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A H H o T a u H H 

0nHC8H MeT O.ll YCKOpeHHH aneKTpOHOB B KOnbUeBOM cP830TpOHe, OCHOB8HHbi A: 

aa KOM6HHauHH BHxpesoro aneKTpHqecKoro nonR c s.q. noneM nocToHHHOA: qacTo

Tbio npHBe ,lleHbl aKCnepHM9HT8nbHble peaynhT8Tbl H .ll8HO HX Cp8BHeHHe C TeOpH eA:. 



B KOnbueBOM ¢aaoTpoHe HMeeTcSI B03MO:>KHOCTb peanHaauHH KaK BbiCOKoqa c

TOTHoro H HH.llYKUHOHHOrO MeTO,llQ.B yCKOpeHHSI, T8K H HX KOM6HH8UHH. 8 qacTHOCT H 

.llnSI ycKopeHHSI aneKTpOHOB B KOnbUeBOM cpa30TpOHe 06be.llHHeHHOrO HHCTHTyTa 

111 
Sl.ll epHb!X HCCn e .ll0B8HHA HCllOnb30B8H8 KOM6HH8UHSI BHXpeBoro sneKTpHqecKOro 

rronSI c a.q. rroneM rrocTOSIHHOA qacTOTbl. BHxpeaoe aneKTpHqecKoe aone, coo6wa-

IOWee aneKTpOH8M SHeprHIO 9 sa/o6, coa,llaeTcSI H3MeHeHHeM MarHHTHoro rro-

TOKa B cep,lleqHHKe, OXB8TbiB8IOWeM BaKyyMHYIO KaMepy. HallpSI:>KeHHe B,q. OT 

cneuHdnbHOrO reHepaTOpa llO.ll8eTCSI H8 yqacTOK BaKyyMHOA KaMepbl C yrnOBbiM 

0 
pa3MepoM 30 , HaonHpoBaHHbiA oT ocTanbHOA ee qacTH. B,q. reHepaTop co6paH 

ITO CXeMe C 383eMneHHOH CeTKOH H K8TO.llHb!M H 8HO.llHbiM KOHTypaMH K08KCRanbHO-

r · 6 /2/ 
ro THrra. 1 lO.llpO Hee 0 B,q. CHCTeMe CM, B • npouecc YCKOpeHHSI llpH STOM 

ocyweCTBnSieTCSI cne.llyiOWHM o6pa30M, f'eHepaTOp Bb!COKOH qacTOTbl BKnJOqaeTCSI 

B KOHUe UHKna HH.llYKUHOHHOrO YCKOpeHHSI H aneKTpOHbl 38XB8Tb!B8IOTCSI B o6nacTb 

ycToAqHBOCTH, Kor,lla CKOpOCTb H3MeHeHHSI MarHHTHOrO llOTOKa B HH.llYKUHOHHOM 

cep.lleqHHKe HMeeT llpOTHBOllOnO:>KHOe HanpaBneHHe0 B,q, aone KOMlleHCHpyeT ,lleii

CTBHe TOpM03Sill.lero BHXpeBoro aneKTpHqecKoro rronSI, TaK qTo ycKopeHHbiH rryq o K 

OCTaeTCSI Ha llOCTOSIHHOM pa.llHyce, C HaqanOM cne.llyiOwePO UHKna HH.llYKUHOHHOrO 

ycKOpeHHSI B,q, reHepaTOp BbiKniOqaeTCSI, npOHCXO.llHT ycKopeHHe HOBOH IIOpUHH 

aneKTpOHOB O.llHOBpeMeHHO C rrepBoA, SHeprHSI KOTOpOH K KOHUY UHKna Y .ll B 8 H B a e T

CSI, CxeMa, Hn.TIIOCTPHPYIOll.laSI .ll8HHbiA pe:>KHM ycKopeHHSI, rrpe.llcTasneHa Ha pee. 1 • 

.[lnSI ocywecTBneHHSI TaKOrO pe >KHMa 6bin rrpoBe,lleH pSI.ll SKCIIepHMeHT O B ITO 

onpe.lleneHHIO BnHSIHHSI B,q. H81IpSI:>KeHHSI IIOCTOSIHHOH qacTOTbl Ha rryqoK s n eKT p OHOB, 

yCKOpSieMbiX BHxpeBbiM sneKTpHqeCKHM rroneM, AHanOrHqHbie BOIIpOCbl 06Cy >K,ll a-

/3 4/ 
nHCb B pa60T8X ' • 8KC1IepHMeHTbi, OIIHC8HHbie HH:>Ke, IIpOBO.llHnHCb rrpH cne ,llyiO-

ll.lHX ycnOBHSIX, MoMeHT BKnJOqeHHSI B,q, 6bin C .llBHHyT OTHOCHT eJlbHO Haqa,la HH :>Ke K-

