
l C 3Y.5A f 
F- YV~ 

~ COOBUIEH"UI 
~ OB'bE,aHHEHHOrO 

HHCTHTYTA 
H,aEPHbiX 

HCCJIE,aOBAHHt1 
LlyfSaa 

'I"- 'J.L It~ 
pg - 6081 

A .n .BeJISieB' n .M .PhiJib~eB 

~KYCMPOBKA nYqKA B lnEKTPOHOnPOBO~ 

MO~EHM KORREKTHBHOrO YCKOPMTEnH 

1971 



.. 

P9 - 6081 

A.TI.Beues, TI.H.PbiJI~eB 

~KYCMPOBKA nYqKA B lrrEKTPOHOTIPOBO~ 

MO~H KOnnEKTHBHOrO YCKOPMTERH 

~i.e,lUiHeBJ!WI BHCTII'I'JI 
ti Qepii!:B DCCJitlOBaJIII 
i.~-~_..-11_G_nM,_. 0.-.T ..... E,..K-.A..___. 



• 

EenReB A.n •• PblllbUeB n.H. P9-6081. 

~OKYCHpOBK8 ny~K8 B 9JieKTpOHOnpoBOAe MOAeJIH KOJIJieKTHBHOrO 

yCKOpHTeml 

n~·OBeAeH pac~eT lj!OKYCHpyiOWell CHCTeMbl 9JieKTpOHOnpOBOA8 MOAeJIH 

KOJIJieKTIIBHOrO YCKOpHTeJISI AJI!I Tp8HCnOpTHpOBKH n~K8 9JieKTpOHOB C TOKOM 

50-150 a, auepruell 1,5-2,5 Mae H 3Ha~euueM 9MHTTauca 20-100 MpaA,CM. 

~OK~"Cl!pOBK8 OCyWeCTBJI!IeTCSI M8rHHTHb:MH JIHH38MH, npHBOASITCSI rpa

lj!HKII oru6a:·JWHX ny~Ka B llpellljloBbiX npoMe>KyTK8X, YK838Hbl BeJIH'IHHbl MarHHT

R<·IX. nonefl HB OCR 9JieKTpOROnpOBOA8 H paCnOJIO>KeHHe lj!OKyCHpyiOWHX JIHH3 AJISI 

p.:l3J1H'IHbiX pelKHMOB pa60Tbl yCKOpHTenSI, 

Coo6••••• 06•••••eHaoro ••o7RTJT& •••P•Mx •oo•••o••••l 
~1971 

Belyaev A.P,, Ryltsev P.L 

Beam Focusing in the Electron-Conductor of the 
Collective Accelerator Model 

P9-6081 

The focusing. system for the electron-conductor of the collective 
accelerator model has been calculated for the transportation of the 
electron beam •.-vith a current 50- 150 A, an energy - 1,5-2,5 MeV anc 
an emittance 20 -100 mrad. em, 

Focusing is performed by means of magnetic lenses. The 
diagrams of the beam envelope functions in the drift intervals are 
given. The values of the magnetic fields at the. axis of the electron
conductor a.nd the location of the focusing lenses for var'ous opera
ion re1,irnes of the accelerator are indicated, 

Co••••leatloae of tlae Jolat laetltate for Naelear Reeearela . 
.,...... 1971 
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1. BaelleHHe 

Ba)KHbiM MOMeHTOM ycKopeHHH aapH)KeHHbiX 'iacTHU MeTOllOM, nony

'iHBWHM H83B8HHe "KonneKTHBHOrOw, HBnHeTCSI C03ll8HHe nnOTHOrO sneKTPOH-

/1/ 
Horo KOnbua • npH Bbi6paHHbiX aapHSHTe HH)KeKTOpa (nl1Y-30Q0) H 

CllOC06e HH)K9KUHH ny'iK8 B KaMepy Sllreaaropa 9T8 38ll8'i8 CBOllHTCSI K 

coaaaHHIO $oKycHpyiOmeil: CHcTeMbi, o6ecne'iHBaiOmeA MHHHManbHbie noTepH 

'iaCTHU ny'iKa Ha TpaKTe nHY-3000 - sneKTpoaonpOBOll-HH$neKTOp. ABTOpa

MH npOB9ll9H pac'ieT 'pacnnbiBSHHSI" ny'iKa sneKTpOHOB C KOHe'iHbiM 4Ja30BbiM 

06beMOM H 3H8'iHTenbHOA nnoTHOCTbiO npOCTpaHCTB9HHOrO aapHUa. Onpelle

neHbl HaH6onee uenecoo6pa3Hbl9 paCCTOSIHHSI M9)KUY $OKYCHpyiOmHMH nHH38-

MH H BenH'iHHbl MarHHTHOrO nong B HHX DpH 38ll8HHblX 3Ha'ieHHSIX TOK8 1 

SHeprHH H 9MHTT8HC8 ny'iKa. 

