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11HKHH B.n •• HnKonaeB B.fl., CililpHoB :A.B. 10 - 11512 
11cnonb30BaHHe anropHrMa npnMoro noHCKa B cHcreMe 

·aBTOMSTII'IeCKOrO ynpaBliCHHn <j>oKyCHpOBKOlf lly'IK8 B liiiiielillOM 

HHllYKUIIOllHOM yCKOpHTelie "CHflYHn' 

B pa6ore npHnOlll!TCSI onncaH!Ie CHCTeMhi anroMaTit'IeCKoro ynpaBncHHSI 

tjloKyCHpyiOWI!M MarHHTHbiM liOlieM mtHeftHOrO >!llll)'KUIIOIIHOrO yCKOpiiTCJlSI 

'CHflYHn', pa6oraiOmeil Ha liHHitll c 38M TPA/i, anropHrMa nporpaMMhl 

$OKYC!tpOBKII TOK8 B ycKOpitTelle II 3KCnepHMeHT8libHHX pe3ylibTI1TOB, 

nonyqeHHhiX B npouecce Hacrpol!KII MarHHTHoro nonS!. BenH'IHHa .roKa Ha 

BhiXOilC ycKOpHTCliSI liOClie SBTOMATit'ICCKOH <jloKyCitpOBKU He MeHblllC 

o6bi'IHOro pa6oqero 3Ha'IeHHSI, nonyqaeMoro B py'IHQM pe>KHMe. 

Pa6oTa BblliOl!HeHa B Ornene HOBblX MeTO/lOB ycKopenHSI OIHIH. 

Coo61IlcHH8 Q6bcAHHCHHOrO HHCTitTyTa SlllcpHbiX HCClicAOBBHllli. lly6Ha 1978 

Inkin V.D.,Nikolaev V.P., Smirnov A.V. 10 - 11512 
The Use of a Straight Search Algorithm in a System 
of Automatic Control in Linear Induction Accelerator 

"SILUND" 

An automatic control system of the focusing magnetic field 
of the linear induction accelerator "SILUND" operating on-line with 
the TPA/i computer is described as well as the program algo­
rithm of current focusing at the accelerator output and experimen­
tal results obtained when checking out the magnetic field. The 
current value on the accelerator output after automatic focusing 
js not less than the usually obtained for manual mode. 

The· investigation has been performed at the Dep.~rtment 
of New .Accelet·ation Methods, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubno 1978 

© ](}78 06'bePHHeHHbl/l HllCTJU"yT RJJepllbiX HCCileltOBBHHJi /!y6Ira 

1. BBEAEHHE 

B cHnLHOToqHoM nHHeHHOM HH~YK~HOHHOM ycKopHTene 

"CHJIYH,IJ;" !lloKycHpOBKa nyqKa JneKTPOHOB ocyll-'eCTBnJleT­

CJI npo~onLHLIM coneHOH~anLHLIM MarHHTHLIM noneM. Pe­

rynHpOBKa BenHqHHLI nonJI B 5 CeK~HJIX yCKOpHTenJI npOH3-

BO~HTCJI nocpe~CTBOM H3MeHeHHJI 3a~ep)I(KH JanycKa THpH­

CTOpHLIX KOMMyTaTOpOB OTHOCHTenLHO nyqKa/4/. HacTpOH­

Ka onepaTopoM uenHqHHLI MarHHTHoro nonJI B ceK~HJIX 

B OCHOBHOM JaKmoqaeTCJI B no~6ope TaKOrO 3HaqeHHJI Ja­

~ep)l(eK B ~enJIX JanycKa KOMMyTaTOpOB, npH KOTOPLIX 

TOK Ha BLIXO~e YCKOpHTenJI onTHManLHLIH. AnnapaTypa 

ynpauneHHJI !lloKycHpyiOmHM MarHHTHLIM noneM, pa6oTaiO­

maJI Ha nHHHH C 3BM, o6ecneqHsaeT BLinOnHeHHe lilYHK~HH 
no HaCTpOHKe BenHqHH nonJI B 5 ceK~HJIX yCKOpHTenJI 