UHH H8 600 MKCeK, qTQ COOTBeTCTBOBano SHeprHH aneKTpOHOB 300 KsB H q a c-

ToTe HX o6pameHHH 67,5 Mru. BpeMSI HapacTaHHSI aMrrnHTY.llbi BbiCOKoA qac TOT b i 

6binO MeHbWe rrepHO.ll8 cpa30Bb!X Kone6aHHH, npH HCcne,llOBaHHH HCIIOnb30Banc 51 

OTHOCHTenbHO KOpOTKHA HMrrynbC B.q. / 150 MKCeK/, qTQ II03BOnSinO rrpaKTH-

qecKH HCKnJOqHTb 38BHCHMOCTb peaynbT8TOB H3MepeHHH OT pacceSIHHSI qacTHU H a 

OCT8TQqHQM raae. n pH STOM peay .TibTa'r BnHSIHHSI Bb!COKOH qaCTOTbl MO:>KHO 61:1n0 

Ha6niO.ll8Tb B KOHUe TOrO :>Ke UHKna HH.llYKUHOHHOrO yCKOpeHHSI, 



4 

Ha pRe. 2 npHseaeHa aaBHCHMOCT& xoact>ct>RuHeHTa BbiCOKO'laCTOTaoro 3axaa

Ta OT BeJIH'IHHbJ paccTpOAKH M9>K.llY '14CTOTOA reHepaTOpa H '14CTOTOA: ot5paiU9HHSI 

9JI9KTpOHOB B MOM9HT BKJIIO'leHHSJ a.q. TaM >Ke npHBeaeaa TeopeTH'lecxaSJ xpHaas~ 

paCC'IHT4HH4SI B IIp9JliiOJIO:lK9HHH MI'HOB9HHOI'O 38XB4T4 1'1 paBHOM9pHOI'O - pacnpeae

JI9HHSI 'lacTHU a nyqxe. K osct>ct>auHeaT aaxsaTa onpea enstncH xax oTaoweaae nnoma· 

JlH 0 34HHM49MOA ny'IKOM BHYTPH ot)naCTH yCTOI'IHBOCTH, KO BCeA: fiJIO-IU4JlH ny'IKa. 

/5/ 
rpaHRUbi ot5nacTH ycTOI'IHBOCTH1 cornaCHO J onp9Jl9JISIIOTCSI cPOpMynoA: 

8 E = !: ( E e Vo /' y Sin¢ + Sin ¢
0 

- ( ¢ + ¢
0 

) Cos ¢ 0 , ;1/ 
rrF 

rae E - nonaaSJ aaeprHH 'laCTHUi Vo -aMnnHTyaa B.'l_. J ¢ -ct>aaa a.'l., 

c ..~.. 1 a~ 
npH KOTOpOA: 'laCTHU4 npOXO.lli'IT "'yCKOpSIIOIUYIO"' IU9Jlb 0 ·OS 'l"o"' -cvo t • 

~ -Mai'HHTHbiA GOTOK B RB.llYKUHOHHOM C9p.ll9'1HHK9, F = (~~!~)1~~)-1) 
GpH'19M k -cpe,/lHHA GOK434T9Jlb IIOJIS, fJ -oTROW9HH9 CKOpOCTH '14CTHUbJ 

K CKOpOCTH CB9T4 c • 

Ha pac. 2 wHpHRa KpaaoA 1:!. E y ocsoaaHHSI onpeaenHeTCSI cyMMOA: aaepreTa-

qecKHX pa3M9pOB Ot5JI4CTH yCTOA'IHBOCTH H CaMOI'O ny'IK4e ,OnH p43Jl9J19HHSI 9TRX 

B9JIH'IHH CHHMllJlllCb 38BHCHMOCTb I:!.E OT 4MGJIHTY.ll bJ BbiCOKOA: '14CTOTbi H BBJIH-

'IHHbl ct>opcHpoaKH /eM. pac. 3/. CneayeT OTMeTHT& 0 'ITO a .ll41JHOM cnyqae aaepre

TH'leCKHA pa3Mep DY'llt4 0Gp9Jl9JISIJICSI TOJibKO B9JIH'IHHOft cpopcRpOBKHe JlJIHT9JlbHOCTb 
I 

KOTOpOA 6bl na 3Hll'IHT9JibHO M9HbW9 JlJIHT91JbROCTH HH>K9KUHH H no Bp9M9HH COBRa-

.aana c aepwHHOA HMnyn&ca HH:lKeKUHHe T -altHM o6paaoM, aen&'IHRa 1:!. E Ha pac. 3a, 

