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AneKCSHilpOB B.C., AneKCSXHH IO.H., Eapa6aui n.c. H llPo P9 - 8753 

HaMepeHHe H ~OpMHpOBSHHe HMnynbCHOPO MSPHHTHOPO nonH 

B Sllreaarope YCKOpHTenH MHOP03apHAHhiX HOHOB 

B pa6ore Hano>KeHhi peaynbTaThi MBf'HHTHhiX H3MepeHHli a allreaarope 

YCKOpHTeng I\IIIQf'038pHilHbiX HOHOB. 0pHBOilHTCH OllHCSHHe YCTSHOBKH 

JlnH MSf'HHTHbiX 113MepeHH11, COCTOHIUeli H3 CHCTeMbl llHTSHHH, HMllynhCHbiX 

KaTyiUeK , ~OpMHPYIOWH.X Maf'HHTHOe none B K8Mepe Sllf'eaaropa, MSf'HH

TOMeTpa H aneKTpOHHOli annaparyphl, pa60T810Weli Ha nHHHH C 38M 
M-BOOO. 

Pa6ora BhmonHeHa a 0Tilene HOBbiX MeTOilOB ycKopeHHH OH.HH. 

Coo6UleHHe 061.ellHHeHiioro HHCTHTyTa HllepHblx HCCJiellOBamdt 
.Z:.y6Ha 1975 

Alexandrov V. S. , Aleksakhin Yu. I • , 
Barabash L.S. et al. P9 - 8753 

Measurement and Formation of the Momentum Magnetic 
Field in a Compressor of the Multiply Charged Ion 

Accelerator 

The results are presented of magnetic measurements 
performed in a compressor of the multiply charged ion 
accelerator. A setup is described which is intended for 
magnetic mea·surements .- The setup consists of a feeding sys 
tern, pulse coils forming a magnetic field in a compres~or 
chamber, a magnetomete~ and electronics operating with 
M-6000 on-line computer. 

The investigation has been performed at the Depart
ment of New Acceleration Methods, JINR. 

Communication of the Joint Institute for Nuclear Research 
Dubna 1975 

nnH ycrrernHara C*BTHH aneKTpaHHhlX Kaneu B aareaa
Tape ( KaMITpeccape) ycKapHTenH TH*enbiX HaHaB Hea6xaaHMa 
a6ecrrequrb arrpeaeneHHbie rrpocrpaucrBeHnae H BpeMennae 
pacrrpeaeneHHH HMrrynbcuara MarnHTHara rranH H era rraKa
aarenH crraaa B KaMepe aareaarapa/1/. 

Oca6euuacrbiD ~apMupaBaHHH MarHHTHara rranH 
B MerannuqecKaA KaMepe HBnHeTCH nea6xaaHMaCTb yqera 
TaKaB, HaBeaeHHhlX B CTeHK8X KaMepw, a6ycnaBneHHhlX 
HMITynbCHbiM XapaKTepaM M8f'HHTHara rranH If BnHHIDlllHX Ha 
era rrpacrpaucrBennae u BpeMeHHae pacrrpeaenenuH. 3TH 
<iJaKTOpbl aan*Hb! yqHTb!BBTbCH rrpu Bbi6ope reoMeTpHH 
HMrrynbCHbiX cryrreneA C*aTHH, pacqere ueo6xoaHMbiX ro
KOB B HMITynbCHb!X KaTyWKaX If BpeMeHH HX BKniDqeHHH. 

HH*e ITpHBOaHTCH OITHCBHHe ClfCTeMbl r; opMHpOBBHHH 
MBf'HHTHOf'O ITOnH B aareaarope H OCHOBHhle peaynbTBThl 
M8f'HHTHbiX H3MepeHHA. 

1. YcranoBKa anH ¢opMHPOBaHHH Marnurnoro 
ITOnH If H3MepeHHH ero XapaKTepHCTHK 

EnoK-CXeMa ycraHOBKH anH <tJopMHpOBaHHH H H3Mepe
HHH MBf'HHTHOf'O ITOnH B KBMepe aare3aTOpa, ITOKB3BHH8H 
Ha pHC. }, COCTOHT lf3 qerwpex <iJyHKUifOHanbHhlX yanoB: 

CHCTeMhl HMITynbCHOf'O ITifTBHHHi 
M8f'HHTHOA CHCTeMw; 
aneKrpouuoA arrrraparypw yrrpaBneHHH If KOHTpanH; 
KaMrrneKca arrrraparypw H3Mepurenbuaro uenrpa. 

