also by the characteristics of the medium through which this inter-
action is realized.

From this point of view, a distinction can be introduced between:

« the geometric magnitude of charge, determined by the structure of the wave configu-

ration and the invariant work;

« the observed charge, which characterizes the efficiency of the transfer of this interac-

tion through the medium.

Such a distinction naturally leads to the introduction of a coefficient reflecting the proper-
ties of the medium and its influence on the interaction process.

In this model, this coefficient is identified with the fine-structure constant oo, which can
be interpreted as a characteristic of the efficiency of the realization of the electromagnetic interac-
tion in the energy medium.

Then the observed charge can be represented as:

€ ~ (geom " @

where:

*  {geom 18 the quantity determined by the geometry of the wave structure and the invariant

work;

« a is a coefficient reflecting the properties of the medium and the degree of realization

of the interaction.

In this interpretation, the fine-structure constant ceases to be a purely empirical number
and acquires a physical meaning as a parameter of the medium, determining how effectively the
geometrically given interaction manifests itself at the observable level.

It is important to emphasize that this approach does not require a change in the experimen-

tally established values, but offers a different interpretation of their origin.
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7.6.5 Space as a process and the nature of invariant work

The invariance of work introduced earlier can be understood not only as a consequence of
the geometry of the wave structure, but also as a more general property of the energy medium
itself.

Within the framework of this model, space is considered as a continuous process of energy
redistribution, rather than as a passive geometric stage. Any localized wave structure in this ap-
proach represents a particular case of this general process.

This means that the formation of a standing wave is not a phenomenon external to the
medium, but rather represents a local state of the medium itself, arising under certain conditions
of resonant matching.

From this point of view, the individual elements of a wave structure (half-waves) cannot
have different "costs" of formation. If the energy expended on the formation of individual parts of
the structure differed, this would lead to internal imbalances, causing a redistribution of energy
and the destruction of the stability of the configuration.

Thus, the invariance of work per elementary act of wave structure formation is a conse-
quence of:

- the homogeneity of the energy medium;

« the absence of distinguished directions;

 and the general law of conservation of energy.

In other words, the medium "realizes" all local processes in the same way, because it is
itself a continuous process that does not distinguish between individual acts of energy redistribu-
tion.

In this sense, the invariant work can be considered as a fundamental characteristic of the
interaction of a wave structure with the medium, rather than as a particular property of a specific
particle.

Such an approach makes it possible to connect the geometric description of wave configu-
rations with the general laws of conservation, without introducing additional independent param-

eters.
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7.6.6 Numerical estimate of the effective charge
After introducing the invariant work and its directional manifestation, we can proceed to
estimate the characteristic scale of the electric charge.
Using the previously obtained expression for the invariant work of one half-wave:
W =2c>

and relating it to the characteristic interaction volume of the order

T
V~=c3
6

we obtain the following estimate for the total geometric work density:

w12

Wy e
As discussed above, it is not the full symmetric quantity that manifests itself in external
interaction, but rather its directional component. In the simplest approximation, this yields an ef-

fective geometric quantity:

6

Qgeom ™~ T2

Substituting the numerical value of the speed of light in the SI system, we obtain:

dgeom = 2.125 x 1077

If we further take into account that the observed electromagnetic interaction is realized
through the medium with an efficiency characterized by the coefficient aa, then the observed value
of the charge can be estimated as:

€calc ~ qgeom * &
Using the experimental value

1
“~137.0361

we obtain:
€calc ® 1.551 x 1071°
The experimentally measured value of the elementary charge is:
€exp ~ 1.602 X 1071 K1
Thus, the obtained estimate turns out to be close to the observed value.
It should be emphasized that this agreement is not introduced as an initial assumption, but
arises as a consequence of the chosen geometric interpretation of invariant work and its manifes-

tation through the properties of the medium.
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7.6.7 On the possible nature of the fine-structure constant
In the preceding reasoning, the fine-structure constant o was interpreted as a characteristic
of the efficiency of the realization of the electromagnetic interaction in the energy medium.
However, the question of its fundamental nature remains open.
Within the framework of the proposed model, at least two limiting scenarios are possible:
1. Local interpretation
In this case, a is determined by the properties of the energy medium, which depend
on its state, for example, on the energy density or the gravitational background.
One might then expect that when the conditions of the medium change (e.g., at dif-
ferent scales or in different gravitational potentials), the value of a may exhibit weak
variability.
2. Global interpretation
In this case, a is a characteristic of the very process of energy organization in space
and does not depend on local conditions.
This situation is analogous to the acceleration due to gravity in a uniform field,
where the observed quantity is determined by the global configuration of the medium
and does not depend on specific objects.
The second scenario leads to the fact that any attempts to detect variability of a in local
experiments may yield no result, since possible changes will either be absent or be compensated

by other effects.

7.6.8 Possibilities for experimental verification

Despite this uncertainty, the search for possible variability of a is of interest, as it allows
one to distinguish between the local and global interpretations.

In particular, experiments aimed at revealing the dependence of the electromagnetic inter-
action on external conditions may be considered:

 changes in gravitational potential;

« changes in the density of the medium;

« comparison of different scale levels.

It must be taken into account that most physical systems are formed by the very same in-
teractions that are being tested. This can lead to a partial or complete compensation of the effects,
which significantly complicates their experimental detection.

Thus, the absence of observable variability is not a direct refutation of the model, but

merely indicates the possible global nature of the parameter a.
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7.7 The nature of mass in the wave model and its quantitative estimation

Within the framework of the proposed model, mass is not considered as an initially given
property of matter. It arises as a characteristic of stable wave structures — standing configurations
of energy in an energy-saturated medium (Postulates 1 and 2).

In this context, it is fundamentally important to distinguish between two levels of descrip-
tion:

« structural mass, associated with the amplitude and geometry of the standing wave;

« observable mass, which manifests itself in interactions and experimental measure-

ments.

Structural mass is determined by the energy distribution inside the wave configuration.
Observable mass, in turn, depends on how this structure manifests itself in external interaction,
including features of symmetry, energy density distribution, and internal dynamics.

Despite the fact that a particle in this model represents an extended wave structure, in ex-
periments its mass appears as a quantity concentrated at some effective point — the center of mass.
Within the framework of the model, this can be interpreted as a result of the projection of the
distributed structure onto the interaction level, rather than as an indication of the actual point-like
nature of the object.

Thus, mass in the proposed approach is not a fundamental quantity, but a derived charac-

teristic arising from the geometry, amplitude, and internal dynamics of the wave structure.

7.7.1 Mass as a characteristic of the wave configuration and invariance of work

As shown earlier, the basic amplitude of the longitudinal wave Mo characterizes the level
of local energy densification in the particle's structure.

Within the framework of this model, the amplitude is not an independent quantity but is
related to the characteristic spatial scale of the wave structure Ao. This relationship is determined
by the invariance of the work performed by the energy medium during the formation of each half-

wave:
MoA
W = —0fo
T

where W is an invariant quantity that does not depend on the number of nodes or the spe-
cific configuration of the standing wave.

This relationship reflects the fundamental interconnection between energy localization
(amplitude) and its spatial distribution (wavelength). In other words, an increase in the degree of
energy localization (increase in amplitude) is accompanied by a decrease in the characteristic size

of the structure, and vice versa.
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Thus, mass within the model cannot be considered as an independent parameter. It is de-
termined through the amplitude of the wave configuration, which, in turn, is related to its geometry
and scale.

This has an important consequence: when the conditions of a particle's existence change
— for example, during its motion or interaction — its wave structure may change. However, the
invariant work W is preserved, leading to a redistribution between amplitude and spatial scale.

Such a redistribution can be interpreted as a change in observable mass while preserving
the fundamental energy characteristic of the structure. In particular, this provides a possibility to
qualitatively explain relativistic effects as a consequence of the change in the wave structure con-
figuration, rather than as a change in an "internal" property of the particle.

Thus, mass in this model appears as a manifestation of a specific state of the wave config-
uration, determined by the balance between amplitude and spatial scale while preserving the in-

variant work.

7.7.2 Mass of the electron (n=2)

The electron, corresponding to the configuration with n=2, represents one of the simplest
and most symmetric stable wave structures within the framework of the model.

Its internal configuration is characterized by the presence of a central region of energy
densification, which determines the main amplitude of the standing wave Mo. Peripheral elements
of the structure are either absent or do not contribute significantly to the observable mass.

Due to the high degree of symmetry and energy localization, the contribution of the elec-
tron's wave structure to the observable mass manifests itself almost completely. In this case, there
is no need to introduce additional correction factors related to energy redistribution or the geometry
of the structure.

Thus, the observed mass of the electron can be directly identified with the basic amplitude
of its wave configuration:

me =M, (n=2)

An important clarification should be made regarding the units used.

Within the framework of this work, the main relationships are derived in dimensionless
form, where physical quantities are expressed through numerical values of fundamental parame-
ters (in particular, the speed of light c). This approach reflects the postulate on the parametric
nature of physical quantities and allows one to focus on their internal interrelation.

When transitioning to numerical estimates, the SI system of units is used, in which the

speed of light has the dimension m/s. In this case, the expressions for amplitude automatically
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acquire the dimension of mass, and the resulting values can be compared with experimental data
in kilograms.

Thus, the obtained numerical values of mass should be considered as the result of the tran-
sition from the dimensionless description of the model to the specific system of units used in ex-
perimental physics.

Substituting the value n=2 into the expression for the basic amplitude, we obtain:

My =~ 9.144 x 10731 kr

The experimentally measured mass of the electron is:

m3¢m ~ 9,109 x 10731 kr

Thus, the calculated value turns out to be close to the experimental one, which can be con-
sidered as an important confirmation that in the case of the electron, the mass is indeed determined
by the basic amplitude of the standing wave without the need to introduce additional structural

corrections.

7.7.3. Calculation of Proton Mass (n=4)

The proton, corresponding to the configuration with n=4, represents a more complex wave
structure compared to the electron. Its configuration includes not only a central region of energy
densification but also additional peripheral regions that form a spatially distributed structure.

The central region, as in the case of the electron, sets the basic amplitude Mo and makes
the main contribution to the structural mass of the particle.

Unlike the electron, the proton possesses additional regions of increased energy density,
located symmetrically with respect to the center. These regions are distributed elements of the
structure, whose contribution to the observed mass is determined not only by their amplitude but
also by the nature of their spatial arrangement and symmetry.

Since the peripheral regions are distributed relative to the center, their contribution to the
external interaction manifests itself effectively rather than fully. Taking into account the symmetry
of the structure and the energy distribution, the total contribution of these regions can be estimated
as a fraction of their full amplitude.

As a result, the observed mass of the proton can be represented as:

2
my, ngO

where Mo is the basic amplitude for the corresponding wave configuration.
Substituting the numerical value, we obtain:
Mo(n = 4) ~ 1.078 X 10727 kr
m§*e ~ 1.617 x 10727 kr
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The experimentally measured mass of the proton is:

my? ~ 1.673 x 1077 kr

Thus, the calculated value turns out to be close to the experimental one, which indicates
the correctness of taking into account both the central and distributed structure of the proton within
the framework of the proposed model.

Attention should be paid to an interesting correspondence that arises when comparing the
obtained coefficient with the results of the analysis of the proton's internal structure.

In previous sections (7.3.7), it was shown that when considering the cross-section of the
proton as a system of concentric regions with different energy densities, the relative probabilities
of a probe interacting with these regions naturally lead to fractions close to 2/3 and 1/3, which are
interpreted as effective quark contributions.

In this section, the proton mass is expressed through the coefficient 3/2, which reflects the
total contribution of the central and peripheral structure.

These results can be considered as two different manifestations of the same geometric or-
ganization of the wave structure:

« in the analysis of interactions (deep inelastic scattering), the distribution over the cross-

sectional area manifests itself;

« in the determination of mass, the integral contribution of the entire structure, taking into

account its symmetry and spatial distribution, manifests itself.

From this point of view, the coefficients 3/2 and 2/3 are not independent, but reflect differ-

ent ways of "projecting" one and the same internal structure onto observable physical quantities.

7.7.4 Mass of the neutron (n=3) and the role of internal rotation

The neutron, corresponding to the configuration with n=3, differs fundamentally from the
electron and the proton in that it possesses internal rotation of energy. This is due to the odd number
of nodes and leads to an asymmetry of the wave structure.

Unlike the proton, where the structure is overall symmetric, the neutron is characterized by
a more complex energy density distribution, in which the central and peripheral regions do not
contribute equally to the external manifestation.

If only the geometry of the standing wave is considered, without taking into account the

rotational dynamics, the structural mass contribution can be estimated as:

3
Mgtryct ~ EMO (n=3)
where Mo is the basic amplitude for this configuration.
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However, the experimentally measured mass of the neutron significantly exceeds this
value. Within the framework of the proposed model, this indicates the presence of an additional
contribution associated with the internal rotation of energy.

Internal rotation does not lead to an increase in local amplitude, but creates an additional
dynamic component of energy that manifests itself in mass measurements. In other words, part of
the neutron's energy is "hidden" not in the static configuration but in its internal motion.

To account for this effect, a coefficient can be introduced that characterizes the transition
from structural mass to observable mass:

My ~ Mgtryet * K

where k reflects the contribution of internal dynamics.

At the current stage, the model does not allow a rigorous derivation of the value of the
coefficient k. Its precise determination requires further development of the theory, in particular a
more detailed description of the mechanisms of internal energy rotation and its contribution to the
observed mass.

Nevertheless, within the framework of the proposed model, the coefficient k can be inter-
preted as a parameter of the transition from a structural regime to a dynamic regime of manifesta-
tion of the wave configuration.

