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ACTPOHOMMUA B ITPUIJIBBPYCBE

B.K. Tapaxmﬁl, JL.B. PoixjioBa’
ML AMDY, "MHACAH
E-mail: rykhlova@inasan.ru

B nokmage oTpakeHbl OCHOBHBIE JTalbl pa3BUTUS ACTPOHOMHMYECKHMX HCCIEIOBAaHUI
B [Ipuans0pyche.

Heckonpko JNETHMX TOHMCKOBBIX OJKCHemuIMii Ha Onpbpyc corpyaHukoB HWHcTHuTyTa
¢uszuonornn uM. A.A. boromonsiia AH YkpawHbl NpuBeNd K CTPOMTENBLCTBY CHavalla Kopryca
nabopaTopuu KOCMHYECKOH ¢u3uonoruu, a 3areM B 1972 rogy — cranmoHapHOW DiIbOpycCKOM
Meauko-ouonorndeckoit craniuu (OMBC) ¢ yHukanpHOM TepmobOapokamepoil. bruonoru ocowmm
JlenoByro 6a3y Ha BeicoTe 3750 M. B a1 e ronbl Dxcneaunus ['o1oceeBCKol acCTpOHOMUYECKOM
oOcepBaropun  AH YkpauHbl 1O TMOHCKYy MecTa Ui AacTPOHOMHUYECKOW oOcepBaTOpuu
B [IpuanbOpyche octaHoBuIIa cBOi BbIOOp Ha nuke Tepckon (Beicota 3100 m).

B 1992 rony Ha 6a3e 3TUX IBYX HAYYHBIX HampaBlieHUH OblI1 co3naH MexayHapoaHsiid Llentp
ACTPOHOMUYECKUX U MEAMKO-3KoJoruueckux uccineposanuil npu [lpesuauymax HAH VYkpaunsl,
Poccuiickoit AH u IlpaBurensctBa Kabapauno-bankapckoit pecny6onuku (ML AMDN).

Ceffuac 3TO0 camasi BBICOKOTOpHas oOcepBaropusi B EBpore, ocHamieHHass HECKOJIBKHMH
TeJeCKONaMHy, BKJIOYas 2-MeTpOBbIM 3epkanbHbli Tenmeckon ¢upmel «Kapn Lleficc Wenax.
Perynsapueie actpoHomuueckue HaOmOeHUS Hadamuch ¢ 1996 rona, xorma ObUIM BBITOTHEHBI
MEXIYHapOJHbIE TMPOrPAMMBI CHHXPOHHBIX HAOIIOJIEHUN BCIBIXMBAIOIIUX 3BE3]] C Y4acTHEM
yueHbIX Ykpaunsl, Poccun, bonarapuu, I'peunn, Uzpamna. C 1999 rona ML AM3BU u UTHACAH
paboramu 1o Poccuiickoit ®enepanpHoil mporpamme «McciemoBaHuss W pa3pabOTKH IO
MIPUOPUTETHHIM HAMPABICHUAM HAyKH M TEXHHKW», 3aT€M IO TporpamMme «ACTpPOHOMUYECKUE
uccnenoBanuss B [IpuanbOpycee», a 3ateMm «ActpoHomus B I[Ipmdnsbpycse» 2010-2014 rr.
u «Actponomus B [Ipuaneopycse» 2015-2019 rr. IlpeacraBieHbl OCHOBHBIC HAYYHBIE PE3YIbTATHI.

ASTRONOMY AT THE ELBRUS REGION

V.K. Taradij', L.V. Rykhlova®
'ICAMER, “INASAN
E-mail: rykhlova@inasan.ru

In our report we outline the evolution of the astronomical research in the Elbrus region.

The first to take advantage of this high-altitude location was the A.A. Bogomolets Institute of
Physiology at the Ukrainian Academy of Sciences. Having surveyed the whole mountain, it built
upon its southern slope a Space Physiology Laboratory. Initially it functioned only during the
summers. In 1972 it was expanded and made permanent. Thence called the Elbrus Biomedical
Station, it had at its disposal a unique thermovacuum chamber. Biologists also established a Glacial
Base at 3750 m altitude. At the same time the Goloseevo Astronomical Observatory at the
Ukrainian Academy of Sciences perched its newest tower on the neighbouring 3100 m Terskol
peak.

In 1992 these two scientifical establishments had been amalgamated into the International
Centre for Astronomic, Medical & Ecological Research (ICAMER), run jointly by the Ukrainian
and Russian National Academies of Sciences under the auspices of the Government of the
Kabardino-Balkaria Republic.

Today it's Europe's higest astronomical facility, endowed with a whole range of telescopes,
including a 2-m Zeiss reflector. Regular observations have been going on up there since 1996, when
an international team of astronomers from Ukraine, Russia, Bulgaria, Greece and Israel conducted a
simultaneous survey of the bursters. Since 1999 ICAMER and INASAN have jointly been
participating in the Russian 'Priority Scientific Studies & Technological Development' Federal
Program. In 2014 we've launched our own program of astronomic studies in the Elbrus region,
extended now beyond 2019. Our main scientific findings are published.



MAUJIBIE TEJIA COJTHEYHOM CUCTEMBI

Small Bodies of the Solar System

MUT PAIIAS MAJIBIX TEJI Y IBLJIN K INIAHETAM 3EMHOM I'PYIIIIBI

C.]. Unaros™?, MLSL. MapOB1
'TEOXU umenn B.J. Bepuanckoro PAH, “UKU PAH
E-mail: siipatov@hotmail.com, marovmail@yandex.ru

[IpoBeneHHbIE HAMHM HMCCJICIOBAHUS MHUTPAIlMA MajbIX TEJI W TbUIM M3 Pa3IMUHBIX OO0IacTe
ConHe4yHOW CHCTEMBl K IUIAHETaM 3€MHOM TpYIIbl OCHOBAaHbl HA pE3yJbTaTax YHUCIEHHOIO
MOJICIUPOBAHUS JBOJIOIMUA OPOUT JECATKOB THICAY MalbIX TeJI W NBUIEBBIX YAaCTUIl O]
IPABUTALMOHHBIM BIIMSHHUEM BCEX IJIaHET. /J[s NbUIEBBIX YacTUL, KPOME IPAaBUTALMOHHOTO
BiusiHUS 1iaHeT U CoJHIA, YYUTHIBATHCH Takxke 3¢ dekt [lolitnara-Pobeprcona, paguanroHHOe
JaBJICHUE | JIaBJICHHE COJHEYHOro Berpa. McciemoBanack Murpamus 0OBbEKTOB, MEpPECcEeKaroInx
opoutry lOmmrepa, m psga acTepoWJIOB MW TPAHCHENTYHOBBIX OOBEKTOB. PaccMoTpeHa Takike
MUTpalUsl [BUIEBBIX YaCTHL, 3KEKTUPOBAHHBIX paA3JIMYHBIMM  acTEpPOMJaMH, KOMETaMHU
Y TPAaHCHENTYHOBBIMU TellaMu. [Ipu mHTErprpoBaHuy Ucnoiab3oBaics Metoa bynupma-Iltepa nmun
CUMIUIEKTHYECKUNA METOJl. DJIEMEHThl OpOUT TEeN W YaCTHI[ 3a BPEeMs HUX JAMHAMUYECKOHW >KU3HH,
MOJTyYeHHBIE B pacueTax, ObUIM MCIOJIb30BAHBI UISI BHIYMCIICHHUS] BEPOSITHOCTH UX CTOJIKHOBEHUM
c 3emiieil u IpyrUMH TUTaHETaMHU 3eMHOU rpymmbl. Hanbonee BaXHBIM CIEICTBUEM MPOBEICHHBIX
pacyeToB SIBISIETCS BBIBOJ O BO3MOXHOCTH JIOCTABKH OOJIBIIOTO KOJMYECTBA BOJBI M JIETYYHUX
3a CYeT MWTpAllMd MajblX Tell W TbUIM BO BHYTpeHHHE oOnactu CONHEYHOW CHUCTEMBI, YTO
MO3BOJISIET CKOMIICHCHUPOBAaTh WX JeMUIUT BCIEACTBUE (POPMUPOBAHUS TIPU OTHOCUTEIHHO
BBICOKHMX TeMIIepaTypax BHYTpPH cHeroBod juHHH. OOIIas macca BOJBI, JTOCTaBICHHON U3 30HBI
MUTAaHUS TUTAHET-TUTAHTOB K 3emiie, Morja ObITh MOpPSAKAa MacChl BOJBI B 36MHBIX OkeaHax. [Ipu
3TOM OTHOIIEHHE MAacChl BOJIbI, JOCTABJIEHHOW KoMeTamu ceMmelctBa lOmnuTepa u kometamu
lNanneBckoro Tuma K IjiaHeTe, K Macce IJIaHEThl MOIJIO ObITh Oonbile s Mepkypusi, Benepsl
u Mapca, yem s 3emnu. PacueTsl mpuBeny TakKe K BBIBOJY, UTO HEOONbINAs 4acTh OOBEKTOB,
nepecekapmmx opouty lOmnurepa, MOKET NEPEeXOAUTh Ha OPOWTHI, TUIHMYHBIE I OOBEKTOB,
cOMMKArOIIMUXCS ¢ 3eMIIeH, WK IS acTepoua0B [ maBHOTO mosica.

MIGRATION OF SMALL BODIES AND DUST TO THE TERRESTRIAL PLANETS

S.1. Ipatov}?, M.Ya. Marov!
"Wernadsky Institute, “Space Research Institute
E-mail: siipatov@hotmail.com, marovmail@yandex.ru
Our studies of migration of small bodies and dust from different regions of the Solar system to
the terrestrial planets were based on computer simulations of the orbital evolution of several tens of
thousands of small bodies and dust particles under the gravitational influence of all planets. For dust
particles, besides gravitational influence of planets and the Sun, we took into account the Poynting-
Robertson effect, radiation pressure, and solar wind. We studied migration of Jupiter-crossing
objects, asteroids, trans-Neptunian objects, and particles ejected by asteroids, comets, and trans-
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Neptunian objects. The Bulirsh-Stoer method or symplectic method were used for integration.
Orbital elements of bodies and particles during their dynamical lifetimes obtained in
the calculations were used for calculations of probabilities of their collisions with the Earth and
other terrestrial planets. The main result of the calculations is the conclusion on the delivery of a
large amount of water and volatiles to the inner regions of the Solar system due to migration of
small bodies and dust. The migration could compensate their deficit caused by formation at high
temperature inside the snow line. The total mass of water delivered to the Earth from the feeding
zones of the giant planets could be about the mass of water in the Earth’s oceans. The ratio of the
mass of the water delivered by Halley-type comets and Jupiter-family comets to a planet to the mass
of the planet could be greater for Mercury, Venus and Mars than for Earth. Computer simulation
also showed that a small fraction of Jupiter-crossing objects can get orbits typical for Earth-crossing
objects and the main belt asteroids.

XAPAKTEPUCTUKA YCTOMYUBOCTH JIBUYKEHUSA CITYTHUKOB IIVIAHET

B.C. Ypaanbckas
AU MI'Y
E-mail: ural@sai.msu.ru
CymecTBoBanue WHTErpajia SJkoOu B OrpaHMYCHHON KPYrOBOW 3ajqaue TpeX TeJl IO3BOJIMIO
XWUly TOCTPOUTH IIOBEPXHOCTH HYJIEBOW CKOPOCTH, C IIOMOIIBIO KOTOPBIX YCTaHABIMBACTCS
YCTOMYMBOCTh ABMXKEHUA 10 XWUly. B OrpaHMYeHHON HEKPYrOBOM 3aJaye TpPeX TeJl C MOMOILBIO
MHTETPaJIbHOIO MHBAPUAHTHOI'O COOTHOLICHMs, TaK Ha3bIBAEMOro KBasHUMHTerpaia Skoowu,
COZIepIKAIIEeTO O/IHY HEM3BECTHYIO (DYHKIIHIO, MOKHO MTOCTPOUTH BHIOU3MEHSFOIIIMECS CO BpEMEHEM
00J1aCTH BO3MOXHOCTH JIBUKEHMS M OIPAaHMYMBAIOIIME UX MOBEPXHOCTH MUHHMMAJIbHON SHEPIUU.
B 0o6mieit 3amaue Tpex TeNn CyIIeCTBYET aHAJIOT MOBEPXHOCTEH XWilia, MOCTPOSCHHBIX C MOMOIIBIO
HepaBeHCTBa 3yHaMaHa. [ToBepxHOocTH 3yHAMaHa ONpeesisaioT 001aCTH BO3MOKHOCTH JIBMXKEHUH U
MO3BOJISIFOT HMCCIIEA0BAaTh YCTOMYMBOCTh MO 3yHAMaHy. B oTinumume oT ycToHuMBOCTH MO XWILTY
YCTOMYMBOCTh 110 3yHAMAaHY 3aBUCUT OT MAaccChl CIyTHUKa. [Ipm HyJneBOM 3HA4YE€HHH MaccChl
CIyTHUKA YCTOMYMBOCTH 1O 3yHAMAaHy IpeodpazyeTcsi B yCTOMUUBOCTD 10 XHWILTY.
HccnenoBana yCTOWYMBOCTD JBHKEHUS MO XWJUTy U N0 3yHIMaHY BCEX CIYTHHKOB IUIAHET
Y TIOCTPOEHBI TMOBEPXHOCTH MHUHUMAIBHOM SHEpPrum Ais DJJUIMITUYECKOM 3ajadu Tpex Tel
Y TIOBEPXHOCTH 3yH/AMaHa Juid oOIlel 3a/1auu Tpex Tell, OrpaHnYMBaoNue 0071acTH BO3MOKHOCTH
JBUKEHMSI U OTIPEEIAIONNEe YCTOMUYNBOCTD IBUKEHUSI.

THE STABILITY OF THE MOTION OF PLANET SATELLITES

V.S. Uralskaya
Sternberg Astronomical Institute, Moscow University
E-mail: ural@sai.msu.ru

Existence of Jacobi integral in a restricted circular problem of three bodies allowed to construct
Hill surfaces of zero velocity by means of the Hill stability of the motion is established. In
a restricted noncircular three-body problem by means of an integral invariant relation, a so-called
Jacobi quasi-integral, containing one unknown function, the regions of possible motion changing
over time and surfaces of the minimum energy limiting them are constructed. In the general three-
body problem there is an analog of Hill surfaces constructed by means of Sundman inequality.
Sundman surfaces define the regions of possibility of motion and allow to investigate Sundman
stability. Unlike Hill stability the Sundman stability depends on the satellite masses. At zero value
of satellite mass Sundman stability will be transformed to Hill stability.

Hill and Sundman stability of the motion of all satellites of planets is investigated. The surfaces
of the minimum energy for an elliptic three-body problem and Sundman surface for the general
three-body problem limiting regions of possibility of the motion and defining the stability are
constructed.



POJIb CBJINKEHUM C COJHIIEM B 3BOJIOIIMA OKOJIO3EMHBIX OBBEKTOB

B.B. EMeIbsIHEHKO
NHACAH
E-mail: vwemel@inasan.ru
HccnenoBanue JUHAMUYECKOM SBOJIIOIUU OKOJIO3EMHBIX OOBEKTOB IOKA3bIBACT, YTO ITU TeEla
4acTO JIOCTHUTAIOT OPOUT C MaJbIMH TIEPUTCIUHHBIMH PACCTOSHHUSIMH. B 9acTHOCTH, OKOJIO
70 IpOIICHTOB  OKOJIO3EMHBIX OOBEKTOB HCIHBITHIBaOT coyaapeHus ¢ CoiHIleM B Ipoliiecce
sBomtonuu. OYeHb CUIIbHBIC NMPUIUBHBIE A((EKTHI, TEIUIOBbIE HANPSDKCHHS W B3aHMMOJICHCTBHE
C COTHEUHOW aTtMocdepoll JOHKHBI MPUBOIUTH K MOIU(DUKAIMK MMOBEPXHOCTH M Pa3pyHICHHUIO
OKOJIOCOJIHEUHBIX OOBEKTOB. B mokiaze miaHupyercs oOCYIUTh WUMEIOIIHECS HaOIroaaTeIbHbIC
CBUICTEIHCTBA MPOXOXKICHUSI OKOJIO3eMHBIX 00beKkTOB BONMM3H CoJHIA B MpounuioM. B wacTtHOCTH,
OyIeT TOKa3aHO, YTO KOCMHUYECKHHA BO3pacT W Bpemsi cOmmkeHus ¢ CoOJHIEM IO pe3yibTaraMm
JUHAMHYECKHUX HCCIICIOBAaHUI OYEHBb XOPOIIIO COTJIACYIOTCS ISl 0OBEKTOB, Y KOTOPBIX ITH JIaHHBIC
Ompe/ielICHbl C BBICOKOM CTENEeHBIO TOYHOCTH (Hampumep, mereoputhl YensOmnck u Hosaro,
actepoun Mtokasa).

THE ROLE OF ENCOUNTERS WITH THE SUN
IN THE EVOLUTION OF NEAR-EARTH OBJECTS
V.V. Emel’yanenko
INASAN
E-mail: vemel@inasan.ru

Dynamical investigations show that near-Earth objects evolve frequently to orbits with small
perihelion distances. In particular, about 70 percent of near-Earth objects collide with the Sun
during their orbital evolution. The solar tide, thermal stresses and interaction with the solar
atmosphere should lead to surface modification and disruption of bodies near the Sun. In this paper,
we plan to discuss available observational evidence of the near-Earth object passages near the Sun
in the past. In particular, it will be shown that the cosmic ray exposure age and the time of
encounters with the Sun according to dynamical investigations are very consistent in the case of
objects for which these data are well determined (e.g., meteorites Chelyabinsk and Novato, asteroid
Itokawa).

CYMMAPHASA MACCA TPOAHILEB IOITUTEPA, OIIPEJAEJIEHHASA
CTATUCTUYECKUM U JMHAMNUYECKHUM METOJAMUA
T.A. Bunorpanosa, IO.A. YepHereHnko
WuctutyT npuknagHoi actponomun PAH
E-mail: vta@ipa.nw.ru; cya@ipa.nw.ru

C ucnosib30BaHMEM BCEX MMEIOLIMXCS (U3UUYECKUX XapaKTEPUCTUK aCTEPOUIOB-TPOSIHIIEB
OnuTtepa craructuyeckuM cnocoOOM — TMOJNydeHa OleHKa HX oOmed Macchl, paBHas
(0.30£0.19)x10™° Mgy,. IIpu sToM Macca acreponoB B rpymme L4 pasra (0.19+£0.11)x10™ Mgy,
Macca acTepouioB B rpymme L5 — (0.11ﬂ:0.07)X10'10 Msun. TlomydeHHBIE CTaTUCTHUECKUE OIEHKU
BKJIIOUYAIOT CKPBITYIO MAccCy €Ille He OTKPBITBIX aCTEPOUAOB, KOTOpasi cocTaBisieT 7% OT Ux oomiei
Mmaccbl. KonruecTBo TposiHIIEB ¢ quamerpaMu O0osbine 1 kM orneHeHo, kak N = 6x10°. OmnpeneneHo,
uyro otHomeHUue Ni4/Nis He SBISETCS MOCTOSHHBIM: OHO YMEHbBIIACTCS C YBEJIHUCHHEM pa3Mepa
acTepOUIOB WJIM C YyMEHbIIEHHEM aOcoNMoTHOM 3Be3nHOM BenuuumHbl H. Jlns actepounos,
nmeromux muamerpsl D > 30 kM, sta BemmumHa coctaBiseT 1.3. BeimonHeHa OIEHKA BIMSTHHS
IPaBUTALlMOHHBIX BO3MYILIEHUI OT TPOSHIEB Ha JBWXKEHHME AacTEpOMJOB TIpynnbl ['Mibasl
1 KEHTaBPOB.

Jlnist AMHaMUYeCcKOM OIIeHKH 001Iel MacChl TPOSHIEB MOAXOIAIINX BO3MYILIAEMbIX aCTEPOUIOB-
HETPOSIHIIEB HE OKA3aJIOCh — BCE OHM OYEHb AAJIIEKO W BO3MYILIEHUS TPOSIHIEB HAa UX JIBH)KCHHE
He3HauuTeNbHBL. [103TOMY IpH olleHKe 001Ieil Macchl TPOSHIIEB AUHAMHYECKUM CIIOCOOOM MOYKHO
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WCIIOJIb30BaTh TOJBKO CAaMH aCTEPOMIBI-TPOSHIIbI, KOTOPBHIE COBEPILAIOT CJIOXKHBIE JIBHIKECHUS
BHYTPH COOTBeTCTBYIomuUX obnacteil L4 m LS. Ilpu omeHke mMacchl TUHAMHYECKHM CIIOCOOOM
CUMTAJOCh, YTO MAaCChl BCEX TPOSHIICB PABHOMEPHO pACHBUICHBI IO 00hEMY JBYX MIapoB
¢ panuycamu 1 a.e. (mpuMepHBIC pa3Mepbl 00JacTel ABMKEHUS TPOSHIIEB). B ypaBHEHUS TBHKCHUS
aCTEpOUJIOB-TPOSIHIIEB, pacCMaTPUBAEMBbIX KaK TECTOBbIE 4YacCTHIbl, J00aBsjIach  CHJia
MIPUTSDKEHUS, TPOIOPIIMOHAIBHAS MACCe YaCTH I1apa, paaruyc KOTOPOTO OMPEISsICsS PACCTOSHUEM
OT acrepouaa 10 IeHTpa 1mapa. OOmme Macchl NIapOB HAXOAWIUCh BapbUPOBAHUEM
1o MuHUMaabHOMY 3HaueHn0 CKO HaOmoeHn BO3MYIIIAEMBIX aCTePOUOB-TPOSHIICB. SHAYCHHS
Macc, maoomue HauMmeHbime CKO nmns HaOmroneHWd BO3MYIIAEMbIX acTEPOUJIOB, OKA3aJIHChH
OJIM3KMMH K OILIEHKaM Macc, MOJYYCHHBIM HAMU CTAaTUCTUYECKHM CTIOCOOOM.

TOTAL MASS OF JUPITER TROJANS AS OBTAINED
BY STATISTICALAND DYNAMICAL METHODS
T.A. Vinogradova, Yu.A. Chernetenko
IAA RAS
E-mail: vta@ipa.nw.ru, cya@ipa.nw.ru

Total mass of Jupiter Trojans was evaluated using all available physical characteristics of these
small bodies. The mass of asteroids in L4 group is equal to (0.19 + 0.11) x 10" Mgy, in L5 group
is equal to (0.11+0.07) x 10™° Msyn. These statistical estimations included also hidden mass of still
unknown asteroids and which was estimated as 7% of the total mass. The number of asteroids with
diameters > 1 km, N, was evaluated as 6 x 10°. Ratio N 4/N_s depends on size of asteroids and for
diameters > 30 km N_4/Ns is equal to 1.3. It was estimated influence of gravitational perturbations
of total trojans mass on the motion of asteroids of Hilda group and centaurs.

It was proved that there are no suitable perturbed main belt asteroids for determination of total
trojans mass by dynamical method. Therefore one can use for this task only trojans which move by
the complicate manner inside corresponding regions L4 and L5. These regions were considered as
homogeneous balls with radius of 1AU. In equations of motion of asteroids we added attraction
force being proportional to the mass of the part of corresponding ball. This part was determined by
distance from asteroid to the centre of ball. Total mass of trojans were determined by the smallest
values of observation residuals of perturbed asteroids.

JAAHAMHUKA «IIPBITAIOHIUX» TPOAHIEB: UCCJIEJOBAHUE
METOJAMHU TEOPAH BO3SMYIIIEHUI
B.B. Cugopenko
WuctutyT npuknagHoi matematuku M. M.B. Kenapimra PAH
E-mail: vvsidorenko@list.ru

YucnenHo uHTerpupys ypaBHenus aprkenus, K. Tsiganis, R. Dvorak, R. u E. Pilat-Lohinger
obOHapywin, 4to actepoug-tposiHer; (1868) Thersites B OymyieM MOXKET MEPEMECTHTHCS
C OpOMTHI, OXBaThIBAIOIIEH «BEAYIIYIO» TOuky iuOpauuu L4, Ha OpOUTY, OXBaTHIBAIOIIYIO
«OTCTAOIIYIO» TOUKy JuOpauuu L5. UncieHHOe HWHTETpUpOBaHUE TaKKe CBUAETEIbCTBYET
0 HAINYMHU MIEPEX0JI0B MEX]y KoJIeOaHUsIMH B OKPECTHOCTH Tovek Jmbparuu L4 u LS y acteponna
2010 TK7 - mepBoro acrepouna-tposiaiia 3emiu (Connors et al., 2011). K. Tsiganis, R. Dvorak,
u E. Pilat-Lohinger npemioxxuim Ha3bIBaTh MOIOOHBIE ACTEPOUIBI «ITPHITAIOIIUMIY» TPOSHIIAMH.

CoBpeMeHHasi Teopusi PE30HAHCHBIX A(P(EKTOB TMO3BOJSET TOCTATOYHO MOAPOOHO HM3YYHUTH
MIEPEXO0/Ibl MEXAY Pa3HbIMH PE30HAHCHBIMU PEKMMAMH ABM)KEHHA. MBI NMPEACTaBUM PE3YJIbTaThI
MOJIyaHAJIUTUYECKOTO MCCIIEOBAHUS <«IIPBIKKOB» MEXIY TPEYTrOJbHBIMU TOYKAMH JHOpaIu,
IIPOBEJIEHHOTO B pPaMKaX IUIOCKOM OrpaHMYEHHOM JJUIMNTUYECKOW 3ajadd Tpex Tel «3Be3la-
IIJIAHETA-aCTEPOUI.

PabGora BemonmHena B pamkax IIporpammbl 9  (QyHIAMEHTAIBHBIX — HCCIEIOBaHUN
[Ipesnauyma PAH.
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DYNAMICS OF "JUMPING" TROJANS: PERTURBATIVE TREATMENT

V.V. Sidorenko
Keldysh Institute of Applied Mathematics RAS
E-mail: vvsidorenko@list.ru

The term «jumping» Trojan was introduced by Tsiganis et al. (2000) in their studies of long-
term dynamics exhibited by the asteroid (1868) Thersites: as it turned out, this asteroid may pass
from the librations around L4 to the librations around L5. One more example of a «jumping» Trojan
was found by Connors et al. (2011): librations of the asteroid 2010 TK7 around Earth’s libration
point L4 preceded by its librations around L5. We explore the dynamics of «jumping» Trojans
under the scope of the restricted planar elliptical three-body problem. Via double numerical
averaging, we construct evolutionary equations which allow to analyze the details of the transition
from one regime of the orbital motion to another.

This work was supported by the Presidium of the Russian Academy of Sciences under the
scope of the Program 9 «Fundamental problems of Solar system investigations».

CEMEVICTBA ACTEPOM1I0B BO BHYTPEHHEM OBJIACTH
ITTABHOT'O TOSACA ACTEPOUOB
T.A. Bunorpaaosa
HHucTuTyT npukiagHoii actponomun PAH
E-mail: vta@ipa.nw.ru

s Bcex acTepougoB C HANIEKHBIMH OpOMTaMH, TPHUHAAICKAIIMX BHYTPEHHEW oOiactu
I'maBHOro mosica acrepounoB (2.1 a.e.—2.5 a.e.), SMIUPUYECKHUM METOJAOM BBIYHCIICHBI
COOCTBEHHBIC JJICMCHTHI. ODMITMPUYECKHA METOJ OCHOBAaH Ha WCIIOJIb30BAHUU HAOIIOIaeMOTO
pacmpesieieHuss OCKYJIUPYIOIIMX JJIEMEHTOB opoOuT acrepouzoB. Ha ocHoBe wumeromencs
3aBUCUMOCTH HAKJIOHOB OPOUT OT JOJITOTHI BOCXOJSIIETO Y3JIa M SKCIEHTPUCUTETOB OT JOJTOTHI
MEepUIIeHTpa ObUIM BBIYMCICHBI BBIHYXXJACHHBIE JIIEMEHTHI JJsi Pa3HbIX 3HA4YeHUH OONbIION
noryocu. CoOCTBEHHBIE DJIEMEHTHI OBLITM BBIYHCICHBI B PE3Yy/bTaTe HCKIIOUCHUS BBIHYXICHHOM
COCTaBJISIONICH M3 OCKYIUPYIONIMX 3JIEMEHTOB C MOMOIIBI0 MPOCTHIX (hopMyn mpeodpazoBaHus
koopauHat. st uneHtudukanuu ceMencTB OblT pa3paboTaH U MPUMEHEH METO/I, UCTIOIb3YIOIIHIA
KpUTEpUN PACCTOSHUS MEXAY TOUYKAMH B TPEXMEPHOM IMPOCTPAHCTBE COOCTBEHHBIX DIIEMEHTOB,
AQHAJIOTUYHBIM METOJIy MEPAPXUUYECKOTO KJIACTEpHOTO aHanu3a. [lonck ceMercTB ObUT MPOU3BENCH
MHOT'OKPAaTHO C Pa3HbIMHM 3HAYEHUSIMU KPUTHUYECKOIO pacCTOAHMs. B pe3ynbrare mocienyromero
HMepapXUuecKoro aHaymsa ObLIU BbIZCNCHBI 12 cemeicTB. st HalJIEHHBIX CEMEMCTB OMpe/IeIeHBI
YHCIIEHHOCTb, HWHTEPBAJbI COOCTBEHHBIX JJEMEHTOB, TaKCOHOMHUYECKHUH COCTaB M JIpyrHe
xapakTepucTuku. OmnpesieieHne TAKCOHOMHUYECKOTO COCTaBa BCEX HAWIEHHBIX CEMEMCTB SIBISACTCS
BOKHBIM JIOCTHKEHHUEM. DTO TIO3BOJIWIO, HApUMEp, OJHO3HAYHO BBIJICTUTH BHYTPU CEMEHCTBa
(135) Hertha nBa mojacemeiicTBa pa3HOro TakCOHOMHUYECKOTo THma: cemeicTBo (878) Mildred na
90% cOCTOWT M3 acCTepOMJIOB CIIEKTPAIBHOTO Kitacca S, a cemeiictBo (1183) Juttana u3 acteponion
kiacca C.
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ASTEROID FAMILIES IN THE INNER PART OF THE MAIN BELT

T.A. Vinogradova
IAA RAS
E-mail: vta@ipa.nw.ru
Proper elements of the asteroid orbits in the inner part of the main belt (2.1 a.u.-2.5 a.u.) were
calculated by the empirical method. The method uses distributions of osculating orbital elements,
such as a longitude of the ascending node, inclination and a longitude of the perihelion, eccentricity.
These distributions make it possible to obtain forced elements for different values of the semi-major
axis. The proper elements were calculated by exception of the forced elements from the osculating
ones using the coordinate transformation formula. An approach similar to the hierarchical clustering
method was used for identification of the families. Using this technique, 12 robust asteroid families
were identified in this region. For these families different characteristics were determined, such as
anumber of asteroids included, intervals of the proper elements, taxonomic types and others.
The determination of the taxonomic composition of the families is very important. Thereby two
sub-families of different taxonomic types were identified within the family of (135) Hertha:
(878) Mildred and (1183) Jutta. 90% of the asteroids in the first family belong to the spectral
class S, where as 90% of the asteroids in the second one belong to the class C.

BOJIUADBI o-KAIIPUKOPHU /I 1 UX CBS3b C AC3
II.b. babax:kanos, I.U. Koxuposa, ¥.X. XampoeB

Wucturyt acrpoduszukn AH Pecniy6onmkn Tamkukuctan
E-mail: umed-1982@mail.ru

B nepuon 2010-11 rr. 6omuaHoit cetbio TamkukrucTana opl1u choTorpadupoBaHbl TpU OOIUIA,
NpUHAAIeKaMe MoToKy o-Kanpukopuuapl. C ydeToM HAONIONEHUH emie mecTd OOJUI0B ITOrO
noroka B Kanage u CIIA, onpeneneHsl KOOpAMHATHI CPETHETO pajMaHTa U NEepuo]] aKTUBHOCTH,
a TaK)Ke CpeAHECyTOYHOe cMmelieHne paauanTa nortoka. CormacHo PE xpurtepuio o0BeMHBIC
IUIOTHOCTH JEBATH HCCIEeyeMbIX O0JnA000pa3yloMX METEOpPOUIIOB 3aKIKYEHBl B Mpeaenax
or 0.2 10 3.5 r"eM”, Ut CBUJIETEIBCTBYET O HEOJHOPOIHOM COCTaBE KOMETBI-PAPOIUTETHLHUIIBI
6onuaHoro noroka c-KanmpukopHuz. IIpu moucke poaMTENbCKOTO OOBEKTa MOTOKA BBISABICHBI
actepounbl, commkaromuecs ¢ 3emiueit (AC3), 2008 BO16, 2011 EC41 u 2013 CT36, xoTopsie
JBUTAIOTCS TI0O KOMETOMOJOOHBIM OpOHUTaM COTJIACHO KpUTepuio TuccepaHa, a TaKk)kKe HMEIOT OYeHb
cX0kue opOuThl cornacHo kputeputo CayrBopra U XokuHca. MccaenoBanue 3BOMIONMUA UX OPOUT
MI0KAa3ajJl0, YTO OHHU SIBJSIFOTCS YETBIPEXKPATHBIMM IepecekarensiMu opoutsl 3emiun. Eciu AC3
UMEIOT Pa3BUThIE METEOPOMUHBIE POU, TO 3TU POM MOTYT MOPOAUTH YETHIPE METEOPHBIX MOTOKA.
Hamu BBIYHCIICHBI TEOPETUYECKHE TTapaMETPBI MPEICKA3aHHBIX MTOTOKOB, KOTOPHIE OTOXKIECTBICHBI
c HaOMrogaeMbpIMU HOUHBIMH G- KanpukopHuaamu u y-Carutrrapugamu, a Takke ITHEBHBIMU
y-Kanpuxopuugamu u Kanpuxopuuasi-Carutrapuaamu. KomeromomoOHast opOuta U CBA3b
C OJIHAM U TEM K€ METCOPOHMIHBIM POEM, TIOPOXKIAIONIMM YEThIpe aKTUBHBIX ITOTOKA, MO3BOJISIOT
caenaTh BBIBOJ 00 oOrmieit kometHoit mpupoae AC3 2008 BO16, 2011 EC41 u 2013 CT36. Panee
uccienoBanre AC3 (2101) Amonuc u 1995 CS, KOTOpBINA SBISETCS MOTEHIIUAIBHO-OITACHBIM
acTepoOUIOM, MOKa3ajo, YTO 3TH OOBEKThl TAK)KE CBA3AHBI C ATUM XK€ METEOPOMJHBIM POEM,
U SBJISIOTCS  yTacIIUMH  simpamMud  KomeT. MoxHo 3akmounth, uro 2008 BO16, 2011 EC41
n 2013CT36 sBnstoTcst a1O0 KpPYNMHOPA3MEPHBIMHU OCKOJKaMHM AJOHUCA, JUOO BCe MATH Tel
SIBIISTIOTCS (hparMeHTaMH OoJiee KPYITHOTO KOMETHOTO Tejla, pa3pyIIUBIIETOCS HECKOIBKO JIECSITKOB
TBHICSAY JIET Ha3aJl. MOXKHO OXHJIaTh CYIIECTBOBAHUE TaKHX ke (PparMeHTOB ATOr0 CeMeNCTBa cpenn
€XKEroIHO OTKPHIBAEMBIX MHOTOYHMCIICHHBIX HOBBIX aCTEPOH/IOB.
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THE o-CAPRICORNIDS FIREBALLS AND THEIR ASSOCIATION WITH NEAS

P.B. Babadzhanov, G.I1. Kokhirova, U.Kh. Khamroev
Institute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan
E-mail: umed-1982@mail.ru

During 2010-2011 years three fireballs were photographed by the Tajikistan fireball network,
belonging to the o-Capricornids meteor shower. Taking into account the observations else six
fireballs of this shower in the Canada and USA, the mean radiant coordinates, the period of activity,
as well as the mean daily radiant drift of the shower were determined. Further to the PE criterion,
the values of bulk density of the nine fireball-producing meteoroids are in the range 0.2-3.5 g-cm™
that suggests a non-homogeneous compound of the comet-progenitor of the shower. The Near Earth
Asteroids (NEAs) 2008 BO16, 2011 EC41, and 2013 CT36 have very similar orbits according
to the Southworth and Hawkins criterion, and their orbits are classed as comet-like by the Tisserand
parameter. The orbital evolution investigation shows, that during one cycle of variations of the
argument of perihelion, the asteroids cross the Earth’s orbit four times. Consequently, a developed
meteoroid stream, possible associated with them, might produce four meteor showers. Theoretical
parameters of the predicted showers were calculated and identified with the observable nighttime
o-Capricornids and x-Sagittarids, and daytime x-Capricornids and Capricornids-Sagittarids meteor
showers. The similar and comet-like orbits and association with the same meteoroid stream
producing four active showers are strong indications that these asteroids have a common cometary
origin. Earlier the NEAs (2101) Adonis and 1995 CS, which is potentially hazardous asteroid
(PHA), were recognized as dormant comets because of their link with the same meteoroid stream.
So, a conclusion was made, that either the considered NEASs are large sized splinters of the Adonis,
or all five objects are fragments of a larger comet that was the parent body of the o-Capricornids
meteoroid stream, and whose break-up occurred several tens of thousands years ago.

O ®OPME SIIPA KOMETHBI 67P /AdYPIOMOBA-T'EPACUMEHKO
JILE. BaBuaos, }0./I. MenBenen

WuctutyT npuknagHoi actponomun PAH
E-mail: dj_vil@bk.ru; medvedev@ipa.nw.ru
SAnpo xometsl 67P/UypromoBa-I'epacuMeHKO TpeAcTaBisieT COOOM Teno BBITSIHYTOH (OpMBI
¢ TimyOokoi 60po3/10i puMepHO Tocepenruue. Ha moBepxHOCTH siipa HAOMIOJAIOTCS JOCTATOYHO
aKTHBHBIE TPOLIECCHl CYOMUMAalMM BellecTBa. PeTpoCneKTHBHAs HBOJIOLMS OPOMTHI KOMETHI
MO3BOJISIET IIPEIIONIOKUTE, YTO ee opOuTa, 10 commxenus ¢ FOnurepom B 1959 r., pacnonaranace
Mexay opobutamu Mapca u FOnurepa. [Toaromy cybnumanus BOASHOTO JibJja ¢ HOBEPXHOCTH sIJIpa
KOMEThl MOTjla MNPOMCXOAUTH TOJIBKO B XOpOIIO OCBEUICHHBIX O0JacTAX, T.€.C YYacTKOB
MIOBEPXHOCTH, KOTOPBIE IIOYTH NEPIEHIUKYJSAPHBl HANpaBICHUIO COJHEYHbIX Jyded. Torma
oOpa3oBaHue 60pO3/bl MOKHO OOBSICHUTD CyOIMMalMel BEeIecTBa ¢ Spa, OCh BPAIIEHHUs KOTOPOTO
NEePIEHANKYIIIpHA TUIOCKOCTH OpOuUTh.. B 3ToM ciydae cyOnuManusi NPOUCXOAMT TOJIBKO
C DKBaTOPHAJIbHBIX 00JIaCTEl KOMETHI, YTO MPHUBOJIUT K OOpa30BaHUIO TaHTENe0OpazHO (HOpMbI
qpa WIM JaK€ OBpara INpUMEPHO IOCEPENMHE siipa KOMEThL. J[pyrum npuMepoM MpOsIBIECHHUS
3TOTO MpoIECcca, BEPOSTHO, siBiseTcs siapo komeTsl 103 P/ Xaptiu 2, umeroriee ranteneoopazHyro
bopmy.
s monenrpoBaHusl U3MEHEHHS! (POPMBI BBIBE/IEHBI COOTBETCTBYIOIINE YPAaBHEHUS B YACTHBIX
MIPOM3BOJIHBIX U MPOBE/IEHBI BHIYUCICHUS.
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ON THE NUCLEUS SHAPE OF COMET 67P/ CHURYUMOV-GERASIMENKO

Yu.D. Medvedeyv, D.E. Vavilov
IAA RAS
E-mail: dj_vil@bk.ru; medvedev@ipa.nw.ru

The nucleus of comet 67P / Churyumov-Gerasimenko is an elongated body with a deep groove
around the middle. There are active processes of matter sublimation on the nuclear surface.
Retrospective evolution of the comet's orbit shows that there is a possibility that its orbit was
of Mars and Jupiter before its approach to Jupiter in 1959. Therefore the sublimation of water ice
from the surface of the comet's nucleus could only take place in well-lit areas, i.e. with surface areas
which are almost perpendicular to the direction of solar rays. Then groove formation can be
explained by sublimation substance from the nucleus, the axis of rotation of which is perpendicular
to the orbital plane. In this case, sublimation occurs only from the equatorial regions of the comet,
which leads to the formation of dumbbell shaped nucleus or groove in the middle of the nucleus.
Another example of this process is likely to be the nucleus of comet 103 P / Hartley 2, having
dumbbell shape.

To simulate changes of the shape the partial differential equations have been derived.

K BOITPOCY OB 2BOTIOINIMOHHOM JIBUKEHUU KOMETBI 17/P XOJIMCA
HA JVIMTEJIBHOM BPEMEHHOM UHTEPBAJIE
H.B. Kyiaukosa, B.H. Tumenko
HUATD HUAY MUOU
E-mail: nelvaku@yandex.ru, tvitvi@bk.ru

AHaIM3UpYIOTCA pE3yJIbTaThl, IOJIYYEHHbIE C IIOMOIIBI0 KOMIIBIOTEPHOM TEXHOJIOTHUH,
OCYLLECTBIISIONIEH MOJEINPOBAHUE MPOLECCa BEPOSTHOCTHOM JI€3MHTErpaluil HeOEeCHOro 00beKTa
(B nanHoMm ciyyae komeTsl 17/P Xonmca) U jnanbHeilliee 3BOJMIOLMOHHOE JBM)KEHHE KaK CaMOM
KOMETbI, Tak M BO3MOXXHOTO OOpa30BaBIIErocsi METEOpOMIHOro pos. PacuérHblii mnepuon
OXBAaThIBAa€T BECh HW3BECTHBIN JKU3HEHHBIM ILMKJI KOMEThl C MOMEHTa IepBOro HaOIIOJEHUS
710 HACTOAILETO BpPEMEHM M Jajlee Ha I[EpCHEKTUBY B TpU CTOJNETUA. MopaenmpoBaHue
OCYILECTBISIETCSI B JIO0OM TOYKE KOMETHOW OpOMTHI Il KaKJOTO0 BO3BpAILlEHUS KOMETHI.
Bennuunbl 3HaueHW ckopocTell BBIOpOca BapbUPYIOTCS B TMpeAenax JaHHbIX HaOII0JIeHUs.
CpaBHEeHHE peE3yJIbTaTOB MOJICIIMPOBAHKS C JaHHBIMH HaOmoneHuii kometrsl B 2007-2014 rr.
IIOKA3bIBAET XOPOILUEE COIVIACHE MHCIIONb3YEMOM MOJENN pacuéTa C peaJbHOCTBIO SIBICHHM.
CrpaHHOCTH, MTPOSBUBIIKECS B IBUKEHUU KOMETHI IO OpOUTE IOCIIEe MPOXOXKICHUS €10 MEePUTeTus
U OTMEYEHHble MHOTUMH HaOmronatensmu B 2014 roay BrnosiHe 0OBSICHUMBI MOIIHBIM BBIOPOCOM
BellecTBa M3 fAJpa KOMeTbl co ckopocTssMu cBbime 100 m/c mpu e€ nBwxkeHuun k CaTypHy
Y TIOCJIEIOBABIIUM BO3JIEHCTBUEM ATOTO MpoIlecca Ha KPaTKOBPEMEHHOE U3MEHEHUE PEryIIpHOCTU
JBYKEHMSI C JAJbHEHMIINM €ro BOCcCTaHOBIEHHEM. Kak MOKa3bIBalOT pe3ysbTaThl NEPCHEKTUBHOTO
MOJIETTUPOBAHUS, MOJOOHbBIE SBIEHUS ISl JAHHOTO OObEKTa HEe YHUKaJIbHbL. OHU MOBTOPSIOTCS
4yepe3 OINpEAEIIEHHOE KOJIMYECTBO BO3BPAILEHUN, BCIEACTBHE YETO U3MEHSAETCS MECTOIOJOKEHUE
KOMEThl B TIPOCTPAHCTBE M JlaTa MPOXOXKJIEHUS Mepurenus. ITOT BPEMEHHONW HHTEpBal HMEET
MIEPHUOJ] OKOJIO IMIECTUECITH JIET U BOSHUKAET IIPH BIIOJIHE ONPEEIIEHHOM B3aUMOPACIIOIOKEHNN B
pocTpaHcTBe Tpex Teir: CarypHa - komeTsl Xonmca - FOnurepa.
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ON THE EVOLUTIONARY MOVEMENT
OF COMET 17/P HOLMES WITHIN LONG TIME INTERVAL
N.V. Kulikova, V.I. Tischenko
IATE NRNU MEPhI
E-mail: nelvaku@yandex.ru, tvitvi@bk.ru

Analyzed are the results obtained by a computer technology which allows one to simulate
the probabilistic disintegration of a celestial object (in this context comet 17/P Holmes) and further
evolutionary movement of the comet itself as well as the expected formed swarm of meteoroids.
The calculation period covers the whole known comet lifecycle from its first observation until now
and in three centuries perspective. Simulation is performed at any orbit point for each return of the
comet. The ejection rate values vary within the observational data. The compared simulation results
and observations of the comet in 2007-2014 demonstrate a good agreement between calculations
and actual phenomena. Strange nesses appeared in the orbital comet movement after its perihelion
passage and noted by many observers in 2014 are easily explained by a major ejection of matter
from the cometary nucleus at the rates above 100 m/c in its movement to Saturn and the following
impact of this process on a short-term change in movement regularity with its future recovery.
Long-range simulation results show that such phenomena are not unique for this object. They recur
in a certain quantity of returns, in the consequence of which the comet location in space and the
date of perihelion passage change. This time interval is about 60 years and occurs at a well-defined
mutual spatial arrangement of three bodies: Saturn — comet Holmes - Jupiter.

XUMHUYECKOE PABHOOBPA3HUE AAEP U ATMOC®EP KOMET:
CPABHEHHUE C PE3YJIBTATAMU MUCCHUHU ESA ROSETTA
B.HU. lllemaToBny
NHACAH
E-mail: shematov@inasan.ru

OpnHolf M3 aKTMBHO M3y4yaeMbIX (IIOCPEACTBOM KaK KOCMMYECKHX MHUCCUH, TaK M Ha3eMHBIX
CpeACTB HAOJIOCHUI) TPYII JeIIHBIX HEOCCHBIX TeJ SBJISAIOTCA KOMETHI, MPEACTaBIAIONe COO0M
TeJa OTHOCHUTEJIBHO HEOONBIIOrO pa3Mmepa, OOpa3oBaBIIMECS HA PaHHMX CTAaJUsAX HBOJIOLHH
ConHeuHoOM cucTeMsl nopsiaka 4,6 MIIIHApAOB JIET ToMY Ha3zal. OHHM 4acTO paccMaTpHUBAIOTCS Kak
HOCHUTENIN BaXKHOM HMH(OpMalMM O IMEPBUYHOM BEIIECTBE BO Bpemsi oOpa3oBaHus CoOlHEUHOU
CHCTEMBI.

B noxnane obcyxaaercs B3aMMOCBA3b MEXKIY aCTPOXUMUEH MEX3BE3IHOM U MPOTOIIaHETHON
cpelpl M XMMHMUYECKMMHU IIPOLECCAMM Ha JIEISHBIX IIOBEPXHOCTAX SAJI€pP M B KOMAaX KOMET.
HccnenoBanus acTpOXMMHUHM KOMETHBIX aTMOC(Ep TECHO CBS3aHbI C MPOBOJSAIIMMHUCS B HAcTOsIIEe
BpeMs KOCMHUYECKUMH TIpoeKTaMu 10 uccienoBannio Maibix ten (KA ESA Rosetta — commkenne
c komeroir 67/P C-G (UypromoBa-I'epacumenko) B 2014-2015rr. m mocagka moxayns Philae
Ha moBepxHOCTh sapa; KA NASA Dawn — oxumaemoe B 2015 1. cOmmkeHne ¢ Majoi TUTaHETOU
Llepepa, u ap.), a TakyKe IUIAHUPYEMBIMH IIPOEKTAMHM 110 U3YYEHUIO KOMET U aCTEPOUIOB.

Taxke OymeT maH 0030p mepBbiX pe3yiabratoB muccun ESA Rosetta k komere 67/P C-G.
Oxupaemple pe3yiabTaTbl 3TOM MHUCCHM JOJDKHBI JaTh KIIOY K IOHUMAaHMIO KaK MEXaHU3MOB
(dbopMHpOBaHUS KOMET KaK OJHUX M3 CaMbIX PaHHUX U COXPAHUBUIMXCS MOYTH B MEPBO3AAHHOM
Buze Ten ConmHEuHOW CHCTEeMBbl, TaKk W OCOOCHHOCTeW HCTOpuM IUiaHeTsl 3emis. Hampumep,
O MIPOUCXOXKIACHUHM BOJbl HAa HaIEHl IUIaHeTe — KOMETHOE IMPOUCXOXKAECHUE, aCTepOMIHOE WIIH,
HamNpOTHB, M3HAYaAJIbHO IUIaHeTHOoe? bonee TOro, Ha OpPOUTAIBLHOM M CIIyCKaeMOM ammapaTax
muccun Rosetta ycraHoBieHsl mpuOOpbl A MOHMCKa OPraHWYECKUX MOJEKYJ, HYKJIEOTHIOB
Y aMUHOKHCIIOT, SIBJISIOLINXCS CTPOUTENLHBIMU OJI0KaMU U3BECTHOM HaM ()OPMBI JKU3HHU.
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THE CHEMICAL DIVERSITY OF THE COMET'S NUCLEI AND ATMOSPHERES:
COMPARISON WITH THE RESULTS OF ESA ROSETTA MISSION
V.1. Shematovich
INASAN
E-mail: shematov@inasan.ru

One of the most actively studied (through both space missions and ground-based observations)
family of the icy celestial bodies are comets, which represent a relatively small-size celestial bodies
formed in the early Solar System about 4.6 billion years ago. They are often considered as carriers
of important information about the pristine matter during the formation of the Solar System.

The relationship between the astrochemistry of the interstellar and protoplanetary medium and
chemical processes on the icy nuclei surfaces and in the cometary comae is discussed in the report.
Studies of the astrochemistry of cometary atmospheres are closely associated with the current space
research missions to small celestial bodies (ESA Rosetta spacecraft approaching with the comet
67/P C-G (Churyumov-Gerasimenko), and NASA Dawn spacecraft approaching with the minor
planet Ceres, et al.), as well as planned space missions to study the comets and asteroids.

There will also be an overview of the first results of ESA Rosetta mission to comet 67/P C-G.
Expected results of this mission should provide the keys to understand both the mechanisms of
comet formation as one of the earliest and preserved pristine bodies of the Solar System, and
peculiarities of the early history of the Earth. For example, what is the origin of water on the Earth —
cometary or asteroid? Moreover, the scientific payload of both Rosetta orbiter and lender includes
the instruments aimed to search in the cometary environment the organic molecules, nucleotides,
and amino acids which are the building blocks of the known form of life.

ACTPOMETPUYECKUE BASUCHBIE HABJIIOJAEHUSA
TEJI COTHEYHOM CUCTEMBI
A.B. JleBATKHH
I'AO PAH
E-mail: adev@gao.spb.ru

PaccmaTpuBaroTcsi  BOIpPOCHI  MCIONB30BAaHUS HA3€MHBIX M KOCMHUYECKMX  0a3uMCHBIX
HaOmoaeHuit ten CosiHeuHOM cucteMbl. ba3ucHble HaOMIOJEHHS AAOT BO3MOXXHOCTH IOJIY4aTh
paccTosiHus 1711 HaOMII01aeMbIX OOBEKTOB M B COBOKYITHOCTH C KOOPJUHATHBIMU HAONIOJEHUSIMU
MO3BOJISAIOT ¢ OONbIIEH TOYHOCTBIO ONPEIENsATh 3MeMEHThl MX opOuT. IlpuBoasTcs HEKoTOpbIE
pe3ynbraThl OazucHbIx HaOmogeHut AC3 W MozenbHblE pacyeTbl Ui ciiydas HaOIIoAeHUN
B KOCMOCE.

ASTROMETRIC BASIS OBSERVATIONS OF SOLAR SYSTEM BODIES

A.V. Devyatkin
MAO RAS
E-mail: adev@gao.spb.ru

The issues of utilization of ground and space basis observations of solar system bodies are
considered. Basis observations provide an opportunity to obtain distances for the observed objects
and together with coordinate observations allow one to define more precisely their orbital elements.
Some results of the basis observations of NEAs and model calculations in case of observations in
space are given.
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WCCJIEJJOBAHUE OFBEKTOB, CBJIMAKAIOIINXCSA C 3EMJIENA

A.B. leBsatkun, /[.JI. lTopmanos, B.H. JIsBoB, C./I. Hexmeiicrep, E.A. bamakosa,
B.B. Kynpusinos, H. IlerpoBa, A.A. Maptiomesa, B.}O. Ciecapenko,
K.H. Haymos, A.B. UBanoB, U.A. CokoBa, E.H. Cokos, C.B. 3unoBbeB,
C.B. KapameBuy, A.1O. JIsmenko, C.A. Pycos
I'AO PAH
E-mail: adev@gao.spb.ru
[IpuBonsTCs  pe3ysibTaThl HCCIEAOBAHUW  acCTEpOMIIOB, COMMKAIOMIUXCS C  3eMIEH,
0 ACTPOMETPHUECKUM U  (POTOMETPUYECCKHUM HAOJIOJCHUSAM, TIOTYYCHHBIX Ha TEJIECKOmax
I'AO PAH wu Tteneckomax npyrux oOcepBaropuii. Ha ocHOBe HaOMIOAATENbHBIX JaHHBIX IS
actepouioB (99942) Apophis, 2005 YUS55, 2006 DP14, 2010 XZ67, 2013 TV135, 251346, 285263,
(367943) Duende u nap. mpoBeACHO YyIIydlleHHE OPOUT, HCCIACIOBAHA OHBOJIOIHMS HX OpOWT,
ompeneneHbl  MX  (GoTOMeTpUdYecKkue — xapakrtepuctukud. Jms  obwvexkroB 2014 HQ124
u (357439) 2004 BL86 mpoBemeHbl  0a3uMCHBIE — aCTPOMETPHUYCCKHE  HaOmromeHus  (METo.
TPUAHTYJISIIIAN) C TIEJIbIO MTOBBIIMICHHS] TOYHOCTH OIPEACIICHUS JIEMEHTOB UX OPOUT.

INVESTIGATIONS OF NEAR EARTH OBJECTS
A.V. Devyatkin, D.L. Gorshanov, V.N. L'vov, S.D. Tsekmeister,

E.A. Bashakova, V.V. Kouprianov, S.N. Petrova, A.A. Martyusheva, V.Yu. Slesarenko,
K.N. Naumov, A.V. lvanov, |.A. Sokova, E.N. Sokov, S.V. Zinoviev, S.V. Karashevich,
A.Yu. Lyashenko, S.A. Rusov
MAO RAS
E-mail: adev@gao.spb.ru

The results of investigations of near Earth objects on the base of astrometrical and
photometrical observations with telescopes of Pulkovo observatory and other observatories are
shown. Observations of (99942) Apophis, 2005 YU55, 2006 DP14, 2010 XZ67, 2013 TV135,
251346, 285263, (367943) Duende and other asteroids were carried out. Enhancement of their
orbits was made, evolution of the orbits was investigated, photometrical characteristics were
determined on the base of the observations. Triangulation observations of 2014 HQ124 and
(357439) 2004 BL86 asteroids were carried out in order to improve accuracy of their orbital
elements.

OOTOMETPUYECKUE HABJIIOJAEHUSA NU3BPAHHBIX ACTEPOUI0B
B 2014 T'O1Y B CUMEUW3CKO OBCEPBATOPUM

E.C. BaKaHacl, C.H. EapaﬁaHOBl, C.B. KplO‘IKOBl, W.B. HukoJjenko?
'"MHACAH, *KpAO
E-mail: alena@inasan.ru

B pamkax mporpaMMmbl  HccieloBaHUS — (QU3MYECKUX ~ XApaKTEPUCTHK  acTEpPOU[IOB,
commkatomuxcst ¢ 3emuedt, B 2014 rogy B Cumense NpOBOAMINCH HaOMIOAEHUS H30paHHBIX
actepouoB. Jliast acrepoumoB 387733 (2003 GS), 87309 (2000 QP), 32575, 285944, 313591,
97679 noctpoeHbl (HOTOMETPHUUECKUE KPUBBIE, ONMpPEeNeHbl I YTOUHEHBI TEepHObl BPaIICHNUS,
CIIEKTpaJIbHBIN KJacc M JuaMmeTp; s actepouaoB 68267, 175114, 15554, 8355 nmana oneHka
CIEKTPAIBHOIO KJ1acca U INaMeTpa.
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PHOTOMETRIC OBSERVATIONS OF SOME ASTEROIDS IN SIMEIZ IN 2014

E.S. Bakanas, S.1. Barabanov?, S.V. Kryuchkov?, 1.V. Nikolenko?
'INASAN, 2Crimean astrophysical observatory
E-mail: alena@inasan.ru

Under the program of research of physical properties of asteroids approaching the Earth in 2014
using the telescope Zeiss-1000 (Scientific research Institute “Crimean Astrophysical Observatory”™)
photometric observations of some asteroids were realized. For the 387733 (2003 GS), 87309
(2000 QP), 32575, 285944, 313591, 97679 light curves let us to evaluate the period of rotation
of the asteroid. For the 68267, 175114, 15554, 8355 the taxonomic class of asteroids and their
diameters were obtained.

METOJAUKA ITIOCTPOEHUSA OB30PHBIX D®PEMEPUJ AJ151 HABJIOAEHUA AC3

I1.B. CKpmmnqemcol, T.IO. l“a.nymlma2
1YpanLCKI/H‘/'I (enepanbHBIN YHHBEPCHUTET, *Tomckmit rOCYyAapCTBEHHBI YHUBEPCUTET
E-mail: savl-silverheart@rambler.ru,volna@sibmail.com

B psne cnydaeB ans ocymiecTBIeHHS HaOmoaeHW Manbix Ten (CONHEYHOW CHCTEMBbI
HEOO0X0MMO TIOCTpOCHHE d(heMepua B BHIEC NMPOCKIUH BEPOSTHOCTHOH OOJACTH HCCIEIYeMOTO
oObekTa Ha HebecHylo cdepy (003opHbIe 3demepuzanl). B manHON paboTe Ui MOCTPOSHUS
0030pHBIX d(heMepu I IpeIaraeTcs CIeayromas METOINKa:

— OIEHKa HEIWHEHHOCTH 3aJayd IOCTPOCHHs JOBEPUTENbHBIX O0NacTell Ha 3aJaHHOM
uHTepBasie BpeMeHuu1st Bcex AC3;

— MOCTPOEHHUE JOBEPUTENBHBIX 00JacTel IMHEHHBIM METOJJOMC MCIIOJIB30BAaHUEM H30XPOHHBIX
MIPOU3BOIHBIX HA MOMEHT M30paHHOMN OMITO3UIMUIIIS OOBEKTOB CO cl1ab0il HEMMHEHHOCTHIO;

— MOCTPOCHHE JIOBEPUTEIHHON 00JIACTH HETMHEWHBIM METOJOM ITyTEM OTOOpa)KeHHs aHCamOIs
TECTOBBIX YACTHI] HA MOMEHT U30paHHON onno3uuuuyig ocrapmuxcs AC3.

ITpoBenenHoe uccienoBanue Mo3BoIuIIO0 pazaenuts AC3 Ha TpHU TpyIIIBL:

— 00BEKTHI, JJ11 KOTOPBIX pa3Mephl JOBEPUTEIbHON 001acTH MPEHEOPEKUMO MBI,

— 00BEKTHI, JUIsl KOTOPBIX pa3Mepbl JOBEPUTEIbHOM 0071aCTH OKa3alMCh BBIIIE OMPEIEIEHHOIO
KPUTUYECKOTO 3HAYEHUSI, TAKOTO, YTO MPOBEICHNE HAOII0IeHUH 110 AdeMepuaaM Helernecooopa3sHo
(MOTEeHUMAIbHO MOTEPSIHHBIE O0BEKTHI);

— ocraBmuecs AC3, a1 KOTOPHIX MOCTPOEHHE U HCIOJIb30BaHHE O030pHBIX 3hemepun
IIPUEMIIEMO.

B pabore mnpuBeneHsl 0030pHbIE ApeMepuabl IS TPETbed TIpyIHIbl OOBEKTOB, a TaKkKe
METOJIMKA UX ITOCTPOECHMSI.

THE TECHNIQUE OF REVIEW EPHEMERIS CONSTRUCTION
FOR NEA’S OBSERVATIONS
P.V. Skripnichenko!, T.Yu. Galushina?
Ural Federal University, Tomsk State University
E-mail: savl-silverheart@rambler.ru,volna@sibmail.com
In some cases ephemeris construction in form of asteroid probability domain projection on
celestial sphere is required (review ephemeris). The technique of review ephemeris construction is
proposed in the paper:
— evaluation of nonlinearity of probability domain construction problemon given time
intervalfor NEAS;
— probability domain construction by linear method with use of isochronous derivatives on
opposition moment for objects with weak nonlinearity;
— probability domain construction by nonlinear method by mapping of clone’s ensemble on
opposition moment for others NEAs.
This study allows separating NEAS on three groups:
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— objects for which probability domains sizes are negligibly;

— objects for which probability domains sizes are higher than given critical value such as
ephemeris observations aren’t expedient;

— others NEAs for which construction and using of review ephemeris are acceptable.

BbICOKOTOYHOE OIIPEAEJIEHUE NIEPBOHAYAJIBHBIX OPBUT ACTEPOUIOB,
CBJIMKAIOIIUXCS C BEMJIEM, IO U3BMEPEHUSAM JIAJTBHOCTH
N CKOPOCTH EE UBSMEHEHUA B TPU MOMEHTA BPEMEHU
B.A. lllegep

ToMckuil rocyapCTBEHHBIM YHUBEPCUTET
E-mail: shefer@niipmm.tsu.ru

C nmnomompl0 JBYX pa3pabOTaHHBIX aBTOPOM METOJOB HAXOXKIEHHUS IPOMEKYTOUHOM
BO3MYUIICHHOW OpOWUTHI Majoro HeOECHOro Tejda MO TpPeM MapaM HaOMIONEHUH JadbHOCTU
Y CKOPOCTH M3MEHEHUS JAlbHOCTH BBIIOJHEHBI TECTOBBIE PAacyeThl MO ONpeAeNeHUI0 OpOuT psia
acTepouI0B, commxkaronuxcs ¢ 3emieit. [lomydeHsl OIEeHKH TOYHOCTH 3THX METOJIOB B CPaBHEHUU
C TOYHOCTBHIO TPAIUIMOHHO MPUMEHSEMOW TMPOIEAYpbl, OCHOBAaHHOM Ha HCHOJIb30BAHUU
HEBO3MYIIIEHHON KEeIJIEPOBCKON OpOuThl. CpaBHEHHME IOKA3BIBAET, YTO MPEUIOKEHHBIE METOIbI
ABIAIOTCS 3P(GEKTUBHBIM CPEJICTBOM U3YUYEHUS BO3MYILIEHHOTO U OCOOEHHO CUIILHOBO3MYIIICHHOTO
JIBUKCHHSI.

Pa6oTa BemonHeHa o 3amanuio Ne 2014/223 (kox npoekra 1567) MunucrepcTBa 00pa3oBaHus
n Hayku Pocculickon @enepanuu.

HIGH-ACCURACY DETERMINATION OF INITIAL ORBITS OF NEAR-EARTH
ASTEROIDS FROM RANGE AND RANGE RATE MEASUREMENTS AT THREE TIMES
V.A. Shefer
Tomsk State University
E-mail: shefer@niipmm.tsu.ru

Two methods that the author developed for finding the intermediate perturbed orbit of a small
celestial body from three pairs of range and range rate observations are applied to the determination
of orbits of some Near-Earth asteroids. The estimations of the method errors are obtained in
comparison with the errors of the commonly used procedure based on the construction of the
unperturbed Keplerian orbit. The comparison shows that the methods proposed are an efficient
means for studying the perturbed and strongly perturbed motion.

The work was supported by the Ministry of Education and Science of the Russian Federation,
project no. 2014/223(1567).

CBJIMKEHUA ACTEPOUIOB C 3EMJIEN

H.IO. Emenbsinenko, C.A. HapoenkoB
NHACAH
E-mail: nyuemel@inasan.ru, snaroenkov@inasan.ru
Uccnenyrotcst  cOMMkeHHs  HaONIOMaeMbIX — OKOJIO3EMHBIX — acTepoOMJOB ¢ 3emIeil.
PaccmarpuBaroTCsi  HU3KOCKOPOCTHBIE M BBICOKOCKOPOCTHBIE — CONMMDKEHHS.  Bwimensitorcs
ocobeHHOCTH cOmmkenuit. OOCyXkmaeTcs BOIpOC O BO3MOXKHOCTH mocanku KA Ha actepoun BO
BpeMs HU3KOCKOPOCTHOTO COJTMKEHUSI.
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ENCOUNTERS OF ASTEROIDS WITH THE EARTH

N.Yu. Emel’yanenko, S.A. Naroenkov
INASAN
E-mail: nyuemel@inasan.ru, snaroenkov@inasan.ru
Encounters of observed near-Earth asteroids with the Earth are investigated. The low-velocity
and high-velocity encounters are considered. Features of the encounters are studied. Possibilities of
a spacecraft landing on an asteroid during the low-velocity approach are discussed.

O ITOAABJIEHUHU 1 UCYE3HOBEHUWU JIOKHOI'O SAAPA KOMETHBI DOHKE
BbJIN3U COJIHIA
10.J1. MenBenes, 10.A. UepHeTeHko
Wucturyt npukiagHoit actpoHomun PAH
E-mail: medvedev@ipa.nw.ru; cya@ipa.nw.ru

Ha wuntepBaie 1993-2014 r1r., oxBarhiBaOmeM 7 TIOSBICHUH KOMETHI, BKIIIOYAIOIINX
3042 pabnroneHusi, mnoilydeHa OpOMTa KOMETbl DHKE. Y4YeT HEerpaBUTAlUOHHBIX 3(PHEKTOB
MpoBOAWICA IO Mojenu MapcaeHa. bbliu mosydeHbl CIEAYIOLUME 3HAYEHHsS] COCTaBJISIOLIMX
HerpaBuTanuoHHoro yckopenus: A3 = 0.0081 + 0.0006 u A, = —0.000656 + 0.000001, uro 6;1M3K0
K 3HAYCHHUSAM, MPUBOAMMBIM Ha caiite I[lentpa Manwix mianer (http://www.minorplanetcenter.net/
db_search/). Anamu3 ocrtarounsix pasHocredr (O—C) mokasai, 4yTO BOJIM3HM TEPHUTECIUEB BCEX
paccMaTpuBaeMbIX IMOSBICHHUM 3HAYUTEIBHO BO3pPACTACT KOJIUYECTBO HAONIONEHUN, KOTOpBIE
uckioyatorcs u3 pemenus MHK, T.x. uX 3HaueHus npeBbIIAIOT KpUTEpUil 36. DTH aHOMaJIbHbIE
HaOmoieHus1 HaOIIOJAI0TCSl Ha MHTEpBaJle HECKOJBKHUX JECSITKOB CYTOK 10 M IOCJE MEPHUTeHsl.
Brionne BeposiTHO, YTO Mpu NPUOTUKEHUHU K TIEPUTEIUI0 B aTMOCc(hepe KOMETHI MOSBIISIETCS] BTOPOE
(JIo’)KHOE) SIIPO WM CTYIIEHHE, KOTOpOe Hcue3aeT (MCHapsercss WM CTaJKHWBAaeTCS C OCHOBHBIM
SIIPOM) TI0 MEpE yIATICHUSI KOMETHI OT MEPUTEIIUS.

Beimonsen ananu3 3nauernii (O—C) ay1st moucka 3aKOHOMEPHOCTEH MOSIBIICHHS U HCUE3HOBEHHS
9TOTO JIOXKHOTO SJpa, a TaKXKe€ W3MEHEHUW ero IMOJOKEHUW OTHOCHUTEIBHO IEHTpa HHEPIUU
KOMETHI.

THE APPEARANCE AND DISAPPEARANCE OF THE FALSE NUCLEUS
OF COMET ENCKE NEAR THE SUN
Yu.D. Medvedeyv, Yu.A. Chernetenko
IAA RAS
E-mail: medvedev@ipa.nw.ru; cya@ipa.nw.ru
The orbit of comet Encke was obtained using 3042 optical observations during 1993-2014. This
interval includes 7 appearances of the comet. We used Marsden’ model for taking into account
nongravitational forces. The following values of components of nongravitational acceleration were
obtained: 4; = 0.0081 + 0.0006 and A,= —0.000656 + 0.000001. These values are in good
agreement with data of MPC (http://www.minorplanetcenter.net/db_search/). Analysis of residuals
showed that near perihelion data of all considered appearances the number of erroneous
observations increased considerably. These observations were excluded from LSM solution
in accordance with criterion of 3c. The unusual observations were observed during several tens
of days before and after all considered perihelion points. It is possible, that during approaching
a perihelion point some false nucleus or bright condensation was observed instead of real nucleus.
This condensation was disappeared after perihelion passage.
Analysis of (O-C) values was fulfilled for search of regularities in appearance and
disappearance of false nucleus and in its motion with respect to inertia center of comet nucleus.
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COITIOCTABJ/IEHUE KOOPIUHAT BOJIbIIUX IIJIAHET, JIYHBI U COJIHIIA,
MOJYYEHHBIX HA OCHOBE HOBOI'O IIPUHIIMIIA B3AUMO/JIEVMCTBUS
N BAHKA JJAHHBIX DE405
A.®. 3aycaeB
Camapckuii rocy1apCTBEHHBIN TEXHUYECKUH YHUBEPCUTET
E-mail: zausaev_af@mail.ru

Paccmorpen HOBBII MPUHLIUI B3aUMOJICUCTBUSA OKpYKaroIlero [IPOCTPAHCTBA
C MaTepUAIbHBIMU  TelaMu. TsroreHue OOBICHAETCS CBOWCTBOM CXKaTHs IPOCTPAHCTBA
OTHOCHUTEIIHO JIBWXKYIIMXCS MaTepualbHbIX Ted. llomydensl nuddepeHnuanbupie ypaBHEHHS
JBIDKEHUS. N MaTepUabHBIX TeJl B OapULIEHTpUYECKOH cucteme koopauHat. ITyrem umcieHHOro
MHTETPUPOBAHUS YPaBHEHUI JBUKCHUS BBIYMCICHBI OCKYIUPYIOIINE 3JIEMEHTHI OpPOUT OOJIBIINX
mnaHeT, Jlyaer m Connma Ha wHTepBasie BpeMeH:u (1600 - 2200 rr.). Pe3ynbTaThl BBIYMCICHHI
COIOCTABJICHBI C 3JIEMEHTaMU OpPOUT OMpEAETCHHBIX 10 JaHHBIM KoopauHat u ckopocteir DE40S.
IToka3aHo, 4TO KOOPAMHATBI, CKOPOCTHM M 3JEMEHThl OpOUT OOJIBIIMX IUIAHET, HalJeHHBbIE
110 HOBOMY aJITOPUTMY, yJIOBiIeTBOpHuTenbHO coryacyroTces ¢ DE405. Koopaunarer JIyHbel Takke
YIOBJIETBOPUTEIBHO COIVIACYIOTCS C KOOPAMHATaMM, IMOJYYEHHBIMHM C IOMOUIbIO OaHKa JaHHbBIX
DE405, necmoTpss Ha TO, YTO IOJIyUEHHBIE YpaBHEHHUS HE COJAEpXkKaT YJIEHOB, YUMTHIBAIOLIUX
HecepuuHOCTh 3eMiu U JIyHBI, ABISSCH IPU TOM HEPENATUBUCTCKUMHU YPaBHEHUSMHU.

