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Abstract. Methods for anulysis and 
synthesis of circuits for accelerating vol- 
tage formetion in linear induction acccle- 
raters (LIA) are given. '1-e results of C?m- 
p.Jta:ions, physical simulation and expcrl- 
:nent are presented. 

Introduction 

High cost and labour consmption of full- 
scale tests and many ot!:er factors rlalte ne- 
cessary to perfcrm thorough computer Zlrlelysi; 
and synthesis /l/, physical sirnala-tion /2/ 
and optimizai,ioll in the region of eddy cur- 
rents fields generation in LIA. In this re- 
port ;he coriputatiorld and experi:lle~t:l re- 
suits on elec-;ron scurce act eleratir-2 voltl.rc L. 
formation in applied linea? inductiog* :accclc- 
raters al'e given. Tire computational ~roccciu~~e 

of the current threshold value fo‘ the beall 
transverse instability evolution is al.so dcsc- 
ribed. 

1. Sol.ution for a syntllesis problem 

Let's suppose that :he voltnge p;?:lse 
TJ(t)=I(t)*I< .:tiould be formed at 1oad i?. 

scheme as the s eriesl.:; 

ductance pi, load R. 
'I'llen the f crll1i.n~ ci.rcults ;liil‘"'.l" tcro 

(Fig.1 ) will be curnputntcii by l::e folic~sJil1;; 
formulae: 

'1) for 2-cc-L.1 circuits 

[,= g+<:;-, ia,= &y; c,= ’ L, 2,41’11\ ; (1) 
where ?7 1 - is " the main harmonics lo r expanoi- 
on in';0 a series; 

2) for j-cell circuits: 
R cc= f$$J , f 

i,= fE<L-‘LC., ’ C, = F f, 7-j IL' ;' I' 

q = &.; ’ e .L =-y- j/Son 2 2 1 / 

‘rrgf- ‘;“;-- i 
y’ T +il . ..m-o i 

(2) 

Fig.1. Puisc forminE circ;;its 
The a>~l-cheoized circuit parc,Meters dc- 

pend upor, load-l? resistance, including ilon- 
li;lear- in5uc-tor parameters and beam current. 
K-nngnitucie, in ita turn, depel;ds upon for- 
nir;g circui-t configurntlon and pnrametcrs. 
Therefore, forming circ.dit parnr;icters are 
defined mar,? exactly by iterations, inclu- 
ding aboveconsidered circuit synthesis and 
analysis by ob';ained puyame-1:ers. 

2. Anal,ysis of voltu~c pulse fOll~atiOl1 

Pig. 2 sIlons the phj-s..i.c:~.: modci p>inci&l 
scheme. 1::ductancc L diaplayr; tot:--I. thyr%t- 
mn aid storafie I . ci3r pacLt311cc spurio:*c induc- 

tw0 OL' tin-cc COYI 1:: fOlT!ir:,~ tC.llCC'. I'urtiic;: 

l.i:ls model ~JKS used ~.TLS~CZ~ of L1:. 

c. * 

TV- 

*- --I* 

I! 

;;.. “r. --..-- ..~- ------- ~~ --- 7 
;I- ---I 11 E*-1.; .+ .= ,I e. i 

)' _i c. Lb..>. PI.inciptl. ::cl1..1::e <,f 1.:odci of p-5. '2f 
j;cn~'~'iitor fo.:q cccel E)!‘nLo:’ LLA4, 25-:iw 
1.rp CZt;O? tl’Ltl::;l’Ol.‘,:IC.r ir.otil!~.i~ “ 

liliiucto1 ::~+c~JLc~L~--, y:ij.tij.lt;r ie ci.iVldC,5 iii iii) 1 -' 
.Civc ac~:;j.or?:.; conncc ted Wli,iL t:lC C:t.'13 ii:: 
iili’[iii:> Cf Cl-C5 - CLLpLZi tailC<:., ;:I”?z”i:tlrl< tit<: 
(ii:; tl,ibll-l;ed c;n::city ~if -i~x!uc: Ic.r r,ecol.d:+“~? 
i:ULT 1, ccnnecte’5 iYill1 :.,c c1ectron soLll'c~? illld 

