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The article considers the ways to improve the protection system of linear electron accelerators ELV-1 and ELV-2
series on the basis of modern integrated and semiconductor component base. The proposed circuit solutions allowed
turning off the facility power in case of gas electrical insulation breakdowns in the fast mode, that makes it impossi-
ble to work in an emergency. In order to improve the quality of control over the accelerator operation and additional
informing an operator, capability of the proposed system to display information on the operator's computer monitor

has been realized.
PACS: 29.20.—c. 41.75.Fr

INTRODUCTION

The most common type of industrial electron accel-
erators for various products radiation treatment are linear
electron accelerators of ELV type [1, 2]. Due to success-
ful technical solutions, that have ensured their high-
quality characteristics, the operation some of the first in
its model range of electron accelerators series ELV-1 and
ELV-2 are no less important so far. The accelerators of
this series gained special demand at enterprises producing
cable-conductor products as a source of ionizing radiation
for radiation modification of polymer insulation and cable
products sheath. This modification method made it pos-
sible to increase mechanical strength and chemical re-
sistance of polymer insulation, improve electrical insu-
lation characteristics and increase its heat resistance,
which promotes to expand the possibility of using ca-
bles and wires. The involvement of radiation technolo-
gies on the accelerator data basis made it possible to
process not only insulating polymers of cable-conductor
products, but also cable protective elements, which are
compressed under the influence of temperature: heat
shrink sleeves, heat-shrink end plugs, and the like. In
turn, this allowed expanding the range of products
manufactured by enterprises.

The accelerators of the presented series consist of a
high-voltage accelerating voltage generator, an acceler-
ating tube, a gas and vacuum system, and an electron
beam outlet system.

The generator and the accelerating tube are located in
the vessel, which is filled pressurized with SF6 gas, that
provides gas electrical isolation. The accelerating tube is
built into the column, which passes through the rectifying
sections (Fig. 1,a). In the lower part, it ends with a neck,
which passes through the vessel bottom and is attached to
a vacuum system, consisting of two magnetically and
discharge diode pumps of the NORD-250 type.

A Pierce gun with a perveance P =~ 0.4-10° A/V*?
has been installed on the upper flange of the accelerat-
ing tube [3]. A lanthanum hexaboride pellet (LaBs) with
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indirect heating from a separate power supply with a
power of at least 50 W has been used as an electron
source. In ELV-1 and ELV-2 series electron accelera-
tors, the voltage at the first anode Ua is set by a separate
power supply in the range 0...4 kV, that allows control-
ling the value of the beam current injected by the cath-
ode into the accelerating channel. At the exit of the
accelerating channel, an electron beam with a diameter
of = 10 mm enters a magnetic field formed by the de-
flection system coils and unfolds in two mutually per-
pendicular directions on a titanium foil 50 um thick with
an outlet window size of 75980 mm. A voltage divider
is used to uniformly distribute the accelerating voltage
across the gradient electrodes (see Fig. 1,a).

A step-up transformer with primary and secondary
windings is used as an accelerating voltage high-voltage
generator. The primary winding shown in Fig. 1,b con-
sists of a fiberglass end-frame wounded with thirty turns
of a doubled copper tube with a diameter of 12 mm and
a wall thickness of 1 mm. Cooled demineralized water
(refrigerant) is pumped through the tubes.

The secondary winding has a sectional design. Each
section has its own coil with the number of turns
W, = 3130 and its own rectifier, which has been assem-
bled according to the doubling circuit (see Fig. 1,a). The
alternating voltage, which is induced on the sections’
coils, is converted into a constant voltage by a two-
stroke rectifier circuit. The rectifiers are connected in
series, forming a chain of rectifier sections, with a total
of 24 for ELV-1 accelerators and 37 for ELV-2 accel-
erators, which ends with a hemispherical electrode,
which is under high potential.

