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JHepeuu 371eKmMpoHa 3a cuem cusvl JlopeHya, K020a 2J1eKmpoH epawjaemcs 60kpyz npomoHa?" Kpome mozo, Mol
nokaxem cea3vb cunvl Kynona u cunet Jlopenya c ynyuweHHoiMu ypasHeHusmu Makceenna. 3mo o3Hauaem, umo
MU CWIbl B03HUKAIOM 8 pe3yabmame 00MeHd 31eKMPOHHbIMU U MIOOHHBIMU HelimpUHO U aHMuHelimpuHo, Komo-
pble onucsleaomcs yaydueHHsIMU ypasHeHusimu Makceenna. Mol makyce nokaxcem owudKu, Komopole 0vuiu 00-
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KJIACCUKOTI 18711emCsl OUUOOUHBIM eapuaHmom.

Knroueenle cnoea: numetiHolili 2apmoHudeckuti zenepamop, cuna Jlopenya u cuna Kynona, CTO u OTO 3iin-
wmetina, popmyna Jlyu de Bpoiins, ynyduieHHsle ypasHeHus Makcsesna, opoumest bopa, opmyna IThanka ons

COCMosiHUs pasHoeecus.

1. The principles of interaction of an elec-
tron and a proton with the presence of radia-
tion on the base of Lorentz's force and Cou-
lomb's force.

Accordingly, in order to exclude the postulates
of Bohr at the prohibition of radiation in discrete
orbits, we need to show a way to replenish the elec-
tron energy under the condition of thermodynamic
equilibrium based on the constants of the propa-
gation medium.

The principle of the formation of motion of
electron in orbit can be represented as follows. In
the beginning the electron is on distance from a
proton in a motionless condition. Then the Cou-
lomb's force acts on the electron: Fy, = eE. In this
case, the electron acquires a velocity in the

direction of the proton according to the formula:
v = mio Jy eEdt 1)
However, when moving at a speed v in the di-
rection of the proton, we get the Lorentz’s force,

which is calculated by the formula:

Frop = €[vB] = eug[vH] = e/(uc) [vH] (2)
And this Lorentz’s force is directed orthogo-
nally to the Coulomb’s force. Here we take into ac-
count the fact that, according to our theory, we
have gy = u/c;uy = 1/(cw) ;u = /c? — v? - asig-
nificance is associated with the average integral
magnitude of exchange (movement) in contrast
system v,. The presence of velocity v, in the con-
trast system follows from GRT, since the space-
time curvature introduced by Einstein relies on
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SRT at the speed of motion of a moving system rel-
ative to a motionless observation system. How-
ever, for each smallest element of space and time,
which gives a common space-time curvature, this
velocity of SRT in GRT of Einstein has not the
binding to the so-called absolute observation sys-
tem, unless we consider the existence of an obser-
vation system from the opposite, where the veloc-
ity v, characterizes the exchange between two
global opposites. At the same time, the absolute
system of coordinates is obtained due to the fact
that systems of opposites are connected through
the speed of light and therefore the speeds used in
GRT of Einstein for the smallest space-time ele-
ments are always less than the speed of light. In
this case, we have the magnitude of the projection
of velocity onto significance of time (otherwise,
the vector of velocity at projections in spatial view
would lead to the presence of ether), and it is this
approach that provides an absolute motionless ob-
servation system for all the smallest elements of
space-time curvature. As it was shown in [1], con-
stants determine the difference of mass between a
proton and an electron, based on the thermody-
namic equilibrium condition. Accordingly, the SRT
and GRT of Einstein establishes the rule according
to which the kinetic energy of one opposite is ex-
pressed as potential energy of the other opposite,
and it gives the difference of mass between a pro-
ton and an electron. The Einstein could not solve
the problem of the gaps (of the singularities) be-
cause he considered the presence of only one sys-
tem of observation, without taking into account
the particle-wave dualism. Also we note that the
harmonic oscillator equation served as the basis of
quantum mechanics because this equation shows
the relationship of potential energy with kinetic
energy as systems of opposites, and obeys the
equation of a circle, i.e. a closed system. In our the-
ory, the essence of the Lorentz's force actually de-
termines the response in the view of reaction from
the system of the opposite on the action which is
being associated with a change (with movement)
in our observation system. Moreover, this counter-
action is directed orthogonally to the action of the
Coulomb force, since otherwise there would be a
compensation of forces, and movement would be
impossible. However, the Lorentz’s force, which
counteracts the movement of the electron to the
center of the proton nucleus and gives a tangential
velocity of movement v,, also leads to the for-
mation of a force directed into opposite side to the
Coulomb’s force in the form of a magnitude
Fadior = €[v;B]. If we do not consider radiation and

absorption, then the equilibrium with the move-
ment of the electron along the orbit of the radius
R,y and the tangential velocity v, will occur when
the Coulomb’s force is equal to the Lorentz’s force
Fradqior = €[v;B], and they will be directed opposite
to each other:
K 'kyn = f'radlor 3
It is clear that the presence of any force is asso-
ciated with the presence of absorption or radiation
of kinetic energy; otherwise there simply cannot
be changes in the state of the particle. Hence, it
would be possible to write the equation of forces in
the form:
Feyn = Fradior t Franlor- “)
However, there is no compensation for the
force F,,p1or in the formula (4), and this would mean
an infinite increase in the energy of the particle if
we did not have the radiation reaction force [2] in
the form
Fy yan = 2e?/(3c®)d*v/d§? ©)
Here we have: { =t — R,,s/c . This formula of
the reaction force of radiation clearly does not cor-
respond to the classical formula in the mechanics
of the occurrence of acceleration and force, since
the force is determined not by the first derivative
of the velocity onto magnitude of time, but by the
second derivative of the velocity onto magnitude
of time, that is, of the derivative of acceleration
onto magnitude of time. In other words, if the ac-
celeration has a constant amount, then there is no
radiation reaction force. This contradicts electro-
dynamics, where when an electron rotates in an
orbit, we have a constant equidistant motion with
radiation. With this approach of calculating the ra-
diation reaction force, another paradox arises, if
we proceed from the condition that the velocity v
is the tangent velocity v = v, = wR to the radius
of orbit. This velocity is a constant magnitude due
to the fact that the orbit does not change. And in
this case, there is no radiation reaction force in the
direction of movement. This would mean that
there is no radiation, but according to classical
electrodynamics, there is radiation when an elec-
tron rotates around a proton, and it is described on
the basis of the Hertz dipole. Here, the radiation is
associated with a change in the electromagnetic
field in the environment when an electron rotates
around a proton. At the same time, the paradox is
resolved if we assume that the frequency of the ra-
diation of the Hertz dipole in discrete orbits is con-
stant, and the radiation energy is also constant
E = hw. Indeed, this is exactly what we have in ac-
cordance with the equation for the harmonic oscil-
lator, taking into account the quantization of
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energy:

p?/(2my) + mo(x2nf)?/2 =nhf  (6)

However, in this formula, the Coulomb’s force

is replaced by a centrifugal force, and such a re-
placement contradicts the formula:

E=myd*r?/2 +a/r 7
where the centrifugal force should compensate for
the Coulomb’s force. At the same time, it must be
remembered that the centrifugal force is associ-
ated with the absence of loss of kinetic energy in
the previous direction, and this excludes the very
change in the state of the particle. That is, we do
not have the mechanism of action of the centrifu-
gal force associated with the transfer of energy
from anything, but we only have a mathematical
formula for calculating this force based on the
speed of rotation of an electron in orbit. Therefore,
the replacement of the Lorentz’s force in quantum
mechanics with the centrifugal force gave an ele-
ment of the miracle of change in motion of parti-
cle.

Further, we note that if the radiation energy has
a constant magnitude, then the radiation reaction
force is also a constant value. In other words, the
braking force for the velocity of electron is associ-
ated with radiation energy due to the formation of
an alternating electromagnetic field when the
electron rotates around the proton. Here, the Cou-
lomb’s force forces electron to change the direc-
tion of movement with the loss of energy in the
previous direction. In this case, the reaction force
of radiation is directed into other side to the direc-
tion of the radiation energy. Practically in an elec-
tron (when it is reflected through a corpuscular
form according to the Dirac equation system), the
interacting electronic and muonic neutrinos (anti-
neutrinos) of one direction are replaced by elec-
tronic and muonic neutrinos (antineutrinos) of an-
other direction. In this case, the previous elec-
tronic and muonic neutrinos (antineutrinos) inter-
act to form an electromagnetic wave that is emit-
ted. We observe the nature of the radiation direc-
tion in the Hertz dipole and in synchrotron radia-
tion [3]. It can be assumed that the reaction force
of radiation F, ,,, gives the compensation for the
Lorentz force For, and then we have a general
equation of forces:
Fp. wsn T FKyn = Fadior T Fanlor- (8)
However, it must be remembered that in equa-
tion (8), the force F, ,,, refers to classical mechan-
ics with the presence of paradoxes, and the other
three forces are determined by electrodynamics.
This means that in the future it is necessary to
consider a more acceptable option for the equation

of forces, and now we note that the presence of
forces corresponds to the representation of ener-
gies in the equation of electron motion, taking into
account kinetic and potential energy:
E =myi?/2 + mydp?r?/2 + a/r ©)
According to the accepted assumption in quan-
tum mechanics, the loss of energy by an electron
at presence of radiation should lead to a change in
the parameters of the electron with a fall on the
nucleus. However, this cannot happen, since we
see from (8) that the equality of forces is observed
at a certain magnitude v, and besides, the signifi-
cances e, ¢, m, are constants in the electron - pro-
ton system. The magnitudes of E, H are also deter-
mined by the magnitude of the charged particle of
proton and depend only on the length of the radius
of the orbit R, which, as well as the magnitude
v = wR,pg, is obtained from the condition of the
equation of forces (8). The proton is practically
motionless, and it means proton has no changes.
At the same time, we remember that the frequency
of radiation w, and hence the radiated energy, does
not change, that is, we have a discrete spectrum of
radiation. So, to change the state of velocity and
orbit, you need to have a variable parameter in the
equation of forces, and only the parameters of the
medium in the form ¢, = u/c and u, = 1/(cu) are
such parameters. Accordingly, only the signifi-
cance u = +/c? — v? associated with the velocity in
contrast system can, as it were, be responsible for
the energy consumption of radiation. Indeed, if we
have the more kinetic energy in the opposite sys-
tem (and it is uniquely related to radiation), then
the higher the average integral magnitude v,.
Hence, the magnitude u becomes smaller and the
significance p, increases, and hence the magnetic
field strength B and the Lorentz force have the in-
creasing too, but the Coulomb force has the de-
creasing. This leads to the transition of the elec-
tron to a higher orbit already in our observation
system. An increase in the radius of the orbit leads
to an increase in the velocity of the electron in or-
bit. However, we have a connection of kinetic en-
ergies through velocities in opposites according to
the circle formula v,,,,, = u = /c? — vZ. Otherwise,
we will not have a closed exchange and this is
equivalent to miracles and the absence of the laws
of physics. Practically kinetic energy is associated
with the Louis de Broglie wave. Therefore, an in-
crease in speed in one opposite leads to its de-
crease in the other opposite. It should be noted
here that the magnitude of u refers to the reflec-
tion of the potential energy of the spatial-tem-
poral curvature of the environment, but the
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magnitude of vy, determines the analogue in aver-
aging the kinetic energy of objects of other oppo-
site. This means that there must be a thermody-
namic equilibrium of opposites, which actually
obeys Planck's formula. In this case, radiation in
one system means absorption in the other oppo-
site, and vice versa, as a result of which a radiation
spectrum is formed with the corresponding differ-
ence of mass between a proton and an electron in
accordance with the thermodynamic equilibrium
condition. And this difference of mass in the dy-
namics of interaction through radiation in each of
the opposites is a constant magnitude. And this
suggests that the kinetic energy of the radiation of
one opposite system forms the potential energy in
the other opposite, and vice versa. Hence, there are
no conditions for changing the parameters and ob-
taining conditions for the electron to fall on the
nucleus due to a closed exchange between oppo-
sites. Thus, the paradox of the electron falling on
the nucleus due to radiation is solved on the basis
of a closed interaction of opposites. Actually,
physicists intuitively came to a closed system
based on the use of an electromagnetic vacuum
with equal absorption and the radiation of energy
based on the Einstein coefficients and the involve-
ment of the Planck formula, but the mechanism of
replenishment at the same time had no justifica-
tion, since it was associated with probabilities.
Hence the erroneous conclusions went further, so
it should be noted that the inflationary theory
adopted in current physics is based precisely on
the fact that electromagnetic radiation seems to be
lost in infinity, and therefore, according to the as-
sumption of physicists, all this should end in com-
plete decay with transformation into zero. It is
clear that this approach also contradicts the pres-
ence of such a constant as Planck's constant in the
view of the minimum magnitude of the universe,
taking into account the constant thin structure
and the speed of light. This approach was the fact
that the classical Maxwell equations did not obey
the Lorentz-Minkowski transformations, which
means they could not give a closed exchange be-
tween opposites, but our theory corrected this er-
ror.

It should be noted that radiation in discrete or-
bits is equal to absorption as a result of thermody-
namic equilibrium and this radiation is called relict
radiation, although, in fact, it has nothing to do
with the Big Bang. Therefore, the observed radia-
tion spectrum is determined precisely due to the
transition of electrons from orbit to another orbit,
since in this case it is possible to obtain an excess

over the level of the noise associated with thermo-
dynamic equilibrium. It is this linear form of the
spectrum components that is observed in experi-
ments. Thus, we have obtained result of the re-
plenishment of the orbital velocity of motion in
the presence of radiation, and it occurs due to the
Lorentz force, which the Bohr did not take into ac-
count, since he did not understand the role of such
constants of the universe as electric and magnetic
permeability, which are constants precisely due to
the dynamics of the interaction of opposites
through radiation and absorption. However, the
Bohr undoubtedly took a step forward in describ-
ing orbital motion, as he presented kinetic energy
through potential energy, which made it possible
to calculate the radii of orbits and the energy of
transition from one state to another state. Now we
have to clarify the equation of equality of forces (8)
based on the equations of electrodynamics with
the exception of paradoxes. Indeed, the formula
(8) does not reflect real elementary objects, and
any change in the state of an object, which is inter-
preted as the action of forces, is associated either
with the absorption or radiation of elementary
small objects.

2. The connection of forces of influence on
electron with the equations of electronic and
muonic neutrinos (antineutrinos).

Since the forces of action on a corpuscular par-
ticle are determined by a change in its state, and
this is due to the radiation and absorption of ele-
mentary objects of the universe, then it is not pos-
sible to determine the presence of an impact in any
other way, as there will be no changes in the ob-
ject. Hence, the impact of forces must always be
expressed through real elementary objects
through absorption and radiation.

Previously, we received a mathematical de-
scription of these elementary objects based on the
well-known practical Faraday's law (the Bio-Sa-
vard law is an analogue from the system of oppo-
site), and it is impossible to imagine any object of
the universe outside the interaction of these sim-
plest objects due to the fact that otherwise there
will be a break (gap) from simple to the complex
representation. Accordingly, we have also shown
how the interaction of these simplest objects,
which are called electronic and muonic neutrinos
(antineutrinos) gives electromagnetic waves [4]
and corpuscular particles. At the same time, we
have shown that the corpuscular motion of parti-
cles is determined by a system of Dirac equations
through electronic and muonic neutrinos and an-
tineutrinos [1]. In this case, the direction of motion
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of the particle is determined by the magnitudes in
the arguments of functions of these electronic and
muonic neutrinos and antineutrinos. Accordingly,
the vector of velocity will be determined by the
composition of absorbed and of emitted electronic
and muonic neutrinos and antineutrinos. It is clear
that the impacted forces should be determined
precisely by the composition of these electronic
and muonic neutrinos and antineutrinos, which
means that it is necessary to show how the im-
pacted forces are related to the components of
electronic and muonic neutrinos and antineutri-
nos. In addition, it must be shown that the physics
of interaction itself is associated with changes in
opposites on the base of SRT and Einstein's GRT,
which determine the closed system of exchange
and the presence of laws themselves.

Indeed, the improved differential equation of
Maxwell in projections of coordinates and time has
the view [4]:

—0B,/0t + icOB,/0z = OE,,/0x — JE,/dy; (10)

Here i=(-1)? - imaginary unit. Next, the left
part of the equation is being represented as a de-
pendence on the differential of one variable, tak-
ing into account that the magnitude of the differ-
ential 9z in accordance with [5] can be displayed as
0z = icat. In fact, the law of connection of oppo-
sites was intuitively introduced into quantum me-
chanics in the form |1| = [i| that excludes the ap-
pearance of an arithmetic zero in the Universe, i.e.
we have excluding of zeroing of quantities due to
the fact that a change in one quantity means an
automatic transition to the system of opposite
with the assignment of an attribute of belonging
(i), and a change in summation to subtraction
through the factor of action from laws, without
which equality in quantity cannot be obtained.

At the same time, it should be noted that in
physics, unlike mathematics, there is no such op-
eration as squaring, since changes are always asso-
ciated with a transition to the opposite. If there
were such a transition, it would be impossible to
observe it, because there are no changes in the op-
posites. And in each of the opposites there is the
presence of the same finite quantity, which is as-
sociated with the presence of such constants as
Planck's constant and the speed of light. Other-
wise, it would be necessary to assume the exist-
ence of a miracle with the appearance of objects
from nothing and the disappearance of objects into
zero with the absence of the need for the laws of
physics with preserving of quantity. Hence, as an
attribute of belonging to opposites, the unit will
turn into an imaginary unit, and the imaginary

unit will turn into a minus unit, characterizing the
reaction to the action. In other words, this means
that integration and differentiation characterize
the transition to the system of opposite with mul-
tiplication by an imaginary unit. That is, when
considering the interaction between opposites in
mathematics, when integrating and differentiat-
ing, it is necessary to introduce multiplication or
dividing by an imaginary unit (otherwise you will
not get a change in laws). Recall that the attribute
of the imaginary unit was introduced because the
transition must counteract the primary change
(the law of action and counteraction), otherwise
there would be a miracle of increasing to infinity.
The speed of light (changes) also determines the
difference of opposites, in the sense that for the
connection of opposites there must be a mutual
transition (otherwise complete independence and
existence of opposites for each other is absent),
and a change in one magnitude in a closed system
gives the opposite magnitude, since there is no
other representation. Hence the meaning of equal-
ity dz =icdt is that opposites are connected
through the speed of light (the velocity of ex-
change) and counteract each other. The signifi-
cance of the projection on magnitude of time — B;
refers to the system of opposite. Therefore, the
significance of z must be brought to the opposite,
i.e. expressed in terms of a time equivalent and we
obtain an equation of the form:
—0B, /0t + 0B, /0t = OE, /dx — OE, /dy. (11)
Differentials in practice can be replaced by in-
crements 4, as there are no infinitesimal quanti-
ties in the Universe (this contradicts Planck’s con-
stant), then we rewrite:
—AB,/At + AB, /At = AE, /Ax — AE,/Ay. (12)
Next, according to the rules of mathematics, we
multiply the members of the equation by 4x, and
we get:
—AB,Ax/At + AB,Ax/At = AE, — AE,Ax/Ay. (13)
First, let's consider the variant of implementa-
tion of the actions at the propagation of an elec-
tronic or muonic neutrino (antineutrino) without
changing the environment on the base of SRT of
Einstein in our observation system. In this case,
the simplest object has propagation at the speed of
light and all coordinates in environment are re-
lated to time in the similar way, that is, Ax/At = c
and Ax/Ay = 1. Then, in the case of an isotropic
space, we will have the equation:
—AB,c+ cAB, = AE, — AE,. (14)
This equation determines the equality of the
strengths during the propagation of an electronic
or muonic neutrino (antineutrino) at the speed of
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light. Next, we will write down the significance of
magnetic induction, taking into account the fact
that the magnetic permeability constant is deter-
mined by the motion in the contrast system:
—todH, c + pocdH, = AE, — AE,,
—1/(cw)AH,c + 1/(cu)cAH, = AE,, — AE,,
—1/udH, + 1/udH, = AE, — AE,,
—c/uE, + c/udE, = AE, — AE,.

Further, we take into account that the equality
of members in a closed cycle determines the prop-
agation of electronic and muonic neutrinos (anti-
neutrinos) without external interference, and
hence, taking into account the closed system and
for u = (c2-v,,2)"2, we have:

/(2 = vy, )2(=E, + 4E,) = AE, — AE,,
—1/(1 = vy, [cHY?E, = —AE,, (16)
1/(1 - vnpz/cz)l/zAEt = AE,.

In fact, we get that the last two equations are
defined as fulfilling the Einstein's SRT condition in
the system of opposite for space and time in ac-
cordance with formulas:

[ =1,(1—v?%/c?)/?,
T=1,/(1—v?/c?)V2

Actually, this means that the result of the ap-
pearance of electronic and muonic neutrinos (an-
tineutrinos) in our observation system is the pres-
ence of corpuscular motion with a space-time cur-
vature in contrast system in accordance with Ein-
stein's SRT. If we take into account the closure on
the system of opposite, then we can get, for exam-
ple:

(15)

amn

CAE, = AE, (2 — v, "),
C?AE?, = AE?,(c* — vy,?),
C?AE? [(AE?) + vy,% = 2,
V% +v,% = ¢
C?AE?,/(AE?,) + vyy? = 2,
AE? JAE? ), = u? /%

The fourth formula in (18) characterizes the
movement of the response in our system (due to
the  heterogeneity @ of the intensities
v,* = c*4E? /AE?}), to the movement in the sys-
tem of opposite according to the equation of a cir-
cle - a closed system. Consequently, the result of
the presence of the magnitude - v,, is the appear-
ance in contrast system of inhomogeneity (discon-
tinuities) in the intensity of fields over the coordi-
nates, which in this case characterize the space-
time curvature. Indeed, when v,, =0, we have
AE, = AE,, AE, = AE,,. Actually, if vs, is not zero,
then this gives rise to electronic and muonic neu-
trinos (antineutrinos), which connect these gaps.
Now let's complicate the task and consider the var-
iant when there are objects in our system that

(18)

obeys Einstein's SRT with motion. At the same
time, we assume that Ax/At = v,, and Ax/Ay =1
(there is no motion between x and y), then in the
case of charge of particle with g =e = *1 (there
simply cannot be any other meaning for the sim-
plest objects, since the Einstein energy equation
will not be fulfilled), we will have the Lorentz total
force equation:

—qAB,v, + qu,AB; = qAE,, — qAE,,
—qAE, + qu 4B, = —qAE, + qu,AB,, (19)
Foeynyy = Feaopye = Foymyx = Fiaopyz-

It should be noted that the transition from Cou-
lomb and Lorentz forces to electromagnetic com-
ponents (we did this in reverse order) was also
made in electrodynamics when trying to describe
the pressure of light, and it will be shown further.

However, in this case, the form without projec-
tion on significance of time was taken into ac-
count, that is, the error of describing electromag-
netic fields according to the Faraday's equation
was preserved, with the corresponding paradox of
the absence of subordination to Lorentz-Minkow-
ski transformations with the presence of projec-
tion on significance of time and violation of the
law of conservation of quantity in the form
Faymy = Fixynyx — Fnop)z- As aresult, we have an in-
equality of forces in opposites, which correspond
to the lack of compensation. Further, we note that
in our theory, the counteraction to the magnitude
of the change in motion along the x coordinate,
under the action of a force in one opposite q4E,, ,
turns out to be a magnitude qv, 4B, that is, the
counteraction is determined through an orthogo-
nal component onto significance of time from the
other opposite, taking into account speed v,. Ac-
cordingly, the occurrence of force g4E,, in turn, is
compensated by the presence of force from magni-
tude —q4B,v,, and this ensures compliance with
the law of conservation of quantity. Therefore, the
intensity of electromagnetic fields characterizes
all possible force actions due to the fact that the
exchange takes place through them, and this, by
the way, is what Feynman tried to display through
Lorentz transformations of electro-magnetic fields
[6]. However, he did not take into account the pres-
ence of a common space-time and electromagnetic
continuum, which is obtained by taking into ac-
count the projection of electric and magnetic fields
onto significance of time. Thus, we get that every
force action occurs on the basis of the simplest ob-
jects of the universe, which are electronic and
muonic neutrinos (antineutrinos). At the same
time, in the form of the record (19), we consider
the values of the electric and magnetic field
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strengths in the form of a force action on the coor-
dinates of four dimensions on an object in the form
of a particle with a charge g =+ 1 moving at a speed
v,. In other words, we consider the action of an
electronic or muonic neutrino (antineutrino) on an
object that has motion (change), with velocity v, .
Next, we will write the equation (19) taking into
account the movement in the opposite direction:

_qﬂOC(AEzvx - vaEt) = qAEy — q4E,,

—v, /u(4E, — AE,) = AE, — AE,, (20)

(—v,/wAE, = AE,, (v, /WAE, = —AE,..

It is clear that using the third equality in the
equations (20), we focused on the physics of the
formation of the Lorentz force for a moving ele-
mentary particle. The fourth equality in the equa-
tions (20) is obtained by the principle of the pres-
ence of the remainder. Actually, according to our
theory, the fourth equation should also character-
ize the motion of a particle with subordination to
the Lorentz force, but in contrast system, with the
compensation of the Coulomb force along the x
axis in our observation system, since the projec-
tion onto significance of time in one opposite
turns into a projection along the length in the
other opposite and the movement along the x co-
ordinate becomes a movement along the y coordi-
nate. Further, on the base of the magnitude
u =(c2-vy,pyH? with squaring of the members of the
equation, we have:

v 2AE, 2 JAE,? + v,,? = 2,

U 2AE,? JAE,” + vy,% = ¢?,
V22 AE, 2 J(AE, 2 c?) + vy % = 2, (21)
v, 202 /e + vy, =

v, 2 /u? = AE,*/AE”.

Accordingly, it can be represented
1,212 /c? = v,2, then the values v, and v, are in-
versely related. Thus, unlike formula (18), in the
interaction of electronic and muonic neutrinos
(antineutrinos) with space-time curvature, which
has the appearance from changes associated with
the velocity vy in our observation system, we get a
change in the intensity of electromagnetic fields at
the same time from the velocity v, and velocity u in
contrast to the absolute system moving at the
speed of light. And this means, under the condi-
tion of the closure of the universe into two global
opposites according to the equation of the circle,
there is a change in the dynamics of the compo-
nents in the interacting objects, and this is re-
flected both in the energy characteristics of these
objects and in the direction of movement. In addi-
tion, given the fact that the universe, in accord-
ance with the division into two global opposites
and with the presence of a dependent and

independent part of each opposite, has 4 coordi-
nates in space and time, the field strengths can be
interpreted in the view of the velocity of change in
the corresponding observation system, and of
these systems of observation are also four. This is
also due to the fact that otherwise it would mean
independence from space and time. The last for-
mula in (21) can also be represented as a relation
of length and time according to Einstein's SRT in
the private case, at considering closed processes
(invariance) from two observation systems (from
mobile and motionless), then in cause v,,=vy and at
the analogic dimension in projections AE; =t,
AE, = x/c, we have:

v AE;/u = AE,,

vaEt/[C(l - van/CZ)l/Z] = AEx'

F.=x=wv.t/(1-v2/c?)?

= F/(1 —v2 /)2,

In fact, we have result that with an observation
system from a motionless absolute system with the
movement of an object and with the subordination
of the Einstein SRT, in system of opposite, this will
be expressed in a change in dimension in magni-
tude x, and changing of magnitude of x can be
characterized in the appearance of the Coulomb’s
force E, due to inhomogeneity in accordance with
the GRT of Einstein.

At the same time, the Lorentz force F, can be
interpreted as an analogue of the magnitude vit,
Indeed, according to the formula (22) in the right
side from the sign of equality, we have a closed
continuity equation —dB,/dt + dB,/0t and the
corresponding time magnitude t in the opposite
observation system turns into the significance of
magnetic induction B.. In fact, such a connection
between the Coulomb force and the Lorentz force
with the fulfillment of Einstein's SRT was previ-
ously obtained by the scientists before us when de-
scribing  the  electromagnetic  continuum
F. =F,/\1—v?%/c2

In essence, this means fulfillment of the law of
conservation of quantity, and in the variant of con-
sidering processes based on the interaction of two
global opposites, and in the variant of considering
the interaction within one global opposite for an
object, when kinetic energy is converted into po-
tential energy of space-time curvature. The only
difference is that at taking into account the inter-
action of two global opposites, we took the kinetic
energy for the space-time curvature of not one ob-
ject but the kinetic energy of interaction from all
objects, and it gives the constants of electric and
magnetic permeability in contrast system of obser-
vation. Actually, if the general space-time

(22)
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curvature were not taken into account, then we
would have a complete closure of the object in the
interaction of opposites, and then such an object
would be impossible to detect.

The presence of the Lorentz’s force is deter-
mined by the fact that the reaction is not con-
nected with the zeroing of the force of action
through the force of reaction, as is customary ac-
cording to Newton's third law, but with the transi-
tion from rectilinear motion to closed movement
around the circle, which excludes the disappear-
ance of objects from the universe. It is clear that at
a certain magnitude, equality of forces will occur,
and we will get an orbital closed motion. In this
case, the radius of the orbit will be determined by
the constants of electric and magnetic permeabil-
ity. That's why we determined the radius of the
Bohr orbits taking into account the constants of
electric and magnetic permeability according to
formula [7]:

1o =ty = 1/(1 — vpp?/c?)/? = 49651 /¢, =
= 4,965cr/u, = 4,965cr(1y/€y) /> (23)
= 4,965 - 120mcr.
and this was not taken into account by the Bohr
according to formula:
7, = q?/(myc?) = 2,8-107°m (24)

Thus, all processes in the universe are de-
scribed on the basis of quantitative representation
and changes in these quantitative significances in
the system of two global opposites.

Hence we have the conclusion that all forces
acting on the objects of the universe, including the
Lorentz’s force, are directly related to the fulfill-
ment of the condition of the closure of the uni-
verse into two global opposites in accordance with
the changes in these opposites expressed in terms
of the velocity of change, and it is also reflected in
SRT and GRT of Einstein. At the same time, we see
that the space-time curvature in both opposites af-
fects the magnitudes of the electromagnetic com-
ponents, and it leads to a change in the direction
of movement and such approach provides the
closed solutions of the presence of corpuscular
particles. In other words, there is a reason for
closed process and for the transition from moving
at the speed of light to moving at speeds much less
than the speed of light. In addition, it should be
noted that the presence of any forces is associated
with changes (movement) in opposites, that is, the
Coulomb’s force, which is recognized as static, is
actually associated with changes (movement) in
the opposites through the emitted and absorption
energy of elementary particles.

Accordingly, it is necessary to understand:

"Why physicists could not to make this conclusion
before us?" To this purpose, we will consider the
role of the Lorentz’s force in the formation of the
idea of the existence of a common electromagnetic
continuum, and what paradoxes arose among sci-
entists due to the refusal to consider processes in
two global opposites.

3. The connection of forces of Coulomb and
Lorentz at the description of the electromag-
netic continuum.

The first attempts to establish the connection
of electromagnetic forces with space-time curva-
ture (although without the principle of converting
one significance into another significance, and
vice versa), were made on the basis of proving of
common electromagnetic continuum and space-
time continuum by converting the Lorentz’s force
into the Coulomb’s force on the base of the Lorentz
equations in accordance with Einstein's SRT. At
the same time, the presence of an electromagnetic
continuum is based on the transformation of elec-
tric forces into magnetic ones due to the speed of
motion with the subordination of the Einstein
SRT. In other words, the independence of electro-
magnetic forces from the system of coordinates is
virtually excluded. Hence, R. Feynman writes [8]:
"Magnetism and electricity are not independent
things, they should always be taken together as
one complete electromagnetic field. Although in
the static case Maxwell's equations are divided in
the view of two separate pairs: one pair for elec-
tricity and other pair for magnetism, with no ap-
parent connection between both fields, neverthe-
less, in nature itself there is a very deep relation-
ship between them arising from the principle of
relativity." Consequently, R. Feynman was faced
with the task of showing how the Coulomb’s force

F. =qE (25)

is related to the Lorentz force, taking into ac-

count SRT of Einstein. More precisely, with the

part of force that interprets the dependence on
magnetic forces:

Fio = q[voB]. (26)

Here q is the charge, v, is the velocity vector of
the charged particle, E and B are, respectively, the
vectors of the electric field and magnetic field of
induction. The complexity of the problem is that in
the presence of an electric and magnetic field, the
force acting on a moving of charged particle is
equal to the sum [9]:

Fy = F .+ F,g = qE + q[v,B]. 27

In other words, in this case, the moving particle
is affected by two forces. At the same time, physi-
cists believe that since the magnetic force is always
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directed perpendicular to the velocity of the
charged particle, then this force does not work on

the particle with energy consumption. However,
this is not the case, as we can be seen from figure 1.

