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Kocmuueckuin Bakyym (KB) — cpepa, N1I0THOCTb KOTOpOM

rno Mepe yaaneHus ot 3eMaum ymeHbLuaeTcsi. Ha paccrosiHum
100-20000 kM oHa nsmeHsieTcs ot 10 go 102 yactu,

B Kybuyeckom caHTUMeTpe. B mexranakrnyeckom
NMPOCTPAHCTBE NJIOTHOCTb CHUXKAETCS A,0 OfHOMN

YacTtuubl. OC06€HHOCTb KOCMMYECKOro NPOCTpPaHCTBa

(K) — HeorpaHM4YeHHOE NOr/oLLEHME Fa30B U NapoB,
BbleNsoWwmnxca c Kocmuyeckoro annapara (KA), uto
CPaBHMMO C BaKyyMHbIM HACOCOM C 6@CKOHeYHOM
CKOPOCTbIO OTKaYKU. ConHeyHble 6aTtapen U GpUKLNOHHbIE
y3:bl KA f0/MKHbI HAAEXKHO GYHKLMOHUPOBATb

B OTKpbITOM KI1. 3TO BbI3biBaeT HEO6XOAUMOCTb
3KCrNepuMeHTasIbHOM NPOBEePKU UX paboTOCMOCO6HOCTU

B KB. 3A0 "MIHTeK AHaNUTUKA" COBMECTHO C KOMMaHuen
HSR AG (JIuxTeHLwuTeiH) aBnsi0TCA paspaboTunkamm

Y NOCTaBLLUKAMM KOMIM/1IEKCOB A1 umuTauum K

B /1a60paTOPHbIX YC/IOBUSIX.

CHOBHasl 0COOeHHOCTb IIOBeJleHHsI MaTepHasa

B KB cBfi3aHa C MacCOIIOTEPIMH, IIPUBOASAIIM MU

K M3MEHEHHIO IIOBePXHOCTHBIX CBOMCTB, COIIPO-
BOKIA€MOMY HM3MeHeHHeM ero OITHYeCKHX XapaKTe-
pucTtuK. Kpome Toro, moreps CMasKu B y3/IaX TPeHUS
[IPUBOAUT K yBeTHUeHHIO afiTe3MOHHOL CBS3H MEXIY
TPYIIMMUCS [IOBEPXHOCTSAMHM, HX HHTEHCHUBHOMY
M3HOCY U 3aKIMHUBaHHUIO [1, 2].

Vi3MeHeHHe IMOBePXHOCTHBIX CBOMCTB COJTHEUHBIX
baTapell ¥ IOKPHITUH TEPMOPETYTHPYIONINX 37IeMEeHTOB
HapylIaeT SHepreTH4YecKUi 6anaHc. II0CKOIBKY TeIlIo-
OTBOJ, B BAKYyMe OCYIIeCTBIISETCS TOJIBKO 3a CUeT U3y~
YeHMs], C7leflyeT OKUATh IIOBBIIIEHH S pabouel TeMIiepa-
Typbl KA, UTo IIpHBeieT K pocTy Cy6lnHMMallK 13 [IOBEePX-
HOCTHBIX CJIOEB €0 3JIeMEHTOB.

I[Ipu co3maHUU COMHEYHBIX 6aTape (puc.l) M aHTH-
OPUKLHMOHHBIX IIOKPBHITHUH B y3JIaX TPeHUS HCIIOJb-
3yIOTCS TOHKOIIJIEHOYHBIe HAaHOTEeXHOJIOTHUH.
[IpuMeHHTeIBHO K cybuManuu matepuana B KB Tpa-
OUIMOHHBIEe QOPMY/Ibl BAKYYMHOM TeXHUKHU He JAI0T
Ha/Ie>KHBIX Pe3y/IbTaTOB. 3aa4a OC/IOKHIETCS IIPH OIlpe-
Je/leHUH UHTeHCUBHOCTH HCIIAapeHHUs KOMIIOHEHTOB
critaBa. EC/IM B COCTaB TOHKOIVIEBHOYHOIO POTO3/IeMEHTA
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Vacuum of space (VS) is a environment, the density
of which is lessening with moving away from the
Earth. At 100 — 20000 km from the Earth this density
varies from 10" up to 102 particles per cm3. In the
intergalactic space the density goes down to one
particle. The pivotal feature of the outer space is

an unlimited absorption of gases emitting from

a space vehicle (SV), which is comparable with a
vacuum pump with an infinite speed of pumpdown.
Batteries, friction units and other SV elements must
function reliably in the open outer space- OS. This
calls for a necessity of an experimental testing of
their operability in VS. Intech Analytics Co. jointly
with HSR AG (Liechtenstein) are the developers

and suppliers of complexes for imitation of the OS
in laboratory conditions, which is the topic of the
presented material.