Thus, the accelerating voltage high-voltage genera-
tor is a step-up transformer, which allows obtaining the
electron beam energy in the range of 0.4...0.8 MeV for
ELV-1 at a beam current of 40 mA and 0.8...1.5 MeV
for ELV-2 at a beam current of 25 mA. When accelerat-
ing voltages are generated in the above range, it is nec-
essary to pay attention to the protection of the high
voltage generator from various possible emergencies.
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In this connection, there is a need to develop new
protection systems for ELV-1 and ELV-2 series accel-
erators. Such systems must shut down the accelerator in
as short time as possible in order to better protect the
high-voltage rectifier and the secondary winding of the
step-up transformer from damage. To solve this prob-
lem, it is necessary to improve existing fast protection
systems in case of high-voltage breakdowns.

a) 7 b K

Fig. 1. High-voltage generator (inner part of the vessel):
1 — accelerating voltage divider, 2 — rectifying section;
3 — Pierce gun; 4 — accelerating tube; 5 — gradient
electrodes (a). Frame and primary winding
of the step-up transformer (b)

.

The analysis of scientific and technical literature and
dissertations in recent years has shown that the prob-
lems of automation, protection, in particular, the im-
provement of fast protection systems at high-voltage
breakdowns of accelerators series ELV-1, ELV-2 were
given insufficient attention. It didn’t allow completely
revealing their technical potential, extend service life
and fully meet the requirements of modern production.
It is these factors that actualize the topic of this study.

1. PROBLEM FORMULATION

During the accelerators ELV-1 and ELV-2 series
operation the cases of the gas electrical insulation high-
voltage breakdown may be occurred. It should be noted
that the probability of such a phenomenon is extremely
small, but it takes the place in practice. The breakdown
cause may be, in particular, insufficient amount of insu-
lating gas (SFy) or its low quality, and so on. In [4], the
processes that occur at the breakdown of gas electrical
insulation on the high side (by high side we mean a
high-voltage rectifier) are described in sufficient detail.
The authors emphasized that the power supplies of
ELV-type accelerators must withstand this kind of
breakdowns.

The standard “Protection block”, which includes the
fast protection scheme, is provided for additional pro-
tection of the high-voltage generator at possible high-
voltage breakdowns of electric gas isolation as a part of
accelerators ELV type. The accelerators manufacturer
emphasizes that the fast protection system during time
t = Y5 period of the transformer primary winding supply
voltage change allows you to turn off the accelerator in
case of an alarm signal in the occurrence of high-
voltage breakdowns. The electric circuit diagram of the
fast protection system at high voltage breakdowns is
shown in Fig. 2.
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The fast protection circuit at the high-voltage break-
down of gas electric isolation has two inputs: “input +”
and “input —. The principle of the above circuit opera-
tion is as follows: in the event of a breakdown, the cur-
rent pulse comes from the terminal “beam current” to
the input of the protection circuit “input +”. Part of this
current through R4, R12, and VD3 enters the control
thyristor T2, which being opened, causes the accelerator
to turn off. The circuit sensitivity is set by the variable
resistor R2 “average current level”. The second input
“input —, according to the developers’ recommenda-
tions, can be fed from the doubling circuit capacitive
divider, which is installed on the rectifier section
(Fig. 1,b). A resistor R6 allows you to set the desired
level of the circuit operation. This input is more sensi-
tive, as the “jump” of current from the input is amplified
by a cascade assembled on the transistor VT1 (the input
stage under normal conditions is open).