CnenyeT OTMETHTb, 4YTO IIOJIyYEHHbIE YpPAaBHEHHUS JABMXKEHUS 00JaJal0T HPEUMYILIECTBOM
II0 CPAaBHEHUIO C KJIACCUYECKUMH M DPEIATUBUCTCKUMHU YPaBHEHMSAMH, TaK KaK C IOMOUIbIO
MexaHUKH HbIOTOHA U pPENSTUBUCTCKUX YPAaBHEHUW IBUKEHUS, HE MPEICTABIIAETCS BO3MOXKHBIM
IIOCTPOUTH TEOPHUIO MABWKEHHA 3eMiau U JIyHbl B OTHEIBHOCTM HAa MHTEPBAJIE BPEMEHHU
(1600 - 2200 rr.) 6e3 yueta HechepudHOCTH HX DUTYP.

COMPARISON OF COORDINATE MORE PLANETS THE MOON AND THE SUN,
OBTAINED BASED ON ANEW PRINCIPLE OF INTERACTION
AND OF THE BANK DATA DE405
A.F. Zausaev
Samara State Tehnical University
E-mail: zausaev_af@mail.ru

A new principle of interaction of the surrounding space with material bodies is researched.
Gravity explained by the properties compression space relative to the moving of material body.
Differential equations of motion of n material bodies in barycentric coordinate system were
obtained. By numerical integration of the equations of motion are calculated osculating orbital
elements of large planets, the Sun and Moon in the time interval (1600 - 2200 years).
The calculation results are compared with orbits elements which were determined in accordance
with the coordinates and velocities DE405. It is shown that the coordinates, velocities and orbital
elements of large planets found by the new algorithm, in satisfactory agreement with the DE405.
The coordinates of Moon to found also in satisfactory agreement with the coordinates obtained
using the data bank DE405, despite the fact that these equations do not contain expression that take
into account the non-sphericity of the Earth and the Moon, being a non-relativistic equations.

It should be noted that obtained equations of motion have the advantage over classical and
of relativistic equations, since using of Newtonian mechanics and of relativistic equations
of motion, it is not possible to construct a theory of lunar motion and Earth in the time interval
(1600-2200 years), without taking into account deviation of the figures from the spheroid.
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METOAUKA BBIYUCJIEHUA OCHOBHbBIX KHHEMATHYECKHUX ITAPAMETPOB
METEOPOB 10 HABJTIOJAEHUSM HA CBEPX/IJIMHHBIX BA3AX (~ 152 KM)

A.B. I'oiryb0aeB
HUMMU actponomun XHY um. B.H. Kapasuna, XappkoB, Ykpauna

E-mail: Alexandr_sky@mail.ru

CucreMaTn4yeckoe H3y4YeHUE METEOpHBbIX sBIeHUN B Onecce mnposoautcss ¢ 1953 rona.
B 2003 rony 3aBepiieHa MoJepHHU3AIMs HAOMIOJATEIBHON ammapatypbl W CO3/aH METEOPHBIN
TB-natpyns Ha 6a3e Buaeokamep WATEC LCL 902. Mcnonb3yercs UpoKuii HA00p KOHCTPYKIIHHA
HaOJII0IaTeIbHON ammapaTtypbl: oT Teneckona cucremsl [lmuara (F = 540 mm, F/D = 2.25, none
3pennst FOV = 0.68° X 0.51°, npenenpHas 3Be3nHas Benmmunaa SLM = 13.5 mag, actpomerpuueckast
touHOCTh — 1-2") no oObekTHBOB THMa “PoiOuit rnaz” (F = 8 mm, F/ D =3.5, FOV = 36° x 49°,
SLM =7 mag).

[IpencraBnensl OasucHble HaOmoaeHus B Opecce (ctanmmsi KpbDKaHOBKA) M Ha OCTPOBE
3mennbii B 2010 u 2011 ronmax. HabGmroneHus mpoBOAMUIUCH OAHOBPEMEHHO C JIBYX IYHKTOB,
pacroyio’keHHBIX Ha paccTossHuK 152 kM. Bo Bpemst HabGmronenuii B aBrycre 2010 roma u aBrycre
2011 r. Obutn 3apeructpupoBaHbl ~150 wmeTeopHbIX coObITHIA. [IpeacTaBiICHBI HEKOTOPBIC
MIPEIBAPUTEIILHBIC PE3YIIbTATHI.

s o6pabotku TB nabmronenuit MeTeopoB ObLIO CO3[aHO MpOrpaMMHOE oOecreueHue. ITo
MO3BOJISIET OCYHIECTBIIATh BECh ITUKJI 0OpaOOTKM 0a3bl NaHHBIX: OT MPEABAPUTEIBHON 00pabOTKU
METEOPHBIX M300pa)KEHUI 1O BBIYUCIICHUS JIEMEHTOB OpOUTHI. B pa3zpaboTaHHOM mporpaMMHOM
00ECIIEYCHNN PEANN3YIOTCS aCTPOMETPHUYECKHE M3MEPEHHs, pacueT TPAeKTOPHUH MeTeopa
B aTMoc(epe 3eMIIN U BBIYUCIICHUS TeTUOLIEHTPHUYECKON OPOUTEI.

Ommbka onpeeacHus TpaekTopuu MeTeopa cocrtasisier ~ (10 — 12)". Omubka onpeneacHus
MOJIFOCOB  0OJBIIOrO Kpyra Tpaektopuu Mmeteopa ~ (3-13). Ommbka ompeaeneHus pagudaHTta
Mmeteopa ~ (0.5-1.5)°. Omubka ornpenencHus aTMOCPEPHON CKOPOCTH MeTeopa — mopsaka 3%.

ATECHNIQUE FOR CALCULATING THE BASIC KINEMATIC PARAMETERS
OF METEORS BASED ON THE SUPER-LONG STATION OBSERVATIONS (~ 152 KM)
A.V. Golubaev
Institute of Astronomy, Karazin KhNU, Kharkiv, Ukraine
E-mail: Alexandr_sky@mail.ru

Systematical study of the meteor events in Odessa are being carried out since 1953. In 2003
complete modernization of the observing technique was performed, and TV meteor patrol on the
base of WATEC LCL902 cameras was created. Wide variety of mounts and objectives are used:
from Schmidt telescope F = 540 mm, F/D = 2.25 (field of view FOV = (0.68x0.51)°, star limiting
magnitude SLM = 13.5 mag, star astrometric accuracy — 1-2 arcsec) up to Fish-eye lenses F =8
mm, F/D =3.5 (FOV = (36x49)°, SLM = 7 mag).

Basis observations during 2010 and 2011 in Odessa (Kryzhanovka station) and Zmeiny island
are presented. The observations are carried out simultaneously from two points placed at the
distance of 152 km. During 2010 (August) and 2011 (August) meteor events were registered
(~150 meteor events). Some preliminary results are presented here.

Software was created for processing of meteor TV observations. It enables one to carry out
the whole cycle of data processing: from image preprocessing up to orbital elements determination.
Astrometry, calculation of meteor trajectory in Earth atmosphere and computation of heliocentric
orbit are realized in developed software.

Error of determination of the meteor trajectory arc ~ (10-12) arcsec. Error of determination
of the large circle pole of the meteor trajectory is ~ (3-13) arcmin. Error of determination
of the meteor radiant ~ (0.5-1.5)°. Error of determination of the meteor velocity atmospheric ~ 3%.
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PE3YJIBTATHI HABJIIOAEHUI CYMEPEUYHBIX BOJINI0B
HAJI KHEBOM U UX KIIACCU®UKALIUA
K.H. IIypmMmsl, A.D. CTBKJIOBZ’3, A.Il. BuabMadeHKo 2, E.A. Crekaos, I.H. I[amKneB3
'AO KHY nm. T.llepuenko, TAO HAHY, *MAVII
E-mail: vida@mao.kiev.ua

Bonua — 310 MeTeopHoe siBjieHue sApye -4". Eciom Takoii IbLIEBOH cliel OCBEIaeTcsl TydaMu
TonpKo 4TO 3amenmero ConHia, TO OH ObIBaeT BUICH Kak sipkas cepeOpucras mosoca Ha (oHe
cyMmepeuHoro HebOa. [losTomy MBI Ha3Bainu uX cymepeuHble Oonuael. B mocneanue roabl
aMEepHKaHCKHE IeoCTallMOHapHbIe CIYTHUKM HEOJHOKPATHO PErHCTpUpOBaia B arMocdepe 3eMin
BCOBIKHK sApye -17". XapakTepHblil HayaIbLHBIA pasMep TAKUX KaMEHHBIX Tel cOCTaBjsger 1-3 M.
Ecan stu mereopouabl COCTOSIT M3 CHEra M JbJa (OCTaTKM KOMETHBIX Sep), TO HX pa3Mmep
yBEJIMUYMBAETCS N0 JecATKoB MeTpoB. [locne sBrnenuss YensOunckoro Oonmnaa uccieaoBaTeIH
IIPEIIOJIOKUIIM, YTO Takoe 3penuile cienyer oxunaars depe3d 100-150 ner. Ho yxe Beuepom
29.03.2013 nam ynanoch 3aperucTpUpoOBaTH PEIKOE SBICHHE cpa3y TpeX OOJIMIHBIX CJeI0B
B cymepeuHoM HeOe Hax KueBom. OHu 00pazoBaiuchk B TeueHHE 12 CeKyHA B pe3ysbTare MaJaeHus
TpeX JOBOJIbHO KPYMHBIX ()parMeHTOB, BO3MOXKHO, KOMETHOro siapa. Crenpl ObUTH BUIHBI OKOJIO
20 munyT. Bewepom 27.10.2013 mbl cHOBa HaGmomanu mnageHus spkoro (-16™) Gonmma Han
KueBoMm. Ero mbuieBoit cren Obul BugeH okono 50 MuHYT. 3a 2 rofa Mbl MOJTYYHJIM HECKOJIBKO
TBICSY Pa3HBIX «CJIEO0B Ha HEOE», KOTOpbIE MBI MpeajaraeM KiacCu(UIMpOBaTh Ha CIEAYIOIIHE
yetbipe Tuna: AM — aspomereoponoruueckue, AT — asporexuuueckue, AK — aspokocmuueckue,
JNPYTUE — mnoka He knaccudunupoBanuble. JleranpbHOoe M3ydYeHHE HamIeH (OTOTEKH IO3BOJISET
caenaTh Takue 3akiatodeHus: 1.Hamu OTKpBIT HOBBIN KJIacC aCTPOHOMHYECKHX OOBEKTOB — OCTATKU
KOMETHBIX sjiep, «apamarmux» 3emito (3parpeisepsi). 2.IlpennoxkeH u onpoOOBaH HOBBIMA
3¢ (deKTUBHBIN KJIacC CyMepedYHbIX HAOII0CHUI OOMUI0B.

THE RESULTS OF OBSERVATIONS OF THE TWILIGHT FIREBALLS
OVER KYI1V AND THEIR CLASSIFICATION
K.1. Churyumov', A.F. Steklov®®, A.P. Vidmachenko?, E.A. Steklov, G.N. Dashkiev®
'AO KNU, °MAO NASU, *IAPM
E-mail: vida@mao.kiev.ua

Fireball — a meteoritic phenomenon brighter -4™. If such dust track illuminated by rays of the
just-gone sun, it can be visible as a bright silvery stripe against the twilight sky. We therefore called
them twilight fireballs. In recent years the US geostationary satellites has repeatedly registered in
Earth's atmosphere flash brighter -17™. The characteristic initial size of such stony body is 1-3 m.
If these meteoroids are composed of ice and snow (fragments of comet nuclei), their size increases
up to tens of meters. After the event of Chelyabinsk bolide researchers suggested that such sight
should be expected in 100-150 years. But in the evening of 29.03.2013 we were able to register
a rare phenomenon of three fireball traces in the twilight sky over Kiev. They were formed during
the 12 seconds after falling of three large fragments perhaps of cometary nucleus. Traces were
visible for about 20 minutes. In the evening of 10/27/2013 we again observed a falling
of bright (-16™) fireball over Kiev. Its dust trail was visible about 50 minutes. Over 2 years we have
received several thousands of different "tracks in the sky". We propose to classify them into the
following four types: AM - aerometeorological, AT - aero-technical, AK - aerospace, others - not
yet classified. A detailed study of our photo library allows to make such conclusions.

1. We have discovered a new class of astronomical objects - fragments of of cometary nuclei,
"scratching" the Earth (erdgreyzers).

2. Is proposed and tested a new class of effective twilight observations of fireballs.
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CHEKTPO®OTOMETPUYECKOE UCCJIEAOBAHUE PAJA AC3

MLIIL. Hlepﬁmial, C.H. Bapaﬁaﬂonz, B.B. Bycapelsl’2
'TAVII MI'Y, ‘UHACAH
E-mail: morskayaa906@yandex.ru

Hamu mnpoBeneHbl HaOMIOIEHUS, pacueT W aHAIU3 CIEKTPOB OTPAXKCHHS B JIMANA30HE
0.35-0.92 Mmxm 8 acrepounos, commkarommxcs ¢ 3emieit (AC3). Habmonenust actepou1oB ObUTH
BemonHeHsl B 2013-2014 rtr. Ha 2-m Ttenmeckone ¢ [I3C-cmekrporpadom Tepckombckoid
obcepBaroput MHACAH c 1ienpio o1ieHKH WX TAKCOHOMHYECKUX THIIOB M COCTaBa BEIIECTBA.

[Tony4yeHHble pe3ynbTaThl MOKA3bIBAIOT, YTO HECKOJIBKO M3YYEHHBIX CONMKAIOIMIUXCA C 3eMiei
aCTEpOUJIOB HMMEIOT HEOJHOPOAHBIM COCTaB BEIIECTBA, CYyAS [0 BapUalUsIM HX CIEKTPOB
OTpaXXE€HUs B IMpeiesiax COCEIHNX TAKCOHOMHYECKUX KIaccoB. HTEpEeCHO, UTO HEKOTOPHIE U3 ATUX
aCTEPOUIOB SIBJIIOTCS JBOMHBIMU. B mokiaze Ha KoH(pepeHru OyayT MpeIcTaBIeHbl TOJTYyYCHHBIC
CHEKTPbI OTPAKEHUS aCTEPOUIOB U IIPOBEJICHA X UHTEPIIPETALIUS.

SPECTROPHOTOMETRIC STUDY OF ASOME NEAS

M.P. Scherbina®, S.I. Barabanov?, V.V. Busarev*?
'SAI MSU, 2INASAN
E-mail: morskayaa906@yandex.ru

We have carried out observation, calculation and analysis of reflectance spectra in the range
0f 0.35-0.92 pum of 8 near-Earth asteroids (NEAs). Observations of the asteroids were performed
in 2013-2014, using 2-m telescope with a CCD-spectrograph of INASAN Terskol observatory to
estimate their taxonomic types and compositions. The results show that some of studied asteroids
have a heterogeneous composition of matter, according to variations of their reflectance spectra
within close taxonomic classes. Interestingly, some of the asteroids are double. The obtained
reflectance spectra and their interpretation will be given in our report at the conference.

O METOJUKE OTBPAKOBKH HABJIFOJJEHUM AC3
C INIOXOOMNPEJAEJEHHOM OPBUTON

K.A. Besroaos’, ILB. CKpuanqemcol, T.IO. Fa.ﬂylmma2
1YpanLCKH171 (benepaybHbI YHUBEPCUTET, *ToMcKwmii TOCYapCTBEHHBIII YHUBEPCUTET
E-mail: *savl-silverheart@rambler.ru,>volna@sibmail.com

Knaccuueckum METOOM OIICHKM TOYHOCTH TO3WIIMOHHBIX HAOMIOJEHUN MabIX Tel
ConnewyHoit cuctembl  siBisietcss  pacder  pasHoctedd  (O-C). Opnako st OOBEKTOB
C TIOXOOTpeAeTICHHOW OpOUTON MOI0OHOTO pojia OIleHKa TOYHOCTH HE BCErjia JOCTOBEpHA, TaK Kak
Aaxe Ui TIOTCHIMAbHO TOYHBIX HaOmonenuit pazHoctu (O-C) MOryT ObITh BEJIMKH B CHITY
HETOYHOCTH HCIIOJIb3yeMbIX D3JEMEHTOB OpOuThl. B maHHON paboTe HCHONb3yeTcsi METOIUKa
OLIEHKH TOYHOCTH HaOJIOJEHHI, OCHOBaHHAs Ha YJIYYIIEHUU 3JE€MEHTOB OPOUT C UCIOJIB30BAHUEM
OILICHUBAaEeMbIX HaOmoaeHui. [ anmpobanuu METOANKH MPUMEHSETCSl IPUHIIUAIT MOJISTHPOBAHUS
HaOMIOJIEHUH C  BapbUPOBAHMEM 3HAYCHHS  3aKJaJplBaeMOM  OMHMOKKH. MojeanupoBaHue
OCYUIIECTBJISIIOCH IBYMSI METOJAMU:

— DieMeHTBhl OpOUTHI HCCIEAYEMOTO OOBEKTa YIY4IIAlOTCS 10 BCEM HAOIIOACHUSIM
c otOpakoBkoli 1m0 3c. Ha MoMeHT crhemyromieil OMNMO3UIMU MOJEIUPYIOTCS HaOIIOIeHUS
C BapbUpPOBAHHMEM OIIHMOKHU, aHAIM3UPYETCS MOBEICHNE CPETHEKBAIPATUYECKOM OITHOKH.

— DneMeHThl OpOWTHI UCCIEAyeMOro oOOBEKTa VYIAYUIIAIOTCS TI0 BCEM HaONIOJACHUSM
c orOpakoBkoii mTo 3c. Ha MoMeHT crienmyromieil OINMO3UIIMH MOACIUPYIOTCS HAOII0IeHUS
C HeOONBIIOW OIIMOKONW, HAa MOMEHT eIlle OJHOW OMIO3UIMM — C Ooyiee 3HAUYUTEIBLHOM.
AHanusupyeTcs oBeJeHNE CPEIHEKBAAPATUUECKON OMMOKU U Pe3yIbTaT OTOPAKOBKH.

[TpoBeneHHOE MCCIEAOBaHNE TTOKA3AI0 MPUTOJHOCTh METOAMKH ISl OTOPAKOBKH HAOIIOICHUI
00BEKTOB C ITOXOOMPEICTICHHON OPOUTOM.
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ABOUT TECHNIQUE OF OBSERVATIONS REJECTION
FOR NEAS WITH ILL-DEFINED ORBITS
K.A. Bezgodov', P.V. Skripnichenko®, T.Yu. Galushina
Ural Federal University, “Tomsk State University
E-mail: 'savl-silverheart@rambler.ru,?volna@sibmail.com

The classical method of positional NEAs observations accuracy evaluation is calculation
of residuals (O-C). However for objects with ill-defined orbits such evaluations aren’t always
reliability since even for potentially accurate observations residuals (O-C) may be high due
to imprecision of used orbit’s elements. Technique of observations accuracy evaluation which based
on orbit elements improvement with use of estimated observations is described in the paper.
The observations modeling principle with variation of mortgaged error is applied for technique
approbation. The modeling was realized by two methods:

- Orbit elements of investigated object are improved with all observations with 3-sigma method
rejection. Observations with variation of error are modeled on next opposition moment and mean-
square error behavior is analyzed.

- Orbit elements of investigated object are improved with all observations with 3-sigma method
rejection. Observations with small error are modeled on next opposition moment and observations
with more significant error are simulated on opposition after the next opposition. Mean-square error
behavior and rejection result are analyzed.

The investigation demonstrated suitability of observations rejection technique for objects with
ill-defined orbits.

HABJIOAEHUS KOMETDI C/2011 L4 (PANSTARRS) B TAJUKUKUCTAHE
X.!. U6agunoB, A.M. Bypuen

Wucruryt acrpodusukn AH Pecniyonuku Tamkukucran
E-mail: anvar10@mail.ru
[Mosunmonnsie HaOmoaeHus komeTsl C/2011 L4 (PANSTARRS) nposenensr B ['mccapckoit
acTpOHOMUYECKON obcepBaTopuu U MexayHapoJHOU acTpoHOMHUYecKoil oOcepBaTopuu CaHITIOX
Wuctutyra actpopusuxku AH PT B mae-urone 2013 r. Onpenenensl N0J0KeHUsI U OpOrUTa KOMETHI.
B pesynbrate Qoromerpuueckux HabmoaeHui komeTsl B BVRI duiabTpax ompenenen Oneck
KOMETHI U IOCTPOEHA KpHuBas OJecka.

OBSERVATIONS OF THE COMET C/2011 L4 (PANSTARRS) IN TAJIKISTAN

K.I. Ibadinov, A.M. Buriev
Institute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan
E-mail: anvarl0@mail.ru

Positional observations of comet C/2011 L4 (PANSTARRS) were held in the Hissar and
Sanglokh Astronomical observatories of the Institute of Astrophysics of the Academy of Sciences
of the Republic of Tajikistan during May — June 2013. The comet positions and orbit were
determined. Using the BVRI photometric observations of comet its brightness and the light curve
were found.

O TOYHOCTHU KOCBEHHbBIX METOA0OB OHEHKH PABMEPOB ACTEPOU1OB

A.B. Mopo:xkenko, A.Il. BunbMauenko
I'AO HAHY
E-mail: vida@mao.kiev.ua
JluHeiHble pa3Mephl OOJBIIMHCTBA ACTEPOUIOB OIICHHBAIOTCS HMCXOJS W3 JaHHBIX 00 WX
3Be3nHOM BenauuuHe M(o) u anbbeno A(a) (oObrurO B V' uibtpe). Ommbka B onpeacacHUA
3BE3JHONM BEJIMYMHBI AacTepOUJa COCTABISIET HECKOJbKO THICSYHBIX BeIMYMHBL. [loaTomy
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HA/IeKHOCTh OIICHKH €ro pa3Mepa MPaKTHYECKH OIpPENeIeTCs] MOTPEUIHOCThIO B ONpEAeTIeHUN
ansOeno. IlocnemHee mMoMy4arOT MOJMSAPUMETPUYECKUM M TEIUIOBBIM MeToJaMu. B mepBow,
OLIEHUBAETCs reoMeTpuueckoe anpdeno B ommosumuio A(0°), Bo BTopoM — OosoMeTpuyeckoe
anmpOeno Ai. Ilpeamonaraercsi, 4ro TNOCIEIHES 3HAUCHHE NPAKTUYECKH DPABHO CHEPHYCCKOMY
anpbeno As B V ¢umiibtpe. UTo KacaeTcst TOYHOCTH 3THX JABYX METOJIOB, TO OBUIO YCTAaHOBIJIEHO, YTO
OIlpeJIeJIEHHbIE 110 HUM  pa3Mepbl Moryr orindarecs 10 30% u Oosee. DTO yKka3blBaeT Ha
HCBLICOKYIO HAACKHOCTb TAKHMX OICHOK. B JOKJIaAC MbI ITOKa3ajil IMYTH IHNOBBIIICHUSA TOYHOCTHU
OIpeZIeTICHUS pa3MEPOB acTEPOUIOB 0OOMMHU METOJaMHU.

ON THE ACCURACY OF INDIRECT METHODS
OF THE SIZE ASTEROIDS ESTIMATING
A.V. Morozhenko, A.P. Vidmachenko
MAO NASU
E-mail: vida@mao.kiev.ua

The linear size of the majority of asteroids is estimated on the basis of data on their stellar
magnitude m(a) and the albedo of A(a) (usually in the V filter). Error in the determination
magnitude of the asteroid is a few thousandths of a magnitude. Therefore, the reliability
of estimates of its size is almost determined by the error in the determination of the albedo. The last
obtained by the polarimetric and thermal methods. With the first method, evaluated geometric
albedo in opposition A(0°), in the second - bolometric albedo Ai. It is assumed that the latter value
is almost equal to the spherical albedo As in the V filter. As for the accuracy of these two methods,
it has been found that a certain of these methods may be different sizes up to 30% or more. It does
not indicate the high reliability of the estimates. The report we have demonstrated ways to improve
the accuracy of determining the size of asteroids by both methods.

CIIEKTPO®OTOMETPUS U I'EOJIOT'UA TIOBEPXHOCTHA
TAJIMJIEEBOI'O CITYTHHUKA IOIIMTEPA EBPOIIbI
B.N. IllaBaoBckuii, A.Il. BuabmaueHko
I'AO HAHY
E-mail: svitaly@mao.kiev.ua

[Tpu ManbIx conHeyHBIX (Pa30BBIX yriax o 6e3aTMochepHble TOBEPXHOCTU CITYTHHKOB IIAHET
JEMOHCTPUPYIOT OMNIMO3UIMOHHBIN 3Pdekt (OD): HenuHelWHOEe YBEIUMYEHHE SPKOCTH IpU
npubmkenun o k 0°. Tlapametpsl (azoBoit ¢GyHKIMM BOJIM3U ONMO3UIIMH TMO3BOJISIIOT CYIUTh
O CTENEHU MOPUCTOCTH, KOMIAKTHOCTU HCCIENYeMOW MOBEPXHOCTH M (PU3UYECKUX YCIOBUAX €€
oOpazoBanus. [[ns pasneneHusi COMHEYHBIX M OpOUTambHBIX Bapuanui sipkoctu lllaBroBckum
MpeaioKeHa U OmpoOOBaHA YEThIpEX MapaMeTpHuecKas MOJENb I OTIMYAIOIIUXCS MO CBOUM
CBOMCTBaM BEAYIIErO U BEAOMOTO MOJYyIIApuii CIyTHUKA. VICONMB3ys MOTydeHHbBIE TT0 YPaBHEHUSM
Teopun Xamke colHe4Hble ¢a3oBbie (GyHKIMU, A1 000MX monymapuii EBpombl B ABYX ATUHAX
BOJIH TIOJIYYE€HBl 3HAYCHWsI TOJYIIMPUHBI OMIO3UIIMOHHOTO 3(deKkTa Ha TOJOBHHE MaKCUMyMma
OMIMO3UIIMOHHON aMIuuTy bl. Ero 3Hauenus ans A=470 um passsl 0.166° u 0.257° nis Benyiiero u
BEJIOMOTO TOJIYIIAPHI COOTBETCTBEHHO, g A=55 HM — 0.171° u 0.260°. [Tony4yeHHbIC 3HAYCHUS
(hoTOMETpUUECKHX TapaMETPOB IMOKA3BIBAIOT, YTO TMOBEPXHOCTH BEAYIIETO Modymapus EBporbr
COCTOHT U3 YaCTHI], UMEIOIINX OoJiee CUIIbHOE 00paTHOE paccesHue U 6oyiee MOPUCTOe COCTOSHUE,
YeM MOBEPXHOCTh BeIOMOT0. BenmnunHa anb0e10 0THOKPATHOTO pacCestHUsT W OT/ICITbHON YaCTHIIBI
MOBEPXHOCTH W aMIUIMTY/a ONIMO3UIIMOHHOW BOJHBI B mpakThueckd OJWHAKOBHI At 000MX
MOJTYIIapUi ¥ B 00EWX JIJTHHAX BOJIH.
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SPECTROPHOTOMETRY AND SURFACE GEOLOGY
OF THE GALILEAN SATELLITE OF JUPITER EUROPE
V.1. Shavlovskiy, A.P. Vidmachenko
MAO NASU
E-mail: svitaly@mao.kiev.ua

For small solar phase angles o of sinatmospheric surface of planetary satellites show the
opposition effect (OE): a nonlinear increasing in brightness at approaching o to 0°. The parameters
of the phase function near the opposition allow to choose between the shadow mechanism of OE
formation and coherent backscattering, and be concluded about the degree of porosity, compactness
of investigated surface and on the physical conditions of its formation. For the separation of solar
and orbital variations of brightness Shavlovskiy proposed and tested four-parameters model for the
properties of Europe leading and trailing hemispheres. Using the solar phase functions obtained
from equations of Hapke theory, the values of amplitude of the opposition half-width at half
maximum of opposition effect for both Europe hemispheres were obtained for two wavelengths. Its
value for A=470 nm equal 0.166° and 0.257°for leading and trailing hemispheres respectively, for
A=550 nm — 0.171° and 0.260°. These values for the photometric parameters indicate that the
surface of the leading Europe hemisphere consists of particles having more strong coherent
backscattering and more porous than the surface of the trailing one. The value of the single
scattering albedo w of a surface single particle, and the amplitude of the opposition wave B are
almost identical for both hemispheres and for both wavelengths.

KBASUCUHXPOHHBIE HABJIOJAEHUS ACTEPOU/JIA 8355 MASUO (1989 RQ1)
B OBCEPBATOPUHU HA IUKE TEPCKOJI U B CHMEN3CKOM OBCEPBATOPUH
B CEHTSBPE 2014 T.
C.H. Bapaﬁaﬂonl, E.C. Bakanac', B.b. Hy:mnl, W.B. Hukosenxo’
"MHACAH, *KpAO
E-mail: alena@inasan.ru

OpowuTa acrepouna 8355 Masuo (1989 RQ1) nmepecekaer opouty Mapca, ¢ 3emiieil He uMeeT
TECHBIX COMIKEHHI, MUHIUMAJIBLHOE PACCTOSIHUE MEXIy ero opouroit u opouroit 3emmn MOID ~
0.65 a.e. HaOmromenuss actepouga ObUIM MPOBEACHBI KBa3U-CUMHXpPOHHO Ha m.Tepckon u B
Cumensckoii obcepBatopun. B Tepckonbckoit o0cepBaTopun 3a JB€ HOYHU MOJIYYEH psifl CIIEKTPOB
acrepoysa. IlapamienbHo ObUIO TpoBeleHO coxpaHeHue wu3o0paxenuit c¢ I13C-kamepsl,
IpeHa3HauYeHHOMU U1 TUAUPOBaHMs IPU NoJdydeHuH criektpa. B Cumensckoi o0cepBaTopuu ObLN
MOJTyYeHbI 3a OJIHY M3 3THX Houel (oromerpuueckue kpuble B ¢uibTpax BVRI, mo xortopsim
IPOBE/ICHA OIIEHKA CIIEKTPAIBbHOTO KJIacca U TNaMeTp acTepoua.

YHUBEPCAJIbHBIA METO/] ONPEJEJIEHUS TIPEJBAPUTEJIBHBIX OPBUT
B.b. Ky3nenos

Wncruryt npuknagHoit actporomun PAH
E-mail: v.kuznetsov@ipa.nw.ru
Hpe;maraeTc;I YHI/IBCpCEUIBHHﬁ METOL OIPECACIICHUSA IpCABaAPUTCIIbHBIX Op6I/IT 10
HaOJI0IEHUsIM, pa3/IeIEHHBIM IPOU3BOJIBHBIMU UHTEpBaIamMHu BpeMeHu. U3 ypaBHenuii Jlambepra,
B ¢opme Illedepa, BEIBOAATCS CUCTEMBI ypaBHEHUH JUIsl onpenienenus: opouT. B ciydyae opour, He
JICKAIIUX B INNIOCKOCTH JIBMXCHUA HaGJIIOI[aTeJ'IH, 3aaa4a CBOAUTCA K PCHICHUIO CUCTCMBI U3 IBYX
TPAHCHCHACHTHBIX ypaBHeHI/Iﬁ OTHOCHUTCIIbHO JIBYX HCU3BCCTHBIX TOIMMOHCHTPHUYCCKUX paCCTOHHI/II\/'I.
Econ xe Ha6J'IIOI[aTCJ'IL A 00BEKT ABWIKYTCS B OHHOﬁ IIJIOCKOCTH, CHUCTCMaA TPaHCUHCHACHTHBIX
ypaBHeHI/Iﬁ JOIIOJIHACTCA emé OOAHHUM YpaBHCHHEM MW OJHHM HCU3BCCTHBIM PpPaCCTOAHHUEM.
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Hcnonb30BaHre B ypaBHEHUSAX TUIEPTEOMETPUUECCKUX (DYHKIUN TMO3BOJISET OMPEACNSATh OPOUTHI
HE3aBHCUMO OT 3HAUEHUN MX SKCUeHTpucurera. s s>miunTuyeckux OpOUT BO3MOXKEH IOUCK
pelleHnid Ha HMHTEpBAJIaX BPEMEHH IOKPBHIBAIOMINX HECKOJIHKO OOOPOTOB Tela BOKPYT IEHTpa
MPUTSDKEHUS. MeTo1 WILTFOCTPUPYETCS TpuMepaMu ornpeaenenus opout UC3.

AN UNIVERSAL METHOD OF PRELIMINARY ORBIT DETERMINATION

V.B. Kuznetsov
IAA RAS
E-mail: v.kuznetsov@ipa.nw.ru

A new universal method of the classical angles only initial orbit determination problem has
been developed. The method is based on the universal Lambert equations in Shefer’s form. For
noncoplanar orbits, we shall obtain a system of two transcendental equations with two unknown
topocentric distances. For coplanar orbits, the system is added by one equation and one unknown
distance. The using of hypergeometric functions are allowed to determinate the orbits without
eccentricity limitation. The intervals between observations are not restricted and may cover
multirevolution arc for elliptic orbits. The motion in ecliptic plane is examined also. The method is
illustrated by some examples of artificial satellites orbits determination.

PE3YJIBTATHI OTHOCUTEJBHOMW ®OTOMETPUU
ACTEPOMJIA (24533) KOKHIROVA
C.X. AdnyaiioeB
Hucturyt acrpodusuku AH pecnyOmuku TamKukucTan
E-mail: a-bakhodur@mail.ru

27-30 aprycra 2014 r. nHa Tteneckome lleiicc-600 MexxayHapoqHOW acCTPOHOMUYECKOM
obcepBaropun Canrinox (MAOC UA AH PT) Obutn npoBeneHs! HaOmofeHust actepouna (24533)
Kokhirova. B tedenue ueThIpéx HOUell HaOmOAeHUN ObLIO MoTydeHo 824 m300paxeHHi 00beKTa.
Jlns onpeneneHust 6iecka acteponsa (24533) Kokhirova 6buti MCIoNb30BaHb! 8 3B€3/1 CpaBHEHUS
u3 katajgora TychO co crmekTpajgbHbIMH KiaccaMd OT A0 10 OJM3KHX K CIIEKTPaIbHOMY KJaccy
Connua. Ha ToT MOMeHT 00BeKT Haxoawics B co3Be3nuu Ppib, Oneck paBHsuics 17.8 3Be3nHOI
BelMMuMHbI, (a3a cocraBmsia 15.8 %, paccrosaue ot 3emun A = 2.3a.e. (3504 muH. KMm),
paccrositaue ot Cosana r = 3.0a.e. (455.25 muH. kM), Pa30opoc HaOMrOMaTEeIBHBIX TOUYEK HAXOIUTCS
B uHTepBane ot 17.4 no 18.2 3Be3gHoil BenmuumHbl. Ha OCHOBE CHeKTpa MOIIHOCTH OIpEIEseH
paHee HEW3BECTHBIM TEPHOJ| BpallleHUs actepouna, paBHbIM 14.4 4. OneHKW MOKa3aldH, 4YTO
IIOIIalb OJTHOM YacTu (UTYpPHI acTepou]a OTHOCUTENBHO NIPYroi oriaudaercs B 1.5 pasa, uto B
o011emM, co37aeT CI0KHYI0 IEPEMEHHOCTh B aMILIUTYE Onecka Mpu BpalleHuu acteponaa. Ha stoi
OCHOBE CJIeJIaHO NPEINOI0KEHHEe, 4YTO TeOMeTpHueckas (urypa acrepouga He SBISIETCS

chepudeckoit. O1ieHEH AUAMETP acTePOHIa, KOTOPHIA COCTaBUI 12 KM.

THE RESULTS OF THE ASTEROID (24533) KOKHIROVA PHOTOMETRY

S.Kh. Abdulloev
Institute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan
E-mail: a-bakhodur@mail.ru
Observations of the asteroid (24533) Kokhirova were carried out by the telescope Zeiss-600 of
the International Astronomical Observatory Sanglok (IAOS IA AS RT) on 27-30 August 2014.
During the observations 824 object’s images were obtained. To determine asteroid brightness
8 comparison stars of the Tycho catalogue were used with spectral classes from AO to spectral class
close to the Sun. At that time, the object was in the Pisces constellation, its brightness wase qual
t017.8 magnitude, phase was 15.8%, distance from the Earth A = 2.3 AU (350.4 million km),
distance from the Sun r = 3.0 AU (455.25 million km). The deviation of the observation points lies
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in the range from 17.4 to 18.2 magnitudes. On the basis of the power spectrum previously unknown
asteroid's rotation period was defined, which is equal to 14.4 hours. Estimates have shown that the
square of one portion relative to another of the asteroid’s fugure differs by 1.5 times, which creates
a complicated variability in the amplitude of the brightness under the rotation of asteroid. On this
basis, the assumption was made that the geometric figure of asteroid is not spherical. The asteroid
diameter was estimated as 12 km.

METEOPOHMJHBIE ITOTOKHX BBJIN3U 3EMJIA - HEPCIIEKTUBBI OIITUYECKUX
HABJIIOAEHUI
C.U. bapab6anoB
NHACAH
E-mail: sharabanov@inasan.ru
[TpuBoauTCS KpaTkuii 0630p padboT, B ToM uncie BeinoaHeHHbx B MHACAH, no noucky Ten ¢
pa3mepamu 6osiee 1 MeTpa B METEOPOUAHBIX MOTOKAX U CBSI3aHHBIX C HUMU accouuanusx. [laercs
000CHOBaHHE BBIOOPA OTAEIBHBIX METEOPOHIHBIX MTOTOKOB JJISI PErYIISIPHOTO MOUCKA B HUX Tl C
pasmepamu Oojee 1| M M NOCTAaHOBKM HaOJIOAATENIbHOW 3afaud Ul CETH IIHPOKOYIOJbHBIX
TEJIECKOIIOB HOBOT'O ITOKOJICHUSI.

THE METEOROID STREAMS NEAR THE EARTH - PROSPECTS OF OPTICAL
OBSERVATIONS
S.1. Barabanov
INASAN
E-mail: sharabanov@inasan.ru

The brief survey of works including the works carried out in INASAN for finding bodies with
size of 1 meter and more in meteoroid streams and in the associations related with the streams is
presented. Substantiation of choice of selected meteoroid streams for regular search of bodies with
size of 1 meter and more is given. The observational task of research these bodies for network of
contemporary wide-angle telescopes is stated.

HOBBIH MOAXO/ B ONPEJIEJTEHAY BHEATMOC®EPHOHN
OPBUTHI APKUX BOJINAOB
N.H. quaIIIOBl, CA. HapoeHKOB2
“ToMcKuit rocy1apCTBEHHbII yHUBEPCHTET, ’MHACAH
E-mail: lchuvashovin@gmaiI.com, Zsnaroenkov@inasan.ru

Omnpenenenre opOUT METEOPOB SBISETCS JOBOJBHO CIIOKHOHM 3aqadeld 1Mo JBYM NpUYUHAM.
[lepBas — Bcs HaOmromatenbHas Jyra JBWKEHUS MeTeopa JISKUT B atMocdepe. CiemoBaTeiabHO,
METOJIbI, KOTOpBIE HCIONB3YIOTCS MJis OINpeAeNeHUs] OpOUT, IOJHKHBI TOYHO MPEACTABIATh
nBKeHne o0wvekTta B armochepe. Kpome Toro, m3-za HarpeBa mereopa B aTtMmocdepe, mepen
O0OBEKTOM BO3HHKAET pacKaleHHas IU1a3Ma, KOTOpas YBETUYMBAET TOPMOXKEHHE OOBEKTa B
atMocdepe. IToT A3 (PEKT MOKHO TPOMOESITUPOBATD, MMPEJCTABIISAS MApAMETP MUJIETIEBOTO CEUSHUS
KaK (YHKIIHIO U3MEHEHHS CKOPOCTH.

Bropoii mpuunHOI sBIsSeTCS KOPOTKOE BpeMsi HaxXoKIeHUs o0bekTa B aTMmocgepe. M3-3a
OOJBIIUX CKOPOCTEH, OCOOCHHO KOrjaa ABM)KEHHE KOCMHUYECKOT0 OOBEKTa HAIpaBJICHO MPOTUB
HANpaBJIE€HUs ABWKECHUS 3€MJIA, BPEMs CrOPAaHHUS METEOpa COCTABIAECT OAHY—ABE CEKYHIbI, YTO
MOXKET OKa3aTbCcs HE JOCTAaTOYHBIM JUIsi €ro HWIAeHTHQHUKAIuU. OTa mpodlieMa periaercs
HaOIOJIEHUEM JTaHHOTO OOBEKTa HECKOJbKHUMHU CTAHIMSAMHU CIEXKEHUS ¢ TMPUMEHECHHUEM
KOMOMHHPOBAaHHBIX METOOB HAXOXKIACHUSI MUHUMYyMa 11eTIeBOU (DYHKIIUU.
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ANEW APPROACH IN DETERMINING THE ORBIT OF EXTRATERRESTRIAL
BRIGHT FIREBALLS
I.N. Chuvashov?, S.A. Naroenkov?
Tomsk State University, 2INASAN
E-mail: *chuvashovin@gmail.com, %snaroenkov@inasan.ru

Determination of the orbits of meteors is quite challenging for two reasons. First - the whole arc
of motion of the meteor observation lies in the atmosphere. Hence, the methods are used to
determine the orbits must accurately represent the movement of the object in the atmosphere. In
addition, due to the heating of a meteor in the atmosphere, in front of the object there is a red-hot
plasma, which strongly inhibits the object in the atmosphere. This effect can be simulated by using
the middle section as a function of changes in the initial (the rate at the time of the first observation)
and the current speed.

The second reason is the short residence time of the object in the atmosphere. Because of the
high speeds, especially when the movement of a space object is directed against the direction of
movement of the Earth, while the combustion of a meteor is one or two seconds that may not be
sufficient to identify it. This problem is solved by the observation of the object several tracking
stations and using the combined methods of finding the minimum of the objective function.

HABJIIOJEHHSA METEOPOB C CACTEMOI MAHHU-METATOPTOPA (MMT)

H.B. OpexoBa 1, I'M. Becmmz, A.B. Bnpmkon4, C.D. Eonnapbl, E.A. I/IBaHOBl,
C.B. Kapnonz, E.B. KaTKOBal, A.B. HepKOBl, B.B. Cacmlc3, MLI. Conco.nona"’,
B.C. YCaHI/IHA, A.C. IIlynmaHOB4
'®unnan OAO «HIIK «CIIII» «COH «ApXbI3Y, *CAO PAH, *000 «[Tapannakc»,
*Kazanckuii (eiepanbHbIi YHHBEPCHTET
E-mail: elvilforeva@gmail.com

Ornucanbl pe3ynbTaThl ONTUYECKUX HAOMIOJCHUI METEOpOB C TIOMOIIBID 9-KaHANbHON
IIMPOKOYTOJIbHOM CUCTEMBI BBICOKOTO BpeMeHHOoro paspemennss MMT. B nponecce MmoHuTOpuHra
HebecHol ceprl ¢ BpemeHHBIM paspernenueM 0.1 ¢ u monem 3penus 900 kB. rpagycoB ob6paboTka
MOCTYyMarme nHGopMaIuu B peaJbHOM BPEMEHHU IO3BOJIIET KIacCH(PUIIMPOBATH METEOPHI Kak
MPOTSHKEHHBIE JIBIKYIIUECS MCTOUYHUKH. KaxxaoMy 0OBEKTY COOTBETCTBYET MOCIEI0BATEIBHOCTh
KaJpoB (B OJHOM WJIM HECKOJBKHX KaHalaX), Ha KOTOPbIX OH YBEPEHHO PEruCTPUPYETCS, OT
MOMEHTa OOHapyKeHHsI JJ0 UCUe3HOBEHHUs. Bce 3TH naHHBIe, HAKOIIJICHHBIE 32 HOYb, U Pe3yIbTaThl
00pabOTKH KaJpoB B PEAJIbHOM BPEMEHU COXpaHSIOTCS B 0a3e naHHbIX. [locienmHsst comep>kut
uHpopmanuio o Onecke, TPACKTOPUH, CKOPOCTH U JUIUTEIBHOCTH COOBITHI C BpPEMEHHBIM
paspemienueM 0.1 cexyHIbI.

3a oguH rox paboTsl cuctemsl (0kos0 200 HabIIOAATENBHBIX HOUEH) ObLIIO OOHAPYKEHO CBBIIIE
65 ThICSIY MeTeopoB, B cpeaHeM 300-350 3a Houb. X mmurenbHOCTH MeHs1ach ot 0.1 10 2.5 ¢ npu
YTJIOBOW CKOPOCTH BILIOTH 710 38 °/c.

Cambie crmabbie METEOpHl UMENIU OJIECK B MakcMMyMe Tpeka okosio 10 mag, mpuyem sTa
XapaKTepUCTHKA 751 OOJIBIIMHCTBA OOBEKTOB JIKHUT B IManazoHe oT 4 10 § mag, 4To B CpeAHEM Ha
5 3BE3IHBIX BEJMYMH OoJbIIe, YeM y mereopoB u3 0a3 manasix EDMOND u SonotaCo.

Cepllie fecaTka OO0BEKTOB Habmoganmuch ofHoBpeMeHHO B BVR momocax HeckonbKkuMu
KaHaJIaMH CUCTEeMBI. J{JI1 HUX Oompe/ieJIieHbl BApUAIllUK IIBETOB BAOJb TPEKa.
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METEOR OBSERVATIONS WITH MINIMEGATORTORA (MMT)
WIDE-FIELD SYSTEM

N.V. Orekhova', G.M. Beskin?, A.V. Biryukov*, S.F. Bondar®, E.A. Ivanov?, S.V. Karpov?,
E.V. Katkova', A.V. Perkov', V.V. Sasyuk®, M.G. Sokolova®, V.S. Usanin®, A.S. Shushpanov*
10JS «RPC «PSI», «O0S «Arkhyz», 2SAO RAS, «Parallax» Enterprise, *Kazan Federal University
E-mail: elvilforeva@gmail.com

Here we report on the results of meteor observations with 9-channel MMT-9 wide-field optical
monitoring system with high temporal resolution. MMT-9 continuously monitors the sky with 0.1 s
temporal resolution in 900 square degrees field of view, detecting various kinds of transient events,
including the meteors, on the fly using the real-time data processing pipeline. The meteors are
extracted by its elongated shape and all the images containing them, obtained by either one or
several channels, are analyzed automatically to derive its brightness along the trail, trajectory,
angular velocity and duration. All these data are stored to the database.

During first year of operation (about 200 observational nights) more than 65 thousand of
meteors have been detected, at a rate of 300-350 per night, with durations from 0.1 to 2.5 seconds
and angular velocities up to 38 degrees per second.

The faintest detected meteors has the peak brightness about 10 mag, while the majority - from 4
to 8 mag, and are much fainter than the meteors from EDMOND and SonotaCo databases.

More than 10 objects have been observed in BVR filters by several channels simultaneously.
Color variations along the trail for the mare determined.

CBJIKEHU A MAJIBIX TEJI C INTAHETAMU

H.1O. EmMenbsiHeHKO
NHACAH
E-mail: nyuemel@inasan.ru
N3yuaroTcst cOnmkeHns HaOMoAaeMbIX KoMeT cemeiicTBa FOnmuTepa ¢ OOJIbIIMMU TUIaHETaMU.
Bbruucrnstores, aHaTU3UPYIOTCSI M CPAaBHUBAIOTCS HBOJIOLMHM OPOUT KOMET U3 30HBI MepecedeHus
opoutr mexny lOnurepom n CaTypHOM M BHE 3TOH 30HBI. BblumcistoTcs opOUTHI, ISl KOTOPBIX
noctosiHHas TuccepaHa OTHOCUTEIBHO IUIAHETHI PaBHA TPEM.

ENCOUNTERS OF SMALL BODIES WITH PLANETS

N.Yu. Emel’yanenko
INASAN
E-mail: nyuemel@inasan.ru
Encounters of observed comets of the Jupiter family with large planets are studied. Orbital
evolutions from a crossing zone of Jupiter and Saturn orbits and outside this zone are calculated,
analyzed and compared. Orbits with the Tisserand constant equal three with respect a planet are
calculated.

0O BO3SMOKHOCTHU ITOUNCKA KOMETHOI'O BEHLIECTBA
HA IIOBEPXHOCTU 3EMJIN
K.N. qP’pIOMOBl, AL BI/IIlea'-leHKOZ, A.®. CrekinoB>®
AO KHY um. T Illesuenko, TAO HAHY, *MAVII
E-Mail: star1955@mail.ru
B cocrtaBe 15 OCHOBHBIX METEOPHBIX MOTOKOB B OKOJO3€MHOM KOCMHYECKOM MPOCTPAHCTBE
JBHKYTCSI METEOPUTHBIE TEJIA, KOTOPHIE SBIIIOTCA OCKOJKaMU aCTEPOUIOB U KOMETHBIX siaep. [Ipu
BXoJle B arMocdepy Ha ckopocTH 11-72 KM/C HpPOMCXOAMT MX pPa30rpeB U CBEUEHHUE, YacTO
puBOJIAlee K OOMUIHBIM sIBICHHUSM. HalileHHbIe Ha TOBEPXHOCTH 3E€MJIM METEOPUTHI UMEIOT
orulaBJIeHHYI0 Kopy. Kopa sBigercss Xopommm TeIIou30JITOpoM. braromaps 3ToMy BHYTpHU
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COXPAHSIFOTCS IaXKe TaKue MUHEPaJbl, KOTOPhIE OOBIYHO HE BHIICPKUBAIOT CHIILHOTO Harpena (TUIIC
U T.I.). MBI cunuTaem, 4To JUIsl U3y4EHUSl MPUPOAbI KOMETHBIX sSIIep U MCCIEAOBAHUS MEPBUYHOTO
XMMHAYECKOTO COCTaBa WX BEIIECTBA, HEOOXOAMMO THIATENBHO M3Yy4aTh OOpaslibl YMAaBIIETO Ha
MOBEPXHOCTh 3eMJIM METEOPUTHOro BemiecTBa. Uem Oosblliero pasmepa Takoil oOpasel, Tem
0O0JIbIIIe IIAHCOB, YTO HE M3MEHWIACH NTEPBOHAYAIBHASI CTPYKTYPA U XUMUYECKHI COCTAaB BEIIECTBA,
U3 KOTOpPOro OH ObLI 00pa3oBaHO MpHU 3apoKIeHUM IulaHeTe3umaieil B CoJHEUHOU cucreme.
[TosTOMy HallTH MEPBUYHOE KOMETHOE BEIIECTBO MOXKHO 3/1eCh, Ha 3emiie, a HE 33 MHUJLIMOHBI
KWJIOMETpOB B KocMmoce. To ecTh, NpU HUCCIEIOBAHUM XHUMHUYECKOM MPUPOIBI MOJOOHBIX
METECOPUTOB B HMX COCTaBE MOXKHO OOHApYKHTh JaXe BEIIECTBA, KOTOPHIC SBISIOTCS
OPraHMYECKUMHU COEJAMHEHUSAMU OWOTEHHOM MPUPOIBI: HACBHIIICHHBIE W  apOMAaTUYECKUe
YTIEBOMOPOABI, KApOOHOBBIC KHCIOTBHI, a30THUCThIE COCAMHEHHMS W T.I. M3 CTaTUCTUYECKUX
UCCJIEIOBAaHUM CIIeyeT, 4YTO MPAPOIUTENISIMH OOJIBIIMHCTBA METEOPHBIX TOTOKOB SIBJISIOTCS
MMEHHO KOMETHBIE S7Jpa, UMEIOIIHNE PHIXIIYIO CTPYKTYPY.

ON POSSIBLE SEARCH OF COMETARY MATERIAL ON THE EARTH SURFACE

K.1. Churyumov', A.P. Vidmachenko?, A.F. Steklov?®
'AO KNU, 2MAO NASU, *IAPM
E-Mail: star1955@mail.ru

There are about 15 major meteor showers. Therefore, in the near-Earth space are moving
meteoroids, which are fragments of asteroids and comet nuclei. When entering the atmosphere at a
speed of 11-72 km/s they are heated and illuminated. This often leads to Fireball phenomena.
Founded on the Earth surface meteorites have reflow bark. The bark is a good thermal insulator.
Because of this, inside the meteorite saved even such minerals, which are usually not withstand
intense heat (gypsum, etc.) We propose that to study the nature of cometary nuclei and of the
chemical composition of their primary substance, must be carefully examined samples of meteoritic
matter. The larger the size of such a sample, the greater chances that has not changed the original
structure and chemical composition of the material from which it was formed during the formation
of planetesimals in the Solar System. Therefore, to find the primary cometary material here on
Earth, and not fly for millions of kilometers into space. That is, in the study of the chemical nature
of such meteorites in their composition can be detected even substances which in modern ground
conditions are natural organic nutrient compounds: saturated and aromatic hydrocarbons, carboxylic
acids, nitrogenous compounds, etc. From statistical studies it is clear that the progenitors of most
meteor showers are precisely the cometary nuclei, with a loose structure.

O POACTBE ACTEPOUJA 2003EH1 1 KOMETHBI 96P/MAUYXOJILIA 1
IL.B. Ba6axkaunos’, [.U. Koxnponal, 10.B. 06py60132

1I/IHCTI/ITyT actpo¢usuku AH Pecriy6mmku Tamknknucran
MITY um. H.5.baymana, Kanyxckuit puman
E-mail: kokhirova2004@mail.ru

HccnenoBana auddepeHnnanbHas dBOMIONHUS  OpOUT KoMeTel 96P/Mauxomma 1 w
okosiozemHoro acrepousa (186256) 2003EH1 na unrtepane Bpemenn 28000 neT moj nefcTBUEM
IJIAHETHBIX BO3MYyIIEHMI. Brrunciensl kputepun CayTtBopTa m XokuHca, Jpymonna n Momexka,
MO3BOJISIFOIIAX HM3MEPUTh CXOXKECTh OpPOWT, a TakKe H3MEHEHHE KPUTEPHEB 3a ITOT TEPHOI.
[TokazaHo, 4TO KOMeTa M acTepou]i MOTyT OBITh (pparMeHTaMu sapa OJHOM M TOH ke Oolee
KPYITHOM  KOMETHI-pOJIOHAa4YaNbHUIBI  KoMIulekca  KBaapantua.  JlpoOineHue  KOMeETHI-
POIOHAYATBHHUIIBI, BO3MOXKHO, Mpou3o1uio okono 9500 net Hazan. OkonozeMHusblil 00bekT 2003EH1
B JICHCTBHTEIHLHOCTH SBJISCTCS YTaclIMM OCKOJIKOM sIpa TPapoJUTENbCKOW KoMeTwl. Crenman
BBIBOJI, uT0 Komera 96P/Mauxomima 1, okoso3eMHbIi actepoua rpymnmbsl AnoiuioHa — (186256)
2003EH1 u meteopounbiii pori KBagpantum 00pa3yroT KOMIUIEKC POJCTBEHHBIX OOBEKTOB.
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ON ASSOCIATION OF THE ASTEROID 2003EH1 AND COMET 96P/MACHHOLZ 1

P.B. Babadzhanov?, G.1. Kokhirova®, Yu.V. Obrubov?
YInstitute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan
2MSTU named after N.E. Bauman, Kaluga branch
E-mail: kokhirova2004@mail.ru

The differential orbital evolution of comet 96P/Machholz 1 and the near-Earth asteroid (NEA)
(186256) 2003EH1 was investigated under the perturbing action of major planets for the time
interval of 28 thousand years. The values of Southworth and Hawkins, Drummond and Jopek
criteria of orbital similarity and its variation were calculated over this period. It was shown that
comet and asteroid can be fragments of the same larger comet-progenitor of the Quadrantid
complex. A break-up of the parent comet occurred possibly near 9500 years ago. The near-Earth
object 2003EH1 is really the dormant fragment of the parent comet’s nucleus. A conclusion was
made that comet Machholz, Apollo group near-Earth asteroid (186256) 2003EH1 and Quadrantids
meteoroid stream form the complex of related objects.

IMPOBJIEMA U3YYEHUSA U OTOXIECTBJIIEHUSA MAJIBIX METEOPHBIX IIOTOKOB
ML.I'. CoxoJioBa, M.B. Cepruenko

Kazanckuii penepanbHblil yHUBEPCUTET
E-mail: smarina.63@mail.ru

Jlns GonpIIMHCTBA HAOIIOJAEMBIX MaJIbIX METCOPHBIX IIOTOKOB HE OINPEICIICHO POJIUTEIHCKOE
TEJIO, YTO HE MO3BOJISET HCCIENOBATh CTPYKTYPY M SBOJIIOLUMIO MOTOKOB, M3y4daTh CTENEHb HX
omacHoctu Ansa 3emin. B 0aze mannbix MexnyHapoaHoit MerteopHoit Opranuzanuun (MMO,
www.imo.net/index.html) cucremarusupoBan peectp HaOJIOJaEMbIX MaJbIX METCOPHBIX MOTOKOB,
JUI. KOTOPBIX MPUBOJATCS TEPUOJ JCHUCTBHUS, KOOPJAWHATHI paJdaHTa, CKOPOCTH JBHXKCHUS,
MOMEHTBl MX MaKCHUMaJbHOW aKTHBHOCTH (3€HMTHOE YacoBoe 4YHcio okoio 10 mereopos),
CTaTUCTHUKA METEOPHBIX OPOUT MOTOKA, MPEMOIIOKEHUS 00 UX POTUTEIBCKOM TEIE.

Ha ocHoBe HazeMHBIX HAONIOJACHHUM IS psAlla MaJbIX METCOPHBIX TOTOKOB OIPEICICHBI
CTPYKTYpPHBIE TIapaMeTpbl, H3yYEHbl BO3MOXKHOCTH MPUMEHEHHUS PA3IUYHBIX KpPUTEPHUEB
OTOXKJIECTBJIEHUS HMX C KOMETaMU WA AaCTEPOHMJaMH, BBINOJHEHbl W MPOAHAIMZUPOBAHBI
pe3yabTaThl IOMCKA POAUTENIBCKUX TEIL.

PaGora BemonHeHa npu nogaepxke rpanta POOU — 747,

THE PROBLEM OF STUDYING AND IDENTIFICATION
OF SMALL METEOR SHOWERS

M.G. Sokolova, M.V. Sergienko
Kazan Federal University
E-mail: smarina.63@mail.ru

For most of the observed small meteor showers are not defined parent body, which does not
allow to investigate the structure and evolution of the showers, to assess the degree of their threat to
Earth. In the database of the International Meteor Organization (IMO, www.imo.net/index.html)
represented the list observed small meteor showers determination of the validity period, the
coordinates, speed, moments of their maximal activity (zenith hourly number is about 10 meteors),
shower meteor orbits, the parent body hypothesis.

On the basis of ground-based observations for small meteor showers the structural parameters,
studied the possibility of applying different criteria identifying them with comets or asteroids,
executed and analyzed results of search for parent bodies for a number of small meteor showers.

The work was supported by grant RFFI — 747.
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NCCIIEAOBAHUE METEOPHOI'O ITIOTOKA INEPCEHN/IbI

A.Il. Kapramosa, I.'T. bosrosa
NHACAH
E-mail: akartashova@inasan.ru

[IpencraBiensl pe3yiabTaThl TEICBU3HMOHHBIX METEOPHBIX HAONIOACHUN METEOPHOr0 MOTOKa
ITepceuapr B 2012-2014 romax. Jlns HaOmomeHWsT B IMIMPOKOM TMOJ€  HMCIOJb30BAIHUCH
TeneBu3noHHbIE cuctembl (kamepa Watec LCL-902HS u o6wexktuB Computar 6/0.8) ¢ monem
3penus 50°x40°, npoHunaromieil cuiou no 3Be3gam +5.5 M Ha6nronenus MIPOBOIMIIUCH OA3UCHBIM
METOJIOM C JIBYX ITYHKTOB Ha paccTosiHuu 20 K.

3a Tpu roja HaOMOACHWH ObUIM TONYYeHBI peructpanuu npumepHo 1000 meTeopoB moToka
[lepceunpl. BbluuciaeHsl OCHOBHBIE MapaMmeTpbl (paguaHT, TEOLEHTPUYECKas CKOPOCTh,
OpOUTANIBLHBIN MTapaMeTPhl) AJISE METEOPOB, OMYUYEHHBIX U 0a3UCHBIX HAOTIOACHUSIX.

Hana onenka pacnpenenenuss Munekca mereopuoit akruBHoct (MIMA) Ilepcenn B 2012-
2014 rr. Ilokazano, yto MakcuMyMm mnoToka Ilepcenn mpoumcxomun 12 aBrycra (A, =140.1) c
MakcuMalbHbIM 3HaueHneM MMA. Iloka3aHo pacnpenesieHue MHAWMBHUAYAJIbHBIX PAJWAHTOB IS
MOTOKA. BbluMcneH CyTouHBIM Ipeild pammaHTa uis Kaxaoro rojga Habmrogenwii. VccnemoBaHbl
BBICOTBI 3aropaHusi METEOPOHUIOB JaHHOTO IOTOKAa. PacrpezierneHuss METEOPOB IO SIPKOCTH U
YHCIIEHHOCTH TaK)Ke MPECTaBICHBI.

Pabora Obuia noanep:kana nporpamMmoit 22 Ilpesunaguyma PAH «®@yHnaMeHTanbHble TPOOIEMbI
uccaeaoBaHuil 1 0cBOeHUsI COJIHEUHON CUCTEMBDY.

RESEARCH OF THE PERSEID METEOR SHOWER

A. Kartashova, G. Bolgova
INASAN
E-mail: akartashova@inasan.ru

The results of TV observations of the Perseid meteor shower in 2012-2014 are presented.

For observation in the wide field of view were used television systems (the camera Watec LCL-
902HS and the lense Computar 6/0.8) with fields of view of 50°x40° and a limiting magnitude (for
stars) +5.5 m. Observations were carried out by a double-station method (the distance between
stations is 20 km). For three year of observations were detected above 1000 Perseids. The basic
parameters (radiants, geocentric velocities, orbital parameters) were calculated for double-stations
meteors. The distribution of the Index Meteor Activity (IMA) of Perseids to the Earth for the period
from 2012 -2014 is given. The maximum activity of the Perseids (with maximum values of IMA)
was obtained in 12 August (A, =140.1). The distribution of the Perseid radiants was shown. The
daily motion radiant drift was calculated by our data in 2012-2014. Analysis of the beginning and
ending heights was presented. The distributions of Perseid meteors by stellar magnitude and number
are presented.

The work was supported by the Program Ne22 of the Presidium of RAS «Fundamental
problems of research and development of Solar system.

CO3JAHME BA3bI JAHHBIX METEOPHBIX HABJIIOAEHUI
N UX AHAJIN3 B KASAHU
O.U. beabkosny, A.C. lllymnanos, 10.A.Hedennen
Kazanckuit penepaibHblil yHUBEPCUTET
E-Mail: star1955@mail.ru
PabGora mocesameHa BompocaM co3fgaHus 0a3bl  JIaHHBIX METEOPHBIX HAOMIOAECHUH B
Actporomuueckoii ooceparopuu um.B.I1. Durensrapara (AOD). [lepBrie HaOMIOAEHHUS METEOPOB
B AOD Ha apmelickoM pajauosnokarope OblH BbinonHeHsl B 1956 r. K.B. KocteueBsiM. [Ipu sToM
He OBLJIO aBTOMATHYECKOH CUCTEMBbI PETMCTPALUU, U CYET METEOPOB MPOMU3BOAWICA BH3YaIbHO C
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9KpaHa JyueBoi TpyOku paguonokatopa. Ho yxe B ciemyromiem roay Obliia 3amylieHa anmnaparypa,
Ha KOTOPOM perucrpainys METEOpOB MPOU3BOMIACE aBToMaTHyecku. Jlanee mereopimmkamu AOD
OBLT IPOAHATM3UPOBAH OOJNBIION OaHK JAHHBIX BU3YaJIbHBIX HAOIIOJCHUI METEOPOB, TMOTYyYECHHBIX
KaK /10 Haydajga MHCTPYMEHTAIbHBIX HAOIIOJACHUN, TaK U B MOCJIEIHUE TOAbl MHOTOUYHCICHHBIMU
moOuTeNnsIMH acTpoHoMuH. Ha OCHOBE COBpeMeHHOW (HU3MYEeCKOH TEOpHH METEOpOB ObLI
pa3zpaboTaH HOBBIA MeTOJ] 00pabOTKM BHU3YaJIbHBIX HAOMIOJEHUII METEOPHBIX IOTOKOB, IIO
TOYHOCTH CPAaBHHUMBIN C pe3yabTaTaMH, MOJTYYCHHBIMHU IO PATUOJIOKAIMOHHBIM HabOmoIeHusIM. B
1979 rony ObutM HauaThl paboThl MO co3manuio [ocymapcrBeHHoro OoOmecoro3Horo CranmapTa
(I'OCT), xoropblil HcHONB30BAJICA A NPOEKTUPOBAHHWS KOCMUYECKHX anlapaToB C LENbIO
MOBBILICHUS HAJAEKHOCTH (DYHKIMOHMPOBAHHS UYEIOBEKAa M TEXHUYECKHX YCTPOMCTB B YCIOBHSX
kocMmuueckoro mnpoctpancta. [lomyuennsit B AOD T'OCT no cux mop sBISETCS JTy4lIUM IO
CpaBHEHHIO ¢ aHaioramu. MereopHas rpynma AOD B Hacrosmiee BpeMs rOoTOBa K CO3JaHHIO
HOBOro, 0ojee Tounoro 'OCTa.

THE MAKING OF THE DATABASE OF METEOR OBSERVATIONS
AND ITS ANALYSIS IN KAZAN
O.1. Belkovich, A.S. Shushpanov, Yu.A. Nefedyev
Kazan Federal University
E-Mail: star1955@mail.ru
Work is devoted to the creation of a database of meteor observations at the Engelhardt
Astronomical Observatory (EAO). In 1956 K.V. Kostylev carried out the first observations of
meteors in EAO at using the army radar. This was not an automatic registration system and meteors
were counted visually from ray tube radar screen. But next year was put new equipment and
registration was become the automatic. Then in EAO had been analyzed the large database of visual
meteor observations which were received as before the beginning of instrumental observations as
many amateur astronomers. On the basis of modern physical theory of meteors the new precision
method of reduction of visual observations of meteor showers was made. In 1979 work was began
for the creation the All-Union State Standard (GOST) which was used for the design of spacecraft
to improve the reliability of functioning of the human and technical devices in outer space. GOST
was created in the EAO still today is the best in comparison with analogues. Meteor team in EAO is
now ready for the making a new more accurate GOST.

OCOBEHHOCTHU CTPYKTYPbBI METEOPHBIX IOTOKOB
KOMETHOTI'O U ACTEPOUHOI'O NTIPOUCXOXKJIEHUSA
ML.I. CokosioBa, M.B. Cepruenko
Kazauckuit penepanbHbI YHUBEPCUTET
E-mail: smarina.63@mail.ru

['mnmoTe3pl 0 KOMETHOM M AaCTEPOUIHOM MPOHUCXOXKIECHUH METEOPHBIX MOTOKOB IIUPOKO
obcyxknatorcsi. Hanmnuue ocoOEHHOCTEH CTPYKTYp MOTOKOB PA3IMYHOTO MPOUCXOXKICHHS MOKET
CTaTh JIOMOJIHUTEIbHBIM KPUTEPUEM NPU ONIPEIETICHUH KIACcCa UX POJUTEIBCKHUX TEJL.

BrinosiHEH CpaBHUTENBHBIN AHAIU3 CTPYKTYPHBIX MapaMeTpoB psifa MOTOKOB KOMETHOIO U
MPENOI0KUTENBHO aCTEPOUTHOIO MpOUCXOoXkaeHus. CpaBHEHHWE MPOBOJUIOCH IO TAKUM
CTPYKTYPHBIM XapaKTEPUCTHKAM KaK pACHpPENCIICHUE METEOPOMJOB IO MaccaM B IIOTOKE M
npopuiIsiM HUX AaKTUBHOCTH BIoJb opouThl 3emum. [loka3zaHo, 4YTO TOTOKH acTEPOUIHOTO
MIPOUCXOXKACHUS UMEIOT OCOOEHHOCTH B PACHpPENEICHUH MacCc METEOPOHIOB B IMOMEPEYHOM
CCUCHHUH IMOTOKA, a UMEHHO JIJIT KPHUBOU IMapameTpa S xapakTepHa MHOKECTBEHHOCTh MUHUMYMOB.
Ecnu cpaBHMBaTh MpoQuiId aKTUBHOCTH MOTOKOB B 3aBHUCHMOCTH OT aoiarotel ConHIA, TO HE
BBISIBIICHO KaKUX-JTMOO XapaKTePHBIX paznuyuii. J{7s METeOpHBIX OpOUT PA3TMYHBIX TTOTOKOB TaKXKe
aHATM3UPYIOTCS BapHallMd 3HAYCHHUH HIIEMEHTOB OpOUT, MOCTOAHHOW TuccepaHa, BEpXHETro
npexaena D-kputepus. Pabota BeimoHeHa ipu moaepkke rpanta POOU — 747.
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STRUCTURE PECULIARITIES OF THE METEOROID STREAMS OF THE
COMETARY AND ASTEROID ORIGIN

M.G. Sokolova, M.V. Sergienko
Kazan Federal University
E-mail: smarina.63@mail.ru

The hypothesis of the comet and asteroid origin meteoroid streams are widely discussed. The
presence of structure peculiarities of streams of various origin can be used as an additional criterion
in determining the class of their parental bodies.

A comparative analysis was made on such structural features as the distribution of meteoroids
on the masses in the stream, and profile of activity along the Earth orbit. It is shown that the streams
of an asteroid origin have the features in the distribution of masses of meteoroids in the cross
section of the stream. If we compare the profiles of activity streams depending on the longitude of
the Sun, there were no distinctions. All profiles have main peak, and the slopes of the branches of
the profiles before and after the activity maximum change in wide limits. For meteoric orbits of
different streams were analyzed variations in the values of the constant Tisserand and the upper
limit of D-criterion and etc.