In the structural regime, mass is determined mainly by the geometry of the standing wave
and the distribution of its half-waves. However, in the presence of internal rotation, the system
ceases to be purely static: part of the energy begins to manifest itself as an internal excitation of
the structure.

From this point of view, the neutron should be considered not simply as an asymmetric
standing wave, but as a standing wave that is in an additional regime of dynamic excitation. The
coefficient k then reflects how strongly this internal excitation changes the observed manifestation
of mass compared to a purely geometric configuration.

Since a characteristic scale factor

1/5

k = (%) ~ 343343

was already introduced earlier in the model (Section 7.1.3), it is natural to assume that this
same parameter may characterize the transition between two adjacent regimes of existence of a
wave structure: from a statically organized configuration to a configuration with internal dynam-
ics.
In this approximation, the observed mass of the neutron can be written as
My ~ Mgeryet * K
where k acts as an excitation coefficient, rather than merely an external correction factor.
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Numerically we obtain:

My(n = 3) =~ 3.142 X 1072 kr
3 -29
mstruct = EMO ~ 4’.713 X 10 Kr

mélc ~ 1.618 x 10727 kr

The experimentally measured mass of the neutron is:

my P ~ 1.675 x 10727 kr

Thus, the observed mass can be interpreted as the sum of the structural contribution and
the additional energy of internal rotation.

The coefficient k can be interpreted as a parameter of the transition between two regimes
of existence of a wave structure: static (geometric) and dynamically excited. In this sense, it re-
flects not an external correction, but a change in the way mass manifests itself when internal energy
rotation arises.

It should be emphasized that the exact nature of the coefficient k requires further analysis.
It can be expected that this coefficient reflects the way in which the invariant work is redistributed

between the structural and dynamic components of the wave configuration.

7.7.5 Features of the neutrino mass (n=1)

The neutrino, corresponding to the configuration with n=1, represents a limiting case
among the particles under consideration. Its wave structure is characterized by the greatest extent
and minimal amplitude.

Within the framework of the model, this means that the neutrino's energy is distributed
over a substantially larger spatial scale compared to other particles. Unlike the electron, proton,
and neutron, where a significant part of the energy is localized in a relatively compact region, in
the neutrino this energy is "smeared" over space.

If only the basic amplitude is considered, the minimum mass estimate is given by:

M, ~ 2mc™*
which yields a value on the order of:
Mpyoq ~ 10732 kg

However, experimental estimates of the neutrino mass are significantly lower and lie in the
range:

my? < 1073%-1073" kg
Within the framework of the proposed model, this discrepancy can be explained by a dif-

ference in scales.
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The measurement of the neutrino mass is carried out in processes involving more localized
structures — for example, nucleons. These structures set the characteristic interaction scale. As a
result, the extended wave configuration of the neutrino is "projected" onto a substantially smaller
scale corresponding to the sizes of other particles.

Such a mismatch of scales leads to the fact that the observed mass appears reduced com-
pared to the model estimate. In other words, energy distributed over a large spatial interval is
perceived as a smaller local quantity when measured.

Estimatively, this can be expressed as:

m Myyod
obs )\V /}\p

where Av is the characteristic scale of the neutrino, and Ap is the scale of the nucleon struc-
ture.
Substituting the corresponding values yields a quantity consistent with experimental con-
straints:
A, = 9,71 x 10711
Ap = 2,4 X 10715

Mmoa 2,664 X 10732

An 4,048 x 104
AP

~ 6,581 x 10737

Mops =

Thus, the small observed mass of the neutrino can be interpreted not as an absence of en-
ergy, but as a consequence of its distribution over a large scale.
This is consistent with the general idea of the model, according to which mass is determined

not only by amplitude but also by the degree of localization of energy in space.

7.7.6 Antimatter and features of gravitational manifestation

Within the framework of the proposed model, antimatter can be considered as a wave struc-
ture possessing a configuration opposite in sign of the energy density distribution relative to ordi-
nary matter.

If for particles of matter a central region of increased energy density, which forms an at-
tractive gravitational manifestation, is characteristic, then for antimatter one can assume the oppo-
site configuration, in which the central region corresponds to a decreased density.

From this point of view, gravitational behavior may depend not only on the total energy of
the system, but also on the nature of its spatial distribution.

This allows for the possibility that antimatter may exhibit differences in gravitational in-

teraction related to the features of its internal wave structure.
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It should be emphasized that to date, experimental data do not provide unambiguous con-
firmation of differences in the gravitational behavior of matter and antimatter. Existing experi-
ments indicate the similarity of their behavior in a gravitational field, but the accuracy of these
measurements remains limited.

Within the framework of this model, this may mean that:

- either differences are indeed absent and gravity is determined only by the total energy

of the system;

« or possible differences lie at a level not exceeding the current sensitivity of experiments;

« or they manifest only in certain regimes related to the internal dynamics of the structure.

From this point of view, the question of the gravitational behavior of antimatter remains
open.

At the same time, the proposed interpretation allows a fresh look at the problem of the
baryon asymmetry of the Universe.

If matter and antimatter have differences in the way they interact with the energy medium,
this may lead not to a violation of the law of energy conservation, but to different scenarios of their
spatial distribution and evolution.

In particular, a situation is possible in which antimatter does not disappear, but manifests
itself in regimes or scales different from the observed baryonic matter.

Thus, the observed asymmetry may be related not to a violation of fundamental laws, but
to the features of the manifestation of wave structures at different levels of description.

The role of the medium and the global energy distribution

Within the framework of the proposed model, the birth of a particle and an antiparticle is
considered as a symmetric process of the formation of two wave structures with opposite config-
urations of energy distribution.

Such a pair as a whole does not create a directed perturbation of the energy medium: their
contribution is mutually compensated at the level of the global energy distribution. In this sense,
a particle—antiparticle system can be considered as a locally balanced configuration.

It is important to emphasize that the interaction between a particle and an antiparticle upon
their approach is preserved and can lead to annihilation. However, at the level of their influence
on the medium on large scales, their joint presence does not define a distinguished direction of
change.

In contrast, matter possesses the ability for collective ordering — the formation of stable
structures (atoms, stars, galaxies). Such ordering leads to a local change in the energy distribution

of the medium.
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Within the model, this can be interpreted as follows: it is not matter that directly "influ-
ences" antimatter, but rather the change introduced by matter into the energy medium affects all
wave structures, including antimatter.

In other words, the interaction is realized not directly, but through a change in the properties
of the medium.

From this point of view, the behavior of antimatter is determined not so much by local
objects as by the global state of the energy medium. This makes its behavior sensitive to the inte-
gral characteristics of the system, rather than only to individual sources.

This picture, in its logic, is close to the interpretation of gravity as a manifestation of the
global energy distribution, where the observed effects are determined not by individual bodies but
by the entire configuration of the medium.

As a result, the direction and nature of the motion of antimatter may in general depend on
the collective state of the medium and cannot be reduced to a simple interaction with a single
macro-object.

Fractal interpretation of matter and antimatter

Within the framework of the fractal representation of the energy medium, an additional
interpretation of the role of matter and antimatter can be proposed.

If the structure of space possesses a hierarchy of scale levels, then stable wave configura-
tions can be considered as elements that ensure the redistribution of energy between these levels.

From this point of view, matter can be interpreted as a configuration aimed at localizing
energy and its transition to smaller scales. As energy accumulates in the wave structure, the system
reaches a threshold state at which a quantum transition to the next, deeper fractal level is possible.

Antimatter, in turn, can be considered as a configuration of the opposite type, associated
with the redistribution of energy in the opposite direction — from deeper levels to larger scales.

In such an interpretation, matter and antimatter represent two complementary mechanisms
of energy exchange between levels of the fractal structure. Their pair production reflects the need
to maintain a balance of this exchange.

This allows the observed baryon asymmetry to be considered not as a violation of funda-
mental laws, but as a manifestation of the non-uniformity of the distribution of energy flows be-
tween scale levels, in which different regimes can dominate in different regions or at different
stages of the system's evolution.

It should be emphasized that this interpretation is qualitative in nature and requires further

development to obtain quantitative predictions.
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7.7.7 Mass of extended systems and the role of internal dynamics

In the case of extended objects, such as galaxies, the measurement of mass is carried out
by indirect methods — based on the dynamics of motion of their constituent objects (stars, gas)
and on the gravitational influence on the surrounding environment.

Such estimates rely on observations of rotation velocities and matter distribution and are
typically interpreted within the framework of gravitational interaction, assuming the presence of
some effective mass of the system.

However, within the framework of the proposed model, an important clarification arises.

The observed mass of an extended system is determined not only by the localized mass of
its constituents, but also by the complete energy configuration, including:

« the energy density distribution;

« the collective dynamics of the system,;

- internal rotational and vortex processes.

This means that the observed mass may include a contribution associated with the internal
motion of energy, similarly to what was shown for the neutron.

In particular, the rotation of a galaxy and the associated energy flows can create an addi-
tional contribution to the gravitational manifestation of the system, which, under the standard in-
terpretation, is accounted for as "additional mass."

From this point of view, the difference between the "visible" mass of matter and the "dy-
namic" mass determined from rotation may be related not only to the presence of an unknown
form of matter, but also to the features of the distribution and motion of energy within the system.

Thus, the observed effects traditionally interpreted as manifestations of dark matter may,
within the framework of this model, be considered as a consequence of the internal dynamics of
the wave structure of the system at a given scale level.

It should be emphasized that this interpretation does not exclude the existence of additional
forms of matter, but shows that part of the observed effects can be explained without introducing

them.

7.7.8 The role of energy density distribution in the formation of mass

Within the framework of the proposed model, the observed mass is determined by the en-
ergy density distribution in the wave structure of a particle or system.

Regions of increased energy density, where energy localization and concentration occur,
play a key role. It is precisely such regions that form the main contribution to the gravitational

manifestation.
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Regions of decreased energy density, on the contrary, do not create an independent contri-
bution to mass. However, they influence the geometry of the entire structure, altering the spatial
distribution of energy.

In other words:

« regions of increased density form an active contribution to mass;

« regions of decreased density affect the distribution and configuration, but do not create

"negative mass."

From this point of view, the observed mass is determined not only by the magnitude of the
amplitude, but also by how the energy is distributed in space.

In particular, the presence of regions of decreased density can lead to a "smearing" of en-
ergy and a reduction in its effective localization, which affects the observed value of mass.

This approach is consistent with the general idea of the model, in which mass is a charac-
teristic of the wave configuration, not a fundamental quantity.

It should be noted that within the framework of general relativity, the gravitational field is
determined by the energy-momentum tensor, which takes into account the entire energy configu-
ration of the system. The proposed interpretation does not contradict this approach, but clarifies
that the contribution of different regions may manifest itself differently depending on their struc-
ture and distribution.

Connection with the phenomenon of dark energy

The considered principle of energy density distribution admits a broader interpretation that
goes beyond individual particles or local systems.

If energy localization (the formation of regions of increased density) leads to the formation
of mass and gravitational attraction, then the reverse process — the redistribution of energy with
a decrease in local density — can manifest itself as a tendency to increase the characteristic dis-
tances in the system.

From this point of view, the processes of energy concentration and its "smearing" can be
considered as complementary mechanisms ensuring the dynamic equilibrium of the energy me-
dium.

On the scale of the Universe, this allows the observed accelerated expansion to be inter-
preted as a manifestation of a global redistribution of energy, opposite to the processes of gravita-
tional localization.

In this approach, dark energy can be considered not as a separate entity, but as an effective
manifestation of processes of decreasing energy density and the corresponding change in the ge-

ometry of space on large scales.
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It should be emphasized that this interpretation is qualitative in nature and requires further

development to obtain quantitative predictions and comparison with observational data.

7.7.9 Conclusion of the section

The consideration of mass within the framework of the wave model shows that it is not a
fundamental quantity, but arises as a result of the organization of energy in space.

Depending on the structure of the wave configuration and the nature of its dynamics, mass
can manifest itself in different ways:

« in the simplest cases (electron) — as a direct characteristic of the amplitude;

« in the presence of spatial structure (proton) — as a result of the geometric distribution

of energy;

« in the presence of internal dynamics (neutron) — as the sum of structural and dynamic

contributions;

- at large scales (neutrino) — as a quantity depending on the degree of energy localiza-

tion;

 inextended systems (galaxies) — as an integral effect that includes collective dynamics.

Thus, mass in this model is determined not only by the amount of energy, but also by the
way it is distributed and moves.

A key role is played by the invariance of work, which links the amplitude and spatial scale
of the wave structure. This leads to the fact that a change in the conditions of existence of the
system is accompanied not by a change in "internal" properties, but by a redistribution of energy
within the structure.

This approach allows various physical phenomena — from elementary particles to cosmo-
logical effects — to be considered within the framework of a single principle based on the dynam-
ics of energy distribution in space.

In particular, processes of energy localization manifest themselves as mass and gravity,
while processes of its redistribution and decrease in density can lead to effects interpreted as the
expansion of space.

Thus, mass, gravity, and cosmological effects can be considered as different manifestations

of a single mechanism associated with the organization of energy in an energy-saturated medium.
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8 Fractality of the Structure of the Universe

In the previous sections, a model of elementary particles was considered as stable standing
wave configurations in an energy-saturated medium. The obtained relations connect the geometric
characteristics of these structures with their energetic parameters and allow observable physical
quantities to be interpreted as manifestations of internal wave dynamics.

However, this description applies to a fixed scale level and does not address the question
of the interrelation between different levels of matter organization. Within the proposed approach,
this issue is fundamental, since the model itself is based on the assumption of the fractal nature of
physical processes.

In this chapter, the model is extended to the case of scale transitions, in which not only the
observable parameters of systems change, but also the nature of their effective description.

