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Summary. During their operational time, spacecraft are exposed to numerous factors, which are specific
to the space environment. Spacecraft designing is a complex scientific and technical problem, which solution
necessarily requires taking into account the possible effect of these factors on the structural elements and systems
of the vehicle, including protective means in its concept and ensuring its functioning in the expected operational
conditions. This paper presents a review of the main space environment factors, which affects the spacecratft,
defines global trends in the protection systems’ development and substantiation of the perspective protection
system’s technical configuration.
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1. Problem statement. The relevance of the issue of substantiating the choice of
spacecraft’s components and equipping the vehicle with protection systems is determined by
the conditions and missions of the flight. Operational conditions of the spacecraft are
characterized by the impact of the specific factors of space environment (FSE), which largely
determine the requirements for the spacecraft’s structural characteristics. Spacecraft’s life cycle
includes, in addition to the stage of direct work in the space environment, also stages of
construction, preparation for launch and the launch itself, which definitely have their own
characteristics and factors that can affect the design of the vehicle. But it is the stage of work
in the space environment that is determined by conditions radically different from conditions
on Earth, which require deep research and special attention during the process of designing the
spacecraft, its systems and units.

The technical outline of the spacecraft and its systems, in addition to load conditions, is
greatly influenced by a number of conflicting requirements (Figure 1). These requirements may
be approximately divided into general, typical for most aerospace vehicles, and special,
associated with distinctions of the spacecraft's functioning.

Finding a successful solution for these scientific, technical and technological problems
involves the analysis and consideration of the available results of FSE research, modern
experience in the aerospace engineering field, as well as performing a new research in the
direction of finding a rational architecture of the spacecraft protection systems’ technical
configuration, modeling their work, substantiation of the best options.

2. Analysis of the known researches’ results. Experience of thermal design and
research of modern methods of spacecraft’s thermal protection is shown in studies [1-6, 17].

Experience in studying of space radiation impact and radiation protection is presented
insources [7—14, 17]. Studies [11, 14] also adverts to radiation impact on human’s health, which
is extremely important in the context of manned spacecrafts’ designing.

Designing of micro-meteoroids and orbital debris (MMOD) protection for the
spacecraft is discussed in details in the study [15]. Study [16] also analyses risk of high-speed
MMOD impact for the near-Earth manned and unmanned spacecraft. MMOD impact risk
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assessments, which is necessary for ensuring protection of the spacecraft’s systems and its crew,
were developed, planned and performed for the difficult missions beyond low near-Earth orbit
and in the interplanetary space. This study also presents results of development of the
ESABASE2/Debris software, ESA standard, as a tool for the MMOD impact analysis.
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Figure 1. Scheme of the requirements for the spacecraft

3. Goal of this article is to inform about the results of the analysis of main FSE, which
influence the spacecraft’s construction and systems, modern global trends of the development
of FSE protection methods for the spacecraft, substantiation of a rational architecture and the
main requirements for the aerospace systems’ protection. Specified technical outline can be
seen both in modernization and in the development of new designs for perspective aerospace
vehicles.

4. Research results

All of the FSE may be approximately divided into following groups:

I) specific thermal conditions — temperature range of +£150°C in the space environment
and over 1600°C during the atmospheric reentry;

1) high vacuum impact — pressure value in the space is near p = 108...10-12 Pa;

I11) electromagnetic and corpuscular radiation from the Sun (corpuscular, ultraviolet
and X-ray radiation), from the Earth (Van Allen radiation belts) and from the outer space
(cosmic rays);

IV) micro-meteoroid and orbital debris impact.

FSE may cause a negative impact to the durability and operating capabilities of the
spacecraft’s systems and structural elements, so providing their durability under space
environment conditions is necessary for the effective long-time operation.