The work was supported by grant RFFI — 747.

COMETBASE — MEXKJIYHAPOJHAS BA3A KOMETHBIX HABJIIOJIEHUI

A.O. Houuonox', K.A. I'puiun, T.E. IIpucraBckuii
Terpl'y
E-mail: artnovich@inbox.ru

B Hacrosiiiee BpeMsi OCTpO CTOUT MpodiieMa HeOOXOIUMOCTH €IUHOW MEXAYHApOAHON 0a3bl,
KoTopasi BKItoumia Obl B cebst maccuB pe3ynbraTtoB BU3yanbHbIX, [13C m DSLR-nabmoneHmit
KoMmeT (doToMeTpuuecKue | (PU3MYECKHE XapaKTepUCTUKUM) M MpH YYaCTHMM BEIYyLIMX
npoeCCHOHAIOB B JITOM 00JIacTU KOOpAWHUpOBaia Obl ycwiHs HaOmtomareneil KOMET,
MPEUMYILIECTBEHHO Jro0uTeneil acTpoHOMUM Bcero mwupa. [IpekpacHbIM NpuMepoM MNOJ00HOM
OpraHu3aIiK, KOOPIMHHUPYIONIEH HaOMOJeHUS TEePEMEHHBIX 3BE3M, SBISETCS AMepUKaHCKas
accormanusi Habmogateneit nmepeMmeHHbIXx 3BE3A (AAVSO). Jlns komeT paHee 3Ty (YHKIIHIO
BeimoniHsiia Oasza ICQ (International Comet Quarterly), Ho celivac ona (QakTuyecku He
(GYHKIMOHMpYET, MpPH 3TOM IIOYTH BCE HAKOIUICHHBIE 3a HECKOJBKO JECSATUIETUH apXHUBBI
HEJOCTYMHBI 1711 uccinenosareneit. [lox arumoit JlaGoparopuu actponomuu IletposaBojickoro
rocyJapcTBeHHOro ynusepcutera B 2014 r. Oblna cozgana MexxayHapoaHas MHTepakTHBHas 0aza
koMeTHbIX HaOmromenuit (http://www.cometbase.net/) u mpomomkaer akTuBHO pa3BuBaThcs. Ha
JTaHHBIA MOMEHT 0a3a yXe COJIEPXKUT JIaHHBIE O HECKOJBKHMX THICSYaX BHU3YyalbHBIX HAOIIOJICHUN
KOMET, JTOCTYIHBIX JUIS TPOCMOTpA M CKaYMBaHHA BCeM jkenaronuMm. [lonp3oBarenn 6a3bl MOTYT
J00aBIIATH Pe3yNbTaThl CBOMX BU3YaJIbHBIX HAOIIOIEHUI KOMET C UCTIOIb30BAaHUEM HUHTEPAKTUBHON
dopmbl B nuuHOM KabwmHere wim makeTHo, B ICQ-dopmare. B Hacrosimee Bpems BBOAMTCS
untepdeiic ans pabdorel ¢ II3C- u DSLR-HabmogeHMsMH KOMET, a Takke H30paHHBIMU
HaOIOICHNAMU U3 apxuBa LleHTpa MalbIx miaHer.

COMETBASE - INTERNATIONAL DATABASE OF COMET OBSERVATIONS

A.O. Novichonok®, K.A. Grishin, T.O. Prystavski
'PetrsuU
E-mail: artnovich@inbox.ru

Currently there is an acute demand for unified international database that would include an
array of visual, CCD and DSLR observations reports (both photometric and physical properties) and
with a participation of the leading professionals in this area to coordinate the efforts of comet
observers, mostly amateur astronomers from all over the world. An excellent example of such
organization, coordinating variable stars observations, is the American Association of Variable Star
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Observers (AAVSO). Previously ICQ (International Comet Quarterly) served as a database
of comets, but now it actually does not work anymore, with almost all of the accumulated over
the several decades archives being unavailable to researchers. In 2014 under the auspices
of the Astronomical Laboratory of Petrozavodsk State University the International online database
of comet observations (http://www.cometbase.net/) has been established continuing to develop
rapidly. Currently database contains data on several thousand visual observations, available for free
downloading. Database users can submit their visual observations reports using the online Personal
Cabinet tool or using their ICQ observations bulk uploads. Currently the interface for CCD and
DSLR observations as well as for the Minor Planet Center selected observations archive is
developing.

METO/JI U3MEPEHMUS IIVIOTHOCTH BEPXHEW ATMOC®EPHI 110 JIAHHBIM
BASUCHBIX METEOPHBIX PETUCTPAIIMIA
E.C. KOMapOBal, B.A. JleoHos’, A.B. BarpOB2
'TBOY BIIO UI'Y, Upkyrck, ‘MHACAH
E-mail: eskomarik@gmail.com, leonov@inasan.ru, abagrov@inasan.ru

CranpaptHas atMocdepa 3emiiu npeacTapiseT co00il yCI0BHOE BEPTUKAIBHOE paclpeesieHue
TEMIIEPaTyphbl, JaBJICHHS M IUIOTHOCTH BO3[yXa, OCHOBOW JJis pacyeTa KOTOPBIX CIY)KHUT
O6apomeTpuueckas (GopMysa C ONpEACICHHBIMU IapaMmeTrpaMu. MoJienb XHMHYECKOTO COCTaBa
BepXHeW atMocepbl IMOCTpOEHAa HAa OCHOBE O0OOOIEHHS W aHaIW3a CIYTHUKOBBIX JIaHHBIX
Y JaNbHEHIIeH anmpoKCUMAIlMK 3TUX JaHHBIX HAa MEHBIIHNE BBICOTHI C MOMOIIBIO TEOPETHUYECKOTO
MojenupoBaHus. Takoill moaXoA HE OTpakaeT AMHAMHUKY H3MEHEHHs IapaMeTpoB BepXHEi
atMocepsl. 3oHa MeteopHbIX sBIeHUH (0T 80 m0 120 kM) sBIsETCST 00JACTHIO MCCIICIOBAHUS
B3aMMOJICIICTBUSL METEOPHOro BemiectBa ¢ armocdepoit 3emnn (C TOYKM 3peHHs] (PUIUKU
atMoc(epsl), 1 UMEET HECKOJIBKO aCIIEKTOB, CPEN KOTOPBIX MOYKHO OTMETUTh U3MEHEHHUE COCTaBa,
(U3UKO-XMMHYECKUX CBONCTB aTMocdepbl, BO3SHUKHOBEHHE THIPOJUHAMHUYECKUX BO3MYIICHUH,
MOHM3AIHI0, BO3MYIIEHHE COOCTBEHHOTO U3yUYEHUS IJIaHEThI U APYTHE.

B pabote omucan mMeToa M3MepeHHs IMIOTHOCTH BepXHEW arMocdepbl MO JaHHBIM Oa3UCHBIX
perucrpanii MeTeopoB, IOJYyYaeMbIX Ha TEJIEBU3HMOHHBIX KaMepax, KOTOpbIE HCIOJIb3YIOTCS
OOJBIIMHCTBOM METEOpPHBIX HabmojaTeneid Bcero mupa. Pa3zpaboTaHa MeTOIWKa BBIYMCICHHS
XapaKTEPUCTUK aTMOC(hephl Ha BBICOTAX CrOPAaHUS METCOPHBIX YACTHIl, ABMKYIIUXCS B PEKUME
CBOOOJHO-MOJIEKYNISIpHOTO ~ OO0TekaHusi. Bce HeoOXoaumble AN BBIYUCICHUN  JaHHbBIE
ONpEAENAOTCd M3 TeOMETpUYEecKOd U (OTOMETpUUYECKON 00pabOTKM  MHOTOKAaJpPOBBIX
TEJIEBU3MOHHBIX PErMCTPAalUi HECKOJIBKUX METEOPOB OJHOIO METEOPHOr0 MOTOKA, MOJIYYEHHBIX
B T€UEHHUE OJTHOW HAOIIOATEIFHON HOYHM B MPEANON0KEHUN O CTAOUIIBHOCTH aTMOC(EPHI BO BpeMs
MPOBEJICHUS ITUX HAOTIOACHUIA.

THE DOUBLE STATION METEOR RECORDING DATA UPPER ATMOSPHERE
DENSITY MEASURING METHOD
E. Komarova!, V. Leonov?, A. Bagrov®
'TBOY BIIO UT'Y, Upkytck, INASAN
E-mail: eskomarik@gmail.com, leonov@inasan.ru, abagrov@inasan.ru
The standard Earth’s atmosphere represents conditional vertical distribution of temperature,
pressure and density of air. The barometric formula with certain parameters forms a basis for which
calculation. The model of a chemical composition of the top atmosphere is constructed on the basis
of generalization and the analysis of satellite data and further approximation of these data on
smaller heights by means of theoretical modeling. Such approach doesn't reflect dynamics
of change of parameters of the top atmosphere. The zone of the meteor events (from 80 to 120 km)
is area of research of interaction of meteor substance with the atmosphere of Earth (from the point
of view of atmosphere physics), and has some aspects among which it is possible to note change
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of structure, physical and chemical properties of the atmosphere, emergence of hydrodynamic
indignations, ionization, indignation of own radiation of the planet and others.

In work the method of measurement of density of the top atmosphere according to basic
registration of the meteors received on TV cameras which are used by most of meteor observers
of the whole world is described. The technique of calculation of characteristics of the atmosphere
at heights of combustion of the meteor particles moving in the mode of a free-molecular flow is
developed. All demanded for calculations data are defined from geometrical and photometric
processing of multi frame TV registration of several meteors of one meteor shower received within
one observation night in the assumption of stability of the atmosphere during these observation.

IMPOTHO3 MECT M NOCJEJICTBHUM MAJTEHUSI HEBECHBIX TEJI HA 3EMJIIO
10.C. bonaapenko, 10./l. MenBenen

Wucturyt npukinagHoit actpoHomun PAH
E-mail: bondarenko@ipa.nw.ru

Pa3paborana Meroauka, MO3BOJISIONIAS ONPEACIIATh BEPOSITHBIM palOH MaJeHUS U SHEPTHIO,
BBIJICJIMBIIYIOCS B PE3YJIbTATE MaJICHUsI HEOECHOTO TeJa, ONMPEACIATh TeIUOIEHTPUUYECKYIO OPOUTY
TeJa JI0 €ro BXOXJIeHHUsl B aTMocdepy 3eMIH, a TakKe OLEHUBATh OCHOBHBIE (DaKTOPHI MOPAKECHHUSL.
Paspaborannass MeTtonuka ObUTa peaM30BaHa B IPOTPAMMHO-BBIYMCIUTEIFHOM KOMILICKCE.
Hcnonw3yss mporpaMMHO-BBIYMCIUTEIBHBIA KOMIUICKC, OBLIM HCCICAOBaHBI OOCTOSATEIbCTBA
nagenust acrepouaa 2008 TC3, a taxke Yenssouackoro u TyHT'yCCKOTO METECOPUTOB.

LOCATION AND CONSEQUENCES
OF CELESTIAL BODIES COLLISIONWITH THE EARTH
Yu.S. Bondarenko, Yu.D. Medvedev
IAA RAS
E-mail: bondarenko@ipa.nw.ru

Authors developed and realized method, allowing to simulate the motion of asteroids and
comets in the Earth atmosphere, to determine the region of their probable falling, to calculate
the energy emitted as a result of falling, and also to estimate major factors of damage. Using this
method the motion of Chelyabinsk and 2008 TC3 meteorites and Tunguska event were simulated.
The study of evolution of their orbits before the collision with the Earth was carried out.

CPABHEHME JIMHEWHBIX 1 HEJIMHEHHBIX METO/IOB OLEHKHN
BEPOSATHOCTU CTOJIKHOBEHMUS TEJIA C 3BEMJIEN
JI.E. BaBuaos, F0./1. MenBenen

HHcTuTyT npukiagHoii actponomun PAH
E-mail: medvedev@ipa.nw.ru

Pa3zpaboTan HOBBIN THHEWHBII METO JUIS OIIEHKH BEPOSTHOCTU CTOJKHOBEHUS COMMKAFOIIUXCS
¢ 3emiel actepouzioB. BaxkHoe mMpenmyIecTBO JAHHOIO METO/JAa — HMCIOJIb30BAaHUE YHUKAJIbHOU
KPUBOJIMHEHHOW CUCTEMBI KOOPJMHAT, CBS3aHHOW ¢ HOMMHAIbHON opOuTON actepouna. OmgHOU
W3 KOOPJUHAT JaHHOW CHCTEMBI SIBJISIETCS CpEeAHss aHOMajusl Ha OCKYJIHpYIOIEH opouTte
acrepouza. /JlaHHas cucrema Mo3BOJISET YUECTh IPEUMYILIECTBEHHOE PACIpEAEIEHNE BUPTYaJIbHbBIX
acTepoMJIOB BJIOJIb HOMHMHAJIBLHOM OpOMTHI acrepouga. PazpaboTaHHBI METOJ OCHOBBIBAETCS
Ha TIPEIONIOKEHHH O COXPaHEHWH HOPMAIBHOTO 3aKOHA OMIMOOK KOOPJAMHAT M CKOpOCTEH
acTepon/ia Ha BCEM IPOMEXKYTKE BpeMEHU. BEpOsTHOCTh BhIUKCIAETCSA KaK 6-TH KPaTHBIN HHTETpal
0T (YHKIIUU TJIOTHOCTH BEPOATHOCTH OIIMOOK KOOPAWHAT U CKOpocTeid. Takke Mbl mpeanaraem
METOJIUKY, KOTOpasi MO3BOJISIET COKPATUTH HA HECKOJIBKO MOPSIIKOB BpEeMsI BEIYMCIIEHUS UHTErpalia
BO BBEJICHHOM CHCTEME KOOpAMHAT. J[aHHBIM METOJ HMEET OrPAHUYEHUsS B MCIIOJIb30BaHUU,
CBSI3aHHBIE C MPEANOIOKEHHUEM O TOM, YTO TECHbIE COMMKEHUSI C MACCUBHBIMH OOBEKTAMH MOTYT
HApPYLIUTh HOPMAJIbHBIM 3aKOH pAaCIpPEIENICHUs] BUPTYaJbHBIX ACTEPOUJIOB M MCKA3UTh 3HAYEHUE

37



BEPOSITHOCTH CTOJKHOBEeHUs. B naHHoil pabGore MblI cpaBHMBaeM pa3pabOTaHHBIA METO.X
C JIMHEWHBIM METOJIOM, HCIHOJIB3YIOUIMM JICKapTOBY CHCTEMYy KOOpIWHAT, ¢ MerogoMm Line
Of Variations, ¢ MmeTo10M BapHaluy CpeHEro ABMKEHUs, U ¢ MeTogoM MonTe-Kapio. Pe3ynbrars
ITOKa3bIBAIOT ITPEUMYILIECTBO UCIIOJIb30BaHUS IPEITI0KEHHOW KPUBOIMHEWHON CUCTEMBI KOOPAUHAT
10 CPaBHEHUIO C JIEKAPTOBOW B IMHEHHBIX MeTOJaX. Takke B HEKOTOPBIX CIIydasix pa3paboTaHHBIN
MeToJZia JaeT Oojiee TOYHBIC OLICHKH 3HAUCHHUS BEPOSTHOCTH CTOJIKHOBEHUs, 4eM MeTox Line
Of Variations u MeTo/1 BapHaIiu CpeIHEro ABHKCHUSI.

A COMPARISON OF LINEAR AND NONLINEAR METHODS
OF IMPACT PROBABILITY ESTIMATION
D.E. Vavilov, Yu.D. Medvedev
IAA RAS
E-mail: medvedev@ipa.nw.ru

A new linear method for estimation of the impact probability of near-Earth objects (NEOs) has
been developed. The important advantage of this method is using the unique curvilinear coordinate
system related to the nominal orbit of an asteroid. One of the coordinates of this system is the mean
anomaly in the osculating orbit of an asteroid. This system allows one to take into account
the distribution of virtual asteroids mainly along the nominal asteroid orbit. The method is based
on the assumption that errors in the coordinates and velocities of an asteroid have a normal
distribution at all times. The probability is calculated as a six-dimensional integral of the probability
density function of coordinates and velocity errors. Also, we proposed a technique that allows us
to decrease by several orders of magnitude the time of this integral’s computation in the introduced
coordinate system.This method has a limitation on usage due to the assumption. Close approaches
to massive bodies can break the normal distribution of virtual asteroids and disturb the impact
probability value.

In this work we compare the developed method with a linear method, which uses a Cartesian
coordinate system, with the Line Of Variations Sampling method, with the mean motion sampling
method, and with the Monte-Carlo method. The results show the advantage of using the proposed
curvilinear coordinate systeminstead of a Cartesian one in linear methods. Also in some cases the
developed linear method gives more accurate values of impact probability than the Line Of
Variations Sampling and the mean motion sampling methods.

CAMT JIMTCC HUIIA PAH IIO ACTEPOUJIAM 1 KOMETAM

10.[d. MenBenes, H.U. Anexuna, 10.C. bounapenko, /I.E. BaBuJios,
T.A. Bunorpagosa, H.b. Kexae3nos, O.M. Kouerosa, B.b. Ky3nenos,
I'P. Kacteasn, HO.A. YepHerenko, B.A. lllop, B.A. fIkoBieB

Wncturyt npuknagHoit actporomun PAH
E-mail: medvedev@ipa.nw.ru

Caiit «Actepounsl u Komersr» Jlaboparopun mansix ten Comneunoit cucremsl MITA PAH
3alyMaH C II€JIbI0:CO3/1aTh PYCCKOSA3BIYHBIN NCTOYHUK CBEACHUN O JUHAMUKE aCTEPOMIOB U KOMET,
ONMUPAIOIINICS, B IEPBYIO OYEpEedb, HAa OPUIMHAIBHBIE OTEYECTBEHHBIE HCCIIECIOBAHUS U
pa3paboTKu; OKa3aTh MOMOILIb MPOPECCHOHATBHBIM HCCIIENOBATENsAM M JIIOOUTENSIM B U3YYEHHUU
Manbix Ten ConHedyHOM cuctembl. CalTCOAEPKUT CIEAYIOLME pasfeibl: ACTEpOHIbl, HX
IBUKEHHE, (PU3NUECKHEe XapaKTEPUCTUKHU U MPOUCXOXKICHNE; KOMETHI, UX ABM)KEHUE, PU3NYECKUE
XapaKTepUCTUKU U TPOMCXOKIEHUE, ACTEpOMIHO-KOMETHas omnacHocTh. llocnennuil pasnen
ITOCBAILEH B OCHOBHOM INPEJCKA3aHUIO NAJCHUS MAJIBIX TEJI HA 3€MJIIO U OLICHKE BEPOSTHOCTH ITUX
coObITHl. B 3TOM pasnene ocoboe mMecTo 3aHMMaeT «BBIYMCIMTENHHO-aHATUTHUYECKUH CTEHI»,
KOTOpPBI, ¢ OAHON CTOPOHBI, SIBISIETCS HHCTPYMEHTOM, 00pabaThIBalONIMM B PEalbHOM BPEMEHU
MOCTYMAONIYI0 HHGOpMAIMI0 00 OTKPBITHSX W HAOMIOJCHHUSIX IMOTEHIMAIBFHO OMACHBIX TeJ,
IIPOTHO3UPYET UX JBM)KEHUE U B CIIy4yae, €CIIM TEeJIO IPOHUKAET B 3eMHYIO aTMOC(epy, BOCCO3/1aeT
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BECh CIICHapuii rpaayuiei xaractpodsl. IlapamnensHo crena MoxeT paboTaTh Kak HHCTPYMEHT
oOyueHusi JIEHCTBUSIM B YCIIOBUSIX YPE3BBIYAMHON CUTYallMu, BBHI3BAHHOHN MajJeHHEM HEOECHOro
Tena C 3aJaHHBIMU NapaMeTpaMmu. HakoHel, mojib30Barenb UMEET BO3MOXKHOCTb PEILIECHUs 3ajad
Y BBIIIOJIHEHHS] PAacyeTOB IO €ro JAHHBIM B peXuMe yAaleHHoro gocryna. CIMcoK TakuX 3ajad
BecbMma mupok. B paznene «Commkenus ten ¢ 3emseit u JIyHoi» NpuUBOAUTCS XPOHOJIOTHYECKAs
Ta0JIMlla COCTOSABILMXCS U MPEACTOSIIMX CONMKEHUM Tel, aBTOMaTHYeCKH OOHOBIseMas
1o pe3yibTaTtaM paboThl cTeHaa. B «ApxuBe» MpeacTaBiIeHBl PE3ylbTaThl PACUETOB IPOILUIBIX
CONMMKEHUIA.

SITE"ASTEROIDS AND COMETS" OF THE SMALL BODIES
OF THE SOLAR SYSTEM LABORATORY OF IAARAS

Yu.D. Medvedeyv, N.I. Alehina, Yu.S. Bondarenko, D.E. Vavilov, T.A. Vinogradova,
N.B. Zheleznov, O.M. Kochetova, V.B. Kuznetsov, G.R. Kastel’, Yu.A. Chernetenko,
V.A. Shor, V.A. Yakovlev
IAA RAS
E-mail: medvedev@ipa.nw.ru

Site "Asteroids and Comets" of the Small bodies of the Solar system Laboratory of 1AA RAS
is created to:to create a Russian-language source of information, especially about the dynamics
of asteroids and comets, based primarily on original domestic research and developments; to assist
professional researchers and amateurs in the study of small bodies of the Solar system. Site not only
provides the user with a certain amount of information on the issues, but also gives him
the opportunity to perform some calculations and research. The site contains the following sections:
Asteroids, their motion, physical characteristics and origin; Comets, their motion, physical
characteristics and origin; Asteroid-comet hazard. The last section is devoted mainly
to the prediction of collisions with the Earth and to assessment of the probability of these events.
“Computing and analytic stand” occupies a special place within the section. It is a tool that handles
real-time incoming information about the discoveries and observations of potentially hazardous
bodies, predicts their motion and if the body enters the Earth's atmosphere recreates the entire
scenario of impending catastrophe. Stand in parallel can be used as a learning tool for dealing with
emergency situations caused by the fall of a celestial body of a given size at an arbitrary time and
place at the option of the student.

Finally, the site provides an opportunity to anyone who wishes to solve problems and perform
calculations on its data in remote access. The list of such problems is rather broad.

OLEHKA IMOPAXKAIOIIUX ®PAKTOPOB I1PU ITAJEHUN
OITACHOI'O KOCMHUYECKOI'O OFBEKTA
. Tna3aues, O. [lonosa, B. lllysaJios, B. Ceeruos, U. TpyGenkas
WU PAH
E-mail: GlazachevD@gmail.com
[IpoGieMy NpOTUBOAECHCTBUS aCTEPOUIHO-KOMETHOW OMACHOCTH HEBO3MOXKHO pEIINTh 0Oe3
JIETANBHOTO aHaliM3a BO3MOJKHBIX IOCJEICTBUI MaJeHus Ha 3eMJI0 KOCMMUYECKHX TE€l Pa3HOro
pasmepa. JJisi KOJIMYEeCTBEHHOW OIEHKH THUX TOCIECTBUNA HEOOXOIUMO MPOBEIECHNE YUCICHHOTO
MOJEIMPOBAaHNS yAApOB KOCMHYECKMX TEI B PAa3JIUYHBIX YCIOBHUSIX M CO3JaHUE METOJUKHU
OBICTPO OIIEHKH OCHOBHBIX TMOpaXaronux ¢(aKTOPOB W BO3MOXKHOIO yiiepOa, HCXoas U3
MapaMeTpoB MajaroIiero tena. s OLEeHKH MOCIeNCTBUN BO3MOXKHOTO MAJACHUS I1eIeCO00pa3HO
OTIEpUPOBATh TOPAKAIMUMH (aKTOpaMH M HMX XapakTepucTukamu. K mpumepy, s Takoro
nopaxarorero (akropa Kak yAapHas BOJHA, XapaKTePUCTHKaMHU OyayT pachpeaencHus
M30BITOYHOTO JIABJICHUS W CKOPOCTH BETpa 3a (POHTOM. 3HAUYEHUS ITUX XapaKTEPUCTUK OYyIyT
SIBJISITHCS IETAIBHOM KOJIMYECTBEHHOW OLIEHKOM, KOTOpasl JOJKHA JIEYb B OCHOBY MEPOIIPUSITUI 110
npenynpexaeHuio ymepoda. Kpome 3Toro, Mo>kHO BBHIBECTH OJHY MHTErPajbHYIO OLIEHKY COOBITHSA,
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o0oO0mmaronyto Bce mopaxkarone (pakTopel, HO IJS TOTO JOHKEH OBITh CO3[aH alrOPUTM HX
B3aMMHOI'0 CyMMHUPOBAHUSI U UHTEPIpETalys NOTYy4€HHOr0 3HaYeHUsl Ha HEKOTOPYIO LIKaTYy.

Takoli mMOAXOJ K OLIEHKE IOCIEACTBUH OBLI TOJOXEH B OCHOBY CO3JaHHs 0a3a JaHHBIX
U TIPWIOXKEHUS, MPOU3BOASIIETO pacyeT 3HAYEHUH XapaKTEPUCTHK MOpaXkarolluxX (akTOpoB IpU
MaJICHUH TeJla C 3a/1aBaeMbIMU TapameTpamu. i OBICTPOro MOIy4eHus: pe3ynbTaToB HEOOXOMMO
XpaHUTh OOJIBIIOE KOJIMYECTBO 3apaHee NMPOCUMTAHHBIX OLICHOK Ha IOJPOOHOIN CeTKe BXOAHBIX
apaMeTpoB, TMOCKOJBKY pacyeT OJHOTO COOBITHS Ha MPUMEHSIEMBIX AJITOPUTMaxX JOCTaTOYHO
JOATUN U TpyAaoeMKuil mpouecc. Takum o0pa3oM, OLEHKa HOCJIEICTBHM CBOJAUTCA K BBIIPY3Ke
T'OTOBOI'O 3HA4YC€HHA OLCHKU 1JI1 TCJIa € MAaKCHUMAJIbHO OJIN3KUMH BXOOHBIMU ITapaME€TpaMHu.
[TorpeniHoCTh OLIEHKM HUBEIMPYETCs MpEAIojiaraéMoid MaKCUMalbHO MEJIKOHW CeTKOM ¢ yueToM
[IOTPEIIHOCTEN NCIOJIb3YEMBIX MOJEIIEH.

EVALUATION OF DAMAGING FACTORS
OF DANGEROUS COSMIC OBJECT IMPACT
D. Glazachev, O. Popova, V. Shuvalov, V. Svetsov, I. Trubetskaya
IDG RAS
E-mail: GlazachevD@gmail.com

The problem of counteracting to asteroid and comet hazard cannot be solved without a detailed
analysis of the possible consequences of cosmic bodiesimpacts. Numerical simulations of cosmic
bodiesimpacts in different conditions should be performed and the elaboration of a rapid assessment
methodology for the main damaging factors and possible damage should be created taking into
account parameters of impacting object. To evaluate possible consequences of cosmic bodiesimpact
it is advisable to define impact effects and its characteristics. For example, the pressure and wind
speed distributions behind the shock front are the characteristics of the shock wave as a damaging
factor of the impact. The values of these characteristics will be detailed quantitative estimate
of the impact. These estimates should form the basis for the activities to prevent damage.
In principal, one general value of all risk estimates may be obtained, but algorithm for mutual
summation of these risk estimates and its interpretation on the some scale should be developed
in future.

The DataBase, which implements this approach, and the application, which performs
the calculation of the values of the impact effects characteristics for custom input parameters, were
developed.In order to get quick result it's necessary to store large amounts of pre-calculated
estimates for each point on the possible input parameters grid, because calculation for one event is
time consuming and complicated process.Thus, the estimates of consequences will be reduced to
the selection of the ready-value estimates for the body input parameters as close as possible
to the given input parameters.The error of estimation offset is leveled by fine mesh of the input
parameters, taking into account the uncertainties of the used models.

YEJSIBUHCKHA METEOPOUJI: AHAJIN3 AKYCTUYECKNUX CUTHAJIOB
B OBJIACTH ITPAMOI'O PACITPOCTPAHEHUMSA 3BYKA
E.J. IlonooHas 1, 10.C. Pri0oHOB 1, 1.0. iazaues’,
O.11. Hononal, B.B. IHyBa.]'IOBl, B.A. Xap.naMOBl, 1I1. I[mennncxencz
"MAT PAH, °SETI NASA
E-mail: epodobnaya@gmail.com

YenssOunckoe cobbiTe 15 ¢epans 2013 roma yHUKanNbHO IO KUHETUYECKOH SHEPrUH
KOCMHUYECKOr0 Tejla U MO TMOCIEACTBUSAM (pa3pylIeHUs M TPaBMbl), K KOTOPBIM IPHUBEIO €ro
NajieHusl B HaceJeHHOM MecTtHocTH. Kpome TOro, 3To coObiTHe OBLTO 4Ype3BBIYAHO XOPOILIO
3aJIOKyMEHTUPOBAHO, YTO MO3BOJMIO ONPEEIUTh TOUHYIO TPAEKTOPUIO U OpOUTY KOCMHUYECKOTO
TeJNa, a TaK’kKe 0COOCHHOCTHU €ro B3aMMOJICHCTBHS C aTMOC(EpOi.
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AKyCTHYECKHE CHUTHaJbl OT TMpojieTa W paspymeHus YensOMHCKOro wmereopouja ObUIH
3aperucTpUpPOBaHbl Pa3IMYHBIMU JaTYMKaMH BO MHOTHX IMyHKTaX. bbuia coOpana Oombiias 6aza
JaHHBIX BUAEO- U AKyCTMUECKHUX CHUTHajIoB OT Oonupa. OmnpenenceHUEe MOMEHTOB BpPEMEHU
BCTYIUIEHUM 3BYKOBBIX CHUTHAJIOB B PA3JIMYHBIX MYHKTaX C TOYHO OINpPEAEIEHHBIMU KOOPAUHATAMU
II03BOJIMJIA OLEHUTH IIEJICHI'M U KOOPAMHATBHI MECTa NCTOYHMKA CUTHAJIA, OIIPEIEIUTD €ro XapaKTep.

beulo npoBeneHo cpaBHeHUE HAOIIOAaeMbIX BpEMEH MPUXOJa YAApHOM BOJIHBI B pa3IU4HbIC
MYHKTBI PETUCTPAIIMHN C MOJIENbIO €€ pacnpocTpaHeHus. [loka3aHo BiusHUE BeTpa U aTMOC(HEPHBIX
YCJIOBHI Ha paclpOCTPAHEHUE YIAPHON BOJIHBI.

[IpoBeneHo cpaBHEHHE BOJHOBBIX ()OPM M CIEKTPOB AaKYCTUYECKHX CHTHAJIOB B PA3IHYHBIX
MIYHKTax PErucTpanuu.

CHELYABINSK METEOROID: ANALYSIS OF ACOUSTIC SIGNALS
IN THE AREA OF DIRECT SOUND PROPAGATION

E. Podobnaya’, Yu. Rybnov?, D. Glazachev?, O. Popova’,
V. Shuvalov', V. Kharlamov?, P. Jenniskens?
'IDG RAS, *SETI NASA
E-mail: epodobnaya@gmail.com

Chelyabinsk event of 15 February 2013 was exceptional because of large kinetic energy
of impacting body and the airburst that was generated, creating significant damage and injuries in
a populated area. The meteor and the effects of the airburst were extraordinarily well documented.
Numerous video records provided an accurate record of the trajectory and orbit of the cosmic body
as well as features of its interaction with the atmosphere.

Acoustic signals from the flight and destruction of Chelyabinsk meteoroid were registered by
different sensors in many areas. A large database of video and acoustic signals was collected.
Defining of moments of sound signals entry at various registration points with specified coordinates
made it possible to determine its nature and to assess the bearings and the coordinates of the source.

A comparison of the observed times of shock wave arrival in the various registration points
with the model of its distribution. The influence of wind and the weather conditions on the spread of
the shock wave was showed.

A comparison of waveforms and spectra of acoustic signals at various registration points
was made.

YAAPHASA BOJIHA YEJIABUMHCKOI'O METEOPOUJIA

O.11. Honmsal, B.B. HIyBaJIOBl, 10.C. PblﬁHOBl, J1.O. I na3aqul, B.A. Xapnamonl,
O.A. Ycounbuea', PA. I[ﬂm.ﬂeBZ, E.[. Moxo6nas’, I1. I[;Keﬂﬂuclceﬂc3
YA PAH, TY YpO PAH, *SETI NASA
E-mail: olga@idg.chph.ras.ru

Kpatkocpounbie »¢hdexTsl mnaaeHuit KOCMHUYECKHX OOBEKTOB CBS3aHBI, B OCHOBHOM,
C IpoxokeHneM yaapHsix BoiH (YB). Jlna mpencka3anus mMOCHeACTBUNA BaXKHO MOHUMATh, Kak
TEHEPUPYETCS W PaACHpOCTpPaHSAETCS yJapHas BOJHA, BO3HMKAIOIIAs MPU BXOJE W pa3pylLICHUU
Kocmuueckoro oOwekTa. IlpekpacHo 3amokyMmeHTHpoBaHHOe UYensOuMHCKOE COOBITHE Jalo
BO3MOXXHOCTb MCCIEA0BATH ATH (D PEKTHI.

OnuH U3 MONYJSPHBIX, HO OMIMOOYHBIX CIIOCOOOB OIIEHKH MPOUCXOAIIETO COCTOUT B TOM, UTO
METEOPHOE SIBJIEHUE OTOXIECTBISIETCS CO B3PHIBOM Ha BBICOTE, COOTBETCTBYIOLIEH MAKCUMYyMY
cBeUYeHHUsI (OCHOBHOW BCHBINIKH), U PACCTOSTHUE JIO0 TOYKH B3PHIBA OIEHWBAETCS KaK BPEMS MEXIY
BCIIBIIIKOM U TPUXOJIOM YAApHOM BOJHBI, YMHOXEHHOE€ Ha CKOpPOCThb 3ByKa. IIpocTtas Mozenb
BpeMeHu npuxoja YB u ee cpaBHeHHE ¢ HaOMIOMAaTETbHBIMU JTaHHBIMUA TTOKA3bIBAOT, YTO BpEMs
MPUX0JIa BOJIHBI 3aBHCHUT TOJIBKO OT TPAaGKTOPUU METEOpOuJa U €€ KOHEYHOW TOUYKH (Iocie
KOTOPO 3HEPTOBbI/IEJICHHE CTAHOBUTCS MPEHEOPEKUMO MalbiM) U HE 3aBUCHUT OT TOT0, B KaKUX
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TOYKaX STOW TPAEKTOPHMM M Ha KAKOW BBICOTE IMPOUCXOJWJIN BCIBIMKH. OTH BCIBIIIKHA MOTYT
IeHEpPUPOBATh CBOU JIOKAJIbHBIE yJapHbIE BOJIHBI, KOTOPbIE PACIPOCTPAHIIOTCS BHYTPH 00JacTH,
OTPaHUYEHHOW BHEIIHEM KOHHWYECKOW BOIHOM. OHM MOTYT MNpOSIBIATHCS KaK OTHEJIbHBIE IHKHU
JABJICHHs IIOCJIE IIPUXOJa IEPBOrO OCHOBHOIO BO3MYyILEHHA. KoOnIMYEeCTBO TakuxX IHKOB
Y UHTEPBaJbl BPEMEHHM MEKJYy HUMH 3aBUCAT OT IIAPAMETPOB BCIBIIMIEK U PACIIOIOKEHUS TOYKH
HaOmoneHus. Pe3ynbraThl 4YMCIEHHOro MoJenupoBaHue YB cpaBHUBAarOTCS € HMMEIOLIMMUCA
ayMO3alMCSIMU M €IMHCTBEHHOM HWHCTPYMEHTAIBHOM 3aluChl0 JaBileHUs YB, noiydeHHOU
celicMOCTaHIMen yrojibHOTO pa3pe3a KopkuHo.

CHELYABINSK AIRBURST SHOCKWAVE

O.P. Popova!, V.V. Shuvalov!, Yu.S. Rybnov', D.O. Glazachev?,
V.A. Kharlamov!, O.A. Usoltseva’, R.A. Dyagilev?, P. Jenniskens®
'IDG RAS, °GI UrO RAS, *SETI NASA
E-mail: olga@idg.chph.ras.ru

Short-term effects of cosmic objects entry are mainly associated with the passage of shock
waves (SW). To predict the consequences of the entry it is necessary to understand the SW
generation and propagation, which occurs due to the flight and breakups of the object. Perfectly
documented Chelyabinsk event provided a unique opportunity to explore these effects.

One popular but erroneous way of evaluating what is happening is that the meteoric
phenomenon is identified with an explosion at a height corresponding to the maximum brightness
(main flash), and the distance to the point of explosion is estimated as the time between the flash
and the SW arrival. A simple model of the arrival time of the shock wave and its comparison with
observational data show that the SW arrival time depends on the path of the meteoroid and its end
point (after which the energy becomes negligible) and does not depend in any points of the path and
at what altitude occurred outbreak (peak energy). Brightness maxima associated with breakups can
generate local shock waves, which, however, are distributed within the region bounded by the outer
conical wave. These individual shock waves can occur as individual pressure peaks after the arrival
of the first base disturbance. The number of such peaks and time intervals between them depend on
the parameters of flares and location of the observational point. The results of SW numerical
modeling are compared with the available audiorecords and the only instrumental pressure record
obtained at Korkino coal mine seismic station.

ACTEPOUJIBI KAK UICTOYHUKHA CTPOUTEJBbHOM MACCHI HA OPBUTE
CITYTHUKA 3EMJIN

A.A. JlenkoB, H.A. JiicmonT, P.P. Hazupos
WK PAH
E-mail: aledkov@rssi.ru

«Bpemsa pasbpacbiBaTb KAMHU, U BpeMA cOBMPaTb KaMHU»
BeTxuit 3aBeT, KHUra EKknesnacrta unm MponoseaHuKa,
rnasa 3.

Bynyume mMuccuu 1Mo OCBOGHHIO KOCMOCAa MOTYT MOTpPeOOBaTh JAOCTATOYHO OOJBIION Macchl
MI0JIE3HON Harpy3ku Ha opOuTe cryTHUKa 3eMin. M Bce Mbl MPUBBIKIM K TOMY, YTO JOCTaBKa 3TON
Maccel ocymecTBiasercss ¢ 3emund. CerogHs COBpEMEHHas paKEeTHO-KOCMUYECKash TEXHUKa
MO3BOJISIET BHIBOJUTH Ha OKOJIO3EMHYIO0 OpOHUTY Bcero 23 TOHHBI il pakeTbl-Hocutens [Iporon-M
u 24,5 ToHHBI Ju11 AHrapa 5 (Bo3MOkHbI Oyaymue Mogudukamuu 10 38 ToHH). CTOMMOCTD ITyCKOB
aTUX Hocutene kosebnercs or 80 mgo 100 MiaH. mOUIapoB, TO €CTh CPEOHSAS CTOUMOCTH
KWJIOTpaMMa Ha HU3KOW ormopHoi opoute cocraBisier 40008, a Ha opOute ¢ arnoreem y JlyHsr B 4-5
pa3 OGoutbIre.
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B nannoit pabote npeanaracTcs B KaueCTBE CTPOUTENILHOW MAcChl UCIIOIb30BaTh OKOJI03EMHbBIE
acTepou/bl 3a CYET IPOBEACHUS CIHEIHAIbHBIM 00pa3oM IUIAHUPYEMOH IOCIEN0BaTEIbHOCTH
omepauuii MO WX 3aXBaTy Ha OpPOMTY CIIyTHMKAa 3€MJIM, TJABHOH YacThlO KOTOPBIX SBISIOTCS
MHOT'OKpaTHbIE TPAaBUTALIMOHHBIE MAHEBPBI B OKPECTHOCTH JIYHBI 1 OKPECTHOCTH 3EMIIN.

JlanHblii coco0 mo3BOJIseT yMEHBIIUTH CTOUMOCTH KHitorpamma Maccsl B 1000 pa3, oTKpbIBaeT
HOBBIE BO3MOXXHOCTH JJI MUJIOTUPYEMOM KOCMOHABTUKH, a TAKXKE PsAJl MHTEPECHEHIINX 3a1a4 I10
UCCIIEIOBAaHUIO KaK CAMUX acTepOUOB, Tak U CosHeuHOM CHUCTEMBI B LIEIOM.

O PABPYHIEHUMU KPYIIHBIX BOJIMI0B

JI.A. Eroposa, B.B. Jloxun
HUUA mexanuku MI'Y
E-mail: egorova@imec.msu.ru

HaGuroieHns TOKa3bIBAIOT, YTO PA3pPYIICHUE KPYMHBIX KOCMHYECKHX TEJ MPU HX JIBHKCHUU
B atMocepe 3emnu — o0ObluHOE siBIeHUE. M3BECTHO, YTO KOCMHUYECKHE Tela, JBUTAsChH
B aTMoc(epe, HCHBITBIBAIOT BO3ACHCTBHE adPOAMHAMHYCCKHAX CHJI, M TIEpel TEJIOM MOTYT
pealiu30BaThCs YCIOBUS 3HAUUTEIHHOTO TIOBBIINICHUS JaBICHHUS M TemIepaTypbl. BosHukiime
3a CYET TAaKUX HArPY30K yINPYrue HAMPSHKECHUS BHYTPH TEIa MOTYT MPEBBICUTH MPEIEN MPOYHOCTH
MaTepuaiga Tela, YTO M MPUBOAUT K €ro paspylmeHuto. TeruioBble HArpy3Kd MHPHUBOJISAT
K IOBEPXHOCTHOMY TUIABJICHUIO M WCmapeHuto. Kak mpaBwio, JaHHbIE HAOIOIECHUH BXOja
U cBeUeHHUd OonuaoB B arMmocdepe 000OMArOTCS B BHUAE KPHUBOW 3aBUCUMOCTU BEIUYMHBI
CBETHUMOCTH OT BpeMeHH. YacTo CBeTOBas KpUBas JUIsl KPYITHOTO 0OJIMa MMEET HEKOTOPBIN OIBEM
MOCJIe Havaja CBEYEHUS U PE3KHI MUK CBETUMOCTH C TUIABHBIM MTOTacaHUeM 3a HUM. MBI mojiaraem,
9TO PE3KHi MUK CBETHMOCTH CBHJCTEILCTBYET O B3PHIBHOM XapakTepe IMpoIiecca pa3pyIICHUS.
B noxmane o0CcyKaaroTcs pexUMbl pa3pyIIeHUs sl U3BECTHBIX OOJIUIOB.

Pabora BemosnHeHa npu nmoanepxkke rpanta PODU Ne14-01-00775a.

ABOUT DESTRUCTION OF LARGE FIREBALLS

L.A. Egorova, V.V. Lokhin
Institute of mechanics MSU
E-mail: egorova@imec.msu.ru

Observations show that the destruction of large cosmic bodies moving in the Earth's atmosphere
is a common phenomenon. It is known that cosmic bodies moving in the atmosphere are exposed to
aerodynamic forces and at the front of the body can be realized a significant increase of pressure
and temperature. Arising due to such loads elastic stresses inside the body may exceed the tensile
strength of the material body, which leads to its destruction. Thermal stresses lead to surface
melting and evaporation. As a rule, the observational data for fireball in the atmosphere are
summarized in the form of the light curve as the dependence of the luminosity versus the time. Part
of the light curve for a large fireball has some rise after the start of illumination and a sharp peak of
luminosity with smooth extinction after the peak. We suggested that the sharp peak indicates
the explosive nature of the destruction process. The report discusses the destruction modes
for the known fireballs.

The work was supported by RFBI grant 14-01-00775.
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ACTEPOUJTHO-KOMETHAS OITACHOCTb U MUYC POCCHUMN.
YTO XKAET MUYC OT ACTPOHOMUUN?
JI.B. PLIXJIOBal, Al KpaMlmueB2
"MHACAH, *®I'BY BHIUU I'OUC (PLI)
E-mail: rykhlova@inasan.ru

[Ipobnema actepouiHO-KOMETHOM omacHocTr npuzHana OOH kak kKoMIuiekcHas Tiio0abHast
npobnema, crosimas nepen udenoBeuectBoM. MUC Poccum mpusHaeT HEOOXOAMMOCTb DPELICHUS
po0JIeMbl aCTepOMIHO-KOMETHOM ONAacCHOCTH B KadeCcTBE «BaKHEillIed (QyHKIHMU rocyaapcrBa
o 00ecIeueHNI0 OE30MaCHOCTH KaXKOTO PETUOHA U CTPAHBI B IIETIOM).

B npoknmage mpencraBieH aHanu3 ocoOeHHoOcTed pernoHoB Poccum ¢ TOUKM 3peHUS UX
MOJIBEPKECHHOCTH BO3JICHCTBUIO OMACHBIX MPUPOTHBIX U TEXHOTCHHBIX IPOIECCOB, OCOOCHHOCTEH
UH(PACTPYKTYphl TEPPUTOPUN KaK (DAKTOPOB pUCKA, XAPaKTEPUCTHKU CTEIIEHH OTHOCUTEIHHOIO
pucka 1o okpyram u JAp. Ilepeuncrnensl oduIHManbHbIE TOKYMEHTHI © llocTaHOBIIGHUS
[IpaButensctBa P® ot 2000 u 2002 romoB o co3ganun B coctaBe PCUC «EnuHoil cuctemsl
MPEAYNPEKACHHUS U JIMKBUIAIIUN YPE3BBIYANHBIX CUTYAIlU KOCMUYECKOTO XapakTepay. Y TOUHEHO,
onHako, 4to «YC, cBszannbie ¢ AKO U MeTeopuTHOH OMacHOCThIO, OYyAyT paccMaTpUBaThCs
TOJBKO MO MEpe TMOJYYCHHS] MPAKTUYECKU 3HAYMMBIX PE3YJIbTATOB HCCICIOBAHUM B JaHHOU
obyacTm».

OyHIaMeHTalIbHAasl Hay4yHas MpoOJieMa  acTepOMHO- KOMETHOM  OMAcHOCTH, Oyaydu
r00ambHOM  MEXKIYHApOJHOW  MpoOJeMON  MEXKIUMCHUIUIMHAPHOTO  XapakTepa, Tpedyer
B3aMMOJICHCTBUS aCTPOHOMHH U TeO(DH3UKU, ONTHKA U MUHEPAJIOTHH, KOCMHUYECKHX TEXHOJOTHI
Y COBPEMEHHOM BBIYMCIUTENbHON TEXHUKH, MOJUTUKH U MEXAYHAPOAHON KOOIEpaliy | IIp.

Uto HEOOXOIUMO ClIEeNIATh:

- pa3paboTaTh TEXHOJOTUH, CIOCOOHBIE JOCTOBEPHO U 3a0JIaroBpeMEHHO MPOTHO3UPOBATH
MajicHuEe ONAacHbBIX HEOECHBIX TENI Ha 3eMIIIO;

- pa3paboTtate QpyHAAMEHTAIbHBIE KPUTEPUH I MPUHSATUS BO3MOXKHBIX MEpP MPEOTBPAIICHUS
CTOJIKHOBEHHI OOBEKTOB, COMMKAIOMIMUXCS ¢ 3eMilell U KPUTEPHUEB ONpEAENCHUsI CTENIEHH Yrpo3bl
(cremenu pucka) Ui KaKJO0To OMAacHOTO BapHaHTa Pa3BUTHUS COOBITUH.

-MPOBECTU B JIOCTATOYHOM O0BbEMe Hay4dHbIe U (DyHIAMEHTAIHHO- MMOWCKOBBIE MCCIICIOBAHUS
0 CO3JIaHUIO 3a7iella, MO3BOJISIFOIIET0 00eCeYnTh aKTUBHOE MPOTUBOJICHCTBHIE MAJACHUIO OMACHBIX
HeOECHBIX TEI;

- MIPEOJI0JIETh HENOOIEHKY Ha ['ocyapCTBEHHOM M MEKIOCYJapCTBEHHOM YPOBHE Ba)KHOCTH
paboT 1O TPENOTBPAIICHHIO KOCMHUYECKHX yrpo3 WIM NPUHATHIO S(G(EKTUBHBIX  Mep
T10 JIMKBUJIALIUU TTOCJIEICTBUI.

THE ASTEROID HAZARD FROM NATIONAL SECURITY PERSPECTIVE:
WHAT DOES THE RUSSIAN MINISTRY FOR THE EMERGENCY SITUATIONS
EXPECT FROM THE ASTRONOMERS?

L.V. Rykhlova', A.P. Kramintsev?

'INASAN, °FGBU VNIl GOChS (FTs)

E-mail: rykhlova@inasan.ru

The asteroid hazard is now acknowledged by the United Nations as a global challenge to the
Mankind. The Russian Ministry for the Emergency Situations today considers its mitigation to be
‘'one of the most important governmental obligations in the provision of the national security.'

In our report we analyze exposure of the different Russian regions to the man-made and natural
disasters, according to their infrastructure and population density. In 2000 and 2002 the Russian
Government enjoined the Ministry to take responsiblity for dealing also with the asteroid impacts.
However, it had stipulated that the preventive mitigation measures would only be considered
on the results of astronomical research.
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The asteroid hazard mitigation requires an interdisciplinary synthesis of all advancements
in astronomy, computers, optics, geophysics, mineralogy, propulsion and spacecraft technologies,
which only can be achieved through international cooperation. Its ultimate success, however,
depends on the political will.

We, therefore, must:

— develop the reliable asteroid collision early warning methods;

— set the basic criteria for the collision risk evaluation and for decision-making in emergency
under the various scenarios;

— conduct the fundamental scientific studies in the deflection of the hazardous celestial bodies;

— do everything to overcome complacency towards the asteroid hazazard among the certain
polititians and general public.

AHTUKPU3UCHOE YIIPABJIEHUE CUJIAMUA U CPEACTBAMU MUYC POCCHUH
B YCJOBHUSX ACTEPOUJTHO-KOMETHOM OITACHOCTHA
M.U. Caseanbes
®I'bY BHUM I'OUC (PLI)
E-mail: savelev-22@mail.ru

3a nocienHee BpeMs MHPOBOE COOOLIECTBO CTAJIO CBUJECTENIEM KPYIIHBIX aBapHil U KaTacTpod
TEXHOTCHHOIO M IIPUPOJHOIO XapakTepa, BKJIKOYas MPUPOJHBIE SBICHUS KOCMHYECKOIO
npoucxoxaeHus. 15 ¢espana 2013 roga Hama cTpaHa HENOCPEICTBEHHO OLIYTHJIA MOCIEACTBUS
BTOp>KeHUs ornacHoro HebecHoro Tena (OHT) u Bo3ayminbil B3peiB UenssOMHCKOro MeTeopuTa.

[To nmepBuuHbIM nopaxatromuM ¢akropam BropxkeHne OHT B okoj03eMHOE MPOCTPAaHCTBO
MOKET COIPOBOXK/AATbCSA yJIapHBIM BO3JCHCTBHEM IIPH CTOJKHOBEHHUU C IOBEPXHOCTHIO 3EMIIH,
BO3JYIIHOW yIapHON BOJHOW, CBETOBBIM H3JIyYEHHEM, DJIEKTPOMArHUTHBIM HUMIIYJIbCOM, CEHCMO-
U aKyCTUYECKMM BO3MYIIEHHEM U Jp. Bropuunble mnopaxaromue (akTopsl NpOSBISIOTCS
BCJIEJICTBHE YJApHOTO M CEHCMHUYECKOTo BO3JCHCTBHA Ha paJuallMOHHO-, XMMUYECKH U OHMOJIOro
OTIacHbIE OOBEKTHI, a TAKXKE Ha TUAPOTEXHUUECKHE COOPYKEHUSI.

IIpu oneHke cUTyanuu M MOATOTOBKE PELICHUN 10 PEArMpOBaHUIO HA aCTEPOUIHO-KOMETHYIO
OMAacHOCTh BakHAsi PoOJib B IUKJIE ympaBieHus cuiamu u cpeactBamu MUC Poccunm orBoauTCs
cucrteMe npenynpexaeHus u nporusozaeiicteus AKO, a no ouenke nocnenctsuil Bropxeruss OHT
B 30He YC — cucreMe a’poKOCMHUYECKOT0 MOHHUTOPHHIAa M MPOTHO3a YPE3BBIYANHBIX CHUTYyalUl
IIPUPOJHOTO U TEXHOICHHOI'O XapaKTepa.

K coxanenuto, B Hacrosiiiee BpeMsi B KOHType yIpamieHusl cuiamu u cpeacrBamu MUC
Poccun u PCUC otcyrcTBytoT Takue cucteMbl. HeoOxonumo mpunstHe (enepanbHOl 1ieneBoi
Hay4YHO-TEXHUYECKOM MPOTPaMMBI 110 CO3JAHUIO CUCTEMBI NMPEAYNPEKACHUS U IPOTUBOAECHCTBUSA
acTepOUIHO-KOMETHOM OomacHOCTH Kak (yHkuuoHanbHOW mozacuctemsl PCUC. [lpennonaraercs
peanu3anys 3TOW MPOrpaMMbl B KadecTBe noanporpaMMbel  DenepalbHOM  KOCMHYECKOM
nporpaMMbl— 2025, HO TpeIMET APYroro I0KiIaaa.

CRISIS MANAGEMENT AT THE RUSSIAN MINISTRY FOR THE EMERGENCY
SITUATIONS WITH REGARD TO ASTEROID HAZARD

MLI. Savel’ev
FGBU VNII GOChS (FTs)
E-mail: savelev-22@mail.ru
In recent years the international community has had to cope with a number of large-scale
accidents and natural disasters, including those originating in the outer space. Thus, on February 15,
2013 the Russian city of Chelyabinsk was shaken by a mid-air explosion of a sizable meteorite.
The primary destructive factors in a collision of a large celestial body with our planet are heat
flash, electromagnetic impulse, shock wave, sonic booms, the impact proper, the tidal waves,
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earthquakes and aftershocks that follow it. No less destructive might prove to be the consequential
damage, arising from the release of toxic substances, floods of water and radition from chemical
plants, reservoirs and nuclear reactors, destroyed or damaged by the impact.

In order to be able to manage such a crisis, the Russian Ministry for the Emergency Situations
must have at its disposal an asteroid collision early warning system and an aerospace accident &
disaster monitoring system, that would provide it with information about the situation in
the affected area.

Regrettably, both of these systems are still absent. It is nesessary to set them up as functional
units within the Ministry's control structure, which task might be included into the Federal Space
Program 2025. This, though, is a subject of another report.

Ob YPABHEHUU COCTOAHUA ®POPCTEPUTA

C.A. MemepsikoB, FO.M JInnHuukui
HWWmaim
E-mail: smeshcheryakov@mtu-net.ru, lipniju42@mail.ru

Jiis aHann3a AMHAMUKW HMCIAPEHUS W KOHJECHCAMU aCTEPOUHOIO BEIIECTBA MPEITI0KEHO
WCIIONb30BaTh  ypaBHeHUe  coctosiuus  Pemnmmxa-KBonra.  Ilomydyen — monnblii  HAbop
TePMOAUHAMUYECKUX (PYHKUUN, HEOOXOAMMBIX JUIs Ta30JUHAMHUYECKHX pacueToB. B KkauecTBe
npuMepa pPacCMOTPEHO ypaBHEHUE COCTOSHHUS i mmapoB Qopcrepura. s momydeHus
KOHKPETHBIX [TapaMETPOB YPAaBHEHUSI COCTOSHUS MCIOJIb30BaHbl U3BECTHBIC JAHHBIC 10 3HAYECHUSIM
KPUTHUYECKOTO JABJICHHUS U TeMIeparypbl (opcTepuTa, a TakkKe OLCHKH JUIS MOJSPHON
TEIUIOEMKOCTH TapoBoil (a3el. PaccmoTrpeHa pauHamMuKa pacimiupeHus IMapoB (opcrepura
U3 CBEPXKPUTHUECKOTO COCTOsIHUSL PaccunTan «koynokoin» (pa3zoBoro nepexona, NpoaHaaIu3upOBaAHO
JIBUKEHHE aKyCTUYeCKUX BOJH. [lomyueHHBIE pe3ylnbTarbl MOTYT OBITh MCIIOJIB30BAHBI Kak JIJIst
pacdera OTKIIOHEHHUs acTepoua C MOMOIIBI0 OTHECEHHOTO SIIEPHOTO B3pbIBA, TaK W JJIS aHAIIA3A

SBOJIOLIMHU IPOTOCOIHEYHOM ra30NbUIEBOM TYMaHHOCTH.

ON THE EQUATION OF STATE OF FORSTERITE

S.A. Meshcheryakov, Yu.M. Lipnitskiy
TSNIImash
E-mail: smeshcheryakov@mtu-net.ru, lipniju42@mail.ru

There is proposed the full set of thermodynamic functions for Redlich—-Kwong equation of state
that can be used to analyze the dynamics of condensation of matter evaporated by a nuclear
explosion. It is important to more accurate calculation of the momentum given to an asteroid
by a nuclear explosion. The equation of state of forsterite is examined as an example that has
a practical meaning and can have prospects for advances. The known data on the values of critical
temperature and pressure as also thermal capacity are used. The curve of the phase transitions
between vapor and liquid is determined. There are analyzed the dynamic of expansion
of the forsterite from supercritical state.

I'maPOCUIMUKATBI MOI'YT BbITh IPEOBJAJAIOLIIUMHU B BELLIECTBE
ACTEPOHUJAOB 145 AIEOHA, 704 UYHTEPAMHUA U 779 HUHA

B.B. Bycapenl’z, C.N. Bapaﬁaﬂosz, B.C. PycaKOBS, I'K. Kpl/lBOKOHeBa4, B.b. l'[y:mn2
'TAMIII MT'Y, ‘MHACAH, *®usuueckuii haxyasrer MY, “BUMC

Msr1 yxe coobmanu Ha nipeamectytomei konpeperuu (O3A-2013) o moaydeHUn CIEeKTPOB
orpaxxeHust acrepouioB 145 Aneonst (C wmu Ch), 704 Unrtepamuuu (F wiu B) u 779 Hunb
Mwmwm X) mo crnexkTpopOoTOMETPUYECKUM  HM3MEPEHUSM, BBINOJTHEHHBIM B  JIMAIa30HE
0.35-0.92 mxm Ha 2-m Teneckone Tepckonbekoro gumuana MHACAH B 2012 r. Xots yka3zaHHbBIE
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BHIIIIE B CKOOKax HW3BECTHBIE TAaKCOHOMHYECKHE THUITBI ITHX AacCTEPOMIOB MO KIACCHPHUKAIUSM
Tholen (1989) u Bus-Binzel (2002) pasnuuarorcs, riaBHbIC 0COOEHHOCTH UX CIIEKTPOB OTPaXKEHHUS
MPAKTUYECKH COBIAMAIOT. TakKMMH OCOOCHHOCTSMH SIBISIOTCS TIOJIOCHI TIOTJIOMICHUS C IEHTPaMU
y 0.38, 0.44-0.46 u 0.70 MKM, KOTOpBIC, BEPOSATHO, BBI3BIBAIOTCS DSJCKTPOHHBIMH IE€PEXOAaMHU
B COCEIHMX IapaxX MAarHUTHO-CBSI3aHHBIX KaTHOHOB Fe**-Fe** wwm Fe*-Fe** s peroJimre.
CrhenaHo mpenrnoyiokeHue, 4YTo 3HaUMTeNIbHbIE YacTU MOBEpXHOCTH AnieoHbl, HTepamMunu u Hunbl
MOKPBITHI BEIIECTBOM OJIM3KOTO COCTaBa, MPEICTABISIFONIETO CO0OW CMeCh THUAPOCHINKATOB
CEpIIEHTUHOBOIO THIIA, YTIUCTOrO BEIIECTBA, TOJ0OHOIO YIIIMCTHIM XOHAPUTAM, W/UIIM MarHeTHUTA.
OTO MOATBEpPXKIACTCS  JTAOOPATOPHBIMU  CIIEKTPaMU  OTPAKEHUS W MHUKPO30HIOBBIMH,
MeccOayIpOBCKUMU M PEHTTeHO-(Pa30BBIMU HCCIEAOBAHUSMU HHU3KOKEJIE3UCThIX CEPIECHTHHOB
(c obmum conepxkanuem FeO/Fe;O4 He Oosee 2 mac. %), SBISIONIMXCS aHAJIOTaMH BEIIECTBA
paccMmarpuBaeMbIx actepousioB. Hamu oOHapykeHa BbICOKas KOPPENISLHs HHTEHCUBHOCTHU MOJIOCHI
noriomieHus y 0.44-0.46 MKM B CIIEKTpax OTPaXKEHHS dTUX 00pa3IoB ¢ COJEPKaHUEM B HUX Fe*.
[lonyuyennble pe3ynpTarbl o3HayaroT, 4yTo mnonoca y 0.44-0.46 MKkM sBIsSE€TCSd HaJIEKHBIM
urnkaropoM Fe¥*, Bxomsmero, iaBHbIM 06pa3oM, B MUHEpaIbHbIC pA3HOBHIHOCTH CEPIICHTHHA.

HYDRATED SILICATES MAY BE PREVALENT IN THE MATTER OF ASTEROIDS
145 ADEONA, 704 INTERAMNIA, AND 779 NINA

V.V. Busarev® 2, S.I. Barabanov?, V.S. Rusakov®, G.K. Krivokoneva®, V.B. Puzin?
ISAI MSU, 2INASAN, *Physical Department of MSU, “VIMS

We have reported at the previous conference (NEA-2013) about obtained reflectance spectra
of asteroids 145 Adeona (C or Ch), 704 Interamnia (F or B), and 779 Nina (M or X).
The corresponding spectrophotometric data were registered in the range of 0.35-0.92 um with 2-m
telescope of Terskol branch of IA RAS in 2012. Although the above mentioned in brackets known
taxonomic types of the asteroids according to classifications of Tholen (1989) and Bass-Binzel
(2002) differ, the key details of their reflectance spectra practically coincide. Such details are
absorption bands centered at 0.38, 0.44-0.46 and 0.70 um, which are probably caused by electronic
transitions in adjacent pairs of magnetic bound cations Fe®*-Fe** and/or Fe**- Fe** in the regolith.
The assumption is made that significant parts of the surface of Adeona, Interamnia and Nina are
covered by a substance with a similar composition, being a mixture of hydrated silicates
of serpentine type, carbonaceous material similar to carbonaceous chondrites, and/or magnetite.
This is confirmed by laboratory reflectance, electron microprobe, mossbauer and X-ray phase
studies of low iron serpentines (with general content of FeO/Fe3O4 no more than 2 wt. %), which
are analogues of the substance of the considered asteroids. We found a high correlation
of the intensity of absorption band at 0.44-0.46 um in the reflectance spectra of these samples with
the content of Fe**. It means that the band at 0.44-0.46 um is a reliable indicator of Fe**, which
is included mainly in the mineral species of serpentine.

O UMITAKTHOM IMPOUCXOKJIAEHUSA O3EPA PABUTA KVJIb, PECITYBJ/IUKA
TATAPCTAH: 1OBO/bI B ITIOJIB3Y 'NIIOTE3bI
B.A. lleasmosuu’, PX. CyHraTy.mmHZ, P.A. Bagpun
Teodusmueckas o6cepparopus «Bopox», hummar UD3 PAH
’KasaHcKkuii (e/lepabHBIi YHHBEPCHTET
E-mail: tselm@mail.ru, rafael.sungatullin@kpfu.ru

MHorue o3epa MO3IHEYETBEPTUUHOTO BO3pacTa B ceBepHOW yacTh BoctouHo-EBpomneiickoii
m1atGopMbl UMEIOT JIEAHUKOBOE, KAPCTOBOE WM HMMIIAKTHOE MPOUCXOXKICHHs. VIMmakTHbIe
CTPYKTYpBI TO3AHEYEeTBEpTUYHOTO (70 50 THIC. JIET) BO3pacTa BBI3BIBAIOT B IOCIEAHEE BpEMS
MOBBIIICHHBIA UHTEPEC HCclieoBaTeNeil B reoHaykax. CylniecTByeT MPEeANOI0KEeHHE, YTO Pa3BUTHE
COBPEMEHHON YEJOBEYECKOW MMBWIM3ALMHN KOPPEIUPYET C WM3MEHEHUSMHM KiMMara Ha 3emJe
B JJAaHHBIN TIEPUOJI, KOTOPHIE, B CBOIO OYEPEh, MOTYT OBITh CBSI3aHBI C MOCJIEICTBUSMU TaJCHUS
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KOCMUYECKHX Tel — «UMIIAKTHBIE 3UMBD». [IpUBENEHBI TEOJIOTHMYECKHEe U MHHEPAIOTHUYECKUE
JI0OKa3aTelIbCcTBa HMMIIAKTHOTO TIPOMCXOKJEHUS KOTJIOBHMHBI o3epa Pabura Kymp Ha rpanuie
MO3HETO IJIEHCTOIIeHA — TOJIOIeHA. B MOIb3y MMITAKTHOTO MPOUCXOXKACHUS 03€PHON KOTIIOBUHBI
CBUJICTEIBCTBYET COOTHOIICHHE JHaMeTpa M TJIyOMHBI KpaTepa o3epa, a TaKKe HaIH4ue
KOCMHUYECKOTO0 BENIECTBA B UYETBEPTHYHBIX OTJIOKEHHSIX BOKpPYr o3epa. OOHApyKEHBI
MHUKPOCKOIIMYECKHE HMHIAMKATOPHI HMMIIAKTHOrOo coObitus: camopoausie  Fe,Ni,Cu,Zn,W,Al
WHTEPMETAUIAbl, MArHETHUTOBBIE MHUKpPOC(Ephl, YaCTUIBI MarHeTUTa U aJIOMOCHINKATa
C OIUIABJICHHOH KOPKOW. OTH pe3yibTaThl SBISIIOTCS CBUACTEIBCTBOM B IOJIB3Yy  MMIIAKTHOU
MPUPOIBI KOTJIOBUHBI 03epa Pabura Kymnp. Haxonkum MUKpoyacTHIl - HHIUKATOPOB MMITAKTOB JIISI
o3epa Pabura Kymp pacmmpsioT o001acTh TOHMCKOB HEOOJBIIMX KPATEPHBIX CTPYKTYP
B MO3JHEYETBEPTUYHOE BpEMsI B €BpoIeickoi yactu Poccun. JlONOJHUTENBHBIM MOATBEPKIACHUEM
reHesnca ozepa Padbura Kyib MOryT mociyXuTh MPOXOAKa CKBAXXUH U IUIOINIAIHBIE TeOPU3nIECKUE
UccieoBanus (TpaBUMETPHS, paJapHasi CbeMKa, TeIUIOBU3HMOHHAs TOMOTpadus).

ABOUT THE IMPACT ORIGIN OF RABIGA KUL LAKE, REPUBLIC OF TATARSTAN:
ARGUMENTS IN FAVOR OF THE HYPOTHESIS
V.A. Tselmovich®, R.H. Sungatullin®, R.A. Vafin
! Geophysical Observatory "Borok", a branch of IPE RAS, ? Kazan Federal University
E-mail: tselm@mail.ru, rafael.sungatullin@kpfu.ru

Many lakes Quaternary age in the northern part of the East European platform are of glacial,
karst or impact origin. Quaternary impact structures (up to 50 thousand years) age caused recently
increased interest of researchers in geosciences [Wittke et al., 2013]. There is speculation that
the development of modern human civilization is correlated with changes in the Earth's climate
in a given period, which, in turn, may be associated with the consequences of the fall of celestial
bodies - "the winter of impact.” Given the geological and mineralogical evidence of impact origin
of the lake basin Rabiga Kul on the border of the Late Pleistocene - Holocene. In favor of impact
origin of the lake basin indicates the ratio of the diameter and depth of the crater lake, and the
presence of space matter in Quaternary sediments around the lake. Found microscopic indicators
impact event: Nuggets Fe, Ni, Cu, Zn, W, Al intermetallic compounds, magnetite beads, magnetite
particles and silica-alumina with a melted crust. These results are a testament to the nature of the
basin IMPACT Rabiga Kul lake. Found microparticles - Impact indicators for the lake Rabiga Kul
expand search area small crater structures in the Late Quaternary in the European part of Russia.
Further confirmation of the genesis Rabiga Kul lake may serve sinking wells and areal geophysical
(gravimetry, radar imaging, thermal imaging).

MHUT'PAIIUA OTACHBIX METEOPOHUJAOB: OT IIVTAHET-TUT'AHTOB K 3EMJIE

H.N. Heponl’z, A.A. Caxanopa’
'TAVK 510 «Ilertp umenn B.B. Tepemkopoii», “>*®IBOY BIIO «ITTTY nvenn K.JI. VmHCKOro»
E-mail: perov@yarplaneta.ru

VYcranaBnmuBaroTCs 00J1aCTH JABMKEHUS OMACHOTO METEOPOHUJa C HYJIEBOW MAacCOM B IJIOCKOM
OrpaHUYEHHOU KpyroBoi 3amaue Tpex Tten: Comune (mMi)-FOmurep (my)-mereopoua (Ms). rip=1.
OOnHapyxeHOo: a) MpU HAYaJIBHOW HYJIEBOM CKOPOCTH dYactuia u3 obOsmactu lOmurepamocturaer
TOJIbKO opbuThl Mapca (puc. 1); 6) Ha pucyHkax 1 u 2 CKOpOCTh METEOPOUAA pPaBHA HYIIO TOJIBKO
B HAYaJIbHBIH MOMEHT BPEMEHH; B) CYIIECTBYIOT «CTPaHHBIE» TPAeKTOpHH (pHC.2); T) OMacHbIE
METEOPOUJIbI MOTYT TEPEeXOJIUTh C TIUIAHETOLIGHTPUUECKUX OpPOUT Ha TEIHOLIEHTPUYECKHUE U
oOpaTHO.
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MIGRATION OF HAZARDOUS METEOROIDS:
FROM THE GIANT PLANETS TO THE EARTH
N.I. Perov'? A.A. Sakhanova?
'Cultural and Educational Centre named after VV.V. Tereshkova, 2YSPU named after K.D. Ushinskii
E-mail: perov@yarplaneta.ru
Below, we consider the region of motion of a particle with negligible small mass ms in the
frame of the planar circular restricted three body problem. Let us, m; and m, are mass of main
bodies, ri,=1is a distance between these bodies. We find the region of the meteoroid motion,
- distance r3, (rs=rs(Xs, y3)) in respect of the system center mass, — and numerically investigate the
region of the particle stability motion (in closed region), using method of Runge-Kutta integrating,
We obtain the results:a) Small bodies with zero velocity do not migrate from Jupiter to the Earth.
In this case they migrate only to the Martian orbit (Fig. 1); b) For the regions (Fig.1. — Fig.2.)
the velocity of mz equals zero only in initial moment of time but usually the corresponding curves
are plotted, mainly, only for V=0, c) In Fig. 2. “strange” closed trajectory of small body ms in the
system “the Sun and Jupiter” is presented; d) Fig. 1 is not contradicted with the celestial mechanical
model of some meteoroids origin (transfers from planet centrically to heliocentrically orbits and
vise — verse).

