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Using the Lorentz self-interaction method completing by Dirac hypothesis it is investigated the spectral distribution

of the radiation power for the system of electrons moving along a spiral in transparent isotropic medium. The

overlapping between neighbour harmonics as well as oscillations in the spectral distribution of one, two, three, and

four electrons radiation power are studied for the case when the transversal component of electron velocity is bigger

than the light phase velocity in medium but still less than the light velocity in vacuum. The effect of coherence in

the spectrum of synchrotron-Cherenkov radiation for the system of two, three and four electrons is analyzed.

PACS: 41.60.-m, 41.60.Ap, 41.60.Bq, 41.60.Cr, 03.50.-z, 03.50.De

1. INTRODUCTION

The properties of synchrotron radiation of charged
particles moving in a circle in vacuum in framework
of classical electrodynamics were studied in papers
[1 - 3]. The particularities of radiation spectrum of
charged particles moving in magnetic field in vacuum
were examined by Ternov in report [4] and analyzed
in studies [5 - 8]. The properties of electromagnetic
radiation of the system of non-interacting electrons
moving in a spiral in constant magnetic field in vac-
uum were reported in papers [9 - 17].

The radiation spectrum of one electron moving in
a medium in magnetic field was under investigation
in papers [18 - 24]. The oscillations in synchrotron-
Cherenkov radiation spectrum of one electron were
obtained at its motion in a circle [18] and in a spiral
[24]. The hopping change of the function of spec-
tral distribution of radiation power of an electron is
studied in [12].

The coherence effects in the structure of radia-
tion spectrum of a system of non-interacting electrons
moving one by one along a spiral in a transparent
medium were considered in papers [25 - 31]. If the
dimension of a system of electrons is smaller compar-
ing to the radiation wavelength, both for a quantum-
mechanical system [32] and for a system of electrons
[33 - 36] the super-radiant regime is possible.

The aim of this paper is the investigation of the
oscillations and overlapping between neighbour har-
monics of the synchrotron-Cherenkov radiation spec-
trum of two, three, and four electrons moving in a
spiral in magnetic field in transparent medium for
the case when the transversal component of elec-
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trons velocity is bigger than the light phase velocity
in medium but still less than the light velocity in
vacuum and the parallel component of electrons ve-
locity is much smaller than the light phase velocity in
medium. The spectral distributions of electrons radi-
ation power are calculated by the instrumentality of
high accuracy numerical methods and studied within
the analytical methods. The coherent radiation of
harmonics in the spectrum of synchrotron-Cherenkov
radiation for two, three and four electrons in the case
when the distance between electrons (phase shifts be-
tween electrons) is much smaller than the radiation
wavelength are studied. These studies present a great
interest for the investigation of radiation spectrum
structure of bunches of charged particles moving in
magnetic field.

2. TIME AVERAGED RADIATION
POWER OF SYSTEM OF ELECTRONS
MOVING ALONG A SPIRAL IN
TRANSPARENT MEDIUM

According to [12, 29] the time averaged radiation

—rad
power P of charged particles moving in medium
is determined by the relationship:

Here j (7,t) is the current density and p (7,t) is the
charge density. The integration is over some volume 7.

PROBLEMS OF ATOMIC SCIENCE AND TECHNOLOGY, 2011, N5.

Series: Nuclear Physics Investigations (56), p.67-74.

67



According to the hypothesis of Dirac [3, 12, 29, 37,
38], the scalar ®Pi" (7,t) and vector AP (F,t) po-
tentials are defined as a half-difference of the retarded
and advanced potentials.

1
2

(I)Dir — (q)ret _ @adv) 7A’Dir — (A’ret _ A’adv) )

(2)
Then, the sources functions of N charged point par-
ticles are defined as [12, 29]

N N
j(ﬁt):zvl(t)pl(ﬁt)v p(th):Zpl(th)a
=1 =1

N | =

pi(Fyt) = ed (7= 7(t)) , (3)
where 7 (t) and V; (t) are the motion law and velocity
of the {*" particle, respectively.

