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Abstract.

This article contains the results of work on the development of the brilliant idea of James
Clerk Maxwell that elementary particles are vortices of material substance that fills our entire
Universe. He considered the main problem of this idea to be the impossibility of keeping the
vortices from disintegrating into a chaotic (thermal) motion of the particles of the medium. It
was possible to develop a model in which certain simple processes constantly carried out in a
liquid make it possible to keep vortices in this liquid indefinitely. Model studies have shown that
the processes that allow keeping vortices in liquids endow these vortices with all analogues of
the fundamental physical properties that real elementary particles have. The developed model
clearly explains: what is the spin of a particle, what is the rest energy of a particle, how particles
create fields, how forces arise and what connects all fundamental interactions (forces) with each
other, why a particle behaves like a wave, why a liquid in which and there are vortices-particles
perceived by them as "emptiness" and much more. In addition, the model has a speed limit
similar to the speed of light and analogs of space and time. The model can be tested
experimentally. Methods for experimental verification of the model are proposed.

Introduction.

According to the Big Bang theory, all elementary particles of our Universe have
originated out of the primal energy caused by the big bang explosion. New elementary particles
presently continue originating. It happens with collisions of the elementary particles that have
been moving relative to one another at a high speed. Physicists observed these occurrences while
studying the particles that came here from outer space. They still observe and study them now,
for instance, when researching collisions of sub-atomic particles in the Large Hadron Collider.

What happens in the interval between the following events: from the energy release
during the big bang or the particles collision to the emergence of new elementary particles?

Modern physics provides no answer to this question. The interval between moments of
the particles collision and emergence of new particles remains a blank and is virtually
unexplored.

Is it possible, based on the knowledge we have, to imagine such an environment and such
processes where the primal kinetic energy caused by a blast or collided particles can transform
into the other power objects that are entirely similar to actual elementary particles in terms of
their physical properties? How, in what environment, and on what terms is it possible for the
energy to transform into the other particles that have not previously existed? What should these
very elementary particles be in this case? How should the elementary particles be structured? Is
it possible to create an object that would be entirely similar to an elementary particle in actual or
virtual fluids or gases? Is it feasible to formulate, even if only theoretically, the conditions in
which a formation and continuous existence of such objects is possible?

This article addresses outcomes of a search for answers to the above-mentioned
questions.

How do elementary particles form?

As a result of the collision of elementary particles moving at high speed with respect to
each other, new elementary particles are sometimes produced. The total rest mass of the particles
that formed after the collision is greater than the total rest mass of the colliding particles.
Instances of the formation of new elementary particles have been observed many times, for



example when particles from outer space collide with stationary particles, or when moving
particles are accelerated to high speeds and collided by experimental equipment. The existence
of such phenomena is an indisputable physical fact. Such phenomena have been observed by
scientists both in vacuums and in different media.

What is the difference between the particles whose collision results in the formation of
new particles, and all other particles?

The only difference is that they have greater kinetic energy; in other words they move at a
higher velocity. If the total kinetic energy of the collided particles is less than a certain value,
new particles will not be produced. A certain minimum total amount of kinetic energy is required
for the formation of new elementary particles.

In the process of forming elementary particles, an energy conservation principle is
observed all the time. The total energy of the particles (internal and kinetic energy) before the
collision is always equal to the total energy of the particles, photons and waves formed after the
collision.

What are new elementary particles made of?

The discussed above information suggests that newly formed elementary particles are
made of the kinetic energy of existing particles. New elementary particles are somehow a
converted portion of the kinetic energy, which is localized in a certain volume and exists for an
indefinitely long time, that belonged to the particles before their collision.

How does the kinetic energy of particles transform into new particles?

All modern theories of the formation of elementary particles and the entire universe avoid
these questions. All of the theories contain a fairy-tale component, and none of them may be
experimentally verified.

For example, the Big Bang Theory states that a lot of energy is required for the formation
of matter. And then, a series of unproven (fairy-tale) statements is given: Among them:

- all the energy appeared at a point having no physical properties or dimensions;

- the elementary particles of matter were formed from such energy in a magical,
inexplicable way:

- space and time were formed (without an explanation of the physical nature of such
phenomenon) after the explosion.

A vacuum is a magic inexplicable medium. Vacuums do not prevent bodies and
elementary particles from moving inside them (an empty space); however, at the same time,
electromagnetic waves move inside a vacuum as if in a very elastic and dense medium.

All these unexplained properties and statements are represented as truths, not requiring any
proof or explanations.

This belief in magic (which defies any scientific explanation) paralyzes all attempts to
obtain answers to other questions: What is the real physical mechanism of the formation of the
elementary particles of matter, space and time, force fields and other fundamental physical
phenomena? What is a vacuum? And so on.

No one will probably argue with this statement: If, as a result of the collision of particles
in a vacuum, new particles are produced, then the vacuum must contain a certain mechanism
(physical conditions), which converts certain portions of the kinetic energy of the colliding
elementary particles into another form of energy, i.e. into newly generated elementary particles.

The search for this mechanism (conditions) resulted in the creation of this model. I call it
the compressional-wave model of the formation of the elementary particles of matter - the CW
model.

The compressional-wave model of the formation of elementary particles (the CW model)
If a sharp release of energy (explosion) takes place in a volume of ordinary liquid, for
instance, in water. This may be done by injecting a jet of colored water at high speed (explosive
speed) inside the volume. Figure 1. The laminar or streamline flow of such water jet inside the



water column is impossible. A colored jet in ordinary liquid will always split into separate
vortices at a certain stage of the diffusion. First, the vortices are large, then they split into smaller
vortices, then into even more smaller vortices, and so on, until the heat of the explosion energy is
completely dissipated. The water temperature will increase during the process. The vortex
energy will be converted into the energy of the random motion of water molecules.

Fig. 1 Model of vortex creation in a liquid
1 — fluid. 2 — injected fluid. 3 — area of the fluid turbulent motion.

What if we make our experiment more complex?

Assume a very large volume of three-dimensional medium. Let the medium’s properties
be similar to the properties of a perfect fluid - a fluid with no inner friction/viscosity. The elastic
properties of the medium must be such that the speed of distribution of compressional waves
inside it (fluid) is approximately equal to the speed of light in the natural world. Assume that the
particles comprising the fluid are absolutely elastic. Let us assume that the particles of this fluid
have a property which we call mass or inertia. Let’s arrange the sources of periodic
compressional waves of huge frequency and energy 1, as it is shown in Figure 2, demonstrating
the volume cross section (Figure 2 contains only four sources, however, the number of required
sources may be larger). Assume that the flows of compressional waves from all sources fill the
cavity A, outlined in the fluid; and the dimensions of the cavity will be similar to the dimensions
of the universe. In this way we have filled the medium in the area A with compressional wave
flow energy. Figure 2.

What happens if an additional energy release (explosion) occurs in the center of area A,
similar to that described in the example with water?



Fig. 2 Longitudinal wave model of vortex maintaining
1 — sources (generators) of longitudinal waves. 2 — fronts of longitudinal waves, A — model area.
3 — energy release (explosion).

The explosion energy will definitely disrupt the initial compressional wave energy
distribution pattern in the medium. The explosion energy, like the water in the example above,
will split into separate vortices. Large vortices are formed first (metagalaxies). Then these
vortices will split into smaller vortices (galaxies). Then into smaller, and smaller, etc. What will
happen with the explosion energy at the end of such process? Where will such additional energy
disappear under such conditions?

Will it transform into the thermal motion of our perfect fluid particles?
Or maybe some other variants are possible?

There probably exist several combinations: the directions, mutual positions, number of
wave flows and frequencies, and the length and energy of compressional waves are such that the
vortices into which the explosion energy is split, at a certain state in their sub-division
(dissipation), will not disappear and transform into the random thermal motion of the fluid
particles, but instead will interact with the compressional wave energy, and as a result of such
contact, soliton-like formations - indefinitely long-term existing three-dimensional vortices - will
be generated in the fluid.

This is similar to the case described below:

Assume that we have an absolutely empty vessel in the form of polyhedron, and the walls
of it are made of a material with absolute elasticity. We drop an absolutely elastic ball or several
balls into the inner space of such vessel. Figure 3 (plane section). The orifice through which the
balls are inserted shall be immediately closed with an absolutely elastic cover. In such conditions
(in the absence of a resisting medium inside the vessel, and with the absolute elasticity of the
balls and walls) the balls will bound from the walls forever. And they will maintain their motion
inside the cavity perpetually.



Fig. 3 Vortex maintaining diagram
1 — Ball with absolute elasticity. 2 — Walls of the container with absolute elasticity.

There are spaces (wave length) between certain compressional waves. There will also be
spaces where there is no wave energy, between compressional waves moving on different sides.
Compressional waves moving from different directions form, with their energy, a cavity similar
to the polyhedron described above. The vortex enters such similar energy cavity. The impacts of
ingoing waves to the vortex particles will be similar to the impacts of the absolutely elastic walls
of the vessel described above to the balls made of absolutely elastic material. Compressional
wave energy will lock the vortex motion of the medium particles in the created “energy cavity”
and will keep their cyclic motion inside the vortex. They will maintain it in a definite volume.
The size of such volume is determined by the size of the fluid particles, the mutual direction and
amount of the wave flows, the distance between the adjacent waves, the period of their sequence,
and their amplitude. It is understood that such volume will not have precise boundaries or
dimensions. The limits of such volumes will constantly change within the distance between the
adjacent waves and the period of the wave sequence. The indefiniteness of their form and of the
volume they occupy is one of the properties of real elementary particles.

Conserving the energy produced during the explosion in the form of vortices until it is
transferred to the heat motion of a medium particle, the entire system is in a state of energy
equilibrium. From the energy of the compressional waves, energy traps (similar vessels with
absolutely elastic walls) are produced that prevent the vortex energy from being transferred to
the random thermal motion of the medium particles.

Our vortex is very similar to a physical phenomenon that meets the definition of an
elementary particle - a soliton (solitary wave). A soliton is a structurally stable, solitary wave
distributed across a non-linear medium. Solitons behave similarly to particles (a particle-like
wave): When interacting with each other or with certain other disturbances they are not
destroyed, but they move while keeping their structure unchanged.

Soliton investigations began in August 1834 at the Union Channel coast in the vicinity of
Edinburgh. John Scott Russel observed a phenomenon on the water’s surface which he called a
solitary wave. He found that inside the solitary wave a stable cyclic motion of water particles
occurs, which is caused and maintained by external causes. This was the first description of a
soliton. However, the term “soliton” did not exist at that time. The first concept of a soliton was
introduced later for describing non-linear waves interacting like particles. Probably the vortex
described in the CW model is a kind of volume three-dimensional soliton.

Let’s assume that the process of vortex formation from the explosion energy was
successfully completed. All or some part of the explosion energy was preserved in certain
volumes of ingoing compressional waves in the form of the cyclic motion of fluid particles
(vortices). The vortex in the CW model is a process of cyclic motion of the medium, localized in
a specific, limited volume of the model medium and kept inside this volume. It is important to



understand that the vortex in the CW model is not a collection of certain specific particles of the
model medium, but an energy process of cyclic motion of the medium particles. It is not
necessary that the same particles of the model medium participate in this cyclic motion all the
time. Particles involved in the vortex may leave it, replaced by other particles that were outside
the vortex up until that moment.

Probably a strict, detailed mathematical theory of such vortex formation is required. I
suppose there are enough experimental and theoretical data to create such a theory, and the
correct interpretation of this information will make it possible to develop this theory within a few
years. However, the answer to the question below must be obtained first:

Assuming that the formation and long-term existence of such vortices in fluids are
possible, then: If the possibility of the occurrence and indefinitely long-term existence of the
vortices in the CW model’s conditions is taken as a postulate, will such vortices within the model
possess the fundamental properties of elementary particles, or, more precisely, the qualitative
equivalents of these properties?

In order to get an answer to this question, consider and compare the properties of real
elementary particles to the obvious properties of vortices which appear from the structure of the
suggested theoretical CW model. If the answer is affirmative, it makes sense to perform further
mathematical constructions and to try to create a similar experimental CW model.

Properties of elementary particles

1. An elementary particle is equivalent to energy. It may be produced from energy and may
transform to another kind of energy under certain conditions (annihilation).

2. Elementary particles have spin. Spin is an intrinsic angular momentum of elementary
particles, which is quantum in nature and is not connected with the particle’s motion as integral
whole.

3. Elementary particles have their proper inner energy - the rest energy E =mc?. The value of this
energy does not depend on the motion of the elementary particle as a whole.

4. Elementary particles create at each point in their surrounding space a specific state (energy
distribution) - a force field. Elementary particles of matter create fields.

5. Between elementary particles which fall into each other’s fields, mutual impacts - forces -
occur. Such impacts are evident as the elementary particles attempt to take certain positions with
respect to each other, in which a balance of forces is reached.

6. A vacuum does not put up any resistance to the uniform, straight motion of elementary
particles or to any elementary particle formations (i.e. in this respect it serves as a ‘void space’
for them).

7. Elementary particles have wave properties which are observable during interference and
diffraction.

These are perhaps the basic fundamental properties inherent to all particles of matter. These
properties may be considered to be absolutely true and have been proven by numerous physical
experiments, performed throughout the entire history of the investigation of matter. If an object
having all these properties were to be encountered in any experiment, it would be absolutely
reasonable to consider it to be a particle of matter.

Compare the properties of our vortex in the CW model with the properties of real elementary
particles.
Properties of the CW model vortex

1. A vortex is a localized and specific volume of kinetic energy (motion) of particles in the
medium of the CW model. It exists for a long time. It is produced from the energy (motion) of
the medium particles, and theoretically it may be transformed to any other kind of energy
(motion). In this sense the vortex is similar to a real elementary particle.



2. Particles of the CW model fluid constantly perform a cyclical motion inside the vortex. Each
particle inside the vortex has its own impulse. This means that the vortex has its own total
internal momentum. Cyclical motion inside the vortex is maintained due to the “impacts”
(energy quanta) of compressional waves, and, consequently, it is of a quantum nature. And this is
equivalent to spin.

3. A vortex is the kinetic energy (movement) of fluid particles localized in a certain volume. The
energy of rotation (cyclic motion) of a vortex and various bodies is defined as the total energy of
elementary volumes of bodies (liquid particles) according to the generalized formula E=kmv>.
Where m is the mass, v is the speed, k is the shape factor of the body. This formula is similar to
the formula for determining the internal energy of rest of real elementary particles E=mc?, where
c is the speed of light, m is the mass of an elementary particle, k= 1) The mass of an elementary
particle is equal to the mass of the fluid particles involved in the vortex motion of the model.

4. Consider the process of a compressional wave passing through a vortex. Due to the energy
superposition compressional waves in the model must pass through each other and through the
vortex (as well as through any other energy process) and move on. Wave and vortex energy is
transferred through the resilient collisions of particles in the medium. Inside the vortex, each
particle in the medium participates in the cyclical motion, unlike the area where there are no
vortices. Each particle involved in the vortex motion has its own speed and direction. A
compressional wave, when it meets the vortex, also makes the fluid particles oscillate. An
aggregation takes place of the velocities and directions of the fluid particle motion caused by the
compressional wave and vortex motion.

What will be the result of such interaction?

Let’s assume that the compressional wave front was a plane (or an approximate plane)
when approaching the vortex. Will it still be a plane after passing the vortex? Of course not!
Each wave coming through the vortex will be changed due to the motion of particles inside the
vortex. If the wave front was a plane before the contact with the vortex, it will never be the same
after passing the vortex. The total wave energy will be the same after passing the vortex.
However, the energy distribution within the wave will certainly change. This is demonstrated (in
a simplified form, for one wave flow only) in Figure 4.

Fig. 4 Field creation diagram

1 — one of the longitudinal wave streams, 2 — region of cyclic motion of the fluid particles
(vortex), 3 — waves stream motion direction.
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Each vortex in the model will be surrounded by an area of compressional waves, within which
the energy distribution will be changed by the vortex itself, and the waves will be moving away
from it with the velocity of the compressional wave distribution in the medium (light velocity).
Obviously, the apparent density of such energy distribution changes will decrease in proportion
to the distance from the vortex center. Each vortex in the CM model creates a space of
compressional waves with a modified initial distribution of energy around itself. The distribution
of compressional wave energy in a certain area near the vortex will differ from the same energy
distribution in the area where there are no vortices within the model. We get a space with
modified energy distribution around the vortex. There is a reduction in the “density” of such
changes proportional to the distance from the center of the vortex. We get a phenomenon
analogous to the fields that are created by real elementary particles.

5. Let’s imagine that two vortices are closing in on each other. Figure 5.

Fig. 5 Force creation diagram
1 — Counterflows of the longitudinal waves. 2 — Vortices.

For simplicity, only two wave counterflows are shown in the figure.

At the section connecting the centers of the vortices, the total density of energy
distribution differs from that of the area apart from the vortices, which means that the
compressional wave energy distribution itself will differ as well. The wave energy distribution in
the interspace between the two vortices will differ from the energy distribution in the area where
there are no vortices, and will even differ from the energy distribution in the area in the vicinity
of a single vortex. Along the line connecting the centers of closely-spaced vortices, the vortices
may receive a total energy of “wave impacts” which is greater or smaller than the energy
received by a single, lone vortex. A negative or a positive energy imbalance occurs between the
vortices. All energy systems have a tendency to strive toward equilibrium. A system consisting
of two vortices with compressional waves moving toward and away from them on all sides, the
waves between the vortices (with the fronts distorted after the contact with vortices), must tend
to strive toward energy equilibrium as well (equal amount of energy approaching the vortices on
all sides). In order to reach equilibrium, the vortices in the model must take a certain position
relative to each other (move toward each other or move apart). This behavior of the vortices is an
analogous to forces in the compressional-wave model.

Vortices may have various internal structures. There may be many types of vortices (due to
the different capacities and forms of the “energy cavities” described above, produced by
compressional waves). The forms of the distorted compressional waves that pass through the
vortex may be absolutely different. Such distortion depends on the motion of a vortex as an
integral whole, on the distance between the vortices, and on the number of interacting vortices.
Influenced by wave distortion, different vortices tend both to close in on, and to run away from
each other. Vortices may have a tendency to turn, or to change their angular position relative to



one another. That is why not only the equivalents of attractive forces may occur between the
vortices, but ones of repulsive forces and forces aligning vortices with each other as well.

Also, a system consisting of vortices and compressional waves may have several energy
equilibrium positions, depending only on the distance between the vortices. Assume that we start
pushing vortices, which are at the equilibrium position, toward each other. At first, when the
vortices are closing in, the wave energy will be concentrated, which should obstruct such
approximation and tend to put the vortices back in the equilibrium position. However, if the
force pushing the vortices toward each other is increased, there will occur a moment when such
resistance barrier will be broken through. The vortices will reach a new equilibrium at a distance
smaller than the initial one. This transfer may be accompanied by the production of “excessive”
energy. Types of fundamental interactions of real elementary particles are probably just different
states of energy equilibrium.

6. Is a vortex capable of moving along the model medium?
Yes, it is!
There are many examples in real life:

- various whirlpools in rivers and oceans;

- tornados/funnel clouds in the Earth’s atmosphere;

- smoke rings blown by smokers, etc.

