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B jgaHHOi CTaThe PACCMATPHBAKOTCA MOJEIH MHEPOMCXAHHYECKHX NhE30HACOCOR
AByx THnoB: MmemOpaHHOro H  nepHcTankTHUecKoro. Takue mn.nnmﬁappmm&
YCTPOHCTBA MCNOALIYIOTCA IR MPEIH3IHOHHON NEPeKavukn  AMIKOCTH HIH
[llnpokoe NPHMEHEHHE MHKPOHACOCH! HAXOASAT B MEAMIIHHE, B KOCMHYCCKOH W
BAKYYMHOIl Texnuke W B ipyrux obnactax. Hanpusep, Hacock! NeprCTANBTHHECKONO
THna paspabareiBatorcs B nporpammax NASA nan wecnejosanuil, mpoBoaHMBIX
apyrux naaderax [6]. MuKpOHAcOCH, WM TaK HA3KIBAEMEIE MHKPOBOITYXONYBKH [I],
HCTIONB3YHOTCA B CHCTEMAX JI03HPOBAHHOIN NO/IAYH METAHONA H KHCJIOPO/A B TOIUIHBHBIX
anementax DMFC (npamoil MeTasonossii TOMIHBRELT 3NEMERT).

PazpafioTka HACOCOB, MCTIONLIYIOUMX NbE30MREKRT, TAET PRI MPEHMYIILCCTS. o —
NPOCTOTA HIFOTOBICHHA, OTCYTCTBHE TPYLIMXCA HacTel, HHIKoE sHepronorTpednesne M
Masible pasMephl YCTPOICTRA ONpPEICNSIOT ero Kak Haubonee NepenekTHeEHOE B oBnacTH
MukpoHacocos, Taxae cefyerT OTMETHTE AOCTATOYHO BLICOKYH) MMPOHIBOAHTEALHOCTE
yetpoiicTs aanHoro THna, Tak, HEKOTOpPhIE MHKPOMBEIOHACOCH, MMERNIME rabapuThl
CHHYEHHOrD KOPOOKA, MOIYT NEPEKAYMBATH Ta3bi W KWIKOCTH CO CKOPOCTHIO
HECKONLKHX JCCATKOR MWINHIHTpOB B cexynay. Hacocw, wscnoasiywuecs B
BAKYYMHOil TEXHHKE, NO3BONTIOT NOAYYHTH OCTATONHOE NABNCHHE B BEICOKOBAKYYMHON
o6nacti 107 Tla npu ckopocti oTkauxw 1 a/c [2]. -

e —

1. Mukponacocs: memGpanuoro Tuna

CyuiecTByroT pastbic KOHCTPYKIHH HACOCOB MeMOpaHHoro THiA, HO obuii npHHIMN
ux paboTsl oMK, YCTPOACTBO BLINONHEHO TakMM 0DpasoM, YTO COINAETCA repMeTHYHAR
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HACOCHAA KAMCPA C BXOMHBIM H BBIXOIHLIM OTBCPCTHAMM, CONSPRAIIHMH KTanais.
Paanuunkie MOJETH HACOCOB OT/IHYAIOTCA, B OCHOBHOM, cHCTemoii knananos. Onna w3
CTCROK TaKOil Kamepsl cofep#uT nbesoaneMenT (oM. puc.l,3). Tlpun noaave nepemeHHoro
HATPAKEHHA WA MLCIOICMEHT OH MeproaMyeckH Jicopmupyerca, wimenss ofbeM
kamepsl, OfbeM KaMmepkl TO YBEMHYHMBAETCH, TO YMEHBIIACTCH C YACTOTOH NOAABAEMOr0
panprkeins. Hi-3a wameHenna obneMa KaMepsl BOIHMKACT NEpenai [ARNCHHA, 38 cueT
KOTOPOIO NPOHCXOIMT NEPEKAYKA WHAKOCTH Mim rasa [1].

Pucynox 1. Bua smemOpasiore nbeIoHacoca

Konerpykuust wiobpanennas na puc.] otiuaaercs orcyTcTaHem Knananon. [‘onoska
C BRIXOAHBIM OTBEPCTHEM RBINOAHCHA B BHAE KoHWdeckoro conna (Nozzle). Taxum
obpazom npW scacwsawun (Suction) npossnsercs 3dupexr Bewtypn, Gnaronaps
KOTOPOMY TIpH  yBenwdeHuM o0bema KaMepsl B HEE HE YCMEBACT BCPHYTHCH
nepexadennnii wa npeawinymiell ¢ase ras. Drum  ofecneunpacTes  NMPaKTHYUECKH
wenpepsipian  pabora wacoca, Hecmorps Ha KkoneBarensHeii pewnM  membpann
(Diaphragm).

