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[a30,lJ}IHaMMQeCKMe aCrreKThI pa60ThI KpMOBaKYYMHoro Hacoca

B B5I3KOCTHOMpe)KMMe TeQeHM5I ra3a
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When a cryovacuum pump is working in a viscous mode a directional movement of gas towards a cryopanel is
observed. An offered calculation procedure allows to determine a velocity of pumped gas flow in front of the cry-
opanel depending on its capture coefficient and then to calculate a velocity of pumping.
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KpllOreHHbIe BaKYYMHbIe HaCOCbI 3aJIMBHOrO

M rrpOTO'fHOrO TMrra, 06JIa,IJ,aIOIIJ:Me YHMKaJIbHbIMM

,ll;OCTOHHcTBaMH, HaxO,ll;5IT ~I.IHpOKOe rrpHMeHeHHe

)];JI5IC03,ll;aHH5I BbICOKoro H cBepXBbIcoKoro BaKYYMa.

OTcyrcTBHe ,ll;BIDK)'Il1.IDeC5I'faCTeM B 3TIDe Hacocax ,ll;e-

JIaeT IDe BeCbMa rrpocTbIMH rro yCTpOMCTBy H Ha,IJ,e)l(-

HbIMH B pa60Te. OHH rr03BOJI5IIOT C03,ll;aBaTb «'fHCTbIM

BaKYYM», He 3arp5I3H5I5I OTKa'fHBaeMbIM 06beKT pa60-

'fHM BeIIJ:eCTBOM (MaCJIOM, pTyrbIO, THTaHOM M T. rr.).

KpOMe Toro, KpHOHacocbI rrpH pa60Te He C03,ll;aIOT

3JIeKTpH'-leCKHX H MarHHTHbIX rrOJIeM H He rrpOH3BO-

,ll;5ITIIIYMa H BH6pa.IIHH. KpHOrraHeJIH HaCOCOBMO:>KHO

BCTpaHBaTb HerrOCpe,ll;CTBeHHO B OTKa'fHBaeMbIM 06b-

eKT, 06eCrre'fHBa5I BbICOKHe CKOpOCTH OTKa'fKH. Bce

3TO rr03BOJI5IeT KpHOBaKYYMHbIM HacocaM 6bICTPO 3a-

BoeBbIBaTb Bce HOBbIe CcPePbI rrpHMeHeHH5I H He TOJIb-

KO B BbICOKOBaKYYMHbIX CHCTeMax, HO H B yCTaHoBKax,
r,ll;e Tpe6yeTC5I Cpe,ll;HHM H ,ll;a)I(e HH3KHM BaKYYM, Ha-

rrpHMep, B a3pO,ll;HHaMH'feCKHX Tpy6ax pa3pe)l(eHHOrO

ra3a, B CHCTeMax OTKa'fKM XMMH'feCKMX JIa3epOB M T.,ll;.

PaC'feT OTKa'fHbIX xapaKTepHCTHK BbICOKOBaKY-

YMHbIX KpHOHaCOCOB, pa60TaIOIIJ:HX B MOJIeKYJI5IpHOM

pe)I(MMe Te'feHH5I ra3a, paCCMOTPeH B JIHTepaTYPe ,ll;0-

CTaTO'fHO IIIHPOKO, TOr,ll;a KaK B5I3KOCTHbIM pe)I(MM OC-

BeIIJ:eH He,ll;OCTaTO'fHO.

