OTAEJN1 KOCMUYECKON
ANHAMUKN }

N MATEMATUYECKOU
OBPABOTKU
MHOOPMALINNA (58)
SPACE DYNAMICS

AND MATHEMATICAL
INFORMATION PROCESSING
DEPARTMENT (58)

Pykosodumenb — 0-p mexH. HayK
Paesune Hasupoe

Head — Dr. Ravil Nazirov

.E. 3nbac6epe (05.06.1914-
30.03.1988)

P.E. Elyasberg (June 5, 1914 -
March 30, 1988)
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I'nmaBHast 3amaya oThmena — BCECTOPOHHSS
nHGOPMAaLIMOHHAST TONAEPXKKAa KOCMUYECKUX
MPOEKTOB. B CBOEM HBIHENTHEM BUIE OTIEI
cymiectByeT ¢ 1988 r., korma B OMHOM TTOnIpas-
nenenun MKW Ob11n 00beIUHEHBI OaLTUCTH-
KO-HaBHUTAIlMOHHOE oOOecTieyeHe M aBTOMa-
TU3UPOBaHHAs 00OpaboTKa TeIeMeTPUIeCcKOil
nHGOPMAaLIYH.

TeneMeTpust — TeXHUKA U3MEPEHUIA Ha pac-
CTOSIHUU; TeleMeTpuieckass uHdbopManus —
NAaHHbIE, KOTOPBIE MOCTYMAIOT CO CIIyTHUKA BO
BpeMsT paboThl B KocMoce. Croma BXOAST U Ha-
yuHass nHhOpMaIUs, paayu KOTOpoil co3maércs
MPOEKT, U HAaHHbIE O COCTOSIHMM CIYXKE€OHBIX
CHCTEM CITyTHHUKA, KOTOPbIe HYXXHBI HE TOJBKO
IUTST KOHTPOJIST €r0 TOJETa M YIpaBieHus, HO
W I TPaBWIbHOM OLIEHKM HayYHOU WHGOp-
MalMU 1 TIPOrHO3a ero paboThl B OYAyIIEM.

Boui6op opOuThI, criocoba BbIBEACHUS, OPU-
EHTalMU afmnapara OnpenessieT U BpeMsl XU3-
HM aImapaTa, W KayeCTBO HAyYHBIX JaHHBIX,
U BO3MOXHOCTH yrpaBieHus. [loctymarorryio
¢ bopTa MHGMOPMALIUIO TAKXKE TPEOYETCS «IIpu-
BsI3aTh» K TIOJIOKEHWIO ammaparta B IMPOCTpaH-
CTBE U BO BPEMEHU.

Bce 3111 3amaun TpeOyIOT HE TOJIBKO XOPOILO
pa3paboTaHHOrO MaTeMaTUYecKOro armapara,
HO ¥ TIOHWMAaHUST HAYIHOU CTOPOHBI KCIIePU-
MEHTOB, MO3TOMY COTPYAHUKM OTAEa BCernaa
paboTaloT B TECHOI CBSI3KE C IKCIEPUMEHTa-
TopaMu. A MeTonsl paboThl ¢ WHQpOpPMAIUeE,
KOTOpbIe pa3pabaThIBalOTCST AJISI KOCMUYECKUX
3amad, TIOTOM OKAa3bIBAIOTCS HYXKHBI WHOTIA
B COBEPIIIEHHO IPYTUX OOJIACTSIX.

[lepBbIM pyKOBOIUTENIEM MaTeMaTUYECKOTO
oTnena crtajq ydyacTHUK Benukoit OTedecTBeH-
HOI BOMHBI, NIBaXIbl KaBasiep opaeHa KpacHoit
3Be3nbl mojakoBHUK IlaBea EdumoBmy Dibsc-
oepr (05.06.1914—30.03.1988), rnaBHBIA Ha-
yuHbIi KOoHCyabTaHT HUWM-4 MuHucrepcra
obopoHbl. C MOMeHTa oOpa3oBaHUsI OTIE/ 3a-
HUMAJICS TIPOEKTHUPOBAaHWEM TPACKTOPU KOC-
MHWYECKHX ammapaToB K TuranetaM COJTHEYHOM
CUCTEMbI, B 4YacTHOCTH, K BeHepe m Mapcy.
OcobeHHO BaXXHOU 3amayeil Obula OlleHKA TOY-
HOCTH OTpeNesieHUsI MapaMeTpOB TPAeKTOPUiA
MO0 PaTIvOTEXHUYECKUM U3MEPEeHUsIM. DTa UH-
dopmans — BakHeWIIasT CoCTaBISIoNIast Mpo-
€KTa B IeJIOM, TaK KaK OT He€ 3aBUCUT MOMEHT,
KOrna amnmapaT IOJDKeH BBIUTM Ha OpOUTY BO-
KpyT TUIAHEThI W COBEPIIUTH Mocanky. Paspa-
OOoTaHHBIE IS OTUX 3a4a4 METOIbl OKa3aJliCh
JIOCTaTOYHO YHUBEPCATbHBIMU, YTOOBI UX MOX-
HO OBUIO WCITOJIb30BaTh M B IPYTUX OOIACTSIX
TEXHUKU, TJe HAIO0 MOIy4YaTh TaK Ha3bIBaeMble
rapaHTUPOBAHHBIE OLIEHKW TOYHOCTH OIIperne-
JISeMBIX TIapaMEeTPOB CHCTEM TIO U3MEpSEeMbIM
BEJTMYMHAM.

OnvH u3 Haubosiee YCIEIIHBIX MPOEKTOB,
rae TPUMEHSTUCh TeOpeTHYecKue pa3pabor-
KU COTPYIHUMKOB OTHeNa U CO3JaHHBIE HA WX
OCHOBE TMPOrpaMMHBIE KOMILUIEKCH, — «BeHe-
pa-Tamneii» win, cokpaménHo, BETA. B ero
XOJIe JIBa arlrapara coBepiiasu o0JeT BeHepsr
U OTIPABJSUIM HA IUIAHETY CITyCKaeMble arra-

The main role of the department is the com-
prehensive information support of space pro-
grams. The department as it is today exists since
1988, when ballistic and navigational support
and automatic processing of telemetry data were
combined under one IKI division.

Telemetry is a remote measuring process,
and telemetry data is the information transmit-
ted from a satellite while it operates in space.
It includes scientific data, which is the main
objective of the space mission, and housekeep-
ing information, which is required for the space-
craft flight monitoring and control as well as for
the correct assessment of scientific data and pre-
diction of its future performance.

