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Acceleration of intense short-pulsed electron beams in transient mode with energy spread about a few tenths of a
percent is the actual problem for RF linacs, in an instance, for an electron injector of a storage ring. In this work we
study both analytically and numerically unsteady self-consistent beam dynamics in the one section RF linac fed
from SLED. For compensation of the transient beam loading, resulting in beam energy spread, a method of a beam
delay with respect to RF pulse is consider. In order to increase efficiency of this method we choose a homogenous
dick-loaded waveguide with /2 phase advance as an accelerating structure that characterized by the minimal fre-
quency dispersion of group velocity. The preliminary results show that the full beam loading compensation is possi-
ble for the 1.2 A beam at its acceleration up to 60 MeV during 50 ns.

PACS: 29.20.Ej, 84.40.-x

INTRODUCTION

Acceleration of intense short-pulsed electron beams
in transient mode with energy spread about a few tenths
of a percent is the actual problem for RF linacs, for the
instance, the injector for the storage ring [1]. Thus the
development of both bunching system, providing a
small energy and phase spread, and beam loading com-
pensation techniques are required. Reaching of a small
energy spread is restricted by as transient beam loading
so a lot of others factors, namely: energy and phase
spread of bunches injected in an accelerating section
and their temporal dependences of average phase and
energy; sliding of particles with respect to wave phase;
space charge effects.

There are several basic techniques of the beam load-
ing compensation, namely AT, AS, AF schemes. The AT
scheme consists in a beam injection before an RF pulse
has filled a section [2, 3]. The method [4, 5] where an RF
waveform is linearly ramped during the filling time of a
structure is classified in [6] as the AS scheme. Additional
RF structures operating at slightly different frequencies
(AF scheme) have been proposed by authors [7] to com-
pensate the beam voltage. They have shown that the
combination of the AT+AS+AF techniques can save over
30% of RF power. It should be noted that the techniques
mentioned above, as a rule, were developed for the SLED
[8] driven constant-gradient accelerators structures.

The purpose of this paper to study both analytically
and numerically enable of beam loading compensation
by the AT scheme in in one section S-band RF linac
operating in short-pulsed mode fed from SLED.

1. BEAM LOADING COMPENSATION
1.1. LOADED ACCELERATING FIELD

The AT scheme of beam loading compensation is the
simplest technique which has the advantage when bunch
train length shorter the filling time notably [2]. Let us
consider the characteristics of the AT scheme used for a
single constant-impedance (CZ) accelerating structure
taking account finite width of rise/fall time of an input
RF waveform.

Starting from the equations of excitation of
waveguides by both an external RF pulse and a beam
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pulse, using Laplace transformation the time dependent
of a longitudinal electric field over a CZ section can be
derived in general form [9]

E(t,z)=Re eiw(t('{]on (t-1')G(t',z)dt’
0

(1)
3 oR,

20 4y (1)- ei"zl%f (1-")G(¢, Z)dt'}},

where ¢ is time, z is a longitudinal coordinate; Ey(¢) is
the envelope of an input RF pulse, o is the angular op-
erating frequency, Q is the quality of cells, ¢ is the
speed of light, G(¢,z) is the delta-function response of
the waveguide [2], Ry, is the shunt impedance, g, is the
effective macro charge of the beam, determined as

e o,
4 (t)=e QQ[J‘I(t')eQQ[ dt', I(¢) is the beam current
0

averaged over an RF period. The beam pulse is the train
of ultra-relativistic point electron bunches. The charge
of abunchis ¢(r)=1(¢)27/e.

Let us consider a case of neglecting dispersive effects

Glba)=s(i=av)e ™ =G, (7). @

where v, is the group velocity. Let an accelerating sec-
tion of length L is fed at its upstream end by an input RF
waveform with linear rise time At that travels to the
other end without reflection (Fig. 1).
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Fig. 1. A snapshot RF waveforms of fields from both
an RF source (ved lines) and a beam (blue line) at the
time of the beam switching on/off (dashed/solid lines)
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A beam pulse with duration Az, and zero time of rise
and fall is started to inject before the full fill of the sec-
tion at the time #=t;;—At, (where t, is the filling time).
Also the blue line in Fig. 1 illustrates the field induced
by the beam in the time #< ¢ < t;;. After integrating
Eq. (1) over the length L, we can find the condition of
beam loading compensation under which the linear time
dependence of the energy gain disappears

