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C.A. BbICOIJJ(HH, A.A. fony6eB, r.B. KYlleBoii, B.H. llepmHH, A.,n:. <l>eJITMaH, 
B.IO.lIIapKOB, CT. .sIpaMblmeB - M., 2001 - 11c. 

Pa3pa60TaH KaHaJI TpaHCIIopnqloBKM TIDKe.nbIX MHOr03apH.llHbIX HOHOB OT YCKOPHTeJIH c nOKcll 
CTpYKTYPOH Ha 27 Mrl.{ .no IIJIa3MeHliOH MmneHH. KaHaJI AOJDKeH o6ecne'lHTb YCJIOBHSI 

npoxo:>K,QeHIDI rryqKa MaKCHMaJIbHO B03MO:JKHOH HHTeHCHBHOCTH Qepe3 MHmeHb. PaCCMOTpeHbl 

aapHaHTbI KaHana,llJIS[ TpaHCIIOpTHpOBIGf HOHOB cil+3
· H tf4 C HCIIOJIb30BaHHeM K8a.z:q>ynonbHbIX 

}HIH3 P83JIH'IHOH KOHCTpyKIUlH. 

The desigin of the beam transport channel for the ions Cu+3 and U+4 
between accelerating section RFQ and plasma target: Preprint lTEP 
22-01/ 
S.A. Visotski, A.A. Golubev, T.V. Kulevoy. V.I. Pershin, A.D. Fertman, B.Y. 
Sharkov~ C.G. Yaramishev - M., 2001 - IIp. 

The transportation channel for multicharge heavy ions beam from 27 MHz RFQ 
accelerator to plasma target was designed. The channel should provide the beam transportation 
with maximum intensity through the target. It was designed for Cu+3 and tf4 ion beams on the 
base ofquadrupole lenses with different constructions. 
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l{e.lIbIO )laHHOH pa60ThI HBJUlerCg pa3pa60TKB. KOHCTpyr<:InlH KaHana TpaHcrrOpTHpOBKH 

rrytIKa OT C)'lneCTByI01I{ero YCKOPHTeJUI T.IDKeJIbIX MHOr03apazlHI>IX HOHOB C RFQ CTpyKTYPOH Ha 

27 Mru [1] .lI,O nJIa3MeHHOH MHweHH. 

Ilna3MeHHWl MmneHI. npe,llCTaBJUIeT co60H UWIHIf.llP .ztJ]HHHOH 1 MeTp C BHYfPeHHHM 

.lI,HaMeTpOM 6 MM, 3aIIOJIHeHHblii ra30M rro.ll, ,llaBJIeHHeM 1 MM pT. CT. C ,llByx CTOPOH I.(HJ'IHHJlp 

3aKpbffiaIOT .lI,Ha$ParMDI C OTBepCTIDIMH ,ll.HaMerpOM 1 MM. 3a nJIa3MeHHOH MHIIIeHbIO Ha 

paCCTO.HBlIH.llBYX MeTpOB paCnOJIaTaeTCS .lI,HarHOC'fHlIeCK8JI anrraparypa [2]. 
TIo YCJIOBHSM ~KCrrepHMeHT~ Tpe6yeTCs o6eCrreqHTb ycnoBHS rrpoxo~eHHS nyqKa 

MaKCHMaJILHO B03MO)I(HOH HIITeHCHBHOCTH qepe3 MHmeHI.. TIoTepH qac~ B 06'beMe MHmeHH 

.lI,OJDKHbI HMen, MHHHMaJILHyIO BeJlHqHHY. Pa3MepDI nyqKa He ,llOJl)l(HDI npeBblJJIaTh pa3MepbI 

qyBCTBHTeJIbHOB: 06naCTH .lI,HarHOCmqeCKHX ,llaTllHKOB. 

ilpoT.IDKeHHOCTb TpaHcnopYHoro KaRMa He ,llOJI)l(Ha rrpeBhIIIIaTh 3.9 MeYpOB. 

,[{JUI pa3pa60TKH KOHCTpYKUHH KaHana Heo6xo.ll,HMbI $a30BDIe xapaKTepHCTHKH rryqKa Ha 

BXO,lle B KaHan H I1apaMeTpbI rryqKa Ha BbIXO,lle KaHana, 06ecrrellllBaIOIUHe -rpe6yeMhIe ycnoBHR 

1paHCI10PTHPOBKH nyq:Ka B nna3MeHHOH MH1IIeHH. 

,llmI. BbI'1BCJIemm HCnOnh30BaHa npDIpaMMa Trace-3D [3]. 

