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IIpencraBieHbl pe3yabTaThl MPOEKTUPOBAHUS U UCIIBITAHUSI OCEBBIX MUKPOHACOCOB LISl OMOTEXHUYECKON CUCTEMbI
opburtaibHOl cTaHIMu. PazpaboTaH u arnmpoOMpoBaH SKCIIEPUMEHTATbHBIN CTeHI, TTO3BOJISTIONINI OTNPeNesTh HAITOPHO-
pacxonHble XapaKTepUCTUKU MUKPOHACOCOB M YYUTHIBATh OCOOEHHOCTU MCIIBITAHU OOBEKTOB, PAOOTAIONINX MPU MaJIbIX

nmomadyax M Halopax.
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BBenenne

Bo MHorMX chepax — OT MeAUIIMHBI U OMOJOTUU
JI0 MUKPODJIEKTPOHUKHU M OCBOEHUSI KOCMOCa — Tpe-
OyeTcs peliarh 3aJauyM 10 HAarHETAHUI0 MUKPOOObe-
MOB Pa3JIMYHBIX XUJIKOCTEl, TaK KaK 3TO JaeT BO3-
MOXHOCTb peajn30BaTh HOBbIE METO/Ibl aHAJIM3a, Ha-
MpUMEP BBITTOJHSTH UCCIIeIOBAaHUE OTIAEIbHBIX OMOJIO-
TMYECKUX O0BEKTOB (KJIETOK, OaKTepuii), IIPOBOIUTH
pa3HoOOpa3Hble aHaIU3bl U TecThl [1].

ITpoBeneHure 6MOJIOTMYECKUX OTIBITOB B KOCMOCE
CIIYKUT PELIEHUIO TaKUX MTPaKTUYECKUX 3aJ1a4 KOCMO-
HaBTUKMU, KaK OMpeaeieHue CTENeHU OMacHOCTU Op-

OMTAJILHOTO TMOJIeTa AJIsl XKUBBIX CYLIECTB, OTpeaese-
HHE€ U CO3IaHUE BO3MOXHOCTU BKJIIOUATh PACTEHUS B
CHUCTEeMY XU3HE00eCTIeYeHUsI: UCIO0JIb30BaTh UX B KOC-
MUYECKUX PEcaxX B KAYECTBE IOTJIOTUTEIIEH YIJIEKUC-
JIOTO Tra3a, MOCTaBIIMKOB KUCI0POAa U MPOAYKTOB
nutaHusi. Kpome Toro, kocMuyeckue OMOIKCIIepU-
MEHTBI UMEIOT (DyHIaMEeHTaIbHOE HayYHOe 3HAUYeHUE.
OHU TTOMOTAIOT BHISIBUTD BIMSHKUE paaualiuiyi U HEBe-
COMOCTM Ha T€HETUYECKMI KOJI, Ha «3alrCh» HacJIe/l-
CTBEHHBIX MPU3HAKOB, TEPEIaBAEMbIX OT OJHOIO
>KMBOTO OpraHu3Ma K apyromy [2].
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ITpu npoBeaeHUM UCCIEAOBAHUI Ha OPOUTATBHBIX
CTaHIIUSIX OOJIbIIIOE BHUMAHUE YAEJSIETCS BBISICHEHUIO
BJIMSTHYSI HEBECOMOCTH Ha KJIETKU, TaK KaK KJIETKU JIU-
LIEHbl BHYTPUOPTaHHBIX, & HEPEAKO U BHYTPUTKAHE-
BBIX CBSI3€M, UTO MO3BOJISIET MEPEHECTU PE3YJIbTaThl HA
Npyrrue O0BEKTHl U MOJEIM B PA3JIUYHBIX 00JACTSIX
OMOJIOTMM ¥ MEIMIMHbBI, HA UCCIETOBAHKUE MPOLIECCOB
B hapMaKOKMHETUKEe U hapMaKkoIMHAMUKE in Vitro,
HUCKJTIOYAIOIIe SKCIMePUMEHThI Ha XXMBOTHBIX B KOC-
MocCe, ¥ paclIMpUTh CIIEKTPp MccienoBaHuii [3, 4].

