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Abstract

The concept of the relativistic mass and its equivalence to the energy was recently negated within the
framework of the special relativity theory (SRT). As a consequence, the relativistic mass notion was excluded
from majority modern textbooks and books on SRT. The analysis of this negation is carried out in this paper. By
the definition, the mass is the measure of inertia. Therefore everywhere, where inertia exists, the measure of this
inertia, that is the mass, should exist. The inertia exists at relativistic velocities. Hence, the relativistic mass is
obliged to be presented in SRT. The founders of SRT were right in their formulations from the very beginning
and there is no need to revise their physical approaches concerning the relativistic measure of inertia. At the
correct approach to the problem, the relativistic mass is returned to SRT. The relativistic mass is the measure of
inertia, but it is not a scalar in SRT. It is the component of a 4-vector here. Since the relativistic mass is the
component of the 4-vector, the fundamental equivalence of the measure of inertia and the energy is valid at all
velocities (less or equal to the light velocity). The above mentioned negation is not harmless for science because
it closes the road to some basic researches and generates the confusion in the students' brains.

Keywords: relativistic mass, measure of inertia, special relativity theory, 4-vector, mass-energy equivalence,
Okun', notion

1. The Aim of the Paper
In the special relativity theory (SRT) the Einstein's mass-energy relationship

me E )

CZ

began to be subjected to the negation afterwards. In it m is the relativistic mass of a physical body, E is its
energy, c is the light velocity. Most sequentially and fully the Concept of the opponents is expressed in the
papers (Okun', 1989, 2000).

According to this Concept (Okun', 1989, 2000):

1) The relation (1) is not real and has no physical sense because the relativistic mass has no physical sense (I
shall speak simply "mass” in follow-up);

2) Only the relation
E
My = —2 @
c

between a rest-mass mq and rest energy E, has the physical sense;
3) The relativistic mass does not play the role of the measure of inertia and of the gravitational mass;

4) From all masses, only the rest-mass is the invariant of the Lorentz transformation. The rest-mass of the system
of not interacting, freely flying particles depends on the angles between the momenta of the particles. In
particular (Okun', 2000), the paradox of the photon system takes place: the rest-mass “of a pair of photons, each
having energy E, is 2E/c? if they move in opposite directions and vanishes if they propagate in the same
direction. This is difficult to comprehend for an inexperienced reader who has never before dealt with the theory
of relativity, but this is an established fact!”.
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Within the framework of this Concept 1 - 4, the item 4 is methodologically associated with the items 1-3.
According to (Okun', 2000), the formula (1) “was frequently applied to a massless photon as well, muddling the
students' brains to utter confusion (on the one hand, the photon is massless; on the other hand, it has a mass)”.
The Concept 1 - 4 was widely spread up to the exceptions of a relativistic mass from the manuals of physics in
Russia (under L.B. Okun's insisting (Okun', 1989, 2000)). According to the review (Wong & Yap, 2005), the
same has taken place in a number of other countries. The majority of the modern books on SRT adhere to this
Concept 1 - 4, but the alternate concepts on the energy-mass relationship are also existing (Wong & Yap, 2005).

Meanwhile, the Concept 1 - 4 is not so firm, as it seems. Therefore it is necessary to state the critical estimation
of the Concept 1 - 4. The purpose of the present paper is to show, that all items 1 - 4 of the Concept are
annulated, if at the deduction of these items to not infringe the requirement of a correctness that should promote
elimination of the above muddle and the confusion from the students' brains. Everywhere further, for brevity, we
shall term as small velocities, the velocities, much less than the light velocity, and as relativistic velocities - all
other velocities, less or equal c.

2. The Principle of Existence of the Mass and the Requirement of Correctness

Almost all depends on how to understand the term "mass". By the definition, the mass is a measure of inertia.
Just so the mass is considered in the present paper. Therefore we shall formulate the principle of existence of a
mass: everywhere, where a inertia exists, the measure of this inertia, that is the mass, should exists. At
relativistic velocities the inertia exists. Hence, the relativistic mass should exist. For understanding of the
inaccuracy of the Concept 1 - 4, the following has the decisive importance: at the transition from the classical to
the relativistic mechanics, it is impossible to require a priori: 1) that the measure of inertia - the mass - is a
scalar; 2) that the vector of force F and the vector of acceleration a, caused by this force, are parallel; 3) that the
mass was determined by the ratio of the module of the force F to the module of the acceleration a. The given
requirements are not imposed a priori also in the classical mechanics, but follow there from a set of experiments,
generalized by the Newton's second law of motion. But the classical mechanics “knows nothing” that really
happens at the relativistic velocities, i.e. outside of the applicability of the classical mechanics. Hence, it is
impossible to transfer a priori the above conditions from the classical mechanics to the relativistic mechanics. At
the relativistic velocities in order to decide correctly the problems on the scalaricy or nonscalaricy of masses, on
the parallelism or no parallelism of the vectors F and a, on the sense of the ration of the modules of the force and
the acceleration, it is necessary to be based or on the direct measurings of the physical quantities (in particular, F
and a) at relativistic velocities, or on the equations of SRT, following of other direct experiments (for example,
on the fixing of the constancy of the light velocity), but the problems to not solve in any way a priori. Many
other things are impossible to transfer a priori from the classical to the relativistic mechanics, for example, the
Newton's second law. In the classical mechanics, the Newton's second law and the masses scalaricy are cleanly
the experimental facts, besides not having any explanation. So why the Newton's second law is not transferred a
priori from the classical to the relativistic mechanics, but it is modified by known manner, and the masses
scalaricy is transferred a priori sometimes? This does not have a reasonable explanation. The above prohibitions
for the a priori transferences we shall term as the requirements of correctness.

From the told clearly: as inertia exists at the relativistic velocities the relativistic mass is obliged to exist. And
what will be a relativistic mass - a scalar, a vector, a tensor - depends on transformations of the Newton's laws
and some other relations at an exit out the limits of applicability of the classical mechanics. May be, the masses
nonscalaricy is not blended in some theories. But, if the masses nonscalaricy will follow from the experiments or
from the equations basing on experiments, the author is predisposed to give the priority to the Nature. In fact
only so the physics can come nearer to the truth.

At the substantiation of the Concept 1 - 4, all the above requirements of correctness are infringed. At the
attempts of the definition of the relativistic mass, a priori the mass is supposed with a scalar (Okun', 1989, 2000)
(NOTE 1), and, for the definition of the mass in the relativistic mechanics, the Newton's second law from the
classical mechanics was used (Okun', 1989, 2000), that is simply the module of force is divided by the module of
the acceleration (hence, it is a priori was considered, that the mass has sense only at the parallelism of the vectors
F and a). As a result of the infringements of the requirements of a correctness, the deductions about
senselessness of the relativistic mass, about injustice of the fundamental law E = mc? and about validity of all
items 1 - 4 have been obtained. Supporters of the Concept 1 - 4, obviously, have come in the contradiction with
the principle of the mass existence. Moreover, the paradox of the photon system has arisen as an artefact, i. e. as
the result of the not entirely correct building-up of the paradox (this is in detail the lower). Quite the contrary: the
more paradoxes of the physical sense arise at the negation of the relativistic mass existence.
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3. The Paradoxes of the Concept 1 -4

The concept 1 - 4 lead to the following inconsistent no adequacies of the physical sense. In accordance with the
Concept 1 - 4, the progressing electromagnetic waves and photons have no any mass. But for reflection of the
photon it is required to transmit the momentum to the photon. Signifies, photons have the inertia. Then the
following arises: the inertia is, and the measure of the inertia is not, the gravitational action on the photon is, and
the gravitational mass of the photon is not. And for any particle with a nonzero rest-mass mq there is the same
inadequacy: the particle has the inertia of the motion, but, according to the concept 1 - 4, has no the measure of
this inertia during the motion. Or, as is known (Landau & Lifschitz, 1967), the mass of the physical body
consisting of the particles, is incremented at the increase of the velocities of the particles, i. e. the kinetic energy
of the particles contributes to the measure of the inertia of the physical body, but, according to the Concept 1 - 4,
for one reason the kinetic energy does not contribute to the measure of the inertia of the particles. The list of the
no adequacies, arising from the Concept 1 - 4, is possible to prolong.

Einstein was right from the very outset. In present paper the relativistic definition of the measure of inertia is
advanced. In result, the paradox of the system of photons is eliminated; the strangenesses of the physical sense
and the infringements of the principle of the existence of a mass disappear. At the relativistic definition of the
notion of the inertia measure, the relativistic mass m play role of the inertia measure and of the measure of the
gravitational mass at any velocities (smaller or equal c). Energies of the motion of the particles contributes in
their masses. The electromagnetic waves and photons have the relativistic mass, the gravitational field acts them
according to their gravitational mass, that is equivalent their inertia measure.

4. On the Existence of the Relativistic Mass

The purpose of a relativistic mechanics is generalization of the rules of the classical mechanics on the case of the
relativistic velocities. If sequentially to be guided by this purpose, and by virtue of the principle of the existence
of a mass, in SRT it is necessary to generalize the classical notion of the inertia measure on the case of the
relativistic velocities. Therefore the relativistic mass appears an essential part of SRT. Hence, it is necessary to
search for the relativistic measure of inertia instead of to be focused to examinations of extremely that, the ration
of the modules of the force and the acceleration is whether or not the relativistic mass. The searching of the
relativistic measure of inertia with the help of division of the module of the force on the module of the
acceleration has not lead to success (Okun', 1989, 2000). Hence, it is necessary to search for the inertia measure
in SRT by some other way. At that it is not required to devise new formulas of SRT. It is enough to use the
known equations of SRT, resulting of the direct experiments and the relativity principle. The inertia is appeared
in two interrelations: 1) in the interrelation of the force F and the acceleration a; 2) in the interrelation of the
momentum p and the velocity v (NOTE 2). The kernel of the problem consist not in that, the result of the
division of the module of the force on the module of the acceleration is whether or not the inertia measure in
SRT, that is explored in works (Okun', 1989, 2000). The kernel of the problem consist in the searching of such
the inertia measure which unambiguously determinates the acceleration a at the given force F, or the momentum
p - at the given velocity v. To find the concrete form of the relativistic inertia measure - the relativistic mass m -
it is enough to define it by the rule (1) and to show, that the defined by such a way relativistic mass is really the
inertia measure.

Let's be convinced, that defined by the given a way the relativistic mass m of a particle, at first, is the measure of
its inertia in SRT, secondly, is equivalent to its gravitational mass in SRT, thirdly, follows to the equality

m=ym, mpu my;>0, ?3)
entered for the relativistic mass by the founders SRT, where

1

%
y= ; p=— . B=Bl=—, (4)
V1- ,[;’2 c
v - the vector of the velocity of the particle, v =|v|.
Really, the equations of the relativistic mechanics for the free particle has form [3]
E°—c’p’ =mic* | (®)

138



www.ccsenet.org/apr Applied Physics Research \ol. 4, No. 2; 2012

E
C

Here p - the vector of the momentum of the particle. These equations are true and at the zero rest-mass m,, .

Inertia of the particle is exhibited, in particular, by the transmission to the particle of momentum. At that the role
of the inertia measure of the particle is played by the multiplier that is situated in expression (6) before velocity
v (NOTE 3). The multiplier in expression (6) is magnitude E/c. Hence, the definition (1) really expresses the
inertia measure in the relativistic mechanics. The substitution (6) in (5) gives a relation

E°(1- %) =mic*, (7

and by virtue of the definition (1) we obtain the formula (3). Besides contrary to the Concept 1 - 4, b%/ virtue of
the formula (1), the interrelationship of the relativistic measure of inertia and the energy (E =mc™) appears
valid both at small, and at relativistic velocities as it was required to show concerning on the inertial mass. The
energy is the component of the energy — momentum 4-vector. Hence, and the relativistic mass is not a scalar, but
is the component of the 4-vector that corresponds to the above requirements of a correctness (NOTE 4). Strictly
speaking, and at the small velocities, the relativistic mass m remains the vector component, but varies so feebly,
that is practically indistinguishable from the scalar m,. Using the reasons from the book (Landau and Lifschitz,
1967), we come to the conclusion about validity of the made developments and for a composite physical body
(Landau and Lifschitz, 1967): “ Let's underline, that though we speak here about a "particle”, but its "simplicity"
is not used anywhere. Therefore the obtained formulas are equally applicable and to any composite physical
body consisting of many particles, and under a mass M, it is necessary to understand the complete rest-mass
of the physical body, and as the velocity - the velocity of its motion as the whole.” - the end of the citation.

5. On the Infringements of the Requirements of a Correctness

In work (Okun', 2000) it is a priori posited: “mass is a relativistic scalar while energy is a 4-vector component”.
This is the first infringement of the requirements of correctness.

Further, in view of formulas (3), (4), the Newton's second law of the classical mechanics

F dv
7:753., (8)
m, dt

is transformed in SRT to the form (Landau & Lifschitz, 1967; Okun', 1989)

dp d(mv) 3
F=_" = =ymoa+y"m,(B,a)p, 9)
dt  dt 0 0
or, that is the same,
F_(F!B)ﬁ :7moaa (10)

where the parentheses with the comma in the middle mean a scalar product of vectors. According to paper
(Okun', 1989): “Despite the unusual appearance of Eq. (9) from the point of view of Newtonian mechanics (we
should say, rather, precisely because of this unusual appearance), this equation correctly describes the motion
of relativistic particles. From the beginning of the century it was frequently submitted to experimental
verification for different configurations of the electric and magnetic fields. This equation is the foundation of the
engineering calculations for relativistic accelerators. Thus, if F_Lv, then F=ymja , butif F//v , then
F= 73m0a . Thus, if one attempts to define an “inertial mass™ as the ration of the force to the acceleration,
then in the theory of relativity this quantity depends on the direction of the force relative to the velocity, and
therefore cannot be unambiguously defined.” - the end of the citation. Evidently, within the framework of the
Concept 1 - 4, for the definition of the relativistic inertia measure it is used a priori the no relativistic Newton's
law (8) - the mass a priori is determined by the division of the force magnitude on the acceleration magnitude. It
is the second, the most essential, infringement of the requirements of correctness.

