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BallCHl111 pH.II. 3a.IJ.a'I B . HCCJie.II.OBamrnx aTOMHOH H 51.IJ.epHOH 

lpH3HKH - 3JieMeHTHl111 H H30TOnHl111 aHaJIH3 Bell(eCTBa, npeUH3HOHHOe 

H3MepeHHe Mace aTOMHl1X 51.IJ.ep, pewaeTc51 C noM_Oll(blO 

Macc-cneKTpOMeTpOB, aHaJIH3aTopoB 3ap51llCeHHl1X qacTHU. IDHpOKO 

pacnpocTpaHeHl1 Macc-auaJIH3aTOp11, HCnOJib3YIOll\He CTaTH'IeCKHe 

ManmTHl1e H 3JieKTpH'IeCKHe noJI51 [ 1 ] , B MeHbWeH CTeneHH -

aHaJIH3aTOp11 C B11COK~'IaCTOTHl1MH 3JieKTpOMarHHTHl1MH noJI51MH. K 

nocJie.II.HHM MOllCHO OTHeCTH HCnOJib30BaHHe UHKJIOTpOHOB B Ka'IeCTBe 

Macc-cneKTpOMeTpo~ 3ap51llCeHHl1X qacTHU [2], r.II.e pe30HaHCHOe 

YCJIOBHe ycKopeHH51 ( JJH6o 3aMe.II.Jiemrn) HOHa C MaCCOH A H 3ap51.IJ.OM 

z B MarHHTHOM none B onpe.II.eJJ51eTc51 ycnoBHeM: "'Bq = hw
0

, r.II.e 

"'o=~~~- - yrJJOI3a51 qacTOTa o6pau{eHH51 qacTHU, "'Bq. - 'IaCTOTa 

reuepaTopa, h - HOMep rapMOHHKH Bl1COKO'IaCTOTHOr6 uanp51JICeHH.II. 

C.II.BHr lpa311 'IaCTHU11 OTHOCHTeJibHO B4-:Hanp.sI)KeHlrn B npouecce 

ycKopeHH.II JJH6o 3aMe.II.JieHml 3a N o6opOTOB ny'IKa o6ycJIOBJieH 

OTJIH'IHeM 3Ha'IeHH.II "'o OT pe30HaHCHoro ~Sin~=2nNhif. 'ITO 

CB.sI3aHO C OTKJIOHeHHeM pacnpe.II.eJieHH.II cpe.II.Hero MarHHTHOro noJI51 

OT H30Xpmrnoro ~B=B-B , HeTO'IHOCTbIO ycTaHOBKH qacTOTl1 
· H3 

ycKOp51IOll(ero HanpHJICeHHH, BpeMeHHOH uecTa6HJJbHOCTblO Be.II.ymero 

MarHHTHOro noJJH. Cq1ffaH B03MOJKHl1M no.I1..I1.epJICaHHe T0qnoCTH 3THX 
-5 -6 · 

BeJIHqHn Ha ypomie 10 +10 , 6Y,IJ;6\1 HMeTb C,D;BHI' q>a3bl tiaCTHIJpI 
MZ/A) 

~Sin~=2nNh(Z/A)-. IT0JIH0e pa3peweHHe UHKJIOTp0Ha (CMell(eHHe 
. 0 ' 

qacTHU11 no tpa3e B npe.II.eJiax ±90) HOHOB C O.II.HHaKOBl1M 3apH.II.OM Z 
A 

paBH0 R=L\A-=nhN: TaK, .ll.JIH H30Xp0HH0ro UHKJI0Tpoua Y-200. [ 3] 

