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Overview

 We're beginning the New Space Age
* GSO:

e 20-30x increases in satellite capacity

* More cost-effective; more people served; new services
e Capacity focused where demand exists
e Support smaller user devices and mobility (land, sea, air)

e LEO:

* |TU filings to deploy over 1-Million LEO satellites in next decade

* New applications for remote sensing/earth observation, science,
defense, position, navigation & timing, etc.

e Hybrid LEO & GEO solutions

 Smaller and more capable LEO satellites (less environmental impact)

 Must accommodate LEO & GEO safely, sustainably & equitably
* Before LEO fills up with just a few systems
e To cultivate competition & growth, including for sovereign systems
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Sustainability Development Risks in LEO

» Over-consuming shared & limited orbital resources
v’ Orbit hoarding
v’ Spectrum preclusion
v" Interference that degrades service/reduces capacity

A\

Increasing collision risk that affects others

A\

Reaching LEO environmental limits

v’ Carrying capacity

v’ Sustainable commercial, civic, and military activity
v Astronomy (radio & optical) and the dark night sky
v’ Earth’s atmosphere and animal & plant ecosystems
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Shared & Limited Orbital
Resources Takeaway:

 Must cultivate growth
opportunities for both
NGSO & GSO
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Precluding Other Valuable Uses of Shared
Orbits

|
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° One company seeks authority to operate across ~86% of altitudes
from 300-700 km

* Other NGSOs would be precluded from safely accessing these orbits
without its consent
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Sustainability Requirement: Must Make
Orbits Available for Other NGSOs
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> Require NGSO systems to operate within reasonable orbital
tolerances

> Many already do so (+/- a few kilometers)
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Precluding Other Valuable Uses of Shared
Spectrum

Blocking NGSO System

Other NGSO System 4,408 Satellites 34,396 Satellites

300 Satellites

1,000 Satellites

3,000 Satellites

Percentage of Time Larger NGSO System Blocks Smaller Systems
(user terminal at representative location in Tashkent)

° One large NGSO system threatens significant capacity losses
for all other NGSOs

° Large system unaffected; can use other “look angles” for service
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Sustainability Requirement: Must Ensure
Spectrum Access for Other NGSOs

°* Mandate “look angle” splitting: Evenly divide satellite azimuths at
locations where interference expected between NGSO systems

* Same level of splitting regardless of number of satellites in NGSO
system; equal burden sharing

System A earth station can use System B earth station can use
any satellite to the West any satellite to the East
Example:
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Causing Interference into GSOs |

* Some NGSOs seek to transmit directly into the GSO arc

* Would cause significant interference and capacity
losses

NGSO
interference
zone
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Sustainability Requirement: Don’t Let
NGSOs Transmit Toward GSO Arc

Maintain GSO arc avoidance angle

Employ standard sharing technique used for decades

NGSO satellite that does not have sufficient separation
to serve one area, is able to serve other areas
7

NGSO ES served by satellite with
M sufficient GSO arc separation
Viasat'




ITU Rules Limit Interference Into GSOs

EPFDdn (dBWIm2140-kHz) in 10.7 - 11.7 GHz Band for 1.2 m GSO ES
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Operating Single NGSO System Under
Multiple ITU Filings Violates the Limits

EPFDdn (dBW/m2/40-kHz) in10.7 -11.7 GHz Band for 1.2 m GSO ES
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Sustainability Requirement: NGSO
Systems Must Follow the Rules

Each NGSO system must honor
interference limit for a single

NGSO system
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Space Safety Takeaways:

* Individual small risks add up

« Each NGSO satellite contributes
fo a system’s aggregate collision
risk profile
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LEO Is Getting More Crowded & Riskier

ESA's Space
Environment Report
2022

Penetration into LEOapc

Reference Epoch

(a) Evolution of absolute number of objects.

Increasing traffic, congestion & creation of “long-
lasting” space debris

Vlasat_"“
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And It Affects EVERYONE Who Uses
Space

NN BUSINESS Space is becoming too crowded, Rocket Lab CEQ warns

l%‘% By Jackie Wattles, CNN Business
) i‘, Updated 1406 GMT (2206 HKT) October 8, 2020

Rocket Lab CEO Peter Beck said that the sheer number of objects in space
right now — a number that is growing quickly thanks in part to SpaceX's
satellite internet constellation, Starlink — is making it more difficult to find a
clear path for rockets to launch new satellites.

Beck ... said he is frustrated that so much of the conversation about space junk
revolves around the risk of in-orbit collisions, and there's not as much
conversation about how space traffic is already impacting the launch business.

Vlasat_"“
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Debris in LEO Is Dangerous

Effect of Collision on Active
Debris Object Size | Number in Orbit Satellite

>10 cm > 30,000 Catastrophic

Est. >1,000,000 May be catastrophic or render it
non-operable

Est. > 330 million May render it non-operable

Effects of Satellites Colliding with Debris

Vlasat_M
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Satellite Collisions Spread Dangerous
Debris 100s of Kilometers Away

* Collisions can disable and destroy satellites

Starlink-Starlink Collision

COSMOS-1408 ASAT Test
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Modeled LNT Fragments from COSMOQS-1408 ASAT Test (77,706 LNT fragments) and
Starlink-Starlink Collision (26,968 LNT fragments) (based on 260 kg v.1 Starlink design)

°* Can’t avoid what you can’t see
Lethal non-trackable debris (LNT) (1-10 cm in size ) can’t be

tracked or avoided
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All Collisions in LEO Cannot Be Avoided

 Huge increase in “close approaches” in LEO
» Satellites that can’t maneuver (fail) can’t avoid collisions

* Even maneuverable satellites won’t avoid all collisions

Hugh Lewis

There will be a huge increase in the number of close approaches that will be
ignored. The residual risk will increase even if #SpaceX were to lower the
manoeuvre threshold further. In the end, the law of very large numbers will
probably deliver a collision [25/n]

Hugh Lewis

This issue is also not just limited to #SpaceX & #Starlink. All large
constellations and large fleets of satellites will encounter the same
problem: it may not be possible to prevent collisions involving these space
systems using collision avoidance manoeuvres alone [28/n]

VlasatM
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Environmental Sustainability
Takeaways:

« “Capacity” limits exist in LEO
 Must optimize what is deployed
to work within those limits

Vlasat_"‘/‘



e ——

m

|

Sustainability Limits to Populating LEO

|

Space Environment Capacity - concept esa

number & type of missions compatible with the stable and low risk evolution of the environment

Ceiling Can be estimated through long-term simulations of the
(total aggregated risk) environment (e.g. baseline scenario)

Capacity available for Could use allocation
new&active missions mechanism

Changes dynamically
with the evolving
environment

Capacity consumed by
non-functional objects

Year
mEE @NCL mAS
RB: Rocket Bodies | NPL: Inactive payloads | APL: Active payloads

-l iEEE 1= 11 D2 e BH M B EE S - i el + THE EUROPEAN SPACE AGENCY

Vlasat,_"‘/\

21



L

|

Sustainability Limits to Populating LEO

PERSPECTIVE nature
https://doi.org/10.1038/s41550-022-01655-6 astr Onomy

") Check for updates

The case for space environmentalism

Andy Lawrence'*, Meredith L. Rawls ©2, Moriba Jah®*#, Aaron Boley>, Federico Di Vruno®5,

Simon Garrington’, Michael Kramer®®, Samantha Lawler', James Lowenthal", Jonathan McDowell ©
and Mark McCaughrean®™

> “[G]rowing commercial exploitation of what may seem to be a ‘free’ resource is
in fact externalizing the true costs.”

> Need to understand costs LEO systems impose on:

> Astronomy (radio and optical) and the dark night sky
> Earth’s atmosphere and animal and plant ecosystems

> Space environment supporting commercial, civic, and military activity

> “When we launch dozens of satellites every few weeks, we remove the
environment’s ability to inform us of the unintended consequences of our actions
and we cannot predict what the dynamic equilibrium state actually is.”

Vlasat,Y‘A
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Sustainability: The Time to Act Is Now

* “We now stand at a crossroads: if we do not find ways to manage
space traffic, our past and present space activities will jeopardise
the safety, security and sustainability of outer space and, as a
result, our future ability to rely on space as enabler of key services
in benefit of humankind.”

European Commission, Joint Communication to the European Parliament
and the Council: An EU Approach for Space Traffic Management; An EU
Contribution Addressing a Global Challenge (JOIN(2022) 4 final)

e 624 satellites launched in Q1 2022 alone

e 30,000 satellite Starlink Gen 2 would require launch cadence of
~100 satellites every 6 days for system lifetime (~6,000 per year)

Vlasat."“ 23



Sustainability: Solutions Are At Hand

> We can have both robust use of LEO and sustainable use for
everyone

Remote sensing/earth observation
Science

Defense/security

Position, navigation & timing
Communications

> Smaller & more capable satellites are one solution

Vlasat,_M

Lower risk of collisions, less environmental impact

Sturza, M.A., Saura Carretero, G., Consequences of LEO Satellite Collisions —
The Fragments (2021), 11th IAASS Conference — Managing Risk in Space,
https://www.viasat.com/space-innovation/space-policy/space-debris/

24
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National Licensing Is the Only Realistic
Way to Address National Harms

* Countries filling up LEO are not looking out for
others
* Competition
 Spectrum & Orbit Access
* Environmental

* French decision recognizes importance of close look
at national harms at the market access stage:
“[ARCEP's decision] constitutes even one of the rare decisions, if not the

only one, taken by France which conditions the provision of Starlink
services on our territory.”