Onmoit w3 sawnsix wacreil ycrpolicTea, oucBHAHO, AEAseTCA AcopMHpyeMmas
smemOpana ¢ neesoanementoM. Ha Hauanennix svanax paspaborkm weobxomumo
OUCHHTE MEXAHWYICCKHE XAPAKTEPHCTHRH MemOpansl, YCIOBHS JaKPCILICHHS B KOpITyCe,
ce cobcrsennsie wactorsl u mpornfel wa paboweil wacTore — MR OLECHKH
npoussoaMTensHOCTH Hacoca. Hisectio, uTo ns Takoil OUEHKH, HCTIONLIYETCH METO
koHewHBIX anementos (MKD). Ha puc. 2 nokazan npamep Mojieny, onucanHoii 8 [3].

Pucysox 2. Bua mopenin MemGpaHoro Hacoca npi pacyere no MKD

Hapany ¢ npensymectsamu MKD smeet pajt HEIOCTATKOB, HANPHMEP, JIONTOE BpeMa
MOAFOTOBKH W PACYETA MOJEIH, HEBOIMOKHOCTh HHTEPAKTHEHO MCHATH €€ NAapaMeTpLl,
neoDXOAMMOCTE  BAANCHHS  HaBeikamu  3D-MonenupoBanns B CTAHAAPTHOM
JAOPOTOCTORIIEM FMAKETE TPOrPaMM, @ TaKKe CHILHAS 3aBHCHMOCTh PE3yNLTATOR
pacteTa OT «yaausoroy cnocoba pashHeHHS HA KOHEYHBIE MICMCHTEL
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Ansrepratisod MKD annserca ananwruseckuiit meton. IMporpammel, paGotaionine
HA OCHOBE 3TOr0 MeToaa, He Tpebyer cneumansHoil NMOArOTOBKH MCCHENOBATENS,
pacHerhl  OPOHIBOJATCA  NPAKTHYECKH  MIHOBEHHO, @ TOMHOCTh  PEe3yNbTATOR
OrpaHHYHBAETCA JHIIL CTENEHLIO ynpowenns ynpyroil smoaenn. CyTth MeTona cocrout
B NPEACTARNCHHH MUIAHAPHOH MOASTH B BHE MHOMOCHOHHON CHCTEMBI C YYACTEAME
nepeMeHHoi xkectkocTH. i cHMCTEMBl MO Y4ACTKAM 3aNHCHIBANOTCA ONHOTHIHBIE
YPABHEHHA NBHKEHMA W TpaHHyHbE yenosns. Pemenwe noisonser waiimw OCHOBHBIE
XAPAKTEPHCTHKH HanpameHo-aedopmuposannoro cocrosuus (HIC) wa rpa
Yy4acTKOB, @ 3aTeM M mo Beeil nmuHe moaenn. B pesynerare pacuera wme cocra
TpyAa Halith coOCTBEHHME HACTOTH MOJENH, NOCTPOHTH AMILIHTYAHO-YACTOTHEIE
xapaxTeprcTikn (AYX), a Taxme ONpeaenHTL HANPSKEHHA, BOIHHKAIONINE B COAX,
TlpH  aHANHTHYECKOM MOJACIMPOBAHMH MOKHO 3Q1aBaTh paviMqHbie KOIQQUIMEHTE
YIPYTOCTH ONOP YUACTKOB, YTO MOIBONSET MPOMIBOLNTS PACHET JIHIITL OTACBHLIX qacTell
obuwelt Mogenn Ge3 NOTEPH TOMHOCTH pesynwtarton. MeTomHka pemeHHs ypasHEHME
NBHKEHHR TI0 METOJY HAYANBHEIX MapaMeTpoB npuseacHa B [4]. B coorsercrain ¢ ol
METOIMEOH paspaborana komnsioTepHas nporpamMa MSR [5] ¢ swrepakTHBHBEIM
rpaduaeckim HuTepdeiicoM, NOBONAIOUIM YIOGHO HIMEHSTE NAPAMETPE CHCTEMBI H
OBICTPO NOMTYYaTs PE3yLTATEL B BIE IPadUKOB H B YHCICHHOM BIJIC,

