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Russian Federation

DRAFT REPORT ON RESEARCH RELATING TO SPACE DEBRIS,
INCLUDING INFORMATION ON MEASURES TO ENSURE THE SAFETY
OF SPACE OBJECTS WITH NUCLEAR POWER SOURCES ON BOARD

National research on space debris modelling and the protection of space objects
from space debris and micrometeoroids

In 2018, an assessment of flows of space debris and meteoroids in proximity to
low- Earth orbits was carried out and proposals were drawn up for the continuous
monitoring, using the contact method, of flows of space debris and micrometeroids in
those regions.

A method for assessing damage caused by meteoroid particles and fragments of space
debris to unmanned spacecraft used for various purposes was verified and validated,
including on the basis of test data on the effects of high-speed collision of simulants
of meteoroid particles and space debris fragments with spacecraft components. It
should be noted that, at present, the vast majority of test results concern the
International Space Station and apply only partially to unmanned spacecraft.

National research on space debris monitoring and operation of the Automated
Warning System for Hazardous Situations in Near-Earth Space

On 1 January 2016, an automated warning system for hazardous situations in
near-Earth space, developed as part of the Federal Space Programme and under
contract with Roscosmos, was launched. The system is the world’s first civilian
system for monitoring near-Earth space, and was established as part of a project
funded wholly by the State.

The system is intended to ensure the safety of space operations carried out by Russian
spacecraft under conditions influenced by the human-made pollution of near-Earth
space, issue warnings of hazardous situations in near-Earth space to users and support
activities carried out to ensure the compliance of the Russian Federation with its
international obligations in relation to space debris.

The main tasks carried out by the system are as follows:

- The monitoring of near-Earth space and the recording of information on space
objects;

- The detection and analysis of hazardous situations in near-Earth space,
including the conjunction of space objects with satellites belonging to the orbital
constellation of the Russian Federation, the uncontrolled re-entry of high-risk
space objects into the Earth’s atmosphere and the destruction of space objects;

- The monitoring and evaluation of the results of operations to remove spent
stages of carrier rockets, boosters and spacecraft to a disposal orbit or limited
lifetime orbit.

- The communication of information on hazardous situations in near-Earth space
and on the predicted development of such situations to users.

The system comprises special electro-optical units that monitor near-Earth space at
all altitudes and inclinations of space objects and centres for the processing and
analysis of information.

By the end of 2018, the electro-optical units had conducted more than 14.4 million
measurements of the position and brightness of space objects in various orbits. Within
the year, as a result of the work carried out jointly by the system and organizations of
the Russian Academy of Sciences, industrial enterprises and higher education
institutions, more than 1,460 previously unknown space debris objects were
discovered in high orbits (geostationary, highly elliptical and medium-altitude
near-circular orbits). This outcome was achieved solely on account of the
establishment and introduction of new methods of using electro-optical equipment
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and of processing and analysing the measurement information obtained. A total of
21,500 space objects were recorded in the system database, including more than
19,000 space debris objects. Unique information on more than 4,400 space objects
discovered and regularly monitored by civilian electro-optical monitoring systems of
the Russian Federation is published regularly on a dedicated website with the aim of
providing researchers from different countries with the possibility of conducting more
in-depth analysis of the real situation in near-Earth orbits. No other State provides the
international community with information on those objects.

In the past year, the Automated Warning System has made it possible to monitor and
analyse the transfer of 11 satellites to a disposal orbit. The analysis and prediction of
the parameters for uncontrolled re-entry into the Earth’s atmosphere was conducted
in respect of 92 space objects. A total of 69 breaches of the four-kilometre safety zone
of the International Space Station and 1,592 conjunctions of space debris objects at a
distance of less than 1.5 km from satellites of the Russian Federation were detected.
Warnings of dangerous conjunctions of space debris objects with satellites were
issued in a timely manner to the Mission Control Centre and to Russian
satellite operators.

The Automated Warning System was the first among existing systems for monitoring
near-Earth space to detect the two most significant break-ups of space objects in
recent years. Moreover, both of those events took place in high orbits that are
extremely difficult to monitor (the geostationary orbit and the geosynchronous
transfer orbit). The system collected a large amount of information that made it
possible to assess the nature and consequences of the break-ups. The first was the
break-up on 28 February 2018 of the United States Transtage 17 stage (international
designator 1969-013B), as a result of which a large number of space debris
fragments — more than 140 of which were discovered using Russian civilian
monitoring tools — were generated in proximity to the geostationary orbit. The
second was the break-up on 30 August 2018 of the United States Centaur stage
(international designator 2014-055B) in the geosynchronous transfer orbit at an
altitude of 8,202 x 35,181 km and an inclination of 22.24°. This event led to an
immediate increase by more than 25 per cent in the number of space debris objects
tracked in geosynchronous transfer orbits. More than 570 fragments resulting from
the break-up are currently being tracked using the electro-optical tools of the
Automated Warning System and of various Russian organizations.

The Automated Warning System, in close collaboration with the monitoring system
operated by the Ministry of Defence, ensures the participation of the Russian
Federation in international test campaigns involving the tracking of hazardous space
objects that have unexpectedly ceased to function in orbit.

