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AHOCOB B.H. H AP· 

H3MepeHHe 3MHTTaHca ny~Ka HOHHoro HCTO~HHKa 
Ha nHHHH c 3BM EC-1010 

g. 12361 

Pa3pa6oTaHo npocToe no KOHCTPYK~HH ycTpoHCTBO, ycTaHaanHBaeMoe 
a HOHonpoBOAe MOAenH aKcHanbHoro HH*eKTopa ~a3oTpoHa. AaT~HKOM 
pa3Mepoa ny~Ka ABflA~TCA ABe CeTKH,COCTOA~He H3 napanneflbHO HaTAHYT~X 
npoaonoK, ycTaHoaneHH~e no XOAY ny~Ka APYr 3a APYrOM. nepaaA ceTKa 
BBOAHTCA a Kpoccoaep ny~Ka. C~HT~BaHHe HH~pMa~HH c AaT~HKa npoH3Bo
AHTCA ~epe3 6noK YCO EC-1010 3a 1,2 c, ~To cy~ecTBeHHO yMeHbwaeT 
BflHAHHe HeCTa6HflbHOCTH pe*HMa HCTO~HHKa HOHOB Ha pe3yflbTaT~ H3Me
peHHH. Ha 3BM onpeAenA~TCA pa3Mep~ ny~Ka Ha nepBOH H BTOPOH ceTKaX 
H B~~HCflAeTCA 3MHTTaHC B np.eAnOflO*eHHH, ~TO ~a30BOe npeACTa&neHHe 
ny~Ka ABnAeTcA npAM~M 3nnHncoM. BpeMA . onpeAeheHHA 3MHTTaHca, a~~aA 
B~~HCfleHHA H ne~aTaHHe pe3yflbTaTOB, OKOflO 30 C. npHMeHeHHe CeTOK 
H 3BM n03BOflHflO 3Ha~HTeflbHO COKpaTHTb 3aTpaT~ apeMeHH Ha H3MepeHHA. 

Pa6oTa a~nonHeHa a fla6opaTOPHH AAePH~x npo6neM OHRH. 

Coo!SweHKe 06'beliHHeHHOro HHCTBTyTa SlliBPH'biX Kccnel!oaaKHA, Lly6Ha 1979 

Anosov V.N. et al. 

Measurement of lon Source Beam Emittance On-Line 
with the EC-1010 Computer 

9 . 12361 

A device is considered mounted in the ionoconductor of the model 
of the phasotron axial injector. To measure beam dimensions two 
grids are used which consist of wires stretched in parallel mounted 
along the beam motion one- after another. The first grid is introdu
ced into the beam crossover. Data readout from grids goes via the 
peripheral unit of the EC-1010 computer for 1,2 s. It decreases 
the influence of nonstability of the ion source regime on measure
ment results. Beam dimensions are determined by a computer on the 
first and second grids and the emittance is calculated under as
sumption that the beam phase representation is a direct ell ipse. 
The emittance determination, including calculations and printing 
of results, takes about 30 s. The measurement of beam dimensions 
by means of grids connected on-line with the computer permits to 
decrease considerably time needed for measurements. 

The investigation has been performed at the Laboratory of 
Nuclear Problems, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 
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Cy~ecTeyeT P~A MeTOAOB ~3MepeH~~ 3M~TTaHca, on~caHH~x 
e pa6oTax / 1-9 / . B o6~eM c11y4ae ~3MepeH~~ npoBOA~Tc~ c no
MO~b~ ABYX ~11~ 4eT~pex ~eJleB~X A~a~parM, KOTOp~e YCTaHaB
Jl~Ba~TC~ nocJleAOBaTellbHO APYr 3a APYrOM no AB~meH~~ ny4Ka 
~ B~pe3a~T ~3 Hero ~CCJleAyeMy~ 4aCTb. npoWeAW~~ 4epe3 
A~a~parMy ny40K co6~paeTC~ AeTeKTOpOM, ' 0AHaKO KOHCTPYKU~~ 
YCTPO~CTB, peaJ1~3y~~~X 3T~ MeTOA~, nOJly4aeTC~ AOCTa104HO 
CJlOmHO~, T.K. B03H~KaeT He06XOA~MOCTb B A~CTaHU~OHHOM ne
peMe~eH~~ no 3aAaHHOIA. nporpaMMe A~ac!JparM, pacno11omeHHbtX 
BHYTP~ BaKyyMHOrO o6oeMa. 