French court (Le Conseil d’Etat) invalidation of Starlink market access,
conclusions of rapporteur, Case No. 455321

Vlasat.“/\ 25



Conclusions

LEO activity is increasing at an exponential rate with inadequate regulation

Certain LEO players are attempting to seize all LEO resources & hobble competition
Must cultivate room for innovation, competition, and sustainable use of space

Collision risk and other environmental harms are additive

v Wb

National requlators are best positioned at the market access stage to ensure
safety, equity & sustainability at LEO

® Ensuring LEO operators share look angles, orbits and spectrum in an equitable
fashion, and operate within reasonable aggregate collision risk profiles

* Preventing interference into GEOs, by requiring each LEO system to maintain
angular separation & adhere to set EPFD limits for single NGSO system

°* Examining competitive and environmental effects of granting market access to
a LEO system

* Working together to ensure shared use of space around the world and respect
global environmental limits

Vlasat,."‘A 26



‘

Checklist for Collision & Debris Risk

[ Total collision risk is sum for each satellite over system lifetime

 Scales with key LEO characteristics
1 Consider LEO system characteristics

J Numbers of satellites
[ Mass & cross-sectional area of satellites

O Orbits used

L Ability to avoid collisions as long as satellites stay in orbit
 Reliability of satellite sub-systems that enable maneuverability
d Means to coordinate with other satellites

[ Consider cumulative effects over system lifetime
L Numbers of satellites that lose maneuverability/fail
 Numbers of “close encounters” with other objects
d Continued growth of orbital debris
L Introduction of additional LEO systems
Vlasat.“/\ 27
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Suggested Additional Reading

* Long, G., The Impacts of Large Constellations of Satellites, JASON — The MITRE
Corporation, JSR-20-2H, Nov. 2020 (Updated Jan. 21, 2021),

https://www.nsf.gov/news/special reports/jasonreportconstellations/JSR-20-
2H The Impacts of Large Constellations of Satellites 508.pdf

* Study for US National Science Foundation indicates it may not be feasible to
sustain even just one of the LEO systems currently launching and forecasts a
dramatic increase in both space collisions and new debris, starting within just

a few years. In the longer term, “satellites are destroyed [by collisions with
debris] faster than they are launched.”

* Sturza. M.A,, and Saura Carretero, G., Design Trades for Environmentally Friendly
Broadband LEO Satellite Systems (2021), 2021 Advanced Maui Optical and Space
Surveillance Technologies Conference (AMOS),
https://amostech.com/TechnicalPapers/2021/Poster/Sturza.pdf

“[Studies] demonstrate the concepts of orbital capacity (the number and
type of satellites that can be sustainably deployed in each orbit without
risking a Kessler Syndrome) and tipping points (point in time at which it is

no longer possible to avoid a Kessler Syndrome by ceasing launches).”
Viasat' 28
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Suggested Additional Reading

* Lawrence, A., Losing The Sky (Photon Productions 2020)

“What we have arrived at - a constellation of thousands of low orbit satellites - is

a beautiful and visionary scheme. But it is hard to imagine anything better
designed to foul up the night sky. The satellites can be as bright as the stars you
can see with your naked eye, and once the scheme is complete, there will be
many more satellites than stars. As well polluting the sky for ordinary folk, they
will streak across the cameras of professional astronomers, saturating sensitive
detectors. The potential for collisions and the piling up of space debris also
increases horribly.”

Vlasat_M
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Suggested Additional Reading

Ross, M.N. & David, L. “An Underappreciated Danger of the New Space Age:
Global Air Pollution,” Scientific American (Feb. 2021)

Vlasat_"‘/‘

Contrary to many media stories about the latest spectacular space junk
reentry, orbital debris returning to Earth does not “disappear” or “burn up”
on reentry.

Unlike the chemically simple particles from launch, particles from
reentering space junk will be a zoo of complex chemical types.

The growing low-Earth orbit mega constellations, with thousands of
satellites in each constellation, use reentry vaporization as the satellite end-
of-life disposal mechanism. Once these constellations are deployed,
hundreds of tons of nonfunctioning satellites will be “brought in” for
disposal every year. Most of this mass will become particles in the middle
atmosphere. Very little is known about reentry dust production, the
microphysics of the particles, and how reentry dust could affect climate and

ozone.”
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Suggested Additional Reading

Viasat, Managing Mega-Constellation Risks in LEO (updated Jan. 2022),
https://www.viasat.com/about/what-we-believe/space-policy/space-debris/

The key to avoid catastrophe is to reduce collision risk at the outset, by requiring
LEO systems to operate within reasonable risk profiles. Each nation that
authorizes systems to either occupy LEO or access its domains on, or above, Earth
can define and enforce policies to ensure those systems are safe. Better space
situational awareness and space traffic management are helpful—but like aviation
on Earth, there are limits to the space traffic density that can be safely managed.
The core issue is crowding too many objects into valuable regions of space by as
few as one or two individual nations or commercial actors

Innovative new systems can deliver better service, ensure space sustainability, and
allow all nations to compete and fairly earn their place in the New Space economy.
National regulators have the power to ensure the systems they authorize or allow
to serve their countries do not pose a threat to their own national interests, or to
space safety, and that multiple actors can share the limited LEO orbital resources
on an equitable basis.

Vlasat.'“ 31
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* Mbl OTKPbIBaE€M HOBYIO KOCMUYECKYIO 3py
e [eocTtaumoHapsl (GSO):

* YBennyeHue emKoctu cnyTHuKa B 20—-30 pas

* bonee 3KOHOMMUYHDIN; LWNPE3OHA 30HA NOKPbLITUS HAaceNeHnaA; HoBble YCyrn
* [lponyckHaa cnocobHocTb, 6a3mpyAacb Ha HAaIMYMKM Cripoca
* Toppep:kKa MOBUNBbHbBIX YCTPOMCTB (Ha3eMHbIX, MOPCKMX, BO3AYLUHbIX)

 HusKopbuTanbHblie noasuKHbie cnctemsl (LEO):

* 3aaBku B MC3 Ha pa3BepTbiBaHne 6onee 1-Million cnytHukoB LEO B cheaytouem
NecATUNETUN

* HoBble NPUNOKEHUSA ANA ANCTAHLUMOHHOIO 30HANPOBAHUA 3EMIN ANA HAYKM,
060pPOHbI, HAaBUTALUN, NOKALUU U CUHXPOHMU3ALUUM U T. A,

* [mnbpuaHbie pewenmnsa LEO n GEO

* BO3/JEeMNCTBME HA OKPYKatoLLyto cpeay

 Heobxoammo obecneuntb 6€30NacHy0, YCTONYNBYIO U
agantaumto LEO & GEO

* _(I'Ipe»(,u,e yem LEO 3anonHUT BCce NPOCTPAHCTBO HECKO/IbKMMK CUCTEMAMMN)
¢ I'Io,u,,u,emea KOHKYypeHUnn n passntme, B8 TOM 4Hnciae ana CyBepeHHbIX CUCTEM
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PUCKM OT HU3KOOPOUTANbHbIX |

—

NoABUXHbIX CUCTEM A1 YCTOUYNBOIO
pa3BUTUA KOCMOCAa

>

YV VYV

YpesmepHoe notpebneHne obLwmx n orpaHUYEHHbIX OpOUTaNbHbIX

pecypcos

v' U3nunwwHme 3anpocbl Ha opbuUTbl

v’ 3arpomoskaeHune cnekTpa

v' Momexu, KOoTopble yXyALatoT KayecTBa/yMeHbLLAT NPONYCKHYHO
cnocobHocCTb

[MoBbiWweHUe PUCKa CTOZIKHOBEHUA

[ocTuKeHne sKoNornyeckmx orpaHndeHumn LEO

v" Hecywwana cnocobHOCTb

v’ YcTonumBasa KOMMepYecKas, rpaxaaHcKasa u BOeHHasa AeATeNbHOCTb
v' AcTpoHomusA (pagmo- 1 onTnyeckas) u «TeMHoe HoYHoe» Hebo

v' ATmocdepa 3eman 1 3KOCUCTEMbI 3 KMBOTHbIX 1 PacTEHN

Vlasatm‘"’\
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OOLmne n orpaHNYeHHbIe
pecypcbl OpOUTLI:
 JlomKHbI pa3eueamb

803MOXXHOCMU pocma OJisi

oboux
HIFCounrco
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OrpaHu gpyrmx ueHHbIX BUAOB
NCMONb30BaHNA OOLLUX OPOUT

614-km Shell I

604-km Shell

I

535-km Shell [ ]

530-km Shell ]
I

525-km Shell

360-km Shell

345-km Shell

I
350-km Shell ]
L
340-km Shell I

250 350 450 550 650 750
Altitude (km)

* OpgHa KoMnaHus cTpemMntcst paboTtaTb Ha BbicOTe 0K0/1086 % om
ebicombi 300—-700 km

*  Opyrne NGSO He cmoryT 6e30nacHo NosyuYnTb AOCTYM K 3TUM
opbutam 6e3 nx cornacus

Vlasatﬂ""\




TpeboBaHMA K yCTONYNBOMY pPa3i UTHIO:
Heobxoaoumo caenatb opouTbl AOCTYNHLIMU ONA
apyrux NGSO

614-km Shell I
604-km Shell |
535-km Shell |

530-km Shell I

525-km Shell |

360-km Shell |

350-km Shell I

345-km Shell |

340-km Shell |

250 350 450 550 650 750
Altitude (km)

> TpeboeaHue k cucmemam NGSO pabomamb e donycmumbix
npedesiax K opbumam

> MHorue yxe genaroT 3710 (+/- HECKONBLKO KNITOMETPOB)
Vlasatﬂ""\ .