he basic feature of the materials’ behavior in VS

is a mass loss, leading to changes of their surface

properties, which are accompanied with alteration
of the optical characteristics. Loss of lubrication in
friction units results in strengthening of the adhesive
bonds between the rubbing surfaces and their more
intensive deterioration and jamming [1, 2].

Alteration of the surface properties of the solar batteries
and coatings of the thermoregulating elements breaks the
energy balance. Since a heat sink in vacuum is carried out
only due to radiation, the working temperature of SV is
expected to rise, which will lead to a growing sublimation
of its elements from the surface layers.

For creation of the solar battery elements (Fig.1) and
antifriction coatings for the friction units thin-film
nanotechnologies are used. As far as the sublimation of
material in VS is concerned, the traditional formulas of
vacuum technologies do not bring reliable results. The task
becomes even more complicated, when the intensity of the
alloy components’ evaporation has to be determined.

If the composition of a thin-film photocell of a solar
battery includes zinc, the speed of evaporation of which
in vacuum at 300°C exceeds 210 g/cm?s[3], then the speed



COJIHEYHOM 6aTapey BXOAUT LIMHK, CKOPOCTb KCIIApPeHHU s
KOTOPOTO B BakyyMe I1pu 300°C mmpeBpimiaeT 2107 r/cm?c
(3], To ero ymaneHue K3 cIjaBa IIeHKH POTOIIEMEHTA
Cu,ZnSn, 3HaYHTEILHO MEeHBIIIe K JOI’KHO OIIPee/IaThCs
3KCIIEPHUMEHTAJIBHO.,

O1eHKa [0Ir0BeYHOCTH Y3/I0B TPeHU S B aTMocdep-
HBIX YCJIOBUSIX TaKyKe He [103BOJISIeT OIIpe/ie/IUTh UX pabo-
TOCIIOCOOHOCTB B BaKyyMe. Hanpumep, ecinu Ko3GPUIiu-
€HT TPeHMS CTaJIH I10 CTa/IM Ha Bo3ayxe 0,5, TO B BEICOKOM
BaKyyMe I10C/Ie IIPOTrpeBa OH Bo3pacTaeT 1o 2,9 [4]. Bce aTo
BBI3BIBAET HEOOXOAUMOCTD ITPOBEPKU PaboTOCIIOCO6HO-
CTH 37eMeHTOB KA B yc/I0BUSIX, UMUTHPYoIuX KB 1160
MOJeIHPYIOIIUX IIPOLIeCCHI, IIpoTeKarolye B KB.

MogenrpoBaHUe IPOBOAUTCS B IADOPATOPHUSIX B CIIe-
LIMaJbHBIX BAKYYMHBIX KaMepax. ITpu Bocmpou3ssese-
HMU B HUX JaBJIeHUSI, COOTBETCTBYIOIIEr0 peaabHoO AeH-
CTByIOIIeMY Ha KA, ciiegyeT yYHUTBIBATh CTATHYeCKOe
Y JTHHaMHYeCKoe JaBjieHue, /laBleHHe Ha pa3TuYHbIe
37IeMeHTbI KA 3aBUCHUT OT MX OPUEHTALIMH OTHOCHUTEIbHO
€ro BeKTOpa ABMXKeHH . YUUTHIBAS, YTO B KOCMOCE CKO-
pocTH 06'beKTa U Ta30BBIX YACTHI] CON3MEPHMEL, JJaBjIe-
HUe Ha [TepPeIHIO0 YacTh 06beKTa MOXKET B IeCSTKH pa3
IIPeBOCXOJUTH CTATHUECKOe, a Ha 3a/THIOI0 YaCTh ObITh Ha
HEeCKOJIBKO IIOPS/IKOB HEKE,

IIpu uMuTanuU KB oCyecTBisgeTcs TOXIECTBEeH-
HOe BOCIIPOM3Be/leHHe KOCMHUYeCKHUX YCI0BUH, a IIPH
MoZle/IMPOBaHHUU ~ MaclITabHoe, KOIZa ompesensieTcs
Y BOCITPOM3BOIUTCS OfIMHAKOBASI Peakiys obbekTa B KB
U B YCTaHOBKE.