no3TOMY B P~Ae CJly4aee UeJlecoo6pa3HO np~MeH~Tb 6o11ee 
npOCTbte MeTOAbl, no3B0Jl~~~~e cpaBH~TeJlbHO JlerKO onpeAeJl~Tb 
3Ha4eH~~ 3M~TTaHca. KaK ~3eecTHO n~ Clla3oeoe npeAcTaeJleH~e 
HOpMaJlbHoro ny4Ka e APC~~oeoM npoMemyTKe ~BJl~eTc~ 311Jl~ncoM 
/p~C. 1/. Ec11~ ny40K CXOA~~~~C~, TO OCb HaKJlOHHOro 311Jl~nca 

X' X' X' 

X X 

a 6 B 

P~c. 1. Clla3oeoe npeAcTaeJleH~e HOpMaJlbHoro ny4Ka: a/ cxoA~
~~~c~ ny4oK, 6/ ny40K e pa~oHe Kpoccoeepa, e/ pacxoA~~~~c~ 
ny40K. 

pacnOJlOmeHa 80 BTOPOM ~ 4eTeepTOM KBaApaHTaX c!Ja30BO~ nllOC
KOCT~ /p~C. 1a/, a eCJl~ paCXOA~~~~C~, TO B nepBOM ~ TpeTbeM 
KBaApaHTax /p~c. 1e/. B 3T~x ABYX c11y4a~x All~ ~3MepeH~~ 

3M~TTaHca He06XOA~MO np~MeHRTb KJlaCC~4eCK~e MeTOA~ C ~c
nOJlb30BaHHeM ~enee~x AHa~parM. 
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0AHaKO 
e~ np~MbiM 

KOOPAHHaT 

o6naeTb ny4Ka a pa~oHe Kpoeeoaepa xapaKTepH3yeT
¢a3oB~M 3nnHneoM, beH KOTOporo eoanaAa~T e Oe~MH 
/pHe.16/. 8 3TOM eny4ae, KaK eneAyeT H3 pa6o-

T~nl, OKa3~BaeTe~ B03MO~H~M onpeAenHTb 3Ha4eHHe HOpManH-
30BaHHOrO 3MMHTaHea no ¢opMyne: 

EN 
dl ·(d2-d 1) 

= ------------ . 
4£ 

/1/ v' ·u. 

rAe: d1 - nonepe4H~A pa3Mep ny4Ka B Kpoeeoaepe /eM/, d2 -
nonepe4H~R pa3Mep ny4Ka a KOH~e nponeTHoro npoMe~yTKa /eM/, 
£ - AnHHa nponeTHoro npoMe>t:yTKa /eM/, U - 3HeprH~ ny4Ka 
/36/. 

Heo6XOAHMble An~ AaHHoro eny4a~ napaMeTp~ ny4Ka MoryT 
6~Tb H3MepeH~ e nOMO~b~ AaT4HKa ynpo~eHHOH KOHeTpyK~HH 
6e3 noABH~H~x ~enea~x AHa¢parM. 

TaKoA AaT4HK 6~n pa3pa6oTaH An~ H3MepeHH~ 3MHTTaHea ny4-
Ka HOHHOro HeT04HHKa MOAenH aKeHanbHOrO HH~eKTOpa non~pH30-
ElaHHbiX npOTOHOB B ¢a30TPOH /10(AaT4HK yeTaHaBnHBane~ B HOHOnpo
BOAe MOAenH 6e3 nepeAenKH noeneAHero. npo~eee H3MepeHHA 
6~n aBTOMaTH3HpOBaH nyTeM peanH3a~HH pe~HMa pa60T~ Ha 
nHHHH e 3BM EC-1010. 

Ha pHe. 2 noKa3aHa KOHeTpyK~H~ AaT4HKa. OH BKn~4aeT ABe 
eeTKH H3 19 napannenbHO HaT~HYT~X /e WaroM S =3 MM/ MeA
H~X npOBOnOK AHaMeTpOM 1 MM, KOH~~ KOTOp~X 4epe3 npOXOAHOH 
H30n~TOP 2 B~BeAeH~ Hapy~y. npoBOnOKH 3aKpenneH~ Ha KOnb