OrpaHu4yeHnss HA COBMECTHOe UCMNOoNb30BaHUA
cnekTpa

Blocking NGSO System

Other NGSO System 4,408 Satellites 34,396 Satellites

300 Satellites

1,000 Satellites

3,000 Satellites

MpoueHT BpemMeHu, B TedyeHme KoToporo cuctema NGSO 6onblue 610KMpYyeT CUCTEMBI
MeHbLUero pasmepa

(nonb3OBaTeanKMl‘/'| TEPMWHAN B NPeACTaBUTENbCTBE B Tau.meHTe)

* OpHa 6onbwan cuctema NGSO yrpokaeTt 3HayumenbHbIM Momepam MmowHocmu
0215 8cex ocmasabHobix NGSO

°* Mera cuctema MOXKET UCMO/Ib30BaTb Apyrue «yrnbl 0630pa» A1 06CnyKMBaHUA

Vlasatw‘"’\ ,
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TpeboBaHUA K yCTOMYUBOMY Pa3BUTUIO:

Heobxoaumo obecnevynTtb OOCTYN K CNEKTPY
ana gpyrmx NGSO

° PaspgeneHune «yron 3peHua» no tpeboBaHuto: PasHomepHO pa3deaume
a3MMyTbl B MECTax, rAe OXKMAAEeTCA B3aMMOAENCTBUE MEKAY CUCTEMAMMU

NGSO

* OAaVH 1 TOT e YPOBEHb pa3aeneHmnAa He3aBUCMMO Om Koauyecmea
cnymHuKos 8 cucmeme NGSO; paBHOe pacnpenesieHmne Harpysku

System A earth station can use System B earth station can use
any satellite to the West any satellite to the East
0
' 330° 57 el . 30
Mpumep: R 1N
300° /.0 b A s 80
270° b Pl : b' S
t L 80060 4025
- A - Ny | NN .
240; \ e P 120°
2100‘. e ‘150°
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Co3aaHue nomex gna NleoctaunoHapoB

* HekoTtopble NGSO cTpemaTcsa nepenaBsaTbh OaHHblE
HenocpeacTeeHHo B ayry GSO

° Bbi3bigaem 3Ha4YumesibHbI€ MOMexXu U nomepu
MOWHOCMU  NGsOs

NGSO
interference
zone

Vlasat,‘”‘ .



Tpe6oBaHUA ANSl YCTONYNBOrO Pa3BUTUA:
He no3sonante NGSO uanyyatb aaHHble B ayry GSO
* TllopoepxmBaTb yron nsderanus ayrm GSO

* [IpuMeHsimb cmaHOapMHbIU MPOMOKOJI COBMECMHO20 UCMOoJIb308aHUs

NGSO satellite that does not have sufficient separation
to serve one area, is able to serve other areas

NGSO ES served by satellite with
sufficient GSO arc separation

Vlasatf"" 10




NMpaBuna MC3 orpaHn4nBaloT NomMmexu B
GSO

EPFDdn (dBWIm2I40-kHZ) in 10.7 - 11.7 GHz Band for 1.2 m GSO ES
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Tpe6oBaHUA K YCTOMYMBOMY Pa3BUTUIO:
Cuctembl NGSO OonXxHbl
COOTBETCTBOBAaTb NpaBUIam

Kaxagasa cuctema NGSO gomnxHa
coonroaaTtb npeaernbl Nomex Ans
EdumHou Cucmembi NGSO

Vlasatﬁ""\



BbiBoabl No 6e3onacHoOCTU B
KocMoce:

Vlasatw"‘/\

OmoersnibHbIe HebosibWUE PUCKU
Hakarnsusearomcs

Kaxxobiu cnymHuk NGSO eHocum

ceolU 8KJ/1a0 8 COBOKYIHbIU PUCK
CMOJIKHOBeHUU cucmem



Caaaa —

LEO ctaHOoBuTCS 60Mnee puckoBaHHbIMMU

ESA's Space

Environment Report
2022

Penetration into LEOapc

Object Count [-]
o
S
=4
o

~
%))
o
o

Reference Epoch

(a) Evolution of absolute number of objects.

YBenunyeHue tTpaduka, 3aTOpoB U co3gaHne
«ONUTENBHBIX» KOCMUYECKUX ODSTOMKOB
Vlasatw‘"’\
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L

U 3to 3aTtparnBaet BCEX, KTO ncnonb3yer
NPOCTPaHCTBO

an BUSINESS

[eHepanbHbIM anpekTop Rocket Lab lNutep bek ckasarn, 4To orpomMHoe
KONIMYEeCTBO OOBLEKTOB B KOCMOCE NPSIMO cenvac — 3TO YUCIIO0, KOTOpoe BbICTPOo
pacTeT, oT4acTn bnarogaps CnyTHUKOBOMY MHTEPHET-CO3BE3AMI0 SpaceX,
Starlink, — 3aTpygHAET NOMUCK YETKOro NyTW AN pakeT Ans 3anycka HOBbIX
COYTHUKOB.

Bexk... ckasan, 4YTo OH pacCTPOeH TeM, YTO BonblLuasi YacTb pasroBopa O
KOCMUYECKMX OXKYHCaX CBsi3aHa C PUCKOM CTONKHOBEHMIN HA opbuTe, 1 HE Tak
MHOIO Pa3roBOPOB O TOM, KaK KOCMUYECKUI TpadUK VXKe BNudeT Ha 3anyck
busHeca.

Vlasatw‘"" 16



Mycop B LEO onaceH

Pa3mep ob0bekTa BnunaHne cTonKHOBEeHUSA Ha
Mycopa Yucno Ha opouTte aKTUBHbIN CMYTHUK

> 30 000 Katactpodomnueckum

otr1cmao 10 cm 3anag > 1000 MoxeT bbITb KaTacTpodPU4ECKUM

000 N1 NpUBECTN B Hepaboyee
COCTOSIHMNE
otr1 Mmmao 1 cm [Mpumep > 330 MoxeT coenartb ero
MWUISIMOHOB HepPaboTOCNOCOOHbLIM

Vlasatw"“ 17



CnyTHUKOBbIE CTOJIKHOBEHMUS
pacnpocTpaHUIiM onacHbIN MyCcOp Ha

COTHU KUITOMETPOB
* CmosnKHoBeHus mocym OmKaro4Yumeo U

COSMOS-1408 ASAT Test Starlink-Starlink Collision

2000 T 2000 T
* Apogee * Apogee
* Perigee + Perigee
1500 ¢ 1600 ¢
£ =
= =
< S
3 1000 3 1000 f
< <
500 500
90 95 100 105 110 90 95 100 105 110
Period (min)

Period (min)

Modeled LNT Fragments from COSMOQS-1408 ASAT Test (77,706 LNT fragments) and
Starlink-Starlink Collision (26,968 LNT fragments) (based on 260 kg v.1 Starlink design)

°* He moxcem uzbexcams moe2o, Ymo 8bl He suoume
CmepTenbHbi HeoTcaexmnsaembin mycop (LNT) (pasmep 1-10
CM) HEBO3MOXHO OTCNeAnTb Unn nsbexaTb

Vlasatf""
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HeB0O3MOXHO n3dexartb BCexX Konnu3mm B
LEO

 OrpomHoe yBenmyeHue «bamxHmux noaxoaos» B LEO

 CnyTHMKMK, KOTOPbIE HE MOTYT MaHEBPMPOBATb (Heyaaya), He moryT
n3bexatb CTONNIKHOBEHUN

e Jla)ke MaHeBpPEHHblIe CNYTHUKM He n36aBAT Bac OT CTO/IKHOBEHUN

Hugh Lewis

There will be a huge increase in the number of close approaches that will be
ignored. The residual risk will increase even if #SpaceX were to lower the
manoeuvre threshold further. In the end, the law of very large numbers will

probably deliver a collision [25/n]

Hugh Lewis

This issue is also not just limited to #SpaceX & #Starlink. All large
constellations and large fleets of satellites will encounter the same
problem: it may not be possible to prevent collisions involving these space
systems using collision avoidance manoeuvres alone [28/n]

Viasat!



BbIiBOALI MO 3KONMOrM4ecKkou
YCTOUYNBOCTM:

« [Ipedesnbl «eaMecmumMmocmu»
cywecmeaeyrom e LEO

 Heobxodumo onmumu3uposamsb
mo, Ymo pa3eepHymo OJisi
pabombi 8 amux npedesnax

Vlasatw"‘/\



OrpaHu4yeHUAa yCTOUM4YMBOro pasBmuTuUA Ann
3anonHeHuAa LEO

Space Environment Capacity - concept esa

number & type of missions compatible with the stable and low risk evolution of the environment

Ceiling Can be estimated through long-term simulations of the
(total aggregated l’iSk) environment (e.g. baseline scenario)

Capacity available for Could use allocation
new&active missions mechanism

Changes dynamically
with the evolving

Capacity consumed by
non-functional objects environment

Year
mEE @NYL mAl
RB: Rocket Bodies | NPL: Inactive payloads | APL: Active payloads

= Il 2= W 4 1= 1111 O I — == B0 = 01 22 S0 = = im vl + THE EUROPEAN SPACE AGENCY
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ATUA ANA
3anonHeHusa LEO

PERSPECTIVE nature
https://dui.orgﬁD.E’.B/s41550-022-01655-6 a.Str Onomy

| ‘I) Check for updates

The case for space environmentalism

Andy Lawrence'®, Meredith L. Rawls 2, Moriba Jah*#, Aaron Boley®, Federico Di Vruno©¢,

Simon Garrington’, Michael Kramer®?®, Samantha Lawler', James Lowenthal", Jonathan McDowell @212
and Mark McCaughrean®

\"4

«[G]pacTywas Kommepyeckana aKCnyaTaLuma TOro, YTO MOXKET NOKa3aTbecA «becnnaTHbIMY e
Ha camMoM faene, U3BJIeYEHME UCTUHHbIX 3aTPaT».

\"4

Heobxoanmo noHMMaTb 3aTpaThl, KOTopble cuctembl LEO HanaratoT Ha:
> AcTpoHOMMA (pagmno- M ONTMYECKas) U TEMHOe HOYHOoe Hebo
> ATmocdepa 3emn, 3KOCUCTEMbI }KUBOTHbIX U PACTEHUI

> KocmumuecKas cpega, nogaepmBatrollas KOMMEPYECKYIO, rPa*KaaHCKY U BOEHHYIO A€

A4

«Koraa mbli 3adlyCKaeM AeCATKN CMYTHUKOB KaxXAble HECKOJ/IbKO HeAENNb, Mbl CHUMaEM
BO3MOXHOCTb VIHd)OpN\VIpOBaTb HaC O HenpeaHaMmepeHHbIX NocneacTBUAX HAWNX LI,EVICTBMVIj
N Mbl HE MOXKEM MNMpPeacka3aTb (I)aKTVI‘-IeCKOG COCTOAHNE ANHaMNYECKOTO PaBHOBECUA»,

Vlasat,M
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YctonuuBoe passutue: lNpulino Bpems
nencrTBoBaThb

e «Tenepb Mbl HAXOAMMCA HA NEPEKPECTKE: eC/IN Mbl He Hangem cnocobos
yNpaBAeHUA KOCMUYECKUM ABUKEHMEM, HALIWM NMPOLLJIbIE N TEKYLLME
KOCMWYECKMEe MeponpusaTMUA NOCTaBAT NoA yrpo3y 6e30nacHoCTb,
6e30nacHOCTb M YCTOMYMBOCTb KOCMMYECKOIO MPOCTPAHCTBA U, KaK
cneacTeue, Hawy 6yayulyto cnocobHOCTb NOIAaraTbCA Ha NPOCTPAHCTBO
KaK Ha UCTOYHMK K/KOYEBDIX YC/IYT B MUHTEPECAX Ye/IOBEYECTBAY.