IlpH OTKa'fKe ra3a KpHOBaKYYMHbIM HaCOCOM

B B5I3KOCTHOM pe)I(MMe MaKCHMaJIbHO B03MO:>KHa5I

CKOpOCTb OTKa'fKM 3aBHCHT He TOJIbKO OT TefIJIOBOrO

,ll;BJ1)I(eHH5IMOJIeKYJI, HO H OT ra30,ll;MHaMM'feCKOrO pa3-

rOHa ero B HarrpaBJIeHMH KpHOrraHeJIH. IlpH K03cPcPH-

.IIMeHTe 3aXBaTa MOJIeKYJI ra3a KpMOrraHeJIbIO a = 1, ee

MO:>KHOpaccMaTPMBaTb KaK BbIXO,ll;HOeOTBepCTMe 3BY-

KOBoro COfIJIa. Tor,ll;a HerrOCpe,ll;CTBeHHO rrepe,ll; KpM-

OrraHeJIbIO rrOTOK ra3a ,ll;OCTMraeT MecTHoM CKOpOCTM

3BYKa [1]

me k - rrOKa3aTeJIb a,IJ,Ma6aTbI;

R - ra30Ba5I rrOCT05IHHa5I;

To - TeMrrepaTypa TOpMO)l(eHH5I.

IlJIOTHOCTb ra3a rrepe,ll; KpMOrraHeJIbIO COOTBeTC-

TBeHHO 6Y,ll;eTpaBHa

( 2 )~
Pi = po k + 1 '

me Po - fIJIOTHOCTb HerrO,ll;BM:>KHOrO ra3a B,ll;aJIM

OT KpMOrraHeJIM.

B peaJIbHOM CMrya.IIMM, KOr,ll;a He Bce MOJIeKYJIbI

ra3a, rrOrra,IJ,aIOIIJ:MeHa KpMOrraHeJIb, 3aXBaTbIBaIOTC5I

eIO, K03cPcPM.IIMeHT 3aXBaTa a < 1. B pe3YJIbTaTe 3Toro

fIJIOTHOCTb ra3a rrepe,ll; KpMOrraHeJIbIO YBeJIH'fHBaeTC5I

,ll;0 3Ha'feHH5I px. MO:>KHO rrpe,ll;rrOJIO)I(MTb, 'fTO K03cP-

cPH.IIHeHT 3aXBaTa a, 'fHCJIeHHbIe 3Ha'feHH5I KOToporo

rrpHBe,ll;eHbI B [2], CB5I3aH C peaJIbHOM rrJIOTHOCTbIO

ra3a rrepe,ll; KpHOrraHeJIbIO COOTHoweHHeM

po - pxa=---.
po - Pi

113 3Toro ypaBHeHH5I H ypaBHeHH5I (2) CJIe;:J;yeT

~: = 1- a[1- (k l1 )~].

I1CXOM H3 COOTHOIIIeHH5I )];JI5IH)];eaJIbHOM a,IJ,Ha-

6aTbI

MO:>KHOTaK)l(e 3arrHcaTb3aBHCHMOCTb OT a OTHOIIIeHH5I

CTaTH'-leCKOrO ,ll;aBJIeHH5I B rrOTOKe HerrOCpe,ll;CTBeH-

HO rrepe,ll; KpHOrraHeJIbIO Px K ,ll;aBJIeHHIO rrOJIHOCTbIO

3aTOpMO)l(eHHoro ra3a Po' T. e. K ,ll;aBJIeHHIO B KaMepe

B,ll;aJIHOT KpHOrraHeJIH

IIOCKOJIbKY rrpH a < 1 CKOpOCTbrrOTOKa, Ha6eraIO-

mero Ha KpHorraHeJIb, BCer,ll;a 6Y,ll;eT MeHbwe MecTHoM

CKOpOCTH 3BYKa, TO B paC'feTax y,ll;06HO rr0JIb30BaTbC5I

K03cPcPH.IIMeHTOM CKOpOCTH ~, KOTOpbIM MO:>KHOBbIpa-

3HTb 'fepe3 Hai1.;:J;eHHoeBbIIIIe OTHOIIIeHMe ,ll;aBJIeHHM[1]