The establishment of the Automated Warning System has enabled Roscosmos to
obtain on a regular basis objective information on the real situation in the
geostationary orbit region, in orbits used by global navigation satellite systems and in
highly elliptical orbits. For the first time in the history of the creation and
development of systems for monitoring near-Earth space, the feasibility of promptly
detecting and characterizing a large number of fragments resulting from break-ups in
high orbits has been proven.

Roscosmos is continuing to prepare a freely accessible Internet service providing the
results of monitoring of near-Earth space obtained through the Automated Warning
System.

The Automated Warning System is being further developed under the Federal Space
Programme for 2016-2025. The Programme provides for the modernization of
existing electro-optical equipment and the creation of new monitoring tools, including
tools for monitoring the radio emissions of space objects, and significant
improvement in the quality of the processing and analysis of measurement and orbital
information.
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Participation of the Russian Federation in an international test campaign for
monitoring “space objects of risk” leaving near-Earth orbits

An international test campaign to monitor the deorbiting of “space objects of risk”,
the twenty-second of its kind, was held from 15 February to 2 April 2018 under the
auspices of the Inter-Agency Space Debris Coordination Committee (IADC).

The Committee’s Steering Group approved the Chinese orbital station Tiangong-1
(international designator 2011-053A) as the test space object for the purposes of the
campaign. Tiangong-1 was launched on 30 September 2011 at 03:16:03 hours UTC
from the Jiuquan launch site with a modernized Chang Zheng-2F carrier rocket
(CZ-2F T1).

During the campaign, the Russian Federation was represented by Roscosmos and the
Automated Warning System, the Outer Space Monitoring System of the Ministry of
Defence and the electro-optical tools of various Russian organizations for the
monitoring of near-Earth space were used. As part of the campaign, the Russian
Federation contributed 140 sets of measurement data in two-line element format to
the database of the Inter-Agency Space Debris Coordination Committee for use by all
participants, those data including the only measurement obtained by participants in
relation to the station’s final orbit. The Russian Federation also provided
17 predictions with regard to the descent of Tiangong-1.

According to the data of the Russian Federation, the space object ceased to exist
between 00:45 and 00:56 hours UTC on 2 April 2018 (the central point of the time
window for re-entry was 00:50 UTC on 2 April 2018 and the coordinates were
8.2°S and 342.7°W).

Monitoring of conjunctions, risk assessment and manoeuvres carried out by the
International Space Station to avoid collision with space debris objects

From January to October 2018, the Ballistics and Navigation Service of the Central
Engineering Research Institute’s Mission Control Centre received alerts from the
NASA Johnson Space Center warning of the likelihood of breaches of the safety zone
of the International Space Station by 21 “space objects of risk”, including a warning
that the zone would be breached at +0.75 km vertically, a distance of +25 km along
the Station’s orbital path and at £25km laterally, and that the probability of collision
was P.>10°. In total, some 75 alerts were received.

On the basis of analysis of all of the information available to the Mission Control
Centre in relation to the space objects of risk, six of those objects were identified
during the early stages of their tracking as being in danger of committing critical
breaches of the International Space Station safety zone, as a result of which avoidance
manoeuvres would be required. In the process of further clarifying the orbital
information relating to those objects, it was determined that avoidance manoeuvres to
prevent possible collision were not needed.

The most recent manoeuvre of the International Space Station to avoid collision with
a space object of risk was performed on 27 September 2015 using the engines of the
Progress M-28M cargo spacecraft.

Information on the safety of space objects with nuclear power sources on board
and problems relating to the collision of such objects with space debris

Nuclear energy can ensure the performance of a wide range of future tasks in
near-Earth and deep space requiring a large power supply and transform the
development of space activities. The Russian Federation has experience in the
successful establishment and safe operation of space objects with radioisotope power
systems and reactor systems.

One of the key problems posed by space objects with nuclear power sources on board
is nuclear and radiation safety throughout the life cycle of those objects. The Safety
Framework for Nuclear Power Source Applications in Outer Space states that safety
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should be considered from the earliest stages of design of nuclear power sources and
spacecraft on the basis of the Framework.

A modern approach to ensuring an adequate supply of power to spacecraft intended
for assignments relating to the exploration of near-Earth space, the study of distant
planets of the solar system and the supply of power to unmanned and manned stations
on the surface of other celestial bodies requires the use of nuclear power sources,
including reactor nuclear power installations. The use of space nuclear power sources
offers a number of indisputable technical advantages over other types of spacecraft
power source.

Those advantages include the possibility of ensuring high output capacity in relatively
small power units and ensuring power supply irrespective of orbital position and
distance from the Sun, unlike solar power installations.

However, the use of nuclear power sources, including reactor installations as on-board
power sources, requires measures to ensure the nuclear and radiation safety of the
population and the environment through the use of special technical equipment and
the appropriate design of nuclear power installations. The condition of nuclear
reactors and the radioactive materials they contain must also be assessed if spacecraft
are struck by other objects.

The most dangerous emergency situations involving space nuclear power installations
would be limited mainly to the impact of another object on the nuclear reactor and
subsequent partial or catastrophic damage to the spacecraft.

If a carrier rocket were to explode at launch, the “cold” reactor, which would not yet
be radioactive, would be bombarded by fragments of the rocket. If the engines of the
first stage of a carrier rocket failed, the “cold” reactor within the nuclear power
installation would fall to Earth.

