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It is shown that in the volume of an open waveguide, each electron — oscillator rotating in a constant magnetic field is capable of generating
a TE wave, for which this waveguide is transparent. The generation efficiency is determined by the rate of electron injection and their
longitudinal velocity along the waveguide axis. The field generation mode near the cutoff frequency with a low group velocity comparable
with the longitudinal velocity of the injected electrons is selected. In this case, the transverse velocity of the electrons significantly exceeds
their longitudinal velocity and the group velocity of the wave. In the absence of field reflection from the waveguide ends, each electron
makes its contribution to the total radiation field, i.e. it can be considered that the field generation occurs in the superradiance mode. It is
shown that the total field of the electron flow is capable of forming a resonator field consisting of two waves propagating towards each
other due to even partial reflections from the waveguide ends. With a small reflection of the fields from the ends and a small drift velocity
of the rotating electrons, the superradiance mode dominates, similar to the case of excitation of a completely open waveguide. In the case
of a noticeable reflection of the fields from the ends of the system at a relatively high velocity of their longitudinal injection, the reflected
fields significantly exceed the total field of the emitters and the traditional mode of waveguide resonator field generation is formed. The
zones where either resonator field generation or generation under superradiance conditions dominate are presented on the plane
"longitudinal motion velocity — reflection coefficient". Two cases are considered: when reflected waves are formed only due to reflection
from the ends, and also when the effect of rotating electrons on reflected waves in the waveguide volume is taken into account. It is essential
that the average amplitude of the total particle radiation field changes slightly for all considered generation modes. Resonance effects
during reflection from the ends lead to a significant increase in the amplitude of the waveguide — resonator field.
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INTRODUCTION

The nature of excitation of oscillations in limited systems — waveguides and resonators — due to self-consistent [1]
interaction with flows of charged particles and oscillators has been considered in a large number of different works (see,
for example, [2 — 9]). Traditionally, problems of generation and amplification were solved in the paradigm of interaction
of the field determined by the geometry of the waveguide or resonator with active particles according to the scheme
proposed in [10]. In this approach to the description, there is no direct interaction between the active particles of the flow;
each of them interacts only with the field of the waveguide.

On the other hand, each particle or oscillator in the active zone emits and it is possible to find the total field of these
emitters. In the absence of a waveguide and a resonator at a low noise level [11-13], a system of such emitters under certain
conditions is capable of generating radiation with a noticeable share of coherence, and such radiation is usually called
superluminescence or superradiance mode. In the same way, in an open waveguide, in the absence of reflection from its ends
or with a sufficiently small reflection, the superradiance mode can also be realized. In works [14-15] it is shown that the
intensity of the eigenfield of particles in the modes of their arising synchronization is comparable with the intensity of
traditional waveguide or resonator generation. Since the total field of the emitters (charged parts and oscillators) of the active
zone in waveguide and resonator systems is always present and can be quite significant, it is rational to study the influence
of this field on the formation of the resonator waveguide field under conditions of even partial reflection from the ends of
the waveguide. This process of formation of the resonator waveguide field occurs due to the effects of reflection from the
ends of the system and the interaction of the reflected waves with particles in the active zone. When the conditions of phase
synchronization of particles and oscillators are met and the reflection of the field from the ends of the system increases, it is
possible to observe the formation of a resonator waveguide field exceeding the total eigenfield of the active particles. At low
reflection coefficients, the eigenfield of particles can dominate, which corresponds to the superradiance regime.

The aim of the work is to identify zones on the phase plane "injection velocity - reflection coefficient" where the
conditions for generation in superradiance regimes are met and where the generation of a resonator waveguide field is
realized.

1. PARTICLE OWN FIELD AND RESONATOR FIELD OF A WAVEGUIDE
Let us consider the excitation of a TE electromagnetic wave, the electric vector of which is perpendicular to the
waveguide axis, with a frequency and a wave vector in a smooth metal cylindrical waveguide of radius by an electron
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beam in resonance cases, where is the cyclotron frequency of electron rotation. Generation is considered near the cutoff
frequency, where the group velocity of the wave is small. Induction of a constant magnetic field. The electron beam
occupies a cylindrical layer in the cross-section of the waveguide, which we will assume to be sufficiently thin. All centers
of Larmor rotation of electrons with radius are at the same distance from the waveguide axis. Each such electron rotating
in a constant magnetic field (actually an oscillator) is capable of generating a TE wave, for which this waveguide is
transparent.

