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IIIUIIIYIII Jl~epHbiX UCCAe~06QHUU ,l{y6Ha 

BBE,4EHHE 

B pa6oTe It/ 6wno OTMe'leHo, 'ITO B JIBHeiiHoM HHAYK

QHOHHOM ycKopHTene /JIHY I :meKTPOHHwii ny'loK HMeeT 

HeKOTOpyro AJIBTeJihHOCTh ~pOHTa H cna.z.a, o6ycJIOBJieHHYID 

HeAOCTaTKaMH HH)KeKTOpa. 3Ta AJIBTeJihHOCTh HaXOAHTC.Il 

B npe.z.enax 100-:-500 He H :meKTpoHw, cne.z.yrolQIIe Ha 

~poHTe H cna.z.e ycKop.lleMoro crycTKa qacTHQ, 6y.z.yT 

Tep.llThC.Il B npoQecce YCKOpeHH.Il no BCeMy TpaKTY .nHY. 
MecTo 6oM6ap.z.apoBKH cTeHoK ycKopHTeJI&Ho:ii Ka:M:epw 3asa

CHT OT 3HeprHH, HaXOAJIIQe:iiC.Il B AHana30He /0:0,9/ EHOM. 

B pa6oTe 121 npeAJIO)KeH cnoco6 ycTpaHeHH.Il He MoHo

XpOMaTH'IHWX 3JieKTpOHOB H3 npoQecca YCKOpeHH.Il, 3aKJIID· 

'laiDIQIIBC.Il B OTKJIOHeHHH HX HMnyJihCHWM MarHHTHWM noJieM. 

3TO none C03AaeTC.Il Ha KOpOTKOM y'laCTKe yCKOpHTeJihHOrO 

TpaKTa B HMnyJihCHOM .z.e~JieKTOpe, npeACTaBJIJIIDIQeM C060:ii 

nonw:ii, pa3pe3aHHWB B OCeBOM HanpaBJieHHH H B OAHOB H3 

M:epHAHOHaJihHWX nJIOCKOCTeii OXJia)I(AaeMWB QHJIHHAP· ,IJ;e

~eKTop AOJI)KeH y.z.osneTsopJITh PJIAY Tpe6osaHaii, onpe.z.e

JieHHWX B pa6oTe I 1/ : AJIHHa ero pa3pe3a AOJI)I(Ha 6wT& 

AOCTaTO'IHOB AJI.Il OTKJIOHeHH.Il 3JieKTpOHOB Ha onpe.z.eneHHOM 

y'laCTKe, a KOHCTpyKQH.Il - He HCKa)KaiDIQe:ii HaHOCeKyHAHWe 

~pOHT H cna.z. HMnyJI&Ca TOKa MOHOXpO'MaTH3aQHH. 

HacTOJIIQaJI pa6oTa nocBJIIQeHa peweHHID npo6neM, B03-

HHKWHX npH C03AaHHH CHCTeMW MOHOXpOMaTH3aQHH 3JieKT

pOHHOrO ny'IKa JIHY. 
,D;n.11 OTKJIOHeHH.Il 3JieKTPOHHoro ny'IKa c TOKOM 250 A 

H 3Heprae:ii 700 K3B Ha AJIBHe, HanpHMep, 15 c..w, Heo6xo

AHMa 'MnJIHTYAa HMnyJihCOB TOKa MOHOXpOMaTH3aQHH 

9~..) A 11. ,Il;JIBTeJI&HOCTH ~poHTa H cna.z.a onpe.z.enJIIDTC.Il 
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Tpe6oaaHHJIMH nponecca ycKopeHHJI 6e3 noTepL 3neKTpoHOB 

B TpaKTe H ~OIDKHLI COCTaBnJITL 1 0/o HnH MeHee OT 06J:Qeii 

~nHTenLHOCTH YCKOpJieMOrO cryCTKa /0,5 MKC/ • .nnuTenL

HOCTL nnoCKOH BepiUHBLI HMnynLCa MOHOXpOMaTH3a:QHH -

/0,4-7-0,6/ MKC /1/. Ilpo6neMe C03~aHHJI HH3KOOMHLIX 060CT

pHTeneii, fllopMHp}'IOJ:QHX KHnOaMnepHLIH nepena~ TOKa Ha 

aKTHBHOH Harpy3Ke DpH DpHnO)I(eHHOM HanpJI)I(eHHH B e~HH:QLI 

KHnoaonLT. nocBJIJ:QeHa pa6oTa 131. WecTLCOT JI'IeeK 3Toii 

HenHHeiiHOH KBa3HKOaKCHanLHOii nHHHHWOPMHp}'IOT nepena~ 
ToKa aMnnHTy~oii ~o 1 KA Ha Harpy3Ke 3,5 OM ~TenL
HOCTLIO 1 He. Bxo~Hoe conpoTHBneHHe nHHHH paaHo 1,5 OM, 
'ITO DOTpe6oaano pa3pa60TKH DpHH:QHDHanLHO HOBOro THna 

HaKODHTenJI B KnaCCH'IeCKOH CXeMe reHepaTopa: HCTO'IHHK 

DHTaHHJI - HaKODHTenL - KniO'I /THpaTpOH/ - 060CTpHTenL -

Harpy3Ka. 