In the spacecraft’s designing it is necessary to take into account the possible effects of
these factors on its systems and elements, to ensure, in particular: spacecraft’s appropriate
thermal design, maintenance of the thermal balance during operation; spacecraft’s proper
protection from the MMOD impact; spacecraft’s structural materials’ resistance to the high

ISSN 2522-4433. Bicnux THTY, Ne 4 (112), 2023 https://doi.org/10.33108/visnyk_tNtu2023.04 ..........ccoveervrermmrerrereineiennies 103



Substantiation of the protection system’s technical outline for the aerospace objects

vacuum influence, electromagnetic and corpuscular radiation, and other specific conditions of
the space environment.

4.1. Thermal protection systems. Thermal operational conditions of the spacecraft are
characterized by the heat exchange only in the form of thermal radiation, and are defined by the
following heat flows: 1) direct solar radiation; 2) solar radiation reflected from Earth (albedo
radiation); 3) thermal energy radiated from Earth (planetary radiation); 4) thermal radiation
from the spacecraft to deep space.

Also, aerodynamic heating is essential during the atmospheric reentry of a reusable
spacecraft. Spacecraft’s external surface temperature in the space is between +150°C, and it
may outreaches 1600°C during the atmospheric reentry. Operational temperature range of
spacecraft’s elements is the following: between £100°C for the majority of constructional
elements; between +50°C for electric drives and radio equipment; internal temperature of
electronic devices — below 70°C; temperature of crucial elements — 20+1°C.

Thus, to preserve the functionality of spacecraft’s systems, it is necessary to maintain
the thermal balance — the balance between the heat flows entering and leaving the spacecraft.

Thermal balance equation may be expressed as:

z m;c;dT; = (Qext + Qine) dt — Qrqqdt [W],

where m;, ci, Ti are known as, respectively, mass (kg), specific heat capacity (J/kg-K) and
temperature (K) of i-th constructional element of the spacecraft; Qex is the sum of external
thermal flows (W); Qint is the internal thermal flow of the spacecraft (W); Qrad is the radiation
from the spacecraft to deep space (W).

The sum of external thermal flows Qext may be expressed as:

Qext = As (Qsol + Qal) + Eprl + Qmol + Qrec [W]'

where Qsol, Qa are the flows of direct solar radiation and albedo radiation, respectively (W);
Qpi is the planetary radiation (W); Qmar is the thermal emission caused by molecular impacts
with the spacecraft (W); Qrec is the possible thermal emission caused by atomic recombination
on the radiator surface (W); As is the coefficient of solar radiation absorption by the external
surface of the spacecraft; ew is the blackness degree of the spacecraft’s external surface.

If the specific thermal flows from external sources gi (W/m?) are known, then respective
element Q; of the external thermal flows’ sum depends on spacecraft’s midsection area
directional to the respective thermal flow S, (m?) as:

Qi = qiSwi [W].

Internal thermal flow of the spacecraft Qint depends on its’ elements and systems
operational program, their amount and the energy consumption capacity N (W). For the
calculations, the maximum average heat flow Qint max from n spacecraft’s devices may be
expressed as:

n
Qint max = Z 1Ni [W]
i=

If the external surfaces of the spacecraft are covered with a heat-insulating coating, it
may be assumed that heat removal occurs only through the panels of the thermal regulation
system (Figure 2).

In that case, thermal flow from the spacecraft to deep space Qrad may be expressed as:
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Qrad = Qint max + Qext [W].

To keep the temperature of spacecraft and its elements within the operational range, the
active and passive thermal protection systems are being used.
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Figure 2. Model of the thermal flows and thermal protection systems of the spacecraft

4.1.1. Passive thermal protection systems. Passive thermal protection systems are
designed to provide more controllable heat input and output for the spacecraft. These systems
include:

1) multi-layer insulation (Figure 3) — construction of heat-reflecting thin sheets, which
mostly don’t have their own thermal emission, and interlayers between them,;

2) thermal protection coatings, which are designed differently to work properly under
different thermal conditions;

3) ablative thermal shields, which are being used to protect the reusable spacecraft from
the aerodynamic heating during the atmospheric reentry.
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Figure 3. Photo of the multi-layer insulation (a)

and calculation scheme of the thermal protection insulation (b)
Source (a): John Rossie of Aerospace Educational Development Program (AEDP), CC BY-SA 2.5 license

ISSN 2522-4433. Bicuux THTY, Ne 4 (112), 2023 https://doi.org/10.33108/visnyk_tntu2023.04 .........cco.cevrervrrrrrerreerreenrens 105



Substantiation of the protection system’s technical outline for the aerospace objects

Different types of thermal protection insulation are installed on the different external
areas of the spacecraft depending on the temperature that this element experiences during the
space flight and atmospheric reentry.