From the above replacement of the relativistic Newton's law (9) by its no relativistic analog (8) at the attempts of
the definition of the notion of the relativistic inertia measure, follows the negation of the relativistic inertia
measure, the contradiction with the principle of existence of a mass and the principle inaccurate conclusions
described in the items 1 — 4 of the first section (please, see lower about a gravitational mass). From the above
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citations of the papers (Okun', 1989, 2000) it is well visible, that the searching of the relativistic inertia measure
in the frame of the Concept 1 - 4 is realized a priori so, as if at the exit out of the limits of the classical mechanics
validity there is no expansions of physical notions (as if outside of the indicated limits, as before, only the ratio
of the modules of the force and acceleration should unambiguously to determinate the mass).

6. On the Relativistic Mass as the Inertia Measure in the Relativistic Generalization of the Newton's
second Law

Taking into account the definition (1), the equation (9) permit its rewriting in the shape similar to the classical
Newton's second law,

F
—=W(p:a), (11)
m

where

W(p;a)=a+y°(B,a)p. (12)

Thus, though the Newton's second law varies at the passage to relativistic velocities, but its general structure is
remained: the left-hand parts of the equations (8), (11) is the result of division of the force on the magnitude
m, or m, and the right members of these equations does not depend neither from F, nor from m, or m.
In the classical mechanics the ratio F/mg unambiguously determinates the acceleration a of the particle through
the classical Newton's laws (8), strictly speaking, only at the zero velocity of the particle. In the relativistic
mechanics the ratio F/m unambiguously determinates the acceleration a at the given both zero, and any nonzero
velocity V of the particle (smaller ¢) through the relativistic Newton's laws (11). Therefore determinate by
equality (1) the relativistic mass m is the inertia measure including and from the point of view of the
interdependence of the force F and the acceleration a induced by this force. Laws of the Nature are dilated at the
transition from the classical to the relativistic mechanics. Therefore it is quite natural that, in contrast to the
classical mechanics, in SRT the acceleration depends not only on the ratio of the force and the inertia measure,
but else depends on the velocity of the particle, due to the contribution of the term »*(B,a )p in equality (12).

Thus the rule of the parallelism of the force and acceleration is violated — the acceleration has the component
parallel to the force, but besides acquires the component parallel to the velocity Vv of the particle that it is easy
to see taking into account the contribution of the item (F,p)p to the formula (10). It happens as though the
"leeway" of the acceleration in the direction of the velocity. The physical sense of the last is known and clear.
The last is natural since Lorentz transformations do not change the spatial coordinates perpendicular to the
velocity, but change only one spatial coordinate, namely - parallel to the velocity. In this sense there is the
selected direction (the direction of the velocity) to which the acceleration has "leeway".

7. On the Mass - energy Equivalence

As it mentioned above, the formula E = mc® of the interdependence of a mass and an energy, is valid in SRT
at any velocities (smaller or equal C). According to paper (Okun’, 1989): “the formula E=m (I again set c=1) is
ugly, since it represents an extremely unfortunate designation of the energy E by a further letter and term, these
being, moreover, the letter and term associated in physics with another important concept. The only justification
of the formula is the historical justification - at the beginning of the century it helped the creators of the theory of
relativity to create this theory. From the historical point of view, this formula and everything associated with it
can be regarded as the remnants of the scaffolding used in the construction of the beautiful edifice of modern
science. But to judge from the literature, it is today regarded as almost the principal portal of this edifice.”
Probably, the formula m = E/c? can seem ugly, but only as long as it is merely the denotation. To tell the truth, at
that remains not clear why, according to paper (Okun', 1989), the relation my = Eo/c? is not ugly. In fact, with the
magnitude mo, as before, is “associated in physics with another important concept”, than the notion of the energy
Eo. However, starting with the moment when it is shown, that the magnitude m is the inertia measure and the
4-vector component, the formula m = E/c? is not ugly, and expresses the fundamental physical law: the energy
(which, in the final analysis, is the ability to make work) unambiguously determinates the inertia measure, and
vice versa. Starting with this moment, the above literature is right: the formula m = E/c? really represents the
principal portal of SRT. When it will be understood, why the physically dissimilar features - the energy E and
the inertia measure m - appear one-to-one coupled, the new horizon of the understanding of a physical reality
will open. Seemingly, this law means, in essence, that there is a certain common physical substance which
generates both the property of matter to have the energy and the property of mater to have the inertia. If it is so,
to reject the indicated law means to reject a fundamental direction of physical examinations and to exclude from
examinations the essential physical properties. Then the Concept 1 - 4 is not harmless for the science.
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8. On the Item 4 of the Concept 1 - 4

It is easy to see, that, at the correct definition (1), the relativistic mass of the system of the free particles (perhaps
and photons) always is equal to the sum of the relativistic masses of the particles, irrespectively of the directions
of the particles’ momenta and the paradox of the photons’ system is automatically excluded. It follows
immediately from the definition (1) if to take into account, that the energy of the system of the free particles is
equal to the sum of the energies of these particles (NOTE 5).

According to item 4 of the Concept 1 - 4, from all masses, only the rest-mass is an invariant of Lorentz
transformation. Let vy is the zero velocity of some particle (v, = 0), and v, is anyone, but the fixed velocity of this
particle, |v1| < c. The relativistic mass of the particle m depends on its velocity v by the rule (3). In other words,
the magnitude m is function of the velocity v, m = m (v). In any inertial reference frame S, on the definition, the
rest-mass mq is the relativistic mass m (vq) at the fixed, zero velocity vq particle, mg = m (vg). In any inertial
reference frame S, we shall define the massm; at anyone, but the fixed velocity v; by the rule m; = m(vy). If in
each system S forcedly to stop the particle then in all the systems S the mass of the particle will be identical and
equal to a rest-mass of a particle my = m (vg). Only in such respect, the rest-mass mqis invariant of Lorentz
transformation. But, evidently, if in each system S forcedly to impel the particle to move with anyone, but the
same velocity v; then in all systems S the mass of the particle will be again identical, and it is equal to a mass m;,
m; = m (vy). Hence, any mass m; at anyone, but the fixed velocity v, is the same invariant of Lorentz
transformation, as well as the rest-mass mgtaken at the fixed zero velocity. Hence, the masses my and m; are
equivalent in the special relativity theory. (But they are the conditional invariants of Lorentz transformation, i.e.
the invariance of the mass is observed under the condition of "obtrusion” to the particle of the same fixed
velocity in different inertial reference frames. If to the particle to impose nothing and simply to observe it from
the point of view of different inertial reference frames S the mass is not a scalar, but is the 4-vector component in
relation to Lorentz transformation.)

9. On the Equivalence of an Inertial and Gravitational Masses

Let there is a motion of the particle of the mass m (for example an electron or a photon) under the influence of a
constant gravitational field of the heavy, not shifted body of a mass Mg, i.e. Mg >>m. Then, at the passage
from the classical to relativistic mechanics, the classical Newton’s gravitation law

z_mOGMSr 13)
e’
it is transformed to the form (Okun', 1989):
GM m[(L+ B°)r —(r,
£ GMmi+ £r - (r BT w

3
Ir

where m = E /c? - the relativistic inertial mass of the particle with an energy E; F - the force of gravitational
action on the particle; r - the radius-vector joining the particle and the source of the field, directional from the
source; G - the gravitational constant; v- the velocity of the particle. According to work (Okun', 1989):
“Whereas in Newtonian theory the force of the gravitational interaction is determined by the masses of the
interacting bodies, in the relativistic case the situation is much more complicated. It is case to see that for a slow
electron, with << 1, the expression in the square bracket reduces to r, and, bearing in mind that E; /c? = My
we return to Newton’s nonrelativistic formula. However, for g~1 or g =1 we encounter a fundamentally
new phenomenon, namely, the quantity that plays the role of the *““gravitational mass™ of the relativistic particle
depends not only on this energy but also on the mutual direction of the vectors r and v. If v//r, then the
“gravitational mass” is E/c”, but is v Lr, it is (E/c*)1+p°),and for a photon 2e/c?. We use the
quotation marks to emphasize that for a relativistic body the concept of gravitational mass of a photon this
quantity is half that for one traveling horizontally.” - the end of the citation. In the quoted Position again as
earlier concerning an inertial mass, for definition of the relativistic gravitational mass of the particle the
nonrelativistic law of gravitation (13) is used and by that the requirements of the correctness are violated.
However, the role of a relativistic gravitational mass consist not at all to define uniquely the gravitational force
through the nonrelativistic law of gravitation, but in to define uniquely the gravitational force through the
relativistic law of gravitation.

The relativistic formula (14) is reduced to the classical formula (13) only, when S = 0. So, the classical relation
(13) correctly defines the gravitational force F, strictly speaking, only at the zero velocity of the particle. Let the
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radius-vector I is anyone, but the fixed. Then in the classical mechanics the inertial massm, unambiguously
and correctly defines the gravitational force F, strictly speaking, only at the zero velocity of the particle through
the classical Newton’s law of gravity (13). Therefore the inertial mass m is equivalent to the gravitational mass,
strictly speaking, only at the zero velocity of the particle. In the relativistic mechanics the inertial relativistic
mass m unambiguously and correctly defines the gravitational force F at the given both zero, and any nonzero
velocity v of the particle (v is smaller ¢) through the relativistic variant of the Newton’s law of gravity (14).
Therefore the given by equation (1) relativistic inertial mass m is the gravitational mass at any velocities v of
the particle (smaller ¢). The law of gravity is varied at the passage from the classical to relativistic mechanics.
Therefore it is quite natural, that, as against to the classical mechanics, in SRT the gravitational force F depends
not only on the gravitational mass of the particle, but else depends on the velocity of the particle. Due to adding
of the term Br — (r,B)p in the equation (14), the gravitational force obtains the component, parallel to the
velocity of the particle, that is again happens the "leeway", but now not of the acceleration, and of the
gravitational force. According to experience of the development of physics, similar modifications of physical
laws of the classical physics, at an exit out of the limits of its applicability, are quite natural. There is no sense to
try "to pen" the adding Br — (r, B) B into the gravitational mass.

10. Resume

According to the principle of existence of the mass, the relativistic measure of inertia should be presented in the
special relativity theory (SRT). But the mass is not obliged to remain a scalar at the passage from the classical to
relativistic mechanics. We have demonstrated that the relativistic measure of inertia, i.e. the relativistic mass,
exists in SRT and it is not a scalar quantity but it is the component of the 4-vector. The relativistic mass plays the
role of the measure of inertia in the interrelation between the force and acceleration caused by this force as well
as in the interrelation between the momentum and the velocity. At that any mass m; at anyone, but the fixed
velocity vy, is the same invariant of Lorentz transformation as well as the rest-mass mgtaken at the fixed zero
velocity (please, look above section 8). The use of the relativistic mass in SRT is sequential fulfillment of the
purpose of SRT and is inalienable of SRT. Since the relativistic mass is the component of the 4-vector, the
fundamental interrelation E =mc® between the measure of inertia and the energy is correct at any velocity
(less or equal ¢). Probably, it means, that there is a certain common physical substance which generates both the
property of matter to have energy, and the property of matter to have inertia. It is possible to show, that the
relativistic inertial mass plays in SRT the role of the relativistic gravitational mass, at least, at constant
gravitational field.

The opposite conclusions of the supporters of the Concept 1 - 4 (section 1), are obtained as result of the violation
of the requirements of a correctness. At the correct analysis: all items 1-4 of the Concept 1-4 are vanished; the
relativistic mass of the system of not interacting, freely flying particles is equal always to the sum of the
relativistic masses of particles and does not depend on the angles between the momenta of the particles; the
paradox of the photons system does not arise. The concept 1 - 4 is not harmless for a science since this Concept
closes the road to the investigations of the physical reasons of the mass-energy E = m ¢? equivalence, to the
investigations of the reasons of the inertia variations at the variations of the physical body motions and to study
of the contiguous problems.

It is stated sometimes, that it is useless to introduce the relativistic mass m because by the definition (1) the
relativistic mass m is simply other measure of the energy. However, at first, it is not the strong argument, at
least, as long as it is not told: it is useless to introduce the rest-mass m, too since by virtue of the fundamental
relation (2), m, is other measure of the energy too, but now of the rest energy. Secondly, the kernel of the
problem is not in that to introduce or to not introduce the designation m . The kernel of the problem is in that the
relativistic measure of inertia is necessary in SRT, and in that the energy appears to be the measure of this
inertia.

Unfortunately, the majority of the modern books on SRT adhere to the Concept 1-4 (Wong and Kueh, 2005).
Therefore the inexact and distorted representation on the special relativity theory can arise among the students, if
educational process to not supplement with similar explanations.

The author is grateful to professor D. D. Rabounski and professor 1. V. Veselovskiy for contansive discussions.
Notes

Note 1. It could be understood somehow still if the mass was a measure not of inertia but some measure of the
amount of the material invariant relatively Lorentz transforms.
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Note 2. The more inertia of the physical body - the variation of its velocity should be less at the delivery of the
predetermined momentum to the physical body.

Note 3. In fact, the more this multiplier, the more the inertia of the particle, that is, the less the particle velocity
variation at the transmission to the particle of the fixed momentum.

Note 4. In principle, the researcher could define the relativistic measure of inertia ambiguously. For example,
any function f (m) from a mass m could serve as a measure of inertia if function f (m) approach tomy when the
velocity v approach to zero and if between function f (m) and the mass m there is an one-to-one correspondence.
The same ambiguity takes place and in the classical mechanics. But, hardly, it is convenient to use other measure
of inertia rather than magnitude m.

Note 5. Applying here the formula (1) to the analysis of the system of the free particles, we obtain the result
formally. In order that the formal result has acquired the physical sense, it is necessary from the beginning to
have defined the notion of the motion of the system of the independent particles, as the single whole.
(Differently it is not clear, in relation to what acceleration the inertia of the independent particles system is
discussed when speak on the mass of the independent particles system.) For this purpose it is possible to enter
the special system of coordinates relative to which the physical properties of the free particles (their masses,
velocities, momenta, energies) remain constants - "frozen" in this system of coordinates - but which can acquire
acceleration. Such "frozen" population of the coordinates and the particles, appropriate to the chosen set of the
particles, the author terms as the appropriate system, or briefly as a-system. Then acceleration of the system of
the free particles (perhaps and photons) acquire the sense, as the acceleration of their a-system. The summarized
relativistic mass of the particles appears the rest-mass of their a-system. The acceleration of the a-system of a
photon gives rise to changing not of the velocity of the photon, but to changing of its energy. Applications of the
a-systems and the discrepancies of the construction of the apparent paradox of the photons system (Okun', 2000)
are in details considered in the work (Vasiliev, 2009).
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O BbicTymuiennun YncroinHoBa Ha cemuHape KimmoBa-3areaenuna 04.12.2024 (ot
BacuabeBa C. A.)