,lJ;nJI fllopMHpOBaHHJI HMnynLCa Ha aKTHBHOH Harpy3Ke 

B Ka'leCTBe HaKODHTenJI 3HeprHH 06hi'IHO HCDOnL3}'10TCJI 

HCKYCCTBeHHhle nHHHH THna MHoro3aeHHhiX fllHnLTpoa, ~JI 
HaHOCeKYH~HhiX ~TenLHOCTeii - CHCTeMhl napannenLHO 

BKniO'IeHHhiX OTpe3KOB KOaKCHanLHLIX Ka6eneii HnH DOnOCKO

Bhle nHHHH. Ecnu Harpy3Ka cocTaBnJieT 1-2 OM, a fllopMHpye

MhiH HMnynLC - 0,5-:-1,0 MKC, TO B TaKOM HaKODHTene HH

~YKTHBHOCTL pacceJIHHJI KOHCTPYK:QHH Lpacc. cTaHOBHTCJI 

COH3MepHMOH C C06CTBeHHOH HH~YKTHBHOCTLIO. 3Ha'leHHe )l(e 

L pace • ~On)KHO 6hiTL Ha O~H HnH HecKonLKO nopJI~OB 
MeHLWe C06CTBeHHOH HH~YKTHBHOCTH ~nJI ycTpaHeHHJI ee 

BnHJIHHJI Ha 3aBanHBaHHe fllpoHTa HMnynLca. 3apJI~hle nHHHH 

/HaKODHTenH 3HeprHH/ CBCTeMhl MOHOXpOMaTH3a:QHH H3rO

TOBneHhl cne~}'IOJ:QHM o6pa3oM I puc. 1/: KaTynnca HH~YKTHB
HOCTH 1, HMeiOJ:QaJI Ha ManLie 3Ha'leHHJI BOnHOBhiX CODpOTHB

neHHH He6onLWOe KOnH'IeCTBO BHTKOB /o6LI'IHO 10-:-20/1 Ha

MaThiBaeTCJI WHpOKOH neHTOH Ha Kpyrnhlii )l(eCTKHH KapKaC 2 
C MHHHManLHO B03MO)I(HLIM /h 2 MM/ 3a30pOM Me~y BHT

KaMH. WHpHHa neHThl Bhi6HpaeTcJI paaHoii /0,5-:-1,0/ ~Ha
MeTpa KoH~eHcaTopoa 3. Ha BHTKH o6pa3oaaawerocJI cone

HOH~a HaBHH'IHBaiOTCJI /HnH npHKpennJIIOTCJI/ O~HOHMeHHhiMH 
BhiBO~aMH Ko~eHcaTophl 3 /a ~aHHoii KOHCTPYKnHH KBH-3 

3300 nfl> 10 KB/. 0HH pacnonaraiOTCJI no cnHpanH coneHo

H~a TaK, 'ITO ~pyrHe BhiBO~hl KOH~eHCaTOpOB, DOMeJ:QeHHhiX 

Ha coce~Hx BHTKax qepe3 nonuhlii o6opoT cnHpanH, oKa-

3hiBaiOTCJI Ha O~HOH nHHHB H COe~HeHhl WHHaMH. ffiHHLI 
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nponaHBaiOTCJI Me)I(,IJ;y co6oii H o6pa3YJOT CIIJIOIUHOB 3KpaH, 

OCeCHMMeTpH'IHLIB C COJieHOH,IJ;OM H HMeiOIQHB MHHHMaJibHYIO 

co6cTBeHHYIO HH,IJ;YKTHBHOCTb. MarHHTHO'e none pacceJIHHJI 

CBe,IJ;eHO ,11;0 MHHHMyMa 3a C'leT COJieHOH,IJ;aJibHOB HaMOTKH 

KaTyWKH HH,IJ;YKTHBHOCTH H KOaKCHaJibHOrO 3KpaHa. Bee 3TH 

MepLI II03BOJIJIIOT IIOJiy'IHTb npH HH3KOM 3apJI,IJ;HOM HaUpJI)I(e

HHH THpaTpoHa TrU1-1000/25 /U:>ap. = 576 KB/ ,IJ;JIHTeJIJ.· 

HOCTJ. 4JpoHTa 80 HC npu pa6oTe Ha o6ocTpHTeJIJ. I Po = 
= 1,5 OM/. HaKonHTeJIJ. KOHCTpyKTHBHo coe.nHHeH c THpaTpo

HOM. ,D;nJI soJIHosoro conpoTHBJieHHJI Po = 1,5 OM H ,IJ;JIHTeJIJ.

