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The paper discusses three different modes of electromagnetic field generation by an ensemble of oscillators placed at the radiation
wavelength in the one-dimensional case. The excitation of the resonator field is considered, which, as a rule, is determined by the
geometry of the system, with and without taking into account the eigenfields of the emitters. The superradiance regime of the same
ensemble of oscillators is also analyzed. In fact, superradiance is formed due to the emitters' own fields even in the absence of a
resonator. It is noted that the maximum achievable amplitudes of induced fields both in the superradiance regime and in the regime of
excitation of the resonator field are comparable. This makes us think about the role of the self-fields of emitters in electronic devices.
It is shown that in describing the resonator excitation mode, in addition to the resonator field, it is also necessary to take into account
the sum of the natural fields of the emitters in the active zone. Synchronization of emitters leads not only to an increase in the
resonator field, but also, as in the superradiance regime, it significantly increases the amplitude of the sum of the oscillator fields. It is
shown that in the practically interesting case of open systems (dissipative generation modes), taking into account the eigenfields of
the emitters significantly reduces the characteristic time for the development of the generation process and increases the maximum
achievable oscillation amplitude. This account also changes the conditions for achieving the maximum energy flow from the system.
This can change the operating point of the generation process, which is determined by the requirement for the maximum rate of
energy output from the system.

Keywords: Ensemble of oscillators; Resonator field; Sum of oscillators eigenfields; Resonator field excitation mode; Superradiance
excitation mode
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Introduction

Field generation in waveguides and resonators. The traditional description of the process of generating or
amplifying a high-frequency field in waveguides and resonators of electronic devices in a nonlinear mode actually
began with work [1], based on the formalism presented there. A significant increase in interest in describing the
excitation of oscillations by beams of charged particles and oscillators in waveguide systems has caused numerous
publications. The bibliographies of works [2,3] contain material that is very useful for understanding such a description.

The modes with output or loss of energy. The need to take into account absorption, as well as the output of
radiation energy from electronic devices, forced us to consider the so-called dissipative generation modes [4-7]. Such
modes of generation and amplification in such open (for energy output) systems were of practical interest to the creators
of electronic devices. In addition, the analysis of such regimes makes it possible to take into account the effect of
different levels of energy extraction on the generation efficiency.
It was in such devices that it was possible to find operating points that ensure the maximum output of energy from the
system, as was, in particular, presented in [6,7]. The considered problems were solved under conditions when oscillators
(or emitters) in the active zone of waveguides and resonators interacted only with a waveguide or resonator field, the
form of which was determined by the geometry of the system. The induced field of the resonator or waveguide
synchronized the oscillators due to phase change (or the emitters due to bunching), which led to a significant self-
consistent amplification of the field amplitude. Moreover, the interaction of oscillators (or emitters) with each other was
usually neglected, excluding their total field from consideration.
Apparently, at first it was believed that due to the spread of phases emitted by particles and oscillators, the intensity of
their integral radiation would remain insignificant. On the other hand, it was believed that if the radiation of particles
and oscillators is spontaneous, then their total radiation will also remain spontaneous. In other words, this radiation will
be much less than the intensity of the waveguide or resonator field, which is obviously induced field. There was also a
point of view that the field of emitters in a waveguide or resonator would rather quickly be rebuilt into a set of
eigenmodes of waveguides and resonators. It was believed that under these conditions, the self-field of the emitters can
be ignored. The last consideration made sense in the case of a single act of radiation by a particle in a waveguide and
resonator. Although in the continuous mode, even under conditions of partial rearrangement of the eigenfields of the
emitters into waveguide and resonator modes, their total field does not go anywhere and should be taken into account.

At the same time, it was known that the process of phase synchronization of oscillators (or spatial synchronization
of emitters), even in the absence of waveguide and resonator fields, led to the regime of superradiance, with induced
fields [8].