Let’s consider the process of a vortex’s linear movement in fluid. It should be borne in
mind that the vortex is not a foreign body in the model fluid. It is not a steel ball in water. A
vortex is an energy process. The steady, linear movement of a vortex in the CW model, as well
as in reality, is a more complex process than a stationary vortex. When there is steady, linear
movement of a vortex, together with cyclical motion of the particles in the vortex, the particles
of the model medium from one side are involved in this motion, and at the same time the
equivalent number of particles on the opposite side are excluded from this cyclical motion. To
create such a process some external impacts are required; however, if it is already created, then it
may last as much as desired in the ideal fluid (a liquid without internal friction). Only other
vortices and similar formations may influence the vortex’s motion within the model medium.
They influence by impacting the other vortices with a modified distribution of compressional
wave energy (field) around them. Vortices and any formations of such vortices will not meet any
resistance from the side of the model medium where there are no vortices, if they are moving in a
steady, linear path within it. But what kind of resistance may the ideal fluid energy experience
when moving along the same fluid? None. The energy is not a foreign body in the model
medium. It is the energy of the medium particles that is distributed along the medium. The
medium particles perform cyclical movements only in the vortex and in the wave, but they are
not moving together with these vortices and waves. It is only the process of cyclical and
oscillating movements that is traveling. This is how the actual shift of whirlpools in a water
column is performed.

The vortex’s movement in the CW model is similar to the movement of real elementary
particles or other bodies made of elementary particles in a vacuum. Vortices and different
formations, when in motion, will consider the ultradense, elastic medium of the CW model as a
basis for their existence, as a “free space”. Similarly, real elementary particles and real bodies of
such particles perceive a vacuum. The dense medium of the model (vacuum), which is only
capable of resisting a change in the vortex’s velocity and direction inside it (analogous to
inertia), may not influence the existing steady, linear motion of the vortices. Only other vortices
and formations thereof may impact the velocity and direction of vortices.

7. Will vortices in the CW model have the properties of a wave? Will basic wave
features occur when the vortex is in motion: the phenomena of interference and diffraction?

The CW model structure is designed so that the vortex constantly interacts with
compressional waves. The vortex “at rest” with respect to the model medium under the impact of



evenly incoming waves will constantly perform insignificant oscillations (within the interval of
the compressional wave length) from one side to another. However, if its average position is
considered over a continuous time interval, it will stay at one specific point.

Let the vortex move freely (with no forces impacting it) along the CW model medium. The
vortex is moving in the CW model in the medium filled with compressional waves. In the area of
the CW model where the wave fronts are not distorted (for example, where the wave fronts are
flat) and approach evenly on all sides, the vortex will move, on average (over a continuous time
interval) in a linear trajectory. Any experimental installation (a screen with openings) will
definitely distort the initial distribution and form of such wave fronts. The distribution of the
compressional wave energy, after passing a screen with a single opening (Fig.6), will obviously
be different compared to passing through a screen with two openings (Fig.7). The vortex will
already interact with this distorted wave distribution before the installation. If compressional
wave flows from different sides impact the vortex differently, the trajectory of the vortex will not
stay linear. It will change. The vortex will have to move in a path made for it by waves whose
direction was changed by the experimental installation. Fig.6 and Fig.7. The same situation will
take place when the vortex is passing through the experimental installation (screen with
openings) on its way to the device registering the results of the experiment. This will determine
the wave-like character of the vortex’s motion, and, consequently, the presence of interference
and diffraction when the vortices are moving within the model. It shall be noted once again that
the vortex is not a foreign body in the medium, but an organized movement of the medium’s
particles through which the compressional waves are passing. It is obvious that the larger the
vortex is, compared to other vortices, the smaller the impact the uneven wave energy distribution
will make on its trajectory of motion, and vice versa. The smaller or greater the vortex, the
smaller or greater will be its wave effects when the vortex moves as an integral whole within the
CW model, which is completely analogous to real-world processes.
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Fig. 6. Single Hole Experiment
1 - experimental installation with one opening. 2 - compressional waves. 3 - source of photons or
electrons. 4 - photon or electron recorder.
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Fig. 7. Experiment with two holes
1 - Experimental installation with two openings. 2 - compressional waves. 3 - source of photons
or electrons. 4 - photon or electron recorder.

An experiment was carried out to study the interference pattern when single photons and
electrons pass through an opaque screen with one or two openings. The results may only be
explained by the fact that photons and electrons “feel” the screen with one or two openings in
advance, while still approaching the screen.

Up to now, such explanations have been suggested for novelty purposes only.

But this is how everything should happen in the model!

Compressional waves are moving both to the screen and from the screen. The uniformity of
the compressional wave front distribution is disturbed by the screen both after and before the
screen. The change in this uniformity makes a path for electrons from the emitter to the screen,
and then - to the recording device, where we observe, or do not observe, an interference pattern.
The electron, encountering the compressional waves coming from the opposite direction from
the screen, actually “feels” which type of screen is in front of it (with one or two openings).

A comparison of the properties of real elementary particles with the properties of the
vortices in the model which are evident from the model design demonstrates that their qualities
fully match. From this comparison it may be concluded that the vortex in the CW model is
completely analogous to real elementary particles. The coincidence of the properties of
elementary particles and the vortices in the CW model makes it possible to state that their
structures must be the same.

It may be concluded that it is necessary to perform an experimental verification of
probability of the existence of the vortices described above. A mathematical description should
be made of them as well.

Possible experiments

An experiment may be carried out in the waters (which is highly transparent). Figure 2.
Install compressional wave generators. Fill a certain volume of water with compressional wave
flows and perform an explosive injection of colored water in the center of this volume. This may
allow the confirmation that the formation and long-term existence of the vortices described
above are possible.



The creation of a computer model of the experiment mentioned above seems to be the most
promising perspective. Create a computer model of some part of our CW model. The smallest
independent body of such model must be represented by each absolutely elastic particle
comprising our perfect fluid. The program must allow such values to be varied as the number of
compressional wave flows, their amplitude (energy), wave run period, wave length, sizes of the
particles our experimental medium consists of, and other conditions. The elastic properties of the
medium must ensure the compressional wave distribution in it at the speed of light. The
possibility of setting different conditions of energy release (explosion) must be provided, as well
as the possibility of tracking and recording the way the vortices described above are formed (and
whether will they be formed?). I suppose, that it will be possible to determine the conditions
under which virtual elementary particles - vortices - will occur, and such particles will be
absolutely similar to real elementary particles.

We can create a piece of the virtual physical universe that is absolutely equivalent to the
real world. In this program, any possible virtual elementary particles can be created and collided.
Such particles may be assigned any kinetic energy at any rate; and we should be able so study in
great detail the results of the collisions of the virtual elementary particles.

At least several compressional waves participate in the formation of each virtual
elementary particle (vortex). There may be a large number of the model medium particles in
each compressional wave coverage area. The occurrence and existence of the vortices in the CW
model and the final result of the vortex collision is formed as an overall result of numerous
simple, very small interactions among a large number of virtual medium particles. We will never
be able to predict the results of the virtual experiment using formulas and equations. However,
these results may be completely simulated and calculated using a computer, and they will
correspond to the behavior of real processes.

Such a program may replace elementary particle accelerators (colliders) and other
expensive physical devices. The development of such software will result in significant cost
savings and will advance the knowledge of real-world physics. Probably in future we will be
able to obtain virtual chemical elements and different molecules. I hope that it will be possible
to create a virtual chemical laboratory; this will contribute a lot to modern science as well.
However, the most exciting thing will be the creation of virtual biological objects: cells, tissues,
organs, and virtual organisms. If such developments are successful, this will be a breakthrough in
the study of living organisms and humans. The significance of the creation of such objects, for
practical applications such as medical science, is very promising.

However, the variants listed above do not completely describe all the advantages of the
suggested CW model.

The CW model’s analog of the speed of light

The speed of light is the maximum speed for the distribution of energy impacts in our
universe. It is still unknown why the speed of light is the limit.

The CW model contains nothing except for the medium and various kinds of internal
energy of this medium (compressional wave energy and vortex energy).

The entire accumulated experience of studying energy distribution in a medium states that
the highest speed of distribution of the medium’s energy within the same medium is the speed of
compressional wave motion along the medium. From the information discussed above, it may be
concluded that the compressional wave distribution speed in the CW model fluid is, like the
speed of light in the real world, a natural limit for any kind of energy distribution inside the
model.

The model provides for the theoretical possibility of marking certain compressional waves.
This may be done by accelerating and slowing down the vortex (the vortex group). It is possible
to make vortices oscillate. In this way we create an additional movement of all fluid particles



involved in the vortex. According to the nature of field formation in the CW model described
above, such additional motion will necessarily change the energy distribution of the
compressional waves that passed through such vortices. The energy distribution in the waves
which have passed through the oscillating vortex is different from that of a stationary vortex.
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Fig. 8. Way of signaling in the model

1 - a vortex oscillating under the influence of external forces. 2 - a vortex oscillating due to
changes in the energy distribution within compressional waves. 3 - one of the compressional
wave flows. A1,A2 — amplitude of the vortex oscillation.
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The other vortex, which is distant from the first one, may “feel” such a change in the
energy distribution (a kind of a “label”). After entering the wave flow, which is changed by the
first vortex motion Figure 8, the second vortex must start (even quite slightly) moving under
their impact. The behavior of the second vortex will differ from the behavior of the vortices that
are in the area of unchanged compressional waves. It is possible to send and receive signals
within the model by means of such labels, by making one vortex move (oscillate) and tracing the
movement of the other vortex, which is located at a significant distance from the first vortex.
Signals will be distributed within the model at a speed equal to the compressional wave
distribution speed.

After completing the present work, I decided to find out how radio communication
processes are carried out. [ was surprised that the real process was completely similar to the one
described above.

Changes to the compressional waves, which form as a result of the oscillation of vortices,
will be analogous to real-world electromagnetic radiation. The velocity of “labels’ (wave energy
distribution changes) will not depend on their source speed. Any source just changes the
compressional wave energy distribution and has no possibility to accelerate or slow down their
motion. The wave motion velocity is the largest possible speed of energy transfer in the CW
model.

The CW model includes a property, formulated by Einstein as a postulate, which is taken
as the basis of his special theory of relativity - the principle of the consistency of the speed of
light. The speed of light in a vacuum is the same in all directions for all inertial reference
coordinates, and does not depend on the motion of the light source or the observer. However, the
wave speed (speed of light) is the same only in relation to the CW model. The overall velocity in
the systems moving in relation to the model medium is different. Theoretically it may vary from
0 to 2 C. We perceive such changes in the relative speed of light velocity as red or violet shifts of
electromagnetic oscillation energy and the light’s quanta. If a quantum is moving opposite to the
installation direction, then its velocity is summed up with the installation speed. However, we
only define its energy as being greater than its calculated energy (violet shift). If we measure the



energy of a quantum moving in the same direction as the installation, then the reduction of its
velocity with respect to the installation will be registered by the instruments as a red shift.

Photons and electromagnetic waves in the CW model are different energy formations. An
electromagnetic wave is a disturbance of energy distribution in the compressional waves. They
are transmitted with the waves and their intensity quickly dies out with distance. A photon is a
vortex (its energy is less than the particle energy), which is trapped between the wave fronts of a
wave flow, and is carried away by the compressional wave flow at the speed of wave distribution
(speed of light) in the model medium. The vortex is maintained by the wave cross-flow and thus
it does not fade away.

Time

All existing definitions of time as a fundamental physical phenomenon of our universe in
modern scientific literature may be generalized in one simple definition: Time is a property of
the universe that gives us the opportunity to assess (measure) the duration of intervals between
events at any point of the universe. The physical causes that impart this property to the universe
have been unknown until now. Without the process of measuring the interval between events -
comparisons of this interval with some other interval (second, minute, hour, etc.), even in a
primitive form, time does not exist for us. We talk about some event, saying it took place
yesterday - in this case we imply 24 hours (the Earth rotating on its axis) as a unit of
measurement. When we say that a certain event happened last year - we imply a year (the Earth
revolving around the Sun) as a unit of measurement. And so on. All the time when we speak
about an event’s location in time, we define such locations with particular units of measurement.
Humankind from the earliest times has used periodically-repeating events to determine the
event’s place in time. Thanks to our ability to remember and to predict, humans perceive time as
a phenomenon that works slightly differently from the way it actually works in the inanimate
world. And that is all that is known to the scientific world regarding real time.

What can time’s properties give to our universe?

An answer to this question may be obtained by analyzing methods for measuring time
intervals which have been used by humankind. Such analysis demonstrates that there is only one
generalized method of time measurement. Whenever we need to measure the time interval
between two events we use a certain reference interval (year, day, hour, second, frequency of
electromagnetic radiation and so on - an interval between two periodic events) and then
determine how many of these reference intervals take place for the duration of the interval to be
measured.

If the measured intervals are reduced to the smallest events we are capable of recording, we
may conclude that the universe’s property of being measurable in time may be provided only by
a continuous, periodic sequence of all-pervading events occurring with the maximum frequency,
which may serve as a reference for measuring time intervals between other events.

Such a sequence exists in the CW model!

Such an all-pervading and very small event (impact) in the CW model will be the moment
when the front of any compressional wave crosses any point of the model. Particles of the model
medium are constantly oscillating at each point of the model, caused by the passage of the
compressional wave through such point. Compressional waves are passing through everything,
through each elementary particle / vortex, and through all areas of the CW model.
Compressional waves are essentially an all-pervading network of energy impacts (the smallest
events) following each other.

Consider a compressional wave flow in the model Figure 9.



Fig.9. Scheme for measuring time and space in the model
1 - one of the compressional wave flows.

If two events happen at point A of the CW model Figure 9, and the interval between the
events is greater than the oscillation period of the wave source, it is theoretically possible to
measure the time duration between the events. We have to count the number of compressional
waves (energy impacts) (from one of the wave sources) that passed through point A for the
interval between the events, and to multiply the resulting value by the wave run period.

It is obvious that the greater the duration of the measured interval in comparison to the
duration of the interval required for two adjacent fronts of the compressional waves to cross the
point, the more precise the result of the relative measurement will be. And vice versa, the smaller
the duration of the interval in comparison with the compressional wave run period, the smaller is
the relative accuracy of its measurement in the model. We have nothing to say about the duration
of the intervals compared to the compressional wave run period, or about the intervals smaller
than this period.

Time in the CW model is of a quantum structure. A time quantum in the model is
represented by an interval in which two adjacent fronts of the compressional waves cross any
point of the model. Or, in other words, a time quantum is a wave run period or the oscillation
period of the source of these waves. Events smaller than the compressional wave period in the
CW model are impossible to measure (there is no adequate reference unit). It is impossible in the
CW model to travel through time, to slow it down, to stop it, or turn it back. Time in the CW
model environment is a system of the smallest all-pervading energy impacts of the
compressional waves on particles of the CW model medium and on vortices / elementary matter
particles. Such impacts constantly change (albeit microscopically) the positions and velocities of
all elementary particles. Time is a continuous process of very small changes in our universe.
Time flows, and everything changes.

If the model correctly describes the structure of our world, and our brain is similar to a
computer, there is a basic condition required for creating a natural computer in the model - a
clock frequency. The frequency of the compressional waves run will act as such clock frequency.
The value is estimated to be 10°° - 10*° beats per second. This is orders of magnitude greater than
the clock frequencies of existing computers. This large frequency at which our brain is operating
apparently allows us to process huge masses of information and to think in whole images, not
individual, simple symbols.

Compressional waves may also give us the so-called sense of time. The clock frequency
of our brain may serve as a kind of time “tuning-fork™ inside us. We may intuitively, though very
crudely, compare this clock frequency with the duration of all other surrounding processes. In



order for humans to survive, the ability to evaluate a minimum time interval of one-tenth of a
second has been, and still is, sufficient. Intervals smaller than that were not important for human
survival until the 20th century. This is probably why our sense of time is a very inaccurate
instrument.

Perhaps, due to the fact that the same process (the process of compressional wave
distribution) gives birth to our intellect, time and all perceivable universe, it is so difficult for us
to understand the essential nature of time and other fundamental physical phenomena. It is
difficult to view in a scientific and impartial way the things that are fundamentally incorporated
into us, create us, or form integral parts of us.

Space

Science has as little knowledge about space as is does about time. A generalized definition
of space goes like this: space is a property of the universe, which allows us to measure distances
between two points of the universe at any moment of time. And this is our entire fundamental
knowledge of space. There is no space, even in the simplest form, without the process of
measuring the distance between the points - the comparison of these distances with a certain
reference distance.

Let’s consider the process of distance measurement:

The measurement of distance is the process of comparing the segment to be measured with
a reference segment. If, similarly to time, we will reduce the measured distances, the idea is that
an all-pervading volume network of the smallest reference segments forms the basis of the
possibility to measure distance, and, consequently, to form space.

And the model does have such a network!

The same flows of the compressional waves which may be used to measure time intervals
may allow distance to be measured in the model. Consider the same compressional wave flow
which was used for demonstrating the time phenomenon in the model Figure 9. This flow may
allow distances to be measured along the line of its distribution. In our model we may determine
the length of any segment by calculating the number of compressional wave fronts of a flow at a
certain moment of time between two end points, for example between points A and B, and
multiply that by the distance between the adjacent waves (the wave length).

The distance between the adjacent wave fronts - a compressional wavelength - is a space
quantum in the model.

Similarly to time, the larger the distance to be measured in comparison to the wavelength in
the CM model, the higher the relative accuracy of distance measurement is. And vice versa, the
smaller the distance to be measured, the closer its length to the compressional wave length, the
smaller the relative accuracy of its measurement in the model will be. We will not be able to
measure a distance smaller than the distance between the adjacent wave fronts in the model.

Space in the CW model has a quantum structure. Space exists for distances and objects
whose length is larger than a space quantum in the model, i.e. larger than the compressional
wavelength.

In the three-dimensional medium of the model, at any number of wave flows greater than
or equal to three we will get a space with three dimensions at most. Four- and five-dimensional
spaces and other dimensions exceeding three are conceptually impracticable in the CW model.

Heisenberg uncertainty principle

The reader has probably noticed that when considering the measuring intervals between
events and distances in the CM model, the terms “point in space” and “moment of time” have
been used. However, in reality, the smallest microscopic objects in the model are space and time
quanta, i.e. the length and the period of the compressional waves. We have no means for



measuring space and time inside a quantum. This puts in an uncertain light the process of
accurate and simultaneous measurement of space and time (in quantum dimensions range), from
the very beginning of the CW model formation.

Therefore, the model features an uncertainly principle, similar to the Heisenberg
uncertainty principle.

Universe expansion

Our new Universe will be expanding. It is easy to see if you introduce a colored water jet
into a large volume of clear water at high velocity.

The emergence of life in the model.

How do biological objects differ from chemical ones? Chemical objects have very strong
bonds between their constituent atoms. There are relatively few chemical compounds. Biological
bonds are much weaker and are easily destroyed. There are billions of times more biological
compounds (in variety) than chemical ones. They are formed and destroyed much more often
than chemical ones.

Data on the chemistry of meteorites, asteroids and comets indicate that the presence of organic
compounds similar to compounds of biological origin in the solar system was a massive
phenomenon. The earth was no exception. From such organic compounds, under the influence of
various environmental factors, more complex molecules could be formed. We are especially
interested in molecules that, when they enter the nutrient solution, could build the same
molecules next to them. (let's call them primary DNA).

