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Summary 

The effect of the feeler position screening the semi-circUlar 
cut in the dee near the ion source and of the .. distance to the· 
plates producing .additional vertical focusing as well 'as the infl~
ence of their shape for a dee aperture of 8, 12, 18 and 24 em 
on the vertical electrostatic forces has been studied, · 

The vertical forces due to the negatiVe bias over the dee 
and due to the negative potential .;'lpplied to the focusing eleCtrodes 
have been measured by using the electrolitic tank with a 1:2 scale 
model, The plasma of the open ion source and the hood of the 
closed one are supposed to be at the ground potential, The depen
dence of the maximum possible particle energy gain per turn upon 
the orbit radous has been calculated by means of the potential line. 
pattern, 

It has been cleared out that the electrostatic forces due to 
the de'e bias become defocusing, while . the energy gain per turn 
is somewhat increased if a semi-circular cut in the dee is screened 
with a feeler, It has been established that near the source ( r .. 2-
-4 em) the focusing due to the bias. has an optimum when the dee 
aperture is 15-18 em, while the additional electrostatic focusing 
is largest. when the focusing electrodes have a cut of R re!" 10 em, 

. The accelerating field has a defocusing effect of the same 
order of magnitude, as that of dee bias, The obtained results can 
be used for the determination of optimal conditions for acceleration 
in the cyclotron central region. 
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3KCI19pHM9HTbl IIO paCIUHpeHHIO arrepTypb! AYBHTa, I1pOB9.Q9HHbl9 B 1966 

H 1968 r,r,, IIOK83.8nH peanbHYIO B03MO):KHOCTb yBenH'I9HHSI TOKa IIY'IKa OIITH

MH38UH9fi reoMeTpHn nyaaTa, noaaoro HCTO'IHHKa n ¢oKycnpyroiUnx aneKTponoB/1/, 

B 1 966 I', B OIIb!THOM pe):KHMe 6btn0 .QOCTHI"HYTO yBenH'I9HHe HHT9HCHBHOCTH 

Ha.30%, B 1968 I"O.QY B peaynbTaTe pa6oT IIO OIITHMH38UHH ycKopeHHS! B U9HT~ 

panbHOH o6naCTH H9CKOnbKO yBemi'IHnacb HHT9HCHBHOCTb BHyTp9HH9HOI"O 

ny'IK8 H B 1,5 paaa B03pocna HHTeHCHBHOCTb Bb!B9.Q9HHOI"O, XoTSI B H8CTO

SI!U99 Bp9MS!. TOK II)T'IK8 paBeH 2, 1 ~ 2,3 MKa II SIBnSieTCSI HaH6onbiUHM H3 BCeX 

.QOCTHI"HYTb!X .QnSI CHHXpOUHKnOTpOHOB Ha 9H9pi"HIO B COTHH. MaB, H9T .. .QOCTa;... 

TD'IHb!X OCHOBBHIIH C'IIIT8Tb CyiUeCTBYIO!IlH9 ·ycnOBHSI YCKOp9HIISI B U9HTpanbHOH 

o6naCTH CIIHXpOUHKnoTpoHa OHHH OIITHManbHb!MH. noaToMy 6onbiUOe 3Haqe

.HHe IIM99T 3H8HH9 38BHCHMOCTII BepTHKanbHb!X !f>oKycnpy!O!IlHX CHn, KaK Mar

HHTHb!X/2/, TaK H B oco6eaaocTH .aneKTpnqecKHX ( !f>oKyCHpOBKa oT cMemeansr, 

.QOIIOnHHTenbHBSI aneKTpOCT8TH'I9CK8SI !f>oKyCHpOBKa, !f>oKyCHpOBKa B,q, noneM) 

OT reoMe.TpHH U9H~panbHOH o6naCTH YCKOpHTensr. 

