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Abstract: The structure of our World is based on the hypothesis of the existence of
“dark energy”, which is a virtually quantized state of physical vacuum (PV). The Uni-
verse is filled with about 10*? densely packed PV cells. Each cell represents a volume
of “space-time”, including an electron-positron (e-p) and positron-electron (p-e) vir-
tual pair with energy AE = (#/2)-c = 1.85-10"*° erg. The physical parameters of the
Universe are obtained through five microscopic and macroscopic constants: electron
mass m, electron charge e, gravitational constant G, speed of light ¢ and Planck con-
stant 4. Macroscopic parameters of the Universe include the Hubble constant Hy ~
2.5-10*® 5%, the radius of curvature of the Universe Ry 7.2:10°® cm, its electric charge
Qun ~ 10% CGSE (e.s.u.), average density of matter in the Universe py, ~2.19:10%°g
cm 3. The quantized lepton component of matter in the Universe — “dark energy” —
serves as a medium for the propagation of electromagnetic radiation. Microscopic
parameters of the Universe include the physical characteristics of PV cells: the mass
of the PV cell mp, ~ 107 g, the time spent in the state of a virtual electron and posi-
tron tey ~ 102 s, virtual charge g, ~ 10 e.s.u., residual virtual charge ges ~ 107°
e.s.u. The fundamental possibility of excluding “dark matter” from the composition of
the matter of the Universe is considered. The data obtained were used to study the
evolutionary characteristics of the Universe. An exact expression for the “Fundamen-
tal Dirac constant” is obtained.
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1. Introduction

Any new concept that provides an answer to the question “How does the
Universe work?” must explain the complex of existing observational data. If we
talk about cosmological data, these include:

1. Observational confirmation of the existence of cosmic relict background
radiation (Cosmic microwave background, CMB) with a temperature of 2.7 K.

2. Experimental data from the WMAP space programs and PLANCK on
CMB fluctuations, measured with high accuracy.

3. Data of observations of distant supernovae, which were used as refer-
ence standard “candles” in the Universe.

4. The experimentally established fact of the existence of a large-scale
structure of the Universe, beginning from large redshifts z.

5. Observational data on the peculiarities of the dynamic characteristics
of galaxy clusters and structural formations inside galaxies that require the in-
volvement of “dark matter”.

6. Measured value of the Hubble constant.

7. Data on the density of matter in the Universe.

8. Data on the metrics of the Universe.

9. The presence of baryon asymmetry in the Universe.

The list does not include an item related to gravitational lensing, for the
reason that so far we have only observed cases of strong lensing, which causes a
selection effect does not allow obtaining reliable statistical data for the entire
distribution of the general sample.

These data form the basis of observational cosmology. Researchers still
have no answers to some of these facts. The question is also, whether the exist-
ing interpretation of the Universe is the only one or whether there is an alterna-
tive in the interpretation of these listed provisions. The main difficulty is that
the baryonic (more precisely, hadronic) part of the matter is only a few percent
of the critical density pcrand is actually test particles inside the main medium of
the Universe, which is a difficult to observe form of matter. However, it deter-
mines the dynamics and evolutionary features of our world. Particle physics is
the main cornerstone in understanding the structure of our Universe. The mod-
ern concept of the World should naturally combine the quantum microstructure
and macrostructure of the Universe.

The article presents a new concept of the Universe, based on an under-
standing of the physical properties and parameters of the main component of
matter — “dark energy”. All physical characteristics of the Universe were ob-
tained through five world “constants”: electron mass me, electron charge e,
speed of light ¢, gravitational constant G and Planck’s constant h.
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2. Historical reference

Einstein’s attempt to create a unified field theory was associated with the
geometric concept of the essence of matter. The underlying assumption was that
matter is an excited state of dynamic geometry. This idea goes back to the pre-
Planck era. Perhaps even Riemann in 1864 was not the first to argue that space
at the microscopic level could be significantly curved. Clifford in his work said
in more detail: “a particle is nothing more than a curved empty space, differing
from the surrounding space in the magnitude of local curvature, and perhaps in
topology” [1]. It should be especially noted that the concept of topology also
includes the number of dimensions. Thus, already at that time the constancy of
the number of dimensions of space at different scales was questioned.

Ideas related to the topological features of space, from the point of view
of the concept of electric charge, belong to several remarkable scientists: Weil
in the monograph [2], several decades later Wheeler [3] and him in collabora-
tion with Misner [4]. Therefore, it is not surprising that Einstein used the con-
cept of “gravity — curved space-time.” Riemann created all the basic mathemat-
ics that Einstein used in his general theory of relativity. This applied to both the
metric tensor and the curvature tensor. His friend Grossman, whom he begged
for help, gave all Riemann’s legacy this to him.

Einstein’s dramatic fallacy was his internal rejection of the idea of quan-
tization and, therefore, the concept of uncertainty. He was saying: “The Lord
does not cast lots.” This is even more surprising considering that 10 years after
the creation of the general theory of relativity, Einstein received the Nobel Prize
for the photoelectric effect, based precisely on the concept of light quanta.
Planck put forward his fundamental postulate of quantization in 1900 and 7
years later only; many outstanding scientists recognized this fact. In addition,
Planck always supported Einstein in his endeavors. Despite the idea proposed
by Planck, issues of quantization of the physical vacuum (PV) remained unat-
tended by scientists for a long time. Only almost 60 years later, Vyaltsev’s
monograph devoted to this issue appeared [5]. Later, studies by Zolotarev and
Shamshev appeared [6]. However, it did not come to the point of determining
the specific physical characteristics of the PV.

Currently, more than a hundred years have passed since Planck’s pioneer-
ing work, in which the concepts of quantization of energy, moments, spins, etc.
were introduced. However, the ideology of PV quantization has not yet been
established in modern physics. This is because PV is a medium in which it is
difficult to conduct experimental studies with it. The above-mentioned medium
has nothing in common with the ether of the last century. As will be shown be-
low, the virtual environment of the PV is fundamentally different from the bar-
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yonic component of matter both in energy level and in microscopic and macro-
scopic characteristics. It represents not only the lowest energy state of matter
(its effective temperature can be defined as Te ~ 10 K), but also a virtual
quantized environment in which there are no macroscopic movements or dissi-
pative processes. However, all baryon transformations occur precisely in this
environment. Consequently, we need to have an indirect way of determining the
physical parameters of PV quantization and, on this basis, create a working
model of the World.

The key to solving this issue may be the fundamental world “constants”,
which, perhaps, “rule” the World. The question has long arisen as to why they
have such magnitudes and how they are related to the physical characteristics of
the Universe. Thus, the task arises of determining the parameters of the Uni-
verse through the main fundamental “constants”. The basic macroscopic param-
eters of the Universe include the Hubble constant Hy, the mass of the Universe
Mun, the radius of curvature Ry, the virtual electric charge Q.;, the acceleration
of the expansion of the Universe ay,, the density of matter in the Universe ppy,
the number of elementary cells of the PV in the universe Ny,. The main micro-
scopic parameters include the dynamic mass of the virtual PV cell - mpy, the
time of its existence in the state of a virtual electron and positron tpy, the virtual
electric charge q.ir, the residual electric charge s, which includes two equal
components: the part responsible for gravitational braking ges g2y and the com-
ponent providing the accelerated expansion of the Universe qres ac-

All parameters of the PV and the Universe as a whole are supposed to be
obtained through five global world constants: ¢ — speed of light, gravitational
constant G, Planck constant h, electron mass me, electron charge e. Due to the
fact that the effect of gravity is associated with part of the residual virtual
charge of the PV cell, it will be shown that the gravitational constant G is ob-
tained through this virtual charge and the dynamic mass of the PV cell. Conse-
guently, this constant is actually not independent and independent.

Preliminary data from the work are presented in articles [7, 8, 9, 10, 11,
and 12, 13]. The ideas and solutions proposed by the author are original and new.

3. Structure of PV

We know that PV is not baryonic matter and has the properties of homo-
geneity and isotropy. There are three states of matter: stable particles, unstable
particles and virtual particles. The first two categories of particles are unsuitable
for explaining the composition of PV due to the nature of their distribution in
space (for example, due to the ability to form gravitationally bound systems).
Of the known states of matter for the PV, only a virtual lepton component can
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be assumed. A number of observational manifestations can be cited in favor of
this conclusion.

1. We observe the effect of PV polarization, when “a fur coats” of virtual
electron-positron (e-p) pairs are formed around electric charges, virtual charges
of which are oriented in the direction of the real charges.

2. Lamb shift of energy levels in atoms.

3. The difference between the g-factor and an integer value.

4. “Casimir effect” (interaction of mirrors in PV). The movement of flat
mirrors towards each other in the PV is recorded and measured in the experi-
ment. This is the most striking evidence of the presence in the PV of electrical
interactions between virtual particles with electrons in flat mirrors. Thus, virtual
PV cells become observable when they contain charged particles or when virtu-
al particles interact with electrons in atoms.

5. We can add the most important manifestation of PV — the propagation
of electromagnetic radiation quanta in the PV environment. The spins of elec-
trons and positrons are equal to 0.5 each, and the spin of a quantum is equal to
one. This may mean that in the virtual PV environment, when a quantum is
generated, the spins of virtual cells was phased, as a result of which the spin of
the quantum becomes equal to unity. In this case, additional deformation of the
PV cells that make up the propagating wave packet occurs. A disturbance in the
PV medium caused by an electromagnetic wave leads to the fact that the wave
packet is discretely transmitted from cell to cell and propagates at the speed of
light ¢ = re/tpy. Consequently, the quantum has no rest mass, and its dynamic
mass is determined by the corresponding properties of the PV cells and the fre-
quency of the quantum. Since processes in elementary PV cells occur without
energy losses (due to the elementary nature of PV cells), the following picture
of the phenomena occurring in each of them is possible.

On the surface of the World, a virtual electron was transformed into a vir-
tual positron and vice versa. This process occurs over the tpy time. The re-
placement of a virtual electron by a virtual positron and vice versa in each PV
cell occurs at a frequency higher than the frequency of the electromagnetic
spectrum and has a value of f ~ 102 Hz. This determines the speed of light ¢ =
re/tey, Where r. is the classical electron radius. Representing a small-scale curva-
ture of space-time, charge and anticharge (e-p-pairs) are connected to each other
and form a single whole — an elementary virtual volume of the PV with different
curvature on the part of the virtual electron and positron. For an observer in our
World, elementary virtual charges can be perceived as dynamic PV elements, in
which virtual electrons and positrons replace each other with hyper frequency.
On the three-dimensional surface of the Anti-World the picture is similar, but



6 Physical sciences

®usnueckue Hayku (1.3)
the curvature of the surface is different (-1). The surfaces of the World and An-
ti-World are separated by a very small distance of 2r. and were a single whole
(Fig. 1). It will be shown below that a necessary condition for the existence of
an accelerating expanding Universe is the presence of curvature of the Universe.
The curvature is a reflection of the spatial asymmetry of the surfaces of the
World and Anti-World. The consequence of this asymmetry is that the volume
of the World exceeds the volume of the Anti-World (the volumes are located on
the outer and inner surfaces of the three-dimensional sphere).

In this case, the bulk of the mass of the Universe is due to the compen-
sated parts of the virtual charges of electrons and positrons (qvir), and the effect
of the expansion of the Universe is a consequence of the uncompensated parts
of the charges. It will be shown that the relative charge asymmetry (Qres acc) re-
quired to produce the observed accelerated expansion of the Universe is only
about 10 times the value of the compensated virtual charge gy

During the expansion of the Universe, the wavelength of quanta increases
due to an increase in the size of the PV cells (red shift effect). A quantum emit-
ted at any epoch, entering the virtual PV environment, propagates at a speed
determined by the parameters of this environment. Therefore, the nature of the
redshift may lie in the expanding PV medium.

An equally mysterious element of the lepton component of matter — neu-
trinos and antineutrinos — can also be a product of PV. In this case, the spin of
the antineutrino and neutrino is 0.5. It can be assumed that in the case of weak
interactions (for example, during the decay of a neutron), a specific excitation of
the PV medium occurs, in which only virtual electrons or only positrons are
excited with the formation of neutrinos or antineutrinos.

Unstable particles of the lepton component of matter (muons, tau leptons
and their corresponding antiparticles) can be considered as quasi-stable excited
states of virtual electrons and positrons. The sizes of these particles are inverse-
ly proportional to their masses. They can be considered as the result of the cross
section three-dimensional surface of the World by the four-dimensional surface
of the additional dimension in which they are located.

The PV cannot serve as an absolute reference system due to the absence
of a dedicated coordinate system in the PV. Nevertheless, we observe move-
ment relative to the quanta propagating in it, for example, as a dipole compo-
nent of the background anisotropy. For a Universe that has spherical symmetry
and expands like itself, the ideal manifestation of this effect is compliance with
the “Maim cosmological principle”, according to which all physical laws act
equally at any point in the Universe and in any direction.

From a physical point of view, such concepts as the inertia of bodies and
the interaction of charges at a distance become natural. The dependence of the
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inertial properties of bodies on acceleration is associated with the electrical “re-
sistance” of the PV medium when bodies move in it. The small sizes of PV cells
of 10™ cm mean that the volume of atoms with dimensions of 10°-10° c¢m
contains 10*-10" PV cells, which are electrically active elements. When mov-
ing at speeds approaching the speed of light, the body experiences virtual elec-
trical resistance from the weakly compressible PV medium. During accelerated
motion of a body, the number of PV cells encountered per unit time in front of it
and behind it is different, and this difference in the number of cells leads to the
appearance of an additional force of virtual electrical resistance. The effect of
inertia of bodies is explained precisely by this.

Virtual charges in the PV polarize it, forming “a fur coat” of virtual e-p
pairs around the real charges. All elements of “a fur coats” are oriented in the
direction of charges. The interaction of charged particles comes down to attrac-
tion or repulsion between the virtual elements of the PV, located between the
real charges. Consequently, for opposite charges, the virtual e-p pairs between
them are equally oriented in space. This leads to the fact that it is “energetically
more favorable” for two interacting charges of opposite sign to have common
virtual charges in both “coats”. Their number will be less than in the case of
“fur coats” of two remote independent charges. Because of this, the distance
between different charges begins to decrease.

The mathematical justification for the material presented in this section
will be given in subsequent sections of the article. For now, the properties of PV
are simply considered without providing rigorous proofs and formulas. We will
assume that the PV is a space-time continuum in which all transformations as-
sociated with the hadronic component of the matter of the Universe occur.

4. PV parameters

In accordance with the existing metrics of the World, two of its models
can be distinguished, discussed in recent decades:

1. Q+ A =1-"“flat” World with curvature k = 0, density Q = p /p; =
1/3, A = L-c?3Hy” = 2/3 and pe; = 3 Ho’/(8n-G), where G is the gravitational
constant, and Hy is the Hubble constant.

2. Q + A =2 —closed World with spherical symmetry, k=1, Q =p /p =
4/3, A = 2/3. Accordingly, the value of the average global matter density is
twice the critical value: py, = 2 pr. In any case, as follows from the above ex-
pressions, the A-constant and the A-term in the two models of the World under
consideration have the same numerical value. For a “flat” World and a World
with spherical symmetry, these expressions are equal:
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A = 2H,2/c?, 1)

Here we mean the Friedmann—Lemaitre model of the Universe with a
non-zero A-term [14]. We are here neglect the external pressure of relativistic
matter, which is not present in the PV. In this case, the deceleration parameter
Qo is equal to zero. Later we will prove this strictly mathematically for a Uni-
verse with spherical symmetry, expanding with acceleration. It will be strictly
shown that it is in such a Universe that we live.

Thus, the Hubble constant uniquely determines the value of the A-
term. Insignificant value A = 2H%/c?=1.28-10 > cm 2 (at Hy = 74 kms *Mpc )
can be explained by the fact that the PV is quantized, and the quantization el-
ements are PV cells with energy:

Er=VA-(W2) - c=Hy - WN2=1.79 10 “®erg. (2)
This expression can be obtained from the Heisenberg uncertainty relation:
AE - At > 12, AE > (0/2) - (1/At), (3)

or in case of equality
At=\X-c, AE=Er=VL " (02) - c. (4)

Here AE is the energy of the PV cell; At is the time it is in a state with the
specified energy.
Unit cells of the PV have an effective gravitational mass:

Meyv=Ex/c? =Ho - /(N2 - ¢®)= 2,00 - 10 g, (5)

where the value was used Ho = 74 km s™ Mpc™ ~ 2.40-10 %8s ™,

The above considerations form the basis of the postulate of the proposed
concept: The PV is quantized, and the quantization element is a dynamic virtual
PV cell with an effective gravitational mass mey = E;/c? = Ho-hi / (V2:¢%). The
PV is the medium necessary for the propagation of electromagnetic radiation at
a speed C = rpy / tpy, Where rpy = €%/ (m, ¢ %) is the size of the unit cell of the PV
(classical electron radius r), tey is the lifetime of a cell in the state of a virtual
electron and a virtual positron. As follows from relation (2), the energy of a PV
cell is 122 orders of magnitude less than all the energy reserves of the Universe:

Mu, - ¢?/ E;~0,8-10"%, where My, ~1,6:10% g. (6)

Thus, our Universe contains about N, ~ 0.8-10%? virtual cells with effec-

tive gravitational dynamic mass (5). The effective gravitational mass of a PV
cell is a dynamic virtual mass, since in each PV cell with a characteristic time
toy ~ 107%%s, virtual e-p and p-e pairs alternate on the surface of our World.
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The PV cell size can be obtained from the PV cell density npy in cubic
centimeter:

Nev=ppv - 2 /E,=(3V2 -Hy-c?/(4n -G - h), (7)
given that ppy = 2pe, = (3H?) / (4n-G) and taking into account (2) we obtain:
Vpy = 1/an: E)L/ Ppv * C2= (47'[ -G h)/(3\/2 -H- CZ) = (8)

43n [(G - h) / (N2 - Hy - ¢?)] =4/3n - 1p\/°.
Hence, the size of the PV cell will be equal to:
rev=[(G - h) /(N2 - Hp - I)]**~2,85- 10 ®sm=r,. 9)
tov=Tpv /C=(2G - h) /(2 - Ho - ¢®) #*=0,94-10 % . (10)

Such an exact coincidence of the PV cell size with the classical electron
radius r, = 2.82-10™ cm is hardly accidental. If we take a different value of the
density of the Universe, for example, p = p.,, then the size of the PV cell will be
completely different, Npy cm should be twice as large and, therefore, values (5)
will need to be taken as half as large, which contradicts basic postulate (2). Thus,
the fundamental postulate (2) determines mey, then rpy and the model of the Uni-
verse as a whole. The lifetime of a virtual PV cell is determined from the condi-
tion of the speed of propagation of electromagnetic radiation in this environment.

Thus, the sizes of PV cells and their lifetime are determined by the values
of the Hubble constant Ho, microscopic constant h, macroscopic constants G
and ¢ = rpy / tpy. In this case, rpy= r.. As follows from expressions (9, 10), the
Hubble constant H,, together with the world constants, determines the micro-
scopic quantization parameters of the PV. Consequently, if we obtain an expres-
sion for Hy through world constants, then through them we can determine all
other parameters of the World.

5. Derivation of the Hubble constant through world “constants”

Thus, the key role of the Hubble constant in constructing the current
model of the World becomes obvious. Substituting expressions for “constants”
into (5), we obtain the formula for the Hubble constant:

Ho=G - b/ - V2 - o). (11)
Expression r, = €?/ (m, -c?) substitute into (11) and get:
Ho=h -G md-c*/(V2-e®=Hy=24810 8¢, (12)

Ho = 76.31 km s Mpc™.
Now, fromformulas (1, 2, 12) we find the values for the A-term, E; end tp\:
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A=2H2 [P =1 - G* m - ¢®) /e =136-10"cm %  (13)
Ex=VYA-(h/2)-c={ -G -m’ c)2e°=1.84-10"erg, (14)
toy = r/c = €2 /(me-c®) = 0,94-10 % ¢. (15)

Thus, the fundamental expression of the Hubble constant is obtained
through five world constants. The constants e and meindicate that the composition
of the PV is determined by the lepton component of the substance. Planck’s con-
stant h indicates the fact of quantization of the PV medium. The global constants
G and c determine the gravitational properties of the PV and the fact that the PV is
a medium for the propagation of electromagnetic radiation. It is extremely im-
portant that Hy be obtained within the framework of a closed World model with
spherical symmetry. Its value 76.31 km s Mpc ™ is in excellent agreement with
observational data of 74 km s Mpc™. The difference is only 3 percent. In addi-
tion, there is one important note. We are talking about the global value of Hy, but
its local value is measured, and there may be some difference between them due
to the peculiarities of our location in the Galaxy and galaxy clusters.

We can conclude that the numerical value of the Hubble constant is unique-
ly related to the model of our Universe. The data obtained indicate that we live
in a closed Universe with spherical symmetry, where the average density of
matter ispun = 2p.r. Thus, we live in a giant black hole, the physical character-
istics of which we can determine through five world “constants”.

A distinctive feature of the considered model of the World is that
solving the gravitational equations for a world with spherical symmetry
gives the same result both in the Newtonian approximation and in the gen-
eral theory of relativity. This may be because the PV elements do not move
at relativistic speeds, and there are no relativistic gravitational potentials in
the PV environment. In the future, in our calculations of PV we will use the
Newtonian approximation.

6. Fundamental Dirac constant «k»

Scientists have long wondered whether there are dimensionless world
constants that unite dimensional fundamental quantities. Back in 1937, Dirac
suggested that there is a dimensionless world constant k, which can relate mi-
croscopic and macroscopic world constants. However, he was unable to find the
exact value of this constant and its connection with the parameters of the Uni-
verse. The dimensionless world constant that we introduce will bear the name of
Dirac as the “Fundamental Dirac constant” in honor of the fact that he first not-
ed the possibility of its existence.
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Since the Universe is expanding and the scale factor is changing with time,
Dirac suggested the possibility of compensating for this change by changing the
gravitational constant G, believing that it should decrease with time. However,
he was unable to substantiate his assumption. The importance of this assumption
was that Dirac allowed the very possibility of constants changing over time.

In our consideration, this constant is also dimensionless. It determines the
fundamental connection between world constants and the physical characteris-
tics of our World. That is why this constant has a deep physical meaning. Based
on constant k, we found dimensionless dependencies connecting the physical
parameters of the World with each other. These ratios for k are given in Table 1:

Table 1. Fundamental constant k, expressed in terms of microscopic and macro-
scopic parameters of the Universe:

Notes on the table: Among the “constants”, G is the least precisely defined. Its accuracy is lim-
ited to 2—3 decimal places. Therefore, in calculations we will limit ourselves to two decimal plac-
es. However, we will perform our own calculations with higher accuracy.

In the proposed concept, the Universe is expanding while maintaining
spherical symmetry. At the same time, the relationships between its main pa-
rameters must remain unchanged. The physical categories existing in the Uni-
verse are mass [g], time [s], length [cm], speed [cm s7*], acceleration [cm s77],
and charge Le. s. u] (electrostatic units). The dimension of the squared charge is
e’ [g cm® s]. Dimensionless relations for k were obtained keep in mind the di-
mensions of physical quantities that exist for dark energy in the Universe.

It is most simple to start deriving k for the expression k=(t py-Ho) . Sub-
stituting data (10, 12) into this expression, we obtain the formula k, expressed in
terms of 5 world “constants”: k = 2¢* /(G - h - m - ¢) =4.30 - 10* (Table 1).

For the second expression we have k = Ry, / e = ¢/ (Ho - 1) = 4.30 - 10%,
which is equal to the first ratio obtained for k. Here we used the relation R =
c/Ho = 1.21 - 10?® cm. Considering that G - My,?/Rus = Mu, - ¢® and keeping in
mind (12), we get:

Mur = Run - 2 1G=¢/ (Ho - G)=V2e% /(- G* m¢® - ¢) = 1.63-10° g. (16)

Using (5, 12, 16) for mey, Ho end My,, We will have k = (My,/ mpy) 3 =
V2-e*/(G-h-md-c)=4.30- 10" (Table 1).
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For k = qir/ Ores We must define the components of this expression. In ac-
cordance with the proposed concept, the dynamic mass of the virtual PV cell
mpy has a virtual charge q.i e-p pair, which determines the energy of the PV
cell. Based on the parameters of the PV cell (2), we can write:

E,=h-Ho/V2=qu?le. (17)
Further, taking into account (12) we obtain:
Qir=(h-me-c- Gy (V2-e?)=228-10%es.u. (18)

The virtual residual charge gres of the PV cell arises due to the presence
of an asymmetry between the charges of the virtual electron and positron. This
asymmetry arises because the surfaces of the World and Anti-World have
slightly different volumes. Consequently, the volumes occupied by particles and
antiparticles on two surfaces are different.

Spherical surfaces of the World and Anti-World, separated by a distance
Ar = 2r.. In the future, it will be justified that different volumes of elementary
particles are equivalent to different charges. The difference is insignificant — at
the level of 10 ™ e.s.u. By this amount, the virtual electron dominates the charge
over the positron. However, it is precisely this very small uncompensated dif-
ference in the virtual charge of the electron and positron that determines the
new fundamental properties of the Universe.

To determine the value of the residual charge of the virtual electron qps,
we first obtain an expression for accelerating the increase in the size of the PV
cell. For a closed Universe with spherical symmetry, the circular speed of light
and macroscopic acceleration are:

am =C/Run=G- My /RP=c - Hy=7,41 - 10 %cm - s> (19)

For acceleration at the microscopic level, we have:
amic = (f/Run) * aun = Fe - ¢ IR, (20)
amic =fe - H'=1,72 - 10 cm - s (21)

The virtual residual electric charge of the PV cell contains two identical
components at the 10 level: Gres = Gres, grav + Gresacc- The first part compensates for
the gravitational component of the PV; the second ensures the accelerated expan-
sionof the Universe. The forces created by residual virtual charges are equal to:

Fres,acc = Qres,accz /rez =Mpy * Amic = Mpy " Ie * HOZ! (22)
where is the residual charge that creates the accelerated expansion of the Universe:
Qresocc = (Mpy * 1) Y2 - Ho =K - G¥* - m>- ¢?/ (2%) =5.30 - 10 es.u.,
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where, in accordance with (5), the exact value of mpy is:
Mey=Ho- i/ (N2-¢%)=2.05-10%g. (23)

Then, based on (18, 23), the “Fundamental Dirac constant” k will have a
numerical value (Table 1):

K = Ovir/ Oresacc = 4.30 - 10%, (24)
We will find the number of PV cells in the Universe using relations (16, 23):
Nun=Mun/ My = V2-¢% (Hy>G -h), (25)
Non=2 V2 -e%{®* G m c?)=080-10"% (26)
and Qres.un = Gresiace ‘Nun =4.2:10% e.5.U.
Therefore (Table 1):
k= (Nu) =430 - 10 7)

The fundamental constant k underlies the structure of the World and
serves as a scale factor between the microscopic and macroscopic parameters of
our Universe. A slight asymmetry of e-p pairs at the level 1/k = r/Ry, in each
PV cell leads to a uniform accelerated expansion of the three-dimensional sur-
faces of the World and Anti-World. And this predominance of the virtual charge
of the electron over the virtual charge of the positron is sufficient to create the
total uncompensated virtual charge of the Universe Qes,u, and the effect of ac-
celerated expansion of our World with acceleration (19).

As has been shown, the size of the elementary cells of the PV on the sur-
face of the World is equal to the classical radius of the electron. This can also be
shown using the apparent relationship between cell radiuses of curvature rpy,
mass mey and PV cell virtual charge qu;:

Ipy = qvirZ /(mpv'02 ) (28)

Substituting for g its expression (18), for mey (23) and for Hy (12), we
obtain:
oy = €%/ (M. - ¢?) =re. (29)

We received a fundamental conclusion: virtual and real charges have
the same size, which seems quite logical.
7. Microscopic dynamic elements of PV

What is each microscopic dynamic element of space-time? It has certain
physical properties, confirmed by experiments with elementary particles. The
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parameters of elementary particles of the lepton component of matter include
mass me, charge e, spin, expressed in units h; property of elementary particles
called “strangeness”, expressed in units of £1.

If these parameters are extended to the virtual lepton component, then it
is natural to imagine the existence of two interconnected elements of the surfac-
es of the World and the Anti-World. Taking into account the different curvature
of the surfaces of these elements, expressed in the different strangeness of elec-
trons +1 and positrons —1, we can assume that for the World, we have an exter-
nal three-dimensional spherical surface, and for the Anti-World we have an in-
ternal three-dimensional surface. Both surfaces form a single whole, and on the-
se surfaces, there are common dynamic virtual e-p and p-e pairs. (Fig. 1).

Each dynamic element of the PV is an elementary volume on the surfaces
of the World and Anti-World, transforming e-p pair to p-e and vice versa during
the time tpy. At the same time, additional quantum reciprocating rotational mo-
tions around the common axis of the e-p pair may take place, providing the spin
of the virtual electron +1/2 and the virtual positron —1/2 in units of h. The pro-
cess of transformation of e-p pairs occurs with a change in the curvature and
shape of each virtual dynamic element.

Surface of the World

— ~ Surface of the
R AntiWorld

O =

Fig. 1. Surfaces of the World and Anti-World

The convex surface of a virtual electron transforms into the concave sur-
face of a virtual positron and vice versa (Fig. 1). In this conventional graphical
representation, a positron can be represented as an elementary volume of space,
concave on all four sides. The volume of space occupied by a positron is 10 *°
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less than that occupied by an electron. This curvature of the positron leads to the
fact that when two such particles approach each other, the electric potential be-
tween them decreases and, consequently, the particles approach each other. In
the case of two electrons, the opposite happens. As they approach each other,
the potential between them increases and the particles are repelled from each
other. This is the meaning of the interaction of infected particles, both real and
virtual, in the PV environment. Mutual transformations of e-p pairs occur with-
out loss of energy, taking into account the elementary nature of the charges.

We can only speculate how virtual particles can behave on the surface of
the Anti-World, given that antiparticles must be the complete opposite of parti-
cles if pure energy is generated during their annihilation. Antiparticles have op-
posite charge, spin, and curvature (strangeness). As for the mass of the positron,
although the concept of negative mass exists in our scientific literature, it is not
clearly stated. Such a concept exists, for example, in the theory of quantum
evaporation of black holes. The introduction of the concept of time ty, and anti-
time taniun leads to the fact that in symmetrical connected Worlds, this category
may be absent and at the microscopic level, the concepts of general time, entro-
py and dissipative processes may not make sense. However, we live on the sur-
face of the World and the category of time exists for us.

In the proposed concept, PV is just a space-time continuum with its own
characteristics at the microscopic and macroscopic levels. At the microscopic
level, each element of the PV space is characterized by an effective dynamic
mass mpV:qVirZ/(re‘Cz). In this case, each virtual e-p pair forms a virtual charge
(compare with 18):

Quir = (mPV ’ re) vz c=2.28" 10729 e.s.u. (30)

The mpy value is obtained by formula (23).

On the surface of the World, the radius of curvature of virtual electrons
and positrons differs by a small amount of the order of 10 ™. The difference
arises because on the surface of the World there are repulsive forces between
virtual electrons and attractive forces between virtual positrons, which is a con-
sequence of the different curvature of both (Fig. 1). As a result, the size of vir-
tual positrons on the surface of the World is 1/k less than the size of virtual elec-
trons. The total difference in the radii of curvature e-p pairs leads to the for-
mation of the radius of curvature of the surface of the World Ry,.

8. The connection between microscopic and macroscopic parametersof PV

The surfaces of the World and Anti-World are separated from each other
by a distance AR = 2r, (Fig. 1). Relative difference 2rJ/Ruy,=2/k (Table 1). At the
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microscopic level, the relative difference in the radii of curvature of the charges
located on the surfaces of the World and the Anti-World is equal to the same
value: Arfre= 2/k.

From a physical point of view, the residual charge s arises due to the
difference in the curvature of the charges located on the surfaces of the World
and Anti-World. The relationship between mass, charge and the difference be-
tween the radii of curvature of the electron and positron Ar = 2r./k can be writ-
ten analytically:

qresz/ Arg = mpy Czlk; (31)
where
Qresz =Mpy - 2re K= res, grav2 + res,acc2:
28.05 - 107 (e.s.u)? +28.05 - 10 (e.s.u.) 2, (32)

—70
Qres,grav = Ores,acc 5.30- 10 " es.u.

This also takes into account the fact that the effective mass of the residual
charge (s is k times less than the mass g

We can conclude that a slight difference in the microscopic curvature
of virtual electrons and positrons (at the level of 10™) gives rise to a resid-
ual uncompensated virtual charge, which forms the dynamic characteris-
tics of our Universe.

Based on the known relationship Q%/R*= G-M?/R? in microscopic terms,
we obtain:

qr952 =G- mPV2, (33)

G = Qres2/Mpy? =28.16 - 10 (e.5.u.)?/ 2.05 - 10 2 =6.67 - 108 g - ecm® 572

At the microscopic level, we have obtained a fundamental expression
for the gravitational constant, based on the residual virtual-electric interac-
tion of PV cells. This once again confirms the idea that in PV there is no
concept of gravity, but there is only an idea of the physical property of vac-
uum, based on virtual-electric interactions on the surfaces of the World
and Anti-World. Looking at expression (33), one can only wonder how the
value of the global gravitational constant G was obtained from the ratio of
such insignificant quantities.

A slight difference in the sizes of virtual electrons and positrons (at
the level of 10™°) leads to the fact that during hyper frequency oscillations
with transformations of e-p pairs, virtual electrons are forced to “squeeze”
into the surface of the Anti-World, where there is less space than on the
surface of the World. In this case, the virtual electrons are deformed (at a
level of 10 of their own volume) and as a result, the expansion of the Uni-
verse slows down. This is the essence of the “gravity” of PV.
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Thus, in fact, the gravitational force of the PV does not exist at all in
our Universe. At the microscopic level, each PV cell has a residual uncom-
pensated virtual electron charge gy, half of which is used to overcome the
“resistance” of the Anti-World. The other half of this virtual charge is used
to create the accelerated expansion of the Universe. Both components are
equal to each other up to the value 1/k, which is also a consequence of the
spherical metric of our closed Universe.

The existence of a residual (uncompensated) virtual charge of PV cells
leads to the appearance of a total virtual charge of the Universe (26, 31, 32):

Ores, grav Nun + Ores,acc Nun = QUn, rav QUn,acc (34)
=4.22 - 10%es.u. +4.22 - 10* e.s.u.

As in the case of virtual PV cells, at the macroscopic level, the residual
charge component Qyes grav COMpensates for the so-called “gravitational” force of
attraction of the PV, another charge component, Qs «cc, l€ads to the accelerated
expansion of the Universe. It should be taken into account that the gravitational
attraction of the PV is associated with the reaction of the surface of the Ant-
World, slowing down the expansion of the World during hyper frequency trans-
formations of e-p pairs, when they are deformed during quantum transitions to
the surface of the Anti-World. In accordance with the virtual electric macro-
scopic force causing the accelerated expansion of the Universe Qres,amleUn2 =
Mun -aace, We obtain the expression for this acceleration:

aUn,acc = Qres,acczl (RUn2 ’ MUn) = (35)
(G-h-m?-c®)/(€® V2)=742-10%cms?

Now we know the exact value of the acceleration with which the expan-
sion of the Universe occurs.
Using the ideology of quantization of the PV environment allows us to

obtain the most important parameter of the Universe — py,, expressed in terms
of world constants (12):

pun = 2per = 3He’ / (An - G) = (3G - 12 - ¢® 'm®)/ (8 - ¢ 9). (36)
pn=2.19-10%g-cm™.

The macroscopic parameters also include the radius of curvature of the
Universe (16, 34):

Run=Cc/Ho=V2e*/(G h-m-cd), (37)
Run = QUn,ach/MUn : C2 =1.21" 1028 cm, (38)
and the mass of the Universe (16, 34):
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Mun=¢*/(G - Ho) = Qui (Run - €) =V 2€°/(G® - h - m¢>- ¢) = 1.63 - 10°° g. (39)

Using expressions (23 and 36), we obtain the value of the number of PV
cells per cm®:

Nun/cm® = pun/Mey = (3¢® ‘md)/ (4n-e ®) = 1.07-107. (40)
Total number of PV cells in the Universe:
Nun = Mu/mey =2V 2 - ) 1 (G*- - 1* - m$=0.80 - 10*).  (41)

The virtual electric charge of the Universe of spherical symmetry, leading
to its accelerated expansion, can be found from equations (32, 41):

QUnyacc = qres’acc : NUn = \/ 2 € 6/ (G 32 : h : mes : C) = 422 : 1052 e.s.u. (42)

Acceleration due to the “action” of the A-term is equal to (35, table 1):

&, = unacc = CH/(k-Te). (43)
The same acceleration expressed in terms of the A-term (2):
a=Ho-c=V2) c*=7.42-10%cms 2 (44)
For the macroscopic level we can write (16, 34, 37):
&, = aunace = Qresace’ / (Run> M) = 7.42:10 % cm s, (45)

According to expression (32), the gravitational constant G is determined
by the microscopic parameters of the PV: ¢ res, grav =  res, acc €Nd Mpy. A more
accelerated expansion of the surface of the World is prevented by the surface of
the Anti-World. This is due to the deformation of the PV cells when they are
“pressed” into the surface of the Anti-World. The magnitude of the deformation
is insignificant and is at the level of 10 of the re value. The difference in the
sizes of the surfaces of the World and the Anti-World has exactly the same sig-
nificance. As a result, we received the value Qres, grav = Ores, acc €N Aun, grav = 8un, acc-

Another important conclusion follows from expression (38). The ra-
dius of curvature of the Universe is determined not only by its mass — My,
but also by the uncompensated charge Qun.acc” OF Qun.grav’-

For the mass of the Universe, we can also write:

Mun = Mpy - Ny, Mpy = qVirZ/ (re - CZ), (46)
Mun = (Qui’” / (e - ¢®) - Nup. 47)

Thus, the total virtual charges of e-p pairs create the phenomenon of the
main lepton mass of the Universe. The total virtual uncompensated charges of
e-p pairs create the phenomenon of force that compensates for the “gravitation-
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al” component and leads to the accelerated expansion of the Universe. The
“gravitational” part of the virtual charges of the Universe participates in the
formation of its radius of curvature Ry;:

Run = (Gresgra”  Nuw) / (Mo - ¢ ) (48)

The total virtual uncompensated charge of e-p pairs creates forces
that compensate for the slowdown in the expansion of the Universe created
by the surface of the Anti-World on the one hand and leads to the acceler-
ated expansion of the Universe on the other. The gravitational component
of the virtual charges of the Universe participates in the formation of its
radius of curvature.

9. Where does the space of the World and Anti-World come from
with the accelerated expansion of the Universe?

Thus, our Universe is expanding with acceleration and its volume is in-
creasing at a rate of AV, ~ R* - c. If space is quantized, where does the extra
volume AVy, come from every second? The answer can only be this: from the
additional dimension in which the World and the Anti-World are immersed. The
inextricable connection of each of the Worlds with each other inevitably leads
us to the conclusion about the existence of a single 10-dimensional space-time:
five dimensions in each of the interconnected World and Anti-World (four spa-
tial and one temporal in each).

The predominance of the electron charge over the positron charge is the
driving force behind the expansion of the Universe. In the structure of the PV
there are no other forces except virtual-electric ones. The surface of our World
is like the bowstring of a drawn bow. After we release the tense bowstring, the
curvature of the bow decreases and the arrow flies out with acceleration. As the
radius of the Universe increases, its volume also increases due to the “pulling
out” of space from the additional fourth spatial dimension in which our Uni-
verse is located. In this sense, each PV cell is a microscopic black hole partici-
pating in the formation of a macroscopic black hole (our Universe).

What is the physical essence of the phenomena of space and charge as an
element of the material environment? Based on the charge dimension
Q? = [g cm®s?] we can write (16, 26, 37 and 38):

Qunace” = My - Ry’ Ho? = 17,81 - 10™ (e.s.u.)?, (49)
Qunace = 4,22 - 10% es.u.,
Which coincides with expression (42).
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Considering that, My, and H, are constant quantities in time and Run ~

Vs, We can write:
QUn,a002 ~ ConStMac * Vun. (50)

This shows that the physical essence of the charge phenomenon lies in
the volume of space-time it occupies. At the microscopic level, expression can
be rewritten:

qres,accz = Mpy - H02 : re3 = Qrz-zs,':-lc;c2 = qres,gra\/z = 28,06 . 107140 (e.S.u.) 2, (51)
Ores,acc = qres,grav = 5,30 . 10770 e.S.u.

and then
qres,acc2 =~ ConStMic * Vpv.

Considering that, mpyand Hy, do not change during the expansion of the
Universe, we can conclude: the square of the residual charge or the product
of two charges, both microscopic and macroscopic, ensuring the accelerat-
ed expansion of the Universe (or its gravitational deceleration) is propor-
tional to the volume of space-time occupied by these charges. The mass of
the Universe My, and the Hubble constant H, serve as a coefficient of propor-
tionality in the relation connecting the square of the charge with the volumes of
space-time occupied by these charges.

From (51) the following relation follows:

Re3 = qres,acc2/ (mPV : HOZ), (52)

fe = [qres,accz/ (mPV' HOZ)] 1/3.

Thus, we have obtained a connection between the classical electron radi-
us and the parameters of virtual e-p pairs through the constant H.

Analyzing formulas (50, 51), we can draw two important conclusions:

1. The square of the charge, or the product of interacting virtual
charges, is directly proportional to the volume of space occupied by these
charges. The PV consists only of interacting, interconnected virtual charg-
es. The set of microscopic characteristics of the PV determines the macro-
scopic parameters of the Universe.

2. The numerical value of the classical electron radius can be ex-
pressed in terms of the uncompensated residual charge and the dynamic
mass of the virtual PV cell. The fundamental constant Hy in this case serves
as a proportionality coefficient.

Thus, the essence of the PV can be considered a set of 10 elementary e-
cells densely packed in the total volume of space. These cells participate in con-
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tinuous hyper frequency quantum oscillations with the mutual transformation of
electrons and positrons into each other. The physical basis for the emergence of
a new volume of the PV is the presence of curvature of the World-Anti-World
surface, which creates a slight predominance of the electron charge over the
positron. As the volume of the PV increases, the magnitude of the interacting e-
p charges increases. The rate of expansion of the Universe and acceleration in-
crease proportionally to the change in the scale factor.

It is necessary to prove that Hy is indeed a fundamental constant that does
not change with the accelerated expansion of the Universe. In this regard, let us
dwell in more detail on the relationship we obtained for the dimensionless glob-
al Dirac constant (Table 1): k = tpy"Ho. This expression contains Hy and tpy.
Therefore, if we prove that Hy is an independent time-invariant constant, then
the constancy of tpy in time will automatically follow.

In a Universe expanding with acceleration ay,, for any arbitrarily chosen
points located at a distance of one Mpc from each other, the speed of their mu-
tual removal will always be equal to Hy kms™. This follows from the very def-
inition of the Hubble constant and the dependence of the expansion rate of the
Universe on time R(t):

Ho=R(®)/R(®)=(d/dt(ROYR@®=cR™ (53)

The expansion rate R(t) is always proportional to R(t), so the ratio of the-
se quantities remains constant. That is, Hy = Const. at any moment in time.
Therefore, tpy = Const. also (k = Const., table 1).

At the microscopic level, keeping tpy unchanged means a stable value
of the frequency of hyper frequency oscillations of e-p pairs on the surfaces
of the World and Anti-World. These processes occur without energy loss
due to the elementary nature of the PV cells. As the Universe expands, the
sizes of virtual charges increase. It should be remembered that there are virtual
uncompensated charges gy, the value of which increases with the expansion of
the Universe. These charges maintain the constancy of hyper frequency oscilla-
tions of the PV cells.

The most important macroscopic parameter of the Universe is the decel-
eration parameter qo:

do = (R(t)-R(OY/R(t)* = {[d/dt(R ()] R (t)}/ R (t)°. (54)

By multiplying and dividing by R? (t), expression (54) is transformed to
the form:
Qo = d/dt (He / He®) = 0. : (55)

Fundamental conclusions were obtained:
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1. Hy = const. and, therefore, o = 0, i.e. in an expanding Universe,
where the expansion rate is proportional to the scale factor, the decelera-
tion parameter qo = 0.
2. The time of quantum transformations of e-p pairs tpy is a universal
constant independent of time.

10. Constants in the Universe

In an expanding Universe, the scale factor is constantly increasing, so that
all the so-called world “constants” that it is included in change in time. These
include microscopic and macroscopic “constants”: elementary charge e
[g¥2-cm®?-s™], classical electron radius r, [cm], gravitational constant [cm® g
.57, Planck’s constant i [g-cm?s ], speed of light ¢ [cm s7']. At the same time,
the dependence of different “constants” on the scale factor is different (Table 2).

Table 2. Dependence of “constants” on the scale factor
2 2
€ Ie h G c am A Qunres” Run Vun

cm® ¢cm cm? cm® cm cm cm? cm® cm cm®

Table captions: e — electron charge; r. — classical electron radius; h — Planck’s constant; G —
gravitational constant; ¢ — speed of light; ay, — acceleration of the expansion of the Universe; “A”
— A-tern; Qunres — residual virtual charge of the Universe; Ry, — radius of curvature of the Uni-
verse; Vy, — volume of the Universe.

The table shows that such important parameters of the Universe as
the rate of its expansion and the acceleration with which this expansion oc-
curs depend on the scale factor. It is also clear that, taking into account the
nature of the change in r,, eand the speed of light ¢ from the scale factor,
we can conclude that m, is a time-independent constant. It is also necessary
to mention one of the most remarkable quantities used in physical consid-
erations — the fine structure constant (FSC) = e* / (h-c) = 7.30-10~ = 1/137,
also independent of time. FSC cannot be derived theoretically; it characterizes
the strength of interaction of electric charges with photons and is determined on
the basis of experimental data. It is one of 20 parameters introduced into the
standard model of particle physics. Sommerfeld introduced FSC in 1916 to cal-
culate the magnitude of relativistic corrections when describing spectral lines
using the Bohr model. From a physical point of view, quantum effects occur in
the microcosm during the interaction of electrons in atoms. The energy change
occurs when electrons exchange virtual photons. In Sommerfeld’s own interpre-
tation, the FSC value is the ratio of the speed of the electron in Bohr’s first cir-
cular orbit to the speed of light c.
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Studies of possible FSC changes carried out at the National Physical La-
boratory of Great Britain and the Physicotechnical Laboratory of Germany gave
limits for these changes: Aa/o < 2 107 per year and Ao/a < 2 107" per year
respectively [15]. Thus, during the existence of the Universe, the dimensionless
constant o is a true constant that does not depend on time, just like the global
Dirac constant k. The list of time-invariant microscopic and macroscopic con-
stants of the Universe is given in Table 3.

Table 3. Macroscopic and microscopic PV constants
k (Table 1) Ho(11) Mun (39) Nun (41)
4.30 - 10% 2.47-10%s?  1.63-10°g  0.80- 10"
tpy (15) M Mpy a=e’/(h-c)
0.94-10%s 9.11-10%g 2.05-10%g 7.30 - 107°
Table caption: tp, — virtual time of the PV cell; Hy — Hubble constant; My, — mass of the Uni-

verse; m, — electron mass; mpy — PV cell mass; k — “Fundamental Dirac constant”;a. — fine struc-
ture constant FSC, Ny, — number of PV cells in the Universe.

A special role is given to the dimensionless constant k. It connects all the
microscopic and macroscopic constants of the Universe with each other. One of
the most important of these connections is k=(t pv-Ho) ~ Where a relationship is
established between three time-independent constants. A connection is estab-
lished between the Hubble constant and world time set by hyper frequency os-
cillations Hy= 1/(k- tpy). The time of hyper frequency oscillations and the con-
stant k uniquely determine the Hubble constant, or the expansion rate of the
Universe. The result is not at all obvious at first glance.

The parameters of the Universe obtained based on five “constants” are
given in Table 4.

Table 4. Macroscopic and microscopic parameters of PV, obtained through 5 “constants”

Run (cm) Mun (9)
CV2oe® /@G hemiercd)  V2-e® /G homiec
"""""""" L20-10%  1e3-10%

Qun (e.5.1.) Ho(s™)
2-e%(Ghomer  (G-hombe-clNzoef
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au, (cm ¢?) A (cm™)
(G-h-m’e-c®/(E® V2 W - G ®. coet
7.42-107° 1.36 - 10-°°
NUn (k 3) k

0.80 - 10'* 4.30 - 10%

Mev (9) pev (g cM’)
h?2-G-m3e-c?/2e° (3G - W’ - m® - ¢®) /8 - ™
2.05-10°% 2.19-107%°
tev (S) Quir (€:5.U.)

e?lm, - ¢%) h-GY2 m-c/V2 e
0.94-107%3 2.28-107%

Ores,grav (€.5.U.) a
K- G¥? - m® - ¢?/ 2¢° e’/ (h-c)
5.30-1077° 7.30- 107

Table captions: Ry, — radius of curvature of the Universe; Ny, — number of PV cells in the Uni-
verse; My, — mass of the universe; k — “Fundamental Dirac constant”, Qy, — uncompensated total
charge of the Universe; mpy — PV cell mass; Hy — Hubble constant, ppy — average density of the
Universe; ay, — acceleration of the expansion of the Universe; tp, — time of transformation of
virtual electrons and positrons; A — term, qy;; — virtual charge of the PV cell; gy residual uncom-
pensated charge of the PV cell.

As already noted, Dirac spoke about the possible dependence of
world constants on time. Unfortunately, he was unable to determine exactly
how the constants change over time. We have derived these dependencies.
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11. Predictions of the proposed concept

The proposed model of the World makes it possible to predict a number
of provisions regarding its physical parameters and their changes over time. Let
us consider the main predictions of the proposed model. These primarily in-
clude:

1. The presence of quantization of the PV with the energy value of the
virtual element of the PV: E,=VA - (0/2) - c=H -h/V2 =185 10 * erg.

2. The Universe is expanding, maintaining a similarity to itself at every
moment of time.

3. Physical characteristics and laws are the same everywhere in the Uni-
verse in accordance with the “Main Cosmological Principle”.

