
pg - 10093 

A.r .BoHq-OcMoJioacKHH, C.H.,ll;oJI.H 

YCKOPEHHE HOHOB 

8 MO,ll;Y JIHPOBAHHhiX 3JIEKTPOHHhiX nYqKAX 

1976 



50/2-1977 np. --1 001i4-0Cli9JIOBCKM~ 
- 8 l"t A • r • M .aoJI H C H 
rcxopeHHe HOHOB B , • • 

F9-I0093. 1976 ••• 

r---1 1-

pg - 10093 

A.r .BoHt~-OcMoJioacKHH, c.H.~oJI» 

YCKOPEHHE HOHOB 
8 MO~YRHPOBAHHMX 3REKTPOHHMX nYqKAX 

HanpaBneHo HB II CHMll03HYM no KonneKTHBHhiM 

MeTOABM yCKOpeHHSI, ,Uy6Ha, 1976 r. 

0(,., 'J.\•mmmH~ tUlCTf!'l'YT 
.-JHI.IZ [!.;1 nenon 
6t-1G/t~UT KA 



'UIIIY" JfOepHt.IX UCCAe006QHUU )1y6Ha 

CoJ~auae nnoTHWX 3nexTpouuwx crycTXOB ~nR ycxo

peHHR aouos CBRJauo c pR~OM Tpy~uocTeii <iJaJH'Iecxoro 

nopR~xa HJ · Ja ueo6xo~HMOCTH xoMneucauuu xynouoscxux 

CHn pacTanXHBaHHR H paJnH'IHWX HeyCTOH'IHBOCTeii, a TaX)I(e 

c TexuaqecxHMH - npu 6onLwux Y¢ /penRTHBHCTcxuii <lJax

Top Bpa~aTenbHOrO ~BH)I(eHHR/ y~ep)l(aHHe cryCTXOB Tpe-

6yeT 60nbWHX MarHHTHWX noneii. 

B nocne~uee speMR pa3pa6aTwsanucb HHTepecuwe u~eu 

nony'leHHR ~BH)I(Y~HXCR 3nexTpOHHWX CryCTXOB MeTO~OM 

axcuanbHOH XOMnpeCCHH H3 OTpeJXOB Tpy6'1aTOrO llY'IXa 

B cTaTH'Iecxax MarHHTHWX nonRx I 1
•2/ . 

B ~aaaoM coo6~euuu <iJopMynupyeTcR cne~yromaii no~
xo~ x npo6neMe xonneXTHBHoro MeTo~a ycxopeuug: nnoT

uocTL 3nexTpOHOB H 3HeprHR HX BpaJ.UaTenbHOrO ~BH)I(eHHR 

orpaHH'IHBaiOTCR OTHOCHTenbHO ManWMH 3Ha'leHHRMH /HO llpH 

3TOM 3cl><lleXT HBHOe yCXOpRIOJ.Uee HOHhl none COCTaBnReT He 

MeHee 10 M3B/M/, COOTBeTCTBeHHO cpaBHHTenbHO Manhl 

'IHCna 3nexTpOHOB H HOHOB B OT~enbHOM cryCTXe, 'IHCnO )l(e 

COJ~aBaeMWX cryCTXOB B e~HHHUY BpeMeHH BenHXO, TaX 

'ITO llOTOXH YCXOpReMhlX HOHOB MOryT 6hlTb 3Ha'IHTenbHWMH. 

IlpH 3TOM: 

a/ BnHRHHe xonneXTHBHWX 3cl><lleXTOB, B 'laCTHOCTH, ue

yCTOH'IHBOCTeii, MO)I(eT 6hlTb CXOMneHCHpOBaHO pa3pa6o

TaHHWMH MeTO~aMH; 

6/ HCllOnbJYIOTCR CTaTH'IeCXHe MarHHTHWe nong yMe· 

peHHOH Hanp.ll)l(eHHOCTH H pg~ HJBeCTHbiX TeXHH'IeCXHX 

ycTpOHCTB. 

PaCCMOTpHM B C)l(aTOM BH~e OT~enbHbie acneXThl peanu

JaUBH 3Toro MeTo~a. 
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C$opMHpoaaTb Tpy6'1aTblH ny'loK MO:>KHO JneKTPORHOH 

nyWKOH THna llHpca-XappHcaf,l;MarHeTpOHHOHnymKOH /3/ , 
a TaK:>Ke KOnbUeBblM aBTOKa TO,IJ.OM B MarHHTHOM none/ 2/ • 