Puc.1. Murpanus mereopouia Puc. 2. Murpanusa mereopouia
ot lOnurepa no opOutel Mapca. OT Iosica aCTEPOUIO0B 10 3eMIIH.
X30=€, £=1.0578. X30=- Xot¢g, X2:1048/1049, £=0.3.
t=5000 enuHUI BpEMEHHU. t=1770 enunun BpeMeHu

O PE3VJIBTATAX IOUCKA COBMECTHBIX ®OTO-PAANOJITOKAIIMOHHBIX
HABJIOAEHUN METEOPOB B TAJTVKUKUCTAHE
M. Hap3ues
Wucruryt acrpodusnkn Akagemun Hayk PecryOnuku Tamkukucran
E-mail: mirhusseyn_narzi@mail.ru
Ha ocHoBanuu onyOiaMKOBaHHBIX JaHHBIX B CBOJHOM KaTajlore 3J€MEHTOB OpOUT M KPHUBBIX
6necka MeTeopoB, chororpadupoBannsix B MHcTuTyTe actpodusuku AH PT ([yman6e), a Taxke
JAHHBIX TEPBUYHBIX PaJMOJIOKALIMOHHBIX HAOIIOJEHHI METEeOpOB, MOJIYYEHHBIX Ha KOMILIEKCE
MUP-2 B 1977-1980 1r. B I'mcAO, mnpousBeneH TIOUCK OJHUX U TEX KE METEOPOB,
3apEeTUCTPUPOBAHHBIX OJHOBPEMEHHO (oTorpaduueckoil W paauoIOKalIMOHHON ammaparypoi. B
pe3yabTaTe aHalM3a 3TUX HaOIOJEHUI MONMy4YeHbl JaHHble § OOIMIMX COBMECTHBIX (HOTO-
PaZMOIOKAIIMOHHBIX METEOPOB. J{JIs1 KayKJI0ro U3 3TUX METEOPOB MPUBOAATCS CIEAYIOIINE JaHHBIE:
pasMaHT, CKOPOCTh, 36HUTHOE PAcCTOSHUE paJHaHTa; BBICOTHl Hadajga, MakCHMyMma, KOHIA ciena
MeTeopa M 3HaueHHe a0COIIOTHOM 3BE3/IHOM BEJIMYMHBI HA BICOTE MakcuMyMma Osecka. [1o kpuBbIM
Onecka M JaHHBIM PaJMOJIOKAIIMOHHBIX HAOMIOACHUHN AJS 3epKalbHO-OTPAKAIOIIMX TOYEK ciena
MOJIy4EHbI 3HaYEHUsS] a0COJIOTHOM 3BE3AHON BEIMYHMHBI U JJIUTEIBHOCTh pannodxo. M3MepeHHbIe
aOCONIOTHBIC 3BE3/IHbIC BEIUYMHBI B TOYKAX paJAMOOTPAXKEHHS cjena JekaT B JUara3oHe
-0.5™ + -5.5™ a [UIMTETHLHOCTD paanosxo HaxoauTces B uHTepBaie ot 0.6 + 38 cexyH.
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ABOUT RESULTS OF SIMULTANEOUS PHOTOGRAPHIC
AND RADAR OBSERVATIONS OF METEORS IN TAJIKISTAN
M. Narziev
Institute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan
E-mail: mirhusseyn_narzi@mail.ru

Based on published data meteors Consolidated catalog of orbital elements and the light curves
of meteors photographed at the Institute of Astrophysics of the Academy of Sciences of Tajikistan
(Dushanbe) and data of primary radar observations of meteors obtained on the complex Mir-2 in
1977-1980. in-branch block, searched the same meteors were recorded simultaneously photographic
and radar equipment. An analysis of the observational data obtained 8 common joint photo-radar
meteors, where each of these meteors are following atmospheric trajectories such as: radiant’s,
velocities, zenith distance, the height beginning maximum and end of the trail of a meteor value
of the absolute magnitude on the height maximum brightness. In light curves and data radar
observations for mirror-reflecting points should obtain the value of the absolute magnitude and
duration echoes. The measured absolute magnitudes radio reflections trace points lie in the range

-0.5™ + -5.5™, and the duration of their echoes in the range of 0.6 + 38 seconds.

CEMCMOHWOHOC®EPHBIE IPEABECTHUKH B CIIOPAJTUYECKOM
CJIOE NHOHOC®EPBI METEOPHOI'O ITPOUCXOKJAEHUA

O.A. Annmos, A.B. baoxun, T.M. KajamHukoBa
Wucruryt actpodusukn Akagemun Hayk PecyOnuku Tamkukuctan
E-mail: Alimov38@mail.ru

[Iputox MeTeopHOro BellecTBa B aTMocdepy 3eMiM SBISETCS HCTOYHUKOM O0Opa3oBaHUS
METEOpHBIX aToMOB M u moHoB M'. C yyacTHeM BETpPOBOTO CIBHTa OHHM OOpasyioT
CPEIHEUIMPOTHBIA  criopagudeckuit  cimoit  ES  wmonocdepsl. McciemoBana 3aBHCHMOCTD
CHOpaJNYecKoro ciosi ES OT CKOpOCTH dYacTHIl METEOPHOTO BEIIECTBA B TEPUOJABI AKTHBHOTO
BO3JICUCTBUSI METEOPHBIX MOTOKOB B E 0051actu noHOChEPHI.

MHOrOYHCIEHHBIE PAKETHbIE M HAa3€MHBbIE SKCHEPUMEHTHI IOKAa3bIBAIOT HAJIWYME TOHKOU
U CJIOUCTON CTPYKTYpBI criopaanyeckoro ciosi ES monocdepsl. Monudukanust TOHKOH CTPYKTYphI
B ES-croe nonochepsl MOXKHO MPUMEHUTH K 00CYKIECHUIO (PU3NIECKIX MOJIENIeH, OMUCHIBAIOIINX
CBSI3b aHOMAJINK B HOHOC(EPE € IPOLECCaMU MOATOTOBKH CUIIbHBIX 3€MJIETPSICEHUI.

SEISMO-IONOSPHERIC PRECURSORS IN THE SPORADIC LAYERS
OF THE IONOSPHERE OF THE METEORIC ORIGIN

O.A. Alimov, A.V. Blokhin, T.M. Kalashnikova
Institute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan
E-mail: Alimov38@mail.ru

Inflow of the meteoric matter into Earth’s atmosphere is the source of formation of meteoric M
atoms and M" ions. They further form a middle-latitude sporadic layer of Es-ionosphere assisted
by the wind shift. Dependence of the sporadic Es-layer from velocity of particles of meteoric matter
during periods of active impact of meteoric streams in the ionospheric E-region has been
researched.

Multiple rockets and land experiments demonstrate the availability of thin and stratified
structure of the sporadic Es layer of ionosphere. Modification of the thin structure in the Es-layers
of ionosphere can be used to the application of physical models describing connection
the anomalies in the ionosphere with the processes of strong earthquakes preparation.
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OBPABOTKA II3C-U30BPA’KEHMI BBICTPOJIBUKYIIIUXCSA ACTEPOUJIOB
B ITAKETE MIDAS/ROMAFOT

B.H. Anapyk, I.3. byrenko, B.I. 'onynoBa
ML AMDU

Omnwucana Metoauka oopaborku B makere MIDAS/ROMAFOT I13C-kaapoB HaOm0ACHHI psa
OBICTPOABIKYIIUXCS TOTEHIIMATBHO OTMACHBIX IS 3eMiiH acTeponu10B. OpUTHHAIEHOCTh METOUKHI
B TOM, 4YTO 00paboTka HaOJIIOJATENFHOTO MaTepuaia IPOU3BOIUTCS 03 MCIOJIb30BAHUS KaIpOB
riockoro mostst. Habmonenust acteponioB momydeHsl Ha teneckonax «lleiicc-600», «Lleticc-2000»
oOcepBaropuu Ha ke Tepckou, a Takke Ha Teneckorne AZT-8 KueBckoit komeTHo# cTaHiuu. [1pu
BBIUMCIICHUM KOOpAMHAT B KaudecTBe omopHoro wucnoin3oBan katamor UCAC4. Tounoctb
OJTy4eHHbIX MO3MIMOHHBIX JaHHBIX cocTabiseT 60 mas , Gporomerpuueckux — 0.15™. IposeneHo
CpaBHEHHUE MOJyYEHHBIX PE3yIbTaTOB C TJAHHBIMH 00pa0OTKH B IPYTUX MPOTPAMMHBIX ITaKeTaXx.

PROCESSING CCD IMAGES OF HIGH-VELOCITY ASTEROIDS
WITH THE AID OF MIDAS/ROMAFOT

V.M. Andruk, G.Z. Butenko, V.G. Godunova
ICAMER

We describe an analysis tool which was developed in order to reduce CCD images of near-
Earth asteroids (NEAs). Astrometric and photometric observations of these objects have been
performed at the Terskol Observatory (2-m and 60-cm telescopes), as well as at the Kiev Comet
Station (AZT-8). Raw CCD images were processed in MIDAS/ROMAFOT without using flat fields
and this is a distinguishing feature of the technique applied. Positions of objects have been
calculated using UCAC4 catalog; an accuracy of 60 mas was achieved (0.15™ in case
of photometric observations). In this paper, we also present results obtained with other software
packages.

ONPEAEJEHUE ®U3NYECKUX TAPAMETPOB
OJIMHOYHBIX Y IBOMHBIX ACTEPOUI0B
M.A. Apmmﬂl, AM. Tanee™?, A.P. MyCTaq)nHa1

"Kasamncknii (henepanbHBIN YHUBEPCHUTET, 2I/IHCTIvlTyT actpodmsuku AH PecrryOmmku Tamxukuctan
E-mail: almazgaleev2@yandex.ru

Actepouipl - 9TO TBEpAble KaMEHUCTBIE Tella, KOTOpble MOJO0HO IUIaHEeTaM ABUXKYTCS
o yunTUYeckuM opoutam Bokpyr Coinnia. Ho pa3Mepsl 3TUX Tel HAMHOTO MEHBIIE, 4YeM
y OOBIYHBIX IUIAHET, MO3TOMY WX €Ie Ha3bIBalOT MaJIbIMU IUIaHeTaMH. ACTEpOWIIOB B HaIlei
Conneunoit Cucreme coTHu Thicad. K cyacTbio, Ha JaHHBIH MOMEHT HE CYIIECTBYET acTepouja,
KOTOPBIM TPEACTABISIET CEPHhE3HYIO YIrpo3y HaIlleW IIJIAaHETe, OJHAKO YYEHbIE HE HCKIIIOYAIOT
BO3HUKHOBEHHsI TOJ0O0HON yrpo3sl B OyayiieM, UMEHHO TMO3TOMY, MO WX MHEHHUIO, W3yYEHHUIO
acCTepOHJIOB HYXKHO YAETSATh O0bIIOe BHUMAHHUE.

OmauM W3 METOZOB HCCIIENIOBAHMS OJMHOYHBIX M JBOWHBIX actepousioB (J1A) sBusercs
MOJIETTUPOBaHUE WX KpUBBIX Oiecka. Jlaxke s acrepounioB chepuueckord (opMbl BBIYUCICHUE
3BE3IHOM  BEIWYUHBI  COMPOBOXKIAETCA  OONBIIMMH  MaTEMaTHYECKUMH  TPYAHOCTSIMHU.
[IepcriekTUBHBIN ITyTh 1711 BBIYMCIECHHS 3BE3IHOW BEJIMYMHBI JBOMHBIX U OJMHOYHBIX aCTEPOUIOB
OTKPBIBACTCS MPU MCIIOIH30BAHUN YUCICHHOTO MHTETrpupoBanus. CyTh 3aKiIt0UaeTcsi B pa3OneHnuun
MOBEPXHOCTH Ha TUIOIMIAAKHU ((paceTbl) U CyMMHPOBAHUH UX BKJIAJa B CYMMapHYIO OCBEIIEHHOCTD,
co3maBaeMyro Ha 3emsie. [ mMoaennpoBaHUsA CBETOBBIX KpUBBIX J[A B MeTO/J€ YHCICHHOTO
WHTETPUPOBAHUSL HEOOXOJUMO TMPEAYCMOTPETh BO3MOXKHOCTH Y4€Ta B3aUMHBIX TOKPHITHHA U
3aTMEHUH, T.€. OMPENETUTh YCIOBUSA TMOKPBHITHS M 3aTMEHHUS KaXIoW (aceThl Ha MOBEPXHOCTH
OJIHOTO KOMIIOHEHTA JPYTUM.
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ABTopamu OblTa pa3paborana mporpamma Ha sizbike Fortran B makere Visual Studio, rae mis
HAXOXKJCHHUS OJIECKa, MCIOJB3YETCS METOJ ydeTa MOKPBITHHA W 3aTMEHUH JTBOMHBIX acTEpPOHUJIOB,
paspaborannbiii H.b. JKenesHoBbIM Ha OcHOBe MeToja pa3OMeHHs] MOBEPXHOCTH Ha IJIOMIAIKH.
KoMMOHEHTHI anmpOKCUMUPYIOTCS TPEXOCHBIMHU AJUTUNICOMAaMU. OpHEHTAIHS Tell B IPOCTPAHCTBE
omuceiBaeTcst yrimamu Oitnepa. HMcmonb3yrorcss 3akoHbl oTpakeHust Jlambepra u Jlommensi-
3eenurepa (Ha BbIOOp). K monydeHHBIM, B Xozie pabOTBl MPOTrPaMMBbI, MOJEIBHBIM KpPUBBIM
ABTOMATHYECKH NPUMEHSETCS OJMH M3 BBIOPAHHBIX II0JIb30BATENIEM HPOTPAMMHBIX METOIOB
OTIpeliesIeHUs] Nepruoia. BBIXOMHBIMU JTAaHHBIMH TIPOTPAMMBI SIBJISIFOTCS. KaK MOJICIbHBIC KPHBBIE
acTepou/ia, Tak U KPUBBIC €ro KOMIIOHEHT 110 OTACIBHOCTH, YTO JETaeT BO3MOXHBIM IPUMECHCHHE
MIPOTPaMMBI [Tl UCCIICAOBAHUS KaK JIBOHHBIX, TAK U OJJUHOYHBIX aCTEPOHUJIOB.

C noMoUIbI0 JAHHOW MPOTrpaMMbl HPOAHATU3UPOBAHBI (HOTOMETPUYECKUE HAOIIOACHHS
acrepouioB - (6006) Anaximandros, (35107) 1991 VH, (23187) 2000 PN9, koTopsie Ha0II01aIHCh
Ha 1.5-m Poccuiicko-Typenkom teneckorne PTT150 B 2003-2008 rr., a Takxe acrepounoB (475)
Ocllo, (544) Jetta, (121) Hermione, maHHBIX AJIs1 KOTOPBIX OBLTH B3ATHI B uTeparype. OnpeneieHbl
OCHOBHBIC MapaMeTpbl acTePOMIOB — IEPUOJbl BPAIICHUS, Pa3Mepbl W BEIMYMHBI TOJYOCEH,
KOTOPBIE COTJIACYIOTCS C OMyOJIMKOBAHHBIMH 3HAUCHHUSIMHU.

DETERMINATION OF THE PHYSICAL PARAMETERS
FOR SINGLE AND BINARY ASTEROIDS

M.A. Arinin®, A.l. Galeev*?, A.R. Mustafina®

! Kazan Federal University, > Academy of Science of Tatarstan,
E-mail: almazgaleev2@yandex.ru

The modeling of lightcurves for single and binary asteroids is one of the methods for studying
these objects. Even for spherical asteroids the calculation of magnitude is accompanied by
mathematical difficulties. The method of numerical integration is a promising way to compute the
magnitudes of binary and single asteroids. The idea consists in the partition of asteroid surface to
facets and the summation of their contribution to the total luminance. Also, it is necessary to
provide the possibility of transits and occultations for the method of numerical integration. l.e. to
determine the terms of transits and occultations for each facets on the surface.

We have worked out the program in Fortran in Visual Studio for computations of asteroid
magnitude and determinations the physical parameters. In this package we use the method of
calculations of transits and eclipses for binary asteroids developed by N. B. Zheleznov based on the
method of segmentation of the asteroid surface. Components by triaxial ellipsoids are
approximated. The orientation of bodies in space is described by the Euler angles. We use Lambert
and Lommel-Seeliger laws of reflection. The received model curve is automatically applied for the
determination of rotational period. Synthetic curves of asteroids and their components are the
resulting data of the program, therefore it is possible to use the program for studying both binary
and single asteroids.

Finally, with the help of this program, we have analyzed photometric observations of asteroids
(6006) Anaximandros, (35107) 1991 VH, (23187) 2000 PN9, which were observed in 2003-2008 at
the 1.5-m Russian-Turkish telescope RTT150, as well as asteroids (475) Ocllo, (544) Jetta, (121)
Hermione, on the bases of the data taken from Asteroid Light Curve Database of MPC. We have
also determined some main parameters (rotation periods, sizes and values of the semi-axes) for
these asteroids.

52


mailto:almazgaleev2@yandex.ru

MOJIEJIMNPOBAHUE U AHAJIN3 OBJIACTEN HAYAJIBHBIX TAPAMETPOB OPEHT,
MMPUBOAAIINX K XAOTHUYHOCTHU ABNKEHUA AC3 B OKPECTHOCTH
PE30OHAHCOB 1/2 C 3EMJIEH 1 2/1 C IOIUTEPOM

JILE. boixoBa, E.H. Huranosa
Tomckuil rocyjapcTBEHHBIM YHUBEPCUTET
E-mail: shen1981@mail.ru

Pabora mocsiiena npobdieMe BOZHUKHOBEHHUS JTUHAMUYECKOIO Xaoca B OKPECTHOCTH T'PaHUI]
opOouTaneHbIX pe3oHaHcoB AC3 ¢ miaHeTamu. JTa TpoOiieMa HEMOCPEJACTBEHHO CBsi3aHa
¢ mpoOJIeMOi acTepOUTHOW OIMAaCHOCTH, MOCKOJIbKY IMHAMHYECKHH XaoC MOXET HPHUBOIUTH
K 3HAYUTEIbHBIM U3MEHEHUSIM nTapaMeTpoB opouT AC3 U, COOTBETCTBEHHO, K TECHBIM COJMKCHUSIM
Y CTOJIKHOBEHUSIM C IJIaHETaMHU, B TOM YHCIIE C 3eMJIeH.

B pabore mpezncraBieHbl pe3yibTaThl MOCTPOSHUS W HCCIEAOBaHUS 00JacTeil HadalbHBIX
MapaMeTpoB JIBUKEHUS, MPUBOAAIINX K XaOTUYHOCTU ABMKEeHUS AC3 B OKPECTHOCTH PE30HAHCOB
1/2 ¢ 3emneii u 2/1 ¢ FOnurepom. C moMoImpio MHIWKaTOpa xaoTHuHocTH mapamerpa MEGNO
UCCIIEIOBaHbl OKPECTHOCTH IMOJYYEHHBIX obnacteil. VccnemoBaHUs BBINONHSUIMCH YHCICHHBIM
MOJICIIMPOBAHUEM  JIOJITOCPOYHOM  SBOJIIOIIMM  AaCTEPOUIOB, PE3OHAHCHBIX  XapaKTEPUCTHUK
U UHAMKATOpa XAaOTHYHOCTH JABIDKEHHsA. Pe3oHaHCHBIE 00JacTH CTPOWJIMCh HAa MHOMKECTBE
HAYaJIbHBIX 3HAYCHUU OOJIBIION TIOIYOCH W CPEIHEH aHOMa WK NpH (UKCHPOBAHHBIX 3HAYCHUSIX
OCTaJIbHBIX JIEMEHTOB OpOUT. B pe3ynbrare ObUTH MOCTPOCHBI XaOTUYECKHE 30HBI B OKPECTHOCTHU
TPaHUI] PACCMOTPEHHBIX PE30HAHCOB W TOJYYCHBI YHCICHHBIC OIICHKH INMUPHHBI JITHX 30H.
Uucnennoe monenupoBanue BoinonHsuioch Ha kiactepe CKM® CYBERIA TI'Y, yto mo3Boaumio
UCCIIEIOBAaTh  OPOMTAJBHYIO  OBOJIONHMIO  OOJBIIOW  COBOKYMHOCTH  MOJENIBHBIX  YaCTHIL
Ha MHTEpBajaX BPEMEHH HECKOJIBbKO ThHICSY JIET.

Pabora BeimonHena npu noanepxkke rpanta PODU Ne 15-02-02868.

SIMULATION AND ANALYSIS OF CHAOTIC ORBITS OF NEAS CLOSE
TO THE MEAN MOTION RESONANCES 1/2 WITH EARTH AND 2/1 WITH JUPITER

L.E. Bykova, E.N. Niganova
Tomsk State University
E-mail: shen1981@mail.ru

The paper is dedicated to the problem of appearance of dynamic chaos in the vicinity of the
boundaries of the orbital resonances of near-Earth asteroids (NEAS) with the planets. This problem
is directly associated with the problem of asteroid hazard since the dynamic chaos can lead to
significant changes in orbital parameters of NEAS and, consequently, to close approaches and
collisions with the planets, including the Earth.

The paper presents the results of construction and investigation of the regions of initial orbital
parameters leading to chaotic motion of NEAs close to the boundaries of the mean motion
resonances 1/2 with Earth and 2/1 with Jupiter. The boundaries of the obtained region are
investigated with an indicator of chaotic motion — the parameter MEGNO. The investigations were
carried out by numerical simulation of long-term orbital evolution of the asteroids, resonance
characteristics and the indicator of chaotic motion. The resonance regions were constructed over the
set of initial values of the semi-major axis and the mean longitude at some fixed values of other
orbital elements. As a result, chaotic zones were constructed in the vicinity of the boundaries of the
considered resonances and some numerical evaluations for the width of these zones were obtained.
The numerical simulation was implemented on the cluster SKIF CYBERIA TSU which allowed us
to investigate the orbital evolution of a large number of test particles over a time interval of several
thousand years.

The paper was executed with grant support RFBR Ne 15-02-02868.
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HOJAPUMETPUA U CHIEKTPOMETPUSA ACTEPOUJA-AITIOJIJIOHIIA
4179 TOUTATIS
C.D. Be.Jmlmol‘z, Al BnnbMaquK03, ®@.I1. Beimuko®
"ML AMDH, *Tepcronbeknit drummar UTHACAH
*FAO HAHY, *“HUU actporomnn XHY um. B.H.Kapasuna, XapskoB, YKkpanHa
E-mail: honorus@mail.ru

B pabote npezncraBieHbl pe3yiabTaThl MOJSPUMETPUUYECKUX U CIEKTPAIbHBIX HaOIIOJCHUIMA
acrepousa 4179 ToutatiS, KOTOpBII NMPUHAMICKHUT K TpyIIe AMNOIIOHA M TEpeceKaeT OpOuTy
3emnn. Habmronenust nposenensl B aekadpe 2012 r. Ha 1.0-m pedaexkrope KpAO (ropa Komika,
Kpeim) u Ha 2.0-m pednexkrope MII AMODU (muk Tepckon, Cepepubiii KaBka3z). Ilpu sTom
UCIIOJIb30BAJICSl OJHOKAHAJIBbHBIN (OTOANIEKTPUUECKH (OTOMETP-MONAPUMETP U CHEKTporpad
Hu3Koro paspemenns CMMS.

[Tonspumerpudeckue HaOMIOJEHUS MPOBOIWINCH B CIEKTpajibHOW moinoce V craHgapTHOMR
doromerpuueckorr cucremsl J[xoHCcOHa-Moprana. B kadecTBe aHanm3aTOpa MCIIOJIB30BAINCH
OBICTPO BpallaroIIascs axpoMaTHieckas YeTBepTh BOJHOBAs (pa3oBasi MIACTHHKA U HETIOJBUKHBIN
TUIEHOYHBIA ToJsipor. HaOmroneHust JMHEHHON © LHPKYJISPHOW MOJISIPU3AIMN  BBIIOJIHEHBI
B quana3one ¢azoBoro yria acrepouaa ot 21.8 go 82.0 rpaa. M3MepeHHble 3HAUYEHUS JIMHEHHOM
MOJISIPU3AIIMN XOPOIIO COMIACYIOTCS ¢ TEM, YTO M3BECTHO IO JAaHHBIM HAOJIOICHUM B MPEIbIIYIINE
omnmo3uimu acrepouna. L{upkynspHas nonsipusanus acrepouaa 4179 Toutatis B o6mactu 60IbIIHX
¢azoBbix yrioB (0=82.0°) nocturaer 3HaueHus 0.2%.

CrnekrpanbHble HaOmoaeHns obutM npoBeaeHsl ¢ 10 no 18 gexadbps 2012 r. B uHTEpBaAsIEe NIUH
BoJIH 380 — 950 HM U B TaHHYIO ONIO3UIIMIO aCTEPOU]Ia OXBATHIBAIOT (PAKTUUECKH PABHOMEPHO BCIO
BUJIUMYIO €r0 oBepxHOCTh. Ha crekTpax acteponjia XOpoUIO BEIPa)KEHO KOPOTKOBOIHOBOE KPBLIO
MOJIOCH TOTJIOUICHHS] MHHEpana MUpPOKceHa (UeHTp mosiockl okono 920 HMm). MmeroT mecto
BapHalllM CIIEKTpa C BPAIllECHUEM acTEpOM/1a BOKPYT CBOEH OCH.

POLARIMETRY AND SPECTROMETRY OF APOLLO-ASTEROID 4179 TOUTATIS

S.F. Velichko'?, A.P.Vidmachenko®, F.P. Velichko*
'ICAMER, “Terskol branch of INASAN
*MAO NASU, “Institute of Astronomy, Karazin KhNU, Kharkiv, Ukraine
E-mail: honorus@mail.ru

Results of polarimetry and spectral observations of NEA 4179 Toutatis are presented.
Observations carried out in 2012 December with the 1.0-m reflector of CrAO (mount Koshka,
Crimea) and with the 2.0-m reflector of ICAMER (peak Terskol, North Caucasus). Telescopes were
equipped by one channel photoelectric photometer-polarimeter and by low resolution spectrograph
CMMS, respectively.

Polarimetry was obtained in Johnson-Morgan standard spectral VV-band. As an analyser a fast
rotating quarter wavelength achromatic retarded plate with a linear polaroid was used. Observations
of linear and circular polarization in the range of asteroid phase angle from 21.8 to 82.0 deg were
obtained. The measured data of linear polarization of Toutatis are in good agreement with known
ones from its previous oppositions. The circular polarization of the asteroid equals to 0.2% at phase
angle of 82.0°.

Spectral observations carried out in December 10-18, 2012 in the range of wavelength
380-950 nm and distributed practically evenly on whole seen surfaces of the asteroid. On spectra
of the asteroid is well expressed short wave wing of the pyroxene absorption band (centered near
920 nm). There are variations of the spectrum with asteroid rotation.
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0 3ABUCUMOCTH YIJIA INIOCKOCTHU NOJIAPU3ALINA
KAPIMKOBOMU IIJIAHETHI (1) CERES OT AJIMHBI BOJIHBI

H. KnceneBl, LOR PaXMaTy.mIaeBaz, K. AHTOHIOKS, B. Por;eﬂﬁym1
'TAO HAHY, *Uncruryt actpodusnkn AH Pecrry6muxu Tamkukucran, “KpAO

[Torick ¥ W3y4YeHHE KOMETHOW aKTUBHOCTH CPEIM MAaJbIX TeN (MajbIX IUIAHET, KAPJIMKOBBIX
rtaneT) B CONIHEYHOH cHuCTeMe MPHBET K OTKPBITHIO HOBOTO KJlacca OOBEKTOB - KOMeT ['J1iaBHOTO
1osica acTEPOUJIOB, a TAKXKE JIBJIOB HAa HEKOTOPBIX MaibIX (Harmpumep, 24Themis) u kapauKoBbIX
(manpumep, 1 Ceres) mianerax. Ceres - eIMHCTBEHHas KapJIMKOBas IUTAaHETa BO BHYTPCHHEH
obnactu ComHeuHoit cucteMbl. OHa MpeACTaBIsIeT 0COOBI HHTEpeC U3-3a psjia npuunH. Lebofsky
u ap. (1981) obuapyxwunu B cnektpax Ceres mpusHaku kpuctamioruaparos. A 'Hearn u Feldman
(1992) o6uapyxumu Ha numbe ceBepHoro nomoca Ceres smuccum pamukana OH (L3080 A),
BBI3BaHHBIE (oTONMCCONMAIIEH BOMSHOTO mapa B arMocdepe. HenaBHO, BRIOPOCH BOISIHOTO Tapa
ObuT OOHApy>KEHbl B HECKOJBbKUX oOnacTsx moBepxHoctu  Ceres mo HaOMIOACHHUSIM Ha
kocmuueckorr obcepBaTopun Herschel (Kiippersetal, 2014). Takum o00pa3om, 3TH HaOIIOICHUS
CBHUJICTEIILCTBYIOT, 4TO CEres umeer JensHyr MOBEpXHOCTh U atMocdepy. HppakpacHbie JaHHBIC
MOKa3bIBAIOT, YTO (DOHTAHBI MAPOB BOABI BhIOpackiBatoTcsi n3 Ceres, xorma obiacTu ero JensHou
MOBEPXHOCTU CJIeTKa MojorpeThl. [lexynsipHbIC MONSpU3alMOHHBIE CBOWCTBA W3iydeHus: Ceres
ObuTH 00HApYX)eHbI JIynumko u ap. (1992). ABTOpEI cOOONTMIIM O MOHOTOHHOM YBEIMYCHHSI yTiia
iockoctu nodsipusanun Ceres ¢ JUIMHOWM BOJIHBI B crieKTpaibHOM auamna3zone 0.37 —0.83 um.
du3ndecKue MPUIUHBI 3TOTO SBJIICHUS HEM3BECTHBL. UTOOBI MPOBEPUTH 3TOT d(H(PEKT, MBI IPOBEITU
nonoaautenbabie UBVRI nonspumerpuueckue nadmoaennii Ceres B 2009— 2012 rr. Ot HOBBIE U
BCE MMEIOIUECS JaHHBIE O 3aBUCHMOCTH CTCIIEHU W IUIOCKOCTH Tojsipu3anuu Ceres ot IIMHBI
BOJIHBI, @ TAKXKE UX aHAIU3 OYIYT MPEICTABICHBI B JOKJIAJIE.

ON WAVELENGTH DEPENDENCE OF THE POLARIZATION PLANE
OF DWARF PLANET (1) CERES
N. Kiselev!, F. Rahmatullaeva®, K. Antoniuk®, V. Rosenbush?

MAO NASU, 2Institute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan,
®Crimean Astrophysical Observatory

Search for and study of cometary activity among small bodies (minor planets, dwarf planets)
in the Solar system led to the discovery a new class of objects - Main-Belt comets as well as ice
on some minor (e.g., 24 Themis) and dwarf (e.g., Ceres) planets. Ceres is the only dwarf planet
in the inner Solar System. This dwarf planet is of particular interest. Lebofsky et al. (1981) detected
in spectra of Ceres absorption feature due to water of hydration. A'"Hearn and Feldman (1992)
detected around Ceres emission of radical OH (L3080 A) thatgenerated by the photodissociation
of atmospheric water vapor. Recently, emissions of water vapor were detected from several regions
of Ceres using the Herschel space observatory(Kiippers et al. 2014).So, these observations provide
proof that Ceres has an icy surface and an atmosphere. Infrared data suggest that plumes of water
vapor shoot up from Ceres when portions of its icy surface warm slightly. Peculiar polarization
properties of Ceres were detected by Lupishko et al. (1992). The authors reported the effect of
monotonic increasing of polarization plane of Ceres with wavelength in the spectral range
0.37-0.83um. Physical reasons of this effect are unknown. To test this effect, we carried out
additional UBVRI polarimetric observations of Ceres in 2009 - 2012. These new and all available
data about the wavelength polarization dependence of Ceres as well as their analysis will
be presented and discussed.
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EXEI'OJHASA AKTUBHOCTBb METEOPUTO-OBPA3YIOHIUX BOJIUAO0B
U X ®PU3NYECKHUE CBOMCTBA
H.A. KonoBaJjioBa
Wucturyt actpodnsnkn Axagemunu Hayk PecrryOmukn Tamkukuctan
E-mail: nakonovalova@mail.ru

CoObiTue YensaOMHCKOTO MeTeopuTa MPUBEIO K W3MEHEHHUIO MPEKHEro MHEHHSI O HUKHEM
mpeneiae pa3MepoB IMOTCHIMAIBLHO OMACHBIX AaCTEPOUIOB, NEPECEKAIINX OpOUTy 3eMITH.
JleranpHOE HM3yuye€HHUE METEOpOHIOB — MaibiXx Tedl CONHEYHOM CHCTEMBbI JaeT O4YeHb BAXKHYIO
nH(pOpMaLIHI0O 00 MX POJUTEIBCKUX TEeNax — acTepoujax u komerax. HabGmromenwst G0nMIHBIMU
CeTSIMHM 32 BTOpKEHHMEM B atMocdepy 3eMiu spkux (spue -5 3B. Bell.), METEOPUTOOOPA3YIOIINX
00HMIOB TIO3BOJISICT MOTy4YaTh O0Jiee TOUHBIC JaHHBIE 00 aTMOC(EPHBIX TPACKTOPUSIX OOIHIOB U
KOOpJMHATaX MecTa IMpe/ICKa3aHHOro MaJeHusi MeTeopuToB. Hampumep, Mo HJaHHBIM XOPOIIO
HabmoxaBmmxcst 6omunHol cetbio DFN (ABcTpanms) mereopuroobpasyromux 6ommao Mason
Gully (-9.4 3B. Ben.) u Bunburra (-9.6 38. Ben) ObLIN HaliEHBI METCOPUTHI OYEHb MaJOW MacChl:
or~25 r no 170 r. Eume Oonee yauBUTENbHBIM ObUIO OOHApy)KE€HUE B INPEICKA3aHHOM MECTe
najieHus Mmereoputa Benesov maccoii Bcero 11.6 r.

C uenbi0  BBIABICHUS  TICPUOJIOB  AKTUBHOCTH  METCOPUTOOOpA3yIOMMX  OOIHIIOB
Y METEOPOUHBIX TPYII, KOTOPBIE MPEANOIOKUTEILHO MOTYT COAEpkKaTh METEOPUTOOOPA3yIOIIKe
00 IBI, TIOCTPOEHO TOA0BOE pacnpeaeneHue mo gonrore Comnna gucia N1 spkux 6ommmos, N2 —
MeTeopuTooOpasyrmux OomuaoB u N3 — MeTeopuTOoB C HM3BECTHBIMH 10 HAOJIOJICHUSIM
aTMOoc(epHBIMU TpaeKTOpUSAMU U opOuTamMu. Cpelr OKOJO3EMHBIX OOBEKTOB IMPOBEIEH IOHCK
POIUTENbCKUX TeJ, KOTOpble Ha OCHOBE T1oA00us OpOUT MOTYyT OBITh HCTOYHHUKAMHU
MeTeopuTooOpasyrommx — O6omuaoB. IlpuBomsarcs  pe3ynbTaThl  ompeneneHus — (pU3HmUecKuX
XapaKTePUCTHK METEOPUTOOOPA3YIOIIUX METEOPOUIOB.

ANNUAL METEORITE-DROPPING BOLIDES ACTIVITY
AND THEIR PHYSICAL PROPERTIES
N.A. Konovalova
Institute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan
E-mail: nakonovalova@mail.ru

The event of Chelyabinsk meteorite has brought about change the earlier opinion about floor
limits of the sizes of the potentially dangerous asteroids (PHA) crossing the Earth's orbit.
The detailed study of the meteoroids — the small bodies of Solar system gives very important
information on their parent body - an asteroid and comet. The observations by fireball networks
of the invasion in the Earth's atmosphere of bright (brighter -5 mag.) meteorite-dropping fireballs
allows to get the more precise data on atmospheric trajectories and coordinates of predicted landing
place of the meteorite. For example on the base of well data obtained by fireball network DFN
(Australia) for the meteorite-dropping fireballs Mason Gully (-9.4 mag.) and Bunburra (-9.6 mag.)
were found the meteorites of very small mass: from ~ 25 g before 170 g. Else more surprisingly was
a finding in predicted place of the fall of the meteorite Benesov of the mass only 11.6 g.

For the reason of discovery the periods of activity of the meteorite-dropping fireballs and
the groups of meteoroids which supposedly can contain the meteorite-dropping fireballs is built
the annual distribution of the numbers of bright fireball N1, of the meteorite-dropping fireballs N2
and meteorites with the known atmospheric trajectories and orbits N3 versus the Solar longitude.
Amongst near Earth's objects (NEOs) is made the searching for parent bodies, which on the base
of the similarity of the orbits can be a sources of meteorite-dropping fireballs. The physical
properties of meteorite-dropping meteoroids are present here.
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CIHIEKTPAJIBHBIE XAPAKTEPUCTHUKHU BOJIBININUX CITYTHUKOB IOIIMTEPA

IO0.T. Ky3HeImBal, A1l BnnLMaqenlcol, AN. KJIHH'II/IHl,

C.D. BeJII/I'-lKOZ’g, n.B. COKOJIOBZ, A.B. Eonnapbl, A.B. CepreeBZ’3
'TAO HAHY, *Tepcronseruit dumnan THACAH, ML AMDH
E-mail: sagittari07 @gmail.com

Bpamenue cnyrHukoB 1uianetsl-ruranta FOnurepa, Mo u EBporibl, CHHXpOHHO C BpallleHUEM
LEHTPAIbHOM TIaHeThl. BenencTBie 3Toro B MOMEHTBI BOCTOUHBIX U 3aMaHBIX 3JIOHTAIIM MOXKHO
HaOo1aTh KaK BeAyIIHe, TaK W BEJOMBIC MOJyLIapus 3TUX CIYTHUKOB, KOTOpbIE MOCTOSHHO
oOpaleHsl M0 XOAy W TPOTUB OPOUTAIHLHOTO JBIIKEHHS COOTBETCTBEHHO. JleTanbHbIN aHamm3
HaOII0aTEBHBIX JAaHHBIX, MOJYYCHHBIX CO CHEKTpaidbHbIM pazpemenueMm 45000, yka3piBaeT Ha
psn ocoOEHHOCTEN MOBEpXHOCTEM Beayiiero u Begomoro nonymapuii Mo u EBpomnbsl. Benymiee
MOJIyIIapHe 3HAUUTENbHO Spue U MEHEE 3arpsS3HEHO «HE JICASTHBIM» MaTEePHAIOM.

OnHuM U3 OOBSICHEHUU PA3JIM4Usl CIEKTPOB BEAYIIMX W BEAOMBIX MOJYIIAPHA CHUHXPOHHBIX
CIYTHUKOB IUJIAHET-TUTAHTOB SIBIISIETCS B3aMMOJICHCTBHE MOBEPXHOCTEH OSTUX CIIYTHUKOB
C MEXIUIAHETHBIM MPOCTPAHCTBOM B MOITHOW MarHuTocdepe FOmurepa. Hamu npeasaputenbHbie
(dboToMeTpUUYECKHE U CHEKTpalibHbIe (C HU3KUM paspelieHreM) HabIoeHUs IBHO YKa3bIBAIOT HA
3HAUYUTEIIbHYIO «IIepepadOTKy» BEPXHHUX CIIOEB IPyHTA MOBEPXHOCTEN CIyTHUKOB. [10 pe3ynbraram
MOJIYYEHHBIX 32 pa3Hble TOAbl JaHHBIX MPOBEICHO YTOYHEHHUE CIIEKTPAIbHBIX PA3IUYUi BEAYIIUX
Y BEJIOMBIX TMOJYIIAPUMA CITyTHHUKOB.

CrekTpanbHble JaHHBIE, HCIONb30BAaHHBIE B ATOW paboTe, MONy4eHBI Ha 2-METPOBOM
3epkasibHOM Teneckone Lleficc-2000 obcepBaropun Ha muke Tepckosl ¢ MOMOIIBIO AIIelie-
CHEKTPOMETPa BBICOKOT'O pa3pelieHus: B BUANMOM AHAara3oHe JJIMH BOJIH.

SPECTRAL CHARACTERISTICS OF GREAT JOVIAN SATELLITES

Yu.G. Kuznyetsova®, A.P. Vidmachenko®, A.1. Klyanchin®,
S.F. Velichko??, 1.V. Sokolov?, A.V. Bondar?, A.V. Sergeev?®
'MAO NASU, *Terskol branch of INASAN, *ICAMER
E-mail: sagittari07@gmail.com

Rotation of lo and Europa, great satellites of giant planet Jupiter, around the central planet is
synchronous. Thereby it is possible to observe leading and slave hemispheres at the moments
of east and west elongations. They constantly direct along and against the orbital motion
respectively. Detailed analysis of observations obtained with spectral resolution 45000 points
to a number of features for surfaces of leading and slave hemispheres lo and Europa. Leading
hemispheres is much brighter and less polluted by “not icy” material.

One of explanation difference between spectra for leading and slave hemispheres
of synchronous satellites of giant planets is interaction of satellite surfaces with interplanetary space
into powerful magnetosphere of Jupiter. Our preliminary photometric and low resolution spectral
observations clearly indicate the substantial transformation of the top layer of satellite surface soil.
Clarification of spectral differences of leading and slave hemispheres using data obtained during
different years was done.

Spectral data using in this work were obtained at 2-meter mirror telescope Zeiss-2000 (peak
Terskol Observatory) using high resolution echelle spectrometer in visible wavelength range.

KEHTABP 2060 CHIRON: OIIITIO3UIIMOHHBIN D®PEKT SIPKOCTH
HA MAJIBIX ®A30BbIX YIJIAX
N.B. Ky.m/ncl, 1.0. Pomamolcl, A.P. Eapancxniflz, M.B. AlmpeeB3
'TAO HAHY, ’KHY um. T. llleBuctrko, *MIL[ AMEU
E-mail: leda@mao.kiev.ua, romanyuk@mao.kiev.ua, abaransky@ukr.net, max@terskol.com

Peskoe yBenmmueHue sipkoctu Oe3armMocdepHOro HeOECHOTO Teia, KOTOpoe HaOmromgaeTcss TmpH
MOJIXO/I€ €ro K OIIMO3MIIMH, MONYYHIO Ha3BaHHWE (POTOMETPUYECKOTO OMIO3UIIMOHHOTO 3ddekra.
OTO sABIEHHE WHTEPECHO TEM, YTO BEJIMYMHA BCIUIECKA SIPKOCTH U (opMa 3aBUCUMOCTH €ro
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orT ¢azoBoro ymia (ComHie — O0O0BeKT — HaOmomaTenb) couepkar B cede HHPOpPMAIUIO
00 ONTHYECKUX U (PU3MUECKUX XapaKTEePUCTHKAX YacTUI[ IOBEPXHOCTHOI'O OTPAXKAIOLIETO CIIOA.
OcobeHHO MHTEpeCHbI HAOIIONCHHS, TPOBEJCHHBIE B 00JacTH (a30BBIX YIJIOB MEHBIIMX 4yeM 3°,
I7ie yBEJIMUYEHHUE SIPKOCTU O0BEKTa 00YCIOBIEHO MEXaHM3MOM KOI'€pPEHTHOI'O YCHUJIEHHs 0OpaTHOro
paccesiHusl.

Habmonenus kenraBpa 2060 Chiron 6pumn BeimonueHsl ¢ 70-cm  Teneckormom  A3T-8
Hab6nronarenbHoii cranuuu JlecHnku actpoHoMU4eckoit oocepBaropun KreBckoro HalmoHaIbHOTO
yHuBepcutTeTa uM. Tapaca IlleBuenka B Tpex 1BeToBbIX nojiocax B, V, R. Ileprnon HaGmronenuii ObL1
BbIOpaH, Korga o6iacth (ha3oBBIX YIVIOB acTepouja HM3MeHsuach B uHTepBaje 1.44° — (.29°
B KOTOPOM HMMEIOTCSI TOJIBKO €IMHHYHBbIE HAOJIONEHUs 3Toro obwvekTa. B nokiane mpencraBiieHsbl
¢da3oBble KpuBbIe Oliecka OObEKTa, MONyuyeHHbIE B Tpex ¢uibTpax. [IpoBeneHo ux cpaBHEHHE
MEXJy cO00H M ¢ OnmyOJMKOBaHHBIMM paHee pe3yabraramu. CrenaHbl OLEHKU ajab0eno B Tpex
I[BETOBBIX MOJIOCAaX. TakKe MpeiCTaBlICHbI pe3ylbTaThl cpaBHeHHH (a3oBbix KpuBbIX 2060 Chiron
c a3oBpIMH KpuBBIMH Jpyrux Oe3zarmochepHbix Tenm COJIHEYHOM CHCTEMBI, IOJy4YEeHHBIMU
B 00JIaCTH MaJIbIX (ha30BBIX YIJIOB.

CENTAUR 2060 CHIRON: BRIGHTNESS OPPOSITION EFFECT
AT LOW PHASE ANGLES
1.V. Kulyk?, Ya.0. Romanyuk®, A.R. Baransky?, M.V. Andreev®
'MAO NASU, KNU, ]ICAMER
E-mail: leda@mao.kiev.ua, romanyuk@mao.kiev.ua, abaransky@ukr.net, max@terskol.com

A sharp increase of the brightness of an atmosphereless body, when it is approaching
opposition, is called photometric opposition effect. This phenomenon is of interest due to
dependence of the amplitude and gradient of the opposition surge on a phase angle (Solar-object-
observer angle) as well as on optical and physical properties of the uppermost surface layer.
Of particular interest is the appearance of a very sharp intensity peak at phase angles less than 3°
caused by epy coherent backscatter mechanism.

The observations of Centaur 2060 Chiron were made with 70-cm telescope AZT-8
of Observational Station of Astronomical Observatory of Kyiv National Taras Shevchenko
University in B, V, R color bands. The asteroid phase angles fell between 1.4 and 0.29°, where the
observations are still rare and significantly incomplete. The phase curves of the brightness in three
color bands are reported. The inter-comparison of the phase curves is presented as well as the
comparison with the previously published data. The B, V, R-albedo are estimated. The phase curves
of 2060 Chiron are also compared with the phase curves of others atmosphereless Solar system
bodies in the same interval of phase angles.

PAIJUAHTBI METEOPHBLIX ITIOTOKOB KOMIIVIEKCA TAYPU/I,
INOJYYEHHBIE 110 CJIABBIM METEOPAM
B.A. JleonoB
NHACAH
E-mail: leonov@inasan.ru

EsxeronHo B ceHTAOpe-OKTsA0pe HAa HeOe MOKHO HAONIOAATh JOCTATOYHO MOIIHBIE METEOPHBIE
notokn — CeBepHble U FOxHbIe Taypuabl, KOTOpbIE MPUHAMICKAT K OJHOUMEHHOMY KOMILJIEKCY.
OO6e BeTBU MOTOKA XOPOIIO PETUCTPUPYIOTCS BCEMU METOJAMH METEOPHOW aCTPOHOMHH BBHILY UX
paccessHHBIX pPAaAUAaHTOB MW UIMTEIBHOrO IIEPUOJAa AKTUBHOCTH, YTO IMO3BOJWIIO PA3HBIM
HCCEAOBATENAM TMOJYYUTh TOYHBIE 3HAUYEHUS KOOpAMHAT HX paauaHToB. OJHAKO JaHHBIE
0 pajuaHTaxX, TOJYYCHHBIE PAAUOJOKAIMOHHBIMU U (POTOrpaPUIECKUMH METOJaMH, HECKOJIBKO
OTIUYAIOTCS MEXKIY COOOM.
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Jna nzyuenus mereopHbix notokoB B MTHACAH wncnonb3yroTes TeneBU3HOHHBIE pErUCTpaliui
METEOpOB, MOJyYEHHBIE HA Pa3WYHBIX Kamepax, B T.4. YHCJIC U Ha yHHKaiabHOH kKamepe FAVOR
C LIMPOKUM II0JIEM 3pEHUs, 00J1aAaI0IIEeH BRICOKOH MpOHUIaroIeil criocoOHoCcThio. Ha 3T0it kamepe
Obu1 HaOpaH OoJbLION HaONIONATENbHBIA MaTepHall, COCTOAIIUN M3 METEOPHBIX PETUCTpalUil
C MaJBIMH SIPKOCTSIMH, HEJOCTYIHBIX OOBIYHBIM TEJIEBU3MOHHBIM KaMmepaM, M KOTOpble paHee
MOKHO OBUIO TOJYyYUTh TOJBKO PATUOJIOKAIMOHHBIMU MeToAaMU. bonblioe Yucio cinaldbix
METEOPOB JIAeT JOMOJHUTEIbHYI0 HHPOPMALIUIO JJISl HCCIETOBAHUS XapaKTEPUCTUK TOTOKOB.

[To pesynbratam HaOMIOJEHHUI BIEpBbIE B MHPOBOWM MMPAKTHUKE MOJYyYEHbl BBICOKOTOUYHbBIE
JaHHBIE O paJinaHTax MoToka Taypuasl U uX Apeide pa3IndHbIME crioco0aMH, OJMH U3 KOTOPBIX
paspaboran Mereopnoii rpynmnoi MHACAH. IlonyueHnHbie pe3ynbTaThl (MOJOKECHHS PagHaHTOB
CyOIIOTOKOB) UMEIOT HEKOTOphIE OTJIMYMS OT Pe3yJbTaTOB APYTHUX HCCIENoBaTeNeid U TpeOyIoT
ToiaTenpHOoro aHanuza. llpu monHOW o00paboTke HaAOMIOJATENILHOTO MaTepuaia BO3HUKAeT
BO3MOKHOCTh OIICHUTH BO3PACT 00EUX BETBEH IO BETUYMHE CMEIIECHUS WX PAIUAHTOB IS CIa0bIX
U SIPKUX METEOPOB.

THE RADIANTS OF METEOR SHOWERS OF THE TAURID COMPLEX
RECEIVED ON WEAK METEORS
V. Leonov
INASAN
E-mail: leonov@inasan.ru

Annually in September-October in the sky it is possible to observe rather powerful meteor
showers Northern and Southern Taurids which belong to the complex of the same name. Both
branches of a stream well are registered by all methods of meteor astronomy in view of their
scattered radiant and to the long period of activity that allowed different researchers to receive exact
values of coordinates of their radiant. However the data on a radiant received by radar and photo
methods differ among themselves a little.

For studying of meteor showers in INASAN the TV registration of meteors received on various
cameras, including number and on the unique FAVOR camera with a wide field of view possessing
high sensitivity are used. On this camera the big observation material consisting of meteor
registration with the small brightness inaccessible to usual TV cameras and which could be received
only by radar methods earlier was gathered. The large number of weak meteors gives additional
information for research of characteristics of streams.

By results of supervision for the first time in world practice high-precision data on a radiant
of a showers Taurids and their drift in various ways one of which is developed by the INASAN
meteor group are obtained. The received results (the provision of a radiant of substreams) have
some differences from results of other researchers and demand the careful analysis. And after full
processing of observation material in the long term there is an opportunity to estimate age of both
branches in size of shift of their radiant for weak and bright meteors.

3AJAYA ITOJTYYEHUSA OIEHKHU BBIINTAJEHUA KOCMHUYECKOT'O BEHIECTBA
HA ITOBEPXHOCTbD 3EMJIM OKCIIEPUMEHTAJIBHBIM METOAOM
B.A. Jleonos, A.B. barpos
NHACAH
E-mail: leonov@inasan.ru, abagrov@inasan.ru

[Tanenne Yensbunckoro mereoputa B 2013 1. mokaszano, 4YTO HCCIEAOBAaHUE MPUTOKA
METEOPUTHOIO BEIeCTBA Ha 3eMJIl0 HMMeeT OOJbIIOe 3HAYeHHWE [UIs MPOTHO3HPOBAHUS
Ype3BbIYAMHBIX CHUTYyallMii, BbI3BAHHBIX TakuMHU sBIeHUsIMH. Kpome Toro, Bce Trumoresbl
o mpoucxoxkaeHnu 3emian U Ten COJIHEYHOM CcHUCTeMbl, 0COOEHHO PEKOHCTPYKIHMS HX PaHHHUX
CTalui DHBOJIOLMH, HEBO3MOXHBI 0€3 OOBEKTHBHBIX JAHHBIX O METEOPUTHOM BEIECTBE.
B nacrosimee Bpems MOAOOHBIE MCCIEIOBAaHHUS OCYLIECTBISIOTCS JABYMS OCHOBHBIMH METOAAMHU:
4yepe3 M3y4YeHHE METECOPHBIX SIBICHHH W II0 HENOCPEACTBEHHOMY MCCIEIOBAHUIO HAWIEHHBIX
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METEOPUTOB WJIM YAApHBIX KpaTepoB. OAHAKO LiE€JIEHANpPaBICHHBIH IOUCK METEOPUTOB s
OIIpezieNIeHUs IOBEPXHOCTHOM INIOTHOCTH METEOPUTHBIX TEJI B MUPE HUKOr[a He npoBoguics. Bee
IIOMCKU METEOPUTOB J0 CUX IOP BEJIUCH B MECTAX 0XKUJAEMBIX MAJEHUM MO JTaHHBIM, I1OJTY4EHHBIM
c OonuaHBIX cereil, MO0 B OKPECTHOCTSX KpaTepoB YAAPHOIO HpOHMCXoxaAeHus. VMckimrodeHue
COCTABJISIOT JIMIIb IIOUCKM METEOPUTOB B MOPEHHBIX Ipsiaax AHTapkTuisl. IIpu aToM KpaTepbl oT
11a/IeHUs1 HeOOJIBIINX METEOPUTOB BCIIEICTBHE CUIIBHBIX IPO3UOHHBIX IPOLIECCOB HE HAOII0AAI0TCS,
XOTSl MX 00I11ee YHCI0 MOKET ObITh o4eHb OonbmKM. [103TOMy YacToTa BBINAJACHUS METEOPUTOB,
MMEIOIUX MAcChl OT | I' 0 HECKOJIBKUX JECATKOB KI', OCTAETCS MAJIOU3y4CHHOM.

3ajaya HAIIEro MCCIEAOBAHMUS CBOJAUTCSA K IONBITKE MOIYYEHMsI IPEIBAPUTEIBHBIX OLEHOK
KOHIIEHTPALUU METEOPUTOB, 00Jalal0lMX MArHUTHBIMU CBOWCTBaMH, B HAaMEHEE 3aMYCOPEHHBIX
METAIMYECKUMHM OTXO0JaMU 00JIaCTSX MOBEPXHOCTH 3€MJIM, a TaKK€ B MECTaX, MHUHHMAJIBHO
MOJIBEP’KEHHBIX YHOCY METEOPUTHOIO BEILECTBA PO3UOHHBIMHU IIpOLECCaMU (HAmpuMep, paioHbl
HCTOKOB pEK, B KOTOPBIX METEOPUTHOE BEILECTBO HAKAILIMBAaeTCs BeKaMu). Meroauka IOUCKa
METEOPUTOB CX0XKa C METOIAMKOW IOHMCKA JHObIX MHBIX METAIMYECKHUX IMPEIMETOB B IPYHTE,
MMEIOLUX OTHOCUTENIBbHO HeriyOokoe 3aneranue. JlanpHemmii aHanu3 OyneT CBOJIUTHCS
K aHaJIM3y 00pa3lloB, MaTEMAaTUYECKOM 00pabOTKe MOIyUYeHHBIX JAHHBIX U SKCTPAIOJSALMH Ha BCIO
MIOBEPXHOCTh 3EMHOI0 Iapa, T.6. K IOJYyYEHHUIO OLIEHKH TIpaHMIbl MPUTOKA METEOPUTHOIO
BELIECTBA HAa 3EMJIIO IIPH YCIIOBUU OJHOPOAHOCTH €T0 PacIpeesICHUs 110 IOBEPXHOCTH 3EMIIN.

PROBLEM OF RECEIVING ASSESSMENT OF LOSS OF SPACE SUBSTANCE
ON THE EARTH SURFACE BY THE EXPERIMENTAL METHOD
V. Leonov, A. Bagrov
INASAN
E-mail: leonov@inasan.ru, abagrov@inasan.ru

The Chelyabinsk meteorite event of 2013 showed that knowledge of meteoric substance inflow
to the Earth is of great importance for forecasting of the emergency situations caused by such
phenomena. Besides, all hypotheses of a geogenesis and bodies of Solar system being based on
reconstruction of its early stages of evolution are impossible to be proved without objective data on
meteoric substance. Now these kind investigations are carried out by two main methods: by
studying of the meteor phenomena and by direct research of the founded meteorites or shock
craters. However purposeful search for meteorites for measurement of meteoric body’s area density
in the world was never carried out. All findings of meteorites were still conducted in places of the
expected falling according to the data obtained with the fireball networks or in vicinities of craters
of a shock origin. The exception is made only for searches of meteorites in thin ridges of Antarctica.
Thus craters from falling of small meteorites due to strong erosive processes aren't observed though
their total number can be very numerous. Therefore the frequency abundance of the meteorites with
masses from 1 g to several tens kg remains low-studied.

The goal of our research is an attempt to receive preliminary estimation of concentration
of the meteorites that possess magnetic properties. The examination is proposed for Earth surface
areas which are least littered by metal junks, and also for the places minimum subject to ablation of
meteoric substance by erosive processes. The technique of search of meteorites is similar
to a technique of search of any other metal samples in soil having rather superficial bedding.
The further analysis will be consolidated to the analysis of samples, mathematical processing of the
obtained data and its extrapolation over whole surface of the globe, i.e. to receiving an assessment
of border of inflow of meteoric substance to Earth on condition of uniformity of its distribution on
Earth surface.
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ONPEAEJEHUE ®U3NYECKUX XAPAKTEPUCTUK METEOPHBIX YACTHL]
IO AHAJIN3Y MHOTOKAJIPOBBIX TEJEBU3HOHHBIX PETUCTPALIMI
B.A. Jleonos, A.B. barpos
NHACAH
E-mail: leonov@inasan.ru, abagrov@inasan.ru

Opnna w3 Haubosee BaXXKHBIX (DU3MUECKUX XApPAaKTEPUCTUK METEOPHBIX YacTHI[ — HUX Macca,
OIIpEe/ICJIEHUE KOTOPOM MPOU3BOAUTCA IO HU3MEPEHMIO KOJMYECTBA CBETOBOIO M3JIy4eHUS,
BBIICJICHHOMY JIBIDKYIIEWCA YacTHIIeW NMPH HOHU3ALMU aTMocdepbl. DTO AOCTATOYHO TPYIAHAs
3aJ1a4ya, KOTOpas pelasach MHOTUMU UCCIIEI0BATENIMA HA OCHOBE Pa3HbIX 110/1X010B. ClI0KHOCTH
B OINpEACNIEHUHd MacC METEOPOUJOB OOYCIOBIEHBl HEOJHO3HAUYHOCTHIO MOJEIBHBIX OILIEHOK
Pa3NUYHBIX IapaMeTpPoOB, B YACTHOCTU Kod(¢uimenta 3PQPEKTUBHOCTH H3IIyUEHHUs, KOTOPBINA
OTIpe/IeIIsieT I0JII0 KUHETUYECKOM SHEePruu 4acTullbl, epexosuieil B ceeueHne. Ha cerogusmnuii
JIEHb HET YETKUX W OJIHO3HAUHBIX 3aBHCHUMOCTEH, OTPAKAIOMIMX CBSI3b MEXK]Y BBICBEUCHHOM
SHEpPrUeil U Maccoil METEOPHON YACTHIIBI; KaK CIEACTBUE Pa3iMnyKe B OIICHKaX MAacC YacTHUI[ OJHON
SPKOCTH W3 OJHOTO TIOTOKAa MOXET COCTaBIATH 1-2 mopsaka. OTHOCHUTENBHO JOCTOBEPHBIC
3HAYEHHUSI MacC METEOPHBIX YACTHUI[ OMPEAETCHBI TOJBKO Y SIPKUX METEOPOB, JUIsl KOTOPBIX MOYKHO
WCIIO0JIH30BaTh OOJIUIHYIO TEOPHUIO.

B pabore wuccnenoBaHa MeTOAMKA BBIYMCICHHS MacC Cla0bIX METEOPOB, JBHKYIIUXCS
B aTtMocdepe 3emMim B PEXKHME CBOOOJHO-MOJEKYISIPHOTO OOTEKaHWss MW  MOCTpPOEHa
MaTeMaTH4YecKas TeOpus TaKUX BblYMCICHH. OTMEUYEHO, YTO MPUMEHEHHUE STOW TEOPUU MOXKET
OBITH CIIPABELTHBO TOJIBKO JUIS CAMBIX CIIa0bIX MeTeopos (cnabee +4™). st MOATBEPsKIEHNS ITOH
TEOpUH MOTYT OBITh MCHOJIB30BAaHbl HAONIONCHUS MHOTOTBICAYHOTO MAacCHBa METEOPHBIX
perucrpanuii, ToilydeHHbIe Ha yHHKanbHOW kKamepe FAVOR. Meromuka TO3BOJIAT TOTYYHUTH
YEeTKYI0 CBSI3b MEXIY BUIUMOM SIPKOCTHIO METEOpa M €ro Maccoil, a B JaJbHEWIIEM MOIyd4aTh
HEHHYI0 HH(POPMAIUIO O TNIOTHOCTH BEPXHHUX CIIOEB aTMOC(]EpHI.

DEFINITION OF PHYSICAL CHARACTERISTICS OF METEOR PARTICLES
ACCORDING TO THE ANALYSIS OF MULTIFRAME TV-REGISTRATIONS
V. Leonov and A. Bagrov
INASAN
E-mail: leonov@inasan.ru, abagrov@inasan.ru

One of the most important physical characteristics of meteoric particles — their weight, which
definition is made on the measurement of number of light radiation allocated with a moving particle
at ionization of the atmosphere. It is rather difficult problem which was solved by many researchers
on the basis of different approaches. Difficulties in determination of mass of meteoroid are caused
by ambiguity of model estimates of various parameters, in particular radiation effectiveness ratio
which defines a share of kinetic energy of the particle passing into a luminescence. Today there are
no the accurate and unambiguous dependences reflecting communication between the highlighted
energy and mass of a meteoric particle; as a result distinction in estimates of mass of particles of
one brightness can make 1-2 orders of one stream. Rather reliable values of mass of meteoric
particles are defined only at bright meteors for which it is possible to use the fireballs theory.

In work the technique of calculation of mass of the weak meteors moving in the atmosphere of
Earth in the mode of a free and molecular flow is investigated and the mathematical theory of such
calculations is constructed. It is noted that application of this theory can be fair only for the weakest
meteors (more weakly +4™). For confirmation of this theory the supervision of the many thousands
massif of meteor registration received on the unique FAVOR chamber can be used. The technique
will allow to receive accurate communication between the visible brightness of a meteor and its
weight, and further to receive valuable information on density of an upper atmosphere.
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BAPUALIMSA CBEYEHUSA U HOHU3ALIUN
BAOJIb CJIEJA OJHUX U TEX ’KE METEOPOB
M. Hap3uesn
Wucturyt actpodnsnkn Axagemnn Hayk PecrryOmmkn TamKukicTan
E-mail: mirhusseyn_narzi@mail.ru

Panee Ha 0asze JaHHBIX MapauIeIbHBIX PaJHO-TEICBU3MOHHBIX HaOmoaeHui MeTeopoB B CIIIA
(Kambpumk, Maccauycerrc) u Tamkukucrane (I'mcAQO) Obuto HA4aTO WCCIIEOBAaHUE BapHAIUU
3BE3HOW BEJIMYMHBI U MOHHU3AIUH (KPUBBIX OJlieCKaxX M MOHU3ALMHU) BAOJIb CleAa OJHUX U TeX XKe
MeTeopoB. CKopocTH MeTeopoB, m3MepeHHbIX B KomOpumke (Maccauycerce), 3aKiIrO4ainch
B uHTepBasie 17-32 kwm/c, a nanHble, noigydeHHble B [UCAO, B OCHOBHOM OTHOCHJIUCH K
MereopHoMmy noToky Ilepcenn. CnepoBarenbHO, Bapuallid CBEUEHUS W MOHU3ALMM BJAOJbL Clela
OJIHMX M TE€X )K€ METEOpPOB B JiMara3one ckopocteit 32 <V < 57 km/c oKa3anch HE U3yYEHHBIMHU.

B mactosmieit pabore sl KaKIOrO0 MeTeopa MPHUBOMATCS TaKUe IaHHBIE aTMOCHEpHON
TPAEGKTOPUU KaK HOMEpP METeopa, 36HUTHOE PACCTOSIHUE PaJIMaHTa, BHICOTH Havajla, MAKCUMyMa U
KOHIIA cliefia, 3HaYeHue a0COFOTHOM 3BE€3/IHOM BEJIMYUHBI M ITTUTEIHLHOCTh PAM03X0 B 3e€pKaJIbHOMN
TOUKe ciena U Habmogaembie (GOpMBI KpHBOW Osiecka U MOHHM3AIMU METeopa, MOJy4YeHHbIE MPH
HAOJIIOJICHUSAX TJIABHBIX €KETOAHBIX METCOPHBIX IOTOKOB o-KanmpukopHUIBI, O-AKBapHIIbI,
I'emununel, Ksanpantunel, Opuonuast B 1979 1. B Tamxkukucrane. I[lo pesynbratam
KOMOMHHPOBAaHHBIX HAONIOJICHUH M3y4eHbl Bapuanuu Ojecka mereopa, ABX, miuTensHOCTH
Paano3X0 M 3HAYEHUE JTMHEHHOM 3JIEKTPOHHOMU IJIOTHOCTU B 4-X 5-TH TOYKaX Clie/la OAHUX U TeX
xe meteopoB. [lokazaHo, UTO B METEOPHBIX Clelax JJIMHON B BBICOTHOM paspe3e AH = 3.5 km,
W3MEPECHHBIC 3HAYEHUs JJIMTEIBHOCTH paauodXa BAOJL Cliefla METeopa MEHSIOTCS 0oyiee 4em
B 1.5 pasa.

VARIATION LUMINOSITY AND IONIZATION ALONG THE TRAIL SAME METEORS

M. Narziev
Institute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan
E-mail: mirhusseyn_narzi@mail.ru

Previously, database parallel radio television observations of meteors in the US (Cambridge,
Massachusetts) and Tajikistan (GisAO) study was launched variation magnitude and ionization
(light curves and ionization) along the track of the same meteor. The velocity of meteors measured
in Massachusetts, concluded in the range of 17-32 km/s, and the data obtained in the branch block is
mainly attributable to the Perseid meteor shower. Consequently, variations and luminosity and
ionization along the track of the same meteor in the speed range 32 <V < 57 km/s were not studied.

In this paper are given for each of the meteor trajectory of atmospheric data such as the number
of meteor radiant zenith distance, the height of onset, peak and end of the trail, the value of the
absolute magnitude and duration of the echoes in the mirror at the track and the observed shape of
the light curve of the meteor and ionization obtained by observations major annual meteor showers
a-Capricornids, 6-Aquariids, Geminids, the Quadrantids, Orionids in 1979 in Tajikistan. As a result
of combined observations studied variations in the brightness of the meteor, ABX, echoes duration
and the linear electron density in 4 and 5 points trace of the same meteor. It is shown that in the
long meteor trails in the altitude section AH = 3.5 km, measured values along the length of radio
meteor trail varies more than 1.5 times.
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ABCOJIIOTHAS BVRI ®OTOMETPUSA
KOMETBI I''TABHOI'O ITOSICA ACTEPOUJA (596) SCHEILA
1

H. HI/ITLl, D, PaXMaTmeaeBaz, C. Aﬁ[lyJIJIOGBZ, H. KnceneB3, K. AHTOHIOK .
'KpAO, * Uucruryt acrpodmsuxu AH Pecrry6mnkn Tamkukncran, *TAO HAHY

Masible mMaHeThl CYHMTAIOTCS OJHHUMU U3 PEIUMKTOBBIX 00BEKTOB COIHEYHONH CHCTEMBI.
Pa3nooOpa3zne uX TaKCOHOMHYECKHX KIJIACCOB, OTKPBITHE HOBOrO Kiacca OOBEKTOB - KOMET
rnaBHoro nosica (MBCS), ¢ nuHaMMYecKMMH CBOMCTBAMU MalbIX IUIAHET, MPUBOAUT K HOBOMY
MOHMMAHUIO COCTaBa, AaKTHMBHOCTU M JIMHAMHUKUA JTHX OOBEKTOB, WX CBSI3U C KOMETaMU U
METeopouIaMu, U yclIoBUl QopmupoBanusi panHeil ConHeuHOW cucTeMbl. B Hacrosiiee BpeMs
u3BeCTHO MmecTh 00bekToB MBCS. AKTHBHOCTH JOBYX JApYruX, BEpOATHEE BCEro, HE CBS3aHA
c cyOnumanueil W, MO3TOMY, OHM NPEACTABISIOT CO0OW  acTepOHIbl, TMOABEPrHYBILUECS
cronkHoBenuo. Oaua u3 Hux (596) Scheila. Msr npencrasiasiem pesyabtatel [13C doromerpun
B ¢punbTpax BVRI atoro acreponzaa, mposBuBIIEr0O KOMETHYIO akTUBHOCTE 12 nekadps 2010 roxa.
Hab6monenuss mnposommwiuck Ha 1,25-m  tenmeckone A3T-11  Kpeimckoit  actpodusnyeckoit
obcepBatopun ¢ 30 mas no 4 uronst 2011 rona. IlepemenHocts 6necka B V ¢unbTpe u Betos B-V,
V-R u R-1 ¢ nepuoaom oceBoro Bpaiienus (596) Scheila 6yayt odcyxaaTbes.

THE ABSOLUTE BVRI PHOTOMETRY OF MAIN-BELT COMET (596) SCHEILA

N. Pit!, F. Rahmatullaeva? S. Abdulloev?, N. Kiselev®, K. Antoniuk®
!Crimean Astrophysical Observatory,
’Institute of Astrophysics of the Ac. of Sci. of the Republic of Tajikistan, *MAO NASU

Minor planets are considered to be among the pristine objects in our Solar System. A variety
of their taxonomic classes, discovery a new class Main-Belt comets (MBCs) with dynamical
properties of small planets leads us to a new understanding the composition, activity and dynamics
of these objects, their connection to comets and meteoroids, and the formation of the early Solar
System. There are six currently known MBCs. The activity of two other objects is likely not
sublimation-driven and therefore they are disrupted asteroids. One of them is (596) Scheila. We
present results CCD photometry in the BVRI filters of the asteroid displaying a comet-like
appearance on December 12, 2010. Our observations were carried out at the 1.25-m telescope of the
Crimean Astrophysical Observatory from May 30 to June 4, 2011. Variable of brightness in the V
filter and colors B-V, V-R and R-I with rotational period of Scheila will be discussed.