Ha cemunape KinmoBa-3arenenuna 04.12.2024 B Borpocax 1 AUCKyccuu YHUCTOINHOB, B
CBOEM OOBIYHOM CTHWJIE, MOy4Yajd MEHS, KaK MaJlorpaMOTHOTO CIElUalncTa U3 KaKoi-TO TaM
pa3BenouHoil reodusuku, a30yunbiM wuctuHaMm CTO o mnapagokcax NPUUYUHHOCTH TIPH
CBEPXCBETOBBIX CKOPOCTSX, YKa3bIBal, YTO HYKHO MHOIO 3HaTh, 4TOO TaKuUM 3aHUMATbCA,
HaMmeKaa 3areleNnyHy, 4TO 3aTejJenuH I'PaMOTHBIM Ha3bIBA€T MAJIOIPAMOTHOIO YEJIOBEKA, U
npodee B TOM ke ayxe. M 3To Bc€ (haHTazupyercs o 4eaoBeKe, 0 KOTOPOM OH HUYEro HE 3HaeT.
JIMuHO U1 MEHSI 3TO 3BYYHT KaK XaMCTBO, TMOO BCIIACTBUE HEJI0TyMbIBaHHsI, TM0O0 BCIEICTBUE
runepTpodupoBaHHON camoyBepeHHOCTH. OH, KOHEYHO, HE 3HAET, YTO y MeHs Kak pa3 mo CTO
€CTb JOBOJIHO cepbE&3HbIe paboThl. [losBIIIMCE OHUM y MeHS ciaydaiiHo. Kak-To MBI pa3roBopuch ¢
MOMM CTYACHUYECKUM JIpYyroM (M3BECTHBIM creruanucTom no usydenuto Comnnima). U3 pasrosopa
y3Hai, 4To B CTO oTMeHUIM peasiTUBUCTCKYIO Maccy. Cpa3y mO4YyBCTBOBAJ - YTO-TO TYT HE TO.
Benp B8 CTO cymiectByeT nHepTHOCTH. 3HaunT, B CTO 00s13aHa OBITH 1 MEpa 3TOW WHEPTHOCTH,
T0 ecth, B CTO[S1] [S2] o0s3ana cymiecTBOBaTh PEISTUBUCTCKAS Macca, a HapyIIeHHE dTOTO He
6e300mano st CTO m nHayku. Hanucan Ha 3Ty Temy ctathio u otnpaBui e€ B YOH. [Touemy
cpazy B YOH? Iloromy, uro umenHo B Y®H, B nByx HoMepax »xypHana noapsan OKyHb
omyOJauKOBall OOJBIIYI0 CTaThl0 00 OTMEHE pPENSITUBUCTCKOM Macchl. (OKyHs TOMHIO emmé
MOJIO/IBIM YE€JIOBEKOM I10 €r0 BBICTYIUIEHUSIM Ha ceMuHapax y Ilerpa Jleonnnosuua Kanuiel.)

OKyHb CONpPOBOXkAAJ CBOE JOKA3aTeIbCTBO YOMICTBEHHBIM [UIS PENISITUBHUCTCKOMN
Macchl IPUMEPOM — IapaZOKcOM GOTOHOB, HUTUPYIO OKYHS: «umeem Mecmo napaodokc cucmembl

@omonos: macca «cucmemvl 08YX YOMOHO8, € IHepeuel Yy Kaxcooeo, pasHa , eciu OHU
Jlemsam 6 nPoMmuBONON0NCHbIE CIMOPOHDL, U PABHA HYIIO, eCllU OHU JemAm 6 0OHY CHOPOHY. Dmo
OueHb HeNnpUBbIYHO OJisl 4el08eKd, 6Nepable CMANKUBAIOWE20Cs C meopueli OMHOCUMETbHOCMU, HO
maxoe (pakm»» - KOHell LIUTaTHI.

B cBoeil cratbe s MareMaTHMYECKM CTPOrO JIOKa3blBal0, 4YTO BEJIMYUHA M,
ompenensemas u3 cooTHomenus E=mc>u ects mepa mueptHoctu B CTO. Torma macca
CTAHOBUTCS, KaK U DHEPIrUsl, KOMIIOHEHTON 4ETBIPEX-BEKTOPA, HO IIPU CKOPOCTH, CTPEMSILEHCS K
HYJII0, TpeBpainaercs B ckaysip. Ilpu atom, mapanokc GoTOHOB aBTOMaTHUECKH UCYE3aET, TaK KaK
JUIS Haphbl He3aBUCHMBIX (DOTOHOB SHEPTHS, a B CHITy paBeHcTBa E = MC?, u MacChl CKJIaIbIBAIOTCS.
Hy a 3axon Hetotona, ecrectBernHo, Tpanchopmupyetcst B CTO. Pegakuust Y ®H cornacunace co
cTaThEM, ykazana, 4ro aedcTBuUTeNnbHO B CTO moHsATHME MEphl MHEPTHOCTH HE OJHO3HAYHO, U
IPEUIOKUIIA MHE OITyOJIMKOBATh CTAaThIO B BUE KPATKOIO KOMMEHTApHsI K BBICTYIIIIEHHIO OKYHS,
COKpaTUB TEKCT A0 4YeThIPEX cTpaHul. Ho s He 3Hal, Kak COKpPaTUTh 10 YETBIPEX CTPAHUIL
(GopMysBl M JOKa3aTeNbCTBA JIOTHYECKMX HEKOPPEKTHOCTEH, K COXAJICHHIO, COJEpXKaluxcs B
crarbe yBakaemoro OkyHs. [lotomy, cokpamats He ctan u Opocut 3to aeno. Toraa Mae 3T0 OBLIO
IIOYTH BCE PaBHO, TaK Kak 5 yxe ymén B OuzHec. CraThs 10410 npopassuiack y MeHs. Ho nmotom
e omyOJIMKOBa, Tlie TOMNajo, JHIlb Obl OHA OblTa B MHTEepHETe ¥ OI, a MOMCKOBHK Ha Heé
ykaxket: Sergey A. Vasiliev On the Notion of the Measure of Inertia in the Special Relativity
Theory, Applied Physics Research, vol. 4, Ne 2, 2012, p. 136 -
143, doi:10.5539/apr.v4n2p136, URL.: http://dx.doi.org/10.5539/apr.v4n2p136 . 3auem
noHano6minock OKyHIO OTBEpraTh pensiTUBUCTCKYI0 Maccy B CTO? OH crienuanucT 1o saepHoOM
¢usuke. [Togo3pesato, 4To B T€OpUM SAEPHON (U3UKU BO3HUKAIOT KAKHE-TO HEJIA[bl, €CIIU HE
OTBEPTHYThH PEISATUBUCTCKYIO Maccy. Tak 3To B Teopun sipepHoil pusuku, a e B CTO.

A 1o a30yunsiM uctuHam CTO o mapagokcax NPUYUHHOCTH, Y MEHS €CTh CBOS
MO3UIMS, LIUTUPYIO CBOM Jokiaa: «CBEpXCBETOBBIE MAPAJAOKCHl MPUYMHHOCTH, BOSHUKAIOIINE B
CTO, obcyxaaroTcs 10 CUX IMOp BO MHOXKECTBE AUCKyccuid. [lo MHEHHIO aBTOpa, /7S IOTHYECKU
6esynpeunoro noctpoeHuss CTO mpuUMEHUTENBHO K pealbHOMY MHUPY (DU3WYECKUX SIBICHHM,
HE00XO0IMMO MCIOIb30BATH IOCTOSHCTBO CKOPOCTH CBETA B COYETAHUH C YCIOBUEM BBIITOTHEHHS
MPUHIINIIA TIPUYUHHOCTH B peasIbHBIX (U3NUYECKUX Ipolieccax (C yu€ToM «CTpesbl BpeMEHN», KaK


https://mail.yandex.ru/?uid=22952548#638077ec349c3a81_msocom_1
https://mail.yandex.ru/?uid=22952548#661143f0fd1e4770_msocom_2
http://dx.doi.org/10.5539/apr.v4n2p136

B MpUYMHHON MexaHuke KoszbipeBa), 4TO aBTOMAaTHYECKH YCTPAHUT MOSIBICHHUE MPUUYUHHBIX
napagokcoB CTO. [la u mo0Oble ¢pu3nUecKkne 3aKOHOMEPHOCTH, TPUBOJAIINE B HEKOI 00sacTu
ABJICHUN K HapyIICHWIO MNPUHIUNA MPUUYMHHOCTH, IyMal0, JOJDKHBI 3aMEHSThCS Ha HHbIe
3aKOHOMEPHOCTH B 3Toi obnactu. Toraa NpuHIMI NPUYUHHOCTH OYyJIeT OYepUrnBaTh IPAHMIbI
npuMeHUMOCcTH (pusndeckoii Teopun. [lyrenuxun I1. B. nokassiBaeT [32] HECOBMECTUMOCTh
dopmamuzma CTO co CBEpXCBETOBBIMU CKOPOCTSIMH, TaK Kak A3TOT (hopManu3M MOpOKAAaeT
HeycTpaHUMble alOcypabl (a HE TOJBKO MapaJoKChl MPUYMHHOCTH) IPH CBEPXCBETOBBIX
CKOPOCTSIX.». ~KOHEI [IUTATHI.

HerononomHuasi KOHCTPYKIIMS ¢ HUITEBUAHBIMU CBSI3SIMU JIJIs1 MEHS HEOKUAaHHA. Bo3MokHO,
OHa HM300peTeHa MJis ONpaBAaHHUs CBEPX MATbHOCTH B3amMopeucTBusa. IloarBepautr nu eé
DKCIEPUMEHT Ha MEXKIUIAHETHBIX M MEX3BE3AHBIX pACCTOSHUAX, BOWIET JIM OHA B
OOIIETIPU3HAHHYIO CTAaHJIAPTHYIO acTpodU3MKy, HEU3BECTHO. A TIOKa Oyay oOmupaTrhCcs Ha
KOJIOCCAJIBHBIN OMBIT CTAaHAAPTHOW acCTPO(PU3UKH, COTJIACHO KOTOPOMY SHEPreTHYECKHE OIS
MJIAHET U 3BE3]] HE MOTYT BJIMSITh HAa MPOLIECCHI, MPOUCXOASAIIME HA IUIAHETE 3eMJISL.

Brictymienust YucToNMHOBA TTOJIE3HBI KaK HHUIIMUPOBaHKE 00CYKICHHIA, HO IO hopme MecTamu
abCOIIOTHO HEIOMYCTHMBI.

3a0HO: MEHS, MATKO TOBOPSI, YAUBUIO HAIOPUCTOE 0OBHUHEHHE MeHsl [ 'ybapeBbIM B
TOM, 4YTO s HE cchUlaloch Ha MacnoOpoma, AnapusimeBy, KepHOaxa — TUIOXO CKpBITOE
yTBepKeHHe o ruiarnare. Ciaymarenu J0KJIaaa He 1aayT MHE COBpaTh, UTO B IOKJIAJE MHOTO pa3
OBLIM 03BYYEHBI CCHUIKM UMEHHO Ha 3TH UMeHa. Uto 3710 3HaunT rocroaunH ['ybapes?

Emé oT Koro-To mpo3Byyaso: «3To mm3oy. JlaBaiite qpy3bs BecT ce0sl KyIbTypHEe
U CKpOMHEE.

Cnacubo Bcem, KTO 0OpaTHJICS KO MHE IO TOYTe C JIPYXKECKOM MOIJIEPKKOW Ha
OCHOBE CBOUX M3BICKAaHWI 1 HAOJIIOIEHUIA.

Bcero no6poro,

Bacumnres C. A.
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EANHASA MEXAHUKA 110OJIA U BEHLIECTBA

AHHOTANMSA: PACCMATPUBACTCA €JIMHAsI KJIACCUYECKAs MEXaHWKa CHJIOBBIX
MOJIEW M BEIIECTBA HA OCHOBE BBIJIAIOIIMXCA dKCIIEPUMEHTAIBHBIX TOCTHKEHUU XXI
Beka. Mcmnosib30BaHHAsT METOAOJIOTHS  MATEPUAJIBHOW  AIEKTPOJIMHAMHYECKOU
CIUIOIIIHOW  CcpeAbl  MO3BOJIAET  copMyaupoBaTh  OOBEIUHEHHYIO  TEOPUIO
AJICKTPOMArHUTHBIX, TPABUTAlIMOHHBIX, CHJBHBIX M CIA0BIX B3aUMOJICHCTBUM.
TeopeTnueckas 4acTh MCCIECIOBAHUSA ONMMUPACTCS HA 3aKOHBI COXPAHEHUS MEXAHUKHU
CIUIOIIHOM CpEelbl, KIIACCHUYECKYI0 TEOPHUIO AJCKTPOMArHUTHOIrO IoJjig MakcBea,
cunoBble MuHuM Dapajnes, mpuoIMKEHNE TOrPAaHUYHOTO cios [IpaHaTias u paauychl
sKpaHupoBaHus [{ebasl.

Kiaro4deBble cji0Ba: CBET, MEXaHWKa TII0Jis, CIUIONMIHAA CpPEIa, 3aKOHBI
COXpaHEeHUs1, 00bEMHEHUE B3aMOICHCTBHIA.