el.ectr'3:--b sou~~ce ccpccitance. Investigation 
ca ~ricd out on t?le pl!ljEiC:ll model perriil tr et1 
to dcfinc e:::iCt.!y necc;Itiii1'; e.LeIliC?lltS Elf C3C- 

i> 621. era-i: in?: TJodl,~l.C C~lli‘TUl. Cd :;CLC?I3C Lild " _ 
tl1cj.1: pxw~etei:;. 'Ilicn tl!e ,:ci:elcr:.tir::: :no- 
2ul.e equival.ent ~chcr::e fc.r cornp:;ter cXi::1jY.i.Z 
?',' CL s cor,~tructcd by r,-:le rc::ultn of @ysic:il 
-in:111 eiti31.. l~urL;W~ c3cn synthc>sis itc77.t i 011 ,i &i 
included an:ITyticnl co~p::?n+;Ion by the for- 
nuhe (I) Or (2 j :.nG. niueri cal r:i c.u.l.zLt i :T-. b;j 

Tpl3 equi.vELIC1:l; :;cI‘c!i!ll ::li3Y:ll 011 h'.i;:. 3. 

E'ig.3. Equivalent scheme of nczelerator 
LiA-X,25-200 injcc;or t~ansfol-n?r module 

3. AlporLtlnn for circuit s.X*lyZis 

As t?ierc :1y'e a lc I-r,< ll~:lbel~ of eZl.CiTii-li-l-s 

j 11 equiv:ilcnt sch2nnc of c~cceler;ting voltage 
for;;:ation system (up to ,qc! in stTJ.died sc?eiKC), 
the computer was used to forI. and integrate 
the ssatc equations. 
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The state cqucltions are set up defining 
the circuit directed graph, described by com- 
pie ti- incidence ma,trix /Au/. Katrix dirnensio- 
r,al represer.ta-;ion is nxb, where n - is the 
rluIlber of ur.i f;S) b - number of e:temcnta. 
/Ail/ rrntl9.x col~~~ms are filled with the fol- 
lowin{~ priority: d, C, li,L, I. Writing the 
Kirckhoff 's equutions in the matr+x form: 

li;,~~ii = c, lDlli?l =c ,vihere Z is t;E,e 
v0iti;ge d1*0g vector, i - c,2rrents vector, 
t11c f ol.IoVii.r-~: matrices 

In I = I (L 11, I , wilel~e ‘2 

WC? rr used: j I~,\.*/,?; /,I, 

and L metin belonging to 
the tree and comrnunication~ p=n-1 , +=b-nl.l , 
II - numb e t’ of i;rspl; branches. To obtain the 
sys terli OS cliff erent iul equations let ’ s intro- 
d u - s SUCLI matrix /AI/ that: 

;A,,=,!Z;c~~~~,l7,~zI’= lR,,l$\ (3) 
Ilh t ri c c :: /Al/ and /31/ arc obtained by block 
filling fro::1 matrices /Ba/ and /U/. Iiuvinm 
,‘(JlVCd tile .J uy::tcI!l c-f :i: *‘,eb:.aic equutio~s Y3) 
l,elL:t i.ve1.j: LO li’ 7 +* 9 - -_ ) .${a: 
.- I ULL! : 

L. ‘I’, i,:, i)Z’LCI., 11, 

d -,* -7 7 - - 
lit, LC $,: li Loins,: j’=,jl;,I;~~/‘-jAdl/~~./r (4) 

1’; :; &!,+L ;LIll 
J t 

L ‘, i '&j.<. , tilC??-i /ii/ Ill:ly bC! 

1 'c.7; ;,i t t e I j as f c 11 Or',-3 : 

I:$ c’ dqr = l~~,ll~~I’-IA;,,I~~‘,,~~)’ (5) 
Ori the ‘323c of this: equi,li-t;; the ;yscem of 
diff c:-cnt L::.l CciLLtion.; iii n0:7.1:~1 form, intc- 
r;n,tcd b; the i-tin o;~G.cl~ I~ilI~Gi~-IX PA nctl~cd 
i~:t.; been l’cund. 