Methodological foundation

The considered approach relies on the results presented in the work “The Emergence of

Dimensions and the Perception of Fractality” (https://zenodo.org/records/19688973), where phys-

ical quantities are interpreted as derived characteristics of a unified wave process.

Within this interpretation:

+ space, time, mass, and energy are not independent fundamental entities;

 they emerge as different levels of description of a process associated with the repetition

and scaling of wave structures;

« the relationships between them are nonlinear and may be described through power-law

dependencies.

A consequence of this approach is the rejection of treating dimensions as primary charac-
teristics. In this chapter, as in the previous sections, a dimensionless representation of quantities is
used, in which the physical meaning of relations is determined not by their dimensionality, but by
the structure of their interconnections.

This does not imply abandoning the standard system of units, but indicates that it is deriv-
ative with respect to a more fundamental level of description.

Scale as a parameter of description

A key statement is that the physical parameters of a system (characteristic size, mass, fre-
quency, and other quantities) are considered as parameters of the level of description rather than
absolute properties of the object.

At a fixed level of observation, these parameters are invariant and define the observed
physical picture. However, when transitioning to another scale level, they undergo transformations
associated with changes in the nature of wave dynamics.

Thus, a distinction is introduced between:
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« intra-level description, within which standard physical laws are preserved;

« and inter-level transitions, in which the very parameters defining these laws are altered.

Limitation of interaction transfer

In the previous sections, it was shown that the existence of stable wave structures requires
a finite time for the coordination of their parts. This leads to a limitation on the speed of interaction
propagation within the structure.

At this level of description, this limitation corresponds to the speed of light ¢, which is
interpreted as the maximum speed of disturbance propagation in the medium.

It is important to emphasize that within the proposed model, this quantity is not treated as
a universal absolute constant, but as a characteristic of a specific regime of wave-process synchro-
nization.

In other words, the speed of light defines the boundary of stable interaction within a given
scale level.

Transition to inter-level description

If a system is considered within a single level, the limitation on interaction speed leads to
standard physical consequences, including causality and a finite signal propagation speed.

However, when transitioning between levels of description, the situation changes funda-
mentally. The following are modified:

« characteristic process frequencies,

« conditions of resonant synchronization,

 and effective parameters of the medium.

As a result, the limiting characteristics of interactions, including their propagation speed,
may also change.

Therefore, the concept of a “limiting speed” loses its universal character and should be
regarded as a parameter dependent on the level of description.

This statement is fundamental for further analysis and will be examined in detail in the

subsequent subsections.

8.1 Scale Transition as a Transformation of System Parameters

The distinction introduced earlier between intra-level description and inter-level transitions
requires formalization that allows one to describe how system parameters change under a shift of
scale.

Within the framework of the considered model, it is assumed that the same physical process

may have different effective descriptions depending on the level of observation. At the same time,

78



a transition between levels does not imply a change in the physical essence itself, but rather reflects
a change in the mode of its representation.

Let the state of a system at the level of description n be defined by a set of effective param-
eters:

P, = {L,,vpn, My, ... }

where:

« L, is the characteristic spatial scale,

+ 'V is the characteristic frequency of the process,

« M, is the effective mass,

« and other parameters determine the observable dynamics.

The transition between levels of description n—n+1 can be formally represented as a trans-
formation:

Pot1 =F(Py)

where the operator F reflects the change in the scale of description.

Self-similarity property

The key assumption is that the operator F possesses the property of self-similarity, meaning
that its functional form is preserved across transitions between levels.

This implies that the structure of relationships between parameters remains invariant,
while the parameter values themselves change.

In particular, one may expect that the transition between levels is accompanied by a scaling
transformation of the form:

Ln Vn

Lpt1 ~ ?'Vn+1 ~ k

where k is a characteristic scaling factor.

Such a relation reflects the natural connection between spatial and frequency scales: a de-
crease in characteristic size is accompanied by an increase in the frequency of the process.

Connection with the previously introduced model

The relations obtained in Section 7 for standing waves already demonstrate a similar de-
pendence: an increase in the number of nodes leads to a decrease in the characteristic size and an
increase in the energy-related parameter.

Thus, the model of elementary particles can be regarded as a particular case of a more

general principle of scale transformation of parameters.
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8.2 Constraint of Coherence and Characteristic Interaction Time

For any wave structure, the condition of coherence between its different parts is fundamen-
tal. This condition is determined by the time required for interaction to propagate within the sys-
tem.

If the characteristic coherence time is denoted as At,,, then for a structure of size L,,, the
following estimate holds:

L, ~ c,At,

where ¢, is the effective speed of interaction propagation at level n.

This relation reflects the fact that interactions cannot propagate instantaneously, and the
existence of a stable structure requires a finite time for information exchange between its parts.

Two-component structure of the process

As noted earlier, a wave process may be regarded as consisting of two interrelated compo-
nents:

- aspatial component (associated with the extent of the structure),

« and an energetic component (associated with energy density and frequency).

Within a simplified representation, this leads to a constraint of the form:

¢z =uZ +v?

where u2 and v2 characterize the contributions of different aspects of the wave process.

This relation should not be interpreted as a decomposition of velocity in the usual kinematic
sense, but rather as a geometric expression of the balance between components that define the
structure of the wave.

Physical meaning of the constraint

In this context, the quantity c,, defines the maximum speed at which coherence of the struc-
ture can be maintained at a given level.

If the size of the system exceeds the value corresponding to this constraint, its different
parts cease to interact effectively, leading either to a loss of structural stability or to a transition
into a different regime.

Thus, the limitation on the speed of interaction propagation is not an external postulate, but

a consequence of the internal coherence of the wave process.
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8.3 Interpretation of the Limiting Speed and Its Scale Dependence

In the previous section, the relation

L, ~ c Aty

was introduced, where the quantity ¢, characterizes the limiting speed of interaction prop-
agation at level n.

In the traditional approach, the speed of light is treated as a universal constant, identical for
all processes. However, within the framework of the proposed model, such an interpretation re-
quires refinement.

Limiting speed as a characteristic of the coherence regime

In the present approach, the quantity c,, is defined not as an abstract geometric property of
space, but as a parameter that determines the conditions of coherence for wave processes in the
medium.

This implies that:

¢y characterizes the maximum speed of interaction transfer within stable structures at a

given level;

« it is determined by the properties of the medium and the frequency characteristics of the

processes;

« and therefore represents a parameter of effective description rather than an absolute uni-

versal quantity.

Thus, the speed of light ccc, as observed experimentally, corresponds to the value c, for
the level associated with baryonic matter and electromagnetic interactions.

Scale dependence of the limiting speed

When considering a transition between levels n—n+1, as shown earlier, the following
quantities change:

« characteristic sizes L,

 frequencies v,

« and the structure of interactions.

Since the quantity c, is defined through the relationship between these parameters, it may
also change under a scale transition.

In the simplest form, this can be expressed as:

Cht+1 = ACy

where a is a coefficient determined by changes in the properties of the medium and the
structure of the wave process.

It is important to emphasize that this coefficient is not introduced arbitrarily, but reflects

the change in coherence conditions when transitioning to another level of description.
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Invariance within a level

Despite possible scale dependence, within a fixed level n, the quantity c, remains invariant.
This means that:

« all local physical processes are governed by the same limiting constraint;

« standard effects associated with finite interaction propagation speed are preserved;
 and known relations, including relativistic ones, remain valid.

Thus, the proposed interpretation does not contradict the observed physical laws at a given

level, but rather refines the domain of their applicability.

8.4 Inter-Level Transitions and Changes in Interaction Conditions

Let us now examine in more detail what occurs during transitions between levels of de-
scription.

As shown earlier, a scale transition is accompanied by changes in the system parameters:

Ly = Ln+1,Vn = Vnt1,Cn = Cnya

However, this transition is not a simple rescaling within the same geometry. Rather, it re-
flects a change in the interaction regime of wave structures.

Change in frequency regime

Within the model, the transition to the next level is associated with a change in the charac-
teristic frequency of the process:

Vn+1 ~ Kvp

This implies that the system’s dynamics accelerate or decelerate depending on the direction
of the transition.

Since the conditions of coherence are determined by the relationship between frequency
and interaction time, a change in frequency leads to a transformation of the entire dynamical struc-
ture.

Change in the effective medium

A transition between levels may be interpreted as a change in the effective properties of
the medium in which interactions propagate.

This includes:

« achange in energy density,

« achange in the geometry of wave-process distribution,

« and a change in the conditions of resonant coherence.

As a result, the quantity c,, which determines the limiting interaction speed, also changes.

Absence of universal comparison of speeds
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An important consequence follows from the above considerations: comparing speeds as-
sociated with different levels of description within a single common scale is not meaningful.

In other words, the quantities ¢, and Cy+1:

« are not required to coincide,

« and are not required to obey a single universal constraint.

This is because they correspond to different interaction regimes, each defined by its own

set of parameters.

8.5 Preparation for the Analysis of Limiting Regimes

The results obtained allow us to draw the following conclusion.

The limiting speed of interaction propagation:

« is a fundamental characteristic within a fixed level;

« but does not possess a universal character when considering the full hierarchy of levels.

This implies that situations are possible in which processes associated with different levels,
when compared, may exhibit effective speeds exceeding the value of ccc observed at a given level.

At the same time, such effects do not require a violation of the internal consistency of
physics at each level, but arise as a consequence of differences in the regimes of description.

This issue requires a more detailed analysis, which will be presented in the following sub-

section.

8.6 Possibility of Regimes Formally Exceeding the Speed of Light

In the previous sections, it was shown that the limiting speed of interaction propagation c,
is a characteristic of a specific scale level and is determined by the coherence conditions of wave
processes in the medium.

It follows that the value c,, observed within a given level, is not required to remain un-
changed when transitioning to other levels of description.

Constraint within a level and its interpretation

Within a fixed level, the limiting speed cx:

+ defines the maximum speed of interaction transfer;

« sets the boundary of causally connected description;

« ensures the coherence of wave structures.

Violation of this constraint within a single level leads to the breakdown of stable configu-
rations and therefore does not occur in observable physical processes.

Thus, within one level, the quantity ¢, indeed acts as a fundamental limit.
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Comparison of different levels
A different situation arises when considering processes belonging to different scale levels.
Let there be two levels of description, n and n+1, for which:
Cn+1 # Cp
Then, the velocity expressed in the units of level n for a process occurring at level n+1 may
be written as:

Cn+1

Veff = Ch = Cp+41

n

If cot1> cn, then from the perspective of an observer at level nnn, such a velocity would
appear to exceed the limiting value c..

It is important to emphasize that:

« atlevel n+1, this value is not superliminal;

« it corresponds to its own limit cy+1;

« and it does not lead to a violation of internal consistency of processes.

Physical meaning of the observed excess

Thus, a formal excess of the speed of light arises not as a result of accelerating an object
within a given level, but as a consequence of comparing processes belonging to different levels of
description.

This distinction is fundamental.

In the first case (acceleration within a level), exceeding c, is impossible, as it violates co-
herence conditions.

In the second case (inter-level comparison), one is comparing quantities that belong to dif-
ferent interaction regimes, which does not require adherence to the same limiting constraint.

Connection with the informational description

From the standpoint of information transfer, this implies the following.

Within a single level:

 information propagates no faster than c,;

« causal structure is preserved;

« standard physical constraints are satisfied.

However, when considering processes associated with different levels:

- the observed “velocity” may exceed c;

« while information transfer within each level remains limited;

« and causality is not violated, since it is defined by the interaction structure at the corre-

sponding level.
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Interpretation within the model

Within the proposed framework, this means that:

- the speed of light is not a universal limit for all possible processes;

« it defines a boundary only for a fixed scale level;

« and observed deviations from this limit may indicate the involvement of other dynam-

ical levels.

Thus, the existence of regimes is allowed which, when interpreted within a single level of

description, appear superluminal, but in reality correspond to the normal dynamics of another

level.

8.7 Interpretation of Inter-Level Effects in Terms of Observation and Resonance

In the previous section, it was shown that a formal excess of the speed of light may arise
when comparing processes belonging to different scale levels.

For a correct interpretation of such effects, it is necessary to clarify how observation and
interaction between levels are realized.

Limited nature of observation

As noted earlier, the observed physical picture is determined not only by the internal dy-
namics of a system, but also by the nature of the interaction through which observation is per-
formed.

Within a fixed level:

- only a portion of the total information about the system is accessible;

« only those parameters that can be transmitted through available interactions are ob-

served;

« the internal structure of deeper levels may be inaccessible to direct measurement.

This leads to the fact that processes belonging to different levels may have different repre-
sentations in the observed picture.

Resonance as a mechanism of inter-level coupling

Since interactions in the model are interpreted as a result of resonant coherence, the con-
nection between levels must also be of a resonant nature.

This implies that:

« interaction is possible only under matching of frequency characteristics;

« direct exchange between arbitrary levels is difficult or impossible;

« observable effects arise under conditions of partial coherence.

In this sense, inter-level interaction is not universal, but is determined by resonance condi-

tions.
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Effective manifestation of inter-level processes

If a process occurring at level n+1 interacts with a system at level n, the observed picture
may include:

« distortions of temporal characteristics,

« changes in the perceived speed of processes,

« the appearance of correlations that do not fit within a local description.

Such effects may be interpreted as:

« ‘“accelerated” processes,

 and, in the limiting case, as formally superluminal.

It is important to emphasize that these manifestations are not a direct transfer of dynamics
between levels, but rather a projection onto the limited space of observation.

Projection and loss of information

In accordance with the approach outlined in the work on the emergence of dimensions,
observation may be regarded as a projection of a more complex process onto a limited number of
coordinates.

Under such a projection:

« part of the information is lost,

- different states may become indistinguishable,

- and effective simplified laws emerge.