B HeKoTopoM Ja~aHHOM pe)I(HMe pa6oTLI ycKopHTenJI. PonL 

onepaTopa CBO~HTCJI K 3a~aHHIO Tpe6yeMOrO pe)I(HMa H 

yqacTHIO B ycTpaHeHHH auapHHHLIX CHTya~HH. TaKoH cno­

co6 opraHH3a~HH ynpauneHHJI npe~nonaraeT aBTOMaTHqe -

CKYIO HaCTpOHKy Ha Ja~aHHLIH pe)I(HM C OnTHMH3a~HeH OC­

HOBHLIX napaMeTpOB npo~ecca. PeweHHe Ja~aqH OnTHMH­

Ja~HH MHOronapaMeTpHqeCKHX CHCTeM CBO~HTCJI, KaK npa­

BHnO, K nOHCKY 3KCTpeMyMa lilYHK~HOHana, Ha3LIBaeMOrO 

lilYHK~HeH KaqeCTBa ynpaBnJleMOH CHCTeMLI. B HaweM cny­

qae lilYHK~HJI KaqeCTBa - TOK nyqKa Ha BLIXO~e YCKOpHTenJI 

H pewaeTCJI Ja~aqa OTLICKaHHJI MaKCHMyMa 3TOrO TOKa. 

HHTeHCHBHO pa3BHBaiOmHeCJI B nocne~Hee upeMB MeTO~LI 

npBMOrO nOHCKa 3KCTpeMyMOB MHOronapaMeTpHqeCKHX 

lilYHK~HOHanOB n03BOnJIIOT pewaTL ~aHHYIO Ja~aqy no ~o­

CTaToqHo npOCTLIM anropHTMaM, peanH3aUHJI KOTOpLIX B03-

MO)I(Ha Ha ManLIX 3BM npH npaKTHqeCKH npHeMneMLIX Bpe­

MeHaX nOHCKa peWeHHJI. 

3 



-~u ~ 
~ 
«:() 
fl) 

4 

~ 
~ 
~ 
0 
s:: 

~ ;:s 
;r 
~ 

~ ;:s 
u 
Q 
0 

'1:1. 

~ ;:s 
;z: 
~ 
~ 
(X) 

0 

~ 
~ 

:0 
~ 
~ 
lit 
u 
;:s 
u 
0 
~ 
~ 

>< u 
I 
:.: 
0 
~ 

l.q 

~ 

1-i 
;:s 
Q, 

2. OEJ4EE OIIHCAHHE CHCTEMhl 

JinOK- cxeMa CHCTeMbl ynpaaneHHB clJoKyCHpYJO~HM no­
neM npuae.D;eHa Ha puc. 1. AnnapaTypa ynpaaneHHB Bblnon­
HeHa a cTaH.D;apTe KAMAK. Ha BXO.D;bl ynpaanseMblX 3a­
.D;ep)KeK THna 051/a/ nocTynaiOT CHrHallbl C CHHXpOHH3aTo­
pa ycKopuTens qepe3 pa3BeTBHTenL THna 055. ~uana3oH 
perynHpOBKH 3a,D;ep)KeK~/2 16 -1/ ·0,1 MKC C warOM 0,1 MKC. 

C BbiXO.D;a 3a,D;ep)KeK CHrHanbl nOCTynaiOT Ha BXO.D;bl CHC­
TeMbl clJopMHpoaaHHB clJoKycupyro~ero MarHHTHoro nons I 4/ . 
~llHTellbHOCTb HMnynLCa TOKa Ha BblXO,D;e yCKOpHTenB 
~20 HC. MHHHMallbHaB .D;llHTellbHOCTb HMnyllbCOB, KOTOPYJO 
MO)KHO H3MepBTL c noMO~LIO 1024-KaHanLHoro Al.J,II 
JOAN-40 , pasHa 250 HC. llo3TOMY curHan, nponopu;uo­
HanLHblH TOKY Ha BblXO,D;e 5-H CeKD;BH ycKOpHTellB, CHBMae­
MblH c nosca PoroacKoro, nocne npe.D;aapuTenLHoro ocna6-
neHHB nocTynaeT Ha axo.D; cneu;uanLHO pa3pa6oTaHHoro 
.D;HcllclJepeHD;BallbHOrO paCWHPBTellB BMnyllbCOB; CHrHall C 
BblXO.D;a pacwupHTens H3MepseTCB Al.J,II. TiapaMeTpbl pac­
WHpBTenB: ,D;Hana30H aMnllHTY.IJ. paClliHpBeMblX HMnynLCOB -
0+ ±5 B, .D;llHTellbHOCTb HMnynLCa Ha BXO,D;e ::::_10 HC, 

