


M3oxponuuiii  umknotpod  ML-400 npegHasHadeH pns yCKopesus
3apsXeHHbIX YacTUy, B Anana3ode oTHOWeHWn A/Z oT 2 no 5 ao sHepruii 25 -
100 MoaB/wyknon. MaruutHas cTpyktypa ML-400 coctouT U3  4eTbipex
CEKTOPOB, Yr/IOBOA ' MPOTAXEHHOCTbIO 45°, U YrnoM CcnupanbHOCTU Ha
KOHEYHOM paguyce yckopenus 40°. C 1995 roga Ha UMKNOTpOHE YCTaHOBNEHa
M BBefieHa B AieACTBMEe CUCTEeMa BHelsHell uHXeKuMn ¢ ucnonsaosaHnem ECR-
MCTOYHMKA. BBOA MNydka B MEAMaHHYI0 NNOCKOCTb  OCyLuecTBnsaeTcs
anexTpocTatuieckum sepkaiom [1].

UccneporaHne nepBoit rapMOHNKW MarHUTHORO NONA

YcnoBuA yCKOPEHUS 3apsXEHHLIX 4YacTUy, Ha nepBbiXx ofopoTax B
UeHTpanbHOi 06NacT UMKNOTPOHA OKa3blBalOT CyLLECTBEHHOE BAUSIHWE Ha
AanbHedWwuil Xof, YCKOPeHUs M Ha KavecTBO BbIBEAEHHOro nyyka. 3aMeHa
BHyTpeHHero PIG-uctodyHuMka Ha cUCTEMy  BHElLHed  WHXeKUMU = C
ucnonb3osaHneMm ECR-UCTONHMKA MpuBena K YBEJIMMEHWIO noTeRuuana
MHXEKTUpYEMOro nydyka ¢ [AecTka BOAbT A0 HEeCKONbKUX KUMOBOALT ¢
onpegenuna YCNOBUS PacnoNOXeHUs1 HadanbHOM TOYKW yckopeHus. [oatomy
6blnM  NpOBeAEHsl pacyeThl AUHAMWMKWA YCKOPEHWUSl 3apsiXeHHbIX 4acTul
COrnacHo HoBbIM ycnoBUsAM. PacdeTst BbinosHeHsl nporpammoili CENTR ¢
MCMONb30BaHMEM KapT MarHUTHLIX - noneil, nNoNAyyeHHLIX B npouecce
¢$HOPMUPOBAHMA MArHUTHOMO MOAS LUKNOTPOHA NPU U3MEPEHUsIX No NoJIHOMY
a3umyTy B oktabpe 1990 roga [2],[3]. HekoTopsie peaynbtatsl NpOBEAEHHLIX
pacyeToB HarnAAHO MOXHO YBUAETL HA pUCYRKax 1 u 2.
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PucyHok 2. HduHamuka
ABUXEHUA LIEHTPOB opbuTt
npw.. YCKOPEHUU YacTULbl C
oTHoweHuem A/Z=5 . pna
yeTbipex 3Ha4yeHun
HayanbHOW ¢asbl ABUXEHUS
¢,. Uudpamu -1 n 6
0603HaYeHbl  LEHTPbl NEPBOW
v WwecTon opbur

X (M)

NonyueHHble  pe3yNbTaThi PAacHeTOB CBUAETENLCTBYIOT O HAlIU4MM CWIIbHON
NepBoii rapMOHWKM MarHUTHOrO NoAs B LEHTPasbHOW 0651acTh LMKIIOTPOHa,
KOTOpas  SIBASETCS  MPUYMHON  3HAUUTENIBHOTO  CMELLEHUs  LeHTPOB
paccmaTpuBaeMbix OpbuT. Ha pucyHke 3 NPEJCTaBNEHO askMyTalbHOE
pacnpesieNieHe MarHUTHOro NoJIs Ha NSITU Paauycax B paioHe LeHTPasIbHO
BCTaBKM.
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PucyHok 3. PacrnpefeneHne MarHUTHOro noJss No asMMyTy Ans ATk paanycos.
YpoBeHb Noss npefHasHaqveH ais YeKopeHus 4acTuvu, C OTHOWEHWEM A/Z=5