Janee npusenen npumep pacteTa XapakTepucTHk konelammii  aByxchoiinod
MemOpansl A8 MoaeH, BIATol u3 crateu [1] w npeacrasnennoii va puc. 3. B JaHHOH
MOJIE/IN NOABIKHAR YaCTh npeacTapser coboil NIACTHHKY, BHIMONHCHHYIO H3 NATYHH ¢
NbEIOKEPAMUMECKHM CIOEM, H 3aKpeiuicHHY0 B cransHoil pamke. Hoxomawe
napamMeTpsl ykasasel B Tafmmue 1. AMOAMTYAR HanNpRXKEHMS, MOAABAEMOrO Ha
nse3oanement, cocraenser 10 B. Pacuersl npoBoamnuck ¢ noMouisio paspaboraHHoil
nporpammsl MSR.

TaGmuua 1
Marepuan b (mn) E (MITa) p (rles’) dyy (mm/B)
crais 0,35 2,10-10° 7,80 0
ATy Hb 0,35 1,20-10° 8,50 0
LTC 0,20 7.34-10" 7.45 1,7-107

3neck h — Tomuuna, £ —wmoayns 10ura, p — naomHocTs, dy; — nonepesrsiil NbeIoMoyib.

leomeTpuueckne napaMeTpsl MoJean, niobpamenHoi Ha puc. 3, cnenyiomme.
labapurst 16220%0,45 mm. Tommumua kaxaoro caos h=0,15 mm.

Prcynox 3. Monent membpanioro Hacoca ¢ geyxcnoinoil mesbpanoi

Peaynerars MOACTHPORAHKE MOKAIAHKL HA pHCYHKAX 4 1 §,
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Pncyumt 4. Paiovice oxno npmpauuu MSR npr Monennposanis
Asyxcofinoil MemGpans, Jakpenneanod B ynpyrod pamke

MackumManbHOC OTKAOHEHHE MeMBpaHbl B KBaIHCTaTHHECKOM perime (=1 Tu) ¥V, =
5.59-10" MkM. CoBCTREHHBIE YACTOTHI COCTABNRIOT

NHi=11057TTw,  fo=25449 T

Juas nepemeuicHuA no Beei pmEe Monenu, hopMy konebanmit u pabouyi actoTy f,
MOKHO CAENATE OUEHKY MPOHIBOAMTENLHOCTH yeTpoicTaa no dopmyne

P=kVaSS,

rae k - xoaddinment nonnorst (k = |Vy/V|), 3aBucsmmii o1 dopmsr koneGanmii, § -
nnomans Membpanst. XapakTepHo, 4TO NpH pasHbLIX YacToTax BMa konebanui Wmeer
pasusle opmel, cojepramme kax senyknoctH (V>0), Tak u soruytocti (V<0), gro
crinkaer koapduument k, a ¢ HuM ¥ nponssoauTensiocTs P, H3 puc. 5 Buaso, uro
JIAe MpH BUCOKHX YacToTax (opma koncbanwii noasonser cosepwate Hakauxy (4=>0).
HeemoTtps Ha To, yTo akrusiuil oftem kamepsl npumepHo B 4 pala MeHblle, 4eM B
KBAIHCTATHYECKOM PEKHME, MPOHIBOAMTCIBHOCTh YCTPOIICTRA Ha BRICOKMX $acTOTax
sospactaer nouti B 6000 pa3.

Pnc}mu 5. Bun mmﬁmu{ﬁ anyxcnoiHoil memGpansn Ha wactore 25 kM
2. MUKPOHACOCH! NEPHCTAILTHYECKOND THIA

MHKPOHACOCH NEPHCTANBTHYCCKOIO THIIE JUIA NEPEHOCE KHAKOCTH MCIONBIYIOT
Derymyio monny aeopsmaumii 3amknyroro ofsema. Bonwoofpazwoe amumenue
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obpa3yeTcs OT CKAaTHA M PACTHKCHHA MbE30dNEMEHTOB. [lnA Co3lanus Takoil BOIHEI

HeoOXoAHMMO ompezeneHHelM 00pa3oM M0/aBaTh HA MbE3OINEMEHTH MNEPEMCHHOE

so3byxkpaiomee  Hanpskenwe. Ha puc. 6 nokazan  QparmMeHT  MoZenH

TIepUCTAILTHYECKOTO MUKPOHACOCa H cxeMa Bo36yxkienus co casurom das ua n/2 [6].
Gl