1. c!la30Blde xapaKTepBCTBKB Dy"IKa Ha BbIXOAe YCKOPHTeJlH 

MO)leJlB.pOBaHHe .lI,HHaMHKH nycn<:~ COCTOR1I{erO H3 CMecH HOHOB Me.ll,H Cu+2 
u Cu+3 

B 

OTHOmeHHH 1:1 lio 3apJl.llY, B YCKOpHTene C nOMoIUhIO rrporpaMMbJ DYNAMION [4] 
n03BOJIKlIH I1o.n:yq:HTb <pa30Bhle xapanepHcTHKH nyqKa Ha ero BbIXO,Ite. TIonyqeHHbIe 

pe3ynbTaThl rrpHBe,llem.J. Ha puc. 1. €l>ynKUHOHaJThHhIe B03MO)I(HOCTH nporpaMMbI Trace-3D 

n03BOIDDOT rrpOBO,llHTh BbNHCneHHR c qaCTHUaMH O,llHOro cop-ra. ,llmI. 3KCrrepHMeHTOB 

npe.llI10JIaranOCL HCrrO.lIb30BaTb HOHhI Cu+3
• TIyqoK, COCTOKI1lHH H3 CMeCH HOHOB Cu+ H Cu+3 

, 

6bJJl 3aMeHeH IIyqKOM HOHOB Cu+3 
CYMMapHOH HHTeHCHBHOCTH 060HX KOMnOHeHT - 4 MA. 

PaCqeTbI npOBO.ll,HnHCb AJUI 3Toro mrra qaCTHU. 

2. HCCJJe.zxoBftUHe AUUftMUKH nY'Ixft B nJla3MeHHOH MHBIeHH 

Ha pHC. 2 rrpHBe)leHhl nonyqeHHbIe B pe3YJIbTare nO)l6opa $a30BbIX XapaKTepHCTHK 

rryqKa Ha BXO,lle B MHilleHb orn6aIOIUHe IIyqKa B Tpex rrJIOCKOCT.IDC· H npe)lCTaBmnolIl;He 

3JlJlHrrChI. 

I1yqOK B nonepe'IHOM:H3Mepemm HMeer cjlOPMY Kpyra pa.rtHYCOM 0.49 MM Ha BXO,lle B 

MHmeHb H 0.62 - Ha BbIXO,l{e H3 Hee. TIyqOK ~ CXO,WIIlUl.HCR Ha BXO,l{e B MHllleHb H pacxo,wm:umcJI 

Ha BbIXO,lle 83 Bee, ero KpOCCOBep pacrrOJIO)l(eH B cpeJtHeH qacm MHmeHH. TIorepb qaCTlfl( B 

06beMe MHilleHB He Ha6JIIO)laJOTCJI. 

Ha pHC. 3 nOKa3aHbl of86aIOIUHe nyqKa Ha yqaCTKe pacnono)l(eHHR ,llHarHOCTHqeCKOH 

arrnapaTyphI 3a MHmeHblO. TIyqOK Ha paCCTOJIBHH .llByx MeTpOB OT MHIIIeHB HMeeT B 

norrepellHoM Harrpasnerum $OPMY .lI,HCKa pcmWyCOM 2 MM. Ha pHC. 4 rrpHBe,l{eHa 3KPaHH8JI 

KorrH~ cjlaitJIa pe3YJlbTaTOB pacqera ,lUlBaMHKH IIyqKa B KaHane C nJ1a3MeHHOH MHmeHbIO 

nporpaMMOH Trace-3D. 
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Puc. 2. OrJf6aI01IlH6 ny'IKa HOBOB Cu+3 
H npeJJ;CTaBJllllOIIlHC 3JIJIHnCbI B Ha'laJIe H KOHUe WlalMeHHOii 

MRlIIeHH. 



3 

::: :J:::: :: ::I:U: 

1I"1I1H'" 

.,...,..... " .. ' .....a.u 

! \ 
I 

"I'".aaa~ 1 12..... "'" 
S.'1i_('U1c.~ UI.I.., 

J."'.illl 
" .. -'.illl 

11.... _ i 

'-'lit',
\ 

... u.u. 

... H.UI 

PHc.3 OrH6aIOlUHe n:y<Iu HOROD euH H npellCTaMIIJOII{He 3JUIHllCI>1 .!UJA KaRMa, COCTOJlmerO H3 

rll30B0i1 MHIlIeHH H )"IaCTKa pawemeRHA JUlarHOCTlflIeCKoit annapaTYJl1>1. CyMMapHaII .!UJHHa - 3 MeTpa. 

YATII 

Ell- 59'2U. ••••• Q= 3. """ 7 .AU'. XI- g ••." 

EMITI - '.S""'" 9..........
••3..... 
8£11M( - ••'U." '.81." ....... • ...... . II...... ..16811 

8EllItF - •.••••• 1.11811'. II .••'.. • .•.,0. ..0 •••••• 3.11.... 
BEIiMeI- 1t••••I. '.I'U' •.••••• •.••••• '..... .e'O••• 
FREQ- 27.'" PQEltT- 2-". ICHROM-. IB$-' xc- ......, 

liM- S ..... liP"", 11••••• Y'" S ••• PPM- 36••0. D"",", 2 ••.•• IlPP- 3611e .. 