An accident involving a nuclear power installation might also be caused by the
presence of a large number of space debris objects in orbit. Collisions with such
objects may cause localized damage to the reactor, breakdown of the cooling circuit,
catastrophic damage to the craft, premature descent from radiation-safe orbit and the
fall of the object to Earth, as well as damage to the spacecraft navigation system or
nuclear power unit control system, with implications for nuclear and radiation safety.

Localized or catastrophic damage to the reactor may lead to the release of radioactive
particles into near-Earth space or the entry of such particles into the Earth's
atmosphere.

Breakdown of the main cooling circuit would inevitably cause the nuclear power unit
to fail. In the case of nuclear power units with gas coolant, a breakdown could lead to
the loss of thrust vector control, which in turn could lead to uncontrolled flight of the
spacecraft.

In order to develop procedures and tools for ensuring the safety of space nuclear
power sources, work is being carried out on the modelling of breakdowns of space
nuclear power units as a result of collision with other objects and the prediction of
radiation effects.
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INPOEKT JOKJIAJA

OBb UCCJIEJOBAHUAX 11O TEMATUKE KOCMHUYECKOI'O MYCOPA,
BKJIIOYASA CBEJEHUS O MEPAX 110 OBECIIEYEHHIO
BE3OITACHOCTHU KOCMHUUYECKHUX OFBEKTOB C AAEPHBIMHA
CHNJIOBBIMHA YCTAHOBKAMMU HA BOPTY

HanunoHanbHbIE HCCJIe0BAHUSA 10 BOIPOCAM MOJEJIHPOBAHNA KOCMHUYECKOI0
MyCOpa M 3alllUIIEHHOCTH KOCMHYECKHX ANNapaToB 0T KOCMHYeCKOro Mycopa u
MHKPOMETeOPONA0B

B 2018 1. nNpoBE€ACHA OLCHKAa IMOTOKOB KOCMHUYECKOTO Mycopa U METCOpOHUIOB B
007aCTH HH3KHUX OKOJIO3EMHBIX Op6I/IT u pa3pa60TaHLI MNpeaJIOKECHUA 110
HEOPEPLIBHOMY MOHUTOPHUHI'Y TIOTOKOB KOCMHUYCCKOI'0O MyCOopa U MUKPOMETCOPONUIOB
B 001aCTH HU3KHX OKOJIO3EMHBIX Op6I/IT KOHTaKTHBIM MCTOJOM.

[IpoBenena Bepudpukamuss © BaJIUJalUs METOJUKH OLEHKH IOBPEXACHHUI
KOHCTPYKIIMH aBTOMaTU4YeCKUX KocMmudeckux anmapatoB (AKA) pasnuusoro
I[EJIEBOT0 HAa3HAYCHHUS B Pe3ylbTaTe BO3ACHCTBUSA METEOPOUIHBIX YACTUI[ U YACTHUIL
KOCMHYECKOI0 Mycopa, TakyKe BaJIMAAIMA METOJUKH Ha OCHOBE IKCIIEPUMEHTANbHBIX
JaHHBIX 10  BO3JCHCTBHUIO  BBICOKOCKOPOCTHOTO  COYAapeHUs  HMUTATOPOB
METEOPOUJHBIX YaCTUIl U YacTHUI] KocMuueckoro mycopa (KM) c¢ kxoMmoHeHTaMu
kocmuueckoro ammapara (KA). CaegyeT OTMETHUTh, YTO B HAacToOsIlee BpeMms
MoJaBisiiollee OOJBIIMHCTBO JKCIIEPUMEHTANIBHBIX PE3YJAbTaTOB OTHOCHTCS K
KOHCTpYKIIMU MexayHapogHoid kocmudeckod cranuumu (MKC) wu  moryt
ucnoabs3oBaTbes 11 AKA nums yacTUYHO.

HannoHajbHbIE HCCIEI0BAHUSA 110 Bommpocam Haﬁ.moz[em/m KOCMHY1€CKOIro Mmycopa
H IKCILIyaTanus ABTOMaTI/I3PIp0BaHHOﬁ CUCTECMBI NPEAYNPEKACHUS 00 OomacHBIX
CUTyallMsIX B OKOJIO3€EMHOM KOCMHUYECKOM IIPOCTPAHCTBE

C 1 suBaps 2016 roga BBeAeHa B JKCILUTyaTallMi0 ABTOMAaTH3HUPOBAaHHAs CHCTEMa
OpeaynpexaeHuss 00 OMacHbIX CHUTYallUiX B OKOJIO36MHOM KOCMHYECKOM
npoctpanctBe (ACIIOC OKII), paspaboranHas B pamkax DenepaiabHOit
KOCMHYECKOH ImporpaMMebl 1o KOHTpakTy ¢ ['ockopmnopamueir «Pockocmocy. ACITIOC
OKII aBnsieTcst mepBOi B MUpE TPAXKIAHCKON CHCTEMO MOHHMTO PUHTA OKOJIO3EMHOTO
KOCMOCA, CO37JaHHasI B paMKax IIPOEKTa, IMOJHOCTHI0 GUHAHCHUPYEMOTO TOCYIapCTBOM.

