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IIpeocmasnena mamemamuyeckas MoOelb MEYeHUs. 243d 8 MOPYOBOM 3A30pe OUCKOBO20 8-
KVYYMHO20 HACOCA 68 MOJEKYNAPHOM pedcume medeHus 2aza. Pacuem ocnoean na ucnonv3osanuu me-
mooa Mowme Kapno (memode npobnoti wacmuywsi). Mamemamuyeckue 3a8UCUMOCTU NO380ISI0OM
nPOCIeOUns MpaeKmopuio MOAEKYIbl OM MOMEHMA CMApma ¢ NOGEPXHOCMU 8X00d 00 8bIX00d U3 34-
30pa U BLIYUCIUMD BEPOSIMHOCU NPIMO20 U 0OPAMHO20 Nepexo0d MONEKYIl 2a3d Yepe3 mopyoebslil
3a30p MeNCOY 8PAUAIOUUMCS U HENOOBUICHBIM OUCKOM. B3aumodeiicmeue MOneKyl 2aza ¢ NOBEPXHO-
CMbIO OUCKO8 ONUCHIBACMCSl OUPDPY3HBIM 3AKOHOM OMPANCEHUs NPU Kodp@uyuenme akkomooayuu
PasHoM edunuye, pacnpeoeieHue MOIEKyl o CKOPOCMAM MeNI08020 OBUICEHUsL ONUCHIBACMCSL 3AKO-
Hom Maxceenna. [lpedcmaenennas mooens no3gosem onpeoenums npogooOUMOCb 3A30Pd, GeNUYUHY
NOMOKA nepemekanuil uepes 3a30p U MAKCUMAIbHbII NEPenao 0asieHull Ha YNIOMHEHUU NPU HY1E60M
nomoxe nepemexanuil. B pezynromame pacuémos yCmanHo8IeHO GIUAHUE 2eOMEeMPUIECKUX Napamem-
PO8 3a30pa U CKOPOCMU 8PAUYeHUsl OUCKO8 HA NPOBOOUMOCMb 3A30Dd.

Simulating of the gasflow in the flowing part of a hybrid turbomolecular pump with a disk
stage. J. A. Shostak, N. K. Nikulin. In all high-vacuum mechanical pumps, namely molecular and
turbo-molecular there is a need in sealing of inputs of the movement. A dynamic seals type is widely
applied in modern industry. Protective properties and optimization of the dynamic seals at the stage of
design become a relevant topic to be researched. The aim of the work is to develop a mathematical
model of gas flow in the face gap between two rotating disks. In building this model, the following as-
sumptions are introduced: molecular gas flow, full exchange of momentum in collisions of molecules
with disk surface, reflection of particles from the wall submits to the law of diffuse reflection, distribu-
tion of gas molecules according to the thermal motion speeds described by Maxwell's law. The calcu-
lation is based on the use of the Monte Carlo method (method of test particle), which consists in the
statistical modeling of processes. The article describes an algorithm to construct a mathematical mod-
el step by step. The trajectory of each molecule movement is traced from the moment of its moving in
till its moving out of the system. The article defines both a probability for gas molecules to pass
through the face gap of disk vacuum pump in forward and backward direction and a conductivity of
the gap. A numerical experiment based on the developed program has been conducted with consider-
ing the movement of the required number of molecules to provide a sufficient accuracy of calculation.
Gas flow in the face gap of disk vacuum pump is studied. As a result of the experiment it was found
that geometrical parameters of the gap and speed of disk rotation have an impact on the conductivity.
With raising speed of disk rotation the probability for particles to pass in forward direction increases,
accordingly increasing the conductivity, and for particles to pass in backward direction it decreases
thereby improving the vacuum properties of the pump. The work carries out a process adequacy test
based on the equality of the conductivity of the forward and reverse passages with disks being statio-
nary. The accuracy does not exceed a tolerance. Results and, accordingly, recommendations, given in
the article, can be used in designing a flow passage.