Orbit selection, launch method, and space-
craft attitude determine the spacecraft life ex-
pectancy, quality of scientific data and control
capability. The incoming data should also be
“tied” to the spacecraft position in space and
time.

These tasks require not only well-devel-
oped mathematical tools, but an understand-
ing of the scientific side of the experiments, for
which reason the department staff always works
closely with the investigators. And data process-
ing methods developed for space missions some-
times turn to be be necessary in completely dif-
ferent areas.

The first head of the Mathematics Depart-
ment was a participant in the Great Patriotic
War, recipient of Order of the Red Star (twice),
Colonel Pavel Elyasberg, chief scientific consul-
tant to the NII-4 institute of the Ministry of De-
fence. From its origin the department has been
designing spacecraft trajectories to the planets
of the Solar system, in particular Venus and
Mars. Of prime importance was the estimation
of trajectory information accuracy based on ra-
dio measurements. This information is the most
important component of the whole program,
since it determines the moment when the space-
craft enters the target orbit and lands. Methods
developed for these tasks were quite universal to
be applied in other fields, where it is necessary
to make so-called guaranteed estimation of ac-
curacy of system parameters obtained from mea-
sured values.

One of the most successful programs that
employed the theoretical works of the depart-
ment staff and the software based on these works
was the Venus-Halley (VEGA) mission. Dur-
ing the program the two spacecraft flew near
Venus, delivering descent probes to the planet,
and then were redirected to the transfer trajec-
tories to Comet Halley, which in 1985-86 came
close to the Sun. Using the software developed
by that time and experience from the previous
programs, the department staff designed a tra-
jectory that made possible the solution of this
problem. Such a solution was the first of its kind
in the world.



MPUNET K BEHEPE

Cxema muccuu BETA
VEGA mission scenario

MUI5-VI-B5T.  ~ 100 MIH. KM 3EMIA VI-85T.

OPBATA 3EMIK

16-1-86L,

L [PONET OKONO KOMETH
_ 6W9II-86T.

FAXONKOMETBI

4.5 38.
BEK 3A CONHLE

C 16.1.86M06.11L 86
OPBITA ™ CONHUE @ -~ 170 MITH.KM

KOMETRI FAMNEA

OPEMWTA BEHEP

CTAPT C3EM/W
151121 XIl-B4T.

2.1 IHTEPBAN HABMIOIEHMI
/ KOMETH! OBCEPBATOPMAMIA

IEMNA I -86T,

YHACTOK CB/TUAHEHWA
KA CKOMETOW

PAOWYC KOMBI ~ 100 000 KM

+ S KM

/1-vin-8sr.

/ \ 15,5 38, BEN.

\ 3AXOQKOMETHI
 3ACONHLUE

/ 1v-ssr,
/ 1738.8EN.

1-AMHTEPBAN
HABJTOOEHKA
KOMETE
OBCEPBATOPMAMIA

14-85T,
1 3B. BEN.

- OPBUTA FOMMTEPA

parthbl, a 3aTeM BBIXOIMIM Ha TPAEKTOPUIO Mepe-
néTa K KoMeTe 'ajutest, kotopast B 1985—1986 r.
commkanach ¢ ConHieM. Onupasich Ha CO3IaH-
HOE K 3TOMY BpPEMEHM MaremaTuieckoe obe-
crieyeHrne M MPUOOPETEHHBIN B MPEIbIIYLIUX
MPOEKTaX OMBIT, COTPYIHUKHU OTHEIa CIpOeK-
TUPOBAJIM TPACKTOPMIO, KOTOpasi obecrievuia
pelreHure 3Toif 3amauu. Takoe pelieHUe OBLIO
MOJIyYeHO BIIEPBbIE B MUDE.

OnHako peabHbIH 3aIycK MPOeKTa ObLT BO3-
MOXEH TOJIbKO B TOM CJIydae, €CJIM TOYHOCTh
onpenesieHUs] TapaMeTpOB JBWXEHUS TIpU
MpOJIETe KOMETHI OyAeT AocTaTouyHa Al hu3m-
YecKux IKcrepuMeHToB. [Ipobiema cocrosiia
B TOM, 4TO NMPOTHO3MPOBATh ABUKEHUE KOMEThI
JNOCTATOYHO TPYAHO, MOTOMY YTO BeJMKa He-
OTpeeNIEHHOCTh PEaKTUBHBIX CWJI OT Ta3a, UC-
MapsieMOro ¢ MOBEPXHOCThIO KOMETHI.

OCHOBHO HAYYHBIE HAYYHBIE
HAYYHBIIA V3MEPEHWA | VBMEPEHWA
CEAHC INTOTKM  3A20VTOK
3A24ACA HONPONETA  OMPONETA
[ONPONETA N—7MIH.EM - 14 MIH.KM
N-550THICKM T.—3YACA  T.—3YACA
— 10 THIC.KM T,-2YACA T, —2YACA
T.—4YACA (CEAHC)

T —3Y4ACA

(HAYYHBIE

VBMEPEHWA)

However the real launch of the mission was
possible only if the estimation of motion pa-
rameters during the comet flyby was sufficient
for physical experiments. The problem laid
in the fact that it is rather challenging to forecast
the motion of a comet, as there is a high uncer-
tainty in determining reactive forces caused by
the gas evaporating from the comet surface.

Cxema muccuu JIOLUMAH
Pathfinder mission scenario
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Bopuc baxwusH (1944-2011) —
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Prof. Dr. Boris Bakhshiyan
(1944-2011) was the lead-
ing researcher of the IKI
and prominent expert

in the field of estimation
theory, space dynamics,
and experiment planning,
the student of P. Elyas-
berg. He made important
contribution to the solution
of many practical problems
of spacecraft trajectory
parameters estimation,
assessment of informa-
tion, and measuring
systems performance and
mission planning. He was
the author of more than

50 scientific papers and
textbooks

Prof. Dr. Boris Rabinovich
(1924-2010) is widely
known by his profound
works in space and rocket
dynamics. He contributed
to many fields of science,
such as studies of varia-
tion modes of aircraft
and cruise missiles flight,
dynamics of solid and
elastic bodies interacting
with liquids, numerical
solutions of problems
concerning controlled
systems stability with
many degrees of free-
dom and boundary
problems of mechanics
and electrodynamics

of continuum, dynamics
of rotating spacecraft
with deforming elements,
use of MHD effects for
spacecraft attitude
control and stabilization,
MHD- and hydrome-
chanics problems related
to celestial mechanics.
His last works dealt with
concept of Alfven plasma
protocloud rotating

in the magnetic field

of the central body and
its generalisation for

the Solar system and
certain exoplanetary sys-
tems. B.Rabinovich was
the author of 12 mono-
graphs and more than
200 papers

DTy npobiieMy yaalIoCh PEIINTh, UCIIOIb30-
BaB pa3pabOTaHHbIC B OTAEJIEC METOAbI OLIEHKU
TOYHOCTH TIPY HAJIMIMU TaK Ha3bIBaeMBIX He-
MOZIEJIUPYEMBIX BO3MYIIeHUIA. BEITTOTHEHHBIE
OTIIEJIOM PacY€Thl MOKa3aau, YTO B CYIIECTBYIO-
IUX YCIOBUSIX TpeOyeMble YCIOBHS IO TOYHO-
CTH TIPOJIETA YIOBJIETBOPSIIOTCS.

