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BeeoeHue 

Pa3pa6oTKa KpHoreHHoro :JneKTPOHHo-nyqesoro HCToq

HHKa .a:,nep ,nn.a: CHHXpoclla30TpOHa JIB3 OHJIH DOTpe6osana 

B BapHaHTe "KpHOH -1" /l' 2/ C03,D;aHHJI :JneKTpOHHO- ODTHqe

CKOH CHCTeMW, cllOPMH.PYIO~eii aKCHanhHO· CHMMeTpHqHWI 

lHeKTpOHHWH nyqoK CO cne,nyiO~MH napaMeTpaMH: 

- nepseaHc P = 10-d6·10-6 A/B 312 , 

- ycKop.a:IO~ee Hanp.a:lKeHHe ua = 2 -':-7 ,5 KB, 
- ,D;HaMeTp nyqKa 2r = 3 MM, 

- ,nnHHa nyqKa L = 1200 MM, 

- nnoTHOCTh j - 100 A/eM, -6 
- TOKOOCe,D;aHHe Ha CTpyKTypy npH TOKe 1 A - 10 A. 
HCDOHh30BaHHe lneKTpOHHOrO nyqKa C BWCOKHMH 3Ha

qeHHJIMH nepseaHCa H nnOTHOCTH H C MHHHManhHWMH nynh

CallHJIMH o6ycnoBnHBaeT SWOOp CHCTeMW cllopMHpOBaHHJI. 

flpHMeHeHHe lneKTpOHHWX nymeK C :JneKTpOCTa THqecKoi 

KOMnpeCCHe:ii H 6pHnniOlHOBCKOH CHCTeMoi clloKyCHpOBKH 

3aTpy,D;HHTenhHO H3- 3a CHOlKHOCTH COrnaCOBaHHJI C MarHHT

HWM noneM csepxnposo.n.a:lllero coneHoH.na H 3aBHCHMOCTH 

BeJIJlqHHW nynhCallHI OT YCKOpJIIO~ero HaDpJilKeHHJI /3/." 
HaH6onee uenecoo6pa3Hoii npe,ncTasn.a:eTc.a: clloKyCHPYIO

~a.a: CHCTeMa, co,neplKa~JI :JneKTpOHHyiO nymKy, He lKpaHH· 

posaHHYIO OT MarHHTHoro non.a:, TeM "6onee, qyo senHqHHa 

Hanp.a:lKeHHOCTH MarHHTHOrO DOHJI npHMeHJieMOrO clloKyCHpy

IO~ero coneHOH,na I 41 o6ecneqHsaeT Heo6xo.D;HMoe npesw

meHHe Ha,n COOTBeTCTBYIQ~M 6pHnniOlHOBCKHM. 

BwcoKa.a: nnoTHOCTh :JneKTpoHHoro nyqKa MOlKeT 6wTh

o6ecne'leHa DpHMeHeHHeM KaTO.D;OB C BWCOKOH DHOTHOCTh.IO 

TOKa 3MHCCHH H B03MOlKHOH MarHHTHOH KOMDpeccHeii /5/. 
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llpBMeHeHBe aBT03MBTTepOB, 06Jia,A8.10UVIX 60JILWOR 

DJIOTHOCTL~ TOKa 3MBCCBB, OCJIO~IeTCI cpaBHBTeJILHO 

BLICOKOR HeCTa6BJILHOCTL~ B TPY.AHOCTBMB DpB C03,AaHBB 

MHOrOOCTpBRHLIX CBCTeM /6, 7/. TepMOKaTO,ALI C TOKOM 

3MBCCBB .AO 100 A/eM 2 
/BMnperHuposaHHLie, KaTO.ALI 

B3 reKca6opB,Aa JiaHTaHa B np./ pa6oTa~T DpB BLICOKOR 

TeMnepaType, qyo npe.AbXE~IeT DOBLIWeHHLie Tpe6oBaHBI 

K KOHCTPYK:nBB KaTO,AHO-DO,AOrpeBHOrO y3na/8/. 