pa3pewarouta51 cnoco6HOCTb COCTaBJJHeT CBl1We 1300( h=2, N=200) , 

4T0 Il03BOJJHeT H36HpaTeJibHO yc·KopHTb nylfKH HOH0B C 6JIH3KHMH 
+1 +3 ·+4 +5 

OTHOWeHHHMH A/Z(He4 ,c12' 016' Ne20>· 3naqenHe .R MOJICeT 611Tb 

.II.0CTaToqno B11COKHM npH B116ope C0OTBeTCTBYIOll\HX 3HaqeHHH h H N, 

qTQ 611JIO npo.II.eM0HCTpHp0BaH0 B PH.II.e pa6oT. K npHMepy, 



Macc-attaJIH3aTop [4] C BblCOKoqacTOTHblM Hanp51,r.:eI1HeM V=200B 

(h=100) H JlBYMH o6opoTaMH ny'-!Ka (N=2) B 0.l{HOpOJlHOM MarHHTIIOM 

noJie o6Jia.naeT pa3pewa10me11 cnoco6nocThIO .no 25000. B .naHHoH 

cxeMe qHCJIO o6opOTOB ny'-!Ka orpaHH'-Il•rnaeTCH JlBYMH BBHJlY pe3Koro 

( 6ucTpee 1 /N) na)leHHH HHTeHCHBHOCTH a11aJ!l13HpyeMoro ny'-!Ka 

H3-3a OTCYTCTBHH BepTHKaJibHOH cflOKycHpOBKH '-!aCTHU. BBe)leJrne 

nocJie.l{HeH n03BOJIHT noBUCHTh qyBCTBHTeJibHOCTh np116opa. TaK, 

cymecTByeT npe.nJioJKe1rne no co3.natt1110 cneuHaJihHoro H3oxp01moro 

UHKJIOTpOHa JlJIH attaJIH3a qacTHU no MaccaM ( HJIH A/2) C 

pa3pewem1eM .no 30000 [ 2]. TaKJKe paccM0Tpe11 [ 5] 

UHKJIOTpOHHblH cnoco6 aHaJI113a nyqKQB B coqeTaHHH C HaKornIe1meM 

HOHOB Ha KOHe'-IHOM pa.nHyce . ycKOpHTeJIH npH HCITOJ!b30BaHHH 

KOaKCHaJ!bHOro pe30HaTopa, B036yJK.naeMoro Ha 3/4 )lJIHHbl BOJ!Hbl, 

npHqeM HYJ!h HanpHJKeHHH npHXOJlHTCH Ha KOHeqHyIO op611Ty. 

qHcJJeHHblM MO.l{eJJHpOBaHHeM JlBHJKeHHH HOHOB B MarHHTHOM 110JJe 

H30Xpmmoro UHKJIOTpoHa Y-400 ITOKa3aHo [ 5], qTo TaKHM MeTOJlOM 

MOJKHO HaKOnHTh .no 200 o6opOTOB ny'-!Ka, KOTOpllH 3aTeM BblBOJlHTCH 

H3 UHKJIOTpOHa 1-fMnyJJhCHOH CHCTeMOH OTKJIOlleHHH '-!aCTHll, 

IloJJy'-Iet!He JKe YCKOpemmX ny'-IKOB pa.llHOaKTHBHUX '-IaCTHll CBH3aHO C 

npe.nnapHTeJJblll,IM OOJIY '-IeHHeM MHIJJeHH Ha peaKTope [ 6] JJH6o 

ycKopHTene [ 7]. Bbl.lleJieImeM Tpe6yeMor·o H30Trnia cneu11anb11011 

HOHHO-OIITifllecKOl1 CHCTeMOH JlJIH )laJibIIeHUJero HCITOJ!b30BaHHH . 

.llammH pa6oTa nocBHnteHa pa3pa6oTKe Macc-cneKTpoMeTpa, 

HCITOJlh3YIOutero UHKJIOTpOHHblH cnoco6 aHaJJH3a qacTHU. IlpH 3TOM 

a}mJIH3HpyeMblH ITY'-IOK C Bu6paHHblM OTHOrne,rneM ~~- C 3HeprHeH w 
UHpKyJ111pyeT no MarHHTHOH .nopOJKKe C ceKTOp110-cpoKyc11py10utHM 

MarHHTHblM ITOJJeM, pa.n11yc KOTOpOH COOTBeTCTByeT MarHHTHOH 

JKeCTKOCTH HOHOB. nocJJe)lHHe H3BJieKaIOTC5I 113 .nyroBoro HOHHOf'O 

HCTOqlIHKa OTKpblTOro THna [ 8] ( n. 5, pHc: 1) , 11axo.nHuteroC5I ITOJl 
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PHC.1. Macc-cneKTpOMeTp UHKJIOT-

poHHoro THna: 

1. TTOJIIOC 3JleKTpOMarHHTa; 

2. KaTyWKa B036yJK.neHHH; 

3. KOJ!bUeBoe HpMo; 

4. CeKTOpilble HaKJJa.l{KH;, 

5 . .llyroBOH HOHHUH HCTOqHHK OTKpU

TOro THna: 5 1 - KaTo.n, 5
2 

- an

THKaTo.n; 53...: aHO)lHUH Konye, 

54--: HHTh HaKaJIHBaHHH. 

