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The presence of an internal layer with an active medium in a hot radiation source is considered, which can be described by a quantum
two-level system located near equilibrium. The population of the upper and lower levels is approximately equal. It is shown that
during convection from deeper hot layers, which supports the inversion of the populations of the active system, generation of induced
radiation pulses is possible, the intensity of which is comparable to or greater than the intensity of the background spontaneous
radiation of the source. With a sufficient thickness of the surface layers due to the effects of radiation scattering in them, the emission
spectrum of a completely black body may well form there. Pulse generation near a previously detected new threshold of induced
radiation can lead to a periodic change in the radiation intensity of the source as a whole. This threshold is determined by the equality
of the squared population inversion to the total number of states. The generation of pulses of induced radiation is considered both in
Einstein's representation, on the basis of balanced equations, and using a semiclassical description for small values of population
inversion and for low levels of electric field intensity, when the Rabi frequency is less than the line width. The description of the
induced radiation process is reduced to a one-parameter system of equations. Periodic solutions are represented by closed trajectories
on the phase plane (relative density of quanta, relative density of population inversion). A similar layer with an active medium, which
can be described by a quantum two-level system located near equilibrium, can exist in stars and is most likely localized in the
photosphere. If there is significant convection in the star’s atmosphere, conditions can be realized for generating pulses of induced
radiation. It turns out that one can see the similarity of the obtained solutions with known observations of changes in the luminosity
of Cepheid stars (Cepheus delta and the North Star).

KEYWORDS: pulse generation of induced radiation, convective source of population inversion, periodic change in the luminosity
of Cepheid stars.

Spontaneous and induced radiation. In the most general case, particle radiation can be either spontaneous,
independent of external influence, or stimulated, imposed by an intense external field [1,2]. Consider a particle that has
its own field. If this field or part of it is not able to propagate independently of the particle, accompany the particle, then
there is no radiation. If, however, during particle motion, translational or vibrational, the particle field is considered,
then under certain conditions there will be a part in it that will be able to propagate independently in the medium. The
work of this part of the field on the particle will not be zero and will lead to its deceleration or to a decrease in the
amplitude of the oscillations, respectively, which is a sign of the presence of radiation of field energy by the particle [3].

It is also important to note that the value of the work of the particle’s own field on its own current is always sign-
defined and describes only the radiation process, which is one of the important characteristic features of spontaneous
processes. Another characteristic feature of spontaneous emission is the fact that its sources are independent and the
radiation process is not imposed by a wave at this frequency existing in a given medium or system [4].

The induced radiation is due to the fact that an external field in the entire interaction space modulates the
movement of particles of the medium. In this case, radiation (or absorption) of many particles located at different points
in space may well occur in phase with this field. Ch. H. Townes drew attention to this in his Nobel lecture: “... the
energy emitted by molecular systems has the same field distribution and the same frequency as the inducing radiation,
and, consequently, a constant (possibly zero) difference phases” [5]. Such radiation synchronized by an external field,
as well as particle absorption, leads to a sharp increase in the efficiency of interaction between particles and the field.
The cause of the induced (stimulated) radiation, as it turned out, is the presence of population inversion (a positive
definite difference of particles at higher and lower energy levels) [1].

Formulation of the problem. Consider the radiation source and select in it the layer where the medium is located,
capable of generating periodic radiation pulses.

For example, such a layer in stars can be localized in the region of the photosphere. In some cases, there may be
several such layers. It is possible to simulate the active zone of this layer by a two-level quantum system, and the
populations of these two levels will be considered approximately equal. With a very insignificant excess of the upper
level population (the population inversion is positive in this case), in addition to spontaneous emission, the generation
of induced radiation is possible, the threshold of which was found in [6,7]. With a sufficient thickness of the overlying
layers due to the effects of scattering of radiation emanating from the active zone of the two-level system in them, the
emission spectrum of a completely black body may well form there [8].

In addition, we will assume the existence of strong convective flows emanating from layers closer to the hot
region of the source of the source, which are capable of introducing a certain fraction of excited atoms of this active
substance into the active zone. That is, such convective flows are able to increase the population inversion in the core.
© V.V. Kostenko, V.M. Kuklin, E.V. Poklonskiy, 2020
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One can verify that the intensity of the induced radiation of a given spectral line, described by a two-level system, can
significantly exceed not only the spontaneous intensity of atoms of a given substance, but also the spontaneous emission
of the entire spherical source as a whole.

