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F3E UI:IE’lIXI SERlXS LIITEAR ELZCTKOIl ACCELERATORS DEVELOFGLEI:T RESULTS 

0 . A . G us e v , Yu.P.V~khrushin, V.bI.Sikolnev, 
I .A.Prudrikov, V.I. Shnkhov 

3.V.Efreniov Scierltific ii?Se.3l’Cil Ins;itute 
of Elsctrophysicul Apparatus, 189631, Leninerud 

A b s ; rat t, . r~:evr Ii n : -ar e.tectro?-i sccclcl~:?- 
tom for t.rldu,i try and medicLne have beer. 
devc!lcp’!rl OrI t!lc bt1::is cf low-vol i,?L<‘P (;C- 
55 k-V) kl.yutron with r,.wi.l~c uovle:’ ui> to ‘, 1,;:;. 
3 i ! L. I: tht?Y;lpy IICCL31 cI1’CliCrYi A. 11.5 f? bipLr.iu:l:.c 
i?cc:?! er,i.itilli- _ 3tIuctuI‘.z rvi?,h ori-ztxis cou;lirig 
cnvitie2 iind spec:al xni< for, sieriif ic,a’i 
v:l.:~i:itior. :lf ~rcce: crated e1 ~ct~2ns energy. 
Line-ix, zlcctFon wcr!ler’il tars fol, non-ilcst- 
ru:t.ive testing enlploy ~ligil-dir;pe;-sion 
bi.~~~~~il,Li(:!.li~ w:i\lt?giG.de acccler!.ti.~q; ~;t~.;i: t,l.l- 
~‘cz vii;ii tilt: i.~vCriii*,c accelerLttin(; r:ite more 
Lilh.1, 11 hlov/:r,. Lmear ciectm: ricc:el.erator~ 
for rcx(:’ i12ti,:,i? proceS2 i rig provide Cl11 cl ec tnm 
blddii, i,‘Ltii pawe? r;~o~~e thrl 15 k:'l to be protill- 
c:c,i in ii 3 i:.gLe-:;ec t i 011 e.ccelez%u:lni: dilviccl 
due to employed l<Lynt,1*orl of k&h wve.m.ge 
p35ver. 

Ilcws5~-~ys new :nodels of li.nc?fi~ re.30m.r~~~~ 
1.2 I CC tiY~21 %:celer:-lt3iy (LUi3) to be :ippli.cd to 
i:&du3try x-d medicine heave been dcvel.oped 
I .:id t??f? X>e~.‘lli r^ G.C tured in 5c.ienti.f Cc-i.ndust~T- 
::I ai;~lgctmatio:~ “kil ec;rofizika” (3.V.Er’rcf:lov 
i:i::titute). They m::y be uni.tcd mto threi! 
,;:‘ollps of :!lncilj.r:es ::ct:ord i!:; to tllc fi~1.d:: 
3f xppliznti.on: 

- 1Y.b i‘ol’ bea:ii t11cir:;p;; 1 

- L’.,Q -or nor.-desti‘L,~tiGe t?stirlp of 

a I‘ L j. c 1 e 3 anti rxitcr-i al:; and 31~0 for rZdcos- 
c 0 p ? c Twri3.xl inspecti 11 of cnqi;us ir: cori- 

Y tniners and caj--t,rJdics ; 
- I,lJb f.J;, 

Li.Ol! 

*,:!.d i c,.;i 011 procezsit-1;r, P.cti.v:.- 

:dw ly:: i :; ::nd p-oduct,i 011 of :;lli)rt- : :i vc,5 

isotopr..s;i (rrr~:4ic31 dli;:.~rio~:i.ic::) ‘. 
I'h+ olILi ec.: tive:; for nc~;d Ll?‘!;-7i.jde.i:; dev.2- 