A B
®
B ®®
® ®
® , ®B‘
®
®®B B®®
®|® ®
B ® ®B

Fig. 1. Motion of a charged particle along a circle under the influence of a magnetic field

Indeed, if an initially charged particle (‘elec-
tron) has a velocity v,, then, in the presence of an
opposite charged particle (proton) in the center
and with a magnetic field, electron moves along a
circle. However, if the particle did not lose kinetic
energy in the direction of motion, then in this case
the movement would be in a spiral with going to
infinity. Accordingly, the kinetic energy would
reach more and more magnitude. Therefore, dur-
ing orbital motion, there is a loss of energy in the
rectilinear direction, and energy is added in the
perpendicular direction. And the change of energy
in the direction does not occur without doing work.
By the way, this would exclude the representation
of the Lorentz force as an opposing force relative
to the Coulomb force.

In fact, the exclusion of performing of work in
closed motion is equivalent to violating the law of
thermodynamics with the Carnot cycle and means
the presence of a perpetual motion machine. We
note that unlike Newton's formula according to his
third law (regarding the force of action and reac-
tion as a factor of zeroing forces), we cannot have
zeroing, since this means turning into zero (in this
case, the opposites would simply disappear). It is
clear that in a circular motion, the loss of energy in
the previous direction of motion will be accompa-
nied by the emission of this energy (there is no
other way to lose kinetic energy even in the same
vacuum). In other words, the accelerated motion
of a particle along a circle is inevitably

accompanied by radiation, but since the direction
of motion changes to orthogonal, we get an in-
crease in kinetic energy in a new direction under
the influence of a magnetic field. Due to the fact
that the total energy of the particle has not
changed, but the direction has changed, physicists
have made the wrong conclusion about the absent
of work on the particle, although it is possible to
change the direction only by decreasing one mag-
nitude and adding another magnitude, and this is
radiation and absorption.

In fact, this means the solving of the paradox
associated with the loss by electron of radiated en-
ergy when electron has rotating around a proton.
We have replenishment through a magnetic field.

It becomes clear that in this case, due to the
loss of energy, the magnetic field, which is charac-
terized by the magnitude of magnetic induction B,
would have to weaken, in the absence of ways to
replenish this energy. How the energy of the mag-
netic field is replenished, we have shown above
and this is due to the presence of motion in system
of opposite with similar radiation. And now, let's
consider the method of the relationship between
the Coulomb’s force and the Lorentz’s force, which
was proposed by physicists on the basis of two sim-
ilar (positive) charges q; and g, with motion along
parallel lines with the same velocity v, at
q: = qz2 = q (fig. 2). In this case, at vo<<c, the electric
field practically does not differ from the field of
motionless charges in the observation system R.
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Fig. 2. A variant of the interaction of two moving charges of the similar name

Here we do not consider the option of how we
get the movement of charged particles with speed
v,. At the same time, in a motionless system R, the
magnitude of the external magnetic field can also
be expressed in significances of the velocity of the
charged particle, and then the magnetic field can
be represented as:

B = poqlvor]/(4nr®) = poque/(4nr?).  (28)

If we return to fig. 1 (when the charged particle
has moving in a magnetic field along a circle), then
considering the fact that the magnitude of charged
particle is a constant significance (according to
Dirac's theory, q = * 1, because there is no energy
in Einstein's energy formula for an electric charge),
and with a constant magnitude of vy = const and r=
const, the replenishment of the magnetic field en-
ergy can occur only through the magnitude u,. As
this result turns out, we have shown above in sec-
tion 1. Accordingly, proceeding from the formula
(28), Lorentz's force will be in the form of signifi-
cance:

Fio = q[voB] = poq®vo?/(4mr?). (29)

Force of Coulomb looks like:

F. = qE = q*/(4mgor?). (30)

Accordingly a parity of force of Lorentz to force
of Coulomb we shall reflect in the form of:

Fio/Fc = q[voB]/(qE) = vo?/c?. (31)

In fact, we have obtained a ratio of forces simi-
lar to the last formula in (18), with vo=u.

That is, such a difference between the force of
Lorentz and force of Coulomb in the R system is
equivalent to the formation in contrast system, on
the basis of discontinuities in space and time due
to the motion with vy, of electronic and muonic

neutrinos (antineutrinos) propagating at the speed
of light to connect the discontinuities, and in
which the values of these forces are expressed in
terms of the energy of magnetic and electric com-
ponents in the form of field strengths. Thus, any
corpuscular motion (and this is always a change of
condition) in one system has forming a wave mo-
tion in the other opposite system in equivalent
quantitative ratios. On the base of formulas (29)
and (30), we have no idea how the electric static
Coulomb’s force is obtained, and the Lorentz’s
force is practically expressed through the Cou-
lomb’s force at replacement u, = 1/(c?g,) and will
be determined in the R system only if there is a
movement of charged particles with a velocity of
vo. In fact, the magnetic force associated with mag-
netic induction here is expressed in terms of elec-
tric static force, and is added only because of
movement. The counteraction according to fig. 2.
is reflected through the opposite direction of
forces. Only thanks to our theory with the presence
of opposites that are connected through the speed
of light, the static conditions in one opposite, with
the corresponding space-time curvature, is being
considered as movement in the other opposite,
and then the static Coulomb’s force is the result of
changes in the system of opposite and this, by the
way, ensures the equivalence of electric and mag-
netic forces. Hence, the Lorentz’s force, taking
into account the formula (18), is the Coulomb’s
force, but in the opposite. Physicists obtained the
ratio (31) under the assumption that v, <<c, how-
ever, this ratio turns out to be valid for any vy, if we
consider the free movement of charged particles
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without taking into account the changes intro-
duced by the interaction. But in this case, the pres-
ence of the Lorentz’s force is not invariant, be-
cause there is a system of observation (for

R*

example, in the system of observation of moving
charged particle R*) with respect to which the Lo-
rentz’s force and the magnetic field are zero

(fig. 3).

FHl

FH2

Fig. 3. Interaction in the system of coordinates of moving charged particles

From the formula (31) it can be seen that the
ratio of the Lorentz and Coulomb forces is deter-
mined only by the magnitude of the velocity of mo-
tion. But the mistake here is that both the mag-
netic induction and the Lorentz’s force were calcu-
lated on the base of the same law related to the
speed of motion. In this case, we have a paradox
which is being associated with the fact that in the
system R there is a counteraction to the Coulomb’s
force due to the Lorentz’s force, but in the system
R*, there are no such counteraction forces. Such a
difference of forces, respectively, means the de-
pendence of the laws of interaction from the sys-
tem of coordinates, which excludes the closed in-
variance system in any system in accordance of
Einstein's SRT.

The reality is that electric and magnetic forces,
as opposites, are connected through the speed of
light H = cE, that is, in the formula (31) — there are
no opposites. Therefore, if v, = ¢, and this is true
for the electromagnetic wave variant, and here the
electric and magnetic forces reflect opposites, the
Lorentz’s force (magnetic force) is equal to the
Coulomb’s force (electric force), and then there are
no contradictions associated with invariance due
to v,, since the speed of light in any coordinate
system is equal to the speed of light. It is clear that
the interpretation of the force effect of the Lo-
rentz’s force from the speed of motion in the view

of a derivative of the Coulomb’s force means a vi-
olation of the laws of physics, since we have differ-
ent movement of the object under the influence of
forces, depending on the chosen system of coordi-
nates. Therefore, in order to eliminate the para-
dox, the scientists concluded that, depending on
the system of observation and the speed of move-
ment, magnetic forces are converted into electrical
forces, and, conversely, by analogy, communica-
tions in SRT of Einstein. As it was shown above in
section 2, the magnetic and electric forces do have
a mutual transformation from the speed of motion,
by analogy with length and time, but this is related
to the speed of motion in contrast system, and this
velocity is being expressed in terms of constants of
electric and magnetic permeability in our system
of observation, taking into account the presence of
an absolute system of coordinates associated with
the speed of light. However, we are now consider-
ing the logic of obtaining an electromagnetic con-
tinuum on the base of the conclusions shown by
physicists in order to determine their misconcep-
tions. Therefore, we note that for the considered
variant in fig. 2, in order to obtain compensation
for the effect of the force of Lorentz through elec-
trical forces, it is necessary that the electric forces
in the R* system have a smaller magnitude than in
the R system. In principle, this means that since
the total significance of charged particles
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characterizing the electric field is a constant mag-
nitude for any particle and according to Dirac the-
ory
q = *1, then the density of electric force lines
should change in accordance with SRT and GRT of
Einstein. In this case, when moving in the system
R, the electric field will has concentration in or-
thogonal plan with perpendicular to the motion of
the particle and this concentration compensates at
the change in the magnetic field with the Lorentz’s
force based on the inversely proportional relation-
ship of opposites.

Actually, since such a change corresponds to a

— Va

change in the space-time curvature, and the char-
acters of the field strengths are the constants of
electric and magnetic permeability, it only remains
to assume that the constants of electric and mag-
netic permeability characterize the space-time
curvature in accordance with SRT and GRT of Ein-
stein. Indeed, a change in the direction of motion
of an electromagnetic wave depending on the
space-time curvature has been detected in practice
and justifies a change in the electric field strength
in the direction of movement of an object with a
concentration in a orthogonal plan with perpen-
dicular to the direction of movement (fig. 4).

A
A
E
+ '; .................... ’

Fig. 4. Change in the density of electric lines of force depending
on the speed of movement along the Einstein's SRT

And this is possible only in one case, if there
must be an interaction between the space-time
curvature and the electrical components, and this
interaction is carried out through exchange with
mutual transformation. Otherwise, we have com-
plete independence, and then it would be impossi-
ble to detect electric forces in space and time.

Considering that SRT and GRT of Einstein re-
flect a common space-time continuum (this is rep-
resented through the Lorentz-Minkowski transfor-
mations), it follows that electric forces must have,
in addition to projections along coordinates, also a
projection along time, because only in this case
they will obey the Lorentz-Minkowski transfor-
mations. If we take into account that the electric
field strength is uniquely related to the magnetic
field strength in accordance with the formula
H = cE, then the magnetic component should have
the same projection along a time. Since, earlier
there was no projection of electromagnetic

components along time in the classical Maxwell
equations, Feynman used vector potentials to
prove the subordination of electromagnetic com-
ponents to Lorentz's transformations. In other
words, to solve the problem of the relationship be-
tween electromagnetic and gravitational forces,
scientists were forced to use the so-called auxiliary
functions, which they called vector potentials, in
which the much-needed projection of the compo-
nents along time began to be present. From vector
potentials, they carried out an unambiguous tran-
sition to electromagnetic quantities. But this actu-
ally meant that the electromagnetic components
also then had to have a projection along time due
to an unambiguous connection. However, physi-
cists could not abandon the classical form of Max-
well's equations, although the unambiguous con-
nection of these auxiliary functions and electro-
magnetic components left no other option, and it
we showed in [4]. Practically, the use of vector
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potentials means the introduction of another op-
posite system of observation from the opposite,
taking into account that summation in one system
is subtraction in the other system of opposite.

It should be noted, the R. Feynman could not
refuse from the classical Maxwell equations, he
was only in step from creation of the improved
Maxwell equations, because introduced projection
along time for vector potentials. In accordance
with this error, he remarks [10]: "You may think
that each vector has something that gives the com-
plements to dimension for 4 vectors in coordi-
nates, so that, for example, a certain magnitude
can be associated with vector E, which will make
this significance in the view 4 vector along length
and time. The same applies to B. Alas, this is not
the case. Everything turns out to be completely
otherwise from what one would expect”.

He did not understand that the absence of a

projection along time means that there is only Eu-
clidean geometry with the independence of or-
thogonal components, and then the interaction of
electric and magnetic components according to
Faraday's law is in principle impossible. However,
at the same time, he tried to connect the electric
and magnetic components through Lorentz’s
transformations (and this negates the geometry of
Euclid) based on vector potentials.

But, here, Feynman did not do without fitting
to the result, and for this purpose, as it were, sim-
plified the calculations by taking the significance
of the speed of light ¢ = 1. To understand what the
fitting to the result is, let's consider this proof, but
we take into account the real magnitude in the
speed of light, which is not equal to one. For
¢ = A,, Feynman used the notation of equations in
private differential derivatives in the form:

F, = —-B, = 0A,/dy — 0A,/0x,F,, = —B, = 0A,/0z — 04,/ dy;

F, = —B, = 9A,/dx — 0A,/02,F,, = E, = 0A, /0t + 0A,/dx; (32)
F,. =E, = 0A,/0t + dA,/dy,F,, = E, = 0A,/dt + 04,/

It is taken into account here that in the four-
dimensional representation of gradients, the de-
rivative along time t goes with a opposite sign with
the derivatives in x, y and z. In this case,
E, =—F, , and F,, = 0. Having received a record
of the components in the specified form, Feynman
tries to associate these components with Lorentz’s

transformations. For this purpose, he is consider-
ing some quadratic form:
Gu =R,S, —R,S,. (33)
In this case, the components R, and S, have the
form obeying the Lorentz’s transformations:

Ry = (Ryo — V3 /CPRy) /N1 =12 /% R, =

= (Rxo - vatO)/ 1- vxZ/CZ; Ry =R

yO; Rz = RZO;

(34)

Se = (Sto — Vx/CPSx0) /N1 — v, 2/c%; S, =

= (Sxo - vxStO)/ 1- vxZ/CZ; Sy =

Sy0; Sz = Sy

Let's transform the components of G, ; we start with G, :

Gtx = Rth - RxSt = [(Rto - x/cszO)/V 1- vxZ/CZ]

[(Sxo - vxStO)/V 1- vxZ/CZ] -
_[(Rxo - vatO)/V 1- vxZ/CZ]
[(Sto - x/CZSxO)/V 1- vxZ/CZ] =

= (RtoSxo = Vx/C*RySxo — ReoVSto +

+,%/¢?RyoSe0 —

—Ry0Sto + VxRioSto + RyoVs/C*Sxo

_vxz/cthOSxO)/V 1- vxZ/CZ =

= [ReoSx0 — Vx*/C?*RoSxo —

(35)

—(RyoSt0 — Vx*/C*RioSe0)]/ (1 — v, % /c?) =
= (ReoSxo — RxoSeo) (1 — v,2/c?) /(1 — v, /c?) = Gyoxo-
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In other words, we have obtained an invariant relation that does not depend on the system of observation.

Let's take another component:

Gy = RS, —R,S; =
_Ryo[(StO -
= (RtOSyO - Vx/CZRxoSyo
+Ry0vx/czsx0)/\/ 1- vxZ/CZ =
= [(RtOSyO - RyOStO) -
_RyOSxO)]/V 1- vxZ/CZ =

= (Groxo —
Similarly, we find:

The next step is to replace magnitude of G, by
magnitude F,,. But here it is implied that the com-
ponents R, and S, should be replaced by incre-
ments of components of the form dy, dt and 9A4,,
0A,. However, if the component dy, dt are analo-
gous to the components R, S, and are character-
ized through space-time curvature with subordi-
nation to Lorentz’s transformations, then the
components dA,0A,, characterize the opposites in
the form of an electromagnetic field, which we
have shown in [4], through the transition of vector
potentials to the improved Maxwell equations. In

[(Rto - x/CZRxO)/V 1- ‘sz/Cz]Syo -
‘Ux/CZSxO)/V 1- vxZ/CZ] =

— RyoSto +

(36)

‘Ux/Cz (RxOSyO

vx/CZGxOyO)/V 1- vxZ/CZ_

Gtz = RtSZ - RZSt = (GtOZO - vx/CZGxOZO)/V 1- vxZ/CZ_ (37)
other words, the practically indicated replacement

of G, by F,,, means the representation of compo-
nents of the form dA, , 4, in the form of objects
of space-time curvature with subordination to Lo-
rentz’s transformations.

Thus, Feynman makes an unsubstantiated re-
placement of the components of F,,, by the real sig-
nificances of the electromagnetic field, taking into
account F,,, = —F,,, F,, = 0, and this leads to the
paradoxes shown somewhat below. Next a table of
transformation is compiled for all members with
the same formal unsubstantiated substitution:

Fiy = Fioxos Fty [FtOyO (vx/cz)FxOyO /N1 —=v,2/c%
= [Frozo — W/ Frozl /1 — vy /c% (38)
ny - [ x0y0 (vx/cz)FtOyO /V 1-v 2/62
F FyOZO' 7x = [ z0x0 (vx/cz)FZOtO /V 1-v 2/62
As aresultitis received:
Ey = [EyO - (vx/cz)BZO]/V 1- vxZ/CZ;
Z = [EZO + (vx/cz)ByO]/V 1- vxZ/CZ; (39)
Z [ (vx/cz)EyO]/V 1- vxZ/CZ;
B, [B + (U, [C®)E,] /1 — v, 2 /2.

Here you can immediately see the duality of the
representation of electromagnetic components as
elements of length and time. Indeed, the transfor-
mations of components E and B have a symmet-
rical form (this, by the way, will be used later in
classical electrodynamics to obtain a curvature of
the electric field strength depending on the veloc-
ity), but, as is known B = u,H = pu,cE. In this case,
it is necessary to assume that u, = 1/c. Hence, we
actually have two observation systems relative to
E and B. Moreover, the difference is only in the rel-
ativity of the observation system, that is, in the ob-
servation system E, the object has moving in one
direction, but for the observation system B the

object has moving in the opposite direction. At the
same time, taking into account significance
Uo = 1/c, other differences are absent. In other
words, we get completely independent opposite
surveillance systems without communication with
each other, that is, these are systems closed into
themselves. If we make the transition to the gen-
eral observation system with the introduction of a
new variable (this approach is often used in quan-
tum mechanics) y, = 1/(cu,), then the last equa-
tion of magnetic induction in (39) corresponds to
the correct dimension, but the first equation of
electric induction in (39) has not the correct di-
mension. For the first two equations in (39), taking
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into account the dimension of the "correct” record,
it is necessary to have the form:

Ey = (E}’O - vaZO)/V 1- vxZ/CZ; (40)
Ez = (EZO + vayO)/V 1- vxZ/CZ_

This is exactly what Feynman did by analogy
with the transformations of length and time ac-
cording to the Lorentz formulas:

x*= (X — v t) /1 =12 [c?; yx=y;z %= z;
tx= (t —vex/c?) [/ 1 — v, 2 /c2
That is, he made an adjustment to the result
due to the fact that he took the magnitude c = 1,
and then arbitrarily introduced an asymmetry to
the magnitude in ¢2, as opposed to the resulting
formulas (39). In fact, Feynman, on the basis of the
first two equations in (39) and equations in (40),
presented a new law of coupling of electromagnetic
components not through Maxwell's equations, but
through space-time curvature by Lorentz’s trans-
formations by analogy with length and time. In
other words, he introduced duality and ambiguity.

(41)

Fy = qu = _qvaZO/V 1- vxZ/CZ;
FZ = qEz = qvayO/V 1- vxZ/CZ’

In this case, the electromagnetic components E
and B simply cannot has propagation at the speed
of light and have wave properties, since the equa-
tions for (39) and (40) coincide one into one with
the equations for length and time according to the
Lorentz transformations (41). The difference con-
cerns only the fact that we observe the magnitudes
E and B in result of their interaction in environ-
ment according to the laws of physics, but in our
observation system the parameters of length and
time although have a connection in SRT, but we do
not observe a projection along time in environ-
ment inside of three-dimensional system. Consid-
ered the paradoxes given above, one could refuse
duality in favor of Maxwell's equations, but the
fact is that such transformations have some con-
firmation in the Lorentz force. Indeed, if we pro-
ceed from the initial absence of an electric field in
the form of Eyo and E,, then when multiplying both
parts of equation (40) by the charge g, we have a
representation of the classical Lorentz force:

(42)

FKZ = qEz = qvayO/\/l - vxZ/CZ =

In other words, the derived formulas can be
used, but only without taking into account the in-
teraction of opposites, similar to how Newton's
third law is used. At the same time, the signifi-
cances of the electric field strength and magnetic
induction belong to different systems of coordi-
nates. Accordingly, for magnetic components we
have:

Bz = _‘Ux/czEyo/(1 - vxZ/CZ)l/Z’
By = ‘Ux/CZEZo/(l - vxZ/CZ)l/ZI

However, the question follows: "How to exclude
the initial magnitudes of Ey, E;o and By, By if they
are included in the components taking into ac-
count the Lorentz’s transformations?” It is clear
that if we exclude Ey, E, from (39), then we will
not take into account the transformations by (43),
and if we set the excluding of By, B, then we can
forget about the Lorentz’s force. At the same time,
formulas (42) and (43) contradict even the form of
the classical Maxwell equations and have a "degen-
erate form". We show this on the basis of the tran-
sition to wave equations. Let's write the first equa-
tion in (42) without taking into account the charge
of particle in the form of increments:

AE, = (—v,4B,0) /N1 — v 2 /c? =
= (—A4x/AtAB,y); (44)
AE,/Ax = —AB,/At.
Here, we have Ax/At=v,/\1—v,%/c?. We

(43)

E/N1=v,2/c?.

replace increments of magnitudes through differ-
entials:
OE,/0x = —0B,, /0t (45)
In other words, instead of the equation of sub-
ordination of electromagnetic components to the
Maxwell equation, we get the continuity equation.
At the same time, we have a new law of transfor-
mation of electromagnetic components into each
other, in addition to even the classical Maxwell equa-
tions with presence of ambiguity. Let us apply a sim-
ilar approach with the same reasoning to the mag-
netic component from equation (43):
—c? 0B,/0x = OE,,/0t. (46)
Here, too, the Maxwell equation is being sub-
stituted through the continuity equation. Next, we
differentiate the equation in the system (45) along
x, and the equation (46) along t. What is the differ-
ence here from the derivation of the equation of a
planar electromagnetic wave? In effect that the
left and right sides of equations (45) and (46) will
coincide up to a multiplier ¢* if E, = E,, and
B, = B,,. If we assume this, we get the equation of
a planar electromagnetic wave:
0%E,/0x* — (1/c*)0%E,/0t* = 0 47)
If we proceed from the system of equations (39,
40), such equality E, = E,,, and B, = B, is possible
only if the members with the velocity of motion are
zero. In other words, we have a paradox in which



AKTyaJbHBIe UCCIeJOBaHUS * 2023. N218 (148)

[ dusuxka | 20

the obtained equations (39, 40) contradict the pos-
sibility of forming even a flat electromagnetic
wave due to inequalities E; # E,, and B, # B,,.
Hence, the belonging of components in formulas
(39, 40) to electromagnetic components is already
initially excluded. Thus, we see that due to the
components of length and time, which obey the
Lorentz’s transformations, we can influence the
electromagnetic components, but the form of the
equations obtained in (39, 40), as already noted
above, does not correspond even to the classical
Maxwell equations. This means the ambiguity of
the laws of physics, and it cannot be, since this im-
plies aviolation of the law of conservation of quan-
tity and, thereby, the existence of any laws other
than miracles is generally denied.

However, physicists ignored the paradoxes and
decided to describe the change of the electric field
by Lorentz’s transformations based on the equa-
tions obtained by Feynman (39, 40), but with the
involvement of the CGS calculus system, which ex-
press Maxwell's equations in the form [10]:

rot H =1/cdE/dt;
rotE = —1/coH/0t;

div H=0; div E = 0; (48)
D =¢E;B = uH,
e=1L pu=1

If we take into account that H = cE, then we
have two contradictory equations:
rot E =1/c?0E/dt; rotE = —0E/dt. (49)
In other words, the paradox of the CGS system
is the fact that this measurement system does not
take into account the constants of electric and
magnetic permeability, even for vacuum. Hence, E
and B do not differ from each other, except by
changing the direction of movement, and this was
expressed in the form of equations [11]:
E’|| = E||; E'y =y(E, + [vB]/c);
B = By; B, =y(B, — [vE]/c),
Here the symbols || and L denote, respectively,
the longitudinal and transverse components of the
vectors, y = 1/4/1 — v?/c?. In this case, we obtain
the Coulomb and Lorentz force relationship when
multiplying the electric field strength by the
charge g in the form:
Fo=q(E'L —vEL) =vq[vB]/c = (y/O)F,. (51)
In this case, the Coulomb’s force and Lorentz’s
force have a relativistic addition. Actually, this
form corresponds to the first equation in (18) in
the form AE, = AE, /(1 — v,,%/c*)'/? at taking into
account the difference in the speed of light, but
this does not take into account the interaction be-
tween opposites. A similar view also without the
coefficient associated with the speed of light,

(50)

which can be attributed to the CGS system, instead
of the SI system, we will get below. It is clear that
the difference between our approach and the ap-
proaches of physicists in electrodynamics is due to
the fact that in our theory the velocity according to
SRT reflects the velocity in contrast system, be-
cause in our observation system the field strengths
have a rate of change equal to the speed of light.

In reality, physicists in electrodynamics re-
placed the intensity of electromagnetic fields
through magnitudes of length and time, and there-
fore were able to use the magnitude of velocity in
our system of observation. Practically, they recog-
nized that space and time in one opposite looks
like electromagnetic components in another oppo-
site, that is, they have already done this before us.
In other words, physicists came to the results ob-
tained by us, but by the method of fitting to the re-
sult. The inverse transformations are obviously
obtained by replacing v - —v. At the same time, if
there is only a magnetic field B’ in a moving system
of observation 2’ , then in a motionless system X,
according to (50), a transverse electric field will ap-
pear E = —[vB]/c. Similarly, if there is only an
electric field E' in the system X', then a transverse
magnetic field B = —[vE]/c will appear in the sys-
tem 2. Next, we consider the problem about find-
ing an electromagnetic field created by an elemen-
tary charge of particle g (in our case it is g=* 1 in
accordance with Dirac theory), and this particle
has moving with a constant velocity v. In the own
system of coordinates X' of charged particle, there
is only an electric field with intensity:

E'=qr'/r3. (52)

Further, applying the inverse conversion for-
mulas to (50) and the writing their in compact
form, we have:

E=(1-y)w@E)/v?+y(E' - [vB']/c);
B =1 -y)v(vB")/v?+y(B"+ [vE']/c),
We will find that in a motionless system X':
E=(1-y)w@E)/v?+YE’

B = [vE]/c).

Substituting here the magnitude from (52), and
considering that according to the Lorentz’s trans-
formations we have representation:

= -DOv)v/vi—yvt+7, (55)

We find after simple transformations:

E=yq(r—vt)/r” =
=q@r —vt)(1 - p*)/[(x —vt)* + (¥?

3 56
+ ) VT=F7) ¢

(53)

(54)

B=v/c.
Accordingly, for x=0, y=0, z=1 and t=0 we have:

E=q/J1- (v/c). (57)
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The formula (57) coincides with the formulas
(17), if you change the designation E to 7, and g to
To. Hence, it is concluded that the compression of
electric lines of force occurs in the cross section
due to the member 1/[(1 — (v/c)?)]*/2.

However, the coincidence of the laws of physics
means that we are not dealing with opposite ob-
jects, due to the fact that the difference can be
identified only by the ambiguity of the laws for ob-
jects. But, this, with such approach in classical
electrodynamics, is not being observed. Indeed, a
mathematical substitution of variables under the
same physical law cannot be considered a varying
of real physical properties, and then E and q are 7
and t,. The difference between E and H from 7 and
[ due to fact that the electromagnetic components
have transformations with the speed of light in ac-
cordance with Einstein's SRT, but for r and [ in this
case we have either infinitesimal magnitudes or
infinitely large ones due to the transformation in
the form of a member [(1 — (v/c)?)]*/?, which con-
tradicts the presence of such constants of the uni-
verse as Planck's constant and the speed of light.
In addition, here we immediately see a paradox in
the variant of classical electrodynamics due to the
identical representation in (50) for electric and
magnetic components, in which we have E =
—[vB]/c and B = [vE]/c . From here, after substi-
tution, it turns out:

E = (V?E/c?); v? =2 (58)

In other words, only one option is possible
here, when v=c. The form of the formula (58) fully

=i

corresponds to the form of the formula (31). Ac-
cordingly, if we present an electric field in (54), we
also get a paradox in the form:

E=0-y)v@E)/v?+yE'= (1-y)E'+yE' =E'.(59)

Next, we take into account that equation (54)
by virtue of relativity by Einstein's SRT is also
transformed to the form:

= -1D0Ev)v/v:i—yvt+r=
=@y —-Dr+r—yvt =y —vt), (60)

In other words, the equations (59) and (60) are
not related in any way, as there is no law of trans-
formation of one significance into the other signif-
icance. This means that the electric field is com-
pletely independent of the Lorentz’s transfor-
mations.

Hence, the variant presented in classical electro-
dynamics means an adjustment to the result and this
is due to the fact that the obtained independence of
the electric field and length is associated with the ab-
sence of a projection along time for the electrical com-
ponent.

It is clear that the conclusion of magnetism as
a relativistic effect in electrodynamics is also par-
adoxical [8], by analogy with the formula (42), that
is, the relativity of magnetic and electric fields is
considered, and again the electromagnetic compo-
nents are represented as space and time according
to Einstein's SRT, that is, the movement of electro-
magnetic components at the speed of light is ex-
cluded. In order to solve the paradoxes, Feynman
considered mobile and motionless systems (fig. 5).

Fig. 5. The interaction of a wire with a current and a particle with a charge q, considered in two coordinate
systems: a) the wire is motionless in the S system; b) the charged particle is motionless in the S' system

We consider that the negative charged particle
q(—) has motion in parallel for the wire through
which the current flows I (fig. 5, a), which corre-
sponds to the observation system S. In this case,
the Lorentz’s force is directed towards the wire,

and this force, taking into account the magnetic
field at a distance r from the axis of the wire, is de-

fined as:
F = 1 21qvg (61)

4megc? 1

At the same time, Feynman believes that the
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conductor is electrically neutral, since the density
of fixed charged particles p, in the S system should
be equal to the density of charged particles p_ with
the opposite sign, that is, we take an uncharged
wire, and in this case there is no electric field out-
side the wire.

Actually, this statement regarding an external
charged particle in motion is being refuted, since
magnetic forces are replaced by electric forces in
the future, taking into account the fact that the
density of charged particles in the wire (but not the
charge itself) is subject to changes in accordance
with Einstein's SRT. In this case, the electric field
of a negative charged particles g moving at a speed
v, relative to the wire in the system S in accord-
ance with SRT should have a higher intensity rela-
tive to motionless positive charged particles (fig.
4), similar to how it is seen from the electric field
strength for a charged particle in motion [12], and
it leads to increased interaction with attraction in
accordance with the formula:

E = q/[4meyriJ1— (v/c)?]. (62)

In other words, the subordination of the elec-
tric field to the space-time curvature is considered.
This means that the compression of electric forces
is observed both in the system S and in the system
S', the difference is only in the change of the direc-
tion of movement of the charged particle. Note
that the magnetic force also does not change its
magnitude relative to the system of positive and
negative charged particles, because in both cases,
both in the system S and in the system S', there is
movement. But let's look at the course of Feyn-
man's reasoning, and in this cause he gets the con-
nection of forces between positive and negative
charged particles due to the motion. Accordingly,
when we do switching to the current density, we
have a representation of the Lorentz force in the

form:
1 2p4+VAqvy

17 4megc? r (63)
Here A is area of the cross-section of the wire.

Next, we take a special case when v = v,, and the

equation is rewritten to the following form:

1 p+AqV2 (64)

= 2megc? 1

In the S’ system (fig. 5, b), a particle with a
charge g is motionless and the wire has motion to
the left with a velocity v relatively of particle. Pos-
itive charged particles moving together with the
wire will create some magnetic field B' near the
particle, but the particle is now "at rest", so the
magnetic force does not act on this particle.