At 1 [2PL At, At
—b =1-= exp —T[l——b—ﬂ] ,(3)
Rsh tﬁll 2tﬁll
where 7 = wt

24y I\
/20 is the attenuation factor, P is the

input RF power. In this case the energy gain has a near-
parabolic time profile, and the small energy spread
along the bunch train is achieved. The leading and trail-
ing bunches have the same energy and the central
bunches have a lower energy (Fig. 2).
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Fig. 2. A normalized beam loaded accelerating voltage
as a function of time under the beam compensation
In this situation, rms energy spread along a bunch
train can be derived in the form

(v)e®

o= g @
12 sr(l_gj(er[lvz)_ljﬂ_fz"_ez )

24
where v = Az, [t,, e = AL, [t .

The v — dependences of the rms energy spread at
7=0.5 are plotted in Fig. 3.
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Fig. 3. A rms energy spread as a function of v at €=0.5
(solid red line), and €=0 (dashed blue line), respectively

The rms energy spread weakly dependents on both
the attenuation factor and the width of the wave-front.
Therefore, the beam loading compensation technique
taking account a finite rise time of an RF waveform can
provide the rms energy spread of about 0.1% at the
beam duration less than 0.15 #;;, although the finite rise
time reduces the accelerating gain.

1.2. IMPACT OF DISPERSIVE EFFECTS

A RF waveform is distorted upon propagating along
an accelerating structure due to a dispersive law
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®=0,—0,cos0, (5)
where o, =,f3, (a)o) /(90 sineo) is the half width of

the pass band, @, is the midband angular frequency, ay
is the operational frequency, 6, is the phase advance per
a cell at the operational frequency, fS=v./c is the rela-
tive group velocity.

To take into account (5), we can use in Eq. (1) the
good approximation of the delta-function response for
the disk loaded waveguides (DLW) [2]

At =IZ)J;(@)@¢HIZD(’2’_9}(%-w)t}‘;g}am(f,z),(6)

where D is the DLW period.

Consider the RF pulses with initially linear rise
times Aty (10 and 50 ns), which propagate through
accelerating structures with differing phase advances
per a cell (2n/3 and m/2) at the operating frequency
2797 MHz, but having the same both group velocity
B,=0.04 of the light velocity and the filling time
tu=292 ns. In Fig. 4 it is given the snapshots of the RF
waveforms distributed along the 27m/3 structures both
with the dispersive effect (solid line) and without it (dot
line) at the time /€ [0, #;].
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Fig. 4. Snapshots of normalized RF waveforms
in the 27/3 structure. The red and blue lines correspond
to At =10 and 50 ns respectively. The solid
and dot lines correspond to the dispersive law (5)
and without it, respectively

In order to estimate impact of the dispersive effects
one can introduce a quantitative indicator as

v ()-V, (1)
V=2 ) 7

Lt 0,
— ’ 20 ’ g
where = [dz[ B, (t-t)e * G, (¢.z)dr s the
0 0
unloaded accelerating voltage both with the dispersive

effect and without it. The Fig. 5 illustrates the temporal
dependences of the ratio (7).
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Fig. 5. SV(t) as function of time for two RF pulses
with rise times 10 ns (red solid line) and 50 ns (blue
dashed line) propagating in the 27/3 structure
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One can see, that for the injection time in the region
0.8 t3<t<1.2 t;; the contribution of the dispersive ef-
fects to the beam energy spread is 0.01 by order of
magnitude. The energy spread can be decreased by
lengthening the rise time.

To exclude contribution of the phase modulation to
the energy spread the structure with /2 phase advance
per a cell may be chosen, as it follows from (6). The
corresponding snapshot RF waveforms are plotted in
Fig. 6. The next Fig. 7 demonstrates the significant re-
duction of the influence of dispersive effects on the
beam energy spread in the 7/2 structure compare with
the 2773 structure (see Fig. 5).
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Fig. 6. Snapshots of RF waveforms in the n/2 structure.
The red and blue lines correspond to At =10 ns and
50 ns respectively. The solid and dot lines correspond
to the dispersive law (5) and without it, respectively
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Fig. 7. SV(t) as function of time for two RF pulses
with rise times 10 ns (red solid line) and 50 ns (blue
dashed line) propagating in the /2 structure

Therefore, comparing the Figs. 7 and 5 one can see
that the m/2 structure is more insensitive to the disper-
sive effects compared with the 27t/3 structure.