CucreMa HMITynbcuara rruraHHH BKniDqaer B ce6H 
6naKH <lJapMHpaBBHHH HMITynbCHhlX raKaB anH KB*aOA H3 
qerwpeX CTyrreHeA C*BTHH. 0aHH TaKaA 6naK cacraHT H3 
HCraqHifKB 3apHaHara HBITPH*eHHH, KaHaeucarapHaA 6aTapeH, 
THp/crapuaro KaMMyrarapa TOKa R uerru peKyrrepaUHH auep
ruu 2~ 
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MarHHTHaB CHCTeMa BKnroqaeT B ce6B qerhlpe rraphl 
HMITynbCHbiX KSTYlliBK JJ.nB <!JopMHpOB8HH9 MarHHTHOrO ITOnB 

11: KaMepy aJJ,reaaropa. KaTylliKH 11: KaMepa paaMemeHhl Ha 
CITeUH:anbHOM CTarrene, a ITOnO*eHHe KaTyllleK OTHOCHTenb
HO MeJJ,HaHHOft rrnOCKOCTH KaMephl ITOKa3aHO Ha pHC. 2. 
ITaphl KaTyllleK aneKrpH:qeCKH BKnroqeHhl rrocneJJ.oaarenbHO, 
o6paay9 TaKHM o6pa30M qeThlpe cryrreHH C*aTH9 aneKT
pOHHOro KOnbUa. AMITnHTYJJ.Hhle 3HaqeHH9 TOKOB B Ka*JJ.Oft 
nape KaTyllieK COOTBeTCTBeHHO COCTaBnBroT 2,5 KA; 6 KA; 
4,2 KA If 5 KA. 

3neKrpOHHa9 arrrraparypa yrrpaaneHH9 If KOHTpOnB 
rrapaMerpOB CHCTeMhl ITHTaHHB BhliTOnHeHa B CTaHJJ,apTe 
KAMAK H CBB3aHa 3BM M-6000 qepea rrporpaMMHo
yrrpaanBeMbiH KaHan. B cocraa ee BXOJJ.BT! aaJJ,aromuH: re
Heparop, orrpeaensromHH: pe*HM pa6oThl ycTaHOBKH no qac
ToTe cpa6aTbiBaHHs; UH<!JpOBbie rrporpaMMHpyeMbie 3aJJ.ep*
KH/J/ , yrrpaBnBeMbie OT 38M, 3aJJ,aromue BpeMeHHyro 
JJ.HarpaMMY pa60Tbl 6nOKOB CHCTeMbl ITHTaHHS H BpeMs 
H3MepeHus MarHHTHoro nons JJ.aTqHKOM Xonna; aHanoro
UH¢poBbie rrpeo6pa30BaTeJIH Ha 1024 KaHana JJ.ns H3MepeHHS 
aMrrnuryJJ.hl HMrrynbCOB c JJ.aTqHKa Xonna,a;ITJIHTYJJ.HhlX 
3HaqeHHil: TOKOB B KaTylliKax aareaaropa H aapsJJ.HbiX Ha
nps*eHuil:. 

l13MepeHHe MarHHTHOro nons, H3MeHeHHe H H3Mepe
HHB KOOPJJ.HHaT JJ.aTqHKa Xonna B K7tfPe aareaaropa rrpo
H3BOJJ.Hrcs MarHHTOMeTpoM MI1X-2 H 6noKoM yrrpaaneHHs 
rrepeMemeHHeM aarqHKa Xonna. 