The fast protection circuit works as follows: at
breakdowns on the “high side” the transistor VT1 is
closed, current redistribution appears, that causes open-
ing of the thyristor T2. The failure of the blocking gen-
erator, which controls the thyristor key, occurs. The
power supply of the rectifier is stopped by disconnect-
ing the transformer primary winding (see Fig. 1,b) with
a thyristor key. When the blocking generator fails, the
electromagnetic relay K1 is triggered, which turns off
the power to the starter winding P1, which in turn is
designed to further disconnect the accelerator primary
winding. As can be seen from the scheme in Fig. 2, the
blocking generator consists of the transistor VT2 and
the capacitor C8, which together form periodic oscilla-
tions in the windings of the pulse transformer T1 with a
frequency of 10...15 kHz. According to the scheme (see
Fig. 2), the sweep unit is connected to the fast protection
system. If an emergency occurs in the line coils of the
electron beam deflection in the event of an emergency,
the blocking generator generation will be disrupted and
the power supply to the accelerator will stop. The occur-
rence of emergency situations is signaled by the emer-
gency light Lal, which indicates thyristor switch shut-
down. The SB1 button is used to check the thyristor key
shutdown. The SB2 button is designed to resume block-
ing generator frequency generation.

Structurally, this scheme, despite its technical sim-
plicity and reliability, has disadvantages, namely: large
dimensions due to the use of a pulse transformer T1
type G*x4.720.028 (see Fig. 2), which is used to operate
the blocking generator; the use of voltages of different
magnitude and polarity for the power supply circuit,
namely: = 9, 35 V, requires the applying of a power
transformer with a larger number of windings, that sig-
nificantly increases its size.

In order to eliminate the above circuit shortcomings
and increase the level of the high-voltage rectifier pro-
tection during the breakdown of gas electrical insulation
of electron accelerators ELV-1 and ELV-2, we worked
to improve the electrical circuit (see Fig. 2). To reduce
the scheme dimensions and improve its quality charac-
teristics, we have done:

1. The pulse power supply unit for 15 V, 50 W and
the integrated stabilizer VR1 for 12 V (Fig. 3) are in-
cluded in the circuit, that promoted to reduce the trans-
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former size of the power circuit and allowed us to sup-
ply circuit components with a voltage of the same mag-
nitude and polarity.

2. The blocking generator based on the transformer T1,
which has a permalloy core, the transistor VI2 and the
capacitor C8, has been removed (see Fig. 2). The blocking
generator has been substituted a different circuit of the
relaxation generator on the “Genl” integrated circuit,
which operates in the astable mode. The field-effect tran-
sistor T3 and a transformer on the smaller ferrite core Trl
are connected to the generator (see Fig. 3). In turn, this
allowed getting a more stable signal generation circuit on
the integrated circuit NE5S55N, with voltage drift — 0.1%/V
and temperature drift — 0.005%/°C (see Fig. 3).

3. The breakdown sensor is assembled on the bipolar
transistor VT1, which amplifies the signal, and on the
trigger IC1 (see Fig. 3) with an input current of not
more than 0.3 pA, that allowed obtaining a more sensi-
tive input than the input “input +”, a signal from which
comes to the thyristor T2 with an input current of
250 mA (see Fig. 2).

4. Since the optical elements are less sensitive to ex-
ternal electromagnetic radiation, the thyristor T2
(see Fig. 2) was substituted for the optical pair IC3 (see
Fig. 3). This ensured better circuit operation.

The above improvements formed the basis of the
new protection system scheme developed by us (see
Fig. 3), for which a utility model patent of Ukraine has
been obtained [5].

2. SCHEME OPERATION CONCEPT
AND EXPERIMENTAL PART

In Fig. 3 it is shown the improved scheme of the ac-
celerators fast protection system at high-voltage break-
downs of gas insulation developed by us. This scheme is
simplified and does not claim to be complete and is
given to explain the operation of its elements. Consider
the principle of its operation: in the event of a high-
voltage breakdown of gas electrical insulation, the pulse
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SB1 - Control ("off" Thyristor key)
SB2 - Thyristor Key Reset