The law of motion and the velocity of the I*" elec-
tron in magnetic field are given by the expressions

7 (t) = 7o cos {wo(t + Aty)} i+ro sin {wo(t + At} j+

- o dry (t
Wt ank, e =00
Here 79 = Viwg', wo = 2eB“'E~' E =

c/p? + m2c2, the magnetic induction vector B¢** ||
0Z, Vi and V| are the components of the velocity,
the  and E are the momentum and energy of the
electron, e and mg are its charge and rest mass.

In this case the time averaged radiation power of

the point electrons can be obtained after substitution
of (2) to (4) into (1). Then, it is found [12, 29] that

P [ dw W (w), (5)
/

o0 sin n(w)w T
W (o) = fo/dmw)ii ( — ),

xSy (w) cos (wz) {Vf cos (wox) + V”2 — n;(w)} )
(6)

2
where 7 (z) = VH2:U2 + 4:% sin? (?SC)y
1a (W) = p (W) po is the absolute magnetic permeabil-
ity, n (w) is the refraction index, w is cyclic frequency,
c is velocity of light in vacuum.

In the case of electrons moving one by one along
a spiral the coherence factor takes the form [12, 29]:

N

Z cos {w (At; — Atj)}.

1j=1

Sy (w) = (7)

The coherence factor Sy (w) determines a redis-
tribution of radiation power of electrons in spectral
distribution of this radiation.
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3. SPECTRAL-ANGULAR AND
SPECTRAL DISTRIBUTION OF THE
RADIATION POWER OF THE SYSTEM
OF ELECTRONS MOVING ALONG A
SPIRAL IN TRANSPARENT MEDIUM

After some transformations of relationships (5)
and (6) the contributions of separate harmonics to the
electrons radiation power can be expressed as [29]:

™

> 7 dwp (w) Z—;n(w)wz / sin 0df x

m==0q 0

xSy (w) o {w (1 - %w)VH cos9> - mwo} X
<{vi [+ a2 )] +

(V- o ) @) ®)

v, n(w) w eBert V2
¢

where ¢ = —sinf, wy = 1-——

wo mo c?
Jm (q) and J, (q) are the Bessel function with integer
index and its derivative, respectively, 6 is the angle
formed by wave vector k and axis 0Z [29).

The relationship (8) un the case of one electron
was also obtained using retarded potentials within
the method of enclosing surfaces [20].

Each harmonic in relationship (8) is a set of the
frequencies, which are the solutions of the equations

w (1 - MVH cos 9) — mwgy = 0. (9)
c
After integrating in (8) over # variable we have
obtained the spectral distribution of the system of
electrons radiation power on harmonics [29]

—=rad € Mo
P = d
Y [enel

(t—
m= OOO

)

n (uQ(m)) wX

2

qiu® (m)

I (qu (m)) +

(w
(10)
where
o=y vt

2 (w — mwp)®

Ty (11)

The band boundaries in the radiation spectrum
are determined by the function n (u?(m)) .
The coherence factor S; (w) of a single electron is
defined as
Sy (w) =571 (w) = 1. (12)
In the case of two electrons the coherence factor
S (w) is defined as [16]

Sa (W) =2+ 2cos (wAt2) . (13)



Here At1o = Aty — Aty is the time shift between the
first and second electrons moving along a spiral.

The analogous expression for the coherence fac-
tor was obtained by Bolotovskii [39]. The coherence
factor of three electrons takes the form [16]

S3 (w) = 3+ 2cos (wAt12) + 2 cos (wAta3) +

+2cos {w (Atlg + Atgg)} . (14)

Here Atoz is the time shift between the second and
third electrons. The coherence factor of four electrons
is de-fined as [16]

S (w) =4+ 2cos (wAt12) + 2 cos (wAta3) +

+2 COS ((.«JAt34) —+ 2 COS {w (Atlg + Atgg)} —+
+2cos {w (Ataz + Atsqg)} +
+2cos {w (Atig + Atz + Atsq)}, (15)

where Ats4 is the time shift between the third and
fourth electrons.