In particular, a process with a higher “coherence speed” at another level may, under pro-
jection, appear instantaneous or superluminal.

However, this is a consequence of reduction in description, not a violation of fundamental
constraints.

Connection with the concept of causality

Within the framework of the model, causality is defined by the structure of interactions
within a given level.

Since within each level the limitation on the speed of information transfer is preserved,
causal structure is not violated.

Observed “anomalous” effects arise from the comparison of different levels and do not lead

to contradictions if the distinction between regimes of description is properly taken into account.

8.8 Fractal Scaling of Energy and Fundamental Physical Parameters
Within the framework of the proposed model, the observable picture of the Universe arises
due to the phenomenon of resonance. This phenomenon is closely related to the concept of energy

and the rate of its transfer and propagation. The latter parameter varies depending on the value of
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the base frequency under consideration, which is in resonance with the overall system. At the same
time, the concept of energy within such a system remains an invariant means of interaction be-
tween levels. It characterizes the system’s capacity to produce changes, acting as a form of stored
potential to perform work.

All of this collectively ensures the validity of the law of conservation of energy. At the
same time, the rate of interaction, i.e., the rate of energy transfer, changes depending on the vari-
ation of the resonant frequency. Frequency itself, in the simplest case, may vary linearly. Given
that in this model the notion of a physical medium is absent, and its only defining property is the
condition of resonance—ensuring lossless energy transfer—it is reasonable to assume that the rate
of energy transfer must change according to the same principle as frequency, i.e., linearly in the
simplest case. Thus, a change in frequency by a factor of n should lead to a proportional change
in the rate of energy exchange by the same factor.

At the same time, the concept of phase must be taken into account. The phases of oscilla-
tions determine the regimes of energy exchange. It is precisely the phase that governs the discrete
transfer of energy between dimensions. Returning to the construction of the mathematical model,
it is the phase that determines the number of observable stable particles of baryonic matter and
antimatter in the Universe we observe.

All subsequent considerations will focus on objects of baryonic matter (stable elementary
particles), since they represent a “frozen” manifestation of resonance in the observable Universe
and define a specific fractal level associated with the base frequency. These results may later be
extended to macroscopic objects, though with certain limitations.

It is also necessary to introduce an important clarification, already discussed in the work
“Emergence of Dimensions and the Perception of Fractality.” The perception of fractality should
be considered from two perspectives:

« for a fixed base frequency, structural similarity can only be perceived as a single-
step transition within a given dimension: from larger to smaller scales or vice versa.
In this sense, two representative structures may be identified: an elementary particle
and, tentatively, a galaxy (with certain reservations);

« when the process is considered independently of a specific base frequency, it be-
comes possible to observe the emergence of similar “pictures” of the Universe un-
der changes in the base frequency, each associated with its own interpretation of
physical quantities.

Thus, under a fixed local reference, fractality in the general sense is distorted and can only

manifest as a single step. Moreover, the formation mechanisms of elementary structures will differ.
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However, the resulting structures will exhibit similar properties, such as the concept of size and
regions of informational inaccessibility.

Detaching from a specific reference allows one to observe the recurrence of similar struc-
tures associated with different base frequencies. This approach enables the establishment of anal-
ogies between levels under changes in base frequency. However, it does not provide a direct trans-
lation of physical quantities as perceived within a given base level. In other words, it serves to
construct analogies, but not to describe the physical perception of reality itself.

Let us proceed without introducing new assumptions and rely on well-established results.
Consider the equation:

E = mc?

We use this expression as an invariant representation of energy. Energy is assumed to act
as an invariant across all levels. At the same time, the remaining physical quantities, according to
the principles underlying this model, are allowed to vary.

The expression can be rewritten as:
2

E = (mk?)(7) =MC?
k

where:

« M is the effective mass of an elementary particle at another level;

« C is the effective speed of interaction (analogous to the speed of light) at that level.

The coefficient kK may also be replaced by its reciprocal 1/k.

This transformation is mathematically consistent and allows the introduction of a mecha-
nism for changing two physical quantities: mass and interaction speed, which forms the basis of
this model.

The energy of elementary objects at any level n can be expressed through the mass M, of
the object and the characteristic interaction speed C, of that level.

In Section 7.1.2 it was shown that there exist natural bounds for sizes (1/c2<SL<1/c) and
masses (2m/c*sSM<S2m/c3) of stable standing waves at the observed level. Beyond these bounds,
the interaction speed ccc is no longer capable of sustaining wave processes with the same param-
eters, leading to a discrete transition to another fractal level, accompanied by a discontinuous
change in physical quantities.

The quantity 2zt/c*, which characterizes the minimal possible increment of mass for a stand-
ing wave, plays a key role in this transition. It defines the basis for quantization and scaling within
the chosen level.

It has also been shown that the value 2n/c* is very close to the Planck constant. Moreover,

its role as a quantization coefficient suggests that they may represent the same underlying entity.
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At present, the model does not provide a precise explanation for the numerical discrepancy be-
tween them. Various reasons may account for this, which are beyond the scope of this work. In
general, theoretical and experimental values may differ due to the idealized nature of the model,
which cannot fully capture the dynamics of reality. To avoid introducing additional constants, we

define the theoretical Planck constant heeor and the corresponding reduced constant Zeor.

The existence of a minimal mass suggests that mass is formed in discrete portions following a
linear law. Accordingly, the coefficient k should be related to hineor.

At this point, an important distinction must be made:

Principle of separation between geometry and physics. The theoretical Planck constant in the
model is given by: hmeor=27/c*. This expression can be separated into two components:

« 27 — a dimensionless factor reflecting universal circular/spherical geometry;

« 1/c¢* — a quantity determined solely by the fundamental constant c.

Choice of scaling quantum: It is reasonable to assume that the quantum governing tran-
sitions between fractal levels should be determined by the physics of the system (through ¢), rather
than by universal geometry. Therefore, it is more appropriate to use the reduced Planck constant

without the geometric factor 2m. Let us denote its theoretical analogue as Zquant:
po o Per 1
quant o o4
Using 7Zguant ,» We can express the scaling laws:
Relative mass at a neighboring level:
M =m- (Agan)® =m- (1/c*)?

Relative interaction speed:

¢ 4
C = =c-(c%)
hquant
Alternative representation:
— — 4N\ 2
M = P m - (c%)
quant

C=c- hquant =cC- (1/C4)
In the general case, these relations can be combined into:
2n
Mn =m- (hquant)
c

quant

Cn

where n=-1, 0, 1.
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Here, n=1 corresponds to decreasing mass manifestation and increasing interaction speed,

while n=—1 corresponds to increasing mass manifestation and decreasing interaction speed.

8.9 Scaling Law for Size

In Section 7.1.2, we obtained the maximum size limit of standing waves at a given inter-

action speed ccc:

Lax = At =c—

Accordingly:

« At the base level (n=0): Lo=1/c:
« Atlevel n: L,=1/C,

On the other hand, since: C,=c/(Aquant)*

we obtain:

L, ¢ ¢

L_O = C_n = E (rqluant = hcrqluant
which gives:
L, =Ly (rqluant
Thus, for the size we obtain:
Ry, =Ry~ guant

In all formulas, n can take the values —1, 0, and 1.

8.10 Scaling Law for Frequency and the Nature of Inter-Scale Resonance

Having established the scaling laws for size R, and the energy exchange speed C,, we can
determine how the frequency v, scales across different levels so that the wave relation A,v,=C,
(where R,x\,) holds at all levels.

From v,XC,/R, and the established scaling laws:

o CoX(Axpanr)™
*  RuX(Zipanr)”

we obtain:

Aguant

hn

quant

— H—2n
Vp X - hquant

Thus, we arrive at the fundamental scaling law for frequency:
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Vn X'V - h(;l,lzarrllt

This implies that frequency is not invariant, but varies with the fractal level even more
significantly than other parameters. When transitioning to the macroscopic level (n=—1), the fre-
quency decreases dramatically. However, this behavior is already embedded in the foundations of
the model: frequency serves as the basis for the emergence of dimensions, and its variation follows
a quadratic law.

At the same time, the fundamental principle of resonance is not violated, but rather refined.
Resonance between fractal levels occurs not because their frequencies are identical, but because
they are harmonically related (coherent). This mathematical relationship is the mechanism that

ensures self-similarity and interaction between the micro- and macroscopic worlds.

8.11 Fractal Structure and Generalization of the Scaling Model of Interactions

The relations considered in the previous sections allow us to formulate a generalized rep-
resentation of the structure of physical processes within the proposed model.

Hierarchy of scale levels

The model is based on the assumption of a hierarchy of scale levels, each corresponding to
a specific regime of wave dynamics.

At each level:

- stable structures are formed (interpreted as particles or macroscopic objects);

« specific conditions of resonant coherence are realized;

« and a characteristic limitation on the speed of interaction transfer applies.

Thus, the observed physical picture represents not a single universal system with fixed
parameters, but a set of interconnected levels of description.

Role of the limiting speed

Within this framework, the limiting speed of interaction propagation:

« is a fundamental characteristic within a specific level;

« is determined by the coherence conditions of wave processes;

 and remains invariant in the description of local phenomena.

However, when considering the full hierarchy of levels:

- this quantity ceases to be a universal constant;

« and should be regarded as a parameter dependent on the scale level.

This implies that the speed of light ccc, as observed experimentally, is a particular case of
a more general principle applicable to a specific level of matter organization.

Inter-level effects

Transitions between levels are accompanied by changes in:
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« characteristic process frequencies,
« medium parameters,
+ and interaction conditions.
As aresult:
« the limiting speed changes;
« the observed dynamics acquires scale dependence;
- and effects may arise which, when interpreted within a single level, appear as deviations
from standard constraints.
Such effects include, in particular, the formal exceeding of the speed of light when com-
paring processes belonging to different levels.
Connection with the wave nature of matter
The obtained results are consistent with the initial assumption of the wave nature of matter.
If physical objects are regarded as stable configurations of wave processes, then:
- their properties are determined by resonance conditions;
« their interaction is governed by coherence mechanisms;
« and observable parameters correspond to characteristics of the relevant level of descrip-
tion.
In this case, fractal structure emerges as a natural consequence of the scalability of wave
dynamics.
Final generalization
Within the proposed model:
« physical reality is described as a hierarchy of interconnected wave levels;
« each level possesses its own parameters, including a limiting interaction speed;
« the observed invariance of physical laws pertains to a fixed level of description;
- inter-level transitions lead to changes in parameters and the possible emergence of ef-
fects not captured by a local description;
 while the internal consistency of physical processes at each level is preserved.
Thus, the proposed model allows the interpretation of the limitations observed in physics
not as absolute, but as scale-dependent, while preserving their fundamental role within the corre-

sponding level.
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9. Consistency of Theoretical Calculations with Observed Quantities

In the previous sections, a model was proposed in which physical objects are treated as
stable wave configurations, and their properties as parameters of the corresponding level of de-
scription.

A key element of this model is the assumption of a fractal hierarchy of scales, as well as
the idea that observable physical quantities arise as manifestations of a unified wave process, de-
scribed in terms of frequency and scaling characteristics.

Unlike the initial stage of the model’s development, where these assumptions were consid-
ered as hypotheses, in the present work they are employed as a methodological foundation, based
on the results presented in the work “The Emergence of Dimensions and the Perception of Frac-

tality.”

9.1 Principle of Comparison

The comparison of theoretical results with observed quantities within this model has sev-
eral distinctive features.

First, physical quantities are treated as parameters of the level of description rather than as
absolute characteristics. This implies that their values may depend on the chosen scale and the
conditions of observation.

Second, the use of a dimensionless representation leads to a comparison with experimental
data not through direct numerical agreement of dimensional quantities, but through:

« order of magnitude,

« relationships between parameters,

« and structural dependencies.

Thus, the purpose of comparison is not to obtain exact numerical values, but to test the

consistency of the model with observed regularities.

9.2 Masses of Elementary Particles

In Section 7, it was shown that the masses of elementary particles can be related to the
amplitude characteristics of standing wave configurations.

The obtained estimates:

« reproduce the correct order of magnitude,

« demonstrate power-law dependencies of parameters,

« and allow the differences in masses to be interpreted in terms of the geometry of the

wave structure.
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Discrepancies with experimental values may be attributed to:

« the simplified nature of the model,

« the presence of internal dynamics,

 and limitations of the applied approximation.

Thus, the model provides not an exact calculation of masses, but a physical interpretation

of them.

9.3 Speed of Light and the Limitation of Interactions

Within the model, the speed of light is interpreted as the limiting speed of coherence of
wave processes at a given level.

This is consistent with experimental observations, in which:

« the speed of light represents the maximum speed of interaction transfer,

 and serves as a fundamental characteristic of the observed level.

At the same time, the model allows for this limitation to be scale-dependent, which does
not contradict observational data, since all measurements are performed within a single level of

description.

9.4 Planck Constant and Quantization

The estimates obtained in Section 7 lead to expressions of the form:
21
c4
which are close in order of magnitude to the Planck constant.
Within the framework of the model, this is interpreted as follows:
« the Planck constant is not an independent fundamental quantity;
« it reflects the structure of the wave process and the conditions of quantization;
« its value is determined by the properties of the medium and the geometry of wave con-
figurations.
Possible discrepancies between theoretical and experimental values may be attributed to

the characteristics of real physical systems and to measurement processes.

9.5 Scale Correspondence

One of the most significant implications of the model is the possibility of comparing ob-
jects across different scales.

In particular:

« the parameters of elementary particles,
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« when appropriately scaled,

« may be related to the parameters of astrophysical objects.

This result should not be interpreted as a direct identity between such objects, but rather as
an indication of structural similarity arising from fractal organization.

Such correspondences require further verification and may be considered a direction for

future research.