The principle of operation of an ablative heat shields is that the outer layer of the
insulation takes the thermal load and is blown away by the gas flow. That creates cooler
boundary layer around the surface and reduces heat transfer directly to the spacecraft. The
ablative coating may be thick enough to work for heat absorption and emission without
damaging, which make it partly reusable.

Based on the research, the main requirements of heat-resistant materials for perspective
aerospace vehicles have been formulated, which are the following:

1) high heat resistance;

2) the ability to dissipate a large part of the convective heat flow;

3) minimal thermal conductivity coefficient;

4) minimal thermal expansion coefficient;

5) minimal weight;

6) resistance to external climate influence.

4.1.2. Active thermal protection systems. Active thermal protection systems, or
thermal regulation systems, provide forced heat exchange between the spacecraft and its
environment through emission of excessive thermal energy. These systems contains:

1) thermal plates with heat-separating devices;

2) heat pipes (Figure 4), which act as heat transfer elements;

3) surface electric heaters for maintaining devices’ temperature;

4) heating radiators, which transfers thermal energy from heat transfer elements and
also maintaining devices’ temperature;

5) cooling radiators, which is necessary for heat dissipation into the outer space — they
are being installed on the part of the device that will receive the least amount of sunlight during
operation, with the normal direction into the open space.

(asing Z Wick Vapour cavity

figh Environment femperafure —————e— 0¥

Figure 4. Work scheme of the heat transfer element — heat pipe:
1) evaporating of the working fluid, 2) migrating of the vapour to lower temperature end, 3) condensing of the
vapour with releasing of thermal energy, 4) flowing of the working fluid to the higher temperature end

In order to reduce mass of the spacecraft m — min its devices and aggregates may be
installed on multifunctional body panels supported by heat pipes. These panels take external
loads and loads from the devices, provide heat transfer from devices and heat dissipation into
the outer space, and also may work as vibration dampers and anti-meteoroid screens.

In addition to the passive and active thermal protection systems, other thermal design
methods are being used, such as optimal layout of the spacecraft’s elements depending on the
expected heat distribution and selecting materials with proper absorption coefficients and
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blackness degrees in the configuration which provides the most appropriate estimated thermal
balance for the spacecraft.

In general, solutions for the spacecraft’s thermal design must be connected with other
design solutions for that spacecraft. Therefore, the solution to the problem of ensuring the
spacecraft’s systems thermal operational conditions has a significant impact on the choice of
other constructive solutions during its overall design.

4.2. Radiation protection systems. During the spacecraft’s operational time its
components require protection from electromagnetic and corpuscular radiation, which is
divided into:

1) corpuscular solar radiation;

2) electromagnetic solar radiation (ultraviolet and X-ray gamma radiation);

3) radiation of the Earth’s Van Allen belts (internal — proton radiation, external —
electron radiation);

4) cosmic rays.

The background radiation in space isn’t homogeneous. Potential radiation exposure
during the spacecraft’s operational time depends on the trajectory of the spacecraft, its position
relative to Van Allen belts in particular, time of its operation and solar activity during that
period. In general, flux of solar radiation energy, depending on distance between the Sun and
the spacecraft, may be expressed as:

Qo [ W
q(r) = r2 [cmz]'
where o = 0,14 W/cm? is the solar constant, equals the radiation flux received on the distance
of one astronomical unit from the Sun; r — distance to the Sun in astronomical units.

In the spacecraft’s structural materials and systems, radiation mostly impacts their
optical properties (transparency of the optical systems’ elements), mechanical properties of
plastics and elastic materials, electrical properties of conductive materials.

