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Hay4yHas annapatypa "Oucnepcnsa” npegHasHayvyeHa
ANg npoBeAeHUs KOCMUYECKMUX IKCNEPUMEHTOB

Nno U3y4YeHUo NoBeaeHUs XNAKodpasHbIX AUCMNEPCHbIX
CUCTEM B YCJIOBUSIX MUKPOTrpaBMUTaLum Ha

60pTY POCCUICKOrO CerMeHTa MeXAyHapoAHOM
KocMuyeckon ctaHuum (PC MKC). PaccMoTpeHbl

ee KOHCTPYKTUBHblE 0CO6EHHOCTU U TeXHUYecKune
XapakTepucTuku. HayyHas annapartypa nossosnser
M3y4aTb NpoLecchbl KOJIJIOUAHOW KnacTepusauuu,
arperauum 4acTuvy aucnepcHom ¢asbl, a Takxe
¢daszoBoro (cnnHoganbHOro) pacnaga B cuctemax
nosnvmMep-pacTBoOpuTesib NpU Harpese, BO3AeACTBUMN
BU6paL UM N BHELLHUX 3/IEKTPUYECKOrOo U MarHUTHOIo
nosnei MeTof40OM CTaTUYECKOrO paccesiHUS cBeTa

M C UCNONb30BaHNEM MUKPOCHbEMKM.

BBEAEHWE

JucriepcHble CHUCTEeMbl Ha CeTOAHSIIIHUK [AeHb
SIBJISIIOTCSL IIPeJMeTOM aKTHBHBIX Hay4dHBIX HCCJIe-
NOBaHMUM. ITO CBSI3aHO C OOJBIIMM KOIHYEeCTBOM
YHHUKA/JIBHBIX 3QPEeKTOB, IPOSBISIOIMUXCI B TaKHX
CHUCTeMaX, U OOIIMPHBIM CIIEKTPOM HX IPaKTHYe-
CKMX IpuMeHeHHU [1,2]. KomioupHble CyCIleH3HH
aKTHBHO HCIIONB3YIOTCS B chepe OHOMEAULIMHCKUX
IIpMMeHeHUI IIPU pa3paboTke HOBBIX METOMOB KOH-
TPOTIHUPYyeMOK [JOCTAaBKH JIeKapCTB M BhIpPAIlMBaHHUS
TKaHeH (3], a TakXe A1 GOPMUPOBAHHUS HOBBIX
CTPYKTYP AJISL OIITOYIEKTPOHHBIX YCTPOMCTB, TaKHUX
Kak GOTOHHBIe KpUCTA/LIHL [4]. Kpome ToroO, CyCIIeH-
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Construction features and technical parameters
of the scientific instrument "Dispersia” for colloid
research on the board of Russian Segment of

the International Space Station are reviewed.

The experiments include study of the colloidal
crystallization, processes of aggregation of
dispersed phase and spinodal decomposition in
liquid-polymer systems. Study of the colloids is
based on microscopic image acquisition and static
light scattering under heat, vibration and external
electrical and magnetic fields.

INTRODUCTION

Disperse systems are currently the subject of
intensive studies due to unique effects that appear
in these systems and wide field of their possible
applications [1,2]. Colloid suspensions are actively
used in biomedical applications for development of
new methods in targeted drug delivery and growth
of tissues as well as for formation of new structures
for optoelectronic devices, namely photonic crystals
[4]. Moreover, suspensions of monodisperse
particles can be used as model systems for studies of
crystalline structures since dispersed particles can
be viewed in certain conditions as distinct atoms in
the modelled structure [5].

The colloid suspensions are affected by
gravitational force in terrestrial conditions that
leads to sedimentation of dispersed particles
and foliation of suspensions. These processes
significantly complicate studies of physical-
chemical processes that proceed in such systems.
Furthermore, particle sedimentation also limits
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3MM MOHOJMCIIEPCHBIX YaCTHI BBICTYIAIOT B Kaue-
CTBe MOZIeJIbHBIX CHCTeM /Il UCC/Ie[JOBaHMSI CBOMCTB
KPUCTA/IZIMYECKUX CTPYKTYP, IOCKOJBbKY IIPHU OIpe-
TeIeHHBIX YCJIOBUSIX YaCTHIBl AUCIEPCHOM Gassl
MOTYT C XOPOIIeH CTeleHbI0 TOYHOCTH pacCMaTpH-
BaThCSl B KadecTBe OT/AebHBIX aTOMOB MOJe/lHpye-
MO¥ cpepsl [5].

B 3eMHBIX yC/IOBUSIX KOJJIOU/HbIe CyCIIeH3UH I10J-
Bep>)KeHbl BIHUSHUIO CHUJIBL TSAXKECTH, YTO IPHBOAUT
K CeJMMeHTAallMM YacTHL, JHUCIePCHOM §asbl, pac-
CJIO@HHIO CYCIIeH3UH. JTO 3HAYMUTEeIbHO 3aTpPy[dHSeT
uccienoBaHre (QU3MKO-XHMMHUYECKHX IIPOLeCCOB,
IIpoTeKaloIHUX B JUCIIEPCHBIX CUCTeMaX. Kpome Toro,
CcefMMeHTAalMsl YacTUI] TakKe OrPpaHUYHBAeT BO3-
MOKHOCTH CO3/laHHS OJHOPOJHBIX KOJJIOMJHBIX
CHCTeM Ha OCHOBe 4aCTHI] Pa3HOIro PasMepa U iefaeT
HeBO3MOKHBIM (OPMHPOBaHHe KOJIOHJHBIX CTPYK-
Typ Ha OCHOBe KPYIHBIX YacCTHUL JUCIePCHON a3kl
B xofe $a30BbIX IIepexofioB, TaKUX KaK (a30BbIH
nepexof, 30/1bTelb. B TO ke BpeMs B YC/IIOBHAX
MMKDPOIPaBUTALMH BAUSHHE CHUJIBI TSKeCTH OKa3bl-
BaeTCs NpeHe6pesKk MO MaJlo, M CHJIbI, y4aCTBYIOLIHe
B IIPOLIeCCaX B3aMMOEMCTBHS YacTHLL JHCIIePCHOM
da3bl, BEHIXOAST Ha IepBBIM IJIaH. DKCIIePUMEHTHI,
IIPOBOJMMBIe B YCJIOBHSIX MUKPOTPaBUTALIMH, [103BO-
JISIIOT HerocpeJCTBeHHO M3y4aTh MeXaHU3MBI, JIeXa-
IKe B OCHOBE 3THX IpoueccoB. OTCYyTCTBHE IIPO-
1IeCCOB CeIMMEHTAIlMM TaKyKe I03BOJSeT I0lydaTh
JOUCIIepCHBIe CHCTeMBl C OYeHb KPYIHBIMH pa3Me-
PaMH YacTHIL, U aKTHBHO YIPaBISATh UX CTPYKTyp-
HBIMU [TapaMeTPaMH I1yTeM HUCII0Nb30BaHMUS C1abbIX
BHEIIHUX 3J1eKTPUYECKOro M MarHHUTHOIO IIOJIeH.
Kpome TOro, B yC/JIOBHUSIX MHUKPOIPaBHUTALIMU IIOSIB-
NeTCsl BO3MOYKHOCTb CO3/aHHMSI M HCCJIeJOBaHMI
JOUCIIEPCHBIX CPeJ, He TOJBKO B KHUJKOH IHCIIePCH-
OHHOM CpeJie, HO M B ra3aX MM BaKyyMe, B 4acT-
HOCTH KYJOHOBCKHX KJacTepoB [6] M IJIa3MeHHBIX
KpUCTasIIoB [7].