B paboTte pacueT ocHOBaH Ha HCIIONB30BAaHHU MeTona Monte-Kapmo (MeTona mpoOHOM dac-
THUIIBI), 3AKTFOYAIONIUICS B CTATUCTUYECKOM MOJICIHPOBAHUN (DU3UUYCCKUX MTPOIECCOB.
[Ipu MonenupoBaHuy mporiecca TEYSHUS raza B KaHaje MeXIy TypOOMOJIeKyIsIpHOM U Moie-
KYJISIPHOU CTYTIEHBbIO KOMOMHMUpOoBaHHOTO TMH TIpHHSTHI ClIeMyIONTHE TOMYIICHHS:
—  MOJICKYJISIDHBIN PEKUM TCUCHHS T'a3a;
—  OTpPa)XCHHE YaCTHUI[ OT CTCHOK CHCTEMBbI MOMUUHICTCS TP PY3HOMY 3aKOHY;
—  TIOJIOKEHHUE CTapTa MOJISKYJ Ha BXOJIE CUCTEMBI pABHOBEPOSITHOE;
— KO3 (UIMEHT aKKOMO/IAIUU SHEPTUU PABEH CIIUHUIIC,
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—  H30TEepMHUYECKHI MpoLece;
— pacrpeneneHHe MOJIEKYJI Ta3a [0 CKOPOCTAM TEIJIOBOTO JBWKEHUS NMOAUUHSIETCA 3a-
KoHy Makcsenna.
[IpoBomMMOCTL KaHaJIa B TIPAMOM HamparieHun (OT rmocienuero koineca TMH x Bxomy B
MOJIEKYJIAPHYIO CTYTIEHB) OMPEAENSIeTCS COOTHOIICHNUEM:

1
Uy =kys ; Foeee ﬁr_'p'

HpOBOI[I/IMOCTI: KaHajia B O6paTHOM HAIpaBJICHUU OIPEACIACTCA YPABHCHUCM!

1
Uy = kg 'j} e ﬁcpa
rae F,, — miomnans moBepXHOCTH BXO/Ia;
Foim — TI0IIAb MOBEPXHOCTH BBIXOA;
k47 — BEpOATHOCTH HPSIMOro MPOX0J1a MOJIEKYJ ra3a CKBO3b KaHalI,
k21— BeposTHOCTH Iepexoaa B 00paTHOM HAIPaBIICHUY;

T
cp = ﬂlﬁ — CpE€aHAA CKOPOCTH TEIIJIIOBOI'O ABMXKCHUSA MOJICKY L.

E —YHUBCpCAJIbHAs ra30Basi MMOCTOSIHHAA,

L]
M —momnsipHas Macca padbouero rasza ( B pabore - a3or);
T — remneparypa raza (293 K).

1.1.Bb100p pacuyeTHOii cXeMbI H BBO/I HAYAJbHBIX NAPAMETPOB CHCTEMBI

Jis MopenmupoBaHusl TEUYCHUS Tra3a B KaHalle MEXIy TypOOMOJICKYJISIPHONH U MOJICKYIISIpHOM
crynerssMu ruopuaaoro TMH npuMenseTcs pacueTHas cxema, IpeacTaBlIeHHas Ha puc. 2.

&

06/1acmb
6xoda

00/1aCmb
Brixoda

Puc. 1. Pacuemnas cxema npoyecca 08UICEHUS MOJIEKYTl 2ca3a 6 Karalue.

TedeHnne raza MomeiIMpyeTcs B KaHAle MEXAY OBYyMs AMCKaMH. POTOpHBIA THCK 3aKperieH
Ha Bay. Ban Bparmaercst ¢ yriioBoit CKOpOCThIO 1. BTOpOU IHCK SIBISIETCS CTATOPHBIM U (PUKCHUPYETCS
Ha KOPIYCHOH MOBEPXHOCTU. B mpoaoapsHOM HampaBiIeHUU UCCICAYEMbIH KaHal OrpaHUYCH KOHHYE-
CKO MOBEPXHOCTHIO KOPITyca Hacoca, Kak MoKa3zaHo Ha puc. 1.