EBponenckaa Kommnccusa, COBMecTHoe coobuieHne EBponenckomy
napnameHTy n Cosety: Noaxon EC K ynpaB/iieHNIO KOCMUYECKUM
ABurKeHnem; Bknag EC B peweHune rnobanbHom npobaemsbl (JOIN(2022) 4
final)

* Tonbko B nepsom Q1 2022 roga 66110 3anyweHo 624 cnyTHUKA

 na 30 000 cnyTtHMKoB Starlink Gen 2 notpebyetca yactoTta 3anycka ~100
CNYTHUKOB KaxKkable 6 AHEN B TEYEHME BCETrO CPOKA CNYXHKObl cMcTembl
(~6000 B roa)

Vlasatw"“
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YctonunBoe passutue: PewieHnsa B
HannMuuu

> Mbl moxcem obecneyumeo KaK HaoeXcHoe Ucnosb3oeaHue
LEO, mak u ycmoulvyueoe ucrnosib3osaHue 018 8cex

[IncTaHUMOHHOE u3mepeHmne/HabatogeHne 3a 3emnem
HayKa

O6opoHa/be30nacHOCTb

[lonoxkeHune, HaBUrayma n Bpems

KoMMyHUKauuu

> OOHO peweHue — massie u 6os1ee MowiHble cnymHUKuU

Viasat

CHUXEHNEe PUCKa CTOJIKHOBEHUIN, CHUXKEHNE BO3AENCTBUA HA
OKPYrKaloLlyto cpeay

Cryp3a, M.A., Caypa KappeTepo, I, [locheacrtsna cnyTHUMKOBbIX
cTtoiIkHoBeHUM LEO — The Fragments (2021), 11-a koHpepeHuma IAASS —
YnpaBneHue puckamun B Kocmoce, https://www.viasat.com/space-

N innovation/space-policy/space-debris/

24


https://www.viasat.com/space-innovation/space-policy/space-debris/

EES——_———

HaunoHanbHoOe nuueH3npoBaHne —
eAVNHCTBEHHbIN peariIMCTUYHbLIU CNOCo0b 6OPLOLI
C oTpuuaTenbHbLIMU NOCIeACTBUAMMU

e CrtpaHbl, 3anonHatowme LEO, He 3aboTATCA 0 ApYyrux
* KOHKypeHuuAa
e JlocTyn K cneKkTpy u opbute

* OKpyrKatolana cpena

° CDpaHL|,y3c+<oe peweHne npn3HaeT BaXXHOCTb mwamesibHo20 paccMOompeHUAa

HAUUOHA/1bHbIX PUCKOB HA amare 8biX00d HA PbIHOK:

«[peweHne ARCEP] npeactaBnsaeT coboi aarke ogHO U3 peaKux peLieHni, ecnm
He eAUHCTBEHHOE, NpuHUMaemoe PpaHumen, Kotopoe obycnoBanBaeT
npepocTtaBneHume ycnyr Starlink Ha Hawen TeppuTopUmn».

dpaHLuy3ckuii cyg, (Le Conseil d’Etat) o npuaHaHUKM HedeNcTBUTENbHBIM
BbIXO4a Ha pbIHOK Starlink, BbiBoAbl AoKNaaumnka, aeno No 455321

Vlasatw‘"’\ 25



1. AKtuBHOCTb LEO pacTeT aKCMOHEHUMANbHO C HEaAEKBAaTHOW perynaumen

2. HekoTtopble urpoku LEO nbiTatoTca 3axBaTuTh Bce pecypcbl LEO n copeBHoBaHMsA no 6opbbe ¢
x066m

3. Heobxoanmo pa3BmBaTh NPOCTPAHCTBO ANA UHHOBALWIA, KOHKYPEHLUMWN U YCTONYMBOTO
MCNO/Ib30BAaHUA NPOCTPAHCTBA

4. PUCK CTONKHOBEHMA U ApYyrne BUAbl Bpeaa OKPYKaloLWen cpeae ABNATCA aaanTUBHbIMU

5. HayuoHanbHbIe pe2ynamopsl Ay4Uie 8Ce20 PAcnonoHceHbl HA amarne 8biXxo0d HA PbIHOK,
ymobbl obecneyumeo
6e3onacHocme, cripasedausocms U ycmoliyueoe paszeumue 6 LEO

* (O6ecneyeHune TOro, Ytobbl onepaTopbl LEO Mmenn paBHble yrabl 3peHus, opbuTbl 1
CNeKTp, M paboTann B pamKax pasyMHOro COBOKYMHOro Npoduas pucka CTONKHOBEHMUS

* TlpepotBpauweHue nomex B GEO, Tpebya ot Kaxkaon cuctembl LEO noaaeprkaHus
YIrN0BOro pasaenenusa n cobntoaeHms yctaHoBAeHHbIX NnpeaenoB EPFD ana eguHom
cuctembl NGSO

®  M3yyeHne KOHKYPEHTHbIX U 3KONOrMYeckmx apdeKTOB NpeaoCcTaBAeHMs AOCTyNa K
cucteme LEO Ha pblHKe

* CoBmecTHasA paboTa ana obecrneyeHns COBMECTHOIO UCNOb30BaHMA NPOCTPAHCTBA Mo
BCEMY MUPY U cobntogeHnA rnobanbHbIX IKONOTMUYECKUX OrPaHNYEHUIN

Vlasat,M 26



| | 1A pUCKa
CTOJIKHOBEHUS1 1 Mycopa

d Obwuli puck cmosKHo8eHUs A6aaemcsa cyMmmol 0418 Kax0020 CymHUKd 8
me4eHue CpoKa cnyxcbol cucmemeol

U LWkanesi c Karoyesbimu xapakmepucmukamu LEO
O YuutbiBaiiTe xapaKktepuctnkm cuctemol LEO

1 KonunyecTtBo cnyTHUKOB

O Macca v nnowaab nonepevyHoro ce4eHuns CnyTHUKOB

1 Ncnonb3yembie opbuUThl

d CnocobHocTb M3beratb CTONKHOBEHUI NPU YCIOBUU, YTO CNYTHMUKM OCTaOTCA Ha
opbuTte
L HagerHOCTb CNYTHUKOBbLIX NoAcucTem, obecneymBaoMx MaHEBPEHHOCTb
 O3HavaeT KoopAMHaUMIO C APYrMMU CMYTHUKaMMU
d PaccmoTpute coBoKynHble 3pdeKTbl B Te4eHUe CPoKa CAYy*Kbbl cUcTEMBI
0 KonnuectBo cnyTHMKOB, KOTOPble TEPAIOT MaHEBPEHHOCTb/Heyaaua
0 KonunuyecTtBo «TeCHbIX BCTPEY» C APYrMMM 0b6beKTamu

L HenpepbiBHbIN pOCT OpbUTaNBLHOTO Mycopa

d BseaeHue gononHuTenbHbIX cuctem LEO

Vlasatw"“ 27



PekomeHayeMmble nononﬁ UCTOYHUKU

* JloHr ., Bananmne 6onbinx cossesani cnytHnkos, JASON — The MITRE
Corporation, JSR-20-2H, Hoabpb 2020 r. (06HoBNEHO 21 aHBapA 2021 r.),
https://www.nsf.gov/news/special reports/jasonreportconstellations/JSR-20-
2H The Impacts of Large Constellations of Satellites 508.pdf

*  WUccneposBaHmne HaunoHanbHoro HayyHoro ¢poHaa CLLUA noKkasbiBaeT, YTo,
BO3MOXHO, Helenecoobpa3Ho NoAaepKMBaTh AarKe oaHYy U3 cuctem LEO,
3anyCKaeMblX B HacTosALlee BPpeEMA, N NPOrHO3UPYET 3HAUYNUTE/IbHOE
yBennyeHne Kak KOCMUYECKUX CTOJIKHOBEHWUMN, TaK U HOBbIX 06/1I0MKOB,
HaYMHaA BCEro C HECKONbKUX NeT. B JONrocpoYHOM NepcneKkTUBe «KCNYTHUKM
YHUYTOKAKTCA [B pe3ynbTaTe CTO/IKHOBEHUIN € Mycopom] bbicTpee, YemM OHU
3anyCcKaloTca».