Ha pucysxe 3 cumBonamn S1, S2, S3, S4 nokasaHbl MOSIOXEHUA CEKTOPOB.
W3mepeHve MarHUTHOro nONAS LMKIOTPOHA OCYLLECTBASSIOCL CUCTEMOWN,
paspaboTaHHOit U cospaHHol B JlaBopaTopuun anepHbix peakuui OUSAW [4].
Cucrema Briovaet B cebs 14 gatunkos Xonna, pacrofioXeHHbIX Ha Hecylueli
wraHre. JatyMku Xosnna 3akpersieHbl ¢ UHTepBasloM B 16 CM Ha neHTe,
cnocobHOM nepemMeLlaTtbest N0 paguycy BOONb wWTaHru ¢ warom 2 cMm, OguH
KOHelL, WTaHrK 3akperyieH Ha NOBOPOTHOW OCHOBE B UEHTpe UMKIIOTPOHA,
ApYroil - nocTaBfieH Ha Kosieca M nepemMeliaeTcs rno asMMyTy ¢ Wwarom A® =
0.9375°. AsuMyTasnbHOE ABUXEHUe NPOM3BOAUTCA 3a cueT 3ybyarToit nepegaun
Mexay OBUratesieM M KONbLUOM, YEeM JOCTUraeTcss MOBTOPREMOCTb NO3WMUMIA
Npy  MHOrOKPaTHOM [OBMXEHUM MO  asuMyty. MOMEHTH  CYMTLIBAHWS
vHbOpPMaUMM C AaTHMKOB, 3aMYCK U OCTAHOBKA ABUraTeneit CUHXPOHUIOBAHbI
M ynpaBnsalTcs KomnbioTepoMm. WMHbopmauus o 3Havenusx 3AC Xonna
3anucbiBaeTcsl U xpaHutca B dainax. Marematuyeckas o6paboTka gaHHbIX
MarHUTHBIX W3MepeHuil OCYWeCTBANETCA Ha OCHOBe naketa nporpamm
MAGNIT u Bkniovyaer B cebf BbluMC/IEHWE 3HA4YeHWit MarHWTHOro nons no
noJMHOMamM TpeTbero nopsgka. [lporpamma  BbYMCNRSIET  3aBUCUMOCTb
cpepHero nons v dnarrepa OT papuyca, aMnnvtyny W ¢asy rapMoHux
pasnoXxeHWs MarHUTHOrO MOJSA, yroJl CNMPasbHOCTU CEKTOPOB, ONTUMAasbHbLIE
3Hayenns B,u A/Z, 4acTOTbl pafManbHbIX W akcuasbHbIX 6eTaTPOHHbLIX

konebaHuii. Ha pucyHkax 4 v 5 npegcrtasseHbl 3aBUCUMOCTU aMnanTyn
nepsoi u BTOPOI rapMOHUK MarHUTHOro Nofs OT.paauyca.
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PucyHok 4. AMNAUTYAA NepBOi rapMOHWUKU MarHUTHOro nojs AN YCKOpeHus
4acTuL C oTHoweHuem A/Z =5
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PucyHok 5. AMnnutyaa BTOPOW rapMOHWUKWM MarikMTHOrMO Mons Ans YCKOpeHus
4acTuvl, ¢ oTHowenneM A/Z =5
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Pucywok 6. [luarpamma HanpasneHus BEKTOPOB NEpBOA  FrapMOKUKU
MarsMTHOrO NONS AN YCKOPEHUS YacTuvL, C OTHoWeHneM A/Z = 5

