
H

N.K. K
A

Abstract 
    Budker In
Russian Aca
activity in th
accelerators o
and research
ELV-type ac
unified syste
the specific 
parameters s
of extraction
electron acce
range from 0
electrons of 
400 kW. The
long term an
under the co
The ELV ac
not only in R

    Radiochem
accelerators 
developed in
strongly con
thereby, con
uniqueness. 
electron bea
stimulation 
purification, 
etc., are wi
accelerators 
and research
That leads 
production 
technologies
new and, som
    Budker In
Branch of R
world leader
and applicati
(such as DC
high-voltage 
accelerators)
of which ar
some of the
quality allow
industrial acc

 

HIGH VO
APPL

Kuksanov, Y
A.I. Korchag

stitute of Nuc
ademy of Sc

he developmen
of the ELV-ty
h radiation-te
ccelerators w

ems and units 
requirements
uch as the en
n window, e
elerators of th
0.3 to 2.5 M
up to 400 mA
e design and 
nd round-the -
onditions of i
celerators are

Russia, but in C

INTRO
mical technol
as ionizing ra
n the early 
solidated in w
nfirmed their
The technolo
ams for po
or initiation 
waste water

idely used in
are installed a
h centers and

to growth 
and develop
, where elect

metimes, uniqu
stitute of Nuc

Russian Acade
rs in the dev
ion of electron

C accelerators 
rectifier, high
, the accelera

re much mor
em. Their com
wed BINP to 
celerators mar

OLTAGE
LICATIO

TEN
Y.I. Goluben
gin, D.S. Ko

clear Physics S
cience (SB R
nt and manufa
ype for their u
echnological 

were designed
enabling thu

s of the custo
nergy range, b
etc.. INP pro
e ELV-type c
eV with a be

A and maximu
schematic sol
-clock operati
industrial pro
e especially po
China, Korea,

ODUCTION
ogies with th
adiation sourc
sixties. By 

world industri
r efficiency 
gical process
lymer radiat
of chemical 

s treatment, 
n modern in
and operated i
d applied-rese

of radiation
pment of n
tron beams a
ue properties.

clear Physics (
emy of Scien

velopment, de
n accelerators
of continuou

h-frequency a
ated electron 
re. ELV-serie
mpact size an
stand as a lea
rket as in Russ

ELV AC
N (FAMI

NDENCY 
nko, P.I. Ne
ogut, A.V. S

Siberian Bran
RAS) continu
acturing of ele
use in the indu

installations. 
d with use o
us to adapt the
omer by the 
eam power, le
poses a serie
overing the en

eam of accele
um power of 
lutions provid
ion of acceler
duction proce
opular acceler
 and etc. 

N 
he use of ele
ces were gene
recent, they

ial production
as well as 
es with the u
tion modifica

reactions, sm
grain disinfec

ndustry. A lo
in different sc
earch laborato
n-modified g
new matters 
are used to o
 
(BINP) of Sib
nces is one o
esign, manufa
s of different s
us action base
accelerators, p
energy and p

es accelerator
nd high funct
ading instituti
sia and abroad

CCELERA
ILY OF A
OF DEV

emytov, R.A
Semenov, B

nch of 
ue its 
ectron 
ustrial 

The 
of the 
em to 
main 
ength 
es of 
nergy 
erated 
up to 

de the 
rators 
esses. 
rators 

ectron 
erally 

y had 
n and, 

their 
use of 
ation, 
moke 
ction, 
ot of 

cience 
tories. 
goods 

and 
obtain 

berian 
of the 
acture 
series 
ed on 

pulsed 
power 
rs are 
tional 
ion at 
d. 

ELV
paral
insta
wind
trans
coil 

on i
volta
recti
conn
term
there
locat
    Al
filled
acce
this 
allow
The 
fixed
catho
have

ATORS F
ACCELER
ELOPME

A. Salimov,
BINP SB RA

DESIG
V high voltage

llel inductive
alled inside 
ding is suppli
sistors. The op
of secondary 

its ends 20 k
age doubling 
fying section

nected either i
minated with th

e is the injecto
ted inside the 
ll these eleme
d with SF6.
lerators are th
class. Accele

w to recovery
vacuum syste

d to the botto
ode, placed on
e the total 

FOR INDU
RATORS
ENT) 
S.N. Fadeev
AS, Novosi

 
GN OF ACC
e power source
e coupling. 
the primary

ied with frequ
peration frequ
winding has 

kV. This volt
circuit. Thus,
is 40 kV. T

in series. The 
he high voltag
or control unit
column of hig

ents are instal
 Due to th
he most comp
erator is equip
y SF6 during 
em component
m of the tank
n the upper en
energy eU0 