In order to protect the spacecraft and its crew from radiation influence, the following
methods are being used:

1) passive radiation protection — using the spacecraft’s covering materials, which stop
the penetration of radiation, and protective screens for radiation-sensitive optical elements;

2) active radiation protection — dissipation of radiation using electromagnetic fields;

3) medical reduce of the negative impact on the crew’s health;

4) reduce of the radiation damage on the spacecraft by optimization of its trajectory and
technical characteristics to accomplish the flight mission faster.

Passive radiation protection materials are characterized by the ability to disperse
directed radiation and the stopping power F of the material, which may be expressed as:

Zr

F—dEMV F~NZ F
= 4 MeV/em); F~NZp; —~7L,

dx

where E is the particle energy (MeV); x is depth of the material penetration by the particle (cm);
N is the number of molecules per unit volume; Zr is the atomic number of the material; p is the
density of the material (g/cm?); 47 is the atomic mass of the material.

The following concepts exist in the field of active radiation protection:

* electrostatic shielding — use of a powerful electric field to reflect radiation particles;

» plasma shielding — use of a magnetic field to catch charged particles, which creates
a plasma that induces an electric field to reflects incoming radiation;

* magnetic shielding — use of a powerful magnetic field to reflect radiation particles.
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4.3. MMOD protection systems. Micro-meteoroids and orbital debris may cause an
erosion on the spacecraft’s covering and its devices, optical elements in particular.

Damage of the spacecraft’s structural elements (an example is shown on Figure 5, [15]),
caused by MMOD, values by crater radius as:

r=KmV)"/3 [m],

where r is the crater radius after MMOD impact (m); m is the mass of the micro-meteoroid (g);
V is the micro-meteoroid’s movement velocity (m/s); K is the coefficient depending on the
micro-meteoroid and covering material, which may be approximated for calculations as K = 1.

Spacecraft’s covering endures the MMOD collision, if its thickness exceeds micro-
meteoroid’s radius r by 1,5...2 times, but reinforcing the covering enough to protect it from
MMOD impact causes unreasonable weight increase.

0 0en

Figure 5. Spacecraft’s structural elements impact damage due to 0,8 mm aluminum projectile at 7,1 km/s
(normal impact): a) damage before arc-jet test; b) damage after arc-jet test simulating reentry conditions
indicating burn-through

Instead, the following alternatives are possible:

1) using protective anti-meteoroids screens to catch MMOD and slow them down or
break them;

2) facing the vulnerable equipment opposite to spacecraft’s flight direction to reduce
risks of the MMOD impact;

3) doubling spacecraft’s equipment and systems, which may be damaged by MMOD,
to provide stable operation even in case of the main system disabling.

In addition, for the perspective spacecrafts is advisable to take into account the micro-
meteoroid impact detection system (Figure 6) [15].

Thin Film
(in tension)

PinDrop Fiber Optic Imx Imx 1 mm
Sensors Sensors Aluminum Plate

Figure 6. Micro-meteoroid impact detection system
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4.4. High vacuum impact protection. For the space environment, which is highly
rarefied, typical pressure value is near p = 107%...10"*2 Pa. High vacuum is defined as the
environment with the pressure below p = 10 Pa. Such environment is characterized by the
mean free path comparable with the spacecraft’s linear dimensions, and low return coefficient
Z, which is defined as ratio of the number of particles returning to the surface after evaporating
to the general number of evaporated particles. Accordingly, the main factor of the high vacuum
impact on the spacecraft’s construction consists in the increased mass loss, caused by
evaporation, sublimation and desorption of structural materials, insulations and lubricants. This
effect leads to the surface evaporation of the spacecraft’s materials.

Intensity of the surface evaporation depends on temperature and physical properties of
the materials (Table 1) [17].

Speed of surface evaporation S is measured in thickness units per time units and may be

expressed as:

S = 0,2466-106%\/¥ [cm/year],

where p is the vapour pressure of the surface material (Pa); p is the density of the surface
material (kg/mq); u is the molecular weight of the material’s gas phase; T is the environment
temperature (K).