B xone nmpoekra Obljia BBIIIOJIHEHA €IlE OgHA
HOBasi 3amaya — JOIOJHUTEIbHBIA TIPOEKT
«JloiqMan». Ero nesnblo ObUIO yTouHeHUE 3e-
MepuI KOMEThI, KOoraa ammapartbl «Bera» mpo-
Jletanu BOnm3u e€ snpa. [lomyyeHHble naHHbIE
0 TIOJIOKEHUM amliapaToB OTHOCHUTEIBHO SIIpa
orepaTMBHO TiepenaBaivuch B EBpomeiickoe
KOCMMYECKOE areHTCTBO, KOTOPOE HCIOJIb30-
BaJIO UX, YTOOBI ITPOBECTH MAaKCUMAJIBHO OJTN3-
KO K SIIpy eBpoIleicKuii amnmapar <«/IXXoTTo»
(Giotto). UnbiMu cioBamu, anmnapatbl «Bera»
CHITpaJIM POJIb JIOLIMaHa B HaBEICHUH €BPOIICii-
CKOTro KOCMUYECKOro armapara B Oavxaiiiue
OKPECTHOCTH simpa KoMeThI [aiest.

Muccuss BETA (KA «Bera-1» u «Bera-2»)
cTaja MOMCTUHE BIOXaJbHOM, MOCKOJIbKY OHa
MoKa3ajia Bce BO3MOXHOCTH YCIEIITHOTO BbI-
MOJTHEHUST KOCMMYECKOTO IIPpOEeKTa TP BHI-
COKOIl KOHIIGHTpallMM YCUJIUI Ha BCEX €ro
sTamax: OT TIPOEKTHPOBaHWs, pa3pabOTKU
HayYHBIX TIPUOOPOB, CIYXKEOHBIX U TeJeMe-
TPUYECKUX CHUCTEM, CHUCTEMbl cOOpa JaHHBIX
10 YIpaBjieHUs] JIBUKEHUEeM (Tpacca TIOJETa,
MaHEBp y BeHephl, 1ocTHpOBKa ILIaTHOPM),
00pabOTKM TeJleMETPUU Ha BCeX ATarax v 0aj-
JINCTUKO-HABUTAIIMOHHOMW TIPUBSI3KA HayYHBIX
naHHbIX. [IpoekT moTpe6oBai M OrepaTuBHOTO
pearupoBaHusl Ha HOBbIE CUTyallUM: KOTJa U3
CTpOSI BHINIIA TEJIEBU3MOHHAS yCTAaHOBKA Ha
anmapare «Bera-2», mojoxeHne KOMeTHI OBLIO
YCIEIIHO OIpeAe]eHO IO TeIeMETPUUECKUM
JNaHHBIM 3HauYeHuit yrioB rargopmbl ACII-T.
W, KoHEeYHO, TPOEKT CTaJl HOBBIM 3TallOM MEX-
JIYHApOAHOI'O COTPYIHMYECTBA B KOCMUYECKUX
SKCITepUMEHTaXx, Kora B3auMHasl paboTa arra-
paToB pa3HBIX areHTCTB ITO3BOJIMJIA TTOJIYYHUTh
COBEpIIEHHO HOBBI pe3y/bTar.

Hanpagnenus pa6oTsl

* TomJepXKKa  YIpaBjleHUs] padoTarolUMU
CINyTHUKaAMM, B YacTHOCTU, <«Yubuc-M»
(2012—2014) u <«Cnektp-P» (c 2011r.

110 HACTOsIIIIee BpeMs);

* pa3paboTKa MaTeMaTUYECKOro 00eCIIeYeHMS
IUIS1 HABUTALIMOHHOM TOMACPKKU OyIylIuX
MPOEKTOB;

* IWHAMUKAa CJIIOXHBIX MEXaHMYECKUX CUCTEM,
MPOEKTUPOBAHNE OPOUT KOCMMUYECKUX MUC-
CUli;

* TOCTPOCHNE MaTeMaTUYECKUX MOJIEIeH Tu1a-
HUPOBAHUS KOCMMYECKUX IKCIIEPUMEHTOB;

*  TpoOGiIeMbl KOCMHUYECKOTO MYyCODa;

* yIOpaBisieMoe IBMKEHHME €CTECTBEHHBIX He-
OECHBIX TeJl.

The problem was solved by using the accu-
racy estimation methods developed by the de-
partment staff which took into account the so-
called unmodeled disturbances. The calculations
showed that under existing conditions the re-
quirements for the flyby accuracy had been met.

In course of the program one more task was
completed — the Pathfinder project. Its objective
was to obtain more accurate comet ephemerides
when the Vega spacecraft flew close to its nucle-
us. The collected data on the spacecraft posi-
tions with respect to the nucleus were promptly
forwarded to the European Space Agency, which
in its turn used the data to navigate the Euro-
pean spacecraft Giotfo as close to the nucleus as
possible. In other words the Vega spacecraft act-
ed as pathfinders and helped to guide the Euro-
pean spacecraft closer to the nucleus of Comet
Halley.

The VEGA program (spacecraft Vega-1
and -2) truly became a milestone, as it pre-
sented the capabilities for successful execution
of a space program with increased focus on all
stages: from design and development of scien-
tific instruments, service, and telemetry systems,
data collection system to navigation (flight tra-
jectory, manoeuvre near Venus, platform align-
ment), telemetry processing on all stages and
ballistic and navigational referencing of the sci-
entific data. The mission also involved prompt
responses to new situations: when a television
unit failed onboard Vega-2, the comet position
was successfully defined based on the telemetry
data, specifically the ASP-G tracking nonpres-
surized platform angles. And of course the mis-
sion became a new phase of the international
cooperation in space experiments, when mutual
operation of different agencies spacecraft made
it possible to achieve completely new results.