BepTHKanbHbte cHnbi OT CM9!Il9HIISI Ha .QyaHTe, .QOIIOnHHTenb.HOH !f>oKy-

CIIpOBKH H yCKOpSIIO!Il9I"O IIOnsr H3y'IanHCb IIpH IIOMO!IlH aneKTpOnHTH'I9CKOH 

BaHHbr/3/ B . .QHanaaoae pannycoB r = 2 -+ 14 eM H .QByx· ( nnH. Tpex) paccTo

SIHHfi OT M9.QH8HHOH nnOCKOCTH BHyTpH anepTypb! .QyaHTa AnSI 3H8'I9HHH arrep~ 

Typhi nyaHTa D = 8; 12; 18 H 24 eM npn .QByx paccTosrHHsrx !f>oKycHpy!O!IlHX 

aneKTpOAOB OT U9HTpa H IIpH pa3HOM nonO):K9HIIH !f>HnepoB, 38Kpb!B8101Il1IX nony

KpyrnbiH Bbtpea B nyaaTe panHycoM R n= 8 eM. KpoMe Toro,. HccnenoBanHcb 

BepTHKanbHbie cHnbr npn !f>oKycHpyromHx aneKTponax c rronyKpyrnbiM BbipeaoM 

PBAIIYCOM R!f>a= 10 CM Ha nepenaefi KpOMKe. nnsr H3MepeHHH Hcnonb30Bancsr 
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· MaKeT U9HTpanhHOH o6naCTII CII!fXPOUIII{noTpoHa ( B MaCII!Ta6e 1:2), KOTOpbiH 

COBMeii!ancSI C sneKTpOnii~OM 110 MeniiaHHOH IInOCKOCTII ( piiC, 1), 

B Ta6nirUhl naHHhiX II3MepeHIIH BH9C9Hbl Benii'l~Hbi OTHOCIITenhHbiX Ha-

0~ 1 . 
rrpSI)!{eHHocTefi E [-· -·1 . llnSI nonytJeHIISI sHatJeHnfi BepTnKanhHhiX cnn B 

. z M 

Hh!OTOHaX BOCIIOnh3yeMCSI cnenyiOIUiiM COOTHOIII9HII9M! 

rne 
OT 1 ~U 

Ez>=uTz 

F = e E oT • U 
z 

[ 1 . 
-] 
M 

z 

- BepTIIKanhH8SI COCTaBnSIIOII!aSI !laiipSI)!{eH- . 

HOCTII rronSI DT cooTBeTcTBYIOIIIero HarrpSI)!{eHnSI ( UCM [ B ] - Harrpm!<eHIIe. 

CM91I!9HIISI, u ,!, [ B l - HarrpSI)!{9HIIe Ha ljJoKyCIIpy!O~liiX sneKTponax, u [ B l -
ll'P · · · B'l 

yCKOpSIIO!Ilee HaiipSI)!{9HIIe), ~U ( B]-rreperran HaiTpSI)!{9HIISI H~ BhiCOTe ~Z(Mj, 

a e = },6-1 o-19 Kyn - 3apSill IlpOTOHa, 

OT OT OT · . · 
3HatJeHIISI' E .z CM , E; n<P n E z B'l rrpiiBeneHbi B Ta6n. 1-3 (nnsi 

arrepTyp nyaHTa D = 8, 12 n 1 8 eM). Ka)!{naSI II3 ia6niiu, B cBoro otJepenh, 

. pasnenSieTcSI Ha rronia6niiUhi c IIHneKcaMII "a", "6", "B", rrpii'l~M nHneKc 

, a" eOOTBeTeTByeT paeeTOSIHll!O ljJoKyCIIPY!OllliiX. alieKTponoB OT ueH~pa' L,;. 9 CMj 

"6" - paceToSIHIIIO L = 1 7 eM, a "B" - ljJoKyeiipyiO!IliiM aneKTponaM c rrony

KpyrnhiM BhipesoM paniiyeoM l<. ljJs= 10 eM, BHyTpii Ka)!(nofi rronTa6niiUhi rrpiiBDlliiTeSI 

OT · . · . · 
saBIIeiiMoeTh E · oT paniiyca ( r = 2 +- 14 eM) II paeeTOSIHIISI oT MeniiaH-

z ' ' ·. ' 

HOH rrnocKOCTll nnSI llBYX· rron0)!{9HIIH ljJIInepoB, 38Kpb~B810IUIIX nonyKpyrnbiH 

Bbipes B nyaHTe ( R n = 8 eM), ;_ B!Sipes OTKpbiT II Bbipes saKpbiT. 