X1 - 50 Hz sweep input

X2 - Fast scan protection

on the high-voltage rectifier, formed from the circuit
C5, R16 is arrived to the terminal X1 of the arrester F1.
Then it passes through the second differential circuit,
consisting of the capacitors C1-C3 and the resistors R1,
R2. The rest of the signal is arrived to the variable resis-
tor R3 “the circuit sensitivity setting”. This resistor sets
the value of the protection response level, followed
by the signal through the limiting resistor R5 enters the
base of the transistor VT1 series BC550C, thereby
opening it. The control pulse is taken directly from the
transistor VT1 emitter and arrived to the input
(6 output) of the trigger IC1 on the chip CD4013. The
transistor VT'1 and the chip IC1 form a breakdown sen-
sor. When the driving pulse is arrived to the chip input
(6 output) ICI1, the trigger enters a steady, operating
state, and at its outlet (1 output) there is a logic value
“1”, which is equivalent to a voltage of 12 V. When the
pulse at the chip input is missing, a logical value “0”,
which is equivalent to a voltage of 0 V will be at its
outlet (1 output).

Accordingly, when the trigger IC1 is in the operating
state, the voltage from its output through the buffer
resistor R10 is fed to the base of the bipolar transistor
VT2. The transistor is opened, that leads to the electro-
magnetic relay Rell triggering and turning on the LED
HL1. Outputs 2, 3 of the relay Rell mechanical contacts
are connected to the control circuit by the starter wind-
ing P1, which interrupts the power supply to the fre-
quency converter FC. The LED NL1 notifies the opera-
tor of the high-voltage breakdown presence and signal
generation failure, which is arrived to the control termi-
nals of the thyristor switch T1, T2. In this case, the
electromagnetic relay Rell is used as a controlling ele-
ment of the accelerator disabling.

The optical pair IC3 is connected to the output 2 of
the IC1 chip, which interrupts the generation of rectan-
gular pulses with a frequency of 20 kHz of the “Gen1”
generator assembled on the NES55N chip.
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Fig. 2. Standard schematic circuit diagram of the fast protection unit
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Fig. 3. Simplified schematic circuit diagram of the fast protection

To better understand the pulse generation principle,
consider the principle of the generator “Genl” main
element operation — integrated chip (IC) NES55N [6].
The equivalent circuit of the NES55N IC is presented in
Fig. 4. The NES55N chip generates a sequence of rec-
tangular pulses, which frequency is determined by the
RC circuit. In the initial state, the capacitor C1 is dis-
charged, and the voltage level is close to zero at the
inputs of both comparators. The comparator 2 switches
the internal trigger and, as a consequence, a high level
of potential is set at the chip output 3. The transistor
VT1 is closed and the capacitor C1 begins to charge up
to 12 V through resistors R1 and R2.

i
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Fig. 4. The circuit “Genl” made on the chip NE555N

When as a result of charging the voltage on the ca-
pacitor reaches 2/3 of the supply voltage, the compara-
tor 1 switches the trigger, which in turn sets a low po-
tential level at the chip output 3. The transistor VT1 is
opened, and the capacitor C1 starts discharging through
the resistor R2. As soon as the voltage on the capacitor
reaches 1/3 of the supply voltage, the comparator 2
switches the trigger again, and the chip output 3 will
have a high voltage level again. The transistor VT1 is
closed, and the capacitor C1 starts charging again. Thus,
the circuit goes into periodic mode, and the voltage on
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the capacitor varies between the values of 1/3 and 2/3 of
the supply voltage.

Express the capacitor C; charge time #; from the
power supply from the voltage (1/3)-V,. to (2/3)-V,. in
terms of resistors Ry, R,:

(2/3) Ve = (1/3) Vet (Vee— (1/3) V)%
X(1 - exp(-t1/ (R + Ro) Ch)));
t;=-In(1/2)"(R; + Ry)-C; = In(2) (R, + R,)'Cy. (1)

Express the capacitor C; discharge time £, from the
voltage (2/3)-V,. to the voltage (1/3)-V,. in terms of the
resistor R,:

(1/3) Ve = (2/3) Ve + (0 - (2/3) V)%
x(1-exp(-tr/ (Ry C1)));
hH= -1n(l/2)R2C1 = 1H(2)R2C1 (2)

In our case (R; = 10 kQ; R, =31 kQ; C, = 1 nF), the
pulse durations calculated by formulas (1) and (2) were:
f = 2.829-10%s, £, = 2.139-10”s. One complete cycle
duration was T = t;+t = 4.968-10° s, which corresponds
to the signal frequency f= T~ ~ 20 kHz. Generically:

f=T"=(In(2)(R+2R,)-C))"".