HCCJEJIOBAHUE OBBEKTOB HA OPBUTAX KOMET CEMENCTBA IOIIUTEPA

M.A. llleasikoB
NHACAH
E-mail: mshelyakov@inasan.ru

B pabore mpoBeneHo MccieqoBaHuE O0OBEKTOB, HAXOJIAIIMXCS HAa OpOMTAaX KOMET ceMencTBa
IOnutepa. BrigeneHbl OKOJ03€MHBIE acCTEPOMbI, HAaXOAAIIUECS B 00JacTU SBONIOIUH KOMET
cemeiictBa IOmnurtepa. IIpoaHamu3upoBaHa 3BONIOLUS ITHX OOBEKTOB MPHU HCHOIB30BAHUU
CUMIUIEKTUYECKOTO HHTETPAaTOpa, BBIACIECHBI OCHOBHBIE 3aKOHOMEPHOCTM B HX IIOBEICHUMU.
YcTaHOBIIEHO, YTO PsJl OOBEKTOB HAa JAHHOM JTalle MOJBEpXKEH JAEHCTBHIO pe3oHaHca Jlumosa-
Ko3zau. IIpoananmusupoBansl 84 komeTsl cemeilictBa lOnurepa ¢ NEepUTrenuMiHBIM pPacCTOSTHUEM
<15 ae. c uenbio CpaBHEHHS UX JAMHAMUYECKOW SBOJIOLMHU C SBOJIOIMEH acTepousioB Ha
noo0HBIX opOuTax. OOcyxkmaercs mnpobieMa pas3Iuyuusi B SBOJIOLMU PACCMOTPEHHBIX THIIOB
o0bekTOoB. Ha OCHOBaHMU CpaBHEHHUS TMOBEICHHS aCTEPOMJOB M KOMET IMOJHUMAIOTCS BOIIPOCHI
0 MIPOUCXOKIACHNU 00BbEKTOB Ha opOUTax KoMeT cemericTBa FOmnurepa.
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STUDY OF OBJECTS ON JUPITER FAMILY COMET ORBITS

M.A. Shelyakov
INASAN
E-mail: mshelyakov@inasan.ru

Studying of objects on Jupiter family comet (JFC) orbits has been carry out in the paper. Near-
Earth asteroids which orbiting in area of JFC’s evolution have showed. Evolution of that objects has
analyzed by means of symplectic integrator. Trends of objects evolution have been determine. It is
establish that a number of objects subject to Lidov-Kozai mechanism. In addition, we have analyzed
84 JFC with g < 1.5 AU in order to compare dynamic evolution with near-Earth objects.
The problem of evolution difference have considered. Nature of objects on Jupiter family comet
orbits have discussed.

METEOPUTOOBPA3YIOIUI PO KPYIIHBIX METEOPHBIX TEJI

A.K. TepenTneBa, C.U. bapabanos
NHACAH
E-mail: ater@inasan.ru, sharabanov@inasan.ru
Ouenp spkuid 60mmpg -15 aOCOMIOTHOW 3BE3MHON BEIMYMHBI, MpOJIeTeBIIUI Hayn Yexuei u
[Tonbmeit 29 centsdps 2003 r., 3aperucTpupoBaHHBINA ABYMs cTaHIUsIMH EBporeiickoit 0onuaHon
cetd U naBmmii MmeteopuT BecoMm 400 1, ObLT HAMHU OTOXACCTBJICH C METEOPHBIM poeM t-Ilucuma
(mo karanory A.K. TepenrbeBoii). Kpome Toro, mo pesynbratam ¢otorpaduueckux HaOIOACHUI
6omunoB llpepuitHoli ceTn HalifieHO MeTeopuTOooOpasyrollee Telo ¢ JoaTMochepHOl Maccoit
8.3 Kr, KOTOpOE TaK)Xe BEIUKOJIEITHO OTOXKIECTBISIETCS C 3TUM METCOPHBIM POEM.
TakuMm 00pa3oM, TaHHBIM METEOPHBINA POH, NEeHCTBYIOMUN ¢ 8 10 24 OKTAOpS, SIBISIETCS POEM,
COZIep KaINM KPYITHBIE METEOPUTO0OPa3yIOIIHE Tea.

METEORITE PRODUCING STREAM OF LARGE METEOR BODIES

A.K. Terentjeva, S.I. Barabanov
INASAN
E-mail: ater@inasan.ru, sharabanov@inasan.ru

A very bright fireball of almost -15 maximum absolute magnitude, which had flown over the
Czech Republic and Poland in September 29, 2003, was recorded at two stations of the European
fireball network, and has produced a meteorite with mass of 400 g. This fireball is identified by us
with the 1-Piscid meteor stream (from the catalogue by A.K.Terentjeva). Besides, using the
photographic observations of fireballs by the Prairie Network, a meteorite producing body was
found with pre-atmospheric mass of 8.3 kg, which is certainly related to this meteor stream.

Thus, the meteor stream, acting from 8 to 24 of October, is the stream containing large
meteorite producing bodies.

METO/I JIUISA BBICTPOM OIIEHKH MUHUMAJIBHOT'O PACCTOSTHUS MEXKTY
JABYMSI KOH®OKAJIbBHBIMU IN'EJIUONEHTPUYECKUMU OPBUTAMMU
A.E. [lepeBsinka
Camapckuii TOCyTapCTBEHHBIN TEXHUYECKUI YHUBEPCHUTET
E-mail: AndrDerev@gmail.com

Paccmatpena 3amada omenku mapamerpa MOID, xapakrepu3yromero MHUHUMaJIbHOE
paccTosiHue MeEXIy JABYMsI KOH(OKaTbHBIMU TEIHUOICHTPUYECKUMH OpOUTaMU HEOECHBIX Tel.
[TocraBnena 3anava BeraucieHus napamerpa MOID s 6oibiroro komdecTBa actepouioB (0oee
10 000) ¢ makcumManbHON CKOPOCTHIO. [IpenoxkeH YMCIeHHBI METO/I OIEHKH, UMEIOIINI B OCHOBE
reomeTpuueckuil moaxoj. PaccmarpuBaerca nsa tenma: A u E. Tak kak B mocraHoBKe 3ajauu
TpebyeTcst paccuuTaTh MUHUMAIBHOE PAaCCTOSIHUE MEXAY opOutamu, nHdopmanus o GaKTUIECKUX
MOJIOKEHUAX Tel Ha UX opbuTax He paccMarpuBaercs. [l Tenma A MpOCUMTHIBACTCA MOJHBIN
o0opoT mo opbOute. g KaKIOTO TMONOXKEHHS Tela A HaXOIUTCS COOTBETCTBYIOIIEE €My
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nosoxkeHne E wm3 crnenyromero mnpeamnosnoxkeHus. B paccMoTpeHHMe BBOAMTCSA IUIOCKOCTD,
cogepxkamiast Teno A, CoslHIEe U NEepNeHAUKYIsIpHas IIocKocTH opoutsl Tena E. M3 1Byx Todek, B
KOTOPBIX TUIOCKOCTH P mepecekaer opouty E, cunrtaercs, yto E Haxogutcs B Omrkaiimeit k Temy A.
Ha ocHOBe reomMeTpuuecKux COOTHOLICHWMH, U3 TpeyrosibHUKa, oOpa3zoBanHoro ComHueM, A u E,
HaxoJuTcs pacctosHue Mexay tenamu A u E. [locie mpocdera ¢ onpeneneHHbIM IaroM OJHOTO
nojHoro obopora tena A mo opOute mnoiyyaercs HaOOp 3HAUYEHUIl pacCTOSHUN, M3 KOTOPOIO
OTIPENeNIAIOTCA  OOJIACTH  JIOKAJBbHBIX MHUHHUMYMOB JHCKPETHOTO TPEACTaBICHUS (QYHKIUU
paccrosiHus Mexly opOuTamu ten A u E. 3arem npou3BoauTcs npoueaypa yTOUHEHUs Hai 1IeHHbIX
3HA4YEeHUH JIOKAIbHBIX MUHUMYMOB. 3a napamerp MOID npunnmaercs HauMeHBbIINN U3 HAMIEHHBIX
JIOKAJIbHBIX MMHHUMYMOB. J[OCTOMHCTBa MeTOJa: BBICOKAasi CKOPOCTb M HAcTpauBaeMmas TOYHOCTb
BBIUMCIICHUM, Mapajuienu3anus  BbluMciIeHUM. IIpoBenaeHbl  CpaBHMTENbHBIE  HCIBITAaHUSA
onuceiBaeMoro mMeroza. IloiaydyeHHble pe3ysbTaThl COINIACYIOTCS ¢ KJIACCUYECKHM METOOM.

AMETHOD FOR THE FAST MOID COMPUTATIO FOR TWO CONFOCAL
HELIOCENTRIC ORBITS
A.E. Derevyanka
Samara State Technical University

The paper is on the problem of the estimation of the MOID parameter. Minimum Orbital
Intersection Distance describes the minimal distance between two confocal heliocentric orbits. The
task of calculating the MOID parameter for a large number of asteroids (more than 10,000) with a
maximum calculating speed is set. A numerical method based on geometrical considerations
concerning the location of the bodies on their orbits is proposed. Let us consider two bodies A and
E. Since only the minimum distance between two orbits is required, the information on the actual
position of the bodies on their orbits is insignicant. The idea is to calculate one full revolution of the
body A and for each position A the corresponding position of the body E. Consider a plane P,
comprising the body A and the Sun. Therefore, plane P is perpendicular to the orbital plane of the
body E. Of the two points at which the plane P intersects the orbit of the body E, E is considered to
be at the point that is the nearest the body A. As a result, from the geometric assumptions on the
triangle formed by the Sun and two bodies, the distance between A and E is calculated. When one
complete revolution of the body A with a certain step is calculated, we receive a set of the distances
between two orbits, from which we can identify the areas of the local min. of the distance function.
Then, the procedure of tuning is carried out to verify and precise the values of local min. of the
distance function. As a result, the smallest value of the local min. is considered to be the estimation
of the MOID takes. Pros of the suggested method are as follows: high speed and adjustable
calculation accuracy, the suitability to the use of parallel computing. The results received are
consistent with the classical G. F. Gronchi method.

OOTOMETPUYECKUE HABJIIOAEHUS ACTEPOUI0B U KOMET
B OBCEPBATOPUU KYBI'Y C40 B 2013-2015 I'T.
AJL. UBanoB, B.A. UBanos, B.E. JIbicenko, U.B. JIutBunos, J.A. I'106a
Ky0aHckuit rocy1apCcTBEHHBIH YHHBEPCHTET
E-mail: ial63@yandex.ru
[IpuBonsaTcs  pe3yiabTaThl  HAOMIOAEHWM  M30paHHBIX OOBEKTOB IO  HAOIIOACHUSIM
B obcepBatopuu Kyol'Y C40.

PHOTOMETRIC OBSERVATIONS OF ASTEROIDS AND COMETS
IN THE OBSERVATORY KUBSU C40 IN 2013-2015YY.
A.L. Ivanov, V.A. Ivanov, V.E. Lysenko, I.V. Litvinov, D.A. Globa
Kuban state University
The results of observations of selected objects according to the observations at the Observatory
of KubSU C40 is given.
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ACTEPOUJHO-KOMETHASA OITACHOCTbD

Asteroid and Comet Impact Hazard

IUPOKOYTOJIbHBIN OB30P 1151 OKOJIO3EMHBIX ACTEPOUIOB

B.B. Emenbsinenko, C.A. Hapoenkos, U.C. CaBaHnos,
M.A. HasmuBkuH, A.C. lllyrapos, B.1O. Tepeou:x
NHACAH
E-mail: snaroenkov@inasan.ru

[Tocne YenssOMHCKOTO COOBITHS CTANO OYEBHIHBIM, YTO HE TOJBKO KPYITHBIE aCTEPOMbI, HO U
HeOouspe 10-M Tena HecyT yrpo3y uenoBedecTBy. HecMOTpst Ha TO, YTO KOJUYECTBO M3BECTHBIX
OKOJIO3EMHBIX OOBEKTOB IIOCTOSIHHO YBeNIWYHMBaeTcss Onaromaps paboTe Takumx O030pOB Kak
Spacewatch, LINEAR, LONEOS, NEAT, Catalina Sky Survey, Pan-STARRS u NEOWISE,
3HAYHMTENbHAs YacTh OKOJIO3EMHBIX acTEpOHIIOB elle He oOHapyxeHa. B 9acTHOCTH, HeTaBHHE
UCCIIeIOBaHUsT OOJIMIHBIX COOBITUH I1OKa3bIBAIOT, YTO KOJMWYECTBO TeJ JAUAMETPOM OKOJIO
10 mMeTpoB, KOTOPBIE MOTYT CTOJIKHYTHCS C 3eMJIei, Ha MOPSAJOK OOJIbIIE YeM OICHHBAJIOCH paHee
10 TEJIECKOIMYECKUM 0030paM.

Jliist morcka HOBBIX OKOJIO3EMHBIX aCTEpOMIOB MBI pa3padaThiBaeM HOBYIO HMIMPOKOYTOJIBHYIO
MYJIbTH-allepTYpPHYIO ONTHYECKYIO cucTeMy. Takas MyJbTH-alepTypHas CHCTEMa CMOXET
OCMOTPETh BCIO HEOECHYIO cpepy HECKOIBKO pa3 3a 0JIHy HOUb. [lIMpokoyroiabHbI 0030p CMOXKET
oOHapy>KUBaTh OOJBIIOE KOJIWYECTBO HOBBIX HEU3BECTHBIX AaCTEPOUIOB U BBINOIHATH (DYHKIHUU
CUCTEMBI TIPEAYNPEKACHUS O CTOJIKHOBEHUHU acTepouoB ¢ 3emiieil. Bee Teneckomnbl 0030pa OyayT
COeJMHEHBl B OOIIyI0 cHucTeMy ¢ Oojee KPYHHBIM TEJIECKONOM IOAXBaTa acTepouioB. MBI
IUTAaHUPYEM HCIIoNIb30BaTh cymiecTBytomyo uHppactpyktypy MHACAH u HUU KPAO nns
pasMeleH s IIMPOKOYTOJbHBIX MYJIbTH-aIIEPTYPHBIX ONTHYECKUX CHCTEM.

THE WIDE FIELD SURVEY OF NEAR-EARTH OBJECTS

V.V. Emel’yanenko, S.A. Naroenkoy, 1.S. Savanov,
M.A. Nalivkin, A.S. Shugarov, V.Y. Terebizh
INASAN
E-mail: snaroenkov@inasan.ru

After the Chelyabisk event it is evident that not only large asteroids but also ~10 m size
meteoroids pose a substantial hazard to the Earth civilization. Although the number of near-Earth
objects has been growing rapidly in this century due to special surveys such as Spacewatch,
LINEAR, LONEOS, NEAT, Catalina Sky Survey, Pan-STARRS and space-based NEOWISE there
are large uncertainties in the population count, physical properties and dynamical characteristics of
small asteroids. In particular, recent studies of bolide events indicate that the number of impactors
with diameters of ~10 m may be an order of magnitude higher than estimates based on telescopic
surveys.

We propose a wide field optical survey that is aimed at small near-Earth objects. The semi-
automatic survey will be able to cover the entire visible sky several times per night. This survey will
discover many small asteroids and also serve as a warning system for imminent impactors. All the
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telescopes of the survey will be combined in the united system connected with more powerful
follow-up telescopes. At first we plan to use the existing infrastructure of the Institute of Astronomy
of RAS, Moscow (observatories in Terskol and Zvenigorod, as well as a new station in Kislovodsk)
and the Crimean Observatory as the sites of the survey.

O PACIIPE/IEJIEHUU CTAHIIUM HABJIFOJIEHUS 1JIs1 HEIPEPBIBHOI'O
COITPOBOXJIEHHUSA AC3
H.B. Kazauues, IL.B. CanHanemcol, T.1O. l“a.nymmm2
1Ypanbc1<m71 (dhenepaabHBIA YHUBEPCUTET, *Tomckmit rOCYJapCTBEHHBIN YHUBEPCUTET
E-mail: n.kazantcev@gmail.com, savl-silverheart@rambler.ru, volna@sibmail.com

Bo Bpems TecHoro cOmmkeHus acrepoua ¢ 3emiieil HE0OX0IMMO OCYIIECTBISATh HEMTPEPHIBHBIN
MOHUTOPHHI OOBEKTa C IEJIbI0 TMOJYYCHHs TUIOTHOTO psijia HAaOJIOJIEHUH, YTO, B CBOIO O4YEpe/lb,
MO3BOJIUT TIOBBICUTH TOYHOCTH OTPEEIIIEMBIX JIEMEHTOB OpOUT. BHIMMOCTh 00BEKTa 3aBUCUT OT
reorpaMyecKOro pPacroyiOKCHUST CTAHIMH HAOMIOMCHUSA, a JUIsl pealu3aldd HEeMPEPHIBHBIX
HaOmoeHni TpedyeTcss pacrpenesieHue 0o0CepBaTOpHid IO TIOBEPXHOCTH IUIAHETHL. B cuiry
AKOHOMHUYECKHUX COOOpaKeHHH HEO0OXOAMMO, YTOOBI YHCIIO CTAHIIUH HAOMIOACHUS ObLIO OJIM3KO K
onTUMaibHOMY. B gaHHOW paboTre peann3oBaH aJIrOpUTM OIEHKH HEOOXOJAMMOro 4Yucia
oOcepBaTopHii 1151 peaiu3auy HermpepbIBHOIo MOHUTOpUHra AC3:

Ha TIEpBOM JTale CTPOUTCA pPaBHOMEpHAas CEeTKa o0cCepBaTOpUil, OXBATHIBAIOIIAS BCIO
MMOBEPXHOCTH IJIAHETHI;

0TOpachIBaIOTCS AJIEMEHTHI CETKU 3a rpanuniaMu Poccuiickoit @enepanny;

Y3JI0BBIE 3JIEMEHTBI CETKU MPUBSI3BIBAIOTCS K HBIHE CYIIECTBYIOIIUM 00CEPBATOPHSIM;

OTIPEICIISAIOTCS TeorpaduuecKrue KOOPAMHATE MECT «HEOCTAIOIINX) 00CEPBATOPHIA,

1O JTAaHHBIM OTKPBITBIX UCTOYHUKOB OMPEJETACTCA YUCIO SICHBIX HOUEU B JAHHBIX TOYKAX;

OCYILIECTBIISICTCS KOPPEKIMUSA CETKU C YUETOM aCTPOKIMMATA;

MIPOU3BOIUTCS OlIEHKA BEPOATHOCTH YCTICUTHBIX HaOMoAeH i 11t n3opaHHbix AC3.

B pabote mpencrtaBieHsl pe3yabTaThl OMpENeIeHUs KOOpAUHAT MeCT Ha Tepputopuu PD s
(dbopMHUPOBaHUS CETU CTAHIIUN HEMPEePBIBHOrO MOHUTOpUHTa AC3.

ABOUT OBSERVATION STATIONS DISTRIBUTION FOR NEAS CONTINUOUS
MONITORING
N.V. Kazantcev', P.V. Skripnichenko®, T. Yu. Galushina®
Ural Federal University, Tomsk State University

During close encounter of asteroid with Earth continuous monitoring is required for receiving
of observations tight series and increase of defined orbit elements accuracy. Object observability
depends from geographical location of observation station. Observatories distribution on planet
surface is required for continuous monitoring realization. Because of economic reasons it is
necessary that observation stations number would be close to optimal. The algorithm of estimation
of required observation stations number for continuous monitoring realization is described in the
paper: on the first step observatories uniform grid which covers planet surface is constructed;

grid elements across the border of Russian Federation is rejected; grid nodes are attached to real
observatories; geographical coordinates of deficient observatories are calculated; clear nights
number in this places is determined from open sources; grid correction is made with astroclimate
accounting; successful observations probability evaluation is carried out for favorite asteroids.

The results of places coordinates determination on Russian territory for NEAs continuous
monitoring stations grid forming are presented in the paper.

67


mailto:n.kazantcev@gmail.com
mailto:savl-silverheart@rambler.ru
mailto:volna@sibmail.com

NCCIEJOBAHUE JTUHAMUKHU OPBUTAJIBHOI'O IBUKEHUA
KOCMHNYECKOTI'O AIIITAPATA BBJIN3U ACTEPOUJA AITIOPUC

B.B. UBamkun” 2, A. Jlan®
1I/IHCTI/ITyT npukinaaHoi marematuku uM. M.B.Kengeima PAH, MITY um. H.D. baymana

E-mail: ivashkin@keldysh.ru; seatu_angel@126.com

B pamkax wuccienoBaHus XapaKTEPUCTUK BO3MOXHOW HKCHEAMIMH K actepouay Amnoduc
BHITIOJTHEH aHaIM3 oOpOuTanpHOTO JIBMWKeHHS KA BOKpyr acrepouna. B cooTBeTcTBHHM C
PaccMOTPEHHON CXEeMOM MoJeTa MpeArnoaraeTcs, 4To Mnocie mnojajgeTa Kk acrepoury ocHopHon KA
MEPEXOIUT Ha HU3KYH OpOWTY cnyTHHKa Anoduca H, OBUTAsICh MO 3TOM OpOWTE B TEUEHUE
IpUMEpPHO 7 CyT., BBINOJHSAET HCCIEIOBAaHUE XapaKTepucTuk actepouna. Kpome Toro,
IpearoiaraeTcsd J0CTaBKa IIOCAJOYHOTO MOAYJISl Ha IMOBEPXHOCTb acTepouaa il H3y4eHUus
BELIECTBA U B3STHs 00pa3lioB TPYHTA, a TAKXKE BBIBEJICHUE CIIELMAIbLHOIO MUHU-aNNapara (30H/1a)
Ha OoJsiee ylajJeHHYI0 OpOUTY CIyTHHKA acTepouaa, 9YToObl mocie omiera ocHoBHOTO KA k 3emiie
MPOJOIKUTh HM3MEPEHHs M YTOUHEHHE MapaMeTpoB opOuThl Amoduca B TeueHue Ooiee
JUTUTEIIbHOTO BPEMEHHU, TPUMEPHO HECKOJIBKHUX JIET.

s maHHOM cXeMbl SKCIENUIIMU BBIIOJHEH MEPBBIM ATal aHallM3a YCTONYUBOCTH JIBUKCHHUS
KA Bokpyr acrepouna. [Ipu 3ToM ObUTH yYTEHBI TPU THIIA BO3MYILIECHUM: NMPUTSHKCHUE YAAICHHBIX
nebecubix Ten (Comune, 3emns, Jlyna, Benepa, FOnutep), Bnusinue HechepuuHoctu Amnoduca u
JIaBJICHUE COJHEYHOro cBeTa. [y MccrneqoBaHMs IUHAMHKHU JIBWKEHUS almapaToB MPUMEHEHO
YUCJICHHOEC HMHTETPUPOBAHHE YPABHEHHUH acTepousio-IeHTprueckoro aBuxkeHus KA ¢ yderom
yKa3zaHHBIX Bo3MymieHui. [Ipu aTom ans ananuza BiausiHUSI Hec(EPUUHOCTH acTepouia Ha JaHHOM
JTarne MUCIOJb30BaHA MOJENIb OJHOPOJHOrO YIJIMHEHHOI'O J3JUIMIICOMJA BpALIECHUS BOKPYT OCHU
MUHUMAJIbHOTO MOMEHTa UHEPLUU. Y IIIMHEHHE acTePOU/Ia, T.€. OTHOILIEHUE €ro OOJIBIION U Majoi
noyryoceii, paccmorpeHno B mpeaenax ot 1,1 mo 2. Ha manHoM sTame aHanu3a mperosaraercs
TaK)Xe, 4YTO UMEET MECTO OJJHOOCHOE BpaIllEHUE IUIUIICOUAA BOKPYT €ro OOJIBIION OCH, OpUEHTALIUS
KOTOpOHl TOCTOssHHa B ImpocTpaHcTBe. [IpuHATO, 4YTO TrpaBUTAaLMOHHBIA mNapamerp Amnoduca
MeHseTCsa B Aauanas3oHe ot 1,8 M/ 1o 2,86 M3/C2, cpenuuit paauyc Anoduca - 160 M, macca u
nuameTrp MUHHM-30H1a paBHbl 10 kr u 40 cM. Hauansable opoutsl KA paccMOTpeHbl KpyroBBIMU €
panuycom ot 0,5 o 2 kM. AHanM3 mokasall, 4YTO MOXHO Tak 1oaoopaTth opouty ocHoBHOro KA
(pammycom okoisio 0,5 kM) m opOuty MuHH-anmapara (paanycoMm Okoio 1,5 kM), yTo B paMKax
PacCMOTPEHHONH MOJAENU WX ABMXKEHUS OyayT AOBOJBHO CTAaOMIBbHBI. J[BIDKEHHUS y acTepoujaa
COXPAHSIIOTCSI B T€UEHHME JOCTATOYHO MPOJOJKMTEIBHOTO BPEMEHH — OKOJIO JIBYX HEAENb s
ocHoBHOro KA u Heckombkux jeT (oT 2020 r. mo commkenus ¢ 3emuei B 2029 r.) 1u1st 30H7aa.

ORBITAL MOTION DYNAMICS STUDY FOR NEAR-APOPHIS SPACECRAFT
V.V. Ivashkin® 2, A. Lang?
'M.V. Keldysh Institute of Applied Mathematics of RAS, “MSTU named N.E. Bauman

In frame of a study of a possible mission to asteroid Apophis, an analysis of a spacecraft orbital
motion near the asteroid is performed. According to a scheme of the spacecraft flight near Apophis,
a main spacecraft is proposed to be transferred to a low Apophis satellite orbit, and it moves there
during several days studying the asteroid. Besides that, a special mini-probe is proposed to be
inserted into a higher Apophis satellite orbit to observe the asteroid during several years for better
estimating the asteroid’s orbit. For the analysis of the spacecraft and mini-probe motions relative to
Apophis, besides the Apophis central gravity, three perturbations were taken into account: gravity
of far celestial bodies (Sun, Earth, Moon, Venus, and Jupiter), non-spherical structure of Apophis,
and solar radiation pressure. The analysis has shown that it is possible to choose such orbit of the
main SC (with initial radius of about 500 m) and the orbit of the mini-probe (with initial radius of
about 1500 m) that their motions will be stable enough during about two weeks for the main
spacecraft and during about nine years (from 2020 till approach to Earth in 2029) for mini-probe.
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PACHIOJIO)KEHUE OBJIACTEM, BEAYIIHUX K COYJAPEHUSAM AITO®PHUCA
C 3BEMUIEA
JIJI. CoxouioB, T.I1. bbliieBa, A.A. Bacuabes, H.A. IleTpoB

Cankr-IlerepOyprekuii rocynapcTBEHHBIH YHHBEPCUTET
E-mail: Isok@astro.spbu.ru

CTpyKkTypa MHOXECTBa HauyaJbHBIX JAHHBIX, COOTBETCTBYIOIIUX BO3MOXKHBIM COYAapEHUIM
actepousia ¢ 3eMiield, MOXKeT OBbITh OYCHb CIOXKHOM HM3-3a pe30HAHCHBIX BO3BpaToB. OOCykmaercs
actepousi Anoduc, A7l KOTOPOrO BO3MOXKHBIE COYIapEHUs TIIATEIbHO UCCIIEeI0BAINCH, U KOTOPBII
OCTaeTcsi OIMacHBIM, HECMOTPS Ha YTOYHEHHE ero opOuThl u3 HaOmogenuid B 2013 romy.
Hcnonw3yercss uHTEerpatop OBepxapra u moueiab ComHeyHo cuctembl DE405, BbraucieHus
OPOBOJIMIINCHE HAa  KommbioTepHoM  kiactepe  Cankt-llerepOyprckoro  rocynapcTBEHHOTO
yHHuBepcuTeTa. OCHOBHBIE XapaKTEPUCTUKU TPACKTOPUM, BKIIIOYas OTHOCUTEIbHBIC MOJ0XKEHUS U
pa3Mepsl LIeNel, BEAYIIUX K COyJapeHUsIM, YCTOMUMBBI OTHOCUTEIIBHO MaJbIX U3MEHEHUN MOJENn
JIBUKCHHUSL.

Uto0OB! N30eKaTh COyIapeHui, ciaeayer nepeMectuth Anoduc B 001acTh OOIBIIMX MTOTYOCEH,
HE COJEpXKallyld BeAylUX K coynapeHusM mienei. McciaemyeTcss 3aBHCHUMOCTh OT BPEMEHH
obriacteld, BEAYIIUX K COyIapeHUSIM, a TAKXKE IBOJIIOIHS CO BpeMeHeM olJiacTeit 6e3 coymapeHui.
OO6cyxnaroTcs BO3MOXXHOCTH TepeMelieHus Anoduca B ooactu 6e3 coyaapeHui.

Hacrosimast pabora momnepkana rpantamu POOU 14-02-00804, 15-02-04340 um rpanTOM
CIIoI'Y 6.37.341.2015.

LOCATION OF THE REGIONS LEADING TO COLLISIONS
OF APOPHIS WITH THE EARTH
L.L. Sokolov, T.P. Byleva, A.A. Vasiliev, N.A. Petrov
Saint Petersburg State University
E-mail: Isok@astro.spbu.ru

The structure of initial conditions, corresponding to possible collisions of asteroids with the
Earth, may be very complicated due to resonant returns. We discuss the case of asteroid Apophis,
because its possible collisions have been carefully investigated and Apophis will be hazardous as
before despite its orbit refinement in 2013. The Everhart integrator and DE405 model of Solar
system are applied, the high-performance computational cluster of the Saint Petersburg State
University used. The important characteristics of trajectories under study including relative
positions and sizes of keyholes leading to collisions are stable with respect to small changes of
motion model.

To avoid collision, we have to move Apophis into the region of semi-major axes without
keyholes. We investigate the time dependence of semi-major axis regions leading to collisions and
evolution with time the regions without collisions. We discuss the possibilities of moving Apophis
into the region without keyholes.

MMOCJIEACTBUSA NIPEBEHTUBHOI'O PASPYHIEHUSA OITACHOI'O ACTEPOUIA

AT A.nelccaﬂ;[ponal, T.IO. Faﬂyumﬂal,
A.Bb. llpumenenko, K.B. XO.]IIHeBHI/IKOBl’Z, B.M. YeueTrkuH
"Tomcxuii TrOCYAApCTBEHHBIH YHUBEPCUTET, 2CaHKT-HeTep6yprc1<m71 rOCYAApCTBEHHBIN YHUBEPCUTET,
MuctuTyT npukinagHoi Matematuku uM. M.B.Kengsima PAH
E-mail: volna@sibmail.com, kvk3504@mail.ru

HccnenyroTcss mocneacTBus MNOAPBIBA ACTEPOHMAA SASPHBIM  3apsiAHBIM  YCTPOMCTBOM 32
HECKOJIBKO JIET JO €ro NpeACKa3aHHOro TMaJeHusi Ha 3eMJo, a TOYHee Ccpa3y IMocie
MIPEIIIECTBYIONIEr0 CTOJKHOBEHUIO cOmmkeHus. OCyIIeCTBUMOCTh MPOEKTa CBs3aHA C TEM, YTO
najgeHue actepouga auamerpom 100 M u Oojee cpa3y MOcCie €ro OTKPBITHS MaJOBEPOSTHO.
ManoBeposTHO CaMO CTOJKHOBEHHE C 3eMJIeil: MO pa3HbBIM OIICHKaM OJHO COOBITHE pa3 B
HECKOJIbKO COTEH WJIM ThICSY JIET. BEpOATHOCTH € CTOJIKHOBEHHUS Cpa3y MOCJIE€ OTKPBITHS OMACHOTO
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oOBeKTa emie Ha 2-3 mopsiaka HUXKE (3TO HE Tak IS Te METPOBOTO M JACKAMETPOBOTO pa3Mepa,
OTKPBIBAEMBIX TOJIBKO B HEMOCPEACTBEHHON OJM30CTH OT 3eMJIM; HO YHUYTOXXEHHE WU
OTKJIOHEHHE TaKHUX Tell He TpeOyeT suepHbIX 3apsioB). [TokazaHo, 4TO MPEBEHTHBHOE YHUUYTOKEHUE
00BbeKTa 3aJ0JT0 TEpell MOCICAYIOIIMM CTOJIKHOBEHHEM IPUBOJIUT K TOMY, YTO TOJIABIISIOINICE
OOJBIIMHCTBO OCKOJIKOB, WJIHM JIaXKE BCE YXOAAT C OPOWTHI CTONKHOBEHHS. VX paguoakTHBHOCTH
CHIIKAeTCsl Ha 7 — 9 MOPSAIKOB.

AFTERMATH OF APREVENTIVE DISRUPTION OF AHAZARDOUS ASTEROID

A.G. Aleksandrova®, T.Yu. Galushina®, A.B. Prishchepenko,
K.V. Kholshevnikov'?, V.M. Chechetkin®?
Tomsk State University, “Saint Petersburg State University, *Keldysh Institute of Applied Mathematics RAS
E-mail: volna@sibmail.com, kvk3504@mail.ru

Aftermath of a preventive demolition of an asteroid by a nuclear warhead device some years
before its predicted impact with the Earth (more precisely, just after a close approach precedent to a
collision) is examined. The feasibility of the project is connected with a circumstance that a
collision of an asteroid with a diameter greater than 100 m immediately after its detection is
scarcely probable. Highly unlikely is the collision itself: one event every hundreds or thousands
years according to different estimates. The impact probability immediately after the discovery of a
hazardous object is just 2-3 orders lower (it is not so for bodies of several meters or decameters in
diameter which are detected in vicinity of the Earth only; but a demolition or a deviation of such
bodies does not demand nuclear warhead devices). We establish that a preventive demolition of the
object long before its following collision has as a consequence that the vast majority of fragments
(or even all of them) escapes from the collision orbit. Their radioactivity goes down by 7 — 9 orders.

OIITUMAJIBHASI CTPATETHUS BJIMKHET O ITEPEXBATA OIIACHBIX JIUISI 3EMJUIA
HEBECHBIX TEJI B CIYYJAE IPUMEHEHMUS SIAEPHBIX CPEJICTB
IMPOTUBOJENUCTBUSI

B.C. Ca3onoB
HH1Wmamm
E-mail: valsazonov@mail.ru

PaccMoTtpensl Bompockl OTKJIOHEHHsS OT 3emin onacHbIx HeOecHbIx Tes (OHT) ¢ momoribro
B3pbIBa SIJEPHOTO 3apsja, JOCTAaBJIIIEMOIrO pAaKETOH, HaudalbHas Macca KOTOPOM sABIIAETCS
napameTpoM 3anaud. [lokazano, uro mpobOiema otkioHeHuss OHT B ycrmoBUAX OrpaHUYEHHOTO
pecypca BpeMeHHM, Mpu ONMKHEM IepexBaTe, MOXKET ObITh pelleHa HeolHO3HayHo. OmnpeneneHsl
YCIIOBUSI CYILIECTBOBAHMS ONTHUMAJbHOM CTpaTernu IepexBara, 00ecreurBarolell MakCHMalbHOE
otkioHeHrne OHT npu 3agaHHBIX BECOBBIX XapaKTEPUCTHKAaX SIAEPHOTO 3apsizia, PacCTOSHUSX IO
3emin, HaYaJIbHOM Macce pakeTbl-HocuTens U T.1. [IpoaHanu3upoBaHbl 0COOEHHOCTH pa3pyLICHUS
OHT npwu nelictBuu B3phIBa.

OPTIMUM STRATEGY OF NEAR INTERCEPTION OF CELESTIAL BODIES
DANGEROUS TO THE EARTHWITH USE OF NUCLEAR MEANS
V.S. Sazonov
TSNIIMASH
E-mail: valsazonov@mail.ru

The questions of the deviation from the Earth of dangerous celestial bodies by means of
explosion of the nuclear charge delivered by a rocket which initial weight is a task parameter are
considered. It is shown that the problem of body deviationcan be solved ambiguouslyin the
conditions of the limited resource of time, at near interception.The conditions of optimum
interception strategy providing the maximum deviation of the bodyare defined at given weight
characteristics of the nuclear charge, distance from the Earth, initial mass of the rocket etc. Features
of destruction of an asteroid are analysed at explosion.
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KOCMHMUYECKASI CUCTEMA OB30PA HEFECHOM C®EPHI 115 OBHAPYXXEHUS
OITACHBIX HEBECHBIX TEJL, JIETAIIUX K 3EMJIE CO BCEX HAITPABJIEHUHU

I0.11. Kynemosl, B.I1. Mucuuk 1, I1.51. HocaTemcol, 10.11. HKOBEHKOl,
J.B. PLIXJIOBaZ, b.M. llycroB 2, AN. 3axap033, M.E. Hp0x0p033, K.C. EJ‘IKI/IH4,
B.A. EMCJIBHHOB4, AM. Beablii® , ILLH. EpMaKOBS, B.T. AJILIﬁI/IHB, B.B. Bepé3RnH6,
H.H. ByJIl“aKOBB, A.H. EpuIOB6

'0A0 «Kopmopaiusi KOCMHUECKHX CUCTEM CIEIUaNIbHOTO HazHaueHus «Komertay, ZI/IHACAH, SCAULL MT Y,
4LIHI/II/IMa111, *0AO «PKK «OHeprus», *0A0 «PKC»

[Ipencrasien ananu3 TpeOOBaHUIA 110 OOHAPYKEHUIO OMACHBIX JUIsl 3eMJIM aCTEPOUIOB U KOMET.
CdhopmynupoBanbl TpeOOBaHUS, MIPEIBSBIAEMbIE K KOCMHUECKOW cHcTeMe OOHApY>KEHHsI OTaCHBIX
HEOECHBIX Tel, JIETAIMX K 3eMJie CO BCeX HalpaBlieHUH, BKJIOYas HEOECHbIE Tena, JIETAILIUE CO
ctoponbl CosHIA.

OnuceiBaeTcss COCTaB M XapaKTEPUCTHUKUM CHUCTEMbl M amnmapaTypbl OOHAapy>KEHUs Ha
KOCMHUYECKHX araparax, pa3MeniaeMbIX Ha TEOCHHXPOHHON opOuTe U opoute obOpareHus 3emiu
Bokpyr CouHna.

SPACE-BASED OMNIDIRECTIONAL ASTEROID COLLISION
EARLY WARNING SYSTEM

Yu.P. Kuleshov?, V.P. Mysnik*, P.Ya. Nosatenko!, Yu.P. Yakovenko® , L.V. Rykhlova?,
B.M. Shustov?, A.l. Zakharov®, M.E. Prokhorov®, K.S. Elkin* V.A. Emel’yanov*, A.M. Belyj’,

P.N. Ermakov®, V.G. Alybin®, V.V. Berezin®, N.N. Bulgakov®, A.N. Ershov®
'Space Special-Purpose Systems Corporation “Kometa”, Joint Stock Company; 2INASAN; *SAI MSU; “TsNIImash,
°S.P. Korolev Rocket and Space Corporation Energia, Joint Stock Company, °RKS Joint Stock Company

In our report we analyse the problem of detection of asteroids and comet nuclei on a collision
course with our planet, and set requirements on a space-based system, which can detect the
hazardous celestial bodies approaching it from all directions, including that of the Sun. We also
describe the composition of the system and list specifications of the detection equipment that shall
be carried by the spacecraft in geosynchronous and geo-heliocentric orbits.

OBHAPY/KEHUE OITACHBIX ACTEPOUJIOB JIETAIIUX OT COJTHLHA
N3 TOYKU JIATPAHXA L1 U «CBOKY» OT 3EMJIN
AN. 3axapOBl, M.E. Hpoxoponl, I0.I1. Ky.nemms2

‘ramin MI'Y, 20A0 «Kopnopanust KOCMUUECKHX CUCTEM CIIEUaIbHOTO HazHaueHus «Komera
E-mail: zakh@sai.msu.ru

B ocHOBe Bcex NpOEKTOB OOHapyKEHUS HEOECHBIX TeN, MPECTABISIOMIUX aCTEPOUTHO-
KOMETHYIO OITaCHOCTb I 3eMJIM, JIeKaT CHUCTEMaTHYECKUe HENpephIBHbIE 0030pbl HeOa,
MO3BOJISIOIINE 3aPETUCTPUPOBATH YIIOMSIHYTHIE TETA.

Onmnako, ecu 0OHapy)XKeHUE OMACHBIX HEOECHBIX TEJN BEACTCS C MMOBEPXHOCTH 3eMITH (ITPOCKTHI
PanSTARR u LSST) unu ¢ KOCMHYeCKHX anmapaToB HAa OKOJIO3EMHOW OpOuTe, TO HaOIOJIeHUE
00BEKTOB BO3MOXXHO BO BCEX HAMPABJICHHUIX 32 HUCKIIOYECHHUEM YIIIOBOM OKpecTHOCTH CoJHIIA.
Henocrynnas ans HabmoaeHUil 00IacTh MPOCTPAHCTBA MPENCTaBIsieT OO0 KOHYC € YIIIOM
noimypactBopa 25°-45°. HeBo3mMoXHOCTh HAOMIONEHWA B OTOM OOJACTH  BBI3BIBACTCS
COBOKYIHOCTbKO HECKOJbKMX TPUYUH: 3aCBETKOM amepTypbl HMHCTPYMEHTOB COJIHEYHBIM
U3NydeHueM, BbICOKMM (poHoM HebGa BOmu3u or ConHua ¥ OonbmMMH (Da30BBIMH YIilaMUu IS
O00BEKTOB PaCHONIOKEHHBIX TOUTH My CONHIIEM U HaOII01aTeNIeM.

OauH U3 BapUaHTOB PEUICHUS 3TOM MpoOIEeMBbl — MOPYUUTHh OOHAPYKEHUE OMACHBIX 00BEKTOB
netsaumx K 3emie co ctopoHbl CoOJIHIIA JOCTATOYHO YAAJIEHHOMY OT 3€MJIM CIEeHHATbHOMY
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kocmuueckoMy ammapary (CKA). Takoi anmapaT Moxet ObITh pa3MmerieH B Touke Jlarpamxka L1
cucreMbl 3eMisi—CoONHLE WIM Ha 3€MHOH OpOUTE C OMEpPEeKEHUEM MIIM OTCTABaHUEM OT 3EMIIH.
CpaBHEHUIO ABYX ONMMCAHHBIX BAPHAHTOB U MOCBSIICHA MPEICTaBIeHHAas paboTa.

DETECTION OF HAZARDOUS ASTEROIDS FLYING FROM THE SUN
FROM THE LAGRANGE POINT L1 AND AT THE "SIDE" OF THE EARTH
A.l. Zakharov', M.E. Prokhorov', Yu.P. Kuleshov?

'SAI MSU, “Space Special-Purpose Systems Corporation “Kometa”

E-mail: zakh@sai.msu.ru

At the core of all the projects of dangerous celestial bodies detection are continuous, systematic
surveys of the sky. However, if the detection of the bodies carried out from the surface of Earth or
the from spacecraft in Earth orbit, it is possible to observe objects in all directions except in a Solar
neighborhood. Unavailable for observation region of space is a cone with a half-angle of 25°-45°.
The impossibility of observation in this area is called by flare aperture by solar radiation, high sky
background and large phase angles.

One solution of this problem is the detection of dangerous objects inside inaccessible area from
the spacecraft far enough from the Earth. Such spacecraft can orbit around Lagrange point L1, or
placed on the Earth-trailing orbit.

The article is devoted to the comparison of the two cases.

AHAJIN3 TOYHOCTEM OIPEJEJIEHUS IAPAMETPOB OPEUTAJIBHOI'O
ABU/KEHUSA OITACHOI'O ACTEPOUA 110 UBMEPEHUAM KOMIIVIEKCA
«HEBOCBO/I»

B.B. Upamkun® 2, II. I‘yo2
MM um. M.B. Kengpima PAH, MI'TY um. H.D. Baymana
E-mail: ivashkin@keldysh.ru; 869792831@qq.com

B noxmane aHamu3MpYIOTCS XapaKTEpPUCTHKM TOYHOCTH pa3pabaThiBaeMOro KoprHopauuein
«Komera» kocmuueckoro komekca «Hebocoa». Kommieke npennazHayeH st 0OHapyKeHUs u
OIIpeJIeJIEHUS TapaMeTPOB JABMKEHHSI OMACHBIX JIUIsl 3eMJIM HEOECHBIX TeJl C LEJIbI0 CBOEBPEMEHHOTO
MPEAYNPEKIACHUS O BOZMOXKHOM acTepONIHO-KOMETHOM yrpose. KoMruiekc BkitouaeT B ce0s 0MH
win 1Ba kocmuueckux ammapata (KA) Ha reocunxponHbIx opOutax. Ha kaxiaom KA ecthb
BBICOKOTOUYHBIM CKaHUPYIOLIUH TENECKOI, ¢ IMOMOIIBI0 KOTOPOrO OCYLIECTBIISIETCS OINO3HABaHUE
HEOECHBIX Tel M OIpelesieHHe MPsMOrO BOCXOXKIACHUS W CKJIOHEHHMsS JUHMM BHU3HPOBAHUS
actepousia. Pa3paboTaHbl aaroOpuTMBI OMpeeiIeHUsT OpOUTHI acTepouaa, COJNMKAIOIMIETOCS C
3emiiel, o pe3yiabTaTaM ontudyeckux usMepenui ¢ KA. Jlisa onpenenenust napaMeTpoB JIBHKEHUS
acTepousia MO JaHHBIM H3MEpPEHUSM IPUMEHSETCS METOJ HauMEHbIIHUX KBajapaToB. [locTpoeH
TaKXe aJrOpUTM ONpEeeNCHUs HAa4aJbHOTO HMPUOIMKEHUS JJIS IapamMeTpoB OpOUTHI, HA OCHOBE
Metojia ['aycca. PazpaboTaHbl alrOpUTMBI OLIEHKH TOYHOCTH OMpPEeNICHUs] apaMeTpOB JABHKEHUS
acrepousia. IIpyn oleHKE TOYHOCTH MNPEANOIAracTCsl, YTO €CTh CIydalHble U CHUCTEMATUYECKUE
omnOKu u3MepeHuid. OIEHKH TOYHOCTH CIENaHbl C MOMOIIbIO JIBYX METOJOB - aHAJUTHYECKOIO
METOAa M MeTOJa CTaTUCTHUYECKUX HcmbITaHuil «Monrte-Kapno». Ha ocHoBe opOuTHI acTepouna,
O6nmu3koil k opbure Amnoduca, BHIIIOJIHEHO MOJEIMPOBAHUE MpoIlecca IBUKEHUS acTepoujia, €ro
M3MEPEeHU U ompeseseHus ero opOUTHI, MOJYUYEeHbI OLIEHKM TOYHOCTH HaBuranuu. [Ipum sTom Ha
JTAHHOM JTalle aHajln3a paCCMOTPEHBI TPU yUacTKa JBUKEHHS acTeponia - OIM3KUM K COMMKEHHIO C
3emunet B 2029 1, cpenHuii, ¢ pacctossHueM A0 3eMiad oT 50 MJIH. KM M MEHbIIE, U JajbHUi, C
paccrosinueM oT 100 muH. kM. [lomydeHbl OLIEHKH TOYHOCTH OIpPEAETICHHs JIIEMEHTOB OpOUTHI U
BEKTOpA MPUIEIBHOW JaJIbHOCTH OPOUTHI acCTEpOMJa IS HECKOJIbKUX HCXOAHBIX TOYHOCTEH
ONTUYECKUX U3MEPEHUN U Pa3HBIX IPOrpaMM U3MEPEHUH, IS ClydaeB U3MEPEHUN OJTHUM U IBYMsI
KA. Ananu3 mokasai, 4To pe3yJabTaThl aHATUTHYECKOTO U CTaTUCTUYECKOI0 METOJI0B OJM3KHU JpyT
K Jpyry u koMiuiekc «HeGocBoa» T0OBOIBHO XOPOILO ONpEAEsieT OpOUTY acTepoua.
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AN ANALYSIS OF ORBITAL MOTION PARAMETERS ESTIMATION ACCURACY FOR
NEAR-EARTH ASTEROID USING MEASUREMENTS BY COMPLEX “NEBOSVOD”
V.V. lvashkin® 2, P. Guo?

M.V. Keldysh Institute of Applied Mathematics of RAS, N.E. Bauman MSTU
E-mail: ivashkin@keldysh.ru; 869792831@qg.com

Navigation accuracy characteristics of a space “Nebosvod” complex that is designed by a
Russian Corporation “Cometa” are presented. The complex is intended to detect new near-Earth
celestial bodies and estimate their orbit parameters to timely warn us about the Asteroid-Comet
danger. This complex includes one or two spacecraft (SC) on geo-synchronous orbits. Every SC has
a high-accuracy scanning telescope. Using these telescopes, identification of celestial bodies as well
as determination of their angular coordinates, right ascension and declination, are performed. By
these measurements, the estimation of their orbital motion parameters is performed. On the base of
an asteroid orbit that is close to the Apophis one there is performed modelling the asteroid motion,
its measurements, determination of its orbit parameters and estimation of the navigation accuracy. It
is shown that the complex “Nebosvod” allows estimating well enough the asteroid orbit.

OBHAPYKEHHUE BOJIBHINX U MAJIBIX OITACHBIX TEJI B OB30PE «<tHEBOCBO/I»

M.E. Hpoxoponl, A.WN. 3axap031, A.O. )KylcOB2
'TAULL MT'Y, ‘MHACAH
E-mail: mike@sai.msu.ru

ITpoekT «HebGocBoa» mpencraBiser coboii kocmuueckuii ammapaTt (KA), mpenHazHaueHHBIN
Ui OOHapyXeHMsI TeJl, CTajJkuparomuxcs ¢ 3emieil. OH paccuutan Ha oOHapyxenue 100-m
o0BbekTOoB ¢ ampoeno 0,13 mBmwkymmxcs ¢ mapabonumdeckoi ckopoctbio 3a 20-30 mHeit g0
CTOJIKHOBEHHS C 3eMIIEH.

OpnHako B X0JIe MPOBEJEHUSI STOr0 0030pa OyayT OOHapYKUBATHCS TElNa MEHbBIIEro pazMepa,
BIUIOTH 70 «YensIOMHCKIX METEOPUTOBY, 32 MEHBIIIEE BPEMS O CTOJIKHOBEHHS, M Tejla OOJIBIIETOo
pa3Mepa, €CTeCTBEHHO 3a Ooublliee BpeMsi A0 CcTolkHOBeHHs. Oka3piBaeTcsi, 4TO 00JacTh
«COTYTCTBYIOIIETO» OOHAPYKEHUS Y ITUX JBYX TPYIIN OMACHBIX TEJ CYIIECTBEHHO OTIUYACTCS KaK
oT obsactu ooHapyxeHus 100-M 00BEKTOB, TaK U MEXY COOOH.

THE DISCOVERY OF LARGE AND SMALL HAZARDOUS BODIES
IN «<NEBOSVOD» SURVEY
M.E. Prokhorov?, A.l. Zakharov', A.O. Zhukov?
'SAI MSU, 2INASAN

E-mail: mike@sai.msu.ru
The «Nebosvodyis a spacecraft for detecting bodies colliding with the Earth. It is designed for
the guaranteed detection of a 100-m objects with albedo 0.13 moving with parabolic speed for
20-30 days before the collision with the Earth. However, during thissurvey will be detected smaller
body (like «Chelyabinsk meteorite») in less time before the collision, and a larger body for a longer
time before the collision. Note, region of collateral detection of these two bodygroupsis

significantly different from the detection area 100 m objects.

73


mailto:ivashkin@keldysh.ru
mailto:869792831@qq.com

IMPOEKT «KOCMHUUYECKHWH BAPBEP» OITEPATUBHOI'O OFHAPY ) KEHUSI MAJIBIX
ACTEPOMI0OB HA CTOJKHOBUTEJILHBIX C 3EMJIEN TPAEKTOPHSIX,
HE OBHAPY KUBAEMbIX HASEMHBIMHU TEJIECKOITAMHU
B.A. Emennsinos, K.C. Eaxun, 10.C. Boaposa, }0.K. Mepkymes, K.I'. Paiikynos
IIH1mam
E-mail: vaem45@tsniimash.ru

[IpenycmarpuBaeTcst pa3MelIeHUE Ha TeIHOLIEHTPUYECKOM opOute 3eMiau OAHOro Wih 2-X
kocmuueckux TeneckonoB (KT) omepaTuBHOro mpenynpexaeHus O MaJeHUU Ha 3eMIII0 MallbIX
acTepoMJIOB, HUAYHUIMX K 3emileé IO CTOJIKHOBUTEIbHBIM TpaeKkTopusM. Kaxnaplil Teneckon
(GYHKIIMOHUPYET B peKuMe 0030pHO-MIOMCKOBOro HaOoneHus. Ero ontudeckas och HEMpepbIBHO
BpalllaeTcsi BOKPYT 3a/1aHHOT0 HalpaBJIE€HUSI U OPUEHTUPOBAHA K HEMY I10/1 IOCTOSIHHBIM YTJIOM.

[Tpunuune! noctpoenust «Kocmuueckoro 0apbepa» COOTBETCTBYIOT OOOCHOBAaHHOW aBTOpaMH
KOHLENIMM  HEOOXOAMMOCTH  OOHAapy)KE€HUS  KOCMHUYECKMMM  TEJIECKOIIAaMU  acTEPOMJIOB,
HeoOHapYyKMBAEMbIX HAa3eMHBIMH TelecKkonamu. B pesynbpTare KOMIBIOTEPHOTO MOJAETUPOBAHUS
YCTAHOBJIEHO, YTO YCJIOBUSI HAOJIOJEHHUS AaCTEpPOMIOB, UAYIIMX K TOYKE BCTPEYM C 3eMiieid OT
adenust cBoeil opOUTHI, SABISAIOTCA HambOosee OJaronpusSTHBIMU MPHU UCIOJIB30BAaHUU HA3EMHBIX
teneckonoB. [lokazarenmun »sddekruBHOcTH KT ompemeneHsl HA OCHOBE HCIOJIB30BAHUS
pa3paboTaHHOW JWHAMUYECKOW MOJIENM 3axBaTa €ro IMOJIeM 3PEeHHsl acTepouja C 3aJlaHHBIMU
napamMeTpamMu OpOHTHI 110 MEpEe ero MPUOIIKEHUS K TOUYKE BCTPEUH ¢ 3eMIIeH.

Jns  KapOuHANBHOTO COKpAIEHUS BPEMEHH OT TMEPBOHAYAILHOTO OOHAPYXKEHHS 10
orpeziesieHusl OpOUTHI acTepOra MOT'YT HCIOIb30BaThCs 2 KOCMUUECKUX arapara.

“SPACE BARRIER” CONCEPT — A SYSTEM DESIGNED TO DETECT SMALL
HAZARDOUS ASTEROIDS, THAT CAN’T BE OBSERVED
WITH THE HELP OF GROUND-BASED TELESCOPES

V.A. Emel’yanov, K.S. Elkin, Yu.S. Bodrova, Yu.K. Merkushev, K.G. Raikunov
TSNIImash
E-mail: vaem45@ tsniimash.ru

Placing one or 2 space telescopes (ST) designed to provide a prompt warning of small
hazardous asteroids on heliocentric Earth orbit is proposed. Each telescope is operating in a survey
mode. Its optical axis rotates continuously around a given direction at a permanent angle.

The main principles of a “Space barrier” concept correspond to the idea that the main aim of the
ST is to detect asteroids that can’t be observed with the help of ground-based telescopes. As a result
of computer modeling it was revealed that asteroids approaching the Earth from the aphelion
observing conditions are the most favorable when using ground-based telescopes. ST performance
indicators are determined with the help of the dynamic model of capturing an asteroid with the
given orbital parameters as it approaches a collision point by an instantaneous field of view.

To considerably decrease the time between the initial detection and asteroid orbit determination
it is possible to use 2 spacecrafts.

MAJIBII CITYTHUK IJISI OBGHAPYKEHUS JEKAMETPOBBIX TE.JI
B OKOJIO3EMHOM ITPOCTPAHCTBE

A.B. Barpos 1’2, M.N. Knc.nnmmizi3
"MHACAH, HIIO um. C.A.JlaBoukuna, *OI'VII «KB «Apcenam»

Jns pemeHuss 3amaun oOHapyXEHHSl U KOHTPOJS JBUXKEHUS NpUpoAHbIX Ten CoHeyHon
CHCTEMBl B OKOJIO3€MHOM IPOCTPAHCTBE TpeOyeTCsl MPOBOJIUTH IMOJHBIA 0030p Bcelt HeOecHOi
cheppl 3a Bpems ImopsAka 2 4YacoB, YTOObl TapaHTUPOBATb OINpPENEIECHUE TPAECKTOPUHU
00HapyKEHHOTO 0OBEKTa HE MEHee, 4eM 3a 12 4acoB 710 ero BO3MOXHOTO CTOJIKHOBEHUS ¢ 3eMJICH.
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DTO IKECTKOE YCIOBHE BBITEKAGT U3 JOIMYIICHUS MHUHUMAIBHOTO pa3Mepa IMOJIekKAIIUX
oOHapyxeHuto Ten B 20 MeTpoB, XapakTepHoro Juis HuUX anpbeno 0.1 u CKOpOCTH IBUKEHHS
otHocuTenbHO 3emuin B 20 km/c. Tpebyemoe KopoTkoe BpeMs 0030pa Bcero Heba HCKIIOYaeT
UCIIOJIb30BaHUE JJIsS DPEIIECHUs 3TOM 3aJaud Ha3eMHBIX CpelIcTB oOHapyxkenus. [Ipennaraercs
KOHIIEMIUS MaTPyAbHOTO CITYTHHKA, CHA0)KECHHOTO CUCTEMON ONTHYECKUX MUPOKOYTOJIBLHBIX KaMep
¢ MmatpuuHbiMu CMOS-nipreMHUKaMH MEranuKceabHOro (opmara, MOJIHOCThIO MEPEKPHIBAIOIIUMU
Bce He0o. IIpu MOCTOSIHHOM OpHEHTAllMK CIYTHUKAa OTHOCHTEIBHO 3BE3]l BCE IBIKYILHECS B
OKOJIO3€MHOM MPOCTpaHCTBE OyAyT MMETh BUAMMOE JBI)KEHUE C IIMPOKUM HAOOPOM YTIIOBBIX
ckopoctei. IIpu sTOM oOmacHele, HUIyIIME Ha CTOJIKHOBEHHUE C 3emieil, Tera OyAyT HMETh
HeOOJIbIINE YTTIOBBIE CKOPOCTH, YTO MO3BOJIAET MOTY4YaTh CHUMKHU TaKUX JBHUKYLIIUXCS OOBEKTOB C
OOJBIIMMUA BPEMEHAMH HAKOIUICHHWSI W JOCTUYh BBICOKOW TMPOHUIIAIOIICH CHIIBI 0030pPHOTO
HHCTpyMeHTa. Bech aHanm3 n300pakeHWi JOJKEH BBIONHATHCA Ha Oopty KA, a Ha 3emito
MepeIaBaThCsl TOJIBKO BBIYMCIICHHBIE KOOPAMHATHI BCEX OOHAPYKEHHBIX IBUKYIIUXCS 00BEKTOB. B
pe3ynbrate opOuTanbHOro apmwkeHus KA kxaxnas oOmacte Heba Oyaer HAOMIOIATHCS M3 Pa3HBIX
MPOCTPAHCTBEHHBIX TOJIOKeHUH KA, TO ecTh peann3oBBIBATHCS PEKUM Oa3MCHBIX H3MEPECHHM,
KOTOpBIE JOMYCKAIOT U3MEPEHHSI TaTbHOCTHU 10 OOBEKTOB Ha MEPBOM e BUTKE.

ChopmynupoBaHHBI KOHIENTYaIbHBIN MOAXO0J OBUT MCIIONB30BaH MPU pa3pabOTKe MPOEKTa
"3Be3ausiii [larpyns", Beimonuasmuiics B Kb "APCEHAJI" B teuenue psina net (2009-2014 rr).
[IpopaboTanHble BapHaHTHI MpeaycMaTpuBad OapbepHBIH MeTon o0030pa Heba ¢ cyo-
reoCTallMOHAPHONW OPOUTHI M C HU3KOM SKBATOPHATLHOM.

LOW-MASS SATELLITE FOR DETECTION OF DECA-METER SIZED BODIES
IN NEAR-EARTH SPACE

A.V. Bagrov'? and M.I. Kislitskiy®
YINASAN, 2FSUE NPO im. Lavochkina, *FSUE KB Arsenal

It is necessary to examine whole celestial sphere during approximately 2 hours to solve a
problem of early detection and tracking dangerous objects not later then 12 hours before its possible
collision with the Earth. This strong condition is based on adoption of 20-meter natural space bodies
approaching speed about 20 km/s. Such short time excludes Earth-based observations for this
purpose. We propose a conception of space-based optical set of wide-angle cameras with CMOS
megapixel matrixes that covers whole sky by their fields-of view. 3-axes stabilized cameras will
detect any moving object with different angular velocities. Among them really dangerous objects
will have very low angular velocities that will allow picturing with long exposures and high limiting
magnitude. Having orbital motion, the observing instrument will measure positions of detected
object twice at revolve from different points, i.e. it will allow spatial tracking and measurement of
distance to detected object during first revolve.

The proposed conception was used in project "Star Patrol” that was worked out for several
years (2009 - 2014) by CB "ARSENAL". The studied approaches used barrier method of sky
scanning from sub-geostationary orbit and from low equatorial one.

INPOEKT «OPBUTAJIbBHAS 3BE3/IHAA CTEPEOCKOIIMYECKASA
OBCEPBATOPUS». DYHAAMEHTAJIBHBIE U ITPUKJIA/ITHBIE ACIIEKTbBI
PEIIEHHUA 3AJIAY ACTEPOUJTHO-KOMETHOM BE3OINACHOCTH

M.C. qyﬁeﬁl, B.B. KlepHﬂHOBl, B.H. JIsBoB’, C.A. HeKMeﬁCTepl, A.B. Baxouann’,

C.B. MapReJ1033, I.B. JIeBko*
'TAO PAH, *HUY UTMO, *CAO PAH, “HUU TB

OpoOuranpHast  3Be3ngHas  Crepeockormmueckas  OOcepBaropust (O3CO)  ocHamaercs
acTporpagamy, pacCUMTaHHBIMM Ha TMOJY4YEHHE MPSMBIX CHHUMKOB B ONTHYECKOM JMala3oHE B
KpyroBoM mnozie 3peHust auamerpoM 40’, mokpsitom II3C-mo3aumkoi guamerpom 350 MM c
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nukcenaoM pasMepoM 10 MkMm, uyTto coorBercTByeT 0.069”. PacueTHas TOYHOCTb OIpENEICHUS
nosiokeHus (oToreHTpa u300pakeHus TodeuHoro ucrouynwka 0.0007”, yro obecrneunBaeTcs
COBPEMEHHBIMH METOAaMU OOpa0OTKM HW300paKEHUH M HUCHOJIB30BAHUEM MHOTOKPATHBIX
AKCIIO3UIUI OJHOTO U TOTO K€ y4acTka Heba; TOUHOCTh MHOTOIIOJIOCHONH (JOTOMETPUU — HE XYKe
0.05". TlpemnoxkeHa cucTeMa IOABECA, MO3BOJAIONIAS HABECTH TENECKON HAa JIOOYH TOYKY
HeOecHOU cdepbl. COBOKYIMHOCTh MpeJiaraéMblX TEXHOJOTHH MOxkeT obecrieuuTh 3¢ (HEeKTHUBHBIN
MOHHUTOPHHI OOBEKTOB, CIMOCOOHBIX CIPOBOLMPOBATH IJI0OAIbHBIE, PETHOHANIbHBIE M, OTYACTH,
JIOKaJIbHBIE KaTacTPOQBHI.

[Tpob6nema AKO mist pemienus TpeOyet 3HaHus: 1) monyasuuu 00bEKTOB, MaJeHHe KOTOPBIX Ha
3eMiIt0 TPO3UT TJI00aNbHBIM MOPAKEHUEM LMBWIM3ALMHU C MEPECTPONKON Kiaumara 3eMiu, U
XapaKTePUCTHUK 3TUX O0BEKTOB; 2) aHAIOTMYHON MH(pOpMalIUU AJi1 00BEKTOB, KOTOPbIE MOTYT OBITh
MPUYMHON JIOKAJBHBIX KaTacTpo( TEXHOTEHHBIX OOBEKTOB, TOPOJIOB U pernoHoB. Ha Gaze sToro
3HAHUA U TEXHUYECKOTO OMBbITa BO3MOXKHA Pa3pabOTKa COOTBETCTBYIOUINX CPEJICTB 3aLUTHI.

MopnenupoBanue HaOmoaarenbHblx Bo3MoxkHocTe O3CO mnpou3BeNEHO € NPUMEHEHUEM
nakera nporpamm II1OC. BbIcCOKOTOUHBIE OPOUTHI TOTEHIIUATIBHO OMACHBIX OOBEKTOB MOTYT OBIThH
MIOJIyYEHbl M3 CHHXPOHHBIX HAOJIIOACHMNA C 00OMX KOCMHMYECKHMX annapaTroB IPU MHUHUMAJIbHBIX
unTepBanax BpeMeHu. Mucrpymentslt O3CO MoryT 0OHapyKHUBATh YKa3aHHBIE OOBEKTHI B 001aCTSIX
ConHe4HOW CUCTEMBI, aOCOMIOTHO HEAOCTYMHBIX JJIs HAOJIOJACHHUM ¢ 3eMJIM WM C OKOJIO3EMHOMU
opbutsl. B noknage OynyT mpeacTaBieHbl KPUTHYECKHE BOMPOCHI MPOEKTa M HILTIOCTPALUU €ro
BO3MOXKHOCTEH B pUCYHKaX, rpadukax U TabIuIax.

ORBITAL STELLAR STEREOSCOPIC OBSERVATORY PROJECT.
FUNDAMENTAL AND APPLIED ASPECTS OF SOLVING THE ACH PROBLEM

M.S. Chubey’, V.V. Kouprianov', V.N. L’vov', S.D. Tsekmeister,

A.V. Bakholdin?, S.V. Markelov®, G.V. Levko*
IMAO RAS, 2NIU ITMO, 3SAO RAS, *NII TV

Orbital Stellar Stereoscopic Observatory (OSSO) is equipped with astrographs for optical
imaging in a 40’ circular field of view. Optical sensor is a CCD mosaic 350 mm in diameter with a
10um pixel, corresponds to 0.069". The calculated position accuracy for a point source is 0.0007",
thanks to image analysis techniques and multiple exposures of the same sky area; the accuracy of
multi-band photometry is not worse than 0.05™. A suspension system is proposed to direct the
telescope at any point of the celestial sphere. All these technologies can facilitate efficient
monitoring of objects that are capable to provoke the global, regional, and, partly, local
catastrophes.

Solving the ACH problem requires knowledge on: 1) the population of objects, which, in case
of their impact with Earth, can lead to the global destruction of civilization and to a dramatic change
to the climate of the Earth, and the properties of these objects; 2) the same for the objects that may
be a cause of local catastrophes of technogenic objects, cities, and regions. This knowledge and
technologic experience are necessary to develop the appropriate protection measures.

Observational capabilities of the OSSO are modeled by means of the EPOS software package.
High-accuracy orbits of potentially hazardous objects can be obtained from their synchronous
observations from two space probes over short time intervals. The OSSO instruments are capable of
detecting the above-mentioned objects in the regions of Solar System that are totally inaccessible
for ground-based observations, as well as for space-based observations from near-Earth orbits. The
present talk describes the most critical aspects of the project, illustrated in diagrams, plots,
and tables.
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MPEJABAPUTEJBHBIE PE3VJIbTAThl CPABHUTEJILHOI'O AHAJIM3A
[EJEBOI D®®EKTUBHOCTH CUCTEM «KOCMHUYECKH BAPHEP»
1 «CHCTEMA OBHAPYKEHUWSI THEBHBIX ACTEPOUJIOB (COJA)»
IIPY PEIIEHWH 3AJJAUM ONTEPATUBHOT O IIPEYIIPEKIEHUS
MAJEHMS HA 3EMJIIO MAJIBIX ACTEPOMIOB

B.A. EmenbsinoB, FO.C. Boaposa, H0.K. Mepkyuies
IIH1mam
E-mail: vaem45@tsniimash.ru

B kauectBe nokasareneil 3p(HeKTUBHOCTH MPUHATH MUHUMAIIbHBIN pa3Mep acTepouaa U BpeMs
OT MOMEHTA TIEPBOHAYATILHOTO OOHAPY)KEHUS 10 MOMEHTa BcTpeun ¢ 3emieid. [lomaranock, 4ro Ha
orpezieNiecHUue MapaMeTpoB OpOUTHI MOTPeOYyeTCss YacTh ATOrO0 BPEMEHH, COCTABJISIOIIAsl HE MEHee
CYTOK.

[Tokazaremn »sddextuBHocT «Kocmuueckoro Oapbepa» pacCUMTHIBAIMCH HAa OCHOBE
MMUTAIIMOHHOTO MOJCIIMPOBAHUS TOJOKEHUW acTepousia C 3aJaHHBIMH  DIUTUIITUYECKUMHU
opOUTaMH OTHOCHTEIHHO TOJOXKEHUH TelecKola OMpeleisieMblX C MajbiM BPEMEHHBIM IIaroMm.
JluHamuueckass MOJIeIb CEaHCOB HAOJIOJCHUS BKIIIOYAIa MPeoOpa3oBaHHE KOOPIAMHAT acTepOHIa
n3 renuoueHtpudyeckoil CK B CK, cBszannywo ¢ KA, 3arem B CK, cBs3aHHYIO C Bpamarouencs
onTtH4eckoil ocelo Teneckona KA wu, Hakonen, B nBymepuyio CK, cBsizanHyto ¢ ¢dokanbHOU
IIJIOCKOCTBIO TEJIECKOIA.

[IpuBenensl uisi pa3aUYHBIX THUIIOB CTOJIKHOBHUTEIBHBIX OPOUT acTepOUIOB IOKa3aTeIn
3¢ (}HEeKTUBHOCTH KOCMHMYECKOTO TeJeckoma, paszMmemniaemoro B Touke Jlarpamxka L1. Ownum
paccuuTanbl npu OpuHATHIX aBTopamMu COJIA MCXOIHBIX HapaMerpax TelecKola W IMeprojax
CKaHMpPOBAaHUSI €ro MIHOBEHHOro mousist 3peHus. [IpoBeneHo cpaBHEHME MOKa3aTeneil LeneBon
3¢ (HEeKTHBHOCTH C aHAJOTHYHBIMH IMapamMeTpaMu obecrieunBaceMbIMU «KocMHUYECKUM Oapbepomy.
OO6cyX1eHbI BOIIPOCHI PEaIN3yeMOCTH CPAaBHUBAEMBIX BAPUAHTOB.

COMPARATIVE ANALYSIS OF "SPACE BARRIER"™ AND "SYSTEM TO DETECT
DAYLIGHT ASTEROIDS (SODA)" CONCEPTS PERFORMANCE IN THE TASK
OF DETECTING SMALL HAZARDOUS ASTEROIDS PRELIMINARY RESULTS

V.A. Emel’yanov, Yu.S. Bodrova, Yu.K. Merkushev
TSNIImash
E-mail: vaem45@tsniimash.ru

Minimal diameter of an asteroid the system can detect and minimal time between the initial
detection and an impact are considered as performance indicators. It was supposed that asteroid
orbital parameters determination will take at least 1 day of this time.