Ha puc. 1 npuBeneHsl OCHOBHBIE T€OMETPUUECKUE MapaMeTphl PaCCMATPUBAEMOM CHUCTEMBI.
PoTopHbIii U cTaTOpHBIH AuCKH, paanyca Hy u H; COOTBETCTBEHHO, pACTIONIOKEHBI HA PACCTOSHHUU &
JIpyT OT Apyra. PoTopHblii quck 3aduKCHpoBaH Ha Bajly, paauyca Hg, a CTaTOpHBIN Ha KOPIIYCHOM LIH-
JTUHAPUYECKOM MMOBEPXHOCTH, KaK TOKa3aHo Ha pHc. 1.
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1.2. KoopanHaThl TOYKH CTAPTA MOJIEKYJIbI

Jliis ompeneneHusi BEpOSITHOCTEH paccMaTpuBaeTcsi N MOJICKYJ, MIPOCICIKUBACTCS UX JIBHXKE-
HUE C MOMEHTA CTapTa C TIOBEPXHOCTH BXOJIa B CHCTEMY IO MOMEHTa BBIXOZa U3 Hee. UHCIo MONeKy
N BBIOHpaeTCs, HCXOIS U3 JKeJTaeMOW TOYHOCTH pacyeTa.

OO0nacTh cTapTa MPEACTaBIIICT OO0 KOJBIEBYIO IIOCKYIO MOBEPXHOCTh, KaK MOKA3aHO Ha
puc. 4. B HauanbpHBIIT MOMEHT BpEMEHH ISl OJHO3HAYHOTO OINPEACICHHS ITOJIOKCHUS MOJICKYJIBI 3a-
JTAIOTCS] KOOPAMHATHI TOYKK cTtapTa. KoopauHataMu TOYKH BXOJa YaCTHIBI B KOJBIIEBOE BXOIHOE OT-
BepcTue (puc. 4) SBISIFOTCS YTON Hppe U PATUYC Tee. I OOSCTICUCHHS PABHOBEPOATHOTO BXOAA MOJIC-

KYyJI 110 BCeH omaaun H€06XOZ[I/IMO, YTOOBI Yool e OBLI PaBHOMCPHO pacClpCaCiICH B UHTCPBAJIC OT

0 mo 2w ['eHepaIust JATYNKOM CITyIalHBIX YHCEN, PABHOMEPHO paclpe/ielieHHbIX B HHTepBaie ot 0 10
1, cayuaiinoro uucia £ [0,1], moday4aeM CIydaiHbIM yTONl & .. AHAJOTMYHO Pa3bITPHIBACTCS BEIHUM-

Ha CIly4aliHOTO paguyca .
= 2né;

Ter = \l';f(Rgx - Rgx} + Rg}b rae

z

00/acmb

Puc. 2. Ilogepxnocms 6xo0a u koopOuHamvl cmapma MOoAeKyII.
1.3.HanpagJjieHne 1moJieTa MOJEKYJIbI

Hamnpagsnenue BekTopa CKOPOCTH YaCTHUIBI ¥ OTHO3HAYHO 33]aCTCA AByMs yriiaMu f u & (puc.
5). Yron ¢ oOpa3oBbIBacTCS MEXIy TOPU3OHTAIBIO W MPOCKIMEH BEKTOpa CKOPOCTH Ha IIOCKOCTh
XOY. Vron 0 obpasyercs MexIy BEKTOPOM HOpMAId 1 U BEKTOPOM CKOpocTH . B COOTBETCTBHH ¢
TG dy3HBIM 3aKOHOM PACIIPEIICIICHUS CIYYalHbIN YroJl 7, pABHOMEPHO paclpe/Ie]ICHHBIN B UHTEpBa-
ne ot 0 10 27, onpeaensieTcsi CAeAyIOIUM COOTHOILICHUEM:
o =21k,

3nauenue yriua & paBHOBEPOATHO pacmpesencHo B uHTepBaie oT 0 10 /2 u passirpelBaeTcs
CIIETYIOIMNM 00pazoM:

2

g = arcsin y
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e s

Y

Puc. 3. Hanpaenenue nonema monexynoi.