 Cryp3a. M.A. n Saura Carretero, G., Design Trades for Environmentally Broadband
LEO Satellite Systems (2021), 2021 Advanced Maui Optical and Space Surveillance
Technologies Conference (AMOQOS),
https://amostech.com/TechnicalPapers/2021/Poster/Sturza.pdf

«[UccnepoBaHmA] AEMOHCTPUPYIOT KOHLENLUNM 0pbUTaIbHON EMKOCTU

(Uncno u TMN CNYTHUKOB, KOTOPbIE MOTYT ObITb YCTOMUYMBO Pa3BEPHYTHI Ha

Karkaom opbute 6e3 pucka pa3BuTuA cuHAapoma Keccnepa) M nepesiomMHbIX

MOMEHTOB (B TOT MOMEHT BPeMeHMU, Koraa 6o/blie HEBO3MOMXKHO M3berKaTb
Vlasatw"“ pa3BUTMA cMHAPOMa Keccnepa nyTem npeKkpalweHns 3anycka)».
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e =

PekomeHaoyeMble gononHuUTernbHoOe
UCTOYHUKMU

* JlopeHc, A., «NoTeps Heba» (Photon Productions 2020)

«To, K YeMy Mbl NPULLIIN — cO3Be3AMe TbICAY HU3KOOPOUTANbHbBIX CMYTHUKOB —
3TO NPeKpacHasa U AanbHOBMAHAA cxema. Ho TpyaHO NpeacTaBUTb YTO-TO
Jlyduee, YTobbl 3arpA3HUTb HoYHOE HeBOo. CNYTHUKU MOTYT ObITb TAKMMMU Ke
APKUMMU, KaK U 3B€34bl, KOTOPbIE Bbl BUAMUTE HEBOOPYKEHHbIM [/1a30M, U NOC/E
3aBepllieHnsa cxeMbl byaeT ropa3go 6onblue cCNnyTHUKOB, Yem 3B8e34. [lomumo
3arpsisHeHns Heba 0bblYHbIMKM NOAbMU, OHU ByAYT YepnaTb WTPUXMU NO KaMmepam
NPo¢ecCcnoHaIbHbIX aCTPOHOMOB, HaCbILLLAA YYBCTBUTE/IbHbIE AETEKTOPbI.
BeposATHOCTb CTO/IKHOBEHWUI N CKaNJIMBaHUA KOCMUYECKOro Mycopa TaKKe
YBE/IMYMBAETCSA YHKACHO».
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PekomeHaoyeMble gononHuUTernbHoOe
UCTOYHUKMU

Pocc M.H. n A1ssna /1. «<HepgooueHeHHaA 0NacHOCTb HOBOIFO KOCMUYECKOTO BeKa:

n

Viasat

obanbHoe 3arpsasHeHme Bo3ayxa», Scientific American (pespanb 2021 r.)

Bonpekn mHorum uctopunam CMW o nocneaHem 3axBaTblBatoLEM
BO3BpaLLEHMM KOCMOCA, OPOUTANbHbIN MYCOP, BO3BPALLLAKOLWMNCA HA
3eM/10, He «McYe3aeT» U He «BbIropaeT» Npu BO3BPaLLEHUM.

B oT/AnumMe oT XMMMYECKM NPOCTbIX YacTUL,, NOSBUBLUMXCA NPU 3amnycCKe,
yacTuubl, 06pa3osBasLIMeca NPM NOBTOPHOM BXO[4e B NPOCTPAHCTBO, byayT
npeacTasnATb CO6OM 300NaAPK CAOXKHBIX XMMUYECKUX TUMOB.

PacTywme HM3Ko3emesibHble OpObUTanbHble Merassesapl, B KaxKaom m3
KOTOPbIX HaXo4ATCA TbICAYM CMYTHUKOB, UCNO/b3YIOT MCNAPEHMNE B KaYeCcTBe
MEXaHM3Ma YTUAM3ALNM B KOHLLE CPOKa C/Yy*KObl cnyTHUKA. Mocne
Pa3BEPTbIBAHUA 3TUX CO3BE3ANM KaXKAbIN rof, OyayT «BCTaBAATbCA» B
OTXOZbl COTHM TOHH HEPYHKLIMOHUPYIOLWMX CNYTHUKOB. bonbluas 4yacTb 3TOM
MACCbl CTaHeT YacTmuamu B cpeaHen atmocdpepe. O4yeHb Maao N3BECTHO O
BbIpaboTKe MblAn NPU NOBTOPHOM BX0A€E, MUKPODU3UKE YACTULL U O TOM,
4\ K@K NbiNb DY NOBTOPHOM BXOALE MOXKET NOB/AMATL Ha KMMAT U O30H».
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UMCTOYHUKU

Viasat, YnpasneHue puckamn «Mera-Cossesgna» B LEO (obHoBneHo B gHBape
2022 r.), https://www.viasat.com/about/what-we-believe/space-policy/space-debris/

Knoyom K NnpeaoTBpaLleHnto KaTacTpodbl ABNAETCS CHMKEHUE pUCKA
CTOJIKHOBEHUSA C caMoro Ha4ana, Tpebysa ot cuctem LEO paboTtaTtb ¢ pa3yMHbIMU
npodounsamm pucka. Kaxpgasi ctpaHa, kKotopasi paspeliaeT cuctemam nmbo
3aHumaTb LEO, nnbo nonyyatb 4OCTyN K CBOUM AOMeHaM Ha 3emie Ui BolLle,
MOXET ornpeaensaTbs U NPUMEHATb NONMUTUKN ANnga obecneyveHns 6e3o0nacHOCTU 3TUX
cucteM. [lonesHo noBbICUTbL CUTYaLMOHHYK0 OCBEAOMITIEHHOCTb O KOCMOCE U
ynpaBnaTb KOCMUYECKUM OBMKEHUEM, HO, KaK 1 aBMauma Ha 3emMrie, CyLLeCTBYIOT
OorpaHnUYeHust No NIIOTHOCTU KOCMUYECKOIO ABMKEHUSA, KOTOPbIE MOXXHO 6e30nacHo
KoHTponupoBatb. OCHOBHOM NPobnemMon ABNseTCA NeEPENOSIHEHNE CIULLIKOM
OonbLIOro KonmyecTea 0ObEKTOB B LIEHHbIE 06NAcTN NPOCTPAaHCTBA BCErO NULLUb
OLHOM U AByMA OTAENbHbIMU CTPaHaMM UMM KOMMEPYECKUMU UTPOKaMU

IHHOBALIMOHHbLIE CUCTEMbI MOrYyT 06ecneyunTb nyywiee obcnyxmBaHne, YCTon4mBoe
pa3BUTUE MPOCTPAHCTBA U NO3BOINTb BCEM CTpaHaM KOHKYPMPOBATb U
cnpaBeanvBo 3aHUMAaTb CBOE MECTO B 9KOHOMMKE HOBOIO MPOCTPAaHCTBA.
HauwnoHanbHble perynupytoLline opraHbl UMEKT NpaBo rapaHTUPOBaTb, YTO
CUCTEMBI, KOTOPbIE OHM pa3peLlatoT UK paspeLlaroT 0b6CcnyxmMBaTb CBOU CTPaHHbI,
He NpeacTaBnsAT Yyrpo3bl X COBCTBEHHBIM HALUMOHAabHbLIM MHTEpEcaM Uin
KocMmnyeckon 6e30nacHOCTU, U YTO HECKOSbKO Y4aCTHUKOB MOTYT pa3gensTb
Vlasatif/saqueHHble opbuTtaneHble pecypcel LEO Ha cnpaBeanneon ocHoBe. 31
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Obecne4yeHne yCcTon4mBOro
pa3BUTUS NPOCTPaHCTBA

[1>xoH ['1. AHka

11 maga 2022 .



* Mbl OTKPbIBaE€M HOBYIO KOCMUYECKYIO 3py
e [eocTtaumoHapsl (GSO):

* YBennyeHue emKoctu cnyTHuKa B 20—-30 pas

* bonee 3KOHOMMUYHDIN; LWNPE3OHA 30HA NOKPbLITUS HAaceNeHnaA; HoBble YCyrn
* [lponyckHaa cnocobHocTb, 6a3mpyAacb Ha HAaIMYMKM Cripoca
* Toppep:kKa MOBUNBbHbBIX YCTPOMCTB (Ha3eMHbIX, MOPCKMX, BO3AYLUHbIX)

 HusKopbuTanbHblie noasuKHbie cnctemsl (LEO):

* 3aaBku B MC3 Ha pa3BepTbiBaHne 6onee 1-Million cnytHukoB LEO B cheaytouem
NecATUNETUN

* HoBble NPUNOKEHUSA ANA ANCTAHLUMOHHOIO 30HANPOBAHUA 3EMIN ANA HAYKM,
060pPOHbI, HAaBUTALUN, NOKALUU U CUHXPOHMU3ALUUM U T. A,

* [mnbpuaHbie pewenmnsa LEO n GEO

* BO3/JEeMNCTBME HA OKPYKatoLLyto cpeay

 Heobxoammo obecneuntb 6€30NacHy0, YCTONYNBYIO U
agantaumto LEO & GEO

* _(I'Ipe»(,u,e yem LEO 3anonHUT BCce NPOCTPAHCTBO HECKO/IbKMMK CUCTEMAMMN)
¢ I'Io,u,,u,emea KOHKYypeHUnn n passntme, B8 TOM 4Hnciae ana CyBepeHHbIX CUCTEM

Vlasatw"“ 2
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PUCKM OT HU3KOOPOUTANbHbIX |

—

NoABUXHbIX CUCTEM A1 YCTOUYNBOIO
pa3BUTUA KOCMOCAa

>

YV VYV

YpesmepHoe notpebneHne obLwmx n orpaHUYEHHbIX OpOUTaNbHbIX

pecypcos

v' U3nunwwHme 3anpocbl Ha opbuUTbl

v’ 3arpomoskaeHune cnekTpa

v' Momexu, KOoTopble yXyALatoT KayecTBa/yMeHbLLAT NPONYCKHYHO
cnocobHocCTb

[MoBbiWweHUe PUCKa CTOZIKHOBEHUA

[ocTuKeHne sKoNornyeckmx orpaHndeHumn LEO

v" Hecywwana cnocobHOCTb

v’ YcTonumBasa KOMMepYecKas, rpaxaaHcKasa u BOeHHasa AeATeNbHOCTb
v' AcTpoHomusA (pagmo- 1 onTnyeckas) u «TeMHoe HoYHoe» Hebo

v' ATmocdepa 3eman 1 3KOCUCTEMbI 3 KMBOTHbIX 1 PacTEHN

Vlasatm‘"’\
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OOLmne n orpaHNYeHHbIe
pecypcbl OpOUTLI:
 JlomKHbI pa3eueamb

803MOXXHOCMU pocma OJisi

oboux
HIFCounrco

Vlasatw"“



OrpaHu gpyrmx ueHHbIX BUAOB
NCMONb30BaHNA OOLLUX OPOUT

614-km Shell I

604-km Shell

I

535-km Shell [ ]

530-km Shell ]
I

525-km Shell

360-km Shell

345-km Shell

I
350-km Shell ]
L
340-km Shell I

250 350 450 550 650 750
Altitude (km)

* OpgHa KoMnaHus cTpemMntcst paboTtaTb Ha BbicOTe 0K0/1086 % om
ebicombi 300—-700 km

*  Opyrne NGSO He cmoryT 6e30nacHo NosyuYnTb AOCTYM K 3TUM
opbutam 6e3 nx cornacus

Vlasatﬂ""\




TpeboBaHMA K yCTONYNBOMY pPa3i UTHIO:
Heobxoaoumo caenatb opouTbl AOCTYNHLIMU ONA
apyrux NGSO

614-km Shell I
604-km Shell |
535-km Shell |

530-km Shell I

525-km Shell |

360-km Shell |

350-km Shell I

345-km Shell |

340-km Shell |

250 350 450 550 650 750
Altitude (km)

> TpeboeaHue k cucmemam NGSO pabomamb e donycmumbix
npedesiax K opbumam

> MHorue yxe genaroT 3710 (+/- HECKONBLKO KNITOMETPOB)
Vlasatﬂ""\ .