AHanu3 npeAcTaBNEHHbIX Bbile rpadMKOB O6BLACHAET HarnpasBneHHbIN .upeﬁqi
LEHTPOB paccMaTpuBaemMblx OpBUT yCKOPSIEMbIX 4acTUL HanudueMm nepBoi
rapMOHUKM MarHUTHOrG Mofs B LEHTpe uuknoTpoHa. CornacHo rpaduky
aMnauTyabl Nepeoi rapMOHUKW W HANpaBNeHnto ee BEKTOPA B 3aBUCUMOCTH OT
paguyca B LEHTPE LMKINOTPOKA (PUCYHKN 4 1 6) MOXHO YCNOBHO Bbifenuts aBe
o6nacTi, coaepxauie HECUMMETPUID MarHMTHON CTpPyKTypbl. B OnanasoHe
paguycos ot 0 no 15 cm MakcumanbHaa amnnutyga pasHa 0.086 T. B
Ahana3oHe paguycoe ot 15 0o 30 cm MakcumanbHas amMnauTyha okasanach
pasHoin 0.028 T. B xopge noaroToBKM K MAarHUTHbBIM  U3MEPERUSM,
npoBeaerHLIM B okTAGpe 1996 rona, Gbina BbCHEHa npudnuHa Hanuuus
nepsoii rapMonvku. Ha pucyHke 6 CxeMaTtuyHo u3obpaxeHa cUTyauus B
UeHTpEe UMKIOTPOHA, NpealecTByIoWas Havyany wuMMmuposakus. [epeas
BblieNeHHas ob6nacTb  COOEPXMUT LEeHTPanbHYI0  BCTaBKY, WMEIoLLYI0o
NPOOOMXEHNE CEeKTOPOB K UEHTPY UWKNOTPOHA BNNOTb A0 UEeHTPanbHoro
OTBEPCTUS KaHana BHewWHen nixekumn. OTCYTCTBME Ha BCTABKE NPOAOMXEHUA
TpeTbero W 4YeTBEepTOro CeKTopoB, OOYCNOBNEHHOE KOHCTPYKTUBHLIMUW
OCOGEHHOCTAMM  pa3MelleHns  cucTeMbl BHYTpeHHerc PIG-ucTodHuka u
nynnepa, NPUBEN0 K BO3HUKHOBEHUIO NEpPBOro NWka aMmnnuTyasl. B ananasoxe
paauycoB OT 20 A0 35 CM Kaxablil CeKkTop UMeeT GOKOBble HAKNamK,
YCTaHOBNEHHbIE ONs WMMMMPOBaHNS CPeaHero nons. Kak BUAHO U3 pucyHka
6, kK Hayany Koppekuuu Mnepeoil rapmMOHWKA MarHUTHOro mMoas MarHuTHad
CTPyKTypa B guanasoHe paguycoe or 20 oo 25 cM okazanact 3aBeAOMO
HecuMMeETpUYyHol. FeomeTpuss LEHTPaNbHOM BCTABKUA WU HAKNIa[oK Ha CekTopax
S1 n S4 noaTeepXAaeT 3aBUCUMOCTL a3kl NEpPBO FApMOHUKKU OT paguyca,
M306paxeHHon BEKTOpaMK Ha pPUCyHKe 6.

Koppekuus nepsoi rapmMoHUK1 MarHUTHOrO Nons

B npouecce noarotosku KOpPeKuMM nNepeoil rapMOHWKN MCCNepoBanuch
BO3MOXHOCTU LWMMMUPOBAHMA MarHUTHOrO nons npM noMowm 60KOBbiX
HaKNagoK U UCNonb3oBaHWUs CTaNbHLIX MAIACTUH, NMOMELLEHHbIX ‘NoA, cekTopa
MariuTa. Ha pucyHke 7 npeacTtaBfeHa 3aBMCUMOCTL Bkiana 6G0KOBOro
WwKUMMa, LWUPUHOM B 1 CM, OT paguyca B cpenHee rorse.
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OueHka eknaga 60K0BOro WhMMa rMpon3seaeHa Ha OCHOBE KapTbl MarHUTHOMO
nons ANA YCKOPEeHWs 4acTuu C OoTHowenveM A/Z = 5 n cornacyetca C
pesynbTataMyn NPOBEAEHHLIX PaHEE U3MepeHWil Bkiafa B CpeaHee MarkutHoe
none oT 60KoBbIX WUMM [5], [6]. .