The pulse ratio in our case was:

S=T/t=1/D=(+t)/ 4=
= (R] + 2R2) / (R] + Rz) =1.75.

A Duty Cycle was:
D=t/T=1/S=R;+R;)/ (R;+ 2R,)=0.57=57%.

The assurance of the above pulse parameters esti-
mates at the NES55N chip output was experimentally
confirmed by taking the oscillogram from output 3 of
the “Gen1” chip (Fig. 5).

A generation failure is realized as follows: at the
moment, when there is no breakdown in the gaseous
medium, the chip IC1 output 6 doesn’t receive any sig-
nal from breakdown sensor, and the first output has a
logical value of “0”. At this time, the IC1 chip output 2
has a logic value “1”, which corresponds to a voltage of
12 V. This voltage leads to the IC3 chip operation,
which thereafter leads to the opening of the IC1 chip
bipolar transistor. At the moment of the transistor open-
ing, the emitter current of the IC3 chip transistor creates
the resistor R9 voltage drop, this voltage is applied to
the generator “Genl” chip output 4, which starts the
generation of “Gen1” pulses.
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Fig. 5. The signal oscillogram at the chip NE555N output
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When the IC1 chip output 6 receives a breakdown
signal from the breakdown sensor, the logic values
inverse change is occurred, and the trigger output 1 will
have a logic value “1”, and the output 2 — logic value
“0”, which corresponds to a voltage of 0 V. It leads to
the IC3 chip LED shutdown, the optical pair IC3 tran-
sistor closing. The voltage at output 4 of the generator
“Gen1” drops to zero, leading to a generation shutdown.

Another trigger IC2 on the CD4013 chip, which
upon the signal receipt at its input (6 output of the chip),
enters a stable operating state, and a logical value “17,
equivalent to 12 V appears at the output 1, is simultane-
ously connected to the emitter of the transistor VTI.
From the output of the trigger IC2 (output 1), the volt-
age is supplied to the chip VR2 of L7805 mark, which is
an integrated voltage stabilizer (up to 5 V). The voltage
from the chip VR2 output 3 is supplied to an ADC/DAC
module, which fixes the breakdown moment at its input
voltage of 5 V from the VR2 chip. From the digital
output of the chip, the signal arrives at the PC, and an
error sign appears on the monitor, indicating a high-
voltage breakdown. In the absence of breakdown at the
IC2 chip output 1 there is a logical value “0”, respec-
tively, at the VR2 chip output 3, the voltage will be 0 V.
The main element of the ADC/DAC module is an 8-bit
Atmega 2560-16AU microcontroller.

To start the generator “Genl” operation after the
breakdown fixing and restore the possibility of power
supply to the accelerator primary winding, it is necessary
to reset the logic values of the triggers IC1, IC2 with one
parallel connected button SB2. After pressing the button,
the pulse generation of the “Genl” generator resumes,
and the error sign indicating a high-voltage breakdown on
the PC monitor will disappear. The SB1 button is in-
tended for control check of protection system operation.
By its pressing, both triggers kick in, generation shut-
down happens. The HL1 LED lights up, and an error
sign appears on the PC monitor to indicate a breakdown.

When there are no breakdowns, the rectangular pulse
signal is fed from the generator “Gen1” output 3 through
the resistor R11 to IRFZ44N series field-effect transistor
T3. The transistor is loaded by the pulse transformer Trl,
which plays the role of galvanic isolation between power
and control parts of the circuit. Next, through the primary
winding, rectangular pulses are induced into the secon-
dary winding of the transformer Tr1.