Research Areas

+ support of the operational satellites control,
in particular Chibis-M (2012—2014) and Spe-
ktr-R (2011—to date);

+ development of the software for navigation
support of future projects;

* dynamics of complex mechanical systems,
design of space mission orbits;

* development of mathematical models for
space experiments planning;

* space debris problems;

+ controlled motion of natural celestial bodies.



Pa6oTbl, NPOEKTHI, pe3yIbTaThI

C 2002T. Ha BBICOKORUIMIITUYECKOM Op-
OuTe paboTaeT peHTreHOBCKasi obcepBaTOPUSs
«WHurerpan» (EKA ¢ MeXnyHapomHbIM y4ya-
CTHEM), MUCCHUSI KOTOPOi ObljIa TOATOTOBJICHA
M UCTIOJIHEHA TP YUYaCTUM POCCUMCKUX CIIeIIH -
aJIMCTOB, B TOM YMCJI€ COTPYAHUKOB OTAEA.

OCHOBHOI POCCUMCKMII BKJIaa B MPOEKT —
BbIBEIEHUE arllapata Ha OpOMTY C MOMOILbIO
pakeTsl-HOcUTeNsT «[IpoTOH» UM Ppa3roHHOTO
610ka tura JIM. Ponb ciennanuctoB MKU 3a-
KJIIouajach B BbIOOpe paboueil opOUTHI U Clie-
Hapusl 3amycka.

B pesymibTare mpoBenEHHBIX B OTIENE UCCIIe-
JIOBaHMI ObLIa BbIOpaHa opOuUTa, IS KOTOPOit
BpeMs CYIIECTBOBaHMS armaparta MpeBbIlaio
30 ner, mpu4éM COOIIOOANUCH OTpPaHUYCHUS
Mo paavallMOHHOMY BO3JEHCTBUIO, ITOCTaB-
JIeHHbIe pa3zpaboTurkamu. be3 npeyBeanyeHuit
MOXHO CKa3aTh, YTO BBHIOOp OKa3ajics MCKIIIO-
YUTEJBHO YAAYHBIM U C TOUYKHU 3pEHUST IpUEMa
nHGbOPMaIUK, KOTOPYIO MOXHO TTPUHUMATh Ha
MPOTSCKEHWHM TIOYTU TIOJIHBIX MHTEPBAJIOB U3-
MEepeHMit Ha KaXXJIOM BUTKE, UCIIOIb3Ysl, B OC-
HOBHOM, OJHY €BPOIEICKYIO CTaHIMIO B Pemy
C MMHUMAQJIbHBIM TIPUBJICYEHUEM aMepUKaH-
ckoit ctaHuuM B lonacToyHe (B M3HAYaJIbHOM
BapHaHTe OPOUTHI TOCTYITHOE I IIPOBEACHUIA
W3MEpeHUI BpeMsl Ha BUTKE COCTaBJISIIO TPH-
MepHo mojioBuHy ot BapuaHta MKMH). ITono-
JKEHHUE aroresi OpOUTBI YIepKUBAeTCsI B paii-
OHE CEBEpHOro TIIOJNIOCA, BBICOTA TepUrest
KoJsie6JIeTcsl B ONTUMAJIbHBIX Mpeaenax, YToobl
YMEHBIINTh NTPeOBIBAHUE armapaTa BHYTpU pa-
MUAIIMOHHBIX TOSICOB. DTO TaKXe IO3BOJISIET
YIOBJIETBOPSITH TPEOOBAaHUSAM MO MaKCUMaTbHO
TIIOITyCTUMOMY BpeMEHM MpeObIBaHMS amapaTa
B TEHM 3eMJIU.

YT0ObI YIOBAETBOPUTH TPEOOBAHUSM IO Ha-
néxHoctu, cneuuanuctel MKW Takxke mpen-
JIOXKWIM MOOU(DULIMPOBAHHYIO CXEMY BBIBE-
NIEHUsI, TIpU KOTOPOW, B YaCTHOCTU, HE HaJI0
OBLJIO BKJTIOYATh IBUTATEIh PA3TOHHOM CTyIIeH!
(610K JIM) 111 onepalivii 10pa3roHa.

Emé omuH cymmecTBeHHBIN BKJIam B IIPO-
eKT — TIpEIJIOKEHUE IO ONTUMU3AIUN YIIPaB-
JIeHUs OpMeHTaluell anmapara. B pesynbraTte
MPeUIOKEHHOTO MeToAa YIMpaBIeHUS yIAIOCh
CHM3WTh pacxol pabodero Teia B HECKOJIbKO
pa3. Eciu mpu M3HAYaIbHOM aJrOpUTME pa-
bouero Tejla JOJDKHO ObUIO XBaTUThb Ha 5 JieT,
TO TIPEIJIOXEHHBIII W WCIIOJIb3YeMbIil TIOM-
XOI TIO3BOJIMJI YIIPaBJISATH allapaToM BILIOTh
0 Hacrosiero BpemeHu (¢ oktsops 2002 r.)
M, TI0 OIIeHKaM, paboyero Teja MOXET XBaTUTh
1o 2022 r.

HccnenoBaHus Mo AMHAMUKE CJIOXHBIX CHU-
CTeM TIpUBEIM K TEOPETUYECKUM BBIBOAAM,
JaJeKO BBIXOASIIMM 332 paMKU TPaJAULIMOHHBIX
MPaKTHYECKUX TMPUIIOKeHU. BhUTn MmoydeHsl
MPUHLUMITAAIEHO HOBBIE PE3Y/IbTAaTHl IO KBaH-
TOBaHUIO MapaMeTpoB COJHEYHOI CHCTEMBI,
TECHO CBSI3aHHBIE C MOBEJECHMEM ILJIa3MEHHBIX
KOJIeIl B TpaBUTAlIMOHHO-MarHUTHOM ITOJIE.

Projects and Results

From 2002, Integral X-Ray observatory (Eu-
ropean Space Agency in cooperation with in-
ternational partners) operates on high-elliptical
orbit, and its mission was prepared and executed
with the participation of Russian specialists, in-
cluding the department staff.

The main contribution to the mission by
Russia was the launch of the spacecraft with
Proton launcher and DM booster. The role
of the IKI specialists was the selection of
Integral operational orbit and launch scenario.

As a result of research conducted by the de-
partment the orbit was selected, which provid-
ed for the spacecraft life of more than 30 years,
and that with the observance of radiation limits
set by the developers. It would not be an over-
statement to say that the selection has been also
exceptionally well done from the point of data
transmission, as it can be received during almost
complete measuring intervals on every orbit,
primarily using one European station in Redu
with minimum involvement of the American
station in Goldstone (the initially proposed or-
bit provided only about half of available measur-
ing time per orbit compared to the IKI variant).
Position of the orbital apogee is maintained near
the North Pole, perigee altitude varies within
the optimal range to reduce the spacecraft pres-
ence inside the radiation belts. This also makes
possible to meet the requirements on maximum
allowable time in the Earth shadow.