X"I- 1 ••••'11 IIP"I- 1 •••••• lCltF- 1 •.•1110 XPtF~ 1...... 

UPM!- 36...... OPtF- 368.88.. !)1iM1- 2....... D_- 2....... 

tn- , M2- 2 SIfAX~ ,... PQSMAX- 2.. HEl1- , HEl2- 2 IIP,­

NT" 8 MC~" IPUltE-,' .• , ""-'.'''''' ' ••"" '.'''''.' ••••••••• 0••••••••••• 
HIIe-•••0.... • D•••0... • ••••11... • '. ...... • '0•••••. • '. •••••. • 

UAl- II........ • ••8..... ......... ......... • •••" .... D........ 

CHT('II1)-'Ol"1ft • Nre81n)- 1 ft(1,'I11)- ,........ 

CHT(082)='Orif't • HT(OIl2)- , 11(1.'82)- 21••••••11 

COHEHT-' ElCp~cted cUI"I".mt of the partiCles CU+, 1.1 ....11· 

&EHD 


PHC. 4. ~aiin pe3yJIhTaTOB pac..:im .IlHHlIMJOOf n:y<IK8 nporpaMMoil Trace-3D. 

http:cUI"I".mt
http:OPtF-368.88
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.Jl.HH3LI HMelOT 3cpcpeKTHBHJIO .wmHy - 320 MM, paCcTO}lHHe Me>KJlY nOJIlOCaMH - 150 MM, 

MaKCHMa.TU.Hb:rH rpa.zmeHT MarmITHoro noJUI - 8 TIM [5]. ,ll.JUI CPOJryCHpOBKH ny4Ka 

HCllOJIb30BaHbI 1'pH JIHH3bI. MeHbmee 'IHCJIO CPOICYCHPyroIURX 3JIeMeHTOB He n03BOJUleT 

nOJI)"mTh rpe6yeMLIe cpa:30BLIe xapaKTepHCTHKH nyqKa Ha BbIXO.nC H3 KaHana, RCnOJ1b30BaHHe 

6oJIbmero qlfCJIa JIHH3 3aMeTHO nOBLIIIlaeT CTOHMOCTb KaHana H YClIO)KIDIeT ero HaCTpOHKY. 

Pa3MepLI nOMemeH"H.SJ, B KOTOPOM B Hacroamee BpeMS pacnOJIaraeTCJI YCKOpHTeJI& TMIIP, 
H8lCJIa,n:bIBalOT orprumqeHIDI Ha MaKCHMa.TU.syro JVIHHY rpaHcnopTHoro KaRMa, KOTOPaJI He 

,uOJDKHa npeBJ>IIIlaTb 3.9 MerpOB. Wa30BbIe xapaKTepHCTHKH nyqKa Ha Bxo.ne B flJIa3MeHH)'IO 

MHmem. no,no6panLI TaKHM 06Pa30M, 'IT06bI o6ecneqlfTh MaKCHMaJJbHoe nepeKpblTHe yrJIOBOrO 

pacnpe,neneHIDI qacTHIJ; Ha Bxo,ne B MHmeHb H B CaMOK MHmeHH (PRC. 5). 

3. HCCJle}lOBaHHe B03MO,,",OCTH HCIIOJlb30B8BIHI JIHB3 MJI·14 B KaHaJIe 


TPauenOpTBpOBICH nyqKa 


Target 

lB.III... X 

Channel 

Oiaphragma 

PRC. 5. <Pa3oBbfe 311J1HnCLl Ha Bxo.ne B IlJI83MeHHyIO MliilleH!. (Target). <tla:roBhla 3JfJlHnC, 0603Ha'ieHHbI~ 
(Channel), COOTBeTCTB}'eT pacC'lm'aHHItIM $a3oSLlM xapaKTepHCTHKa II)"{xa B MHweHH. BeprHKa./lhHblMH JlHHIDfMH, 

0603HaQeHHLlMH (Diapbragma) BLlJle.l1eHa 06naCTb ny'lKa Ha $830BOR IUIOCKOCTH, npoxo,1lRmero B IUIa3MeHHYIO 
MHWem.. 

Ha pHC. 6 nOKa3aHbI om6alOIUHe H npe,uCTaBruIJOUUle 3JIJIHnCbI nyqxa B paCC'iHTaHHOM 

KaHane. Ha pRC. 7 npe,nCTaBneH l}laHJI pe3YJIbTaTOB pac'Iera UPOIpaMMbI Trace-3D. B Ta6.rr. 1 
DpHBe.neHLI BIDKHeHnme KOHcrpYKTHBHbIe napaMerpbI KaHana. 

BKH HONOB CU+3 

Cu+ 

877.72 
3.68 
113i29 
-6.77 
165.25 
8.15 
100.0 

http:nOMemeH"H.SJ
http:BbIXO.nC
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PHc. 6. Orn6l1.1OIIJ,He H rrpenCTaBIDIKllUHe 3J1JUmCbl nyQKa "OHOB Cu+3B 'IpaHcnopTHoM xaHaJIe. 