The purpose of this work is to consider the generation of periodic pulses of induced radiation in a heated gas with
a fraction of active particles in two states (two-level system). It is important that in a certain active zone of the radiation
source, the number of active particles at two energy levels is approximately equal, the population inversion is much less
than the total number of particles. Under these conditions, the intensity of the induced radiation is comparable to the
intensity of spontaneous emission. It is assumed that in this active zone, which is transparent to radiation at the
frequency of the energy transition, due to convection, active particles from the underlying dense layers enter the excited
state. That is, in the core there is a source of inverted (excited) active particles.

MODEL OF PULSES GENERATION IN EINSTEIN REPRESENTATIONS
According to the ideas of A. Einstein, the description of the simplest one-dimensional two-level system in the
presence of radiation at the transition frequency using the so-called balance equations is as follows [1]:

on, /Ot =—u, -n,—w, -u-N,, 0

on /0t =u, -n,—w, -u-N,, 2

moreover, the total number of particles of the system in the first and second levels is constant y =, + n, = Const su,, — 18

the rate of change in the number of quanta of the second excited level due to spontaneous emission processes,
u = n, —n,~ 1s the population inversion. The rate of change in the number of quanta (particles) at these levels due to the

induced processes of radiation w,, - N, - n, and absorption,y,, . v, ., . Here y, is the number of radiation quanta (spectral
density) at the transition frequency, for which the equation

ON, /0t ==8,N, +uy -n,+wy, - - N, . 3
where 5, — is the decrement of absorption (or radiation loss) of quantum energy. Generally speaking, the relationship

between the coefficients u,, and w,, in the general case can be represented as follows

Ay 20 “

3

Uy

Wy, —87 ho-B,, e
where A,, and le are the corresponding Einstein coefficients. The dimension of this ratio in the three-dimensional

case is time per unit volume, since we are talking about the spectral density of quanta. For yellow light the numerical
value g ~0.25, for violet at the edge of the visible spectrum g ~ 0.6

The traditional idea of the instability threshold in neglecting spontaneous processes meets the requirement of
positivity of the right-hand side of (3) or, what is the same

M= My =6 [ Wy, ©)

One can detect the threshold for the appearance of such radiation due to competition with spontaneous processes at

a certain critical value of population inversion f¢,, [6,7]. In the absence of absorption of quantum energy (0, ,=0),
the new threshold for the generation of induced radiation is determined by the relation

1= b, ~QNY = (20, + )] ©)

Near this thresholdn, > n, ~ N /2, the inversion value u <<n,,n,is very small. It is important to note that under

these conditions the induced radiation is comparable to spontaneous. Collisions with fast electrons of the medium can
provide a transition from the lower energy level of the quantum system to the upper energy level:

Ot/ wy 0t =2[(v—uy,)/ wy - —=2u-N,, ™)
where v is the effective frequency of collisions with fast electrons of the medium andn, ~ n, » N /2. In this case V~u,,
, we can introduce into consideration the quantity

2[(‘/_“21)/1"’21]'”1:/‘;10' ®)
where 1 = (¢t = 0) is some initial population inversion value that exceeds the threshold (6).

The condition /; =0 describes the equilibrium state of collisional excitation by free electrons of the main gas of

active atoms and their radiative relaxation (due to spontaneous emission). A transition from a higher nonradiative level
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(in this caseVv-nm ~u,,-n,) can take an active part in the excitation of the upper working level, then a dark line

(absorption line at the frequency of this transition) appears in the spectrum, which allows one to determine the sort of
particles and the working levels of the quantum system.

Under the discussed conditions, at various levels of initial inversion both near the threshold (6) and far from it,
equations (3), (7) are similar to the Statz-DeMars equations [9], which describe relaxation (that is, damped) oscillations
with the establishment of a stationary state. The situation changes if transfer of population inversion from other, for
example, inner layers of the radiation source, can occur

=V-oulox=V-u/l>0, 9

where —V -V ~V - pu-17"it is responsible for convective transfer of inversion with speed V from denser

underlying source layers [10].