DNA builds next to itself the same complex DNA molecule. How does she do it? After
all, the DNA molecule has no arms, no legs, no brain. How to put everything in its place and
build a complex DNA molecule? The thing is that in the Longitudinal-wave model, DNA is a
volumetric diffraction grating for longitudinal waves passing through it. An interference region
of the distribution of maxima and minima of the energy of longitudinal waves is formed around
the DNA molecule. This distribution catches the right molecules from the nutrient solution and
puts them in their places in a new DNA molecule. Longitudinal waves, as it were, read
information from DNA and build a similar molecule next to it.

Why do only DNA that can make exact copies of itself survive?

Let's imagine that DNA creates rough inaccurate DNA. An inexact copy creates even
more inaccurate DNA. The moment quickly comes when the next copy loses the ability to build
complex molecules. The process is terminated. If there is DNA that builds an absolutely exact
copy, the copy builds the same copy, and so on. Such DNA will take over the entire nutrient
solution.

Under the influence of environmental factors, DNA will change. But only that DNA will
survive, changes in which will go in the direction necessary for survival. So apparently the whole
variety of biological objects was formed from the simplest DNA.

Conclusion

Vacuum (emptiness) is the only material substance of the Universe (superdense and
superelastic liquid). The vacuum is filled with streams of longitudinal waves. What we consider
to be matter (elementary particles, bodies, planets, stars and ourselves) is vacuum energy
organized in different ways.



This investigation of the theoretical compressional-wave model (the CW model)
demonstrates that the model by its design contains analogues of such real world phenomena as:
elementary particles, time, space, fields, forces, the speed of light, and vacuums. Interactions
between the equivalents in the CW model are the same as the interactions between real-world
phenomena. Energy transfer, space, and time in the model are of a discrete (quantum) structure.
These phenomena are inseparably associated with the process of compressional wave
distribution and arise from the complementary characteristics of this process (period, the length
and energy of the wave). The CW model vividly explains how and why all processes are
interconnected within it and, consequently, why the overall approach to describing the physical
world, proposed by quantum physics, is correct.

All the above-listed similarities between the CW model and the real universe may not be
accidental coincidences. It seems that the CW model correctly explains the origin of the
fundamental physical phenomena in our universe and the structure of the universe itself at the
qualitative level. I hope that the CW model will serve as the basis for the development of
detailed theories of these phenomena.

Hosast cranmapTHas Mojeab JIeMEHTapHBIX YacTHI] U APYTUX (PyHIaMEHTAIbHBIX (DU3UUECKUX
sIBJICHUN BceeHHo.

AHHOTaAU

B nanHOl crarthe mpuBENEHBI PE3yiabTaThl padOTHI MO Pa3BUTHUIO T'C€HUATBLHOW HIEH
Jlxeiimca Kiepka MakcBenia 0 TOM, YTO 3JI€MEHTapHbIEe YaCTUIIbI MPEACTABISIOT COO0N BUXPHU
MaTepUaJIbHOTO BEIIECTBA, 3aIllOIHSIONIEr0 BCIO Hamry Bceenennyro. ['maBHOW mpoOiieMoi 3Toi
UJed OH CYMTaJ HEBO3MOXKHOCTH yJepXaTh BHUXpPHU OT pacrajga B XaoTH4yeckoe (TerioBoe)
JIBUKEHHE YacTUIl cpeAbl. YJaloch pa3padoTaTh MoJielb, B KOTOPOH HEKOTOphIE IPOCThIE
IPOIIECCHI, MTOCTOSIHHO NMPOUCXOASIIHE B )KUAKOCTH, MTO3BOJISIOT OECKOHEUHO Y/IepPKUBATh BUXPU
B O3TOM JKUAKOCTU. MOJENbHbIE HCCIENOBAHMS ITOKA3aJIM, YTO IPOLECCHI, MO3BOJISIONINE
COXpaHATh BUXPU B JKUJKOCTSX, HAJENAIOT 3TH BUXPU BCEMH aHAJIOraMu (yHIaMEHTaJIbHBIX
(bu3nYeCKUX CBOMCTB, KOTOPHIMU 00J1a/1al0T peaibHbIE AIeMEHTapHbIe YyacThllbl. Pa3paboranHas
MOJIENIb HATJISIIHO OOBSACHSET: YTO TaKOE CIUH YACTUIbI, KAKOBA YHEPTUs MOKOs YACTHUIIBI, KaK
YacTHUILIBI CO3JAl0T TOJIA, KaK BO3HHMKAIOT CHJIBI M 4YTO CBS3BIBAET MEXJy co0OOi Bce
(byHaaMeHTalIbHbIe B3aMMOJAEHCTBHS (CHJIBI), TIOYEMY YacTHIAa BeJeT ce0si Kak BOJIHA, MOYeMy
’KHUJIKOCTh, B KOTOPOM U €CTh BUXPHU-YACTHUI[bI, BOCIPUHUMAEMbIE UMHU KaK «I1yCTOTa» U MHOTOE
apyroe. Kpome Toro, Mozienb UMeeT OrpaHUYEHHE CKOPOCTH, aHAJIOTMYHOE CKOPOCTH CBETA U
aHajgoraM IIPOCTPAHCTBA W BpeMEHU. Mozelb MOKHO IPOBEPUTh SKCHEPUMEHTAIBHO.
[TpennoxeHsl METOIBI SKCIIEPUMEHTAIIBHOM TPOBEPKH MOAEIIH.



BBenenue.

Cornacio teopuu bomnbmoro B3pbiBa, Bce ajieMeHTapHbIE 4YacTHIbl Halie BceneHHoit
BO3HHUKJIM W3 TIEPBUYHOW SHEpPruu, oOpaszoBaBiieiicss B pesyibTaTe bombmoro BspeiBa. B
HACTOSALIEE BPEMS IIPOJOJIKAIOT POXKAATHCS HOBBIE 3JIEMEHTAPHBIE YAaCTUIBl. DTO MPOUCXOAUT
IIPU CTOJIKHOBEHUSAX 3JEMEHTApPHBIX YACTHUL, KOTOPbIE JBUTAIMCh OTHOCUTEIBHO APYT Apyra c
007b1I0M CKOpOCTHIO. PU3MKKU HAOIONANM 3TH SBJICHUS, U3y4yasl YacTHULbl, IPUJIIETEBIINE U3
kocMmoca. Ux u ceifuac HaOMIOAAIOT M U3y4aloT, HApUMEp, MPU UCCIEI0BAHUU CTOJIKHOBEHUN
cybaromHbIX yacTull B boibmoM aapoHHOM Koutaiiaepe.

YTo mpouCXOTUT B MPOMEKYTKE MEXKY CICAYIOIIUMU COOBITUSMU: OT BBIJICICHHS SHEPTHH MPU
bonb11om B3pbIBE WIIM CTOJIKHOBEHUHU YaCTHUIL A0 MOSABJIECHUS HOBBIX 3JIEMEHTAPHBIX YacTULL?
CoBpemeHnHasi (u3uMKa HE JaeT OTBETa Ha 3TOT Bompoc. WHTepBal Mexay MOMEHTaMHu
CTOJIKHOBEHUSl YaCTUL[ W IOSIBJICHUEM HOBBIX YaCTHUI[ OCTAETCS IYCThIM M NPAKTUYECKU HE
W3YYEHHBIM.

MosHO 11, UCXOJl U3 UMEIOLIMXCA y Hac 3HaHUM, MPEACTaBUTh ceOe TaKyl Cpelny U
TaKue MPOLECCHI, IPU KOTOPBIX MEpPBUYHAS KMHETHYECKasi YHEPrus, BbI3BaHHAs B3PbIBOM MM
CTOJIKHYBIIMMUCSI YaCTHIIAMH, MOXET TpPAaHCOPMHUPOBATHCS B JIpyrHe DHEPreTHYECKUE
OOBEKThHI, TMOJHOCTHIO aHAJIOTHYHBIE 1O CBOMM (PU3UYECKHMM CBOMCTBAM pealbHBIM
anieMeHTapHbIM yacTuinaMm? Kak, B Kakoll cpene M Ha KakuX YCIOBHUSX JHEPrUs MOXKET
TpaHcPOpPMHUPOBATHCS B JpyTUe, paHee He CYIIEeCTBOBaBIINE YacTUIbl? KakuMu JOMKHBI OBITH B
TAaKOM CIlydyae O3TH caMble »JJeMeHTapHble dYacTuipl? Kak HOKHBI OBITH  YCTPOEHBI
3JIeMEeHTapHbIe YacTUIbl? MOXKHO 1 co34aTh 0O0OBEKT, MOTHOCTHIO TOXOXKUIN HA AJIEMEHTapHYIO
YacTUIlY B peallbHON WM BUPTYAJIbHOM MKUAKOCTU UM Ta3e? MOoXHO Jin XOTs Obl TEOPETUUECKU
chopMynupoBaTh YCIOBUS, MpPU KOTOPHIX BO3MOXKHO OOpa3oBaHHE€ W HEMPEpPBIBHOE
CYIIIECTBOBaHUE TAKUX OOBEKTOB?

B naHHOl cTaThe paccMaTpUBAIOTCS PE3YJIbTATHI IOMCKA OTBETOB HA MOCTABIICHHBIE BbIIIE
BOIIPOCBHI.

Kak o0pa3yrorcst 351eMeHTapHbIe YacTUIIbI?

B pe3ynabrare CTOJIKHOBEHMsI 3JE€MEHTApHBIX YAacTUL, JBHXKYIIMXCS C OOJbIION
CKOpPOCTBIO JIPYT OTHOCHTEIBHO Jpyra, MHOTJa OOpa3yOTCSl HOBBIE DJIEMEHTapHbIE YaCTHUIIBI.
CymMapHasi Macca MOKOs 4acTHl], 00pa30BaBIINXCS TOCIE CTOJIKHOBEHUS, 0OJIbIlIe CyMMapHOU
Macchl OKOsI CTAJIKMBAIOIMXCA YacTULl. MHOTro pa3 HaOJIIOJaJIUCh CiIyd4an 0Opa30BaHUs HOBBIX
AJIEMEHTApHBIX YaCTHUL, HAIIPUMEpP, IIPU CTOJKHOBEHUHM YaCTHUIl U3 KOCMOCA C HENOABM)KHBIMHU
YaCTUILIAMU WJIU MIPH Pa3TOHE ABMKYIIMXCS YACTHI] A0 OOJBIINX CKOPOCTEW M CTOJIKHOBEHUH UX
B DKCIEPUMEHTaIbHON anmnaparype. CylecTBOBaHUE TAaKUX SIBICHUH SIBISIETCS HEOCIIOPHMBIM
¢uznueckuM axtoM. [lomoOHBIE sBIIEHUS HAOMIOAATUCH YUYEHBIMM KaK B BaKyyme, TaKk U B
pa3IMYHBIX Cpelax.

UeM OTJIIMYAIOTCS YaCTHUIbI, CTOJKHOBEHUE KOTOPBIX NMPUBOAUT K OOpPa30BaHUIO HOBBIX
YaCTHUL, U BCE OCTAJIbHBIE YACTULIBI?

Pa3uuna numis B TOM, 4TO OHM 001a/al0T OOJIbLIeH KHMHETUYECKOW dHEpruei; IpyruMu
CIIOBaMM, OHHM JBIKYTCS ¢ Oojbluedl ckopocThio. Ecnm obmias kuHeTHyeckas >Heprus
CTOJIKHYBIIMXCSl YaCTHI[ MEHBIIE OIpPeNeCHHOr0 3HA4Y€HHUs, HOBbIE YACTUIIBI HE POXKJIAIOTCA.
Jns oOpa3oBaHUs HOBBIX 3JEMEHTApHBIX YacCTHIl TpeOyeTcss OINpelelIeHHOe MHUHUMAlbHOE
CYMMapHO€ KOJIMYECTBO KHHETHUUECKOI SHEPTUH.

B mpornecce oOpa3oBaHUsl AJIEMEHTAPHBIX YAacTUI[ BCE BpeMs COOJIOAAETCSl MPUHIIMIT
coxpaHeHust sHepruu. [lomHas sHeprusi yacTuil (BHYTPEHHSISI M KUHETHYECKash HHEPrusi) N0
CTOJIKHOBEHUS BCET/1a PaBHA MOJHON YHEPTUU YaCTULl, (POTOHOB M BOJIH, 00pa30BaBIIUXCS MOCIE
CTOJIKHOBEHHUSI.

13 yero cocToAT HOBBIE AIEMEHTAPHbIE YACTUIIbI?



[IpuBenenHas Bbllle MHPOpPMAIUS CBUAETEILCTBYET O TOM, YTO BHOBb OOpa3oBaHHbBIE
AJIEMEHTapHbIE YACTHUIBI COCTOSIT M3 KMHETHMYECKOW 3HEPruu CylecTBYomuUx vactuil. Hobie
3JIeMEHTapHbIE YAaCTHUIIBI MTPEJICTABISIOT COO0N Kak Obl MPeoOpa30BaHHYIO YaCTh KMHETUYECKOU
SHEPIUH, JJOKAIU30BAHHYIO B ONPEAECIEHHOM 00bEME U CYLIECTBYIONYIO HEOIIPEAEIEHHO JJOIr0e
BpeMsi, KOTOpas MpUHA/JIeKaia YacTUIaM 10 UX CTOJIKHOBEHHSL.

Kax knHeTnyeckas OHEPIus 4aCTHUILl ITPEBpALIacTCAa B HOBBIC YacCTHIIBI?

Bce coBpeMeHHble Teopuu 0Opa30BaHUS 3JIEMEHTAPHBIX YacTUl U Bcell Bcenennoi
00X0JIT 3TU BONIPOCHI CTOPOHOI. Bece Teopun copepxar cKa3ouHbl KOMIIOHEHT, M HU OJIHA U3
HUX HE MOKET OBbITh SKCIIEPUMEHTAIBHO ITPOBEPEHA.

Hanpumep, Teopust bonbimoro B3peiBa yTBepikmaer, uro ainsi oOpa3oBaHUs MaTepUU
TpedyeTcst MHOro »sHepruu. M panee npuBoauTcs psia  Oe310Ka3aTeNbHBIX (CKA30YHBIX)
yrBepxaAeHu: Cpeau HUX:

- BCS DHEPTrus MOsBUJIACH B TOUKE, HE UMEIOLIEeH HU (PU3MUECKUX CBOWCTB, HU Pa3MEPOB;

- U3 TaKOW PHEPTUU Marn4ecKuM, HEOObSICHUMBIM 00pa30oM 00pa30BaIHCh AIIEMEHTAPHBIC
YaCTULIbI MATEPUHU:

- MPOCTPAHCTBO U BpeMsi o0pazoBanuch (06e3 00bsicHeHHS (PU3NYECKON MPUPOABI TAKOTO
SIBJICHUS) TIOCJIE B3pbIBA.

Bakyym — 5710 BommeOHass HeoOBsiCHUMas cpefa. Bakyym He MpensTCTBYeT
HEePEMEILEHHUIO TeJl U 3JI€MEHTApHBIX YaCTHIl BHYTPU HETro (IIyCTOE MPOCTPAHCTBO); OJHAKO B TO
K€ BpeMs 3JIEKTPOMArHUTHBIE BOJIHBI JABUKYTCSI BHYTPU BaKyyMa Kak Obl B OYEHb yNPYroil u
TUIOTHOM Cpejie.

Bce 311 HE0OBsCHUMBIE CBOMCTBA U YTBEPKICHUS BBIJAIOTCS 3a UCTUHBI, HE TpeOyrolne
HUKAKUX JI0KA3aTeIbCTB WIN OObSICHEHU.

Orta Bepa B Maruio (He MoAJarouascs HIKaKoMy HaydHOMY OOBSICHEHUIO) Mapalu3yeT Bce
HOMBITKM TOJYYUTh OTBETHI HAa JPyrue BONPOCHL: KAKOB pealbHbI (U3NYECKUN MeXaHU3M
00pa30oBaHMs AJIEMEHTApHBIX YaCTUI[ MaTEpUH, MPOCTPAHCTBA M BPEMEHM, CHUJIOBBIX MOJEH U
npyrux GyHIaMeHTanbHbIX (pu3ndeckux sreHuit? Yro takoe Bakyym? U tak naiee.

C oTuM yTBEpXKJECHHEM, HABEPHOE, HHUKTO HE I[OCIOPUT: €CIu B pe3yjbTare
CTOJIKHOBEHHUS YaCTUL[ B BaKyyM€ pOXJAIOTCS HOBBIE YacTHIBI, TO B BaKyyMe JOJDKECH
CYILIIECTBOBaTh HEKUH MexaHu3M ((u3nuecKkue YCIoBHs), MPeoOpa3yroluil onpeaeneHHbIe
HOPIMHM KUHETUYECKOM SHEPrMM CTAJIKUBAIOIIMXCSA SJEMEHTapHBIX YacTUIl B JAPYIyl0 (Gopmy
SHEPruH, T. €. BO BHOBb POKJIEHHBIE JIIEMEHTAPHbIE YACTHIIBI.

IToucku 3Toro Mexanusma (ycJIOBHiA) MPUBEIN K CO3JaHMIO 3TOM Mojenu. S Ha3bIBaKo ee
[Tpo071bHO-BOTHOBOM MOJIENIbI0 00pa30BaHus AIEMEHTapHbIX YyacTull Matepun — [1B moensio.

BonnoBas Mmozgens o6pazoBanus snemeHTapHbix yactuil (I1B monxens)

Ecnu B 06beMe 0OBIYHOM KUIKOCTH, HAPUMEP B BOJIE, MPOUCXOIUT PE3KOE BBIJICICHUE
SHEpPruM (B3pbIB). DTO MOXHO CHAENaTh, BIPHICKUBAS CTPYIO OKPAIIEHHOW BOJBI C BBICOKOM
CKOPOCTHIO (B3PBIBHOM CKOPOCTHIO) BHYTph oObeMa. Puc. 1. JlamuHapHOE MM TIPSIMOJIMHEHHOE
TE€YEHHE TAKOW CTPYH BOJBI BHYTPH TOJIIM BOABI HEBO3MOXKHO. OKpallieHHas CTPysl B OOBIYHOMN
KUIKOCTH Bcerma OyAeT pacmajarhCsi Ha OT/ACIbHBIE BUXPU Ha ONPENEIEHHOW CTaauu
muddy3un. CHadana BUXpU OOJbIINE, 3aTEM OHH PAclagaloTcs Ha Oojiee MEIKUEe BUXPH, 3aTeM
Ha emje Oojiee MeJKHWE BUXPU U TaK Jlajiee, MOKa IOJHOCThIO HE pacceercs TEIio HHEPruu
B3pbIBa. TemmepaTypa BOABI B TIpollecce OyaeT MOBBIMIATHCSA. DHEPrus BUXps Oynaer
npeoOpa3oBaHa B IHEPTHIO XaOTHUECKOTO JIBHKEHUS MOJIEKYIT BOJBI.



Puc. 1 Monens BuxpeoOpa3oBaHUs B )KUIAKOCTH
1 — )KHAKOCTB. 2 — 3aKaunBaeMasi )KUIKOCTb. 3 — 30HA TYpOYJICHTHOTO JIBUYKEHUSI KHIKOCTH.

qTO, €CJIM MbI YCJIO)KHHUM Hall SKCHepI/IMeHT?