COOTB9TCTByiOIU aSJ TO'IK9 nepece'I9HHSI 9KCG9pHM9HT4JibHOA KpHBOA C OCblO op..,

JlHH4T1 onpeaenSieT pa3M9pbi Q6JI4CTH YCTOA'IHBOCTH npH Jl4HROA aMnJJHTy.lle BbiCO-

KOA '14CTOTble npa Vo = 9a o6naCTb YCTOA'IHBOCTH CTSII'HBaeTCSI• B TO 'IKY H noa-

TOMY aena'IHHa 1:!. E aa pac. 36 'IHcneHao paaaa saepreTH'leCK oA wRpaae ny'IKa 

anR aaaaoro aaa'leHHH ct>opcHpoaxa. PeayllbTaTbi a ot5oax cnyqaSJx xopowo cornacy

IOTCH M9>K.llY co6oA. 

EcnH o6nacT& ycToA'IHBOCTH o6paayeTcSJ aae ny'IKa, To npoxo>Kaea&e ce

rrapaTpHchi '19p93 ny'IOK '14CTRU HJIH0 aao6opoT, IlpOXO>K.ll9HH9 YCKOpS19MOI'O fiY'IKll 

MHMO cerrapaTpHchi npRBO.llBT K HSMeHeHHIO aHeprHH nyqxa. TaKHM ot5paaoM, aa-
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6mo.z:ta11 H8 $ KpaHe OeUHllllOT'pa<f:Ja CM9IU9HH9 nyqxa BO BpeMeHH /eM . pHeo 4 / , 

MO)KHO onpe.z:tellHTb B91IH'IHHY ero aHepreTH'IeeKOT'O eMeiUeHHSI • .£lng y B ellH'IeHHSI 

TO'IHOeTH onpe.cteneHRSI B91IH'IHHhl eM9IU9HHH <f:JopMa HMllYllbe8 yexopeHHOT'O ny'IKa 

.z:tH<f:l<f:JepeHUHp0Ball8C'b. 3aBHeHMOeTb Be!IH'IRHbi eMeiUeHRSI OT aMOllHT Y .z:tbi Bbi eOKOA 

'laeTOTbi npe.z:teTaBll9H8 Ha pHe. 5; TaM )1{ 9 .QllSI epaBH9HHSI llpHSe.z:teH rpa<f:JHK paa

MepOB o6naeTR yeToA'IHBOCTH /eM. pH e. 36/. TeopeTH'IeeKHe pae'leTbi aHepr e TH-

/5/ 
'leeKOT'O eMeiU9HHSI nyqxa npOBO.QHllHeb 00 <f:JopMyne 

121 

r.z:te < 8 E > -epe.ctaee R3MeaeaHe aaeprHH nyqxa, BE ~ MaKe. - aH e pre T H'IeCKHn 

paaMep eenapaTpHebi, nonyqaeMbiA H3 

Ill npH ¢ .. ¢
0 

¢ 

., < ¢ ) "' -~==;:===;s:;.:==;~=;= 
0 8 ..j Sin ¢ ~ 'cp Cos ¢ 

0 0 0 

'a 

y, 1 
S = 2. f ..j Sin¢ + Sin¢ - ( ¢ + ¢ } Cos ¢ d ¢ 

-¢ 0 0 0 

0 

¢ 
1 

onpe.ctenHeTeH H3 HaseeTHoro Tpaaeuea.z:teHTHoro ypasHe HHH . P ea y nb· 

TaThl 9TifX paeqeTOB IIpHBe.z:taHhl H8 TOM )Ke pHCYHKe H, KaK BH.QHO, XOpOW O eorna 

eyiOTeSI e aKenepHMeHT8llbHhlMH .Q8HHbiMH. 

npoBe.z:teHHbie aKeiiepHMeHThl ll03BOllHllH IIpH OIITH M 8llbHbiX Y CllOBH SIX oey wee T

BHTb OllHe8HHbiA BhlWe pe>KHM y;::KopeHHSI • .LlllHTe llbHOeTb HMllYllbea B hle OKOA 'l ae 

TOThl 6hlna ysenH'Ieaa. BbiK1ti0'19HHe reaepaTopa ocywecTBnHnoeb paabwe Ha'l a n a 

HH)KeKUHH, 'ITO HeKlliO'IallO BllHSIHHe BhleOKOA qaeTOTbi Ha 38XBaT alle KT p OHOB B pe