If there is some kind of force (here the laws of
physics on interaction should not depend on the

J

observation system, otherwise the events of the
phenomena occurring in different observation sys-
tems would differ, and this would mean that you
can get away from the event by changing the ob-
servation system), then this should consider due to
the electric field. But this can be done only if the
wire turns out to be charged, that is, it should turn
out so that the neutral wire with a current appears
charged if this wire is set in motion. To get such a
result, Feynman attracted STR of Einstein. Moreo-
ver, he believed that the so-called electric charge q
does not depend on the speed of movement (oth-
erwise it would mean that the sum of positive and
negative charges is not equal to each other due to
movement), but the density of the charged parti-
cles is being changed with the movement of the
wire depending on the change in its length accord-
ing to the formula:
p = po/yJ1—v?/c? (65)
Accordingly, at moving, the length of the con-
ductor has the change (decreases):
L =LyyJ1—v2%/c? (66)
Equation (65) is derived from the condition that
the charge in any coordinate system is conserved
in terms of quantity in accordance with what is ob-
served:
pL = poLy (67)
The density of the motionless positive charges
in the system S is equal to p,. However, in the S’
system, where the wire has the motion at a speed
of v, the density of positive charges becomes equal:
Py = py/yJ1—v?/c? (68)
Negative charges in the system S' are motion-
less, so their charge density is equal to the density
of motionless charges p, = p_. = p_, and in the sys-
tem S at their velocity v we get:
p_=pl/J1—v%/c?,pl = p_J1—v?/c? (69)
Here, the density of the negative charge began
to play the role of length according to the formula
(66) and in fact this means that in a motionless
system, the charge density in the cross-section is
less than we have in condition of the moving. Fur-
ther, the resulting charge density p' is determined
by the formula:
p' = ph +pl = (pe /1= v%/c?) + (p_/1—v?/c?).(70)
In fact, if in the significance p, we mean the
length according to the first formula (17) p} = lin
the S’ system, but in the significance p’. we mean
the time according to the second formula (17) with
recalculation onto the length p” = c7in the S’ sys-
tem, then we have an analogous result. And this
suggests idea that opposite charges display equiv-
alents of length and time in relation to each other,
which means their invariant exchange in
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accordance with Einstein's SRT.

In other words, physicists have already charac-
terized opposite charges without us, as the inter-
action of opposites connected through the speed
of light through exchange in the form of equiva-
lents of length and time. Actually, such a conclu-
sion is inevitable, because only in this case there is
a reason for the formation in space and time of
sources for the synthesis of secondary waves, tak-
ing into account absorption and radiation. This ac-
tually refutes the presence of a charge as some-
thing contained in space and time. Since the mo-
tionless wire is neutral, that is, it is observed
—p, = p_ from hence we get:

p'=p /) /J1=v?/c®  (T])

Thus, it turns out that the charge density (or
electric field strength), depending on the velocity,
if we consider the system of the sum of positive
and negative charges, taking into account their in-
teraction, is determined not by formulas (65) and
(62), in accordance with SRT, but by formula (71).
On the base of formula (71), the electric field at a
distance r from the axis of the cylinder is calcu-
lated:

E' = p'A/(2me,r) = py Av?/[2megre? 1 — v2 /c2].(T2)

Then the force in the system S' has magnitude:

F'=qE' = qp'A/(2meyr) =
= qp,Av?[[2meyre?/1 — v?% /c?]. (73)

As a result, we have a connection:

F,=F =F,/J1—v%/c? F,=E+1—v%/c?.(74)

Here we have a difference between electric and
magnetic forces by a magnitude \/1 — v?/c? simi-
lar to (42), but this is true only if opposite charges
act in relation to each other as interacting oppo-
sites, that is, objects expressing the equivalents of
length and time.

Accordingly, the Coulomb's force and Lorentz’s
force, in this case of the interaction of charges, act
as forces that ensure the invariance of their inter-
action in any system of observation. In practice,
the subordination of the Coulomb's force and Lo-
rentz’s force to SRT transformations means a
closed transformation of the Coulomb’s force into
the Lorentz’s force, and vice versa, similar to the
transformation of length and time. Hence, the
magnetic and electric components define oppo-
sites connected through the speed of light, which
belong to different systems of observation, as in
(42). This effect is completely determined by the
fact that there is a relationship associated with the
transformation of electromagnetic components
into lengths of coordinates and into magnitude of
time, and vice versa, otherwise it would be impos-
sible to subordinate electromagnetic components

to Lorentz-Minkowski transformations. However,
we see that according to (74) there is no closure, as
there is a transformation from velocity in only one
direction (for example, from the Lorentz’s force to
the Coulomb’s force), and this problem was solved
by the inverse transformation, and hence physics
attributed the connection of forces on the base of
changing along magnitude of time. That is, the dif-
ference between the Coulomb's force and Lo-
rentz’s force disappears if we take into account the
relativistic effect associated with the time change
in the S and S' systems. Its essence is that the
transverse momentum of the charged particle g in
the direction of the conductor should be the same,
both in system S and in system S'. We denote the
transverse coordinate y and will compare magni-
tudes Ap, and 4pj, using the relativistic correct
equation of motion:
F =dp/dt (75)
During the time At, the particle will acquire a
transverse momentum 4p,, in the system S, in ac-
cordance with the expression:
Ap, = FA. (76)
At the same time, in the S' system, the trans-
verse momentum is equal to:
Ap}, = F'At' (77)
Since the particle we are considering was ini-
tially at rest in the S' system, then for small At:
At = At' /1 —v?/c? (78)
Then, after substituting the significances from
(76) and (77), we have:
Ap},/Ap, = (F'At'[FAY) = 1. (79)
We see that two opposites (two observation
systems) have actually been introduced without
us, where, for example, the connection of the Cou-
lomb's force and Lorentz’s force is considered in
the observation system from the opposite related
to length, and the inverse transformation is deter-
mined by the observation system related to time.
Thus, the invariance (closed transformation)
between the Coulomb's force and Lorentz’s force is
achieved on the basis of the interaction of two
global opposites, taking into account the common
space-time continuum and electromagnetic con-
tinuum. And since the system of the universe is a
closed system and length and time in the global
systems of opposites have the changing by places
with the change of kinetic energy to potential en-
ergy, and vice versa, the Coulomb’s force in one
opposite will look like the Lorentz’s force in the
other opposite, and vice versa. In other words, de-
spite the adjustment to the result due to the fact
that initially the consideration of processes took
place only taking into account one opposite,
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physicists received particular solutions that coin-
cide with practice in one global opposite. And this
did not give a complete picture of the interaction,
which actually led to the fact that the Bohr could
not solve the problem of replenishing energy for
an electron at moving along orbit.

In other words, our solution for the coupling of
electromagnetic forces according to the formula
(22), taking into account Einstein's SRT, differs
from the solution (74) as we takes into account the
presence of changes (movements) not in one op-
posite (observation system), but in two global op-
posites. In our case, it is impossible to get the fall-
ing of an electron on a proton, since the additional
mass of the proton is associated precisely with the
kinetic motion of the positron around the antipro-
ton in contrast system.

This is exactly what the Bohr did not take into
account when considering the problem of the ro-
tation of electron around a proton and he came to
the conclusion that an electron falls on the nucleus
due to radiation during accelerated motion. The
fall does not occur because the radiation in one op-
posite is compensated by the radiation in the other
opposite due to symmetry, which is associated
with the law of conservation of quantity. In this
case, the forces of attraction and repulsion in one
opposite are associated with motion (kinetic en-
ergy) in the other opposite, and they form each
other.

An important conclusion of our analysis of the
Coulomb’s force and the Lorentz’s force, based on the
well-known equations, is that both the Coulomb’s
force and the Lorentz’s force are associated with
changes (and this is expressed through movement in
space and time) in opposites. At the same time, the
Coulomb's force (in the form of electric field strength)
begins on a positive charged particle, which can be
interpreted as the system of one opposite through re-
flecting of length, and this force of has end on a neg-
ative charged particle, which can be interpreted as
other system of opposite through reflecting of time.
Thus in fact in our observation system we see through
this force a reflection of the processes of change
(movement) with the subordination of SRT in the sys-
tem of opposite. The Lorentz’s force reflects these
changes already in our observation system. It is clear
that the Coulomb’s force and the Lorentz’s force in
the opposite observation system are replaced by each
other.

Actually, such a result followed from the calcu-
lations made by physicists, but it was template
based on the representation of the world from one
observation system and it excluded correct

conclusion.

Let's imagine the formula (72) based on the re-
lationship of velocities in two opposites. Then we
must take into account that we have
g = u/c,u =+vc? —v?, from here we get:

E' = p'A/(2neyr) = pAv?

/[ZHSOTCZ\/TZ/CZ] = (80)
= p,4nr?v?c/[2nutr] = p, 2nrv? fu?.

Next, we take into account that the minimum
radius for a particle is determined by the Planck
constant h/(27) and at the same time hc = 1, as a
result we have

E'=E, = p,2nrv?/u? = p,v?/u?. 81)

In result, we imagine the presence of a charge
density as the equivalent of the electric field, since
the charge density is determined by the divergence
from the electric field. Accordingly, we get:

E, = p,v?/u? = E,v?/u?
E,/E, = v?/u?.

In other words, the strengths of magnetic and
electric fields are directly related to the magni-
tudes of velocities in two opposites. And this means
that the Coulomb's force in one opposite reflects the
Lorentz's force in the other opposite, and vice versa.

Absent of understanding of the Lorentz's force
and Coulomb's force as the forces arising from the
existence of the simplest objects of the form of
electronic and muonic neutrinos (antineutrinos)
led to the fact that the force of pressure of light in
the well-known experiment of P.N.Lebedev began
to be considered as a repulsive force based on the
Coulomb's force and Lorentz's force.

However, we note that we have shown, in sec-
tion 2, how from the improved Maxwell equation
reflecting an electronic or muonic neutrino (anti-
neutrino), the total interaction force is obtained
from the Coulomb and Lorentz forces based on the
intensity of electromagnetic fields. The force giv-
ing pressure of light is determined by the interac-
tion of two simplest objects based on an electronic
and muonic neutrino (antineutrino), that is, it is a
more complex interaction involving three objects,
one of which is a charged particle, and the other is
a photon consisting of an electronic and muonic
neutrino (antineutrino). Actually, how a corpuscu-
lar particle gets the velocity magnitude of the cor-
responding kinetic energy of an electromagnetic
wave, we have shown in [1].

In addition, with the usual Maxwell equations
and at motion at the speed of light, an electromag-
netic wave of the form (47) cannot have electro-
magnetic components along the direction of prop-
agation, and it means here we have nothing to ex-
ert pressure on the object. And the point here is

(82)
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that in equation (47) there is no member forming
the interaction with the propagation medium,
which, by the way, excludes the propagation of the
wave around the obstacle. Therefore, in order to

influence the propagation medium, and it is also
any corpuscular object, it is necessary to consider
an electromagnetic wave with radiation and ab-
sorption sources taking into account formula [13]:

V2E + k?E = —M>; V?H + k*H = —M™;
—M? = —iwpej>T + 1/(iwegy) grad  div j>-T — rot jM-<T; (83)
—MM = —iweyjMT + 1/(iwpy) grad  div jU-T — rot jO-°T.

According to our theory, based on the improved Maxwell equations, we have the form [4]:

i/ug M° = icgrad j>T — 3j°>T/dt — 1/, rot jMCT;
i/gg MM = icgrad jM-°T — 9jMCT/At + 1/, Tot jPC7;

i/ M° —ic grad j>-°T = —0j°<"/dt — 1/, rot jMCT;
i/ggMM —icgrad  jM-<T = —0j™<T/dt + 1/ey ot jO-°T;

(84)

i/u, (V2E —1/c? 0%2E/ot?) —icgrad j>°' = —0j°°"/dt — 1/u, rot j*-°7;
i/eo (V2H —1/c? 0%H/dt?) —ic grad j™-" = —3jMT /0t + 1/, rot j>-°T.

The formulas (83) and (84) gives exchange and
interaction. And such formation of an electromag-
netic wave implies a combination of the formation
of wave components of the electric and magnetic
field intensity through the interaction of elec-
tronic and muonic neutrinos (antineutrinos).
However, in electrodynamics, the force of pressure
of light was taken on the basis [14]:

F = q(E + 1/c[vB]). (85)

At the same time, it was proposed to use the Lo-
rentz’s force density in the form:

f =-dg/ot +div T. (86)
or in components
fk=—ag¥/at + o,T*. (87)
where
g = [EB]/(4mc). (88)
Here T is the Maxwell's stress tensor having
components

T* = 1/(4m)[E'E* + B'B* — 1/2(E? + B?)5%*]. (89)
Next, physicists are inviting to understand the
physical meaning of g and T*. With this purpose
the law of conservation of momentum is used to
show that a mechanical impulse must be attributed
to the electromagnetic field. Then, the sources of
the electromagnetic field and it are the free
charged particles and currents, are concentrating
in a certain volume V with surrounding by a fixed
surface S, and have a mechanical impulse P. At the
same time, it is assumed that there is a mechanical
pulse of the electromagnetic field in the same vol-
ume, which is indicated by the symbol G. In other
words, a mechanical impulse was also attributed to
the electromagnetic field; otherwise there would
be no connection in one equation. However, how
this mechanical electromagnetic pulse should be
formed in the direction of motion at the speed of
light, if the components of the electromagnetic
field are perpendicular to the direction of motion,
remains a mystery. As a result, the total pulse of
the "field + sources" of system can change only as

a result of the flow of the impulse of the electro-
magnetic field through the surface S. Therefore,
we can write:
d(P +G)/dt = — § n; E'dS. (90)
Here ¢! is the density of the impulse flux of the
electromagnetic field in the i-th direction. At the
same time, according to the second law of dynam-
ics, the force acting on sources from the electro-
magnetic field is equal to:

dP/dt =F = [, fdV. 91)
Or if we take into account the formula (86):
F =—d/dt(f,gav) + [, div T av. (92)

Further, converting the last integral to the sur-
face using the Gauss-Ostrogradsky theorem, we
find:

d/dt(P* + [, gkdv) = §n, T dS.  (93)

Here: g is the pulse density of the electromag-
netic field, and T* is the flux density of the k-th
component of the impulse of the electromagnetic
field in the i-th direction. A comparison of this for-
mula with formula (90) shows that:

G = [, gdV = 1/(4mc) [ [EB]dV. (94)

The latter formula actually means that the me-
chanical impulse in the direction of motion gives a
vector multiplication of the electric field strength
and magnetic induction, and this magnitude de-
termines the energy of the electromagnetic field in
the direction of motion. It is clear that when the
photon energy is transferred to a particle, the en-
ergy of the electromagnetic field is absorbed by the
particle, and there are no violations in the transfer
of the amount of energy here. However, this does
not solve the problem in any cause, according to
which it was necessary to show how, due to the
forces of electromagnetic field strengths according
to Coulomb's law and Lorentz law, the particle re-
ceives kinetic energy in the direction of photon
motion.

Hence the question: "How should a force be
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formed in the direction of motion, if the speed of
movement of electromagnetic components is the
speed of light, and the presence of such a force in
the direction of motion would mean that a speed
higher than the speed of light is possible?" The
only option is that the electromagnetic compo-
nents must interact with the surrounding space-
time curvature, and the interaction is associated
with exchange and mutual transition (transfor-
mation). This is where the type of electromagnetic
wave with the presence of radiation and absorp-
tion sources is required. It should be understood
that physicists themselves have seen the errors of
this approach, so they justified such an interpreta-
tion of g and T* on the grounds of simplicity, since
representations (88) and (89) are not the only ones.
It is not difficult to see, that there are countless
combinations of fields and their derivatives that
turn the right part (86) to zero, that is, to identical
zero by virtue of associative summation. In addi-
tion, obtaining the pressure force of light in the
form of (86) already has an initial paradox, since
the pressure of light must be exerted in the direc-
tion of the electromagnetic wave, and the diver-
gence corresponds to the direction of the force in
all directions and this means the presence of
charges, but not of electromagnetic fields which
have the motion at the speed of light. Hence, it
would be more correct to write equation (86) in the
form:
f=-0dg/ot+grad T. (95)
And this resulting form of the equation is very
similar to a variant of the conditions for the auxil-
iary function, which is a vector potential, in the
form:
E =—0A/0t— V. (96)
At the same time, in article [4], we showed how
the improved Maxwell equations with projections
of electromagnetic components along magnitude
of time are obtained on the basis of vector poten-
tials, and accordingly we showed the production of
electromagnetic waves with sources of radiation
and absorption, and it is required for the interac-
tion of electro-magnetic components with space-
time curvature! Thus, we come to the conclusion
that although physicists tried to represent the
pressure of light through the Lorentz’s force and
Coulomb’s force on the basis of electromagnetic
components, they did not take into account the
connection of electromagnetic components ac-
cording to projections, taking into account the di-
rection of electromagnetic forces in cross-section
to the direction of wave motion. Hence, the phys-
ics of the interaction of the process was presented

through the final stage - the transmission of en-
ergy on the base of impulses. At the same time, it
turned out that in order to describe the process of
transfer of energy itself, it is necessary to represent
the pressure force of light in the form of (95), since
otherwise the interaction of electromagnetic com-
ponents with space-time curvature cannot be ob-
tained.

The very essence of pressure of light cannot be
described on the basis of Coulomb’s force and Lo-
rentz’s force, and it has a more complex character.
According to our theory, the essence of the effect
is based on the fact that in order to transfer elec-
tromagnetic energy to an electron in the direction
of motion, it is necessary to have a system of closed
solutions in the form of Dirac equations, which we
showed in article [1] and private electronic and
muonic neutrinos (antineutrinos) do not have
closed solutions, in the sense that they have a dif-
ference onto the coefficient associated with mo-
tion in the systems of opposites. In this case, the
interaction of an electronic and muonic neutrino
(antineutrino) is necessary, and it gives closure
based on the fact that the coefficient associated
with the motion in the system of opposites for
these elementary objects has an inversely propor-
tional relationship. Thus, we have obtained, that
any force action on an object occurs due to the ab-
sorption or radiation of the simplest objects of the
universe - of electronic and muonic neutrinos (an-
tineutrinos), and the Coulomb’s force and Lo-
rentz’s force, like all other forces, are followed
from the equations of these simplest objects and
their interactions, that is, from system of equa-
tions on the base of the Dirac system of equations.
In this article, we have found out what the errors
and paradoxes were in establishing the electro-
magnetic continuum separately from the space-
time continuum.

Conclusions:

1. The absence of falling of an electron on the
nucleus during rotation with radiation is due to the
equality of the action force (Coulomb’s force) and
the reaction force (Lorentz’s force).

2. The Lorentz’s force and Coulomb’s force
are the result of interaction based on electronic
and muonic neutrinos and antineutrinos.

3.  Feynman's attempt to describe the subor-
dination of electromagnetic components to Lo-
rentz’s transformations through vector potentials
gave an erroneous result, in which we have sym-
metry in the transformation of electric and mag-
netic components according to formulas (39).
However, this would mean that there is no
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difference between the electrical and magnetic
components and then they are not opposites. And
this means the paradox of uniformity. In this case,
we should have observed the Lorentz’s force de-
pending on the velocity and the electrical compo-
nent, but there is no such force.

4. The use of the CGS system according to
formulas (48) on the base of transformations ac-
cording to formulas (39) is also not correct due to
the fact that in addition to the erroneous approach
according to formulas (39), errors are added due to
the lack of consideration of parameters of environ-
ment according to (48).

5.  When describing the general electromag-
netic continuum according to Fig.5, Feynman ac-
tually equated the presence of negative and posi-
tive charges to the equivalents of length and time,
and thereby excluded the presence of charges sep-
arately from space and time else early before us.

6. Considering that the charged particles are
expressed through space-time curvature, and at
the same time, the Coulomb's force and Lorentz's
force are also related as length and time through
Einstein's SRT, then considering length and time
as global opposites closed to each other with mu-
tual transformation and influence, then the Cou-
lomb's force and the Lorentz's force shall act as the
opposing forces to each other. In this case, the
Coulomb force in one observation system acts as
the Lorentz force in the opposite observation sys-
tem associated with the first through the speed of
light.

7. The approach in classical electrodynamics
with the derivation of pressure force of the light on
the base of the total Lorentz's force is also incor-
rect, since the transmission of momentum occurs
due to the interaction of an electromagnetic wave
with a particle, and not on the base of the Cou-
lomb's force and Lorentz's force, which are derived
from one improved Maxwell equation. Another
words we have interaction of some elementary ob-
jects.
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is being carried out due to the Lorentz’s force when electron rotates around a proton?" In addition, we will show the
connection of the Coulomb's force and the Lorentz's force with the improved Maxwell’s equations. This means that
these forces arise as a result of the exchange of electronic and muonic neutrinos and antineutrinos, which are de-
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TEXHHUYECKHUE HAVKHU

KAHMNHVHA Enena HukosiaeBHa
CTapImii IperogaBaTesib Kadeapbl METPOIOTUN, CTAaHAAPTU3AIMA U CePTUdMKALINMA,
Mopposckuii rocygapctBeHHbil yHuBepcuteT uM. H.IT. Orapésa, Poccus, r. CapaHck

OCOBEHHOCTU OPTAHU3AIIMN METPOJIOTUYECKO¥ CJTY>KBBI
B YUPEXXJIEHUSIX BBICIIEI'O ObPA3OBAHUSA

AHHOmMayus. B cmamye paccmampusaemcs 603MOXCHOCMy akmyaiusayuu 0oKyMeHmayuu, pe2iameHmupy-
roweli desmensHocms memposiozuyeckoli cnyxobsr OIFOY BO «Mopdosckull 20cydapcmeeHHslll yHU8epcumem

um. H.I1. Ozapésa».

Kntouesole cnoea: omoen 21asHozo MempoJioeda, mempoJsioeuueckas Cﬂ)/)ff6a, 00/IHCHOCMHASA UHCMPYKUUA,

cpedcmeo usmepeHull, nogepka.

AKTyaHbHOCTb CTaTby OIpenesieTcss TeM, YTO
KasK/Iast METPOJIOTUYECKAsT CITY’K0a HYKIaeTcst
B IOKyMEHTAI[M!, KOTOPast PETYIUPYeT UX PaboTy.
IMpumepamu TOJO06HON JOKYMEHTAMM MOTYT
CJTYKUTDH TIOJIOKEHNE O METPOJIOTMYECKOI CITyskbe
WIN JO/DKHOCTHAsI MHCTPYKUMS ITIaBHOTO METPO-
Jjora.

IaHHas cTaThg 06/71aJaeT OUYEBUIHOI HOBU3-
HOJi, TaK KaK BCell aHaIM3UpyeTcs] BO3MOXKHOCTh
aKTya/IM3aluu Moj, HOBble peany (TpeOGoBaHMS)
MIOKYMEHTAIMM METPOJIOTUUECKOI CITyKObI 06pa-
30BaTeJIbHONM OpraHu3aluy, OTBevaloleli coBpe-
MEHHBIM TpeGOBaHMUSIM U CIIOCOOCTBYIOMIEI -
(bekTUBHOMY VIIPaBIeHUI0 METPOJIOTUUYECKO
cyk60ii 1 6ojiee MPOMYKTUBHOMY OCYIIECTBIIE-
HUIO €€ NesTebHOCTU.

Omnpepenumcs C IOHITUEM METPOJIOTMYECKO
CJTYKOBL.

MeTponornueckas ciayk6a (MC) — opumnye-
CKOe JINLO0, OoApa3aeneHle IpUIUNIECKOro Imia
UM o6beAVHEHME IOPUINYECKUX UL, JMGO pa-
O60THMK (PabOTHUKM) IOPUANYECKOTO JNIA, 6O
MHIVMBUIYaIbHBIN TPeaIIPUHUMATEb, OO MO -
BeJIOMCTBeHHas opraHusanus denepajibHOTO Op-
raHa MCIIOJHUTENIbHO BJIaCTH, ero Nnozjpaszese-
HMe WIN JODKHOCTHOE JIMIIO, BBIMOJHSIOLIME pa-
60ThI M (WIM) OKa3bIBAIOIIME YCIYTH 10 obecrieue-
HMIO eI/ HCTBA U3MepEeHMIi U NeliCTBYOIMe Ha OC-
HOBAHMM ITOJIOKEHMST O METPOJIOTUYECKOI CTysk6Ge
[1,c. 5].

MC MOryT co3aBaThCs B 00s13aTEIHLHOM (B CJTy-
yasax, mpemycMoTpeHHbix ®3 PO N2 102 «06

obecrieueHUM eaMHCTBA M3MEpeHMit») U mobpo-
BOJIBHOM TOPSITKeE.

MeTposiornuecKme CIyskObl I0PUIANYECKUX JIALL
CO3Jal0TCS IJIS OCYIECTBAEeHMS OCHOBHBIX 3a/a4:
MpoBefieHNe aHaaM3a COCTOSSHUSI M3MepeHUil B
OopraHu3aluy; yCTaHOBJIEHNE PallMOHAIbHOM HO-
MEHKJIATypbl M3MepsieMbIX [1apaMeTpPOB U OIMTH-
MajbHBIX HOPM TOYHOCTM M3MepeHMii Ha Ipe[-
MpUATUM (B OpraHu3alun); IpoBeIeHe paboT o
CO3[aHMIO U BHEJPEHUIO COBPEMEHHBIX METOAUK
BBITIOJIHEHUSI U3MEPEHUI U CPEACTB U3MEPEHUIA,
VCITBITAHU ¥ KOHTPOJIS U AP.

i paspaboTKM ¥ aKTyaIM3anyuy JOKyMeHTa-
MK, a TaKKe AJ1s1 60siee pe3yIbTaTUBHOM paboThI
METPOJIOTUUECKOM CJTYsKObI, HEOOXOAMMO 3HATh
CTPYKTYPY Y IPUHIIUIIBI COTTOJUMHEHNS] B OPTaHy-
3aln.

OTpen raBHOTO METPOJIora SIBJSIETCST CTPYKTYP-
HbIM TOfpa3aesieHreM MHHOBAIMOHHO-TEXHOJIO-
TMYEeCKOTO KOMIUIeKca ¢emepaabHOTO TOCyAap-
CTBEHHOTO GI0KeTHOTO 06pa30BaTeIbHOIO yUpe-
SKIeHMs BeIciiero obpasoBanus «HarmoHambHbIN
uccnenoBaTenbCkuii MoOpnoBCcKuii roCynapCcTBeH-
Hbli yHuBepcuTeT uM. H.I1.Orapésa» [3, c. 25-26].

ITpopeKTop Mo Hay4YHOIT paboTe YHUBepCUTETa
KypupyeT mesTeabHOCTb OTAesa riaBHOrO METPO-
sora. HemocpenctseHHoe pykKoBOACTBO OTaenom
BO3JIOKEHO Ha TJIaBHOTO MeETPOJIora, KOTOPBIN
HaXOAUTCS B MOAUYMHEHMUM Hada/ibHMKA VIHHOBA-
IIMOHHO-TEXHOJIOTUYECKOTO KoMIIeKkca. PykoBo-
mutenp OThena Ha3HAYaeTCS Ha [O/DKHOCTb U
OCBOOOXKIAETCS OT Hee MPMKa30M peKTopa.
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B ctpyktrype OTHena BbIIEIEHO IBE CITYKOBI:
CTy;k0a METpOJIOTHM, CITykK6a 0 peMOHTY paayo-
TEXHUYECKUX CPEICTB U3MepeHUlt U YCTPOCTB. B
Le/IsIX pellleHts] HeMoCpeACTBEeHHBIX 3aAau OTaen
BBITIO/THSIET C/Ieayioniyie QyHKINM:

—  OCylIIeCTB/I€HNE TIOCTOSTHHOTO KOHTPOJIS U
aHaM3a COCTOSTHMSI M3MepeHUii Py TpoBeleH I
HAy4YHO-MCCJIe[IOBATEIbCKMX U OMBITHO-KOH-
CTPYKTOPCKUX paboOT B HEISIX COOMI0IeHNsT 06s13a-
TeJIbHBIX METPOJIOTMUYECKUX TPeOOBaHMIA;

—  OCyIeCTB/JIeHMEe aHaau3a MPUMEeHSIeMbIX
CpenCcTB M3MEpeHUl U ompeneseHre Ha ero oc-
HOBe ITOTPEOHOCTY B IPUOGPETEHUN CPEACTB U3-
MepPEeHUA, UCITBITATEIbHOTO 000PYI0BaHMS, CTaH-
IlapTMU30BaHHbBIX CPEJICTB KOHTPOJIS;

—  OCYIIEeCTB/JI€HME MEeTPOJIOTUUECKON 3KC-
MepTU3bl JOKYMEHTallMM TeXHMUYeCKOTO Xapak-
Tepa, pa3pabaTbIBa€MOJi ¥ IPUHUMAEMO1 B YHU-
BEpCUTETE;

—  OCylIleCTB/I€HNE aTTeCTalM UCTIBITATe/b-
HOT'0 000pYI0BaHMS;

—  paspaboTKa METOOMK M3MepeHuit s
OCYILECTBJIEHMSI HAyYHO-UCC/IeA0BaTeNbCKUX U
ONBITHO-KOHCTPYKTOPCKUX paboT;

—  OCYIIeCTB/IEHME IUIaHOBBIX PaboT Mo Ka-
NMUOPOBKE CpPEICTB M3MepeHMuiti M KOHTPOIS 3a
MpeicTaB/IeHMEM CPeNCTB M3MepeHnit Ha TOBEPKY
B COOTBETCTBUM C TpachMKOM ITIOBEPKH;

—  y4YeT U BeleHMe HOPMAaTMUBHOI JOKYMeH-
Talum;

—  y4YeT, XpaHeHMe 3TaJIOHOB M BCIIOMOra-
TEJIbHOTO 060PYAOBaAHMSI.

Bce corpymuukyu OTpena BbIIOJHSIOT CBOU
IO/DKHOCTHBIE OO0SI3aHHOCTM B COOTBETCTBUM C
YTBEPKIEHHBIMM  JOJKHOCTHBIMU ~ MHCTPYKIIM-
SIMU.

IoJKHOCTHAST MHCTPYKIIUSI — TOKYMEHT, pery-
JIUPYIOUINI JesSTeTbHOCTh pabOTHMKOB, OIperne-
JIIeT UX MpaBa, 06I3aHHOCTY U OTBETCTBEHHOCTb.
JIOJI>KHOCTHAs MHCTPYKLMS [JIABHOTO METPOJIoTa
YHUBepcuUTeTa CO3/4aeTcsl, OpueHTUpysch Ha Ilo-
JIOKeHMe 00 oTAese riaaBHOro merposiora ®rbOY
BO «MTI'Y um H.II. Orapésa.

TMepuoaynyiecky BOSHUKAET HEOOXOAMMOCTD aK-
Tyaau3aluyuu JODKHOCTHOM MHCTPYKUMM TOJ, HO-
BbI€ YCJIOBUSI.

[MosnoxkeHne  OOIKHOCTHOV MHCTPYKLUU
MOXXHO YCJIOBHO TOApPasaeNnTh Ha 4 MyHKTa: 06-
Me TIOJOKEeHUS; MOJIKHOCTHbIe OOSI3aHHOCTH;
1paBa; OTBETCTBEHHOCTb. KaXKabIil 13 ITYHKTOB pe-
TYJIUpYeT, CBOI cdepy AesiTeTbHOCTY TaBHOTO
MeTpoJiora.

B cooTBeTCTBMM C YCTAHOB/IEHHBIMM TpeboBa-
HUSIMU, PETYJSPHO JO/DKEH MPOU3BOIUTHLCS YUET

CpenCTB U3MepeHNli B YHUBEPCUTETE, TIpeaoa-
raembIx K IoBepke [2, c. 320].

[lepeyeHb cpencTB M3MepeHUi, Mpearnonarae-
MBbIX K IOBEpPKe, COCTABJISIETCS 10 BCEM oA pasze-
JileHMsIM YHUBepcuTeTa U mnepemaetrcsa B Otmen
[JIaBHOTO METPOJIOra.

Ha ocHoBaHMM NpPOBeJEHHOTO aHaiu3a, aBTo-
poM cTaTbu CHOpMYIMPOBAHBI HEKOTOPbIE PEKO-
MeHaaluy Ojs mogpasaesieHnin YHuBepCcuTeTa no
COCTaBJIEHMIO YKAa3aHHOTO TepeyHs.

Bo-TiepBbIX, OTBETCTBEHHBIM 3a MaTepUaIbHO-
TeXHMUeCKoe obecIieyeHre B ITOApa3IeIeHUsIX
YHuBepcuTeTa COCTaBUTh CIIMCOK, BKIKOYAKIINIA
BCe eIVMHUIIbI CPEJICTB M3MEepPEeHMI1, UCIIBITAaHUI U
KOHTpoJisl. CIIMCOK COCTaBSATh C yKa3aHMeM I10JI-
HOT'O HaMMeHOBaHM S, TUIIA, & TAKKe 3aBOJICKOTO U
MHBEHTapHOTO HOMEpOB.

Bo-BTOpBIX, pa3gennTb 3TOT CIMCOK Ha 2 4Ya-
CTU: CPeACTBa, UCII0/Ib3yeMble B OCYIIeCTBIEHUNA
06pa3oBaTeIbHOrO MPOIecca ¥ CPeiCTBa, UCII0b-
3yeMble OJ1s1 OCYIeCTBIEHNUS HAyIHO-UCC/Ien0Ba-
TeJIbCKUX ¥ OIBITHO-KOHCTPYKTOPCKUX paboT.