OrpaHu4yeHnss HA COBMECTHOe UCMNOoNb30BaHUA
cnekTpa

Blocking NGSO System

Other NGSO System 4,408 Satellites 34,396 Satellites

300 Satellites

1,000 Satellites

3,000 Satellites

MpoueHT BpemMeHu, B TedyeHme KoToporo cuctema NGSO 6onblue 610KMpYyeT CUCTEMBI
MeHbLUero pasmepa

(nonb3OBaTeanKMl‘/'| TEPMWHAN B NPeACTaBUTENbCTBE B Tau.meHTe)

* OpHa 6onbwan cuctema NGSO yrpokaeTt 3HayumenbHbIM Momepam MmowHocmu
0215 8cex ocmasabHobix NGSO

°* Mera cuctema MOXKET UCMO/Ib30BaTb Apyrue «yrnbl 0630pa» A1 06CnyKMBaHUA

Vlasatw‘"’\ ,



————————
TpeboBaHUA K yCTOMYUBOMY Pa3BUTUIO:

Heobxoaumo obecnevynTtb OOCTYN K CNEKTPY
ana gpyrmx NGSO

° PaspgeneHune «yron 3peHua» no tpeboBaHuto: PasHomepHO pa3deaume
a3MMyTbl B MECTax, rAe OXKMAAEeTCA B3aMMOAENCTBUE MEKAY CUCTEMAMMU

NGSO

* OAaVH 1 TOT e YPOBEHb pa3aeneHmnAa He3aBUCMMO Om Koauyecmea
cnymHuKos 8 cucmeme NGSO; paBHOe pacnpenesieHmne Harpysku

System A earth station can use System B earth station can use
any satellite to the West any satellite to the East
0
' 330° 57 el . 30
Mpumep: R 1N
300° /.0 b A s 80
270° b Pl : b' S
t L 80060 4025
- A - Ny | NN .
240; \ e P 120°
2100‘. e ‘150°
180°

Vlasat,M
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Co3aaHue nomex gna NleoctaunoHapoB

* HekoTtopble NGSO cTpemaTcsa nepenaBsaTbh OaHHblE
HenocpeacTeeHHo B ayry GSO

° Bbi3bigaem 3Ha4YumesibHbI€ MOMexXu U nomepu
MOWHOCMU  NGsOs

NGSO
interference
zone

Vlasat,‘”‘ .



Tpe6oBaHUA ANSl YCTONYNBOrO Pa3BUTUA:
He no3sonante NGSO uanyyatb aaHHble B ayry GSO
* TllopoepxmBaTb yron nsderanus ayrm GSO

* [IpuMeHsimb cmaHOapMHbIU MPOMOKOJI COBMECMHO20 UCMOoJIb308aHUs

NGSO satellite that does not have sufficient separation
to serve one area, is able to serve other areas

NGSO ES served by satellite with
sufficient GSO arc separation

Vlasatf"" 10




NMpaBuna MC3 orpaHn4nBaloT NomMmexu B
GSO

EPFDdn (dBWIm2I40-kHZ) in 10.7 - 11.7 GHz Band for 1.2 m GSO ES
\ \ T T

100% i \ T 3
E = =Art22 |]
u \ \ ]
F . — =Res 76|
i \ Limit for iy 1e;|-n -
| . Shared limit fling| |
5 \ Single \
S for ALL
®  10%- Y NGSO \ E
8 ; ‘ System ' NGSO :
> r ]
w r i \ Systems 1
g I \ \ |
=) \ \
g T%g \ \ 3
[m] F A =y A — ]
L|_ - — -— — — —
& r - — .~ - o i
@ I \ -~ - .
£ o1%k- . RN 4
ol ’ = = - - ~ 3
5 F -~ - A ]
o r Actual o v
£ L Operation of * v
8 001% Single NGSO (-
g F System \ “
r \
: (Example) \ 1
\
0.001% | | | | |
-190 -185 -180 -175 -170 -165 -160
EPFD
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3KcnnyaTau,m| eanHOUn CHn <10

Heckonbkux ITU - 3aaBoOK

B paMKax

Hapywaem donycmumMbie 02paHU4YeHust

EPFDdn (dBWIm2140-kHZ) in 10.7 - 11.7 GHz Band for 1.2 m GSO ES
\ \ \ \ |

100% 4 |

: \ - =Art22
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i \ 1 Filing
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8 F \ ]
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i r \ I
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w I = = - |
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Tpe6oBaHUA K YCTOMYMBOMY Pa3BUTUIO:
Cuctembl NGSO OonXxHbl
COOTBETCTBOBAaTb NpaBUIam

Kaxagasa cuctema NGSO gomnxHa
coonroaaTtb npeaernbl Nomex Ans
EdumHou Cucmembi NGSO

Vlasatﬁ""\



BbiBoabl No 6e3onacHoOCTU B
KocMoce:

Vlasatw"‘/\

OmoersnibHbIe HebosibWUE PUCKU
Hakarnsusearomcs

Kaxxobiu cnymHuk NGSO eHocum

ceolU 8KJ/1a0 8 COBOKYIHbIU PUCK
CMOJIKHOBeHUU cucmem



Caaaa —

LEO ctaHOoBuTCS 60Mnee puckoBaHHbIMMU

ESA's Space

Environment Report
2022

Penetration into LEOapc

Object Count [-]
o
S
=4
o

~
%))
o
o

Reference Epoch

(a) Evolution of absolute number of objects.

YBenunyeHue tTpaduka, 3aTOpoB U co3gaHne
«ONUTENBHBIX» KOCMUYECKUX ODSTOMKOB
Vlasatw‘"’\

15



L

U 3to 3aTtparnBaet BCEX, KTO ncnonb3yer
NPOCTPaHCTBO

an BUSINESS

[eHepanbHbIM anpekTop Rocket Lab lNutep bek ckasarn, 4To orpomMHoe
KONIMYEeCTBO OOBLEKTOB B KOCMOCE NPSIMO cenvac — 3TO YUCIIO0, KOTOpoe BbICTPOo
pacTeT, oT4acTn bnarogaps CnyTHUKOBOMY MHTEPHET-CO3BE3AMI0 SpaceX,
Starlink, — 3aTpygHAET NOMUCK YETKOro NyTW AN pakeT Ans 3anycka HOBbIX
COYTHUKOB.

Bexk... ckasan, 4YTo OH pacCTPOeH TeM, YTO BonblLuasi YacTb pasroBopa O
KOCMUYECKMX OXKYHCaX CBsi3aHa C PUCKOM CTONKHOBEHMIN HA opbuTe, 1 HE Tak
MHOIO Pa3roBOPOB O TOM, KaK KOCMUYECKUI TpadUK VXKe BNudeT Ha 3anyck
busHeca.

Vlasatw‘"" 16



Mycop B LEO onaceH

Pa3mep ob0bekTa BnunaHne cTonKHOBEeHUSA Ha
Mycopa Yucno Ha opouTte aKTUBHbIN CMYTHUK

> 30 000 Katactpodomnueckum

otr1cmao 10 cm 3anag > 1000 MoxeT bbITb KaTacTpodPU4ECKUM

000 N1 NpUBECTN B Hepaboyee
COCTOSIHMNE
otr1 Mmmao 1 cm [Mpumep > 330 MoxeT coenartb ero
MWUISIMOHOB HepPaboTOCNOCOOHbLIM

Vlasatw"“ 17



CnyTHUKOBbIE CTOJIKHOBEHMUS
pacnpocTpaHUIiM onacHbIN MyCcOp Ha

COTHU KUITOMETPOB
* CmosnKHoBeHus mocym OmKaro4Yumeo U

COSMOS-1408 ASAT Test Starlink-Starlink Collision

2000 T 2000 T
* Apogee * Apogee
* Perigee + Perigee
1500 ¢ 1600 ¢
£ =
= =
< S
3 1000 3 1000 f
< <
500 500
90 95 100 105 110 90 95 100 105 110
Period (min)

Period (min)

Modeled LNT Fragments from COSMOQS-1408 ASAT Test (77,706 LNT fragments) and
Starlink-Starlink Collision (26,968 LNT fragments) (based on 260 kg v.1 Starlink design)

°* He moxcem uzbexcams moe2o, Ymo 8bl He suoume
CmepTenbHbi HeoTcaexmnsaembin mycop (LNT) (pasmep 1-10
CM) HEBO3MOXHO OTCNeAnTb Unn nsbexaTb

Vlasatf""
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HeB0O3MOXHO n3dexartb BCexX Konnu3mm B
LEO

 OrpomHoe yBenmyeHue «bamxHmux noaxoaos» B LEO

 CnyTHMKMK, KOTOPbIE HE MOTYT MaHEBPMPOBATb (Heyaaya), He moryT
n3bexatb CTONNIKHOBEHUN

e Jla)ke MaHeBpPEHHblIe CNYTHUKM He n36aBAT Bac OT CTO/IKHOBEHUN

Hugh Lewis

There will be a huge increase in the number of close approaches that will be
ignored. The residual risk will increase even if #SpaceX were to lower the
manoeuvre threshold further. In the end, the law of very large numbers will

probably deliver a collision [25/n]

Hugh Lewis

This issue is also not just limited to #SpaceX & #Starlink. All large
constellations and large fleets of satellites will encounter the same
problem: it may not be possible to prevent collisions involving these space
systems using collision avoidance manoeuvres alone [28/n]

Viasat!