7 Cite as: V.M. Kuklin, and E.V. Poklonskiy, East Eur. J. Phys. 2, 124 (2023), https://doi.org/10.26565/2312-4334-2023-2-11
© V.M. Kuklin, E.V. Poklonskiy, 2023


https://orcid.org/0000-0002-0310-1582
https://orcid.org/0000-0001-5682-6694
https://doi.org/10.26565/2312-4334-2023-2-11
https://periodicals.karazin.ua/eejp/index
https://portal.issn.org/resource/issn/2312-4334

125
On Accounting for Own Fields of Emitters when Describing Generation Modes EEJP. 2 (2023)

The superradiance field arises as a total field of initially spontaneously emitting oscillators even in the absence of
a waveguide and a resonator. Obviously, the own field of each oscillator (or emitter) is spontancous. However, under
the influence of the total ensemble field external to each particle, the phase of radiation of this particle can change. If
the amplitude of the external field is large compared to the value of the spontaneous field of a given particle, the phase
of its own radiation changes. This is the nature of phase synchronization of oscillators (and spatial synchronization of
emitters) and the appearance of superradiance (see, for example, [9]).

Recall that the superradiance regime discovered for a compact bunch of particles [10] manifested itself as the
appearance of coherence in the study of most emitters and oscillators. This phenomenon was clearly manifested both in
the quantum case and in the classical case. In distributed systems of electronics, due to rather large distances between
particles, the interaction between them, as a rule, occurs only due to their own electromagnetic fields.

The mechanism of phase synchronization of radiation of an ensemble of classical oscillators was discussed in
[9,11,12]. Let us show that this process of phase synchronization of emitters and oscillators in the volume of the active
zone of the waveguide, in addition to generating waveguide and resonator fields, can also excite superradiance fields
with an intensity comparable to that of the waveguide or resonator field [13, 14].

Accounting for fields of particles. Let us return to the discussion of the processes of excitation and amplification of
oscillations by particles in waveguides and resonators. The development of high-current electronics required taking into
account slowly changing currents and fields of charged particles in the active zone of the waveguide, which was first
pointed out by Ya.B. Fainberg in his work “Plasma electronics”, published in the “Ukrainian journal of physics” in
1978. This was required at first to search for the stability of charged particle beams and systems of oscillators [15].
Later N.I. Karbusev in the early 1980s drew attention to the high-frequency radiation fields of individual emitters and
generators.

The question arose about the role of the radiation of particles in the process of generation and amplification of
oscillations in waveguides and resonators. For even in the absence of a waveguide and a resonator, the ensemble of
these active elements is capable of generating superradiance fields comparable to waveguide and resonator fields [13].
That is, for a correct description of the process of excitation or amplification in such devices, in addition to the
waveguide or resonator field, it is important to take into account these own fields of the particles of the active zone.

The purpose of this work is to compare the fields generated by open systems in the cases of 1) excitation of only
the resonator field, 2) excitation of only the self-radiation fields of active oscillators, that is, the superradiance field, and
3) joint excitation of the resonator field, taking into account the intrinsic fields of oscillators. Let us show that, in
addition to the resonator field, it is necessary to take into account the self-radiation field of oscillators, because it
qualitatively affects all characteristics of the oscillation generation mode.

1. The Excitation of the Fields of Oscillators
We discuss the nature of the excitation of the field with a system of oscillators. Consider an oscillator whose
charge (electron) moves along the OX axis, that is 7 = (x(¢),0, z,) , where x(¢)=i-a-exp{—ia¥+iy}, at the same time
whose speed (electron) dx/dt =a- @, -exp{—iat+iy} is along the OX axis, Rex =a-sin(ayt —y) . The current can be
recorded as J, =—edx/dt=—e-a- @, -exp{—iax +iy}. The equation describing the excitation of the field with the current
of the oscillator

O’E. 19°D, 4rdJ, 4rm . . .
. ——2—2‘=—2—X=C—2-e-a-a{)z-l-exp{—lat+ll//}~§(z—zo), (1)

The dielectric permittivity of the medium in the absence of oscillators is taken as equal to one &, =1. We will look

for a solution for the electric field amplitude in the form E= (E -exp{—iax +ikz},0,0), i.e. E =Eexp{—iax+ikz},

assuming a slow change of the complex amplitude E (¢,z):
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Below we consider the excitation of the field of the resonators ensemble, which in our one -dimensional case are
evenly distributed in the active zone at the interval equal to the length of the radiation wave. We will discuss three
generation regimes of fields by the oscillator ensemble.