4. PECULIARITIES OF THE SPECTRAL
DISTRIBUTION OF RADIATION
SPECTRUM OF ONE, TWO, THREE, AND
FOUR ELECTRONS MOVING ALONG A
SPIRAL IN TRANSPARENT MEDIUM

Our high accuracy numerical method of calcula-
tions of the radiation spectra was carried out on the
basis of relationships (5) to (7) and (12) to (15). The
spectral distribution of synchrotron-Cherenkov radi-
ation power was obtained for B¢t = 10747, u = 1,
o = 4m X 10_7H/m7 n=2.0,Vimesd =0.2x 109m/s7
Vijmea = 0.15 x 103m/s, wo; = 0.1307 x 10%rad/s,
ro; = 153m (j=1,2,...,21) and Vipmea = 0.2 X
109m/s, Vimeda = 0.3 X 108m/s, wooe = 0.1298 X
1087rad/s, roo2 = 15.4m, ¢ = 0.2997925 x 109m/s.
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Fig.1. Oscillations in synchrotron-Cherenkov radi-
ation spectrum at low harmonics for B¢** = 10747,
n =2, Vimea = 0.2x10%9m/s, Viimed = 0.15x10%m/s.
wo;j = 0.1307x 1087rad/s, ro; = 15.3m (j=1,2,...,21).
Curve 1. One electron with radiation power

Pint =0.315x 1071w

The radiation power for one electron P, =
0.315 x 10~ W in interval 0 to 40wg; is deter-

mined after integration of relationships (5) taking

into account (6), (7) when Sy (w) is substituted by
S1 (w) =1 (curve 1 in Figs.1 and 2).

It is interesting to compare the radiation power
spectral distributions for one electron (see curve 1 in
Fig.1) to that of two, three, and four electrons (curves
2 to 4 in Fig.2, respectively).
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Fig.2. Oscillations  in  synchrotron-Cherenkov

radiation spectrum at low harmonics.  Curve 2.
Two electrons at Atg) = 0.0017/wo2 with
radiation power P, = 0.1257 x 107'8W,
pint Jpint, = 3.99.  Curve3.  Three elec-
trons at Atg) = Até? = 0.0017/wos with
Pﬂfd?) = 0.2820 x 10718 W, P;;:Letw/Pﬁ?etdl = 8.95.
Curve 4. Four electrons at time  shifts
ALY = Al = Ald) = 0.0017/wes with
radiation power P~ = 04999 x 1078W,
Prcas/ Prear = 15.84

For the time shift Atg) = 0.0017/wpz (curve 2
in Figs. 2 and 3) the coherence factor Sz (w) =~ 4 at
low harmonics and two electrons radiate as a charged
particle with the charge 2e and the rest mass 2my,
i.e. by a factor of four more than a single electron

(Pint,, = 0.1257 x 10718 W, pint | /pint — 3.99).
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Fig.3. Synchrotron-Cherenkov radiation spec-
trum at low harmonics. Curve 5. Two elec-
trons at At(152) = 0.17/wos with radiation power

Pint - =0.6564 x 10719W, pint /pint — 208

. . 3 3
For the time shifts Ath) = Até; = 0.0017/wo3
the coherence factor Ss(w) ~ 9 and at low har-
monics three electrons radiate as a charged particle

with the charge 3e and the rest mass 3mg(curve 3
in Figs. 2 and 4), i.e. by a factor of nine more
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than a single electron (Pint . = 0.2820 x 10718 W,
Prcas/ Prear = 8.95).

For the time shifts At%) = At%) = Atgi) =
0.0017 /wo4 the coherence factor Sy(w) & 16 and four
electrons radiate as a charged particle with the charge
4e and the rest mass 4mg (curve 4 in Figs. 2 and 5),
Le. by a factor of sixteen more than a single electron
(Pint. =0.4999 x 10718 W, pint, /pint = 15.84).

180+

W(o)o, (107 w)
1504

1204

90

60

304

0 10 15 20 25 30 35 40
m/coOj

Fig.4. Synchrotron-Cherenkov radiation spectrum
at low harmonics. Curve 6. Three electrons at
At(lg) = Atég) = 0.1m/wos with radiation power
pint, 0 =0.9944 x 10~ W, pint, . /pint, = 3.16
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Fig.5. Synchrotron-Cherenkov radiation spectrum
at low harmonics. Curve 7. Four electrons at
Atg;) = _Até? = Até? = 0.1m/wor with radiation
power Pt = 0.1331 x 1078w, pint _/pint, ——
4.23

In the frequency range of 0—40wy; for smaller time
shifts we have obtained the coherent radiation with
radiation power P proportional to N2 (curves 2,
3, and 4 in Fig. 2) for such the electron system so
far as the dimension of this system is smaller in com-
parison to the radiation wavelength [38], see also [32
- 36].