PacueT Bknaga B cpeaHee MarHUTHOE Mosie MOMEWEHHOro Nnog CexkTop
CTaNbHOro fMCTa, TONWMHOMA 3 MunnuMmeTpa (pUCyHkn 8 u 9), BbINOSHEH
nporpaMMOﬁ BCAL [7]. C:\B_CAL\1nc4b20a.DMP 21-Jun—-1996
Cyclotron mc400

with 3 mm shim
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PucyHok 8. PacnonoxeHue CTanbHOro sUCTa, TOJLWMHOM 3 MM, noa
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Koppekuuna nepBoil rapMokvku MarHUTHOrO fons B LeHTpanbHoit obnacrtu
UMKNOTPOHA nNpPOBOAMNACLE C YCNOBUEM COXpaHEHUs YPOBHA CpeaHero
MarsutHoro nonsa.  Jna peweHus  3Toi  3agaun  noTpe6osBasach
CUMMETPpN3aLMs MarHUTHOW CTPYKTYpb! LEHTpasibHOM 06nacTt nocpenacTsom
NepepacnpeneneHus  XenesHbix Macc. bBbino  nNpuHATO  pewesne o
MWHUMWU3aUMK YPOBHS MEPBOi rapMoKUKU B Ananasone paguycos ot 0 go
15 cM 3a cueT yBenuYeHUsi YpOBHA BTOPOI rapMOHWKW MarHUTHOrO MONSA.
OcHoBaHueM nocnyxun npeaBapuTesibHbIi  PacYeTHHIA  aHanu3  BIAKAHUA
BTOPOW rapMOHUKU Ha AIMHAMWKY YCKOPSIEMOTO NyyKa.

Ha nepeom atane koppekuyy Npou3BeAeHa CMeHa LEHTPanbHON BCTasku. B
HOBOM BapWaHTe BCTaBKa MMeEeT NPOAOIKEHUA CUMMETPUYHO PacnONOXEHHKbIX
OTHOCWUTENbHO UEHTpa cektopoB S2 wn S4. CpaBHUTEnbHbI  ananua
pe3ysnbTaToB NPOBEAEHHBIX MAarHUTHEIX U3MEPEeHUiA NPEeACTaBeH Ha PUCYHKax
10 n 12. MaxcumManbHblit YPOBEHb NEPBOM FrapMOHNKN B 0611aCTU LEHTPANIbHON
BCTaBku chuaunca ot 860 no 20 Mc 1 noenek 3a coboi CHUXEHWE YPOBHSA
NepBOi rapMoHUKM BO BTOPOW oTMedeHHo# oGnactu ( or 15 no 30 cMm ) no
200 lc.
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Pucyrnox 10. CpaBHUTENbHLIA aHanM3 pacnpenesneHus aMnauTys nepson
FapMOHUKW 'MarHUTHOro NOns A0 U NOCNe CMeHbl LEeHTPanbHOM BCTaBKM.
YpoBseHb Nons NpeaHasHaveH aAnst yCKOPEHWs 4acTul, ¢ OTHoWeHuem A/Z=5

Ana noaTBepXAeHUS MONyY4eHHbIX pes3ynbTatoB npoBefeHbl WU3MepeHus
MarsuUTHbIX Nonei [ns YCKOpAeMbiX 4acTvl, C OTHoteHusAMu A/Z=2 n 5.

Ha BTOpOM Q3Tane KOppekuuMuM MPUHATO pelueHue YCTaHOBUTbL OOKOBbie
LWUMMbl OOUMHAKOBOI A/MHBI Ha KaXOOM M3 YeTbipex CeKTOpOoB. - YYuTbiBas
YCnoBue COXpaHeHws YPOBHSI CPERHEr0o MAarHWTHOrO. NQAf, AMHY WWMM Ha
cektopax S1 n S4 ysenuuunu 3a CYeT CPE30B C WMMM cekTtopoB S2 u S3.
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TakuM 06pa3oM, noJiydeHa CUMMETPUYHAA KapTUHA NOMIOXEHWUS  LWUMM
OTHOCUTENbLHO LieHTpa UMKIOTPOHa U coxpaHeHa OAHOPOAHOCTL Martepuwana,
YTO NPUBENO K 3HAYUTENLHOMY MOAABAEHMIO NEPBOM MApMOHWKU MAarHUTHOrO
nons (pucyHok 11). BTopas rapmoHuMka MarHWTHOro nosma B UEHTpe
UMKNOTPOHA nocne BTOPOro atana WMMMWPOBaHUA ocTanack 6e3 u3MeHeHus
(pucyHox 12). i
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Pucynok 11. PacnpepeneHne amMnatyast fepBoi rapMOHUKK MarHUTHOro nong
no pagMycy nocne 3aBepLueHus Koppekunu
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PucyHok 12. CpaBHUTENbHbIA aHanus pacnpenenenns amMnauTyn BTOPONA
rapMOHUKM MarHUTHOTO NOAS A0 KOPPeKUWM u nocne npoBeaeH!s nepBoro n
BTOPOro 3Tanos KOppeKkuun