Ha cerogHSIIHUN JeHb y)Xe IPOBeJleH PAJ KOC-
MHYeCKUX 3KCIepuMeHTOB (K3) mo mcclemoBaHUIO
IOUCIIePCHBIX CUCTEM B YCJIOBUSX MUKPOIPaBUTALMH
C MCIIO/b30BaHMEM YHMWKA/IbHOM HAy4YHOHU allllapa-
Typel (HA) [8-11]. TTolyyeHHbIe Hay4YHbIe Pe3y/bTaThl
IPOJeMOHCTPUPOBA/IH IePCHeKTHUBHOCTh TaKHX
HCC/IeJIOBAHUM U He0OXOAMMOCTb IIPOJOIKEHHU ST 3KC-
IIePMMEHTOB B JAHHOM HaIllpaBjeHHH. B yacTHOCTH
O>KMJIAeTCs MOSBJIeHHe HOBBIX Pe3y/bTaTOB B 3KCIIe-
PHMEHTaxX C HMCIIONIb30BaHHMeM HOBOM HA, couera-
jomerl B cebe pasMMuHBIE METOABl aHa/lIM3a KOJIJIO-
MJHBIX CHCTEM M Ha/JHM4Me BHEIIHHUX BO3JeHCTBHUI,
HampuMep HarpeB MM BUbpanus.

B maHHOHN paboTe pacCMaTpHUBAIOTCA OCHOBHBIE
KOHCTPYKTHBHBle ocobenHocTH HA, paspabatriBa-

i1

the possibility of formation of colloid systems
based on particles of different sizes and makes
impossible growth of colloid structures from
particles with sufiiciently large size by phase
transitions, namely sol-gel transition. At the
same time, in microgravity the influence of
gravitational force becomes mnegligible and
interaction of dispersed particles comes to the
fore. This provides an opportunity for studying
the mechanisms that lie beneath these processes,
as well as to obtain disperse systems with large
particles and control their structural properties
by use of weak external electric and magnetic
fields. Furthermore, formation and subsequent
study of disperse systems not only in liquids, but
also in gas and vacuum, such as Coulomb clusters
[6] and plasma crystals [7], becomes possible in
microgravity.

Several space experiments (SE) concerned on
studying of disperse systems in microgravity have
been carried out till now with the use of unique
scientific instruments (SI) [8-11]. The obtained
results have undoubtedly demonstrated the
prospects of these studies and necessity of new
experiments in this field of science, in particular
with use of new scientific instruments, combining
different methods for analysis of colloid systems
under external influence of heat and vibrations.

Hereby main construction features of scientific
instrument that is developed by Laser Systems
LLC in collaboration with S.P. Korolev Rocket and
Space Corporation Energia for the space experiment
"Dispersia” proposed by Moscow Aviation Institute
for carrying out on Russian Orbital Segment (ROS)
of International Space Station (ISS) are reviewed.

METHODS FOR STUDYING OF COLLOIDAL
SYSTEMS

Colloid systems are commonly studied by optical
microscopy, static and dynamic light scattering as
well as Bragg scattering. Choice of the methods that
are realized in a particular scientific instrument is
related to both features of the colloid suspension
that have to be analyzed, namely the concentration
and mean diameter of the dispersed particles, and
the possibility of simultaneous use of the different
methods. The main restrictions for the scientific
equipment on board of ISS are overall size and mass
of the instrument.

Two methods for colloid systems analysis are
realized in the SI "Dispersia”: recording of high
resolution video along with capturing photo images
of the studied dispersions and detection of signal
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emort "HIIII "Jla3epHble cUCTeMBI' coBMeCTHO ¢ PKK
"JHeprus’, 115 IPOBeleHH I KOCMHUYeCKOro HayYHOro
3KCIIepUMeHTa 'Jlucrepcus’, IOCTAaHOBIIUKOM KOTO-
poro sBnsieTCsI MOCKOBCKHM aBHAIJMOHHBIM HHCTHU-
TYT, Ha 6OPTy POCCHICKOrO CerMeHTa MeXIYHapox-
HOM KocMHu4yeckon ctannuu (PC MKC).

METOAbl NCCNEAOBAHUA KOJIJTOUAHDbIX

CUCTEM

IIpy MCCIef0BAaHUAX KO/UIOMAHBIX CHCTEM HCIIONb-
3yIOT MeTOJbl OIITUYeCKOM MHKPOCKOIIHHU, CTaTH4e-
CKOTO U NHHAMHYeCKOro paccessHUS CBeTa, a TakKe
MeTonbl Ha OCHOBe Audpakuuu bparra. Beibop
KOHKPEeTHBIX METO/IOB, peajn3yeMbIX B TOM HIIH
MHOM mpubope, ompefensieTcs KaK 0COBeHHOCTIMU
CYyCIIeH3UH, B YaCTHOCTH KOHLIeHTpallkel, THUIIOM
U CPeJJHUM pa3MepoM YacTHIL JAHUCIePCHOH a3k,
TaK U KOHCTPYKTHBHOM BO3MOKHOCTBIO COBMECT-
HOM peaJiM3allMK Pa3TH4YHBIX MeTOLUK IIPU 3afaH-
HBIX MaccorabapUTHBEIX OrpaHHYEHHSX Hay4dHOM
amnmapaTypsl.