&DATil 
EII= 591211.111111118 Q~ 3..... 1."'11011 XI- 2.11110 
EHtTI " 21.380". 21.3811.111 559lJ••0.1I110 
8EAtII - ....... ..1.... 1••11100 1'1., .... ' ••11••• '.23••• 
DEAMF - 58...... 3....... 5...... 0 3...... . '.'8". 8.28'.8 
BEAHCl~ I...... ....... ....... • ...... ....... ....".. 

FREQ- 27.... PQEXT. 2.5' ICIIRDN-. 18S- 0 XC" ••1'" 

X"" 7...... Xl'"" 2•.8... ytt- 71••' 01'"" 361... DWN- 2..... OPP· 361.•' 

lI"l- 1 ••eo.. Xp"l- 111 •••18 :IIHF- 11.00.' XPHF- 1•• 00.8 

Opl'\Ie 368..... OPtF~ 36....11. 0101"1= 2••• 1101111 DIIttF- 21111.'IDO 

H1 = 1 1«2= 7 SI4RX" 1'.. I'qsII/IX= 2. • tEL 1= 1 NEL2= 7 11'1 = 11'2= 

KJ- 8 tte- 4 IPLlltE- ••• 11'-1 •••1111 1,••11131 ••••85 1.'••'2 .,8110.' ....... 


HUe......... II ........ " ................. " •••" .............. . 
VAL- ......... • ......". ......... ......... 11.80'''.' •••8..... 
CHT("1)-' Drift HT('I1)- 1 A(1,'I1)- 877.72163 
CHT(II2)··Quad HT('I2)~ 3 11(1,8112)= 3.6151111 320.'.81111 •••••••••• '.11" • 
CHT(.I3)"·Orift HJU.3) " 11(1.'113)· 1133.2885 
CMT(.",)-·quad NTClA)- A(1.'''')--6.16892'19 32....... •••0.....0 • ••••0 
CMT(.85)·'OrUt NT('.S," A(1.8OS)- 165.253911 
CHT(.Il6)='quad NT(8"',= A(1.1116)- 8.1.79263 32'.118••• •••118••••11 11.'11111 
CNT(.87):·Orift HT("'7): 1 11(1.0117)= 180•••nno 
aEltD 

PHe. 1. 3xpaHlJ8J[ l<onHJI «IlaAna Pe3YJIbTaTOB paC"Iern iIpOrpaMMO.il Trace·3D napaMetpOB l<aHaJI'a 

'IpaHcnop1'"pOBKM nyqKa HOHOB Cu·3 

• 


Pe3YlThTaTLI BLJlmCJIeIIHit nOICa3I.IBalOT, 1fI'O I'paJlHeHThl MarHHTHOro nOJIJI B JIHH3ax He 

npeBocxO,WIT 8.2 TIM. TpaeKTOpHH qac1'HI.l He BbIXO,WlT H3 aneP'lYPbl JIHH3,npH 3TOM 

,ll,OCTHrH)'ThI Tpe6yeMhJe q,a30BLIe XapaKTepHCTHKH Ha BXO,ll,e B nJIa3MeHH)'IO MHmeHb. TOK 

nytIKa, O){(H.naeMbffl: B IlJIa3MeHHOH MHmeHM, onpe,ll,eJUIeTC1I OTHOllieHMeM (1). 

J = lo1lT2 (1 )
trR 2 ' 

r,ll,e 10 - TOK nyqKa Ha BblXO,ll,e RFQ, R - PMHYc n~a Ha BXo,ll,e B nJIa3MeHHyro MHllieHb, r ­

Pa,zJ;Hyc nyqxa B MHllieHH. O)l(H)l;aeMblli TOK rryqKa B MHllieHH - 1.2 MICA. 

http:iIpOrpaMMO.il
http:IIHF-11.00
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4. Palpaoon::a KaHaJla -rpaocnopmpoBKH ~Ka.HoHoB Cu+3 H tr" 
~830Bl>Ie XapaKTepBCTBKH nytlKa HOHOB CU+3 npHBe.lleHLl Ha pBC. 1. TOK nyqKa - 4 MA. 

3m >Ke q,83oBhIe XapaKTepHCTHKB HCD0.JII,30BaHLl npR pacq~re KaHana)VIJI BOHOB U+
4
• TOK 

nyqKa - 0.1 MA. 
I1PB pa3pa6oTKe Kauana 6IillIH B3llThI sa OCHOBY napaMeTpLl mIH3. mrOTaBJIHBaeMLIX B 

HHH~A [6]. 3q,q,eKTH.BHruJ .wmHa JIHH3hl onpe.llerumacL BCOOTBeTCTBHH C Bhlp8.lKeHHeM (2) [7). 

(2) 

r.lle ~ - 3<pq,eKTmma& ,l(.lIHHa mIH3Ll, La - Jl,TIBHa nomocoB mIH3LI, Ro - paccTOBHHe OT OCR ,no 

nomoca .lIHH3Ll. I1apaMeTpLl.lIHH3 npHBe.lleHhl B Ta6JI. 2. 