140 ; ; i i i i : .
0.0 0.2 04 06 08 10 12 14 16 18
Pagpyc (wm)

PucyHok 13. PacnpeaeneHve cpefHero MarHuTHOro nons no pagwycy Ans
YCKOPAEMBIX UOHOB C OTHOWeHWeM A/Z =2 u 5

MonydeHHbie peaynbTaThl W3MEPEHWIA MArHWTHOrO MOAS MO  OKOHYaHWUW
Koppekunn nepsBoil rapMOHUKUM WUCMONL30BaHLI AN pacyetra AUHAMUKA
YCKOpeHUs 3apsiXeHHbix yacTul, nporpammoit CENTR. PacueTbl nokasanu, 4to
B pe3ynbTate Koppekuun YCTpaHeH papeid UeHTpoB Op6UT YCKOPSeMbIX
4acTuu, (pucyHok 14), npu 3TOM UEHTPHl OPGUT PacnofoXeHsl B paauyce
OAHOro CaHTMMETPA OT LeHTpa UMKIOTPOHA (pUcyHok 15).°
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a(xxzr P a5 PucyHok  15.  JuHamuka
/‘ ABMXKEHUA LEHTpoB opobut
o b / P npyv YCKOPEHUU 4YacTuubl C
_ 7 oTHouwteHneM A/Z=5 ans
u‘m__Lé/ ~ l 5 yetblpex 3HAYEHUI
rd HavanbHoi ¢a3bl ABUXEHUA
cam| 10 xS s Gp=-TO°, -60°, -50°, -40°
> / fnocne Koppekuuu nepsBoi
Qo N rapMoOHUKKU MarHuTHOro nons.
a- g=-10° Undpamu 1 n 5 o6oaHaqubJ
aom | ] -0~ g=@°| UEHTPbl MNEepBOiA Wu nNATOM
- ¢=-0° OpBUT
ams f 14 B :
-Q(llﬁ -Q(‘IM 00 -QEDZ -O:Xh O.JC-T
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PucyHok 16. Tpaekrtopuu
ooe BEPTUKANBHOrO  ABUXEHMS
. YCKOPAEMBIX yactuy c
oTHOweHueM A/Z=5 pna
ooz yeTbipex 3HaYeHun
- HayanbHol a3l ¢, =-70°,
Z o -60°, -50°, -40°
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PaccTosHWe NG TpaexkTopuu (M)

Huxe NpeAcTaBfeHbl PUCYHKW, rpaduyecky oTobpaxaiolime pasuansHole
BEPTUKANbHBIE AKCENTaHChl YCKOpUTENA ;um yacTuu C OTHoweHueM A/Z=2 n 5.

[ns YacTvu ¢ oTHOwWeHueM A/Z = 2 paauanbHbil akcenTaHc Ar = 620n
(MM*Mpaa) ans avanasoHa HavanbHblx $as Ay, = 30° u ‘Ar = 1200m
(MM*Mpan) Ans AvanasoHa HavambHbiX a3 Ap, = 20°. BeptukanbHbLig

akcenTaHc Az = 1110n ( MM*mpan, ), pucyHku 17 1 18. .