.Lopiris \viiI’e tne followin:;: iii#le~ ucceler::- 
ted el.ec i;rx)ll bean garnme:.~-:rf: r,t:~\~i 1 -i;.J, 
impruvell biicm p2.rorncte~,r: r.eproduci’~i.Ll_ty 
while chctn(;.I ng the operation Ilode, poosibi- 
1 i 1;: far. p a~l’rwJr.eit cl~;ir!;ge of i0rlizing r2di:i- 

ti ori pzrtimr~te~~!; durirlf; tl,e>;;I:!ent ;essiorl. 
‘Tu ~‘e::,::sl~~c tl!e:;c pro;>1 WIT::, k. ~18 i ran ampl if icr, 
3ilolil :.! cc uncd LLT: i?.F--pow{: r source 4 In::ieud 
0L~ m~i:r;et:oll t:enerkLtol,. Illdepericlerlt stilbiLi- 
::~id 1:13;:it:-on exciter .:::3~1d perxit to 13i.:~ 
~lg;r!ificciIll,.i.y W-f;equency ::t;biiity, bc.@; 
‘,!lC x:*i1-; f itctcA- up011 7iricli tile i:cccLw:ited 
c: <?ci”I.o:lL; i:ricrgy stability ticpc::ds. 
I’:-evi CW31~i mi:::l~“:l.Ct,llrECI jzlO\Vc:1~ kl y:;; 1mr: 
iL::,pl ificr*s r’e,jl.l.i*eil tiasec ti:::cs.; ;.LL; Ilj.g-j, 
pu13.2 modi voltages 2; mrign(?trons for their 
Sup&I1 j' TJllZIt. :; i~nific2ntlj; en1 ::rccd pu.lcc 
TYl0Cl2'~:ltG~“ xi’.:;:: liild C.i!ncnsrorlz. ?c) overcuir:u il 
thi;; d.r:l;v’tirlc k, klJ,TStrOIlS Wit11 li;W cxole 

Vo 1 tact cor;lpt.r<ible xi t;h ;ila$ of rn:qylet.roll; 
were developed. 

LlJli urlif i eti s c~i (3:; u:;es !cl~strori ctnp’ i - 
i i cr..: wit!! puls~:~ pwi-r’ Ij I.3 opil-:-citing ;it 
2m3de vol tr’.,,c.z Ii!-- .>.> tixxi SO-55 kV. They 
Offi- 1’ i:li;Il i;;GIi coeff ic.if:rli. :.qpz,oxi:l:~lte!;~ 
5ib dl! md eff ic:e:icy ubout /.(;I:&, 
c.i f i c f CD tu1.c i :: 

‘i’he i I’ :;pc?- 
p:ic:ket,cd xt\=on:.mcc bl 0ck 

Cii t1i pC:‘II!LIr._‘:lt foe: Ll:‘ itql; r;n~;rlct riy:; tf:l;l r./11:it 

made unncceo:j:iry focusin,< elect.ror:.;~gnct 
with its po:vei’ supplies. It stlould be noted 
tiizit :itlcjde vol.t~tfy.2 recluc t ii:ri i-11 
iui;k<c:: si;;nific&lt:y :0orc simple1 

s,a;;,c c List’:; 
::te;lsures ori 

iri2iuti?:tsrlCc pci';3Iillel. pl,oti-c’,loli tgtli1ist 
X-rev rrdiation ::ppeurir:g in klystron. Therr 
ilr’e ‘t&,0 modif iccitioris of such low-voltuge 
xlys tr0r.s : .fCll, t:!c river:t,;c pu!Yel’ 5 lc!i EiIlcl 

?5 i:P,‘. 

L)evrloped LUGseries for bea. therapy 
ca;&iu tz of two ~r~odccs: f ixxi,-b:.rzic for ._ 
xcelerated electrons energy up to 20 b!eV 
cud second - for energy up to 40 IkieV. In the 
luttcr version electrons energy is doubled 
due ta t!iei.l* rocirculution ~if t;er being 130c- 
bent by achroxnt ic Isoc?ronou: rnncriet 
syc;tem. 

LUXH-203 for 20 MeiT meets cl1 preset_t- 
d&y radiation therapj requirements. It prc- 
~.ri des fields with required paraneters opera- 
;:ng with electrons of six different ener- 
gles and X-ray rtrdiation ir: the mode with 6 
xnci 1 E I.!eV, T!:i:: ncceler~:‘;ol~ inciy be used 
both for mu1 ti-port irrndiatior: and thtt 
With 360”-1T3t:2tioii 

i? 0 I’ 
. 

c:!ei~g7 sigr,if icril;t v,:ri tit ion under 
the photon irradintior. mode t_e device for 
CTlfl?l'~p;j' colll.l.v~l ir; 3 L:tandLnLq iwve biperiodi- 
cd acce;erLtilg structure with on-axis 
coup1i.n~ ctLvities v”lc~s sugges led and realized. 
it p c--!n; ts t0 Chrtlli7e the plli.se of RF-field 
iriterxcting with the elec%ron beam nt the 
ncc?l.e:‘atiriZ s~ruc t.ze exit. Kecpirlg the 
t, e::c’l dy1mi c Li pl’wticrilly ur:cham~ed in its 
i1iitial part, 