For the component of velocity Vieq = 0.2 X
10%m/s, Vimea = 0.15 x 108m/s the spectral distri-
bution of synchrotron-Cherenkov radiation power of
one, two, three, and four electrons moving along spi-
ral at the first harmonics has a form of discrete bands
(see Figs.1-2).
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Fig.6. Oscillations in  synchrotron-Cherenkov

radiation spectrum at low and middle harmon-
ics. Curve 8. One electron with radiation power
pint o =0.1950 x 1078 W
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Fig.7. Oscillations in synchrotron-Cherenkov radia-
tion spectrum at low and middle harmonics. Curve 9.

Two electrons at Atg) = 0.0017 /wog with P, =
0.7702 x 10~ W, pint /pint, = 3.95. Curve 10.

Three electrons at time shifts At%o) = At%o) =
0.0017 /wo19 with radiation power P, = 0.1698 x
10-1"w, pint | /Pt =8.71. Curve 11. Four elec-

medl
trons at Atgl;) = Atégl) = Atg}ll) = 0.0017/wo11
with Pt = 0.2033 x 10717 W, pint, Jpint
15.04
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Fig.8. Synchrotron-Cherenkov radiation spectrum
at low and middle harmonics. Curve 12. Two elec-
trons at Atglf) = 0.1 /w12 with radiation power

Pint, . =0.3916 x 10718 W, pint, /pint. — 902
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Fig.9. Synchrotron-Cherenkov radiation spectrum
at low and middle harmonics. Curve 13. Three elec-

trons at Atglf) = At%g) = 0.17/wo13 with radiation

power P . = 0.5878 x 1078 W, Pint, . /pint,  —
3.01
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Fig.10. Synchrotron-Cherenkov radiation spectrum
at low and middle harmonics. Curve 14. Four elec-
trons at Atgl) = Até?) = Atgf) = 0.17/wora
with radiation power P, = 0.7837 x 10718 W,

P%Letdlél/ngdS =4.02
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Fig.11. Oscillations in synchrotron-Cherenkov ra-

diation spectrum at low, middle, and high harmon-
ics. Curve 15. One electron with radiation power
pint o =0.7764 x 10718 W
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Fig.12. Oscillations in synchrotron-Cherenkov ra-
diation spectrum at low, middle, and high har-
monics. Curve 16. Two electrons at time shift
Atglf) = 0.0017 /w16 with radiation power Pint o=
0.2956 x 10~ W, pint . /pint = 3.81. Curve 17.
Three electrons at time shifts At(lg) = At%ﬂ =
0.0017 /wo17 with radiation power P - = 0.6126 x
10-17w, pint . /pint, o = 7.89. Curve 18. Four
electrons at time shifts At%s) = At%s) = Atg}lg) =
0.0017 /wo1s with radiation power P o = 0.9721 x
10717 W, Pty s/ Pty = 12.52
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Fig.13. Synchrotron-Cherenkov radiation spectrum
at low, middle, and high harmonics. Curve 19. Two

electrons at Atgl;)) = 0.17/wo19 with radiation power
Pitg = 0.1520 x 10717 W, Pty o/ Pty 5 = 1.96

For the velocities ¢ > Vimea > ¢/n ( Viped =
0.2x10° m/s, Vjjmeq = 0.15 x 10°m/s) we have found
the oscillations in the radiation spectrum of one elec-
tron (see curve 1 in Figs.1, 2, curve 8 in Figs.6, 7,
and curve 15 in Figs.11, 12) as well as in that of two,
three, and four electrons moving one by one along the
spiral with a smaller selected time shifts 0.0017/wy;
(see curves 2 to 4 in Fig.2, curves 9 to 11 in Fig.7,
and curves 16 to 18 in Fig.12).

