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Ilpor-rsnunemrsre MarHHTOpa3pH,wihIe HaCOChI HMeIOT 3neKTpO,lJ.HYIO CH-· 

cTeMY, npe,lJ.cTaBnHIOI..I.J;YIO C060H MHoroKpaTHoe nonropeaae HqeeK TIeHHIDI

ra, B KOTOphIX nporexaer MarHHTOH30nHpOBaHHhIH paspan /1 '. TIO,lJ.06HhIH 

MarHHTOH30nHpOBaHHhlH paspan peanasyerca TaK)Ke B 3neKTpO,lJ.HhIX CH

C1'eM~ HHBepCHO-MarHeTpOHHOro nnla, Hal1Ie,lJ.l1IHX npasrenenae B KOH~ 

CTpYI~IJ;HRX BaKYYMHhIX ,lJ.a1'qHKOB. 

AB1'opaMH npennoacena KOHCTpYKJJ:HR BaKYYMHoro aacoca C anexrpon

HOH CHCTeMOH HHBepCHO-MarHeTpOHHoro THIla. BHellIHHH Bli,lJ. aacoca nOKa3aH 

na pac.L, ycrpoücrao - na pac.â, CBapHOM xopnyc aacoca rrpencraanaer 

C060H repMeTHqHhlH 06õeM. H3 HepJKaBeIOI..I.J;eH C1'anH, Y xoroporo HMeeTCH 

npacoezraaarensasrã dmaaen H narpyõox C q>naHIJ;eM nrra nO,lJ.KnIOtleHHH 

asrcoxoaorrsrnoro TOKOBBo,u;a. 3neKTpO,lJ.HhIH 6nOK aacoca npencraanaer 

C060H KOHCJPYKIJ;HIO 1'13 ,lJ.BYX KaTO,lJ.OB, CTepJKHeBhIX aHO,lJ.OB, TOpIJ;eBhIX 

nnacraa H ,lJ.BYX H30nRTopOB. 3neKTpO,lJ.HhU':í 6nOK nOKa3aH aa pac.S. KaTO

,lJ.hl H3rOTaBnHBanHCb H3 THTaHa .Mapl~H BT-1 H HMeIOT BH,lJ. nnaCTHH C Pa3

MepoM 300 x 120 x 1,5 MM. B 3THX nnacraaax õsrna npocaeprreasr OTBep

CTMR ,lJ.HaMeTpOM d = 5 MM, sepea xoropsre nponycrcanacs crepaoreasre 
aHO,lJ.hl,H3rOTOBneHHhle H3 HHXpOMOBOH npoaonorca naasrerpor-r d = 1 MM. 

KOHUhl CTepJKHeBhlX aHO,lJ.OB npaaapensr K )l;BYM ropneasn-r nnaCTHHaM.· 

3TH nnacrnasr H30nHpOBaHhl 01' KaTO,lJ.OB KepaMHQeCKHMIl asonaropavra, 

HMeIOII.J;HMH axpaasr 01' sarrsmeaaa l1X THTaHOM. 3neKTpO,lJ.HhIH 6nOK B c06

paRHOM aane BCTaBnReTCR Me)K,lJ.Y CTeHKaMH xopnyca aacoca. Bsrcorcoe 
nsmparaneaaoe HanpHJKeHHe nO,lJ.aeTCR na KaTO,lJ.bI 3neK1'po,lJ.HhIX 6nOKOB 

xepea BbICOKOBonbTHhlH BaKYYMHhIH TOKOBBO,lJ.. MarHHTHaH CHCTeMa Ha-' 

coca COCTOHT H3 OKCH,lJ;HO-6apHeBhIX MarHHTOB, 06'be,lJ.HHeHHhIX B 6nOKH. 

CIDIOBhle nHHHH MarHH1'Horo nona aanpaanensr nnorn, OCH atIO,lJ.OB nep

neazrmcynapno K nOBepXHOCTH KaTO,lJ.OB. HanpHJKeHHOC1'b MarHHTHoro 

nona B sasopax MeJK,lJ.Y ManÍH1'aMH ae MeHee 80.10 3 A/M. 