Om.HLlX JIHH3, H3roTallJlHBaeM~ HMI1<l>A. 

7K25A-2500 ISKSO-I300 
7 15 

25 50 
28.5 57.5 

25 13 

Ha pRC. 8 npHBe.lleHhI om6aJOIlUie nyqKa R npe.llCTaBJUIK)Il\He 3JI.JIHDCbl .woI nyqKa Cu+ 
3 

B 

KaHane TpaHCnopmpOBKH nyqKa. Ha pRe. 9 nOKa38Ha 3KpaHHM KonWl q,aHJIa pe3YJlbTaTOB 

pacqera KaHaJIanporpaMMol Trace-3D. B nIDn. 3 npRBe,l(elfLl BlDKHeHlJI1Ie KOHCTpyrmRoHHble 

napaMeTphl KaHaJIa. 06m;a&,l(.lIHHa KaHaJIa - 3.5 MeTpOB. 

I:llUf 

[ \~ ....... .- ....;'\".... 

".. ' 

PRC. 8. Om63JOII{He ny'lKa Ii npe.llCTaBruDOII{He 3JIJ1HOCbl .lI)Ut Dy'IKa Cu+3 B KaHallt:, npe.llH83l:ta'leH-
HOM .lI)Ut TpaHClIopntpoBKH HOROB CU+3 H U·4• . 
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ER- ~9121."'" Q- 3.... 1 ...... XI- 2 .••• 
EMITl - 21.38.... 21.380'" 559_.......BEa..1= ....... ..1.... ....... '.11'" ....... '.23.'.
31......BElliHI' * 8•••U... 2.....0. 21...... 2,51511 1."111·11 
8E.If:I~ ....... ....... ••••••• • ...... ....... ....... 
FAEQ- l!7•••• ",EXT- 2.S' [CHROI+-. IBS=' XCa ...... 

xtfo 7...... XP.... 21. .... ....... 7.... 111'.... 36.... OlIN- 2..... 01'1'- 361.'1t
IIM1- 1....... 1...... XMF- 1...... xt..... 111.....
XPIII­
01'"1- 36...... OPtIF- 361••'.' 0l1li1- 2....... DWHF- 2....... 
Hi- 1 H2= 1 SIIIx= 1 •• ' PQSIIRX~ 2,. lIEU. 1 tlEl2- 1 11'1= 
Ifi= 8 tIC-" IPliltt£-".. 11'=1 ••••12 1,"'.'" 1 , ...86 •• a.................. 

IIIC............................................. 0 •• 0••••• 8 

VAL- ......... ......... • •••n". ......... D.D"'888 •• 8....0. 

Clfi( ....)-·Drift HJ('II1)= , R(1 .....). B8I.I"'" 

CtIJ(.II!)·'Qllad • NT('W)- 11 9C1.'02)- 4-SS58792 2.5.0.1.0 0......... '.I.ID .. 

CHT(883)·'DrHt NTC OID)- 1 9(1,IIID)- 1127.581S 

CNT('''')='Quad NTC'A)- 3 A(1,'A)--3.1671"'1 S75 •••••• •• ouo." .. 0 ..... , 

CMT(DI5)='Drift 1fI'('IIS)- 1 A(1.DIS)~ 295.16683 

CtIJ(lIlIi)-'Quad NT(l86)- S R(1,'I6)- 1.918866' 285.""0 8.801108.0. '.1.1'1' " 

CIIIU'7)='PrHt NT('I7)- 1 111(1.'17)= ' ...0...0 

&£HD 


PHc. 9. 3Kp3HH8JI KOIlWl cpaitlla pe3YllLT3.TOB pac'tfl!Ta KaHaJla nporpaMMoD Trace-3D. liOHbI Cu+3 • 

Ha pHC. 10 IIpHBelleHld onr681OIlUie II)"nCa H npellcTaBruDOlItHe 3J1JIHnCbI .llIDI nyctKa 0+4 
B 

KaHaJIe 'I'paHCnopmpoBKH n)"IKa. TOK n)"IKa - 0.1 MA. Ha pHC. 11 nOKa3aHa 3KpaHHM KOllHSI 

q,aIina pe3ynbTaToB pac'Ie-ra KaHaJIa IIpOrpaMMOH Trace-3D .llIDI :noro THna HOHOB. B Ta6n. 3 
IIpHBe,neHbl rpaJIHeHTbI B KBa,upynonbHbIX JIHH3ax, paCCtmTaHHhle.llIDl HOHOB if4. 