In these works, it was shown that the inversion flux into the region of the active medium can lead to a change in
the relaxation nature of oscillations to periodic. In this case, one can observe the appearance of characteristic sawtooth
periodic pulses of induced radiation against the background of the average radiation flux. It is important to note that

such pulses occur only under equilibrium conditions /, =0and also in the case of proximity of the generation
thresholds (5) and (6), and their repetition rate depends on the quantum absorption decrement §, and the rate of change

of the inversion due to its transfer. In the discussed models, for convenience of description, the field quanta were
divided by origin: y (" - the density of the number of quanta of the incoherent radiation field and the density of the

number of quanta of the field of induced radiation Nk(”’” . The equations describing the generation of sawtooth pulses of
induced radiation in a continuous medium can be written in the form [10]

ON, /0T =M-N,—6-N_, (10)

M /8T =K-M-2M-N_+1,, (11)

where M = 11/ 14, is the relative population inversion, 7 =w,, - 1, -t, N, =N/~ 1s the relative number of quanta of

induced radiation@ = 6, / w, 1ty » K=V /wyp,l> Ny=N/2u; -
The change in the relative number of quanta of spontaneous emission N, =N "/, is described by the

equation
(12)

When I,>0, when the collisional excitation is large, the induced radiation is monotonic in nature, in the case of

N, /0T =(N,/2)-6-N

inc inc

1, <0 you can see that there is no induced radiation. That is, the generation of periodic pulses reveals itself only under

conditions of equilibrium of the processes of collisional excitation by free electrons of the main gas of active atoms and
their radiative relaxation mainly due to spontaneous emission /; =0 [10]. In this case, the integrated radiation

intensity during the appearance of a pulse can increase several times. It should be noted that the authors of [10] noticed
the considered phenomenon only under the condition of equilibrium 7 =(and also in the case of proximity of the

generation thresholds (5) and (6).

DESCRIPTION OF THE PULSE GENERATION PROCESS USING THE QUASICLASSIC THEORY

With a higher field intensity or with a significant inversion, the induced radiation in a bounded waveguide system
should be described by a semiclassical theory [11], where the medium is described quantum mechanically and the
electric field in the classical representation. The nature of the process depends on the ratio of the line width of the wave
packet to the Rabi frequency, which determines the probabilities of induced radiation or absorption of field quanta
[12,13] in each region of the waveguide along its length. With a significant population inversion or in strong fields, the
line width can be neglected. For small population inversions and for low electric field intensities, when the Rabi
frequency is less than the line width of the wave packet, the behavior of a two-level system is similar to the description
of the process presented in [1].

Let us consider a one-dimensional model for perturbations of the electric field, polarization, and population
inversion slowly varying with time, which describe the excitation of electromagnetic waves in a two-level active
medium, the equations of which can be represented as [11]

O°E 0E ,0E o’P
—+0,——c¢ =-4r—-, 13
ot P o o’ or> (13)
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—t+y,—+@® -P=—"7-"""uF, 14
o Y12 o 7 H (14)
0 2 oP
KBS, (15)
ot hao ot

where the transition frequency @ between the levels corresponds to the field frequency, we neglect the relaxation of the
inversion due to external reasons, J,, is the decrement of field absorption in the medium, and d ,, is the matrix element
of the dipole moment (more precisely, its projection on the direction of the electric field), x=(n,—n)- the population
difference per unit volume, 7, and 7 - levels populations in the absence of a field, y,, - the width of the spectral line,
N=(n+n,)is the density of the dipoles of the active medium. Fields are represented as
E=[E(t)-exp{—iat}+E*(t)-explior}] and P =[P(t)-exp{—ict} + P*(¢)-exp{ict}].

Wherein< E* >=2|E(t)['.  The number of field quanta is then  determined  as

<E*>/Anho=2|E| /Arho =N . - Spontaneous emission is absent in this representation, but as shown above,
it is not difficult to take into account, for example, using equation (12). For slowly varying amplitudes, the equations

OE i
—+0-E==P, 16
or 2 (16)
Z—I;+ r,P=—-iME, (17)
aﬂ:K~M+i[EP*—E*P], (18)
or 2

the notation is used here y/y =M , K =(V /Q 0o and we immediately note that changes in population inversions will
12 .

be determined by the choice 4 and initial conditions, &, 5 d,, || E, |/h = d,, | [47w- 14,/ h] " is the Rabi frequency
E(@) P(r) 47@
= 2 0 P= 2
[47how,] [47howp,] Q,

corresponding to the value of the electric field amplitude | E, |= [47xhou,]"”

>

=04, T, =7,/Q,, 0=0/Q,.