I1H<!JopMaUHS 0 MarHHTHOM none, SMITnHTyJJ.e TOKOB 
B HMrrynbCHhlX KaTylllKaX, BpeMeHH H3MepeHHS MarHHTHOrO 
ITOJIS H BpeMeHH Cpa6aThlB8HH9 6nOKOB ITHTaHHS, 0 KOOpJJ.H
HaTaX aarqHKa Xonna no paaHycy H a3HMYTY rrocryrraeT 
B H3MepHTeJibHblll UeHTp. .llns o6pa60TKH HH<!JOpMaUHH H yrr
paBJieHHS ycraHOBKOH ucrronbayercs 38M M-6000 c KOMrr
neKcoM rrepH:<!JepHHHbiX ycrpOHCTB, B KOTOpbie BXOJJ.HT 
TeneTaHIT, an<!JaBHTHD-UH<!JpOBOH /J.I1CITJieH, HaKOITHTeJib Ha 
MSrHHTHb!X JJ.HCK8X 1 rrep<!JopaTop, TpSHCMHTrep H qHTaromee 
ycrpoH:crao FS- 1501. 

ITporpaMMa pa6or Ha ycraHOBKe rrpeaycMaTpHaana JJ.Ba 
pe*HMa /5/: 
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Pe*HM ."R" - H3MepeHHe pacnpe.neneHHg MaPHHTHOPO 

nang H( R, t) I¢= const , Pile R- pa.nHyc ycTaHOBKH .naT'!HKa 

Xonna, ¢ - a3HMYT ycTaHOBKH .naT'!HKa Xonna, t - BpeMg 

H3MepeHHg, 

Pe3ynbTaToM 8THX H3MepeHHfi gBngeTcg MaCCHB H(R,t~ 

HCnOnh3yeMb!H 3aTeM .nng Bh!'IHCneHHg nOKa3aTeng cna.na 

n ( R, t). 
Pe*HM "¢"- H3MepeHHe MaPHHTHOPO nang H(¢ ,t)IR=const 

Pe3ynbTaTOM 8THX H3MepeHHfi gBngeTcg pacnpe.neneHHe 

Maf'HHTHOPO nang no 83HMyTy. 

2. Pe3ynhTaThi MaPHHTHbiX H3MepeHHfi 

B pe3ynbTaTe H3MepeHHfi MPHOBeHHhlX 3Ha'IeHHA 

HMnynhCHOf'O M8f'HHTHOPO nang Ha pa.nHycax OT 39 .llO 4 CM 

c lllaPOM no R, paBHhiM 1 eM, H no BpeMeHH 10 MKC, 

HaKannHBaeTcg MaCCHB H( R, t) . 06pa6oTKa nony'IeHHbiX 

ll8HHh!X npOBO.llHTCg B pe)!{HMe "off-line" H no~BongeT 

nony'!HTh 3Ha'!eHHg cpe.nHePo MaPHHTHOPO nang Hz ( R, t), 
paBHOBeCHbJA pa.nHyc sneKTpOHHOPO Konbua R( t pmm. ) , 
3H8'!eHHg noKa3aTeng cna.na n(R, t paBH. ) Ha paBHOBeCHb!X 

pa.nHycax. To'!HOCTh H3MepeHHg MaPHHTHOPO nang 

== ( 1-3) .10- 3 
no3BongeT Haxo.nHTh Hz( R, t) H R( t paBH. ) 

C OlllH6KOH ==10-
2
,0lllH6Ka B onpe.neneHHH n COCTaBngeT 

"'(1-3).10- 1 . 

Ha pnc. 3•7 noKa3aHbJ H3MepeHHbie xapaKTepHCTHKH 

C)!{8THg KOnen, nony'!eHHhle B O.llHO'I8CTH'IHOM npn6nH)!{eHHH 

( co6cTBeHHhie nang KOnhua He y'IHThmanHCh). MaccnB 

H (R, t) COOTBeTCTBOBan TOKaM: BO BTOpofi CTyneHH C)!{8THg -

6 KA, B TpeTbeA - 4,2 KA, B '!eTBepToA - 5 KA. 

BpeMg BKn~'!eHHg TpeTheA H '!eTBepTofi cTyneHefi -

200 MKC H 750 MKC OTHOCHTenbHO BTOpOH, 06pa60TKa 

npOBO.llHnacb .nng sneKTpOHHb!X KOneu C Ha'IanbHOH 8HepPH

eA 1,5; 2,0; 2,5 MsB. 