The traditional description of the process of excitation of a resonator waveguide field (under conditions of field
formation due to reflection from the boundaries - ends of the waveguide) assumes that the direct interaction of particles
with each other in the active zone is neglected. Particles interact only with the waveguide field. It is obvious that in this
traditional description the total field of particles — rotating electrons — during their interaction with each other is not taken
into account at all. The equations for the longitudinal component of the magnetic field, electromagnetic waves propagating
in both directions (the interference of which is the resonator waveguide field) have the form [16-17]

dB i
dv:_gi +60-B,. =; Za Jl(a )-exp(—2mi; F2miZ ), 1)

j=1

here ngi are the dimensionless amplitudes of the longitudinal magnetic field of counterpropagating waves, 6 is the
decrement of absorption due to radiation, ; is the radius of Larmor rotation (in fact, the amplitude of the oscillator), N
is the number of modeling particles, 2n¢ ;1s the phase of the oscillator, Z; = k,z; is the dimensionless longitudinal

coordinate. If the condition|dB, ./ 07 |<< ] B, ¢+ | is met, equation (1) can be rewritten as

wgt

B, g+ = Vo, Za -Jy(a;)-exp(-2mi; F2miZ;). )

The resonator waveguide field can be represented in a simplified form using only the waves reflected from the ends
of the system, which will be defined below

B, (Z) =B, exp(27iZ) + B, ,_exp(—27iZ) . 3)
Then the resonator waveguide field can be written

B,.. =B B, =B, . Q)

wg+ ref +° wg—
If we take into account the influence of particles in the volume on the reflected waves, then the resonant waveguide
field can be approximated by two waves
B, (2)=B,,(2)+B,,(2)=B,, " +B,_-e*"™
B,,=B,,,+05B B,_ =B, +05B,,

w wg+> Ww—

(&)

and the fields are presented in complex form B, =| B, | exp{i@,} . The equations of motion for electrons rotating in a
constant magnetic field

d
2z d—g—ﬂ,(l o)+RelJ () [1- al 1-exp(27ig;)-[B(Z;, D)}, (6)

da; | dt =Re{i-J,(a,)-exp27il;)-[B(Z;, D)1} (7

should be supplemented with two more equations that take into account the longitudinal motion of the oscillators
dn, | dt=2nd*Z; ] dt* =Re{iR-a; - J,(a;) exp(27il;)-[B(Z,,T)]} , ®)

27dZ; | dt=mn,, ©)

here - & takes into account the relativism of the electron, 7, - is the dimensionless longitudinal velocity of the electron,

R, = k22 @y ! k,zns -0, - is the quantity that determines the orientation of the wave vector of the wave.

Total radiation fields of particles. Superradiance modes. However, in reality, first a total radiation field of electrons
rotating in a constant magnetic field, actually oscillators, arises in the waveguide, and each such oscillator emits a TE
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wave in both directions. Because an oscillator is capable of emitting only waves that are in the transparency zone of the
medium (or system - in this case, the waveguide). In this case, the field of this radiation will act on all particles of the
oscillator ensemble. In other words, all oscillators interact with each other.