B-TpeTbux, cpeAcTBa M3MeEpEeHMIT M3 BTOPOM
TPYIITIbI TIPOBEPUTh Ha HAJIMUMeE B TOCYIAapCTBEH-
HOM peecTpe CpefICTB U3MepeHUi1 yTBepKAeHHOTO
TuIa. B ciyyae oTCYTCTBUS TaKOBBIX B yKa3aHHOM
peecTpe UCKIIUATD UX U3 CITCKA BTOPOI1 TPYTIIIHI.

B-ueTBepThIX, IpPEIOCTaBUTL IIOATOTOBJIEH-
HbIV COMCOK CPeICTB M3MEePEeHUI YTBEPKAEeHHOTO,
MIPUMEHSIEMbBIX TIPU OCYIEeCTBIEHUN HAYIHO-UC-
C/eIOBATENbCKUX U  OMBITHO-KOHCTPYKTOPCKUX
paborT, ISt COT/IACOBAHUSI CTYSKOY METPOIOTHN.

B-maThIX, mociie cornacoBaHMSI 3aBU3UPOBATH
CMMCOK y PYKOBOAUTEJIS TTOIpa3aeeHus U peno-
cTaBUTH ero B OTaes rmaBHOro MmeTposiora. CImMcok
MPeIoCTaBUTD B IEYATHOM U 3JIEKTPOHHOM BUJIE.

B momosiHeHMe K ONMMCAHHBIM BbIIIE JIOKAJb-
HbIM HOPMAaTMBHBIM [OKyMEHTaM, B COOTBET-
CTBUM C KOTOPBIMM OCYIIECTBSIETCS OesTeNb-
HocTb OTHesa, MOKHO BbIIENUTh IlostoskeHne o6
OTxene rnaBHOTO MeTposora. [lonoxkeHue ompe-
JleJisieT CTPYKTYPY, a TakKe BHYTPeHHe PYKOBO/I-
ctBO OTpena. /JaHHBIM AOKYMEHTOM OITpeesisi-
eTcsl uepapxmsi COTPYAHUKOB U UX cTaTyc. [lomo-
KeHMe ompenensieT moapasfeneHus YHUBEPCU-
TeTa MOABeAOMCTBeHHble OTHOeny U yCTaHABIIMU-
BaeT YUpPEXIEeHUS BBIMIECTOSIIME B CTPYKTYype
METPOJIOTUUECKOTO ObecIrieueHusT OpTaHM3aluii.
YTBepKAeHMe U BBeleHue B AelicTBue Ilonoxe-
HMS MO3BOJUT YCTAHOBUTb OTBETCTBEHHOCTh CO-
TPYOHUKOB, B TOM YMCJie ONpeAenuT aApeCcHOCTb,
MIPMHMMaeMbIX pelieHMiA.

B cooTBeTCTBUM C YCTaHOBJEHHBIMM aCIIeK-
Tamu [TososkeHnst 06 OTaese rIaBHOrO MeTPOJIOra,
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BOEHHOE JIEJO

CAPBACOB Pycian AnyapoBuu
KypcaHT, HoBocuO6MpcKuit BoeHHbI opaeHa JKykoBa MHCTUTYT MMEHM reHepaia apMun
NM.K. SIkoBjeBa BOJCK HalMOHaIbHO rBapaum Poccuiickoit ®epepanyum, Poccus, r. HoBocubupck

NHO®OPMATHN3ALNA OBPA30OBATEJIbBHOT'O ITPOIECCA B BOEHHBIX
OBPA3OBATEJIbHBIX OPTAHU3ALIVAX BBICIHETO OBPA3OBAHUSA

AHHomauus. O0HOTI U3 8axcHbIX 3a0ay, CMOoSUUX neped 60eHHbIMU UHCIMUMYMAamu, S67semcs 00yueHue U 80c-
numatue 6yOywjux ogutepos, mo ecmo ux NPOPeccCUOHANLHAS N0O20MOBKA K BbINOTIHEHUIO CB0€20 80UHCK020 0012
no 3awjume PoduHsl. Ymobsl peanuszosams 3my 3aoaqy, Heo6Xo0umo KauecmeeHHo 0p2aHu308ams 860eHHO-Neoa-
202udecKull npoyecc, onupascy Npu 3mMoM Ha meopemuyecKue 0CHO8bl U NPAKMUYECKULL Onbim.

Knioueeuvte cnosa: uHgpopmamusayus, 00pasosarue, 8pems, 60eHHOCTyXawuii, 6oenHbili BY3, pazsumue, 60-

UHCKULL KOJLIeKmue.

O,Z[HI/IM M3 BOKHEMIIMX HampaBjeHUil CoBep-
IIIEHCTBOBaHMSI COBPEMEHHOTO BOEHHOTO 00-
pa30BaHUSI SIBJISIETCS €r0 MHPOPMATU3AIUS — TTPO-
1iecc obecrieyeHus1 chepbl 00Pa30BaHNUSI TEOPUEI U
MPaKTUKOI pa3paboTKMU U UCITOMb30BAHUSI COBpe-
MEHHBIX WH(POPMAIVIOHHBIX TEXHOIOTUIA, OPUEH-
TUPOBAHHBIX HAa peaJn3aluio CUXO0NI0r0-Tearo-
I'MYeCKUX 11ejieil 00yYeHNST M BOCTIMTAHMS.

[IpuMeHeHME CPeNCTB HOBBIX MH(POPMAIIVOH-
HBIX TEXHOJIOTUI B yUeOHOM IIPOIeCCe TUKTYETCS
TpebOBaHUSIMM COBPEMEHHOM XMU3HU. CI0mb30-
BaHMeE TOJMBKO CPEJICTB HOBBIX MH(POPMAIMOHHBIX
TEeXHOJIOTUII He 00ecreunBaeT IOJHOIEHHOTO
YCBOEHMsSI 3HAHMI, TaK KAaK MX WUCIIOJb30BaHUE
OTPaHMYEHO BO BPEMEHM CAHUTAPHO-TUTMEHUYE-
CKMMM HOpMaMu (TIpU AJIUTETHbHOM MCITO/Ib30Ba-
HMM OHM OTPUIATETBHO BJIUSIOT Ha 3[J0POBbe 06Y-
yaeMbIx). OfHAKO MPOTPaMMOil M0 TEXHOJIOTUM
MpeIyCMOTPEHO M3ydeHMe 1IeJIoTo psifa Mmpoiiec-
COB M CBOJWCTB, KOTOpble BaXHO IIPEICTABUTD
HaIJISTHO, UTO YCIENIHO MOXHO OCYIIECTBUTD C
TTOMOIIIbIO TPAAUIIMOHHBIX TEXHUUYECKUX CPELCTB,
6e3 UCIOMb30BaHMS CIOKHOM TEXHUKH.

[Ipu BbIOTHEHMYM PABOTHI ObUT ITPOBEIEH aHa-
mu3 kinaccudukanuy TCO, GbLIO BBISBIEHO, YTO
TCO noapasgensioTcs Ha Bce 60JIbIe 1 60JIbIINe
BUJIBI.

Taxoke ObLT MPOBEAEH aHAIU3 UCITOIb30BAHMS
TCO B HBU BHI' P®, okasanoch, uto TCO B HBU
BHI' P® wurpaloT I[JIaBHYIO0 DOJIb B IOJIy4eHUM

3HAHMIT TI0 HEKOTOPBIM JUCIUIUIMHAM, TAKMM KaK
ABBuT, OII.

B 60eBoit moaroroske TCO SIBASIIOTCSI HEMAJIO-
BaKHBIM 3JIeMeHTOM. OHM CITOCOGCTBYIOT YITyd-
IIEHNMIO KaueCcTBa YCBOEHMS 3HaHMI1, (hOpMUPOBa-
HUIO TPAKTUUYECKUX HABbIKOB.

PoJib TEXHUYECKUX CPENICTB OOYUEHUS B TIOBBI-
IIeHUM KavyecTBa OOy4YEeHUS IMYHOTO COCTaBa SIB-
JISIETCST OIHOM U3 TJIAaBHBIX, TaK KaK Ha COBPEMEH-
HOM ITare pasBUTUSI TEXHOJIOTMYECKOro Ipo-
1iecca, UMeeTCst BO3MOKHOCTb KOMITbIOTEPU3aLIUK
¥ MH(OpMaTU3aIMY IMYHOTO COCTaBa

[IpaBWJIbHOE WCIOAb30BAHNE TEXHUUECKUX
cpencTB oOy4yeHMSI TIO3BOJISIET HOCTUTAaTh Oolee
KaueCTBEHHO! OTPabOTKM MaTepuana U yIoensTh
0osTbIlle BpEMEHM Ha BOIIPOCHI, BbI3BIBAIOIIME
TPYOHOCTH.

PyKOBOAMTENIO 3aHSITUSI TEXHUYECKUE CPe[l-
cTBa 00YYEHMSI TTO3BOJISIIOT JTOBECTU IO oOyuae-
MBIX BECh HEOOXOIVMBbII1 MaTepyas ropas/io ObICT-
pee, ueM 6€3 X UCTI0Tb30BaHMSI.

CoBpeMeHHOe BOEHHOe 00pa3oBaHMe HaIpas-
JIHO Ha MCIIOb30BaHMe TeXHUYEeCKUX CpelCTB
00yUYeHMs B pa3IMUHbIX PopMax 0OyUeHums.

Bojicka HauMOHaNbHOM TIBapauM BHEIOPSIOT
TEeXHUYECKME CPEJICTBA OOYUYEeHMSI B pas/IMyuHbIe
(opMbl U HampaBieHuss 0OyUYeHMs, UTO CIIOCOO-
CTBYET POCTY YPOBHSI OO€BOJIi MOATOTOBKMU JIMY-
HOT'O COCTaBa.

WuabopmaTtusanusi y4eGHBIX 3aBeleHUii He
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obol11a CTOPOHOI 1 06pasoBaTeIbHbIe OpraHu3a-
uuu MuHucTepcTBa 060poHbl Poccuiickoit deme-
pauyu, ¢ 2016 roga 6bLT IIPOBEIEH PSIA HAYUYHO-
MCCIeIOBATEILCKUX PaboT, B KOTOPBIX ObUIM UC-
CJIeIOBaHbl BOIPOCHI MH(POpMAaTU3AUY Pa3Inyd-
HBIX BUIOB JIeSITeJIbHOCTY BBY30B. B pesynbraTe
MpoBefeHust 3TUX PaboT O6bUIM CHOPMUPOBAHBI
Tpe6OBaHMS 110 CO3TAHMIO ¥ WCIIONb30BAHMIO
SJIEKTPOHHBIX YUYEOHBIX WM3IAHUI, 3JTEKTPOHHBIX
OMOIMOTEK, 3JIEKTPOHHOTO JOKYMEHTOOOOPOTa,
BumeokoHdepenicssasu u MOC yue6HOro 3aBefe-
HMS, pa3paboTaHbl TPeOOBAHMS IO CO3TaHMIO CITe-
MM 3MPOBAHHOIO ITPOTPAaMMHOI0 o6ecrieueHmst
IS YKa3aHHBIX HaIpaB/IeHWi, M B HacTosIIee
BpeMsl BemeTcs pa3paboTKa, TeCcTHMpOBaHME U
BHeJpeHMe MaHHOTO IIPOrpaMMHOrO obecrieve-
HUSL.

B pamkax yiydIineHus CCTeMbl BOEHHOTO 00-
pasoBaHMsT OBLIM IIPOBEIEHBI MEPOIPUSTUSI TI0
OPVMEHTUPOBAHUIO IIPOTPaMM Pa3BUTHS By30B MO
P® (B nepuop, no 2020 r.) Ha OpraHu3aIKIo COBpe-
MeHHOI MHQPACTPYKTYPHI U YyUeOHO-MaTepUaib-
HO1 6asbl [1]. BHegpeHue coBpeMeHHBIX MHGOD-
MAaIlVIOHHBIX Y TEJIEeKOMMYHMKAIIMOHHBIX TEXHO-
noruit (UKT) B BoeHHOe 06pa3oBaHMe BbI3BAJIO
HeoOXOIMMOCTh BBeZeHMUS B Te3aypyc mpodeccu-
OHAJIbHOM IeJarorMky TepMMHA «3JIeKTPOHHAS
MHbOpMaIMOHHasT 06pa3oBaTeIbHas cpeaar, mo-
HMMaeMOro, 0ObIYHO, KaK COBOKYITHOCTb KOMITbIO-
TEepPHBIX CPEACTB U CITOCO60B UX HYHKIMOHMPOBA-
HUS 1T peau3anyy o0yJaoleil esiTeJIbHOCTH.
PaccMOTpMM 3/IEMEHThI TePMMHA «3JIeKTPOHHAsI
MHGOPMaIMOHHO-00pa3oBaTeIbHas cpemar.
Cpena (coumanbHast) OKpY>Kallue yeaoBeKa 00-
IeCTBEHHbIe, MaTepyaJbHbIe ¥ TYXOBHbIE YCJIO-
BMSI €T0 CYIIeCTBOBaHMS, GOPMUPOBAHMS U 2 Hesi-
TEJIbHOCTU. B MIMPOKOM CMBbIC/Ie 3TO MaKpocpea,
KOTOpasi OXBaThIBAaeT OOIECTBEHHO-3KOHOMMYE-
CKYIO CYICTEMY B LI€JIOM ITPOV3BOAMUTETbHBIE CUITHI,
00IIeCTBEHHbIE  OTHOWIEHMSI M MHCTUTYTHI,

ob61ecTBeHHOE CO3HaHMe 1 KynbTypy. Cpenia B y3-
KOM CMbIC/Ie (MMKPOCpela) BKIYaeT Helocpe/-
CTBEHHOE OKpY)XeHMe 4YeJIOBeKa: CeMblo, TPYZO-
BOJ, YUeOHbBIII U Opyrue KOJUIEKTUBBI U TPYIIITHI;
3TO 4YacTb COLMOKY/JIbTYPHOILO IIPOCTPAHCTBA,
HeIlOCPeACTBEHHO C KOTOpPOWM B3aMMOZENCTBYeT
obyvaromuiicss. Knaccuduimpyrores cpenpl 110
pPa3HbIM OCHOBAaHMSIM: TIO CTEITeHM TJI00a/IbHOCTH
omnpepeneHnsl Cpefbl; II0 HAIPAaBIEHUIO Dellae-
MBIX OOIIECTBEHHO 3HAUMMBIX 33/a4; IO TUITY
yIpaB/jeHysl IPOLeCCOM I103HABaTe/IbHOW Jesi-
TEJIBHOCTU U CITocobaM Tepemaun (puemMa) MH-
dopmauun. IToHsTHME «0Opa3oBaTenbHasl cpenar
paccMaTpyuBaeTcsl MHOTMMM aBTOpPaMy C Pas3HON
TIOJIHOTOVM OTpakeHMsI CyTM: 3TO IOHSTME OTpa-
SKaeT COBOKYITHOCTh MH(MOPMAIVIOHHBIX PECYPCOB
06pa30BaTeNbHOIO  YUIPEXKAEHMS, TEeXHOJIOTHU
06yueHNs 1 obecrieyeHns yueGHOTro poiecca, pe-
anM30BaHHBIX B paMKax eIVHBIX IPUHLUIIOB I10-
CTPOEHMUSI ¥ 06eCIeUnBaIONIVX TTOTHbIN VKT VN
€ro JIOTMYeCK! 3aBepIIEHHYIO YacTb.
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NHPOPMAIIMOHHBIE TEXHOJIOTHUHA

BAKAEBA Enena MuxaiijioBHa
cryneHTKa Kadenpsl «1InbpoBbie TEXHOMOTUY ¥ MHPOPMAILIMIOHHbBIE CUCTEMbI»,
MOCKOBCKMI1 aBUAIIMOHHBIV MHCTUTYT (HAIIMOHAIBHBIN MCCIeI0BATE/bCKUIT YHUBEPCUTET),
Poccug, r. MockBa

HNNOPOBU3ALNMSA ITPOLECCA ITPUHATHUSA PEHIEHVS
ITO OYNCTKE CTOYHBIX BO/, ITPU ITPOU3BOJACTBE ITEYATHBIX ITVIAT

AnHOmayus. B cmamve paccmampusaemcs Heo6Xo0umMocms Yupposusayuu npoyecca NPUHAMuUs peweHul
no ouucmke CMo4HbIX 800 NpU NPoU3BOOCMee neuamusix haam. B Hacmoswee epems npoucxodum 2n00aavbHasn
yugposusayus: npakmuuecku J1100as 8ewjb A0NOIHAEMC INeKMPOHHbIM ynpasieHuem. B ceasu ¢ amum, ¢ npo-
w1020 8eKa NPoOOaHAeM HAPAUWUBAMBCA NPOU3B0OCMB0 NeUAMHbIX naam 0Jis co30anus anekmponuku. Ho co-
30aHue neuamHsix NAAM MOXem npueecmu K 3azps3HeHuio okpyxaioujeli cpedsl 8 mom ciyude, Ko2da Ha hpeod-
npusmuu-u3zomosumeJie OMCymcmaeyom cpeocmed ouucmKu, 1o 8vl6paH He n00X00sAwWuli 0151 0aHHO20 NPOU3-

80dcmea memoo ouUCMKU.

Knroueewle co6a: ouucmKa CmouHbslx 60(), Memoo C800HbBIX ma6ﬂuu, np0u3eoacm60 neuamHolx niam, cnoco0vl

OUUCMKU CMOUHbIX 800, Yugposusayus, ITIK cmouHsix 800.

B Hallle BpeMs BO BCeM MUpPe OCTPO CTOAT BO-
MPOChl 3Konoruu. Bemymive mpou3BOACTBEH-
Hble MUPOBBIE CTPaHbI aKTUBHO U3Y4YalOT BOIIPOC
TOBBIIIEHUST 3KOJOIMYHOCTU IIPOU3BOICTB, CO-
Kpalllasi TeXHOTeHHOe BO3/ieliCTBMe Ue/ioBeueCcTBa
Ha OKPY>KAIOIILYIO Cpeny.

Ilocneguue pecsaTuneTVs: HapalUBaeTCs BbI-
IyCK 9JIeKTPOHMKM, CBSI3aHHBIA C IJ106aTbHOM
uudpoBu3alMeil 00IIecTBa M MPaKTUUECKU BCEX
cdep mesITeNIbHOCTY COBPEMEHHOM ITUMBUIM3AIUMN.
B cBSI3M ¢ 5TMM, 3HAUUTEIbHO YBEJIMUMBAETCS
06beM BBINYCKA M YTUIM3ALMM IeUYaTHBIX IIIaT,
KOTOpbIE MPUMEHSIOTCS BO BCE€X 3JIEKTPOHHBIX
yCTpOJiCcTBaX, HauMHasi GBITOBBIMM, TaKMMM KakK
cMapT@OHBI MM CUCTEMA YMHOTO A0Ma, 3aKaHUM-
Bas IPOM3BOIACTBEHHO 1 BOEHHOI TEXHUKO.

Bormpoc yrunm3sanyu oTpaboTaHHbIX IeYaTHBIX
IUIAT CTOUT YK€ JABHO, ¥ KKObIM IOl HaXOOSTCS
HOBBIE peIlIeHMs], OCOOEHHO JMUIUPYET B 3TOM
HanpasiaeHny Kuraii. I, COOTBETCTBEHHO, KUTail-
CKMe aBTOPbI BBIITYCKAIOT GOJIBIIOE KOMUUYECTBO
CTaTeit, MOCBSIEHHBIX YTUIM3ALUUM OTpabOTaH-
HBIX TeUYATHBIX IUIAT: UX mepepaboTKe, CO3TaHUN
Ha X OCHOBE HOBBIX MMKPOCXEM U TaK Jajee.

OpHako BOIIPOC TOBbBIINIEHUSI 3KOJIOTUYHOCTU
MMPOM3BOACTBA II€YATHBIX IIJIaT OCBEIeH [0-
BOJIbHO (/1a60, [Oake HeCMOTps Ha TO, YTO

MpaKkTUUECKM 3Ta MpobiieMa peliaercs, B TOM
yycae U OTeYeCTBEHHBIMU IMPeNNnpUsITUSIMU, He
OTCTAIOMIMMM OT MUPOBBIX JIUAEPOB.

C/I0KHOCTh BbIOOpa ITOOXOASIIETO0 MeETOona
OUMCTKM CTOYHBIX BOJI 3aK/TI0YAETCS B TOM, UTO HE
CYILIECTBYET YHUBEPCATBHOIO CII0C06a, KOTOPbIN
CMOXeT HeHTpaanM30BaTh BCe CoOHepsKaIecs
BpeJIHbIE BEIeCTBa ¥ TapaHTUPOBATh HA BBIXOZE
ynosiieTBoputenbHylo I1IK 1o BceMm nmapameTpam,
a COBMeNIaTh Ha OJJHOM IpeIpUsITUM H6osiee IByX
KOHTYPOB OUYMCTKM 3a4acTyiO SIBJSETCS HEeBO3-
MOXHBIM. [T09TOMY, GOJIBIIMHCTBO M3TOTOBUTE-
Jleii TIeYaTHBIX TIUIAT BHIOMPAIOT Te MeTOHbI
OUMCTKM, KOTOPbIE MOTYT 06€CIIeUNUTh OUUCTKY OT
HauOOJbIIEro YyMcia TUTIOB 3arpsI3HeHMI, Hallpu-
Mep, 37eKTpPodIoTalMs CIIOCOOHA 00ecreunTh
OUYMCTKY IIPOMCTOKOB OT TaKMX BPEIHbBIX BEIIECTB,
KaK KOJIJIOMTHbIE YACTUIII, MAC/Ia, MOHBI TSIKEJTbIX
METAJUIOB, LIMAHUIbI, COAEPIKaHNE XpoMa U II0-
BEPXHOCTHO-aKTUBHBIX BEIECTB [2].

Ho mpou3BOACTBO MeYaTHBIX IUIAT IPOU3BO-
IUTCS TT0 HECKOIBKMM MeTOIaM, KasKIblii U3 KOTO-
PBIX JeIUTCS Ha HECKOJIBbKO ITOATUIIOB, M KasKIbIi
13 METOMIOB BBbIEJISIET pa3jiMUHble 3arpsi3HEHMS,
3aBUCSIIMX He TOJABKO OT TUIIA MTPOU3BOMACTBA, a
TaKke OT MPUMEHSEMbBIX MaTepuaaoB. ITosTomy
BBIOPAHHBI CIIOCO6 OUMCTKM Ha OIpeeIeHHOM
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MIPENPUSITUY MOXKeT ObITh HedhPeKTUBEeH mpu
ompeneeHHbIX YCIOBUSIX. 3a TOJT OTHO IpeaIpusi-
THE MOXeT BbIpabaTbiBaTh Iopsiaka 30-50 TOHH
OTXOJIOB IIPU TPABJIeHUM HA TaJIbBAHNUYECKUX IIPO-
U3BOJACTBaX [1].

I onmTMMM3aluM BbIOOpa crocob6a OUMCTKU
IIPOMCTOKOB He06X0AyMa CCTeMa MIPUHSITHUS pe-
IIeHMIi, KOTopasi CMOXKeT OIpelessiTh Haubosee
TTOAXOASIINIT BApMAHT OUMCTKYU C YIETOM pas3jny-
HbIX (aKTOPOB, TAKMX KAaK COCTAB CTOYHON BOJIBI,
Tpe6OBaHMS MO CTEIeHM OUYMCTKM, IKOHOMMIUe-
CKMe aCIIeKThl.

Takas cucTemMa MOKeT ITIOMOYb:

OmnpenennTs COCTaB CTOYHOI BOIBI U YPO-
BEHb 3arpsI3HEeHMSI.

Bri6paTh Hanbosee 3¢ GeKTUBHBI METO,
OUMCTKM (OOMH BUI 3arpsi3HEHUSI MOXKET ObITh
HeifTpa/M30BaH pasHbIMM crocobamu. Harpu-
Mep, Ui OUMINEHMSI MeObComepsKalliyX MOTYT
MIPUMEHSIThCS TaKue MeTOHbl, KaK yIlapuBaHMUe,
3JIEKTPOXMMMUYECKOE OCAKIEHMe MIU IleMeHTa-
wwws) [3].

CHMU3UTL HeraTMBHOE BO3[eiCcTBMEe Ha
OKPYKAIOIIYIO0 Cpeay U 06IeCTBeHHOE 3I0POBbE.
VMeHBIINUTh 3aTpaThl Ha 060pymOBaHMe,
peareHThbl ¥ SHEPIUIO.

ObecneunThb COOIIONEHNE 3aKOHOAATE/b-
HBIX HOPM ¥ Tpe6OBaHMi1 110 YTUAM3ALINY U COpOCY
CTOYHBIX BOJI.

Ob6ecrieunTh yCTOMUMBOE PasBUTHE IIPO-
MU3BOJICTBA.

CucreMa TOOOEPKKM TIPUHSITUS pelIeHui
IOJKHA OBITh IIOCTPOEHA TaKUM 00pa3soM, UTOOBI

agarTUPOBATHCS K PasMUHbIM ITPOOIEMHBIM CH-
TyauMsIM B Pas/IMUHBbIX IPEIMETHBIX O06JIaCTSIX.
Braromapss BO3MOXKHOCTM MCIIOJTb30BaHMSI OOJIb-
mux 6a3 JaHHBIX M 6a3 3HAHMII CUCTeMa CMOKET
MCII0/Ib30BaTh HAKOIUIEHHYI0 MHGOPMAaLMIO IJIsT
peleHus 3a[au, BKIIOUAsi METOAbI TeHepaluu pe-
meHuit, GopMMUpPOBaHUS CUCTEMBI KPUTEPUEB U
BbIOOpA pellleHnit B 3aBUCUMOCTH OT ITpeIMeTHO
ob6sactu rmpobseMbl. DYHKIMOHMPOBAHUE CHU-
CTeMbl TOAIEePKKM TIPUHSITUS pellleHui TOKHO
MIPOMCXOAUTDb B HECKOJIBKO 3TarloB, BK/IIOYAsi MO-
HUTOPUHT TMPOOJIEeMbl, MUIOEHTUGUKAIMUIO IIPO-
6JIeMbI C MCIIOb30BaHMeM 0asbl 3HAHMII U 3KC-
MePTHBIX cucTeM, GopMUPOBaHME CUCTEMbBI KpU-
TepueB 3G(PEKTMBHOCTM, T'eHepalyuio ajJbTepHa-
TUBHBIX BApMaHTOB peleHusi, GopMupoBaHme 1e-
J1eBo¥i GYHKUMM IJI BbIOOpA HAMTYYIIMX BapyaH-
TOB pelleHus], ¥ IpeacTaBlIeHne HaWIyUIIuX pe-
LIEHMI C TIOMOIIbIO CPeICTB MHTEPAKTUBHOM rpa-
buxnu. Bce 3TO IO3BOMUT CUCTEME TOIAEPIKKA
IIPUHSTUS pelleHNi TPOU3BOIUTD 3(PdEKTUBHbIN
BBIOOp HAWIYYIIIEro peIleHus AJIS YCTpPaHeHUs
mpobneMsl. VmobHas rpaduyeckass 000JI0UKa,
OpMEHTMPOBAHHAS Ha IIPSIMOe B3aMMOIECTBIE C
T10JIb30BATEIEM M YUMUTHIBAIOIIAS ITPEAIIOUTEHMS
JUIa, TNPUHMMAIOIIEro pelieHue, 006ecreunT
OBICTPOE ¥ KaueCTBEeHHOE YITpaB/IeHye CUTYaIlei,
He Hapylas KJIacCUYeCKuii CUCTEMHBIN MOAXO0, K
IPUHSITUIO PEIIeHUA.

OYHKIMOHAIBHOE Ha3HaUeHMe pa3pabaTbiBae-
MOJ1 CMCTEMBbI ITOAAEPSKKM IIPUHSITUS PelIeH)e 110
OUMCTKE CTOYHBIX BOJ, ITPU MTPOU3BO/ICTBE ITeyar-
HBIX ITUIAT IPeICTaB/IeHO Ha PUCYHKe 1.

uc Use Case Model ~
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Puc. 1. InarpaMma IpelieIeHTOB [IJIS1 aHa/IM3a JaHHbBIX
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[l1st peanu3anyy CYCTeMbI Hy;KHO pa3paboTaTh
YIOBJIETBOPSIOLINII a/ITOPUTM Ha 6a3e CyLIeCTBY-
IOIIMX METOHOB I10 MPMHATHIO peineHus. Cyuie-
CTBYeT HECKOJIbKO METO0B, KOTOPbIE€ MOTYT GbITh
MCII0/Ib30BAHbI IIPYM Pa3paboTKe CHCTEMbI IIPUHSI-
TUSI PelIeHni 110 OUMCTKE CTOUHBIX BOJ, IIPH IIPO-
M3BOJCTBE IIeYaTHBIX IulaT. Merop, aHaamsa
Mepapxuil XOpOIIO MOAXOOUT ISt IIPUHSITUSI pe-
IIIEHV Ha OCHOBE SKCIIEPTHO OLIEHKM KPUTEpIeB
" aJIbTepHATMB. MeToH, CBOJHBIX Tab/IMII XOPOLIO
MTOAXOAUT IJIs1 aHaam3a 60/bIIMX 06beMOB IaH-
HBIX M TPYIIIIMPOBKYM TaHHBIX 110 PA3IMUYHBIM I1a-
pameTpam. MeTo[I CTaTUCTMYECKOrO aHa/I13a I103-
BOJISIET BBISIBJISTh CBSI3M M 3aBUCUMOCTM MEXKIY
Pa3IMUHBIMM II€PEMEHHBIMM, @ METOIbI MAaIliH-
HOTO 06yueHs [I03BOJISIIOT aHAIN3MPOBATh 60JIb-
1ye 00beMbl JaHHBIX M HAXOIUTh CJIOXKHbIE 3aBMU-
CHMMOCTM MEKIy IapaMeTpaMI.

MeTop, CBOIHBIX Ta0/INI, MOKET ObITh I10JIe3eH
IJIS TIOCTPOEHMSI CUCTEMBI IIPOIecca IIPUMHSTHS
pelleHns 110 OUMCTKE CTOYHBIX BOI OT IPOM3BOI-
CTBA MeYaTHBIX [IJIAT 10 CJIeIYIOLM IPUUMHAM:

1. Ananmmu3 607bIIMX 06bEMOB JaHHbIX. Me-
TOH, CBOIOHBIX TabGJMII IO3BOJsIET 06pabaThIBaTh
6osbiie 00beMbI JAHHBIX U IPYIIIMPOBATD UX 110
Pas3IMyYHbIM ITapaMeTpaM.

2. JlerkoCTb MCIIOJIb30BaHMsI. MeTon, CBOJ-
HBIX TabJMIl JIETKO MCIIO/Nb30BaTh U He TpedyeT
CIelMaIbHbIX HAaBbIKOB MMPOTrPaMMMUPOBAHMS MU
CTaTMCTMUECKOIO aHa/IM3a.

3.  Bwusyanmmsaums OaHHbIX. MeTOI CBOOHBIX
TabaMIl TO3BOJISIET BMU3YalIM3UPOBATh JaHHbIE B
ymo6HOI (hopMe, UTO YIIPOIIAET UX aHaIMU3 U UH-
TepIpeTaluio.

4. Tloppepkka aBTOMaTusauuu. Mertop,
CBOAHBIX TaOINIL] MOXKET ObITh aBTOMAaTU3MPOBaH,
YTO I103BOJIIET 00pabaThiBaTh GOJbINME 00BHEMbI
IAHHBIX U MIPOBOAUTDH aHA/IN3 B aBTOMAaTMUYECKOM
pexkume. ATO YIIPOIIAeT M YCKOPsIeT MPOLLecc IMpu-
HATHA pemieHus (III1P) 1o o4McTKe CTOYHBIX BOJ,
OT IMPOM3BOACTBA IeUaTHbIX I1aT. Takum ob6pa-
30M, METOJI, CBOJHbIX TabOJIMII IIpeICTaBIsIeT co60it
yIOOHBI 1 3(PGEeKTUBHbI MHCTPYMEHT /151 aHa-
JI3a JaHHBIX 10 OUMCTKE CTOUHBIX BOM, OT IIPOU3-
BOZCTBA IT€UATHBIX IUIAT, ¥ MOXKET ObITh MCIIO/Ib-
30BaH 151 TIOCTPOEHMSI CUCTEMBI ITpollecca Ipu-
HSITUS pelleHusl.