The first mode of excitation of the resonator field (or waveguide) meets the traditional description of the generation
(or amplification) in electronics devices, when all oscillators (emitters) interact only with the resonator field, which houses
an active zone. The interaction of the oscillators in this case will exclude. That is, we do not take into account the own
fields of emitters in the active zone. The conclusion of the equations describing this process is given in Appendix 1.

The second mode of excitation of the field with the emitters ensemble takes into account only the own fields of
emitters located in the same interval of the active zone, and there is no resonator field in this case. It is not difficult to
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see that this process meets the superradiation regime. By the way, at the same time, a resonator or waveguide in this
case may be completely absent. The withdrawal of equations to describe such a process is considered in Appendix 2.
And the third regime of excitation of oscillations with oscillators takes into account both the resonator
(waveguide) field and the amount of its own fields of particles. It is this case that meets the correct description of the
excitation of oscillations in resonators and waveguides.
In further calculations, the number of oscillators is chosen N = 1000. The initial amplitude of the external field in
expressions (6) and (11) is equal 0.01, accounting for non -linearity (relativism) is determined by a coefficient or= 1.

2. The Excitation of The Resonator Field with The Exclusion of The Interaction of The Oscillators To
Each Other
In the traditional description of generation, all oscillators interact only with the resonator field, in which an active
zone is located. Oscillators do not interact with each other. We use equations in a dimensionless form (see Appendix 1)
that describe this process. The resonator field in this case can be represented in the form of the sum of two waves that
spread in opposite directions
E, . (Z,7)=E, (1)’ +E_(1)e"*™, 3)

wg

Moreover, the components of radiation in different directions can be recorded

OE ! o

9L L oE =LY A e 4
a7 ’ NZ ’ @
9B LoE = LT A e, 5)
oT N< T

At the initial moment we should set their value
E,.(0)=E,, and E (0)=E,_. (6)
Movement equations for oscillators take the form

dA,
dt

i 2
=7-|Aj| A,~E, (Z,7). @)

For this case of excitation of the resonator field, excluding the fields of the oscillators, the field intensity o| E |*
1 d|EV
|E* dr

energy output O | E |* (dashed) are presented in Fig. 1 (a). If you focus on the excitation regime of the resonator field

(continuous line), the reverse time (increment) 7/:[ ] of the process (stroke-dashed), and the rate of

without taking into account its fields of the oscillators, then the most effective output of energy would occur in the area
of about ® = 3 (see also [6]).

3. The Excitation of The Same Oscillators Ensemble
In this section, we take into account only the own fields of oscillators located in the same interval of the active
zone. The resonator field is absent, like the resonator itself. The dimensionless system of equations in this case (see
Appendix 2) takes the following form. For fields are fair the form

1 & ;
Esr (Z,T) = aZAS . g 2PZZ,] , (8)
s=1

And the equations of movement describing the dynamics of the oscillators can be recorded as

dA. o 2

7:7|A1| A/.—E(Z/.,T), (9)
where for a common field the expression is true

E(Z,7)=E,_(Z,7)+E_(Z,7), (10)

Moreover, the second term in (10) is an external field that is usually used to accelerate the process in the form.
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E.(Z,7)=E, ¢ +E, ¢ an

1 d|EV
|E] drt
(strokh- dashed), energy withdrawal © | E|* (dashed) are presented in Fig. 1 (b). The most effective output of energy

For the field intensity o| £ [ (continuous line), the reverse time y:[ j (increment) of the process
max

would be near the values © = 2.5-3, and with an output one and a half times larger than in the case of an excitation only
the resonator field.
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Figure 1. Field intensity o| E [ (continuous line), the reverse time (incremental) of the process ¥ (stroke-dashed), the rate of energy
output © | £ |* (dashed) as function of energy loss @ for cases: (a) of the generation of the resonator field, excluding the oscillator
radiation field, (b) of the supperradiation mode, (c) the generation of the resonator field together with the radiation field of the oscillators.