Heo6xo.n.HMO, 'IT06bl o6o6IUeHHhlH MOMeHT 6bln O.IJ.HHaKOB .n.n.11 

acex qacTHU ny'IKa H JHepreTH'IeCKHH pa36poc He npeahlman 

aenH'IHHbl -1%. 3KcnepHMeHTanbHO ,l].OKa3aHO, 'ITO MO:>KHO 

nony'IHTb nonhlH ny'IOK 3neKTPOHOB C TOKOM 1 KA H BhlWe 

C OTHOWeHHeM TOniUHHbl Tpy6KH K ee pa,IJ.HYCY He 6onee 

0,1 12 -4~ TaKoH ny'IOK Mo.n.ynHpyeTC.II no nnoTHOCTH c no

MOIUhiO rpynnHpOBaTen.ll KnHCTpOHHOrO HnH aBTO$a3Hpyro

IUero THna. HlaecTHhl nponeTHble KPHCTPOHhl MOIUHOCThiO 

100 MBm a HMnynbce H .n.a:>Ke 6onhme; TaKoro :>Ke nop.II,IJ.Ka 

MOIUHOCTb H aBTO$a3HPYIOIUHX CHCTeM - JI:SB, reHepaTOpbl 

CBq c pen.IITHBHCTCKHMH 3neKTPOHHhlMH ny'IKaMH· 4 .. CTe

neHb MO,IJ.yn.IIUHH nyqKa ,IJ.OCTHraeT npH 3TOM 10, a MaKCH· 

ManhHa.ll nnoTHOCTb 3neKTpOHOB - lOll 311/CM:lH 6onee. 

lly'IOK, MO,IJ.ynHpoaaHHblH O,IJ.HHM H3 yKa3aHHblX cnoco6oa 

H npe,IJ.CTaBn.IIIOIUHH C060H nocne,IJ.OBaTenbHOCTb UHnHH,IJ.pH

'IeCKHX nonblX cryCTKOB, HanpaBn.lleTCJI B o6naCTb MarHHT

Horo Kacna /none ocTpoyronbHOH reoMeTpHH/, o6pa3oBaH

Hyro, HanpHMep, .IJ.BYM.II BCTpe'IHO BKniO'IeHHblMH coneHOH· 

,IJ.aMH / S/. <l>yHKUHH Kacna COCTOJIT B aKCHanbHOM TOpMO:>Ke

HHH ny'IKa, C03,IJ.aHHH apaJUaTenhHOrO ,IJ.BH:>KeHHJI 3neKTpOHOB 

H ,IJ.OnOnHHTenhHOM yaenH'IeHHH nnOTHOCTH /.n.o 
0 e"' 10l23A/CM3/. llo,IJ.p06HOe paCCMOTpeHHe noKa3blBaeT, 

'ITO npO,IJ.OnbHa.ll CKOpOCTb cryCTKOB MO:>KeT 6h1Tb yMeHhWe

Ha a peJynhTaTe npoxo:>K,IJ.eHH.II Kacna .n.o 0,1 c, r.n.e c -

CKOpOCTb CBeTa, a nnOTHOCTb 3neKTPOHOB yaenH'IeHa npH· 

MepHo Ha nop.II.IJ.OK Ja C'leT npo.n.onbHoro c:>KaTH.II crycTKOB. 

lloTepH 'laCTHU H paCWHpeHHe ny'IKa Manbl npH cne,IJ.YIOIUHX 

L\ 2 M V 2 
, _w:_ + ~2 + :::::..0< {-) r.n.e L- .n.nHHa 

y R R V
0 

' 
ycnOBHJIX: L/ R < 1 

o6nacTH Kacna, R - pa.n.Hyc Tpy6'1aToro ny'IKa, 2 a - Ton

IUHHa Tpy6KH, 11 r0 - pa36poc pa,IJ.HYCOB BhiJieTa 3neKTpOHOB 

C KaTO,IJ.a, V O H V - npO,IJ.OnhHhie CKOpOCTH )1.0 H nocne 

npoxo:>K.n.eHH.II Kacna, y - nonHa.ll 3HeprH.II 3neKTPOHOB /a e.n.H

HHuax me 2 /. 

llocne npOXO:>K,IJ.eHHJI Kacna ny'IOK COCTOHT H3 KOnhue

BblX cryCTKOB C npO,IJ.OnbHblMH pa3MepaMH b- a H apafUa

TenhHOH 3HeprHeB: - y . Ha Ha'lanhHOM yqacTKe TpaKTa 
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YCKOpeHHJI npOHCXO,IJ.HT JaXBaT HOHOB nH60 nyTeM HOHHJa· 

UHH aTOMOB B CTpye HeHTpanhHOrO raJa, nH60 npH HH:>KeKUHH 

HOHOB H3BHe. B nepBOM cnyqae He06XO,IJ.HMO ,IJ.OnOnHHTenbHOe 

TopMo:>KeHHe crycTKOB .n.o cKopocTH V ::.: 10 •2 c './ Z 7 A 
e Z - 3ap.11.n. H A - aTOMHhlH aec HOHOB. TopMo:>KeHHe 

ocymecTan.lleTC.II HapacTaiOIUHM Ja KacnoM npo.n.onhHhlM 

MarHHTHhlM noneM. Ha aceM TpaKTe ycKopeHH.II .n.on:>KHa 

6b1Th o6ecne'leHa $oKycHpoaKa crycTKOB, .n.n.11 'lero npe.n.-
;6 ' 

nonaraeTc.ll HcnonhJoaaTh MeTo.n. H¢ -$oKycHpOBKH · HnH 

$OKYCHPOBKY aHH30TpOnHblM MeTannH'IeCKHM 3KpaHOM .·' 7/ 

A3HMyTanhHoe MarHHTHoe none, coJ.n.aHHoe ueHTpanhHhlM 

npOBO,IJ.HHKOM C TOKOM, ueHTpHpyeT cryCTKH OTHOCHTenhHO 

OCH CHCTeMbl H $oKyCHpyeT HX npH ycnOBHH 

2 2 2 2 
1 <~--(.B..) < l!..te:.t 

f-32y3 a 4p2 ' 