The oscillating character of the spectral distribu-
tion of the synchrotron-Cherenkov radiation of elec-
trons moving in magnetic field in the medium at
¢ > Vimea > ¢/n is defined by a properties of the
Bessel functions [40] (Figs.1-16).

If Vijmea — 0, then the spiral transforms into
a circle and the radiation spectrum takes a discrete
character. At moving in a circle at V| ;,eq > ¢/n , the
spectral distribution of the synchrotron-Cherenkov
radiation of the system of electrons has also an os-
cillating character, too [21].
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Fig.14. Synchrotron-Cherenkov radiation spectrum

at low, middle, and high harmonics. Curve 20.
Three electrons at At(1220) = At%o) = 0.17/wo2o

with radiation power P, = 0.2264 x 10717 W,

szetdgo/Pﬁthm =292
1200 W«uﬂxnm(loag w)
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Fig.15. Synchrotron-Cherenkov radiation spectrum
at low, middle, and high harmonics. Curve 21. Four
electrons at Atgl) = At%l) = Atgil) = 0.17 /w21
with radiation power P™. = 0.3008 x 10717 W,
Pﬁ?etdm/Przrgdls = 3.87

For the time shift At%g) = 0.17/wp19 between two

electrons we have found that there is no radiation at
frequencies 10(2: — 1)wp1g (i=1,2,...,10) (curve 19 in
Fig.13) and at the frequencies 20iwg19 (i=1,2,...,10)
the coherence factor takes the maximum value equal
to four.

In the case of time shifts At%o) = At%o) =
0.17 /wo20 between three electrons we have found that
there is no radiation at frequencies 20(3i — 2)wg20/3
and 20(3i — 1)wgao/3, (i=1,2,...,10) (curve 20 in Fig.
14) and at the frequencies 20iwg2o (i=1,2,...,10) the
coherence factor takes the maximum value equal to
nine.

In the case of time shifts At(él) = At%l) =
Atéil) = 0.17/wo21 between four electrons we have
found that there is no radiation at frequencies 5(4i —
3)(4)021, 5(47;—2)(4)021, and 5(4i—1)w021, (i:1,2,. . ,10)
(curve 21 in Fig. 15) and at the frequencies 20iwgz;
(i=1,2,...,10) the coherence factor takes the maxi-
mum value equal to sixteen.

For time shifts 0.17/wo; (Figs.3-5, Figs.8-10, and
Figs.13-15) the coherence factor takes the maximum
value Sy (w) = N? at frequencies 20iwo; (i=1, 2,...).
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Fig.16. Oscillations in synchrotron-Cherenkov ra-
diation spectrum at low, middle, and high harmonics
for B¢t = 10747, n = 2, Vimea = 0.2 x 109m/s,
Vijmea = 0.3 x 108m/s, woae = 0.1298 x 1087ad/s,
ro = 15.4m. Curve 22. One electron with radiation

power Pint, . =0.7827 x 10718 W

For high harmonics at Vs = 0.2 x 10°m/s,
Viimed = 0.3 x 108m /s the overlapping between neigh-
bour harmonics does not lead, in fact, to periodical
changes of the spectral distribution for synchrotron-
Cherenkov radiation power. Only the oscillations of
this function are observed (curve 22 in Fig.16). The
obtained results are in good agreement to those ob-
tained in [24].

5. CONCLUSIONS

The near-periodical variations of the spectral
distribution function at ¢ > Vipea > ¢/n
of synchrotron-Cherenkov radiation are preferably
caused by the overlapping between the m!* and
(m+1)*" harmonics at some contribution of the other
ones. At increasing parallel component of the velocity
Viimea the near-periodical variations of the spectral
distribution of the synchrotron-Cherenkov radiation
power considerably decrease.

At small time shifts 0.0017/wq; between electrons
the system of two, three, and four electrons in the fre-
quency range of 0 — 40wg; there arises the coherent
synchrotron-Cherenkov radiation with coherent fac-
tor Sy (w) = N? so far as the dimension of this system
is smaller in comparison to the radiation wavelength.