[ KyJ1bTUBUPOBAHUS U UCCIEIOBAHUS KIETOK
YyeJioBeKa B Ha3€MHbBIX YCJIOBUSX IIMPOKO UCMOJIb3Y-
o1csa ouorexHuueckue cucteMmnl (BTC), mo3Bosio-
LIMe MOoAaBaTh K siUeiikaM, B KOTOPBIX pacrojararor-
Cs1 KJIETKW OPraHOB YeJIoBeKa, MUTATEeJIbHYIO Cpely Mo
MHUKpOKaHaJlaM ¢ pa3MepaMu B ceueHun oT 10 go 500
MKM [5]. IIpumenenue Takux BTC misg meauko-06mo-
JIOTMYECKUX UCCIEI0BAHUI B YCOBUSIX KOCMUYECKOTO
MoJIETa MO3BOJUT OTKA3aThCsl OT MPOBEICHUS dKCIIE-
PHUMEHTOB Ha KOCMOHABTaxX U XMBOTHBbIX.

B ycnoBusix KocMMYeCKOTro MoJiéTa il TaKUX Uc-
c/ieIOBaHUIA TIpeaIosaraeTcsl MCrnojb3oBaTh OMOTEX-
HUYECKYI0 CUCTEMY ISl KYJIbTUBUPOBAHUS KJIETOK
(BTC KK), OCHOBHBIM 3JIEMEHTOM KOTOPOIA SIBJISIET-
cs1 MukpoHacoc. OH A0JKEH YIOBIETBOPSITD CAEAYIO-
LIXUM TPEOOBAHUSIM:

— HMMETb MUHUMAJIbHbIC pa3Mepbl: AMaMETP He
oosnee 10 MM u nrHa He 6oJiee 50 MM;

— obecneyrBaTh MoJavy XXUAKOCTU BI3KOCTHIO
1 ¢Cr ot Hyns no 0,1 nuTpa B MUHYTY;

— obecrnieunBatb Hamop a0 1,2 JIx/kr (yBeauue-
Hue aasieHus go 1200 I1a);

— MPOTOYHAsl YacThb Hacoca He AOJXHAa UMEThb
Hepaboure HeaKTUBHBIE 00BEMBI KMIKOCTH.

Pa3paboTtaHO MHOXECTBO KOHCTPYKIIMIA HACOCOB
IJIS1 IoJa4yu MUKPOOOBEMOB XKUAKOCTU, UX pa3aesi-
JOT Ha JiBa Kjlacca: JMHaMU4YecKue U oobeMHbIe [6, 7].

K amHaMuuecKMM OTHOCSTCS JIOTTaTOYHBIE (Oce-
BbIE, AJMArOHaJbHbBIC, LIECHTPOOEXKHbIE) HACOCHI U Ha-
cochl TpeHUsl (CTpyiiHble U AUCKOBbIe). OCHOBHBIMU
MPENMYIIECTBAMU HACOCOB JAHHOIO TUIIA SABJISIOTCS
MPOCTOTa U HaJe)KHOCTb PabOTHI.

OObeMHbIC HACOCHI MPOILLE TTOAJAI0TCS MaCILITaOu -
poOBaHMIO, Hauboiee MepPCHIEeKTUBHBI MeMOpPaHHbBIE
Hacochl [8]. K HemocTtarkaM 0OBbEMHBIX HACOCOB OT-
HOCSITCSI: HaJluuue MPOTUBOTOKA, BEJIMUYMHA KOTOPO-
ro U3MEHIEeTCd ¢ U3BMEHEHUEM pacxoja, HaJIu4yue He-
paboyero oobemMa, HEBO3MOXHOCTh CO3/1aTh BHICOKOE
JaBjJieHUe Ha BbIXojae U3 Hacoca [9—11].

