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ATOMIC OXYGEN IN LOW EARTH ORBITS,
A RETROSPECTIVE REVIEW STUDY

The article presents a retrospective review of atomic oxygen (AO) research in low Earth orbit (LEO). The space environment of LEO
is a barrier to all satellites passing through it. Several of its constituent parts pose a great danger to satellite materials and subsystems.
Such orbits are convenient for remote sensing and experimental satellites. In order to maintain the operational level of spacecraft, it
is necessary to carry out thorough studies of the LEO environment and its components. AO, which is a hyperactive state of oxygen,
is considered one of the most dangerous components of the LEO environment. It can react with many materials and thereby change
the physical, optical and mechanical properties that affect the functionality of the satellite. To maintain the satellite in its orbit with a
certain margin of reliability, it is necessary to reduce the aggressive influence on it of the environmental components of LEO. Predicting
the impact of AO on materials that will be used in space ensures their correct selection. The work provides some recommendations for
the creation of AO facilities for testing materials exposed to the aggressive influence of the space environment.
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1. INTRODUCTION. Space technologies ben-
efit the Earth and human society in cases where they
can be used to solve some life-support problems and
gain experience in the use of planetary resources. In
combination with terrestrial technologies, they are
of undeniable interest both for the IT sector and for
business. It improves global resource management
and the protection of terrestrial resources.

1.1. Atomic Oxygen (AO). Atomic Oxygen is the
most reactive gas in Low Earth Orbits (LEOs). It may
affect the lifetime of the satellite or one or more of its
components. It is produced either by photo-dissoci-
ation or by decomposition of the oxygen molecules
O,. The formation of AO depends on the presence
of radiation of a wavelength shorter than 190 nm (es-
pecially the ultraviolet, UV, radiation) that has the
ability to break the bonds of O,.

Formation of AO occurs in the ionosphere by the
photo-dissociation of the O, using the UV radiation
in the LEOs as given by eq. 1 [1].

hv 0+0, 99 %,
o, (1)

0'+0, <<1%.

Production of AO occurs in response to cosmic
rays that cause the decomposition of the neutral at-
mosphere. AO represents 80 % of the total compo-
sition in the upper atmosphere (area at an altitude
of 200 to 800 km above the Earth’s surface) [2]. AO
exists, with different densities, in LEOs and HEOs
(Highly Elliptical Orbits), as summarized in Fig. 1
[3].

Among all atmospheric constituents in orbits be-
low 1000 km, AO is considered the most abundant
species. Fig. 2 shows the variation of density p in
cm—3 of atmospheric constituents with altitude 4
(km). The very high AO density is revealed in orbits
at altitudes of 120 to 700 km [4].

Variation of AO flux F, atom/(cm?s), with altitude
h, km, as in Fig. 3, shows an inverse relation between
AO flux and altitude, i.e., AO flux decreases with in-
creasing altitude [4].

At altitudes of 150 to 500 km, the AO density is
higher (107 to 100 atoms/cm?) than at altitudes
about 1000 km (102 to 10° atoms/cm?) [1].

1.2. AO and Solar Activity. There is a good coher-
ence between solar activity and AO densities since
the values of AO density and flux are higher during

Figure 1. Orbits having AO presence: / — Earth, 2 — perigee,
3 — apogee, 4 — altitude, 5 — LEO, 6 — highly elliptical or-
bit, 7 — ellipse focal point
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Figure 2. Variation of density p of atmospheric constituents
with altitude A
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Figure 3. Variation of AO flux Fwith altitude 4
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Figure 5. Photodissociation of molecular Oxygen
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maximum solar activity rather than in its minimum,
as follows from Fig. 4 [5, 6].

Although AO exists in LEO, PEO, and HEO, it
is predominant in LEOs (altitude <<1000 km). The
neutral oxygen atoms have a mean free path of the
order 104 m at 400 km, which means that the re-as-
sociation probabilities are very low [7].