4. The PV of the Universe consists of Ny,= 0.80-10*%,

5. Each microscopic PV cell has the following parameters: dynamic vir-
tual mass mey = 2.05-10°° g, radius of curvature r, = 2.82:10** cm, compen-
sated virtual charge q.ir = 2.2810% e. s. u, uncompensated (residual) virtual
charge qres = gres= 5.30-10 " €. 5. UL

6. The Universe is expanding with acceleration ayn .cc = &, (Table 4) under
the influence of the forces of the A-term:

G =am=VA-c?/V2=Hy-c=7.42-10%cms 2 (56)

7. The Universe is characterized by a number of time-invariant global con-
stants, such as the Hubble constant H, = 2.48-10 s = 76.41 kms™ Mpc *, “Fun-
damental Dirac constant” k = 4.30-10*°and microscopic constants me, Mpy, tey.

8. The PV serves as a medium for the propagation of electromagnetic radia-
tion; its speed, in accordance with the scale factor, changes by 2.1 cm s per year.

9. The presence of curvature of the Universe leads to the appearance of a
global virtual charge of the Universe Qun acc = 4.21:10% e.s.u., what causes the
observed accelerated expansion ay, = 7.42 - 10 2 cms™2.

10. There is another similar component of the residual uncompensated
charge of the Universe, which is responsible for the braking (“gravitational)
effect of the Anti-World Qres gray = 5.30 - 107 e.s.u.

11. The exact values of other macroscopic parameters of the Universe re-
lated to its spherical metric were obtained: global average density pun = 2p¢r =
2.20-10% g cm, radius of curvature of the Universe Ry, = 1.21-10%® cm, mass
of the Universe My, = 1.63-10° g.

12. An expression for the gravitational constant G is obtained in terms of
the microscopic parameters of the PV:

G = Quaga ! My’ = (4.22 - 10°%)°/(1.63 - 10®°)*=6.67 - 10 °cm ¢, (57)
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G = Qresgrav >/ Mpy” = (28.05-107%9)% / (4.20-10™%)° = 6.67 - 10 cm ¢ 2. (58)

13. An expression for the speed of light in terms of microscopic quanti-
ties is obtained c=r. tpy .

Thus, the macroscopic “constants” G and ¢ can be expressed in terms
of microscopic quantities. The expression for G = qreszl mey? shows that the
gravitational interaction of the PV is a consequence of virtual electrical
forces and cannot be considered as an independent interaction. Finally, a
very important conclusion is made: in the structure of the PV, there is a
world time based on a microscopic constant tpy, unchanged over time.

The most important note about the possibility of measuring changes in
the speed of light by approximately 2 cm s per year. The speed of light is de-
fined as the ratio of the distance traveled to the time interval during which elec-
tromagnetic radiation travels this distance. In any case, there are time intervals
in these processes. How do we measure time intervals? As in the case of deter-
mining the length standard, this is done by calculating the frequencies created
by certain energy transitions in the lines. What happens to these energy transi-
tions in electrically neutral atoms in the expanding Universe? To answer this
question, it is necessary to determine the areas of influence of gravitational
forces and the forces of action of the A-term in atoms.

It should be remembered that according to the “Main Cosmological Prin-
ciple”, physical laws apply equally everywhere, at any point in the Universe. In
the considered closed Universe with spherical symmetry, expanding like itself,
the cosmological acceleration (acceleration caused by the action of the A-term)
is the same at any point in the Universe. Gravitational acceleration depends on
the specific distribution of masses in the Universe. Let us write down the condi-
tion under which the cosmological acceleration V(1/2) - ¢® = ¢ - H, exceeds the
gravitational acceleration G-M/R2:

R>[(G M)/ (c Hy]™ (59)

In other words, any gravitational formation with mass M, located at
a distance greater than R from the center of mass, loses its gravitational
connection with this formation. With a further increase in R, control of the
dynamics of structures passes to the A-term, which causes acceleration a,.
This is a new fundamental conclusion.

So let us look at what happens inside atoms. Substituting the parameters
of the hydrogen atom into (59), we obtain the radius of action of gravitational
forces r < 1.2:1072 cm, which is significantly larger than re. Thus, the hydro-
gen atom is not a stable formation and expands under the influence of the forces
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of the A-term. The dimensions of its electronic shells increase in proportion to
the scale factor. It also follows that the energy of atomic transitions increases
accordingly.

The basic dispersion relation will now look like this: wavelength A = c/v
= const., assuming that both ¢ and v depend on the scale factor in the same way.
Accordingly, the wavelength A emitted by the same atom remains constant as
the Universe expands. Now it is clear that in this situation you cannot measure
the change in the speed of light using frequency standards as time standards. It
is necessary to look for completely new methods for determining the speed
of light, different from using frequency standards and measuring the wave-
length of radiation (since the wavelength is constant).

For the Universe as a whole, the relationship between the action of gravi-
ty and the A-term will look like this: R < 1.21 - 10%® sm = Ry, (59). The exact
coincidence of expression (59) with the radius of curvature of the Universe Ry
is quite natural and means that we live inside a black hole called our Universe.

Let us note one important circumstance in this regard. If the concept of
World Order under consideration is correct, then we are unlikely to be able to pen-
etrate into any other World or a remote part of our World. When trying to do this,
our body will need to be disassembled into elementary particles. Each will then be
transported through a microscopic black hole. After this, everything will need to
be put back together. Agree —this is anattempt with an unpredictable result.

Science fiction writers should pay attention to the following important
fact. If a quantized PV medium exists everywhere, then such a medium should
also be present inside supermassive black holes. In addition, if this is so, then the
average density of matter inside a supermassive black hole with mass M = 10"
M, will be p = 5- 10 g cm 3, which is several times less than the density of air at
the Earth’s surface. Instead of seeking refuge on other planets in the future, when
conditions for life on Earth become unfavorable, it is better to direct the search
for the necessary conditions for life inside a suitable black hole. To do this, we
need to choose a black hole with a mass slightly less than M = 10" M.

However, seriously, the ideology of PV quantization, firstly, can remove
the question of the presence of a singularity at the center of a black hole. The
volume of the PV inside the black hole is, as it were, in a “gravitational trap.”
This is an effective way to block the exit of PV matter outside the black hole.
On the other hand, the volumes of PV cells are constantly increasing due to the
volume of the additional dimension. There is a direct analogy here with our
Universe, within which there is no singularity. If we also remember that the
elasticity of the PV elements is many orders of magnitude higher than that of
steel, then this can explain why gravitational forces should not significantly
compress the PV cells.
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Can stellar-mass or larger black holes exist inside supermassive black
holes? There is probably no contradiction for this. It is quite possible to imagine
the existence of a separate Universe inside a supermassive black hole, about
which we cannot say anything due to the lack of any connection with it. Never-
theless, we are quite capable of imagining a Universe with black holes, stars,
gas and even dust. Only the sizes of such universes will be many orders of
magnitude smaller than our Universe.

In light of the above, the following can be noted. According to the ex-
pression for the radius of a black hole, R = GM/c* (when viewed from the in-
side, not the outside). Its radius increases in proportion to the scale factor due to
the “work” of microscopic PV cells inside the black hole and further increases
due to the mass of matter entering the black hole from the outside. Thus, a
black hole behaves in the same way as the Universe as a whole, except that no
real matter enters our Universe from the additional fourth spatial dimension,
except space itself. On the other hand, less massive black holes, stars and other
matter filling the Universe can replenish a supermassive black hole. There is
only one important point. The matter of the universe can only fall into a black
hole from a very limited area around it. The A-term is again to blame for this. In
accordance with formula (59), this region is limited by the distance R <1,5 kpc,
which is an insignificant fraction of the volume of the entire Universe. For ex-
ample, for a galaxy like ours, the volume of matter that the black hole “feeds” is
a tiny fraction of the volume of the Universe. It becomes clear why black holes
in the centers of galaxies have masses much less than a percent of the mass of
the parent galaxy.

In conclusion, | would like to note the following. Observational data indi-
cate that the Universe contains about 4 percent baryonic matter, assuming that
we live in a World with an average matter density p = p... If we admit that we
live in a World with spherical symmetry with an average density p = 2pc,
then we should assume that baryonic matter makes up 2 percent of the to-
tal mass of the Universe. In any concept of the structure of the Universe,
two components of matter will unconditionally be present: baryonic and
matter, with which the concept of “dark energy” is associated.

In the next article, we will present observational data indicating that we
still live in a closed Universe with spherical symmetry. Evidence will be pre-
sented that the matter component “dark matter” is not a necessary component of
the matter of the Universe. As is known, the basis for including “dark matter” in
the consideration was the following basic provisions:

1. “Dark matter” is necessary to create a potential “hole” during the for-
mation of primary structures in the Universe.
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2. It is also necessary to stabilize the dynamics of galaxy clusters.

3. Its necessity is associated with the explanation of the rotation curves of
galaxies.

All these problems look completely different in a Universe with spherical
symmetry.

12. Conclusion

1. The concept of Universe based on the hypothesis of physical vacuum
quantization (PV) is proposed. The PV represents volume of space-time con-
taining Ny, cells of e-p pairs, having the size of the classical electron radius re,
energy YA+ (/2)-c and being in a state of hyper-frequency oscillations.

2. We live in a universe with spherical symmetry, where 98% of matter is
the so-called “dark energy” and 2% — hadronic matter. The presence of “dark
matter” in the Universe is not required.

3. All physical characteristics of Universe are derived from five world
“constant”, four of which are not such, but depend on time (epoch). The law of
change of four constants with time is precisely established, so that the physical
characteristics of the Universe are known at any moment of time with an accu-
racy determined by the specified five constants.

4. The time interval of hyper frequency transformations of virtual elec-
tron-positron pairs “e-p” into PV is a universal global constant tpy~ 0.9-10 % s.
The tpy value is constant with respect to the other four global variables that
change over time.

5. Another universal global constant H,, which is constant in time, to-
gether with the Dirac constant k, form the fundamental basis of the structure of
the Universe, providing a self-similar accelerated expansion of the Universe.

6. Dark energy obeys a single interaction: virtual-electrical. Gravitational
interaction in the PV is a consequence of the presence of part of the uncompen-
sated virtual electric charge arising due to the spherical geometry of space-
time. This interaction is a reaction of the Anti-World, when PV cells, in the
process of hyper-frequency oscillations, are pressed into the space of the Anti-
World, which is inferior in volume to the space of the World. In this case, a
slight deformation of e-p-pairs occurs at a level of 10 of their volume. This
process occurs in each of the Ny, = 10?2 PV cells and is observed by us as
gravity in the PV.

7. The quantum temperature of the PV of the Universe Ty, ~ 10 ® K isa
constant value in time. Consequently, the Universe is a closed black hole, which
does not radiate energy, both inside itself and outward, into an additional di-
mension.
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8. The Universe could have arisen from quantum fluctuations in the fifth
extra dimension in which it is located. The magnitude of quantum fluctuations
Efuet = m-c® can be arbitrarily small if we take into account that the speed of
light c at this time is just as small squared.
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Jna yumuposanus (FOCT 7.0.100—2018): O pa3nuuuu CBOWCTB CTATHCTUKH U3ME-

PCHHIT MarHUTHOT'O MOJIS TSt TeorpauuecKu pa3HECEHHBIX MATHUTOMETPOB MTEPeT

3emiieTpsicerreM 6 despans 2024 roga B Boctounoit yactu Typruu / J1. T1. Koraw,

A. E. Bonbgay, JI. H. BonbBau u jp. // IH)OKOMMYHHUKAITHOHHBIC U PAIHOAJICKTPOH-

Hble TexHogoruu. — 2024, — T. 7, Ne 1. — C. 33—44.

1. BBenenune

[Ipobnema MPOrHO3UPOBAHUS 3EMIICTPSCEHHH 3aKIFOYAeTCs] B MX CIOXK-
HOH W HempeckazyeMoi mnpupone. Haydrple MeTOIbI IpeAcKa3aHus 3eMIIeTp si-
CEHUH Bce ellle HaXOATCs B CTaJUU pa3pabOTKY, ¥ HET MOJTHON TapaHTHH TOY-
HOCTH TpeJcKazanuid. B HacTosiee Bpems OOJBIIMHCTBO YCHUIIMH HAMPABICHO
Ha paHHee MpeaynpexIeHHe U Mepbl obecreyeHHs Oe30MacHOCTH B cllydae
BO3HUKHOBEHHUS 3€MJIETPACEHU.

Jia Poccun mporHo3upoBaHME 3eMIIETPSACEHHH TakKe MMeeT OOobIIoe
3HaYeHHe, 0OCOOEHHO YUHUTHIBAs €€ reorpadudeckoe MmojIoKeHne U HATHIUE 30H
C BBICOKMM CEHCMUYECKUM pHUCKOM, Takux Kak JlanpHuil Boctoxk m KaBkas.
Oco0eHHO eclii y4ecTh, YTO OKOJIO TpeTH HaceneHus: Poccuiickoit denepannn
MPOKUBAET B CEHCMOOIMACHBIX palOHaxX, TIe CO3JaHbl U AKCILTyaTUPYHOTCS
ATOMHBIC DJICKTPOCTAHIIMU U JIPYTHE MPOMBIILICHHBIC nmpeanpusitus. Dddek-
THUBHOE IpEICKa3aHue W MOJATOTOBKA K 3EMJIETPSACEHUSIM MOTYT CYIIECTBEHHO
CHU3UTH NOTCHIMATBHBIC YIIEPOBI U CIIACTH JKU3HHU.

30HBI TOATOTOBKH K 3€MJIETPSICEHUSAM (30HBI C BHICOKHM CEMCMUYECKHM
PHCKOM) MOTYT HaXOJUTHCS B Pa3IMYHBIX perrnoHax mupa. HekoTopele u3 HUX
pkirouaroT Komaenmo oras B Tmxom oxeane, roxkable mrarel CIIIA, Smonwuro,
Typuuto, Utanuro, Upan, Manonesuto u apyrue. B Poccun Takue 30HBI Haxo-
nstesa B JlansHeBocTouHOM 1 KaBKa3ckoMm peruoHax.

CelicMORNIEKTPOMArHUTHBIE SIBIEHUS — 3TO JJIEKTPOMAarHUTHBIE CUTHa-
JIbl, KOTOPbI€ BO3HUKAIOT B PE3YJbTATE CEMCMUUYECKON aKTUBHOCTH, TAKOW Kak
3eMIIETPSICEHUS] WM ByJIKAaHWYECKasl NEATEIbHOCTh. JOTH ABJICHUS BKIIIOYAIOT B
ce0sl M3MEHEeHHS JIEKTPUYECKUX W MAarHWTHBIX TOJIeH, a TakKe IOSBICHHE
ANIEKTPUYECKIX TOKOB B 3eMHOH Kope. VcciemoBanust B 3Toil 00JIaCTH MPOBO-
JITCS C TIEJIBbI0 TTOHATH CBS3h MEXKIY CEHCMHUYECKOW aKTHMBHOCTBIO U DIEKTPO-
MAarHUTHBIMHU CUTHAJIAMH, YTO MOXET IIOMOYb B PA3BUTHH METOJOB MPOrHO3H-
pOBaHUS 3€MIECTPSCEHUN.

B nannoif ctaThe Ha OCHOBaHMHM TOX0Aa [ 1—7] ucciemyIoTcs cBoCTBa
CTaTHCTHYECKOTO (DYHKIIMOHAJA OT COBOKYITHOCTH M3MEPECHHH Z-KOMITOHEHTHI
TEOMAarHUTHOTO ITOJIsI, TIPOBENCHHBIX ¢ 22 sHBaps mo 6 despans 2024 rona.
PaccMaTrpuBatoTcs CBOWCTBA COBOKYITHOCTH JAaHHBIX, IMOJTYYCHHBIX HA IIECTH
MarHMUTOBapHAllMOHHBIX CTaHIUAX, PACIIONOXKEeHHBIX Typruu, ABctpun, Kpsi-
My, CeBepaom Kaskase, Apmennn u ['penirn (COOTBETCTBEHHO MAarHUTOMETPHI
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IZN, WIC, SIM, BAK, GLK u PEG). Ilensto HacTosimeii paboThl ABISIETCS T0-
HCK aJITOpUTMa ONPCACICHUA TOYKH SIMUICHTPA HpI/I6JH/I)KaIOH_Iel"OC$I 3CMIJICTPA-
CEHHS BBEICOKOM Mar"Hury/bl.

2. Hadawonenus u 006padoTka

Bbymem momararh, uro roboe Qu3HUecKoe WM OHMO(PH3HUYIECKOE TIO0JIe
x(t), ¥3MepEeHHsT KOTOPOTO TMPOBOJATCS B PETHOHAX C TIOBBIMIEHHON ceficMuUYe-
CKO¥ aKTHBHOCTBIO, MOYKET OBITh 3aMMCAHO B BUJC CICIYIONICH CYMMBI:

x(t) = x1(8) + x2(0). (1)

3neck ciydaitnas BeananHa (CB) x4 (t) sBiseTcst GOHOBBIM IIyMOM, KO-
TOPBII co3maercs aHcambIeM OOBIYHO HAOIIOJAEMBIX CITyYaHBIX IPOIIECCOB, B
TOM YHKCJIE IIYMOM CaMOl M3MEpPUTEIILHOM ammapaTypbl, TOTJa KaK ClIy4aiHOe
COCTaBIIAONIEE X, (t) CUNTAEM CBA3AHHBIM C BIMAHMEM MHTEHCHUBHBIX SBICHUN
pasnoma JTUTOCHEPHBIX IJIUT B 30HE OYIyIIEro TMIIOLEHTPa BO BPEMs «HUTOIO-
BOH ITOATOTOBKW» TIPHUOMIKAIONIETOCS 3€MIICTPICCHH. YKa3aHHBIH TEepMUH
OTHOCHUTCS K TIPOI[ECcaM, KOTOPBIE MPOUCXOMIAT B IOCIEIHUE TPH—IISTh CYTOK
nepen celicMuueckuM cobwitrem. [To ananoruu ¢ [1—7] B ponu TaBHO# THITO-
TE3bl B 3TOM CTAaThe MPUHUMAETCS MPEANOI0KEHHE O CTATHCTUYECKOW HE3aBH-
CUMOCTH (WU cI1a00¥ 3aBUCUMOCTH) JIBYX STHX CIIy4alHBIX ClIaracMbIX.

JIsl TUIOTHOCTH BEPOSITHOCTH P (W) st cymMMbl (1) IBYX HE3aBUCHMbBIX
CITyJaifHBIX BEJIMYWH UMEET MECTO MPECTABIICHIE B BUJIE CIEAYIOMIEH CBEPTKH:

px(w) = f 0, W) pr, (W — w')dw'. @

[Nockonpky YMCIIO H3MEPEHUI KOHEYHO, TO IIOTHOCTH BEPOSITHOCTH ¢ O-
HOBOTO TIyMma Py, (W) Oyner BKJTOYaTh B cebs MenKOMacuITabHble CiydaiHbe
(GuyKTyanuu, CBOM Il KaKAOTO OTpe3Ka peanu3aunu. HecoXHO MOHATH, 4TO
€CJIM IMPMHA BEPOSTHOCTHOTO PACIPENENEHHUs Py, (W) XOTS Obl B HECKONBKO
pa3 MPEBOCXO/UT TIEPHOJ TakuX (IyKTyalui 3aBUCUMOCTH Py (W), TO B pe-
3yJbTaTe BHIIOJIHEHUS HHTETPUPOBAHUS BUA (2) IPOU30MIET yCpeJHEHUE STHX
MEJIKOMAcIUTa0HBIX BO3MYILICHHUH, CJIEJACTBHEM YEro CTAHET YMEHBIICHHE HX
aMIUTUTY/bl, TOHUMaeMOH Kak BeIn4YrHa 3P(EeKTHBHOTO OTKIOHEHHUS OT HYyJie-
BOTO YPOBHSI COOTBETCTBYIOIINX (DIyKTyallnid. ITO 03HAYAET, YTO CYIIECTBOBA-
uue B (1) HE3aBUCHUMOTO CITy9aifHOTO CliaraeMoro X, (t) npuBoaut K 3pdexTy
«ECTECTBEHHOU DETryJISIpU3alun» CBOMCTB CTaTUCTHKH PacCMaTPUBAEMBIX H3-
MepeHui. Takoe N3MEHEHUE aMIIIUTYIbl JaHHBIX (DIyKTyaruil npy NOSBICHUN
B CHUCTEME «IOMOJIHUTEIHFHOT0» HE3aBUCUMOT'0 CIIyYaifHOTO CJ1araeéMoro BIOJHE
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MOJKET OBITh BBISIBICHO, B YACTHOCTH, C ITOMOIIBI0 MaTeMaTHYECKUX METOMOB
Haroooue npeodpazoBanus Dypoe.

C uenbio BBISBICHUS YKa3aHHOTO M3MEHEHHsI IIPOBEeM pa3zeicHue UH-
TepBaJia HaOJIIOICHUI Ha OT/eNIbHbIC OTpe3KH peanu3anuu. Kak u B [1—7], mis
Ka)XJIOTO TMOA00OHOTO OTpe3Ka MBI MPUXOJUM K BBIBOAY, 4TO TosiBieHue B (1)
craraeMoro X, (t), CBSI3aHHOTO C MOJArOTOBKOW HaJBHTAOLICTOCS 3eMIIETpsICe-
HUS, CO CTAaTUCTHUYECKH 3HAYMMOHN BEPOSATHOCTHIO CIIOCOOHO NMPHUBECTH K CYIIIe-
CTBEHHOMY M3MEHEHHIO BEJIMYMHBI M B LI€JIOM CBOWCTB (DYHKIMOHAIA BUIA

A n N-1
L) =40 D lhl, L= ) ()P 3)
l=n—-M+1 m=0

B (3) aprymMeHT n COOTBETCTBYET MOMCHTY BPEMCHH 3aBEPIIICHUS OTPE3-
Ka pealM3allid C 3THM HOMepoM, Kod(hduimeHT A BBeIeH IS mepexona K
yaoOHOU s aHaimu3a o0JacTH 3HaueHWi 3aBucumoctd L(n), Benmumna M
omnpeseseT MMPUHY UHTEPBAJIa YCPETHEHUS 10 COBOKYITHOCTH U3 M mociieo-
BAaTEJIbHBIX OTPE3KOB pealn3allid, COMHOXHUTeNb Pp; B dopmyne (3) paseH
BEPOATHOCTH TONAJaHus 3Ha4eHnit GpyHkiun sin[x(t)] wis orpeska peanusa-
uuy HoMep | B -if MHTepBaI 00IacTH 3HAYCHUH BHUIA

sin[x(t)]min + mh < sin[x(t)] < sin[x(t)]min + (m + 1A, 4)
0<m<N-1.

3nece MHOXUTENh h = 0.1 — mmMpuHA WHTEpBaNia AMCKPETH3AIMH, 00-
miee 4uciio Kotopeix coctaiuster N = 2/h = 20. Craructuka (4) cTpourcs 1o
COBOKYITHOCTH M3MEPEHUIN Z-KOMITOHEHThI H3MEPSIEMOT0 TEOMArHUTHOTO TIOJIS.
IMepexo1 BMECTO HEMOCPEACTBEHHO M3MEPSIEMbIX 3HaYeHui X (t) K paccMoTpe-
HUIO CIy4aliHON BeauuMHbI sin[x(t)] cBsA3aH ¢ CylIECTBOBAHUEM HHTErPUpYeE-
MBIX 0COOEHHOCTEH COOTBETCTBYIOMIEH IIIOTHOCTH BEPOSTHOCTH BHU/IA

Psinpg W)~(1 —w?) V2 mpuw - *1.

W3 mpoBeieHHBIX BEIYHACIEHUH CIIEAYET, UYTO UX BIUSIHUE TPUBEET K YCH-
JIeHUIO pasiauuus (BOM3KM To4eK W — —1 uw — 1) 3HaYeHHi aMIUIUTYIBI pac-
CMaTpPUBAEMBIX MEJTKOMACIITAOHBIX (IYKTyalnid A7l TEX OTPE3KOB pean3aliiii,
TSI KOTOPBIX JIOCTATOYHO BEJIUKO HE3aBUCUMOE CllaraeMoe X5 (t) Mo cpaBHEHHIO
C OTpEe3KaMH, ISl KOTOPBIX OHO OTHOCUTEIHHO MaJjio I OTCYTCTBYET.

OTMeTHM TakKe, 4TO TMPUHIIMI eWCTBHS MpeiaraeMoil MeToIuKH (hax-
THYECKH COCTOWT B OICHKE CTENEHH PAaBHOMEPHOCTH BEPOSTHOCTHOTO pacripe-
JIeJICHUs Ha MaJIbIX HHTepBajaxX 00JacTH 3HAYEeHUI M3MepIeMOro CHUTHaja. JTo
O3HAYaeT, YTO CTaTUCTUUYeCKuil (yHKIMOoHaN L(n) XapakTepu3yeT ypOBeHb Xa-
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oca |, CIeJOBaTEIbHO, BEIMYWHY SHTPONUHU VIS U3MEPSIEMOTO (PH3MIECKOTO
niosst. [lpu aToM yBemueHue u, Ha000pOT, yMeHbIeHne 3ppekTuBHON 06IacTH
3HAYEHHUH CITydallHOTo mporiecca X, (t) ¢ BBICOKOH BEPOATHOCTBHIO MPUBOINUT K
yOBIBAHUIO M, COOTBETCTBEHHO, BO3pACTaHMIO 3HauyeHWH (yHkimoHama L(n).
JpyruMu ciioBamu, MpH yBEJIWYESHUHU CAABIUBAHUS JTUTOCHEPHBIX IUIUT HA 3Ta-
1€ «UTOTOBOM MOATOTOBKM» IMPHOIUKAIOMIETOCS 3eMIICTPSICCHUSI C CYIIESCTBEH-
HOI BEpPOATHOCTHIO OYJIET IMETh MECTO YMEHbIIIEHHE, a TIPH JIOKAITBHOM 0CJIa0-
JIEHUH TaKWX MPOIECCOB (KOTOPOE MOKET OBITH CBA3aHO, B UHCIIE MPOYETO, C
ocla0JieHneM MEXaHUYEeCKOH MPOYHOCTH OJIOKOB 3€MHOIM KOPBI HM3-32 HOBBIX
ceTell pa3ioMOB) — yBeJIMUYEHUE 3HaueHUH (yHKIonana L(n).

[TpuHIIMTIHATEHO Ba)KHEIM SIBJISIETCSI BBIBOJ O TOM, YTO TEpe]l CHIIBHBIMU
3eMJICTPSICCHUSIMU TAaKOW MPOIECC C JOCTATOYHO BBICOKOW BEPOSITHOCTHIO O]I-
HOBpPEMEHHO OyJeT MPOUCXOIUTH B Pa3HBIX, B TOM YHCJIC YIAICHHBIX BIUIOTH
JI0 THICSYW M O0Jiee KUJIOMETPOB OT TOYKH OyIyIIero SMHIeHTpa reorpadude-
CKHX paiioHaX. [lanee 310 yrBepkaeHHEe BepUPHUIMPYETCS MO JaHHBIM U3Mepe-
HUU Z-KOMITOHEHTHI T€OMAarHUTHOTO TMOJIS JUIsl IIECTH MArHUTOBAPUAIMOHHBIX
CTaHIMMH, pacnonoxkeHHbIX B Typuun, Asctpun, Kpeimy, Ceepnom Kaskase,
Apmenun u I'petn (cootBeTcTBeHHO MarHutomeTpsl IZN, WIC, SIM, BAK,
GLK u PEG).

OTMeTHM, 9TO yKa3aHHas Z-COCTABIISOIIAsi MAarHUTHOTO TIOJIST OblIa BHI-
OpaHa 10 TO¥M NMPUYMHE, YTO OMU3KKE K TOPU3OHTAIGHBIM HAIIPABICHHS Pa3iio-
MOB B 00JIacTH OyayIero THIOIeHTpa B OOIIEM ciiydae SBISFOTCS MallOBEpO-
STHBIMH. Kak HECJIO0XKHO IMOHSTH, OTCIOAA CJIEIYET BBIBOJ O KBA3UTOPU3OHTAIb-
HOM HaIlpaBJICHUU TOKOB, BO3HUKAIOMIUX MEXKIY KpasMu HOBBIX CETE€H pasio-
MOB B 30HE IOJATOTOBKH IIPEJICTOAIIETO 3eMileTpsiceHus. llociaennee o3Hadaer,
YTO Ha JIOKAJTBHBIX, PAANYCOM TOPSIKA OIHOW-IBYX THICSY KUJIOMETPOB 00IIa-
CTell TOBEpXHOCTH 3eMiH (2 UMEHHO Ha TaKOM YYacTKe PacIoONIOKEHBI pac-
CMaTPHUBAEMbI€ MAarHUTOMETPBI) TOPHU3OHTAIBHBIE KOMIIOHEHTHI MAarHUTHOTO
T10JIs1, CO3/]aBAEMOI'0 YKa3aHHBIMH TOKaMH, B OOIIEM City4ae OyAyT CYIIECTBEeH-
HO cJia0ee BePTUKAIIbHBIX.

3. Pe3yabTaThl

Ha puc. 1 moka3aHo pacroyioKEHUE SHUICHTPOB pacCMaTpUBaeMOTO
3eMJIETPSICCHUSI MarHUTyJIoW 7,8, Hayalo KOTOPOTo MMeJo MecTo 6 deBpas
roga B 01:17:35 UTC B 1oxHo#1 yacTu Typlinu, a TakxkKe MOCIICA0BABIICTO Yepe3
9 gacoB cwJIBHOTO aTepmIopka ¢ MOYTH TaKoH ke MarHuTyxou 7,5. Crurori-
HBIMU KPACHBIMHU KPY)KKaMH OTMEUYCHBI MECTa PACIOJIOKEHUSI MarHUTOMETPOB
IZN, WIC, SIM, GLK, PEG u BAK, a 3Be3104kaMi — SIUIIEHTPHI TAHHOTO CO-
ObITHSI.
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Puc. 1. PacnonoxxeHue aNuLeHTpa 3eMIETPACCHHUS, IECTH pacCMaTpUBaEMbIX
MarHATOBAapUANIOHHBIX CTAHI[UH, a TAK)Ke HAIIPaBJICHHI OT SIHUIEHTPA Ha MAaTHUTOMETPHI
BAK u I1ZN (:kenThie MyHKTHPHBIE IPSAMBIE @ | D).

Fig. 1. Location of the earthquake epicenter, the six magnetovariation stations under
consideration, as well as the directions from the epicenter to magnetometers BAK and IZN
(yellow dotted lines a and b)

Ha puc. 2 npusenens! 3aBucumoct L(n), COOTBETCTBYIOIINE H3MEPEHH-
sIM Z-KOMITOHEHTBhI T€OMAarHUTHOTO ToJisi Ha mMarHuTomeTpax IZN, BAK, WIC,
SIM, GLK u PEG (kpusbie 1, 2, 3, 4, 5 u coorBeTcTBeHHO 6) B yKa3aHHbBIN I1e-
puon Bpemenu. 3aech B (3) xoahdumuent A = 1000, ropuzoHTaNBHAS OCH OT-
BeyaeT BpeMeHHM B dacax, HaumHasg c¢ 00:00:00 22 saBaps w 3aKaHUMBaS
23:59:59 6 despans 2023 roma. Kaxmast Touka 3aBucumoct L(n) coorBert-
ctByeT ycpennenuto mo M = 300 orpeskam peamuzanmu s 150 uzmepenuit
MarduTHOTO TOJIA B KaxaoM. Takum oOpaszom, jro0ast Touka KpuBoi L(n) or-
BeuaeT 45000 mociemoBaTeNbHBIM W3MEPEHUSIM COOTBETCTBYIOIIEH KOMIIOHEH-
THl MAarHUTHOTO TIOJS. MOMEHT Hadalsla 3eMJIETPSCEHHs] OTMEYEH BEPTHK ATbHOM
CIUIOIIHOM KPaCHOW JIMHUEH.

Ha puc. 2a npusesens! KpuBbie L(n) is BceX MIECTH yKa3aHHBIX MarHu-
TOBapUALIMOHHBIX CTAHIMU, a Ha pHC. 20, C 1eNbI0 OONbIICH HATIAIHOCTH —
Tosbk0 it MarauToMerpoB IZN u BAK (kpuBbie 1 u 2). DT 1Be 3aBUCUMOCTH
BBIZICJITIOTCST U3 OO0IIero ancamOis TteM, 9ro KpuBoit 1 mns cranmuu IZN Ha
puc. 2a COOTBETCTBYIOT HamOojiee TIIyOOKHE MHUHUMYMEBI, TOT/Ia KaK 3aBHCH-
MocTh 2 s MarHuToMerpa BAK pacronoskeHa CyIIECTBEHHO BBIIIE BCEX
OCTaJIbHBIX MMATH YKa3aHHBIX KPUBBIX.
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Puc. 2a. 3aBucumoctu L(n) mis n3MepeHHi Z-KOMIOHEHTHI TeOMarHUTHOTO OIS MO JAHHBIM
marautomeTpoB IZN, BAK, SIM, WIC, GLK u PEG (xpacHasi, cunsis, xenras, 60poBasi, 3e1eHast
u nasypHast kpusbie 1, 2, 3, 4, 5 1 cOOTBETCTBEHHO 6).

Fig. 2a. Dependences of L(n) for measurements of the Z-component of the geomagnetic field
according to magnetometers IZN, BAK, SIM, WIC, GLK and PEG (red, blue, yellow, burgundy,
green and azure curves 1, 2, 3, 4, 5 and respectively 6)
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Fig. 26. 3aBucumoctu L(n) mist u3MepeHuit Z-KOMIIOHEHTBI TEOMArHHUTHOTO IOJIS 110 JAHHBIM
marautomerpoB 1ZN i BAK (kpacHas u cuHsist KpuBbie 1 H COOTBETCTBEHHO 2).

Fig. 26. Dependences of L(n) for measurements of the Z-component of the geomagnetic field
according to data from IZN and BAK magnetometers (red and blue curves 1 and 2, respectively)

4. IucKyccHusi M BIBOBI

[Tpu ananm3e puc. 1 U 2 MpUXOAWM K CIICTYIOIMMUM BeIBogaM. C ydeToM
PacCMOTPEHHOTO BBIIIIE CTATHCTHYECKOTO CMbIcia (yHkuuonana L(n), 3Haue-
HUS KOTOPOTO C BBICOKOW BEPOSTHOCTHIO YOBIBAIOT NMPHU BO3PACTAHUU HE3ABH-
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cuMmoro ciaraeMoro X, (t) B (1), 3ToT (akT Mmo3BoJiseT TOBOPUTH O HAMHOTO
0oJbIlIEM YpPOBHE BO3JIEHCTBHS IPOIECCa MOATOTOBKH 3eMJICTPSCCHHS HA TY-
peukyto cranimio 1ZN mo cpaBHennto ¢ poccuiickoit BAK. Tlpu sTom n3 anamm-
3a puc. 1 cieayer, 4To 006JaCTH OTHOCUTENFHO MaNBIX 3HaUeHUH X, (t), B KOTO-
poii okazanach ctanuus BAK, oTBeuaeT BechbMa MaJblif yIiI0BOM AMAanas3oH, OT-
CUMTHIBAEMBI OT HANpPAaBICHHS HA TOYKY OYAYIEro SIHIICHTPa, MMOCKOIBbKY
mMepeHnsaM Treorpaduueckn Ommkux kK BAK crammuit SIM u GLK cootser-
CTBYIOT CYIIECTBEHHO MEHBIINE MO 3HaYeHusAM KpuBbie L(n). CornacHo mpose-
JICHHBIM BBIIIC pacyeTam 3TOT (PaKT MOKET OBbITh MHTEPIIPETUPOBAH KaK CYIIe-
CTBEHHO OOJIBIIIUE 3HAUCHUS X, (t), CONEpKAIIHMECS] B UBMEPEHHUSIX MATHUTHOTO
MOJIsl HA MarHUTOBapHanMoHHBIX cTaHusIx SIM u GLK.
OtMetnM, 49TO, corjlacHO Teopeme buo — Caapa — Jlarmaca, MarauT-

HOE ToJie B OT TOKOB, MPOTEKAIOIINX MEXIY KpasMHU BHOBb 00pa3yeMbIX pas-
JIOMOB B 00JIACTH OyJAyILEro THIIOLEHTPA HA ATalle «MTOTOBOM IMMOATOTOBKH)
MPEJCTOSINEI0 COOBITHS, SBISACTCS MO MOIYJIO MPSIMO IPOMOPIIUOHAIBHBIM
COOTHOILIEHUIO

N sn;(za) ' )

rae oo — yroi Mexay 3h(QeKTHBHBIM HampaBlieHHEM TOKAa W HAIpaBJICHUEM Ha
TOUKY HaONIOACHUs, R — paccTosiHHe OT Hee 10 SIMUIEHTpa. 31ech BBEICHO
MPEIONI0KEHUE, UTO TPOLECChl (DOPMHUPOBAHHS OCHOBHBIX HOBBIX CETEH Tpe-
IIMH ¥ Pa3jiOMOB COCPEJOTOYEHBI B 007aCTH, pa3Mephl KOTOPOH CYIIECTBEHHO
MEHBIIIe PaCCTOSHIUS OT OyIyIIero SMHUIIEHTPA JI0 JTFOOOTO U3 pacCMaTpUBAEMBIX
MarHuToMeTpoB. [lpu 3TOM, Kak BUAHO U3 pHUC. 1, PaCCTOSHUSA OT SHUIIEHTPA
semuterpsicenus 1o crannuii 1ZN u BAK (a taxke SIM u GLK) Bionne comocra-
BuMBL. [loaTOMY yKazaHHOE pa3iuuue CBOMCTB KPUBBIX 1 M 2 Ha puc. 2 MOXKET
OBITh OOBSICHEHO TOJBKO CYIICCTBCHHBIM OTJIMYAEM 3HAUYCHWH YHCIUTEINS
sin(a) B coorHomenuu (5).

Takoe ornmume o3Ha4yaer, YTO yKa3aHHBIC BBINIE TOKH MEXIY KpasMu
HOBBIX TPEIIVH M Pa3IOMOB B paifoHE OyIyIIero rumoieHTpa B OCHOBHOM TP O-
TeKaJId B 00JIACTH MaJIbIX yTJIOB K HampasieHuro Ha MarauromeTp BAK. Orcro-
Ja CleAyeT KaK KBa3uIepIeHIUKYISIpHasi OPHEHTalus STUX TOKOB K HampasJie-
HUIO0 Ha MarHuToMmeTp IZN, Tak u GMU3KOEe K HOPMAaIM PACIONOKEHHE OCHOB-
HBIX CETEH 3THX Pa3JIOMOB K HAIllPaBJICHHIO Ha MAarHUTOBapUAI[MOHHYIO CTaH-
uuto BAK. Hanpasnenus ot marautomerpoB IZN u BAK mHa ToUky snmmeHTpa
OTMEYEHBI )KEJITHIMA YHKTUPHBIMHE MPSIMBIMU @ U b Ha puc. 1. Xopoino BUIHO,
YTO J[Ba 3TUX HAIPaBIEHUS TOYTH TEePIICHANKYIISPHEL

Takum 00OpazoMm, Ha OCHOBAaHHWH MPOBEIACHHBIX PACYETOB MOXKET OBITH
chopMyJIMpOBaH COCO0 OmpeaeNeH s JTOKaIU30BaHHOTO paiioHa MpeaCcToALIe-
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ro CUJIBHOTO 3emierpsiceHus. OH CBOOUTCA K ONPEACICHUIO ABYX PErHOHAb-
HBIX MArHUTOMETPOB C MaKCUMAJIHO OTIMYAIOLIMMHUCS 3HAYCHUSAMH (YHKLH O-
Hana L(n) ¥ mocieayiomero onpeaeaeHns Takol JOKaJbHOW reorpaduieckon
00JIacTH, I KOTOPOH HampaBlIeHUs HA OT €€ IICHTPa Ha TOYKH PaCTIONI0KEHUS
YKa3aHHBIX MarHUTOMETPOB 00pa3yloT mpsimoi yroi. LleHTp ykazaHHOH oOia-
CTH B IEPBOM MPHOJIMIKEHIH MOXET pacCMaTpHBAThCS KaK TOUYKA MOTCHIIHAI b-
HOTO 3MMLEHTPA MPEACTOSILETrO COOBITHS.

Takum oOpazom, B AaHHOH paboTe ObLIa pacCMOTPEHAa COBOKYIHOCTBH
CTaTHCTHYECKHX (PYHKIMOHAJIOB OT M3MEPEHHI T€OMarHUTHOTO IOJIs, MPOBE-
JEHHBIX B MocjenHue 15 cyrok mepen 3emieTpsceHHeM MarHuryaoil 7,8 Ha 6
teBpans 2023 romga Boctoke Typruu, a Takke HEMOCPEACTBEHHO B JCHBL ITOTO
coObITus. Ha ocHOBaHMM aHanmM3a MOJIyYEHHBIX PE3YJIBTaTOB MPEIIOKEH Il O-
PUTM OIIpelesieHns JIOKAJIBbHOM Teorpaduueckoil obmactu BOMM3KM Oynymiero
SMUIEHTPa MPUOIMKAIOLIETOC CUIIBHOTO 3emiteTpsicenud. [Ipu ycinoBuu nanb-
HeWIel BepuUKaIid MPUMEHUTEIFHO K CEPHU CEHCMUYIECKUX COOBITHI BHI-
COKOM MarHumTyZpbl paccMaTpUBacMbIi MOIXOA MOXET IIOMOYb CYIECTBEHHO
MPOABUHYTHCS B PEIICHUH MPOOJIEMBI ONMpeeiieHNs KOOPIUHAT MPEACTOSIIX
3EeMJICTPSICEHU .
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1. BBenenune

Koncrpykuus penakcanmuonHoro kBantoBoro tpamsucropa (PKT) Opina
npeaoxeHa B crarhe [1]. B paborax [2, 3] ObuTO MOKa3aHO, 9TO 3TOT MPUOOP
MOKET ObITh 0a30BBIM 3JIEMEHTOM AJs HU(POBBIX CXeM, MPEBBILIAOLUINX CO-
BpEeMEHHBIE 110 OBICTPOJICHCTBHUIO OoJiee YeM Ha MOPSAO0K M MMEIOIIMX Ha MOp si-
J0K OoJiee HU3KO0E SHEPronorpedneHue.

IIpu pacuerax xapakrepuctuk PKT B cratwsax [2, 3] mpeamomaraioch,
YTO OH U3TOTOBJIEH U3 aHTUMOHMJA UHIUS, JEKTPOHBI B KOTOPOM JIEMOHCTPH-
PYIOT PEKOPIHO BBICOKYIO IO CPaBHEHMIO C APYTMMH HOJIYNPOBOIHUKAMH I10-
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DrexTpoHuKa, GOTOHHKA, TPUOOPOCTPOCHHUE U CBSI3b (2.2)
IBIKHOCTH. BBIOOp MaTeprasna ObIT 00YCIIOBICH TEXHOJOTHYCCKUMH OTPaHH-
yeHusAMH. J{J1s TOro, YTOOB! TpaH3UCTOpP O0ECTIeYMBANT BBHICOKUI KOA(DGHUITMEHT
YCHJICHUSI, HEOOX0MMO BBITIOJIHEHUE YCI0BuUs [ 1]

Lb < Lrela (1)
rae: L, — mimHa ero 6assbl,
— 1/2
Lrel - (h.ue/e) / (2)
— JUTMHA peJlaKCallid HEePaBHOBECHBIX AJIEKTPOHOB K TEPMOJAWHAMHYECKOMY
paBHOBecHio, i — mpuBencHHas mocrosHHas [liaHka, [, — MOJIBUKHOCTH

ANIEKTPOHOB B 00JIACTU 0a3bl, € — DJIEMEHTAPHBINA MIEKTPUICCKUN 3apsi.

[lpn koMHaTHOHN Temmeparype IS aHTAMOHHUA WHIUS B ciiydae 00BbeM-
Horo marepuana (3D cTpykTyphl) Lye; = 70 HM; B ciydae IDBYMEpPHOTO 3JIEK-
TPOHHOTO raza (2D cTpyKTypsl), OCHOBBIBASICh Ha OLEHKAaX HMOJABHKHOCTH, JJaH-
HBIX B paborax [4, 5], — L,; = 40 HM; B HaHompoBopax (1D crpykrypax)
IIPY U3TOTOBJIEHUHU UX HE HAa MOBEPXHOCTH, a BHYTPU T€TEPOCTPYKTYp, CIEAYET
0KUIATh Lye; = 30 HM. OTH 3HaYeHUs AOCTATOYHO BEIHKH IJIS TOrO, YTOOBI
MIPH W3TOTOBJICHUH MIPHOOpa MOXKHO OBIJIO YIOBICTBOPUTH ycioBuio (1), m go-
CTaTOYHO MaJIbl JJIsl TOTO, YTOOBI 00ECHEUUTh MpeAeIbHbIE YACTOTHI €T0 pado-
Thl, OpeBblmatomue 3 TI'y,.

11 KpeMHMsI, OCHOBHOT'O MaTepHana COBPEMEHHOW MUKPOAJIEKTPOHUKH,
HETPYIHO MOJYYUTH aHATOTUYHBIE OLeHKH [6]: 3D cTpykTypa — Lo = 10 HM,
2D crpykrypa — Lye; = 7 HM, 1D ctpykrypa — Lye; = 5 HM. [yt popmupo-
BaHHA oOJjacTel M3 KpEeMHHS, yIOBIETBOPSIOMMX yciaoBuio (1), HeoOXoIuMBI
y’K€ TEXHOJOI'MH, 00EeCIICUUBAIOLINE MPEIEIbHbIC Ha CErOAHS BO3MOKHOCTH.
Ecnu Takue CTpyKTYpbl YAACTCS H3TOTOBUTH, TO MOYKHO HAJESThCSA HAa TaKUE JKe
paboune yactoThl, kak U 'y PKT u3 anHTUMOHH 12 MH U

KpemHHeBbIe TEXHOJIOTHH SIBISIOTCSI HANOO0JIee MaCCOBBIMU B COBPEMEH-
HOW MHUKpPO3JIEKTpoHHKe. Pa3BemaHHbIe 3amackl KpeMHUSI Ha 3emMile B COTHH ThI-
CSIY pa3 MPEBOCXOAAT U3BECTHBIE 3anackl HHAWA. [1o 3TM nmpuyrHaM mpencras-
JSIeT MHTEpeC NPOaHaIM3MPOBAaTh BO3MOXKHOCTH CO3JAHHUSI M OXKUAAEMBIC Xa-
paktepuctuk PKT Ha OCHOBE CTPYKTYp U3 KPEMHUSL

2. Konctpykuusi npudopa

[punnunuansaas koucrpykunsa PKT npeacrasnena va puc. 1. On moxer
OBITH BBITIOJTHEH, HAIIPUMED, U3 HAHOMIPOBO/JIOB, KK ATO Mpejiaraercs B paborax
[1—3]. B aTom ciryuae 061acTi SMUTTEPA U KOJUIEKTOPA SIBJISIFOTCSI HAHOIIPOBO-
JaMH ¢ OONBIINM, YeM HAaHOIPOBOA 0a3bl, IONEPEUYHBIM CEUeHUEM. TakKe IMUT-
TEPOM H KOJUIEKTOpOM Iprubopa MoryT ObiTh 2D nnm 3D crpyktypsl, a 6a3oi —
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CTPYKTypa ¢ MEHBIEH KBAaHTOBOW pasMepHOCTHIO. Ee 3agada chopmupoBaTh B
o0mactu 0a3bl HEBHICOKHH MOTEHIMAIBHBIN Oapbep Ui AIEKTPOHOB. BricoToi
aToro 6apbepa onpenenseTcs 001acTb pabounx HanpsHKEHUH pruodopa.

Kowraxt narrrep bana Komtextop Konrast

Konraxt

Puc. 1. PenakcaniioHHbIM KBaHTOBBIH TPaH3UCTOP.
Fig. 1. Relaxation quantum transistor

0,40 0,4
a5 Tlorernuman (3B) [Motenman (3B)
3 0,35
0,30 13
0,25 0,25
0,20 030
0,15
0,15
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0.0% Paccrosume (1m)
0,05 N
0,00 PaccTosHue (HM)
0,00 20,00 40,00 60,00 80,00 10000 120,00 140,00 0,00
0,05 00 10,00 2000 3000 4000 50,00 60,00 70,00 80,00

Totenumnan (3B)

Paccroanue (HM)

55,00 60,00 65,00 70,00 75,00

Puc. 2. [loreHimansubie penbedsl s 31aekrpoHoB B PKT mpu HyneBbIX IpHIIOKEHHBIX
HaTpspKeHUsIX ¥ L, = 10 HM: oT sMuTTEpa 10 KOJUTEKTOpa (8); OT 6a30BOT0 KOHTAKTa X0 Oa3bl
(b); B 06macTy Ga3bl O HAMTPABJICHHUIO OT SMUTTEPA K KOJUIEKTOPY (C).

Fig. 2. Potential reliefs for electrons in RCT at zero applied voltages and L =10 nm: from emitter
to collector (a); from base contact to base (b); in the base area in the direction from the emitter to
the collector (c)
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B ar0i1 pabote B pacuerax momaraiock, YTO SMHTTEP U KOJUIEKTOP TPEJ-
CTaBIAIOT co0oi 3D KpeMHUid, JETUPOBaHHBIA JOHOpPaMH 10 YpOBHS Np, =
Np. = 1018 cm~3, a Gaza — HAHONIIPOBOJI KBAJIpaTHOI'O CEUYEHUS C IUIOLIAIbIO
S, = 100 uM?, nerupoBanHsIii goHOpaMu 10 Npp = 101° cm~3. KonTakTamu k
SMUTTEPY, KOILIEKTOpY 1 6ase sBnserca n't-kpemuuii (Np = 5 - 1019 cm™3).

HanompoBon, coenuasromuii 6a30BbIi KOHTAKT ¢ 0a30H, MPEAIOIaraeTcs
BHINOIHEHHBIM U3 -KPeMHHUs ¢ ypoBHeM jeruposanus 1018 cm™3. B6musu xon-
TaKTa OH MIpejcTaBiseT coboi 3D marepuain, a npu coequHeHuu ¢ 6a3oit — 1D
MPOBOJ MPSAMOYTOJIBLHOrO ceueHus 2 HM X 10 HM. JlJIMHBI 3MUTTEpa, KOJUICK-
TOpa W HAHOMPOBONA, COCIHMHSIIONIETO 0a30BBI KOHTAKT C 0a30i, BHIOpAHBI
paBHbIMU 30 HM.