B ,AaHHOii pa60Te DpBBe,AeHLI ODBCaHBe KOHCTPYKUBB 

B pe3yJILTaTLI BCDLITaHBR 3JieKTpOHHOR DYWKB C 3cWJeKTBB

HLIM KaTO,AHO-DO,AOrpeBHLIM y3JIOM, npe,AHa3Haq(;HIWi AJII 

cllopMBpOBaHBI CBJILHO 3aMarHBqeHHLIX 3JieKTpOHHLIX nyqKOB 

c nepseaHCOM 10 -;-13 MKA/B 3/2 B cpe,AHeii DJIOTHOCTL~ 
TOKa -30 A/eM 2 • 

11. KoHc•PYKf4UJI 3.11eK•poHHOU nywKu 

06UV~ii BRA 3JieKTpOHHOR DYWKB "KpBOH-1" npe,ACTaB

JieH Ha puc. 1. 
K MaccBBHOMY Me.AHOMY aHOAY I 1/ qepe3 Kepayuqe

CKKR KOJILneBOR B30JIITOp KpeDBTCI KaTO,AHO-DO,AOrpeBHLIR 

y3eJI, npe,AcTaBJII~InBii co6oii OTAeJILHLiii 6noK I puc. 2/. 
)J;JII yBeJIBqeHBI 3KOHOMBqHOCTB Ka TO,AHO- DO,AOrpeBHOrO 

y3Jia DpBMeHeHa CBCTeMa 3MBCCBOHHOrO DO,AOrpeBa OCHOB

HOrO KaTO,Aa /4/, yKpenJieHHOrO B TaHTaJIOBOM ,Aep~aTeJie 
I 6/, npe,AcTaBJII~JneM co6oii nsnBHAP c npope3IMB, pac

nono~eHHWMB B ,ABa spyca /puc. 3/. llpope3B Ka~oro 
Ipyca CMeJneHLI OTHOCBTeJILHO ,Apyr ,Apyra Ha 60 °. ,li;JII 

yBeJIBqeHBI TeDJIOBOR pa3BI3KB B HeKOTOpLIX cnyqasx Bepx

HBii spyc pa3pe3aeTCI ,AODOJIHBTeJILHO I puc. 3a/. ra6apBT

Hble pa3Mepw ,Aep~aTens cneA~UVle: 

- AUaMeTp 3MBTTBPY~Jneii DOBepXHOCTB 

KaTo,Aa - 3 MM, 
- TOJIInBHa CTeHKB CTaKaHa - 0,2 MM. 
- BHeWHBR ,ABaMeTp CTaKaHa - 8,4 MM. 
- BLICOTa CTaKaHa - 5 MM. 
B KaqecTBe KaTo,Aa no,AorpesaTens I 5/ npB BCDOJIL3o

BaHBB OCHOBHOrO KaTO,Aa B3 reKca6opB,Aa JiaHTaHa DpBMe

HIJiaCL BOJILcllpaMosas cnupaJIL I puc. 36/. ,ll;ep~a TeJIL Ka TO.Aa 
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Puc. 2. 06rquu euo KalloOHo- nooozpeeHozo yaAa. 

a 

6 
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6 

Puc. 3. 0CH06HOU Ka•oo c oepJICa•eAeM /a,6/ u Ka•oo
nooozpeea•eAI» /e/. 
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Puc. 4. reoMempu'ieCKUe napaMempl»l npoMeJKymKa Kamoo
aHOO. 

qepe3 :Me.I\HYIO BTYJIKY I 31, perynapyiOinYIO nonmKeHHe xa

To.na H (loxycapy10mero :mexTpo.na I 2/, xpenHTCJI K xaTo.n

HOMY :UHJIHHAPY I 91. ,I(ep)l(a Ten& xa To.na- no.norpeaa TeJIJI 

171 H KaTO.IJ;HWH nHJIHH.IJ;p co6paHW Ha onopHO:M H30JIJITOpe 

1101. 
reo:MeTpH'IeCKHe napa:MeTpW npo:Me)l(yTKa KaTO.IJ;-aHO.IJ; 

npe.ncTaaneuw ua puc. 4. PaccTOJIHHe xaTo.n-auo.n "d's 3Kc

nepa:MeHTax H3:MeHJIJIOCb OT 0,6 .IJ;O 0,8 MM. ,lJ;eHCTBHe 

CHJibHOB aHO.I\HOH JIHH3W KO:MfieHCHpOBaJIOCb :MarHHTHW:M no

Jie:M Ha Ka TO.IJ;e, npeBbiiUaiOmH:M COOTBeTCTByiOJnee 6pHJIJII03-

HOBCKOe B HeCKOJibKO pa3. 
PaccwoTpeuuaa KOHCTPYKnHJI 3JieKTpouuoi: nymKH .no

cTaTO'IHO y.no6ua npH 3KcnepH:MeHTaJI&Hoi pa6oTe. Heo6xo

.IJ;HMaJI TO'IHOCTb 3a30pOB Ka TO.IJ;- aHO.IJ;, Ka TO.IJ;- (loKyCHpyiOmHB 

3JieKTpO.IJ; o6ecne'IHBaeTCJI TO'IHOCTbiOH3rOTOBJieHHJI COOT

BeTCTByiOmHX .IJ;eTanei:, B OCHOBHOM TO'IHOCTbiO o6pa60TKH 

nHJIBB.IJ;pH'IeCKHXfiOBepXHOCTei:. 
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III. Hcm.rmameAbHbul cmeHo 