Iy1st 061IIeli MOCTAaHOBKYM 3aauy IIPUHSITUS pe-
IIeHus 6bUT pa3paboTaH aJropUTM MOMCKa ITOIX0-
ISIIero pelieHus [AJjis1 KOHKPETHOM CUTyauuu

(puc. 2).

Bbibop

Ctpyktypa ACIIMP

mogaynen
ACInpP

BbiGop meToaos n
artanos MNP

Onpepenexve
HeonpeaeneHHocTH
MNCXOAHON MHOpMaLMn

Onpepenexve
CTPYKTYpPMPOBaHHOCTN
npobnemb!

OKCnepTHaA cUCTeMa———

aTpviLia
Knaccudukaumm
meTozos MNP un

3apa4 Cl

—3%

M~

o Mouck peLueHwnii
Basa 3HaHun

BkenepThl Unu
mMeToab!

N

MoHWTOPWHT Npobnembl

-

OnpepeneHune npobnembl

1 3ajauu

Puc. 2. AropuTM paboThI CUCTEMBI

CHavasla B 3amavye CUTYalMOHHOIO LeHTpa
(CII) aHanmM3mupyeTcsl onyucaHue MpeaMeTHO 00-
JIaCTU, BKIKOYad KOJINMYECTBEHHbIEC M KaUYeCTBEH-
HbI€ XapaKTePUCTUKHA, YTOOBI OIipenejinTb Ipo-
6memy. 3aTreM WUCIIONb3yeTCsl KiIaccuduKams

3a/1au CUTYAlMOHHOTO IIEHTPa, YTOOBI ormpene-
JIUTh TUII TIPOBJEMBI, M SKCIHEPTHI ITOMOTalOT
ompenenTb HeOOXOOUMBI 00beM U TUIT MHOP-
Malluy IJ1s BbI6Opa METOIOB IMPUHSITHUS peIeHuit
M MOAy/leil aBTOMAaTM3MPOBAHHON CUCTEMBI
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noaaepkku npuHsatus pemenuii (ACIIIIP). 3kc-
MepTHast cuUcTeMa O0OeclieuMBaeT aJATUBHOCTD
nporpaMMHoOii cuctembl. Korma mpobiema pe-
IIeHa, CUCTeMa MepPexXoNUT K PelleHUIO CJIeyio-
1Iei.

Takum o6pa3oM, BHeapeHME IMMPOBBIX TEX-
HOJOIMIA B TMpOLlecC MPUHSATUSI pelleHMit II0
OUMCTKEe CTOYHBIX BOJ, IIPU MPOU3BOJACTBE Ieyar-
HBIX IIJIAaT MOXXeT MPUBECTU K CYyLeCTBEeHHBbIM
yAyYIIeHUsIM B 3TOi o6mactu. Hekotopbie BO3-
MOKHbBIE BBIBOZBI:

—  IudpoBusanms MOXKET 3HAYUTEIBHO CO-
KpaTUThb BpeMsl, 3aTpaurBaeMoe Ha IIPUHSTHE pe-
IIeHM i TI0 OUMCTKEe CTOYHBIX BOA, ITO3BOJISS
OBICTPO 0OpabaThIBATh M aHAIM3UPOBATD OOJIBIINE
06'bEMBI JAHHBIX U TIOJTYYaTh TOUHbIE TPOTHO3BI.

—  Buegpenue umudpoBBIX TEXHOJOTUIT MO-
KeT  TOBBICUTH  3(PGEeKTMBHOCTh  Ipoliecca
OUMCTKM CTOUHBIX BOJI, YIYULIMB KOHTPOJIb 3a Ka-
YeCTBOM BOJbI M CHU3UB 3aTPaThl Ha SHEPTUIO U
XUMMUKATBI.

—  ludpoBmszanus MoXKeT CHUBUTb PUCKH,
CBSI3aHHBIE C SKOJIOTMYECKMMM TMPOBGIeMaMu,
MpeloTBpalas 3arpsisHeH e BOOHBIX PecypcoB U
yJTyuliast uX KauecTBo.

—  IIpumeneHne undpoOBbIX TEXHOIOIUI MO-
SKeT CHeNaTh MPOLeCC NMPUHSITUS pelieHuit 6oee

MIPO3pavyHbIM M TMOHSITHBIM, YTO MO3BOJIUT YIyd-
IIUTH B3aMOIeJiCTBME MeKAY 3aKa3uMKaMm U UC-
TTOJIHUTEISIMU.

—  UndpoBusaumsi MOXKET CIIOCOOGCTBOBATH
BHEJIPEHMIO O0JIee MHHOBAI[MOHHBIX Y 9KOJIOTHUYE-
CKM YMCTBIX METOAO0B OUMCTKM CTOUYHBIX BOJ, UTO
MO3BOJIUT YJIYYIIUTh KadyecTBO OKpYysKarouleii
Cpembl M TIOBBICUTb KOHKYPEHTOCIIOCOGHOCTD
TIpenIIPUSITHIL.
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DIGITALIZATION OF THE DECISION-MAKING PROCESS FOR WASTEWATER
TREATMENT FROM THE PRODUCTION OF PRINTED CIRCUIT BOARDS

Abstract. The article discusses the need to digitalize the decision-making process for wastewater treatment in
the production of printed circuit boards. Currently, global digitalization is taking place: almost anything is comple-
mented by electronic control. In this regard, since the last century, the production of printed circuit boards for the
creation of electronics has continued to increase. But the creation of printed circuit boards can lead to environmen-
tal pollution in the event that there are no cleaning products at the manufacturer, or a cleaning method that is not
suitable for this production is chosen.

Keywords: wastewater treatment, summary tables method, printed circuit board production, wastewater treat-
ment methods, digitalization, wastewater MPC.
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BUJIAKUS Asryct KypbaHosuu
crapmuit pa3paborunk, Anbda-bank, Poccus, r. MockBa

AHAJIN3 ITPON3BOIUTEJIbBHOCTN 1 HAJJEJXKHOCTU BA3 TAHHBIX
JIJI1 CEPBEPHBIX ITPUJIOXKEHUI HA JAVA, KOTLIN U GO

AnHomauus. B dannoli HayuHoli cmamee nposedeH aHAIU3 NPoU3800umenbHoCmu U HadexcHocmu 6a3 OaHHbIX
07151 cepeepHblx npunoxceHutl, paspabomantsix Ha Java, Kotlin u Go. /Ins nposedeHus uccnedoganust 6uiiu 8bl-
Opamsl nonynsapHoie 6a3vt daHHblx, makue kak MySQL, MongoDB u Redis, u nposedeHsl mecmsl npou3eo0umeib-
HOCMU C UCNONb308AHUEM IMUX 63 OAHHbBIX 8 COUEMAHUU C PA3TUMHBIMU A3bIKAMU NPOZPAMMUPOBAHUS. Pe3ynb-
mamot UCCNed08aHUsl NOKA3AU, YMO NPOU3B0OUMEIbHOCMYb 0a3 OAHHBIX MOXCem CYUeCn8eHHO Pa3Iuuamscs 6
3a8ucuUMocmu 0m 8slOPAHHO20 S3bIKA NPOZPAMMUPOBaHUs. Baswvl danusix MySQL u MongoDB nokasanu xopouiue
pe3ynvmamat npu pabome c Java u Kotlin, 6 mo epems kax Redis nposeun syuuiue pe3yiomamaost 8 Npou3eooumeis-
Hocmu npu pabome ¢ Go. OOHAK0, NOMUMO NPOU3BOOUMENILHOCMU, MAK}CE BAXCHO YUUMbI8AMb Opyeue acheKmol,
makue Kaxk CIOMCHOCMb HACMPOUKU, Macumadupyemocms u cpedcmea obecheueHus HadexcHocmu OaHHbIX hpu
8blOope 6a3vl OaHHbIX O/ CepeepHbIX NPUioxceHull. JlaHHoe uccnedosaHue moxcem Ovimsb noae3HsiM 015 paspa-
O0OMUUKO8 CepBePHBIX NPUNOXCEHULL, NOMO2as UM cOenams 0CO3HAHHDLL 8bI00p 0a3bl OAHHBIX 8 COUEMAHUU C Bbl-
OpaHHBIM S3bIKOM NPOZPAMMUPOBAHUSA, C yuemom mpebosaHuli npoekma. JlanvHetiuiue ucciedo8anus mozym
OblMb HANPABAEHB! HA AHAIU3 NPOU3BOOUNENILHOCIU U HAOEXCHOCMU 0a3 OAHHBIX HA OpY2UX A3bIKAX NPOZPAMMU-
POBAHUA U C UCNOIb308AHUEM Opyeux Munos 6a3 0aHHbiX, A Makxx#e yuem 0cobeHHOCmeli KOHKPEemHbIX CEPBEPHBIX
npuioxeHutl.

Kntouesnle cnoea: 6asvt daHHbIX, NPou3sooumenbHocmy, HadexcHocms, Java, Kotlin, Go, onmumu3ayus npo-
uU3800umMenbHOCMU, AHAIU3 NPOU3BOOUMENLHOCMU, CepBEPHDbIE NPUTONCEHUS, CUCMEMHOE NPOZPAMMUPOBAHLE.

BBepenue

C pa3BuUTHEM CeTeBbIX TEXHOJOTUI U pacIpo-
CTpaHeHMeM CepPBepHbIX MPUIOKEHMT, 6a3bl JaH-
HbBIX CTaJIM HEOTheMJIeMOJi YacThI0 COBPEMEeHHBIX
MHGOPMAaIMOHHBIX CUCTeM. BbIGOp Momxonasiieit
0a3bl JAHHBIX IJIS1 CEPBEPHBIX PUIOXKEHMIA IBJISI-
eTCsl KpUTUYECKMM pellleHVeM, TaK Kak OHa BJIM-
sieT Ha IPOM3BOAUTEIbHOCTDb, HAJIEXKHOCTD 1 Mac-
MITabMPyeMOoCThb cucTeMbl. OTHUM 13 (aKTOPOB,
BAMSIOIINX Ha paboTy 6a3 JaHHBIX, SIBISETCS I3bIK
MIpOrpaMMMPOBaHMsI, Ha KOTOpPOM paspabaThiBa-
eTCsl cepBepHOe MpUJIoKeHe.

B HacTos111€€ BpeMs Ha pbIHKe ITPOrpaMMMpO-
BaHMS ITONY/ISIPHBI TaKye SI3bIKM ITPOrpaMMMpOBa-
Hus, Kak Java, Kotlin u Go, koTopsle MmMpoKo uc-
TI0/Tb3YIOTCS )il pa3spaboTKyM CepBEpPHbIX MPUIIO-
>KeHMi. Kaskapiii 13 3TUX SI3bIKOB IMEET CBOU 0CO-
OEHHOCTM U TIPEMMYILeCTBa, ¥ UX BbIOOP MOKET
OKa3blBaTh BIMSHME HA IIPOM3BOAUTENbHOCTh U
HaIeXHOCTD 633 JaHHBIX.

Java — omHa 13 caMbIX MTOITYJISIPHBIX I1J1aThOPM
MIPOrpaMMMPOBaHMS C MIMPOKOI MOAaepsKKOi 6a3
IaHHbIX. OOHMUM U3 ee KIHYEeBbIX NPEUMYIIECTB

SIBJISIETCSI BO3SMOXXHOCTh paboThl HAa BUPTYa/IbHOM
mamuHe Java (JVM), uTo o6ecrieunBaeT BbICOKYIO
IePEHOCUMOCTD PWIOKEHN HA pa3/IMYHbIE OIle-
palMOHHBIE CUCTEMBI. DTO MO3BOJISIET Pa3paboT-
yyMKaM CO3[aBaTh MacIITabupyeMmble U TMOKue
MIPWIOKEHMSI C MCIIOJIb30BAHMEM Pas/IMUHBIX 6a3
JAHHBIX.

Java Takke o6JiamaeT MOIIHBIMU OMOIMOTE-
Kamu 1 API gns paboTsl ¢ 6a3aMy JTaHHBIX, Ta-
kuMu Kak JDBC (Java Database Connectivity), Ko-
TOpbIe YIPOIIAIOT B3aMMOIENCTBUE C Pa3INU-
HBIMM CHCTEMaMM YIIpaBjaeHMs 6a3amMy IaHHBIX
(CYb). JDBC mpemocTaBiasieT CTaHOAPTHBIN
HabOp KJIACCOB ¥ METOJIOB [IJIS BBIITOJTHEHMS OIle-
pauuit YTeHusI, 3amcu, OOHOBJIEHUS U yIaIeHNS
IaHHBIX B 0a3e MAHHBIX M3 Java-ITPUIOKEHMIA.
bnarogaps aromy 6oraTomy GyHKIMOHATY paspa-
O0TUMKYM MOTYT JIETKO MHTETPUPOBATD PA3JINUHbIE
6a3bl JAHHBIX B CBOM MPUJIOKEHMS, a TaK)Ke OCy-
IIECTBJISITh CJIOKHBIE OMepalyy C JaHHbIMMA.

Java Takke M3BeCTHa CBO€Ji OTPOMHON IIOJ-
IeP>KKOJ ¥ aKTMBHBIM COOOIIECTBOM Pa3padboTum-
KoB. CymecTByeT MHOXeCTBO OMOIMOTEK,
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(bpeiiMBOPKOB ¥ MHCTPYMEHTOB pa3paboTKu, KO-
TOpbIe CIIeMaJbHO pa3paboTaHbl [Jisl paboThl C
6a3aMM JAHHBIX. JTO MO3BOJISIET pa3paboOTUMKAM
MCITOJIb30BaTh MHOXECTBO T'OTOBBIX pellleHMit U
MHCTPYMEHTOB, YIIPOIIAIOMMX Pa3paboTKy U OII-
TUMM3ALUIO IPOU3BOIUTEIbHOCTM 06a3 TaHHBIX B
Java-nipuiioskeHusx.

B nenom, Java mpeajaraet mmMpoKue BO3MOXK-
HOCTM paboTel ¢ 6asaMM [OaHHBIX, Onaromaps
cBoeii miaTdopme JVM, MOIIHBIM 6MOIMOTEKAM U
API, a TakKke IMOAAEPIKKe U COO6IeCcTBY pa3paboT-
YMKOB. ITU (HAKTOPHI [eal0T Java OJHUM U3
MPeANOUYTUTE/bHBIX SI3bIKOB ITPOTPaMMMPOBaHMSI
IJIST CO3aHUsl TPUIOKEHUN, B3aUMOIENCTBYIO-
mux ¢ 6a3amu JaHHBIX [1].

Kotlin — 5To coBpeMeHHbII1 SI3bIK TPOrpaMMM-
pOBaHMsI, KOTOPbIN IIpeiaraeT psifi IPeuMYyIIecTB
IIS1 pa3paboTKu NMpuiokeHnit. OMHUM U3 KITI0Ye-
BbIX mmpeumyiectB Kotlin siBisteTcst ero cratuue-
CKasl TUIM3aLysi, KOTopasl I03BOJISIET HAaXOOUTh
MHO€eCTBO OIIMOOK Ha CTaOuM KOMITVIISIMA. DTO
YBeJIMUYMBAET HAIEKHOCTb U CTaOMIBHOCTh KOJIa,
TaK KakK MHOTMe OLIMOKM OOGHApYKMBAIOTCS Ha
pPaHHMX 3Tamax paspabOoTKM, YTO YIIPOIIAET OT-
JIaJIKy ¥ TIOAAEPsKKY TTPUIOKEHUIA.

Kpome Toro, Kotlin nmeeT coBpemMeHHbI 1 J1a-
KOHMYHbII CMHTAKCHC, KOTOPBbI1 IefiaeT ero 6oyee
YIOOGHBIM ¥ IMIPOAYKTUBHBIM I10 CPaBHEHMIO C Java.
Hampumep, Kotlin moppmepskuBaeT aBTOMaTuye-
CKOe oIlpefieJieHMe TUIIOB IIepEMEHHBIX, YIIPO-
IeHHbIe orepaTopbl MpoBepKu Ha null u npyrue
CUHTaKCHMUYecKue KOHCTPYKLIMM, KOTOpbIE CHU-
SKAIOT KOJIMYECTBO KOMa, HeoOXOIMMOTO AJIS pea-
JIU3aIUM OITPeeIeHHOM (GYHKIVMOHATbHOCTH.

OpHo 13 BaxkHbIX NpeumyiiecTs Kotlin - ero
CcOBMecTUMOCTb ¢ Java. Kotlin moimHoCTbI0 cOBMe-
CTUM C Java ¥ MOXeT ObITh MCITOJIb30BaH Ha IJIaT-
dbopme Java. ITO 03HAYAET, YTO CYLIECTBYIOUIMIA
Java-Kom MOKET ObITh JIETKO MHTETPUPOBAH B ITPO-
ekTbl Ha Kotlin, uTo yripomaeT murpaiuio c Java
Ha Kotlin 1 mo3BossieT MUCII0Nb30BaTh Y3Ke Cyllle-
CTByIOIIME OMGIMOTEKY, PPEiMBOPKY U MHCTPY-
MeHTbI pa3paboTKu, paspaboTaHHbIe AJis Java.

Kpome Ttoro, Kotlin Takke mnoamepskuBaeT
GbyHKIMOHAIBHOE  MIPOrpaMMMPOBAHME,  UTO
MpeoCTaB/IsIeT pa3spaboTunKaM MOIITHbIE MHCTPY-
MEHTBHI JIJISI CO3IaHMsI 60/iee KOMITaKTHOT'O M BbIpa-
suTenbpHoro koaa. Kotlin mogmepskuBaer nssmM6aa-
BbIpakKeHM s, GYHKIMM BBICIIETO ITOPSIAKA, a TAKKe
Ipyrye KOHIenuy GYHKIMOHAIBHOTO ITPOrpam-
MUPOBaHMS, UTO AejIaeT Kof 6ojiee TMOKUM U UM-
TaeMbIM.

B menom, Kotlin mpemjaraer coBpeMeHHBIN
CUHTAKCUC, CTATUUECKYIO TUIIM3AIINIO, BBICOKYIO

COBMECTMMOCTh C Java U MOAIepXKKYy (QyHKIMO-
HaJIbHOTO IIPOTPaMMMPOBaHMS, YTO IEJIAeT ero
MPUBJIEKATeNbHBIM BBIOOPOM [JISI Pa3paboTKu
npwioxkennit. Kotlin akTuBHO pasBMBaeTcss u
MMeeT aKTMBHOE COOOIIeCTBO pa3paboTUMKOB, UTO
IleJlaeT ero OGHMM W3 TOITYJISIPHBIX SI3BIKOB IIPO-
TPaMMMPOBAHMS B COBPEMEHHOI pa3paboTke
MIPUIOXKEHU [2].

Go (wmn Golang) - KOMIIWIMPYEMbI SI3bIK
MIpOrpaMMMPOBaHMsI, pa3pabOTaHHbBI C YIIOPOM
Ha MPoCTOTY, 3 HEKTUBHOCTD U BbICOKYIO ITPOM3-
BoauTeNbHOCTh. OH 6bUT co3maH B Google B 2007
TOAy ¥ CTal MOMYISIPHBIM BbIOOPOM ISl paspa-
OOTKM CeTEeBbIX IPUJIOKEHUII M CUCTEM C BBICO-
KUMM TpeOGOBaHMSIMM K ITapalIesIN3My Y MacIlTa-
O6UpPYeMOCTH.

OpHOI 13 K/II0UeBbIX 0cobeHHOCTeil GO SBJISI-
eTcs ero npocrora 1 3¢ PekTUBHOCTh. CMHTAKCUC
GO MMHVMMAIMCTUYEH U TIOHSTEH, UTO JEJIAET ero
JIETKMM B M3YYeHUM Y UCITO/Ib30BaHMM. biarogaps
KOMITMIMpyeMOMy XapakTepy GO I03BOJISIET CO-
3[1aBaTh ObICTpPbIE U 3¢ EKTVBHBIE TTPUIOKEHMS,
MCKITIOUast HeoOXOAMMOCTD MHTepIIpeTanyuu Koga
BO BpeMs BBIMIOJIHEHMS, UTO CHUKAET BpeMs 3a-
ITyCKa ¥ YIYYIIaeT MPOU3BOIUTETbHOCTb.

Eme omgHOiT BaxkHOIT 0c06eHHOCTBIO GO SIBJISI-
€TCS BCTPOEHHAas IIOAMEPKKa KOHKYPEHTHOTO
nporpaMmupoBauusi. Go IpemoCTaBIsieT Mexa-
HM3MBbI TOPYTUH (JIETKOBECHBIX ITOTOKOB) M KaHa-
JIOB, UyTO obecreunBaeT MpocToii 1 3PeKTUBHBIN
c11oco6 CO30aHUs MHOTOTIOTOYHBIX TTPUJIOXKEHMUI] C
BBICOKO} Tapa/ienn3anneii 1 mMaciurabupyeMmo-
CTBI0. DTO 0COOEHHO TOJIE3HO B pa3paboTKe ceTe-
BBIX IPWJIOKEHUIA, Tie TpeGyeTcst OMHOBpeMeHHas
06paboTKa MHOKECTBA IMOIK/TIOUEHMIA.

Go TaKKke M3BECTEH CBOEeN BBICOKOJ NPOU3BO-
INTeNbHOCThIO. OH 6bLT paspaboTaH C ILIeIbio
obecrieuenust 3¢PeKTMBHOI PabOTHI IpU Hapai-
JIeJTbHOM BBITIONIHEHUM 3amad. Go obnamaeT 3gd-
(eKTUBHOI cHUCTeMOiT COOPKM Mycopa, OIITUMMU-
3MPOBAHHBIM KOMITMJISTOPOM M HMU3KMM BpeMe-
HeM 3aITycKa IPWIOKEeHUI, UTO MO3BOISIET CO3a-
BaTh OBICTPbIE ¥ OT3bIBUMBBIE IPOTPAMMBI JTaske
IIpU BBICOKMX HarpysKax.

IMpocTtast ¥ cTporast CUCTeMa TUIIOB JAaHHBIX
TakKe SIBJSETCS OAHUM U3 npeumyinects Go. Cu-
creMa TunoB Go IMpocCTa U CTPora, YTo MOMOraeT
MIpeJOTBPATUTh MHOXECTBO OLIMOOK BO BpeMs
BBITIOTHEHMSI TIPUJIOKEHUS, TaKUX KaK OIIMOKMU
TUIIOB WIX HEKOPPEKTHbIE TTPeoOpa3oBaHus. ITO
nmenaeT Kox Ha Go 6ojiee HafIEesKHBIM U TIO3BOJISIET
pa3paboTumMkam u3beraTb MHOIMX PacIIpoCTpa-
HEHHBIX OIIMOOK IIPOrpaMMIMPOBaHMSL.
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Eme ogHuM nipeumyiiecTBOM GO SIBJSIETCS €ro
MIMPOKasl MOAAEePKKa CeTeBOr0 MporpaMMUpOBa-
Hus1. GO MMeeT BCTpPOeHHbIe 6MOIMOTEeKN IS pa-
60TbI C CeTeBBIMM ITPOTOKOIaMM, TaKMMM Kak TCP,
UDP, HTTP, WebSocket u gpyrumu. 9to genaet Go
MOMYJ/ISIPHBIM BBIOOPOM 11 Pa3pabOTKM CETEBBIX
MIPWIOXKEHUI, BKITIOUast BeO-cepBepbl, MUKpOCep-
BuChl, APl u Ipyrue cucTeMbl, KOTOpbIE TPEOYIOT
BBICOKO¥ TTPOM3BOAUTENBHOCT U MacuITabupye-
MOCTH.

Taxske noaiep>kuBaeT CTaTUUECKYH KOMITUJIS-
L[MI0, YTO MO3BOJISIET CO3[aBaTh aBTOHOMHbBIE MC-
nosiHsiembie (aiisibl 6e3 HEOOXOOMMOCTU YCTa-
HOBKM JIOTIOJIHUTEbHBIX 3aBUCUMOCTEI Ha 1ieiie-
BOJ cucTemMe. DTO YIpOLIAeT pa3BepThbIBAHUE U
0GHOBJIEHVE TIPUIIOKEHMIT HA TTPOU3BO/ICTBEHHBIX
cepBepax, OCOOEHHO B KOHTETHEPU30BAHHBIX
OKpYXeHUsX, Takux Kak Docker.

OOHMM U3 MPUHIMUIIOB pa3paboTku Go SBisI-
eTcst mpo3pavyHocTh. Ko Ha Go unTabeseH 1 JIerKo
TIOHSITEH, YTO CIIOCOOCTBYET JIETKOMY COTIPOBOXK-
IIeHUI0 ¥ paclIMpeHuIo MpoeKkToB. boraTas cTaH-
nmapTtHast 6ubmoreka GO TakKe SIBJISIETCS elle Ofi-
HUM MPEeUMYyIIeCTBOM, IpefoCTaB/ISIOIIUM pas-
paboTYMKaM MHOXECTBO TOJIe3HBIX (YHKIMIT U
MHCTPYMEHTOB /IS pa3paboTKY ITPUIIOKEHMIA.

B nenom, Go siBasieTcst MOIIHBIM U 3(PheKTUB-
HBIM SI3bIKOM IPOTPaMMMPOBAHMUS, OCOOEHHO
MTOAXOSIIVM IS pa3paboTKM CETEBBIX MTPUIIOKE-
HUIA ¥ CUCTEM C BBICOKMMM TPEOOBAHUSIMU K TIPO-
M3BOAUTENbHOCTH, TMapaUIeIM3My M MacIuTabu-
pyemoctu. Ero mpocToit cuMHTaKkcuc, momaepskka
KOHKYPEHTHOTO ITPOTPaMMMUPOBaHMSI, BbICOKAS
MIPOU3BOAUTEILHOCTD, CTaTUUeCcKass KOMIMIISIINS
U Ipyryie 0COGEHHOCTU [IeAl0T ero MO/ ISIPHBIM
BbIOOPOM /11 MHOXXECTBA IPOEKTOB, 0COOEHHO B
06s1acT 06GJIAYHBIX BBIYMCIIEHUI, MUKPOCEPBUC-
HOI1 apXUTEKTYPHI U CETEBbIX TEXHOJIOTHUIA [3].

OJHaKoO, CTOUT OTMETUTD, YTO KaKABIV U3 3TUX
SI3bIKOB MMeeT CBOM HeJOCTaTKV M OrpaHNYeHus],

" BBIOOP HAMJTYUIIIETO SI3bIKA MTPOTrPaMMMPOBaHUS
3aBMCUT OT KOHKPETHBIX TpeOOBaHMII MPOEKTa,
OTIbITAa KOMaH/IbI Pa3paboTUMKOB U IPYTUX HAaKTO-
POB. BaskHO TIIATENbHO OLIEHUTD ITPEUMYIIeCTBa U
OTpaHMYeHMsT KaXKIOro S3bIka Iiepel, HAvyaIoM
paspaboTKM IIpoeKTa, YTOObI BhIOpaTh Hauboiee
TMOAXOASIIMIT BApMaHT IJIsI KOHKPETHBIX LieJIeil.

Ilenp maHHOTO MCCIENOBAHMS 3aKIOYAETCS B
aHa/IM3e IPOU3BOAUTEIHHOCTM M HAIEXKHOCTY 6a3
OAHHBIX IS CEepBEPHBIX IPUIOKEHMI Ha Java,
Kotlin 1 Go. Ins mDOoCTMsKEHUS 3TO Lieau ObUIn
MPOBeJIeHbl JKCIIEPUMEHTHI C pas3/IMUHbBIMM Oa-
3aMM JaHHBIX, TakuMU Kak MySQL, MongoDB u
Redis, Ha pa3HBIX S3BIKAX MMPOrPAaMMMUPOBAHMSI.
bbuty cobpaHbl U MpoOaHaIM3MPOBAHBI JaHHbBIE O
MPOM3BOAUTEILHOCTY 0a3 MAHHBIX, TaKuMe Kak
CKOPOCTb UTEHUS U 3aIlyCy, UCIIONb30BaHMeE pe-
CYpPCOB CUCTEMBI, & TaAKXKe O HaOeXHOCTH, TaKue
Kak 00paboTKa OmMOOK ¥ BOCCTAHOBJIEHME I10CIIE
cboes.

MeToasl. [1J1 aHa/m3a ObLIM BRIOPAHBI TPU IO~
myJsisspHble 6a3bl maHHbIX: MySQL, MongoDB u
Redis. Bbutu mpoBeZieHbl CPaBHUTENbHBIE KCITe-
PUMEHTBI ITPOVU3BOIMUTENBHOCTM, TaKue KaK Te-
CTMPOBAHME CKOPOCTM UTEHMS U 3aIIUCU TAHHBIX,
a Takke MacHITabupyeMoOCTV 06a3 HAaHHBIX IIPU
YBEJIMYEHUN HAaTPY3KNA.

PesynbraTsl. Pe3yibTaThl 3KCIIEPUMEHTOB I10-
KasaJM, YTO IPOM3BOAUTEIbHOCTh 0a3 MaHHBIX
MOSKET BapbMpPOBATbCSI B 3aBUCUMOCTM OT SI3BIKA
MIpOrpaMMMPOBaHMS U TUIa 6a3bl JaHHBIX. ba3bl
maHHbplx MySQL 1 MongoDB nokasanu xopoue
pesyabTaThl pu pabore ¢ Java u Kotlin, obecre-
YMBast BBICOKYIO CKOPOCTb UTEHMS U 3aIIMCHU TaH-
HbIX. OmHaKo, 6a3a gaHHbIX Redis mposiBuIa myu-
IIye Pe3yJabTaThl B TPOM3BOAUTETLHOCTY IIPU pa-
6ote ¢ Go, 0COGEHHO B CJIyYasiX ¢ 6OIBIINM KOJIA-
YeCTBOM OIEPAINil 3aITMCH U UYTEHUS JaHHbIX.

Tabmmua 1
CpaBHeHMe ITPOU3BOAUTEILHOCTU 0a3 JaHHbIX IIPU padore ¢ Java
CKOpOCTB UYTeHMUSI JAaHHbBIX CKOpOCTH 3anucu JaHHbBIX
ba3a maHHBIX . .
(onepanuii/c) (onepanmii/c)

MySQL 10000 8000

MongoDB 12000 7000

Redis 9000 12000

Ta6muia 1 mpecTasisieT cpaBHEHME TPOU3BO-
IUTEeTbHOCTM 6a3 HAHHBIX IIPU paboTe C SI3bIKOM
nporpamMmMupoBaHus Java. B Tabnuiie ykazaHbl Tpu
nonysisipHble 6a3b JaHHBIX - MySQL, MongoDB u
Redis, 1 X NPOM3BOOUTENBHOCTh B TEPMMHAX
CKOPOCTM YTEeHMsSI JAHHBIX M CKOPOCTU 3amlucu

IAaHHBIX, M3MEPSIEMbIX B OMNEPAIUAX B CEKYHIY
(omepariuii/c).

ITo pesynbTaTam 3KCIIEPUMEHTOB, MPOBeEH-
HBIX C MCITO/Ib30BaHMEM Java, 6bIJI0 OOHAPYKEHO,
yTo 6a3a maHHbIX Redis mMposiBiseT HAaMBBICIIYIO
CKOPOCTb UTeHMS JaHHBIX C ToKa3aTeneM B 12000
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oIepalmii/c, 4To aeaeT ee MpearnoYTUTETbHbIM
BapMaHTOM [JIsI OIepalyii YTeHUSI-3allCHh C BbI-
COKOJi MHTeHCUMBHOCTbIO. basa manHbix MySQL
TaKke TeMOHCTPUPYET BbICOKYIO TPOMU3BOAUTENb-
HOCTb ¢ nokasarenssmu B 10000 onepaumii/c ure-
Hus gaHHbIX 1 8000 onepaiuii/c 3anmcu JaHHBIX.
MongoDB, B cBOI0 04epeib, OKa3bIBaeT CKOPOCTh
yTeHus JaHHBIX B 12000 onepaunii/c, HO HEMHOTO
00J1ee HU3KYI0 CKOPOCTH 3ammucy JaHHbIX B 7000
oreparuii/c.

Takum 06pa3oMm, pe3yabTaThl TAGIMUIIBI 1 TIO-
TBEPKIAI0T BBICOKYIO POU3BOIUTEIBHOCTD U (-
(eKTMBHOCTh  MCIIOMB30BaHUSI 6a3  TaHHBIX
MySQL, MongoDB u Redis nipu pa6oTe ¢ SI3bIKOM
MPOrpaMMMPOBaHMS Java. ITU Pe3yabTaThl MOTYT
ObITh TTOJIE3HBIMM IJIT pa3pabOTUMKOB IPU BbI-
60pe 6a3bl JAHHBIX [IJISI CBOMX CEPBEPHBIX MPUIIO-
SKeHMIT Ha Java, ¢ yueToM TpeboBaHMit K ITPOU3BO-
IUTEBHOCTU M 06pabOTKM orlepaiuii YTeHus: u
3aIyCy JAaHHBIX [4].