If all these rotating electrons were outside the waveguide, this process would be called the superradiance mode, if,
of course, the oscillators are subsequently synchronized in phase, which is observed in the absence of noise [7]. But even
in an open waveguide, without reflection or with insignificant reflection from the ends, this process is also no different
from the superradiance mode and, in all likelihood, is it. Let us assume that the resonator waveguide field (2) is absent,
and that there is only a superradiance field, i.e. a field that is determined only by the interaction of rotating electrons. To
describe the magnetic field of the TE wave excited by this ensemble of rotating electrons, we can use the expression [13]

. N
B, (Z)= ;Wziaf‘]‘ (a;)exp{-27id ;}-exp{27i|Z 7 |} (10)
J=

We write the total field acting on the particles as

B(Z,7)=B,,(Z,7)+B,(Z,7) (11)

Equations (2), (10), and (11) with the equations of motion (6) — (9) use the following variables
where =61, O =4 @y Ny -[m, ¢y -1, Jo (%) (A=m* | x2)-D T -T2, (ks -7)
Dw =8D/aa)=8{[a12 _(k22 +kris)6’2]/[(02 _kzzcz]}/aw|D=O’ B= e'bB 'Jm+n(kms 'rC)/me c 56’

R =k awy k-6, Z ;=hz; /27 is the position of the electron rotation center along the waveguide axis,

a=k

ms

rg =k, e | 0y, Wz =eB,/m,c, B, —1is the constant magnetic field in the waveguide, N,,— is the number of
particles of the unperturbed beam per unit length. Here b, is the wave amplitude, and t
B=B,=by-J, (k) exp{—iox+ik,z+im?} the longitudinal component of the magnetic field of the wave has the

form in the cylindrical coordinate system (r, ¢, z), mis an integer, and J, (x), J;n (x)=dJ, (x)/dx is the Bessel
function and its derivative. The requirement that the tangential component of the field at the waveguide boundary vanishes
determines the values of the transverse wave number k, =k, =x,,/r,, where x,, — is the root of the equation
dJ, (x)/dx=0.

Reflection conditions. The reflected field amplitudes B,efJ_r are obtained from the equations of the balance of the

incident/reflected field at the boundaries

B, =-7, (B, +05B,, +B,, ), Z=0 ’ -
B, =1z +(By.+0.5B,, +B,, ), Z=

sr+ wg+

1

here B,,_ =B,,(0), B,., =B,.(1)

B _ 1 (rr(Bsr++O'5ng+)_(Bsr—+O'Sng—))
ref+ — ’
(I=7-1,)
: (13)
I (7(B,,_+0.5B,, )~ (B,,,+0.5B,,.))
o (l_rl 'rr)

Expressions (13) take into account the effect of particles - electrons in the waveguide volume on the reflected waves.
In the case where the effect of particles in the volume on the reflected waves is not taken into account, for the reflected
field amplitudes determined only by the reflection processes at the ends of the system we obtain (see (5)).
r(r. B,,.,—B,._ r.(rnB,,_—B,,
refs = l( r Osr+ 7 )’ Byef_ _ ( 1 Psr bi+) . (14)
(=n-7) (=7-1.)

2. NUMERICAL SOLUTION OF THE PROBLEM
A waveguide contains a given number of particles simulating an ensemble of electrons — N. At the initial moment,

all particles have a given amplitude, velocity, and random phase @;(0)=q, =1, 7,(0)=1,, ¢ ;€(0,27).
Particles are injected into the beginning of the waveguide in such a way that their total number in the waveguide

remains constant. Here is the oscillator amplitude, velocity, and phase of the new (replacement) particles are the same as
those of the particles at the initial moment: a,,, =ay =1, 7., =My> & ew € (0,27) .
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Constant parameters N =500, =1, a=0.5 qa,=1, R=0.1, r, =1 (total reflection at the left edge) were
used in the calculations. The velocity of the incoming particles and the reflection coefficient at the right edge 7,, 7,
were changed. Particles with a random phase were injected in the region of the left end. Here a;, ¢, 7;, Z; is the amplitude
(radius of rotation), phase, longitudinal velocity, and coordinate of the i-th particle. B(Z;) is the field acting on the particle
at the point with coordinate Z;. In the absence of reflection at the two ends of the waveguide, the ensemble of rotating

electrons generates only their total radiation field, which can be considered a superradiance field (see Fig. 1).

It is worth noting that in the absence of reflection there is no wave field; only the presence of reflection effects
allows the formation of a waveguide field.