Ha puc. 2 mokazaHbl MOTEHIMANbHBIE penbedbl Ui 3JIEKTPOHOB B
HAIPaBJICHUAX OT SMUTTEPa K KOJUICKTOPY U OT 0a30BOr0 KOHTaKTa K 0ase mpu
HYJIEBBIX MPHJIOKEHHBIX HANIPSDKEHUAX U AnmuHe 0a3bl L, = 10 HM. Buano, uro
ob6macTh 6a3pl 00pa3yeT MOTEHIIHAIBHBIA Oapbep BBICOTOM mpuMmepHO 120 M3B.
B cepenune 0a3bl MpUMBIKAHHWE KOHTAKTHOTO HAHOMPOBOAA CO3/IAET MENKYIO
MOTCHIMATIBHYIO SIMY TIIyOUHOUM MPUMETHO 2 M3B.

3. Pacuer cratnueckux XapaKTePUCTUK TPAH3UCTOPA

Hns pacuera xapakrepuctuk PKT ucnongp3oBanack MHOTOKOMIIOHEHTHAs
MoJienb TiepeHoca 3apsaa [7]. Ilpenmosnaranoch, 4TO BCE KOMIIOHEHTHI JJICK-
TPOHHOTO Ta3a HAXOAATCSA B TEINIOBOM PAaBHOBECHH IPH KOMHATHOW TeMmmepa-
type T = 300°K. Ilepenoc apipok B nmpubope HE yUUTHIBAJICS, MOCKOJBKY Xa-
paKkTepHBIC BPEMEHA PEKOMOUHALINU Tyee U AUDDY3UOHHBIC IIMHBI 3JICKTPOHOB
W JBIPOK Lp B TIOMYTIPOBOJHMKAX HA HECKOJBKO MOPSAKOB MPEBBIMIAIOT XapaK-
TEpPHOE BpeMs pPelaKCalliiii HEPABHOBECHBIX JIEKTPOHOB

Tret = h/kpT 3)
U JUIMHY Ly¢;. JI11 KpEMHHSI TPY KOMHATHOM TeMIIEpaType CIIPaBeIJIMBbI OLIEHKU
Tree 107, Lree . 103 4)
Trel " Lyer

[lonaranock, 4TO 37IEKTPOHBI, MOMAJAIOIINE B TPAH3UCTOP U3 IMUTTEPA U
KOJUICKTOPa, HaXOAATCA MEXIy CO00i B XMMHUYECKOM DPaBHOBECHU U UMEIOT
XAMUYECKUU TOTeHIMaN F. DJeKTpoHaM, MMONaaoliM B Ipubop nu3 06a30BOro
KOHTAaKTa, MPUITUCHIBAJICS XUMUUYECKUNA MOTeHunan Fy, BOOOI1IE TOBOpPs, OTJINY-
HEI oT F. CamocoriiacoBaHHBIM 00pa3oM pelianach OJHOMEpHAsl CTAallHOHAP-
Has KpaeBas 3a1ava juis ypaBHenuit llpenunrepa, I[lyaccona u mepeHoca (cm.,
Hampumep, [3]).
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Ecim x koHTakTam mpuOopa MPUIIOKHUTH BHEIIHUE HAMPSDKEHUS, TO ITO-
TEHIUANIbHEIE pelbedbl nckaxarorcs. [Ipu mocTosHHOM cMelieHnd Mexay Oa-
308 U sMuTTEpOoM V3 BBICOTA cO3AaBacMOro 0azoil Oapbepa Ajsl JIEKTPOHOB
MAaJI0 M3MEHSIETCSI C POCTOM CMEIICHUSI MEXIy KOJUIEKTOPOM U SMUTTEPOM V.
OTHomeHNe M3MEHEHHS BBICOTHI Oapbepa A K el B ciydae, MOKa3aHHOM Ha
puc. 3 (meBwie kpuBble), coctaBuio 0,1. MckaxeHne noTeHn#rana B KOJUIEKTOPE
¢ poctoM V,, MPUBOAUT K YBEIMUYEHHIO pazMepa OOJIACTH MPOCTPAHCTBEHHOTO
3apsijia U COMPOTHUBIICHHS KOJUIEKTOPA, YTO HATISAIHO JEMOHCTPUPYIOT BBIXOJ-
HbIe BOJIbTaMITepHbIe XapakTepucTuku (BAX) TpaH3ucropa mpu cxemax BKITIO-
4yeHus ¢ o01eit 6a30i u 00IMM SMUTTEPOM (CM. puc. 4-b u puc. 4-d).

He6onbme u3menenus Vp,, HaNpOTHUB, CYNIECTBEHHO ITOHUXAIOT I10-
TEHIUAIBHBIN Oapbep (cM. puc. 3, mpaBbie KpuBbie). OTHOILICHUE U3MCHEHUS
BBICOTHI Oapbepa A k eV, B cilydae, TOKa3aHHOM Ha puc. 3 (TIpaBble KPHUBBIC)
coctaBmiio 1,2. B pe3ynbraTe BO3pacTaeT WHKEKIHS SIEKTPOHOB U3 SMUTTEPA B
0a3y TpaH3UCTOpa M IUIOTHOCTH TOKAa 0a3bl J, pacTeT SKCHOHCHITMAIBHO (CM.
puc. 4-a u puc. 4-C).

00

Tlotenunan (3B) 0,40

Totenmuan (3B)

0,10

Paccrosmie (HM)
10,00 10,00 30,00 50,00 0,00
10,00 10,00 30,00 50,00 000 90,00 1000 130,00

0,10

0,20

0,40 0,30

Puc. 3. Ilorermmanesabie pensedsl s dnekrpoHoB B PKT or amutrepa g0 kommiekropa. Cnesa:
Vpe =0Bul,, = 0B (Bepxuss xpuBasi) u V., = 0,2 B (umwxusa kpusas). Cnpasa: V., = 0,2B u
Vye = 0 B (Bepxuss xpusast) u Vi, = 0,06 B (HuxkHs1 KpHuBas).

Fig. 3. Potential reliefs for electrons in RCT from emitter to collector. Left: V,, = 0V and
V.. =0V (top curve) and V,, = 0,2 V (bottom curve). Right: V., = 0,2V and V},, = 0 V (upper
curve) and V. = 0,06 V (lower curve).

Henuneitnocts BAX PKT 1 ero crmocoOHOCTh YCHIIMBATE DIICKTPUUCCKUE
CUTHAJIBI 00YCIIOBJIEHA HAMW4YMeM B 0a3e HEPaBHOBECHBIX ANIEKTPOHOB. Mepoit
YPOBHS HEPAaBHOBECHOCTH SIBIISIETCS] Pa3HOCTH

F.=F — F,. (5)
B paBHoBecuu F_ = 0, nonoxutenbHble F_ B Kakoi-1100 0071aCTH CBHACTEIIb-

CTBYIOT 00 00OTaIlIeHNH ee HePaBHOBECHBIMH JIEKTPOHAMH, & OTPHUIIATEIbHBIE —
00 00eTHEHHH 10 CPAaBHEHHUIO C PABHOBECHOM KOHIIEHTpalueiing; = n (F- = 0).
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L Je (Afew?)
1,40E+05 '
1,20E+05
1,00E+05
8,00E+04
h,00E+04.
4,00E+04

VN} (B)

2,00E404

0,00E+00

Jo (Afcv?) oo | e (/M)

osoen 7 . )

ohd// 0,05 0,10 0,15 0,20 0,25 0,30 0,35

Vbe (B)

0,00 0,02 0,04 0,0¢ 0,08 0,10 0,12

c d

Puc. 4. BAX PKT. Cepxy — mpu cxeme BKITIOUCHHS ¢ o01mel 6a30ii: 8 — BxoxHsie BAX npu
usmenennu V,, ot 0 B 10 0,2 B c uarom 0,05 B (kpuBbie cHu3y BBepx); b — Brixoaubie BAX
TIpY U3MEHEHHUH TIIOTHOCTH Toka 6asbl J, oT 0 A/cm? fo 4- 103A/cm? ¢ marom 1-103A/cm?
(xpuBble cHM3Y BBepX). CHH3Y — IIPH CXeMe BKIIIOUEHUS C OOLIMM DMUTTEPOM: C — BXOJIHbBIE
BAX npu usmenennu V., ot 0 B 1o 0,2 B c arom 0,05 B (kpuBbIe cHU3Y BBepX); d —
BeIxogHbIe BAX mipu n3Menennn Hanpsokerus Vi, oT 0 B 1o 0,04 - B ¢ marom 0,01 B (kpuBsie
CHH3Y BBEpX).

Fig. 4. Current-voltage characteristics of a relaxation quantum transistor. Top — with a connection
circuit with a common base: a — input current-voltage characteristics when V,;, changes from 0 V
to 0.2 V in steps of 0.05 V (curves from bottom to top); b — output current-voltage characteristics
when the base current density J, changes from 0 Alcm? to 4-10° Alcm? with a step of 1-10° Alcm?
(curves from bottom to top). Below — with a connection circuit with a common emitter: ¢ — input
current-voltage characteristics when V,, changes from 0 V to 0.2 V in steps of 0.05 V (curves
from bottom to top); d — output current-voltage characteristics when voltage V3, changes from 0
V to 0.04-V in steps of 0.01 V (curves from bottom to top)

Ha pwuc. 5 noka3ano, kak QyHKIUA F_ pacmpenenieHa B TPaH3UCTOPE TIPH
Pa3IUYHBIX 3HaYeHUSX Vi u Vi p. BUIHO, YTO UCTOUYHMKAMH HEPaBHOBECHOCTH
SIBIIIIOTCSL TIEPEXOJIbI AMHUTTEP-0a3a u Oasa-kosuekTop. Ilpu dukcupoBaHHOM
HanpspkeHun Vy, ¢ poctoM Vi, YPOBEHB OOOTaIeHHs W pa3Mep OO0OTameHHOM
HEPaBHOBECHBIMHU 3JIEKTPOHAMH OOJIACTH YMEHBIAIOTCS, & YPOBEHb 00€THEHMS
U pa3Mmep 00eTHEHHOW O0JIaCTH yBEIIMYMBAIOTCS, YTO XOPOIIO BUAHO HA PHC. 5
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u puc. 6 (kpuBbie cieBa). [Ipu GukcupoBaHHOM HanpshKeHUH Vo ¢ pocToM V),
YBEIMYMBAETCsS YPOBEHb 0OOrameHns u pa3Mep o0oramieHHOH HepaBHOBECHBI-
MU DJICKTpOHAMU 00JIACTH, & YPOBEHb 00CTHEHUS U pa3mep oOeHEHHOH o0a-
CTH IIPAKTUICCKU HE U3MEHSIOTCS (CM. PHC. 5 U puc. 6, KpUBBIE CIIpaBa).
Bxonmubie curaanel B PKT momarorcst MeXIy SMHTTEpOM M 0a30i, a BBI-
XOJ/IHbIe CHUMAIOTCS C BHEITHEW HArpy3KH JIMO0 MEKAY KOJUIEKTOPOM U AMUTTE-
poMm, 10O MEXAY KOJUIEKTOPOM U 02301, B 3aBUCUMOCTH OT CXEMbI BKIIFOUCHHUSL.
Ycunenne BXOAHBIX CUTHAIOB 00ECIIEUMBAETCSI HEPAaBHOBECHOCTBIO HOCUTENEH
3apsga B Oaze. I1oTOK MHKEKTUPOBAHHBIX M3 3MUTTEPa HEPABHOBECHBIX JJICK-
TPOHOB MOJYJIUPYETCS HaNPsLKEHHUEM V. Y CUIIEHHE BO3MOXKHO TOJBKO TOrJA,
KOrJja 3HAYUTEJIbHASI YacTh HEPABHOBECHBIX AIEKTPOHOB JOCTUIHET IEpexona
6aza-komiekrop. B crarse [1] momyuensr mpubnmkeHHbe GOPMYIIBI I KO-
¢urmenTos ycunennst PKT mo Toky npu cxemax BKIItoYeHHS ¢ 00mieit 6a3on

a=djc/d]e (6)
U C OOIIMM IMHUTTEPOM
B =djc/d]p. (")
M3 Hux cnexyer, 4To
a,B ~ exp{—Lp/Lye}. @)

F_(aB) LR N F_ (3B) s

! k Paccrosmme (rM) ! Paccrostane (1M)
’
0,000 _— - S E L >

00 ),00 A0,0C O 80,00 100,0¢ 20,0(

Puc. 5. ®ynkmmsa F_ B PKT. Cnesa V,,, = 0,1 BuV,;, n3mensercs or 0 B g0 0,3 B ¢ marom 0,1 B
(xpuBsbIe cBepxy BHU3); cripaBa V., = 0,3 B u V,, uzmensercst or 0 B 5o 0,15 B ¢ mrarom 0,05 B
(KpuBBIE CHH3Y BBEPX).

Fig. 5. Function F_ in relaxation quantum transistor. On the left, V;,,=0.1 V and V,,, changes from
0V to 0.3 Vin steps of 0.1 V (curves from top to bottom); on the right, V,,= 0.3 Vand V,,
changes from 0 V to 0.15 V in steps of 0.05 V (curves from bottom to top)

Hnst paccMaTpuBaeMOro TpaH3ucTopa KoddduiueHt ycuwieHus f Kak
(YHKIWS TUIOTHOCTH TOKAa KOJIEKTOpa MpU (PUKCUPOBAaHHOM HANpsDKEHUH Vo
MOKa3aH Ha puc. 7 cieBa. MakcuManbHOe 3HaueHHe [ paBHO NPHUMEPHO IBa-
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maty. CToias Manas BemurHa Kod(hGUITHEeHTa YCUIICHUS CBSI3aHa CO CITUIITKOM
JUTMHHOM 0a301. Y MeHbIIIeHHe JITUHBI Ly BIBOE MPHUBOAUT K BO3PACTAHUIO 5 10
CTa MIECTHJIECITH, YTO KOppenupyeT ¢ oueHKod (8). OmHako H3roToBIEHHE
npubopa ¢ TaKUMH pazMepamH 0a3bl MPEACTABISETCS MPOOIIEMaTHYHBIM JIaKe
MIPU TEXHOJIOTUYECKOM HOPME B 2 HM.

1,206417

n= Ny (eMm™)

1,00E+17 n=Tgg (cm s)

8,00E+16

4,00E+16 4,00E416
2,00E416 Pace 2,00E+1E

Paccrosnne (M) 2,00E+1 Paccrosane (HM)
0,001 0,00E+00

! | )
2 40 & /’ 100 20 0 20 an 60 80 00 20

2,00+16

4,00 +16

Puc. 6. OTkiI0HEHNE KOHUEHTPALWMH 3J1eKTPOHOB 1t B PKT OT paBHOBECHOTO 3HAYEHUS Mg
Cnesa: V,, = 0,1 B, V,;, = 0,1 B (Bepxusisi kpusasi) u V., = 0,3 B (syKHsist KpuBast); crpasa:
Vep = 0,3B, Vy, = 0,1 B (umxusst kpusas) u Vy, = 0,15 B (BepxHsist kpuBas).

Fig. 6. Deviation of the electron concentration n in the relaxation quantum transistor from the
equilibrium value n.,. Left: V,,=0.1V, V,,=0.1 V (upper curve) and V,,=0.3 V (lower curve);
right: V,.,=0.3 V, V},,=0.1 V (lower curve) and V,,,=0.15 V (upper curve)

2,006+02

2,00E+01
1,50+01

1,00E+01

Je (Afen?)
Jo (Afew?)

D, 00E+00
1206404 2206404 3206404 4206404 5206404 6206404 7,206404 8,206+04 1,206+04 2,206404 3206404 4,206+04 5206404 6,200+04 7,200+04 8206404

Puc. 7. 3aBucrmocts K03 puninenta ycuenus PKT o Toky mpu cxemMe BKIIFOUEHUS ¢ 00IIM
smutTepoM npu V., = 0,25 B ot morHOCTH TOKa KoJmiekTopa uist L, = 10 HM (cieBa) u
L, = 5 HM (cmpaBa).

Fig. 7. Dependence of the relaxation quantum transistor current gain in a common-emitter switch-
ing circuit at ,,=0.25 V on the collector current density for L,=10 nm (left) and L ,=5 nm (right)

4, 3ak0oueHue

W3 mpencraBieHHBIX pe3yabTaTOB CIEIyeT, YTO KPEMHHUEBBIH pefakcamn-
OHHBIH KBAaHTOBBIN TPAH3UCTOP BIOJHE MOXKET OBITH co3nan. OIHAKO ATl TOTO,
4TOOBI OH MM BBICOKUH KOA(D(MUIIMECHT yCHIICHHUs, HEOOXOAUMO MaKCHMAIBHO
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YMEHBIINTD JUIMHY €ro 0a3bl, obecrieunB BoimonHenne ycnosus (1). Ilpu sTom
HEOOXO/JMMO COXPaHHUTH KOHTAKT K 0aze. CodyeTaHue ATHX IBYX TpeOOBaHMIA
JieNlaeT 3a/1auy TEXHOJOTHYeCKH KpaiHe cioxHoi. [lpu mownHe 0a3wl mopsaka
[ATA HAHOMETPOB M 0O0JIACTM KOHTAKTa K HEW MOpsjaKa JByX HAHOMETPOB Ha
OCTaJILHYIO 9aCTh 0a3bl OCTACTCS BCETO IIECTh aTOMAPHBIX CJIOEB KPSMHHSL

120,00

PaccTognne (EM)

100,00
120,00
140,00
160,00

E (kB/cM)
180,00

Puc. 8. Bemmunnaa E — mpon3BoOAHAs OT XUMHYECKOTO0 noTeHnnana F mo koopaunate B PKT
npu V., =0,3BulV,, =0,1B.

Fig. 8. The value of E is the derivative of the chemical potential F along the coordinate
in the relaxation quantum transistor at V,,=0.3 V and V,=0.1 V

Kak cnexyer w3 rpaduka Ha puc. 8, HANPSHKEHHOCTH MEKTPUYECKOTO
Moyt B 067acTy 0a3pl MOCTUTACT BEMMYMH B COTHH KB/cM. To ecTh CKOpOCTH
AIIEKTPOHOB B 0a3e TpaH3WCTOpa OJIM3Ka K CKOPOCTH HACHIMIECHHS, COCTABISO-
meit B kpemuuu 1107 cm/c. Tlpu auHe 6asbl B JeCATh HAHOMETPOB BPEMs
MpoJieTa IEKTPOHOB uepe3 Hee cocraBut 0,1 1c, 9TO COOTBETCTBYET IPEaeiib-
HOU paboyeii yacrore Tpansucropa B 1,6 TT'w.

XapakTepHoe yJeapHoe conpoTuBieHne paccmorpenHoro PKT cocras-
nseT npumepHo 4 MKOM * cM?. Ero ypenbHas GapbepHas e€MKOCTh IOpPSIKA
20 H® - cM™2. Orcrozia ceyeT npesesbHas 4acTora (pyHKIMOHUPOBAHHUS NP H-
6opa 1,8 Tl'y. XapakrepHas yaenabHas EMKOCTh, CO3/1aBaeMasi HEpaBHOBECHBIMHU
snekTpoHamH, mopsaka 50 H® - cM~2. Ee ydeT CHMKAeT OLEHKY MpeaelbHOi
paboueit gactorsl pabotel PKT mo 0.8 TI'y. TakuM oOpa3om, ecTh OCHOBaHHS
royiarath, 9ro KpemaneBbiii PKT cMmoxkeT QpyHKIIMOHHPOBATH Ha YaCTOTaX OKO-
JI0 OJTHOTO Teparepiia, a MU(POBbIE CXeMbl U3 TAKUX TPAH3UCTOPOB CMOTYT JIO-
CTHYb TAKTOBBIX YacTOT, Onu3kux Kk 25 I'T1.
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Abstract: The possibility of creating a silicon relaxation quantum transistor has been
theoretically investigated. The characteristics of the device are calculated and their
relationship with the length of its base is analyzed. It has been shown that to create a
transistor of this type on silicon, technologies are needed that make it possible to form
structures with characteristic dimensions of one to two nanometers.
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Annomauusn: Beudy moeo, umo cuenan na éxode CBU-cmecumens u cuenan npomedxncy-
MOYHOU YACTNOMbL HA €20 8bIX00Ee JIENHCAM 8 PA3HBIX OUANA30HAX YACMON, HEBOIMOICHO
MPAOUYUOHHBIMU CROCOOAMU UBMePUMb CO8Ue (a3, 6HOCUMBLIL 8 NpoYecce 2emepoOUH-
HO20 npeobpazosanus dacmomvl 6x00Ho2o CBY cucnana HenuHeuHvbIM 371€MeHmoM
cMecumens 8 CUSHAL NPOMENCYMOUHOU vacmomspl. B cmamve pewena npobnema uzme-
PEHUsL UCTMUHHO20 CO8U2a (a3, 8O3HUKAIOWE20 8 CMecumene npu 2emepoOUHHOM Nnp e-
obpaszosanue uacmomvl. IIpednodicena cxema nocmpoenusi npubopa, no36010Ue20
usmepsams cosue gaz ucnvimyemozo cmecumens CBY, eHocumozo ez2o uenuHelnvim
INEMEHMOM 6 CUSHAT NPOMENCYMOYHOU YACTNOMbL 8 pabouem pedcume IKCNIyamayuu.
Pesynvmamul pabomsl mozym 6bims UCHOIB308AHbL NPU CO30AHUU NPUOOPA, NO360.15-
1owezo uzmepams cosue gaz ucnvimyemozo cmecumens CBY.

Knrwuesvie cnosa: cmecumens CBY-cuenanos, cosue ghasz, cemepoounnoe npeobpazosa-
HUe Yacmomol.
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panuossektponHsle Texuosnorun. 2024. T. 7, Ne 1. C. 56—66.

Jna yumuposanusn (I'OCT 7.0.100—2018): Kopotkos, K. C. U3mepeHue napamerpoB
KOMIIJIEKCHBIX KO3 QHIIMEHTOB TIepeiaull yCTPOUCTB, COAEPIKALMX ITpeodpa3oBaHuUs
gactotsl / K. C. KopoTkos, B. B. Cepaiokos, A. B. bosbuios // NHDOKOMMYHUKAIMOH-
HBIC U paanodJIeKTpoHHbIe TexHoaorun. — 2024, — T. 7, Ne 1. — C. 56—66.
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1. BBegenue

Kaxaplii HenMHEHHBIH 3IeMEHT IpeoOpa3oBaTelst Y4acTOThl (MOTYIPo-
BOJTHMKOBBIH JAMOJ) CONEPKHUT PEaKTUBHOCTH B BUZE P-N mepexoja U COOCTBEH-
HBIX MHIyKTUBHOCTEH pacTeKaHus.

N3BecTHO, YTO peakTHBHOCTH 00JalalOT BpeMEHEM 3aJEePKKHU JUTS dIIEK-
TPHUYECKOI0 CHUTHANIA, MPOTEKAIOIIEr0 Yepe3 HUX, YTO IKBHUBAJIEHTHO CJIBUTY
(a3, BHOCUMOMY PEaKTHBHBIM 3JIEMEHTOM B IPOTEKAOIINI yepe3 Hux Tok. [lo-
3TOMY KaKaAbli IpeoOpa3oBaTesib YaCTOTHl BHOCUT (ha30BBIM CIBUT B IpoLECCe
peoOpa3oBaHUs YaCTOTHI B NEKTPUUYECKH CHTHANT, MPOTEKAIOMINN Yepe3 Hero.
OpHaKo M3MEpUTh TakoW (a30BbIM CIBUT TPAJAWIMOHHBIMA METOAAMH HEBO3-
MOJKHO B CBSI3M C T€M, YTO CHUTHAJbl Ha BXOJAE M BBHIXOJE INpeoOpa3oBaTens
HMMEIOT Pa3HbIC YaCTOTBL

HaiineH HOBBIH cITOCOO, MO3BOJNSIONIMA HM3MEPUTh UMEHHO WCTHHHBIN,
coOcTBeHHBIN cnBUr (a3 ucnsiryemoro CBU-cmecurens, OCHOBaHHBIN Ha W3-
MEPEHUH CYMMBI U Pa3HOCTH KOMIUIEKCHBIX KO3((UIIMEeHTOB nepenaun CABU-
roB (a3 AByX cMecuTelnell, OANH U3 KOTOPBIX UCIBITYEMBIH, a JPYTrol BCIIOMO-
raTesIbHbIN (OMOPHBII) C MOCIEAYIONINM BIUNCIEHHEM Ha OCHOBE M3MEPEHHBIX
3HAYCHUH UCTHHHOTO cIBUTA (a3 uCIbITyeMoro cMecutels [ 1].

Ilpennaraemast paboTa MOCBSIICHA ONMHCAHUIO CTPYKTYPHOM CXEMBI I1O-
CTPOCHHSI M TEOpUHu crocoda ompeneseHus casura (as umcneiryemoro CBY
CMECHUTES.

2. CTpykTypHas cxema npudopa

CtpykTypHas cxema Mpruoopa, pearm3yomero crmocod «CyMMBI U pa3Ho-
CTH», TIpuBeJeHa Ha pucyHke 1. [IppOop COCTOMT M3 BEKTOPHOTO aHAIM3aTOpa
uneneit (BALl) — (u3mepurenst mapaMmeTpoB uerbipexnoirocHukoB CBY) 1 u
JBYXKaHaJbHOTO CYNEpPreTepoANHHOTO MPUEMHUKA 2, pabOoTaroINX B JBYX OC-
HOBHBIX peKUMaX:

— PEXHM HM3MEpEHHUs CyMMbI CIBHTOB (ha3 W MpPOHM3BENCHUS MOJyJen
KOMILUIEKCHBIX KO3(Q(UITUEHTOB Nepeaun ucnbiryemoro 7 u onopHoro 9 CBY-
CMECHUTEIICH;

— B pEeKMME M3MEPeHHUsI PAa3HOCTH 3TUX CABUIOB (a3 ¢ mocieayronmm
BBIYUCIICHUEM X HCTHHOM BEINYHUHBL

3. U3MepeHne cyMMbI apaMeTPOB CMeCHTeJIei

M3mepeHnne cyMMbl Tpou3BOAUTCS ¢ nomoibio BAILL, moctpoeHHoro o
KJTaccu4eckoi cxeme [2], [3], mMeroImero B CBOEM COCTaBe TeHEepaToOp HUCIBITA-
tenbHbIXx CBY curnaios 3, nepekitouarens 4, nepBblil 1 BTopoil kanansl CBY ¢
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BCTPOCHHBIMH B HUX HAIlPaBICHHBIMU OTBETBHUTENSIMU, B TiepBhIii HO;, HO,, BO
Bropoit HO3, HO,4, BekTOpHEII BOMBTMETP S5 1 MepBbIi 1 11 BTOPO# 2 BBIXOIHBIX
noptoB. /11 n3MepeHns CyMMBI NTOCJIEI0BATENBHO COETUHSAIOT C TOMOIIBIO Te-
pexiroyareneit 10 u 11 B mepBOM MOJIOKEHUH MX MOABMKHBIX KOHTAKTOB BBIXO-
ne1 TPU ucneiryemoro 7 m omopHoro 9 CBY cmecurteneid. McnbiTaTe bHbIH
CBY-curnan ¢ gacroroii f; or rereparopa CBY 3 uepes mepekirouaTesh KaHa-
JOB 4 B TIEPBOM IOJIOXKEHUH €T0 IMOABIYKHOTO KOHTaKTa, MO MEPBOMY KaHAIy
CBY, uepe3 mopr 1 BAILI, nogaror Ha mepBblii Bxoa ucubiryemoro / CBU-
cMmecutens, rae cmemmuBatores ¢ CBYU-curnanom ¢ vacrotoit fp, moctynarornmm
yepe3 aemtenb CBY 8 ot reneparopa CBY 6 (rerepoanHa) Ha ero BTOpOii BXOI.

OO0Opa3oBaHHBIN B pe3yjbTare MPeoOpa3oBaHUS YacTOThI MO (opmyJie
fy —f, = fu curmam mepsoii mpomeskyrounoii uvacrtorsl (ITH), . ¢ BeIXO;a
TPU ucneityemoro CBY-cmecutenst 7 gepe3 mepekmtodaremn 10 u 11 mocry-
maet Ha koHTakT TPU (Bexon 1Y) omopuoro CBU-cmecutens 9, paboratorie-
ro B peXHMe 00paTHOTO MpeoOpa3oBaHUs YAaCTOTHI, HA BTOPOH BXOJ KOTOPOTO
MOAIOT CUTHAN ¢ yacToroii f, uepes menmmrens CBY 8 takke or reHeparopa 6,
00pa30BaHHBIN B pe3yibTare 00paTHOro MpeoOpa3oBaHUs YaCTOTH MO GopMy-
ae f +f, = f; curnan ¢ wacroroii f; ucnerrarensuoro CBY-curnana, uepes
BTopoii mopr BAILL 1 moctynaer Bo Bropoit kanain CBY, u3 xotoporo ero or-
BETBIIIIOT C MOMOILBIO HampasieHHoro orBerButTenss HO, u momarT Ha yer-
BEPTHIM BXOJ BEKTOPHOI'O BOJIETMETPA 5, B KOTOPOM €r0 CPaBHUBAIOT IO aM-
mmtyae u $ase ¢ ucneirarensasiM CBY curnamom ¢ vacroroii f;, orBersineH-
HBIM HampaslieHHBIM oTBeTBUTENeM HO; u3 nepsoro tpakra CBY u moganHOTO
B BEKTOPHBIA BOIBTMETP .

O603HaunM casur a3 ucneiryemoro CBU-cmecutens 7 ¢7, koadduiu-
ent nepexayu K7, a cnsur ¢asz onopuoro CBU-cmecurens ¢9 u ero xo3pdu-
nueHTa nepenadn K9. B pesynprare cpaBHeHUs ncnbiTarensHoro CBY-curnana
B BEKTOPHOM BOJIBTMETPE 9, MPOIIEAIEr0 UCTIBITYeMBIH 7 U onopHbIil 9 CBY-
cMecutenu ¢ ucnbiratenbHpiM CBY curHamom, MpUIIEIIINM Ha MEePBBINA BXOJ
ucneityemoro CBU-cMecutens 7, U3MepsioT CyMMY CIABHIOB (as3:

2@ =7+ Qg 1)
" IPOU3BCCHUC MOI[y.TIeﬁ:
YK=K; Ko )

(cymmBI, ecniu B Ab) KOMIUIEKCHBIX KO3(p(PUIIMEHTOB Mepeadnl UCIIBITYeMOro 7
u onopHoro 9 CBU-cMecuteneil, KOTOpbIE € BBIXOJa BEKTOPHOTO BOJIBTMETpA 5
MOJIAIOT Ha BTOPOH BXOJ KOMIIbIOTEpa 15 NBYXKaHANBHOTO CyNepreTepoarHH O-
r'o MPUEeMHUKA 2, TIe UX GUKCUPYIOT B ITAMSITH.
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4. Oco0eHHOCTH NOCTPOEHU CTPYKTYPHOM cXxeMbl Ipudopa

[locne m3mepeHuss CyMMBl pealu3yIOT PEKUM MU3MEPEHHs Pa3HOCTH Ma-
paMeTpoB ucneiryemoro 7 u onopHoro 9 CBU-cmecuTeneil ¢ moMOIIbIO ABYX-
KaHAJIBHOTO CYNepreTepoJMHHOIO NMPUEMHHKAa 2, B KOTOPOM €ro TeHepaTop
CBY 5 cBa3an ¢ cucremoi (ha3oBoil aBTomoAcTpoiku 9actoTel (PAIIY), co-
CTOSIIIIEH U3 CMECUTEISI IPOMEXKYTOUHOM YacToThl 16 U da3zoBoro netekropa 17
¢ TeHepaTopoM HcnelTarenbHbeix CBY-curnanos 3.

OAIIY pabotaet cieayromum odpazom: ucnbitaredbusiii CBU-curnan
¢ gacrtoroit f; or reneparopa CBY 3 momaror Ha mepBeIil BXoa cMmecutenst 11U
16, Ha BTOPOI1 BXOJ KOTOPOTO IOCTymnaer curdai ot reueparopa CBY 6. Oopa-
30BaHHBIN B pe3yibTaTe mpeodpazoanus B cMecutese ITY 16 o dpopmyste i —
f, = f curnan nepsoit IT4 f,,; momaror Ha mepBsIit BX0ox (ha30BOro aeTekropa
17, Tae cpaBHHMBAIOT 1O YacTOTe U (Da3se C OMOPHBIM CHTHAJIOM f, mocTymaro-
MM Ha €ro BTOPOW BXOJ C MEPBOrO BBIXOJA T€HEpaTopa OMOPHBIX YacToT 18.
OO0Opa3oBaHHBIN B pe3yibTaTe CpaBHECHUSI CHTHAJ OIMHOKH ¢ BBIXOoAa (ha30BOTO
nerektopa 17 moparor Ha Bxon reneparopa CBY 16, ympasisst ero 4acroToi
TaK, 4YTO OHAa C TOYHOCTHIO 10 (pa3bl OTIMYAETCS OT YaCTOTHI UCIBITATEIHHOTO
CBY-curnana Ha BemmuuHy nepoii [TY f,,i. YV pa3HbIX cMecuTeseil MOryT ObITh
pasHble MPOMEKYTOUYHBIC 4acTOTHI [4], mostomy B mpubope mepsas ITH, f.
CZIeJaHa IIEPEMEHHOM U MOJKET BBIOMPATHCS JIIO00H B IIMPOKOM JUAla30He da-
CTOT IyT€M HW3MEHEHHUS 4acTOThl OMOPHOIO CUTHaJa OT TeHepaTropa ONOPHBIX
CUTHAJOB 18, mpeacTaBisromero codoil HCTOUHUK TPeX KOT€PEHTHBIX CHTHa-
7oB: mepBoii mepemennont ITH fi,, BTOpoi moctosuuoit ITH f, u Tperheit
BcriomorarensHoi 1T f.3, 06pasoBantoi Mo Gopmyie i = fiui + frup, KoTOpas
B IIporiecce paboTHI TIOCTOSHHO OT/IMYAETCs OT mepBoil mepemennoit I f,; Ha
BEJIMUMHY BTOpoii mocrosiauoi ITY f.,, Bo Bcem muanazone 4actor f.

5. Pe:kxuM n3mepeHusi pa3HOCTH NapaMeTPOB cMecuTe e

Pexxum n3mepenust pa3HOCTH MapaMeTPOB UCHBITYEMOTO 7 U OMOPHOTO 9
CBUY-cMmecuTeneli BBIMOTHSAIOT IMyTEM Pa3eIbHOTO W3MEPEHHSI WX KOMILICKC-
HBIX K03()(PUIIMEHTOB Mepeiadn Mo aMIUTATYAE U (ase.

N3mepennss ko3pPUIMEHTOB Tepeadn HCIBITYyeMOro 7 W OMopHOro 9
CBY-cmecuTeneii mpoBogsaT nocnie kanubposku BALL, B pesyisraTe KOTOpOn
amrunTyApl ucnbitareabHbix CBY curnanos U;, Upu ux ciaBuru a3 @or, @y, OT
reHeparopa CBY 3 Ha BbIxoze ero moptoB 1 M 2 yCTaHAaBIMBAIOTCS PABHBIMHU
MEXIy COOO.

st m3MepeHust MOAy s U caBura (asbl KOMIDIEKCHOTO KO3 QHUIIMeHTa
nepenaun ucneiryeMoro CBU-cmecutens 7 mOABUKHBIA KOHTaKT IEpEKIrOYa-



1}28}68;1?(?};/}?(38 et al. Measurement of Parameters of Complex Transmission Coefficients... 61
. C.u np. sMepeHune napamMeTpoB KOMIUIEKCHBIX K03 QOUIIMEHTOB Iepetady ...
Tels 4 yCTaHABIMBAIOT B TEPBOE TOJIOKEHHE W McTBITaTeNnbHbpii CBY curaan
ot rereparopa CBY 3 ¢ vacroroii f; uepe3 mepsbiit mopt BAILL moxatot Ha mep-
BBIH BXOJ 3TOTO CMECHUTESl, B KOTOPOM €ro MpeodpasyloT ¢ IOMOIIbIO CUTHAJIA
ot reneparopa CBY 6 ¢ wacroroii f, mo dopmyne f; —f, = f,1 B curnan nepoi
T4, f,, KOTOpBIt ¢ BbIxoaa Tpu ucmbiTyemoro CBU-cmecutens 7 depes mepe-
KimoyaTenb 10 BO BTOPOM IMOJIOKEHHUH | IIEPeKTIouaTeNb 12 B IEPBOM MO0k e-
HHUH WX NOJBHKHBIX KOHTAKTOB MOCTYNAeT Ha NepBbIid BXxox cmecutens T4 13,
B KOTOpPOM ¢ momouibto curnana tperbei [14, .43 oT reneparopa ucnbiraresns-
HBIX CUTHAJIOB 18 MoJatoT ero Ha mepBBIN BXO/I.

HWcnpitatenbhpiit curaan neppoit T4, T, npeodpasyror no dpopmyse fi;
— frat = fot + fro — fray = frp B curman Bropoit mocrosauo# fip», KOTOPHIH mMO-
CTyIaeT Ha MepBBIi Bxoa kKommapatopa 14. OH mpencraBiser co00d M3Mepu-
TeIh OTHOIIEHWH CUTHAJIOB, B KOTOPOM CPaBHUBAIOT 10 aMIUTHTYJIE U (a3e nc-
nbITaTeNbHbli curnan Bropoi MY f, . onmopHbIM curHamom Takxke Bropoi IT4
fi2, TTOMAHHBIM HA €r0 BTOPOM BXOJI C TPETHETO BBIXOJA T'€HEpaTopa OMOPHBIX
gacTor 18.

6. BoruncJjienue JeiicTBUTEIBLHBIX 3HAYEeHUIT MOYJIsl U ¢ABUTa (a3
ucnoityemoro CBY cmecurens

B cooTBercTBHU ¢ 0003HaUCHUAMH Kod(hduiuenToB nepeaaun K u capu-
roB (a3 @ OTAENBHBIX MyTEW M 3JIEMEHTOB CTPYKTYPHOH CXeMbl Ha pUCyHKe |
oOmmii ko3 urmenT nepenaun Y K; u oOmmid capur (asz Y @y A7 UCIBITA-
TEJIBHOI0 CHTHaNa, Mpolemero 4yepe3d ucneiryemsii CBY — cmecurens 7
MOXHO TIPE/ICTABUTE B BUJIC:

YKi=K7-K;-Kg- Ky 3)
2P1= Q7T Q3+ Qs+ Pi3 (4)

C yd4eToMm 3TOro pe3yibsraThl CPaBHEHHS OTHOIIECHUH aMIUTMTYIbl U (a3bl HC-
IBITATEFHOTO CHTHAIA ¢ aMIUTUTYI0M U (a3oit ormopHoro curaana f.., 6ymem
UMETh:
UK e ©)
Uz * @0
KOTOpBIE MOJAIOT B KOMITBIOTED 15, TIe X QUKCHPYIOT B MAMSTH.

AHAJIOTUYHO JIsi U3MEPEHUs] MOIYJsl U caBura (a3 KOMIUIEKCHOTO KO-
adduirenta nepeaaun onopHoro CBU cmecutens 9 moaBuKHBIA KOHTAKT Iie-
pekrouatenis 4 cTaBsIT BO BTOpOe IOJIoKeHHe ucibraTensHoro CBU-curnana,
KOTOpHIi uepe3 Bropoil nopT BAILI noparotr Ha nepsbiii Bxog onopHoro CBY-
cMmecutens 9, ¢ BBIX0a TPU KOTOPOTO 3TOT MPeoOpa3oBaHHbIM CUTHAN MEpBOH
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I f,,; gepe3 nepexmoyaremm 11 u 12 Bo BTOPOM IOIOKEHUN HUX TIOABHKHBIX
KOHTaKTOB TIOCTYITIAlOT Ha mepBblii Bxon cmecurens [1U 13, mpeoOpa3oBeIBaOT
B HeM curHaibl BTopod I, f..,, KOTOpbIe MoJaroT Ha MEepBBIA BXOJ KOMIapa-
Topa 14.
[pu stom obmmii koadpuirent nepeaaun y K, v Y ¢, MyTH, MpoiieHHO-
r0 1O TPaKTy ABAKIBI IPEOOPa30BAHHBIM IO YaCTOTE MCHBITATEIHLHBIM CHTHA-
som Bropoii ITY, f.,, Ha mepBoM Bxozxe kommapaTopa 14 coctaBuT

> Ko= Ko 'Ks-Kg-Kis (6)

2 P2=0st @ st @zt 3 )

C Y4EeTOM 3TOro I0cje CPaBHEHHs B Kommapatope 14 Ha ero BeIxoje Oyaem

uMeTh curuansl 114 2 ¢ mapaMeTpamu: 1o MOYJIO: %’:2 no ¢ase: %p(jzz, KOTO-
-

pBI€ MOAAIOT B KOMIBIOTEP 15, rie X GUKCUPYIOT.

B xomnbrotepe 15 BBIUMCISIOT OTHOIIeHHWE To Moyt AK pasHoctu
caBuroB (a3 A¢Q KOMIUIEKCHBIX K03(p(PUIIMEHTOB Mepenadn UCIBITYeMOro 7 u
onopuoro 9 CBU-cmecuteneit ¢ ygerom paBeHcTB Uy = Uy 001 = 0025 K3 = Ky;
K¢ = Kg; Busie OTHOIICHUS MOIYJICH:

DL K- K5 'K 'K K.
_— _Umyp _ Ry'K3'Ke K43 Ky
K= —Ulzliiz B Ko K4 Kg Kq3 - Ko (8)
" Ppa3HOCTU CABUTOB (1)332
AQ=(97+ 93t 96t @13) — (P9 + P4+ ¢ 5T P13) = 97 — Pg ©)

C yuerom cymmsel (1) u mpousBeaeHus: (2), U3MEPEHHBIX C MTOMOIIHIO
BAILL > ¢ =97+ @ou Y. K= K7 - Kg mpon3BoasT perienne cucTeMbl ypaBHEHUH
K; -Kg = YK
K
L = AK
K9
¥ HaXOZAT AEHCTBUTENbHOE 3HAUCHUE MOAYJell KO PHUIIEHTOB Meperadn uc-
neiTyemoro 7 CBY cMecutens B BUAE:

K, = JAK- YK (11)

u onopHoro 9 CBY cmecutens B Buje:

(10)

K
Ko = |5 (12)
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B namstu xommbrotepa 15 Takyke UMEIOTCS U3MEPEHHbBIE paHee C MOMO-
IO BEKTOPHOI'O0 aHaJIU3aTopa ueneﬁ CyMMa CABUTOB (1)3,3 HCIBITYEMOI'O T u
onopHoro 9 CBY cmecureneil. Pemas B komnberotepe 15 cucteMy ypaBHEHHH

@7 + Qo =X
13
{ P7 — Qo =A@ 13)
HaxoJWM HCTUHHBIN ciBUT (a3 ucneityemoro CBY cmecurens

+A
g7 = 2O (14)

- A
g = 2O (15)

B pesynprare momyyaem aOCONIOTHBIC (MCTHHHBIE) 3HAYCHHUS BEIMYHUH
monyns K u ¢azbl ¢ KoMIIeKCHBIX KO3(Q(UIIMEHTOB Niepeiaun UCTIBITYeMOTo 7
u oniopHoro 9 CBY-cmecurenei.

IlonyueHHBIE UCTUHHBIE 3HAYEHUSI MOLYJIS U (ha3bl KOMIUIEKCHOTO KO3 (-
¢unuenta nepenaun ucneityemoro CBUY-cmecutenst 7 BbIBOAATCS Ha 3KpaH
KoMmIbioTepa 15 11t BBIOpaHHOH 4acTOTHOW TOYKM pabodero Auamna3oHa reHe-
patopa ucnbitarenbHbix CBU-curnanos 3. O0iee KOIMYECTBO TaKMX TOYEK B
BUJIE aMIUIMTYJHO-YAaCTOTHOM M (pa3o-yacToTHOW xapakTepucTuk 3toro CBY
CMECHUTENSI B TAHOPAMHOM pPEKHUME €Tr0 WCIBITAaHWM MpU aBTOMAaTHYECKOM Ka-
YaHWU TeHepaTopa uchbitaTenbHbix CBY curaanos 3 HaOmromaeTcs Ha dKpaHe
KomIbloTepa 15.

AFC,dB AAFC,dB
0.5
-5.2-
5 0.4
5.6 0.3
. 0.2
-6.0+
0.1
T T T T T T T T 0
PFC, deg APFC, deg
100+ 8
T -6
o_
_ -4
~100 Lo
T T T T T T T T 0
9 10 1 12
f,GHz

Puc. 2. AUX u ®UX cmecurens Magnum MC64PG-11 (USA).
Fig. 2. AFR and PFR of the Magnum MC64PG-11 mixer (USA)
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Ha pucynke 2 mnpuBemeHsl amMiuTyaHo-dacToTHeIe (AUX) m daso-

gactotHeie (PUYX) xapakrepuctuku cmecurenss Magnum MC64PG-11 (USA),

cHATEIe B AuanazoHe 8—12 I'Tn mpu npomexyrounoi yactore 20 MI', BBI-

MOJIHCHHBIC HA MakeTe MpuOopa, MOCTPOSHHOTO MO CTPYKTYPHOI cxeme 1 me-
TOZIOM CYMMEI B Pa3HOCTH.

7. 3akirouenue

Kak nokazanu skcriepuMeHTaIbHBIE HCCIEIOBAHMS MaKeTa mpuoopa Juis
M3MEpPEHUS MOIyJds caBura ¢a3 KOMIUICKCHBIX Koadduimentos CBY
YCTPOMCTB, COAEpXalMX MpPeoOpa3oBaHUE YacTOTHI, CIIOCO0 H3MEpPEHUS U
CTPYKTYpHas CXeMa €ro MOCTPOCHHUS MO3BOJISIOT U3MEPSITh HCTHHHOE 3HAUCHUE
capura (a3, BHOCUMBIX TAKUM YCTPOWCTBOM B CHUTHAJ, IPEOOpa3yeMblii UM 110
gactoTe. [IpencrapneHHbIi Tprubop padoTtaeT B muanazoHe 8—12 [T, mepsas
MIPOMEXYTO4YHas JacToTa B nuamna3one oT 20 mo 100 MI', Bropas — 275 k[,
JUHAMHYECKUN JUAana30H KOMIUIEKCHBIX KO3()(UIIMEHTOB Mepeaaun o MOAY-
o 60 nb, mpenensl uzmepenus $aszsr 0—360 rpagycoB, MOTPENTHOCTH U3MEPE-
Huii o moxayio 0,4 nb, mo daze 0,1 rpagyca 6e3 yuera koaddunmenrta orpa-
xenus. Obpasert mpubdopa Obu1 ormpasieH B oguH n3 HIIO ropoga MockBsI.
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Abstract: The scheme and prototype of a device for measuring the true values of phase
shifts and the module of the complex transmission coefficient of devices containing a fre-
quency converter —a microwave mixer are considered, the theory of measurements is giv-
en. Since the signal at the input of the microwave mixer and the intermediate frequency
signal at its output lie in different frequency ranges, it is impossible to measure by tradi-
tional methods the phase shift introduced by the nonlinear element of the mixer into the
intermediate frequency signal during the heterodyne frequency conversion of the input
microwave signal. a new method has been used to measure precisely the true, intrinsic
phase shift of the tested microwave mixer, based on measuring the sum and difference of
the complex coefficients of transmission of phase shifts of two mixers, one of which is the
test and the other auxiliary (reference), followed by calculation based on the measured
values of the true phase shift of the tested mixer. The presented prototype operates in the
range of 8-12 GHz, the first intermediate frequency in the range from 20 to 100 MHz, the
second 275 kHz, the dynamic range of complex transmission coefficients modulo 60 dB, the
limits of phase measurement 0—360 degrees, measurement errors modulo 0.4 dB in phase
0.1 degrees without taking into account the reflection coefficient.

Keywords: Microwave signal mixer, phase shift, heterodyne frequency conversion.
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Yyer IMC npu onpeae/ieHUM JAJIbHOCTH
OBY paauocssi3u B HANIPaBJEHUM CYTHO — Oeper

Kozy6 M. C.
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Annomauyusn: Ilpedcmaenena memoouxa nPocHOUPOBAHUS 2PAHUYHOU OAIbHOCMU Da-
ouocesaszu bepezosvix obwvexmos I MCCE u CV/C, pabomarowux 6 OBY ouanazone 8
Hanpasienuu cyono — bepee ¢ yuemom IMC. Ilpusedena memoouxa oyenxu obecnede-
Hua OMC na ocHose UCNONL308aHUA USMEPEHHBIX 3HAYEeHUll (PaKmuiyeckou 4ye8cmeu-
menvHocmu 8 kawecmee Kpumepus obecnevenus IMC npu 3a0anHol HOPMAMUBHOU
odanbHOCM.

Knrouegvie cnosa: paouocesw, ouanazon OBY, snekmpomacnumnas coemecmumocmn,
hakmuyeckas 4yecmeumenbHOCHb, 2PAHUYHASL OAIbHOCHL PAOUOCESI3U, OMHOUEHUEe
CUSHAL/WYM, 3AUMHBIE NOMEXU 8 IOKAIbHOU 2PYNNUPOBKE.

Jna yumuposanus (FOCT 7.0.5—2008): Kozyd M. C. Yuer DMC npu onpeaeneHun
nmansHocTH OBY pamnocBs3u B HampaBieHUHU cyaHo — Oeper // HpOKOMMyHHKALH-
OHHBIE U paano3JeKkTponHbie Texuonoruu. 2024. T. 7, Ne 1. C. 67—380.

Jna yumuposanus (FOCT 7.0.100—2018): Ko3y6, M. C. Yuer OMC npu onpejeie-
Huu gansHocT OBY paanocssasu B Hanpasienuu cyaao — oeper / M. C. Kozy6 // Un-

(HhOKOMMYHHKAIIMOHHBIC H PAAU03JICKTPOHHBIC TeXHONMOTHH. — 2024, — T.7, Ne 1. —
C. 67—80.