“Space barrier” performance indicators are calculated with the help of the simulation modeling
of an asteroid on a given elliptic orbit positions relatively to telescope positions determined with a
small time step. Observation sessions dynamic model includes coordinate transformation from
heliocentric coordinate system (CS) to the spacecraft’s body axis CS, then to the CS connected to
the optical axis and finally to the two-dimensional CS connected to the telescope focal plane.

Space telescope at Sun-Earth Lagrange point L; performance indicators as applied to hazardous
asteroids on different orbits detection are presented. They are calculated in accordance with
telescope and survey parameters stated by authors of the “SODA” concept. A comparison with the
“Space barrier” concept performance indicators with the corresponding parameters was made.
Feasibility issues of the concepts being compared are discussed.
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OBCEPBATOPUU POCKOCMOCA 301:[-1/301'[-2 N UX BO3SMOXHOCTHA
JJISA HABJIIOAEHUU ACTEPOU/10OB
HN.E. MoJgoroB

MNucrutyTt npuknagHoi Matematuku uM. M.B. Kenapima PAH
E-mail: im62@mail.ru

B nokiage omucaHo pa3BepThIBAaHUE CETH CHEIHATM3UPOBAHHBIX oOcepBaTopuii PockocMoca
D0I1-1 u D30I1-2 ana wabmogeHuit kocmuyeckoro mycopa B npoekre ACIIOC OKII. B cocras
Kakoi u3 4derbipex oocepBaropuit DOII-1 Bxomsar 3 Temeckoma — 2x19,2 cm, 25 cm u 40 cwm.
O6cepBatopuu JOII-1 ycranosnensl B KucnoBojcke, bropakane u HayunoMm. B coctaB kaxoit u3
nByx obcepBaropuii D0I1-2 — 4x19,2 cm, 40 cm u 65 cm. IlepBeiii DOII-2 pa3memieH B
Kucnosoacke, Bropoi pa3BeprThiBaeTcsi B bnarosemencke. B pomonHenue 65 cM Teneckon
ycTaHoBeH B Y ccypuiicke. Habmoaenus oocepsaropuit D0I1-1/30I1-2 mmanupyrores B UTIM um.
M.B. Kengpimma PAH, nonydensusle nsmepeHus noctynaroT B CErMEHT MOHUTOPUHIA OINACHBIX
cutyanuit B oonactu 'CO, BOO u CBO, co3nannsiii B UIIM um. M.B. Kenneima PAH B pamkax
npoekta ACIIOC OKII. B pamkax nooit @®KII mpenmonaraercst 10OCHAaCTUTH OOCEpBaTOpUU
D0II-1 65 cM Teneckonom B U3roTOBUTH ellie OT 2-X 110 4-X oocepaTopuii DOI1-2.

PaccMoTpeHBl  XapaKTepUCTHKH KATATUONTPUYCCKUX O030PHO-TIOMCKOBBIX TEIIECKOIOB C
aneprypamu 40 um 65 cM, ¢ TOMOIIBIO KOTOPHIX OBUIM NPOBEACHBI MPOOHBIE HAOIIOICHUS
actepousioB u kKomer. [lo pesymbraram TecTOB cCOpMHUpOBAaHA KOHIIEHIUS MPUMEHEHUS
ONTUYECKUX CPEACTB, BXOJASAIIMX B COCTaB 3THUX 0OcepBaTOpuil, Al 0OHAPYKEHHUS MOTEHIIUAIBHO
OMAaCHBIX OKOJIO3EMHBIX KOCMHUYECKMX O0O0BEeKkTOB. [lokazaHo, 4TO moOcCje pa3BepThIBaHUS BCel
TPYNIHPOBKU CPENCTB, Oy/IeT BO3MOKHBIM MPOBEACHHUE MOTHOTO0 0030pa HeOa C MPOHUIIAHUEM JI0
20-i1 3Be31HOM Benu4uMHBI 32 2 HOuYW. T.0. PoccHsi CMOXET BHECTH JOCTOWHBIN BKJIAJ B PEIICHUE
po0JIeMbl MOHUTOPUHTA OMACHBIX HEOECHBIX TeJ MPU MUHUMAIBHBIX (DPMHAHCOBBIX BIOXKEHUSIX.
Byner Heobxomumo pa3zpaboTath HOBOE MporpaMMHOe oOecrieueHue s oopadorku [13C-kanpos
U JUIs CKBO3HOIO IUIaHMpOBaHUS HabmofeHuit Ha obcepBaropusix OOII-1/90I1-2, koropsie
MO3BOJIAT A (HEKTUBHO COBMENIATh HAOIIOACHHS KOCMUYECKOTO MyCOpa U aCTEPOUJIOB.

ROSCOSMOS EOP-1/EOP-2 OBSERVATORIES AND THEIR POSSIBILITIES

FOR OBSERVATION OF ASTEROIDS
I.E. Molotov
Keldysh Institute of Applied Mathematics RAS
E-mail: im62@mail.ru

Series of EOP-1/EOP-2 observatories for space debris observations were created under
Roscosmos project. Each from fourth EOP-1 observatories consists of 3 telescopes (2x19.2 cm,
25 cm and 40 cm). EOP-1 were installed in Kislovodsk, Byuarakan and Nauchniy. Each from two
EOP-2 observatories consists of 3 telescopes (4x19.2 cm, 40 cm and 65 cm). First EOP-1 is located
in Kislovodsk, second — in Blagoveschensk. The observations of EOP-1/EOP-2 are scheduled in
KIAM, also obtained measurements are collected and processed in KIAM Ballistic Center. It is
planned that EOP-1 will be added with 65 cm telescopes, also few additional EOP-2 may be
ordered.

The characteristics of 40 cm and 65 cm catadioptric telescopes are presented. These telescopes
were applied for trial observations of asteroids and comets. The obtained results allowed to form
conception of application of EOP-1/EOP-2 for NEA detection. It is shown that all sky may be
covered with 20 limiting magnitude for two nights, after installation of planned telescopes. So,
Russian Federation can provide valuable input for reasonable money. It will be necessary to
elaborate new software for CCD image processing and observation scheduling, which will allow to
combine space debris and asteroid observations.
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O BO3BMOKHOCTHU OBHAPYXXEHUA ACTEPOUJAOB-TPOSHLIEB
HA 3EMHOM OPBUTE
A.K. Mypra3zos
Ps3anckuii rocynapctBennslit yausepcureT nmenn C.A. Ecennna
E-mail: a.murtazov@rsu.edu.ru

[IpoGiiemMa Hanuuus acTEpOUIOB B JIarpaHkKeBbIX TOukax L4 u Ls cucremsr Comuue-3emis 10
HEJaBHUX MOP 0CTaBaJIach OTKPBITOM.

B 2011 r. moarBepamiock, uro actepous 2010TK;, oOHapyXeHHBII Ha apXWBHBIX CHHUMKAX
teneckona WISE, sBnsiercs 3eMubIM TpostHIIeM. Ero pasmeps! orienenst B 300 M ipu ans6ero 0,1.

B pabore mpejacraBieHbl pe3ynbTaThl pacyeTa OKUIAAeMOro Ojecka MOJO0OHBIX acTepOUJIOB.
Onu mokasanu, 4to OJeck 3eMHBIX TposiHIEB kinaccoB G, K, M, S, T ¢ ansbemo 0,1 cocrasiser
17-21", a 6onee temubix C, D actepoumos 18-22" B BusyanpHON oONacTM HpH AUAMETpax
o6wekToB 1,0-0,1 kM, DTO 1aeT OCHOBaHWE CUUTATh, YTO COBPEMEHHBIC ONITUYECKUE CHCTEMBI 1aXe
c uebonpioii aneprypoit (MACTEP u ISON) B cocTosiHiM X 0OHApY>KUTb.

B pabote mpoananmm3upoBaHa CTpATETHsl MMOUCKA ACTEPOUOB-TPOSHIICB HAa 3€MHOW OpOUTE.
CymecTBytorire 0030pbl ONPeAeSIOT 30HYy MOUCKa B IIMPOKUX mnpeaenax: 100° mo sximnTuyeckon
JOJITOTE B paiioHaxX ToueK L4 1 Ls3emMHOM opOuthl pu muporax 10-45°.

ON THE EARTH’S TROJAN ASTEROIDS DETECTION POTENTIAL

A.K. Murtazov
Ryazan State University
E-mail: a.murtazov@rsu.edu.ru

The problem of the minor planets existence near the Earth Lagrangian points of the Sun-Earth
system remained open until quite recently. In 2011 it was confirmed, that the 2010TK7 asteroid
discovered on the WISE telescope archival snapshots is the Earth Trojan. Its estimated size is
approximately 300 km with the albedo equal to 0.1.

In this paper the results of the Earth Trojan’s expected magnitude estimation are presented.
They have shown that the visual magnitude of the G/K/M/S/T 0.1+1.0 km asteroids with albedo
about 0.1 is 17-21™, and the magnitude of the darker C/D asteroids is 18-22™. This gives ground to
believe that modern optical systems, even those that have a small aperture (MASTER and ISON),
are able to detect the Earth Trojans.

This paper provides an analysis of the strategy of the Earth Trojans search on the Earth orbit.

The available surveys determine the search area within wide limits: 100° along the ecliptic
longitude in the L4 and Ls area of the Earth orbit with latitudes 10-45°.

KOCMHWYECKHWM TEJECKOII JJII MACCOBBIX OBHAPY)KEHUI
JEKAMETPOBBIX TEJI B OKOJIO3EMHOM ITPOCTPAHCTBE

A.C. II[yrapOBl, b.M. H_[yCTOBl, M.E. HpoxopOBZ, C.A. Hapoemcosl, AN. 3axap032,
H.H. Begenbkun’, A Bep)]m/ncon3
"MHACAH, T AU MI'Y, ®[laypus aspocreiic
E-mail: shugarov@inasan.ru

YensbuHckoe coObITHE O0003HAYMIIO HOBBIM BBI3OB B MpOOJEME acTEepPOUTHO-KOMETHOU
onacHocTH (AKO). MeTeopouibl 1IeKaMeTpOBOTO pa3Mepa MOTYT OBbITh JOCTATOYHO OMACHBIMHU, U
OHHU JOJDKHBI OBITh BKJIFOUEHBI B MPOTPAMMYy MacCOBOTO OOHApYKEHHs IMOTCHIMAIBHO OMACHBIX
00beKkTOB. C OMOIIBI0 HAa3€MHBIX TEJIECKONOB HEBO3MOXKHO O00ECIIEYUTh HEOOXOAUMYIO MOJIHOTY
OOHapyXeHMs TaKMX Tell, ABMXKyHwmxcs co cTopoHbl Connua. Jlns co3manus >¢QeKTHBHOM
CHCTeMBl OOHapy)XeHHSI K HAa3eMHBIM TEJIEeCKONaM JIOJDKHBI OBITh J00aBICHBI TEIIECKOIIBI
kocmuueckoro OaszupoBanusi. IIpemmaraemenii mpoekt COA (Cucrema oOHapy>KeHHs IHEBHBIX
acTepOUIOB) TpeAHA3HAYeH JIsi MAacCOBOTO OOHApyXeHHUs aekaMeTpoBbIX (Oomee 10M) Tem B
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ONMMKHEM KOCMOCE, MBIKYIUXCsl co cTopoHbl ConHna (tuma YensOurckoro). B Touke nubparumn
L:; (Bemns-Conniie) OyayT pacroiiokKeHbl HECKOJBKO HMIMPOKOYIOJbHBIX TEJIECKOIIOB YMEPEHHOM
aneptypsl (25-50cm). HaGmroneHust OymnyT OCyIIECTBISATHCS B OapbepHOM pekume. PaccMoTpeHbI
OCHOBHBIC JJIEMEHTHI MpoeKTa. [IpoeKkT MoKeH ObITh peai30BaH HAa OCHOBE HMMEIOLIMXCS
TEXHOJIOTUH, IPUBETCTBYETCS MEXKTYHAPOIHAS KOOTIEPaIlHS.

A SPACE TELESCOPE FOR MASS DETECTION
OF DECAMETER BODIES IN THE NEAR SPACE

A. Shugarov?, B. Shustov, M. Prokhorov?, S. Naroenkov?,
A. Zakharov?, N. Vedenkin®, A. Berdnikov®
LINASAN, *SAl MSU, *DAURIA aerospace
E-mail: shugarov@inasan.ru

The Chelyabinsk event has revealed new challenges in the near Earth objects (NEOs) problem.
Meteoroids of decameter sizes are considerably dangerous and they should be included in the
coming programs of massive detection of potentially hazardous bodies. It is impossible to detect a
good share of the bodies coming from the Sun by ground based instruments. To have an efficient
system of detection it is strictly required to add space born telescope(s) to the ground based
facilities.

We proposed the project of space system SODA (System of Observation of Day-time
Asteroids) for exhaustive detection of decameter (larger than 10m) bodies coming from the Sun
direction to the near Earth space (Chelyabinsk type meteoroids). The set of medium-size (25-50 cm)
wide field telescopes will be put into vicinity of L; (Earth-Sun) point. Observation will be
performed in barrier mode. We describe major constituents and options of the project. The entire
project could be implemented with off-shelf components. International cooperation is welcome.

ACTEPOUIHAS OITACHOCTD B 2015 TOAY: TEKYIIUE PEAJINU

B.I. IToaw, A.B. Cumonos
HITO um. C.A. JIaBouknHa
E-mail: polvad@Ilaspace.ru
PaccmarpuBaroTcsi MOCIEIHUE UTOrOBbIE pe3yibTaThl OOHAapYXKEHHWS W MOHUTOpPHHIa
actepousioB, commkaromuxcs ¢ 3emseit (NEA) na ocenp 2015r. IlpoBomutcs 0030p OLIEHOK
obmero xonuuectBa NEA, mpoBefieHHBIX 3a mocneanee necsatuierne. M3 HUxX He MeHee 66% yxe
oOHapyxeHo. Karamormzamus xpynHsix NEA (> 1 km) mpaktudecku 3aBepuieHa Ha 95%.
[Tonynsnus NMOTeHUMANBHO omnacHbIX actepouaoB (PHA) mpakThuecku BbIIIIa Ha YpPOBEHbD,
cocraBisitouii ~ 15% wu3 oOmero  komuuectBa NEA. Ilpu stom ceromua 20151, yxe
KaTaJoTu3upoBaHo ~55% ot mpenmnonaraemoro konudectBa Bcex PHA. BrosiHe BeposTHO, 4TO
mouauTopuHr 006ekTOB NEA 11 PHA Ha ypoBHe ~90-95% ymactcs 3aBepmmts k 2020-2025 1T
3a Bce BpeMsi MOHUTOPHMHIA TMOKa OOHApY)KEH JIMIIb OJUH acTepoua, Amnoduc, Ui KOTOPOro
00CTOSITENTLCTBA TECHOTO OmacHOro commwkenus ¢ 3emiueil B 2029 r. mporHo3upyroTcsi yBEpEHHO.
OnHako, HECMOTPSI Ha MPOBEJICHHbIE HCCIIEIOBAHMUS, OMIACHOCTh MOCEICTBHIA 3TOr0 CONMKEHHUS Ha
octaTok XX| Beka B MOJHONW Mepe MO-TIPEeKHEMY OCTAETCs HESICHOM, W ee HaJleXHas OLEeHKa
ABIISICTCS aKTYaJlbHOM, HO HEpPEeIICHHOH 3a/jaueii MOHUTOPUHTA acTepOHIHON onacHocTH. [loaTomy
Anoduc A0IKeH ocTaBaThCcsl 00BEKTOM 0COO0TO BHUMAHUS U CIYKUTh MPEKPACHBIM MOJEIbHBIM
00BEKTOM JUIsI CHCTEMAaTHUECKOT0 N3YUYEHUS KaK acTepou10B, Tak mpobiaembl AO B 1IEJIOM.
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ASTEROID'S DANGER: REALITY 2015

V.G. Pol’, A.V. Simonov
FSUE NPO named after S.A. Lavochkin
E-mail: polvad@laspace.ru

We consider the results of the discovery of Near-Earth Asteroids (NEA) in late 2015. Today,
the total number for NEA is estimated to be ~ 19,000, and of which not less than 66% have been
found. Apparently, by 2020-2025 almost complete monitoring of objects containing the NEA and
PHA is completed. Until in 2004 among the PHA has been founded only one asteroid, Apophis,
which will be fly-by closer to Earth in 2029. The consequence of this passage for the remainder of
the XXI century now unclear. They will remain a potential threat to the Earth, and are the primary
monitor is a challenge. So, Apophis is the object of so much attention, it is also a good model object
NEA / PHA for systematic study and after-effects forecast excessive passage above Earth.
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MC3 1 KOCMUYECKHUIA MYCOP

Artificial Satellites of the Earth and Space Debris

KPATEPUM U AHAJIN3 Y®PEKTUBHOCTH ONITUYECKHAX HABJIIOAEHUI
KOCMHUYECKHUX OBFBEKTOB TEJIECKOITAMM ITAO «MAK «BBIMIIEJI»
3.H. XyropoBckuii, M.II. HInuransnuk, A.E. Koaecca, A.Il. JlykbsiHoB
ITAO «MAK «Bsimnen»

E-mail: kikkolo@mail.ru

[lpenyoskeH mpocTol  Kputepuid oOueHKH S()(PEKTHBHOCTH ONTHYECKUX  HAOIIOACHUI
KOCMHMYECKMX O00BbekToB. Kpurtepuil opueHTHpOBaH Ha pelIeHue 3ajauyd MHOJACp)KaHUS U
paciiipeHus KaTajora KOCMMYECKUX 00bEKTOB. B OCHOBY KpuUTepHs KiaJeTcsi OCHOBHAsl IPUYMHA
BO3MOYKHOW TIOTEpU OOBEKTOB M3 KaTajora: yBEeJIMYEHHE OIIMOKM IMPOrHO3a UX MOJOXKEHUH,
IPOUCXOJSIIEE MO Pa3sHbIM NpUYMHAM (JJIUTENIbHbIE MEpephIBbl HAOIIOJAEHUS, H3MEHEHUE
COCTOSIHUSI aTMOC(Epbl, OPUEHTALIUN 00bEKTA, KOPPEKLIUs OPOUTHI U T.I1.). Yem OoJiblile n3MepeHus
MOJIOKEHUH OOBEKTOB OyAyT OTJIMYaThCS OT IMPOTHO3HBIX 3HAYEHWM, TeMm Oojblle HX
spdexTuBHOCTb. Kputepuili yuuTBHIBaCT Takke psA  JAPYTUX XapaKTEpUCTHK H3MEpEeHUH,
ITOJIy4a€MBbIX ONTUYECKUMHU CPEACTBAMMU.

Paccmotpen kommexkc Meponpustuil, npoBoauMbix B ITAO «MAK «Bemmnemn» s
NoBBIIEHUS 3((HEKTUBHOCTH HAOIIOeHUI. MeponpusTHs BKIIIOYAIOT JOPAOOTKU CYIIECTBYIOLIETO
IPOrPaMMHO-AJITOPUTMHUYECKOTO KOMILJIEKCa MJIaHUPOBAHUS, YIpaBiIeHUs, 00pabOTKU U Meperadn
U3MEPEHUHM, a TaKXe €ro JONOJIHEHUE HOBBIMU IPOIPAMMHO PEaJU30BAHHBIMU aJTOPUTMaMHU.
OCHOBHBIMM ~ HAIPABICHUSIMHM  COBEPLICHCTBOBAHMS ~ AJITOPUTMOB  SIBIISIFOTCSL  JaJbHEWIIas
poOoTH3amMs Impolecca IOJY4YeHHUs BBIXOAHOM HMH(OpMalMM, TO3BOJSIONIAS IOBBICUTH
OIIEPATUBHOCTH €€ J0BEACHUS 0 NOTPeOUTENs, U cO3jaHne 0OpaTHON CBSI3H 711 KOPPEKTUPOBKH B
pealbHOM BPEMEHH IUIAHOB HAOJIOIEHUS 10 pe3yIbTaTaM TEKYIIUX U3MEPEHUH.

CRITERION AND ANALYSIS OF EFFECTIVENESS OF OPTICAL OBSERVATIONS
OF SPACE OBJECTS BY TELESCOPES OF VIMPEL CORPORATION
Z. Khutorovsky, M. Shpitalnik, A. Kolessa, A. Lukyanov

«Vimpel»
E-mail: kikkolo@mail.ru

A simple criterion for estimation of effectiveness of optical observations of space objects. The
criterion is aimed at solution of task of maintenance and enlargement of space objects catalog. The
basis of the criterion includes the main reason of possible loss of catalogued objects: increase of
prediction error of their positions, caused by various reasons (long time gaps of observations,
changes of atmosphere state and object orientation, orbit correction etc.). The more the
measurements of object positions deviate from their predicted values, the larger the effectiveness.
The criterion takes into account some more characteristics of the measurements, obtained by optical
facilities.
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Complex of measures is considered, that are fulfilled in Vimpel Corporation for enlarging the
effectiveness of observations. The measures include elaboration of present software for planning,
control, processing and transmission of the measurements, as well as its supplement with new
algorithms. The main directions of algorithms improvement are further robotization of the process
of obtaining of output information, that accelerates its reception by user, and creation of feedback
for real-time correction of observation plans using the results of current measurements.

ACIIOC OKII: COCTOSAHME U NEPCIIEKTUBBI PA3BBUTUSA

A.Il. lenecok, U.U. OneiinukoB, C.A. [1aBJioB
IIH1mam

B memsx obecrneueHusi 0€30MacCHOCTH BEIEHUS KOCMHYECKOW JESTENBHOCTH B YCIOBHUSIX
HApacTalolEro 3acCOpeHHsl OKOJ03eMHOro kocMmuyeckoro mnpoctpanctBa (OKII) TexHOreHHBIM
BCIICCTBOM U KOHTPOJIA 3a CBA3aHHBIMU C 3THUM ABJICHUCM OITACHBIMUA COOBITUSIMH B KOCMOCE U Ha
3emsie OBUIO TMPUHATO peHIeHHEe O COo3JaHuM 1ojJ Jrujgoi  Pockocmoca — crenuaibHOU
ABTOMATHU3WPOBAHHOW CHCTEMbI TPEIYNPEXKICHUS, KOTOpas Ha OCHOBE OOpaOOTKH JaHHBIX OT
pa3HbIX OTEYECTBEHHBIX U 3apyOEKHBIX MCTOYHUKOB, BHIMOJIHEHHS] COOTBETCTBYIOIIMX PACUETOB U
aHaJIM3a MOJIy4aeMbIX PE3YJIbTaTOB OCYIIECTBIIsLIa Obl MOCTOSIHHBIN MOHUTOPUHT coctosiaust OKII
U B OIepaTHBHOM pexume ¢opmupoBana u ImepenaBaga Obl B PockocmMoc u  apyrum
3aWHTEPECOBAaHHBIM CTPYKTypaM WH(popManuio o (akTax BO3ZHHKHOBEHHS W MPOTHO3E Pa3BHUTHUS
OMACHBIX CHUTyallMii B OKOJIO3€MHOM KOCMOce B 0OBbeMe, JOCTaTOYHOM JJIsi MPUHATHUSA
CBOCBPEMEHHBIX PEIICHUH W Mep, aJCKBATHBIX CTEMEHU BO3HMKAIOIIMX YIpo3 M YIIEpOOB OT
MIOCJIE/ICTBUI 3TUX CUTYyaLUH.

[TpuBoasATCS cocTaB 3ajay, BO3JIaraéMbIX Ha CHCTEMY, IpENbSABIsSEMble K HEH TpeOOBaHUS U
MPUHIIMIIBI €€ OPraHU3allMOHHOTO TocTpoeHus. JlaoTcs cBeneHHs 00 UCTOYHHKAX MEPBUYHOU
I/IH(bOpMaIII/II/I A CUCTEMBI U CXEMCE I/IH(i)OpMaHI/IOHHOFO BSaHMOHeﬁCTBHﬂ MCXKIAY Y4YaCTHUKaMH
pabot. B HacTosiiee Bpems 3aBEpIICHO CO3JaHME M OCYILIECTBISIETCS OMBITHAs OSKCILTyaTalus
MEPBOM OYEPEAU CUCTEMBI, B pAMKaX KOTOPOHM PEIIAtOTCs MEPBOOUEPEIHbIEC 3adauu. PaccMOTpeHbI
MpOOJIEMHBIE BOIMPOCHI M OMPEIENICHbI MYyTH COBEPIIEHCTBOBAHUS CHCTEMBI M TEPCIEKTHUBHI €e
pa3BuTus.

KOOPAUHUPOBAHHBIE HABJIIOAEHUSA HU3KOOPBUTAJIBHBIX KO
HA PAJUO-OIITHYECKOM KOMIIVIEKCE HC3® CO PAH

B.E. I'opsiiun, M.B. EceneBuu, E.B. Knynko, /I.C. Kymnapes, B.I1. Jlebenes,
A.B. Mensenes, B.U. Teproes, B.B. Xaxunos
HNC3® CO PAH
E-mail: eklunko@gmail.com

Onucan paguo-ONTHYECKUH KOMILIEKC JUIsl HaOJIOJEHHUS HU3KOOPOUTANBHBIX KOCMHUYECKHX
oobekToB (HKO), cozmannbiii B UC3® CO PAH nHa 6a3e AByX Hay4HbIX HHCTPYMEHTOB —
Hpkyrckoro panapa HekorepeHTHoro paccessuus (MPHP) u ontuueckoro teneckoma A3T-33UK
Castackoit oO0cepBaropun. KoopanHMpOBaHHOE MPUMEHEHHE PaAIUOJIOKAIIMOHHBIX W ONTHYECKHX
cpeacts npu HabmoaeHusx HKO nmo3BosnsieT Ucnosib30BaTh NPEUMYIIECTBA CUCTEM KaXKJIOTO THIIA,
yBenuuuBasg 3()(PEeKTUBHOCTh pelIeHHs MHOTMX 3ajnad. PaboTa kommiiekca crana BO3MOXKHOM
O6nmaronaps paspaboranHoMy [1O monydeHHs BBICOKOTOYHOM KOOpAMHATHOW HWHQPOpPMALUU B
peasibHOM MacmTabe Bpemenun Ha VPHP, mporpamMMHBIM cpeacTBaM ONEpaTUBHOTO OOMEHa
JaHHBIMHU MEXJy MHCTPYMEHTaMHU KoMIUIeKca, 3(pPEeKTUBHBIM anroputMaM oOpabOTKU JaHHBIX U
yIpaBieHUs] HaAy4HbIM O0opynoBaHHeM. B yacTHOCTH, pelleHa 3ajaya ONEepaTUBHOIO HaBEACHUS
onrtuueckoro teneckona Ha HKO no nanueiM panapa.
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OcHOBHBIE 3371a4H: oNlepaTUBHOE onpeeneHue napamerpos opoutsl HKO no ognomy nponery,
MOBBIIIEHUE HAIEKHOCTH HMJIEHTHU()UKALUU U KOHTPOJII TEXHMYECKOI'O COCTOSHHSI KOCMHUYECKHX
anmaparoB 10 Ha0Opy OTpaXaTelbHO-M3IIyYAIONIMX  XapaKTePUCTHK, CTEHEeHb  BIMSIHUSA
reopusnueckoii oocranoBkr OKII Ha KOOPAMHATHYIO M HEKOOPAMHATHYIO HH(POPMALIUIO.

PaccmoTpensl (QyHKIIMOHANbHAs CXeMa KOMIUIEKCA, XapaKTePUCTUKH BXOMSALIMX B HETO
MHCTPYMEHTOB, BOIIPOCHI ONEPAaTUBHOIO B3aWMOJCHCTBUA U KanuOpoBkM panapa. [IpencraBiieHsl
pe3yJIbTaThl U3MEPEHUIN KOOPAMHATHBIX U HEKOOpAMHATHBIX Xapakrepuctuk HKO, nonydennsie B
pe3yabTaTe KOOPIAUHUPOBAHHBIX HAONIIOICHUH PAJOIOKAMOHHBIMU M ONTUYECKMMHU CPEACTBAMHU.

COORDINATED OBSERVATION OF LOW-ORBITING SPACE OBJECTS
WITH THE ISTP SB RAS RADIO-OPTICAL COMPLEX

V.E. Goryashin, M.V. Eselevich, E.V. Klunko, D.S. Kushnarev,
V.P. Lebedev, A.V. Medvedev, V.I. Tergoev, and V.V. Khakhinov
ISTP SB RAS
E-mail: eklunko@gmail.com

We describe the radio-optical complex to observe the low-Earth orbit space objects (LEO SOs).
The complex was made at the Institute of Solar-Terrestrial Physics of Siberian Branch of Russian
Academy of Sciences (ISTP SB RAS) and is based on two scientific instruments: the Irkutsk
Incoherent Scatter Radar (IISR) and the AZT-33IK optical telescope at the Sayan Observatory.
Coordinated application of radar-tracking and optical instruments when observing SOs enables to
use the advantages of both systems, thus augmenting the efficiency of solving many problems. The
complex operation became possible due to the developed software for obtaining high-precision
coordinate information in real time at IISR, the software for operational data exchange between the
complex instruments, the effective algorithms for data processing and controlling scientific
equipment. In particular, we solved the problem of optical telescope operational pointing at a SO
from the radar data.

The main tasks are: to operationally determine the SO orbit parameters by one flyby, to
improve the robustness of identification and the spacecraft technical condition monitoring by a set
of reflection-radiative characteristics, to determine the effect of the near-Earth geophysical
conditions on coordinate and non-coordinate information.

We address the complex functional diagram, the characteristic of instruments composing it, the
issues of operational interaction and radar calibration. Presented are the measurement results of
coordinate and non-coordinate LEO satellites characteristics.

PE3YJIBTATHBI YYACTUSA HEHTPA ACTPOHOMUU YHUBEPCUTETA CUHAJIOA
B HCCIEJOBAHUHU KOCMHUYECKOI'O MYCOPA U COBMECTHBIE PABOTHBI
MO U3YYEHMIO ACTEPOUJIOB, CEJIMKAIOIINXCS C 3EMJIEMA, B PAMKAX

MEXJIYHAPOJHOM CETH ONITUYECKHUX HABJIOJEHUI HCOU A®H

T.H. Koknna', H.A. Mengoca’, P. Cenas’, E. 1. Koxuna', I.E. Moaoros?, B.B. Kynpmmon3

lL[eHTp AcTpoHOMHM aBTOHOMHOTO YHHBepcuteTa CuHanoa, Mekcuka,
2AIIM um. M.B. Kenpsima PAH; °TAO PAH

B AsronomHom YuuBepcutere Cunanoa (AYC) mpomomkaer padory Llentp ActpoHOMUmU.
Bomusu ropoga Kocana na Beicore 600 M perymspHo paboTaeT acTpoHOMHYECKas 0OCepBaTOpHs
AYC, koTopasi MpUHUMAeT aKTHBHOE ydacThe B HaOMOJeHUsAX MexayHapomHou cetm HCOU
A®H/ISON. B mae 2012 r. B maBWJIbOHE C OTKAaTHOW KpBINIeH ObUT YCTAaHOBIIEH 25-CM TEJIECKOI
OPU-25. B nepuon ¢ 2014 mo mait 2015 r. BKIIOUUTENHHO OBUIM BBIOJHEHBI HAONIONCHUS B
TeueHue 175 HodeH, B pe3yiabTaTe KOTOPBIX ObLI0 monydeHo 292413 wmsmepenuwii B 45102
MPOBOAKAaX MO OOBEKTaM KOCMHUYECKOTO Mycopa U CIyTHHKaM Ha BBICOKUX OpOUTax.
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ObcepBaropust Kocana mpuHsisia akTHUBHOE y4yacThe B OOHApy>KEHHMHM 6 HEKaTaJorM3HMpOBAHHBIX
00BEKTOB. BhinosiHeHbI paboThI 10 HAXOKICHHUIO 6 TOTEPSHHBIX 0OBEKTOB.

B 2013 romy ObUIO MOCTPOSHO HOBOE 3/aHUE OOcepBaTopuu C 4-M KYIOJOM, T/i€ OBLI
YCTaHOBJICH aBTOMAaTU3upoBaHHBIN 40-cM Teneckon UB-400, Ha koToOpoM HaAOIIOMAIOT aCTEPOUIbI,
commkarommecss ¢ 3emiield, raMMa-BCIUIECKH M clladble (parMeHThl KOCMHUYECKOTO Mycopa.
HaGmronenus mpoBoguianck B TedueHue 14 Houed, m Obuio momydeHo 2571 umsmepenume B 346
IIPOBOJKAX.

Ha6mronenuss nva OPU-25 mpoBomaTcst aBTOMaTHYECKH B 0030pHOM pekume. [lomydeHHbIe
U3MepeHus: ¢ 000X TeJaecKonoB nocrynatT B 0azy manaeix UIIM nm. M.B. Kenapima PAH, e
UCIONIB3YIOTCSL JJI MPOTHO3a OMAcCHBIX CHUTYallMil CcO CIYTHUKaMU POCCHICKON OpOuTanbHON
TPYIIHPOBKH.

RUSULTS OF PARTICIPATION OF THE ASTRONOMICAL CENTER
OF THE AUTONOMOUS UNIVERSITY OF SINALOA IN THE EXPLORATION
OF SPACE DEBRIS AND MUTUALACTIVITIES ON THE STUDY NEAR-EARTH
ASTEROIDS IN THE FRAME OF THE INTERNATIONAL NETWORK OF OPTICAL
OBSERVATIONS (SCIENTIFIC NETWORK OF OPTICAL INSTUMENTS
FOR ASTROMETRIC AND PHOTOMETRIC OBSERVATIONS)

T.N. Kokina®, D.A. Mendoza', R. Selay', E.D. Kokina®,

I.E. Molotov?, V.A. Voropaev?, V.V. Kouprianov®
The astronomical center of the Autonomous University of Sinaloa, Mexica;
2 Keldysh Institute of Applied Mathematics RAS;
SMAO RAS

The astronomical center of the Autonomous University of Sinaloa (AUS) continues working.
Near Cosala at altitude of 600 m the astronomical observatory takes active part in observations of
international network ISON. In the astronomical pavilion with movable roof 25-cm telescope ORI-
25 started working in May, 2012. During the period from January, 2014 till May, 2015 the
observations were made for 175 nights, 292 413 measurements in 45 102 tracks were obtained. The
The astronomical center studied of space debris and satellites in high orbit. The Astronomical
Center carried out detecting 6 not-cataloged objects. In work progress 6 lost objects were detected.

In 2013 a new pavilion with 4-m dome for the astronomical center was built. 40-cm automated
telescope (CHV-40) was established. This telescope is used for observing for asteroids, gamma-ray
burst afterglow and dim objects of space debris. Observations were made during 14 nights,
2571 measurements in 346 tracks were obtained.

Obtained measurements are supplied to the database of Keldysh Institute of Applied
Mathematics Russian Academy of Sciences for prediction of dangerous proximities with satellites.

METO/ HPE}IBAPI/ITEJII;HOfI NIAEHTUOPUKALINA OIITUYECKHUX MU3MEPEHUI
C OPBUTAMUA KOCMHNYECKUX OFBEKTOB
B YCJIOBUSIX AITPUOPHOH HEOITPEJAEJIEHHOCTH
A.IL JlykbsinoB, C.C. PaBaun, A.B. IIpyrio, A.K. Kum, A.B. Maiabues
ITAO «<MAK «Beimren»
E-mail: kikkolo@mail.ru
[lenpto paboThl sBIsIeTCS pa3padboTka 3(G(HEKTUBHOTO METOoJa OBICTPOrO MPEeIBAPUTEILHOTO
MPUHATHS PEHICHUS O TOM, K KAaKOMYy W3 MHOXKECTBA OKOJIO3EMHBIX KOCMHUYECKHX OOBEKTOB
OTHOCSITCS TPOBOAMMBIE ONTHYECKME H3MepeHusa. [lpu »TOoM mnpenmonaraeTcs anpuopHas
HEONPEIeIEHHOCTh OTHOCUTEIBHO OITHOOK 3aaHusl OPOUT U TOUHOCTH U3MEPEHUH.
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[pennokeH METOJ PEUICHHUS 3a/1a4d TPEIBAPUTEIbHON WACHTH(OUKAIIMA H3MEPEHUI YIIIOBBIX
KOOPJIMHAT OKOJO3EMHBIX KOCMHYECKHX OOBEKTOB, ITOJYYaeMbIX ONTHYECKHMH CpPEACTBAMHU
HaOJIIOJICHNUS, C KaTaJIOTU3UPOBAHHBIMU KOCMUYECKUMH 00BEKTAMH.

JIOCTOMHCTBOM METO/A SIBJISETCS y4eT OaUTMCTUUECKIX OrPaHNYEeHUH Ha 001acTh JOIMYCTUMBIX
napamMeTpoB JBIKCHHUS. JTO IO3BOJMIIO, BO-TIEPBBIX, UCIIOJIB30BaTh B KAYECTBE YIPABIISIONINX
napameTpoB MOUCKA UACHTH(GUIMPYEMBIX OOBEKTOB Takue (pU3NYECKU MOHATHBIC MapaMeTphl, KaK
MaKCHMAJIbHBIE OIMOKH YTIJIOBBIX H3MEPEHUI U MaKCUMAaJIbHbBIC OUIMOKY 3HAHUS allPUOPHBIX OPOHT
B TEPMHUHAX MPOAOIFHOTO U MONEPEYHOT0 OTKIOHEHHS.

Bo-BTOpBIX, 3TO TpHUBEIO K MOBBIUICHUIO APPEKTUBHOCTH PAOOTHI, YTO MPOSBISIETCS B
COKpAlIGHUH 4YHCJIa HENPaBWIBHBIX WACHTH(UKAIMKA W3MEpeHui ¢ opOutamu Onaromaps
¢usznueckn OO0OCHOBAaHHOMY YMEHBIIEHUIO 00beMa O00JIACTH HEOMNPEACICHHOCTH TOJIO0XKEHUS
o0bekTa. Ilpu 3TOM «TabapuTHBIN» pa3Mep ATOH 00IAaCTH HE YMEHBIIAETCS, YTO CHIDKACT PUCK
HEy/la4 IpU UICHTU(PHUKAIUN 00HEKTOB, 3HAUUTEIBHO OTKJIOHHUBIIMXCS OT allPHOPHBIX OPOUT.

CymiecTBEeHHO TaK)Xe TO, YTO METO PabOTOCHOCOOEH B YCIIOBUSX, KOT/Ia OTKJIOHEHHUS YTIIOBBIX
U3MEPEHUI OT alPUOPHOI OPOUTHI BEJMKH U HE OMMCHIBAIOTCS B JIMHEHHOM TPUOJIMIKCHUU.

METHOD OF PRELIMINARY IDENTIFICATION OF OPTICAL MEASUREMENTS
WITH SPACE OBJECTS ORBITS IN CASE OF APRIORI UNCERTAINTY

A. Lukyanov, S. Ravdin, A. Pruglo, A. Kim, A. Maltsev

«Vimpel»
E-mail: kikkolo@mail.ru

The aim of the work is creation of an effective method of fast preliminary decision about the
fact of belonging of optical measurements to a member of the set of near-Earth space objects. A
priori uncertainty about errors of orbit determination and measurement errors is supposed.

Method is proposed for decision the task of preliminary identification of angular coordinates of
near-Earth space objects, obtained by optical observation facilities, with catalogued space objects.

The merit of the method is account for ballistic restrictions on the domain of tolerable
parameters of motion.

Firstly, it makes possible to use for control the physically clear parameters: maximum errors of
angular measurements and maximum errors of knowledge of a priori orbits in terms of lengthwise
and cross deviations.

Secondly, it increases the effectiveness of operation that shows itself in reduction of number of
incorrect identifications of the measurements with orbits due to the physically based restriction on
the domain of the object positions. At the same time overall size of this domain does not diminish,
that lessens the risk of non-identification of objects, which significantly deviate from a priori orbits.

And eventually it should be noted, that the method operates in conditions of large deviations of
angular measurements from a priori orbit that are not described in linear approximation.

MOJAEJIb IIOCTYITATEJIBHO-BPAIMATEJIBHOI'O ABUKXEHUSA ®PAI'MEHTA
KOCMHYECKOI'O MYCOPA FENGYUN 2D DEB 2006-053D

B.B. Yazos', H.C. BaXanapaeBz, IT.A. JleBknHa
AV MI'Y, ‘UHACAH
E-mail: vadimchazov@yndex.ru, nail@inasan.ru, ayvazovskaya@inasan.ru

[IpencraBnensl  pe3ynbTaThl  OOpPAOOTKH  TOIMOIEHTPHUECKUX  TOJOXKEHUW  (parMeHTa
KOCMHYECKOI0 Mycopa Ha reocranuroHapHou opoute Fengyun 2D Deb 2006-053D. Hab6monenus
ObUIM BBINOJIHEHBI B oOcepBaropuu Ha mnuke Tepckon. Ha ocHoBe HaOmoneHUN MpenokeHa
MOJIeTIb BapHallfii OTHOIIIEHUS MHJIEJICBON IUIOMAAN K Macce 00beKTa. PaccMOTpeHbI pa3nuyHbIe
BapuaHThl ¢opMm (Pparmenta. IlomydeHpl OIEHKM HAYaIbHBIX YCIOBUW IS TMPOTHO3A
MOCTYNaTeNbHO-BPAIATEILHOTO IBIKEHHUS O0BEKTA.
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MODEL OF TRANSLATION-ROTATIONAL MOVEMENT OF SPACE DEBRIS’
FRAGMENT FENGYUN 2D DEB 2006-053D
V.V. Chazov', N.S. Bakhtigaraev?, P.A. Levkina®
'SAI MSU, “INASAN
E-mail: vadimchazov@yndex.ru, nail@inasan.ru, ayvazovskaya@inasan.ru

The results of processing of topocentric positions of space debris’ fragment on geosynchronous
orbit Fengyun 2D Deb 2006-053D are presented. Observations were made at the observatory on
peak Terskol. The model of the variations of middle area to mass coefficient of the object are
suggested. Different variants of an object form were considered. The estimates of the initial
conditions for prognosis translation-rotational movement of the object were obtained.

PE3YJIBTATHI ONTUYECKHNX HABJIOAEHUN KOCMUYECKHUX AIIIIAPATOB
HA CBEPXBBICOKHUX OPBUTAX
N.B. Kopooues, B.E. I'opsimmun, M.H. Mummna, M.B. EcesieBuu
HNC3® CO PAH
E-mail: korobtsev@yandex.ru

B Omwxaiimem  OynymieM — IUIaHUPYETCS — 3allyCK  MEXKJIYHApOJIHON  opOuTanbHOU
actpoduznyeckoit obcepBatopun «Crnextp-PI'». KA «Cnektp-PI'» mgomkeH ObITh qOCTaBlIeH B
OKpECTHOCTh TOUKH JiOparuu L2 cucremsl ConHne—3eMiis U yaepKUBAThCS Ha KBA3WyCTOWYMBON
opbure. [[ns obecrieueHus BBINOJIHEHUS] HAYYHOU NMPOrpaMMbl IPOEKTa HEOOXOIUMO MOIepKAHNE
opOUTHI ammapara, 4YTO MpEAroiaraeT IOJXy4eHHe HWHPOPMAIUKM O TEKYIIMX IapaMeTpax
nemwkennsa KA.

B nensx orpaboOTKM METOIMKH ONTHYECKMX H3MEpPEHUH, OLEHKM HE00X0AMMOro oObéMa
U3MEpPEHH M UX TOYHOCTU OBUTM MPOBEACHBI HAONIOACHHS KOCMHUUYECKuX ammapatoB Gaia u
Crextp-P B 2011-2015 rr. bieck KA Gaia okazaiicst cimabee 21 3BE31HON BETMUUHBI, YTO OJU3KO K
npeneiabHbiM  BO3MOXKHOCTAM — Teseckona  A3T-33MK. Ilpm 3TOM TOYHOCTH IOJYYEHHBIX
aCTPOMETPUYECKMX H3MEPEHHUI COCTaBWJIa MOpPSAKa OAHOM YIJIOBOWM ceKyHIbl nyru. B noxiane
npencTaBieHbl pe3ynbTatel HaOmoaeHnit KA Gaia u KA Crektp-P Ha 1.6-MeTpoBOM Teneckorne
A3T-33UK CasnHckoil conHeuHoit oocepBaTopuu. OOCyKIat0TCs BO3MOKHOCTH MOTYYEHHS TOUHBIX
aCTPOMETPUYECKHUX JIaHHBIX II0 KOCMHUYECKMM ammaparaM Ha CBEPXBBICOKMX OpOuTax,
HEO0OXOJIMMBIE YCJIOBHSI HaONIONEHHS M OOBbEM H3MEPUTENbHBIX JAHHBIX AJS MPOTHO3MPOBAHUS
nrkennsa KA.

METOAbI MAIEHTU®OUKAIIUU I'CC
IO ®OTOMETPUYECKUM ITPU3HAKAM, ITPOBJIEMbI
IL.II. CyxoB

HUUN «ActpoHoMudeckas ooceparopus» OeccKoro HallMOHAIBLHOTO YHUBepcHuTeTa uM. M. MednnkoBa
E-mail: psukhov@ukr.net

PaccmoTpenbsl HekOTOpble MpoOJIeMBbl TEXHHYECKOTO M METOJUYECKOro XapakTepa Ipu
¢doromerpuu u uaentudukanuu I'CC. Texunueckue npodnemsl: a) Cnadrwiii 6neck I'CC, - cnenyer
MCIOJIb30BaTh TEJECKOIIBI C pa3MepOM TIJIaBHOTO 3epkajiia okosio 1 M, nmubo Habmonats 'CC 6mu3
paBHOJIeHCTBUH. 0) Bpems HakoruieHus: U BpeMeHHoe paspernieHue Obictpo MeHstonmx onaeck 'CC
JOJDKHO OBITh MUHHMMAJbHBIM, TOJMM CeKyHAbl. [Ipm MHOromBeTHOH (oTOMETpuu BpeMeHHOe
paspelleHne OrpaHiyeHO BPEMEHEM MEPEKII0YEHUs CBETO(UIBTPOB.

W3BecTHbI cnenyromue cnocods! uaeHTudukannu KA: 1. [To op6uransasiM napamerpam. 2. 1o
n3o0pakeHnto KA, mosydeHHOMY C TTOMOIIBIO ONTHYECKUX TEJIECKOMOB ¢ OOJBIIUM (POKYCHBIM
paccrosaueM. 3. [lo mzobpaxenuto KA npu ero npoxoxxaenuu no aucky Jlywsl, Comnma. 4. C
MTOMOIIIBIO CITYTHUKOB, TTPOBOISAIINX WHCIIEKITHIO B (hoTorpadupoBanue natepecyronmx KA. 5. Tlo
aHaJIN3y TEJIEMETPUUECKON U paanoTexHuyeckoi mHpopmanuu nepenaBaemoir KA. 6. Ilo Habopy
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OTpaXKaTEJIbHBIX XAPAKTEPUCTUK B PAJUO HMIM ONTUYECKOM JHuamnasoHe; (OTOMETpUUYECKHE,
MOJISIPU3ALMOHHBIE, CIIEKTPAJIbHBIE, XapaKTEPU3YIOIINUX KaXKIbIM KJIaCC CITyTHUKOB.

Nznoxensl usBectHble B CHI' mMeTonbl OTOXKIECTBIEHMSI N€OCTAllMOHAPHBIX CIIyTHUKOB IIO
(OTOMETPUYECKUM XapaKTepUCTUKaM TMpU pEIIeHuHu OOpaTHOW, HEKOPPEeKTHOM 3ajaud B
actpousuke. CremaH BBIBOJA: pELICHHE HEKOPpeKTHOW 3amaun wuaeHtuukamuu ['CC mo
(dboTOMETpUYECKUM JaHHBIM — TPOLEAYypa [IOCTaTOUYHO CIIOXKHAS, [JIMTeNbHas, Tpedyromas
MpUBJICUEHUS TOTOIHUTENbHON nHpopMarun o KA. JlononHuTensHON nHOpMAIel MOKET OBITh:
BHemHUil Bua KA, ero pasmepsl, MecTo, Jara 3amycka, HaKJIOH OpOUTHI K IKBATOPY, MOIIHOCTD,
BbIpabaTpiBaeMasi COJHEYHBIMH TAHETSIMHM, pa3Mepbl OOTEKaTeNns TOJOBKH CIIyTHHKA M T.1.
ITokazaHbl XapakTepHbIe KpuBbIe Oecka HeKOTOphIX KiaccoB ['CC.

METHODS OF IDENTIFICATION OF THE GSS BY THE PHOTOMETRIC
CHARACTERISTICS AND PROBLEMS
P.P. Sukhov
Odessa astronomical observatory
E-mail: psukhov@ukr.net

Some problems of technical and methodological sort with photometrical and identification
GSS. Technical problems: a) Low light GSS - should be used telescopes to the size of the primary
mirror about 1m or monitor GSS near equinoxes. b) Time accumulation and temporal resolution
rapidly changing light GSS should be the minimum, split second. In case of the multicolor
photometry temporal resolution is limited by the time of filters switching. Described the CIS
countries known methods of identification of geostationary satellites by photometrical futures for
solving inverse, incorrect problem in astrophysics. Concluded: problems of identification GSS from
photometric data - the procedure is complicated, long-term, require additional information about the
GSS. Additional information may be: GSS photo, its size, location and date of launch, orbit
inclination to the equator, the power generated by the solar panels, the size of the head of the
satellite fairing, etc. Typical light curves of some classes of GSS were shown.

MACCOBASA ®OTOMETPUSA HU3KOOPBUTAJIBHBIX NC3 HA MMT9

E.B. KaTKOBal, I.M. Becxnnz, A.B. Bnpmkon4, C.0. Bonnapbl, E.A. HBaHOBl, C.B. Kapnonz,
H.B. OpeXOBal, A.B. HepKOBl, B.B. Caciox>*
'®umman OAO «HIIK «CITI» «COH «ApPXBI3Y, ’CAO PAH, *000 «[Tapannakcy, 4O6CCpBaTOpI/I5I WM. DHTenbrapara
E-mail: elka@sao.ru

B wutone 2014 ronma Hauvanmach TecTOBas 3KCIUTyaTalus 9-KaHalIbHOM CHCTEMBI BBICOKOTO
BpeMeHHoro paspemieHuss MMTO. Ilpu paboueit skcrozunmu 0.1 CeKyHOBI cHCTEMa HMEET
MPOHUIIAHUE M0 OBICTPOABMXKYIIUMCS 0O0bekTam 10 9.5 mag. Habmionenus MC3 He sBIsroTCS
rnaBHoOM 3amaueit MMT9 B ocHOBHOM pexume (yHKIMOHHUpPOBAaHHUS, TEM HE MEHee 3a HOYb
¢ukcupyercs 200-500 mposieToB HU3KOOPOUTABHBIX U BhICOKOATUNTHYecknx MC3.

Ha ocHOBe »TMX [JaHHBIX CO3/MaHa W TOJJCP)KUBACTCS MyOJuuHas ©Oa3a JTaHHBIX
(oTOMETPHUECKHX XapaKTePUCTHK HM3MEpPEeHHBIX CIyTHUKOB: http://astroguard.ru/satellites. B 6aze
JOCTYNHbI npuBeneHHble (K nanbHocTH 1000 kM u dasoBomy yriay 90 rpamycoB) 3Be3HBIE
BEJIMYMHBI, KpHUBBIC OJiecka, NTWHAMHUKA TEPUOJIOB BpalleHUs. 3a mepBbiii rog padorsr MMT9
nmoimydeHsl JaHHble 10 Oonee uyem 4000 oObextam. [lepBuuHBI aHamM3 pe3ynbTaTOB
JEMOHCTPHUPYET XapaKkTepHble (POTOMETPUUECKUE IPU3HAKK Y OOBEKTOB pa3HOTO THIIA.
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MASSIVE PHOTOMETRY OF LOW-ALTITUDE ARTIFICIAL
SATELLITES USING MMT-9

E.V. Katkova', G.M. Beskin? A.V. Biryukov*, S.F. Bondar, E.A. Ivanov’, S.V. Karpov?,
N.V. Orekhova', A.V. Perkov!, V.V. Sasyuk®*
10JS «RPC «PSI» «O0S «Arkhyz», ’SAO RAS, *«Parallax» Enterprise, “Engelgardt Observatory
E-mail: elka@sao.ru

The 9-channel MMT-9 optical wide-field monitoring system with high temporal resolution
system is in operation since June 2014. The system has 0.1 s temporal resolution and detection limit
around 9.5 mag (calibrated to V filter) for fast-moving objects on this timescale. In addition to its
main scientific operation, the system detects 200-500 tracks of satellites every night, both on low-
altitude and high ellipticity orbits.

Using these data we created and support the public database of photometric characteristics for
these satellites, available at http://astroguard.ru/satellites. The database contains standard (reduced
to 1000 km distance and 90 degrees phase angle) magnitudes, light curves, distances, phase angles,
as well as results of periodicity search in each track and temporal evolution of periods for satellites
observed at different epochs. During the first year we acquired the data for more than 4000
satellites. We also report the characteristic photometric signatures for different classes of satellites.

MPOIHO3UPOBAHUE COJTHEUHOU AKTUBHOCTH
C UCIIOJIb30BAHUEM METO/JIA BJIOYHOM AIIITPOKCUMAILIUA, OBOBIIEHUM
MHK ¥ METOJIOB BBISIBJIEHUSI CKPBITBIX NEPUOANYHOCTEM
O. Akcenos, C. Beunamunos, /. Yooxenko, FO. Bapranbsan
HWM HUUIT BBKO MOP®D
E-mail: sveniami@gmail.com

[Tpemnararorcss METOABI YAYUYIICHHS MPOTHO3HPOBAHUS IMUPOKOTO Kiacca TIPOIECCOB C
HEYCTOMYMBBIMU  TapamMeTpaMu, BKIIOYAIONIET0 HEKOTOpPhIE  COCTABISAIOIIME  COJHEYHOU
aKTUBHOCTH. OTH METOJbI OOBEAWHSECT OTCYTCTBUE AalPUOPHOW HMHQPOPMAIMH O CTPYKType
aHAJIMTUYECKOTO MpeACTaBIeHus mpoiiecca. MiHade 3aaya ero mporHo3UpOBaHUs HE MIPeICTaBIIsIa
Obl OouyblIOTO MareMaruueckoro wuHTepeca. «llaker» MeTOZOB BKIIOYAET METOJ OJIOYHOMN
anmpOKCUMAIUHU, METOJI BBISIBIICHUS CKPBITHIX IEPUOANUYHOCTEH, 0000IIEHHBI METOT HANMEHBIIINX
KBaJIpaToOB, METOJ IMOCIEA0BAaTEIbHON KOPPEKIUU KO3((UIHNEHTOB O00OIIEHHOr0 MOJIMHOMA.
[IpennaraeMbie METOABI TTO3BOJIIOT BCKPBITH CTPYKTYpPY Mpoiiecca (heHOMEHOJIOTHYECKH, TO €CTh,
WCXOJSl TOJBKO M3 MCTOPUHU €r0 M3MEPEHHUH, YTO TMOKAa HEIOCTYITHO W3BECTHBIM, TPAIUIIMOHHBIM
MeTonaM. KpoMe TOoro, oHU Jal0T BO3MOXHOCTh KOHKPETH3UPOBATH U CMYTHOE, MPUOIMKEHHOE
MPENIIOJIOKCHHE O CTPYKType TMporecca, a TakkKe YIYYIIUTh KAadeCTBO IPOTHO3UPOBAHUS
MPOIIECCOB C <«IUIBIBYIIMMI» 3HAUCHUSMHU I1apaMeTpoB, YraJaTh TPEHJ WX HW3MCHCHUSAN
OCYyIIEeCTBUTH OoJiee TOYHYIO MPUTOHKY K HEMY anmpOKCHUMHUPYIONIEro BhIpaxkeHus. [IpumeneHue
METOJIOB JICMOHCTPUPYETCS Ha MPUMEPE TPOTHO3HUPOBAHUS COTHEUYHOW aKTHBHOCTH.

PROPAGATION OF SOLAR ACTIVITY USING THE BLOCK APPROXIMATION
METHOD, GENERALIZED WEIGHED R.M.S. METHODS AND REVEALING LATENT
PERIODICITIES METHODS

O. Aksenov, S. Veniaminov, D. Ubozhenko, Yu. Vartanyan
Scientific Research Center «KOSMOS»
E-mail: sveniami@gmail.com
A family of methods for enhancing the propagation of a wide class of processes having non-
stable parameters (including the solar flux projection) is proposed. The methods are of a
phenomenological type (not requiring any a priori information). They allow revealing the real
structure of processes investigated by their measurements only. Moreover, they give a possibility
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for concretizing obscure and approximate assumption on the process, as well as enhancing the
quality of prediction of processes having “floating values of their parameters” and to guess the trend
of their variations. As a consequence, one can get the more accurate fitting the process. As an
example of application of the proposed methods the solar flux projection is made.

HNCCIEAOBAHUE DOPEKTUBHOCTH AJITOPUTMOB YNCJIIEHHOI'O ITPOT'HO3A
OPBUT N UX BAPI/IAI_[I/Iﬁ JJISI PEHIEHUSA 3AAY KOHTPOJISI OKOJIO3EMHBIX
HNCKYCCTBEHHBIX KOCMMYECKHUX OFBEKTOB
J.H. Baxuros, A.Il. JlykbsiHOB
ITAO «<MAK «Brimmeny
E-mail: kikkolo@mail.ru

AHaNIM3UPYIOTCS pa3iMyHbIe YUCJICHHBIE METObl MPOTHO3UPOBAHUS IMAPAMETPOB JBHXKCHUS
OKOJIO3EMHBIX KOCMHUYECKMX OOBEKTOB M WX Bapualdidi MPU W3MEHEHWU HAYaIbHBIX YCIIOBHUH.
AHaM3 TPOBOAUTCA C TIOMOIIBIO OPUTHMHAIBHBIX IMPOrPAaMMHO-PEATN30BAHHBIX aJITOPUTMOB
MPOTrHO3a JABUKEHHUS U €r0 BapuallMil, pelIarolInX 3TH YMCICHHbBIC 33/1a4d B epeMeHHbIX Kerutepa
u Jlarpanxa. UuciaeHHOEe MOJEIUPOBAHUE MTOKA3AJI0 MPEUMYILIECTBO MCIIOJIb30BAHUS IIEPEMEHHBIX
Jlarpamka mo cpaBHeHHIO ¢ TiepeMeHHbIMH Kerepa kak 1Mo OBICTPOJEHCTBHIO, TaK U TIO
YCTOWYMBOCTU pE3YyJbTAaTOB MpPOrHo3a. I[lomydeHbl ONEHKH BBIMIPHINIA, I[PU HCIOJIb30BAHUU
aNropuTMa NporHo3a B NepeMeHHbIX Jlarpanxa.

IIpoBenneH aHanu3 YYyBCTBUTEJIBHOCTHM IIPOTHO3a JBMIKEHHMS OKOJIO3EMHBIX KOCMUYECKUX
O00BEKTOB K HEOINPEIEICHHOCTH 3HAHUS JEHCTBYIOIIUX HAa HUX CHI: aTMOC(EPHOTO TOPMOKEHHUS,
CUJIBI TIPUTSDKEHUS 3eMJIM, COJIHEUHOro jaBiieHus. HaiineHo coriiacoBaHHOE ONTUMAaIbHOE
(MUHUMAJIBFHO JOCTAaTOYHOE) YWCIO TAapMOHUK TEONOTEHIMaja W 3HAYCHUE BBICOTHI BEPXHEU
I'PaHMIIBI AaTMOC(EPBI, BBIIIE KOTOPOH €€ BIMIHUEM MOXKHO ITPEHEOPEUb.

STUDY OF EFFECTIVENESS OF NUMERIC ORBITS PREDICTION
AND THEIR VARIATIONS FOR DECISION OF TASKS
OF ARTIFICIAL SPACE OBJECTS SURVEILLANCE
E. Vahitov, A. Lukyanov

«Vimpel»
E-mail: kikkolo@mail.ru

Various numeric methods of prediction of movement parameters of near-Earth space objects
and their variations at changing initial conditions are analysed. The analysis was conducted using
original algorithms and software that can solve these tasks in both Kepler and Lagrange variables.
Numeric simulation has shown an advantage of use Lagrange variables with respect to Kepler
variables by program performance and by stability of prediction results. Gain of efficiency of use
prediction algorithms in Lagrange variables is estimated.

Analysis is fulfilled of sensitivity of prediction of movement of near-Earth space objects to
uncertainty of applied forces: atmospheric drag, Earth gravitation, solar light pressure. Coordinated
optimal (minimally sufficient) number of geopotential harmonics and height of upper boundary of
atmosphere, above which we can disregard its influence.
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HABJJIOAEHHUE U ITPEICKA3AHUE BJIMKOB OT CTABUJIN3UPOBAHHBIX
I'EOCTAIIMOHAPHBIX CITYTHHUKOB
B.C. IOpacos, E.A. TpymkoBa
OAO «HIIK «CIIIT»
E-mail: vyurasov@mail.ru, katerinatr@mail.ru

[Tpu HaOaroseHuM reocTalMoOHapHBIX Kocmuueckux o0bekToB (KO) Hapsay ¢ yriioBeIMH
M3MEPEHUSIMH MPOBOAATCS 3aMephl X OJecka. AHaIU3 BPEMEHHBIX PSIJIOB MU3MEpEHUi Oiecka ais
CIIyTHMKOB C TPEXOCHOW cTaOmin3anueil CBUIETEIbCTBYET O HAJIIMYUU CE30HHBIX BCIUIECKOB B UX
APKOCTU. DTH OJNMKH MOTYT OBITh YJMBHUTEIHHO CHIBHBIMH, YaCTO MPEBBIIIAIOIIUMHU HECKOIBKO
3BE3/IHBIX BesJM4MH. llpuposa 3Toro siBieHus cBsizaHa cO CHEUU(UKON 3epKalbHOTO OTPa)KEHUs
CBETa OT COJIHEUHBIX NIaHEJIeH CIIyTHUKOB.

B pabore HaliieHbl aHATUTUYECKHE BBIPAXKEHUS AJIs 3HAaUE€HUI BpeMeHH U (pa3oBoro yria (yria
ConHne-cryTHUK-HAO0MIONATeNbHBI  TIYHKT), MPH KOTOPBIX BO3HHUKAET 3€PKAIbHOE OTpaKeHUE
COJIHEYHOI'O CBETa OT COJIHEUHBIX NaHeJeH TPEeXOCHO CTAOMIIM3MPOBAHHBIX (YHKIHMOHUPYIOIIHUX
cmyTHHKOB. HaiineHHoe 3HaueHue (a3oBOTrO yriia OJHO3HAYHO BBIUMCISACTCS IS KaXIOW Mmapbl
CIIyTHMK-HaOJIIOJaTeIbHbI MYHKT M 3aBUCUT OT ILUPOTHI HAOJIOJATEIBHOIO MYHKTa M PAa3HOCTH
JIOJTOT HAOII0AATEIbHOTO ITYHKTA U CITyTHHKA.

[IpoBeneHO CpaBHEHHE pAaCUETHBIX pE3YJIbTATOB OLIEHOK BpeMEeHH U (a30BOro yria
BO3HUKHOBEHHUS YCJIOBUI 3€pKaJbHOIO OTPAXXKEHUsSI OT COJHEYHBIX IaHesel CTaOWIN3MPOBAHHBIX
re0CTallMOHAPHBIX CIIYTHUKOB C IaHHBIMU MHOTOUMCIIEHHBIX HAOJIOCHUH.

W3BecTHO, 4TO craTtucThyeckue naHHele o Onecke KO wmcmonmp3yrorcs mpu uaeHTH(GUKAIAN
KOOP/AMHATHBIX U3MEPEHUH, OLIEHKE COCTOSHUS U PACIO3HABAHUS CTA0OWIIN3UPOBAHHBIX CIIyTHHKOB.
[Tonmy4yeHHbIe pe3yabTaThl MOTYT OKa3aThCs OJIE3HBIMU IPU PEUICHUU ATHUX 33134 BOJIU3U yCIOBUI
3€pKaJIbHOTO OTPAKEHUS, a TAK)KE JUIsl OLEHKH pa3Mepa, CErMEHTAllUd U OPUEHTALMKM COJIHEUHBIX
Oarapeil — EHHON WH(GOPMAIMK O BO3MOXKHOCTSAX MPOU3BOJICTBA U TMOTPEOICHHS IEKTPOIHEPTHU
CIIyTHHUKA.

OBSERVATION AND PREDICTION OF GLINTS FOR STABILIZED GEO SATELLITES

V.S. Yurasov, E.A. Trushkova
OJSC RPC PSI
E-mail: vyurasov@mail.ru, katerinatr@mail.ru

The observation of GEO space objects (SO) includes both angular and brightness
measurements. Temporal brightness patterns for three-axis stabilized GEO stationary satellites
shows the season peaks in their intensity. These glints can be remarkably strong, often exceeding
several magnitudes in value. The nature of this phenomenon consist in features of solar panel
orientation when they reflect sunlight towards an observer in a specular fashion.

In this paper, the analytical expressions for glint's time and phase angle (angle between the SO-
Solar and SO-Observer directions) were found for the specular sunlight reflection from solar panels
for three-axis stabilized GEO active satellites. The value of found phase angle is calculated
unambiguously for each SO-Observer pair and depends only from observer’s latitude and difference
in observer and SO longitudes.

The comparison results of glint’s time and phase angle calculations with numerous observation
data are presented for some stabilized GEO satellites.

It is well known that static data about SO’ brightness are used for metric measurements
correlation, for state estimate and recognition of stabilized satellites. Our results may be useful for
these task solutions near the specular reflection conditions and can be exploited to estimate the size,
segmentation, and alignment of the solar arrays. The last can be valuable information about the
satellite’s power generation and consumption capabilities.
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BBICTPOE UNCJIEHHOE ONEHUBAHUE BEPOATHOCTU CTOJIKHOBEHMUSA
JABYX OFBEKTOB B OKOJIO3EMHOM ITPOCTPAHCTBE
H.H. ‘lyBamonl, B.A. AB1ioLIeB
Tomckuii rocy1apcTBEHHBIM YHUBEPCUTET
E-mail: *chuvashovin@gmail.com, “sch@niipmm.tsu.ru

B pabore mnpencraBieH YMCICHHBIA METOA Ui OBICTPOTO OILCHUBAHUS BEPOSITHOCTHU
CTOJIKHOBEHHUS OOBEKTOB OKOJIO3€MHOTO TPOCTPAHCTBA MEXKIy co0oil. MeToq ocHOBaH Ha
JUHEHHBIX ~ OTOOPaKEHUSX HAYalbHOTO O0Jlaka BUPTYaIbHBIX OOBEKTOB  OKOJIO3E€MHOTO
MPOCTPAHCTBA OTHOCUTEIHPHO HOMHHAIBHON OpPOWTHI HAa MOMEHTBI O0XKHIAEMOTO COJMKCHUS
O00BEKTOB MEXIy CO00M M PErucTpUpOBaHUM CTOJKHOBEHUH BUPTYAJIbHBIX OOBEKTOB APYr C
JIpyroM, T.€. KOTJa PAacCCTOSHUS MEXIy IBYMS BUPTYAIbHBIMH OOBEKTAMH CTaHYT MEHBIIE
3aJJaHHOTO0 KPUTHYECKOTo 3HaueHus. OOBIYHO 3a/1aya OLIEHWBAHUS BEPOSTHOCTEH CTOJIKHOBEHHUS
pelIaeTcsi myTeM YMCICHHOTO MOJICTHPOBAHUS JBOJIONUHM 00JIaka HEONPEACICHHOCTH Ha OCHOBE
MOIIArOBOTO  MHTETPUPOBAHUSA  BUPTYAJbHBIX OpPOUT, YTO €CTECTBEHHO COMPSDKEHO C
KOJIOCCAIBHBIMU 3aTPaTaMH IPOIECCOPHOTO BPEMEHH.

[Ipennaraemplii METOA TECTUPYETCS HA MpHUMEpPE JBYX CTOJIKHOBEHHUH HCKYCCTBEHHBIX
cytaukoB 3emun Iridium 33 u Kocmoc-2251 (nata cronkuoBerus 10 ¢pespans 2009 roaa), u biuir
n O3aproHb-1C (mara cronkHoBeHus 22 sHBaps 2013 roxa). J{ns moctpoeHuss HavaIbHOTO 00OJ1aKa
UCTOJB3YyIOTCs  ByXcTpounble anmemeHThl (TLE), B3sTeie ¢ Space-track.org. B pesynbrarte
TECTUPOBAaHUSI IOKa3aHO, 4TO JIMHEWHbIE OTOOpaKeHHsI TIO3BOJSIOT MONYy4aTh  OLEHKU
BEPOSTHOCTEH Ha HECKOJBKO TMOPSIKOB OBICTpee, HEXKETW MPH YHUCICHHOM HHTErPUPOBAHUN
BUPTYaJIbHBIX OPOUT.

QUICK NUMERICAL EVALUATION OF PROBABILITY
OF TWO-BODY COLLISION IN NEAR-EARTH SPACE
I.N. Chuvashov?, V.A. Avdyushev?

Tomsk State University
E-mail: *chuvashovin@gmail.com, sch@niipmm.tsu.ru

This paper presents a numerical method for quick evaluating the probability of a two-body
collision in the near-Earth space. The method is based on linear mappings of initial uncertainty
clouds of two space objects at the time of their expected approach and on registering the collisions
of virtual objects of the clouds, i.e., when the distances between two virtual objects get less than a
given critical value. The typical way for solving the problem of evaluating the collision probability
consists in simulating the evolution of the uncertainty clouds numerically based on the stepwise
integration of virtual orbits. This is naturally associated with huge processor time costs.

The method we propose is tested on the examples of two collisions of satellites: Iridium 33 and
Cosmos-2251 (the date of the collision is February 10, 2009), and also Blitz and Fengyun-1C (the
date of the collision is January 22, 2013). To construct the initial clouds of the satellites, two-line
elements (TLE) (taken from space-track.org) are used. The test results show that the linear
mappings allow one to obtain the probability estimates substantially faster than numerical
integration of virtual orbits.

HNCCIEJOBAHUE BJIIUAHUA BEKOBBIX PE3SOHAHCOB HA JOJITOBPEMEHHYIO
OPBUTAJIBHYIO 9BOJIOINHUIO OKOJIO3EMHBIX OFBEKTOB
N.B. TomuioBa, T.B. boproBuubina
Tomckuii rocy1apcTBEeHHbI YHUBEPCUTET
E-mail: irisha_tom@mail.ru, tvbord@sibmail.com

[IpencraBieHsl pe3yiabTaThl OOIMIMPHOTO YHUCICHHO-aHAIMTUYECKOTO OKCIEPUMEHTa 0
HCCIICIOBAHUIO PACIPOCTPAHEHHOCTH BEKOBBIX PE30HAHCOB B OKOJIO3EMHOM OpOUTAIHHOM
MPOCTPAHCTBE M OLIEHKE WX BIUSHUSA HA JIOJTOBPEMEHHYIO OpPOHWTAIBHYIO JBOJIONHIO OOBEKTOB
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KOCMHYECKOr0 Mycopa B Auama3one Oonbimmx monyoceit or 8000 mo 55000 kM m B amamazoHe

HakyoneHuii ot 10° mo 90°, mist 3HaueHui sxcieHTpucuteToB opout 0.01, 0.6 u 0,8.