._ 
tile electrons may be f&ddi.tio- 

Iiiil 1.y i:Ccclcr:lted Or I~etrirded uf teir tlreir 
p:x:~,;~r;t? t?lruug!i thi:: device. ‘Cypictll energy 
c:nd ” ii,; __ Opcc t 121 chiwticteristic3 Fire given on 
i 4,. 1. 
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At given er.ergy spectra ‘/O-,15,6 of 
electrons pass through the t~slaIc:nf’ bending 
system. In LUETI-20M accele:*rr.tin& structui.e 
is mounted al 40° to the rotatiu:. ILX~.S. ‘Tire 
betim is 130° bent by the macnet. At both 
abovestrid enci‘gies ;he f ecus spot 011 H 
target isn’ t more thtin 2 mm. The specific 
feature of these lirleilr iiccelerrtto::: tiC:Vc- 
loped in “Elcctrofizika” is possibility for 
progranmied rotational ur~d multi-port irrtl- 
diutiorl during tiie treatment session (mirii- 
computer ‘cased autornized ir~rudiation sgstcm 
is used). 

LI.JE-series for non-destructive control 
consists cf three 1~0~Iels co-:eriq; tire W c!e 
range of X-ray r&ted energies from 6 to 
16 MeV. DL.~ to poxerfu: W-source ~;sed in 
these uccilerotorn, ratlrer hi@ ii--i'Llj' dosi: 
rate - 15 and 30 Gy/min iit. 1 m f ram the 
target is iitlained. Yiglr iritensitie.: make 
possible cignif icant exposure time reduc- 
tion at rtdiographic contrnl of large 
thickness articles. In connection witlr LLSC 

of ne’;y ratiiation control methods, such its 
yeal time ir.ti~oscopy and cor;lpu;er+i.zed to:lcl- 
i;ra?hjr, the apeciul at;enticn was p&id to 
rising of ti;e dose yate stsbility from, p;lIS(! 
to ?ulse ;:n,d long-term stability. Hig!r.ev 
statility ir: achieved botli Luc to kly”t’“l: 
employed ins t cud of mrit;r;otrorl and hir7;h-dio- 
persion waveguide ucceierati:.g structlures 
with hi& acceleration rate, unfortunctely 
being less frequency-dependent tIn7.11 resontr- 
tor StructureY. 

The third croup of ticccle.ra;oI’:: is 
designed for radintiorr processing. It comp- 
rises single-sect ion accelel~~lors for the 
rated energy 8 and 15 IieV witr: the accnlo- 
rate-’ Y clectror~s power 1 ‘j and i’J k;i, ~espcc- 
tivelg. 8 bieV-ucct:lel’~.tor: al-e applied 101, 
medical srticles and preparations sterilizil- 
tion r.nd food irr,tLiai;ion. i,lco t‘ney SUCCC~S- 
fully ILT.J be iL T u _d io 2” r -activ;.t ion element 
analysis of practically- CFi- tilC f?LeiiCrltZ Oi 

Xendeleev tab1 e. Ef feet ivc sou~‘cei: of i oni- 
zing radii-it ion for &nd rlclltrori-tlctiv~tiorl 
analysis r-ire 1 j MeV sirrgle-section accele- 
r:LtorL: cintl double-section eccel eru:o~‘s fi:, 
-;he rated ener,gy JO Me’?. Constrxtion of 
doub1.e -section accelerator for higher 
ElVt?rage JlrXVCl’ (>L;F ;O “I6 ii-;) bt?CdITlcS POS- 
sibie due -to use of two kly:;tron accele- 
ra;ors of average power 25 k\/. iXys;rons 
application, contributing to higher opers- 
tion stability and better eneqy spectrum 
permit; to reduce 1cisse; at ~bea:r1:; t r’:illS p o I‘- 
tation in output devices. Accelerator for 
high ener,3ies xt irii;;h beam power ma’ be u.;cd 
to produe? s110rt-li7:ed isctope - 11 3 3 - widely 
applied in medicine for cingnosti.cs. 

Powerful LUE si.mi.lnr to the other BCCC- 
lerators of unified series, are adapted to 
be used in computer-based ;lu,onized mdia- 
lion complexes. 
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