~eBOM H30n~TOpe 3, yeTaHOBneHHOM BHYTPH eTaKaHa 4. H3on~To
pbl MO~Ho npH e6opKe nepeeTaan~Tb no AnHHe eTaKaHa, MeH~~ 

TeM eaM~M nponeTHoe paecTO~HHe, H noaopa4HBaTb APYr OTHO
eHTenbHO APYra Ha +90°. CTaKaH 4 Haea~eH Ha WTOK 5, KOTQ
pbiH 4epe3 aaKyyMHoe ynnoTHeHHe eo ¢naH~e 6 BbiBeAeH Hapy~y. 
Y3en AaT4HKa a c6ope ycTaHaanHaaeTe~ BHYTPH aaKyyMHoro 
KO~yxa HOHOnpOBOAa 7. nepeMe~eHHeM WTOKa 5 MO~HO BBOAHTb 
nepay~ eeTKY a 30HY Kpoecoaepa H noaopa4HBaTb AaT4HK Ha 
yron +90 °, nepeXOA~ TeM CaM~M OT H3MepeHHH B nnOCKOeTH X 
K H3MepeHH~M a nnoeKoeTH Y H o6paTHo. AaT4HK e noMO~b~ 
38-~HnbHOrO Ka6en~ .nOAKn~4aeTC~ K PY4HOMY KOMMyTaTopy, 
nepeKn~4a~ KOTOPbiiA, MO~HO BO apeM~ OTnaAIG1 H3Mep~Tb MHKpo
aMnepMeTpOM TOK B Ka~AOA npoaonOKe OTAenbHO, a TaK~e 
eyMMapH~R TOK HeCKOnbKHX HnH aeex npOBOnOK. 

6noK-eXeMa 3neKTpH4eCKHX COeAHHeHHR annapaTyp~ npHBeAe
Ha Ha pHe. 3. Ka~A~A 3neKTPOA Ha KOMMyTaTope 3a3eMneH 
4epe3 ABa napannenbHO BKn~4eHH~X eonpOTMBneHH~, C KOTOP~X 
eHHMaeTe~ eHrHan An~ 3BM. HanH4He ABYX eonpOTHBneHHA yMeHb
waeT BepO~THOCTb no~aneHH~ B~eOKOrO HanpR~eHHR Ha BXOAe 
YCO 3BM. 
4 

PHe.2. KoHeTpyK~H~ AaT4HKa: 1 - MeAH~e npoaonoKH, 2 - npo
XOAHOH H30n~TOp, 3 - KOnb~eBOH H30nRTOp, 4 - eTaKaH, 5 -
WTOK, 6 - ¢naHe~, 7 - BaKyyMH~R KO~YX HOHOnpOBOAa. 

EC-1010 

,QATYlt1K 

PHe.3. 6noK-exeMa 3neKTPH4eeKHX eoeAHHeHHA yeTaHOBKH. 

Ka6enRMH e 38 ~HnaMH AaT4HK coeAHHeH e BXOAOM 6noKa 
YCO 3BM EC-1010 e HOMepoM 71910/911 H 71921. AManor e 3BM 
BeAeTeR onepaTopoM 4epe3 AU AHenneR. Pe3ynbTaT~ H3MepeHHA 
B~BOARTeR nH60 Ha AHenneA, nH60 Ha A~nY. 

MeTOAHKa npOBeAeHH~ OAHOA cepHH H3MepeHHA CBOAHTeR K ene
AY~~eMy: 

1. YeTaHaanHaaeTeR 3aAaHH~A pe~HM pa6oT~ HCT04HHKa. 
2. nepeMe~aeTeR AaT4HK BAOnb MOHOnpOBOAa, H no aeeA era 

AnHHe, nH60 apy4HY~, e nOMO~b~ KOMMyTaTopa, nH60 noepeAeTBOM 
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36M, I-13Mep.AeTc.A, B 3aAaHHOH nnocKOCTI-1 X 1-fJll-1 Y , nonepe4-
H~I1 paaMep ny4Ka Ha nepsol:1 ceTKe. 

3. OnpeAen.AeTC.A nonomeHI-fe Kpoccosepa ny4Ka, B KOTOPOM 