Phase synchronization and formation of noticeable coherence of radiation of an ensemble of particles in the active
zone of an open waveguide in superradiance mode with a large dispersion (scattering) of the initial amplitudes of the
oscillators (here these are the Larmor rotation radii of the electrons) generally require an initiating external field and noise
attenuation [9] to accelerate the generation process. It turned out that in the absence of a spread of the initial amplitudes
of the oscillators, an external field is not required, the development of the generation process (see Fig. 1) occurs noticeably
faster. Under the considered conditions, the proper field of rotating particles-clectrons turns out to be large enough and
can effectively form reflected waves of noticeable amplitude due to reflection from the ends. Reflection from the ends of
the resonator leads to the appearance of reflected waves traveling in the opposite direction. Reflected waves can be formed
due to reflections of the field from the ends according to (14). But, generally speaking, these waves can change when
passing through the active zone under the influence of the fields of moving oscillators in the volume of the active zone.
Therefore, it is useful to take into account the influence of the oscillators in the active zone on these reflected waves. And
then the resonator field will consist of two waves traveling in different directions, where the amplitude of the reflected
waves at the boundary is supplemented by a term that qualitatively takes into account the influence of the oscillators in
the resonator volume on these waves (13).
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Figure 1. Time dependence of the particle field maximum for each moment of time at zero reflection coefficients
r =0, r,=0

In the general case, B, (Z) this field consists of the total field of the particles and B

field. Below, two mechanisms for the formation of reflected waves that make up the waveguide field are considered. The
first is due only to reflections from the ends of the waveguide according to (14) and the second, where the influence of
particles in the active zone volume on the reflected waves is additionally taken into account, that is, taking into account
the corrections after formula (13).

The process of the emergence of a waveguide resonator field is associated with the formation of reflected waves at
the boundaries. When reflecting from the ends of the resonator, reflected waves appear, running in the opposite direction:

from the end Z=0, a reflected wave running to the right with the amplitude at the boundary B, (Z=0), from the end

(Z) the resonator (waveguide)

w

Z=1, a wave running to the left with the amplitude at the other boundary B,.._ (Z=1). Generally speaking, these waves

change under the influence of the fields of moving oscillators when passing through the active zone. Therefore, the effect
of oscillators in the active zone on these reflected waves should be taken into account ng (Z,7) . And then the resonator

field will consist of two waves running in different directions, where a term is added to the amplitude of the reflected
waves at the boundary, qualitatively taking into account the influence of oscillators in the resonator volume on these
waves.

After a certain period of establishing the generation in the waveguide, a quasi-stationary mode is formed, on which
chaotic oscillations are superimposed due to incoming particles with a random phase. Therefore, after establishing this
mode, the values of the squares of the resonator waveguide field and the total particle field, as well as their ratio K,
averaged over the waveguide volume and time are calculated.



89
On the Features of Open Magnetoactive Waveguides Excitation EEJP. 3 (2025)

Esr2 =< (Esrz)av >ts sz =< (sz)av >t K= EWz/Esr2 (15)

Calculations show that for given reflection coefficients and an increase in the particle input velocity, both the total
proper field of the particles and the waveguide field grow, but the waveguide field grows somewhat faster. Thus, the
following operating modes can be observed: 1 — dominance of the generation of the proper field of the oscillators - the
superradiance mode (K < 1), 2 — generation of the resonator field ( K > 1). Fig. 2 shows the boundaries between the
modes depending on the parameters changed in the calculations: the injection velocity and the reflection coefficient at the

right edge of the waveguide.
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Figure 2. Boundaries between generation modes during correction of reflected waves, according to the conditions of taking into
account the influence of particles in the active zone volume on reflected waves (13) (bold line), the thin line indicates the boundary
of the regions in the absence of such consideration, according to conditions (14).