Figure 1. ELV

USTRIAL
S AND 

v, A.V. Lav
ibirsk, Russ

CELERAT
e is cascade g
The rectifie

y winding. T
quency conver
uency is near 
maximum ind

ltage is rectif
, the output v

The rectifying
rectifier secti

ge electrode in
t. The acceler
gh voltage rec
lled inside of 
hese circums
pact among th
pped with ga

service and 
ts and extracti
k. Electrons e
nd of the acce
 on the ou

V-8 accelerato

L 

vruhkin,  
ia 

TOR 
generator with
r column is
The primary
rter on IGBT
400 Hz. The

duced voltage

fied with the
voltage of the
g sections are
ion column is

nside of which
ating tube are

ctifier.  
pressure tank
tances ELV-
he devices of
s system that
maintenance.

ion device are
mitted by the

elerating tube,
utput of the

or. 

h 
s 
y 
T 
e 
e 

e 
e 
e 
s 
h 
e 

k 
-
f 
t 
. 
e 
e 
, 
e 

Proceedings of RUPAC2012, Saint|-|Petersburg, Russia FRBCH03

Medical and industrial applications

ISBN 978-3-95450-125-0

227 C
op

yr
ig

ht
c ○

20
12

by
th

e
re

sp
ec

tiv
e

au
th

or
s—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)



accelerating 
they reach 
homogeneou
electromagne
scanned in 2
The irradiate
the extraction
the beam r
monitored by

Figure 2. 
accelerator.

    Market co
materials fo
more powe
enabling to 
compound an
Table 1 and
contracts. 

 
Table 1 
Energy, 
MeV 
Amount 

 
Table 2 
Power, 
kW 

1

amount 1
 

    As it is sh
are distribute
energy in ac
them are of 
development
of accelerato

tube. Passin
the extract

usly distribute
ets and then 
 directions alo

ed material is 
n window. D
raster positio
y oscilloscope

Double wind
. 

CURRE
onditions and 
rms the indu

erful and e
increase the 

nd expensive 
d 2 shows ac

1 or less 

14 

100 70 

14 1 

hown in Tabl
ed enough ev
ccordance wi
100 kW pow

t of ELV mod
ors power with

g through th
tion device 
d along the fo
extracted into
ong and acros
transported u

Due to special 
on on extra
e. 

dow extractio

NT STATU
growing dem

ustrial manuf
ffective elec
volume of p
inputs for cha
celerator para

1,5 

14 

50 

1 

les 1, 2 the n
venly starting
ith maximum

wer. That is w
del range goe
hin the range 

he vacuum sy
where they

oil by the scan
o air. The bea
ss the foil win
under the fram
electronics d

action window

on device of 

US 
mands for mod
facturers need
ctron acceler
production wi
ange all equipm
ameters of la

2,5 

10 

20 
(mobile) 
2 

needed acceler
g from 1 MeV

m energy. Mo
why, at presen

s towards inc
of 1.0…1.5 M

ystem 
y are 
nning 
am is 
ndow. 
me of 
device 
w is 

f ELV-12 

dified 
ds in 
rators 
ithout 
ment. 

ast 38 

rators 
V by 

ost of 
nt, the 
crease 
MeV. 

Earli
curre
mA. 
appe
MeV
acco
dime
mod
− pr
accu
acco
− m
equip
auxil
etc.

Fig
acc

acce
prese
indu
effic
scan
The 
mm 
irrad

ier, we can ob
ent 100 mA a

There was
eared 3 new m
V and maxi
ordingly. Th
ension type ex

dels enabling th
roduction of 
urately satisfy
ount present an
modification 
pment withou
liaries such as

gure 3: Struc
celerators. 

Another 
lerators is ad
ent technologi

ustrial techno
ciency in acco
nning and bea

length of extr
up to 2000 

diate two and m

Figure 4. Mo

btain 100 kW 
and 2.0 MeV
s redesigned 

models with m
imal current 
ose accelera
xtend power a
he following: 
more powerf
existing prod

nd new industr
and/or repl

ut changing t
s rewinding lin

cture and di

important dir
daptation of 
ical equipmen
ologies. So, 
ordance with 
am extraction
raction window

mm (see Fi
more types of 

odification of e

W at 1.0 MeV w
V with maxim

ELV-4 acc
maximal energy

100, 83 a
ators design
and energy ran

 
ful electron b
duction need
trial technolog
placement of

the existing 
nes, take up &

dimensions o

rection in de
accelerator c

nt and their int
to increase

the customer
n systems we
w was increas
igure 5). Thi
f products. 