[Ipennonoxum oueHb OoublION 00BEM TpexMepHOW cpeabl. IlycTh cBoiicTBa cpelibl
AQHAJIOTMYHBl CBOICTBAM HJCAJIBHON JKUIKOCTU — IKHMJIKOCTH O€3 BHYTPEHHEro TpeHUus
(Bs3kocTH). Ympyrue CBOWCTBAa cpeAbl JODKHBI  ObITh  TaKMMH, 4YTOOBI CKOPOCTb
pacrpocTpaHeHHsI BOJIH CKAaTHUs BHYTPH Hee (KUKOCTH) ObliIa MPUMEPHO PaBHA CKOPOCTHU CBETA
B ecTeCTBEHHOM Mmupe. [IpeanonokumM, 4TO YacTHIIbI, COCTABJISIOUINE >KUIKOCTh, aOCOIIOTHO
ynpyru. [lpeamnonokum, 4To YacTUIBI ATOW >KUJIKOCTH OO0JaJal0T CBOWCTBOM, KOTOPOE MBI
Ha3bIBa€M MAacCCOM WM HMHEpHUEH. PacnoioXMM HCTOYHHMKM IEPUOJMYECKMX BOJIH CHKAaTUs
OTPOMHOI 4acTOTHI M SHEPruM |, KaK 3TO MOKa3aHO Ha pHUC. 2, JEMOHCTPUPYIOLIEM 00BEMHOE
ceueHre MOJENH (pUC. 2 COJIEPKUT TOJIBKO YEThIPe UCTOYHMKA, OJTHAKO KOJIMYECTBO TPeOyeMbIX
HUCTOYHUKOB MOXeT ObITh Oombiie). IlpeamonokuMm, 4YTO MOTOKM BOJH CXaTHS OT BCEX
UCTOYHUKOB 3allOJIHSAIOT IMOJIOCTh A, OYEpUEHHYIO B JKUAKOCTH; W pa3Mepbl MOJOCTH OyayT
1o100HBI pa3MepaM BcelleHHOM. TakuM o0pa3oM, Mbl HAIlOJIHUIIM cpelly B o0nacTu A sHeprueit
BOJIHOBOTO IOTOKA ckaTus. Puc. 2.

Uto mnpoumsomer, eciau B IEHTpe oOJactTh A MPOU3OUIET JOMOJHUTEIHHOE
SHEproBbljiesieHne  (B3pbIB),  MOJOOHOE  ONUCAaHHOMY B IpuUMepe ¢ BOJOH?

Fig. 2 Longitudinal wave model of vortex maintaining
1 — sources (generators) of longitudinal waves. 2 — fronts of longitudinal waves, A — model area.
3 — energy release (explosion).



DOHeprusi B3pbIBa 00s3aTEILHO HApPYUIMT HCXOAHYIO KApTHHY paclpeleseHus SHEpPruu
BOJIH C)KaTWsl B cpele. DHEprus B3pblBa, KaKk U B BOJE B NpHUMEpE BbIIIE, Pa3IeIUTCS Ha
oT1enbHble BUXpU. [lepBbIiMU 00pa3yroTCsl KpYIHbIE BUXPH (METarajlakTHUKW). 3aTEM 3TH BUXPHU
paszensaTcs Ha Oosiee Meskue BUXpH (raslakTuku). IloroM Ha MeHblIMe, Ha MeHbIIKE U T.1. YTO
Oyzer ¢ sHeprueil B3pblBa B KOHIE Takoro mpouecca? Kyna mponazner Takas JDONOJIHUTEIIbHAS
SHEprus B TaKUX yCIOBUAX?

IIpeBpaTuTcs 1M OHO B TEIUIOBOE JBHKEHUE YaCTUILl HALLICH UI€aIbHOM KUIIKOCTH?
Wnu MoxeT ObITh BO3MOXKHBI KAKHE-TO JJPYTrue BapHaHThI?

BepositHo,  cymiecTByeT = HECKOJIBKO ~ KOMOWMHAIIMI:  HamNpaBlICHWs,  B3aUMHOIO
PaCIOJIOKEHUS, YMCIIO BOJTHOBBIX ITOTOKOB M YaCTOTHI, & JIJTMHBI U SHEPTHH BOJH CXKATHS TaKHX,
YTO BUXPH, HA KOTOPBIE PACIIECIUISETCS SHEPTUsI B3PbIBA, IIPU OIMPEACIICHHOM COCTOSIHUU B CBOEM
pasneneHun ( DUCCHUMAIMS), HE WCUYE3HET U TMepelaeT B OECIOopsAI0uYHOE TEIUIOBOE IBHIKEHHUE
YACTHUI[ XKUIKOCTH, a OyJeT B3aMMOJCHCTBOBATh C SHEPIrHEil BOJHBI CXKATUs, U B PE3yJbTare
TAKOro KOHTAKTa BO3HUKHYT COJIMTOHONOAOOHBIE OOpa30BaHUS - HEOMPEIEICHHO JOJIrO
CYILIECTBYIOIINE TPEXMEPHBIE BUXPU OYIyT 00pa30BBIBATHCS B KUIKOCTH.

DTO NOX0XKE Ha ClTydyaid, ONMCAHHBIN HUXKE:

[Ipenmonoxum, 9T0 y HAC €cTh aOCONIFOTHO ITYCTOW cocya B pOpME MHOTOTpaHHUKA, a
CTEHKM €ro BBIMOJHEHBl M3 Marepuana ¢ abCoNIOTHOW ympyrocteio. Bo BHyTpeHHee
MPOCTPAHCTBO TAKOTO cOCysa OpocaemM aOCOIOTHO YNPYTHM MIAPUK WM HECKOJBKO IIAPUKOB.
Pucynok 3 (mnockoe ceuenue). OTBepcTre, Yepe3 KOTOpOe MOMEIIAI0TCS MAPUKH, TOJKHO OBITh
HEMEJIEHHO 3aKpbITO aOCOJIIOTHO YNPYrol KpbIIKOH. B Takux ycnoBusix (Ipu OTCYTCTBUU
COTMPOTHUBIIAIOIIEHCS CPelbl BHYTPU COCYJla M MPH a0COIIOTHOM YIPYTOCTH IIAPHUKOB U CTEHOK)
HIapuKH Bcerna OyayT OTCKaKWBaTh OT CTCHOK W JIPyr OT Apyra. M oHM OyayT TOCTOSIHHO
MOJJICP)KUBATH CBOE JIBUKEHHE BHYTPHU MOJIOCTH.

Puc. 3 Cxema nonniepkaHust BUXpst
1 — ap ¢ abcomtoTHOM ynpyroctsio. 2 — CTEHKH KOHTeHHepa ¢ aOCOIIOTHOM yIIPYTOCThIO.

Mexay omnpenereHHbBIMH BOJHAMHU C)KaTHsl €CTh MPOMEKYTKHM (UIMHA BOJHBI). Takxke
OyIyT TIPOCTPAHCTBA, T/I€ HET BOJHOBOW DHEPTUM, MEXKTY BOJHAMH CXKATHS, IBIDKYIIMMHUCS B
pasHble CTOpPOHBI. BOJNHBI CKaTHsi, ABWXKYIIMECS C Pa3HbIX HANpaBJICHUN, CBOEH SHepruen
0o0pa3yloT IMOJIOCTh, IOJIOOHYIO OINKMCAHHOMY BBIIIE MHOTOTpaHHUKY. B Takyoo ke
HHEPreTUYECKYIO IOJIOCTh BXOJUT BHUXPb. YJapbl HaOeraromuX BOJH O BHUXPEBbIE YaCTHUIIBI
OyAyT aHAJIOTUYHBI yapaM a0CONIOTHO YIPYTHX CTEHOK COCYyJa, OMMMCAHHBIM BBIIIE, O IAPUKH
U3 abCOJIIOTHO YNPYroro MaTepuana. DHEprus BOJIHBI CXaTus OyJeT 3amuparbh BUXPEBOE
JABVOKCHUE 4YaCTHLl CpCIbl B COS}IaHHOI\/’I ((SHCPFGTquCKOﬁ II0JIOCTHU» U 6y21€T YACPKUBATbL HUX
UKINYECKOe JBHKEHHE BHYTpU BUXps. OHU OyayT NOIJAEPKUBATh €ro B ONPEICICHHOM
oobeme. Benmumna Takoro oObeMa oOmpenensercss pasMepaMH YacTUI[ KUIKOCTH, B3aHMHBIM



HAIPaBJIEHUEM M BEJIMYMHON BOJIHOBBIX IIOTOKOB, PACCTOSHHUEM MEX]y COCEIHHUMH BOJIHAMU,
NEPUOAOM HX CIIeJOBaHMs U aMIUTUTy0i. [loHATHO, YyTO Takoil 0ObeM He OyJeT UMEeTh YETKUX
TpaHUIl WM pa3MepoB. ['paHUIBI TakMX OOBEMOB OyIyT IMOCTOSIHHO MEHATHCS B Mpeaesax
pacCTOSIHUSL MEXKJy COCEIHMMHM BOJHAaMHM M MEPUOJA BOJHOBOM IIOCIEJOBATEIbHOCTH.
Heompenenennocts ux (OpMbI U 3aHUMAEMOT0 UMHU 00bEMa — OJIHO W3 CBOICTB peajbHBIX
3JI€EMEHTapPHBIX YaCTHII.

Coxpansisi 3HEpruio, oOpa3ymoulylocs IpU B3pbIBE B BHUIEC BUXpEH, 70 Tmepenayu ee
TEIJIOBOMY JIBM)KEHHUIO YaCTULBI CPE/Ibl, BCSI CUCTEMA HAXOIUTCS B COCTOSIHUM YHEPTreTUYECKOIO
paBHOBecHs. M3 »HEpPruMm BOJIH CXKaTusi 00pa3yloTCs SHEPreTUYeCKHe JIOBYIIKH (MO100HBIE
cocyabl ¢ aOCOJIIOTHO YNPYTUMHU CTEHKaMH), MPEMSATCTBYIOUIME Iepeaade dHEpruu BHUXPS B
OecropsiI0YHOE TEIIOBOE JBUKEHHUE YaCTUILL CPEJIBI.

Ham Buxpp oueHb MOX0X Ha (u3MUEecKoe SBIEHUE, OTBEYAIOIIEEe OMPEICICHUIO
DIIEMEHTAPHON 4YacTUIBl - COMUTOH (yeauHeHHas BojHa). COJMTOH MpPEACTaBIseT COOOU
CTPYKTYPHO YCTOMUYMBYKO YEAMHEHHYIO BOJIHY, PacHpOCTPaHSIOLIYIOCS B HEJIMHEHHOW cpene.
Conurtonsl BeayT cedst moJo0HO yacTUlaM (KOpHylLenooOHas BOJIHA): MPH B3aUMOJEHCTBUU
JPYT C APYTOM WJIM C HEKOTOPBIMU JPYTMMHU BO3MYUIEHUSIMU OHU HE Pa3pyllalOTCs, a IBHXKYTCS,
COXpaHsisi CBOIO CTPYKTYPY HEM3MEHHOM.

HccnenoBanust coiauToHOB Hayanuch B aBrycre 1834 roga Ha moOepekbe MpOJMBa
FOumon B okpectHoCTsIX DauaOypra. J>xon Ckort Paccen HaOmroaan sBiieHUE Ha TIOBEPXHOCTH
BOJIbI, KOTOPOE OH Ha3Bajl OJIMHOYHON BOMHOM. OH 0OHAPYKUII, YTO BHYTPH YETUHEHHON BOJTHBI
IPOUCXOJUT  YCTOMYMBOE ILMKIMYECKOE JBUKEHHWE 4YacTHUIl BOJbI, BBI3bIBAEMOE U
NOJJEP)KUBAEMOE BHEIIHUMHU MPUYMHAMHU. JTO ObUIO TepBoe omucaHue conutoHa. OmHako
TEPMHHA «COJIUTOH» B TO BpeMs HE cyliecTBoBaio. [lo3nHee ObLIO BBEIEHO MEPBOE MOHATHE
COJIUTOHA JJI1 ONHCAaHUS HEJIWHEHHBIX BOJH, B3aUMOJCHCTBYIOIIMX MOAOOHO YacTUIAM.
BepositHO, Buxpsb, onucsiBaemblil B [IB Monmenu, mpencraenser coboil cBoero poaa 00bEMHBIHI
TPEXMEPHBIN COJIUTOH.

[IpenmonoxumM, dYTO TpoIEecC BHUXPEOOpPa3OBaHUS OT DHEPrUM B3pHIBA  YCIICHIHO
3aBepuiwiica. Bcesi wiM 4YacTh SHEPrUM B3pbhIBAa COXPAHSAJIACh B OMPEIEICHHBIX O00beMax
HaOerarouMx BOJH CKaTUsS B BUJIE HUKINYECKOIO JIBUKEHUS )KUIKHUX YacTull (Buxpei). Buxps B
MOJIENIU - MPEJICTaBIsAET COOON MPOLECC MUKINYECKOrO JIBUKEHUS CpeJlbl, JJOKATU30BaHHBIM B
OTpE/ICIECHHOM OrPaHUYEHHOM O0bEeMEe MOJEIBHOM cpeibl U YAECpPKUBAEMbIH BHYTPU 3TOTO
o0vema. BaxkxHo moHumath, uto Buxph B [IB Mozenu - 3T0 HE COBOKYMHOCTh KaKHUX-TO
KOHKPETHBIX YaCTHUI[ MOJIEIbHON CpE/Ibl, a SDHEPreTUUECKUHN MPOLECC HUKINYECKOTO JBUKECHUS
yacTull cpesibl. HeoOs13aTenbHO, 4TOOB B TOM IIMKJINYECKOM JIBUKEHHUU BCE BpPEMsl Y4aCTBOBAIIU
OJIHU U T€ K€ YaCTULIbI MOJEJIbHON cpelbl. YacTuIipl, BOBJIEUEHHBIE B BUXPb, MOT'YT OKHHYTh
€ro, 3aMEHUBLIUCH APYTUMH YaCTUIIAMH, KOTOPBIE 10 3TOI0 MOMEHTA HAaXOIUJIUCh BHE BUXPSI.

BepositHo, TpebyeTtcs cTporasi, MoapoOHasi MaTeMaTH4ecKasi TeOpusi 00pa30BaHUs TaKUX
BUxped. S momararo, YTO A CO3JAHMA TAKOM TEOpUM  HMMEETCS  JIOCTATOYHO
HKCIEPUMEHTAJbHBIX U TEOPETUYECKUX JaHHbIX, M I[paBWJIbHAsg HWHTEpIpeTalus 3TON
UH(OPMALIMU TT03BOJIUT Pa3padoTaTh ATy TEOPUIO B TEUEHUE HECKOJbKUX JeT. OHaKo cHavyana
HEO0OXOMMO MOJTYYUTh OTBET Ha CJICTYIONTUN BOIIPOC:

Ecnu npeanonoxure, 4To 00pa3oBaHue U JIUTEIbHOE CYIIECTBOBAHHWE TaKUX BHXpPEH B
KHUJIKOCTSAX BO3MOXHO, TO: 00JIaatoT JIM OHU (hyH/IaMEHTaJIbHBIMU CBOWCTBAMHU 3JIEMEHTAPHBIX
YaCTHUL WIH, TOUYHEE, KAUECTBEHHBIMU SKBUBAJIEHTAMH 3THUX CBOWCTB?

YToObl MOSYYUTh OTBET HA 3TOT BOIPOC, PACCMOTPUM U CpPaBHUM CBOMCTBa peanbHbIX
AJIEMEHTApPHBIX YaCTHUI] C OYEBUIHBIMHU CBOWCTBAMHU BUXPEH, KOTOPHIE BOZHUKAIOT U3 CTPYKTYPhI
npeyaraeMoil TeopeTuYecKor Moaenu. [Ipu momoKuTeTbHOM OTBETE MUMEET CMBICH MPOBECTH
JAIbHEWIINE MaTEeMaTHUYeCKUE IIOCTPOEHUS W MOMNBITaThCs  CO3/1aTh  AHAJOTUYHYIO
HKCIEPUMEHTAIbHYIO MOJIETb.

CBoliCcTBA 3JIEMEHTAPHBIX YaCTHUIL



1. DnemeHTapHas YacTulla YKBUBaJIEHTHA dHeprunu. OHA MOXKET OBITh MIPOU3BEACHA U3 SHEPTUU U
MOXET TpaHCHOPMHUPOBATHCS B JPYrod BHJ DHEPrUM TIPH  OMPENEICHHBIX YCIOBHUAX
(aHHUTHIIALINS).

2. DnemeHTapHbIC 4YacCTUIBI MMEIT crmuH. COuH — 3TO COOCTBEHHBIM YIJIIOBOW MOMEHT
AJIEMEHTAPHBIX YaCTHUIl, KOTOPHI HOCHUT KBAHTOBBIA XapaKTep W HE CBSI3aH C JIBUKCHUEM
YaCcTHULBI KaK €IMHOTO LIEJIOTO.

3. DneMeHTapHbIe YacTHIBI UMEIOT COOCTBEHHYIO BHYTPEHHIOIO DHEPTUIO0 — SHEPTHIO MOKOS
E =mc2. Benuuuna 3TOW 3HEpPruM HE 3aBUCHUT OT JBHMXKCHHUS JJIEMEHTAPHOM YaCTHUIBI Kak
LICJIOTO.

4. DrneMeHTapHbIC YaCTHUIBI CO3/AI0T B KaXKJIOW TOYKE OKPYXKAIOIIETO HMX IPOCTPAHCTBA
OMpEJIETICHHOE COCTOsTHUE (pacIpeieIeHHe SHEPTUH) - CUIIOBOE MOJ€. DJIEMEHTAPHbBIC YaCTUIIbI
MaTepuu CO3AI0T IMOJIS.

5. Mexnay 5JIe€MEHTapHbIMU YacTUIAMU, MOMAJAOIIMMHU B TMOJSL JIPYr JIpyra, BO3HUKAIOT
B3aUMHBIC BO3JCHCTBUS - CHJBbl. TakWe B3aUMOJICHCTBUS TPOSIBISIOTCS B IMOMBITKAX
AJIEMEHTAPHBIX YaCTHI[ 3aHATh ONPEACIICHHbIC MOJIO0KEHUS TI0 OTHOIICHUIO APYT K APYTY, MpHU
KOTOPBIX JIOCTUTACTCS OajlaHC CHII.

6. Bakyym He OKa3blBa€T HHUKAKOTO CONPOTUBIICHUS DPABHOMEPHOMY, MPSIMOJIMHEHHOMY
JBIDKCHHUIO DJICMEHTAPHBIX YaCTHIl WJIM KaKUM-THOO 3JIEMEHTApHO-YaCTUYHBIM OOpa30BaHUSIM
(T. €. B 9TOM OTHOIICHUH OH CIYXKUT ISl HUX «ITyCTOTOM).