Solar UV radiation (<< 190 nm) has enough en-
ergy to photodissociate O, forming free and hyper-
energized AO, as shown in Fig. 5 [3].

It was stated by [3] that the formation of AO in
LEOs occurs by the photodissociation of O, mol-
ecules. These molecules absorb the near solar UV
radiation and then dissociate into free oxygen atoms
O in the outer ionosphere (at altitudes higher than
80 km), as shown in Fig. 5.

The production rate of AO strongly depends on
solar activity and UV radiation. AO fluxes are signifi-
cantly related to the orbit and velocity vector of the
spacecraft, as well as the incidence angle of AO on
the surface. The reaction of AO with some materials

34

creates excited state (short-lived) species that emit
visible radiation near the incidence surface, forming
the glow phenomena as described in [§—11].

At altitudes between 180 and 650 km, the solar ra-
diation has enough energy to break the double bond
of O, to form AO with a very low probability of O,
formation, as shown in [11—13].

The AO flux depends on the solar activity cycle,
seasonal cycle, geomagnetic behavior, orbital al-
titude, and inclination. Due to the orbital speed of
spacecraft in LEOs (7-8 km/s), AO impacting energy
ranges from 4 to 5 eV [14].These energy ranges are
sufficient to break the chemical bonds of many ma-
terials that will lead to very high erosion rates in the
case of the outer surfaces of satellites [15].

If the orbital velocity of a spacecraft is 8 km/s
(related to the LEOs), it will be exposed to highly
energetic AO of about 5 eV energy. Exposure to AO
leads to a high erosion rate of materials such as or-
ganic films, composites and many polymers, as well
as extreme mass loss and changes in the physical and
chemical properties of the surface. These changes,
directly and indirectly, affect the functionality of the
spacecrafts and, thus, its lifetime [3].

1.3. AO and LEOs Environment. The space envi-
ronment is composed of many components such as
vacuum, pressure difference, radiation, solar and ga-
lactic cosmic rays, solar wind plasma, micrometeor-
oids and debris, etc. Each group of altitudes has its
own components or parameters. Fig. 6 shows all the
space environmental components distributed with
different altitudes from the sea level up to the HEOs.
It is clear that AO is more abundant in orbits with
altitudes of 180 to 800 km [16].

It is reported that AO is the main component of
the LEOs since it has a high corroding ability after
combining it with the outer surface materials [17].

The space environment of a spacecraft is the en-
vironment to which the spacecraft is subjected. Each
space environment has its own characteristics and
conditions, which control the target of the mission,
choice of materials, and construction of the space-
craft. There are four categories for the environment,
which are summarized in Table 1 [18].

1.4. Effect of AO on materials. The AO interaction
with the materials of the LEO satellite depends on
the type of AO [6]:
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Figure 6. Space environmental components in all altitudes

Table 1. Summary of four categories of environments

environment

Particulate
environment

Environment Inclusion
Neutral + It includes the residual atmospheric gas.
environment » [Itisreleased through decomposition or outgassing, emitted during thruster firing, or deliberately
vented from the spacecraft.
Plasma + Itincludes the ambient plasma (that is created by hypervelocity impact with the spacecraft surfaces).
environment Its components are corpuscular and electromagnetic.
Radiation

» Itincludes the ambient solar photon flux (that is reflected and emitted from the Earth).

+ It also includes electromagnetic waves (that are generated by the plasma environment) and photons
emitted from nuclear sources of the spacecraft - Electromagnetic interference (EMI) is generated by the
operation of spacecraft systems or arcing.

* The corpuscular radiation environment consists of the ambient flux of particles (Electrons, photons,
heavy ions, and neutrons) and any high-energy particles emitted by nuclear sources or reactors.