B HA "ucnepcus" peanu3oBaHBl [Ba MeTOAa
HCC/IeJOBAHUS KOJJIOUAHBIX CHUCTEeM: IIOTy4YeHHe
BUZe0- U GoToM306paskeHUI C BBICOKHMM pa3spele-
HHeM M PerHCTpallts KapTHHBI CTAaTHYeCKOro pacce-
STHUSI CBeTa B IIMPOKOM [ HaIla30He yITIOB.

AHalIu3 BUJEONAHHBIX SIB/ISIETCS. ONHUM M3 HaH-
6oee pacIIpoCTpaHEHHBIX METOZOB, KOTOPBIH IIPH
CBOeM IIPOCTOTe I103BOJISIeT PerUCTPUPOBATh HM3Me-
HEeHHUS B COCTOSSHUH KOJJIOMAHBIX CUCTeM, B YaCT-
HOCTH Ilepexoji OT TOMOIeHHOH CYCIIeH3UM C OJHO-
POOHBIM 00BbeMHBIM PpacIpefieleHHeM YacTHIL
K KOJJIOMJHOMY KPHCTA//y, MacCHBY arperaTos
uin ¢paxranbHoMy rento [12]. IlonydaeMsle H30-
OpaskeHUs II03BOISAIOT OLeHHUTb CKOPOCTb IpPOTe-
KaHHUS TaKHUX IIPOIECCOB, a TaKXe OIpemenuThb
THUII U 0b6mue 0c06eHHOCTH 0Opa3yIOUIMXCS CTPYK-
Typ. IIpu 3ToM TpebyeTcs HCIIO/Ib30BaHHE KaMephl
C BBICOKMM ONTHYECKHUM Ppa3pelleHHEM KU MaJIbIM
BpeMeHeM 3KCIIO3UIIUH, IIOCKOIBbKY pa3Mep CTPyK-
Typ, 06pasymomuxcsi B KO/IOMJHBIX CYCII€H3HSX,
JIeXKUT B [HAIIa30He eUHHUI UIH J1eCITKOB MUKPO-
MeTpOB, a XapaKkTepHble BpeMeHa HUX GpOpPMHUPOBa-
HUSI, 0c0beHHO Ha Ha4a/JIbHBIX 3Tallax 3KCIIepH-
MeHTa, MOTYT ObITh MOPSAAKA COTEH MHUKPOCEKYHT,.
Kpome Toro, s moay4eHHS IIOJTHOHM KapTHHBI
SKCIIepHMeHTa Heobxomgumo o0b6ecIeduTb OJHO-
BpeMeHHYI0 BO3MOXKHOCTb IIOJIy4eHHUsI KaK BHUIEO-
n306paskeHUN, TaK U MHKpodpoTOorpadum B ycTa-
HOBJIEHHBle MOMEHTHl BPeMeHH C MaKCHMa/lbHBIM
paspemeHueM. Takue Tpe6oBaHHUSI HaK/IaJbIBAIOT
OrpaHUYeHHUSI Ha BBHIOOpP Kamepel U popmat Iepe-
DAYy JAHHBIX.
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from static light scattering in a wide range of
angles.

The analysis of data extracted from video and
photo images is one of the most common and
relatively simple methods for analysis of the colloids.
It provides an opportunity for study of changes in
the colloid system structure, in particular colloidal
crystal growth from the initially homogeneous
suspension, arrays of aggregates or fractal gel [12].
The information obtained from the images allows to
evaluate the rate of these processes and to determine
the type and the general features of the structures
formed. All this requires the use of high-speed
camera with high optical resolution since lateral
size of structures formed in colloid suspensions lies
beneath tens of micrometers. The characteristic
times of formation of structures, especially at the
initial time of the process can be of up to hundreds
of microseconds. Moreover, simultaneous video
and microphotography capturing in the certain
moments with maximum resolution allows to
obtain maximum of experimental results. These
constrains determine the choice of the camera and
the format of data.

Static light scattering method is based on
detection and subsequent analysis of angle
distribution of intensity of the scattered light
after it passed through the sample. The analysis
of the scattering indicatrix and the ratio between
unscattered and scattered light provides information
about the concentration of the suspension and
the phase transitions that are proceeding in the
sample.

When the concentration of the suspension
under study is relatively low (less than 0,01%)
only one scattering event occurs (in comparison
to multiple scattering in highly-concentrated
suspensions). In this case Mie or Fraunhofer model
can be applied to determine particle size from the
indicatrix of the scattered light. For monodisperse
suspension its indicatrix has specific structure
(Fig.1(1,2)) determined by particle size. However, in
polydisperse suspensions features of the indicatrix
become less prominent and analysis of the particles
size requires an additional algorithm that allow
to obtain the information about particle size
distribution.

THE SCHEME OF MEASUREMENTS

Study of colloid suspensions by static light
scattering method requires the complicated optical
scheme that allows detection of scattered light
with high dynamic range in different directions
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MeTom cTaTu4eckoro pacces-

HHS CBe€Ta OCHOBAH Ha H3Mepe-
HHHU VYIJIOBOIO pacIiipenejieHus
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MHTEHCUBHOCTH  pacCesHHOIO
JIa3epPHOr0 HU3Jy4YeHHs IOoCe
ero IMPOXOXKJAeHHS uepe3 HCCIIe-
nyeMmbli obpasell. AHalIH3Hpys
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0c06eHHOCTHU CTPYKTYypbl HHAU-
KaTPHUCBl paccessHHS, a TakKxke
OTHOLIeHHe HMHTeHCHBHOCTH pac-
CeSHHOIO H3JIy4eHHUS K HHTeH-
CHBHOCTH ero HepacCeaHHOU
JONH, MOXKHO IONY4YUTh LAaHHBIE
0 KOHLIeHTPallMH YacTHIL, U Ipo-
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TeKaHUH $pa30BBIX IIEPEXO/IOB.
IIpy [OCTaTOYHO MajoOH KOH-
LHeHTpalluU dHa/IHU3HUPyeMBbIX
cycnensun (meHee 0,01 06.%)
BBIIIOJIHSIETCS YCJIOBHE OFHOKPAT-