7. DnemMeHTapHbIE 4YacCTUIBI 00JIaJal0T BOJHOBBIMH CBOMCTBaMH, HAOIIOIaeMbIMUA TPU
uHTephepeHn 1 TUGPaAKITIH.

TakoBbl, TOKanyl, OCHOBHBIC (hyH/IaMEHTAIbHbIE CBOWMCTBA, MPUCYIIHE BCEM YacTHIIAM
MaTepuu. OTH CBOMCTBA MOXHO CUMTaTh aOCOJIOTHO BEPHBIMH U  JOKa3aHHBIMU
MHOTOYHUCJICHHBIMH (DU3UYECKUMHU OIBITAMH, BBITOJHCHHBIMH Ha TMPOTSHDKCHHM BCEH HCTOPUU
u3ydeHust MaTepun. Eciau Obl B KaKOM-HHOY/Ib OTIBITE BCTPETHIICS 0OBEKT, 00Ia1alomuii BceMu
STUMU CBOWCTBAMH, TO OBLIO OBl COBEPIIEHHO Pa3yMHO CUYUTATh €0 YaCTUIICH MaTEPUU.

CpaBHI/ITe CBOICTBa HAIIIETO BUXDS B IIB Monean co cBoOMCTBaMH PCAJIBbHBIX 3JICMCHTAPHBIX
HaCTHII.

CgoiictBa Buxps B [1B Mmogenu

1. Buxpp — 3TO TIOKaNU30BaHHAs B ONPEEIIEHHOM 00beMe KHHETUYeCKasi YHEPTUuu (JIBHKEHUE)
yactuil cpeast [IB mogenu. OH cymecTByeT JyurtenbHoe BpeMs. OH MPOU3BOAUTCS U3 SHEPTUU
(IBYDKEHMS) YaCTHUIl CpPelbl U TEOPETHYECKH MOXKET OBITh IpeoOpa3oBaH B JOOYIO IPYryrO
SHEpruto (BMkeHue). B 3ToM cMbiciie BUXpb OJI00EH peaabHOM 3JIeMEHTapHON YacTHIIe.

2. YacTtuupl MOJENBHON >KMJIKOCTH IIOCTOSIHHO COBEPLIAKOT LUKIMYECKOE ABW)KEHHE BHYTPU
Buxps. Kaxnas yactuna BHyTpU BUXpPS UMEET CBOM COOCTBEHHBII MMITYJIbC. DTO O3HAYAET, YTO
BUXPbh UMEET COOCTBEHHBIM MOJHBIA BHYTPEHHMI MUMITYJIbC 1 MOMEHT MMITyibca. L{ukianueckoe
JBUKEHHE BHYTPU BUXDSI MOAJIEP)KUBAETCS 32 CUET «yJapoB» (KBAHTOB SHEPIUHU) BOJH CHKATHUS
U, CJIEIOBATEIbHO, HOCUT KBAaHTOBBIN Xapakrep. M 5T0 S5KBUBaJICHTHO CIIMHY.

3. Buxpp — 3TO KHMHETHYECKas dHEprus (ABMKEHHME) YaCTHUI JKUAKOCTH, JIOKAIW30BAaHHBIX B
orpezieieHHOM o0beMe. DHeprus BpalleHHs (LHUKJINYECKOro JBHKEHUS) BUXPS U PA3IUYHBIX
TEJI ONpeAesieTcsl Kak IMOJHAsi SHEPrHsl 3JEMEHTapHBIX 00BEMOB Tel (YacTHI] JKUIAKOCTH) IO
0000menHoi popmyne E=kmv?. I'me m — macca, v — ckopocTh, kK — ko3 dunment Gpopmsl
Tena. Dta Qopmyna aHajgoruyHa (opmyse Ui OIpeNesIeHUs] BHYTPEHHEW SHEpPru MOKOs
peanbHBIX 3JIEMEHTApPHBIX 4acTul] E=mc?, rie ¢ — CKOpoCTh CBETa, m — Macca 3JE€MEHTapHOU
yacTuibl, k= 1) Macca snemMeHTapHON 4acTHIIBI paBHA Macce YacTHIL )KUAKOCTH, YIaCTBYIOLIUX
B BUXPEBOM JIBIDKEHHH MOJIEITH.



4. PaccMOTpUM MpoIecC MPOXOXKACHUS BOJHBI CKaTUs yepe3 BUXpb. M3-3a cymepno3uuuu
SHEPrUU BOJHBI CXKATUS B MOJIEIH JOJDKHBI MPOXOIUTH IPYT Yepe3 Apyra U uepe3 BUXph (Kak U
yepe3 0001 Ipyroil SHEPreTHUeCKUuil MPOIEecc) U ABUTAThCS Jajblie. DHEPrusi BOJH U BUXpeEn
nepesaeTcsl 3a CueT YNpyrux CTOJIKHOBEHUN YacTHIl B cpele. BHyTpH BUXps Kaxaas dacTula
CpeIbl YYaCTBYET B IIUKIUYECKOM JBM)KCHUHU, B OTJIMUKE OT O0JacTH, rae Buxpei Het. Kaxknas
YacTHIIA, yYaCTBYIOIAs B BUXPEBOM ABM)KCHUU, UMEET CBOIO CKOPOCTh M HalpaBiieHue. BomHa
CKaTHs, BCTPEYASCh C BUXPEM, TAKKE 3aCTABISIET KOJICOATHCSI YaCTUIIBI KUIAKOCTH. [IporcxoauT
CYMMHPOBAHHE CKOPOCTEH M HampaBlIEHHUI ABMKEHUS YACTHI] )KUJIKOCTH, BbI3BAHHOE BOJHOBBIM
Y BUXPEBBIM JIBUKCHUEM CHKATHSI.

UTo mosiyuuTcsl B pe3yJibTaTe TAKOro B3auMOJeHCTBUSA?

[Ipenmonoxum, 9To (QPOHT BOJHBI CXKATHS TPEACTABISLT COOOW TUIOCKOCTh (WM
npUOIMKEHHYIO TUIOCKOCTh) MPU MPUOIMKEHUU K BUXpro. byJieT iu oH Bce elle MmiocKoi mocie
npoxoxacaus Buxps? Kownewno, nHer! Kaxknmas BomHa, mpoxonsiiasi 4depe3 BHUXPhb, OyIeT
U3MEHATHCA 32 CUET ABM)KCHUS YacTHUIl BHYTpU Buxps. Eciu mepes KOHTaKTOM ¢ BUXpeM (POHT
BOJIHBI OBUT IUIOCKHM, TO TIOCTIE TIPOXOXKJICHUS BUXPSI OH y)K€ HUKOTJA He OyJeT TaKuM JKe.
[Tonnas sHeprusi BOJHBI Oy/leT TaKOH e Mocie MpoxXoxaeHus Buxps. OAHaKo pacmpesesieHue
SHEPTUU BHYTPHU BOJHBI 00S3aTE€IHHO U3MEHUTCS. JTO MOKa3aHO (B YIPOIIEHHOM BHJIE, TOJIBKO
JUTSL OTHOT'O BOJIHOBOTO T€UEHHSI) Ha puc. 4.

7
Puc. 4 Cxema co3ganus noJis
1 — oMH W3 TIPOJIOJIBHBIX BOJHOBBIX MOTOKOB, 2 — 00JIACTh ITUKINYECKOTO JBUKEHUSI YaCTHUIL
KUAKOCTHU (BUXPB), 3 — HANPaBJI€HUE IBUKEHUS BOJIHOBOTO ITOTOKA.
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Kaxnaplii BuUXpp B Monenu OyIeT OKpYXKEH OOJacTbi0 BOJH CXaTWsl, BHYTPH KOTOPOI
pacripesielieHie SHeprun OyJeT U3MEHAThCS CAaMHUM BHXPEM, a BOJHBI OYAYT yAAIAThCS OT HEro
CO CKOPOCTBIO paclpOCTpaHEHHs] BOJH CXKaTUs B cpele (CBETOBOW CKOpOCTh). O4eBUAHO,
KaXyIIascs IJIOTHOCTh TaKUX M3MEHEHUH pacripeieneHus SHepruv OyleT yMEHBIIAThCs
MIPOTOPIIMOHAIBHO yJAJIeHHUIO OT IieHTpa Buxps. Kaxnpiii Buxpb B moaenu CW co3maetr BOKpyT
ce0si MPOCTPAHCTBO BOJIH CXKAaTHsg C HM3MEHEHHBIM HAyaJbHBIM DACHpEe/IeHUEM SHEpPTHH.
Pacnipenienenne sHepruu BOJIHBI CXKATUS B HEKOTOPOW 00J1aCTH BOJIM3U BUXPS OYAET OTIHYATHCS
OT TaKOTO € pacrhpeiesieHus dHEpPruu B 00JacTu, I7ie BUXped B Mojaeiau HeT. Mbl moiydaem
MPOCTPAHCTBO C U3MEHEHHBIM paclpe/ieJIeHMeM SHEpPruu BOKpyr Buxps. Ilpoucxoaut
YMEHBILIEHUE IJIOTHOCTH» TAaKUX W3MEHEHUN NMPONOPLUUOHAIBHO YAAJIEHUIO OT LIEHTpa BUXPA.
[ToryuaeM siBJIeHHE, aHAJIOTMYHOE TIOJISIM, CO3JaBaeMbIM pPEAJbHBIMU  3JIEMEHTAPHBIMU
4aCTHULIAMHU.

5. IlpencraBum, 4To J1Ba BUXps cOMmxkaroTcs. PUcyHok 5.



Puc. 5 Cxema co3maHus CHUIbI
1 — IIpoTBOTOKM IPOAOIBHBIX BOJH. 2 — Buxpu.

JUj1s IpOCTOTHI HA PUCYHKE [TOKA3aHbI TOJILKO JIBa BOJIHOBBIX BCTPEUHBIX TEUEHUS.

Ha yuacTke, cOeIMHAIOIEM LEHTPHI BUXPEH, MOIHAs IUIOTHOCTD PACIIPENEICHHUS SHEPTUU
OTJIIMYACTCSA OT IUIOTHOCTH PACHpeeNiCHHsl PHEPTuU Ha ydacTKe BHE BUXpEH, a 3HAYUT, Oyzaer
OTIIMYATBCA M CaMO pacIpelielICHUe SHEPIUM BOJIHBI CkaTus. PacripeneneHue 3HEpruu BOJIH B
IIPOMEXKYTKE MEXKIY ABYMs BUXPSAMHU OyZeT OTIIMYATHCS OT pacIpesieeHHsl SHEPriuu B 00J1acTH,
r7le BUXped HeT, U Jaxe OyAeT OTIMYaThCs OT paclpeieieHus 3HEpruu B o0jacTu BOIM3H
OoMHOYHOTO BUXps. [lo nrHMM, coeanHsIONnel HEHTPhI OJIM3KO PaCcIION0KEHHBIX BUXPEH, BUXPU
MOTYT IOJy4aThb CYMMAapHYIO SHEPrHI0 «BOJHOBBIX YIapOB», OOJBIIYI0 WJIM MEHBIIYIO, YeM
SHEprusi, IMojlydyaeMas OJMHOYHBIM, OJUHOKMM BHXpeM. Mexay BUXPSMU BO3HUKAET
OTPHULIATENIbHBIA MM MOJOXHUTEIbHBIN 3HepreTuueckuil aucbanaHc. Bce sHepreruueckue
CUCTEMBI UMEIOT TEHJICHIIMIO CTPEMUTHCS K paBHOBecuio. CucTema, cocTosiias U3 IByX BUXpel
¢ Oeryummm HaBCTpeuy UM OT HUX CO BCEX CTOPOH BOJIHAMM CHKATHUsl, BOJIHBI MEXKIY BUXPSIMHU (C
UCKQXEHHBIMU TIOCJE€ KOHTaKTa C BHUXpSAMH (QpPOHTaMM), JOJDKHA CTPEMUTHCS K
SHEPreTUYeCKOMY PaBHOBECHIO (PaBHOE KOJIMYECTBO HHEPIUU NMPHUXOJAIIEEe K BUXPSAM CO BCEX
cTOpoH). i JOCTHIXKEHUS paBHOBECHS BHUXPU B MOJEIU JOJDKHBI 3aHATH OIPENEIeHHOE
MOJIOKEHHUE JIPYT OTHOCUTENIBHO Jpyra (JIBUHYTbCS HABCTpedy JpYr APYry WU Pa3oUTHUCH).
Takoe noBezieHNE BUXPEN - aHATIOTUYHO CUJIaM B MTPOI0JIbHO-BOJTHOBON MOJIEIIH.

Buxpu MOryr umeTh paziMuHYyIO BHYTPEHHIOIO CTPYKTYpy. THUIIOB BHUXpell MOXET ObITh
MHOTO (U3-32 Pa3JIMYHOW €MKOCTH M (POPMBI ONMHMCAHHBIX BBILIE «IHEPreTHUUECKUX IOJIOCTEM»,
CO3/1aBacMbIX BOJIHaMU CKaTHst). DOpMBI HCKaKEHHBIX BOJH CXKaTHs, IPOXOIAIIMX Yepe3 BUXPb,
MOTYT OBITh COBEPILEHHO Pa3IWYHBIMU. Takoe HMCKa)kK€HUE 3aBUCUT OT JIBUKEHHUS BUXPSA Kak
€MHOI0 LEJIOT0, OT PACCTOSIHUSI MEXAY BUXPAMH U OT YHMCIIA B3aUMOAECUCTBYIOLUIMX BHUXPEH.
[Tox BAMSIHUEM BOJIHOBOIO MCKa)KEHUS Pa3HbIE BUXPH UMEIOT TEHJICHIUIO KaK COMMKAThCS, TaK
U pazberarbcs Ipyr OT apyra. BUxpu Moryr MMeTh TEHICHLUIO TOBOPAUYMBATHCS WM U3MEHATh
CBOE YIJIOBOE TIOJOXKEHUE OTHOCUTENbHO JApyr npyra. Iloatomy Mexay BHUXpSMH MOTYT
BO3HUKATh DKBHUBAJIEHTHl HE TOJBKO CHJ MPUTSDKEHHS, HO M CHUJ OTTAJIKHUBAHHUA W CHJI,
CONMMKAIOMIMX BUXPU APYT C IPYTOM.

Taxxe cucrema, cocTosias W3 BUXPEH M BOJH CXKaTHs, MOXET HMETb HECKOJIBKO
MOJIO)KEHUH PpaBHOBECHSI HHEPrUM, 3aBUCALIMX TOJIBKO OT PACCTOSHUS MEXIY BUXPIMU.
[Ipennonoxum, 4To Mbl HAUMHAEM CTAJIKUBATh BUXPU, HAXOJAIIMECS B TIOJIOKEHUU PABHOBECHUS,
HaBcTpeuy JnApyr napyry. CHayana, Korja BHUXpH COJNMKArOTCS, JHEPrus BOJH OyneT
KOHIIGHTPUPOBATHCS, YTO JOJDKHO IMPEMATCTBOBATh TAKOMY INPUOIIKEHUIO U CTPEMHUTHCS
BEPHYTh BUXPHU B paBHOBECHOE MojioxeHne. OIHAKO eclu YBEIUYUTh CUITY, TOJIKAIOIIYI0 BUXPHU
HaBCTpeuy APYT APYry, HACTYIIUT MOMEHT, KOIJla TaKoi 6apbep conpoTuBIIeHUs OyIeT mpoOuT.
Buxpu 10CcTUrHYT HOBOTO paBHOBECHUSI Ha PACCTOSIHUM MEHbILIEM, YeM UCXOAHOE. DTOT MEepEeHOC
MOJET COMPOBOXIATHCSI BBIPAOOTKOM «M30BITOUHOW» SHEpruu. Tumbl (yHIaMEHTAIbHBIX



B3&HMOI[CI’ICTBHI>1 PCAIBHBIX 3JICMCHTAPHBIX YaCTUIL], BCPOATHO, ABJIAIOTCA MPOCTO pa3JINIHBIMU
COCTOSAHUAMU SHEPTCTUUCCKOT'O PAaBHOBECHI.

6. CriocoOeH JIn BUXPb JBUTATHCS IO MOJIEIBHOM cpese?
Ia, crioco6en!
[IpumepoB U3 KU3HU MHOT'O:
- pa3JMyYHbIE BOJOBOPOTHI B pEKaX U OKEaHaX;
- TOpHa10/BOpOHKOOOpa3HbIe obOaka B arMochepe 3emin;
- IbIMOBBIE KOJIbIIA, BbIIYBAEMbIE KyPUIIbILIUKAMHU U T.II.

PaccmorpuM mpouecc npsIMOJIMHEWHOIO PAaBHOMEPHOTO JBUKEHUS BUXPSA B KHJIKOCTH.
Cnenyer MeTh B BUJy, YTO BUXPb HE SBJIAETCS MHOPOJHBIM TEJIOM B MOJEIBHON JKUAKOCTH.
DTO He CTaJbHOM 1Iap B BoJe. Buxpb — 3T0 3HepreTudeckuii mpoiecc. PaBHoMepHOE TMHETHOe
JBI)KEHUE BUXPS B MOJEITH MPEICTABISET COO0H Oosee CI0XKHBIN mpolece, YeM CTallduOHAPHBIHI
BUXpb. lIpy paBHOMEPHOM NPSIMOJIMHEMHOM JBUKEHHHM BHXPS BMECTE C LHMKIMYECKUM
JBUKEHHEM YaCTHI] B BUXPE B ATO JBUKEHHME BOBJIEKAIOTCS YaCTUIIbI MOJIEIbHON CPEJIbl C OJHOM
CTOPOHBI M OJHOBPEMEHHO SKBHUBAJICHTHOE YHUCIIO YacCTUL[ C MPOTHUBOIOJIOKHOU. CTOPOHBI
MCKJIIOYAIOTCS U3 ATOI0 HUKINYECKOIro ABMKEeHU. [l co3jaHusl Takoro mpouecca He00X0AUMbI
BHEILIHUE BO3JICUCTBUS; OJHAKO, €CIM OH YK€ CO3/aH, TO MOXET JJIUTHCS CKOJIBKO YIOJHO B
UJCABHOM JKUAKOCTU (KUJIKOCTH 0€3 BHYTpEeHHEro TpeHus). Tonbko Ipyrue BUXpH U 0100HbBIE
uM 00pa30oBaHUs MOTYT BIUATH Ha ABM)KEHHE BUXPsI B MOJENbHOU cpene. OHU BO3ACHCTBYIOT,
BO3/ICICTBYS Ha JpYre BUXPU C U3MEHEHHBIM paclpeiesieHUEM 3HEPIruM (I10Jis) BOJIH CKATHS
BOKpYr HUX. Buxpu u moOble 00pa3oBaHHsS TaKMX BHUXpei He OyayT BCTpe4YaTb HHUKAKOTO
COIPOTHUBIIEHUs CO CTOPOHBI MOJEIIBHOW CpEAbl, TJI€ BUXPEU HET, €CIM OHHU JBHKYTCS B HEH
PaBHOMEPHO MO NPSIMOJMHEUHON TpaekTopuu. Ho Kakoe CONpOTHBIEHUE MOXKET UCIBITHIBATH
SHEPrus UeanbHON KUIKOCTH MPHU JBUKEHHUH 110 3TOM ke xuakoctu? Hukakoro! Dueprus He
ABJISIETCSI UTHOPOJHBIM TEJIOM B MOJEJIBHOW cpeie. DTO SHEPIHs YacTUI] CPEIbl, pacipeieeHHas
1o cpene. YacTuupl cpesibl COBEPLIAIOT LUKINYECKUE IBUKEHUS TOJIBKO B BUXPE U B BOJIHE, HO
HE JIBWKYTCA BMECTE C OJTHUMHM BUXpAMH M BOJHaMH. llyremecTByeT TOJIBKO mIpoLECC
HUKIMYECKUX M KoseOaTeNbHbIX ABMKEHHMH. Tak ocymiectBisercs (aKTUYECKOE CMEIIEHUE
BOJIOBOPOTOB B TOJILIE BOJIBI.