«Fiat Lux»
(bvimue, 1-2)
Beenenne. Teopusi mosisi mpeacTaBisieT COO0OM SPKUM MpUMEP AETAIBHO
pazpabotanHoro B XX BeKe HampaBjieHUs (PU3NKH, UCUEPIBIBAIOIIE U3JI0KEHHOTO B
MHOTOUHCIICHHBIX MOHOTpadusix (cM. Kypc teoperudeckor ¢usuku JI.JI. Jlangay u
E.M. Jlupmmua [1], tpyast H.H. boronto6oBa [2], a Takxke, Kk mpuMepy, myOIuKaIiuu
[3,4]). B TO e BpeMs Hay4HO-TEXHHYECKHE AOCTHXKeHUs Tekyiero XXI Beka He
MO3BOJISIIOT CUUTATh TEOPUIO TIOJISI JOCTAaTOYHO 3aBEPIICHHOW B CBSI3U C
MOJYYE€HHBIMA HOBBIMHU 3KCIIEPUMEHTAIBHBIMU pE3yJIbTaTaMU. 3J1€Ch, IPEXKIIE BCETO,
CIEAYEeT OTMETUTh HAACKHYK PETUCTPALUIO JBUKEHUS MATEPUU U U3IIYUYEHHUS CO
CKOPOCTSIMH, CYIIECTBEHHO IMPEBBIIIAIOINIMMU CKOPOCTh CBeTa (B KOCMHYECKHX
CTPYSIX, NIPU pa3iieTe yAAJICHHBIX TajakTUK, IPU PETUCTPALlMM raMma-BCILIECKOB U
HeWTpruHO). He MeHee BaKHBIM AKCIEPUMEHTAIBLHBIM PE3YJIbTaTOM CIEAyEeT Ha3BaTh
TaKKe 3aperucTpupoBaHHoe nepemenieHne 3emid W COJHEYHOM CHUCTEMBbI
OTHOCHUTEJILHO KOCMUYECKOTO MUKPOBOJIHOBOTO u3inyuenus (KMU), nazgannoro A.5b.
3eNbIOBUYEM «HOBBIM 3(PUPOM». DTH, a TAKXKE DS APYTUX HAYIHO-TEXHUYCCKUX
JOCTIDKCHUNM JWKTYIOT CETOAHS HEOOXOJUMOCTh BHOBH BEPHYTHCS K aHAIH3Y
MEXaHUKH CUJIOBBIX TOJIeH i 0ObACHeHHs] HAaOm0MaeMbIX 3(Q(PEKTOB M M3ydeHUS
BO3MO>KHOCTH oObeuHEHUs rPaBUTALIMOHHOTO " AIEKTPOMArHUTHOIO
B3aUMOJICUCTBUI.

Onupasicb Ha BBIAAIOIMIMECS SKCIEPUMEHTAIbHBIE HOoCTHReHHs XXI Beka,
KJIACCUYECKAasi MEXaHWKa, OCTaBasCh «BEYHO HOBOW» [5], yKa3pIBaeT CETrOAHS
HaJIe)KHbIE MYTH PEIICHUST OCHOBHBIX MapajokcoB (uiuku. Cpeau BBIIAIONTUXCS
AKCIIEPUMEHTAIBHBIX JOCTHKEHUNA XXI Beka, KOTOPBIE AOCTATOYHO MPOCTO MOXKET



OOBACHUTH KJIACCMYECKas MEXaHHKa ClIeyeT yKa3aTh MOCJeIHUE MyOJIuKalud 0
MOATBEPKIACHUIO HAIMYMS B MOPUPOJE TEMHOW Marepud (XOTs M MOTy4YHUBIIEH
WHTPUTYIONIEE HA3BaHUE, OHAKO MPECTABISIONMICH COOOW TPaIUIIMOHHBIN CTAPBIMA
a¢up), U MO HAASKHOW PETUCTPAIMH CBEPXCBETOBBIX JBIKCHUN W3IYUYCHUS H
Marepuu. B KkadecTBe XapakTepHbIX IPUMEPOB IPUBEAEM aHAIU3 CTPYKTYPBI
CBEpXcBEeTOBOro (¢oroHa [6], 3aperucTpUpPOBAHHBIE CBEPXCBETOBBIE CKOPOCTHU
JBH)KEHUSI MATEPUU B KOCMUYECKHUX CTPYAX [7] U AMArHOCTUKY CTPYKTYPbI BHEITHEMN
000J109KH MOHA 3010Ta [8].

B nacrosmeld pabote paccMaTpuBaeTCs JUHAMHUKA 3JIEKTPOMArHUTHOTO TOJIS
Ha OCHOBE BBINIOJHEHUSI 3aKOHOB COXPAHEHUS MAacCChl, HUMITyJbCAa M DHEPrUU
MEXAHUKHU CIUIOIIHOW CPEeAbl M KJIACCHYECKOW TEOPUU DJICKTPOMATHUTHOIO TOJIS.
IIpy TakoM TOAXO/E€ HE BO3HUKAET MNPUHIUMIIHMAIBHOIO HECOOTBETCTBUSI MEXKIY
AJIEKTPOAMHAMUKOW MakcBeiUia U MpeACTaBICHUEM KIIACCUYECKOTO 3JIEKTPOHA KakK
atoma »siekrtpuuectBa. CrenyeT 31ech HAlOMHHUTh, YTO 3Ta HECOBMECTUMOCTD
M3BECTHA TI0JT TEPMUHAMU «TpodiieMa 4/3» uin «cuia peakiuu usiaydeHus» [9-11].
Taxoke yna€rcs u3dexarb psja ApPyrux MapagoKCcoB AIEKTPOIUHAMUKH U BOIPOCOB,
CBSI3aHHBIX, B YACTHOCTH, C DJICKTPOMAarHUTHOW MacCOM.

AHanu3 B Haled cTaTh€ HAYMHACTCA C JIMHEAPU30BAHHBIX (POPMYIHUPOBOK
ANEKTPOJMHAMUKH, 3aTeM o0000Imaercs s HeJTWHEHHBIX ciydaeB. OCHOBHOE
MOJIOKEHUE PabOThl MCHOJB3YeT BBEACHHBIE MAaKCBEUIOM «TOKH CMEIICHUS» U
CBSI3aHHBIE C HUMH JJeKTpoauHamuueckue mnoss [12].  IloBtopsis  ero
METOJIOJIOTHYECKUI TMOJX0J, B paboTe WIMPOKO MPUMEHSETCS aHajlorus C
KJIACCUYECKOM THAPOJUHAMUKOM. OJHAKO B OTJIMYME OT ypaBHEHUW MakcBea,
KOTOPBIMHU OMHUCHIBAIOTCSI TOJIBKO MOTNEPEUHBIC BOJHBI, HUKE aHATU3UPYETCS OOIIuit
Cly4all NpOJOJbHO-TIONEPEYHBIX BOJH. MAarHuTHOE MOJE MOSBISIETCS TOJBKO IPH
W3MEHEHUM TMOMEPEYHOTO TOKA CMEIIEHUS [0 BPEMEHU. [’ paBUTALIMOHHOE TOJIE
00OCHOBBIBAETCSl KaK YACTHBIA CIIydall 3JIEKTPOJUHAMUYECKOTO B3aMMOJICHCTBHUS.
IIpu »tom cunosie nuHuKM Papazges [13] MOryT TpakTOBaThCs B KauyeCTBE CBS3EH,
peanu3yronmx OJM3KOJAEHCTBHE Yepe3 cpeay «PU3nuecKoro BakyyMa». BakHbIMU
acrekTamMu paboThl SBISIOTCS NPUMEHEHUE METOIOJOTUM TOTPAHUYHOTO CJIOS
[Ipanatisa u sxkpanupoBanue Jledas-XroKKes.

IIpononbHo-nonepeyHble BOJHBI cBeTa. OAHUM U3 KPaCHOPEUMBBIX
MapajioKCOB COBPEMEHHON TEOPUU JIICKTPOMAarHeTHU3Ma SBISCTCS (PaKT OTCYTCTBHS
BBIITOJTHEHUS 3aKOHA COXPAHEHHUs SHEPTUU U ITOTOKA SHEPTHUH MPU PACHPOCTPAHECHUU
AJICKTPOMArHUTHBIX BOJIH. PemieHuss JIMHEWHOM CUCTEMBbl ypaBHEHUHW Makcpesia
OJIHOBPEMEHHO [AaIOT B TEX K€ CEUCHUSX HYJIEBBIC 3HAYCHHS DICKTPUYECKON H
MAarHUTHOW HamnpsbkeHHOCTeW. OJHAKO MpHU HAJWYWM MaTepUalbHOW CpeAbl C HE
HYJIEBOM TUIOTHOCTBIO M JIaBJICHHEM, MoJiydaeM MoAu(UKalliio Teopuu Makcsesa
ISl CJydasl ¢ MOMNEPEYHBIMU U MPOJIOJIbHBIMU BO3MYILEHUSIMH, PEUICHUS KOTOPOM
YIOBJIETBOPSIIOT 3aKOHY COXPAHEHHS HEPTUU U e€ MoToKa (MOJ00HO aKyCTHYECKOM
(bopMyTUPOBKE B MAaTEPUATBHOU CpEJIE).

B akyctuueckoM mNpUONMKEHUU BBITIOJIHEHBI 3aKOHBI COXPAHEHHUS MacChl,
UMITyJIbCca U 3HEpruu. MiMeeM CUiIoBO€ CKalIsipHOE MOTECHIMAIBHOE MOJIE IABICHUS U
KMHEMATUYECKOE BEKTOPHOE IIOJIE CKOPOCTH. B 0OAHOMEpHOM HeCTalMOHApPHOM
ciydae (C KoopauHaTaMu X,t) MOXHO paccMaTpuBaTh TOJBKO MPOJIOIBHBIEC TIOCKUE



BOJIHBI CXKaTusi-pazpekeHus. lloTeHlMalbHass 3HEPrusi 3TUX BOJIH OIpPEAeNIeTCs
KBaJ[paTOM BEIUYUHBI BO3MYIIECHHOTO JABJICHHUS p', KHHETHUYECKas OSHEpPrus -
KBAJPATOM BEIHYMHBI BO3MYIICHHOH ckopoctd V7. OTCYICTBHE BO3MOXKHOCTH

U3MEHEHHUS MMAPAMETPOB MO IPYTHMM KOOPJAMHATAM HMCKJIOYAET HAJUYUE MOMEPEUHBIX
BO3MYIIICHUHN U HAJIMYKME COJICHOMAAIBHON COCTaBIsAONIEH (BOJIH CABUra, BUXpei). B
NBYMEPHOM WJIM TPEXMEPHOM CIy4dasX BHUXPEBbIE BO3MYLIECHHS BO3MOXHBI U
MaTeMaTUYECKH OHU COOTBETCTBYIOT HAJIIMYMIO B 337adyax JOMNOJIHUTEJIbHBIX
XapaKTepUCTUK (JIMHUN TOKA) U YCIOBUSM COBMECTHOCTH Ha ITUX XapaKTEPUCTUKAX.

B wuneanbHOl ymnpyroil cpeme paccMaTpuBarOTCsS oOpaTuMble aedopmaiuu
cpeabl M TPUCYTCTBUE IMIPOJIOILHO-TIONIEPEUHBIX BOJH Jedopmaruu. BenuduHa
OTHOCUTEILHOTO M3MEHEHHUs O00bheMa BBIPAKAETCS 4Yepe3 AUBEPTCHIIMIO CMEIICHUS
6 = div u. B ynpyroii cpese OTCYTCTBYET COOCTBEHHOE JIABJIEHHE U €0 YYACTHE
IIPU ONKUCAHUU BOJIH CXaTUsA-pa3pexkeHuss. CKOpOCTbh paCIpOCTPAHEHUS MONEPEUHBIX
BOJIH  ompenensieTcss 4epe3 Bropod  kosbduument Jlamd |, CKOpOCTb
pacrpocTpaHeHHus TPOJIOIbHBIX BOJIH — uepe3 o0a kordduiuenta Jlamds 4 u |, Kak
A+2u. OgHako, B3aMMO3aBUCUMOE BCECTOPOHHEE CXKaTHE YIPYroro Teja, 3a/1aBaeMoe
C MOMOIIBI0 MOAYJA cxaTusi K = A+2u/3, NpUHIUMOUAIBHO OTJIIMYHO OT MPHUPOIBI
JNEUCTBUS NTABJICHMS, WIPAIOLIECTO OCHOBHYIO pOJb B Cpelax Ta30JMHAMHUYECKOIO
THUIIA.

Bo3MylieHrss B HEC)KMMAEMOUN KHAKOCTA B CHIIy MOCTOSIHCTBA IUIOTHOCTHU
UMEIOT OECKOHEYHOE 3HAYEHUE CKOPOCTH PACIPOCTPAHEHHS MPOJOIHHBIX BOJH.
TpaaunuonHele ypaBHEeHHMsT MakcBeiljia, I[IOJYyYEHHbIE HA OCHOBE  3TOrO
MPUOJIMIKEHNUS, MOACIUPYIOT TOJIBKO MOTIEPEUHBIE BOJIHBI.