ACIIOC OKII mnpenna3Hayena misi obOecrnedeHHs: 0€30MaCHOCTH KOCMHUUYECKUX
omnepanui, MpoBOAUMBIX poccuiickuMu KA B yclOBHSAX TEXHOTEHHON 3aCOPEHHOCTH
OKOJIO3EMHOI'0 KOCMHUYECKOTO IPpOCTPaHCTBA (OKII), hopmMupoBaHUA
npeaynpexaeHuid 00 OMacHBIX CHUTyaIlUIX B OKOJO3EMHOM KOCMHYECKOM
MPOCTPAHCTBE M BBIJAYHM UX MOTPEOUTENIM, a TakKe MOJAEPXKKH PEIIeHUs 3aaad B
obecmieyeHre BBIMIOJHEHHSI MEXIYHApOJIHBIX 00sa3arenscTB Poccuiickoit @enepanuu
o mpobieMaM KOCMHUYECKOTo Mycopa.

OcuosueiMu 3agauamMu ACITOC OKII saBiastroTces:

- mouutopuHr OKII u karanorusanus HHGOPMaLMH O KOCMUYECKUX 00BEKTAX;

BBISIBIIEHWE W aHalu3 omacHeiXx cutyanuid B OKII, Bkirowas cOMMXKeHUS
KOCMHYECKHUX OOBEKTOB C cONMpoBoxaaeMbiMu KA poccuiickoil opOuTanpHON
TPYNIHUPOBKH, HEyMpaBiseMble BO3BpAIIEHHS KOCMHUYECKUX OOBEKTOB
MOBBIIIIEHHOTO puUCKa B atMochepy 3emiu, pas3pymieHUs KOCMHYECKHUX
00BEKTOB;

MOHHTOPHHT M OIIEHKAa pEe3yJNbTAaTOB OMNepamuid IO YBOAY OTpaboTaBIINX
cryneneil paker-Hocuteneid (PH), pasromswsix OmoxoB (PB) m KA B 30HH
«3aXOPOHEHUA» UIH Ha OPOUTHI C OTPAHHYECHHBIM CPOKOM CYIIIECTBOBAHNS,

JIOBeIeHHEe 10 moTpedurteneil unHPopMmamuu o ¢akTax BO3HMUKHOBEHUS U
MPOTHO3€ pa3BUTHs onmacHbIX cutyanuii B OKII.
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B coctaBe ACIIOC OKII umerorcs crnenuaau3MpOBaHHBIE ONTUKO-3JIEKTPOHHBIE
KOMILIEKCHI, ocymecTriadtomue MoHuTopuHr OKII Bo BceM amama3oHe BBICOT U
HAKJIOHEHUH KOCMHUYECKUX 00BEKTOB, U IIEHTPHI 00pabOTKM M aHAIU3a HHPOPMALIUH.

ITo ntoram 2018 r. cnenuanu3upoBaHHbIE ONTUKO-3IEKTPOHHBIE KOMIIJIEKCHI IPOBENIH
Oonee 14.4 MIH W3MEpPEHHMH NOJOXKEHHS W SIPKOCTH KOCMHYECKHUX OOBEKTOB Ha
paznuyHBIX opOurax. 3a rox Omaromaps coBmecTHoil pabore ACIIOC OKII u
opranuzanuii Poccuilckod akaJeMuUM HayK, IPEAIPUATHH NPOMBIIIICHHOCTH,
BBICIIMX Y4YeOHBIX 3aBeJeHUH Obulo oOHapyxkeHo Oonee 1460 HOBBIX, paHee He
U3BECTHBIX, OOBEKTOB  KOCMHMYECKOTO  Mycopa Ha  BBICOKMX  opOurax
(reocTtanoHapHOM, BBICOKOIJUIMINTUYECKUX H CPEJHEBBICOKUX OKOJIOKPYTOBBIX).
OTOT pe3yapTaT OBII JOCTUTHYT HCKIIOYHTENHHO 3a CUET CO3JaHUs U BHEAPEHUs
HOBBIX METOJIOB YIPaBJICHUS ONTUKO-3JEKTPOHHBIMU CPEACTBAMHU M HOBBIX METOJOB
00pabOTKM M aHalmu3a MoJydyaeMod M3MepuTedabHO# MHpopMmanuu. B 0aze maHHBIX
ACIIOC OKII karanorusupoBaHo 21,5 Thic KOCMUYECKUX 00BEKTOB, U3 HUX Oosee 19
TBIC. 00BEKTOB KOCMHUYECKOTO Mycopa. YHHKaIbHas nHdopmamnus no donee uem 4400
KOCMUYECKHX O00BEKTOB, 00OHApYKCHHBIX U PEryaspHO HAOIIONaeMBbIX pOCCUHCKUMU
TpaXTaHCKUMH ONTHUKO-3JIEKTPOHHBIMH KOMIUIEKCAMU MOHHUTOPHHIA, PETyJISIpHO
nyOJIMKyeTCs Ha CIIeNUalbHOM BeO-CcaliTe ¢ IeIblo IPeJ0CTaBUTh UCCIEI0BATEIAM U3
pa3sHBIX CTpaH BO3MOXHOCTH INPOBEACHUA Ooyiee INIyOOKOro aHalM3a peasbHOMH
CUTyallUM Ha OKOJIO3eMHBIX opOutax. HWHpopmanus no 3TuM o0ObEeKTaM He
Ipea0oCTaBIsIETCS MEXKIYHapOAHOMY coo0uiecTBy KaKUM-IH00 IPYTUM
roCcyapcTBOM.