CylecTByIOIIME METOAUKN MPOEKTUPOBAHMS OCe-
BBIX HacocoB [12—14] He MO3BOISIOT KOPPEKTHO OIT-
peaesiTh reOMEeTpUYECKHe apaMeTpbl Hacoca, Mpe/-
CcKa3aTh €ro HAIIOPHO-PACXOJHbBIE XapaKTEPUCTUKMU,
TaK KaK Py YMEHbIIIEHUN pa3MepOB Hacoca Mo cpaB-
HEHUIO C MOJHOPa3MEePHbIMU HACOCAMU YBEIMYMBAIOT-
Cs OTHOCHUTENIBHBIE pa3Mephl 3a30pOB, IIEPOXOBATOC-
TH, YTO CYIIECTBEHHO M3MEHSIET TIlepepacIipeicicHIe
rnoJieit CKOpoCcTei U A0JU 0OBbEMHBIX yTeueK, TUCKO-
BBIX IOTEPHL U ITOTEeph Ha TpeHue. IIpoekTupoBaHue
MUWKpPOHACOCa C TAKUMH 0COOCHHOCTSIMM TpeOyeT HO-
BBIX KOHCTPYKTUBHBIX U MPOEKTHBIX PELICHUI.

Hacrosmmas crarbst mocBsineHa pa3paboTKe oce-
BOTO MHUKpOHAcoca, M3rOTOBJIECHUIO U DKCIEPUMEH-
TaJIbHOMY OIpeIeIeHUI0 €T0 IMHAMUUECKUX XapaKTe-
PUCTHK.

CocTaB U KOHCTPYKIIHSI OCEBOr0 MHKPOHACOCA

Ha ocHoBe oIbITa TPOEKTHPOBAHUS TTOJTHOPA3-
MEpPHBIX HACOCOB, C YIETOM CHeIM(MUKN pabOTHI Ha-
coca B BTC KK, pa3paboraH oceBoii MUKPOHACOC
(MH), puc. 1, KkoTopbili 3a0MpaeT XUAKOCTb Yepes
BXOJHOU MaTpy0oK [, 3aKperieHHbI Ha Kopryce 2
MH. XKunkocTts nmocrtymaetr B pabouyee KoJjieco 3, KO-
TOpoe TiepefacT SHEPTUIO BpaIlaTeIbHOTO ABVKEHUS
OT Bajla 4 B 3HEPTUIO MOCTYMATEeIIbHOTO IBUKECHMUS

Puc. 1. CoctaB MukpoHacoca
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xuakocTr. M3 pabodero Kojeca KMIKOCTh MOCTYyIIa-
eT Ha JionaTku 5 crpsimisiiomiero amnmaparta (CA), B
KOTOPOM TTPOMCXOIUT Mpeodpa3oBaHNe KMHETHIECKOM
SHEPTUHU B MMOTEHIIMATBHYIO SHEPTUIO IBUKCHUS KHI-
koctu. B xoprryce CA 6 ycTaHOBJIEHBI TONIIUITHUKA
CKOJIbXKEHHST 7 W KaueHUsT &, KOTOpble BOCITIPUHIMA-
JOT OCeBBbIe U paJuajbHbIe YCYIINS U MOMEHTHI, BO3-
HuKalomue mpu padore Hacoca. Jlonatkn CA 3amnpec-
coBaHbl B Koprniyc CA. Ban pabouero koseca 4 coeau-
HEH uepe3 MPOMEXYTOUHYIO BTYJIKY /0 ¢ BajJioM 9, OT
KOTOPOTO TepeaacTcsl KPYTSIINii MOMEHT OT 3JIEKTPO-
MOTOpa, HaxoasIIerocst B 0Joke yrpaniaeHus1. Ban 3a-
IIMIIEeH BBIXOAHOW KaHIoJeH 1/, KoTopas 3aKperie-
Ha Ha kopnyce CA.

Bioxk yripaBiieHUs MTO3BOJISET, 3a1aBast 9acTOTy U
BEJIMUMHY TOKA, MEHATH YaCTOTY BpallleHUS DJIeKTPO-
MoTOpa 1 paboyero kojieca MH, TeM caMbIM M3MEHSITh
Mmojavyy M HaIlop Hacoca.

K 9mciy oCHOBHBIX XapaKTepUCTHK JIOOBIX HACO-
COB (IMHAMUYECKUX U OOBEMHBIX) TIPUHAMJICKUT 3a-
BUCHMOCTB eTo Hamopa H ot momaun Q MpU pas3HBIX
yacToTax BpallleHMs Baja Hacoca, T.e . H = f(Q, n).
IMosTomy mjisg pacueTa HallOPHO-PACXOTHBIX XapaKTe-
PUCTHK MUKPOHACOCOB TPEOYEeTCS SKCIIEPUMEHTAIb-
HOe oTIpelelieHre BIMSTHUAS Ha €T0 XapaKTepUCTUKU
TEOMETPUYECKUX Y PEXKUMHBIX ITapaMeTPOB.