JlBuxenue Buxpst B [IB mozenu, aHamoruyHo ABMXKEHUIO PEANIbHBIX AJIEMEHTapHBIX
YaCTUI] UM JPYTUX TEJ, COCTOSIINX U3 3JIEMEHTAPHBIX YaCTUIl B BaKyyMe. Buxpu u paznudsbie
o0Opa3oBaHMs NpU JBHKEHUH OYyAYyT paccMaTpUBaTh CBEPXIUIOTHYIO, YIPYIYIO CpeAy MOJAEIU
KaK OCHOBY CBOErO CYLIECTBOBAaHHUSA, KaK «IIYCTOTY». TOYHO Tak € BaKyyM BOCIIPUHUMAIOT
peanbpHbIE 3JIEMEHTAPHBIE YAaCTHUIBI U pealbHbIE Tella Takux dacTull. IlnotHas cpema mozpenn
(BakyyM), crocoOHasl JHIIb COMNPOTUBIATHCS HM3MEHEHHIO CKOPOCTH M HANpaBlIEHUS BHUXPS
BHYTpHU ceOs (aHAJIOTUYHO MHEPLIMHU), HO HE MOXKET BJIMSATh Ha CYLIECTBYIOIEE PABHOMEPHOE
NpSAMOJIMHEHHOE ABMKeHHE BUXpel. ToJIbKO Ipyrue BUXpU U UX 00pa3oBaHMs MOTYT BIMSATH Ha
CKOPOCTb M HallpaBJIEHUE ABUKEHUS BUXPEH.

7. bynyt nn Buxpu B [IB Mozgenn mmeTs cBOMCTBA BONHBI? BO3HUKHYT JIM IPU JIBUKEHUH BUXPS
OCHOBHbBIE BOJTHOBBIE SIBJICHUS: SBJIEHUS HHTepdepeHnH U Aupakiuu?

Crpykrypa IIB Monmenum ycTpoeHa Tak, 4TO BHUXpPb IOCTOSHHO B3aMMOJACHCTBYET ¢
BOJIHAMM CXKaTusl. BUXpb, «HOKOSAIIUICS» OTHOCUTEIBHO MOJAEIBHON Cpe.bl, MOJ JIECHCTBUEM
paBHOMEpPHO HaOeraruMx BOJH OyJIeT MOCTOSHHO COBEpILIaTh He3HAYUTEIbHbIE KosieOaHus (B
MHTEpBaJie UIMHBI BOJHBI CXKaTHs) U3 CTOPOHBI B CTOPOHY. OJHAKO, €ClIU paccCMaTpuUBaTh €ro
CpeJHEE MOJIOXKEHUE 3a HENPEPHIBHBIN MHTEPBaJl BDEMEHHU, OH OCTAHETCS] B OJHOW KOHKPETHOM
TOUKE.

[Tycts BUXpH ABMKETCS cBOOOIHO (0e3 Bo3aeWCTBYIOLIMX Ha Hero cui) B cpeae I1B
Mozaenu. B Monenn BUXPH ABUKETCS B Cpejie, 3al0JIHEHHOW BoJHamMu cxaTusi. B obmactu T1B
MOJIENIU , TJIe BOJIHOBBIE (DPOHTHI HE UCKaKEHBI (HAaIIpUMep, IJe BOJHOBBIE (DPOHTHI IJIOCKKE) U
paBHOMEpPHO COJMKAIOTCA CO BCEX CTOPOH, BUXPh OyneT JBUTAThCA B CpeaHeMm (3a
HENpEepbIBHBI HMHTEpBal BPEMEHH) IO JIMHEHHOH Tpaekropuu . Jlrobas sKkcriepuMeHTanbHas



YCTaHOBKA (9KpaH C OTBEPCTUSAMH) 00s3aTelIbHO MCKA3UT HaudaJbHOE pacupernencHue u Gpopmy
TaKUX BOJIHOBBIX (PpoHTOB. PacmpeneneHue sHEpruyM BOJIHBI CXKATUSA IIOCIE MPOXOXKICHHS
9KpaHa C OTHUM OTBepcTHEM (puc.6) OyeT, 0O4eBUIAHO, IPYTUM IO CPABHEHHIO C TIPOXOKICHUEM
yepe3 SKpaH C JByMs oTBepctusMu (puc.7). Buxpp Oyner B3auMoIeHCTBOBAaTH C 3THM
MCKQ)KEHHBIM BOJIHOBBIM pacHpeelieHHeM ellle A0 yCTaHOBKHU. ECIM MOTOKHM BOJH CXaTus C
pasHbIX CTOPOH BO3/EHCTBYIOT HAa BUXPb IO-Pa3HOMY, TPACKTOPUs BUXPS HE OyAeT ocTaBaThbCs
JUHEHHOU. DTO M3MEHUTCs. BUXph 10imKeH OyIeT IBUTaThCs MO MYyTH, MPOJI0KESHHOMY ISl HETO
BOJIHAMM, HAlpaBJICHUE KOTOPBIX ObUIO M3MEHEHO SKCIEPUMEHTaJIbHOH YCTaHOBKOH. Puc.6 u
Puc.7. Takas sxe curyanust OyneT NHpU NPOXOXKICHUM BHUXPSA Yepe3 IKCIEPUMEHTAIBHYIO
YCTAHOBKY (9KpaH C OTBEpCTHSIMM) Ha HYTH K YCTPOWCTBY PpErMCTpallUU pe3yJbTaToB
JKCIEpUMEHTa. JTO OyAeT ONpeAessaTh BOJHOOOpa3HBIA XapakTep [BWKEHUS BHXpS, a,
CJIEZIOBAaTENIbHO, U HalWuue HHTeppepeHunu U Iupakuuyd Opu ABUKCHUM BUXpEHl BHYTpHU
mozenu. Eme pa3 oTMeTum, 4To BUXpPh — 3TO HE MHOPOAHOE TEJIO B CpPejie, a OPraHN30BaHHOE
JIBIDKEHUE YacTHUL] CPelbl, Yepe3 KOTOpble MPOXOJIAT BOJHBI CkaTHs. O4YeBUAHO, YTO YeM
0oJbIlIe BUXPH MO CPAaBHEHHUIO C JPYIMMH BUXPSIMH, TEM MEHBIIEC BIUSHHE HEPaBHOMEPHOTO
pacripe/ielIeHUs] SHEPIMU BOJHBI Ha TPACKTOPUIO €ro JABMKEHUs, U Ha000poT. UeM MeHbllIe Hiu
0oJbIIIe BUXPh, TEM MEHBIIIE MM OOJIbIIe OyIyT ero BOJHOBBIE YPPEKTHI MPH ABHKCHUN BUXPS
KaK €JMHOTO LIEJI0T0 B paMKax MoJesu XB, 4To MOIHOCThI0 aHAJIOTHYHO PEAIbHBIM IIPOLIECCAM.
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Puc. 6. DxciepuMeHT ¢ OTHUM OTBEPCTUEM
1 - sKCHIepUMeHTalIbHAs YCTAHOBKA C OJTHUM IPOEMOM. 2 - BOJIHBI CXKATHS. 3 - HCTOUHUK
(OTOHOB WJIN 3JIEKTPOHOB. 4 - POTOHHBIN WIIN AJIEKTPOHHBIN perucTpaTop.
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Puc. 7. DxcniepuMeHT ¢ JByMs OTBEPCTHIIMHU
1 - DOxcniepuMeHTaNbHAs YCTAHOBKA C JIBYMS IIPOEMaMHU. 2 - BOJIHBI CKATUA. 3 - HCTOYHUK
(OTOHOB MJIH PTEKTPOHOB. 4 - (POTOHHBII UM ANEKTPOHHBIN PErUCTPATOP.



Boul mpoBeneH OSKCHEPUMEHT MO M3YyYCHHI0 HWHTEPPEPEHIIMOHHON KapTUHBI TIpU
POXOXKICHUN OJAMHOYHBIX (DOTOHOB M 3JICKTPOHOB Yepe3 HEMPO3pauHbId SKpaH C OJHUM HIIU
IBYMsi OTBEepCTUsIMU. [losyueHHBIE pe3yabTaThl MOKHO OOBSCHUTH TOJIBKO TE€M, YTO (DOTOHBI U
AIIEKTPOHBI «IYBCTBYIOT» KPaH C OJHUM WJIM JIByMs OTBEPCTUSIMH 3apaHee, elle MpUuOIKasch
K SKpaHy.

Jlo cux nop takue 0ObACHEHHS PEIarajich TOJIbKO KaK HEOOBSICHUMBINA MapagoKC.

A BeJlb IMEHHO TaK BCE U JIOJKHO ITPOUCXOJUTh B MOJEINN!

Bonbl cxxatus IBUKYTCS KaK K 9KpaHy, TaK ¥ OT 3KpaHa. PaBHOMEPHOCTb pacnpeieneHus
(poHTa BOJHBI CXKAaTHUs HAPYIIAETCS SKPAHOM Kak IOCIe SKpaHa, Tak U nepea HUM. M3menenune
3TOH OJHOPOJHOCTH IPOKJIAJBIBAET IyTh IEKTPOHAM OT 3MUTTEpa K 3KpaHy, a 3aTeM - K
3allUCBIBAIOIIEMY YCTPOMCTBY, I'/le Mbl HaOJIOJaeM WINM He HaO/0aeM HMHTEpPEPEeHIIMOHHYIO
KapTUHY. DJIEKTPOH, CTAJKUBAsCh C BOJHAMM CHKATHsl, MIIYLIUMH C IPOTUBOIOI0XKHON CTOPOHBI
OT PKpaHa, (PaKTUUYECKH «UyBCTBYET», KAaKOW THUI 3KpaHa HAaXOAUTCS Mepel HUM (C OAHUM WU
JIBYMsI OTBEPCTUSIMHU ).

CpaBHeHI/Ie CBOMCTB PCAIIbHBIX 3JICMCHTAPHBIX YaCTHUIL CO CBOMCTBaMH BI/IXpCﬁ B MOACIIN,
KOTOPBIC OYCBHUAHO BHUIHBI U3 KOHCTPYKIIUU MOJCIIH, ITIOKA3BIBACT, UTO UX CBOMCTBA IOJHOCTBIO
coBnajaaroT. M3 aToro CpaBHCHUA MOXXHO CACJIaTb BbIBOA, YTO BUXPb B IIB Moaenu moOJHOCTBIO
AHAJIOTUYCH PCaJIbHBIM 3JICMCHTAPHBIM YaCTHLIAM. COBHa,I[eHI/Ie CBOMCTB QJICMCHTAPHBIX YaCTHIL]
nu BHXpeﬁ B MOJCJIM MMO3BOJIAICT YTBEPKAATD, YTO UX YCTpOﬁCTBO JOJI2KHBI OBITh OAMHAKOBBIMU.

MokHO chenaTh BBIBOJ O HCO6XOI[I/IMOCTI/I 3KCHepI/IMCHTaJ'IbHOI71 IMPOBCPKHU BCPOATHOCTH
CyHICCTBOBAaHUA ONNMCAHHBIX BBIIIC BHXpeﬁ. Hx taxxe CIICAYCT MOABCPTHYTh MAaTEMATUUICCKOMY
OIIMCaHHIO.

Bo3MoxxHEIE SKCIICPUMCHTBI

OKCHepUMEHT MOXHO IIPOBECTH B Boje (KOoTopas oOueHb Mmpo3pauyHa). PucyHok 2.
VYCTaHOBUTH TEHEpaTopbl BOJH CXKATHA. 3alOJHUTh HEKOTOPBIH O00BEM BOJBI BOJHOBBIMU
MOTOKAMHU CXKAaTUsl M MPOU3BECTU B3PHIBHOW BIIPBICK OKPALIEHHOW BOJIbI B IIEHTP 3TOT0 00beMa.
OTO MOXET IMO3BOJIUTH IOATBEPAUTH BO3MOXKHOCTH OOpa3oBaHMs U JJIUTEIBHOTO
CYIIIECTBOBAHMSI ONTMCAHHBIX BBILIE BUXPEH.

Haubonee mnepcrnekTUBHONW  MpeACTaBIsSeTCS  CO3JaHHE  KOMIBIOTEPHOM  MOJAENIU
YIOMSHYTOIO BbIIIE 3KcrepuMeHTa. (Co3laiTe KOMIIBIOTEPHYIO MOJEIb HEKOTOPOM 4YacTu
Hameil [1B monenu. HauMeHbIIMM CaMOCTOSITENIBHBIM TEJIOM TaKOH MOJENU JOJKHA OBITh
Kaxiass aOCOJIOTHO YHpyras 4acTHIA, BXOAAIIAas B COCTaB Halled HAEANbHOM KHIKOCTH.
[TporpaMmMa Jo/KHA MO3BOJATH BapbUpPOBaTh TAKWUE BEIUYMHBI, KAaK KOJMYECTBO BOJIHOBBIX
TEUYEHUI CKaTHsl, UX aMIUTUTYAy (SHEprHio), NepuoJ mpodera BOJHBI, JAIUHY BOJHBI, Pa3Mepbl
YacTHUL, U3 KOTOPBIX COCTOMT Hallla 3KCIIEPUMEHTAJIbHAs Cpela, U APYTHE YCIOBHS. YIpYrue
CBOWCTBA Cpefbl JOJKHBI 00€CIeunBaTh PAcpOCTpPAaHEHWE B HEW BOJIH CXKAaTHUSA CO CKOPOCTBIO
cera. JlomkHa ObITb oOecredeHa BO3MOXKHOCTb — 3aJlaHUs  PA3JIMYHBIX  YCIOBUH
SHEProBbIJeNEHHs (B3pbIBA), @ TaKKE€ BO3ZMOXKHOCTb OTCIIEKHBAHMUSA M PETUCTPAILMH TOTO, Kak
00pa3yloTCsl ONMUCAHHbIE BbIIe BUXpH (M OyayT U oOpaszoBbIBaThCA?). S mpesmnonararo, 4To
yJacTCs ONpPENENUTh YCIOBUS, MPU KOTOPBIX OyIyT BO3HMKATh BHPTYAJIbHbIE 3JEMEHTapHBIE
YacTULIBI - BUXPHU, U TaKWe YacTHUIIbl OyJyT aOCONIOTHO MOJOOHBI peadbHbIM 3JI€MEHTApHBIM
YaCTULAM.

Mpbl MOXeM co37aThb KyCOY€K BHPTYaJbHOM (HU3MUEeCKOW BCEIEHHOH, a0COJIIOTHO
SKBHUBAJIEHTHBIA peaJbHOMY MHpPY. B 3Toi mporpaMMe MOKHO co3[1aBaTh M CTaJIKHUBATh JIHOObIE
BO3MOXXHbIE BHUPTYaJIbHBIE JJIEMEHTAapHbIE YacTUIBL. TakuM YacTHIlAM MOKHO TIPHUCBOUTH



T00YI0 KHHETUYECKYIO DHEPTHIO0 C JII0O00H CKOPOCTHIO; U MBI JIOJDKHBI OBITh B COCTOSTHUU TaK
NOAPOOHO U3YYUTh PE3yJIbTAThl CTOJIKHOBEHUI BUPTYaJIbHBIX AJIEMEHTAPHBIX YACTHII.

B ¢dopmupoBanuu Kax10ii BUPTyaJIbHON 3JIE€MEHTApHOW YacTHIBI (BUXPs) yUaCTBYET Kak
MHUHHMYM HECKOJIbKO BOJIH CKaTus. B Kax10ii 00;1acTH 0XBaTa BOJIH CKATUS MOXKET HaXOAUTHCS
00JbII0€ KOJIMYECTBO YaCTULl MOJAEIBHON cpebl. BO3HUKHOBEHUE U CYIIECTBOBAHUE BUXpEH B
[1B mMonenun ¥ KOHEYHBIH pe3yiabTaT CTOJIKHOBEHHUS BUXpel (opMupyercs Kak CyMMapHBIH
pe3yJbTaT MHOXKECTBA MPOCTHIX, OYEHb MAaJbIX B3aUMOACUCTBUM MEXIy OOJBIINM YHCIOM
4aCTUL] BUPTYAJIbHOU cpeibl. MBI HUKOT1a HE CMOYKEM IIPEJCKA3aTh Pe3yJIbTaTbl JKCIEPUMEHTA
¢ momMouIbio GopMyIl U ypaBHeHUH. OJHAKO 3TH PE3YIbTAThl MOKHO MOTHOCTHIO CMOJIEITUPOBAThH
Y pacCcYUTaTh HAa KOMIIBIOTEPE, U OHU OYAYT COOTBETCTBOBATH ITOBEAECHUIO PEAJIbHBIX IIPOLIECCOB.

Takas nporpaMma MOKET 3aMEHUTh YCKOPUTENH 3JIEMEHTAPHbIX YacTUll (KOJUIalAephl) U
Jpyrue jpoporocrosimue (¢pusndeckue ycrpoiicrsa. PaszpaGoTka Takoro mnporpaMMHOIroO
o0ecrieyeHus: MPUBEAET K 3HAUUTEIbHOM SKOHOMUHU CPEJICTB U PACIIMPUT 3HAHUS O peaIbHOMN
¢usuke. BepostHo, B OyayllieM Mbl CMOXKEM I10JIy4aTh BUPTyaJlbHble XMMUYECKHE HJIEMEHTHI U
pa3jaMuYHble MOJEKyJbl. Sl Hagewch, 4TO yAacTcs CO31aTh BHUPTYaIbHYIO XHMHUYECKYIO
71a00paToOpHIO; 3TO TAaKKe BHECET OONBLIONW BKJIAJ B COBPEMEHHYIO HayKy. OJHaKo caMbIM
yBIIEKaTEJIbHBIM OyJeT CO3[jaHH€ BUPTYaJbHBIX OMOJIOTMYECKUX OOBEKTOB: KJIIETOK, TKaHEM,
OpPraHOB M BHUPTYaJIbHBIX OpraHu3moB. Ecin Takue pa3paOOTKM OKaXyTCsl YCHELIHBIMH, 3TO
CTaHEeT IPOPHIBOM B M3YYEHUU JKUBBIX OPraHM3MOB U UE€IOBEKAa. 3HAYEHUE CO3JaHMS TaKHUX
O0BEKTOB /ISl TMPAKTMYECKMX TMPWIOKEHUHM, TaKMX Kak MEIUIMHCKas HayKa, OYeHb
NIEPCIIEKTUBHO.

OpnHako nepeyrclIEeHHbIE BBIILIE BAPUAHTBI HE IIOJTHOCTBHIO OIUCHIBAIOT BCE NIPEUMYILECTBA
npemyaraemoit [1B mozneinn.

Amnanor ckopoctu ceta B [IB monenun

CkopocTh cBeTa — 3TO MaKCHUMallbHas CKOPOCTh PACIPOCTPAHEHUS SHEPreTHUYEeCKOro
BO3zelicTBUs B Hamiedl Bcenennoit. Jlo cux mop ObUIO HEM3BECTHO, MOYEMY CKOPOCTH CBETa
ABJISIETCS TIPEJIETIOM.