Ha pRe. 3,4,5 noKa3aHhJ n -TpaeKTOpHH .nng ny'!Ka 

C y = 4,5,6 COOTBeTCTBeHHO, 3Ha'!eHHS:I n npHBe.lleHbl .nng 
HMnynhCHhiX MaPHHTHhiX nonefi, <flopMHpyeMhiX II , Ill H IV 
CTyneHgMH C)!{8THg (none 1-fi CTyneH~ He npHBO.llHTCg), 

7 



00 

I'! I 

(I 

a> 

179 

0,8 

0,1 

0,11 

q~ 

O,f 

tlJ 

t?2 

0,1 

0 
~~ 

PH c. 3. !1sMepeHHas:r n -TpaeKTOpHSI )lns:r rry"'Ka c y= 4 ( OJlHO"laCTH"'HOe IIpH6nH)I(eHHe) • 

... 

1,11 

Ql 

qs 

y .(7,07 
l 

PHc. 4. n -TpaeKTOpHs:r AnSI rryqKa c y= 5. KpHBas:r 1 - OJlHO'laCTH'IHOe rrpH6nH)I(eHHe, 

KpHaas:r 2 - JlnSI rry'IKa c Ne = 2.10 13 
, TO'IKH - H3MepeHHas:r n -TpaeKTOpHs:r. 



·. 

<::' ~. ~- ~- ~- (') ~· ~· 

10 

.. .,. ~- ~- ' .,. 

1' 
~ 

"' 

"' 

.. 

(l) 
:s: 
lil 
(l) 

;E 
:s: 
I:;: 

10 
:s: 
0. 
t:: 
(l) 
0 
lil 
::r' 
:s: 
!-< 
u 
co 
::r' 
0 
lil 
1:! 
0 

co 
II 
;:..-. 

u 
co 
~ 
::r' 
>, 
t:: 
0: 
t: 
1:! 

0: 
:s: 
0. 
0 
!-< 
~ 
(l) 

co 
0. 
!-< 
I 

c 
0: 
co 
lil 
lil 
(l) 

0. 
(l) 

::E 
('I) 

:s: . 
[{') . 
u 
:s: 

0.. 

~I 

I 
I 

CnnowHbiMH nHHHSIMii Ha pRcyaKax rroKa3aHbi Teope

THqecKHe 3HaqeHHSI n 1 COOTBBTCTBYIOWHB pe30H8HCy V Z =0,5 
H 3HaqeHHJO v z = 0,07. KopH.llOpbi BbiqHcnSinn:cb .nnSI 

3neKTpOHHbiX Koneu c napaMeTpaMH: y = 4, N = 10 13 
13 13 e 

Y = 5, Ne = 2.10 ; y = 6, Ne= 3.10 • l13 pHcya-

KOB BH.llHO, qTO C~OpMHpOB8HHhle n -TpaeKTOpiili ne*BT 
B COOTBeTCTBYIOWHX KOpii.llOpax, 

Ha pHc, 4 .nnSI rry"!Ka c y = 5 KpoMe aKcnepHMeHTanb

HbiX ToqeK aaaeceHbJ pacqeTHbie KpliBbie, KpHBaSI 1 -
O.llHoqaCTH"'HOe rrpn:6nn:*eHHe 1 KpiiB8SI 2 COOTBBTCTByeT 

rryqKy c Ne= 2.I0 13
.KaK BH.llHo n:3 pHcyHKa, H3Mepea-

HaSI n -TpaeKTOpiiSI rrpOXO.llHT HeCKOnbKO BbllllB paC"!eTHOll, 

3TOT 8~~8KT MO*HO 06bSICHHTb BnHHHHeM MeTannH"!eCKHX 

.neTanei1 B cTanene aare3aTopa, He yqreHHbiM B pacqeTax. 