B pesynhTaTe II3MepeHnii yeTaHoBneHo, 'ITO nnst Bcex paecMOTpeHHhiX 
', •, 

sHatJeHIIii arrepTyphi nyaHTa ( D = 8; 12; 18 n 24 eM) saKpbiTIIe rronyKpyr-

noro Bbipesa B nyaHTe ( R n ·':' 8 eM) ljJIInepoM (piie, 2) rrpiiBDlliiT K II3Me

HeHIIIO ljJoKyciipyiOIUllX eiin Ha neljJoKyeHpyiOIUIIe, . . . . 
B Ta6niii!8X IIpiiBOllSITCSI T8K)!{e 38BIICHMOCTII OT paniiyca MaKCHManhHO 

J ' . ' ' • 

. B03MO)!{H0f'O Ha6opa 9H9pf'IIII 38 o6opoT B OTHOCHTenhHbiX enHHHUaX ( B llOmiX 

YllB09HHOf'O HarrpmKeHiiSI H~ nyaHTe). PactJ~T ,MaKCHManhHO BD3MO)!{Horo, 

Ha6opa SHeprnH IIp0Ii3BOllHnC.!I IIpii IIOMOlllii KapTHHbl SKBIIIIOTeHUHanbHbiX nii

HHH B MeniiaHHOH IInOCKO~TH/4/~ 
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Ha5op aueprn!I ·qacTHUBMH 3a o5opoT yi3enn'IHBaeTcH, ecnn Bbipe3 B ny

anTe. S8Kpb!Tb, llpH'I8M 8TOT atjltjleKT 5onee 38M8T81I llpH M81IbiiiHX arrepTypax, 

C YB8JIH'I81IH8M arrepTypb! nyaJITa OT 8 no 24 eM ua5op aueprnn yMeHb-

III88TCS! B 1 ,5-2 pa3a, 

PaccMoTpeune saBHCHMOCTH BepTnKaJibHhiX cnn, o5ycnoBneHHhiX cMeiiie-

Hli8M Ha nyaJ!T8 1' OT. 81I8pT.ypb! II03BOJIS!8T yCT8HOBHTb 1 'ITO 8TH CHJibl HM8IOT 

orrTnMyM rrpn arrepTypax nyauTa D = 1 5 -+ 18 eM, QqeBnnuo, 'ITO uan5onb

·~ee 3H8'!8HH8 tPOKyCllpOBKa CM8III8HH8M HM88T Ha MBJib!X pannycax, rne Mar

HliTHb18 tPOKycnpyiOIUH8 CHJibl 0'!8Hb M8Jlb!, 

l-'J3yqeJIH8 BJIH.HHHH Ha B8pTHK8JibHb18 CHJibl paCCTOS!HHS! no tjloKycnpyiOIUJ!X 

aneKTponoB ( L = 9 n 17 eM) n H3MeuennH nx tjlopMhi (puc, 2) rroKa3ano, 

'ITO tjloKycnpyromne aneKTponhi c rronyKpyrnhiM Bbipe3oM pannycoM R¢ 8 = 10 eM 

C03naroT. Ha M8JlhlX pannycax d 2 ~ 4 CM CYIII8CTB8HHO 50JibiiiH8 tjloKyCH

pyiOIUH8 CHJihi, 'ISM aneKTponhi c rrnocKoii KpOMKoii, Ha pnc, 3 rrpnBeneHbi 

38BHCHMOCTH E n E ,~.. OT pannyca op5HTbi ua paccToHHHH z = 2,5 eM 
z CM z n'!' 

oT Mennaunoii rrnocKOCTH rrpn arrepType nyaHTa D = 18 CM nna BhiiiieyKa-

3aHHhiX 3 cnyqaeB ( L = .9 eM, L= 17 eM n R¢
8
= 10 eM), BHnuo 5onee 

'ISM nByKpaTuoe yBennqeune tjloKycnpyromnx cnn rrpn tjloKycnpyro.mnx aneKTpo

nax c rronyKpyrnhiM Bbipe3oM. pannycoM R¢
8 

= 10 eM, ITpn aToM na5nrona

eTcH T8K)I(8 H8KOTOpoe YB8JIH'I8HH8 H B8pTHK8JlbHbiX CHJI OT CM8IU8HHH
1 

a H3 

_Ta5nnu Brrnno, 'ITO n nnH npyrnx 3Jiaqennii arrepTyphi nyanTa tjloKycnpyromne 

cnnhi 5oJihiiie rrpn aneKTponax c Bbipe3oM pannycoM R ¢a= 10 eM, CnenyeT 

HM8Tb B BHny, 'ITO !IpH YB8JIH"'8HHH arrepTypb! nyaHTa yM8HbiiiHTCS! HallpSJ)I(8H