¢/ ¢ 2 
p"'H<f> Hz , (3'/. «1. 

r.n.e v - noroHHhlH 3neKTpOH, .. 

lt He,IJ.OCTaTKaM MeTo,IJ.a cne,IJ.yeT OTHeCTH orpaHH'IeHHe 

,IJ.nHHbl TpaKTa yCKOpeHHJI, B qaCTHOCTH, H3- Ja ,IJ.eHCTBHJI 

CHnhl JlopeHUa Ha HOHbl. <I>OKYCHpOBKa non.IIMH H306pa:>KeHHJI 

B aHH30TpOnHOM 3KpaHe 3$4JeKTHBHa, ecnH ,IJ.BH:>KeHHe 3neKT· 

pOHOB npOHCXO,IJ.HT B6nH3H 3KpaHa, h-a , h - paCCTOJIHHe 

uenTpa T.II:>KeCTH nonepe'IHoro ce'leHH.II Tpy6KH OT 3KpaHa. 

YcnoaHe $oKycHpOBKH Tor.n.a TaKoao: y >2h/a. qT06bl 

npH6nH3HTb ny'IOK K CTeHKe H npH 3TOM He Bbl3BaTb ero 

noTe pH, HCnOnh3YIOTCJI C03,IJ.aiOIUHe MynhTHnOnbHOe MarHHT

HOe none npOBO,IJ.HHKH C npOTHBOnOnO:>KHO HanpaaneHHblMH 

TOKaMH, pacnono:>KeHHble B,IJ.Onh UHnHH,IJ.pH'IeCKOH noaepXHO· 

CTH BHe ny'IKa. KaK noKaJaHo a !Bl, npH 3TOM B03MO:>KHO 

3$4JeKTHBHOe ueHTpHpoaaHHe ny'IKa, a TaK:>Ke no.n.aaneHHe 

HaH6onee onaCHOH H3 HeyCTOH'IHBOCTeH, B ,IJ.aHHblX ycnOBHJIX -

npo.n.onhHOH HeycTOH'IHBOCTH THna HOM. ,D;n.11 3Toro Heo6-

xo,IJ.HMo, 'IT06bl y < y K = ~' r = y'l.t'q, r .n.e q onpe.n.en.lleTC.II 

ypaaHeHHeM q e q = p2 p H p = H M/H z , H M - aMnnHTy.n.a 

MynhTHnonhHOro MarHHTHOro non.ll, v r - 6e3pa3MepHaJI qac

TOTa pa,IJ.HanbHblX Kone6aHHH. MynhTHnonH CTa6HnH3HPYIOT 

H npeuecCHOHHhle HeyCTOH'IHBOCTH, B 'laCTHOCTH, ,IJ.HnOnbHYIO 

,IJ.Byxny'IKOByiO. 

llpHBe,IJ.eM B03MO:>KHbiH Ha6op napaMeTpOB yCKOpHTen.ll. 

llpH 3HeprHH 3neKTpOHOB 500 K3B ( y =2) H TOKe ny'IKa 

1 KA MO,IJ.yn.IIUHJI npOH3BO,IJ.HTCJI Ha ,IJ.nHHe BOnHhl A = 30 CM. 
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IlpH 3TOM qucno 3neKTPOHOBBcrycTKeHeMeHee Ne= 2.10
1
z. 

Ilocne npoxo:>K,neHHJI xacna c H0 = ±0,9 K3 pa3Mepbl crycT
KOB TaKOBbl: R = 3 CM, ar = a z = 0,15 C.M. Ilone, yCKO
pJIIOIUee HOHbl, E i = 12 M3B/M, .nonycTHMoe ycxopJIIOIUee 

crycTKH none E =E . .!E.t (1 +p2 ) < 1,9 KB/cM. IlpH clloxycu-
" I M -

pOBKe a3HMyTanbHblM MarHHTHbiM noneM ero BenH'{HHa 
paBHa Hq, = 3,8 K3, aMnnHTy.na MynbTHnonbHOro nonJI H M = 
= 6,8 K3. IlpH ,nnHTenbHOCTH HMnynbCa nyWKH r = 2 .MKC 
qucno crycTKOB cocTaBnJieT Ncr= 2.103 1/u..wn H npH qac
ToTe noBTopeHHJI HMnynbCOB f = 102 r11 qucno ycxopJieMblX 
HOHOB MO:>KeT ,D,OCTHraTb 10l:L:- 1014 i/cjnpOTOHbl, nerKHe 

JI,npa/. 
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