OJKBllaeMLIIi TOK nY'lKa B II.JIa3MeHHOii MHmellH - 57 HA. 
S. HCCJIe~OBaHue B03MO)IQIOCTB BCDOJlb30BaBIUI JlBB3, pa3pa6OT8UHLlX ~JlII 

UOBopOTHOro XaB8JJa ReihpOHHOI'O l'eHepaTopa HT3$. 
Jbm3bI HMelOT 3cpcpeKTHBHyIO .IlJlHHy - 235 MM, paCCTO.SIHHe MeiR".AY noJIlOcaMH nBH3 - 70 

MM, MaKCHMa.JIbHhIH rp8.ZlHeHT Ma.:rHHTHOro nOJIJl- 12 TIM [8]. B HaCTOSllI.lee BpeMX H3rOTOBneHO 

9 JIHIIJ. 

OCHOBbIBMCb Ha DpHBelleHHbIX BLUlIe pacqih'ax MO)fQfO CllelIaTh 3aKJllOqeHHe 0 

B03MO)l(HOCTH HCnOJIb30BaHIDI llaHHLIX DH3,!J,ID1 TpaHCnopTHpOBKH n)"IKa HOHOB Me.zm Cu+3
• 1-b 

3THX )f{e pe3YJIbTaTOB BHJlHO, 'ITO 'Ipe6yroTCJI rpa,nHeHTLl MarHHTHOro nOM 3Ha':lHTeJIhHO 

npeBl>IIIIaIOllUIe MaKCHMaJIbHO ,llOCTII)f{J{Mb1e )lllil TpaHcnopmpOBKH n}"1K8 HOHOB ypaHa U+4
• 

http:MeiR".AY
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PRC. 10. Orn6alolIlHe Il)1"U<ll R npe,lICTaBrunomHe 3JTJUlllCh[ Mil fl)"fxa U"'" B KaHaJle'I'paHCnOpTRpOBKH 

IIy'I.Ka OT RFQ .0;0 D1IMMeHHOA MHWeHH. 

&DATA 
E8-2217.1I."'0. It- II. "'" n . .,.1II1 XI" 0.1'8 
EMilI 21.3811811' 21.38.... 559_.11"" 
BEAHI - ....... ..1.... 1I ••It... '.18." ....... '.23'" 

BEll"" - 3'••IIV.. 21...... 31l. ..... 2....... ....... '.23IlV' 

BEAIICI- ....... ....... 8...... ' ••Il••' ....... V••ODUa 

FREQ- 21.... PQEXT- 2.5' JeHRON-. IBS-' xc- ...... 
XN- 71. U'.' liP"" 21.•••• '"" 1.... 0'..... s..... Mtr- 2... II D'P- s.•.II 

XMI- 1...... lIPMI- 1 ••••0. XIF- 1•• 1111. XPHF- 1...... 

DP"I- 3110..... Dillin- 2....... IIVHF- 211•....
IIPIF· .361..... 
H1- 1 HZ. 1 SHAI- 1•• ' PQSHAX- 2.' tlEl1- 1 tlEl2- 1 /F1­
NT- 8 He- 4 IPLaItE- .......1 ....12 1."UIl 1."'16 •. 11........... '.'",n
MIle·......................................11.............. . 


VAl- .....n.. ......... ...a..... ......... •........ 
 • •••••U•• 
CNT(lIt1)-'Drift Hl('ltI)- 1 .(1.111)· 881...... 

CNT(l82)··Quad Hl('I12)- 3 8(1.'12)- 1'.965317 28S ...... 
 .......... ....... 

CHl{lI3)-'Dr1ft 'Hl(l83)- 1 .(1.183)- 1127.587!; 
CMT(IIIlI).'Quad Hl('M)- 3 A(1.1IM)--8.3'158128 515."." .......... ..11'" 

CMT(IIIS)·'Or1ft MT(.IJ5)- 1 A(1.08S)~ 212.11&615 
CMT(I06)·'Quad Hl(III6)- 3 A(1.'86)~ 2D.J&35329 285.1111'''' '.8II.D,~ 
CMT(lI7)·'Orift Hl('I7)- 1 A(1,'I1)- n •.••••• 

'''''NIl 
Pee. 11. 3KPaBHaJf KOIIHlI tIlaftna pe3ymTaTOB pac>iI!TBlCllHana npOrpaMMOit Trace-3D Jl,IDI HOBOB U+4

. 

'PaCCMo-rpeH BapBaHT HCrrOJTh30BamUI meCTH JIHH3 JVIjI C03~aHHjI 1'paRcrropTHoro KaRarra. 

Ha pRC. 12 npe.llCTaBJIeHLI nO.JIY'leHllLIe .llIDl :noro·CJIY'UUI onroaIODlBe R npe.llCTaSJImOm,He 
rryq:OK 3JIJlHnChI. Ha pRC. 13 npHBe~eHa 3Kpa.H~8SI KOIlIDlq,aiiJIa Pe;JYJIbTaTOB pac~eTa KaHarra. 

http:IIy'I.Ka


9 

1:11111 

PMC. 12. On16aJOlnHe H npe~CTaBIDl1OIIUle 31IJIHrICJ.I ll)"IKa HOHOD U+4 
B KaHane TpaHcnOpnrpOBKH ll)"IKa. 