>KHM HHAYKUHOHHOT'O yexopeHHSio Ha pRe. 6 IIpHBe.z:teHa OCUHllllOT'p8MMa HMllyllbC8 

yeKOp9HHbiX 'laeTHU, npOIUe.QWHX .QSa UHKlla HHAYKUHOHHOT'O yeKopeHH Si o .LlnH 60nb

weA HaT'llSIAHOeTH IIpH eHSITHH OeUHllllOrpaM M bl aneKTpOHhl HH)KeKTH pOB8llH Cb qepe3 

nepHOA R3M9H9HHSI MarHHTHOT'O IIOTOKa B RHAYKUHOHHOM eeptte'IHHK e . TaK K 8 K p a-

-6 
60'IHA BaKyyM IIpH yexopaHHH He IIp9BhlWall 1-2. JQ MM pT.CT ., TO pa cceSIHHe 

HS OeTaTO'IHOM raae HT'p8110 BeebM8 eyweeTBeHHYIO pOllb H y M eHb W a n o K OllH'IeCTBO 

yeKOp9HHhlX aneKTpOHOB llpH6llH3HTellbHO H8 IIOpSI.QOK, 'ITO eornaeyeTeSI e O Ue HKa

MH IIO MHOT'OKpSTHOMy paeeeSIHHIO. 
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B 3aKmoqeHHe aBTOpbi Bbipa>KaiOT rny6oKyiO 6naroLlapHOCTb npo¢. B.A.neTy

xosy 3a UOCTORHHOe BHHMaHHe K pa6oTe H nnOLlOTBOpHble o6CY*LleHHR. 
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p H C, 1. CxeM a ycKopeH!ISI 

a/VfsMeH eHHe M8 f'HHTH0f'O ITOTOK8 B HH.UyKUHOHHOM cep,.ae'IHHKe 

1-HH)!(eKUHSI, 2-BKn!O'IeHHe reHepaTOpa B,Y, , 3-BbiKniO'IeHHe re
HepaTopa B. 'l. 

6/Pe)!mM pa6oTbi r eHe paTopa B.'I, 
e/V!sMeHeHHe aHeprHH aneKTpOHOB B npouecc e ycKope HH >', 
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p H c . 2. 

8 

.50 
~1· 

a£1116 -0 

3aBHCHMOCTb K09¢¢ HUH9HTa BhlCOKoqaCTOTHOrO 38XBaTa OT BenH

qHHbl paccTpOAKH Me.>K.ay qacTOTOA reHepaTopa H qaCTOTOA o6pa
meHHR 9neKTpOHOB llpH 3HaqeHHH 

VO = 28,3R H ¢opcHpOBKe 320 B/o5. 

Oo OCH a5CUHCC BenHqHHa paCCTpOAKH OTnO.>K9Ha B 9HepreTHqec

KHX e.aHHHuax. CnnowHaR KpHBaR - TeopeTHqecxaR; ToqxH - pe
aynbTaTbi aKcnepHM9HTa. 
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p H Co 3. 

9 

'"'•I· 
20 •• 60 10 100 

/(J tr> 30 ~0 

3aBHCHMOCTb flE OT BemPIHHbl !jlopcHpOBKH /a/ 1'1 8Mflni-ITY /l h l 

B.'l, HarrpH>KeHMH /6/, KpMBaH /a/ CHS!Ta rrpM 

V0 "' 28,3 B; 80 neneHHH ITO OC!i a6CUMCC COOT-

BeTCTBYIOT !jlopcMpOBKe 320 a lo6. K pH BaH /6 I cHRTa rrp M n aHHOM 

3Ha'!9HHH !j>opCHpOBKHo 



p H c. 4. 

6E 
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(U~) 
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p H C. 5. 

10 

CMemeHHe rry'!Ka rrpH rrpoxo>K.neHHH MHMo o6nacTH ycToA'IHBOCTH. 

'/.(I) 
~0 

3aBHCHMOCTb pa3Mepos 06ll8CTH YCTOA'!HBOCTH /}/ H B9llH'IHH8 

9 H9pr'9TH'-!9CK 0!"0 CM e 1U 9HHH l1Y'IK8 /2/ OT 8Ml1llHTy .ll hi Bb!COKOA 

'laCTOThi. CrrnOWHhie KpHBbie - TeopeTH'i9CKHe, TO'IKH - peaynb-
TaTbi 9KCl19pHM9HTOB. 



p H Co 6. OcuHnnorpaMMa HMnynbca aneKTpOHOB, yCKOpHBWHXCH .asa UHKna 

B HH.a yJtUHOHHOM pe>KHMe. Csepxy - HMnynbc 'ycKopeHHoro ny'IKa, 

BHH3y - H3MeHeHHe MarHHTHOrO noTOKa B HH.OYKUHOHHOM cep

.ae'IHHKe: 

• 