For the velocities ¢ > Vimed > ¢/n ( Viged =
0.2x10° m/s, Vjjmea = 0.15 x 108m/s) there arise the
oscillations in the radiation spectrum of two, three,
and four electrons moving one by one along the spiral
with a smaller selected time shifts 0.0017 /w;.

References

1. G.A.Schott. Electromagnetic Radiation and the
Mechanical Reactions Arising From It. Cam-
bridge: ”Cambridge University Press”, 1912,
330 p.

2. D.D.Ivanenko, A.A.Sokolov. On the theory of
"lighting” electron // Dokl. Akad. Nauk SSSR.
1948, v.59, N9, p.1551-1554 (in Russian).



10.

11.

12.

13.

14.

15.

16.

J.Schwinger. On the classical radiation on accel-
erated electrons //Phys. Rev. 1949, v.75, N12,
p-1912-1925.

I.M. Ternov. Synchrotron radiation // Usp. Fiz.
Nauk. 1995, v.165, N4, p.429-456 (in Russian).

V.A.Bordovitsyn, I.M. Ternov. Synchrotron Ra-
diation Theory and Its Development in Memory
of I M Ternov. Singappore: ”Word Scientific”,
1999, 447 p.

H. Wiedemann. Synchrotron Radiation. Berlin
and Heidelberg: ”Springer-Verlag”, 2003, 274 p.

G.N. Afanasiev. Vawilov-Cherenkov and Syn-
chrotron Radiation: Foundations and Applica-
tions. Dordrecht-Boston-London: ”Kluwer Aca-
demic Publishers”, 2004, 499 p.

A.Hofmann. The Physics of Synchrotron Radia-
tion. Cambridge University Press, 2007, 345 p.

A.V.Konstantinovich, V.V.Fortuna. On the the-
ory of non-interacting charged particles system
moving in constant magnetic field in vacuum //
Izv. Vuzov. Fizika. 1983, v.26, N12, p.102-104 (in
Russian).

N.P. Klepikov. Radiation damping forces and ra-
diation from charged particles // Sov. Phys. Usp.
1985, v.28, N6, p.506-520.

N.P.Klepikov. Classical theory of electromag-
netic radiation emitted by a system of relativistic
particle // Physics of Atomic Nuclei. 1995, v.58,
N7, p.1227-1336.

A.V.Konstantinovich, S.V.Melnychuk,

I.A. Konstantinovich. Radiation power spectral
distribution of electrons moving in a spiral in
magnetic fields // J. of Optoelectronics and Ad-
vanced Materials. 2003, v.5, N5, p.1423-1431.

A.V.Konstantinovich, S.V.Melnychuk,

I.A. Konstantinovich. Radiation spectra of
charged particles moving in magnetic field //
Romanian J. of Physics. 2005, v.50, N3-4,
p.347-356.

A.V. Konstantinovich, S.V.Melnychuk,

I.A. Konstantinovich. Radiation power spectral
distribution of two electrons moving in magnetic
field // Semiconductor Physics. Quantum Elec-
tronics & Optoelectronics. 2005, v.8, N2, p.70-74.

A.V.Konstantinovich, I.A. Konstantinovich. Ra-
diation spectrum of electrons moving in magnetic
field in vacuum // Romanian Reports in Physics.
2006, v.58, N2, p.101-106.

A.V.Konstantinovich, I.A. Konstantinovich. Ra-
diation power spectral distribution of the system
of electrons moving in a spiral in vacuum // J.
of Optoelectronics and Advanced Materials. 2006,
v.8, N6, p.2143-2147.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

A.V.Konstantinovich, I.A. Konstantinovich. Ra-
diation spectrum of two electrons moving in a
spiral in vacuum // Proceedings of the Romanian
Academy. A. 2006, v.7, N3, p.183-192.

V.N. Tsytovich. On the radiation of the rapid
electrons in the magnetic field in the presence of
medium // Bulletin of Moscow State University.
1951, N11, p.27-36 (in Russian).

A.V.Konstantinovich, V.M. Nitsovich. Energy
losses of a charge moving along a spiral in a
transparent dielectric // Russian Physics Jour-
nal. 1973, v.16, N2, p.185-188.