1. BBegenue

[IpoexTrpoBaHre, CTPOUTENHCTBO, BBOI B DKCIUTyaTaIlMI0, OCBHIECTEIh-
CTBOBaHHE OeperoBbIX OOBEKTOB (CTaHIMI) MOpCKOro paifona Al rmoGambHOM
MOPCKOI CUCTEMBI CBSI3U MPpH OeICTBUM 1 Jyist 0becnieueHust 6ezonacHoctu (bC MP
A1 I'MCCB), a Takxke paguoTEXHHICCKUX TIOCTOB CHCTEMBI YIIPaBICHUS IBHKE-
HueMm cyaoB (PTII CY/IC) obs3aTensHO COMPOBOXKIAIOTCS MTPOrHO3HPOBAHHEM
JalbHOCTH ICHCTBUS PaANOCBSI3H B IMala30He 04eHb BEICOKHUX YacToT (OBY).
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B coorBercTBum ¢ [1, 2] paguocss3b B muanazone OBY ¢ cymamu gomx-
Ha OCYIIECTBIATHCS:

— B JIByCTOPOHHEM pekuMe Tele()OHUU U NHU(PPOBOTO U30MPATEIBHOTO
Bei3oBa (LUIUB) s bC MP A1 I'MCCB;

— B aByctopoHHeM pexume tenedonun s PTII CYC. Takke mis
CYJC B muamazone OBY pomxkHa obecriedynBaThcs HETpepbIBHAs paboTa aB-
TOMaTH4YeCKOH nHbopMammoHHOH (MaeHTHGHKaOoHHOH) cucteMsl (AKC).

[IporHo3upoBaHrEe MaTBHOCTH PaJHOCBi3U ¢ cyaamu B nuanazone OBY
JOJDKHO YYUTBIBATH PSIJl 0COOEHHOCTEH, B YaCTHOCTH

— JIBYHAIIPaBJICHHOCTh PAIUOIUHUU (HaNpaBlIeHUS Tepeaadn oeper —
CyJHO U CyTHO — Oeper);

— TUNOBBIE (PErJIAMEHTUPOBAHHBIE) XapaKTEPUCTUKH CYJOBOTO 000pYy-
noBaHus [3];

— MaJI0 M3MEHSIOIIUECS 3HaYeHN BHEIIHNX ITYMOB Ha BXOJE CYIOBOTO
paauonpueMHoro yctpoiictsa (PI1Y);

— UWHAWBHIyallbHBIC TAapaMETphl OEpPEroBOM AaHTEHHbI W AaHTEHHO-
(unepHOro TpakTa;

— HU3MEHSIOMIKECS B MUPOKUX MpeIesax 3HaueHUS B3aUMHBIX PaIHOIO-
MeX Ha Bxojie Oeperosoro PITY oT mepemaT4MkoOB, pacHoIOKEHHBIX B JIOKAIb-
HOM TPYIIIHPOBKE, a TAK)KE BHEITHUX IIIYMOB, B TOM YHUCJIE MHIYCTPHAIBHBIX.

B3anmHbIe TTOMEXH MOTYT MPOHUKATH 1O COCEAHHUM, 3€PKaJbHBIM WIIH
JIPYTUM HEJIMHEHHBIM KaHalaM IpueMa, MOTYT ObITh 00ycIoBIIeHH! 3 dekTamu
OJIOKUPOBAHUS U MHTEPMOIYJISALINH, U SBISIOTCS MMOMEXaMH, BhI3BAHHBIMU HE-
JOCTaTOYHBIM 00eCIeYeHUEM AIIEKTPOMarHuTHOH coBmecTuMocTu (OMC).

B kauecTBe KOJMYECTBEHHOIO MapaMerpa KadecTBa paJHOCBA3M MpH
MPOTHO3UPOBAHWU B HANPABICHWH Oeper — CYAHO HCIONB3YIOT 3HAuCHUSI
HaNpsHKEHHOCTH TIOJIS TTOJIe3HOTo cuTHana [4]. Meroauka pacdera TpaHUIHON
JATBHOCTH JUIS HalpaBlieHUs! Oeper — CyAHO MOAPOOHO M3II0KeHa B [5].

OOBEKTOM HCCIEIOBaHUN HACTOSIIEH PabOTHI SBISETCS METOJIHMKA MPO-
THO3UPOBAHUS IPAHUYHON JNATBHOCTH JUIsl HAIPABJICHHS CYJHO — Oeper ¢ yue-
TOM creneHn obecriedeHus: DMC u ompepelieHne KOJIMYECTBEHHOTO KPUTEPHSI
oreHku obecneucnust OIMC nHa 6eperosom 00bekTe TMCCH u CY/IC.

2. TeopeTnueckasi 4acThb

Heo0OxoauMo BBeCTH M 000CHOBAThH KOJMYECTBEHHBIN OKa3aTeb, KOTO-
phiii OyIIeT onpeneNsTh KaueCTBO PaJUOCBSI3U ISl HANPaBJICHUS CyAHO — Oe-
per W, Kak pe3yibTar, BbICTYNAarb KPUTEPUEM IIPU MPOTHO3UPOBAHUM I'PaHUY-
HOM JaNIbHOCTH paauocBs3u B auamna3zone OBY mns maHHOTO HAIpaBIICHHS.
DTOT TMoOKa3aTeNlb JOJKEH TaK)KE YUMTHIBATH BIHMSHUE (DAKTHMYESCKUX ITapaMeT-
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poB texamdeckux cpeacts bC MP Al I'MCCb umu PTII CY/IC, Takux Kakx:
AHTEHHO-(QHIEPHBIN TPaKT OEPEroBOW PaJMOCTAHIIUU, (DPUIBTPBI, TPO30PA3PSII-
HUKU U JIpyTrue TEXHUYECKHE CpEJCTBa, BKIOUeHHbIE B coctaB bC MP Al
I'MCCB nmu PTII CYJIC u pacnonoxenusie B Tpakre PITY Oeperosoii paauo-
craHimu. Takke BaXHO, YTOOBI TJAHHBIN TTOKa3aTeIb MOXKHO OBLJIO U3MEPHUTH HA
dTare HaTYPHBIX UCIBITAHUN U HUCTIOIB30BATh IIPH OIICHKE O0CCIICUCHUS TEXHH-
geckux cpeactB bC MP A1 I'MCCb wm PTII CYAC TpeboBanmii mo SMC.

B xauecTBe Takoro mokaszarels MpeiaraeTcsi BHIOpaTh mapaMeTp B BHIIE
OJIC curnana €., moctymaemoro Ha Bxox PITY OeperoBoii pamuocTaHiiuu OT
IITaTHOM aHTEHHBI (IITATHO YCTAHOBJICHHOW HAa MadTe) depe3 Bce (DaKTUYECKH
YCTaHOBJICHHbIE B TPaKT ycTpoucTBa (duaep, GUIBTPHI, TPO3OPA3PATHUKN U
T. 11.) MEXJy aHTeHHOU 1 BxooM PITY Geperosoii pagrocTaHIKH.

Tpebyemoe kauecTBO paauoOCBs3U, ONpelessieMoe JTOKyMeHTaMu [3, 6],
OTIPENIESICTCA MO MPEBBINICHUIO HAa 3aJaHHYI0 BEIMYWUHY OTHOIICHUS CHUT-
Hay/iyM Ha Bxoae PITY OeperoBoil paaMoCTaHIIMU YPOBHEM DIIEKTPOIBHKY-
meit cuisl (3/1C) mone3Horo curHaiza CyMMapHOTO YPOBHS IIyMOB H IOMeEX (B
YCIOBHSIX (DAKTUUECKOW 3JIEKTPOMArHUTHON OOCTAaHOBKH), MPHUBEACHHBIX KO
Bxoay PITY. Hmke mpuBOAUTCS KOJUYSCTBEHHOE OIPECIICHHe HEOOX0IMMOT0
(moporosoro) 3uauyenns IJIC mone3Horo curxana Ha pxoze PITY g.1€06x,

BHemHue 1 BHyTpEHHUE IIYMBI, @ TAKXKE B3aUMHBIC IOMEXH MOTYT MpPO-
HukaTh Ha Bxoj PIIY OeperoBoli paamocTaHIMU pa3lUYHBIMH CHOCOOaMU.
BnusHue Ha ka4yecTBO paauocBs3u B HanpaeieHuH CyJqHO — Oeper BHEIIHUX
mrymoB EP m BiamMubIx momex EP B nokansHOH TpynmmpoBKe TeXHHUECKHX
cpeactB Ha BC MP A1 I'MCCB wmm PTII CYIC B6au3u aHTeHHBI A Oepero-
BOH pamMOCTAHIIMU W, B MOCJIEACTBUH, MpOoHUKatomux Ha Bxon PIIY, ymo6HO
MpEJCTAaBUTh B BUJIE, KaK MIOKAa3aHO HA PUCYHKeE 1.

A, En+En+E."

h):[ &y e € S/NBX_HOM
ol + >

R BX_IIp
€ur_puyr

Puc. 1. CxeMa Tipe/icTaByIeHHs BHEMHUX myMoB ED u 1 B3auMubIx nomex EP B nokansHoi
rpynnuposke Texuuueckux cpencts Ha BC MP Al I'MCCB unu PTIT CYIC.

Fig. 1. Scheme of representation of external noise EE and mutual interference EF in a local
grouping of technical equipment at coastal stations of the GMDSS sea area Al or radio technical
posts of the vessel traffic control system

W3 pucynka 1 cneayer, uro Ha Bxox PITY GeperoBoi panrocTaHmmuy neii-
CTBYIOT:
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— DJIC BuyTpennux myMoB PITY &y puyr, ONpenensemas vepes HOMHU-

HAITBHYIO YYBCTBHTEIBHOCTD Gyoy ¥ HOMUHAIBHOE OTHOIICHUE CHTHAJ/IIYM Ha
BX0JIe NpHeMHUKA SNgy yom [4]:

S].LI_BHyT = GHOM/SNBX_HOM7 B (1)

— DJIC BHEIIHUX LIYMOB £;, ONpPEAENAeMas Yepe3 HaPsHKEHHOCTH 110~
NI BHEIIHMX 1IyMoB Ef, elicTByrommeil BBICOTEI aHTEHHBI Ry, a Takke Kod(du-
LMEHTa nepeaayu GUICPHOrO TPAKTa M JAOMOJHUTEIbHBIX (UIBTPOB IPUEMHHM-
Ka alyp, [4]:

€w = ER - hy - aly, B. 2)

— DJIC pagmomomex €, 00yCIOBICHHAS B3aUMHBIMHU PaTUONIOMEXaMU
OT COCEIHMX PAAMONICKTPOHHBIX CPEACTB JIOKAIBHON T'PYIIIUPOBKU U IPHUBE-
nenHas ko Bxoxy PITY B cooTBeTcTBHH C [7]:

&q = 2/ Prous * RBx_npa B, (3)

rue

Promz, BT — cyMMapHas MOIIHOCTb paiiONIOMEX, IPUBEAECHHAS KO BXOAY
PITY, u onpeneneHHas B COOTBETCTBHH ¢ [7];

Ryy np — BXOAHOE conpotusienue PITY. [l pagrocTaniuii ¢ yriaoBon
MOJTYJISIIMENH MOPCKOM TIOABUKHOM CITyKOBI Ry np = 50 Om.

Cymmapaas OJIC mymMoB U moMex €y, INpuBeAeHHass ko Bxoay PIIY,
OTIpeIeTSAETCSl KaKk KOPEHb U3 CYMMBI KBAJIpaTOB ONMHCAHHBIX BBIIIE COCTABI -
romux [4]:

€y = \/SHZ +eu? + 8I.l.I_BHyTZ: B. 4

Pacuer Heobxomumoro 3Haudenust DJIC curnama £.°°%* ma Bxome PITY

IIPOU3BOJUTCS HA OCHOBE TOrO, YTO YPOBEHb CHTHAJla JOJDKEH IMPEBBILIATH
CyMMapHbI ypOBEHb LIYMOB M IIOMEX, NpHUBEACHHBIX KO Bxoay PIIY, Ha 3a-
JaHHYIO BEJIMYMHY OTHOIIEHHs CUTHAN/IIyM Ha Bxoze PITV:

ECHEO6X =&y SNBX_HOM = \/GIEOM + [(Eusl ' h,q ' Odrlp)z + 4'Pn0M}:RBx_np] ' SNBZX_HDME B(S)

3nauenue DJIC curHana, onmucaHHOE BhIpaxeHueM (5), sABsIieTCs QaKkTH-
4€CKON 9yBCTBUTENLHOCTBIO PITY [4] €gaxcr (B yCIIOBUSX BO3IEHCTBHS BHEIIHUX
IIYMOB U 3JI€KTPOMAarHUTHBIX MTOMEX), TPH KOTOPOH obecrieunBaercs 3aJaHHOe
OTHOIIEHHE curHay/myM Ha Bbixone PITY SNy you:
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Epakr = \/Gl-%OM + [(EIE ' hLL ' alnp)z + 4P ous RBX_l'lp] ' SNBZX_HOM! (6)
SNpyx = SNauix_som

Takum oOpa3zom, MOKHO c(hOPMHUPOBATh TPAHHYHBIH KPUTEPHUd JATBHO-
CTH JeWcTBUS pamuocsssu B auanazoHe OBY B Hanpasnenun cynHo — Oeper:
3Hauenne OJIC curmama ma Bxoze PIIY OeperoBoii paawocTaHuuu €., MPHU
TaTbHOCTH D = Dy, AOIDKHO OBITH OOMNBIIE (haKTHIECKOI TyBCTBUTEIEHOCTH
PITY €pawr C y4ETOM HamXyIUIEH SIEKTPOMATHUTHOH OOCTAHOBKHM B TPYIIH-

poBke texuuueckux cpencrs Ha bC MP A1 'MCCb wm PTII CYJC u nnsa
MaKCHMAaJIbHO BO3MOXXHOTO YPOBHS IIyMa MPU THUIIOBBIX 3HAYEHHAX MapaMeT-
POB U3IYYECHUS TEXHUYECKUX CPEACTB CYJOBOI0 Paanoo00py10BaHUsL.

& > Edakr- (7)
D = Dmax

[pu porHO3UPOBaHUK TATBHOCTH PAIHMOCBA3H MCIIONB3YETCS METOMKA,
OCHOBaHHAs Ha HMHTEPIIOSAIMH/AKCTPAIOSAIMKN 110 MOJYyYECHHBIM SMIIUPHYE-
CKHMM TIyTEM KPUBBIM HANPSHKEHHOCTH TOJA Kak (WYHKIWSIM PACCTOSIHHS, BBICO-
THI aHTEHHBI, YaCTOTHI ¥ MPOIIEHTA BPEMEHH JAOCTYIMHOCTH PAJHOCBSI3H COTIIAC-
Ho [8].

Kak moka3ano B [5], aHaJIOrMYHO JyIs HAIIpaBJICHUS Oeper — CyIHO CYTh
KCIIOJIb3YEMON METOJMKU B HANPABICHUU CYJAHO — OEper COCTOUT B OmIpee-
JICHUM COOTBETCTBHS MEXIy 3HAYCHHMSIMH HAMPSHKCHHOCTH IOJIS CHTHAJa, CO-
3aBaEMOTO PaJUOIEPEAAONINM YCTPOUCTBOM Ha CymHE ¢ 3aJaHHou 3ddek-
THBHO ¥3JIy9aeMOl MOIMHOCTHIO HA HOMHHAIBHON YacTOTE, M MTOPOTOBHIM 3Ha-
YeHneM TpeOyeMOl HaIpsHKEHHOCTH IO Ha Oepery, MPU KOTOPOH JOCTUTAIOT-
s 3aJJaHHBIE KaYECTBO U JOCTYIHOCTh PAJUOCBSA3H, C TEM JIUIIb OTIUIHEM, YTO
3HAYCHUS HANPSHKCHHOCTU ToJis curHana npuBeneHsl k JJIC Ha Bxoze PITY
4yepe3 KoIPPHUIUEHT yCUIIeHUs! aHTeHHBI G U KodpuueHT nepenayun puaep-
HOTO TPAKTa U TOTEPHU B JIOTIONHUTENBHBIX QUIbTpax aly, OeperoBoii cTaHmuu,
a B KaueCTBE IMOPOTOBOTO 3HAYEHUS WCHOIB3yeTCs (paKTHIECKas YyBCTBUTEINb-
HOCTb PIIY €gaycr-

Ha puc. 2 npeacraBieHbl pacCUMTaHHbIC 3aBUCUMOCTH IPAHHYHOM Jallb-
HOCTH PaJHoCBsI3U OT (akTHdecKol uyBcTBUTEHIBHOCTH PIIY Geperomoii pa-
JMOCTaHLMH, BbIpaXKeHHON B 3Ha4eHHAX DJIC (Epaxr_3/1c) B HANIPABIEHUHU CYTHO
— Oeper. Kak Oyner nmokazaHo Janee, NPeACTABICHUE 3aBUCUMOCTEH IpaHU Y-
HOHM JaabHOCTH PAJMOCBA3M MMEHHO OT (PAKTHUYECKOW YyBCTBHUTEIBHOCTH I103-
BOJIUT B JaJBHEHIIEM OmpeaenuTh Kpurepuii obecnederans IMC U MeTo[ ero
OIICHKH TIPH TPOBEICHNUHN HCIBITAHUH.
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Ha npaktuke Takux 3aBUCHMOCTEN MOKET OBITH TIOCTPOEHO MHOXECTBO B
COOTBETCTBUH C (PAKTHMUYECKUMH 3HAYCHUSMH TEX MM WHBIX MapamMeTpoB TeX-
HUYECKUX CPEJCTB. B naHHOI paboTe 3aBUCHMOCTH TIPEJICTABICHBI I HAaubo-
Jiee TUTIOBBIX 3HAUCHUI ITApaMETPOB TEXHUYECKHUX CpeCTB (Tadu. 1).
Pannocesa3s B nmamazone OBY ocyiiecTBisieTcst Ha 4acTOTaX MOPCKOM
MOJIBMKHOW CBSI3M B quana3oHax 156,025—157,625 MI'n (tenedonus u LIUB)
u 160,625—162,025 MI't; (AUC). TTockoyibKy B YKa3aHHBIX AUana3oHax Cylie-
CTBEHHBIX OTIMYMH TI0 XapaKTePUCTHKaM OOOpYHOBaHUS M PaCIPOCTPaHEHHIO
paauoOBOJIH HE OTMEYaeTCs, 3aBUCUMOCTH Ha PHUC. 2 NPUBEACHBI JUISl YaCTOTHI
ocHoBHOTO KaHana tenedonnn MP A1 TMCCB — 16 (156,8 MI').

Ta6mn. 1. [TapameTpsl TEXHUYECKUX CPENICTB, HCIIOIB3YEMBIE B pacueTe.
Table 1. Parameters of technical means used in the calculation

Ne ITapametp 3HaueHue

1. BricoTa yCTaHOBKH CYIOBOif aHTEHHBI h, 4m
MouHoCTb nepefaTuiKa Cy10BOM CTaHIIMU Pni,y;m 6 Bt

3. Koadduuent nepenaunt puaepHOTro TpakTa Ha CyHE C YIETOM

AOTIONHUTENBHOTO GUIBTPa tly,, (A1 BHICOTE yCTAHOBKH CYJ10-

BOW aHTEHHbI h, = 4 M.) —1,7 nb
Tpumeuanue: ucxoos u3 MUNOBLIX 3HAYEHUL OUHBL U NAPAMEMPOS
npUMEHSIEMbIX Puoepos.

4. Koadduuent ycunenus cynoBoit aHTEHHBI GISWIHO
IIpumeuanue. ¢ yuemom HepagHOMePHOCIU OUASPAMMbL HANPAE- 0 nbu
JIeHHOCIMU AHMENHbL, YCMAHOBIEHHOU HA CYOHe.
5. Koa¢ ¢puumenT ycnineHns: aHTeHHbI OeperoBoi paroCTaHIIAH C
YYETOM TOTeph B (PHIEPHOM TpaKTe. 0 1
Tpumeuanue: ¢ yuemom HepaABHOMEPHOCU OUASPAMMbL HANPA6- b
JleHHOCMU._anmenHtbl, ycmanosiennoll Ha maume BC.
6. OTHoueHue curnan/mym Ha Beixogie PITY GeperoBoii paguocran-
wHH B peximMe Tenedonnn SNIAP 20 nb
Ipumeuanue: [3, 6]
7. BricoTa ycTaHOBKH aHTEHHBI OEpETrOBON PaJHOCTAHINH 4 . 4 M, 10 M, 20 M,
37,5m, 75 Mm,
150 m, 300 M,
600 M, 1200 m

Ha puc. 2 mrpuxoBoii muHUel nmokazana rpaHnyHas gaabHocTh OBY pa-
IOUOCBSI3U C OIPaHUYCHHEM IO JAIBHOCTH PaJlOrOpU30HTa Ha OCHOBE (OpMYy-
JTIbI, IPUBEJCHHOM B [6]:

A =25G/hy +/hy), mm. (8)

dopmyna (8) ciyKUT TONBKO IS aJMUHUCTPATUBHOTO Ha3HAYCHHS AlTb-
Hoctu paauocBs3zu bC MP A1 I'MCCB unu PTITCYJIC, T. K. HE yYUTHIBAET:
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— 3(pPEeKTHUBHYIO U3TyIaeMyI0 MOIITHOCTD TIePEIaTINKa;

— 4yBCTBUTENBHOCTH PITY;

— (aKTUYECKYIO0 IJIEKTPOMATHUTHYIO OOCTAaHOBKY Ha IMPUEMHOH CTO-
poHe.

CoOTBETCTBEHHO, peanbHas TpaHUYHasl AAJTBHOCTh PaJANOCBSI3U CYTHO —
Oeper MOXeT OBITh KaK CYIIECTBEHHO OOJbIE, TaK M CYIIECTBEHHO MEHBIIE
MATBHOCTH, ompeeneHHoN Gopmymoit (8). 3amaua TEXHHYECKUX CITYyXO COCTO-
WT B TOM, 9TOOBI C TOMOIIBIO BEIOOpA 3HAUEHUH TapaMETPOB 3a1eCTBOBAHHBIX
TEXHUYECKUX CPEJCTB O00ecTeunTh aJMHHUCTPATHBHO ONPEACICHHYIO allb-
HOCTb paInOCBSI3U.

[IpencraBnenHas BbIIIE METOAWKA MPOTHO3UPOBAHUS TPAHUYHOU dalb-
HOCTH PaJMOCBSI3U JIUIsl HAIIPABJICHHsI CyIHO — Oeper Ha OCHOBe pacyeTa (ak-
TUYECKOW YyBCTBUTEIHHOCTH MPUTOAHA JUIs 3Tana npoexruposannst bC MP Al
I'MCCB umu PTII CYC c nensio onpenenerus / oneHku TpebyeMoii HopMa-
THBHOHM JMaNmbHOCTH paanocBs3u. COOTBETCTBEHHO, IS OIIEHKH WM sl obecrie-
yennst OMC Ha BC MP A1 I'MCCB nnu PTII CY IC Ha sTamne npoeKTUpOBaHH
HEOOXOAMMO paccUuTaTh (aKTHUECKYIO0 4yBCTBHTENbHOCTH PIIY OGeperosoii
PaJMOCTaHIMH Egarr B COOTBETCTBUM € (opmyitolt (6) 11 Hauxyaumei ¢ Touku
3perns OMC KoMOMHAINK TIEPENAIONINX CPEJCTB B JIOKAIFHOW TPYMITHPOBKE
Ha cropoHe BC MP A1 I'MCCb unu PTII CYAC, BkitouaeMbIX OIHOMOMEHTHO
Y TIPU BO3JICHICTBUY BHEIIHUX ITyMOB Ha Bxone PIIY. Jlanee HeoOxoaumo cpag-
HHUTh PACCYUTAHHOE 3HAUEHHUE Egayr C TPEOYEMBIM 3HAYEHHEM JUIS IOCTHIKEHUS
HOPMAaTHWBHOM JambHOCTH O TpaduKaM, aHAJTOTHYHBIM IPHBEIEHHBIM Ha PHC.
2, nns (akTrdeckux napametrpoB paanoodopynosanus bC MP A1 'MCCb
PTIT CYJC. Ilpu npeBbILIEHUA PACUETHBIM 3HAYEHUEM Egacr TPEOYEMOTO 3Ha-
yeHus cuutaTh IMC Ha OeperoBoM 00bEKTE HEOOSCIICUCHHOW W TPUHSITH Opra-
HU3AIOHHBIE MEPBI TI0 YCTPAHEHHUIO OCHOBHBIX HCTOYHHKOB ITOMEX.

Hcnonp3oBanme pacdeTHOrO MeToja OmpeneieHus (aKTHIECKOW dyB-
CTBHUTEJILHOCTH Egaer IO (POPMyJIE (6) HMEET CIIEYIOMINE HEOCTATKH:

— HE YYHTHIBAIOTCS BCe (DAKTOPBI pealbHOW AIIEKTPOMAarHUTHOH 00CTa-
HOBKH, a TaKXE ITyTH MPOHUKHOBEHUS IITYMOB M JIEKTPOMArHUTHBIX TIOMEX Ha
Bxoj PITY, B TOM 4mcIie 1o HensiM NUTaHus U Jp.;

— He BCerJa MOXKHO JIOCTaTOYHO TOYHO PACCUUTATh CyMMapHYIO MOII-
HOCTb paJuonomex, npuseneHHo ko sxoay PITY Py, BT.

B cBs3u ¢ 3TUM Ha 3Tane BBEACHUS B AKCILTyaTallMIO WK IIPU MPOBEae-
Hun oceuaeTenscTBoBaHusA bC MP A1 I'MCCB umu PTII CYIC cornacho [9]
JUIA YTOYHEHHUS JaIbHOCTHU CBS3M YK€ CO3JaHHOT0 OeperoBoro o0bEKTa MPOBO-
JIITCS HATYPHBIC HCIBITAHWS, B TIPOIECCE MPOBEIACHUS KOTOPBIX AKCIIEPUMEH-
TaJbHO OLIEHWBaETCs cTerneHb odecredernss DMC U MpaKTHYECKH TOCTUTHYTAS
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Puc. 2. 3aBUCHMOCTH IPaHUYHOM TABHOCTH PAANOCBSI3U OT (haKTHUECKOI YyBCTBUTEIBHOCTH
(Sq;am_sac) PITY GeperoBoii paguoCTaHIIMKU B peXUMe Tene) OHUH TSl HANIPaBJICHHS CYIHO —

oeper.
Fig. 2. Dependence of the limiting range of radio communication on the actual sensitivity (€pawr_ssc)
of the radio receiver of a coastal radio station in telephony mode for the direction ship —shore
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rpaHWYHAs JAIBHOCTH PAJNOCBS3U. DKCIEpPUMEHTANIbHAsl OIEHKA BKIIIOYAET B
ce0s NpOBEJIEHNE U3MEPEHNUS 3HAYEHHUS (PAKTUUECKON IyBCTBUTEIBHOCTH Egagcr
B peasibHBIX YCIOBUAX dKcIutyatanuu PITY GeperoBoii paanocTaHmuy MpH BO3-
JEHCTBUM BCEX BHENIHHX IIYMOB, BHYTPEHHHUX IIyMOB M NIOMEX OT PaaHOdJIeK-
TPOHHBIX CPEIICTB, PACIOJIOKEHHBIX B HEMOCPEACTBEHHON Onm3octa ot PITY
OeperoBoil paTuoOCTaHINN, TO €CTh B YCIOBHUAIX PeabHOM ((haKTHUECKO) IeK-
TPOMAarHUTHOM 0OCTaHOBKH.

Kpome Toro, coriacHo [9] B npouecce npoBeeHHS HaTypHBIX HCIIBITA-
HUH oTAensHO Tpedyercs oueHka obecneuenns OMC. [Ipu 3ToM B HOpMaTu B-
HBIX JOKYMEHTaX OTCYTCTBYeT Kputepuii obecnieuenHoctn OMC. Kak cnenyet
W3 TIPUBEJICHHBIX BBINIEC PACCYXKICHHH, MMEHHO (PaKTU4eCKas YyBCTBHTEIb-
HOCTb MOJKET SIBJISITHCA TEM KOJIMYECTBEHHBIM KPUTEPUEM, MTO3BOJISIOUIUM ClIe-
JaTh BBIBOJ 00 oOecriedeHnHn HOPMATHBHON NATBHOCTH PAAUOCBSI3HA C YIETOM
OMC u, cOOTBETCTBEHHO, 0 camoM (akte odecnieueHuss DMC.

Usmepenne daxruueckoii uyBctButensHocTH PITY B pexume Tenedonnn
st BC MP A1 I'MCCB wnu PTII CY JIC npoBoauTcs 1Mo cxeMme, MpecTaBlIeH-
HOW Ha pHUCYHKeE 3.

Amntenna
paxuoCTaHIu|

¢ f HY

Harpyska

0eMOOYIUPOBAHHbIL
Punep |—»] JIByHanpaBJICHHBII PITY CcusHaL
OTBETBHUTED
Cmanoapmmuii
ucnelmamenvhwold cuenan|
| I'enepatop BU Wsmepurens < |
CHTHAJIOB cUrHa/Iirym |
Tecmosas |
| yecmanosxka
S

Puc. 3. CtpykTypHas cxema u3MepeHus pakTHueckoi dayBctBuTenbHOCTH PITY
B pPeXHMe Tele)OHUH.

Fig. 3. Block diagram of measuring the actual sensitivity of a radio receiver in telephony mode

CtpykTypHast cxeMa U3MepeHHs (aKTH4ecKoi dyBcTBUTENbHOCTH PITY
aHAJIOTMYHA CTAHAAPTHON CXeMe M3MEpPEHHS HOMUHAIBHON YyBCTBUTEIHHOCTH
32 HUCKJIIOYEHUEM TOT0, YTO COBMECTHO CO CTaHAAPTHBIM UCIBITATEIbHBIM CUT-
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HaJIOM depe3 IBYHaIlpaBICHHBI OTBETBUTENb Ha BXon PITY GeperoBoit pamno-
CTaHIMH TIOJIKITIOYEH €€ ITAaTHBIA (uaep U aHTeHHa. BHOCHMBIMU JIByHAIpaB-
JICHHBIM OTBETBUTEIEM TOTEPSIMHU OT pazbeMa (uaepa 10 Bxoma PITY moxHO
npereopeus (< 0,1 1b6). Bo Bpems n3Mepenus (GakTUUECKON 4yBCTBUTEIBHOCTH
PITY GeperoBoii painOCTaHIIUK MTOOYSPETHO BKIIOYAIOT Ha Mepeaady pagruous-
JTy4darouue yCTpOMCTBa, PacIiolOKEeHHbIE B JIOKAJIbHOW T'PYNIIMPOBKE, BO BCEX
BO3MOXKHBIX KaHAllaX ¥ KOHTPOJHMPYIOT 3HAUCHHE OTHOIIEHUS CHUTHAJ/IIyM Ha
Berxoae PITY pammoctanimm (20 nb mis pesxxnMa tenedhoHHN) Ha TPOBEPIEMOM
kaHane. 3mepsiercs 3HaueHHe (aKTHIeCKOW YyBCTBUTEIHHOCTH TIPH BO3ICH-
CTBUM MOMEX Kak ypoBeHb DJIC BXOJHOrO CTaHIAPTHOTO UcbITaTeasHoro BU-
CUTHAJIa, IPU KOTOPOM OTHOIIICHUE CUTHAJ/IIIYM Ha BBIXOJIC MPUEMHHKA Oepe-
TOBOM CTaHIUM OCcTaeTcs paBHBIM 20 ab.
M3mepenne dakrryueckoit ayBcTBUTebHOCTH PITY B pexume [IUB ms
BC MP A1 I'MCCB npoBoasT 1mo cxeMe, IIpeACTaBIeHHON Ha pUCYHKE 4.

AHTenHa
paguoCTaHIINH

! i

Dunep |—»] JIByHanpaBiIeHHBIN PITY LIVIB
OTBETBUTEINb

Harpy3ska

I'enepatop
TECTOBOTO [P

curnana [{11B

T'eneparop BU

CUTHAJIOB Hexonep V1B |-——

}

Puc. 4. CtpykTypHas cxema u3mepeHus ¢paktuyeckoit uyBctButensHoctu PITY LB,

Fig. 4. Block diagram of measuring the actual sensitivity
of a digital selective calling radio receiver

®akTuueckas yyBcTBUTENbHOCTH PITY 1B — 3T0 MUHUMAaJIbHBIA ypoO-
BEHb CTAaHJAPTHOIO HCHbITaTesbHOro BYU-curHana Ha HOMMHAJIBHOM 4acToTe,
nogaHHoro Ha Bxox PITY uepes nByHampaBieHHBIA OTBETBUTEIL COBMECTHO C
[IOMEXaMH U LIyMaMH, ITOCTYNaeMbIMH Yepe3 aHT€HHO-(QUAEPHBIH TPaKT, IIPU
KOTOPBIX KO3(pQUIMEHT OMMOOK MpruemMa CHMBOJIOB (character error rate) Ha
Beixoze PITY VB pasen 1072,
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B xadectBe m3mepurens kodddumnrenta onmoOOK UCIOIB3YETCS K OJIep
LWB, KOTOpHI MO3BOISAET MOJCYUTHIBATH KOJIMYECTBO OIMUOOK B MPUHSATHIX
cepusix cooOmienuii [[IB npu cpaBHEHUY UX ¢ MepelaHHbIMU COOOLICHUAMU. B
KadecTBe reHeparopa tectoBoro curtaia LB (kogepa) moxer BeicTynars HU
reHepaTop, UMEIIUN BO3MOKHOCTh IIepeaaBaTh CTaHAAPTHBIE TECTOBBIE CHUT-
Hallbl, COCTOSIIIINE U3 Psiia MOCIeA0BaTEILHOCTEH BHI30BOB. B KauecTBe AEKO-
nepa curHana [[VB moxer BoicTynats HY ananmuzarop ¢ GpyHknueit nexoupo-
Banus FSK monymsium.

Kax n s pexxnma tenedorwm, BO BpeMst u3MepeHus (PaKTHIECKOH Ty B-
creutenbHocTy PITY IIMB noodepenHo BKIIOYAIOT Ha mepenayy BCe pPaanou3-
JTy4arolue yCTPONCTBa, pACION0KECHHBIE B JIOKAIHHOU IPYHNIUPOBKE, KOTOPHIE
MOT'YT paboTaTh OTHOMOMEHTHO.

Anamm3 ygera OMC AUC mna CYJC monpoGHo omwmcana B [11] u B
JIaHHOW paboTe He MpeICcTaBIeHa.

[lo pesynbraTam m3MepeHuit pakTHueckoi ayBcTBuTensHOCTH OMC BC
MP A1l I'MCCB umu PTII CYJC B OBY amama3one cuntaeTcs 00eceueHHOMH,
eciIM U3MEPEeHHOE 3HaueHNe (PaKTHIECKON TyBCTBUTEIHHOCTH HE XyXK€E MOPOTO-
BOTO 3Ha4YeHHs (DAKTUYECKONW UyBCTBUTEIHLHOCTH, IPH KOTOPOH oOecrieunBaeT-
Cs HOpPMAaTWBHAs AAbHOCTh PAJMOCBI3U B HAIPABICHUH CyTHO — Oeper (cM.
pHC. 2) A7sl KaKA0TO KOHKPETHOTO peskuMa padoTsl (Tenedonus, LIUB, AVC).

3. 3akiaouenue

B pabote chopmynmpoBaHa u JeTalM3upoBaHA METOJIUKA IMPOTHO3UPO-
BaHUs TPAHUYHOW NAJBHOCTH B HAIPaBJICHUU CYIHO — Oeper ¢ yuerom DMC
Ha JTare npoekTupoBanusi 6eperoBerx 00pekToB ' MCCh u CYIC, paboTtarto-
mmx B OBY muanasone. [IpuBenena metomuka oneHku obecrieuenus DMC Oe-
peroBeix 00bexToB 'MCCB u CYIC, pabotatomux 8 OBY auana3zone Ha oc-
HOBE HCIOJb30BaHUS 3HAYCHHH (DAKTHUECKOH UyBCTBUTEILHOCTH B KadecTBeE
kputepusi obecrieuennss DMC mpu 3aJaHHONH HOPMATUBHOW AaibHOCTH. [laH-
HBIH kputepuit obecrmeueHns DMC MOXeT OBITH OmpenesicH Kak pacdeTHBIM
MyTeM Ha 3Tale NMPOEKTHUPOBaHHs OeperoBoro 00BEKTa, TaK M IKCIEPUMEH-
TalbHBIM IIyTEM IMPHU MPOBEACHUHN HATYpPHBIX HUCIBITAHUN YK€ JEUCTBYIOLIETO
0OeperoBoro 00OBEKTA.
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Abstract: The paper presents the methodology of predicting the boundary distance of
radio communication of coastal GMDSS and vessel traffic control system objects oper-
ating in the VHF band in the ship-to-shore direction taking into account EMC. The
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Annomayusn: Ilpeonooicen u pearuzo8an cnocob cenepayuu nepuoouyeckol nociedo-
samenvHoCcmu MowHbIX yrompakopomxux CBY-umnynbcoé na ocnoge pedcuma ceep-
XU3TYYeHUs. PEeNAMUBUCTNCKOU IAMNbL 0OPAMHOU 80IHbL 8 MedeHUe OOUHOUHO20 UMNYLb-
ca MOKA CUNbHOMOYHO20 PENAMUBUCICKO20 INIEKMPOHHO20 NYUYKA HAHOCEKYHOHOT
onumensvrhocmu. Ha ocnose necmayuonapuvlx 4ucieHnvix K0O08 NOKA3AHO, YMO O0aH-
HbLUL pedcuM peanu3yemcs 3a cuem 66e0eHUsl OMPAdCEHULl HA KOHYAX 3ameosiouye
cucmembl eewepamopa. Pabomocnocodnocms cnocoba noomeepicoena 3KcnepumeH-
manvro 0na yacmom eewepayuu 10 GHz u 12 GHz. [lonyuenvl pesxcumvl eenepayuu
VAMPAKopomkux (Onumenvrocms oxkono 1 ns) eueasammuvix CBY-umnynvcos ¢ nepu-
000M CNedo8anus 8 eOuHUYbl HAHOCEKYHO (Yacmoma cie008aHuUs COMHU Mez2dazepy).
Kospduyuenmer xoneepcuu maxux umnynvcos, onpeoeinsiemvle KAk OMHOUEHUE NUKO-
6ol CBY-mownocmu Kk MOWHOCMU 2IEKMPOHHO20 NYUKA, OOCMUSANU 3HAYEHUU Gblule
eouHuysl. B sxcnepumenme nabarodanace Koppeniyus mexcoy UMRYIbCaMU NOC1e00-
6aMeENbHOCIU U UX CIPO2as NEPUOOUUHOCb.

Knwoueevie cnosa: pesmusucmcexkas ramna 06pamHOL7 B60JIHbl, ceepxXusiyierue, Cuilob-
HOMOYHbLU SﬂEKm]?OHHbllj NY4O0K, YucjileHHoe Modeﬂupowyue.

Jna yumuposanus (IF'OCT 7.0.5—2008): Toremenunos E. M., Kones B. 10., Beixo-
ues I1. B. Crioco0 renepanuu nepruoandecKoi mocie10BaTeIbHOCTH CYOTHIaBaTTHBIX
YIBTPaKOPOTKHUX UMITYJIBCOB C HAHOCEKYH/THBIM NIEPUOIOM CJICJIOBAHHUS B PEXKUME
CBEPXM3ITYUCHUS PEISTUBUCTCKOI JTaMIIbl 00paTHOI BonHbI // IHPOKOMMYyHHUKAIMOH-
HBIE U painodIeKTpoHHble TexHonoruu. 2024. T. 7, Ne 1. C. 81—92.
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Jna yumuposanus (F'OCT 7.0.100—2018): Torsmenunos, E. M. Crioco6 reneparnu
MEPUOANICCKOM MTOCIEA0BATEILHOCTH CYOrMTaBATTHBIX YABTPAKOPOTKUX HMITYJIBCOB C
HaHOCEKYHIHBIM MEPUOJIOM CJIEIOBAaHUS B PEKUME CBEPXU3ITYUEHUS PEISITUBUCTCKON
namrbl oopatHoit BoHbl / E. M. ToreMenunoB, B. 10. Kones, I1. B. Beixomnes // Un-
(hOKOMMYHHKAILMOHHBIE ¥ PaJHOdJIeKTpOHHBIE TexHomoruu. — 2024, — T. 7, Ne 1. —
C. 81—92.

1. BBenenne

Hutepec k pexxumam CBY-reHepanuu B BUJIE€ NEPUOIAUYECKON MOCIIE0-
BaTeJIbHOCTH YIBTPaKOPOTKHX UMIYJIbcOB (Y KI), 1uTenpbHOCTH KOTOPBIX CO-
CTaBJISIET HECKOJIBKO MTEPUOJIOB KOJeOaH!ii, a 9acToTa CJIe/J0OBaHUs COTHH Mera-
repll, TJIABHBIM 00pa3oM BBI3BaH pa0OTaMM IO TEMATHUKE SJIEKTPOMAarHUTHOMN
COBMECTHMOCTH 3JICKTPOHHBIX YCTPOHCTB. B psime pabot, Hanpumep [1], ObLI0
orMedeHo, uyTo takoe CBU-usznydyenne moxer Haunbomee dPPEKTHBHO MPOHU-
KaTh B PaJHOIEKTPOHHYIO amlaparypy 4depe3 ee NMpUeMHBIE TPakThl Jpyroin
BO3MOXKHOHM O0JIaCTBhIO WX MPUMEHEHHUS MOXKET ObITh HAHOCEKYHIHAS PaJHONIO-
kauus [2]. B nocnennee Bpems B obmactu Mool CBU-31ekTpoHMKH paspa-
0OTaHBI U UCCIIEJIOBAHBI Pa3JINYHBIE CXEMHBIE PEIICHUS, B KOTOPBHIX pealu3y-
IOTCSl TaKWE€ PEXUMBI T€HEPallMH BILIOTH JO TMTaBaTTHOTO YPOBHS BBIXOJHOM
CBUY-morHOCTH. DTO, HaNIpUMep, KOHCTpyKuuH [3, 4] ¢ ucrnoab30BaHHEM KOM-
OuHanuil pensaTuBUCcTCKUX JtaMi oopatHoit (PJIOB) u Geryieit BONHBL, B KOTO-
PBIX OJTHA BBICTYIAET B Ka4eCTBE aKTUBHOTO 3JieMeHTa (YCHUIMTENb), a Apyras
KaK HeJTMHEWHBIN HACHIIAOIINIACS TOTJIOTHTENh B IIEMH OOpaTHOM CBS3U. AJlb-
TEepPHATUBHBIN MOAX0J [5, 6], KOTOpBI omvcaH B JaHHOW paboTe, OCHOBaH Ha
pensituBucTCKON sammie oOpatHoit BonHBl (PJIOB), pabotatomieii B pexume
cBepxuzinydeHus [7]. OOmMM BO BCeX KOHCTPYKIUSAX SABISETCS HATWYHME LENU
00paTHO# CBsI3U, KOTOpas 3a1aeT mepuos cienoBanus Takux CBU-uMmynscoB.
IIpm sTOM, IOCKONBKY B (hopMmupoBaHun Kaxxaoro YKU ygacTByeT mpenbiay-
M UMITYJbC, OBIJIO TEOPEeTHYECKH MpenckaszaHo [3, 5] u 3areM IpoaeMOH-
CTPUPOBAHO B IKCIIEPUMEHTE [4] Hamu4ue KOPPENAUUA MEXTy HUMITYIhCaMH
I10CJIEJ0BATEIBHOCTH.

2. Biok cxema reLepartopa, pe3yJjabTaThbl HECTAITHOHAPHOT O
YUCJICHHOT0 MOJACJIUPOBAHUSA

[punuun pabdoter PJIOB B pexuMe CBEpXU3IydeHUsT OCHOBAH Ha MeXa-
HU3ME HaKOMUTEIHLHOTO 0TOOpa SHEPTHH Y JIEKTPOHHOTO My4YKa YJIBTPAKOPOT-
KUM 3JIEKTPOMarHUTHBIM HMITYJICOM (MMITYJIbCOM CBEPXM3IYUYECHHS), 3aPO K-
JAIOLIMMCS Ha KOJUICKTOPHOM KOHIIE IpUOopa U 3aTEM PacIpOCTPAHSIOLIMMCS
HABCTPE4y HEBO3MYLICHHOMY JJIEKTPOHHOMY MOTOKYy. OTOOp 3Heprum ocy-
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IIECTBIIACTCA 332 OJFH MPOXOJA. YIpOIIeHHas OJIOK-cXema reHepaTopa u3o0pa-
»xeHa Ha puc. 1. Ha BeIxonme reHepaTopa pacmolioskeH pedieKTop, OTpakaronuit
yacTh uznydaemoir CBU-momHocTn 00paTHO B 00JIACTh 3aMeISIONICH CUCTe-
Mmbl PJIOB (|R| < 1), a Ha ero KOJUIGKTOPHOM KOHIIE, TI€ 0CAXKIACTCS HIIEKTPOH-
HBIH Ty4YOK, OCyIIecTBIseTcs nmoiHoe orpaxkenue (|R| = 1) mamaromeit CBY-
MOIITHOCTH B PEXHMME KOPOTKOTO 3aMblKaHMs. BHawane aHanm3 paboThl TakoH
CXeMBI OBLT TIPOBENICH C UCITOJIB30BAHUEM IIPOCTEHITICH HECTAIIMOHAPHOW MOJIE-
mu PJIOB [5] B npuOamkeHUN YIbTPAPEISITUBUCTCKUX SHEPTUH 3ICKTPOHHOTO
myaka (y > 1, rme y — ¢daxrop JlopeHnia) 1 0HOHAINPABICHHOTO JBYKEHUS
ANIEKTPOHOB, a 3aTteM Ha ocHoBe PIC-koma KARAT [8] ¢ ucnonp3oBaHHEeM MO-
IQUIMPOBAHHON CXEMBI TeHeparopa ¢ 1eibio BeiBoga CBY-uznydenus B cro-
POHY KOJIJIEKTOpa 3EeKTPoHOB (puc. 2, 3). 31ech U aajnee UCIONb3YIOTCS Clie-
mytomye BbIpakeHUS: K = Ppeak / Ppeam — K03 GUIIMEHT KOHBEPCHH, KOTOPHIH
OTIpeIeTISIETCS KaK OTHOIIEHHE MOITHOCTH M3Ty4YeHHUs, BEIBOJUMON B HATPy3Ky,
K MOITHOCTH 3JIEKTPOHHOTO ITyYKa;

C(t) = J,™ Ay (t)A(t' - t)dt’/\/ P 1Ay (e 12de = [ A 12de —

HOPMHpPOBaHHas B3auMHast Koppessiiontas Gpyukmust C(t) mexay mepsbiM (Te-
CTOBBIM) uMITyJbcoM A;(t) U MoaHO# Mmociea0BaTeIbHOCTRI0 UMITYIILCOB A(t),
rae Trep — MEPHOJ CIICIOBAHHS UMITYJIHCOB.

output pulses RBWO SWS

superradiance pulse

fAALELL ™5

1

IRI< 1
IRI=

N <

REFLECTOR 1
REFLECTOR 2

reflected
pulse

L

Puc. 1. briok-cxema reHeparopa ais nonydeHus nocnenoBatensHoct Y KU Ha ocHose PJIOB,
paboraroeii B pexxuMe cBepxusiydenus. |R| — momynb koadduimenTa otpaxeHns,
SWS — 3ameuisttomas cucrema.

Fig. 1. Block diagram of a generator for obtaining a sequence of ultrashort pulses based on radar,
operating in superradiance mode. |R| — reflection coefficient modulus,
SWS - slowing system
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Puc. 2. Pacyer ¢ momMomibio mpocTeiell HecTalnOHAPHOH YMCICHHON Mojeny (8); pacdeT Ha

ocHoBe PIC-xoma KARAT: 3aBUCHMOCTb ITPOIOIBHOI KOMIIOHEHTHI BU-35eKTprdecKkoro moss

(E,) oT BpeMeHH B CEUCHHH, PACIIOJIOKEHHOM Ha BbIXofe U3 o0iactu pacuera (b); criekTp Beei
nocnenosareabHoctd CBY-nmmynbcoB (C); orubaromias MOyt HOPMHPOBAHHOMN B3aUMHOM KOp-

pensiunonHoi GpyHkuwn (d).

Fig. 2. Calculation using the simplest non-stationary numerical model (a); calculation based
on the KARAT PIC code: dependence of the longitudinal component of the HF electric field (Ez)
on time in the section located at the exit from the calculation area (b); spectrum of the entire
sequence of microwave pulses (c); envelope of the modulus of the normalized cross-correlation

function (d)
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Puc. 3. Biiok-cxema reHeparopa C BHIBOIOM H3IIYUCHHUS B CTOPOHY KOJUIEKTOPA JJICKTPOHOB (8);
npumep 2,5-D MopenpoBaHus TeHEepaliy MOCIeI0BATEIbHOCTH UMITYJIECOB TIPH TOKE
3NIEKTPOHHOTO Tyuka 4.5 kA, yckopsitoriem Hanpspkenun 300 KV, JUTHTEIbHOCTH HMITYJIbCa TOKA
40 ns ¢ ¢pporTOM 5 NS 1 Beayiuem MarHuTHOM 1oiie 2.0 T (D). YacroTa cieroBaHus HMITYJILCOB
240 MHz, yacrora rereparnuu ~ 12,0 GHz. ITuxossie Moraoctr Y KU okono 1 GW,
k03 punments! kouBepenu Ky.g = 0,7.