Tabsmiia 2

CpaBHeHMe TPOU3BOAUTETBHOCTY 6a3 JaHHbBIX pu padore ¢ Kotlin

Bba3za maHHbIX

CKOpOCTb YTeHUsI TaHHbIX

CKOpOCTH 3alMcH JaHHBIX

(onepanmii/c) (onepanuii/c)
MySQL 9500 7500
MongoDB 11000 6500
Redis 8000 11000

Tabsuiia 2 mpeACTaBIsIeT CpaBHEHME ITPOU3BO-
IUTEeTbHOCTM 6a3 HAHHBIX IIPU paboTe C SI3bIKOM
nporpammyupoBauust Kotlin. B Tabmuie ykasaHbl
TpM momynspHble 6as3el  JaHHbIX - MySQL,
MongoDB u Redis, 1 ux mpou3BOAUTEIbHOCTh B
TepMMHAX CKOPOCTM UTEHMUS JAHHBIX ¥ CKOPOCTU
3aMMCU TAaHHBIX, M3MepsSeMbIX B OIlepalusix B ce-
KyHAy (omepanuii/c).

Pe3ynbTaThbl SKCIIEPUMEHTOB, MPOBEIEHHBIX C
McIionb3oBaHMeM s3bika Kotlin, mokasbIBaoT cxo-
KMe TeHIEHLUU C pe3y/bTaTaMiu, MOJTyYeHHbIMU
Mpu ucnoib3oBaHuM Java. baza maHHbIX Redis
MIPOSIBJISIET HAMBBICIITYI0 CKOPOCTh 3aMICH TaHHbBIX
¢ mokasaTtesieM B 11000 omepariiuii/c, 4TO AeaeT ee
MPeANoUYTUTE/IbHBIM BapMaHTOM [JIsI oIlepaiuii
3alMCUM  C BBICOKOV MHTEHCUMBHOCTbIO. basa

IaHHbIX MySQL Taxke IeMOHCTpUPYET BBICOKYIO
MPOV3BOAUTENBHOCTh C ToOKasareasiMu B 9500
omepauuit/c uTeHus gaHHbIX U 7500 omepaiimii/c
3anmucu gaHHbelX. MongoDB, B cBOIO ouepenp, IO-
Ka3bIBaeT CKOPOCTb uTeHMs gaHHbIX B 11000 ome-
paruii/c, Ho HEMHOTO 60Jjiee HMU3KYI0 CKOPOCTD 3a-
MMCK JaHHBIX B 6500 omepaiimii/c.

OTU pe3y/lbTaThl MOATBEPKAAIOT CXOXKYIO IIPO-
M3BOJIUTENBbHOCTb 6a3 maHHbIX MySQL, MongoDB
u Redis mpu paboTe ¢ SI3BIKOM MPOTPaMMMUPOBA-
Hus Kotlin, kak u ¢ g3p1koM Java. OHM MOTYT GbITh
TT0JIE3HBIMU JIJIs1 Pa3paboTUMKOB P BbIGOPE OI-
TUMAaJIbHOV 0asbl JaHHBIX IS CBOUX CEPBEPHBIX
npuiokennii Ha Kotlin, yuntsiBas TpeboBaHMs K
MPOV3BOAUTENIBHOCTY U 00paboTKe orepaiuii
YTEHMS U 3allCHU JaHHBIX [5, 6].

Tabmmia 3

CpaBHeHMe MPOM3BOANTEIbHOCTH 6a3 JaHHBIX Ipu padore ¢ Go

basza maHHbBIX

CKOpOCTb YTeHUsI TJaHHbIX

CKOpOCTH 3alucH JaHHBIX

(onepanmii/c) (onepanmii/c)
MySQL 9000 7000
MongoDB 10000 6000
Redis 12000 10000

Tabsmiia 3 mpeAcTaBIsieT CpaBHEHME ITPOU3BO-
IUTENBHOCTU 6a3 JAaHHBIX MMPU paboTe C SI3bIKOM
nporpammupoBadus Go. B Tabiuile yrka3zaHbl TPU
nonyssipHble 6a3b1 JaHHBIX — MySQL, MongoDB u
Redis, 1 X NpOM3BOAUTENIBHOCTh B TEPMMHAX
CKOPOCTM UTeHMsI OAHHBIX M CKOPOCTM 3amlucu
IaHHBbIX, M3MepseMbIX B OIlepalusIxXx B CEKyHIy
(omepaumii/c).

Pe3ynbTaThl 9KCIIEPUMEHTOB, NIPOBEIEHHBIX C
UCIIO/Ib30BaHyeM s13blka GO, MOKa3bIBAlOT TEH-
JEeHLMM, OTIMNYAoLIMeCcs] OT Pe3ylabTaToB, IOIY-
YeHHBIX NpU ucronab3oBaHuu Java u Kotlin. Basa

IaHHbIX Redis MposiBiasieT HaMBBICIIYIO ITPOU3BO-
IUTEeIbHOCTh C TokasaTensMu B 12000 omepa-
uuii/c ureHus: gaHHbix 1 10000 omepanuii/c 3a-
MICH TAHHbIX, UTO JIeJIaeT ee MPeaIIoUTUTETbHbIM
BapMaHTOM JIJIs OTIepaliuit YTeHUS U 3aMCH C BbI-
COKOJ MHTeHCMBHOCTBIO. ba3a gaHHbix MongoDB
TaKKe IeEMOHCTPUPYET BbICOKYIO ITPOV3BOAUTENb-
HOCTb ¢ noka3arensiMmu B 10000 omeparuii/c ute-
HMS gaHHbIX 1 6000 orepaiuii/c 3anmcu JaHHbIX.
MySQL, B cBOIO ouepeib, MOKa3bIBAET CKOPOCTH
yTeHus OaHHbIX B 9000 omepaiiuii/c ¥ CKOPOCTb
3anucu ganHbix B 7000 onepatinii/c.
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DTU pe3yabTaThl YKa3bIBAlOT Ha pasjinuus B
MPOM3BOAUTEILHOCTY 06a3 maHHbIX MySQL,
MongoDB u Redis ripy pa6oTe c I3bIKOM IIpOrpam-
MupoBauust Go. OHM MOTYT ObITh TTOJI€3HBIMMU IJIST
pa3paboTUMKOB ITPY BbIGOPE ONMTUMAIBHONM 6a3bl
IAHHBIX JIJISI CBOMX CEPBEpPHbBIX ITPUIOXKEHMIT Ha
Go, yunTbiBast Tpe6GOBaHMSI K IIPOU3BOAUTETBHO-
CTV ¥ 06paboTKe OIeparyii UTeHMs ¥ 3aIMCH JaH-
HBIX [6].

3axkioueHue

B maHHO#1 HayYHO! cTaThe GbUT IIPOBEIEH aHa-
JIA3 TIPOM3BOAUTEIbHOCTY M HaJIeSKHOCTM 6a3 JaH-
HBIX JIJIS CepBEePHBIX NPWIOKeHuit Ha Java, Kotlin
u Go. PesynbTaThl MCCAeIOBAHUS TOATBEPAUIIN,
YTO BBHIGOP SI3bIKA IPOTPaMMUPOBAHUS MOKET
OKa3bIBaTh BIMSIHME Ha MIPOU3BOAUTEIBHOCTh 6a3
nanHbIX. ba3sl gaHHbIx MySQL, MongoDB u Redis
ToKa3ajaM XOpoIlye pe3yabTaThl B ITPOU3BOIM-
TeJIbHOCTHU, OTHAKO JIYUIIIJe Pe3yIbTaThl ObLIN J0-
CTUTHYTHI Tpu pabote ¢ s13p1koM Go 1 6a30it gaH-
HbIX Redis.

OnHaxko, Ipu BbI6Ope 6asbl JAaHHBIX IS Cep-
BEPHBIX MPWIOKEHUI TaKKe ClIeIyeT YUYUTHIBATh
IpyTue  aclieKTbl, TakKue KakK CJIOKHOCTD
HaCTpOJKM, MacIITabupyeMoCTh, CpeJicTBa obec-
TevyeHust HaJle;KHOCTM JaHHBIX U ApyTue TpeboBa-
HUS TIpoekTa. [IJisl KaXkIoro KOHKPETHOTO MpWIo-
SKeHMST Heo6X0OMO IIPOBOINUTh aHAIU3 BCEX ITUX
acCIleKTOB, YTOOBI CAeNaTh ONTUMAJIbHBINA BBIOOP
6a3bl JaHHBIX [7].

WccnenoBaHne, mpeacTaBJIeHHOe B ITAaHHONM
CTaThe, MOXET ObITh ITOJIE3HBIM /I pa3paboTun-
KOB CEPBEpPHbBIX MPUJIOXKEHMIA, TTOMOrast UM cie-
JIaTh OCO3HAHHBIN BbIGOp 6a3 JaHHBIX B COUYETa-
HUM C BbIOPAHHBIM SI3bIKOM IIPOTrPaMMMUPOBAHMS,
C yueToM TpeboBaHMit mpoeKTa. JanpHeiine uc-
CJleloBaHMs MOTYT OBITh HAIpaBjeHbl Ha Gosee
T7TyOOKMIT aHATN3 TPOM3BOAUTETbHOCTY U HaJexX-
HOCTY 623 TaHHBIX HA APYTUX SI3bIKAX MPOrpPaMMMu-
pOBaHMs, a TaKKe C MUCIIO/Ib30BaHMEM APYTUX TU-
MoB 0a3 JAaHHBIX, YUMTHIBasE OCOGEHHOCTM KOH-
KPEeTHBIX CEPBEPHBIX MPUIOKEHMI U UX TpeboBa-
HMS K 6a3aM JaHHBIX. DTO MOXKET CIIOCOOCTBOBATh
6osiee ONTMMAJbHOMY BBIOOPY 6a3 JAHHBIX MAJIS
pa3paboTKy BHICOKOIIPOU3BOIUTEIbHBIX Y HaIEK-
HBIX CepBEePHBIX ITPUJIOKEHMI Ha Pa3IMUHbBIX SI3bI-
Kax IporpaMmMupoBaHus [8].
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ANALYSIS OF DATABASE PERFORMANCE AND RELIABILITY
FOR SERVER APPLICATIONS IN JAVA, KOTLIN AND GO

Abstract. This scientific article analyzes the performance and reliability of databases for server applications
developed in Java, Kotlin and Go. Popular databases such as MySQL, MongoDB and Redis were selected for the
study, and performance tests were conducted using these databases in combination with various programming lan-
guages. The results of the study showed that the performance of databases can vary significantly depending on the
chosen programming language. MySQL and MongoDB databases showed good results when working with Java and
Kotlin, while Redis showed better performance results when working with Go. However, in addition to performance,
it is also important to consider other aspects, such as complexity of configuration, scalability and means of ensuring
data reliability when choosing a database for server applications. This research can be useful for developers of
server applications, helping them to make an informed choice of a database in combination with the chosen pro-
gramming language, taking into account the requirements of the project. Further research can be aimed at analyz-
ing the performance and reliability of databases in other programming languages and using other types of data-
bases, as well as taking into account the specifics of specific server applications.

Keywords: databases, performance, reliability, Java, Kotlin, Go, performance optimization, performance anal-
ysis, server applications, system programming.
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JIATHUH 0puii dgyapagosuyu
reHepasbHbI gupekTop, Bell Integrator (AO Bann MHTerpartop);
Kazaxckuit rocyqapcTBeHHbI HallMOHAIbHbIV YHUBEpCUTET UM. Anb-Dapabu
Kasaxcras, r. AiMmaTbl

ABTOMATU3ALNA TECTUPOBAHUSA ITIPOTPAMMHOI'O OBECIIEYEHN S
CPEJICTBAMU ®PEVIMBOPKOB

AHHOmMauusn. B cmamee paccmompeHst 0C00eHHOCMU MeCMUpo8aHusi NPo2PamMmHO20 00ecneyeHlist C UCNOb-
308aHueMm (petimeopkos. OmadenbHoO 8bidesieHbl Npeumylecmed Qpelimeopkos 015 asmomamuauuu mecmuposa-
Hus npozpamm. Takxce onucansl 00CMoOUHCM8a u Hedocmamku Haubosiee uzsecmuuix cucmem. Kpome mozo, 8 npo-
yecce uccnedosaHus npedcmasieHo onucaHue asmopckoli paspadbomku «A8momMamu3uposanHds cucmema noo-
depku paspabomku u mecmuposarusi Testado», Komopas no3eojsem CHU3UMb 8pemMeHHble U (PUHAHCOBbIE 3d-

mpamel Ha npoeeaeHue pe2pecCuoHH020 mecmupo8aHusl.

Knioueevte cnosa: npozpamma, mecm, (ppetimgopk, Koo, CKOpocme.

Bosneﬁcmme pasBUTUS T106aIbHOI ceTn WH-
TepHEeT Ha YeJI0BeUYeCcTBO He MMeeT UCTopuUe-
CKMX aHanoroB. dakTMUeCKM 3TO 03HAMEHOBAJIO
Hayajo0 »JIO0XM IPOHMKHOBEHUSI TEXHOJIOTUIA,
M(PPOBLIX MHHOBALIMIT BO BCe Cepbl KU3HU ye-
JI0BeKa. BeyiencTBue 3TOr0 mporpaMMHOe obecrie-
YyeHMe CTaJI0 HeOTheMJIEMOI YaCTbl0 ITOBCEeTHEB-
HOJ1 XM3HM 001I[ecTBa Ha COBpeMeHHOM 3rarte [1].
OHO KacaeTcs MUJUTMOHOB JIIOZIeil B pa3HbIX cde-
pax, 1 3TO B CBOIO OUYepe/ib TpebyeT OT Hero becrie-
peboiiHOoIt paboThl, HAAEKHOTO QYHKIIMOHUPOBA-
HUSI ¥ TeHepMPOBaHUS OKUIAeMbIX Pe3yl1bTaTOB,
JIOCTUYb KOTOPBIX BO3MOKHO 61aro1apsi poBeie-
HUIO HaJijieXKalllero TeCTUPOBaHMS Ha Pas3IMyHbIX
3Tanax ero Co3JaHus U QyHKIMOHUPOBaHMSI.

TecTupoBaHMe — 3TO MpolecC aHaaIM3a Mpo-
rPaMMHOTO CpeJCTBa U AOKYMeHTaluy, KOTopas
ero COMPOBOXKIAET, C LIe/IbI0 BbISIBIEHMS HECOOT-
BETCTBUS crelPuKanmMmu U UMeIoIerocs Ipo-
IIyKTa JIJIs1 TIOBBIIIEHNST ero KauecTBa [2]. Heobxo-
VMO OTMETUTD, YTO TeCTUPOBAHME TPOHM3bIBAET
BeCh KM3HEHHBII MKJI TPOrPaMMHOr0 obecrieue-
HMSI, HAUMHAS OT ero MPOeKTUPOBAHMS U 3aKaHUM-
Basl HeoIllpeJeNeHHO NOJIMM 3TarloM 3KCILTyaTa-
K. BoreacTBue sToOro mepeq paspaboTuMKaMu
BCEra BO3HUKAIOT MPOOIEMbI YIIOPSAOUEHUS
IeliCTBMIA, Kacaloluxcsl aHaIn3a U OLleHKM TIPOo-
IIyKTa, KOTOpble NOJIKHBI MMETh BUJ, CBSI3aHHOTO
Mpoliecca, 4YTo O3BOJUT pallMOHATBHO pacipese-
JIITh PEeCypchl, a TaKke MPUHMUMATh 0OOCHOBAH-
Hble pelleHMs] OTHOCUTENIbHO Havaja U 3aBepiile-
HMUSI TIPOLIECCOB ITPOBEPKU.

O6o03HaueHHble  3agauuM U [po6IeMbI

3 deKTMBHO pelIalTCs 3a CYeT UCIOAb30BaHUS
aBTOMAaTUYECKMUX CUCTEM IJISI TECTUPOBAHMUS TIPO-
TPaMMHOrO obecrnieueHus. VIX mpoxast momysip-
HOCTb M pacCIpOCTpaHeHMe CBSI3aHbl C TeM, UTO
OHM TT03BOJISIIOT CHM3UTD 3aTPaThl Ha 0OC/TYKMBa-
HMe ¥ YCWJIMS TI0 TeCTUPOBAaHMIO, a TaKKe HAI0T
BO3MOYKHOCTb 006ecreunThb 60Jiee BLICOKYIO peHTa-
0eJIbHOCTh MHBECTUIMIA IJIS1 TPYIIIT KOHTPOJIS Ka-
YeCTBa, CTPEMSIIMXCS ONTMMM3MPOBAThb CBOU
rbKue MporLieccsi [3].

Oco60 HIMpoKoe MpUMeHEeHMe Ha CeroIHSII-
HUI1 IeHb Ipuobpesia aBTOMAaTU3allNs TECTUPOBa-
HMS IPOTPaMM C MCII0Ib30BaHueM GppeiiMBOPKOB,
KOTOpbIe ITal0T BO3MOXHOCTb TEeCTMPOBIIVKAM
KOMOVHMPOBATh MPAKTUKY ¥ MHCTPYMEHTHI IS
TOrO, UYTOOBI MTOCTUYbL O60Jiee BBHICOKUX pe3ylbTa-
TOB.

Takum 06pa3oM, IpUBEIeHHbIE OOCTOSTENb-
CTBa 00YC/IaBIMBAIOT aKTYaJIbHOCTh PacCMaTpyBa-
eMOJi TIpo6IeMaTUKM U MPeIonpeaessioT BeIOOD
TeMbI JaHHOJ CTATbU.

IMpo6sieMbl aBTOMATM3aLMM TECTUPOBAHMS
MIPOrpaMMHOI0 oOecrieyeHus Hallli CBOe OTpa-
SKeHMe B TPyJax TaKuMX aBTOPOB Kak: Bypoun A.B.,
IToneBmukoB U.C., basuaouun K.H., Muccini, H.;
Bertolino, A.; Inverardi, P.

OCOGEHHOCT MCIOAb30BaHMS AJITOPUTMUYE-
CKMX MoOfeeil 3HaHMil OJi1 aBTOMaTU3alluy Te-
CTMPOBAHMS MIPOTPAMMHBIX ITPOAYKTOB OIMMChIBA-
1otcst byliHeBuuem M.B., 'aHoBbiM I.A., M3paumno-
BoIM K.E., Bucchiarone, A.; Muccini, H.

OnIHaKo, HECMOTPSI Ha MMeIOIIMecs TPYAbl U



AKTyasmbHBIE UCCIIEOBAHUS * 2023. N218 (148)

EVHpopManIOHHbIE TEXHOJIOTUH | 46

HapabOTKM, PSIZI, BOIIPOCOB B MUCC/IEAYEMOII mpe-
METHOI IVIOCKOCTM OCTAeTCs OTKPBITBIM ¥ Tpe-
oyeT 6GoJyiee MeTaJbHOTO M3YUYeHMs M aHamM3a. B
YaCTHOCTY, HePEIIeHHBIMU SIBJISIIOTCS TTPOOJIEMBI,
CBSI3aHHBIE C BBHIOODOM Hambosee MpuUemIeMoi
Cpenpbl TECTMPOBAHMS IJig NporpaMmbl. Takke B
YTOYHEHUM HY>KIAITCSI epPCIIeKTUBBI Pa3sBUTUS
rMOPUIHON Cpeibl )i aBTOMATU3MPOBAHHOTO Te-
CTUPOBaHMSI.

UTak, ¢ yueTOM BBILIEN3TOKEHHOTO, LIeb CTa-
TbU 3aK/TI0YAETCS B PACCMOTPEHUM 0COOEHHOCTei
NpOBefeHNsI aBTOMAaTU3VPOBAaHHOIO TeCTHPOBa-
HUSI TIPOTPAMMHOTO OOecreyeHus: CpeicTBaMU
(bpeitMBOPKOB.

@peliMBOPK [ aBTOMaTU3aUuy TeCTHUPOBa-
HUSI — 3TO I1aTHopmMa, KOTOpast IPeICTABISIET CO-
60i1 KOMOMHAIIMIO IIPOTPAMM, KOMIIWJISTOPOB,
dbyHkIMit, MHCTpYyMeHTOB U T.0. OHa obecrieun-
BaeT Ccpeny, B KOTOPOV MOXKHO BBIIOJIHATD CLIEHA-
puM aBTOMAaTU3MPOBAHHOIO TeCTUPOBaHMSA [4].
[peumytiecTBaMy UCTIOIB30BaHNS HPEIMBOPKOB
B MIPOIeCCe TeCTUPOBAHMUS MPOrPaMMHOrO obec-
TevYeHs SIBJISIIOTCS CIenylolne.

1. BO3MOXHOCTb TIOBTOPHOTO MCIIOJIb30Ba-
HusI KoJ1a. [TocKObKY DpeiiMBOPKHM ITOCTABIISIFOTCS
¢ uHdopmanmeit KOIUPOBAHMS, KOTOPast HE06X0-
IyMa ISl YCIEIHOro IpOBeleHus] aBTOMaTU3M-
POBaHHOr'O TeCTVPOBaHMS, LleHHbIe NaHHbIE CO-
XPAHSIIOTCS ISl OYIYIIEro UCIIONb30BAHUS U MO-
TyT OBITH TOBTOPHO MMPUMEHEHBI B JTI000i1 MOMEHT
BpeMeHn. HeT HeoOGXOOMMOCTH BCTaBJSTHh KOIBI
BPYYHYIO WJIU T1ePeCTaBIsTh UX [5].

2. Hwuskas croumocTb. PazpaboTka TeCcTOBBIX
CUTyaUM}i Wi NIPUMEPOB CTOUT LOCTATOYHO Je-
IIE€BO, TOTOMY YTO (PPeiMBOPKU y3Ke MMEIOT yCTa-
HOBJIEHHbIe ITpaBuiia. Kpome TOro, ocKoMbKY 3TH
KOJIbI MOXKHO MCIIO/Ib30BaTh MHOTOKPAaTHO, CTOM-
MOCTbD U BpeMsI CO34,aHMS TECTOBBIX IPYMEPOB JIs1
HOBBIX (QYHKI[MI 3HAUUTETHHO YMEHbIIAETCSI.

3. MwuHMMa/IbHOE PYYHOE BMENIaTeIbCTBO:
dbpeiiMBOpKM aBTOMaTU3AIMM PAabOTAIOT B COOT-
BETCTBUM C PYKOBOISIIMMM TpuHOunamu. T.K.
MaKCMMaJIbHOE TTOKPBITME YK€ BCTPOEHO W M0-
CTUTHYTO Ha HAYaJbHOM JTare, JJIs1 3amycka Te-
CTOB aBTOMAaTU3aIuu TpebyeTcs OYeHb MajIo WU
BOOOIIIe He TpebyeTCs BMeNIaTebCTBO YeIOBEKa.
Ecsiiu mporiecc He ymascs, CUCTEMbI aBTOMAaTHU3a-
MY MOTYT OBITh 3aITyIIE€HbI IIOBTOPHO C HEKOTO-
pPBIMU M3MEHEHUSMY, HO JaHHbIe OCTAIOTCS TIO-
CTOSTHHBIMM U He TPeOYIOT TOMOJTHUTETbHBIX YCU-
JINIA CO CTOPOHBI OTJETBHOTO YeJ0BeKa WM KO-
MaH/IbI.

4. TloBbimeHHas 3¢hGeKTUBHOCTb. DpeiiM-
BOPKM aBTOMATU3AIUU TECTUPOBAHUS TTOBBILIAIOT
MPOV3BOAUTENBHOCTL G1aroapsl CTaHAApTHU3a-
uy. OHa rapaHTUPyeT MaKCUMAaTbHOE TTOKPBITHE
TECTOB, ITOCKOJIbBKY HAOOp KOZOB C CAMOTO Havaia
BBITIOJTHSIETCSI CTAHJAPTHBIM 06Pa30M.

5. HcnpasneHue ommbOK Ha paHHEN CTaIUN.
Vcronb3ysl mpaBWIbHbIE CPEACTBA aBTOMAaTHU3a-
MY TECTUPOBAHMSI, MOSKHO PeaM30BaTh KOHIIEI-
IIMI0 OIIEHKMU «CO CIBUTOM BJIEBO». DTO OTHOCUTCS
K U7ee 0 TOM, UTO CJIe[IyeT IepPeHeCT! TeCTUPOBa-
HIe KaK MOXXHO PaHbIIle B )XU3HEHHBIN VK pa3-
paboTKM TPOrpPaMMHOTO OOecTieueHusl.

Ha ceromHsImIHMIT I€Hb CYIIECTBYET IIECTb
Hanbosee pacIpoCTpPaHEHHBIX TUTIOB (PpeiiMBOp-
KOB JIJISI aBTOMATU3aIMM TeCTUPOBAHUSI, KAXKIBINA
M3 KOTOPBIX MMEET CBOI0 apXWUTEKTYpy, a TakxkKe
MPEVMYIIECTBA U HEJTOCTATKY: JIMHEITHASI CUCTEeMA
aBTOMAaTM3alMN; MOTY/IbHASI CUCTEMA aBTOMATH-
3allMM; CUCTEeMa TeCTMPOBAHMSI Ha OCHOBe OUO-
JIMOTEUHOI apXUTEKTYPbI; CTPYKTYpa, yIpasise-
Masl TaHHBIMM; CUCTEeMa, yIpaBiseMas KIoue-
BBIMM CJIOBAMM; TMOPUIHAS CUCTEMA TECTUPOBA-
HUSL.

B Tabmuiie crpynnmMpoBaHbl JOCTOMHCTBA U He-
IOCTaTKY 3TUX HPETMBOPKOB.
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JoCTOMHCTBA M HEAOCTATKU (PPEiiMBOPKOB,

Tabnuia
KOTOPBbIE MCIIO/Ib3YIOTCS

JJIsI aBTOMaTU3alM TeCTUPOBaHUSA IIPpOorpamMmmM

HasBanmue
CUCTEeMBbI

JocTOMHCTBA

Hepoctatku

UInHeliHas cycTeMa aBToMaTu3alumn

1. Her Heo6XOIMMOCTM MMCATh COOCTBEHHBIN
KOJ, [I03TOMY OIIBIT aBTOMaTK3alM TECTUPOBA-
HUS He TpebyeTcs

2. BeICTpBIN CcrTOCO6 CO3maHMSI TECTOBBIX CIie-
Hapues

3. Pabounii mporecc TeCTMPOBAHMS JIeTye T0-
HSITB JIF060i1 CTOPOHE, YIACTBYIOIIEH B TECTUPO-
BaHMY, ITIOCKOJIbKY CLIeHapuM PacIiONOKeHbI I10-
C1ef0BATENIbHO

4. DTO camblif MPOCTOI CIIOCO6 MTPUCTYIIUTH K
aBTOMATU3VPOBAaHHOMY TeCTMPOBaHMUIO, OCO-
OEHHO C HOBbIM MHCTPYMEHTOM

1. Cuenapum, pa3paboTaHHbIE C UCITOTb-
30BaHMEM 3TOI IIAaTGOPMBI, HEIb3ST WC-
I10JIb30BaTh ITIOBTOPHO

2. JlaHHBIE 3aKOOMPOBAHBI B TECTOBOM
CLIeHapuM, UTO O3HAuyaeT, UTO TEeCTOBBIE
CJIyday HeJib3s TIOBTOPHO 3aIyCTUTD C He-
CKOJIBKMMM Habopamu, U UX Heob6XOIuMO
OymeT M3MEeHUTDb, eCiM JaHHbIe OYIyT U3-
MEeHEeHbI

3. OO6CmykuMBaHME CUMTAETCSI XJIOMOT-
HBIM, TOTOMY UTO JIIOOble M3MEHEHUS B
TIPUIOKEHNY TIOTPeOGyI0T MHOTO Tiepeje-
JIOK

MopynbHas cucrema
dBTOMAaTMU3alIMM TeCTUPOBAHNA

1. Eciu B mpujaoXeHMe BHOCSATCS Kakue-inbo
M3MeHeHMsI, HeoOXomuMo O6ymeT MCIPaBUTh
TOJIBKO MOZYJIb U CBSI3aHHBIN C HUM OTHEJIbHBIN
TeCTOBbBIII ClleHapuii, a 3TO O3HayaeT, YTO
OCTajJbHAs YaCTh MPUIOKEHMS MOKET ObITh He-
TPOHYTOM

2. CosgmaHue TeCTOBBIX CJIy4yaeB TpeodyeT
MeHbIIle YCUJIUIA, TIOCKOJbKY TeCTOBBbIE CI[eHa-
puu A1 pa3HbIX MOJIYJ/Ie MOXKHO MCIO/Ib30BaTh
ITOBTOPHO

[laHHbIe 3aKOAMPOBAHbI B CLeHAPUU
TeCTUPOBAHMS, IMOCKOJIbKY TeCTbl BBIIIOJI-
HSIIOTCSI OTHEeIbHO, TO3TOMY HEIb3sI MC-
I10/1b30BAaTh HECKOJIbKO HA6OPOB JAaHHBIX
2. [Ijst HacTpoiKku ¢GpeiiMBOpKa He0HxX0-
IVMbI 3HAHUS B 06/1aCTU TPOTPaMMUPOBA-
HUA

Cucrema, yripasisemast
K/IIOUeBBIMM CJIOBAMU

1. Heob6xoauMbl MMHMMAIbHbIE HABBIKY HAIIK-
CaHMUS CKPUIITOB

2. OOHO KIKYEBOe CI0BO MOXHO MCIO0JIb30-
BaTb B HECKOJBbKUX TECTOBBIX CLiEHApUSX, IO-
3TOMY KOZ, MOXXHO MCII0JIb30BaTh ITIOBTOPHO

3. TecToBble CIleHAPUM MOTYT OBITH CO3AAHBI
He3aBMCUMO OT TECTUPYEMOTO IIPUIIOKEHUS

1. TlepBoHauajnbHas CTOMMOCTb yCTa-
HOBKM (peiiMBOpKa BbICOKA
2. Heobxomumo BiameTb  XOPOIIMMU

HaBbIKAMM aBTOMAaTHU3aIMU TeCTUPOBAHMS
3. KnrwoueBble c0Ba MOIYT CO3LaBaTb
Mpo6JIeMbl TIpY MacCIITaOMPOBAHUU TECTO-
BOI1 omepaiumn

Cucrema TeCTMpPOBaHMS Ha
OCHOBe 6M6/IMOTEeYHOM apXu-
TeKTYPbI

1. Kak u B ciiyuae ¢ MOLYJIBHOM CTPYKTYpOIA,
UCTIOb30BAHME 3TOM apXUTEKTYpPhbl IPUBEET K
BBICOKOMY YPOBHIO MOYJIbHOCTH, UTO YITPOCTUT
o6CTy>KMBaHMe Y MacIITabupyeMOCTh TECTOB U
cenaet ux 601ee SKOHOMUYHBIMMA

2. 3Ta CTpyKTypa umeeT 6oyiee BBICOKYIO CTe-
MeHb MMOBTOPHOTO MCIOb30BAHUSI, MOCKOIbKY
CyliecTByeT 6mbMMoTeKa OOMMX (PYHKIMIA, KO-
TOpble MOTYT GbITh 33]€/iICTBOBAHbI B HECKOJIb-
KMX TECTOBBIX CIIEHAPUIX

1. TecToBble AaHHbBIE 3aKOAMPOBAHbI B
cuenapun. CiieoBaTeNbHO, JIOObIE M3Me-
HeHMsI JaHHBIX MOTPe6YIOT M3MEHEeHM B
CIIeHapUSsIX

2. JIna HamMcaHMs M aHaamMsa O6LIMX
(VYHKIIMIT TEeCTOBBIX ClieHapueB He06Xo-
IVMBI TEXHMUUYECKNE SHAHUS

3. TecToBble CIleHapUM TPeOYIOT OGOJIbIIe
BpeMeHM 1Sl pa3paboTKu
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4. DKOHOMUSI BpeMEHU

HasBanue
HocToMHCTBA HepoctaTtku
CUCTeMbI
= 1. TecTbl MOI'YT BBIIIOJIHSTHCS C HECKOJIbKUMMU
©
HabopaMy JTaHHBIX .

g p 1. Heo6xomyM OIBITHBIA TecTep, KOTO-
& 2. MOKHO GBICTPO ITPOTECTUPOBATh HECKOJBKO|
=) PpbIit BlafeeT pasaMuHbIMM S3bIKAMM IIPO-
8 s ClLIeHapyMeB, MeHsIs JaHHbIe, TeEM CaMbIM YMEHb-
8 = rpaMMMpPOBaHMs, 4YTOObI IIPaBMIBHO MC-
2} = I1ast KOJIMYECTBO HeOOXOAMMBIX CLieHapyueB .