HOCTH HMIIYJibCa r 11 = 0,6 MKC Heo6XO,IJ;HMLI CYMMapHaJI 

eMKOCTh 0,2·10-6 tP H HH,IJ;YKTHBHOCTh 0,45.10-6 H. 
ConeHoH.n HaM a TLIBaeTcJI neHTOii IUHPHHoii 4 7,5 MM c 3a3opoM 

Me)I(,IJ;y BHTKaMH 1-1,5 MM Ha KapKaC ,IJ;HaMeTpOM 50 MM; 

npH KOJIH'IeCTBe KOH,IJ;eHcaTopos KBH- 3 55 11111. ,IJ;JIHHa JIHHHH 

IIOJiyqaeTCJI 550 MM, Hapy)I(HLIB ,IJ;HaMeTp - 110 MM. Ha 

puc. 2 npHBe,IJ;eHa OCUHJIJIOrpaMMa HMIIYJIJ.Ca TOKa ,IJ;JIHTeJib

HOCThiO 1,5 MKC aMnJIHTy.noii 2 KA B Harpy3Ke 1,5 OM. 

CxeMLI 4JopMHposaHHJI npJIMoyroJihHoro HMnynJ.ca c 

4JpOHTOM H CIIa,IJ;OM B e,IJ;HHHULI HaHOCeKyH,IJ;,IJ;JIHTeJibHOCTbiO 

OT 10 ,11;0 100 HC 06LI'IHO npe,IJ;CTaBJIJilOT co6oii TpOBHHKOBLie 

pa3BeTBJieHHJI, IIJie'IH KOTOpLIX COCTaBJieHLI H3 HeJIHHeBHOrO 

o6ocTpHTeJIJI, KopoTKo3aMKHyToro JIHHeiiuoro Ka6enJI H Ha

rpy3KH /4/" CJio)l(eHHe HMnynJ.cos pa3Hoii nonJipHOCTH c 

KpyTLIM 4JpoHTOM OT ,IJ;ByX JIHHHB, BKJIIO'IeHHLIX 4Ja30HHBep

TOpHO, no3BOJIJieT TaK)I(e nony'IHTh KopoTKHB HMnynhc 10-:-

400 HC II~~ ,IJ;JIHTeJibHOCTJIX HCXO,IJ;HLIX HMIIYJibCOB B 400-:

-'()QQ HC I ,Jf B HaWeM )l(e CJiy'lae Hy)I(Ha ,IJ;JIHTeJibHOCTb 

HMIIYJIJ.Ca OTCe'IKH cna,IJ;a H 4JpOHTa YCKOpJieMoro cryCTKa 

He MeHee 0,4 MKC. 

CHCTeMa MOHOXpOMaTH3aUHH 3JieKTpOHHOrO IIY'IKa JIUY 

cocTOHT H3 .nsyx O,IJ;HOTHIIHLIX KaHanos I puc. 3H 4/. Ka)I(,IJ;LIB 

KaHan BKJIIO'IaeT peryJIHpyeMLIB HCTO'IHHK IIHTaHHJI, OUH· 

CaHHLIB BLIWe HaKOIIHTeJib 1, KOMMyTaTop 2 /THpaTpOH 

TrH1-1000/25/ H cxeMy 4JopMHpoBaHHJI HMIIYJihCa. JiOJib· 

wy10 TPYAHOCTh npe.ncTaBJIJieT 4JopMHposaHHe HMnynhca 

OTCe'IKH 4JpOHTa YCKOpJieMOrO cryCTKa, T .K. KOJie6aHHJI, 

B03HHKWHe B cxeMe, nona.naJOT Ha pa6o'lyJO 'faCTI. ero. Tpe-

6yeTcJI oqeub T~aTeJihuoe cornacosauue 3JieMeHTOB Kou

CTPYKUHH .ne4JneKTopa 3 I puc. 3 H 4/ c TpaKTOM, cocTOJIIQHM 

H3 uenuueiiHLIX o6ocTpHTeneii 4 H TpoiiHHKOB 5 H 6. B pe-
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3ynLTaTe 3KCDepBMeHTOB 6wno BWBCHeHO, qTO Ae~neKTOp 
uenL3JI cTaBBTL Me:>r<Ay uarpy3Koii 7 I P¥C. 3/ B KopoTKo-
3aMwKaTeneM 8, T .K. KOpOTKOe 3aMWKaHBe AOJDKHO 6WTL 
6e3BHAYKTBBHWM. B npoTBBHOM cnyqae B03HBKaiOT Kone6a
HBJI, B HeCKOnLKO pa3 npeBOCXOAJI~e aMDnBTYAY BMDynLCa. 