Hanpumep, 4ToObl CMOZENHUPOBATh TeII006MeH
MeX/y MOBePXHOCThI0 KA M KOCMOCOM, AOCTAaTOYHO
[IOHH3UTD JaBJIeHUe 0 BeJTUUUHBI MeHee 102 I1a, pHu
KOTOPOM TEIIJIOOTBOJ, 38 CYeT KOHBEKTHBHOCTH U TEeIJI0-
IIPOBOAHOCTH ra3a IIpaKTHYeCKH OTCYTCTBYeT. [l MMU-
TaLlUU TeIlIONepelaud 0T 06beKTa C TeMIIepaTypou
BhinIe 300 K B OTKpBITO@ KOCMHUYECKOE IIPOCTPAHCTBO
OOCTaTOYHO MMeThb KPHOIIaHe/IH BaKyyMHOH KaMephl
IIpU TeMIlepaType KUAKOro a3ota (77 K) ¢ koapduneH-
TOM YepHOTHI < 0,95.

Jl1s MoIeTMpoOBaHUS CYOIMMaLIK MaTeprasia Heob-
XOAUMBI YCJIOBH S, IIPH KOTOPBIX BEPOSTHOCTH BO3Bpa-
IIeHM S MOJIEKY/IBl Ha [TOBePXHOCTb UCIIAPeHHU S IIPaK-
THYEeCKH paBHa HYII0. DTO YYUTHIBAETCS KOIPPHUIIU-
eHTOM B03BpaTa R, KOTOPBIM B KOCMOCEe IIpaKTUYeCKHU
paBeH HYJIIO.

ITpu yxome MoJIeKYyJI € IIOBEPXHOCTH KA BepOATHOCTD
MX eIUHUYHBIX BO3BPaIlleHHU! 00yC/IOBTHBAETCS B3aKM-
HBIMH CTOJIKHOBEHHSIMU MOJIEKYI BOJIK3U [I0BEPXHOCTH
nubo oTpaskeHHEM OT BBICTYIIAIONIHUX 371eMeHTOB 06b-
eKrTa (puc.2a).

OTKa4Ka MOJIeKY/] B BAKYYMHOM KaMepe C BHeIIHeH
OTKA4YKOH (TypbOMOIEKYISIPHBIN HIH AUGPY3HOHHBIN
Hacockl) (puc.26) COPOBOKAAETCS UX MHOTOKPATHBIM
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Puc.1. ToHKonAeHo4HbiL pomoznemenm Ha baze Cu,ZnSn,
Fig.1. A thin-film photocell on the basis of Cu,ZnSn,

of its removal from Cu,ZnSn, alloy of the photocell film is
considerably less and should be determined experimentally.

Estimation of durability of the friction units in the
atmospheric conditions also does not allow to determine
their working capacity in vacuum. For example, if the
friction coefficient of steel on steel in the air is 0.5, in high
vacuum it increases up to 2.9 [4]. All this calls for necessity
to check the elements of SV in the conditions either
simulating the VS parameters, or modeling the processes.

Modeling is carried out in laboratories, in special
vacuum chambers. When the pressure, corresponding
to the level really effecting SV, is reproduced in them, it
is necessary to take into account the static and dynamic
pressures. Pressure upon various elements of SV depends
on their orientation relative to its vector of movement.

Considering the fact, that in outer space the speeds
of an object and of gas particles are commensurable, the
pressure on the front part of the object may be dozens of
times higher, than the static pressure, while the pressure
on the object’s rear part could be incomparably lower.

Imitation of VS means an identical reproduction of the
space conditions, while modeling means a scaled one,
when the same results of an object’s reactions in VS and in
an installation are determined and reproduced.

For example, in order to simulate a heat exchange
between the surface of SV and the outer space it is enough
to make pressure lower, than 102Pa, in the conditions
of which a heat sink practically does not exist due to
convection and heat conductivity of gas.