k±l[1 _ (Px )k~l]
k - 1 po



OnpeJl:eJU1B K03<P<P1111;J1eHTCKOpOCTl1 M5I 3aJl:aH-

HOro 3Ha'Iem15I K03<P<P1111;J1eHTa 3aXBaTa a, MO)I(HO

HRHTl1 CKOpOCTb nOTOKa, Ha6eraIOI.IJ;erO Ha Kp110na-

HeJIb

COOTBeTCTBeHHO, 3Ha5I CKOpOCTb nOTOKa WI

HeTpYJl:HO HaHTl1 MaCCOBYIO CKOpOCTb OTKa'IKl1

G npl1 IIJIOI.IJ;aJl:l1nOBepXHOCTl1 Kp110naHeJIl1 F

K03<P<P11IJ;l1eHT 3aXBaTa MOJIeKYJI napOB B0Jl:bI

Ha Kp110naHeJIl1, OXJIa)l()J;aeMOH )I(l{,L(Kl1Ma30TOM, pa-

BeH eJl:l1Hl1IJ;e [3], n03TOMY MO)I(HO npeJl:nOJIO)K}lTb,

'ITO B B5I3KOCTHOM pe)K}lMe nOTOK napa nepeJl: Kpl1-

OrraHeJIblO Jl:0CTl1rHeT Kpl1Tl1'IeCKOH CKOpOCTl1 3BY-

Ka. Ilpl1 TeMnepaType napOB BOJl:bI 293 K OHa paB-

Ha 392 M/ C 11 COOTBeTCTBeHHO YJl:eJIbHa5I CKOpOCTb

OTKa'IKl1, OTHeCeHHa51 K napaMeTpaM ra3a, l1MeIOI.IJ;l1M

MeCTO HenOCpeJl:CTBeHHO nepeJl: Kp110naHeJIhlO, Jl:OJDK-

Ha 6hITb 392M3/(M2. c). OTHeC5I CKOpOCTh OTKa'IKl1

K napaMeTpaM COCT05IHl151ra3a Ha YJl:aJIeHl1l1 OT Kpl1-

OnaHeJIl1, nOJIY'Il1M 247 M3/ (M2. c), 'ITO npaKTl1'IeC-

Kl1 COBnaJJ:aeT C pe3YJIhTaTOM paC'IeTOB no ypaBHe-

Hl1IO (10) S= 245,5M3/(M2. c). 3KCnepl1MeHTbI no OT-

Ka'IKe napOB BOJl:hI B B5I3KOCTHOM pe)K}lMe Jl:aJIl1 aHa-

JIOrl1'IHhIH pe3YJIhTaT 245 M3/ (M2. c), 'ITO nOJl:TBep)l()J;a-

eT cnpaBeMl1BOCTh 113JIO)l(eHHOrO BhIllie nOJl:XOJl:a [4].

TaK)l(e CTaHOBl1TC5I O'IeBl1JJ:HhIM, 'ITO npl1 nepeXOJl:e

OT MOJIeKYJI5IpHOrO pe)K}lMa K B5I3KOCTHOMY CKOpOCTb

OTKa'IKl1 B03paCTaeT, nOCKOJIbKY B nepBOM cJIY'Iae OHa

onpeJl:eJI5IeTC5I TOJIhKO CKOpOCThIO TeIIJIOBOrO Jl:Bl1-

)l(eHl15I MOJIeKYJI ra3a, a BO BTOpOM eI.IJ;e 11 CKOpOCThlO

C<P0pMl1pOBaBllIerOC5I nOTOKa ra3a B HanpaBJIeHl1l1

K Kp110naHeJIl1.

TaKl1M 06pa30M, l1CnOJIh3Y51 113JIO)l(eHHYIO BhIllie

MeTOJl:l1KY, MO)I(HO JJ:JI5I B5I3KOCTHoro pe)K}lMa Te'Ie-

Hl15I ra3a onpeJl:eJIl1Th 113MeHeHl1e CKOpOCTl1 OTKa'IKl1

KaMepbI, B KOTOpOH pa3MeI.IJ;eHa Kp110naHeJIh, B 3a-

Bl1Cl1MOCTl1 OT K03<P<P11IJ;l1eHTa 3aXBaTa MOJIeKYJI ra3a

Kp110naHeJIhlO .
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