B cBi3M cO CKazaHHBIM, pAacCOpPOCTPAHEHHE MPOAOJBHO-TIONEPEYHBIX
BO3MYIICHUNA B CKUMAEMOW »JIIEKTPOMAarHUTHOM cpene (B TOM 4YHUCIE, CUUTas
TaKOBbIM (DU3NUYECKUN BaKyyM, MUMEIOIIMA COOCTBEHHYIO IUIOTHOCTh W JABJICHUE)
MOJICJIUPYETCSI CUCTEMOM YPaBHEHUM BA3KOrO raza. B kauecTBe MCXOJHOW MOJIENIH
CleAyeT B3SATh clabo cxuMaemyr (¢ OOJBIIOM, HO KOHEYHOM CKOPOCTHIO
pacrpocTpaHeHUs] TPOJOJIBHBIX BOJH) CpeAy C COOCTBEHHBIM JIaBJICHUEM,
IUIOTHOCTBIO U TEMIIEPATYPOM, TPUUEM CKOPOCTh PACITPOCTPAHECHUSI BO3MYIIECHHUI B
ATOM cpejie MPUPaBHITH CKOPOCTH CBETA B BaKyyMe (Kak JJIsl IPOJIOIbHBIX, TaK U JJIs
MOTIEPEYHbIX BOJIH). VICXOAHBIMU YpAaBHEHUSIMU 3/1€Ch OYIIyT ypaBHEHUS JIBUXKCHUS
Hasbe-Crokca s coxumaemoro rasa [15]

=

av = -
— = —gradp +n - AV + (g+€)-grad divV (1)

U ypaBHEHUE HEPA3PHIBHOCTHU
L4 p-divi =0. )
Hcnonb3ys hopmyiry BEKTOPHOTO aHATU3a

AV = grad divV — rot rotV,
nepenuiem (1) B Bujze

Z_‘t’ = —gradp + (4?" + {) grad - divV — n-rot rotV 3)
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a‘: = —grad(p + (4_77 + C) . divV) —1n-rot rotV. 4)

VpaBHeHHe (3) B nMHEapU30BaHHOM cClly4yae MPU CHPABEIIMBOCTU COOTHOIIEHUS
V= V + V WMEET BU

= —gradp' + (4?77 + () grad - divV;, —n-rot rotV;, (5)

D
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S
+
D
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Q
|

NN

V. 4 .= =
Po a—p +po—- = —grad (p' + (?n + C) - divV,) —n - rot rotV, (6)
KOTOpPOE B 3TOM Cllydae pasjeiisfeTcss Ha JBa yPaBHEHHUS IS MOTCHIHUAIBHON H
COJIEHOM/IANBHOM COCTABNAIOIMX BEKTOPHOTO OIS CKOPOCTH

Po aavp = —gradp' + (4?” + Z) grad - divV, (7)
Po a;/; = —n-rot rotV;. (8)

[Tpu nocTaToYHO BHICOKMX 3HaueHUsX uncia Pelinonbaca Re = py - c-l/n, tne
| - xapakTepHBbIil JIMHEHHBIA pa3Mep 3aJaud, CIEAyeT MCIOJIb30BaTh TPAJIULMOHHOE
MpUOIMKEHNE TTOTPAaHUYHOTO cjosi. Toraa, BBIMOHSS OIEHKH claraéMbIX B IpaBoOM
yacTu ypaBHEHUs (7) U y4YHUTHIBasE MajJoCTh BTOPOrO CIAraeéMoro, MOXEM 3amucaTh
(7) kak n7st uaeanbHOM HEBSI3KOM Cpebl

av, ,
po—, = —gradp’. )
B cmemenusix (7) umeer Bua
6217
Po—5 = —gradp’ (10)

JInHeapu30BaHHOE YpPAaBHEHHME HEPA3pBIBHOCTH, aHAIOr (2), MOXXHO BBIPa3UTh B
BO3MYILEHUAX

p' = —pocydivu, . (11)
Torna (10) 3anumem
2
aatzp — c?*grad div i, = 0. (12)
JJ1 mornepeyHbIX CMEEHUN
2 —>
Lo aa =+ u-rotrotug =0, (13)

Takum oOpa3oM, [JIi COBMECTHOIO MOJEIUPOBAHUS MPOAOIBHO-TIONEPEUHbIX
BO3MYILIEHUN B CIUIOIIHOW Cpeie MOMy4YeHbl MpH JIOCTATOYHO OOJIBIIMX YHCIaX
PeitHonb/ica 1Ba ypaBHEHHUs BTOPOTo nopsijka B cmemeHusix (12) u (13).

[IpencraBuM Temeph JTH YpaBHEHUS B BHAE JBYX AuddepeHInaibHbIX
ypaBHeHU# niepBoro nopsaka. s (10) BBogum

!
A p — . —_— _
p=to=—cdiviy, =3t

(14)
U IMEeM
+ cpdiv V 0, (15)

vy A —
5 T Cp gradp=0. (16)



Cuctema ypaBHenuit (15) u (4.16) TOXIOecTBEHHAa CHUCTEME aKYCTHYECKUX
ypaBHeHuil. CootHomienue (14) s NOTEHUMATBbHOW COCTaBIAIOUIEH CKOPOCTH
BMECT€ C YypaBHCHHEM HEPa3phIBHOCTH OOECIICYMBACT BBIMOJHEHUE 3aKOHA

2,
COXpaHeHus sHeprun. YMHoxkas (15) na V, nmeem

ovZ /2 —

14 — . l

Po—— = —div(p'Vy), (17)
BekTop HampspKeHHOCTH DJJIEKTPUYECKOro moyst E mpeacTaBiseTcss B BUIAC

CYMMBI IIPOJIOJIBHOM ¥ IONIEPEYHON COCTABIISIIOIINAX

E=E +E.

JUtsl Hanps>KEHHOCTH MarHUTHOIO 1O0JIL H  A0CTaTO4HO paccMaTpuBaTh TOJIBKO OJHY
- —
BUXPEBYIO KOMIIOHEHTY. M Takke npH ONMCAaHUM JIEKTpU4eCKor £ m MarHuTHOU H

a3
HaIpPSHKEHHOCTH TIEPEeIeM K pa3MepHOCTSIM CKOPOCTH [M/c| (cOOTBETCTBEHHO Jyisl E
=
u H). BBenenue o003HaueHUM

V,=-E, =— %E_p’;rZ:E’:\/%E’;ﬁ:\/”;?rotﬂs (18)

03BOJIACT Nepenucarb ypapHeHus (15), (16) u (13) B popme cucremsl ypaBHEHUH 1-
ro nopsjika (paciiMpeHHON cUcTeMe ypaBHEHU MakcBesia)

P — ¢divE, = 0, (19)
0B \
>~ Cp gradp =0, (20)
2+ ¢s TotE, =0, 1)
25— ¢ rotH =0. (22)

KiroueBbIM MOMEHTOM HACTOAIICIO BBIBOJA ABJIACTCA (I)aKT pacCMOTPCHUA

HANPSDKEHHOCTH 3JIEKTPUUECKOTO MOJIsI ¢ BKIIOUEHUEM BUXPEBOM COCTaBIISIOLICH E':,
KOTOpas CBsi3aHA C MOINEPEYHBbIM CMEIEHUEM TOYEK Cpeibl U HazBaHa MakcBeIIoM
TOKOM cMmenleHus. B To ke BpeMs g HampsHKEHHOCTHM MAarHUTHOTO IOJI,
onpeaensieMo U3 BUXPEBOU COCTABIISIONICH 2JIEKTPUUYECKOTO MOJIsl, OCTAETCS TOJIBKO
BUXpEBasi COCTABIISIONIAS CMelleHus. J[pyrMM Ba)KHBIM MOMEHTOM Oblia 3amlucCh
HANPSDKEHHOCTEH 3JEKTPUYECKOTO M MAarHUTHOTO TOJISi B PAa3MEPHOCTSAX CKOPOCTH
[M/C] myTéM YMHOXKEHHS Ha TOCTOSTHHBIE KodduiiueHTsl (18).
[TpoaonpHBIE BOMHBI IEPEHOCST yAeIbHYI0 3Hepruto W /p,
EZ p2
W/po = Wi+ W,)/po = 7p o7 (23)
BKJITOUarolyo kuHetnueckyio Wy u morennuansuyio W, e€ vactu. [ns yaenpHOi
sHeprun BoaHbl W /p, 1 e€ motoka cW BBIMIOIHAIOTCSA 3aKOHBI COXPaHEHUSI.
B oaHomMepHOM ciiyyae MOJyYEHHbIE JIMHEHHBIE  YpaBHEHUS  JIETKO
UHTETPUPYIOTCS METOJOM XxapakTepuctuk. Ha xapakrepuctukax 1-ro u 2-ro
ceMencTBa




ox

c=+— 24
- (24)

JUTSI TUTOCKOM BOJTHBI BBITIOJTHSFOTCST YCITOBUSI COBMECTHOCTH
Ly E,x = const; E,, + H, = const. (25)

m

B wurore mpoBeneHHbIX MpeoOpa3oBaHMM IMOJydeHa pPACHIMPEHHAs] CUCTEMa
JUHEWHBIX ypaBHeHUMH Makcema (19) - (22), momenupyromias CKUMaeMble
MpOJIOJIbHBIE  (MOTEHUHUAIbHBIE) M  HEMNOCPEACTBEHHO CBS3aHHBIE C  HUMH
HEC)KMMaeMbIe ToIepeyHble (cojeHouAanbHbIe) BOIHBI. Hike Oyner mpencraBieHa
MEXaHMUYECKass WHTEpIpeTalds pPacHpoCTPaHEHUsSI IUIOCKOW AJIEKTPOMArHUTHOM
BOJIHBI.

IMapameTrpsl  «(pu3uvyeckoro BakyymMa». VcCXoAHbIMM  BEJIMYHMHAMMU,
M3MEPEHHBIMU JKCIIEPUMEHTAIBHO W OMNPEENSIONMMUA OCHOBHBIE MapaMeTphl U
BBIBOBI 3TOM PabOTHI, SABIAIOTCS AUdJIEKTpHdecKas £=0,8854-10"" Kn?/(H-m?) u
MarauTHas W, =1,2566 H-c*/Kn’ npoHMIaeMOCTH BaKyyma, 3aMEPEHHast €ro
temneparypa To = 2.735 K, cxopocth cBera ¢ = 2,998:10° m/c m mocrosHHas
bonbrmana k = 1,381-102 /K. Emé ogHol GyHIaMeHTaIbHOW KOHCTAHTOH OyeT
CpenHsisi IJIOTHOCTh BEIIeCTBa B CBOOOJHOM MpocTpaHcTBe BcenenHoii, koTopas
ompeseneHa ¢ JOCTaTOYHO BBICOKOW TOYHOCTHIO. B cooTBercTBUM ¢ paboramu [20-
22] mpuMeM TUJIOTHOCTh MATEPUATU30BAaHHOW Cpeabl CBOOOTHOTO IMPOCTPAHCTBA
BceneHnHoii, paBHoii Bennuune py = 4 - 10728 xr/m>.

[IpuHuunuanpsHOe ISl CTAaThU O3KCHEPUMEHTAIbHOE 3HAYEHUE COCTOUT B
pEerucTpallid KOHEYHOM Temmeparypsl [g KOCMHUYECKOTO MHKPOBOJIHOBOTO
manyyenus (KMMU). BnepBele ykazanHas BenuuuHa Temieparypel KMUW Obina
AKCIIEPUMEHTAIBHO 3aMmepeHa B 1933 romy Hemeukum yuéHbiM E. Perumnepom
[23,24]. B 1956 roay acnupant IlynkoBckoit O6cepBatopun T.A. I1IMaoHOB Takke
3apEerUCTPUPOBATT KOHEUHYIO TeMIepaTypy BHEIIHET0 KOCMUYECKOTO MPOCTPaHCTBA
To = 4+3 K [25]. B 1965 rony nBa amepukaHCkux paauoactpoHoma A. Ilensuac u P.
BuiibcoH BHOBB OTKPBUTH KOHEYHYIO Temmepatrypy lo ~ 3 K BHEIHEero cBOOOIHOTO
npoctpaHcTsa [26,27].

Cnenys S.b. 3enpnoBudy MoxHO paccmarpuBaTe KM B kadecTBe «HOBOTO
sadupa». ITO HaA3BaHHWE BO3HUKIIO B pe3ysibTaTe oOHapysxeHus B 70-x rogax y KMU
KpyImHOMAcIITaOHON aumnosibHOM aHu3oTponuu [28,29]. C moMOIIbI0 TIHIATEIBHBIX
MOJICTHBIX DKCIIEPUMEHTOB Ha CIENHAIbHO 000pymoBaHHOM camojere U-2
3aperucTpupoBaHa KpynmHoMaciiTaOHas chepudeckas AUNOJIbHAS HEPABHOMEPHOCTh
B pacnpenenennu Temrneparypsl KMU ¢ Benmunnoit ammuryasl AT, = 3,540,6-107
K. JlanHO€ 0OCTOSITENHCTBO IMO3BOJIIET BBECTH B OKPECTHOCTH HAICH TaJIAKTHKA
Mineunsin [lyTb KOCMOJOTMYECKYIO0 BBIICJIICHHYIO CHCTEMY OTCYETa, B KOTOPOH
dboHOBOE U3TyUYeHHE sABIsETCS H30TponHbIM [30,31].

[IpuBeaemM akKypaTHYIO OLIEHKY MAacChl M HOCUTENS TEIJIOBOTO U3IYUYEHHUS ISt
TenecHoro ¢usnyeckoro Bakyyma ®B («HOBOrO 3dupay», craporo sapupa Wid, 4To
TOXE caMoe, TEMHON MaTepuu) TMpU 3aPETUCTPUPOBAHHOM 3HAYEHUU €ro
temnepatypbl Tp=2.735 K. Ucnonb3yem HM3BECTHOE ypaBHEHHE COCTOSIHUS p = NkT.
Torma, cnemys [32,33], ompeaenum 3HAYEHHE MacChbl M C YyYETOM BEJIUYMHBI
nokaszaresis anquadatsl 11 GOTOHHOTO Tra3a k = 4/3. meem



kT _ .

m=x—=56-10 40 kr~3.10" 5B. (26)
[TonygaeM Takke OJHO3HAYHO OINPEAEIAEMYI0 Ta30BYI MOCTOSHHYIO 3TOM
MarTepuaan30BaHHOW  cpeasl  R=k/m=0,25-10" Jxk/Kkr u©  yJIelbHEIE

TCIUIOEMKOCTU IIPpHU IIOCTOAHHOM o0BeMe Cv H TIIOCTOAHHOM O4aBJICHUN Cp:

¢, =0.75-10" JT/Kxr, cpb = 1.0- 107 JIx/Kkr. 3amuceiBaeM B NPUOIMKEHHH

COBEpIICHHOTO Ta3a TPAAUIMOHHOE YpPaBHEHHE COCTOSHUS Ta3000pa3HON Cpenbl
p=pRTum p=(x—1)pe,rne e =c,T - ynenbHas BHYTPEHHsS JHEPTUSL.

BaxxHbIM 11 HaAIIEro HCCIEJOBaHUSL SKCHEPUMEHTAIBHBIM (PU3UYECKUM
pe3yiabTaTOM SIBJIIETCS  BBINIEYKAa3aHHOE OTKphITHE TeMHOM Marepuu (TM)
Bcenennoit B oobeme 96% or cymmapHoro konmuectBa BemectBa. Himke TM
OTOXKJIECTBJISIETCS. C MaTepUAIM30BaHHOW cpenodt  (d3dupoM U (HU3UUECKUM
BaKyyMOM), KOTOPYKO  ClleIyeT paccMaTpuBaTb B KayeCTBE  HOCHUTENs
ANEKTPOMATHUTHOTO CUJIOBOTO TMOJIS.