+ It consists of orbital debris, ambient meteoroids, and particulates (that are released by the spacecraft).
It results in the dust on spacecrafts surfaces and materials decompositions (by thermal cycling or
exposure to UV radiation)
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Except silver & osmius
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Organics
Polymers Tedlar,
Kapton, ...
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Nonmetallic
Inorganic

Si0,/Al, SiO,/Ag, ...

Optical Coatings
Gold, Platinum,
nickel, ...

Figure 7. Types of materials to be used in space technology
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1 — Thermal AO; the interaction with material and
degradation are a chemical process involving only
chemical bonding changes, as the covalently bonded
structure is broken apart, forming volatile products.

2 — Hyperthermal AO; impacts the material sur-
face at 8 km/s. It causes erosion and degradation of
organic polymers.

The interaction of AO with materials may form
oxides for most organic materials or form volatile ox-
ides at a continuous rate.

The interactions result in chemical composition
change, mechanical degradation, mass loss, thick-
ness loss, and/or erosion. Also, they generate a glow
phenomenon that affects the visibility of the satel-
lite’s optical system.

2. AO AND MATERIALS. Types of materials to be
used in space technology are summarized in Fig. 7.

AO may interact with materials via many mecha-
nisms. These mechanisms are described in three cat-
egories mentioned by [6, 19], as shown in Fig. 8.

Based on the different types of materials to be used
in space technology (Fig. 7) and the different mech-
anisms of AO interactions with different materials
(Fig. 8), some notes for the results of AO interactions
are summarized in Table 2.

The difference between different material samples
before and after exposure of MISSE 2 PEACE poly-
mers to the AO is shown in Fig. 9 [15].

Besides, the erosion of organic materials will cause
condensable gas volatiles, which in turn can lead to
the degradation and contamination of optical instru-
ments [4, 15, 20].

To compare erosion rates of different materials,
the efficiency of the reaction of AO erosion can be
measured in the volumetric loss per incident oxygen
atom, cm?3/atom.

Monte Carlo developed a two-dimensional model
for AO interactions to predict the erosion of an oxi-
dizable material under a non-reactive layer with an
opening in it. This Erosion is obtained by direct ar-
rival and by scattering inside the formed cavity [21].

3. AO PREDICTION. As an atomic species, O
hasn’t vibration-rotation spectra, but it has two fine
structure lines: one is centered near 63 mm while the
other is near 145 mm. The 63 mm line is optically
thick and isn’t observable in the upper mesosphere

and lower thermosphere (MLT) from space. The
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Figure 9. Pre-flight and post-flight photograph of the MISSE
2 PEACE polymers experiment tray

63 mm line was measured by rocket-borne instru-
ments [22] and by high-altitude balloons [23]. The
145 mm line is optically thin, but it requires com-
plex technology to be observed from a satellite. Thus,
there aren’t global observations of the O-atom con-
centration in the MLT obtained from direct observa-
tions of radiant emission from O itself [24].

When planning a space mission, especially in the
LEOs, much attention must be focused on the AO
and its erosion effects on the spacecraft’s materials.
For better understanding, NASA’s space environ-
ment and experiment branch carried out many stud-
ies to investigate the AO erosion effect on materials
in addition to the observable effects in ground-based
experiments. Many studies have focused on the ero-
sion depth of materials used in space [4, 25], and oth-
er studies have focused on the change of photoemis-
sion properties of materials [26, 27], and also some
studies have concentrated on modeling AO exposure
before and after the mission [28].

3.1. ATOMOX. Space Environment Information
System (SPENVIS; web-site: http://www.SPEN-
VIS.oma.be) provides the Atomic Oxygen Interac-
tion Model (ATOMOX) to evaluate the AO flux, flu-
ence and material erosion, based on reference atmo-
sphere and wind model. The models are summarized
in Table 3 [6]:

1. Mass-Spectrometer-Incoherent-Scatter
(NRLM-SISE-00).

2. Marshall Engineering Thermosphere
(MET-V 2.0).
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Table 2. Notes for AO interactions with different types of materials

Type of
material

Interactions with AO

Organic and
Polymers

Metallic:
Except silver
and osmium

Nonmetallic

Optical
Coatings

Thermal
coatings

» Polymers and other organics are among the most vulnerable materials when exposed to AO.