To satisfy the reliability requirements the IKI
specialists further suggested an updated orbit in-
sertion scenario that excluded the need to start
the upper stage booster engine (DM block) for
the reacceleration operation.

Another significant contribution to the proj-
ect is a proposal for attitude control optimiza-
tion. The proposed control method allows re-
ducing the propellant consumption by several
times. While according to the initial algorithm
the propellant supply had been enough for
5 years, the proposed and actually implemented
approach enabled to control the vehicle up to
the present (from October 2012) and it is esti-
mated to last until 2017.

Research on complex systems dynamics led
to theoretical conclusions that far exceeded
the scope of the traditional practical applica-
tions. Fundamentally new results were obtained
on the Solar system parameters quantiza-
tion, which are closely related to the behaviour
of plasma rings in the gravity-magnetic field.

Cmapm pakemeoi-Hocumens
«[lpomoH» 17 okmabpa
2002 2. c o6cepsamopueli
«UHmeapan» (EKA)

¢ Kocmodpoma BatikoHyp
(ESA/S. Corvaja)

Launch of Proton rocket
carrying Integral space
observatory (ESA) on October
17,2002 from Baikonur
Cosmodrome. (C) ESA /

S. Corvaja
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NTEGRAL spacecraft orbit
insertion scenario with

the Proton launcher. Picture
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et al. Orbit design for launching
INTEGRAL on the Proton/
Block-DM launcher // A&A.
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Kpome TOTO, OBITM M3ydeHBI TepeXOTHBIE
Mpoliecchl B MHOTOMEPHBIX CHCTEMax, MO3BO-
JIUBIIWE BBISBUTH paHee HEUM3BECTHBIE 0COOCH-
HOCTH TIepeHOCa DHEPTUU, XapaKTepHble KakK
IUTST MEXaHWYECKUX, TaK M IS KBAaHTOBO-Me-
XaHUYECKUX cucTeM. B yacTHOCTH, paccMaTpu-
BaJIUCh 3aa4¥ TYHHEJIMPOBaHUS, T.e. HeoOpa-
THMOTO TIepEeHOCa PHEPTUU IOJ BO3IAEHCTBUEM
MeIJICHHBIX BO3MYIIIEHMI mapamMeTpoB. [loiy-
YeHbl aCUMIITOTUYECKUE PEIIeHUs, OIMChIBA-
Jolllee HEOOPATUMBIIl MTEPEHOC SHEPTUU MEXKIY
MEXaHUYECKMMHU OCLIWIIATOPaMU U MOKa3aHo,
YTO TIOJNIyIeHHBIE DPEIIeHUsI TAaKKe IPUTOIHBI
IUTST aHAJIM3a TIePeXo0B B KBAHTOBO-MEXaHU-
YeCKOI MBYXyPOBHEBOM CUCTeMe Ha KOHEYHOM
WHTepBaJle BpeMeHU (3amada Jlanmay-3uHepa).

OtnenbHOE BHMMaHUE YIENSUIOCh 3afayaM
MMHAMWKH W yIIPaBICHUST MEXaHMYECKUMU CH-
cTeMaM¥ TIpU CIydallHBIX Bo3MmylneHusx. [lo-
CTPOEHBI SIBHbIE ACUMIITOTUYECKUE PEIIeHUS
3ama4, CBSI3aHHBIX C aHAJIM30M U ONITUMATBbHBIM
VIpaBJIeHNEM TaK HAa3bIBAEMBIMU «OOJIBIIUMU
YKJIOHEHUSIMW». bBoJblive ykiaoHeHUsT Tpen-
CTaBJISIIOT COOOW penkue, HO 3HAYUTENIbHBIC
VKJIOHEHUSI OT TIOJIOXEHUS PaBHOBECUSI, BBI-
3BaHHbIE CJIA0bBIMU BHELIHWMM BO3MYILEHMSI-
Mu. OHU MOTYT TPUBECTH K TOTEepe YCTOWYM-
BOCTH CHUCTEMBI WJIH, B OoJiee 0oOIeM ciydae,
K BBIXOZly U3 JOMYCTUMOM OOJIaCTU NBUKEHUSI.
HaiineHHble OIIEHKM BEPOSITHOCTM BHIOPOCOB
U TIOCTPOEHUE YIIPABJIEHMSI, TIPETISITCTBYIOIIETO
STUM HeXeJaTeJIbHbIM COOBITUSIM, TIPEACTABSI-
€T He TOJBKO TEOPETHUECKUIL, HO W TIpaKTHUe-
CKUWI MHTEpEC.

IlepcrnieKTUBHBINA MPOEKT — COJHEUHBIN Ma-
pyC ¢ TIepeMEHHBIMU YIPABISIEMbIMHM OTpakKa-
TEJIbHBIMUA XapaKTEPUCTUKAMU W3 KUIKOKPU-
CTAJUTMYECKUX TJIEHOK, MPO3PaYHOCTb KOTOPBIX
MEHsIeTCSI M3MEHEHHEM JJIEKTPUIECKOTO Ha-
MIPSTKEHUST MEXIy TTOBepXHOCTMH. YucieHHoe
MOIENMPOBaHME [I0Ka3aJlo, 4TO TaKoil mapyc
MOXHO 3Gh(EKTUBHO HCITONB30BaTh TPU II0-
JIETaX B OKPECTHOCTU COTHEYHO-36MHOI TOUKHU
nmopaunun L2. TIpeumyiiecTBo KOHLIETLIMUA CO-
CTOWT B TOM, YTO MOXKHO OTKAa3aThCs OT MeXa-
HUYECKUX YCTPOMCTB ISl YIIPABIECHUSI JBVKE-
HMEM KOCMMYECKOTo arapara, B TOM YHCIe,
VIIpaBJIeHUST OpUEHTAITUEH.