2. THE SHORT PULSE RF LINAC
2.1. LAYOUT OF THE RF LINAC

Demonstration of the technique mentioned above
has been performed on the S-band RF linac outlined in
Fig. 8. The linac can be considered as a prototype for
upgrade of the injector [10] for the storage ring
NESTOR. According to [1] the ring can accumulate
electrons injected from a linac in up to 36 buckets circu-
lating on a reference orbit (bucket repetition rate is
700 MHz, repetition time of buckets is 50 ns in this
case). The ultimate goal for the main parameters of in-
jected beam are as follows: electron beam energy
60 MeV, transversal emittance 5x107 m-rad; energy
spread 1%; bunch charge 0.5 nC; bunch duration 10 ps;
bunch repetition rate 700 MHz.
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It is shown below that the proposed linac layout can
advance substantially injected beam parameters to the
final goal.

Fig. 8. Layout of the one section RF linac:
1 —the electron gun; 2 — the evanescent wave buncher;,
3 —the waveguide to the coaxial lancher,
4 —the short solenoid; 5 and 7 are the waveguides
to the DLW coupler; 6 — DLW

The RF linac consists of the evanescent wave injec-
tor [11] and one accelerating section of the “Kharkov-
65” type [12]. The injector contains the 25 kV diode
gun and the five-cell evanescent wave buncher that is
fed with RF power through the waveguide to the coaxial
lancher. The electron source of the gun is an impreg-
nated cathode that has 1.5 mm?® area. Depending of the
gun modification it can generate the 1 to 2 A of electron
current. The gun can be equipped with the EIMAC Y-
646E cathode-grid assembly. In this way it will become
the triode gun with current up to 3 A. The anode open-
ing of the gun coincide on axis with the opening of the
first cavity of the buncher that accelerate a beam to the
1 MeV range of energy. Downstream of the injector the
beam injected into accelerating section focusing with
short solenoid. The section is a constant impendence
DLW with the phase advance 7/2 per a cell containing
162 cells that corresponds the section length,
L=4.342 m. Phase velocity of the wave is equal to the
velocity of light c at the frequency, 2n®=2797.15 MHz.
The relative group velocity is 5,=0.04, the attenuation is

a =co/(2Qvg)=0.06l 1/m. The shunt impedance is

R=47.6 MQ/m.

Needed level of RF power for the acceleration sec-
tion can be provided with a SLED technology operating
in regime of flat top pulse generation, for example with
a SLED-II scheme [13, 14, 18] or either phase or a fre-
quency modulation scheme [15, 16]. The SLED-II
scheme allows to get the power gain of about four but
needs two lengths of resonant line. The [16, 17] scheme
is based on the original SLED scheme with two high Q
resonators but allows to get the power gain just about
two.

Depending of the chosen SLED scheme for the linac
we have cases with high and low accelerating gradients
taking into account maximal output power of the linac
klystron. On the other hand, the electron gun can have
diode or triode configuration. Therefore, three variants
have been considered overall: a high gradient case with
a diode gun; a high gradient case with a triode gun; low
gradient case with triode gun.

It is supposed that RF power for the buncher is split-
ted from the RF power feeding the acceleration section
so the both RF pulses have the same time profile.
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2.2. ANALYTICAL ESTIMATION

Integrating Eq. (1) over the length L with neglecting
dispersive effects (2) and using the ratio (3) we can to
estimate the combination of optimum values of such
parameters as average energy gain, a beam current, an
RF power by choosing a beam time delay with respect
to an RF waveform. We consider both high and low
gradient acceleration.