3KcnepHMeHTanbHaB OTpa60TKa 3neKTpOHHOH ny~ 

npoH3BO.D.Hnacb B cTeH.D.~ I puc. 51, npe,ZJ.cTaBnBIO~eM co6oi 

ycTaHoBKY, cocToB~yro H3 41oKycHpyro~ero coneHOH.D.a I 41 
HanpB)I(eHHOCTbiO 3 K3, BaKyyMHOH CHCTeMbl, CeJ<nHOHHpo

BaHHOH Tpy6KH .D.Pei41a I 51, 3neKTpoaaoro KoJUieKTopa I 6/ 
H 3KCTpaKTopa HOHOB I 71. BaKyyMHaB CHCTeMa, BKniO'Iaro

~aB B ce6B 41opBaKyyMHYIO CTyneHb, a TaK)I(e CTyneHH 

BbiCOKOBaKyyMHYJO I.D.Ba nocne,ZJ.OBaTenbHO COe,ZJ.HHeHHbiX 

.D.H4141Y3HOHHbiX Hacoca C noBywKOH IIOCTal H CBepXBbiCOKO

BaKyyMHYIO I 3neKTpocop6:uHOHHhiH aacoc 3CH -1 I 31 H 

a3oTHTHhiH Hacoc I 21 I, He oTnH'IaeTcB oT paccMoTpeHHo:i 

_ ______--1-

z ------

KGb,cO~e:a~ 
rmuneHu. =::. 

Puc. 5. 06r~~uu euo eaKYYMHozo cmeHoa. 
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B pa6oTax /9, 10/. Ilocne OTKa'IKH CTeH.D.a .D.O BhiCoKoro sa

KyyMa H KpaTKOBpeMeHHOrO nporpesa 3anHBaeTCB a30T 

B nosymKy a3oTHTHoro Hacoca H BKnroqaeTcB 3CH -1. 

BblcoKoBaKyyMHaB cTyneHb oTceKaeTCB. B ,ZJ.anbHeimeM 

BaKyyM B CHCTeMe llO.IUJ;ep)I(HBaeTCB TOnhKO HaCOCaMH CBepx

BbiCOKOBaKyyMHOH CTyneHH H HenpepbiBHO ynyqruaeTCB OT 

2 ·10 -B .D.O 5·10-9 Top. Ilocne He3Ha'IHTenbHoro OTenne

HHB a30THTa H OTKa'IKH npO.D.YKTOB ra30Bbi,ZJ.eneHHB 3neKTpo

cop6:UHOHHbiM HaCOCOM HOBOe OXJJa)I(,ZI.eHHe aJOTHTa llpHBO,ZJ.HT 

K KpaTKospeMeHHOMY yny'lllieHHIO saKyyMa .D.O 7 ·10-10 Top. 
KoHTponh saKyyMa npoH3BO.D.HnCB .D.aT'IHKOM M.H-12-8, yc