4 . ,'31,1 utclii;rl;ii i!.ild c?x:i ei,illlcl, iai 
l.~CUUl LO 

ii:; ; ,,:;.p:li,~r t icll:; !I:lv2 SllO'<~Il t;lc? EVilthT1:;jL 

p coLIcs3 
r c 2ll'Jel'&;ei i,XLf'i' fd',:<-) c ,' ';ye;> ;te;.:p. 

L i 011s. i'*.e foixi~~;: circuit 0bi:ii;:ccl fYo21 tlie- 
B (' cc,: Iput iLl,i31lS ':::.13 tc:ziti:i! :I11 ?I12 r;cce:.el-~at- 
iili: :~:OciUl c p!Ly:3izdl i;odol . ‘L’Yii)-::Cli C’lrC;:.i. L 
VC VLiOli f iI’ vo! 1;:;;: pl:I ::c fo:!wrli,i.ori at tL.0 
t:Lcc L,ut;J :~ulI1’cc‘ isa :>l:otic? :vli. ii:1 300 I.-V , i~:up i..itu- 
cl-: iu-; ZL,C z'i - J ~:-~~di.li;~; \Y,.s :'p:4.1j.-(zd jJ: ucI‘clr.)- 
l',AiO.:‘ i-1,; CJC';:,:'. PC :' ci,L..il;ec; p111 ;;c‘:: Lho ivp 
f,J .! in ti:c miudlc psr-t -i.:: typic2.1. 

lJu1, p.?l.iJC better skip<? SC!.,iCS of c2mpu- 
t...t iorli; id.:; bC.C~‘l pe~foiPncd anti :,-ceLL ;.Ji-- 
;,lj,sc l.i.l:c ::2;~li’-1~1ocici... lli-.s bccil tiC?'JC?loped uild 
,jDt,‘ ,-"t / Q,d . -,'ilC CJ ;uivd cr! t SCllcXl: f Oi' cor~I~l*iu- 
tioli d.iff-rs fl%or.l that 02 Yig.3, third cell ~. 1:; :?c~.tlcC. ~cvc.:~~~~ i t ei’- 1 ions ,?.i.mcd :it dof i.:li.- 
Lioll c1 f o_.!nf.n:; I ine parameters htivc been 
1:1kldC?. 111’: computvtiollal recu1.t of the -tr;nsi- 
,prll; pyoces;: yjith c-7.- U,VILtlieSized f c~rming lint is 
ShOWll Oli Zig. l1,i-t; pUl:;C OIlGpCS, 0btaineC Oi'i 
t!lc ~~11y;:ica.l. r110.hl - on ;?.[;.4,b and o:peri- 
lnI>iJ: al 17szsults " ok tuined on i-e92 ;~ccelerktiw 
~riodu_.e - on I"Q;.J,c. 'frl<z:>e iee:;Elts testi-ty i’ 
to good co-.rel.:~:tioll of Co:rlpLrt, 31: i~oii2.1 2nd ex- 
p c.ri~ltvil2Yl &I;:.. 

5. Gradient-r civine opti:nizu;iorr 

For various applications differer-t tiilie 
dependencies of accelerated particles energy 
iwc needed. ‘i’3 rcaiize the preset pulse shu- 
pe [;radient-r;.vine opti.miz:~ticn methOd. has 
been developed. 