,IJ.nHTellbHOCTb Ha BbiXO,D;e > 500 HC, HHTerpallbHaB HenH­
HeHHOCTb ::; 3'1o B .D;Hana3oHe axo.D;HblX curHanoa 1 B-:- 5 B. 
HHclJopMau;HB H3 AU.TI cquTLIBaeTCB a 3BM TP!A-i. 
Bb16op pe)KHMa pa6oTbl cHcTeMbl ocy~ecTanseTcB c Tene­
Taiina. llpou;ecc HaCTpOHKB clJoKyCHpylO~X noneii OT06pa­

)KaeTCB Ha TeneTaiine. 

3. OIIHCAHHE AJITOPHTMA PAEOTJJ 
IIPOTPAMMJJ YIIPABJIEHH.H 
lPOKYCHPYIOJ4HM IIOJIEM 

llyCTb l, TOK Ha BblXO,D;e ycKOpHTellB, eCTb HeB3BeCTHaB 
clJyHKD;HB 5 nepeMeHHblX: Xl, x2, .. ,, x5, r.D;e nepeMeHHblMH 
BBllBIOTCB 3HaqeHHB 3a,D;ep)KeK B u;enH 3anycKa KOMMyTaTo-

5 



poB CHCTeMbl 4JopMHpoBaHHH 4JoKycHpyiO~ero MarHHTHoro 
nonx. IloHcK onTHManLHoro Ha6opa pa6oqHx ycnosHii I x * = 
=(X*, X*, ••• , X*5)/ npOBO,IJ,HTCH no D;HKnaM, HaqHHaH C He· 

1 2 .... ( 1) KOToporo HaqanLHoro Ha6opa 3HaqeHHH x • l13MeHeHHe 
v .... 

Ha6opa 3HaqeHHH x ocymecrsnxercx cne,IJ,yiOmHM o6pa-
30M IHH,IJ,eKC npH BeKTOpe ; ~) yKa3LIBaeT nopH,IJ,OK 
npoBe,IJ,eHHH H3MeHeHHH, HH,IJ,eKC B KpyrnbiX CK06KaX 03Ha· 
qaer HOMep D;HKna, o (n) -war H3MeHeHHH aenHqHHLI x(n) I: 

k k 

IIopx,IJ,oK BeKropHoe OrKnHK 
o6o3HaqeHHe 

0 [x<:)-o(~)][x<~) -o ~) ]· .. [x<~>-o <~] .... (n) I (n) 
X 0 0 

1 (X(~) +O(~)][ X(~)- o (~)] ... (X (~)-o (~)] ~ (n) I (n) 
1 1 

2 [ (n) _ 0(n)][ (n) 0 (n)] [ (n) _ 
0 

(n) ] 
X 1 1 X 2 + 2 ... X5 5 

.... (n) 
X 2 

- (n) 
I 2 

. . . . . . . . 
5 (X (n) -o(n))( X (n) - O(n) ]. .. (X (n) + 0 (n)] .... (n) - (n) 

1 1 2 2 5 5 X 5 I 5 

IlpH Ka:>K,IJ,OH COBOKynHOCTH ynpaanHIO~HX nepeMeHHhiX 
H3MepxeTCH HeCKOnhKO 3HaqeHHH TOKa I~) H BblqHcnxeT­
ex Bbl6opoqHoe cpe,IJ,Hee f<n) H Bbl6opoqHoe cpe,IJ,Hee KBa,IJ,­

k 

vo2 
pa THqHoe OTKnoHeHHe I(~) • Or 
qHHa o ~) yMeHLwaercx no 3aKoHy 

n+1 (1) 
(n) (-1) •O k 

ok 
n 1/4 

D;HKna K u;HKny aenH-

113 HeKo~opoii cepHH 3KcnepHMeHTOB nonyqaercx px,IJ, 
3HaqeHHH I ~) . Ilo 3THM 3HaqeHHHM npHHHMaercx He­
Koropoe peweHHe o aenHqHHe x->(n+ l) ,IJ,nx cne,IJ,yiOmero 
D;HKna cornacHo cne,IJ,yiOmeMy npaaHny: 