TpaekTopust 1osieTa MOJIEKYJIbI, BBUAY YCIOBUM MOJIEKYJISIPHOTO pEXHUMA TEUEHUS, MPEICTaB-
JIsIeT coOO0H MPSAMYIO TUHUIO, KOTOPas MOXKET OBITh 3a/1aHa CHCTEMOH NapaMeTPUICCKUX YPaBHCHUH:
=X H 1L
Vep = Yer T1L
Zpp = Zep TN,

TA€ Xep, ¥er, Zer - KOOPAWHATHI TOUKH CTAPTA MOJIEKYJIBI,

I, m,, n, - HanpaBJIAIOIINE KOCUHYCHI;

t - mapameTp (IUIMHA TPAEKTOPHH MOJIEKYJbI MEXIy ABYMsI CTOJIKHOBEHHSIMN);
X rp» Vap» Zap - KOOPMHATHI TOYKH «IIOCATKH» MOJICKYJIBL.

Br16op HampaBieHUs MoJieTa YaCTHIIHI 3aBUCUT OT psifa mapaMeTpoB U ycioBuit. Heobxommmo
MPUHUMATh BO BHUMAaHHUE MOJIOKEHUE TOYKHU BbUIETa MOJEKYJBl B IPOCTPAHCTBE, THUI MOBEPXHOCTH
BBLIICTA, BEJIMYHUHBI YTII0B HANIPABIICHYS ¢ U &, BIUSHUE BPAIICHUS MTOJIBUKHBIX TOBEPXHOCTEH.

B uccienyemoM KaHajie BO3MOXKEH CTapT MOJICKYJIbI C TIOBEPXHOCTEH TPEX THUIIOB: MIIOCKOCTh
(TIOBEPXHOCTH JTUCKOB), IMIIMHAPUIECKast (MOBEPXHOCTh Balla) M KOHWYECKasl (ITOBEPXHOCTh KOPITyca).
IIpu crapre MOJIEKYNBI ¢ KOKAOHW M3 TMOBEPXHOCTEH HEOOXOJMMO YYHTHIBATH ITOJIOKCHUE TOH WIH
HMHOMW IMOBEPXHOCTHU B INIO0AJBHONW CHCTEME KOOPAMHAT M YYECTh YIJIbl HAKIIOHA KacaTeJbHOU IJI0CKO-
CTH K I'JI00aJILHBIM OCSIM.

JIBmkeHHE KaXI0H MOJICKYJIBI pacCMaTPUBAETCS M MOJICIUPYETCS OT MOMEHTa BXOJla MoOJie-
KYJIBI Ta3a B CHCTEMY IO BBIXOJa U3 Hee.

Ha puc. 4 mpuBeneH aaroput™M IporpaMMbl pacdera BEPOSTHOCTH IMPOXOXKICHHUS MOJICKYII
rasa CKBO3b KaHaJl B TPSIMOM HAIPaBJICHUH K12, IPEICTABICHHBIN B BUJIE OJIOK-CXEMBI.
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Puc. 4.bnox cxema npoepammel pacciema 8eposmHOmMuU npoxooa K-z 8 NpAMOM HANPAGIeHUl.

YucneHHbI! KCIEPUMEHT IIPOBOJUTCS Ul BBIOPAHHOTO 001Iero unciaa Moiekyn Nygy. Opra-
HHM30BaHHBIMM CYETYMKAMH (DUKCHPYETCS KOJIMYECTBO MOJIEKYJ, NPOLICANIMX CKBO3b KaHan Ngpn
YHCIIO MOJIEKYJI, BEPHYBIIUXCS HA BXOJ B CUCTEMY Ny gp.