4. The Excitation of the Resonator Field When Taking into Account
the Interaction of Oscillators to Each Other
Using the entered variables and the expressions obtained in the applications for the fields, you can represent the
system of equations for the excitation of the resonator, and we will additionally take into account the total field of
oscillators. It is clear that thereby it is possible to take into account the direct interaction of the oscillators with each
other. Here you cannot take into account the external initial field (11), the role of which will be assumed by the
resonator field (4)-(5). The equation of motion for oscillators can be written in the form

dA,
dt

o 2
=7|Aj| A,-E(Z,.7). (12)

Here, the resonator field and the total field of radiation of the oscillators are simultaneously taken into account
E(Z,7)=E,(Z,7)+E,  (Z,7), where E _(Z,7) it is described by expressions (3-5), and E _(Z,7) by expression (8).

wg wg
The initial conditions for the fields of the resonator will choose the same (6). The nature of the excitation of the
resonator field, taking into account the own fields of the oscillators, the field intensitye<| E |* (continuous line), the

1 d|E}

\Ef dr

reverse time (increment) of the process 7:( ] (stroke-dashed), the rate of energy output © | E |’

(dashed) are represented in Fig. 1 (c).

E2

max

0.04

0.02

Figure 2. Dependence on the level of energy loss © : (a) - the square of the field amplitude | E[*, (b) - the rate of energy output
d|EJ
|E} dt

excluding the oscillator radiation field (continuous line), the superradiation mode (stroke-dashed), and the generation of the
resonator field together with the radiation field of the oscillators (dashed).

O | E |, (c) - the inverse time (increment) of the process o< [ ] . Here are cases: the generation of the resonator field,
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It can be seen here that joint accounting for the excitation of the resonator field and the oscillator field leads to a
noticeable increase in energy selection, and for large values about © = 5.

5. Comparison of Three Modes

Consider three modes. A solid line on the graphs marks the resonator regime without taking into account the
impact on the process of generating oscillators fields, The superradiation mode is represented by dashed lines on the
graphs, and the strokh- dashed line on the graphs is responsible for the case of excitation of the resonator, taking into
account the influence of the fields of the oscillators.

In the mode of excitation of the resonator, taking into account fields of emitters, the field intensity and output of
energy are the highest. A slightly inferior to him is the superradiation mode. The working points (the rate of energy
output from the system that meets the maximum), are realized for different values © . But the working point, for
resonators, where we taking into account fields of oscillators is shifted in the large values of ® .The characteristic times
of the process near the highest energy output is half as much as for resonator which don't taking into account the of the
own fields of the oscillators.

6. Conclusion

Three different generation modes of the electromagnetic field are discussed for the oscillators ensemble, placed on
the length of the radiation wave. The consideration is carried out for an open system, which is characterized by the
output of energy from the system. The parameter of the degree of openness is a value that is determined by the ratio of
the attenuation to the value of the reverse characteristic time of the process (increment) in the absence of losses. The
following generation modes are considered.

1. The generation of an open resonator, excluding own fields of oscillators - emitters.

2. The superradiation mode - the generation of the field in the open system of the same ensemble of the oscillators
without resonator.

3. The excitation of an open resonator, taking into account the own fields of oscillators emitters.

The superradiation regime, which is of independent interest, demonstrates the nature of the synchronization of
emitters (see Appendix 2). The superradiation, as you know, arises due to its own fields of emitters even in the absence
of a resonator. As a result of the phase synchronization of fixed oscillators, an integral field is formed, which is not
spontaneous, but induced field. It is this field that synchronizes the noticeable part of the emitters. It is important that
the total field intensity of the is exceeds the intensity of the own field of emitter. Although the distributed system does
not allow synchronizing all the oscillators, especially in areas where the total field of the ensemble is small.

Accounting for own radiation of the oscillators significantly reduces the characteristic time of the development of
the generation process in resonators and waveguide, increases the most achievable amplitude of oscillations. At the
same time, the conditions for achieving the maximum energy flow from the system also change. This is able to
significantly shift the work point of the generation process, determined, for example, by the requirement of the
maximum pace of energy output from the system.