MHTEHCMBHOCTD, OCH. eA. / Intensity, arb. units
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HOT'0 paccesiHUS CBeTa. JTO [103BO-
7sleT BOCIIO/Ib30BaTbCA TeOpHeH
paccesHus Mu unu dpayHrodepa
[13] myist pacyeTa pa3MepoB YaCTHL].
JIs1 MOHOOHCIIEPCHBIX CYCIIeH-
3UM MHAWUKATpUCa PpacCesHUI
HMeeT XapaKTepHYI0 CTPYKTYpy
(puc.l, KpuBble 1 U 2), KoTOpas
oIpejenseTcs Pa3sMepoM YacTHII.
I TOonuAUCIepCHBIX obpas-
LIOB CTPYKTypa MHIUKATPUCH
crnaxkuBaercs (puc.l, KpuBas 3),

Puc.1. VIHdukampucbl paccesiHus ceema Ha 4acmuuax pasHblx pazmepos (3awmpu-
XO0BAHHble 06AACMU COOMBeMCMaym CeKmopam Y2108, 8 KOMOpbIX NPOB0ASIMCs
usmepeHus pomonpuemHol cucmemoti HA "[ucnepcus”): 1u 2 - pac4emHvie
UHOUKampucbl 0As1 MOHOOUCNEPCHOU cycneH3uu ¢ pasmepamu yacmuu, 1u 10 mkm;
3 =045 noAudUCNepcHO20 06pa3zua co cpedHUM pasmepom 4acmuy, 25 mKm

Fig. 1. Light scattering indicatrices for particles with different lateral size. Tand

2 - calculated indicatrices for monodisperse suspensions of 1and 10 um particles,
respectively; 3 - for polydisperse system with mean particle diameter of 25 pm.

The crosshatched regions corresponds to range of scattering angles accessible by

IS "Dispersia” detectors

30 35

Yron paccesHus, °/ Scattering angle, °

M, YTOOBl MONYYUTh QYHKIIHIO
pacrpefieleHHs 4acTHI, II0 pa3MepaM, Tpebyercs
HCII0/Ib30BATh OIIOTHUTE/IbHbIE aJITOPUTMBI.

CXEMA U3MEPEHUN

HccnenoBaHue KOMJIOMIOHBIX CYCIIEH3UH METOLOM
CTaTHUYeCKOro paccessHUsl CBeTa TpebyeT HCIIONIB30-
BaHHS JOCTATOYHO CJIOKHOM OITHUYECKOH CHUCTeMBI,
[103BOJISIFOIEN PerHUCTPUPOBATh HHTEHCUBHOCTD pac-
CeSTHHOTO M37y4YeHHs B 6OJBIIOM AHMHAMHYECKOM
IUara3oHe U MaKCHMaJbHO IIMPOKOH 0671aCTH yI/IOB
paccessHus. ONTHYeCcKas CxeMa [JJIs HUCCIeOBaHMUS
KOJUIOMJHBIX CYCIIeH3MI Ha OCHOBe MeTo[a CTaTH4e-
CKOTO paccestHHS CBEeTa, a TaKsKe IOJYUYeHUsS BHUEO0-
u dborouszobpaskeHUH, peanuszoBaHHass B HA "[uc-
nepcus’, IpeJCcTaBieHa Ha PUC.2.

VICTOUHHUKAMU 30HIMPYIOIIEr0o U3Ty4eHUs SIBIISI-
I0TCS. TPU JUONHBIX JIa3epa, ABa U3 KOTOPHIX, C IJIU-
HaMH BOJIH A=445 HM U A=660 HM, o6beqHHEHBI
B IIepBBIM OJIOK M3/7ydaTeslel M HAIIpaBJIeHbl Ha
KIOBETY ¢ 06pasiioM Iofi HeGOMTBUIUM YIJIOM, YTOObI
n3bexkaTh 0OpaTHOro oTpaskeHUs. H3nydeHue nase-

with minimum aberrations. The optical scheme
for analysis of colloid suspensions on the base of
static light scattering that is realized in scientific
instrument "Dispersia” is shown in Fig.2.

Three diode lasers are used as light sources.
Two lasers, with wavelengths A=445 nm u A=660
nm, are combined together by the dichroic
beamsplitter and directed onto the cuvette tilted
by ~1° in order to avoid the backscattering. We
use as a light sources fiber-coupled diode lasers.
Single-mode fiber plays the role of spatial filter,
making laser beam profile nearly equal to the
Gaussian beam. The radiation from the third
laser (with wavelength A=445 nm) is directed
at the angle of 37° relatively to the first two
lasers what leads to widening of the range
of angles at which the scattered light can
be detected. This allows one to obtain more
correct information about size distribution in
the studied sample since accuracy of the size
distribution calculations determined by range
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POB [IOCTaBJISIeTCS 10 OJHOMOZOBOMY OIITOBOJIOKHY,
KOTOpOe OJHOBPEMEHHO C/Iy>KHT IIPOCTPaHCTBEH-
HBIM OQHU/IBTPOM M obecriedmBaeT KadecTBO JIyd4a,
6/113K0e K rayCcCcoBy.

Jlyu TpeTbero ynasepa (A=445 HM) HaIlpaBJeH II0O[
yIJIOM 37° OTHOCHUTEJIBHO OCH XOJa JIy4deH IIepBBIX
IBYX JIa3epoB, YTO II03BOJISET yBeJIHUMUTh AHaAIla-
30H YIVIOB PerMCTPAallMK PacCesiHHOIO H3/y4eHHS.
9To obecreunBaeT BO3MOKXHOCTb IIONY4YUTH 6onee
KOppeKTHBbIe pe3yJbTaThl U3MepeHUM, TaKk KaK IIpe-
IieJl TIOTPelIHOCTH pe3yIbTaToB 06paboTku m3Mepe-
HUU BO MHOIOM OIlpefie/isieTCsl BeIMYMHOM ceKTopa
YIJIOB paccesiHUs. [JMaIa3oH yITOB, B KOTOPOM peru-
CTPUPYeTCsl paccesiHHOe H3/lydeHHe, IIpe/CTaBlleH
Ha puc.l.