Table 1

Speed of the surface evaporation

Material Speed of the surface evaporation at the specified temperature (in °C)
(chemical element) 0,1 um/year 10 pm/year 1 mm/year
Cd 38 77 122
Zn 71 127 177
Mg 110 171 233
Au 660 800 950
Ti 920 1070 1250
Mo 1380 1630 1900
W 1870 2150 2480

Calculated evaluation of the mass loss 4m;i caused by high vacuum impact is only
approximate, because intensity and specifics of the surface evaporation in the real conditions
may change depending on various factors (such as cleanness and quality of the surface material,
surface voltage).

In general, speed of surface evaporation for metal amounts to S = 10...10~% cm/year.

If thickness of surface evaporation reaches AS = 10~ mm, the material changes its optical
properties. Evaporation of about 0.5...1 mm affects the durability of the construction and may
cause damage to the spacecraft’s sections hermetic state. Surface evaporation is mostly actual
for materials of the spacecraft’s elements, which have high operational temperature and are in
direct contact with the external environment.

Materials such as molybdenum, graphite and tungsten are the most resistant to surface
evaporation, when cadmium and zinc are the least resistant. High vacuum impact for the
resistant materials manifests mostly in the surface cleanness change, which may cause breach
of the proper thermal conditions. In order to reduce the evaporation, external surfaces are coated
with protective films (oxide coatings, phosphate coatings).
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For the plastic materials speed of the surface evaporation is measured as a percentage of
the mass per unit of time, since the evaporation of plastics, unlike metals, occurs in all of the
material’s volume. Acceptable mass loss for plastics should not exceed 1..2% per year.
Evaporation deteriorates their durability properties, changes the value of electrical resistance
and optical properties. In general, plastic surfaces, which is supposed to contact with the
rarefied environment, are coated with the layer of metal, because plastics are noticeably less
resistant to the high vacuum impact.

Vacuum evaporation also occurs with surface contamination, which results in the
spacecraft’s external surfaces becoming cleaner. At the same time in the space environment,
due to its low oxidation potential, the formation of protective oxide films on the surfaces is
difficult. This leads to increased adhesion and cohesion of surfaces, which may cause blockage
and «cold weldingy in contact pairs.

Due to the fact that heat transfer in a vacuum is practically possible only by radiation, heat
exchange is difficult even between surfaces adjacent to each other —this is caused by small vacuum
gaps on the contact surfaces because of their roughness. Vacuum also leads to the development of
undesirable electrophysical phenomena (electrical discharges, breakdowns, leakage currents).

Based on research of the environmental factors’ impact on the spacecraft and review of
modern global trends [1-7], stages and procedures of the further research are stated. Further
research involves the substantiation of the choice of solution options for the reusable
spacecraft’s protection systems, the choice of design and locations of the passive thermal
protection system elements (thermal protection insulation of the spacecraft).

For the calculation substantiation of the choice of structural parameters for the
spacecraft’s perspective protection system, four main stages of research are proposed.

1. Definition of the calculated operating conditions of the spacecraft’s main components
(as the objects of protection), which provide their reusability. Analysis of load conditions of
spacecraft’s prototypes, parameters and characteristics of typical flights. Formulation of list of
calculation load cases. Model of the operational (loading) process of the spacecraft’s elements
and systems during one cycle «launch» — «reentry» is approximately divided into four stages
(Table 2), and risk of the negative impact of relevant factors during flight or waiting time.

In addition, accounting results of defect detection of aerospace systems’ products after
real operation, identifying damage mechanisms [16], is advisable.