The primary and secondary windings of the trans-
former Trl have been wound by SEW-2 wire with
@ 0.25 mm. The primary winding consists of two ones
connected in parallel, which contain the number of turns
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W, = 250 each. The secondary winding consists of two
independent windings with the number of turns W, = 250.
The primary winding resistance is 10.5 Q, the secondary
— 9 Q. The windings have been wound on a cylindrical
plastic frame, on which two ferrite rings are installed. It
should be noted that at present a perspective work is
underway to substitute this transformer for seven-sided
opto-drivers of the MOC series in order to increase
ergonomics, compactness and facilitate system repair.

Impulses arrive from the secondary winding of the
transformer Trl through the diodes VD3...VD6 to the
thyristors T1, T2 of T-15-160-11 series. In case of
high-voltage breakdowns, the thyristors “are closed”
and stop the power supply to the transformer Tr2 pri-
mary winding (see Fig. 1,a) from the transistor fre-
quency converter FC (see Fig. 3) of “APCH-TOP-40-
165/220-400-100-UHL4” mark. As a result, the accel-
erator is turned off in a time t =~ 1.25-10 s at a supply
frequency of the accelerator primary winding of 400 Hz.

The additional connection of other accelerator pro-
tection systems is carried out through the connector X2,
from which the signal is fed to the trigger ICI1, that
triggers the protection system. The diodes VD1, VD2
allow to connect to the input X2 other protection sys-
tems of the accelerator for fast power off in the case,
when other malfunctions appear. Nowadays, this has
allowed us to connect “Protection system against burn-
ing-out of an outlet window foil” [7], developed by us,
to the fast protection system.

The protection system efficiency test has been car-
ried out in atmospheric conditions at different seasons
by applying an increasing voltage to the high-voltage
generator until the air insulation electrical breakdown
fixing (Fig. 6). This allowed us to find out that the most
frequently high-voltage breakdown in atmospheric con-
ditions occurred at a voltage of U = 140...200 kV
(ELV-1) and U = 200...280 kV (ELV-2). Such a wide
spread of breakdown voltages can be related to changes
in atmospheric humidity in the air.

b -]

Fig. 6. High-voltage breakdown

Our research has shown that in the event of a gas
electrical insulation emergency breakdown, the protec-
tion system, proposed by us, allows timely protecting
the accelerator high-voltage rectifier from further opera-
tion in overload mode. The increase in system sensitiv-
ity enabled us to fix the moment of possible breakdown
more accurately. Implemented technical possibility of
the protection system connecting to the ADC/DAC
module allowed controlling the system operating status
by means a PC.

Well-timed protection system act significantly re-
duces the probability of accelerators prolonged emer-
gency shutdowns. It is very important in production
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conditions in terms of costs associated with delays in
making, as well as material costs related to accelerators
repair.

The accelerators protection system, proposed by us,
in the event of gas electrical insulation breakdown in-
volves its use in a complex with other protection and
control systems. This approach allows you to solve
stepwise the problem of increasing the level of protec-
tion systems reliability for this series accelerators and
control their operation.

CONCLUSIONS

As a result of the electron accelerators protection
system improvement during high-voltage breakdown of
gas electrical insulation, the following results have been
obtained:

1. The system dimensions have been reduced due to
blocking-generator removal and the implementation of
an alternative generator on the integrated circuit. This
allowed obtaining controlling rectangular pulses, which
are more stable in frequency and pulse ratio.

2. The substitution of the bipolar power supply unit
with different voltage values for the unipolar pulse power
supply unit with a voltage of 12 V enabled us to simplify
system maintenance and increased its reliability.

3. The protection system sensitivity has been in-
creased due to the proposed sensor of gas electrical
insulation high-voltage breakdown on a bipolar transis-
tor and a trigger.

4. The use of the ADC/DAC module has provided
the ability to connect additional sensors to monitor the
occurrence of emergencies and allowed displaying in-
formation about accelerator operating status on the
computer monitor for the plant operator.