nonepe4H~H pa3Mep ero .ABJl.AeTC.A MI-1HI-1MaJlbH~M, 1-1 B 3TO MeCTO 
ycTaHaBJli-1BaeTc.A nepsa.A ceTKa AaT41-1Ka. 

4. H3Mep.A~TC.A TOKI-1 BO BCeX npOBOJlOKaX 1-1 HaXOAI-ITC.A Al-faMeTp 
ny4Ka Ha nepBOH 1-1 BTOpOH CeTKaX, npl-1 3TOM KpaHHI-IMI-1 nona
ra~TC.A 3JleKTPOAbl, TOK B KOTOP~X COCTaBJl.AeT 0,2 OT BeJll-141-fH~ 

MaKCI-1MaJlbHOrO TOKa cpeAI-1 npOBOJlOK AaHHOH CeTKI-1. , , 
5. no Hl-fmecneAY~~~-~M $opMynaM B~41-1CJl.A~TC.A napaMeTp~ · 

ny4Ka: 
a/ nonepe4Hoe ce4eHI-1e ny4Ka Ha ceTKe 

d = s ·IN 1- N21 CM, /2/ 

rAe S- war npOBOJlOK B CM, N 1,N 2 - HOMepa npOBOilOK, 
COOTBeTCTBy~~l-le Kpa.AM ny4Ka Ha AaHHOH CeTKe, 

6/ paCXOAI-IMOCTb ny4Ka 

R- d 2- d - _____ 1 
2f --- paA, 

B/ 3MI-1TTaHC 

dl 
E = R · ---- CM·PaA, 

2 

r/ HOpMaJli-130BaHH~~ 3MI-1TTaHC 

EN= E · y'U CM•PaA·36 112 . 

/3/ 

/4/ 

/51 

6. nony4eHH~e pe3yJlbTaT~ CBOA.ATC.A B Ta6Jli-1~Y 1-1 B~Aa~TC.A 
Ha ne4aTb 36M. 

6 COOTBeTCTBI-11-1 C B~Wei-13IlOmeHHOH MeTOAI-IKOH 6~111-1 paapa6o-
TaH~ cneAY~~~-~e nporpaMM~ Ail.A 36M EC-1010: 

1. rnasHa.A nporpaMMa EMITT. 
2. noAnporpaMMbl IZMEMI 1-1 GISTO. 
nporpaMMa EMITT 1-1 noAnporpaMMa GISTO Hanlo1CaHbl Ha 

$0PTPAHe, noAnporpaMMa IZMEMI - Ha ACCEMF.iJlEPE EC-1 010. 
6noK-cxeM~ nporpaMM npi-1BeAeH~ Ha p1-1c. 4 1-1 ~· 

nporpaMM~ pa6oTa~T CJleAY~~I-IM 06pa30M: 
1. nepeA KamAOH cepl-leH I-13MepeHI-1H c KilaBI-IaTypbl AU AI-1CnJle.A 

BBOA.ATC.A I-ICXOAH~e AaHH~e: AaTa 1-1 speM.A npoBeAeHI-f.A I-13Mepe
HI-111, nop.AAKOB~H HOMep cepl-11-1, yrOil HaKilOHa npOBOilOK ceTKI-1 
K roplo130HTaill-1, paCCTO.AHI-fe nepBOH CeTKI-1 OT B~XOAHOrO OKHa 

6 

P1-1c. 4. 6noK-cxeMa nporpaMMbl EMITT. 

I-1CT04HI-1Ka 1-iOHOB, Beill-141-fHa YCKOp.A~~ero Hanp.AmeHI-f.A, nOCile 
4ero AaeTC.A KOMaHAa Ha npoBeAeHI-fe I-13MepeHI-1H. 

2. nporpaMMa EMITT /eM. PI-IC. 4/ B ~1-iKile B~3~BaeT noA-
nporpaMMy IZMEMI /eM. p1-1c. 5/, c noMo~b~ KOTopol:1 npo!-13-
BOAI-ITC.A BBOA s 36M KOAI-IpyeMbtx s AUn aHanorosbtX cl-frHanos 
c KamAOH nposonoKI-1 AaT41-1Ka. 6peM.A onpoca scex 38 nposonoK 
COCTaBJl.AeT OKOilO 1,2 C. 