BbIiBOALI MO 3KONMOrM4ecKkou
YCTOUYNBOCTM:

« [Ipedesnbl «eaMecmumMmocmu»
cywecmeaeyrom e LEO

 Heobxodumo onmumu3uposamsb
mo, Ymo pa3eepHymo OJisi
pabombi 8 amux npedesnax

Vlasatw"‘/\



OrpaHu4yeHUAa yCTOUM4YMBOro pasBmuTuUA Ann
3anonHeHuAa LEO

Space Environment Capacity - concept esa

number & type of missions compatible with the stable and low risk evolution of the environment

Ceiling Can be estimated through long-term simulations of the
(total aggregated l’iSk) environment (e.g. baseline scenario)

Capacity available for Could use allocation
new&active missions mechanism

Changes dynamically
with the evolving

Capacity consumed by
non-functional objects environment

Year
mEE @NYL mAl
RB: Rocket Bodies | NPL: Inactive payloads | APL: Active payloads

= Il 2= W 4 1= 1111 O I — == B0 = 01 22 S0 = = im vl + THE EUROPEAN SPACE AGENCY
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ATUA ANA
3anonHeHusa LEO

PERSPECTIVE nature
https://dui.orgﬁD.E’.B/s41550-022-01655-6 a.Str Onomy

| ‘I) Check for updates

The case for space environmentalism

Andy Lawrence'®, Meredith L. Rawls 2, Moriba Jah*#, Aaron Boley®, Federico Di Vruno©¢,

Simon Garrington’, Michael Kramer®?®, Samantha Lawler', James Lowenthal", Jonathan McDowell @212
and Mark McCaughrean®

\"4

«[G]pacTywas Kommepyeckana aKCnyaTaLuma TOro, YTO MOXKET NOKa3aTbecA «becnnaTHbIMY e
Ha camMoM faene, U3BJIeYEHME UCTUHHbIX 3aTPaT».

\"4

Heobxoanmo noHMMaTb 3aTpaThl, KOTopble cuctembl LEO HanaratoT Ha:
> AcTpoHOMMA (pagmno- M ONTMYECKas) U TEMHOe HOYHOoe Hebo
> ATmocdepa 3emn, 3KOCUCTEMbI }KUBOTHbIX U PACTEHUI

> KocmumuecKas cpega, nogaepmBatrollas KOMMEPYECKYIO, rPa*KaaHCKY U BOEHHYIO A€

A4

«Koraa mbli 3adlyCKaeM AeCATKN CMYTHUKOB KaxXAble HECKOJ/IbKO HeAENNb, Mbl CHUMaEM
BO3MOXHOCTb VIHd)OpN\VIpOBaTb HaC O HenpeaHaMmepeHHbIX NocneacTBUAX HAWNX LI,EVICTBMVIj
N Mbl HE MOXKEM MNMpPeacka3aTb (I)aKTVI‘-IeCKOG COCTOAHNE ANHaMNYECKOTO PaBHOBECUA»,

Vlasat,M
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YctonuuBoe passutue: lNpulino Bpems
nencrTBoBaThb

e «Tenepb Mbl HAXOAMMCA HA NEPEKPECTKE: eC/IN Mbl He Hangem cnocobos
yNpaBAeHUA KOCMUYECKUM ABUKEHMEM, HALIWM NMPOLLJIbIE N TEKYLLME
KOCMWYECKMEe MeponpusaTMUA NOCTaBAT NoA yrpo3y 6e30nacHoCTb,
6e30nacHOCTb M YCTOMYMBOCTb KOCMMYECKOIO MPOCTPAHCTBA U, KaK
cneacTeue, Hawy 6yayulyto cnocobHOCTb NOIAaraTbCA Ha NPOCTPAHCTBO
KaK Ha UCTOYHMK K/KOYEBDIX YC/IYT B MUHTEPECAX Ye/IOBEYECTBAY.

EBponenckaa Kommnccusa, COBMecTHoe coobuieHne EBponenckomy
napnameHTy n Cosety: Noaxon EC K ynpaB/iieHNIO KOCMUYECKUM
ABurKeHnem; Bknag EC B peweHune rnobanbHom npobaemsbl (JOIN(2022) 4
final)

* Tonbko B nepsom Q1 2022 roga 66110 3anyweHo 624 cnyTHUKA

 na 30 000 cnyTtHMKoB Starlink Gen 2 notpebyetca yactoTta 3anycka ~100
CNYTHUKOB KaxKkable 6 AHEN B TEYEHME BCETrO CPOKA CNYXHKObl cMcTembl
(~6000 B roa)

Vlasatw"“
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YctonunBoe passutue: PewieHnsa B
HannMuuu

> Mbl moxcem obecneyumeo KaK HaoeXcHoe Ucnosb3oeaHue
LEO, mak u ycmoulvyueoe ucrnosib3osaHue 018 8cex

[IncTaHUMOHHOE u3mepeHmne/HabatogeHne 3a 3emnem
HayKa

O6opoHa/be30nacHOCTb

[lonoxkeHune, HaBUrayma n Bpems

KoMMyHUKauuu

> OOHO peweHue — massie u 6os1ee MowiHble cnymHUKuU

Viasat

CHUXEHNEe PUCKa CTOJIKHOBEHUIN, CHUXKEHNE BO3AENCTBUA HA
OKPYrKaloLlyto cpeay

Cryp3a, M.A., Caypa KappeTepo, I, [locheacrtsna cnyTHUMKOBbIX
cTtoiIkHoBeHUM LEO — The Fragments (2021), 11-a koHpepeHuma IAASS —
YnpaBneHue puckamun B Kocmoce, https://www.viasat.com/space-

N innovation/space-policy/space-debris/
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HaunoHanbHoOe nuueH3npoBaHne —
eAVNHCTBEHHbIN peariIMCTUYHbLIU CNOCo0b 6OPLOLI
C oTpuuaTenbHbLIMU NOCIeACTBUAMMU

e CrtpaHbl, 3anonHatowme LEO, He 3aboTATCA 0 ApYyrux
* KOHKypeHuuAa
e JlocTyn K cneKkTpy u opbute

* OKpyrKatolana cpena

° CDpaHL|,y3c+<oe peweHne npn3HaeT BaXXHOCTb mwamesibHo20 paccMOompeHUAa

HAUUOHA/1bHbIX PUCKOB HA amare 8biX00d HA PbIHOK:

«[peweHne ARCEP] npeactaBnsaeT coboi aarke ogHO U3 peaKux peLieHni, ecnm
He eAUHCTBEHHOE, NpuHUMaemoe PpaHumen, Kotopoe obycnoBanBaeT
npepocTtaBneHume ycnyr Starlink Ha Hawen TeppuTopUmn».

dpaHLuy3ckuii cyg, (Le Conseil d’Etat) o npuaHaHUKM HedeNcTBUTENbHBIM
BbIXO4a Ha pbIHOK Starlink, BbiBoAbl AoKNaaumnka, aeno No 455321

Vlasatw‘"’\ 25



1. AKtuBHOCTb LEO pacTeT aKCMOHEHUMANbHO C HEaAEKBAaTHOW perynaumen

2. HekoTtopble urpoku LEO nbiTatoTca 3axBaTuTh Bce pecypcbl LEO n copeBHoBaHMsA no 6opbbe ¢
x066m

3. Heobxoanmo pa3BmBaTh NPOCTPAHCTBO ANA UHHOBALWIA, KOHKYPEHLUMWN U YCTONYMBOTO
MCNO/Ib30BAaHUA NPOCTPAHCTBA

4. PUCK CTONKHOBEHMA U ApYyrne BUAbl Bpeaa OKPYKaloLWen cpeae ABNATCA aaanTUBHbIMU

5. HayuoHanbHbIe pe2ynamopsl Ay4Uie 8Ce20 PAcnonoHceHbl HA amarne 8biXxo0d HA PbIHOK,
ymobbl obecneyumeo
6e3onacHocme, cripasedausocms U ycmoliyueoe paszeumue 6 LEO

* (O6ecneyeHune TOro, Ytobbl onepaTopbl LEO Mmenn paBHble yrabl 3peHus, opbuTbl 1
CNeKTp, M paboTann B pamKax pasyMHOro COBOKYMHOro Npoduas pucka CTONKHOBEHMUS

* TlpepotBpauweHue nomex B GEO, Tpebya ot Kaxkaon cuctembl LEO noaaeprkaHus
YIrN0BOro pasaenenusa n cobntoaeHms yctaHoBAeHHbIX NnpeaenoB EPFD ana eguHom
cuctembl NGSO

®  M3yyeHne KOHKYPEHTHbIX U 3KONOrMYeckmx apdeKTOB NpeaoCcTaBAeHMs AOCTyNa K
cucteme LEO Ha pblHKe

* CoBmecTHasA paboTa ana obecrneyeHns COBMECTHOIO UCNOb30BaHMA NPOCTPAHCTBA Mo
BCEMY MUPY U cobntogeHnA rnobanbHbIX IKONOTMUYECKUX OrPaHNYEHUIN

Vlasat,M 26



| | 1A pUCKa
CTOJIKHOBEHUS1 1 Mycopa

d Obwuli puck cmosKHo8eHUs A6aaemcsa cyMmmol 0418 Kax0020 CymHUKd 8
me4eHue CpoKa cnyxcbol cucmemeol

U LWkanesi c Karoyesbimu xapakmepucmukamu LEO
O YuutbiBaiiTe xapaKktepuctnkm cuctemol LEO