Ilocsie MpoXOXKAEHUs 4depe3 KIOBETY 4YacThb 30H-
OUPYIOLIEro M3JyueHHUs] paccedBaeTCsi U perucTpu-
pyeTcs MaTpULaMH GOTOINPHEMHOIO YCTPOMCTBA
(1103.9), a ocTaBIIAsCS YaCTh IoNafaeT Ha GOTOLHOL
(1103.11), peruCTpUPYIOM NI HUHTEHCUBHOCTh Hepacce-
SHHOTO HU37y4YeHHs. COOTHOIIEHHe MHTeHCHUBHOCTU
M3JIy4YeHHUs [0 M II0C/Ie PAacCesiHUs IIPH H3BECTHOM
pa3Mepe 4acTHI] [103BOJISIET ONpelle/IUTh KOHLIEHTpa-
LIMIO CYyCIIeH3HUH.

CxeMa HM3MepeHHUsI OCHOBAaHA Ha HCII0/Nb30BAHHUU
NpUHIMIA 06paTHOM onTUKU Pyphe, IPU KOTOPOM
Ha obpasel] MafaeT CXOASLMIMHICS IIY4YOK HU3/TydeHHUs,
dopMupyeMBI COOHpPAIOMIMMU JHH3aMHU (1103.6,7).
3a c4eT 3TOro M3jlydeHUe, paccessHHOe IIOf, OfHHa-
KOBBIMHU YIJIAMH Pa3HBIMHU YacTHLIAMH, cobrpaercs
B OJHOH TOuKe GOTOIpHeMHOro ycTpoucrBa (QIIY),
BHE 3aBUCHMOCTH OT KX IIPOCTPAHCTBEHHOIrO PacIio-
JIO’KeHHU S B 3KCIIepHMeHTaJIbHOM KIoBeTe.

OnHHM K3 Hanbojee BasKHBIX 3/IEMEHTOB CXeMBbl
H3MepeHUs sBIseTcsl GOTOIpHEeMHOe YCTPOMCTBO,
obecreunBamollee PerMCTPALiMI0 KapTHHBL pacce-
SHUS H37y4eHUS B TpebyeMoM AHaIa3oHe YIJIOB
C BBICOKMM paspemenuem. OIIY HA "Nucnepcus’
peann30BaHO Ha OCHOBe BOCBMH (GOTONpPHEMHBIX
MaTpull (CM. PHUC.2). B KauecTBe 1€TeKTOPOB HCIIONb-
3ytoTcss KMOII MaTpHULBl CePUHMHOIO IIPOM3BOACTBA
C pasMepoM IHKcesna 5,86 MKM M PpaspelleHHeM
19201200, 4TO I03BOJISIET IIOJYUYUTh BBICOKOE YIJIO-
BOe paspellleHHe H3MepsieMON KapTHHBI paccessHHUs.
Hcrnonp3oBaHHe TaKHUX MAaTpHIL [aeT JONOTHHUTENb
HOe IIPeHMMYIIeCTBO ~ BO3MOXKHOCTb HCIIOTb30BAHHUS
IIpoLleAypHl aIIapaTHOro OMHHMHIA Pa3IMYHOMN
KPaTHOCTH, obeclleyMBaOLIell yBeJIHYeHHe 4YyB-
CTBUTEJIBHOCTH B pe3yjbTaTe CyMMHUPOBAHUS 3aps-
IOB C COCeITHUX ITHKCeTeH.

[TocKOJNBKY [JIsi YacTHL, MaJblX pa3MepoB
(mo 1 MKM) MHTEHCHUBHOCTb PAaCCesSIHHOTO HU3/1y4eHH s
Majaa, a KapTUHa pacCessHUS MOXKeT PeTHCTPHPO-
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Puc.2. Onmuyeckas cxema HA "Qucnepcus”: 1- nazep
(A=660 Hm); 2 - nazep (A=445 HMm); 3 - Koaaumamop; 4 — dux-
pouyHebili ceemodeaumens; 5,10 - 3epkaaa; 6, 7,12 = AUH3bI;

8 - ktoeema; 9 - mampuua GomonpuemHo20 ycmpolicmada;
11-¢omoduod

Fig. 2. Optical scheme of the "Dispersia” scientific instrument:
1-laser with wavelength 660 nm; 2 - laser with wavelength
445 nm; 3 - collimator; 4 - dichroic filter; 5, 10 — mirrors;
6,7,12 - lenses; 8 — cuvette; 9 — photoreceiving matrix;

11— photodiode

of angles of detection. Angle sectors of scattered
light detection by multi-element sensor of IS
"Dispersia" are shown on Fig.1.

After passing the cuvette, the transmitted light
is partially scattered and detected by matrices of the
photoreceiving system (Fig.2, Pos.9), whereas the
intensity of the unscattered part of laser radiation
is detected by the photodiode (Fig.2, Pos.11). The
ratio of scattered and unscattered parts allows
to estimate the concentration of the analyzed
suspension assuming that the lateral size of the
particles is initially known.
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BaThCs C MaJIBIM IIPOCTPAHCTBEHHBIM pa3pelieHueM
(puc.1l, kpuBas 1), To B JaHHOM C/y4ae HY>KHO 3aja-
BaTh OMHHUHT OONBIION KPAaTHOCTH, YTO IIOBBIIIAET
COOTHOIICHHEe CUTHAJI/IIYM M II03BOJISIeT PACIIHPUTh
OIUHAMHYeCKHH [HAala30H MaTpul. HamnpoTus,
B CIy4yae 4acTHIL ¢ 6oapmKMU pa3MepaMHu (10 MKM
1 6ojlee) MHTEHCHUBHOCTb PAaCCeSIHHOTO H3/IydeHHSs
HaMHOTO BbIIIe X IPUXOJMUTCS Ha MaJIbIA IPOCTPaH-
CTBEHHBIH Yros BOIM3U ONTHYeCKOH ocH. IIpu 3TOM
TpebyeTcs BBICOKOE yIJIOBOe paspelleHHe [JIsi TOTO,
4TOOBI 3aperdCTPUPOBATh BCe XapaKTepHble ocobeH-
HOCTH IIPOCTPAHCTBEHHOM KapTHHBI PacCCesTHHS.
Kpome Toro, peryanpoBKa OMHHHHTA MaTpHL, Ha
arnrmapaTHOM YpOBHe II03BOJIsIeT ONTHMMH3HPOBAThH
IIOTOKHU JaHHBIX.