9.6 Frequency as a Fundamental Characteristic

One of the key outcomes of the model’s development is the conclusion that frequency may
be regarded as a more fundamental characteristic than traditional physical quantities.

In this context:

« mass, energy, and spatial scale appear as derived parameters;

« frequency determines the dynamics and resonance conditions;

« and the observed physical picture arises as a result of interpreting these processes within

a given level of description.
This statement is directly connected with the approach outlined in the work on the emer-

gence of dimensions and represents its extension within the framework of the physical model.

9.7 Concept of Frequency Levels and Possible Multiplicity of Regimes

Within the proposed model, space is not treated as a medium analogous to the ether that
determines the speed of interaction propagation. The limiting speed at each level is defined by the
conditions of resonant coherence of wave processes.

Thus, frequency emerges as the fundamental characteristic.

From this perspective, two aspects of level multiplicity can be distinguished.

Fractal hierarchy

The observed world, characterized by a base speed ¢ and frequency vo, represents a fractal
structure containing a sequence of levels:

Vi = Vg * (fypanr) 2", 0 € Z

Each level possesses its own characteristic frequency and is related to others through scal-
ing transformations.

Possibility of independent regimes

The model allows for the existence of other systems based on different fundamental pa-

rameters:

(c’,vo"), (¢, v, ...
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It is assumed within this framework that energy exchange between such systems is not
observed, since resonance is the only mechanism of interaction. In the absence of frequency match-
ing, interaction does not occur.

This leads to a rejection of the concept of a medium in the classical sense: interaction is

determined not by the presence of a “filling medium,” but by conditions of resonant coherence.

9.8 Resonance as a Mechanism Limiting Observability

Within the model, interaction is determined by conditions of resonant coherence, which
leads to a fundamental limitation of observability.

Only those processes that are in resonance with a given level, and whose speed does not
exceed the limiting interaction speed of that level, are observable.

If a process occurs at higher speeds, then, even in the presence of resonant coupling, an
observer may register the fact of change but is unable to unambiguously determine its cause. In
this case, part of the information about the process becomes inaccessible, making complete de-
scription and exact calculation impossible.

In this sense, the phenomenon of uncertainty, as considered in quantum mechanics, may
be interpreted as a consequence of the limitations of resonant interaction and observation.

This implies that:

« observation is limited by the frequency range of the corresponding level,

 objects and processes manifest only under conditions of resonant coupling;

- the perceived physical picture is the result of selecting accessible interactions.

As a consequence:

« observed reality represents a partial slice of a more general structure;

« processes may exist that are not detectable within the current level;

- the limiting speed ccc applies only to the given resonant regime.

9.9 Horizons of Knowledge

The proposed model points to the limited nature of the observed picture of the world.

It suggests that:

« reality may be significantly more complex than its observable manifestation;

« the accessible level of knowledge is determined by the parameters of the current scale
level;

- the expansion of understanding is associated with going beyond the limits of the existing
description.

At the same time, the model is not final and requires further development.
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9.10 Limitations and Domain of Applicability

It should be emphasized that the proposed model:

« is theoretical in nature;

- employs simplified representations of wave structures;

« and does not claim to provide an exact quantitative description of all physical processes.

Its primary goal is to offer a unified interpretative framework that connects:

« microscopic and macroscopic levels,

« the wave nature of matter,

 and observed physical laws.

9.11 Comparison with Experimental Data

To test the hypothesis, calculations of key parameters of elementary particles (neutrino,

electron, neutron, proton) based on the wave model have been performed. The results were com-

pared with experimentally measured values:

n | name o (m) Mo (kr) mo (kg) do (m) Ao exp (m) mo exp (kg) | do exp
(m)
1| neutrino 9,715x10 1 [ 2,663x102 | 6,581x10°% 9,715x101 [ 10°° <22x10% | 10
2 | electron 2,83x1012 | 9,149x1031 [ 9,149x10 3! 4244x102 [ 243102 | 9.109x1031 | 1018
3| neutron 8,241x10 4 | 3,142x102 | 1,617x10?7 1,648x10 13 [ 10715 1.675x107 [ 10713
4 | proton 2,4x10°15 1,078x107 [ 1,617x10% 6,001x10 5 [ 1.32x105 | 1.673x102 | 1015
Notes:
. Ao is the characteristic wavelength from the model;
. Mo is the amplitude of the wave;
. mo - resultant mass, depends on the amplitude of the wave and the number
of half-waves associated with the centre point of the wave structure;
. do is the calculated diameter (or radius) of the wave structure;

. "exp" - experimental values.

Elementary charge obtained in the model:

qo = 1.5506912... x 10 C,
which is comparable with the experimental value

e =1.602176634 x 10° C — the error is less than 3.2%.

The obtained values of mass, wavelength, and radius agree well with the experimental
ones, especially for the electron and proton. This confirms that standing waves in the medium
can be the basis for the formation of stable particles and their properties.

The obtained value of the elementary charge is also close to the experimental one, which
indicates the possibility of describing the electromagnetic interaction through the internal struc-

ture of the wave object.
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10. Logical Consequences of the Model

Based on the proposed model, in which physical reality is described as a system of inter-
connected wave processes organized according to the principles of resonance and fractal scala-
bility, a number of logical consequences can be formulated.

These consequences do not represent isolated assumptions but rather natural outcomes of
the adopted interpretation, which links the structure of matter, interactions, and the observed

physical picture.

10.1 Consequences Concerning the Nature of Matter
Wave Structure of Matter
Matter is considered as a set of stable wave configurations. The spatial characteristics of objects
(sizes, boundaries, distances) are directly determined by the parameters of these configurations
and are not externally imposed. Geometry thus appears as a manifestation of the internal struc-
ture of the wave process.
Nature of Mass
Mass is interpreted as a characteristic of a stable wave state. It is associated with the parameters
of the configuration—amplitude, frequency, and structural complexity. Thus, mass is not an in-
trinsic property but arises as a consequence of the formation of a stable resonant regime.
Origin of Electric Charge
Electric charge is treated as a characteristic of a specific class of wave configurations, deter-
mined by their geometry and formation conditions. Its quantization and stability are explained by
the fact that such states are realized only under specific resonant conditions common to a given

level of description.

10.2 Consequences Concerning Interactions
Resonance as a Universal Mechanism of Interaction
All fundamental interactions are interpreted as different manifestations of a unified process of
resonant energy exchange between wave structures. Differences between interaction types are
determined by the parameters of the configurations and the conditions of their coherence.
Nature of Gravitation
Gravitation is considered as a consequence of changes in the energy distribution within a system
of wave processes. It arises as a response to the formation of stable configurations and manifests

as a tendency toward redistribution of energy density and coherence of states.
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10.3 Consequences Concerning the Organization of Reality

Fractal Structure of Levels
Physical reality exhibits a hierarchical organization in which different scale levels are connected
through the laws of wave dynamics. Parameters such as mass, size, frequency, and the limiting
interaction speed change across levels, while their relationships remain preserved.

Invariance of the Energy Relation
Despite scale transformations, the energy relation retains its form. This reflects the internal con-
sistency of the model and indicates that energy serves as a universal characteristic of state, inde-
pendent of a particular level of description.

Frequency as a Fundamental Parameter
Frequency acts as the fundamental quantity determining the structure and dynamics of the sys-
tem. Mass, spatial scale, and other physical quantities are derived from frequency relations and
resonance conditions.

Limited Nature of the Observed Picture
The observed physical reality is determined by conditions of resonant interaction. This implies
that the perceived picture represents only a partial projection of a more general underlying dy-
namics, and processes not in resonant relation with a given level may not manifest in observa-

tion.

10.4 Consequences Concerning Dynamical Processes

Absorption and Emission of Energy
Processes of emission and absorption are interpreted as transitions between different resonant
states. They are not associated with the creation or annihilation of matter, but rather reflect a re-
configuration of the wave structure within the overall dynamics.

Structural Change Under Interaction
Any interaction leads to a change in the configuration of wave structures. This may manifest as
variations in frequency, amplitude, or spatial organization, which at the macroscopic level are
perceived as changes in the physical properties of the system.

Relation Between Dynamics and Observation
Since observation is determined by resonant conditions, not all processes can be fully detected or
described. This leads to limitations in precise prediction and may manifest as uncertainty in the

description of dynamical processes.
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10.5 Dependence of the Interpretation of Physical Parameters on the Level of Per-
ception

Within the proposed model, physical reality is described as a system of interconnected
frequency levels formed according to a specific scaling law. At the same time, these frequency
relations may be defined relative to different base values.

This implies that the same system of frequency levels can be interpreted in different ways
depending on the chosen base frequency used to construct the hierarchy.

As aresult:

« identical frequency values may correspond to different physical parameters (such as

space, mass, or interaction) depending on the level of description;

- different descriptive systems may partially overlap in frequency values while remaining

independent in terms of observation;

- the observed physical picture is determined not only by the structure of the system but

also by the mode of its interpretation.

This leads to the following consequence: the laws describing relationships between pa-
rameters remain invariant, while their physical interpretation depends on the level of perception.

In this sense, different “modes of description” of the same structure are possible, which:

+ obey the same underlying laws,

« but do not coincide in their observable physical manifestations.

In this context, the level of perception may be associated with the observational system
that determines how frequency relations are interpreted. In particular, for an observer possessing
consciousness, the structure of perception defines the base level relative to which the physical
picture is formed.

This implies that the same frequency structure may correspond to different interpretations
depending on the parameters of the perceptual system. At the same time, the underlying interac-
tion laws remain unchanged, while their physical meaning is determined by the conditions of ob-
servation.

Within the framework of the proposed model, physical reality is described as a system of
interconnected frequency relations, while no absolute base frequency is specified. This implies
that the description of the structure depends on the choice of the reference level relative to which
the interpretation is carried out.

In this context, the role of such a reference level may be associated with the system of
perception that determines how frequency relations are interpreted. In particular, for an observer
possessing consciousness, the structure of perception defines the base level relative to which the

observed physical picture is formed.
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Thus, within this model, consciousness is not treated as a derivative of matter, but rather
as a factor that determines the mode of its perception and interpretation. At the same time, the
underlying structure of interactions and their governing laws remain independent of the specific
observer.

In this sense, the observed physical reality may be regarded as the result of a correspond-

ence between the objective structure of the system and the conditions of its perception.
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Conclusion

In this work, an attempt has been made to develop a unified conceptual and mathematical
framework for describing physical reality within the framework of the “Wave Model of Matter
and the Fractal Structure of the Universe.”

The proposed approach is based on a limited set of postulates in which energy is considered
the primary foundation, space is treated as an active medium of wave processes, and resonance is
regarded as a universal mechanism of interaction. This made it possible to construct a model aimed
at providing a physically intuitive and internally consistent explanation of the fundamental prop-
erties of matter and the observed laws of nature.

A key result of the work is the development of a mathematical framework (Chapter 7),
which, based on the geometry of standing waves and the limiting speed of interactions, allows for
the estimation of the main parameters of stable elementary particles. Characteristic values of
masses, wavelengths, and sizes were calculated for the neutrino, electron, proton, and neutron, and
an interpretation of the elementary charge was also proposed.

The analysis showed that for simple wave structures, such as the electron, the theoretical
estimates demonstrate good agreement with experimental data. For more complex systems—nu-
cleons—systematic discrepancies were identified. Within the framework of this work, an explana-
tion is proposed: the experimental standards and fundamental constants in use are calibrated based
on complex composite systems, which leads to a “structural distortion” when compared with ide-
alized wave models. In this sense, the discrepancies may be interpreted not as a limitation of the
model, but as its predictive consequence.

An important result is the application of the principle of fractal scaling (Chapter 8). It is
shown that the use of theoretical wave parameters of elementary particles, together with the intro-
duced scaling quantum, leads to estimates of macroscopic structures that agree in order of magni-
tude with the observed characteristics of galactic systems. This indicates the possibility of a unified
description of microscopic and cosmological levels within the proposed model.

The issue of mass consistency under scaling remains open. The observed discrepancies
may be related to the indirect nature of mass determination both at the microscopic and astrophys-
ical levels, as well as to the fact that existing models do not fully account for the complex internal
dynamics of structures.

An additional factor is the evolution of experimental knowledge: known parameters of the
micro-world and cosmological objects may undergo significant revision as measurement methods
improve. This requires caution in interpreting discrepancies and does not allow them to be unam-

biguously regarded as a refutation of the model.
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Within the proposed approach, the complex rotational structure of macroscopic objects
may lead to effects that differ from the predictions of simplified models, which may be related to
the interpretation of phenomena attributed to dark matter.

Thus, the proposed model represents an internally consistent system that:

« allows the estimation of elementary particle parameters from unified principles;

« offers an interpretation of discrepancies with experiment through the specifics of meas-

urement standards and structural properties of objects;

« demonstrates scale consistency in the transition from micro- to macro-levels;

« provides a qualitative explanation for a wide range of phenomena within a unified

framework.

The work does not claim completeness and requires further development. Its primary goal
is to establish a unified interpretative approach linking different levels of matter organization
through the principles of wave dynamics, resonance, and fractality.

The proposed model is not intended to refute existing physical theories, but may be con-
sidered as an attempt to unify them and provide a deeper physical interpretation. It suggests view-
ing the fundamental properties of matter and the laws of nature as consequences of a universal
energy dynamics manifesting across different scales.

An important consequence of the proposed approach is the distinction between the objec-
tive structure of the system and its observable representation. It is shown that, in the absence of a
fixed base frequency, the interpretation of physical parameters inevitably depends on the chosen
level of description. In this context, the observed physical reality may be regarded as the result of
a correspondence between the structure of the system and the conditions of its perception. This
points to the fundamental role of the observational system in shaping the physical picture, while

preserving the invariance of the underlying interaction laws.
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Related Works and Author’s Publications

This work is part of a series of publications in which the proposed approach is progressively

developed and refined.