B OCHOBe OTKaqHBaIDI..I.J;erO ,lJ.eHCTBHH sroro aacoca ne:>KHT HBneHHe B03

HHKHOBeHHH B MeJK3neKTpo,lJ.HOM npocrpaacrae MarHHToH30nHpoBaHHoro 

paspana.. TIO,lJ.,lJ.ep)I(aHHe paspana npOHCXO,lJ.HT aa cser HOHH3aIJ;HH MoneKyn 

rasa 3JIeKTpOHaMH, YCKopeHHhIMH B 3neKTpHqeCKOM rrorre. He06xo,lJ;HMaH 

AnR HOHH3aUHH rasa 3HeprHH Ha6HpaeTCH 3neKTpoHaMH rrpa oCUHnnHUHH 

MeiK,D;Y KaTO,lJ.aMH aacoca, KOTopaR npoHcXO,lJ.H1' anorrs ClfnOBhIX nHHHH 

aaemaero MarHHTHoro nona. 

BepORTHOCTb HOHH3aIJ;HH MoneKyiIhl raaa anercrponora 3aBHCHT 01' aaep

rHH, K01'OpOH oõnanaer 3JIeKTpoH. Xaparcrep 31'OH 33.BHCHMOCTIl rrpeztcraarrea 

aa pHcA/ 2 
'. BH,lJ.HO, sro BepoRTHoCTh HOHH3aIJ;HH ra30B MaKCHMaJIbHa npa 

3HeprHH anercrpoaa B aarepaane E = 100 -;- 1000 3B. TIpH ,lJ.aHHoH KOHCTPYK

UlIH nacoca pa3HOCTb IlOTeHIJ;HaJIOB MeJK,lJ.Y KaTO,lJ.OM H 

0b'J)tIiIii1~liHw1\ RHcmyr I
aHO,lJ.t>~ COCTaBnHeT 
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Puc.I. Bueiuuuü 8UO uacoca. 1 
«opnyc, 2 - uaznur, 3 - gilla/l,eij. 
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PUC.2. YCTpOUCT60 uacoca. 1 - ctep

»cueeue auoõu, 2 - «atoõu, 3 - TOp
ueeue nnactuuu, 4 - U30/lJlTOp, 

5 - TOK08800. 
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Puc.3. 3JleKTpoO/l,blU 61l0K. 1 - TUPuc.4. Saeucuuoct» 3tjJtjJeKTU8/1,OCTU
 

tauoeue xatoõu, 2 - CTepJIC/I,e6ble UO/l,U3aijUU pasnuuuux ca308 OT
 

anoõu, 3 - topueeue nnactuuu, 3/1,epcUU 3IleKTpO/l,08.
 

4 - U30IlRTOpbl.
 

u = 4 KB. H3 aroro cnenyer, qTO 06JIaCTb HaH60JIee 3<p<peKTHBHoM HOHH3aI:(HH 

OTKaqHBaeMOro raaa JIe)KHT Me)Kny 3KBHnOTeHI.J;HaJIbHbIMH nOBepxHocTHMH, 
('cooTBeTcTBYlOl..QHMH 3-npOQeHTHOMY H 25-npOQeHTHOMY nanenaro nOTeH , 
II:(HaJIa. 

ABTOpaMH 6bIJIH npoasaeneasr pacsersr 3JIeKTpJiqecKHX nOJIeM nJIH rpex 

BapHaHTOB 3JIeKTpOnHbIX 6JIOKOB, pa3JIHqaIOI..QHXCH qaCTOTOM paCnOJIO)KeHIDI 

aHOnHbIX CTep)KHeM (fA/f k = 2; f If k = 1; fA/.fk = 0,5). Pacxersr nOTeH

QHaJIa npOH3BOnHJIHCb no nporpattMe ELLIPT/3!. ITOJIyqeHHbIe zraaasre 
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PUC. 5. Pacnpeõenenue nOTe/l,ijW1Jl08 8 pasnuuuux 3JleKTpOO/l,blX cucreuax. 