[IB Momens He COIEPKUT HHUYEro, KPOME Cpelbl M pa3INYHBIX BUIOB BHYTPEHHEH
SHEPrUH 3TOM cpesibl (FHEPTUU BOJIH CHKATUS U DHEPTUU BUXPEN).

Becp HaKOIUIEHHBIN OINBIT U3YYEHHsI PACIPENEIICHUs YHEPTUM B CPele KOHCTaTUPYET, YTO
HauOOoJIbIIIEeH CKOPOCTHIO PACTIPOCTPAHEHUS SHEPTUU CpPebl B Mpeaenax OJHOU Cpelbl SBISETCS
CKOPOCTh JBMKEHHS BOJIH CXKaTHS BIIOJIb cpeibl. V3 BelenpuBeieHHON MHGOPMAIIUU MOKHO
clienaTh BbIBOJI, YTO CKOPOCTh PACIpPOCTPAaHEHUs BOJIH CKaTus B xkuakoctu 1B monenu, kak u
CKOPOCTh CBE€Ta B pEAJbHOM MHpE, SBISETCS €CTECTBEHHBIM MpENeiIoM s J000ro BHIA
pacrpeIeneHus JHEPTUU BHYTPU MOJENH.

B Mozenu npenycMoTpeHa TeopeTuuecKas BO3MOKHOCTh BBIICIICHHS ONIPEAETIEHHBIX BOJIH
cKaTUsl. ITO MOXKHO CieiaTh, YCKOPSs U 3aMeyIsisl BUXph (Tpynny Buxpein). MoXHO 3aCTaBUTh
BUXpU Kojebarbcs. Takum o0Opa3oM MBI CO3/1aeM JOIOJHUTEIbHOE ABM)KCHHE BCEX YaCTHI]
JKUJKOCTH, BOBJICUEHHBIX B BHXPh. B COOTBETCTBUU C XapakTepoM (HOpMHUpPOBAHHS OIS B
MOJIeJIM, OIMUCAHHOW BBIIIE, TaKOe JOIMOJHUTEIBHOE JBUKEHHE O00s3aTENbHO HW3MEHUT
AHEPreTUYECKOE PACIPEICIICHUE BOJIH CKATHs, IPOLICAIINX Yepe3 Takue BUXpH. Pacnipenenenue
OHCPTHUU B BOJIHAX, IMMPOIICAIINX KOJ'[G6J'IIOHH/II710$I BUXPb, OTJIMYACTCA OT paCupCACICHUA DHCPIrun
CTallMOHAPHOTO BUXPA.
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Puc. 8. Crioco6 nepenaun curaana B [1B monenn

1 - BUXpH, KOJNEOMIOMMICS O/ ACHCTBHEM BHENIHUX CHJI. 2 - BUXPb, KOJNEOIIOMMUICS 3a CUeT
M3MEHEHHUsl pacHpe/esICeHUs] SHEPruu BHYTPU BOJH CKaTus. 3 - OJMH W3 BOJIHOBBIX TEUYEHUM
cxarus. A1,A2 — aMIUIMTy/1a BUXPEBBIX KOJICOAHUMH.

[pyroii BUXpb, yIAIEHHBIA OT NEPBOIO, MOXET «IIOYYBCTBOBATb» TaKO€ M3MEHEHHE B
pacripesielIeHuH 3Hepruu (CBoero poaa «Mmerkay). Ilocie Bxoa B BOJHOBOM MMOTOK, M3MEHEHHBIN
JBUKEHUEM MEPBOIO BUXPs pUC. 8, BTOPON BUXPhH JOJKEH HauaTh (XOTS Obl HE3HAYMTEIBHOE)
JIBIDKEHUE 0]l X Bo3JjeiicTBueM. [loBenenne BToporo Buxpsi OyJaeT OTINYaThCs OT MOBEACHMS
BUXPEW, HAXOSAIIUXCS B 00JIaCTH HEU3MEHHBIX BOJH CkaThs. C MOMOLIbIO0 TAKUX METOK MOKHO
OTIPABIATh U MOJYYaTh CUTHAIBI BHYTPU MOJEIH, 3aCTaBIsAs JBUraThes (KosiebaTbes) ONUH
BUXPb U MPOCIIEKUBAS JBUKEHHUE JIPYroro BUXpPs, HAXOAAIIErocs Ha 3HAUUTEIbHOM PacCTOSHUU
0T nepBoro Buxps. CurHansl OyayT pacIpOCTPaHIThCS BHYTPU MOJEIU CO CKOPOCThIO, paBHOM
CKOPOCTH pacIpOCTPAHEHHUsI BOJIHBI CHKATHSL.

ITocne 3aBeprieHust Hacrosieil paboThl S pemni BBIACHUTb, KaK OCYILECTBIISIOTCS
IPOLIECCHl PaMOCBS3U. S OBbLT yIUBJIEH, YTO PEAJbHBIM IMpolecc ObUT MOJHOCTHIO MOXO0XK Ha
OIMCAHHBIN BBILIE.

W3meHeHus BOJIH ckaTusi, OOpa3yroluxcst B pe3yibTaTe KojeOaHui Buxpew, OyayT
AQHAJIOTUYHBl PEaTbHOMY 3JIEKTPOMAarHUTHOMY M3iyueHHI0. CKOpPOCTh «METOK» (M3MEHEHUs
pacmpeneseHns SHEpPrUM BOJH) He OyAeT 3aBUCeTh OT CKOPOCTH HMX HCTOYHUKaA. JIroOoii
MCTOYHUK IPOCTO MEHSET Paclpele/IEHUE SHEPTUU BOJH CXKATHA M HE UMEET BO3MOXKHOCTH
YCKOPUTh WJIM 3aMEIJIUTh WX JBUkKeHHE. CKOPOCTh JIBUKEHHUS BOJHBI SIBISETCS MaKCUMAJIbHO
BO3MOKHOM CKOPOCTBIO 1epenayu 3Hepruu B [1B monenu.

I1B Mogenb BKIHOYAaET CBOMCTBO, CPOPMYIUPOBaHHOE DUHIITEHHOM B BHJIE MOCTYATa,
KOTOpOE B3SITO 3a OCHOBY €r0 CIIELIMaJIbHOW TEOPUH OTHOCUTEIBHOCTH, - IIPUHLUII IOCTOSHCTBA
ckopocTH cBeTa. CKOPOCTh CBETa B BaKyyMe€ OJMHAKOBa BO BCEX HAIPABICHUSAX IS BCEX
MHEPLHAIbHBIX OTCUETHBIX KOOPAMHAT M HE 3aBUCUT OT JABM)KEHHS HCTOYHMKA CBETA WIIHU
HaOmoaTens. OJJHaKO CKOPOCTh BOJIHBI (CKOPOCTh CBETA) OJIMHAKOBA TOJIHKO MO OTHOIICHHUIO K
CW-Monenu. OOmiasi CKOpoCTh B CHUCTEMaXx, JIBHXKYIIUXCS OTHOCHUTEIBHO MOJEIBHOM Cpellbl,
paznmnuHa. Teopermdyeckn oHa MoxeT BapbupoBaTbesi oT 0 go 2 C. Takue wuzMmeHeHUs
OTHOCHUTEJIbHOM CKOPOCTH CKOPOCTH CBETa Mbl BOCIIPMHMMAEM KakK KpacHbIE WM (PHOJIETOBBIE
CABUTU DHEPrUM 3JIEKTPOMArHUTHBIX KOJ€OAaHWM W KBAHTOB cBeTa. ECIM KBaHT JBHXKETCS
IIPOTUB HAIPABJIECHMSI YCTAHOBKU, TO €r0 CKOPOCTb CYMMHPYETCS CO CKOPOCTBIO YCTAHOBKHU.
OpnHako Mbl ONpENENsSeM €ro JHEPrui0 TOJNbKO Kak OOJNbIIyI0, YeM pacueTHas JHeprus
(¢uoneroBoe cmemenue). Ecau M3MepUTh HSHEPIUI0 KBAaHTA, JBHXKYLIETOCS B TOM XKe
HAIpPaBJIEHUH, YTO U YCTAaHOBKA, TO YMEHBIIEHHUE €0 CKOPOCTH OTHOCUTEIBHO YCTaHOBKU OyJieT
3aperucTpUPOBAHO MPUOOPAMU KaK KPAaCHOE CMEILEHHE.

@DOTOHBI M 3JEKTPOMArHUTHBIE BOJIHBI B 1IB Momenn — 3TO pa3Hble >HEpreTH4ecKue
oOpa3oBaHus. DJIEKTpOMAarHUTHAs BOJIHA MPEACTABISET COOO HapylleHHe pacrpeeeHus



SHEpPruM B BoJMHAX Cxkartus. OHU MepeaaroTcsi BMECTE C BOJTHAMH, U UX MHTCHCHUBHOCTH OBICTPO
yracaet ¢ pacctosiHueM. GOTOH — 3TO BUXPb (€r0 S3HEPIHsi MEHbILIE YHEPTUHN YaCTHUIIbI), KOTOPBIN
3aXBaueH MEXKJy BOJHOBBIMH (DPOHTAMU BOJIHOBOTO TOTOKA W YHOCHUTCS KOMIIPECCHOHHBIM
BOJIHOBBIM TIOTOKOM CO CKOPOCTBIO PacCIpOCTPAHEHHUS BOJHBI (CKOPOCTHIO CBETA) B MOJAEIbHAsS
cpena. Buxpp noanepxuBaercs nonepeyHbIM TEYEHUEM BOJTHBI U TOATOMY HE UCUE3aeT.

Bpewms

Bce cymectBytoniye B COBPEMEHHON HAy4yHOW JIMTEpaType OMpPENENICHUs BPEMEHHU Kak
dbyHaamMeHTanbHOTO (PU3MUECKOTo sIBICHUS Hamedl BceneHHOW MOXXHO 00OOIIMTH B OZHOM
npocToM ormnpeaeneHun: Bpems ecte cBoiicTBo BceneHHol, naromiee HaM BO3MOKHOCTh
OIICHUBATh (M3MEPSATH) MPOAOKUTEIHPHOCTh WHTEPBAJIOB MEXKIY COOBITUSMHU B JIFOOOW TOYKA
BcelieHHON. Du3nyeckue NMpUYUHBI, Tpuaarime BeeneHHoM 3TO CBOMCTBO, 10 CHX MOP ObUIH
HEU3BeCTHHI. be3 mporecca M3MEpeHHs] MHTEpPBAJIAa MEXIY COOBITUSIMU — CPaBHEHHUS AITOTO
MHTEpBaJia ¢ KaKUM-IMOO APYrUM HHTEpBajoM (CEKyHI0, MUHYTOH, YacoM U T. 1.), 1aXe B
NPUMUTUBHON (opme, BpeMsi JJii HAC HE CYIIECTBYEeT. MbI TOBOPUM O KaKOM-TO COOBITHH,
TOBOPS, YTO OHO MPOM3OILJIO BUEpa - B ITOM cliydyae MbI MojapazymeBaeM 24 daca (BpalleHue
3emii BOKPYT CBOEHM OCH) Kak eIuHUIly u3MepeHus. Korma mMbl TOBOPUM, YTO HEKOE COOBITHE
MIPOU30ILIO B MPOILIOM IOy - MbI MOApa3syMeBaeM roji (Bpamenue 3emnn Bokpyr ColHIla) Kak
enuHuiy usmepenus. U tak ganee. Bce Bpemsi, koria Mbl TOBOPUM O MECTOTIOJIOKEHUU COOBITHS
BO BPEMEHH, MBI ONpeEAeisieM TaKHe MECTa C MOMOIIBI0 T€X WIM HHBIX €IUHUIl W3MEpPEHUS.
YenoBeuecTBO ¢ APEBHEHIIMX BPEMEH UCIOJIB30BAIO MEPUOIUYECKH TMOBTOPSIONMIUECS COOBITUS
JUTSL OTIPEJIeTIeHHsI MecTa COOBITHUS BO BpeMeHH. brnarogaps Harieil crmocoOHOCTH 3allOMUHATh U
MpEACKa3bIBaTh, JIIOJIM BOCIPUHUMAIOT BpPEMsl Kak SBJIEHHWE, KOTOpoe pabOTaeT HECKOIbKO
MHaye, 4YeM B HeXXHBOM Mupe. M 3To Bce, 4TO U3BECTHO HAYYHOMY MHUPY O PeaTbHOM BpEMEHHU.

Uro cBoiicTBa BpeMEHU MOT'YT /1aTh Hallel BCEJIEHHON?

OTBeT Ha HTOT BOINPOC MOXKHO IOJYYUTh, NPOAHATUZUPOBAB METOAbl H3MEPEHMS
BPEMEHHBIX HWHTEPBAJIOB, HCIIOIB3YEMbIE YEIIOBEUECTBOM. Takoil aHaau3 IOKa3bIBA€T, YTO
CYIIECTBYET TOJBKO OAMH OOOOIIEHHBIM METOJ M3MEpeHHsl BpeMeHH. Beskuil pas, korja Ham
HY)KHO U3MEPUTh WHTEPBAJ BPEMEHH MEXIY IBYMs COOBITUSMH, MBI MCIIOJIb3yeM HEKOTOPBIN
ATAIOHHBIA UHTEpBAI (IO, J€Hb, Yac, CEKYH/a, YaCTOTa dJIEKTPOMArHUTHOTO U3ITy4eHUs U T. II.
- HTHTEPBAJI MKy IBYMS TIEPUOIUYECKUMH COOBITHUSIMU) U 3aTEM OTPEIEIsIeM, CKOIbKO U3 3TUX
ATAJIOHHBIX UHTEPBAJIOB MIPOUCXOST B TEUEHHUE U3MEPSIEMOT0 MHTEPBAJIA.

Ecnu u3mepsiemble MHTEPBAJIbI CBECTH K HAUMEHBIIIUM COOBITHSIM, KOTOPBIE MBI CITOCOOHBI
3aperucTpUpOBaTh, MBI MOXXEM 3aKIIOYUTh, YTO CBOWCTBO BceneHHOW OBITh M3MEPUMBIM BO
BPEMEHU  MOXKET OBITH o0ecrieueH0  TOJMBKO  HENPEPHIBHOM, MIEPUOIUYECKON
MOCIIE0BATEIHHOCTRIO  BCETPOHUKAIONINX  COOBITHH, TMPOHCXOAAIIUX C MaKCUMaIbHON
YaCTOTOM, KOTOPAst MOYKET CIIYKHUTh ATAJTOHOM JJISI U3MEPEHUSI BPEMEHHBIX MHTEPBAJIOB MEXKIY
JIPYTUMHU COOBITHSIMH.

Takas mociegoBaTenbHOCTH cymiecTByeT B [1B monenu!

TakuM BCEMPOHUKAIOUIUM M O4YeHb MalibiM coObiTeM (ymapom) B IIB momenu Oymer
MOMEHT TepeceueHuss (POHTOM JIFOOOW BOJIHBI CXKaTHS JIO00M TOYKM MOjenu. YacTuirbl
MOJIETIbHOW Cpelbl TIOCTOSIHHO KOJIEOMIOTCST B KaXAOW TOYKE MOJENIH, BBI3BAaHHBIC
MIPOXOKICHUEM BOJHBI CKATHS Yepe3 TaKyr TOYKY. BOJIHBI C)KaThs IPOXOJIST Yepe3 BCe, Yepe3
KOKIYI0 DJIEMEHTapHYI0 YacTUIly/BUXpb W depe3 Bce obnactu [IB monmenun. Bommbl cxxarus
MPEACTABISIIOT COOOM BCEMPOHMKAIONIYIO CETh JHEPTeTHYECKUX BO3JEHCTBUN (MeTbYalImx
COOBITHIA), CIIEAYIOMUX IPYT 32 IPYTOM.

PaccmoTpuM BoHOBOE TeueHHe cxkaTus B moaenn Puc. 9.
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Puc.9. Cxema nzmepeHust BpeMEHH U IIPOCTPAHCTBA B MOJEIU
1 - OIMH U3 TTOTOKOB MTPOIOIBHBIX BOJH.

Ecmun B Touke A IIB mMozmenu puc. 9 mpoucxXoIsaT J1Ba COOBITHS, a MHTEPBAI MEXAY
coObITUsIMM OOJIbLIE TEpHOJA KOJIEOAHUM MCTOYHUKA BOJHBI, TO TEOPETHUYECKH BO3MOXKHO
U3MEPUTh TPOJIOKUTENILHOCTh BPEMEHU MeXay coOblTusiMU. Ham HeoOXoIumo MoAcuMTaTh
KOJIMYECTBO BOJIH CXaTWsl (PHEPreTUYeCKUX YyAapoB) (OT OJHOTO M3 MCTOYHHUKOB BOJIH),
OPOILEAIINX Yepe3 TOYKY A 3a HMHTEpBal MEXIY COOBITHSMM, U IIOJyYEHHOE 3Ha4YeHUE
YMHOXHUTb Ha MEpHO/J MpoOera BOJIHBI.

OueBUIHO, 4TO yeM OoJiblIe JUIMTENBHOCTh U3MEPSIEMOro MHTEpBaja IO CPABHEHUIO C
JUINTEIbHOCTBIO HHTEpBajla, HEOOXOAMMOIO JUIsl IEpPeceueHuss TOYKU JABYMs COCEAHUMH
(dpoHTaMu BOJH CXaTus, TeM TOYHee OyAeT pe3ysibTaT OTHOCHTEIbHOro wusmepenus. U
HAao0OpOT, YeM MEHbIIIE JUIMTEIbHOCTh MHTEPBAJIa 10 CPABHEHUIO C MEPHOAOM IpoOera BOIHbI
CKaTHs, TEM MEHBIIE OTHOCUTENIbHAs TOYHOCTh €r0 U3MepeHus B Mojenu. Ham Heuero ckazaTh
0 JJIMTENbHOCTH WHTEPBAJIIOB IO CPAaBHEHUIO C MEPUOJOM IpoOera BOJHBI CKATUS WU 00
MHTEPBaJIaX, MEHBIINX 3TOr0 NEPUOAA.

Bpems B IIB Momenn uMmeer KBaHTOBYIO CTPYKTypy. KBaHT BpeMeHM B MoOJenu
IpEe/CTaBIeH HHTEPBAIOM, HA KOTOPOM JIBA COCETHUX (DPOHTA BOJIH CKATHUS MEpECcCeKaroT JI00YI0
TOYKY Mojenu. Mmu, Apyrumu cioBaMu, KBaHT BPEMEHHM — 3TO MEpUOJl IMpoOera BOJHBI WIH
nepuoJi kKojaeOaHui UCTOUYHMKA 3TUX BOJH. COOBITHS MEHbIIE Mepuoja MpOAOIbHON BOJIHBEI B
MOJIEJIM HEBO3MOKHO M3MEPUTH (OTCYTCTBYET ajieKBaTHas enuHuua usmepenus). B IIB moxenu
HEBO3MOKHO ITyTEIIECTBOBATh BO BPEMEHH, 3aMEUISITh €0, OCTAHABIMBATh WM II0BOPAYUBATH
BCIIT. BpeMs B MOJENbHOW cpene Mpe/CTaBIsieT CcOo0OW cHUCTEMYy MeIbYalIIuX
BCEIIPOHUKAIOIINX DHEPreTUYECKUX BO3JCHCTBUN BOJIH CXKATHsI HA YaCTHIBI MOJEIBHOW CpENbl
U Ha BHUXpH/3JIEMEHTapHblEe 4YacTUIbl MaTepuu. Takue ynapbl MOCTOSIHHO MEHSIOT (XOTS U
MHUKPOCKOIMYECKH) MOJIOKEHUSI M CKOPOCTH BCEX OSJIEMEHTapHbIX dYacTull. Bpems — 3T0
HEIPEPBIBHBIN IPOLIECC OYEHb MaJblX M3MEHEHUM B Hamed BcemeHHol. Bpems tewer, u Bce
MEHSETCS.