B npomenmenm rogy ACITIOC OKII o6ecneunsia MOHUTOPUHT U aHAJNIM3 OINEpaluii
yBOJla Ha OpOuUTY 3axopoHeHus mo 11 kocmMuueckum anmaparam. J{iis 92 KocMUYECKUX
00beKTOB mpoBeneHa paboTa MO aHalu3y M NIPOTHO3WPOBAHUIO ITapaMeTpPOB
HEKOHTPOJUpYyeMOTo Bxoaa B arMmocdepy 3emun. BowisBieHo 69 HapymeHuid 4-
KkusioMeTpoBoi 30Hbl OezomacHoctt MKC wu 1592 ciyuas cOnmxeHHil 00BEKTOB
KOCMHUUYECKOT0 Mycopa Ha pacctosiuuu menee 1,5 km oT KA Poccuiickoii deaepanuu.
Wupopmanus npeaynpexacHusi o0 omacHbIX COTMKEHHSIX 00BEKTOB KOCMHYECKOTO
Mycopa C KOCMHMYECKHMH ammapaTaMH CBOEBPEMEHHO BBIJaBalachk B LEHTP
yIpaBJIeHHUS MOJETOM U POCCUMCKUM OIepaTopaM KOCMHUYECKHUX allapaToB.

ACIIOC OKII nmepBoit cpenu cymectBytomux cucteM Monutopunra OKII BeisiBuna
JBa CaMbIX 3HAYUTCIIbHBIX 3a MOCICAHUC IoAbl paspymI€HUA KOCMUYECCKUX O6'I)CKTOB,
npudéM o0a — Ha Ype3BBIYAHHO CIOXKHBIX [JI1 MOHHUTOPHHIA BBICOKHX OpOHMTax
(reocTanuoHapHON M TreolepexoaHo#), u cobpana 0onbiIoil 00bEM HHDOpMaIHH,
MO3BOJIAIOIIMI OLEHUTh XapakTep M MOCHeACTBUA paspyuieHuil. Ilepsoe —
paspymenune 28 ¢espans 2018 1. amepukaHckoi crymeHu Tpanctedmx 17
(mexayHaponHoe ob6o3nauenue 1969-013B), B  pesympraTe KOTOPOro B
reocTalMoHapHOH 00JacTH 00pa3oBanoch OOJbIIOE KOJIMYECTBO (HparMeHTOB
KOCMHUYecKkoro mycopa, 6onee 140 u3 KOTOpBHIX ObLIM OOHapy>KE€Hbl POCCHICKUMHU
rpaXXJaHCKUMHU CpeJCTBAaMH MOHUTOpUHTA. BTopoe — paspymenue 30.08.2018 r.
amepukaHckod ctynenu «lleHtaBp» (MexayHapoaHoe obo3nadueHue 2014-055B) Ha
reonepexoaHoir opbute BeicoTOM 8202x35181 kM u HakiaoHeHueMm 22.24°. D10
COOBITHE MMPUBEJIO K MTHOBCHHOMY YBCINYCHUIO Oojiee yeM Ha YETBEPTH KOJIMYCCTBA
00BEKTOB KOCMHUYECKOTO MycOpa, OTCIEKHBAEMbIX Ha IeONepexojHbIX opOutax. B
HacTosIee BpeMs ONTHKO-3JIeKTpoHHBIMHU cpencTBaMu ACITIOC OKII u pa3nuuHbIxX
poccHiiCKMX oOpraHu3anuii oTciuexuBaercs Oomee 570 ¢dparmMeHToB 3TOTO
paspyuieHus.

ACITIOC OKII B TecHoM COTpPyOIHHYECTBE C CHCTEeMOH MOHHUTOPHHTA,
’KcIuTyaTupyeMoit MuHHCTepcTBOM 000poHB Poccum, obecmedmBaeT poccuiickoe
y4aCcTu€ B MCEKIAYHAPOAHBIX TECTOBBIX KaMIAaHHUAX IO COMNPOBOXICHUIO OIIACHBIX
KOCMHUYECKHX 00BEKTOB, HEKOHTPOJIMPYEMO MPEKPaIIaoINX CBOE CYIIECTBOBAHNE HA
opbwure.

Cosmanne ACIIOC OKII no3sonuno I'ockopnopamuu «PockocMoc» Ha peryinspHOH
OCHOBE TOJIy4aTh OOBEKTUBHYI HHPOPMAIMIO O PEaJbHOW CHUTyallud B 00JIaCTH
reoctammoHapHoit opoutsr, obmactu opobut 'HCC m Ha BBICOKHX JJUIMNTHYECKHUX
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opbutax. BriepBrie B MUPOBOI NCTOPHUM CO3JaHUS U Pa3BUTUS CUCTEM MOHHUTOPHHIA
OKII npomeMOHCTpHpOBaHa MpaKTHYECKas BO3MOXXHOCTb OOHApyXeHUs H
XapaKTepu3aluu 3a KOPOTKUH IPOMEXYTOK BpPEMEHH OOJIBIIOro KOJIUYecTBa
(parMeHTOB pa3pylLIeHUI Ha BEICOKHX OpOMTAaX.