npencraaneasr na pac.õ. M3 pacseron BH):(HO, qTO 06JIaCTb 3<p<peKTHBHOM 

HOHH3aQHH pacnonoaceaa B OCHOBHOM B QeHTpaJIbHOM qaCTH 3JIeKTpOnHOM 

CMCTeMbI Me)Kny KaTOnaMH. BJIlf)Ke K anonar-r 3Ta 06JIaCTb CY)KaeTCH H npa

6~H)KaeTCH K nOBepXHOCTH KaTOnOB. 06pa30BaBlllHeCH HOHbI OTKaqHBaeMO

ro raaa zraararorca K xarony H npaoõperaror B pe3YJIbTaTe 3HeprHIO, COOT

BeTCTBYlOl..QYIO pa3HOCTM nOTeHQHaJIOB Me)K,ll;y TOqKOM HOHH3aQHH. H noaepx

HOCTblO xarona. Ilpa coynapeaaa c KaTOnOM BbICOK03HepreTHqHble HOHbI 

paCnbIJIHIOT MaTepHaJI xarona, BbI6HBaH c ero nOBepXHOCTH MOJIeKYJIbI 

THTaHa. Menee saepreraam.re HOHbI paCnbIJIHIOT KaTOn'bI cnaõee, H npa HeKO

TOpbIX 3HeprHHX pacnsrneaae yzce ne npOHCXOnHT, a oõpasyerca XHMHqeCKOe 

coenaaeaae rasa c HanbIJIeHHOM THTaHOBOM nJIeHKOM HJIH OCYl..QeCTBJIHeTCH 

aaenpeaae HOHOB B nnenxy c nOCJIenYlOl..QHM 3aMypOBbIBaHHeM HX HOBbIMH 

CJIOHMH. Ha pHC. 5 BHnHO, qTO B OTHOCHTeJIbHO pemcoá 3JIeKTpOnHOM CHCTe

Me (fJf k = 2) nOHBJIHeTCH pasneneaae yqaCTKOB noaepxaocrn xarona 

na pacnsmaesrsre H aepacrrsrnaerasre. ,TaK, aanparaep, B I:(eHTpaJIbHOM qaCTH 

TaKOM CHCTeMbI Me)Kny aHOnaMH HMeeTCH YCJIO~HO Ha3BaHHaH "HYJIeBaH 

30Ha", xapaKTepH3YlOI..QaHCH CJIa6bIMH 3JIeKTpH~eCKHMHnOJIHMH, B KO.TOpOM 

pa3BHTHe paspana HBJIHeTCH yxce HeB03MO)KHbIM no saepreravecrcawr YC

JIOBHHM. 

MCnbITaHHH aacoca npOBOnHJIHCb na BaKYYMHOM crenzie, H306pIDKeHHOM 

na pac.ô. OnbITHbIM iíacoc npHcoenHHHJICH K BaKYYMHOM xar-repe creana, 

06'beM KOTOpOM V = 5 JI. ITpenBapHTeJIbHaH OTKaqKa aacoca H xaxrepsr 
OCYl..QecTBJIHJIaCb 'MeXaHHqeCKHM <popBaKYYMHbIM HaCOCOM. Hacoc 

HOP)l-I 00 CJIY)KHJI nJIH OTKaqKH npa rrporpeae CHCTeMbI. )leMcTBHe OnbIT

noro nacoca CpaBHMBaJIOCb c neMcTBHeM nacoca HOP)l-2~0, KOTOpbIM npa
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Puc.6. Crenà ÕIlR ucnuranuü nacoca. 

COeAHHHJICH 1<: xar-repe nepea BeHTIDIb. ,IlY-100. OT'MeTHM, xro aacoc 
HOP,Il-250 conepxcrr B ce6e 6 CTaH,n;apTHhIX 3JIeKTpo,n;HhIX 6JIOKOB, Ka)K)J,hlH 
H3 KOTOphlX paaea no nnomana 3JIeKTpo,n;HOMY 6JIOKY OrrhITHOrO aacoca, 
M3MepeHHe ,n;aBJIeHHH ocym;eCTBJIHJIOCb ,n;aTqHKOM MM-14. C nerrsro aanycxa 
raaa B xasrepy õsrrr YCTaHOBJIeH HaTeKaTeJIb. 