extraction win

with maximal
mal current 50
celerator and
y 1.0, 1.2, 1,5
and 67 mA

ned in new
nge of earliest

beams, which
s, taking into

gies; 
f accelerator
technological

&payoff units,

f ELV4-1,2 

velopment of
complexes to
tegration with
e production
rs’ needs, the
ere modified.
sed from 1600
is enabled to

ndow. 

l 
0 
d 
5 
A 
w 
t 

h 
o 

r 
l 
, 

f 
o 
h 
n 
e 
. 

0 
o 

FRBCH03 Proceedings of RUPAC2012, Saint|-|Petersburg, Russia

ISBN 978-3-95450-125-0

228C
op

yr
ig

ht
c ○

20
12

by
th

e
re

sp
ec

tiv
e

au
th

or
s—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)

Medical and industrial applications



Other examp
productive ef
on visualiza
technologica
transportation

Figure 5. Pa
    Concernin
accelerator f
operation an
during 5 year

Figure 6. 
    There was
was made t
Korea EB-T
shielding wa
installation i

 

ples of integra
fficiency are i

ation of accel
al irradiation p
n system deve

arameters of a
ng the high
for environme
nd proves adv
rs we have no

Irradiation ha
s developed m
together with
TECH. Accel
as installed in
is demonstrati

ation allowing
information-m
lerator curren
process (Fig.6
eloped in BIN

accelerator EL
h power EL
ental applicat
vantage of EB
o orders for su

all of 400 kW 
movable accele
h our collabo
lerator togeth
side trailer. M
ion of EB tre

g improvemen
measuring com
nt parameters
6) and under-b

NP. 

LV operation.
LV-12 400 
tion:  it cont
B technologie
ch accelerator

accelerator. 
erator. This pr
orator from S
her with radi
Main reason o
eatment. Extra

nts in 
mplex 
s and 
beam 

kW 
tinues 
es but 
rs. 

roject 
South 
iation 

of this 
action 

devi
subs
Saud
    EL
techn
acce
them
acce

  Thi
and 

 [1]

[2]

[3]

ce is adapted 
tances. EB-TE

di Arabia and 
LV accelera
nologies wh
lerators were 

m are under op
lerator has ag

is work was is
Science of the

N. Kuksanov
al, «High Po
Application» 
Protvino, Rus
S. Fadeev, Sa
to expand 
accelerators",
Workshop on
Accelerators i
October 1-4, 
Eurasia", Nov
N. Kuksanov
Novosibirsk,
and the i
accelerators”,
http://vant.kip

Figu

for treatment
ECH already r
made demons

ators are u
ere electron 
delivered in 

peration until 
e 32 years. 

s supported by
e Russian Fede

REFEREN
, S. Fadeev, Y
ower ELV A

// Procee
ssia, 2010 
alimov R., et a

technologi
 Proceedings
n the Applica
in industry an
2001. 68. Se

vosibirsk, 200
v, S. Fadeev
“The develop

improvement 
, VANT №3 M
pt.kharkov.ua 

ure 7. Movable

nt the flow of 
replaced this 
stration experi
used practic

beam is 
12 countries.
now. The old

y the Ministry
deration. 

NCES 
Y. Golubenko
Accelerators f
eding of R

al, "Underbea
ical capabi
s of the X 
ation of Cha

nd medicine, S
ee also Bulle

02. p. 8. 
v, et al, BIN
pment of the 

of the 
March 2012, 

e accelerators

gas or liquid
accelerator in
iments. 
ally in all
needed. 140
 The most of

dest operating

y of Education

o, D. Kogut et
for Industries
RuPAC-2010,

am equipment
ilities ELV

International
arged Particle
St. Petersburg,
tin "Radteh -

NP SB RAS,
model range
performance

p. 15 (1996);

. 

d 
n 

l 
0 
f 
g 

n 

t 
s 
, 

t 
V 
l 
e 
, 
- 

, 
e 
e 
; 

Proceedings of RUPAC2012, Saint|-|Petersburg, Russia FRBCH03

Medical and industrial applications

ISBN 978-3-95450-125-0

229 C
op

yr
ig

ht
c ○

20
12

by
th

e
re

sp
ec

tiv
e

au
th

or
s—

cc
C

re
at

iv
e

C
om

m
on

sA
tt

ri
bu

tio
n

3.
0

(C
C

B
Y

3.
0)