In the first case we suppose that the accelerating
structure is supplied by a flat pulse of RF power of
58.3 MW with the linear rise time of 36 ns. The beam
pulse has the flat top of lasting of A¢, =50 ns and the

linear rise and fall time of Ar,, ., =5 ns. The value of

beam current is chosen to get both the average energy
gain close to 60 MeV and minimum rms energy spread.
The energy gain as function of time has the form shown
in Fig. 9. This temporal energy gain distribution ob-
tained for the beam current of 1.284 A provides at the
beam time delay (At =t,, —At, —2At ) the average

elay — *fill
energy gain of 56.3 MeV and the multi-bunch rms en-
ergy spread of about 0.128%. The energy gain plotted in
Fig. 9, unlike the similar dependence with the zero rise
and fall time of the beam current pulse shown in Fig. 2,
has the “mustache” of low energy (leading bunches) and
high energy (trailing ones), due to the finite time of rise
and fall of the simulated current pulse.
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Fig. 9. A loaded accelerating energy gain as a function
of time (the red curve). The blue line corresponds the
average energy gain. P=58.3 MW, [=1.284 A, rms
energy spread of about 0.128%

In order to increase the average energy gain without
growing the beam energy spread and without increasing
the RF power it turned out the beam can be injected
later At =1, —0.6As, —2Az, . It results in growing the

delay
average energy up to 59.9 MeV (Fig. 10).
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Fig. 10. A loaded accelerating energy gain as a function
of time (the red curve). The blue line corresponds
the average energy gain. P=58.3 MW, I=1.258 A, rms
energy spread of about 0.08%
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In the case of low gradient acceleration, we consider
ability to decrease the fed RF power down to 36 MW. It
leads to essential decreasing the pulse current up to
1=0.6 4 and lengthening the accelerating section up to
L=6.03 m. The energy gain as function of time is shown
in Fig. 11. This temporal energy gain distribution ob-
tained for the beam current of 0.6 A provides at the
beam time delay (A, =1, —At, —2At, ) the average

elay b}
energy gain of 60.6 MeV and the multi-bunch rms en-
ergy spread of about 0.062%.
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Fig. 11. A loaded accelerating energy gain as a function
of time (the red curve). The blue line corresponds
the average energy gain. P=32 MW, I=0.6 A, rms
energy spread of about 0.062%

To increase the average energy gain up to 63 MeV
keeping the beam energy spread the beam can be in-
Jected later At =t, —0.6A, —2As, . The result can be

e rise *

seen in Fig. 12.
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Fig. 12. A loaded accelerating energy gain as a function

of time (the red curve). The blue line corresponds
the average energy gain. P=32 MW, I=0.6 A, rms
energy spread of about 0.062%

Impact of finite phase width of the bunches and
phase slippage of ones in an accelerating wave can be
taken into account with numerical simulation.

2.3. NUMERICAL SIMULATIONS

In order to simulate numerically transient beam dy-
namics in the buncher and the traveling wave section we
use the unsteady self-consistent technique [17] that in-
corporates PARMELA code [18]. This technique is
based on unsteady theory of excitation of resonators and
spatially inhomogeneous traveling wave accelerating
structures. A motion of charged particles at each inte-
gration time step simulated by the PARMELA code
allows taking into account bunch space charge fields.
To find the parameters of axially symmetric electrody-
namic and magnetic systems needed for simulation, the
SUPERFISH/POISSON group of codes [19] were used,
as well as the technique [20]. The thermionic electron
gun is designed with the well-known EGUN codes [21].
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2.4. HIGH GRADIENT ACCELERATION

In order to get the energy gain about 60 MeV in the
DLW “Kharkov-65" of the 4.342 m length, it needs RF
power source of 58 MW. In this case simulation pa-
rameters for the first variant were as follows: 1) the di-
ode gun voltage was 25 kV, the current was 1.5 A, the
pulse duration was 100 ns (for example, such high volt-
age pulse duration can be obtained with the HTS 301-
03-GSM push-pull palser [22]), beam pulse rise and fall
times were 18 ns; ii) the RF power feeding the injector
was 2 MW, the RF pulse duration was 800 ns, pulse rise
and fall times were 36 ns; iii) the RF power feeding the
accelerating section was 58 MW, pulse duration was
800 ns, pulse rise and fall times were 36 ns.

Simulation procedures included adjustments of ap-
propriated phase shift between the buncher and the ac-
celerating section, an amplitude of buncher field as well
as starting time of the beam current pulse and its ampli-
tude to achieve the best compensation of beam loading.
The main beam characteristics at the exit of accelerating
section for the first variant are shown in Fig. 13.
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Fig. 13. Output beam characteristics of the first variant.
Beam current (the blue curve, the left axis),
energy spread (the green curve, the left axis),
average beam energy (the brown curve, the right axis)

What we can learn from the curves is that beam
loading is compensated only for about 50 ns of beam
pulse duration at 1.23 A of output current. It is obvi-
ously also that energy and energy spread are different at
rise and fall times of a beam current pulse from that for
the rest of the beam pulse. Therefore, to get good beam
loading compensation at beam current of 1.23 A it is
necessary to use 50 ns beam pulse with as short rise and
fall times as possible.