A.B. Kukanov, A.V.Konstantinovich. A general-
ized of the method of enclosing surfaces in classi-
cal radiation theory // Russian Physics Journal.
1975, v.18, N8, p.1061-1065.

J.Schwinger, Tsai Wu-yang, T.Erber. Classical
and quantum theory of synergic synchrotron-
Cherenkov radiation // Ann. Phys. 1976, v.96,
N2, p.303-332.

A.V.Konstantinovich, S.V.Melnychuk,

I.A. Konstantinovich. Radiation spectrum of an
electron moving in a spiral in magnetic field in
transparent media and in vacuum // J. Materi-
als Science. Materials in Electronics. 2006, v.17,
N4, p.315-320.

A.V.Konstantinovich, I.A. Konstantinovich. Ra-
diation spectrum of an electron moving in a spiral
in medium // Condensed Matter Physics. 2007,
v.10, N1, p.5-9.

A.V.Konstantinovich, I.A. Konstantinovich. Os-
cillations in radiation spectrum of electron mov-
ing in spiral in transparent m medium and vac-
uum // Astroparticles Physics. 2008, v.30, N3,
p-142-148.

A.V.Konstantinovich, S.V.Melnychuk,

I.M. Rarenko, I.A.Konstantinovich,

V.P. Zharkoi. Radiation spectrum of the sys-
tem of charged particles moving in nonabsorbing
isotropic medium // J. Physical Studies. 2000,
v.4, N1, p.48-56 (in Ukrainian).

A.V.Konstantinovich, I.A. Konstantinovich. The
features of irradiation spectrum of charge car-
riers on magnetic field in the clean space //
Physics and Chemistry of Solid State. 2005, v.6,
N4, p.535-541 (in Ukrainian).

A.V.Konstantinovich, I.A. Konstantinovich. Ra-
diation spectrum of charged particles moving in
magnetic field in medium // Romanian J. of
Physics. 2006, v.51, N5-6, p.547-555.

A.V.Konstantinovich, I.A. Konstantinovich. Ra-
diation power spectral distribution of two elec-
trons moving in a spiral in magnetic field // Ro-
manian J. of Physics. 2007, v.52, N3-4, p.237-
244.

73



29. A.V. Konstantinovich, I.A Konstantinovich. The 35. N.S. Ginzburg, S.D. Korovin, V.V.Rostov, et al.

radiation spectrum of four electrons which move Cherenkov supperradiance with peak higher than
in a spiral in a transparent medium // Physics electron flow power // JETF Lett. 2003, v.77, N6,
and Chemistry of Solid State. 2007, v.8, N2, p-266-269.

p.535-541 (in Ukrainian).
30. A.V.Konstantinovich, L.A. Konstantinovich. Ra- 36. P.I. Fomin, A.P.Fomina, V.N. Mal‘nev. Superra-

diation spectrum of the system of electrons mov- diance on the Landau le.vel.s and the 'problem of
ing in a spiral in transparent medium // Ro- power of decameter radiation of Jupiter// Ukr.
manian J. of Physics, 2008, v.53, Nos3-4, p.507- J. Phys. 2004, v.19, N1, p.3-7.

515.

37. P.A.M. Dirac. Classical theory of radiating elec-
trons // Proc. Roy. Soc. A. 1938., v.167, N1,
p.148-169.

31. A.V.Konstantinovich, I.A. Konstantinovich. The
fine structure of radiation spectrum of system of
three electrons which move in a spiral in vacuum

and transparent medium // Physics and Chem-
istry of Solid State. 2010, v.11, N1, p.45-57 (in 38. D.Ivanenko, A.Sokolov. Classical Field Theory

Ukrainian). (new issue). Moscow-Leningrad. Gostehtheoriz-

dat, 1951, 479 p. (in Russian).
32. R.H. Dicke. Coherence in spontaneous radiation

Phys. . 1954, v. N1, p.99-110.
process // Phys. Rev. 1954, v.93, N1, p.99-110 39. B.M. Bolotovskii. The theory of the Vavilov-

33. R.Bonifacio, C. Maroli, N. Piovella. Slippage and Cherenkov effect // Usp. Fiz. Nauk. 1957, v.62,
superradiance in the high gain FEL: Linear the- N3, p.201-246 (in Russian).
ory // Opt. Comm. 1988, v.68, N5, p.369-374.