The dotted lines correspond to the boundary of the regions in the case when the average particle velocity in the
waveguide volume is used, and not the initial velocity of the injected particles. In region 1, the generation of the intrinsic
particle field dominates (in fact, the superradiance mode), in region 2 - the generation of a resonator waveguide field of

the traditional type, caused by reflection processes from the ends.
In the developed mode 1 - dominance of superradiance - the intensity of the total particle field exceeds the intensity

of the resonator waveguide field.
Fig. 3 shows the time dependence of the average particle field squared over the waveguide volume (solid lines) and

the resonator waveguide field (dotted lines) in mode 1 (77, = 0.02, r, = 0.2 ), taking into account the influence of particles

in the waveguide volume on reflected waves, and in the absence of such an influence.
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Figure 3. Time dependence of the averaged over the waveguide volume squares of the particle field (dotted line) and the resonator
waveguide field (solid line) in mode 1 (7, = 0.02, , = 0.2 ) bold lines in the case of taking into account the influence of particles
in the waveguide volume on the reflected waves, according to conditions (13). Thin lines are the particle field and the reflected field
in the absence of such an influence of particles in the volume on the reflected waves according to conditions (14).

A decrease in the drift velocity of electrons along the system in developed generation modes is characteristic. For
mode 1 - superradiation: 77, = 0.02, r, = 0.2, Fig. 4 demonstrates the time dependence of the average particle velocity
over the waveguide volume in mode 1, taking into account the influence of particles in the waveguide volume on reflected
waves, and in the absence of such influence,
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Figure 4. Time dependence of the average particle velocity over the waveguide volume in mode 1, (77, = 0.02, r, = 0.2) the thick

line in the case of taking into account the influence of particles in the waveguide volume on the reflected waves, according to
conditions (13). The thin line - in the absence of such influence, according to conditions (13).

We can give the form of the fields for this mode. It is seen that the resonant waveguide field retains the sinusoidal
shape of the standing wave, the field of particles increases towards the left end of the system. The resonator waveguide
field in this mode is less than the total field of particles, the attenuation coefficient is K = 0.32 .

From Fig. 5 it is seen that if the waveguide field is distributed approximately uniformly along the length of the
system, then the total electron field (superradiation field) increases significantly along the system. When generating a
waveguide field, the contribution of each electron to the field amplitude is determined by its position in the active zone.
However, it is important that the distribution of oscillators in the active zone and their phase synchronization do not
change the spatial structure of the waveguide field. The growth of the particle field (superradiation) is associated with an
increase in the fraction of rotating electrons locally synchronized with the total field along the length of the system. Thus,
the advantage of generation in the radiation mode is an increase in the field amplitude at the end of the system in the
direction of electron drift, which greatly simplifies energy extraction and increases the generation efficiency.

In the mode of traditional waveguide generation 2 ( 77, = 0.06, 7, = 0.6 ), the radiation field of particles changes

weakly in relation to the field of the same type in the superradiance mode 1. However, due to the increase in reflection
and acceleration of injection, the amplitudes of the resonator waveguide field increase noticeably. Below in Fig. 6 the
dependence on time of the square of the particle field averaged over the waveguide volume (solid lines) and the waveguide
field is shown with and without taking into account the influence of particles in the waveguide volume on reflected waves.
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Figure S. Distributions along the waveguide length of the Figure 6. Time dependence of the averaged over the waveguide

amplitude modulus of the total field, the particle field, and the
waveguide field in mode 1 at the moment 1=800 for the
parameters in the case of the influence of particles in the
waveguide volume on the reflected waves, according to
conditions (13)

volume squares of the particle field (solid lines) and the
waveguide field (dotted lines) in the waveguide generation mode
2 (ny =0.06, r, =0.2), thick lines in the case of the influence

of particles in the waveguide volume on the reflected waves,
according to conditions (13). Thin lines are the particle field and
the reflected field in the absence of such influence according to
conditions (14)

In the waveguide generation mode, i.e. in mode 2, the longitudinal velocity of electrons also decreases noticeably. In
Fig. 7 it is not difficult to see the dependence on time of the average particle velocity over the volume of the waveguide
in mode 2 ( 7, = 0.06, r, =0.6) the bold line in the case of taking into account the influence of particles on reflected

waves, the thin line in the absence of such influence.
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Figure 7. Time dependence of the average particle velocity over the waveguide volume in mode 2 ( 77, = 0.06, r, = 0.6 ) the bold

line in the case of taking into account the influence of particles on reflected waves, according to conditions (13). The thin line — in the
absence of such influence, according to conditions (14).