Martpuiisl QITY IOAKII0YAIOTCS K YIIPABJIAIOLIEMY
KOMIIbIOTepy IIo HHTepdericy RS-485 c mcmonb3o-
BaHMEM IJIaThl PaCUIMpPeHMsI, KOTOpas I103BOJSET
Iapajje/jbHoO II0Jy4aTh BOCEMb IIOTOKOB JaHHBIX
IIpX HU3KHUX KaJPOBBIX CKOPOCTSIX U C OOJIBIIOM 3KC-
nosuuyer. IIpH HCHONb30BAHHUK MHHHMAJIBHOIO
OMHHMUTA U YaCTOTe OT 2 KaipOB B CEKyHAY CKOPOCTh
6MTOBOrO MOTOKA C Kaxkaoro ®IIY 6yneT HaxOMUTLCS
B Ipefienax go 8 M6ut/c. MeHHO IO 3TOM IIpHU-
YMHe JOIyCTHMO KMCII0/Ib30BaHKMe HU3KOCKOPOCTHOIO
[IOMeXOYyCTOMYHBOr0 IIPOCTOrO B aIMapaTHOM pea-
JIH3aL U HHTep(befIca nepemavyud OaHHBIX RS-485.
YiopasieHue BceMH BoceMbio @IIY ocyimecTBisgercs
mo obmemMy ympabisiolieMy KaHasy, Takyke Opra-
HH30BAaHHOMY IIOCPeICTBOM HHTepderica obMmeHa
RS-485.

Jisa mosiydyeHMs LUBETHBIX BHJIeO- U (POTOM30-
OpaskeHHUM HCCIefAyeMBIX CUCTeM B HA "Iucmep-
cus’ HCIONB3yeTCsl BHIeOKaMepa C HHTepdercom
GigE Vision. [lns mepemadyy BH/EONOTOKA HKCIIOJb-
3yeTcst ckaTHe 6e3 moTeps komepoM JPEG-LS. Vmpas-
7eHHe BUJeOKaMepoH U Iepefada CXKATOro IIOTOKA
BUIEOMAHHBIX IIPOHMCXOJUT IIOCPEACTBOM IIPOTO-
Kona UDP (user datagram protocol). CkopocTs 6uTO-
BOI'0 II0TOKAa C KaMephl IpH paspemeHuun 1920x1200
M 4acToTe 25 KaJpOB B CeKyH/Y HaXOAUTCA B AHaIla-
30He oT 265 10 890 MOUT/C B 3aBUCUMOCTH OT UHPOP-
MalMOHHOI'O HAaIlOJIHeH M.

KOMMOHOBKA HAYYHOW AMMAPATYPbI
"ANCNEPCUNSA"

Obwuit Bux HA "[ucnepcus” 6e3 BepxHeH IaHeIH
1 6GOKOBBIX CTEHOK IIpefiCTaBleH Ha puc.3. Bce
y3JIbl aIllapaTypbl CMOHTHPOBAaHBI Ha IIaTdopMe,
KOTopasi SIBJISIeTCS HeCyIIHMM 3JIeMeHTOM, obecIie-
YUBAIOIMUM He0b6XOOUMYI0 >KeCTKOCTh KOHCTPYK-
IIMH. B BepxHeM OTCeKe PacIIOaraloTCs 3/eMeHTHI
HM3MEPHUTE/IBHOM CXeMBbI, a Takke 60K BHOPOOIIOPEL

i g

Puc.3. Obwuti sud HA "ucnepcus”: 1- 6AoKu usayyamenel;
2 - mampuubl ®I1Y; 3 = modyab KOHMpPoAUpPYeMbiX 8UOP0B03-
deticmesuti Ha obpaseu; 4 - sudeokamepa, 5 - nnamsl ynpas-
AeHust; 6 - ynpasnsilowuli KoMnbromep; 7 — 6eHMUASIMOopbI
cucmembl 0xAax<oeHusi; 8 — Hecyuiasi naamegopma

Fig. 3. Composition of the "Dispersia” scientific instrument:
1= collimation optic modules; 2 - photoreceiving matrices;

3 -module of controllable shaking of the sample; 4 - camera;
5 - control board; 6 - main operating computer; 7 - cooling
fans; 8 —vibration-isolated platform

The scheme of the device is based on reverse
Fourier optics. The sample is illuminated not by
collimated but by converging laser beam formed by
system of convex lenses (Pos.6,7). As a result, light,
scattered at certain angle by different particles from
different parts of the volume of cuvette, converges
at a the same point of the matrix.

The photo sensor array is one of the most
important parts of measurement scheme that
provides the possibility to detect patterns of the
scattered light with high resolution in a wide
area of angles. The photo sensor array of scientific
instrument "Dispersia” consists of 8 complementary
metal-oxide-semiconductor (CMOS) matrices (Fig.2)
with 1920x1200 elements and pixel size of 5.86
pm. This allows to detect scattered light with high
angle resolution. Moreover, use of these matrices
provides additional advantage related to possibility
of applying of the binning procedure that increases
the dynamic range and the signal-to-noise (SNR)
ratio combining the signal from nearby pixels.
Since intensity of light, scattered by particles
with relatively small diameters (of up to 1 pm), is
significantly low and the indicatrix structure does
not demand high spatial resolution (Fig.1,1), a high
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(puc.4), KOTOpHIN IpefHA3HaueH [AJIs pa3MellleHUs
B HeM HCC/Ie/IoBaTe/lbCKOM KIOBEeThI M 6JI0KOB BHeII-
HHUX BO3JEHCTBUH. B HMKHeM OTCeKe pa3MelleHBbl
KOMIIOHEHTBI CHCTeMBI yIpaBleHHs U cbopa maH-
HBIX — YIIPaB/ISIOU U KOMIIBIOTED, MOLY/IHU IUTAHUS
U ympasneHus. KoHcTpykuus HA gomkHa obecrie-
YHUBaTh YCTOMYHUBOCTb K KECTKHM YC/IOBUSM TPAHC-
[IOPTHPOBAaHMUS Ha opbUTY, B IIepBYI0 ouepeb BUOpa-
uuaM. IIo3ToMy miaardopma C pasMelleHHBIM Ha
Hel 0bopynoBaHHEM 3aKpeIlIsieTcs BHYTPHU KOpIIyca
C TIOMOII b0 BUOPOH30THPYIOLIHX OIIOP.