Y"'eT co6CTBeHHbiX nonei1 npn:aeaeT K TO My *e aqJ~eKTy, 
B TO BpeMSI K8K 3H8"!eHHSI KOpii.llOpOB rrpaKTHqeCKH He H3-

MeHSIIOTCSI, 

B nepBoM aapHaHTe MarHHTHoi1 CHCT.eMhi a.ure3aTopa 

npe.unonaranocb, qTo HH*eKUHSI aneKTpOHHoro rry"!Ka 6y.uer 

llpOH3BO.llHTbCSI B ITOCTOSIHHOe Maf'HHTHOe none, C03.ll8B8eMOe 

l-i1 cTyrreHbJO, ll3MepeHHSI, npoaeaeHHL>Je c KaTywKaMH no

CTOSIHHoro ITOnSI Ha CTeH.lle, ITOK838nH, qTO H3-38 CBSI3H 

1\18)1\.llY HiiMH H napaMH KaTyweK II, Ill n: IV cTyrreHei1 B Ka

TyWKaX ITOCTOSIHHOI'O nonH H8BO.llHTCSI TOK, cyweCTBeHHO 

n:cKa*arown:i1 pacnpeaeneHn:e MarHHTHoro nonSI no paaHycy. 

ilnSI ITO,llaBneHHSI TOKOBOll H8BO.llKH He06XO.llHMO BKnJOqHTb 

nocne.uoaarenbHO c KaTywKaMH rrocroSIHHoro nonSI apoccenb, 

IiH.llYKTHBHOCTb KOTOporo .llOn*H8 6biTb Ha ITOpSI.llOK 6onbwe 

HH.llYKTHBHOCTH KaTyllleK ITOCTOSIHHOI'O nonSI, TaKOe peweHHe 

TPY.llHO peanH3yeMo, rroc KOnbKY HH.llYKTHBHOCTb .npoccenH 

.llOn*H8 6biTb 0,3 fH, KpoMe Toro, KaTyWKH ITOCTOSIHHOI'O 

TOK8 If .llOITOnHHTenbHWll .llpOCCenb .llOn*HW Bhl.llep*IiB8Tb 

HarrpSI*eHHe 30 KB, 'ITO co3aaer .norronHHTenbHbie rpyaHo

CTH. ilnSI 8TOI'O BMeCTO ITOCTOSIHHOI'O ITOnSI BBe,lleHO IiMITynbC

HOe M8f'HHTHOe none, KOTOpOe C03.ll8eTCSI rrapoi1 6-BHTKOBhlX 

KaTyweK. ilnSI TOI'O "'T06hl HCKnJO"!HTb BnHSIHHe K8M8phl H8 

HMrrynbcHoe none l-i1 cTyrreHH, .unn:TenbHOCTb HMnynbca 

TOK8 B Hei1 Bbi6paHa paBHOll 10 MC, ilnSI ITO.ll8BneHHSI H8BO.ll

KH OT II, Ill n: IV cTyrreaei1 nocne.uoaaTenbHO c KaTywKaMH 

l-i1 cTyneHH BKnroqea apoccenb c L = 3,5 Mf. 

II 



PeaynbTBThl MarHHTHhlX H3MepeHHA npH pa6oTe 1-A 

cTyneHH COBMBCTHO co II H III cTyneH.HMH C)I<BTH.H 9nBKT

poaaoro Konhua np~rseaeHhi aa p~rc, 6,7. 

Paccq~rTaHHhiB no H3MepeHHbiM aaaqeHH.HM H( R, t) 
3BBHCHMOCT1i paBHOBBCHOrO paa~ryca 9nBKTpOHHOrO KOnbUB 

R paBH.( t) If Mara~rTaoro non.H H aBH. ( t) an.H nyqKa 
C y= 4,5 npHBBaBHbl HB p!iC, 6, ~nnOlllHbiMii nliHiiHMii no

KB38Hhl 38BiiC1iMOCTii, CHHThlB B CBBHCB COBMBCTHO C 1~A 

CTyneHbiD 1 nyHKTHpOM - 3BBHCHMOCTH, CHHThlB B npeahlay

lllHX CBBHCBX MBrHiiTHhlX 1i3MBpBHHH npH pa60TB TOnbKO 

II, III H IV cTyneaeA, Ha pHc. 7 noKaaaaa ~raMepeaaag 
n -TpBBKTOpli.H 9nBKTpOHHOrO KOnbUB C HaqanbHOA 9HeprHBA 