T'ockopnopanus «PockocMocy» MPOJOJKAET MOJATOTOBKY cepBuca mno
npenoctasieHuto pe3yapraroB mMoHutopuHra OKII cpeactsamu ACIIOC OKII B
OTKpPBITOM JocTyme yepe3 MHTepHeT.

Hanpueiimee passutue ACIIOC OKII ocymectsiusercs B pamkax dDenepanbHoi
kocMudeckod mporpammel Ha 2016-2025 roasl. Ilporpamma mnpenycMarpuBaeT
MOJAEPHU3AIHUIO CYHIECTBYIOUIUX ONTHKO-3IEKTPOHHBIX CPEACTB U CO3JaHHME HOBBIX
CpPeJCTB MOHUTOPUHTA, B T.4. CPEJCTB MOHUTOPUHTA PATUOU3TYUEHUN KOCMHUUECKHUX
00BEKTOB, a Tak)Ke 3HAYMTEIbHOE IOBBIINICHHE KauyecTBa 0oOpabOTKM W aHaiIu3a
MU3MEpPUTEIBbHON U OpOUTaNbHON NH(POPMAIIHH.

Yuactue Poccuiickoii @egepaunu B MeKAYHAPOIHOH TECTOBOH KAMIIAHUU 110
KOHTPOJIIO CXOASIIIEr0 ¢ 0K0JI03€eMHO OPOUTHI KOCMHUY€ECKOT0 00beKTAa pHUCKa

B mnepuoxg c¢ 15 ¢espans no 2 ampens 2018 r. mox srumoit MekareHTCKOro
KOOPJMHAIIMOHHOTO KOMHUTETA 1Mo kocMuueckomy mycopy (MKKM) Oslna mpoBegeHa
tectoBas kammanuss MKKM 2018/1. Dto Obima 22-s mo cueTy MeXAyHapOIHAs
KaMIIaHUsl 10 COMPOBOXKICHUIO CX0Jla ¢ OpOUTHI Tak Ha3biBaeMbIix «KO puckay.

B kadecTBe TeCTUpPyeMOro KOCMHYECKOI'O OOBEeKTa s JaHHOM KaMIaHUU
VYnpasnstomeid rpynnoit MKKM Obuia yTBepkeHa kutaiickas opOuTanbHast CTaHIIHUS
(OC) «Tsasabryn-1» (MmexayHaponnoe o6o3nauenue 2011-053A), BriBeneHHas Ha
opoutry 30.09.2011 B 03:16:03 UTC c¢ kocmompoma I[310mi0aHb C HTOMOIIBIO
MoaepHuszuposanHoit PH «HanwkaH-2F» (CZ-2F T1).

C poccuiickoii CTOPOHBI TECTOBYK KaMIaHWIO Bo3TiaBisiga [ockopmopanus
«Pockocmoc». B TecToBoil koMmnaHuu OblIM 3anelicTBoBaHbl Bo3MoxHOCTH ACITIOC
OKII u CucteMbl KOHTPOJS KOCMHUYECKOTO MPOCTPaHCTBA MUHHUCTEPCTBa 0OOPOHEI
Poccun, a Takke MpUBIEKaeMBbIX ONTHKO-3JIEKTPOHHBIX cpeAcTB MoHuTOpuHra OKII
poccuiickux opranu3anuii. B pamkax kammanuu B 6a3y nanasix MKKM poccuiickoit
CTOPOHOM JJII COBMECTHOTO HCIIOJIb30BaHUSA BCEMH YYaCTHHKAMH KaMIaHUH OBIIO
nomenieHo 140 KOMIUIEKTOB U3MEpPUTENbHBIX JaHHBIX B (opmare TLE, B ToMm uncie
€JMHCTBEHHOE H3MEpEeHHE, IMONYyYeHHOE yYaCTHHKAMU KaMIIaHHM Ha IOCIEIHEeM
BUTKE OpPOHUTAIBHOIO CYIIECTBOBAHHUSA CTAaHIMU. Takke poccHiickas CTOpOHa
npenoctaBusia 17 pemenuit ¢ nporuo3om nagenust OC «TaabryH-1».

ITo nmaHHBIM pOCCHUHCKOH CTOPOHBI, KOCMHYECKHH OOBEKT MpeKpaTUiI CBOE
cymiectBoBanue 2 anpens 2018 r. B uaTepBainie ot 00:45 no 00:56 UTC (uentpanbHas
Toyka «okHa maaeHusi» — 2 ampens 2018 . 8 00:50 UTC, koopaunarsl 08,2°10.11.,
342,7°3.1.).