Ilepen aasanovr HCrrhlTaHHH õsrn npoaenen 8-qaCOBOH nporpea onsrrnoro 
nacoca H rcasrepsr crenna rrpa rer-meparype t = 300 0 C. 3aTeM aacoc õsrrr 
sanymea, H sepea 3 uaca OTKaqKH ,n;aBJIeHHe B xasrepe crarro paBHO P = 
= 5'10- 8 Top. 3aTeM C noxroursro HaTeKaTeJIH B xar-repy 6hill aanyurea 
arraocdiepasrã aosnyx AO ,n;aBJIeHHH P = 1'10- 3 Top H npoaaaenea rrOBTOp
HhlH 3arrYCK onsrraoro aacoca. 

B MOMeHT sanycxa õsnr OTMeqeH 60JIblllOH TOK paspana (I = 100 MA) . 
3aTeM TOK YMeHblllHJICH,H nOCJIe 5 CYT9K paõorr.rnacoca ,n;aBJIeHHe B xasrepe 
YMeHhlllillIocb AO P = 2'10- 8 Top, a ente uepes rpoe CYTOK - no P = 
= 6'10- 9 Top. 

Ilocne aroro onsrrnsrã nacoc 6hlJI BhIKJIlOqeH, H rrpOH3Bo,n;HJIaCb OT
xaxxa xaxrepsr O,ll;HHM HaCOCOM HOP,Il-250 B rexeaae Tpex CYTOK. B arore 
B xar-repe 6hIJIO nocrarayro ,n;aBJIeHHe P = 7'10- 9 Top. 

PuC. 7.KaTOÕllaR nnactuna. 
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Puc.S. Topueeas nnacruua c auoànuuu CTepJICHJlMU. 

Puc.9. 3IleK'IPOÕHbIU 61lQK6e3 TOp14e8blX nJlaCTUH. 

Puc.l0. A1l0ÕHbleCTepJKHU. 

Bsrna npoasaeneasr TaKJKe rrOHCKH OrrTHMaJIbHOrO paõosero nanpaxce
HHH, nonaaaer-roro na KaTO,n; aacoca. Ilonaaaeraoe aanpasceaae H3MeHHJIOCb 
B anrepaane OT -2 no -7 KB. B peJKHMe xparrcoaperaeaasrx nepexmouenaâ 
orrTRlVraJIbHhlM OKa3anOCh HanpHJKeHHe, panaoe 4 KB. Ilpa 3TOM aanpazceaaa 

(li 
l",' 

B naanasone ,n;aBJIeHHH OT' 4'10- 5 no 6'10- 9 Top: orrcanaaaiomee ,n;e:H:CTBHe 
nacoca OKa3anOCb MaKCHMaJIhHhIM. 
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B aaaepuieaae HCnblTaHHH B resenae 5 qaCOB npoaozranacs OTKaqKa 

ra30B onsrrasrra HaCOCOM rrpa naaneaaa B xaxrepe P = 3·10- 5 Top c nerneo 

BblHBneHHH B03MOJKHOrO npa 3TOM HaCbIlueHHH KaTO,n;OB raaasra. Ilocne 
3aKpbITHH aarexarena npOBOJJ;HnaCb nocnezryrouiaa OTKaqKa xaxrepsr. Qepe3 

2 qaca TaKoH OTKaqKH B rcasrepe õsm nonysea BaKYYM P = 1'10- 7 Top, 
~ : 

a npa nansaeãuieã OTKaqKe B rexeaae ,D;BYX CYTOK naaneaae crano paBHO 

P = 7'10- 9 Top. Tatear-i o6pa30M, YMeHblIleHHH npoasaonarensaocra aacoca ! 

acnencrnae nacsnnenaa KaTo,n;OB ae naõmonanocs , 

Ilocne rrpoaeneaaa 3THX HCnblTaHHH nacoc 6bID pa3repMeTH3HpOBaH 

H ,n;eMOHTHpOBaH. <POTorpa<pHH KaTo,n;HOH nnaCTHHKH, TOPUeBOH nJIaCTHHbl fi
c aHO,n;HbIMH CTep)KHHMH H BH,n; na 3JIeKTpo,n;HbIH 6JIOK õea ropuensrx nna h 
CTHH npaseneasr na pJ1:C. 7,8,9,10. '1 