Fig. 3. Block diagram of a generator with radiation output towards the electron collector (a); an
example of a 2.5-D simulation of the generation of a pulse sequence at an electron beam current
of 4.5 kA, an accelerating voltage of 300 kV, a current pulse duration of 40 ns with a leading edge
of 5 ns and a leading magnetic field of 2.0 T (b). Pulse repetition rate 240 MHz, generation
frequency =~ 12.0 GHz. Peak USP powers are about 1 GW, conversion factors K, o~ 0.7

3. DKkcnepruMeHTAIbHbIE Pe3yIbTaThl

OOmmii BHA OKCIEPUMEHTAJIBHOW YCTaHOBKM cC cucremoir CBY-
perucTpanmm, Koropas UCIOJIb30BaNach A TECTUPOBAaHUS I'eHepaTopa B pas-
HBIX peXHMax paboThl, IPeICTaBICHBI Ha prc. 4. B kauecTBe BHICOKOBOJIBTHOTO
HCTOYHHKA TIPUMEHSUICS CHIILHOTOYHBIN UMITYIILCHBIN TeHepatop cepun SINUS
[9] c tpoitrol dhopmupyromelt uaEEH (1), KOTOPBIA MPOU3BOINAI UMITYIIHCHI
HaNpsDKeHUs ¢ aMIuTuTy R0 10 330 KV u mmmrensHocThio 0kos10 40 nS. Tpy6ua-
TBII PEIATUBUCTCKUN NIEKTPOHHBIN MMyYOK SMUTHPOBAJICSA C KPOMOYHOTO B3pHI-
BOSMHCCHOHHOTO KaToJa ¥ (OPMUPOBAJICS B KOAKCUAJILHOM BaKyyMHOM AHOJIE
C MarHUTHOM m3omsiuuMed. MarHutTHoe mose, TpaHCHOPTHUPYIOIIEe MYUYOK Yepes
anekTpoarHaMudeckyto cucremy CBY-renepaTtopa, co31aBajoch COJIEHOUIOM
TTOCTOSTHHOTO TOKa (2) ¢ MaclsHBIM oxJaxaeHueMm katymek. Ha Beixoge CBY-
reHeparopa yCTaHABIMBAJICS HAIPABICHHbBII OTBETBUTEIb HA OCHOBE KPYIJIOTO
BostHOBO2 (3). s peructpanuu ammumtynsl U popmbel YKU curHan ¢ orBet-
BUTENS TIepeaBajcs Ha JIAMIIOBBIM JETEKTOP U PErrCcTPUPOBAIICSA OCHUIIIOTPa-
¢dom Tektronix TDS 7404 (4 GHz, 20 Gs/sec). B omHOM U3 3KCIIEPHMEHTOB JUIst
perucTpalnuyu paguoCUTHAIOB C OTBETBUTENSA JOIMOJHHUTENBHO HCIIO0JIb30BaJICs
ocummrorpagd Keysight (Agilent) UXR0134A (13 GHz, 128 Gs/sec). BsiBox
CBY-u3nydeHHsI B OTKPBITOE TPOCTPAHCTBO MPOU3BOAMIICS Yepe3 KOHUICCKUH
pymop (4) ¢ nnamerpom BeIxomHOTOo OoKHa 200 mMm. BreicokowyacToTHas kabems-
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Has Tpacca JjIs nepenaun nerektupoBaHHbIx CBY-curHanoB kammubposaiach ¢
romoltipio reHeparopa ['5-84, koTopsiil GOpMUPOBAT BHACOMMITYIIECHI C JUTH-
TENBbHOCTHIO OK0JIO 1 NS. s mepenaun paauoCUTHAIOB UCTIOIB30BAJICA BBICO-
koyacToTHbIN Kabenb cepun KC20A-13-13 anmuHoli 6 M B KOMIUICKCE C JIMHEH-
KOI BBICOKOYACTOTHBIX aTTEHIOATOPOB.

777 ~I"l

& {'

nwleull ir capacitor Imlrm\ ‘/\ A

Puc. 4. DxcnepuMeHTanbHas ycraHoBKa ¢ cucteMoir CBU-peructpanmu: 1 — CUIBHOTOYHBI
nmiynbseHbIH reneparop SINUS ¢ TpoiiHoit popmMupyromeit TimHueH, 2 — COJIEHOH]] C CHCTEMOH
OXJIAXKJICHUS U OaTapeeil MOJIEKYIISPHBIX KOHJICHCATOPOB, 3 — HalpaBJICHHBIN BOJIHOBOIHBIA
OTBETBUTEIIb C JIAMITOBBIM JIETEKTOPOM, 4 — U3JIyHaroliuii pyrnop, S — ocuuuiorpad.

Fig. 4. Experimental setup with a microwave recording system: 1 — high-current SINUS pulse
generator with a triple shaping line, 2 — solenoid with a cooling system and a battery of molecular
capacitors, 3 — directional waveguide coupler with a lamp detector,

4 — emitting horn, 5 — oscilloscope

3.1. DkcnmepuMeHTAJIbHBI MaKkeT reHepaTopa Ne 1 (yacToTa reHepanuu
10 GHz, pe:kxuM 0IUHOYHOTO CPAGATHIBAHUS YCKOPHUTEJISI 3JIEKTPOHOB)

[lpy ammMTye HaNpsDKEHHS Ha BaKyyMHOM JIHOJZIE YCKOPHTEINS JJIeK-
tponoB 270 KV, Toke myuka 4.0 KA u Begymem MarauuTHOM nosie 2.2 T mony4eH
PEXUM TeHepaluuu nepruoanueckoi mocienoBarensnoctd YKU (puc. 5) ¢ mm-
TEJNILHOCTBIO Ha TonyBeicoTe ~ 0.8 NS u wacroroit cnenosanus 170 MHz (nepu-
on ciemoBanus 5,9 ns) [6]. Takoi mepwoa CiIeI0BaHUS HUMITYJIbCOB COOTBET-
CTBYET TMepHONy OOpaTHOW CBSI3M B TCHEparope, OICHHBAEMOMY Kak
T =L (/g + 1/Ve) TOE Ve — CKOPOCTH JIEKTPOHOB B IyUKe, Vgr — TPYIIOBas
CKOPOCTH BCTPEYHOH SIIEKTPOMAarHUTHOW BOJHEL, L — jmmHa cuctemsl (puc. 3).
HentpansHas yactora konebanuii B kaxaoM Y KU okomno 10 GHz. Usmepenus
nukoBod MomHocTH YKU ¢ momolpio HalmpaBIeHHOTO BOJHOBOJHOTO OTBET-
BUTEJISI, CATHAJ C KOTOPOTO MOCTYIIA] Ha JIAMITOBBII AETEKTOp B 00padaThIBal-
Csl C YY€TOM BOJIbT-BATTHOM XapaKTEPHCTUKU ITOTO JETEKTOPA, Jalld CIeAyIo-
mue oue"ku: P;=14GW, P,=10GW, P3;=11GW, Ps=11GW,
Ps = 0,8 GW, Ps~0,3 GW. KoadduimeHTs KOHBEpCHH, OIMpEIesieMble Kak
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OTHONIIEHHWE TMUKOBOM MOIIMHOCTH Kaxa0oro YKW K MOIIHOCTH 3JIEKTPOHHOTO
ny4yka B MOMCHT BPCMCHHU 0003HaYEHHBIH TPEYTOJIbBHUKOM Ha pHUC. 5, COCTaBH-
m: Ky =13, K, =09, K;=10,K;~0,9, Ks~0,7, Ksg =0,3 .
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yckopurtenst: Chl — HanpsokeHue Ha BakyyMHOM quoje, Ch2— tok Bakyymuoro quosa, Ch3 —
neTekTupoBaHHbli CBY-curHas c BOTHOBOJHOTO OTBETBUTEINS. [lapaMeTphl 31eKTPOHHOTO Ty4Ka B
MOMEHT BPEMEHH, BBIJICTICHHBIH TPEYTOJIbHUKOM: yeKopsitoriee Harpsokerue 270KV, Tok 4.0 KA.

Fig. 5. Oscillograms recorded for 20 consecutive operations of the accelerator: Chl — voltage on
the vacuum diode, Ch2 — current of the vacuum diode, Ch3 — detected microwave signal from the
waveguide coupler. Parameters of the electron beam at the time indicated by the triangle:
accelerating voltage 270 kV, current 4.0 KA

3.2. JKkcnepuMeHTAIBHBII MaKeT reHepaTopa Ne 2
(uactoTa renepauun 12 GHz, uMnyabcHO-TIepHOANYECKHUI peKUM
padoThI yCKOPHTEJIsl 3JIEKTPOHOB)

Ipu ammmuTyzne Hanpsbkenus Ha BakyymHoM muozne 300 KV, Toke mydka
3.8 KA u Bemymiem marautHoM mosie 1.8 T mosydeH peskuM TeHepanud Mepro-
nrueckor mocnenosatensHocT YKU (puc. 6) ¢ JTUTENBHOCTBIO MO TOJIOBHH-
HOMY YPOBHIO TUKOBOW MOIITHOCTH OKOJIO 1 NS M 4acTOTOH CieJ0BaHUS OKOJIO
240 MHz (mepuon crnenoBanus okono 4.0 ns). OmEeHKH MHMKOBOW MOUTHOCTH
YKU B uzMepeHusax ¢ nNoMouIbi0 BOJHOBOJHOTO OTBETBUTEIIS U JIAMIIOBOTO Ji€-
TeKTOopa cocTaBuin: nepseii — Py ~ 0,23 GW, Bropoit — P, = 0.35 GW, tperuii
— P3~=0,48 GW, uerBeptoiii — P4~ 0,56 GW, nsareiit — Ps~ 0,53 GW, mie-
croii — Pg~ 0,48 GW, cenpmoit — P;= 0,51 GW, Bocemoit — Pg=~ 0,35 GW.
CooTBeTcTBYOIUE KOIPPHUIIMEHTH KOHBEpCHUU (I MOMEHTa BpEeMEHH 000-
3HaYeHHOTO TpeyronbHuKoM): Ky.g~0,2—0,5.
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THIHWYHAS OJIMHOYHAs OCIHMJUIOTpaMMa MOCIeI0BaTeIbHOCTH paqrnocurHanos (b).

Fig. 6. Oscillograms obtained in the accumulation mode for 30 consecutive operations of an
electron accelerator operating in a mode with a repetition rate of 30 Hz (a); typical single
waveform of a radio signal sequence (b)

P, MW

1.0
600 a lc)| b
500 A 0.8
400 ‘ | 0.6
300 ‘
| 0.4 4
200 f \ ' \ | \
i) il Al 0.2
\ A )
04 /\) W \N \/\J - \\J \ \g./\, — 0.0 4
10 2 pas 30 40 s 0 10 20 30 40
Relative units Relative units
10 1.0
C
0.84 0.84
0.6 0.64
0.44 0.44
02 0.24
04 04
T T T T
10 11 12 F.GHz 13 14 15 10 F.GHz 15
S, J/GHz S, J/GHz
0.42
e
1254 0.35 4
10.04 0.28
7.5 0214
5.0 0.14
2.5 4 h 0.07 4
0.0 0.0
T

10

11

12 F,GHz

T
13

T
14

T
11

12 F,GHz

Puc. 7. Ilosenenue ycpensenHol 3a nepuon konedanus (Tge=1/Fgen) MOIIHOCTH reHepaLuy BO
BpeMeHH (@); orubaroias Moy Isi HOpPMUPOBAHHOM B3aMHOM KoppessiironHoi pynkuun (b);
CIEKTpEI Beelt mocnenoBarensHoct YK (C) 1 mMITynnbca, IMEIOIET0 MaKCHMAIbHYTO
amruutyay (d); crekTpasbHble IUIOTHOCTH SHEPrHH Beel mocnenoarensioctd YKU (€) u

15

UMITYJIbCA, MMEIOIIEr0 MakCuManbHyto ammuutyy (f).

Fig. 7. Behavior of generation power averaged over the period of oscillation (T sc=1/Fgn) over
time (a); envelope of the modulus of the normalized cross-correlation function (b); spectra of the
entire USP sequence (c) and the pulse with the maximum amplitude (d); spectral energy densities

of the entire USP sequence (e) and the pulse having the maximum amplitude (f)
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PesynbTathl 06pabOTKM MOCIIEI0BATEIbHOCTH PAJANOCUTHAIOB U3 pHUC. 6D,
B TOM 4YHCIIE C MOMOLIBIO KoppemsiuonHod ¢yHkimu C(t) u nmpeoOpazoBaHus
®ypre, IPeACTABICHBI HAa pUC. 7.

PaBHbie vacrorHbie mHTEepBajibl AF ~0,24 GHz (puc. 7C) Mexay crek-
TPaJbHBIMH JIMHUSIMU CBUIETEJIBCTBYIOT O CTPOTOM IEPHOANYHOCTH CJIEIO0Ba-
Husg CBU-umnynbeoB (T = 4 NS). LlenTpanbHast yacToTa KoJeOaHUH B KaXKI0M
YKMU okomno 12.0 GHz (puc. 7d).

4. 3akJIioueHue

BaxxnedmuMm pe3yapTaToM NMPOBEICHHBIX PadOT SIBASETCS 3KCICPUMEH-
TaJbHOE MOATBEPXKACHUE CIIOC00a TeHepaluy NepHOANIECKON TOCIe0BaTeIb-
HocTH YKMU ruraBartHoro ypoBHss CBU-MOITHOCTH U KOPPESILUU MEXITYy UM-
IIyJIbCaMHu IocienoBarenpHocTH. KpoMe Toro, HabioaaBIIeecss OTHOCUTENBHO
HeOOJIbIIOE CHIDKEHHE NMKOBOW MOIIHOCTU TaKHUX HMMITYJIBCOB K KOHILYy IOCJIe-
JIOBATENBHOCTH MOXET CBUJETEIbCTBOBATH O CYIIECTBOBAHMM pecypca s
JAJIBHEHIIETO YBEIMYEHUS UX YUCIA B IIOCIEA0BATENBHOCTH, KaK 3a CUET Iepe-
Xo/1a B 0Oojiee BBICOKOYACTOTHBIN IHAINa30H, TaK M 3a CUET YBEIMYCHHS IJIH-
TEIBHOCTH MMITYJIbCA TOKA IIEKTPOHHOIO ITyUKa.

Pabora BhINOJIHEHA B paMKax rocyaapcrBenHoro 3afganus MCO CO PAH
(rema Ne FWRM-2021-0002).
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Abstract: Amethod for generating a periodic sequence of powerful ultrashort microwave
pulses based on the superradiant mode of a relativistic backward wave oscillator during
one pulse of a current of a high-current relativistic electron beam of nanosecond dura-
tion is proposed and implemented. Based on non-stationary numerical codes, it is shown
that this mode is implemented by introducing reflections at the ends of the system of de-
celerating generators. The effectiveness of the method has been confirmed experimental-
ly for generation frequencies of 10 GHz and 12 GHz. The modes of generation of ultra-
short (duration about 1 ns) gigawatt microwave pulses with a repetition period in units of
nanoseconds (repetition frequency of hundreds of megahertz) are obtained. The conver-
sion coefficients of such pulses, defined as the ratio of the peak power of microwave ra-
diation to the power of the electron beam, reached values above one. In the experiment, a
correlation was observed between the sequence of pulses and their strict periodicity.

Keywords: relativistic backward wave oscillator, superradiant mode, high current elec-
tronic beam, numerical simulation.
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Annomayun: B cmamve npedcmasiensvt pe3yiomamol pazpabomku npomomuna npue-
Mo-nepedaroueco MoOyisi NOOBOOHOU OeCNPOBOOHOU ONMUYECKOl CucmeMyvl nepedaiu
OoanHwlx. Buibpana akmyanvhas komnonenmuas 6asa. Paspaboman npomomun mooyns
¢ yuemom mpebdyemoeo gopm-paxmopa. Ilposedenvl ucnvimarus 6 6€Cnpo8OOHOM B0 3-
OoywHom kanane cesasu. Ilpedcmasnenvl pe3yibmamol UCCie008anus NOOBOOH020 bec-
NPOBOOHO20 KAHANLA C6A3U, PEanU308aHHO20 C NPUMEHEHUeM Man02adapumHbIX 6CeHd-
NPABLEHHBIX PAMOUHBIX MACHUMHBIX anmeHH. Paszpabomansi u uzeomoenenst npomo-
MUNbL GHMEHH, 6bINOTHEHbL USMEPEHUs. NO nepedaie OAHHbIX C UX NPUMEHEHUEM  npec-
Hou u Mopckoti 6ode. Tlokazana nomenyuanbHas 03MONCHOCTL OP2AHUZAYUU C NPUM e-
Henuem MASHUMHBIX AHMEHH WUPOKONOIOCHO20 NOOBOOHO20 DECHnpO8OOHO20 KAHANA
ces3u npomsdxicenrHocmoro 0o 100 mempos u bonee.
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6ecnpogoonas MAZHUMHO-UHOYKYUOHHASL  C8513b, MAZHUMHbIE AHMEHHbl, NPUEMO-
nepeoarowuli OnMu4eckull Mooyv.

Jna yumuposanus (IFOCT 7.0.5—2008): upokos U. b., Tonosun B. B., Peapku-
Ha E. A. n np. Pa3pabotku B o0acTu 1o jBoAHON OECTIPOBOHOM ONTHUYECKON CBSI3M U
C TTOMOIIBIO MaJIOrabapuTHBIX MATHUTHBIX aHTEHH // IH()OKOMMYHUKAIMOHHBIE U pa-
JIMo3JIeKTpoHHbIe TexHonornu. 2024, T. 7, Ne 1. C. 93—105.

Jna yumuposanusn (IF'OCT 7.0.100—2018): lupoxkos, U. b. Pazpabotku B oOnactu
TOJIBOAHON OECIIPOBOHOI ONTHYECKOM CBSI3U U C TOMOILBIO MajlorabapUTHBIX MarHuT-
ubix antend / U. b. lllupoxkos, B. B. l'onosuH, E. A. Penpkuna u ap.// UndokomMmyHu-
KaIlMOHHEIC U PaJMo3JeKTpOHHEIe TexHomoruu. — 2024. — T. 7, Ne 1. — C. 93—105.



94 Electronics, photonics, instrumentation and communications
DiexrpoHuKa, GOTOHHKA, TPUOOPOCTPOCHHUE H CBSI3b (2.2)

1. BBegenue

B coBpeMeHHBIX TEIeKOMMYHHMKALMOHHBIX CHUCTEMaX s OpraHU3aliH
0ecIpoBOHO TOABOIHOM CBSI3M IPUMEHSIOT CIIEAYIOIINE HECKOIBKO TIOAXO0/IO0B.

Axyctrueckas nozaoaHas cBsizb (UAWC), koropasi cuMTaeTcsi caMbIM
MOMYJIIPHBIM METOJIOM TIOJIBOJHOW OECIPOBOTHON CBS3H, TAaK KaK 3aTyXaHWs
I0/T BOJON aKycTHdecKuX BoiH coctaBisiior 0,1—4 nb/km. K HemocraTkam ot-
HOCSITCSl HU3Kasi CKOPOCTh paclpocTpaHeHus akycTudeckux BoiH (1500 m/c) u
orpanndeHHast nonoca nponyckanus UAWC (kI'), 9TO NpUBOIUT K SBICHHUIO
MHOTOJIY4€BOCTH, OOJBIION BPEMEHHOH 3aJepKKe M TPOMO3JIKHM aKycTHYe-
CKUM aHTeHHaM [ 1].

Honeonnas pamuocesaze (URWC) mo3BossieT opraHu30BaTh BBICOKOCKO-
POCTHYIO Tiepe/iadyy JaHHBIX Ha HEOONbIINX paccTosSHUAX. Ha anexTpoMarHuT-
Hble BOJHBI BIMSIOT TEMIIEpaTypa, COJNEHOCTh M TIIyOWHA, YTO IMPHUBOAUT K
CHJIBHOMY OCIIA0JICHHIO AJIEKTPOMATHUTHBIX BOJH W OTPaHHYMBAET JATBHOCTH
pacmpocTpaHeHUsl CUTHaNA B BOJie. biarogaps BEICOKOW 3IIEKTPOIPOBOIHOCTH
Boxsl Ha CBY TpynHO peammzoBars URWC Ha Tpaccax mpoTsHKEHHOCTBIO Oosiee
10 M [2] B muama3oHax METPOBBIX U 00Jice KOPOTKUX BOJIH (B auana3zoHe 2,4
I'Tu 3aTyxaHus padOBOJIH B COJICHOM BOZE COCTABIISIOT O0Koyo 169 nb/m), npu
3TOM TpebyeTcs OoJbIas MOITHOCTE MepenaTdukoB (0onee 100 Br) [3]. B ana-
mazoHax [IB (30—300 kI'm) u C/IB (3—30 kI'1) ocmabneHue MeKTpOMarHuT-
HOM BOJIHBI MOXET PacCMaTPHBATHCSA KaK JOCTATOYHO HHU3KOE, YTOOBI obOecrie-
YUTH HAAEKHYIO CBS3b HA paccTossHUKM MHorux kuiomerpoB. URWC nuanazona
JB npuMeHsoTCs. B TIOABOAHBIX BOCHHBIX CUCTEMAaX WM IPU CO3JaHUU JIMHUHT
CBSI3U MEXIYy Ha3eMHBIMU WU MOJBOIHBEIMU 00BhekTamu [4]. K ocHOBHBIM Hemo-
CTaTKaM TaKUX CHCTEM OTHOCSTCS CIIOKHBIE TPEOOBaHNUA K KOHCTPYKIIMH OYeHb
OOJNBIINX AHTEHH W HU3KHE CKOPOCTH TIEpeIavun JaHHBIX.

[ogBomHas cBsa3p ¢ momombto MarauTHOW WHAYKIMU (UWMIC) kak
MHOTr000€IIalomas 3aMeHa TPaJUIIMOHHBIX AaKYCTHYECKUX CHCTEM U PaluoCBs-
3W MPHBJIEKJA 3HAYUTEIBHOE BHUMaHUE [5]. DTO 00BACHSIETCS NPUCYIIUMH ei
Ka4eCTBEHHBIMU aMILIUTYAHO-4YaCTOTHON XapaKTEpUCTUKON KaHasla, Majol 3a-
JEp>KKOH pacrpocTpaHeHUs] ¥ OTHOCUTEIBHO HEOOIBIINM MOTPeOICHUEM dHE P-
run [6]. [lpenmonaraercs mepexoa OT TPaAULIMOHHBIX OJHOHAIPABICHHBIX aH-
TEHH K IMWpoKoHampaBieHHBIM MI-anTtenHaMm. CymiecTByeT Takxke OOJBIION
HCCIIeIOBATENIbCKUN WHTEPEC K MMEIOIIMMCS B HACTOSIIEe BpeMs MOIXOJaM K
PaCIIUPEHUIO MM TOBTOPHOMY HMCIOJIBb30BAHUIO JOCTYIHBIX MOJOC YacTOT AJIS
YBEJIMYCHUSI MIPOITYCKHOM crlocoOHOCTH Mo/ BoiHOTO KaHana MI [5].

IMoneonnas onrtnueckas cBsizb (UOWC) ocHOBaHa Ha HCIOJIb30BaHHU
BUIMMOI0 y4acTka omnrudeckoro crekrpa. UOWC xapaktepusyercst 00JIbIIOwMN
JOCTYITHON TIOJIOCOM MPOITyCKaHMs, YTO MO3BOJISIET PEaTN30BaTh BRICOKUE CKO-
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pocTH Tepeaadu TaHHBIX, 00NagaeT MPEeuMyIecTBaMi HI3KOTO SHEpromnorpe o-
JICHUA, HU3KOM CTOMMOCTH U KOMITaKTHBIX pazMepoB [7]. CnoxHas moIBOAHAS
cpela OKa3blBaeT CEPhE3HOE BIUSHHUE HA PACIPOCTPAHEHHE CBETAa IOJ BOJOM.
[Nornomenue, paccesHue W TYpOYJIEHTHOCTh SIBJISIFOTCS JIOMHHHUPYHOITUMHU
BpeIHbIMH 3((EKTaMU, KOTOPIC YXY/IIIAIOT XapaKTEPUCTUKH ONTUYCCKON Te-
penaym mpu HU3KUX TemrepaTypax. [logBomHas mepemada ONTHYECKUX BOJH B
monoce 450—500 uHM (CHHHUE W 3eJeHbIN) UMeeT HanMeHBIee 3aTyXaHue st
YUCTON MOPCKOH BOMBI WM Ipo3padHoro okeana (0,4 nb/M) o cpaBHEHHIO C
JIPYTHMHU TIOJIOCAMH, B 3TOH Mmojoce orpaHndeH 3((eKT ocialieHus, BhI3BaH-
HBII B3auMOJCHCTBIEM (DOTOHOB C MOJICKYJIAMHU BOJBI M JIPYTHMMH YaCTHI[AMH.
[omnoca 520—570 uM (>kenTo-3eneHast) HOAXOAUT Al MPHUOPEKHBIX OKEaHCKUX
WM MYTHBIX TOPTOBBIX BOJ (11 nb/m).

B nmaHHO#W cTarbe TpeACTaBICHBI PE3YIBTAThl PAa3pabOTKA MPHUEMO-
Iepeaonero MOy Ui OpraHu3aluu OecIpOBOIHOW ONTHYECKON CBS3H,
COBMECTHMOTO Ha Bxonle ¢ mHTepdericom RS-232. Taxxe mpencraBieHbl pe-
3yJbTaThl UCCIIEIOBaHUS OECITPOBOIHOTO MOABOAHOTO KaHAJA CBSA3H, OPTaHU30-
BaHHOTO C MPUMECHEHHWEM MajorabapuTHBIX MAarHUTHBIX aHTCHH, SKCICPUMCH-
TaJbHO MMOKa3aHa BO3MOXXHOCTh OOCCIECYUTh BBICOKYH) MH()OPMAIMOHHYIO €M-
KOCTh KaHaJa CBSI3U Ha TPacce MPOTSDKEHHOCTBIO JECSITKU—COTHH METPOB.

2. Ilpuémo-nepenaromuii Moay.,1b NOABOAHON GeclIpOBOAHOM
ONTHYECKOH CUCTeMbI NepeIavyu JAHHbIX

B crarse [8] Hamu ObLIH TIpeaCTaBICHBI PE3yIBTAThl Pa3pabOTKH Tepea-
IOIIETO ONTUYECKOTO MOJYJS Ha OCHOBE mepekmrodatenei ¢ TTL-moruxoit u
MIPHEMHOTO ONTUYECKOTO MOJYJS Ha OCHOBE JIByX BapHAHTOB OIEPAIIHOHHOTO
yemmrens OPA855 ¢ monocoit nponyckanus 8 ['T. s 6ecripoBoTHOTO OMITH-
YECKOTO KaHaja MPOTSHKEHHOCTHIO 0 1 M IPOU3BEACH CPaBHUTENBHBIN aHAIIN3
BPEMCHHBIX IMapaMETPOB IMEPEAAHHBIX IOCIEIOBATEILHOCTEH 3ICKTPUUCCKUX
HMITYJIbCOB CO CKBaXKHOCTBIO 2 U ¢ yacToroii 1 MI'l mpu UCMONb30BaHUH Pa3-
JWYHBIX ~CcBeToM3Nmydaronux guomoB  (BL-L524UBC, BL-L522UBC, BL-
L502UBC, FYL-5013UBC, NL-5013UBC, GNL-5053UBC, GNL-5053UBC-TL,
GN2-5013BGC, BL-L563UBC) u pin-dporoauomos (BPX 65, BPW24R, ®J1-263-
01). TTosyueHHbIE TIPA ITOM PE3YJIHTATHI MO3BOJIAIIN [TO00PATh KOMILJIEMEHTAP-
HYIO [1apy CBETOANOA M (POTOJMOAA, BEISIBUTD PsIJl CXeMOTEXHUYECKUX OCOOCH-
HOCTEH, B TOM YHCJIC KaCAIOLIUXCs PeaTu3allii HCTOYHUKA TUTAHUS U PEaTU30-
BaTh MEKTPUYECKUE PHHIUMUAIBHBIE CXEMbI JJIsl IPUEMHOTO U NIEPEaroero
0JI0KOB paspabarsiBaeMoro mporoturna. Ha prc. 1 moka3aHa anmeKTpuuecKas
MIPUHINIHATIbHAS CXeMa IJIaThl IePEIAloIeTro ONTHIECKOT0 MOyl Ha OCHOBE
BOChMHKaHanbHOTO npaiiBepa LED — MBI516 (DD1). Ha Bxomast DD1 3, 4 u 13
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momarorcs curaainsl 3anycka (LE), cuaxponunsanuu (CLK) n mepemaBaembie paH-
ueie (DI). B kaxaom u3 kananoB ynpasienns MBI5S16 mociemoBateibHO BKITO-
yeno 1o 3 LED BL-L502UBC ¢ anunoii BoaHbI n3nydeHus 470 Hm.
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Puc. 1. Dnextpudeckasi IpUHLIMNINAIBHAS CXEMa IUIAThI MEPEJAIOIIET0 ONTHYECKOTO MOTYJIA.

Fig. 1. Electrical circuit diagram of the transmitting optical module board

Ha puc. 2 nokasaHa sneKTpudeckasl IPUHIMITHAIBHAS CXeMa TUIAThI [P U-
€MHOTO ONTHYECKOro MoayJisi ¢ Pin-potoanonom (HL1) ®/1-263-01. Ycunenue
peaM30BaHO Ha ONEpalnuoHHBIX ycunuTenssx DA6 (mukpocxema LTC6268) u
DAl A, B (Mukpocxema MP2307), Ha BBIXOAE KOTOPBIX BBEICOKOCKOPOCTHOM
kommapatop DA2 (Mmukpocxema MAX913) BoccTanaBnmuBaeT (hopMy UMITYIBCOB
B IIPUHATON TOCTICIOBATEILHOCTH JTaHHBIX.

Peanuszanus mporpaMMHOro oOecrieueHHsl MEPeAArONIEro U IIPUEMHOTO
MOJIYJII CHUCTEMBI OCCIIPOBOJHOM ONTUYECKON IMOIBOJIHON MEpeladyd JaHHBIX
OCHOBBIBACTCS Ha TpueMe MHGOPMAI[MOHHON TOCIIC0BATEIBHOCTH 110 MPOTO-
koiy RS-232 ¢ mocnenyromuM npeoOpa3oBaHUEM CHUTHAIA B ONTHYECKYIO MMO-
CJIeI0BaTebHOCTh ¢ Monyisiiineit PPM takum o0pa3oM, aTo uHGOpMAITnOHHAS
JoTHYecKas eIuHUIA 3aMeHsIeTCsT YeThIpbMsl Ouramu 0010, a Jorudeckuii HOIb
— 0100.

CraproBas u cTomoBasi ontuyeckas nociegoareabHocTs — 1000. OT-
Jagka paboTHI MPOrpaMMBl OCYIIECTBISUIACh Ha OTJIA0YHBIX miarax cyclone 4
C SMYJISIIIMEN pa3NIMYHbIX MMOCNIEA0BATEILHOCTEH Ha Tepenade ¢ aemmudpanueit
Ha TIpHEMe U OTOOpaKeHHEM pe3ysbTaToB mepeaaun Ha 11K, a Takke Ha cemu-
CEerMEHTHOM MHAMKATOPE TUIATHI, KaK ITOKa3aHo Ha puC. 3.

Pa3zpaboran mpoToTHI mpHUEeMO-TIepeaoero MOAYJS ITOABOJHON Oec-
nipoBoiHO# ontuyeckoi cesa3u (IITIM-BIIOC), puc. 4.
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Puc. 2. Dnextpudeckas NpUHIMIIHANBHAS CXEMa IIATHI IPHEMHOTO ONTHYECKOTO MOYJIA.

Fig. 2. Electrical circuit diagram of the receiving optical module board

CUHXPO
HU3aLmMA

Puc. 3. Pesynprar nepegauu oTnafouHON €AMHIYHON MOCIEIOBATEIFHOCTH.

Fig. 3. Result of transmitting the debug single sequence
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B cocras [IIIM-BITOC BX0a9T MOyH:

— mepearuii Moaynb (puc. 5, a);

— MpHUEMHBIH MOIyIb (puc. 5, b);

— MOJIyJIb U(POBOI 00pabOTKH CHrHAIOB (pHC. 5, C).

Puc. 4. TIporoTun npruemMo-Tepearonero MoayJis OECIpOBOIHON ONTHYECKOMN CBSI3H.

Fig. 4. Prototype wireless optical communication transceiver module

Puc. 5. Cocras IIIIM-BIIOC: nepenatonuii MoayJb (@), IpUeMHBbIH MOYIb (0)
¥ MOJIyJ1b HU(POBOI 0OpabOTKH CUTHAIIOB (B).

Fig. 5. Composition of a wireless optical communication transceiver module: transmitting module
(a), receiving module (b) and digital signal processing module (c)
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Buemranii Bug [ITNIM-BITOC, pa3MemeHHbI B BOJOHETIPOHUIIAEMOM Me-
TAJTHYECKOM KOpITyce, paboTaroNHil B pexUMe Mepeiavun JaHHbIX, TOKa3aH Ha
puc. 6.

a)
Puc. 6. Baemnnii By [IIIM-BITOC B BooHEIPOHUIIAEMOM METAUTHIECKOM KopIryce () U U3-
MepUTeNbHas ycTaHoBKa B coope (D).

Fig. 6. Appearance of the wireless optical communication transceiver module in a waterproof
metal case (a) and the assembled measuring setup (b)

HcnpiTanusa npoBOAWIIMCH NPU NPOTSKEHHOCTH BO3AYLIHOTO KaHalla OT
1,5 no 7 m. st Tpacchl IHHONW 9 M MOJIyYEHBI CIEIYIOMNUE OCHUIIOTPAMMEBI
Ha PUEMHOM MOJlyJIe, TOKa3aHHbIE Ha PUC. 7.
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Puc. 7. OcmmnorpaMme! Ha Berxoze mpueMuoro Tpakta [ITIM-BITOC npu npoTssKeHHOCTH TPAcCh 7 M.

Fig. 7. Oscillograms at the output of the receiving path of the wireless optical communication trans-
ceiver module with a path length of 7 m
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3. UccaenoBanue moaBOHOTO0 0eCPOBOIHOI0 KaHAJIa CBSA3M,
peaju30BAHHOIO C MOMOIIbI0 MATHUTHON MHAYKIIUN

Pa3spaboraH mporoTuin MarHuTHOH aHTeHHBI MA-01, mpeacTaBieHHbBIN
Ha puc. 8.

a)
Puc. 8. Akconomerpust kopiryca MA-01 (a) u uctbitarenbHbie 06pasus MA-01 (b).

Fig. 8. Axonometry of the MA-01 body (a) and MA-01 test samples (b)

HccnemoBanust IpOTOTHIIA OECIIPOBOJHOTO KaHaja CBSI3M HAa OCHOBE Mar-
HUTHBIX aHTCHH MPOBOJAMIICS B OacceliHe ucmbiTarenpHol maboparopuu Cesl'Y.
CxeMa M3MEpUTETbHON YCTAHOBKHU MpejcTaBieHa Ha puc. 9. B u3mepurenbHyto
YCTAHOBKY BXOJHUJIO CIIEYIOIICEe U3MEPUTEIbHOE 000PY/I0BaHHE: TEHEPATOP CHUT-
HanoB SFG-2004; ocummnorpag DSOX1102G; ceneKTHBHBIN MUJUTUBOJIETMETP.

Puc. 9. I/I3MepI/ITeJ'[LHa$I YCTaHOBKa [Jisd UCCIE€A0BaHUsI ITPOTOTHUIIA 6eCHpOBO,Z[H0171 CUCTCMBI CBA3HU
Ha OCHOBC MAarHMTHBIX aHTCHH B HpeCHOﬁ BOJIC.

Fig. 9. Measuring stand for studying a prototype wireless communication system
based on magnetic antennas in fresh water
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Ha ocHoBaHuM NpOBENECHHBIX M3MEPEHUU YCTAaHOBJICHO, YTO XapakTep
pe30HaHCa KOHTYPOB MarHUTHBIX aHTeHH Bbie 1,58 MI'm — nByropOsii — u
B BOJIC, M Ha BO3JyXe, HO B BOJIC B MPHUCYTCTBUH CTAILHOTO OacceiiHa 0co0o0
BBIpaXkeH Ha 6,3 MI 1.

Hcxons v3 3HaueHUI 3aTyXaHUsT MarHUTHOTO TIOJISl HA PACCTOSHUM JIO 2
MeTpoB (—55...—60 1B) mpm HecoraacoBaHHBIX MAaTHUTHBIX AHTEHHAX, MOYKHO
CIENaTh BBIBOJ O BO3MOXKHOCTH peau3alyy KaHajla CBA3H B IMAaNa30HE 4acTOT
1—5, 10—15 MI' Ha pacctostaum 10 10—100 m. Pesynbrarsr n3mepenus B 6ac-
CelHE MMOKa3bIBAIOT CYIIECTBEHHOE BIMSHUE €r0 KOHCTPYKTUBHBIX SIIEMEHTOB.

B xoze uccienoBaHus XapakTEPUCTUK MPOTOTUIIA OECIIPOBOIHOTO KaHa-
Jla CBS3M Ha OCHOBE MAarHUTHBIX aHTEHH OBUT MPOBEACH KCIICPUMEHT B MOP-
CKOM BoJie B 07fHOM 13 OyxT CeBacTOMOIIS.

HcnbiTatenbHas ycTaHOBKa, Kak Toka3zaHo Ha puc. 10, Bkiroyana renepa-
TOP CUTHAJIOB U CEJIEKTUBHBI MUJUIMBOJIETMETD.

Puc. 10. YcnoBust ncnbITaHus IpOTOTHIIA OECIIPOBOAHOTO KaHAJIA CBA3M HAa OCHOBE MAarHUTHBIX
aHTEHH B MOPCKOH BOJIE.

Fig. 10. Test conditions for a prototype wireless communication channel based
on magnetic antennas in sea water

PaccTosiHne Mexy aHTEeHHAMH COCTaBIsUIO 4 M, TITyOHHA MOTPY>KEHUS 2
M, PacIloJIO’KeHHE TeHepaTopa U CEJIEKTUBHOIO MUJUIMBOJIBTMETPA Ha/l YPOBHEM
Mopst — 1 M. YpoBeHb curHaia Ha reHeparope coctami 20 B. Pe3ynbraTs usz-
MEpPEHus [I0Ka3aly, YTO YPOBEHb CUTHANA (3aTyXaHHE) Ha PACCTOSHUU 4 M CO-
IJIACYETCS C MOJyYE€HHBIMH Pe3yJIbTaTaMu B IIPECHOM BOJE.
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4, 3akjIroueHue

Pazpaboran mpoToTHN mprUeMo-NIepeIatoero MOAYIIs AJsl OpraHUu3aluu
IIOJIBOJIHOM ONTHYECKOM OecrpoBogHON cBs3u. PaszpaboraHo mporpaMmHOe
obecrieyeHne Jyisi MpHeMa-repenadyd MHPOPMAMOHHON MOCIIeA0BATEILHOCTH
o npotokony RS-232 ¢ npeoOpa3oBaHieM cHrHalia B OECIIPOBOJJHOM KaHAJIE B
ONTUYECKYIO IOCIIENI0BATEIbHOCTh C IO3UIMOHHO-UMILYJIBCHOM MOJIYJISLIUCH.
[IpoBenens! ycremHsle UCTIBITaHUS B OacceifHe MO nepeayde AaHHBIX MOJ BO-
JIOW 110 OECTIPOBOJJHOMY ONTHYECKOMY KaHAIy CO CKOpocThio 115,2 xbut/c co-
rinacHo nmpotokosia RS-232. PaspaGoTaHbl MPOTOTUIBI MAarHUTHBIX aHTEHH IS
opranuzaimu OecHpOBOAHOTO KaHaja CBs3H. [IpoBeneHBl HWCIBbITAaHUS B Oac-
ceiiHe U B MOpE, KOTOpBIE IMOATBEPIMIM BO3MOXHOCTH OpPraHM3alldU MPOT -
KEHHOI'0 II0JIBOJHOTO BBICOKOCKOPOCTHOTO KaHaja IepeAadyd AAHHBIX C NpH-
MEHEHHEM MarHUTHBIX aHTCHH.
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Abstract: The article presents the results of the development of a prototype receiving and
transmitting module for an underwater wireless optical data transmission system. The
current component base has been selected. A prototype of the module has been developed
taking into account the required form factor. Tests were carried out in the wireless air
communication channel. The results of a study of an underwater wireless communication
channel implemented using small-sized omnidirectional loop magnetic antennas are pre-
sented. Antenna prototypes have been developed and manufactured, data transmission
measurements have been performed with their application in fresh and seawater. The
potential possibility of organizing a broadband underwater wireless communication
channel with a length of up to 100 meters or more using magnetic antennas is shown.
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1. BBegenue

AHanu3 Mo W3Jy4YeHHs] aHTEHHBIX PEIIETOK COBPEMEHHBIX CUCTEM MO-
OMJIBHOW CBSI3M B OJNFDKHEH M MIPOMEKYTOYHOW 30HAX M3IYUCHUS SBIIICTCS aK-
TYaJIbHOM 3aJlaueii ¢ TOYKH 3PEHHS BOIIPOCA COKPAILCHUSI U3MEPUTEILHOTO pac-
CTOSIHUS, TPAJAUIIMOHHO OIPEJIEIAEMOro M0 KPUTEPUIO IPAHUIIBI JadbHEH 30HBI
u3nydeHust, Kak 2D%/A (rae D — rabGapuThl HCILITYEMOIO YCTPOMCTBA HIIA aH-
TEHHBI, A — JIJIMHA BOJHBI U3IydeHHus). COBpeMEHHBIC IPOTrPaMMHBIC ITAKETHI
ANEKTPOINHAMHIYCCKOTO MOJICTUPOBAHMS TTO3BOJISIOT JTOCTATOYHO TOYHO pac-
CUNTATh OCHOBHBIC TEXHWUECKUE XapaKTECPUCTUKY aHTCHHBIX M3ITydaTeseH, oa-
HaKo Iy OoJiee IOJIHOTO TOHMMAHHSA (PHU3MYECKOTO0 CMBICIA W BO3MOXKHOCTH
HU3MEPEHHs IPYTUX MapamMeTpoOB CUTHANA UCHBITYEMOTO YCTPOMCTBa B IpOMe-
JKyTOYHOM 30HE yJA00HEEe HCIOJIB30BaTh MOECIIH, OITMCHIBAEMBIC aHATUTHICCKH-
MM BBIPOKCHUSAMH. AHATUTHYECCKHIE BBIPAKESHHS TIOJIS U3 TyUCHUSI 3JIEMEHTAPHO-
ro 3JEKTPHYECKOro BUOparopa mpHBeacHB B [1], mpu 3TOM Ui amepTypHBIX
AHTCHH, KaKUMH SIBJISIIOTCS DIIEMEHTApPHbBIC TATY-U3JTydaTeii aHTCHHBIX pele-
TOK, TaKHE aHAIMTUYECKHE BBIPAXKEHHS C YYETOM BCEX COCTABISIOMIMX 3JICK-
TPHUUIECKOTO TIOJII B TIPOMEKYTOUHOW 30HE (30HE OJIMKHErO IOJISI M3JTYUCHHS,
30He DpeHens) oTcyTCTBYIOT. LleNbio JaHHOW padoThI SBISETCS aHAIIN3 MOJCIIH
SIUHUIHOTO TaTY-U3IydaTells, IpeACTaBICHHON B BHIE CHUCTEMBI M3 UYETBIPEX
JIIEMEHTAPHBIX DJICKTPHYCCKHX BHOPATOPOB C COOTBETCTBYIOIIUMH (hazamMu
BO30YKIAIONIUX TOKOB U HX TEOMETPUYSCKUM PACIIOI0KCHHEM, CPABHCHHUS aM-
IUTUTYAHBIX pacIpeieieHHi B 00JJACTH OCHOBHOT'O M3JIYUYCHHS paccMaTpHBac-
MOM MOJISTTH ¥ aHAJIOTMYHBIX [TapaMETPOB AMHUYHOTO MaTY-U3JIydaTeNs ¢ Mmo-
CJISTYIOIUM BBIBOJIOM O MPUMEHUMOCTH JaHHOW MOJICIIH ISl aHAIM3a BO3MOXK-
HOCTH CMEIICHUS U3MEPHTEIHLHOTO PACCTOSIHUS B IIPOMEKYTOUHYIO 30HY.

OOBEKTOM HCCIICIOBAHMS SBISCTCS MOACIH MU3IyUaTeNs B BUIE YETHIPEX
JIIEMEHTAPHBIX DJJICKTPUUECKUX BHOPATOPOB C COOTBETCTBYIOMMMH (hazaMu
BO30YK/TAIONINX TOKOB M UX TEOMETPHYECKUM PACIIOTIOKEHHIEM.

2. IlporoTHn paccMaTpuBaemMoii MoaeJIH

[IpoToTunom paccMaTpuBaeMOil MOJACTH SIBJISETCS IMaT4-U3Jydarelib C
paboueit yacroro 5T, BRIIOJHEHHBIM HAa OCHOBE AUAIEKTPHKA C JHMAJIEK-
TPUIECKON TTPOHHUITAEMOCTHIO € = 4,3 TommmuHoi 1,4 MM. BHemmuii Bua matd-
M3IIydaTens U ero ooObeMHas nuarpamma HampasienHoctd ([IH), paccunrannas
B TaKeTe 3MeKTpoauHaMudeckoro moaenupoBanus FEKO, npusenena na puc.
1-a), a cpesnt JIH B mnockoctsax XOZ (E-mnockocts) u XOY (H-mutockocTs) st
COCTaBJISIOMUX dIeKTpudeckoro nons Eg u E, npusenens! Ha puc. 1-b) u 1-c)
cooTBeTcTBeHHO. CHCcTeMa KOOparHAT TpuBeieHa Ha puc. 1-d). T. k. s nanb-
HEWINX PacCyXICHUW WHTEpeC MPEACTaBISET XapaKTep 3aBUCUMOCTH HAIps-
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pOHMKa, (HOTOHHKA, TPUOOPOCTPOCHUE H CBSI3b (2.2)
KCHHOCTH IIOJIsI OT HAIIPaBJICHHA Ha TOYKY Ha6J'I}O,HeHI/IH, a He caMM a0COJIIOT-
HBIC 3HAYUCHU HAIIPSIKCHHOCTU I10JIs1, TO HA PUC. lu JAaJjie€ UCIIOJIB3YIOTCA HOP-
MHPOBAHHBIC XapPaKTCPUCTHUKN HaAIIpaBJICHHOCTH. Kax CJIIEAYECT H3 PHUC. 1, CO-
cTaBJIromias 1moJist E(p Ha MOpAA0K MCHBIIIE COOTBCTCTBYIOIIUX COCTABJIAIOLIUX

noust Eg, osTOMY B NajibHEHIIEM cocTasisionas £, He paccMaTpuBacTCsL.

Mepuduowanswesd yeon

Asumymanswsd yson

d)
Puc. 1. OcHOBHBIE TapaMeTpbl aTY-U3Ny4yaTens: a) BHEUHUI BUA U 00beMHasi HOpPMUPOBaHHAS
JIH o cocrasusiroueii Ey; b) HopmupoBannast JTH B E-riockoctu;
¢) HopmupoBantasi JTH B H-rutockoctu; d) cucreMa KOOpAUHAT.

Fig. 1. The main parameters of the patch emitter: a) appearance and volumetric normalized pat-
tern according to the E, component; b) normalized pattern in the E-plane;
¢) normalized pattern in the H-plane; d) coordinate system

3. 'eomeTpusi paccMaTpuBaeMoii Mo/IeJIH

I'eoMeTpust paccMaTpruBaeMOi MOJIE/IM MPUBECHA Ha puc. 2-a). Havaib-
HBIMU 3HAYEHWAMU pAcCTOSHU 3amambl d; = A/4, d, = 1,5+ 1/4, pasHocTs
da3 TokoB BO30OyxaeHus I u I’ (coorBeTcTBEHHO U Mexnay I, u 1) APl =
/4. Pacuer paccMaTpHBaeMOM MOJEIH B JaIbHENIIEM IIPOBOAUTCS KaK B Ia-
KeTe AIeKTpoanHamuueckoro moaenupoanus FEKO, Tak u Ha ocHOBe aHamu-
THYECKOTO BBIpaKEHUS, TpHUBeJAeHHOTO B [1] mms cocraBmsromeii Eg, BKITIOUa-
forel B ce0s1 BCe COCTAaBIISIONTHE TT0JIs B 30HE DpeHens (OMMKHIO 30HYy H3ITY-
YeHUS 1 ONMDKHIOI PEaKTUBHYIO 30HY):

i 3 3 2 27
: Il (2m ey A A — i<y
o= 1 (3) (T G) +(Go) +1(G5) Jeosoe™s
o dTwg \ A J 4nr + Anr tJ 4nr cos e ( )
T. k. an8 AanpHENIMX pacCyKACHHUI MHTEPEC MPEICTABISET XapaKTep
3aBUCUMOCTU HANPSPKCHHOCTH I10JIA OT HAIIPAaBJICHUA Ha TOYKY Ha6ﬂ}OILGHI/I}1,

; 3
o Il 2
MHOXHTEJIb, ONPEACIAIOMMH aMILTUTY/IHOE 3HAYCHHE — (7) , MOXHO OITy-
n

CTHUTb, OCTABUB TOJILKO (ha30BBIC COCTABIISIIOLINE TOKOB BO30YxacHUs. OOliee
BeIpaxkenue s moaynst JIH mo cocrapnsiomieit Eg BUOpaTopHOil Mojaenn B
3TOM CIIy4ae MOXHO MPEACTABUTh BbIPAKEHUEM:
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z

—
JI7T

a) b) ©) d)
Puc. 2. HopmupoBannsie JIH o Ey B E- 1 H- mnockocTsX 11 MOJIENH: a) reoMeTpus
pacronoxeHus BUOpaTopoB; b) ooGbemuast Hopmuposannast J[H 1o cocrasistomeit Eg;

¢) mopmuposauusie J[H no Ey B E-mmockoctu; d) Hopmuposanubie JIH mo Ey B H-rutockoctn.
nyHKTI/IpHaﬂ JIMHUSA — JUT TaTY-U3J1ydaTelns, ClIoIHas JIMHU A — IS paCCManHBaeMOﬁ MOACIIH.

Fig. 2. Normalized patterns by Eg in the E- and H-planes for the model: a) geometry of the
vibrators; b) volumetric normalized pattern according to the Eg component;
c) normalized patterns by Ejy in the E-plane; d) normalized patterns by E, in the H-plane.
The dotted line is for the patch emitter, the solid line is for the model in question

3 3 2
Mogenb 5. 4 —jAgL, (27 . A A
Bg ™ (di0,0) 2y € (&) (-~ (4nn,n<e,<p)) + (mn,n(e.@ +

. A _jz_nr', (Br(p)
](Fn,n(exp)) cosfe Jalin 2

rae 1; 1 (0, ) — i-u3MepHuTEenBEHOE PAcCTOSIHUE OT LEHTPA AHTCHHBI 10 TOYKH
HaOmonenust M(d;p, 0, 9), CKOPPEKTHPOBAHHOE C YYETOM TI'EOMETPHUECKOTO
pacmoNoKeHUs] LEHTPa COOTBETCTBYIOLIETO N-TO 3IEMEHTapHOTO 3JEKTpUYe-
CKOT0 BHOpaTOpa OTHOCHTENIFHO LIEHTPA KOOPIMHAT.