r1), ai 
I,,.b,, iilj, 

~~~~ ,tj; in.’ I 

FYQ;;.4. Pulse shapes (?-cell line): a - graphs 
of computsted load vol.tage and thyratron cur- 
rent pulses ; b - Ioad voltage and inductor 
current pulse waveforms (physical model) ; 
c - pulse waveforms of inductor primary 
wi-nding vol t age and -thyratron current. 
Sca.Le: 2lorizurlLs.l. - 100 m/ciivisio:: (b,c); 

vertical - 5 V/division (b) ; 
‘5 lcV/div.isiorl (c) 

IJet 12 CCJ~lS~cj~~, ills electric circuit vith 
t1.c preset configura-bL0r1 1 EllU p:mX'le i;EIY3 . III- 
trocluce the fOllO~,vinf vccto~~: 

L!i,lL21~ LNLj( &li.,,f. .c 
, 

\'($=(p p 

i' = l ff, t; , 

,/,,i' ,, 

&-)y Fql;,I,, 

2 / ' .A?fl,<> ) ,- 

~dL),+(~,,H.~, ri,,,,) r ) 
., -. vjhere L,C,i?.a,I,J - vectors c0mpc11ents iY?;i*e- 

::en-;. the inductances, capacitances, resistan- 
cei:, vo1.t uge arid cur~cnt sources, core in- 
ductioris, I’cspf2ctivei.y; :<1,, TIC ) iii?, Iu‘E, l!I , NH - 
t11eir r111111bc.r. 

The foI.I.onin~; tlepe~~derlce: 

t’ = fix;< (6, -x, (‘Ai/& 
ff 

(6) 

will be colwidered as i: f unctio:.aI ,~~i-i ei’c 
X3(t) - is 
vii- UP of 

a preset dependency and Xk(t) - 
“Ktt-th vector cf -the component. 

‘To define the antigradient direction 
the following procedure was used: 

1. Ilrcnsient process in :t circuit WCL:; 
conputated with initially preset controls. 

2. Components of gradient vector w.s 
defined by the difference formula: 

a I%:; y: ‘II A /l/a ;: = (r,, ~, - I$,* ) ,,;l y; (7) 
Ali the having been found, tl:c grn- 
&Lent vector VEX normalized per unit: 

,” i’/$ -y; , z 
12 (8) 

and then new control3 wo:‘e fol~nd: 
‘x:,& = klc/d -/b ,3r’/Jy. ‘ ’ wkere ii p C clid 

"hi riurnerical vulue Sef ine:: tile step length 
in the antigradient direction. 

‘ihe initial computations have shown 
that I?-functicn spatial relief in a control 
space is of ravine c:zarac t er . Theref crc grn- 
dient method appeared to be 10:~ efficient. 
SO, the minimum scii~~ll otrrttegy was changed. 
Supposing; approximate symmetry of rti-fine 
slopes in proximity to its bottom, the vec- 
tor of ravine gradient will be found as the 
sum of normalized gradients at ravine oppo- 
site slopes. 
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Computational results are illustrated 
on Fig.5. Tc rise the functional secsitivity 
to controls change, weight coefficients, de- 
pensing upon time, were used. Obtained re- 
suits show t:lat such method is effective Ior 
electrophysi.c:il apparatus .Corminy; circuit:: 
synthesis. 

j7q~yj’,,~, , )*ii : [pzyl i redo 

22 04 02 04 

Pig.?. Fc1.s~ s!~pes: z. - nccelcmtin- volta- 
ge at t;hc rc>c; b - at the co.rc; A - ktid, 
6- preset, B - resulti-& 

6 . Analys is of the b-?nn Intcrac i-ion 
with asymmetric modes of an 
z;ccclcrating tract 

Pal-t ic 11 es in lineal. i.nductio;PL m~rchilt?s 
ore acceler:lted TJ th ~i:~:~.r:iuth:ill~/ ;~yiinae:;~, i ” 
electric field 70, excited by pul-sea i;e~ier,itcr, 
t&irlg into account the hex? iiiadi.::e ef feet . 

Besides, ItF-osc~ll~tioils oi’ d-ipo!.c type (~~1 ) 
are possible, xil;~i mzy result- ix tr:;n:;vel:::e 