1. Reflections: Belief, Disbelief. Spirit and Matter
https://zenodo.org/records/19260065
— a philosophical and ethical work outlining the initial ideas and the broader conceptual
framework.

2. Energy as Fundamental Reality: From Points to Processes
https://zenodo.org/records/17170686
— formulation of the ontological foundation, where physical reality is considered as a set
of processes rather than static objects.

3. Wave Equilibrium Hypothesis: The Universe as a Balanced State of Zero
https://zenodo.org/records/19307384
— exploration of a possible mechanism for the emergence of physical reality.

4. Emergence of Dimensions as a Result of Fractal Resonance
https://zenodo.org/records/19688973
— description of the mechanism underlying the formation of dimensional structure and
scaling levels.

5. Consciousness as a Wave Structure: A Possible Link Between Brain Frequencies and
Perception Frequencies
https://zenodo.org/records/19332683
— investigation of the potential role of consciousness within the proposed framework.

6. Unity of the Wave: Matter, Energy, and Consciousness as Aspects of Frequency
https://zenodo.org/records/17432603
— synthesis of key ideas and an attempt to unify different aspects of the model.

7. A Simple Picture of Gravity Through Fields and Gradients
https://zenodo.org/records/19484244
— interpretation of gravitational phenomena within the wave-based approach.

The present work builds upon the results presented in these publications and develops them

within a unified interpretative framework.
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Appendices

Appendix 1. Longitudinal waves of energy in the mechanism of electromagnetic

wave propagation

Introduction

In classical electrodynamics, electromagnetic waves are described as transverse and not
requiring a material medium for propagation. At the same time, their propagation occurs with a
finite speed, which implies a finite rate of change in the energy state of space.

Within the framework of the proposed model, space is treated as an energetically structured
system in which wave propagation is accompanied by changes in energy density. This makes it
possible to consider not only the transverse component of the wave process, but also a possible
redistribution of energy along the direction of propagation.

Such an approach does not contradict the classical description but rather complements it
by introducing consideration of a longitudinal component associated with the gradient of energy

density.

A1l.1 Energy Gradient and Its Consequences

During the propagation of an electromagnetic wave, energy is redistributed in space. In the
vicinity of the source, the energy density gradually returns to its initial value, whereas at a distance
it remains altered.

This leads to the emergence of a spatial gradient of energy density between different re-
gions. The presence of such a gradient implies a process of its relaxation, which may be interpreted
as a longitudinal component of energy redistribution.

Thus, the transverse propagation of an electromagnetic wave is accompanied by changes
in the energetic state of the medium along the direction of propagation. This component may be

small compared to the transverse one, which makes its direct experimental detection difficult.

A1.2 Relation to the Wave Nature of Particles
Within the wave-based interpretation of matter, stable structures are treated as standing
waves. This raises the question of the mechanism responsible for their formation and stabilization.
If the propagation of wave processes is accompanied by longitudinal energy redistribution,

such a component may play a role in the formation of stable configurations. In this case, a standing
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wave can be viewed not only as an abstract solution of equations, but also as a result of the coher-
ence between transverse and longitudinal processes within the energetic structure of space.
This approach allows elementary particles to be interpreted as stable wave formations aris-

ing from the combined interaction of different components of the wave process.

A1.3 Conclusion

Considering the propagation of electromagnetic waves in terms of changes in energy den-
sity makes it possible to introduce an additional component associated with longitudinal energy
redistribution.

This extends the interpretation of wave processes without contradicting their classical de-
scription and opens the possibility for a more comprehensive understanding of the mechanisms
underlying the propagation of interactions and the formation of stable structures.

Such an approach may be useful for further analysis of the nature of wave processes and

their role in the formation of physical objects across different scales.
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Appendix 2. Rethinking the Michelson-Morley Experience

Introduction

The Michelson—Morley experiment (1887) is traditionally regarded as one of the key argu-
ments against the existence of the ether—a hypothetical medium through which light propagates.
The negative result of the experiment became one of the foundations for the development of spe-
cial relativity, in which the speed of light is considered invariant and independent of the motion of
the source or the observer.

At the same time, this result may be interpreted not only as a rejection of the existence of
a medium, but also as an indication of the specific properties of its structure and observability.
Within the framework of the proposed model, where matter and interactions are interpreted as
wave processes in the energetic structure of space, an alternative interpretation of this experiment

becomes possible.

A2.1 Experimental Setup and Result

The purpose of the Michelson—Morley experiment was to detect the so-called “ether wind,”
i.e., the presumed motion of the medium relative to the Earth.

The core idea of the experiment was as follows:

« if the Earth moves through a medium, the speed of light along the direction of motion

and perpendicular to it should differ;

« this difference should result in a shift of the interference pattern.

To test this, an interferometer was used to compare the propagation times of light beams in
different directions.

The experiment detected only very small deviations, significantly smaller than expected,
which did not allow for the observation of an effect associated with the Earth's motion relative to

a hypothetical medium.

A2.2 Interpretation within the Wave Model

Within the proposed approach, matter, radiation, and measuring instruments are treated as
forms of wave processes within a unified energetic structure.

If all physical objects, including the observer and measurement devices, are wave config-
urations, then they are governed by the same laws of propagation and interaction.

This leads to an important consequence: within such a system, it is impossible to identify

an external medium or to detect its absolute motion, since there is no independent reference frame.
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Even if some global dynamics of the structure exist, an observer, being part of it, cannot
detect this motion, because all measurement standards (length, time, and speed) are defined within

the same system.

A2.3 Relation to the Wave Nature of Matter

Modern physics recognizes the wave properties of matter. Within the proposed model, this
concept is extended: elementary particles are treated as stable wave configurations formed through
resonant processes.

If matter is understood as a set of such configurations, then the concept of motion of a
“medium” loses its classical meaning. The medium is not external to the observer—it coincides
with the very system in which observation takes place.

In this context, the inability to detect an “ether wind” may be explained not by the absence

of a medium, but by the fact that observation occurs from within a unified wave structure.

A2.4 Conclusion

Within the proposed model, the result of the Michelson—Morley experiment may be inter-
preted as indicating the impossibility of detecting absolute motion of a medium from within the
system, if matter itself and the processes of observation are forms of the wave organization of that
medium.

This approach:

+ does not contradict experimental data;

« preserves the invariance of the speed of light at the observable level,

« and allows for the existence of a unified structure in which wave processes take place.

Thus, the negative result of the experiment may be regarded not only as a rejection of the
classical ether concept, but also as an indication of the limitations of observation in describing the

global properties of the system.
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Appendix 3. Standing waves of energy and structure of elementary particles

A3.1 Standing Waves of Energy Density as a Model of Elementary Particles

Within the framework of the proposed model, matter is considered as a set of stable wave
configurations formed within the energetic structure of space.

A standing wave represents a stable state arising from the coherence of wave processes.
Such states possess well-defined parameters (frequency, amplitude, spatial scale), which allows
them to be treated as stable physical objects.

If one assumes that elementary particles correspond to such stable configurations, their
fundamental properties can be interpreted as parameters of the corresponding wave states.

In this case:

- the spatial size of a particle is determined by its wavelength;

« mass is related to the stability parameters and the amplitude of the configuration;

« interaction is governed by resonant coherence between wave processes.

Thus, a particle may be considered not as a point-like object, but as a localized wave struc-

ture existing as a result of a stable resonant regime.

A3.2 de Broglie Waves as the Basis of Particle Structure

Within the hypothesis of standing waves of energy density, elementary particles may be
regarded as stable configurations of such waves. In this context, the de Broglie wave associated
with a particle can be considered not only as a characteristic of its motion, but also as a reflection
of its internal structure.

The de Broglie wavelength is defined by the relation:

where:
* his Planck’s constant,
* m is the particle mass,
* v is the particle velocity.

If a particle is interpreted as a standing wave, then its characteristic size should be related
to its wavelength, while its stability is determined by resonance conditions. In this case, allowed
states may correspond to an integer number of half-wavelengths, which naturally leads to quanti-
zation of parameters.

This approach is discussed in more detail in: https://zenodo.org/records/14883086
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A3.2.1 Parameter Estimation for the Proton

To assess the consistency of this interpretation, consider an estimate of the de Broglie
wavelength for a proton at velocities close to the speed of light.

As v — c, the relativistic momentum increases and the de Broglie wavelength decreases.
To obtain a finite estimate, consider the velocity:

v = 0.999999999c
In this case:
 de Broglie wavelength:

A~ 132%x107%m
Comparing this value with the characteristic size of the proton allows estimation of the

number of half-wavelengths along its diameter:
« number of half-wavelengths:

N = 2.55
This value is close to that expected for a stable configuration with a finite number of nodes.

A3.2.2 Interpretation of the Result

Within the framework of the model, the proton has previously been interpreted as a stable
standing wave with a fixed number of nodes. In this case, the number of half-wavelengths defining
its spatial structure is expected to take values close to half-integers.

The obtained value N=2.55 is close to the expected value of approximately 2.5, which may
be regarded as an indication of consistency with the wave-based interpretation.

This allows the following interpretation:

« the de Broglie wavelength may be related to the spatial structure of a standing wave;

« the wave properties of a particle may reflect not only its dynamics, but also its internal

organization;
- stable states may correspond to resonant configurations with a discrete number of

nodes.

A3.2.3 Conclusion

The obtained estimates do not constitute a rigorous proof, but they demonstrate a possible
connection between the de Broglie wavelength and the spatial structure of elementary particles.

Within the proposed model, this allows for an interpretation in which the de Broglie wave
reflects not only kinematic properties, but also structural features of particles. In this case, the
corresponding wavelength may be associated with wave processes formed within the energetic

structure of space.
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Appendix 4: Lorentz transformation: classical derivation and wave interpretation

Introduction

Lorentz transformations are a fundamental element of relativistic physics and describe the
relationship between spatial and temporal coordinates in different inertial reference frames. Their
introduction is associated with the requirement of invariance of the speed of light.

Within the framework of the proposed model, in which particles are treated as wave struc-
tures, it becomes possible to interpret these transformations in terms of the geometric properties

of wave processes.

A4.1 Classical Formulation
In the standard formulation, Lorentz transformations relate the coordinates in two reference

frames moving relative to each other with velocity v:

, 1

X =y(x—vt),y= ﬁ

From these relations, the length contraction effect follows:
L' =L/1—v?/c?

where:
« L is the length in the rest frame,
« L’is the length in the moving frame,
v is the velocity,

« c s the speed of light.

A4.2 Wave Interpretation

Within the wave-based model, a particle can be treated as a localized wave structure in
which the propagation of wave processes is limited by the maximum speed ccc.

If a particle moves with velocity v, its internal dynamics must be consistent with this con-
straint. This allows a representation in which the total effective speed of the wave process remains
equal to ccc, while its components are distributed between:

« the motion of the particle as a whole;

+ the internal wave dynamics.

This leads to the relation:

2 =v2+v},
from which:

Vine = €3/ 1 —v?%/c?
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A4.3 Consequences for Spatial Structure
If the characteristic size of a particle is determined by the parameters of its internal wave
structure, then a decrease in v;,,; leads to a change in its effective scale.
This yields:
R’ = RJ1 —v?/c?
and accordingly:
L' =L/1—v?/c?

which coincides with the result obtained from Lorentz transformations.

A4.4 Interpretation of the Result

Within the proposed approach, length contraction can be interpreted as a consequence of
changes in the internal structure of the wave process during motion.

Thus:

- relativistic effects may be associated with the geometry of wave processes;

 Lorentz transformations admit an interpretation in terms of the internal dynamics of

particles;
- the invariance of the speed of light appears as a constraint on the total propagation

speed of wave processes.
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Appendix 5: Energy of a particle as a closed wave structure and the law of conser-

vation of energy

Introduction
In modern physics, the energy of a particle in the relativistic case is given by the relation:
E? = p?c? + mic*

where p is the particle momentum, mo is its rest mass, and c is the speed of light.

This expression shows that the energy of a particle increases with its momentum. In the
standard interpretation, this is associated with the kinematic effects of motion.

Within the proposed model, a particle is treated as a localized wave structure. This allows
energy to be considered not only as a function of motion, but also as a characteristic of the internal

organization of the wave process.

AS.1 de Broglie Wave and Structural Change

According to the de Broglie hypothesis, a particle is associated with a wavelength:

where h is Planck’s constant and p is the momentum.

As the velocity increases, the momentum increases and the wavelength decreases. Within
the wave-based interpretation, this may be associated with a change in the spatial structure of the
wave configuration.

Thus, the motion of a particle is accompanied by a change in its internal scale, reflected in

the redistribution of the characteristics of the wave process.

AS.2 Particle as a Wave System

If a particle is treated as a closed wave structure, its energy may be interpreted as a charac-
teristic of the entire configuration.

As the velocity changes, the observed energy of the particle increases, corresponding to the
increase in momentum. However, within the wave interpretation, this may be associated with a
redistribution of energy contributions within the structure.

In this case:

« the observed energy depends on velocity and momentum;

- the internal structure of the wave process changes with motion;

« the contribution associated with the internal configuration may decrease as the veloc-

ity increases.
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Such a description does not contradict relativistic mechanics, but allows for an additional

interpretation of the structure of energy.

AS.3 Derivation of the Energy Relation

Consider the relativistic expression for momentum:
myv

p=—7T—
J1—v?%/c?
Substituting it into the standard energy relation, we obtain:
E? = p%c? + méct

Expanding this expression in terms of velocity:

This coincides with the standard relativistic relation, but allows the energy to be repre-
sented as a sum of contributions:
« acomponent associated with motion (momentum);

« acomponent associated with internal structure (rest mass).