B KaqecTae HCXOllHbiX llSHHbiX npH pac'ieTe llBH)KeHHH nyqKa 6binH 

B3HTbi cnellyiOmHe ero xapaKTepHCTHKH: 

1) paaHyc nyqKa, HH)KeKTHpyeMoro B KaMepy allreaaTopa,- 1 eM; . 

2) MaKCHManbHbiH pallHYC nyqKa - 3 CM; 

3) TOK HH)K9KUHH 50, 100, 150 a; 

4) penHTHBHCTCKHii $aKTOp Y = 4,6. 
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2. "PacnnhiBaHHe" a.pe:liiJ>yiOmero ny'IKa 

/2-3/ t 
Cornacao , ll.BIVKeHHe nyqKa 3apsnKeHHhiX qacTHU a npocTpaHCT-

ae cao6oa.aoro a.pe:li4>a aea.eT K yaenu'leHHIO ero nonepeqaoro paaMepa. 

YpaaHeHae a.m1 ora6arome:li aKcaanbHo-cHMMeTpH'IHOI'O nyqKa HMeeT BHil 
121

: 

3 
r 

rile 

2 a 

r 

(1) 
= 0 , 

2 
a 2eJ 

m c 2 
0 

y 
v2 -~ -~ 

(J - -) = (J - f3 2 ) , 
c2 

J - TOK ny'IKa, F - SMHTTaHc nyqKa. 

Ecna paccMarpuaaTb llBH*eHHe nyqKa OT TO'IKH Kpoccoaepa, TO Ha-

'18JlbHhie ycnOBHSI 38ITHCbiB8101'CSI B BHJl9! 

r (0) = r
0 

, r' (0) 0 , 

I'lle r 0 pallHYC nyqKa a Kpoccoaepe. 

OepBhi:li HHTerpan ypaaHeHHSI ( 1) HMeeT cnea.yiOmB:li ann: 

rae 

2F --r z 
r 
0 

a r 2 

~ = ( ....:...:1L) • 
F 

(2) 

YpaaHeHHe (2) Jlaer aoaMO*HOCTb Bhi'IHCJlHTb yaeJlH'IeHHe nonepeq

HhiX paaMepOB :3Jl9KTpOHHOI'O ny'IK8 B Jlpe:li!J>OBOM npOM9*YTKe B 38BHCB-

MOCTH OT TOK8 1 SHeprHH H 9MHTT8HC8 ny'IK81 eCJlH 38ll.8H nonepe'IHbi:li 

paaMep ny'IKa a TO'IKe Kpoccoaepa. 

Bhi'IHCJleHHbie oru6aiOmHe ny'IKa npu r o = 1 eM npuaea.eHbi Ha 

puc. 1-5. Uu!J>pa nepea. rpa!J>HKOM - aaaqeaue SMHTTaHca a Mpaa..cM. 

l1a pHCYHKOB BH/lHO, qTQ B yK838HHbiX Bbiiiie npea.enax B3M9H9HHSI napa

MeTpOB ny'IK8 !J>opMa OJ:'H68IOU19:li HeKpHTH'IHO 38BHCHT OT BeJlH'IHHbl TOK8 

H Ollp9Jl9JlSI9TCSI1 B OCHOBHOM 1 3H8'19HH9M 9MHTT8HC8. 
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r Pac'IeT <PoKycHpyJOmeii: CHCTeMhi JIHHS 

( 
DpH pac'IeTe 6yLieM C'IHTaTb JIHHSI\1 TOHKHMH. KaK H3BeCTH0 0 LIJISI 

TOT'O 'IT06bi 'IaCTHUbl Bb!IIIJIH H3 JIHH3 DOLl TeM :lKe Yf'JIOM, DOLl KOTOPbiM 

aolllnH, aeo6xouHMo, 'IT06bi onTH'IecKaH cana JIHHShi k = I -
1 

( I 

<iJoKyCHOe paCCTOSIHHe JlHHSbi) llOLl'iHHSIJI8Cb CJieJ;lyJOIIIeMy yCJIOBHJO: 

lc 
2r' (3) 
r 

rue r - PBLIHYC llY'IKa 

Jr 
r 

Jz 

B paccMaTpaaaeMhiX cnyqagx xapaKTepaoe paccToHHHe ueii:cTBHH no

ng naHShi (f) npHHHMaJIOCb paBHhiM 10 eM. Dpa aToM a o6nacTH, rne r 
-J 

MeHHeTCH OT 1 no 3 CM, I= k = (6t-10) f./2. 3THM H onpaBllhiBaJIOCb 

paCCMOTpeHHe TOHKHX JIHHS. 

0nTH'IeCKaH CHJia JIHHSM CBHSaHa C BeJIH'iHHOii: Maf'HHTBOT'O llQnH CQ

/4/ 
OTHOIIIeHHeM 

k 

+oo 2 
_(008 J z 

4(8p) 2 
(4) 

rue ( B P) - aaeprHH qacTHU ny'iKa B raycc.cM. 