IIpu oOpaboTke uMHGOpPMALMM HAa OCHO-
BE KOHLEMUMU 3aMKHYTOro WH(OpMauuOH-
HOro 1MKJIa C OOpaTHOW CBSI3bIO «HaOJIOIE-
HUe-YIpaBlieHue», MaTeMaTUIecKO OCHOBOM
LMKJIa CIYXUT OIUH U3 Hauboyiee COBpEMEH-
HBIX BapuaHTOB ajnroputma Kajmmana — Tak
Ha3bIBa€MbIil WH(GOPMAIMOHHBINA, B KOTOPOM
nHbopMaLMs U3MepsIETCsI HE MPOCTO B OUTax,
KOTOpPBIE HE Pa3iM4yaroT HY>XXHON U HEHYXHOU
nHopMaluy, a B eAMHMIAX HMHOOpPMAIINH,
MoJIe3HOM AJs 3amay ynpasieHust. Ha ocHose
STUX AJITOPUTMOB Pa3BUBAETCSl TTPOTPAMMHBIN
komruiekc «[eopmanor», HalleJIeHHBI Ha 00-
paboTKy KocMuyeckoi MHdopMmauuu o 3eM-
Jle ¥ TotadHetaXx. Ha TpoTsskeHWM TOCiemHuX
10 neT ¢ ero momoIipo 06padaThiBaIach TUIIEP-
crnekTpanbHas nHdopmMauus o 3emie u Mapce.

Moreover transition processes in multidi-
mensional systems were investigated, revealing
previously unknown characteristics of energy
transfer typical for mechanical and quantum-
mechanical systems. Specifically the tunnelling
problems were examined (tunnelling is an ir-
reversible energy transfer caused by slow per-
turbations of parameters). Asymptotic solutions
describing irreversible energy transfer between
mechanical oscillators had been obtained. It was
shown that these solutions were also applicable
for analyzing transitions in a 2-level quantum
mechanical system on finite interval of time (the
Landau-Zener problem).

Special attention was paid to the problems
of dynamics and control of mechanical systems
with random perturbations. Explicit asymptotic
solutions were made for the problems related to
analysis and optimal control of so-called “large
deviations”. Large deviations are rare, but sig-
nificant deviations from equilibrium state af-
fected by small external perturbation. It can lead
to the system instability and, more generally, exit
from the acceptable motion region. The pro-
duced estimations of exit probability and design
of control rules to prevent these adverse events
are not only of theoretical, but also of practical
interest.

A promising project is a photon sail with
controlled reflecting capabilities made of liquid-
crystal film which transparency can be changed
by applying different electric voltage between
surfaces. Numerical simulation has proved that
this sail could be efficiently used in flights near
the solar-terrestrial libration point L2. The ad-
vantage of the concept is the possibility to ex-
clude the usage of mechanical devices for space-
craft motion control, including attitude control.

Information processing based on the con-
cept of “monitoring-control” close-circuit
information feedback cycle. One of the most
modern variations of the Kalman algorithm
acts as a mathematical framework for such
a cycle (this algorithm is so-called informa-
tional, where information is not measured sim-
ply in bits, which cannot differentiate relevant
and irrelevant information, but in information
units, useful for control problems). Using these
algorithms the software package Geodialog is
been developed for processing of space informa-
tion on the Earth and other planets. In the last
10 years it was used to process hyperspectral in-
formation about the Earth and Mars.



[MomyyeHsr WHTEPEeCHBIC Ppe3YJIBTaThl
MO OIpeAeNeHUIO «TOHKUX» IapaMeTpOB 3eM-
HOM pacTUTETBLHOCTH, a IuIT Mapca — 1o InuHa-
MUKe I0XKHOH TTOISIpHOI mamnku. [1pakTuyeckun
3HAYUMBIU BBIXOJl 3TUX UCCIIEAOBAHUN — OLIEH-
Ka W YIpaBJicHUE DPUCKOM ISl 3MOPOBbSI Ha-
CeJICHUSI OT 3arpsi3HEHUSI BO3IYLIHOM Cpebl,
IJII KOTOpOM aKTHBHO WCIMOJB3YIOTCSI JaH-
HBIE OT TPEINPHUITUN-UCTOYHUKOB BBHIOPOCOB
¥ KOCMUYECKHUe TaHHbIe. Takue paboThI IpoBe-
neHbl 111 okojo 100 mpeanpusiTUii ¥ B LIEJIOM
10 HECKOJBKMM TopomaM, BKitodass MOCKBY,
W WCIIONB3YIOTCS, HAIpUMep, TPH OIpeaesie-
HUU CaHUTAPHO-3AIIUTHBIX 30H, TUIAHUPOBA-
HUY PEKOHCTPYKIIUM TPESATIPUATHI U JIP.

[IpemtoxkeHbl METONBI OOHAPYXECHUS MYJIb-
TUCTAaOUJIBHOCTU B CHCTEMAax BBICOKOI pa3mep-
Hoctu. ITom MyJBTUCTAGUIBHOCTHIO TTOHUMA-
eTCs COCYIIECTBOBAHME ABYX WM HECKOJBKUX
Pa3JIMYHBIX YCTOMUMBBIX MEPUOAUYECKMX PUT-
MOB B CHUCTEME C YCTAaHOBJICHHBIM HabOpOM
napaMeTpoB, HO pealn3yeMBbIX M3 Pa3IMYHBIX
HayajdbHbIX yciaoBuid. [losydyeHHBIE pe3ysib-
TaThl OKa3aJIMCh ITOJIE3HBIMU HE TOJBKO IS
WCCIIeOoBaHUM OM(pypKalMii B TEXHUYECKUX
cucTeMax, HO Y JUIS pa3IMUHbIX MPUIOXKECHUIA.
B yacTHOoCTH, OBLIIO OOHAPYXKEHO, UTO SIBJICHUE
MYJIBTUCTaOMIBHOCTU JIEKUT B OCHOBE MeXa-
HU3Ma BHE3alTHOIO BO3HUKHOBEHUSI apUTMUIA
B cepalie.

Ha ocHoBe MHOrojeTHeil paGOTHl MO BU3Y-
anu3aly OObEKTOB B PEHTICHOBCKOM JMara-
30He U1 KOCMUUYecKkux obcepBaTtopuil («PeHT-
reH» Ha wmonyie KBAHT cranuuu «Mup»,
opbuTtanbHass obcepBaTopusi «I'paHat») mpen-
JIOXXEeH MPUHLMIIMAIBHO HOBBIM crlocol oOpa-
OOTKM PEHTTEHOBCKUX MaMMOTPaMM, KOTOPBIi
pPE3KO TOBBIIIAET PEe3KOCTb M KOHTPACTHOCTh
M300pakeHWd  OHKOJIOTUYECKUX  OITyXOJIei
¥ MUKPOKAaJbLIMHATOB (KaK paHHUX IPeIBeCT-
HUKOB pakKa) B MOJOYHOM kenese. Kak cien-
CcTBUE, 3abojieBaHWE MOXHO TUATHOCTUPO-
BaTh Ha OoJyiee paHHEU CTaauM IO CPAaBHEHUIO
C TpaguLIMOHHONW Mammorpagueii. Ha croco6
noxydyeHo Tpu mareHta P® (mateHT «Crioco6
NIIBYXOHEPTeTUYECKOM  JEUTEIbHO-Pa3HOCT-
Ho# Mammorpadumn» Boién B cnucok GUIIC
«100 ny4ymmx wuzobpereHuit Poccuu-2013»)
u EBponeiickuii mateHT B popmare PCT (B Ha-
crosiiiee BpeMsl MAET Ipolienypa HallMOHAaJM-
3auuu gaHHoro nareHta B CLIA u fAnoHun).