In conclusion, the authors express gratitude to V.A. Buts, V.V. Yanovsky and A.V. Kirichok for a constructive
discussion of the results of the work.

Appendix 1. The Field of Resonator
In the resonator (or waveguide), the field can be formed in such a way that the type of field will not depend on the
radiation of individual oscillators. Note that such a field generally speaking should consist of running waves in two
directions

E =E, -exp{—iawt+ikz}+ E_-exp{—iawt—ikz}, (A1)

where the slowly changing complex amplitude of the waves has the form E, = E, |-exp{ig, } .
The interaction of oscillators with these fields can be described by the equation [9,13]

2iw, (%+ 5DJ =—ew’, %Iasdz -exp{iy, Fikz}-6(z-z,), (A2)
)

where added 6, - the decrement of the absorption of the wave in the absence of sources, 4, =a; exp(iy; ) .

The equations of the movement will present in the form

4V ok =B (20 (A3)
dt 1 |vi |2 m v

2
c

where x,(¢)=i-a, -exp{—ia¥ +iy} =id-exp{—iax}, v, =w-a, exp{—iax+iy}=wA exp{-iar}.



129
On Accounting for Own Fields of Emitters when Describing Generation Modes EEJP. 2 (2023)

We further assume that the resonator has size b, equal to wavelength (without loss of generality the results are
generalized to the case of several wavelengths), group velocity of radiation ¢, effective decrement of field damping
equals J, =c/b, number of oscillators equal to M =b-n, .

Equation (A2) for slowly varying amplitudes then takes the form
oE,

0 _
5=

2re-w-M 1

1
— > A -exp(Fikz )=2rm-e-w-n,-— Y A -exp(Fikz ). A4
ek by 2 exp(Ekz,) (A4)

The equation of motion (A3) can be represented as

dd. oo e E,(tz;)
i _iwoy o Bk tz) AS
dt 2 ]() 2-0-m (A5)
E, (t,2) = E, -explikz) + E_- exp(—ikz) (A6)

Here E,,(2,z) is the resonator field, the parameter ¢ = 3|A|2 K’ / 4 takes into account the weak dependence of the

relativistic mass of the particle on speed.
Choosing dimensionless variables and parameters

2
A=Alay, k=277, y=w0,/2, V=, 14=""5 yi=7, B=m/m, kb=2zb,
m

2m-v. @
5=%, 0=5/y, E,=0P% g_p/g. a=j—w(kao)2,

e %o
we get an expression for the resonator field an expression

E,(Z7)=E, (7)¢*™ +E_(1)e ™" . a7

where the components corresponding to spreading of radiation in different directions can be written as

JE 1 iz

—+OE, =—> A", Al
o7 TNet (48
JE_ 1 277

——+OE_=—> A", A9
ar T NeE (49

moreover, at the initial moment you should set their values
E.(0)=E,, and E_(0)=E,_. (A10)

Movement equations for oscillators take the form
dA,
dt

i 2
=7-|A‘,| A-E,(2,7). (Al1)
We can get the law of conservation of energy in the form

0 0 &
—+20 J|E. F +|E_[fl=2— AL Al12
(a; j{| LFHIE P aﬁg ;| (A12)

Appendix 2. Description of the Superraiation Mode
Generally speaking, the field excited in the system of oscillators consists of the sum of all fields of individual
oscillators. Consider the superradiation mode when the resonator field or a waveguid field is absent. It is also possible
to determine the total field of radiation of oscillators in the same volume, as presented in Appendix 1. An important
circumstance is the conditions for synchronization of the oscillators. It turns out, as noted, for example, in the work of
Yu.A. Il'inskii, and N.S. Maslova, “Classical analog of superradiance in a system of interacting nonlinear oscillators”
published in 1988, that only when the nonlinearity of oscillators is taken into account in this case, it becomes possible to
ensure phase synchronization of the field and the oscillator (see also [11]).
The field of one oscillator. For the amplitude of the radiation field slowly changing in the space, the equation is
fair
oE