At low field intensities or a large line widthT',, =y,,/Q, >>1, using the notationN =< E*>_/4zhawuy,,
M=M=pl 1y, 7=t/ 71, K, = 1Q)7,/Q,)> ©, =(5,/Q,)-(r,,/Q,)> We obtain the system of equations (10) -
(11) when the equilibrium condition is satisfied /, =0.

That is, it is easy to see that the previous description (10 - (11) corresponds to the equality, whence it follows. You
can make the system of equations one-parameter by dividing the right and left parts by and passing to the values, write
the equations in the form

oM

— -K,-M-2M-N_, (19)
or,
N _M.N 20N (20)
or,

That is, it is easy to see that the previous description (10 - 11) corresponds to the equality 7 = 7, , whence it follows

wy, = Q2 / - 7,, - YOu can make the system of equations one-parameter by dividing the right and left parts by ®; and
passing to the value N, =0©,-N,, M=0,-M,, 7,=0,-7,, K =0, K,, write the equations in the form

ZM2 =K, M,-2M,-N,, 21
7
ON.
_2:M2'N2_2N29 (22)

07,
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(o 2 2
where 7, =0, -7, =5t , M, =1~ ,N2:<E_>Q_0,
Hy -7y 4rheo 6y,
These equations describe the generation of induced radiation, with the number of quanta per unit volume

N, =N,“", which is the periodic pulses with some constant component.

In addition, there is a spontaneous incoherent component of the same source, the number of quanta of which is
equal y =y @, , described, for example, by equation (12). A significant part of the radiation of a quantum source

is induced radiation, which is almost monochromatic. However, if the quantum source is surrounded by a fairly
extended atmosphere, due to multiple scattering, as noted in [8], the radiation characteristics will approach the radiation

characteristics of an absolute black body. The total number of radiation quanta per unit volume is equal to
N=N, +N,, and in spontaneous emission, all types of radiation should be taken into account, and not just the
radiation of a quantum source. It is important to note that despite an extremely small population inversion, the intensity
of the induced radiation may well exceed the spontaneous intensity.

System (21-22) has a singular point (2, K, /2) and a stationary solution: M, =2, N, =K, /2. In the case of small
deviations M,, N, from the singular point, the system can be linearized and the equation for the phase trajectory
obtained: K,(M,—2)" +8(N, K, /2)* = Const . The phase trajectory turns out to be a closed line, which indicates the

presence of stable periodic solutions.
In Figure 1-3 shows the time dependences M,, N, and phase trajectories for different cases of removal from the

critical point at X, =20. The initial values M , for were set constant A, (0) =2, the choice of the curve was controlled

by removing the initial value N,(0) from its critical value equal to 10.

N[ M, '
15
10
5
L 0
0 1 1, 0 1 T,

Figure 1. a). The behavior of the relative magnitude of the density of quanta as a function of time 7, b) The behavior of the relative
density of the inversion of populations as a function of time 7, , for 1 - N,(0)=4;2- N,(0)=6;3- N,(0)=8;4- N,(0)=9;5-
N,(0)=9.6.

M2 T T

10

0 10 20 N,
Figure 2. Phase diagrams for the system of equations (21) - (22) when choosing the initial conditions in the form 1 - N,(0)=4;2 -
N,(0)=6;3- N,(0)=8;4- N,(0)=9; 5- N,(0)=9.6.
For clarity, Table 1 shows the minimum number of quanta n, , (constant component in the induced radiation), the

maximum number of quanta N, the average value of the number of quanta NV, , , the amplitude of oscillations

N.

2max

max

=N, i » and the period of oscillations 7, . It should be noted that the average value of the relative number of

quanta V,,, depends only on the choice of the position of the center of the diagram - its critical value K, /2.

2av

The graph of the number of quanta N, changes has the form of a sinusoid for phase trajectories near the critical

point (calculation 4 and 5). For phase trajectories far from the critical point (calculations 1, 2), the change graph N,
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takes the form of a saw: a sharp increase and a slow decrease. Such behavior is characteristic of the Cepheid luminosity,
where fusion has reached its ultimate element — iron: significant sawtooth fluctuations in the luminosity of the Cephei
delta and small sinusoidal oscillations of the North Star.