Pa3zpaboraHo MaremaThueckoe obecrieye-
HUE /1 HaBUTALMOHHOM MOAMAEPKKHU MPOEKTa
«Dx3o0Mapc»  (Pockocmoc/EKA).  CormacHo
IUIaHaM, TEePBBIM 3Tall MUCCUU TpEAIoyiaract
3amyck B 2016 r. ammapara Ha BBICOKOXJUIMII-
TAYECKYIO OpOUTy criyTHUKa Mapca, a B 2018 r.
OymeT 3amylleH armapar Uil TOCTaBKU Ha T0-
BepxHOCTb Mapca Mapcoxona. s mepexona
anmapaTa C BBICOKOQJUTUTITUYECKONW OpOUTHI
crnyTHHKa Mapca Ha HM3KYIO TUIAaHUPYETCST UC-
MOJIb30BaTh MOC/ENOBATEIbHbIE TOPMOXEHUS
anmapara B atMoc(epe Mapca B paiioHe TiepH-
LIEHTpA.

Remarkable results were obtained on de-
termination of terrestrial vegetation “fine” pa-
rameters, and the southern polar cap dynam-
ics on Mars. The significant practical outcome
of this research is the assessment and manage-
ment of population health risk from the air
contamination, which actively employs the data
from industrial sources of air pollution and
space monitoring data. Such work was conduct-
ed for approximately 100 industrial enterprises
and a number of cities in general (including
Moscow) and is applied to define sanitary pro-
tection zones, plan enterprise reconstructions,
etc.

Methods for detection of multistabil-
ity in large-dimensional systems were proposed.
By multistability it is understood the co-exis-
tence of two or several different stable periodic
rhythms in a system with the given set of param-
eters, but which are derived from different initial
conditions. These results were helpful not only
for study of bifurcations in technical systems, but
for other applications as well. Specifically it was
discovered that the multistability phenomenon
forms the basis for the cardiac arrhythmia up-
rush mechanism.

Through many years of work on X-ray spec-
trum objects visualization for space observato-
ries (Rentgen on the Kvant module of the Mir
station, the Granat orbital observatory) it was
proposed a fundamentally new approach to
process X-ray mammograms, that enabled to
dramatically increase image sharpness and
contrast of images of oncology tumors and mi-
crocalcifications (as early cancer precursors)
in the mammary gland. Consequently the dis-
ease can be diagnosed on an earlier stage com-
pared to the traditional mammography. Three
Russian patents (the “Method of dual-energy
dividing mammography” patent was included
in the Federal Institute for Industrial Property
list of the 100 best Russian inventions in 2013)
and a European PCT patent were obtained for
this method. Currently it undergoes national
validation procedures in the USA and Japan.

Development of software for the ExoMars
mission (Roscosmos/ESA) navigation support.
As scheduled, the first mission stage envisions
the spacecraft launch in 2016 to the highly ellip-
tical orbit of the Mars satellite, and the launch
in 2018 of another spacecraft to deliver a Mars
rover to the Mars surface. To transfer from high-
ly elliptical to low orbit a sequential deceleration
in the Mars atmosphere is planned in the vicin-
ity of the pericenter.

Aemop Hoeoz0 cnocoba

6pab p KUX
Mammozpam 9-p.mexH.HayK
B.A. lopwkos

Dr. V.A. Gorshkov, the author
ofthe new approach to process
X-ray mammograms

Cnoco6 d8yx3Hepzemuye-
cKoli denumesnibHO-pasHoOCM-
Holi Mammozpacguu

TpaduyuoHHas (1),
pasHocmHo-denumenvHaa
(2) Mammozpammel

u nuHeliHasa KOM6uHayus
pasHocmHou u
OdenumenvHoli
mammozpamm (3)

Method of dual-energy dividing
mammography.

Traditional (1), dividing-
subtracting (2) mammograms
and linear combination of
subtracting and dividing
mammograms (3)
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General scheme of the mission

to land on an asteroid, which is
to be transferred on a collision

trajectory with Apophis

DTOT MeToA ObLT pa3paboTaH U COOTBETCTBY-
JolMe CIOCOOBI YIpaBJIeHUs! ObLIM CMOIC/IM-
poBanbl B UKW Gonee copoka jier Ha3an u ce-
TOIHSI HAXONIST MPWJIOXEHWUE IMPU TOATOTOBKE
U peasiu3allMi MEXILJIAaHETHOTO MTPOeKTa.

IIpoGnema ympapissieMOro ABMXKEHUS ecTe-
CTBEHHBIX HEOECHBIX TeJl — TJIABHOE TEepCIIeK-
TUBHOE HaIlpaB/IeHHE HMCCJIeIOBaHUI U pa3pa-
60T1oK otaena. [To Mepe OTKPBITUS YyTPOXKaIOLIUX
3emMJie aCTepOUIOB pacTET MHTEPEC K pa3padboT-
K€ CIoCO0OB MPEIOTBPATUTh UX CTOJIKHOBEHUE
¢ Haiei raHetoil. CaMbIM U3BECTHBIM U3 Ta-
KHMX HEOECHBIX OOBEKTOB CTaj acTepoua Aro-
¢uc, BepOSITHOCTb BCTPEUYU KOTOPOTro ¢ 3eMIIEi
OIIEHMBAJIACh TOCTATOYHO BBHICOKO.

OtnenoM ObUT TPEIIOXKEH OPUTMHAIBHBIN
METOJI OTKJIOHEHHUsI HeOEeCHOro Tejla OT orac-
HOUW TpPaeKTOPWU: HAIPaBUTh HAa HETO He KOcC-
MMYECKMi1 ammapar (Macca KOTOPOTO COCTaB-
JISIET BCEr0 HECKOJIbKO TOHH), @ OTHOCUTEIbHO
HeOosblIoN actepoun  pasmepom 10...15m
C TIOMOIIBIO TPaBUTAIIMOHHOTO MaHEBpa y 3eM-
JM. Macca 3Toro actepoua-«CHapsiia» MOXET
OBITH JOCTAaTOYHA, YTOOBI OTKJIOHUTH «MU-
LIeHb» MAcCOi B HECKOJIBKO MWJIJIMOHOB TOHH.