PacqeT norouuwx napaMeTpos L B C Ae~neKTopa /I/ , 
a TaK:>Ke ero eMKOCTB C 1 ua Kopnyc Ae~eKTopuo:ii ceKI{BB 
no3sonan pewBTL 3aAaqy cornacosaua• ero sonaosoro co
npoTasneuag C BOnBOBWM CODpOTBBneHBeM TpaKTa ~OpMBpO
saHBB B conpoTBBneuBB uarpy3KB. Perynaposauae sonuosoro 
conpoTasneuaJI Ae~neKTopa ocymecTsnJieTcJI B3MeueuaeM 
eMKOCTB C1, KOTOpaJI HaXOABTCB B3 B3BeCTHOrO BWpa:>Ke
HBJI: 

c = 
1 

2m:E 0 f 

D 
fn-1-

D 

/1/ 

rAe f AnBHa Kopnyca ceKQBB I AnBHa ,ne~neKTopa/, 
f - AB3neKTpaqecraJI npouau;aeMOCTL B30nJID;BB B 3a3ope 
D - D 

1 

2 
1 

4rr · 9 • 10 9 

Me:>r<Ay KOpnyCOM B Ae~neKTOpOM, {0 

(jJ 

T D1 B D ABaMeTpW KOpnyca B 

Ae~neKTopa. 

OnpeAenas norouuyw BHAYKTBBHOCTL L II/, noA6BpaeM 
eMKOCTL C 1 ( C 1 >: · C ) TaKo:ii, qTo6w sonuosoe conpoTBBne
HBe Ae~neKTOpHOB CeKD;BB 6wno paBHO CODpOTBBneHBIOHa
rpy3KB. 

Pa6oTa cxeMw ~OPMBposaHBJI OCYmeCTBnJieTcJI cneAyiO
msM o6pa3oM: nocne npoxo:>r<AeHBJI naueauoro nneqa 11 
/33 napannenLHO BKnwqeuuwx Ka6enJI PK-50-2-11/ BMnynLc 
nonaAaeT ua TPOBHBKosoe pa3BeTsneuae 5 /puc. 4/. 3AeCL 
OH AenBTCJI Me :>KAy DOCneAOBa TenLHO BKniOqeHHWM Ae~eK
TOpOM B uarpy3KOB B BTOpWM nneqoM. Ha Harpy3Ke DOJIB
nJieTCJI ~pouT ~PMBpyeMoro BMnynLca. BTopoe nneqo ua 
CB060AHOM KOHD;e KOpOTK03aMKHYTO /9/ B COCTOBT B3 
uenaue:iiuwx o6ocTpBTenea. )J,naua BToporo nneqa sw6apaeT
CJI C yqeTOM BpeMeHB DpOXO:>r<AeHBJI B03HBKWeB B pe3ynLTaTe 
pacnpocTpaueuBJI no uenaueauoMy yqacTKy YAapuoa sonuw 

10 

Puc. 5. OcliUAAOZpaMMa UMnyAbcoe MOHoxpoMa•u3aliUU 
aMn~~u•yc)ou 400 A u 600 A /pa3eep•Ka 250 Hc/cM/. 
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~0 KOpOTKOrO 3aMWKaHHJI H o6paTHO H 3JieKTpH'IeCKH ( f = 
= t • v) pasHa Tpe6yeMOH ~TeJIJ.HOCTH BepiUHHW HM· 

nyJIJ.Ca MOHOXpOMaTH3aUHH. B OTnB'IHe' OT nBHeiiHOrO Ka· 

6enJI/
4
/, 3~eCJ. nOMeplKHBaiOTCJI CTaUHOHapHwe YCJIOBHJI 

Cyll(eCTBOBaHHJI y~apHOB 3JieKTpOMarHHTHOH BOnBW, H cllpOHT 

HMnyJIJ.Ca, HeCKOJIJ.KO 3aTJIHYBWHCJ. npH npoxo~eHHH KO· 

pOTK03aMKHYTOrO 0Tpe3Ka B O~HOM HanpaBJieHHH,060CTpJI· 

eTCJI npH npoxo~eHHH HenBHeiiHoro nneqa 4 s o6paTHOM 

HanpaBJieHHH. PerynBpOBaHHeM BeJIH'IHHW Harpy3KH H BOJI· 

HOBOrO COnpOTHBJieHHJI ~ecllneKTOpHOB CeKUHH no~6HpaiOT 
nonHoe OTCYTCTBHe OTpa:lKeHHB B CXeMe. CJIO:lKeHHe BOnK 