Table 1.
The results of the solution of equations (21)-(22)
N data N in N N, N e = Nain T,
1 4 20,188 10 16,188 1,289
2 6 15,474 10 9,474 1,0964
3 8 12,308 10 4,308 1,0147
4 9 11,071 10 2,071 0,9984
5 9,635 10,374 10 0,739 0,9941

ABOUT POSSIBLE APPLICABILITY OF THE MODEL
Indeed, such a generation may well occur in cosmic conditions, where their radiation is generated in the
photosphere of stars. The presence of pulsations is possible if the conditions are met in the presence of convection,
which ensures the delivery of inverted atoms of the active substance from the dense underlying layers, that is
—v-0u/ox=v-u/l, convection should be quite intense (v [1-Wy,) > fyys - We show that the above-considered model of

generation of pulses of induced radiation can be useful for describing a periodic change in the luminosity of Cepheid
stars.

As noted above, N, can describe the generation of induced radiation, for example, in the photosphere of stars,

which is a pulse with a certain constant component. In addition, there is a spontaneous incoherent component of the
same source. To this radiation, it is necessary to attach the constant radiation of the rest of the heated material of the
star, i.e. the total emission of the star takes the form

N(z)=N,+N,(7) (23)

The value of the constant component NV, (the spontaneous incoherent component of a quantum source and the

constant radiation of the rest of the warmed matter of the star) must be added to /V, . This addition can be estimated by
knowing  the  relationship  between the maximum and minimum  luminosity of a  star
k=(N,+N,. )/ (N, +N,,_ . ), onthe other hand, the ratio of the maximum and minimum luminosities of a star
is k=1L, /L, =10%*"="™) [14], here m, is the apparent magnitude at the maximum luminosity of the star, m, - at the

minimum luminosity. Below we will focus on the values of the apparent magnitude obtained from observations. Using
the known apparent magnitude m , knowing the distance to the star d in parsec, we can calculate the luminosity [14]:

m=M,, +5lg(d /10)-2.51g(L). 4)

To compare the luminosities of stars with each other, the absolute magnitude (apparent magnitude from a distance
of 10 parsecs) M, =m—-5lg(d/d,), d,=10 is used, d here is the distance in parsecs to the star, d = 273 for the
Cephei delta and d = 133 for the North Star. Then the luminosity of the star in units of the luminosity of the Sun is
equal toL =10""""""L L =1, where M,, =4.77 is the absolute magnitude of the Sun. To obtain the

dependence of the luminosity of the star on time L(7) , we multiply (23) by the coefficient A, i.e.
L(z)=A-N(r)=A-[N,+N,(7)]. (25)

Table 2 shows the calculation results for the Cepheus delta and the North Star. For this, the values of Table 1 are
taken from the first and fifth rows.

Table 2
The calculation results for the Cepheus delta and the North Star
Stars m; m; k Ny | Mo | Moo N, A L L,

Cephei delta| 3.48 4.37 2.27 4 20,188 10 8.748 | 84.507 | 24453 | 1077.3
North Star | 2.092 | 2.125 | 1.031 | 9.635 | 10,374 10 14.315 | 84.412 2084 2021.6
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You can make sure that the average value L is determined by the formula
L=4-(N,, +N,). (26)

2av
Fig. 4a and Fig. 4b show the time dependences of the number of quanta and the corresponding luminosity of the
Cephei delta and the North Star. The bottom curve is the number of quanta of induced radiation. The upper curve takes
into account the constant component of spontaneous emission due to other elements of the radiation source, in addition
to the quantum system.

N L N 1L
i 2100
2000 27 A
20
26 L 12000
1000
10 10 ;" .‘q. ’-" "\_ -850
’ T "800
0 0 9 l 1 L
0 0.5 1 L5 T 0 0.5 1 1.5 T,
a b

Figure 4. Time dependences of the relative number of quanta (left scale) and the corresponding luminosity (right scale)
of the Cephei delta (a) and the North Star (b).

The lower curve on each fragment represents the number of quanta of induced radiation. The upper curve takes
into account the constant component of spontaneous emission due to other elements of the radiation source, in addition
to the quantum system.