5 TT0JTb30BaTh 3TOT (QPeiMBOPK
< = 3. MoxHO 136ekaTh JXeCTKOrO0 KOAMPOBAHMS . .

< 2. Hactpoiika cpemsl, yIIpaB/sieMoil JaH-
g = IaHHBIX, II09TOMY JTI00bIe U3MEHEHMSI B TECTO-

HBIMM, 3aHMMAaeT 3HAUYMTE/JIbHOE KOJuMde-

B BBIX CIIEHApUSIX He BJMSIIOT Ha MCIIONIb3yeMble
= CTBO BpeMeHU
s IaHHbIE ¥ HA000POT

T'mbpugHas cuctema
TeCTUPOBAHUS

I'mbpyoHas miatgopma MpeacTaBaseT co60ii KOMOMHAIINIO JTI0O60T0 13 paHee YIIOMSHYThIX
(bpeitMBOPKOB, TTIO3TOMY €Jf IPUCYIIY UX JOCTOMHCTBA ¥ HeJIOCTATKA

Il ycoBepIlIeHCTBOBaHMSI MPOLielyp aBToOMa-
TU3UPOBAHHOTO TECTUPOBAHUS MPOrPaMMHOIO
obecrieueHus1, CHUKEeHVSI BpeMeHHbBIX ¥ (DMHAHCO-
BBIX 3aTpaT Ha MpoBeJeHle PerpecCMOHHOrO Te-
CTMPOBaHMS, aBTOPOM ObUTa pa3zpaboTaHa u 3ama-
TeHTOBaHa ABTOMAaTM3MPOBAHHAas CUCTeMa IOA-
Iep>KKU pa3paboTku " TeCTUPOBaHUS
«Testado» [6].

JTa cucTeMa J1aeT BO3MOXKHOCTb (DMKCUPOBATh
JIeliCTBUSI TIOJIb30BATENSI M 0OPMIIATD UX B BUIE
TecT-Kelica, KOTOPBIA MMeeT CTPYKTYPUPOBaHHbIN
Byl Takke HeOOXOAMMO 06PaTUTh BHUMAaHMeE Ha
TOT (aKT, YTO B TeCT-Keiice yKa3bIBaeTCs mepe-
YeHb OCYILIECTBJSEMbIX ILIaroB, GUKCUPYIOTCS
BXOJIHbIE JaHHbIE U OXKMlaeMble pe3yIbTaThl.

Kpatko ommuiemM ajaropuTM paboOThl Mpeo-
SKeHHO CUCTeMBI.

1. Hauamo paboTbl ¢ cuctemoii. Ha maHHOM
aTare paspabaTsiBaeTcst ¥ HOPMaTU3YETCS «TIaH
TECTUPOBAHMSI», KOTODPBIN IpPeICTaBIsieT Coboii
(aitn mpoekTa. B HeM comepskaTcsl JaHHbIE O IIPo-
eKTe, IS KOTOpPOTO OyAyT CO3[aBaThCs TECT-
Keiicbl, 0003HAUYEeHbI HACTPOIKM ISl KOJTOTeHepa-
LMY, TPUBEIeHbI CChUIKM Ha CO3JaHHbIe MTPOEKThI
C UCXOJIHBIMM KOJIaMU aBTOTECTOB.

2. IIpoBemeHue aHajaM3a TpeOOBaHMIL K IIPO-
rPaMMHOMY 00€eCITeUeHII0, KOTOPBII MOXKET ObITh
peanu3oBaH B CTPYKTYPMPOBAHHOM WJIM CBOGO/I-
HOM ¢opmaTre. Ha ocHOBaHMU 3TOTO OIpeness-
I0TCS1 0O'BEKTHI ¥ BUbI TECTMPOBAHMS, YCTAHAB/IM -
BaIOTCS [TapamMeTpbl TECTMPOBAHMS U KOJOTeHepa-
MM HArpy30YHBIX ¥ aBTOMAaTM3MPOBAHHBIX Te-
CTOB.

3. 3ammch TecT-keiicoB. Ilocie Toro kak
TeCT-KelC YCIEeIHO 3anucaH, IPOUCXOAUT ero aB-
TOMaTUYECKOe COXpaHEHME U MPUBSI3KA K TEKy-
uieMy IUIaHy TecTupoBaHus. biarogaps aTomy oH
IOCTyIeH JJis1 KOPPEeKTUPOBKM, 3allycKa, yaajie-
HUS UM TeHepalu KoJa Ha ero OCHOBe.

4. HacTtpolika TeCT-KeliCOB U IIJIaHOB TeCTU-
poBaHus. Ha TaHHOM 3Tare moab30BaTelb UMEET
BO3MOKHOCTb M3MEHSITb HAOOPBI BXOIHbBIX U BbI-
XOOHBIX J[AHHBIX, OODbEOVHSATH TECT-KENChl B
TPYIIIbl, KACTOMMU3UPOBATh HACTPOIKM KOJIOTeHe-
paiumn.

5. 3amyck mporenypbl KogoreHeparum, co-
[JIACHO YKa3aHHbIM B I[UIaHE TeCTUPOBAHUS
HaCTpOVKaM.

6. IaHHBIN 5TAll aJITOPUTMa 3a4,e/iCTBYeTCS B
TOM CJIydae, e€CiM BO3HMKAET IMOTPeOHOCTh IT0-
KPBITh Unit-TecTamu yke CyIIeCTBYIOIIME UCXO]I-
Hble KOIbI IPOTrpaMMHOro obecrieueHust. s
3TOro CJiemyeT BbIOpaTh (aiil mpoekTa 1 0603Ha-
YUTh MOAPOOHOCTM TEXHOJOTMYECKOTO CTEeKa, Ha
KOTOPOM peayii30BaHbl UCXOTHUKMA.

7. KopmoreHepaiiust unit-TecToB IIPOBOIUTCS
COTJIaCHO HaCTpOJiKaM, 0003HAUYeHHBIM B IIIaHE
TeCTUPOBAHMS.

8. 3amycK TecT-KelCOoB, a TakKKe aBTOMaTu-
YyeCKMx, Harpy30YHbIX U UNit-TecToB.

9. 3amnmch BO3SHUKAIOIINX OIIMOOK.

10. BrIrpyska 3ammMCcaHHbBIX OMMOOK B (ailyibl
WJIM UX SKCIIOPT B OJHY M3 CUCTEM.

[ToaBoOASt UTOTU TTPOBEIEHHOTO UCCIeIOBaHMS,
OTMETUM, UYTO GPEeMBOPKYM OTKPHIBAIOT IMIMPOKME
BO3MOXKHOCTY JJIsI HOBBIIMIEHUSI 3PHEKTUBHOCTIA
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TeCTUPOBaHUS Tporpamm. OHAKO HEOGXOAMMO
MTOJTXO/TUTD B3BEIIIEHHO K BHIGOPY KOHKPETHOTO UX
TUIIA, YIUTHIBASA TEKYIMe MOTPEeGHOCTM U BO3-
MOSKHOCTY pa3paboTumKa.

B cTaThe MpeicTaBleHO OMMCaHMEe aBTOPCKOI
«ABTOMAaTM3MPOBAHHO} CUCTEMbBI TOJIEPIKKU
pa3paboTku u TectupoBaHus «Testado».
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LATIN Yuri Eduardovich
General Director, Bell Integrator (Bell Integrator Company);
Al-Farabi Kazakh National University, Kazakhstan, Almaty

AUTOMATION OF SOFTWARE TESTING USING FRAMEWORKS

Abstract. The article discusses the features of software testing using frameworks. Separately, the advantages of
frameworks for automating program testing are highlighted. The advantages and disadvantages of the most known
systems are also described. In addition, the study presents a description of the author’'s development of "Automated
Testado development and testing support system", which allows to reduce the time and financial costs of regression

testing.

Keywords: program, test, framework, code, speed.
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TEPAIIEBTUYECKMUE I101XO01bI HA OCHOBE AYTO®AT'VN:
ITEPCITEKTHBbI 1 BbI3OBbI

AHHOmMauua. Aymogazus sesemcs 8axcHvIM npoyeccom 011 NPAUIbHOU padomot KAemoK U op2aHusma 8
uenom. Ee Hedocmamok Moxcem npusecmu K pasauuHsiM 3a0071e8aAHUSM U YXyOUeHU0 00Uie2o COCIMOsIHUS op2a-
HU3MA, 8 MO 8pems KaK ee CIUuMYJISIYUs MOXem nomous noddepicusams 300posve u moaodocms. Lleav 0aHHOL
padomel 8 8bisICHEHUE MOJIEKYAIPHO20 CyOCmpama u hamooUoXUMU4ecKUX MexaHu3mos 806JieueHust aymogazuul 6
namozeHe3 MemadoauHecKux, cepdeuHo-cocyoucnolx, HetipodezeHepamusHbIX U OHKOJI02UUEeCKUX 3a001e6aHuUli 0is

H08020 mepanesmuuecKkozo nooxoda K 3mum namonozusim.

Knroueewle cnoea: aymod)azuﬂ, OHKOZEHE3, mepanesmuueckass MUULEHb, cepaelmo—cocyaucmbte 3060]166(1Huﬂ,

HelipodezeHepayusi, oxuUpeHue.

BBe,ueHMe. B Hacrosiee BpemMst Hayka pa3Bu-
BaeTCsl OUeHb MHTEHCUMBHO. IIpu paspaboTke
MeTO/IOB MCC/IeIOBAHNS HA MUKPO MOJIEKY/ISIPHOM
YpPOBHE MOSIBUIIMCH MCCAeIOBaHMSI, CBSI3aHHbIE C
maToduU3MoJIOrMIeCKMM IIpolieccaMy Ha KJIeTou-
HOM ypoBHe. HayuHblif MUP KasKIblit 1€Hb OTKPBI-
BaeT Ijs1 cebst pasiIMYHbIE IPOIECChl, KOTOPbIE
Y4acTBYIOT B (pM3MOIOrMIEcCKOM (QYHKIIMOHUPO-
BaHMM OpraHu3Ma.

ITpotecc ayrodarumu msydaercsi ¢ 60-X TOHOB,
Korja 6bUI0 O6HAPYKEHO, UYTO KJIETKM CIIOCOGHBI
paspyuiaTb CBOM COGCTBEHHbBIE 3JIEMEHTbI, 3aK/II0-
yas uX B MeMOpaHHbIii MeIIIOK, Ha3bIBaeMblil -
30COMOI. 3a OTKpbITME U OIMMCaHMe JM30COMBI
Oenpruiickuit ucciemosatenb Kpucruan me 0B
nmonyunsn HobGeneBckylo mnpemuio B 1974 romy.
HanpHeitme uccaenoBanus 1988 roga 6111 IPO-
IO/DKEHBI SITTOHCKMM yueHbIM EcuHopu Ocymu.
Emy vymanmoch wuaeHTUOUIIMPOBATh KIIIOUEBbIE
reHbl, KOTOpbIe YYACTBYIOT B MexXaHM3Me ayToda-
UM, U UTeHTUGULMPOBATh OEJIKY, KOOUPYIOIIe
3Tu reHbl. OH MpOBeJ uccaegoBaHue MeKapCKUxX
IPOsXCKeit, uccienys ux B cpefie C HU3KUM COJlep-
>KaHMeM IJII0KO3bl uepe3 MUKpocKor. B 2016 romy
Ecunopu Ocymu 6511 yaocToeH HobemeBckoit mpe-
MMM 33 MCCAeLOBaHMS Mpolecca pereHepanuu

KIeTOK — ayrodarunu. OH 06GHAPYKMII, UTO HU3KO-
KaJIOpUitHas ayeTa MpUBOIUT K 06pa30BaHMIO Be-
3UKYJI, TaKUM OOPa30M aKTUBUPYETCS IPOIecc
ayrodarun. Ecuaopu Ocymu 06HAPYKWII, YTO T0-
BpEXJEHHbIEe ¥ CTapble CTPYKTYPhbl M3HAYaIbHO
nepeBapMBaloTCs, Graromapss STOMY MeXaHU3MY
KJIeTKa 130aBsieTcsl OT HeHYKHBIX 371IEMEHTOB U
omonaxusaeT. Ecnu mporjecc 6yIeT ocTaHOB/IEH
BOBpeMs$, KJIeTKa OCTaHeTCs B OOHOBJIEHHOM CO-
crosauu. Ecim ayrodarus nmpomoymkuTes, 310po-
Bble CTPYKTYPBbI OYAYT CheleHbl, U KIeTKa YMpeT.

AyTtodarusi — aT0 Tmpolecc camopaspylieHus,
KOTODBIVi BaKeH [I7151 ypaBHOBEILIVBAHWS ICTOUHM-
KOB Hepruy B KPUTUUYECKME MOMEHTBI Pa3BUTUS
M B OTBeT Ha CTpecc HemoemaHusi. Ayrodarus
TaKyke UrpaeT BCIIOMOTraTeabHYIO POJIb B YAAlTeHUN
HeNpaBUJIbHO CBEPHYTBIX WM arpermpoBaHHBIX
6eJIKOB, OUMIIIEHMM TIOBPEKIeHHbBIX OpTaHeslI, Ta-
KMX KaK MUTOXOHJPUM, SHAOIIJIa3MaTUIeCKuii pe-
TUKYJIYM U [IEPOKCUCOMBI, & TAKXKe B yCTPAaHEHUN
BHYTPUK/IE€TOYHBIX [1ATOT€HOB.

s mpaBwIbHOTO (GYHKIMOHMPOBAHUS ayTO-
(harmm HeobxomMM 6GajaHC MeXTy 06pasoBaHMeEM
ayrodarocom M ux [Jerpajaiueil B JM30COMaXx.
Hapymenne ayrodaruy HapymaeT KJI€TOUHbI T'O-
MeoCTa3 U CIOCOOCTBYET Pa3BUTUIO Pa3IMUHBIX
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3abosieBaHuit. AyTodarust yqacTByeT B 3THOIATO-
reHe3e MHOTMX 3a00JI€BaHMII OPraHM3Ma, TAKUX
KaKk MeTaboinueckue, CepaeYHO-COCYIUCTHIE,
Helipo/lereHepaTUBHbIE M OHKOJIOTMYECKVe 3a60-
JIeBaHMsI.

Takum 06pa3om, n3ydeHNe MEXaHU3MOB Pery-
asuy ayrodaruy HeoOXOOMMO IJIsl BBISICHEHMUS
MIPUYMH MHOTUX 3200/1€BaHMIT I BO3MOKHBIX Me-
TOZLOB JIeUeHNs.

MeToabi. MeTogn, nccieqoBaHusl, C IIOMOILBIO
KOTOPOTO ObLIM BBISIBJIEHBI aCMEKThI M3ydaeMoii
TeMaTUKM, ObUT aHATUTUYECKMM. BbIJIO TpoaHam-
3MPOBAHO M CUHTE3UPOBAHO 125 HemaBHUX OT-
KDPBITUIT U MCCIemoBaHUii ayTodaruu u yqdacTust
dbynkuuit ayrodparuyu B nmaToaOTUUECKUX U Tepa-
MeBTUYECKUX MTPOILleccax.

st BBIOGOpA 6MOIMOTPahUIeCKIX UCTOUHUKOB
Mbl MCIIONb30BaIM 6asy mgaHHbIx PUBMED,
SCIENCEDIRECT, KARGER 1 GOOGLESCHOLAR B
2021-2023 romax, MCMOJb3ys K/IKOYEBbie CJI0Ba
"ayTodarus”, “ayrodarms u OHKOreHes”, “ayro-
darus Kak TepareBTHYecKast MUIIeHb”, “ayToda-
TSl TIPU CePAEYHO-COCYAUCTBIX 3a00IeBaHUIX”,
“aytodarus u Heitpomerenepanys”, "ayrodarus u
OXupeHue" u T.71.

Kpurepusmu, nexamumu B OCHOBe BKIIOUe-
HUSI WIM VICKTIOUEHUST GMOIMOrpahmyeckux MC-
TOYHMKOB, SIBJISTIOTCSI: aKTYaJIbHOCTh ITyO/IMKALINIA,
MpoaHaIM3MpOBaHHAs TemMa W aKTyaJbHOCTb
MpeacTaBieHHON MHGopMaluu. B gaHHOI Teme s
MCII0/Tb30BaJI TOJIbKO MCTOYHMKM, HallMCaHHbIe Ha
AHIVIMIICKOM M PYMBIHCKOM sI3bIKax. Bcst mHboOp-
Malus aHaIM3UPYETCS TONBKO M3 MyOIMKaLIMiA
HayUHbIX JKypPHAJIOB.

PesynbraThl. YesioBeueckoe TeNO COHOEPKAT
TPUWIMOHBI K1eToK. Co BpeMeHeM B HalllMX TKa-
HSIX HAKaIuIMBAIOTCS pasjiMuHble MepTBbie opra-
HeJITbI, IIOBPEXKIEHHbIE GEIKM ¥ OKMUCIEHHbIE Ya-
CTHUILIBI, UTO MelIaeT IPaBWJIbHOMY (YHKIIMOHMU-
pPOBaHMIO OpraHu3Ma. ITO YCKOpsIeT CTapeHue u
ITOCJIEICTBYS BO3PACTHBIX 3a00JIEBAHMIA.

s GYyHKIIMOHMPOBAHMS Ha ITPOTSKEHU M BCeit
Halei XU3HU OpraHuM3M paspaboTan YHUKaIb-
HbI/l MeToJ, OUMCTKY JedeKTHbIX YaCTUIl U ecTe-
CTBEHHOJ 3ammThl OT OGoyie3Heir — ayTodarumu.
DTOT MeXaHU3M pereHepanyy KIeTOK HeoOX0IMm
[T OOIEero COCTOSIHMS 3I0pOBbs. Hampumep,
muchyHKImMS ayTodaruy 6b1a CBsI3aHa ¢ HECKOJb-
KUMM HelpoaereHepaTUBHBIMM, CepIeuHO-COCY-
IUCTBIMY M OHKOJIOTMYECKMMMY 3260/I€eBaHUSIMUA.

AyTodarust — 5To peryimpyeMblit porecc, Ipu
KOTOPOM KJIETKM PaspylIaloT CBOU AUCHYHKIMO-
HJIbHBIE WIM UYKEPOIHbIE KOMITOHEHTHI. IJTO
Mo3BojIsIeT ayrodaruu peryampoBaTh OajlaHC

BHYTPUKIIETOYHOTO OETKOBOTO COCTaBa, MpeIoT-
BpalllaTh HAKOIUIEHME TOKCUMYHBIX OTXOMOB, IOA-
Iep>knBaTh QYHKIIMIO OPTaHeslI, YCTPAHSITb BTOP-
raroIyecs: MaToreHbl U MOAIepPKUBATh KIETKNU B
Tepuoabl HMU3KOTO SHEPTOmoTpebieHus u3-3a
HeJIoemaHusl.

OTKpBITVE HOBBIX MEXaHN3MOB B KJIETKaX 00b-
SICHSIET BO3HMKHOBEHME MHOTUX ITaTOJIOTMIECKUX
cocTostHui. AyTodarus, Kak (Ou3noaoTMIeCcKuit
3aIIUTHBIN MPOIIecc, IBsSIeTcs PyHAaMeHTaTbHOM
OCHOBO/ (YHKIMOHAJIBHOTO OpraHmsMa. ITO
B&KHO TIPU M3YYeHUM BO3MOXHBIX 3DdeKToB Ha
peryssiimio ayrodarmm.

HayuyHoe 3sHaueHme mnoOHMMaHMUS aytodarun
TTOJYEPKUBAETCS TEM (PaKTOM, UTO SITTOHCKUIA yUe-
ubiit Ecunopm Ocymu 6611 yoocroeH HobeneBckoii
npemuu B 2016 romy 3a OTKpBITME MeXaHMU3Ma
ayrodarum.

Hapymenne mpomeccoB ayrodarmu Bemer K
BO3HMKHOBEHMIO MeTabonmmueckux 3abosieBaHmit
TaKMX KaK OXMpeHUe, CepIedHO-COCYIUCThIe U
HelipofereHepaTuBHbIe 3a60/ieBaHMsI. DTU 3a60-
JIEBAaHUS SIBJISTIOTCSI OCHOBHBIMM  IIPUUMHAMM
CMEpPTHOCTU Y MHBAJIUIHOCTU U SIBJISIFOTCS TIPe[I-
METOM MCC/IeIOBAHMIA 1T M3YUEeHUS] TIPUUMH UX
pasBuTHs. HecMOTpst Ha MHOTOUMCJIEHHBIE MCCTe-
JIOBaHMSI, KOTOPbIE yyKe ITPOBOAVIIACH 110 YUACTUIO
ayrodarumy B perynsumy (QyHKIMIT opraHmsma,
OBLTM OOHApPYKEHbI Pa3/IMYHbIe YPOBHU BIUSHUS
ayrodarum. OTU YPOBHM YKa3bIBAIOT Ha BO3MOXK-
HOCTbD ITOMCKA HOBBIX TepareBTUUeCKUX U TPodu-
JIAKTUYECKUX METOMIOB JIJIT MeTaboIMuecKux 3a-
00J1eBaHMIA.

MbI M3yUMIM YpoBeHb yuacTusi ayrodaruu B
OHKOTeHe3e. Mbl 06HapYKWIN, YTO ayTodarus ur-
paeT IBOITHYIO POJIb B OHKOTeHe3e, BBICTYIIasl B Ka-
yecTBe 3aIIMTHOTO (pakTopa, a Takke Gdakropa
MIPOTPECCUPOBAHMS paKa.

®usnuveckue yupaxkHeHUs U OrpaHuUeHye Ka-
JIOpUt UTPAIOT BaKHYIO POJIb B aKTUBAIIUU ayTO-
(darun. DTM BO3MOKHOCTHM ITOKA3bIBAIOT, UTO 370-
POBBIIT 00Pa3 KU3HU U COATaHCUPOBAHHOE TTUTA-
HMe BayKHbI /IS TTOAIepsKaHMs Tejla B TOHYCe.

0o cux mop IPOBOIMIUCH MHOTOUMCIEHHbIE
MCCIefoBaHMsI MeXaHM3MOB ayTodaruy, HO Mpo-
TUBOPEUMBBIE PE3Y/IbTaThl M HAHHbIE, MOTYYEH-
Hble Ha CEerOHSIIHUIA TeHb, a TaKKe HeKOTOpbhIe
U3 Hepa3pelleHHbIX MEXaHU3MOB, TPEOYIOT AaJTb-
Heiinero usydeHus. Tem He MeHee, CyIIeCTByeT
TaKKe TOCTATOYHO JOCTOBEPHON MHGOpMAIY U
JIAHHBIX, KOTOPbIE OBV PACCMOTPEHBI U ITOATBED-
SKIEHbI B JOKIVMHUYECKNUX U KIMHUYECKUX UCCTIe-
IOBaHMSIX U KOTOPBIE YK€ MOTYT GBITh UCITO/b30-
BaHbl I MHIMBUAYyaIM3aluu 3G(PeKTUBHBIX
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IMeT y TAI[MeHTOB C MeTabommIecKumu 3aboeBa-
HUSIMMU.
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THERAPEUTIC APPROACHES BASED ON AUTOPHAGY:
PROSPECTS AND CHALLENGES

Abstract. Autophagy is an important process for the proper functioning of cells and the body as a whole. Its
deficiency can lead to various diseases and deterioration of the general condition of the body, while its stimulation
can help maintain health and youth. The aim of this work is to elucidate the molecular substrate and pathobio-
chemical mechanisms of autophagy involvement in the pathogenesis of metabolic, cardiovascular, neurodegenera-
tive and oncological diseases for a new therapeutic approach to these pathologies.

Keywords: autophagy, oncogenesis, therapeutic target, cardiovascular diseases, neurodegeneration, obesity.
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BJIMAHUE KUIIEYHOI'O MUKPOBMOMA
HA SMOIIMMOHAJIbHBIE COCTOSIHUA

AHHOmauus. B 21 sexe MUKpoObUOM S18/15€mCsl HOBOUI MULUEHBIO UCCTIe008AHUL YUeHbIX, MaK KaK npedcmas-
Jisilem co00li IKOCUCMEMY HUBBIX MUKPOOP2AHU3MO8, KOMOpble yuacmeym 80 8cex 6UOXUMUUYECKUX U Memadonu-
ueckux npoueccax opzavusma. ITo oyenkam dauHoix 90% 3abonesaHuii cés3amsl ¢ dUCOAIAHCOM 8 MUKpPOOUOMe
KuieyHuKka. B xode psida skchnepumeHmos yuéHole 8bIACHUMU, UMO HeNYOOUHO-KUULIEUHble HapYWeHUs Yacmo Co-
npoBoOXOam IMOYUOHAIbHbIE, MEHMAJIbHbIE U denpeccusHble paccmpoticmea. Llenvio daHHOU cmamau sensemcst
uccnedoganue 8oeJieueHUsT MUKPOOUOMA KUWEUHUKA 6 NAmozeHe3 IMOUUOHANbHbIX U NoBedeHUecKUX pac-
cmpolicme 0115 8bls81€HUS HOBbLX MepanesmuyecKux MuuleHeli 8 1eueHuu ncuxuieckux 3a601e6aHul.

Knroueewnle cnoea: KuuieuHolii MquO6uOM, amouuu, mepanesmuueckdas MUUIEHb, aenpeccuﬂ, mpesoea, numa-

Hue.

BegeHue. KoHIenmus KUIIeYHOTO MUKPO-

6uoma 6bl1a paspaborana B 2001 romy Iko-
nrya Jlemepbeprom, aypeatrom HobeneBcKoit rpe-
MMM TI0 MUKPOOMOIOTMM. MUKpPOOGMOM KUIIEU-
HMKA Ha3bIBAlOT "BTOPBIM T€HOMOM uYeJioBeKa',
TaK KaK YMCIO0 €ro KJIETOK B JIeCSATh pa3 Gosblile,
yeM KOJIMYEeCTBO KJIETOK Ye0BeYyecKoro Tena, u
yeli FeHOM MMEET B CTO pa3 60JIbIlle TeHOB, YEM CO-
IepXXUT reHOM 4ejioBeKa.

YdeHble YTBEPXKOAIOT, YTO KaXXAblii UeioBeK
MMeeT YHUKAIbHBII MUKPOOMOM, ITOXOXKMIT Ha OT-
rnevaTok naabia. Eme I'mnmokpat yTBepskaai, 4To
">KeTyJOYHO-KUIIIEYHOE PACCTPOICTBO" SBJISETCS
KOpHEM BCeX MCUXMUYECKUX pacCTpoiicTB. MHTe-
PECHO TO, UTO HalllM SMOLIMM HATIPSIMYIO CBSI3aHbI
HE TOJIbKO C MO3TOM, HO U C >KeJIyJOYHO-KUILIeY-
HBIM TpakToM. >KelnymOuyHO-KMUIIEUHble CUMII-
TOMBI YacCTO HaOJIIOAAIOTCS Y JIIOJEll ¢ IMOLMO-
HaJbHBIMM M MEHTaJIbHbIMM HapylieHusimu. Pe-
3yJbTaThl MCCE€0BaHMII TOKa3aJn, YTO 340POBast
MMKpPOOMOTa KHUIIEYHMKA IiepemaeT CUTHAIbl B
MO3T 4yepe3 IIyTH, YYaCTBYIOILIME B HelpOreHese,
aKTUBaLMM MUKPOIJIMM U TOBEJEHYECKOM KOH-
TpoJie B CTABUIBHBIX WM CTPECCOBBIX YCIOBUSIX.
MuKpO6MOM KUIIEYHKA MOYKET BJMSITH Ha aKTUB-
HOCTb U MMOBeJleHMe MO3ra Yepe3 HelipOHHbIE, Ty-
MOpa/bHbIE IyTU Y MOXET MMETb TPaHCJSLMOH-
HOe MIpYMeHeHMe TIpU JIeYeHUU TICUXOHEBPOJIOTH -
YyeCKMUX pacCTPOMCTB. DTU pe3yabTaThbl AOKa3aan
BaXHOCTb MMKPOOMOMA B peLIeHUM IpobJieM

TICUXMYECKOTO 310pOBbsi. MHOTrMe MccaeqoBaHus
MOKa3aIy CBSI3b MEXKIY MUKPOOMOTONM, KOTOpas
KMBET B KUIIEYHOM TPaKkTe M HAllMM Pa3yMoM,
BKJIIOYas TaMsTb, HAaCTPOEHME U KOTHUTUBHbIE
CIIOCOGHOCTH.

Kumieunas Mukpo6yuoTa urpaeT BasKHYIO POJib B
orpenesieHMM CTPECCOBOTO OTBeTa U IOBeAeHuYe-
ckoro (deHoruna xo3simHa. Jempeccuss — 3TO 60-
Jie3Hb 21 Beka, Tak Kak Ha CerogHsIIHNIA JeHb 60-
Jee 350 MMWJIZIMOHOB Ye€JIOBEK CTPAJalOT OT Je-
IIPeCCUBHBIX PACCTPOICTB BO BceM Mupe. Pacmpo-
CTPaHEHHOCTb JleNpeccu yBOUIach, a B HEKOTO-
pbIX CTpaHax JAaxe yTpowujach BO BpeMs IaHIe-
vuy COVID-19. UccnegoBanus Ha 6€3MUKPOOHBIX
SKUBOTHBIX ITOKA3a/iM, YTO MMKPOOMOTA KUIIIeY-
HMKa MOSKET BIMSITh Ha HEMPOOMOoIormyeckme xa-
PaKTepUCTUKU Aernpeccuu. [pyrue uccaegoBaHUs
MOKa3aJin, YTO MCIT0Ib30BaHMe IIpe- U MpobuoTH-
KOB TIOJIOKUTE/IbHO BIMSIET HA HACTPOeHMe U Tpe-
BOTY Yy JIIOJIel C IeTipeccueii.

Muxpo61oM KUIIEYHMKA — 3TO HOBAs1 06/1aCTh
MHTEpPeCcoB U MeIOUIIMHCKUX UCCIef0BaHUi CBSI-
3aHHBIX C Pa3BUTMEM 3SMOIMOHAIBHBIX pac-
CTPOVAICTB, Aenpeccuii, pacCTPOMCTB ayTUCTUYIE-
CKOT'O CITEKTpa M HelipomereHepaTUBHBIX 3ab0ite-
BaHMi. IlepcrieKTuBa BbISIBIEHUS KOHKPETHBIX
HapyleHnit B cepe OBYHAIIPaBIeHHO! B3aMMO-
CBSI3Y KUIIIEYHOV MMKPOGUIOPHI M HEPBHOM CHU-
CTeMbl MMO3BOJIUT HATKU HOBbIE HAmpaB/ieHUS B
raToreHe3e  3MOIMOHAAbHBIX  PaCCTPONCTB,
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IeNpecCMBHBIX PACCTPOMCTB U HelpoaereHepa-
TUBHBIX 3a60JIeBaHMIA.

MeTtoapi. MeTon, mccieqoBaHyusl, C IIOMOILBIO
KOTOPOTO ObUTM BBISIBJIEHBI aCII€KThI M3ydaeMOoit
TeMaTUKU, ObUT aHATUTUYECKUM. BblTo TpoaHamm-
3MPOBAHO ¥ CUHTe3upoBaHO 140 HemaBHMX OT-
KPBITUII U MCCAeNOBaHMII B 06/IaCTY KUIIEYHOTO
MMUKpPOOMOMa M €ero B3aMMOCBSI3M C TOJIOBHBIM
MO3TOM, HEPBHOM CUCTEMOM, SMOLMSIMU U TIOBe-
JIeH/eM Yel0BeKa.

st BBIOOpA 6MOIMOTpahUIeCcKUX UCTOUHMUKOB
Mbl MCIIO/Nb30BaIM 6asy mgaHHeIx PUBMED,
SCIENCEDIRECT, KARGER 1 GOOGLESCHOLAR B
2021-2023 romax, MCIOJb3ys KIKOYEBbIe CJI0BA
"KUIIEYHBII MUKPOGMOM”, “MUKPOOGMOM U 3MO-
uun”, “MMKpPOGMOM KaK TepameBTuyecKas MMu-
meHp”, “Ocb MMKPOOMOTA-KUIIEYHUK-MO3I”,
“MMKpO6MOM U Iempeccust”, "MUKPOOMOM U Tpe-
Bora " u T. [i.