a—:Zeaa)z%~exp{il//+ikz}-5(z—zo):/16(2—20). (A13)
z c
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Chose solution is form of E=C+A-6(z—z,) where 8(z<0)=0, 6(z=0)=1. Since for the wave radiated by
the oscillator the equation D(@,k)=(@’e,—k*)=0, the roots of which k,=*(a,Reg,/c)(1+ilme,/Reg,) =
=*(a, / cg,)(1+i0) , for the wave, which propagates in the direction Z > Z,, the wave number is equal k =%, >0 and

the value of the constant C should be selected equal to zero in order to avoid unlimited growth of the field at infinity.
For a wave which propagates in the direction Z < Z, the wave number is equal k =k, <0 , the value of constant C in

the same reasons should be selected equal —A . The amplitude of the electric field while

E =2reaw,M - ¢ exp{—iwt + iy} [explik,(z —z,) - 0(z — z,) +

(A14)
+exp{—ik(z —z,)-6(z—z,)}

For one particle in such a volume of a single section and the length of the resonator b, M it is numerically equal to
one. The equation of motion for the oscillating electron has the form (A3).
The particle ensemble field. Using these designations, we will write particle ensemble field in the form

ﬂ_i|3Aj o’ A.+i|3Aj0 [

2 J 2 jo =
dt 4c 4c (A15)

2 N ’
_ e M 1 ik(z;-z,) —ik(z;-z,)
St DI GRS )

Let choose dimensionless variables and parameters

2
A=dlay, kz=21Z, y=0,12 R =, 14="" yi=1, B=m/m, kb=27b,
2mv - w-
5=5, 0=6/y, E, =02 p_pip =3 ).
b e 4y,

Let consider the excitation of the field in the resonator, the size of which b, equal to the wavelength (without
losing community, the results are generalized in case of several wavelengths) group radiation speed ¢, and the effective

decrement of the fading of the field is equal & :% . If you take into account radiation from the system (which, due to
the small size of the system, can be considered distributed), then the increment of the process y=%, /6 =7,/©, and
0> y,. It should be noted that in all cases under discussion, due to the selected placement of the ensemble of the

oscillators, the the increment of the regime without energy loss ©=0 is equal y, [13]. One gets the expression for the
superradiation field

N
E, (Z,7)= @LNZAX VR (A16)
=1

moreover, the equation of movement describing the dynamics of the oscillators takes the form

dA. o 2
= A [ A-E(z,.7) (A17)
where for a common field the expression is true
E(Z,7)=E,(Z,7)+E, (Z,7). (A18)

The second term in (A 18) is an external stimulation field that is often necessary to accelerate the process can be
recorded as

E, (Z,7)=E,, """ +E, "™ . (A19)

The nature of the synchronization of the oscillators in this and other regimes is quite obvious [13]. Let return
back to equation (A17), which can be recorded differently

dDA/‘|eXp(iV/J‘ )J
dt

:%a.|Aj|2 |Aj|.exp(il//j)—‘E(Zj,T)‘.exp(l-(o)' (A20)
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Then the equation for the oscillator phase, which follows from (A20), takes the form
dy . .
Tt/_%' |Aj|2 = _{‘E (ZJ’T)‘/|AJ|}' sin(p-v, ). (a2D)

You can pay attention to the fact that the right part of the last equation is quite large ‘E(Z j,z') / A j‘ > 1. This

forces the phase of a separate oscillator to synchronize with the phase of the total field of the ensemble y;, — ¢ . The

2
value 0.5-ic- |A_/| gives regularisation, i.e. a certain spread of phase values.
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PO HEOBXIJHICTbh OBJIKY BJIACHHUX IOJIB BUIIPOMIHIOBAYIB TP OIUACI PEXKUMIB T'EHEPAILII{
Boaoaumup M. Kykain, €sren B. Iloki1oHcbKmit
Xaprxiecvkuil HayionanvHuil ynisepcumem imeni B. H. Kapasina, Xapxkis, Yxpaina