HOCTb ycKopHIOIUero B,_-q, rronH, Cf!~co5cTByromaH cTa5nnhJioMy ropennro nyrn 

HOIIIIOI'O HCTO"'IIHK81 H Mo')I(8T IIOTpe5oB8TbC.H YB8JIH"'81IH8 pacxona 1"838 llJIH 

C03nanne HMIIYJibCIIOI'O HCTO"'HHKa C rronorpeBHb!M KaTonoM, 

B Ta5JIHU8X !IpHBeneJibl B8pTHK8JlbHb!8 CHJibl OT yCKOpHIOIU8I'O IIOJIS! nnH 

· cpaBHeHHH pa3JIH"!HhiX KoJitjlnrypaunii ueJITpanhHoii o5nacTn, OnJiaKo, TaK KaK 

narrpm~neune E M8HHeTcH c "'acToToii o5pameHnH, BepTnKaJibHhie cnnbi 
. z B"' 1 

OT B,"!, IIOJIH 1 ll8HCTByiO.IUH8 Ha Bp8IU8IOIUHHCS! IIY"'OK 1 CYIU8CTB81IHO 38BHCS!T 

oT pacrrpe.neneHHH E z B."! no 93HMyTy~ ITpoBe.neM pacqeT E z B'I JJ.JIH .UByx 

3Jia"!eJinii arrepTyphi .nyaJITa, D "' 12 n 18 eM, ycKopHromero JiarrpsnKeJina 

18 KB H IIpOH3BO.UHOii_ "'BCTOTHOii IIporpaMMb! B Ha"!aJie YCKOp8HHSI 

( l!..._) = 4· to9 Mru • 
dt uaq •.. · ceK 
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llm1 oueHKII BepTIIK~nhHoii !jloKyciipoBKII ycKopmo!UIIM B,tt. noneM onpe-

: neniiM E 
8 

cocTaBnSIIOIUIIe B cepeniiHe II Ha rpaHIIuax nyttKa B nnHaMnttecKOM 
. z 'l 

pe~IIMe (3a ·ooopoT) n ycpenHnM IIX no nyttKy. ¢opMy nyttKa nnSI aToro BD3h-

MeM II3 pacqeTOB Ha 3BMf5/ paniianhHO-!jla3DBDI'O nBn~eHIISI ttaCTIIU B CIIHXpO

UIIKJ10TpOIIe Oo'hennlleHIIoro HHCTIITyTa SinepHhiX nccnenoBaJmii, Pa.ccMoTpellhi · 

paniiyChi, rne M8I'IIIITH8SI !jloKyCIIpOBKa npaKTIItteCKII OTCyTCTByeT. ( f = '2;4 

II 6 CM), Y CTaiiOBJ1eH0 1 qTo Be pTIIK8J1hllbJe CIIJ1hl B, '!, nDJISI -· ne</JoKycnpyiOIUIIe 

n no Bennqiiiie 5nii3K,II K ciinaM oT cMe!UeiiiiSI 11a nyaiiTe, a !jlnnepbi yBennqn- · 

B810T l!X B HeCKOJ1hKO pa3, 

llnSI cpaBIIeHIISI 11a piic, 4 npnBenellhi BepTHKanhllhi~ cnnhi oT cnana Mar

HIITHoro nOJ1SI 1 CMeUieiiiiSI 1 nononHHTeJihiiOii. !jloKyCHpOBKl! II ycKOpHIOU!ei'O 118-. 

npSI)I<eiiiiSI nnSI D = 18 eM npn · R cpa = 10 eM II nnSI D = 12 CM npn L = 9~M. 
Bnn11o,. ttTo 11a ManhiX paniiycax BepTIIKanhHhJe .ciinhi B nepBOM cnyqae cy

mecTBeiiHo 5onhllle, 

6 
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P11c, 3, 3aBIICI!MOCTb E z CM (I) 11 E z ll<l> ( 2) oT pa1111yca op51!Tbi Ha pac-
CTOSIHIIII Z = 2,5 CM OT Meiii!8HHOl! rrnoCKOCTI!; arrepTypa IIY8HT8 