KoHTpoab cOnuKkeHUii, OleHKAa PUCKA U BbINOJHEHEe MAHEBPOB YKJIOHEHUS
MKC oT cTOJKHOBEHHH ¢ 00beKTaMH KOCMHY€eCKOro Mycopa

B nepuog ¢ staBapst mo okTs6ps 2018 . B poccuiickyro 0aIlIMCTUKO-HAaBUTAIMOHHYIO
cnyx0y (bHC) IUYIT ®T'VII HHNWmam (IYII-M) u3 nenrpa umenu JI./[»xoHcoHa
HaMOHAJIBHOTO a’spokocmmaeckoro areHtcTBa CHIA (NASA) (IVII-X) mocrynmim
OpeAynpexJAeHus] O NPOTHO3UPYEMbIX HapylIeHUsiXx 30HbI Oe3omacHoctd MKC
nBaanareio ogHEM «KO puckay, To ecTh MO0 MPOTHO3WPOBAIOCH HAPYIICHHE 30HBI
6ezomacnoctt MKC, ompezensieMoil B TOUKe MaKCUMAJIBHOTO COMMKEHUS TPAaHUIIAMH
+0,75 kM, £25 kM 1 £25 KM TI0 BBICOTE, BIOJH OPOUTH M B OOKOBOM HAampaBJICHUH
COOTBETCTBEHHO, JHMOO BEpPOSITHOCTh CTOJIKHOBEHHUS OLEHUBAJIACH BEJIUYHMHON
Pc>10-6. Bcero 6bu10 OTy4eHO MOpsiAKa 75 yBEIOMIICHUM.

ITo pesynbpraTam aHanmn3a Bceid MHGOpPMAIIUK, KOTOPOU pacmonaran poccuiickuii [{YTI
MKC mo «KO puckay», KpuTuueckue HapymeHHs 30HB Oe3zomacHoctn MKC,
Tpe60BaBHII/Ie NMpOBEACHNUA MAHCBPOB YKJIOHCHHA CTAaHIMH, Ha paHHeﬁ craanu
COMPOBOXKAEHUS ObLTH ompeneneHsl s mectu «KO pucka». B mponecce yrounenus
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opOutanpHOU wmHPopManuu 1o 3TuM KO HEoOXOAUMOCTh TPOBEICHUS MaHEBpa
YKJIOHEHUS CTaHIIUH OT BO3MOXXHOTO CTOJIKHOBEHUS HE MOJITBEPIUIACE.

[ocnennee yknonenne MKC ot Bo3moxHOro cToikHOBeHHs ¢ «KO pucka» ObLiIo
MPOBEAECHO 27 centsi6ps 2015 . c HCIIOJIb30BAHUEM JIBUTaTENIen TTK
«IIporpecc M-28M».

HNHdpopmManuoHHBIe MaTepHaJbl 10 BOIPOCcaM 0e30IaCHOCTH KOCMHYECKUX
00BEeKTOB ¢ siAepPHLIMI HCTOYHHKAMHU 3HEPIruy Ha 60PTY U mpodaeMaM
CTOJIKHOBEHHS TAKHX 00bEKTOB ¢ KOCMHY€CKHM MYCOPOM

}Iaepﬂaﬂ OHCPICTUKA MOKET obecrneyursn peueHne NIMPOKOTO Kpyra nepCreKTUBHbBIX
3HepF0éMKI/IX 3aJa4 B ONMKHEM U JaJIbHEM KOCMOCE M BBIXOJ Ha KAUE€CTBCHHO HOBBIU
YPOBCHb pPa3BUTUA KOCMHUYECKON JaesaTeabHOCTU. Poccus 06naz[aeT YCIi€IHbIM
OIIBITOM IIO CO3JaHUIO U 0e30macHoOM JKCIIyaTaguun KA ¢ AACPHBIMU UCTOYHHUKaAMHU
OHEPIrUU pa3jJUYHbIX TUNIOB: paAUOU30OTONNHBIMU U PCAKTOPHBIMHU.

Jnst KA ¢ snepHbIME HCTOYHHKAMHU SHEPTHHU Ha OOPTY OJHOM M3 KIIIOUEBBIX MPOOIieM
ABJISIETCS AlepHas U paAualMoOHHAs 0e30IacHOCTh Ha BCEX 3Talax UX JKU3HEHHOTO
nukia. PaMku oOecrnedeHuss 0€30MaCHOTO MCIOJIB30BAHMS SIACPHBIX HCTOYHHUKOB
SHEPrUH B KOCMHYECKOM IIPOCTPAHCTBE MPENyCMAaTPHUBAIOT, HYTO BOIMPOCHI
obecrieueHns 0€30MACHOCTH JOJDKHBI YUYHTBIBATHCS YK€ Ha CaMbIX pPaHHHX dTamax
MPOEKTUPOBAHUS SACPHBIX MCTOUHHKOB PHEPIHM M KOCMUYECKHUX allapaToB Ha UX
OCHOBE.

CoBpeMeHHbIH B3rsi Ha oOecrmeyeHue sHeprueit KA, npeaHazHaueHHBIX IS
pelieHus. 3ajad OCBOCHHUs OJM)KHEro KOCMOCA, HCCIEAOBAHHS HalbHUX IUIAHET
CoHEeUHOH cHCTEeMBl, SHEPTOCHA0KEeHHSI aBTOMATUYECKUX ¥ 0OUTaeMBbIX CTAaHLIUH Ha
MOBEPXHOCTH JPYrdX HEOECHBIX TeJ, MNpeJIoiaraeT HCIOJIb30BaHUE SACPHBIX
HUCTOYHHUKOB 3Hepruu (SIM3), B ToM 4uciae U peakTOPHBIX AJIEPHBIX JHEPTETHUECKUX
yctaHoBok (SIQVY). Mcnonp3zoBanue kocMuueckux DY umeeT psil HEOCHOPUMBIX
TEXHUYECKHUX MPEUMYIIECTB [0 CPABHEHUIO C PYTUMHU TUIIAMU UCTOYHUKOB SHEPTHH
KOCMHYECKHUX allapaToB.