34. P.I.Fomin, A.P. Fomina. Dicke superradiance on 40. E.Janke, F.Emde, F.Losch. Tafeln Hoherer
Landau levels // Problems of Atomic Science and Funktionen, B. G. Teubner, Verlagsgesellshaft,
Technology. 2001, N6(1), p.45-48. Stuttgart, 1960, 318 p.

ocInJIIdnnmM M1 KOTEPEHTHOE N3JIVUEHUE TAPMOHUK B CITEKTPE
N3JIYYEHNA CUCTEMBI JIEKTPOHOB, ABN2KVYIIINXCA BA0OJIb BUHTOBOU
JIMHUN B CPEJE

A.B. Koncmanmunosuy, U.A. Koncmanmurosuy

Ucnionpays merorn cusbl camozeiicrsus Jlopenna, onosnenHblil runore3oit Jlupaka, nccjiesoBaHo CIIEKTPAIIb-
HOE pacIIpejieJIeHe MOIIHOCTHA HM3JIy4YeHUsl CUCTEMBI 3JIEKTPOHOB, JIBUXKYIIMXCS BJIOJIb BUHTOBOI JIMHUHM B
MPO3PAYHON M30TPONHON cpejie. IlepekpbiTe TapMOHUK W OCIWLISIIMN B CIHEKTPAJIHLHOM PACIPEICICHUN
MOIITHOCTH M3JIy4YeHHs OJIHOTO, JIBYX, TPEX M YeThIPeX 3JEKTPOHOB HCCJIEJIOBAHO /I CJIydasl, KOIrJia IIole-
pedHast KOMIIOHEHTa CKOPOCTH 3JIEKTPOHA 00JibIe $ha30BOil CKOPOCTH CBETA B CPEJle, HO MEHBIE CKOPOCTH
cBera B BakyyMme. Vccaenosan 3ddekT KOrepeHTHOCTH B CIEKTPE CUHXPOTPOHHO-YEPEHKOBCKOIO U3JIy YEHUS
CHCTEMBI JIBYX, TPeX U YeThIPeX 3JIEKTPOHOB.

OCIINJILIIII TA KOTEPEHTHE BUIIPOMIHIOBAHHYI TAPMOHIK V CIIEKTPI
BUIIPOMIHIOBAHHS CUCTEMM EJIEKTPOHIB, III0 PYXAIOTHCH B3/10BXK
I'BMHTOBOI JITHII ¥V CEPEJJOBUIIII

A.B. Koncmanmunosuy, I.A. Koncmanmunosuw

BukopucroBytoun merosn cuiin camo/il Jlopenra, monoaennii rimore3oio Jlipaka, T0OCTiI2KEHO ClIeKTPaIbHAN
PO3IO/IIJI TOTY?KHOCTI BUIIPOMIHIOBaHHSI CUCTEMHU €JIEKTPOHIB, 110 PyXaloTcs B3J0BK I'BUHTOBOI JIiHIT y IIpO30-
poMy i3oTportHOMY cepeioBuiii. [lepekpuTTsa rapMOHIK Ta OCIUJIAI] Y CIIEKTPAJIHLHOMY PO3ITOMIII TOTY2KHOCTI
BUIIPOMIHIOBaHHSI OJJHOTO, JIBOX, TPHOX 1 YOTHPHOX €JIEKTPOHIB JOCIIIKEHO JJIsi BUMAJKY, KON MOMEPETHA
KOMIIOHEHTa IIBHUJKOCTI eJIeKTpoHA Oibina Bim $Ha3oBoi MBUIKOCTI CBIT/IA y CEPEIOBUIINI, ajie MEHIIa Bif
MBUIKOCTI cBiT/Ia y Bakyymi. Jlocmimkeno edpekT KOrepeHTHOCTI ¥ CIIeKTPi CHHXPOTPOHHO-IEPEHKOBCHKOTO
BUIIPOMIHIOBAaHHSI CUCTEMH JIBOX, TPHOX Ta YOTUPHOX €JIEKTPOHIB.
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