ER-221711.1I11'" 11=". "" 2'+••••11. 1Il~ 1.10. 
£MITI - 21.3880.. 21.38.... 559".•1111.111 

BEaMI '" 0.11001 0.11'.' '.011'" 1.1'OB!! 1•••011. 0.231" 

BEIIlF - 25...... 15 •••n. 25...... 15...... '.7896" 1.3712' 

BEIIIlI- ....... II...... ....... • .....11 I.'UO. 
 e.'.o" 
FREII- 21.'" PQEXl~ 2.5. ICHROtl-. IBS-' xc- ., .... 
lelf- 7...... lIPII- 2...... YII- 7.... OP.... 3IUI." D",""" 2..... Ol'p. 3lill.'. 
XHI= 1ft..... lIP"I'" 1 ...... XMF- 1...... XPIIF- 1•••••• 

OPMI- 361..... DPIF- 361••••• 0'111- 21...... DIIIIF- 2 ....... 

H1- 1 112- 13 SHAlI- 1•• ' PQSHAlI- 2.11 HEl1= 1 HEUI. 13 IIP1- IIP2- 13 

HT- 8 He- II IPUlHE-... 11'-1,111119 1 ....... 1,11082 1....,2 •••••11••, ..... 


l1li1:-1 ••••S7 • -1 0 II••11.... •'t••••. • '. •••••. • •.•••••. • .,...11.,UAl- •.IU..... ......... •.••0.... ..0...... ......... ......... 

CMT(lI1)-'Drift "T(lI1)- 1 11(1,111); 8112.611185 
CHT(lI2)·'lIuad HT(lI2)- 3 A(1,'82)- 8.553,.728 235.. •.• 0.' 0.' 
C,"{.I3)-'DI'Ut ,"(883)- 1 A(1,8113)- 15....... 
CHT(I18IJ)"'lIu~d HT('I11)~ 3 A(1 .....)- 8.8585523 235.' ••• .... • •• 
CKJ'(l8S).' OI'Ut HT('IIS)- 1 a(1 ••85)~ 7111.15272 
CHT(lIli)-'Qu~d Hl(ID6)= 3 R(1,'II6)--6.92311179 235.' ••• .... '.11 
CHT(U7) = 'Drift HT(lI1)- 1 11(1,'87)- 15....... 
CHT(II8)·'lIuad KJ'C ••)- 3 A(1,'.)--12,.""1 235.' 1.11 '.U '.11 
CKT(I")·'Dr1.ft HT(IIl9)- 1 8(1,D09)- 39C1.31558 
CHT(I1I1)='Quad 'HT(I1')· 3 A(1,"')- 11.211862 235.' •.• II.' II.' 
CKT(811)·'Ol'ift KJ'(1I11)= 1 11(1,111)- 1-'19.32285 
CHT(112)-'lIulid HT(112)· 3 11(1,1112)- 11.978278 235".. II.. D.O fI.1'Ij 
CHT(113)-'0I'ift ' HT(113)- 1 11(1.113)· 96.249387 
&END 

PRC. 13. 31CpaHHllJI Kormllljla~Jla pelYJIbTaTOB paC'Itl-ra KaRMa l'paHcnopTRpOBKH HOHOB U" nporpaMMoA 

Trace·3D. 

KaHan rrpe,l(JJO:lKeHHOH KOHCTp]'K.UHH MO)KeT 6bITh RCrrOJJb30BaH ,lJ)UI TpaHCrrOpTHpoBKH 

HOHOB Me,l(H Cu+3
• liPH 310M )lOCTaTO'IHO HCrrOJJh30BaTb TpH JJHH3bI - 2, 4 H 6. Orn6alOIUHe 

rryqxa H npe.n:CTaBmnom;He 3JJJlHnCbl ,lJ)UI 3TOro CJIyqruI npHBe,l(eHhI Ha pRC. 14, Ha pRC. 15 
rrpHBe,l(eHa 3KpaHHruI KOIIIDI cI>arura pe3ynnaTOB pacqe-ra TpaHcnOpTHOro KaHana C TpeMSI 

JIHH3aMH, 

http:CKT(I")�'Dr1.ft
http:PQSHAlI-2.11
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Puc. 14. OmoarolIlHe H npe.ll.CTaB.lIlIlOlIlHe ~,ITRlICL{ nyqxR HOHOB eu+3
B lQlHane l'paHCnopmpoBKH 

nyqxa C TpeMJI BIOOO'IelUll»MH kBa.npyllOJIbRLIMH 1IHH3aM1f. 

IW"TA 

ER~ 5912'.1'''. II- 3.... 1 ••1l... XI- 2.'" 

EMITI - 1••3'.... 1 ••3..... 5594••••••0
aEAIII - 0...... '.U'" ....0.. ..1.... •.••08. ..23". 
BEAIF & 21~."'0 15...... 28•••0D. 1S...... '.1896'" •.3112. 

