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1. BBEAEHJ.1E 

8 KonneKTI1BHOM YCKOPI-1Tene Tfl>KeflbiX 110HOB /KYT\-1/ 3fleKTpOHHble 
KOflb~a ¢opMI1PY~TCR B aAre3aTope np11 3aXBaTe Cl-1flbHOT04HOrO 
3fleKTPOHHOrO ny4Ka Ha Ha4aflbHY~ paBHOBeCHY~ Kpyroey~ op611Ty/1/. 
napaMeTp~ 11H>KeKT11pyeMbiX fli1He~HbiX 3fleKTPOHHbiX ny4KOB Bbl611pa~T

CH TaK, 4TO OHI1 o6ecne411Ba~T MaKCI1MaflbHO B03MO>KHOe KOfll14eCTBO 
3fleKTpOHOB B KOflb~e 11 MI1HI1MaflbHble era pa3Mepbl B C>KaTOM COCTOH
HI111, 4TO OnpeAenHeT 3¢¢eKT11BHOCTb KOnneKTI1BHOrO MeTOAa yCKOpe
HI1H 1-iOHOB 3neKTpoHHbiMI1 KOflb~aMI1. KaK 11H>KeKTOP e KYTH OHRH 11C
nonbayeTcH ni1He~Hbl~ 11HAYK~I10HHbl~ ycKopi1Tenb 3neKTpoHOB CHnYHA. 
Konl14ecTeo 3neKTpoHoe, aaxea4eHHbiX Ha Ha4anbHY~ paeHoeecHy~ 
op611Ty Ne, aae11c11T OT 6onbworo 411cna ynpaenHeMbiX 11 He ynpae
nHeMbiX ¢aKTOpOB, a TaK>Ke OT cny4a~HbiX B03Ae~CTBI1~, B03HI1Ka~U\11X 

e npo~ecce ycKopeHHH. B TaK~x ycnoB11HX npi1XOA11TCH nep110A114eCKI1 
ocy~ecTBnHTb nOACTPO~KY pe>KI1Ma pa6oTbl ycKOPI1TenH. OnepaTop np11 
3TOM 4aCTO Ae~CTByeT 11HTYI1TI1BHO 11, CfleA6BaTenbHO, HeT TBepAO~ 
rapaHTI111, 4TO Ha~AeHHbl~ pe>KI1M Hal1ny4WI1~. Cno>KHOCTb ¢113114eCKI1X 
npo~eccoe aaTPYAHHeT nony4eHI1e pa6oTocnoco6Ho~ AeTepMI1HI1CTI14e
cKo~ MOAenl1, CBH3b1Ba~~e~ Ne c rnaBHbiMI1 ynpaenH~~I1MI1 napaMeTpa
MI1. B 3TI1X ycnoe11Hx ecTecTBeHHo paccMaTpi1BaTb ycKOpi1Tenb KaK 
MHoronapaMeTpl14eCK11~ o6ceKT 3KcTpeManbHoro ynpaeneHI1H. 

¢yHK~I1e~ Ka4eCTBa HBflHeTCR Befli1411Ha, nponop~110HaflbHaR KO
nl14eCTBY 3neKTPOHoe, aaxea4eHHbiX e aAresaTope npoTOTI1na KYTH 
Ha paBHOBeCHy~ op611Ty. 

2.0omEE OnHCAHHE CHCTEM~ 

0CHOBHO~ 3aAa4e~, KOTOpaH pewanacb np11 paapa60TKe CI1CTeMbl 
aeToMaTI1311poeaHHoro ynpaeneHI1H Ne, HBnHnacb saAa4a cxeMaTI1aa
~1111 CTPYKTYPbl ynpaeneHI1H 11 BbiHBneHI1R ¢aKTopoe, cy~ecTBeHHbiX 

AnR ynpaeneHI1H. B peaynbTaTe orpaHI14eHo 411cno ea>KHbiX 3neMeHToe 
11 CBH3e~. oblnl1 Bbl6paHbl e Ka4eCTBe ynpaenR~~I1X napaMeTpoe cne
AY~~I1e napaMeTpbl ynpaeneHI1H: eeni1411Ha ¢oKyc11py~~11x none~ e nep
BbiX Tpex ceK~I1HX ycKOPI1TenH CHnYHA, epeMeHHoe nonomeHI1e 11Mnynb
coe 11H>KeKTopa, KoppeKTopa 11 11Mnynbca aanycKa 1-~ ceK~I111. 

8bi60p 3TI1X napaMeTpOB B OCHOBHOM o6ycnaBni1Ban~R 11CnOflb30Ba
H11eM 3BPI1CTI14eCKO~ MOAefll1, B03HI1Ka~~e~ B peaynbTaTe ¢opManbHQ
ro on11caH11R Ae~CTBI1~ 4enoaeKa-onepaTopa 11 cTpeMneHI1eM o6ecne-
411Tb BbiCOKOe Ka4eCTBO ynpaeneHI1R np11 CpaBHI1TenbHO He6onbWI1X 
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PHc.l. BnoK-cxeMa CHCTeMw. 