In order to imitate a heat transfer from an object with
a temperature above 300 K into the open outer space it
is enough to have vacuum chamber cryopanels at the
temperature of a liquid nitrogen (77K) and with emissivity
factor <0.95.

For modeling of a sublimation of a material it is necessary
to ensure conditions, in which the probability of a molecule’s
return to the evaporation surface is practically equal to zero.
This is taken into account by the reset coefficient R, which
in the outer space is practically equal to zero.

When molecules leave the SV surface, the probability of a
return of individual molecules is determined either by their
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8o KOHTPO/Ib U U3MEPEHMUE

Puc.2a. Ycnosus yxoda 2aza c KA

8 KOCMUYECcKOM npocmpaHcmee

Fig.2a. Conditions, in which gas leaves SV
in the outer space

pumpdown

Puc.26. YoaneHue ucnapusiuezocs ¢ KA
203a 8 Kamepe ¢ 8HellHel 0MKauKol
Fig.2b. Removal of the gas, evaporated
from SV, in the chamber with an external

Puc.28. Ycnosus yoaneHus ucnapueLuezocsi ¢
KA za3a & kamepe c 8HympeHHell omkaukoli
Fig.2c. Conditions for removal of the gas
evaporated from SV in the chamber with
an internal pumpdown

BO3BpallleHHeM Ha II0OBePXHOCTh UCIIapeHU s, IIpeske YeM
oHM 6yIyT yHaseHsl U3 KaMepsl. B neppoM IpUOIHKeHUH
K03pPUIIMEeHT BO3BpaTa MOJIEKYJI IIPSIMO IIPOIIOPLIMOHA-
JIeH OTHOILIEHHUIO IIJIOIIAAY OTBEPCTH S, Yepe3 KOTOpPoe 0Cy-
IIEeCTB/ISETCS OTKAYKa K 0OIIel IUIONaix KaMepbl, OTHO-
LIeHHIO [TI0TOKA MOJIEKY/I Ha ee CTeHKH K II0TOKY OTKauKH,
[UIOMIAIA UCTIApPeH M K IIOIIA A KaMepBL.

BHyTpeHHSISI 0OTKauka KaMepsl (pHC.2B) peanusyeTcs
IIpY pa3MellleHNH OTKAaYHUBAIOIUX [1aHe/lel KPUOTeH-
HOI'0 HaCoCa Ha BHYTPeHHUX CTeHKaX KaMepsl. Eciiu
OTHOLIEHHe IO a/iel TIOBePXHOCTHU CTEHOK KaMephl
U Hacoca 6113Ko K equHUIE, K03bOULIMEHT BO3BpaTa
MOJIEKY/T MOSKET OBITh CYIeCTBEHHO CHIKEH.

B KaMepe c BHeIllIHelM OTKauKOM BelTMUYMHa R MokeT
IocTUTraTh 10, To eCTh KaskAasl MOJIeKy/a, IpeKie YeM
bymeT oTkayaHa, BepHETCS] Ha IIOBEPXHOCTH HCIIape-
Hu4 10 pas. IIpyu ofMHAKOBEIX COOTHOIIEHMAX Pa3MepOB
06beKTa U KaMep C Pa3IMYHBIMHU CII0COOAMU OTKAYKH,
B KaMepe C BHYTPeHHel 0TKauKoH R MOXXeT COCTaBIISTh
2,51072[1]. B TaKoI KaMepe yC/I0BHS ITPUBIHKAIOTCS K KOC-
MHMYeCKMM. YUUTEIBAs, YTO OTKAYKa Ia30B, KaK IIPaBHUJIO,
HOCHUT M306UpaTenbHBIN XapaKTep, KO3QPUIILEeHTH BO3-
BpaTa [/ Pa3/IMYHBIX Ta30B TAKKe pa3/TIn4aloTCs.