IToucku cpenu M3BECTHBIX acCTEPOMIOB Ta-
KUX, KOTOpPBIE MOTYT OBITh TIepeBeleHbl Ha
TPaeKTOPUIO BCTpeud ¢ AmnopucOM C IOMO-
LIbI0O COOOIIEHUSI acCTepouIy MNpPUEMIEMOro
10 BEJTUYUHE WMITyJIbCca CKOpOoCcTH (He Goree,
Hanpumep, 10 M/c), mokasanu, 4TO B HMEIO-
LIEMCSI CITUCKE acCTEPOUIOB TaAKOBbIE UMEIOTCS,
npuyéM B HauOoJiee yIauyHOM cllydyae HeoO-
XOIUMBIII MMITYJIbC CKOPOCTM HE TIPEBBIIIAECT
2,5M/c. DTO 03HaYaeT, YTO B UACATBHOM CIIy-
yae — KOTaa He TpeOYyITCS KOPPEKTUPYIOIINE
MMITYJIbCHI — 3a/a4ya perraema.

This technique with corresponding control
methods had been developed by IKI over forty
years ago and today they are applied in prepara-
tion and execution of the interplanetary mission.

The problem of the controlled motion
of natural celestial bodies is the most prospec-
tive direction among research and development
activities of the department. As the number
of discovered asteroids that present a threat to
the Earth increases, so does the interest in find-
ing ways to prevent their collision with our plan-
et. The most prominent among such celestial
bodies became the asteroid Apophis, the prob-
ability of its encounter with the Earth had been
not so long ago estimated as quite high.

The department proposed an innova-
tive method for deflection of a celestial body
from a hazardous trajectory: to direct at it not
a spacecraft (weighing only a few tones), but
a relatively small asteroid 10...15 m in size using
a near-Earth gravity-assist manoeuvre. The bulk
of this “projectile” asteroid could be sufficient
to deflect the “target” weighing several million
tonnes.

The search among the known asteroids
for the ones that can be transferred on a col-
lision trajectory with Apophis by imposing
an appropriate velocity impulse to an aster-
oid (e.g. not more than 10 m/s) revealed such
bodies in the list and, in the most favourable
case, the required impulse would not exceed
2.5 m/s. This means that in an ideal situation —
when correcting impulses are not required —
the problem can be solved.



Jns peanbHO MHUCCUM TpeOyeTcsl Haii-
TA  METOAbl  3HAUUTEJIbHOTO  CHUXKEHUS
OXMIACMBIX  BEJIUYMH  KOPPEKTUPYIOIINX
UMIYJIbCOB. B KavecTBe perieHust ObUIO TIpen-
JIOXXEHO WCIOJIb30BaTh aBTOHOMHBIE WHTEP-
depoMeTpuuecKUe  M3MEPEHMSI,  KOTOpbIE,
10 TpPEeNBapUTENLHBIM OIleHKAaM, IT03BOJISIET
CHU3UTh BO3MOXHBIE OLUMOKU OMpeAeIeHUsI
TPaeKTOPUHU aCTepOUa-CHAPSAA OTHOCUTEIHHO
acTepouia-MHUIIEHU M0 TIPUEMIIEMbIX BEIMYWH,
a BMECT€ C HUMU U HEOOXOAUMBIE HUMITYJIbCHI
KOPPEKIIUU.

PasButnem sTMx paboT crasa KOHUETIIUS
MepeBoa MajlbIX aCTEPOUIOB Ha PE30HAHCHbBIE
C OpOUTATBbHBIM NBUXEHUEM 3eMJIM OpOUTHI
C TIOMOIIBIO TPABUTAIIMOHHBIX MaHEBpOB. Ha-
XOIsICh Ha TaKUX OpOMTax, 3TU acTepoOUIbl Oy-
YT TIEPUOAMYECKU CONMMXKATbCS C Halllel ria-
HeTol. B xome paGoThl ObLIO YCTAaHOBJIEHO, UTO
I ciaydasi pe3oHaHca 1:1 cyuiecTByer Oosee
NECATU acTepOUJOB, KOTOpPbIE MOXKHO 3axBa-
TUTH Ha PE30HAHCHYIO OPOUTY IIEHOU UMITYJThCca
CKOPOCTHU, He MpeBbiatoiero 20 m/c.

OTO OTKphIBaeT OecnpelleleHTHbIE BO3-
MOXHOCTH [UTSI TaJIbHEUIIETO YIIpaBIeHUs 3a-
XBaYEHHBIMU acTepoOMIaMU C TMOMOIIbIO MO-
CJENYIOIIMX  TpaBUTALIMOHHBIX  MaHEBPOB,
BIUIOTh 1O HaBENEHUs ITUX acTepOUIOB Ha
Mapc, Benepy, Mepkypuii, lOnurep niu nuHbie
Tena CoTHEYHON CUCTEMBbl, BKJIIOUYAsl OMacHbIe
actepounsl 1 KoMeTsl. C Ipyroii CTOPOHEI, pe-
30HAHCHBIE ACTEPOUABI TPENCTABISIOT COOOMU
YIOOHBIN OOBEKT UCCICIOBAHUI, B TOM YHUCIE,
B MTAJIOTUPYEMBIX TTOJIETAX.

For a real mission methods need to be found
to significantly reduce the expected correction
impulse values. As a solution it was proposed to
use autonomous interferometer measurements,
which according to preliminary estimates make
possible to reduce probable errors in determina-
tion of the projectile asteroid trajectory relative
to the target asteroid within acceptable range,
and with it the required correcting impulses.

A development of these works is the concept
of transferring small asteroids to orbits resonant
with the Earth orbital motion using gravity-
assist manoeuvres. On such orbits the asteroids
would periodically approach our planet. During
the work it has been established for the 1:1 reso-
nance case there are over ten asteroids which can
be captured to a resonant orbit with a velocity
impulse not more than 20 m/s.

This opens unprecedented capabilities for
further control of the captured asteroids with
subsequent gravity-assist manoeuvres up to
the targeting these asteroids at Mars, Venus,
Mercury, Jupiter, and other bodies in the Solar
system, including hazardous asteroids and com-
ets. On the other hand these resonant asteroids
represent convenient research targets, including
manned spaceflights
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Asteroids' motion, after
synchronization with the Earth
motion during a year