€ el

Pucynok 6. Cxema Bo30yK/IeHNA NbEIOKEPAMHKH C NPOIOIBHLIM THE3OMOLYNEM ds

Jlna MoAenHpOBaHHA BO30YXKAEHHOIO COCTOAHHA NPH H3IrHOe 3/IEMEHTOB HAMH TAKWKe
ucnosab3oBanack nporpamma MSR, nossomsiionias 3a1asath pasHbie a3kl NEPEMEHHLIX
HaNpsKEHHIA HA COCEIHHE MBE30YIEMEHTRI, a TAKKe OTcIekuBaTh hopmbl Konebanus BO

spemenn. [pu aToM Gbuto 0BHapykeHo, 9To B Mozenn ¢ 15-10 anekTposamMu B OHOH

MI0CKOCTH H cXeMoil Bo30Oyxaenus no puc. 6 Gerymas poana obpa3syercsd B CHIIBHO

MCKAKCHHOM BHJE, 4TO mnpuBener K OonbmuM noTepsM  NPOM3BOAMTENLHOCTH
ycTpoiicTea. DTO NOCAYAKHIO TOBOAOM JUIA CO3NAaHHA MojenW, pabotaiouleii no
npusnuny Tpexdasworo anextpoasurarens (puc. 7). Jins cospanus nedopmanmit

u3rnba 3/1ech MCNONL3YeTCs MONEpevHbil Mbe30MOJYNb dy Nbe3okepamnkd. B Takoi
Mozenu ¢ Bo3GyxkjenneM Tpexdassoro THna Geryuias BONHA CO3NACTCA NPAKTHYCCKH
0e3 HeKaKEHHI.

PacueTHas NPOH3IBOAHTENLHOCTh YCTPOHCTBA COCTABNSET NMpHMEpHO | MKA/C.

Cxema 803 6ywa8HIRn

*U,=U, cos(ut-20/3)
~# U=, cos(ul+0)
* U=U, cos(ul+2n/3)

|
. M. - e - _.___J
Pucywok 7. Tpexdainas cxema Boadyx/ienns u popma Gerymieit Bonus nporutos

BriBojib1
1. TlpoBeseH MOMCK H aHANW3 PA3IMIHBIX MOJIENCH MHKPOTNBE30HACOCOB.
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2. PaspaGorana MeToAMKA M KOMMBIOTEpHAas  MNporpaMma  JIBYMEPHOIO
MOJIEJIMPOBAHHA MJIAHAPHBIX KOHCTPYKIHIT MHKPOTNLE30HACOCOB.

3. Paspaborana u onpoGosona HOBas cxema BO3OYKICHHA NEPHCTATBTHYECKOIO
Hacoca, fannas yeroiunsyo 6eryuryo sonny nporubos.

4. PaspaGotana KOHUEIIIMS ONTHMH3AIMH MHKPONBE30HACOCB MEMOPaHHOIO THIA.
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ATOMapHBIH  KHCIOPOA, SBAAIOMMICA TIJaBHBIM  KOMIIOHCHTOM  BEpXHeEH
atmocdepst 3emnn B uuTepsane BbicoT 200-800 kM, OTHOCHTCA K YHMCHY TNaBHBIX
(aKTOpOB, BbI3LIBAIONINX MOBPEKACHHE H YXYIUIEHHE CBOMCTB MarepHaloB BHEIIHEH
MOBEPXHOCTH HH3KOoOpOMTANBHBIX Kocmuueckux anmapatos (KA) [1]. Beicokas
OKHCIHUTENbHAA CMocODHOCTL  ATOMAPHOIO  KHCNOpOJA YCHIHBAcTCH 33  CYeT
JIONIONTHHTENBHOH 3HepruH (okono 53B) cTonkHOBEHMA aTOMOB C TOBEPXHOCTBHIO,
obycnosnennoii opburansroii ckopocteio KA. IMon neiictenem naberatomiero noroka
aTOMApPHOTO KHCIOPOAAa TIPOHCXOIHT 3PO3HA MATEpHANIOB, MPHBOAALIAA K YXYAIEHHIO
WX MEXaHHYECKHX, ONTHYECKHX, TEMIOBLIX H JIEKTPHYECKHX 1apaMeTpoB.