Fig. 5 and Fig. 6 below show the change in the stellar magnitude of the star of the Cepheus delta [15] and the
North Star with time [16]. The ordinate shows the values of the apparent magnitude, while the abscissa shows time in
fractions of the period of change in the brightness of the star.

m
36| ™G /_,.-’ N
38| / ™~ /
/ N :

wE . /
a2] Vi . /

~ S~
4.4 ) 1 ] 1 1 L |_I' ] ]

Phase 00 01 02 03 04 05 06 07 08 0% 10

Figure 5. The change in the stellar magnitude of the star of the Cepheus delta with time. (solid curve received in the 1930s N.F.
Florey using a visual photometer) see, for example, [17] and the solution of equations of system (21) - (22) in the same variables
when choosing the level of spontaneous emission and scales (dashed line).

m

210

Eiz

2.14

T

Figure 6. The change in the magnitude of the North Star with time. (solid curve) and the solution of the equations of system (20) -
(21) in the same variables when choosing the level of spontaneous emission and scales (dashed line).

CONCLUSIONS
The state of a gas radiation source close to equilibrium under collisional excitation by free electrons of the main
gas of active atoms and their radiative relaxation due mainly to spontaneous emission was considered [10]. In such a
medium, for a two-level system, when the population inversion is much less than the total number of states, there are
conditions for the generation of pulses of induced radiation.
Moreover, the intensity of such pulses is comparable with the intensity of spontaneous emission of the system. It
was shown earlier that during convection from deeper hot layers, which supports (is the source) the population
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inversion of the active system, it is possible to generate periodic pulses of induced radiation, the intensity of which is
comparable to or greater than the intensity of the background spontaneous radiation of the source [10]. With a sufficient
thickness of the surface layers due to the effects of scattering of radiation in them, the emission spectrum of a
completely black body may well form there [8].

Pulse generation near a previously detected new threshold of induced radiation [10] under the conditions of such
convection can lead to a periodic change in the radiation intensity of the source as a whole. This threshold is due to
competition between spontancous and induced radiation, which weaken the population inversion and is determined by
the equality of the square of the population inversion to the total number of states. A consideration of the generation of
pulses of induced radiation in the present work is carried out both using Einstein's balanced equations and on the basis
of a semiclassical description for small population inversions and at low levels of electric field intensity, when the Rabi
frequency is less than the width of the radiation line.