» Polymeric films may peel due to thermal cycling, which in turn opens new surfaces that can be attacked by AO.
» AO interaction with polymers leads to the formation of volatile oxidation products on the surface.

* Polymers with Cl and F have lower AO erosion yield.

* Polymers with O have higher AO erosion yield.

» AO interactions with change in surface texture will develop as the material oxidizes and becomes thinner.
» Surface texture can change the optical reflectance of material from specular to diffuse and increase the
solar absorptance of opaque materials. Surface texture can also be the cause of crack initiation or tearing of
thin film polymers

« Silver and osmium react rapidly and are generally considered unacceptable for use in uncoated
applications.

« Silver was used as a surface for a passive recording of the AO impact.

* Most alloys of aluminum have proven to be resistant to AO.

» Optical properties (solar absorptivity or thermal emissivity) may change due to AO bleaching or radiation
darkening.

* Interactions with AO result in mass loss due to outgassing

+ AO reaction efficiencies ranged from 0.4-2.3 x 10-28 cm3/atom for silicon oxides, magnesium fluoride, and
aluminum oxides.

* The most commonly used nonmetallic, inorganic material is Beta cloth.

« Itis afabric woven from fine quartz threads. It resists mechanical wear as well as AO and AO+UYV attacks.
» Both the Teflon and other materials can be eroded by AO and AO+UYV exposure.

» Glass generally resists the AO attack well.

« Many forms of Beta cloth are impregnated with Teflon or silicone-based materials to lubricate the threads,
so the fabric bends easily during handling without the threads abrading each other.

» Small decreases in reflectance were noted, except for MgF2-sapphire over silver, which had noticeable
degradation.

* The performance of most optical systems depends on coatings of various types.

* While most glasses generally resist AO erosion well, their coatings can be highly vulnerable.

» Erosion of reflective surfaces could greatly roughen the mirrors which must reflect X-rays at grazing
incidence angles.

» The samples of fluorides of magnesium, calcium, and lithium plus sodium salicylate, a luminescing
phosphor, showed no significant loss, but the sodium salicylate showed significant surface roughening and a
50-percent decrease in VUV luminescence.

» The camera comprises nested grazing incidence mirrors with filters — such as carbon, beryllium and
aluminum-bonded to a Lexan substrate.

» To protect the wide-field camera’s filters, several protective coatings were investigated before boron
carbide was selected.

» Defects were observed on all reflective surfaces except SiO2/Al where a small decrease in reflection was
measured

» The Chem-glaze and Aero-glaze families of paints are widely used in various spacecraft applications.

» Ceramic-based paints, such as Z-93, were found to be quite durable in the space environment, but these
paints have their own problems with molecular contamination absorption and difficulty in applying.

» In general, thermal control coatings with organic binders such as polyurethane should not be selected
for long-term AO exposure. These binders degrade, leaving only pigment particles which then become a
contamination hazard.

* A zinc oxide with potassium silicate binder. It varies from Z-93 with finer zinc oxide particle size and a
pigment-to-binder ratio adjusted for lower solar absorptance; exhibited no color change or surface texturing;
slight quenching of fluorescence was noted.

« Zinc ortho-titanate with potassium silicate binder. It was formulated similarly to zinc oxide developmental
paint; no color or surface changes; black light fluorescence did not appear to change.

* Doped silica black ceramic paint, which did not appear to be affected by exposure.