Heo6X0oHMMOCTb CO3[IaHHSI B KIOBETEe 3JIeKTpHUe-
CKOTO M MAarHHUTHOIO IIOJIeM, HarpeBa HCC/IeyeMOMH
SKUAKOCTH, a TaKXKe HCIIOb30BaHHE ONTHUYeCKHX
MeTOJIOB HCC/IefIoOBAaHUS HaKJIaJblBaeT psif Tpeboa-
HHUI K MaTepHajlaM CTeHOK KIOBeTbl U KOHCTPYKTHB-
HBIM 0cCobeHHOCTSIM. OOIIMM BUI UCC/Ie0BaTeslb-
CKOM KIOBeTHl U 670KOB GOPMHPOBAHHUS BHEIIHHX
BO3/JIeHICTBHUI IIpe/iCTaBlIeH Ha puc.4. OKHa KIOBETHI
BBIIIOJIHEHBI M3 OPraHUYeCKOro CTeK/Ia, a OCTa/bHbIe
37IeMeHTbl KOHCTPYKIIUU U3 MoAhaMua. [Jis sKcIie-
PHMEHTOB, B KOTOPHIX IIpeJlyCMaTpHBaeTCs HarpeB
SKMAKOCTH, MCIIOJNB3YIOTCS KIOBETHl C [AIOPajieBoM
LIeHTPAJIbHOM 4acThio, obecreynBaloIlel Iepefady
TeIlJIa OT HarpeBaTe/lbHOIO 3JIeMEHTA depe3 CTeHKY
KIOBETHI.

CosmaHHe B KIOBeTe 37eKTPHUYeCKOro Imonsi obe-
crieyuBaeTcsi 670KOM, IIpeACTaBISIOIMUM C060i
ABe IJIOCKHe OOKIaJKH, pacIOJOKeHHbBIe CBEpXY
Y CHHU3Y KIOBeTHI (PHC.4, 1103.3), Ha KOTOPLIe I10JIaeTCsl
HaIlpsiKeHHe. MarHUTHOe IIojle CO3[aeTcsl KaTyll-
KaMH HMHAYKTHBHOCTH, Pa3MelleHHBIMHU II0 obe
CTOPOHBI KIOBeThl (puc.4, 1mo3.4). Harpes mpou3sBo-
OUTCS C IOMOIBI0 OMHYEeCKHX HarpeBaTe/IbHbIX JJle-
MeHTOB (puc.4, 1103.5). BubpanuoHHoe BO3/IeHCTBHE
Ha KIOBETy OKa3bIBAIOT C IIOMOIIBI0 BHOpOABHTA-
tens (puc.4, 1o3.7), MpefcTaBiasiomero cobou coine-
HOHU/JI, KOTOPBIM obecrieurBaeT Kavyarollee IBUKeHHe
BHOPOOIIOPEI BOKPYT OCeM, 3aKpeIlIeHHBIX B 9KpaHe
(puc.4, 1103.6).

CucteMma ympaBieHus U cbopa maHHBIX (CYCI)
HA "[lucnepcus” mnpencrtaBnsieT cob60i KOMIIIEKC
CIelMaJTM3UPOBAHHBIX AIlMlapaTHBIX U IPOrpaMM-
HBIX CPeACTB, IpelHa3sHAuYeHHBIX [/ obecreue-
HUSI TIHUTaHHEM M YIpaBleHHUs OQYHKIHOHAJIb-
HBIMH y3JIaMH COIVIACHO IJMKJIOTpaMMe, a TaKXke
cbopa M XxpaHeHHUS JAaHHBIX 3KcIlepuMeHTOB. CYC]]
HA "[luctiepcus’ nMeeT ABYXYPOBHEBYIO apXHTeK-
Typy. HukHun ypoBeHb CYCJ] mpelcTaBleH CHIIO-
BBIM MOJIy/IeM yIIpaBjeHMUs, KOTOPBIN obecrieunBaeT
KOHTPOJIb [IapaMeTpPoB IIPOLIeCCOB HAyYHOIO 3KCIIe-
PHUMeHTa U HeIoCpe/CTBeHHOe yIIpaBleHHe HCIION-
HUTE/IbHBIMH YCTPOMCTBAMH. MOAYIb yIpaBaeHHUSs
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Puc.4. Kiosema u dep>kamenb Krogembsl, obecnevusa-

rouw Ul KOHmMpoAupyemoe subpal,UuoOHHoe 8030elicmaue

Ha obpaseu;: 1- 8ubpoonopa; 2 - Kloeema; 3 — 06KAAOKU
6A0Ka NOAS 3AeKMPUYecK020; 4 — KamywKu 6A0Ka noAs
MA2HUMHO20; 5 — HazpesameAbHble 31eMeHMbl; 6 —3KPaH;

7 - 8ubpodsuzamenb

Fig. 4. Cuvette and the cuvette holder: 1- controllable shaking
of the sample mount; 2 - cuvette; 3 - conducting plates for
external electric field application; 4 — magnetic field coils;
5-ohmic heating elements; 6 - cylindrical protective screen;
7 - vibro engine

binning factor can be applied. On the contrary, in
the case of large particles (with lateral size more
than 10 pm) the intensity of the scattered light is
significantly higher but the indicatrix structure
is very fine within small angles of scattering. As a
result, detection of the scattered light pattern with
high spatial resolution is required in this case to
observe all its characteristic features. Furthermore,
the control of the matrices binning factor also
allows to optimize data flow rate.

The photoreceiver matrices are connected to the
main computer by RS-485 interface with use of
expansion card that provides possibility to collect
simultaneously the data flow from 8 matrices with
low frame rate and large exposition time. With the
frame rate 2 fps and the minimal binning, the data
flow from each matrix is within 8 Mbit/s. Slow but
noise immune and simple RS-485 interface can be
applied for this purpose. All matrices are controlled
by single control channel that is also based on data
exchange interface RS-485.