[ns yacTvu, ¢ oTHoweHnem A/Z = 5 paguwanbHbiii akcenTaHc Ar = 896n
(MM*Mpag) ons AuanasoHa HavanbHelX Gas A = 30° u Ar ="1187n (MM*Mpag)
[NS AvanasoHa HavanbHbix ¢a3s A¢ = 20°. BepTukanbHblit akcentaHc Az =
974x ( MM*Mpagq ), pyucyHku 19 n 20.
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PucyHok  17. PaavanbHblii PucyHok  19. PapuansHbii
akcenTaHC AN YCKOpeHUsa YacTtul, akcenTaHc AN YCKOpPeHUs vacTuy,
C OTHoweHuem A/Z=2 C OTHowWweHueM A/Z=5

Napamerp RZR gBnsietcs pagMycoMm TOYKM Havana yCKopeHMH YyacTULbl,
Napametp AI' sBnseTCS YrnoM MeXay BEKTOPOM CKOPOCTM HacTuLibl B TOYKe
Hayana ycKOPeHWsl U NEePneHavKYNRpoM K paauvycy- BeKTOpy, HanpasneHHOMY
u3 UeHTpa UMKNOTPOHa B TOHKY Hauasna yckopeHus.

Ve

2°(rpaaycH)

z2% (rpaaycu)

ams 0010 0008 amo [0S amo ans
Z{m)
PucyHok  18. BepTukanbHblit Pucynok 20, BepTtukanbHbI
aKkcenTaHC [NS YCKOPEHWS YacTul, C, aKcenTaHC ANs YCKOPEHUA HacTuy,
OoTHoweHnem A/Z=2 C OTHOWweHWem A/Z=5

NapameTtp Z° asnqaetcsa BEPTUKASILHBIM YITIOM BblfIETa YCKOPAEMOi YacTuLlbl B
TOYKE Hayasia YCKOPEHUS| O THOCUTESLHO MeauaHHoit nnockoctn Z=0.
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3axnioyeHve

PeaynuTaTel pab0Thl YCKOPWUTENS MOCAE 3aBEPLIEHUA KOPPeKuuW nepsoi
rapMoHMKM  MarHMTHOro floff  foKasanu  3HauuTensHue  yBenu4eHue
MHTEHCUBHOCTW MY4KOB YCKOPRAEMbIX UOHOB. Mpu Toke nydka voHos 14N+5
nepen MHGNEKTOPOM B 72 MKA [0 NPOBEAEHUA KOPPEKUMU B HerpepbiBHOM
pexume paboTel BbIBEASHHLI U3 ycKOpUTENs Ny4eKk UMmen ToK 0.36 MKkA.
KoagpduumeHT nepeaaqn npy atoM coctasnset K=0.5%. Mocne koppekunn
npu Toke nNy4ka uoHoB 14N+5 nepep uHdnexTopom B 60 MKA 1 CKBaXHOCTK
BY-Hanpsxenus Q=2, BblBeAEHHGIA U3 yCKOpUTENs Ny4exk umen ToK 0.6 MxA.
KoagpduumeHT nepefa4m npy 3ToM coctaBnseT K=2%. Takum obpa3om,
nocrne 3aseplieHUn KOPPeKkuMn NepBoi rapMOHWKWA MarHuTtHoro nons B
LeHTpanbHoi obnact  yckoputens Y400M  koadouumeHT nepelain
yBenu4mncn B 4 pasa.

Nutepatypa

—_

Axial injection system for the U-400M cyclotron with an ECR ion source.
JINR, FLNR, Scientific report 1993-1994, Dubna 1995.

2. FynuBeksu . T., Mopayes A. M., OUAN, P9-80-549, y6na, 1980.

3. MeaHenko W. A., OUAN, P9-96-409, ly6Ha, 1996.

4. Eepokuvmos A. K. u ap., O1AN, 9-80-800, [y6Ha, 1980.

5. T'ynubexsn . T., u ap., OUAWN, P9-93-323, Lly6Ha, 1993.

6. Konecos W. B., n ap., OU%IN, 9-82-917, Ay6Ha, 1982.

7. G. Pausch, CINR, ZFK-699, Rossendorf, 1990.
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/}central reglon are presented The results of the flrst experlmentq have shownw

’The Correctlbn of the Flrst HarmorLc
'of the U4OOM Cyc!otron Magnetlc Fteld

The‘results of - the‘correctlon of the f1rst harmomc of the ‘U400M cyclotron\ ;}5

magnetlc fleld and the. calculatlon of the acceleratmg beam dynamlcs in'the cyclott’on

arch Dubna, 1997~ - "