38
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Table 3. Comparison between ATOMOX models

Model Ionlospheric Description Shortcoming
ayers
NRLMSISE All Empirical None
MET-V Thermosphere Semi-empirical The altitude range between 90 km and 2.500 km
Lower & Upper
(90—150 km)
IR12001 E-Region Empirical Overestimation of electron densities in the upper
topside (from about 500 km above the F peak upward)
DTMB78 Thermosphere Thermopause temperature | Not representative of low solar activity condition due
model and an analytical to the dataset used, which in turn causes uncertain
temperature profile predictions during low solar activity
NeQuick v2.0 E, F1, and F2 Semi-empirical Only electron as an ionospheric / atmospheric
constituent

Table 4. Fast Atomic Oxygen Testing Facilities — Development Efforts

Organization Location AO AO Formation FAO Flux formation/delivery rl:reliee_s

Jet Propulsion Lab Pasadena, CA Ton source Electrostatic acceleration/ laser [31]

Jet Propulsion Lab Pasadena, CA Pulsed laser breakdown in Detonation / blast wave expan- [32]
O,/laser Cont. sustained plasma | sion through a nozzle

Los Alamos National Los Alamos, NM | Cont. plasma — induced break- | Detonation / blast wave expan- [33]

Laboratory down sion through a nozzle

NASA-Langley Re- Hampton, VA Oxygen dissociative adsorption | Electron-stimulated desorption [34]

search Center 9 diffusion through AG

NASA-Lewis Research | Cleveland, OH | lon source Ion flux [35]

Center

NASA-Lewis Research | Cleveland, OH | Microwave plasma Electrostatic acceleration [36]

Center

Physical Science Inc. Andover, MA Pulsed laser breakdown in Detonation / blast wave expan- [37]
O,/laser Cont. sustained plasma |sion through a nozzle

Princeton Plasma Princeton, NJ RF plasma source Electrostatic acceleration / [38]

Physics Laboratory neutral on a biased plate

Toronto University of | Downs view, On- | Microwave plasma in He/O, Expansion through a skimmer [39]

9Aerospace Institute) tario, Canada

10 | Zhukovskij Central Avi- | Moscow RF arc discharge plasma in Expansion through a skimmer [40]

ation Institute - TSAGi He/O,

Inst. Nuclear Physics, | Moscow Oxygen plasma by spark dis- Electrostatic acceleration / ion [41]

MSU charge deflection

3. Drag Temperature Model (DTMB78).

4. International Reference Ionosphere
(IRI2001) — (IRI is now outdated. It is functioning
since 2020).

5. NeQuick Ionosphere Electron Density Model
(NeQuickv2.0).

4. AO FACILITIES AND EXPERIMENTS.
Based on the importance of AO and its effect on sat-

ISSN 1561-8889. Kocmiuna nayka i mexnonoeis. 2023. T. 29. No 2

ellite materials, it is recommended to provide many
facilities to simulate, investigate, analyze, test, and
manufacture, practically, the behavior of AO interac-
tions with all materials that can be used in all space
technology purposes.

AO facility, generally, consists of type, mode and
principle of operation, AO formation method, AO
flux formation/delivery, mode, thermal vacuum
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Table 5. The Main Types of FAO Sources in LEO Space Environment Simulation Facilities Worldwide