11a Bbipa:lKeHHH ( 4) MO:lKHO Haii:TH aeJIH'IHHY M8f'HHTHOT'O llOJIH JIHH3hi: 

8 = 2(8p)-4 (5) 

rne 8 - cpeLIHee MarHHTHoe none JIHHSbi a rayccax; f - xapaKTep-

HOe pacCTOHHHe neitCTBHSI llOJISI JIBH3blo 

BenH'IHHhi MarHHTHoro noJIH 8 B aaBHCHMOCTH OT MeeT~ ycTaHOBKB 

JIBH3bl npH onpeneneHHbiX 3HS'ieHHSIX TOKa, aMHTTaHCa H aHeprHH llY'iKS 

npaseueHbi sa pac. 6-10. PaccToHHHe z OTC'iHTbiBaeTCSI OT TO'iKH 

Kpoccoaepa. 

Pac'IeT <IJOKYCHPYIOIIIeA CHCTeMbl aJieKTpOHOllpOBOlla yno6BO BeCTH 

OT TO'iKH HH:lKeKUHH. C aTOii: UeJibJO Beo6XOllHMO 38ll8Tb aHepf'HJO, TOK H 

aMHTTaHC aneKTpOHHOf'O ny'IKa, HH:lKeK-THpyeMOf'O B BLif'eSaTOp, llOMeCTHTb 

Kpoccoaep ny'IKa a TO'IKY HH:lKeKUHH H aanaTb_panayc nonepeqaoro ceqe-
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HHSI ny•iKa B Kpoccosepe. OrpaHH'IHBaSI pacXO:lKJleHRe ny'IKa onpeJleneHHbiM 

paJlHYCOM, H3 pRe. l-5 MO:lKHO onpeJlenRTb fpaCCTOSIHRe OT nocne)lHeii nRH-

3bi sneKTpoaonpoBOJla JlO TO"'KR HH:lKeKIIRH ( L) , a TaK:lKe paccroSIHRSI 

Me:lKJlY OCTanbHbiMR ciJOKYCHpyiOWRMR nRH3aMR ( 2L ) 

BenH'IRHbi MarHHTHbiX noneA B aasHCHMOCTR OT nono:lKeHHSI ciJoKYCHpy

IOIIIHX nHH3 H napaMeTpOB ITY'IK8 npHBeJleHbi Ha pHCo 5-10. 

flpH onpe)leneHHOil: KOHCTpyKIIHH conna HH:lKeKTOpa H 3aJlaHHbiX SHep

I'HR H TOKe ITy'IK8 MO:lKHO onpeJlenHTb npeJlenbHOe 3Ha'leHRe SMHTT8HC8 1 npH 

KOTopoM sneKTpOHHbiil: ny'loK 6yJleT HH:lKeKTHposaTbcg 6ea noTepb. B cny

'lae, KOI'Jla SMRTTaHC ny'IKa 6onbWe npe)lenbHOI'O JlnSI JlaHHOil: anepTypbi 

COITna HH:lKeKTOpa, senR'IHHa TOKa, HH:lKeKTHpyeMOI'O B a)lre3aTop, YMeHb-
2 

WHTCSI B OTHOWeHRH ( r/r 0 ) 1 I'Jle r O - paJlHYC BbiXOJlHOI'O OTBepCTRSI 

conna HH:lKeKTopa, a r 

HH:lKeKIIHH. B cymecTsyromeil: MOJlenH KonneKTHBHoro ycKopRTeng paccroSI

HRe OT TO"'KH HH:lKeKIIHH JlO nocneJlHeil: ciJoKyCRpyiOIIleil: nRH3bi COC~aBnSieT 

70 CM, JlH8MeTp BbiXOJlHOI'O OTBepCTRSI COITna HH:lKeKTOpa 2 CM, a SHep-
t 

I'HSI R TOK ny'IKa paBHbi COOTBeTCTBeHHO 1,5 Mas ( y 4) H 100 a. 

l13 pRCo 1 HaXOJlHM1 'ITO SMHTTaHC ny'IK8 He JlOn:lKeH npeBbiWaTb 31 Mp8JloCM 

(npH H3MeHeHRH J;?aJlRyCa ny"'Ka Ha nyTH OT nocneJlHeil: nRH3bi JlO TO"'KR 

RH:lKeKIIRH s a)lreaaTop s 3 paaa). 

l13 pHc. 6 BRJlHO, 'ITO Mai'HHTHOe none Ha OCR nHH3bi JlOn:lKHO 6biTb 

ITOpSIJlK8 650 raycc. YsenH"'eHHe SMHTTaHCa HnH yMeHbmeHHe aMITnHTYJlbi 

Kone6aHHA paJlHyCa ITY'IKa npHBOJlHT K Heo6XOJlHMOCTH 6onee "'SCToil: paCCT8-

HOBKH cjloKyCHpyiOIIIHX nHH3 ( CM.pHC. 1-5) • 

B 3aKniO"'eHHe asTopbi Bbipa:lKaiOT onaroJlapHOCTb H .E.Py6RHY. 

A.B.Kyaaenosy H B.A .flpeAaeaJlopclly aa noneaHbie JlRCKyccRR. 
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