Distributions of the amplitude moduli of the total field, particle field and waveguide field for mode 2, in particular,
in the case of the influence of particles in the waveguide volume on reflected waves (see Fig. 8).
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Figure 8. Distributions of the amplitude moduli of the total field, particle field and waveguide field in mode 2 at the moment T=800
along the waveguide length for the parameters in the case of the influence of particles in the waveguide volume on the reflected waves,
according to conditions (13)

The waveguide-resonator field in this case is greater than the total particle field, the excess factoris K =2.77.

3. CONCLUSIONS

In this paper, the generation process in a short cylindrical magnetoactive waveguide is considered. It is shown that
even in the absence of reflection from the ends, a total radiation field of TM waves is formed in the waveguide by an
ensemble of particles - rotating electrons, which corresponds to the superradiance mode. The possibility of generating a
TM wave in a waveguide of the type under consideration - in a gyrotron in the superradiance mode was considered
in [18-19]. However, a more general problem of forming a waveguide-resonance field, which is initiated by the field of
an ensemble of particles - rotating electrons, is of interest. The appearance of a waveguide resonant field occurs due to
reflection from the ends of the waveguide, taking into account the interaction of such reflected waves with particles in
the volume of the active zone. It is these reflected waves that form a standing wave - a resonant waveguide field.