TaHosneHHhiM Ha.D. nosymKoH a30THTa I 11. ,lJ;pei4losaB Tpy6-

Ka COCTOHT H3 7 CeK:UHH, BblllOnHeHHbiX H3 Hep)l(aBeiO~eH 

CTanH C BHyTpeHHHM ,ZJ.HaMeTpOM 5 MM. ,lJ;nHHa ,ZJ.peH4IOBOH 

Tpy6KH - 20 CM. Me,ZJ.HbiH 3neKTpOHHbiH KOJUieKTOp HMeeT 

BH.D. :UHnHH,D.pa H oxna)I(,ZI.aeTCB BO.D.OH BHe BaKyyMHOH CHC

TeMbl. 3KCTpaKTOp HOHOB, HMeiO~H llOTeH:UHan HH)I(e Ka

TO,ZJ.HOrO, HCKnroqaeT npOXO)I(,ZJ.eHHe 'laCTH 3neKTpOHOB Ha 

CTeHKH BaKyyMHOH KaMepbl. TaKaB CHCTeMa · ll03BOnBeT 

KOHTpOnHpOBaTb COCTOBHHe llOBepXHOCTH KaTO,ZJ.a 'lepe3 

cMoTposoe cTeKno I 81. 
B CTeH,ZJ.e HCllhiTbiBanHcb JneKTPOHHhle nymKH, 41opMH

PYJO~He JneKTPOHHhle ny'IKH c TOKOM 2,5 A npH aanpB)I(eHHH 

4 KB. ,lJ;pHTenhHOCTh HMnynhca -10 MC. Pa6o'IHH saKyyM 

B TaKOM pe)I(HMe, H3MepeHHbiH ,ZJ.aT'IHKOM Ha,ZJ. a30THTOM, 

-2 ·10 -8 Top. ToKooce,ZJ.aHHe aa CTPYKTYPY aa6nro.D.anoch 

TOnhKO B o6naCTH nocne,ZJ.HeH CeK:UHH, 'ITO MO)I(eT 6b1Tb 

o6'bBCHeHo cna.D.OM MarHHTHoro nonB. BpeMB HenpepbiBHOH 

pa60Tbl CTeH,ZJ.a npH HCllhiTaHHH 3neKTpOHHOH nymKH Ha ,ZJ.Onro

Be'IHOCTb npeBbiCHnO 200 'l. 

IV. OcHoeHble peayAbmam~>r 

II pH pa6oTe 3neKTpOHHOH nyWKH B HCTO'IHHKe "KpHoH-1" 

H Ha CTeH,ZJ.e 41opMHpOBanHCb JneKTpOHHble ny'IKH C nepseaH

COM 10 .;-13 MA/B 37Z H TOKOM .D.O 2,5 A. 
HeKoTophle xapaKTepHCTHKH JneKTpOHHhiX ny'IKOB npe,ZJ.

CTasneHbl B ma6AUf.#e. 
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Pe)I(HM aKTBBallBB BOHhcbpaMOBOi BBTB HaKana npB 

pa6oTe c KaTo.u;oM H3 reKca6opH.u;a naHTaHa He OTJIH'IaeTcJI 

OT paccMoTpeHHoro B pa6oTe/8 /. BpeMJI pa6oTw HeaKTHBH

poBaHHoro KaTo.u;a-no.u;orpeBaTenJI H3 Bon~tl)paMoBoinpoBo

noKH cp 0,2 MM npH OT6ope TOKa B 20 MA npH HanpJDKeHBH 

no.u;orpeBa 400 B He npeBwcHno 40 t~. 

IlpH pa6oTe 3HeKTpOHHOi nyWKH B HCTO'IHHKe "KpHOH-1" 

TOKOOCe)J;aHHe Ha CTpyKTypy COCTaBHHO BeHH'IHHY MeHee 

1 MKA, 'ITO Hey.u;HBHTenJ..HO npH npeBwmeHHH nonJI Ha Ka

To.u;e Ha.D; COOTBeTCTBYID~M 6pHnniD3HOBCKHM 6onee 'IeM 

B 10 pa3. 

TaKHM o6pa3oM, npH HcnonJ..30BaHHH 3~eKTHBHWX Tep

M03MHTTepoB MO:>KHO C03.D;a Th Y.D;OBneTBOpHTenJ..HWe CHC

TeMW l)opMHpOBaHHJI BWCOKOnepBeaHCHWX 3HeKTpOHHWX no

TOKOB C BWCOKOi nnOTHOCTI..IO TOKa. ,[J;nJI KaTO.D;OB H3 LaB6 
nepBeaHC 3HeKTpOHHOi nyWKH nOCTOJIHHO yMeHJ..WaeTCJI 

B3-3a H3MeHeHHJI reOMeTpHH npoMe:>KyT.Ica KaTO.D;-aHO,IJ; H B 

cpe.D;HeM 3a 100 t~ pa6oTw na.u;aeT c 10 MKA/B 3/ 2 .u;o 

7,5-7-8 MKA/B 312 • 

Pacnpe.u;eneHHe nnoTHOCTH 3neKTPOHOB no pa.u;Hycy nyq

Ka npH npHHJIT:LIX 3KCTpeMaHJ..HWX napa:MeTpax npoMe:>KyTKa 

KaTO.D;-aHO)J; H CHHI..HOi 3aMarHH'IeHHOCTH nOTOKa OTHH'IaeTCJI 

OT paBHOMepHOrO H HOCHT KBa3Hnonwi xapaKTep /10/ . 
3KcnepHMeHTanJ..HWe H3MepeHBJI He npOH3BO.D;HHHCh H3-3a 

CHO:>KHOCTH BBO)J;a 30H.D;OB BHyTph KpHOreH,Oi MarHHTHOi 

CHCTeMW. 0)lHaKO, KaK noKa3aHO B pa6oTaX ll/,)J;HJI 3HeKT

pOHHWX nOTOKOB C MarHHTHWM COnpOBO:>K,IleHHeM 3KCne

pBMeHTanJ..Ho H3MepeHHoe pacnpe.u;eneHHe nnoTHOCTH no 

pa,llHycy XOPOWO COBna,llaeT C paCC'IHTaHHWM Ha 3BM. 