In addition the color video camera with GigE
Vision interface allows to capture video- and
photoimages of the sample. JPEG-LS encoder is used
to transfer video data compression without loss. The
camera is controlled by user data protocol (UPD) that
is also applied for transfer of the compressed video
data. Depending on the compression ratio, the bit
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BepxHero ypoBHs CYC]l mpencTaBiseT Coboi BBICO-
KOITPOU3BOAUTE/IBHBIN OJHOIIJIATHBIK KOMIIBIOTED,
IpefHa3HAYeHHBIN I yIIpaBjeHUs OJIOKOM H3Iy-
4yarenedl, GOTONPHEeMHBIMH YCTPOMCTBaMHU cbopa
OAHHBIX, OTPAbOTKH LIMKIOIPAaMMBI U HAKOIJIEHHUS
OAHHBIX BO BpeMs 3KCIlepHMeHTa. [ns oTtobpaske-
Hus rpaduyeckoro nHTepderca IporpaMMHOro obe-
cneuenus CYCJH u obeclieyeHUs BBOAA NJAHHBIX IJIs
yIIpaB/leHHUsI HCII0Nb3yeTCSd CEHCOPHBIM MOHHUTOP
C pasMepoM 3KpaHa 6,5".

BbIBO/bl

Hayunas annapartypa '[ucrepcyst”’ IpegHa3HadeHa
I/ ONTHYeCKUX HCCIeJOBAaHUK Pa3TUYHBIX KOJ-
JOMJHBIX CYCIIeH3MH B YCJIOBHSX MHKPOTPaBHTa-
LMY IIPYU NPHUJIOKeHUH BHEIIHUX BO3IEMCTBUI: Cl1a-
60ro 3/1IeKTPUYECKOT0 MK MArHUTHOIO IIOJNeH, IpHU
Bubpaluu M Harpepe. HayuHas ammaparypa I103BO-
JSleT UCCIe[0BaTh IIPOLIECCHl KOIOMAHON KPHUCTA-
NW3aL UK, MOJIHMMepHU3alliH, CIHHOLA/JIBHOIO pac-
maja, a Takke arperaliy U arjoMepalMy YacTHIL
IOUCIIEPCHOM Ga3bl B Pa3JIHMUYHBIX CYCIIEH3HSX, H3y-
YaTh 3aBUCHMOCTD XOfia IIPOLIECCOB OT BHELIHUX BO3-
IEHCTBUI C UCIOJb30BAHUEM OIITHUUYECKUX METOOB,
B YAaCTHOCTH CTATHYeCKOI0 paccesiHUs CBeTa U II0Jy-

i1

rate from the camera with 1920x1200 resolution and
frame rate of 25 fps is within the range from 265 to
890 Mbits/s.

ARRANGEMENT OF EQUIPMENT OF THE
"DISPERSIA" SCIENTIFIC INSTRUMENT
Fig.3demonstrates the arrangement of equipment of
the "Dispersia” scientific instrument. All elements
are mounted on the single platform that provides
the necessary stiffness of the whole structure.
The upper section mounted on vibration isolation
comprises the elements of the optical scheme and
(Fig.4) external influences equipment. The bottom
section contains electronics and data-storage
system. In order to protect the equipment from the
shock and vibration loads during transportation
to the orbit the main platform is suspended by
vibration isolation mounts.

Some restrictions for the materials used for
construction of the equipment arise due to presence
of external electric and magnetic fields, heating
of the sample etc. The cuvette windows are made
from transparent polymethyl methacrylate (PMMA)
whereas other elements - from polyamide. For the
experiments with external heating of the cuvette

PHOTONICS N28/68/2017 25



i1

YeHUs BUIEO- U poTon3o6paskeHU . [IpeioKeHHas
KOHCTPYKLIMSI aIllapaTypbl obecried4MBaeT yCTOMYHU-
BOCTB K BHEIIHHUM BO3/I€HCTBYIONUM GaKTOpPaM IIpU
BBIBeJIEHUHU Ha OpOUTY U mocieayonyio becriepeboi-
HyI0 paboTy Ha MKC.
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the duralimin frame instead of polyamide is used as
a central part of the cuvette, providing heat transfer
from the heating elements to the sample volume.
The construction of the experimental cuvette and
the equipment for application of an external fields
are shown on Fig.4.

Application of the external electric field on the
cuvette is provided by applying electric potential to
two flat plates located at the top and at the bottom
of the cuvette (Fig.4, Pos.3). External magnetic
field is formed by the inductance coils, located on
the both sides of the cuvette (Fig.4, Pos.4). Heat
treatment of the studied suspension is carried out
by the use of ohmic heating elements (Fig.4, Pos.5).
Controllable shaking of the sample is realized by
use of vibro engine (Fig.4, Pos.7) based on solenoid
that provide oscillating movement of the cuvette
around the hinges that are fixed in the cylindrical
protective screen (Fig.4, Pos.0).

The control and data system (CDS) of SI "Dispersia”
is based on complex of specialized program and
instrumental sources that realize power supply and
control for all functional elements as determined
by the experiment timeline as well as provides data
gathering and storage. The CDS in SI "Dispersia”
has two-level structure. The bottom level of CDS is
presented by power control module that regulates
parameters of the processes that proceed during the
experiments and controls executive systems. The
upper level of CDS is based on high-performance
single board computer thatis designed for controlling
lasers and matrices of photoreceivers, gathering
data, performing formed timelines and data storage
during the experiment. Graphical interface of the
CDS software and data input is provided by the use
of sensor monitor with size of 6.5".

CONCLUSIONS

Scientific instrument "Dispersia” developed for
studying of various colloid systems with the presence
of externalinfluencing factors, namely weak electric
and magnetic fields, heating and vibrations, in
microgravity is reviewed. The scientific instrument
under review provides opportunities for studying of
colloidal crystallization, polymerization, spinodal
decomposition and processes of aggregation of
dispersed phase and in liquid-polymer systems, in
the presence of the external influence. SI combines
the following methods: static light scattering,
and video and photo data capturing. The device is
robust in order to endure the harsh conditions of
transportation by the launch vehicle to the board
of ISS.