AHanu3 Moay4YeHHbIX Pe3yJIbTaTOB MO3BOJSET BBIACIUTh HECKOJIBKO OOIIMX 3aKOHOMEPHOCTEH
B JUHAMHUKE OKOJO3CMHBIX O6’beKTOB, MOABCPIKCHHBIX I[eﬁCTBHIO BCKOBLIX PC30HAHCOB: a) cpeau
BEKOBBIX PE30HAHCOB, CBA3AHHBIX CO CPEAHUM JIBH)KEHHEM TPETHEro Telia, HauOOJIbIlee BIUSHIE Ha
ABHUKCHUC O6’beKTOB OKa3bIBalOT BCKOBBLIC PC30HAHCBI, CBA3AHHBLIC CO CPCAHHUM JIBUKCHHUCM
Connia; 0) HAJTOKEHUE HECKOJbKMX YCTOWYMBBIX BEKOBBIX PE30HAHCOB HE MPHBOAUT K
BO3HUKHOBCHHUIO XaO0TUYHOCTHU, B TO KC BpPCMA BXOKIACHUC O6’beKTa B OPGI/ITaJIBHBIﬁ pe30HaHC C
BpallleHueM 3eMITH MPHU HAJMYHH BEKOBBIX PE30HAHCOB MOXET COMPOBOKAATHCS BOSHUKHOBEHUEM
Xa0TUYHOCTU B JABUXKXCHUHN O6’beKTOB; B) Xa0TUYHOCTb BO3HHUKACT TAKKC IIPH HAJTOXCHHU Ha
YCTOWYMBBINA BEKOBOW PE30HAHC OJHOTO MM HECKOJIbKUX PE30HAHCOB, JJISI KOTOPBIX KPUTHUCCKHIA
apryMEHT HEOJHOKPATHO MEHSET XapaKTep M3MEHEHHS C JIMOPAIMOHHOTO HA IMUPKYISIIUOHHBIA U
00paTHO; JIBM)KEHHE TaKUX OOBEKTOB SIBISCTCS HEPETYSIPHBIM, a B JHHAMHKE HMEIOT MECTO
AOJTONCPUOJUICCKUC KoJIe0aHus OKCHOCHTPUCUTETA U HAKIIOHCHHUA C 0O0JIBIINMU aMIUIMTyJaM U
CTpEeMUTEIIbHAS Xa0TH3AIIU.

INVESTIGATION OF THE INFLUENCE OF SECULAR RESONANCES
IN THE LONG-TERM ORBITAL EVOLUTION OF NEAR-EARTH OBJECTS
1.V. Tomilova, T.V. Bordovitsyna
Tomsk State University
E-mail: irisha_tom@mail.ru, tvbord@sibmail.com
The results of the wide numeral-analytical experiment for the research of the prevalence of
secular resonances in the near-Earth orbital space and the estimation of their influence on the long
term orbital evolution of objects are presented. Orbital parameters have been varied in the range of

semi-major axes from 8000 to 55000 kilometers and in the range of inclinations from 10°, to 90°
and for the values of eccentricity of orbits equal 0.01, 0.6 and 0,8.

Analysis of the results allows to allocate some general regularities in the dynamics of near-
Earth objects, exposed to the secular resonances: A) among secular resonances associated with a
mean motion of the third body the secular resonances associated with a mean motion of the sun
have the greatest influence on the motion of objects; b) the imposition of several stable secular
resonances does not lead to the emergence of chaotic, while the entry of the object in orbital
resonance with the Earth's rotation in the presence of secular resonances may be accompanied by
the appearance of randomness in the motion of objects; c) there is also chaos when the imposition
of a stable secular resonance and one or more resonances for which the critical argument often
changes the nature of the changes from the libration to the circulation and vice versa; the movement
of these objects is irregular, and long-period fluctuations of the eccentricity and inclination with
large amplitudes and rapid randomization take place in the object’s dynamics.

MMPOI'PECCHPYIOIIUIM POCT YI'PO3BI CO CTOPOHBI KOCMHUYECKOI'O MYCOPA

HA INTIPUMEPE MUCCHMU MKC

C.C. BeHl/laMl/lHOBl, E.K. Menbﬂmconl, N.M. OJeiinukos’
IHUM HUUL] BBKO MOP®, [IHUMmar
E-mail: sveniami@gmail.com

3acopeHue oxosiozeMHOro kocmuyeckoro mnpoctpaHcTBa (OKII) — 310 MHOrodaxkTopHBIH U
MHOT'ONApaMETPUUYECKUN MPOLECC, KOTOPBIA HECET Yrpo3y KaK KOCMHYECKOW JesTeNbHOCTU
YeJIoBeKa, TaK W JIOAIM W OO0BEeKTaM Ha 3emiie, CO3JaeT TOMEXH paboTe acTpOHOMOB-
HaOmonatenei, Hapymaet skonoruto 3emnu u OKII BooOmie. [losTomy mccienoBaTh €ro MOXKHO
MO/ CaMBbIMH PA3JIMYHBIMHU YTJIAMH 3PEHUS U C PA3IMYHBIX TO3UIUH. 37€Ch MPOIIECC 3aCOPEHUS
OKII 1 BO3HMKAIOUINE TPU STOM MPOOIEMBI PACCMOTPEHBI HA MPUMEPE MUCCUU MEXITYHAPOIHOM
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kocmuueckoir ctanuuu (MKC). AnanuzupyroTcss MHOTOYMCIICHHBIE MPU3HAKUA MPOrPECCUBHOTO
pocta yrpo3bl KOCMHUYECKOW JEATEIbHOCTH 4YEJIOBEKa CO CTOPOHBI TEXHOT€HHOTO 3aCOPEHHUS
OKOJIO3EMHOTO KOCMHYECKOTO TMPOCTPAHCTBA, CBSI3aHHbIE C OpPOUTAIBHBIM IOJIETOM H
¢dbyakunonupoBanneM MKC. Onmcanbl METOIBI M TIpHEMBbI MPOTHBOACHCTBUA yrpozam MKC co
CTOpOHBI KocMudeckoro mycopa (KM), ucnonb3yemble B NpOUUIOM U B HACTOsIIIEE BpeMms, U
orieHUBaeTcs ux 3PHEKTUBHOCTD.

PROGRESSIVE INCREASE OF THE THREAT FROM SPACE DEBRIS
USING ISS AS THE WAY OF ILLUSTRATION
S. Veniaminov', E. Melnikov?, 1. Oleynikov?
'Scientific Research Center “KOSMOS”, *TSNIImash
E-mail: sveniami@gmail.com
Contamination of the near Earth space (NES) represents a multifactorial and multiparametric
process carrying the threat to space activities and people and objects on the Earth surface. It puts
obstacles for astronomers, disturbs ecological balance of the near Earth environment. Here, the
space pollution and relative problems are considered using the example of ISS functioning.
Numerous signs of progressive growth of danger from orbital debris in view of ISS functioning for
a long period of time are analyzed. Some devices and methods of counteraction to this threat having
been used in the past and nowadays are described.

BO3MOXHOCTHU PJIC JAJIBHEI'O OBHAPYXEHUS 110 U3BMEPEHUTO
XAPAKTEPUCTUK KOCMHUYECKOI'O MYCOPA

0.10. Akcénos, C.C. Benuamunos, C.B. fIky0oBckuii
HH1H HUUI] BBKO MOP®

B uentp oOpabotku unpopmanuu CKKII nmocrymaer morok cooOmenuit or PJIC nByx
Marna3oHoOB JJIMH BOJH — MeTpoBoro u jaenumerpoBoro. Coobmenus ot PJIC umetror
KOOp/JMHATHYI0O M HEKOOpAMHATHYIO cocTaBisoomue. [‘eorpadguueckoe pacnonoxenue PJIC
JAJIbHETO0 OOHAapy)KEHHUs, SHEPreTHYEeCKH MOTEeHIUal, pa3Mepbl U OpPUEHTAlMs 30H JAEWCTBHUA,
HENPEepPbIBHBIA PEeXUM (QYHKIIMOHUPOBAHUS MO3BOJIAIOT 3()(HEKTUBHO KPYIJIIOCYTOYHO MOTMOJIHAThH
KOOpJAMHATHBIMU M HekoopauHaTHeIMU JaHHbIMU CKKII B Macmrabe peanbHOro BpemMeHH. 3a
cyTku ot rpynnupoBku PJIC nanpHero oOHapyxeHus B LIEHTp 00paOOTKU MH(GOpPMAIUU [TOCTYNAET
HECKOJIbKO coTeH Thicsiu coobmenuii o KO. B nacrosmee Bpems rpynnupoBka PJIC CITPH
aKTUBHO pa3BuBaercsi. OCHOBY IEPCIEKTHUBHOW TIpynnupoBku cocTtaBisitor PJIC  Beicokon
3aBOJICKOM TOTOBHOCTH pa3JIMYHBIX AMANa30HOB JUIMH BOJIH. [onoBHbie o0pasiel PJIC B3I
YCIIEITHO BBIAEP)KAIU TOCYAAPCTBEHHBIE MCHBITAHUS M IPUHATHI B JKCIuTyaTanutro. Otu PJIC
criocobHbl oOHapyxkuBath KO pa3smepamu OT [€CATKOB CAHTHMETPOB B IIHPOKOM JHMAara3oHe
nanpHOCcTeH. [IpenycMorpen pexuMm (yHkimonuposanus no neneykazanusm ot CKKIIL. Mwmeercs
BO3MOXXHOCTh TepeiaBaTh B LIEHTP O0paOOTKH KakK yCpPEAHEHHbIE IO TPYIe, TaK U €IUHUYHbIE
U3MEPEeHUsl KOOPIUHATHOW U HEKOOPAMHATHON MH(OpMAIIH.

CAPABILITIES OF THE FAR DETECTION RADARS ON MEASURING
SPACE DEBRIS CHARACTERISTICS

O. Aksenov, S. Veniaminov, S. Yakubovsky
Scientific Research Center «kKOSMOS»

The far detection radars (FDR) of meter-band and decimeter-band are capable to measure both
metric and non-metric characteristics of space objects (SO). Their geographic site, power potential,
size, form and orientation of their polar patterns, continuous functioning mode make possible for
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FDR to operate round-the-clock in real time in favor of Space Surveillance System (SSS). The FDR
transmit several hundred thousands of measurements of SO. FDR may detect SO sized from tens of
centimeters in a wide range of distances. There envisaged the mode of operation by aiming data
from SSS.

OIITHYECKASA CETb TEJIECKOIIOB ITAO «MAK «BBIMIIEJI». AJI'OPUTMBbI
IJIAHUPOBAHUS HABJIIOJIEHUM, YIIPABJIEHUSA, OBPABOTKH KAJIPOB
U MIEPEJAYU U3MEPEHUI

C.C. PaBaun, A.B. IIpyrio, A.K. Kum, A.B. Majbues, A.B. Jloroukuii
IMTAO «MAK «Brimmen»
E-mail: maltsevanton@yandex.ru

Co3maH  KOMIUIEKC TMpOTrpaMM M aJITOPUTMOB, OOECIEUYHMBAIOMNNA  (YHKIIMOHUPOBAHHUE
gabomoparenpHoit cetu [TAO «MAK  «Breimmen». Kowmiuieke obOecrieunBaer HaOIIOIEHNAE
KOCMUYECKHX OOBEKTOB, ABMXKYIIMXCSA C OOJBIIMMH YTJIOBBIMU CKOPOCTSMHU, aBTOMATHUYECKYIO
00paboTKy, aHAIM3 TOJIyYEHHBIX JaHHBIX B paMKax CETH W Oe30IMacHblii 0OMEH JaHHBIMH Kak
BHYTpH CETH, TaK U CO CMEXHBIMHU MTPOrpaMMHBIMHU KoMmIuiekcamu. [locTpoena paboraromias cxema,
MHHUMH3UPYIOIIAs B3aUMOJACHCTBUE YEJIOBEKA C MPOrPAMMHBIM KOMILJIEKCOM.

D¢ heKTUBHOCTh PabOThI KOMIUIEKCA OOCCIICUMBACTCS TPEMS OCHOBHBIMH COCTAaBIISIOIIMMHU:
KaueCTBOM M ONEPATHUBHOCTHIO TUIAHUPOBAHUS, XapaKTEPUCTUKAMHU OOHApYXEHHs MpU 00paboTKe
KaJIpOB, TapaHTUPOBAHHBIM U 0€30MacHbIM OOMEHOM C MHHUMAJIBHBIMH 3aJICpXKKaMH Iepeaadn
U3MEPEHUM.

Pa3paboransl anropuTmsl, 00ecreyrBaroniie yCToYrBOe B3auMOICHCTBUE KOMIIOHEHTOB CETH
B YCJIOBHSX HECTA0WJIBHOTO CETEBOTO COCIWHEHUS, W3MCHSIIOIIMXCS YCIOBUH HAOJIOICHUS,
JUHAMHYECKU MeHsomuxcs 3aaanuid. Kommuieke paboTaer Ha pa3nuyHOM ammapatype Mpu
MUHHMMAJIBHOM B3aUMOJICCTBUU C orepaTopaMu. Peann3oBaH KOHTPOJIb OMIMOOK M BHEIITATHBIX
cutyaruii. Co31aHHBI KOMIUIEKC MO3BOJISIET MOJATOTOBUTH U BBIMOJIHUTH TUIAH HAOMIOACHUS IS
pPa3IMYHBIX KJIACCOB 3a/1a4.

[lepcriekTrBHOE HampaBlIeHUE Pa3BUTHS KOMILIEKCA - pa3pabOTKa alrOpPUTMOB, MO3BOJISIFOIINX
MaKCUMHU3HPOBaTh A(PPEKTUBHOCTH HAOMIONEHHUS 3a CYET COBEPUICHCTBOBAHMS TMPUHIIMIIOB
YIOPABICHUS, ONEPATUBHOW pEAKIMM Ha IMOJy4aeMble H3MEpPEHUs M Ha M3MEHEHHUS YCIOBUM
HaOJIIOIeHUS.

OPTICAL TELESCOPES NETWORK PJSC "MAK "VIMPEL".
SCHEDULING OBSERVATIONS ALGORITHMS, MANAGEMENT, PROCESSING
AND TRANSMISSION OF MEASUREMENT FRAMES

S. Ravdin, A. Pruglo, A. Kim, A. Maltsev, A. Lototsky
«Vimpel»

In this paper we discuss complex of programs and algorithms, operating the observation
network of PJSC "MAK "Vimpel". The system provides monitoring of space objects moving at
high angular velocities. It provides automatic processing and analysis of the data within the
network, secure exchange of data within the network and with related software systems. A working
system, minimizing human interaction with the software package, was built.

The effectiveness of the complex is provided by three main components: quality and timeliness
of planning, performance of detection in processing frames, guaranteed and secure exchange with
the minimum delays of measurements transmission.

Algorithms were created that ensure sustained interaction of network components in unstable
network connection, changing environment monitoring, dynamically changing tasks. The complex
operates on different hardware with minimal interaction with the operators. Control of errors and
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abnormal situations are implemented. Created complex allows to prepare and execute a plan for
monitoring various classes of problems.

Future direction for complex upgrading - the development of algorithms that allow to maximize
the effectiveness of surveillance by improving the observation principles, the operational response
to the received measurement and changes in the conditions of observation.

OCOBEHHOCTH BAPUAIIAM BJIECKA ®PATMEHTOB KOCMHYECKOI'O MYCOPA

II.A. JleBknna’, M.B. AﬂupeeBz, H.C. BaXanapaeBl,
I.3. EyTeHKOZ, H.B. KaprmBz, JL.B. PoixaoBa’, A.B. CepreeBl
IMHACAH, "ML AMDU
E-mail: ayvazovskaya@inasan.ru

B pamkax mexayHapoHOi mporpamMmmbl «ActpoHomus B Ilpuanbe0pycbe» Ha HaOMIOIaTETEHOM
koMmrIuiekce teneckona Ileticc-2000 Tepckonbckoi 00cepBaTOPHH OCYIIECTBIISIFOTCS UCCIICIOBAHUS
kocmuueckoro wmycopa (KM). Ilenmsamu wucciaenoBaHusi sBIAIOTCS: TOJY4Y€HHME JAHHBIX O
TEXHOTEHHOM 3arpsi3HEHHUU OKOJIO3EMHOTO KOCMHUYECKOTO0 MPOCTPaHCTBA, OOHAapy>KE€HUE U
KaTaJIOTHU3alUsl Majlopa3MEpHBIX (ParMEHTOB KOCMHUYECKOTO Mycopa, IMOJIEPKAHHE KaTajoroB
opbut, omnpeneneHue (QUINUECKUX XapaKTepUCTHUK Takux (parmeHTtoB. B maHHON pabote
IIPUBOJIUTCS] CPAaBHUTENbHBIN aHAJIM3 KPUBBIX OJiecka U COOCTBEHHOT'O BPALECHUS MalOpa3MEpPHBIX

¢bparmentoB KM no pe3ynbTatam ONTHUECKUX HAOTIOICHHIA.

SPACE DEBRIS’ LIGHT CURVES FEATURES

P.A. Levkinal, M.V. Andreev?, N.S. Bakhtigaraev’,
G.Z. Butenko?, N.V. Karpov?, L.V. Rykhlova', A.V. Sergeev*
INASAN, 2ICAMER
E-mail: ayvazovskaya@inasan.ru

Within the bounds of the international program "Astronomy in the Elbrus region™ at the
observation complex of Terskol Observatory Zeiss-2000 telescope the study of space debris carried
out. The objectives of the study are: to obtain data about the technogenic pollution of near space,
discovering and cataloging of small fragments of debris, maintaining catalogues of orbits, physical
characteristics determination of such fragments. This paper presents a comparative analysis of the
light curves and proper rotation of small fragments on the optical observations results.

IJIAHUPOBAHUE MOBTOPHOI'O CEAHCA HABJIFOJIEHUH HEU3BECTHBIX
KOCMHUYECKUX OFBEKTOB
A.E. Koaecca, B.H. UBanos, B.A. Paguenko
IMTAO «MAK «Bemmmen»
E-mail: kolessa@yandex.ru

PaccmatpuBaercs  mpobOiemMa  OMpeNeNieHHus — MapaMeTpoB  JIBIDKEHUS  OKOJIO3EMHOTO
kocmuyeckoro oowvekra (KO) mo yrioBbIM ONTHYECKMM H3MEpPEHUSIM Ha Majoil MEpHOH ayre,
HaXOXJCHUS JOBEpUTENbHONH oOmactu, B KoTopod KO HaxoguTcss B CIEAyIOIIEM CeaHce
HaOMI0IeHUsA, U MocTpoeHus: anroputma noucka KO B 3Toii obmactu. Pemenue 3Toi mpoOiaemMsl
3aTpyaHseTcsl TeM, uTo 3anada nowicka KO HakimagsiBaeTcs Ha CIOKHBIM MPOIECC BOIOIUHU BO
BpEMEHH O00JIaCTH  HEONPENCNIEHHOCTH €ro  MoJIokeHus. [IpuMeHeHHne  KJIaCCHYECKHUX
KBa3WJIMHEWHBIX (KBAa3WTayCCOBCKHUX) IMOAXOMOB K PEIICHHIO STOW MpOoOJIeMbl MPUBOAUT K
HEY/IOBJIETBOPUTEIHFHOMY PE3YJIbTATy M3-3a CYIMIECTBEHHO HETMHEWHOTO XapaKTepa 3a/1auu.

B noxmame mpemmaraeTcss anTOpPUTM IOCTPOCHHSI OOJIACTH HEOMPENETICHHOCTH BEKTOpa
rapamMeTpoB OpOHUTHI, TOCTPOSHHOM MO KOPOTKOMY TPEKY, METO] SKCTPAIOJISAIMN 3TOH 00JaCTH Ha
MIPOU3BOJILHBINA BPEMEHHON TOPHU30HT, a TaK)Ke AITOPUTM TMOUCKA 00BEKTa B ITON M3MEHSIOMIEHCS
BO BPEMEHHU 00JIaCTH B CIEAYIOIIEM CeaHce HaOI0ICHHMS.

96



PLANNING OF REPEATED SESSION OF OBSERVATION
OF UNKNOWN SPACE OBJECTS
A.E. Kolessa, V.N. lvanov, V.A. Radchenko

«Vimpel»
E-mail: kolessa@yandex.ru

The report considers the problems of near-Earth space object motion parameters determination
by angular optical measurements on small arc, estimation of the confidence region, which contains
the space object in next observation session, and elaboration the space object search algorithm in
this region. Solution of this problem is complicated due to the fact that the space object search
problem superimposes on complicated process of evolution in time of uncertainty region of its
location. Classical quasi-linear (quasi-gaussian) methods of solving this problem lead to
unsatisfactory results, because of essentially nonlinear nature of the problem.

The report proposes an algorithm of construction of the uncertainty region of the orbit state
vector, which is obtained from short track, a method of extrapolation of this region to arbitrary time,
and a search algorithm of the object in this evolving region in the next observation session.

HC3 CUPHO 77080A: 36 IET HA TEOCTAIIMOHAPHOM OPBUTE?

H.C. baxturapaes’, H./I. Koctiox', B.B. Ya3oB’
'"MHACAH, T AU MI'Y
E-mail: nail@inasan.ru, vadimchazov@yandex.ru

PaccmoTpensl tonrocpodHasi dBOJIONUS OPOUTHI U OCOOCHHOCTH COOCTBEHHOTO BpPAIICHUS
reoctaniionapHoro cnytHuka Cupuo 77080A mo pesynbrataM ONTHYECKUX HAOIIOACHMIA,
BBIIIOJTHEHHBIX B 00OcepBaTopusix B 3BeHUropoae U Ha nuke Tepckoin. 3a nepuox ¢ 25.01.2013 o
15.05.2015 nmomydyeno 6555 TOMOLEHTPUYECKUX MOJIOKEHUNW OOBEKTa B CTaHIAPTHON HeOECHOMH
cucreMe oTcu€ra u oneHok Onecka. Ha 10 uHTepBanax npoTsHKEHHOCTBIO OT JBYX HENEb 0 TPEX
MECSIIEB BBINOMHEHO Au(depeHnranbHoe YyiIydlleHHe MapaMeTpoB ABikeHHs. CpemgHue
KBaJIpaTHYECKHE MOTPEIIHOCTH Ha 3TUX MHTEpBajiaX He npeBblany 1". Bo Bcex ciayyasx yBepeHHO
OIIPEZEIIAETCS YUCICHHOE 3HAYEHHWE OTHOIICHHS MUJEIEBOM IUIOIIAAN IOBEPXHOCTH K Macce
00BbeKTa. JTa BeTMUNHA HAXOAUTCS B poMexyTke ot 0.009 mM%/kr 10 0.014 m%/xr. Tlpu yrydureHnn
napaMeTpoB JBMKCHHMsT Ha BCEM HAOMIONATENIBPHOM HMHTEpBAJNC CpPEOHSS KBaJgpaTUdyecKas
MOTPEIIHOCTh OJHOTO H3MepeHus Obina mopsaka S5". JlaHHble (QOTOMETPUYECKUX H3MEpPEHUi
MOKa3ajy, 4To B Mepuo. (eBpais, MapTa, aBrycTa U CEHTSAOps MecCsIeB Ha MHTEpBallaX BpPeMEHH 0
20 MUHYT TpH ONPEeIEHHOM TOJIOKEHUH OOBEKTa OTHOCHUTEIHHO HAOMIOAATENIsT TMPOUCXOJUT
pe3Koe U3MEeHEeHHe OLIeHOK Oiecka oT 15 1o 12 3B&3aH0# Bennuunbl. [IpuunHa sToro agdexra noka
HE YCTaHOBJICHA.

SIRIO 77080A SATELLITE: 36 YEARS ON THE GEOSTATIONARY ORBIT?

N.S. Bakhtigaraev', N.D. Kostyuk!, V.V. Chazov?
'INASAN, °SAI MSU
E-mail nail@inasan.ru, vadimchazov@yandex.ru
Long time evolution of the orbit and special features of the rotary motion of the
geosynchronous satellite Sirio 77080A based on optical observations carried out at the observatories
Zvenigorod and Terscol are considered. From 25 January 2013 to 15 May 2015 year 6555
topocentric positions of the object in Celestial Reference System and the brilliance evaluations were
obtained. At 10 intervals with extension from 2 weeks to 3 months differential orbit improvement
were made. Root mean square errors at each of these intervals were less than 1". At all intervals the
numeric value of the ratio midel area to mass of the object is reliably determined. This ratio has
been found in extension between 0.009 m?kg and 0.014 m?/kg. By using all observations to
improve 6 orbital elements at the initial epoch root mean square error of a measurement was
close 5". Photometric measurements data showed in February, March, August and September at the
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interval near 20 minute by certain orientation of the object with respect to observer reveals the sharp
change of the brilliance evaluations from 15 to 12 stellar magnitudes. The reason of this effect is
unsure for the present.

METO/J OITPEJAEJEHUSA CIIEKTPAJIBHOI'O IUAITA3OHA
BOPTOBOI 03 KAMEPHI 1JIsI OGHAPYKEHUS ®PATMEHTOB
KOCMHMNYECKOI'O MYCOPA BBJIN3U I'CO
B.A. Emeabsinos, K.C. Eaxun, F0.K. Mepkyuesn, B.B. MacJioB
ITHWMmam
E-mail: vaem45@tsniimash.ru

B ocHOBy MeTona mMOJIOKEHO BBIYMCIEHUE CIHEKTPAIbHOM IUIOTHOCTH 3SHEPreTHUYECKOMN
OCBEIIEHHOCTH BXOJIHOTO 3payKa, CO3JaBa€MOl CyMMapHbIM IOTOKOM OTPaXEHHOTO COJHEYHOIO,
a TakKe€ COOCTBEHHOTO TEIUIOBOTO M3IIydyeHHs (QparMeHTa KocMudeckoro wmycopa (OKM).
MunumanbHbeiil pasmep oOHapyxkuBaemoro ®KM kamepoil uHbpakpacHoro auanazona (MK]I)
OIICHUBAETCS IMYTEM CPaBHEHHUS CIEKTPAIbHOU IJIOTHOCTU €r0 PHEPreTHYECKON OCBEIIEHHOCTH
C MOHOXPOMATHYECKOM  IMOPOroBOl  uyBCcTBHUTENBbHOCTBIO  Kamepel UK, ompenensemoit
e€ pa3paboTYMKOM.

MununmaneHblil pazmep reocrarponapHoro ®KM, obHapy)uBaeMblii KaMepoil B CTaHJaPTHOM
nuanasoHe «Visibley, onpexnensiercst cpaBaenueM BuauMoro Oiecka KM ¢ npoHuIaronien cioi
KaMephl B TOM JHara3oHe, TaKxke onpenensieMoi e€ pa3paboTanKoM.

YcTaHoBIEHa 3KBUBAJICHTHOCTh NpoHHnawmend cuwibl OO kamepsl B BJ[ (4=0,548 wmkwm)
Y MOHOXpOMaTH4YecKux uyBcTBUTENbHOCTeN kamep WK mpu pasnmunbeix Ai. Hampumep, ecnu
ansbeno KM pasno 0,05, temmeparypa ~260K, nanpbHOCTh HaOMIOACHUS 3,5-104 KM, TO TIpH
MOHOXPOMAaTHYECKOH YyBCTBUTEIBHOCTH ~650 MHKpPOSHCKUX, COOTBEeTCTBYIOmIeH A=12 MkwM,
MUHUMAJIbHBIA pa3Mep ero OoOHapyXeHHs cocTaBisieT Bcero 7 cm. [Ipu 3TOM, >KBUBaJIeHTHAS
MPOHHUIAMOMIAS CHJIa KaMephbl Auarna3oHa «Visible» nomkna ObITh He MeHee 22 3B.B.

AN APPROACH TO SELECT THE SPECTRAL RANGE
OF AN ONBOARD OPTOELECTRONIC INSTRUMENT DESIGNED
TO DETECT SPACE DEBRIS NEAR GEO
V.A. Emel’yanov, K.S. Elkin, Yu.K. Merkusheyv, V.V. Maslov
TSNIImash

The method is based on the calculation of the spectral irradiance on the entrance pupil of the
orbital telescope produced by reflected solar flux and thermal radiation flux of a space debris (SD).
Minimal size of a SD detected by optoelectronic instruments operating in infrared spectral range is
defined by comparing this spectral irradiance with the monochromatic sensitivity limit defined by
the instrument’s developer.

Minimal size of a GEO SD detected by visible-band instruments is defined by comparing the
apparent brightness with the limiting magnitude of the telescope defined by its developer.

An equivalence principle between limiting magnitude of an optoelectronic visible-band sensor
at 2=0,548 microns wavelength and sensitivity limit of IR-band sensor at various wavelengths A; is
developed. For example, if object’s albedo is about ~0.05, temperature is ~ 260 K and observer-
target range is ~ 3,5-10° km, than the IR-band sensor with monochromatic sensitivity of 650
microJy (that corresponds to A; =12 micrometer) will be able to detect an object only 7 cm in
diameter. The limiting magnitude of visible-band sensor able to detect such SD has to be at
least 22,
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INOCTPOEHHUE OPBUTBI HEU3BECTHOI'O OKOJIOBEMHOI'O KOCMHUYECKOI'O
OBBEKTA ITO IBYM IIOJIYYEHHBIM HA PA3HBIX BUTKAX KOPOTKUM
OIITUYECKUM TPEKAM

A.E. Kosecca, H.K. Tynuna, H.I'. Augpunanosn
IMTAO «MAK «Bemmmen»
E-mail: kolessa@yandex.ru

PaccmarpuBaercst 3amada omnpeaesieHus mapaMeTpoB OPOUTHI OKOJIO3EMHOTO KOCMHYECKOTO
oowekTa (KO) 1mo yrioBeIM U3MEPEHUSM, MOJYICHHBIM ONITUYECKUM TEJIECKOIIOM B JIBYX KOPOTKUX
ceancax HabOmonenus KO Ha pa3nuyHBIX BUTKAX.

Pemienne 95TOM  CyIIECTBEHHO HEJIMHEWHOW 3aJadyd € I[PUMEHEHHMEM  KIACCUYECKUX
KBa3WJIMHEHHBIX (KBa3UTrayCCOBCKHX ) allTOPUTMOB OLICHUBAaHUS MPUBOJIAT K
HEYJOBJIETBOPUTEIbHBIM pe3yJbTaram. B [okimaze mnpeajnaraeTcs NIPUEMIIEMOE pPELIEHUE,
OCHOBaHHO€ Ha TOCTPOCHHH O00JIACTM HEONPEICICHHOCTH BEKTOpa IapamMeTpoOB OpPOHTHI,
MMOCTPOEHHOM MO0 TEPBOMY KOPOTKOMY TpPEKYy, BBIOOpE W3 MHOMKECTBA MPUHAJICKAIIUX ITOU
00JIaCTH THIOTETUYECKHX OPOUT, COMPATAIOIIUXCA IO KBaJPaTUYHOW HEBSI3KE CO BTOPBIM
KOPOTKMM TPEKOM, TMOCIEAYIOIIeH JIMHEeapu3aluy 3aJa4dl M BBIYMCICHUU SKOOHWAaHA IO 3ITHUM
opOUTaM U TOCTPOCHHUS OIICHKH MapaMeTpoB OpPOUTHI M COOTBETCTBYIOILICH KOBapUallMOHHON
MaTpUIlbl OMKUOOK OIEHUBAHUS MO JIBYM IMOJYYEHHBIM Ha Pa3HbIX BUTKAX KOPOTKHUM ONTHYECKUM
TpeKam.

DETERMINATION OF NEAR-EARTH OBJECT ORBIT BASED ON ANGULAR
MEASUREMENTS BY OPTICAL TELESCOPE DURING TWO SHORT SESSIONS OF
OBSERVATIONS AT DIFFERENT PASSES
A.E. Kolessa, N.K. Tupitsa, N.G. Andrianov

«Vimpel»
E-mail: kolessa@yandex.ru

The problem of near-Earth object orbit determination based on angular measurements by
optical telescope during two short sessions of observations at different passes is considered.

A solution of such an essential nonlinear problem with the classical quasi-Gaussian estimation
procedure leads to unacceptable results. The report provides an approach based on determination of
a confidence region, which contains with a desired probability the orbit state vector estimated in the
first session of observation, generation of so called "particles™" (partial orbits) within this region and
correlation of these particles with the measurements at the second session regarding RMS residual
as a measure of correlation. The best correlated particle is used as a reference one to linearize the
problem. Then, linearized Kalman filter is used to obtain the quasi-optimal estimate and the
covariance matrix of estimation errors.

OIITUKO-3JIEKTPOHHBI KOMILIEKC OFHAPYKEHUS 1 U3MEPEHU A
IMAPAMETPOB IBUKEHUA KOCMHUYECKOI'O MYCOPA
E.A. I'pumun, A.O. Kononsies, K.H. Muxues, U.B. Tapacenko
OAO «HIIK «CIIII»
E-mail: aokonoplev@yandex.ru

Jlns pemeHus 3a1a4u ONepaTUBHOTO KOHTPOJIS HaJ o0ObeKTaMu kocMuueckoro mycopa (OKM)
IIpEeIHa3HAYEH HOBEWIIMI ONTHUKO-3IEKTPOHHBIN Komiuieke, co3faHHbli OAO «HIIK «CIII»
1o 3aka3y PockocMoca u npegHa3sHaueHHBIN 1Sl paOOThI B COCTaBE aBTOMATHU3UPOBAHHOW CHCTEMBI
MpenynpexaeHus 00 OINacHbIX COJMKEHUSX B OKOJO3€MHOM KOCMHUYECKOM IPOCTPAHCTBE —
ACTIOC OKII. [Ina pemenus 3agaun oOHapyxkeHHs HU3KoopOuTambHbix OKM Ha BbicOTax 10
3500 kM cdopMupoBaHBl J1Ba JAMHAMHYECKH NEPEOPUEHTUPYEMBIX Oaprepa. Oaun Oapbep
copmupoBaH Ha 0a3e OBYX CBEPXUIMPOKOIOJBHBIX TeslecKonmoB «CoBa-5» aumaMeTpoM 5 cM

99



C COBOKYNHBIM ToJieM 3peHuss 56° x 28° Drtor Oapbep 1O3BOJIsIET OOHApYXKHUBATh
HuszkoopOutanbueie OKM ¢ Omeckom 110 9 3B.Beld. W U3MEPSATh HX YIJIOBBIE KOOPIAMHATHI
c rounocteio 10”. Btopoit 6aprep chopmupoBan Ha 0a3e ABYX MIMPOKOIOJIBHBIX TEJECKOIOB
«CoBa-25» nuameTpoM 25 ¢M ¢ COBOKYIHBIM MoJjieM 3peHus 7° X 14°. OH mo3BoysieT 00HAPYKUBATh
HuzkoopOutansbaeie OKM ¢ OGneckom 10 13 3B.Bell. M U3MEPATh HMX YIJIOBBIE KOOPIUHATHI
¢ TouHocthio 3", Jlns pemeHus 3agaun oOHapyxeHus BbicokoopOuTansHbix OKM Ha BeICOTax OT
3500 mo 50000 kM mpuMeEHsETCS HIMPOKOMOJbHBIN Tenmeckon «CoBa-75-O» aumamerpoMm 75 cMm
c nosieM 3peHus 4,8° x 5,4°. DTOT TesecKon Mo3BosIeT 0OHAPYKUBaTh BbICOKOOpOuTansHbie OKM
c Onmeckom 110 19 3B.BeN. W U3MEPATh MX YIJIOBBIE KOOPAMHATHI ¢ TOYHOCTHIO 0,5". Co3maHHBIN
OINTUKO-3JIEKTPOHHBI KOMILJIEKC TIO3BOJIIET peliarh 3ajadyy aBTOHOMHOTO OOHapy>KeHus,
U3MEpPEHUsl YIJIOBBIX KOOpJAMHAT M cpeaHero 3HauyeHuss Onecka OKM Ha Bcex opbOutax
B aBTOMAaTHYECKOM PEXUME C MUHUMaJIbHBIM 33JIeiCTBOBaHHEM olepaTopa. B HacTosiee Bpems Ha
TEPPUTOPUN  ANTANCKOrO ONTHUKO-Ta3€PHOTO LEHTPAa 3aBEpIIEHbl HCIBITAHUS POTOTHIIA
YKa3aHHOTO KOMIUIeKca. JlampHeHmmM pa3BuTHEM OyIeT CO3J4aHHWE CETH KOMIUIEKCOB,
pacmooKEeHHBIX Ha TeppuTopuu Poccuu u Apyrux rocyaapcTs.

OPTICAL-ELECTRONIC COMPLEX OF DETECTING AND MOTION PARAMETERS
MEASUREMENT OF SPACE DEBRIS
E.A. Grishin, A.O. Konoplev, K.N. Mikhnev, I.V. Tarasenko
0JSC “RPC “PSI”
E-mail: aokonoplev@yandex.ru

The new optical-electronic complex was created by OJSC “RPC “PSI” by the order of Russian
Space Agency and designed to solve the problem of operative control for the space debris. It is
designed for work in the structure of automatized system of warning of dangerous approaches in
thenear-Earth space. To solve the problem of detection of the low-orbit space debris objects at the
height till 3500 km were generated two dynamically reoriented barriers. One barrier was formed on
the basis of two extra-wide-field telescopes “Sova-5” with a diameter of 5 cm with a total field
of view of 56° x 28°. This barrier allows to detect space debris with brightness till 9 star magnitude
and measure their angular coordinates with an accuracy of 10”. The other barrier was formed on the
basis of wide-field telescopes “Sova-25” with a diameter of 25 cm with a total field of view
of 7° x 14°. This barrier allows to detect space debris objects with brightness till 13 star magnitude
and measure their angular coordinates with an accuracy of 3"”. Awide-field telescope “Sova-75-0”
is used to solve the problems of detection of the high-orbit space debris objects at the height from
3500 km till 50000 km. This telescope allows to detect space debris objects with brightness till 19
star magnitude and measure their angular coordinates with a accuracy of 0,5”. This optical-
electronic complex solve the problem of the autonomous detection, the measurement of angle
coordinates, and the average brightness of space debris on all the orbits with the minimum work
of the operator in the automatically mode. Tests of the prototype complex currently completed on
the territory of Altay optical-laser center. The further progress will be the creation of net of new
complexes located on the territory of Russia and other countries.
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OBHAPYKEHUE HEN3BECTHBIX ®PAIT'MEHTOB KOCMHYECKOI'O MYCOPA
B OBJIACTHU I'CO M1 B3O HA CTAHIIMM ONITUYECKWX HABJIIOJIEHUM “APXbI3”
E.B. KarkoBa, H.B. OpexoBa
Quauan OAO «HIIK «CIIT» « COH «Apxvi3»
E-mail: elka@sao.ru

C 2008 roma teneckomn lleiicc-600 cTaHIIMM ONTHYECKUX HAOIMIOACHUN «APXBI3» Y4acTBYET B
HaOmoieHnu MekopasMepHbix gparmerToB ['CO u BDO B mensx mojajep:KaHusi U TMOMOJHEHUS
karasora. [IpuBoasrcs ganubie 00 3pPexkTHBHOCTH OOHAPYKEHUSI HOBBIX (PparMeHTOB Ha MpUMeEpe
73 HenAeHTU(UIIMPOBAHHBIX 00BbEKTOB, H3MepeHHBIX B 2014 roxy Ha Leiicc-600. PaccmarpuBaercs
npo0yieMa ONepaTUBHOIO MOAXBAaTa HEU3BECTHBIX OOBEKTOB IPYTMMH IMYHKTAMHU M aHAIU3UPYIOTCS
MPOBEJICHHBIC CEaHCHl Oa3MCHBIX HAONIOJCHWN TyHKTa Apxbi3 ¢ myHKTamu Tepckon, Kutad,
bropakan, KpbiMm.

DETECTION OF UNKNOWN FRAGMENTS OF SPACE DEBRIS
IN GEOSTATIONARY REGION AND HIGH-APOGEE ORBITS
ON OPTICAL OBSERVATIONS STATION “ARKHYZ”
E.V. Katkova, N.V. Orekhova
0JS «RPC «PSI»,«00S «Arkhyz»
E-mail: elka@sao.ru
Since 2008 the Zeiss-600 telescope of Optical Observations Station «Arkhyz» participates in
observations of small-scale fgagments on geostationary and high-apogee orbits for the support and
extenstion of their catalogue. Here we report the data on the efficiency of detection of new
fragments using the example of 73 unidentified objects measured by Zeiss-600 in 2014. The
problem of rapid reaction support observations by other stations is discussed, and the results of joint
observations of Arkhyz station together with stations at Terskol, Kitab, Byurakan and Crimea are
analyzed.

OOTOMETPUYECKUE UCCJEJOBAHUSA
IF'EOCTAIIMOHAPHOI'O CIIYTHHUKA «SBIRS GEO-2»
ILIIL. nyonl, B.I1. Ennmres’, K.I1. nyonl, B.A. Ky;[alc2
'"Hun «AcTtpoHOMIYeCKas obcepBaTopus» OIecCKOro HaIMOHABHOTO YHUBepcuTeTa UM. V. MedHnKoBa,
2Ha60paT0pI/I$I KOCMUYECKUX HUCCIIEI0OBAaHUHN YKIOpOACKUN HAIIMOHAJIbHBIA YHUBEPCUTET
E-mail: psukhov@ukr.net,lkd.uzhgorod@gmail.com

Hogoe moxonenne criytaukoB cepun SBIRS (Space-Based Infrared System) cucremsr panHero
npeaynpexaenus (Satellite Early Warning System) BBC CIIIA 3aMeHSOT CIIyTHUKH MTPEAbIIYIICH
cepun DSP (Defense Support Program). TCC “Sbirs Geo-2” (USA-241) aucnormposau 6mms3 21°E.
Haxiion opOuthl K 3KBaropy I = 407, skcueHTpucurer € = 0.0004. Ilnatrpopma A2100MA,
paspaborannas Lockheed Martin u Northrop Grumman, umeer mone3Hyro Harpysky: msa WK
teneckona cucrembl IlImuara, nea MK marumka. DTO maTyuk mIMPOKOro mosis (Scaner Sensor),
CKaHUPYIOLIMI MMOBEPXHOCTh 3eMIIM 3a KOPOTKOE BpeMs, W Y3KOIOJbHBIA (Staring) mardwk,
pocMaTpHUBaOLIUil HHTepecyromlyto oonacts. Pazmeps! I'CC Ha opburte: 14.81x 6.83 x 6.00 M.

®oromerpuyeckue Habmonenus B B,V,R  ¢dunpTpax mnpoBommiuce B Masikax 0au3
paBHoneHcTBUH B 2014 - 2015 rr. Mcnonb3oBancst CKOpOCTHOH 3niekTpodoTomMeTp Ha ocHOBE DDV -
79, paboTaromuii B pexxume cueta uMmnyiabcoB. [Tonyueno 6onee 20 kpuBbix Onecka. [1o n3BecTHBIM
pasmepam I'CC onpenenensl; 3ppeKTUBHAS IUIOMAb OTPAXKEHUS - Sy), KOOPPHUIIMEHTH OTPaKECHHS
- 7, Tepuojbl W3MEeHeHus Onecka, opueHtauus KA B mpocTpaHCTBE M OTIENbHBIX OJMKYIOIIUX
¢dbparmenToB moBepxHocTH, a Takke (B-V, V-R). JlaHHbIE KOJIOp-HHIEKCOB IOKa3ajld, YTO B
orpaxkeHHOM 0T ['CC cBeTOBOM MOTOKE MpeoliafaeT «KpacHas» cocTapisionias. To ecTh, B €ro
(GbOopMHpOBaHUM TAHEIM COJHEYHBIX OaTapedl BBIMOJHAIOT BTOPOCTENEHHYIO pOJIb, XOTA HX
MEPUOINYECKOe 3aTCHEHUE INPUBOJUT K JOBOJIBHO TIyOOKMM IIpOBajaM Ha KPHUBBIX Ojecka.
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[Teproandeckoe MOSIBIICHWE HA MHOTHX KPUBBIX 0JIeCKa MPOBAJIOB M 3€PKALHBIX OJIMKOB TOBOPHUT O
toM, uto ['CC HaxomuThcsi Ha OpOUTE HE B CTATUYECKOM IOJIOKEHUHU, 3aJJaHHOM TPEXOCHOM
OpUEHTAllMe, a B JUHAMUYECKOM JBMWXEHUMU. Ha OCHOBE KOMIBIOTEPHOIO MOACIUPOBAHUS
[peJuIaraeTcs CleAyroiias JuHaMuKa paboTel cyTHHKa “Shirs Geo-2” na opbute. BunTtooOpasHoe
CKaHUPOBaHKHE BUAMMOM 3eMHOU noBepxHocth MK maTurikamu cyTHUKA MPOUCXOIAT C MEPUOIOM
P1= 15,66 cek. n nokaunBanue camoro I'CC Bokpyr HanmpaBieHHs BEKTOpa ABUYKECHUS CITyTHUKA I10
opoure ¢ P, = 62,64 cex. To ecTh OT CEBEPHOTO JI0 F0XKHOTO MOJIFOCOB. Bo BCSIKOM citydae, 370 ObUIO
3aKCUPOBAHO HAMHU BO BpeMs OOJIBIIMHCTBA CEAHCOB HAOIIOACHHUIA.

TakuMm obpazom, 3a Bpems niepuoza nokaunBanus ['CC mporcxonuT 2 CKaHUPOBAHUS BUIUMOM
YacTH CEBEPHOro M 2 IOXKHOTO moiymiapuid. B HexoTopwelie matel guHamuka KA Ha opoOute
MEHSJ1ach.

PHOTOMETRICAL RESEARCH GEOSTATIONARY SATELLITE “SBIRS GEO-2”

P.P. Sukhov', V.P. Epishev?, K.P. Sukhov', V.I. Kudak *
! Odessa astronomical observatory,
?Laboratory for space research Uzhgorod National University, Ukraine
E-mail: psukhov@ukr.net,lkd.uzhgorod@gmail.com

Photometrical observations in B,V,R filters were carried in Mayaki near the equinoxes 2014 —
2015y. Used velocity electrophotometer based on the FEU-79 in the pulse-counting mode. Received
more than 20 light curves. From the known dimensions are defined; effective reflecting area - Sy,
the spectral reflectance index - vy,, periods of light variation, the orientation of the spacecraft in
space and some fragments glint surface, and (B-V, V-R). Color-indices showed that, in the reflected
light flux from the GSS prevails "red" component. That is, in its formation solar panels (SP)
perform a secondary role.

In the light curves are periodically dips and specular flash. This shows that GSS orbit is not in a
static position specified triaxial orientation as in dynamic motion. Based on computer modeling
suggests the following dynamics of the satellite "Sbirs Geo-2" in orbit. Helical scanning the Earth's
surface visible infrared sensors satellite occurs with a period P; = 15.66 sec. and swinging of the
GSS about the direction of the motion vector of the satellite in an orbit with P, = 62.64 sec., from
the northern to the southern pole. Anyway, this was fixed by us during most sessions observations.

Thus, during the period of swinging GSS going on 2 scan the visible part of the northern and
southern hemispheres. In some dates observations dynamics work spacecraft in orbit changed.

MMOBBINEHUE TOYHOCTH ONIPEAEJIEHUA KOOPANHAT OKOJIO3EMHBIX KA
N3 KOCMOCA ITPH UCITOJIb30BAHUY KOMILJIEKCHOM CUCTEMBI
OPUEHTALIMU U HABUTAIIUU (MOHUTOPHUHI' OKOJIO3EMHOI'O
KOCMHMNYECKOTI'O ITPOCTPAHCTBA)

H.A. I_HaXOBl, AMN. FJIa)IbIHIeBZ, A.O. )KyKOBl’3,

AN. 3axapOB3, A.B. .JIaan4, M.E. HpoxopOB3
'MHACAH, * Boennas akaaemus PBCH, *TAULLI MY
*OIr'BHY «3JKCHepTHO-aHAJIUTHYECKUH LIeHTp» MuHNCTEepcTBa 00pa3zoBaHus U Hayku Poccuiickoit @enepanun

[TorpemHocTs Haubosiee TOYHBIX JAaTYMKOB OPHEHTALMU COCTaBISET €IWHHULBI YIJIOBBIX
cekyHa. B Ommxaiimme 10-20 ner 3Ta BeIMYMHA YMEHBLIUTCS Ha MOPSJIOK, MO JECATHIX J0JIeH
yriaoBoi cexkyHabl. [Ipu 3TOM ceronHs B3auMHasi OpHUEHTALMs JaTYUKOB 33J]a€TCs KOHCTPYKTHBOM
anmapara B LIEJIOM U IOJIEPKUBAETCS 32 CUET MEXAHUUYECKOM KECTKOCTU. YIKE MPHU CErOJHSIIHUX
TOYHOCTSIX JATYUKOB CHUCTEMBbl OPUEHTAIlMM TAaKOW MPHUBSA3KH OKAa3bIBAE€TCS HEAOCTAaTOYHO. Psn
7a00paTOPHBIX M HATYpHBIX MCIBITAHUHM ITOKAa3bIBAE€T, YTO B3aWMHOE IIOJIOXKEHHE JATYMKOB
OpHEHTALIMHM U3MEHSETCSl HA HECKOJIBKO YIJIOBBIX CEKYHJ, a nHorjaa Ha 10—20 yrioBbIX CEKYH] MO
NeWCTBUEM TEIUIOBBIX JleopMaluii 1 MEXaHUYECKHX BO3/ICHCTBUMA.
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s ycrpaHeHus 3Toro 3¢Qexra mpeioKeHO BBECTH B CUCTEMbl OPHUEHTAIIMM KOCMHYECKHX
anmnaparoB MOJICUCTEMY I€OMETPUYECKOI0 KOHTPOJIS, KOTOpas 103B0OJIsIa Obl B pealbHOM BPEMEHU
OTIPENIENIATh TEKYIIYI0 KOH(PUTYpaLHIO JATYMKOB CUCTEMBI.

B pabote paccMaTpuBaeTCsl MOBBIIEHUE TOYHOCTH OIPENCIICHUS] OPUEHTAllMM U KOOpAMHAT
KOCMHUYECKMX 00BEKTOB U3 KOCMOCA ITPU OIIMCAHHOMW BBIIIE UCIOJIb30BAHUN KOMIUIEKCHON CUCTEMBbI
OpHUEHTALlMM IIPU BKIOYECHUU B CHUCTEMY OpPUEHTALMM JATYMKOB JBYX THIIOB: 3BE3JHOIO H
COJIHEYHOT0.

IMPROVING THE ACCURACY OF DETERMINATION OF COORDINATES-EARTH KA
FROM SPACE WHEN USING AN INTEGRATED SYSTEM OF ORIENTATION
AND NAVIGATION (MONITORING OF NEAR-EARTH SPACE)

N.I. Shakhov!, A.l. Gladyshev?, A.O. Zhukov?,

A.l. Zakharov®, A.V. Larin*, M.E. Prokhorov®
'INASAN, 2 Military Academy of Strategic Missile Forces named after Peter the Great *SAI MSU

The error of the most precise sensor orientation is units of seconds of arc. In the next 10-20
years, this value will decrease on the order of tenths of a second of arc. When this is the mutual
orientation of the sensors is defined by construct of the apparatus and is supported by the
mechanical stiffness. Already at present the accuracy of the sensors of the orientation of this
reference is not enough. A number of laboratory and field tests shows that the relative position of
the sensors orientation changes to a few arc seconds, and sometimes 10-20 seconds of arc under the
action of thermal deformation and mechanical damage.

To eliminate this effect have been proposed in attitude control system of spacecraft subsystem
geometric control that would allow in real time to determine the current configuration of the sensor
system.

This work considers improving the accuracy of determining the orientation and coordinates of
space objects from space described above with the use of a comprehensive orientation system for
inclusion in the system of orientation of the sensors of two types: stellar and solar.

OBJIMK LEJIEBOM AIIMAPATYPHI U METO/Ibl OGHAPY KEHUS
KOCMHNYECKOI'O MYCOPA I 6-TEJIECKOITHOTI'O KA
(PAIAPHBIE U OITUYECKHUE HABJIIOAEHU )

A.0. K K0B1’3, B.C. Fezmonl, AN.T. .JIaIlbII]IeBZ,

A.N. 3axapos”, ML.E. Hp0x0p0133, C.A. Cep0B4, H.M. Illaxos
'MHACAH, ? Boennas akagemus PBCH, *TAWII MT'Y, * MI'TY um. H.D. Baymana

CeronHsi HaONIOIEHUST KOCMHUYECKOTO MYycCopa SIBIISIIOTCS HE0OXoauMol 3amaueil. OmacHOCTh
HCXOJIUT OT JIF0OOT0 Tenma ¢ pazmepamu 6omnee 1 cMm. OHAKO cHCTeMaTUYeCKHe HAOMIOACHUS TaKUX
T€l C TOBEPXHOCTH 3eMiu 3aTpyAaHeHbl. lloaToMy 3amaya KOCMHUYECKOrO MOHUTOPUHIA —
akTyanbHa. B HacTosmeit pabore npeiaraercst BapuaHnt u3 A8yX KA, mo3Bosnsronuii GUKCUpOBaTh
KOCMHUYECKHI MyCOp BOKPYT 3€MJIH C BHICOKOH BEPOSTHOCTHIO OOHAPYKEHUSI.
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THE APPEARANCE OF THE TARGET EQUIPMENT AND METHODS OF DETECTING
SPACE DEBRIS FOR TELESCOPIC KA (RADAR AND OPTICAL OBSERVATIONS)

A.O. Zhukov*?, V.S. Gedzyun’, A.1. Gladyshev?,

A.l. Zakharov®, M.E. Prokhorov®, S.A. Serov?, N.I. Shakhov!
'INASAN, 2Military Academy of Strategic Missile Forces named after Peter the Great, >SAl MSU,
*MSTU named after N.E. Bauman

Today, space debris observation is a necessary task. The danger comes from any body with
dimensions of 1 cm. However, systematic observation of such bodies with the Earth's surface is
difficult. Therefore, the task space monitoring — actual. In the present work proposes a variant of the
two KA allows you to capture space debris around the Earth with a high probability of detection.

KHUTAB KAK ITYHKT MEKJIYHAPOJTHOM CETH ISON

E.A. .HHTBP[HEHKOl, H.E. M0J10T032, B.B. Kynpmmonl, A.T. Anues®
rao PAH, 2 WHcerutyT npukinagHoit Matematuku uM. M.B.Kengsima PAH
3ACTp0H0MI/IquI<I/II7I nactutyT AH PY3, Kurtab, Y36ekucran
E-mail: elitS0@rambler.ru, im62@mail.ru, V.K@BK.ru, abbasaliev@rambler.ru

Kurab xak Habmomarenbhbiii TyHKT ceTd ISON cuutaeT cBoro ucroputo ¢ nexabdbps 2006 r. B
2009 r. Havancs HOBBINM 9Tan B pa3BuTHH Kutabckoro myHkra. bl mocTpoeH maBUIbOH cpa3y Ha
TpU Teneckoma. Torma ke Tymna ObLI NEPEHEeCeH M3 MaBHIIbOHA JIBOMHOTO actporpada lleiicca m
YCTAaHOBJEH HA AaBTOMATU3UPOBAHHYIO MOHTUPOBKY EQOPro 3epkaibHO-TMH30BBIA TENECKOI
koHcTpykuu Tepebmxa-bopucosa ORI-22. C I13C-kamepoii FLI PL4301E stot Temeckon umeer
nosie 3peHust 5.5°x5.5°. Bropo# teneckon Toro ke mpousBomutens, ORI-40, Haganm paborars B
saBape 2011 1. Temeckon yCTaHOBJIICH Ha aBTOMATU3HPOBaHHYIO MOHTHUPOBKY WS-240 u c I13C-
kamepor MLO9000 wmmeer mone 3penus 2.3°x2.3°. B Hacrosiimiee BpeMsi Ha HEM BeAyTCs
HaOmoneHns (GparMeHToB KocMU4ecKkoro mycopa g0 17m. Bo Bropoit monoBune 2015 r. momxeH
ObITh ycTaHoBieH Tpetuil Teneckon 30-cm I'eHonMakc ¢ mosnem 3penust 4.8°x4.8°. IlepBuuHas
00pa0oTKa MONY4YEHHbIX HaOMIOACHUN MPOBOAUTCA HpHU IMOMOLIM Makera mporpamMMm Apex Il
[TnanupoBanue HaOMIOACHUH U yIIpaBlIeHHEe MOHTUPOBKON obecnieunBaeT nporpamma CHAQOS.

KITAB AS AN OBSERVATIONAL SITE OF THE ISON NETWORK

E.Litvinenko®, 1.Molotov?, V.Kouprianov*, A.Aliev®
MAO RAS, ?Keldysh Institute of Applied Mathematics of the RAS
*Ulug-Bek Astronomical Institute of the Uzbek Academy of Sciences
E-mail: elits0O@rambler.ru, im62@mail.ru, V.K@BK.ru, abbasaliev@rambler.ru
The history of Kitab as an observational site of the ISON network begins in December 2006.
The year 2009 marks a new stage of development of the facility. An observing hut for three
telescopes was built. At the same time, a 22 cm catadioptric telescope ORI-22 designed by Terebij
and Borisov was transferred from the dome of Zeiss double astrograph and placed on the EQ6 Pro
automated mount. Equipped with a FLI PL4301E CCD camera, the telescope has a 5.5°x5.5° field
of view and belongs to the ISON subset of small telescopes for automatic surveying of GEO and
HEO down to 15 ™. The second telescope of the same origin, 40cm ORI-40, was commissioned in
January 2011. The telescope is installed on top of the WS-240 robotic mount; field of view with a
FLI ML09000 CCD camera is 2.3°%2.3°. ORI-40 performs follow-up observations of space debris
fragments down to 17™. The third telescope, a 30-cm GENON-Max with a field of view of
4.8°x4.8° on WS-240 mount, is expected to be installed in the near future. It is intended for
automatic surveying of LEO and HEO. Primary data analysis of CCD-images is done with the Apex
Il software package. Mount control and scheduling is done via the CHAOS software package.
Hence the Kitab-ISON observatory is a modern multi-purpose facility for observations of space
debris objects in orbits of different classes.
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O HABJIHOJAEHUAX KA «CIIEKTP-P»
B KYBAHCKOM IN'OCYJAPCTBEHHOM YHUBEPCUTETE
A.Jl. UBanog, B.A. UBanos, B.E. JIbicenko, U.B. J/lutBunos, JI.A. I'no6a

Kybanckuit rocytapcTBEHHBIH YHUBEPCHTET
E-mail: ial63@yandex.ru
[IpuBogutcs Meroawka HaOmogeHuid KA «Cmektp-P», a Tak ke pe3ynbTrarbl W OILICHKA
TOYHOCTH u3MepeHuit 3a mepuon ¢ 2012 mo 2015 rox mo cOrjaacoBaHUIO C JAHHBIMH OT
oamuctuyeckoro nentpa UIIM um. Kengpima.

ABOUT THE OBSERVATIONS OF THE SPACECRAFT "SPEKTR-R"
AT THE KUBAN STATE UNIVERSITY
A.L. Ivanov, V.A. Ivanov, V.E. Lysenko, L.V. Litvinov, D.A. Globa

Kuban State University
E-mail: ial63@yandex.ru

The methodology of observation of the SPACECRAFT "SPEKTR-R", the results and
evaluation of measurement accuracy for the period from 2012 to 2015 in agreement with the data
from ballistic center of Keldysh Institute of Applied Mathematics is discussed.
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CPEJACTBA U METO/ bl U3YYEHUA
MAJIBIX TEJI COJTHEYUHOM CUCTEMBI

Means and Methods for the Study of Small Bodies in the Solar System

BOJIBIIEATIEPTYPHBIE TEJIECKOIIbI
B 3AJTAYAX OKOJIO3EMHOM ACTPOHOMUH
B.I1. Asnemun, E.A. I'puminn, O.A. Usaes, 1./1. HoBroponues, B./l. lllapropoackuii
OAO «HIIK «CIIII»
E-mail: aleshin_vi@mail.ru

B nokmane paccmaTpuBarOTCS TEJECKONBI C  amepTypod, TMpeBbIIamed 3 M U
00eCTeYnBaONINE CKOPOCTh IMEPEMEIIeHUs] ONTUYECKOH ocu — Oojee 4 YIIOBBIX TI'PagycoB B
cekyHny. Ha ceromusimHuii MOMEHT M3BECTHO TPH TEJIECKONa ¢ TaKUMH mapamerpamu — StarFire,
AMOS, SST (Bce CLIA). Haxomutcs Ha 3Tamne claud TEIECKON MoJ00HOro Kiacca ANTaiCKOro
OIITHUKO-Ja3epHOTo LieHTpa ¢ anepTypoit 3.12 m (TU 3.12). [llupokononbHbIi KOPOTKOGOKYCHBIN
TEJICCKOII JIJIsl KOHTPOJIS OJIM)KHETO KocMoca U actepouaHon omacHocTH (SST) B HacTosee BpeMs
HE MMEET OTEYECTBEHHBIX aHAIOroB. B Jokmaze paccMOTpeHbl OCOOCHHOCTH IMHHO(OKYCHBIX
TEJIECKOTIOB JUIS pEeIIeHWs 3a/Jad4 CHUTYallMOHHOM OIeHKHM OmkHero kocMoca. Ha mpumepe
oTeyecTBeHHOTo Tenmeckona THW 3.12 mpoaHanu3MpoBaHBI TEXHHYECKHE BO3MOKHOCTH
paccMaTpuBaeMbIX WHCTPYMEHTOB. OIlEHEHBI IMEPCIEKTUBBI TPUMEHEHUS OOJIbIIeanepTypHbBIX
TEJIECKOINOB B OKOJIO3€MHOM acTpoHOMHUU. M3110KeHbI BO3ZHUKAIOIINE MPOOIEMbl 1 HAMEUEHBI TyTU
WX pa3pelreHusl.

GREAT APERTURE TELESCOPES IN THE PROBLEMS
OF NEAR-EARTH ASTRONOMY
V.P. Aleshin, E.A. Grishin, O.A. lvlev, D.D. Novgorodtsev, V.D. Shargorodsky
OJC "PRC "PSI"
E-mail: aleshin_vi@mail.ru

The report considers telescopes with an aperture greater than 3 m and with high-speed
movement of the optical axis (more than 4 angular degrees per second). Up to date, there are only
three telescopes with such parameters - StarFire, AMOS, SST (all in the USA). A telescope of the
same class is under completion at Altai optical laser center, it has aperture 3.12 m. Wide-field
telescope with short focus to monitor the near-Earth space and the asteroids threats (SST in the
USA) currently has no domestic analogues. The report discusses the features of long-focus
telescope for solving a problem of space situational awareness. On the example of domestic
telescope T1 3.12 the technical capabilities of mentioned above observation facilities are analyzed.
The prospects of the use of telescopes with large aperture in the near-Earth astronomy are
estimated. Arising problems are identified and ways of solution are suggested.
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MMT - MHOT'OKAHAJIBHBIA MOHUTOPHUHI'OBBIN TEJIECKOII
C CYBCEKYHJIHBIM BPEMEHHBIM PASPEIIEHUEM

C.B. Kapnos“, I'M. Becmml‘4, A.B. EI/IplOKOB4, C.D. Bonz[apbz,
E.A. I/IBaHOBZ, E.B. KaTKOBaZ, A.B. HepKOBZ, B.B. Caciox>*
'CAO PAH, *HIIK «CIIII», *000 “ITapannakc”, *K azanckuii ®DepnepanbHblil YHUBEPCUTET
E-mail: karpov.sv@gmail.com

B noxnaze onuckiBaroTCs XapakTepucTUKH co3anHor B KDY mmpokononbHOl 9-kaHaIbHOU
CHCTEMbI ONTHYECKOI0 MOHHMTOPHHIAa Heba ¢ CYOCEKYHIHBIM BpEeMEHHbBIM pasperneHueM Mini-
MegaTORTORA (MMT). Ycranosnennas B8 CAO PAH nenaneko ot 6-m Teneckona bBTA, sta
CHUCTeMa TIO3BOJISIET MPOBOAUTH HaOmoneHus HeOecHOM cdepbl ¢ MoJeM 3peHus BIUIOTH J0
900 kBaapaTHbIx TpagycoB B BVR 1nBeroBeix mosocax, ONM3KUX K JHPKOHCOHOBCKHM, a TaKke
M3MEPATh NoJisIpu3anuio. BpemenHnoe paspemienue cucremsl coctaiseT 0.1 cex npu nmpoHHIIaHUU
okoino 11 3B&auHoit BenuuuHbl (GuibTp V), NpH YBETUYEHUH BPEMEHH HSKCIO3HMIIUU
COOTBETCTBYIOIIMM 00Pa30M YIIy4IlIAeTCs MPOHUIAHHE.

CHa0XCHHAsT MOIIHBIM BBIYUCIIHTEIBHBIM KOMIUIEKCOM H IPOTPAMMHBIM OOECIICUCHHUEM,
CHUCTeMa IMPOBOJUT AaBTOMATHU3WPOBAHHBIN TOUCK, KIJIACCU(PUKALKIO B pPEATbHOM BPEMEHU U
HCCJICIOBAHUE TPAH3UEHTHBIX SIBIICHUN Pa3HOW MPUPOIBI, JIOKAIM30BAHHBIX KAaK B OKPECTHOCTSX
3emiu, Tak U Jganeko 3a npeaenamu ['amaktuku. B uncio oObeKTOB, MACCOBO OOHApYKHBAEMBIX
npu HaOmoaeHusx Ha MMT, BxoasT ciabble MeTEOphl U UCKYCCTBEHHBIC CITYTHUKH 3EMITH.

B pabore 0o06Cyxmar0Tcsi BO3MOXKHBIE ACTPOHOMHMYECKHE 3a/a4d, KOTOPBIE MOXHO pellaTh
¢ noMo1bo MMT, 1 onuchIBatOTCs pe3yIbTaThl IEPBOTO rojia pabOThl CUCTEMBI.

MMT - MULTICHANNEL WIDE-FIELD MONITORING SYSTEM WITH SUB-SECOND
TEMPORAL RESOLUTION

S.V. Karpov*®, G.M. Beskin*®, A.V. Biryukov*, S.F. Bondar?, E.A. Ivanov?,
E.V. Katkova %, A.V. Perkov?, V.V. Sasyuk®*
ISAO RAS, 20JS RPC PSI, OOS “Arkhyz”, *Parallax” Enterprise,
*Engelgardt Observatory, °Kazan Federal University
E-mail: karpov.sv@gmail.com

Here we describe the novel 9-channel wide-field optical monitoring system with sub-second
temporal resolution, Mini-MegaTORTORA (MMT), which is in operation now at Special
Astrophysical Observatory on Russian Caucasus. The system is able to observe the sky
simultaneously in either wide (~900 square degrees) or narrow (~100 square degrees) fields of
view, either in clear light or with any combination of color (Johnson B, V or R) and polarimetric
filters installed, with exposure times ranging from 100 ms to 100 s.

The system data analysis pipeline performs automatic detection of rapid transient events, both
near-Earth and extragalactic. The objects routinely detected by MMT include faint meteors and
artificial satellites.

We present first results of MMT operation and discuss its applicability to various tasks of near-
Earth astronomy.

BO3MOXHOCTHU PAIMOJIOKAIIMOHHBIX CUCTEM
B PEHIEHUU 3AJIAYU OBHAPY)XXEHUS ACTEPOUOB
H.A. lyrun
OI'bHY HUP®U, Huxuuii HoBropon
E-mail: ndugin@yandex.ru

B nmokmame — mpoaHanMM3UpPOBaHBI  PE3yNbTAaThl  AKCIEPUMEHTANBHBIX  paboT 1o
PaINOIOKAIIMOHHOMY  HMCCIICIOBAHUI0 OOBEKTOB KOCMHYECKOTO MycCOpa H acTepOHIOB B
OKOJIO3EMHOM KOCMHYECKOM IMPOCTPAHCTBE C MCMOJIb30BAaHUEM KaK MOHOCTATHYECKHUX JIOKATOPOB,

Tak 1 MHOrono3unmonHo PC/1b-cetn (pannonnTepdhepoMeTpoB cO CBEPXITTUHHOM 0a30i).
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[ToaroToBka SKCIEPUMEHTOB IO JIOKAIMU aCTEPOUIOB B pajloMana3oHe HATAIKUBACTCS KaK
MUHMMYM Ha JIB€ OCHOBHBIE NPOOJIEMBI, MPUBOASAIIME K HEONPEICIEHHOCTH OLEHKH BEIUYMHBI
OTPAKEHHOTO OT 00BeKTa curHaia. Bo-mepBbIX, HEM3BECTEH KOI(D(PUIMEHT OTpakeHUsI BEIIECTBA
HeOeCHOro TeJa B pa3IMYHbIX JUara3oHax paJuoBOJIH, KOTOPBIN 110 OLEHKaM He OyJeT MpeBbIIaTh
7-10%. Bo-BTOpBIX, ciokHas (GopMa M CUJIbHAs HEPOBHOCTH IMOBEPXHOCTH aCTEPOMJOB MOTYT
IIPUBOANTH K CYIIECTBEHHBIM ITOTEPSAM «IIOJIE3HOI0» OTPA’KEHHOI'O CUTHAJIA 1aXe JUIs Tesl OOJIbLINX
pa3MepoB. B IMpPOBENECHHBIX AKCHEPUMEHTAX OTPAKEHHBIM OT aCTEPOMJOB CUTHAJ MMEJ KpanHe
HEepEeryJIsIpHbI  XapakTep ¢ MOMEHTaMH IIPAKTUYECKH IIOJHOIO 3aTyXaHMs, 4YTO JIeJaeT
COMHUTEIBHBIM WM KpaifHe 3aTpaTHBIM NMPUMEHEHHe «TpaauiunoHHbix» PJIC mis pemenus 3axayun
Ha/IeKHOTr0 OOHApYXEeHUs HEOECHBIX TEJl MaJIbIX Pa3MEPOB.

B kagectBe peanbHO BO3MOXKHOCTH CYIIECTBEHHOTO yBenuueHHUs 3(dexkTuBHOCTH pabOTHI
PJIC no o6HapyXeHHUIO acTEpOMJIOB 3a IpeesiaMH JIyHHOM OpOUThI pacCMaTPUBAETCSl IPUMEHEHHE
TaKk Ha3bIBaeMbIX «IpocBeTHBIX» PJIC, HCMONB3yromuX SBICHHE CYIIECTBEHHOTO YBEIWYCHUS
Ooucratnueckoil 3((HEeKTUBHON OTpaXkarolLlel MOBEPXHOCTH LIE€IH BHE 3aBUCUMOCTH OT €€ (hopMBbI U
MaTepHala MpHu PacCesTHINH 30HIMPYIOIIEro CUTHAJa BIIEPE], T.€. TI0 HANPABJICHUIO TJIABHOTO JIyda
JAMarpaMMbl  HalpaBJICHHOCTH Jiokartopa. IlpemioskeHbl BapHaHThl IOCTPOEHUS HA3EMHO-
KOCMHYECKUX PATUOIOKAIMOHHBIX CUCTEM I MOHUTOPHHTA KOCMHUYECKOM OITaCHOCTH.