It is shown in the paper that the description of the induced radiation process reduces to a one-parameter system of
two equations (21) - (22). Periodic solutions are represented by closed trajectories on the phase plane (relative density
of quanta, relative density of population inversion). A similar layer with an active medium, which can be described by a
quantum two-level system located near equilibrium, can exist in stars and is most likely localized in the photosphere. If
there is significant convection in the star’s atmosphere, conditions can be realized for generating pulses of induced
radiation. It turns out that one can see the similarity of the obtained solutions with the well-known observations of
changes in the luminosity of Cepheid stars (Cepheus delta and the North Star). Moreover, the ratio of periods of change
in luminosity is (according to table 1.) also similar (accurate to 2.5%). It is important to note that the solutions of
equations (21) - (22) for these two cases are on the same diagram in Fig. 3, which corresponds to one type of object. As
well as small amplitude Cepheids (DCEPS) of the North Star type, they belong to the class of classical Cepheids, the
brightest representative of which is the Cepheus delta.
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ITPO NEPIOANYHI 3MIHM CBITHOCTI KOCMIYHUX /I’KEPEJI 3 AKTUBHUM CEPEJJOBUIIIEM
B.B. Kocrenko, B.M. Kykuin, €.B. Iloxnoncbknii
Xapxiscoruti Hayionanvnuil ynieepcumem imeni B.H. Kapazina, Xapxis, Yxpaina
nn. Ceoboou 4, Xapkis, Yrpaina, 61022
Po3risiHyTO HasBHICTH B rapsdoMy JDKepeli BUIIPOMIHIOBaHHS BHYTPIIIHBOTO IIAPY 3 aKTUBHUM CEPEJIOBMILEM, IO 3HAXOAUTHCS
nobau3y piBHOBaru i MPEICTaBICHO KBAaHTOBOIO JBOPIBHEBOIO CHCTEMOIO, HACENICHICTI BEPXHBOTO 1 HIDKHBOTO pIBHIB SIKOT
npubau3Ho onxHakoBi. [lokazaHo, IO MpH KOHBEKIi 3 OUTBII TMHOOKHX TapsYWx INAapiB, sKa MIATPUMYE IHBEpPCIIO HACENICHICTi
aKTHBHOI CHCTEMH, MOJIMBa TeHEpalis IMITyJbCiB iHAYKOBAHOTO BHUIPOMIHIOBAaHHS, IHTCHCHBHICTh SKHX MOpIiBHAHHAa abo
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MepeBepIIy€e IHTCHCUBHICTD ()OHOBOT'O CHOHTAHHOTO BHUIPOMIHIOBaHHS [pkepena. [Ipu qocTaTHIi TOBIIMHI MOBEPXHEBUX IIApiB 3a
paxyHOK e(eKTiB pO3CilOBaHHSI B HHX, TaM LIJIKOM MOXe C(HOPMYBATHUCS CIEKTP BHIPOMIHIOBAHHS aOCONIOTHO YOPHOIO Tija.
IeHepaitist iMITysbCiB TOONM3Y BHSABICHOTO paHillle HOBOTO MMOpOra iHAYKOBAHOTO BHIPOMIHIOBAaHHsS 3/aTHA MPHBECTH IO
MepiOMYHOI 3MiHM IHTEHCHBHOCTI BHIIPOMIHIOBAaHHS JDKepela B mitomy. Llelf mopir BH3HayaeThcs PIBHICTIO KBaJApaTy iHBepCii
HACEJICHOCTI TIOBHOMY YHCIy CTaHiB. Po3riisia reHeparii iMITyJIbCiB iHAYKOBAaHOTO BHIIPOMIHIOBAHHS NPOBOJHUTHCS SIK HA OCHOBI
OalaHCHHUX PIBHSHB, TAK i 3a JOIOMOT'OI0 HAIIBKJIACHYHOTO OIUCY HMPH HEBEJIMKHUX 3HAYEHHSIX iHBEpCil HACEIECHOCTI i IPH HU3BKHUX
pIBHAX IHTEHCHBHOCTI €JEKTPHYHOTO IIOJIS, KOJMM dYacTora Pabi Menme mwpuHE miHil. Onmc mpomecy iHIyKOBaHOTO
BUIPOMIHIOBAHHS 3BOAUTHCS JIO OJHONAPAMETPUYHOI cHCTeMi piBHSAHb. IlepioguyHi piNIEHHS MPEACTABIEHI 3aMKHYTHMH
TpaekTopisiMu Ha (azoBoi IUIomMHI (BiTHOCHA INUIBHICTH KBAaHTIB, BITHOCHA LIUIBHICTH iHBepcii HaceneHicti). [ToxiGHuii map 3
aKTUBHHMM CEpPEOBHUILIEM B BUIUISAAI KBAaHTOBOI JBOPIBHEBOI CHCTEMH MOXE iCHYBaTH B 3ipKax i LIBHALIE 32 BCE JIOKATi30BaH B
obnacti ¢ortochepu. Ilpu HasBHOCTI B armocdepi 3ipkM 3HAYHOIO KOHBEKLII MOXYyTh OyTH peai3oBaHi yMOBH [UIsl TeHeparil
IMITyJIbCIB 1HAYKOBAHOTO BHUIIPOMIHIOBaHHS. BHSBIA€THCA, IO MOXKHA MOOAYUTH MOAIOHICTE OTPUMAHHX pillleHb 3 BiIOMHUMH
CIIOCTEPEIKCHHSAME 3MiH CBITHOCTI 3ipok-iedein (menptu Ledes i omsaproi 3ipku).

KJIIOYOBI CJIOBA: renepamiss iMITynbciB iHAYKOBAaHOTO BHUIIPOMIHIOBAHHS, KOHBEKTHBHE JUKEpENIO IHBepcii HaceJeHICTi,
MepioIUYHA 3MiHA CBITHOCTI 3ipoK-Tiedei.

O NEPUOJUYECKOM U3BMEHEHUHU CBETUMOCTU KOCMHUYECKHUX UCTOYHUKOB
C AKTUBHOM CPEJOM
B.B. Kocrenko, B.M. Kykiun, E.B. [lokaoHckuii
Xapvrosckuil HayuonanvHwill yHugepcumem umenu B.H. Kapasuna, Xapvkos, Yrpauna
nn. Ceoboowr 4, Xapwvros, Yrpauna, 61022