8£ilHtI= ....... ....... • ...IlU ••••••• ....... • ...... 

FREq- 21.... PQEXT- 2.5' ICHRO..... las-. XC- ...... 

XH- 7.. •••• XP.... 2•. II.. Y.... 1.... IP.... 361.It DW- 211... UPP- 361." 

XtlJ- 11.' •• ' lIPMI" 1'••0.. XMFR 1•••'" XPIF- 1...... 

OPHI- 361••'" OPIF- 36•••••• DtIIU- 211."" UWMF- 2....... 

tn- 1 HZ- 13 SI'IIXR 18.' PQ:i>tlAX- . 2.' tEL1- 1 HEU- 13 HP1- HP2'- 13 

Hr- • tIC-... [PLlltE-... HP-1 .08." 1,•••• 1."1112 II, •••••••••11•• D.IIOII.D 


HUC-'. •••••• • •• ' ••". • • '.•••••• 0 •••••••, 0.0...... • '0••8••,UAL= ..••11.... •.•11..... •.•11..... •.....00. .:H..... '.11"".8 
CHT(.I1)-·OriTt HT('I1)- 1 A(1,'81)- ....'.6195 . 
CMT(••)"·Quad 'HT('I2)- 3 fI(1 •••)-........ 235.' ••• ••• • •• 
eHl(.IJ3)-'Orift HT(ua)- 1 R(1 ••I13)· 151.•11.1111 
CHr(U")-'Qllad HT{l8II)- S A(1 ~.DIo'- 1.31112"'18 235.1 11.0 I.' 1.1 
CMT( ....)-·Drift HIC ....'- 1 A(1.8115)- 113•.113323 
CHr(.U6}··Quad HI(OII6}- 3 A(1,816)~ •• II"IIUI' 235.' I.. ••• e.1 
CHr(1I7)"'Dr1ft HI(IJG7)= 1 A(1.11Il)- is••••••• 
CMT(.88)""Quad HI('.)- 8 8(1 •••,--6.11881188 23S.' ••• 0.. •.• 
CMT(I09)-'orift HT('.'- 1 A(1.I"')- 3..... 611.2 
CMT(II1D)='QUlId HI(II1.)- 3 8(1.11.)-•••••••011. 235.' ••• 8.' 1.1 
CMT(111)-'Drift HT(111)- 1 A(1,111)- 15....... 
CMT(1I12)='Quad HTCI12)- 3 tI(1,812)- 9.17111812 235.' '.11 •.• '.14 
CMT(813)='DrHt 'HT(819)- 1 tI(1,81S)- 1111-..... 
&END 

PRe. 15. 31q)aHHM KODHS: l{laftJJape3yJIbTaTOB pac'l&ra KaHana -rpaHcnOpTHpOBXH ~OHOB eu+3 ~ rpeMR 

BKJIlOq~HHbIMH JIHB38MH. 

IlpoBe,n;eHHbIe BCCJIe,l:(OBaHIDI nOK83bmruoT, q"l'O cym,ecTByeT lllHpOKHH KJIacC 

KBa,rqlynOlThHhIX MaI'HHTHIdX JIlfH3 pa3pa60TaHHbIX J(mI DpKMeHeHlUI B KaHaJIe TpaHCnOpTHpOBICH 

nyqKa DpOTOHOB. 3m JDfH3Ll B 60JIl>IDBHCTBe c.rryqaeB MOryT 6bITL BCnOJIb30BaHbI ,l:(JUI 
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TpaHCnopTHPOBKH HOHOB Me,llH CUH
. I1PH 3TOM Tpe6yroTCR Ipa,lUfeHTbI MarHHTHoro nona 

61IH3KHe K npe,lleJIbHhlM. 3TH lIHH3hI MOryI' 6hlTh HCnOJlh30SaHhI ,llIDI TpaHcnoPTHpoBKH nYlfl<a 
HOHOB U+4 B c.rryqae H3MeHeHIDl HX KOHCTpYKl{HH - H3MeHeHIDI paccTOSHIDl Me~ nOJDOCaMH, 
HJIH yselIHqeHIDI ~cJla IIHH3. 

Crre.nyeT oTMenrn., ~o rrpHBel{eHHJ)Ie B AaBHOH CTaThe AaHHhle Hocn rrpe)lBapHTeJILlILlH 
xapaKTep H Tpe6yroT yro1:JHeHHR c nOMOllU>IO llpOrpaMMhl DUNAMION, n03BOilllIOmeH yqecTh 
pea.TI:LHOe pacnpe.n.elIeHHe qaCTHD: nyqI<a no 3apR.llaM. McCrreAOBaHHe ,llHHaMHKH nyqKB HOHOB 
ypaHa B YCKopmomeii celUlHH RFQ n03BOlIHT YT01:JHHTh Ha'iaJIhHhIe ,llaHHble .D.M paOIe-ra 
KOHCTpyI<l{HH KaHana. 
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