FURTHER PROSPECTS OF RESEARCH

Further research in the area of improving the elec-
tron accelerators protection systems from emergencies
and control for their operation can be aimed at: devel-
opment of software and hardware for automatic control
of accelerator physical processes; connection of the
ADC/DAC module through the RS-485 interface via
ModBUS RTU protocol to the transistor converter con-

trol system by involving the UART TTL Module — RS-
485; improvement of other accelerator protection sys-
tems with the possibility to be integrated with the fast
protection system, proposed by us.
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YCOBEPIIEHCTBOBAHHASI CUCTEMA BbICTPOM 3AIMTHI ITPU BbICOKOBO.JIbTHBIX
T'A3OBBIX TPOBOX JIJISI TPOMBIIIJIEHHBIX YCKOPUTEJIEM SJJEKTPOHOB
C.0. banoypos, P.C. Jlosockun, I' A. IlTuwkun

PaccMoTpeHbl TyTH COBEPIIEHCTBOBAHUS CUCTEMBI 3allIUThI JIMHEHHBIX YCKOpUTENeH 3J1eKTpoHOB cepuit DJIB-1
u DJIB-2 Ha OCHOBE COBPEMEHHBIX WHTErpajbHOW W IOJYNPOBOAHUKOBOH KOMIIOHEHTHOW 0a3. IlpemnokeHHbIE
CXEMOTEXHUYCCKHE PEIICHHS MO3BOJIIMIMA MPH MPOOOSX Ta30BOH 3JICKTPUUCCKON H3OJSIMHA B OBICTPOM PEKUME
OTKJTIOYATh MUTAHUE YCTAHOBKH, YTO JIETaeT HEBO3MOKHBIM €€ paboTy B aBapuitHOM pexkume. C IeITbI0 TOBBIIICHUS
KayecTBa KOHTPOJIS 3a pabOTOH YCKOPUTENS U JOMOJHUTEIBHOr0 WHGQOPMHUPOBAHHS ONepaTopa B MPEIIOKCHHOM
CHCTEME pealli30BaHa BO3MOXKHOCTh BBIBOJIa MH(GOPMAIIMK Ha MOHHUTOP KOMIIBIOTEpa oreparopa.

BJIOCKOHAJIEHA CUCTEMA HIBUJKOI'O 3AXUCTY ITPU BUCOKOBOJIbTHUX I'A30BUX
MPOBOAX JIAA MPOMUCJIOBUX ITPUCKOPIOBAYIB EJIEKTPOHIB

C.0. banoypos, P.C. Jloxckin, I.O. Hluwkin

Po3risiHyTO NUISIXM BIOCKOHAJICHHS! CUCTEMHM 3aXUCTY JIHIHHMX NPUCKOpIOBaviB enekTpoHiB cepiit EJIB-1 ta
EJIB-2 Ha OCHOBI CyyacHHUX IHTETPaJIbHOI Ta HAIIBIPOBIIHUKOBOI KOMIOHEHTHOI 0a3. 3arpornoHoBaHi CXeMOTEXHi-
YHI PILIEHHS J03BOJIMIIM TPH NMPOOOSIX ra3oBoi eNEKTPUYHOI 130JIA1IiT B IIBUAKOMY PEXHUMI BiJIKIIOUATH SKUBJICHHS
YCTaHOBKH, 1110 YHEMOXXJIMBHTb i1 pOOOTY B aBapiifHOMY CTaHi. 3 METOIO MiBHIIICHHS SKOCTI KOHTPOJIIO 32 pOOOTOI0
MIPUCKOpIOBaYa Ta JOJATKOBOTrO iH()OPMYBaHHs OIlepaTopa B 3alpOIOHOBAHIM CHCTEMi pealli3oBaHa MOXIIUBICTh
BHBONY iH(OpMAITil Ha MOHITOP KOMII FOTEpa orepaTopa.
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