Kputepusmu, nexxaliyMu B OCHOBe BKIIIOUe-
HUSI WM UCKJIIOUeHUsT Oubamorpaduueckux uc-
TOUYHMKOB, SIBJISIIOTCSI: aKTYaJIbHOCTD ITyOIMKALII,
MpOaHAIM3MUPOBaHHAsA TeMa WU aKTyaJbHOCTb
npeJicTaBieHHo nHdopMauuu. B nanHoit Teme s
MCIIOJIb30Ba/la TOJAbKO MCTOYHMKM, HalMCaHHbIE
Ha aHIJIMIICKOM M PYMBIHCKOM sI3bIKax. Bcsl MH-
dbopmaisa aHaIM3UPYETCS TOIBKO U3 IyOIMKa-
LM HaYYHBIX )KYPHAJIOB.

PesysbTaThl. B 21 Beke 6akTepun paccMaTpy-
BAIOTCS C pa3HbIX TOUEK 3PEHMSI, CErOSHS MbI MO-
SKEM He TOJIbKO YHUUTOXUTbD IJI0XMe 6aKTepuu, HO
M KOHTPOJIMPOBAThH I0JIe3Hble GakTepum. MUKpPO-
61uOM uejiOBeKa IPEeCTaB/IsIeT €000 COBOKYII-
HOCTb MMKPOOOB, T€HOB ¥ IPOAYKTOB, KOTOPbIE
KOJIOHM3UPYIOT HAalll OPraHu3M C POKIEHUS U Tie-
pelaloTcs yepes poJoBble IyTH OT MaMbl. MUKpO-
610Ta KUIIEYHNMKA MOKET BapbUPOBATLCS B 3aBU-
CUMOCTM OT Bo3pacTa U (aKTOpPOB OKpYsKalollei
cpembl. Kpome TOro, MmKpoOMOTa KUIIEYHMKA
pa3nnyaeTcss B PasHbIX aHATOMMYECKUX YaCTSIX
SKeJIyL,0YHO-KUIIeYHOT'O TPaKTa.

CylecTByeT TPU OCHOBHBIX 3HTEPOTUIIA, BbI-
Je/leHHble T10 PasjMuusIM B COCTaBe KUIIEeUHOM
MUKPOGDIOPHL. IHTEPOTUIT 1 — KMUIlIeUHAST IKOCKU-
crema bakreponpapl. K 3TOMy 3HTEpOTMITY IIpU-
HaJjiekaT JakTo- U 6udumobakrepun. JaHHbIN
TUII XapaKTepeH sl JIIOJe, YIOTpeOISommX
60JIbIlIee KOMYECTBO MSICHOI NIy (6esKa) U K-
POB XMBOTHOTO ITPOUCXOXKAEHMSL. DHTEPOTUIT 2 —
KuieyHas skocucrema IIpesoTtenna. XapakTepeH
DI JII0Jeii, YyIOTpeOsionmx Gosbliee KomMye-
CTBO PaCTUTEIbHONM MUIIY, 0COOEHHO KIeTYATKM U
YIJIEBOZAOB. DJHTEPOTHUII 3 — KUIIIeYHAst SKOCUCTeMa
PyMMHOKOKKM. PyMIHOKOKKM YIy4YlIaT

BCcacbIBaHMe yIVIEBOLOB U MIOMOTalOT KJIeTKaM I10-
[JIONIaTh caxap, MO3TOMY C 3TUM 3SHTEPOTUIIOM
CBSI3aHO 6oJiee YacToe pasBUTHE OXMUPEHMS, HO
3aTo 6ojiee HM3Kasl YacTOTa PA3BUTHMS paKka Kiu-
IIeYHMKA BCJIE[ICTBME ITOBBIIMIEHHOTO 00pa3oBa-
HMSI MaCJISTHOM KUCJIOTBL.

MUKpoOOMOM peryamMpyeT MHOTHE KM3HEHHO
Ba)KHbIE TIPOLIeCcChl OpraHmM3ma: 3aluiiaer oT mna-
TOT€HOB, MOJepKMBaeT UMMYHUTET, yYacCTBYeT B
repeBapyMBaHNY MUY ¥ OOMEHHBIX ITPOIeCCOB U
BJIMSIET HA TTOBe/ieHNe, MbIIIJIeHVe U SMOIIUY Ye-
JioBeKa. Pojb KMIIEUHOM MMKPOOMOTBI MHOTO-
rpaHHAa: OHA 3aIMIIAeT OPTaHU3M OT MH(EKIIVOH-
HBIX areHTOB, B YAaCTHOCTM, 32 CUeT Y/IydllleHUs
GbYHKIUM MeXaHMYeCKOro U OMoJIorMueckoro 6a-
pbepa CTeHKU KuIlleYHMKa, CTUMYIUPYSl pereHe-
palyio SMUTeINs KUILIeYHMKA; [TIOMOraeT IepeBa-
pUBaTh HellepeBapeHHbIe ¥ HeabcopOuPOBaHHBIE
OCTaTKM TIAIOU U CyOCTPaThl; IIOMOTAET CUHTE3Y
BUTAaMMHOB U He3aMeHUMbIX aMUHOKUCJIOT; CII0-
cOOCTBYeT BhIPAOOTKE HEMPOTPAHCMUTTEPOB, Ta-
KX Kak modaMuH, CEpOTOHVH, alleTUJIXOJINH,
I'AMK, MenaTOHMH, U BIuUsSeT Ha aKTUBHOCTb OCU
TUITOTAIAMYC-TUITO(U3-HAAIIOYeUHNKM; CII0CO0-
CTBYET Pa3BUTUI0O UMMYHHOW CUCTEMBI, BO3I M-
CTBYS Ha JMMGOUIHYIO TKaHb, CBSI3AHHYIO C K-
IIeYHUKOM; TIOMOTaeT IoAJepsKMBaTh I1eJ10CT-
HOCTb reMaTo3HIIedaTMIecKoro 6apbepa, peryim-
Pyl coeIVHUTEIbHbIE GeJIKM, TaKMe KaK OK/TIOAVH.
MukpobMoTa KUIIeYHMKA BIMSIET Ha pa3BUTHE
3MOIMOHA/IbHOT'O TOBEJIeHNSI, CUCTEM MOIYISIINA
CcTpecca ¥ HeMpOTPaHCMUTTEPHBIX CUCTEM MO3Ta
yepe3 0Cb MUKPOOMOM-KMUIITEUYHMUK-MO3T.

Och MMKPOOGVOM-KUIIEUHMK-MO3T IIpeACTaB-
JITeT c000¥i CJIOKHYIO IBYHAIIPABIEHHYIO CUCTEMY
MEXITY KUIIeYHMKOM, MUKPOOMOTOI U IeHTPaThb-
HOJI HEpPBHOW CUCTEMOI, KOTOPasl COeqVHSIET 3MO-
IIMOHAJIbHbIE ¥ KOTHUTUBHBIE LIEHTPBI C QYHKIIN-
MU niepudepuueckoro KuileyHuKa. JTa CBSI3b
IOCTUTAeTCs 3a CYeT IMPOU3BOACTBA KUIIEUHO
MMKpPOOMOTOJ TaKMX BeIeCTB, KaK HeipoTpaHC-
MUTTEPBI, IIUTOKMHBI, KOPOTKOIIeITOUeYHbIe SKUP-
Hble KuciIoThl (SCFA) M ux B3aMMOZENCTBUS C
OJTY>KIAIOMIMM HEPBOM U SHTEPAIbHOM HEpBHO
CUCTEMOJA.

HayuHble ucciegoBaHus ITOKAa3bIBAlOT, YTO
XPOHMUECKOe BOCIaJieHe HU3KOM MHTEeHCUMBHO-
CTU UTPAET BaXKHYIO POJIb B BOSHMKHOBEHUM U pa3-
BUTUM SMOLIMOHAJIBHBIX PacCTPOICTB U Aerpec-
cun. TloBpexxmeHue ocy MUKPOOMOM-KUIIEUHUK-
MO3T B JIETCKOM BO3pacTe KOPPeJupoBaao C
PUCKOM pasBUTHS JEIIpeccuy BO B3POCJIOM BO3-
pacTe, YTO TaKKe IMO3BOJISIET MPEAIIOI0XKUTD, UTO
CYIIECTBYeT CBSI3b MEXIY MMOKPOOMOMOIA,
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pa3BuUTHEM HEMPOHOB U Aernpeccueli. Heucrpas-
HOCTb OCU MO3T-KUIIIEYHUK MOXET BbI3BaTh BOC-
MajuTeNbHOE 3aboJieBaHMe KUIIEYHUKA, M3Me-
HUTb OCTPYIO M XPOHUYECKYIO peaKIInio Ha CTpecc
¥ BbI3BATh M3MeHeHMe IToBeIeHus. 1)1 6OTbIIOro
IerpecCcUBHOTO paccTpoiicTBa XapakTepHO
YMeHbIIIeHe KOJIMYeCTBA MOJIe3HbIX KeTyT0UHO-
KUIIIEeYHbIX 6aKTePUii 1 MOBBINIEH)E YPOBHS IaTO-
TeHHBbIX OaKTepuii, YTO MPUBOIUT K KETYyIOUHO-
KUIIIeYHbIM, HEMPOIHIOKPMHHBIM, UMMYHHBIM U
SMOLIMOHAJIbHBIM PacCTpoicTBaM. IlalMeHThI C
Jerpeccueli MMEKIT TMOBbIIEHHOEe KOJINYeCTBO
6akrepuit Bacteroidetes, [IpoTo6akTepnii 1 akTU-
HOOaKTepuii, a TakkKe MeHblllee KOIUUYECTBO
Firmicutes.

IMutanue BAMSIET Ha MMKPOOMOM, a MMKPO-
O0MOM BIMSIET HA PUCK PasBUTHUS 3a00JeBaHUS Y
yesyioBeka. HayuHble MccieqoBaHus TOKa3aan, YTO
Ha KauecTBO MMKpoOMOMa BAMSEeT MUTaHue, a
CTPYKTypa MMKpOOGMOMA BMSET Ha KauyecTBO
SKM3HM B [JIOJTOCPOYHONM IepcrekTuBe. MuKpo-
010Ta KMIIeYHMKA SIBJISIETCS TOTEHIMAIbHOM M-
IIeHbIO AJIS1 YIy4IlleHUs 3[J0POBbSI UejioBeKa, Tak
KaK C MOMOIIbI0 MUTAHMUSI Mbl MOKEM YBeINYM-
BaTh 06pa30BaHMs MTOJIE3HBIX OGaKTEPUit U YyMeHb-
IIUTb KOJMYECTBO ITATOT€HHBIX, TEM CaM YIy4IlInB
CaMOYyBCTBME. MOIy/IsILMSI MUKPOOMOTBI KUIIIEY-
HMKa TepamneBTUYEeCKMMM areHTamy Obuia Obl
MHOTo06eMIaloNieil cTpaTerieil B JIeUeHUM 3MO-
LIMOHAJIbHBIX PACCTPOICTB U MENPecCUBHBIX pac-
CTPOJICTB, KOTOPbIe MPEICTABJSIIOT MTOBbIIIIEHHBI
MHTepec I OYOYIIVX MCCaeq0BaHMIA.

BoiBoab1

1. KuleuHslit MUKpPOOMOM HAaIpsSMYIO CBS-
3aH C MO3TOM 4epe3 0Cb MUKPOOMOM-KUIIEUHUK-
MO3r, KOTOpasi CoeIMHSIeT SMOLIMOHa/IbHbIE U KO-
THUTUBHBIE LIEHTPbI MO3Ta ¢ GYHKUMSIMMU ITepude-
pUYeCcKOro KuIieuyHuKa.

2. H3MeHeHMe cOCTaBa KUILIEUHOT'O MUKPO-
010Ma SIBJISIeTCST OMHO 13 OCHOBHBIX ITATOT€HeTH-
YyeCKUX MPUUYMH pa3sBUTKUSI SMOILMOHAIBHBIX pac-
CTPOIACTB M IICUXUUECKUX 3a00IeBaHMiA.

3. XpoHMUeCKOe BOCHa/ieHMe HU3KOM WH-
TEeHCUBHOCTU UTPaeT BaXKHYIO POJib B BO3HMKHOBE-
HUU U Pa3BUTUM Aelpeccuu, Hapylias roMeocTas
HelipOTPaHCMUTTEPOB B TOJIOBHOM MO3Te.

4. Jlvera sBISeTCS BaXHbIM (akTOpOM,
OTIpeeISIIOIIMM COCTaB MMKPOGMOMa KUIIeUHYKA
U 30POBbE UEJIOBEKA, UTOOBI TPEeJOTBPATUTD Pas-
BUTYE SMOIVMOHAIBHBIX PaCCTPOICTB.
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THE INFLUENCE OF THE INTESTINAL MICROBIOME
ON EMOTIONAL STATES

Abstract. In the 21st century, the microbiome is a new target of scientists' research, as it represents an ecosys-
tem of living microorganisms that participate in all biochemical and metabolic processes of the body. According to
data estimates, 90% of diseases are associated with an imbalance in the gut microbiome. In the course of a number
of experiments, scientists have found out that gastrointestinal disorders often accompany emotional, mental and
depressive disorders. The purpose of this article is to study the involvement of the gut microbiome in the pathogen-
esis of emotional and behavioral disorders in order to identify new therapeutic targets in the treatment of mental
illnesses.

Keywords: intestinal microbiome, emotions, therapeutic target, depression, anxiety, nutrition.
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BOHIIAPEBA 3ost AilekcaHApPOBHA
CTyAeHTKa, Bosrorpaackuii rocyiapCTBEHHBI MeAUIIMHCKMI YHUBEPCUTET,
Poccus, r. Bonrorpan

OOPMHNPOBAHME 310POBOI'O OBPA3A >XI3HU HACEJIEHUA

AnHomauus. MHozouuCneHHble COYUANIbHO-2UZUeHUUECKUE UCCIe008aHLSI NOKA3AU, YN0 He2aMuUsHble MeH-
JdeHYUU 8 COCMOSIHUU 300p08bsl 8 3HAUUMENBHOL Mepe npedonpedensitomcst Heyo0oeemeopumenbHsiM 00pa3om
HCU3BHU: 8PEOHBIMU NPUBLIUKAMU, NCUXOIMOUUOHAILHBIM CMPECCOM, HEPAUUOHANBHBIM XAPAKMepoM NUmMAaHusl,
npoesedeHuem c60600H020 8peMeHU U 0MObIXA, HU3KUM YPOBHeM MeJUYUHCKOT akmugHocmu. mo 8 6oJiblieli cme-
neHu onpedesisiem 3HaueHue paseumus NPOQUIAKMUKU U 00HO20 U3 e€ 8ANCHbIX HANPABAEHUTI — (POPMUPOBAHUS
300p08020 006pasa »usHu cpedu Haceneuus. M umoOsl npedomepamumes pazeumue xpoHuuecKux 3a0oeeaHuti
HY}CHO 3HAMb U NPUOEPHUBAMBCA OCHOBHBIX KOMNOHEHN08 300P08020 00pPA3a HCU3HU.

Kntouessle cnoea: 300posbili 06pa3 »#cusHu, 300posve, cucmemd, nogedeHue, cOCmosiHue, 0cobeHHocmu, oe-

gexm.

I1. Y. Kasblo 661 TIpOBenieH aHanu3 6osee 80
TIOHSITUI OMpene/ieHNs1 «300pPOBbe», B CBOEN
KHITe OH IIpMBeJI caMble paclipoCcTpaHeHHbIe MpH-
3HaKU, UCIIOIb3yeMble TIpU XapaKTepucTuke JaH-
HOTO OIpeie/IeHusI:

1. HopmanbHas pyHKUMS OpraHK3Ma Ha BCex
YPOBHSIX €r0 OpraHusaiuy, HopMajibHOe TeueHue
bu3MUeCKMX U OMOXMMUYECKUX TPOIECCOB, CIT0-
COOCTBYIOIIMX MHIUBUAYAJTbHOMY BbDKMBAHUIO U
BOCITPOU3BO/ICTBY.

2. [uHamMuyeckoe paBHOBecCHe OpraHu3ma u
ero GyHKUM 1 GaKTOPOB OKPYsKaIOIIEel Cpebl.

3. Crnoco6HOCTD K MOJTHOLIEHHOMY BBITIOTHE-
HUIO OCHOBHBIX (DYHKI[MIA, yUacTHe B COLMATbHOM
JesSITeJIbHOCTM U OOILECTBEHHO MTOJIE3HOM TPYAE.

4. CrocoGHOCTh OpraHM3Ma MpucIocabin-
BaThCS K IMTOCTOSIHHO MEHSIIOLIMMCSI YCJIOBUSIM CY-
IIeCTBOBAaHMSI B OKpYKalollleii cpefie, Moaaep K-
BaTh ITIOCTOSTHCTBO BHYTPEHHEl Cpeibl OpraHu3Ma,
obecreunBasi HOPMaJIbHYI0 ¥ Pa3sHOCTOPOHHIOKO
SKU3HeIesITeTbHOCTD.

5. OtcyrcTBre GonesHu, 60Ie3HEHHBIX CO-
CTOSTHMIA TG0 60JIe3HEHHBIX M3MEHEeHUIA.

6. IlonHoe ¢u3nueckoe U IYXOBHOe, YM-
CTBEHHOE U COL[MATbHOE 6JIarornonyyye, rapMoOHU-
yeckoe pasBuUTHe GU3NYECKUX U IAYXOBHBIX CUI
OpraHu3Ma, IPUHLMII ero eOVHCTBA, CAMOperyJs-
LMY Y TaDMOHMYECKOI0 B3aUMOJIe/iCTBUS BCEX Op-
raHos» [1].

Knaccuueckoe orpepnesieHne MOHITUS «310PO-
Bbe», SIBJISIONIEECS OOLIETIPUHATHIM B MUPOBOM
MaciuTtabe, rmpeyioxkeHo B 1948 r. Opra"usammueit
O6pemmuueHHbix Haumit 1 nmommepskaHo Bcemup-
HOI opraHmsaiyeii 3apaBoOXpaHeHMs: «3I0po-
BbE — COCTOSIHME TTIOJIHOTO (DU3NUYECKOTr0, IYIIEB-
HOT'O ¥ COLMaJIbHOrO 6/1aromoiyuns, a He TOIbKO
OTCYTCTBMEe Oose3Helt U Gusnuecknx mgedex-
TOB» [2].

O.C. BacunpeBa cunMTaer, 4To Ha pusmudeckoe
3JI0pOBbEe CBOE BJIMSIHME OKa3bIBAIOT CIEVIOIIMeE
(akTOphI: mMUTAHME, OBUraTe/bHAs aKTMBHOCTD,
3aKkanuBalwle U TUTMEHUYECKMe TMPOoLeayphl.
[NcuxmyecKkoe ke 3I0pPOBbe 3aBUCUT OT OTHOIIIe-
HMS YesIoBeKa K caMoMy cebe 1 OKpYsKaIoIIM ero
moasam. Ha coumanbHoe 30pOBbe BMSIET COIM-
aJIbHBI U CeMelHbIi CTaTyC, YCIIeIHOCTb JINY-
HOCTHOTO ¥ COLMa/JIbHOTO CaMOOIIpee/ieHUs U
T.0. Ha ImyxoBHOe ke 3[0pOBbe BiMSET YPOBEHb
HPaBCTBEHHOCTH YeyioBeKa U T.A. [3].

Cpeny ¢akTOPOB, BAMSIONIMX HA 300POBbE Ue-
JioBeka ocoboe mecrto 3aHumaeT 303K (3m0pOBbIii
06pa3 xusHu). OnpeneneHne NJAHHOTO TepMMHA
pa3pabaThIBasIOCh OKOJIO ITOTyBeKa Ha3al,.

H.T. 3akpeBcKas JaeT Takoe ornpene/ieHne JaH-
HOT'0 TepMMHA: 3I0POBbIii 06pas sKM3HU — €CTh CO-
BOKYITHOCTbD CYIIeCTBEHHBIX XapaKTepPUCTUK U TH-
IMMYHBIX BUIOB KU3HEIESTEeIbHOCTH JIMYHOCTH,
COLMAJIbHOM I'PYTIITBI, 061IeCTBa B 1[eIoM [4].
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3IOpOBBIN 00pa3 KU3HU — 3TO MHAUBUIYAIIb-
Hasl CUCTeMa IMOBeIeHNSI UelIOBeKa, 00ecIieunBa-
mas emy u3nueckoe, AYIIEBHOE U COLMUATBHOE
6Jylaromnojyure B peasibHOV OKpYsKaloIlleil cpeme
(IpMPOOHOV, TEXHOTEHHOM M COLMAIbHONM) U aK-
TUBHOE JIO/TOJIeTHE.

IMomBeass MTOr BCeX BbIlIeNepeurcIeHHbIX
ornpezeneHunit, MOXXeM CJiesiaTh BbIBOJ, uTO 30K —
3TO NOBeJleHMe YejioBeKa, OTpaskalolllee orpese-
JIEHHYIO KM 3HEHHYI0 TTO3UIINIO0, HalTpaB/IeHHYIO Ha
YKpeIuieHre ¥ cOXpaHeHue 3/I0pOBbs, obecrieue-
HVe BBICOKOTO YPOBHSI TPYAOCIIOCOOGHOCTH, JOCTH -
’KeHMe aKTMBHOIO JOJITOJIETUSI U OCHOBaHHOE Ha
BBITTOJTHEHUY HOPM, IIPaBWI U TPeOOBaHMUIT JTNU-
HOJi ¥ 00IIeCTBEHHO TUTMEHBI.

OCHOBHBIMM KOMITOHEHTaMM 3[I0POBOTO 006-
pasa SKU3HMU SIBIISIIOTCS:

e  palMOHAJbHBIN PEXUM TPy/a U OTIbIXA;

e  JBUraTesibHasl aKTMBHOCTD;

e  TIOJIHOLIEHHOE MMUTaHUE;

PeSYJII)TaTI:I ucciaegoBaHus M X aHaAJIN3

e  cobmofieHMe TIPaBWI JIMYHON TUTHEHBI,
3aKajaMBaHMe Y MacCax;

e  TapMOHMYHbIE CEKCyaabHbIe OTHOLIEHNUS;

e  KYIbTypa MEXIMYHOCTHOTO OOIIEHWSI U
rcuxodu3nyeckast peryssust;

e  OTCYTCTBME BPEIHBIX ITPUBBIUEK [5].

3IOpOoBBI 06pa3s >KM3HU SIBJISIETCS IIUMPOKUM
MO3UTUBHBIM CIIEKTPOM BO3eCTBUS Ha pa3any-
Hble CTOPOHBI ITPOSIBJIEHMIT OpraHu3Ma U JTUYHO-
CTM YejiOBeKa. B moBemeHMM 5TO MNpPOSIBISIETCS
HaauuyeM OOJIBIIIEr0 KOJMYECTBA SKU3HEHHOIA
SHEpTUHU, COOPAaHHOCTY U 1Ip. C MCUXOIOTUIECKON
TOUYKM 3pEeHMUS], 3TO IPOSIBISETCS B YIyUlleHUU
IICUXUYECKOTO 3A0POBbsI, XOpOLIEM CaMOYyB-
CTBUM, HEPBHO-TICUXMYECKO YCTOMUMBOCTU U B
YBEPEHHOCTU B CBOMX CUjaxX. Takske MOXXHO OTMe-
TUTh CHW)KEHME YPOBHS 3a00/IeBaeMOCTU, ObICT-
poe BOCCTaHOBJeHMe Tocjie MU3UUEeCKUX U yM-
CTBEHHBIX Harpy3oK, HOpMaJaM3alo COOTHOLIe-
HMS MacChbl Tela UM POCTA, JIETKOCTb MOXOIKU U

ap. [6].

B HeHcrMK

B MyHCHOR

Puc. 1. B HamnlemM aHKeTMPOBAaHMM PUHSLIO yuacTre 30 yeoBek,
7 13 KOTOPbIX MY>KUMHBI, 23 — SKeHIMHbI

NMyHKTBI 30K

B OTHa= 0T BpeaHBIX
MEWELM EH

B 3aHaTka cnopTom,
MO0 E piHEHN E
ONTHMENEHON

5. popmbl

Puc. 2. PacipenieneHne OTBETOB peCIIOHAEHTOB Ha BOIIPOC O cocTasstommx 300K
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OTHOoweHue K 30X

a

B CyuTato, uTo 3TO
BamHO, HO HE
rMAEHOE B HMUIHK

B CyuTato, 4To 3TOD
HeobxogKmo

W 3Ta npobnema meHa
HE EOJHYET

Pu

Cobntopenne 30X

B MHoroa
2 0a
M Het

Puc. 4.

Yuactne 30X B XXU3HMU

| iF!
N 3aTpyoHAKCE OTEETHUTE

W Het

Puc. 5. PacripeniesieHne OTBETOB Ha Bompoc: criocobersyet i 303K yemexy
B pa3HbIx cepax mesTesbHOCTU?

@ Menunyna, papmarius | 59

c. 3. PacmipeiesieHe OTBETOB Ha BOMPOC 00 OTHOIIEHMM PeCcIIoHAeHTOB K 30K

PacrnipepeneHne 0TBeTOB Ha BOIPOC 0 cobmonenmu mpasmit 303K pecrioHieHTaMu
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Bnuauue Ha obyuyeHue

B MonoH cun
B He npuoepsuEace
W AnaTua, ycTanocTe

Puc. 6. PactipeeneHue OTBETOB PECIIOHIEHTOB Ha BOMPOC 0 BausHum 30K
Ha CaMOYYBCTBME B TeUEHME THSI

CocTrosiHMe 300pOBbA

B Xopowee
B ¥YnoeneTEOpUTENBHOE
¥ MpekpacHoe

HeyooENETEORMTENEHDE

Puc. 7. OTBeTbI peCIOHAEHTOB Ha BOIIPOC O COCTOSIHUU UX 30POBbSI

3abonesaHua

N

B He umewn
W HHET

¥ CepaeyHo-cocyaMcToM
CHCTEMEI

ONopHO-0EMIaTEAEHEIR
annapar

Puc. 8. PacripezesieHyie OTBETOB PECIIOHAEHTOB Ha BOIIPOC O XPOHMUYECKMX 3a00/I€BaHMSX,

KOTOpbI€ MMEIOT YUaCTHUKNM aHKEeTUPOBAHUA

CoH

B 6-Eyacoe
B meHee 6y4acoe
¥ bonee 8 yacoe

Puc. 9. PactipeeneHue OTBETOB HA BOMPOC O KOJIMYECTBE YaCOB CHA

@ Menuiuna, dapmariud | 60



AKTyasmbHBIe UCCIIEOBAHUS * 2023. N218 (148)

@ Meguiuna, dapmariud | 61

YactoTa 3abonesaemoctu

M 1-2 pasac rog
W 2-3 pasa s rog
5 1 Donee pas 6 rog,

Bbonew pere 1 pasa Erog

Puc. 10. PacripefiesieHiie OTBETOB PECIIOHIEHTOB Ha BOIIPOC O YAaCTOTe 3a00JIeBaHuii B TOJ,

Hcxomst M3 pe3yabTaTOB aHKeTUMPOBAHMUS
MOKHO CJesaTh BbIBOL, O TOM, UTO CTYHEHTbI
3HAIOT JIUIIb O HEKOTOPBIX KOMIIOHEHTaxX 3/0pOo-
BOro 06pa3a sKU3HNA.

bonpmas yacTh cTyeHTOB cunTaeT, uTo 30K —
3TO He TJIABHOE B KU3HU U JIUIIIb YACTUIHO COOJTI0-
nawoT ero. OHAKO Te, KTO BCe-TaKu MpUIepKuBa-
etcs npasui 300Ka 0TMevarT NOAHSTOE HAaCTPO-
eHue, IPUINUB CUJI U XXU3HEHHbIi SHepI'uy B Teue-
HMe JTHS U CYUTAIOT, UTO 3[IOPOBBII 00pa3 KU3HU
- 3aJI0T yCIIexa.

Taxske MCX0[IS1 UX Pe3Y/IbTAaTOB aHKEThI MOKHO
BBISICHUTD, YTO OOJIbINAS YACTh CTYAEHTOB PEXKUM
CHa cobJTioIaT, 60/1eI0T He vaiie 1-2 pasa B TO[I,
a 3HAUUT UX COCTOSIHME 30POBbSI B HOpMe.

IlogBonss UTOr BCeMy  BblllleCKa3aHHOMY,
HeJTb3S51 He OTMETUTD, UYTO 3[I0POBBIi 06pa3 XMU3HU
— 3aJ10r ycrexa!
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FORMATION OF A HEALTHY LIFESTYLE OF THE POPULATION

Abstract. Numerous socio-hygienic studies have shown that negative trends in the state of health are largely
predetermined by unsatisfactory lifestyle: bad habits, psycho-emotional stress, irrational nature of nutrition,
spending free time and rest, low level of medical activity. This largely determines the importance of the development
of prevention and one of its important directions — the formation of a healthy lifestyle among the population. And
in order to prevent the development of chronic diseases, you need to know and adhere to the main components of a
healthy lifestyle.

Keywords: healthy lifestyle, health, system, behavior, condition, features, defect.



AKTyaJbHBbIE UCC/IeLOBaHUS

MexayHapOoHbIM HAYYHBIN XYPHAI
2023 ¢ N2 18 (148)
Yacrs I

ISSN 2713-1513

IMoproroBka opuruHan-makera: Opnosa M.T.
IMoaroroBka o6moxkku: Tkauesa E.IT.

Yupedumenw u uzdamens: OO0 «ATeHTCTBO MePCIEeKTUBHBIX HAYYHBIX MCC/IeIOBaHUIT»
Adpec pedaxkyuu: 308000, r. Bearopom, mp-T B. XMenpHMUIIKOrO, 135

Email: info@apni.ru
Catim: https://apni.ru/

OTtneuatadHo B OO0 «ITMLIEHTP».
Howmep noamnucad B rmevats 07.05.2023r. @opmat 60x90/8. Tupask 500 3k3. IleHa cBoGoHaS.
308010, r. benropon, rip-T b. XmenbHuIkoro, 135, oduc 40



	СОДЕРЖАНИЕ
	ФИЗИКА
	РЕШЕНИЕ ЗАДАЧИ ВОСПОЛНЕНИЯ ИСПУСКАЕМОЙ ЭНЕРГИИ  ПРИ ВРАЩЕНИИ ЭЛЕКТРОНА ПО ОРБИТЕ НА ОСНОВЕ СИЛЫ ЛОРЕНЦА

	ТЕХНИЧЕСКИЕ НАУКИ
	ОСОБЕННОСТИ ОРГАНИЗАЦИИ МЕТРОЛОГИЧЕСКОЙ СЛУЖБЫ  В УЧРЕЖДЕНИЯХ ВЫСШЕГО ОБРАЗОВАНИЯ

	ВОЕННОЕ ДЕЛО
	ИНФОРМАТИЗАЦИЯ ОБРАЗОВАТЕЛЬНОГО ПРОЦЕССА В ВОЕННЫХ ОБРАЗОВАТЕЛЬНЫХ ОРГАНИЗАЦИЯХ ВЫСШЕГО ОБРАЗОВАНИЯ

	ИНФОРМАЦИОННЫЕ ТЕХНОЛОГИИ
	ЦИФРОВИЗАЦИЯ ПРОЦЕССА ПРИНЯТИЯ РЕШЕНИЯ  ПО ОЧИСТКЕ СТОЧНЫХ ВОД ПРИ ПРОИЗВОДСТВЕ ПЕЧАТНЫХ ПЛАТ
	АНАЛИЗ ПРОИЗВОДИТЕЛЬНОСТИ И НАДЕЖНОСТИ БАЗ ДАННЫХ  ДЛЯ СЕРВЕРНЫХ ПРИЛОЖЕНИЙ НА JAVA, KOTLIN И GO
	АВТОМАТИЗАЦИЯ ТЕСТИРОВАНИЯ ПРОГРАММНОГО ОБЕСПЕЧЕНИЯ СРЕДСТВАМИ ФРЕЙМВОРКОВ

	МЕДИЦИНА, ФАРМАЦИЯ
	ТЕРАПЕВТИЧЕСКИЕ ПОДХОДЫ НА ОСНОВЕ АУТОФАГИИ: ПЕРСПЕКТИВЫ И ВЫЗОВЫ
	ВЛИЯНИЕ КИШЕЧНОГО МИКРОБИОМА  НА ЭМОЦИОНАЛЬНЫЕ СОСТОЯНИЯ
	ФОРМИРОВАНИЕ ЗДОРОВОГО ОБРАЗА ЖИЗНИ НАСЕЛЕНИЯ