B 3aBUCHMOCTH OT OPHEHTALIMA MaHOMETPHUYECKOIO
npeobpa3oBaTesisi OTHOCUTENIBHO 00bEKTa U OTKAYKBa-
IOIlleH MTOBePXHOCTH QUKCHPYIOTCS Pa3IUvHble 1aBye-
HUS. HanpumMep, MaHOMeTpHYeCcKHe IIpeobpa3oBareny,
3JIEKTPOAHBIE YaCTHU KOTOPBIX HAIIpaB/IeHbl B IIPOTUBO-
II0JIOSKHBIE CTOPOHBI (O/HA Ha 06BEKT, Apyras Ha OTKAuH-
BaIOIIMe [TaHeJIH KPHOreHHOro Hacoca), MOTyT IIOKa3bl-
BaTh JABJIeHU S, OTIMYAIOLIHecs B IecsTKU pa3. Mcxons
us sroro, R~ P,/P,, roe P, u P, - naBieHus, co3jaBaeMble
IIOTOKOM MOJIEKYJI Ia3a, JIeTSIIUX K 06beKTy U OT 06b-
€KTa, COOTBETCTBEHHO.

Jlist MomenrpoBaHUs paboTsl y3i1a TpeHUs B KB HeT
HeobXOIHMMOCTH CO3ABATh ITPe/Ie/IbHO HU3KHe IaBIeHHUS
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mutual collisions near the surface, or by their repulsion
from the protuberating elements of the object (Fig.2a).

Pumpdown of molecules in a vacuum chamber with
an external pumpdown (turbo-molecular or diffusion
pumps) (Fig.2b) is accompanied by their multiple return to
the evaporation surface, before they are removed from the
chamber.

In a first approximation, the returning ratio of the
molecules is directly proportional to the relation of the area
of the aperture, through which pumping out is carried
out, to the chamber’s total area, the relation of a flow of
the molecules on its walls to the flow of a pumpdown, the
relation of the evaporation area to the chamber area.

Internal pumpdown of a chamber (Fig.2c) is realized by
placement of the pumping out panels of the cryogenic pump
on the internal walls of the chamber. If the ratio of the areas
of the chamber walls and of the pump is close to a unity, the
returning ratio of the molecules can be essentially lowered.

In the chamber with an external pumpdown R can
reach the value of 10, which means that each molecule,
before it is pumped out, will 10 times return on the
surface of evaporation. With identical ratios of the sizes
of the object and of the chambers with various ways of a
pumpdown, in the chamber with an internal pumpdown
Rcanbe equal t02.5102[1].

In such a chamber the test conditions are close to the
space conditions. Taking into account the fact that, as a
rule, a pumpdown of gases has a selective character, the
returning ratios for various gases can also be different.

Depending on the orientation of a gage head in relation
to the object and pumping out surface, various pressures
are registered.

For example, the gage heads, the electrode parts of which
are directed to the opposite sides (one to an object, another -
to the pumping out panels of a cryogenic pump), can show
pressures with tenfold differences. Proceeding from this,



[2]. NocTaTouHO BOCIIPOM3BECTH YCIOBUS, IIPHU KOTO-
PBIX pa3pylleHHBbIe 3alUTHhIe IVIEHKH Ha QPUKIIUOH-
HBIX [I0BEPXHOCTSX (OKCHAHBIe, Ta30Bble U APyTHe) He
yCIIeBaIOT BOCCTAHABIMBATbLCS PA3PSOKEHHOM CPelou.
Kpome TOro, oCcKONbKY MO IIUIIHUKOBEIN y3e/l UMeeT
OrpaHHUYEeHHYIO CBS3b C OKPY>KAIOIIek Cpesiok, B HEM CO3-
JaeTcsi MUKPOKIKMAT, KOTOPBIH C OIpefie/IeHHOIo 3Ha-
YeHUsI OKPYsKAIOLIero JaBaeHus He OyaeT yMeHbIIAThCS.
IToxka3aHo, YTO IIPU CKOPOCTAX BpallleHH s IIapHUKOIIOL-
HMIUITHUKOB BhImIe 5000 06/MUH naBineHUe HUXe 1074 I1a
He IIPUBOJUT K yBeJIMUYCHUIO MOMEHTA COIIPOTUBJIEHU S
BpallleHUIO 1 YMeHbIIeHHIO pecypca paboThl.