X (n + 1)= X (n) + L\ (n) • a (n) 
k k k k 

6 

'QOQHU'! naPQMeJ­
pa nPO!iHt¥x waro5 

~J( (I} lr= f+5 
U 'IUC'AQ U/MeDeHuJ 
mo""' ..m ~ra.xdoM 
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Puc. 2. EAoK- cxe..wa npozpaMMbJ HacmpoiiKu (JoKycupyJOUiezo 
MQZHUIIIHOZO nOAJI. 
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A (n) 
3HaqeHHe Ll k onpe,IJ,en.ReTC.R Ha n· M I.J;HKne B COOT-

BeTCTBHH CO cne,IJ,yiOII.J;HMH npaBHnaMH: 

~ (n) 
k l 

+1, ecnH 
- (n) -- - (n) 
Ik-I 0 >f, 

0, ecnu 
- (n) - (n) 

-f:Slk-IO < f 

- (n) - (n) 
- 1, ecnH I k - I 0 < - f • 

BenuquHa f BLI6HpaeTC.R 3KcnepHMeHTanbHO H 3aBHCHT oT 

qucna H3MepeHHH TOKa npH Ka:>K.IJ.OM Ha6ope 3a,IJ,ep:>KeK, 

2 
cpe,IJ,Hero KBa,IJ,paTHqHoro oTKnoHeHH.R v o y(n) H CTPYKTYPhi 

k 
clJyHKUHH I (x 

1
x

2 
, ... , x 

5
). B HaweM cnyqae f=5. 3HaqeHH.R ToKa 

I H f se3,IJ,e npHBO.IJ..RTC.R B KaHanax AIJ.ll. llocTO.RHHLie 

a. (n) onpe,IJ,en.RIOTC.R no clJopMyne 
k n+l (1) 

2·(-1) ·ok 
o.<n) = -------, 

k 3/4 
n 

llpH BLinonHeHHH p.R.IJ.a nocne,IJ,osa TenbHbiX JKcnepHMeH­

TOB BenHqHHa ~ (~) CTaHOBHTC.R H3BeCTHOH. )J.anee B TOM 

:>Ke UHKne npOH3BO,!J,HTC.R O,!J,HOBpeMeHHa.R KOppeKI.J;H.R BCeX 

senuquH x k no clJopMyne 

(n;h) (n) h A (n) 
X =X + •u 

k k k 
• a (n) 

. k 

r,IJ,e h - BTOpHqHbiH K03clJ4>Hu;HeHT, paBHbiH 1 ,IJ,n.R nepBOH 

COBMeCTHOH KOppeKTHpOBKH, 2 - ,IJ,n.R BTOpOH H T .,IJ,. Kop­

peKTHpOBKa npo,IJ,on:>KaeTc.R .IJ.O Tex nop, noKa senuqHHbi 

I (n; h) He nepecTaHyT B03pacTaTb, T .e. noKa He Hapy­

waeTc.R HepaBeHCTBO 

I (n;h) < I (n;2) < < I
(n;h-1) (n·h) ... < I ' 

HaqHHa.R (n+ 1) UHKn~ BenHqHHY Xk npupaBHHBaeM Bbl" 

pa:>KeHHIO 

x(n+l)=X(n;h-1) =X(n)+(h- 1).6_(n). a(n) •. 
k k k k k 
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Puc. 4. KpueaJI uaMeHeHUJI eeAu~uHbl aaoepxKu xl e 14enu 
aanycKa KOMMYiflamopa nepeou ceKI#UU B npo14ecce onmuMu3aijuu. 
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Puc. 5. KpueaJI U3MeHeHUJI eeAu~UHbt 3aOepxKu x2 e 14enu 
3anycKa KOMMymamopa emopou ceKI#UU e npo14ecce onmuMu3al#uu . 