Such beam pulse time profile can be provided with
the triode gun. Therefore, the second variant was simu-
lated with following parameters: i) the triode gun volt-
age was 25 kV, current was 1.5 A, flat top pulse dura-
tion was 40 ns, beam pulse rise and fall times were 5 ns;
ii) the RF power feeding the injector was 2 MW, the
pulse duration was 800 ns, pulse rise and fall times were
36 ns; iii) the RF power feeding the accelerating section
was 58 MW, the pulse duration was 800 ns, pulse rise
and fall times were 36 ns.

Time profiles of accelerating field at the entrance
and the exit of the section as well as output beam pulse
are presented in Fig. 14 for the beam pulse duration of
45 ns.
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Fig. 14. Accelerating fields at the entrance (the blue
curve, the left axis) and the exit (the green curve,
the left axis) of the section and output current
(the brown curve, the right axis)

One can see that beam is accelerated mainly in the
yet unfilled section. Influence of the two opposite ef-
fects allows compensation of beam energy change. One
of these effects is buildup of field excited by accelerated
beam that leads to diminishing of energy gain with time.
Result of interaction of these effects is shown in
Figs. 15 and 16.
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Fig. 15. Output beam characteristics of the second
variant. Beam current (the blue curve, the left axis),
energy spread (the green curve, the left axis),
average beam energy (the brown curve, the right axis)
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Fig. 16. Energy spread at the section exit
for the second variant

It is clear from the Fig. 15 that change of average
beam energy due to beam loading is well within in-
trabunch energy spread represented by the green curve.

Beam parameters at the exit of the accelerating sec-
tion are summarized in Table 1.

ISSN 1562-6016. BAHT. 2020. Ne3(127)



Table 1
Beam parameters for the second variant
I, (A) 1.23
Bunch charge (nC) 0.44
Winean (MeV) 58.3
Wi MeV) 60.8
Energy spread (70% of particles, % ) 1.2
Energy spread FWHM (%) 0.3
Phase spread (degree) 17
Beam size (70% of particles, cm) 0.4
RMS Beam size (cm) 0.3
Normalized transversal emittance (mm-mrad)| 69

As it follows from Table 1 there are 142 bunches
with 0.44 nC charge each, total 62 nC. In case of beam
injection into the ring, only each forth bunch can be
captured into the ring (bucket repetition rate in the ring
is 700 MHz that equals to the forth subharmonic of the
linac frequency) so <16 nC can be delivered to the ring
orbit by one shot of the linac. Another three of four
bunches will be lost in the ring. To diminish these
losses, it is necessary to use gun current modulation
with operating frequency of the ring. Because the linac
is equipped with the main frequency buncher it is possi-
ble to cut out only two bunches of four unlike of sub-
harmonic buncher that can generate just one bunch of
four.

A half of accelerated bunches means a half of total
charge accelerated within a current pulse length. To stay
in conditions of high gradient acceleration for beam
loading compensation it is necessary to double the gun
current. In case of keeping the same gun current it is
necessary to diminish RF power supply of the accelerat-
ing section, so we proceed to the case of low gradient
acceleration.

2.5. LOW GRADIENT ACCELERATION

For decreased the fed RF power of 32 MW, the
length of the “Kharkov-65 is not enough to achieve
compensation of beam loading. To increase the section
length, it is possible to use one more the 1.7 m long ac-
celerating section that is available at NSC KIPT. The
electrodynamic characteristics of this section are the
same as that of the “Kharkov-65" with the same length.
RF power from an output waveguide of the “Kharkov-
65 have to be directed to that short accelerating section
in an appropriated phase as input RF power. The total
length of this composite accelerating section is 6.03 m.
In the simulation we just increased number of the sec-
tion cells up to 225.