AS.4 Interpretation

Within the proposed approach, the energy of a particle may be considered as a quantity
determined by the state of its wave configuration.

As velocity increases:

« the contribution associated with momentum increases;

« the contribution associated with internal structure changes;

« the total energy is described by an invariant relation.

In this context, relativistic effects may be interpreted as a consequence of changes in the

structure of the wave process during motion.

AS.5 Limiting Case
As v — ¢, the momentum expression tends to infinity and the de Broglie wavelength de-
creases.
At the same time, the contribution associated with the rest mass, expressed through the
factor:
Mg = Mg/ 1 — V2% /c?
This is consistent with the fact that a photon has no rest mass, and its energy is entirely

determined by its momentum.
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AS5.6 Conclusion

The obtained expression for energy coincides with the standard relativistic relation; how-
ever, within the proposed model it admits an additional interpretation.

Energy may be represented as a characteristic of a wave structure in which:

« changes in velocity lead to a redistribution of contributions;

- relativistic effects reflect changes in internal configuration;

« the invariance of the energy relation is preserved.

Thus, the motion of a particle may be interpreted as a change in the structure of the wave
process, accompanied by a redistribution of energy characteristics.

Within the more general framework presented in Section 8, such redistribution may be
regarded as a particular case of a scaling transformation of the wave structure, in which system

parameters change while their relationships remain invariant.
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Appendix 6: Calculation of particle parameters and experimental data.

We perform the calculation for all possible standing wave nodes and compare with the
experimental data.

We use formulas from the chapter "7.1.3 Quantisation of knots and bounds of existence of

particles":
2T \" c T
_ . n_ 4T 5 & _ -4 (5 5
My = M,,in X k —C4><< 271) 2mc (Zn)'
1<n<4
dmin 1 1 Cc _%
AO kn - s n — (%) )
“\\2m
1<n<4
n+1
0= 2 0

A6.1 n=1 (neutrinos):

n
5

C
M, = 2mc™* (ﬁ) ~ 7,757 x 1073* - 34,3343 ~ 2,663311651 x 10732,

1
Ay = .
0™ 299792458 34,3343

~ 9,715185549090911 x 10711,

n+1

dg = Ao = 9,715185549090911 x 1011

Taking into account chapter "7.7.5 Particularities of the neutrino mass", a correction for

the measured mass in the experiment has to be introduced.

mo~6,581x107%’
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A6.2 n=2 (electron):

n
5

C
M, = 2mc™* (E) ~ 7,757 x 1073% - 34,3343% ~ 9,14429412189293 x 10731,

1

Ay & : ~ 2,829586025953904 x 1012,
0™ 299792458 34,33432

n+1 _
dg = > Ao = 4,244379038930855 x 10~ 12

For the electron, the total mass is formed by only one centre half-wave, so nothing needs

to be corrected.

mo~9,14429412189293x1073!

A6.3 n=3 (neutron):

n
5

C
M, = 2mc™* (E) ~ 7,757 x 1073% - 34,33433 ~ 3,139629376693084 x 10~2°,

1
Ay = .
0™ 299792458 34,33433

~ 8,24128066089568 x 104,

n+1

dg = Ao ~ 1,648256132179135 x 10713

For neutrons, mass correction is not so obvious, so we will calculate it using the formula
given in section 7.7.4, ‘Calculation of neutron mass (n=3) — taking into account internal rotation.’

We increase the amplitude by a factor of 3/2, then increase it by one quantum:

mo~3,139629376693084x102°x34,3343x1,5 =1,616954653622901x107%

A6.4 n=4 (proton):

vl =

C
M, = 2mc—* (E) ~ 7,757 x 1073* - 34,3343* ~ 1,077969769081934 x 10~27,

1 1

~ | = X -15
Ao 299792458 3433434 2,400305426612944 x 10™*>,
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do

n+1

Ao = 6,00076356653236 x 10715

We have discussed the derivation of the proton mass in chapter "7.7.2 Transition to the

mean distribution".

mo~1,077969769081934x102°x1,5 =1,616954653622901x107%’

The experimental data was taken from the internet. Based on the data obtained, a table was

drawn up:
n | name o (m) Mo (Kr) mo (kg) do (M) o exp (m) mo exp (kg) do exp
(m)
1 neutrino 9,715x1011 2,663x10732 6,581x10737 9,715x1011 10°¢ <2.2x107% 1010
2 | electron 2,83x10712 9,149x1073! 9,149x1073! 4,244x10712 2.43x10712 9.109%x10-3 1018
3 | neutron 8,241x1071* 3,142x102 1,617x1027 1,648x10713 1071 1.675x1072 1071
4 | proton 2,4x10715 1,078x10% 1,617x10% 6,001x10°15 1.32x10°1° 1.673x10% 1015

A6.5 Assessment of possible distortion of fundamental constants due to integral ef-
fects

As has been shown in Table and in the calculations of this appendix, the theoretical mass
values derived from the wave model are close to the experimental ones but have small, systematic
discrepancies. Specifically, the discrepancy for the electron is minimal (=0.4%), whilst for nucle-
ons it reaches 3-4%. In this model, this discrepancy is not viewed as a flaw but as a consequence,
indicating a difference between 'ideal' geometrical parameters and 'effective’ quantities meas-
ured in experiments.

If we adopt the form of Planck's constant proposed in this work as:

2T
hin = C_4

then, using the experimentally determined value of A, it can be seen that the corresponding value
of the speed of light would have to be approximately 312,054,866 m/s, which is about 4% higher
than the generally accepted value of 299,792,458 m/s. If this corrected speed of light is used in the
quantisation coefficient, we obtain a mass value for the proton and neutron that is ideally suited to
the experimentally determined mass of the neutron.

An interesting observation confirms this hypothesis. If we substitute the wave amplitudes
Mo obtained in the model as mass into the classical de Broglie formula, the numerical values of
the wavelengths prove to be identical to the theoretical Ao only if we substitute into the de Broglie
formula not the experimental Planck's constant, hexp, but rather its theoretical expression from this

model:

119



This may indicate that the experimentally obtained value hexp represents an averaged or
‘effective’ quantity. The source of this effect may lie in the very definition of our mass standards.

The modern system of atomic masses and, consequently, the calibration of fundamental
constants, rely on the carbon-12 ion, which by definition has a mass of exactly 12 atomic mass
units. However, the carbon-12 nucleus is not an elementary particle, but a complex bound system
of 6 protons and 6 neutrons. Its mass is determined not merely by the sum of the masses of its
constituent nucleons, but also includes the immense contribution of the energy of their strong
interaction (the so-called mass defect).

Thus, the standard for mass adopted is not a 'pure' elementary particle, but the result
of their complex collective interaction. The complexity of this reference structure, the averaging
of contributions from numerous protons and neutrons with their different (according to experi-
ment) masses and binding energy, is inevitably 'embedded’ within the definition of the atomic mass
unit.

Since all high-precision methods for measuring Planck's constant (such as the Kibble bal-
ance) are ultimately calibrated against macroscopic masses composed of such complex nuclei, the
measured value hexp is also an effective constant that reflects this structural complexity, rather
than a 'pure' geometrical quantity like 2n/c*, which would correspond to an idealised, single wave
structure.

This explains why the model presented here, proceeding from 'ideal’ principles for single
particles:

« Yields an almost perfect match for a 'simple' particle — the electron, whose contribution

to the definition of the mass standard is minimal.

« Shows a small but systematic discrepancy for 'complex’ particles — the nucleons, whose
structural peculiarities and interactions form the very basis of the mass standard and,
consequently, of hexp.

« Predicts that this discrepancy grows with the complexity of the particle (with increasing
n), which is indeed observed when comparing the discrepancies for the proton and the
neutron.

As a result, we are dealing with a closed system of physical measurements in which an

‘error' or, more precisely, a 'structural effect' embedded in the definition of one of the fundamental
quantities (mass via the carbon-12 ion) is translated to all other constants (including hexp) that are
measured using it. This makes a consistent, yet potentially inexact (relative to 'ideal' geometrical

principles), picture of physical parameters inevitable.
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As for the wavelengths and sizes of elementary particles, there are still many uncertainties.
Until recently, the size of the neutrino was considered to be smaller than 10722 m, and only recently
has its quantum extent been obtained: > 6.2 picometres (6.2 x 10712 m), which is already compa-
rable to the calculated size of 9.715 x 10711, To compare the values calculated here, it is the size
of the quantum extension that will be best suited. Exactly it defines the wave structure of the par-
ticle, its size.

Here are links to recent studies that discuss the quantum extent of neutrinos:

1. Nature (2025): A lower limit on the spatial extent of the neutrino wave packet, 6.2
picometers, has been established for the first time. This value is much larger than the
size of an atomic nucleus and reflects the quantum mechanical nature of neutrinos,
where "size" refers to the spatial uncertainty of their wave packet rather than a physical

measurement. InFocus Mail+1IXBT+1

2. Phys.org: The study confirmed that the spatial width of the neutrino wave packet is at
least 6.2 picometres, which is thousands of times the size of an atomic nucleus. This
discovery has important implications for understanding the quantum properties of neu-
trinos and could influence the development of more efficient neutrino detectors. phys.

3. CERN Courier: The BeEST experiment using unstable beryllium-7 nuclei has set the
limit on the spatial localisation of the neutrino wave packet at 6.2 picometres. This value
is more than 1000 times the size of an atomic nucleus and provides new constraints on

the quantum properties of neutrinos. cerncourier..
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Appendix 7: Comparison of the Proton's Wave Structure with Experimental Data

(Hard Core Effect and Charge Radius)

A7.1. Discrepancy Between Calculated and Experimental Radii

According to the wave model (Appendices 3 and 7), the proton is a structure consisting of
five half-waves with a characteristic diameter of approximately 6 fm. Consequently, the size of a
single half-wave is about 1.2 fm. The central region of the structure, corresponding to one half-
wave, is characterized by maximum energy density and can be regarded as the primary resonance

zone determining the particle's properties. Its radius is:

Reae = 0,6 fm
At the same time, the experimentally measured charge radius of the proton is:
Rexp = 0,84 fm
The difference between these values is:
AR =~ 0,24 fm
Within this model, this discrepancy is interpreted not as an error, but as a manifestation of

a fundamental limitation related to the interaction structure in the proton's central region.

A7.2. The "Hard Core'' Effect

In nuclear physics, it is well known that at distances of about 0.4-0.5 fm between nucleons,
strong repulsion occurs. An inner region with a radius of approximately 0.2—-0.3 fm is often inter-
preted as a ""hard core." In the proposed model, this region corresponds to the zone of maximum
energy density at the center of the wave structure. It possesses the following properties:

« A sharp increase in interaction strength;

 Inaccessibility to direct "probing";

A shift in the nature of interaction compared to the periphery.

To describe this area, the following concept is introduced: The Region of Informational
Opacity — a zone where the standard description of interactions ceases to be applicable. Within
this model, it is viewed as a local analog of a black hole, understood as a region of informational
inaccessibility. The region of informational opacity is an invariant element of the fractal structure.
While the physical mechanism of its formation changes across different scales, its observable
property—the limitation of information transfer—remains constant. Consequently, such regions

at every level can be interpreted as analogs of black holes.
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A7.3. Formation of the Measured Radius

Section 7 demonstrates that the existence of minimum scales is necessitated by the finite
speed of interaction propagation. Within this model, it is assumed that:

1. A region inaccessible to direct interaction exists at the center of the wave structure;

2. Its size depends on the system's parameters (energy, mass, state of motion);

3. Attempts to probe this region lead to energy redistribution, including particle produc-

tion.

This leads to the fact that the experimentally measured radius is determined not by the ge-
ometric boundary of the structure, but by the effective interaction region. Thus, the observed
radius can be represented as the sum of two contributions:

Rexp = Ryave T Reore

Where:

¢ Rwavwe=0,6 fm — the radius of the central resonance region;

*  Rcore=0,24 fm — the contribution of the informational opacity region.

This yields:

Rexp = 0,6 + 0,24 = 0,84 fm
Thus, the discrepancy between the calculated and experimental values finds its interpreta-

tion within the model.

A7.4. Interpretation of Quark Positions (Focusing Effect)
Within the model, quarks are viewed not as point-like objects but as localized standing
wave configurations. Furthermore:
+ The characteristic distance between these configurations is determined by the half-wave scale
(~1.2 fm);
» The total extent of the structure exceeds the experimentally observed radius.
At first glance, this contradicts experimental data where quarks appear localized within
~0.84 fm. The model explains this through the specifics of the measurement process:
1. Relativistic Projection: At high interaction energies, energy density redistribution oc-
curs, leading to an effective "compression" of the observed structure.
2. Interaction Focusing: The non-uniform energy density distribution within the proton
concentrates the probe's trajectories toward the region of maximum density.
3. Effective Localization: As a result, the experiment captures not the full structure, but
its projection onto the region of intense interaction.
Thus, the observed quark distribution can be interpreted as an effective image formed by

the interaction process, rather than a direct reflection of the geometric structure.
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Conclusion to the Appendix

The coincidence of the value Reore=0.24 fm with characteristic scales known from nuclear
physics serves as indirect confirmation of the wave model's applicability. In this interpretation:

» The proton's charge radius is not a rigid boundary,

* but an effective interaction radius,

» formed by accounting for the central region inaccessible to direct probing.

This aligns with the concept that observed particle parameters depend on the measurement
method and reflect not only their internal structure but also the nature of their interaction with an

external field.
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Appendix 8: Scaling between the neutron and the Milky Way.