Onucanne 3KCNepUMEHTAIbHONH YCTAHOBKH

OCHOBHBIE TPYAHOCTHU OMPEACICHHNA HAITOPHO-
PAaCXOOHBIX XapaKTCPUCTUK MUKPOHACOCOB — 3TO X

MaJible pa3Mephl, COM3MEepPHUMEBIE C pa3MepaMy JaTIM -
KOB.

AHanu3 1uTepaTypHbIX UCTOUHUKOB [15—18], mo-
CBSIIEHHBIX MCCIIETOBAHUIO METOIOB TeUSHUS SKMIKO-
CTU B MUKpPOKaHaJlaX U MUKPOHAcocax, rmokasaii, YTo
BCE OHM HCITOJIB3YIOT CaMble COBPEMEHHbIE MPUOOp-
HOe 00OpyIOBaHME M METOABI, B TOM YWCJIe METOMIBI
TpaccepHoii Budyanuzauuu notokos (PIV — Partical
Image Velocimetry) n na3epHOro IOIJIEPOBCKOTO U3-
MepuTenss ckopoctu [19], KkoTopbele TpeOYIOT Ccyle-
CTBEHHBIX MaTepUuajbHbIX 3aTpaT, HO HE OOBSICHSIOT
3aKOHOMEPHOCTEl TeUeHUSI XKUIKOCTU 1 e TTIOBEeACHUE
B 3aBUCUMOCTHM OT M3MEHEHUS PEeXWNMOB TCUCHUSI.
OJHUM 13 OCHOBHBIX MPEUMYIIIECTB MEPEUUCICHHBIX
METOJIOB SIBJISIETCSI OTCYTCTBUE BO3MYIIAIOIIETO BJIM-
STHUST Ha TIOTOK XUAKOCTH. OHU MO3BOJISTIOT OIpee-
JINTD 3IIOPY paclpeneieHUs: CKOPOCTU XKUIAKOCTU T10
CEUECHMIO KaHajla OJJHAKO TPeOyIOT 3alOJHEHUSI MUK-
POKOHTYpa TPacCUPYIOIINMH YaCTUILIAMH, KOTOPBIE
MOTYT HapyliaTb paboTy MUKpOHacoca.

IMosTomy cpenu peliaeMbIX 3AeCh 3a1a4 ObUIU pa3-
paboTKa CTeHIa U OTpe/ielIeHNe PacXOIHO-HAITOPHOM
XapaKTepUCTUKU MUKpPOHacoca.

Jist onipeesieHUsT XapaKTepUCTUK MUKPOHACOCOB
CMPOEKTUPOBAH U U3TOTOBJIEH CTeH (puc. 2). Muk-
poHacoc / Ipy MOMOIIM TPYOOK 7 MOAKIIOYAeTCs K
6JI0Ky ympaBieHus 6. Ha BXome M BhIXOIe K HAcOCy
MMOIKITIOYAIOTCST JaTYNKK TaBIIeHUS 2, TIOKa3aHUs KO-
TOPBIX perucTpupyercst Ha ocumnorpacde /0. Ocuu-
snorpad & MMeeT BO3MOXHOCTh CHUMATh JaHHbBIC OJ1-
HOBPEMEHHO C IBYX TaTYMKOB M 3aITMCHIBATh 3aBUCH -
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Puc. 2. Cxema sKkcrnepMMeHTaIbHOTO CTeHIa: /| — MUKpoOHAcoc; 2 — NaTYMKW JaBjieHus; 3 — pe3epByap IS Mojadyu
KUIKOCTHU; 4 — pe3epByap UIsl OTBOMA KUIKOCTU; 5 — BeChl; 6 — OJIOK yIpaBieHus; 7 — rMOKuii Bai; § — ocuusiorpad;