Therefore, in order to eliminate a half of accelerated
bunches we propose to use 45 ns grid pulser in combi-
nation with 700 MHz RF voltage applied to the gun
cathode-grid assembly that is phase locked to
2797.15 MHz frequency. It should be noted that the
amplitude of bias as well as amplitude and phase of
700 MHz signal are adjusted in such a way to obtain
two the same bunches at the injector exit within each
700 MHz period (Fig. 17).

In this way the third variant adopted lover level of
RF power feeding the injector and the acceleration sec-
tion: i) the triode gun voltage was 25 kV, gun current
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was 1.35 A; ii) the RF power feeding the injector was
1.5 MW, pulse duration was 800 ns, pulse rise and fall
times were 36 ns; iii) the RF power feeding the acceler-
ating section was 32 MW, pulse duration was 800 ns,
pulse rise and fall times were 36 ns.
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Fig. 17. Phasing of gun modulation signal relatively
to field in the buncher

At simulation with the PARMELA code using tech-
nique [18] gun current has been set to zero every third
and fourth periods of the linac operating frequency.
Therefore, every circle, diamond or triangle in Fig. 18
represents beam parameter for two successive periods
with none zero current. The energy spread for the total
current pulse is shown in Fig. 19.
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Fig. 18. Output beam characteristics of the third
variant. Beam current (the blue circles, the left axis),
energy spread (the green diamonds, the left axis), aver-
age beam energy (the brown triangles, the right axis)
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Fig. 19. Energy spread at the section exit
for the third variant

One can see that change of average beam energy due
to beam loading is well within intrabunch energy spread
for this variant too. Beam parameters at the exit of the
accelerating section for the third variant are summarized
in Table 2.
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Table 2
Beam parameters for the third variant

I, (A) 1.1

Bunch charge (nC) 0.39
Winean (MeV) 61.3
Wi MeV) 63.1
Energy spread (70% of particles, % ) 1.18
Energy spread FWHM (%) 0.26
Phase spread (degree) 15.8
Beam size Dy, (70% of particles, cm) 0.28
RMS Beam size sy, (cm) 0.24
Normalized transversal emittance &, (mm-mrad) | 46

It can be seen from comparison Tables 1 and 2 that
beam parameters for the third variant are even beater
due to lower beam current. For the last case we have 71
bunches with 0.39 nC charge each, total 28 nC. A half
can be captured into the ring (<14 nC) by one shot of
the linac.

SUMMARY

Acceleration of intense short-pulsed electron beams
in transient mode with energy spread about a few per-
cents is the actual problem for RF linacs, in an instance,
for an electron injector of a storage ring. Unsteady self-
consistent beam dynamics in the one section RF linac
fed from SLED was studied both analytically and nu-
merically. For compensation of the transient beam load-
ing, resulting in beam energy spread, a method of a
beam delay with respect to RF pulse was consider .In
order to increase efficiency of this method we choose a
homogenous dick-loaded waveguide with 7/2 phase
advance as an accelerating structure that characterized
by the minimal frequency dispersion of group velocity.
The preliminary results show that the full beam loading
compensation is possible for electron beam with bunch
charge about 0.4 nC at its acceleration up to 60 MeV
during 50 ns.

Results of performed analytical estimations and nu-
merical simulations are in good agreement.

Proposed layout can be considered as the electron
injector for the NESTOR storage ring. Although we
chose such equipment of the simulated linac because it
is available at NSC KIPT, but similar results can be
obtained with proposed technique for the injector and
the accelerating section redesigned for more convenient
S-band frequency of 2856 MHz.
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KOPOTKOUMITYJIbCHBIN JIUHENHBIN YCKOPUTEJb JIEKTPOHOB
C IOJTHOM KOMIIEHCALIMEN TOKOBOM HATPY3KHU ITYUKA