CnegyromuM  NPUHIUNHAAIGHEIM ~ MOMEHTOM  HAIlero aHaiu3a Oyjer
ONpENEIeHUE CTPYKTYypbl paccmaTpuBaeMoil dactuubel TM. Oty yactuny
MOCTYJIUPYeM B (pOpME TUIIONSI CO CBOMM XapaKTEPHBIM DJICKTPUUYCCKUM 3apsiOM.
IIpy HanuumMu TakKoro 3apsia MOSIBIAETCS BO3MOXKHOCTb IEPEUTH OT BUPTYaJIbHOU
noysipuzanuu  ¢uznueckoro  Bakyyma [32,33] Kk peaJibHOW  TOJIIpU3AINH
MIPOCTPAHCTBA. DJIEMEHTAPHBIN 3aps] JUIIONS ONMPEAEISETCS U3 U3BECTHBIX JTaHHBIX
no macce M 3apaay snekTpoHa [32,33] u cocraBnsger (o=0,5-10Kn. Ucxonsa u3
OLIEHOK MAacChl, 3apsa M pa3sMEPOB IPOTOHA M DIJIEKTPOHA, MOJYyYAEM TaKKeE
JMHEHHBIH pa3mep aumosis | ~7-107°M U 3HAYEHHE JUIOJLHOIO MOMEHTA YaCTHUI[bI
p=ql=3.5-10%Kn'm. TIpu >TOM, HECMOTpS HAa PACCYMTAHHBIE MHHHATIOPHBIE €IO
pa3Mepsbl, CYUTAEM, UTO U3BECTHBIE CBOMCTBA JIEKTPUUECKUX JAUIOJIEN COXPAHSIIOTCS.
Tem cambiM, HaMu OYJyT BBINOJIHEHBI BBIIICYKA3aHHbIE CBOMCTBA MOJISIPU3ALMU
BAKyyMa U Jp.

Bennuuna 3apsiia v AU3JIEKTPUYECKas IPOHUIIAEMOCTh BakyyMa &o=8.854-107"
Kr?/(H-m?) onpenensiroT XapakTepHbIA IMHEHHBIA pasMep — Ae0aeBCKHMI pajmyc
SKpaHupoBaHus D=sqrt(eo'kT/no0?) ¥ XapaKTEpPHYIO 4aCTOTy w=sqrt(ng*/com). B
M300apUUECKUX YCIOBUSAX JCOACBCKHUIA paanyC JHHEHHO YBEIMYUBACTCS C POCTOM
XapakTepHou TemrepaTypbl D ~ T (B 4aCTHOCTH, JAHHOE OOCTOSATEIHCTBO SIBIISCTCS
HaIJSIIHBIM ~ OOBSICHEHWEM  JIMHEWHOTO  PACIIMPEHUS] METAUIOB C  POCTOM
TeMmnepaTrypbl). B kadecTBe mnpocTedield HariasigHON AEMOHCTpPAlUMU BEJIHMYHHBI
nebaeBckoro paauyca D ykaxkem, 4To B CBOOOJHOM KocMmoce mipu [o=2.735K,
No=3,610"1/m3, g=0,5-102Kn 3nauenue nebaesckoro paguyca D=310"m.

B paccmarpuBaemoii Mozaenu (PU3MYECKOrO BaKyyMa €CTECTBEHHBIM ITyTEM
MOJEIUPYETCS POXKIAECHUE B BaKyyMe€ »JJEKTPOH-TIO3UTPOHHOW mapbl. PoxneHue
TaKOW Mapbl IPOUCXOIUT HE U3 MyCTOTHI, & U3 MATEPUAILHON CPebl C COOIIOACHUEM
BCEX 3aKOHOB COXPaHEHMUsI: MaccChl, 3apsijia, UMIyJibca U dHepTun. PoxkaeHue napsel B
HaIllEM CIlydae ClIeAyeT TPAKTOBaTh KaK paspyllueHue 0oJbimoro koaudyecrsa (N=107)
JUTIOJIEW MO IEUCTBUEM DIICKTPUUECKOTO IOJISI, HAITPSYKEHHOCTHEO OKOJIO 10%° B/m.

Mexanuueckass MoJesb cBeTa. Onupasch Ha BBIIIECIPUBEICHHBIA MaTepUal
MPEICTaBUM HEKOTOpbIE WJUTIOCTpaluu o BO3MOKHOM CTPYKTYypE



AJIIEKTPOMATHUTHBIX BOJIH B CBOOOJIHOM MPOCTPAHCTBE, CUIIOBBIM JIMHUAM Dapajes u
BBEJEHHBIM JUMOJIBHBIM «YyJIbTPA3JIEMEHTAPHBIMY) YacTullaM (B MOCTYJIUPOBAHHOM
BUjAEe aunoJieid). HauyHemM ¢ JEMOHCTpallMu  pacnpoCTPaHEHUE  IJIOCKOM
AIIEKTPOMArHUTHOW BOJHBI B (pOpME OTPE3KOB CBSI3AHHBIX TUIOJEH U U3MEHEHUH B
HEW 3JIEKTPUYECKOM U MarHUTHOM HanpsbkeHHocTeil. Ha puc.1,a mokasaHa cTpykrypa
CBSI3aHHBIX JIMITOJIEH TOJIBKO JIsi OAHOW JJIMHBI BOJHBI, HA puc.l,0 pacnpeneneHus
AJEKTPUYECKOM W MAarHUTHOM HANpPSDKEHHOCTEW M COOTBETCTBYIOLIEE UM
pacripesiesieHie Bo3MyIIeHus JaBiieHus (puc.1,B).

()

(0)

(B)
Pucynok 1. [lmockast anekTpoMarHuTHas BoJHA B pOpMe KyCOUYKOB CBSI3aHHBIX
JUIIoNeH (a), pactpeeaeHui AJIEKTPUIECKON 1 MarHUTHON HaIpshKeHHOCTe! (0) u

BO3MYIIICHHOTO JaBJieHUs (B).

VYnoBnerBopuM  ypaBHeHUsM MakcBeiia, Imojiaras, 4TO MOMNEpPEYHbIe
KOMIIOHEHThl BEKTOPOB HANPSHKEHHOCTH JJIEKTPUYECKOTO M MArHUTHOTO MOJen
B3aMMHO MEPIECHANKYISIPHBI.

BepneMmcst k Bompocy o cuiioBbIX JiMHHSIX Dapajes s 3JE€KTPOMAarHUTHOTO
nois B (¢usnmdeckoM Bakyyme. [lpuHumaeM ocHOBHYy1O KoHienuuo Dapanes,
COCTOSIIIIYF0 B TOM, YTO CHJIOBbIE JIMHUM CJIY>KaT HaNISIHOM MEXaHU4eCKOM
«MaTepuaIu3aluiy sl AIEKTPOMArHUTHOTO TIOJISI B BAKyyMe M B TOJIIPU30BAHHOM
npocTpaHcTBe aroma. Ha puc. 2 1aHO KaueCTBEHHOE MEXaHMUYECKOE MPEACTABICHHE
CUJIOBBIX JIMHUA W JAUNOJIed (CHUJIOBbIE JIMHUM TIOJS TIOKa3aHbl IITPUXOBBIMU
JUHUSIMU ).

(@) (6)



Pucynoxk 2. MexaHn4ecKoe Mpe/ICTaBICHUE TPEX CUIIOBBIX JTMHUM JICKTPUUECKOTO
1oJ1s1 (2) ¥ COCTABJISAIONIUX UX Auriofei (0).

CunraeM  CHJIOBBIE JIMHUM  JJIGKTPUYECKOrO  IOJSI  COCTaBJICHHBIMH U3
paccMaTpuBaeMBbIX B Halllel paboTe 31€MEHTApPHBIX TUTIOJICH.

Ha puc.3 npuBeneHo AMArHOCTUPOBAHHOE M300pa)KEHUE MOJSIPU30BAHHOTO
MPOCTPAHCTBA UOHA 30J10Ta [34],

Pucynok 3. JluaranoctupoBanHoe B [34] 3KCIIEpUMEHTAIBHO N300paKECHHE
MOJISIPU30BAHHOTO ITPOCTPAHCTBA MOHA 30J10Ta C CHIIOBBIMU JinHUsIMU Dapajies.

B paGorax [32,33] mpencrtaBieHbl pe3yJbTaThl MNPUMEHEHHUS W3JI0KEHHOM
Teopur (PU3NUECKOr0 BaKyymMa K MOJICIHUPOBAHUIO CIHA0BIX W  CHJIBHBIX
B3aUMOJICUCTBUH, a TAK)Ke PEUICHUIO PA3TUYHBIX HAYYHBIX U TEXHUYECKUX MPOOIIEM.

I'paBuTranmuga. B 1onHOM coriacud ¢ UMEKOLIMMUCA DKCIEPUMEHTAIBHBIMU

JTAHHBIMU buznueckuit BAKYyM paccMaTpuBaeTCs Kak HOCHUTEIIb
3JIEKTPOJAMHAMUYECKOTO CHUJIOBOTO MOJISI, MOTEHIUAI KOTOPOrO B HEBO3MYIIECHHOM
COCTOSIHUM TPUHUMAETCS paBHbIM HYJIO. Ero marepuanusanus BBIIOJHSETCS C
MMOMOIIBI0 CUJIOBBIX JUHUK Papanes. YKa3aHHbIE CBOWCTBAa MaTEPUAIN30BAHHBIX
CUJIOBBIX JIMHUN B (PU3UYECKOM BAKyyMe€ HAxXOMSTCS B IMOJTHOM COOTBETCTBUU C
ypaBHeHussMu ~ Makcgseiua.  [Ipy  3TOM  rpaBUTAlIMOHHOE  B3aUMOJICHCTBHE
paccMaTpUBaETCs KaK YaCTHBIM CIIy4al 3TOrO CUJIOBOTO IOJIA.

OCHOBHBIM TPHUHIIUIIOM TPEACTABICHHON pabOTHl CIYKUT MPENETHHO Mayoe
OTJIMYME B PACHPEACICHUH MOTEHUHUAIOB OKOJIO «TOYEYHBIX» JJIEKTPUUYECKUX
3apsA/I0B B IIEHTPE MPOTOHA U 3JeKTpoHa. [logobHOe mpenenbHo Maioe OTIUYHE B
pacrpeeseHud dIEKTPUUECKUX TOTEHIMAIOB OKOJIO [IEHTPOB Pa3HOro auameTpa (U
Macchl) y MPOTOHA U JJEKTPOHA MPUBOJUT K HAIMYUIO MAJIOTO CYMMapHOTO He
CKOMIIEHCHPOBAHHOIO 3JIEKTPOCTATUUECKOTO 3apsj/ia y Tejla U3 0apuOHHON MaTepuu,
KOTOPBIM [0 OMNpEJEICHUI0 TMPsSMO NPOMOPIMOHATIEH €ro OapuOHHOM Macce.
[IpucyTcTBHE 3TOrO 3apsiia r€HEPUPYET CUIOBOE B3aMMOJICHMCTBUE B OKPYKAIOIIEM
paccMaTpuBaEMOE TEJIO BHEIIHEM MPOCTPAHCTBE (U, MPEkK/E BCETro, B «PUZMUECKOM
BaKyyMe» 3TOT0 MPOCTPAHCTBA). [ paBUTAIIMOHHBIN MPOIIECC OMUCHIBAECTCS] B3aUMHBIM
BO3JCUCTBUEM DIJIEKTPOCTATUYECKUX CHJI, ONIPEHACIAEMbIX T'PAJUECHTOM CBOErO
MOTEHUIHAJIA, U TPAJUEHTOM JABIICHUS CpPEAbl. JTO CHUJIOBOE IOJIE MOJEIUPYETCS
yHuUIMpoBaHHBIM 3akoHOM ['yka-Heiorona-Kysnona B ¢dopme KBa3uIMHEHHOTO
ypaBHeHus Ilyaccona - bosbimaHa g MOTEHUMANIA @ CTAMOHAPHOIO CUIIOBOIO
nojis [32,33]



D?A¢@ = 2shg. (27)

3meck mapamerp D=sqrt(co’kT/ng®) - pamuyc sxpanupoBanus Jlebas, comepsKamiumii
TONLKO  JIBE  yHUBEPCAIbHLIE  KOHCTaHTHI  &=8,854-10"2 Kun*/(H-m?) -
JTURJICKTPUYECKYI0 TPOHUIIAEMOCTh BaKyyMa M IOCTOsiHHYIO bosbnimana K. Tpwu
napameTpa, Bxojasmue B D, XxapakTepusyloT COCTOSTHUE U3y4aeMOM Cpelbl:
temneparypy T (B rpagycax KenbBruHa), KOHIIEHTPAIMIO 9acTHI] cpeasl n (B 1/M°) n
BEJIMYMHY XapaKTepPHOro 3apsiia ( 4YacTUIbl cpeabl (B KyJoHax). OddexT
DKpAaHUPOBAHUS JCHCTBYeT JJisi JI000HM MaTepuaabHOM Cpelbl, SIBISIONICHCS
HOCHUTENEeM cuiioBoro mnoisisd. M3 ypaBHenus (27) 3a mpenenaMu SKpaHUPOBAHUS Ha
paccTostHUsX, npeBbimamux D, ciexyer ¢ no6oil Hanepen 3aJJaHHON TOYHOCTBIO
TPAIUIIMOHHBIA 3aKOH OOpaTHBIX KBaJgpaTOB JUIS JaJbHOACHCTBYIOIIMX U
OJIM3KOACHCTBYIONINX CHUJIOBBIX TOJIe. B mcTOpuyeckoM TmiaHe 3aKOH OOpPaTHBIX
KBaJpaToOB [JIsi TPaBUTAIIMOHHOTO mojsi Okl chopmynupoBan B XVII Beke. B
yacTHOCTH, B 1679 rony P. I'yk npuimén x BbIBOy, YTO TpaBUTALMS UMEET 0OpaTHO
MIPOTIOPITMOHANIEHYIO 3aBHCUMOCTh OT KBaJpaTa PAacCTOSHUS U COOOMIMI 00 3TOM B
nucbMe M. HproToHy, mompocuB ero 0ojee MoapoOHO HM3YyYHTh ATOT BOIPOC B
MaTeMaTU4YeCKOM IIIaHe (4To U ObUIO B AanbHeeM caenano Y. HeroToHoM).