9 — nmpoccellb
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MOCTB TTOKa3aHui1 oT BpeMeHU. Hacoc 3abupaeT xu-
KOCTh M3 pe3epByapa 3 M TOHaeT ee B pe3epByap 4,
HaXOmdIINiica Ha Becax 5. YpOBeHb BOIBI B PE3epPBY-
apax TToIepKUBaJICS MOCTOSHHBIM. HamopHo-pacxom-
HbIe XapaKTePUCTUKH MHUKPOHACOCA MOACITUPYIOTCS
W3MEHEHWEM TUAPABIMYECKOTO COIMPOTUBIICHNST Ha
BBIXOJIe Hacoca 3a CueT M3MEHEHMS TTPOXOIHOTO Ce-
yeHus apoccens 9.

Harmop nacoca H orpeaensijicst MO0 pa3HOCTH TIO-
Ka3aHWUi JaTYMKOB JaBJIE€HUI Ha BBIXONE p, . U BXO-
e p,, Hacoca:

H= (pBbIX _pBX)/pg’ M, (1)

rme P — IUIOTHOCTH IepeKaurMBaecMOM XXUIKOCTH.

JlaByieHMsT Ha BXOJI€ M BBIXOJIE U3MEPSIJIUCH aHAJI0-
TOBBIMU JaTYMKaMM JaaBjieHus (tabm. 1). HanpsiokeHue
Ha BBIXOIIE TaTYMKOB MEHSIETCSI MTHOBEHHO IIPHU M3-
MEHEHUU JTaBJICHUSI.

Tabauya 1
XapakTepuCcTUKH JATYMKOB JABJIECHHUS
XapakTepucTHKA 3HaueHune
Jlnamna3oH gaBjeHUs, MM PT. CT. -50...+50
Tounocts, % +/-1,5

Mukpormogaya Hacoca OIpeneIsjiach BECOBBIM
METOIOM C ITOMOIIIbIO JIabopaTopHBIX BecoB OHAUS
EX 224 (Ohaus Corp. USA) 5. Meton anpoOupoBaH
paHee U TpeacTaBieH B padore [20]. MI3mepeHus mmpo-
BOJIVJIVICH TS JIECSTU Pa3IMYHBIX CTEIIEHEH IojKa-
™IS apoccenisg 9. XapakTepuCTUKHA BECOB IPUBEICHBI
B TabOm. 2.

Tabauya 2
XapakTepuCTHKH BeCOB
HauMenbimii nmpeaen B3BeIIMBaHUS, T 0,01
JMCKpPETHOCTD, T 0,0001
Bocnpoussogumocts (CKO) Ha +0.0001
HauOOJIbIIIeM MIpeaesie B3BelIuBaHus, r |~
HenuneitHocTh, T +0,0002

,Z[J'IH OPOBCACHUA TUAPOINMHAMNYCCKUX MUCIIbITA-
HUM U3TOTOBJIEH MUKPOHACOC, OCHOBHBIE Pa3Mepbl
KOTOPOTO IMMOoKa3aHbl Ha pucC. 3.

Pe3yabTaThl ruipOAMHAMUYECKHX HCIBITAHUIA

Ha puc. 4 npuBeneH rpacduk M3MeHEeHUsT HATIOP-
HO-PAacXOJHON XapaKTepUCTUKU MUKpPOHAcoca Kak
3aBMCHMMOCTh OTHOCHUTEJIbHOTO Harmopa @ :

0= H/nZ

(rne H — nHamop Hacoca, omnpenesieMblit o (hopMy-
ne (1); n — gacToTa BpalleHMUsT pabo4ero Kojieca MUK-
poHacoca) OT OTHOCUTEILHOM Mogaun § :

3= O/n,

rme Q — MaccoBas rnojgadya MUKpOHacoca.
M3MepeHust MOBTOPSIIMCH JIJISI YaCTOT BpallleHUs
Bajia pabouero xoseca ot 2000 mo 20 000 06 / mMuH.
Kaxk BunHo u3 puc. 4, HarmopHO-pacxogHast Xapak-
TEpUCTHKA MUKpPOHacoca MpeacTaBiisieT codoit nmaaa-
OIIIYIO 3aBUCUMOCTb, XapaKTEPHYIO 151 TTIOJTHOpa3Mep-
HBIX OCeBbIX HacocoB. OaHaKO HabJIIOAaeTCs pacciio-
eHHME TUHAMUYECKNX XapaKTePUCTUK JUTST pa3TUMIHBIX
YacTOT BpallleHWsI pabodero Kojeca. Tak, oy nuamna-
3oHa n; > 8000 06/ MMH HaNOPHO-PACXOAHAA XapaK-
TEPUCTUKA UIET BbIlle, YeM 1 n, < 8000 06/ MuH.