Y poboTi 0OroBOPIOIOTECS TPH Pi3HI PEKHUME T€HEpallii eNeKTPOMATHITHOTO MOl aHCaMOJIeM OCIIJISITOPIB, PO3MILICHUX Ha JOBKUHI
XBWJII BUIIPOMIHIOBAaHHS B OJJHOBUMIPHOMY BHUITQJIKy. PO3rstHYTO 30YyMKEHHS pEe30HATOPHOIO MO, SIKE, SIK IPABHIIO, BH3HAYAETHCS
TEOMETPIEI0 CHUCTEMH, 3 YpaxyBaHHAM Ta 0€3 ypaxyBaHHsS BJIACHMX IIOJIIB BHIIPOMIHIOBAaYiB. AHANI3y€ThCS TAKOX PEKHM
HaJIBUNPOMIHIOBAHHS TaKOro X aHcaMOIo ocuuiaTopiB. DakTHYHO HAIBUIPOMIHIOBAHHS (POPMYETHCS 32 PaXyHOK BJIACHUX MOJIB
BUIIPOMIHIOBa4iB HaBiTh 0€3 pe30HATOpa. 3a3HAa4aeThCsl, [0 MAKCHMMAIbHO MOXIIMBI aMIUTITYyIM iHZyKOBaHHX IOJIB SIK Y PeXHUMI
HaIBUIIPOMIHIOBaHHS, TaK 1 B PeXHMI IeHepallii Mot pe30HaTopa MOXKHA TOPiBHATH. Lle 3MyIlye MojymMaT 1mpo poiib BIACHHUX IOJIB
BUNPOMIHIOBAUiB y MpWJIaJax eJNeKTPOHIKH. Harojomyerscs Ha MOMMJIKOBOCTI TPaJWIIMHOTO MiAXOAy A0 ONHCY 30YMKEHHS
PE30HATOPIB 1 XBHIIEBOIB, ¢ OOJIK CyMH BIACHHX IIOJiB BHIIPOMIHIOBa4iB HE IpoBoAmBCs. [lokazaHo, 10 TPH KOPEKTHOMY OIHCI
pexuMy 30yIDKEHHSI pe30HaTopa, KpiM IOyl pe30HaTopa, HEOoOXiIHO BpaxoBYBaTH TaKOXK CyMy BJIQCHHX IIOJTIB BHIPOMIHIOBAadiB B
aKkTUBHIH 30HI. CHHXpOHI3aIlis BUIIPOMIHIOBAYiB TAKOXK, SIK 1 B PEKUMI HaJBUIIPOMIHIOBaHHS, IPUBOJIUTH /IO ITOSBH 3HAYHOI aMIDTITY I
IHIYKOBaHOTO IOJISI CHCTEMHU OCLMIISITOPIB. [Toka3aHo, 110 B MPAKTUYHO LIKABOMY BHIIAJIKY BIIKPUTHX CHCTEM (IMCHUIIATHBHI PEKUMHU
reHeparii) el o0iK MOMITHO 3MEHIITy€e XapaKTepHUI 4ac pO3BUTKY reHeparlil, 301IbIIye MaKCUMaJIbHO MOYKIIMBY aMIUTITY/Ty KOJINBAHb.
OOk BIIAaCHMX IOJIB BHUIIPOMIHIOBAYiB TaKOXK 3MIHIOE YMOBH IOCSTHEHHSI MaKCHMAJIbHOIO IOTOKY eHeprii i3 cuctemu. Lle 3maTHe
3MiHIOBaTH po0ouy TOUKY IIPOLeCy reHepallii, 110 BU3HAYA€ThCs BAMOTOI0 MAKCHMAJIBHOTO TEMITY BUBEJICHHS SHEpril i3 CUCTEMH.
KuirouoBi clioBa: ancambne ocyunamopie, noie pe3oHAmopa, Cymd IACHUX NOIE GUNPOMIHIOBAYIE, pedcum 30Y0XHCEeHHS NOJsl 6
pe30Hamopi; 30Y0xHCeHHs NOJA 8 PeXHCUMI HAOBUNPOMIHIOBAHHS