OnucaHHaJI BblWe nocne~oBaTenhHOCTh CXO)l.HTCJI B Toq­

Ke noKanhHOro onTHMyMa x*. EcnH u;eneBaJI IPYHKUHJI npo­

u;ecca HMeeT nHWh O)l.HH 3KCTpeMyM, paCCMOTpeHHaJI no­

cne,noBaTenhHOCTh cxo,IJ.HTCJI K HeMy. Ecnu cyi.UeCTByeT 

HeCKOnhKO 3KCTpeMyMOB, pa,IJ.HKanhHhiM H3MeHeHHeM HC­

XO)l.HOH TO'IKH MO~HO npOH3BeCTH llOHCK a6COniDTHOrO 3K­

CTpeMyMa /1/ • 
,J:\aHHblH anropHTM MO~eT ycneWHO npHMeHJIThCJI H B TOM 

cnyqae, ecnH BeKTOp i * MeHJleTCJI C Te'leHHeM BpeMeHH. 

~3(/1<-C~'<} 
I 

.. & .. 7 

7;:6 

~ 

7!'t 

7.23 

722 

7<'f 

1~ 

"' 
"!t8 

1/l ,, 
,,, 

"" 
713 

712 

7ft 

110 

7::19 

']!;l'l 

707 

706 t ,_,O,.,Ilp '4UI<AQ 

ws; 151JJ1i,J}Z;JiJJl''~k&~~~b& 

Puc. 6. KpueaJI U3MeHeHUJI eeAU'IUHbl 3aoepJKKU x3 e t~enu 
3anycKa KOMMymamopa mpem&eu ceKl#UU e npo[#ecce onmu­
MU3a(#uu. 
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B 3TOM cnyqae cucTeMa, ocyi.UeCTBnxx noucK c HeKoTopbiM 

llOCTOJIHHblM warOM 0 k, Cne,IJ.HT 3a H3MeHJIIOliJ;HMCJI MaK­

CHMYMOM TOKa,T .e.pa6oTaeT B pe~HMe CTa6HnH3aiJ;HH TOKa. 

HaqanhHaJI TO'IKa noHcKa /BeKTop x (l) I Bbl6HpaeTCJI 

B TaKOM ,IJ.Hana30He 3Ha'leHHH 3a,IJ.ep~eK, npH KOTOpOM I> 0 . 
OnepaTop, HCllOnh3YJI CBOe 3HaHHe npou;ecca, MO~eT Bb16paTh 

X (l) ,IJ.OBOnhHO 6nH3KO K x*' B 3TOM cnyqae 'IHCno IJ;HK­

noB llOHCKa MaKCHMyMa TOKa MO~eT CyliJ;eCTBeHHO yMeHb­

WHThCJI. Ha puc. 2.naHa 6noK-cxeMa nporpaMMbl. 

Ha puc. 3. npHBe,IJ.eH rpa4JHK Bhl6opo'IHoro cpe.nHero 

3Ha'leHHJI TOKa B 3aBHCHMOCTH OT HOMepa IJ;HKna OllTHMH-

3aiJ;HH /no OCH Op,ll.HHaT - 3Ha'leHHJI TOKa B KaHanax AlUI/. 

Ha puc. 4-6 noKa3aHhi H3MeHeHHJI 3a,IJ.ep~eK xl, x2, x3 , 
nony'leHHhiX B npou;ecce OllTHMH3aiJ;HH. 0nTHMH3aiJ;HJI Be­

nach c waroM o\1)= o<~) = ... = o<
5
1) = 3 MKC. Ha K~.IJ.OM 

mare llOHCKa npOBO,IJ.HnOCh 4 H3MepeHHJI BenH'IHHbl TOKa 

Ha BhiXO,IJ.e YCKOpHTenJI. BenH'IHHa TOKa Ha BhiXO,IJ.e YCKO­

pHTenJI nocne aBTOMaTH'IeCKOH 4JoKyCHpOBKH He MeHbWe 

o6hl'IHoro pa6oqero 3Ha'leHHJI, nonyqaeMoro onepaTopaMH, 

HacTpaHBaiOIIJ;HMH ycKopuTenh B py'IHOM pe~HMe. 

B JaKnro'leHHe aBTOphi Bhlpa~aroT HCKpeHHIOIO 6naro.nap­

HOCTh r .B.,L\on6HnOBY H A.II.CyM6aeBy 3a none3Hhle o6-

cy~,IJ.eHHJI H llOMOliJ;h B pa6oTe. 
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