B.B. Mumpouenxo, C.A. Ilepescozun, B.®. /Kuzno, A.H. Onanacenko

YckopeHre MHTEHCUBHBIX KOPOTKOMMITYJIBCHBIX DJIEKTPOHHBIX MYYKOB B MEPEXOMHOM PEXHUME C dHEpreThye-
CKUM Pa30pOCOM B HECKOJIBKO MPOIICHTOB SABJISIETCS aKTyalbHOM MPOOIeMO# sl pe30HAHCHBIX JIMHEHHBIX YCKOPH-
TeJlel, Hanpumep, I HHXKEKTOPOB 3JIEKTPOHOB B HAKOMMTEbHBIE KOJbIa. PaccMOTpeHa Kak aHAIMTUYECKH, TaK U
C MOMOIIBIO YHUCIIEHHOTO MOJICTTUPOBAHUS, HECTAIIMOHAPHASI CAMOCOTJIACOBAHHAS TMHAMUKA MMy4Ka B OJJHOCEKIIMOH-
HOM PE30HAHCHOM JIMHEHHOM YCKOpHUTENe, KOTOpbId muTaeTcs oT cucteMbl SLED. [l xoMmeHcanuu Harpy3ku
ITy4KOM, KOTOpas SIBJISICTCS MCTOYHHKOM DHEPreTHYECKOro pa3dpoca, paccMaTpPHBAETCS METOJ 3aJCpPiKKH ITydKa
otHocutelbHO BU-umnynbca. [l moBsieHus 3pGpeKTUBHOCTH 3TOr0 METO/Ia B KAUeCTBE YCKOPSIOIICH CTPYKTYPBI
ObUT M30paH OJHOPOMHBIA KPYIJIBIH BOJHOBOJ, HATPY)KCHHBIN AMCKaMHU, cO caBUTroM (a3bl Ha mepuoae 90 rpar,
KOTOPBIM XapaKTepU3yeTcsl MUHUMAJIBHOM YacTOTHOW AUCIepCHel TpymmoBoil ckopoctu. IIpenBaputenbHbie pe-
3yJbTAThI MOKA3bIBAIOT BO3MOXKHOCTD IMOJIHON KOMIEHCAIIUHU HArpy3KH MMYyYKOM JIJ1sl Toka 1,2 A mpu yckopeHuH yac-
Tur 10 60 MaB B Teuenue 50 He.

KOPOTKOIMITYJIbCHUM JIHIAHUM TPUCKOPIOBAY EJIEKTPOHIB
3 IIOBHOIO KOMIIEHCALIE€IO CTPYMOBOI'O HABAHTAKEHHSA ITYUKA

B.B. Mumpouenxo, C.0O. Ilepescozin, B.®. Kuzno, A.M. Onanacenxo

[IpuckopeHHs iHTEHCUBHUX KOPOTKOIMITYJIbCHUX €JIEKTPOHHHX ITY4YKiB Y IMEPEXiTHOMY PEXUMIi 3 eHepreTHIHUM
PO3KHIOM Y JEKiJbKa BIJICOTKIB € aKTyaJbHOIO MPOOJIEMOIO Ul PE30OHAHCHUX JIHIMHMX MPUCKOPIOBAYIB, HAIpPH-
KJaJl, st IHKEKTOPIB ENEKTPOHIB y HAKOIMMYYBAIbHI KUTbIL. PO3IIISIHYTO SIK aHAJTITUYHO, TaK i 3a JOMOMOTOI0 YHC-
JIOBOT'O MOJIENIOBAHHS HECTAlliOHAPHY CaMOY3TO/DKEHY NUHAMIKY ITyYKa B OJHOCEKIIITHOMY PE30HAHCHOMY JIiHii-
HOMY IPUCKOpIOBaYi, 110 )HUBUThCA BiJ cucremu SLED. JIns komneHcanii HaBaHTa)KeHHS! ITy4KOM, 110 € JHDKEPEIOoM
€HEPreTUYHOT0 PO3KUAY, PO3TIIIIAETHCI METO]] 3aTPUMKH ITy4yKa BiqHocHOo BU-immmynbey. [{ns migBumeHHs edex-
TUBHOCTI I[LOI'O METOAY B SIKOCTi MPUCKOPIOIOUOI CTPYKTYpH OYyJ10 BUOPAHO OJHOPIIHUI KPYTIIUHA XBHUJIEBi I, HABaH-
Ta)KeHUH JMCKaMHU 3i 3cyBoM (a3u Ha repiofi 90 rpaj, 10 XapaKTepH3yeThCsl MiHIMAJIBHOIO YaCTOTHOIO JUCIIEPCi-
€10 TpYNoBOI WBUAKOCTI. [lonepeani pe3ynbTaTu MOKa3yloTh MOXKIIMBICTh IIOBHOI KOMIIEHCAIliT HABAHTa)KEHHSI ITy4-
KoM u1st ctpymy 1,2 A mipu npuckoperHi yactok 10 60 MeB 3a 50 He.
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