Ha puc. 2 npusenenst odmmas JIH (a) u TH B E- (b) u H- () mmocko-
crax npu dy = A/4,d, =1,5- 1/4 u Apl = 1 /4, u3 xoroporo BuaHO, uro JJH
MOJIETIM B TIpeJielax CBOETO IIaBHOTO JICTIECTKA MpaKTH4ecKH coBnamaer ¢ JJH
nayT-u3nydarens u B E-mumockoctu XOZ u B H-mmockoctu XOY. PacyerHbie
JIH paccmarpuBaeMoii Mojenu Tpu oOlIel aiuHe BUOpaTOpoB Menee A/4 B
makere FEKO wupentuunsr paccunrannsiM B makre Mathcad JTH mo dopmyie
(2). Paccuntanusie JIH 3aBucsT OT pasHoca BUOPATOPOB Kak B MPOCTPAHCTBE,
TaKk ¥ B pPa3HOCTU (a3 TOKOB BO3OYKICHHUSI B MOJIENH, & TAKXKE pa3MepoB MOJ-
CTHJIAIONIETO 3KpaHa mardy-uinydarens. [Ipu nanpHednieM OObEeIMHEHHH Die-
MEHTOB PELIETKH MPe00IaatoNIyo posib OyJeT UTPaTh MHOKHUTEIb PEIICTKH, a
HE mapaMeTpsl camoro saeMenta. [loaromy noctikeHune 0ojee TOYHOTO COBIa-
JNCHUS JMarpaMM JUisl LieJied JaibHeHIero pacCykKAeHUs He MPeICTaBIsIETCs
aKTyaJIbHBIM.
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DiexrpoHuKa, GOTOHHKA, TPUOOPOCTPOCHHUE H CBSI3b (2.2)
4. Anaam3 pacrnpeacJaeHud HANPAKCHHOCTH I10JIA
B I[pOMe)KyTO‘{HOﬁ 30HE€ U3JTYyUYCHUHA

Kpurepnn, mo KOTOphIM MPOCTPAHCTBO JAEIUTCS Ha 30HBI H3ITy4IeHUs, OBI-
BalT pasHbiMH. Hambonee pacmpocTpaHeHHBIM SIBISETCS ACJICHHE IMPOCTPaH-
CTBa Ha YaCTHU UCXOJS U3 YCIIOBHM, UTO B HEKOTOPOIH TOYKE MPOCTPAHCTBA COB-
MajaroT 3HAYEHHUs COCTABJISIONINX, OMpPENesIeMBIX CIaraéMbIMH, TIPOTIOPIHO-
HaJbHBIMU TIEPBOH, BTOPOH WJM TpEThed CTeneHu, Kak 3To ciemyer u3 (1).
Kpome Toro, GnmkHee mojie MOXKET MOIAPA3NENATbCA Ha YHCTO PEaKTUBHOE
OskHEe 1mosie (B Impejiesiax OJIHOM A) U PEaKTUBHO-U3JIydarolee OJIMKHee moJie
(B mpemenax oT A 1o 3A), Kak 3T0 yKa3zaHo B [4]. ['panutieit n3rydaromero aaib-
Hero nons (FF) TpaaunnoHHO cunTaeTcs 3HaYCHHE 2D?%/2, OTIpeIeNSIEMOE 110
KPUTEPHIO AOIYCTUMOTO OTJIMYMs HaOera (a3 OT pa3iMyHbIX YacTel h3Nydaro-
[iei aHTEHHBI [T TOYHOTO 3HAYCHHS BEJMYMHBI M JJIS1 TOUYKW HAOIIOJCHUS Ha
rpaHUIle JalbHEeH 30HBI He Oolee /8. Takoe pacripesienieHre oOiacTeld ot
BOKPYT 3JIEKTPOMAarHUTHOTO MCTOYHHUKA MPABOMEPHO MPHU MaKCHMAIBHOM pas3-
Mepe aHTeHHBI Dy, 45, TPEBBIIAIOIINM JUTMHY BOJHEI A [4]. Takke ciemyer 00-
paTUTh BHUMAaHUE, YTO TPAHUIBI OJIKHETO PEaKkTHBHOTO TOJS W PEaKTHBHO-
H3IyYarouero ONMKHETO MOJs HE 3aBHCAT OT MAaKCUMAJIBHOTO pa3Mepa aHTEH-
HBI, a 3aBUCST TOJBKO OT A. HaumHasi ¢ HWKHEH TrpaHULbl 30HBI H3ITy4Yaromero
ommkHero 1oy (3A) MOYKHO TIOJIB30BATHCS METOIAMHU T€OMETPUUECKOU DIIEK-
TPOJMHAMUKH, B COOTBETCTBHH C KOTOPOW pacrpeselieHne mois (hoKycupyeTcs
B 33IaHHOM HAIIPaBJICHUH, IPUBOS HETMOCPEICTBEHHO K MOHSTHIO AXAarpaMMbl
HaIlpaBJIEHHOCTH, T paclpeaesieHHe MO 3aBUCUT TOJNBKO OT HalpaBICHUS
HaOmoeHs. Y BedeHne KOHIICHTPAMN H3Iy4YeHHUs, 00yCIOBIEHHOE TaKUM
FEOMETPUYECKUM MpPEICTaBICHUEM, OOYCIIaBIMBAET BO3MOXXHOCTH IPOTHO3H-
poBaHUs (OLIEHKH) OLIEHKM TaKHX MapaMeTPOB, KaK SKBUBAJICHTHAs H30TPOITHAS
n3nmygaemas momiHocth (EIRP) m skBUBaneHTHas W30TPOMHAs YyBCTBHUTEIb-
HocTh (EIS) B ke my4a Ha OCHOBE JBYX M3MEPEHUH TOJBKO aMILTUTYIBI OIS,
BBITIOJTHACMBIX B OJIMKHEM MOJIE U3ITyYeHHsS] Ha U3MEPUTEIbHBIX PACCTOSHUIX
BILIOTH 110 1/8 OT rpanuiisl nanbHei 30Hb1 [2]. TIpu 3TOM M3MepHUTENbHBIC pac-
CTOSIHMSI HE [IOJDKHBI TIIONaJaTh B 30HY PEaKTHBHOTO W PEaKTHBHO-
M3ITy4Yaroniero OJIFKHETO MO,

Tak, B coorBeTcTBHH C [2] 1 [3] cokpallleHHe U3MEPUTEIBHOTO PACCTO -
HUSI OCHOBAHO Ha IPEJCTABICHUM 3aBUCUMOCTH HOPMHPOBAHHOTO K H3MEpH-
TEJILHOMY PACCTOSIHUIO MOIITHOCTH U3JTydeHusl B Buze (puc.3-a)):

P(T) = —O,Sblr_z + bz, (3)
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rae bj — KodpUIHEHTE aCHMITTOTHYECKOTO PasIOKEHHs, IS OIEHKH KOTO-
PBIX UCHIOJIB3YIOTCA ABa U3MCPCHUS B OAHOM HAIIPAaBJIICHUU B TOYKAX 1 1INy, Kak
MOKa3aHo Ha pucyHke 3-b)

H(JpM HpOBaHHaA MOIIHOCTb

H3amepurenbHas
aHTCHHA

-
|
|

B, Pic

Kamepa r

b)
Puc. 3. a) 3aBUCHUMOCTD OT UBMEPUTEIILHOI'O PACCTOSIHNUSA MAKCUMAJIBHOTO 3HAYCHUA

HOPMHPOBAHHOM K PacCTOSHUIO MOIIHOCTH B mHKe jiyua (DUT — ucnbiTyemoe ycTpoitcTo);
b) obmas cxema nzmepenuii.

Fig. 3. a) dependence on the measuring distance of the maximum value of the power normalized
to the distance at the peak of the beam (DUT — device under test);
b) general measurement scheme

AHan3 NPUMEHUMOCTH paccMaTpUBaeMON MOJIENIN NIPU COKPAILICHUN W3-
MEPHUTEILHOTO PACCTOSHUS B IAHHOW paboTe MPOBOJUTCS IyTEM CPaBHEHUS 3a-
BHCHUMOCTEN HOPMUPOBAHHOW HAIIPSLDKEHHOCTH IOJIS B MUKE JIy4a JJIs paccMar-
pHUBaeMOM MOAEIH U Ul aT4Y-U3IydaTesis B IpeAeax OT IPaHUIbl YUCTO PEak-
THBHOTO GJIMKHEr0 Mo (~A\) 10 Havasa nanbHei 30a61 @paynrodepa (2D2/1).

B paccmarpuBaeMoil Mozenu MakCUMaNbHBIH pasMep Dyq = dp =
0,3754, T. €. MCHbIIIE JUIMHBI BOJIHBI, COOTBETCTBECHHO, T'PAaHUIIA JAJTLHETO OIS
no kpurepuro 2D? /2 oka3piBaeTcsl MEHbIIE TPAHULBI PEAKTUBHOTO OJIMIKHETO
IOJIsl, U B 3TOM Cily4yae IpaHulla JajJbHEH 30HBI ONPENEISCTCS M3 YCIOBHUS
max(34;2D2/2) [4]. Takum o6Gpa3om, A aHaNM3a SKBUBAJIEHTHOCTH pac-
CMaTpUBacMOl MOJENH W MaT4-3JeMEHTa Jajiee MPUBOIATCS pe3yJIbTaThl pac-
YEeTOB HOPMHPOBAHHOM K PAacCTOSHUIO HalpsbKeHHOCTH moiisi Eg B mpenpemax
peakTuBHO-M3Iy4Yaroniero ommxaero noiast — or 0,2FF(0,64) no FF(31) B 06-
JIACTH HANpaBJIeHUs OCHOBHOTO M3NyueHus. [[s1 BuOpaTopHON MOAENH, pHUBe-
JICHHOW Ha pHUC. 2, pacyeThl MPOBEACHBI Ha OCHOBE (opmynbl (2) B MmakTe
Mathcad, a a1 nCX0IHOrO MaTY-U3ITydaTelis, MPUBEICHHOro Ha puc. 1, pacue-
THl TIPOBEJEHBI B TIAKeTe OHIIeKTpoauHamudeckoro mozenupoBanus FEKO.
HopMupoBka 3HaueHHs1 HAPsLKEHHOCTH TOJI K M3MEPUTEIBLHOMY PacCTOSHHIO
MIPOU3BOJUTCS MIyTEM YMHOXKEHHUS PACCUMTAHHOIO 3HAYCHHS HANPSHKEHHOCTH
nonst Ha kod(uuuent r/FF, e r — W3MEpUTEILHOE PACCTOSHUE, ONPEIENs-
eMoe OT IEHTpa MaT4-u3ydaTessl WIK OT [EHTPa paccMaTpUBacMON MOJICIH.
PaccuntaHHble 3aBUCHMOCTH TIPHBEJICHBI Ha puC. 4., TIe W3MEPUTEIHHOE pac-
CTOSIHME IPEACTABIICHO B A0JISIX OT IPaHULIBI JanbHel 30Hb1 FF.
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Puc. 4. HopmupoBaHHBIE K paCCTOSIHUIO HAIPSHKEHHOCTH TIOJIs1 BHOPAaTOPHOI MoeH
B 3aBUCHMOCTH OT HU3MEPHUTEIBHOTO paccrositust 1: a) Eg(¢); b) Ey ().

Fig. 4. Field strengths of the vibrator model normalized to the distance depending
on the measuring distance r: a) Eg (¢); b) Eg(0)

hra,
[

AHaJIOrn4HbIC 3aBUCUMOCTHU A IaTY-U3J1ydaTeJIsl HPpUBCICHBI HA PUC. 5.
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a) b)
Puc. 5. HopMupoBaHHbIE K PACCTOSHUIO HATIPSYKCHHOCTH T1OJIS [IATY-U3/TyaTes B 3aBUCUMOCTH
OT U3MEPUTENBLHOTO paccTosmus 1: a) Eg (); b) Eg(6).

Fig. 5. Field strengths of the patch emitter normalized to the distance depending on the measuring
distance r: a) Eg (¢); b) Eg(¢p)

Habnromaemoe Ha puc. 5 HEKOTOpoe CMelleHHe MaKCHMyMa HarlpsbKeH-
HOCTH TIOJISE OTHOCHUTENIbHO Hamnpasienust 0 = 90° npu CHIKEHUHM U3MEPHUTEITb-
HOTO PACCTOSIHHUS JO CaMBIX MaJbIX 3HAYCHUN OOBSICHSICTCS CMEIICHHUEM Y3ia
MATAHASI B TIATY-U3ITy9aTelIe B0 ocH Z.

Ha puc. 6 npuBeneHbl HOPMHPOBAHHBIE K PACCTOSIHHIO HAIPSKEHHOCTH

E
Mo B MakCUMyMe H3IydeHus — 224X —r /FF B 3aBHCHMOCTH OT M3MEpH-

Bmaxlr:FF
TEBHOTO PACCTOSHUS T JJIsl paccMaTpuBaeMON MoOJENM | JUis  Tard-
H3ITyYaTesl.
Kak cnenyer u3 puc. 6, HOpMUPOBaHHAs HANPSDKEHHOCTH MOJIS 110 Mepe
npuOJIMKEHUsT K TpaHule nanbHero nonst FF crabunmsupyercs u npu paib-
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HEHIIIEM YBEIMYSHUH W3MEPHUTEIHHOIO PACCTOSHUS IPEBpaMIacTCs B KOHCTaH-
TY, COOTBECTCTBYS ITOHATHUIO BOJ'IHO,Z[BI/I)KYI]_IGI\;I CHJIBI (H'pOI/ISBeILCHI/IIO Hamps-
JKCHHOCTH IIOJA Ha paCCTOHHI/Ie) IOpHu OTCYTCTBHHM IIOTEPH HA TpacCe pacipo-
CTPpaHCHHUA. Paznuunsa B OPUBCACHHBIX 3aBUCHMOCTAX JIs paCCManI/IBaeMOI\ﬁ
MOJCIN U JJIs IaTY-Uu3J1ydaTCiisa HpCHC6pe)KI/IMO MaJibl, 4YTO IIO3BOJIACT CUHUTATh
pPaccMOTPEHHYIO MOJIENb TPUEMIIEMON JJI1 aHAJIM3a MO0JIsl B HalpaBI€HUH MakK-
CUMyMa U3JIy4YCHUA Ha PAaCCTOAHUAX, MCHBIIUX I'PAHUIIbI JIaJIBHefI 30HBI.

E fmax

1 -
0,995

0,99
0,985 /

r/FF

Eﬂmaxlr:FF
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0,975 /
0,97 /
0,965
0.96 / =& [Taru-usnyuarens
' / - BnﬁpaliTopHag MoOJIe/1b

0,955
095 LA I

02 03 04 05 06 07 08 09 1r/FF

;
Puc. 6. HopmupoBaHHBIE K PACCTOSHHIO HANPSDKEHHOCTH TTOJIST B MAKCHMYME 3Ty UCHHS
B 3aBHCUMOCTH OT U3MEPUTEIBHOTO PACCTOSHUS 7.

Fig. 6. Field strengths normalized to the distance at the radiation maximum depending
on the measuring distance r

5. 3akiauenue

B pabore mpoBeneH aHa M3 MOJCIM CIWHUYHOTO TMaTy-WU3ITydaTels,
MPEJICTABICHHON B BUJIE CUCTEMBbI U3 YETBIPEX AIEMEHTAPHBIX 3JIEKTPUUYECKUX
BHOPaTOPOB C COOTBETCTBYIOIIMMH (ha3aMu BO30OYKAAIOIIMX TOKOB M MX I'eo-
METPHYECKUM PACIOIOKEHIEM, pacYeT aMIUTUTYIHBIX paclpeaelieHnid B 0bma-
CTU OCHOBHOTO U3JIyY€HHUS pacCMaTpUBAEMON MOJIEIN Ha OCHOBE IPUBEACHHBIX
AHAJIUTUYECKUX 3aBUCUMOCTEH U CPAaBHEHHUE UX C aHAJIOTMYHBIMU apaMeTpaMu
€IMHUYHOrO Mary-u3nydareis. Ha ocHOBe BBHINOJHEHHOTO aHanu3a AJis elU-
HHUYHOTO M3JIy4aTeliss MOKHO CENIaTh BBIBOJ O MPUMEHUMOCTU JTaHHON MOAEIH
JUISl aHAJIM3a BO3MOXKHOTO CMELIEHUS U3MEPUTEIILHOTO PACCTOSIHUSA B IPOMEKY-
TOYHYIO 30HY. C y4eTOM TOTO, YTO MPU OOBEAMHEHUH SAMHUYHBIX 3JIEMEHTOB B
AHTEHHYIO PEIIEeTKY I'paHUIlbl JaJIbHEN 30HBI yBeIUMuuBaroTcd, a Ha J{H pemet-
KU CYIIECTBEHHO OOJbIllee BIMSHHE OKA3bIBAE€T MHOKHTENH pemerku, yem [IH
3IEMEHTA, MOKHO CUMTAaTh PACCMOTPEHHYIO MOJIENb MPUEMIIEMON Ui aHAJIA3a
MOJIsl aHTEHHOM pelieTku B MakcumyMe JIH Ha paccTosHUAX, MEHBIINUX TpaHU-
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Bl JallbHel 30HBI. [Tl clydast IpoBeACHUS U3MEPEHUN ImapamMeTpoB aOOHEHT-
CKHX YCTPOMCTB, B KOTOPBIX MIPOM3BOIUTENIEM HE YKA3aHO TOYHOE MECTOPACIIO-
JIO’)KCHHE aHTCHHOH pelIeTKH (PEIleTOK), T. €. MCIOJIB3YeTCs TaK Ha3bIBacMas
MOJIEJIb «UEPHOTO SITUKa», TPU KOTOPOM T'paHuIla AaIbHEH 30HBI YBEIIMUYUBACT-
cs eme OoJblle, T. K. B KauecTBe rabapuTa aHTeHHBI MCIIOIL3YEeTCs OOIIMM Ta-
0apuT U3MEPSAEMOr0 YCTPOWCTBA, 3aMEHa PEAJIbHBIX TaTY-HU3jIydarelicii B pe-
IeTKE Ha PACCMOTPEHHYIO MOJIEIh IS aHaIM3a BO3MOXKHOTO COKPAIICHUS W3-
MEPUTEILHOTO PACCTOSHUS CTAHOBUTCS e1Ile 00JIee TOMYCTUMOM.
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Abstract: An analysis of the model of a single patch emitter, presented in the form of a
system of four elementary electric vibrators with the corresponding phases of exciting
currents and their geometric location, was carried out, the amplitude distributions in
the region of the main radiation of the model under consideration were calculated
based on analytical dependencies and compared with similar parameters a single patch
emitter calculated in the FEKO package. A conclusion is made about the applicability
of this model for analyzing the possibility of shifting the measuring distance from the far
zone to the intermediate radiation zone.
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oepma Xanna uz GE no ucnonv3o08amuro MazHUmMHo20 YRPAeieHus 8 mepMoINeKmpo H-
HbIX TAMNAX, KOMopble Npusenu e2o K u300pemenu0 OUHAMpPOHA — 6aKyYMHOU 1aMNbl
¢ ompuyamenvHolM conpomuenenuem. Takoce obpawjeno eHumanue Ha Opyeyio e2o
AAMNY ¢ OMPUYAMENbHBIM CONpomueieHuem — nauoounampon. Ommeuenvt ocobenHo-
cmu  npumeHenus OUHAMpoHa U NAUOOUHampoHa. Paccmompena makoice namna
He2ampoH,  u3obpemenHas —Opumanckum  paououndgcenepom  iconom  Cromm-
Taceapmom. Yoeneno enumanue 1amnogomy mpuody ¢ YApAGISIOWUM HIOCKUM He-
CIJIOUIHBIM 2]IeKMPOOOM NOO Ha3eanuem niamuon. Ynomswym nameum US1682775A
Xennu Kyn na konempyxkyuro naacmun4amozo 1amnogozo mpuood.
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Taceapm, necampon, niamuon, M. Ceooue, Xennu Kyn, komnanus Huth, nabopamopus
ookmopa E. F. Huth G. M. B. H.
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1. BBenenne

OOBIYHBIE AMEKTPOHHBIE JIAMIIBI, B YACTHOCTH, TPUOIBI, XapaKTePU3YIOT-
Csl IBYMSI OCHOBHBIMH ITapaMeTPaMU: MOJIOKUTEIHHBIM BHYTPEHHHM COMPOTH B-
JICHUEM U YIPABICHHEM DJIEKTPUUECKUM IOJeM CeTKU. EcTh, oqHaKo, crenu-
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aJbHBIE THIBI JaMII, OTCTYNAIOIIUE OT 3THX MoyokeHUH. OHM W3 HUX Xapak-
TEPU3YIOTCSl OTPHLATEIBHBIM BHYTPEHHMM CONPOTHBJICHHEM (IAMHATPOHHI,
IUTMOANHATPOHBI, HETATPOHBI U JIp.), @ APYrHe KOHCTPYKUHUEH YHpaBISIOIIEro
9NIEKTPOAA B BUJIE TUIOCKOH IIACTHHBI (TUIaTHOHBI). XOTS JIaMIIBI 3TUX THIIOB HE
HAILIA [IHPOKOT0 MCIIOIB30BAHMS B MPAKTHUECKHX LEJSIX, HO OHU CHOCOOCTBO-
BaJIH [IPOTPECCY B PA3BUTUH TEXHUKH DIICKTPOHHBIX JIAMIT.
JIMHaTpOH, 3MEKTPOHHYIO JaMIly, paOOTalOIlyl0 Ha IPUHIMIE BTOPHUY-
HOI SMHCCHU SIIEKTPOHOB, N300pen B 1914 romy Momomoit Hay4yHbIH COTPYAHUK
Hay4HO-HccienoBatenbckoit madboparopun GE (GERL) B Ckenexramu (Sche-
nectady, oxpyr Hero-Hopx) Ans6epr Xamn (Albert Wallace Hull, 19.04.1880—
22.01.1966). On Hayan ucciaeI0BaHMs 1O YIPABISHUIO TOTOKOM 3JIEKTPOHOB B
BaKyyMHBIX TPyOKax ¢ MOMOIIBIO0 MATHUTHOTO TOJISl, YTOOBI 3aMEHUTH JIEKTP O-
CTaTUYeCKOe ynpasienue, puc. 1 [1]. Pe3ynbraThl 3T0H pabOThI JOJKHBI ObLIN
IIOMOYb B pa3paboTke ycuiuTeneld U ocImutorpadoB 63 NCIOIb30BaHMS BaKy-
YMHBIX TpHOZOB 110 natentam JIu ne Popecra u DnBuHa ApMCTPOHTA.

Puc. 1. Anpsbept Xamt. Upsunr
Jlenrmiop u AnsbepT Xasn
(1 sseBaps 1930T.).

Fig. 1. Albert Wallace Hull. Irwin
Langmuir and Albert Hull
(01 January, 1930)

A. Xann paboran noj pykoBojcTBoM M. JIeHrMiopa, U Bckope oOHapy-
JKHJI OTPHIIATENILHOE COMPOTUBIICHUE MUHATpPOHA. Y. Kynmumk, y3HaB 00 3ToM,
0c000 HE yIUBUJICS, OH ITIOCUUTAJl ITO «ECTECTBEHHBIM» PE3yJIbTaTOM, KOTOPBIN
BBITEKAJl W3 HCCIEJOBAaHMHA BTOPUYHOW 3JIEKTPOHHONH 3MHCCHHM, KOTOPBIE
A. Xann npoBes B BycTepckoM MONUTEXHHYECKOM HHCTUTYTE .

B 1918 rogy A. Xann pa3zpaboTan OpUrHHaJIBHYIO BAKyyMHYIO TPYOKY ¢
TpeMs SIEKTPOAaMHU: TEPMOIJICKTPOHHOIO KaToAa U AByX aHomoB. OOuH aHO.
n1ep)OpHPOBAHHBIILZ, a JAPYTOif, JOMOTHHTEIbHBIA AHOJ, CAENAH W3 JTHCTOBOTO

! Bycrepckuit monurexumueckuii nuctutyt (anrn. Worcester Polytechnic Institute, coxp. WPU) —
aMepUKAHCKAI  YaCTHBI  MCCIENOBATeNIbCKUII ~ MHCTHUTYT,  PpAcCIIOJOXKEHHBII B ropoxe Bycrep,
mrat Maccaaycerc. OcHoBanHEIH B 1865 rogy B Bycrepe, Bycrepckuil mONMUTeXHUUECKUI MHCTHTYT OBLI
OJTHUM U3 MEPBBIX HHKEHEPHO-TEXHNYECKHX yHUBepcuTeToB CIIA.

? Tlepopanms (anr. perforation, mar. perforo - mpoGuBao) - pesysIbTaT nepopUpPOBaHHs, TO eCTh
MPelyCMOTPEHHOIO M3rOTOBJIEHMS 3HAUUTEIBHOTO YUCIIa MPAaBHIBHO PACHONOXKEHHBIX OTBEPCTUH NpaBUIb-
HOHU (OpMBI B IMCTOBOM M HHOM MaTepHae.
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MeTaia (MIacTHHA). DTa BaKyyMHasl JJICKTPOHHAS JIaMIIa TTOJTyYrIIa Ha3BaHHE
«muHaTpony» (dynatron, ep. cuna + (anek)tpon). [lo npuxona B Bycrepckuii mo-
JUTEXHUYECKUHA MHCTUTYT A. Xal n3ydaj IpeuecKuil U Apyrue si3bIKH, YTO U
CKa3anoch BrocieacTBud. CBOM M300peTeHHsI OH Ha3bIBaJl TPEYECKUMHU Ha3Ba-
HUSMU: TUHATPOH, INIMOTPOH, TUPATPOH, MAarHETPOH U T. II.

JuHaTpOH — TEPMOAIMHCCHOHHOE YCTPOWCTBO, paboTatomiee 3a cueT
BTOpuyHON sMuccur. [lo cBoel KOHCTPYKIMH AWHATPOH aHAJIOTHYEH OOBIYHON
TPEXMIEKTPOIAHOM JlamMIie, TOJBKO POJIb IEKTPOJOB y HEro OTiu4YHa. B HoOp-
MaJIbHBIX pa0OYMX YCIIOBHUAX CETKAa M aHOJ IMHATPOHA IOIYYalOT 3HAUUTEINb-
HBIE IMOJIOKUTENbHBIE TOTEHIUAIBI, IPHYEM HalpsDKEHHE CETKU JOJKHO OBITH
Oosbire aHogHOTO. Karox y mMHATpOHA CITY>KUT UCTOYHUKOM MEPBUYHBIX AIEK-
TPOHOB, OOJIbIIAs YAaCTh KOTOPBIX, IPOHUKAS CKBO3b OTBEPCTHS CETKH, JOCTH-
raer anoxa [2, 3].

2. llpuHuun padoTel AMHATPOHA

UroObl MOHATH MPUHIUI PabOTHI JUHATPOHA, KEJIATEIBHO PACCMOTPETh
3¢ deKT pa3MelmieHus MPOBOJHUKA B HEMOCPEICTBEHHOM OJNIM30CTU OT HUTHU
HaKaJla, UCITyCKaIOIIeH MOTOK 311eKTpoHOoB. [Ipenmnonaraercs, 94To 3T dIEMeH-
TBI HAXOJIATCSI B BAKYYMHOM IIPOCTPAHCTBE.

ONEeKTPOHBI, TONAJA0IINE Ha MOBEPXHOCTh, CMELIMBAIOTCS C 3JIEKTPO-
HaMH MPOBOAHKKA, H, €CIIM Ha MPOBOAHUKE MOANCPKUBACTCS OCTOSHHBINA IO-
TEHIMaJ 110 OTHOILICHHUIO K HUTH, TO 110 BHELIHEH 1enu OyaeT Teub Tok. OgHako
o0lIIee KOJMYECTBO JIEKTPOHOB, MA/IAIOIINX HAa MTOBEPXHOCTh, HE 0053aTeIbHO
MOTJIOIIACTCS, U BO MHOTHX CIIydasX OOJNBIIOE WX KOJMYECTBO OTPAXKAETCS.
JelicTBre B 3HAYUTEIHLHON CTETEHU OMpPEENSIETC CKOPOCThIO yapa, U, ecliu
IIPU ONPEJENCHHBIX YCIOBUSAX OHA JOCTATOYHO BBICOKA, JIOCTHIAETCS COBCEM
apyroit a¢dext. bricTpo OBIKyLIMECS 3MEKTPOHBI, UCXOIIIINE OT HUTH HaKa-
Ja, IPH CTOJIKHOBEHHU C TIOBEPXHOCTBHIO MPOBOJHHUKA BBIOMBAIOT JPYTHE DIIEK-
TpoHBl. OOHAPYKEHO, YTO KOJIMYECTBO BTOPHUYHBIX AIIEKTPOHOB 3HAYHUTEIHLHO
NPEBBINIACT KOJUYECTBO IMIEPBUYHBIX BJIEKTPOHOB, YTO MPUBOJUT K UX OTPHIBY
OT MPOBOJTHHKA.

OTHM 00CTOATEIHCTBOM BOCITONIB30BANIC A. XaJuT MpH H300pETCHHUH DITCK-
TPOHHOM JIaMITBI, KOTOpasi IOCJIe CTajla M3BECTHOM Kak AMHATPOH, puc. 2. Paboty
3TOTO JaMIIOBOTO YCTPOHCTBa MOXKHO TMOHSTH, OOpPAaTUBIINCH K HPHBEICHHBIM
HIKe pucyHkaum [4]. Ha puc. 2 nokazana Huth Hakana F, HarpeBaemas Gatapeeit
B1, u anox A (ceTka), KoTopoMy OT O6atapen B2 mpunaH BHICOKHAH MOJIOKUTEINb-
HBII TOTEHIMANT 110 OTHOIICHHUIO K HUTH. AHOJI IMEET CITUPaIbHYIO HITH nepdo-
pHUpOBaHHYIO (JOPMY 1 HAXOIUTCS B HEMOCPEICTBEHHON OJIM30CTH OT IIACTHHBI
P, xotopoii 6arapes B3 mpuaaer 6os1ee HU3KHI MOIOKUATEIHHBIN TOTSHIIAA.
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Puc. 2. O6umii BuA IMHATPOHA, PACTIONOKEHUE DIIEK-
TPOAOB B IMHATPOHE U €TI0 CXEMa BKIIFOYCHU.

Fig. 2. General view of the dynatron, the arrangement of
electrodes in the dynatron and its connection diagram

i
8,

OnekTpoHbl U3 F OymyT mpuTATHBATECS A U BCIEACTBHE OYEHH BBICOKOTO II0-
TEHIMaJIa MPUOOPETYT OOJNIBIIYI0 CKOPOCTh. biaromaps BO3JEWCTBHIO aHOIA
MHOTHE AJICKTPOHBI MTPOXOAIT yepe3 nepdopanuto u 6oMOapIUPYIOT IUIACTUHY.
CKOpOCTh, ¢ KOTOPOU 3JIEKTPOHBI YAAPSIOTCS O MOBEPXHOCTH MJIACTHHBI, 3aBHU-
CHUT OT IIOTCHIMAJOB aHOJAa U IINIaCTHUHBI 110 OTHOIICHHUIO K HUTH. CJIGZIyeT
HMETh BBUIY, YTO, €CJIM 3Ta CKOPOCTh JOCTATOYHO BEJIMKA, TO BTOPUUHBIC 3JICK-
TPOHBI OyAyT BEIONBATHCSA M3 MOJIEKYI TOBEPXHOCTH TIACTHHBL.

Takum 00pazoM, aHOAHBINA TOK B JMHATPOHE IMPEICTABISIET COOOI0 pa3-
HOCTh MEXJy IMOTOKOM IEPBUYHBIX JJICKTPOHOB U BHIOUTHIMH, YIIEIIIUMU Ha
CETKY BTOPHYHBIMU. TOK e CETKU PABHSAETCS CYMME 3JICKTPOHOB, MPUXOISAIINX
¢ Karoja 1 aHoja. biarogaps aToMy, pu OnpeeeHHBIX YCIOBHUIX YBEJIMUCHUE
MMOTCHIMAaJIa aHOda MOXET BbI3BATH Y HET'O 3HAYATEIbHBIN POCT BTOPHUYHBIX JJICK-
TPOHOB H, CIIE0BATEIHHO, YMEHBIIEHNE PEe3yIBTHPYIOMIETO aHOAHOTO ToKa. B
9TOM Cly4ae JUHATPOH MIPHOOPETET CBOWCTBA OTPUIATEITFHOTO COTIPOTHBIICHHS.

OnHaKo CYIIECTBYIOT ONpEACNICHHbIE KPUTHYECKWE HAIPSDKEHUS, MpU
KOTOPBIX BO3HUKAET 3TOT 3(P(HEKT, 3HAUCHHS KOTOPBIX 3aBUCST OT (PaKTUUYECKOH
KOHCTPYKIIUU JiaMIlbl. Pa00Ty AMHATPOHA MOXHO JIETKO MPOCIEIUTh, PACCMOT-
PEB TUIHUYHYIO XapaKTePUCTUYECKYI KPUBYIO, TaKyl0 KakK IMOKa3aHHas Ha
puc. 3. a IpuBeNEHHBIC TUArpaMMbl puc. 4, 5 1 6 JENAIOT CMBICIT KPUBOH ere
Oonee sscHpIM. KpuBas, mokazaHHasi Ha puc. 3, IpeAcTaBsieT co00i H3MEHEHHNE
TOKa TUIACTHHBI B 32aBUCUMOCTH OT HAIPSKEHUS IUIACTHHBI, TIPU 3TOM SMUCCHS
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HakKajla H aHOI[HHﬁ IIOTCHIIMAJI ITOCTOSAHHBI. XapaKTepI/ICTI/I‘-ICCKaH KpuBas
(puc. 3) mocTpoeHa Ha OCHOBaHHHM PEabHBIX JaHHBIX, KOTOPHIC MOTYYCHBI H3
MPaKTUYICCKOI'0 3KCIICPUMCHTA [4] HaprI)KCHI/Ie Ha IINIACTHUHE OTJOXKCHBbI II0
ocun a6cm/1cc, a TOK Ha IJIACTUHE — 110 OCH OpAuHAT.

Plale Current ——
S
&
g

25 Plate Volls — 300

Puc. 3. Tunuynas xapakTepucTHUECKast KPUBAst, TOKA3bIBAIONIAs CBSI3b MEXy HaNpPsDKEHHEM
Ha aHOJIe U €r0 TOKOM.

Fig. 3. Typical characteristic curve showingthe relationship between plate voltage and plate current

[pu paccmoTpeHnu paboOThHl TMHATPOHA OYJEM paccMaTpPUBATh KPUBYIO PUC. 3 B
codeTaHuu ¢ puc. 4, puc. 5 u puc. 6. M3 kpuBoif BUIHO, YTO MO MEPE YBEIUUEC-
HUA HANPSAXKCHUA IIJIACTUHBI TOK B LCIIU IIJIACTUHBI YBECINYHUBACTCA C ITOCTOAH-
HOH CKOpPOCTBIO, TIOKa TTOTEHITHA HE JTOCTUTHET 3HaveHus okoyio 25 B. Iloka
3¢ PeKT MpaKTHYECKH aHAJIOTHYEH TOMY, KOTOPBIA MOydYaeTcs MpPHU yBeIH4e-
HUW aHOJHOTO HAMPSOKCHHS B OOBIYHON TPEXDIEKTPOHOW JIaMIle, MPH YCIIO0-
BHUH, KOHEYHO, YTO JIAMIIa HE HACHIIIECHA. DTa CUTyalus, IpeACTaBICHHasl e p-
BOI 4acThI0 KPHUBOW, TPOUJLTIOCTPUPOBaHA Ha puc. 4.

———

@

A

Puc. 4. MnumocTpariust yCiIoBus, COOTBETCTBYIOIIETO TOUKE «@» KPUBOM puc. 3.

[Tl

Fig. 4. Tllustration of the condition corresponding to point “a” of the curve in Fig. 3



122 Itliciit:ry of science and technology

Y HAyKu ¥ TeXHUKH (5.6.6)
Hutp Hakana npexncTtaBieHa npsAMOyroapHUKOM F, a mepdopupoBaHHbIi aHOX
— OYKBOW A, MOCTOSIHHBIN TOTEHIMAN KOTOPOTO IOJAJepKUBaeTCs Oatapeeit
B2, nanpumep, 350 BoibT. [lnacTuHa nmokaszaHa kak P, a moTeHuan perynmpy-
etcs Oarapeeri B3.

DNEKTPOHBI, HCXOISIINE U3 HUTH, OYAyT MPUTITUBATHCS aHOJIOM, HEKOTO-
pBI€ U3 HUX IPOXOJIAT 10 aHOJAHOMY KOHTYpY, a Apyrue — uepes nepopaium,
HaKOHEIl, TOCTUTAasl IIIACTHHBI U MPOXOs MO IIACTUHYATOMY KOHTYpY. Hampas-
JIEHHE TOKOB YKa3aHO TOJICTBIMH CTpeNKaMH. [Io Mepe MOCTENeHHOTO yBeIuye-
HUS HalpsKEHUs Ha IUTAaCTHHE CKOPOCTh 2JEKTPOHOB, MAJAONIMX Ha MOBEPX-
HOCTb, IOCTUTAeT 3Ha4€HHU, TIPH KOTOPOM MPOUCXOUT BTOpUUYHAs dIMHCcCHsL. M3-
3a BBICOKOTO IIOTEHIIMaIa Ha aHO/I€ BTOPUYHBIE ANEKTPOHBI IPUTSTUBAIOTCS, U U3
KpHBOIi (prc. 3) BUIHO, 4TO KOHEI[ IPSMOJIMHEHHOTO €€ y4acTKa «a», H3rudasich,
IpHUOJINKAETCS K MAKCHMAJIbHOMY 3HAU€HHUIO TOKA. DTO yKa3bIBaeT Ha TO, YTO TOK
B IIETH MJIACTHHBI YMEHBIIAETCS, TAK KaK AIIEKTPOHBI C HEE YXOIAT U IlepeMelia-
IOTCSl K aHOAy. DTO JACWCTBHE COOTBETCTBYET Y4acTKy KpUBOH, 0003HAUEHHOMY
«b», U TOTIOTHUTENBHO WILTIOCTPUpYETCs puc. 5. [lepBUYHBIC MEKTPOHBI 000-
3HAYEHbI )KUPHBIMU TUHUSMH, 8 BTOPUYHBIE — ITYHKTUPHBIMH.

€ - -

Puc. 5. MutrocTparust yCiioBHsi, COOTBETCTBYIOIIETo BepiinHe « b» kpuBoit puc. 3
11ocjie MOSBICHUS BTOPUUYHONM IMUCCHH.

Fig. 5. llustration of the condition corresponding to the vertex “b” of the curve in Fig. 3
after the appearance of secondary emission

IlonHBIH TOK B LIENH MJIACTUHBI TEIEPh MOXKHO PaccMaTpUBaTh KaK COCTOSIINN
U3 JIBYX TOKOB, ero cocrapisitonux. CyliecTByeT NOCTOSIHHBIA OTOK IEepBUY-
HBIX SJIEKTPOHOB OT HUTH K aHOJY, IPUYEM LIEMb 3aMbIKaeTcsl yepe3 OaTapero
B3. BropuuHble 21€KTpOHBI, BHIOUTHIE U3 TIACTHUHBI, IPUTATUBAIOTCS aHOJIOM,
3aTeM TOK TEHUET IO Ienu depe3 Oarapero B3, anon u 6atapero B2. OgHako 3TOT
TOK HMMEET HalpaBlIEHHE, IIPOTUBOINOJIOKHOE TOMY, KOTOPOE II€pPBOHAYAILHO
MIPOTEKANOo Yepe3 Liemb, coaepkantyto 6arapero B3. [IpuunHa ymMeHbLICHUS TO-
Ka B LIETIH TeTepb OYEBHUIHA, HA 3TO YKa3bIBACT HAKJIOH KPUBOH BHU3.
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Ilo mMepe manpHEHIIEro yBeNWYEHUS MOTEHIMAJA IUIACTHHBI BTOPUYHAS
SMHCCHUSI CTAHOBHUTCS OOJIbILE, BBI3bIBAasl OOJIBIIMK TOK Yepe3 aHOAHYIO LIETb C
COOTBETCTBYIOLIMM YMEHBIICHHUEM B LU IIacTHHBL. O0 3TOM CBHIIETENBCTBRY-
eT IPOAOJDKAIOIINICS HAKJIOH KPUBOM BHHU3, YTO MOKa3zaHo Ha puc. 6. Korma
MOTEHIMAJ TUIACTUHBI MPUOIMKAaeTCs K MOTEHIMANY aHo/a, BEIOUTHIC U3 TUIa-
CTHUHBI BTOPHYHBIEC JIEKTPOHBI HAaYMHAIOT BO3BpAIATHCS K HEMY, M, CJIEIOBa-
TEJIbHO, TOK B IIENM IUIACTHHBI YBEJIWYMBAETCS B HOPMAJbHOM HAIIPaBJICHHUM,
YTO XapaKTEePHU3yeTCs] BTOPbIM U3rHOOM M HAKIIOHOM KPHBOH BBEPX.

5 € -
- -

-

Puc. 6. MnmrocTpaiyst cOCTOSHUE TOUKU « ) KPUBOH pHC. 3, KOTAa BTOPHYHAS SIMUCCHUS
MPEBBIIACT YCTAHOBUBILIMICS TOK B HOPMaJIbHOM HaIPaBJICHHN.

Fig. 6. Illustration of the state of point “c” of the curve in Fig. 3, when the secondary emission
exceeds the steady-state current in the normal direction

PeanpHas KOHCTpPYKIMS AWHATPOHA YE€M-TO HAIMIOMHHAET KOHCTPYKITUIO
OOBIYHOM TPEXAIEKTPOTHOM IaMITBl. HUTH Hakaa 00BIYHO MMEET BU/I CITUPAIIA U3
TOHKO# BoIb(hpaMoBoii mpoBosioku. Ha puc. 7 nmpeacTaBieHsl pa3inyabie GOpMBI
aHosa A M TuIacTUHBI P, KOTOpBIE UCTIOIB30BAIUCH IIPU U3TOTOBICHUH JTUHATPO-
HOB. AHOJ COCTOHT JTMOO M3 Tep(OPHUPOBAHHOIO METALTUIECKOTO IIMIMHAIpPA,
100 U3 TOJICTOU MPOBOJIOYHOW crupain. B coOpaHHOM KOHCTPYKIIUH TUHATPO-
Ha, aHOJ HAXOIUTCS OYEHb OJIM3KO K TUIACTHHE MIIH «MHUIIeHn» (target), kak ee
WHOTJa Ha3bIBatoT. Ecim ObI aHOA HE HAXOIUIICS B 3TOM TOJIOKEHUH, BTOPHYHBIE
AIIEKTPOHBI, BBIOUTHIE U3 TUIACTHHEI, MPOCTO BO3BpAIIAIUCh ObI B HEE 00paTHO
HECMOTPS Ha TO, YTO aHOJI HAXOAUTCS MO 00JIe€ BHICOKHM MTOTEHI[HATIOM.

Puc. 7. Tunnunsie GpopMbI IITaCTHHYATO-
CIHPATIBHOTO WM Iep(OpHPOBAHHOTO aHO .
Fig. 7. Typical plate-spiral or perforated
anode shapes
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3. Oco0eHHOCTH JUHATPOHHBIX CXeM

XaJin mojal MaTeHTHYIO 3asBKY Ha JUHATPOH «DJIEKTPOHHO-PA3PAAHBIN
armmapar» (anri. Electron discharge apparatus) 5 urons 1916 roma, a mateHT
US1385873A noxyuni Tonbko 26 utons 1921 rona. M3-3a BropruHON SMHCCHU
SNICKTPOHOB Ha IUIACTHHE IMHATPOH MPEACTABISACT COOOH OTpHUIlATENIbHOE CO-
MPOTHUBJICHHE, YTO MMO3BOJIET HA TAKOH JlaMIie coOpaTh YCHIIUTEb OECIIPOBO JI-
HBIX 3JICKTPUYECKUX CUTHAIIOB (pHC. 8a) MM paguonepeaTudK Ui IMUPOKOTO
Jquana3oHa 4acrot (puc. 80).

Puc. 8. [IpuHupMmmanbsHbIe CXeMBl paIMONPUEMHUKA (2) U paauonepenatunka (0) Ha JUHATPOHE
n3 narenTa A. Xamra US1385873A ¢ npuoputeroM oT 5 nions 1916 .

Fig. 8. Schematic diagrams of a radio receiver (a) and a radio transmitter (b) on a dynatron from
A. Hull’s patent US1385873A priority dated June 5, 1916

JuHATpOHHBIE CXEMBI HE UMEIOT HUKAKHUX ONPEAEIICHHBIX IPEUMYIIECTB
repe OOBIYHBIME CXeMaMH. XOTsI 10 CBO€H KOHCTPYKIIMM AWHATPOH W HAIO-
MUHAaeT OOBIYHYIO TPEXDJIEKTPOIHYIO JaMITy, HO €ro JIIEKTPOMbI BBITTONHIIOT
Opyrue QyHKIUH.

CrnenyeT 3aMETUTh, YTO TUHATPOH MOXKET CTaTh OTPULIATENIEHBIM COMPO-
THUBJIEHHEM HE TOJIBKO ISl IEPEMEHHOI0, HO U JUIsl IOCTOSIHHOTO Toka. [pyru-
MU CJIOBaMH, B 3TOM CIIy4ae IMOCTOSIHHBIM TOK B TWHATPOHE MOXKET UITH HE OT
MTOJIOKATEIHHOTO KOHTAKTa K OTPUIATENIFHOMY, KaK B OOBIYHOMW IIeNH, a B 00-
paTHOM HampaBlieHUH. Bce 5TH cBOWCTBa TUHATPOHA TO3BOJISIOT €0 MCTIOIE3 O-
BaTh CO 3HAYUTEIHHBIM 3(PPEKTOM s IIeNieil NeTeKTUPOBaHUS U YCUJICHUS, a
TaK)Ke MPUMEHSATH ISl TeHepupoBaHus yactot ot 1,8 1o 15 MI'w.

[lockoapKy aMIIUTyZa «pPE30HAHCHOTO TOKa» B JIUHATPOHHON Lienmu
OrpaHUY€Ha JJIMHOW U MPAMOJUMHEWHOCTHIO KPUBOW OTPULATENIBHOIO COMpO-
TuBIIeHH (puc. 9), TO OYEBHIIHO, YTO IpH padboTe TUHATPOHA HA MPSMOJIMHEH-
HOM y4YacTKe AB XapaKTepHCTUIECKOH KPHUBOW TOK OymeT acCHMMETpPHYHBEIM. B
9TOM ciy4yae JWHATPOH MOXHO HCIIONB30BaTh B KadecTBe jerekropa. Cxema
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JETEKTOPHOTO TTPUEeMHHUKA Ha AWHATPOHE TTOKa3aHa Ha puc. 9, rae tenedon 71 ¢
KOHACHCATOPOM C' BKIIIOYEHBI HETIOCPECACTBCHHO B JWMHATPOHHYIO LCIIb. Pac-
OpeaAciCHHAsA MOIIHOCTb MCIKAY BHUTKAMU KaTyIICK TeJ'Ie(i)OHa oOecrieunBaeT
HHU3KOC COIPOTHUBICHUEC paguOovacTOTaM, YTO MO3BOJIKICT IUHATPOHY YCUIMBATh
curHai. Beicokast HHAYKTHBHOCTH Telle()OHa 3aCTaBUT e KoJeOaThCsl Ha 3BY-
KOBOM JaCTOTC, €CJIM TOJIBKO €€ COIMPOTUBJICHUC HE OYCHL BCJIMKO HMJIM K KOH-
TaKTaM HE IOAKJIIOYEH KOHIEHCATOP C' nmogxomsmen eMKOCTH.

Puc. 9. KpuBas, noka3siBaromas CBsi3b ME&XAy HAIPsHKCHHEM IUIACTUHBI (aHOAOM) U €€ TOKOM
B JMHATPOHE. l'[anuMnnaanaﬂ cXeMa JACTCKTOPHOIO MPUEMHHUKA HA INTMOAUHATPOHE.

Fig. 9. A curve showing the relationship between plate (anode) voltage and its current
in a dynatron. Schematic diagram of a detector receiver based on a plyodinatron

Cxema, Ha puc. 9, MOMUMO BBICOKOTO YCHUJICHHUS, UMEET eIlle JiBa Mpe-
HUMYLIECTBA, & UMEHHO:

1. OTHOIIEHNE WHAYKTUBHOCTH K eMKOCTH MOXKHO ITOI00paTh TaK, YTOOBI
cxema Koinebanach ¢ COOCTBEHHOW YacTOTOM, OUCHb OJM3KOH K YacTOTE paauo-
BOITH, CO3/1aBasi TAKUM 00pa3oM reTepoJIMHHbIC OUCHUSL

2. Emkocte C' U OTpHILIaTEIbHOE COMPOTHBICHHE I” MOT'YT OBITH I1010-
OpaHbl TaKUM 00pa3oM, YTOOBI HEHTPATN30BATh COMPOTHBICHUE TeledoHa s
OTIpeIeIEHHON 3BYKOBOW 4acTOTHI, OIpeaesieMoi npousseaeHneM C' 1 MHIyK-
TUBHOCTH TenedoHa, U, eClii 3Ty 4acTOTy CZeJaTh TakoH ke, KaK Tpymnmna yda-
CTOT BXOAAIU X paJUuOBOJIH. HpI/I 9TOM YYBCTBUTCIIBHOCTH CUJIBHO BO3PACTCT.

OTH TpPeNnoChIKA ObUIM TPOBEPEHBI 3KCIEepHMEHTaNbHO. [lpremHMK
OBIT coOpaH COTJIACHO PHC. 9, W MPHUEM CHTHAJIOB OT HEOOJIBIIOW HCKPOBOU
YCTAaHOBKH CpPaBHHBAJCS C TMPUEMOM YYyBCTBUTEJILHOTO aynauoHa. (s odeHb
Ca0bIX CUTHAJIOB ayMOH OBl Oosiee YyBCTBUTENILHBIM, UTO YKa3bIBAJIO HA He-
OOJIBIIYIO aCHMMETPUIO AUHATPOHHBIX Koyiebanui. OHAaKO AJIsl CPEAHUX CHT-
HaJIOB ,[[I/IHanOHHI)II‘/'I OTKJIHK OBIII BO MHOTO pa3 CUJIbHCE, 1 €0 UHTCHCUBHOCTD
MOKHO 6LIIIO YBCJIHNYUTH IOYTH B HECKOJIBKO pa3, UI3MEHAA €EMKOCTb C.