Type, mode and

FAO Flux

Energy of

Flux density,

Flux

fo\va:n:e, principle AOI\l;OIhma;ion Formation/De- Mode | atomic O, cm 27! structure, Refe-
atitiation of operation etho livery eV cont/pulse % rences
1| MSFC (USA) Elec.-phys., | RF plasma Flec. accel., |Pulsed |5 5% 1015 0-10% [42—
pulse, plasma, plate neutr. / + VUV 44]
rech. Scattering (-200ES)
2| PSI (USA) Gas-dynamic, | Laser breakdown | Detonation/ | Pulsed | 1-16 5x1015/10'7| 0,/0 [45—
ESTEC (Netherlands) | pulse, laser in O,/Laser sus- | blast wave in 10/90 49]
NASA JPL (USA) tained supersonic (+uv/
CERT-ONERA, plasma nozzle VUV)
(France)
3 | Montana State Uni- Gas-dynamic, | Laser: break- Detonation/ | Pulsed | ~5 ~10M4 0,/0 [50]
versity (USA) pulse, laser down blast wave in ~60/40
in O,/ sustained | supersonic
plasma. nozzle
4 | LANL (USA) Gas-dynamic, | Laser breakdown | Detonation/ | Cont. |1-3 1016 Ar/0,/0 [51]
cont, laser Ar/0O, blast wave in 90/7/3
supersonic
nozzle
5|ITL/UTIAS Gas-dynamic, | Microwave Supersonic | Cont. |1-3 1017 He/0,/0 | [52]
(Canada) cont, UHF plasma, expansion 97/1/2
He/O,
6 | Zhukovskij Central Gas-dynamic, | RF arc dis- Supersonic Cont. |1-5 1016 He/0,/0 | [53]
Aviation Institute cont, HF charge, expansion 90/7/3
-TsAGi (Russia) He/O,
7 | SOREQ NRC (Israel) | Electro-phys, |lon source Electrostatic | Cont. |30-50 1014 0-100 [54]
cont, ionic accel. /decel.
8 | Kobe Univ. (Japan) Gas-dynamic | Laser breakdown | Detonation/ | Pulsed |4.5-5.1 (0.3...6.5)x | 0,/O [55]
pulse laser in O,/Laser sus- | blast wave in x1014 ~55/45
tained plasma supersonic
nozzle
9 | Inst. Nuclear Physics, | El-phys, cont, | Oxygen plasma | Electrostatic | Cont. |5-80 1016 0,/0 [56,
MSU (Russia) plasma +re- accel. / lon 15/80 571
charging deflection
10| Moscow Phys. Inst. Gas-dynamic, | Oxygen plasma | Shockwave/ | Pulsed |1-5 5%x1015/1018 0,/0 [58]
(Russia) pulse, spark by supersonic 2/98
spark discharge |expansion
in O,
11| Phill Lab, Cal. Univ. | Phys., diffu- | O, dissocia- Electron- Cont. |~5(4-6) |4.5x1013 0-100 [59,
(USA) sion - tion/ diffusion | stimulated 60]
desorption through Ag foil | desorption
12| Shanghai Univ, (Chi- | Electro-phys, | RF plasma Elec. accel., |Pulsed |6-20 2x1016 (NA) [61]
na) (2001) pulse(?), plate neu-
plasma, tralization/
recharging reflection
13| Beijing Inst. of Space- | Electro-phys, | ECR-based ion | Deceleration/ | Cont. |5-10 (NA) (NA) [62]
craft Env. ionic decel., source neutralization
Eng. (China) (1999) recharging
14| Lanzhou Inst. of Phys. | Electro-phys, | Microwave Electrostatic | Pulsed |5-10 4x1015 0-100(NA) | [63]
(China) (1998) plasma, re- plasma acceleration/ 0+<0.1%
charging plate neu-
tralization/
reflection
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chamber, and other accessories (sample holder,
quartz crystal microbalance (QCM), etc.

Many experiments are running to simulate the re-
sistance of some materials (especially polymers that
can be used in thermal control blankets) to the effect
of AO. MDM2 (Material Degradation Monitor 2) is
an experiment in which some materials were exposed
onboard the International Space Station (ISS) that
uses the Exposed Experiment Handrail Attachment
Mechanism (ExHAM) developed by JAXA. MDM?2
aimed at under standing surface reactions and deg-
radation of the samples used in the MDM at a given
AO fluence. In the MDM2, 16 samples of spacecraft
material were exposed at an altitude of 400 km from
May 26, 2015, to June 13, 2016, then returned for
analysis [29].

Table 4 summarizes the development efforts of
FAO testing facilities and Table 5 presents the main
types of FAO sources in LEO space environment
simulation facilities worldwide [30].