Table 2

Stages of operation process of the spacecraft’s elements and systems during one cycle «launch» — «reentry»

Ne Stage Factors, which influence the spacecraft

1 |Orbital launch Vibration, impact and linear loads, aerodynamic heating, acoustic noise
Space vacuum, high and low (up to cryogenic) temperatures, electromagnetic

2 | Orbital flight radiation (from thermal to hard X-rays), corpuscular flows, MMOD impact,

weightlessness

3 |Atmospheric reentry and landing | Overloads, impacts and incraesed temperatures aerodynamic heating)
Biological factors, moisture, temperature, sea water, sea fog, vibrations,
impacts, linear accelerations

4 | Storage and transportation

2. Based on analysis of prototypes’ design and their operational conditions, performing
of a finite element analysis for models of the passive thermal protection system components
and objects of protection. Choosing of physic-mechanical properties of the structural materials
and geometrical parameters of the construction. Research of the possibilities to ensure the
specifies thermal conditions, using models of spacecraft’s protection systems elements, with
methods of computer modeling. An example of calculation model for the spacecraft’s thermal
protection system element [5] is presented on Figure 7.
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Figure 7. Calculation model of the protection system’s element — composite sandwich structure carrying the
ablative insulation

3. Studying the characteristics of the models of the spacecraft’s protection systems’
elements. Research variants of models of the passive thermal protection system for the spacecraft,
their operating characteristics with the aim of determining the best variant, using computer
modeling [19]. The best variant of the model should meet the requirements of providing the
necessary thermal operational conditions, thermal field in structures Ti(x, y, z, z) — min, required
number of load cycles N; — max, minimal mass m; — min and minimal damage P; — min by
various ways in the expected operating conditions during the flight time z [20].

Proposed algorithm of the thermal conditions calculation for the elements of the
spacecraft with ablative thermal protection insulation is shown on Figure 8.

Start of calculation

Input of geometrical and physical parameters of
spacecraft’s elements, its protection systems (finite
element model) and the environment

!

Calculation of heat flows
Calculation of spacecraft’s surface temperature 7.

T\ = to the ablation remowal
temperature 7

Calculation of the insulation thickness and mass
change due to the ablation

4" Calculation of covering volume heating )1—‘

!

Output of the covering temperature
in the calculation time Tj(?)

.

Analysis of the thermal protection effectiveness

Thermal protection
effectiveness is acceptable

v
Y
Change of the spacecraft’s ( Endofcalculation )

/ clements and protection systems

parameters

Figure 8. Calculation algorithm for the thermal protection system’s elements
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4. Definition of the most profitable options for the design parameters of spacecraft’s
protection systems, from the aspect of resource ensuring and reusability of the main components
(objects of protection).

After analyzing the simulation results, choosing the best design solution for the passive
thermal protection system of the reusable spacecraft is expected.

Presented stages are the main. If necessary, additional calculations of stable and unstable
thermal states of the spacecraft’s component are performed, taking into account influence of
the different environmental factors, physical fields, heating or cooling on the mechanical
condition and damage of the materials.

Conclusions. Based on FSE analysis, technical configuration and the main requirements
for the spacecraft’s protection systems, which may be used both in the modernization of the
standard spacecrafts’ protection methods and in the creation of modern high-tech protection
systems. Equipping modern and perspective spacecrafts with high-tech protection systems is a
key element of both ensuring a significant increase in the technical level from a general
scientific point of view, and improving durability parameters and the possibility of safe
reusability.
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VIIK 536.24

OBIPYHTYBAHHS TEXHIYHOI'O OBPUCY CUCTEM 3AXUCTY
AEPOKOCMIYHHUX CUCTEM

Ouaexcanap Jlo0ynbko; Onexcanap Ickpa

Hayionanvnuii mexniunut ynisepcumem Ykpainu « Kuiecokuti nonimexniunuti
incmumym imeni leopsa Cikopcokocoy, Kuis, Ykpaina