B xoncTpykumu quHaTpoHa A. Xamna Juis Oonbliero yJqo0cTBa yrpasie-
HUS 3JCKTPOHHBIM TIOTOKOM HMEETCS BTOpasl CeTKa, PacloJIOKEHHAs BOIU3U
karona. [loTeHIMan 3TOW CEeTKH OmpenelseT YHCIO MEePBUYHBIX JICKTPOHOB,
MOMAaJaroINX Ha aHOJ, U TAaKUM 00pa3oM MPOU3BOAUTCS PEryIHpOBaHUE KOJIH-
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YecTBa BHIOMBAEMBIX U3 HETO BTOPHYHBIX ANEKTPOHOB. [log00HYI0 BTOpYyIO CeT-
Ky, Ul Te€X K€ 1enel, npuMmenun Brnepsbie M. Jlanrmiop B muotpone B 1913 1.
(matent US1558437A).

[pu mumHApUYecKoi (GopMe 3JIEKTPOJIOB JMHATPOHA JUIsSl YIIPABICHHS
NIEKTPOHHBIM TOTOKOM MHOT/iAa MPHUMEHSIOT J00aBOYHOE MarHWTHOE IOJe,
Hamnpapysid €ro BJIOJb OCU 3JIEKTPoJIoB. JleiicTBUE 3TOro Mojs TO K€, YTO U Y
MAarHeTpOHOB.

JHATpOHHYIO CXeMy MOXXHO cOOpaTh W Ha TPaJUIMOHHOM TpHuoue (C
OOBIYHOM CITa00i CETKOM), €CIM OTPAHUYUTHCS MAJIBIMH MOIIHOCTSIMU, TO €CTh
HE MeperpyxaThb CETKY.

Uro kacaeTcsi TUHATPOHHOTO TeHeparopa (puc. 2 u puc. 80), TO ero He-
JIOCTATKOM SIBJISIETCSI MaJlasgs SKOHOMUYHOCTB, OOYCIIOBICHHAS MOTEPSIMA MOIII-
HOCTH Ha OOIIbIIINE CETOYHBIE TOKH, a TAK)KE BHI3BAHHOE STUMH TOKaMH CJIY II-
KOM OOJIbIIIOe pa3orpeBaHue CeTKH. BMecTe ¢ TeM AMHATPOHHBIN TeHepaTop He
o0amaeT KaKUMH-THOO CYIIECTBEHHBIMHU MPEUMYIIIECTBAMU TIEPel OOBIYHBIMHU
CXeMaMH TreHeparopoB Ha jammax. [losromy mpakThyeckoe 3HAUYECHUE AUHA-
TPOHHOTO TEHEepaTopa HEBEIMKO W €ro MPHUMEHEHHE IeJIeCO00pa3sHo JHIIb B
OTJIENBbHBIX CIEIMATBHBIX CITyYasx.

4. IlauoaAMHATPOH

Ecnu B auHaTpOHE MOCTABUTH YNPABISIONLYI CETKY MEXAY KaTOIOM U
riepGopHpPOBaHHBIM aHOJOM, TO TAaKOE JJIEKTPOHHOE JIAMIIOBOE YCTPOIMCTBO C
IBYMS CeTKaMH HasbiBaercs rumnomuHatponom (pliodynatron). CosmanHbIi
XamioM TUTMOJMHATPOH, TO-CYIIECTBY, SIBISUICS KOMOWHAIUEH IIHMOTPOHA U
JUHATPOHA. DTO yCTPOMCTBO MMEET HACTOSIIYIO CETKY, a TaKXKe aHOAHBIA U
IUTACTUHYATBIA  3JCKTPOABl W MPEICTaBIAeT COOOH YeTHIPEXEKTPOAHOE
ycTpoicTBo. [InnonuHaTpoH, Kak U JUHATPOH, Hanbojee 3h(PEKTUBEH B IeHe-
pPaTOpHBIX cxemax. B 3Toif mamme ceTka, Kak 00OBIYHO, SBISETCS AIEKTPOCTATH-
YEeCKUM DJIEMEHTOM YITpaBJICHUS W MPH NMPaBUILHOM BBEIOOpE yCIIOBUI obectie-
yrBaeT CTaOWIBHOE YIpaBieHue KoyebaTenbHol sHeprued B nenu LC. M3me-
HeHHe TOTeHIMANa CeTKH (ompenensieMoe Oarapeeii B' mim MHBIM 06pazoMm)
NPUBOAMT K U3MEHEHHUIO BBIXOJHON MOIIHOCTH JIaMIIbl. B 3Toii namne ympas-
JICHWE aHOJHBIM TOKOM MOXHO OCYIIECTBIISITH HE TOJBKO C IIOMOIIBIO YIIPaB-
JSIFOLIIEH CETKH, HO U C TIOMOIIBI0 MarHUTHOTO TOJIsI, HAMIPaBIEHHOTO IMapaj-
JIETBHO OCH JIAMIIBL.

CxeMma BKIIOYEHUS TUIMOJMHATPOHA B Ka4yecTBE TeHeparopa dIIeKTpude-
CKuX Konebanmii mokaszana Ha puc. 10 [5].

Merton ynpaBieHHsI BEIXOTHOH MOIIHOCTBIO ITHOAWHATPOHA 3aKITH0OYACT-
cs1 B UI3MEHEHHHU NOTEHIMana ceTki. Ha mepBblil B3MIIAA MOKET MOKA3aThCsl, YTO
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Puc. 10. YcrpoiictBo mumoanHaTpoHa cornacHo nartenty A. Xamra US1385873A npuopurerom
ot 5 utoHs 1916 1. YcioBHO-rpadudeckoe 0003HaYCHIE TUIMOIUHATPOHA Ha cxeMaX. Cxema
BKJIIOUEHUS IIMOJJMHATPOHA B KAYECTBE ITeHEPaTOpa SIIEKTPUUYECKUX KoseOaHuil.

Fig. 10. The design of the pliodinatron according to A. Hull’s patent US1385873A priority dated
June 5, 1916. Graphic designation of the pliodinatron in the diagrams.
Circuit diagram for connecting a pliodynatron as an electrical oscillation generator

3TO MO0 OCTAHOBUT BCce KoJeOaHus (eciu Obl CeTka OblIa JOCTAaTOYHO OTPHIIA-
TEIbHON), MO0 TO3BOJIUT UM COXPAHSITHh MOJHYIO WHTEHCUBHOCTH. JlelicTBH-
TEIbHO, M3-32 KPUBU3HBI JUHATPOHHON XapaKTECPHUCTUKU IPHU OINPEACICHHBIX
YCIIOBUSIX MOXKHO TMOJIYYHUTh KPUBYHO YIIPABJICHUS IUMOJUHATPOHOM (TOKOM
CETOYHOU TMOTCHIIMAILHON IUIACTHHBI), MOAOOHYIO TOW, 4YTO ITIOKa3aHa Ha
puc. 11 [6]. Dta kpruBas UMEET 3HAYUTEITHHYIO IPSIMOIUHEHHOCTh HA YaCTH JIH-
HHUH U, CJIEOBATENBHO, MEXKIYy TOUKaMu A U B Ha HEW, IPU 3TOM CTAaHOBUTCS
BO3MOXKHBIM YITPABIISATH BBIXOJHONW MOIIHOCTBIO JIAMITHI ITyT€M U3MEHEHUS I10-
TeHIuana cetku. [IpuHIMnMuansHas cxemMa IIHOIUHATPOHHOTO PanoTeNeOH-
Horo nepenaryuka General Electric Company-Hull mokazana Ha puc. 11. Kak
MOXXHO BUIETh, 1enb L;C; moakiouaercs OOBIYHBIM YIS JUHATPOHOB CIIOCO-
0OM MEXIy TUTACTHHOM M TOYKOW oTBoja OaTapen D.

volts

Puc. 11. AHOxHO-CeTOYHAs XapaKTepHCTHKA IUTHOAMHATpOoHA. JIaGopaTopHBINH 00pasel ITHOA-
HarpoHa. [InnoauHaTpoHHbIH paguortenedonHbi nepenatunk General Electric Company-Hull.

Fig. 11. Grid potential-plate current characteristic of a pliodynatron. Laboratory model
of pliodynatron. General Electric Company-Hull pliodynatron radiophone transmitter
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Muxkpodon M gepe3 TpanchHOpMATOP COSAMHEH C CETKOH IUTHOAMHATPO-
Ha. B cooTBeTCTBHM C N3MEHEHUSIMU PEUEBOTO CUTHAJIA U3MEHSETCS MOTEHLAT
CeTKH. MoTyTMpOBaHHBIA BBIXOAHOH CHTHAJI MOCTYNAeT B AaHTEHHYIO LIENb Ye-
pe3 MHAYKTUBHYIO CBSI3b MEXAy Karymkamu L; u L,. Ha mpakruke pamuorerne-
(doHHas CBsI3b HAa paccTOSHUU 16 M (26 KM) JIETKO OCYIIECTBISETCS € MO-
MOIIIbIO OJTHOTO TUIMOAWHATPOHA, HO JAJbHOCTh Nepefadd, HECOMHEHHO, MO X-
HO OBLJIO 3HAYUTEIBHO YBEJIUYUTH, HO B TO BpeMs HE ObLIO MPEANPUHSITO HUKa-
KHX MOMNBITOK MOJTYYUTh MAaKCUMaIbHO BO3MOXHYIO MOIIHOCTD MU JAJBHOCTD
EUCTBUA.
B 1958 rony IRE narpanun IouerHoii menansio Anpbepra Y. Xama 3a
BBIJIAIOIIUECS] HAayyHblE NOCTHXKCHHS, a TaKKe HOBaTOPCKUE HM300peTeHHs W
pa3paboTKu B 00JIACTH DICKTPOHHBIX JIAMII.

5. IlpuMeHeHNe TUHATPOHHOI TEXHOJIOTHH

XapakTepucTHUeCKash KpUBasi CBSA3M MEXJY HAIpPsDKEHUEM Ha aHOJC W
€ro TOKOM Y JIaMITOBBIX Tpuo 0B Tuna R, V24, Ora, QX u mogoOHbBIX JlaMI TpU
HX UCIIOJIb30BAHUU B Ka4Y€CTBC JUHATPOHOB C HU3KMMH aHOJHBIMU HaIIPAXKCHU-
smu oT 50 B mo 150 B B GombImieii i MEHBIIICH CTETICHH OTpa’kaeT HAIMYNC
a¢deKrTa OTpUIAaTETHLHOTO COMPOTHBIEHH. biaronapst atomy 3ddexTy nmrodyro
W3 3TUX JaMIl MOXHO 3aCTaBUTh T€HEPHPOBATH JNIEKTPUYECKHE KOoIeOaHUs,
MTOJIKJIFOYMB MOAXOMANIYI0 KaTYIIKy K IIETH aHOa. BRIpSMIICHUE TaKKe MO K-
HO MOJIYYUTh, OTPETYJIUPOBAB HAIPSHKCHUE HA CETKE 1O OTHOIICHUIO K HAIp s-
JKCHUIO aHOJIA TaK, YTOOBI MCIIOIF30BAJICS OJJMH M3 JIBYX M3THOOB KPUBOW TOKA
aHoma (cm. puc. 13.3).

CxeMa, TokazaHHasi Ha puc. 12, Ha MpPaKTUKE SBISETCS BIOJHE TOAXO-
IIIel JUid TpueMa JUIMHHOBOJHOBBIX cTaHiuid. [loxoske, 4TO OHA CTONb XKe
3¢ peKTUBHA, KaK ¥ aBTOJMHHAS pEereHEepaTUBHAs cxema, u aaxe Ooinee 3pdek-
THBHA, YeM OJIHOKATYIIICYHAs] aBTOIMHHAs cxema jae dopecra «yabTpayaroH».
B xauecTBe aHO/A MCIOIB3YETCS CETKA TPUOJIA, @ B KAUSCTBE CETKU WM BCIIO-
MOTaTeIbHOI0 aHO/Ia UCITOJIb3YETCS PeabHbIH aHO/I.

V4

Puc. 12. [lpuHIMIMANEHAS CXeMa

umml“ MIPUEMHHKA MPSIMOTO YCHJICHUS Ha
JIAaMIIOBOM TPUOJE, BKIFOUEHHOM

T 110 CXeMe JUHATpOHA.

w
e

Fig. 12. Schematic diagram of a direct
- amplification receiver using a tube triode
connected according to a dynatron circuit
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OcHOBHOE TIpUMEHEHHE NWHATPOHA, OJHAKO, MPEICTABIIET COO0H Tpo-
CTOH He3aBHCUMBII reHepatop Konebanuil. bnarogaps s¢dexTy oTpuaTensHo-
T'O COIMMPOTHUBJICHUA €I'0 MOXXHO TAaKK€ HCIIO0JIb30BAaTh B KAUYCCTBC YCUIIUTCIIA TO-
Ka WJIN HalpsOKCHUA WA OIS HeflTpaJIPIEIaHHH TTOJIOXKUTEIIbHOT'O COIPOTHUBIIC-
Hus. [lo cyrn, oH uMeer GecUrcIIeHHOe MHOYKECTBO IIPUMEHEHHI.

YIpolieHHbIH BapuaHT CBEPXPEreHEPATUBHON CXeMbl APMCTPOHTA JI0JI-
JKeH 00Ja/aTh CIOCOOHOCTHIO TallleHHs TeHepainuu ¢ vactorod or 8000 mo
15000 I'm. [Ipu ucons30BaHUY TMHATPOHA CBEPXPETEHEPATHBHAS CXeMa IOJy-
YaeTcs 3HAYUTENFHO IMPOIIe OOBIYHOTO PETeHEPATHBHOTO T€HEPATOpa, UCTION b-
3YIOIIETO 3IEKTPOMArHUTHYIO HIIM 3JIEKTPOCTATHUECKYIO CBSI3b MEXKIY CETKON
W aHOJHBIMH KaTylIKaMH. B kadecTBe AMHATpOHA MOJOHAET padoTaromas mpu-
€MHasl YUIH HeOOJTbITas TeHEPATOPHAS JIaMITa. DKCIIEPUMEHTBI TIOTBEPAUIN Ty
TUNOTE3Y, U Ha puc. 13 moka3aH OJWH W3 MHOTHUX BO3MOXKHBIX BapHAHTOB HC-
10JIb30BaHUs IPUHITUITA TUHATPOHA.

KonebarenbHble MOTEHIIMATIBL, CO3/IaBaeMble JielicTBUeM nuHaTpoHa D Ha
WHIyKTHBHOCTH L, mBycTopoHHeidt karymkum Ne 1500, W3MEHSIIOT aHOMHOE
HaIpsDKeHUE JIETEKTOPHON JIaMmbl V ¢ 4acTOTOW, PEeTyJIUPYeMOil ¢ MOMOIIBIO
koHzaeHcaropa C Tak, 4yTOObl OHA OblIa YyTh BBIIIE TOYKH CIBIIIMMOCTH IS
npueMa Teﬂe(i)OHHOfI CBs3M, TOTAAa KaK JJI1 HICKPOBLIX CUTHAJIOB 4aCTOTa MOXKET
OBITH 3HAYNTENBHO HIKe. barapes Bl mmeer oTBoapl ¢ mHTEpBaioM 3 B, mo-
3TOMY MOXKHO JIETKO MOI00paTh MpaBUIIbHOE HANPSHKEHHE IS aHOJA JUHATPO-
Ha. Hanpsbxenne B2 He 00s13aTenbHO JOKHO OBITH MI3MEHSIOLINMCSI.

HaubGonee momxomsmiel Iuisi MCIONB30BAHUS B KA4eCTBE JUHATPOHA C
HU3KUMH aHOIHBIMH HaINpsDKEHUSAMH SBISIETCA TpHoa-geTektop M-OV QX
(puc. 13) Omarozmapsi pacHOJIOKEHHIO SIEKTPOJOB. DTa JiamIa IMpeACTaBIseT
c000H TakKe XOPOIINH OOBEKT AL SKCIIEPHUMEHTOB.

FRAME
AERIAL

Puc. 13. [puMeHeHNE AUHATPOHHOI CXEMbI B CBEpXpEreHEPaTHBHOM PHEMHHUKE.
O6uit Bua mammoBoro tpuoa-aerekropa M-OV QX (1920 r.)

Fig. 13. Application of a dynatron circuit in a super-regenerative receiver.
General view of the tube triode-detector M-OV QX (1920)
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IIpeumyiiecTBa TUHATPOHHOM CXEMBI, KaK IPaBUIIO, MPOSIBISIOTCS U B

CiIydae, Korjga ABE OOBIYHEBIE TPEXIICKTPOAHBIC JIAMIIbI BKJIHOYANOTCA IIapall-

JICJIbHO BMECTO OAHOI'0 JUHATPOHA, IPHU 3TOM YaCTb KpHBOﬁ AHOAHOI'O TOKa C
OTpULATCIbHBIM COIMIPOTHUBICHUEM 3HAYUTECIIBHO CTAHOBUTCA KpYyUC.

6. HeraTpon

OddeKT oTpULATEIBHOTO CONPOTHUBICHUS cTas u3BecteH B 1900 rony,
koraa anrnuiickuit usuk Bunbsam ynnens (William du Bois Duddell) Brnep-
BbIC pEAIbHO TOKa3al, YTO JJIEKTpUYecKas Jyra crocoOHa BBI3BIBATH HE3aTY-
XalolIne AIIEKTPOMarHuTHeIe kojebanus. C 3Toi naThl Ayra sl MHOTHX LieIeH
CTAHOBUTCSI OCHOBHEIM CPEACTBOM OOIIEHHS 1O O€CIIPOBOAHON CBS3M HA OO b-
IITHEe PACCTOSHHUS. DJICKTPHICCKas Jyra U TUHATPOH, Kak OBLIO TOKa3aHo, o0Jra-
JIatoT (GaKTUYECKUMH CTATHUYECKHMHU OTPHUIIATEIFHBIMU XapaKTePUCTHKAMH CO-
MIPOTUBJICHUS, IMO3BOISIONIMME CO3/IaBaTh BBICOKOYACTOTHBIC KOJEOAHUSI.
HeiiTpanu3anus ¢ mMOMOIIBIO OTPHIIATEIBHOTO COMPOTHUBICHUS OOBIYHOTO CO-
MIPOTHUBJICHHSI LICITU TIO3BOJISIET 3HAYUTEIBHO YCUIUTh CUTHAJIBI BCEX BHUJIOB, YTO
JlaeT BO3MOXKHOCTh COKPATUTh CONPOTHBICHHE UIMHHBIX YYACTKOB Telerpad-
HoOTO Kabesa. OHaKO TIaBHBIM HCIIOIH30BAHUEM OTPHUIIATEIFHON PE3UCTHBHOMN
ANIEKTPOHHON JIAMIIBI SIBIISIETCS T€HEPHPOBAaHNE HEMPEPHIBHBIX KOJNEOAHWNA IS
WCII0JIb30BaHUs B OECIIPOBOIHOM IIepeiaye Ui MpreMe METOJI0M OUEHUIA.

B cents6pe 1919 roma Opuranckuii paguonskeHep Jxon CKOTT-
Tarrapt (John Scott-Taggart, 1897—1979) u3 Radio Communication Co.
M300pes TPUOJ C JIOTIOJIHUTEIILHBIM aHOJIOM, CIIOCOOHBINH T€HEPUPOBATh KOJIE-
OaHust Onarojaps «Iajaroliedl XapaKTepUCTHYeCKOH KpuBoit». IIpu 3ToM OH
xoTen oboiitu cymectByromue nmatentsl JIu 1e @opecra (Lee de Forest), Anek-
caugpa Meiicaepa (mem. Alexander Meifner), Dusuna Apmcrponra (Edwin
Armstrong) u Xyra-Kiona ® (mem. Huth-Kiihn). Osxunast Beizaun marenta, oH
OTIIOKMIT ITyOMHMKAIUIO MOAPOOHOCTE# cBoero n3o0pereHus no 1921 roga. Ye-
THIPEXANIEKTPOIHAsL MeKTpoHHas namra Ckorr-Tarrapra monydmina Ha3BaHUE
«Herarpon» (Negatron), puc. 14 [7].

OTa HeTaTpOHHAs JIaMIia B OTIIMYUE OT OOBIYHOTO JIAMITOBOTO TPHOAA CO-
JieprKaJia iBa TUTOCKMX aHO/a, MEXIy KOTOPBIMHU pacroiiaraercs HATh HaKajla u
cerka. Anon Al Ha3bIBaeTCs «IIIABHEIMY», a aHON A2 — «BCIIOMOTaTeIbLHBIMY
(maseiBaror Takxke «diversion plate» — OTBOAHOM WM OTKIOHSIOIINN aHOM),

® Paspabotka Xyra-KroHa npesicraisier coGoii cxeMy TeHepaTopa, B KOTOPOil OTCYTCTBYeT 3aMeTHast
obpaTHasi CBsI3b, OJHAKO, HECMOTPS Ha 3TO, OH OYCHb HAJCKHO TCHEPHUPYET dIEKTpruuecKie Konebanns. Cxema
Obuia 3anatentoBana Jlroasurom Kronom (Hem. von Ludwig Kiihn), kotopsiii pabotai B ¢pupme nokropa D. @.
Xyra (mem. Erich.F. Huth) B Bepiure B 1917 rony. Hemenkuit matent DE310152C «Cxema [yt reHepanun
KoJeOaHWii ¢ MOMOLIBIO BJIEKTPOHHBIX Jiamm» (Hem. Schaltungsweise zur Schwingungserzeugung mit
Vakuumrohren) 6pun3apeructpuposas 28 ceHTsi0pst 1917 1.
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TIpUYeM TIOCTICAHUI 00BIYHO O0MBIINUX pa3MepoB, deM Al. Oba aHOIa TMTAIOTCS
oT oOmel Oarapen, co3maromell B 00enx HemnsX NPUMEPHO OJUHAKOBBIE TOKH,
paBHBIE B CyMM€ TOKY HachbllieHHs. Jpyrum cioBamu, mocje IMporpeBa HUTH
HakKaja 3JIEeKTPOHBI, HCITyCKaeMble HUTBIO, PACIIPENEIISIOTCS PABHOMEPHO MEX-
Iy nByMs aHoxamu. Ha puc. 14 mokasaHo ycTpoiCTBO HEraTpoHa.

B cxeMy HeratpoH BKJIIOYaeTcst OOBIYHO TaKUM 00pa3oM, 4TOOBI H3MEHe-
HUE MOTEHIMaja y TJIaBHOTO aHO/a MPUBOANIIO K M3MEHEHHIO MOTEHI[MaIa TOTO
K€ 3HaKa U y CETKH. DTO BBI3BIBAET B IIEMU BCIIOMOTATEJIBHOTO aHOJA IpHpa-
LIEHHE TOKA TOIO )K€ 3HaKa, 6Jaroaapsi 4eMy TOK B LIETIH IVIABHOT'O aHOJa U3Me-
HSETCS ¢ 0OpaTHBIM 3HAKOM (TaK KaKk CyMMa 0OOWX TOKOB ITOCTOSTHHA W paBHA
TOKYy HachileHus1). CienoBaTenbHO, LIENb ITIABHOTO aHOAA B 3THUX YCIOBHAX
HMEET CBOWCTBA OTPULIATEIIEHOTO COIIPOTUBICHUS U MOKET OBITh UCIIOJIb30BaHA
JUTsl IE€TEKTOPHBIX, YCUIIUTEIBHBIX U T€HEPAaTOPHBIX 1ieneil [ §].

Ha neratpon [Ix. Ckorr-Tarrapt nosnyuun bpuranckuii mateHt [9], a
BCETO 32 CBOIO JEATEIHHOCTh OH MOMYy4na 51 maTeHT Ha H300peTeHUsL.

Puc. 14. lixon Crott-Tarrapt. O0mmii BUx 1 ycTpoicTBO Herarpona: Al — TiIaBHEIN aHOZ,
F — uute Hakana, G — ceTka, A2 — BcroMorareabHbIi anoj, C — I[0KOJIb.
CxeMa BKIJIIOUEHHS] HETaTPOHA.

Fig. 14. John Scott-Taggart. General view and structure of the negatron: A1 — main anode,
F — filament, G — grid, A2 — auxiliary anode, C — base. Negatron connection diagram

B skcnepumenTansHOM 00pasie aHoAbl ObIIIM BBIPE3aHbl U3 HUKEJIEBOTO
TOHKOTO Jincta. AHOJ Al mpexactaBmst coboit TuracTUHKY pasmepoM 10 MM X
10 MM X 0,2MM, KOTOpas pacnojaranach B 9 MM oT HUTH Hakana F. Anox A2
uMen creayrome pasmepsl: 22 MM X 10 MM X 0,2 MM 1 HAXOIUJICS B 2 MM OT
HUTH Hakana. Hute Hakana u3 Boib(paMoBOil MpoBoioku auamerpom 0,6 MM,
ee [UIMHA B 3ur3aroodpasHom Buze 25 mM. B skcnepumenTte [10] ¢ Takoit 1am-
0¥ ObLIa MMOTyYeHa Majatomas XapakKTepUCTUKa Toka la Ha rimaBHOM aHome A1
OTHOCHUTEJIbHO HanpsbkeHus Vg Ha cetke G (puc. 15) Gmaromaps ToMy, 4TO IpU
MOIXOSIIIEM ITOA00PE FEOMETPUIECKUX Pa3MEPOB U B3aUMHOI'O PACTIONIOKEHUS
CeTKH U 000MX aHOJIOB TOK 13, yBenmunBaercs 3a c4et Toka la;.
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Puc. 15. [IpuHnMmMansHas cxemMa TeHepaTopa Ha HeraTpoHe. XapaKTepUCTUYCCKUE KPHUBEIC
HETaTPOHHOM JlaMITbl: 1 — oOmuii Tok ByX aHomoB — la; + 1a,, 2 — oTKIIOHSIOIINI aHOIHBIH
ToK (95 B) — lay, 3 — ocHOBHOIT aHOAHEIN TOK la.

Fig. 15. Schematic diagram of a negatron generator. Characteristic curves of a negatron valve:
1 — Total Current to Both Anodes la; + la,, 2 — Diverted Anode Current (95 Volts) la,,
3 — Main Anode Current la

VY HeraTpoHa majaromas xapakrepucruka ab (puc. 15 KpI/IBaS{ 3) o0y-

CJIOBJIMBACT HAJIUYUC oOmpuyamelbHo2c0 COnpomueileHus < 0 (OTCIO,Z[a

avg
Ha3BaHUE «HETaTPOH»), KOTOPOE, KaK U B BOJBTOBOW yre WM IUHATPOHE, CII0-
cOOCTByeT BO3HMKHOBEHHMIO KoJiebaHWii B KonebarenbHOM KoHType LC
(puc. 15). B aroii cxeme cerke G coobmaercs HeoOxoauMoe (MTHOBEHHOE)
HaIpsDKEHUE OT Kojie0aTelIbHOTO KOHTYypa 4yepe3 kKoHaeHcarop Cl, mpuuem mo-
BBIILIEHUE HANPSDKEHUS Ha IIaBHOM aHone Al yBennuuBaeT VJ U TeM camMbIM
ymenbinaer lal (6xaromapst ysemnuenuio la2). Yreuka uepes GoJbIIOE COMPO-
tuBieHne R obecnednBaer, Kak OOBIYHO, MOANEpPKAHWE HYKHOTO CPEIHETO
HANpsOKCHUSI Ha CeTKe, PUKCUPYS TeM CaMbIM BBITOJHYIO pabouyr0 TOUKY Ha
xapaktepuctuke. R u C1 moryt ObITh 3aMeHeHBI 0c000i Oatapeel, BKItoUae-
Moii BMecto Cl orpunarenbHBIM MOMIOCOM K aHOAY Al M TONOXHUTENBHBIM K
cetke G. Pabouas To4Yka M TOK Hakaja BBIOMPAIOTCS TaK, YTOOBI MOJIHBIA TOK
ucnyckanus lal+la2 paBHsics TOKy HachIIIEHUsS U pacmpeaessuics Mexay Al
u A2 puMepHO ITOPOBHY.

B HeraTpone npucyTcTBYIOT 1Ba 3¢QeKTa, KOTOpble PeryJupyroT aHO-
Hble TOKU. [lepBriii 3¢ PekT, yBenuueHue moTeHnmana aHoaa, IMEeT TeHACHLINIO
K YBEJIMYEHHUIO aHOHOT'O TOKa, & BTOPOH — 3(PEKT yTEeUKH, HIMEET TEHASHLINIO
K YMEHBILIEHUIO aHOAHOTO ToKa. DddekT yreuku mpeodnagaeT Haja NEPBEIM d¢-
(eKxToM, B pe3ysibTare 3TOro YMEHbIIIAETCSI OCHOBHOW aHO/HBIN TOK M YBEIUYH-
BAETCs MEKTPUUECKUN ITOTEHIIMAJ [VIABHOTO aHOJA. Y MEHBIICHHE [TOTEHIIMAJIa
[JIABHOTO aHOJAa JeNIaeT CeTKy OoJiee OTPHLATENIbHON, U YMEHBIIAET TOK BCIIO-
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MOTaTeIbHOr0 aHoaa A2, U aHOIHBIA TOK, CJICAOBATEIIbHO, YBeIUYHBacTCA. Ta-
KUM 00pa3oM, HETaTpOH [IEHCTBYeT KaK OTPHUIATENHFHOE COIPOTHBIICHHE.
HeratpoH reHepupyeT TOJBKO B TOM CiIy4ae, KOTJa BEJIMYMHA TOKA HaKaJIHBa-
HUS HAXOIUTCS B OMPEICICHHOM [Uara3oHe ero 3HadeHuil. OTpulaTeabHBIN
3G PEKT CONPOTURIICHHUS MOJHOCTHIO MCUYE3aeT, Korjaa TOK Hakana Bbie 0,575
A. AHaOTUYHO OH HMCYE3aeT IO IPYToi MPUINHE, KOT/Ia TOK HaKajla OYeHb MaJL

7. Oco0eHHOCTH UCIOJIb30BAHMS HEraTPOHA

Ha npakTuke HerarpoH 4pe3BbIYaliHO MPOCT B MCIIOJB30BAHUU, PUYCM
OCHOBHAsl PETYJIMPOBKA 3aKII0YACTCSA B PETYIMPOBKE CBEUEHUSI HUTU, KOTOPOE
OTIpeieNIsIeT HAChIIEHHOCTh JIaMIlbl, Onarofapsi uemy nocturaetcs ekt oT-
pHULIATENBHOTO CONpPOTUBIEHU. HeraTpoH He Hamlen HIMPOKOro TEXHUYECKOTro
HCTIONB30BaHMsI M3-3a Y3KOTO JArarma3oHa reHepupyeMbix 9actotT (15—500 xIm).

Ckorr-TarrapT Taxxe Ipe IO UCIOIB30BaTh HETaTPOH ISl YMEHb-
IICHUs TOTEPh B HACTPOCHHOM cxeMe mpHeMHHKa. Ecnmu pexum paboThl
HEraTpoHa B POJH TeHeparopa moao0parh TAKUM, YTO KOMIEHCAU aKTHBHBIX
IOTEPh B KoJIeOATETLHOM KOHTYpe OYJEeT HEMOIHOM, TO CaMOBO30YKICHHUE KO-
nebaHWll HEe BO3HUKHET. B 3TOM ciydyae H00OpoTHOCTH Q KOHTypa OKaMeTcs
BeCbMa OOJBINOM, U YyBCTBUTEIHLHOCTh NMPUEMHHUKA 3HAYUTEIHHO YBEIWUHTCS.
HeraTtpon mpu TakoM MCHOJB30BaHUU MPEACTaBISET CO00H YMHOXUTENb O00-
porHoctu. M3o0petarens CkoTT-Tarrapt moHuMaj, 4TO TOYHO TaKoW ke 3¢-
(EKT MOKHO TIONYYUTH C MIOMOIIBIO OOBIYHOM pereHepaTHBHOW CXEMBI, HO IO~
CUMTAN, YTO Jy4IlEe HCIONB30BaTh HEraTpoH, MOCKOJIBKY OH HE BBI3BIBACT
HapyLIEHUH HACTPOMKHU, KOTOPBIE SIBISIOTCS CIEICTBUEM NEPEMEHHOW HMHIY K-
TUBHOM CBSI3U B pET€HEPATUBHOMN cUCTEME.

HuaTepecHo paccMoTpeTs paboTy HeraTpoHa B Oojiee 0OIEeM KOHTEKCTE
[11]. Kak y»e roBOpHIIOCH, H3MCHEHHE MOTEHIMANA CETKH BBI3BIBACT PaBHBIC,
HO MTPOTHBOTMOJIOXHBIE U3MEHEHNS JABYX aHOTHBIX TOKOB. Ecnii B aHOIHBIE 11€-
A BKJIFOYCHBI paBHBIE CONMPOTHUBIICHUS HATPY3KH, TO MOTEHI[MAT OJJHOTO aHOJa
YBEIIMYUTCS, a PYTOT0 YMEHBIIUTCS HAa TAKYHO K€ BEIMYHHY, YTO HATIOMHUHAET
cBoeoOpa3Hble Kauend. B 3TOM ciydae HEraTpoH MOXKHO pacCMaTpHBAaTh Kak
MIPEeANIECTBEHHNKA «Kavyaromerocs» (a3oAeuTeNs, KOTOPBIH HCIOIL30BaICS B
MTOCJICYIOUINE TOMABI JIJIsl YIPABJICHUS JIBYXTAKTHBIMHU BBIXOJHBIMH KaCKaJaMH
B ayIMOYCUIIUTEIISIX.

Eme oauH uHTEpEeCHBId MOMEHT 3aKJII0YaeTCs B TOM, YTO €CIIK B CXEME
puc. 15 xoneOaTenpHBI KOHTYP 3aMEHUTH PE3UCTOPOM, TO MOIYYHUM YCTpOWi-
CTBO C TOJIOKHUTEIBHON 00paTHOW CBA3BIO (pHC. 16a). DTO yCTPOMCTBO MOXKET
paboTaTh Kak pelaKcarMoOHHBIN TeHepaTop, MPOU3BOSMIINNA CUTHANBI C OCTPHI-
MH{ THKaMH Ha YacTOTe, OMpPENesieMOi IOCTOSHHOW BPEMEHH KOHJEHcaTopa
CBSI3H M PE3UCTOPOM yTEUYKH CETKH.
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Cy1miecTBeHHBIM TpeOOBaHHEM K padoTe HEraTpOHA SBISCTCS OTrpaHHYe-
HUE€ KaTOJHOW 3MHUCCHUH C IIENBbI0 HACHIIEHUS BCell JaMiibl. KaTomHbIN TOK mo-
CTOSIHEH, a UCTOYHHK IOCTOSHHOTO TOKAa UMEET OYEHb BBICOKOE COMPOTHUBIE-
Hue. Cxema ycTpOHCTBa HeraTpoHA B 3TOM cilydae MoKa3aHa Ha puc. 160, rae
(YHKIHS TTOCTOSHHOTO TOKA TpeJACTaBlieHa Kak BHYTPEHHEE BBICOKOE COIpO-
THBJIEHHE B KaTOAHOH 1err. Heo6XoammMo MOHNMATh, 9TO 3TO «IMHAMHYECKOE»
COTIPOTHBIICHUE C OJHON CTOPOHBI NMPOTHUBOACUCTBYET M3MEHEHHIO TOKA, a C
Jpyroil — moJiep KUBaeT yCTOWYMBBIA TOK SMHCCHM. Takoe yCTpOHCTBO IpH
HEKOTOPBIX MPEINOCHIIKaX MOKHO paccMaTpuBaTh KaK HEYTO MOX0oxkee Ha (a-
30MHBEPTOP C KaTOJHOM CBS3bI0, IPUMEPOM KOTOPOTO SIBIISIETCS TaK Ha3bIBae-
MBIH muddepeHITMaNbHBIA YCUITUTEb.

HT+

Gl R2

|
% i \CL?M ':-\g Lh

18

6 = Exgz

Puc. 16. [IpuHIMIHATBEHBIC CXEMBI: 8 — PEJIAKCAI[HOHHOTO reHepaTopa, 6 — nud dhepeHnnaibHo-
ro ycunutens, B — auddepeHransHoro yeuaureds (tTpuoast 16 n 17) u3 narenrta A. brromsii-
Ha GB482740A c nmpuopuretom ot 4 urons 1936 . doro Anana brromisitHa.

Fig. 16. Schematic diagrams: a — relaxation oscillator, 6 — differential amplifier, B — differential
amplifier (triodes 16 and 17) from A. Blumlein’s patent GB482740A
with priority dated July 4, 1936. Photo by Alan Blumlein

Bo Bpems paboter Ckorra-Tarrapra B 1919 rony He cylecTBoBajiio oco-
3HAHHOW MOTPEOHOCTH B pa3/ieiecHHH (a3bl WK CBA3aHHBIX C HEH MPHUIOKCHU-
SIX HEraTpoHa, M TI03TOMY OH yKa3aj TOJbKO Ha OJJHY €ro 0OCOOCHHOCTb — OT-
punaTensHoe comporuBieHue. PeampHas cxema ¢a3zomHBEpPTOpa C KaTOIHOW
CBSI3BIO Ha JBYX TproAax (puc. 16B), a He AWOA-TpHO (HETAaTPOH), ObLIa H300-
peTeHa u 3amateHToBaHa AmanoMm Bmommsitnom* 17 et cryers, B 1936 roay
[12]. K konmy 1930-x rogoB cxema qudhepeHInaNIbHOr0 yCHIMTEIBHOTO Kac-
KaJia Oblj1a XOpOIIO M3BECTHA M ONMCAaHa Pa3IMyHbIMU aBTopamu. C Tex mop 3T1a
cXema cTajla Ba)KHbIM KOMIIOHEHTOM IIHPOKOTIOIOCHBIX OaTaHCHBIX YCHIIUTE-

* bmiomnsitn Anan (Alan Dower Blumlein, 29.06.1903—07.06.1942) — corpynuux Electric & Musi-
cal Industries, Limited, Hayes, Middlesex, England, a British company.
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Jiel, OnepalMoOHHBIX YCHIIMTENEN U T. 1., BIJIOTH JI0 3pbl TPAH3UCTOPOB U MHTE-
rpanbHBIX cxeM. Ecim 661 B 1919 romy Bo3HUKIa HEOOXOIMMOCTh B TaKOH TeX-
Hosioruu, To CkoTT-Tarrapt BIoJIHE MOT OBl 3aHATHCS JALHEHIIIMM Pa3BUTHEM
Y IPUMEHEHHUEM CBOECH KOHIICTIH HETaTPOHA.

8. IlinaTnon

AMepuKaHCKHIA paguoTexHuK JIu qe PopecT B X0/€ CBOMX 3KCIEPHUMEH-
TOB C BAKYYMHBIM JAHOJIOM, CPEIIU MPOUYETO, MPUKPENUII K CTEKJITHHOMY OaJlJIOHy
JIaMIIBl JOTOJHHUTEIbHBIC JIEKTPOAbI U pa3paboran aBa 0coOeHHO 3(h(DeKTHR-
HBIX YCTpO#CTBa, KOTOpEIe OH 3amarenToBan B 1906 r. (US841387A) u 1907 r.
(US879532A) [13]. ba3oByro cxeMy IHOAa C HAPETBIM KATOIOM M XOJOIHBIM
arogoM je DopecT MOMONHHUI TUIOCKUM METAJUTMYECKUM 3JIEKTPOIOM, PACIio-
JIO’KHUB €T0 TIepe/] HUThIO HaKaja ¥ aHoI0M. J[pyroii BApuaHT JaMIIOBOTO TPHOa
C «CETKOW» B MPOCTPAHCTBE MEKIY HUTHIO H aHOJIOM ObLIT IOBE/ICH JI0 BBICOKOI
CTETICHU COBEPIICHCTBA B MOCIEAYIONINE ACCATUICTHS U XOPOIIO U3BECTCH HAM
KaK TPEXAICKTPOIHAS AICKTPOHHAS JIaMIIa [0J] HA3BaHUEM «ay IMOHY.

Korma JIn ne ®opect Gobiiie HE MOT TTO3BOJIUTH ceO€ OIIaTy WHOCTpaH-
HBIX TMATEHTHBIX MONUIHH, €My IPHUILIOCh OTKAa3aThCsl M OT IaTEHTa, 3aperu-
ctpupoBanHoro B I'epmanuu (DE217073 ¢ npuoputerom ot 23 suBaps 1908 r.).
Ha ocnoBanuu marenta Ha jamiy Jlnbena kommanus Telefunken saperucrpu-
poBasia psif APYyruX MAaTEHTOB Ha JEKTPOHHYIO JIAMIIy C CETKO, TaKk 4TO HH
OAHa Opyras KOMIIaHUSA B FepMaHHI/I (baKTI/IqCCKI/I HE MOTIJIa IPOU3BOANUTE JIaM-
el 0€3 HapYIICHHUS TATEHTOB.

[To3TOMY HEYAMBHUTEIBHO, YTO JIAMITOBbIC KOMITAHHH UCKAJIH MYTH BBIXO-
Jla U3 TOM CUTYAllMH U O NIEPBOM KOHCTPYKIHH Ji¢ PopecTa CHOBA BCIIOMHHMJIH.
Takast TpyOKa B OCHOBHOM MMEET CTPYKTYPY, MIOKa3aHHyto Ha puc. 17a. C obe-
UX CTOpPOH HaneBaTeJII:HOﬁ HHUTHU HMMCIOTCA IIJIAaCTUHBI U3 JIUCTOBOI'O METajlla,
OJIHAa U3 KOTOPBIX CIIYXKUT aHOJAOM, a APYyTas — «yNPaBISIOMIEH INIACTHHON.
DJeKTPUYECKOe TMOJIe TUIACTHHBI YIPABICHUS PACIPOCTPAHSETCS B MPOCTPaH-
CTBO MEX/y KaroJoM (HHThIO Hakaja) U aHoIOM. M3MeHEeHHUsI HAPSDKCHUS Ha
YIPABJISIONIEH TUIACTHHE BBI3BIBAIOT KOJICOAHUS aHOTHOTO TOKA, XOTSA 3TO Ka-
JKETCSI HEOOBIYHBIM TEM M3 HAC, KTO 3HAKOM TOJBKO C CETOYHBIM TPHOIOM. DTOT
3(deKT TakKe UCIOab30BaNICSA B Jamrax Arcotron ¢ BHEIIHUM yIPABIISIOMMM
anexTpoom [ 14].

B 1920 r. coobmranocsk 06 sxcrepumentax mpod. M. Cemmura (M. Seddig)
C JJaMITOBBIMU TpHUOAaMH C IJIACTUHYATBIMU YIIPABIIAIOIINM JJICKTPOIAOM B du-
3udeckoM uHCTUTyTe Broproyprckoro ynuepcutera (Hem. Physikalischen
Institut der Universitit Wiirzburg) [15]. Tlocnennuii W3 JIaMIOBBIX TPHOIOB
UMeN «THIHNYTCKHI (opmaT» (puc.166) ¢ TOPU30HTAIBHO PACIOI0KEHHBIMU
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aNeKTponaMu. Pe3ynbTaThl ObUTH HE OUeHL 0OHAAC)KUBAIOIINMHE, W JaTbHEHIITIE
pa3paboOTKH MPEKPATHIIMCh, TAK KaK AJIEKTPOHHAS JlamIla He oTBedana TpeboBa-
HUSIM IPOMBILJICHHOT'O TPOU3BOICTBA.

cM

Puc. 17. KoHCTpyKIMH MITACTHHYATHIX JIAMITOBBIX TPHOJIOB: @ — YCTPOUCTBO TPHUOA C
yrpaBisitolei miactuHoi S (A — anon, F — HuTh Hakana), 6 — nammna «JIummy
npo¢. Ceqmura (Bropubypr), 1920 r. [15], 8 — monsipubii Herarpon Ckorra-Tarrapra.

Fig. 17. Designs of plate lamp triodes: a — triode device with control plate S
(A —anode, F— filament), 6 — “Lilliput” lamp prof. Seddiga (Wiirzburg), 1920 [15],
B — Scott-Taggart polar negatron

[onbITKM CKOHCTPYHPOBATh JAMIOBBIA TPHOA C IUIACTHHYATBIM YIIpaB-
JSIFOLIMM DJIEKTPoZoM ObuTH mpeanpuHatel CkoTToMm-Tarraprom. B ero kon-
CTPYKLIMM JIaMIIbl, KOTOPYKO OH Ha3Baj «moJsipHeId Herarpon» (Polar-
Negatron), Mex1y HUTBIO HaKasla ¥ aHOJIOM HET YIPaBIISIONICH ceTKH, puc. 17B.
B 5101 1amnie BepTHKaIbHO PACIIOIOKEHHAS! HUTh HaKajla HaXOAUTCS B M30THY-
TOW KaHaBKE IJIACTUHBI, KOTOPasi pacIiojioKeHa M03aa1 HUTH, €CIIH CMOTPETh CO
CTOpOHBI aHofa. [lonoOHass KOHCTPYKLHMS, TOJIBKO C TOPU30HTAJIBHO PACIIOJIO-
KCHHOM HHTBHIO Hakaia, Mo3xe Oblla pealu30BaHa XyTOM B TPHOAE THIA
PLAV9 nox Toprosoit Mapkoii «Plationy.

B 1924 rony kommanus Huth ynuBuia Bcex, aHOHCHPOBAB IUIACTHHYA-
TYIO DJJIEKTPOHHYIO JIaMITy B CBOeM coOcCTBeHHOM jkypHane «Die Antennex:
«Tenepr cTamo BO3MOXHEIM, B YaCTHOCTH, Ojaromapst padore (usmka mucc
Xennu Kyn (Frl. Henny Cohn), co3nmare miacrundvaryro gammy Plation, koto-
pasi paboraer 0e3 CETKM W 4YbHM CBOWCTBAa AKBHBAJCHTHBI COBPEMEHHBIM
TPEXAIEKTPOAHBIM JamraM ¢ ceTkamm» [ 16]. Hayunsle uccnenoBanus Kyn Obl-
nv nipoBesieHsl B Laboratorium der Dr. E. F. Huth G. M. B. H.

Xennn KyH onucana ceou paspabotku B «KypHane Texaudeckoil puzn-
ku» (Hem. Zeitschrift fiir technische Physik) [17]. B pe3ynbrare s3kcnepruMeHTOB
OHa YCTaHOBWJIA, YTO HAWIYUYIIH dPQEKT yrnpaBIeHUs TOCTUTAETCS TOTIA, KO-
IZla HarpeBaTebHasl HUTh PACIIONI0XKEHa B BEIEMKE B IUIOCKOCTH YTIPABIISIOIIEH
1acTuHbl. [J1s1 3TOro OHa caemana «BbIeMKY» (11a3) Ha 3JEKTPOJE U Ha3Baja ero
«ma3zoBas ympasinsiomas miactuHay (Hem. Dellen-Steuerplatte) (puc. 18). Ha
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KOHCTPYKLHUIO IUIACTMHYATOro JamioBoro tpuoga KyH momyumina amepukan-
ckuit marent US1682775A 18 utons 1924 [18]. B pesynbrare ucciieroBaHmii Obl-
JI0 OTMEYEHO, 4TO, B OTJINYHME OT CETOYHBIX JIaMII, 3aMETHBIN TOK yNpaBIIAIOIeH
IUTACTUHBI BO3HUKAET TOJBKO ITPH MOJIOKUTEIBHBIX HANpshKeHUsX Bhime +3 B.

Iy = 008 Amp.
ep+ 12 Volt
€a* 204 vort

ole Ustol

Estol
T 6+ 2 AT T

Puc. 18. CieBa — paHee ¥ IPUHATOE MOJI0KEHHUE HATPEBATEIbHOW HUTH F MexIy yrpasJistomnieit
IacTUHOH S 1 aHomoM A. [locpeanHe — pacroniokeHne yIpaBIsionel MIacTHHEI (¢ Ta30M) U
aHO/a B peasIbHOM KOHCTPYKIMH TPUOa, peaiokentoe X. Kyu [17].

CrpaBa — xapaKkTepHCTHYECKHE KPHUBBIE ONbITHOrO o6pasia Nel0745 Plation (kpyrusna
S = 0,2 MA/B; nponnnaemocts D = 15 %; xoaduunent ycrnenns u = 1,35; BHyTpeHHEE
conporusieHue R; ~ 30 kOm; pabounii TOk HAaYMHAETCS C +3 BOJET).

Fig. 18. On the left is the previously accepted position of the heating filament F between the
control plate S and the anode A. In the middle is the location of the control plate (with a groove)
and the anode in a real triode design, proposed by von H. Cohn [17]. Right — Characteristic curves
of prototype No. 10745 Plation (Slope S = 0.2 mA/V; Permeability D = 15 %; Gain u = 1.35;
internal resistance R;~30 kOhm; operating current starts at +3 volts)

Y IpaBIsoIyii 3JeKTPo] B pa3pad0TaHHONH KOHCTPYKIIUH TPHOIa XCHHH
KyH pacnonarasics Ha Qpyroit cTOpoHe HUTH, TPOTUBOIIONIOKHON aHOMy. Pac-
CTOSIHME MEXIy JIByMsl ILUIACTHHAMHU COCTaBIsLIO ~ 2 MM. Eciu Obl HUTH Oblia
pacmosyiokeHa CAMMETPUYHO MEXIY JBYMS IJIACTHHAMH, TPOHUIIAEMOCTh JIaM-
16l 3TOr0 THMA ObuTa ObI D = 1, MOCKOJIBKY €MKOCTh aHOJI — KaToJ TOr/ia ObLia
Obl paBHA €MKOCTHU ympasJsttoiieii miactuasl — karon (D = Ca/Cg). s mo-
Jy4eHHs] XOPOIIeTO YPOBHS YCHJICHHUS YNPABISIONIYIO TUIACTHHY YCTAaHOBHIIU
Orke K HUTH Hakana u goomwmcek D = 50 %.