B Harpy3Ke ~aeT cna~ HMnyJIJ.Ca MOHOXpOMaTH3aUHH, ~

TeJIJ.HOCTJ. KOTOpOrO - OT 1 ~0 5 HCB 3aBHCHMOCTH OT ~nBHW 

nneqa 4. ~nHHa nneqa 11 sw6HpaeTcJI TaKoii, '1To6w nocne

HMnyJIJ.CW, B03HHKWHe B CXeMe, npH OTpalKeHHH OT reHepa

TOpa BepHyJIHCJ. K Harpy3Ke He MeHee,'leM 'lepe3 0,5 MKC 
/~JIHTeJIJ.HOCTJ. nnocKoii sepiUHHW ycKopJieMoro crycTKa 

3JieKTpOHOB B JIHY-30/ /puc. 5/. 
BTopo:ii KaHan no~KJIIO'IeH I puc. 4/ qepe3 TpoiiHHK 

6 K nocne~osaTeJIJ.llO coe~HeHHWM ~ecllneKTopy 3 H Harpy3Ke 

7. TaK KaK nocne oi:OH'IaHHJI ycKopJieMoro crycTKa cne~yeT 
nay3a '"-' B 20 MC, TO Cna~ BTOpOrO HMnyJIJ.Ca MOHOXpOMa

TH3aUHH cllopMHpOBaTJ. He HYlKHO. 06ocTpJieTCJI TOJIJ.KO ero 

cllpoHT ~o 2 HC I puc. 5/. Coe~HHeHHe o6ocTpHTene:ii H ~e
cllneKTOpa C HaKOnHTeJieM H Harpy3KOH npOHCXO~HT C no

MOII(J.IO sso~a /swso~a/ HMnyn~oca 10 I puc. 4/, KOTopwii 

npe~cTaBnJieT co6oii nepexo~ c KOaKcHana Ha nonocKosyro 

JIHHHIO 6e3 H3MeHeHHJI BOnHOBOrO conpOTHBJieHHJI. 

KoaKCHan Ha BOnHosoe conpoTHsneHHe 3,5 OM c y'leToM 

U poo = 8 KB HMeeT ~HaMeTphl BHyTpeHHero H HapylKHOrO 

npOBO~HHKa 37,5 H 41 MM /TOJIII(HHa ~3JieKTpHKa 1,75 MM/. 
finaBHWH nepexo~ Ha nOJIOCKOBYIO JIHHHIO OCyll(eCTBJieH nocTe

neHHWM ClKaTHeM ero B o.ziHOH H3 nJIOCKOCTeii:, H H3MeHeHHeM 

WHpHHW nnaCTHH TaK, 'ITO KOHe'IHWe pa3Mepw JIHHHH Y~OB

JieTBOpJIIOT p BbiX = 3,5 OM. Pa3Mepw nonocKosoii JIHHHH 

BW'IHCJIJIIOTCJI no cllopMyne: 

p 

12 

30rrc K(k) 

K(k ') 
/2/ 

r~e K(k) H K(k ') - nonHwe 3JinHnTH'IeCKHe HHTerpaJIW 

nepsoro po~a c MO.D.YJIJIMH k = s ch ( rr D 2/ 4h) H k '= th ( rr D2 I 4h ) , 
p - BOnHOBOe conpoTHBJieHHe, D 2 - WHPHHa neHTpaJIJ.HOH 

nJiaCTHHW nOJIOCKOBOB JIHHHH, h - TOJTIIUIHa ~3JieKTpHKa. 
~JIJI p = 3,5 OM, 2h + d = 3,6 MM, d = 0,1 MM -

TOJIII(HHa MaTepHana nnacTHH pac'leT no cllopMyne /2/ ~aeT 
3Ha'leHHe D2 = 64,28 MM. PaccTOJIHHe OT Topnos neHTpan~o

HO:ii nJiaCTHHW ~0 3KpaHa ~OJilKHO 6WTJ. B 1 0'- 20 pa3 60JIJ.We 

ee TOJIII(HHW. 
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