3aTpaTax Ha C03AaHHe H 3KCnnyaTa~H~ CHCTeMbl. TaK KaK B HaCTOR
~ee speMR AHanaaoH~ H3MeHeHHR swwenepe4HcneHH~x napaMeTpos on
peAeneH~ C AOCTaT04HO BWCOKOR T04HOCTb~ npM onpeAeneHHOR CHHX
pOHHOCTH cpa6aTbiBaHHR MOAYflRTOpOB YCKOpHTenR C~nYHA, B03MOmHO 
pewaTb OAH03KCTpeManbHY~ 3aAa4y onTHManbHoro ynpasneHHR. CHH
xpoHH3a~MR cpa6aTWBaHHR MOAYflRTOpOB B~nonHReTCR CMCTeMOH aBTO
MaTK4eCKOH CHHXpOHH3a~MM MOAYflRTOpOB YCKOpHTenR, KOTOpaR o6ec
ne4HBaeT BWCOKy~ CTeneHb BOCnpOM3BOAMMOCTM HacTpoAKM M ycnew
HO sapeKoMeHAOBana ce6R s npo~ecce on~THoR 3KcnnyaTa~~~~~/2/. 
3a $YHK~M~ OTKflMKa B CKCTeMe npKHHMaeTCR aMnnKTYAa CMrHana o6-
paTHOR BWCaAKM 3neKTpOHHOro KOflb~a C $OT03neKTpOHHOrO YMHOmM
TenR /~3Y/. CMrHan C $3Y 4epes HOpManH3Y~~MA ycMnHTenb noAaeT
CR Ha AUn/3/ /pMc. 1/. PerynMposKa senH4MHbl (j>oKycHpy~~ero nonR 
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B C~nYHAe npOH3BOAMTCR nocpeACTBOM H3MeHeHMR senM4HH~ 3aAepm
KH B ~enRX aanycKa THPHCTOpHWX KOMMyTaTopos/4/. 

Ha PHC. 1 6noKH 3aAepmeK n32, n33, ns4/5/ B ~enRX sanycKa 

(j>OpMHPOBaTeneH MarHHTHoro nonR /$1 ,<\12 ,<i>3/, HMnyJlbCbl H~ BXOAbl 
6noKoB saAepmeK nocTyna~T oT CHHxpoHH3aTopa ycKopHTenR. AMana
soH H3MeHeHHR BeJ1H4HHW 3aAepmKH 0-/216-1/·0,1 MKC, MHHKM~nb
HWA war H3MeHeHHR 0,1 MKC. 

6noKH HaHoceKYHAHoA saAepmKH Kn301 /n35,n36,n37/ cnymaT 
AflR ynpasneHHR speMeHHWM nonomeHHeM HMnynbCOB HHmeKTOpa, KOp
peKTOpa H HMnynbCOB MOAYJ1RTOPOB 1-A CeK~HH C~nYHAa. 

AHanasoH H3MeHeHHR senH4MHW saAepmKM 6noKa Kn301 -
0+63,5 HC, MMHHManbHWA war H3MeHeHHR - 0,5 HC. Ha BXOAW 6no
KOB 3aAepmeK HMnynbCW nocTyna~T C COOTBeTCTBY~~MX KaHaJlOB 
CHHXpOHM3aTopa yCKOpMTeJlR. 

0To6pameHMe npo~ecca onTKMMsa~HM ocy~ecTsnReTCR ne4aTb~ 
Ha AUnY DZM-180 M BbiBOAMTCR Ha TeneBH3HOHHbiA npHeMHHK "3nei<T
poHMKa-U43011 c noMo~b~ MHTep$eAca TV-2. Ha4anbH~e 3Ha4eHMR 
ynpaBnReM~X napaMeTpOB ycTaHaBnMBa~TCR MCXOAR H3 npeABapKTenb
HO HaKonneHHoro onbiTa s6nH3M onTHManbHbiX 3Ha.HeHKi1, a AanbHeA
weM peanM3yeTCR anropMTM npRMOrO nOMCKa/6/c nOCTORHH~M warOM. 
AnR ynpasneHMR senM4HHoA (j>OKYCMPY~~ero nonR war H3MeHeHHR se
nM4MHbl 3aAepmKH Bbl6pa'H paBHbiM 1 MKC, a AnR 8enH4MHbl 3aAepmeK 
B ~enRX (j>OpMMp08aTeJ1R MMnynbCOB MHmeKTOpa, KOppeKTOpa H 1-R 
ceK~MH - pasHWM 1 He. Bw6op KaK caMoro anropHTMa onTMMH3a~HM, 
TaK H senH4HHW waros H3MeHeHHR nepeMeHHWX o6ycnosneH cneAy~
~HMM (j>aKTOpaMM: 