PaccmoTpeHo Hanuyue B ropsdyeM HCTOYHUKE HU3JIyY€HHs BHYTPEHHErO CJIOS C aKTHBHOW cpenoil, KOTOpYH MOJKHO OIHUCATh
Haxopsmeiics BOIM3KM paBHOBECHS] KBAaHTOBOH JBYXYPOBHEBOH CHCTEMOMH, HACENICHHOCTh BEPXHETO M HIDKHETO YPOBHEW KOTOPOit
IpUMepHO paBHa. [loka3aHo, YTO NpH KOHBEKIMM H3 Ooiee IIIyOOKHX TOPSYMX CJIOEB, KOTOpas MOAJCPIKUBACT HHBEPCUIO
HACEJICHHOCTeH aKTUBHOM CHCTEMbl, BO3MOXHA I€Hepalus MMILYJIbCOB MHIYLHPOBAHHOTO W3JIY4YEHUs,, MHTEHCUBHOCTb KOTOPBIX
CpaBHMMa WJIM IPEBOCXOJUT HMHTEHCHBHOCTb ()OHOBOTO CIIOHTAHHOTO W3JIyYeHHs HCTOYHMKA. [IpM 1OCTATOYHOW TOJLIMHE
MOBEPXHOCTHBIX CIIOEB 3a cueT 3(P(EKTOB pacCesiHUs B HUX H3Iy4YEHHs, TaM BIIOJHE MOXET c(HOPMHUPOBATHCS CHEKTP M3TyUCHUS
abCcomoTHO 4epHOro Tena. ['eHeparus MMITyJIbCOB BOIHM3M OOHAPYKEHHOTO paHee HOBOTO MOPOTa MHAYILHMPOBAHHOTO H3Ty4CHUS
croco0Ha MPUBECTH K MEPHOANYECKOMY M3MEHEHUIO HHTEHCHBHOCTH HM3IyYeHHS MCTOYHHKA B IEJIOM. DTOT IOPOT ONpPEAENsSeTCS
PaBCHCTBOM KBaJpaTa MHBEPCUM HACEICHHOCTEH IIOJHOMY 4HCIy COCTOSHMHA. PaccMoTpeHue reHepalud HMILYJIbCOB
HH]TyIIIPOBAHHOTO U3IIydeHHs IIPOBOINTCS KaK B IPeJICTaBICHIH DIfHIITeHHA, HA OCHOBE OalaHCHBIX yPaBHEHUH, TaK U C TOMOIIBIO
MOJTYKJIACCUYECKOTO OIMMCAHUSI NPH HEOONBLIMX 3HAYEHHMSX WHBEPCUHM HACEJICHHOCTEH M NPH HU3KUX YPOBHSX HHTEHCHBHOCTH
UIEKTPUIECKOTr0 I10JIs1, Korjia yacrora Pabu MeHbie mupuHbl TuHuH. OnHcaHue mpolecca HHAYIUPOBAHHOTO M3JIy4YEHHS! CBOANTCS
K OJHOMapaMeTpHYecKol cucreme ypaBHeHHi. [lepronuueckue pelieHns NpeAcTaBiIeHbl 3aMKHYTHIMU TPAeKTOPHUAMH Ha (a30BOit
IUIOCKOCTH (OTHOCHUTENbHASI IUIOTHOCTh KBAaHTOB, OTHOCHTENbHAs IUIOTHOCTh WMHBepCcUH HaceneHHoctei). IlomoGHbl cioit ¢
AKTHBHOM Cpe/loi, KOTOPYI0 MOYKHO ONMCaTh HaxoJsimieiics BONM3M paBHOBECHS KBAaHTOBOH IBYXYpOBHEBOW CHCTEMOH MOXKET
CyIIIECTBOBATh B 3BE3/IaX M CKOpPEE BCETO JIOKATH30BaH B obmactu gotocdepsl. [Ipu Hammumu B aTMocdepe 3Be3bl 3HAYUTENEHON
KOHBEKIIMH MOTYT OBITh PEAIN30BaHbI YCIOBHUS IJISI TEHEPAIN HMITyIbCOB MHAYIIMPOBAHHOTO M3TydeHNs. OKa3bIBaeTCs, 9YTO MOKHO
YBHIETH IO00HE MONYyYSHHBIX PEIICHNII C M3BECTHBIMH HaONIONEHUSAMH H3MEHCHHSIMU CBETUMOCTH 3Be3f-liedenn (nenbTor Ledes
u [lonspHOH 3BE3/HI).

K/IIOYEBBIE CJIOBA: reHepanus UMIYJbCOB HHIYLUUPOBAHHOIO M3JIY4YECHUS, KOHBEKTHUBHBI HMCTOYHUK HHBEPCHUU
HACEJICHHOCTEH, TIePUOMIECKOe N3MEHEHUE CBETUMOCTH 3Be3/I-Lieden .