Based on the equation given in chapter "8 Fractality of the Universe structure.", the param-
eters of the neutron analogue will be calculated on a larger scale. The obtained values will be
compared with the known parameters of the Milky Way galaxy. As Planck's constant and neutron
parameters the values obtained on experience are taken so that they better agree with the data
obtained on experience for galaxies.

The size of the Milky Way:

« Diameter: estimates range from 100,000 to 120,000 light-years (about 30-37 kilopar-

Secs). znanierussia.ru

« Thickness: about 1,000 light years. techinsider.ru
The mass of the Milky Way:
« Total mass: estimates range from 1 to 2 trillion (10'?) solar masses, including dark mat-

ter. ru.wikipedia.org

« Mass of the stellar component: about 50-60 billion (5-6 x 101°) solar masses.

A8.1 Size scaling
When going from the neutron to the Milky Way, the level changes towards a lower fre-

quency, i.e. n=—1. Then the scaling of the radius is as follows:

1
Ry = o (5)

From Appendix 7, the size of a neutron is approximately 1.648x10713,

n

Substituting the values:

1 -1
Rgqr = 1,648 -10713 (c_4>
Rgar = 1,648 - 10713 - (1.2345679 x 1073%)71
Rgqr = 1,335 - 10%!

The diameter of the Milky Way in metres:

« Minimum estimate: = 9.46x10%° m

« Maximum score: = 1.14x102! m

The calculated radius of the Milky Way within this model differs slightly from the values
accepted in astrophysics (~ 1x10?! m). This may be a consequence of several factors:

1. Experimental error in determining the size of the galaxy.

2. The effect of speed of movement on the size of objects, which is important to consider

when comparing scales.
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3. The calculation methods in astrophysics are based on models of the expansion of the
Universe, which may introduce additional deviations.

It is also worth noting that the calculated theoretical size turned out to be slightly larger
than that known from astrophysics, which is exactly how it should be. Baryonic matter is a conse-
quence of changes in the internal redistribution of energy in standing waves on a galactic scale and
will eventually gravitate towards the centre of the black hole, which will reduce its visible/occu-

pied size. Which is, in fact, what is observed.

A8.2 Mass scaling
Let us take the neutron mass calculated in Appendix 7 as:
m, = 1.617 - 10~?"kg

Then the mass of the galactic analogue of a neutron is:

1 2n
Moo = Mo ()
My = 1.617 - 10727 - (1.2345679 x 1073%)72
Myq = 1,061 - 10* kg
Milky Way mass derived from observations:
« Lower estimate: 1.99x10*2 kg
« Upper estimate: 3.98x10* kg
The mass was slightly less than expected (~ 3x10*? kg). This may be due to several factors:
1. Measurement errors arising when determining the mass of a galaxy.
2. Dependence of mass on speed of motion, which can play an important role when com-
paring objects at different scales.
It is also important to remember that when an object's speed increases, its size decreases

and its mass increases. This is something we can observe in practice.

A8.3 Analysing the results obtained

The calculated values of the radius and mass of the Milky Way galaxy, obtained on the
basis of the fractal coefficient, showed a difference, but still an interesting approximation to the
data of modern astrophysics. The radius calculated using the formula is R=1.335x102! m, which is
comparable to the observed value of about 1x10?' m. The mass obtained taking into account the
fractal coefficient is M=1.061x10*"* kg, while astrophysical estimates give a range of
(1.99-3.98)x10*2 kg. Although these results differ, they are still quite close to those obtained ex-
perimentally. However, it should be noted that the results obtained experimentally are indirect,

which does not exclude errors in approximate calculations.
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The question of the accuracy of current measurement methods remains important. In quan-
tum physics, the mass of particles is determined through interaction with fields and depends on the
environment. If spatial structures have fractal properties, this can affect measurement results, in-
troducing systematic errors.

The results obtained indicate that the current methods of mass and size estimation both at
the microscale and at the level of galaxies may need to be revised taking into account the fractal
structure of the Universe. This opens prospects for refining experimental data and for a deeper

understanding of the fundamental processes that shape the world at all scales.

A8.4 Scaling the speed of light

Co
Cgal = h_n
299792458

Cgal = 153256791 103

Cgar = 3,70114145 - 1072°
This shows that the speed of light - the limiting speed of electromagnetic interactions - is
much smaller at the level of galaxies than at our scale, corresponding to a more rarefied state of

energy.

A8.5 The Fractal Structure of the Universe: Galaxies as Elementary Particles

Obtained calculated data on the Milky Way using standard physical formulas with a slight
modification and using again known in physics constant - Planck's constant, can not be a simple
coincidence. Of course, it would be possible to assume that it is just a coincidence, but if it was
observed with only one parameter. But the fact that both parameters (mass and size) practically
coincide already excludes the occurrence of coincidence. There is a strong possibility that the
WORLD is fractal. The fact that for the Milky Way the fractalisation formula worked with aston-
ishing accuracy suggests that the Milky Way is an analogue of the neutron. It's a very good match.
This can now be used to study and describe the space around us. The Milky Way galaxy can be
taken as a reference.

It remains to be seen how to explain the large number of different kinds of galaxies. Find
out whether they are all analogues of elementary particles, or whether some of them arise as a

result of their joint interactions.
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A8.6 Analogy between spiral galaxies and neutrons

The Milky Way and the Andromeda galaxy have similar masses but different sizes. This
may be due to their speed: at lower speeds the galaxy becomes larger, and at higher speeds it
becomes more compact. This difference explains the observed differences in size and mass. More-
over, the sizes of galaxies are determined by the visible matter, which will only be observed if the
elementary particle is accelerated. If there is no acceleration, it will be difficult to track the size of
the particle, as visible matter may not be present, or may not be present in sufficient quantity to
determine the true size of the structure. Spiral galaxies are of particular interest because their struc-
ture and mass distribution obey certain regularities. When considering galaxies formed as standing
waves with an even number of nodes (charged particles), it is difficult to determine the real size
of the structure formed. It will consist of alternating regions with increased and decreased energy
density. In the regions with increased energy density there may be matter. Interactions with such
structures can lead to the formation of various types of galaxies, which are only indirect manifes-
tations of the basic structures.

The cases of spiral galaxies with larger masses than the Milky Way are interesting. For
example, ISOHDFS 27 is a spiral galaxy with a mass four times that of the Milky Way, but its size
has increased only slightly. This behaviour may indicate that its mass increases by a multiple of
the neutron (proton) mass, while its size changes only slightly. This is already reminiscent of nu-
clear interactions: ISOHDES 27 is an object similar to a helium nucleus, where the energy density

is higher and the mass increases by a multiple of the neutron mass.

A8.6.1 Compact dwarf galaxies and electrons

While spiral galaxies can be compared to neutrons or their interactions with protons, com-
pact dwarf galaxies can be analogues of electrons. The electron can be thought of as a standing
wave with a region of higher energy density at its centre. It is in this region that matter can form,
which is what is perceived as compact dwarf galaxies. It is worth keeping in mind that the size of
an electron refers to its effective size, as determined in scattering experiments. Interestingly, the
difference between the size of the electron and neutron nucleus is three orders of magnitude. If the
size of the Milky Way is estimated to be 102° - 10?! metres, the size of the electron's analogue
should be of the order of 10! - 10'® metres, which corresponds to the size of compact dwarf gal-

axies.

A8.6.2 Formation of additional galaxies
There are many galaxies in the Universe, which may not be analogues of elementary par-
ticles, but may be the results of interactions between elementary particles of galaxy sizes. As a
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result of interactions can be formed zones with increased energy density, and given that it will also
be accompanied by acceleration processes, it will lead to the emergence of matter in areas with
increased energy density, which will give birth to galaxies. Such galaxies may seem to be inde-
pendent objects, but probably they are just a consequence of redistribution of energy between more
fundamental structures.

Thus, analyses of the sizes and masses of galaxies, as well as their interactions, can provide

insight into the fundamental structure of the Universe and its analogy to the microcosm.
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Appendix 9: Calculation of resonance frequencies of macroobjects within the wave

geometric model of matter.

Introduction

In the model of the wave structure of matter and fractal structure of the Universe, matter is
considered as waves of energy. Everything is subject to resonant interaction. It is shown that there
is aregion of size 1/c? at the centre (considered as a dimensionless quantity), which can be seen as
the centre of mass of a particle, and the adjacent region will have a wave energy distribution around
it, which can be interpreted as a wave function. This helps to explain why the existing physics,
quite accurately describes the processes taking place in the surroundings. This approach is very
convenient for describing the world, although it has some limitations, for example, it does not
allow to describe what is happening beyond the boundary of the event horizon. Also this approach
can help to carry out calculations of resonance frequencies for macroobjects, using which it will
be possible to obtain the necessary information, for example, frequencies accompanied or caused

by seismic activity.

A9.1 Macro-object as a particle

Since the matter of which macroobjects are composed is the result of wave processes of
energy, the macroobject can be replaced by a representation of a wave process. The macro-object
itself will be an analogue of the region 1/c:2, where ci is the effective interaction velocity that
would create an object with such dimensions.

In such a case, knowing the radius of the macroobject, one can find out the speed at which
its analogue would be created as a whole wave. Knowing its effective interaction velocity, it is
possible to calculate the charge of the object and the parameters of the particles that will be in
resonance with it, which will allow, for example, to detect the effect of charge interaction or energy
rotation and use it, for example, to repel from the macroobject.

If we have an object of radius R, we get a value for the interaction velocity:

Knowing the effective rate of interaction, we obtain the expression from the formula for

calculating the charge:

6 5 12
Qmac = a;q = O{?R
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Using the formula for calculating the wavelength at a given interaction velocity, for a

macroobject we can rewrite it in the form:

_n
A= C1_1 (;‘—71_[) 5,

1<n<4
At n>4, energy transfer into gravitational waves will be observed, which will lead to seis-
mic activity.

To calculate the frequency we use the standard formula:
c

f=3
Here already the standard speed of light is used as ¢, because we have to get resonance with

our interaction speed.
A9.2 Calculation for Earth

Using the formulas above, we calculate the parameters for the Earth.
Earth radius R 6371=x 103 m

B 1
V26371 x 10°

c;t= \/2 6371 X 103 = 3,5695938144276303639707523697275 X 103

1 ~ 2,8014391888460448626359695257632 x 10~*

C
llzl% ~ (1,34847)° x 10~° = (0,134847)5
12 ;
Umac = a7R =— 6371 x 103 ~ 1,776308570695004584139426594144 x 105 C

According to current physical understanding, the Earth has a negative electric charge of
approximately 600,000 coulombs (C). This charge is due to the existence of a global electric field
between the Earth's surface and the ionosphere, where the Earth is negatively charged and the
ionosphere is positively charged. The average strength of this field near the Earth's surface is about

130 V/m. ru.wikipedia.org ZFTSh, MIPT

It was this discrepancy between the values of the charge obtained by me and the one ob-
tained in physics that made me think about the essence of the constant fine structure. This led to
the formation of the chapter "7.6.7 On the nature of the constant fine structure", in which its es-

sence is explained. For the Earth the influence of gravitation, caused by the same, in the
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manifestation of charge will be much less, so in this case there is a discrepancy. In the future I

hope to find the calculated value of this coefficient depending on geometry.

Now let's calculate wavelengths and frequencies for different numbers of nodes, which

will create different variants of interactions at resonance with the Earth in this case.

_n

—1(£L) 3

A
c

f= - mw
o (55)

1<sn<4

n=1
A = 3,56959381 x 10° - (0,134847)! ~ 26,47143659 x 10 m,
=< 299792 458 11 325,12989919 H
f =3~ 2647143659 x 103 ~ ’ z
n=2
A = 3,56959381 x 10° - (0,134847)2 ~ 196,30719697 x 10° m,
=< 299 792 458 1527.1597915 H
=3~ 19630719697 x 10° ~ ’ d
n=

A =3,56959381 x 10° - (0,134847)73 =~ 1 455,77726586 x 103 m,

c 299 792 458
f= A 1455,77726586 X 103

~ 205,932916408677 Hz
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n=4

A =3,56959381 x 103 - (0,134847) * = 10 795,770509 X 103 m,

299 792 458

C
_ . ~ 27.769435979588 H
f =X~ 10795770509 x 103 = 27 z

At frequencies lower than 27 Hz there will be energy transfer to the inner region of the
macroobject, which can cause seismic activity. It can also be said that seismic activity will be
accompanied by the emission of energy at frequencies of 27 Hz and below. This can be used as a

signal of the beginning of seismic activity.

A9.3 Table of resonant wavelengths and frequencies for the Earth

Ne node (n) Wavelength J, m Frequency f, Hz Nature of interaction
1 26,47143659%x103 11325,129899 neutrino
2 196,30719697x103 1527,159792 electron
3 1455,7772658%103 205,932916 neutron
4 10795,770509x103 27,769436 proton

A9.4 Conclusion

In this paper it is shown that using the geometrical approach of the wave model of matter,
it is possible to calculate the resonance frequencies of macroobjects, including such as the Earth,
without involving empirical data.

It has been shown that resonant frequencies corresponding to different numbers of nodes
(n) can be used as indicators of different modes of interaction with a macroobject, from safe energy
resonance to the transition to the region of gravitational disturbances and possible seismic activity.

These results confirm that the wave approach underlying the ‘Model of the Wave Structure
of Matter and fractal structure of the Universe’ is applicable not only to the microcosm, but also
to macroobjects, and can provide useful information about the structure and dynamics of interac-
tions in nature.

The obtained dependences can be used both for further theoretical analyses and as a basis
for the construction of practical devices interacting with mass at resonant frequencies.

The proposed calculations can be used as a basis for the development of technologies for
controlling gravitational interaction and monitoring geophysical processes, as well as for the cre-

ation of means for wireless energy transfer at a distance with a high efficiency factor.
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