E HH)I{, = 1,8 M9B npu pa6oTe I, II H III cTyneaeA, Ha

quaaH c paa~ryca R = 8,7 eM, np~rsoaHTC.H n -TpaeKTOPHii, 

~raMepeHHhie B ceaacax c IV cTyneHhiD: sepxHHH - anH 

nyqKa C y = 5, HH)I{H.HH - an.H nyqKa C y = 4, Qqes!faH0 1 

qTo n -TpaeKropHH anH nyqKa c y = 4,5 np~r BKniDqeHHii IV 
CTynBH!f CYlllBCTBBHHO OTnHqaTbCH OT 9TifX 3BBHC!fMOCTBH 

He 6yaeT, 

Vf3MBpBHHH 83HMYTBJibHbiX HeoaaopoaHOCTBA np01i3BO

aHJIHCb B MBaHBHHOH nJIOCKOCTH B MOMBHTbl BpBMBHH 1 CO

OTBBTCTBYIDllllfB HBXO)I{,I:IBHHID 9JIBKTpOHHOrO KOJibUB HB 

aaHHOM paa~ryce, 

PeaynhTBTbJ li3MepeHHH pacnpeaeneHHH HMnynbcaoro 

MarHHTHoro non.H oT II If III cTyneaeA no aa!fMYTY Ha 

paa~rycax R = 8 CM If R = 4 CM noKaaaHhi aa p~rc, 8. 

A31fMyTBJ1bHbiB HBOaHOpO,I:IHOCT!f MBrHiiTHOro nOJIH HB MBnhJX 
paalfyCaX COCTBBJIHIDT (2-4),10-a. 

Ha p~rc. 9 nplfBO.[IIiTCH pacnpeaeneHHB liMnynbcHoro 

MarH!fTHoro nang no aaHMYTY aa paa~ryce R = 34 eM nplf 

pa60TB BTOpOA CTynBHH C)I{BTH.H, 

KpHBBH 1 - KaMepa lfMBBT saKyyMHhlA naTpy6oK 

paaMepoM 40 CM no aa~rMyTy. Dposan nang aa a3!fMyTe 
0 

¢ = 90 o6ycnosneH aan!fq~reM 9Toro naTpy6Ka, 

KpHBaH II - narpy6oK cpeaaa, Kp~rsag III - aa 9TO 

MBCTO ycTaHOBnBHhl asa narpy6Ka aHBMBTpOM no 14 CM, 

KaK BlfaHo lf3 p~rcyHKa, nocne aaMBHhi oaaoro 6on&

rnoro naTpy6Ka asyMH narpy6KBMH MBHblllBrO aHBMBTpa 

OTKJIOHBH!fB aMnJIHTY,I:Ibl MarHiiTHOro non.H OT cpeaaero 

3HaqeHHH COCTBBJI.HBT 4,5%, 
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P~rc, 6. PacnpeaeneH!fe !fMnynhCHoro Mara~rraoro nonH 

BaOnb TpaBKTOplflf KOJlbllB (1) H 38BiiCHMOCTH H3MBHBH!f.H 

paalfyCa 9JIBKTpOHHOro KOJlbUB (2,3,4) OT paBHOBBCHOrO 

speMBHH, 2 - nplf cosMecraoA pa6oTe 1-A cryneH!f co II If 

III cryneH.HM!f C)I{BT!f.H ( y = 4,5), 3,4 - npu pa6oTe II, III 
If IV cryneaeA C)I{BTH.H ( y = 5;4 cooTseTcrseaao). 
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AaHMyTaJibHhie HeoaaopoaaoCTH Ha paaHyce R = 36 eM 
ITpH BKJIIDqeHHH 1-H CTyiTeHH COBMeCTHO C JlpyrHMH COCT8B
Jl51IDT 1,5% • 

TaKMM o6paaoM, peayJihTaTbi, rronyqeHHhie B MarHMT
HhiX H3MepeHH51X, IT03BOJI51IDT C)l8JI8Th Bb!BO)l 0 ITpHrO)lHOCTH 
MarHHTHOH CHCTeMhl JlJI51 C*BTH51 BJieKTpOHHhlX KOJI8U C yKa-
38HHbiMH Bbillie rrapaMeTp8MHo 
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