1 KonunyecTtBo cnyTHUKOB

O Macca v nnowaab nonepevyHoro ce4eHuns CnyTHUKOB

1 Ncnonb3yembie opbuUThl

d CnocobHocTb M3beratb CTONKHOBEHUI NPU YCIOBUU, YTO CNYTHMUKM OCTaOTCA Ha
opbuTte
L HagerHOCTb CNYTHUKOBbLIX NoAcucTem, obecneymBaoMx MaHEBPEHHOCTb
 O3HavaeT KoopAMHaUMIO C APYrMMU CMYTHUKaMMU
d PaccmoTpute coBoKynHble 3pdeKTbl B Te4eHUe CPoKa CAYy*Kbbl cUcTEMBI
0 KonnuectBo cnyTHMKOB, KOTOPble TEPAIOT MaHEBPEHHOCTb/Heyaaua
0 KonunuyecTtBo «TeCHbIX BCTPEY» C APYrMMM 0b6beKTamu

L HenpepbiBHbIN pOCT OpbUTaNBLHOTO Mycopa

d BseaeHue gononHuTenbHbIX cuctem LEO

Vlasatw"“ 27



PekomeHayeMmble nononﬁ UCTOYHUKU

* JloHr ., Bananmne 6onbinx cossesani cnytHnkos, JASON — The MITRE
Corporation, JSR-20-2H, Hoabpb 2020 r. (06HoBNEHO 21 aHBapA 2021 r.),
https://www.nsf.gov/news/special reports/jasonreportconstellations/JSR-20-
2H The Impacts of Large Constellations of Satellites 508.pdf

*  WUccneposBaHmne HaunoHanbHoro HayyHoro ¢poHaa CLLUA noKkasbiBaeT, YTo,
BO3MOXHO, Helenecoobpa3Ho NoAaepKMBaTh AarKe oaHYy U3 cuctem LEO,
3anyCKaeMblX B HacTosALlee BPpeEMA, N NPOrHO3UPYET 3HAUYNUTE/IbHOE
yBennyeHne Kak KOCMUYECKUX CTOJIKHOBEHWUMN, TaK U HOBbIX 06/1I0MKOB,
HaYMHaA BCEro C HECKONbKUX NeT. B JONrocpoYHOM NepcneKkTUBe «KCNYTHUKM
YHUYTOKAKTCA [B pe3ynbTaTe CTO/IKHOBEHUIN € Mycopom] bbicTpee, YemM OHU
3anyCcKaloTca».

 Cryp3a. M.A. n Saura Carretero, G., Design Trades for Environmentally Broadband
LEO Satellite Systems (2021), 2021 Advanced Maui Optical and Space Surveillance
Technologies Conference (AMOQOS),
https://amostech.com/TechnicalPapers/2021/Poster/Sturza.pdf

«[UccnepoBaHmA] AEMOHCTPUPYIOT KOHLENLUNM 0pbUTaIbHON EMKOCTU

(Uncno u TMN CNYTHUKOB, KOTOPbIE MOTYT ObITb YCTOMUYMBO Pa3BEPHYTHI Ha

Karkaom opbute 6e3 pucka pa3BuTuA cuHAapoma Keccnepa) M nepesiomMHbIX

MOMEHTOB (B TOT MOMEHT BPeMeHMU, Koraa 6o/blie HEBO3MOMXKHO M3berKaTb
Vlasatw"“ pa3BUTMA cMHAPOMa Keccnepa nyTem npeKkpalweHns 3anycka)».
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e =

PekomeHaoyeMble gononHuUTernbHoOe
UCTOYHUKMU

* JlopeHc, A., «NoTeps Heba» (Photon Productions 2020)

«To, K YeMy Mbl NPULLIIN — cO3Be3AMe TbICAY HU3KOOPOUTANbHbBIX CMYTHUKOB —
3TO NPeKpacHasa U AanbHOBMAHAA cxema. Ho TpyaHO NpeacTaBUTb YTO-TO
Jlyduee, YTobbl 3arpA3HUTb HoYHOE HeBOo. CNYTHUKU MOTYT ObITb TAKMMMU Ke
APKUMMU, KaK U 3B€34bl, KOTOPbIE Bbl BUAMUTE HEBOOPYKEHHbIM [/1a30M, U NOC/E
3aBepllieHnsa cxeMbl byaeT ropa3go 6onblue cCNnyTHUKOB, Yem 3B8e34. [lomumo
3arpsisHeHns Heba 0bblYHbIMKM NOAbMU, OHU ByAYT YepnaTb WTPUXMU NO KaMmepam
NPo¢ecCcnoHaIbHbIX aCTPOHOMOB, HaCbILLLAA YYBCTBUTE/IbHbIE AETEKTOPbI.
BeposATHOCTb CTO/IKHOBEHWUI N CKaNJIMBaHUA KOCMUYECKOro Mycopa TaKKe
YBE/IMYMBAETCSA YHKACHO».
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PekomeHaoyeMble gononHuUTernbHoOe
UCTOYHUKMU

Pocc M.H. n A1ssna /1. «<HepgooueHeHHaA 0NacHOCTb HOBOIFO KOCMUYECKOTO BeKa:

n

Viasat

obanbHoe 3arpsasHeHme Bo3ayxa», Scientific American (pespanb 2021 r.)

Bonpekn mHorum uctopunam CMW o nocneaHem 3axBaTblBatoLEM
BO3BpaLLEHMM KOCMOCA, OPOUTANbHbIN MYCOP, BO3BPALLLAKOLWMNCA HA
3eM/10, He «McYe3aeT» U He «BbIropaeT» Npu BO3BPaLLEHUM.

B oT/AnumMe oT XMMMYECKM NPOCTbIX YacTUL,, NOSBUBLUMXCA NPU 3amnycCKe,
yacTuubl, 06pa3osBasLIMeca NPM NOBTOPHOM BXO[4e B NPOCTPAHCTBO, byayT
npeacTasnATb CO6OM 300NaAPK CAOXKHBIX XMMUYECKUX TUMOB.

PacTywme HM3Ko3emesibHble OpObUTanbHble Merassesapl, B KaxKaom m3
KOTOPbIX HaXo4ATCA TbICAYM CMYTHUKOB, UCNO/b3YIOT MCNAPEHMNE B KaYeCcTBe
MEXaHM3Ma YTUAM3ALNM B KOHLLE CPOKa C/Yy*KObl cnyTHUKA. Mocne
Pa3BEPTbIBAHUA 3TUX CO3BE3ANM KaXKAbIN rof, OyayT «BCTaBAATbCA» B
OTXOZbl COTHM TOHH HEPYHKLIMOHUPYIOLWMX CNYTHUKOB. bonbluas 4yacTb 3TOM
MACCbl CTaHeT YacTmuamu B cpeaHen atmocdpepe. O4yeHb Maao N3BECTHO O
BbIpaboTKe MblAn NPU NOBTOPHOM BX0A€E, MUKPODU3UKE YACTULL U O TOM,
4\ K@K NbiNb DY NOBTOPHOM BXOALE MOXKET NOB/AMATL Ha KMMAT U O30H».
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UMCTOYHUKU

Viasat, YnpasneHue puckamn «Mera-Cossesgna» B LEO (obHoBneHo B gHBape
2022 r.), https://www.viasat.com/about/what-we-believe/space-policy/space-debris/

Knoyom K NnpeaoTBpaLleHnto KaTacTpodbl ABNAETCS CHMKEHUE pUCKA
CTOJIKHOBEHUSA C caMoro Ha4ana, Tpebysa ot cuctem LEO paboTtaTtb ¢ pa3yMHbIMU
npodounsamm pucka. Kaxpgasi ctpaHa, kKotopasi paspeliaeT cuctemam nmbo
3aHumaTb LEO, nnbo nonyyatb 4OCTyN K CBOUM AOMeHaM Ha 3emie Ui BolLle,
MOXET ornpeaensaTbs U NPUMEHATb NONMUTUKN ANnga obecneyveHns 6e3o0nacHOCTU 3TUX
cucteM. [lonesHo noBbICUTbL CUTYaLMOHHYK0 OCBEAOMITIEHHOCTb O KOCMOCE U
ynpaBnaTb KOCMUYECKUM OBMKEHUEM, HO, KaK 1 aBMauma Ha 3emMrie, CyLLeCTBYIOT
OorpaHnUYeHust No NIIOTHOCTU KOCMUYECKOIO ABMKEHUSA, KOTOPbIE MOXXHO 6e30nacHo
KoHTponupoBatb. OCHOBHOM NPobnemMon ABNseTCA NeEPENOSIHEHNE CIULLIKOM
OonbLIOro KonmyecTea 0ObEKTOB B LIEHHbIE 06NAcTN NPOCTPAaHCTBA BCErO NULLUb
OLHOM U AByMA OTAENbHbIMU CTPaHaMM UMM KOMMEPYECKUMU UTPOKaMU

IHHOBALIMOHHbLIE CUCTEMbI MOrYyT 06ecneyunTb nyywiee obcnyxmBaHne, YCTon4mBoe
pa3BUTUE MPOCTPAHCTBA U NO3BOINTb BCEM CTpaHaM KOHKYPMPOBATb U
cnpaBeanvBo 3aHUMAaTb CBOE MECTO B 9KOHOMMKE HOBOIO MPOCTPAaHCTBA.
HauwnoHanbHble perynupytoLline opraHbl UMEKT NpaBo rapaHTUPOBaTb, YTO
CUCTEMBI, KOTOPbIE OHM pa3peLlatoT UK paspeLlaroT 0b6CcnyxmMBaTb CBOU CTPaHHbI,
He NpeacTaBnsAT Yyrpo3bl X COBCTBEHHBIM HALUMOHAabHbLIM MHTEpEcaM Uin
KocMmnyeckon 6e30nacHOCTU, U YTO HECKOSbKO Y4aCTHUKOB MOTYT pa3gensTb
Vlasatif/saqueHHble opbuTtaneHble pecypcel LEO Ha cnpaBeanneon ocHoBe. 31
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