6. BblnlrHBalOUlHH 3JleKTp0Jl; 

.llyaHrn; 

8. Orpairn'-IHBaIOUtaH uteJib; 

9. BaKyyMHaH KaMepa; 

10 . .llecpneKTop; 

11. MarHHTHUH KaHaJI; 

Mn - Me.nHaHHaH noBepXHOCTh. 

.l[yroBOH 1-fOHIIUH HCTO'-IHHK pa601·aeT HMilYJJbCHO ( ~1 MCeK). 

qTo 03Ha'-!aeT HCnOJih30BaIme HMnyJihCHOH no.naqH ra3a H 

ycKOpHIOIUero HanpHJKeHHH V . u 
11CCJJe.nyeMoe BeuteCTBO no.naeTCH B HCTO'-IHHK B BH.ne ra3a B 

o6JJaCTh aHO)lHOro KOHyca ( 53, PMC .1) , a c ueJihlO noJiy'-IeHHH 

HOHOB H3 TBep.noTeJJbHblX · Be111ecTB, Hanp11Mep, aHaJJH3a 

pa.nHoaKTHBHUX npo.nyKTOB H3 · npe.nnap11TeJibHO o6nyqemmx MHWeHeH, 

nocJie)lHHe MoryT 611Tb ycTaHOBJie1111 B pa3pHJl pa3JIH'-IHUMH 

cnoco6aMH [9], 11anp11Mep, u aHTHKa-ro.ll ( 5
2
). 
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B03MOJICHO npHMeHemre .llyronoro HOHl!oro HCT01UIHKa, OTKp1,noro 

)lJHI npoxollC)leHHSI aHaJIH3HpyeMoro ny'IKa, a O)lHa H3 6oKOBUX 

CTeHOK cny~HT MHllieHbW, Ha KOTopy10 naJJ.aeT ny40K OT 

YCKOpHTeJISI, a npOTHBOTTOJIOJICHaSI - c6opHMKOM npo)lyKTOB 

51,llepHUX peaKUHfl, KOTopue 3aTeM. nocTyna10T D pa3pH.ll, 

HOHH3YIOTCSI H BUTSlrHBalOTCSI Ha JlOpOJKKY )lJISI aHaJIH3a H 

nocJie)lyIOUlero BUBO)la ', , HMnyJihCHUM JJ.eqmeKTOpOM ( pHC. 1) Ha 

)leTeKTOP JIH60 HHJICeKTHPYIOTCSI B TTOCTYCKOpHTeJih. MOHHUfl HCTO'IHHK 

no.no6Horo THna HCnOJib30BaJICSI Ha :rneKTpOMarHHTHOM 

Macc-cenapaTope [ 10] Ha ny'IKe TSIJKeJIUX HOHOB, , o6Jia)laSI DUCOKHM 

K03qxJlHUHeHTOM HCnOJib30BaHHSI nemecTB. )laBJieHlfe OCTa TO'IHOro 

ra3a , KaMepu Macc-cneKTpOMeTpa )lOJIJICHO 6UTb Ha ypOBHe 

-7 -8 
10 +10 Top, 'ITO noTpe6yeT MOll(HOfl CHCTeMU JlHqxJJepeHUHaJibHOfl 

BaKyyMHOfl OTKa'IKH OOJiaCTH KaMepu, 3aHHMaeMofl HOHHUM 

HCTO'IHHKOM. 

B paccMaTpHBaeMOM aapHaHTe JlOPOJKKa Macc-cneKTPOMeTpHH 

o6pa30BaHa SipMOM 3JieKTpOMarHHTa C KaTyWKOfl B036yJK)leHHSI, 

ycTaHOBJie1mofl Ha ue1npaJibHOM cep)leYHHKe ( pHc. t l. 

)lJISI uenefl 'HICJieHHOl'O MO)leJIHpoaaHHH JlBHJKeHH51 4aCTHU 

pacnpe)leJie11He ManIHTHOro nOJIH no a3HMYTY npHIIHMaJJOCb D BH)le 

8(8)=8 (1+fv•cos48),· T.e. nu6pa11a 'lernpexKpaTHaSI CTpyKTypa c 
0 ,, 

flOCTOSIHHblM nOJleM no paJtHycy H Bo=3, 1 KfC, fv=O, 1. 