If the reflection coefficients from the waveguide ends are small and the particle injection rate is low, then the
conditions for the dominant excitation of the total eigenfield of the particles are realized, which corresponds to the
superradiance modes. The amplitudes of the resonator waveguide field are small. With increasing reflection from the ends
and at a higher injection rate, the resonator waveguide field exceeds the total eigenfield of the electron oscillators in the
active zone. That is, the traditional mode of generation of the resonator waveguide field is realized. Fig. 2 shows the zones
of occurrence of the superradiance mode and excitation of the resonator waveguide field. The waveguide resonator field
can be supported by particles in the waveguide volume, or it can be formed only due to reflection effects. It is important
to note that the zones of dominance of superradiance and traditional resonator generation are always formed under
different conditions of energy exchange between reflected waves and oscillators in the waveguide volume, described by
conditions (13) and (14). Note that even with a decrease in the direct effect of oscillators in the volume on reflected waves,
which meets conditions (14), the zones of different types of generation shift slightly. This is due to the presence of a total
field of oscillators, which is capable of acting as an intermediary between the oscillators in the active zone and the waves
reflected from the ends of the resonator, forming the waveguide resonator field. It is noted that the amplitudes of the
eigenfields of electron oscillators in different modes differ slightly. The advantage of generation in the radiation mode is
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an increase in the field amplitude at the end of the system in the direction of electron drift, which greatly simplifies energy
extraction and increases the generation efficiency.
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PO OCOBJIMBOCTI 3BY/KEHHSA BIAKPUTHX MATHITOAKTUBHUX XBUJIEBO/IB
€.B. Mokunonckkuii®, B.M. Kykain®
“Xapxiecvrkuil Hayionanvhull yHisepcumem imeni B. H. Kapasina, 61022, m. Xapxie, nn. Ceoboou, 4
bXapxiecoruii nayionansnuii exonomiunuii ynisepcumem imeni C. Kysneys. kxageopa xibepbesnexu ma inghopmayisinux mexnonozi.
np. Hayxu, 2. 9—A. 61165, Xapxis, Yxpaina
ITokazano, mo B 00’€Mi BiJKPUTOTO XBHJIEBOJY KOXKEH €JIEKTPOH-OCLHJISATOP, IO 0OEpTAETHCS B MOCTIHHOMY MarHiTHOMY MOJI,
3natHUi reHepyBati xBuiao TE, mist skoi ueit xBuieBin nposopuit. EQextuBHIiCTh reHepallii BU3HAYAETHCS MIBHAKICTIO 1HXEKIIT
€JIEKTPOHIB 1 X MMO3I0BKHBOIO MIBHIKICTIO B3/IOBK OCi XBHIJIEBOAY. BuOpaHo pexxum reHepauii moist moOIu3y 4acTOTH BiACIYEHHS 3
HU3BKOIO TPYIOBOIO HIBUKICTIO, MOPIBHSAHHOIO 3 MO3J0BXKHBOIO IIBHIKICTIO IH)KEKTOBaHHMX eNIeKTpoHiB. [Ipu 1pomMy nomepedHa
LIBHKICTH €JICKTPOHIB 3HAYHO MEPEBHIILYE 1X MMO3O0BKHIO IIBUIKICTh i TPYIOBY MIBUAKICTD XBIJIL. 3 BiZICYTHOCTI BiZIOKTTSI OIS Bif
KIHIIIB XBUJICBOAY KOXKEH €JIEKTPOH BHOCHTH CBiif BHECOK Y CyMapHE I0JIe BUTIPOMIHIOBaHHS, TOOTO MOKHA BBAaXKaTH, IO T€HEPALlis
noJs BigOYBaecThCS B PEXKMMI HaJBHIIPOMiHIOBaHHs. [loka3aHo, IO cyMapHe I0Je €JIEKTPOHHOTO IOTOKY 3/1aTHE YTBOPIOBATH
PE30HATOpPHE I0JIE, IKE CKIAAAETHCS 3 ABOX XBHIIb, 110 TIOLINPIOIOTHCS HA3yCTPid OJJHA O/IHIH 32 PaXyHOK HaBiTh 4aCTKOBOTO BiIOUTTS
BiJ KiHIIB xBUIeBOAY. [Ipn Manomy BigOWTTI MOJIIB B/ TOPIIB i Majiii ApelioBiil IIBUAKOCTI €JICKTPOHIB, IO 00EPTAIOTHCS, TOMiHY€
PEKUM HaZABHUIIPOMIHIOBAHHS, NOAIOHO 10 BUIAAKY 30yJDKEHHS IOBHICTIO BIIKPUTOTO XBHWJICBOAY. Y pa3i HOMITHOTO BiZOMTTS MOJIB
BiJl TOPLIB CHCTEMH HPH BiJHOCHO BHCOKIiH IIBHIKOCTI IX MO3I0BXKHBOI IH)KEKIIi BIIOUTI MMOJIs 3HAYHO MEPEBUIIYIOTh CyMapHe HoJie
BHIIPOMIHIOBAYiB 1 JOPMY€EThCS TPAIULIHHAN PEKUM reHEpallil OIS XBUICBIIHOTO pe3oHaTopa. Ha IimonmHi «1mo310BKHS MBUAKICTH
pyxy — Koe(ilieHT BiXOWTTS» TpejcTaBlIeHI 30HM, 1€ IOMIHye TeHepalis pPe30HaTOPHOro Iojisi abo TeHepalis B yMOBax
HaJIBUIIPOMIHIOBaHHs. PO3IIITHYTO ZBa BUMAJKH: KOJH BiJOUTI XBUJII yTBOPIOIOTHCS TUIBKH 33 PaXyHOK BiJOUTTS Bifl TOPLIB, @ TAKOK
KOJI BPaxOBY€ETHCS BIUIMB aKTUBHOI 30HH CIIEKTPOHIB Ha BimOWTI XBWIi B 00'eMi xBuieBoay. CyTTeBO, IO CepelnHs aMIITynaa
CYMapHOTO I0JIsl BUIIPOMiHIOBaHHSI YACTHHOK 3MIiHIOETHCS HE3HAYHO JUTS BCIX PO3IIISTHYTHX THIIIB reHepallii. Pe3oHaHCHI eheKTH pu
BiZOMBaHHI BiJl TOPLIB NPU3BO/SITh /10 3HAYHOTO 301IbIICHHS aMIUTITYIH MOJISI XBHJICBOIY.
Ki104oBi ci10Ba: enekmpornu-ocyunamopu, wo obepmarmscs; MAeHimoakmueHUul Xeuiesio; pe3oHamopHa 2eHepayis NoJis, Percum
Haosunpomintosanus TE xeuni.