K rtakuMm mnpeuMmymiecTBaM OTHOCSITCS: BO3MOXHOCTh OOecredeHUus OOJbIIUX
MOII[HOCTEH B arperarax CpaBHUTEIbHO HEOOIBIIUX rabapuUTOB, HE3aBUCHUMOCTD, B
OTJIMYME OT PHEPrOyCTAHOBOK HA COJIHEUHBIX Oarapesx, OT MOJOXKEHHSI HA OpOHTE U
paccrosiaus ot ComnHiia.

OJIHaKO NMPUMEHCHUC AACPHBIX HCTOYHUKOB DHCPTUHU, BKJIIOUYASA PEAKTOPHBIC ANCPHBIC
OHCPTOYCTAHOBKHU B Ka4€CTBEC 60pTOBbIX HNCTOYHHUKOB DJICKTPOINMUTAHUSA KOCMUYECCKUX
anmaparoB, TpeOyer oOecmedeHus SIepHON © paauMalMOHHOW O0€30macHOCTH
HaceJeHUs W OKpyXKawuieil cpeibl 3a CUET CINELUHAJIbHBIX TEXHUUECKUX CPEJCTB U
KoHCTpyKIuu SIDY. TpebyeTcs Takke OLIEHUBATH COCTOSHHE SAEPHOTO PEAKTOPA U €TO
pPaanOaKTUBHBIX MAaTE€pUATIOB ITOCIIC aBapHﬁ, CBSA3AaHHBIX C YIapHBIM BO3I[61?ICTBI/ICM Ha
KOHCTPYKIIHIO.

Haubonee onacHbie aBapUifHbIE CUTYAI[UH C KOCMUYECKUMHU SIDY cBOAsTCS, TIaBHBIM
0o0pa3oM, K yJIapHbIM BO3JEHCTBUAM Ha KOHCTPYKIHUIO SAEPHOrO peakTopa c
MOCJIEAYIONUM YaCTUYHBIM MM KaTacTPpo(hHUUECKUM pa3pylieHHEeM KOHCTPYKIUH.

B3peIB pakeTsI-HOCUTENS Ha CTapTe NMPHUBOAHUT K «0OCTpenmy» 00JIOMKaMU paKeThl
«XOJIOJHOTO» HE HapaOOTaBMIETO pPagHOaKTHBHOCTH peakTopa. CieacTBHEM OTKasa
nBurareseil nepBoid cryneHu PH craHOBUTCSA majeHue «XOJIOAHOIO» pEakTopa B
coctaBe IOV Ha MOBEPXHOCTH 3eMJIH.

Bo3moxxHOCTh aBapuiiHOW cuTyanuu ¢ SIDY cBsi3aHBI C TakXe W C HAJUYAEM
6onpmoro xormdecTBa 00bekToB KM Ha opbmuTax. CtonkHOBeHHS ¢ o0bekTamu KM
MOTYT BBI3BIBATH JIOKaJbHBIE IIOBPEXJICHHUS peakTropa, mpobold  KOHTypa
temwioHocuTens S0V, karacTpodmueckoe pa3pymieHHE KOHCTPYKIIUH, AOCPOUYHBIH
CIIyCK C paaualuoHHO-0€30MacHOW OpOWTHI W TMajeHHe Ha 3eMII0, a TaKKe
MOBPEXKICHUS cUcTeMbl yrpaBiaenuss KA win SID3Y u cBA3aHHBIE C 3TUM MOCIEACTBUS
IS IACPHOM M paguallMOHHON 6€30MacHOCTH.
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JlokanpHble M KaracTpouueckue paspylIeHHs peakTopa MOTyT IPHUBECTH K
MOSIBIICHHIO panuoakTUBHBIX dacTull B OKII unum BeIMafieHUI0 TakKUX YacTUIl Ha
MOBEPXHOCTh 3€MJIU.

[Ipo6oii 0CHOBHOTO KOHTYpa TEIUIOHOCHUTEJSI HEH30EeXXHO MPUBOAMUT K BEIXony SIDY
u3 cTpos. B cinydae xxe SIDY c razoBbIM TemsoHOCUTEJIeM NMPOOOH MOXKET BHI3BATh
MOSIBIEHHE MOCTOPOHHEr0 BEKTOpa TATH, YTO, B CBOIO OUEpPENb, MOXKET NMPUBECTH K
HeynpasisiemoMy nosetry KA ¢ SA0V.

Jnst oTpaboTKM METOJOB M CPEICTB obecreueHnst 0e30MacHOCTH KocMuueckux SI0Y
B Poccuiickoit ®denepauun npoBOAMTCS MOJAEIMPOBAHUE YAAPHOTO pa3pyLICHUs
KocMudeckux S19Y M nporHo3upoBaHHe pagualiOHHBIX M0CIEACTBUH.
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