D a 18 eM; 5e3 <j>11nepoB; a) paccTOSIHI!e 110 <j>oKycl!pyiOIUIIX sneKT
pO/lOB c rrnocKol! KpOMKOli L = 9 CMl 5) La ·17 CMl B) <j>oKyCIIPY-. 
IOIUI!e sneKTpOIIbi c rronyKpyrnhiM Bbipe3oM pa1111ycoM R <j>s = .10 CM, 
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Pne. 4. 3aanenMoeTb aepTIIKanbHbiX enn DT pannyea opoiiThi: z = 3,5 eM; 
u~'l= 18 KB; ulltP = -8. KB;. Ue~ -1,8 KB; a) D = 18 eM, R!J!s= 10 eM; 

o) D a 12 eM, L =9eM; 1) .. -.M-MarHIITHb!e ellnbi; 2)Fzn!jl...; llO
nonHIITenbHSII srieKTpoeTaTII'!eeKan ¢oKyenpoaKa; 3) F •eM- ¢oKyen-
poaKa OT eMe1ne111111 !Ia nyaHTe; 4) F - OT B.'l. nonn, 5) F ~ - eyM-

z B'l z,:.. 
M8pHb!e BepTIIK8Ubllb!e eiiUb!, 
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Ta6nnua 1 a 

D. 8 c•, J.. •9 CK 1 

E;;..ffi} , IKPt:l • .lfaate oupwr 

[.'. ~ 0 1~ 30 ., 60 75 9U 105 120 

1,~ 0,16 0,16 0,34 (1,1:511 0,20 

2,5 0,30 o,oo 0,32 0,40 0,49 

0,27 
' 1,5 ..o,IE -0,06 -",06 ..o,e<> 0,24 O,ltt o,z.:. o,.!o 

2,l 1,5'1 C,57 0,77 n,77 0,67 0,67 u,77 0,77 0,76 

6 1,5 o,o1 0,07 0,07 o,11 0,11 0,21 0,27 o,37 o,~ 

2,5 -o,z, ..o,n -O,D -o,zJ -o,IJ 0,07 0,:!7 0,36 o,:n 

& 1,5 .. o,9:l -0,63 -o,-r..i -0,63 -e,:v. -0,2) o,07 o,-..'1 0,30 

2,S -1,11 -1,2'7 -1,57 -z,.n -1,17 -o,77 -0,03 o,n 0,27 

10 1,5 -0,91 -o,'ll -1,01 -0,91 -o,91 -c,t.I -o,u -o,n ~.~ 

2,S -1,00 -o, .. -0, .. -O,J8 -0, .. -O,M o,~>;· 0,43 0,56 

12 1,5 ..o,f\1 -O,If7 -o,;;.i -c,:u -•),51 -0,51 -o,QI o,~~ 0,25 

2,S -<>,50 -<>,50 -c,so -0,6(1 .. C',W .. !1,9(1 ..o,zo 0,10 0,32 

E;Z,.[J.}.npea • .uane aupvr tuepOM 

2 
.J,5 -1,35 -o,ll6 ~.26 0,24 o,'IO 

2,5 ... z," 1,48 ~,,, 0,07 - 0,39 

• 1,5 -1,611 -l-1,6:\ -1,67 -1,57 :-"··· .. o,~ ..0,50 0 o,u 
2,5 ~.2/f J -1?,24 -2·" -2,24 ~-<>·"' o,16 o,ll6 0,96 0,98 

6 
r,s -1,011 -o,9.tt. ..0,84 -0,84 :-"·" -0,14 0,36 0,46 o,~ 

2,5 -I,~\ ... r,Jit -1,64 -1,811 -2,44 -o,84 0,15 o,54 01 "l3 

8 
1,s -o,72 ..0,66 ..o.~ ~:62 -1,02 -o,92 f.o,23 u,17 3,19 

2,5 ...0118 ..0,08 -0,08 ,18 -<J,66 -D,98 0,62 0,72 u,ro 

jio 
1,0 ..o,oz ...0,22 ...0,22 ...0,22 -o,52 -1,<>.! o,oo 0,32 o,:w; 

z,s -o,oo 0,22 o,oz o,oz -o, .. -1,58 0,12 0,42 0,\2 

12 
105 0,50 o,50 0,60 0,50 0,40 ..0,60 0,20 o,'IO ·o,u 
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