[ockoabKy YIpaBISIONIYIO MIACTHHY YIAJIOCh PA3MECTUTh OUCHB OJIM3KO

4 A
K KaTo/y, KpyTHU3HA JaMIIbl MTOTYYHiIach OYeHb Xopomas: § = ~2 - 10 v IIpu

o o 44 o
0OBIYHOH OJHOCETOYHOM Jamme S = ~1-107* v Ortcroma mo u3BECTHOH hop-
MyJie BHYTpEHHEE COIPOTHBIEHHWE IUIACTMHYATOTO TPHOAA MOIYYHIOCH
R; = s ~10000 Om. IIpu Takom HEOONBLIOM BHYTPEHHEM CONPOTUBICHHUH,

MO>KHO HCIIOJIB30BaTh HU3KOE aHOIHOE HAIPSDKEHHWE M HOJIYYHTh TpeOyeMblit
TOK 4Yepe3 jammy. DakTHdecKkd JaMIibl ¢ JBOWHOW IUIACTHHON yke paboTaroT
npu aHogHoM Hanpsokenud 10—20 B. Jlns HarpeBaHus HUTH Hakana TpeOyeTcs
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MEKTPUYCCKUI TOK 75—85 MA npu Hanpspkenuun 1—2 B, TO ecTh MOIIHOCTB
HarpeBa coctaBiseT 75—110 MBT. 3T0 cBUAETENBCTBYET O TOM, YTO JIAMIIOBBII
MJIACTUHYATBIl TPHOJ OTHOCUTCS K TpYyNINE SKOHOMUYHBIX JIAMII U MOXKET
9KCILTYyaTUPOBATECS C CyXUMH TaJbBaHUYECKUMH 3JIE€MEHTAMH.

9. Ucnonb3oBaHMe IVIACTHHYATOIO JIAMIIOBOT0 TPHOAA

Jlammer Tuma Huth PLAV 9 oueHb XOpOIIO MOIXOIST SISl YCHITATEINS
HU3KOM YacToThl (Ipy MajioM R; compoTuBieHUEe TpaHCHopMaTopa MOKET ObITh
HeOONBIIUM, KaK U IIPU MajiOM aHOJHOM HampsbkeHud). Hekotopeie xapakTte-
PHCTHKH OTBITHOTO 00pasiia MIacTHHYATOro JammoBoro Tpuoma Huth PLAV 9
npuBenieHb B Ta0m.13.1 [19]. Peanbasiil cpok ciryx0b1 Tproaa coctasiseT 2000
9acoB, pu OepeskHoM obpamennn 1o 5000 gacos.

Ta6un. 1. XapakTepuCTHKU OMBITHOrO 00pasiia MIacTHHYaToro jaMnosoro tpuoaa Huth PLAV 9
Table 1. Characteristics of a prototype of the Huth PLAV 9 plate tube triode

DIIeKTpOHHAs
OMHUCCHUA ITPU g
Amopoe MOIIHOCTH Kpyruzna Bryrpennee Tpormuac JobpoTHOCTH
HaIlpsHKCHUE COIIPOTUBJICHUEC MOCTh
Harpesa | Br,
MA/Bt
Elektro-
nenemission Innerer .
Anoden- fiir IW Steilheit, A/V Widerstand, Durchgriff, % Gite,
spanne, V L 1/Om
Heizleist. Oom
mA/W
12 2.4 1,7-107* 74-1073 80 2,1-107*

W3 mpuHImna paboThl MIIACTHHYATOTO TPHOA BRITEKAET WHTEPECHBIN ac-
MIEeKT, Ha KOTopblil B 1923 1. ykassiBai I'. bapkrayszen [20]: BbICOKOBaKyyMHBIH
JBY XITOJTYTIEPHOAHBINA BBIIPSIMUTEIb HE MOXKET padoTaTh B CXeMe, OKa3aHHON
Ha puc. 19. DTo CBsI3aHO ¢ TE€M, YTO KOIJa Ha OJUH aHOJ| MOJACTCS IMOJIOKHU-
TEJNBHOE HAMPSHKEHUE, TO €CTh OH MOJISIPU3YETCS B IIPSMOM HAIPABJICHUH, TO Ha
JPyTO#l aHOJ TOCTyMAaeT OTPUIATENIFHOE HANPSHKEHHE TOTO K€ YPOBHS, YTO U
Ha MEePBBIN aHOJI, YTO MOJIHOCTHIO MPETSATCTBYET MMPOTEKAHUIO TOKA.

Bot moueMy nByXIOITyTIeprHOIHBIE BHIIPSIMHUTENH C BRICOKOBAKYYMHBIMHU
JaMIiaMH Bcerja paboTaroT ¢ IBYMS OTIENbHBIMU CUCTeMaMu. Takoe pacnoio-
KCHHUE DJIEKTPOJOB MOKHO HCIIOJNB30BaTh TOJBKO C HOHHBIMH TpyOKaMu
(Hampumep, PTYTHBIMH BBITIPSIMUTEISIMHA ).

Kommanus Huth wsroroBuia HeOONbIINE CepUH JAMIT KOHCTPYKIHH
Xennn KyH, KOTopble UCTIOTB30BAKCH KaK B IPHEMHHKAX, TaK M B TIEpPEIaTIH-
kax. B pexitame 1924 rona ObuTH aHOHCUPOBAHBI JIBA THTIA JIAMITOBBIX TLTACTHH-
YaThIX TPUOAA C JBYMS pPa3HBIMH OKCHIHBIMHA HarpeBaTeIbHBIMH HHUTSIMH:
PLAV 9 ¢ cunrnm konmaukom u PLAV 12 ¢ sxentsiM Kommaukom, Tabm. 13.2 [19].
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Tabu1. 2. XapakTepuCTHKH IUIACTHHYATHIX JIaMIToBbIX Tpuogos Huth PLAV 9 u Huth PLAV 12
Table 2. Characteristics of plate tube triodes Huth PLAV 9 and Huth PLAV 12

Bryr-
Tun Hser Hanpsoice- Tox OnHOC IIponwuria- peHHee
MapKu- Hue Hanpspke- | Kpyrusna
Tpuoaa HarpeBsa E€MOCTh COIIpO-
POBKH Harpesa HHC
THBJICHUC
. . Anodensp I Durch- Innenwide
Typ Kennfarbe Heizspg Heizstrom g Steilheit griff rst
Blaue 0,075- o
PIAV 9 Kappe 1,0-1,3V 0,085 A 50-60 V 0,2 mAN 15% 30 kOhm
PIAV 12 Gelbe | 9 10v | 018 50-60V | 0,2mAN 15% 30 kOhm
Kappe 0,20 A

Jlammer Plation mpeanaranuch ¢ pa3HBIMH IOKOJSIMH: aMEPUKAHCKUM,
Huth, Philips u nemernkum Telefunken. Ogun coxpaHUBIIHIHCSA SK3EMIUTAP U3
OIBITHOTO MPOM3BOjACTBa jammbl [lmatuon (mem. Das Plation) mpusemen Ha

puc. 19.

Vnpasnaowasn niacmuna
Humeo

G

DAS PLATION

™

PLAVAA  PLAVOH  PLAVSS PLAVID
e Puah Phigs | deatschem
Sodel

Dr. Erich F. Huth G.m.b. H.

ist eine neue Empfangs- und
Verstérkerlampe ohne Gitter

Puc. 19. Pexnama tpronos Huth PIAV. OmsiTHbiit 06paser tprona PIAV 12 ¢ nokonem Huth.
O6mmuii Bug mammoi Tpuoanoii cucremsr Huth PIAV. TpusiunuaipHas cxeMa BBIIPSIMATEIS C
HEKOPPEKTHBIM UCIOJIb30BAaHUEM B KaUECTBE BBINPSMIISIOIETO yCTPOWCTBA BHICOKOBAKYYMHOM
nammst Huth PIAV [20].
Fig. 19. Advertisement for Huth PIAV triodes. A prototype of the PIAV 12 triode with a Huth
base. General view of the Huth PIAV triode system tube. Schematic diagram of a rectifier with
incorrect use of a Huth PIAV high-vacuum tube as a rectifying device [20]

B pexname Plation coobmaercs (puc. 19): «Plation, xoropsrit npeacras-
asier Dr. Erich F. Hulh G. M. B. H. — 310 HOBas npueMHasi ¥ yCHUJIUTEIbHAS
Jamna 0e3 CeTKH, KOTOpasi 10 BCEM XapaKTePHCTHKAM U JJIs CTapbIX LeNeH K-

BUBAJICHTHA U3BCCTHBIM CCTOYHBIM JIaMIIaM.
VYerpoiicteo Plation ciemyromee. Ympasisiomas IaCTHHA BBITOIHAET

POJIb CETKH M COJEPKHUT YIIyOJIeHHE, B KOTOPOM HAXOAMTCS U3TMO HUTH Haka-

na. HemocpeacTBEHHO HAPOTUB HUTH HaKaja Paclojaraetcs IUIacCTHHYATHIN
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axog. Takum oOpasom, MeXITy HUTBIO Hakaja M aHOJOM HET CIEIMaTFHOTO Op-
raHa yIrpaBJIeHU».

[prumHa, 0 KOTOPOH JOJTOE BpeMs HE yIaBajioCh CO3/1aTh IUIACTHHYA-
TYIO JIAMITY, SKBUBaJICHTHYI0 M3BECTHOM CETOYHON JIaMIie, MO-BUIUMOMY, CBS-
3aHa C OIMOOYHBIM BBHIOOPOM HAYYHOTO HANPABICHUS Pa3paOOTKU. Y CHUIHSL
pa3paboOTYMKOB BCETJa OBUIM HAIMpPaBICHBI HA TO, YTOOBI CKOHCTPYHPOBATh
ANIEKTPOHHYIO JIAMITY Ha HM3KOE aHOIHOE HampsbKeHue. MOIIHOCTh TakoW JiaM-
kI, KAK OTMEUYeHO B pabote [17, p. 501], B nyumem ciaydae cocrasisuia 0,6
MOIIIHOCTH OT OOBIYHOM ceTO4HO# ammbl Ha 90 BoJbT, TO ecTh Bcero 0,2. 1
ke Takash MOITHOCTh ObliIa JJOCTHTHYTa TOJBKO 3a CHET Meperpy3kd Karoja.
Kpome Toro, Tok 3j1€KTpOHOB, IPOTEKABIIMN MEXY KaTOIOM M KOHTPOJIbHOU
IIJIACTHHOM, OB HETPOIIOPIIMOHAIBFHO BeJMK. Jlaxke mpu HanpspKeHUH OTpHUlia-
TeIHHON YIIpaBIsItolel miacTuHbl Oonee 1,5 B Bce paBHO MOXHO OBLTO OOHA-
PYXUTh M3MEpUMBIH TOK. HakoHel, HemMano TPpyAHOCTEW BbI3Baia MeXaHU4e-
CKasi KOHCTPYKIUS. DJIEKTPOJIBI U JIEpIKATed HUTEW ObUIM M30THYTHI TaK, YTO
HEBO3MOXKHO OBLIO FapaHTHUPOBATH KeJIaeMbIC PACCTOSHUS.

10. 3akaoueHue

HccnenoBanus Xaia 1o MCMOJI30BAHUI0 MATHUTHOTO YIIPABIEHUS TEP-
MODJIEKTPOHHBIMU JIaMIaMHi (BaKyyMHBIMH JIAaMIIAMH) B Ka4e€CTBE AIbTEPHATH-
BBl CETOYHOMY WJIH 3JIEKTPOCTATHIECKOMY YITPABICHHUIO PUBEIH €T0 K H300pe-
TEHUIO TUHATPOHHOM BaKyyMHOM jamibl. BTopuuHas sMuCCHUS 3JEKTPOHOB C
aHOJla 3acTaBHJIa AWHATPOH BECTH ce0s KaK peajbHOe OTPHUIIATEIHHOE COIpO-
TUBJICHHE, [TO3TOMY JIaMIla MOTJIa T€HEPUPOBATh KOJIeOaHHs B ITUPOKOM JIHaIia-
30HE YacTOT WJIM HCIOJIb30BaThCs B KauecTBe ycuiutend. Koraa mexay karo-
JOM ¥ TeppOpUpPOBAHHBIM aHOJOM ObLIa J00aBJicHA YIPABISIONIAs CETKa,
YCTPOUCTBO HA3BAIU «ILTHOJUHATPOHOM.

Jlamrma Tima «HETATPOH», XOTA HC IT0JIyUHnJia HINPOKOTO IIPUMCHCHUA, HO
€e CXeMHOE pellicHre OBLIO UCTIONB30BaHO IPpH pa3padoTke auddepeHnanbio-
T'O YCHIINTEIIS.

OcHOBHOE TPUMEHEHNE JAWHATPOHA W HETaTPOHA, JIAMIT OTPHIIATEIHHOTO
COTIPOTHBIICHUS, 3aKIIOYAeTCA B CO3/IaHUU HEIPEPBIBHBIX KOJeOaHWN I HC-
II0JIb30BaHUs B OCCIPOBOJIHOM TIepeiade Wil mpueMe MerofoM Ouenwmii. bomee
MEePCIEKTUBHOM OKa3alach IUIACTUHYATAS JIaMIa «IUIaTHH», HO U OHA HE CMOT-
Ja co3jaTh KOHKypeHuuto ayauony Jlu ne dopecra BBUIY CI0KHOCTH TEXHO-
JIOTHH €€ U3TOTOBJICHHUS.
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Annomayusn: Bcmamve ommeyvena unuyuamuga paouonrooumeneti Cumghepononbckozo
Koanedxca paouosnexmponuku (CKP) 6 nposedenuu paouoceaseii ¢ poccuticKumu Koc-
MoHagmamu 6 nepuoo ux eaxmuvl Ha Mexcoynapoonoi kocmuyeckou cmanyuu (MKC).
Hnuyuamopwr meponpusmus (npenooasamenu u cmyoeHmvl KOANe0H#Ca) Npu peueHuu
MOt 3a0auu CMOIKHYAUCH C PAOOM HpoOIeM, KOmopble ¢ Yecmvio OblLiu NPeoOONeHbl.
C yuemom 6016wi0tl ckopocmu nporema cmanyuu Hao Kpvimom u omnocumenvho He-
NPOOONAHCUMENILHO2O Nepuodd pacuo8UOUMOCHU 0CObOe BHUMAHUE PA3PAOOMYUUKAMU
udeu OvLIO YOereHo no0OOPY HeobXO0UMO20 KOIUYecmed U OUAzpamMm HanpasileHHOCmu
AHMEHHBIX YCMPOUCME HA Kpblule 30aHUs YUeOH020 KOPNYCA KOLLe0NCd.

Knrouesnie cnosa: Cumpepononsbcekuil Koaneoxe paouosiekmporuxu, Mescoyrnapoonas
KOCMUYECKas CManyus, OUazpamma HanpasieHHOCHu aHMeHHbI .
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1. BBegenue

C 3amycKoM Halllell CTpaHOi TIEPBOTO B MUPE UCKYCCTBEHHOTO CITyTHHKA
3emiH ¥ II0JIETA B KOCMOCE Harero nepsomnpoxoana fOpus Anekceesnya ['ara-
pHUHa, IEBIHOCTOJIETHE KOTOPOrOo MbI OTMEYaeM B 3TOM IOy, OTKPBLIO HOBBIC
MPOCTOPBI IS PAUOTIOOUTEIBCKOTO TBOPUYESCTRA.
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IOpwuit AnekceeBnu ['arapun pomuics 9 maprta 1934 roxa B cene Koymu-
HOo Cmonenckor obnactu [1]. B mocneBoennsie ronsr B 1948 rogy Ha cMmeHy
obmectBennoi opranmzanun OCOABHUAXWM npuiiuig 1o00poBoibHEIE 0011Ie-
cTBa coxeiictBusi apmum, auauuu u ¢Qruory (JOCAPM, JJOCAB u
JOC®JIOT). Monoaexp Halleil CTpaHbl cTaja akTUBHO BCTYNATh B 3TH 00IIIe-
cTBa. ABTOp 3TO# cTarhh B 1950 romy moctynui Ha Kypchl aBUaTOpoB B KpbiM-
ckoe oraenenue JJOCAB, koTopoe UMENIO B CBOEM PACIOPSKEHUU a’pOJIpOM C
caMoJIETaMH B TIOC. 3aBOJICKOE, TJIe KypCaHTHI 3aHUMAJIUCh MPBDKKAMH C Tapa-
LIFOTOM, YYHJIMCh JIeTaTh Ha camolietaX. K cokaneHuro, u3-3a psjma oOCTOS-
TEIbCTB OKOHYHUTH KYyPChI, K COXKAICHUIO, MHE HE YJaJIOCh.

B mae 1949 roma FOpwuii 'arapun okoH4mi Imectod kmacc I>kaTckoi
CpemHel KO U mocTynui B JIro0epenkoe peMeciieHHOe YUMIIHIIE 110 CIEIH-
anbHOCTH (PopMOBIIHKA-IUTeHuKa. CelbMOi KJIacC OH OKaHYMBAJI B Bedep-
Heit mkone B mae 1951 roga. B asrycte 1951 rona [Marapun moctynun B Capa-
TOBCKHUM WHAYCTPUAJIbHBIN TEXHUKYM Ha JIUTEHMHOE OTJIEJICHUE, TJI€ MOMUMO
y4EOBI TIPOSIBIIT ce0s1 Kak Xopomuid Gu3KyIsTypHUK B cekpetaps JCO «Tpy-
TIOBBIC pe3epBbI». 25 okTsa0ps 1954 roma BmepsBbie mpumén B CapaToBCKHi
a’pokny6 JJOCAA®D CCCP. B 1955 roay FOpuii ['arapun nobuics 3HauuTeNb-
HBIX YCIIEXOB, OKOHYMB C OTJINYMEM Y4€0y B a’poKiIyOe, COBEPIIUI Ha CIOp-
THUBHOM a’spojpoMe JlyOku mepBbIif caMOCTOSATENbHBIN MONET HA camonéTe Sk-
18. Beero B aspokiryoe FOpwuii I'arapun BeimoHUA 196 monéroB u Hajmeran 42
gaca 23 muH! IlocTynuB B OTpsA KOCMOHABTOB M MPOMAS COOTBETCTBYIONIYIO
noarotosky, Opuii Anexceesnd ["arapun 12 anpens 1961 roma cran nepBeiM
YEJIOBEKOM B MHUPOBOW HMCTOPHUH, COBEPIIMBIIUM MOJET B KOCMHYECKOE IIPO-
cTpaHcTBO. Pakera-Hocutens «BocTok» ¢ kopabném «BocTok-1», Ha 60pTy KO-
TOporo Haxoauics ['arapuH, Oblia 3amylneHa ¢ KocMoapoMa baiikonyp, paciio-
noxenHoro B Keismopanuckoit odmactu Kazaxckoit CCP. Iloce 108 munyT
nosiéra ["arapus ycremao nmpuseminmics B CapaToBCKoOi 00macTd, HEMmoaanéKy
oT 1. DHrensc. 12 anpensa 1961 roga, aens nonéra FOpus ["arapuna B kocMmoc,
ObUT 00BsABICH Mpa3gHuKkoM — JIHEM kocMOHaBTHKH. [IepBbIii KOCMHUYECKUI
oJIET BbI3BajI OOJIBIION HHTEPEC BO BCEM Mupe, a cam FOpuii ["arapun npespa-
THJICS B MUPOBYIO 3HAMEHUTOCTH. [lo mpuriamenusm 3apyOeKHBIX TPAaBUTEI b-
CTB U OOIIECTBEHHBIX OpraHu3aIuii oH mocetui okoio 30 ctpan. Taxxe y mep-
BOTO KOCMOHaBTa ObLIO MHOTO Toe3qok U BHyTpu Coerckoro Coroza. B mo-
cienyromnue rojel ['arapun BEN OOJBIIYIO0 00IECTBEHHO -MIOJUTHYECKYIO pabo-
Ty, OKOHYMJ BOEHHO-BO3IyIIIHYI0 HHKCHEPHYIO aKaJeMHI0 KIMEHHU ITpodeccopa
H. E. Xyxosckoro, padoran B LleHTpe moAroTOBKM KOCMOHABTOB U TOTOBHIICS
K HOBOMY MOJETYy B kKocMoc. 27 maprta 1968 roma IOpwmit ['arapur moru® B
aBUAIMOHHON Karactpode BOMU3M nepeBHn HoBocénoBo Kupskauckoro paiiona
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Bragumupckoit 0671acTH, BRITTONHSS yIeOHBIHN MONET Ha camonére Mul -15YTU
nof pykoeoactBoM uHcTpykTopa B. C. Cepéruna.

Biarogapst TOKOpeHHUIO KOCMOCa YEJIOBEYECTBOM PaTUOTIOOUTEIN B CBO-
el JIeSITeIbHOCTH OCBOMJIU HOBBIC [T ce0s1 KocMHuueckue TexHooruu. K atomy
CJIeayeT OTHECTH U PAAWOCBI3W dYepe3 PaAHOTIOONTEILCKUE CITYTHUKH-
PETPaHCISATOPEI, U PATHUOCBI3H C OTPAKEHUEM CHTHAJIOB OT HAIETo OJMKaii-
ero cnyTHUKa JIyHbI, U PafMOCBI3U C KCHOJI30BAHUEM OTPAXKECHHS PaIUo-
CUTHAJIOB OT HOHU3UPOBAHHBIX CJICJIOB BJIETAIOIINX B HAIIYy aTMOC(hepy MeTeo-
poB [2]. B mocienHee BpeMs MOSIBIIIOCH €IIE OJHO HAIIPABJICHHUE B PAMOIIO0 -
TENbCTBE — PATUOCBI3HU C KOCMOHABTAMU, HAXOSAIIMMUCS Ha OOPTY KOCMUYe-
ckux craHmuid. K ropaoctu KpbIMCKHX pamuoiIfOOUTENeH CIeMyeT OTHECTH U
3TO HAIPABJICHUE UX JEATEIbHOCTH.

2. U3 ucrtopuu JT00UTEJILCKUX PAHMOCBSI3€el ¢ KOCMOCOM

B 1988 roxy c 6opTa opOuTansHOr0 KoMIiekca « Mup» BIepBbIe 3a3BY-
Yaly MO3BIBHBIC JIIOOUTENBCKOW paAlOCTaHIMKU, KOTOPYIO MpHCiaia SKUIaxKy
CTaHIMM penakims xypHana «Pamuo». Takum oOpasom, Oiarogapss HHUIMATH-
BE COTPYIHUKOB pelaKkiuH Obla OTKPHITA 3pa JIOOUTENLCKOH PaJHOCBSI3U B
JUTUTENLHBIX OPOUTATIBHBIX MOJIETaX, KOTOPYIO pa3paboran u peanuzosan Cep-
reit Cam6ypoB RV3DR. Kocmonasr Myca Manapos U2MIR, monasiiumii BeCHOM
TOTO e roja Ha 6opT «Mmupay, yCTAaHOBIII Ha BHEUTHEH 000JI0UKe KOMITJIeKca
BO BpeMs OYEPEJHOTO BHIXO/a B OTKPBITHI KOCMOC aHTEHHY JJIsl JTIOOUTEI b-
CKO# paguocBszu. OpOuTanbHbBIN KOMIUIEKC «MHpP» IpOCyIIecTBOBal B KOCMO-
ce ¢ 1986 mo 2001 rr.

3a Bpems cymecTBoBaHMs KoMIuiekca «Mup» u MKC (poccuiickuii cek-
TOp) OBLIIO OPraHW30BAHO M TMPOBEACHO MEXAY JKHUIAKaMH KOCMOHABTOB H
IIKOJIbHUKaMU (M CTYIEHTaMH) Hallel CTPaHbl OOJBIIOE KOIUYECTBO CEAHCOB
paarocBszu. PaanonroOuTeNbCKU MO3BIBHONW HAIIMX KOCMOHABTOB B ITOCJIE/I-
Hee Bpems 0bu1 RSOISS.

Crnenyer OTMETHTB, UTO BIIEPBBIC B MUPE PAJHONIOOUTENbCKAS CBS3b ObI-
Jla TIpOBEJeHAa aMEPHKAHCKUMH ACTPOHABTAMH C IOMOIIBIO PaAHONIOOUTEN b-
CKOH ammaparypbl, yCTaHOBICHHONW Ha KocMU4eckoM kopabdine «Ilartm» emie B
1983 rony.

U3BecTHO, 4TO B MpOrpaMMy MOATOTOBKM KOCMOHABTOB BKITIOUEHBI 3aHSI-
THS 110 U3YyYEHHIO a30yku Mop3e | IpaBuiiaM BeACHUs JTIOOUTEINBLCKOW pajiy o-
cBsi3u. HekoTopble W3 KOCMOHABTOB O(QOPMWIIM HHIVBHYAIbHBIE JIFOOUTEIb-
ckue mo3eiBHBIE. Cpermu Hux: Myca XwupamanoBnd Manapos, UZMIR; Anek-
cauap Anexcannposud Boikos, U4AMIR; Cepreit KoncrantnHoBny Kpukanés,
USMIR; Amnartomuii Apuebapckumii, U7TMIR. CnemxyeT oTMeTHTBh, YTO Jaxke MO-



%L{éﬁl;l{gg}\;)li ﬁ ﬁg\;} ISeuccesses of Crimean Radio Arr61ateurs.;. 147
AL ycnexu KppIMCKUX PaaruOJIFO OUTEIICH .. .

clie OKOHYaHMSI CBOEH KOCMHUYECKOW Kaphephl KOcMOHaBT A. A. BoyikoB mnpo-
JOJDKaeT aKTHUBHO paboTarh B adupe u3 AoMa B 3BE3THOM TOPOAKE CBOUM Tep-
coHanbHBIM TI03bIBHEIM U4MIR. Anekcannp BonkoB sIBIsSeTCS MOYETHBIM Yiie-
HOM paIuoIIO0UTENBCKOT0 KiTy0a «Priapu HeOay.

CBou 3HaHHMS 110 PATUOIIOOUTEIILCKOMY 0OMEHY TIpoieMOHCTprupoBai 20
asrycta 1965 roga FOpwmit AnexceeBudu ['arapuH, KOTOPBIA BO BpeMs MOE3IKU
BO Bcecoro3HBII THOHEPCKUH Jarepb «ApPTEK» IMOCETHJI TaM KOJIICKTHBHYIO
pamuoctannuo. [lo BocmoMuHaHUSM HayambHUKA pajdOCTaHIMK jareps | as-
penko bopuca IlaBnosuya UB5SSY, FOpuii ['arapun Ha KojnekTuBKe padoTal B
muamazone 20 wmetpoB Tenedonom (SSB) moseiBHEIM  USARTEK/KEDR
(«<KEAP» — mo3siBHO# ["arapuna Bo BpeMs MEPBOTO IOJIETAa YEIOBEKa B KOC-
Moc). FOpuii AnekceeBrd poBeN HECKOIBKO paauocssi3eil. Ha gortorpadum 06
atoM cobeitun FO. A. larapun moammcan: «OOimereB 3eMiaio B Kopalie-
CIyTHHKE, 51 YBHUJIEN, KaK IpeKpacHa Hamia riaHera. Jlroau, OyaemM XpaHuTh U
MPUYMHOXATh 3TY KPacoTy, a He paspymath ee!» (Puc. 1).

HOpwuit AnekceeBuu ["arapun vacro mo padote Bbieszxkan B LleHTp ynpas-
JIeHUs TOJeTaMU KOCMHYECKHX Kopabieil B EBmartopuiickuit Llentp mampHei
KocMudeckol cBsi3u. o nmpockbe mepBoro cexkperaps EBMaTopuiicKoro ropko-
ma komcomona Hemmm CuaopeHko M HadallbHIKa MHOHEPCKOTo jarepst Bmann-
mupa @pannesuya SAcunckoro 22 aprycta 1965 roma FOpuit Anekceesuu ['ara-
PHYH B IEPHOJ CBOETO OTITYCKa IMOCETHJI MTHOHEPCKUit nareps B EBnaTopuu. 3to
COOBITHE JI1 MHOTHX YYaCTHHUKOB BCTPEYU OCTAJIOCHh B MAMSITH HA BCHO KH3Hb
(Puc. 2).

Coscem HenaBHo, 2 utoHs 2023 roja, penakiuio xypHaina «Paguo» mo-
CeTHIT BaxkHbIe TocTH. JT0 ObutH Oner I'epmanoBuy AprembeB u Cepreit Hu-
konaeBud CamOypoB. Heckoibko ci0B 0 roctsx pemakiuu. Oner ['epmaHoBud
AptembeB — I'epoii Poccuiickoit denepannm, 1eTYMK-KOCMOHABT Poccuiickoi
®denepanny, KOCMOHABT-UCIIBITATENb 1-TO Kiacca, MOYETHBIN IpaXkIaHUH TOpo-
noB baiikonyp, ['arapun u CHeXHHCK, AemyTar MOCKOBCKO#M TOpOJICKOM JTyMbI
VII co3wiBa ¢ 2019 roma u mpaBuyk K. O. Ilnonkosckoro. Cepreit HukomaeBud
Cambypos — IlIpesugent obmecrserHoro ¢onma K. O. L{monakoBckoro, mei-
CTBUTENIbHBIN WICH AKaJeMUU KOCMOHaBTUKH, Bulle-mipe3uaeHT AMSAT-RUS
o MUJIOTHpYyeMo# mporpamme, riaBHb cnemuamct [IAO PKK «Qneprus»
um. C. IL Koponera, pyKOBOAWTENbh PaAHOTIOONTEIHCKOW IEATEIBHOCTH Ha
opbuTamsHOM Komruiekce «Mupy» U MexITyHapoIHOW KOCMUYECKOW CTaHIIMH.
l'ocTu 3a Gecenoil pacckazanu COTpyAHUKAM pEAAKIUH 00 WHTEPECHBIX pabo-
YHX MOMEHTaX B KocMoce, 00 3Tanax MoJAroTOBKM KOCMOHABTOB U TOP)KECTBE H-
HO BPYYWJIM PEJIaKIMH BBIMIIEN ¢ CHMBOJIMKOM XypHana «Pasuo», moObBaB-
muit B kocmoce Ha MKC. Omner ["'epMaHOBHY MTOapHiI peaKIMA YHUKATHHYIO
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KHUTY-CIIpaBOYHUK «C OpOUTHI — Ha 3eMITIO», BRIMYIIEHHYIO K 60-IeTHIO T0-
neta nepBoro kocmonasta 3emnn FOpus ["arapuna. B 3akimouenne Bu3uTa roc-
™A choTorpadupoBAIUCH CO BCEMHU COTPYIHHMKAMH penakiuu Ha (oHe dnara
penaknuu «Pamno» [ 3].

3. MaunuaTuBa paguo/oonTesei
Cum@peponoibeKoro KoJuieIKa paauo3JeKTPOHUKH

Kak cBumeTeabCcTBYIOT (DaKThl, B HACTOSAIIECEC BPEMsl OJITHOM U3 aKTUBHE ii-
meil JrobuTeascKoi paauoctaniiuu B Kpeimy siBistercst paguoctanunus Cume-
pononbckoro kowiemka pamguodnekrponuku (CKP) R7KBR. Otkpeita pamno-
crauims O0buta B 2017 romy [4]. Bo3rnaBnseT pagrocTaHIIUIO TaNaHTIUBEIN ITe-
naror komnemka Mnbs KosaneB R7TKAY (puc. 3), 3aBeAyromuii HECKOJIBKUMHU
naboparopusmu CKP. OH xe — 3aMecTuTens npejacenaarens PernoHambHOTO
oraenenust Coroza paguomodureneii Poccun (PO CPP) no Pecriy6mike Kpoiwm,
npenaceaarens kpanudukamonHo komuccun PO CPP. dyHkumoHupyer sta
TMOOUTENhCKAs PAANOCTAHIS KOJUIEKa B paMKaxX MPOTPAMMBI JOMOTHUTEI b-
HOTO OOpa3oBaHusA. biaromaps KOHCTPYKTHBHOMY TOJIXOTY PYKOBOJCTBA KOJI-
nemxka (mupextop — Omnbra demopoHa Kacreposa) K CyliecTBOBaHUIO B CTe-
Hax KOJUJIeJKa JHOUTEIhCKOM pajnoCcTaHIMU OblIa CO3/IaHa CBsI3b OCHOBHOM
00pa30BaTENLHOM MPOTPAMMBI M MPOTPAMMEI JOTOJHUTEILHOTO 00pa3oBaHUsI.
MHorue (Gpu3nYecKue MPOIECChl, SBICHUS, U MPOCTO PabOTy pa3IUYHONM arma-
paTypsl MOKHO OBLIO IPOAEMOHCTPUPOBATH Ha TpakTrKe. PaboTa B adupe mist
00yJaromuXxcsl CTaxa XOPOIINM MOTHBATOPOM ISl YTAyOJIeH!sT 3HaHWUH TI0 BBI-
OpanHoir mpodeccrrn. CuUMQEPOITONbCKUN  KOIICIK  PaTruodICKTPOHUKH
yCHeNmHo coTpyaHndaeT ¢ CeBacTOMOIBCKIM TOCYNApPCTBEHHBIM YHHBEPCHTE-
TOM, JUISI YeTO MEXIy HUMH 3aKJII0OUYEHbI COOTBETCTBYIOIIKE COTJIAIICHUS U aK-
THUBHO MPOBOJIATCS COBMECTHBIE CIIOPTUBHBIE MEPOIIPHUSTHSL.

PamuocTanims xoyuiepka HE OrpaHUYMBACTCS JIMIIL MPOBEICHHEM pa-
JIUOCBsA3CeH B CTeHax y4yeOHOro 3aBejaeHHs. KOJUICKTHB paJdOCTaHIMU YacTO
BBIe3)kaeT B Topsl KpbimMa (Anrapckmii mepesain, T. Yateip-Jlar, Kapabu-siina,
JonropykoBckas stitna u ap.) A npoBenaeHus paauoceszeit B YKB amamazone
U y4acTHs B cOpeBHOBaHUsX (puc. 4). C y4eroM pa3BUTHS KOCMUYESCKUX TEXHO-
JOTHH WM aKTHUBHOTO YYacTHUs B HUX PaJHONIOOUTENCH KOJUIEKTHB cuMdepo-
MOJIBCKOTO KOJIJIEKA PATHOIICKTPOHUKH CTAPACTCsl HATH B HOTY CO BPEMEHEM.

B mnane 3THX mepenoBBIX TeHACHITNH KoyuiekTuB pamuoctanmm CKP B
mapte 2023 roma opranmu3oBain (BrepBbie B KpbpIMy) pamnocBs3b C JIOOUTENb-
CKOW paJiMOCTaHUUEN B POCCUICKOM cerMeHTe MeXIyHapOoAHOH KOCMUYECKON
craaman (MKC) RSOISS. M3sectHO, uTo mo3biBHOM RSOISS Opl1 moGaBieH B
0a3y qrz.ru 17.11.2005 roxa.
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4, Peanm3anus 3aMbIcJia IPOBeIeHUST PATHOCBI3H

WuaunuatuBa uiaHupyeMor paJinocBsa3u C KOCMOHABTAMU MTPHHAJIEKATIA
Unwve KoBaney. s n3ydeHus Takoi BO3SMOXXHOCTH MPOBEACHUS PAAMOCBA3HU C
KocMoHaBTamu Mibst Beimen Ha caiit Imutpus [lamkoBa R4AUAB. Oxkasainocs,
yro JIMUTpUH — OJMH W3 OPraHU3aTOPOB PAJUONIOOUTEIBCKON KOCMUYECKON
IPOTPaMMBI ISl KOJUIGKTHBHBIX CTAHLIHMM, JETCKUX U 00pa3oBaTEIbHBIX y4pe-
KIEHUH, 10 KOTOPOH CYIECTBYET BO3MOXKHOCTH MPOBOAUTH PaHOIIO0ONTENb-
ckue cBa3u ¢ MKC. Havanpnuk koimektuBHON pamunoctaniuu CKP o3nako-
MUJICS ¢ TpeOOBAHMAMHY, TIOINCAN 3asBKY V TUPEKTOpa KOJUIEIKa M OTIIPABHIT
3asBKY 10 COOTBETCTBYIOIIEMY aapecy.

B 3asBke 0BT cocTaBieH MepedyeHb BOIPOCOB Ui KOCMOHABTOB, TpE/-
nmoJjlaraeMblii IEHb M BpPEeMsl ceaHca CBS3U, KOTOPbIE CIIEOBAIO PACCUUTATh C
nomotbko mporpammbl Orbitron. beut BeiOpan Hanbosee yJ0OHBINH BapuaHT Ha
13 mapra 2023 roma npumepno Ha 21:25 MCK. Ha 6opty MKC B 3T0 Bpems
HECIIU BaxTy pOCCHIiCKHEe KOCMOHAaBTHI: [murpuii Anexcanaposud lletenus,
Cepreii Banepresuu [IpokonseB n Aunpeii Banepresua denses.

[locne oTmpaBKy 3asBKM HAa4aJlOCh TOMHTEIHHOE OKHIAHWE OTBETA OT
PYKOBOJHUTEIIS paguotoONTENsCKOM AesTenpbHOocTH Ha 6opTy MKC Cepres Hu-
konaeBnda CamOypoBa, RV3DR. Ilocne cormacoBaHus paeraneil mpoBeneHUS
ceaHca B Ha3HaueHHbIH geHb B CKP npuciani nHQopMaiuio o moaTBepKICHIH
IUTAHUPYEMOTO MEPOIPUSTHS.

Hecmorpss Ha mo3nHee BpeMs MPOBEICHMS CEaHCa CBS3H, JKEIAIOMIUX
MPHUCYTCTBOBaTh Ha KoJUIeKTHBHOHN paamoctanimu CKP okasanocs Oonee 30
CTYJICHTOB, C HeTepreHueM kaaBimx Bb3oB oT RSOISS. JIpmxenune MKC ot-
CJIeKMBAJIM Yepe3 mporpaMMmy Ha Kommbrotepe. Korma cranmus mposerana Haj
OreiickuM MopeM, pasnmaics deTkuii Bei30B «R7KBR, mns Bac — RSOISS...»,
— OoXwuJaHue OBUIO OMPaBIaHO — MBI CIBIIINM U Hac ciblmar Toxe! Kocmo-
HaBTHI paboTtanu Ha dactore 145.800 MI'm, B pexxume FM. Ha pammoctanmmm
R7KBR ucnons3oBaics Tpancusep Yaesu FT1900. AnTeHHa — KoJUTHHEapHas
TpEXCEKIMOHHAs 5/8 JUITMHBI BOJIHBI C KPYTrOBON MarpaMMOi HAINPaBICHHOCTH.
C yuerom Toro, uto Ha kpblnie 31anuss CKP He ObuI0 HanpaBIeHHON aHTEHHHI,
MPUIILIOCH IPUMEHSTH BCCHAIIPABIICHHYIO aHTeHHY. [Ipuem ObL1 yAoOBIETBOPU-
TeNbHBIM. B mepuon cBszu ckasbiBaics 3¢ ¢exT Jlomnepa — Ha TaKUX CKOPO-
CTAX JBHKEHHMSI KOCMHUYECKOW CTaHIMM YacTOTa «YXOAWUJIa» 10 HECKOJIBKHX
kuiorepi. [locite mpuBETCTBUS, CTYIEHTHI (PUC. 5) 3amaau psi BOTIPOCOB KOC-
MOHAaBTaM, CBA3aHHBIX C OBITOM, JOCYroM, 3a/ladaMH KOCMOHAaBTOB W (pru3mde-
CKUMHU SBJICHUAMH, HaOmomaeMeiMu Ha 6opty MKC. D10 MepompusTue okaza-
JIOCh [T Y9aCTHUKOB OY€Hb HHTEPECHBIM.

Koneuno, panuocssizp Oblsla HE COBCEM HIcalbHA, HAOIIOOATUCH 3aMHU-
paHus CUTHAJIOB, HO OoJbInas yacTe HHPopManuu Obiia npuHsaTa. Korga MKC
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mpoJeTana yxe Han Kacmmem, paanocBsi3b pe3Ko yXyOIIniach, pedsra ensa
ycnenu nomnpomarsea ¢ akunaxkeM MKC. Bceero pammokoHTakT amwics Hpu-
MEpHO 7 MUHYT.

CryzneHTsl, IPUHHUMABIINE yYacTHE B PajMoCBA3M ¢ MeXIyHapoJHON
KOCMHUYECKOW CTaHIWel, noayuymw Ha namsark Otoct 0. A. [arapuna, pacme-
yaTaHHBI no3nHee Ha 3D-npunTepe.

[epesiit ceanc cesizu paguonrodureneit CKP uz Kpeima ¢ MKC — 3Ha-
MEHaTeJIbHOE U YHUKAJIbHOE COOBITHE.

Ko BTOpoii cBsi3u ¢ poccuiickuM sxuttaxkeM MKC, kotopas Obla 3armia-
HupoBaHa Ha 12 mexabps 2023 roga, komwiektus paguocranimu CKP moaroro-
BuJIcs OoJiee ocHoBaTenbHO. /s pamuocBsa3n OBUIO YCTaHOBIICHO TPH MTPHEMO-
repesaTyrka ¢ TpeMs pa3HbIMu anTeHHaMu. OCHOBHBIM TpaHcuBepoM ObLT com,
K HeMy OblJia IMOJIKJIF0YeHa KOJUTMHeapHast aHTEHHA, U JIBE 3aITaCHBIE PaJHOCTaH-
IUU — «AJIMHKO» C 5-3JIeMEHTHON aHTEHHOW «BOJHOBOW KaHaIl», HAallpaBJIeH-
HOW BEPTUKAJIBHO BBEPX (3TO OKA3aJ0Ch TAKTUYECKU MpaBWIbHBIM!) U TpaHCH-
Bep Yaesu ¢ J-aHTeHHOW KpyroBoii HanpaBieHHOCTH. Bee 3To Obu10 crienano s
TOT0, YTOOBI YUECTh 3aMHPAHUE CUTHAJIOB C YYETOM Pa3HBIX JHArpaMM Harpas-
JIGHHOCTH aHTeHH (puc. 6). DTo x0opoIIo ObUIO 3aMETHO MpHu ceaHce cBs3u. Oka-
3a510Ch, uto mnpu nponére MKC Hag HaMu 10-pa3sHOMY MPUHUMAICH CUTHAJBI C
MIPHUEMHHKOB, TIO3TOMY OIIEPATUBHO MOJKITIOYAJICS TOT TPAaHCHBEP, HA KOTOPOM
OBIT O0JIee TPOMKHH W YCTOMYHMBBIA CUTHAI. J[71s MCKITFOUEHUST BO3MOYKHBIX T10-
MeX OT UCTOYHUKOB IMHUTAHUS IO IEKTPOCETH TPAHCUBEPHI OBLIN 3aITUTaHBI OT
aKKyMyJISTOpOB. Tak jke, Kak U B IEPBbIN CEaHC CBSI3H, CTYACHTHI (PUC. 7) 3a1aJTH
HHTEPECYIOIUE BOIPOCH ¥ MOTYYHIIH CUEPIBIBAIOIINE OTBETH OT KOCMOHABTA
Huxonast Anexcanaposuua Uy6a. Ha 6opty MKC B 3TOT mepuoa Hecnu Takxke
BaxTy poccuiickue kocMonaBTsl Koncrantun Cepreesuu bopucos u Oner Jmu-
puesnd Kononenko. Curnanst RSOISS npunumanics B Cumdepornosne yBepeHHO
B TEUEHHUE BCETO CEaHca CBsA3M 03 3aTyXaHUH U IOTEPb.

5. 3akiarouenue

Kak mpenomaBarens CKP Unes SIpocimaBoBuu KosaneB R7KAY cuunraer,
YTO HOAOOHBIE MEPONPHUITHS CIIOCOOCTBYIOT PACIIMPEHHUIO KPYro3opa U pe3Ko
MOBBILAIOT MPOPECCHOHANBHBI WHTEPEC y CTYAEHTOB K CBOEH YHUKaJIbHOU
npodeccun. C TEXHUYECKOW TOYKHM 3PEHHS OpraHu3alus TaKuX paguocBs3el ¢
KOCMHYECKHMHU OOBEKTaMHU BIIOJHE peliacma.

Haneemcsi, uTo mogo0HBIE cEaHCHI CBS3U C 00beKTaMu KocMoca B Cumde-
POIOIILCKOM KOJUIE/KE PAJMONICKTPOHUKN CTAHYT TPATUIIMOHHBIMU. Oco0yro
ONarofapHOCTh MEJATOTHYECKUH KOJUIEKTUB, CTYyNEHTH M pykoBoacTtBo CKP
Beipaxkator C. H. CamOypoBy RV3DR u /I. A. [lamkoBy R4UAB 3a momorip B
OpraHU3alMK U IPOBEJCHUN CEAHCOB CBA3H C POCCUHCKUMU KOCMOHABTaMH.
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Pamnomoburenn CKP mmaHupyroT W B JaIbHEHIIIEM MPOBOIUTEL Palio-
CBSI3M C HAIIMMU KOCMOHABTaMH, B TOM 4HcIie U ¢ Top KpbiMa.

[Mpumeuanue: dororpaduu K cTaThe — M3 APXHBOB aBTOPA CTAThH U
Kosanesa U. 4.
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HNudopmanus 06 aBTope

Iy3ankoB Jleonua AjexkcaHapoBuy, wieH Poccuiickoro TenerpagHoro kiy6a, Cumdpepomnons,
Kprim, Poccuiickas @enepanust.

Puc. 1.10. A. I'arapun Ha
pamnocranima USARTEK.
1965r.

Fig. 1. Yu. A. Gagarin on the
radio station USARTEK. 1965
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Puc. 2. 0. A. l'arapus B roctsx y mioHepoB EBnatopun.
Fig. 2. Yu. A. Gagarin visiting the pioneers of Yevpatoriya

Puc. 3. Unbs KoaneB R7KAY mpoBepsieT TOTOBHOCTETPAHCHBEPA K CEAHCY CBSI3H.

Fig. 3. llya Kovalev R7KAY checks the readiness of the transceiver
for a communication session
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Puc. 4. R7TKAY B 11os1eBbIX yCIOBHSX.
Fig. 4. RTKAY in the field exercise

Puc. 5. CTyneHTHI KOJUTEIKa B paIOKIIacce BO BPEMs CEaHCa CBSI3H C POCCHICKUMHU
KOCMOHAaBTaMH.

Fig. 5. College students in a radio class during a communication session with Russian cosmonauts
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Puc. 6. Pammonieparop R7TKBR Marseit Jlackun npoBoaut paanocssizs ¢ MKC.

Fig. 6. Radio operator R7TKBR Matvey Laskin makes radio contact with the International Space
Station
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Abstract: The article notes the initiative of radio amateurs of the Simferopol College of
Radio Electronics (SKR) in conducting radio communications with Russian cosmonauts
during their watch on the International Space Station (ISS). The initiators of the event
(teachers and college students) faced a number of problems when solving this problem,
which were overcome with honor. Taking into account the high speed of the station's
flight over the Crimea and the relatively short period of radio visibility, the developers
of the idea paid special attention to selecting the required number and directional pat-
terns of antenna devices on the roof of the college educational building.
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NHO®OKOMMYHUKALIMOHHBIE
N PAJJUOSJIEKTPOHHBIETEXHOJIOT U

HayuHb1ii )xypHan
Tom 7, Ne 1, 2024 r.

C 15.04.2024 xypHan BxoauT B «[IepedeHp pereH3npyeMbIX HAyIHBIX H3IaHHUH,
B KOTOPBIX JIOJKHBI OBITH OMyONMKOBaHbI OCHOBHBIE PE3Y/IbTaThl AUCCEPTALIMIl HA COMCKAaHHE
YUYCHOU CTeNeHH KaHInJaTa HayK, Ha COMCKaHUE YUEHOI CTEIIeHH IOKTOpa HayK»,
yrBepxkaenHsit BAK Muno6prayku PO, o cieyonM HaydHBIM CHEIHATBHOCTSIM:

1.3.1. dusuxa xocmoca, ACTPOHOMHUS
(pm3uK0-MaTeMaTHYECKUE HAYKH),
1.3.4. Paguodpusuxa
(pm3uKO-MaTeMaTHYECKUE HAYKH),
1.3.5. dusnueckas 2JIEKTPOHUKA
(pm3uKO-MaTeMaTHYECKUE HAYKH),
1.3.11. dmwsuxa MOJIyTIPOBOJHUKOB
(pm3HKO-MaTeMaTHYECKUE HAYKH)

5.6.6. Hctopus nayku i Texuuku
(TeXHHYECKHE HayKH)

2.2.1. Bakyymnas u wiasmensast
NEKTPOHUKA (TEXHUIECKHE HAYKH),
2.2.2. Duex1pouHas KOMIOHEHTHAS
6a3a MUKPO U HAaHOJICK TPOHHKH,
KBAaHTOBBIX yCTPOHCTB

(TeXHUYECKUE HAYKH),

2.2.3. Texnonorns u obopynoBaHue
JUISL IPOM3BOACTBA MATePHAIOB H
TPHOOPOB HIEKTPOHHOH TEXHUKH
(TeXHUYECKHE HAYKH),

2.2.4. TipuGops! 1 MeTOIBI H3MEpe-
Hus (10 BHIAM H3MEPEHHiA)
(TeXHHUYECKHE HAYKH),

2.2.5. IpuGops! HaBUrauUKu
(TeXHHYECKHE HAYKH),

2.2.8. Merogs! i npuGops KOHTPOIIst
M JIMarHOCTUKU MaTepHalOB, M3IEIHH,
BEIIECTB U NIPUPOIHOM CpeiIbl
(TeXHUYECKHE HAYKH),

2.2.13. Pannorexuuka, B TOM uncIie
CHUCTEeMBI H YCTPOUCTBA TEICBHUICHIS
(TeXHHYECKHE HAYKH),

2.2.14. Aurennrr, CBU-yc1poiictsa
M X TeXHOJIOTHH (TeX HUYEeCKHe
HayKH),

2.2.15. Cucremsr, cem u yctpoiictsa
TeJ1eKOMMYHHUKA LI

(TeXHHUYECKHE HAYKH),

2.2.16. Paguonokars u pamuo-
HaBHranys (TEXHHYECKNE HAYKH)

que)mTe.JIL " U3aarte’ib:

OI'AOY BO «CeBacTONOIBCKUN TOCYIapCTBEHHBI! YHUBEPCUTETY
yi. Yausepcuterckas, 33, Ceactomnoins, 299053

Anpec penaknuu: ya. YHuBepcuTerckas, 1. 33, Cepacromounb, 299053
Ten. penakuunu: (8692) 41-77-41, http://icrtjournal.com, e-mail: icrt.mail@mail.ru

Ne per. CMU: IT1 Ne ®C77-64134 ot 25.12.2015

I'maBHbIi pegakTop: Bonesau A. E.
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