Peztome. Kocmiuni anapamu nio uyac excniayamayii niodoaromuvcs 6nauU8Y HUCEAbHUX (Qaxmopis,
cneyuiunux O0ns KocMiyHo20 cepedoguwa. [lpockmysanus Kocmiuno2o anapamy — CKIAOHA HAYKOGO-
mexHiuHa 3a0auda, 8 X00i p036 ’a3Y8aHHs AKOI HEe0OXIOHO 8PaAX08y8amu MOJNCIUBY PYUHIGHY 0it0 hakmopie
HABKOJIUUHBO20 CepedosUIYa HA KOHCMPYKMUGHI eleMeHmuy ma cucmemuy anapamy. B xo0i npoekmyseanns y
KOHYyenyir anapamy mawmes 0ymu 3axkiadeHi 3acobu tiozo 3axucmy 6i0 Oii cepedoguujHux gaxkmopis, a
NPOEKMYBAHNA 3AXUCHUX CUCTEM HOBUHHO OYMU MICHO Y6 A3AHUM I3 IHUMUMU KOHCMPYKMUGHUMU PilleHHAMU
0151 0AHO20 anapamy 3 Memoio 3abe3neuenus o020 QYHKYIOHY8AHNS 8 OUIKYBAHUX eKCNLYAMAYIHUX YMOBAX.
Oc2nsanymo 0CHOBHI (PaKmMopu KOCMIYHO20 cepedosuud, uwo enaudaoms Ha kocmiynui anapam. Ceped maxux
¢axkmopie suoineno cneyuiuni memnepamypui ymMogu, Nau8 21uO0K020 8axKyymy, padiayitiHuil eniue ma
0il0 MIKDOMEMEeOPHUX 4acmoK. 3a3Haualomvcs HAUOLIbW CYMMEG PUUKU, 3VMOGIEHi GNIUBOM OAHUX
Gaxmopie na KOHCMPYKYilo 1l cucmemu KOCMiyHO20 anapamy. B axocmi maxux pusukieé 6usHaueno
NOPYUWEHHSI MENA08020 PENCUMY KOCMIUHO20 anapamy, N0BepXHesuUll 3HOC KOHCIMPYKMUGHUX Mamepianie ma
macmun, sMiHa eracmusocmell Mmamepianie nio 0i€r padiayitino2o UNPOMIHIOGAHH MA BNIUE HA 300pP08 5
exinascy, eposiunHull naug MiKpomMemeopHux uyacmox. Hasedeno ocHogHi Gopmynru O KilbKICHO20
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Substantiation of the protection system’s technical outline for the acrospace objects

OYIHIOBAHHS GNAUBY 3AZHAYEHUX @AKMOPie KocMiuHo2o cepedosuwja. Busnaweno ceimogi menoenyii
PO3BUMKY CUCMeM 3aXUCMY KOCMIYHUX anapamie 6i0 3a3uauyenux ¢pakmopis. Pozenanymo piznosuou
NACUBHUX MA AKMUBHUX CUCTEM MENI08020 3aXUCMY, padiayitiHo20 3aXUCmy, CnocoOU 3HUNCEHHS GNIUBY
2nuboK020 GaKyymy ma eposiinoi 0ii mikpomemeopnux uacmok. OOIpynmosano mexuiunuyi obpuc
nepcnexmuenux 3acobie 3zaxucmy. Cgopmoeano o0cHOGHI 6umo2u 00 3ac00i6 Menio6020 3aAXUCHY,
3anpONOHOBAHO OCHOBHI emanu O0CIIONHCeHb CUCEM 3AXUCIY KOCMIYHUX anapamis, y KOHMeKCmi AKUX Yyuki
@yuryionysanns 6a2amopaszn8o20 KOCMIYHO20 anapamy «nycky» — «NOGePHEHHA» NOOLNAEMbC HA HYOMUpU
cmadii 3 ne6HUM XapaKmepHum Habopom cepedo8UUHUX Pakmopis. 3anpoOnoHOBAHO ANCOPUMM PO3PAXYHKY
cucmemu NACUBHO20 MENI0B020 3AXUCTY OJI KOCMIUHO20 anapamy 6a2amopas08020 UKOPUCMAHHA Ni0 Yac
ammocgpepnozo cnycky.

Knwuosi cnosa: ¢axmopu cepedoguiya, menioguii NOMIK, HABAHMANCEHHS, CUCEMA 3AXUCY,
NOKpUMMS, I301AYIA.
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