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86ot1 ucxot1Ht~x daHHIJIX 

CALL IZMEMI 

P1-1c. 5. onoK-cxeMa noAnporpaMMbl IZMEMI. 

8 

3. nporpaMMa EMITT npoi-!SBOAI-!T onpeAeneHI-!e nonepe4Horo 

pasMepa ny4Ka Ha nepeo~ "' BTopo~ ceTKax. AnR 3Toro BHa4ane 
HaXOAI-ITCR HI-!Tb C MaKCI-IMYMOM TOKa, KOTOpaR COOTBeTCTByeT 
~eHTpy ny4Ka. 3aTeM nyTeM nepe6opa npOBOilOK, l-IAR OT 

~eHTpa ny4Ka K 0601-!M KpaRM AO npOBOilOKI-1 CO SHa4eHI-!eM TOKa 
MeHbWe 0,2 OT MaKCI-!MailbHOro, HaXOART Kpa~ ny4Ka. 

4. Ha Al..lnY c noMOI!lbiO noAnporpaMMbt GISTO cTpORTCR rl-!cTo
rpaMMbt TOKOB B npOBOilOKaX AilR Ka~AO~ CeTKI-1 OTAeilbHO, 4TO 

nOSBOilReT 81-!Sya!lbHO O~eHI-!Tb npOCTpaHCTBeHHOe pacnpeAe!leHI-Ie 

n!lOTHOCTI-1 TOKa B ny4Ke. 0AHOBpeMeHHO Ha ri-ICTOrpaMMe ne4a

TaiOTCR Be!li-141-!Hbt TOKOB B Ka~AO~ npOBOilOKe. MacwTa6 ri-!CTO

rpaMM AilR Ka~AO~ CeTKI-1 BO BCeX Cepi-!RX SaMepOB YCTaHaBili-1-
Ba!lCR SaHOBO, AilR TOrO 4T06bt MaKCI-!Ma!lbHOe SHa4eHI-!e 1-!SMe

peHHOrO TOKa sanOilHRilO BCIO WI-IPI-IHY Ili-ICTa B Al..lnY. 
5. nporpaMMa EMITT Bbi41-!CilReT B Ka~AO~ cepi-11-1 saMepoe 

paCXOAI-!MOCTb, npOCTO~ 1-1 HOpMa!li-!SOBaHHbt~ 3MI-!TTaHCbt 1-1 BbtBOAI-!T 
ncny4eHHbte pesynbTaTbt Ill-!6o Ha Al-!cnne~. Ill-!6o Ha Al..lnY. 

B Ka4eCTBe npi-!Mepa Ha pl-!c.6 1-1 7 npi-!BeAeHbt oTne4aTaHHbte 

Ha Al\nY pesy!lbTaTbl OAHO~ cepi-11-1 SaMepoe 1-1 Bbi41-!CileHHble SHa-

4eHI-!R napaMeTpOB ny4Ka BbtCOK04aCTOTHOrO 1-!0HHOrO 1-!CT04HI-!Ka 

MOAeill-1 aKcl-!ailbHO~ 1-!H~eK~I-11-1. Ha p1-1c. 6 noMel!leHa nepeaR 
nonoe1-1Ha oTne4aTaHHO~ Ta6ni-!~bl. BepXHI-Ie 6 cTpoK coAep~aT 
1-!CXOAHbte AaHHbte. Ha4HHaR c 7-~ CTPOKH, ne4aTaeTCR rHcTo
rpaMMa TOKOB B npOBOilOKaX nepBO~ CeTKH. Kpa~HH~ IleBbt~ 

CTO!l6e~ - HOMep . npOBOilOKH. BTOpO~ CTO!l6e~ - SHa4eHHe 

TOKa B MHKpOaMnepax. 0cTa!lbHaR n!lOI!laAb - rHCTOrpaMMa TOKOB. 

BTopaR nonoBHHa Ta6nH~bt npHBeAeHa Ha PHC. 7. CTpOKH 

C 1-~ no 20-10 SaHHMaeT ri-ICTOrpaMMa TOKOB B npOBOilOKaX BTO

pO~ ceTKH. Ee nocTpoeHHe aHanorH4HO onHcaHHOMY AilR pHc. 6. 