Uccnenosanus nogaepxansl Munoopuayku PO u POOU (rpant Nel3-02-00586a).

THE POSSIBILITIES OF RADAR SYSTEMS
IN THE TASK OF ASTEROIDS DETECTION
N.A. Dugin
Radiophysical Research Institute (NIRFI), Nizhnij Novgorod
E-mail: ndugin@yandex.ru

The report analyzes the results of experiments on the radio location study of space debris
objects and asteroids in near-Earth space using both monostatic radars and the multielement Very
Long Baseline Interferometers.

Preparation of experiments on the radar of asteroids in the radio range meets at least two major
problems that lead to uncertainties in estimating of the magnitude of the signal, reflected from the
object. Firstly, the reflection coefficient of celestial body surface is unknown in different
wavebands, and as it is estimated, will not exceed 7-10%. Secondly, complex shapes and strong
roughness of asteroids surface may lead to significant losses of "useful” reflected signal, even for
large bodies. In the experiments the signal, reflected from the asteroid, was very irregular with
moments of almost complete attenuation, making questionable or extremely costly using of
"traditional™ radar for solving the problem of reliable detection of celestial bodies with small sizes.

So-called “transparent” radio location is considered as a real possibility of a significant increase
of the radar efficiency at the asteroids detection outside the Moon's orbit. Transparent radar use a
phenomenon of substantial increase of the bistatic effective reflecting surface regardless of form
and material of the target at the scattering signal forward along the direction of the principal beam
of locator pattern. The variants of constructing of space-earth radar systems for monitoring space
hazards are suggested.

These studies are supported by the Ministry of Education and Science of the Russian Federation
and Russian Foundation for Basic Research (project N 13-02-00586-a).
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METO/bI 1 AJITOPUTMBI PEKOHCTPYKIIUHN U30BPAKEHUI
HA TEJIECKOIIE TU 3.12 M
B.I1. Aslemiun
OAO «HIIK «CIIII»
E-mail: aleshin_vi@mail.ru

OnHOM M3 OCHOBHBIX 337a4 BHOBb BBOJIMMOIO TEJIECKONA C JAMAMETPOM amnepTypsl 3.12 m
(TN 3.12) AnTaiicKOro OITHUKO-JIA3€pPHOTO ILIEHTpa SBISIETCA IONYYEHHE U PEKOHCTPYKIIMS
m3oopakenuit UC3 n xocmudeckoro mycopa. st 3TUX 1eneld B TEleCcKoIe MpeayCMOTPEHO JBa
MHCTPYMEHTa — TpPEXCOIpPSDKEHHAsl IIMPOINOJbHAs aJanTuBHas ontuuyeckas cucrema (AOC)
u cneki-unreppepomerp. AOC paboTaeT B BUANMOM JUANA30HE C JOMOJHUTEIBHBIM TPUEMHUKOM
B Ommwkuem WK nuanazone. Crnexi-unTepdepoMerp MMeEeT JBa KaHajla, YTO IO3BOJSET BECTH
HaOmoeHuss Kak BugumMoMm, Tak u B OmmwkHem WK nuanazone. IlpoananmusupoBanbl
MOTEHIIMATbHBIC BO3MOKHOCTH JAHHBIX WHCTPYMEHTOB U PacCCMOTPEHBI BO3HUKAIOIINE MPOOIEMBI.
W3noxeHbl BO3MOKHOCTH THOPUIHBIX CUCTEM IMOJIYYEHHS] ONTUYECKUX H300pakeHud. OmnucaHbl
OCHOBHBIC TPUHIIMIIBI AJTOPUTMOB PEKOHCTPYKIMU H300paKEHUN W aHATU3UPYIOTCA MYTH
noBbIeHUST MX 3¢ ¢deKkTuBHOCTH. PaccMoTpeH psii MaTeMaTHUYeCKHX METOJOB ONTUMHU3ALUU
QITOPUTMOB C MO3HIINI OOPaTHBIX 3a/1a4.

METHODS AND ALGORITHMS FOR IMAGE RECONSTRUCTION
ON THE TELESCOPE TI1 3.12 M
V.P. Aleshin
OJC "PRC "PSI"
E-mail: aleshin_vi@mail.ru
One of the main functions of the newly introduced optical telescope with an aperture diameter
of 3.12 m (3.12 TI) on Altai optical laser center with is an acquisition and image reconstruction
satellites and space debris. For this purpose, the telescope has two instruments — multi-conjugate (3
layers) adaptive optical system (AQOS) and speckle interferometer. AOS operates in the visible range
with an additional receiver in the near-IR range. Speckle interferometer has two channels, allowing
you to observe both the visible and near infrared ranges. The potential of these instruments and
considered issues are analyzed. Sets out the possibility of hybrid systems produce optical images.
The basic principles of algorithms for image reconstruction and analysis of ways to improve their
efficiency are investigated. A some of mathematical methods of algorithms optimization from the
viewpoint of inverse problems are considered.

IMPOEKT MAJIOI'O KOCMUYECKOI'O ATIITAPATA C MAPIIIEBOM
SJIEKTPOPAKETHOM JIBUTATEJIbHOM YCTAHOBKOM JIJIS1 HCCJIEJIOBAHUSA
MAJIBIX TEJI COJTHEYHOM CUCTEMBbI
E.B. Baacenkos, T.III. Kom6aeB, A.M. Kpaiinos, I1.C. Yepnukos, A.E. [llaxanos
HIIO um. C.A. JlaBoukuHa
E-mail: jim14@yandex.ru

OnHO# M3 aKTyalbHBIX HAYYHBIX 337249 COBPEMEHHBIX KOCMHYECKUX WCCIICIOBAHHUM SIBIIACTCS
uccieaoBaHue Maybix Telnl COJHEYHOM CUCTEMBbI, M3YyYEHUE CTPYKTYpPhl M BELIECTBA TaKUX TeEl
MTO3BOJIUT Pa3BUTh U YTOUHUTH TEOPUHU MPOUCXOKACHUS U dBotoru ComHedHOU cuctemMbl. Kpome
3TOr0, B HACTOSIIEE BPEMS, MHPOBBIM COOOIECTBOM YIENsAETCSs OTrPOMHOE BHUMAaHHE, U
BBIJICJISIFOTCSL 3HAYUTENbHBIC (PMHAHCOBBIE CPEJICTBA HA PEIICHUE MPOOJIEMbI aCTEPOUTHO-KOMETHOM
OMACHOCTH, B YAaCTHOCTH, Ha pa3pabOTKy METOJOB OOHApYy>KEHHUS, MOHUTOPUHTA M TOHCKA
CIIOCOOOB MPOTUBOACHCTBHUS YIPO3€ CTOJKHOBEHUHN OMACHO COMMKArONIUXcs ¢ 3emieit ten. OqHuM
U3 CHocOoOOB TMpEAOTBpAIEHUSI CTOJKHOBEHHS C OIACHBIMH aCTEPOUJAMH SIBISIETCS METOT
yIpaBieHUs] KPYMHBIMH acTepOUIaMU C TIOMOIIbIO aCTEPOUJIOB C MEHbILIEH Maccol («acTepouioB
CHaps10BY»), mpeiioxkennbii cnenuanuctamu UKW PAH, MUOM HUY BIID u UTHACAH.
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Peanm3zanuss ManoOrOMKETHOTO TMPOEKTa MAajoro KOCMHUYECKOro ammapara ¢ MapiieBOi
AJIEKTPOPAKETHOM JBUTATEIbHON ycTaHOBKOM (MKA ¢ OP/1Y) mo3BoiMT mpoBecTH MCCaeA0OBaHUE
JIBYX acCTEPOHUIOB OKOJIO3EMHOM TPYMIbI, a TaK K€ MPOBEPUTH KOHIIEHIUIO OTKJIOHEHHUS OIMACHBIX
actepouoB. Ha mepBoHauanbHOM 3Tane ¢ 3emiu npousBoautces 3anyck MKA ¢ OPJ1Y, Ha Bropom
JTane pealnu3yercs IMEpesieT U BbIXOJ Ha OpOMUTY «acTepouzia CHapsiia», €ro MCCIEIOBAaHMS, Ha
TPEThEM dTale B pacueTHON Touke ¢ momolisio DPJIY mpousBoautcst koppekius opoutel MKA u
€ro IepeBOJl HAa TPAGKTOPUIO TIPABUTALIMOHHOIO MaHEBpa y 3€MJIM, Ha YETBEPTOM JTame
BBITIOJIHAETCS MepesieT K 3emile, 3aTeM I'paBUTALlMOHHBIN MaHeBp, nocie koroporo MKA ¢ DPJ1Y
JOJDKEH BBINTHM Ha OpOMTY OmacHoro s 3emiin actepouna. Ha 3aBeprmaromiem stamne MUCCHU
IpeJinoiaraeTcs NpoBeeHUe UCCIIEOBAHNN JaHHOTO aCTEPOUIa C MOMOUIbI0 KOMILJIEKCAa HAYYHOMN
annapatypsl MKA ¢ OP/1V.

SMALL SPACECRAFT WITH ELECTRIC PROPULSION SYSTEM FOR RESEARCHING
OF SMALL BODIES OF THE SOLAR SYSTEM
E. Vlasenkov, T. Kombaev, A. Kraynov, P. Chernikov, A.Shakhanov
FSUE NPO named after S.A. Lavochkin

One of the urgent tasks of modern scientific space research is the study of small bodies of the
solar system. The study of structure and substance of such bodies will allow to develop and refine
the theory of the origin and evolution of the solar system. In addition, at present, the international
community pays great attention and allocates significant funding to address the asteroid and comet
hazard. Particularly in the development of methods for detection, monitoring, and finding ways to
counter the threat of collisions with dangerous near-Earth bodies. One way to avoid a collision with
dangerous asteroids is a method of managing large asteroids using the ones with smaller mass
("bullet-asteroids™), proposed by experts of IKI, MIEM HSE and INASAN.

The implementation of a low-budget project of small spacecraft with electric propulsion system
(SSC with EPS) would conduct to study two near-Earth asteroids, as well as to check the concept of
deorbiting of dangerous asteroids. At the initial stage, the SSC with EPS is launched. At the second
phase the flight, transfer to "bullet asteroid" trajectory and its studies are realized. At the third stage
the correction of orbit of the SC is made by electric propulsion system at a precalculated position
and its transition into Earth gravitational slingshot trajectory. At the fourth step the flight to Earth
and gravitational slingshot are executed. After that the SSC with EPS should reach the orbit of the
asteroid threat to Earth. At the final stage of the mission the researching of this asteroid is supposed
to perform with scientific equipment of SSC with EPS.

NHANKATPUCA OTPA’KEHUSA CUJIBHO IHEPOXOBATBIX COEPUYECKUX TEJI

E.B. Knace, C.A. YabsinoB, B.B. [llaxoBckuii
HUUXM
E-mail: elenaklass@yndex.ru

B pabore mpencraBieHbl pe3yabTaThl PAcueTOB HWHAMKATPUCHI OTPAKEHUS OMTHYECKOTO
u3NydyeHuss oT cdepbl, HMEIIIeH CHIBHO IIEePOXOBAaTyI0 IOBEPXHOCTh. MccnenoBanus
MPOBOAMINCHE B TPUONMIKEHUH TEOMETPHUYECKOW ONTUKH C UCHOJIb30BaHHUEM TPEXMEpPHOM
nporpammbl POKC-RG, kotopasi MopenupyeT OTpakeHHe W3IyYeHHs C YYETOM IIepOXOBATOCTH
MOBEPXHOCTHU Tena. ['eoMeTpusi pacyera nMesa JBa ypOBHS: HA MaKpOypOBHE 3a/aBaliach cdepa ¢
IVIAJIKOW TOBEPXHOCThIO, HAa MHUKPOYPOBHE - T'€OMETpHs, ONMCHIBAIOIIAs IIEPOXOBATOCTh €€
noBepxHocTU. [locrmeaHsss mpeacraBisuia coOOW MOJIOKKY, Ha KOTOPOH pa3Memanuch (GUTYpHI,
MOJEIIUPYIOIIME HMCKOMYKO IIE€POXOBAaTOCTb. bBUIM pacCMOTPEHBI AJUIMICOWJIAIBHBIE  WIIHU
KOHMYECKHE IIEPOXOBATOCTH, BBIMYKJIbIE WM BOTHYTHIE OTHOCUTEIBHO MOBEPXHOCTH IOJIOKKH.
[TapameTpsl ¢uryp, o6pa3yronmx MEpOXoBaTOCTH, BapbUpoBanCh. [lokazano, uro mis cdepsl ¢
BBIMYKJIBIMA HEOJHOPOJAHOCTSIMU 3aBUCUMOCTb MHIUKATPUCHI OTPaKeHHUs OT (a30BOro yria Oolee
noJsioras, 4yem sl cheppl ¢ BOTHYTHIMH (IIOPUCTBHIMH) HEOAHOPOAHOCTAMHU. [IpM oamMHaKOBBIX

110


mailto:elenaklass@yndex.ru

3HAYCHUSAX AaCMEKTHOIO OTHOWICHHS c(depa, MOBEPXHOCTh KOTOPOH IMOKpHITA MOpaMH B BHJE
JIMIICOMIOB, UMEET Oojiee KPYTYIO 3aBUCUMOCTh B 00JacTu MaibIX (a3oBbIX YIJIOB, 4eM cepa ¢
nopamu B BuJe KOHycoB. DazoBasi 3aBUCUMOCTh WHAUKATPHUCHI OTPAKEHHS s c(ephl C MOpamMH B
BUJIE 3JUIMIICOUIOB, INIyOMHA KOTOPBIX B 3...4 pa3a Oosblie MX paauyca, OJU3Ka K aHAJOTMYHOU
3aBUCUMOCTH 11 JIyHBL.

REFLECTION INDICATRIX OF VERY ROUGH SPHERICAL BODIES
E.V. Klass, S.A. Ulyanov, V.V. Shahovski

E-mail: elenaklass@yndex.ru

The estimation of the reflection of optical radiation from a sphere with very rough surface was
under investigation. The results were obtained in the geometrical optics approximation in 3D by
ROKS-RG program taking into account the surface roughness. The geometry was divided into two
levels: a sphere without roughness was considered at the macro level and the surface irregularities
defined the geometry of the micro level. The latter was a substrate with ellipsoidal and conical
figures modelling the desired roughness. Both convex and concave figures were considered with
variation of their parameters. The dependence of the reflection indicatrix on the phase angle was
flatter in the case of convex irregularities than in the case of concave (porous) irregularities. The
phase dependence of the reflection function became steeper at low phase angles for ellipsoidal pores
than for conical ones with the same aspect ratio. If the depths of ellipsoidal pores were about
3-4 times their radii the correlation between phase angle and reflection indicatrix resembled
the lunar one.

JUATHOCTHUKA MAJIBIX ®OPM HA IIOBEPXHOCTHU ACTEPOUJIA DJIEKTPA
O JAHHBIM CHEKTPO®OTOMETPUU

B.E. Kuases', M.B. Aﬂnpeenz, A.B. CepreeBl'z, B.T. FO}IyHOBal, B.K. Tapaglm”ll'2
"ML{ AMDU, *Tepckonbekuit puman THACAH

JeranbHble MOJENU CTPOEHUST MOBEPXHOCTEH acTEpPOUJIOB, PACCUMTHIBAIOTCS Ha OCHOBE
uHBepcun V-KpuBBIX Osiecka. [[BeTOBbIE KpHBBIE COBMECTHO C HWHBEPCHOHHBIMH MOJCIISMU
MOBEPXHOCTEW TMO3BOJSAIOT M3y4yaThb MMHEPAJOTMYECKH CcOCTaB MOBEpXHOCTEH. bricTpas
creKTpodOTOMETpHUS, TpeajiaraeMasi aBTOpaMH, C BPEMEHHBIM DPa3pelIeHHEM HECKOJIBKO MHUHYT
MO3BOJISIET M3y4aTh MUHEPAIOIMUYECKUN COCTaB TMOBEPXHOCTEH aCTEPOMJIOB, MCMOJbB3Ysl TEXHHUKY
Kojopumerpuu Manbix ¢opM. Ha mpumepe actepouna 130 DnexTpa moka3aHoO Halu4yue Ha €ro
MMOBEPXHOCTU MPUMEPHO 14 «siT€H» pa3HOr0 MUHEPAIOTMYECKOT0 cocTaBa pa3mepomM oT 13 o 30
kM. [[BeTOBBIE XapaKTEPUCTUKH «IIATEH» IO JaHHBIM 1BeTOBBIX auarpamm U — B, B -V, V — R,
R—1 mo3BonsitoT B MNpUHIMNE HISHTUDUIIUPOBATE MHUHEPATOTHYECKHI COCTaB BeIIeCTBa
MOBEPXHOCTU acTepouja. Toukwit anamm3 MHoroueTHbIXx UBVRI kpuBbIx Onecka mo3BOsET
OILICHUBATh KOJIMYECTBO M Pa3MEpPhl «ISATEH», OCOOCHHOCTH OTPAKCHHUS M PACCEMBAHMs CBETa
MaTepHaAIOM «IISTEH», UX CTPYKTYPHBIE OCOOCHHOCTH. TeXHHKA KOJOPUMETPHH MajbiX (OpM Ha
OCHOBE OBICTPOIl CHEKTPO(POTOMETPUHN MPEACTaBIsET COOON HOBOE HAIpaBJICHHWE B HM3yUYECHUH
Manbix Tea CoHEeIHOM CHCTEMBI.

DIAGNOSTICS OF SMALL FORMS ON THE SURFACE
OF THE ASTEROID ELEKTRAACCORDING TO SPECTROPHOTOMETRY

B.E. Zhilyaev!, M.V. Andreev?, A.V. Sergeev'?, V.G. Godunova® and V.K. Taradij?
'ICAMER, “Terskol branch of INASAN

Detailed models of the structure of the asteroid's surface are usually calculated based on the
inversion of V-curves. The color curves in combination with the inversion model of the surface
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allow us to study the mineralogical composition of the surface. Fast spectrophotometry, proposed
by the authors, with a time resolution of a few minutes allows studying the mineralogical
composition of the asteroid's surface, using the technique of colorimetry of small forms. As an
example, the asteroid 130 Electra shows the presence on its surface approximately 14 "spots™ of
different mineralogical composition ranging from 13 to 30 km. The color characteristics of the
"spots"” according to the U - B, B-V, V - R, R - | color diagrams allow, in principle, to identify the
mineralogical composition of the asteroid's surface material. Fine multi-color analysis of the
UBVRI light curves allows estimating both the number and size of "spots”, especially the reflection
and scattering of light by "spots" material and their structural features. The technique of colorimetry
of small forms based on fast spectrophotometry is a new way in the study of small bodies in the
solar system.

HIGH RESOLUTION SPECTROSCOPY AT PEAK TERSKOL
J. Krelowski

Torun Center for Astronomy Nicolaus Copernicus University, Torun, Poland

The interstellar space is filled with clouds of diffuse matter, forming the spectacular spiral arms.
Depending on the density, such clouds are usually divided into ,diffuse”, ,translucent” (their
presence revealed by features observed in the spectra of distant stars, shining through these clouds),
,dense” and those which give births to new stars. Translucent clouds are especially poorly
understood: only a small number of optical absorption features (atomic and molecular ones) is
identified there — a vast majority of them, namely the diffuse interstellar bands (DIBs) — remain
unidentified. The abundances of ~10 identified molecular species are known for only a very limited
number of clouds. It is reasonable to expect that an enormous size gap extending between the
simplest 2- or 3-atomic species (currently identified in translucent clouds) on one hand, and the dust
grains (at least ~100 nm big) on the other hand, has to be bridged with medium- or large-size
molecules. A very high S/N ratio is necessary to detect new features and to obtain
valuable quantitative data for those which have already been observed. This should allow reliable
modelling of translucent interstellar clouds guided by the observational constraints. Any reliable
chemical modelling of translucent clouds requires at least some selected physical parameters (like
rotational temperature of the identified molecules or estimated UV flux) and the mutual abundance
ratios for as many detected simple molecules as possible. Both: atomic and molecular features
originated in translucent clouds are very sharp. The only reliable measurements of their equivalent
widths require very high resolution. Also - only a very high S/N ratio of the recorded spectra may
lead to such the interesting results like individual rotational temperatures of polar species, like CN.
The Maestro spectrograph at the Peak Terskol mimics the resolution of the UVES ESO Paranal
spectrograph. The telescope Zeiss 2000 is four times smaller but while using sufficiently many
exposures - it is possible to get the spectra of similar quality.

COBPEMEHHOE COCTOSHHE U NEPCIIEKTHUBbBI HOJAPUMETPUYECKHUX
UCCJIEJOBAHUMN MAJIBIX TEJI COTHEYHON CUCTEMBbBI
B.K. Pozen6yur, H.H. Kucexnes', H. B. KapnoB2
'TAO HAHY, *M1] AMDU
E-mail: rosevera@mao.kiev.ua

[Tomstpu3anus cBeTa SIBIASETCS KIIFOYEBOW HAOI0/1aeMON BETMYMHOM, TTO3BOJISIONIEH MOTyYaTh
OOmHpHYI0 HHPOPMAINIO, 3aKOJAMPOBAHHYIO B PACCESHHOM H3IYYCHHH aCTPOHOMHUYECKUX
00BEKTOB, KOTOpPhIE HE MOTYT OBbITh IMOJYYEHBI C MOMOIIBIO CIEKTPOCKOMHUH, (HOTOMETPUU WU
npsMbIX u300paxkeHuil. lllupokoe mpUMeHEHHE MOJIIPU3AIMOHHBIX METOIOB B JWCTaHIIMOHHBIX
HCCIIEIOBAHUIX HAYaJI0Ch TOJILKO B KOHIIC MATHACCATHIX — HaYaJle MIECTUIECIATHIX TOM0B XX BeKa.
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[TosiBneHre HOBBIX AETEKTOPOB ((hoToymHOXkHUTETH M [13C-MaTpuIbl) CTUMYIHUPOBAIO CO3JaHHE
HOBBIX MPUOOPOB, MPEAHA3HAUYEHHBIX JJIS H3MEpPEHUs TMOJSIpU3alUd  H3Iy4eHHs OOBEKTOB
Conneunoii cuctempl. Ha ocHOBe pa3paOOTaHHBIX METOJOB aHANW3a JaHHBIX HAOTIOJNCHHWIA U
U3BJICYCHHS] HEOOXOAUMON HH(POpPMAIMM M3 KOHKPETHBIX ONTUYECKUX H3MEpPEHUU ONpeiesieHbI
ONTHYECKHE M (U3UYECKUE XAPAKTEPUCTHKH IMOBEPXHOCTEH M aTMOC(hep MHOTHUX MAabIX Tel
ConHeyHOM cucTeMbl (CIYTHUKH IUIAHET, acTepPOU[Ibl, TPAHCHENTYHOBBIE OOBEKThI, KOMETHI) U
OTKPBIT psiZi HOBBIX sIBJICHUN H 3ddexToB. IlapamnensHo ¢ co3manueM HaOIIOAATENBHON Oa3bl
MOJIAPUMETPUN  AaKTUBHO pPa3palaThIBAIUCh TEOPETHUECKHE METOJAbl aHalIu3a HW3MEpEeHHI,
OCHOBAHHBIE HA CTPOTOW TEOPHUHM PpACCESHUS AIIEKTPOMATHUTHBIX BOJH MOP(}OIOTHYECKU
CJIO)KHBIMU O0BEKTaMH, TAKUMHU KaK JUCIIEPCHBIE CPEbl M PErOJIUTOBBIC TOBEPXHOCTH.

B noknazne OyayT mpencTaBiieHbl Pe3yNIbTaThl NOISIPUMETPHUECKUX HCCIICAOBAHUI MalbIX Tell
ConnevHoi cuctembl (actepounbl [ J1laBHOro mosica W COMMKAIOMIMECS C 3eMIiei, KOMETHI,
CITYTHHMKH IIJTAHET, TPAHCHENTYHOBBIE OOBEKTHI) U ONPEIEJICHBI 33]aui UX U3y4eHHUs Ha Oy/yIiee.

THE CURRENT STATUS AND PROSPECTS FOR POLARIMETRIC STUDIES
OF SMALL BODIES OF THE SOLAR SYSTEM
V.K. Rosenbush® N.N. Kiselev!, N.V. Karpov?
'MAO NASU, lCAMER
E-mail: rosevera@mao.kiev.ua

Polarization of light is a key observable to provide extensive information encoded in the
scattered radiation of astronomical objects that cannot be obtained by spectroscopy or direct
imaging photometry. Widespread use of polarization methods in remote sensing began only in the
late 1950s and early 60s of the twentieth century. The emergence of new detectors (photomultipliers
and CCD) has stimulated the creation of new instruments designed to measure the polarization of
radiation objects of the solar system. On the basis of the developed methods for analyzing
observational data and extracting the necessary information from the specific optical measurements,
the optical and physical properties of surfaces and atmospheres of many small bodies of the solar
system (planets, moons, asteroids, trans-Neptunian objects, comets) are determined and a number of
new phenomena and effects is discovered. Simultaneously with the creation of observational
databases of polarimetry, theoretical methods of measurement analysis based on rigorous theory of
scattering of electromagnetic waves by morphologically complex objects, such as dispersion media
and surface regolith, were developed.

The report will present the results of polarimetric studies of small bodies of the Solar system
(Main Belt and near-Earth asteroids, comets, planetary moons, trans-Neptunian objects) and
objectives of their study in the future.

ATIEPTYPHBIE ®OTOHNOJIIPUMETPBI
JIJIS TEPCKOJIbCKOM M KPBIMCKOM OBCEPBATOPHIA.
IPUHIIUIIBI HOCTPOEHUS U BO3SMOXKHOCTH

B.K. P03eH6yml, H.H. Kncenenl, J.H. I[Iaxoncncoﬁz, 10.C. HBaHOBl, H.B. Kapnos®,
B.K. Tapannﬁ3, K.A. AuToHIOK’, A.B. I[onrononmsz, C.H. KoJsiecHukosn
'TAO HAHY, *KpAO, *MI] AMDU, ‘OHY
E-mail: d.shakhovskoy@gmail.com
[TonmstpumeTpuueckre  WHCTPYMEHTBI  JUISI  IIHPOKOIOJOCHBIX  HAOJNIOJACHUH  MOXKHO
KJIaCCU(UIIUPOBATEH IO JIBYM OCHOBHBIM MapaMeTpaM — YyBCTBUTEIBHOCTH (IIpenebHas 3BE3/IHAS
BEJIMYMHA ISl TOJYyYEHUS MHUHUMAJIBHO JOITYCTHMOTO OTHOIIIEHUS CHUTHAJI IIyM) U
MOJIAPU3AIMOHHASs TOYHOCTh (TIpeleNbHass OIMMOKAa HW3MEpPEHHS TMpU TMPEHEOPEKNUMO MaJoM
¢oronHoMm myme). CozaHue HMHCTPYMEHTOB C BBICOKMMM 3HAUEHHSMU OOOUX IapaMeTpoB
COIPSI’KEHO C HEMPEOJOTUMBIMU TIPU JOCTYITHBIX OFO/KETaX TEXHUYECKHUMH TPYIHOCTSIMH. J[is
psila 3a1a4, K 4MCIIy KOTOPBIX OTHOCUTCSI UCCIIEIOBAHHUE TEJ COJHEYHOM CUCTEMBI, ONTUMAIbHBIM
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ABIISICTCA MPUOOP CO CPeIHUMH 3HAYCHHUSMHU O0OUX MapaMeTpoB. TakuM coueTaHHeM 00JIaJaroT
arnepTypHbIe TMOJSIPUMETPHI ¢ OBICTPO MEXaHMYECKON Moaynsuuen curHaiga. MHorue mpuOopbl
TAKOTO THIIA, MEpPBOHAYAIbHO pa3paboraHHbie B 70-90e roasl mMpouUIOrO BeKa, CYIIECTBEHHO
yctapenu. [IpoeKT HOBBIX MOJISIPUMETPOB Takoro Tuma s 2.6m teneckona KpAO u 2M Teneckomna
Obul pa3paboTaH Uil MaKCHUMAaIbHO 3(P(PEKTHBHOIO COBPEMEHHOTO BOIUIOLICHHS 3TOH CXEMBI.
[TongpumeTpbl HaxOIATCS Ha 3aBepUIAIONICd CTaJAWM U3TOTOBJICHUS, IUIAHUPYIOTCA TIIEpBbIE
UCIBITaHUs Ha Tejeckorne B KoHue 2015r.

APERTURE POLARIMETERS FOR TERSKOL AND CRIMEAN OBSERVATORIES.
DESIGN PRINCIPLES AND CAPABILITIES

V.K. Rosenbush®, N.N. Kiselev?, D.N. Shakhovskoy?, Y.S. Ivanov’, N.V. Karpov®,
V.K. Taradij®, K.A. Antonyuk?, A.V. Dolgopolov?, S.N. Kolesnikov*
'MAO NASU, *CrA0, *ICAMER, “ONU
E-mail: d.shakhovskoy@gmail.com

Broadband polarimeters may be classified with 2 major parameters: Sensitivity (the limiting
magnitude to get reasonable SNR) and polarimetric accuracy (the minimal error of polarization
measurement attainable when the photon noise is negligible). Development of the instruments with
high value of both parameters is not feasible inside reasonable budget. For a number of tasks,
including Solar system studies, an instrument with medium values of both parameters is optimal.
This combination is characteristic for the aperture polarimeters with fast mechanical modulation.
Many instruments of this type were developed in the 70-s to 90-s and now have got obsolete. The
project of new polarimeters for the 2.6m telescope of CrAO and the 2-m Terskol telescope is aimed
at the development of modern and the most efficient realization of this scheme. Now the
polarimeters are in final stage of manufacturing, the first telescope tests are planned for the end of
2015.

ATIEPTYPHAS M II3C MOJIAPUMETPUS TEJ COJTHEYHOM CUCTEMBI:
3A U ITPOTUB
H.H. KuceJsies
I'AO HAHY
E-mail: kiselevnn@yandex.ru
[Tonspumerpuueckue HaOMIONEHUS pa3IMYHBIX ACTPOHOMMYECKHMX OOBEKTOB  Hayallu
npoBoANThCsl ¢ Hadana XI|X Beka M MPUBETU K OTKPBITHIO, YTO HUX H3IyYEHHUE MOJIIPU30BAHO.
Busyanenble (nomspuckon JIno), dotorpaguueckue MeToJbl IMO3BOJWIM YCTaHOBUTh MHOTHE
XapaKTEPUCTUKUA TOJSIPU30BaHHOTO u3nydeHus ¢ TouHocThio 0.1 — 0.2%. BypHoe pazButue
(OTO3EKTPUUECKUX NPHUEMHUKOB M3IydeHHUs ¢ 50-X TOJ0B MPOILUIOTO BeKa MPHUBENO K CO3/IaHUI0
LEJOro Kjacca amepTypHbIX (OTO3EKTPUUECKUX MOJIIPUMETPOB, PETUCTPUPYIOLIIUX CTENEHb
nosisspu3anuu ¢ TouHocThio 10 0.01%. Hosblil knacc npueMHukoB — I13C-marpuiel npoussenu
PEBOMIONIMIO B TMOJSPU3AMOHHON TexHuke B cepenuHe 70-x romoB XX Beka. Mx ocHOBHOe
JOCTOMHCTBO CBSI3aHO C BO3MOXKHOCTBIO M3ydeHHUs Ooiyiee cinaOblX OOBEKTOB M BO3MOKHOCTBIO
M3YYEHHUs IPOCTPAHCTBEHHOTO paclpeeNieHus apaMeTpoB MOJISIpU3AlUY 1711 HE 3B€3/1000pa3HbIX
aCTPOHOMUYECKHX OOBEKTOB. MbI Oyaem o0CyXIaTh NPEUMMYILECTBA M HEAOCTaTKH METOJIOB
aneprypHot u II3C-nonspumerpun Ten COTHEYHOM CHCTEMBI B 3aBUCUMOCTH OT YCIIOBHH
HaOmroAeHN# (HeOObIINE YIIIOBBIE PACCTOSHUS CITYTHUKOB OT POJUTEIBCKUX IUIAHET) M YIIIOBBIX
pa3MepoB Tel (KOMETHI).
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APERTURE AND CCD IMAGING POLARIMETRY OF SOLAR SYSTEM BODIES:
PRO AND CONTRA
N.N. Kiselev
MAO NASU
E-mail: kiselevnn@yandex.ru

Polarimetric observations of various astronomical objects have been started in the early 19th
century and led to the discovery that their radiation is polarized. Visual (polariscope Lyot),
photographic techniques have allowed to establish many of the characteristics of polarized radiation
with the accuracy on the order of 0.1 - 0.2%. The rapid development of photoelectric detectors in
the mid 1950s led to the creation of a class of aperture photoelectric polarimeters, registering the
degree of polarization up to 0.01%. A new class of receivers - CCD matrix revolutionized the
technique of polarization in the mid 1970s. Its main advantage is associated with the ability to study
the fainter objects and the possibility of studying the spatial distribution of the polarization
parameters for nonstar-like celestial objects. We will discuss the advantages and disadvantages of
CCD and aperture polarimetryof Solar system bodies, depending on the observation conditions
(small angular distance of satellites from their parent planets) and angular dimensions of objects
(comets).

ACTPOHOMMWYECKHUE HABJIIOJATEJIBHBIE KOMIIVIEKCbI
B OBCEPBATOPHUH HA ITUKE TEPCKOJI

B.K. Tapazmﬁl‘z, A.B. Cepreesl'z, H.B. KaprmB2
ML AMDY, 2TepCI<0m,cI<I/II7I ¢mman MTHACAH

[IpencraBieHO COBPEMEHHOE COCTOSHHE TEJeCKONOB M HAy4yHOTO OO0OpYyIOBaHHS s
ACTPOHOMHUYECKUX HCCJIEOBaHUN B oOcepBaTopuu Ha muke Tepckoi. JleTallbHO paccMOTpeH
COCTaB HAy4yHbIX MPUOOPOB [UIsI BCEX TEIECKONOB OOCEepBAaTOPHH M UX TEXHHYECKHE
XapPaKTCPUCTHUKHU. HpI/IBGHGHLI IPpUMEPLI CIICKTPAJIbHBIX, q)OTOMeTpI/ILIeCKI/IX U TIO3HUIIMOHHBIX
JaHHBIX HAOIOCHUHN, TIOJTYYEHHBIX B 00CcepBaTOpuu Ha muke TepcKou.

ASTRONOMICAL OBSERVATIONAL COMPLEX AT THE TERSKOL OBSERVATORY

V.K. Taradij, A.V. Sergeev, N.V. Karpov
'ICAMER, “Terskol branch of INASAN

The modern state telescopes and scientific equipment for astronomical observations are
presented. The scientific instruments for telescopes and technical characteristics of it are discussed.
Examples of spectral, photometric and positional observations which were obtained in Terskol
observatory are shown.

®OHOIEJEBASA OKOJIO3EMHAA OBCTAHOBKA

AWM. Tnagsimes’, B.C. Temsion’, A.O. Kykos'>, A.H. 3axapos®,

M.E. Hp0x0p033, H.J. Illaxos’
' MHACAH, ? Boennas akagemust PBCH, TAUILI MI'Y

CoBpeMeHHBIE CPEACTBA OPUEHTAIIMU TPEOYIOT BHICOKOM YTTIOBOW MIOTHOCTH HABUTAIIMOHHBIX
00BekTOB (3Be31). OJHAKO KPHUBBIC PEAKIIMH COBPEMEHHBIX KPEMHHEBBIX (DOTOUYBCTBHTEIHLHBIX
npuOOpOB HE COBMATAIOT C KPUBOM BUAHOCTH TIJa3a WIM KPUBOM YYBCTBHTEIHHOCTHU
¢doromnactuaku. Ho wMmeHHO camble MOAPOOHBIE — camble OOIIMPHBIE KATaJOTH — CJEJaHBI
dotorpaduyeckuM crnocodbom (myTeM CKaHHUPOBaHUS (POTOTLIACTHHOK).
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[ToaTomy ceromHs akTyanabHa 3a/iada MepecueTa u3 TPAAUIIMOHHBIX (OTOMETPUIECKUX CUCTEM
B IIMPOKONOJIOCHBIE CHUCTEMBbI XapakTepHble s coBpeMeHHbIX KA. Kpome toro, ceronns
aKTyallbHbl HAONIONCHHMS B HEBHIUMBIX TIJIa30M Juamna3oHax JUMH BoidH. Oto Y® m UK
CHEeKTpalibHble auana3oHbl. Hacrosmias pabora mocBsiieHa mpoOieMe mepecuera U3
TPAIUIIUOHHBIX (POTOMETPUIECKIX CUCTEM B HEKJIACCUYCCKUE KPUBBIC PEAKITHH.

PHONOTARGET NEAR-EARTH SITUATION

A.l. Gladyshev, V.S. Gedzyun®, A.O. Zhukov'?,

A.l. Zakharov®, M.E. Prokhorov®, N.1. Shakhov*
'INASAN, “Military Academy of Strategic Missile Forces named after Peter the Great, *SAI MSU

Modern means of orientation require high angular density of navigation objects (stars).
However, the reaction curves of modern silicon photosensitive devices do not coincide with the
curve of the contrast of the eyes or the curve of sensitivity of the photographic plate. But it is the
most comprehensive — the most extensive catalogs — made photographic method (by scanning of
photographic plates).

Therefore today the actual task of translation from traditional photometric systems in broadband
systems characteristic of modern KA. Also today, the actual observation in the invisible wavelength
ranges. This UV and IR spectral ranges. The present work is devoted to the problem of translation
from traditional photometric systems in non-classical reaction curves.

ABTOMATHU3UPOBAHHASI KAMEPA JIJISI HABJIIOAEHU METEOPOB

C.B. Kprwoukos, B.A. Ma3zypos
NHACAH
E-mail: skruch@inasan.ru, vmazurov@inasan.ru

PabGora BmimonHeHa B pamkax npoBoaumbix B WHACAH wuccrnenoBanuii  MeTeopoB.
Pa3pa®oTaHo M M3rOTOBIEHO HECKOJBKO BAapHAHTOB aBTOMATH3UPOBAHHBIX Kamep pabOoTaroLIux
aBTOHOMHO, C BO3MOJKHOCTbIO KOHTpoJsii mo cetu MHtepHer. [lpm pa3zpaboTke HpUMEHSUIUCH
OrojKkeTHble pemieHus. HambGonbiryto mpoOiemy NpencTaBiseT 3allldTa KaMepbl OT BHEHIHHMX
BO3JICHICTBUI B YCIIOBUSIX KJIMMAara C OTpULIATENIbHBIMU TeMIepaTypaMu. Hamucanbl nporpaMMsl 1
HaKOIJICH OMBIT MPUMEHEHHsI Pa3HbIX TEXHUYECKUX pelleHUH. M3roToBieHHbIe Kamephl paboTaroT
B [IporpaMMax HaOJII0JEHUI METEOPOB.

THE AUTOMATED CAMERA FOR OBSERVING METEORS

S.V. Kryuchkov, V.A. Mazurov
INASAN
E-mail: skruch@inasan.ru, vmazurov@inasan.ru

Work performed under of studies of meteors that are conducted in INASAN. Designed and
manufactured several variants of automated cameras that operate autonomously, with the ability to
control via the Internet. The budget solutions were applied. The biggest problem is the camera
protection from external influences in a climate with negative temperature. Were written the
programs, were attain experience of different technical solutions.
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METO/J PABAEJIEHUA ADPO30JIBHOT'O H METAHOBOTI'O ITOIVIOINEHUSA
B CIHHEKTPAX IINTAHET-I'NTAHTOB B JTUAITA3OHE 600-900 HM

A.B. Mopo:xkenko, A.C. OBcak
I'AO HAHY
E-mail: mor@mao.kiev.ua, ovsak@mao.kiev.ua

Paspabortan  MeTOJI ~ ONpENCIICHHUs  adpPO30JbHOW  IOTJIOINAIOMICH  COCTaBJIAIONICH
té‘ff 3¢ (HEeKTUBHONW ONTHYECKON TIIyOMHBI aTMOC(EPHI MIAHEThI-TUTaHTa B JHAIa30HE JUIMH BOJIH
AA 600-900 M. B ero ocHoBe nexut kommneHcanus 3gdexkra yMEeHbIIICHHUs] 3HaY€HUH adpP030JIbHON
paccemBaroIIeii COCTABIIAIONICH r;‘ff Ha BHEIIHUX KpasX KOPOTKO- M JJIMHHOBOJHOBOI'O KPBLIbEB
MOJIOCHI TOTJIOMIEHUSI aTMOC(EPHOTO METaHa, PACCUUTAHHBIX IPHU Té‘ffZ 0. Ycrpanenue 3TOrO
addekTa METOIOM IOCIEAOBATEIBHOIO MOA00pa BEITUYHHBI T(];ff MO3BOJIICT OIPEICIUTh €¢
3HayeHue. JlIg pacyeToB  NPUMEHSIOTCS  CICHHMAIBLHO  pa3pabOTaHHBIE  KOMIIBIOTEPHBIC
MpOrpaMMHBIC KOJBI. MeToJ anmpoOMpoBaH C NMPUMEHEHHEM JaHHBIX HaOmroacHuii CeBepHOro
OkBaropuanibHOro Ilosica (NEB) nucka KOnuTepa B mosjocax MmoryionieHuss MeTaHa Ha JUIMHaX BOJIH
AA 619 u 727 uM. BriepBbie moy4eHbl 3HAYCHUS Té(' £ 0.0770, 0.0784, 0.0706 1 0.0702 na AA 05.5,
631.3, 7147 u 7414 HM, COOTBETCTBEHHO. bmaromapss yd4eTy TMOIJIOMIEHUS a’pPO30JIEM,
paccunuTaHHas 3aBUCUMOCTH OT JIaBJICHUS BEIMUYHHBI ‘L'(If £ st wupoTHO# monockl NEB FOnmrepa
puodpesna 10CTOBEPHBIN BUJL.

THE SEPARATION METHOD OF METHANE AND AEROSOL ABSORPTION IN THE
SPECTRA OF THE GIANT PLANETS IN THE RANGE OF 600-900 NM

A.V. Morozhenko and A.S. Ovsak
MAO NASU
E-mail: mor@mao.kiev.ua, ovsak@mao.kiev.ua

The method for determination of the aerosol absorption component Tarof the effective optical
depth of giant planet in the A1 600-900 nm wavelength range was been developed. It based on a

compensation of the effect of decreasing of the aerosol scattering component T@ff_ at the outer ends of

short- and long wavelength wings of methane absorption band for a case of Te=0. Value of a Tefr
was been calculated. We have determinate the values of « efft due to the elimination of mentioned
effect with help of step by step selection method. The specially developed computer codes was been
used for the calculations. We have tested this method with using of observations data for a North
Equatorial Belt (NEB) of Jupiter's disk in the absorption bands of methane on A\ 619 and 727 nm

wavelengths. For the first time it allows us to determine the values of “<# = 0.0770, 0.0764, 0.0706
and 0.0702 on AX 605.5, 631.3, 714.7 and 741.4 nm, respectively. By incorporating the aerosol

absorption the new calculated values of e in dependence on pressure for the latitude band NEB
of Jupiter acquired authentic look.

HNCITOJBb30BAHME ITOJISAPU3ALIMOHHBIX IIVIEHOK ITPHU U3I'OTOBJIEHUN
MAHOPAMHBIX CTOKC-TIOJIIPUMETPOB B ITTABHOI ACTPOHOMUWYECKOM
OBCEPBATOPUUN HAH YKPAUHBI
WM. Cunsiseknii’, 10.C. UBanos’, A.II. Bugpmauenxo’, A.B. CepreeB2
'TAO HAHY, *MI] AMDH
E-mail: vida@mao.kiev.ua

B TTAO HAH VYkpaunsl npeasiokeHa W pealn3yeTcss KOHUENIUS H300paXkarollero CTOKC-
MOJIAPUMETPA, TO3BOJISIOLIETO IPOBOAUTH H3MepeHUss 4 KOMIOHEHT BekTopa Crokca
OJTHOBPEMEHHO, B IIMPOKOM I10JIe U 0€3 OrpaHUYEHHH 110 OTHOCUTEIBHOMY OTBEPCTHIO CHCTEMBI.
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[TpuueM monsipuMeTp MOXKET OBITh MPeoOpa3oBaH B CHEKTPOMOJSPHUMETP HHU3KOTO pa3pelieHus
MIOBOPOTOM KOJIeCa CO CMEHHBIMU 3yieMeHTamu. [[nsi momHoro ucnosib3oBaHus miomanu [13C-
MaTpHIIBI B TIPUOOpPE YCTAHOBIEHBI YETHIPE TIEHOUYHBIX MOJIIPU3ATOPA C TO3UIIMOHHBIMH YTIIAMU
0° 45° 90° 135°. B w3roraBamBaeMoM NPHOOpPE HCMOJIB3YETCS CHCTEMa CIElHUaTbHbIX
OTKJIOHSIFOUIUX MPHU3M B KaXKJIOM KaHaJlle, axpOMAaTU3UPOBAHHBIX ISl CHEKTPAJbHOIO JMaria3oHa
420-850 wum. Hucropcus cucrembl wmenee 0,65%. Takxke npeaycMOTpeHa BO3MOXKHOCTD
WCIIOJIb30BaHUs TUPPAKIIMOHHON pemérku ¢ dactorod a0 100 mrpuxoB/MM, paboTtaromed Ha
MPOITyCKaHHe.

USING APOLARIZING FILM IN THE MANUFACTURE OF PANORAMIC STOKES
POLARIMETERS AT THE MAIN ASTRONOMICAL OBSERVATORY OF THE
NATIONAL ACADEMY OF SCIENCES OF UKRAINE
I.1. Sinyavskiy®, Yu.S. Ivanov*, A.P. Vidmachenko®, A.V. Sergeev?

'MAO NASU, ICAMER
E-mail: vida@mao.kiev.ua

MAO of NASU proposed and implemented the concept of imaging Stokes polarimeter, which
allows to measure four components of the Stokes vector at the same time, in a wide field, and
without restrictions on the relative aperture of the system. And polarimeter can be converted into
low-resolution spectropolarimeter by rotation of the wheel with replaceable elements. To full
utilization of the CCD area in the device installed four film’s polarizer with positional angles 0°,
45°,90°, 135° In each channel of this device installed the system of special deflecting prisms,
which achromatize for the spectral range 420-850 nm. Distortion of less than 0.65%. Also have the
opportunity the use of the diffraction grating with a frequency up to 100 lines / mm, working on the
transmission.

HNCITOJIB3OBAHUE CBEPXITPOBOIAIIINX ME30CKOITMYECKHUX KOJIEIL
B KAYECTBE JATUNKOB MAIHUTHBIX MIOJIEN
J.H. Tpersk, E.H. Tymaes

Ky6aHnckuil rocy1apcTBEHHBIH YHUBEPCUTET
E-mail: tumayev@phys.kubsu.ru

THE USING OF THE SUPERCONDUCTIVE MESOSCOPIC RINGS
AS AMAGNETIC FIELD SENSORS

D.N. Tretyak, E.N. Tumayev
Kuban State University

B mocnennee BpeMsi, B CBSI3U € YCIIEXOM HaHOTEXHOJIOTHI, BO3POC HHTEPEC K HU3KOPa3MEPHBIM
cucTeMaM, B YaCTHOCTH, K CBEPXIPOBOJSIIMM ME30CKOIMMUYECKUM (KBAaHTOBBIM) KosbllaM. Takue
KoJiblla quaMeTpoM 2-3 MkM, mmpuHo 0.2-0.4 mxm m tonmuuuon 40-70 HM, NpeaCTaBIISIIOIINAE
cOoOOl  aJIOMMHHMEBYIO IUIEHKY, HAHECEHHYI0 Ha JUDJIEKTPUYECKYI0 KEepaMHKy, MOTYT
WCTIOJIB30BAThCSl B KAa4eCTBE JNAaTYMKOB MAarHUTHBIX Toied. [Ipu OXIaXJAeHWH 0 TeMIlepaTyphl
0.95T;, rne T; — KpuTHYeCKas TeMIepaTypa, COCTaBIAIOMIAs I altoMUHus BenuunHy 1.24 K,
KOJIBIIO TIEPEXOUT B CBEPXIIPOBOJSIIECE COCTOSIHWE, W B HEM BO3HHMKAET HE3aTYXAIOIIHH TOK,
BEJIMYMHA KOTOPOT'O OINpPEEIIIeTCs] BHEITHUM MarHUTHBIM IOJIEM, YTO U IMO3BOJISIET UCIOIB30BaTh
KOJIBIIO B KQuecCTBE MaTduka. [[puHIMIT JeiiCTBUS TaTYMKOB HA OCHOBE CBEPXIPOBOSIINX KOJEII,
CBSI3aH C JTUCKPETHOCTHIO TOKOBBIX COCTOSHMM KOJIblIA, BCIIEACTBUE YEro Ja)ke HE3HAYMTEIbHOE
W3MEHEHHE BHEIIHEr0 MAarHWUTHOTO TIOJII BBHI3BIBAET CKAYKOOOpa3HOE TMEPEKIIIOYCHHE MEXITY
COCTOSIHUSIMH ~ CBEPXIIPOBOJSIIETO  TOKAa. AHAJIOTMYHBIM  00pa3oM, TOKOBBIE COCTOSIHUS
CBEpPXIPOBOISIINX KOJEI CKAauYKOOOpa3HO MEHSIOTCS TIPU MOTJIONICEHWH KBAaHTA PEITHMKTOBOTO
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u3nydeHus. Hamu OBUIO HMCCIEOBAaHO BJIMSHHE MArHUTHOTO TIOJSI HA TOKOBBIE COCTOSIHHS
ME30CKOMMYECKHUX KOJIELL.

B Hacrosimiee Bpemsi TEOPETHMUECKOE HCCIIEIOBAHUE pPACIpPEAEICHUs] TOKOB OrpaHMYMBAETCS,
KaK MpaBUII0, CHMMETPUYHBIMU KOJIblIaMU. VICKITIOYEHHE COCTaBIISAIOT aCHMMETPUYHBIE KOJbIa CO
CMENICHHBIM HeHTpOoM OTBepcTHsi. C Ipyroil CTOPOHBI, TEXHOJIOTHS CO3JAaHUS ME30CKOIMMYECKUX
KOJIeIl ITO3BOJISIET MOJIy4aTh KOJbLIA CII0XKHOU F€OMETPHUH.

ABTOpaMHu pa3paboTaH METOJ, TO3BOJISIONINN PACCUNUTHIBATH PACIIPEICTICHIUE TOKOB B KOJIBIIAX
CJIIOKHOM TEOMETpPHUH, 3aKITIOYAIONIMHCI B TOM, 4YTO CHCTeMa ypaBHeHHH [ 'un30ypra-Jlannmay-
MaxkcBemna (I'JIM) nmomofHSETCS MOAXOMSAIIAM BBIOOPOM KadHMOPOBKH BEKTOP-TIOTCHIIMATA
MarHMUTHOTO TIOJIA: TpaJueHTHas [go0aBKa K BEKTOP-NIOTEHLHMATY BBIOMpAETCs, HCXOAS U3
reOMeTpUr KoJiblia. Takum 00pa3oM, METOJ 3aKjil4yaeTcs B TOM, 4To ypaBHeHus [JIM
JIOTIOJIHSIIOTCS €Ille OAHUM YpaBHEHHEM B YAcCTHBIX IMPOU3BOJHBIX AJIi IPaJUEHTHONH 0OaBKHU K
BEKTOP-TIOTCHIIMANTYy BHEIIHEr0 MarHutHoro mons. [lomydeHHas TakuMm 00pazoM cucTeMa
ypaBHEHUH, TOMOTHEHHAs] TPAHUYHBIMU YCIIOBUSIMH, pellaiach HAMH YUCJIEHHO.

C nomompl JAaHHOTO MeETOoAa TMPOBEACHA KiacCU(PUKAlUs TOKOBBIX COCTOSHUM B
CUMMETPUYHBIX U aCHMMETPUYHBIX KPYIJIBIX KOJbIaX, KOJbIAX KBaJAPaTHONU (POPMBI, CIIETNIEHHBIX
KOJIbLIaX OJMHAKOBBIX M Pa3JIMUHBIX AUaMeTpoB. OOHAPYKEH CIIOKHBIM XapakTep pacipeneieHus
TOKOB B HECUMMETPHUYHBIX KOJNbIaX. Tak, B CHMMETPUYHBIX KOJIbI[AX TOKOBBIE COCTOSHUS
KJIACCU(PUIIUPYIOTCS KaK COACpXKAllie OJWH BUXPb, W COJCpIXKAIIHWE JBa TMPOTHBOIIOIONKHO
OpPUEHTUPOBAHHBIX BUXPS, @ B ACHMMETPUYHBIX KOJbI[AX CO CMEIICHHBIM LIEHTPOM OTBEPCTHUSI, IPU
HEKOTOPBIX 3HAYCHMSIX BHEIIHETO MAarHUTHOTO IOJIsI BOHHMKAIOT COCTOSIHUS C TPETbUM BUXPEM,
JIOKQJIM30BAHHBIM B IIUPOKON YacTu Koibla. OOHAPYKEHBI «IIeJIN» B CIIEKTPE CBEPXIPOBOISAIINX
COCTOSIHMI KOJIblLIa, T.€., MEPEXOAbl KOJbIla M3 CBEPXIIPOBOJSIIETO B HOPMaJIbHOE COCTOSHUE,
BO3ZHUKAIOIINE TPU HEKOTOPHIX 3HAUEHUSX MArHUTHOTO TIOJIA, MEHBIIUX €ro KpPUTHYECKON
BennuuHbBL. JlaHO oOBscHeHHe 3ToMy J(PQeKTy Kak OO0yCIOBICHHOMY IMPOCTPAHCTBEHHBIM
KBaHTOBaHHEM opOuT JlaHmay crmapeHHBIX 3JEKTPOHOB B MAarHUTHOM mosie. OOHapy»KeHO, 4YTO B
CIEIUICHHBIX KOJIbIIAX HMEETCS] B3aUMOCBSI3b MEXIYy BEIWYMHAMH MArHUTHOTO TIOTOKA,
3aXBa4€HHOI'0 KaXK/IbIM KOJIBIIOM.

HCCJEJOBAHUA ACTPOKJIMMATA B PAUOHE AITIIIIEPOHCKOI'O PAMOHA
KPACHOJAPCKOI'O KPASA

AJL I/IBaHOBl, B.A. I/IBaHOBl, B.E. JIblcemcol, H.B. UBanosa’
1Ky6ch1<1/H‘/'I roCyapCTBEHHBIH YHUBEPCUTET, 2000 HarmoHansHoe ACTPOHOMHYECKOE ATEHTCTBO

E-mail: ial63@yandex.ru, natalja.naa@yandex.ru
IIpuBoauTCS METOAMKA M pe3yibTaThl MCCIEIOBAHMs acTpPOKJIMMAara B pailloHe m. Mesman
Amnmmeponckoro paiiona KpacHogapckoro kpas B nepuoz ¢ 1985 roga nmo 2015 roa. B HacTosmee
BpEMSI B 3TOM MECTE 3aKOHYEHO CTPOUTEIHCTBO HAOII0JaTebHOM 0a3bl.

THE ASTRONOMIC CLIMATE RESEARCH IN THE AREA OF APSHERONSK
DISTRICT OF KRASNODAR REGION
A.L. Ivanov!, VA. lvanov!, V.E. Lysenko', N.V. lvanova?
'Kuban State University, “National Astronomical Agency LTD
E-mail: ial63@yandex.ru, natalja.naa@yandex.ru
The methodology and results of the study of astronomic climate in the area p. Mezmay in
Apsheronsk district of Krasnodar region in the period from 1985 to 2015 is discussed. Currently the
construction of observational base is finished in this place.
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YHUBEPCAJIbHBIN CHEKTPO(I)OIOMETPI/IIIECKI/Iﬁ KOMILJIEKC
HA 3KBATOPHUAJIBHOU IIVIAT®OPME L X600

AL I/IBaHOBl, B.A. I/IBaHOBl, B.E. .JIblcemcol, Hn.10. ManapOBZ,
1Ky6ch1<I/1171 TOCyIapCTBEHHBIN YHHBEPCHTET, 2KPOO HMTCC

E-mail: ial63@yandex.ru
[IpuBoasTCS naHHBIE WCHBITAHUS CHEKTPOPOTOMETPUUYECKOTO KOMIUIEKCA IO pealbHbIM
oOBEKTaM, JaeTcs OINHMCAHWE CIEeNHUATU3UPOBAHHOTO TMporpaMMHOro makera «MakcKomer»
MpeAHa3HaYEHHOTO JJISI aBTOMATHU3AI[MH TIpoliecca HaO 0 ICHUH.

UNIVERSAL SPECTROPHOTOMETRIC COMPLEX
ON EQUATORIAL PLATFORM LX600
A.L. lvanov!, V.A. lvanov!, V. E. Lysenko?, 1.Yu. Mkhitarov?
'Kuban State University, 2’KROO NMTSS
E-mail: ial63@yandex.ru
Data of tests of the spectrophotometric system on real objects is shown, the description of the
specialized software package "Maxcomet™ intended for automation of process observations is given.

OLHEHKA TEKYIIUX ITAPAMETPOB BOPTOBbBIX OIITUKO-3JIEKTPOHHBIX
MPUBEOPOB INPU NPOBEJAEHWH JIETHBIX UCIIBITAHUI
E.O. EpéMﬂHl‘z, n.0. KanMaanuﬁz, I10. XapHaMOBl
'0AO «OKB MDW», "MUPDA
E-mail: e.o.eremin@gmail.com, igorsmile2006 @yandex.ru, gukh2011@yandex.ru
PaccmarpuBaroTcsi BOIPOCHI OMNpENEICHUsT YYBCTBUTEIBHOCTH, JMHAMHYECKOrO JAHana3oHa,
YIJI0BOM M JTMHEWHOW pa3pelaronmx CrocoOHOCTEH OOPTOBBIX ONTHKO-3JIEKTPOHHBIX MPHOOPOB
KOCMHUYECKHX armnaparoB B Mpoliecce MoNETHOM kanmuOpoBku. [IpeqnaraeTcst BapuaHT OLEHUBAHUS
OpUEHTAllMM ONTHYECKOH OocH OOpPTOBOTO OINTUKO-AJIEKTPOHHOTO npubopa B  3aJaHHOU
M3MEPUTENIbHON cucTteMe KoopauHaT. [lokazaH moaxon K OLEHHWBAaHUIO B3aMMHOM OpUEHTAlUU
COBOKYITHOCTH OOPTOBBIX ONTUKO-3JIEKTPOHHBIX TPHOOPOB.
OueHMBaHUE YYBCTBUTEIBHOCTH W JUHAMUYECKOIO JUANA30Ha OCHOBAHO HA HCIOJIb30BAHHMU
WHCTPYMEHTAIBHOU (DOTOMETPUUECKON CHUCTEMBI OOPTOBOTO ONTUKO-3JIEKTPOHHOTO TIprbOpa.
Omnpenenenue YrioBOTO pa3pelieHHs MpeanaraeTcs BBINOJHATh HAa OCHOBE HAOIIOJIEHUN
KOCMHUYECKHX OOBEKTOB €CTECTBEHHOTO IMPOUCXOXKJICHUSI, MMPUCYTCTBYIOIINX B aCTPOHOMHUYECKHUX
KaTtajiorax JABOMHBIX cucTeM. [lokazaH moaXxod K OIEHKE JIMHEMHOro pa3pelleHHs] Ha OCHOBE
HabmoieHni JIyHbl U TOBEPXHOCTH 3E€MIIH.
[IpencraBieHbl HEKOTOPHIE Pe3yibTaThl OOPaOOTKU peanibHBIX KaJpOB OOPTOBBIX OINTHUKO-
AJIEKTPOHHBIX MPUOOPOB B MPOIECCE MPOBEICHUS KATHOPOBOYHBIX HAOIIOICHUM.

ESTIMATION OF THE CURRENT PARAMETERS OF ON-BOARD OPTOELECTRONIC
DEVICES DURING FLIGHT TESTS
E.O. Eremin*?, 1.0. Krakhmalniy?, G.U. Kharlamov'
'JSC «OKB MEI», "MIREA
E-mail: e.0.eremin@gmail.com, igorsmile2006 @yandex.ru, gukh2011@yandex.ru

We consider issues of estimating sensitivity, dynamic range, angular and linear resolving power
of on-board optoelectronic devices in the process of flight calibration. In this paper suggested a way
of estimating the orientation of the optical axis of the on-board optoelectronic device in a
predetermined measurement coordinate system. We show approach to estimating the relative
orientation of several optoelectronic devices.

Evaluation of sensitivity and dynamic range is based on using of instrumental photometric
system of on-board optoelectronic device.
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Determination of the angular resolution is proposed to carry out on the basis of observations of
space objects of natural origin, present in the astronomical catalogs of double systems. Approach to
estimating linear resolution on the basis of observations of the moon and the Earth's surface is under
discussion.

Some results of processing real video frames of on-board optoelectronic devices in the process
of calibration observations are shown.

KAJIMBPOBKA BOPTOBBIX OIITUKO-2JIEKTPOHHBIX ITPUBOPOB I1PHU
MPOBEJIEHWMW JIETHBIX UCTIBITAHUM U DKCILIYATAIIAU KA
PA3JIMYHOI'O HASHAYEHMU A
I.IO. Xapaamog', M.O. Kpaxmaibnsiii’, E.O. Epémun’?, C.A. Cepos®
'10AO «OKB MUy, 2MUPIA , *MI'TY um. H.9. baymana
E-mail: gukh2011@yandex.ru, igorsmile2006@yandex.ru, e.0.eremin@gmail.com, docent-serov@rambler.ru

PaccmarpuBaroTcsi BONpPOCHIL, CBSI3aHHBIE C IPOBEIACHHUEM KAJIMOPOBOYHBIX HAOIIOACHUMN
3BE3/IHBIX JAaTYUKOB, OOPTOBBIX ONTHUKO-3JEKTPOHHBIX cucteM KA JI33 m mHCHIEeKuuum Ha OCHOBE
IIPOBE/ICHUs] HAOIIOACHUN COBOKYIHOCTU HEOECHBIX OOBEKTOB €CTECTBEHHOI'O IMPOUCXOKICHUS
(3B€311, 3BE€3/IHBIX CKOIUICHUH, IPKUX IUIAHET COJTHEYHON CUCTEMBI U T.II).

[Tponiecc kanuOpOBKM peaau3yeTcsi B HECKOJbKO JTaloB: IUIAHUPOBAHUSA, HPOBEIECHUS
KaJIMOpOBOYHBIX HAOIIOCHUH U X 00pabOTKH.

IIpennaraercs  BapuaHT  peanu3aluyd  NPOrPaMMHO-AJITOPUTMUYECKOTO  KOMILIEKCa
IUTAHUPOBAHUST KaJUOPOBOYHBIX HAOJIOJEHUN OCHOBAHHBI Ha MPUMEHEHUU CIEAYIOLIEro
CIELUAIBHOTO ITPOrpaMMHOT0 00eCHeUeHUs:

— IPOrHO3UPOBAHMSI MTOJI0KEHUSI KOCMUYECKUX 0OBEKTOB €CTECTBEHHOI'O IPOUCXOKACHNUS;

— nporHo3upoBanus asmxeHus NC3;

— MOJICJIMPOBAHUs PEKUMOB opueHTanun KA;

— MOJAETMPOBaHUS (YHKIIMOHUPOBAHUS OOPTOBBIX ONTUKO-3JIEKTPOHHBIX PUOOPOB;

— BBICOKO/IETAJIbHON BU3YyaIM3al[UU MPOLIECCOB POBEACHUS KAIHNOPOBOYHBIX HAOIIOIEHUH.

— (opMHpOBaHUS LIMKJIOTPAMM MPOBEICHHS KATHOPOBOYHBIX HAOIIOIEHUH.

PaccmarpuBaeTcss  BapMaHT  peanu3alMd  IIPOrPAMMHO-AJITOPUTMHUYECKOIO  KOMILIEKCa
IUTAHUPOBAHUS KAIMOPOBOYHBIX HAOMIOJEHUH OCHOBAHHBIM Ha TNPUMEHEHUM CIEAYIOIIEro
CHEHAIbHOTO MPOrPaMMHOI0 00€CIEUEHNUS:

— BBIJCNICHUS H300pakeHU B BHIEOKAZpaX OCHOBAaHHOTO Ha aJalNTHBHBIX aJrOpHUTMax
¢bopMUpOBaHUs TIJIOOANBHBIX M JIOKAIBHBIX MOPOTOBBIX 3HAYEHUH B 3aBHCUMOCTH  OT
IIPOCTPAaHCTBEHHO-BPEMEHHBIX ~ MapaMeTpoB (OHOBOW W  CHTHAJBHOW  COCTaBIAIOLIMX B
ITOCJIEI0BATEILHOCTH BUIEOKAPOB;

— UJCHTU(UKAIIUN U OLICHWBAHUS MapaMeTPOB COBOKYITHOCTH 33JaHHBIX OIMOPHBIX OOBEKTOB B
ITOCJIEI0BATEILHOCTH BUIEOKAIPOB;

— OIpENeNeHUs] TEeKYIUX [apaMeTPOB OMNTHUKO-3IEKTPOHHBIX MPHOOPOB (UyBCTBUTEIHHOCTH,
YTJI0BOM M JIMHEWHOM pa3pemiaroleil crnocoOHOCTe!, 3HaYeHU TEMHOBOTO TOKa U T.I1);

— KayecTBEHHass M KOJIMYECTBEHHAs OIEHKa HCKaxeHul B OopTtoBeix OJIl u Tpakrte
npeoOpa3oBaHus U Nepeadn BUIEOKaIPOB;

— OIICHMBaHUE OPHEHTAIMH ONTHYecKoi ocu OoproBoro ODII B 3a1aHHON M3MEPUTENBHOM
CUCTEME KOOPMHAT;

— OLICHMBAHKE B3aUMHOM OpUEHTAIUU COBOKYMHOCTH 60pToBBIX OJII.

[IpencraBiensl pe3ynbTaThl 00pabOTKU peaibHBIX BHUIeokaapoB OoproBbix DOII B mpornecce
MIPOBE/ICHUS KAINOPOBOYHBIX HAOIIOICHUIA.
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CALIBRATION OF ON-BOARD OPTOELECTRONIC DEVICES IN THE CONDUCT
OF FLIGHT TESTS AND OPERATION OF SPACECRAFT FOR VARIOUS PURPOSES
G.Yu. Kharlamov', 1.0. Krakhmalniy?, E.O. Eremin*? S.A. Serov®
'JSC «OKB MEI», MIREA, *MSTU named after E.V. Bauman
E-mail: gukh2011@yandex.ru, igorsmile2006@yandex.ru, e.0.eremin@gmail.com

We consider issues related to the conduct of calibration observations of star sensors,
optoelectronic systems, remote sensing satellites and inspection on the basis of observations of the
conjunction of celestial objects of natural origin (stars, star clusters, bright planets in the solar
system, etc).

The calibration process is implemented in several stages: planning, conducting calibration
observations and their processing.

We present variant of implementation of software for solving complex planning of calibration
observations based on the use of the following special software:

- prediction of the position of space objects of natural origin;

- prediction of the movement of the satellite;

- simulation of orientation modes of the spacecraft;

- simulation of the functioning of optoelectronic devices;

- highly detailed visualization of the processes of calibration observations.

- formation cyclograms of calibration observations.

We consider a variant of implementation of software for solving complex planning of
calibration observations based on the use of the following special software:

- selection images in the video frames based on the adaptive algorithms of generating global
and local threshold values depending on the spatio-temporal parameters of background and signal
components in the sequence of video frames;

- identification and parameter estimation of a set of specified reference objects in the sequence
of video frames;

- determine the current settings of optoelectronic devices (sensitivity, angular and linear
resolution abilities, values of dark current, etc);

- qualitative and quantitative assessment of the distortions in on-board optoelectronic devices
and tract conversion and transmission of video frames;

- evaluation of the orientation of the optical axis of the on-board optoelectronic device in a
given measurement coordinate system;

- evaluation of the mutual orientation of the totality of the on-board optoelectronic devices.

Some results of processing real video frames of on-board optoelectronic devices in the process
of calibration observations are shown.

AJATITUBHBIN AJITOPUTM UJEHTUOUKALIIUN KOCMUYECKHNX OBFBEKTOB
TP OBPABOTKE KAJIMBPOBOYHbBIX HABJIIOAEHUH JJETHBIX UCIIBITAHUM KA
n.0. KanMaJILHblﬁl, E.O. EpéMHHl'z, I.10. Xap.naM()B2
'MUPHA, 20A0 «OKB MAU»

E-mail: igorsmile2006@yandex.ru, e.o.eremin@gmail.com, gukh2011@yandex.ru.

PabGoTta mocBsieHa peanm3anyy perieHus 3aaad 00paOOTKH KaTHMOpPOBOYHBIX HAOIIOACHHI
3BE3HBIX JIATYMKOB, OOPTOBBIX OMTHUKO-3JEKTPOHHBIX cucTeM KA J[33 u uHcnekuu.

PaccmarpuBaroTCcsi anropuTMbl MPEIBAPUTETLHON W TIEPBUYHOM 0OpaOOTKH KaTHMOPOBOYHBIX
HAONIOJIGHUH  DIIGKTPOHHO-ONTHUYECKUX  MPUOOPOB,  aJanTHPYIOIIHUECS €  TEXHHUYECKUM
xapakrepuctukam DOII, mapameTpaM BHYTPEHHUX M BHEIIHUX (DAaKTOPOB BIUSIOIIMX HA KAYECTBO
00pabaThIBa€MbIX MMOCIEIOBATENILHOCTEH BUICOKAIPOB.

[TpuBeneHbl npuMepbl 00pabOTKHU peabHbBIX MOCIEI0BATEILHOCTEN BUIEOKAIPOB.
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AN ADAPTIVE ALGORITHM FOR THE IDENTIFICATION OF SPACE OBJECTS
DURING THE PROCESSING OF THE CALIBRATION OBSERVATIONS OF FLIGHT
TESTS OF THE SPACECRAFT
1.0. Krakhmalniy?, E.O. Eremin'?, G.Y. Kharlamov?

'MSTU MIREA, ?0JSC «OKB MEI»

E-mail: igorsmile2006 @yandex.ru, e.o.eremin@gmail.com, gukh2011@yandex.ru

The work is devoted to the implementation of the decision of tasks of processing calibration
observations of star sensors, side optoelectronic systems of ERS and inspection satellites.

The algorithms for preliminary and primary processing of calibration observations of
optoelectronic devices, conforming with the specifications of it, the parameters of internal and
external factors affecting the quality of the processed sequence of video frames.

Examples of processing the real sequence of video frames are shown.
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