Hcxons us Tpe6OBaHH171 K MoJe/nrpoBaHuIo KB, 1ee-
coobpa3Ho co3/1aBaTh KMHUTATOPHl KOCMHYECKOI0 IIPo-
CTPAHCTBA C HUCIONb30BAaHHEM BHYTPeHHEL OTKauKHU
(cM. puc.2B) IyTeM pa3MelleHHs OTKAaYHUBAIOIKX KPHU-
OIlaHeJsIeH I10 BCeH BHYTPeHHeH II0OBePXHOCTH KaMepBHl.
CyIecTBYIOT HECKOIBKO CII0COO0B OXJIaSKAeHHUS KPHO-
naHesel 1o 20 K 1 Huske. OfUH U3 MepCIeKTUBHBIX —
KCII0/Ib30BaHUe KpHOpebPUsKepaTOPOB [/ OX/IaKAeHH S
KpHOIlaHe/el, pa3MellaeMbIX 10 BCel MOBEPXHOCTH
Kamepsl (puc.3).

OTKavyuBalouas IaHelIb IPefCTaBIseT coboN Tpex-
CJIIOMHYIO CTPYKTypy. Hapy>KHBIM CIJIONIHOM 3KpaH
C TeMIIepaTypol okoso 70K mepexkprlBaeT TeIJIOIIPUTOK
OT CTeHOK KaMephl Ha OTKaYHBaIOIIYIO [TIaHe/b, 0XJIaXK-
JeHHyIo 10 20K.

Ha moBepxHOCTb OTKA4YMBAIOIIeH IaHeIH HaHe-
ceH copbeHT mJist cOpOLIMK HEKOHIEHCUPYeMBIX Ta30B.
BHYTpeHHHH 3KpaH, oxjlaXXkAaeMblH 1o 70K, BbIIION-
HeH B BUJIe JKaJII03U C KO3QPHUIIMeHTOM 4epHOTHI < 0,95
U IpefHa3HaueH [/ 3alIHUThl OTKAYKMBAIOIEN KPHO-
[IaHeJIH OT TeIl/a, BBIAEIeMOro 06beKTOM, HUMHUTALIUHU
PaAKallOHHOTO TeIJIOOTBOA C ob6bekTa B KII, a TakKe
JUISL OTKAYKH KOHJEHCHPYeMBIX IIapOB U ra3os. Takue
MMHUTATOPEI KB, oCHaIlleHHbIe KPHUOIIAHE/ISIMHU, [IPOeK-
THPYIOTCA ellle Ha 9Talle CO3AaHUSI BAKYyMHOH KaMepbl.
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CTeHka kamepbl
Chamberwall

Hapy>KHbI 3KpaH
External screen

OTkaymBaroulas naHesb
Pumping out panel

BHYTPeHHWI1 3kpaH (kanto3m)
Internal screen (jalousie)

Puc.3. Omka4usarouwasl naHeAb
Fig.3. A pumping out panel

R~ P,/P,, where P, and P, are the pressures created by the
flows of the gas molecules, flying, accordingly, to an object
and from it.

For modeling of operation of a friction unit in VS there
is no necessity to create an extremely low pressure [2]. It is
enough to reproduce the conditions, in which the destroyed
protective films on the friction surfaces (oxide, gas, etc.)
have no time to be restored by the evacuated environment.

Besides, since a bearing unit has limited bonds with
the environment, a certain microclimate is created inside
of it, which will not lessen from a certain level of the
surrounding pressure.

It was experimentally demonstrated, that at speeds of
rotation over 5000 rounds/min. a pressure below 10 Pa
does not increase the moment of resistance to rotation
and does not reduce the service life.

Proceeding from the requirements to VS modeling in
laboratory conditions, it would be expedient to develop
space simulators with the use of an internal pumpdown
(Fig.2c) by placing the pumping out cryopanels on all the
internal surface of the chamber.

There are several ways of cooling the cryopanel up to
20 K and below. One of the perspective ways is the use of
cryorefrigerators for cooling of the cryopanels placed on
all the surface of the chamber (Fig.3).

A pumping out panel is a three-layer structure. Its
external continuous screen with a temperature about
70K blocks the heat leakage from the chamber walls to the
pumping out panel cooled up to 20K.

A sorbent is put on the surface of the pumping out
panel for sorption of the noncondensable gases. The
internal screen cooled up to 70K is made in the form of a
jalousie with the emissivity factor < 0.95 and is intended
for protection of the pumping out cryopanel from the heat
emitted by an object, imitation of a radiation heat sink
from the object in the outer space, and also for pumping
out of the condensable vapors and gases. Such vacuum
space simulators equipped with cryopanels are designed
already at the stage of development of a vacuum chamber.

#6 /44 /2013 NANO