,[J;nJI peweHHJI npo6neMw BWCOKonepBeaHCHoro 3neKT

pOHHOrO nOTOKa C paBHOMepHWM pacnpe,lleneHHeM 3HeKT

pOHfr~/no pa.u;Hycy H 60HI..WOi )J;nBTeHJ..HOCTH, KaK H3BeCT

HO , He06XO)J;HMO HCnOHh30BaTJ.. 3neKTpOHHYID ByWKy 

c "TeHeBoi" ceTKoi H ceTKoi B aHo.u;e. Pa3pa6oTKa TaKoi 

nymKH JIBHJieTCJI cne.u;ym~M 3TanoM pa3BHTHJI 3HeKTpOHHO

nyqeBWX HOHHWX HCTO'IHBKOB. 

Co3.u;aHHaJI 3neKTPOHHo-onTH'IecKaJI cHcTeMa ycneWBo 

npHMeHeHa B 3KcnepHMeHTax no BOHH3allBB yrnepo.u;a, a3oTa, 

aproHa,KceHoHa/1, 2/. 
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B 3aKJIIO'ieHHe aaTop Bblpa:>KaeT rny60KYJO 6naro,D;ap
HOCTb E.)J;.)J;OHIJ;y 3a pyKOBO,D;CTBO pa60TOB H yqacTHe B 
3KcnepHMeHTax, A.H.IlHKHHy, B.B.Ca.rrbHHKOBy, H.H.qep
HbiiiiOBY 3a noMOI.Qb B pa6oTe. ABTop HCKpeHHe npH3HaTeJieH 
TOKapro ITTO JIB3 B.H.CoJIOBbeay 3a H3rOTOBJieHHe ,IJ;eTane:H 
3JieKTpOHHOB nyiiiKH. 
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npuoopbl OOAbWOU MOfiiHOClflU C AUHeUHbiM 3AeKmpOHHbiM 
ny'IKOM. 
Proceedings of the IEEE, vol. 61, No. 3, 1973. 

PyKonHch nocTynHJia B H3,IJ;aTeJibCKHB OT,IJ;eJI 
3 MapTa 1976 ro,IJ;a. 

Y CJIOBHll 06MeHa 

llpeDpBBTW H C0061QeHH.Il OHJIH paCCWJJa.JOTC.Il6ecDJiaTHO, Ha OCHOBe 
B3aHMHOrO 06:WeHa, YJIHBepCHTeTa:W, HHCTHTyTa:W, na6opaTOpH.IIW, 6a6-
nHOTeKaW H Hay'lllww rpynDaw 6onee 50 cTpaH. 

llowawo peryn.llpHOB paccwnKH B DOP.Il~Ke o6weHa,H3~TenLcKHB 
\OT~en eliCerO,IUIO BloiDOnH.IleT OKOno 4000 OT~enLHWX 3aDPOCOB Ha BW
cwnxy DpeDpHHTOB H coo61QeHHB OH.HH. B TaJCHX 3anpocax cne~yeT 
o6.113aTenLHO yxa3WBaTh HH~exc 3aDpaiiiHsaeworo H3~HH.Il. 

AApeca 

llHcJ.:wa DO scew BODpocaw o6weHa Dy6nBKaJUI.IIMH, a TaKlKe 3aDpo-
cw Ha oT~enhHWe H3~aHH.II cne~yeT HaDpasn.IITh DO a~ecy: 

101000 MocKaa, 
FAa6Hblrl no.,•aM•, n/11 79, 
H3oa•eAr.cKurl o•oeA 
06'beOUHeHHOZO UHc•u•y•a 
JldepHbiX UCCAedoeaHUU. 

~pee @.II DOCWnKH scex ny6nuxau;KB B nop.11~e o6weaa, a TaJOKe 
~n.11 6ecnnaTHOB no~HCKH Ha Hay'lllwe lKypHanw: 

101000 MocKea, 
FAa6Hblrl no.,•aM•, n/11 79. 
Jlay'IHo-•exHu'lecKaJI 6u6Auo•eKa 
06'bedUHeHHOZO UHc•u•~a 
Jl{)epHbiX UCCAedoaaHUU. 