BoiBoanI

CrpoeKTUpOBaH U U3TOTOBJIEH 3KCIIEPUMEHTAJb-
HBIN CTEHM IUIST OTIpEACICHUS HAIlOPHO-PACXOTHBIX
XapaKTepPUCTUK MUKPOHACOCOB, pabOTAIOIIUX TP
MaJIbIX TTOfavyax U Harmopax.

Paccuntana HamopHoO-pacxogHash XapaKTepuCTH-
Ka CIPOEKTUPOBAHHOTO MUKPOHACOCA, TTO3BOJISIONIAS
OLICHUTDb BIMSHUE MUKPOPa3MEepOB MUKpOHacoca Ha
3 PEKTUBHOCTb €ro padoThI.
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Abstract

While conducting research at the space stations,
great attention is paid to revealing the weightlessness
effect on the cells, which allows the results transferring
to the other objects and models in various areas of
biology and medicine. For such studies performing, the
authors suggest to apply a biotechnical system for cell
culture (BTS CC) in conditions of spaceflight, which
main element is a micropump, meeting the following
requirements:

- to possess minimum size: diameter of not more
than 10 mm, and length of not more than 50 mm,

- to ensure a liquid supply with viscosity of 1 ¢St
from zero to 0.1 liters per minute,

- to ensure pressure of up to 3 J/kg.

The existing techniques for axial pumps design do
not allow correctly determine the micropump
geometric size and its pressure-flow characteristic,
since with a pump size reduction compared to the full-
size pump, relative size of gaps and roughness increase,
which changes significantly redistribution of the
velocities fields and volume leakages, as well as disk
and friction losses. A micropump designing with such
specifics requires new structural and designing
concepts.

* e-mail: khaustov.alex@mail.ru

Based on the full-size pump designing experience
and with account for the BTS CC pump operation
specifics, a new micropump of 6.5 mm diameter and
45 mm length was developed. Its control block allow
changing rotation speed and the electric motor and
impeller of the micropump by setting the current
frequency and value, varying hereby the pump delivery
and pressure.

Any pump characteristic is its head dependence H
on delivery Q at various rotation frequencies of the
pump shaft, i.e. H = f(Q, n). Thus, to determine the
micropump pressure-flow characteristics, experimental
studies are necessary to examine the effect of geometric
size and mode parameters on its characteristics.

The main difficulties in the pressure-flow
characteristics determining of micro-pumps, i.e. the
dependence of the pump head on its supply and shaft
speed, is their small size, commensurable with the
Sensors size.

Analysis of publications related to the study of fluid
micro-flows in micro-pumps revealed that they use
tracers were employed for this purpose, which
introduction disrupts the micro-pump operation. Thus,
to determine micro —pumps characteristics, a test
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bench was designed and manufactured. It includes non-
inertial micro-sensors (for the pressure drop-head
registration and measurement). The flow rate was
measured by weight, with account for the liquid
evaporability. The micropump pressure-flow
characteristics are modeled by changing hydraulic
resistance at the pump outlet by varying the flow
section of the throttle. The measurements were
repeated for different speeds of the impeller shaft from
2000 to 20,000 rpm.

The results of the tests revealed that the micropump
pressure-flow characteristic represent a falling
dependence typical for the full-sized axial pumps.
However, stratification of dynamic characteristics is
being observed at various impeller rotation frequencies.
Thus, for the range of n, > 8000 rpm the pressure-flow
characteristic goes higher, than for n, < 8000 rpm. The
obtained pressure-flow characteristic of the developed
micro-pump allows estimating the effect of the
micropump micro-sizes on its efficiency.

Keywords: axial micropump, pressure-flow
characteristic, biotechnical system, orbital station.
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