B nameii ctatee paccMaTpuBaeTcs NpUOIMKEHHE MEXaHUKU CILUIOIIHOW CPeJibl,
oOaaromieil COOCTBEHHBIM JaBJICHUEM, YaCTUIIBI KOTOPOW SIBJISIIOTCS K TOMY e
HOCHUTEJISIMU DJIEeMEHTapHOTO 3apsiia. DakTuuecku HaMu B MPUOIMKEHUN MEXaHUKHU
CIUIOLIHOM Cpefbl COBEPIIAETCS MEPEX0/I, AaHAJTOTUYHBIN MEPEXOYy OT KHHETUYECKOIrO
ypaBHeHusi JI. bosbliMaHa, OMUCHIBAIOIIEMY C IMOMOIIBI «CTOJKHOBHUTEIHLHOTO»
wieHa 3P¢deKTsl OMU3KONEUCTBHS, K KHHETUYECKOMY ypaBHeHHI0O A.A. Bracosa.
A.A. BnacoBsiM B 1938 roay Oblna mnpejjioxkeHa MoAeib OObeIMHEHUs OJM3KO U
JTaNbHOJEHCTBYIOMUX A(P(HEKTOB B paMKaX KHHETUYECKOM TEOPUH 3apsSKECHHOU
Matepuu. PaboTta coepuT XapakTepHble MPAKTUUYECKUE TPUMEPHI.

C mnoMomipl0 aHalv3a pa3sMEpPHOCTH HAWAEM TPaBUTALMOHHYK) YacTOTY
(HamooObre  WM3BECTHOM  IUIA3MEHHOM  YacTOThl) M COOTBETCTBYIONIMHM €M
IrPaBUTALIMOHHBIA MEepHOJ BpeMeHu. Onupasch Ha OSTH BEJIUYUHBI, MOYKHO
paccMOTpeTh MoOJeNb Mylbcupytonieii Bceenennoil. OmnpenenuMm  XapakTEpHYIO
BEJIMYMHY TPABUTALIMOHHOM 4YacTOThl. OTMETMM NPU OTOM, 4YTO TAaKOW, YacTo
UCIIOJIb3YEMBId B KOCMOJIOTMM IapaMeTp, KaK CpeAHsis IUIOTHOCTh BEIIECTBA BO
BcenenHoii, nmpu orpoMHBIX €€ MacmTadax OyJeT MpuOMmKaThCs K 3HaYEHUIO pg. U3
IBYX pa3MepHblx mnapametrpoB G U po, ONpeAensionMX TIpaBUTALUOHHOE
B3aUMOJECHCTBUE B  HAIlleM Cily4dae, METOAAMU  pPa3MEpPHOCTU  MOJyYUM
IPABUTALIMOHHYIO 4YacTOTy (g U TPAaBUTALMOHHBIN nepuox Ty Hamen

Meraranaktuku. Mimeem

®, =+/47nGp,,

T, =1 o,.
B ciyuae, ecaum ckOpocTh cBeTa C B BaKyyMe€ MNPHHATh TaKXKE ONPENEIIONIEH
IIPOLIECC KOHCTAHTOM, TO MOJYYUM XapaKTEPHbIN JMHENHBIN pa3mep MeraranakTUK.



[IpuBenemM xapakTepHbI TpuUMeEp pelieHuid ypaBHEeHHs (27) Npu HaIWYUU
HEHYJIEBOW MPaBOM 4YacTH U Mpu €€ paBeHCTBe Hyt0. Ha puc.4 nano nBa pemieHus
ypaBHeHuUs (27) 11t cpepuyecKku CUMMETpUYHOro ciydas B uHTepBane 0,1 <r < 1,0
¢ Oe3pa3mepHbIM 3HaueHueM noreHuuana ¢ = 1 npur = 0,1 u ¢ = 0,1 npu r =1,0
(muuus 1) u pemenue ypaBHeHus (7.1) ¢ HyneBo#l mpaBod 4acThio, Korjga ¢ = 1/r

(JiuHMA 2).
1
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Pucynok 4. JIa pemenust ypaBHenus (27) ans chpepuueckoro ciyydas: 0,1 <r <1,0
co 3HaueHneM ¢ =1 npur=0,1 u ¢ =0,1 npu r =1,0 (mHus 1) 1 c HyeBOI1 NpaBol
qacTeio ¢ = 1/r (iunus 2).

[IpeacraBinenHoe Ha puc.4 peleHrue MOJEIUPYET, B YACTHOCTH, CPEepUUECKOe
pacrnpejelieHde MOTEHLMala JJIsl BHEIIHEeW o00JOYKM MOHAa 30i10Ta Ha puc.3. B
pabote [32] moka3zaH HmpUMEpP pacyeTa ¢ MOMOIbI0 ypaBHeHUs (27) chepuuecku
CUMMETPUYHOTO TMOJis TPaBUTAMOHHOIO TMOTEeHHMana 3emiau. B muiaHe
OJIM3KOJICUCTBUSL MOJICIMPOBAHUE TOJISIPU30BAHHBIX MPOCTPAHCTB DJIEKTPOHA H
POTOHA MO ypaBHEHUIO (27) BbINOJIHEHO B [33].

Heanneiinass nuHamMuka pacnpocrpaHeHusi cBera. OCTaHOBUMCS TeNeph Ha
pacrpoCTpaHEHUH CBETOBBIX BOJH IMPHU HAIWYUKM HeIMHEHHBIX dddexroB. Ha puc.5
nokaszaHa (ororpadus crycrka cBeTa, moJiydeHHas B pabore [6] U mpencraBisonias
co0OM CBEPXCBETOBOW HM30JIMPOBAaHHBIM coluToH. Jlis 00pa3oBaHUs TaKHUX
HEJIMHEHHBIX BOJIH TpeOyeTcs mpucyTcTBUe 3P(HEKTOB HEIMHEHHOCTH U JTUCTIEPCUH
[35,36], kOTOpblE YpaBHOBEUIMBAIOT JpYyr JApyra, o0pa3ys HETUHEHHYIO BOJIHY
CTalMOHApHON (POPMBI. AHATTUTUYECKOE PEIICHUE /JI TTOKA3aHHOTO CBEPXCBETOBOIO
COJINTOHA MOKHO HailTu B padote [34].

Pucynox 5. ®oto dorona (a) uz padbotsr [6],



Psn xapakTepHbIX IPUMEPOB aHAIN3a PACHPOCTPAHEHUS HETMHEHHBIX
BO3MYIIIEHUH TIpUBEIeHBl B MOHOTpaduu [33].

DJIEKTPOAMHAMUYECKHE MMIYJbChl B aKCOHaX. V3moxkeHHbI BbIIIE
MaTepuag TO3BOJSET OOOCHOBAaHHO CGHOPMYJIHMPOBATH MEXAHHKY Meperadyu
ANEKTPOAMHAMHUYECKUX HUMITYJIbCOB B AKCOHaX — [IJIMHHBIX I[UIMHIPUYECKUX
OTPOCTKAaX HEPBHBIX KJIETOK (puc.6). Ha KOHIlE akCOHA HaXOJIWUTCSI CHHAITHYECKOE
OKOHYaHME, KOHTAKTUPYIOILIEE C KJIETKOW-MHUILIEHbI0. BMecTe ¢ mocTcCMHANTH4eCKOM
MeMOpaHOW KJIETKU-MUIIEHM CHHANTUYECKOE OKOHYAaHME O00pa3yeTr CHHarC.
[lepegaya HEpBHOrO MMIMYJbCA MPOMCXOAUT OT TeNa KIETKH K aKCOHy, a 3aTeM
CIEHEpUPOBAHHBIM IMOTEHUMAN JEHUCTBUS OT HA4YaJlbHOIO CErMEHTa aKCOHa
nepeaaéres Ha3aj Yyepe3 CUHAIC K KJIEeTKe. 3/1eCh C LebI0 N30eKaHUsl TPOTUBOPEUHIA
(tTuna  «mpobsiembl  4/3») chmeayeT  paccMaTpuBaTh  MPOIOJIBHO-TIONEPEUYHBIE
BO3MYIICHUSI HAa OCHOBE MOTEHIMAIbHBIX M COJICHOUJAIBHBIX TOKOB CMEICHUS
Makcsenna.

Pucynok 6. AKCOHBI U CHHANITUYECKNE OKOHYAHHS, KOHTAKTUPYIOIIHE C KIETKOM-
MUIIEHBIO (cxema U GpoTorpadusi)

Cnegyer chnenuanbHO MOJYEPKHYTh OCHOBHYIO pOJb PaclpoCTpaHEHUs
MPOJOJBHBIX  DJICKTPOJAUHAMUYECKUX HMIYJIbCOB B OHOJIOTHYECKUX HEPBHBIX
CUCTEMax M BOOOIIIE B HEUPOCETSX.

KonpaeHncarop B koJ1e0aTeIbHOM KOHTYpe. Mexay oOKkiiagkaMu KOHAEHcaTopa
B KOJeOaTelbHOM KOHTYpE MPUCYTCTBYET CMEIIEHUE 3apsA0B M HEPa3phIBHO
CBSA3aHHBIE C HUMH TOKH cMelleHus. [Ipu 3ToM nMeemM npenMylieCTBEHHO KOieOaHusl
OCEBOM COCTABJISIIOIIECH BEKTOpPA AJICKTPUUECKON HAMPSIKEHHOCTH TOKA CMEIICHUA
(puc.7). Takoit ICTOUHUK UHUITUUPYET PACIPOCTPAHEHUE IIEKTPOMATHUTHBIX BOJIH B
cB0OOHOM mpocTpaHcTBe. CMelIeHHe peallbHbIX 3apsAoB JUIOJEH (PU3NYECKOro
BaKyyMma IpU UX MOCTYIATEIbHOM M BpallaTEIbHOM JBUKEHHUH U CBS3aHHBIE C 3THUM
TOKH CMEUIEHUS MPECTABIISIIOT OCHOBY BCEU paIUOTEXHUKH.



Pucynok 7. Konebanust oceBoi COCTaBIISIFOIIEH BEKTOPa AJICKTPUIECKON
HaANpPsHKEHHOCTHU TOKA CMEUIEHUS B KOJIeOaTeIbHOM KOHTYPE.

DKpaHWpOBaHHWE TOTEHIMAda y OOKIAJOK KOHJEHcaTopa HJisl IUIOCKOTO
KOHJEHCATOpa B CTAIMOHAPHOM CJIyyae MOKa3aHo Ha puc.8. 31ech IKpaHUPOBAHHOE
perIeHNe UMEET BUJI

¢ = @o-exp(-x/D).
A
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Pucynok 8. DxpanupoBaHue 11 IIIOCKOTO KOHAEHCATOpA
1 — nuHUYM 6€3 SKpaHUPOBaHUs, 2 — TUHUM NPU HATUYUUA SKPAHUPOBAHUS.

[IpuBeneHHbBIE MPAKTUYECKUE MPUMEPHI JOCTATOYHO HATJSAHO MOITBEPHKAAKOT
CIPaBEJIMBOCTh TEOPETUUECKHUX aCIEKTOB HACTOSIIENH padOThI.

MexaHnka Jiydyedl CBeTa Ha TOKaX CMEIIEHUs] B NPHUHOIMKEHUH
NOTrPAHUYHOrO cJjosi. OnuiieM MEeXaHWKY pacHpOoCTpaHEHUsl Jydyed cBera 0o
MHTEHCUBHOCTU HE TOJIbBKO B HEHpOCETAX, HO U B CBOOOJHOM MPOCTPAHCTBE
(buszmyeckoM Bakyyme), JuOO B Jir000M mpo3pauHoil cpeae. CeromHsi moI00HBIC
dbuznyeckue  mpoOJieMbl  pacCMATPUBAIOTCA B MPUOIMKEHUHM  KBAHTOBOM
ANEKTPOJMHAMUKHN (CM., Hampumep, [37] W UMUTUPOBAHHYIO TaM OOLIMPHYIO
JUTEPATYpPy). 31€Ch K€ OylIeT MPOJAEMOHCTPUPOBAHA BO3MOYKHOCThH PELIEHUS 3TOU
3a1a4d B paMKax KIACCHYECKOM MEXAaHHWKM CIUIONIHOM MAaTEepHUaIbHOW CpEeIbl C
MCIIOJIb30BaHUEM TPOJIOJIBHBIX U MOMEPEYHBIX TOKOB CMEIICHHUS.

PucyHok 9 cxeMaTuyeckH WIUIIOCTPUPYET MPOJOJIBHYI0 M IONEPEYHYIO
CTPYKTypy Jiyda CBE€Ta IpPH €ro pacHpoCTpaHEHUWU B (PU3MUECKOM BaKyyme. OTa
CTPYKTypa MOKET OBITh paccuuTaHa B JINHEAPU30BAaHHOM BapUaHTE C IOMOIBIO
METOJ]a XapaKTEpUCTUK IO BbILIENIPUBEACHHBIM (opmynam. B Takom pacuere
noTpeOyeTCs Mpexk/ie BCEro akKypaTHasl IOCTAaHOBKA IPAHUYHBIX YCIIOBH.



(a) (0)
Pucynok 9. Cxemarndeckasi WILTIOCTPALHAS MTPOIOJILHOM (a) U TIoriepedHoit (0)
CTPYKTYPBI JTyda CBETaB CBOOOHOM ITPOCTPAHCTBE.

[IpongosibHasT KOMIIOHEHTA Jydya COJEPKUT MPOIOJIBHYK) COCTaBIISIIOLLYIO
HaIPSUKEHHOCTH  AJIEKTPOJAMHAMUYECKOTO BO3MYIIEHHUS, B MOTPAHUYHOM BHEIIHEM
CABUTOBOM CJIO€ KOTOPOU (hopMHUpyeTCsi BUXpEBasi MATHUTHAs COCTABJISIFOLIAS CBETA.
DJTa MarHWTHas COCTAaBJISIIONIAS  PACIPOCTPAHSECTCS TaKkE B MONEPEUYHOM
HaIpaBJICHUU M MOXKET OBbITh 3apeructpupoBaHa. CienyeT MOAUYEepKHYTh TOT (DAKT,
YTO NPOJOJbHASA M TMONEPEYHAs COCTABIIIOLIME CBETOBOTO Jyda OIPEIEISIOTCS
CBOMMHU TOKaMH cMemlleHus Makcgeiuia. Ousnka 3KCTpemMaabHbIX CBETOBBIX IOJIEH
paccMOTpeHa, B YaCTHOCTH, B [38].