Ha pHC. 2 npe,ncTaBJieHU TpaeKTOpHH .nnyx 'IaCTHU Ha 

)lBa)lUaTOM o6opoTe cneKTpOMeTpa, HMelOll(HX 0.llHHaKOBUe 

3apSI.llU (2=10, W=1600 K3B, R=59 CM), no OTJIH'!aIOlllHXCSI no Macce 

Ha e)lHHHUy. MaKCHMaJibHaSI aMITJIHTy.na KOrepeHTHUX KOJie6aHHfl 

HepaBHODeCHI~X HOHOB ( A=102) COCTaBJIHeT OKOJIO 6 MM, 'ITO H 

COOTBeTCTByeT pa3HHUe Mace. ITOCJie)lHHe MOryT "6UTb OT)leJ1e1111 C 

nOMOIIlhlO UteJIH, ycTaHaBJIHDaeMofl Ha nonyo6opoTe nyqKa. 
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Pa3peweHHe no Macce B TaKOM CHCTeMe OKOJIO 200. 

JlJISI yaeJIH'IeHHSI pa3perna10mefl cnoco6HOCTH B npoTHBOnOJIOJICHUX 

)lOJIHHa~ MarHHTHOfl CTPYKTypu cneKTpOMeTpa ycTaHaBJIHBalOTCSI 

JtyaHTU (7) c yrJJOBOfl npOTHJKeHHOCTblO cpo, npM 9TCM rapMOHHKa 

BUCOKOlJaCTOTHOro HanpHJKemrn h nufa1paeTCSI H3 YCJIOBHSI 

h=2krr/ cp 
O

, r )le k= t , 2. . . - uenoe, cp 
O 

( pa){) , Kor )la . pe3oHaHcHue 

HOHbl: ( '1h51 qacTOTa o6pameHHSI w =w /h) npH npOXOJIC)leHim 
' 0 B. 'I. · , 

JJ.yaHTa He H3MeHSIIOT caoefl 3HeprnH ( t.W=2ZeV gSin!:!~~=O) H 

OCTalOTCSI Ha .llOPOJKKe Macc-cneKTpoMeTpa, B TO apeMSI, KaK HOHU C 

OTJIH'IHeM no Macce HJJH 3apSI.llY 6yJJ.yT npHo6peTaTb JIH6o TepSITh 

3HeprHIO, 'ITO npHae.neT K B036yllC)leHHIO pa.nHaJibHUX KOJie6aHHfl H, B 

.nanhHeflrneM, K noTepe Hx Ha paJJ.HaJihHo-orpaHH'IHBa10meI1: )lHacpparMe 

( 8). 

l!HCJIO o6opOTOB qacTHU, Tpe6yeMOe .llJISI IIOTepH ny'IKa c 

OTJIH4HeM no Macce Ha t.A OT H30XpOHHoro. na ll(eJIH, OTCTOSill(eM OT 

paBHODeCHOfl op6HTU Ha t.R, npH6JIHJICeHHO MOJICHO OUeHHTh H3 
t.R W 2 A 

BUpaJKeHHSI - N = --- --- -- --- ITpoae)leHO 'IHCJieHHOe 
m R ZVg h t.A 

MO)leJIHpOBaHHe pa60TU CIJeKTpoMeTpa UHKJIOTpOHHoro THna C 

BUUJeyKa3aHHUMH napaMeTpaMH MarHHTHOfl CTPYKTypu. A3HMyTaJibHaSI 
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npoTSIJKeHHOCTh ,nyaHTOB B1,I6paHa paBHOH 45 ° ( h=8' 

HanpSilKeHHOCTh 3ReKTpHqecKoro noRSI Ha ,nyaHTaX - V =5 KB. g 

k=1), 

PacqeTI,I TpaeKTOpHH B11TTOJ!HeH1,1 JlRSl HOHOD C O)lHHaKOBblMH 

3apSIJlaMH (2=10), noCKORhKY qacTHUbl C .npyroii 3apSIJlHOCThlO nerKO 

OT)leRSIIOTCSI OT OCHOBHblX. 

Ha pHC. 3,4,5 npe.ncTaBneHbl 3aBHCHMOCTH paJlHYCOB qaCTHU 

B MeCTe ycTaHOBKH HOHHoro HCToqm-1Ka CR ) H Ha nonyo6opoTe H.H. 
nyqKa ( R ) OT HOMepa o6opoTa ( N) JlR.H H30XpOH1I010. HOiia 

m 
( A =101) H HOHOD, HMeIOtUHX pa3RH'1Hble OTKJIOHeHH51 6A no Macce OT 

0 . 