bezm instability /4/. 

For pulse 3horteni:lC p;:cl;:)rlenZ’. .Cll.Yt;:i~r~ 
study applied to LLA do:;iC:l, devrl.apizd in 
Ef remov Ins t:i.tute, cid.-~ity ,nodcl wi3 l~:;cd /I:/. 

The cql.xtio3 for liel~d a~;:p i.itude is: 
L i(’ ~y~~‘~~ , ) (9) 

w:lei-e +! = UVL’L ; IV - f requelicg; 4 - qi:ll.i.ty 
factor; -2 - vector eiienfunction. 
pelticle:; dyil3CcR iVZ.; dcf in& f’i~o~.: eqix: tier: 

p+-ilY^_ fig (10) 
,- 

where A= xrjy; -- {: = fi i.: i p, 

i Lz+ L!/? ’ 

r,j,sR,, fr3=iCi_Pot, ,G,i--sk ‘+L 

h- cavity length; CL - channel rzzctius ; 
3, - focusing field. 

i’roJ3 (g), (IOj follovi3 thtAx ins tabi l.ity 
evolution depends upon current constant com- 
ponent with the threshold value for iz sin{;lc 
secclon: 

(11) 
Zr 1 Bzl ,\ =- -- &w b/?*L fe : /, 

wkere F= -r (-‘-rcJ~+;fGG-jj$ 
G - I: \ & Q=Q?, - 9) 

The fielcl ampli.tude for n-th section is 
varied wccrding tc ratio /5/: 

5 + ‘4, p, = 34 c-‘>q: (2-1 ’ i) X-f 

where CT= / - (/?-/I$ 

(12) 

nel vacuum tube mrzde of X-220 cerwics wi:th 
covar cones, applied in LIA-5/5000, dipol.e- 
type resonance was revealed at 3.555 GlIz - 
frequency with Q ,-IO and R&,/Q = 1 k /m. 
These values nt h=l m; ,J:, =2 and B,=0.05 ‘I’ 
correspond to threshold cur~en; lt..&jOO A. 

A3 the experimental investigations 
:;now ) described methods for accelerating vol- 
;age pulse f orma-cion permit to reduce signi- 
ficantly the time for tuning of LIB pul- 
sed generators forming circuits. Developed 
method of gradienx-rk:Lvine optimiz:ition makes 
possi.ble to define parameters of generators 
forming volta;l;e puise of trl’bitrwy shape. 
Relationship obtained analyzing the betrn 
intornction wit3 W-modes of an accelerztilig 
tract pelxit t3 eva;uatc till-e3ilold CU::~C?Tlt 

for .t11e bear:, tr.iL11:3Ve:'se instability cvolu- 
tion. 

1. 

:' . 

3. 

4 * 

5. 

Uc:l:3l<v I;:.‘. . , l;it:;:Lllj;iii Yu.A. , I.‘I:.;‘os:;:ii- 
clicriko :i.A. Itcrntion p~‘occdur~1 “0:. 
;ynthz:;i:: CL- Inctu:;pl l?Z ‘v-0 1.tq;e PUlSi 
fomlil:,; c3.;~cui.i,:; i.:: LX. - :m-. , ; Ljs;-;... 
14 p. (~.rop~*i.xt Ili.:~l~l~fl,/‘l’;I:~lttt:~i~.:il-ll‘o~‘;~~: 
:3-(!'i'gl ; . 

dwxky I... I . lnvc;; :j.:;;iticri of ::.cxe 1 e?i:- 
-cin[; v3.1 ia;:!: pu I 3c fo.r:xtioll i ri cqu: v::- 
1cr1t scl.el.!e :!.ili2:'.r i;~ciuc tiori uccr:i.etztoi’. 
( _:13jmborv i ?;ekilr.-ii::! c::sp??sil:lcilt;i. 1 !I:>:; , 

1: 6 ? p.:yj--2,, j . 

];Ail-03hlli c:lenko il.L. C012p:;2X:LO:-I Ci :.CC:C'- 

lerctiri- -JoIt base f or:?iiic- ci.>scuiic by 
gr~udier~~-:ylville rnelhocl..“l a?0 (NIIClc2L 
pi~cprirlt/‘I’BIJ;I:~i m!.inf 01’:x: i!-0846 1 . 
Brici;s H. J. et al. 1f13ea:n ii-fl~:~i.:ic; i.n the 
ETfi ~:l(.l A’:‘;1 IO kA Lineal, .I::Cuc -iio:: izcc i?- 
lfnjyL;(],.‘;” . .- IXJiJE prall” 0.: ijs, 15:,0, 

v.iis-20, i! 3, p.?360-:164. 
0~1 ov A.;;. $11:1L;~,siz of spcci.fic lc:~~u-TCz 
of tile curreri-5 pulse shortening eff CC% in 
linem.~ inLactioi1 acccle:-st31’. ZhTF, 19B6, 
V.56, 1: 3, p.497-504. 

Values of U-1, RWL and Q mere defined 
experimentally, measurements were perf orrned 
at low-~omcr level. For 13.0 cm FUltiSeCtiO- 