HH~HHe CTPOKH COAep~aT HH~OpMa~HIO 0 pa60Te nporpaMMbt /HOMepa 
npOBOilOK, COOTBeTCTBYIOUIHX KpaRM ny4Ka Ha o6eHX CeTKaX, 

TOKH B HHX H AP·/ H Bbt4HCileHHbte SHa4eHHR napaMeTpOB ny4Ka
nonepe4Hbt~ paSMep Ha nepeo~ H BTOpoA ceTKaX, paCXOAHMOCTb 
H 3MHTTaHC. 

nony4eHHbte C nOMOI!lbiO OnHCaHHOA CHCTeMbt SHa4eHHR 3MHTTaHca 

ny4Ka AilR BbtCOK04aCTOTHOrO HCT04HHKa HOHOB XOpOWO COr!laCyiOT
CR C npHHRTbtMH B pa6oTenO/ B~IlH4HHaMH. 

BpeMR, saTpa4HBaeMoe Ha npoeeAeHHe OAHOA cepHH saMepoe, 

BKill04aR C4HTbtBaHHe, Bbt4HCileHHe H ne4aTaHHe Ta6IlH~bt, COCTae

IlReT npHMepHo 30 c. Cyl!leCTBeHHoe ynpol!leHHe KOHCTPYK~HH 
H npHMeHeHHe 3BM nOSBOilHilH B COTHH pas YCKOPHTb CbeM HH~Op
Ma~HH C AaT4HKa, 4TO CHilbHO YMeHbWHilO BilHRHHe HeCTa6HilbHOC
TH pe~HMa HCT04HHKa HOHOB Ha pesy!lbTaTbt HSMepeHHA. 

AeTOpbt npHHOCRT 6naroAaPHOCTb ~.A.nnHcy sa o6cy~AeHHe 
nO!ly4eHHbtX peSy!lbTaTOB. 
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1(t 

BBO.llMTE D, NI, B 
)lATA= 12. 07. 1978 NI=8 BPE!VIH= 1 0. 55 
BBO.JlMTE ALFA,P,E 
ALFA=O P=150 E=8000 

HA~.AllP.AUIT= 040D 
B:OO.IU1TE A.DPEC 1-Vi .ID1Hl1M AUIT: OCOO 

NK TOK/MKA/ 

1 o.ooo 
2.00.000 
3 0.000 
4 0.000 
5 0.000 
6 0.000 
7 0.000 
8 0.000 
9 10.200 000000000000000000000000000000 

10 1.600 00000 
11 0.000 
12 0.000 
13 0.000 
14 0.000 
15 0.000 
16 0.000 
17 0.000 
18 0.000 
19 0.000 

PHc.6. nepeaR 4aCTb Ta6Jll-1l.lbl pe3yJlbTaTOB. 

NK 

1 
2 
'"" 0 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

TOK/l'JfKA/ 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.800 000000 
0.900 000000 

• 

4.100 000000000000000000000000000000 
2.200 00000000000000 
0.300 00 
0. 100 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 ' 

NIT1viH1=9 TMAX1=10. 2 TMAX2=2. 04 JMIN1=8 
TMIN1=0. 1 JMIN2= 10 TIEIN2=1. 6 D1=6. 0000 
NITM..X2=28 TMAX3=4. 1 TMAX4=0. 82 JMIN3=26 
TMIN3=0. 800 JMIN4= 30 TMIN4=0. 3 D=12. 0000 
R=O. 0283E+00 EM=O. 0849-01 EMN=7. 59-01 

P1-1c.?. BTopaR 4aCTb Ta6IlHLI~ pe3yilbTaToe. 
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