Ao. 

qacTHUbl, Mano 0Tnttqa10tUHeCSI no Macce oT A
0

, Me,nneHHO 

CMemaIOTCH no cpa.3e BblCOKoqacTOTH010 HanpSIJKeHHSI, npHo6peTaSI 

ntt6o TepHH 3HeprHIO no cpaBHeHHIO C H30XpOHHOH, B TO BpeMH KaK 

HOHaM C 6A=2; 3 COOTBeTCTByIOT 3Haq11TenhHble CMemeHHH no (fla3e, 

Bbl3b1BaH KORe6aHHSI pa,nHyca qacTHU B yKa3aHHblX ToqKax. PaclfeT 

orH6a1011tHX nyqKoB HOHOB C pa,nHaRbHblM 3MHTTaHCOM 25 MM. Mpa)l 

noKa3blBaeT, qTO nyqKH qacTHU c MaccaMH A =101 H A=101,1 
0 

R 
(CM) 

59 

/oA=•OS 
,,,,,,,✓ . 
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Rmax,CM: 
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58 5 10 1s N,06. 
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Rmax,CM 
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PHC.5 

.:,aA•3 

&•101 

3bKo6 

npaK"JWJeCKH flOJIHOCThKl pa3;teJJeHbl yJJCe K )lDa)lUaTOMY_ o6opoTy' qTo 

COOTTleTCTnyeT one11Ke 3 Ila lf P.111151 

DblpaJKellmI. 

B )lallJIOH cxeMe D 

N 
m 

113 

KaqeCTBe 

B1,1wenp11Be)lemmro 

O)lJIOH H3 

paJtHam,Ho-orpa11wmnaJOUleH JJleJIH CJIYJKHT BblT511HDaJOUlHH 3JleKTPOJl 

HOllllC>ro HCTO'IIIHKa ( II. 6, pm~. 1), a ;1pyra51 - ycTaH~BRHBaeTCH Ha 

nOJ1yo6opoTe OT HOIIIIO('O HCTO'IIIHKa. 3JteCh MOJKHO npe)lyCMOTpeTb 

peJICHMJ,I pa6on1 cneKTpoMeTpa C IIH3KHM pa3pemeHHeM npH BblCOKOH 

1111-re11c11n11ocTH nyqKa H, 11ao6opoT, ilcnon1,3y51 pa31me 11111pmm 

orpa11wrnBaJ0111e11 111en11. nepec-rpoiiKa a11an113aTopa no)l Jtpyrtte 

311a 11e1111H Mace 1mc-r11u ocy111ecTBJI.HeTcs1 H3Me11e1meM pe3011a11cnoro 

ycJIOBHH. 011peJtP.JIHIOlllP.l'O yc-ro11 1rnm,1e op6HTU nyqKa. 

npeJtcTan;rneTcs1, 'ITO pa 3 pemaIOuta.H c11oco6mkTh 

paccMaTpHBaeMOl'O MaC('.-ClleKTfiOMeTpa lie orpalIHlfl1BaeTC5I 

llOJIY'lP.IIIIOH BeJil1'111110H R Ila ypon11e 10 
4 

11 MOJKeT 6b1Tb flOBHlllella 3a . 

c•JeT yneJll1'Hmm1 IIOMepa r·apMOIIHKH 11a11pHlK8lll1H 11a Jlya11TaX, lfHCJJa · 
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o6opoTOB nyqKa np11 co6n~~eHl111 Tpe6onaHl1H K CTa611RbHOCTl1 
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npeACT~BJleHbl pe3y11bTaTbl 'IHCJleHHOro MOAe111-1posaHl-1A ABl-1>KeHl-1A 
TA>Ke11b1x · 1-1ottos s · MHoroo6opoTHOM Macc-cneKTpOMeTpe, KOTOpblH 
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nepeBOA aBTOpa 

_'Kozlov S.I. P13-92-429 
Cyclotron Type Mass Spectrometer 

Results of numerical simulation of motion of . the heavy ion beams 
in .a multirevolution mass ·spectrometer are presented. It includes the mag
net system' with azimuthal variation of the magnetic- field, ~o dees and 
open type arcdischarg~ ion source (PIG). The calculations have demonstra-

. ted that mass resolution of the ion .beams is_ above 104
• . . 

The investigation· has be~n performed . at the Laboratory of Nuc(ear 
Reactions;JINR. • · 
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