Ecnu Monens mpaBUIIbHO OMMCHIBAET YCTPOMCTBO HAIIEro MHpa, a Hall MO3T I0J00eH
KOMITBIOTEPY, TO B MOJIENI €CTh OCHOBHOE yCJIOBHE, HEOOXOMMOE JIJIsl CO3/JaHUsl €CTECTBEHHOTO
KOMIIBIOTEpa - TaKTOBas yacToTa. B kadecTBe TakoW TaKTOBOM 4YacTOTHI OYyJEeT BBICTYHATh
YacTOTa MPOXO0XKIECHUS BOJIH CXKaTHsl. 3HAUEHUE 3TOW YacCTOTHI MPUOIU3UTEIHHO OLCHUBAETCS B
10%° - 10* ynapos B cekyHay. DT0 Ha TOPSAAKU MPEBHIIAET TAKTOBBIE YACTOTHI CYIIECTBYIOIIMX
KOMITBIOTEPOB. OTa Oojblas yacToTa, Ha KOTOPOM paboTaeT Haml MO3T, I0-BHIUMOMY,
MO3BOJIIET HaM 00pa0aThIBaTh OIPOMHbBIE MAaCCUBBI MH(OPMALIUU U MBICIHUTH IEJILIMU 00pa3amH,
a HE OT/IEIbHBIMU ITPOCTBIMUA CUMBOJIAMHU.

BonHbl cxxaTusi Takke MOTYT JaTh HaM TaK Ha3blBaéMOE€ YYBCTBO BpeMeHHU. TakToBas
4acTOTa HAILIEro MO3ra MOJKET CIIY>)KHTb CBOErO poJila BpEMEHHBIM «KaMEPTOHOM)» BHYTPHU HaC.
Mbl MOXEM HMHTYMTHBHO, XOTS M OY€Hb Ipy0O, CpPaBHUTb 3Ty TaKTOBYI0 YacTOTy C



JUINTENIBHOCTBIO BCEX JAPYIMX OKpYXKAaloIMX mporeccoB. [l Toro, 4yroObl JIIOAW BBDKWIIH,
CIOCOOHOCTh OLICHUBATh MUHUMAJIbHbIM BPEMEHHOW MHTEPBAJI B OJJHY JECATYIO CEKYH/Ibl ObLIa U
OCTaeTcsi JOCTaTOYHOM. MHTepBanabl MEHbIIE O3TOr0 3HAYEHUs HE HMMENIHM 3HAYeHUs I
BBDKHMBAHMs 4esoBeka 10 20 Beka. BeposaTHO, T03TOMy Hallle 4yBCTBO BPEMEHH SIBIISIETCS OYCHb
HETOYHBIM HHCTPYMEHTOM.

Bo3MokHO, 13-3a TOro, YTO 3TOT e INpouecc (IpoLecc pacIpOCTPaHEHUs BOJIH CHKaTHs)
IIOPOXKIACT HAIl MHTEJUIEKT, BPEMs M BCIO BOCIPHHUMAEMYIO BCEIICHHYIO, HaM TaK TPYIHO
HOHATh CYIHOCTHYIO MPHUPOJTY BPEMEHHU M APYrux (PyHIAMEHTAIbHBIX (PU3UYECKUX SBICHUM.
TpynHO paccMaTpuBaTh C HAYYHOW M OECIIPUCTPACTHOM TOYKH 3pEHHS TO, UTO (pyHIaMEHTaIBHO
BKJIIOUEHO B HAC, CO3/1a€T HAC UJIM COCTABJIIET HEOTHEMIIEMYIO YacTh HAC.

[IpocTpancTBO

Hayka Tak jxe Majo 3HaeT o0 MPOCTPAHCTBE, KaK U 0 BpeMeHH. O000IEeHHOe OnpeieieHne
IIPOCTPAHCTBA 3BYYMT TaK: IPOCTPAHCTBO — 3TO CBOMCTBO BCeneHHOM, KOTOPOE MO3BOISET HaM
U3MEPSTHh PACCTOSHUS MEXAY IByMs Toukamu BcenienHo# B 11000i1 MOMEHT BpeMenu. M B aTom
Bce HamM (hyHIAMEHTaJIbHBIC 3HAHUS O MpOCTpaHCTBe. He cymiecTByeT mpocTpaHCTBa Jaxe B
npocteiieM Buae 0e3 mpoliecca U3MEPEHHUsl PaCCTOSHUS MEXIY TOUYKaMH — CPaBHEHUS ITHX
pacCTOSTHUI ¢ HEKOTOPBIM ATAJIOHHBIM PACCTOSTHUEM.

PaccmoTtpuM npouiecc u3sMepeHust pacCTOSHUS:

N3mepenne paccTOsAHMUS — 3TO MPOLECC CPABHEHUS U3MEPSAEMOI0 CETMEHTA C 3TAIOHHBIM
cerMmeHToM. Eciu, o100HO BpeMEHHU, COKPAaTUTh U3MEPSIEMbIE€ PACCTOSIHUS, TO UJI€ COCTOMUT B
TOM, YTO BCEMpPOHHUKaIol[as O0OBbEMHAs CETh MEJbYANIIMX STAJIOHHBIX OTPE3KOB COCTABIISET
OCHOBY BO3MOXHOCTHM HM3MEPEHHUS pPAcCTOSHUS, a, CIeAoBarelbHO, U  00pazoBaHUs
MIPOCTPAHCTBA.

Wy Mogenu ectb Takasi ceTh!

Te >xe caMmble OTOKH BOJIH C)KaTHsl, KOTOPbIe MOTYT ObITh HUCIIOJIBb30BaHbI JUIsl U3MEPEHUS
BPEMEHHBIX MHTEPBAJIOB, MOTYT IO3BOJINTH MU3MEPUTH PACCTOSIHUE B MOAENU. PaccMoTpum TOT
K€ TIOTOK BOJIH CXKaTWsl, KOTOPBIM MCIIONB30BAICA Il JEMOHCTpALMM SIBICHHUS BPEMEHHU B
MOJIEJIM Ha pUC. 9. DTOT MOTOK MOXKET MO3BOJUTh HU3MEPATH PACCTOSHUSA BIOJIb JUHUHM €T0
pacripocTpaHeHus. B Hamelt Mozmenu Mbl MOXXKEM ONpEAENUTbh JJIUHY JHOO0ro CerMeHTa,
BBIYUCIIUB KOJINYECTBO (PPOHTOB MPOJIOIHHOM BOJHBI IOTOKA B ONPEEICHHBII MOMEHT BpEMEHU
MEXAYy ABYMsI KOHEYHBIMM TOYKaMH, HApUMEpP, MEXAY ToukaMu A ¥ B, U yMHOXHB 3TO Ha
paccTOsIHUE MEX]Ty COCEIHUMH TOUYKAMU. BOJIHBI (JUIMHA BOJIHBI).

Paccrostnue mexay cOCeTHMMHU BOJHOBBIMH (POHTAMM — JUIMHA BOJIHBI CHKATHUA —
ABJISIETCS] B MOJIENIM KBAHTOM IIPOCTPAHCTBA.

AHaJOTMYHO BpPEMEHH, YyeM OoJibllie MU3MEPSIEMOE PACCTOSHUE IO CPAaBHEHUIO C JJIMHOU
BOJIHBI B MOJIENI, TEM BBIILIE OTHOCHUTEIbHAsI TOUHOCTh M3MepeHus paccrosiHus. M Haobopor,
YeM MEHbIIE U3MEPSIEMOE PACCTOSHUE, YeM OJIMKe €ro JUIMHA K JJIMHE BOJIHBI CHKAaTHs, TEM
MeHbIIeH OyJIeT OTHOCHUTENbHAsI TOYHOCTh €€ M3MEPEHHs B MOJeNu. Mbl HE CMOXKEM HU3MEpPUTh
paccTosiHuE MEHbILIEE, UEM PACCTOSIHUE MEXKIY COCETHUMHU BOJIHOBBIMH (DPOHTAMU B MOJIETH.

[IpocTpanctBo B [IB Momenu mMeer KBaHTOBYIO CTPYKTYpy. IIpocTpaHCTBO cyliecTByeT
JUTSL PACCTOSTHUI U OOBEKTOB, JITTMHA KOTOPBIX OOJIbIIE KBaHTA MPOCTPAHCTBA B MOJIENH, TO €CTh
OO0JIbIIIE UTMHBI BOJIHBI CKATHSI.

B TpexmepHoOii cpexe Mojenu mpu JIFOOOM YHMCIE BOJHOBBIX TEUEHHH, OOJbLIEM WIH
PaBHOM TpeM, Mbl MOJYYUM IPOCTPAHCTBO C HE Oojiee ueM TpeMsi U3MepeHusMU. YeTbipex- u
IATUMEPHBIE TPOCTPAHCTBA U JPYTME€ W3MEPEHHUs, NPEBBIIIAIOIMINE TPU, KOHLENTYAIbHO
HeocyuecTsuMel B [1B Monenu.



[Tpunnun veonpeaenennoctu I'eitzendepra

Uurarens, HABEPHOE, 3aMETHII, YTO IIPU PACCMOTPEHUU WU3MEPEHHUHM HMHTEPBAIOB MEXIY
coObITUsIMU U paccTosiHui B [IB Monenu ucnonp3oBanuch TEPMUHBI «TOYKa B IIPOCTPAHCTBE» U
«MOMEHT BpeMeHn». OJJHaKO Ha CaMOM JeJie MeNbYalllIMMA MUKPOCKOITMYECKUMH 00BEKTaMHU B
MOJIEIIN SIBIISIIOTCSI KBAHThI IIPOCTPAHCTBA U BPEMEHH, T.€. JUIMHA U IIEPUOJ BOJIH CXKaTusA. Y Hac
HET CPEJCTB JUIsl M3MEpPEHHUs IPOCTPAHCTBA M BPEMEHM BHYTPH KBaHTA. JTO 3aKJIaJbIBacT
HEOIPEIEICHHOCTh B IPOLECC TOYHOIO U OJHOBPEMEHHOIO HU3MEPEHHs IIPOCTPAHCTBA U
BpeMeHH (B AMAa30He KBAHTOBBIX U3MEPEHUIT) ¢ camoro Havana ¢popmupoBanus [1B moaenu.

Takum 00pa3oM, B MOJENM 3aJ0KEH NPUHIMI HEONPEACNCHHOCTH, AaHaJOTMYHBIN
IIPUHLIMITY HEONIPEEIeHHOCTH | eii3enbepra.

Pacmmpenue Beenennoi

Hama nHoBas Bcenennas Oymer pacmupsitbcsi. B 3TOM Jerko yOeauThbCs, €Ciu BBI
HAIPaBUTE CTPYIO OKpAIICHHOW BOABI B OOJIBIION 00BEM MPO3pauyHOMl BOJBI C OOIBINOI
CKOPOCTBIO.

3apO)I(I[eHI/Ie JKHN3HHU B MOJCJIN.

Yem Ouonoruyeckue OOBEKTbI OTIMYAIOTCA OT XMMUYECKMX? XUMHMUYECKHE OOBEKTHI
MMEIOT OYEHb IIPOYHBIE CBSI3U MEXKAY COCTaBIIIIOLIMMM UX aTOMaMU. XMMHUYECKUX COCIUHEHUN
OTHOCUTEJIbHO HEMHOro. buoiormueckue cBA3M HAMHOIO cjabee M JIETKO pa3pyLIaroTCs.
buonoruueckux coenuHeHuit (1o pazHooOpa3yio) B MUJUIMAPABI pa3 O0Jblle, YeM XUMUYECKUX.
Onu 00pa3yroTcst ¥ pa3pymaroTcs ropa3zo Jalie, 9eM XUMUIECKHUe.

JlaHHBIE O XUMHUYECKOM COCTaBE METEOPHUTOB, aCTEPOUIOB U KOMET CBUIECTEILCTBYIOT O
TOM, 4To npucyrctBue B COJHEYHOH CHCTEME OpPraHM4YeCKHMX COEJIMHEHUH, MO0JI00HBIX
COEIMHEHUSIM OMOJIOTMYECKOTO NMPOMCXOKIEHUS, ObIJI0O MAacCOBBIM SIBJICHHEM. 3eMJisi He Oblia
UCKItoueHreM. M3 TakuxX OpraHm4yecKuX COEIMHEHUH MOJI BIUSHUEM pa3INYHbIX (aKTOPOB
OKpyXarollel cpeabl MOIVIM 00pa3oBbIBAaThCS Oojiee CiOXHBbIE MOjeKkyiabl. Hac ocobeHHo
MHTEPECYIOT MOJIEKYNbl, KOTOpble NpU TMONAJAAaHUM B MUTATENIbHBIM pPacTBOpP MOIJIH Obl
MIOCTPOUTH PSIIOM C COOOM Takue ke MOJIeKyJbl. (Ha3oBeM ux nepsuunoit JJHK).

JIHK ctpour psiom ¢ coboit Takyro ke cioxuyto monekyny JJHK. Kak ona sto nenaer?
Benp y monexynsl JIHK Het Hu pyk, HM HOT, HM Mo3ra. Kak paccTaBUTh BCE IO CBOUM MECTaM U
MIOCTPOUTH CIIOKHYI0 Mosiekyny JIHK?

Heno B ToM, uto IHK B IIB Mozmenu mpencrasnser coboif 00beMHYI0 AU(PaKIIMOHHYIO
peleTKy, UIsl TMpOXOAAIIMX 4Yepe3 Hee MpONOJIBHBIX BOJH. Bokpyr Mosekynsl JIHK
dopmupyercsi MHTEpPEepeHIIMOHHAs O00JacTh pacrpeeeHus MakCUMyMOB W MHHHMYMOB
DHEPrUM TPOJOJIBHBIX BOJIH. OJTO pACIPEAEICHUE YIIABIMBAET HYXHBIE MOJIEKYJIbl W3
IIUTATEJIBHOTO pAacTBOpa M CTaBUT MX Ha cBoM Mecta B HOBOM Mmozekyne JHK. IIpononbhbie
BOJIHBI Kak Obl cuuThiBaloT uHpopMmarmio ¢ JHK u crpost psgom ¢ Heil aHanornyHyro
MOJIEKYILY.

[Touemy BebKHBaeT Tobko JIHK, KoTOpas MokeT co3aaBaTh TOUHbIE KOITUH caMoi ce0s?

[Tpencrasum, uro JIHK co3naer rpyOyto Hetounyto JJHK. Herounast konus co3naer erie
o6omee nerounyto JIHK. BreicTpo HacTymaer MOMEHT, KOTJa CIEAyoIas KOMHs TepseT
CIOCOOHOCTh CTPOUTH CIOKHBIE MoJieKyJbl. [Iporecc mpekpamed. Ecnu mosBunmace JIHK,
KOTOpasi CTPOUT a0COJIFOTHO TOYHYIO KOIMIO, TO KOIHS CTPOUT TAKylO K€ KOMHUIO U Tak Jaliee.



Takas JIHK 3aiiMer Bech mUTaTEeNbHBIA pacTBOP. Takod THM MOJIEKYJ OyJAeT JOMHHUPOBATH B
I1B monenu.

[Mon Bnusnuem QaxrtopoB BHemHei cpensl [JHK m3menutcs. Ho BBDKHBET TOJBKO Ta
JAHK, n3MeHeHus B KOTOPOU MOWIYT B HYXKHOM I BBDKMBAHMS HANPABICHUM. Tak BUIUMO U
00pa30BaJIOCh BCE MHOTO00Opa3ue OMOJIOrndecknx o0bekToB u3 nmpocreimeit JJHK.

3aKIroyeHne

Bakyywm (mycToTa) — €TMHCTBEHHOE MaTepuaibHOE BEIIeCTBO BeeaeHHoM (CBepXIUIOTHAS U
CBEpXYIpyTasi KUJIKOCTh). BakyyMm 3amojHsieTcs MOTOKaMU MPOJOJbHBIX BOJH. TO, YTO MbI
CUMTaeM Marepuen (dJIeMEHTapHbIe YAaCTUIIbI, TEJA, IJIAHEThI, 3B€3/Ibl U MBIl CAMH) — 3TO TO-
pa3zHOMY OpraHM30BaHHAS SHEPTHUs BaKyyMa.

Hacrosmee ucciaenoBanue TeOpeTUYECKOM MPOJOIbHO-BOIHOBOM MOJETH IOKa3bIBaeT,
YTO MOJIETb M0 CBOEMY YCTPOWCTBY COJEPKUT AHAJIOTH TAKUX SBJICHUN PEeaJbHOr0 MHUpA, KaK:
3JIeMEHTapHbIE YaCTUIIbI, BPEMsl, IPOCTPAHCTBO, MOJIsI, CHIIbI, CKOPOCTh CBETa, BAKYyM U MHOTO€
apyroe. Bzaumoaenctus Mmexay 3kBuBasieHTaMu B Mogenu CW Takue ke, Kak B3auMOJEHCTBUS
MEXy SIBJICHHSIMH peanbHOro Mupa. llepeHoc sHEpruum, MpOCTPAHCTBO U BpeMsi B MOJAETHU
UMEIOT JIUCKPETHYIO (KBAHTOBYIO) CTPYKTYPY. DTH SBJICHUS HEPA3PBIBHO CBSI3aHBI C MPOLIECCOM
pacripocTpaHEHHUs] BOJH C)KaTHUS M BO3HUKAIOT U3-32 JOIMOJHHUTENBHBIX XapaKTEPUCTUK ATOTO
nporecca (mepuoja, AIUHbI U SHepruH BodHbl). [IB Moaens HarnsaHo 0ObACHSET, Kak U MOYeMy
B HEW B3aMMOCBSI3aHbI BCE MPOILIECCH U, CIEAOBATEIbHO, MOUYEMY OOIIMI MOAXOA K OMUCAHHIO
buznyecKoro Mupa, MpeAsIOKeHHbII KBaHTOBON (DU3UKOM, SBISIETCS MPABUIBHBIM.

Bce Brimenepeuncienssie cxoncrsa Mexay 1IB monensro u peanbHON BceeneHHON He
MOTYT OBbITh CIIy4aiiHbIMU coBHaseHusAMHU. [IpencraBnsercs, 4To MoJieib MNPaBUIbHO OOBICHSIET
POUCXOXKAeHNE (yHIaMEHTAIbHBIX (PM3MUECKUX SIBICHUN B Halled BceneHHON u CcTpyKTypy
camoii BceneHHol Ha kaduecTBEHHOM ypoBHE. S Hanerock, yto [IB Moaens mociayKuT OCHOBOM
TUTs1 pa3pabOTKH MOAPOOHBIX TEOPUM ITUX SIBJICHUH.