3axkuawdenue. IlpencraBieHHass CTaTbs COJEPKUT BBIBOJA PaCIIUPEHHOU
CUCTEMBI YpaBHEeHUI MakcBelia ¢ pemeHusMu B (opMe MPOAOTbHBIX-TTOTIEPEUHBIX
BosMywieHur. IlomyyeHnas cucrema ypaBHeHMM MakcBeimia HE  UMEET
MapaJioKCAIbHBIX CBOMCTB, TMPHUCYIIMX COBPEMEHHOM TeOopeTHuecko (Qusuke
Hannuue npooabHbIX CKATHs BOJH U HEJIMHEHMHBIX PEIICHUN THIA U30JIMPOBAHHBIX
YEJMHEHHBIX BOJH CTallMOHApHOWM (QOpMBI — COJUTOHOB TIPEAOINpPEEIseT
MaTepUaIM30BaHHOE PACCMOTPEHUE YOpyroro (U3MYECKOro BakyymMa B (opme
MOJENIA Ta3000pa3HOM JIETKOMOABUKHOM Cpelbl — HOCHUTENS 3JIEKTPOMAarHUTHOIO
B3aMMOJICUCTBUS IIPU HAIMYMKU KOHEYHOM XapakTepHou temmneparypsl 10=2.735 K un
3aJaHHOM OLIEHKE CPEIHEH IIIOTHOCTH Halel MeTaranakTuku po ~ 410726 kr/m>.

B 0CHOBE 3lEKTPOMArHUTHBIX SIBJICHUM JIEKUT DIJIEKTPUUYECKOE IOJIE, KOTOPOE
pactpoCcTpaHseTCs MEXIy MPOTHUBOIOIOKHO 3apsHKEHHBIMH Tenamu (B (opme
MaTepUaIN30BaHHBIX CHUJIOBBIX JUHUN @Dapanes). MarHuTHOe 1oJie MPEACTABISIET
co0Oi HECTAalMOHAPHYI0 BHUXPEBYIO COCTABIISIIONIYIO AJIEKTPUYECKOTO  IOJIA,
MPOSBJISIONIYIOCS TOJBKO KAaK HM3MEHEHHE BO BPEMEHM BEKTOPHOTO MOTEHUIHAIA
AIEKTPUUECKON HANPsHKEHHOCTU. B ¢Bsi3u ¢ JaHHBIM 2(h(HEKTOM MOXKHO YTBEPKIATh,
YTO MAarHUTHOTO MOHOTIOJISI HE CYILIECTBYET.

PeasimzoBaHHO€ Ha TOKax CMEMICHUS MPUOIMKEHHE TMOTPAaHUYHOTO CJIOS
CKUMAEMOW  MaTEepUAIBHOM  Cpebl  OTKPBIBAET  IIMPOKUE  BO3MOKHOCTHU
MPAKTUYECKOTO UCTIOIb30BAHUSI PE3yJIbTATOB HACTOSIIEH PaOOTHI.
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VYBaxkaembiii Urops AnekcannpoBuu byinun!

BBenenue. BriepBbie 3a nocienHue roJsl BCTpeyaro rmo0anbHoe
oOcyXJeHHe JOKJIaa Ha CeMUHapax Mo CylecTBy Tolbko y Bac u'y
3arenenuna. Criacu6o BaM 060ouM. Bl mpaBUIbHO BBISIBUIIN Y3JIOBBIE
MOMEHTHI JIOKJIa/1a U UX o0cykaaeTe. Barma Moaenb CTpOUT OTBEPIKEHHE
CTaHJIapTHOH (U3UKH. A IEIh MOCH MOJIENIH, HA00OPOT, UCCIEAOBATh, K
yeMy IPUBOJUT CTaHAapTHas (U3UKA MPU U3YUCHUHN HEMOHSTHBIX
SBJICHUM, KaK 3TO HAIIMCaHO B Ha3BaHWUM J0Kiaaa. [loTomy Hamm Monenu
MPOTUBOpPEYAT APYT ApyTry. Bel 00cy)knaeTe MO0 MOJENb C MO3ULIHIMA
Bameit monenu. A ¢ no3unuii Bameir moziesin, Most MOZI€Nb YYIllb
co0aubsi. A Hy»HO ObLIO Obl CHauaja JaTh SKCIEPTHYIO OLIEHKY TOTO, T
Yy MEHsI JIOTUYECKHE OIMMUOKU B paMKaX CHpaBeAJIMBOCTH CTaHIapTHOMN
¢busuku. Ha camom nene most Moziesib He 4yliib, U Baiia Mojiess He 4yIiib.
Kak Hu mokaxxeTcs cTpaHHBIM, s BO MHOTOM corniaceH ¢ Bamu. Bamu
paccyKIeHUsI CEPbE3HBI U JOCTOMHBI. HOo, cunTaro, Ha JaHHOM 3Tarne
CIIOPUTDH O TOM, Ubsl MOJIEJIb KOHKPETHO B KaKOM CTETIEHH BEpHA U OyJeT
BKJIFOUEHA B Oyay1nyto Gpusuky, paHo, aa u 6ecrone3no. M BoT mouemy.

Ha cemunape coOpanuce TanaHTIUBbBIC JIIOAN. Y MHOTUX U3 HUX
€CTh CBOM HETPHUBHAIIbHBIE MOJIETN, KOTOPHIE MPOTUBOPEYAT APYT APYTY
(HanmpuMep, MHOTO pa3HbIX 3(PHUPOB).

JIn4HO 5 cuMTalo: B HAyKe HEPEAKO ObIBACT 0XKeCTOUEHHASI O0pHOa
IIKOJI. A TOTOM OKa3bIBA€TCS, UTO MPABbI U T€, U APYTHE, KAXKIBIN 110-
CBOEMY, KaX/IbIH CO CBOEH CTOPOHBI. 1 3TO HE ciiyyalHO, TaK Kak Ka)aas
MOJIEJIb POXKIACTCSl HE HA ITyCTOM MECTE, @ Ha OCHOBE OOBEKTUBHBIX
JTaHHBIX. MHOTO pa3 roBopui 00 3ToM. [[ymarot, 4To 3T0 OONTOBHS,
yemyxa. JTo HE uelyxa, a IpaBujbHOE pa3BuTue. bymyiiee caMo BO3bMET
BCE MPABUIILHOE U3 PAa3HBIX MOJIEIEH U KOMIUIEKCHO TOCTPOUT
MpOJBMKEHUU HAaykKu. CUHUTa0 3TO HOPMAIBHBIM U IIEHHBIM JIJIs
pa3Butus. Berpevas B3auMHO MPOTUBOMOJIOKHBIE MOJIETTH, CaM JTyMatro He
00 X MPOTUBOTIOCTABJICHHUH, & O TOM, KaK UX COIJIaCOBATh.

Ceituac (hu3mka B KpU3uce U Ha nepenyThe. Eciii mocMoTpeTh Ha
UCTOPHIO pa3BUTHS (HU3UKHU, TO (PHU3MKA HA TIEpesioMax MEePEXOIUT K
HOBOMY, O4€pUYMBAasi TPAHULIBI IPUMEHUMOCTH CTApOro, HO HE OTBEpras
cTapoe MOJIHOCThI0. brarogaps crangapTHON (hU3HKe H3MEHUIIACh BCS
HaIa >K|u3Hb TOTOMY, YTO y CTaHAapTHOW (PU3HUKHU TpOMaTHEIC
noctrxenus. He nymaro, 4to KOMy-TO yaacTCsi OMPOBEPTHYTH BCE
OCHOBBI cTaHIapTHOU (pr3uku. Ho Kak KOHKPETHO MPOU30HIET epesIoM
B (hU3MKe, YTO UMEHHO B UTOTE OYy/IET B3STO U U3 KAKUX MOJIETIEH,
Hens3BeCcTHO. [[03TOMy, HYy»KHO OHATh, YTO U MOSI MOZENb, U Baia
MOJIEJb, 1 HETPUBHAJIbHBIE MOJIETIM YYACTHUKOB CEMUHApa padoTaroT Ha
oynyiee. [ToaTomy st He Oymy 00CyX/1aTh, KaK IJI0Xa MOSI MOJI€JIb C TOUKU
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3peHus Bareit mozaenu, a Oyay )KIaTh SKCIIEPTHYIO OIICHKY, I7IE Y MCHS
JIOTHUYECKHUE OMTUOKY B paMKax CIPABEIJIMBOCTH CTaHIApPTHON (u3uku. U
Oymy oOCyXaaTh HIDKE TOJIBKO T¢ Barm 3ameuaHust, KOTOpbIC UCXOIAT U3
OOIIHX ISl BCEX COOOpaKEHUM.

OcHoBHOe. Most MOzIeNb CIIEAYET B pyciie BaXKHEHIINX TI00AIbHBIX
MOJIOKEHUM CTaHAapTHOW (PU3UKH, U JUISI MEHS BaXKHO, YTOOBI OHA HE
MPOTHUBOPEUNIIA TNIO0ATbHBIM BAXKHEUIIIMM 3aKOHAM CTaHJAPTHOM
(bu3KKY, a aNbTepHATUBHBIM MOZEJISIM OHA MOKET IPOTUBOPEUUTH
CKOJIBKO YTO/IHO, BIUIOTh 10 MOCJIEAYIOLIETO cortacoBanus. M BOT 4To
WHTEPECHO, IOCMOTPUTE, MOXKAIyHCcTa, BHUMaTeabHee Ha YacTtp 2. Tawm,
MMEHHO M3 Ba:KHEHIIUX 3aKOHOB CTAHAAPTHOM PU3HKH,
MPUMEHEHHBIX K HETIOHATHBIM, HO PEAJIbHBIM SIBICHUSM, CIIETYET
CYLIECTBOBaHHE HEMaTepUaIbHBIX 0OBEKTOB, UMEIOIIUX IPOMAJTHOE
3HaueHue. Cama crannapTHas pusmuka, ¢ ya€éToM SKCIIEPUMEHTOB,
IIPUBOJIUT K CBOEMY PAa3BUTHIO HA HEMAaTE€pUaAIbHBIN MHUp. A
HeMaTepHualbHbIN 3(pUp ABISIETCS YaCTHBIM CIIy4aeM HeMaTepualbHbIX
00bekTOB. Bo3HuKaeT BbIX0A Ha 3up, NOKa TOJIBKO HEMaTepuaIbHbBIN.
CaM nonararo, 4To 3()UPOB MOXKET CYIIECTBOBATh MHOT'O Pa3HBbIX,
KaXXIbIi 3QUp BBIMOIHSIET CBOIO (DYHKIIUIO, U MOKET UMETh CBOU 3aKOHBI.
Jla emé pasubie 3(Upbl, HE UCKIIFOUEHO, B3aUMOJICHCTBYIOT MEKy COOOM.
[Ipupoaa crnoxxkHee Hamux JOObIX npeacTasienuii o [Tpupone. Hamm
HBIHEIIHUE 3HAHUSI HUYTOXKHBI [10 CPABHEHUIO C OKEAHOM 3HAHUM —
Benukui HeroToH. Ha Halm TexHomoruu U 3HaHus, 00jee pa3BUThIC
LIABUJIN3ALMH, CKOPEE BCETO CMOTPAT KAK HA YPOBEHB JUKAPEH.

«Kax cmonw npomueonoJiOdiCHble mooenu [llunosa u MCZZHI/[L;KOZO
MOINCHO 00H08p€M€HHO npednwzaeamb npasuilbHbiMu, A yma He
npufloo;tcy?». Cuwuraro TaK, KaK 3TO OITMCaHO BO BBCACHHNU. Bri
YKa3bIBACTC Ha HCTOYHOCTHU MaFHI/IHKOFO. Hetounoctu YCTPAHAT, a
m1o0ajJbHOE 3HAYCHHUE pE3yIbTaToOB MaFHI/IHKOFO OCTaHCTCA.

Hacuér a¢pupimka OkyHs — 3TO YK coBceM nepedop.

PenaruBucTckas Macca 10/KHA CYIIECTBOBATh, 3aMETHTE, B JIOTHKE
CTO, a He B UHBIX JOTHUKaX.

«Ho npuuem mym aenenus u3s s’cusou npupoosvl u mem oonee u3
akempacencopuxu? Du3zuka U3HaA4aAIbLHO HAYKA 0 Hexcueou npupoode. O
JHCUBOU NPUPOOe IMO OUON02US, MEOUYUHA, OMUACU XUMUSL. Y HUX céou
npuembl UCC1e008aHUs, 00KA3amelbCmaed, NOHAMULHbBIL annapam, Koum
u crnedyem nonwv308amuvcs. AcHo, umo dcusoe omauuaemcs Om HeHcUBo20
Hanuduem UH@GOPMAayUoHHOU MAmMpuybl, KOMOPasl 60 6ce 8PeMeHa
HA3b168ANACL OYULOT, U KOMOPOU, PA3YMeemcsl, Hem ) HeHCUBbIX
npeomemos. Iloamomy o6vsACHAMb A61eHUs. Pu3UUecKo2o



0aIbHOOUCMBUSL NPUMEPAMU U3 IKCMPACEHCOPUKU NPOCIMO CIMPAHHO U
Helleno.» — DTO pacrpocTpaHéHHOE (GopMalIbHOE 3a0TyXKICHHUE.
3aIyTaHHOCTh COCTOSIHUI JKUBBIX OOBEKTOB — 3TO B IIEPBYIO OUEPEND
uH(popmalmonHas gpusznyeckas npoodiiema. Puznueckue BO3ACCTBUS
uH(popMaIuu — 3To pusznyeckas npoodiaema. B pesynprare,
(byHIaMeHTaNbHbIE OCHOBBI MHOTOTO KPUTHYECKH BaXKHOTO
OMOJIOrMYECKOTO CTAHOBUTCS YacTsIMHU (PU3UKHU, AaBasi, B YaCTHOCTH, U
(pu3nyecKoe pacKpbITUE CEKPETOB IKCTpaceHcopuku. [Toromy,
COOTBETCTBYIOLIUE SKCIIEPUMEHTHI POBOISAT COBMECTHO (PU3UKH,
WHXXEHEPHI U OMOJIOTH.

$1 oTNOXMII BCE CBOM J€Na U TONT0 AyMall, Kak ydme Bam
OTBETUTb, IPUYEM, MOAUYEPKHYB O0JIbIIOE YBakeHHEe K Bam u k Bamei
pabore. Terneps, He oOeccyabTe, 51 JOMKEH BEPHYTHCS K HEHAYYHBIM
HEOTJIOXKHBIM JI€JIaM U OTJIOKUTH CBOU OTBETHI HA IPYTHE BOIIPOCHI Ha
HEONPEAEIEHHOE BPEMS.

Bcero nobporo,

BacunbeB Cepreit AsiekceeBud