5. SUMMARY. AO is very dangerous atmospheric
constituent since it has hazardous impacts on satel-
lites and space technology of LEOs. It is formed by
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lentp cknagaHHs, iHTerpallii Ta TeCTyBaHHS! €TUMETCHKOTO KOCMIYHOTO areHTCTBa

Kaip, Apabcbka Pecniyoutika €rurier

2BinzineHHs pO3pOGKH CYTYTHUKOBUX CUCTEM, TEPMOKOHTPOJIIO i KOCMIYHOTO cepeoBuIIa
HartionanpHOTO yIpaBiHHSI 3 AMCTaHIIIITHOTO 30HIyBaHHS Ta HayK PO KOCMOC

Kaip, Apabcpka Pecriyoika €rumer

3MakynbTeT METEOpOJIOrii, aCTPOHOMIi Ta KOcMidHOro poctopy Kaipchkoro yHiBepcuTeTy
T'iza, Apadcbka Pecniybika €rurmer

ATOMAPHUI KUCEHb HA HU3bKKMX HABKOJIO3EMHUMX OPBITAX: PETPOCIIEKTUBHUM OIJIA

Y craTTi mogaHo peTpOCIeKTUBHUI OTJISII AOCIIIKEHb aTOMapHOro KucHio (AO) Ha HU3bKUX HaBKoJ103eMHUX opoOiTax (LEO).
Kocmiununii nmpoctip LEO € nepenikonoro st BCiX CyMmyTHUKIB, Ki nepedyBaoTh B HboMy. KibKa iforo ckjiaioBux 4acTuH
CTAHOBJIATH BEJIMKY HeOe3MeKy JUIsi MaTepialiB i MiACUCTeM CYITyTHUKIB. Taki opOiTH 3py4Hi /151 TUCTAaHUIAHOTO 30HyBaHHS
Ta eKCIePUMEHTAIbHUX CYMYTHUKIB. ISl MiATPMMKU piBHS Tpale3qaTHOCTI KOCMIYHUX arapariB HeOOXiTHO BUKOHYBATU
peTenbHi AochimkeHHs1 ctaHy cepenoBuiia LEO Ta itoro kommoHeHTiB. AO, aKuii € TrinepakTUBHUM CTAaHOM KHCHIO,
BBaXKA€EThCSI OJHUM i3 HaliHeOe3nmeyHilmx KoMnoHeHTiB cepenosuiia LEO. BiH Moxke pearyBatu 3 6araTbMa maTepiajgaMu i
TUM CaMUM 3MiHIOBaTU (hi3UYHi, ONTUYHI Ta MEXaHiuHi BJIACTUBOCTI, 5IKi BIUIMBAIOTh HA (DYHKIIOHATBHICTb CymyTHUKA. JlIst
MiATPUMKU CYIMyTHUKA Ha Ooro opOiTi 3 MEBHUM 3aMacoM HaAilHOCTI MOTPiOHE 3MEHILIEHHSI arpeCUBHOTO BIUIMBY Ha HbOTO
exosoriunnx komrnoHeHTiB LEO. [NpornosyBanns BrmuBy AO Ha marepianu, sKi OyayTb BUKOPUCTOBYBAaTHCS B KOCMOCI,
rapaHTye iXHili MpaBWIbHUI BUOip. B poO0Ti HamaroThes nesiKi peKoMeHAAallii 100 CTBOPEHHS ycTaHOBOK AQO 11l TeCTyBaHHS
MarepiaiB, 1110 TiAIaThCI arpeCUBHOMY BILIMBY KocMmiuHoro cepenosuina LEO.

Karouoei caosa: aromapHuii kuceHb (AO), HU3bKi HaBkosio3eMHi opoitu (LEO), Bukuam KopoHaibHoi Macu (CME), kocMmiu-
HE CEepeIoBUIIIE.
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