B aror-e MO)KHO 3aKJIlOqHTb, qTO npe,n;JIO)KeHHaH KOHCTPYKUHH aacoca 
HBJIHeTCH paõorocnocoõaoã. Hacoc sanycrcaerca 6e3 OC06blX YCHJIHH npa 
,n;aBJIeHHH P = 1'10- 3 Top. C nOMOI.I..U>1O sroro nacoca Y,D;a;IOCb orxaxars 
xastepy crenna no ,n;aBJIeHHH P = (6";- 7) '10- 9 Top. 

~ ~~ 

Ilocrre pa60TbI nacoca B resenae 5 qaCOB rrpa 3HaqHTeJIbHOH ra30BOH 

narpyaxe yxyznueana ero rrapaxrerpon savieseno ne 6bInO. Ilpa OCMOTpe 

nacoca nOCJIe repMeTH3aIJ;HH ó6HapY)KeHO, qTO nOBepXHOCTb acex aHO,n;OB 

B HX uearpansaoã qaCTH crana 6JIeCTHI.IJ;eH BCJIe,n;CTBHe HX OqHCTKH 3JIeKTpO

HaMH. 

B 3aKJIlOqeHHe MO)KHO noõaaars, qTO nonpocsr onTHMH3a:QHH KOHCTPYK

J.UlH nacoca, OTKaqKH HHepTHbIX ra30B H MHoroe npyroe Tpe6YlOT nansaeã

meã npopaõorxa H H3yqeHHH. 
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AHTponOB B.K., MIDKyJlHH A.B., )J;epeH,lVleB IO.C. P9-87-874 
MCnOJlb30BaBHe HHBepCHO-MarHeTpOHHOH CI;fCTeMbl 
)1,JIfI C03AaHIDI BaKYYMHoro aacoca 

OnHCblBaeTCH MarHHTopa3pHAHblH aacoc c 3J1eKTpo.nHOH CHCTe
MOR HHBepCHO-MarHeTpOH~oro rana. BMeCTO Tpa,nHQHOHHoro COTO
06pa3HOrO aHOAa HCnOJlb3YlOTCH aaoztsr B aane CTep)I(HeH, npoxona
mHX Qepe3 OTBepCTIDI B THTaHOBbIX xaronax..Pe3YJI~TaTbl pacxera AJlH 
3J1eKTpOAHbIX CHCTeM, pa3J1H11aromHXCH qaCTOTOH pacnOJlO)KeHIDI aBO
AOB, noxaasraaior B03MO)KHOCTb pa3AeJleHIDI o'6J1aCTeH aa nOBepXHO
CTH KaTOAOB na pacrrsrrraesrsre Haa aarrstnaesrsre. CTeHAOBble acnsrra
HHH no Ka3aJIH npHrOAHOCTb aacoca AJlH nOJlyqeHIDI BaKYYMa ae xysce 
P = 6'10- 9 Top. 

Pa60Ta asmormeaa B 06meHHcTHTYTCKOM HayqHO-MeToAH1IecKoM 
oTAeneHHR OM.RM. 

Ilpenpaar 0611e.IlHlU!HiiOrO HHCTHTyTa anepasrx HCCJIenOB81Um. ,lly6Ha 1987 

Ilepeaon O.C.BHHorpa,nOBoH 

Antropov V.K., Mazhulin A.V., Derendyaev Yu.S. P9-87-874 
The Use of Inverse-Magnetron System for Designing 
a Vacuum Pump 

A magnetic-discharge pump with an electrode system of inverse
magnetron type has been designed. Instead of a common honeycombed 
anode the use was made of anodes having the shape of rods going 
through orífices in titanium cathodes. Results of caIculating the electro
de systems having different distances] between anodes point to a. pos
sibility to differentiate between the regions ali the cathode surfaces 
to sprayed and those covered with dust. Bench tests have demonstra
ted the pump applicability to produce vacuum not worse than P = 

= 6'10- 9 Torr. 

The investigation has been performed at the ScientificaI-Metho
dicaI Division, JINR. 
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