- nOMCK 8eAeTCR B6J1M3M onTHMaJ1bH~X yCJ108MA, 4TO o6ecne4M
BaeT AOCTaT04HO 6WCTpy~ CXOAMMOCTb nOHCKa K onTMManbHWM 3Ha-
4eHHRM; 

- noMCK BeAeTCR HenpepW8HO 8 npo~ecce pa6oTW YCKOpMTenR, 
H H3MeHeHHR pa604HX YCJ10BHA 8 npo~ecce nOMCKa AOnmH~ 6WTb AO
CTaT04HO Manw, 4T06W cy~eCTBeHHO He YXYAWaTb Ka4eCT80 pa60TW 
YCKOPHTenR; 

- 8enH4MHa war a AOnmHa 6b1Tb AOCTaT04HO 8enMKa, 4T06bl He 
noTepRTb T04KY MaKCHMyMa H3-3a era ApeA(j>a. 

3. nPOrPAMMHOE 06ECnE4EH~E C~CTEMbl 

nep8WM waroM B HaCTpoRKe YCKOPMTenR RBnReTCR CMHXPOHM3a~HR 
MOAYJ1RTOPOB nMHeRHoro HHAYK~HOHHOrO ycKOPHTenR 3fl81<TpOHOB 
C~nYHA. CMCTeMa aBTOMaTH4eCKOA CHHXPOHH3a~HM MOAYJ1RTOPOB ocy
~eCTBJ1ReT CHHXpOHM3a~H~ MOAYJ1RTOp08 C T04HOCTb~ 1 HC, a TaKme 
CTa6HJ1H3a~~~~~ BpeMeHHOro nonomeHMR YCKOPR~~HX MMnyJ1bCOB. Ha-
4anbH~e 3Ha4eHHR BeJ1H4MH 3aAepmeK B ~enRX 3anyCKa KOppeKTOpa, 
HHmeKTOpa, 1-A ceK~HH H $OPMHPOBaTeneA $DKYCHPY~~ero nOJ1R yc-
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PHc.2. KpHBaH HSMeHeHHfl Ne B npo~ecce onTHMHsa~HH. 
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PHc.3. KpHBaH HSMeHeHHH BenH~HHbi saAep~H 1-ro ~opMHpo
BaTenH ~OKYCHpyro~ero nonH. 
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PHc.4. KpHBaH HsMeHeHHH BenHqHHhl saAeP~H 2-ro ~OPMHpo
BaTenH ~oKycHpyro~ero nonH. 
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PHC. 5. KpHBaH HSMeHeHHH BenHqHHbl SaAepJKJ<H 3-ro ¢JOpMlfpO
BaTenH ~oKycHpyro~ero nonH. 
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PHc. 6. KpHBaJI H3MeHeHHJI BeJIHtrHHhi sap;eplKKH B ~erm: ¢opMH

poBaTene.H HMIIYJlhCOB KoppeK~'Opa H 1-H: CeK~HH, 

TaHaBn~Ba~TC~ B Ha4anbHOe COCTO~HHe 86nH3H OnTHManbHOrO 3Ha4e
H~R 8 COOT8eTCTB~~ C npeAWeCT8Y~~HM OnWTOM. C~CTeMa onT~MH3a
~~H pemHMa 3aXBaTa sanycKaeTCH nocne OKOH4aHH~ CHHXpOH~3a~HH 
MOAYn~TOpOB. Tpe6oaaHH~ K CHCTeMaM nporpaMM, ocy~eCT8n~~~HX 

OnTMMM3a~M~ pemHMa pa60TW YCKOPHTen~: 
- 803MOmHOCTb 8MewaTenbCT8a onepaTopa Ha 8cex 3Tanax Ha

CTPO~KH; 
- 803MOmHOCTb 80CCTaHoBneHHR ny4Wero pesynbTaTa HaCTPOHKM 

ynpaan~~~Mx napaMeTpo8; 
- HarnRAHOe npeACTa8neHHe pe3ynbTaT08 OnTHMH3a~HH pemHMa 

pa6oTw ycKopHTenR. 
3BM 8 AaHHOH CHCTeMe pa6oTaeT B pemHMe MynbTHnporpaMMMpoea

HH~, KOTOPWH ocy~eCT8nReTC~ Ha 6a3e onepa~HOHHOH CHCTeMW 
MOCT-A/7/, ~cnonb308aHHe onepa~HOHHOA CHCTeMbl AaeT 803MomHOCTb 
OAH08peMeHHO OCy~eCTBnRTb: 