BeposiTHOCTH IpsIMOTO TTPOX0/1a MOJIEKYJI Ta3a CKBO3b KaHAJ BBIYHCISETCS CIEAYIOIINM 00pa-

30M:

Nep

NI:IEII:D

klz =

N, mp — IMCJIO MOJICKYI IIPOMICAINX CKBO3b KaHaJl B IIPSMOM HAIIPABJIICHUH,

Nygm — OOILIEE YUCIIO MOJIEKY L.
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Jlaniee BBIYUCIIAETCS MPOBOJUMOCTh KaHAlla B TPSMOM HAIIPaBJICHUU (OT MOCIEAHETO Kojeca
TMH x BXoay B MOJICKYJISIPHYIO CTYIICHB) M3 IPUBEACHHOTO BBITIIC COOTHOIICHUS:

1
Uy = kys ';' Fée.:x'ﬁcp-
BeposTHOCTh 00paTHOTO TIPOXO0/Ia MOJIEKYJI Ta3a CKBO3b KaHAJ BEIYHCIIACTCS CICAYIOIINM 00-

paszom:

Nep

B Nnﬁn:

IE‘:21

Npp — YHMCII0 MOJIEKYJT IPOLIE/IIMX CKBO3b KaHaNl B 0OPAaTHOM HAIPABJIEHHH;
Ngg — 0OILIEE YMCIIO MOJIEKYIL.

[IpoBoguMoCTs KaHama B OOpaTHOM HANpaBICHWW ONpEAENsSeTCs] TPUBEIACHHBIM BBIIIE

ypaBHEHHUEM:

1
Uy = kgy E ' F‘EED{.ﬁL‘p’
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B pabome uccredosana niockasn 3a0aua o nepexoonom mevernuu (Kn=0.1-10) cmecu unepm-
HbIX 24308 6 cucmeme, COCmosiuell U3 HeCKOIbKUX ps008 HAMSAHYMbIX HUmell, UMerOWUx pasiuiHyio
memnepamypy. Paccmompeno dee nocmanosku 3adauu. (1) o pagnosecuu, komopoe gvipadbamuvlgaem-
cs 6 3aKpLimoll cucmeme, U (2) 00 ucmeuenuy MHO2OKOMNOHEHMHOU CMeCU 8 8aKYyM uepe3 Cucmemy
Humetl. Pacuemst npooounuce mMemooom coObIMUHO20 MOAEKYIAPHO-OUHAMUYECKOSO MOOeaUPOBA-
nuss(EDMD). Ilokazano, umo noo deticmsuem nepenaoa memnepamyp 8o3nuxaem sghgexm paszoene-
HUSL CMecU, KOMOPBIl MOJICHO YCUTUBAMb, VEEIUYUBASL KOAULECMB0 cmyneHel (psiooe numetl). Kpome
9MO20, 8 3aKPLIMOLL cucmeme 803HUKaem nepenad oasnenus (peanusyemcs d¢pgexm nacoca Knyoce-
Ha).

Simulation of multicomponent gas flow through a system of filaments having different tem-
peratures. A.N. Yakunchikov, V.V. Kosyanchuk. The paper deals with the plane problem of the tran-
sition flow (Kn = 0.1-10) of an inert gases mixture in a system consisting of several rows of stretched
filaments having different temperatures. Two statements of the problem are considered: (1) the equi-
librium that is produced in a closed system and (2) the flow of a multicomponent mixture into vacuum
through a system of filaments. The calculations were performed by the method of Event-driven Mole-
cular Dynamics (EDMD). It is shown that the effect of separation of the mixture takes place under the
influence of the temperature difference. This effect can be increased by escalating the number of stag-
es (rows of filaments). In addition, a pressure drop occurs in a closed system (the Knudsen pump ef-
fect is realized).

HccnenoBanns TedeHnd pa3peXeHHOTO T'a3a, BEI3BAHHBIE MTEPETa oM TEMIIEPaTyphl, HAYaJIHCh

bosee cra jeT Hazaz [1,2]. DTot addekT (B MuTEpaType €ro MpHHATO Ha3bIBaTh A(PGEKTOM TeMmIlepa-
TYpPHO# TpaHCTHUpaluu) ObLT MCMOIB30BaH KHyaceHOM sl cO3AaHus Hacoca 0e3 JBIKYIIMXCS Yac-
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