- CHHXpOHH3a~H~ MOAYnRTOp08 YCKOPHTenR C~nYHA; 
- onTHMH3a~H~ pem~Ma saxaaTa 3neKTPOHo8; 
- oTo6pameHHe npo~ecca onTHMHsa~HH Ha AUnY DZM-180 HnH Te-

neBH31-10HHOM npHeMHHKe "3neKTPOHHKa-U430 11
; 

- AManor 4eno8eKa c 3BM. 
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0AHH ~HKn OnTHMH3a~HH 3aHHMaeT 8 nepHOAOB pa60TW YCKOPHTenR, 
T.e. 16 c; eCnM nepeXOA B H08y~ T04KY nOHCKa OCy~eCT8nReTCR B 
3TOM me ~~Kne, TO Tpe6yeTcR 1 nepi-iOA ycKop~Tenn ~nM 2 c. KaK 
8~AHO ~3 p~c.2, pemHM, 6n~3K~H K onT~ManbHOMy, AOCT~raeTCR 3a 
36 c, aHa~Hble pe3ynbTaTbl nony4anMcb ~ np~ ~3MeHeHM~ ~cxoA
HoA T04K~ no~cKa. 

Ha pMc.3-6 oTo6pameHo H3MeHeH~e ynpa8nR~~~x nepeMeHHwx 
8 npo~ecce OnTHMM3a~~~ 8 3a8~C~MOCTH OT HOMepa ee ~MKna . 
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HHKHH B.A., HMKonaea B.n., CaeHKo T.n. 10-82-102 
ABTOMaTH3HPOBaHHaR CHCTeMa ynpaaneHHR PC*HMOM 3aXBaTa 3nCKTpOHOB 
Ha paaHoaecHy~ op6HTY a aAreaarope npoTOTHna KYTH 

Paapa6oraHa CHCTeMa aBTOMaTH3HpOBaHHOrO ynpaaneHHR H3 nHHHH C 38M 1001 
TPA-i npOTOTHnOM KOnneKTHBHoro YCKOPHTenR TR•enbiX HOHOB /KYTH/. PeweHa 
SaAd'la CXeMaTH3a~H~ CTPYKTYPbl ynpaaneHHR H BbiRBneHHR $aKTOpoo, ~Y~CCTBCHHbiX 

AnA ynpaoneHHR npH onTHMH3a~HH pe*HMa aaxoara aneKTPOHOB Ha paaHooe~HY~ 
op6HTy. PewaercR OAH03KcrpeManbHaR aaAa4a axcrpeManbHOro ynpaaneHHR. $yHK" 
~HCH OTKnHKa .RBnReTCR CHrHan, nponop~HOHBnbHbiH 'IHCny 3neKTpOHOB Hd paBHOBCC 
HOH op6HTe a aAreaarope KYTH. OnpeAeneHHe MaKCHMyMa $yHK~HH orxnHKa ocy~ecT 
BnReTCR MeTOAOM npRMOrO nOHCKa C nOCTORHHbiM warOM H3MeHCHHR Kd*AO~ ynpaanR~ 
~e~ nepeMeHHOH. 3KcnepHMeHTanbHO onpeAeneHbl AHanaaOHbl H3MCHCHHR H P03MCpbl 
waroe noHcKa ecex ynpaenR~~HX nepeMeHHbiX. HanHcaHbl nporpaMMbl onTHMH30~HH 
pe*HMa pa60Tbl YCKOpHTenR H OT06pa*CHHR npo~ecca pa60Tbl CHCTCMbl ynpaBnCHHR 
Annaparypa BblnonHeHa a craHAapre KAMAK . 

Pa6ora BblnOnHeHa B 0TAene HOBbiX MeTOAOB YCKOpeHHR OH~H. 

C~eHHe 06~eAHHeHHoro HHCTHTyra RAePHbiX HccneAOBaHHH, AY6Ha 1982 

lnkin V.D., Nikolaev V.P., Saenko T.P. 10-B2-102 
The Automatic Control System of Electron Capture on Equilibrium Orbit 
In Adgezator of Heavy Jon Accelerator Prototype 

The automatic control system of heavy ion col Jectlve att~ler~tor proto 
type on-1 ine with 1001 TPA-i computer was designed. The problem of llY'itcm 
structure and finding dominant factors for control in optlmlr.:~t,on rcqim 
of electron capture on electron orbit is solved. The one ~xtrcmr td>k of 
extreme control was solved. The number of electrons on equll,l<rllrrn orbrt 
Is optimized by direct search method with constant step of rvery cortrol 
variable. The full scale range and size step on every c.ontrol vMiabJc, wc<r 
defined experimentally. The programs of optimization and rt•prc•,rllt<ltloP 
were written. The control system apparatus was desiqncd In CAMAt ~tnnOdrd 

The investigation has been performed at the DcpartnlC'rll ol Nrw At 
ration Methods, JINR . 
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